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PU3UKA

3aKIIOYUTENIBHBIA Typ OJIMMIMAABI MIKOIBHUKOB «I'paHuT Haykw» 1o npoduiato EcrecTBeHHBIE HayKu
(mpemMeT oMMITHAIBI — GHU3HUKA) IPOBOIUTCS B MUCHMEHHOHN (hopMme.

3amaHus, BKIIOYCHHBIC B OWJICTHI ONMMIMAJbI, IPEAIONaraloT MOATOTOBIEHHOCTh YYACTHUKOB 10 BOTIPO-
caM U3 CIIEAYIOIIUX Pa3IesioB Kypca (pU3HUKH.

1. Mexanuka (Kunemamuxa, OUHAMUKA, CIMAMUKA, 3AKOHbI COXPAHEHUsl 8 MEXAHUKe, MeXaHuuecKue Koe-
banust u 60HbL).

Kunemamuxa. MexaHnueckoe ABM)KEHHE U €ro BUAbL. OTHOCUTENBHOCTh MEXAaHHMYECKOTO JBUIKECHUS.
Cuctema otcuera. MarepuanbHas TOUKa U €€ paguyc-BeKTOp. TpaekTopus, nepeMelneHue, myTs. CloxeHue me-
pememienuit. CkopocTh MaTepuabHOM Touku. CloKeHHne cKopocTel. YCKOpeHHe MaTepuallbHOM Toukd. PaBHO-
MEpHOE MPSIMOJIMHEHHOE IBIKeHHE. PaBHOYyCKOpeHHOe NpsMoJrHeHoe ABmxkenne. CBoOo HOE nmaaeHune. Y cKo-
peHue cBOOOIHOrO naaeHus. [IBrkeHne Tena, OpOLIEHHOTO MO/ YIJIOM 0 K TOPU30HTY. [IBH)KCHHE TOUKHU IO OK-
pyxHOCcTHU. JIuHEHas U yrioBas CKOPOCTh TOUKH COOTBETCTBEHHO. LleHTpocTpemuTenbHOe yckopeHue. Trepaoe
teno. [locTynarensHoe U BpamaTebHOE JBUKEHHUE TBEPOTO TENa.

Lunamuxa. Naepuuanbuele cucteMbl otcueta. llepsoiii 3akoH HproToHa. [IpMHIMN OTHOCHUTEIBHOCTH
lanunes. Macca tena. [InotHocTs BemectBa. Cuna. IlpuHuun cynepno3unuu cui. BTopoil U TpeTuid 3aKOHBI
Hetotona. 3akoH BcemupHOro TAroteHus. Cuma TsecTd. 3aBUCUMOCTh CHJIBI TSHKECTH OT BBICOTHI HaJ| MOBEPX-
HOCTBIO TUIaHeThl. Bec Tena. HeBecomocTs. J[BrmkeHne HEOSCHBIX Te U MX MCKYCCTBEHHBIX CIyTHUKOB. [lepBas
KOCMMYECKAsi CKOpOCcThb. BTopas kocmuueckast ckopoctb. Cuina ynpyroctd. 3akoH ['yka. Cuna tpenus. Cyxoe
Tpenune. Crna TpeHus ckonbxeHus. Cuna tperus nokost. Koadduuuent tpenns. [lasnenue.

Cmamuka. MOMEHT CUJIBI OTHOCUTENIBHO OCH BpalleHHs. Y CIOBHUS paBHOBECHS TBEPAOIo Teia. 3aKOH
[Tackans. [JaBieHue B sxuakocty, nokosueics B UCO. 3akoH Apxumena. Y ClIoBUs IJ1aBaHUS TEN.

3axonwl coxpanenus ¢ mexanuxe. IMItynbc MaTepualbHOM TOUKH. VIMITyJIbC CUCTEMBI TeJl. 3aKOH U3Me-
HEHHS M COXpaHEHUs UMITyJibca. PaboTta cuibl. MomHoCTh cuitbl. KinHeTHueckast s3Heprisi MaTepruaibHOW TOUKH.
3aKoH U3MEHEHHsI KWHETUYECKON IHEPTUM CUCTEMBI MaTepHalbHBIX ToueK. [loTeHnanbpHas 3Heprus JUisl NOoTeH-
OUaNbHBIX cuil. [loTeHnmanbHas sHeprus Teiaa B OJHOPOJHOM IoJie TsbKecTH. IloTeHnnanbHas SHEprus ynpyro
ne(OpPMUPOBAHHOTO TeJa. 3aKOH M3MEHEHUSI U COXPAHCHUS] MEXaHWYeCKOH SHepruu. 3aKOH COXpaHEHHs MeXa-
HUYECKOHU DHEPIUH.

