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IHosicHUTEILHAA 3aIHCKA

Pabouas mporpamMMa AHMCIUIUIUHBI COCTaBJIeHa B COOTBETCTBHH ¢ TpeboBanusmMu OI'OC
BO no nanpasnenuto noarotoBku 03.03.02 ®usuka, HanpaBieHHOCTh DyHIaMeHTaIbHAs
dusuka.

HucuunnuHa «MaTteMaTndeckue MOJENH B SKOJIOTHI» OTHOCUTCA K 4acT, (popmupyemon
y4aCTHUKaMH OOpa30BaTENbHBIX OTHOIMICHWH (nucrurumHabl o Beioopy b1.B.JIB.3) Onoka
JTUCIUIUIMH y4eOHOro IUIaHa.

JJis1 OCBOCHHMSI TUCIUTUIMHBI HEOOXOUMBI 3HAHUS, YMEHUS U BIaAcHUS, chOpMUpPOBaAHHBIC
B XOJI€ M3YUYEHUS CIEIYIOIUX JUCHUIUIMH U MPOXOKICHUS MPAKTUK: OCHOBBI MATEMATUYECKOTO
aHajgu3a, aHaJUTHUYeCKas TeoOMEeTpUs U JIMHeWHas anre0pa, YHUCIEHHBIE METOAbl U
MaTeMaTHYecKoe MoJenupoBaHue, auddepeHnranbible ypaBHEHUS, O3HAKOMHTENbHAs
IpaKTHKa 1.

TpynoemkocTs auctuIuinHb: 3 3.e./ 108 u.;

Konraktnas paborta — 68,25 u.:

3aHATHUSA JIEKUUOHHOTO THNa — 32 4.

3aHATUS CEMUHAPCKOro TUIa (IpaKkTuyeckue) — 34 4.

KOHTPOJIb CAMOCTOSTEIbHON paboThI — 2 4.

WHasi KOHTakTHas pabota — 0,25 4.

CamocrositenbHas padora — 39,75 .

KOHTpoJib — 0 4.

KitroueBbie cioBa: 9K0JI0rHs, MaTeMaTU4eckasi MoJielib, Au(epeHnrnaibHble ypaBHEHUS,
CHUCTEMBI, YACIICHHbIE METOABI, MOJenn Mainbryca, JIorTku-Boasreppa..

1. Heau v 3a1a4u AUCHUNIIMHBI (MOIYJIS)

[{ems AUCIIUTUTMHBI COCTOUT B (POPMHUPOBAHUU CIAEAYIOMIHMX 00MEpodecCHOHATBHBIX U
npohecCHOHATBHBIX KOMIIETCHIINN:

— CIIOCOOHOCTH MPUMEHSTH 0a30BbI€ 3HAHUS B 00/1aCTH (PU3UKO-MAaTEMaTHUECKHUX U (HJIH)
€CTECTBEHHBIX HayK B cdepe cBoeit mpodeccuonanpHo aestensHoctu (OIIK-1),

— CHOCOOHOCTH HUCTIOJIB30BATh CIICIHATU3UPOBAHHBIC 3HAHKS B 00J1aCTH (DU3UKH JJIs1 OCBOCHUS
npoduibHbIX (puzndeckux aqucuuruiaH (I1IK-1),

— CITOCOOHOCTH TIOJIH30BATHCSI COBPEMEHHBIMH METOIaMU 00pa0OTKH, aHAIM3a U CHHTE3a
busnyeckoit nHpopMaluu B u30panHoi obnactu ¢pusmueckux uccienoBanuii (I1K-5).

3amaun TUCIIUILINHEL:

- YCBOCHHE TIOHITHI U IPUOOpPETEHNE HABBIKOB, HEOOXOAMMBIX ISl pEIICHUS
MPaKTUYECKHUX 3aJ1a4 MOJICTTUPOBAHUS;

- IOCTPOEHUE MaTEMATUYECKON MOJIENU IIPOLIecca;

- METO/IbI KCCIICIOBAHUS MaTEeMAaTHUECKUX MOJIEJICH B DKOJIOTHH;

- IOHSATHE aJIEKBATHOCTH MOJIETU M aHAJIU3 PEIICHUS C TOUKHU 3PEHUs MPAKTUYECKUX
MIPUIIOKEHU.



Tabnuua 1. [lepeyeHp mIaHUPyeMBIX pe3yJIbTaTOB OOYUYEHHS MO AUCIUILIHHE (MOJYJIIIO),
COOTHECEHHBIX ¢ MHAMKATOPaMH JTOCTHKEHUS KOMIICTCHIINN

preMBbl 00padOTKN HH(OPMAITIH U
IPECTaBIEHUs YKCIIEPUMEHTAIBHBIX
JTAHHBIX.

Komme-
TeHIUA NHaukaTopbl JOCTHAKCHUSA
(ko m KOMIIeTeHIU Pe3yabTarbl 00y4yeHus
HanMe- (Ko 1 HanMEHOBAHUE)
HOBaHHE)
OIlIK 1 OIIK-1.1. Ananu3upyeT npoobaemsl, 3Hnaem: MeTOAMKY aHaJIN3a OCHOBHBIX Mpo0IeM 1
MIPOIIECCHI H SBIICHHUS B 00J1aCTH MPOIIECCOB, MPOUCKOASIINX B OHOIOTUIESCKIX
(U3HUKH, UCTIONB3YET Ha MIPAKTHKE CUCTEMaXx.
0a30BbIe 3HAHUS U METOJIBI Ymeem: ananusupoBath, UCCIEAOBATh U
(pU3HYECKHX HCCIIeIOBAHUN. MOJU(PUIIPOBATH Oa30BbIE MATEMATUICCKHIE MOJIEIH
B 9KOJIOTUH; aHAJIM3UPOBATh BO B3aUMOCBA3U
SIBJIGHUS U IIPOLIECCHI B KOJIOTHYECKUX CHUCTEMAaX
(Kak COBOKYITHOCTH KHBBIX OPTaHU3MOB H
JIIEMEHTOB HEKUBOH TIPHPOIHI).
Braoeem: meTogosnorueit ucciuenoBaHus
r100aJIbHBIX TPOOJIEM B SKOJIOTHH.
OIIK-1.4. Ucnons3yer 3Haem: MaTeMaTHYECKHAN ammapar st
MaTeMaTU4YeCKHi anmnapaT s TEOPETUYECKOTO OMMCAHUS U aHAJIN3a
OTIHCAHMsI, aHANIN3a TEOPETUUECKOTO | SKOJIOTUYECKHX CHCTEM.
JKCIIEPUMEHTAIILHOIO UCCIIEN0BaHUs U | Ymeem: NpUMEHSITh OCHOBHBIE MAaTEMaTHUECKUE
MOJICTUPOBAHUS (PU3NIECKUX CHCTEM, | METOJBI IIPH OIMCAHUHU U aHATH3€ OHOJIOTHICCKUX
SIBIIGHUI U TIPOIIECCOB, CHCTEM.
WCTIONIb30BAHUA B O0yUEHUH U Braodeem: maTeMaTu4ecKUM anmapaTom It
po(eCcCHOHATBHOM NeITeNEHOCTH. OIHCAHMs, aHAJIN3a TEOPETUUECKOTO U
9KCIIEPUMEHTAILHOTO UCCIIEIOBAHMSL.
IIK 1 [IK-1.1. Pa3pabaTsiBaeT KOHIICIIIHH, 3Haem: OCHOBHBIE KOHLIETILIUHU, TEOPHH,
TEOPUH, U3MEPUTEIIbHBIE TPUOOPHI, MporpaMMHoe o0ecredeHre UCToIb3yeMble TS
MporpaMMHOe 00ecredeHrne U METOIbl | MaTeMaTHYECKOTO MOJISTUPOBAHUS TIOBEICHUS
B 007acTH (DPU3UKH JIJIs1 OCBOCHUS 9KOJIOTUYECKHUX CHCTEM.
MPOQIIHHBIX PH3HIECKUAX Ymeem: monp30BaThCs COOTBETCTBYIOLIUM
JUCIUTUIHH. MPOrpaMMHBIM 00ecTieueHUueM IS
MaTEeMaTHYeCKOTO MOICTUPOBAHUS YBOJIOIUH
3KOJIOTUYECKUX CHCTEM.
Braoeem: HaBbIKOM pa3pabOTKH KOMITBIOTEPHBIX
IPOTrpamMM B Pa3IMYHBIX CpeJiax MpH OCYIIECTBICHUH
MaTeMaTUYeCKOI0 MOJEINPOBAHUS SBOJIIOLUN
9KOJIOTHYECKHX CHCTEM.
IIK-1.2. IIpumensieT 3unaem: pyHIAMEHTAIbHBIC 3aKOHBI (DH3HUKH,
crelHaIu3upOBaHHbIE 3HaHUS B KOTOpPBIE MOTYT TIOMOYb B OCBOCHHH MPOQIUTHHBIX
00J1acTH (PU3HUKH JJISI OCBOCHUS (U3UYECKUX TUCIUTUINH.
MpOGUITBHBIX HUINIECKUX Ymeem: npuMeHsTh crieliMaIn3MpOBaHHbIC 3HAHUS B
JUCLUIUIMH. o0acTr (PM3HUKH 11 OCBOCHHS PO(UITBHBIX
(U3UYECKUX TUCHUTLINH.
IIK 5 IIK-5.1. Ucnonb3yeT COBpEMEHHBIE 3unaem: cOBpeMeHHbIE IPUEMbI 00PaOOTKH

UH(POPMAINN U IPEACTABICHUS
IKCIEPUMEHTAIBHBIX TAHHBIX B 00JIACTH
MATEMAaTUYCCKOT0 MOACIMPOBAHNS B OKOJIOT'UH.
Ymeem: ucnosp3oBaTh COBpEMEHHbIE IIPOIPAMMHBIE
cpencTBa 00paboTKH HH(OPMAIIMH U TPEACTABICHUS
JaHHBIX.

Braoeem: HaBBIKOM pabOTBI C COBPEMEHHBIMU
KOMITBFOTEPHBIMHU CPEJICTBAMH MaTEMATHIECKOTO
MOJICITUPOBAHUS, 00PAOOTKH U MPECTABICHHS
JIAHHBIX.




2. O0beM AuCHMIIMHBI (MOYJIs1) 10 BHIAaM y4eOHOH padoThI

Tabnuma 2. O6beM IUCHUTUTHHBI (MOAYJIs) 00mas TpyA0oeMKocTh: 3 3.e./ 108 w.
®dopma 00yueHus ovHas

. Bcero PacnipesenieHue o cemecTpaM B yacax
Buapr yaueOHOM paboThI
4acoB v

O06mas Tpy10eMKOCTh AWCIUILTAHBI 108
KoHTrakTHas padora:

3aHATHS JIEKIITMOHHOT'O THIIA 32 32

3aHATHS] CEMUHAPCKOTO THIIA 34 34

(cemuHapsbI)

KOHTPOJTb CAMOCTOSATEIHLHON pabOThI 2 2

WHasg KOHTaKTHas padoTta 0,25 0,25

KOHTpOJIMpyeMasi MMCbMeHHas paboTa

KOHTPOJIb
CamoctositenpHas padora (CP) 39,75 39,75
KypcoBas pabora (TIpoekT)
Bu IpOMeKyTOYHOIO KOHTPOJIS IK3aMeH

3. Conep:kanue TUCHUNJIMHBI (MOAYJIs1)

Tabnuua 3. Pactipenenenne 4acoB o TeMaM U BHJIaM Y4eOHOH pabOThI
®opma oOyueHus ounas

Cemectp IV
Howmep HaumenoBanue paszienon O0bemM B gacax
pazzena ¥ TEM JUCIHIUIAHEI (MOTYJIs) Bcero | JI | II3 | KCP CP NKP
1 OCHOBEBI 3KOJIOTHH. MaTeMaTUYeCKOE BBEICHUE. 14,75 | 4 4 0,5 6 0,25

ITonsTue ycroitunBoctu. @a3zoBbiil NOPTPET
CUCTEMBI Ha TUIOCKOCTH. budypkannonnas
JUarpaMma.

2 IIpocreiimue MaTeMaTHIECKUE MOJICITH 16,25 | 4 6 0,5 5,75
MOMYJISIIIMOHHON TuHAMUKH. Jlemorpaduueckas
MoJieIb pocTa MaibTyca (GKeCTKast ¥ MATKas).

