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MaTeMaTI4I(I4, O3HaI(OMIITb C OOHOBHbIMII 3IIAALIAM:I rrpHr(nanHoit MaTgt\{aTr4Kr4, rrpaBOA N,{I{ It
HeIIpepbIBHLIM MaTeMaTI4qeCKLIM MOAeJLIM, OCBOMTb COBpeMeHHbIe MeTOAbI HCCJIeAOBaHI,ItI N4aTb

MoneJrefr,

3aAa'IH: OcHosHofi 3araLreil A?IcrII4rIJII4Hbr rBJIrercr Ll3yrreHr4e ocHoBHr;IX 3Tarron nocrpoeHrdr r{en phIBHbrx

1" rIEJrr4 OC
I]em oc noeHr,rr ArrcurrrTJrr4Hbr: Aarb MarrrcrpaH

\4aTel\{aTI4r{eCKI4X MOAeneH lrplr4 pe[IeHI4I4 npaKTI4r{eCKI4X 3aAar{ MOIenIdpOBaHHtI n ,r}lV

6uoloruu I4 3KoHoMI4Ke. OcBoeHL{e cleur4anbHbxx MeroAoB Bbrr{t4crl4TenbHofi MareMaruKIz.a
AaHHOfo Kypca oBJIaAeTb HaBI'II(aMII pa6oTbl c IIaI(eTaMr4 npr4KnalHr;rx nporpaMM Inq
FIayqHbIX pacrleToB, opI4eHTlrpoBaHHbIX Ha IlapoKIIe Kpyrxr nonr,goearerefi.

?," MEC'IO AI,TCUI{IJII,IHbI B CTPYKTYPE OIIOII BO
flr.rcqr.rn:ruua <Helpen]]llH5re MargMarra.recKr4e &ioAeil4)) orHoctrrcrr K_.rAgf4__S9p!4zpygMll

BATCJIEHbIX Ka OTHOCT4TC.I K nUC .rrbHofi r{acTr4 B1
Vlzyueuue AaHHofi rI4cuI4nnIrHLI npoxoAr{T B nepBoM ceMecrpe kr onupaercfl Ha pe3yJrr,'r

AI4cIII4nnLIH 6axalanpuara, pasB14BarouII4 x oOrqenpoSeccr{oHaJIbHbre KoMrre'reHrlr4lr, orH

<I'lHsopnraqlroFIHo-I(oN{MyHaKaIII4or-rHbre rexHoJrrJfr414 l\ns. upoSeccuona:nnofi AerrenbHocr.r.r.
AI4cULIUII4H 3aBI4cI4T oT x:oHKpeT'nofi nporpaMMEl 6arcataypuaTa, paHee ocsoenHoft cry.4er.ItrlM.
sBJItIrcrctI: <ZuSopuau,rloHH.bIe rexHoJloruu n npo$ecczonalruoil leqrerbHocul4),
MareMarl4l(a), <Lluclenurre MeroAbr), <Teopnx nepolrHocrefi v N4areMarfir{ecKafl
<Mareuarzqecr(oe MoAenr4poBaHrre), <<wtvtula:!:uoHrroe MoAenrrpoBaH?Ie).
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3. IIJIAIII4PYEMbIII
flnauupyelrbre pe3ynllarrr o6y.reuz-a
ocBoeHr4rr OIIOII

PE3YJI b TATbI OEYTIEHA'I
IIO AIICLII,IIJII{He, COOTHeCeHHbIe

IIO AIIICIII4I]IJII4H
c [JraHr{pyoMbrMu :[81'AIAMIZ

llnaHz pyenabre pe3yJTbraru o6yueuul rro Ar,rc
xap aKTe pr43yro uue 3Tanbr $ oprrarap o n aHlrlr KoM

TIOI(A3ATCJII4 OCBOEHH'I KOMT]ETCHI]LIH

. coBpeMenHsre npo6lenrtr cfyH4anreuralssoii la

MareMarrzxr,r r.t rzHQoplrarilKr4 p{ noAxoAr,r K ux
Yuers:
. BL,Il:aputb a HcnoJlb3oBajrb aAexBarHbre lloo.1-ilBJr(]r-l orZ

3aAaLIe MeTOAbt ee peueHnl, B ToM r.[IcJIe He1]laAfi OH HbIE

H H Cl]Onb3yrolqHe M e)nAHCTIU nnuHap H bre 3H€il1 tlrr ;

