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Anuorarluq nporpaMMbI

flporparrarraa BKJrroqaer n ce6s ocHoBHbIe Bonpocbl Syn4avrenraJlbHblx MareMarllrrecKI4x u

MexaHr4r{ecKr4x ArrcqurrJrr{H. B raxAoft rr3 AI,IcqulJII{H BblAeneHbr ocHoBHbIe rloH{Tlrfl'' Teopvrv Lr

MeroAbr, .sBnrrotquecs BaxHbrMr4 Anf, ocBoeHuq KypcoB, rIpeAycMorpeHHbIX QeAepa;ruuruu
rocyAapcrBeHHbrMr4 o6pa:oeareJrbHbrMr,r craHAapraMl4 Bblcllefo o6pa:onarus. Krro'{eBbre Borlpocbl

B KaxAoM 6lorce [peAr]onafaror BJraAeHrre reoperl4r{ecKl4M Marepl,IanoM vl AOJDKHbI

conpoBoxlarbctr npaKTur{ecKr4Mr4 npr4MepaMl4 I{ I{nnIOCTpI4pOBaTbCfl 3AAAqAMI"I, pelIeHIIe KOTOpbIX

crporrrcrr Ha ocHoBe u3JlafaeMofi reopzu.

Terua 1. Jlusefrnan alre6pa u reoMerprrfl
Marpuqrr u o11peAenfiTerrv. Anre6parauecKr4e orlepauulz HaA MarpI4IIaMI4. Paur rr,larp?Illbl I4 efo

Bbrr{r{cJreHue. O6parnat Marpr4rla. OcnoeHrre ceoficrea onpe4enarelefi. Alre6pazuecKI4e

AononHeHr4r r.t Mr,rHopbr, Ilnnefiuue cI4creMbl ypaeHeHuft. Teopetra Kponexepa-Kane:r.nu'

@yn4avrenraJrbHafl crrcreMa peuenuft. (Dopnrynu Kpalrepa. Oupe4enenue ruaneftnoro BeKTopHoro

npocrpaHcrea, JIzHefiHo 3aBr4clrMbre r4 He3aBr,rcI4MbIe cpIcreMI'I BeKTopou. Pasrvrepuocrb I4 6asuc

BeKTopHoro [pocrpaHcrna. Oneparopbr e rzHeftHrrx rlpocrpaHcreax. CyruMa 14 rIpoI43BeAeHI'Ie

ruanefiHsrx oreparopoB. llpe4crannenue rtlaneftnoro oneparopa nrarpzqeft. llpeo6pasoBaHlle

MarprTur,r lunefinoro oleparopa nrarpuqefi. Ilpeo6pa^:oBaHlre MarpI{IIbI nzsefnoro oneparopa rrprT

3aMeHe 6aznca, O6parHrrfi oneparop 14 efo Marpl,Iqa. Co6creeHHble 3HaqeHus. u co6crBeHHble

BeKTopbr nr,rnefiHoro oneparopa. Xaparrepl4crl4rrecKllfi ltHoroqlen. Teopevra lauulrrosa-Kslvr.
Jluneftnrre, 6ununefinnre v KBaAparuarHble Sopvrr. flpuee.4eHr,re KBaAparu'IHofi $opurt K

KaHoHr4r{coKoMy sury. 3axon rzHeprlvtLt KBaAparl4qHr,rx Sopt. lloloNurelruo onpeAeneHHble

KBaAparr4rrHue S opvu. Kpzrepufi rIoJIo)KI4Te Jlrnofi oup e4eJIeHHo crl4'

Tema 2. Mareuaruqeclcufi aHaJrrr3

floHqrue -qvcra. PaquonalrHbre, r4pparlrroHaJlbHble u geitcrnurenbHble qlIcra. To-{uas BepxHt{ t4

TorrHar Hr4xHqq rpaHb orpaHzrreHHoro r{r4croBoro MHox(ecrBa. llpe4enrHble ror{KI,I r{I4cnoBoro

MHoxecrBa. r{rlcroerre rrocneAoBareJrbHocru. flonsrue [peAena qncroeofi nocJleAoBareJrbHocrl4,

Kpr,rrepufi r4 npr43HaKr,r cxoAlrMocrra rrr.rcJlosofi nocreAoBarenbHocrl4. CpaeHenue 6ecKoHe'{Ho

MaJrbrx 11ooJreAOtsarelgrocrefi. 3aueqareJlbHble rlpeAenbr qucroerte pqAbl. CxoAuvrocrr u
a6coffornaq cxoAr4Mocrb r{r4crroBbrx p-f,.UoB. llonsrue Synxqrau. llpe4en (fyuxqzra. Henpeprrnnocrr

$ynrqrau. OqroeHrre reopeMbr o HenpepBIBHl,Ix (fynrqulx. llpouseo4nan u guStpepenquan

SyHrquu. Oqronnrre reopeMr,r au(b$epenqr4aJlbHoro l4cr{vcJleHr4t. 3rcrperr,lyu Qynrquu.
Heo6xoAulrbre 14 AocrarorrHbre ycnoBlts 3KcrpeMyMa. (Dopnryna Tefinopa. Creuennrte ptAbl,

OcHosHrre reopeMbr r4HTefpaJrbHofo rlcr{r4cJreHr4s, llepeoo6pasHan Qyur<qvv u ee HeorlpeAeneunrrfi

r4HTerpan. Oopnryna Hrrorona lleft6HIaqa. Texuura HeonpeAeneHHofo I4HTerpI4poBaHvs.

* Kpuno.nuueftnr,re rTHTefpaJrbr, Kparnrre r4HTefpanEl Ha rlnocKocrlr kr B rlpocrpaHcrne. BrrqracneHlre

KparHbrx r4Hrefpanoe. 3axdena nepeMeHHrIX B KparHoM I4HTerpale. lloeepxHocrHble IrHTefpaJIbI.

Teopeiua f aycca- OcrporpaAcKoro. Teopel,ra Croxca.

Tena 3. O6sInnoBeHHbre au$QepeuquaJlbHble ypaBHeHuq

[uc$Sepenrlr4anbHoe ypaBHeHrre nepBoro ropsAKa, flone Hanpanrtenr,rft, I'I3oKJIIrHII vr

rTHTefpanbHbrc Kpr4Bbre. Ilpocrefiruue MeroAbI I{HTerpI4poBaHVs, o6r'truroeeHHrrx

arns$epenqr4aJrbHbrx ypannenuft [epBoro noptrAKa. TeOpervra o CyqecTBOBaHI4I4 I4 eAI4HcTBOHHOCTI'I

perxeHr4r 3arartv Kouru Ans HopMalurofi cucreMbl neluneftnrrx pSSepeHrII4aJIbHbrx ypaYueuuit'

Ilunefinr,re aurlsepeHrlr4aJrbHbre ypaBHeHuq pI cl4cTeMbr. @yn4arvreHTaJIbHat cI{cTeMa peurenufi.

Onpe4elrarelr Bponcxoro. Teoperua Jluynuttn. Jlunefinrre oAHopoAHbIe ypaBHeHI'It c

rocro-sHHbrnz roeQ$nuueHTaMrr. Xaparrep?IcruqecKoe ypaBHeHI4e. Cnyuafi npocrblx I{ KparHbrx

ropueft xapaKTepr{crr4qecKofo ypaBHeHr4.fl. Heo4nopoAHble nrzuefiHr,re ypaBHeHI4q. Iloucr qacrHofo

pen]eHrT.fl rro BtrAy npanofi qacrr4, Mero.u Bap:lra\w rrocro.f,HHbx, Hoplransnas turteirHatr cl4creMa

ypaeHeuzfi c [epr4oAtrqecKprMr4 roor]SraqueHTaMl4. Teopervra Jknynona. Oa:oeoe [pocrpaHcrBo



aBroHoMHoft cucrelmr au$(pepenqrraJrbHbx ypanuenzft. Oa:osrre rpaeKropl,Iu u Qasonuft norox.
floloxeHrafl paBHoBeckrfl 14 3aMKHyrbre rpaeKTopr4z. lleprao4rr. IrlglreneHnr $asonoro o6rerua
(Soprr,ryra lluyuuttn). flonsrze o6 ycrofiurrBocrrr no lhrynoBy pemeHl4.u pemenzfi cl4creMbr

auQSepeuqr4aJrbHbx ypanueHufi. Acuruurorr4r{ecKafl ycrofivunocrr. (Dynxuzz Jlxnynoea.
Teopelmr Jlxnynona o6 ycrofiuueocru v acr.rMrlTorl4-{ecrofi ycrofi'rueocru. I4ccle4onanue
ycrofiuueocrr4 rro rulneftnorry npu6rrraxeuuro. KpuruqecKl4e cnyvrav. AeroHolaHas uell.uueit:r.ax
cr4creMa Ha nJrocKocru. Oco6bre roqKr{, Knaccu$uxaqux oco6blx ToqeK. fIoeeAeHI,Ie (pa:onux
rpaexropuft B oKpecrHocru oco6r,rx rorreK. flpe4emnufi qvrcn 4nyuepnoft aBToHoMHoft cucreuu.
Teua 4. Ypanuenuq B qacrHblx [poI{3BoAHr'Ix
flonsrze o crzcreMe nelznefinrrx auS$epeHllIranbHbrx ypannenuft B qacrHblx npoI43BoAHr,IX.

