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PABOQYAS NPOT'PAMMA
I AHAJIMTUYECKASI TEOMETPYIA HA TUIOCKOCTH

1. JlexapToBa cucTeMa koopauHar. JeficTBuTenpHEe ynena.  KoopauHatsl
TOYKM Ha IPAMOH, Ha INIOCKOCTH H'B TPOCTPAHCTBE. TTonspHEle KOOPXUHATEL.
IMpeoGpasoBanus KOOPAUHAT.

2. Ilpsivas. Vpasrenue npaMolf ¢ yrioseM koaduuuentom. HopmaneHei
BeKTOp npsiMolt. Obmee ypaBHeHMe IPAMOK. Yrom MEXIY NBYMs IIPSIMBIMH.
VcnoBre NapamieNbHOCTH W TNEePIeHAUKYNSPHOCTH NPAMBIX. YpaBHeHHe IydKa
NpsMEIX. YpaBHeHHe NPSMOH, mpoxondmeil uepes ABe TOYKH. PaccTosHue or
TOYKHM [0 IPAMOH.

3. KpuBrie BTOpPOro MopsiKa. BJmnnc. BEIBOZ, KAHOHUYECKOTO YPaBHEHHS.
Wccnenopanue HOpMEL SJUTHIICA TI0 10 KAHOHHUECKOMY ypaBHeHHI0. OKpyXHOCTB
~ YacTHBI chyyai simurica. DKCHeHTpHCHTeT uIunca. I'uepGona. BeBox KaHo-
Hudeckoro ypasHeHus. Mccnenosanue GOopMel THIIEPOONLI IO e KAHOHMIECKOMY
ypaBHEHHI0. AcHMIITOThI rAnep6onsl. [loctpoerne runepGons. SKcueHTpncmeT
ITapa6ona. BsiBox KaHOHIYECKUX ypaBHEHWH napaGoisL.

4. YpaBHEeHHs KpHBBIX BTOPOTO HOPAJKA, OCH CHMMETPHHU KOTOPBHIX napai-
JeJIBHBL 0CAM KOOpPAMHAT (mapabona, I, runepbona). YpapHenue paBHo6oq-
Hol rumepGonsl. VpaBHeHHe paBHOGOUHOM  rUNepGONLl, ACUMITOTAMA KOTOPOH
ciyxat ocu koopyuHar. ['paduk gpo6Ho — muneiinol ¢pyHkumm.

II BEKTOPHASI AJITEBPA

" 1. Onpenenutenu BTOPOro 1 TpeThero Nopszka U ux cBoicraa. Onpesenure-
JIY BBICIIAX TIOPSIKOB.

2. BektopHsle, CKalspHble BelMuuHbl. JIeACTBHA Hall BEKTOPaMH. Kommne—
apHple BexTopa. Exunmymsii Bextop. ITpoexuun BexTopa Ha ock. CoficTsa npo-
exuui. JuHeHHAs 3aBHCHMOCTE BeKTOpoB. Basuc. [TpsmMoyronsHEN fexapToB Ga-
3uc. BexTop, 3alaHHBIA KOOpAMHATAMHE Hayana ¥ KOHIA. JliuHa BeKTopa. Pac-
CTOSHME MeXIy IByMs Toukamu. Jenense orpeska B JaHHOM OTHomwenuu. Ha-
IpaBILLIOIIMe KOCHHYCEI BEKTOPA. .

3. CxaspHoe IIpOU3BEAEHUE IBYX BEKTOPOB. Caoitcrsa. CxanapHoe
IPOM3BE/IEHNE BEKTOPOB, 3allaHHBIX KOOPAMHATAMH. YTOJI MEXAY ABYMS BEKTO-
pamu. VYcnoBue TapaIeNbHOCTH ¥ HEPIEHIUKYIAPHOCTH BEKTOPOB.

.4, Bexropuoe npousBejeHue aByx BekTopos. CpofictBa. BekTopHOE npons-
BeJIeHVe BEKTOPOB, 3aJaHHbIX KOOPAHHATAMH.

5. CMemaHHOE NpPOM3BEJEHUE Tpex BEKTOPOB. I'€OMETPUYECKMA CMBICIL
CaoiicTsa. YcoBre KOMILIAHAPHOCTH TPEX BEKTOPOB.

M AHAJIMTUYECKAS TEOMETPHS B [IPOCTPAHCTBE

1. ITnockocts. HopMansHbilf BEKTOp IIOCKOCTH. YpaBHEHWE IIOCKOCTH;
IpOXoIsIIEi yepes Touxy. Oblee ypaBHeHHE IVIOCKOCTH. Y DABHEHHE IUIOCKOCTH




B OTpe3Kax. YpaBHEHUE IUIOCKOCTH, poXosmelt yepes Tpy Touku. YIHoBbe ¢o-
OTHOIUEHUS ULl IUIOCKOCTEH (Yron MexIy IIOCKOCTAMM, YCIOBHE NapalIeibHo-
CTH M NEePIEHAMKYIAPHOCTH IocKocTell). PaccTosHue OT TOYKH KO IUIOCKOCTH. .

2. Ilpsivast manus B ipoctpanctee. KaHoHudeckoe ypasuenue npamoit. Vpas-
HeHMe NpAMOH, IpoxXoJisiell yepes ise TouKY. .. - Ilapamerpuyeciue ypasne-
Hus npsMoi. OGuye ypaBHEHMS IPAMOIA. Hepexon or o6mux ypasHeHuiH
NpAMOY K KaHOHUYECKUM. YTJIOBEIE COOTHOLICHUS MEX(LY NPAMBIMH (Yrojl MEXIY
TPSIMBIMH, YCIIOBHE NApaIENEHOCTH ¥ TEPIEHANKYIAPHOCTH IPSIMBIX), 5

3. Yriosble COOTHOIIEHHS MEXY IPAMOM M IUIOCKOCTHIO (YIOJX MEXIy npx-
MO ¥ TIOCKOCTBIO, YCOBUE NApaisieNkHOCTH ¥ NEPHeHAMKYIAPHOCTH IpAMOil 1
mwiockocty). Touka nepeceuerns npamoi u mwiockoctu. Ilyqox mrockocreit. -

4. IlosepxHocty Broporo nopsaka. Ctepuaeckue nosepxuocTH. Iunuumpy-
ueckue nosepxsoctd. Iosepxuocty Bpamenys. ['unepGononasl, llapaGononms.
Konuyeckue noaepxnocm.

