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PABOYASI IIPOTPAMMA
I AHAJIMTUYIECKASI TEOMETPYIS HA TUIOCKOCTH

1. exaprosa cucremMa KoopauHar. JelicTBuTenbHbIe YUCIA. KoopmuuaTs
TOYKHM Ha NPAMOM, Ha INIOCKOCTH H'B IpocrpaHcTBe. . Ilomspable KOOPAUHATEL
IpeobpazoBanus KOOpHUHAT.

2. Ilpsmas. VpasHenue npsMoii ¢ yriaoseM xodddunuenrom. HopmanbHeii
BekTop npsimoi. O6mee ypaBHeHHE. TIpsIMOi. Yron MeXAy ABYMS IIPSIMBIMH,
VYcnoBue mapamienkHOCTH M NEPIeHOUKYISPHOCTH NPSMEIX. YpPaBHEHME IIydKa
OpAMBIX. YpaBHEHHE NpPIMOH, mpoXoAsmedl depes JBe TOYKU. PaccTosHMEe OT
TOYKH JIO DpAMOi.

3. KpuBbie BTOporo mnoOpszaKa. C-)Jmnnc BrIBOJ KaHOHMYECKOrO YpaBHEHHA.
Viccnenonanue GopMEI JUTAIICA IO €I0 KAHOHHYECKOMY ypaBHeHH0, OKpyXHOCTh
— JacTHEIN ciydail ammmmnca. OKcyeHTpucuTeT siuica. I nnép60na. BriBox xaHo-
HHYeckoro ypaBHeHus. MccnenoBanue (opMbr LUIEpOOIEL IO €€ KAHOHUYECKOMY
ypaBHeHu10. AcuMITOTH runepbomnst. IToctpoenue runep6osl. E)KcueHTpncmeT
IlapaGona. BeiBox KaHOHMYECKUX YpaBHEHHMH 11apaGosl. :

4. YpaBHeHUS KPUBEIX BTOPOrO IOPSAAKA, OCH CHMMETPUHM KOTOPBHIX Napall-
meNpHEl 0csAM KoopauHat (napabona, smiunc, runep6ona). YpasHeHue paBHo6oT-
Ho runep6onsl. YpaBHeHHe paBHOG0YHONH  ruuep6oNEl, aCHMOTOTAME KOTOPOi
CILyXaT ocH KoopauHaT. I'padux ApobHO — inHedHOH GyHKINH.

II BEKTOPHASA AJI'EBPA

1. Openenureny BTOPOro ¥ TPETHEro NOPSIKS M X CBOKCTEA. Onpeuennre-
JIE BRICUIMX NOPSAMKOB.

2. Bexropuple, CKalApHEE BenmuuunbL. JeHcTBHA Ha BEKTOPAMH. KommHe-
apuple pexropa. Enunuunsii Bexrop. Ilpoexuuu BexTopa Ha ock. CBolicTBa npo-
exiuii. Jluneiinas 3aBHCHMOCTE BekTopoB. basuc. IlpsmMoyroibHbIi nexapToB Ga-
suc. Bekrop, 3amaHHBIl KoopAuMHAaTaMH Havajga ¥ kouua. Jimua Bexropa. Pac-
CTOSIHHE MEXTYy IByMsi TouKamu. JlelleHye oTpeska B JaHHOM oTHouleHwH. Ha-
HipaBISIOINHe KOCHHYCHL BEKTOPA. :

3. CxamspHoe npousBefeHue AByX BeKTOpoB. CRolicTBa. Cxansproe
[IPOM3BEJICHNE BEKTOPOB, 38/IaHHEIX KOOPAMHATAMMU. YTON MEXAY ABYyMS BEKTO-
paMu. VYcCIoBHE DapalIeNbHOCTH M IEPINEHIUKYJPHOCTH BEKTOPOR.

-4. BextopHoe 1pousBefieHue ABYyX BeKTOpoB. CpojicTsa. BexTopHoe rxpona-
BE/IEHHE BEKTOPOB, 33JaHHBIX KOOPAUHATAMY. :

5. CmemnanHOe IPOM3BENEHUE Tpex BEKTOPOB. I'eOMeTpUHECKU CMBICH:

- CaoitcTsa. VeloBre KOMILIAHAPHOCTH TPEX BEKTOPOB.

I AHAJTIMTUYECKAA TEOMETPHS B IIPOCTPAHCTBE

1. Inockocts. HopmanpHbili BEKTOP IIOCKOCTH. YpaBHEHUE IUIOCKOCTH;
npoxonsiuet yepes Touky. Obumee ypapHeHHE INIOCKOCTH. YpaBHeHKe IIOCKOCTH

3



B OTpeskax. YpaBHeHMe INIOCKOCTH, IIPOXOAsIIeH Yepe3 TP TOYKK. YIJIOBEIE CO-
OTHOUIICHHUS AJIsSA IIIOCKOCTEM (yl"O.TI MexXny HJIOCKO_CTSIMPI, yciosue IapajiiCIbHO-
CTH ¥ IEPIIEHUKYIAPHOCTH IUIOCKOCTel). PaccToaHue 0T TOYKH A0 IIIOCKOCTH. .
2. TIpsiMas MK B pocTpancTse. KanoHuueckoe ypapHEHHE NPSMOLL. Vpas-
HeHue IpAMOH, Ipoxoasmiedl uepes IBe ToMKM. . - llapamerpuieckue ypaeHe-
wast npsmoit. O6mue ypaBHeHMs IPAMOH. Tlepexon ot oOImuMX ypaBHEHUH
NpsAMO# K KAHOHAYECKUM. YIJIOBBIE COOTHOLICHHS MEXCLY TIPSAMBIMHU (Yroi MeX Ay
MPSMBIMH, YCJIOBHE [APaIeNbHOCTH U HePIeHAUKYISIPHOCTH IPAMEIX). ‘
3. VIIIOBBIE COOTHOIIEHHA MEXKLY HPIMOM U IIOCKOCTEIO (Yrol MeX/Iy Ips-
MO} U TIOCKOCTBIO, YCIIOBHE NAPAIEIbHOCTH U HePHSHANKYISIPHOCTH IIPIMOM U
mrockocTh). Touka nepeceueHus psaMoit 1 wiockoety, ITydok nnockocTe#t. ..
4, TTosepxHocTd BTOpOro nmopsiaka. Chepudeckue nopepxsHocTd. Lumuaapy-
yeckue NopepxHocTH. Tlomepxnoctd Bpamenus. [unepGonouapt. Tapabonoumst.
Koxndeckue MOBEPXHOCTH. : :

