IIporpaMmma no MateMaTuKe JJIsl KOJbHUKOB, MOCTYNAKIMX B 8 Ki1acce
npeanyuusepcutapus HUAY MUDU, 2023 roxa

Anzeopa.

HartypanbHble yncJa.

Hamypanouoiit pao uucen u e2o ceoiicmea. HarypalbHOE YHCIO0, MHOXECTBO
HATYpaJIbHBIX YUCENl U €r0 CBOWMCTBA, M300paKEHUE HATYPATBHBIX YHCE TOYKAMU Ha YHUCIOBON
npsiMoil. Mcnosib30BaHnEe CBOMCTB HATYpaJbHBIX YUCEN MPU PELICHUU 3a/1ad. 3aluCh U YTECHUE
HATypaJIbHBIX uncen. Paznmuane mexay nuudpoit u guciom. [lo3unpmonHas 3anmuch HATYpaaIbHOTO
YyHclla, MOMECTHOE 3HayeHHe LUQPbI, pa3psaabl U KIAcChl, COOTHOUICHHE MEXIy JBYMS
COCEHUMHM PA3PSAIHBIMU €IMHULAMH, YTCHUE U 3aIIUCh HATYPAJIbHBIX YHCEL.

Okpyznenue namypansvuoix yucen. Heodxonumocts okpyriienus. [IpaBuno okpyriaeHus
HaTypaJbHbIX YHCEIL.

Cpagnenue namypanbhuix yuces, cpapuerue ¢ uucioM 0. [lonstue o cpaBHeHun yucern,
CpaBHEHUE HATYpPAJbHBIX YHCEII IPYT C IPYTOM U C HYJIEM, MaTeéMaTU4yeCcKas 3alliCh CPAaBHEHU,
CIOCOObI CpaBHEHUS YHCET.

Heiicmeusa ¢ namypanvuvimu yucaamu. CloXEHUE U BbIYUTAHUE, HAXOXKIEHUE CYMMbI
U Pa3HOCTH. YMHOXKEHHE U JIeJIeHHe, YMHOKEHUE U CII0)KEHHE B CTOJIOUK, JIEJICHHE YTOJIKOM,
MpPOBEpPKa pe3ysibTaTa C MOMOIIBIO MPUKUAKK U oOpaTHOro aeicTBus. IlepeMecTuTenbHbIN U
COUYETATEIbHbIN 3aKOHBl CIIOKEHUSI M YMHOXXEHUS, PACIPEICIUTENIbHbIA 3aKOH YMHOXKEHUS
OTHOCHUTEJILHO CJIOXKEHHUsI, 000CHOBAHUE aJITOPUTMOB BBITIOJHEHUS apU(PMETHUECKUX JICHCTBHIA.

CreneHb ¢ HATYPAJIbHBIM NOKA3aTEJEM.

3anuch yKciaa B BUAE CyMMBI Pa3psIHBIX CIIaraeéMbIX, HOPSIOK BBITIOJIHEHUS JEHCTBHI B
BBIPAXKXCHUAX, COACPKAINX CTCIICHb, BBIYHUCIICHHUC 3HAYCHWH BLIpa)KeHHfI, COACpIKaAIIMnX
CTEIICHb.

Yuci10Bble BLIPAKEHHS.
Yucnosoe BBIPAXKCHUC U €0 3HAYCHUEC, TOPAAOK BBITTIOJITHCHUS ﬂeﬁCTBHfI.

JdeauMocTh.

Jenumocms nayeno. CBOWCTBO IETMMOCTH CYMMBI (Pa3HOCTH) HA YUCIIO.

Ilpusnaxu oenumocmu wa 2, 3, 5, 9, 10. Ilpusnaku penmumoctu Ha 4, 6, 8, 11.
Jloka3aTenbCcTBO MPHU3HAKOB AENTUMOCTU. PelieHne NpakTUYecKUX 3adad ¢ MPUMEHEHHEM
MIPU3HAKOB JICTUMOCTH.

Jlenenue ¢ ocmamkom Ha MHOXECTBE HATypalbHBIX 4HCEJ, CBOMCTBA JAETNEHHUS C
ocratkoM. [IpakTrdueckre 3aaun Ha JICTICHUE C OCTATKOM.

