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|. AHHOTAIIMSA
1. llenw u 3ama4u AUCIIUILINHBI

Llenpr0 OCBOCHMS JUCIUTUIMHBI SBJISIETCS: (POPMHUPOBAHUE U pa3BUTHE y 00y4a-
IOIIUXCS OOIIEKYIBTYPHBIX U MPO(ECCUOHATBHBIX KOMITETSHITH.

3aayaMy OCBOEHUS AUCIUIUIUHBI ABJISIIOTCS: CHOCOOHOCTh TPUMEHSITH MaTe-
MaTUYECKUE MOJEIIM U METOJIbl MaTeMaTHYECKOTO MOJEIMPOBAHUS MPU aHAJIU3e
po0JieM B pa3IMYHBIX 00JIACTAX HAPOJIHOTO X03541MCTBa HA OCHOBE 3HAHUN (PyH/a-
MEHTAJbHBIX MATEMATHIECKUX TUCIHUIUIMH U KOMIBIOTEPHBIX HAYK; CTIOCOOHOCTH K
pa3paboTKe U peau3alii METOJ0B KOMITBIOTEPHOTO MOJEIUPOBAHUS, BBIYUCIIH-
TEJbHBIX METOJO0B U AJITOPUTMOB IPHU PEIICHUU CI0KHBIX MaTEMaTUYECKHUX 3a/1ady.

2. MecTo nmucuumiidabl B cTpyktype OOII

JlucrumrHa OTHOCHUTCS K pasaeny ~Jucuurumabl mpoduis MOATOTOBKY,
qacTd, (OPMUPYEMOM yJaCTHHUKAMH OOpPa30BaTENIbHBIX OTHOIICHHH, 3JIEKTUBHBIC
ITUcuIInHe! 2. biaok 1.

JIns u3ydeHus JaHHOW JMUCITUILIMHBI TPEOYIOTCS MPEABAPUTEIIbHBIC 3HAHUS 1
YMEHHSI, MPUOOPETEHHBIX TP U3yUYEHUH MAaTEMAaTHISCKOTO aHAIN3a U METO/IOB BBIUKC-
JIUTEIBHOM MaTEeMaTUKH Ha MPEABIYIINX Kypcax, 3HaHWE TPOTPaAaMMUPOBAHUS U yMe-
HUS CO3/1aTh HHTEp(deiic, 00Ieryarnuil BU3yaanu3aluio MoIyuYeHHOTO pe3yIbTara B
MPOIIECCE MATEMATUUECKOTO MOCIUPOBAHMS.

Juciumimaa HeoOXoauMa JJisi TTOATOTOBKU CHEIUATUCTOB, YMEIOIIUX CO-
3/1aTh WJIM UCIIOJIb30BaTh MAKEThl MPUKIIAIHBIX TIPOrpaMM (€CJId OHU €CTh) JJIsl Ma-
TEeMaTUYECKOTO MOJICTTUPOBAHUS IPUPOHBIX MPOIECCOB.

3. O0beM IUCHUIINHDI:

5 3au. equnuil, 180 akageMUUeCKHX YacoB, B TOM YHCJIE:
KOHTAKTHASI ay/INTOPHAasi padoTa: 1abopatopHasi pabota 64 4acoB; B T.4. IPaKTUIECKas
roarotoBka 0 yacos.
KOHTAKTHAsl BHEAYAUTOPHAasi padoTa KOHTPOJIb CAMOCTOSITEIbHON paboThl 10 4.,
B TOM 4YHCIie pacueTHO-Tpaduyeckas padora 10 u.;
caMocTosiTesibHAasA padora 106 yacoB, B TOM 4KCIIe KOHTPOIIb 32 yaca.

4. Ilnanupyemble pe3yJibTaTbl 00y4eHHs! 110 JUCHHUILINHE, COOTHECEHHbIE C IJIAHUPY-
eMbIMH Pe3yJIbTATAMHU 0CBOCHUsI 00pa30BATEIbHOM IIPOrPAMMbI

[Inanupyemblie pe3yabTaThl [Inanupyemble pe3yabTaT 0Oy4eHus Mo Juc-
OcBoeHust  00pa30BATENILHOM | [IUILTUHE

nporpammbl  (popMupyembie
KOMIIETEHIINH )




IIK-1 Cnocoben cobupats, 00-
pabaTbIBaTh W WHTEPIPETHPO-
BaTh JIaHHBIE COBPEMEHHBIX
Hay4YHBIX MCCIIEJIOBaHUMN, HEOO-
XOJUMBIC i1 (OPMHUPOBAHUS
BBIBOJIOB 110 COOTBETCTBYIOIIUM
HAyYHBIM HCCJICTOBAHMIM

I1K-1.1 3Haer meToanl moucka wWHGOPMAIIUU,
HEO0OXOAMMOMN /JI MPOBEJICHUS COBPEMEHHBIX
HAyYHBIX MCCIIEIOBAaHUMN

[1K-1.2 O6pabaTeiBaeT 1 UHTEPIIPETUPYET JAH-
HbIE COBPEMEHHBIX HayYHBIX UCCIIEI0BAHUN
ITK-1.3 ®opmupyeT BBIBOJIbI 110 HAYYHBIM HC-
CJI€IOBaHUSM Ha OCHOBE COOTBETCTBYIOIIHUX
JTAHHBIX

IIK-4 CrnocobeH HCIIOJIB30BaTh
COBPEMEHHBIC METOJABI pa3pa-
OOTKHM aJIrOpUTMOB U  MpPO-
rpaMMHOIO OOecreyeHus Jist
BBITIOJTHEHHSI pacueToB Ha 0ase
MaTeEMaTHUECKUX MOJEIEN

[1k-4.1 Pa3pabaThiBacT airopuTMbl pELICHUS
3a/iay Ha 0a3e MaTeMaTUYECKUX MOJIeTIei
[1K-4.2 Pa3pabarpiBaeT nmporpaMmMHoe oOecrie-
YeHUE U pean3allii aJrOpuTMOB PEIICHUS
3a1a4 Ha 0a3e MaTeMaTUYECKUX MOJEEeH

5. ®opma npoMeKyTOUHOI aTrTectaumu — 3k3ameH, PI'P (6 cemectp).

6. SA3bIk MpenogaBaHuA PyCCKUN
5. O0pa3oBartelibHbIE TEXHOJIOTUH

Il. Conep:xkanue IMCHUIIMHBI, CTPYKTYPHPOBAHHOE 110 TeMaM (pa3jiesiaM) ¢ yKasa-
HHEM OTBEICHHOT0 HA HMX KOJIMYECTBA aKaJeMHUYeCKUX YaCOB U BUI0B y4eOHbIX

3AHATHN

VYyeOHast nporpamMma — HauMe-
HOBAHUE Pa3/IeNIOB U TEM

Bcero | KonrakTtHas pabota (4ac.) Camocro-
(wac.) |Jlex- |Jlaboparop- |Kon- |sTenbpHas
UK | HbIE paboThl | TpoJib | paboTa, B
caMoO- | TOM 4YHClie
crosi- | KoHTposb
Tenb- | (dac.)
HOU
Bce |B T pa-
ro | NpaKkTU- | GOoTEI
Yyeckast
TIOJITO-
TOBKA




1. Beenenue.

[IoHATHE O METOAE KOHEYHBIX
Pa3HOCTEN AJIsl pELLICHHS ypaB-
HEHHUI B YAaCTHBIX IPOU3BOJI-
HbIX. [loHsITHE 00 MTEpalUOH-
HBIX METOJAaX PEIIEHUS CUCTEM
JUHEWHBIX  anreOpanyecKux
YpaBHEHUI U MIPUMEPHI UX pe-
amu3zammil. [Ipocras nrepanms
(meTon fkobu, MeTOJ OJHO-
BPEMEHHBIX CMellleHuii). Me-
ton laycca-3eiimens (meTon
MOCJIEAOBATENbHBIX  CMEIIIE-
HUit). MeToa HEeNoJIHOM penak-
caluu.

45

16

29

2. HesBHbIE WTEpallMOHHBIC
MeTO/bl. MeTO MPOrOHKH JUIst
pElIeHUs CUCTEM anredpaunye-
CKHUX YpPaBHEHUH C TpexAuaro-
HaJIbHOW MaTpuued kod3pdu-
I[UEHTOB.

45

16

29

3. Pacu€r HecTranmmoHapHOTO
OJIHOMEpPHOI'0 TIpoliecca pac-
MIPOCTPAHECHUS 3arpsI3HIIO-
IIEr0 BEIIECTBA CTOYHBIX BOJ.
Mogaens nonymnsinuu. Heycra-
HOBUBIIIEECS JIBMKCHUE MOJI-
3eMHBIX BOJI B TOJIyOSCKOHEU-
HOM OJTHOPOJHOM ILJIacTe.

45

16

24

4. CTanumoHapHbIN IBYMEPHBII
IIPOIIECC PACIIPOCTPAHEHUS 3a-
TPSI3BHEHUS TIPU COCPEAOTOUYCH-
HOM  cOpoce  TOCTOSIHHOM
MacChl CTOYHBIX BOJ| B PEKY.
Pacuér HecTtaumoHapHOro oj-
HOMEPHOTO IpoLecca pacipo-
CTpPaHEHHUs 3arpsi3HEHUS TpHU
MIePHUOANICCKOM COpoce CTOY-
HBIX BOJI B PEKy. 3amaaHasi uH-
TeHcuukaiusa teueHui. J[By-
MEpHas MOJEb pacu€ra pac-
IIPOCTPAHEHUS IIPUMECEU B BO-
noéMe ¢ yu€ToM pelnbeda JHa
1 OeperoBoro OYEpTAHMUSL.

