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I. Hean n 321244 AUCHUIJIMHBI (MOYJIs1)

[Ipu n3zyyenun nucuumivabl «HTETpanbHbIe ypaBHEHUSI U BapUAIMOHHOE UCUYUCIICHHUE) CTY-
JIEHTHI OCBAaWBAIOT MAaTEMATHUYECKHI armapaT, HeOOXOAUMBIM I M3YYCHHUS BAXKHEUIINUX pa3/iesioB
(GU3UKH, TAKUX KaK TEOPETUYECKass MEXaHHUKa, dJICKTPOAMHAMUKA, KBAHTOBAs MEXaHWKa, TEPMOJIMHA-
MUKa, GU3NYeCcKas KWHETUKA. 3HAHUS, MOTYYCHHbIE TIPU U3yUYEeHUHU Kypca, GOPMUPYIOT MaTeMaTHye-
CKYIO KYJIbTYPY U COCTaBJISIFOT OCHOBY €CTECTBEHHOHAYYHOT'O MOAXOAa K MCCIIEIOBAHUIO MPUPOIHBIX
SIBIICHUH.

exn xkypca

Henpto xkypca «HTErpanbHble ypaBHEHUSI U BapUALIMOHHOE MCUUCICHUE» SIBISIETCS U3Y4YEHUE
OJIHOPOJIHBIX ¥ HEOJHOPOJHBIX JTUHEHWHBIX MHTETPATbHBIX YPABHEHHUM U UX CBOMCTB, HA OCHOBE KOTO-
PBIX CO3MIAIOTCSI MAaTEMaTUYECKUE MOJIETH (HU3UIECKUX SIBIICHUW U 3aKOHOB B JINHCWHOM TMPUOJIIIKE -
HUW; W3yYCHHE MOHATHS (YHKIIMOHAJa W €ro CBOWCTB, MPEJICTaBISIONINX COOOW MaTEeMaTHYECKYIO
OCHOBY (pYHIaMEHTAIBHBIX (U3UYECKUX 3aKOHOB.

3apaum kypca

® U3yYECHHE U OBJIAJICHUE METOIAMH PEUICHUSI MHTErPAJIbHBIX YPaBHEHUN;

® U3yuyeHHE MOHATHUS (YHKIHMOHANIA;

® OBJI/ICHUE HaBBIKAMH BapbUPOBAHUS (DYHKIIMOHAJIOB;

® U3y4YEHHUE METOJOB U NMPHUEMOB MAaTEMaTHYECKUX JI0KA3aTEJIbCTB TEOPEM U YTBEPKICHUI;

e (GOpMHpPOBAHHE Yy CTYJCHTOB YMECHHMH M HABBIKOB CAMOCTOSITEJIBHOIO MPUOOPETCHUS] W TPH-

MEHEHHUsI 3HAaHUU MTPHU UCCIIEIOBAHUU U TOCTPOESHUH MAaTEMAaTUUECKUX MOJIEIIEH;

® OBJIAJICHUE CTYACHTAMU 3HAHUM MO MPUMEHEHUIO UHTETPAJIbHBIX YPABHEHUI U BAPUALIUOHHOTO
WCYHCIICHUS B Pa3JIMIHBIX pa3fiesiax GU3NKH P UCCICTOBAHUU PU3NICCKUX SIBIICHUH.
I1. Mecto qucuuniamnnsbl B crpykrype OITIOIT

JucuuminHa «HTerpanbHble ypaBHEHHUS M BapUAllMOHHOE MUCYHUCIIEHUE» OTHOCUTCS K JMCIH-
iMHaM, (OPMHUPYEMBIM YYacTHHKaMH 00pa30BaTENbHOTO mpolecca. «VHTerpanbHble ypaBHEHUS U
BapUAIIMOHHOE MCYHCIICHHE) SIBIISIETCS MPOJIOKEHUEM IUKIIA MAaTEeMaTUYECKUX AUCIUIUIMH U TIPEe-
MoJIaraeT 3HaHWE MAaTEeMAaTHYEeCKOTO aHaju3a, BEKTOPHOTO W TEH30PHOTO aHAlIN3a, JUHEHHOW anreOpsl
u nuddepeHIabHBIX ypaBHeHUH. KpoMe Toro, MaHHBIA KypC COJEPKHT MHOXKECTBO IPHUMEPOB U3
obnactu GU3MKH, T.€. CTYJIEHT JOJHKEH 00JIaaTh 3HAHUSAMHU HE TOJBHKO MO BBICIICH MaTeMaTHKe, HO U
o obmelt ¢pusuke. TakuM oOpa3om, JJIsT OCBOCHUS JAaHHOW JUCIUIUIMHBI CTYICHT JTOJKCH 00JIa1aTh
3HAHUSAMU 110 CJICAYIOMUM TUCIUTUTNHAM: «MareMatnueckuii aHanmusy, «Jluneinas anrebpay», «Aud-

@epeHHHaﬂBHBIC YPaBHCHUS, «TeopeTqucxa}I MCXaHHUKa».



I1I. TpeGoBaHus K pe3y1bTaTaM OCBOCHHMS JMCHUILIHHBI (MOAYJIsT)
ITepedyenn miIaHMpyeMbIX pe3yJbTATOB 00y4eHHS M0 JUCHHUIINHE, COOTHECEHHBIX C HHIMKATO-

PaMH JOCTHIKCHUHA KOMHeTeHllI/Iﬁ

Kommerenmusa [1K-1: CnocoGeH HCIonbp30BaTh CEHAIM3UPOBAHHBIC 3HAHUS B 00Ja-
CTH (PUBUKHU JJI1 OCBOCHUS NPOPHIBHBIX (PU3UUECKUX JTUCIUILTHH

Hupukaropel komnereH-| UK,y 1.1 [IpuMensier hpusnko-mMareMaTHUeCKuii ammapar B cdepe cBoeit

- po(heCCUOHATILHOM e TeIIbHOCTH

PesynbraTel 00yueHus | 3waem: CyIIECTBYIOIIME BHUIBI MHTETPATIBHBIX YPABHEHHUH; METOMBI pe-
IIEHUS] MHTETPAJIbHBIX YPAaBHEHUH Pa3JIMYHbIX BUI0B; OCHOBHBIC MTPUH-
IIUITBl BapHUAIIMOHHOTO WCYUCIICHHS; (DU3UYECKHE MPUMEPHI, TMPUBOMIS-
Y€ K HeOOXOIUMOCTH PEIICHUSI HHTETPAIBbHOIO YPAaBHEHHS HITU TTOUC-
Ka dKCTpeMyMa (DyHKIIMOHAIA.