IV BBEJIEHVE B AHAJIV3

1. A6comornas Bemuumna dncia. CBocTBa a6COMOTHON BEMIMHE! CYMMBI 1
paszocTy. MHTepBans! qucnosoit ocu. OxpecrHocts  ToukH. Oyaxmus. O6nacts
onpezenenus, o01acTh 3HaveHmil. DneMenTapHble (QyHKUMM. SIBHAs, HesBHad,
CIIOXKHad, YeTHAd, HedeTHas  Qynxuuy. [Tosenenne GpyHKIMK B UHTepBae (BO3-
pacTanue, y6riBanHe, MOHOTOHHOCTH), OrpaHuvesHas (bYHKIlPIﬂ B TO4KE, B Hu’rep-
Base.

2. Ilpenen ¢yHKDMM HeNpephBHOrO aprymentTa, ITonsTre o 6ecxoaeqno
Gompimux ¥ GeckoHeyHo Mansrx BenwumHax. CojicTsa Geckoneano mansix., Oc-
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HOBHEBIE TeopeMsl O npexenax. PackpsiTue HeonpeJeneHHocTel BUpa —, —,
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17, o0 — o0, Ilpusnaku cymecrrobanus npegena. Ipenen npu x — 0.

n . &
ITocnemoBaTensHOCT. Yucno e. Ilpenen | 1+ —| npu n— . Cpasnenne
n :

6eckoHeIHO ManbiX (hyHKLHA. i

3. HenpepeiBrocts dyHkumu B Touke. Touku paapmaa Teopema o Hempe-
peiBHbIX GyHxumsx. Knaccuguxanus todex pasprisa. HenpepsisHocTs GyHxmym:s
unrepsane. CpoficTsa (QyHKIMY, HEMPEPHIBHOM B 3aMKHyTOM MHTepBane. O6par-

Hple pynxuun. [Tpupamenre  ¢ynkuun. Bropoe onpesenenue HenpepsBHOCTH
B TOYKe. '

V JMOSEPEHIIMAJILHOE UCYUCIIEHME O YHKIVI
OJIHOM IIEPEMEHHOM

1. 3amaga o ckopoctu aBuwxenus. Ilodatue mpowssomHoN. Mexanuuecki

CMBICH Npon3BojHOl. TTponssoaHas crerenn. YacTHOe 3HaYeHHe IPOM3BONHOM,
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Cbs13b MexIy HenpephlBHOCTHIO M AuddepennupyeMoctsio. I'eomeTpuyeckuit
CMBICTI IPOU3BOAHOM. Y paBHEHHA KacaTepHON U HopMand, TeopeMs! o Jud-
deperumpyemsix Qysxumsx. [Tpoussoxmas cnoxuod Qyskuua. IIponssonusie -
o6paTHEIX TPUrOHOMETpUYeCKUX QyHK1mi. ITpoK3BOIHEIE MOKA3ATENHLHOM 1 JIora-
puMmuaeckoi dyHxumii. [TIpou3BoaHas CTENEHHO — MOKa3aTeNbHOM ¢yHKumu. Jlo-
rapudmuueckoe nuddepenuuposanue. JuddepeHypopadne  HesBHBIX QyHK--
LMH. '
2. lubdepennpan. Jnddepernyuan He3aBUCHMON MepeMeHHOMH. I'eomeTpu-
geckuit cMbicn nubdepenmana. [TpubmkesHbe BHYUCICHHS C IOMOMIBIO G-
tbepennnana. TeopeMa 00 HHBAPHAHTHOCTH dopmer mudbdepenuana. Hpons-
BOJMbIe M AuddepeHua BRCIUX NOPIIKOB.

3. TlapameTpuueckoe 3ajaHde KpuBoi. OKpYXHOCTH, BILIHIIC, unmonna
Juddepenunpopanue GyHKUMH, 3a0aHHEIX TApPaMETPHIECKH. I'Ipouano;mas{ BTO-
pOro II0psAaKa.

4. OcuoBuule TeopeMsl xuddepeniansHoro ucuucienus. Teopema d)epma,
Poss. Teopema Jiarparmxka, Teopema Koum. Fx reomeTprdecKuii CMBICIL.

5. Bexropaas (QyHKIUS CKaIAPHOTO apryMeHTa H ee NPOU3BOAHAs. YpaBHe-
HUSI KacaTeNbHOM NpsAMOM ¥ HOPManbHOH IIOCKOCTH K HPOCTPAHCTBEHHON
KpuBOH. ; ' o

VI TPUIOXEHME IIPOM3BOJHOM K MICCJIEJIOBAHIMIO
OYHKLY U TIOCTPOEHMIO ['PAGHKOB

Heo6xoauMuIll 1 JOCTATOYHEIN IPU3HAKK BO3PACTaHK ¥ yORIBaHUs QyHKIAN
B uuTepBase. Toukn sxcTpeMyma. Heo6XomuMeIt 1 HOCTATOYHBIA MPU3HAKH CYs
IECTBOBAHMUS SKCTpeMyMa. BTopoit ZocTaTouHbIN NPH3HAK CYLIECTBOBAHMS 3KC-
tpemyMa. HauGoubliee i HauMeHbinee 3HaueHHe GYHKIMM B MHTEpBaie. Boimyk-
JIOCTB, BOTHYTOCTE KpHBOif. Touku nepern6a. JlocrarouHoe yCIOBKE BHITYKIOCTH
%4 BoruyTocTH. HeoGX0nuMmMoe ¥ JOCTAaTOMHOE YCIOBHE CYyLIECTBOBAHMUS TOHEK
nepern6a. ACUMIITOTE KPUBO# (BepTHKaNbHBIE, HakioHHbe). [TonHas cxema uc-
crnenosauus QyHKIUM C IOCTPOSHUEM rpaduxa.