45

16

24




UTOI'O 180 0 64 |0 10 106

I11. O6pa3oBare/ibHbIE TEXHOJIOTHH

YyebOnast mporpamMMa — HauMeHoBaHue | Bun 3anstust | OOpa3oBaTenbHBIE TEXHO-
pa3zenioB U TEM (8 Cpo2omM COOmeem- JOTUU
cmeuu ¢ pazoenom || PII/])

Brenenue. [lonsitue o Mmerone koneu- | Jlaboparop- 1. M3noxxeHune TeopeTuye-
HBIX Pa3HOCTEH ISl pelICHUs ypaBHE- | HbIe pabOThl | CKOTO MaTepHaia.

HHUW B YaCTHBIX NPOU3BOAHBIX. [IoHs-
THE 00 UTEPAIMOHHBIX METOJIaX pellie-
HUS CUCTEM JIMHEWHBIX anreOpaunde-
CKMX YPaBHEHHUU W MPUMEPHI UX pea-
mu3zauuid. [lpocras urepauus (Meron
SAxoOu, MeToa OJHOBPEMEHHBIX CMe-
menuii). Meron Naycca-3eiinens (me-
TOJ TOCJIEAOBATEIbHBIX CMELICHUN).
MeTto1 HENOTHOM penaKCcaluH.

HesBHble wuTepanmoHHble MeTojsl. | JlJabopaTop- 1. N3noxenue teopetnye-
MeTton TpPOTOHKH Il pEIICHUs] CH- | HbIe pabOThl | CKOTO MaTepuaa.

cTeM anreOpanvyecKkux ypaBHEHUH C 2. Pemenue 3anau.
TpeXAUaroHaIbHOM MaTpulen Kod(-

(ULIUEHTOB.

Pacuér necraunonapHoro oaHomep- | JlaGopatop- 1. U3noxenue teopernue-
HOTO TpoLecca pacupoCTpaHEHUs 3a- | Hble padoThl | CKOTrO MaTepuarna.
IPA3HSIONIETO BENIECTBA CTOYHBIX BOJI. 2. Penrenue 3amau.

Mogens nonysmanuu. HeycraHoBuB-
nieecs JIBUKEHUE MOJ3EMHBIX BOJ B
MOJIyOECKOHEYHOM OJJHOPOJHOM TLIa-
CTe.




CranmonapHslii 1ByMepHbIH mporiecc | Jlaboparop- 1. U3noxenue teoperuye-
pacnpocTpaHeHusl 3arps3HeHUs TpH | Hble paboThl | CKOrO Marepuana.

COCpPEIOTOYEHHOM CcOpoce TOCTOSIH- 2. Pemenue 3aaau.

HOHM MaccChl CTOYHBIX BOJ B peky. Pac-
YET HECTAIMOHAPHOTO OJHOMEPHOTO
MPOIIECCA PACIIPOCTPAHEHUS 3arpsA3HE-
HUS [IPU IEPUOANUECKOM cOpoce CTOU-
HBIX BOJ B PEKy. 3amnajHas WHTEHCHU-
¢ukanus TeueHui. [IBymepHas Mmo-
JleJIb pacu€ra paciupOoCTpaHEHUs IpHU-
Meceld B Bojoéme ¢ yu€tom penbeda
JTHA ¥ O€pEroBOro OYepTaHMUS.

IV. Ouenounble MaTepuaJibl 1JIs1 IPOBeAEHUS TeKylIeil 1 MPOMEKYTOYHOM aT-
TecTaluu
IIK-1 CnocoGen codupathb, 00padaThIBaTh U UHTEPIIPETUPOBATH IAHHBIE COBPEMEH-
HBIX HAayYHBIX HCCIIEOBAHNN, HEOOX0MUMBIE sl POPMHUPOBAHUS BHIBOJIOB IO CO-
OTBETCTBYIOIIMM HayYHBIM UCCJICIOBAHUSIM
[1K-1.1. 3naeT MeTObI MOUCKA UH(DOPMAIIUK, HEOOXOIUMOM /IJIsi TPOBEICHUSI CO-
BPEMEHHBIX HayYHBIX HCCIICIOBAHUN

Jlist cucTeMBl TMHEHWHBIX anreOpandeckux ypaBHeHUN a @, —bo +co,, = f,,

171

i=1,n, a=0,c =0
1. HanucaTh aNrOpUTM PELICHUSI C UCTIOIB30BAaHUEM METOJ1a 0OHOBPEMEHHbIX CMe-
LICHUM.
2. HamMCcaTh AJITOPUTM PEIICHUs C HMCIOJb30BAHUEM METOJIa NOCIe008ameNbHbIX
CMEILECHUM.
IIpuBeaéHHBbII NPUHIIMIT OLIEHKH OTHOCUTCS U K TiepBoMy (1.), u ko BTOpomy (2.) 3a-
JTAHUSM.
- ®opMyIbl HATTUCAHBI TIPABIIIBHO — 5 OAJIIOB.
- Imerotcst HeTouHOCTH B Harmucanuu (opmyI1 — MuUHYC 1-2 Gara.
- Huuero se caemano — 0 Oayuios.
[1K-1.2. OGpabaTsiBaeT M MHTEPIPETUPYET JaHHBIE COBPEMEHHBIX HAyUHBIX HCCIIe-
JIOBaHU U

1. ChopmynupoBath ¥ peaiu30BaTh AITOPUTM OCTPOEHUS UTEPALIUIl METO-
JIOM 0OHOBPEMEHHbIX CMEIICHUI B BUE BBIYMCIUTEIBHON MTPOTPAMMBI.

2. ChopmynupoBaTh U pean30BaTh aJITOPUTM MTOCTPOSHUS UTEPALIUNA METO-
JIOM 1OC1e008amMeNbHbIX CMEUICHUH B BUJIE BRIYUCIUTEILHONW TPOrPaMMBI.
IpuBeAéHHBII MPUHIMIT OIIEHKH OTHOCUTCS M K TiepBoMy (1.), 1 Ko BTopomy (2.) 3a-
JTAHUSIM.
- [Iporpamma Hamvcana nMpaBUIbHO — 5 OAIIOB.
- imeroTcst HETOYHOCTH B HAITUCAHHOM MTporpaMme — MUHYC 1-2 Gaa.



- Huuero ue caemnano — 0 6amwios.
[TK-1.3. ®opMupyeT BBIBOABI 10 HAyYHBIM HCCIICJOBAHHSIM Ha OCHOBE COOTBET-
CTBYIOIIUX JaHHBIX

Jns cucreMbl anreOpaMdecKuX ypaBHEHMM awwy, ., - aoy,; + aey,, +

any, ., + asy,;,, = f;, (i=1,n—1, j=1,m—1), y/i,j\r=o Hamucarb GOpMYJIbI IS

MTOCTPOEHMSI UTEPALAN:

1. 6;T0YHBIM METOIOM 0OHOBPEMEHHbIX CMEIIIEHUH.

2. OJIOYHBIM METOIOM NOCIe008AMEIbHbIX CMEILIEHUN.

IIpuBenéHHBII NPUHLIMI OLEHKH OTHOCUTCA U K iepBoMy (1.), 1 Ko BTropomy (2.) 3a-
TTAHUSIM.

- ®opMyITBI HAITUCAHBI TTPABIITBHO — 5 OAJLIOB.

- ImMeroTcst HeTOuHOCTH B HanmucaHuy popmyit — MuHyc 1-2 Garia.

- Hugero ne cnenano — 0 6aywios.

IIK-4. CriocobeH ucnoyib30BaTh COBPEMEHHBIE METOIbI pa3pabOTKH aIrOPUTMOB U
IPOrpaMMHOro 0OecrieyeHus ISl BBIIIOJHEHUS pacyeToB Ha 0a3e MaTEMaTUYECKUX
MoJenen
[1k-4.1. PazpabaThiBaeT alropuTMbl pelIeHUs 3a7a4 Ha 0a3e MaTeMaTUYECKUX MO-
neneu
1. HaliTn aHanuTHYECKOE pELICHHE KPaeBOM 3a1auu
d’p d

£W+&=f,(O<X<1),(I)(O)=¢)a,¢)(l)=(ob (*)
2. HaliTn aHaIuTHYeCcKOe pereHrue KpaeBoi 3a1aqn
d’p do _ _o 02 _
gdx2+dx_f,(O<x<1),¢(0)—¢a, aXx:l_o. (*%)

IpuBenéHHBII MPUHIUI OLIEHKH OTHOCUTCS | K niepBoMy (1.), 1 ko BTOpomy (2.) 3a-
TTAHUSIM.
- Penienue HaiizieHoO BepHO — 5 OayioB.
- IIpn HaxOXKIEHNU peLIeHrsI UMEIOTCS HETOYHOCTH — 4 Oasuia.
- Haiinennoe pemnienre He yAOBIETBOPSIET KPAeBbIM YCIIOBHSIM — 2 Oajia.
- Hudgero He cnenano — 0 Oayuios.
[1K-4.2. PazpabaTsiBaeT mporpaMMHOE 0OeCIieUeHUE sl peaiu3aliuu allrOPUTMOB
pelieHus 3a1a4 Ha 6a3e MaTeMaTH4eCKUX MoJieseit
1. KpaeByro 3aady (*) ammpoKCHMHPOBATh CXEMON HANPAGICHHbIX PA3HO-

creil.  PemeHue  MoOdMy4eHHOM ~ cUCTEMbl  anreOpauvyeckux  ypaBHEHHM
a@_ —be +ce.,=f c TpuauaroHaapHOM MaTpuledl Ko3(pQUIHUEHTOB HMCKATh B
BULIE @, =i, + ;-

2. KpaeByto 3aaqy (**) anmpOKCHMHPOBATH CXEMOU YeHmMpaibHbIX PA3HO-
cteil. Perenue moyrydeHHOM cuCTeMBl anre0panyecKux ypaBHEHUN
a@_,—be +ce  =f C TpuauaroHanbHONM MaTpuled KOI(PPUIMEHTOB HCKaTh B

BUAC @, =(1_ai)¢’i+1 +5;.