3 JuHamuka nonyJysnuy npu 12 4 | 4 4
BHYTPHUIONYJISIIMOHHOM arperupOBaHMU.

4 JuHamMuka YUCICHHOCTHU HOIMYJISIIINHA B 14,5 4 4 0,5 6
orpannueHHol cpene (Depxronncra-Ilepmna).

5 Monenp «XuIIHAK-)KepTBa». Monens JloTTku- 185 | 6 | 6 0,5 6
Boabreppa.

6 Mopenp SIUAEMHH. 18 6 | 6 6

7 Mojens KonMoroposa «XUITHUK-KEPTBAY. 14 4 4 6

Hroro | 108 | 32 | 34 2 39,75 | 0,25

JIeMeHTHI JIeKIMOHHBIX 3aHATHI

B Hacrosmiee Bpems cOpMHpPOBAIOCh JIBa OCHOBHBIX HAIPaBJICHHUS MCCIICIOBAHUMN:
HKOCHUCTEMHOE W TOMYJAIMOHHOE. [IpudeM mnpu H3ydYeHHH PaCTUTETBHBIX COOOINECTB dYalle
UCIIONB3YETCS IKOCHCTEMHBIM TOAXOA, a COOOLIECTB HA3eMHBIX JKUBOTHBIX M MTHI —
oy SIHOHHBIA. Co00IIEeCTBa BOAHBIX OPTaHU3MOB CITY’KaT 00BEKTOM T 000MX 1o 1Xx00B. K
MaTeMaTHYEeCKUM  KJIIOUEBBIM  CJIOBaM OBUIM  OTHECEHBI  HA3BaHUS  CTAaTUCTUYCCKHUX
XapaKTEePUCTUK, METOJOB TMpeoOpa3oBaHusi U OOpaOOTKM JAHHBIX, IMAKETOB MPUKIATHBIX
nporpaMM. BeiiensieTcst mecTh CMBICIOBBIX TPy MAaTEMaTHYECKHUX TEPMUHOB:



I.  CranpapTHble CTATUCTUYECKHE METO/BL;

II. MuoromepHbie MeTOABl (MHOXXECTBEHHAsi perpeccus ¢W MHOTO(aKTOPHBIN
JUCTIEPCUOHHBIN aHAJU3);

III. OTkIIOHEHHE OT HOPMAJIBHOCTH, HEMAPAMETPUUECKHUE METOIbI;

IV. Tabauipl conpsKeHHOCTH U MHOKECTBEHHBIE CPABHEHUS;

V. MapkoBckue ciiydallHbI€ TTPOIECCHI;

VI. uddepennnanbabie ypaBHEHHS.

I'pynmer 1T u 111 xapaktepusyroT 6osee IpoaBUHYTHIE (CI0KHBIC) METO/IBI IO CPABHEHUIO C
rpymnoit I. I'pynmy III xapakrepu3yroT MeToIbl, B KOTOPBIX, B OTIMYHE OT OAa30BBIX, HE
BBIIIOJIHSIETCSL IPEANOJIOKEHHE O HOPMAJIbHOCTH JaHHbIX, a B rpymne Il mnpeacraBieHsl
MHoOroakropusie MeTonsl. ['pynmbl IV xapakTepusyercss akIEHTOM Ha JAUCKPETHYIO MPHUPOIY
daktopoB. Hakonen, rpynmbel V u VI cBS3aHbl C MOCTPOCHHUEM IUHAMHUYECKHX MOJCICH —
BEPOATHOCTHBIX U JETEPMUHUCTCKUX.

MareMaTuueckasi MoJe]Ib pocTa Ma.m,Tyca ()KeCTKaﬂ H MﬂFKaH)l

[Ipocreiias Mmozenb pocta X =kx mpeaioxxeHa MaabTycoM (JUIst pocTa HaceleHus: 3eMIIn).
OHna BeneT, Kak XOpOUIO U3BECTHO, K SKCIIOHEHIIMAILHOMY (O4€Hb ObICTPOMY) POCTY HacelleHUs
X C TeUYEHHEM BPEMEHU. SIBJIEHUS HACBHILIECHUS MPOUCXOMAT B JIIOOOH MOMYJSAUH (M, BEPOSATHO,
BCKOpE MPOM30UIYT C YEJIOBEYECTBOM B II€JIOM): KOIJId HACEJIEHHE CTAaHOBHUTCS CIMILKOM
0O0JIBIINM, MAJIbTYCOBCKAs JKECTKasi MOJIENb C IIOCTOSSHHBIM KOA((HUIIMEHTOM pocTa k mepecraer
ObITh MpUMeHUMON. EcTecTBeHHO, NMPHU CIUIIKOM OOJBIIMX X KOHKYPEHLHS 32 pecypchl (MHULLY,
IPaHTbl U T. J.) OPUBOAUT K YMEHBUICHUIO k, M KecTkas Mozenb ManbTyca J0JKHA OBbITh
3aMEHEHAa MATKON MOJEIIBIO

%=k(x)x
C 3aBHUCSIINUM OT HacesleHus kodddumrernTom pasmMHoxkeHus. [IpocTeiimmmM mpumMepoM sBIIsIeTCs
BBIOOD k(X)=a-bx, 9TO IPUBOAMT K TaK HA3bIBAEMOMU JIOTHCTHYECKOH Moaesan (puc. 1):

X =ax-bx?, nanpumep, %=x-x.

Xy Xy X | “JECTIOHE HIHAIEHA A

EHEAT
IE/ L
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Puc. 1. Jloructuueckast MOA€eNb

BribopoM cucTemMbl €OMHHMII X W ! MOXHO MNpeBpaTuTh kodhduuuentst a u b B 1.
[ToquepkHy, 01HaKO, YTO BBIBOJBI, KOTOpPBIE OYAYT CAECNaHBl HUXKE, OCTAIOTCA (C TOYHOCTHIO J0
YHUCIIOBBIX 3HAUEHUH KOHCTAHT) CPABEUIUBBIMU U MPU JHOOBIX 3HAYEHUSIX KO3()PHUIIMEHTOB a U
b u nmaxe JUIsl IIMPOKOTO KJIacca MOJeNiel ¢ pa3muyHbIMU (YOBIBAOIIUMU C X) QYHKIHUSIMHE k(X).
WHbIMU  cllOBaMHM, JalIbHEMIIME BBIBOJABI OTHOCATCA KO BCEH MSATKOM MOAENH, a He K
CIIELIMATIbHOM KECTKOM JIOTUCTUYECKON MOJENH.

Ha puc. 2 cneBa nzo6paken rpadux GyHKIUH k(X)X, TTOJOKUTEITLHON MEXKIy TOUYKaMH A U
B. B uentpe u300pa)keHO BEKTOpPHOE IMojie (MMEHHO, B KaXKIOW TOUYKe, H300pakaromiei

COCTOSAHUA, TNPUIIOKECH BCKTOP CKOPOCTU HU3MCHCHUA OTOTO COCTOSAHUSA, T.C. X) Ha

' Tlo matepuanam kuuru B.. ApHonb. O6bikHOBeHHbIE quddepeHuaibHble ypaBHeHHs: Yued. nocodue
IUISL BY30B.


http://nature.web.ru/db/search.html?not_mid=1156628&words=%FD%EA%F1%EF%EE%ED%E5%ED%F6%E8%E0%EB%FC%ED%EE%EC%F3

n300paXkaromeld BCEBO3MOXKHBIE COCTOSIHUSI cHCTeMbl ocd Xx. OHO yKa3bIBaeT CKOpPOCTb
SBOJIIOIMM COCTOSIHUA. B Toukax A u B CKOpPOCTh paBHA HYJIO: 3TO CTallMOHAPHBIE COCTOSIHMSL.
Mexny A u B cKOpOCTh NOJIOXKHUTENIbHA (HACEJIECHUE PACTET), a 32 TOUYKOW B - OTpHIlaTesIbHA
(macenenne yObiBaeT). CmpaBa u300pakeHa pe3yJIbTUPYIONIAss 3aBUCUMOCTH HACEJICHUS OT
BPEMEHH MPHU PA3HBIX HAYAIIbHBIX YCIOBUSX.

Mopenbs mpeacKa3bIBaeT, UYTO C TEYECHHEM BPEMEHU YCTAHABIMBAETCS CTAI[MOHAPHBIN
pEXUM B, KOTOPBII YCTOMUYUB: OOJIbIIIEE HACEIIEHUE YMEHBIIAETCS, MEHBLIEE - YBEINUUBACTCS.

Jloructuueckass MoOJeNb YAOBIETBOPUTEIILHO OINKUCHIBAET MHOTOYHUCIICHHBIE SIBJICHUS
HachleHus. Boim3u A, korja HacelieHHe MaJlo, OHA OYeHb OJIM3Ka K MaJbTy3MAaHCKOW MOJIEIIH.
Ho npu pocratoyHo Oonbmiux x (mopsaka [/2 mpu Hamem BblOope KO3 UIUEHTOB)
HaOMIOZAeTCsl pe3Koe OTIWYME OT MajbTy3MaHCKOro pocTta (0003HAYEeHHOr0 Ha puc. 2
MYHKTHUPOM): BMECTO yXOJa X Ha OECKOHEYHOCTbh HAaceleHHE MPUOIMKAETCS K CTAlHOHAPHOMY
3HaueHuto B. Hacenenuwe 3eminu ceituac mpubnmxaercs k 6 muwumapgam. CranpoHapHOE
3Ha4YeHHeE (110 pa3HbIM olleHKaMm) 16-20 MUIHapA0B YETIOBEK.

—
J / c= 154
@ A & A _,_:_f_ii
K% | %\\ﬁ“\r
Xy X Xy \\
(6) | \ o> 1/4
k{x)x_— ] .t

e b

7
W

(E)

e=Iid

K 1 >

Puc. 2. Henonog (a), mepenos (6) u onTumu3amus (B) ppIOOIOBCTBA

Jloructuueckass Mojenb SBISETCS OOBIYHONW B dKonoruu. MokHO ceOe MpeaCcTaBHUTh,
HaIMpuMep, U4TO X - 3TO KOJIMYECTBO PhIO B 03epe WM B MHUPOBOM okeaHe. [locMoTpum Teneps,
KaK CKa)kKeTcs Ha CyJb0€e STUX PBIO phIO0IOBCTBO C HUHTEHCUBHOCTHIO C:

X=x-x’-c.

BoruncneHusi mMokasbIBalOT, YTO OTBET PE3KO MEHSAETCS MPU HEKOTOPOM KPUTHUECKOM
3HAYEHUH KBOTHI BBUIOBA, c. JIJIsl HAmIEn AKECTKOM MOJAENH 3TO KPUTHYECKOE 3HAYEHHUE €CTh C=
1/4, HO aHAIOTUYHBIE SBJICHUS UMEIOT MECTO U I MATKON MOJeNu

¥=x-k(x)x-c
(KpUTHYECKOE 3HAUCHHUE C B 3TOM CIy4yae MakCUMyM (pyHKIUU k(x)x).
XoJ 3BOJIIOIMH YKCIa PHIO X C TEUEHHEM BpeMEHH ¢t u3o00paxeH Ha puc. 3. Ecnu kBota ¢

8



Maja, TO U3MEHEHHS (110 CPAaBHEHHUIO CO CBOOOHON MOMyIIsueH, it KOTOpoi ¢ =0) COCTOST B
CIEYIOIIEM.

Cucrema umeeT naBa paBHOBECHBIX cocTosiHus, A u B. CocrosHue B ycTOHuMBO:
NOMyJISIMST B OTOM  clydyae HECKOJbKO MEHbIle, 4YeM HeoOJjaBiMBaeMas, HO OHa
BOCCTAHABJIMBAETCS IIPU MaJIbIX OTKJIOHEHHUSAX X OT PABHOBECHOTO 3HaUeHuUs B.

CoctosiHue A HEYCTOMYMBO: €CIM BCJIEACTBUE KaKUX-THMOO MPUYMH  (CKaKeM,
OpakoHbEpCTBa WJIM MOpa) pa3Mep MOMYJSLUU yHajaeT XOThb HEMHOTO HU)XE YPOBHsS A, TO B
JanbHENUIIeM MOMyJISAus (XOTS U MEIJICHHO, €CIH OTIUYHME OT A HEBEJIUKO) Oy/eT YHHUTOXKEHA
IIOJIHOCTBIO 32 KOHEYHOE BpEMSI.

Brei6op 3HaueHus mapamerpa ¢ SBISETCS YpE3BBIYANHO Ba)XKHBIM MOMEHTOM YIIPaBJICHUS
sKcIUTyaTanuel nonyiasuuu x. CTpemsach K YBEIMYEHHMIO KBOTHI 3KCIUIyaTallUd ¢, pa3yMHas
IUTAHUPYIOILas OpraHu3alus He JODKHA MPEBOCXOIUTh KPUTHUECKHUM YPOBEHD (B HaIleM cllydae
c?1/4). OnruMusanysi OpUBOJUT K BBIOOPY MMEHHO KPUTHUYECKOIrO 3HaueHus c= [/4, npu
KOTOPOM 3KCIUIyaTupyemasi MOMyJISALHUs €Ile HE YHUUYTOXKAETCS, HO T0XOJ OT 3KCIUIyaTaluH 3a
€IMHUIY BPEMEHH JOCTHraeT MaKCUMAaJbHO BO3MOXXHOTO 3Ha4eHUs ¢ = 1/4 (OonpIuii 10X0a B
HalleW TMOMYJSIUU 68 meyeHue OIUMENbHO20 6peMeHlU HEBO3MOXKEH, TaK KaK MaKCHUMallbHas
CKOPOCTb MPUPOCTA JIAXKE U HEAKCILTYaTUPYEMOM MOMYISIUU eCTh 1/4).