VII HEOITPEEJIEHHBIV UHTET'PAJI

IlepBooGpa3nas, ee cBoiicrBa. IloHsATHE HEONpPEAEICHHOrO MHTErpajia, ero
reoMeTpudeckuit cmpici. OcHoBHEIe cBoiicTBa. Tabnuua uaTerpanos. Marerpupo-
BaHUE 110 YaCTAM H MEeTOJIOM 3aMeHEI IiepeMeHHOM. MHTerpupoBanue panioHans-
HBIX Apobeil ¢ KBaJpaTHEIM TPeXwIEHOM B 3HaMeHaTene. VIHTerpupoBaHue mpo-
CTeHIUKX palMOHANBHbIX Apobeil (KopHU 3HaMeHatels JAelcTBUTEIbHbIe, HEKOTO
pHIE W3 HUX KpaTHEIE; KOPHH 3HaMeHaTelsl KOMILIEKCHO - COnpsbkerHsie). Meron
HeonpeaeneHHsx KoadduupenTor. ViHTerpuposaHue HEKOTOPBIX TPUTOHOMETPH-

yeckuX yHKumii: 1) sin™ x - cos™ x, rie m U n - YeTHBIE ONOXKHTENbHEE, 2)

sin™ x - cos” X, TZe x0T 6Bl OflHA U3 cTereHeil HeueTHas HMOJNOXKHUTENbHAS, 3)
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tg?'x rie n — Iexoe Yucio. I/IHTerpnponaHne paunonanmm byaxmi, 3&31{-

CAMMX OT SINX U COS X, METOAOM ynnnepcamnon MOCTAHOBKY tg~— =1, I/IH-

TerpupoBanne dyniii Buna: R(x, Va* +x ) R(x, Vx? -a ) METOZIOM
TPUTOHOMETPHYECKHX IOICTAHOBOK. Warerpans Bua [R(x,%ax+b)dx,
_ Mx+N

\/ +bx+c

VIII OITPEJIEJIEHHBIN MHTEI'PAJL

3ajaua o MIOMANY KPUBOMMHENRHON Tpanelyy, IOHATHE ONIPEIEIeHHOr0 UH-
terpana. OcHoBHEle cBOMcTBa. TeopeMs! 0 “cpenHeM”’, 06 oLeHKe onpeneNeHHoro
urTerpana. OnpenelcHHbIA HHTETpal ¢ [epEMEHHBIM BEPXHUM TIPEIEIOM UH~
terpuporasus. IIpomssoguas ONpEeXENeHHOr0 MHTErpaja [0 NEPEMEHHOMY
BepxueMy npezeny. ®opmyna Hetorona-Jlei6auna. 3amena nepeMenHoit B onpe-
neneHHoM uHrerpane. MiHrerpuposanue o gactaM. [IpubnimkeHHOe BEMUCICHHES
ONpeNeNeHHEIX HHTETPaioB METOAOM Tpameruid, mapabon (Meron Cummcosa).
Brmmcnenye mwiomaeil Guryp B JeKapTOBBIX KOODJMHATAX U IapaMeTpUdecKH,
Briuncienve mwiomageil ouryp B nonspreix koopauHarax. O6nem Tena spaime-
Hus. JnuHa QyTH KpHBOH, 3aJaHHOR B JEKapTOBOM CHCTEME KOOPIHHAT M Iapa-
merpuuecku. Jnddepenmman nyrn. Ipocrefimue dusyueckue 3anaun. Hecober-
BEHHBIE MHTErPANE! ¢ GECKOHETHBIMHU IPAHMIIAMH U OT Pa3phIBHEIX (yHKIMIA, I/Ix
BBIYUCIICHHME, :

IX @YHKIM HECKOJILKVIX ITEPEMEHHBIX

1. Omnpenenenne. Obnacts onpenenenus ¢ynxmu. I'padux dysxumu aByx
hepemenusx. IIpenen dyuxuum B Touxe. HenpephlBHOCTE (yHKLHM B TOUKE,
Huddepennuansroe ucuucieHus GQyHKIME ‘HECKOJIbKHX IepeMeHHbIX. Yact-
HOe ¥ ToNHOoe Ipupaiienne GyHkuny. YacTHEIE NPOUIBOLHBIE (YYHKIMH HECKOIB-
KHX IepeMeHHBIX. T eoMeTpuueckuit CMBICI 4YacTHOH mnpousBopHol. Ilonmnii
mubdepenmmain. [Ipunoxenue nmonsoro auddepennnana k NPHGIMKEHHBM BbI-
uucienusM. [Ipomssoanble Beicmux nopsaxos. Juddepenunpopanue CIIOXK-
HEIX, HEABHBIX QyHKumid. VinsapranTHOCTE hopMbl nonHoro xuddepennuans.
~ 2. Cxansproe none. I'pamuent. KacaTenpHas IIOCKOCTs M HOPMAJk K 110~
BepxHocTH. [IpOM3BOAHAS 110 HANPABIEHHIO, -

3. Oxerpemym dyuxipm AByx nepeMeHnrix. Heo6xopumoe 1 focTaTouHOe
YCIOBUSA CYIIECTBOBaHMA 3KcTpemyMa. HauGonsiiee M HaMMeHbINee 3HAYEHHE
dyBKIMA aByX IepeMEeHHBIX.

X KPATHBIE Y KPUBOJIMHEMHBIE MHTEIPAJIbI

3anagy, npuBoOALLIMeE K IIOHATHIO JBOMHOrO MHTerpana. TeopeMa CyIecTBo-
BaHMA. ['eoMeTpuueckuit cMEICH ABO¥HOro mMHTErpana. TpoitHoi uHTErpan. Bei-
YHCIIeHHe IBOHHOTO U TPOMHOro MHTErpaa IyTeM CBeAeHMS X K IOBTOPHEIM HH-
TerpanaM. Berucnenue 065eM0B ¢ HOMOIIBIO ABOHHOTO ¥ TPOKHOIO MHTETPAIIOB,
Brraucnenue miomanei miockux Guryp ¢ noMomplo JBOHHOTO MHTErpaia B je-
KapTOBO# H IOJAPHOM CHCTEMaX KOopauHar. IIpuioxkenns ABOKHOIO M TPOHHOro
uHTerpanos. 3aa4a o Macce. CraTHCTHYIEOKME MOMEHTH, IICHTD TSDKECTH. 3alaty,
IPUBOIAIIKE K MOHATHIO KPUBOIMHENHOTO MHTErpaa, KpMBOJMHEHHBIE HHTEIDa-
JIBL 1O JUTHHE IYT'W M KOOPAWHATAM, HX cBo¥icTBa M BRYKcHenue. Hesasucn-
MOCTh KPHBOJIMHEHOr0 MHTerpajia oT IyTH uHTerpupopanus. OrsickaHue QyHK-
WM [0 ee [IOJTHOMY  mubdepenuygany.