IV BBEJEHME B AHAJIM3

1. AGcomoTtHas BenuuvHa yrcna. CoiicTBa a6COMOTHOM BEIUIHHEl CYMMBI 1
pasnocTy. MuTepsans! uncnosoit ocu. Oxpectroers  Toukd. @ynxuus. O6nacts
onpejenenus, obnacTe 3HaueHWH. OnemeHTapHEle (QyBKUMM. SBHAS, HesABHASA,
CIIOMKHAs, YeTHad, HeuetHas  (yukiuu. Jlosegerue QyHKUNM B BHTEpBaje (BO3-
pacTanue, yGriBaHHe, MOHOTOHHOCTS). OrpanudenHas QyHKIus B TOUKe, B HHTEp-
Base. _ .

2. Tlpenen QyHKIMY HenpephBHOro aprymenta. IToustue o 6ECKOHEYHO
60n5mnx u GeckoHeqHO Manbix BenwduHax. CpoiictBa GeckoHeuHo manmblx. Oc-

HOBHBIC TEOPEMBI O Ipenenax. PB_CKpBITHe HeonpeneneHHoc‘reH BHAa 6 ”—,
| o0

b , ® — o0, Ipusnaxu cymecrsoBanus npegena. Ilpenen npu x — 0.

N W
ITocnenoBarenbHOCTS. Yucno e. Ipenen | 1+ —| mpu »n-—> ».. Cpapnenue
' ' n :

GeCKOHeUHO ManbIX QyHKIHH.

3. HenpepsiBHOCTh QYHKIHH B TOuke. ToHkH. pasphma Teopema o Hempe-
pHIBHBIX pyHKmuax. Kiaccuduxamms Touex paspsisa. HerpepsisHocTs dynKci B
unrepsae. CBoKcTBA (HYHKINH, HENPEPHIBHON B 3aMKHYTOM HHTEpBAle. Oﬁpafr-
uete Gyuxuud. [Ipupamenue ¢yuxupd. Bropoe onpenenenne HEIPepEIBHOCTH
B TOYKE. -

V JIA®OEPEHLIAJILHOE MCUHCIIEHUE &Y HKI VA
OJIHOM TIEPEMEHHO

1. 3amaua o ckopocTH IBrkeHus. IloHaTHe npoussopHoi. MexaHuyeckui
cMuicn mponsBoanoi. IIpousBognas crenenu. YacTHoe 3HaYeHWE NMPOUZBOIHOU:
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Crads! Menny HenpephIBHOCTBIO U JubdepeHIupyeMocTsio. I eoMeTpudecKuii
CMBICIT IIPON3BONHOMN. YpaBHEHNS KacaTeJpHOM 1 HopMaiu, TeopeMs! o mud-
epenmmpyemsix Qynxupax. IIpoussoamas ciuoxuo# Qymxuum. Ilpoussogmsie
oGpaTHBIX TpUroHoMeTpudeckux GyHKuuit. [IpON3BoHbIe TOKA3ATENBHOM U JIOTd~
pudmuzeckoit hyuxumit. [IpousBogHas CTENEHHO — OKazaTensHoN byHKun. Jo-
rapudmudeckoe gubdepentuposanne. JuddepeHuupopanne  HeIBHBIX (QyHK-
LUH, :
2. Tuddepennuan. Juddepennman nezaBucuMont nepeMeHHOM. Teomerpn-
ueckuit cmprcn auddepennuana. [IpubMIKEHHEIE BEIYUCIEHHS C TOMOLIBIO ,ump .
Q)epenuuana TeopeMa 06 HHBAPHAHTHOCTH  (DOPMBL un(b(bepenunana. Hpon3~
BOZHBIE H Juddepesiuan BEICIIHX 0PI IKOB.

3. ITapamerpuueckoe 3axanue KpuBOi. OKpYKHOCTB, BJUIMIC, unxnon,zxa
Huddepennuponanve yHKnmii, 3agaHusx napamerpudecku. [Ipouspoguas Bro-
pOro ropsKa.

4. OcHOBHBIE TEOPEMbl AU PepeHINATEHOr0 HCUHCICHU. - Teopema <I)epma,
Pomna. Teopema Jlarpamka. Teopema Komm. VX reoMeTpraecKuit CMBICI.. T

5. BexropHas GyHKUMS CKAIAPHOTO apryMeHTa W €e NPOU3BojAHas. YpabHe-
HUs KacaTeIRHON NpsAMol U HOPMANBHOM MIIOCKOCTH K NPOCTPAHCTBEHHON
KpUBOH. : e

VI IIPWJIOXEHUE ITPOU3BOJIHOM K UCCJIEIOBAHUIO

O YHKIANU 1 TTOCTPOEHUIO T'PAOVIKOB

HeoGxopuMerit 1 1OCTaTOUHBIH NPUIHAKK BO3PACTAHMS M YOBIBAHUS (yHKIMHA
B unHTepBaie. Touku sxcTpeMyMa. HeoGxonuMBIi M JOCTATOUHBIN IPU3HAKY CY=
II{eCTBOBAHUS BKCTpeMyMa. BTopoi NocTaToOuHBI NpU3HaK CYIIecTBOBAHHMS 3KC-
Tpemyma. Haubonrinee u nanMensliee 3Ha4eHre GyHKIpY B HHTEpRaie. Brimyk-
JOCTH, BOTHYTOCTs KpHuBoi. Touxu neperu6a. J{ocTaTouHoe YCIOBYE BEITYKIOCTH
u  Borayroctd. Heobxonumoe 1 JOCTATOHHOE YCIOBME CYIIECTBORAHMA TOUEK
nepernba. ACUMITOTHI KPUBOH (BEPTUKAIBHEIE, HAKIOHHBIE). ToNHaT cXeMa o
crefoBanus GyHKIMM C HOCTPOEHHEM IpadHuKa.

