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Beenenune

1.1 Metoanuyeckue yKa3aHUs 10 CAMOCTOATEIbHOI padoTe 00y4yarommxcs 1Mo yueOHoMH
AUCHUILIMHBI «MaremaTuka» pa3paboTaHbl B COOTBETCTBUU ¢ DenepalibHbIM T'OCYAapCTBEHHBIM
00pa30oBaTeNbHBIM CTAHAAPTOM CPEIHET0 MPO(PECCHOHATHHOTO 00pa30BaHUS MO CHENUATbHOCTH
11.02.03 DOkcruryaranust 000pyIOBaHUS PAJAMOCBI3U M AJIEKTPOPATUOHABUTAIIMN CYIAOB 0a30BOM
MOATOTOBKHU, YTBEPKJACHHOTO MPUKa3oM MuHucTepcTBa 00pa3oBanus U Hayku P® ot 07 mas 2014
r. Ne 441

1.2 Hesmn um 3agauMm mnpakTHyeckoil (JabopatopHoii) padoTsl - TpeOOBaHUS K

pe3yJibTaTaM OCBOCHHUS:

B pe3ynbrate ocBoeHHs y4eOHOM TUCHUIUIMHBI 00YYarOMIUiCs TOIKEH YMeTh!

yMeTb.!

VY1 pemars npocteie quddepeHraIbHbple ypaBHEHUS;

VY2 npuMeHsTh OCHOBHBIE YHCICHHBIE METOBI JJIs PEIICHUS IPUKIIATHBIX 3a/1a4.

3HATh:

31 - OCHOBHBIE TTOHATHSA U METOAbl MATEMAaTUYECKOT'O aHAJN34;

32 OCHOBBI TEOPUH BEPOSITHOCTEH U MaTEMAaTUYECKON CTAaTUCTUKH,

33 ocHoBbI Teopuu nuddepeHnaNIbHbIX YPaBHEHUH.

[Ipouiecc wu3yyeHUs [UCHUIUIMHBI HampaBieH Ha (opMHpOBaHHE KOMIETCHIIMA B

cootBerctBuM ¢ ®I'OC CIIO (Tadmn. 1).

Tabmuua 1 - Komnerenuuu, gopmupyemble JUCHMIUIMHON «MaTeMaTuka» B COOTBETCTBUU C
oIrocC CI1o

Kon Coaepxkanue KOMIETCHIMH TpeboBanus k
KOMIIeT 3HAHUSAM, YMEHHUSM,
eHIMHU NPAKTH4YECKOMY ONBITY
OK 1. [ToHMMaTh CYIIHOCTh U COUMAIBHYIO 3HAYMMOCTbH CBOEH vV 1,¥2,31,32,33
Oynayuieit nmpodeccuu, MpoOsBIATH K HEH YCTOWYUBBIMA
WHTEpeC
OK 2. Opranu3oBbIBaTh COOCTBEHHYIO JAE€ATEILHOCTD, BEIOUPATH V1,¥2,31,32,33

THUITIOBBIC METOJBI U CITIOCOOBI BBIIIOTHECHUS
HpO(I)CCCI/IOHaHBHBIX 3aaa4, OICHMUBATh UX B(I)(beKTI/IBHOCTB u

KayecTBO

OK 3. [IpuHUMaTh penieHus B CTaHAAPTHBIX M HECTAHIAPTHBIX vV 1,¥2,31,32,33
CUTYaIUsIX U HECTH 3a HUX OTBETCTBEHHOCTb.

OK 4. OcCyIecTBIATh MOUCK U UCIIONIb30BaHHe WH()OPMAIINH, vV 1,¥2,31,32,33

HEeoO0XoauMoM 17151 3 (HEKTUBHOTO BBHITTOJTHEHHS
npodeccnoHaNbHBIX 337a4, TPO(ECCHOHATHFHOTO U
JUIHOCTHOTO Pa3BUTHS

OK 5. Hcnons3oBaTh HHPOPMAITMOHHO-KOMMYHUKAIIHOHHBIE vV 1,¥2,31,32,33
TEXHOJIOTUU B MPOECCHOHATBHON ASITENFHOCTU
OK 6. PabotaTh B KO/UIEKTHBE U B KOMaH 1€, 3QPEKTUBHO V1,¥2,31,32,33

O6I_I_IaTLC$I C KOJUJICTAMHU, PYKOBOJICTBOM, HOTpe6I/ITCJ'I$IMI/I.




OK 7.

Bpatb Ha ce0st OTBETCTBEHHOCTH 3a Pa0OTY YJICHOB KOMAaH/IbI
(IOJYMHEHHBIX), 3@ PE3yJIbTAT BHIIOJHEHMS 3aJaHUH.

Y 1,¥2,31,32,33

OK 8.

CaMoCTOSTEIIFHO OIIpCACIIATh 3aJa4u HpO(bGCCI/IOHaJ'IBHOFO
W JIMYHOCTHOI'O pa3BUTUSA, 3aHUMATHCA CaMOO6pa3OBaHI/IeM,
OCO3HAHHO IIJIAHUPOBATH ITOBBINICHUC KBaJ'II/I(l)I/IKaI_[I/II/I.

vV 1,¥2,31,32,33

OKO.

OpueHTUPOBATHCS B YCIOBUSIX YACTOM CMEHBI TEXHOJIOTUI B
npodeccnoHaNbHOM IS TEIILHOCTH.

vV 1,¥2,31, 32,33

OK 10.

Biragers nucbMEHHON U yCTHOM KOMMYHHUKaLMEN Ha
rOCYJJapCTBEHHOM U MHOCTPAHHOM (AHIJIMIICKOM) sI3BIKE.

vV 1,¥2,31, 32,33

IK 1.1.

ObecnieunBaTh ONTHUMAIBHBIN PEKUM pabOTHI
3JIEKTPOOOOPYOBAHUS U CPEICTB AaBTOMATUKHU C YYETOM UX
(YHKIMOHATIBLHOTO HA3HAYCHHUS, TEXHHYECKUX
XapaKTEPUCTUK U IIPABUJI DKCIUTyaTalluu

vV 1,¥2,31, 32,33

IIK 1.2.

I/ISMepHTB 1 HACTpanBaTh SJICKTPUICCKUC LCIIHU U
OJICKTPOHHBIC Y3JIbI

v 1,¥2,31, 32,33

IIK 1.3.

BoinonHsATe paboThI MO PErIaMEHTHOMY O0CTYKUBAHUIO
AIEKTPOOOOPYIOBAHUS M CPEJICTB ABTOMATHKHU

YV 1,¥2,31, 32,33

I1K 1.4.

BBINONHATD IMArHOCTHPOBAHUE, TEXHUUECKOES
00CITy’)KUBAaHHE U PEMOHT CYZOBOTO JIEKTPOOOOPYIOBAHHS
U CPE/ICTB ABTOMATHUKHU

vV 1,¥2,31, 32,33

IIK 1.5.

OCyIIEeCTBIIATh IKCILTYaTaIlUI0 CYTIOBBIX TEXHUYCCKUX
CPE/ICTB B COOTBETCTBUH C YCTAHOBJICHHBIMU MIPABUJIAMU U
nporeaypamMmu, 00ecrnednBaoIMUMH 0€30MacHOCTb Oneparuit
Y OTCYTCTBHE 3arpsi3HEHUS] OKPYXKAKOIIEH Cpelibl

v 1,¥2,31, 32,33

I1K 3.1.

Opranu30oBbIBaTh MEPOTIPUATHS 1O 00ECTICUCHHIO
TPAHCIOPTHON 06€30MaCHOCTH

v 1,¥2,31, 32,33

I1K 3.2.

[IpumensTh cpencTBa mo 0opbOeE 3a )KUBYUECTh Cy/IHA

¥ 1,¥2,31, 32,33

I1K 3.3.

OpraHu3oBbIBaTh U 00ecneunBaTh 1HCTBUS MO TYNHEHHBIX
YJIEHOB 3KUIa)Ka CyJIHA TIPU OpraHU3aIi Y4eOHBIX
MO’KapHBIX TPEBOT, NPEAYNPEKICHUSA BOSHUKHOBEHUS
110’Kapa M Ipy TYLIIEHUH T0XKapa

vV 1,¥2,31, 32,33

1K 3.4.

OpraHu3oBbIBaTh U 00€cneunBaTh 1€HCTBUS MO TYNHEHHBIX
YJICHOB SKUNaXKa CyJIHA MPU aBapHsIX

vV 1,¥2,31, 32,33

I1K 3.5.

Oka3kIBaTh NEPBYIO MCAUIMHCKYIO ITOMOIIb MMOCTPAaAaBIINM

¥ 1,¥2,31, 32,33

I1K 3.6.

OpraHI/ISOBLIBaTI) 1 00ecreynuBaTh HeﬁCTBHH INOAYMHCHHBIX
YWICHOB 3KHIIaXa Cy/JHa IIpHU OCTABJICHUHA CYy/IHA,
HCIIOJB30BaTh Cr1aCaTCIIbHBIC HNIIIOIIKH, CIIaCaTCIIbHBIC
IIJIOTBI U UHBIC CIIACAaTCIIBHBIC CPCICTBA

v 1,¥2,31, 32,33

1K 3.7.

OpraHu3oBbIBaTh U 00€cneunBaTh 1€HCTBUS MO TYNHEHHBIX
YIEHOB dKUIaXa CyJHa M0 MPEAYNPEKACHUIO U
IIPEAOTBPALIECHUIO 3arPS3HEHUs BOJHON CPEIbl

vV 1,¥2,31, 32,33




2. TemaTu4ecKuii MJIaH BUI0B CAMOCTOSITEILHOM PadoThl 00y4aO M XCS

HaumeHoBaHue Conep:kaHue caMOCTOSATEIbLHOM Pad0Thl 00y4arOIMXCSI CamocrositeabHasi | Koncyabramum,
pa3aesioB U TeM pabora yac
o0yuaromierocst,
yac
1 2 3 4
Pasznea 1. KoMmmiekcHbIe YHC/Ia 2 2
Tema 1.1. KommiekcHbie unciia
CamocrositesibHas padora
1. [IpumeHeHre KOMIUJIEKCHBIX YHCEN. 2 2
Pa3znen 2. MaTreMaTHYEeCKHUHA AHAJIHS. 10 4
Tema 2.1. JuddepenunanbHoe HCUUCICHHE. 2
CamocrosiTesbHasi padoTa
1. Pemenue gusnyeckux 3agad ¢ IpUMEHEHHUEM IPOU3BOTHOM. 2
Tema 2.2. HHTerpanbHoe ucuucjeHNE.
CamocrosiTesbHasi padora
1.Beiuncnenne 0OBEMOB T BpalICHUS C TOMOIIBIO OMPEACTIEHHOTO 2
WHTETpaa.
Tema 2.3. JAuddepennuaibabie ypaBHEeHHS. 2
CamocrosiTesbHasi padoTa
1. IuddepennnanbHbie ypaBHEHUS B YACTHBIX MTPOU3BOIHBIX. 4
2. [lpumenenne quddepeHaIbHbIX YpaBHEHUI B HAYKE U TEXHUKE.
Tema 2.4. Psaabl
CamocrositesibHas padora
Pasnoxxenue B psinbl Dypbe HEKOTOPBIX (QYHKIIHH, YACTO BCTPEUYAIOIINXCS B 2
AJIEKTPOTEXHUKE.
Paspea 3. OCHOBBI 1M CKPETHOI MATEMATHKH 2
Tema 3.1. ITonsiTue MHOKECTBA, MOAMHOKECTBA, OTHOIIEHU.
CamocrositesibHas padora
1. Teopus rpados 2
Pasznea 4. OCHOBBI TEOPUM BEPOSITHOCTE U MATEMATHYECKOM CTATHCTUKH. 2 2
Tema 4.2. DJIeMEeHThl MATEMATHYECKOH CTATHCTHKH. 2




CamocTrosiTesbHasi padora

[.VciioBHOE ¥ ITOJTHOE MAaTEMAaTHUECKOE OXKUIaHUE. 2

2. BeinonHeHnue pacuera BCeX YMCIOBBIX XapaKTEPUCTUK CIydaitHOM

BEJIMYMHBI HA KOHKPETHOM, CAaMOCTOSITEJIbHO BBIOPAaHHOM NPUMEPE.
Paspean 5. OCHOBHBIE YN CJIEHHbIE METO/bI. 4 2
Tema 5.2. YucaenHoe nuddepeHunpoBanue.