XI PSAJIBI

Yucinossie pansl. Heo6xoauMoe ycnoBue CXOZUMOCTH, OCHOBHEBIE CBOHCTBA,
JeNCTBUS CO CXOAAMUMUCH psaaamu. JIoCTaTOYHOE YCIOBHE PACXOAMMOCTH PANa:
Pazpt ¢ monoXHUTENBHBIMI WieHaMu. JlocTaTouHEIe NPU3HAKU CXOAMMOCTH TaKUX
psgoB: cpasHeHus, JanamOepa, Koy, unrerpansubtit. PAabl ¢ IpOM3BONEHBIMA
yneHaMl. AGComoTHas ¥ HeaOCOMOTHAS CXOJHUMOCTh 3HAKOIIEPEMEHHBIX PSIOB:
Ipusnak Jleit6uuna. TeopeMsl 06 onenke ocratka. Crenenusle psaabl. Wurepsan
CXOIMMOCTH cTeneHHoro pana. CroiicTa cTeneHHBIX psnoB. CTeneHHOH pajl, KaK
psax Teitnopa. IIpuMephl pasnoxKeHns 3NeMEHTAPHEIX QYHKIUHA B CTETIEHHEIE PSIB
Teitmopa u Makiopesa. IIpuMeHeHHe CTENICHHBIX PARKOB K XPHOIKEHHBIM BhI-
YUCIICHHSM.

X1l JTAGOEPEHIMAJIBHBIE VPABHEHUA

1. 3aauu, NIpUBOLAIIME K HOHATHIO AuddepeHIHansHOr0 ypasHeus. Jud-
¢depenunanbhsie ypasaenus I nopsaka. TeopeMa CyIIecTBOBAHUSA B €IMHCTBEHHO-
CTH pelleHus. YpaBHEHUs ¢ pasAelIOIMMUCS ITlepeMeHHbIMY. Y paBHeHus I ne-
psiiKa: OXHOpOIHEIE, NMuHeHHEle. YpaBHeHus B HONHBIX auddepenuuanax. [lpu-
OmixeHHOe pernerne auddepeHuHaNnbHEIX ypaBHeRui MeTomoM Ditnepa.

2. Muddepenunansurie ypasuenns 11 mopsaxa. Teopema Komm. Ypasrenus
1I nopsiaka, pomyckaronwe noHwkenue nopaaxa (3 tana). Juddepenuuanpuse
ypaBHEHMS BBICIUMX IOPAnKoB. JImHEeHHEIE nuddepeHnuanbEble YpaBHEHUA
BBICIIMX TOPAAKOB, JIupeiinse nuddeperimanbtble oAHOPOaHEE ypapHernus 11
nopsinka. TeopemMa 0 CTpykType obmero pemerus. Jlnuelnnie HEOXHOPOAHHIE
ypasuenus I nopsimka. Teopema 06 ofieM peinenuy. JinHeHbIe OQHOPOAHbIE K
HEOHOPOJHEE I hepennmansaEe ypaBHeHHs 11 nopsaKa ¢ OCTOAHHBIME KO-
sdpunuentamu. OTHICKaHHE YACTHOIO PELIEHHS METOLOM HEOolpeNeleHHbIX KO-
apuuueHTOB ¥ 00Inero pewenus. ['eoMeTprdeckue 1 MeXaHHIECKHE TIPHIIONKe-
HU4,



X1l KOMIUIEKCHBIE YHACJIA. DJIEMEHTHI TOPUA
@YHKITMH KOMIVIEKCHOT'O ITEPEMEHHOI'O

1. Tlomarne u npezchaBneIme KOMILIEKCHBIX wncell, JeficTaus
HaJ KOMILIEKCHBIMM 9HCIAMH. o
2. DyHxups KOMIUIEKCHOro nepemensoro. Ocnosrrle nomstust. Ilpenen u
HenpepslBHOCTh (yHKuH, OCHOBHEIE 3NEMEHTApPHEIE (YHKIMH KOMIUIEKCHOTO

nepemennoro. I depenmupopanne GyHKUNAY KOMIUIEKCHOTO nepeMerrnoro. Ye-

nosus Dinepa-anambepa.
© 3. Anamtvueckas (GyHKIMA. J_Imbfbepemman I/Imerpnpona}me q)ymcmm
KOMIUIEKCHOTO NIEPEMEHHOTO.
. 4.Pamm1 B lcorvxrmexcnoﬁ TIOCKOCTH. ‘-Incnonme psagsl CreneHHBIe PAAbL Pxn
Teitnopa.

5. Panp @ypse.

XIV DJIEMEHTBI TEOPUM BEPOSITHOCTEN U
MATEMATHUYECKOM CTATUCTUKH

1. INpenmer Teopun BepoaTHocTel. CobOrtre. Monntanre. Buanr coburruii.
Bunsl cmyqafinsix cobmituit. Knacciaeckoe ONPEJIEIIEHAE BEPOATHOCTH. Cnoﬁcma
BepoaTHocTel. BeposTHoCTs TIPOTHUBOMOJIOXKHOTO COGBITHS.

2. Cymma Heckombkux cobuirnit. [Tponssenenue HeckOMsKIX  cOGBITHIA. 38:
BHCHMBIE COOBITHA. Y CIOBHAA BEPOATHOCTb. Teopema YMHOXKEHUS Bepomocreﬁ
Teopema clnoXkeHHs: BEPOSTHOCTEH. .

3. Ionnas rpynna cobsrruit, TeopeMa o cymme BeposTHOCTEH coGsiTni;
ofpasyronmx NOMHyIo Ipynimy. BeposTHOCTS HacTyuteHus XoTs Gbl OJHOTO M3
JaHHBIX COORITHIA, .