flopl4ox cr4creMbr. Jluneftnsre v Kaa3rrlluneftnrre crrcreMbr. Hoprvranrirar cl4creMa ypannennft n
r{acrHbrx [porr3BoAHEx. llocranoerca 3a4arfpt Kouru Anf uopvramirofi clrcreMbl
Xapar<repucrr4qecKr{e HanpaBneHrrr u xapaKTepIrcrLIKI4 neruHeftHofi clrcreMbl ypanuenufi B

qacrHbrx [porr3BoAHr,rx. tr4Hnapr4aHTHocrb xapaKTepr4crr.rK rrpr4 3aMeHe KoopAr{Har. Knaccrz(furaqzx
neluneftnrx cr4creM ypannenzft B qacrHlrx [por{3BoAHrrx: runep6orl{qecKr4e, gJrJrrrrITI4qecKI4e I4

napa6onuuecKr4e cprcreMbr. Vpanuenux repBoro ilopqAKa. I4nrerparuHas noBepxHocrb. Konyc
Monxa. Xaparrepucrr.rKr{ ypaBHeHvs rrepBofo rtop-sAKa. YpauneHur BTopofo [opf,AKa, I4x

rlaccu$urarJrrfl.kr xapaKTepr4crr4Kr4. KaHonuqecr<rae (fopnmr runep6oruqecKoro, gJlJIt'trlTrrr{ecKofo a
napa6oru.recKoro rzHeftnoro ypaBHeHr.rrr B t{acrHblx npou3BoAHbrx BTopofo nopsAKa c AB},tr,tI

He3aBr4crTMbrMr4 rrepeMeHHbrMr4. Ilpraee4euue K KaHoHprqecKoMy n.u4y rraHefiHoro ypaBHeHuq

BToporo [opqrKa c AByM-tr He3aBr4cr4MbrMr4 [epeMeHHbrMr4. Ypaeuenur rzuep6oruqecKoro rlrra.
Bo:rHoeoe ypaBHeHr4e. XapaxreprrcrtrKu BonHoBoro ypaBHeHr4s. (DopruylzpoBKa ocHoBHbIX 3aAaq

Arrrr BonuoBofo ypaBHe:n:zs. o4uonrepnoe BoJrHoBoe ypaBHeHue. I4nrerpan .{ananr6epa. Peurenue
KpaeBbrx 3a1.aq Ans BorHoBoro ypaBneHr4s MeroAoM orpilKeurafi, YpanneHr,rs orrlrlrl4qecKoro rl{tra.
Vpaenenzr Ilamaca ra llyaccoHa. Teoperua o MaKcr.rMWe. flocraHosrca KpaeBbIX 3a\av' [nfl
ypaBHeHrTq llyaccona. 3aAaqa flzpraxne rz Heftnrana. (Dynlarr,reHranrHoe peilreHure ypaBHeHLI{

IIantaca, (Dopuyla fprana Antr oreparopa llauaca. llpe4cranneHr4e ABar(Abr Herrpepr,tnnofi

arz@Sepenqupyervrofi $ynxqnz B BVAe clMMbr rroreHrlrraJroe. lloreHrllraJrbr o6:seua, npocroro 14

4nofiuoro clox. @yHrcqur lpzna. Peurenue KpaeBbIX 3a2laq c rroMorubro Qynrqrara lpzna. @ynrqul
lpuna 4ilfl, rrapa r rroJrynpocrpaHcrBa. I,lnrerpan flyaccona, Peruesue BHyrpeuHeft Ia suenlHefi
3a1arltv [upuxne z Heftrr,raHa An.rr KaHoHr4rrecKr,rx o6nacrefi. fapnronu.recrue (pynrcqrau. Teoperua o
cpeAHeM apz$vrerrauecKoM r,r [prrHrlr4rr MaKcr4MyMa rapMoHr4qecr<r.rx $ynr<quft. Anarl4rlrtrHocrb
rapuonuuecroft Synrqrara. YpaeHenzx uapa6oruuecKoro rrTrra, YpanHeHze pac[pocrpaHeuvrfl
Te[Jra B r43orpolHoM TBepAoM TeJre v efo xapaKTep]IcrlrKl{. Ilpunqzn MaKcI4MyMa. Kpaennre 3al.aqvr

Antr ypaBHeHr4rr rerrJronpoBoAHocrra. (Dyn4aMeHTaJrbHoe peueHr{e. PerueHue 3aAarru Koruv Arq
ypaBHeHr4q rennolpoBoAHocrr4. MeroA pa3AeneHr4fl nepeMeHHbIX rr ero npI,IMeHeHLIe K pelxeHl4ro

runep6onulrecKrrx, gJrJrrlrrrrrr{ecKr4x u uapa6oruuecKzx ypaenenufi. 3a4a,n o co6crseHHblx
3Har{eHrT.[x Lr co6crseHHrrx Synxqurx. PasAereHze rrepeMeHHbrx B ypaBHeHr{}r Ilantnca B

rlr4nr4HApr4r{ecKr4x v c$epra.recrzx KoopAprHarax. Anaru: pa:nrepnocrefi v rpynnbl
-- irpeo6paroeannfi.. AerotraoAemHrre nepeMeHHbre r4 aBToMoAenbHbre perueHl4.s, Ilpuuenenue

anaJru3a pa3MepHocrefi r nocrpoeHr4ro aracrHbx ror{Hbrx peurenzfi ypanneuufi MareMarl4t{ecxofi

@rasraxz.
Teua 5. rlncneuHr,re MeroAbr
MareuaruqecKr4e MoAenrr n qr4cJreHHbre MeroAbr. Auupor<culaaqur $ynrouaft. r{zcrennoe

au$(fepenqr4poBaHr4e. rlHcrennoe r,rHTerpupoBaHr4e. 9ucrennoe perreHrre czcreM ypannenufi
(mzneftnrre cr4creMbr, bucrelru nenvseftnr,rx ypanHeHrafi), Anre6parauecKaf, upo6leua
co6creeHHux snaqenufi, lloucr MrrHr4MyMa, Mranunrl"ra @ynruraft MHofIzx rlepeMeHHbx.
Mununusaqar $ynrquoHaJra. O6rrxnoseHHbre au$$epenqvaJrbHbre ypaBHeHr4s. 3alasa Kouru,
MeroAu rrr4creHHoro perueHr4q (ruero4 MaJrofo [apaMerpa, MeroA A4awcd, MeroAbI ce\aeftcrea
Pynre-Kyrra). Kpaenrre 3aAar{u (nrero4 crperm6rr, ypaBHeHr4q BbrcoKoro nopsAKa, pasnocrnufi
MeroA - ruHeftuue Lr HeJrr4Hefiuue zaaauu). 3ana'ru na co6crseHHbre 3HarreHl4s. Ypannennx n
rracrHbrx npor43BoAHr,rx AnnpoKcrrMarlr4-tr, Cerra u ma6lon. -fleHEre 14 He.rIBHbIe cxeMbl. HeessKa.



MeroArr cocraBJreHr.rs cxeM. Aunporcurua\vs. Lr ee [optAox. VcroftqnBocrb. HeycrofiuraBocrb.
OcHosHrre roHqrr4.rr. llpunqun MaKcr4MlMa. MeroA pa3AeneHl4q [epeMeHHbrx, MeroA
gHepferr4qecKr,rx HepaBeHcrB. CxoAzuocrr. OcnoeHafl TeopeMa, Ouenxa rorlHocrl4. CpanHeHue

CXEM HA TECTAX,

Ypannenrae repeHoca. Jkanefinoe ypaBHeHr,re. Kea3l,ulllnefinoe ypaBHeHI4e. llapa6oru4rrecKI,Ie

ypaBHeHr4q. O4nouepnoe ypaBHeHr4e. flocranosKa 3aAaq. Ceueftcrno HesBHbIx cxeM,

AczunrorraqecKaq ycrofiuznocrl HesBHofi cxerurr. Monoronnocrr. -feHble cxeMbl. Hanlyuruan
cxeMa. KpueonuHeftHsre KoopAr4Harsr. Kea3r,uunefinoe ypaBHeHr4e. MnorouepHoe ypaBHeHlre,

3xououuqnbre cxeMbr. flpo4onrHo-noneper{Haq cxeMa. JloralrHo-oAHoMepnrrfi MeroA. MeroA
Mosre - Kapno, 3uunruqecKrre ypaBHeHr.rs. CrarlzoHapHr,Ie pemeHl4q 3BorroIII4oHHbx 3al.aq.