CamocrosiTejibHasi padoTa

1. YucneHHoe peneHne 0ObIKHOBEHHBIX TU(depeHINaTbHBIX YPAaBHEHUH. 4

Bcero 20 10




Iopsinok BHINOJHEHUS] CAMOCTOSTEIbHOM PA00THI 00y4al0IIUXCH

Paznea 1. KomniiexkcHbie ynciia
Tema 1.1. KomiuiekcHbIe ynciia
IIpumeHeHnEe KOMILIEKCHBIX YHCeJI.
Llenb: BbIACHUTb NpaKTUYeCcKoe NPUMEHEHNE KOMMNEKCHbIX YMcen.
OcnameHI/Ie: JaHHBIC MCTOAUYCCKUC YKa3aHUA; pPCKOMCHAYCMas JIUTEpaTypa.
3apaHue:
1.  U3yuuts nperiioxkeHHbIH MaTepuai 1o reMe «KomIuiekcHble unciay.
2.  Pa3zo0Opath npennoxeHHbIe 3a7a4i Ha IPUMEHEHNE KOMILJICKCHBIX YHCE.
3. Pewurs 3agaun.
MopAaaok BbINONHEHUA 3a4aHUA.
1. Ha ocHoBaHMM MpEJIOKEHHOTO KpaTKOro KOHCIIEKTa MaTepuaiga U PEKOMEHIOBAHHOMN
JUTEPATYpPBhl, U3YUUTE TEOPETUUECKHUE BOIIPOCHI 110 JTAHHOU T€ME 110 MPEAJIOKEHHOMY IUIaHY.
2. CocraBbTe KpaTKHI KOHCIIEKT JAHHOTO MaTepuaa.
3. OtBerbTe Ha BONMPOCHI KOHTPOJIS
4.  PemmTte npeanokeHHOE 3a/laHuE TI0 U3YYEHHOMY MaTepuaiy.
Jano: u=340sin(w-t—62°)s, r=160Mm, X, =120m, COIPOTHUBIICHUE COEIMHEHBI
nocienoBarelib-Ho. HaliTu TOK B Ienu.
5.  Cpenaiite o01muii BBIBOJ IO U3YYCHHOMY MaTepHaiy.
Bonpocs! 11 n3y4yenus:
1. [IpyMeHeHNne KOMIUIEKCHBIX Yncen B (pU3MKe.
1.1. 'apmMoHMYECKNI CUTHAI.
1.2. IlepemeHHBIH TOK.
1.3. Pa3noxeHnne CKOpOCTH TOYKM Ha paAUAIIbHYIO U TPAHCBEPCAIBbHYIO KOMIIOHEHTHI.
1.4. Pa3noxeHue yckopeHus: Ha TAHTEHIIMAIbHYIO U HOPMAJIbHYIO KOMITOHEHTBI

1.5. 3amaya 0 paBHOMEPHOM JIBM>)KEHUH TOYKH 110 OKPYKHOCTH.

Teopernuyeckunit maTrepual.
1. KommuiekcHble uncina B hu3uke
Pemenne mMHOrumx 3amad (U3MKM W TEXHUKU TMPUBOAUT K KBAJpPaTHBIM YypaBHEHUSIM C
OTPHUILIATENIbHBIM ~ JMUCKPUMHHAHTOM. OTH YypaBHEHHMS HE MMEIOT peIIeHuss B  00JIacTH
JNENCTBUTENBHBIX uucen. Ho pemeHne MHOrMX TakuMx 3a4ad HMMEET BIIOJIHE OIpEAEICHHBIN

(I)H3H‘l€CKHﬁ CMBICH. 3HAUYCHHE BCJIIMYMH, NOJYYAOMIUXCA B PE3YJIbTATC PCIICHHUA YKa3aHHBIX



ypaBHEHUH, Ha3BAJIM KOMILUIEKCHBIMU 4YnciiaMu. KoMIIeKCHbIE Ynciia UpoKko ucnosib3oasl H. E.
KykoBckuii (1847 — 1921) npu pa3paboTke TEOPHH KpbUIA, aBTOPOM KOTOPOHl OH SIBISETCA.
KomruiekcHble uncia Halluld IPUMEHEHHE BO MHOTMX BOIIPOCaX HAyKH U TEXHUKHU.

1.1 F'apmMoHuYeCcKHUil CUTHAJ

'apMonunueckuil cuUrHall — 3TO TapMOHUYECKHE KoJieOaHHsI C TEYEHHEM BpPEMEHU
pacrpoCTpaHsIOMIMEcss B TMPOCTPAHCTBE, KOTOpble HECYyT B cebe WHGOpPMAIMIO WIH KaKHe-TO

JAaHHBIC U OIIUCBIBAKOTCS YpaBHCHUEM: Y = ACOS(C() 1+ Do ), rac A— AMIININTyaa CUTHAJIA,
p=w 1+ Dy - (1)333 TapMOHHUYCCKOI'0 CUIrHalia; t- BpEMA; @ - HUKIMYCCKas 4aCTOoTa CUI'HAJIa.

Tem He MeHee, YaCTO UCHIOB3YIOT KOMIUIEKCHYIO 3allUCh CUTHaja: Y = AeXp [j (a) 1+ ¢, )]

JIOCTOMHCTBO KOMIUIEKCHOTO METO/A: IPU €ro MPUMEHEHUH B aHANIM3€ LENel epEMEHHOT0
TOKA MOXHO IPUMEHSTh BCE U3BECTHBIE METObl AHAJIN3A MIOCTOSTHHOTO TOKA.

1.2. IlepemeHHbII TOK.

B KoHIle mpomIoro CToneTus CTajad MHUPOKO MPUMEHATh FE€HEPATOPhl MEPEMEHHOIO TOKA.
Jns  pacuera uened NEPEeMEHHOTO TOKa OKAa3aJUCh HENPUTOJHBIMU CTAapble  METOJBI,
pa3paboTaHHBIC MJIs IIETICH IMOCTOSHHOTO TOKa M OCHOBaHHbIe Ha 3akoHe Oma. B 1893 r.
amepukaHckuit anexrporexHuk Y. I1. HlTeitamer npeaoxun 3¢ ekTuBHBIA METO pacyeTa Lenei
IEPEMEHHOT0 TOKA. DTOT METO/1 IEJIMKOM OCHOBAH Ha IIPUMEHEHUHU KOMIUIEKCHBIX YHCEIL.

[lepeMeHHBIN TOK - B IIMPOKOM CMBICIIE 3JIEKTPUUYECKUH TOK, U3MEHSIOIIHNICSI BO BPEMEHHU.
MrHoBeHHOE 3HAUE€HHE CHJIbI i MEPEMEHHOI0 TOKa MEHSETCS BO BPEMEHU IO CHHYCOUAAIBLHOMY
3aKOHY: i = I, SiN (wt + a), rae I, — aMIUIUTyAa TOKa, W = 2nf — ero yrjioBas 4acToTa, of —
HayaibHast (daza. CuHycOMIANbHBIH (TAPMOHUYECKUM) TOK CO3MaéTCA CHUHYCOUJAIBHBIM
HaMpsHKEHUEM TOW K€ 4acToThl: U = Uy, Sin (wt + 68), rae U, — ammuuTyaa HanpspkeHus, 8 —
HauasnbHas ¢a3za
3akon Owma ¢opmynupyercas Tak: Cuia Toka B OJHOPOJHOM y4dacTKe IEMU MPSIMO
PONOPLUMOHANIbHA HANpPsSHKEHUIO, NPUIOKEHHOMY K Y4YacTKy, U OOpaTHO MpONOpLUOHAIbHA

XapaKTEpUCTHKE y4acTKa, KOTOPYIO Ha3bIBAOT 3JIEKTPUUYECKUM COIPOTUBIIEHUEM ITOIO yJacTKa.
[Ton 3axonoM Oma B koMIuiekcHOM Gopme nonumatot:1=U/Z

- .
i=1® _ _U_U e

= zeTiP _ +izsing=r1+ i
e U =7 ze Z cos(+ jZ sin =1 + jx.




ConpoTuBjieHHE B ILENU IEPEMEHHOIO TOKa XapaKTepU3yeTCs HE TOJbKO BEIMYMHOM
AKTUBHOI'O COIIPOTHUBJIEHHUS T (TO, YTO MOJAPA3yMEBAETCS MO CONPOTUBIEHUEM, KOT1a TOBOPUTCS O
LIENAX TOCTOSHHOT'O TOKAa), HO M MHIYKTUBHOCTBIO L 1 3nexTpuueckoit emkoctbio C.

NHaykTUBHOCTh - (hu3MyecKas BeIWYMHA, XapaKTEepU3YIOllas MAarHUTHbIE CBOWCTBA
JIEKTPUUECKON LIeIH.

Onexkrpuueckass EMKOCTh — XapaKTEpUCTHKAa IPOBOAHMKA, MeEpa €ro CIOCOOHOCTH
HaKaIlJIMBaTh 3JEKTPUUECKUN 3apsi.

KommiekcHOe cOnpoTHUBIEHHE Y4acTKa LENU IPEJCTaBIseT COOOM KOMIUIEKCHOE 4YHCIIO,
BEIIECTBEHHAs 4YacThb KOTOPOIO COOTBETCTBYET BEJIMYMHE AaKTUBHOIO COINpPOTHBIIEHUS, a
KO3 QHULMEHT TPY MHUMOM YaCTH — PEAKTHBHOMY COIIPOTHBIICHUIO.

AKTHBHOE CONPOTHUBIIEHUE — COMNPOTHUBIICHUE HIIEKTPUUYECKOW LEeNU WM €€ ydacTka,
00ycJI0BIEHHOE HEOOPATUMBIMU MPEBPALLCHUAMH JIEKTPUUECKOIN SHEPTUH B APYTHe BUJIbI SHEPIUU
(B TemjoByH HHEpruro). PeakTUBHOE CONPOTUBIEHUE - 3TO CONPOTUBJICHHE OOYCIOBICHHOE
nepejayeldl SHEpPruM JJIEKTPUYECKOMY WM MAarHMuTHOMY Momto (M oOpaTtHo), ¢ Yy4€Tom
noBepxHOCcTHOTO 3¢ dekra (dhdexkT 3aryxaHus dSIEKTPOMAarHUTHBIX BOJH 10 MeEpe HX
IPOHUKHOBEHUs B TIiyOb mpoBojsimiel cpensl). B pesymbrate s3toro s¢ddexra, nHampumep,
IEPEMEHHbI TOK BBICOKOM 4YacTOTbI, NPU HPOTEKAHWU [0 MPOBOJHUKY pacHpeneisercss He
PaBHOMEPHO I10 CEYEHUIO, a IPEUMYIIECTBEHHO B IOBEPXHOCTHOM CJIOE.

Z =R + iX, rne Z — wumMmnenanc, R — BelWYMHA AKTUBHOTO COMPOTHBIEHUS, X —
BEJIMYMHA PEAKTHBHOTO COMTPOTHUBIICHUS, | — MHHUMAsI CANHHIIA.

Nmnenancom (g """1] Ha3bIBAETCSl OTHOLIEHUE KOMIUIEKCHOM aMIUIMTYAbl HalpsyKEHUs
rapMOHMYECKOIO CHUTHala, MPUKIAABIBAEMOr0 K JABYXIOJIOCHUKY, K KOMIUIEKCHOW aMIUIUTY/e
TOKa, MPOTEKAIOLIEro 4Yepe3 JABYXMOMIOCHUK. [Ipm 3TOM MMIEnaHC HE JODKEH 3aBUCETh OT

BpPEMEHH.

Wjort) _ UW)eets©)  Uw)en®  0j)

W) = 3000 T T@)de o) = Tw)ew© ~ Tl

31ece:
. ] — MHUMast eIMHNLA;
. O — OUKJINYECKas 4acToTa;
. U(®), I(w) — aMnuuTy/asl HapsKEHUs U TOKa TapMOHMYECKOT0 CUTHaja Ha 4acTOTe o,
. ou(®), Pi(w) — ¢a3pl HapsHKEHKUS ¥ TOKA FTAPMOHUYECKOTO CUTHAJIA HA YacTOTE

Ujw), I(jw)_

CUTHaJIa Ha 4YaCTOTE O,

KommrexcHble AMIUIATYAblI HANPSXKCHUSA U TOKa TapMOHHYECKOI'O



WcTOpHYECKH CI0KHIOCh, YTO OOO3HAYCHHE WMIICNAHCa, KOMIUICKCHBIX aMIUIATYI |
JPYrUuX KOMILUICKCHO3HAYHBIX (YHKIMH dacToThl 3amuchiBaloT kKak f(jow), a nHe f(w). Takoe
0003HAYCHUE TIOKA3bIBAET, YTO MBI HMEEM JEIO0 C KOMIUIGKCHBIMH MPEACTABICHHSIMH

o jot o
TapMOHHUYCCKHUX (bYHKHI/II/I BuUaa elw . KpOMe TOro, HaJa CHMBOJIOM, 0603Ha‘IaIOH_[I/IM KOMIIJICKCHBIN

CHIHANl MM KOMILIEKCHBIH HMMIIEaHC, OOBIYHO CTABAT «IOMHK» MIIH TOUKY: Ul1@) arobm
OTJIMYATH OT COOTBETCTBYIOIINX JeHCTBUTEIBHBIX BETHMUHH.

