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1. MOSICHIOBAJIbHA 3AIIMCKA BCTYITHOI'O ®AXOBOI'O BUIIPOBYBAHHSI
(CHIBBECI/IN)

Mertoro BcTynmHOro (axoBoro BHIPOOYBaHHS 3 MaTEeMaTHUKA € KOHTPOJIb pIBHSA
3arajibHOi MaTeMaTUYHOI KYJbTYpH 1 TepeBipka (akTMUHMX 3HaHb, YMIHb Ta HaBUYOK 3
(dyHIaMEHTaIbHUX PO3JAUIB MaTeMaTUKH Ta METOIWKM HaBUYaHHS MATEMATHKH, SKi €
0a30BUMHU 71l YCHIITHOTO TMPOJOBKEHHS HABYAHHS Ui JOCATHEHHS CTYMEHS Marictpa 3a
crnemjaipHocTsMuA 111 Maremartuka.

[Iporpama ek3amMeHy MICTUTh OCHOBHI 1 HAMOUIbIII BaXXJIUBI B 1I€MTHO-TEOPETUYHOMY 1
MPaKTUYHOMY BIJHOIIEHHI MUTaHHA 3 KypCiB JIiHIAHOI anrebpu, anredpu 1 Teopii uwucen,
aHamiTHYHOI 1 JudepeHIiaipbHOol TeoMeTpiid, MaTeMaTHYHOIo aHalizy, audepeHIiaIbHux
pPIBHAHb, KOMIUIEKCHOTO aHalli3y, Teopii WMOBIPHOCTEM 1 MaTEeMaTHYHOI CTaTHCTUKH,
MaTeMaTU4YHOI  JIOTIKM, JUCKPETHOI MaTeMaTHK{, MaTeMaTHYHOTO MpOorpamMyBaHHS,
METOJI0JIOT i MAaTEeMaTHUKH.

Ha icnuTi cTyaeHT NOBUHEH MPOJEMOHCTPYBAaTH BMIHHA (DOPMYIIOBATH O3HAUYEHHS,
aKCiOMH 1 TEOpeMH, HACHIIKA 3 HUX, HABOJUTH IMPU HEOOXITHOCTI 1LIFOCTpAIii, MPHUKIAIHN,
KOHTPIPUKIIAIN, TOBOJUTH TEOPEMHU 1 3aCTOCOBYBATHU BIAMOBIAHI ()aKTH MPH PO3B'A3yBaHHI
KOHKPETHUX MAaTeMaTUYHUX Ta MpuKIagHuX 3aaad. CTyneHT Mae Tmokazatu rinOoke
BOJIOJIIHHSI aKCIOMAaTUYHUM METOJIOM, BMIHHSI aHAJITUYHO MHUCJIMTH Ta PO3B’SA3yBaTH 3aj/advi 3
BUKOPUCTAHHSM CUHTETHYHUX Ta MITYYHUX MPUHOMIB.

Ex3ameHoBaHI MOBHHHI BOJOIITH TEOPETHKO-MHOXHHHOIO 1 JIOTITYHOI CHMBOJIIKOIO,
OCHOBHUMHU TOHATTAMH aJireOpu 1 Teopii yucen (anredpaiuna omeparis, rpymna, Kuiblle, MoJe,
BEKTOPHUN NPOCTIp, JiHIKHA 3aJE€KHICTh 1 JIHIHHA HE3aJeXHICTh, 0a3Wc 1 PO3MIPHICTh
IpOCTOPY, JiHIWHI ONepaTopW, MAaTpUIll 1 BHU3HAYHUKH, TIPOCTI 4YHCIA, TOAUIBHICTD,
KOHIPYEHIIi1, MHOTOWJIECHHU Ta 1HIIIE); MAaTH YIiTKE YSBJIEHHS PO OCHOBHI YHMCIIOBI CUCTEMHU 1 iX
OyZOBYy, BOJOZITHM HaBUYKaMU pO3B'A3yBaHHS CHUCTEM JIHIMHUX pIBHSIHb, 3HATH OCHOBHI
apudMeTUUYHI 3aCTOCYBaHHS TE€OPii KOHTPYEHIIIH TOIIO.

Ex3aMeHOBaH1 MalOTh BOJIOJITH SK TPYIMOBOIO, TaK 1 CTPYKTYPHOIO TOYKaMH 30py Ha
TreOMETpPIl0, CY4aCHUM AaKCIOMAaTHYHUM METOJOM, OCHOBHMMH (aKkTaMu €BKIIIJIOBOI Ta
HEEBKJIIJOBUX T€OMETPii; MaTH 3arajibHi YSABJICHHS PO €JIEeMEHTH 0araToBUMIPHOI reoMeTpii
a1HHOTO 1 €BKJIIJIOBOTO MPOCTOPIB; BMITH 3aCTOCOBYBATH TEOPETHYHI 3HAHHS HA MPAKTHIII,
30KpeMa, [0 JIOBEIEHHS TEOpeM 1 pO3B‘SA3aHHS 3a7ad MIKIIBHOTO KypCy TeoMeTpii;
BUKOPUCTOBYBATH 3HAHHS TOIOJIOTI] IPU O3HAYEHHI JiHiH, MOBEPXOHB, TOBEPXOHb 3 MEXKEIO,
reoMeTpuyHoro Ttima Tomo. lle o3Havae, 1O mpH BIANOBIAI €K3aMEHOBaHI TOBHUHHI
MPOJIEMOHCTPYBATH JIOCTATHBO MIMPOKUM TOTJISA] HA TEOMETpi0 Ta il METOAM, a TaKOX Ha
€JIEMEHTApHY T€OMETPII0 3 TOYKH 30pYy BHINOI, TOTOBHICTh BHKJAJAaTH HIKIJIBHY T€OMETPIIO,
HEe3aJIe)KHO B1JI TOTO Ha sKIA akCloMaTHIll BOHA MOOYyJ0BaHa, TOOTO TOTOBHICTh MpaIlOBATH B
1IKOJI1 32 Oy/1b-IKUM MOCIOHUKOM (TIAPYYHUKOM).

Ex3ameHoBaHI TOBWHHI BOJIOJITH OCHOBHUMHU TOHSATTSMH MAaTEMaTUYHOTO aHAI3y
(byHKIIIS, TOCTITOBHICTD, PSl, TPAHUIISA, HETIEPEPBHICTh, TTOX1/IHA, IHTETPaJI, Mipa TOIIO); MATH
YiTKE YSBJICHHS NP0 METPUYHUN TPOCTIP Ta OCHOBHI elleMeHTapHl (yHKLIi IiIHCHOT Ta
KOMITJIEKCHOT 3MIHHOI; BOJOJITH HaBUYKAMH OOYMCIICHHS TPaHUIlb, MOXITHUX, 1HTETPaiB;
BMITH PO3B'S3yBaTH HAWMPOCTIiNl TUMK JUGEPEeHIIAIbHUX PIBHSHB, 3HATH 3aCTOCYBaHHS



IuQepeHIliaIbHOT0 Ta IHTETPAIBHOTO YHCIEHHS, a TaKoX Au(epeHIliallbHUX DPIBHSIHBb 0

PO3B'SI3yBaHHS MPAKTUYHUX 3a/1a4.

3 Kypcy Teopli HMOBIpHOCTEH 1 MaTEeMaTHMYHOI CTaTUCTHUKH aOITypi€EHTH MaloTh:
NPOOEeMOHCMpPY68AmMU  3HAHHA AKCIOMAaTHYHUX OCHOB Teopii WMOBIPHOCTEW, BOJIOMIHHS
MOHATTSAMHU «HMOBIPHICTh TOJIi», «HAMOBIPHICTBY», «HMOBIpHICHa Mipay, «HMOBIPHICHUN
POCTIp», 6MiHHA (OPMYIIOBATH CTPOTT MAaTeMaTU4YHI O3HAYEHHS BUIIAJKOBOI BEJIMYMHU Ta
GyHKUIT po3MONITY, BH3HAYaTH YWCIOBl XapaKTEPUCTHKU (MaTEeMaTHYHE CIIOAIBAHHS,
TUCTIEPCisl, CEPETHE KBAAPATUYHE BIIXUIICHHS) JAJIs1 TUCKPETHUX Ta HETIEPEPBHO PO3MOALICHUX
BHUIAJAKOBUX BEIWYUH, Oymu 3HAUOMUMU 3 CXEMOK bepHyIi, BMITH BUBOIUTH (HOpMYITY
MOBHOI WMOBIpHOCTI Ta ¢opmyny baiieca, BMITH 3aCTOCOBYBAaTH TEOPETHUKO-WMOBIPHICHI Ta
CTAaTHCTUYHI METOJIU J0 AOCIIPKSHHSI pEaIbHUX TIPOIIECIB.

Ex3ameHoBaHi MaroTh BOJOAITH OCHOBAMH MAaTEMAaTHUYHOI JIOTIKM (OCHOBHUMH
MOHATTSIMHU, MOJCJSIMH, PE3yIbTaTaMU 1 METOJaMH JOCTIKEHb Y TaKUX PO3JiIaX Cy4acHOl
MaTeMaTUKH, SK aiareOpa BHCIOBICHb, YHCICHHS BHUCIOBJICHb, JIOTIKA IMPEAMUKATIB); MaTu
ysIBJICHHS TIpo (popmaii3oBaHUM aKCIOMaTUYHUN METOJ MOOYTOBHM MaTeMaTUYHUX TEOPiid,
WOro OCHOBHI CKJIQJOBI: MOBY, aKCIOMH, IpaBWIa BHUBOAY; MpOOJIeMH HECYIepedHOCT,
MTOBHOTH, PO3B’SI3HOCT1 TEOPIi.

Ex3amMeHOBaHI IOBMHHI 3HATH: OCHOBHI IIOHATTA JHCKPETHOI MaTeMaTHKH,
yHIBEpCaJdbHI JUCKPETHI MaTeMaTH4YHI MOJeiai 1 CcmocoOu iX OCHIIKEHHS; BOJOMITH
OCHOBHHUMH  aJirOPUTMAMH 1 METOJAaMH  JTUCKPETHOI MaTeMaTHKH, TEOPETHIHUMHU
MOJIOKEHHSIMH Ta OCHOBHHMH 3aCTOCYBAHHSIMH JTUCKPETHOI MaTeMAaTHKH B PI3HUX 3a/layax
MaTEMaTHKHU.

Ex3ameHoBaH1 NOBUHHI OyTH 3HAOMI 13 CydaCHUM MaTeMAaTUYHHUM arapaToM MoO0yJ0BU
Ta JOCII/DKCHHS ONTHMI3alliiHUX MOJENIeH; BMITH 3aCTOCOBYBAaTH METOJHM Ta AITOPUTMHU
3HAXO/KEHHSI ONTHUMAJIBHOTO PO3B’SA3KY 3a7ad JHIHHOTO, IUIOYMCENILHOTO, HENiHIHHOTrO,
CTOXaCTMYHOTO Ta JIMHAMIYHOTO TMpOrpaMyBaHHsS (po3B’A3yBaTH 3ajgady JIHIAHOTO
MporpamMyBaHHs TpaiuHUM Ta CUMIUIEKCHUM METOA0M; OynyBaTH ABOICTI 3aadi, 3HAXOAUTH
PO3B’SI3KM MPSAMUX 1 JBOICTHX 3ajad; PO3B’A3yBaTH TPAHCIOPTHI 3ajadi Ta 3ajgadi, II0
3BOJIATHCA /10 TPAHCHOPTHUX; PO3B’SA3YBaTH 3ajaul IIJIOYMCENILHOTO Ta APOOOBO-TIHIHHOTO
nporpaMmyBaHHsI; OyJyBaTH HENIHIAHI MOJENl Ta 3HAXOJAUTH iX ONTUMAIbHUN PO3B’S30K;
BUKOPHCTOBYBAaTH METOJIM JIUHAMIYHOTO NPOTpamMyBaHHS MpH pPO3poOIl ONTHUMAaIbHHUX
CTpaTerii JisUTbHOCTI MIANMPUEMCTBA; BHKOPUCTOBYBATH TEOPi0 1rop mpu Ppo3poOili
ONTUMAJILHUX CTpaTeriid B KOH(PIIKTHUX CUTYALlIs1X; BAKOPUCTOBYBATH METOJU CTOXACTUYHOIO
MpOrpamMyBaHHs IpU PO3pOOII ONTUMAIBHUX CTPATerid B yMOBaX HEBU3HAYEHOCTI).