Onrraualtntrfi urar. BapuaquonHbre r4 BapuaIII4oHHo-pa3HocrHbIe MeroAbr. fianep6onraqecKl4e

ypaBHeHVs, Boffroeoe ypaBHeHrre. Cxeua (Kpecr). Heseuas cxeMa. [nyxclofiuafl, aKycrkrqecKa{

cxeMa, Wnnapua-rtrst. feuas MHoloMepHaq cxeMa. O4nonrepnble ypaBHeHl4fl ra3oBofi, nuuasvl'zxu.

I,lnrerpaltrure ypaBHeHrls. Kopperrno [ocraBJIeHHbIe sallaqv, Pa:nocrnrrft MeroA. MeroA
rrocneAoBareJrbHbrx upu6lzNenzfi. MeroA fareprlaHa. Her<oppeKTHble 3arav^v, Perylxpusaqul.
B apu auu o nHrrft ueror peryntpl,I3 aI1un, Ypaenenr.r e 3fi nep a.

CrarucruqecKa-fl o6pa6orxa grcrrepr4Menra. Ourr,r6Kr4 gKcrreplEMeHTa, Beruquna I4 AoBepl4Telrnrtft
rrHTepBan. CpanHenue Berr4rrprH. Haxox4enpre croxacru.Iecroft 3aBucrIMocrI,I.

MeroA KoHerrHbrx gneMeHToB. Konqenqzs MeroAa KoHerlHbrx oneMeHToB. llpeuuyruecrBa pI

HeAocrarKr4. ,{ucrperv3ar\trfl o6lacru. Pag6zenze o6racru Ha oJIeMeHrsI. Hyuepallnt y3noB.

JIunefinue uHTeplorsrlr4oHHbre gJreMeHTbI. O4norr,repnrrft cLIMrIneKc-gJIeMeHT. ,{nylrepnrrfi
crTMrrJreKc-oJreMeHT. TpexuepHufi czrunrerc-gJreMeHT. I,lnrepuorlrpoBaHl,Ie BeKTopHbrx BeJrI4r{I4H.

IrlHrepnolrulroHHbre rroJrr.rHoMbr Anfl Ar,rcKperll3l4poBaHnoft o6nacrz. PaccvtorpeHl4e HeKoropbx
KpaeBbrx 3aAar{ c noMorlbro Mero,ua KoHeqHofo oneMeHTa. llpocrofi trpl4Mep: rrepeHoc reIIJIa B

crepxue, Ypaeuenur MeroAa KoHeqHbrx 3neMeHToB: 3anav.u reopl4l4 rIoJIt, Ypanuenur Mero.{a

KOHeaTHOTO 3JreMeHTa: Teopl4q ynpyro crI,I.

Teua 6. Teopur Qynnqufi KoMrIJreKcHoro repeMeuHoro
flousrve KoMrrJreKcHofo qrrcJra. Mo.uynr u t$asa KoMrIJIeKcHoro r{I4cra. @yurquu KoMrIJreKcHofo

rrepeMeHHoro, OuroeHrre cnoficrea 3JreMeHTapHbrx QyHrqI,Ift. llpouseogna-r Qynr<quu
KoMrrJTeKcHoro nepeMeHHoro. feolrerpuuecxnfi cMbIcJr MoAyJIf, Lr apryN{eHTa npou:eo4noft.
Ycrosu.f, Konrn-Punrana. OcroeHHe csoficrBa oJreMeHrapHbIX (fyHxqufi. I4urerpalrHa;I TeopeMa

Kouu. I{nrerpalrtnal $oprr,ryna Konrz. lloHsrrae o6 ar'aluruqecrcofi $ynrquz KoMrIJIeKcHoro

rrepeMeHHoro. Analurur{ecKoe npoAonx(eH[e. OAnosHar{HbIe u MHoro3HaqHbIe aHanpITI4r{ecKLIe

Qynrqnu. Bereu anarprru.recrofi Qynrqr,rn. Zsoruponannrre oco6rre ror{Kl4 anarzru.recKofi

$ynxqura. PqArr JIopaHa. llolrocrr kr cyrlecrBeHHo rotlKkr. llonsrue o Bblrrerax. Brr-{er
orHocr4TeJrrno 6ecroHeqHo yAanennoft TorrKr,r. Teopeurt o Bblr{erax. Bbr.IucreHLIe I4HTerpanoB c

rroMorrlbro BbrqeroB. Pasloxenue Ha rrpocrefiruue apo6ra c noMolllbro Bbrr{eroB. Cyuuzpoeauue
psAoB c rroMorrlbro BbrqeroB. Jlorapra(pivruqecxuft BbIrIer. Kon$opnrroe oro6paNenze. KpyFoBoe

ceoftcreo r,r ceoftcrso coxpaHeHr4.f, yfnoB. OuroeHas sa1larra reopuu xon(poplanrrx oro6paNenIaf,.

Oro6paNenuq, ocyilIecrBJrreMbre ocHoBHbrMI4 oJIeMeHTapHbIMI{ (fynr<qum,ru. llpunqnn coxpaHeHut

o6tacrulllpranqrau coxpaHeHr4r rpaHzq npu r<on$opMHoM oro6paxenuz. llpunul4n cl4MMerpvll

Punana-ll{Bapua. Oro6paNenue MHoroyfonbHr4KoB (ranrerpan Kpucro$$eru-Illnapqa).
I4nrerpallnoe npeo6pa3oBaHr,re lIantaca. Opurunaru z r,rso6panKeHvrs.. @opvryna o6paruenr,n.

Izlnrerpal runa Kouru. (Dopuynrr Coxoqroro-IlreMers. Cueurannafl 3a\ac.a An.f, [onylnocKocrli,
@opnryna KerAsrura - Celoea.
Tenra 7. BapuaunoHHoe uc.rucreHfle '

flonqrne $ynxqrau lr Synxqrzonana. 3rcrpeuyr,ru {ynrqzonana. llpocreftrual 3al:av.a

Bapr4aur4oHHoro vc-ukrcrre:uns.. Bapuaryux (pynrcqraoHana. Brrqr,rcneHrae nepeoft Bapua\vvr

vHrefpanbHoro SynrqvronaJra. Sxcrpeuanlz I4HrerpanbHofo (pynrqraonana.'Ypannenu.a 3filepa.
VluyapuayrHocrb ypaeHeHr,rft 3ftnepa. Heo6xo4Ianrble ycnoBr4fl oKcrpeMyMa Qynrcqraouala. Bropar
BapvarJlrfl Qynrcqraonana. Buqucleuue nropoft Bapua\urr I,IHTerpaJIbHofo rpynrquonala,
Heo6xoArarr,roe ycnoBrre Heorpr4rlareJrbHocrI,I nropofi Bapva\uLr (ycnoeue IIeNanApa). .{ocrarounrre



ycnoBlTfl 3KcrpeMyN,Ia $yHKIInoHaJra. Teopur fauurrrona - flxo6n nolefi ercrperr,ralefi.
Kauonuqecxar $opnra ypaeneHrzfi 3finepa. Zsonepuuerpvr{ecKue BapuarlvoHHbre 3araqu u 3araqtl
c HeroJIoHoMHbIMIr orpaHllqeHrrfll'r'u. Mnoxnrelu JlarpanNa. BapraaquonHue 3a1arlkr c
IoABIIXHrIMI,I rpaHl{Ilarru, YcroBLIs rpaHcBepcanbHocru. BapuarlrroHHbre 3araqu c qacrHbrMkl

npol43BoAHrrruu. Bapualll4tr l4HTerpanbHolo QyHrqraona:ra B cnyqae SurcuponanHoft u nepeuennoft
o6racru, I4nyapuaurHocrb (pynxquoHara orHocrrreJrbHo rpynrrbr npeo6pa:osarruia, Teopenra
Herep.
Teua 8. Teopnn BepoqrHocreit u MareMarr{rrecKaq crarrrcrr,rKa
Slerr,reurapHat reopu-a BeporrHocrefi. BepomuocrHa.s MoAenr, gKcrrepr4MeHTa co c;ryuafiHbrMr4
IlcxoAaMV. OnepaUuu HaA co6rrtrEguz 14 orrepaUr4r4 HaA MHoxecrBaMr.r. K:raccuqeclcoe
orlpeAeneHze BeposrHocru. VcroBHas Bepo{THocrb. Csoftcrea ycnoBHbrx BeporrHocrefi. (Doprvryna