Eciu paccMaTpuBaTh KOMILIEKCHBIH MMIIEaHC KAK KOMILIEKCHOE YHCIIO B alreOpandecKoit
dopme, TO neificTBUTENbHAS YACTh COOTBETCTBYET AKTMBHOMY COIPOTHBICHHIO, a MHHMAs —
peakTuBHOMY. PaccMoTpeHMe JeHCTBUTENBHON YacTH MOJE3HO TPH pacuére MOIIHOCTH,
BEIICISIEMON B JBYXIIOTIOCHHKE, ITIOCKONBKY MOITHOCTH BBIIENSETCS TONBKO HA AKTHBHOM
COTIPOTHUBIIEHHUH.

Eciu paccMaTpuBaTh MMIIEIAHC KaK KOMILIEKCHOE YHCIO B TPUTOHOMETPHUYECKOH (hopMe,
TO MOZYTb COOTBETCTBYeT OTHOIICHHIO AMIUTHTYJ HaNpskeHHs M Toka (caBur ¢as He
VUHMTBIBAETCA),  APTYMEHT — CABHTY (ha3bl MEXIy TOKOM H HANPSKEHHEM, TO €CTh, HA CKOIBKO
TOK OTCTA€T OT HAIIPSIKEHHUS.

da3za KonebaHni — apryMeHT NepHOANYecKor GyHKINN cos(wt + o), sin(wt + o)

i(wt+ig)
wm € 1 OIIMCBIBAOILIEH TAPMOHMUYECKUN KosieOaTeNbHbIN Mpoliece (o — YIJIoBas 4yacTora,

t— Bpems, ¥0— mavanmbHas (asa koneOaHWi, TO ecTh (aza KoneGaHWil B HAYATbHBI MOMEHT
Bpemenu t = (). ®aza 0OBIYHO BbIpaXkaeTcs B YIJIOBBIX €IMHULAX (paJuaHax, rpaaycax) Wid B
nukiax (monsx mepuona): 1 nukn = 2n paguan = 360°. Cuur ¢a3 — pa3HOCTh HaYalbHBIX (a3
IIEPEMEHHBIX BEJINYMH, U3MEHSIOUIMXCSA 110 CUHYCOMJAJIbHOMY 3aKOHY C OJMHAKOBOM 4acTOTOM.
Cnsur (a3 usmepsieTcst B rpajycax, paauaHax Wi A0JIAX mepuoja. B anexTpoTexHuke Oosbiioe
IPAKTUYECKOE 3HAUE€HUE HUMEeT CIBHUI (a3 Mexay HanpsHKeHHEM U TOKOM, OIpeAessoluil
KOA((UIMEHT MOIIHOCTH B LIETISIX IEPEMEHHOTO TOKA.

KomMmmuiekcHble 4YMcIa TakKe HCHOJB3YIOTCS B ONMCAHMM IPOLECCOB IUIOCKOTO TEUYEHUS
XKHUJIKOCTH, 00TeKaHUs NpoQuiIeil )KUAKOCTHIO, BOJIHOBBIE IBUKEHUS KHUJIKOCTH.

KomruiekcHple 4YMcna MIMPOKO MCHOJB3YIOTCS B Pa3IUYHbIX 00JacTsIX (U3MKH, B
O0COOEHHOCTH B ONMMCAHUU BOJIHOBBIX U AJIEKTPOMArHUTHBIX MporieccoB. C MOMOIIBI0 KOMITJIEKCHBIX
YKCel MOYKHO PacCUMTaTh MapaMETPhI IS CETEN HE TOJIBKO MOCTOSIHHOTO, HO M IEPEMEHHOTO TOKa.

IlpuMeHeHHe KOMILUIEKCHBIX (PYHKIUIA [JefCTBUTEILHOIO apPryMeHTa I03BOJAeT
KOMIIAKTHO HU3JI0KUTH PsiJi BOIIPOCOB U3 00/1aCTH KHHEMATHKH U IMHAMHMKH.

[Iyctp TOuka 7 miepeMemnaeTcsi MO IJIOCKOCTH. BBIOpaB MPSIMOYTOJBHYIO CHCTEMY
koopauHat XOy, MOXEM CYHTaTh, YTO JBH)KEHUE MPOUCXOJUT MO KOMIUIEKCHON IIOCKOCTH, a

TOUYKa Z MMEET KOMILICKCHYIO KoopAuHaTy Z = X + 1y, mpuuem X =X(t), y = y(t), z = z(t). B xaxuprii



MOMEHT BPEMEHH t Touka Z OyIeT MMETh OMpPEACICHHYI0 CKOpPOoCcTh L(t), IpuYeM ee KOMIOHEHTBI
paBubl X(t) wu Yy(t). CrnemoBarenbHO, B KaXIblii MOMEHT BpEeMEHH t CKOPOCTh TOYKH Z
XapakTepusyercss KOMILICKCHbIM uuciioMm  X(t)+iy(t), kotopoe wmoxHo 3ammcath Tak: Z(t).
AHAJIOTUYHO YCKOPEHUE W TOUKH Z B KaXKJbIii MOMEHT BPEMEHH t 337aeTCsl KOMILICKCHBIM YHCIOM
z(t) = x(t) + iy(t).

Yucna z(t) u z(t) Oyaem Ha3pIBaTh KOMIIEKCHOW CKOPOCTHIO M KOMITJICKCHBIM YCKOPEHHUEM TOYKH Z.

[IIupokoe NpUMEHEHHE HAILIM KOMIUICKCHBIE YHCIa B KapTorpaduu, 3JICKTPOTEXHHKE,
THIPOAMHAMUKE, TCOPHH (HIBTPALMH TMOYB, TEOPETUYECKOH (u3mke. YK€ B HAIeM CTOJETUU
KOMIUIEKCHBIE YHCIIa U KOMIUIEKCHbIE QYHKINH ((PYHKUINHU, y KOTOPBIX U 3HAYECHUSIMU apryMeHTa, U
3HaYEHUSMHU (QYHKIUH SIBISIFOTCS KOMIUIEKCHBIE YHCJA) YCHEIIHO MPUMEHSJINCh PYCCKUMHU U
coBerckumu mMarematukamu 1 mexanukamu H. E. XKykoBckum (1847 — 1921), C. A. YanneiruneimM
(1869— 1942), M. B. Kenupimem (1911 — 1978) u apyrumu B adpoaumHamuke. CoBeTckue
matematuku . B. Konocos (1867—1936) u H. 1. Mycxenumunu (1891 — 1976) BnepBsie cTanu
IMPUMEHSTh KOMIUIEKCHbIE (PYHKIIMM B TEOPUHM YIPYTOCTH (TO €CTh MO CYIIECTBY K pacueTam
pa3IMYHBIX KOHCTPYKIMH Ha mpo4yHOCTh). C NpPUMEHEHHEM KOMIUIEKCHBIX II€PEMEHHBIX B
TeopeTUIecKor (pU3MKe CBs3aHbI UCCiIeqoBaHMs coBeTckux yueHbix H. H. boromo6osa (poa. 1909)
u B. C. Bmagumuposa (poa. 1923).

B 20-x romax Hamiero croietus crana pa3pabaThIiBaThCsl KBaHTOBas MexaHuka. [[is Hee
OKa3aJicsi 0COOCHHO TOJIE3HBIM ammapaTr KOMILIEKCHBIX Yucell. BOT uTo mumietr 06 3TOM U3BECTHBIIN
coBpeMeHHbIN pusuk E. Baraep B cBoeM ouepke «Henoctmxkumas 3ppeKTUBHOCTh MaTEMaTHKU B
€CTECTBEHHBIX HayKax»: «JlJisi HermoAroTOBICHHOTO yMa MOHATHE KOMIUIEKCHOTO YHCia AaJIeKO He
€CTeCTBEHHO, HE IMPOCTO M HUKAaK He cienyeT u3 (usnueckux HabmoaeHuil. Tem He MeHee,
UCMOJIb30BAaHUE KOMIUIEKCHBIX YHCENl CTAaHOBUTCS IOYTH HEU30EKHBIM MpH (HOPMYIHPOBKE
3aKOHOB KBAaHTOBOH MeXaHHWKH. Kpome TOro, He TOJBKO KOMIUIEKCHBIM 4YHCIaM, HO M TaK
Ha3bIBAEMBIM aHATUTHYECKUM (DYHKIHSM CYXJICHO CHITPaTh PEIIAIONIYI0 POJIb B (OPMYIHPOBKE
KBaHTOBOH TEOPUM».

Jlis  HaBUraTopoB  MpEJCTaBlIse€T 3HAYUTEIbHBIH HHTEpeC CHocod  MOCTPOEHHUs
reorpapuueckoil KapTbl, HNpU KOTOPOM COXPAHSIOTCA YIJbl MEXAYy JUHUSIMHU. Takoil crmocoO
Ha3bIBaeTCsl KOH(MOpPMHOW (TO ecTh coxpasstomied (opmy) mpoeknmeit. Okas3piBaeTCs, 4TO C
MOMOIIBI0  (DYHKIIMI KOMIIJIEKCHOTO MEPEMEHHOTO BO3MOXKHO YKa3aTh OECKOHEYHO MHOIO
KOH(OPMHBIX MPOEKIHHA.

3HaYnTeNbHOE TPHMEHEHHE HAIUIM KOMIUICKCHBIE YHCIIa TP H3YYCHUU JIBHIKCHUS
€CTECTBEHHBIX M HCKYCCTBEHHBIX HeOecHbIX Ten. [IpmBenem mpumep. OmHa W3 BaKHBIX 3ajad,
BO3HUKINAsL MPH TOATOTOBKE 3aIyCKOB INEPBBIX HCKYCCTBEHHBIX CIYTHUKOB 3€MJIHM, COCTOsUIA B

CICAYIOEM: KakK 6y11eT ABUTAaTbCA CIYTHHK IIOA BJIMAHUCM TATOTCHUA K «CIUIIOCHYTOMY



cheponay» (Takyro (popMy MMeEET 3eMHOU Iap, KOTOPHI HECKOJIBKO CIUTIOCHYT Y TOJIIOCOB, €0
HOJIAPHBIN TUaMETP MPUMEPHO Ha 42 KUJIOMETpa MEHbIIIE 3KBaTOPUAIBHOIO auamerpa). OnHuM U3
camMbIx 3(QQEKTUBHBIX CHOCOOOB pEIIEHUs JTOW 3aJadyd OKa3alicsi Crocod, OCHOBAaHHBIM Ha
MPUMEHEHUN KOMILUIEKCHBIX uynces. OH Obul IpeuiokeH coBeTCKUMU yueHbIMU E. 1. AkceHOBBIM,
E. A. I'pebenmukoBeiM u B. I'. JleMuHbIM.
1. 3. Pa3yio:keHNe CKOPOCTH TOYKHU HA PATHAJBHYI0 H TPAHCBEPCAJIBbHYI0 KOMIIOHEHTBI

[Tycte Touka P (puc. 51) mBmkeTcs B IJIOCKOCTH MO KaKOMY-THOO 3aKOHy, A — Hayalio
orcueta. TpeOyercss HAUTH KOMIIOHEHTBI CKOPOCTHU: PaTHAIBHYIO Uy (TIPOCKITUIO0 BEKTOPa CKOPOCTH
Ha ock AP) u TpaHcBepcalibHyIO0 (WM TOIMEPEUYHYI0) L (IIPOEKIHI0 BEKTOpa CKOPOCTH Ha OCh,
obpasyromyto ¢ oceto AP yron +m/2 paguan).

Pewenue. Ilyctb AN — nelictBurenbHas och Ax, <NAP = ¢. B kaxnp1ii MomeHT t Touka P

MMeeT KOMIUIEKCHYI KoopauHaty Z = re'’ (2 u ¢ — dynkuuu or t). CkopocTs Touku P

dz .
XapaKTepU3yeTcsi KOMIUIEKCHBIM YHCIIOM E(z). Huddepenuupys 1o OOBIYHBIM IpaBUIAM

npoussesieHue re'?, momydum:

z=re"*+r¢ i e'°. Orcioza sicHo, 4TO Ly =I, LL=T(.

1.4. Pa3jiokeHue YCKOPEHHS HA TAHTEHIIUAIBHYI) M HOPMAJIBHYI0 KOMIOHEHTHI [TycTh
Touka P IBMXETCS 110 HEKOTOPOH KpUBOH I Tak, YTO CKOPOCTh TOUKH 3a]1a€TCS B KXKIBIH MOMEHT
t KOMIUIEKCHBIM 4HclIoM L=UL(t) (puc. 52). IloHATHO, YTO CKOpPOCTh OyAeT B TEUEHHE BCETO
JIBUKEHHS] HaIpaBlieHa IO KacaTeNbHOM T K KPUBOHM, 4Yero Hemlb3s CKa3aTh 00 YCKOpPEHUH.
TpeOyercst HATH MPOEKIINN YCKOPEHHUs Ha KacaTelbHyo (W,) U Ha HOpMallb (Wy) K KPHBOHM.