Mexanuueckue konebanus u goaHwvl. I'apMoHNYeckue Konebannsa. AMImnTyaa u ¢asza xonedbannid. Kine-
MaTH4YeCKOe, IUHAMUYECKOE M 3HEPreTHYecKoe (3aKOH COXpAaHEHUS! MEXaHMYECKOH 3Hepruu) onucaHue. CBs3b
aMILTUTY Bl KOJIeOaHU UCXOJHOM BEIMYHMHBI C aMIUTUTYIaMU Koyie0aHui e€ ckopocTu u yckopeHwus. [lepuon u
yacrora kKonebanuid. [lepuon manbix cBOOOIHBIX KOJIEOAHWH MaTeMaTH4ecKOro W MPYKMHHOTO MasTHUKA. Bbl-
HyX/1eHHble KoneOanus. Pesonanc. Ilonepeunsie u mpononsHble BOJIHBL. CKOPOCTH PAcHpOCTPAHEHHS WU JUIMHA
BOJIHBL. MHTephepeHIrs U TudpaKkius BOJIH.

2. Mounekyusipaasi pusuka. TepMoauHaMuUKa (MOIEKVIAPHO-KUHEMUYECKAS MEOPUsl, 3AKOHbL UQEAIbHO-
20 2a3a u MePMOOUHAMUKU).

Monexynapuasn ¢usuxa. Mouenu CTpOCHHUS Ta30B, KHUIKOCTEH W TBEPJBIX Tel. TeroBoe JABIKEHHE aTo-
MOB U MOJIEKYJ BellecTBa. B3aumonericteue vactuil Bemiectsa. Juddys3us. bpoyHosckoe nsmxenue. Monaeib
uaeanbHOro raza B MKT: gacTuipl raza IBHXYTCS XaOTHUYECKH U HE B3aUMOACUCTBYIOT IpYT ¢ Apyrom. Abco-
JOTHas TeMiieparypa. CBs3b TEMIEpPATypsl Ta3a CO CpeHEH KMHETHUECKOW IHEPTHEl MOCTYNAaTENbHOIO TEIIO-
BOTO JBM)KEHHUS €ro 4acTHll. MoJenb HealbHOro ra3a B TepMOAuHaMuKe. V3MeHeHne arperaTHbIX COCTOSHHIMA
BEIIECTBA: MCIApeHHe M KOHICHCALMs, IUIABICHHE M KPHCTAUIM3alus, KUIEeHHe Xuakoctu. IIpeobpa3oBanue
SHEpruu B (ha30BBIX MEpexoax.

Tepmoounamuxa. TennoBoe paBHOBecHE U Temriepatypa. Bayrpennss sneprus. Teronepenaya. Kommue-
CTBO TEIUIOTHI. YJeNbHasi TEIJIOEMKOCTh BEIIECTBA. Y IEIbHAsI TEIUIOTa MapooOpa3oBaHWA. YeNbHas TEIoTa
IIaBJICHUSA. Y JelbHas TEIUIOTa CropaHus ToIuMBa. [IepBeli 3aK0OH TepMOAMHAMUKU. BTOpo#l 3ak0oH TepMoInHa-
muku. [Ipuanumne nevictBust u K11/ Termoroit mamunst. [{ukn Kapro. YpaBHeHHe TemioBoro 0amranca.

3. DuaekTpoAMHAMHKA (91ekmpuyeckoe none, NOCMOAHHBIIL MOK, MACHUMHOE NOJe, INEKMPOMASHUMHAS
UHOYKYUS, INEKMPOMASHUMHbBLE KOJLEOAHUS U GOJIHbL)

Onekmpuueckoe none. DNEKTpU3aLus Tel. DIEKTpUdeckuil 3apsa. [[Ba Bunma 3apsna. 3aKOH COXpaHEHUs
DJIIEKTPUYECKOTO 3apsna. BzanmmopeiicTeue 3apsmoB. Toueunsie 3apsaapl. 3akoH KyioHa. DnekTpudeckoe moje.
Ero neiictBue Ha anexkTpuueckue 3apsaapl. HampspkeHHOCTS anekTprudeckoro nos. [lome Toueunoro 3apsina. On-
HoponHoe nose. KapTtunsl 1nHui nomis. [loTeHnHaabHOCTh 3JIEKTPOCTATHYECKOTO 1oJIA. Pa3HOCTh MOTEHIMATIOB