IIpuBenéHHBII NMPUHIUI OLIEHKH OTHOCUTCS U K niepBoMy (1.), 1 ko BTOpomy (2.) 3a-
JTAHUSIM.
-KpaeBass 3amaua 3amMeHeHa KOHEYHO-PA3HOCTHOM W TpUBEACHA K  BHIY
ag_—be+cp.,, =1

Beinucans! (popmyiiel 11 onpeesieHus: IpOroHOUHbIX KOA(P(UIMEHTOB @, U B — 5
OaoB.
-IIpu 3amene quddepeHImMaIbHON KpaeBoi 3a1aui KOHEYHO-PA3HOCTHOM 3a1a4ueii nMe-
IOTCSl HETOYHOCTH — MUHYC 1-2 Gasa.
- ImeroTcst HeTOYHOCTH TIPY ONpPeIeTIEHUH IPOTOHOYHBIX KOG GHUIIMEHTOB — MUHYC 1-2
Oasa.
- Huuero He cnenano — 0 6ayuios.

V. Yueb6Ho-MeToqu4uecKoe U HH(OPMAIIMOHHOE 00ecTieyeHue THCIMILTHHBI

1) Pekomen tyemast JiuTeparypa
a) OCHOBHas JIMTEpaTypa:
1. 3ayap, P. Beeaenue B razoByro auHamuky / P. 3aysp ; nepeon I'. A. Bonbnepr.
— Mocksa, MxeBck : PerynsipHas u xaotudeckas AuHamMuka, MTHCTUTYT KOMIIbIO-
TepHbIX HccnenoBanuit, 2019. — 228 c¢. — ISBN 978-5-4344-0767-0. — TekcrT :
anexkTpoHHbiit // Ludposoit odpazoBarensHbiil pecypc IPR SMART : [caitt]. —
URL.: https://www.iprbookshop.ru/92110.html (zara obpamienns: 19.10.2023).
2. Kmumok B.M. Maremaruueckast Mojiesib TUIPOTEPMOIMHAMUKN BOJIOEMA U €€
JUCKPETHBIN aHanu3 : yueOHo-MeToanueckoe nocooue / B.M. Kiumok ; Tsep. roc.
yH-T. - TBepsb : TBepckoil rocyaapcTBennsiii yausepeuret, 2000. - 26 c¢. - URL:
http://texts.lib.tversu.ru/texts2/00001ucheb.pdf
3. Mapuyxk, I'. 1. MeTonbl BEHIYMCIUTENFHON MaTeMaTHKH : yaeOHoe mocooue / I
N. Mapuyk. — 4-e u3n., crep. — Cankr-IlerepOypr : Jlanp, 2022. — 608 c. —
ISBN 978-5-8114-0892-4. — TexcT : a5meKTpoHHBIH // JIaHb : 3IeKTpOHHO-O0MOIHO-
teunas cucrema. — URL: https://e.lanbook.com/book/210302 (mata oOpaiieHus:
20.10.2023).

0) TOTIOTHUTEIIbHAS
1. Nomxanckuii, @. B. OcHoBbI reoduznyeckoit ruapoauHamuku / @. B. lomxkan-
ckuit ; moa o6, pea. E. b. I'meazep. — Mocksa : ®usmariurt, 2011. — 264 c. : wi.,

CXEM., TadI. — Pexum JocTtyna: 110 MOAIUCKE. —
URL: https://biblioclub.ru/index.php?page=book&id=457426 (nata  oOpaieHus:
20.10.2023). —

2. Banos, B. A. OcnoBnl okeanonoruu / B. A. UBanos, K. B. ITokasees, A. A.
[peitnep. — 3-¢ uzn., crep. — Cankr-IletepOypr : Jlans, 2023. — 576 ¢. — ISBN
978-5-507-45648-2. — TekcT : 31eKTpoHHbIH // JIaHb : 37IeKTpOHHO-O0MOIMOTeYHAs
cucrema. — URL: https://e.lanbook.com/book/277064 (mata oOparieHus:
20.10.2023).

3. Puxtmaiiep, P. PazHocTHBIE MeTObI pelieHus KpaeBbix 3anay / P. Puxtmaiiep,
K. Mopron ; pen. b. M. bynak, A. JI. TopOyHoB ; mep. ¢ aara. b. M. bynak, A. /1.
['opbynoBa [u np.]. — Mocksa : Mup, 1972. — 420 c. : w1 — Pexxum noctyma: mo



https://www.iprbookshop.ru/92110.html
http://texts.lib.tversu.ru/texts2/00001ucheb.pdf
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https://e.lanbook.com/book/277064

noamucke. — URL: https://biblioclub.ru/index.php?page=book&id=457046 (nara
obpamenus: 20.10.2023).

4. Camapckuit, A. A. Beegenue B Teopuro pazHoCTHBIX cxeM / A. A. Camapckuil. —
MockBa : Hayka, 1971. — 554 c¢. — Pexum pgoctyma: Mo MOANUCKE. —
URL.: https://biblioclub.ru/index.php?page=book&id=457052 (mata  oOparcHus:
20.10.2023).

5. ®agnees, J1. K. BerauciauteabHble METOABI TUHEHHON anreopsl : yueOnuk / . K.
®dannees, B. H. ®anneeBa. — 4-e uzn.,crep. — Cankr-IletepOypr : Jlanp, 2022. —
736 c¢. — ISBN 978-5-8114-0317-2. — Tekct : anekTpoHHbIil / Jlanp : smek-
TpoHHO-OnOmoteynass cucrema. — URL: https://e.lanbook.com/book/210368
(mata obpamenus: 20.10.2023)

6. Kucmosuuy, A. B. ®u3uka mops : yaeOHoe ocodue st By30B / A. B. KuctoBuy,
K. B. ITokazeeB, T.O.Yamnuua. — Mocksa : UznarensctBo IOpaiit, 2023. —
336 c. — (Bricmiee o6pazoBanue). — ISBN 978-5-534-12036-3. — TekcT : amek-
TpoHHbld  //  OOpa3zoBatenbHas  miatgopma  FOpaiit [cailT]. —
URL.: https://urait.ru/bcode/518565 (nata ooparmenus: 20.10.2023).

2) IIporpammMHOe obecrieueHne

KomnbrorepHbiil KiIace (aKyJabTeTa NPUKJIATHON MaTeMATUKH U KHOepHe-
THKH Ne 249
(170002, TBepckast 00.1., r.TBepb, CagoBblii mepeysok, 1.35)

['ocynapCTBEHHBINM KOHTPAKT HA IIOCTaBKY JIHU-
Cadence SPB/OrCAD 16.6 IICH3UOHHBIX TPOTPAMMHBIX MTPOAYKTOB 103 -
I'K/09 ot 15.06.2009

AKT mpuema nepenadu 1o 1orosopy Ne02/12-
13 ot 16.12.2013

FidesysBundle 1.4.43 x64

Google Chrome OecraTHO
JetBrains PyCharm Community 5
Edition 4.5.3 CCeIUIaTHO
Kaspersky Endpoint Security 10
w1 Windows AKkT Ha nepenauy npaB [1K545 ot 16.12.2022
Lazarus 1.4.0 OecCIIaTHO
Akt npenoctasienust npas M1C00000027 ot
Mathcad 15 M010 16.09.2011
Akt npepoctaBienusa npaB Ne Us000311 ot
MATLAB R2012b 95 092012
MiKTeX 2.9 OeCIIJIaTHO
NetBeans IDE 8.0.2 OecIIIaTHO
Notepad++ OecriaTHo
OpenOffice OecriaTHO

noroop Nel13918/M41 ot 24.09.2009 ¢ 3A0
«CodrJlaita Tpeia»
Python 3.4.3 OecriaTHO

Origin 8.1 Sr2



https://biblioclub.ru/index.php?page=book&id=457046
https://biblioclub.ru/index.php?page=book&id=457052
https://e.lanbook.com/book/210368
https://urait.ru/bcode/518565

Python 3.5.1 (Anaconda3 2.5.0

64 bit) OecraTHO
R for Windows 3.3.2 OecriaTHO
STATGRAPHICS Centurion | Akt npuema-niepenaun Ne Tr024185 ot
XVIII 08.07.2010

MHoro(yHKIMOHAIBHBIN peak-
Ttop ONLYOFFICE Gecrinatnoe | 6ecriaTHO
110
OC Linux Ubuntu 6ecrmaTaoe
110

OecIuiaTHO

3) CoBpeMeHHbIE podeccroHaTbHBIE 0a3bl JAHHBIX U MH(OPMAIIMOHHBIC CITPABOYHBIC CH-
CTCMBbI

1. 9BC «ZNANIUM.COM» www.znanium.com;

2. OBC «YHuBepcurerckasi oudanorexa onmnaiin» https://biblioclub.ru/;

3. 9BC «Jlanby» http://e.lanbook.com.