Orta 3a7a4a aHaJOTHYHA TPEIBIAYIIEeH. 3aMnIIeM BEKTOp CKOPOCTH B KOMILIEKCHOH (opme:

7= Ue”u, e v — a0COIIOTHAsT BEJIUYUHA CKOPOCTH TOYKH P, a ¥— Yroja MExXAy OChbHO Ox u

¥

kacaresbHOM () k kpuBoii I'. JludpepeHnupys no nepeMeHHOMY t, MOMyduM: w =2 = v '@ +

vWie'”.

Orcroga scHO, 4TO mpoekuus W,
BEKTOPa YCKOPEHHUSI W Ha KacaTelbHYIO OCh T
paBHa L, a MPOEKIUST Wy TOTO )K€ BEKTOpa W

Ha OChb, IMMOJIYHaroIYIOCA U3 OCH T TIOBOPOTOM

V4
Ha +EpaﬂHaH, pasia V¥ W, =

Wh=vw.

1.5. 3agaya o paBHOMePHOM /IBHKEHUHU TOUYKH M0 OKPY’KHOCTH.



Ilycte Touka Z JBMKETCS 10 HEKOM OKpyKHOCTH|Z|=R B

wt A IIOJIOKUTCIIBHOM HaIIPpaBJICHUU C MMOCTOSIHHOM CKOPOCTBIO (HO

aOCOJIIOTHOW  BEJIMYWHE) JIMHEWHOM CKopocThio L. Kakoe

YCKOpEHHUE uMeeT 3ta Touka? (puc. 2)

Pewenue. Ilycts Touka Z B MoMeHT t=0 HaxoauTbcs B Touke A.

VYri10Bas CKOpOCTh TOUKHU Z paBHA .

it
Torma v = Ro. Touka Z MMeeT KOMIUIEKCHYIO KoopauHaTy Zz = Re'”, kommnekcHyro

2 2
. \Y; ; \' i
it — e|tw = (_ela)t). OTCIO[[a BUJHO,

. .t . 2
CKOpOCTh Z=Rmie"” kommnekcHoe yckopenue z = Rafe R? R

2
LV .
4TO ‘Z’:E, a HalpaBJICHHWE YCKOPEHHUsS XapaKTepU3yeTCs OpTOM (BEKTOPOM €IUHUYHOMN JIUHBI),

UMCIOIUM KOMIUIEKCHYIO KOOPJHMHATY. A 3TO 3HAYMT, YTO TOYKa Z JBUXKETCS C YCKOPEHHUEM,
KOTOPOE B KaKIbIi MOMEHT BPEeMEHU | HAIPaBJICHO K LIEHTPY OKPY)KHOCTH (CM. TIPUIIOKECHUE).

®opma koHTpoass — OTuer 1o BhIOJHEHHOU padore. CoaepikaHue OTyeTa: Ha3BaHUE PabOTHI,
0eiib, 3alaHrd U UX PCHICHHA, OTBCTHI HAa KOHTPOJILHBIC BOIIPOCHI, O6HII/II71 BBIBO/I 110 HpOHGHaHHOﬁ

pabore.

Bonpocbl 1A CAMOKOHTpONA.

1.  TloscHure, Kak n300paxaeTcs U 3aMKUChIBAETCS FAPMOHUYECKHUM CUTHAII TPU TOMOLIN
KOMIUIEKCHBIX YHCEIl.

2.  Tloscuure Ha mpUMepax, KaK MPUMEHSIOTCS KOMIUIEKCHbIE YHCia Il HEPEMEHHOI0 TOKa.

3. Pacckaxute, Kak pa3jiokeHHE CKOPOCTH TOUYKHU Ha PaAMaIbHYIO U TPAHCBEPCATIbHYIO
KOMITOHEHTBI UCII0JIb3YeT KOMIUIEKCHbBIE YHCIIa.

4.  TlosicauTe, KaK B 337a4€ O pAaBHOMEPHOM JABM)KEHUH TOUKH 110 OKPY>KHOCTH HUCIOJIb3YIOTCS
KOMIUIEKCHBIE YHCIIA.

PekomeHayemas nutepatypa.

Ocnoeénas numepamypa:

1. bammakoB M.M. Marematuka: y4eOHUK/(HA4albHOE H cpeaHee MpodeccrnoHalbHOE

obpazoBanue) M.: Knopyc, 2013. — 400c.

Jononnumenvnasn numepamypa:

1. Bonemras CoBerckass OHITUKIOIEINS

2. Slrnom .M. KommiekcHbIe Uuciia 1 UX IPUMEHEHHe B reomeTpun, M. @usmarrus, 1963

3. AngponoB M.K. Martemartuka NEHCTBUTENBHBIX U KOMIUIEKCHBIX uncen, M. Ilpocsemnienue,

1975



4. AnemxoB 10.3., CmpmuiseB IL.II. Teopuss ¢GyHKIMIA KOMIUIEKCHOTO TIEPEMEHHOTO H €€
npuiiokenus, u3ga-so JII'Y, 1986

5. Pomxkepc D. ®usuka ais nr0003HaTEIBHBIX, M., 1971

6. bank, M.B. Peanpabie npumenenuss MEuMbIX uncen / M.B. bank, I'.J[. bank, A.A. IlonyxuH.-
Kues: Pagaacekas mkoira, 1988.

7. Mopozoa, B.JI. Teopuss ¢yHkumii xomrmiekcHoro mnepemennoro / B.J[. Mopo3osa.- M.:
W3narensctBo MI'TY um. H.D. baymana, 2002.

8. Ilpumano, WM.M. BBenmenme B Teopuro GYHKIHMA KOMIUIEKCHOTO TmiepemenHoro / W.H.
IIpuBanos.- M.: I'oc. u3-BO TeXH.-TeOp. JIUT., 1954.

9. Tymanos, C.H1. DnemenrtapHas anredpa. [Tocobue mist camoo6paszoBanus / C.U. TymanoB.- M.:
[Tpocsemienue, 1970.

10. Upipxun, M. 5. KpaTtkuit kypc Teopun GyHKIHI KoMIIeKcHOro nepemenHoro / M. 5. LipipkuH.-

M.: IIpocsenienue, 1964.

Pa3zgea 2. MaTteMaTHYeCcKHii aHAJIN3

Tema 2.1. InddepennuaibHoe ucuncjieHne

Pemenne ¢pusnyecknx 3a1a4 ¢ npuMeHeHHEM MPOU3BOTHOM

Llenb: Hayuntbea pewatb 3a434m GU3NYECKOro coaepKaHma ¢ NpUMeHeHeM NPOon3BOAHOM
OcHamenue: 1aHHbIE METOAMUYECKNE YKa3aHUS; PEKOMEHyeMasl JIUTepaTypa.
3apaHue:

1. CocTaBUTh KpaTKUM KOHCTIEKT MO U3YYEHHOMY MaTepHaly.

2. Pemnth npeajioKeHHbIE TPUMEPHI.
MopApoK BbINONHEHUA 3aAaHUA.

1. Heo6xoauMoO U3y4nTh TEOPETHUECKHUE BOIPOCHI IO JaHHOU TeMme [1].ctp. 167

2. CocTaBUTbH KpaTKUW KOHCTIEKT IaHHOTO MaTepHaa.

3. Pemmmre mpennokeHHbIC 329N

2
1. Teno nmBmXeTcs BEPTUKAIHHO BBEPX IO 3aKOHY: S :40t—97(nyTL B METpax, BpeMs — B
CEKyH/IaXx, YCKOpeHHe CBOOOIHOIro majeHusi, mpuHiITh 10 M/Cz). Halitn mMakcMMallbHYXO BBICOTY

noar€Ma JaHHOI'O TCJIa.

2. I[OKa)KI/ITe, 9TO BCJIMYMHA YCKOPCHHA TapMOHUYCCKOTO KoJIeOaHMS X= SSm(Zt + 1)

IPONMOpPLUMOHAIbHA OTKJIOHEHHIO X OT [OJIOKeHUs paBHoBecus. Haiiaure xkoaddunuent

MPONOPIIMOHATBHOCTH



3. Haiitu Moaynb cuibl, elcTByrome Ha Teino maccor 300r, B MOMEHT BpeMeHu | ¢, eciu Teno

1

JIBIDKETCS MIPSMOJIMHEHHO B €70 CKOPOCTh U3MEHSETCS 110 3aKOHY 1+t , TJIe V — CKOpOCTh, M/c, t
— BpeMms B C.

4. CocrapinsieTcs >JIEKTpUUYECKas LEMb W3 JBYX MapajliebHO COCAMHEHHBIX pe3ucTtopoB. llpu
KaKOM COOTHOIIEHHWU MEXAY CONPOTHBICHUSMU O3TUX PE3UCTOPOB COINPOTHUBJICHUE LIEMHU
MUHHUMAJIBHO, €CJIH NP TOCIICIOBATEIFHOM COSIMHEHUH OHO paBHO R Om?

5. Cyano B, Haxopsieecs: B JaHHBI MOMEHT Ha PACCTOSAHUU 75 KM K BOCTOKY OT CyJHa A, UAET Ha
3amajJi co CKOpOCThi0 12 KM B 4ac; CyqHO )€ A HJIEeT Ha Ior CO CKOpocThio 4 KM B yac. Yepes

CKOJIBKO 4acoB cyza OyayT Haubosee OJIM3KU K ApyT APYTy?

Bonpocs! a5 usyyenus:

1. ChopmynupoBaTh yTBEepKIeHUs, ToaydeHHbIe HhloToHOM U., OTHOCHUTEIBHO MTEPBOM U BTOPOM

MIPOU3BOHBIX.

2. Pa3o6path nmpenoxKeHHbIE 3aJa4H.

3. Pemnth 3a1aun HA JAHHYIO TEMY.
Teopernyeckuii Mmarepual.
1. CxopocThb U yCKOpeHue.

B ocHoBe 3amay, KOTOpbIe pemraroTcsi B (U3MKE C MOMOIIbIO MPOU3BOJIHBIX (MEPBOM U
BTOpOIl), IeXar Cleylolue YTBEpXKIACHHUs OJHOTO U3 cosjaarenei auddepeHmanbHOro
ncunciennss U.HprotoHa.

1. Haxomas mepByro MpoOM3BOIHYIO OT (DYHKIIMH, MBI pEIIIaéM OYE€Hb BaXHYIO (PU3NUYECKYIO 3a7ady, a

HMCHHO: OIIPCACIISICM 6BICTpOTy HN3MCHCHUA (bYHKI_II/II/I, T.C. CO6CTBCHHO, CKOpPOCTh. Takum 06pa30M,

i AY
o Herotony: y' = IlmoA_ €CTh CKOPOCTh (DYHKITUH.
AX—>! X

[TpumenurenbHo K JBwkeHUto, eciu S = f(t)mwm X = f(t)- 3akoH aBWwXkeHHMs Tena (TOUKH),

KOTOpLIfI MMO3BOJIIET HAWTHU IIOJIOKEHHE Tejia (TO‘IKI/I) nin HpOI’II[CHHBIfI HMU IIYTH IJIA I000ro
MOMCHTAa BpEMEHHU, TO UX CKOPOCTL:.

2. Haxoas BTOpyI0 MNPOM3BOAHYI OT (YHKUIUHU, MBIl OINpeaesnsieM OBICTPOTY H3MEHEHus eé

. As ds

CKOPOCTH, T.€. YCKOPEHHUE kiuu. V = lim—=V'=— (1

p yckopenue QyHxi im )

. AV , Qv
[TpruMEeHHUTETHHO K IBHKCHHIO, €CJTH M3BECTCH 3aKOH JIBIKESHUS TeJla , TO a = "mOA_t =V'= pre
At—
. AV _, d3s

IJie a — ycKopeHue ToukH (Tena) ¢ yaerom (1) umeem: a=lim —=S8"=—.

At>0 At dt?



Urak, no Hetotony: ecnmu S = f (t) - 3akoH ABMXKEHHUSA TeNa, TO €ro CKOPOCTh (CKOPOCTh AJIs JTH0O0T0

: AV d’s
MoMeHTa Bpemenn) V = lim as =V'= d—S, a=Ilim—=8"=—.
At—0 At dt At—0 At dt

ITo cymectBy, HbIOTOH OTBETHJI Ha BONPOCHI, KOTOPbIE CTOSUIM IE€pe]l MEXaHWKAMU [Ba
ThICAYENICTUS — KaK PacCUUTBIBaTh CKOPOCTb U YCKOPEHUE ABMKYIIUXCSA Tel B JIIOOOW MOMEHT
BPEMEHU. DTU CKOPOCTh M YCKOPEHHE HAa3bIBAIOTCS] MTHOBEHHBIMHU.

2. PaccMoTpuTe 3aga4u.

Ne 1. VYrom ¢ moBopora mIKMBa B 3aBHCHUMOCTH OT BpeMmMeHH U 3amaH QyHKIHeH
Q= (Zt2 +3t +1)pan. HaiiTi yrioByro ckopocTh @ npu t = 4c.