Ymeem: pemarb 0THOPOJHBIE M HEOJHOPOIHBIC JIMHEHHbIE MHTETPAIIb-
HbIE ypaBHEHHS; BapbHpPOBaTh (YHKIHOHAIBI; HAaXOIUTh 3KCTPEMYM
(GyHKIMOHATA.

Bnaoeem: mpueMaMu M METOJaMH JI0KAa3aTENIbCTBA MaTeMaTHYECKHX
TEOpEeM; METOJIaMH PELICHUsI COOTBETCTBYIOIIMX ypaBHEHUH B TpeOye-
MOM TPHOIMKEHUH; METOAAMH TIOMCKA SKCTPEMyMa U yCJIOBHOTO 3KC-
TpeMyMa (yHKIIMOHATIA.

IV. Conep:xkanue U CTPyKTYpa JUCUUIJIMHBI (MOLYJIA)

OO0beM IMCIUILIMHBL COCTABISET 2 3aYCTHRIX CAUHUIIBI, 72 Yaca, B TOM 4Yuciie 51 yac KOHTaKTHOM
paboTHI.

3aHATHS MPOBOJATCS TOJIBKO B OYHOU (opmMe oOydeHHs ¢ MPUMEHEHHEM IUCTAHIIMOHHOTO
KOHTPOJISI CaMOCTOSTEIbHON paboThl cTyaeHToB dyepe3 DMOC dakynpTeTa. IIESKTPOHHOM M JIUCTAH-
UOHHOU (hopM 00yUEHUs HE IPETyCMaTPUBACTCS.

Ha npaktrueckyto moarotToBKy OTBOAUTCS 18 ayAMTOPHBIX YacoOB.

®opMa IPOMEKYTOUHON aTTECTALUU: 3a4eT.

4.1. CoaepkaHue ITMCUMIUIMHBI, CTPYKTYPHUPOBAHHOE IO TeMaM, C YKa3aHHMeM BH/IO0B

yqeﬁﬂmx 3aHATHH U OTBCACHHOI'0O HA HUX KOJINYECTBA aKAICMUYCCKHUX YaCOB

Ne | Paz- | C| Be s Bunrl yueOHOM paboTHI, DopMBbI TEKY-
n/m | gen | e | er | HUX | BKIJIIOYas CAMOCTOSITEIBbHYIO paboTy oOyJarommxcs , MpakTH4de- | [Iero KOHTPOJIs
auc- | M | O | Ipak- CKYIO MOATOTOBKY U TPYAOEMKOCTh YCIIEBaEMOCTH;
ou- | € | 4a | TM4e- (B yacax) ®opmMa npome-
- | ¢ co | ckas J)KyTOUHOH aT-
KonTaxTHas pabota mpernonasatens ¢ o0ydaromu- | CamocTosi-
HBl/ | T B oJI- TECTAINN
MHCS TeNbHAs
TEeMBI | P ro- (no ceme-
pabota
TOBKa Jlexuu Cemunapckue | Koncynprammu cmpam)
00y- /TIpaKkTHYeCcKue
Yaro- /mabopaTopHbIe
IHX- 3aHATHA
cs
1 1-18 |6 |72 |18 18 18 1 21 [IpakTrue-
CKoe  3aja-
HHUE;, BOIIPO-
Chl U 3aJa4u




K 3a4CTy

Uroro:

72 |18 18 18 1 21

4.2. [1nan BHeayIMTOPHOI CAMOCTOSATEIbHOM PA00OTHI 00y4AIOUIUXCS M0 TUCHUILIUHE

Cemectp

HazBanune CamocrositenbHas pabora odydaronuxcst | OnieHounoe | YueOHoO-
pasnena, Te- CPEICTBO METOINYE-
CKoe obecrie-

Bun  camo- Cpoku  BbI-| Tpymo-

MBl CTOSATEILHON |TOJTHEHUS CMKCTH
paboThI (uac.) HeHHE  caMo-
CTOATCJIBbHOU
paboThI
1 Tema 1-18 3ananue B Bu- |[Tocie mpoii- 21 JlemoncTpa- |Hcrounnku u3
Jie 3a1a4n JIEHHBIX TEM 11U TOTOBBIX | OCHOBHOH H JI0-
peleHni HOJIHUTEIBHOM

JUTEPaTypsl 1O
TEME IMpaKTHYe-
CKHX 3aHATHH;
O06pa3oBarenb-
HBIE PECypCHI,
JIO-CTYIIHBIC IO
JIOTHHY ¥ Tapo-
JII0, TPEJOCTaB-
nsemblM  Hayu-
HOW OmbnmoTe-
koit UT'Y.

4.3. Conepxkanue yue0HOro MaTepuasa

Conep:xanue pa3/iesioB U TeM JUCHUINJIMHBI (MOLYJIs1)

Pa3nen 1 Beenenye B TEOPHIO HHTETPAJILHLIX YPABHEHH I

Tema 1.

Tema 2.

Tewma 3.

Tema 4.