4. ®opmyia nmonHoi sepositaocta, Gopmyia Baifeca. e

5. TloBTopHEIE He3aBUCHMEIE HcIbITaHud. Dopmyna Bepryimm. I/IHTerpaJI$~
Hasd Teopema Jlartaca. VIHTerpan BeposATHOCTH. :

" 6. CraTHCTHYECKOE OTPEENeHHe BEPOSTHOCTH. OTHocn'renmaa YacToTa.

7. Ciyqaiinbie BeIMYMHEL 3aKOH paciipejieeHus cayqadnoi BETMUMHEI;
JuckpeTHbie ¥ HEIpephIBHELIE ClIyHaliHbIe BEMYMHEL, BuBOMUHANBHEI 3aK0H
pacnpelieneHus TUCKPETHON ciygaliHoMN BENIMYMHBL 3aKOH pacnpenenem«m
Ilyaccona nuckperHol ciryqaiiHo¥ BeNHIUHEL. Vi

8. Cymma v nipousBezieHue ABYX CIy4aifHBIX BeqmanH. YuCioBble XapaKkTepus
CTHKH JMCKPETHBIX CITy4aiHEIX BEJIMTHH: MATEMATHYECKOE OXKWAHHE, ;mcnepcrm,
CpelHee KBapaTHIecKoe OTKIOHEHHUE. s

9. @yukumMa pacripesiesienns cnydaiinoii Bemmuune. Ee cnoﬁcma I'Inomocn,
pacnpeneneHus crydaiinoi senmaunsl. Ee coiicrea,

10. Haxoxnenue (yHKINH pacnpeaeNeHys: 0. IIIOTHOCTH pacnpenenem«m
Maremariraeckoe 0XKUAAHNE U IUCTIEPCHS HENIPEPHIBHON CITyualHOM BEMMUMHBL:

11. PaBHOMEpHEIA 1 CITy4aliHEIE 3aKOHEI pacnpe/ienieHis HenpephiBHOH cny-
yajinoit enmvuabl. Kpusas aycca.

12, ®ynxips pacipeseieHrs HOPMAIBHO PAacIIPeAEneHHON  Cily4aiiHoH Be-
nuauHEL BeposTHOCTH IONafaHus HOPMAIBHO pacipee/eHHOM ciy4aliHoli Bemu-
YUHEI B 3aJaHHKI} HHTEpBA. ;

13. Tlpeamer MaTeMaTUYECKOMH CTATHCTHKY, Onpcneneﬁne Henaiaecrﬂoﬁ
dysxumu pactpenenenus. Iucrorpamma. OnpeeneHne HeU3BECTHRIX napmeTpos
pacnpefeneHus. :

14. Dnementnl Teopuu Koppensuwn. KoppensuuoHHas 3aBUCHMOCTb ABYX
cnyuainpix Benuuud, Kosddunument xoppemsiun.  OYyHKIME U JUHAK perpec-
CHH.

15. Anann3 JuHeRHON KOppeNaIUy 110 OIILITHEIM JaHHBIM.

XV DJIEMEHTHI JIMHEAHOM ANTEBPHI

1. Onpenenureny 2-ro nopsaka. Onpegemareny 3-ro nopsaka. CBoHCTEE Ol
penenuTeneit. BerducieHue OnpejeNHTeNell IPOM3BONLHOTO Hopsyka. Peienue
CHCTeM IMHEHHBIX ypaBHEHUH ¢ ToMOIIpIo onpezenutene#t (popmymsr Kpamepa).-

2. TTonatue o NMHEHHBIX NPOCTpaHcTBaX. MaTpHikl ¥ MHOTOMEPHBIE BEKTOPbI
U neficTRuS Hay HUMH (MuEeiHbe). CansgpHoe npousBeeHue BexTopos. Op-
TOTOHANBHOCTh. YMHOXEHHE MATPHIl. DKOHOMHYECKas MHTEPIIPETALA MHOTo-
MEpPHBIX BEKTOPOB ¥ MATPHIL. I/Icnoxm‘?.onalme ux B IUIAHOBBIX pacyerax. Banasco-
Basi MOJIENb. .

3. Pemenne ¥ MCCleNOBaHUE CHCTEM Jmaeﬁnmx ypaBHeHnn METOIOM
Yopnana (wmu Taycca). Obpamenne MaTpuLl.

4. JIuneiinas 3aBECHMOCTH BEKTOPOB. Ba3uc 1 parr CHCTeMB! BeKTOpoB. Pas-
JIoXeHHe BekTopa To 6asucy. ['eoMeTpHyecKas TPaKTOBKA CHCTEM - JHHEHHBIX
ypaBHeHuH. YCIOBUS COBMECTHOCTH CHCTEMBI JTMHENHBIX ypaBHEHHH.

XV JIMHEMHOE [IPOrPAMMUPOBAHVE

1. Jluneiinble ONTMMH3aNMOHHBE 3a/a4n. [locTaHOBKa 3a1auK  JIMHEHHOro
nporpammupoBadus. TepMunonorus. I'eomerpus JIHHEHHOTO nporpaMMH-
pOBaHHU.

2. O6was 3aa4a TUHEHHOrO Hpor‘paMMHpoBaHHﬂ U ee peIueHHe CHMILIEKC-

METOOM.

3. TpancroprHast 3a/ia4a. [IocTaHOBKa M MaTeMarHdecKas MOZENb 3axpsn*oﬁ
TpaHcTIOpTHON 3aza4u. CylIecTBOBaHME ONTHMANBHOro IUiaHa. CocTaBleHye uc-
XOJ(HOro 6a3ucHOr0 (OIOPHOro) IUIAHA. VeiroBre ONTUMAaNbHOCTH IUTaHA
TPAHCTIOPTHOM 3aauM.
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3AZJAYM JJIs1 KOHTPOJIBHBIX PABOT
BAPHAHT 5

SJIEMEHTBI BEKTOPHO AJITEBPBI M1 AHAJIMTHYECKON FTEOMETPHN
B ITPOCTPAHCTBE

3adaua 1 : -

Jlab! KoopAuHaTE! Bepmmn nupavuast 4 4,45 A,: 4 (0;7;1), A4, (2;—1;5),
4,(1;6;3), A4(3;-—9;8). Haiitn: 1) “yrom mexnmy ps6pamu A4, u A A4;;
2) ypasuenue mwiockoctd A, 4, A3 3) miomans rpann 4,4, 4;; 4) npoexmumo
BEKTOpA 2;4; Ha BeKTOp :47; 5) ofBéM mupaMusl; 6) ypaBHeHME IPAMOH,
TIPOXOAAIIeH uepe3 BepIIMHY A,, NEPIEHAMKYIAPHO TUIOCKOCTH, MPOXOASIeH
uepes Touxu A, Ay, A;; 7) [mHY BHCOTHI, ONYIIEHHOM U3 BepuMHEl 4, Ha

nnockocts 4 A, 4;.