Pemenune: Ecamn (0:(t+At)—(p(t)- yrojl MOBOpPOTa IIKMBA 3a IPOMEXYTOK BPEMEHM, CPEIHsA

YIIIOBasi CKOPOCTh paBHa: @' = (Zt2 +3t +1) =4t+3,10 ¢'(4) =4-4+3=19(pan/c).

3
Ne 2. Teno maccoit 10 kr nBUXKETCS MO 3aKOHY: S = 5—6t (myTh B MeTpax, BpeMs B CEKYHJIaXx).

Haiitu cuny, neiicTByrolyto Ha T€IO, U €ro KMHETUYECKYIO PHEPrHI0 yepe3 3 ¢ OT Haudajia
JBUXCHUA.
Pemenue: 1) Halizem KHHETHYECKYIO SHEPTHIO JAHHOTO Tela JUIsl JIOOOr0 MOMEHTa BPEMEHHU:

2

z_Hov:s':(g_stj 6. To. E, :m(t2—6) :10'(32—6)2

2 2

mv

E, = = 45 (JIx);

2) Cuy, AeWCTBYIOIIYI0 Ha TEJIO B MOMEHT BpeMeHH I, Haiinem mo ¢opmyrne F =m-a, rae

a=V'= (’[2 —6) =2t. T.o.,, F=m-2t. 3naueHne CWIbI JJIsI MOMEHTAa BpeMeHU 3¢ Oymer

paBaa: F =m-2t=10-2-3=60(H).

1
Ne 3, BI:ICTpOTa CUTHAJIM3alluu 110 MOJABOJHOMY KaOeIo MMpOoNnopuruoHaJIbHAa BBIPAKCHUIO X2 -In -,
X

rac x €CTb OTHOLICHHUE paJaunyca METaIUTNYeCKOM CCPALICBUHDBI Kabelsa K TOJIIHUHE €TI0
I/I3OJ'II/IPYIOH_IGI71 obomoukn. Kakum JOJIKHO OBITH 3TO OTHOIIICHHUC, YTOOBI 6BICTpOTa

CUTHAJIU3ALMU ObLIa HAMOOIBIIEH?

Pemennie: B nanHOM ciyyae HaMm He TpeOyercs COCTaBIATh (QYHKIUIO, KOTOPYIO HAIJIEKHUT

uccienoBarh Ha okcTpemyM. Ona 3amana. Mccrnenyem eé Ha nuntepsaie (0; +oo)

!

r_ 2 1 _ < <
f'=|x"-In=| = —X(Z In x +1) . KOpHCM MMPOU3BOJHOU, IMMPUHAIJICIKAIICHU 3aJaHHOMY HWHTCpPBAIly,
X

-1
:ez

SABIISICTCSL X = . Ecou mmB1 npocjacaum IOBCIACHUC HpOHSBOHHOﬁ npu nepexonc 4Yepe3

-



JaHHYIO TOYKY, TO YBUAWM, YTO OHA MCHACT 3HaK C IIJIFOCAa Ha MHHYC. 3HAYUT B JTOM TOYKE

-1
(GyHKIMS TPUHIMAET MAKCUMYM. 3HAYUT, HCKOMOE OTHOILIEHHE JOJKHO OBITh paBHO € 2 .

®opma koHTpoasAs — OTyeT Mo BhIMONHEHHOW pabote. CopepikaHue OTUETa: Ha3BaHUE PaOOTHI,
0eiib, 3alaHrd U UX PCHICHUA, OTBCTHI HAa KOHTPOJIbHBIC BOIIPOCHI, O6IJ_II/II71 BBIBOJ 110 HpOHeHaHHOﬁ

pabore.

Bonpocbl AnA CaMOKOHTPOAA.

1. ChopmynupyiiTe: B 4eM 3aKiIr0dacTcsi GU3MIECKUN CMBICI TPOU3BOIHON?

2. Pemnte 3amauy: JIBa nctouHuka cera pacnosioxensl B 30 M apyr ot apyra. Ha mpsimoi,
COECIUHSAIONIEH MX, HAlTHM HaWMEHEe OCBELIEHHYI0 TOYKY, €CJIM CHJIbl HCTOYHUKOB
OTHOCATCS, Kak 27 : 8.

PekomeHayemas nutepatypa.

OcHosHasA:

1. Ilantaes M.}O. Marananu3 ¢ 4eJOBEYECKUM JIMLIOM WM KaK BBDKUTH I1OCJIE IPEIEIBHOIO
nepexoja. [lomueiii kypc maremarnueckoro ananusa T.1.M31.2, ucnp.- M.: JJEHAH/, 2015.
—368c.

2. bammakoB M.U. Maremaruka: ydeOHUK/(Ha4anpHOE U CpenHee MpodeccuoHaIbHOE
obpazoanue) M.: Knopyc, 2013. —400c.

3.  ®ummmonoBa E.B. Maremaruka: Y4yeOHOE MOCOOHE IS CPEIHUX CIEMUAIBHBIX yIeOHBIX
3aBeqieHul. - PocroB H//I: ®enukc, 2008. — 416 c.

LHononHumensvHas:

1. Hanko ILE. u np. Beiciiast maTemaTuka B ynpakHeHusX U 3agavax. Y.1 7-e uzz., - M.: OO0
« U3narensctBo «Mup u O6pazoBanuer, 2010

2. Sxosnes I'.H. Anrebpa n Hauana ananu3a, yacts |, M. «Haykay», 1978

3. SAxosneB I''H. AnreOpa u nHawama ananmsa, yacth I, M «Haykay», 1978. Illunaués B.C.
Hauana Beiciieit Marematuku: Y4ueOHoe mocodue mist By30B. — M.: [Ipoda, 2004.

4. Banymp WM.U., HQumuryn I'.JI. MaTtematuka ans TEXHUKYMOB Ha 0a3e CpeiHEH IKOJbI:
YyeOHoe nmocobue. — M.: Hayka. I'n. pea. ¢pus.-mart. nut., 1989.-576

5. Brironckuit M.Sl. CipaBouHUK 110 BhICIIeH MatemaTuke. — M.: Beicmas mkoma, 2000.

6. 4. J1.IIncemennsbiil. Koncnekr Jieknuil o BeIcHIer MmaTemaTuke. B nByx dactsax. M. «Alipuc

ITpecc». 2009r.



Tema 2.2. UnTerpajibHOe HCUMCIEHHE.
Broiuuciienne 00beMO0B TeJl BpallleHHsl ¢ IOMOIIbIO ONpeAe/IEHHOIr0 HHTerpaJia
Llenb: no3HakomuUTbCA C GoOpMynamn HaxoxaeHna obbemoB Ten BpalleHMA OTHocuTenbHO ocun OX;
Hay4YUTbCA NPUMEHATb ONpeAeNIeHHbIN UHTerpan ANA peleHns 3agau.
OcHameHue: JaHHbIE METOAMYECKUE YKa3aHUs; PEKOMEHIyeMas JIuTepaTypa.
3apaHue:
1.  CocraBuTh KpaTKMil KOHCIIEKT [0 U3Y4YEHHOMY Marepuaily: BpruncieHue o0beMOB Teln
BpAILICHHS C TTIOMOIIBIO ONPEIeIEHHOr0 uHTerpana. [1] ri. c.68
2.  Pemmwutb npennokeHHbIE TPUMEPHI.
MopApoK BbINONHEHUA 3a4aHUA.
1. Ha ocHOBaHUU IUTEPATYpHI, PEKOMEHJOBAHHON K BBIOJHEHUIO CAMOCTOSTEIbHONU padOTHI,
HEO0OXOIUMO U3YYHUTh TEOPETUUYECKHE BOIIPOCHI 10 JaHHOM TeMe COTJIacHO IIaHy.
2. CocraBuUTh KpaTKU KOHCIIEKT JJAHHOTO MaTepuara.
3. PemmuTe npemsiokeHHBIC 321241
1) W3 Bcex IWIMHIPOB, BIHCAHHBIX B IIAp pagdycoM R, HalauTe TOT y KOTOPOro 00BeM
HauOOJIBIINH.
2) U3 OymaxkHOro Kpyra paamyca R BbIpe3aH CEKTOp M M3 OCTaBIICHCS YacTH Kpyra CKiieeHa
KOHMYECKasi BOpoHKa. KakoW yron JOMKEH MMETh BBIPE3aHHBIN CEKTOp, YTOOBI 00bEM BOPOHKU
ObL1 HanOonpHi? HaliquTe paanyc OCHOBaHHS U BHICOTY BOPOHKH.
3) Beruncauts 00beMBI Tel, 0Opa30BaHHBIX BpalleHHEM (UTYp, OrPaHUYEHHBIX T'padUuKaMH
GbyHKIHM, OTHOCUTENBHO OcH BpameHuss Ox .Yy =—-1+ X2, y =0.

4) BbluUCIUTh OOBEMBI TeJ, OOpA30BaHHBIX BpalleHHEM (UTYp, OTpaHMYCHHBIX TrpapHUKaMH

(G yHKIMH, OTHOCUTENBHO OcH BpameHus Ox . y2 =90x,y = 3x

Bonpocs! 1J1s1 H3y4eHus:

1.  OOwemsl puryp BpameHus. Oouue GopMyIbl.

2 HccnenoBanus Ha 3KCTPEMYM B 3aJjadyax Ha 00beMbl (PUTYp BpalleHHs.

3.  Bpruncnenne o0beMOB (QUTyp BpaIleHUs C TOMOIIBIO OMPEAEICHHOTO HHTerpaa.
4

Pazo0paTe mpeaiokeHHbIC 3a/1a4H.

Boiuucienne 00bEMOB Tes1 BpallleHUsI.



Ecnu mutonmans cedeHUs Tena IUIOCKOCThIO, MEPIEHIUKYIAPHON ock Ox, MOKET OBITh BBIpaOKCHA
KaKk (YHKIUS OT X, TO 00bEeM YacTH Teja, 3aKJIFUCHHOM MEXIYy MepPIeHAuKYIApHbIMUH ocu Ox
b
IUIOCKOCTAMHU X = @ U X = b, Haxomurcs o ¢opmyie: V = JS(X)dX.
a

Ecnu kpuBosIMHElHAsI Tpanenus, orpaHuueHHas kpuBoid Yy = f(X) u npssMeiMu x = a u x = b,

b
2
v = 0, Bpammaercst BOKpyr ocu Ox, To 00beM Teja BpalieHus Beraucisercs: V, = 72'.[ y“dx

a

[TycTh KpUBOJMHEIHAS Tpalelys, OrpaHUYEHHAs MPSAMBIMA X = @, X= b, Yy = 0 u HenpepbIBHOM
xpuBoit Yy = f(x), rme f(X)=0 g Xe [a; b], Bpamaercs BOKpyr ocu OX. O0beM MoJIydeHHOTO

b
TP 3TOM Tela BpaiieHus (puc. 1) Beraucnsercs no gpopmyne: V, =7 I f2(x)dx.
a

Ecnu KpuBOJIMHENHAS TpAIlEus OrPaHuYEeHa JIMHUAME X = @, X= b,
yi = fiX) u yo = f,(x) e fo(X) = f1(X) ama Xe€[a;b], to o6vem momyuennoro mpu ee

BpaieHny BOKpyr OX Tena (puc. 2) MOXHO BBIYHCIHUTH 10 (hopMmyIe:

b b b
V, =V, -V, =7zj fzz(x)dx—nj flz(x)dx:ﬁj(fzz(x)— £,2(x)dx

IIpumep: Haiitu o0bem Tena, MNOJYyYEHHOTO BpallleHHEM BOKpPYr ocu abcuucc (Urypsl,

orpaHudeHHoi rpadukoM GyHKIEE Y = X° 1 mpAMoit Y = 2X U X € [0;2].
2

=—7.

Pemenue: V = EI(ZX - xz)jx = E(XZ —X—;j 3

0
1
OtBeT: 15 7 (ky0.em.)

IIpumep: Brruncnute 00beMbI TN, 00pa30BaHHBIX BpalleHHEM (PUTyp, OrpaHUYEHHBIX rpauKaMu

(GyHKIMI, OTHOCUTENBHO OCH BpallleHus



Ox.y=2x—X*y=—X+2.

\A y b
_ 2
5 V_ﬁjy dx
— X a
2 2
., _ R 24y 2 N2y
2\7 V—ﬂ'j(ZX X*+X-2) dx_n!( X +3x—2)"dx =
2
”I(X4 6x° +13x° —12x + 4)dx =
1
2
=7r(£x5——x 1 By 6x2+4xj =
5 3 1
=7z££— %—24 g_L1,3 18, 6—4j=£.
5 5 2 3 30

®opma koHTpoJsi — OTueT Mo BeIMOIHEHHOW pabote. CopepxaHue OTYeTa: Ha3BaHHE PabOTHI,
1eNb, 33JJaHHs U UX PEIICHHUs, OTBETHl HAa KOHTPOJIbHBIE BOMIPOCHI, OOIIMIA BBIBOJ 110 MPOJICTAHHON

pabore.