Omnpenenenne uHTerpambHoro ypasHeHus (MVY), nuneitnoro MY, knaccudukanus -
HENHBIX UHTETPAJIbHBIX ypaBHeHUH (ypaBHeHus ®dpenroiabma u BonpTeppa nepsoro u
BTOPOTO POJIa, OHOPOAHBIE, HEOTHOPOAHKIE). SAapo, cBoOoaHbI unen MY, Tpebosa-
HUS K s7Ipy U cBOOOJHOMY wieHy. [Ipumeps! ¢pu3nueckux 3amad, IpUBOJAIIMX K UHTE-
rpaJIbHBIM ypaBHEHMIM (K ypaBHeHUI0 BonbTeppa u ypaBHenuto ®@pearonasma). Ceene-
Hue 3a1ayn Komm 11t 00bIKHOBEHHOTO AU(GEpEeHIINaIbHOrO YpaBHEHUS N-TMOpsiKa K
ypaBHeHuto Boubreppa Il pona.

WnterpanbHoe ypaBHeHnue @penronsma Il poga. OnpeneneHre coOCTBEHHOTO 3HAYEHUS
U COOCTBEHHOM (PYHKILMH siipa MHTErpalbHOro ypaBHeHus. OnepatopHas popma uHTE-
IpajJbHOTO YpaBHEHMsI. AHAJIOTHUS MEX]y JIMHEHHBIM HHTETPaIbHBIM YPAaBHEHUEM U CH-
CTEMOI TMHEHHBIX aNreOpandyecKux ypaBHECHHUH.

OpnnopoaHoe ypaBHenue ®pearonbma Il pona ¢ BeipoxkaeHHBIM g11poM. CBeeHHE ero
pelIeHUsT K PeIIeHHIO CHUCTEMBl anredpandeckux ypaBHeHHH. TeopemMa O KOHEUHOM
ymclie COOCTBEHHBIX 3HAUEHMI BBIPOXKIEHHOTO sijipa (¢ Joka3aTenbcTBoM). Heonnopon-
Hoe ypaBHeHue ®penronsma II pona ¢ BelpokaeHHbIM anpoM. Onpenenutens Open-
roJIbMa, CONPSKEHHOE K TAHHOMY MHTETPaJIbHOE YPAaBHEHHUE.

Teopema ®@penronsma 00 ambTepHaTHBE (C JOKa3aTenbcTBOM). Bropas teopema Ppen-
royibMa (¢ Joka3zarenbcTBoM). Tperbst Teopema @penronbma (¢ J0Ka3aTeILCTBOM).



Tema 5.

Tema 6.

Tema 7.

Tema 8.

Tema 9.

Tema 10.

Tema 11.

Tema 12.

Teopema o Tom, uto ogHOpoaHOE Y U conpszkeHHOE K HeMy MY MMEIOT OHO U TO XK€
YHUCJIO JUHEHNHO HE3aBHCUMBIX pemeHnid. HaxoxaeHne komiuiekcHoro pemenus Y B
cllydae KOMIUIEKCHOTO sJIpa U CBOOOHOTO UJIEHA.

Mertoa nmocnenoBatenbHbIX puOmmkennid st pemienus Y. Teopema o cymiecTBoBa-
HUM ¥ €MHCTBEHHOCTH perieHus MY B ciydae 1ocTaTOYHOIM ManocTu mapamerpa A (¢
JI0Ka3aTeIbCTBOM Ha OCHOBAHMM TEOPEMBI O HETIOABUKHOM TOUYKE OIepaTopa).
Pe3onbBenTa. CBoMcTBa pe30JbBEHTHL. BhIpaskeHue 17 pe30IbBEHTHI B ClIydae BBIPO-
xaeHHoro siapa. Cimydait siipa, OJHM3KOTO K BRIpOKJICHHOMY (cBeaeHue MY ¢ Takum
SJJPOM K YPaBHEHHIO C BBIPOKIACHHBIM SIAPOM).

VYpasuenue Boabteppa I poga. Teopema 00 0TCYyTCTBUM COOCTBEHHBIX 3HAUEHU ypaB-
HeHusa Boiubreppa Il pona. Haxoxnenue pemenus ypasHenust Bonsreppa Il pona mero-
JIOM TOCJIEJIOBATEIbHBIX MPUOIMKEHHI.

PesonbBenTa ypasHeHus Bonbreppa Il pona, moBropHslie sapa A 31oro ciyyas. Mure-
rpainsHOe ypaBHeHne BonbTeppa I pona. CBenenue ero x ypasaenuto Il poxa.

Cnyuqait 1Y ®@pearonsma Il pona ¢ cummerpuynsiM siapoM. CBoiicTBa cOOCTBEHHBIX
3HaYeHUH U cOOCTBEHHBIX (PYHKIMH Takoro siapa (opToroHaabHocTh CD, OTBEUAIOIINX
pasnuuabM C3; BeniecTBeHHOCTh BceX C3; BO3MOXKHOCTH BEIOOpa OPTOHOPMHUPOBAHHO -
ro Habopa C®d, coorBercTByromux oaHomy C3). ®opmyna lMuara pis pemieHus
YPaBHEHHUS C CAMMETPUYHBIM SIAPOM.

3anaga Hltypma — JInyBusuia. [loctaHoBka, ¢pusnyeckue MpUMEpHl; CBEACHUE 3a/1a4u
[typma — JInyBUILISL K MHTETPAJILHOMY YPaBHEHHUIO.

NHurerpansHoe ypaBHeHue @penronsMa [ poja kak HEKOPPEKTHO IMOCTABICHHAS 3a/1a4a.
Omnpenenenne KOPpEKTHO NOCTaBIEHHOM 3aaaun. JlokasaTtenbcTBo, uro MY dpearosns-
Ma Il pona siBisieTcst KOppEKTHOM 3aauei.

Pasznea 2. BBegenue B BapuanoHHoe UCHYMCJIEHNE

Tema 13.

Tema 14.
Tema 15.
Tema 16.

Tema 17.
Tema 18.

[Tonstue dynknuonana. Ilonatus Bapuanuu apryMmeHTa (pyHKIMOHANa, HEMPEPHIBHO-
cTH (pyHKIMOHANA, O01M30cTH QYHKIUI B pa3HbIX nopsakax. OnpeaeneHue TUHEHHOTO
¢dynkmonana. [lonstue Bapuanuu (yHKIIMOHATA KaK JUHEHHON YacTH €ro mpupaiie-
HUS U KaK TPOU3BOIHOM MO MapameTpy.