" TIPSIMAS JIMHIS. KPUBBIE BTOPOI'O ITOPAMKA -

3adaua 2 ‘
Haiitu ypasHeHUe IIPAMOH, ITPOXOMSMIEH Yepe3 NpaByio BEpIIHY ruuepﬁom
2 2
;———i]g =1 u Bepmmny napaGonst y* 6y+8x——7 0.
5

.3aoaua 3
Cocrasuth ypaBHEHHE JJLTHIICA, HMewomero obimpe Goxycs ¢ runepbonoi

x* —2y* =24, ecan Gonpmas ock numTca pasHa 10.

3aoava 4
Haiitu paccrogHue OT ILEHTPa OKPYXHOCTH x? +y* —6x=0m0 mpamoi,
npoxopsueii uepes TOUKY A(—7;4) nepeHUuKyIIpHO IpsMoit 2x+4y-7=0 -

TIPEJIEJI. HETIPEPHIBHOCTB

3adaya 5
Haiitut tipezensl, He IONB3ysCh NpasuioM Jlomurais:
x*(3x-2) . x*-x-30 J9+x-3
8) lim—tpmy 6) lim e B S
x>0 6x° —x% = x+1 o x +125 =0 x*4x

11



. 1-cos8x . (3x-1Y""
) lim—————; n) lim )
-0 xsin2x x=w\ 3x+2

. 3adaua 6
I/Icnom,syg NOHATHS IIPEAENOB CIHEBA M CHpaBa, MCCIEIOBaTh Ha
HENpepBIBHOCTh  (YHKIMIO,  3aJ@HHYI0  HECKONBKUMH  aHAIMTHYeCKIMH
BEIpaxceHuAMH. [JoctpouTs rpadux Gysximm.

2-x%, x<-1
f(x)=<x, -1<x<0
sinx, x>0,

TIPOVMBBOIHBIE 1 UX IPYJIOXKEHVS

. 3adaua 7

y )
Hatitn npousBonssie )’ = —Jx- crneayromux dyHKmi:

a) y=(x_11)2+33x3——5; 1?) y=4j3e3—1;

O y=(+2 b vaxk ) y=@x-n™

B) y=‘&arctg%; e).2x,2-y—3x\/;=0_
3aoaua 8

Haiiti mpousBoaHyo Ey TapaMeTPUIESCKH 3aaHHON QYHKIMHU:

x=In?t
(y=t+Int.
- 3adaua 9

Haiftu HanGonbiniee ¥ HAMMEHBINee 3HadeHns QYHKME Y = X° + E ~16
X
na otpesie [1;4].

12

3aoaua 10
Uccnenopars Qyuxuup MerofaMu XudobepeHIuabHOT0 UCHHCIEHHS M Ha
OCHOBaHMH PE3yIIbTaToB MCCIeL0BAaHMS OCTPOATE MX rpaduku:

a)y=x+l;- 6) y=x-Inx.
X - ,

HEOITPEEJIEHHBIN Y OIIPE/IEJIEHHBIN MHTEIPAJIBI

3aoaua 11
HaitTi Heonpenen€HHbIe HHTErPabI:

6x—2x* ~1

i .
i 6) [(2x+1)Inxdx; ———dx;
? Jcosz 0 - 1gx) ) J(@2x+1)inx ") J.x3 ~2x% +x

Jx+3 .. 3x+4
D) [———e—=dx; n) |sin”x.cos” xdx; e) |———=—=1kx.
J.1+3\/x+3 J I«/xz +6x+13

3aoaua 12

' 2
< BHUMCIHTE MIOMAAE GUIYpHL, OrpaiiYeHHON JIHHMIMIL: Y = 3x — X° u

y=—x.

3aoaua 13

Briuncnuts 066EM Tena, IIOMyueHHOro BpaleHneM BOKpYT ock Oy Gurypsr,
2

: 4
orpanwdeHHol rpaduxaMu pyHKUME @y =-—, Y = %‘, x=0, y=4.
x

OYHKIIMW HECKOJILBKVX ITPEMEHHDBIX

3aoaua 14
[IpoBepUTH, YIORIETBOPAET I QYHKIMS Z = arccos(x2 y3 + 5)'paBeﬂcTBy
oz oz . : :
3x—-2y—=0."
ox oy
3adaua 15

Hcenenoath QYHKUMIO Ha SKCTPEMYM:  Z = x* + xp* +6xy -3.

13



3aoaua 16
Haiitu rpaquenT 1 pOU3BOAHYIO TI0 HAIPABIEHHIO BEKTOPa O = (1; -1 l)
bynxman u = x>y —3xyz + xy*z* B TOUKE 114(1;2;— 1).

3aoava 17
Hatita dopmyity Bufia ¥ = ax + b MeronoM HauMeHBIIMX KBAIPATOB TIO
JaHHEBIM OIIKITA: ‘
x 1 2 3 4 5
y 2,6 -2,1 . 6,5 -11,3 -16,2

JAODEPEHITAJIBHBIE YPABHEHUSI

Jaoaua 18
Haiitu pemenne mupdepenumansyoro ypaswenns xy' +y=Inx+1,
YIOBNETBOPSIOLIEe HAYABHOMY YCIIOBHIO y(l) =4,

3adaua 19 _
Halitu  ofmee  pemenue nuddepeHIHMATEHOTo - YpaBHEHHUA
59 +xy-x2y' = 0.
Jaoaua 20

Haittu pemenne auddeperuuancoro ypapHemua y''tgy = 2(y')?,

YJIOBRETBOPSIOLIEE HAYAIIBHBIM YCIIOBHIM y(l) = 12[—, y'(l) =2,

3adaua 21
Haiitn obmee pemerwe audpdepeHIManbHOr0 yYpaBHEHHUs
Y'=6y +9y=(12x-7)-&**.