nolnofi Bepo.flTHocrI,I. (Dopvryna v reopeMa Bafteca. Hesanr4czl4tre co6snus. llonapnar
He3aBLIcI4Mocrb I,I He3aBI4cI4Mocrb B coBoKyrrHocru. Cxeuau BepHynnu, llolunouuaJ:rl:nafl cxeMa.
flpe4elrnue reopeMbr rJrfl. cxeMbr Bepnynnu: reopeMbr flyaccoua ra llpoxopoea. Jlor@nrHag
TeopeMa Myaepa - Jlantaca v oueHKa Ha cKopocrb cxo4t4Mocru, flpulo)KeHr4rr x ronr6uHaropr4Ke,
Ctyuaftnar. BeJITI.II{Ha. Crtytairuax BeJrr4r{rrHa, Pacnpe.ueneHue cnyqaftnoft BeJrur{krHbr. Ceoficrea
Synrqrafi pacnpeAeneHlIs. [ucrpernoe, HenpeplrBHoe z a6comorHo HenpepbrBHoe paclpeAeJreHr,tr.
Csoficrea. llpraueprr BepoqrHocrHbrx pacrpeAenenuft. Coe\aecrHHe pacrpeAe rre:nprfl.. CosNaecrHoe
paclpeAeneHlle He3aBl4cr4Mbrx cryuafinux BeJrptqprH (nepoxrnocrra, $ynr<quu paclpe1;ereHnfl vr

uoTlrocru). Ceeprxu Mep. Cneprxn MOp, r,rMerorqux rrJrorHocrb. Pacnpe4eneHr.re cluMrr
He3aBITcIrMbIX clyuaftnrx BeJII,IT{kIH. Hesaeucrar,{ocrE, (fyHrcrlzfi or He3aBr.rcr{Mbrx clyuafturx
BEJIIIqIIH.

MareMarIa.Iecroe o)KI4AaHr,re. Ceoftcrea MareMarr4rrecKr4x oxugauuft, Me.qnana.
,{ucuepcul, Ceoficrea rvcnepctwr. Hepanencreo qe6rrurdea. MareN,rarr4r{coKoe o)rurAaHr.re v
Al4cnepcl4q Inq paBHoMepHofo I4 HopManbnoro paclpeAelenzfi. flpuloNenug rc rou6r4Haropr4Ke.
Koeapuaqzr. Cesgs c He3aBllcllMocrbro. KoeS$nqueHT Kopperrflr\lrkr. llpnloxenvrl K Teopvn
rII4CeI.

Patru'{Hrre BI4Abr cxoAr4MocrI'I nocneAoBareJrbHocrr,r clyuaftHrrx BeJrr4trrrH. Csssr Me)KAy
cxoAl4Mocrqlau. 3aKoH 6omnux r{r4ceJr 14 ycr{neHHrrfi saKon 6o;rsurzx qncer. Cle4crnux, Merol
MoHre-Kaplo.
flpousno4xlque @ynr<utrlr rJrs.IlerosHatlHrx clyuaftHbrx BeJrlrquu. Marenarr4rrecKoe olKvralpre Anfr
KoMnJreKcHo3 H ar{Hbrx clyuaft nux BeJrr{qr,rH. Koeapra aqul.
XaparrepzcrllqecKaq Syurqzx cnyrafiHoft BeJrr4qr4Hbr. Ceoficrea. Xaparrepucrr.rqecKar (fynrqzx
HopMaJIbHofo pacnpeAener^Lrfl.. Teopeurr o cBr3r.r MexAy MareMarr4rrecKr4M oxr4AaHr.reM u
xapaKrepl4crlaqecxofi Synrcqueft, (Dopnayna o6parqenzr. Cle,4crnvx $opuynu o6paqenur. Cyrr,rua
He3 aB 14 crlMbrx HopManbHbrx clyvafi Hrrx BenI,Iqr4H.

PasHocamHocrb cxoAI,IMocrLI no paclpereJreHr4ro, cxoAr4Mocrr4 xapaKTepvcrr4r{ecKr{x @ynxunfi u
cxo.4l4Mocrl4 MareMarITtIecKLrx oxnyauufr. (pyHxqrafi or clyraftntrx Berr4rrr4H. PaeuouepHar
cxo.qr4M o crb K Herrp epsrnnoft $ynxquu paclp eAen eHutr

-Paglz'nrue BapIzaHTbI IleHTpiurbHoft npe,uensnoft reoperrru. I]enrpanbHalr rrpeAenbHarr reopeMa B

Sopue JIeeu. I4nrerparurar reopeMa Myanpa-Jlannaca. Teopeva flyaccoHa. I-{enrpamnar
rpeAenbHaq reopeMa e $oprrae JluuaeH6epra. IJeHrpanrHar npeAenbHas reopeMa n Qopue
Jknynona. Oqenru Ha cKopocrb cxoArlMocrlr.
Marettaruqecraq [ocraHoBKa 3ailaq crarucrrlKr4. lisa onpeAeneHur err6opxrr; 3MluprrqecKoe
pacnpeAeneuze, Brt6oporrHble xapaKTepr4crr4Klr KaK orIeHKr4 feHepanbHbrx: MoMgHTbI, 3HaqeHr4e

Synrqura pacnpeAeJlenn.s B ror{Ke, KBaHTvtJrr,r. Bsr6opxa'r43 HopManbHoro pacrpeAenetvs: ireMMa
(Drzurepa.

OqeirunaHI,te [apaMerpoB. Tpe6onaHu.a, npeA:bqBnreMbre K orIeHKaM: cocrorreJrbHocrb,
HecMeqeHHocrb, aclrMrlTorlzqecKas HopManbHocrb, eQSexrunnocrr. MeroA MoMeHToB;
cocro.tITeJIbHocrb rr acr4Mnrorr,rqecKar HopManbHocrb orIeHoK MeroAa MoMeHToB. MeroA
MaKCI4MaJIsHOfO npaBAOrrOAO6un; acr4MrrrorrrqecKa.[ HopMaJrbHocrb orleHoK MaKcr4MaJrbHoro
rlpaBAonoAo6vl, HepaeeHcrno Pao-KpaMepa. ,{ocrarouHbre crarr4c'rlrKyr, rroJrHbre crarvcrzrKLr,



reopeMa Pao -Enexyella-KomuofopoBa.
[oeepurelrnr,te I4HTepBa,'Ibr: olpeAenelLre, rrocrpoeHr4e AoBepr4TeJrbHbrx r4HTepBanoB rnt
rlapaMerpoB HopManlHoro paclpeAeneHll.f,. llocrpoenue AoBepr.rreJrbHofo r,rH'r'cpBaJra c [oMorrlbro
IleHTpanbHoft crarucrnxz. AcnuIITorI4qecKLre AoBepr4TeJrbHbre r4HTepBaJrbr,

Teua 9. MarenrarurrecKafl JrorrrKa [r Ar.rcKperHas MareMarr{Ka
Ta6nraqrr ITcrrIHHocrII, JIorI{Ka, AoKa3arenbcrea. BHcra3:srBa:grns.14 roruqecKrre cB{3Kt4. VcnosHrre
BbrcKa3bIBaH[s. 3reneaneHTHble BbIcKa3bIBaHzs. AxcvoMarl,IqecKLre cvcreMbr: yMo3aKrrorrerrars. LT

AoKa3arenbcrna. llolHora B JIorIiIKe BblcKa3brBaHrafi. Kapmr Kapuo. KonluyraqrroHHbre cxeMbr.
Teopral MHoxecrB. llonsrve MHolrecrBa. Onepauulr Har. MHoxecrBanrra. fiuarpaMMbr BenHa.
Eynenrt anre6prr. Ornoruenras. gacruquo ylop.sAorreHHbre MHoxecrBa, OrHolrenuq
3KBIrBaJIeHTHocrI4. Jlonara, UeJIbIe r{ucna 14 AoKa3areJlbcrBa. I]enue qverra r4 AoKa3areJrbcrBa.
OcnosHste iloroxeHl4s reopuu AoKa3areJrbcrBa pr reopr,rrl qenbrx r{uceJr. Marerr,raru.{ecKas
I'IHAyKII|III, ,{elzltocrr. llpocrlre -uucra. Cpaenenul. (Dynr<qnu v Marpr4rlbr. (Dynrcqraz.
Cnequalrusre Synrcqrra. Marpnqrr. Morqnocrr. Arropr.rrMbr r,t peKlpcr4rr. I]uxnsr 14 aJrropr4TMbr
Antr MarpI4Il. PexypcunHrre (fynxqura Lr anfopr4rMbr, CloNnocm anropr.rrMoB. Alropurlmr
coprr.rpoBKr,r.