Pa3ioxkeHue unc/ia Ha MPOCTbIe MHOKUTEJIH.

Ilpocmete u cocmasnwie uucaa.

Pasznosicenue namypaipbHo20 UucCiIa HA MHOMCUMENU, DPA3NOKEHUE HA TPOCTHIE
MHOkUTenH. KonmdecTBo nenureneil dyucia, ajiropuTM paslioKEHUs 4YHUCIa Ha MPOCThIE
MHO>KUTEJH, OCHOBHAs TeopeMa apu(METHKH.

JleJMTe/ 1M M KpaTHBIE.

Jlemurens W €ro CBOWCTBa, OOIIMI NETUTENh JABYX W OOJiee 4YHcels, HauOOJbIIHA
o0l AenuTeNb, B3aUMHO IPOCThIE YWCIA, HAXOXKICHHE HAMOOINBIIEro OOIIeTro JETUTENs.
KpatHoe u ero cBoiicTBa, o0miee KpaTHOE JABYX M Oojiee 4ucell, HAauMeHbIee o01ee KpaTHoe,
CIocoObI HAX0XK/IEHUSI HAMMEHBILIEr0 OOIIEeTr0 KPaTHOTO.



Apoomn.
Oobviknosennvle Opoou. Jlons, dactb, IpoOHOE UMCIO, OpoOb. JIpoOHOE dYHCIo Kak

pe3ynbTaT aeneHus. [IpaBuibHble W HENpaBUIbHBIE IPOOH, CMEIIaHHAs IpoOb (CMELIaHHOe
YuCca0). 3amMch HATYpajJbHOTO 4YHMCIa B BHIE JApoOM C 33JaHHBIM 3HAaMEHATeNeM,
npeoOpa3oBaHKUE CMENIaHHOHN JIpoOU B HEMPABWIBHYIO Ipo0b U HaoOopoT. [IpuBenenue npodeit
K o0memMy 3HameHarento. CpaBHEHHE OOBIKHOBEHHBIX [poOeil. Clio)KeHHe W BBIYUTaHUE
OOBIKHOBEHHBIX Jpo0OCi. YMHOXKEHUE M JeJCHHUE OOBIKHOBEHHBIX ApoOeil. Apudmerndeckue
JNEUCTBUS CO CMEMIAHHBIMH APOOsIMH. Apu(METHUECKHe ACUCTBHUS C JAPOOHBIMH YHUCIIAMHU.
CrniocoObl paloHaIn3aiy BEIYUCIEHUN U UX PUMEHEHHUE NP BHIMOJIHEHNUN ACHCTBUMN.

Hecamuunvie opoou. llenas m npoOHas yactu aecsTHuHOU apodu. IlpeobGpazoBanue
JNECATHUUHBIX JApoOeld B oObIkHOBeHHble. CpaBHEHHE [ECATUYHBIX Jpodei. CroxkeHue u
BBIUWTAHUE JECSATUUHBIX OpoOeil. OKpyriieHue NeCATUYHBIX ApoOel. YMHOKEHUE U JEelIeHHE
JnecATUYHBIX apoOeid. IIpeoOpazoBaHMe OOBIKHOBEHHBIX JpoOel B JIECATHYHBIC ApOOH.
KoneuHble 1 OECKOHEUHBIC ECATHYHBIC TPOOH.

OTHoOLIEeHHe ABYX YHCeJI.
[Iponopuuu. CpoiicTBa NpONOpUUH, NPUMEHEHHE MPONOPUUMNA M OTHOLICHWH IpHU
peneHuu 3a1ay.

Cpennee apugmMeTHIeCKOE YUCE.
Cpennee apudMeTnyeckoe AByX ducel. PellieHre MpakTUYeCKuX 3a1ad ¢ MPUMEHEHUEM
cpenuero apudmernyeckoro. CpenHee apuhMeTHISCKOE HECKOJIBKUX YHCEI.

IIpoueHTsl.

IlonsTe mnpoueHTa. BplunMciieHHME NPOLIEHTOB OT YWCIA M 4YMCIA 0 H3BECTHOMY
IIPOLICHTY, BBIPAKEHNE OTHOILEHHUs B IPOLEHTaX. PeleHne HeCnoKHbIX NMPAaKTUYECKUX 3a1ad C
IIPOLICHTAMM.