VII HEOITPEJIEJIEHHbBIA UHTEI'PAJT

[MepBooGpasnan, ee cpoifcTBa. IloHATHE HEONpEAENEHHOIO MHTErpana, ero
reomerpudeckuit cmeici. OcHOBHEIE cBolicTBa. TaGnuna unrerpanos. Unrerpupo-
BaHMe IT0 YacTAM ¥ METOLOM 3aMEHEI liepeMeHHoH. MHTerpupoBanme pauoHaib-
HBIX pobeli ¢ KBaJpaTHBIM TPEXWIEHOM B 3HaMeHatene. VIHTerpupoBaHUe IIpo-
CTEHILAX palMOHANBHBIX Jpobeii (KOpHH 3HaMeHaTels NeHCTBUTEIBHEIC, HEKOTOx
pBIe U3 HUX KpaTHHIE; KOPHY 3HAMEHATENs KOMIIIEKCHO - CONpsKeHHEIe). Metoj
HEONIPeIeNeHHbIX K0( GHUIHESHTOR, WuTerpupoBaHue HEKOTOPHIX TPUTOHOMETPH-

o 3 . m n
veckux GyHKumit: 1) Sin” X+ cos” X, rae m ¥ n - 4eTHBIE TIONOKHUTEIRHEE, 2)

. M n
Sin” X+ oS~ X, TAe XoTs OBl OJHA M3 CTelleHel HeweTHas IMOJIOXKUTENbHAs, 3)



1g"x, rae n - uemnoe uuco. HHTeI‘pHpOBaHHe pannonanmmx (byHKHPIﬁ 3aBY-

CAINEX OT SiNX M COS X, METOXOM yHnBepcaJILHou HOICTAHOBKH th =t. I/IH-

Terpuposanye QYHKIUHA BUAa: R(x,\/a2 + x2), R(x,\/x2 ~a? ), MeTonom

TPUrOHOMETPHHYECKHX IOACTaHOBOK. MHTerpanst BHNA _[ R(x,%ax+b )dx?
_ Mx+N '

Vax +bx+c

VI OIPEJEJEHHBINA UHTETPAJL

3amaga o MIOIAAK KPUBONHHEHHOM Tpaneuuu, IOHATHE ONPENENSHHOTO HH-
terpana. OcHOBHEIe cBolicTra, TeopeMsl 0 “cpenreM”, 06 OLEHKe ONpPeNeNeHHOro
unTerpana. OnpeneneHHEI UHTErPA C HEPeMEHHBIM BEPXHUM TIPEASIOM HH~
TerpupoBanus. IIpousBonnas OIIPE/EICHHOr0 MHTETPana IO IEePeMEHHOMY
BepxueMy npeneny. @opmyna Heiorona-Jleiibuuna. 3aMeHa epeMeHHoON B ompe-
HeneHHoM uHTerpaje. Muaterpuposanue no gactsim. [IpubnmxenHoe BRIYMCIEHAES
ONpEeNeNeHHEIX MHTErPaioB MeTOJoM Tpaneuuit, mapabon (merory Cumucouna).
Brruucnenve mnomaned QUIyp B JeKapTOBHIX KOOPAMHATAX W MApaMeTpHIecKH.
Boraucienre momaaeit uryp B monApHerx koopauxarax. O6heM Tena Bparie-
Hust. JinuHa Jyru KpuBoH, 3aJaHHOM B JeKapTOBOIl CHCTEMe KOOpIWHAT U Hapa-
mMerpudeckd. Jubdepenipan nyru. IIpocreiinine pusugeckue 3anaun. Hecobot-
BEHHBIE MHTerpalbl ¢ 6€CKOHEYHBIMU TPAHKIAMM U OT PA3phIBHBIX (yHKUMHE. Mx
BEIYHCIICHHE, R

IX ©@YHKIIVMH HECKOJIBKWUX ITEPEMEHHBIX

1. Onpegenenue. O6nacts orpenenenus Gysxuuu. I'padux dyHkuum IBYX
nepemennsix. Ilpenen dynxumu B Touke. HempepeBHOCTE (PyHKUHAM B TOUKE,
Huddepenruanntoe ucuucnenve Gyskuum “HeCKOJIBKUX IepeMeHHbIX. Hact-
HOE U NoNHoe npupamenye Gynxuuy. YacTHrle MPoU3BoAHEE (YHKIUH HECKOIE-
KHX IepeMeHHEIX. T'eoMeTpuuecKHl CMBICH 4acTHOH mnpoussBoxuoit. IlomHsrit
suddepentuan. IIpunoxenne nonsoro mubdeperuuana Kk NpuGIMKEHHBIM BEI-
yucienusM. Ilpoussoaneie Beicmmx Hopsaxos. Hudbdepennuposanue CIOMK-~
HEIX, HessBHBIX QyHKuui. ViHBapranTHocTs GpopMsl nonuoro nubdepenumana,

* 2. Cxanapuoe none. I'pajiwent. KacaTensHas IIOCKOCTS U HOpMaJb K IO~
BepxHoCTHU. IIpon3BoHAs ITO HAPABIEHHUIO, ;

3. OxctpemyM dyHKIuE ABYX nepeMeHHBIX. Heo6XoauMoe 1 AOCTATOYHOE
YCIIOBHSL CyIIECTBOBaHMs SKcTpeMyma. HamGonbiiee ¥ HamMeHbIIee 3HAYECHHE
(hyHKIOUE OBYX EPEMEHHBIX.

X KPATHBIE Y KPUBOJIMHEMHBIE UHTETPAJIB]

3anauu, IpUBOKSIIKE K IIOHITHIO IBOliHOro uHTerpana. TeopeMa cylecTBo-
BaHud. I'eoMeTpHYeCKUi CMBICK NBOWHOroO MHTErpana. TpodHo¥ maTerpan. Bri-
YKCJIEHNE ABOMHOrO ¥ TPOMHOTO MHTErpaja IyTeM CBEJEHMS UX K IOBTOPHEIM UH-
TerpanaM. Beraucnenue 065eMOB ¢ ITOMOIIBIO ABORHOIO M TPOHHOI'O MHTEPANIOB,
Briuncnenve miomaneit mnockux GUryp ¢ oMol XBOWHOIO HHTErpaia B Jie-
KapToBO# U MonspHO# cucteMax xoopauHar. IIpunoxenus apoitHoro u TpoiHOro
HHTerpanos. 3agaua o Macce. CTaTHCTHYEOKE MOMEHTHI, LISHTP TSOKEeCTH. 3anauy,
HPUBOJALIME K IMOHATHIO KPUBOJIMHEHHOro HHTErpana, KpUBONUHEHHBIe HHTErpa-
JIBI IO JTMHE XYIY X KOOPAUHATAM, KX CBOMCTBa U BEIMKcienue. Hesapucu-
MOCTEH KPHBOIMHEHHOrO MHTErpana ot IIyTH uHTerpuporanus. OTEICKaHUe (YHK~
LMY 1o ee nonaoMy  muddepennuany.