Berynne daxoBe BumpoOyBaHHS 3 MaTEMaTHUKU Ta METOJIWMKH HABYAHHS MAaTEMAaTHUKH
MIPOBOJIUTHCS 3a OlJIeTaMu, KOXKEH 3 SIKUX MICTUTH I’ ATh 3aB/laHb:

e 3apaaHHfA 1 i 2 KOHTPOJNIOIOTH 3HAHHA | PO3YMiHHA OCHOBHUX TOHSTH, ()aKTIB TEOpii
BIJIMOBITHUX KYPCIB, 3aTHICTh IX OMEPATUBHO BIATBOPIOBATH, GiOU)8AMU B3AEMO38'A30K 1
OpraHiYHYy €IHICTh MOHATH, (PAKTIB Ta TEOPid. 3MICT MUX 3aBJIaHb YEPMAETHCS 13 PO3ALTY 4,
nyHKTH «4.1 Marematuka 1: OcHoBHI ¢aktu Ta Teopemu’ 1 «4.2 Matematuka 2: OCHOBHI
¢akTu Ta TeOpemMu’ BiJIMOBIIHO;

e 3aBJaHH# 3 MEPEBipsi€ 3HAHHS CTYJICHTIB 3 OCHOB METOJIOJIOTIi MAaTEMAaTHKH, AIarHOCTYE X
MaTeMaTUYHY KYJIbTYpy Ta Kpyrosip, IMUICHICTh PO3YMIHHS MaTeMaTHKH SK HayKH,
BOJIOAIHHS (YHIAMCHTAIbHUMH MATEMAaTHYHHMH TOHATTSIMH Ta MaTeMAaTHYHUMU



CTPYKTYpaMH, METO/IaMHU Ta 3araJlbHUMU MUTAHHSAMHU aKCIOMaTHKHU. 3MICT I[bOTO 3aBJaHHS
yepnaeTbes 3 po3auty 4, myHKT “4.3. OCHOBH METOJ0JIOTi] MaTeMaTHKNU
BiIOMI

3aBlaHHsA 4  TepeBips€  3JaTHICTh 3

(dbyHIaMeHTaJbHUX KYpPCIB aneopummu 1 CUHTETUYHUM UUIIXOM CTBOpIOBaTH HOBIi. [0

ONEPATUBHO  BUKOPUCTOBYBATH
yBaru OepyThCsl BMIHHS NPaBHIBHO OGOPMISTH PpO3B'I3aHHSA 3a/4adi, apryMeHTYBaTH
JIOT14HI KPOKU 1 BUKOPUCTOBYBATH BIANOBIIHY CUMBONIKY. Opi€HTOBHI 3pa3ku 3aBIaHb
OT0 TUIY TpeACTaBieHl B po3aiai 4, myHKT “4.4. 3agadi Ha BUKOPUCTAHHS BIJIOMHUX
aIropuTMIB”;

3aBJIaHHA 5 KOHTPOJIOE BMIHHSI PO3B'I3YBAaTH MPUKIAOHI 3a0a4i (YMOBU SIKUX MICTSATbH
HEMAaTeMaTUYHI MOHSTTS) IUISIXOM CMEOPEHHS | OOCHIONCEHH MAMeMAmudHux mooeneu
peanbHUX O00’€KTiB, mporeciB Ta sBuiml. OpieHTOBHI 3pa3Kd 3aBJaHb IIbOTO THITY

MpeACTaBICHO B po3aiii 4, myHKT “4.5. [lpuknagni 3agadi”.

2. KPUTEPII OLIIHIOBAHHSI 3HAHDb ABITYPIEHTA HA BCTYITHOMY

®AXOBOMY BUITPOBYBAHHI (TIJIBKH JIJISI TPOMAISIH YKPATHIN)

3a wikanorw | Busnauenns Xapaxkmepucmuka eionogioen adimypiecnma
YHigepcumemy
Ha NUMAHHA MEOPEMUYHO20 3MicIy Ha NUMAHHA NPAKMUYHOZ0
3micmy
0-99 6aru Husvkuii | AGiTypieHT He yCBIIOMITIOE 3MiCTY O6csr po3s'sazanux 3amad < 50%.
nuTaHHA OineTy, ToMy Horo BigmnoBiap |Y aliTypieHTa BiACYyTHS
He Mae Oe3mocepeTHHOTO BiIHOLICHHS 10 |IPOCTOPOBa ysiBa, HEOOXiMHA st
MOCTaBIICHOTO MUTaHHs. HasiBHa MOBHA | po3B's3yBaHHA 3371a4i.
BIJICYTHICTh  YMIiHHS MipKyBaTH.
100-139 |3adosinbruit|Binnosini Ha muTaHHA OiJ€Ty HOCSTH OOGcsr po3B's3aHUX 33134 y
Ganie (hparmMeHTapHU Xapakrtep, Mmexax 50-75%. AOitypieHT
XapaKTePU3YIOThCS BIATBOPEHHIM 3HaHb |TIOTaHO BOJIOIE TpadidHuMHK
Ha piBHI 3anamM'sITOBYBaHHSI. 3aco0amMu BiJITBOPEHHS
AOiTypi€HT IOBEPXOBO  BOJIOLIE IPOCTOPOBHX  BJIACTUBOCTEM
YMIHHSM MIPKyBaTH, HOro BIANOBIIl |mpeaMeTiB Ha IUIOMIMHI
CYNPOBODKYIOTHCS IPYTOPSAIHUMHI
MIpKYBaHHSMH, IKi ~ IHKOJIM  HE
MaroTh 0€3M0CcepeIHHOT0 BiTHOUIEHHS 10
3MICTY 3alIUTaHHS.
140-169 6wie VYV BigmoBingx Ha mnuTaHHA Outety | OOGcAr HpPaBHIBHO
Hocmamniin JIOITYCKAIOThCA  JeAKi HeToUHOCTI  a0o0 |po3B's3anux 3amgad  >75%.
HNOMWIKY HETIPUHIIUIIOBOI'O Pesynprar  po3B'sI3yBaHHS
xapaxTepy. AGITypieHT 3aJadi  MICTHUTh  OKpemi
JIEMOHCTPYE PO3YMIHHS HETOYHOCTI 1  HE3HA4YHI
HABYAJHHOI'O MaTepialy Ha piBHI TTOMMJIKH.
aHaJTi3y BIIACTUBOCTEH. [TomitHe
TIparHeHHs abiTypieHTa JIOTIYHO
PO3MipKOBYBaTH NPH BiAMOBiIl HA
IUTaHHA Oijera.
170-200 AOliTypieHT Ja€e TOBHY 1 Oo6csr MIPaBUIBHO
Ganie Bucoxuii posropHyTy BIJNOBiAb HAa NMTaHHA |po3B'sizanux 3amad =100%.
Oinery. Moro Biamosini cBigyath  npo |KokHa po3B's3ana 3agaua
PO3yMiHHS HaBYAJIbHOI'O MaTepialy CYIPOBO/DKYETHCS IPYHTOBHUM
Ha piBHI aHaJli3y 3aKOHOMIPHOCTEH, nosiCHeHHAM. AGiTypieHT 6e3




XapaKTepPU3YIOTbCS  JIOTTYHICTIO 1 MTOMHJIOK BiITBOPIOE

HOCIIIOBHICTIO CyJI’KE€Hb, 0€3 BKJIIOYEHHS |[IPOCTOPOBI BIACTHBOCTI
BUITAJKOBUX 1 BUNIaIaHHs ICTOTHUX 3 |IPEJMETIB  HA IUIONINHI
HUX.

SIk110 abiTypi€eHT i Yyac BCTYIHOT'O BUNPOOYBAaHHA 3 KOHKYPCHOTO npeameTty Habpas 0-
99 GaniB, TO JaHa KUTBKICTh OajliB BBAXKAEThCA HE JOCTATHBHOKO JIA JOMYCKY B Yy4acTi y
KOHKYypcHOMY Bi60pi 1o HITY imeni M. I1. [Iparomanosa.

OminroBaHHs piBHSA 3HaHb aOITYpIEHTIB MPOBOAMTHCS KOXKHHUM 13 WIEHIB HPEAMETHOT
KOMicii OKpeMo, BIATOBIIHO JO KPUTEPIiB OI[IHIOBaHHS. 3arayibHuUii Oaji OIIHIOBAHHS PIBHS
3HaHb a0ITypi€EHTa BHBOJMTHCS 3a pe3yabTaTaMHU OOTOBOPEHHS WICHAMH KOMiCii 0COOMCTHX
OLIIHOK BiAMOBied abiTypieHTiB. banu (omiHku) BeTynmHOro (axoBoro BHUIPOOYBaHHS
BUTOJIONIYIOTHCSI TOJOBOIO MPEIMETHOI KOMICIi yciM abiTypieHTam, XTO NMpHUIMaB y4acTb Y
BHUNPOOYBaHHI IMICIIS 3aKIHYCHHS ICIIUTY.

3. KPUTEPII OLIIHIOBAHHSI CHIBBECIIHN

daxoBa KOMICIS aHami3ye pe3yibTaTH CHIBOECIIM METOJIOM €KCIEPTHOI OIIHKHA W
KOJIETiaIbHO TpUKMaEe pIimIeHHS: TPO «PEKOMEHJOBAaHO JIO 3apaxyBaHHS» abo «He
PEKOMEHJIOBAHO [0 3apaxyBaHHs», 3 YpaxyBaHHAM cHiBOeciin 3 MoOBH (YKpaiHCBKOT,
POCIHCBHKOT).

4. 3MICT ITPOI'PAMU ®AXOBOI'O BUITPOBYBAHHA (CIIIBBECI/IN)

4.1. MATEMATHUKA: OCHOBHI ®AKTHU TA TEOPEMHA

4.1. 1. Anre0pa i Teopist unceJ

I'pymnu ta ix niarpynu. @axrop-rpynu. CymixkH1 Ki1acu 1 Teopema Jlarpanxa.

I'omomopdizmu Ta i3oMopdizmMu anreOpaiuHuX CTPYKTYP.

Konrpyenmii. Ix BnacTusocti Ta 3actocysanns. JIiHilHi KOHIpyeHIIT 3 OHUM HEBiTOMUM.

Po3B’s13HiCTh anredpaidHuX piBHSIHB 71-TO CTETICHS B paJiKajax.

Muorounenn Hanx uyucioBumu nosimu: C, R, Q (3BigHiCTh Ta HE3BIJIHICTh, KaHOHIYHA

dbopma).OcHOBHA Teopema aJreopH.

Kopeni mHOrOUNIEeHa (ICHYBaHHS, KUTBKICTh, KpaTHICTh). Teopema besy.

CucreMu NiHIMHUX OJHOPIAHUX PIBHSHB, ICHYBaHHS HEHYJIBOBOI'O PO3B’SI3KY.

Cucrema TpbOX JIIHIHHUX PIBHAHB 3 TPhOMA HEBIAOMUMH. MeToau i1 po3B’si3aHHS.

Uucnosi Qynkuii. Yucno 1 cyma HaTypanbHUX AUIbHHKIB. Llima 1 npoGoBa yacTWHU IiHCHOTO

yucia. Oynkuis Eiinepa.

10. JliniiiHi omeparopu. BinacHi 3HaYeHHS Ta BIIACHI BEKTOPH. [HBapiaHTHI i ITPOCTOPH.

4.1.2. I'eomeTpis

1. BekTopHuii 1O0OYTOK BEKTOPiB, HOTO BJIACTUBOCTI Ta 3aCTOCYBaHHS.

2. Metoxa xoopauHat Ha ruiomuHi. [Tonsipaa cuctema koopaunat. [Ipsma, koo, eminc, rinepdosa ta
napaboJa B HOJSIPHUX KOOPAUHATAX.

3. OnTHuHa BIacTUBICTh NMapabonoiga oOepTaHHs Ta 11 3aCTOCYBaHHS.

4. Teopema mpo reOMETPUYHHI 3MICT JIIHIMHOT HEPIBHOCTI 3 IBOMA 3MIHHUMU.

5. OcHoBHa Teopema MpO PyXH IUIOUMHM Ta ii 3aCTOCYyBaHHS. AHAJITMYHMHA BHpa3 pyxiB 1 ix
Kiacudikarii.

6. AunrebpaiuHuii MeTOJ pPO3B’s3aHHSA 3agady Ha noOymoBy. Kpurtepiit po3B'sa3HOCTI 3ajgadi Ha
noOyI0By IUpPKysneM Ta JdiHildkor. Kimacuuni 3amadi Ha moOymoBY, sIKi HE PO3B’SA3YIOThCS 3a
JIOTIOMOT 010 IIUPKYJIS T JIHIHKH.