JAmarpamMmsl.
Cronbuatble M KpyroBble Jauarpammbl. M3BieueHne uMHPOpMAIMU U3 JUArpaMM.
N300pakeHue quarpaMm 1o YUCIOBBIM JaHHBIM.

PanuonaJjibHbIE YHCJIA.

Honoxcumensuvie u ompuyamenvuvle uucaa. V300paxxeHue 4Yucesl Ha YUCIOBOU
(xoopauHaTHOI) mipsiMold. CpaBHeHUE yncen. Moy 4Kcia, TeOMETpUYecKask HHTEPIPETaIHsI
MO)IyJ'[f[ qucia. HeﬁCTBHﬂ C MOJIOXKUTCIbHBIMHU " OTpI/IHaTeJ'II)HI)IMI/I qucCJIaMU. MHO)KGCTBO
LIEJIBIX YHCEeIl.

Ilonamue o payuonanvnom uucie. llepBUuHOE TPEACTaBICHHE O MHOMKECTBE
pPalMOHANIBHBIX yucell. JIeHCTBUS ¢ pallMOHAIIBHBIMU YU CIIAMM.

Auredpanyeckune BbIpPaKeHHs.

Hcnonb3oBanue OykB 17151 0003HAUCHMSI YUCEIT, BEIYMCIIEHUE 3HAYEHUS alnre0panyeckoro
BBIpQ)KEHUS], IPUMEHEHHUE aNreOpandecKux BBIPAKEHHUN Ul 3alMCU CBOUCTB apU(METHYECKHX
neicTBuil, mpeoOpa3oBaHue anredpandeckux BhIPAKEHUH.

ToskaecTBeHHbIE IPe00pa3oBaHus
Yucnosvie u dykeenusle gviparcenusn. BeipaxkeHue ¢ IEpeMEHHON. 3HaUeHHNE BbIPAKEHUS.
[ToncraHoBKka BBIpaKEHUI BMECTO MEPEMEHHBIX. 3aKOHbl apU(PMETUUYECKUX JICHCTBHIA.
[TpeoOpa3oBaHus YUCIOBBIX BBIPAKEHHIA, COACPIKAIINX CTETIEHU C HATYPAIbHBIM IMOKa3aTelIeM.
Mmnozounenvt. OTHOYIICH, CTETICHb OJTHOWICHA. JIEHCTBHUS ¢ OJHOWICHAMH. MHOTOWICH,
CTENEHb MHOTO4YJ€Ha. 3HAa4eHHs] MHoroudieHa. JIeHCTBUS C MHOTOWIEHAMHU: CIOXKEHHE,



BBIYMTAHME, YMHOXKEHHE, AeneHue. [IpeoOpa3zoBanue 11enoro BepakeHUs B MHOTOWIeH. DopmyIibl
COKpAIIIEHHOTO YMHOKEHUS: Pa3HOCTh KBaJpaTOB, KBaJApaT CyMMBI M pasHOCTH. Paznmoxenue
MHOTOWICHOB HAa MHOXXUTEJH: BBIHECEHHE OOIIEr0 MHOXHTENS 3a CKOOKHM, TpyNIUpPOBKa,
UCMOJIb30BaHUE (POPMYNT COKPAIIEHHOTO YMHOXEHHA. MHOTOWJIeHbl C OJHOH IepeMEHHOM.
CranaapTHBIM BUJ] MHOTOWIEHA C OIHOW IEPEMEHHOM.

Ionamue moxcoecmea. ToxnecTBeHHOE TpeoOpa3oOBaHHUE. [IpencraBienue 0
TOKJECTBE HA MHOXECTBE.

YpaBHeHus.

Pagencmea. Yncinopoe paBeHcTBO. (CBOICTBAa 4YHCIOBBIX paBeHCTB. PaBeHCTBO
C IIEPEMEHHO.

Ypaenenus. llonstue ypaBHeHUs: U KOpHS ypaBHEHUs. PaBHOCUIIbHBIE TTPe0OpazOBaHus
YpaBHEHUM.