1 HanpspkeHue. CBsI3b HANPSKEHHOCTH TOJS U Pa3HOCTH MOTEHIMAIIOB I OJHOPOJHOTO 3JIEKTPOCTATHYECKOTO
nojst. [IpuHIMn cynepno3uiuu 3JeKTpudeckux mnojei. [[poBOJHUKHN B 3JIEKTPOCTATUUECKOM MOJI€E. JIMIIEKTPUKU
B DJIEKTPOCTATHYECKOM Ioiie. [luanexkTpuyeckas MPOHHMLAEMOCTh BemiecTBa. KoHaeHcaTop. DIIEKTPOEeMKOCTb
KoHAeHcaTopa. [lapamiensHoe U mocnenoBareabHOE COEAMHEHHE KOHAEHCATOPOB. DHEPrHsl 3apsKEHHOTO KOH-
JEeHCaTOopa.

3axonwr nocmosnnozo moxa. IlocrosiHHBIN 3nekTpudeckuii Tok. Cuna Toka. HanpspkeHue u 371eKTpoaBu-
xymas cuna (3/1C). 3akon OmMa Ui yuacTKa Hemu. DNEeKTPHYECKOe CONPOTUBICHUE. Y IeTbHOE COMPOTHUBICHUE
BemiecTBa. Mcrounukn toka. DJ[C M BHYTpeHHEE CONPOTHUBIEHHE MCTOYHMKA TOKa. 3akoH OMa i TOJIHOM
(3amKkHYTO#) snekTpudeckod menw. [lapammensHoe W TOcCienOBaTeIbHOE COCAMHEHHE MPOBOIHWUKOB. PaboTa
aNMeKTpudeckoro Toka. 3akoH /xoyns — JleHria. MOIIHOCTD 3IIEKTPHUYECKOTO TOKA. TeruioBasi MOIIHOCTb, BBIIE-
nsieMasi Ha pe3ucTtope. MOIHOCTh UCTOUHUKA TOKa. HocuTenn cBOOOIHBIX AMIEKTPUYECKHUX 3apa0B B MeTasax,
KHUAKOCTSX U ra3ax.

Mazenumnoe none. MexaHndeckoe B3aMMOJCHCTBHE MarHUTOB. MarautHoe mosue. BekTop MarHUTHOM HMH-
aykuud. [puHIuD cyneprno3uiuy MarHUTHAIX mosied. JInHun MarauTHoro nosis. MarHuTHoOE MmoJjie MPOBOJHUKA C
TokoM. Cuna Amnepa. Cuna Jlopenna. J[BrkeHue 3apsKeHHON YaCTHIIBI B OJHOPOAHOM MarHUTHOM IOJIE.

Onexmpomaznummuasn unoykyus. I10TOK BEKTOpa MarHUTHOW MHIYKUWU. SIBIE€HHME 3JIEKTPOMAarHUTHON MH-
OYKIMHA. 3aKoH 3JekTpoMarHuTHOM uHaykiuu QPapazes. [Ipasuno Jlenma. MaayktuBHOCTh. CaMOMHAYKIHUS.
OJIC caMOMHIYKITMU. DHEPrUs MarHUTHOTO TOJIST KATYIIKH C TOKOM.

Onexmpomaznumuvie konredvanus u 6onnvl. KonebarenbHplii KOHTYp. CBOOOIHBIE 3NIEKTPOMArHUTHBIE KO-
nebannsa. @opmyna TomcoHa. 3aK0H COXpaHEHUs YHEPTHH B KOJIeOATEThHOM KOHTYpe. BBIHYXICHHBIE AIIEKTPO-
MarHuTHbIe KoieOanus. Pesonanc. ['apmoHnyeckue snekTpoMarHuTHbie Konebanus. [lepemennsiii Tok. [Ipous-
BOJICTBO, TIepe/iaya M MOTpeOIIeHNe dIEKTPHUECKON SHEPrUn. DIeKTpoMarauTHoe 1ose. CBOICTBa 3JeKTpoMar-
HUTHBIX BOJIH. B3auMmHasi opueHTanus BEKTOPOB B 3IEKTPOMAarHUTHOW BodHE B Bakyywme. Illkama smekrpomar-
HUTHBIX BOJIH.