7. HarypanbHi piBHSHHS TJIaJIKOi KpUBOI Ta iX pOJIb.
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8. Axcioma JlobaueBckoro, KyT napanenbHocTi, pyHkiis JlobaueBckoro. Cyma KyTiB TPUKYTHHKA Ha
iomuHi JlobayeBckoro.
9. Knacudikanis mpaBuIsHAX MHOTOrpaHHuKiB B R, Teopema Eitnepa.
10. HemepepBsHi BigoOpaxXeHHs TOMOJIOTIYHUAX MPOCTOpiB. Kpurepiit HenmepepBHOCTI BiJoOpaKeHHSI.
4.1.3. MaTemaTu4HHUi1 aHAJI3
1. Teopema npo iCHyBaHHSI TOYHOT BEPXHBOI (TOYHOT HMXKHBOT) MEKI MHOKUHHU.
2. 3uncneHHi MHOXXMHHU. Teopema mpo iCHyBaHHS HE3UHMCICHHUX MHOXXUH. MHOXWUHHM TOTYXHOCTI
KOHTHHYYM.
3. Ilepma i 1pyra BaxJIMBI TPaHHUIL.
4. Teopema Kantopa npo 3B’s130K piIBHOMIPHOT HEMIEPEPBHOCTI (PYHKIIIT 3 HETTEPEPBHICTIO.
5. Exctpemymn ¢yHkmii oxniei 3minnHoi. HeoOximna ymoBa ekctpemyMmy. JlocTaTHI yMOBH
EKCTpEMYMY.
6. BusnaueHwuii iHTETrpas i3 3MiHHOIO BEPXHBOIO MeXeto iHTerpyBaHHs. Popmyna HetoTona-Jleiibnina.
7. QudepenmiioBHIiCTh GyHKINT OaraThox 3MiHHUX. [locTaTHs yMoBa nudepeHiiiioBHOCTI QyHKIIII.
8. 3nako3minHi psau. Teopema JleitOHina. AGCOMIOTHO Ta YMOBHO 301KHI YHCIIOBI PSH.
9. BrnactuBocTi piBHOMIpHO 301KHUX (DYHKITIOHATBEHUX PSJIIB.
10. Inrerpan Big QpyHKIIT KOMIJIEKCHOI 3MiHHOI. [HTerpansHa Teopema Kori.

11. TloBHOTa METPUYHUX MIPOCTOPIB R,R",C,C[a;b].
12. KoMIakTHi MHOKMHH B METPUYHOMY MpocTopi. Kpurepiii KOMITAKTHOCTI MHOKHHH B MPOCTOPax

R" abo C .

13. Teopema banaxa npo HepyXoMy TOUKY CTUCKYIOUOTO BiI0Opa)keHHs Ta il 3aCTOCYBaHHS.

14. Pi3Hi1 03HauY€HHA aHAMITUYHOI (PYHKIT Ta X €KBIBAJICHTHICTb.

15. Teopemu mHpo CTPYKTYpY 3arajbHOro poO3B’s3Ky JIHIHHOIO OJHOPIZHOIO Ta HEOJHOPIAHOrO
PIBHSIHHS BUILIOTO TTOPSJIKY.

4.2 MATEMATHKA 2: OCHOBHI ®AKTHU TA TEOPEMUA

4.2.1. Teopis iMOBipHOCTEl i MATEMATHYHA CTATUCTHKA
1. Vimosipuicuuii mpoctip. Pi3Hi migxoam 1o o3Ha4eHHs HMoBipHOCTI. BactMBoCTi HMOBIpHOCTI.

. ®opMynu IMOBIPHOCTI CyMHU Ta JOOYTKY JIBOX HOZiH.

. @opmyna noBHoi iiMoBipHOCTI. @opmyna baiieca.

A N

. IlocnigoBHiCTh He3aleKHUX BUNPOOyBaHb. Dopmyna /it HaO1IbII HMOBIPHOTO YKCIIA MOSB MOALT
A Bcepii3 n He3aJIC)KHUX BUIIPOOYBAHb.

. Bunankosa BenuunHa, ii po3noaii, GpyHKIist po3noALTy BUNIAIKOBOT BETMUMHHU Ta i1 BIACTHBOCTI.
. HucnoBi XxapakTepUCTUKU PO3MOALTY BUIIAIKOBUX BEJIMYHMH Ta XHI BIaCTUBOCTI.
. ToukoBi Ta iHTEpBaJIbHI OL[IHKA MapaMeTpPiB FeHEePabHOI CYKYITHOCTI.

. IlonsaTTa cTarucTruHoi rinote3u. [lepeBipka CTATUCTUYHUX TIMIOTE3.

4.2.2. MaTemMaTH4HAa JIOTiKa

1. Anre6pa BucnoBiens. Onepauii HaJ BUCIOBIEHHAMU. DOPMYIH JIOTIKM BUCIOBJICHb, KiIaCHU(IKaLlis
¢dbopmyi. IIpaBuia nmiACTAHOBKM Ta BUCHOBKY JUISL OJIep>KaHHS TaBToNOrii. PiBHOCHIBHI popmynu.
Teopema npo 3aminy.

2. Tlpobnema BupimeHHs B anre6pi BucionieHb. Kon’tonkrusHa (KH®) Ta nus’ronktusHa (JJHD)
HOopMaJIbHI popmu Gopmyiu anredpu BUCIOBIEHb. 3BeaeHHs ¢opmyn g0 KHD (JJHD). Kpurepiit
TaBTOJIOTII Ta CynmepeuHocTi GopMysl Ha OCHOBI HOpMaIbHUX GopM. JlockoHAII HOpMaTbHI (POPMH.

3. Jloriune cuigyBaHHs Ha 0a3i anreOpu BuciOBIEeHb. O3HA4YeHHS JIOT1YHOIO HACHIAKY (OpMyIH
(muO)kuHM popmyn). Kputepiit noriudoro ciigyBaHHA. JloOBeAEHHS JIOTIYHOTO CIIITyBaHHS
METOJIOM PEe30JOIiil. 3HAXOMKEHHS JIOTTYHUX HACTIKIB 13 TiMOTe3.

4. Jlorika mpenukariB. Oneparii Hajg npeaukatamMu. DOpMynH JIOTIKH MpeauKaTiB, Kiacudikaiis
¢dopmyin. larepnperanis popmynu, Moaenb. JIoridHo 3aranbHO3HaUYII GopMyIin.

5. PiBHocunpHICTh hopmys. OCHOBHI PIBHOCHJIILHOCTI JIOTIKM IIPEAHMKATIB. 3BE/ICHA Ta BUIIEPEHKEHA
HOpMaJIbH1 (POPMH JIOTiKH npeaukaTiB. [Ipobiiema BUpIIIEHHS B JIOTII MPEIUKaTIB.

6. JloriuyHe cmigyBaHHS B JIOTIIl TpeAauKariB. BriacTtuBocTi JoriuHoro ciigyBaHHs. Kpurepii

JIOTIYHOTO CJTiTyBaHHS.

oo N O Ol



7. ®opmanibHi akcioMaTuyHi Teopii. UucneHHs BuciaorieHb (andarit, Gopmynau, akCioMH, MMpaBHIia
BHBONY). BuBinni popmymu. BusigHicTh 3 rimore3. Merareopema aeayKiiii Ta HACHIIKH 3 HEl.

3B’430K MIX TaBTOJOTISIMH ainreOpud BHCIOBICHb 1 TEOPEMaMU YHCJICHHS BHUCIIOBIICHb.

HecynepeunicTh, TOBHOTA 1 PO3B’SI3HICTh YHCIICHHSI BUCJIOBJICHB, HE3AJICKHICTh aKCIOM YUCIICHHS
BHCJIOBJICHb.

4.2.3. JlnckpeTHa MaTeMaTHKA

1.
2.

Merton renepatpuc B komOiHaTopuili. Yucma CTipiiiHra nepuoro ta Apyroro poay.

OcHoBHI o03HaueHHs1 Teopii rpadis, pizHOBHAM rpadiB. O3HAUEHHS HEOPIEHTOBAHOrO TIpada.
PiznoBuau rpadis. [3omopdizm rpadis. [linrpadu. Onepartii Han rpadamu. Onepartis BIUTyIeHHS
pebpa. Oneparis BrTydeHHs BepmHu. Oniepairist BBeZeHHs pedpa. Onepairist BBEACHHS BEPIITHHH
B pebpo. Onepartist 06’ eqHanHs rpadis.

MapipyTty, UMKIH, 3B s3HICTh. BracTuBocTi peryssipaux rpagis. BimactuBocti 3B s3HUX TpadiB.
MeTpuvHi XapaKTepUCTUKH 3B’ I3HUX TpadiB.

ITnocki 1 mmanapui rpadu. ['pani miockoro rpada. @opmyna Eiinepa. PosdapOyBanns rpadis.
XpoMaTHU4HE YHUCIIO.

OsnauenHs nepeBa. BmactuBocti nepeB. dyHnameHtansbHa cucreMa LUKIIB rpaga. OcToB
HalMEHILOi Bary.

BinapHi BigHOMmEHHS 1 oprpadu.

PizHunieBuii omeparop Ta WOro BIACTHBOCTI. Y3arajabHeHUH cTemiHb. OOYMCICHHS CKIHUCHHHX
cyM. Pizaumi Bummx nopsiakis. CymMu CTeneHiB.

Pi3HunieBi piBHSHHSA mepuioro mopsAaky. JIiHIAHI OMHOPiAHI PpI3HUIEBI PIBHSHHS JIPYroro
MOPSIAKY.

4.2.4. MaTtemMaTH4yHe POrpaMyBaHHSs

1.

4.3.
1.
2.

[Ipeamer matematuunoro nporpamyBanHs (MII). Knacudikarmis 3amau MIL 3aranpHa 3amaua
JIHIHHOTO MporpaMmyBaHHA. ['padiuyHuil Ta CUMIUICKCHUA METOJM PO3B’sSA3aHHA 3ajadi JIHIHHOTO
porpamMyBaHHS.

JIBoicTicTh y 3amauyax JiHiiHOro mnporpamyBaHHs. IlousTTss aBoicrocti. IlpaBuna moOynoBu
nBoicTUX 3adad. Teopemu npoictocti. [lpukmamna iHTepmpeTarliss IBOICTOI 3ajadvi JIHIKHOTO
IporpamMyBaHHS.

TpancnoptHa 3amaya. [locraHoBKa TpaHCIOPTHOI 3ajadi. Buau TpancnmopTHux 3anad. Mertoau
MOOYOBH OIMOPHHUX PO3B’SI3KIB  TPaHCHOPTHOI 3adavi. MeToa MOTCHINANB 3HAXOKCHHS
ONITUMAJILHOT'O PO3B’SI3KY TPAHCIIOPTHOI 3a1adi. 3aadi, o 3BOASTHCS 10 TPAHCIIOPTHOI 3aa4i.
Linouncensne mporpamyBaHHA. [locTaHOBKa 3a4aul IIJIOUMCENIFHOTO IMpOrpamyBaHHS. MeTon
I'omopi. Merox “rimok 1 mex”. [lpukmangu 1inoynucenbHUX 3a7ad: 3a7ada KOMIBOSDKEpa, 3a/1ada
TUTaHYBaHHS BUPOOHUYOT JIiHi1, 33/1a4a ONTUMAJILHOTO IPU3HAYCHHS.

Enementn Tteopii irop. OcHOBHI HOHATTA Teopii irop. Marpuuni irpu nBox oci6. Ilnarixxa
Matpullsd. ['pa B uncTux crpaterisx. MiniMakcHi ctaprerii. CimoBa Touka. 3MilaHi CTpaTerii.
3BeJIeHHsI 3a]1a4i TP IBOX 0Ci0 /10 3a7adi JJIHIHHOTO MPOrpaMyBaHHS.

Heniniitne nporpamyBanns. IloctanoBka 3agaui HenmiHIHHOTO mporpamyBaHHA. J[poOoBo-miHiiiHe
nporpamyBanHs. ['padiunuii Meton. Meton MHOKHUKIB Jlarpamka. ['pamieHTHHI MeTOoxd (METOX
SAxo0061).