fpa$u, opr4eHrr4poBaHHbre rpaSu u .{epeBbr. fpa0rr. OpueHrrzpoBaHHbre rpa0u. flepenr.a, flyrn u
III4KIbI 3finepa. Marpuqu I4HuI4AeHrHocrn pr cMexHocrr{. 3a1a,aa o rparuaftuefi qenu n rpa(fe c
pe6par,rz e4znnunoft AJIIIHII. 3ara\a o r<parvafiurefi qenu n rpa(pe c pe6panrz npou:nolrHoft
AnI'IHbI. Amopurlt [efircrprr Haxo)KAeHrrn rcparuaitrnr4x nyreft n oprpa@e. llororcr4 B cer;rx,
Haxox4euue MaKcuMilnbHoro rroroKa.
Teopzn r{I4cen. Peruero 3parocsena. MeroA BbrAereHr.rq rranoNrzreleft Oepnaa. Arropzrl6r
AereHlr.s u anfopr.rrM EeKnzAa. I]ennue Apo6r,r. floAxolstque gpo6n.
Kou6unaropura lr Bepo.srHocrb. OcroeHrre rolr6nnaropHbre [pr4Hrlr4nbr. Kou6unaropnrrft
IIpI'IHIII4I cro)KeHl4s. flepecrauoBKlr 14 corleraHl{fl. OopuupoeaHr4e nepecrauoBoK rz coqeranuft.
Pasuelqenzq c [oBTopeHuflvtrl. Pasruerqenzs 6es rroBTopeHr.rft. llepecraHoBKr4 c noBTopeHvrsMvr.
flepecrauoeru 6es nonropeHufi. OcnoeHrre npaBuJra rcou6anaroplrKlr. haeHas reopeMa
t<olt6unaroputcz (Teopeua o BKnrorreHr4{x pr ncxlrouenutx). CoqeraHras 6es nonropeuzft.
Co'{eraHlas c rIoBTopeHuflMkr. BeeAeHue BepotrHocrra. O6o6qeHHbre rrepecraHoBKr4 r4 correraHprf,.
flepecraHoBKu cor{erantrfl. c noBTopeHr4enr, flpznqrzn KJreroK. Teoperua Eaefica. Ifenz Mapr<oea,
Heroroprte cneIII4a-IIbHbre Borlpocbl Teopun peKypczu. O4Hopo4nue mznefin"te panyppeHrHr,re
orHoilreHl4s, HeoAHopoAHbIe uasefinrre peKyppeHTHEre orHoIrreHu.f,. Koneqnrre pa3Hocrr4.
@ axropza:lbHbre MHoror{reHbr. Cyulruponanz e pas no creft ,

Teua 10. AnaluruqecKaq MexaHrrKa
Cucreurt orcrlera 14 reoMerpl4qecKr.Ie xapaKTepr.rcrr4Klr ABr4xeHr4.[ (uaccuuecKajr KrrHeM atuxa).
OcHoeHrIe rtoHqrn{ I,I [peAnonoxeHr4r Knaccr4r{ecKofi rrexanuxu. OcnosHbre 3aAar{u 14 MeroA6r
KnaccuqecKoft lrexaHranu. OcHosHsIe TeopeMbl 14 3aKoHbr MexaHrrKr,r (xolnuecrno ABr4xeHr4r,

-M-oMeHT KoJII{qecrBa ABIIxeHZ{, KI4HerI4r{ecKar{ gHeprnr cucrelmr). lnuxenrae uarepua_nrnofi
Tor{Kn B IIeHTpanbHoM noJle (npunaep vclorb3oBaHr.rs 3aKoHoB coxpaneuul). llpratrenenue
ocHoBHbIX TeopeM MexaHkIKI4 B HeI{HepIIIraJILHbIx crrcreMax orcqera. flpurvrenenr4e ocHoBHbrx
TeopeM MexaHr4Kr4 K ABrar(eHr4ro crrcreM rrepeMeHHofi uaccrr.
Konapzaurnar $opnra ypaenennft ABrr)KeHr.r-f, (ypaenenzx Jlarpanxa), BrreoA ypaeuenuft
JlarpanNa. I4cc:reAoeaHl4 e ypaBHenraft Jlarp aHlta. I4cnomsoe aHr4e ypaBneHraft llarpiHxa aru
onvcalJLrfl. ABIT)KeHus cucreM c MexaHI4tIecKIrMpr ces3.flNl?i (r:raccu$zKaUr.rf, MexaHr4rrecxux cnx3eft,
Bo3Mo)KHbre 14 Br4pryaJrbHbre ilepeMerqeHr4s r4 cKopocrt4, r{r4cJro crenenefi cso6oAsr z o6o6lleunrre
KoopAI4HarbI, LIAearIrHbIe cBs3rI, I4cnonb3oBaHr4e ypaBHenraft JIarpaHXa Anr cr4cTeM, co.qepxaqr4x
MexaHl4rrecKu e roJIoHoMHbIe cegsz).
flunatvrnrca rBepAoro rera. PaeHoBecr4e r.r ABr4xeHLre e6rzsra rronoxeHr4{ paBHoBec}rq. JIuHefiHoe
npn6luNenue ypanneHzfi, orrlcblBalorrlux ABrDKeHr4e e6rrasu rooo*"""n paBHoBecr4{.
Ycroftqusocrb paBHoBecras, O6rul4e rloH-trTt4x o6 ycrorlqr4Bocrkr. CyN,uenze o6 acnrrnro.ruqecxofi



ycrot4r{I4Bocrl4 no nepBoMy npI46nI4)I(eHI4ro, Kprzrepuz acr4Mrrror}rqecrofi ycrofiuunocrz
mnefiuoro npu6luxenzq' Ycrofi'{plBocrb paBHoBecvq KoHcepBarzsHofi cracreMbr. florenqzanrnrre
tIMbI I{ 6aprepu' YcrofiqIaeocrb paBHoBecI4{ rvccvtnurureHofi czcrerdrr. Oynxqvx Jlxnynona.
[uaxeHne KoHcepBarl4sHofi czcreMbl B MaJIofi orcpecrnocrlr rroJroxeHr4s paBHoBec]rfl (n nraHefinona
upu6nuNeHurz). ,{eficrne eHeIrrHefi cl4Jrbr, :laerzcruleft xnno or BpeMeHr4, Ha npou3Bonbgyro
craIII4oHapHyIo cl4creMy npLT ee ABr4xeHuu s6rugu [onoxeHr4s ycrofiuueofo paBHoBecux (e
runeft nou npz6naNenrzu).

{uaNeuue B rIoreHIIlIaJIBHBrx noJltrx. KanoHz-{ecKr4e ypaBHenzq faNazrbroHa. fleper,re rrHTerpanbr
ABI4xeHI4tI' Cno6rz flyaccona. I-{uxlzuecrcue KooprrrHarbr. Sneuenrsr Bapr{arlr4oHHoro
ucqrlcJleHllt. {eficrnue no faltzlrrony. Bapuaryux Aeftcreus. Baprzaquonurrft fiprrHur{n
faltulrrona' Cessr 3aKoHoB coxpaHeHr.rx (nepnsx r4HTefpanon) co ceotcrBaMr4 rrpocrpaHcrBa n
BpeMeHI4. Teopenra Stvrurr Herep. IrlHrerpamurre r4HBapr4aHTbr (HHrerpanrHrrft vlBapzra;nT
liyanrape-Kaprana. YHrznepcamHrrft LrHTefpanbnr,rft znnaprzanr flyaHKape. O6parnrre tao ar",
TeopI4Ir lrHTerpaJrbHbrx I4HBapI{aHToB, WnzapuattrHocrb Sa:onoro o6renra. Teopetra Jluyeuttn.
Klaccra0uxaqzl I4HTefpanbHbIX rrHBapr,raHToB. Teopeua JIu XayNyna). Kanonz.recrze
upeo6pasonaH:as.. Ypaanenur fauulrroHa-flxo6u. [nuxeuux B crarlr4oHapHoM rroreHrlr4aJrbHoM
u one (xo u c epB aTr4BHbre ra o 6 o 6 rqeHHo -KoH cepBarr.rBHbre czcrelrsr).
Teua 11. Slemesrbr reH3opHoro aHaJrr,r3a
Kpunoluneftnrre Koop.4LIHarbI. KorapuanrHrre kr KoHTpaBapr4aHTHbre KoMrroHeHTbr BeKTopa,
floHsrne o reHsope. Merprzuecxzfi rensop 14 cBq3aHHbre c Hr4M coorHorrreHux, fiucxpur,augalrrgiulreHsop. Alre6pa reH3opoB. llpocrefiruue ceoftcrea reH3opoB, [ra$Qepenur4poBaHr.re
KoopAI4HarHbx reH3opoB. CuNteorH Kpracrofi$enx, KonapuaHruoe auQQepeHur4poBaHr4e.
Ceoficrea KoBapI'IaHrHoro .{z(b$epeHllr{poBanuq. ocHoBHbre r{Hrerpi}nbHbre 