Bonpocbl ANnA CAMOKOHTPOAA.
1. 3anuimute GopMyIIbl A HAX0XKACHUS 00EMOB TeJ BpalleHUs] OTHOCUTENbHO ocu OX.

2. 3anumuTe (bOpMy.]IBI JJIA HAXOXIACHU A o0beMa Tel BpallCHHA OTHOCUTCIBHO OCH OV.

PekomeHayemasa nutepartypa.

1. Tlantaes M.}O. MaraHaiu3 c 4YelOBEYECKUM JIMIIOM WJIM KaK BBDKUTH IOCIE IPEIeIbHOrO
nepexona. [lomHbli Kypc matematmdeckoro ananuza T1.2. Uzm.crepeorumn, M.: JIEHAH/I,
2015. - 416 c.

2. bammakoB M.M. Maremaruka: yueOHHK/(HauajdpbHOE U cpenHee TMpodecCHOHaIbHOe
oOpazoBanue) M.: Knopyc, 2013. —400c.

3. H.B. Boromounos. [Ipaktuueckue 3ansaTus mo maremaruke. M. «Bpicmas mkoma».2008r.

JlononnumenvHasi:
4. Janxo [LE. u np. Beiciias maremaTnka B ynpakHeHUsX U 3aaa4ax. Y.1 7-e uza., - M.: OO0 «

N3znarensctBo «Mup u O6pazoBanuey, 2009

Tema 2.3. IndppepenunaibHbie ypaBHEHHS.
JAu¢pepeHunaibHbie YpABHEHHUS B YACTHBIX IPOM3BOAHBIX.

IIpumenenne nuddepeHHANBHBIX YPABHEHHI B HAYKe H TEXHHUKE.



Llenb: nosHakomuTbca ¢ aubdepeHunmanbHbIMM  YPAaBHEHUMAMM B YaCTHbIX MNPOM3BOAHDIX,
HayyuTbCcA pelaTtb npoctenwme auvddepeHumanbHble ypaBHEHUA B YACTHbIX NPOM3BOAHbIX
NPUMEHUTENBHO Pa3aesioB HAYKM.
OcHalenue: JaHHbIE METOMYECKUE YKA3aHUs; PpEKOMEHyeMasi JINTepaTypa.
3apaHue:
1. CocraBuTbh KpaTKui KOHCIEKT 110 U3YYEHHOMY MaTepuaty.
MopAapok BbINONHEHUA 3a4aHUA.
1. Ha ocHOBaHMHM JHMTEPATyphl, PEKOMEHJOBAaHHON K BBIOJHEHHIO CAMOCTOSTENBHON palOThI,
HE00XOUMO U3YUHUTh TEOPETUUECKHUE BOIIPOCHI 10 IaHHOM TEME COIJIACHO ILIaHYy.

2. CocraBUTbh KpaTKUi KOHCIIEKT JaHHOTO MaTepHara.

Bonpocs! quis usyyenus:
1. ®OyHKmuMM ABYX W HECKOJbKUX IEPEMEHHBIX, CIIOCOOBI 3aJaHusi, CUMBOJHMKA, 00JACTh
onpenenenus. [1] rim. 10 c. 198., [3] cTp.351.
YacTtHble Mpou3BOIHbIE (DYHKIIMK HECKONBKHUX NepeMeHHbIX. [1] ri. 10 c. 205. [3] cTp.353.
[Tomusii muddepennman. [1] rim. 10 c. 209 [3] cp.355.

YacTHbIe POU3BOIHBIC BICIIHX MOpsAKoB. [1] ri. 10 c. 219, 222, [3] c1p.357.

o B~ w N

Juddepennmanpaple ypaBHEHUS B YaCTHBIX MPOM3BOIHBIX TepBOro mopsaka. [1] ri. 12 c. 376
[4] cTp.186 - 194.

6. IIpumenenue quddepeHnnanbHbIX ypaBHEHUH B HAyKe U TEXHUKE.

(I)opMa KOHTPOJIA — OT4eT 1O BBHIOJIHCHHOMU pa60Te. Coz[epxcaHI/Ie OTUYECTAa. Ha3BaHUC pa6OTLI,
0eJib, 3alaHrd U UX PCHICHU, OTBETHI Ha KOHTPOJILHBIC BOIIPOCHI, O6H.IPII>1 BBIBO/J ITO HpO,Z[GJ'I@.HHOI’I

pabore.

Bonpocbl ana camoOKOHTpOAA.
1. JlaiiTe onpeneneHe YaCTHBIX MMPOU3BOIHBIX.

2. Ilosicaute, uto Takoe yacTHbIN nuddepennman pynkunn? Ionusii quddepenunan?

PekomeHOyemas numepamypa.

1. TMantaes M.IO. MataHanu3 ¢ 4YeJIOBEYECKHMM JIMIIOM WMIU KaK BBDKUTH TOCJE MPeneabHOTro
nepexona. [lonHelil kypc matemarndeckoro ananusa T.2. U3a.crepeorun, M.: IEHAH/I, 2015.
—416 c.

2. bammakoB M.M. Maremaruka: y4eOHUK/(HadalbHOE ¥ cpeAHee MpodecCHOHATbHOE
obpazoBanue) M.: Knopyc, 2013. —400c.

3. E.B. ®unnmonoBa. Maremartuka. P.-Ha-J]. «Dennkce».2008 T.



4. Owmenvuenko B.II., Kybaroa D.B. Maremartuka: yueO6HOoe mocobue. - PocroB H/J[: denwkc,
2009. — 380 c.
JlononnumenvHasi:
1. Jlauko ILE. u np. Beicias matremaTuka B ynpaxHeHusx u 3agadax. .1 7-e uzn., - M.: OO0 «
NznarensctBo «Mup u O6pa3zoBanuey, 2009
2. Kamman U.A. IlycteiaaukoB B.U. IlpakTukym 1o BbICHIe MareMaTHKH B ABYX Tomax, T.l.:
yuebnoe mocobue/M.A. Kamman, B.W. IlycteiHHuKOB: mox obmeil pen. mpod. B.W.

ITycTeinHMKOBA. 6 W34., Ucnp. U 1o1.. — M. Dkemo. 2006. — 576¢.

Tema 2.4. Paawl.

Pa3znoxkenue B PHAABLI (I)ypbe HEKOTOPLIX q)yHKHHﬁ, JacTO BCTPECYAOIIUXCHA B 3JICKTPOTEXHUKE

Lenb: HayuuTbCca packiagpiBaTb TPUTOHOMETPUYECKMI pagd B pag Pypbe Ha  pas/MuHbIX
WHTepBanax, packnaablBatb B pag Pypbe GyHKLMM, YacTO UCNOIb3yeMble B 3/1IEKTPOTEXHUKE.

OcHaleHue: JaHHbIC METOIMUCCKHIE YKa3aHUsl; PEKOMEHIyeMasi InTeparypa.

3apaHue:
1. CocTaBUTh KpaTKUW KOHCIIEKT 10 U3yYEHHOMY MaTepuaiy.
2. Pemute npenokeHHbIe TPUMEPHI.

MopAaaokK BbINONHEHUA 3a4aHUA.
1. Ha ocHoBaHHMM JHUTEpaTYpbl, PEKOMEH/IOBAaHHOI K BBIIOJHEHHUIO CAMOCTOSITEILHON palboThI,
HE00XO0IMMO U3YUUTh TEOPETUUYECKHE BOIIPOCHI 110 JAaHHO! T€ME COTJIACHO IJIaHY.
2. CocTaBUTh KpaTKHIl KOHCIIEKT JaHHOI'O MaTepuaa.
3. PemuTsb 3a/1aun Ha JaHHYIO TEMY
Bonpocs! 11 n3yyenus:
1. TIlpouwmraiite [1] I'naBa 28 §1Tpuronomerpuueckuii psag @ypbe: NOHIATHE TAPMOHUKA, TOHATHE
TpuroHoMmerpuieckoro psna @ypee, Teopema Jupuxie.
CocraBbTe KpaTKMil KOHCIIEKT JAHHOT'O MaTepuana.
[TpounTaiite [1] ['maBa 28 §2 Psg @ypbe 11 HeUeTHON (PYHKIUH.

CocraBbTe KpaTKHH KOHCIIEKT JAHHOTO MaTepHaa.

2
3
4
5. [Ilpounraiite [1] ['maBa 28 §3 Psan @ypee 1ist ueTHON HYHKITHH.
6. CocraBpTe KpaTKUil KOHCIEKT JJaHHOTO MaTepuaa.

7. Tlpouuraiite [1] I'maBa 28 §4 Paznoxenue B Psg @ypbe GyHKIINU, 3aJaHHON B TpoMexyTke 0
<x<2m.

8. CocraBpTe KpaTKHii KOHCIIEKT JJaHHOTO MaTepHala.



9. IIpouuraiite [1] I'maBa 28 §5 Paznoxenue B Psang @ypre QpyHKIINHN, 3a7aHHON B MPOU3BOJIBHOM
IIPOMEXKYTKE

10. CocrtaBbTe KpaTKUii KOHCIIEKT JaHHOT'O MaTepuaia.

11. Ilpouwmtaiite [1] TI'maBa 28 §6 Pasmoxenue B Psg Dypbe HEKOTOPHIX (YHKIHMH, YacTo
BCTPEUAIOUINXCS B AJIEKTPOTEXHUKE.

12. PemnTe npenioKeHHbIE 3a0a4H.

1. Pasznoxuts B psin @ypee Ha (0;21) Gynkumwo: f(x) = n—X

2. Pasnoxute B pan Pypbe nepuoaudeckyro (T =2m) ¢yHkumio f(x), ompeleleHHYI0 Ha

3 COSX, ——<X I
[_“,n} PaBCHCTBAMH f (y) = 2
2 2 T 3n
0, —<Xx<—
2 2

3. Pasnoxwurs B psg @ypwe Ha (-, ) f(X)=XCOSX.

®opma koHTpoJsi — OTyueT Mo BHIMOJIHEHHON pabote. CopepxaHHe OTYeTa: Ha3BaHHE PabOTHI,
1eNb, 33JJaHKs U UX PEIICHHUs, OTBETHl HAa KOHTPOJIbHBIE BOIPOCHI, OOIIHI BBIBOJ 1O MPOJICTaHHON

pabore.

Bonpocbl ANnA CAaMOKOHTpPOAA.

1. 3anummre popmynsl s paznoxenus B pag @ypee GpyHKIMN Ha npoMexyTke 0 <x <2 .

2.  Pacckaxwurte B 4eM OTJIMYHE Pa3NIoKeHUs B psig Pypbe QyHKINN Y€THOW OT HEYETHOM?

3. Ilpoananu3upyiite, Kak OTIMYAETCSI TPUTOHOMETPUUYECKHUH Psill, B 3aBUCUMOCTH OT
IIPOMEXKYTKA PA3JIOKECHHUS.

PekomeHayemasn nutepatypa.

Ocnoenas numepamypa

1.  H.B. boromonos. [Ipaktuyeckue 3ansaTus no Maremaruke. M. «Bpicias mkona».2014r.

2. bammako M.M. Maremaruka: ydeOHUWK/(HA4aqbHOE U CpeaHee MpodeccrnoHaTbHOS
®dobpazosanne) M.: Knopyc, 2013. —400c.

3. H.B. boromonos. Maremaruka. CI1O. M.- «/Ipoda». 2010 r.

Jlononnumenvhas tumepamypa

1. E.B. ®unumonoBa. Marematuka JUis CpelHUX CIIeIUaTbHBIX YUeOHBIX 3aBefieHui. P.-Ha-/{oHy.

«Denuxcy. 2008 .



2. B.C. MuxeeB, O.B. Crsmxkuna, O.M. IIsemoma, I'.Il. IOpnosa. PoctoB-Ha-/lony,
«Dennkcy»,2009r.

3. J.ITucemennsnii. KoHCTIEKT JIeKIMii 1O BBICIICH MaTeMaTHKe. B nByx wactsax. M. «Aiipuc
[Tpecc». 2009r.

4. TLE. J[anko, A.I'.IlonoB, T.f.KoxeBuukoBa. B naByx wactax. M. «Onwmkc. Mup u
O6pazoBanue». 2010r.

Tema 3.1. IlonsiTHE MHOKECTBA, MOAMHOKEeCTBA, OTHOIIEHHH.

Teopus rpadgos.

Llenb: N0O3HaKOMMUTLCA C NOHATUAMMN TEOPUN rpadoB.

OcHaleHue: JaHHBIC METOAMYECKUC YKa3aHUs; PEKOMEHIyeMas JTuTepaTypa.