3aoaua 22
. Haiitu pelLieHue IuddepeHIEATBEHOrO ypaBHEHIHs
p .
Y'+y' =2y =9cosx—7sinx, ynosneropsiomiee HAYANBHEIM YCIOBHAM

»0)=-2, y(0)=9. |

14

JIBOVHOM 1 KPUBOJIMHENHBIA MHTEI'PAJIBI

, 3aoaua 23 . .
BhumciuTh 00BEM Tena, OrpaHMYEHHOTO IOBEPXHOCTIME  Z = 4X +1,

x=0,y=x%y=4,2=0.

3aoaua 24
HsMenuTh YOPANOK MHTErPHpOBaHMSA B JBOAHOM HHIErpaie:

7 -

~X
f f(x,y)dy.  Cpenars uepréx obnacTu HHTErPUPOBAHUS.

4er)

1
Id x
0

3aoaua 25 i
Beranenuts [[(4x—2xy)dxdy , ecnu D: x+y=4, y=x, y=0.
o :

3aoaua 26
BRMUCIHTE KpMBONMHEHHBIN HHTETpA

a) j yds, tne L-myra napaGosl y? =2x, otceennas napaGornoit
L

2

x°=2y. ; .

6) _"(x2 — y?)dx + xydy , ecnu AB otpesox, coemummomuit Toku A(1,1)
AB

i B(G,4).

3aoaua 27
Haiitu neproo6pasuyio dyukumio #(X, ) no ee noxHoMy tubdepeHuuany

‘ y x
du=Ux+y+——)dx+(x+——=—)dy.
( Y x2y2+1) ( x2y2+1) 4

PSR

3adaya 28
HccnenonaTs Ha CXOOMMOCTH HHCIOBOM PS¢ IOMOMIBIO JOCTATOYHBIX
© p+3

TPUBHAKOB CXOJIAMOCTH :
n=lN - 2

15



3aoaua 29
HaiiTH MHTepBaI CXOQMMOCTH CTEleHHOro pana. Miccnenopars CXogUMOCTh
© NN
x
Ha KOHLAX MHTepBaya: . :
n=1 7

3a¢)auﬁ 30

1
BoiuuciuTh OnpefeEHHbIN HHTerpan jsin(xz)dx C TOYHOCTBIO MO
0

0,001, pasioxuB MOABHTEIPATEHYIO QYHKIMIO B CTEIEHHOM Psl.

KOMIUIEKCHBIE YHCJIA. TEOPHIS OYHKIMM KOMITIEKCHOI'O
ITEPEMEHHOI'O

3aoaua 31
JefcTBUS ¢ KOMIUIEKCHBIMY YHCIAMM.
a) BHIoaHuTh AefiCTBHS, OTBET 3alMCaTh B TPMIOHOMETpUYeckol Gopme:

- C(2+i0)?
1) z =(1+i3)’;2) z, =1"; 3) 2, =(1 3)' .
~3i
6) Penuuts ypaBHeHue, OTBET 3aIHCATH B I0Ka3aTenbHOH dopme:

Wz +2++/5i=0

3adaua 32
BrmucnuTs 3HaueHHe (QYHKIMM KOMIUIEKCHOTO IilepeMeHHoro @ =thz B

7
Touke Z, = In3+ & OTBeT 3anucaTh B anrebpanueckoit hopme.

3aoaya 33
Tlposeputs  BhmMoONHeHHe ycnosuit Komm-Pumarma mns  byHKIMHA

®=z"—4i-z+12.

3adaua 34
Wcnonpayss wumrerpan Kommw, BBMMCIUTE: nj' 231 ] dz, rag
5z -
|z-1]=1.
3adaua 35
-3

HccenenosaTh HA CXOAMMOCTD YUCIOBON PA: Z - V7 J_ 3 )
+ 31

16

3adaua 36
IocTpouts 061aCTH CXOAMMOCTH, CTEIIEHHOTO psjia QYHKIMY KOMILIEKCHOTO

(z+3+41)"
§ (4-3i) 7

IIEPEMEHHOT0:

3aoaua 37
IpencraButh NEpUOANYECKYIO GYHKIHIO, 3aJaHHYIO Ha IONYIepHOLe [0, l ]v,
psanoM Dypre 1o xocurycaM. ITocTpouTs rpaduk GpyHxumm.

0, 0<x< z ,
f(x)= 2
sinx, —<x<um,
2
TEOPWS BEPOSITHOCTEM

3aoaua 38
TeopeMn1 cnoxeHHs 1 YMHOXEHUS BEPOSTHOCTEH -

B kopobke 12 xapaHnameif Tpex IBETOB, IO YETHPe KapaHIala Kaxiaoro
ugera. Haynauy smiauMaloT Tpu xapanjama. Hality BeposTHOCTH TOro, 4TO BCE
KapaHJallK OKaXYyTCs Pa3HOro 1BeTa. PenmTh 3a0ady IIpH YCIOBUM:

4) KapaHjalli BO3BPAIAlOT B KopobKy; 6) KapaHmamu He BO3BPALIAIOT B
KOpoO6Ky.

3aoaua 39
IloBTOpHBIE HE3aBUCHMEIE MCIILITAHHIS
broddon 6pocun mosety 4040 pas. IIpu sToM rep6 rman 2048 pas. C xaxoit
BEPOATHOCTBIO MOYKHO OBUIO OXMAATE ITOT pesyiibrar?

3aoaua 40
3aKoH pacnpe/ielleHus ¥ YUCIOBBIE XapaKTePUCTUKH
CIy9ai{HOM BeJIMYMHEI
Cnyuaitnas BenvauHa X 3alaHa dyHuueit pacnpeueneﬂnx F(x). Tpe6ye'rc;1
1) HatiTi nIOTHOCTS pacnpeseneHns f(x);
2) HaliTH MaTeMaTHYecKoe OKHUAaHHe U AUCTIEPCHIO X,
3) noctpouts rpaduxu F(x) u f(x);

4) BEIMUCTIHTE P(IX | < %) .