W3 HmkHE#R yacT puc. 2 Mbl BUJIUM, YTO MMPOU30KICT IPH TAaKOM "ONTUMAaIbHOM'" BBIOOPE,
c¢= 1/4. KakoBa Obl HH ObUIa HayaJIbHAs MOMYJSIUUSA X > [/2, ¢ TEYCHHEM BPEMEHH OHA BBIAICT
Ha CTAallMOHAPHBIN pexuM A=B = [/2. DOrta cTalMoHapHas NOMYJISALHUs, OJHAKO, HEyCTOWYHMBA.
Hebonpmoe ciayvaiiHoe yMEHbIICHHE X HMPUBOIUT K IMOJHOMY YHHYTO)KCHHUIO IMOIMYJALUU 32
KOHEYHOE BpeMs.

CnenoBaTenbHO, onmumu3ayus napamempos niaHa modscem npugooums (A MPUBOJUT BO
MHOTUX CIIy4asX, W3 KOTOPBIX Hallla MOJENIb - JIMIIb MPOCTEHIIUNA NpUMEP) K HOAHOMY
VHUYINOJICEHUIO NAAHUPYEMOU CUCMeEMbl  8Cle0CmBUe  BO3HUKAIowjel U3-3a  ONMUMU3ayuu
HEYCMoudU8oCmu.

Ota MArkas MOJEib, NPU BCEH CBOEM OYEBUAHOM NPUMUTHUBHOCTH, IO3BOJISIET, OJHAKO,
OpeIbsBUTE  croco®d OopsObI € yKa3aHHbIM  3710M. Oka3bIBaeTcs, yCTOHYHMBOCTH
BOCCTAHABIIMBAETCS, €CIM 3aMEHUTHh JKECTKOE IUIAHMpOBaHHE OOpaTHO#l CBsA3bI0. HBIMHU
CJIIOBaMH, peIlleHHEe O BEJIMYMHE SKCIUTyaTaluu (KBOTHI BBIJIOBA, HAJOTOBOrO Mpecca U T. A.)
clelyeT NpUHUMATh HE AUPEKTHBHO (c=const), a B 3aBUCUMOCTH OT JIOCTUTHYTOT'O COCTOSIHUS
CUCTEMBI:

c=kx,

rae napametp k ("nuddepennmanbaas kBora'") MOAIEKUT BEIOODY.
B sTOM cnyuae mozens nmpuHumaet Bu (puc. 3)

*=x-x2-kx.
X Ly
Ba B
C Y iy ~1

Puc. 3. YcroitunBas cucrema ¢ 00paTHO CBSI3bIO

IIpu k<1 c TeyeHHeM BpPEMEHM YCTaHaBJIMBAETCS CTAIl[MIOHAPHOE cocTosiHME B, xotopoe
ycToiunBo. Cpeanuii MHorojetHud "moxoa" ¢ =kx B 3TOM COCTOSHHMM ONTHMAJICH, KOIJAa
npsiMast y=kx MPOXOUT Yepe3 BEPIIUHY Napadoibl y = x-x°, T. €. ipu k = 1/2. Tlpu 310M BBIGOpE
nuddepeHnaIbHON KBOTHI k cpeanuit "noxon" ¢= 1/4 nocturaeT MaKCUMajabHOTO BO3MOXKHOTO
B Halleld cucreMme 3HadeHus. Ho, B OTIIMYME OT JKECTKO IUIAHUPYEMOM CHCTEMBI, CUCTEMA C
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00paTHOW CBS3BIO yCTOMYMBA M NPU ONTHUMAIbHOM 3HAaueHUH Kod(duuumenra k (HeboiblIoe
CllyJailHO€ yMEHBIICHWE II0 OTHOIICHHIO K CTAl[IOHAPHOMY YPOBHIO X=B TpPHBOIUT K
ABTOMATHYECKOM BOCCTAHOBJICHHIO CTAIIMOHAPHOTO YPOBHS CHJIAMH CaMOW CHCTEMBI).

Bonee Toro, HebompIoe OTKIIOHEHHE KO3(PIUIIMEHTa OT ONTUMAIBHOTO 3HaueHus k= 1/2
NPUBOJUT HE K CAMOYHHUTOXKEHHIO CHCTEMBI (KaK 3TO ObLIO MPU HEOOJNBIIOM OTKIOHEHHUH OT
OIITHMAJIBHOTO JKECTKOTO IUIaHa ¢), a JIIIb K HeOOJIbIIOMY yMEHBIIICHHIO "joxoma".

Utak, seedenue obpammuou céasu (m. e. 3a8UCUMOCMU NPUHUMAEMbIX PeEUeHUll Om
PeanbHoeo cOCMOosiHUA 0ell, A He MOIbKO Om NIAHO08) Cmadbunusupyem cucmemy, Komopas Oe3
06pamHoU c6éa3u paspyuwunacs 6bl npu ONMUMUZAYUU NAPAMEMPOS.

Bce ckasaHHOe BbIIE OCTaHETCS CHPABEMIMBBIM M Ul MATKOM Moxmenu  (cC
COOTBETCTBYIOIIUM TiepecueToM Koddduimentos). Cienyer Moa4epkHyTb, YTO HMMEHHO 3Ta
HE3aBHCUMOCTh OT JI€TaJel JKeCTKOH Mojenu (KOTOpble, KaK MPaBWIO, HE CIMIIKOM XOPOIIO
U3BECTHBI) JIENIAET BHIBOBI MATKOT'O MOJICTUPOBAHUS MOJIC3HBIMHU.

MartemaTuyeckasi MojeJib MeKBHI0BOI 00pbObI Depxroabcera-Ilepaia.
Peanu3zaumusa moaeieit B MAPLE

Pemenue B 0011eM BuIE:

with(DEtools):
with(plots):
dsolve(diff(x(t),t)=(a-b*x(t))*x(t));
a
x(t)=

@ bre " _Cla
PaccMoTpuM MoJienb ¢ Ha4alIbHBIM YCIIOBHEM U KO3 HIIMeHTaMu;
with(DEtools):
with(plots):
dsolve(diff(x(t),t)=x(t)-x(t)"2);

M=

l1+e _CI

PaccmotpumMm 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);

7004
6004
5004
400

3004

/’:’cfu~*r—
//‘-"’-r-'.——
//-r-’-.—fe—”-e—f
/Jz/r’}fﬂf*

/ i e

\ //-r""-«.-'—"-u.—'—"-v—’
//-r“"—q.—'_'-v_'-#_'-d—’
///.e——u——
‘,_///-r"q.—f’vd—«—w—'
//-.—"’-r—’-ﬁ—

200

SN S e
A VN e
AN
\\\\%//xwf
4

1004

SO, WS e
NN S e

W
N
SN
NN

e NN
NN
oSN W e
RN
RANRNENRY
SO W s
NN Y e
RSN
NN

oo Y R S

X\

ST NN Y
N

=
(o]
=
o
=
=4
=

> with(plots):
with(DEtools):
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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):

101

B -

E _

x(t)

4 -
L
'
.

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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OO0benuHUTH rpaduKu MOKHO ¢ TomoIIsio 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):
display({r1,r2});

Marematuyeckast MoaeJib JloTkn-BoJibTeppsl

> restart:

with (plots):

# BanmMcmBaeM cucrTeMy
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)};
# mHauanpHIle yCIOBUS

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

# umcnenHoO pewaeM cucrTeMy audpdepeHIMANBHEX ypPaBHeHUM
ansl:=dsolve (sysl union

IC_ 1,{x(t),y(t)}, numeric,output=listprocedure) ;

# cTrpomM rpadmk BaBUMCHUMOCTM 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),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) ;
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),6t)=-

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):

# BRBOAOWMM rpadmkyM BaBUMCHMMOCTEN B OLHOM CHUCTEMEe KOOPAMHAT

display ({pl,p2,p3});
a

¥odq

Mogaejan dnuaeMun

x =axy —bx
y =—axy
7 =bx

> restart:
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#xosddmuimenTsr 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) :

#rpapux 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
epidemii’ ,linecolor=black,method=rkf45) ;

sysl —{( y(t)j+6x(t)y(t) 0(atx(t)J—6x(t)y(t)+5x(t)zO}

model epidemii

e, e, o e, o, " ony o "o, e, ey ", "o, ey "ory ey "o, oy "o,
o e e e e e ey e e e ey e e e, ey e e

> restart:

#xosdduumenT a u b,alfa<l

a:=2:b:=2:

#icucrema

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 pewenHnst

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 = {(;X(l‘)] —2x(t)y(t)+2x(t)=0, (;y(t)] +2x(t)y(t)=0}



model epidemii

e e e e e e e e e e T e oy e e e
e, ey Ty Ty e ey T e, T T, T T T T T

> restart:
#xosddumenT a u 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) :

#rpapux pemenus

DEplot ([diff (x(t),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 = { [&X(t)j —-2x(t)y(t)+5x(t)=0, (aty(t)J +2x(t)y(t)=0}

!IFP!?J‘.I‘.I‘D?

)

—r
=
A

a*x(t)*y(t) -b*x(t),

model epidemi

o e T e e e e e e e e e e e e e e e

Tabnuua 3a. Conepxanue 1 00beM MPAKTUYECKUX 3aHATHHA

Howmep Howep paszieia HawnmenoBanue u kpatkoe coaepxanue 113 Obmem
113 U TEMBI B Hacax
1 Maremaruyeckoe AHaIATHYECKUI METOJ UCCIIEIOBAHNS HA 4
BBEJICHHUE. Y CTOMUMBOCTD | QCUMITOTHYECKYIO YCTOMUUBOCTb. MeTox
MHOTOWIECHOB. Da30BbIii JIsmynoga. [loctpoenue ¢a3zoBoro nmoprpera u
MOPTPET CUCTEMBI Ha Ou(ypKaoHHOM JuarpaMMbl TMHAMUYECKOH
TUIOCKOCTH. CHCTEMBI, ITpaBasi 4aCTh KOTOPOTO MHOTOUJIEH
Budypkanuonnas BTOpOI crenenn. KomnbroTepHble mporpammsl PS n
JarpaMma. Maxima noctpoeHusi a3oBbIX NOPTPETOB.
2,3 [Ipocreiiue 1. 13 skcniepuMeHTa U3BECTHO, YTO CKOPOCTh 6
MaTeMaTHYeCKHe MOJICTI | pa3MHOKEHHs OaKTepHid IPU JIOCTATOYHOM 3arace
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MONYJIALIUOHHOU
JIMHAMUKH.
Jlemorpadudeckas Moaeb
pocta ManbTyca (kecTKas
1 MsTKas).

MUIIH TPONOPIIMOHAIBHA UX KOJIMYECTBY. 3a Kakoe
BpEMs KOJMUYECTBO OaKTepUil yBEIMUUTCA B M pa3
10 CPAaBHEHHUIO C UX HAYaJIbHBIM KOJIMYECTBOM?

2. [loryormenre CBETOBOTO MOTOKAa TOHKHM CJI0EM
BOJIbI IPOTIOPLIHOHAIBEHO TOJILIMHE CII0S ¥ TOTOKY,
[a/IaloIIeMy Ha ero noBepxHocTsh. [Ipu
MIPOXOJKJIEHUHU Yepe3 CIIOW TONIIUHON 1 M
noryiomaercs 1/4 nepBoHa4aIbHOTO CBETOBOTO
noroka. Kakas 4acte cBETOBOT0 MOTOKA JOUIET 10
riryOuHs! h?

3. I HEKOTOPOM IPyMIIbI HACETIEeHUS
YCTaHOBJIEHO, YTO BEPOSATHOCTD POKJICHHUS B
eIMHHILY BPEMEHH BbIpakaeTcsa HopMyIoil

(0.2 +0,01N), 72,
a BEPOATHOCTHE CMEPTHU B €IMHUIY BpEMCHH paBHaA
0.02N.c 7%

IIpuHAB HaYaJIBHYIO YUCIEHHOCTh HACEJICHHUS

NO paBHoIi 5, mocTpoiiTe TpaduK pereHus
JIETepPMUHUCTUYECKOr0 ypaBHeHUs. Onpenenure
YCTAHOBHUBLIEECS PELICHUE.

4. PaccmoTpum Mogiens ManbTyca, YIUTHIBAIOIITYIO
HECTallUOHAPHOCTh CPEJIbI:

-

dN ) ) )
(5) —-=&@ON@. NO)=No

[TycTs K03 durmeHT npupocTta &(t) sBIsIeTCs
neproandecKkor (yHKIMEH ¢ IepruoIoM, paBHBIM T
(T>0), 1.e.

gt+Ty=&l6). Ye=0

O0603HaunM cpeHee 3HaueHue KodhurmeHTa
npupocra g(t) Ha MPOMEKXYTKE BpPEMEHH ATHUHON T
qepes

_ i+
(6) £= T [ g(r)dr

1) ITokaxkute, uro QyHKIMSA
M o) =exp [le@) - E,'Jafr}
0

SIBIISIETCS TIEPUOIUIECKOH ¢ niepuogom T.

2) Brersicaure, obmanaer iu pemenue N = N(t)
ypaBHEHUS (5) CBONCTBOM IMEPHOUIHOCTH.