Onpenenenue sxcTpeMyma pyHkimonana. CuiibHbIM 1 cnalblii skcTpemym. HeoOxomam-
MoOe€ yClIOBUE dKCTpeMyMa. BoiBo ypaBHeHUs Ditfiepa, MOHITHE SKCTPEMAIIH.

[TonsTHe Mo sKcTpeManel. YcinoBue SIKoOOM BO3MOKHOCTH BKIIFOUEHHE SKCTPEMaIU B
nosie. JloctatouHoe yCiaoBHE KCTpeMyMa (PyHKITMOHANA (CUIIBHOTO U CJIadoTo).
YcnoBHBIN 3KcTpeMyM (pyHKIMOHaNA. M3onepumeTpudeckas 3ajaya: Teopema Difepa.
3anayva Jlarpanka npu HAJIMYHK CBA3CH.

I'eone3nueckue JIMHUM.

4.3.1. IlepeyeHb CEMUHAPCKUX, IPAKTHYECKHUX 3aHATHII H JJA0OPATOPHBIX PadoT

Ne Ne paznena HanmenoBanue cemunapos, npak- | Tpy- OneHouyHble dopmu-
U TEMBbI IUC- | TUYECKUX U JTAOOpATOPHBIX pabOT | JOeM- cpencTBa pyembie
ITUTUTHHBI KOCTh KOMITE-
(Momynst) (ua- TEHIUU
Chl)
1 2 3 4 5 6
1. Pazgen 1, VYpasuenus @penronsma Il pona ¢ 3 3amanue Ha ce- TIK-1
Tema 1,2,3 | BBIPOXKAECHHBIM SIIPOM. MUHape B BUJIE
3aj1a4
2. | Pazgen 1, Heonnopoansie ypaBuenust ®pen- | 2 3ajanue Ha ce-
Tema 4, 5 roJibMa ¢ BBIPOXKICHHBIM SIIPOM. MHHape B BUJIC
3a/1a4




3. | Pazgen 1, MeTton nocienoBaTeNbHBIX TPHOIN- | 2 3ajanue Ha ce-

Tema 6, 7 JKeHUH MHHape B BUJIE
3a/1a4y

4. | Pazpen 1, Pemienue ypaBuenuit Bonbreppa. 2 3agaHue Ha ce-

Tema 8, 9 MHUHape B BUJIE
3a/1a4y

5. | Pazmen 1, YpaBHEHHUsI ¢ CHMMETPUYHBIMHU 3 3aaHue Ha ce-

Tema 10, 11, | sapamu. MHHape B BUJIC
12 3a7a4

6. Pazpen 2, Bapuaunonnoe ucuncnenue. [louck | 2 3agaHue Ha ce-

Tema 13, 14 | skcTpemaeil. MUHape B BHJIE
3a/1a4y

7. | Pazgen 2, VYcnoBHbIM 3kcTpeMyM (QyHKLIMOHA- | 2 3anaHue Ha ce-

Tema 15, 16 | na. U3onepumerpuyeckas 3aaaya. MUHape B BUJIE
3a/1a4y

8. | Pa3men 2, YcnoBHbIM 9kcTpeMyM (pyHKIMOHA- | 1 3aaHue Ha ce-

Tema 17 na. 'eogesndeckas 3amayda. MHHape B BUJIE
3a/1a4

9. | Pazmen 2, YcnoBHBIHM SKCTpeMyM (QyHKIHOHA- | 1 3agaHue Ha ce-

Tema 18 na. 3agaua Jlarpanxka MUHape B BUJE
3a1a4

4.3.2. Ilepeyenb TeM (BONPOCOB), BLIHOCMMBIX HA CAMOCTOSITeIbHOE U3yYeHUE CTYJACHTA-

MH B paMKaXx camocTosiTeJibHO# padoTsl (CPC)

Ne Tema Bun camo- 3amanue Pexomennye- | Yacel
Hen CTOSATENb- Mas JIuTepa-
HOM paboTHI Typa
1 OrnpezenieHne UHTE- Bueaynu- | Perenue 10moiHUTEINb- Ucrounuku uz
TPAJIbHOTO YPABHEHUs, | TOpHas, pe- | HbIX MHTErPAJbHBIX ypaB- OCHOBHOU U
nuHerHoro MY, kiac- menue 3a- | HeHu @penronsma Il po- | monosiHUTENH-
cuduKals TMHEHHBIX a4 Ja. HOU JIhTEepa-
WHTETPAJIbHBIX YpaBHE- TYpBI TIO TEME
HUU MPaKTUYECKHUX
2 OmnepatopHas popma Bueaynu- | Cenenue 3agaun Komu n- 3aHATUH;
WHTETPaJIbHOTO ypaB- TOpPHAsl, pe- | MOpsAAKA K HHTETPaIbHOMY O6pazoBa-
HEHUS. IIEHHE 3a- | YpaBHEHHIO TeJbHBIE pe-
Jaq CypCHI, J10-
3 OnHopoaHOE ypaBHE- Bueaynu- | Pemenue 10moHATEINb- CTYIHBIE 10
Hue @pearonbma Il po- | TopHas, pe- | HbIX HHTErPAJIbHBIX ypaB- JIOTUHY U Ta-
J1a C BBIPOKIECHHBIM meHue 3a- | HeHnit @pearonsma II po- poJtro, npeno-
SIPOM. a4y J1a C BBIPOXKIEHHBIM CTaBJISIEMbIM
SAPOM. Hayunoti 6u6-
4 Teopema @pearonbma Bueaynu- | Pemienue nonosgHUATENb- JINOTEKOM
00 abTepHATHBE TOpHas, Pe- | HbIX HHTErPAIbHBIX ypaB- Ury u Cro-
meHue 3a- | Henuii ®pexaronsma Il po- | POHHHE CAWTHI
a4 JIa C BRIPOKICHHBIM U He-
BBIPOXKJECHHBIM SIAPOM.