XI PSIIBI

Yucrossie psaxsl. Heobxonumoe yciioBue CXOOUMOCTH, OCHOBHEIE CBOMCTB,
IeHCTBYS CO CXongIuMucs psagaMu. JJocTaTouHoe YCIOBUE PACKONUMOCTH PSfia:
Pajpl ¢ MONOXHUTENLHBIMU YeHaMu. JlocTaTouHbIe IPU3HAKY CXOIMMOCTH  TaKHX
panos: cpasienns, Janambepa, Kommn, uuterpansHeiid. Pamsl ¢ NpousBOILHEIMA
yneHamu. AGCOMOTHAS U HeabCOMIOTHAS CXOMUMOCTD 3HAKOIEPEMEHHEIX PAIOB:
Ipusnax JeliGuuma. Teopemsr 06 oueHke octaTka. Crenenssie psaasl. Marepsan
CX0NMMOCTH CTelleHHoro psasa. CpolicTea cTeneHHbIX psafoB. CreneHHO#R pag, Kax
pan Tenopa. [IpuMeps! pasiodxeHus SIIeMEHTAPHBIX (DYHKLHIM B CTEIISHHbIE PAIBI
Tetinopa u Maxnopena. IIprMeneHue CTeneHHBIX PANOB K TPUGIHIKEHHBIM BBI-
YHCIEHUSM.

XII I[I/I(IXDEPEHLH/IAJIBHBIE YPABHEHISI

1. 3anaym, npuBOSIIKE K HOHITHIO )m(p(i)epeﬂunanbnoro YpaBHEHHA, I[ncp
(epenmmansabie ypasaenns [ nopsuxa. Teopema cyuiecTBOBaHUS U SAUHCTBEHHOS
CTH pelreHus. YPaBHEHMS © pasieNsSonMMUCS TIepeMeHHBIMY, Ypapuenus I no-
pAnKa: OMHOPOAHBIE, TUHEHHEbIe. YpaBHeHus B MONHEX Juddepennuanax. Iipy-
6nmxenHoe pelenne qubdepeHpanbEpIx ypapHeHuil MeToioM Ditnepa. “

2. Muddepennmansusie ypasuenus 11 nopsanka, Teopema Konm. Ypasuenns
II nopsinxa, momyckaromue noHwKenve nopsinxa (3 tana). Juddepennmanbuse
YPaBHEHHSI BBRICIIMX NOPSAKORB. Jluneiinnie auddepeHanbHbe ypaBHeHAA
BBICIINX NOpsAAKoB. JIunelinpie nuddepennpaistuble OAHOPOIHbIe ypapHeHus 11
nopsiaxa. Teopema o ctpykrype ofmero peurenus. JluHeiHbe HEOIHOPOXHEIC
ypasrenus II nopspaka. Teopema 06 obmem pemrenvu. JInneifHsie 0JHOPONHBIES T
HeopiHOpoaHEe NuddepeHimanbable ypasHerus II mopsaka ¢ HOCTOAHHEIMH KO-
s¢pdunuenTamu. OrpickaHie YaCTHOTO PEIEH¥sT METOXOM HEONPENEICHHRIX KO-
addunuenTor u obwero pemenus. I'eoMerpryeckre ¥ MeXaHHUECKHe TPUIOKe-
HHSL



XIll KOMIUIEKCHBIE YHCJIA. JIEMEHTbI TOPYUM
®YHKUMH KOMIDIEKCHOT'O TIEPEMEHHOT'O

1. Tlomsarue ¥ mpencTapieHHe KOMIIEKCHBIX QHCEN. }J;eiricmnﬂ
HaJl KOMIIEKCHBIMH YHMCIIAMM,

2. OyHKUMA KOMIUIGKCHOTO IepeMeHHOro, OCHOBHBIE IOHSTHSA. Ilpenen u
HenpepsiBHOCTE GyHKIMH. OCHOBHEIE olieMeHTapHbBle (QYHKIUH KOMIUIEKCHOTO

nepemenHoro. HuddeperHuupopanne QpyHKImM KOMIIEKCHOTO MepeMEHHOro. Ye-
noBus Ditnepa-Lanambepa.

3. Amanurmueckas (QyHKUHS. Jlmbcpepenunaﬂ Hurerpuposanue (byHKupm :

KOMIIEKCHOI'O IIEPEeMEHHOI0.

4. Panet B KOMINTEKCHOM ITOCKOCTH. 1vacncusme pansl. CrerieHHbIe pAabL. Psm
Teiinopa. '

5. Papp1 @ypre.

X1V OJIEMEHTBI TEOPHUU ?EPO&ITHOCTEIZ u
MATEMATHYECKOU CTATUCTHUKU

1. Tpeamer Teopun BepositHoctei. Cobnitue. Vcnsiranue. Bumst co6uITHit.
Bzl ciyaiinbix cobmrtuit. Kiaccuueckoe onpe/ieneHue BEPOsTHOCTH. CBoncma
BepoATHOCTEH. BepoaTHOCTE IPOTHBOIONOMKHOT0 COOBITHS,

2. Cymma Heckonskux cobbrruit. ITponsseienne HECKONBKUX — COBBITHIA. 3=
BUCHMEIE COOBITHS. Y CIIOBHAS BEPOSTHOCTE. TeopeMa YMHOXEHZ Bepoxmomeﬁ
TeopeMa CIIOXKEHUS BEPOSTHOCTEH, : .

3. Ilonuas rpynmna cobriTuit. Teopema o cymMme BeposTHOCTEH coObiTHiL,
06pasyIoIIIX TIOJIHYIO IPyIIy. BeposSTHOCTS HACTYIUIGHHS XOTS GBI OLHOTO U3
[aHHBIX COOBITHIA.