3) [lycts cpeanee 3HaYeHUE KO3 PUIIMCHTA
MPUPOCTa Ha MTPOMEKYTKE BpeMeHH! AIuHON T
pasHo 0. Byzer i1 BepHBIM PaBEHCTBO CPEIHETO
3HAYCHHS YUCIICHHOCTH MOMYJISI[UHN Ha
MPOMEXKYTKE BpeMeHU NIHHON T 3HaYCHHIO
HAYaJbHON YHMCICHHOCTH MOMYJISINN?

JnHaMuka nmonyJyisiiuy Ipu
BHYTPHUIIOMYJIALIUOHHOM
arperupOBAHUH.

[lycTh nMHaMMKa NOMYJISILIUY OMUCHIBACTCS
YpaBHEHUEM
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AN
dt

rae L - HWKHSSI KpUTHYecKas TUIOTHOCTh
nonyJsnuy (Tipu HadanbHOM 3HaueHuu N(0) < L
nomyJisiiys oOpeueHa Ha BeiMupanue), K -
CTalMOHApHAA IIOTHOCTh, AHAJIOTUYHASI EMKOCTH
cpeaibl B JIorucThyeckot monenu. Iloctpoiite
WHTETrpaJbHbIC KPUBBIE YPABHEHHUS,
XapaKTepU3yollue JUHAMUKY YUCICHHOCTU
MOTYJISAIINH.

= aN(N - L]—K_ al :

=) K=>L=0

JlMHaMuKa YMCIEHHOCTU
MOMYJISIIAY B
OTPaHUYCHHOU Cpelie
(DepxronncTa-Ilepna).

Haiinute pemenue ypaBHenus Pepxronbcera-Ilupia
(@-IT)
an
dr
YAOBJIETBOPSIIOIIEE YCIOBHIO
N(0) = Ny.

ITocTpoiiTe UHTErpaJIbHBIE KPUBBIE YPAaBHEHUSI.
JlaiiTe OMONOTHYECKYI0 HHTEPIPETAIIMIO MOICIIH.
3Has HavyalbHYIO TUIOTHOCTb Ny, mpuueM Ny < K/2
(K = €/, - eMKOCTB CpeJibl), BBIICHUTE, B KAKOU
MOMEHT BpeMEHHU OyeT HabmoaaThes
MaKCUMaJIbHbI IPUPOCT YUCICHHOCTU NOMYJISLUU.
3ameuanue: [lycts mapamerp K - eMKOCTD CpEJIbL,
Toraa ypaBHeHue @-I11 MoxkHO 3anucarb B BUJIE

anN _ &N

Fix-)

dt K

= I:E — ﬂf;?i.-r]‘-"-.?: £.0 —const > 0

Monens «XHUIHAK-
)keptBa». Mogens JIOTTku-
Bonbreppa.

[Tycts (Ni(f), N2 (1)) - mepuogudIecKoe pereHne
ypaBHEHU THMA "XHUIHUK-)KepTBa" (MOAETH
JloTku-Bonbreppsl):
dNy
dt dt

TJIC €, Y i - HOJIOKUTEIHHBIC TIOCTOSIHHEIE, [ = 1, 2.
OnpenenuM cpeaHee 3HaueHue QyHKImu N (t) kak
— 1 T
N, == [ N,@atr.
T3

dN;

rae T - nepuop xkonebanuii. [lokaxxure, 9T0

£ £
N =2 N, =21
L R |

[pearmnonoxum, 4To TUHAMHYECKIE yPaBHEHUS
MOJTU(QHIIMPOBAHBI, T.€. T0OABICHBI WICHBI -0ilV;,
(0 > 0), COOTBETCTBYIOIINE UIBATHIO YACTH
MOy JISIHH:

i
?fl = (&1 = NNy — ey IV,
N
dd; =(—& + 1NN, - N,

Takas MoguQUKaIys BO3HUKAET, HAIPUMED, IPH

= (& — 1NNV, = =(- &+ 71MN)|
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OTMCaHMU BIUSHHA PHIOOIOBCTBA HA TTOMYJIISIIUN
PBIO WITH HHCEKTUIUAOB TP U3YYICHUH ITOMYJIISIIH
HacekoMbIX. Kakoe BimsiHue 100aBICHHbIE B
YpaBHEHUS YWICHBI OKa3bIBAIOT HA CPETHHE
3HaueHust pyHKui N1 u N»?

YcranoBute mpuOmmKeHHyI0 hopMy (Hha30BBIX
TpaeKTopuil kinaccuuecko mojienu JIoTku-
BounbTeppa u nepuos kojaeOaHui BOIH3H
HEHYJIEBOT'O MOJI0KEHHUS PABHOBECHSL.

Mogens snuneMun. Beimmcate MaTeEMaTH4ECKYO MOJIENb SIUAEMUN U 6
HCCIIENOBATh €€ HA YCTOMYHMBOCTb.

Mopens Konmoroposa | Mojienb «XUIHUK-KEepTBay B 001IeM ciydae (0e3 4
«XUIIHUK-KEPTay. y4era BO3pacTHOU CTPYKTYPBI) HMEET CIICAYIOLIHI
BUI:

o S
— = F(N. NN,
dt

dN,
dr

ITpu aTom F yObIBaet ¢ poctoM N; (Takue ycaoBus
MO3BOJISIET YYECTh BHYTPUBUIOBYIO KOHKYPEHIIUIO
MOTTYJISIIIAY YKEPTBHI), F> BO3pacTaer ¢ pocTom

N1 (XMITHUK UTAETCs TOJIBKO KEPTBOM).

Bbynem paccmarpuBath Mojens Koamoroposa
CJIeIyTOIEro BUaa:

dN - A
—L =k (NN, = L(N,)N,
dt

W aw,

= F(N1. NN,

=k (NN,

L(N) - Tpodmaeckas (GyHKITHS, KOTOpas HE 3aBUCUT
OT YUCJIEHHOCTH XHUIIHUKA, 9YTO COOTBETCTBYET
OTCYTCTBHIO BHYTPUBHUIOBOW KOHKYPEHLIMH
MOTTYJISIIAN XAITHAUKA; k1(N1) - Koaddumert
MPUPOCTa )KEPTBHI B OTCYTCTBHE XUIIHUKA.
[Toenanue »epTBBI XUIIHUKOM YUUTHIBACTCS
cinaraeMbiM L(N1)Na. k2(N1) - K03 dUIImeHT
MPUPOCTa XUIITHUKOM, HE 3aBUCAIINI OT

N> (3HaYMT, HET BHYTPUBUIOBOH KOHKYPEHIIUH B
MOITYJISIMN XUIIHUKA).

W3yunth cBoiicTBa Tpoduueckoil pyHKINH.

HToro 34

Ha MPAKTUYCCKUX 3aHATUAX UCITOJIB3YIOTCA I/IH(l)OpMaI_[I/IOHHO—HOI/ICKOBI)Ie CHCTEMBI M 0a3bl

JaHHBIX ITO 9KOJOT'MH:

1.

(98]

Nudopmanmonno-nouckoBas cucteMa «lIporpamMmmHo-TexHU4YecKoe oOecrieueHne yuera
00BEKTOB, OKa3bIBAIOIIINX HETATUBHOE BO3JIEHCTBUE HA OKpYXkKatollyto cpeay» (ITTO
YOHBOC: URL https://onv.fsrpn.ru/ )

NudopmannonHo-cpaBoyHas cucreMa «Ocob0 oxpaHseMble TPUPOTHBIC TEPPUTOPUI
Poccum» (OOIIT Poccun). URL: http://oopt.info/

WNudopmannonno-nonckosas cucrema «EcoWarsy. URL: http://ecowars.tv/
Craructuueckas 6a3a gaaasix OOH o nemorpaguu. URL:
https://unstats.un.org/unsd/demographic/products/default.htm

Ennnas mexBenomcTBeHHas nHpopMamonHo-cTatuctrdeckas cucrema (EMUCC)
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Poccun. URL: https://www.fedstat.ru/

6. HHbopMaOHHO-TIOMCKOBBIN HAITMOHAIBHBIN MTOPTAJ — KATAJIOT PECYPCOB MO OXpaHe
npupojsl «IIpupoaa Poccum». URL: http://priroda.ru

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

4. CamocrosiTe/ibHasi padoTa 00y4aromuxcst

Lenu camocTosTeNbHOM pabOTHl — OCBOUTH T€ Pa3/eiibl AUCLUIUIMHBI, KOTOPBIE HE ObUIM
3aTPOHYTHl B IpoLIecCE€ ayTUTOPHBIX 3aHATHM, HO HPEeayCMOTpEHbI paboueil mporpaMmoii, a
TaK)K€ PACIIMPUTDH I'PAHULIB] [TOJIy4aeMbIX 3HAHUM, YMEHMI U HaBBIKOB (BJIaJIEHUI) B Ipoliecce
JIOTIOTHUTEILHOTO M3YyYEHUs OTAENbHBIX TE€M, PEIICHUU MPAKTUYECKUX 3a]ad, HCCIEIO0BaHUs
OTJENBHBIX BOINPOCOB JUCIHMIUIMHBI C TOMOIIBIO  Y4eOHO-METOAMYECKOW JIMTEPaTyphl;
MOJTOTOBUTHCS K 3aHATHUSAM JICKIIHOHHOTO U CEMHUHAPCKOTO THUIIA.

Kaxnoe 3amanue npeanonaraeT HanvcaHue OOydYarOUIMMCS MPOrpaMMbl B OJTHOW U3 Cpen
nporpammupoBanusi Maple, P5, Maxima u 3ammra ee. Ilpm HE0oOXOIMMOCTH MPOBECTH
UCCJIEIOBAaHUE TIOJYyYEHHOW MOJENN IyTEM W3MEHEHHUs MapaMeTpoB 3a/Jayd. 3a BBIIIOJIHEHUE
3ajaHusl OOy4YarOIIMICS TMOJIy4aeT OMpeesIeHHOe KoJIn4YecTBO OamioB. ONHOTHUIIHBIE 3aJaHUs
coOpaHBbI B pa3/ieibl.

st monydeHus 3ayeta B ceMecTpe HeoOxoauMo HaOpath 70 GasijioB, BHIMOIHUB XOTS ObI
110 OJTHOMY 3aJJaHUIO U3 KaXJ0T0 pasjaeia. TeKCT 3aaaHuii NpUBEAEH HUKE.
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Tabnuna 4. ConepikaHue caMOCTOSITENIbHON paOOThI CTYICHTOB

Ne N Pasnens! mim TeMsl
Bun camocTosTensHOl paboThI N ®dopma 0TUETHOCTH
n/n pabodeii mporpamMMbl
1 | Anousudyanvhoe domawnee Mogens ManbTyca. KommprorepHas
3a0anue. MOJEIb. AJITOPUTM H
Hanmcats nporpaMmy, TEKCT [IPOTPAMMBI.
MOJIETMPYIONIYIO MATKYIO MOJIENb
Manstyca. Ha pabouem okne
MIPOTpaMMBbI H300Pa3UTh TpaduKH
TPaeKTOPHH BEKTOPHOTO ITOJIA,
(azoroii Tpaekropuu. Mccnenosath
MOJIEIb C Pa3TUYHBIMU HaYaJIbHBIMU
YCIOBUSIMH.
2 | IlocTpouTh KOMIBIOTEPHYIO MOAENs | JIMHAMUKa YHCIEHHOCTH KomnerotepHas
JUHAMHUKH YUCICHHOCTH MOMYJSIUK | MOMYJISHH B OTPaHUYICHHON MOJIEIb. AJTOPUTM H
B OrpaHUYEHHOM cpeje, cpene (Pepxromscra-Ilepna). TEKCT MPOTPaMMBbI.
YYHUTHIBAIOIIYIO TIOCTOSTHHBIH
HEKOTOPBIN (aKTOp B KauecTBe
napamerpa. [loctpouTts
OudypKaIMOHHYIO JHarpaMMy.

3 | Pegpepam Mopenu B3aMMOOTHOIIIEHUS Texct pedepara,
apa3uT-XO31H. BBICTYIUICHHE.

4 | Hoknao BeposiTHOCTHBIE MOIETH TexcT moknana,
MOMYJIALMHE U TpobiieMa Mpe3eHTanus,
reHepaTopoB BBICTYIUICHHE.
MICEBIOCTYYalHBIX YHCEL.

CamocrosiTennbHasi paboTa  B3aMMOCBsI3aHAa €  AYJUTOPHOM U KOHTPOJIUPYETCA

npenojasateneM. Ha nekuusax npeasaratorcst A CaMOCTOSATENIBHOTO UCCIIEJOBAHUS HEKOTOPBIE
3anaun. Ha npakTHueckux 3aHATUSAX JAIOTCS 3aJaHus 111 CAMOCTOSITEIbHOTO UCCIIEI0BAHUS.

Kaxnomy oOyuaroniemycsi BBIJAIOTCS MHIUBUAyaJbHbIE CEMECTPOBbIE 3aJaHus, i
BBITNIOJIHEHMSI KOTOPBIX TpeOyeTcsl caMOCTOsATENbHAs paboTa.

4.1. Tunsl ceMecTPOBBIX 3aJaHMIL:

Tembl pedeparTos

. DKOJIOTHYECKOE 3HAUCHUE €CTECTBO3HAHMS.

. OcHOBHBIE TIPOOJIEMBI SKOJIOTHH U PO CPEABI AJIS KU3HU.