Junamiune mnporpamyBaHHs. I[locTaHOBKa 3ajadi JAMHAMIYHOTO MpPOTrpamMyBaHHsS. OCHOBHI
noHATTA. [lpuHIMNU ontuManbHOCTI. baratokpokoBuid mpolec NPUHHATTA pileHb. MeTon
PEKYPEHTHUX CITiBBiIHOIICHb.

CroxacTHyHe mNporpaMyBaHHs. 3arajbHa MaTeMaTHMYHa IIOCTAHOBKAa 3a7ayl CTOXaCTUYHOTO
nporpamyBanHsa. Kiacudikariiss 3amad cTOXacTHYHOTO TMPOTpaMyBaHHsA. MeToau iMiTaliiHOTO
MojemoBaHHA. OCHOBHI METOJIM pO3B’sI3yBaHHS OJHOETAMHUX cTaTUYHMX 3a1a4 CIL

OCHOBHA METOI[OJIOFIi MATEMATHUKUA
Mmuoxwuna. Onepairii Hag MHOKHHaAMH. Kitac MHOKHH.
BinHomIeHHs, X BIACTUBOCTI. biHapHE BIIHOIICHHS €KBIBAJICHTHOCTI.
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9.

10.
11.
12.
13.
14.
15.

16.
17.
18.
19.
20.
21.

22.
23.
24,
25.
26.
27.
28.
29.
30.

Onmepartii Ta iX BJaCTHBOCTI. YHapHI omnepariii, OiHapHi, anredpaiuHi onepartii, TepHapHI onepaitii.
JlexapTiB 100YTOK MHOHH, BEKTOpHA (apu(MeTHIHA) CyMa YUCITOBUX MHOKHH.
B3aemMHo0OepHeHI oneparlii y MaTeMaTuIl.

AnrebpaiuHi CTPyKTYypH.

Harypanbni yncna. [IpocTi Ta ckiazeHi yucia, NoAUIbHICTh, KOHTPYESHIII].

Axkcioma igaykmii. [lpuHnmm marematwanoi iHAyKIii (mepma Ta apyra ¢opma). Mertox
MaTeMaTUYHOT THAYKIIIi.

Apudmertuka 1inux yucesn. OCHOBHa TeopeMa apu(METHKH.

Yucno. Yucnosi cucremu. Teopist TIHCHUX YUCEd.

Axkciomu Apximena, Kanropa, Jlenekinna.

KomrnekcHi uncna.

Jlinis (kpuBa), MOBEPXHSI, TLIIO.

I'eometpuuni nepeTBOpeHHs. [ pymnoBHii MOTIsiT Ha FTEOMETPIIO.

Benmuuunna, ckanspHi Ta BeKTOpHI BennuuHu. JIiHIHUN TIpocTip, oro 6a3uc Ta po3MipHICTb.
Bennumnna, reomMeTpuuHi BenWYMHHU. Teopii BHUMIpIOBaHHS T€OMETPUYHHUX BEIHYUH (IOBXKHH
B1/Ipi3KiB, TUIOI MHOTOKYTHHKIB, 00’ €MiB MHOTOT'PaHHHKIB).

MeTpuuHi Ta TOMOJIOTIYHI TPOCTOPU. B3a€MO3B’A30K MiXK HUMH.

MareMaTtnyHi MOHATTS, iX 0O3HAYeHHs. TepMiHHM Ta CUMBOJIIKA.

MareMaTHuHi TBEpKEHHSI. AKCIOMHU Ta TEOPEMH, IX MICIIe 1 POJIb B TEOPIi.

Teopemu icHyBaHHS Ta METO/H X JTOBEICHHS.

MeTox 10BeCHHS BiJl CYIPOTUBHOTO.

AxcioMaTHYHUH MeTOJ TOOYIOBHM MaTeMaTH4HOI Teopii. Bumorm no cucremu akciom Ta ix
nepeBipKa.

Oynkiisa. Cnocodu 3aganHs GyHKII1, B1acTUBOCTI GyHKIINH. EnemenTapHi GyHKITIT.

I'pani uncnoBux MHOKMH. HaltOib1mi Ta HaliMeHII 3HAaYeHHS QYHKITIT.

MeTon iHTEpBaJIiB PO3B’sI3aHHS HEPIBHOCTEM.

VMoBipHicTh BHNaaKoBOI MO, HMOBIpHICTH (IIMOBipHiCHa Mipa), HMOBIpHICHHIT TIPOCTIp.
Komb6inaTopuka.

Omnepatopu 1 GyHKIIOHAIIH.

UwrcItoBi OCTIAOBHOCTI Ta YHCIIOBI PSIITH.

O3Hak# Ta KpUTepii, MPUKIAIU Ta KOHTPIPUKIAAA B MAaTEMATHIII.

4.4. 3AJAYI HA BUKOPUCTAHHS BITOMUX AJITOPUTMIB

1. OGuuciut 00’eM Tia OOEpTaHHs, YTBOPEHOro OOEpTaHHSM HABKOJIO ocl Ox KPUBONIHIHHOT

7,:5x+8y —-z-7=0, =«

X

Tparenii, oomexeHoi rpadikoM ¢yHkuii y = xe?, Biccto Ox, npsAIMUMH X =a 1 X=b, 1e a —

( u 1-u)
paHr HE BHUPODKEHOT MaTpuIil A = ; b — nwmcmepcis BHIMAagKOBOI BEIWYHMHH,
1-u u
piBHOMipHO po3noaineHoi Ha [0,1].
b
. 7x2 o -
OOumcnuTH iHTErpan Ixe dx, nme a — HaiOiIpbmIa nOBXMHA BeKTOpa X = (X;1-X),

a

koopaunatH sikoro B ITJICK e HeBin’emHumm; b — cyma KBaapaTiB KOOpIMHAT TOYKH MEPETHHY
TPOX INIOMMH 7, X +2y-32-5=0,7,:2X-y+2-3=0,7,:x+3y-2z-4=0.

v . 2 2 :
3uaiitu rpagiedaT GyHKUii Z = f(x,y,z) =y z — 2xyz + z B TOYI NEPETUHY TPHOX IUIOMINH

,i X +2y+3z-1=0 1 T

A(4,5;0;0), B(O;—3;0), C(O;O;4,5).

5, JKa IIPpOXOAUTh 4YCPE3 TOYKHU



2 2 2
4. HanmcaTu piBHSHHS JOTUYHOI TUIOIIMHH JI0 €JIIICOiIa x? + )1}_6 + j—6 =1 B TOYKaX MOTO MEPETUHY
IPSIMOIO, CIIJIBHOIO JJISL IBOX IUIOIMH: 7t i x —y =0, m,: y—z =0
5. JIOBXUHU CTOpIH MPSMOKYTHHKAa JOPIBHIOIOTH KOOpJAMHATaM TOYKH MeperuHy rpadika QyHkiii
y=(x-3)"+4. Un MOXHAa Ha HOr0 CYMiKHAX CTOPOHAX MOOYIYBaTH TNpPSAMOKYTHHKH 3
LUTOYUCETBPHUMH CTOPOHAMHM Tak, MO0 cyma iX IUION[ JOpiBHIOBalA IUIONI ITOYAaTKOBOTO
MPSAMOKYTHUKA?

6. 3HaliTu BiACTaHb BiJl TOUKU (x] S (x, )), fe x — Touka ekcrpeMyMy QyHKuii f(x)=x" + —,

X
JI0 TIPAMOiT — + Y I, aKmo ¢ = HCJ1(159,234), b — ocTava Bi NileHHs YnCIIa 2'"” Ha 7.
a b

7. o kpuBOi y = x’ + In( x — 1) TPOBEIEHO NOTHYHY B Toulli (x,,y,), A€ x, — palliOHAIBLHUI HYJb
MHOTOWICHA f(x)= x’' - x” — x - 2. 3HAHTU KYT MIX LI€O JOTHUYIHOIO i MPSIMOIO 2x — 3y + 21 = 0 .
N " - 4x° -1 o ,
8. 3HaiiTn HalOLIbIIC | HAMEHIIE 3HAYeHHS QYHKIIT f(x)= ———— Ha BIAPI3KY [a;b], ne a i b
X

— paliOHaIbHI KOPEHi MHOTOWIEHa ¢ (x) = x' —2x" + x — 2. BU3HAYUTH B AKOMY BiJHOLICHHI
AUTATB TOYKA eKCTpeMyMy GyHKUIT f (x) BiApi3ok [a;b].

9. Harucatn  piBHAHHS KOJia, IIGHTP SKOTO 3HAXOJIWUThCS B  TOYIII ( f(4), 1 ’(2)) R ()
f(x)=x"—6x" +11x" —14x +8, a pagiyc € paaiycoM 30DKHOCTI CTCHEHEBOTO Py
“n o . .. .

Y —x". 3HAWTH PIBHSHHS TPAMOI, IO MPOXOAUTH YEPe3 LEHTP LBOrO KOJa i MmapajesnbHa 10

n
n=13

npsAmMoi 5x + y —7=0.

10. O6uucnuTu mwiomy irypu, obMesxeHoi rpadikom GyHkuii y = x° — 5x , Biccro Ox, Ta IPIMUMH
x=a, x=2>b, (a < b), SKIO a +b =12, HCZ[(a,b) = 2 . DBwusHaumTH BiICTaHb BiI TOYKH
eKCcTpeMyMy JaHoi pyHKLIT 1o mpsMoi y = 7x — 3.

11. 3naiiTi parioHanbHi KopeHi @ i b (a < b ) MHOTOWIEHAa [ (x)=x' —3x  —7x  —9x—30 Ta

o f(x)
O0UUCIIUTH [im
xX—>a f’(x) a b

2 2

. X y . o
. Busznauutu CKCUCHTPUCUTCT CIIIIICA —2+ —221 Ta PI1BHAHHSA HOI'0O

TUPEKTPUC.

o o - o . o . . 4 3 2
12. 3naiiTu HaWOLIBIIMKA CHOUIBHUH AUIBHUK ¢ (x) MHOTOWIEHIB f(x)=x —3x —3x +7x+6,

4 3 2 o . o
g(x)=x -3x  —7x +15x+18. OOuucauTy HAWUOIIBIIE 1 HAWMEHINE 3HAYCHHA QYHKII]

y=¢(x) Ha IPOMUKKY [a;b], KO @ 1 b — BIAPI3KW, IO BIATHHAE HA OCAX MNpsAMa
5x-3y+2=0.
13. 3naiitu KpaTHi KOpEHI X%, (x, <x,) MHOTO4JIEHA

X2
f(x)=x"+x"=9x> —5x” +16x+12. O6uucnutu |(kx +b)e’dx, e y = kx + b — TIpsMa,

X

110 MPOXO/UTH Y€Pe3 TOUKY (x,, f (x,)) MapanenbHo 10 NpAMOi 2x —3y +5=0.

14. MoGynyBaTH 3a JAHAM MHOTOYIEHOM f(x)= x  +2x" —3x’ —6x  —4x -8 MHOro4neH g(x) Ge3

KpaTHUX KOPCHIB. 3HAWTH BIJICTaHb BijJ] TOYKH (xo, g(xo)) JI0 MpsAMOI y = 2x + 1, AKIIO x, —

TOYKa MIHIMyMY QYHKLIT y = g(x).



. . . d .
15. 3HaiiTu po3B’s30K y = ¢(x) AuDEpeHiaTbHOTO PIBHSHHS L A A , SIKUH 3a/10BOJIbHSIE
dx X

MOYaTKOBY YMOBY (1) = 1. OGUUCINTHU BiACTaHb BiJf TOUKU (x,,¢(x,)), A€ x, — TOUKA MAKCUMYMY

byHKIIT y = ¢(x), M0 Touku (a,b), skmo a i b (a<b) — pamioHadbHI KOpEHi MHOTOYICHA

f(x)=x*-x*-5x*-x-6.