Jluneiitnoe ypaenenue u e2o kopnu. PemieHue NUHEHHBIX ypaBHeHUU. KosmuecTBo
KOpPHEW JINHENHOTO ypaBHEHUS. JIMHEHOE YpaBHEHUE € ITAPAMETPOM.

CucreMsbl ypaBHeHHUit

Ypasnenue c¢ oéyma nepemennvimu. JluHeliHOe ypaBHEHHE C IIByMsI INE€PEMEHHBIMHU.
['padmaeckas nHTEpHIPETAIS TMHEHHOTO YPABHEHUS C IBYMs TIEPEMEHHBIMH.

Ilonamue cucmemvr ypaeuenuii. Pemenue cucreMm ypaBHeHu#. llpencrasinenune o
PaBHOCWIBHOCTH CHCTEM YPAaBHEHHMH. MeETObl pelIeHNs] CUCTEM JIMHEMHBIX YPABHEHUM C JABYMs
HepeMEHHBIMH TpaUUecKuil METOJl, METOJl CJIOKEHHs, METOJA MojACTaHOBKH. KommudecTBo
pelIeHUIA CUCTEMBI TMHEHHBIX ypaBHeHMM. CUcTeMa JIMHEWHBIX YPAaBHEHUH C TapaMeTpOM.

DOyHKUMH

Ilonamue 3asucumocmu. IlpsmoyronbHas cucremMa KoopauHat. @dopmupoBaHue
IPEJCTABICHUN O METAIIPEIMETHOM MOHITUU «KOOPAMHATHI». I'pauik 3aBUCUMOCTH.

@yukyua. CriocoObl 3amaHus (QYHKIMHA: aHAIUTUYECKHH, Tpaduyeckuil, TaOIWUIHBIN.
I'padpux pynkumu. 3HaueHre GyHKIUU B TOUKE.

Jluneiinaa ¢pynkyusa. Cpoiictsa, rpaduk. YrioBoit koaduiment npsimoii. Pacnonosxenue
rpaduka TuHEHHOW (PYHKIIMM B 3aBUCUMOCTH OT €€ KOd(DPHUITMEHTOB.

PelieHne TeKCTOBBIX 3a/1a4.

Eounuywn uzmepeHuil: JUIMHBI, IUIOUMIAAW, O0bEeMa, MaccChl, BPEMEHH, CKOPOCTH.
3aBUCHMOCTH MEXy SAUHUIIAMA HM3MEPEHUS KaKJIOW BEITUYHHBI. 3aBUCUMOCTHU MEXTY
BEJIMUMHAMHU: CKOPOCTh, BpEMs, PACCTOSHUE; MPOU3BOAUTEIHLHOCTD, BpeMs, padoTa; 1ieHa,
KOJIMYECTBO, CTOUMOCT.

3a0auu Hna 6ce apugmemuueckue Oeiicmeusn. PemeHue TEKCTOBBIX — 3ajad
apudmernueckuM crocodboM. Hcrmonb3oBaHue TaOMUIl, CXeM, 4YepTeKeW, APYTUX CpPeacTB
MIPEJICTABJICHHSI JAHHBIX TPU PEIICHUH 3a/1a4H.

3aoauu na osuixrcenue, pabomy u noKynku. PelieHrie HECIOXKHBIX 3a7a4 Ha JIBUKEHUE B
MIPOTUBOIIOJIOKHBIX HAIPABIICHUSAX, B OJTHOM HANpPABICHHUH, JBIKEHUE IO PEKe 10 TCYCHHUIO U
MPOTUB TeueHHUs. PerieHne 3agaq Ha coBMeCTHYIO paboty. [IpuMenenue npoOeit mpu perieHun
3ajad.

3aoauu na wacmu, 0o1u, npoyenmol. Pemienue 3a1a4 Ha HAXOXKJIEHUE YaCTU YUCIA U
YHUClla TI0 €ro 4acTH. PemieHuWe 3aqad Ha MPOIEHTHI W JOJA. [IpuMeHeHWe MpOIopuuid mpu
peleHny 3a1ad.