. 3aKOHOMEPHOCTH Pa3BUTHUS SIKOJIOTHYECKON CUCTEMBI.

. 'mobanpHas nuHamudeckas mojens Goppecrepa.

. 'moGanpHas Mmomens 6uochepsl.

. [IpoGiemMa oxpaHbl BOJHBIX PECYPCOB.

. Mopenb TMHaMHUKHU HACEJICHUS B ABYX BO3PACTHBIX IPYIINAX.

. Mopenb TMHaMHUKU HacEeJIeHUs B 3aBUCUMOCTH OT BO3pacCTa.

. Kitaccudukanmst B3anmMo1eficTBHiA IBYX BUIOB MEXTy COOOM.
. Mozenb B3aMMOOTHOILIEHUI TUTA XUIIIHUK-)KEPTBa.

. Mopenp Tura XUIIHUK-KEPTBA MPU HATUIUH YOSKHUIIA JIJIs JKEPTBHI.
. Mopenb KOHKYPEHIIMH MEX]1y BUJAMU.

. Bugpl, ocnapuBaroniue oaHy muiry.

. Buzpl, noxxupatoiue apyr apyra.

. luHaMUKa CHCTEMBI peCypc-TIOTpeOUTEb.

. Cniyuau uctpebiieHue BUIOB.

. TermI0KpOBHBIE XUIIIHUKH.

. Mopenb B3aMMOOTHOILIEHUS TAPa3UT-XO351H.

O INDN KW~

— = e = = = e = = \©
OO NP W —O
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19.
20.
21.
22.
23.
24.
25.
26.
27.

MogaenupoBaHue OTIIOBA.

DKCTpeMaJIbHbIE CBOMCTBA SKOJOTHUYECKUX CHCTEM.

MatemaTrueckoe MOJEIIMPOBAHNE TUHAMHUKU HH(PEKIIMOHHBIX 3a00JIeBaHUN.
Monenb BepTUKAIBHOTO pacipeaesieHrs (PUTOMIaHKTOHA B OKEaHe.

Mopenb 3arpsi3sHEHUs! BOAbl OPraHUYECKUMHU OTXO/IaMH.

JluHaMyKa MOMyJISIUi B CJI0KHOK Tpoduueckoi cpene.

MopenupoBaHue OHOIOTUYECKHUX IMOMYJISIIUNA C Y4€TOM CBOMCTB OTAEIHHON 0CO0H.
BeposiTHOCTHBIE MOJETN TTOMYJISIIIUAMN.

MareMaTtuyeckre MO B TeHETHKE.

4.2. IlepeueHb y4eOHO-MeTOAUYECKOr0 ODecreYeHHsl JJI CAMOCTOATENbHOH pPadoThl
o0yyarommxcs.

Jns camocTOATENbHON OATOTOBKM PEKOMEHAYETCS HCIOJIb30BATh CIEAYIOLINE
MaTepHuaibl: MareMaTHUeCKUe MOJICIH B AKOJIOTHH: TEKCTO-TpadUuecKuii 3JeKTPOHHBINA yueOHO-
MeToandeckuii komriekce [DnekTponnslil pecypc]/ E. C. Uepnosa; KemI'Y. — DnektpoH. naH. —
Kemeposo: KemI'VY, 2011. Pexxum nocrtyna:
http://www.math.kemsu.ru/kmk/subsites/E.S.Chernova MATHEMATICAL MODELS IN EC

OLOGY/umk/index main.htm; CailT 1151 cCaMONOJATOTOBKH CTYJIEHTOB. JucIMIUIMHA

«MaremaTuyeckue MeToJIbl B aKoJorum». Pexkum noctyna: http://math-
eco.cs.karelia.ru/index.html

5. YueOHO-MeTOAMYECKOE 0OecliedeHrne TUCHUIJIMHBI (MOIYJIs1)

Tabmuia 5.1. OcHOBHasI IMTEpaTypa

ggn HanmvenoBanwue, 6ubmuorpadudeckoe onmMcanme
1 Kapnenkos, C.X. Dkonorusi: yueOHUK /i By30B : B 2 kH. / C.X. KaprieHkoB. — 2-¢ u3z.,
nepepad. u gomn. — Mockga; bepnun: Jupexkr-Menua, 2017. — Ku. 2. — 522 ¢. 9BC Pexum
nocryna: https://biblioclub.ru/index.php?page=book&id=454237
2 KonoHoga, 3.A. KomnsiotepHoe monenuposanue: sxonorus / 3.A. Kononosa, C.O. Anryxosa,
I".A. Bopo6ses. — Jlumenk: JITIT'Y um. ILII. Cemenosa-Tsan-1lanckoro, 2018. — Y. 1, 2 — 101
c. 9BC Pexum nmoctyna: https://biblioclub.ru/index.php?page=book&id=576947
3 Okonorust: yueOnuk / C.M. Pomanosa, C.B. Crenanosa, A.b. fApomesckuii, 1.T. 11laiixues;
Kazanckuii HalmOHAIBHBIN UCCIIEIOBATENbCKUI TEXHONOIHUECKUI YHUBepcuTeT. — KazaHs:
KHUTY, 2017. — 340 c. 9BC Pexum gocryna:
https://biblioclub.ru/index.php ?page=book &id=500685
4 I'aBpuniosa, JI.B. Maremarnueckoe MoJIeTUpOBaHNE BOAHBIX 3KOCHCTEM: yueOHoe nocodue /
JI.B. TI'aBpuzoga, JI.A. Komnanwuen, B.E. Pacrioros. — Kpacnosipck: Cubupckuii penepaibHbIit
yauBepcutet (COY), 2016. — 202 c. IBC Pexum goctyma:
https://biblioclub.ru/index.php?page=book&id=497152
Tabmuma 5.2. JlonoJHUTENbHAS JTUTEpaTypa
11\/%1 HammenoBanue, Oubnuorpaduyeckoe omnucaHue
1 Pusnnuenko, I'.HO. MaremaTuueckoe MOCIUPOBaHIE OHMOJIOTHYECKUX MPOIIecCOB. MoJienu B
Ono¢u3MKe U 3KOJOTUK: yueOHOe ocoOue as OakanaBpuata u Maructparypsl / [.1O.
Pusanuenko. — 2-e u3., mepepad. u gon. — Mocksa: M3parensctBo FOpaiit, 2019. — 181 c.
IBC Pexum pocrtyma: https://urait.ru/bcode/420698
2 Banosa (Konbuiosa), B./l. Oxomnorus: yueonuk / B.JI. Banosa (Konbuiosa). - M.: Jlanikos u
Ko, 2012. - 360 c. 9BC Pexum nocryna:
http://biblioclub.ru/index.php ?page=book&id=115790
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Tabmuia 5.3. Pecypcel nHOOpMAIIMOHHO-TEIEKOMMYHUKAIIMOHHOH cetn « HTepHET»

Ne
i Hazpanue (agpec) pecypca
1 CaliT 111 cCaMOTIOATOTOBKHY CTYAEeHTOB. [ucuuminaa «MaTeMaTHyecKie METOIbI B 9KOJIOTUNY.

Pexxum poctyma: http://math-eco.cs.karelia.ru/index.html

2 [lIutuxos B.K., Po3en6epr I'.C., 3uruenko T.J[. KoxudecTBeHHAS] THAPOIKOIOTHS: METOIBI
cuctemuon unentudukaruu. — Tomesttu: UOBB PAH, 2003. — 463 c. Pexxum goctyna: URL:
http://www.ievbras.ru/ecostat/Kiril/Library/Book1/Content0/Content0.htm#Ref

3 Kadenpa 6nopusuku buonoruueckoro pakynsrera MI'Y npu nogaepxke
bnarorBoputensHoro dhonma B. [Totanuna http://mathbio.ru/program/

Tabnuma 5.4. Ilepuoanueckue u3aaHus

HaumenoBanue

1. http://biblioclub.ru/index.php?page=book&id=132506 IBC YHuBepcuteTckue OUOINOTEKH
onyaiiH. JKypHain «9K0JIOTHS U KU3HBY.

2 https://ekovolga.com/contact-us CeteBoe u3ganne «IKoJaorusi PernoHoB»

3. nauka.relis.ru e>xeMecsIYHbIN HayuyHO-IOMYJSIpHBIN )XypHal «Hayka u ZKusHb».

4. virlib.eunnet.net/mif (MaremaTtuka, Madopmaruka, ®usnka) KyprHaa «MUD»

5 www.ufn.ru XKypran «Ycrnexu Gu3ndeckux HayK».

Hepeqeﬂb COBPEMEHHBIX l'lpO(l)eCCI/IOHaJILHBIX 0a3 JaHHBbIX U HH(l)OpMaIII/IOHHLIX
CIIPpaBOYHBIX CUCTEM

Baszer nannsix THUOH PAH http://inion.ru/resources/bazy-dannykh-inion-ran/
IBC «YHuBepcurerckas 6mbanorexa oHaaitn» www.biblioclub.ru
Pecypc conepxut yueOHUKH, yueOHbIe TocoOus, MOHOrpaduu, NepuoAnYecKre U3IaHus,
CIPAaBOYHMKH, CJIOBapH, JHUIMKIoneaAuHu. B HacTosmiee Bpems Bkmodaer Oosee 130 Thic.
HalMEHOBaHUH. Pexxum noctymna: ass 3aperucTpUpOBaHHBIX M10JIb30BATENCH.
9BC AI'Y Ha miardpopMe amnmapaTHoO-iporpaMMmHOro kKomrmiekca OO0 KOV
http://adygnet.bibliotech.ru
Pecypc conepkuT sneKTpoHHBIE aHANOTU TPYI0oB npenojasareneid AI'Y. ObecnieunBaet
JIOCTYIl K HEOoOXOAMMBIM Jjisi 00pa30BaTEeNIbHOrO Mpolecca M3JaHusM. Pexum goctyma: uis
3apeTUCTPUPOBAHHBIX MOJIH30BATEICH.
000 «Hayunas 3ekrponnasi oudauoreka» (H3b) www.elibrary.ru
Poccuiickuit nHGOpPMaITMOHHO-aHATTUTUYECKHI MOPTall B 00JaCTU HAyKH, TEXHOJIOTUU H
00pa3zoBaHus, B TOM YHCJIE AMeKTpoHHbBIE Bepcun 6omee 3900 poccuiiCKiX HAyYHO-TEXHUUECKUX
KYPHAJIOB, U3 KOTOPHIX Oosiee 2800 »KypHAIOB B OTKPBHITOM JOCTYIIE.
Me:kayHapoaHbie 6a3bl JaHHBIX HAYYHBIX U3AaHHIT
Web of Science https://apps.webofknowledge.com Hayxomerpuueckas pepeparuBHas 6a3a
JAaHHBIX JKypHaJIOB U KoHpepeHuuii. Pexum nocryna: IP anpeca yHuBepcurteTa
Scopus https://www.scopus.com/search/ — 310 HaykomeTpuueckas pedepaTtuBHas Oaza
JAHHBIX, BXOsMIast B 6a3y maHHbix SciVerse kommnanuu Elsevier. SciVerse o0benunsieT B cede
MaTepuaibl M3 KOJUIEKIIMM pELEeH3UpOBaHHOM surepatypsl SciVerse Scopus, coOpaHus
MOJTHOTEKCTOBBIX cTaTteit SciVerse ScienceDirect. Pexxum noctyna: IP aapeca yauBepcureTa.
zbMATH https://zbmath.org/ PedepatuBHas 06a3a JaHHBIX 1O YUCTOH W NPUKIAJIHOU
MaTeMaTHKe.

HNHuTepHeT-pecypchl OTKPbITOro aocryna (Open Access)
(MudpopMaimoHHO-TIOUCKOBBIC (CIIPABOYHBIC) CHCTEMBI)
Nudopmanuonnas cucrema «ExmHoe OKHO JocTynma K o0pa3oBaTe/IbHBIM pecypcam)
http://window.edu.ru/ Pecypc oGecrnieunBaeT CBOOOIHBIM JOCTYN K WHTETPAIBHOMY KaTajory
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00pa30oBaTeNbHBIX HHTEPHET-PECYPCOB, K OSIEKTPOHHOW OHOIMOTEKEe Y4eOHO-METOAMYECKHX
MarepuaioB i o0mero u mnpodecCHOHANBHOTO 00pa3oBaHUs M K pecypcamM CHCTEMBbI
denepanbHBIX 00pa30BaTEIbHBIX IOPTANOB, OOBEAUHSIET B eIWHOE HH(GOPMAIMOHHOE
IPOCTPAHCTBO JJIEKTPOHHBIE PECypChl CBOOOIHOTO JTOCTYIA ISl BCEX YpOBHEH 00pa30BaHUS B
Poccun.