3apaHue:

1.  M3y4uTh OCHOBHBIC MMOHATHS TeOpHH I'padoB, CBOMCTBA U BUIBI TpadoB.

2.  Pemmtsb mpemiokeHHBIC 3a1a4H.

MopApoK BbINONHEHUA 3a4aHUA.

1. Ha ocHoBaHuWM nHTEpaTyphl, PCKOMECHIOBAHHOW K BBIMOJHEHUIO CAMOCTOSITCILHOM pPabOTHI,
HEOOXO0IMMO U3YYHTh TEOPETUICCKHIE BOIIPOCHI 11O TAHHOUW TeMe COTJIACHO IUIaHYy.

2. CocTaBUTH KpaTKUW KOHCTIEKT IaHHOTO MaTepHaa.

3. Pemmrts 3amauy:

B o0eneHHBIN TIepephIB WICHBI CTPOUTEIBHON OpUTaabl pa3rOBOPHIIMCH O TOM, KTO, CKOJIBKO

ra3eT 4YMTaeT. BBISCHUIIOCH, YTO KaKJbId BBITMCHIBAET M YUTAET JBE M TOJHKO JBE I'a3€Thl,

KXyl Ta3eTy YUTaeT MATh YeJIOBEK, U N00as KOMOWHAIMS YUTAETCS OJHUM UEIIOBEKOM.

CKOIIBKO Pa3JINMYHBIX T'a3€T BBINIMCBIBAKOT YJICHBI 6p1/1ram>1? CKOJIbKO 4YEIIOBEK B 6p1/1razle?

Bonpocs! 1J1s1 M3yyeHuUs:

Omnpenenenue rpada. Ero snementsl. [1] ['maBa 1 §1 m. 1.2. cTp.25

Bunsl rpados: oprpad, Heorpad, mynsturpad, ncesporpad. [1] I'masa 1 §1 n. 1.2. ctp.25
Cnoco6w1 3aganus rpados [1] I'masa 1 §1 m. 1.2. cTp.25

Ceszuocth. [1] 'maa 1 §1 m. 1.2. ctp.25

MapuipyTsl, nyTy, nenu u nukisl [1]T'masa 1 §1 m. 1.2.2. ctp.34.

[Inanapuocts [1] I'maBa 1 §1 m. 1.2.4. ctp.44.

Hepesbs u nec [1] I'maBa 1 §1 m. 1.2.3. ctp.41.
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O0630p 3amau Teopuu rpados:

— 3ajada o KparyauieH 1enu;



— 3ajgaya 0 MaKCUMaJIbHOM IMOTOKE;
— 3aznava 00 ynakoBKax M HOKPBITHSAX;

— Packpacka rpada,;

®opma koHTpoJsi — OTyeT Mo BHIMOJTHEHHON pabore. CopepkaHuWe OTYETa: Ha3BaHHE PabOTHI,

1eiib, 3aJaHrd U UX PCHICHU, OTBETEI HA KOHTPOJBHEIC BOIIPOCHI, 06H1Hﬁ BBIBO/I 11O nponenaHHoﬁ

pabore.

Bonpocbl 4nA caMOKOHTPOANA.

1.

2
3.
4

[Tepeuncnure criocoObl 3amanus rpada.
[lepeuncnure OCHOBHBIC AJIEMEHTHI rpada.
N3o0pasute cBs3HBIN Tpad. HazoBure 2eMeHTHI.

[aiite onpeneneHue NOHATUAM: MapUIPYThL, ITyTH, LIETH U LIUKJIbL, JEPEBBI.

PekomeHayemasa nutepartypa.

OcHognas numepamypa
bammakor M.M. Marematuka: ydeOHUWK/(HadyaapHOE W cpenHee NPo(hecCHOHATBLHOE
obpazoanue) M.: Knopyc, 2013. —400c.
Owmenpuenko B.I1., KybaToBa D.B. Maremartuka: yueOHOe mocoOue. - PoctoB H/[l: deHmKc,
2009. - 380 c.

Jononnumenvnasn tumepamypa
J.IIucemennsbiii. KoHCEKT JeKuuid Mo BhICHIE Marematuke. B aByx uwactsax. M. «Alipuc
[Tpecc». 2009r.
ILE. Jlanko, A.I'Ilonos, T.A.KoxeBHukoBa. B nByx wactax. M. «Onukc. Mup u
O6pazoBanuey. 2010r.
E.IL. Jlunaros. Teopust rpados u e€ npumenenue. — M., 3uanue, 1986, 32c.
B.II. Curopckuii. Maremarnueckuit annapat umxenepa. — K., «Texaukay, 1975, 768c.

0.0pe «I'padsr 1 ux npumenenue», M. Mup, 1965.

Tema 4.2. JiieMeHTBI MaTeMAaTHY€CKON CTATHCTUKH.
Yci10BHOE M IT0JIHOE MATEMATHYECKOe 0KHIaHue
BrinosiHeHHe pacyera BceX YHCJIOBBIX XaPAKTEPUCTHK CIy4aiiHON BeJIMYMHBI HA

KOHKPETHOM, CAMOCTOATEC/IbHO BblﬁpaHHOM npumepe.



Llenb: nNO3HaKOMWUTbCA C MOHATUMAMM: YCNOBHOE W MOAHOE MaTeMaTUYecKoe OXWAAHWUE;
CaMOCTOATE/IbHO BbIMOAHUTL PacyeT Ha AaHHble XapaKTePUCTUKN CNy4aHOM BeNNYMHbI Ha Ntoboi
3ajave.
OcHaleHue: JaHHbIE METOJUYECKUE YKA3aHUS; PEKOMEHAYEMasl JINTepaTypa.
3apaHue:
1. M3yuuTh NOHATHA CIy4aliHON BEIMUYUHBI, €€ XapaKTEPUCTHUK.
2.  CocTaBUTbH U PEIIUTH 33a4y.
MopAapok BbINONHEHUA 3a4aHUA.
1. Ha ocHoBaHuu nuteparypbl, pEKOMEHI0BAaHHOM K BBIIIOJIHEHUIO CAMOCTOSTENILHON padoTHI,
HEO0OXOIUMO U3YYHUTh TEOPETUUECKHE BOIIPOCHI 10 TaHHON TeMe COTJIacHO IUIaHy.
2. CocTaBUTbH KpaTKUW KOHCIIEKT IaHHOTO MaTepHaa.
3. CocCTaBHTb U pEIINTH 3a/1a9y.
Bonpocs! nuis1 n3yuenus:
Crnyuaitnas BenuuuHa, 3akoH e€ pacrtipenenenus. [3] ['nasa 4, §4.1. ctp. 303.
Matematuueckoe oxkuianue ciydailHoit Benuuussl. [3] ['naBa 4, §4.2. ctp. 315.
CaoticTBa MaTemMaTuueckoro oxuaanus. [3] ['masa 4, §4.3. ctp. 323.
®opmyna beprnymnu. [3] ['nasa 4, §4.4. ctp. 331.
Hucnepcus ciydaiinoit Benuuunsl. [3] ['maBa 4, §4.5. ctp. 344.
HezaBucumele cnyuaitnsie Bennuunsl. [3] ['naBa 4, §4.6. ctp. 355.
UwncnoBble XapaKTePUCTHKN OMHOMUHAIILHOTO pacnpenencuus. [3] ['masa 4, §4.7. ctp. 366.

Hepasencto Yeonimena. [3] [aBa 4, §4.8. ctp. 370.
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3axoHn 6onpiux yncen. [3] ['masa 4, §4.9. ctp. 377.

[EEN
©

HopmanbsHoe pacnpenenenue. [3] ['nasa 4, §4.10. ctp. 383.
®opma koHTposs — OTueT 1o BhIMOJIHEHHOW pabore. ConepikaHue oTyeTa: Ha3BaHUE PabOTHI,
IeITb, 3aJIJaHMs M UX PEICHUs, OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI, OOIHIA BBIBOJ 110 MPOJICTaHHON

pabore.

Bonpocbl ANA CAaMOKOHTPOAA.

1. Kak u3MeHHTbCs IUCTIepCcHsl CIy9ailHOM BEIMUYWHBI, €CITH BCce €€ 3HAYCHUS YMHOXKUTh Ha OJTHO
1 TO K€ YHCI0?

2. Kakx w3MeHUWTCS cpelHee KBaJpaTUYHOE OTKJIOHEHWE CIy4YailHOW BEJIIMYWHBI, €CITU BCE ¢
SHAYCHUA YMHOXHWUTH HAa OAHO U TO XKC quciao?

3. Hwmeer mu CO,Z[Cp)KB.TGJIBHBIﬁ CMBICJT ITPABUIIO «OOHOM CHUTMBI»?



4. Kakue wu3 cloenylomuX CIydailHbIX BEJIWYMH SIBJIAIOTCS JUCKPETHBIMH, a Kakue -
HEIPEPBhIBHBIMU:

A) 4nCII0 NONBITOK, KOTOPBIE HY>KHO CJlIelaTh, YTOOBI 3aIyCTUTh JIBUTATEIb;

b) uncno aBapuii Ha IepeKpecTKe;

B) nanbHOCTB noJIETA CHAPSAAA;

J1) tnameTp BanMka, U3TOTOBJIEHHOTO HAa CTAHKE;

') uucno mozaei, oOpaTUBIIKUXCSA B GUPMY 10 OOBSBICHUIO O HAINYUNA BaKaHCUH?

PekomeHayemasn nutepartypa.

1. bammakoB M.M. MaremaTtuka: ydeOHHMK/(Ha4albHOE MW cpeaHee TNpodeccHoHaIbHOE
oOpazoBanue) M.: Knopyc, 2013. —400c.

2. S.C. bponckuii, Craructuka. BeposrHocts. KomOunatopuka., M. OHUKC. Mup wu
obpazosanue, 2008, c. 541

3. Owmenbuenko B.IL., Ky6aroBa D.B. Maremaruka: yuyeOHoe nocobue. - PocroB H/[l: ®PeHuKc,
2009. - 380 c.

JlononnumenvHasi:

1. Kpewmep. H.III. Teopust BeposiTHOCTEN M MaTeMaTH4ecKasi CTaTUCTUKA: Y4YEOHUK ISl BY30B. —
2-¢ u3 ., nepepad. u gom. — M.: KOHUTU-ITAHA, 2006. — 573c.

2. Janko ILE. u np. Beicuias MaremaTuka B ynpakHeHUsX u 3agadax. Y.1 7-e uzn., - M.: OO0 «
N3narensctBo «Mup u O6pazoBanue», 2009

3. Tucemennsrit JI.T. KoHcniekT 1o Teopuu BeposiTHOCTEH W MaTematudeckoit craructuku//1.T.

[TucbMeHHBIH. - .2-e u3n., ucnp. — M.: Alipuc-nipecc, 2005. — 256 c. — (Boiciiee o6pa3zoBaHue)

Tema 5.2. YUncaennoe nuddepenunpoBanue.
YucneHnHoe pemeHre 00bIKHOBEHHBIX IM(depeHHATBHBIX YPABHEHUH

Llenb: nosHakomuTtbca ¢ dopmynoin dinepa Ana peweHua 3agadun Kown ana obbIKHOBEHHbIX
anddepeHUnanbHbIX YpaBHEHUN.

OcHameHue: JaHHbIE METOAMUECKHE YKa3aHUs; pEKOMEHIyeMas JUTepaTypa.

3apaHue:

1. U3yunts criocob Ditnepa i1l perieHnsi 0OObIKHOBEHHBIX U] PepeHInanbHbIX YpaBHEHUN

MopAaaokK BbINONHEHUA 3a4aHUA.
1. Ha ocHoBaHuu nuTeparypbl, pEKOMEHJIOBAHHOW K BBIMIOJIHEHUIO CAMOCTOSITEILHOW paboTHl,
HEO0OXOIUMO U3YYHUTh TEOPETUUYECKHE BOIIPOCHI 110 JaHHOMN TeMe COrIacHO IIaHy.
2. CocTaBUThH KpaTKUH KOHCIIEKT IaHHOT'O MaTrepuara.

Bonpocs! 111 nu3y4yenus:



1. Teomerpuueckass WHTEpHpeTanus pemeHnit audepeHInaTbHBIX ypaBHEHUH TIEPBOTO
Hopsi/IKa.
2. YucneHHble METOMIBI pemieHus Ju(GepeHIINaTbHBIX YPaBHEHUH.
Teopus
1. 'eomeTpuyeckast HHTEpIIpeTalus pemeHuit nuddepeHuanbHbIX YpaBHEHUNH IEPBOTO

nopsiaxa.

y a 1. OcHOBHBIE IOHSTHSL.

Jluaus S, kotopas 3amaercs (QYHKIUCH, SBISIOMICHCS

S
d / KakuM- 100  pemieHueM  auddepeHIHaIbLHOTO

YpaBHCHUA, Ha3bIBACTCA HHTerpaﬂbHOﬁ KpHBOfI

v

A

ypaBHenust y' = f(x,y).