5 Teopema o ToM, 4TO Breaynu- | PemeHue KOMIIIEKCHBIX
oaHoponHoe MY u co- | TOpHas, pe- | UHTETpajbHbIX YPABHEHHI
npsbkeHHoe K Hemy MY | menue 3a- | @penronasMa
HMMEIOT OJTHO U TO XKe Jaq
YUCJIO JIMHENHO He3a-

BUCUMBIX PEIICHUH.

6 Meron nocnenoBarens- | BHeaynu- | Pemenue qonoJHUTENb- Hcrounuku u3
HBIX TPUOIMKEHUN 711 | TOpHAs, pe- | HbIX MHTETPAIbHBIX ypaB- OCHOBHOU U
pewenus Y. LICHUE 3a- | HEHHUI METOJOM MOCIIEN0- | JOMOJHUTEIb-

Jaqy BaTEJbHbBIX MPUOIMKEHUN. | HOM IuTepa-

7 Pe3oabBenTa. Bueaynu- | Pemienue nonojgHUATENb- TYpBI IO TEME

TOpPHAsl, pe- | HbIX UHTEIPAJIbHBIX ypaB- | NPAKTHYECKHUX
IIICHUE 3a- | HEHUU METOJOM HaXO0XKJIe- 3aHATHIA;
Jaq HUS PE30JIbBEHTHI. O6pazoBa-

8 VYpasHenue Bonabreppa | Braeaynu- | CBeneHue HHTETPaIbHOTO TEJbHBIC pe-

IT pona. TOpHasd, pe- | ypaBHeHHs Bonbrepa K uH- CypChI, 10-
LICHUE 3a- | TETPAIbHOMY YPAaBHEHUIO CTYIHBIE 10
Jaq ®penrosibma. JIOTUHY U Na-

9 Pe3onbBeHTa ypaBHe- Bueaynu- | Pemienue nonojgHUATEINb- poumto, peno-
Husa Boabsreppa II po- TOpHasd, pe- | HbIX HHTCIPAIIbHBIX ypaB- CTaBJIsICMbIM
na. meHue 3a- | HeHuii Bonbrepa metomom | Hay4noii 610-

aau HaXO0XXJICHUS PE30JIbBCHTHI. JMOTEKOU

10 | Cinyuwait UV ®penrons- | Breaymu- | Pemenue 10mnoiHUTENb- UI'Y u Cro-
Ma II pona ¢ cummer- TOpHas, pe- | HbIX HHTErpalbHbIX ypaB- | POHHHUE CalThl
PUYHBIM SIPOM. [ICHUE 3a- | HEHHI C CHMMETPHUYHBIM

Jaq SIIPOM.

11 | 3amgaya typma — Jlu- Bueaynu- | Cenenue 3agaun Lltypma

YBUJLISL. TOpHasi, pe- | — JInyBuiIIg K HHTETpaib-
HIEHUE 3a- | HOMY YPaBHEHUIO.
Jaq

12 | UnTerpansHoe ypaBHe- | Bueayau- | 3yuuth peryisipuzyronui

Hue @penronsma I po- | TopHas, pe- | aroput™m THXOHOBA.
J1a KaK HEKOPPEKTHO LICHUE 3a-
IIOCTaBJICHHAs 3a/1a4a. Jaq

13 | IlonsiTue pyHKIMOHA- Bueayau- | Haiftu dusuueckue npume-

Ja. TOpHAs1, pe- | PbI, B KOTOPBIX QUTYPUPY-
IIEHHE 3a- | IOT (PYHKIIMOHAJIBI
Jaq

14 | Onpenenenue 3KCTpe- Bneaynu- | PemieHue 10MONHUTENb-
MyMa (yHKIIMOHATIA. TOpHas, pe- | HbIX IPUMEPOB I10 ITOUCKY
CunbHbIN U cnadbIi [IeHHE 3a- | OKCTpeMyMma (pyHKIHOHAIA.
KCTPEMYM. Jaq

15 | [lonsaTue nons 3KcTpe- Bueayau- | I'paduueckoe npencrasiie-
Maiiei. Ycnosue fko- TOpHAas, pe- | HUE MOJs SKCTPEMAJIEH.

01 BO3MOXHOCTH LICHUE 3a-
BKJIFOYEHUE IKCTPEMaA- Jaq
JIA B MOJIE.

16 | YcaoBHBIN 3KCTpEMYyM Bueaynu- | Pemienue gonogHUATEINb-
¢dbynkimonana. M3ome- | TopHas, pe- | HbIX U30MEPUMETPHUECKUX
puMeTpudecKas 3ajada | IIEeHHE 3a- | 3a/1a4

maq




17 | 3agaua Jlarpanka npu Bneaynu- | PemieHue nOnosHUTENb- 1
HaJINYMHU CBS3EH. TOpHasl, pe- | HBIX 3a/1a4 10 TOUCKY
IIEHHUE 3a- | YCIIOBHOT'O 3KCTpEMyMa B
Jay 3agade Jlarpanxka.
18 | I'eonesnueckue nuHuu. | Bueayau- | PerieHue A0NOJHUTEND- 1
TOpHasl, pe- | HbIX Ie0JIe3NYECKUX 3a/1ay.
LIEHHE 32a-
Jau

4.4. MeToan4yeckne yKa3aHusl M0 OPraHU3alUuu CaAMOCTOSITEIbHOM PadoThI CTYIEHTOB

B paznene 4.3.2 cTyaeHTaMm Ui CaMOCTOSITEIIBHOTO YIyOJIEHHOTO M3Y4YeHMS AUCLUILIUHBI (mapai-
JIENIBHO C JISKIMSIMH) TpeIaraloTcs 3aJauu 1Mo U3ydyaeMbIM paszzenaM U rpaduk ux uzydenus. [lpen-
M0JIaraeTcs, YTO CTYACHT CAMOCTOSITEIbHO M3YUYHT JONOJIHUTENbHBIE aparpadsl Mo NpoWIeHHON Te-
Me, NIPeJICTaBICHHBIE B JIUTEPAType U3 1. 5, a 3aTeM PeLIuT NpeaaokeHHble 3a1aun. OneHKa caMocTo-
ATEJIbHOM pabOThI CTYJJCHTOB MPOBOAUTCS B BHJIE KOHTPOJIbHBIX OMIPOCOB Ha NMPAKTHYECKUX 3aHATHSIX.