4. Gopmyaa nonHoM BepositHocTH. Gopmyita Baiteca.

5. IosropHiie HesaBuCHMEIe HcmbTanys. DopMyna Bepuyimu. I/IHTerpanL-
Hag Teopema Jlaraca. Vinrerpan BeposTHOCTH,

6. CraTHCTHIECKOe ONIPEAEICHME BEPOSTHOCTH. OTHOCHTENEHAS HACTOT.

7. Cry4aiinble BeMUMHEL 3aKOH PACTIDEJENIEHUS CIIyUaiHON BeJMYMIEL
JucKpeTHEIE M HeNIPEePHEIBHbIE CILyIaHHBIC BETUUMHEL bruHOMEHANBHEL 3aK0H
pacripefieNieHust JUCKPETHOM CirydaiHoi BEJIMYMHEL 3aKOH pacupeienenys
ITyaccona jguckpeTHON ciydaliHON BeTMYHHEL, '

8. CyMMa 1 npousBesienye IBYX CilydaliHbix Bemmaus. YUCIOBEIE XapaKTepH-
CTUKY AUCKPETHBIX CIIy4aiHBIX BEJMMHH: MAaTEMATHIECKOE OXKUNAHHE, TUCTIEPCHS,
CpeliHee KBaJpaTUvecKoe OTKIIOHeHHe,

9. ©yHKUMS pacTipeliesieHus Clyyaiinol semuunnsl. Ee colicrea. [IiotHocts
pacupenenesus ciydaiinod Bemuuunsl, Ee cBolicrra. ;

10. Haxoxznesue GYHKIMM pacpeleneHus 0. IOTHOCTH pacnpenenenmx
Maremaruaeckoe OXUaHNE U JUCTIEPCUS HEMPEPHIBHOM CIIyuaitHoil BenIMHEL

11. PaBHOMepHBIN U ClydalHEIA 3aKOHB! PACIIPEIeNICHHS HENPEPhIBHOM c.uy—
qaiisol sesumnbl. Kpupas Iaycea.

12. ®yHKIUsS pacHpeAeieH s HOPMabHO pacnpe;.teneﬂﬂoﬁ city4Jalinoii Be-
NHYMHEL. BeposTHOCTE ITOaiaBus] HOPMAJIBHO PAcpesieNeHHOM cinyyaiiol Bemu-
YUHBI B 33JaHHbIH HHTEPBAIL. :

13. IpeameT MaTeMaTU4eCKOH CTATHCTHKH. Onpeneneﬁne Hensnecmoﬁ
dyaxun pacupeaenenns. I'ncrorpamma. Onpenenenue HEU3BECTHEIX napaMﬂpoB
pacrpezieneHus. ; :

14. DneMenTs Teopum Koppensuuu. KoppensnuoHHAas 3aBHCUMOCTB JBYX
cnyuaiineix zemraud. Kosdduuent xoppensmun,  OYHKIWK 1 TUHAA perpec-
CHIH. ’

15. AHanus JIHHEIHON KOPPENSILIYY IO ONBITHEIM JaHHBIM.

XV BJIEMEHTBI JIMHEMHOM AJITEBPLI

1. Onpenenureny 2-ro nopsaxa. Onpexenuteny 3-ro nopsjaxa. CBoicTBa Ol
pemenureneii. Beramcnenue ompenenuTeNnell NMPOU3BONBHOTO MOpsfKa. Pemenue
cHCTeM THHEHHBIX ypaBHeHui ¢ nomowso onpegenutenet (hopmyns: Kpamepa)..:

2. Tousitue 0 MUBEHHBIX IPOCTPaHcTBaX. MaTpuIsl 1 MHOTOMEPHEIE BEKTOPHI
¥ IeUCTBYS HaX HEMM (uHelnsie), CrangpHoe TIpoy3BeeHMe BeKTopoB. Op-
TFOPOHANBHOCTh., YMHOXEHME MaTpul, DKOHOMUYECKas WHTEPIpeTanus MHOIOo-
MEpPHBIX BEKTOPOB ¥ MaTpHIL, I/Icnonszonaﬁne HX B ITAHOBEIX pac'{e'rax Bananco-
Basi MOJIEIb. . :

3. Peenue W MCCIIEOBaHMEe CHCTEM JIMHEHHBIX ypaBHEHUH MGTOIIOM
XKopnana (unu I'aycca). ObpaimeHue MaTpuL.

4, Jluneiinas 3aBUCUMOCTE BEKTOPOB. BazKC 1 paHr CHCTEMEL ‘BEKTOpOB. Pas-
noKeHne BekTopa mo Gasucy. I'eoMerpuueckas TPaKTOBKA CHCTEM - IMHENHEBIX
yparHeHuiA. VCIIOBUS COBMECTHOCTH CHCTEMBI JIMHEHHBIX YPaBHEHUH.

*XVI JIMHEMHOE I[TPOI'PAMMUWPOBAHVE

1. Jlunelinsle oNTAMU3ALHOHHEbIE 3anauu. ITocTaHOBKa 3aJ1a4l  JTMHEHHOTO
nporpaMMupoBanus. TepMmuHonorus. I'eoMerpust nuHeHHOro IIpOFpaMMH-
poBayus.

2. O6mas 3ajaua JUHEHHOTO nporpaMMHponanna u ee pemeune CHMILIEKC~
METOIOM.

3. Tpancuopruas 3ana4a. ITocTaHOBKA M MaTeMaTHIeckas MOTelb 3a1cp51roﬁ
TpascnoprHOM 3anayn. CyInecTBOBaHHE ONTHMAIBHOro muaHa. CocraBieHne ¥c-
xomuoro GazsucHOro (OOPHOIO) IaHa. Venopue onTUMAaNIbHOCTU IIaHA
TPAHCIIOPTHOM 3a1auu. -



1.
2.
1,
4.
5.
6

7.

0.
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SAJAYU I KOHTPOJIBHBIX PABOT
BAPHAHT 2

DJIEMEHTHI BEKTOPHOM AJII'EBPEI Y AHAJIUTUUYECKOM '’EOMETPUM
' B ITPOCTPAHCTBE

3adaua 1
Haxsr xoopaunate!. Bepuiun mupamue A A, A, 4, : A, (3;5;4), 4, (5;8;3),
A;(1;2;-2), 4,(-1;0;2). Hadirn: 1) yrox mexny péGpamu A4, u A4,
2) ypaenenme twiockoctn A, A, Ay; 3) wiomans rpanu A A, 4;; 4) npoexumio
BeKTOpa Z;I; Ha BEKTOp 2174;; 5) obwEM mupamuppl; 6) ypaBHEHHe IPAMOH,
npoxozisuiett viepes pepumHy Ay, TepreHuKyNApHO TUIOCKOCTH, npoXoAsIed
yepes Touku 4, A,, A;; 7) IMMHY BRICOTEI, OMYMEHHON ¥3 BepIMHBl A, Ha

mnockocts A A, 4, .