4) Ilepeuens pecypcoB HH(DOPMALIMOHHO-TEIEKOMMYHUKALIMOHHON ceTh «IHTepHEeT», He-
00XOIUMBIX JJI1 OCBOCHHSI JUCITUTLTAHBI
« Caift moaep KKK y4eOHOro Ipoliecca o Aucuuiutiae: http:/prog.tversu.ru
» Bupryanbhas obpazoBarenbHas cpeaa TBI'Y (http:/moodle.tversu.ru)
» Hayunas 6ubmorexa TBI'Y (http://library.tversu.ru)
« Caiit TI'Y (http://university.tversu.ru)
1. DnexkTpoHHO-OMOIMOTEYHAs cucrema [PRbooks:
http://www.iprbookshop.ru
2. DIEeKTpOHHO-OMOIMOTEeUHas cUcTeMa « Y HUBEPCUTETCKasi OnOmmoTeKa
ONLINE» http://biblioclub.ru
3. Hayunas 6ubnuoteka TBI'Y http://library.tversu.ru

V1. MeTroanueckue MaTepuaJibl 1JI1 00yYAHOIIUXCS 110 0CBOEHUI0 TUCHHUIIINHBI
Baxxnoli coctaBmsitoneid nannoro pasnaena PIIJ] sBastorest TpeboBanus K peil-
TUHT-KOHTPOJIIO C YKa3aHUEM 0alsIoB, paclpeiesIeHHbIX MEXI1y MOYJISIMU U BU-
JaMu paboThl 00YUAIOIUXCSI.
MakcumanbHas cyMMa 0ajuioB M0 Y4eOHOU JUCITUTUIMHE, 3aKaHYHUBAIOIICHCS
HK3aMEHOM, 0 UToram cemectpa coctasisier 60 6amnoB (30 6amioB - 1-if Mo-
nyib B 30 6aioB - 2-i1 MOIYJIB).

OOyuaromemycsi, HabpaBmiemy 40—54 Oamta, mpu MOJBEICHUU HTOTOB CE-
MecTpa (Ha MOCIeAHEM 3aHATHHU IO JUCIMIUINHE) B PEHTHHTOBOM BEIOMOCTH
ydeTa yCIIeBaeMOCTH W 3a4CTHOW KHFDKKE MOXET OBITh BBICTaBJICHA OIICHKA
«YIOBJICTBOPUTEITHHOY.


http://www.znanium.com/
https://biblioclub.ru/
http://e.lanbook.com/
http://prog.tversu.ru/
http://university.tversu.ru/
http://www.iprbookshop.ru/
http://biblioclub.ru/
http://library.tversu.ru/

OObyuaromemycsi, HaOpaBiiemy 55—57 6anoB, MpH MOABEIEHUU UTOTOB Ce-
MecTpa (Ha TOCIeIHEM 3aHITHH M0 JUCIUIUIMHE) B Tpade peUTUHTOBON BeHO-
MOCTH y4eTa ycreBaeMocTH «lIpeMuanbHbpie 0aTby MOXKET OBITh J00aBIeHO 15
0aJI0B M BRICTABIICHA SK3aMEHAIIMOHHAS OIICHKA «XOPOIIOY.

OO6yuaromieMycs, HaOpaBmiemy 58—60 6aioB, MpU MOABEICHUA UTOTOB Ce-
MecTpa (Ha TOCIeHEM 3aHITHH 0 JUCIUIUINHE) B Tpade peUTUHTOBON BeIO-
MOCTH y4eTa ycreBaeMocTH «lIpeMuanbHbie 0amibhy MOXKET ObITh 100aBIeHO 27
0a/IoB M BBICTABJICHA SK3aMEHAI[MOHHAs OIEHKAa «OTIMYHO». B Kakux-mmbo
UHBIX CITydasx 100aBlieHHE MPEeMUaTbHBIX 0aJIOB HE JOMTYCKAeTCsl.

OOyuaromuiics, HaOpaBIwii 10 39 6ATIOB BKIIOYNTEILHO, CIAET IK3aMEH.

Pacnpenenenne 0amioB mo MOAYJSM YCTAHABJIMBAETCS MPENOAABATEIEM H
MOKET KOPPEKTUPOBATHCS.

1. PacuetHo-rpajduueckoe 3a1aHue JOHKHO COAEPKATh!

e BBC/ICHUC;

e IIOCTAHOBKY 3aJ1a4U;

e BBIBOJI YPABHEHUS JJI1 UHTETPAIbHON (DYHKIIMH TOKA;

e YKa3aHHUs KOHEYHO-PA3HOCTHOW CXEMbI ISl alllPOKCUMALIMM YPaBHEHUS B
YACTHBIX [MPOU3BOIHBIX;

e KCIIOJb3yEMbBIA UTEPALMOHHBIA METOJ JJISI PEIICHUS MOJTYYEeHHOW CHUCTEMBI
JMHENHBIX alreOpandyeckux ypaBHEHUN;

e PE3yNbTAThl YACIECHHBIX IKCIIEPUMEHTOB;

e pacneyaTKy IPOTPaMMBlI.

2. KoHTpoJibHbIE BONPOCHI /ISl IPOBeIeHUs IK3aMeHa

Onpenenenue BHyTPEHHUX M TPAHUYHBIX y3J10B ceTouHOM obnacTu. [Ipumep ar-
npokcumanuu auddepeHIuanbHoro ypaBHeHus. OrmnpeaeneHue pa3HOCTHOM
CXeMbl (KOHEUHO-Pa3HOCTHOTO aHasora). [Ipoctas urepamus (meton Axkobu, me-
TOJ OJHOBPEMEHHBIX cMmerieHuit). Merop "aycca-3elinens (MeTo mocienoBa-
TEJIBHBIX CMEIIeHHI). MeTo1 HeMmoMHOo# penakcanui. MeTo 1 MPOTOHOK 10 JIH-
HUSM. MeTOoJI POTOHKH ISl PELIEHUS] CUCTEMBI YPABHEHUM C TPEXAUAaroHallb-
HOM Matpuueil. CxeMbl peain3aluy UTEPAIMOHHBIX MPOLECCOB HA KOHKPETHBIX
IpuUMepax.

Jns HaxoxaeHus NPUOIMKEHHOTO pEIIeHUs KpaeBou 3agaun u"+au' = f,
u(0)=u(1)=0, rie @ W f MOCTOSHHBIC, HCIOJIB3YECTCS PA3HOCTHAs CXeMa

au_,—bu +cu,,=f, b=a+c, u,=0, u, =1. Haiitu pemienne 01HOPOAHON CH-

CTeMbl anreOpandyeckux ypaBHeHuil au,_, —bu, +cu, ,=0. Pemenue nuckare B
k

BUJIE U, =(".
BoiBectu popmyiiel asnst onpeneneHus: Ko3hGUIIMEHTOB METOoAa MPOTOHKH MpHU
peuieHuu CUCTEMBI JIMHENHBIX anredpandecKux ypaBHEHUI

au_,—bu+cu,=Ff, u=u, u=u". Pemenue wuckatb B BHUIEC

U = Uy, + B, -



BriBectu popmynisl it onpenenenns KodpGUIUEeHTOB METo/1a IPOrOHKU TIPH

pelieHuu CUCTEMBI JVMHENHBIX aredpanvecKux ypaBHEHUH
— — 1,9 N

au_,-bu+cu,,=f, u=u, u,=u". Pemenue wuckatb B BUIE

U, =(l_ak)uk+l+ﬂk'

d*p _ dP (1 P°
AnNmnpokcuMUpoOBaTh ypaBHeHHE D o —Uu— o —+y |P=—— W IOPUBECTH K
T T

Buny a, P_,—-b PR +c P, =f

k+1 = "k*

. . dx .
Haittu pemenne kpaeBou 3a1auu pry =ax—bx?, x= X, IIpA t =t,, ONMUCBIBAIOLLIEH

JIOKaJIbHYIO0 TMHAMUKY MOMYJISIIUY (3aKOH €€ poCTa).

Haittu pemenue xpaeBou 3anayu %h= g h t=0:h=H,; x=0:h=H, =const,
X’

X =+00:h=H, =const, onuceBaoIIeil IpolLecc OCyIIeHUs 3a00JI0YEHHOT0 Mac-

CBa OJMHOYHBIM COBCPIOCHHBIM KaHAJIOM, B IPCAIIOJIOKCHHUH, YTO YPOBCHbDb
BOJbI B KaHAJIC MTHOBCHHO CHU3HUIJICA C Ho a0 Hl . Ucnnonp3oBaTh HOBYIO IICPC-

X
MEHHYIO Y= ——.
oc 0’ L
YpaBHeHHe ua—x = AW— ¥C C IIOMOILBIO MTOJICTAHOBKHU c(x, y) =g U ¢)(X, y) pu-
2
BECTHU K BULly —— an A 0 (20 .
oX uoy
oc 6 C oc o BX+AL
YpaBHeHHe E_ Da > ua—x—yc IOJCTAaHOBKON c(x,t)=e ¢(x,t) MPUBECTU
cv op
K BU =D—~
vy ox?
. . oy .
Haittu pemienne kpaeBod 3aaauu gAa//+a—X=smny, y/|F =0, B KBajpare
[0,1;0,1].
du’H ouvH o(ut+v? v du
IToka3aTth, 4TO + =H| — Y] et , TIpU YCIIOBUH,
OX oy oX 2 ox oy
ouH ovH
q10 — +——- =0
OX oy
duvH ov2H o(u2+v?) —(ov ou
IToxazatb, 4TO + =H|— +u| ———1_| , IpH" YCIOBUH, YTO
OX oy oy 2 ox oy
duH ovH
——+—=0.
OX oy

N3BecTHO, UTO aiz—i%+3%+q§x, aiz—i%—iﬁﬂby. 3anucarthb
OX Hox H oy oy Hoy H ox

YCJIOBUEC j dP, =0 B BHJ€ KPUBOJHUHENHOIO UHTETPaja IEpBOTo poja.

JlaHO ypaBHEHuHe



or,/H
6AV/+RA1// Téx _6'[;;H

o . OE
C YCIIOBUCM l//|r =0. Haiitu BBIPAKCHHUC IJISI ITIPOU3BOAHOHN E , TAC

e i[5 (5] o -2l 2(5%)

u? +v?

BriBecTH 3aKOH U3MEHEHUSI KUHETUYECKOM OHCPIrun —‘”J- dV 1iis nBUxKe-

HHsA, OITMCBIBACMOI'O YPABHCHUAMMU

6_u+ fv= Aa—u— Ru
0z°

2
@— fu= Aa—— Rv
ot 0z°

C KpacBbIMH YCJIOBUAMU

ou ov
z2=0: A—=-1, A—=—‘ry
0z 0z
ou ov '
z=H: A—-=-1), A-=-1,
0z 0z
YpaBHEHUS BBINOJIHAIOTCS B 007aCTH V BOJI0EMA, OTPAaHUYCHHOMN ITUIUHIpUYC-

CKOM NOBEPXHOCTBIO I' M mockocTamu Q, ={z=0} u Q,, ={z=H}.