16. 3HaiiTu BiJcTaHb BiJ MOYATKY KOOPAMHAT JI0 MPSAMOI, sIKa BIATHHAE HA OCSX KOOPAMWHAT BiAPI3KH,
. . . 2 99 :
JIOBXKHHHU SIKMX PIBHI CyMi 1+ 2¢ + 3e” +...+100¢  , SIKIIO & € OJHUM 3 KopeHiB 100-ro cTeneHns 3
OJIMHMUIII.
( 1 2 3
n/2

17. 3naiftu panr matpumi | 4 x 6], O€ x = [3sin tcos “tdt, y — HaWMEHIIMI LiNUA KOPiHb
CESA) °
HepiBHOCTI y’ +3y° -4y 12 >0, z — PO3MIPHICTh JIHIHHOTO TMPOCTOPY CUMETPUYHHUX MATPHILH
JAPYroro nopsiaxy.
~ . . . . k P / . .
18.3naiiTh KiNbKiCTh AiNBHUKIB uucna 4 = 2° 37 .5 , A€ k — PO3MIPHICTh HIPOCTOPY CUMCTPUIHHUX

MaTpullb TPETHOIO HOPSAKY, p — LIJa YaCTHHA BIJCTAaHI Bl TOYKU B(3,;4;-3) 1O MOBEPXHI
0 xn

x> +y 4z —6x-91=0, [ — pajiyc 36iHOCTi CTeIIeHeBOTO psiIy Y —
n=13n-11"

19.3naiitn 06’em mapasenemninena, moGyIO0BaHOTO Ha BEKTOpax a(1;2;0), b(2;3;R), ¢(y;3;4), ne R —

0 n
paziyc 301KHOCTI CTENICHEBOTO Pfy —, Y — HaliMeHIIMi Jo1aTHUM PO3B’A30K KOHTPYEHIIi1
noy N-3
3y =2(mod 7).
x 2 3
20.006uncnuTy BU3HAYHUK |4 y 6|, J€ x — PO3MIPHICTH IIPOCTOPY iarOHAIBLHUX MATPHUIb
2 1 =z
TPEThOTO MOpPSAKY, y — HaiiMeHIle 3HauyeHHA OYHKIOii y = x  +6x+7, z — MOIYIb

BEKTOPHOTO JI00YTKY BEKTOpIB a (1,2,3) Ta b (2,46).
. Ax + B . .
21.06uncrutn interpan |—————dx, Je 4 = f(4), f(x) — HaiiMeHme CIiTbHE KpaTHe
x  +5x+6
MHOTOWICHIB x  —5x+6 Ta x +x-6, B — NOBKHMHA BiApi3Ka, IO CIIOIyYae IIOYATOK
: 2 2 2

KOOpAMHAT 3 HICHTPOM IIOBEPXHL x +y —z —4x+4y+2z+6=0.
22 .Hanucaty piBHSHHS TIPSAMOi, IO MPOXOAMTH 4Yepe3 TOuKy A(1;2;x) 1 NMEpUEHIUKYJISpHA 0

IUIOIIMHY 7t , AKIIO x — 3arajbHa KUIbKICTh HaTypalbHUX AUIBHUKIB uncia 3300, a 1 — 1oTu4Ha

. 2 2 2 .
IUIOLIMHA JI0 MOBEPXHi (x —2) +(y—-3) +(z+4) =16 BTOULI B(2,-1,-4).

23.Yu yTBOpIOC TIOBHMH Kjac JIMIIKIB 3a MOAyIeM 7 MHOXHHA M = {6;917 ;4;a;b;c} , e

a ln[lim(1+ tgx)”gx), b ~— CKalApHMA JOOYTOK BEKTOpa HOpMali  IUIOLIMHU

x—>0

. . 2 2
x+2y—-7z+5=0 Ta OJMHHYHOIO BEKTOpA, IIO 33aJa€ HAIPSAM OClI OWIHApA x +y =25,
* 5
c= > —.
n
n=12
. . . : 2 2 2 :
24 .Hanucaru PIBHAHHA J1aMCTPAalbHOL INIOIMHA IMOBEPXHI x +2x+ y —z + 2z =0 IIpA YMOBI,

110 ii BEKTOPOM HOPMaJIi € BEKTOp n(n,,n,.n;), A€ n, — HAWMEHIINK JOJATHUA KOPiHb PIBHAHHS



3 2 . . . © xn
X" +2X -5x-6 =0, n, — paxgiyc  30DKHOCTI  CTENEHEBOrO  psAy > —,
n=12n
_ ( 2n+3)
n, =Inj lim
nawk 2n )
25.P03B’43aTH KOHTPYEHIIiI0 5x = n(mod m), € m — IliJIa YaCTHHA BiJCTaHi BiJl TOUKH A(3:45)
. 2 2 2 o 2
10 MmoBepxHi (x —3)" + y~ +z =16, n — HalOlIbIIE 3Ha4eHHs QyHKOii y =17 - (x - 3)" Ha

BLIpI3KY [2,5].

26.CxnacTu piBHSHHS IUIOMMEK f (x,y,z) = 0 , IKA TIPOXOJUTH YEPE3 TOUKY M (3;4,-5) TapalelbHO
JI0 JBOX BEKTOpiB a, = (3:;1,-1), a, =(1,-2;1). 3HaiiTu noBHUHA audepeHuian QyHKUil
z= f(x,y) Ta 00YMUCIUTH HOro 3Ha4eHHA B TOYll (a.b.c), (a <b <c), A€ a,b,c — NOPAIKH
HETPUBiaNbHUX MiArpyN UUKIYHOT TPyIH {‘\"/T } :

27.3naiftu  npoekuio  P(a,c) TOUKM M (- 6;4) Ha mnpaMy 4x-—5y+3=0. IloOymyBaru
HOPMOBAHUI MHOTOYJIEH [ (x) TPEThOrO CTENEHs, KOPEHSIMH SIKOTO € a 1 ¢, a OCTaya Bij IUICHHA

°f(x)

roro Ha 1 piBHa 12. O6uucnuty |

c

dx .

X —a

28. 3HaifTH iHTErpanbHy KPUBY AU(MEPEHIIATEHOr0 PIBHAHHS (L+ y~)dx — kxydy = 0, IO IPOXOIUTH
gepe3 TOUKY C(x,;Y,). Bimomo, mo k = HCZ (753 ,275), a C(X,;Yy,)— NPOTUJIIEKHA 10 TOUKU
A(-4;5) BepIIMHA KBaJpara 3 JiarOHaJUTI0 7x — y + 8 = 0 .

29. 3HaiiTy 3aranbHUR Po3B’A30K AM(EPEHIIaTbHOTO PIiBHSAHHA y”+ py'+qy =e ~*, A€ P — paHT

(1 2 -4 1}

Matpumi A=|2 1 -5 -1|,q —BIJICTaHb BiJ] TOYKH M (2;-1) JO IPsIMOi 4x + 3y +10 = O .

Ll -1 -1 —2)

1 2 4
30. Posp’s3atu 3amauy Komri: (y>—3x°)dy + 2xydx =0, y(a)=b, me a=|-2 1 -3, b-—
3 -4 2
OpAVHATa TOYKHU MEPETHHY OCi Oy 1 MPSMOi, 0 MPOXOAUTH Yepe3 TOUKY \_ —;0) napaneiabHO 110
2
psSIMOTL y = 2x .
a
31. OGuucnuru | f(x)dx , e f(x) — MHOTOWIEH 3-r0 CTENEHs 13 CTApIIUM KOE(DIliEHTOM, 110

b
JOpiBHIOE 1 1 Ma€e KOpeHi  x, = -1, x, = 2, mpuuoMy f (3) = 8 . Bimomo, mo a i b — Benuka i mana
2 2
. .. X y 3
miBOCi einea —- + — =1, JUIA AKOr0 2¢ = 6, & = —.
b 5

32. Tlokazatu, MmO BEKTOPH a = (3;-2;1), b = (-1;1;-2), ¢ = (2;1;,-3) JIHIAHO He3aleKHi. 3HAWTH
oz(1;1)  az(1;1)
+
ox oy

po3KJIa]l BEKTOpa d = (11;-6;5) 3a OazucoM (a,b,¢): d = aa+ Bb + yc . 3HAWUTH

SKIIO0 z = ax’ +By2 + yxy .



X

33. 3HalTH TOUKy M (X,;y,) — TOUYKY eKCTpeMyMy (QyHKIii z = e’ (x +y ? ) 3anucatu piBHAHHSA

rinepOoiy, BITKH SIKO1 CHMETPUYHI BiIHOCHO IMOYATKy KOOPIHMHAT, OJIWH i3 ()OKYCiB MICTUTBHCS B

TOUIl M (X4;Y,) , @ PIBHAHHS QCUMIITOT y = +

, 1€ n — KUIBKICTh HMIATPYI TPYIH {4\/1}

n+1
. X z . . . .
34. 3anucaTy 3araibHe PiBHAHHA IUIONIMHU — + LA 1,¢ a 1 b a<b— pamioHanbHl KOpeHi
a b ¢
4 3 2 0z 0z X y
MHOIowjieHa f(x)=x —-4x —-13x +28x+12=0,c=—+ — L[H}I(l)yHKLlll z=In(e +e”).
ox oy
3
i X —-2A o o o . ..
35. O6uucmuT  lim — ——— AKINO a — HaWMEHIMA JOATHUH PO3B’A30K KOHIPYeHIIii
X>ax —3x+2
27 x =2 (mod 13), A — BIJHOIIEHHSA, B SKOMY TOYkKa M (1;3;—2) IUIUTh BIAPI30OK M M ,, 1€
M, (-3;-1,2), M ,(2;4;,-3).
. p cos 2Xx . .o .
36. O6uucIuTH  lim —— > AKIO o — BHYTPIIHIH KyT NpHM BEPIIMHI A TPUKYTHHKA 3
x>a 1 _tg " x
BEpIIMHAMU  A(-1;-2;4), B(-4;-2;0), C(3;-2;1), p — TOPSAOK TpPyOHd CaMOCYMillleHb
MPSIMOKYTHUKA.
37. O0uymucnut  miomy S nmapanejorpaMa,  SKIIO  BiIOMO  HOro  TpU  BEpPUIMHH

A(1;2;0), B(3;0;-3), C(5;2;6). 3amucaTy BCl MIATPYIH TPYIH {i/I } [lepeBipuTH YU BUKOHYETHCSA
Oou(A) ou(A) odu(A)
+ +
OX oy 0z

piBHiCTB =S , [AKIIO u = x2 + y4 —z(xy +4).

o . . 1 . . . .
38. 3HaiiTH moXmiy acUMnToTy rpadika QyHKmii y = 4x + — 1 OOYMCIUTH BiACTaHb d Bix HEl 10
X

TOYKH (Xo,Y(X,)), O€ X, — TOYKAa EKCTpeMyMy JaHoi (QyHKIii. 3amucaTdé MHOTOUYWICH
HAaWMEHIIIOTO CTEMeHs 3 MUIMMHU KoedillieHTaMH1, 10 Ma€ KOPiHb d .

39. BuzHauutu TOYKY MEPErHHy (X,,Y,) KpUBOI y = ax® 4+ bx ’ , KOO a 1 b — MUl KOpeHi

MHOTOWIEHA g (X) = 2X° —3x° —14x + 15 . UYepes 110 TOYKY MPOBECTH MPSAMY MEPIEHANKYIIPHY 0
npsiMoL y = g "(x) .

40. IlepeBipuTH, Yd YTBOPIOIOTH 0a3UC BEKTOPH a = (2;2;-1), b = (1;-1;2), ¢ = (2;1;3). 3anucaru
pPIBHSHHS ~ JIBOX  IUIONMIMH, IO  MPOXOJATH  Yepe3  TOYKy  eKCcTpeMyMy  (yHKIIil
z=x"+y -2 x—18 In y Ta MAalOTh BEKTOPH HOPMAJ a i b BimmoBigHO. 3HaiiTH KYT MK IIUMHU
ILIOIUHAMH.

41. Ha xpuBii y = x’ -3x+5 3HAWTH TOYKH, B SAKHMX JOTHYHA MEPICHIUKYIIPHA 10 MPAMOI

ax +by =0, 1¢ a — HCJI MHOTOWICHIB f (x) = x° —1, g(x) = X + 2x+1, b — KUIbKIiCTb HiArpyI
rpynu {SQ/I}

42. 3naiftn 0OBigHY CIM’i MpsMHX, 110 BIATHHAIOTH BiJ] CTOPIH JAHOTO KyTa TPUKYTHUK JaHOTO
HepUMETPY.