[TPSAMAS JIAHILS, KPVIBBIE BTOPOI'O TTOPSIIKA

3aoaua 2
Halitu ypasHeHue runepGorsl, poxoasimeit yepes Touxy M (8; O), €ciu

3
YPaBHEHHsl aCUMIITOT runepSois Y = j:Zx .

3adaua 3
CocraBuTh ypaBHeHuE NPsMOM, IPOXOAAIIEH Yepe3 BEPIIMHY HapaGoisl
2. .2
x*+4x+y+3=0 uwnpassii doxyc amnunca 1i6— -i-—);— =1
Badaua 4

Haiirn ypaBrenue OKpy>XHOCTH, ZHaMETPOM KOTOPOM ABJISAETCS OTPE3OK
npaMolt 3x —4y +12 = 0, copepammitcst Mex Iy OCsSME KOOPIHHAT.

IPEJEJIL. HETIPEPLIBHOCTD

3aoaua 5
Haiitu npeuenm He ToNB3ysich NpasmwioM Jlonurans:
2 2
x+1)(x~2 . 3x?+2x-8 . X =9
1i ( : : 6) lim g m ===
a) xl—r)r}-o 4x5+6x3—7 _ ) x—-2 x —3x— 10 x—=3 ,\/;_—_.2



. . 4x
1g%3x ; (x -1
r) lim——->2—; ) lim .
) #0] ~ cos? x .)x—m X+2
3aoaua 6

Hcnonesyss mNOHATHS MpefelioB CleBa M 'CIpaBa, MCCIEIOBATh Ha
HENIPEPBIBHOCTE  (YHKUMIO,  3aJadHYI0  HECKONBKAMH  aHATMTHYECKHMHU
BpIpaxceHuaAMH. TTocTpouTs rpaduk GysKimy.

x+4, x<-1
f)=<x*+2, -1<x<l1
2%, x=21.

IMPOU3BOJHBIE Y X ITPUJIOXEHUS

3aoaua 7

' a
Haiiti npoussonusie )’ = Ey— creyomux GyHKIwA:
x

2
a) y=33-Tx+x> e g r) y:dg Sx;
(x=-7", Inx
6) y =cos’ 4x-e™*; n x4y =45
B) y = arcctg”5x; e y = (cosx)™*,

3aoaua 8
y dy "
Haiitu npousBoIHyIO Td; napaMeTPHIECKH 3alaHHOM (QYHKIMM:

x = 3(¢ —sint)
=3(1—cost).

3adaua 9
Haitru nanGonbiee 1 HauMensiee snauers Gyuxman y = (x +2)e'™ ma

‘orpesxce [- 2; 2].

3adaua 10
Wccnenosate GyHKIuu MeroiaMu IudpGhepeHIUanbHOro UCUUCICHES H Ha
OCHOBAHMH PE3YJIETATOB HCCISAOBAHUS IOCTPOUTS MX rpaduKH:

12

5x Inx
= f) Y=,
a) y 1y )y .

HEOIPEAEJTIEHHDIN U OTPEJE/IEHHBIN MHTEIPAJIB]

3aoaya 11
Haiiti HeoxpexeEHHbIE HHTETPAIILL:
. X .
sin —dx 2
. —-2x~5
) J'_____2___; 6) farcsin3xdx; ) | 3x 5 X
& +-gos® X : X —-x"+2x-2
2
+ L 2x+9
_[x ﬂxdx; n) [cos® 4x-sin® 4xdx; e _[~2—ic-——dx.
A+ x+1 x“+5x+6
3aoaua 12

s . 2
BBIMHCIMTE MIOIALEL (GHTYPHI, OrPaHUHEHHON NHHIAMHA: ) = (x - 1) u
y=x-1,
3aoaua 13

Briuncnuts 066EM Tela, ITOMyUeHHOro BpaleHueM Bokpyr ocu Ox Gurypel,
. ., 3 2
orpanuueHHON rpapuxamu Gynxkumit Yy =x>, y=2-x", y=0.

OYHKIMHM HECKOJIbKVX IMPEMEHHBIX

3aoaua 14
- Ilposeputs, yHoBIETBOpPSET U QYHKIMA Z = ln(x2 + y2 + xy) paBeHcTRy
x—a—z— +ye— o2 =0
Ox 0 y
3aoauva 15

Hccnenonats @ymcumo Ha 3KCTpeMyM: Z = 3x ~x* +3y% +4y.

v 3aoaua 16
Hai{ty1 rpajiaenT 1 IPOUIBOHYIO IO HAIPABIEHUIO BEKTOPA a= (4 0; - 3) (pymcmm

u—-2\/—_+y+y arcigz » touxe M(1;-1;2).

13



3aoaua 17
Haitta hopmyny Buga ¥ = aX + b MeToNoM HauMeHBIINX KBAaZpaToB 10
JIAHHBIM ONIBITA:

x 1 2 3 4 5
) A3 1,1 - 31 4,8 7,8

JUOPEPEHITVAJILHBIE YPABHEHIA

3aoaua 18
Haiitu peluenye nudrdepeHpaILHOTO YPaBHEHHUA

2
(x* +1)y' —xy =x(x*> +1), ymoBneTBOpsIOmEe  HAYANBHOMY  YCIOBHIO

y(2«/§)=3.

3aoana 19

Haiitu  ofmee  pelueHue IuddepeHInaibEHOro ypaBHEHMSA
xy'—y= 2x-tg2)—.
x
3adaua 20

Hatitn pewenye muddepentpmanssoro ypasmennn y''(1+y)=(3') + 3",
ynosnersopsiomee nasansusiv yonosuam y(0) =2, 3'(0)=2.

~ 3aoaua 21
Haiitn ofmee pemrenue auddepeHNMANEHOTO YpaBHEHUS

y'—4y' +3y=4x-e*

3aoaun 22
. Haiitu perenue nuddepennmantHoro ypaBHeHm
, "
y'—=4y'+4y =-169sin3x, ynmomnersopsiomiee HAYANILHEIM  yCIOBMAM

¥(0)=-12, »'(0)=16.