" a"$4ip."'-r*"n 
"raonepauua. OproronanbHble KoopAklHarbr. @u:u.recrsae KoMrroHeHTbr reH3opo".- -rrrerpraunrrft

TeH3op BTop oro paHra. haeHsre HarIpaBneHI,If, , tJraBHbre 3HarreHr4s vr v1Bapua1Tbr,

Tema 12. Mexaru,rKa crrJrorrHbrx cpeA
o6urae coorHoIrreHl{.s MexaHI4KIr cflJrorrrHbrx cpeA. flpocrpancrBeHHbre 14 Marepr.ianbHbre
KoopArrHarbl. 3axon ABLu{eHI4.[ cuounroft cpe.qbr, flore eexropa cKopo e-tv v rrone BeKTopa
ycKopeHus cllnoufirofi cpeAbl. Onracanue ABuxeHr.r.f, cnlouHofi cpeAbr MeroAoM llarpanxa u
Mero.qoM 3finepa. 3r<sueaneHTHocrb o6oux rroAxoroB. {nzNenue qacrurlbr cuounoft cpeAbl.
Ten:lopr,t .ue(fopvraqraz. ZHnapuanrst 4e$oplraqrara. haeHrre 3HaqeHur v fJraBHbre ocr4
4eQopn'raqzu. Vcrosnlt coBMecrHocrr.r (curorunocru) ae(fopMa\vv. feouerpuvecrcu ru:netrruas
MexaHIrKa (reoprzx ,uefropnraqzfi). MrnoneHHoe cocroqHr.re ABr4xreHr4r culontrofi cpeAr,r. Tensop
cKopocrl4 4e$oprvraqzfi. Paclpe4eleHne cxopocrefi e NraAxofi qacrr.{ue. O6relruue LI
rloBepxHocrHble cITnbL Bexrop I4 TeH3op HarlpflxeHr{ft. 3arcon coxpaHeHr4.s Maccbr. Ypanneuue
Hepa3pbrBHocrlr' YpanHeHuIe ABI4xeHI,Is cnlorunofi cpeAbr. 3aron v3MeHeHr,rq KoJrvqecrBa
nBI'I)KeHus I'I 3aKoH I43MeHeHI4q MoMeHTa Korr4r{ecrBa ABr,Dr(eHI,Ir. Teopeua o KlrHerr,Iqecroft
3HepfI4I4. llonqrze o6 onpelen{rcql4x ypaBHeHr4qx, llpocreftrrr4e Knacc".r.in". cpeAbr,-Teoprzl ynpyrocrl{. o6o6rueunuft saron fyra. 3arcon fyra Anq r4sorporrHofo oAHopoAHofo rena.
Vnpyrue rocrotrHHble 14 cBq3b MexAy HrzMr,r. Ooprrayna Knaftnepona u $opuynJ KactrJrbrHo.
oopvryna Berru. ocroeHrre ypaBHeHzs lr 3al.ar'u reopur yilpyrocrr4. brrru"""re ypaBHeHr{s
crarI4KI4 ynpyroro rela. llplMafl v o6parnar 3araqa reopr4r4 yrrpyrocrr4. VpanHeuzr yrpyroro
paBHoBecl4t B nepeMelller{rltlx. O6rqee perreHI4e ypannenzft B nepeMerrleHr.r.sx. OqroeHrre
ypaBHeHI4s reopuu ynpyrocrl4 B HarprreHkrflx, llonyo6parnrrft uero4 Ces-BeHaua. llpragrlzn
CeH-Benana' flpocrefttrrre 3aAaqI,I reopkrrr ynpyrocrr,r. Mero,u cyrepno3r4qrau. O6rqua taopar"r 

"BapI4aIII4oHHbIe [pIrHIII4nbI TeopI4I4 yrlpyrocrla. Teopenra Knaftnepona. Teopenra o eAr.rHcrBeHHocrr,r
peilreHl4s' Teopeua Eerru. BapuaqaoHHble nplrHrlrrnbr. llpnnqzu Mr4Hr{M} 4a norenqualsHofi
sHepfvr. flpznqun MI4HI,IMIMa AoronHr4remHofi pa6orrr. BapzaquonHrrfi npzuqun peficqrepa.
Mero4 Pzrqa. Mero.q Ey6nona-fanepKr4Ha. Merol Kanropoeuqa. MeroA Tp.SOrIu. Vpannenzr
TeopI4I{ y[pyfocrl4 B KpllBorlllHeftnrrx KoopAlrHarax. Kouuoseirrbr Merpzr{ecKofo reH3opa pr

oI'IMBOJIbI Kpzcro00 ers' rrs' HeKoropbx oprofoHanbHbx KpzBorraHeftnrrx KoopAr4Har. Vpaenenrax



B nontrpHbx KoopAllHarax. VpanHenzn B rlr4nr4HApr4rrecKr4x KoopAr4Harax. Ypannenul B

c$epuuecrux KoopArrHarax. Kpyuenze [pqMbrx 6pycren. flocranonxa 3araqv v ocHoBHbre
ypaBHeHI4tL flepenleruervrfl trpv Kpyr{eHr4u rrprT3MarlrqecKrrx 6pycsee u reopeMa o rlr4pKynrrlr4r4
KacareJlbHoro HarrpnreHuq. @yurqzr KpyqeHris. Teopeua o MaKcvMyMe KacareJrbHofo
HanpqxeHl4x. Meu6paHHas. aHurorns. Wsru6 npnraux 6pycren. llocranosra 3a1artu pr ocHoBHbre
ypaBHeHI4r, I{eHrp uzru6a. I4sru6 6pyca oJrJrr4rrrr4rrecKoro rorepeqHoro ceqeHr,r.f,.I4sru6 6pyca
npqMoyronbHofo [oleper{Hofo cerreHr4q. flrocrcas 3al.acla reopl{r4 yrrpyrocrr,r. Illocrcaq
4e0oprvraqrat, (Dynxqut Hartp-sx(enraft. llnocKoe Harrp{xeHHoe cocro.rrHkre. O6o6rqeHHoe rrJrocxoe
HaIIp-sx{eHHoe cocroflHl4e. llepenreuleHu.f, e nrocroft 3aAarre. Teopetra Jleeu-Muqerra.
flpe4cran.neuue 6nrapuonu.recKofi $ynnqzrz. fl:rocrcaq 3araqa B AeKaproBbrx KoopAr4Harax.
fllocrag 3akaqa B nonspHblx KoopAprHarax. KounnercHoe npeAcraBnenze Qynxqr{r4 HanprNenufi,
Kortulexcnoe rpeAcraBneHl4e KoMfroHeHT reH3opa nanprNeHufi (Qopuynsr Korocoea-
Mycxelurununra). 3a\aqa o BcecropoHHeM pacrsxeHr4r4 rrnocKocrr4 c KpyroBbrM o'rBcpo'r'r{eM.

[unartrzrca n4ealrnoft cpeAbl. 3ar<onrr rBrr)r(eHr4r raAeamnoft xr{AKocrr4. Ypaenenue cocrorHr4r r4

TepMoAIzHaMI4rrecKI4e -BeruvuHbI. O6qar reopprr ycraHoBr4Brrruxcr lruNenuft r,rAeaJrbHbx
Ntz4t<ocrefi I4 ra3oB, Znrerpan EepHynnr't. tr4nrerpal Bepnynnu AJr{ Hecxr4uaeuofi rsNelofi
xlIAKocrl4, lloreHqzalbHbre reqeHvrfltr1eaJrbnofi xu4rocru. Irlnrerpan Korupr-JlarpaHxa. Ceoficrea
rapMoHl4qecKl4x Synxunfi. 3a4aua o ABr{)KeHuu c$epu e 6esrpaHr4r{HoM o6:seue u4earuuofi
Hecxfl{MaeMofi xtzAnocru. KovueKcHbre noreHrlrTaJnr npocreft[rr4x rrororoe. Pemenve 3a1;aqpr
o6reranus MeroAoM xon$oprunrx oro6paNenuit, llocrylar Xyroncxoro-r{aunrrruna. Oopruyna
ul4pKyn{ul4Ia. llpzrr,repbl npI4MeHeHI,I{ MeroAa roH(popnaHrrx oro6paNenrafi. O6reranue gJrirr4rrca 14