Jlocuueckue 3ad0auu. PenieHre HECIOKHBIX JIOTHYECKHX 3aj1ad. PereHne JTOrudecKux
3a/1a4 ¢ MOMOIIIbIo TpadoB, Tabmui. OCHOBHBIE ~ METOABl  pEHIeHHWs  TEeKCTOBBIX  3ajau:
apudmeTnyecKkuit, nepedop BapuaHTOB.



Teomempus.

Harasignas reomerpusi.

I'eomempuueckue ¢hucypor 6 oxpyycaiowem mupe. HarnsaHele NpeaCTaBICHUS O
reoMeTpuuecKkux (urypax Ha TIUIOCKOCTH: TpsAMas, OTPE30K, Jy4, Yroji, JOMaHas,
MHOTI'OYTOJIbHUK,  OKPY)KHOCTb, KpYyr.  UeTbIpeXyroibHHUK, IMPSAMOYTOJbHHUK, KBaJpar.
TpeyronabHUK, BUIBI TPEYyrodbHUKOB. [IpaBuiIbHbIE MHOTOYTONIBHUKU. 300pakeHre OCHOBHBIX
reoMeTpuueckux (uryp. BzaumHoe pacrnonoxeHue IByX MPsIMbIX, ABYX OKPY’KHOCTEH, IpsAMOii
U OKPYKHOCTH. J[JIMHA OTpe3Ka, JOMAaHOM.

HN3mepeHus u BbIYMCICHUS

Benuuunwt. llonstue BenuuuHbl. JnuuHa. M3mepenuwe mivHbl. EnuHUIEl U3MepeHUs
nnuHel. Benuuuna yrna. 'pagycnas mepa yria.

Ionamue o nnowadu 1I0CKON QUTYPHI.

H3zmepenus u evtuucaenusn. VIHCTpyMEHTHI 1)1 U3MEPEHUN U TIOCTPOCHHM; U3MEPEHUE U
BBIUKCJICHHUE YTJIOB, JUIUH (PACCTOSIHUI ), TUTOMIA ICH.

Ilepumemp mmuozoyzonvnuka. Ilonamue nnowyadou ¢uzypvl; e€TVHULBI U3MEPEHUS
wionaau. [Tnomane npsMoyroibHUKa, KBajgpara. [IpubnmkeHHoe u3MepeHre miomaan Guryp
Ha KjieTtyaToi Oymare. PaBHoBemnmkue Gurypsl.

MHOroyroJbHuKHu

Tpeyzonvnuku. Bpicota, MeauaHa, ouccekrpuca. PaBHOOEIpEeHHBIN TPEYroJbHUK, €ro
CBOMCTBAa W NpHU3HAaKU. PaBHOCTOpOHHMI TpeyrosbHUK. IIpsIMOYroyIbHBIN, OCTPOYTOJIBHBIN,
TYIOYIOJIbHBIN TPEYIOJbHUKU. BHEIIHNE yIiIbl TPEYTrOJIbHUKA.

OTHoIeHHS.
Pagencmeo ¢ueyp. CpoiicTBa paBHBIX TpeyroiabHUKOB. llpu3Haku paBeHCTBa
TPEYTOJIbHUKOB.
IHapannenvnocmo npamerx. llpusHak U CBONCTBAa NapajlIeNbHBIX MPSIMBIX.
Ilepnenoukynapuvie npamote. llpsmort  yron. IlepneHaukynsap K HOpSAMOil.

Paccrossnus
Paccrosinne mexay Toukamu. PaccTosiHre OT TOUKH 10 TPSIMOM

I'eomeTpruyeckue NocTpoeHus

I'eomempuueckue nocmpoenusn 01 UAIOCMPAUUN CEOTICHIE 260MEMPUUECKUX Puzyp.

Hucmpymenmbot 0151 nocmpoenuii: TAPKyib, TUHENKA, YTOIbHUK.

Ilpocmentmuue nocmpoenua yupkyiem u AUHENKOW. TIOCTPOEHUE OUCCEKTPHUCHI YIia,
NEPHEHANKYJIApa K IPsAMOM, yria, paBHOro aaHHomy. [locTpoeHue TpeyroibHHUKOB IO TpEM
CTOPOHAaM, ABYM CTOpPOHAaM U yIi1y MCXKIYy HUMHU, CTOPOHEC U JIBYM IPHJICIKAIIUM K HeH yriam.