H3BecTHO, YTO
6_P= f 6y/+ RO N

&y Hoy Hox H
Haiitu cooTHomIeHne, KOTOPOMY AOJKHA YIOBJIETBOPATH (DYHKIUS TOKA w Ha

KOHTYpEe OCTpOBa U3 YCJIOBHUA: I dP =0, y/| , =const, T. . aa—T =0, rae | —
r r

HaMpaBJICHUE KacaTEIbHOM, I = [— cos(n, y),cos(n, x)].

3. MeTtoauyeckue peKOMeHAAIUM MO OPraHU3ALMN CAMOCTOATEIbHON pa-
00THI U JIA0OPATOPHBIX PadoOT
Cooeporcanue camocmoamenvHoil padomal
Hanpumep, Tpebyercs:
1) anmpokcumupoBaTh auddepeHInaIbHOe YPaBHEHNE B YACTHBIX MPOU3BOJIHBIX,
UCITOJIB3YsI OJTHY M3 TIPEIJIOKCHHBIX PA3HOCTHBIX CXEM;
2) onpeneauTh MOPSIOK allPOKCUMAIINH;
3) HamMcaTh aNTOPUTM PEIICHHS TIOJYYCHHON CHCTEMBI alreOpandecKux ypaBHeE-
HUH, UCTIOJIb3YS OJMH U3 TIPEIIOKCHHBIX UTEPAIIMOHHBIX METO/IOB;
4) HarmuCcaTh MPOTPaAMMY, PEATU3YIONIYIO JaHHBIA aJlTOPUTM.
IIpuMep coaep:kaTeJIbHOIO ONMUCAHUA 337aHUS HA MpPUMEpPe OOBIKHOBEHHOIO
nudepeHnnanTbsHOTO YPaBHEHHS.



KpaeBas 3amava coctout B cnenyromieM. TpeOyeTcs HaliTu pemenue qudde-
PEHIIMAIBHOTO YpaBHEHUS

Y+ p(X)y —q(x)y= f(x), a<x<b, q(x)=0, (1)
yIOBJIETBOPSIOLIETO KPACBBIM YCIOBUSAM IIEPBOTO POJIA:
y@)=7.,y(b)=7,, (2)

rae p(x),q(x), f(x) — 3amaHHble HEMPEPHIBHBIE HA OTpe3kKe [a,b] GyHKIUH; ¥, ,y, —
3a/IaHHBIC YUCIIA.

[Tpu pemennn kpaeBoii 3aaaun (1),(2) MeTO0OM KOHEUHBIX PA3HOCTEH OTpe-
30K [a,b] pa3OuBaeTcsi Ha n 4YacTeil, BOOOIIEe roOBOps, HE 00s3aTEIbHO PaBHBIX.
Touku neneHus: OTpe3Ka Ha YaCTH UMEIOT aOCIMCChI

[ —
X; = X, +Z(xi -X;,) (i=1n), mpuueM x,=a,Xx,="b. 3HaueHUs] UCKOMON (PYyHK-
1=1

Uy y(x) B TOYKAX X; U €€ IPOU3BOIHBIX Yy'(X) U y"(X):
Y, =y(X), ¥y =Y'(%),Y"(X,). Kpome TOTO, BBOJSTCS 0003HAYECHUS:
P = p(xi)!qi =q(xi)1 fi = f(xi)'

[IponsBonnbIe y!,y' 3aMEHSIOTCS C HEKOTOPOW INMOTPEIIHOCTHI0 KOHEYHO-
Pa3HOCTHBIMU OTHOLIECHUSIMHU BO BHYTPEHHUX TOUKaxX X, OTpe3Ka [a,b]. Hampumep,
ecyM pa3OueHne paBHOMEPHOE, T.€. X; =a+i-h,h=(b-a)/n,i= 0,n, TO KpaeBast 3a-
nada (1),(2) MoxkeT ObITH 3aMeHeHa (apPOKCHMHUPOBAHA) ¢ TOrpenrHOCThI0 O(h%)
CUCTEMOM alreOpanyecKux ypaBHEHHM (Pa3HOCTHOM CXeMOiN)

Yisr = 2Yi + Yia +p. Yiaa — Yia

h? ' 2h
C KBaJIpaTHOM TpeXIMaroHAIbHOW MaTpHIlel KO3 HUIIUEHTOB.

_qiyi=fi! i=1,n-1, Yo=VYar¥Yn =7 (3)

[Ipy uccnenoBaHUM NOTPEIIHOCTH NPUOIMKEHHBIX (POPMYJ YHUCIEHHOTO
i pepeHInpOBaHUs BHIITUCHIBAIOT BHIPAXKEHUS 1JI1 OCTATOYHBIX YICHOB, UCIOJb-
3ys popmyny Teitnopa.

Hanpuwmep,

y(x+h)—-y(x-h) 1 L 3y _
™ = oY)+ hy'(x) + == y"(x) + O(h7)

2

y(x) +hy’(x) —% y"(x)+0(h*)]=y'+0O(h?).

B cooTBeTCTBUU € BUJOM OCTATOYHOI'O YJieHA FTOBOPST, YTO (B TAHHOM CITy-
yae) MOrpelHOCTh UMEET BTOPOM MOPSAIO0K OTHOCUTENBHO h WM anmpoKcUManus
BTOPOTO MOPSIIKA TOYHOCTH (OTHOCHUTENIBHO h).

Hanpuwmep,

y'(x) =

2

y() m PEERZID - 13604 v+ 3700+ 0(0°) - y(x)1 = y'()+ O(h)

T.€. B JaHHOM CJTy4ae MOTPEIIHOCTh UMEET MEPBBIN MOPSAIOK OTHOCUTEILHO h WiH
anMpOKCUMAITUs IEPBOTO MOPSIIKA TOYHOCTH.
CucrteMy anreOpanyeckux ypaBHeHuU# (3) MOXKHO 3amucaTh B BUJE
aYi..—by+cy,=-f, i=1Ln-1, (4)




v 1. p 1 p
C yueToM 00O3HAUEHUM: a, = rrt o G T o b, =a, +¢, +q;.

PasHoctHass  cxema  (4) Ha3bIBA€TCS  MOHOTOHHOH,  eciu
a,>0,c, >0,b, —a, —c, =d, 20. D10 Ha3BaHUE OOBSACHSIETCS TEM, YTO pPEIICHHE 3a-

nauu (4) npu d, =0, f, =0,a, >0,c; >0 sBiIsSIETCS] MOHOTOHHOW (PYHKLIMEW Ha BCEM
OTpe3Ke, T. €. b0 y, <y, , b0 y, >y, i BcexX i=1,n-1. /Ii1 MOHOTOHHBIX

Pa3sHOCTHBIX CXEM BBIIOJHAETCS MPUHITUIT MAKCUMYyMa, KOTOPBIi rapaHTHPyeT OjI-
HO3HAYHYIO Pa3peIlMMOCTh JUCKPETHOM 3aJauyd U PABHOMEPHYIO CXOJUMOCTH €€
PEIIEHUS K TOYHOMY PEIICHHUIO.

Hanpumep, €ciiy MCIIOJIB30BaTh UTEPAIMOHHBIN METOJI TOCIEI0BATEIBHBIX
CMELIECHUH I pELIEHUs] CUCTEMbI anredpandeckux ypaBHEHHH (4), TO MTepaluu
CTPOATCS CIIEAYIOMIUM 00pa3oM:

D = @,y M + e,y + £) /b, i=1n-1,

i+1

rae k — HoMep UTepanOHHOTO IIara.
@parMeHT IpOrpaMMBbl, PEATU3YIOLIEH TaHHBIA AITOPUTM, HAIIPUMED, HA AJI-
TOPUTMHUYECKOM sA3bIKe [lackasb, MOKET IMETH BU:

{a[i], b[i], c[i], f[i] npeanonararoTcs y>ke 3alaHHBIMH }
y[0] := ga; y[n] := gb;
for i:=1to n-1do y[i]:=0;
for k:=1 to koliter do
begin
for i:=1ton-1do
yli]:= (afi]* y[i + 1]+ c[i]* y[i — 1]+ f[i])/b[i];
{TIpoBepKa yCcIOBUs HAXO0XKJIEHUS PEUICHUS C YIOBIETBOPSIONIEH TOUHOCTBIO, ECIH
J1a, TO BBIXOJ U3 UTEPALIMOHHOIO LIMKJIA, €CIIM HET, TO UTEPALMU TPOJOJIKAIOTCS

end;{ end of k}

Hanpumep, Tpebyercs:

1) BeIBECTH ypaBHEHUE JIJIsI MHTETPATbHON (DYHKIIUN TOKA;

2) chopmynupoBaTh KpaeBble YCIOBUS JJIS MOTYYEHHOTO YPAaBHEHUS,

3) BBIKMCATh COOTHOIICHHSI, KOTOPHIM JIOJIKHA YAOBIETBOPATH (DYHKITUS TOKAa Ha
OCTPOBAaX B Cllyuyae HEOJHOCBI3HOM 00J1acTH.

IIpumep coaepkaTeJJbHOI0 ONMCAHUA 33JaHKS HA IPUMEPE BOAOEMA TOCTOSTHHOU
TITyOUHBI.