rlnacrl4HKr4. Kpruonrre np o (p unu Xylco ecro ro -r{aur,rrzna.
{uuaurzra Hecxl4MaeMofi essKofi xfl{AKocrr4. HsroronoecKas B.[3Kas xr4AKocrb r.r ee peonou4r{ecKoe
ypaBHeHI4e. PeolornqecKlre 3aKoHbI HeHbroroHoBcKr4x B.rr3Kr4x Hecxr4MaeMbrx Nuaxocrefi.
YpanHenue Haere-CroKca ATIHaMITKLT HbroroHoecKofi HecxraMaeMoft cpeArr. llolo6rze reqenuft
exgxofi Hec)KI4MaeMofi xuAxocru. OcHoerr reopr4r{ pa3MepHocreft. fl-reopeMa, llpranreprr perreHr4tr
ypaeHenzft Haere-Croxca. llpocrefturne uaHeftnue 3a1alpr.llnrerpzpoBaHr,re ypannennft Hasre-
Crorca: nI,IHeapI43oBaHHbIe, aBToMoAenbHbre v qprcrenHbre peueHr,rs. O6texanue rrrapa npr,r MaJrbrx
3Har{eHl4sx tlucna PeftnonrAca; (foprvryna Croxca u ee o6o6qeHrre. JlalrraHapnrrft norpanu.rHrrft
cloft B HeclKl4Maenroft )KI{AKocrI,r. Bsaul,roleftcrBue KoHBeKrIrarz Lr 4z$(pyszu B rroroKe
Hecxl{MaeMoft essrcofi }IoIAKocrIr. JlauznapHrrfi norpanuqnrrft clofi. Br,reo4 ypaeHenufi flpan4rru
ABI,IXeHI4tr eqsxofi )KI4AKocrrI B JIaMprHapHoM norpaHr{r{HoM cnoe. flpocrefturue aBToMoAeJrbHEre
pelxeHl4q ypannenufi naMl4HapHofo nofpaHr4qHoro croq. llorpaHuunrrfi crroft na [poAonbHo
o6rexaeuofi ulacruse. llpzvrepbl rIJIocKr{x <ceo6oAHbrx) norpaHuqHbrx cJroeB: Aalr,nuft cneA 3a
TeJIoM, (3aronneHHatr>> c'tpys,6rroula.f, 3a roqeqHr,rM r4crorrHrrcoM. 3aAa.{a o nJrocKoft npncrennoft
crpye, O6runft ctyuaft. roqHbIX aBToMoAenbHbrx perrrenzft ypanHeHrafi crarlproHapHoro rrnocKoro
IIpI4CTeHHO|O frorpaHr{qHoro cllo_s.

Teua 13. Maremarr{rrecKoe MoAeJrrrpoBaHrre B ecrecrBo3H antrv
flpocrefiuu4e MareMarl4qecKlze MoAenr,r rr ocHoBHbre iloH.f,Tr4.fl MareMarur{ecKofo MoAcnr4poB alvfl,.
(DynlanoenraJlbHble 3aKoHbr rlpl4poAbr rr [pr.rMepbr ruo4ereft, rroJrf{aeMbrx ras $yn4aMeHTaJrbHbrx
3aKoHoB npl4poAbl (:axoH coxpaHeHl{e MaccBr, coxpaHeHr,re gHepn4r4, coxpaHeHlre qr{cJra qacrI4II,
coBMecrHoe npI4MeHeHI4e HecKoJIbKI{x sarconon). BapuaqnonHble npvHrrtrrrbr Lr MareMarkrqecKr,re
MoAenI'I. llprzueprr uepapxvu tro.qereft. YnunepcarbHocrb MareMarr,rqecKzx uoAeleft. MoAenu
MexaHurlecKl4x cI..IcreM. IzlecreAosaHr,re MareMarvrrecKrrx uoAeleft. flpunaenerure MeroAoB noAo6u.f,,
llpranqran MaKcI4MlMa I{ TeopeMbr cpaBHeHr4r. Mero4 ocpeAHeHr4r. [zcxperHbre MareMarr4rrecxr4e
Mo.[enu.

Teua 14. BuqucreHuq B crrcreMax KoMrrbrorepuofi a.tre6prr
OcnoeHrre [paBl4na pa6orrt c naKeroM Maple. OcHoeHrre BbrrrrrcJrr4TeJrbHbre HaBbrKr,r. OcHosHrre
xapaKrepl4crl,IKl4 IIaKera. Ouuqvs, B vreorofu.flx MathCAD u Maple (cpabnlrrenrsuft alanvs,
nareroe). BHyrpennnq crpyKrypa cpeAbr Maple. 3rpannufi r,rnrep(fefic Maple. Mesro KoMaHI.
Crp o rca rrrlKTorp aMru. Cnp ano.rHar cr4creMa Mapl e,

Penrenue alre6pauuecKl4x ypanuenuil Penrenze cr4creMbr nenunefinrlx ypaBHeHufi. Peueuze



rpaHcIIeHIeHrHbrx ypaB:FrelF^lAir. PeurenIae o6rrxuoBeHHbrx gufr@epenrlr4aJrbnbx ypannenuft.
9uclenHoe peilreHlIe an$@epenqrzaJrbHbrx ypanHeuuft. Peurenue peKyppeHrHbrx vr

$yHnqra on anbHbrx yp aBn enuft . lpa$r,rue crr4 e Bo3MoxH o crrr Maple.

Teua 15. Ocnoerr rporpaMMrrpoBaHrrq Ha rpuMepe Python
OcHoel't cl4HraKcl4ca t3blKa rlporpaMMr4poBaHr4r Python. O6:op ocHoBHErx rr4rroB AaHHbrx. Huctau
3neMeHTapHas MareMarIrKa. llepelreHurte. VcroeHrre BBrpaxeHlr.{ vr Ur.rKJrbr. Maccznr,r,
Onpegenenul Qynnqraft. Mogyru. Perypcua. Tuur,r AaHHbrx. Amopuruu v crpyKrypa AaHHbrx.
3fr(felcrnnnocrr. Copruponra u nol4cK. Creru u oqepeAr. llporpanrvrupoBaHprr na Python
(nrrvucleHlls I4 [epeMeHHble, crpoKr4, efrzrcKnz Koprexr{ I4 cJroBapr4, u}rKJrBr, BcrpoeHHbre (fyHxquz
Python, rloJre3Hble MoAynu Python, Tr4rroBbre 3ararrv [porpaMMr'rpoBaHr4tr na Python, o6:sexrno-
opueHrl4poBaHHoe nporpaMMl,rpoBaHr.re ua Pyhon). Izlrr,rnopr u palora c 6u6tuoreKaMr4 (math,
random, numpy, pandas, matplotlib),

Bonpocsr rc co6eceAoBaHzro
l.Marpuqu u orrpe.4enl{Tenll. Anre6parz-recKr4e onepaur4ra HaA Marpr4rlaMz. Panr naarpI,Irlbr 14 efo
BbrlII{cJIeHI4e. O6parnax MarpI4IIa. OcnoeHrre cnoftcrea onpe4elzreleft. Anre6parauecKrre
Ao rroJrH eHr,rq r4 Mr4 H opbr " JIzn eft nrre crrcreMbr ypanHeHv fi .

2.JlunefrYrte, 6zlunefinue v KBaAparr.rqHbre Qopuu. flpune4enue KBaAparu-{Hoft $opuu K
KaHoHI,IqecKoMy eu.{Y, 3arcon I4Heprlrrr4 KBaAparr4rrHr,rx Sop*. flonoxurelluo olpe.qeJreHHbre
KBaAp arr4r{Hue S oprvnr. Kpurepuft [onoxr4 TeJnHo ft o npe4eJreHHo crrr.
3. flpousno4nal Lr 4ra(p$epenquan $ynnqura. OcuosHrre reopeMbr az(f(fepenrlr4aJrbHoro
ucqucIeHI,Is.
4.OurosHrIe reopeMbl zHTerpaJlbnoro r4crrr4cJreHlrf,. llepeoo6pasHar Synxquu u ee
HeonpeAenennrrft IrHTefpan. @opuyna Hrrorona Jleft6nrzUa, Texnzra HeonpeAeneHHofo
r,rHTefpr4poBaIJLrs'

5. flpocrefinrae MeroAbI I4HTerpI{poBaHVfl. o6rrxnoeeHHrrx auQQepenquanr,Hbrx ypannenufi
rrepBofo rropf,AKa.

6, Jluuefrnble oAHopoAHbIe ypaBHeHr4s c nocroqHHrrnara r<oe@Qr4rlr.reHTaMr4. Xapaxrepucrr4rrecKoe
ypaBHeHVe. Clirytaft rpocrblx Ir KparHbIX xopneft xapaKrepr,rcrr4qecKoro ypaBHeHrzff.
7. Heo4nopoAHble rznefinrre ypaBHeHr4{. lloucx qacrHoro pe[reHr4r rro Br{Ay upaeoft .uacrv,
MeroA Baprla\Lrpr rr o crorHnbrx.
8. O4nouepnoe BoJIHoBoe ypaBHeHI4e. Izlnrerpar [ananr6epa. Peurenne KpaeBbrx 3a1ar Ans.
BoJrHoBoro ypaBHeHr4.[ MeroAoM orpaNeuufi .