Blaners:
. HABbIKAMI,I B6IPAOOTI(I,I CTPATEIUI4 14 OIIEH](I4

p e[I eHr].s aKTyzur b Hbrx s a4au $yH4anaesreurr, uo ft yr

npzxla4uofi MareMaruKi4.
3uarr:

. ocHoBHrrre KoHuerlur4u u ocodengocrll MareMarz
MoAeJIHlloB aHl.tr B pa3nl,r"{Hstx o6racux suau a ft ;
Yuers:

. pa3paoaTbrBaTb MaTeMaTnr{ecr(He MoAeJlH /lnfl peue utl
3aAaq B o6lacrr npo$eccuoualrHofi Aerrre.flrr, 14

orleHIiBaTb LIX KaTIeCTBO;

. flpu Heo6xo4r.rrr.rocru peaJrr43oB_brllarb Mon,e.[b B Bl4

KoMnblorepno fi npolpavnarr;
Bna4ern,:

. HABbIKAMH

o6lacra c

Hayr{Hof o [ccJreAoBaH h.rr 3aAaLt ilpeAMe'r'

aIJHOr4

III4IO;

Koa cboprtrerpyeMbrx

rcoN,rnereHqufr
Ypoeeur ocBoeHuq

xounereHuunl

OIIK-l Cnoco6eu
peuaTb aKryaJrbHbre

3AAAqV

cpyHganaer-rralusofi u
npnx,raAuofi
MATEMATL{KI,{

I]ACTHLIHOE

ocBoeHae

OIIK-3 Cnoco6en
pa:pa6aluearl
MATCMATHqECKHE

MOAenH 14 npoBoAHTb rrx
auaJru3 npH peueHr,rlt
3aAaq B oltaclvt
upo$eccaouarruoi
ACflTEJIbFIOCTA

HCNOJIb3O BAFI14 EM FlHhlX tvlOl]eJt



4. OEbEM U CTPyKTyPA AI{CIU4IIJII/IIIbI
Tpyaoerrarocrb_g4eq4!44Hbr cocraBJurer 4 laqersr nc eArrHr.rq 
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Pa:Ael 1. flourrure o ArrHaMnqecK[x
cncreMax (4 uaca).

I l-6 A 8 laIL 5142% Pefirnnl
I'l.q I

r{oH'fponb

2 Pas4en 2 fiuuavwr<a ua nrocKocrr4,
KaqecrseuHa A reopwt. (8 qacos)

I 7-
ll

8 lo .., 

^ t0/42% P,:l'truHr'
J\2.1.

l(oH'r-t)oJr b

3 PasAel 3 Oparra-nr,r u xaor[qecKarr
AI4HaMuKa. (6 .lacoe)

I
,1

8

o t2 18 10/s5% Peiirutul
lS:.1

r{oH'rponb

Bcero sa I celrecrp: I 8 l8 36 54 25146% 3rc:aur: .l6 q

HaJr4,rue l at4cuunrHHe l(lli KP

l4roro no ancuunnt,rHe I 18 18 36 )4 25t46% i) t<:ar,re '36q.

C ogepxca uH e Jrer{quounbrx 3 aHrrrrrit rr o An cqfl runuH e
Pa:Ael 1. flossrue o AaHaMLrqecK[x crzcreMa)(.
Teva L I Marevarhqect(arr MoAerb ALrHaMHqe)cKofi cncleulr.
Co4epixaHrze reMbl, Henpeprteuble MoAeJrH B ecrecrBeHHbrx Hayr(ax. (Dasoeoe [po()T,purHcr-r]c

TpaeKTop r,rfl . E4l ucruo M aleM arr4 Lrecxzx lrlo4eleil.
Teri,ra 1 .2 ItrmccuSuKarlu;r uoAe,reft.
Co4epx<aune reMbl. ItoHcepnaraBHble a rr4ccvrrarvBHbre cncreMrr. Jluueinbre H HeJr[mr]ilrr;re:

flororcz H I(act(aAbt. llpHuepsr AHHaMHT{ecKr4x gncrervr pa:nofr $usuuecrcofi lpr4porbr.
PasAe,'r 2 luuavura Ha rrJrocKocru. Itaqecreel-rHa.q reoplls.
T erta 2.1 PerylapHa fl rr4HaMur<a.
Co4epxaHne reMlt. Brzcpyprcaurzu. Oasoerre iloroKu Ha np.auoii, feouerpzuecx:oe npeAcraB,rresl,r(