17



0, x<0
F(x) = {sin2x, 0<x$%.
1, x>£
L 4
3aoaua 41

HopmansHsiit 3aK0H
Ciyvaiinas BenuuuHa X paclipeielieHa HOPMAaNbHO C MaTeMarTUYecKHM
OXHMIaHHeM a=15 W CpefHUM KBaJpaTHUECKUM OTKIOHeHHMeM o =35. Haiitn
IIMHY HHTepBaja, B KOTOPBIH ¢ BeposTHocThio 0,9973 momamaer B pesynbrare
UCTIBITAHMS BENUIUHE X

MATEMATHUYECKAS CTATUCTUKA

3adaua 42
Bei6opoynsIil MeTo)
s onpenenenns BeNWUUHEl CpeIHEro Hafos MOJIOKa Ha (bepMe 3aMepeHa
BENMYMHA CYTOUHOTO Hanos y 50 Kopos
Hapoit (xr) 1 3 5 7 9 11 13 15 17
KomaectBo 1 2 5 10 13 12 5 2
KOpOB

Cuvras, yTo BeNWYMHA HANOS — HOpManbHas CilydaiiHas BeluuKMHa, HAWTH
HHTEpBaJl, B KOTOPOM ¢ BEpOATHOCTHI0 0,9 HAXOAUTCS BENUYHHA CPEJHETO HALOM
Ha Qepme.

3aoava 43
JInneiinas xoppensnus
Komyiectso monafanuit nap 3HaueHWH cimydaiiHex Benuwuumd X u VB
COOTBETCTBYIONME HMHTEPBANb! NpHBeneHs! B Tabmuue. ITo 5THM JaHHBIM HaWTH
BEIGOPOYHEIH KOI(QQUIMEHT KOPPENAnMM M BHIGOPOYHEBIE YpABHEHMS NPAMBIX
maui perpeccun ¥V Ba X u X na V.

yJ X! 50 760 70 - 80 90
1,0 :

2 3 ) 0
1,5

0 4 2 0
2,0

0 0 3 2
2,5

18

JIVHEMHASI AJITEEPA

3aoaun 44
Pemmuts crcTeMy JTMHEHHBIX ypasHeHuit: a) mo ¢opmynam Kpamepa; 6) ¢
TIOMOIIBIO O6pATHOR MATPULEL

3x; —3x, +2x; =2
4x, —5x, +2x; =1
5x, —6x, +4x; =3.

3aoaua 45
Vccnenosath ®, B CiIydae COBMECTHOCTH, PELIMTb CHCTeMY JIMHEHHBIX
YPaBHEHHH METOJIOM TOC/EJI0BATENBHOrO HCKIIOYCHHS HEM3BECTHBIX )Kopzxana-
Taycca

X, —3%; +4x, =5
3%, +2x, = S5x, =12
—2x; +3x, =—4

5%, +x, +11x, ~25x, =43.

MATEMATHUYECKOE ITPOI' PAMMMWPOBAHME

3aoaua 46

IocTpouTh HA IUIOCKOCTH OONACTE pEINEHMH CHCTEMBI JIMHEHHBIX
HepaBeHCTB!
3x, +5x, <45
2x, —3x, <11.
x +5x, 212
I‘eumerpnqecxm HaliTh HawMeHsllee ¥ Haubonblee 3HAYECHUS (bymcmm
F =-2x, + 5x, Boroit o6nacta.

3aoaua 47
CuMITIEKC-METOJ .

B 1mpom3BoACTBE [BYX BUAOB NPOAYKIMH A ¥ B nprHEMaioT yyactue TpH
npeanpustud. Ilpd 5TOM Ha M3rOTOBJEHHE ENMHMIBI W3jenus A Iepsoe
TIpeAnpUsATHEe TPATHT 6 4acoB, BTopoe — 4 uaca, TpeTse ~ 3 4aca. Ha usroronnenue
eIMHALb! H3fenya B nepBoe npeAnpHATHe TPATUT 2 daca, BTOpoe — 3 4aca, TpeTbe

19 ‘ . .



— 4 yaca. Ha npousBoJicTBO Beex U3lienui NepBoe IPEeNIIpHITHE MOXeT 3a1.~pa’rm’?i.
He Gomnee 600 gacos, BTopoe — He Gonee 520 vacos, Tperse — He Ooiee 600 yacos.
Or peanu3aluy eXMHUIE TOTOBON MpoXyKIuy BUna A npubsuis coctasisier 6000
py6neit, a Buna B - 3000 $y6neit. OnpenenuTs IWiad BHITYCKa IPOLYKIMHE BALOB
A u B, mpu xoTopoM UpUGHUIF OT peaqu3anuu Beel npomykmuu Gbina Gbl
MaxCHMaJILHOM,

CocTaBdTh MaTeMaTHYecKyio Mozenb 3ajayd. PemmTh 3a1ady CHUMIUIEKC-
METOJIOM ¥ FeOMETPUYECKH.

3adaua 48
Tpancnoprras 3azada

VIMeroTCS TpH IIYHKTa OTIPABICHHS OXHOPOLHOIO Tpy3a: Al v Ay, Ay u nsm:
NyHKTOB Hasuauenws storo rpysa: By, B, By, By, B;. Ha nynkrax 4, 4, A
Haxogurcs 250 T, 200 1, 150 T rpysa coorsercrseHHo. B nyHK’m
B,, B,, B,, B,, B tpeSyercs nocrasuts 180 1, 120 1, 90 T, 105 7, 105 T rpysa
COOTBETCTBEHHO. 3aTPaThl Ha IEPEBO3KY €MHHLbI IPY3a OT IYHKTOB OTIPABNEHHs
K ITYHKTaM HasH@YeHws 3ajansl Marpuueit D = (d,j , Te dj- crommocts
TIepeBO3KY eIUHALBI IPy3a oT 4; x B A

12 8 21 10 15
D={13 4 15 13 21

19 16 26 17 20

HaitTi TaKoi IUIaH 3aKperuieHys oTpebuTeNel 33 HOCTABIIMKAMH, YTOOLI
cyMMapHble 3aTpaThl Ha NePeBO3KY OBLIM MUHIMAbHBIME
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