9. Ypaenenkrfl. orlrtrtrrrrqecKofo runa. Ypanuenur Jlanlaca u flyaccoua.
10. Yparuenul tapa6otuuecKofo rr4rra. Ypannenue pac[pocrpaHeHlrs, TeuJra B r43orpofrHoM
TBepAOM TeJre r4 efo xapaKTepr4crr{Kr4.

11. MarenaarlIqecKl4e MoAeJIkI I4 rrr4cJreHHbre MeroAbr. AunporccvMar\yrA $ynxqrzfi. rlucrennoe
[uQQepeuukIpoBaHlle. r{ucrennoe I4HTerp[poBaHrae. HucreHuoe perxeHr're cr4creM ypaeneuuft
(runeftHrre cr{creMbr, crrcreMbr nelznefinrx ypannenuft).
12. O6sIKnoeeHHbIe au(f0epeHllllanbHbre ypaBHeHr4s, 3alLaqa Kouu, MeroAsr r{r.rcreHHofo
perxeHr4r (nero4 Manoro [apaMerpa, MeroA Arauca, MeroAbr cel,reficrsa pynre-Kyrra).
13. 9ucleunrte MeroAbI peIxeHI4{ KpaeBbrx 3araq Anfl o6srxnoeeHHrrx ara$@epenqlraJrbHbrx
ypanuennft (rvrero4 crpels6u, ypaBHeHlds BbrcoKoro [op{.qKa, pa3HocrHbrft ueroA - lzHeftnrre rz

seluueftnnre saAaqz).
r 4 . Cr arncrr.rqe cKa{ o 6p a6orra oKcrrepr4Menra. ouru6Kr4 gKcrrepr4MeHTa

15. Meroa KoHeqHbx oneMeHToB. OcnoeHas KoHrlenqr{f, MeroAa r{ efo pean!rca\vs..
16, flonsrue KoMnneKcHoro r{ucra. Molyn" u $azaKoMnJreKcHoro qucJra. @yfixqraz KoMnJreKcHoro
[epeMeHHofo. Ocuonnrre ceoficrea 3neMeHTapHbrx $ynrcqufi. Ilpousnognax Synrcqura
KoMrIJIeKcHofo nepeMeHHoro. feonrerpzuecrufi cMErcJr Monynr r4 apryMeHra npousno4noft.
\7. floHqrlae $ynr<qrau v (fynrqraonana, 3xcrpenyvru @ynrquona,.ra. llpocrefturax 3ararla



BapI{aIrI4oHHoro vc.uvcIrenvfl. Bapuaryux $yurquona-na. Brrqzclenue nepnoft Bapva\apr
I4HrefpanbHoro Synnqvonana.3rcrperuaru r{HrerpanbHoro Qynxqrzona-ua. YpannenutSftiepa.
18, lpa$u, opI4eHrI{poBaHHbIe rpa$rr u .4epeBbs. lpaQrr. OpraenrzpoBanHbre rpa$rr, [epenrx.
llyru r4 rlr4KJrbr 3ftnepa, Marpzqrr r4HrIr,rAeHTHocrrT lr cMexHocrrr.
19. Konr6raHaropl,IKa I4 BepoqrHocrr. OcnoBHbre rorr6ranaropHbre [pr,rHrlr4rrbr. Konr6unaropnrrft
TIpLIHIIHTI cJIoxeHI4t. llepecranoBKrr u cor{eraHn.f,. (Doprr,rupoBanr.re nepecranoBoK 14 coqeranuft.
P a^grt euenuq c n oBTop e:nlzflv'Lr. P asruerqenzs 6eg nonrop enufi .

20, Ta6luuu I4crI4HHocrrI, JIorI4Ka, AoKa3areJrbcrBa. Brrcxa3rrsaHr4s vr JronaqecKr,re cB-s3Kr,r.

YcroeHrte BbIcKa3brBaHI4f,. 3rcnusareHrHrre BbrcKa3brBaHrr{. Arcr,rouarzqcoKue er4 creMbr:
yN403aKnloqeHlrs. n .4oKa3aTeJrbcTBa.
21. Hexoropble cleuI4aJILHbIe Borlpocbr reopvr4 peKypclrr4. OruropoAnrre ruaneftnue peKyppeHTHbre
orHorleHuq. Heo4uopoAHEre rttaueft srre peKyppeHTHbre orHorrr eHus,.
22. Ocnostbre 3a4aqu r.r MeroAbr KraccnqecKofi prexanzxra.

23. I4cnotb3oBaHlle ypannenvft Jlarpanxa Anlt orrucaHrls ABr.rxenr4f, cr.rcreM c MexaHr4rrecKr4Mr4
cBs3tMI4 (Icnaccu(fzK&Eu-s MexaHl4rlecrrax cesgeft, Bo3MoxHbre r4 Br4pryanbHbre nepeMetrleHlrs u
cKopocrlr, ql4cro creneneft ceo6oArr v o6o6qennrre KoopAr.rHarbr, lrAeaJrbHbre cBN3Lr,
ucllonb3oBaHl{e ypaBHenzft IIarpaHXa Ar.f, cr{creM, coAepxarqlrx MexaHzrrecKr4e roJroHoMHbre
cBr3r4 ).

24. Kpuvo.nnneftnrre KoopArlHarrr. KonapuaHTHbre r,r KoHTpaBapr,raHTHbre KoMrroHeHrbr BeKTopa,
llonqrze o reH3ope. Merprz.recruft rensop r4 cB-rr3aHHbre c Hr,rM coorHorrreHr4r.
25, Teusoprr 4e$opuaqura. Llnyapuayrrr 4e$oprrnarJkrvr. hasHrre 3HaqeHr,r.f, v rJraBHbre ocu
,UeQopuaquu.
26. Teopux ynpyrocrl4. O6o6qeHnHfi saxoH fyxa, 3axon fyr<a Ans r43orponHofo oAHopoAHoro
rena. Ynpyrve nocroqHHrre r,r cBf,3b MexAy HrrMr,r.

27 . AnnsorponHbre cpeAbr. BzArr aHrl3orporrlrr4.
28. flpocrefiurne 3arartkr reopl4l4 ynpyrocrrr. MeroA cyrepro3r.rur4rr. O6rqze reopeMbr kr

B apr4 aur4 oHHbre [pr,rHrlrlnbr Teoptrr4 yrrpyf o cTr,r.

29. flrocxas ,ue(fopnaaqrar. (Dynrqrax nanpxxenuft. fhocroe HarrpDKeHHoe cocrorHlre.
O6o6rqennoe nnocKoe HanpflxeHHoe cocro.fiHue. flepelreuleHrrr e nlocroft 3aAaqe.
30. fIpe4craBJIeHI,Ie 6Hrapuonu-recKofi Qynrcqzz. flrocKas 3araqa B AeKaproBbrx KoopAr{Harax.
fllocxas 3araqa B noJrrpHbrx KoopAnHarax.
3L 3alaqu o KoHueHTpar\rrlr HanpsxeHuft. 3ala\a o BcecropoHHeM pacrflxeHrar.r [nocKocrr4 c
KpyfoBbrM oTBepcTrTeM.

3 2, flpo crpaH crB eHHbr e 3 a1a.i'r4 re opr4 14 yrrpyro crr4.
33, fiunatvmKa IrAei]JIbHofi cpe4u. 3aronrr ABrrxeHr4r u4earurofi xlrAKocrr4.
34. flunarrauxa necxnuaeuoft esgxofi xr4AKocrr.r. Hrrorononcxas B{3Ka.f, )Kr,rnKocrb u ee
peonou'rqecKo e ypaBHeHr4e.

35. flpocrefiruze MareMarr,rqecrlre MoAenrr V OCHOBHbIE IIOHflTI4' MATEMATI4TIECKOIO
MOAenr4poBaHIdA.

*36: 
Teopr.rx no4o6ux. fl-reopenra. Kpzrepnu uolo6us Qu:n.recrnx sereHzfi.

37 , Teopux naMuHapHoro ilofpaHr4rrHoro crotr.
3 8 . fipo crefi urue 3 a1arrv M ex aHr4Krr p a3pyrreHuq.
3 9. KoeS Sraqu eHTbr rrHreHcr4BHo crkr HanptrNenufi .

4 0 . VIunapuaHTH bre 14 HTerp anbr M exaH r4Kr4 p a3pyrrr e H 14 f, .
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