O{V. AaroKore6aHl4r. flepexo4 or ocuuJlJlsropa Ban-4ep-llonr r( cncreMe peaorJuv-naSQyszz, Arronor
T eva 2.2 Cocroq u urr paBH o Becr4 fl . Ilousru e 6ra$yprcaqau.
Co4eprrcaune reMbl JlzHeapn:aqux s6rusu HerroABrr)rcHofi ro.rrca. Eu$yprcaqrzu Qa:onurx rlr

nplltofi. Oasoeble norotc'l Ha nJlocKocrn, CraquoHapHbre roqKa, naHeapu3arrvtn u ycr:oituanor:,rs, f[;
uhKnbl. Er'r$ypnaqrau Sa:orux noroKoB Fra rrocKocrz. Er,r$ypnaqnl llyaunape-Au4poHona-Xon$a,

T eva 2.3 floHlrue .{HHaMHqecKofo xaoaa.
(-nno^.r'o'", 

' IJ-^
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petrrr:unrz
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Co4eptrauue reMbr Jlorucruqeclcoe oro6piureu
ycrofivnnocrt. I{acraA 6w cfypn:aur.lit yAeoeua.s flepr4o
xaorzLrecr(oro pe)r(HMa. Canrono4o6ue. Macrurla6ua
FlenpepsreHbre chcreMbr r4 flepexoA K xaocy vepes 6rz$y
xaocy, Typ6y,rer rrHocrb u{creMu Jlopeuqa.

Cogepxauue ilpaKTuqecxux/.nado
Pa:4e,1 1. floH.flrtre o AaHaMI4r{eeKr{x chcreMax
Ternla I . 1 Mareva:rhLrecKar{ MoAerrb gl,lHauuueoxofi
Co4epxaHue reMr,r, Bee4eune B aHcrpyMeHrapzfi

B ecrecrBeH H brx Hay Kax. llocrpoeH ue Oa:ostlx rpael:Toptr
Terrra I .2 I$taccufiiuKarlr4s. r,ro4elefi.
C o4eplnaH ue reMrr, f pa$ r,r.l ecrcre cpeAcrBa lVlarna
Pa:Ael 2 fiuwamurca Ha flroeKocrra, KaqecrsenFras
Teva 2,1 Peryrupuaa AHHaMr4r(a.
Co4eplraune'reMr,r. BunolueHue pa6orrr tro cpaBH
Teva 2.2 Coc'rorHan paBHoBeca.q. IloHrrrne 6z{lyp
CoAeplrcasue reMbr. AualurnqecKoe u rrucJrer{Hoe

ToL{Kh. OcsoeHze MeroAa nrHeapx{3aqan llyaurcape Jlrnyu
T eva 2.3 lloHqrze .n,aHaMnrrecr(ofo xaoca.
Cogeprrauae reMbt, Er.l$yprcaurza (ta:oeurx noroK

n oro KIz Ha nrrocr(ocra. Claquo nallFlbre roqKu, JIII Iteapll3all
Er,rrlypnarrrzl flyauxape-Au4poHona-XonSa.

AaHaN4HrlecKoro xaoca" 3proguvHocrb 14 fiepeMeu]tlBaHHe.
T ev a 2. 4. llousra e arrpaKropa u 6 accefiua B Lr4Ha
Co,4epxaune reMr)1, Br.r$yprcaqraa drasclrnx uoroK

Fre fipe p br BHbrx Au HaMHq ecxrix cncreM ax. Arrparcropl r JIop
PasAel 3 (Dpaxraltr H xaorr..rqecKatr AaHaMuKa,
Tenaa 3.1 Oparcra,r;r u 6u{typrca4un
Co4epxtauneleMbl lflonqrr4e $parraruuoro N4Ho)r(ecrea, Cassr $parralor c KacKaAoM 6n$ypr<aqlrfi. C]uesxa

Qrp arcra,'u Ho ft pa:nepuoc'ru.
T ev a 3 .2 Pa:v epuocrb arrp aKTopa h 3HTpofrr4,q.

co4epxaune reMbr llocrpoeHue $yHxqrlr,r rocJreAoBaHuf, rro aflfopHTMy
pasMepHooTu aTTpaKTopoB L{ 3llrponnn KolvoropoBa Ha upnMepax xaoTrzqecKr4x Lr He

Tev a 3, 3 . Y H anepca.n s H sre c eo [crB a KBaAparrzuH;rx orodp utcenuit
Co4epxaune reMlt VpasueHur Jlopenqa H Jlofr.rcrHrrecrcoe oro6poKeHue. llepexo4 r

HefroABr.l)r(Hbrx roLreK r u>l ycrofiur.lBocrb. ,{epeno 6ur,pyprcauufi" KacxaA 6asypxaqufi yAuoeuz.a
xaocy o rc ua rpo3p aLr rjocru. Can ono4o6ue. vH n eepca.nruocrs d:>efi reu6aynaa.