VYpauenust HaBpe-CToOKCa, ONMCHIBAIOIINE ABUKCHUE BI3KOW HEC)KUMAEMOM
KUJKOCTH, 3allMCAaHHbIE B JIEKAPTOBOM CHCTEME KOOpAMHAT B MPHUOJIMKEHUU S —
MJIOCKOCTH Y MPEHEOPEKEHUH UHEPIIMOHHBIMU YWICHAMHU U TOPU3OHTAIBHBIM TYP-
OyJIEHTHBIM TPEHUEM UMEIOT BU/I;

6_u+ fv=—ia—P+£(Aa—u), (1)
ot P, OX 0z o1



N fu=- PO NN 2)
ot P, Oy 07 oz

1 0P ¢
—g=-=-Z P=p° , 3
g S WIN +g‘!pdz (3)
ox oy oz

B xauecTBe rpaHUYHBIX YCIOBUM MOCTABUM CIIEIYIOIINE:
Ha HeBO3MyILIEHHOM TOBEPXHOCTH IIPU 2 =0

ou ov .
pOAE:_Tx’pOAaz_Ty’Wzoi (5)
Ha JHE BojgoeMa Ipu z=H :
ou b ov b . 6
poh8 it 2t o, ©)

Ha OOKOBBIX TPAHUIIAX:
WHTETPAIBHOE YCIIOBUE HENIPOTEKAHUS

(J-f)=0, (7)
rae fi=[cos(n, x),cos(n, y)] — BEKTOp BHEIIIHEW HOpMalu K OeperoBoit uepte I', a

H H
U — BEKTOp MOJHOTO IIOTOKA C KOMIIOHEHTaMu: U, = I udz, U, = I vdz .
0 0

B nHavanbHBIM MOMEHT BpeMeHH t =0 OyJeM CUUTaTh, YTO CKOPOCTh TEUEHUS
M3BECTHA:

u=u’,v=v°

O6o03Ha4yeHHs OOIIETIPUHSATHIC: OCh X HalpaBlieHa Ha BOCTOK, y — Ha IOT, Z
— PacCTOSIHUE I10 BEPTUKAIHM BHU3 OT HEBO3MYIIEHHOW IMOBEPXHOCTHM BOJOEMA;
f = f,— B-y — napametrp Kopuonuca; P,p — OTKIIOHEHHS AABJIEHHUS U INIOTHOCTH
OT HEKOTOPOr0 CTaHJAPTHOIO pacHpelelieHus IO TIIIyOuHe; 7,7, —KOMIIOHEHTHI
HAINpPSDKCHUS TPEHUs BETpa; 7.,7, — KOMIIOHCHTBI HANPSHKCHHsS MPHIAOHHOTO Tpe-

HUS; U,V,W — IPOEKIMHU BEKTOpPAa CKOPOCTH HA OCU KOOPIAMHAT X,Y,Z COOTBET-
CTBEHHO; p, — CPEIHsA TUIOTHOCTh BOABL; A — KO3(P(PUIUEHT BEPTUKAIBHOTO TYp-
OyJeHTHOro TpeHusi; P° — naBlieHHWE HAa HEBO3MYUIEHHON MOBEPXHOCTH BOJIOEMA,
BKJIIOYAOIIee aTMOC(EPHOE IABJICHUE U IaBJIEHUE, BbI3BAHHOE MIEpENaiaMyi YPOBHS
BOJIbI B BOZOEME.

bynem cunrtarh, 4TO COCTABIAIONIME NPHUIOHHOTO TPEHUS TPONOPLHOHAIBHBI
COCTABJISIFOLIUM IIOJIHOTO IIOTOKA, T.€.

H H
Th = R_[poudz, T, = ijovdz.
0 0

[TpounTerpupyem ypaBHeHHE HEPA3PHIBHOCTH (4) 1o mepemMeHHou z ot 0 10
H ¢ yuyeToM KpaeBbIX yciioBHi (5),(6) 17151 BEpTUKAIBHOM COCTABIIAIONIEH CKOPOCTH
W, B PE3yJIbTaTE MOIYyUYUM

H H
9 udz+§jvdz=0. (8)



HuTerpanbHoe ypaBHEHUE HEpa3pbIBHOCTHU (8) OyIET BBIMONHATHCA TOXKIIE-

CTBCHHO, €CJIM BBECTHU (IJYHKHI/II-O TOKa y COIJIaCHO COOTHOIICHUAM
H

oy oy
o _! povdz, —— - I p,udz, 9)

Torz:a OCPCAHCHHBIC 110 FHY6I/IH€ T'OPHU30HTAJIBHBIC COCTABJIAIOIINC CKOPOCTH

H H
u= % j udz, v = % j vdz MOTYT ObITh HalJIeHbI Yyepe3 (HyHKIIMIO TOoKa Mo (popmynam
0

U=-— 1 a_y/’v:La_W_ (10)
poH oy poH ox
Wuterpupys ypaBHenus asmkenus (1), (2), mpeaBapuTeIbHO YMHOKCHHBIC

Ha p,, 10 BEPTUKAJIbHOU KoopAuHaTe oT 0 A0 H , moixy4um

o " H oP® H ap H

— udz + f viz=-H—+g9g|z—dz+7, — R udz ,
at_!po _!po ox g_! ox Ty _!po
ot e P> " ap :

— | pvdz—- T | p,udz=—H ——+g|z—dz+7, — R| p,vdz,
e A i Tt

H
37eCh uepe3 P° 0003HaYEHO MPHUIOHHOE JaBlICHHE — P = P°® + g I pdz ¥ y4TeHO pa-
0

H

H z
BCHCTBO _[ dz j pdé = _[Zpdz, KOTOpPOE€ JIETKO ITOJIYy4YaeTCs MHTCIPUPOBAHHUEM IIO Ya-
0

CTAM.
C ydetroM cooTHomIeHui (9) mociaeaHue 1Ba ypaBHEHUS MIEPEIUIIIEM B BUJIE
__(ay/) oy _ oHP" & 1%

= gjz—pdz+r +R—,
ot "oy OX Cox oy

H
(ay/) o _ 6H_Pb+ gjz—pdz+r —Ra—w. (11)
oy oy s Oy ! OX
I/ICKJnquM TETeph U3 MOCIEIHUX ABYX YPAaBHEHHH HEU3BECTHOE TPUIOHHOE
JaBJieHUe P°, 71 4ero u3 BTOPOro ypaBHEHUS, MPoaudGepeHIIHPOBAHHOTO 10 X,
BBIUTEM IIEPBOE ypaBHEHUE, TpoAu(GepEeHIHPOBAHHOE IO Yy, B PE3YyIbTaTe OJY-
YMM ypaBHEHHE I HHTCTPAIbHON (QYHKIIMH TOKA w

61 a
6A_¢//+ RAy + o _ x| (12)
X ox oy
. o'y o'y
3JIeCh UCIOJIb30BaHO 0003HAYCHHE [T onieparopa Jlamnaca: Ay = e + Y

NuTerpanbHoe ycnoBue HenpoTekanus (7) pu3nyecku 03Ha4aeT, 4To 4epes
KaXIyH BEPTUKAJb I'PAHULbI KUJIKOCTH BBITEKAET CTOJBKO, CKOJIBKO BTEKaeT. Ma-
TEMAaTUYECKHU OTO YCIOBUE 03HAYAET, YTO IPOU3BOIHAS [10 HAIIPABJICHUIO KacaTellb-
HOM OT ()YHKIIMM TOKA HA TPaHUIIEC paBHA HYJIIO, T.€. (QYHKIMS TOKa Ha TPAHMIIE TIO0-
cTosiHHA. J{elcTBUTENBHO, eciii | — BEKTOp KacaTelnbHOM, To | =[—cos(n, y),cos(n, X)]
U UHTEerpajgbHoe ycioBue HenpoTekanus (7) c¢ yuerom (10) mpumer Buj



oy oy

- a—cos(n, X)+ a—cos(n, y) = 0 Ha rpa”uIle 001acTH. A 3TO HE YTO UHOE, KaK PaBEH-
y X

. . 0
CTBO HYJIIO TPOU3BOJIHOM MO HAMPABIICHUIO KacaTeIbHOM, T.€. a—T =0. Tak xak u3
r
ypaBHeHus (12) dhyHKIUS TOKa ONMpEAEseTcs ¢ TOYHOCTBIO 10 TOCTOSIHHOM, TO Ha
rpaHuIle 001acTH €€ MOYKHO TOJIOXKUTh PaBHOU HYJIIO.
Ecnu obnacte He OAHOCBSI3HAs (MMEKOTCS OCTPOBA), TO (YHKLHS TOKA
JOJKHA OBITh MOCTOSIHHA HA KaXKIOM I'PaHUYHOM KOHTYpPE M TPaHHUYHOE YCJIOBHE

MOXKET 6BITB 3alIMCaHO B BUC

'//|r0 =0, '//|ri =Q; (i=1m),
rac pa3HOCTH HCU3BCCTHBIX KOHTYPHBIX IMOCTOAHHBIX Qi HMCHKOT CMBICJI ITOJIHBIX
pacxoaoB BOAbI B COOTBCTCTBYIOHIHMX IIPOJIMBAX U BCC Qi JOJI?KHBI HAXOAUTHCA B

IpoIiecce PeIeHUs 3a1a4H.
[ToctosiHHBIE Q, HENB3sT HAWUTH TOJHKO U3 OJHOTO PaCCMOTPEHHOTO ypaBHE-

Hus (12). OgHako HaJ0 UMETH B BUJY, UYTO MBI UIIIEM PEIICHUE CUCTEMbl ypaBHEHUI
111 YHKIIUK TOKA w U TIPUIOHHOTO JaBiicHus P°. Eciu pelienue y HaiiieHo, TO

IPUXOIMM K 3a7a4e 0 HaX0KACHHH QYHKIIMKA P° 110 M3BECTHBIM 3HAYCHUSIM IIPOH3-
b apb
BOJIHBIX ——,—— , OTPEJICICHHBIM U3 cucTeMbl ypaBHenuit (11). Ypasuenue (12),
X

KOTOPOMY YJIOBJIETBOPSIET (PYHKUHUS TOKA, BBIPAYXKAET YCIOBHE PABEHCTBA BTOPBIX
CMEIIaHHBIX MPOU3BOIHBIX GYHKIUMK P°. HO 0JJHOTO 3TOTO YCIIOBUSI /1S OTIpeielie-
HUsI OJTHO3HAYHOW (YHKIMK P° HEAOCTATOYHO; MOMOJHHUTEIBLHO JOJKHBI BBIMOJI-
HATHCS CIEAYIOIIUE PABEHCTBA!