YuuBepcurerckas naHpopmaunonnas cucrema Poceust uisrussia.msu.ru

6. O6pa3oBare/ibHbIE TEXHOJIOTHHU

Tabnuna 6. O6pa3oBaTeNIbHbIE TEXHOJIOTHH

Ne Buanbl yueOHbIX
HaumenoBaHue pa3aeJa . Oo6pa3oBaTe/ibHbIE TEXHOJIOT UM
n/n 3aHATHI
1 2 3 4

1. |OcHoBbl 3xonorun. Maremaruyeckoe  |Jlexuus 1. Jlexuus ¢ uCnoyIb30BaHUEM
BBeZeHuE. [IoHATHE YCTONYMBOCTH. BUjIcoMaTepuaioB. MHpopmanmoHHo
®a30BbIil NOPTPET CUCTEMBI Ha — KOMMYHUKAaIIHOHHAs! TEXHOJIOTHSI.
TUIOCKOCTH. budypkannonnas

narpamma.
jmarp PazBepHyTas Oecena ¢ 006Cy)acHHEM

BOTIPOCOB.

Cemunap 1.
KoncynsTrpoBanue u mpoBepka
JIOMalTHUX 33JaHNUH TTOCPEICTBOM

CamocTosATenbHas  [3J€KTPOHHOMN ITOYTHI.

pabota

2 |Ilpocreiimme maTematndeckue monenu |Jlekius 2. [Ipobnemuas nexuus (IpooIIeMbl
MOMYJISIUOHHON JUHAMUKHU. nepexoa OT JKECTKOU K MSTKOU
Jemorpacdudeckast Moienb pocTa MOJIENIU U OIIpEACIEHUs
MansTyca (KeCTKast 1 MsATKas). K02 puIIIeHTOB-TTApaMETPOB)

Cemunap 2.
PasBepHyTas Oecena ¢ o0Cy)aeHHEM
BOTIPOCOB.

CamocrosTenbHas | KopcynprupoBatue 1 npoBepka

pabora JOMAIIHUX 3aJaHUH ITOCPEICTBOM
3JIEKTPOHHOM MOYTHI.

3 |/lmHaMuKa TOIYJISINH TIPU Jlextmu 3 u 4. Jlekus ¢ ucnoab30BaHUEM
BHYTPHIIOYJISIITHOHHOM BuieomMatepuanoB. Madopmannonno
arperupoOBaHUH. — KOMMYHUKAaIIMOHHAs! TEXHOJIOTHSI.

TexHonorust pa3BUTUS
KPUTUYECKOTO MBILIICHUS.
TexHOI0ruu TpyNnmnoBbIX JUCKYCCUN
Cemunap 3 u 4. ¥ Pa3BUTHUSI KPUTHYECKOTO
MBITIUICHUS.
KoncynbsTrpoBanue u npoBepka
C JOMAIIIHUX 3aJaHui OCPEICTBOM
aMOCTOATCIBHAN | 5o rpOHHOI TTOUTHL.
pabora

4 |JIluHamMuKa YUCIIEHHOCTH nonyysiuuu B |Jlexkuuu S u 6. Jlekuu ¢ ucnoap30BaHUEM

orpanudeHHOU cpene (DPepxronancTa- BUjIcOMaTepuaoB. MHpopMannoHHo
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[epna).

Cemunap 5 u 6.

— KOMMYHUKAIIMOHHAA TCXHOJIOTU.

HpOCKTHaSI TCXHOJOTHA.

AHanmu3 cuTyarii 1 IMATAIIHOHHBIX
MOJEJIEH.

Kommbrotepusie cumymsnuu B PS5,
Maxima

KoncynsTrpoBanue u npoBepka

CaMOCTOSTEIbHAS |BBITIOJTHEHHBIX 3aJaHUI
pabota TTOCPEICTBOM BEICTYIIIICHHUH.
Mogenb «XUIIHUK-KepTBay. Moaens Jlexnuun 7-10. Jleknuu ¢ UCMONIB30BaHUEM

JlorTku-BonbTeppa.

Cemunap 7-10.

CaMocTosTenbpHas
pabora

BUAeoMaTepuanoB. MapopmannonHo
— KOMMYHUKAIIHOHHAST TEXHOJIOTHSI.

TexHO0JIOTUU Pa3HOYPOBHEBOTO
oOydeHwUs.

AHanu3 cuTyanuii ¥ UMUTAIMOHHBIX
MOJIEIIEH.

KoncynbprrpoBanue u mpoBepka
BBIIOJIHEHHBIX 3aJaHUN
MIOCPEACTBOM BBICTYIJICHUH.

Mogens snuaemMun.

Jlexum 11-13.

Cemunap 11 u 13.

CamocTosTenbHas
pabora

IIpobnemHas TeKIusI.

AHanu3 cuTyanuii 1 UMUTAIMOHHBIX
MOJIEIIEH.

KoncynsTpoBanue u npoBepka
BBIITOJTHCHHBIX 3a)1aHm71
IIOCPEJCTBOM BBICTYIUICHHUM.

Monens KonmoropoBa «XUITHUK-
XKEPTBaY.

Jlexkuuu 14-16.

Cemunap 14 u 17.

CaMocTosiTenbHast
pabora

Jlexuu ¢ UCTIOIB30BAHUEM
BHIeoMaTepuranos. MHpopMamonHo
— KOMMYHUKAIIMOHHAS! TEXHOJIOTHSI.

KoncynpripoBanue u nposepka
BBITOJTHEHHBIX 331aHUH
MOCPEICTBOM BBICTYIUIEHUH.

7. MeToauvecKkne peKOMEHIANNH M0 JUCHMUILINHE (MOTYJIIO0)

MeToauuyecKkue PEeKOMEHAAUH NpenoaaBaTejaro

N3yuuB conepxaHue y4yeOHOM TUCHMIUIMHBL, I€JIeco00pa3HO pa3paboTaTh MaTpUILy
HanboJiee TPEIMOYTHTEIBHBIX METOJA0B OOydeHuss u ¢GOpM CaMOCTOSITEIbHOW paboThl
CTYZCHTOB, aJICKBaTHBIX BH/IaM JICKIIMOHHBIX 1 CEMUHAPCKUX 3aHATHH.

Heobxomumo mpeaycMoTpeTh pa3BuTHE (OPM CaMOCTOSTEIBHOW pPadOThI, BBIBOJIS
CTYJACHTOB K 3aBEpIICHHIO H3Yy4eHHUS Yy4eOHOM IUCHMIUIMHBI Ha e€ BBICIIMN ypoBeHb. Ilo
y4eOHOMY IUIaHy PELYyCMOTPEHO NPOBEICHUE PA3HOT0 TUIIA 3aHITUH.
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[Ipy MOATrOTOBKE JIEKIMOHHOTO MaTepualia MpernojaBareib 00s3aH PYyKOBOACTBOBATHCA
paboueld mporpaMMON JUIsI JTAHHOTO HANpaBJICHHS TOATOTOBKU. Ilpum dUTeHWMM neKuuid
IpenojaBaTeslb MMEET IPaBO CaMOCTOSITEIbHO BBIOMpPATh (OPMBI M METOIBI H3JIOKECHHUS
MaTepuaga, KOTOpble OYyIyT CIOCOOCTBOBaTh KayeCTBEHHOMY €ro ycBoeHuto. [Ipu 3Tom
IpenoAaBaTe/ib B YCTAHOBJICHHOM IIOPSAJKE MOXKET HCIOJb30BaTh TEXHUUYECKHUE CpPENCTBA
o0OydeHus, uMeronrecs Ha Kadeape v B yHUBEPCUTETE.

Bwmecte ¢ Tem, BCAKMI JIEKIIMOHHBIN KYPC SIBISETCA B OIIPEACICHHON MEpe aBTOPCKUM,
IpeJICTaBIsIeT COO0M TBOPUECKYIO MepepadoTKy MaTepuasa U Hen30eKHO OTpakaeT JIUUHYIO
TOUKY 3pEHUS JIEKTOPA Ha IIPEIMET U METO/IbI €T0 MpenojaBaHus. B 3Toil cBs3u npeacTaBisieTcs
1esnecoo0pa3HbIM MPUBECTH HEKOTOPhIE 00IIME METOJUUYECKHE PEKOMEHIAllUU TI0 TOCTPOCHUIO
JIEKIIMOHHOTO Kypca u (hopMaM ero npernoaBaHusl.

1. IlpoBenenue 3aHATHII C ayAUTOpUEH CTYJEHTOB SIBJISETCA IyOJUYHBIM BUAOM
NESITETbHOCTH, ONPEACTSAIONIMM psiA  Cleuu(pUYecKux TpeOOBaHMM K IPEroaaBaTelio:

- [IpenogaBaresnb 10TKEH UMETh ONPATHBINA BHEIIIHUN BHI,

- [IpenonaBarens 00s13aH Bi1aeTh KyJIbTypOll peuy;

- IloBenenue mnpernonaBareiss MNpU JIOOBIX CHUTyalMsIX JODKHO OBITh KOPPEKTHBIM H
JIOCTOWHBIM.

2. BHuMarenpHO O3HAKOMHUTHCS C METOJMYECKHUMH PEKOMEHIALUSMHU, MPUBEICHHBIMU B
y4eOHOI TuTeparype 1o u3ydyaeMoMy MaTepHay.

3. Tema nexuuu A0KHA OBITH SICHO U Y€TKO C(OpMYIIMPOBAHA.

4. Tlepen HavaloM TOAPOOHOTO M3IOKEHUS MaTepuana LeJIecoo0pa3HO  KpaTKo
0003HAaYHTb, O YEM TMOUJIET PEUb B LIETOM.

5. TlnaH (KOHCHEKT) JIGKLIMHU JOJDKEH OBITh 3apaHee TIIATENbHO MpOoAyMaH (IpopaboTaH) ¢
TeM, 4TOObI U3JI0KEHHE MaTepuasa ObUIO CHCTEMHBIM U CTPOTHM.

6. H3noxeHue IOMHKHO BECTUCH SICHBIM M YETKUM SI3BIKOM, (ppa3el U NpensioxKeHus He
JOJKHBI OBITh TEPETpyX EeHbl MPUYACTHBIMU, JACENPUYACTHBIMH M JIPYTUMH O0OpOTaMH,
3aTpyIHSAIOIMMH BOCIIPUSATHE CMBICIIA.

7. Ompenenenuss ©  (GOPMYJIHUPOBKH  JOJDKHBI ~ COOTBETCTBOBATH  COBPEMEHHBIM
IIPEJICTaBICHUSM O IIPEAMETE U HE JIOJKHBI IPOTUBOPEUYUTH IIPEICTABICHHBIM ONPECIICHUSM B
PEKOMEHTyeMOU y4eOHOM TUTEpaType.

8. M3noxxeHue MaTepuasia JOJKHO COMPOBOXKIATHCS OOPATHOM CBSA3BIO CO CIIyIIATENSIMU.
Oco00 Ba)kHBIE MECTa CJEIyeT BbIACTUTh UM MOBTOPUTH. HeKoTOphie BOMPOCH COMPOBOXKIAThH
3a/IMKTOBBIBAHUEM MaTtepuasa.

9. PucyHku, BBIIOJHEHHBIE OT PYKH MEJIOM WM MapKepoM Ha JOCKe, JOJKHBI OBITh
SICHBIMU U XOPOIIIO BUJUMBIMU C JAJILHUX PSIIOB ayJUTOPHUHU.

10. TIo BO3MOXHOCTH CIEAyeT COMPOBOXKAATh W3JIOKEHHE (PYHIaMEHTAILHOTO MaTepHalia
IpUMepaMu, UMEIOINUMU IPUKIIATHOE 3HAUCHHE.

11. CrapaTbcs n30eraTtb HEOTHO3HAYHOM TPAKTOBKHM pacCMaTpUBAaEMbIX BEJMUMH: CIEIUTH 3a
TEM, YTOOBI pa3HbIe MO CMBICITY BETMUMHBI 0003HAYAIIUCH I10-Pa3HOMY.

12.Tlpu wWCHONB30BaHUM TEXHUYECKUX CPEICTB OO0yueHHus (BHIICOMPOCKTOPOB, CPENICTB
MYJbTHUME/IMA U T.I1.) AaBaTh BO3MOXKHOCTh CTY/€HTaM JIeIaTh HE0OXOAMMbIE 3aIUCH M PUCYHKU
B KOHCIIEKTax WU MpealycMaTpruBaTh BOZMOKHOCTh IPEIOCTABIIEHUSI MaTepHaja B JJIEKTPOHHOM
WJIH JIPYTOM BHJE.

13. AKIIeHTHPOBaTh BHUMaHHUE CTYJEHTOB Ha TOM, KaKH€ BEJIMYUHBI SBIISAIOTCS BEKTOPHBIMH,
a KaKue — CKaJsIpHbIMHU.

14. 3n0xxeHne Matepurana npearnodTuresbuee Bectu B cucteme CHU.

15. B xoHIIE JIEKIIUK KPATKO MOABECTU UTOTU U BHIBOBI.

OI[HOﬁ H3 3a/1a4 MMpernogaBaTeiiad, BEAYUICTO 3aHATHUA 110 JUCHHUIIINHE «MaremaTudeckue

MOJIEJIN B 9KOJIOTUMY, SIBJISIETCS BbIPAOOTKA Y CTYJCHTOB IIOHMMAaHMs BAKHOCTH W IOJIE3HOCTU
3HAHUS JAUCHUIUIUHBL JJIs TPO(EecCHOHAIBHOTO O0pa30BaHMA C TOYKU 3PEHUS MPUKIIAJHOTO
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acriekra. @uU3KKa sABJIAECTCS CPEACTBOM PEILICHMS NMIPUKIAAHBIX 3a7a4 U YHUBEPCAIbHOW OCHOBOU
JUI TEXHUYECKUX Pa3/ieloB HAYKH, a TAKXKe CONEPKUT FIEMEHTBI 00Iel KyIbTyphbI.