43. HamucaTy moJisipHe PiBHSHHS KOJA, Pajiyc SIKOrO JOPIBHIOE CyMi 1+ 4 + 9&” +..+100¢  , SKIIO
¢ € oaHuM 3 KopeHiB 100-To cTerneHs 3 OIUHUIIL.
44. 3HaiiTy HaOLTBIE 1 HAMEHTIIe 3HAUYeHHS (PYHKIIII:
f(x,y)=5sinxcosy +4sinxsiny + 3cosx .
45. JloBecTH, 10 KpHBa, BC1 HOPMAaJIi SIKOI IPOXOATH Yepe3 OHY i Ty caMy TOUYKY, € KOJIOM.
46. 3HalTH KyTH, il TKAMH IIEPETUHAIOTHCS CHHYCOIa y = sin x Ta KOCHHYCOIJA y = cos x .

47. JloBemiTh, IO JUISl JOBUIBHOTO HATYpPaJIbHOTO 7 :



\/r12—1+\/r12—4+\/n2 —9+...+\/nz—(n—1)2 <§-n2.

3
X

48. Po3B‘s13aTu PiBHSHHSA : (\/3+ 2\/;)X + (\/3— 2\/;) _22 0.

49. 3HaifTu BCi MPOCTi YKCIa, SIKi € OTHOYACHO CYMaMH 1 PiI3HUIIMU MPOCTHX YHCEIL.

50. 3HaiiTH HAWKOPOTIIY BiZICTaHb BiJ TOUKU M ,(2;-1) O KPUBOI y = x

2

51. BuzHauuty, npu sKOMY 3Ha4€HHI 4 TBUHTOBA JiHis

X =acost, y=asint, z=ht

Ma€ HalOUIBIINI CKPYT.

4.5. IIPUKJIAJTHI 3AJAYI

1.

10.

11.

12.

Beperu piuku — nBi napanensHi npsmi. [o pisHi 60ku Bif piuku 3HaxoAsaThes cena A4 1 B . [le
noTpiOHO moOynyBaTH MICT M N 4yepe3 piuky ( M N TepHeHIuKyIapHuil 6eperam), Mmoo muisx
AMNB OyB HAUKOPOTHINM?

B pesepByap, skuii Mae ¢opmMy HpsSMOro KpyroBOrO KOHYCa, ONYIICHOTO BEPIIMHOIO BHU3,
HAJMBAETHCA PiJMHA 3 TOCTIHHOI0 HIBMAKICTIO a (M2/C). 3 KO IIBUKICTIO ITi/JBHILYETHCS
piBEHb /& PIAMHU B pe3epByapi, AKIIO HOro BUCOTA JOPiBHIOE H (M), a paJilyc OCHOBH R (M)?
Baron HagzeMHOi 3ai3HMIN, SKUH MPOXOAUTH HA BUCOTI 9 M HaJ 3eMJICIO, B JICIKUHA MOMEHT
3HaXOAUTHCA HAJX TpaMBAWHUM BaroHoM, o ixe. Ingxu iX YTBOPIOIOTH NPSMUN KYT.
[IBuAKICTH IEpLIOro BaroHa v, = 12 m/c, 1pyroro — v, = 6 M/c. 3 KO0 IIBUJKICTIO Oyze

301IbIIyBAaTUCH BIJICTAHb Mi’K HUMH 4yepe3 ¢ = 6 c?

Bapricts niamanTa mponopiiiiHa kBaapaty ioro macu. Ilpu o6poOrii niamaHT OyB pO3KOJIOTHH
Ha JIBl YaCTUHU. SIK1 MacH X YaCTHH, SKIIO BiIOMO, 110 BAPTICTh JAiaMaHTa 0yJ0 MaKCHMaJIbHO
BTPAYEHO.

Binxpurnii 6aceiin 3 kaapatHuM aHOM Mae 06’eM 108 M°. SIki mosunHi 6yTH po3Mipu Gaceiina,
100 Ha 0OKJIaIaHHsI HOT'0 CTIHOK 1 JTHA MINUIO HaMEeHIIe MaTepiany?

Biapizok 3aBAOBXKKH | po3ainuian Ha TpW YaCTHHH, BHOUparOYM Oyab-sKi JBI TOYKH MOJLTY.
3HalTH KMOBIPHICTH TOTO, 1110 3 TPHOX YTBOPEHUX BiJPi3KiB MOKHA CKJIACTH TPUKYTHHK.

BikHo Mae (opMy NpsSIMOKYTHHKA, 3aBEpIIEHOrO 3BepXy MiBKpyrom. llepumerp BikHa Swm.
SxuMu MaroTh OyTH po3MipH BiKHA, 1100 BOHO MPOIyCKaIo HAHOUIBIIY KIJIbKICTh CBITHA?

JIBa TipCchKi MUCIIMBCHKI TOCTIOAPCTBA 3aiiMalOThCs 3aroTiBiel0 MymHUHM. [lepire mae ckian B
IOYHKTI 4, a Apyre — B MyHKTax B 1 C . BijcTaHi MiX MyHKTaMH OJIHAKOBI 1 JIOPIBHIOIOTH m .
[TpsimostiHiitHA 3aTI3HULIA TPOXOJIUTh Yepe3 CEPEINHM BINIPI3KIB 4B 1 4 C . BubGpaTu micie s
OyIIBHUIITBA CHUTBHOI UIi 000X TOCIOAAPCTB TMEPEBATOYHOI 0a3W Ha 3alli3HMIN TakK, MO0
BUTpPATH 000X rOCMONApPCTB Ha IMEPEBE3CHHs BAHTAXKy BEPTOJIbOTaMH, K1 3I1HCHIOIOTHCS OJMH
pa3 Ha JIeHb 3 KO)KHOTO 3 MyHKTIB A, B, C , Oy/lu OHaKOBUMH, SIKIIO BiJJOMO, 1[0 TPAHCIIOPTHI

BUTPATH Ha MEPEBE3EHHs MPSIMO MPOMOPLIHI KBaJApaTy BiJICTaHI.
3 yciX TPUKYTHHKIB 337]aHOTO MEpUMETpa 2P BU3HAUUTH TOMU, IKUI Ma€ HAHOUIbIIY IIIONTY.

JIBa TiTaky JETATh TOPH3OHTANBHO HA OJHill BHCOTI Hif KyroM 120 ° OIMH 1O OJHOTO 3
OJTHAKOBOIO IIBUJKICTIO v . Y JESIKUI MOMEHT Yacy OHH 3 JITaKiB MPHUJIETIB B TOUKY MEPETUHY
NUISXIB, @ JAPYTHMil B 1€ MOMEHT 3HAXOAHWBCSA B a KM BiJ Hei (HE MOJICTIBIIM JO TOYKHU
nepetuny). Yepes sSkuii 4ac micis [bOr0 MOMEHTY BiICTaHb MiX JIiTakaMu OyJie HAMMEHIIIOK0?
JIBa maporuiaBu pyxaroThCs MEPHNEHIUKYIIPHUMHU Kypcamu 31 mBuiakoctsMu 30 i 40 km/ron
BIJIMOBIJIHO. Y TOYAaTKOBHM MOMEHT uacy mnepmuid 3HaxomuBcs 3a 100 kM, a apyruit — 3a 300
KM BiJIl TOYKM NepeTHHy JdiHIH pyxy. Uepe3 skuil yac BiACTaHb MIDXK MapolulaBaMu Oyne
HarMeHI1010? OOYMCINTH X0 BIICTAHb.

JIBa cyaHa MOBWHHI mifiiiTi 10 oxHoro npuyany. [losBu cyneH — He3asexHi BHIAJKOBI TOJIT,
PIBHOMOJIMBI MPOTATOM J00HM. 3HAMTH HMOBIPHICTH TOTO, IO OJAHOMY 3 CYAEH JIOBEAETHCS
YEeKaTH 3BUTBHEHHS TIPUYay, SIKIIO 9aC CTOSHKH IEPIIOTo CyIHA — OJHA TOJUHA, & JPYroro —
JIB1 TOJIUHH.
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JIBoe miofieil Manu 3yCTPITUCh B NMEBHOMY MICILI MK ChOMOIO i BOCBMOIO TOJWHOI0. BoHu
JIOMOBHJIUCh, 110 KOXKEH Y€Ka€ 1HLIOro MPOTIAroM YBEepTi MOJUHM. SIka MMOBIpHICTH TOTO, ILO
BOHU 3yCTPIHYThCS ?

JIMCK, KHHYTHI CHOPTCMEHOM TiJi TOCTPUM KYTOM JO TOPU30HTY, BIAB Ha BiJCTaHi 52 M Bij
[IOYaTKOBOT'O TOJIOKEHHS. Bu3HaunTH mapaMerp mapaboiiuyHOi TpaekTopii, Ky ONUCaB JMCK,
SKIIO HaWO1IbIIIa BUCOTA, SIKOT BIH JOCST, AopiBHIOE 10 M.

Hinsaka 3emii Mae ¢GopMy piBHOCTOPOHHBOTO TPUKYTHHMKA. 3HAWUTH JOBXKHHY HaWKOPOTIIOI
MeX1, [0 CIIOJIYYae Bl CTOPOHU AUISHKH 1 JUTUTS 1i Ha JIB1 PIBHOBENHUKI irypu.

Jlns  BUTOTOBIICHHS METAJEBOTO KapKacy TaBiIbHOHY TPOIYHUX pPOCIMH Yy ¢opmi
napasesneninesa 3aBe3eHo ApIT 3aBHoBkku 2880 M. SlkmMu MaroTh OyTH BHMIpH KapKacy
HalOUIBIIOro 06’ €My, SIKIIIO BUCOTA MAaBUIBHOHY BTpUYi OiNblIa 3a MUPUHY?

Jnst cknamaHHs €K3aMeHy CTyJIeHTaM HeoOxigHo migroryBatd 30 mutanb. 3 25 cryaeHtiB 10
HiAroTYBa M BCl muTaHHs, 8§ — 25 mutanb, 5 — 20 muranb 1 2 — 15 nurtads. CTyAeHT, SKOTO
BUKJIMKAJIH, BIJIIIOBIB HAa MOCTABJICHE 3aNIMTaHHA. 3HANUITh UMOBIPHICTH TOTO, IO LIEH CTYACHT:
a) MATOTYBaB BC1 MUTAaHHS; O) MiATOTYBaB TUIBKH MOJOBUHY MUTAHb.

Jiis poBeIeHHS CIIOPTUBHUX 3MaraHb MOTPiOHO MOOYIyBaTH HAMIOBIY Tpacy, IO 3’ €THYE TPH
nyHKTH A, B 1 C npsSMONIiHIHHUME IIJISTHKAMU TakK, 00 Il MYHKTH 3HAXOIWINCh Ha OJHAKOBiN
BIJICTaHl BiJ crnocrepekHoro nyHkry D, a mynkt C OyB piBHOBiananeHuit Big A 1 B. Sk
po3mMicTuTH myHKTH 4, B, C, Ipu YMOBI, 110 BiACTaHb MiX myHKTamMu A 1 D nopiBHioe d ?

Jns  TpboX 3emIIepOOHUX pPIBHOMOTY)KHHUX TOCIONAPCTB MOTPiOHO MOOynyBaTH CIIiIbHE
3epHocxoBuie. [le BuOpatu wicie ans OyaiBHUITBA, OO BHUTpPaTH TOCHOIApPCTB Ha
nepeBe3eHHs] 3epHa Oyiau MIHIMaJIbHHUMH, SKIIO BI1JIOMO, IIO0 BOHHM JIOPIBHIOIOTH KBaJpaTy
BIJICTaHi, HA AKYy 3AIMCHIOIOTHCS TEPEBE3CHHSA, 1 BUKOHYIOTHCS OJIHAKOBUMHU TPAHCIOPTHUMH
3acobamu?

I3 20 crynmeHTiB, sfKi NpUNANUIA Ha €K3aMeH, 8 MIArOTOBIEHI BiqMiHHO, 6 — mobpe, 4 —
nocepeHbo 1 2 — moraHo. B ex3amenariiinux Oinetax € 40 nutadb. CTyneHT, SKui
MiTOTOBJICHUH BiJIMIHHO, 3HA€ BCi MUTaHHS, J0Ope — 35, mocepenubo — 25 1 morano — 10
nuTaHb. [leskuii CTyIeHT BIAMOBIB Ha BC1 3 muTaHHS OineTta. 3HANAITh KMOBIPHICTH TOTO, 1110 BiH
MIATOTOBIICHUHN: a) «H00pe»; 0) «ImoraHoy.