4.5. llpumepHasi TeMATHKA KYPCOBBIX Pa0d0T (MPOEKTOB) (MPU HAJIMYNH)

Y4eOHBIM IJIaHOM HE IPEAyCMOTPEHO HAIMCaHUE KYPCOBBIX paboT (IIPOEKTOB).

V. YueOHo-meToauueckoe 1 HHGOpMALIMOHHOE 0O0ecriedeHue QU CIUIINHBI (MOILYJIs1)
a) CIIUCOK JIUTEPATyPHhI

OCHOBHAs JIUTEpATypa

1. Kpacuos M. JI. BapuarmonHoe ucuucieHre. 3a1auu ¥ IPUMEPHI ¢ TOPOOHBIMU PEIICHUSIMHU:
y4e6. mocobue st ctya. BTy30B / M. JI. Kpachos, I'. 1. Maxkapenko, A. 1. Kucenes. - 3-¢
u31., uctp. - M. : JIubpokowm, 2010. - 168 c. - ISBN 978-5-397-01274-4 up A625989; puzmar
32323(25 3x3.); dpusmar 32323(40 5k3.)

2. JuddepeHnmanbHple 1 HHTETPATbHbBIC YPABHCHHS, BApUAIIHOHHOE HCUYUCIICHHE B IPUMEpPax U
3amavax : yueb. mocobue / A. b. Bacunbesa [u np.]. - 3-e uzn., ucnp. - CIIO. : Jlans, 2010. -
429 c. - ISBN 978-5-8114-0988-4 ud A625474; puzmar 31398(50 sk3.)

JIOTIOJIHUTENbHAS TUTEpATypa

1. BacwibeBa A. b. IHTerpanbHbie ypaBHeHHUS : yueO. uist cTya. ¢pusnd. crell. u crel. "[Ipukmnan.
matemaruka" / A. b. BacunbeBa, H.A. TuxoHos. - 2-e u3a. - M. : @usmatiut, 2004. - 159 c.
dbuszmat 19123(24 »x3.); puszmar 19123(5 3k3.)

2. KpacuoB M. JI. IHTerpanpHble ypaBHEHUS : 3a7]a41 U TIPUMEPHI C TOJPOOHBIMU PEIICHHUSIMHU:
VY4eb. nmocobue mis cryn. Bry3oB / ML.JL. Kpacuos, A.W. Kucenes, I'.11. Makapenko. - 3-e u3.,
uctp. . - M. : Enuropuan YPCC, 2003. - 190 c. up A581448; puzmar 19183(18 3x3.); puzmar
19183(20 »k3.)

0) nmepuoaNYECKUE U3AaHUS

- HCT



B) CIIMCOK aBTOPCKUX METOJUYECKUX Pa3paboTOK
- HCT
r) 0a3bl JaHHBIX, THPOPMAITMOHHO-CIIPABOYHBIE 1 TTIOUCKOBBIE CUCTEMBI

http://library.isu.ru/ - Hayunas oubnuorexa UI'Y;

OOpazoBaTenbHbIE PeCypchl, AOCTYMHBIE MO JIOTUHY W Mapojr, MmpeaocTaBiseMbiM HayuHoii
ouobmmorekoit UT'Y:

e https://isu.bibliotech.ru/ - DU3 «bubmuoTex»;
e http://e.lanbook.com - ObC «M3natenbcTBo «JlaHbY;

e http://rucont.ru - 9bC «PykoHT» - Mex)oTpacneBas Hay4Has OMOIMOTEKa, coqepkamas orud-
POBaHHBIC KHUTH, ICPUOJUUCCKHUC NU3JaHUA U OTACIbHBIC CTATbH 110 BCEM OTpACIIsIM 3HaHI/II>'I, a
TaKXe ayJno-, BUJICO-, MyJIbTUMEIUA COPT U MHOTOE JIPYToe;

e http://ibooks.ru/ - OBC «AOyKC»- HHTEPHET pecypchl B CBOOOTHOM JIOCTYTIE.

VI. MaTepuajibHO-TeXHUYeCKOe o0ecneyeHne JUCHUNIHHBI (MOIYJIs)

VYyeOnast ayauTopus A MPOBEACHUS 3aHATUH. (7151 mpoBeneHus 3aHATHIA JEKIIMOHHOTO THIA B
KaueCTBE IEMOHCTPAIMOHHOTO 000pYyI0BaHUS UCTIOIB3YETCsI MEeNoBasl 1ocka. HarmsaHocTs obecreun-
BaeTCs MyTeM M300pa)KeHHs CXeM, TuarpamMM 1 GopMyll ¢ IOMoIIbio Mena. VMcnonbs3zoBanue riodas-
HOW KOMITBIOTEPHOU CETH IMO3BOJISIET 00ECMEUYHTh NOCTYHMHOCTh MHTEepHET-pecypcoB U peanu3oBaTh
CaMOCTOSITENIbHYI0 paboTy CTyAeHTOB. Ha JeKkmusx MOTyT HMCIOJIh30BaThCS MYJIbTUMEIUINHBIE CPEI-
CTBa: MPOEKTOp, MEPEHOCHOW HKpaH, HOYTOyK. Ha dakynbreTe mMMeeTcs KOMIBIOTEPU3UPOBAHHAS
ayMTOpHS, MPeJHA3HAYCHHAS JJII CAMOCTOSITEIbHONW paOOThl, C HEOTPAaHWYEHHBIM J0CTyNoM B UH-
TEpHET.