[TpousBosaHas y’ SBISIETCS YIIOBBIM KOA((OUIIMEHTOM KacaTeIbHOW K MHTETPAITbHON KPUBO.

B mo6oii Touke A(X, y) MHTETPAIbHOW KPUBOH 3TOT YrioBOH KO3 (PHUIMEHT KacaTelnbHOM
MOYKET OBITh HaliJIeH ellle 10 pelieHus TuddepeHaIbHOro ypaBHEHuUS.
T.k. KacaTenpHasl yKa3bIBAaeT HANPABICHUE MHTErPaJbHON KPUBOH €IIE 10 €€ HEMOCPEICTBEHHOIO
MOCTPOCHHS, TO MPH YCIOBUU HENpepbIBHOCTH (QyHKIMH f(X, y) U HENPEPHIBHOTO NEpeMeIeHuUs
TOYKA A MOXXHO HAarJISiIHO M300pa3HTh IOJIE HAMpPaBJICHUH KPHUBBIX, KOTOPHIE IOIYYAIOTCS B
pe3yibTaTe MHTErpupoBaHus AU(D(EpPeHINANTBHOTO ypaBHEHMs, T.€. TMPEJICTaBISAIOT COOOH ero
o01iee pelieHue.
Onpenenenne. MHOXKECTBO KacaTeNbHBIX B KaKJJOM TOUKE paccMaTpUBaeMOM 00JIaCTH Ha3bIBaeTCA
II0JIEM HAIPABIICHUM.

C y4eToMm cKa3aHHOTO BBIIIE MOKHO IIPUBECTH CIEAYIOLIEE TEOMETPUUECKOE UCTOIKOBAHNE
TuQepeHIMaIbHOr0 ypaBHEHUS:

1) 3agare auddepeHnnanbHOEe YpaBHEHHE MEPBOTO IMOpsiKa — ATO 3HAYUT 33/4aTh I0JIE
HallpaBJICHUM.

2) PemuTh WM NPOMHTErpUpPOBaTh AU(QPEpeHIMaTIbHOE YPAaBHEHUE — 3TO 3HAUYUT HAWTH
BCEBO3MO)KHBIE KPHBBIE, Y KOTOPBIX HaIIpaBJIIEHWE KAacaTEJIbHBIX B KaXI0M TOYKE COBINAJAET C
II0JIEM HAIPABIICHUM.

2. YucneHHble METObI pelieHus AU pepeHInanbHbIX YpaBHEHUH.

W3BecTHBIE METO/BI TOYHOT'O MHTETPUPOBaHUS AU HepeHInAIbHBIX YPaBHEHUN TO3BOJISIOT
HalTHU pelieHue B BHUJEC aHAIUTHYECKOW (YHKIMH, OJHAKO 3T METOJ]bl NPUMEHHMBI JUIS OYCHb
OTPAaHMYEHHOI0 KJIacca ypaBHEHUW. BOJBIIMHCTBO ypaBHEHWH, BCTPEHAKOUIUXCS IPHU PEIICHUN

MPAKTUYCCKUX 3aaa4 HEJIb3 IPOUHTCTPUPOBATH C IIOMOIIBIO 3TUX METOJ0B.



B Takux ciay4asx HMCIOJB3YIOTCS YUCICHHBIE METOZBI PEIICHUS, KOTOPBIE MPEICTaBISAIOT
pemerne audQepeHInanbHOr0 ypaBHEHHs HE B BHJIE aHATUTUYECKON (YHKIUH, a B BHJIE TaOJIHII
3HaYeHUU MCKOMOM (DYHKIIMM B 3aBUCHIMOCTH OT 3HAYECHHUS TIEPEMEHHOM.

CyliecTByeT HECKOJIIBKO METO0B YHCJIEHHOTO WHTErpupoBaHus AnupdepeHInalbHbIX
YPaBHEHHM, KOTOpBIE OTJIMYAKOTCA APYr OT ApPyra IO CJIOXHOCTH BBIYHACICHUM M TOYHOCTH
pe3yJibTara.

Paccmorpum Meton Ditnepa.(Jleonapa Ditnep (1707 — 1783) mBelinapckuii MmaTeMaTHK )

W3BectHO, 4To ypaBHeHue y' = f(x,)y) 3amaeT B HEKOTOPOH 00JACTH TOJI€ HAIpaBJICHHM.

Pemennie 5TOro ypaBHEHHMs C HEKOTOPHIMH HadyallbHBIMH YCJIOBUSMHU JaeT KpPUBYIO, KOTOpas
KacaeTcs TOJIs HApaBICHUH B IIOOOM TOUKE.
Ecnan B3sTH mOCHEnOBaTeNbHOCTh TOYEK Xg, X1, X2, .... U 3aMEHUTh Ha IOJYYUBIIUXCS

OTPE3KaX UHTCTPAJIbHYIO KPUBYIO Ha OTPE3KH KACATCIIbHBIX K Heﬁ, TO MOJIYYUM JIOMAHYIO JINHUIO.

y

Mo |M4 M3|M4
/\
M

0 Xo X1 X2 X3 |Xa X

[Tpu moxcTaHoOBKE 3aJaHHBIX HadalbHBIX yciaoBuH (Xo, V§) B muddepeHaIbsHoe ypaBHeHHE

y' = f(x,y) nonydaem yrioBoil Ko3pHUIMEHT KacaTeIbHONH K WHTETPAIbHON KPUBOW B HAYAJIbHOM

ToukKe 1ga, =) = f(xy,V,)-

3aMeHUB Ha OTpe3Ke [Xg, X1] MHTErpaibHYI0 KPHUBYIO Ha KacaTelbHYI0 K HEH, MoydaeMm
sHadeHue y; =y, + f (x5, ¥,)(x; —x,).

[Tpoun3Bo/st aHATIOTUYHYIO OTIEPAIIUIO JIsi OTpe3Ka [X1, X2], TOIydaeMm:

Vo =+ S, y)(x, —x)).

[Tponomxkast mogoOHBIE NEUCTBUS Jajee, oJydaeM JOMaHYyI0 KPUBYIO, KOTOpasi Ha3bIBAETCS
JoMaHou Ditepa.

MoxHo 3anucarb 001y GopMyiy Beraucienut: y, =y, + f(x, , v, )(x, —x, ).

Ecnu mocnenoBarenbHOCTh TOUEK Xj BBIOpATh Tak, YTOOBI OHU OTCTOSUIM APYT OT Apyra Ha
OJIMHAKOBOE pacCTOsIHUE h, Ha3pIBaeMOE II1aroM BBIYUCIICHHUS, TO MOJIydaeM GopMyIy:

Vo =Vua (X, 5y, )0

Cnenyer OTMETUTh, YTO TOYHOCTh METO/AA DHjepa OTHOCUTEIBHO HEBBICOKA. Y BEJIMUYUTH

TOYHOCTb MOKHO, KOHEYHO, YMEHBIIIUB IIar BBIYUCIECHUN, OAHAKO, 3TO MPHUBEIET K YCIONKHEHUIO

pacuetoB. [103TOMy Ha NMpakTHKE NPUMEHSAETCS TaK Ha3bIBAEMBI YTOYHEHHBIM MeTO Jiliepa WiIn

dbopmyna nepecuera.



CyTb MeTOZ]a COCTOUT B TOM, 4TO B popmyie y, =y, + f(x,,»,)h BMECTo 3Ha4EHUS

Vo = f(x,,¥,) Oepercs cpenuee apudmernyeckoe 3Hauenuit f(Xo, yo) u f(X1, y1). Toraa yrouneHnoe

f(xo,yo)+f(x1ay1)h
2

3HA4YCHHC: y](l)

=Vt 5
3aTeM HaXOIUTCA 3HA4YeHHE TPOM3BOAHON B Touke (x,,\"). 3amenss f(Xo, Yo) cpemnum

apudmernueckum 3Hauenuii f(Xo, yo) u f(x,, "), HaxomAT BTOPOE yTOUHEHHOE 3HAYEHHUE V1.

+ f(xo,yo)zf(xl,yf”)h;

f(xoayo)"'f(xlany))h_
2 b

y1(2) =V

3atem TpeThe: y =y, +

MU T.A. IIOKa ABa IMOCJIICAOBATCIbHBIX YTOYHCHHBIX 3HAUCHHUA HC COBIAAYT B IPCACIax 3aHaHHOﬁ
CTCIICHHU TOYHOCTH. TOFI[a 9TO 3HAYCHHUC IPUHUMACTCS 3a OpAUHATY TOUKHU M1 JIOMaHOM Sﬁnepa.
Amnanornynas onepanuAa IpOU3BOAUTCA JJIA OCTAJIbHBIX 3HAYCHUM y.

[Tomo6HOE yTOYHEHHE TTO3BOJISIET CYIIECTBEHHO MOBBICUTh TOYHOCTD PE3YJIbTaTa.

Ipumep. Pemuts MeTomoMm Ditiepa muddepeHinaabHoe ypaBHeHHe )’ =X+ )y NpU HavYalbHOM

ycnoBuu y(0) = 1 Ha otpeske [0; 0,5] ¢ marom 0,1.

[Ipumensiem popmyny y, =y, +hf (x, ,¥,)-
x,=0, y,=1, S(xg,v0)=xy+y, =L

hf (x5 30) = h(xy + ) = 0.1;

Y=y, +hf(x,,y,)=1+0,1=L1.

x, =01 y,=L1 f(x,y)=x+y =12

hf (x,,y,)=h(x, +y,)=0,12;

Y, =y, +hf(x,,y,)=11+0,12 =122.

HpOI/ISBOI[H AHAJIOTUYHBIC BBIYUCIICHUSA JAJICE, ITOJIYUYacM Ta6m/1uy 3HAYCHUH:

[ 0 1 2 3 4 5
Xi 0,0 0,1 0,2 0,3 0,4 0,5
Yi 1 1,1 1,22 1,362 1,528 1,721
[IpuMeHrM Ternepp yTOYHEHHBIN METO Duiepa.
i 0 1 2 3 4 5
Xi 0,0 0,1 0,2 0,3 0,4 0,5
Vi 1 1,1 1,243 1,400 1,585 1,799




,HJ'IH CpaBHCHHSA TOYHOCTH TMPUBCACHHBIX MCTOAOB YHCJIICHHOIO PpPEIICHHUE JaHHOI'O

YpaBHCHUA PCHIMM €ro aHAJIUTUYCCKU U Haf/’IHCM TOYHBIC 3HAUYCHUA q)YHKLII/II/I Y Ha 3aJaHHOM

OTpe3Ke.

VYpaBHenue ' —

y=Xx SBISETCS JIMHEHHBIM HEOJHOPOAHBIM AU(EepeHInaATbHBIM

ypaBHEHHUEM NEPBOTO MOpsAaKa. PenmM cooTBETCTBYIOIIEE EMY OJHOPOIHOE YpaBHEHUE.

y-ry=

0, Y=y ==y

%=dx; J%=J.dx;

In|y|=x+InC; ln‘%‘=x; y=Ce";

Pemenne HeogHOpOIHOTO ypaBHEeHUs uMeeT Bua y = C(x)e”.

C'(x)e” +C(x)e* =x+C(x)e”;

C(x)= J‘xe”‘dx = {

V' =C'(x)e" + C(x)e”;

du=dx; v=—e";

O6mmee pemenne: y=Ce" —x—1;

C yuerom HavanpHOro ycioBus: 1=C—-0-1;

u=x dv = e‘xdx;} B

C'(x)e” =x; C'(x)=xe ™™,

xe " + J‘e’xdx =—xe " —e " +C;

c=2;

UYactHoe pemienne: y = 2e¢”* —x —1; [t cpaBHEHUS IOTyYEHHBIX PE3yJIbTaTOB COCTABUM TaOJHUILy.

| Xi Vi
Meton Diinepa | YTouHeHHBIN MeTo Dinepa | TouHoe 3HaueHue

0| 0 1 1 1

10,1 1,1 1,1 1,1103
20,2 1,22 1,243 1,2428
3103 1,362 1,4 1,3997
4104 1,528 1,585 1,5837
5|05 1,721 1,799 1,7975

®opma koHTpoJss — OTdeT 1o BhIMOJHEHHOW pabore. ComeplkaHue OTyeTa: Ha3BaHWE PadOTHI,

0eJib, 3alaHrd U UX PCHICHUA, OTBCTHI Ha KOHTPOJILHBIC BOIIPOCHI, O6IJ_II/II71 BBIBOJ 110 HpOIICJ'IElHHOﬁ

pabore.

Bonpocbl ANA CAaMOKOHTPOAA.

1. JMaiite onpenenenue auddepeHInaIbHOr0 ypaBHEHHUS.



2. IlpoaHanu3upyiiTe, KaKk OTIWYACTCS TOYHOE 3HAUCHUE MPHU pelieHuH auddepeHInaibLHoro
ypaBHEHUS, OT 3HAYCHU S, IOJTy4aeMOI0o METOI0M Dilepa.
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