3 MiJTHOTO Kpyra pajiycoM R BUpi3ar0Th CEKTOP 3 HEHTPAILHUM KYTOM o 13 HBOTO CKPYUYYyIOTh
KOHIuHY JiKKy. [Ipu sKoMy 3Ha4eHHI KyTa o 00 €M Jiiiku Oyne HaiOinbmmm?

3 ApoTy, NOBXHMHA sSKOro |, Tpeba BUIOTOBUTH KapKac MPSMOKYTHOIO Mapalenemnineaa 3
HaWO1IBIIM 00’ €MOM. 3HAUTH PO3MIPH IIHOTO MapaJeeninesa.

3a meBHUH MPOMDKOK Yacy TPHU TOKapi pa3oM BUTOTOBISAIOTH 60 merarnei, mpuyoMy 3a Lei
POMIDKOK 4acy MEepILIuii 1 APYruil Tokap BUTOTOBISAIOTH B 3 pa3u Oiiblle, HIXK TPETii, a nepiuuit
1 TpeTiii — B 2 pa3u Ounblie, HiX Apyruil. CKIIbKU JeTallell BUTOTOBIISIE KOJKEH 3 TOKapiB 3a Lei
qac?

3eMiIsl pyXaeThCsl MO TPAEKTOPil, IO € JeSKMM TeOMETPUYHHMM MICLIEM TOYOK, SKE BOJIOJIE
TaKOIO BJIACTUBICTIO, 110 CyMa BiJICTaHEH BiJl Oy/Ib-AKOi HOTO TOYKH J0 JBOX (DIKCOBAaHHX TOYOK
€ BenuuuHa ctana. Bigomo, mo CoHie 3HaXoIuThcs B OJHIM 3 IUX (PIKCOBAaHUX TOYOK.
Haiimenmia Bincranp Bim 3emuni no Conrs HabmmwkeHo nopiBHIOE 147,5 MIIH. KIJTOMETpiB, a
HaiOinpma — 152,5 MuH. KinomeTpiB. 3amucaTH PiBHSAHHSA TpPaekTopii pyxy 3emii, 3HalTH
BEJIMKY IIBBICH Ta €KCIIECHTPUCHUTET.

3HalTH PO3MIpH 3aKPUTOT IIIIIHAPHUYHOI IUCTEPHH 33JJTaHOTO 00’€EMY ¥ 3 HAWMEHIIOIO TIOBHOIO
IIOBEPXHEIO.

3 yciX NPSAMOKYTHHUX Mapajesenine/iB 3 3aJaH0l0 CYMOIO TPbOX B3a€EMHO MEPIEHAUKYISIPHUX
pebep 3HaNTH TOM, 00 ‘€M SIKOTO € HANOUTBIITUM.

[3 TpHOX AOMIOK OJHAKOBOI HIMPUHH BHTOTOBIAETHCS k05100. [Ipn sikomy KyTi Haxwmiry OI4HHX
CTIHOK JI0 OCHOBH ILIOIIIA TIOTIEPEYHOTO Mepepizy xoioba Oyae HalO1IbIIo?

JIOKOMOTHUB pyXa€ThCsl B3/I0BK T'OPU30HTAIBHOI JUISHKY HUISAXY 13 IBUAKICTIO 72 kM/rox. Yepes
SKMI 4Yac 1 Ha SKid BiJICTaBHI BiH Oyae 3yNMWHEHHWH TaJbMOM, SKILIO OMIp PyXy IIcCIs MOYaTKy
ranbMyBaHHS aopiBHIoe 0,2 iforo Baru?
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Kpaii xpyrioro cromy paziycoM a JIeXATh KHUTa. Bimomo, 1o ocBiTiIeHiCTh mpeamera B
nponopuiiHa KOCHHYCY KyTa ¢ (AMB. PHUCYHOK) 1 OOEpHEHO
MPOIOpIliiHA KBaApaTy BIACTaHI BiJ IMpeaIMeTa 0 JDKEpesia CBiTia
A, BU3HAUUTH, Ha SKii BHCOTI HaJ IEHTPOM CTOJIa Tpeda MOBICUTH  |p
CBITHJIBHHUK, 1100 OCBITJICHICTh KHUTH OyJia HAlOUIBIIOLO.

MarepianpHa TOYKa Macol m PYXa€ThCA MPSIMOJIIHINHO T J1€10
cramoi cunmu F . Omip cepeloBUINa MPONOPUIHHUN MIBUAKOCTI
pyxy. 3HaWTH 3aKOH 3MIHM IIBHJKOCTI PYyXY TOYKH, SKIIO
MOYaTKOBA IIBUJIKICTh JOPiBHIOE 0.

Minnuit xy6, peOpo sIKOro IOpIBHIOE a =5 CM, PIBHOMIPHO a B
nutigyBaBcs 3 ycix OOKiB. 3HaO4H, IO Bara WOro 3MEHIIMIACh Ha

0,96 r i BBa)kalOUM MMTOMY BAry Mifi piBHOIO § (I/cM?), BU3HAYUTH, K 3MEHIIMINCH PO3MIpH
Ky0a, TOOTO Ha CKITbKHA BKOPOTHIIOCS PeOpo Kyoda.

A

Ha Bimcrani ¢ Bim 3aBOAy A4 TPOKIANAETHCS IO MPsAMiK 10 MicTa B 3amizHuns. [l skum
KYTOM o, JI0 TIPOCKTOBAHOI 3alli3HUII TpeOa MpPOBECTH IIOCE BiJl 3aBOAY A , MO0 JOCTaBKa
BaHTaXIB 3 A y B Oyina HalJeleBIIOl, SKII0 BapTICTh MEpPeBEe3eHHs 1 T/KM IO Ioce B m
paziB Jopokya, HIXK 3aJ1I3HUIEIO?

€ TnpsIMOKYTHHH JHUCT xepceti po3mipom 50 x 60 cM. Y 4YOTHPHOX HOro KyTrax BHUPI3alOTh
OJTHAKOBI KBaJpaTH Ta POOJIATH BIAKPUTY KOPOOKY, 3arMHAIOUM Kpai MiJ mpsMuM KyToM. fIka
MaKCUMaJIbHO MOKJIMBA MICTKICTh TaKOi KOPOOKH ?

Ha cTOpiHIli KHUTH IPYKOBAaHMH TEKCT 3aiiMae S cM2. BepXHe i HMKHE MO MAIOTh J10PiBHIOBATH
10 @ CM, mpaBe i JiBe — Mo b i ¢ cM BiIMOBiHO. 3HAWTH PO3MIPH CTOPIHKUA KHUTH, MPH SKHUX
MOJISI 3aliMarOTh MiHIMAJIbHY TUTOIY.

Ha Tino mie cuna, mponopiiitaa yacy. Kpim Toro, omip cepemoBuiia i€ Ha pyx Tija 13 CHJIO0,
MPOMOPIIHHOO MBUIKOCTI. 3HAUTH 3aKOH PyXy Tijia.

Hawmer y Burisai nuiinapa, 3akpuToro KOHycom, no0yoBaHuil Ha Kpyrosiit ocHOBI R 1 moBuHeH
Matu 00’em V. SkuM Mae OyTH KyT IIpH BEpIIMHI OCHOBOI'O IEpepi3y KOHyca, M00 KiJIbKICTh
Matepiay, SIKUi I1i/ie Ha BUTOTOBJICHHS HAMeTy, Oyia HaliMeHIIO00?

[Init miaTaryerbesa 10 Oepera 3a JONOMOrOI0 KaHaTa, SKUM HAMOTYEThCS Ha KOJIOBOPOT i3
MIBUAKICTIO 3 M/XB. BU3HAUNTH MIBUAKICTH PYXY IUIOTY B TOH MOMEHT, KOJIM HOTO BiJICTaHb BiJ
Oepera IOPIBHIOE 25 M, SIKIIO KOJIOBOPOT PO3MIIIIEHO HA Oepe3i BUIIE Bijl MOBEPXHI BOIU HA 4 M.
[lo nmpsmomninHiiiHOMY Ioce ine ekckypciiiHuii aBToOyc. B cTOpOHi Bij mioce po3TamoBaHUN
masar, BiJi TOJIOBHOTO BXOJy SIKOTO W€ A0pora, JOBXHHOIO b , IIEPICHIUKYISIPHO 110 1moce. Ha
AKif BIACTaHI BiJl TOYKU MEPETUHY LUX JOPIT MOTPIOHO 3yMMHUTU aBTOOYC, 1100 €KCKypCaHTH
SKHaMKpalle po3JUBHINCH 13 aBTOOyca (acaj manaiy, SIKIIO JOBXMHA (acamgy mamamy 2a 1
dacan po3TalIOBaHMM 1M1 KyTOM 60° BigHOCHO TIIOCE?

[psaMoxyTHU# mapanenermninea, Mo Mae AoBXuHY 42 cMm, mmpuHy 30 cMm i Bucoty 18 cwm,
po3pizany Ha OAHAKOBI HaiOLIbLI KyOu. CKiIbKU Oyie Takux KyOiB?

IIpsMokyTHY AinsHKy miomiero 900 M? HEOOXiTHO OTOPOIUTH MApKaHOM, y SKOTO JIBi CYMiXkHi
CTOPOHM KaM’sHi, a JBi iHIII — faepeB’stHi. OQUH MeTp epeB’ssHoro napkany komrtye 10 TpH., a
KaM’stHOro — 25 rpH. Yu BUcTaunTh Ha noOyaoBy napkany 2000 rpH.?

. o . 2 .
Pycna nBox pidok (B Mekax TMEBHOI 00JIacTi) ABJISIOTH COOOI0 mapaboiy y = X 1 mpsamy
X —y—2=0. [orpiOHO 3’€mHATH IIi PIYKK MPSAMOJIHIHHUM KaHAJIIOM HAWMEHIIOI JOBXKHHHU.

Bkazatu koopiMHATH TOYOK Ha 000X piukKax, AKi Mae 3’€HATH IIeH KaHaI.

Ceno A 3maxoanThes Ha Biactani 18 kM Bix moce. Ha moce 3a 30 kM Bl HalOIMX4O0l 10 cena
TOUYKH IIIOCE PO3TAlIOBaHO MicTO B. B siky TOuUKy ImIoce CiiJl MPOKJIACTU OPOTY 13 cena, 1mo0
NUISX BiJ A 10 B 3aliMaB SKOMOTa MEHIIIE Yacy, SKIIO MBHUAKICTh pyXy 1o moce 50 km/ro, a 1mo
nyTiBuoo — 30 KM/TO.

Cepen ycix NpSIMOKYTHHKIB, SIKi MAalOTh JaHy IUIONLY S, 3HAWUTH MPSIMOKYTHHUK 3 HAWMEHIIIOIO
JlaroHauIIo.
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CraHuii 4,B,C He Jexarb Ha OAHIA npsAMii. Yepe3 HHUX NPOXOAUTH TPHU MPSIMOTIHINMHI
3anizHuIi. BubpaTtu micie ans OyaiBHUITBA HaGTOOA3HU 1 MOMYCTaHKIB (3YMUHOK HA 3aTi3HUII, 3
AKUX 3J1MCHIOETHCSI HACTYIHE TPAHCIOPTYBaHHs) Tak, 1100 cepellHl BUTPATH Ha MEPEBE3CHHA
oNiHi€l nucTepHU Ha(TH, SKiI 3AIMCHIOIOTHCS OJMH pa3 Ha JCHb 3 KOXHOI 3 3aJi3HUYHUX BITOK,
Oynu MiHIMaJIbHUMH. [IpoBecTH AOCIITIKEHHS.

Crpyminb Boau GoHTaHa JlocArae HaWOUIbIIOI BUCOTH 4 M Ha BifcTani 0,5 M BiJ BepTHKaIi, 110
IPOXOJIUTh 4Yepe3 Touky O BHXOAy CTpyMeHsS. 3HANTH BUCOTY CTPYMEHS HaJ TOPU3OHTOM Ha
BizcTani 0,75 M Big Touku O.

Cyma noBxkuHM Ta 00XBaTy IOLITOBOIO IaKyHKa HE IOBMHHA mnepeBuiryBatu 150 cwm.
BusHauntu po3mipu nakyHKa HWITIHAPUYHOT POpMHU HaO1IbIIOr0 00’ €My.