VII. O0pa3oBaresibHbIE TEXHOJIOTHU:

3a1aun U3JI0)KEHUS] U U3yYEHUs TUCIUIUIMHBI PEaTu3yloTcs B CIEAYIOMNX (popMax AesTeIbHOCTH:

e JIGKLMH, HAlleJICHHbIE Ha IOJIy4eHHE HeoOXOauMOoW HMH(OpMalMU, U €€ UCIOJIb30BaHUE
IIPY PELICHNN IPAKTUUECKUX 3a4a4;

® [IPaKTUYECKHE 3aHATHUS, HAIPaBJICHHbIC HAa aKTUBU3ALMIO [103HABATEIBHOMN JESITEIBHOCTH
CTYZICHTOB U IIPUOOPETEHHSI UMU HAaBBIKOB PELICHUS MPAKTUYECKUX U MPOOJIEMHBIX 3a7ay;

® KOHCYJIbTAllMU —€XKEHENEIBHO I BCEX JKEJAIOIINX CTYICHTOB;

® CaMOCTOsITENIbHAsl BHEAyAUTOpPHas paboTa HalpaBieHA HAa MPUOOPETEHUE HABBIKOB CaMO-
CTOATENBHOIO PELIECHUS 3a7a4 N0 JUCLIUILINHE;

® TEKyLMH KOHTPOJIb 3a JEATEIbHOCTBIO CTYIEHTOB OCYILECTBISAECTCS HA JIEKLIMOHHBIX U
MPAKTUYECKUX 3aHATUAX B XOJ€ CAMOCTOATENIBHOIO PEIICHHS 3a]]a4, B TOM YHCIIE Y TOCKH.

VIII. OneHo4yHbie MaTepHabl 11 TEKYLIEr0 KOHTPOJISI M IPOMEKYTOYHOM aTTecTauuu
@DOHJ| OLIEHOYHBIX CPEICTB MPEICTABICH B IPUIIOKEHUU.

8.1. OueHouHbIE CpeICTBA AJI BXOJIHOTO KOHTPOJIS: HE TPEOYIOTCS.
8.2. O11eHOYHbIE CPECTBA TEKYILErOo KOHTPOJIA

[Tpumepbl KOHTPOIBHBIX 3a4a4 AJIsl IPOBEACHHS TEKYIIEro KOHTPOJIS:
1. Merogom nuddepeHIMpoBaHms peITuTh HHTErPATbHOE YPAaBHCHHE:

o(x) = x— [ p(r)di

2. C noMo1IbI0 PE30JIbBEHTHI HAUTHU PEILIEHNE UHTErPajIbHOIO YPaBHEHUS:



@(x) =sinx + 2;[6"’”99(1‘) dt
0

3. Pemmuth HUHTETrpaJIbHOC YPABHCHUC C BBIPOKIACHHBIM APOM:

1
o(x)— ;LJ- arccos ¢t @(t)dt =
0

1
V1=x?

4. HaiiTu sKkcTpeMaliid B U30IIEPUMETPUUYECKON 3a/1aue:

JIv1= [+ (s y(0)=0, y(1)=0, npu yenosuu [ ¥7 (¥)dx =2

8.3. OueHouHBIE CpeicTBa AJIs IPOMEKYTOUHOM aTTecTaluu

dopMa poBeACHUS IPOMEKYTOUYHON aTTeCTAllUM — 3a4eT.

IIpuMepHBIH epeyeHb BONPOCOB U 33IaHUI K 3a4eTy

TeOpeTI/I‘{CCKI/Ie BOIIPOCHI:

1.

10.

11.
12.

13.
14.
15.

16.

Omnpenenenne uHTErpansHoro ypasuenus (MY), nuneitnoro MY, knaccuduxanus THHEHHBIX
MHTETPAIbHBIX ypaBHEHHH. Snpo, cBoOomubi wieH UV, TpeOoBaHus K sApy U CBOOOTHOMY
ynieny. [Ipumeps! pusnueckux 3amad, NPUBOASIIMX K UHTErPAIbHBIM YpaBHEHUSIM (K ypaBHE-
Huto Bonbreppa u ypaBHenuto @pearonbma).

Ceenenue 3anaun Komu 11 0ObIKHOBEHHOTO MU depeHIINaTIbHOT0 YpaBHEHUSI N-TIOPAIKA K
ypaBHeHuto Bonwreppa Il poxa.

Wnterpansnoe ypaBHenue @penronbma Il poma. CoOcTBeHHBIE 3HAUY€HUST U COOCTBEHHBIE
GyHKIMU siapa MHTETPATBHOTO ypaBHeHUs. OmeparopHas (hopMa MHTETPAITBHOTO YpPaBHEHUS.
AHajorus Mexy TUHEHHBIM UHTETPAIbHBIM YPaBHEHHEM U CUCTEMOMN JTMHEHHBIX airedpanye-
CKHMX ypaBHEHUH.

Onnoponnoe ypaBaenue ®@pearonsma Il poga ¢ BeipoxkaeHHbIM sipoM. CBelEHHE €ro pelie-
HUS K PEIICHUIO CUCTEMBI alTreOpandecKux ypaBHEHHIA.

Teopema 0 KOHEYHOM 4YHCIIE COOCTBEHHBIX 3HAYEHMI BBIPOKICHHOIO siipa (C JOKa3aTesb-
CTBOM).

Heonnoponnoe ypaBuenne ®@pearonsma Il poga ¢ BbIpOkKIAEHHBIM A1poM. CBeeHUE TaKOro
ypaBHEHHs K CUCTeMe anreOpamyeckux ypaBHeHHH. Omnpenenutens OpeAroabma, CONpsKeH-
HOE€ K JAHHOMY MHTErpaJIbHOE YpaBHEHHUE.

Teopema @pearonbpma 00 anbTEpPHATUBE (C TOKA3ATEILCTBOM).

Bropas teopema ®dpearonbma (ciydaif, Korga OJHOPOJHOE YpaBHEHUE UMEET TOJIBKO TPH-
BHUAJILHOE PEIICHUE) (C I0KA3aTEIHCTBOM).

Tpetbsa Teopema dpearonpma (cnyuyai, Koraa OAHOPOAHOE YpaBHEHUE UMEET HETPUBUATIBLHOE
pelieHue) (¢ A0Ka3aTeIbCTBOM).