Meroauueckass MOJenb IPENOAABaHUSA IUCLMIUIMHBL «MareMaTuyeckue MOJACIN B
JKOJIOTUM» OCHOBAaHA HAa TPUMEHEHUU AaKTHUBHBIX MeETONOB oOyueHus. [IpuHunMnamu
OpraHu3aIK y4eOHOTO MpoLecca SBISIOTCS:

- BbIOOp METOZOB IIPENOIaBaHUs B 3aBUCUMOCTH OT Pa3jIMYHbIX (DAKTOPOB, BIMSAIOLIMX
Ha OpraHU3alrIo y4eOHOTro Mmporecca;

- 00beIMHEHNE HECKOJIBKMX METOJIOB B €IMHBIA NpenojaBaTeIbCKUM MOIYyJb B LEJAX
noBbIIeHUs 3()(HEKTUBHOCTH Tpolecca 00y4YeHus;

- AKTUBHOE y4acTue ciyuiarenei B yueOHOM Iporecce;

- TPOBEJCHUE TMPAKTHYECKUX 3aHATHH, ONPEENSIONINX NPUOOPETeHHE HaBBIKOB
peLeHus IpoodIeMbl;

- NIPUBEJICHHE IIPUMEPOB IPHUMEHEHHUS M3y4aeMOro TEOPETUYECKOr0 MaTepuala K
pEAJIbHBIM NIPAKTUYECKUM CUTYaLUSIM.

[lo yuebHOMY IUIaHY NpPEIYCMOTPEHO IPOBEJACHUE JIEKIMOHHBIX M J1a0OpaTOPHBIX
3aHATHH. JIeKIMM 4YHMTAlOTCS C MCIOJIB30BAaHMEM HAIJSAHBIX MHOCOOMH M 3JIEKTPOHHBIX
IPE3CHTAlMN, C IPUMEHEHUEM IPOOJIEMHOI0 METOAA, CTUMYJMPYIOIIETO I03HABATEIbHYIO
aKTUBHOCTb. B Hauane KaXJ0ro IpaKkTUYECKOrO 3aHATUS IPENoJaBaTellb OPraHU3YeT
IIOBTOPEHHE HU3YYCHHOIO Ha JIEKIUMU MaTepuaja I10 KOHTPOJIBHBIM BOIIPOCAM K JAHHOMY
IIPAKTUYECKOMY 3aHSATHIO, BCIIOMHUHAET CO CTYJEHTaMHM IIOHATUHHBIA anmnapar, OCHOBHbBIC
TEXHOJIOTMH 10 TEME ITPAKTUYECKOTI'O 3aHATHUSA.

I[lo ypOBHIO CIOXHOCTH IIPEIyCMAaTpUBAIOTCA  CaMble  pPa3jIM4YHbIE  BOIPOCHL,
IIPEANOJIAratoIie BOCIIPOU3BEICHHUE U 3aKPEIICHUE TEOPETUYECKOr0 MaTepuaa, IIPOBEPKY €ro
OCMBICIICHMS, BONpPOChl Ha 0000meHue, aHanmu3 U cuHTe3 U Jp. OOs3arenbHO
IIPEAYCMATPUBAIOTCS KOHTPOJIBHBIE BOIPOCHI HA IPOBEPKY YCBOEHHUs ONPEIECICHUN KIIFOYEBBIX
MTOHATUH, 3HAHHE OCHOBHBIX TEOPETHUECKUX U MMPAKTHYECKUX BOIIPOCOB.

Bomnpocel 1 3amaHus 18 KOHTPOJIS JOJDKHBI IO3BOJIUTH CTYAEHTaM CaMOCTOSATEIIBHO
OTIpe/IeNIUTh YPOBEHb YCBOCHUS y4eOHOrO0 MaTepuaja 1o TeMme, MPeICTaBICHHOIO B JIEKIUH, Ha
NPaKTUYECKOM 3aHATUN M yKa3aHHOM ydeOHOMU JuTepaType.

Bormpocs! 1151 caMOKOHTPOJISE MOTYT OBITh 3aMEHEHBI MHOTOYPOBHEBBIMH 33JaHUSIMH.

[lenb OLIEHOYHBIX CPEACTB - ONPEACIUTh YPOBEHb YCBOCHUS MaTEpHUalIa:

1 ypoBeHB — penpOoyKTUBHBIM, PEAIOIATAOIINN JIMIIb BOCIIPOU3BEICHUE MaTEpUAIa U
BBITIOJIHEHHE 3aJaHUH TI0 00pa3ily;

2 ypOBEHb — PENPOTYKTUBHO-IIPAKTHYECKHUH, MPEANOJIAralolnii OCMBICIICHHE 3HAaHUN U
UX UCIOJIb30BaHUS Ha IIPAKTUKE;

3 ypOBEHb — TBOPYECKHW, AN BO3MOKHOCTH HMCIOJIb30BaTh 3HAHUS HE TOJBKO B
CTaHJAPTHBIX CUTYaLUsX U U3BECTHBIX BUJIAX JEATEIBHOCTH, HO U B HOBBIX, paHEE HE3HAKOMBIX.

MeTtoauyeckue ykazaHusi 00y4al0IuMCs 110 AUCHHILIMHE

[IpodeccronanbHas MOArOTOBKa B COBPEMEHHBIX By3aX CTPOMTCSA IO MPUHIUIY «OT
TEOPUM K TPAKTUKE», YTO co3jlaeT 0a3zy ans (GOopMHUpOBaHHMS YMEHHMH M HABBIKOB Ha OCHOBE
YCBOEHHSI TEOPETHYECKOro MmaTtepuaina. VIMEHHO Mmo3Tomy cielyeT 0co00e BHUMaHUE YIENAThb
KaueCTBY YCBOCHMSI TEOPETUUECKOTO MaTepHala.

Martepuan KaxIoW JeKUUU JOJDKEH OBbIThb NpopadoTaH: JOJKHBI OBbITh BbIAEIEHBI
OTIpeNieNIeHus, TOHATHSA, 3aKOHBI, TEOPEMBl M HUX JOKa3areibcTBa. JloMkHAa OBITH YCBOEHA
JIoOTHYecKasl CBsI3b DJIEMEHTOB M3y4yeHHOro Mmartepuaina. [lone3Ho aenaTh OMOPHBIM KOHCIEKT
KK JIOH JICKLUU.

[Ipu mapamrensHON paboTe ¢ ydeOHOH JIUTEpaTypoil HEOOXOIWMO KOHCIEKTHPOBATh
npopabaTbiBaeMblii MaTepuall ¢ 00s3aTelIbHBIM YKa3aHHEM HCTOYHHMKa HH(popMmaimu (aBTop,
Ha3BaHUE Yy4yeOHUKA, HOMEp CTpaHUIlbl). Bce HEMOHATHBIE MOMEHTHI CIENyeT 00s3aTeIbHO
pa3obpaTh ¢ mpemnojaBaTesieM Ha 3aHATHH wiu B pamkax KCP.
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[Tocne BbIMONHEHUS MPAKTHUYECKUX 3aJaHUHM, 0OydYaIONIMICS JOJDKEH 3HATh CTPYKTYPY
COOTBETCTBYIOILIETO IPOIPaMMHOIO OOECNEYEeHus, €ro OCHOBHblE (DyHKIMM, IpaBUiIa
UCTIOJIb30BaHUS €T0 M0 Ha3HAYEHHUIO.

TexHonoryus BBINOJHEHMs 3aJaHUi €IUHOOOpa3Ha M BKIIOYAEeT B ce0sl ClEyIoIue
ATaIbI:

- TEOpeTHYECKOe YCBOEHHME Marepuana B 00beMe JAHHBIX METOAMYECKHX YKa3aHUH U
COOTBETCTBYIOIIIMX Pa3JIE]0OB Kypca JEKLU;

- TpakTU4eckas paboTta (BBITIOJIHEHHE 3adaHul padoT);

- TONyYyeHHE 3a/laHUsl Ha CaMOCTOSTENIbHYIO PabOTy, OCMBICIIEHHE €ro M IpOBEICHHUE
HEOO0XOUMBIX MOArOTOBUTENbHBIX PadOT;

- BBINOJIHEHHUE 3aJIaHMsI C UCTIOJIb30BAaHMEM BBIUMCIUTEILHOW CHCTEMBI;

- o(opMmIIeHHE OTUETA;

- 3aIUTYy BBIIIOJHEHHOUN pabOTHI.

Kaxnas npaktudeckoe 3a/laHie pacCUYMTaHO Ha JIBa WM TPH ayAUTOPHBIX Haca.

B nauane 3aHATHS B yCTHOU (hopMe NMPOBOAUTCS KOHTPOJIb HA JIOMYCK O0yYaromuxcs K
BBINOJIHEHMIO  3afaHud. [locie  BbINOJAHEHUs 3ajaHus  OOydaromuecss —IpelbsBIIAIOT
IPEenoaBaTeli0 Pe3yibTaThl padOoThl, MPEICTABICHHBIE B BUAE PHCYHKOB, CXEM, IPOTpPaMM,
TabauL U rpauKoB, MHBIX 3anuceil. [IpenonaBaTesb OlleHUBACT BHIIOJIHEHNE PAOOTHI 10 IIKAJe
or 0 1o 5 GamioB. 3ammTa COCTOMT B MHIMBUAYAJIBHOM COOECEIOBAHUH 1O TEOPETUYECKON U
npakTuyeckod vactu. Eciau oOyuwaromiuiicst BBINOJHWI M 3aIUUTHI BCE 3aJaHHsl B IOJHOM
00beMe, TO MaKCUMAaJIbHOE KOJIMYECTBO OasIOB, KOTOPOE OH MOXET MOJy4HTh, cocTaBisieT 30
0asioB.

IMon camocroATenbHOM pabOTOH CTYJEHTOB MOHHUMAIOT Y4YeOHYIO JeATeIbHOCTh
CTYICHTOB, KOTOpas OpraHM30BaHA IPENOAABATEISIMU, HO OCYIIECTBIISIETCS CTyJIEHTOM 0e3
HETOCPEJCTBEHHOTO Y4acTHsl IpenojaBaTeisi B y4eOHOH AEATeNbHOCTH CTyleHTa. Bce BHIbI
CaMOCTOSITENIbHON PadOThl CTYJIEHTOB MO JIWCUUIUIMHE MpEACTaBieHbl B ()OHAE OLEHOYHBIX
cpenctB. UeTkasi opraHu3alis CaMOCTOATEIBHOM paboThl CTYJIEHTOB JenaeT ee 3(h(HEeKTUBHOM.
D10 obecrneynBaeTcsi MPEAOCTaBICHUEM CTyJIEHTaM: Y4YeOHbIX U Y4eOHO-METOAMYECKHX
nocoOuii; TeMaTH4YeCKHX IJIAHOB JIEKIMH, NMPaKTHUYECKUX 3aHATHHA, 0Opa3loB KOHTPOJIBHBIX
paboT, TECTOB, KEHCOB U Ip.; IEPEYHS 3HAHUN ¥ YMEHHI, KOTOPBIMH OHH JJOJDKHBI OBJIAJIETh MTPH
U3yYeHUH AMCUUIUIMHBL, MHPOPMALMU O MpOoLEeaype claud 3adera W 3k3ameHa u Ap. OTBeTH
MPEJICTABISIIOTCS B MUChbMEHHON (opMe (TIeuaTHOM, HENMOCPEACTBEHHO NPEIoaBaTeiio, HIn
IIEKTPOHHOM).

CamocTtosaTenbHass paboTa CTyJIeHTa SIBISETCS OCHOBHBIM CpEJCTBOM OBJAJICHUS
y4eOHBIM MaTepHalioM BO BpeMs, CBOOOJHOE OT 00s3aTeNbHbIX Y4eOHBIX 3aHATHH. OHa
BKJIIOUAEeT B ceOs BBHIMOJHEHUE PA3IMYHOrO poja 3aJaHHil, KOTOpble OPUEHTHPOBAHbBI Ha Ooliee
riyOoOKoe YCBOGHHME MaTepuana wusydaemoil aucuuiuinHbl. [lo kaxkaolt Teme yueOHOM
JTUCIUIUIMHBI CTYIEHTaM MpeJylaraeTcs epeueHb 3aJaHuil ISl CaMOCTOSTEIbHONU padOoTHI.