[dPo =0 (i=1m) (13)

[Toacrasmnsst B ycnosue (13) BeipaykeHUs I TPOU3BOJIHBIX OT MPUIOHHOTO
JaBJICHUs1, HAWJICHHBIC U3 CUCTeMbI ypaBHeHUH (11):

b H
oHP (6y/)_ a—'//+gjza—'0dz+z'x+Ra—y/,
o OX oy

ox ot oy OX
b H
OHP =__(ay/) 6'//+gj‘za_sz+Ty_R5_'//’
oy oy 3 oy X
MOJTy4YUM
OoHP® OHP® 0 1% 1%
dx + dy=(—+R)| ——dx——-dy—| fdw+ | ®*dx+ ®’dy =0,
1-[ OX oy ot 1-[6y OX 1-[ 1-[

H H
rae @ = _[ dz+z- <I>y=gjza—pdz+ry

0 o Oy
U, TaK KaK dy = cos(n, x)dl, dx =—cos(n, y)dl , rae dl —»3jieMeHT Ayru KOHTYpa OCTPOBa,

TO IIOCJICAHEC paBeHCTBO HpI/IHI/IMaeT BU
—jfa"’ou +R)ja—"’d|+j(ci>-r)d|=
N I on I



OTCIOI[a C y4€TOM TOI'0, 4TO IIPOU3BOJHAA 110 HAIIPABJICHUIO KacaTeJIbHOM BIOJb

0
KOHTYypa paBHa HYJIIO, T.C. —T =0, 1 [T0JIy4aeM YCIIOBHSI Il HAXO0KIEHUS TTOCTO-

I

0 oy = -
AHHBIX Q. Ha ocTpoBaAX: (—+ R)|—Ldl=(®-1)dl.
Q p (5 +R) j = j (@)
[TocnienHeEMy BBIPAKEHUIO MOXKHO IPUJIATH BU/T

0 e x
p0(5+ R)!:udx+vdy=1_[<1) dx+®@dy.

To ecTb, HIUPKYIAUS OCPETHEHHON O ITyOMHE CKOPOCTH BIOJAbL I, MPOMOPIHO-

i
HaJIbHA IUPKYJISIMNA BEKTOpa @ = (O*,d").
Hanpumep, Tpedyercs:
1) npuBecTH ypaBHEHHE JUIsl UHTETPAIbHON (PYHKIIMM TOKa K O€3pa3MepHOMY BHY;
2) NpOUJUTIOCTPUPOBATH BIUsIHUE U3MEHEHHs mapaMerpa Kopuonuca ¢ mmpoToid Ha
WHTEHCU(DUKAIUIO 3alaJHbIX TEUCHUN.
IIpumep coaep:xkaTe/ILHOI0 ONMCAHMS 33/1aHKS HA IPUMEPE BOJOEMA MTOCTOSIHHOM
TJTyOUHBI.

Jli1st BoJoema nmocTOsIHHOM ITyOMHBI ypaBHEHHUE JIJISl HHTETpalbHOU (DyHKIIMH
TOKa C y4€TOM MHEPIIMOHHBIX CIAraeMbIX U TOPU30HTAIILHOTO TYpOYJIEHTHOTO Tpe-
HUS UMEET BU/L:

oAy 1 oy or, ot
—_— JAw,v)+ f——+RAy = A, A Ay + — ——= 1
A Ay y)+B— v=AbAY - (1)
4 2 2 4
31eCh J(a,b)=@a—b—@a—IO — omeparop Axkobu, AAy = 0 '/4/+26 '/2/6 :/2/+6 '/4/
ox 8y 0oy Ox OX ox~ oy® oy
OurapMoHMYECKU# omeparop, A, — KOIPGUIHUEHT TOPU3OHTAIBHOTO TYpOYJIEHT-

HOTO TpEHUsl, f = —% ~2-10"em ¢ — mapametp PoccOu (Kak U BBIIIE).

[lepeiinem B ypaBHeHuu (1) k 6e3pa3MepHBIM MEPEMEHHBIM, KOTOPbIE 000-
3HAYMM TE€MU K€ CUMBOJIAMH, KaK U PaHbIIle, HO C I00aBJICHUEM IITPUXA:

’ t ’ X ’ y ’ !/I ! z-
t'=—,x'=—,y' ==, y'=",7'=—,r/1e BKauecTBe L U BEIUYUH, 0003HAUYCHHBIX
ty L L Y To
“HONTMKOM", BRIOMPAIOTCS XapaKTepHbIC 3HAYCHUS MIOTOKA U BHEIITHUX BO3CHCTBUM.
ITepexons K 6e3pa3MepHbIM IIEPEMEHHBIM, MOJIy4YUM
aAr ' 2 a ’ R
'//02 "// _ '//0 y .J (AIWI,'/I!) + iB'/IO l//, + VZIO A'l//’ —
t,L2 &'  p,HL L ox' L
A T, 07, or,
_ H:/IO ANA ' -0 (2 TX). (2)
L L ox oy

B xadecTBe XapakTepHOro Macmtaba BpeMeH! t, IPUMEM OTHOILIEHUE XapaK-
TEPHOrO TOPU3OHTATHLHOTO MacmTaba L TMOTOKa K XapaKTepHOM CKOPOCTH

V, = Yo [ PacnpocTpaHeHus BO3MYILIEHUI. DTO 03HAYAET, YTO Mbl PACCMaTPUBAEM

0
TOJIBKO TC IMPOLECChI, Y KOTOPLIX CKOPOCTH PACIIPOCTPAHCHHA BOBMYIHCHI/IfI TaKOI'O
JKE€ IIOpsAaKa, 4TO U CKOPOCTh ABHMXKCHUS YaCTHII. I/ITaK,




t _ L poHL?
° V, Vo

HSETCS Te0CTPOPUISCKHIA OalaHC, T.e. CIPaBeUTMBO cooTHomeHue CBepapyma
of oy 0t, or,
Ty ox X oy
T,L

HalJIeM XapaKTepHOe 3HaueHue il PYHKIUU TOKA W, = ]f—, rae f, u T, — xapak-
0

TEpHbIE 3Ha4YeHUs napaMmeTrpa Kopronuca u HanpsKeHus: TpEHUS BETPA.
2

. C‘{I/ITa}I, 4TO BHE HGHOCpC,Z[CTB@HHOfI OJIM30CTH OT 6€p€FOB BBIITOJI-

HV
PaznenuB Bce uieHbl ypaBHeHUs (2) Ha twiz = FPo E ® ¥ OMYCTUB IITPUXH Y
0
0e3pa3MepHBIX nepeMeHme MOJTy4YUM
oAy 1 or
-J(Ay, )+ +RA =—AAy +7,(———
A sy B Y+ Ry = - ady >
RL ,BL2 y
rae R, = _ —1apamMeTp NPHIOHHOTO TPEHHUA, B, = v~ WIaHCeTapHEIH NapaMeTp;
0 0
LV, 5 T,L y
Re = — yucio PerHomnbaca; 7, = ———— — BETPOBOH IapaMeTp.
Ay PoVo H

PaccumnthiBas K03 UOUCHTHI R,,B,,7 ,Re‘l JJIsA acCMaTpuBacMoOro IIOTOKa
0 01%0 9

MOXXHO OIOCHHTDb, KaKHMC YJICHBI H€06XOIII/IMO Y4€CThb, AJIA TOIO YTOOKI C ITIOMOIIBIO
9TOI'0 YPAaBHCHHUA YIOBJICTBOPHUTCIBHO OIINCATD ITIOTOK.

Y IuBUTENHEHON OCOOEHHOCTBHIO KPYIMHOMACIITAOHONW TOPU3OHTAIBLHOM IIO-
BEPXHOCTHOM LIUPKYJISILIUKA B CEBEPHOM YaCTH ATIIAHTUYECKOTO OKEAaHA SIBIIIETCS €€
BOCTOYHO-3amajHasi acUMMeTpusi. TeueHus: BIOJIb 3aMaHbIX OeperoB ATIaHTHUKU
OYEHb Y3KU U MOLIHBI. J{151 0OBSICHEHUS] ’TOT0 UHTEPECHOTO SIBJICHUSI PACCMOTPUM
MozeNb, npemtoxkeHnyro . Ctommenom. PaccmoTpum “kBaapaTtHelil *“ OKeaH IO-
CTOSIHHOM r1yOuHbl H . [lycTh Gepera okeaHa uMerOT B 0€3pa3MepHOM BHJIE KOOP-
TuHATHL X =0;1 U y = 0;1. HanpsbkeHue BeTpa 3a7a M MPOCThIM (PYHKITMOHAITBHBIM

1 o
BBIPAKCHUEM T =0,Z' =—COSx OTpaXAKIMUM HN3MCHCHHEC BCTpa C IIHUPOTOU.
y X ’
/4

s pacdeTra cTalMOHapHOW OKEAHWYECKOW LUPKYJSIAA BOCIIOJBb3YEMCS YpaBHE-
HUEM

EAw + oy _ o7, _o9%, C KpaeBbIM yCIIOBHEM Y| =
V¥ ax = ax p y Vir
R ot )
e e=—>=10"7, a —~ o, =sinzy.
By ox oy

Pemenue BeInMcaHHONM KpaeBOU 3aJ1a4M JIETKO HAXOJUTCS METOIOM pa3ICICHHUS TIe-
PEMEHHBIX U UMEET BUJ]

w(x,y) = — (pe™ +ge® - sinzy, (5)

en’
rae p— ,q=1-p, A———+ +7r B———— o
\/ \/ 6‘



C y4eToM TOTO, 4TO £ =107, HAlAEM:
A=01;B=-100; p=e*;q=1-e"".