Teopema 00 0OJUHAKOBOM YHCIIE JTUHEHHO HE3aBUCHUMBIX PEIICHUN OJHOPOIHOTO M COMPSIKEH-
HOT'0 K HEMY UHTETpaJIbHbIX YpaBHEHUH (¢ JoKa3aTeslbcTBOM). HaxoxkaeHne KOMIIEKCHOTO pe-
[ICHUS] UHTErPaIbHOTO YPAaBHEHUS B CIIy4ae KOMIUIEKCHOTO /Ipa U CBOOOAHOIO YJICHA.

Meton nocienoBaTeNIbHbIX TPUOIMKEHNUN AJIs PELLIEHUS! MHTETPAJIbHOTO YPABHEHMUSI.

Teopema o CylIeCTBOBaHMM U €IMHCTBEHHOCTH PEIICHUS] UHTETPAJIbHOIO YPABHEHUS B CIy4ae
JIOCTaTOYHOM MaJlocTH napaMmerpa A (¢ J0Ka3aTeJIbCTBOM HAa OCHOBAaHUM TEOPEMBI O HEMOIBUXK -
HOM TOUYKe omeparopa).

Pe3onbBeHTa HHTErpanbHOro ypaBHeHus. CBOMCTBA pe30JIbBEHTHI.

Pe3onbBeHTa MHTETPaIbHOTO YPAaBHEHHUS B CIIy4ae BBIPOKJICHHOIO sJIpa.

Crnyuall siipa MHTErpajJbHOTO ypaBHEHHUs, OJU3KOr0 K BbIpOXKJIeHHOMY. CBeJleHHE MHTErpab-
HOTO YPaBHEHUS C TAKUM SJIPOM K YPABHEHUIO C BBIPOKACHHBIM SIIPOM.

VpaBuenne Bonbreppa Il poga. Teopema 006 OTCyTCTBMH COOCTBEHHBIX 3HAYCHHUI ypaBHEHUS
Bonwreppa II pona.



17.
18.
19.
20.
21.

22.
23.

24.
25.
26.

27.
28.

Haxosxnenue pemienust ypaBHeHus: Bonbreppa 1l pona Meronom mocnenoBaTenbHbIX MPHOIH-
KEHUM.

Pe3onbBenTa ypaBHenus BoabTeppa Il pona, noBTOpHSBIE siApa A1 3TOTO Cily4dast.
WNurerpansusie ypaBHeHus Bonsreppa I u Il poga. Ces3p Mexay HUMM.

WuterpansHoe ypaBHeHnne ®@pearonsma Il pona ¢ cummerpuunbiM siapoM. CBoiicTBa COOCTBEH -
HBIX 3HAYEHUN U COOCTBEHHBIX QyHKIMIA Takoro sjapa. @opmyna [IMuara nms pemeHus ypas-
HEHUS C CHMMETPHUYHBIM SIIPOM.

3anada llltypma — JImyBusuist. Ceenenue 3anauu ltypma — JInyBuILIA K MHTETPaIbHOMY ypaB-
HEHUIO.

NurerpansHoe ypaBHeHue @penronsma [ poja kak HEKOPPEKTHO MMOCTABIEHHAs 3a/1a4a.
WurerpanbHoe ypaBHeHne Ppenronsma Il pona ¢ Touku 3peHHs KOPPEKTHOCTH MOCTAHOBKH
MaTeMaTHYECKOH 3a1aUH.

OynkuuoHan. Bapuamnus aprymenta ¢yHkiuonana. HempepslBHOCTh (yHKIIMOHANA, OJIM30CTh
GbyHKIMI B pa3HbIX nopsaakax. Bapuanus ¢pyHKmoHana (1Ba onpeaeacHus).

OkcrpemyM ¢yHkunoHana. CuibHBIA U cnalblii skcTpemyM. HeoOxoaumoe ycinoBue sKcTpe-
MyMa.

VYpaBHeHue Dilniepa uisl BapuallMoOHHOM 3aaauu. JKkcTpemaisb. [lone akcTpemanei.
HocTatounoe yciaoBue 3KcTpeMyma GyHKIIMOHANA (CUIILHOTO U €1aboro).

VYcioBHBIN 3KcTpeMyM (pyHKIIMOHANA. M30nepuMeTpruyeckas 3aaaya.

IIpuMepsl IpakTUUECKUX 3aJaHUM:

1.

CocTaBUTh MHTETPAILHOE YPABHEHUE, COOTBETCTBYIOIEE cienyromemMy AuddepeHnnaibHoMy
YPaBHEHHIO € 33JJaHHBIMU HayaJIbHBIMU YCIOBUSAMHU:

y'+y=0; y(0)=0, y'(0)=1
Metonom nudpepeHInpoBaHus PEIIUTh HHTETPATbHOE YpaBHEHHUE:

X
o(x)=x— J.ex_r (1) dt
0
C MOMOIIIBIO PE30JbBEHTHI HAUTH PEIIEHHE HHTEIPATBHOTO YPaBHEHHSL:

o) ="+ [ep(n)dr

PeHH/ITB I/IHTeraJ'II)HOC ypaBHCHI/Ie C BI)IpO)KI[CHHI)IM HHpOMZ
/2

p(x)—A fsin x costp(t)dt =sinx
0
HaiiTi xapaktepucTuiyeckue yncia U COOCTBEHHbIE (DYHKIIMH ISl HHTETPaJIbHOTO YPABHEHHUS C

BBIpO)KI[eHHLIM SII[pOMI
/4

P(x)— 2 [sin® x p(t)dt =0
0
I/ICCJ'IGI[OBaTL Ha pa3pCuIMMOCTD IIPpH Pa3JIMYHbIX 3HAYCHUAX ITapaMCTpa A .

go(x)—lj xe' o(t)dt = x

Pemnth MeTOAOM MOCIEIOBATEIBHBIX HpHGJ’IH)KCHHfIZ

y(x)+Iy(s)ds :x+§



PazpaboTunku:

,

/e noueHT kadeapsl Teopetndeckolt pusuku  IlepeBanosa U.A.
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