JBOVHON Y KPUBOJIMHEVMHBIA MHTEIPAJIBI

3aoaua 23
Brrumcnure 06B8M TeNa, OrpaHUYEHHOrO0 IOBEPXHOCTAMU 2 = 2x+1,

x=0,y=x2,y=4,z=0.
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3adaua 24

VisMeHUTE MOPSANOK MHTErPUPOBAHUA B JBOMHOM MHTErpae:
X49
_fdx _[ f X y d y. Crenats uepréx o6acTi HHTETPUPOBAHMSL.

3aoaua 25

X

Brraucnurs ﬂey dxdy, ecna D: y2 =x; x=0; y=1.
D ‘

3aoaua 26
quncnmb KPUBOJIMHEHHBINA MHTErpat

) |2

LXxX—Yy

. . 1 >
, Tae L-0Tpe3ok mnpsMoi y=~?:x——2, 3aKITIOYESHHBIN

mexny Toukamu A(0;~2) m B(4;0). .

2
6)  [(x+y)dx+(x—y)dy, rme OM-gyra mapaGoner y = £,
. o 7

0(0,0), M(z, ).

3aoaua 27
Haitti neppoo6pasuyio dynxmmio #(x, y) no ee nonHomy nuddeperupany .
) :
-X X+
du = (Iny+2 =" )dx+(Inx+2)dy.
PAIDBL
3aoaua 28
UccnenopaTe Ha cxonumocm YKECIOBON psifi C TOMOUIBIO JOCTATOWHBIX
- 1 :
IIPU3HAKOB CXOIUMO
n=1
3aoaua 29

Haiitu nHTepBan CXOUMOCTH CTENEHHOTO psma Hccnenosars CXOI(I’IMOCTB

El(x+3) .

HA KOHIaX HHTepBalia. 5
n

15



Saoaua 30
1
s 2
BHIYKCAKMTE ONpeelEHHBIA HHTEerpal Ie-x dx ¢ tounocteio mo 0,001;
0

PA3NOKHUB HOABIHTEr PATBHYIO QYHKIMIO B CTENEHHOM P/

KOMIDUIEKCHBIE YHCJIA. TEOPHSI © VHKIIMM KOMIUIEKCHOI'O
TIEPEMEHHOI'O :

Saoaua 31
JleHcTBIS ¢ KOMIUIEKCHBIME MACIIaMM.

a) BEIONHUT NefCTBUS, OTBET 3AMUCATE B TPUTOHOMETPHYECKOH hopme: -,
4
p 1+ 26 R A .
1) z, =3 +i; 2)z2=[2—7 : 3) z, =i +1° ~4i® +7i.
. —i

6) Pemuts ypaBHeHue, OTBET 3aIMCaTh B IOKA3aTENLHON Gopme:

5 3 5
z°+8i=0.

adaua 32 ’
BEIMUCIUTE 3HAUEHHE QYHKIME KOMILIEKCHOTO IEepeMeHHOro @ = COSZ B

TOuKe Z, = 2 + I, OTBET 3anHMCaTh B ANrebpaunyeckolt Gopme.”

3adaua 33
TlposepyTh  BRINONHEHHE  YCIIOBHHA Komm-Pumana s Qynkuun
o =sin(z +1). :

3aoaua 34

z+1
Hcnonbays urTerpan Ko, BEMUCTUTD: c; ( )

i 2(z -1 (z - 2i)

rae

L: | z~3i ] =2,
3aoaua 35
. [*) 2n+1 'n
HcciienosaTh HA CXONUMOCTE YUCIOBOK P Z s
n=1 (1 - l)n
3aoaua 36 »

TToctpouTts 061acTh CXOMMMOCTH CTEIICHHOTO pAna (YHKIMH KOMIIEKCHOTO

2 (z~i)" vn

TIEPEMEHHOI'O! Z T
m (-3+4i)
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3aoaua 37 .
IIpexcraBuTE NEPUOTUIECKYIO (GyHKIUIO, 38JJaHHYI0 Ha IOJNYIEpHOae [O,l]', ‘
panom Pypse 1o curycam. IocTpouTs rpadux QyHKIH.

0, OSxS%,‘
f(x)=

R ~COSX, E<x£n,

TEOPUSI BEPOSITHOCTENA

3aoaua 38
TeopeMbl CIOXKEHHS U YMHOXCHHSA BEPOSTHOCTEH
B nepBoM suiuKe 13 20 meraneit 4 OpakoBaHHEIX, BO BTOPOM U3 30 peraneit 5
6paKoBaHHEIX. V3 TEpBOTO BO BTOPOH IEPENONWIM JBE JIETAIH. Haitru
BEPOATHOCTb TOTO, 4TO JETallh, M3BIEYCHHAS IOCHE 3TOrO U3 BTOPOTO AIIAKA,
OpaKoBaHHAasL.

3aoaua 39
IToBTOpHEIE HE3aBUCHMBIE KCTIBITAHNA '
BeposTHOCTh HOTAJAHHA B Lieldh NPH OXHOM BEICTpEJIE COCTABJILCT p=0,$,
Haiity BEpOSTHOCTE YETHIpeX MOTa aH!i Py IECTH BHICTpeNaX.

3aoaua 40
3aKOH pacrpeeNeHus 1 YUCIOBbIe XapaKTepUCTHKH
ciryyaliHO! BEITUYHHEL s
Cuyuaiinas BemvauHa X 3a/laHa QYHKUUEH pacTipeNeneHus F(x). Tpebyercs:
1) HaiiTu IioTHOCTS pacnpenenenus f(x);
2) HaliTy MaTEMaTHIECKOE OXKUJAHHE U JIUCIIEPCHIO X

3) noctpouth rpaduky F(x) u f{x); 4) BEIMHCTUTE POX | < %) ;
0, x<0
F(x)= %(l—cosx), O<x<m.

1, x>n

17



3aoaua 41
HopManbHblii 3akon

BomGapnupopmyk, npojeTeBluil BIOIL MOCTa, JUIMHA KOTOporo 30 M M
mupuna 8 m. Ciyvaiineie Benpuunsl X u Y (paccTosmus oT BepTHKaNbHOM H
POPH3OHTAIEHON Ocelt CHMMETPUH MOCTa IO MecTa NajieHus 60MOEI) He3aBHCUMBL
M pacnupejeneHbl HOPMAalnbHO CO CPEOHUM KBaApaTUHeCKUMH OTKIOHEHUSIMH,
COOTBETCTBEHHO PABHBIMM 6 M 4 M, M MaTeMaTHYeCKUM OXUJAHMEM, PABHEIMU
Hymo. Haity BeposiTHOCTS TOTO, 9TO 60M6a nonazer B MOCT.