5. OEPA3OB,ATEJIT,HbIE TEXHOJIOI'III4

Taxeuca.
XAOTI'IqECI(I4X

)ia0cy. qUCJICH14C

replroAil 14 epelloA r(

MOIenU)) vCil b3'yroTct
TIDIIMEHEH14 EM [4BI{bIX 14

pa3AenaM rro JIbTi]TAM

F{laqM,

B rrperroAaBaHI4Ir ALrcIII4nnI.,IIfLI <IJerpepr,rnur,re MareMarvrlecr{r4e
pa:uoo6pasurre o6pa":oBareJrrubre rexHoJrorr{r4 KaI( TpaAr.iqr{oHr{bre, TaK r.r c
I4HTepaKTr4BHbrX MeTO4Cre O6yUeHux.

Axraenr,re r4 r.rHTepaKTr4BHbre MeroAbr o6y uennx:
. fpynnoBas rncKyccux (lexquoHHbre u npaKTr,rqecKue 3arrflTr4fl fro BceM

14ccneAoBaHLrrr AeMoHcrparrrr oHHbrx nro,4eJ]eil TecroBbrx npuuepon) ;
. Pas6op KoHKperHbrx cr.rryar{ufi (nercqnonnue saulrzr);
o VponHesas au$$epeH \LralJlas. (xonrpornHue Meponprurr4s no LrHtrlrBr41yurbrrbrM

3arrlr4ra na6oparopHbrx pa6or).

cTyABHTOB
Te rcyryt ni t{o Hnxp onb y c ne 6 aehxo cmu
Pefirnnr -nonrpo.ls Nbl

1. floH.qrlle KoppeKTHo 
'a 

HeKoppel(r.Ho rrocraBJreHHbtx 3aAaq. llprzuepur.
2' O6cyx4eHue ycloeufi [paMeHl4tMocrr4 pa3Jrr4qHb]x ivrareMarurrecKr,rx mogelefi.
3. Klaccrarfr.rKat\zlfl ypanueranft 143alarr MareMarur{ecrofi $usnru. Aswmz pa^:niepHocr.ei.

6. OIIEHOIIHbIE CPEACTB A )\J1,fl TEKYIUE|O ITOHTPOJI'I YCfIEBA.EM w,
tIP O ME}I{Y T O IIH O I{ ArrN C TAU I4I4 fIO IIT O f AM O CB C'EILVfl Nl1l, CL]I4 I{FIIJ I{

YLIEE I{ O - ME T OAI4IIE CK O B 06 E CIIETIEHI4E CAM O C T O' TEJIrII C) TI I,A O bI



4. I{naccuQuKatru.s ypaeHenuil 14 Tta\aar 4lr o6urcuoBc}HH6rx arzcf$epeHqr4zur;Hbrx ypanueHrzfi uypannenuiit
rlpoH3BoAl'Iblx. lloHsrue x.apaKTepl4crzqecuofi rroBepxHocrl,r. Aualzg pa:vepHoc,refi.
5, flpn ivepul nocrpoeHl,Ir Sm:uuecrcnx uo4elei, [pur]oArrrqze rc o6uxnoBeHlrblM 4rz${repeuqr4anrbul,lM ypil

o {snxeuue Marepprarsuofi roqra u rnepAurx lel.
o 3aAaqu, onucblBalouae ABI,I)I(eIJHe rer B cpeAe c co[porprBJleHrzeM
r 3aAaqu repMoAnHar\4r.{r(rz h MoJlercylrpHofr $ri:rzru
. 3aAaqn paAhoaKTrzBHoro pacna.qa BeulecrBa"
r BrreoA ypaaHeunii paAHo(rKTLrBHofo pacnaAa"
r 3arcon Oypse Anr [epeAaqr4 TerrJ]a.
r VpaeHeHhe MarfeMarr,tLreclcoro MarrHHKa.
. floHsrae o JrLrHeap?J3arlal4 4ucp$epenqnrurbHnrx ypaeneHv ft.
o ToqHrre u npu6luxeHHbre pelxenl,rg.