Tenedonuuit ApiT TOBKUHOK 15M MPOTATHYTO BiJl CTOBMA, /i€ BiH 3aKPIIJICHUN HA BUCOTI 8M
HaJI TIOBEPXHEIO 3eMIIi, 10 OyIUHKY, JIe WOTro 3aKpimmiv Ha BUCOTI 20M. 3HAWTH BiJicTaHb MiXK
OYIMHKOM 1 CTOBIIOM, IPUITYCKAIOYH, IO IPIT HE IPOBUCAE.

Tpu micra A, B, C po3sramoBaHi Tak, Mo <ABC = 60 ° . OmHOYaCHO 3 MicTa A BHXOIUTH
aBTOMOO1IB, a 3 MicTa B — moi3n. ABTOMOOUIh pyXxaeThes Yy HaMpsMKy 10 B 3 mBuakicTio 80
KM/TOJI., @ moi3a — 1o C 3 mBuakictio 50 km/rog. B sikuii MoMeHT dacy ( BiJl MOYATKY PyXy)
BiJICTaHb MIXK MOT37I0M 1 aBTOMOO1JIeM Oy/ie HAMMEHIIIO, SKIIO | AB |= 200 KM?

Tpu nyaktu 4, B 1 C chnoiny4yeHi OpAMOJiHIHHUMU noporamu. Jlo Binmpiska noporu A B

. 1 o
INpUJISiTae KBaJpaTHE MOJIE 31 CTOPOHOIO JOBKUHU —‘A B |; no BiApi3ka goporu B C MpUIIsArae
2

KBaJIpaTHE TOJI€ 31 CTOPOHOKO JOBKHUHU ‘BC , @ 10 Bizpi3ka goporu 4 C TpHIArae AUISHKA

nicy noBxkuHOI0 | 4 C| i mupuHOI0 4 kM. [lnoma nicy na 20 kM? Gijible CyMM IO KBaAPaTHUX
MOJTiB. 3HAWTH TIJIOMLY JIICY.

Tynens y mepepizi Mae (GopMy NpsAMOKYTHHKA, 3aBEpIICHOro 3Bepxy HiBKpyrom. Ilmoma
nepepizy TyHemo S. SIkuMu MarTh OyTH PO3MipH NMPSMOKYTHHKA, 100 MEPUMETP TYHETIO OyB
HalMEHIINM?

Typucr i€ 3 yHKTY A, pO3TallIOBaHOr'O HA LIOCE, B YHKT B, 1110 3HaXOAUTHCS Ha BiACTaHI 8 KM
Big moce. Bincranb AB mo mnpsmiid 17 kM. IIBuakicte Typucra mo moce 5 KM/TOI., 1O
oe3gopiiokio — 3 kM/ron. B skomy wicui Homy moTpiOHO 3BepHYTH 3 IIoce, mo0 3a
HAMKOPOTIINH Yac MPUATH B IyHKT B?

I3 eHTpa cenuina BUXOMATH J[BI BYJIHMIN: OJHA Ha MiBHIY, a iHIIA — HA cxif. Ha omHiil Bymui
Tpeba 30yyBaTH MIKOY, a Ha 1HIIIA — JUTSYUI CaJ0K Ta IPOKJIACTH MK HUMH Jopory. Ha sikiii
BIZICTaHI BiJl LEHTpa CIiJ PO3MICTHTH iX, MO0 JOopora MK HUMHU Oyiga HaWKOPOTIIOH, SKIIO
IUIOIA TPUKYTHUKA, OOMEXEHOI'0 TPhOMa BKAa3aHUMHU JI0pPOTraMH, Ma€ JOPiBHIOBATH S ?

VY maxoBoMy TypHipi Opanu y4acTh 2 y4HI CBOMOTO KJacy i KUIbKa Y4HIB BOCBMOI'O KJjacy.
CeMukitacHUKH HaOpay 8§ 040K, a KOXKHHUI BOCBMHKJIIACHUK — TOPiBHY. BigoMo, 1110 KOXXHMIA 3
KOXXHUM TpaB oJ1H pa3. CKiJIbKH BOCBMHKJIACHUKIB Opaju y4acTh B TypHIpi ?

Yepes MicTo A MpOXOaUTh MaricTpaib. [1i1 sKUM KyTOM J0 MaricTpaii CiIij MPOKIaCTH AOPOTY 3
cena B, mo6 yac pyxy BiJl B 10 A OyB HaAMKOPOTILINM, SKILO IBUAKICTH PYyXYy MO JOPO31 BABIYL
MEHIIIA IBUAKOCTI pyXy MO MaricTpaii.

Yepes ceno A, otodeHe 3 ycix OOKIB JyraMu, MPOXOAUTh MpsMa InoceiiHa gopora. IlloceitHoro
JIOPOTOI0 JIFOJIMHA MOKE PYXaTHUCh 31 MBUIKICTIO 5 KM/T0oA, a TyroM—3 KM/Tof (y Oyab-siKoMy
Hanpsmi). SIkuit MappyT Mae oOpaTu JIOMHA, II00 SKOMOra IBUALIE NOTPANUTH 3 cenaa A 10
xyTopa B, sikuit nexuts Ha BijgcTani 13 kM Bijg cena i SkM Big 1oporu?

Ikosnsp BUTpATUB JIESKYy CyMy TpoLIei Ha MOKYNKY MOpTQess, aBTOPYyYKH 1 KHUTH. SKio O
noptdens KOWTYBaB B 5 pa3iB JelleBlle, aBTOpyYka — B 2 pa3M JelleBlle, a KHUra — B 2,5
pa3u JeleBine, HiX HACTpaB/di, TO Ta X MOKyNKa KomryBaina 0 8 rpH. fxmo 6 moptdens
KOILTYBaB B 2 pa3u JELIeBIle, aBTOPY4YKa — B 4 pa3u Jeleslie, a KHUra — B 3 pasu JelleBlie,
TO 32 TY X MOKYIKY IIKOJISIp 3aratuB 0u 12 rpH. CKUIBKH KOIITYE BCS MOKYIKA 1 IO JOPOXKYE:
noptdesns yu aBTopyuka’?
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Sk BuOpatu micre aist OyAiBHUIITBA CTAHIlT HA TIPSIMOJIIHINHIN 3aIi3HUII, siKa 00CIyroByBaTUME
HaceJieHI MyHKTH A 1 B, po3MilleHi mo oAHy CTOPOHY BiJ 3ali3HMII, Tak, 1100 3aTpaTH Ha
OyIIBHHUIITBO WIOCEMHMX JIOpIr, IO choiy4daroTh micta A Ta B 31 cranmiero, Oymu 6
MiHIMaJTbHUMU?

Sk onTuManbHO PO3OUTH TPAAKY MPSAIMOKYTHOI (opmu miomero 4 apu, mo0 BUTpaTH Ha
oropoxy Oynu MiHiManbHUMU? PO3B’43aTH 3a1auy piI3HUMHU CIIOCOOAMH.

SIki mapaMeTpu MaTHMe IWIIHAP HaHOUTBIIOro 00°€My, BHTOUEHHH 3 3aJaHOTO MPSIMOTO
KpyroBoro konyca ?

Butpartu 3a ronuHy Ha MmjiaBaHHS J€SKOTO CyJHA 3 JOBUIBHOIO CTAJIOK0 IIBUIKICTIO CKJIAJAIOTHCS
3 IBOX YaCTHH: CTaJIOi, IO JIOPIBHIOE @ TPH., 1 3MiHHOI, sIKa MPOMOpLiHA 10 KyOy IMIBHIKOCTI
m1aBaHHA (KOe(IIIEHT MPOMOPLIHHOCTI TOPIBHIOE k, k > 0 ). 3 SKOIO MBUAKICTIO v TIIaBaHHS
cynHa Oyne HaleKOHOMHINIMM, SIKIIO CYAHY HEOOXIJTHO NPOIUTUCTU 3 MYHKTY 4 B IYHKT B,
BIJICTaHb M)XK SIKUMHU JOPiBHIOE S?

3 myHKTIB 4 1 B, po3TalioBaHuX Ha BYJIMISX, SKI MEPETUHAOTHCA i Kyrom 60°, oqHOYacHO
BUDKDKAIOTH JIBA BEJIOCHIIENUCTH B HampsMKy nepexpectss C. Uepe3 sikuii yac BiICTaHb MiX
HUMU OyJie HAliMEHIIOI0, SKIO IIBHAKICTh MEPUIOro Besocuneaucra — 15 km/rof, apyroro — 12
km/ron, AC=9 km 1 BC=6 xm?

JIns OrOopoKeHHSI MPSIMOKYTHOTO KBITHMKAa € | moroHHMXx MetpiB citku. OpmHa i3 CTOpiH
KBITHHKA TPUISTA€ MO CTIHU. SIKUMH TOBHHHI OyTH CTOPOHH IIbOTO KBITHHKA, 1100 BiH MaB
HaWO1IBITY TUTONTY?

[Nomepeunuii mepepi3 BIAKPUTOTO KaHAIY, IO MiABOIUTH BOAY 110

TypOiHH, Mae ¢hopMy piBHOOIYHOT Tparmemnii (HUKHS OCHOBA MEHIIIA A\ / D
BepxHbO1). [Ipu sKOMy KyTi HaXuIy ¢ OOKIB «MOKpUI MEPUMETP»

nepepi3y (nopxuHa samanoi ABCD) Oyzae HaiiMeHIIHMM, SKIO TUTOIIA
nepepisy ABCD Boau B KkaHami JOpiBHIOE S, a piBEHb BOJAHU A
JOPIBHIOE h ? B C

VY miBKpyr pajaiyca R BIHMCaHO PiBHOOIYHY Tpamelilo Tak, II0 OAHA ii OCHOBa 30iraeTbcs 3
niameTpoM. SIke 3HaUeHHS KyTa ¢ IPH OCHOBI Tparmelii, 1o Mae Halio1IbIMi nepumerp?

Cepen yciX MpsSIMOKYTHUX TPUKYTHHKIB TUIONII S 3HAWTH TOMW, IS SKOTO IUIOHIA OMUCAHOTO
Kpyra Oyje HalHMEHIIIOH.

s minbroBux kKareropiii ocid, IKMM HaJaHO NMPaBO CKJIAJATH BCTYNHI BUNPOOYBAHHA
(oco0u, mo mnorpedylOTh OCOOJMBHX YMOB CKJadaHHsA Bunpooysans) B HIIY imeni
M. II. IparomanoBa 3a pimeHHsiM [IpuiiMaabHOI KOMicii CTBOPHOIOTHCH 0CO0JMBI YMOBH
JJIS1 MPOXO/IKEHHSI BCTYITHUX BUNPOOYBaHb.

CTPYKTYPA BLIETY BCTYIHOIO ®AXOBOI'O BHUIIPOBYBAHHS
(CHIBBECI/IN)

Hauionanbuuii neparoriynmii ynisepeuret imeni M. I1. /lparomanoBa

dakyJbTeT MATEeMATHKH, iIHpopMaTHKH Ta (Pi3UKH

Cmynens: mazicmp
Tanyss 3nanv: 11 Mamemamuxa i cmamucmuxa Bcerynne gaxose

Cneyianvnicmy: 111 Mamemamuxa BHNIPOOYBaHHSA

Ha 6a3i cmynens/OKP: 6axanaep, cneyianicm




EK3AMEHAIIMHAM BIJIET Ne 1

1. Mmuorounenu Hajg yucnoBumu noisimu: C, R, Q (3BIAHICTH Ta HE3BIAHICTH, KAHOHIUHA (hopMa).
OcHoBHa Teopema anreopu.

2. BzaemHOOOepHEHI omeparlii y MaTeMaTHIIi.

3. Meronuka BUBUEHHS TOTOXXHUX MIEPETBOPEHB 1ppalliOHATLHUX BHPA3iB.

4. Yum HanexaTb TOYKH M  (2;-1;3), M ,(3;3;-2), M ,(-1,0;2), M ,(a;b;-1) OJHIN IUIONIUHI,

Vax -4

AKIIO a = lim ————, b - MEHIMIA AIHCHUI KOpiHb MHOTOWIEHA f (x) = x* + x* + x° +3x -6,
x—>8 3
X -2

5. 3 ycix npsAMOKYTHHX TPUKYTHHKIB i3 3aJIJaHOIO IJIOMICIO S 3HAWTH Takui, TiMOTEHY3a SKOTO
Ma€ HaliMEHIIy TI0BXXHHY.
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