MATEMATHUYECKA S CTATUCTUKA

3aoaua 42 q

Bmﬁopotmmn METOL -

)Inx ompezeneHus cpefHe ypoxaiHOCTH IMIeHMIE Ha JI0Je nponaneaeﬂa
OLEHKA YpOXKas Ha y4acTkax HeOonbiol mromann. ITonydyeHs pesynabTaTsl: -4

Ypoxait (1) 10 13 16 19 22 25 28 31 34

Koymmuecrso 2 6 10 .23 31 31 23 15
ACTKOB :

Cuynras, 4TO BeNMYMHA YpOXKas HA yYacTKax -paclpeseleHa HOPMAJBHO, HalTH
BEPOATHOCTh TOrO, 4TO BEIGOPOMHOE CpelHee 3HAUCHHME YpOXKas Ha yd9acTKax
OTKIIOHSIETCS OT CPeIHEro ypokasi Ha BceM Iione He Gonee, yeM Ha 0,5 11.

3aoaua 43
Jluneitnas xoppemnsus s o
Konnuectso nomamammit map sumaueHudt ciydalipeix penmuus X U Y ‘B
COOTBETCTBYIOLINE MUHTEPBAIbI NpHBeieHbl B Tabnuue. ITo >TuM magHbIM Haftu
BEIOOPO4HEIR KOS((HUIMEHT KOppensuuu ¥ BHIGOPOUHBIE ypaBHeHwI I'IpHMBIX
JvHni perpeccu Y Ha X w X Ha V.

1\ [ X| 20 30 40 50 60 '
5
0 0 2 3
10
0 1 2 0
15
0 2 3 0 o
20 - i
1 2 1 0
25
2 0 0 0
30
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JIHENHAS AJICEPA

4

3adaua 44

PemmTs cHCTEMY JMHEHHBIX ypaBHeHHH: a) 1O dopmymnam Kpamepa; 6) ¢

IOMOIIbI0 OOpaTHOH MATPHIIBI

X, +2x, +%xy =8
3%, + 2% + X3 =10
dx, +3x, —2x; =4.

Badaua 45

HccnepoBarek M, B caydae COBMECTHOCTH, peIINTh CHCTEMY JUHEWHBIX

T'aycca:

Xy — 3%, +4x; —x, =1

to Tx, +3x, = 5%, + 5%, =10
2%, + 2%, = 3% +2x, =3

3x

| =Xy Xy Xy =4,

MATEMATHWYECKOE HPOFPAMMPIPQBAHYI‘E

3aoaua 46

ITocTpouts Ha MIOCKOCTH OONACTh - PEINEHUH

HEPaBEHCTB.

o

4x, +3x, 212
X +x, <7
Xy —%y 3
x, <4
x,20,x, 20

CHUCTEMBbL

ypaBHGHI/IH METOAOM HOCJIGJIOB&TCJ'IBHOFO UCKIIOYESHUL HGHBBGCTHHX )Kopnaﬁa-

NTUHEKHBIX

T'eoMeTpUuecKs HaiiTi HauMeHbllee U HauOONbIIee 3HAYCHHA byHKIEII

F =4x, + 5x, B oroli obnacta.

19



3aoaua 47
CHuMILIEKC-METO]Y

B npou3BOACTBE ABYX BHIOB. IPOAYKIMU A U B npuHMMEIOT y4acTHe TpPH
npennpusras. Ilpy 3TOM HA WSrOTOBNGHWE eNUHHMIE! M3Ield® A mepBoe
npeanpuaTAe TpaTMT 12 uacom, Bropoe — 10 uacos, Tperhe.— 3 uaca. Ha
M3rOTOBJEHNE eMHMIBI U3eus B Iepsoe IpeAnpuaTHe TPATUT 3 Haca, BTOPOE —
5 4acoB, Tperhe — 6 yaco. Ha npou3BoACTBO Beex U3MENMit iepBoe NPeanpusTue
MOXET 3aTpaTuth He Gonee 684 yacos, Bropoe — He 6onee 690 yacos, TpeThe — HE
Bonee 558 vacos. Or peanuzauuy eLUHUIBL TOTOBOM MPOAYKIMH BHJa A IPUOBLIL
cocraemter 6000 pyOineii, a Buaa B — 2000 py6neit. Onpenenuts nnas BIIyCKa
nNpoxyKuuK BupoB A 1 B, 1ipu xoTopoM npubbiib 0T peain3alnuy Beel IpoayKumm
6618 651 MAKCUMATBHOIM.

CocTaBUTE MaTeMaTHYECKYyl0o MOZENb 3a/iauM. PelIMTh 3afady CHMILIEKC-
METOJIOM U T€OMETPUIECKH.

3aoaua 48
TpancroprHas 3anaya

HIMetoTes TpH IyHKTa OTIPaBIeHIs OXHOPOAHOTO Ipy3a: 4, 4, A, n nsrs
NyHKTOB HasHaueHus otoro rpysa: By, B,, By, B, Bs. Ha nynxrax 4, 4,, Ay
Haxomures 200 T, 250 T, 150 T rpysa cooTBercTBeHHO. B nyH,Kﬁi
B,, B,, B,, B,, Bs tpeGyercs nocrapurs 120 T, 180 T, 105 T, 90‘T, 105 T rpyvalé
COOTBETCTBEHHO. 3aTPaTHI Ha MEPEBO3KY CAUHHMIEL IPYy3a OT IIyHKTOB OTIPABICHHUA
K TyHKTaM HA3HAMEHUS 3aj@aHbl Marpuueit D = d,.J'.), rie dij— CTOMMOCTE

NePeBO3KH eNUHIIE! TPysa oT 4; x B

9 6 17 11 8
D={13 4 9 5. 7|
6 7 14 10 6

HaitTi Taxol TUIaH 3aKpernienus noTpebuTelnelf 3a MocTapmMKamu, 4TOOEL
CyMMapHBbIe 3aTPATHI Ha IePEBO3KH OBUIM MUHUMANbLHEIMH,
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