K BBINOJTHEHHIO 3aaHUM 11 CAaMOCTOSITENBHONW pabOThl MPEAbABISAIOTCS CIEAYIOIINe
TpeOOBaHUS: 3aJaHUS JIOJDKHBI HCIIOJHATBCS CaMOCTOSITEIbHO W MPEICTABISATHCS B
YCTAHOBJIEHHBIII CPOK, a TakKXe COOTBETCTBOBATh YCTAHOBIEHHBIM TpPEeOOBaHUSAM IO
opopmiiennro. CTyzieHTaM CleayeT: pyKOBOJCTBOBATHCS TPpaUKOM CaMOCTOSITENHLHOU pabOTHI,
BBINOJIHATh BCE IUIAHOBBIE 3aJ]aHMsA, BBIIABaeMble NpenojaBaTeieM i CaMOCTOSTEIbLHOTO
BBITTOJTHEHHSI, U pa30MpaTh Ha CEMUHApaX U KOHCYJIBTAIUSIX HESICHBIE BOTIPOCHI; TIPH TIOATOTOBKE
K 9K3aMeHy MapaulelbHO MPOpadaThiBaTh COOTBETCTBYIOIINE TEOPETUYECKHE M MPAKTUYECKUE
paszensl AUCIUILTUHBI, PUKCHPYS HESICHBIE MOMEHTHI JUI UX OOCY)KICHUS Ha KOHCYJIBTAIIUH C
IpernoaBaTesieM.

CamocrositenbHas  paboTa CTYACHTOB  SIBISETCA  O0SI3aTE€IbHBIM  KOMIIOHEHTOM
00pa30BaTEeNILHOTO IMpOoIecca, TaK KaK OHa OO0ecledYrBaeT 3aKpeIvieHHE I0JydyaeMbIX Ha
JIEKIIMOHHBIX 3aHATHAX 3HAHUH IMyTeM NMPHOOpPETEeHHs HABBIKOB OCMBICIEHUS M PACHIMPEHUS UX
COJICpKAaHUs, HABBIKOB PEIICHUS AKTyaJIbHBIX MpoOsieM (OPMHUPOBAHUS OOIIEKYJIbTYpPHBIX U
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po(hecCHOHANBHBIX KOMIETCHIINN, HAYYHO-UCCIIEeOBATEILCKON IeATeIbHOCTH, MOATOTOBKH K
ceMuHapam, J1abopaTOpHBIM paboTam, cjaue 3a4eTOB U HK3aMEHOB.

[MoaroroBka K MPOMEKYTOYHOW AaTTECTAllMM BEIACTCS HAa OCHOBE TOJIYYEHHOTO
JEeKIMOHHOTO MaTepuajia M PEKOMEHJIOBAaHHOW JIUTEpaTypbl, OCMBICICHHUS pPaOOTHl Ha
MPAKTUYECKHUX 3aHATUSAX U CAMOCTOSTEIILHON paOOTHI.
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8. O0ecneuyenne 00pa3oBaTEeIbLHOIO NMPOILECCA AJIS1 JIUI C OTPAHUYEHHBIMH BO3MOKHOCTSIMH
310POBbS H HHBAJIHN/I0B

B xone peanuzanuy AMCIUIUIMHBI UCHIOJIB3YIOTCS CIAEAYIOIMIME JOTOIHUTENbHBIE METO b
00y4YeHHs, TEKYIIEr0 KOHTPOJIS yCIIEBAEMOCTH U MPOMEXYTOYHOM aTTecTalu o0yJaromuxcs B
3aBHCHUMOCTH OT UX UHAMBHUAYAIbHBIX OCOOEHHOCTEH:

® JUIS CIENBIX M CIa00BUISAIIMX:

- JIeKuuu O(GOPMISIOTCS B BUAE 3JICKTPOHHOTO JOKYMEHTA, IOCTYIIHOTO C TIOMOUIBIO
KOMIIBIOTEPA CO CMEIMATU3UPOBAHHBIM MPOTPaAaMMHBIM 00€CIICUEHHUEM;

- IIMCBbMEHHBIE 3aJaHMsI BBINOJHIIOTCS Ha KOMIIBIOTEPE CO CIEHUAIU3UPOBAHHBIM
IPOrpaMMHBIM 00ecTieYeHUEM, U MOTYT ObITh 3aMEHEHBI YCTHBIM OTBETOM;

- obecrieunBaeTCsl MHAUBHIyIbHOE paBHOMEpHOE ocBenieHune He MeHee 300 Jrokc;

- Ui BBIIOJIHEHUS 3a/laHds TNPU HEOOXOJUMOCTHU MPEAOCTABISIETCS YBEIWYHBAIOIICe
YCTPOHCTBO; BO3MOXHO TAaK)K€ MCIIOJIb30BaHNE COOCTBEHHBIX YBEITMUNBAIOIINX YCTPOUCTB;

- MUCbMEHHBIE 3a/1aHUs OPOPMIISIFOTCS] YBETTUUEHHBIM HIPUPTOM;

- 9K3aMEH U 3a4€T MPOBOJATCSA B YCTHOM (DOpME MIIM BBIMTOTHSIOTCS B MUCbMEHHOHN (opme Ha
KOMIIBIOTEPE.

e IS TIIYXUX U CIa0OCTBIIIAIINX:

- Jekuuu O(OPMISIOTCS B BHJAE DSJCKTPOHHOTO JOKYMEHTa, JHOO MperoCTaBiseTcs
3BYKOYCHJIMBAIOIIAs anmnaparypa MHANBUAYAJIBHOIO MTOJIb30BaHNUS;

- MMCHbMEHHBIE 33JJaHHs BBIOJIHAIOTCS Ha KOMIIBIOTEPE B MUCHbMEHHOM (hopMe;

- DK3aMEH W 3a4€T MPOBOJATCA B MHUCHMEHHOM (QopMe Ha KOMIBIOTEPE; BO3MOXKHO
npoBesieHue B (hopMe TeCTUPOBAHUS.

e JUIs JIML C HAPYLIEHUSIMU OIIOPHO-/IBUTaTEJILHOTO aniapaTa:

- JIeKUMU O(OPMIISAIOTCS B BUAE 3JICKTPOHHOIO JIOKYMEHTA, JOCTYIHOTO C IOMOLIbIO
KOMIIBIOTEPA CO CMEIMATU3NPOBAHHBIM MPOTPaMMHBIM 00€CIIEUeHUEM;

- IIMCBbMEHHBIE 3aJaHMs BBINOJHIKOTCS Ha KOMIIBIOTEPE CO CHEHUAIM3UPOBAHHBIM
MPOTrpaMMHBIM 00€CTICUeHUEM;

- 9K3aMeH U 3a4€T NMPOBOJATCS B YCTHOM (popMe WIIM BHITIOTHSIOTCS B MUCbMEHHOM popme Ha
KOMIIBIOTEPE.

[Tpu HEOOXOMIMMOCTH MPEAYCMATPUBAETCS YBETUUEHNE BPEMEHH ISl IOATOTOBKH OTBETA.

IIponenypa  mpoBeAeHHs  HPOMEXKYTOYHOM  arTectauuu Uil OOyyaromuxcs
YCTaHABIMBACTCS C YYETOM WX HMHIUBUAYAIbHBIX TCUXO(PH3MUECKUX OCOOEHHOCTEH.
[TpomexxyTouyHas arTecTanust MOXKeET IIPOBOIUTHCS B HECKOJIBKO ATAIOB.

[Tpu mpoBeneHNH TPOIEAYPHl OLEHUBAHUS PE3yJIBTATOB OOyUEHHs IMpeayCcMaTphUBaeTCs
UCTIOJIb30BaHME TEXHUYECKHX CpEACTB, HEOOXOAMMBIX B CBA3M C HWHAWBUAYaJbHBIMU
OCOOCHHOCTSIMU O0YyYaroIuXcsi. DTU CPEACTBA MOTYT OBITh MPEJOCTABICHBI YHUBEPCUTETOM,
WJIN MOTYT MCIIOJIb30BAaThCSl COOCTBEHHBIE TEXHUUECKHE CPECTBA.

[TpoBenenne mpoUEAYpHl OIECHWBAHHS  pPE3yJAbTaTOB  OOy4YeHHsS JIOMyCKaeTcs C
UCIIOJIb30BaHUEM JAMCTAHIIMOHHBIX 00pa30BaTeIbHBIX TEXHOJIOIHH.

OobecneunBaeTcs JOCTyNn K MHPOPMAIMOHHBIM U OMOIHOTpaduecKuM pecypcam B CETH
WNHTepHer nmns kaxmaoro oOydaromierocss B (opMax, aJanTHPOBAHHBIX K OTPAHUYCHUSM WX
3JI0POBbSI U BOCIIPUSATHUS HH(DOPMAITIH:

® IS CIICTIBIX U CJIA0OBUISIIUX:

- B IeYaTHOU (popMe yBETMUCHHBIM MIPUPTOM;
- B (hopMe 3IEKTPOHHOTO TOKYMEHTA;

- B hopme ayamnodaiina.

® I TUIYXHUX U CIa00CTBIIIANTNX:

- B IIe4aTHoO popme;
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- B popMe IEKTPOHHOTO IOKYMEHTA.

e Ui 00yYaromuXxcs ¢ HApYUICHUSMHU OMOPHO-/IBUTaTeIbHOTO armapara:

- B IeyaTHou popme;

- B popMe PIEKTPOHHOTO TIOKYMEHTA,

- B hopme ayauodaiina.

Y4eOHble ayAUTOPUH JUI BCEX BUAOB KOHTAKTHOW M CaMOCTOSITEIbHOM paboThl, HAyyHAas

OuONIMOTEKa W MHBIC MOMENICHHUS JIJIsi OOYYCHHUS] OCHAIEHBI CIICIUAIBHBIM O00OPYJIOBaHUEM U
yqe6HLIMI/I MECTaMH C TCXHUYCCKUMU CPEACTBAMU 06y‘-IeHI/I$I.

9. MaTepuajibHO-TEXHUYECKOE olecriedeHne JUCHUIIHHBI (MOTYJIs)

JlekumoHHbIE 3aHATHUS MPOBOJATCS B Ay IUTOPUSX, IPEIOCTABISIEMbIX JEKaHATOM
(akynpTeTa B COOTBETCTBHH C pacnucaHueM. JISKIMK COMPOBOKAAIOTCS TIPE3CHTAUAMH,
MPEJICTaBISIEMBbIMU YepEe3 MEAUANPOCKTOP U UHTEPAKTUBHYIO IOCKY MJTU TEJIEBU30P C BHIXOJOM
B ceTb VIHTEepHeT.

OtnenbHble 3aHATHA MPOBOASTCS B CIELMAIU3UPOBAHHBIX  JabopaTropusix -
nabopaTopusax Kadeapbl TeOPETHUECKON (PU3UKHU IS IEMOHCTPAILIUH SKCIIEPUMEHTOB.

Crienmanu3upoBaHHbIe Jab0paTopuu - 1adopaTopuu Kageapsl TEOpeTUIECKON (HU3UKU
(1St IeMOHCTpAIUN HEOOXOIUMOTO 000PYIOBAHUS ):

v nabopaTtopus METOJIMKH U TEXHUKH (PU3UUECKOTO IKCIIEPUMEHTA;

v 1abopaTopusi KOMIBIOTEPHOTO MOACTUPOBAHHUS.

Ha otnenbHbIX 3aHATUAX HEOOXOAUMBI BUACOMPOCKTOP C IKPAHOM (N
KOMITBIOTEPHBIH KJ1acc), 000pyA0BaHUE JTab0paTOPHiA U KOMITBIOTEPHI.

Jlnst 06paboOTKM TaHHBIX MCTIOJIB3YIOTCS AJIEKTPOHHBIE Tabmuibl u3 naketoB MS Office
(Excel) nu OpenOffice (Calc). Ilo xenanuto oOydaromerocs Takxke MOI'yT IPUMEHAThCS U1 3THUX
ueneit Matlab (Scilab), Maxima wiu Maple.

KommuiekT TMIeH3NOHHOT0 M CBOOOHO pacTpOCTPAHIEMOTO IPOTPAMMHOTO
o0ecrevyeHus, B TOM YHCIie OTE€YECTBEHHOT'O MTPOU3BO/ICTBA.

[Iporpammuoe obecnieuenue 1K ayn. 3236, 329 u HOyTOYKa JJTs1 IPE3CHTALIHIA:

JlnneH3snoHHoe nmporpaMmmHoe obecreueHue

— omnepanionHas cuctema Microsoft Windows Professional 7 Russian Upgrade
Academic OPEN. Microsoft Open License No 48824880;

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

CB000IHO-pacpoCTpaHsIeEMOe MPOrpaMMHOE 00ECIICUEHNE:

— TeXworks - pabouas cpena cuCTeMbl KOMIIBIOTEPHOH BEPCTKH (PU3UKO-

MaTeMaTHYECKUX TEKCTOB;

— Free Pascal - yauBepcanbHbiit komnuisaTop Pascal ¢ OTKpBITBIM HCXOAHBIM KOJIOM;

— Python (X, y) - GecruiatHoe mporpaMMHOe oOecrieueHue A1l HayYHbIX U HHKEHEPHBIX

pa3paboTOoK, YUCIIEHHBIX PACYETOB;

— OpenOffice Impress makeT 0(pUCHBIX TPUITOKEHUH.
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10. JIncT perncrpanum u3MeHeHUil

Howmep Howmepa nucros OcHoBaHue JHara
U3MEHEHUS A Monmucy | Pacmmdposka| Jlata |BBeneHus
3aMEHE | HOBBIX | aHHYIHPOB | procenms HoAMmHCH N

HHBIX AHHBIX M3MEHeHHUs o
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