Pelirnur-nourpo.rrs Nb 2.
C rroMotqbto r4MHTaIIaoHFloro MoAerhpoBaF]a.fl rroKunarb Ha rrphMepax npocrefirlux A4arrH14

Bo3Hl'lKHoBeHhe I-le u3oxpoHHocrrz co6creeHusrx rco,ne6asafi roquofi nro4elu, T,e. rr3MeHeHI4e rrepflo,Aa
rcole6aHnfi c ll3MeHeHIzeM aMnnHTy4t t (Haua,rrnofi auuuryAu rone6aHzfi) no r4LrIMBuAyutbHoMy :.Ja4alr4

I . (ra:a.recKuit vaxrunrc
2. Kone6are,rt nsIfi KOHTyp (c yverom HaMarHaareuHocrrr nu4yxrunno cru) ;
ll . llpyxaHHsrff naRrunx (npu orruoueHr4rl or 3aKoHa fyr<a);
4. flaux<enne MarrHLrKa s essrcofi )r(HAKocrtr.
n ualt|t't npeAenbHylo aMnJILItyAy, nplr r(oropofi neprao4 r.ole6asufi l,r3t\4eHflercrr 6olee qetvr Hit 1%,.

!l.r sroro rpedyerot;
[. flonyurzrs rorrHoe m npu6nulreHHoe ypaBHerrur.
2, Vlarerpnpyt MoAenh [oryLIHTb rpa$uvecxr,r 3aBr4cnMocrt4 ilepl;,o/ia co6crBeHuux rcole6annii

Alrr 3Tl4x ruoaeleil.
3' llocrponrb 3TH 3aBucaMocrtt Ha oAHoM rpa{raxe a onpeAeJrurb Kpar.uqecKyro roqKy.
4. On pe4e,r r,rrb 3ar(oH h3 jvreHeHr,rfl aM ttn HTyAbr.
5, llocrpor,r'rb npeAerbHue rfa:oesre noprperbr a on14carb, r.rx 4e$opnaaquro.
Pefirnur-rcourpo,rs,Nb 3"
llponecrH r'IccJIeAoBaHue ntguzngyatsuofi MoAeJrr{ 3-x lrepnoit xaornqecrofi cucreME,r

npenollaBarert HcrloJlL3ynI{arna6 u 6lorc cLIMBoJIbHblx Br,IqucreHnfi Maua6, r.e.:
o floryvnrb AJrfl 3aAaHHbIX 3HaqeHuii napauerpoB pea:rH3aqrzra X(t), Y(t), Z(t).llocrpoarl drasour,re

' AHanHTHqecI(H 14 ucnoJlb3yt clIMBoJrbHbIe Bbrrrr4cJreHl4r noJryquTr, xapaKT.ep ycrofiuaeocru
paB Ho B ec ur n o Jh nyHoly h acu Mrrrorfi r{ecKarr yctro iluuaocrt,
. Onpegerr,trb roqKrz 6a$ypxauhfi.
o Orqer

Ilpumepnr,rii nepe.re
1. 06urrze cBeAeFrurr o noc'fpoeHfiH MareMaraqecr.Iax Mo
ypaBHeHh sx B qacTHbrx npoH3BoAHbrX H KpaeBbrx ycnoB
2. Ilprzrraepu ttocrpoeHn.s MareMaraqecKax vo4eleft
pemennfi. AHarns [o,TyqeHHb]x perueHrafi H Bbr.rroHeHue

3. floHqr]re KoppeKTHo n Her(oppeKrHo rrocraBreHHbrx 3

4. O6cyx4eHue ycnoBr,rfi lpnlreHunocrrz pa3nhqlrblx M

5. K.naccuQrzr(auhrr ypaeHeHufi u 3aAarl MareMartrqecKo
6. I{naccz$nt(arlr4r ypaeHeurzil h 3aAaq A,rq o6brrcHoe
q acrH r,rx rrpo H3 BoAHbrx, llon.qrne xapaKTep u c,rz.recxoft
J . 3aAaqra paAr.roaK'rHBFlofo pacraAa BeqecrBa H TepMo
3 axo r-r @yp se. 3 aAaq n rep MoArzHa MvrKv1 rrpn B oA.{tque r(
8. 3aAaqrz KuHeMaTI,tI(H ) 1.vrHaMAKvr v NIoJIeKy

a rzSQepenqr4aJtb HbrM ypaBHeHHIM.
9, 3a4aua, onl{cbrBarorql4e ABr.r)r(eHne reJl B cpe
reo M erp r4LI e cKV e 3 a4a.t.v, rrp r.rB oAnrl ne n o 6u rcuo B eH Hr,l
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