N3 pemenus (5) BUAHO, YTO PEIICHUE CUMMETPUYHO OTHOCUTEIBHO y=1/2
10 TICPEMEHHON y U, YTOOBI YOSIUTHCS B HECUMMETPUYHOCTH KApTHUHBI TCUCHUI
BJIOJIb OCH X , PACCMOTPHUM MOBEICHUE (PYHKIINU TOKA, KaK QYHKIUU X MPH (PUKCH-
POBAaHHOM 3HA4Y€HMH y=1/2. HeTpyaHO HalTH 3Ha4E€HHE, X=X, IPU KOTOPOM
JIOCTUTAETCS SKCTPEMYM, T.€. 3HAUCHUE X, , IPH KOTOPOM MPOU3BOAHAS OT (PYHKIIUU
w(X)=w(x,1/2) 06pau1aeTc;I B HyJIb. [loCiie HECTIOKHBIX BBIKIIAJOK HAUIEM, UTO
X, = 0,046. Takum 00pa3oM, BUTUM, UTO IKCTPEMYM PACTIONO0KEH BOIM3H 3aIaTHOTO
Oepera okeaHa.

Ecnu xe paccMoTpeTs citydail He Bpalaromierocsi okeana ( f =0 ) uiu paBHO-
MepHO Bpamatomierocs ( f =const), TO ¢ JOCTATOYHO OOJBIION TOUHOCTHIO TMOJTY-
yaeM A=z, B=—7z, p=e",qg=1u

1 _ _ .
w(X,Y) =—2(pe”(X Y 4ge™ —1)S|nrry. JIeTKko BUIETh M3 MOCJEIHETO BBIPAKCHUS,
ET

YTO KapTUHA T€UYECHUM OyJeT CHMMETPUYHA U IO X M MO Y, TaK KaK
w'(x)=0 Ipu 3HAaYeHUU X=X, =1/2.
N3 paccMoTpeHHOro nmpuMepa BUIHA Ba)KHAasl pOJIb U3MEHEHMS Iapamerpa
Kopuronuca ¢ mmpoTtoi, KoTopasi ¥ SBJISIETCS IPUYUHON 3TON aCUMMETPHUH.
o’h

H . ’ oh : .
afnpuMep, HaIO0 HaWTH pEHICHHE KpacBOM 3aJadyu E=a7, t=0:h=H,,

x=0:h=H, =const; x=+w:h=H,=const, ONKUCHIBAIOLIEN POLIECC OCYLICHUS 3a-
O0JIOYEHHOTO MacCHUBa OJIMHOYHBIM COBEPLICHHBIM KaHAJIOM, B MPEIIOJIOKEHUH,
YTO YPOBECHb BOJIbl B KaHAJIC MTHOBEHHO CHM3HMJICS ¢ H, 10 H,.

IIpuMep comepskaTeIbHOIO ONUCAHUA 32AaAHMS.

VYKka3zaHHOE ypaBHEHHE — 3TO U3BECTHOE YPAaBHEHUE TEIUIONPOBOAHOCTH, JOIyCKa-
IOLIlEE IPU JAHHBIX KPAaeBbIX YCIOBUAX aBTOMOJEIBHOE penieHue. BeenéM HOBYIO

HEPEMEHHYIO Y = 2\7_t ,Toraa h(x,t)=h(y).
a

Tax  xak ah_ahay_ah(_mx jz y oh oh ohey 1 oh

Ao ol ) 2y e ndy
oh_ 1 o'h = iiﬁ TO 3aJ1a4a CBOJIMTCS K PEIICHHIO OOBIKHOBEHHOTO audde-
ox?  2at 8y> 4at oy*’

d?h dh
PEHITMATBLHOTO YPaBHEHUS d—yz+ ZyE =0 TpH CIEAYIONUX TPAHUYHBIX YCIOBUSIX:

y=0(x=0): h(0)=H,, y=+wo (x=+40 u t=0): ﬁ(+00)=HO.BBCI[éM HepeMeH-

h .
HYIO Z= 3_y , TOrJa NpUAEM K YPABHEHUIO MIEPBOTO MOPSAIKA g—§+ 2yz=0. Pa3nenss

O e dZ 2 iy _y2
MIepeMeHHbIe, HaléM uT0 — =-2ydy, oTKyna In|z|=-y?*+InC wm z=Ce™ , T. €.
z



- y
3—h =Ce™. CrnenoBarenbHO, ﬁ(y) =C I e"fzd§+C1 . C yuéroM KpaeBbIX YCIOBHUU
y 0
OIIpEIC/IMM 3HA4Y€HUS IPOM3BOJIBHBIX IMOCTOSIHHBIX C M C, . ﬁ(O)=C1 =H,, T. e.
- Yo e H,—H,
C,=H,; h(+0)= H1+C_[e dé=H,. Ilootomy C = ———+.
0 j e‘¢2d§
0
— y 2
Takum obpazom, h(y)=H, + Mfe"f dé.
fecde®
0

+00
o _ g2
Ucnonb3yss meton Ilyaccona HaiiiemM deMy paBeH HHTETpal Ie “de. Ilycts
0

+00 +00

I = j e¥'dy, Torma 12 = I e‘gzdg"[ edp = I je_(gz+"2)d§dn . Ilepeni€m K TOJIAPHBIM
0 0 0 0 0

. _D(¢.m) _

KOOpAuHATaM ¢§ =rcos$, p=rsing, Torga ssKoOMaH Hp€O6pa30BaHI/I$I J= 5 (r 9) =
9 9 -
or 09| _ |cos8 —rsing| _ , F.® B I -

=1. = r. CnenoBareibHo, | =Id.9je rdr = ——e =—,
on On| |sing rcosd 5 o , 4
or 09
Takum obpazom | = g

HTak, OKOHYaTEILHO UMEEM

h(x,t)= Hl+(H0—H1)%fe-de§ = Hy—(H,—H,)(1-erfy).
o

2 £ 2 X
3nech erf y==|e* d& — QyHKIHS OIIHNOOK, Y= —— .
y== ! £ - dy V=

4. TpeOoBaHMSl K PETHHT-KOHTPOJIIO

KoHnTposb 3HaHU# IPOBOAUTCS B TPH dTana (J1Ba MOIYJISl U 9K3aMEH), 3a KO-
TOPBIE JJIs TOJTYYSHUS MTOJI0KUTEIHHOM OLIEHKU HeoOoXxoaumMo HabpaTh He MeHee 40
O0atoB. MakcuMallbHO BO3MOXKHBIM 0ajut 3a auciuiinay paBeH 100. 3a mepBbie
JIBa MOAYJISi MAaKCUMaJIbHO MOXKHO HaOpath 60 0annoB. 3a SK3aMeH MaKCUMAaJIbHO
MOXHO HaOpath 40 GaioB.

VIl. MaTepuanbHoO-TeXHU4YECKOe o0ecrieyeHne
st aynuTopHOM paboTHI.

YueOnas ayautopust Ne 310 Habop yueOHoi1 mebGenu, menoBas J0cKa.
(170002, Tsepckas  00m.,
r.Teepp, CanoBblil Nepeyox,
1.35) Ha6op yueOHoit mebenu,
VYyebnas ayautopus Ne 304 AKpaH,




(170002, Tsepckas  00.,
r.TBepb, CagoBbIli NEPEYIIOK,
1n.35)

KOMIUIEKT ayIHOTeXHUKH (paguocucremMa, cra-
IIUOHAPHBIA MUKPO(POH C HACTOJIHHBIM JeprKa-
TEJIeM, YCUJIMTEIh, MUKIIEDP, aKyCTUYECKasi CH-
cTeMa), MPOEKTOP, HOYTOYK.

HOMCHICHHG I CaMOCTOA-

TEIbHOW paboThl  00ydaro-
HIAXCS:

Kommnbrorepusiii  kinacc  Ne2
dakynpTeTa [IMuK

Ne 249

170002, Teepckass  o0n.,

2. Teepv, Caoosviti nepeynox,

0.35

Habop yuebHoit mebenu,
KOMITBIOTED,
MIPOEKTOP.

JI1s1 caMOCTOSITENILHOM PAOOTHI.

HOMGHIeHHG I CaMOCTOA-

TeIbHOM paboThl  OOyuaro-
IITUXCSL:

Komnrerorepnsiii  kimacc  Ne2
dakynbrera [IMuK

Ne 249

170002, Teepckass  o0x.,

2.Teepv, Caoosviii nepeynok,
0.35

Ha6op yueOHoit mebenu,
KOMIIBIOTED,
MPOCKTOP.

VIIl. Cenenusi 06 00HOBJIeHHH padoyeii MPOrpaMMbl TUCITAILTHHBI

OO0OHOBJICHHBIN pa3-

PexkBu3uTHI 110-

emas JuTeparypa

parypy

Ne | men padOoueit mpo- | OnucaHue BHECEHHBIX HU3Me- | KYMEHTa,
LI | [PAMMBI AUCIH- | HEHUIA yTBepAUBIIETr0
TUIMHBI HU3MeHEeHusl
1 11. 2) IIporpammHuoe | BHecensr uamenenus B crimcok | Ot 24.08.2023
oOecrieueHue 110 rojia, MPOTOKO
No 1 yuenoro co-
BeTa (hakynpTeTa
2 V. 1) Pexomenny- | OOHOBieHHE cchUloK Ha ymte- | OT  24.08.2023

rojia, MPOTOKOJI
No 1 yuenoro co-
BeTa (hakynpTeTa