4. T'eomeTpuueckasi, BOJHOBasi U KBaHTOBasi onTuka. [IpsimonuHeliHoe pacripocTpaHEeHUE CBETa B O-
HOpomHO# cpene. Jlyd cBera. 3akoH oTpakeHHs cBeTa. llocTpoeHne M300paKeHU B IIOCKOM 3epKaie. 3aKoH
MpesoMIICHUsI CBeTa. AOCONIOTHBIN MMOKa3areib npenomieHns. OTHOCUTENIbHBIH MOKa3aTelb npeaoMieHus. Xoa
myyeil B mpusme. COOTHOIIIEHHE YacTOT U JUIMH BOJH MPH MEepexo/ieé MOHOXPOMATHYECKOIO CBETa Yepe3 TpaHuIly
paszena AByx ontuueckux cpen. IlonHoe BHyTpeHHee oTpaxenue. CoOuparomue U paccenBaromye JuH3bl. Po-
KYCHOE PacCTOSIHUE U ONTUYECKas CHjla TOHKOW JUH3bl. DOopMynna TOHKOM JIMH3bL. YBEIUYCHHE, JaBAEMOE JIMH-
30i. [locTpoeHue n3o0paxenuii B auH3ax. DoToanmapaT kKak onTUYecKuil mpubop. ['71a3 kak onTHYeCKas CUCTe-
Ma. Uuarepdepenims ceera. KorepeHTHbIE HCTOYHUKHU. Y CTIOBUS HAOIIOAEHUSI MAKCHUMYMOB 1 MUHUMYMOB B HH-
Tep(dhepEeHIMOHHOM KapTHHE OT ABYX CHH(Aa3HBIX KOT€PEHTHBIX HCTOUYHMUKOB. JJudpakuus ceeta. JndpakunonHas
pemieTka. YcioBue HaONIO/IEHHS TJIABHBIX MAKCUMYMOB ITPH HOPMaIIbHOM TaJJeHUH MOHOXPOMATHYECKOTO CBETA.
Hucnepcus ceera. ['unore3a M. Ilinanka o kBanTax. ®opmyiia [Tnanka. @oToHbl. DHEPrus, UMITYJILC U Macca (o-
tToHa. Poroaddext. YpaBHenue DitHmreiiHa 111 GoTorddexTa.

5. ®u3uKa aToMa M aTOMHOro sapa. [Inanerapaas moxens aroma. [locrynater bopa. Uznydenne u mo-
riomeHre (OTOHOB MPH MEPEXOie aTOMa C OJHOTO YPOBHS SHEPTUU Ha JApyroi. JIuHeituareie criekTpbl. HykioH-
Has MoJeNb sAapa. 3apan sapa. MaccoBoe uucio sapa. M30Tonsl. DHEprus CBsi3U HYKIJIOHOB B sjipe. SAnepHsle cu-
nbl. Jledext macchl siapa. PagnoaktuBHOCTh. Anb(a-pacnan. bera-pacnan. DnexrponHsiit B-pacnaz. [losutpon-
HBIU B-pacnafn. ['aMma-nuznydenue. 3akoH paiOaKTUBHOTO pacnajia.

CTPYKTYPA BWIETA U METOANYECKHUE YKA3AHUA
K BBIITIOJTHEHUIO 3AJIAHAM OJIMMITUAJIbI

B Owter yyacTHUKa OJMMITHA/IBI BKIIIOYEHO TSATH 33/IaHK 10 (u3uKe. 3a1a4n B OMJIETe PAacIlONOKECHBI B
MOPSIZIKE BO3PACTaHUs YPOBHS MX CJIOKHOCTH. MakcUMallbHOE 3HauUCHUE OaJlJIOB 3a PEIlIeHUE 3a/1a4ul BBICTABIIA-
€TCsI TIPU YCIIOBUH, YTO NIPUBEJICHO TIOJTHOE PEIICHHE 3a][a4H, BKIFOYAIOIIEe CISAYIONINE AIIeMEHTHL

a) KpaTKO 3alHCaHO YCJIOBUE 3aJ]auH, 3alMCaHbI MTOJIOKEHUS TEOPUH U (PU3NIECKHUE 3aKOHBI, 3aKOHOMEP-
HOCTH, TPUMEHEHUE KOTOPhIX HEOOXOIUMO IS PEIICHUS 3aa4i BRIOpAaHHBIM CIIOCOO0OM, B Cllydae HEOOXOAUMO-
CTH MPUBEICHBI 'PAMOTHBIC PUCYHKH U MOSICHEHHS K HUM;

0) ommcaHbI BCE BBOAMMEIE B pelICHHH OYKBEHHBbIC 0003HAYCHUs (PM3MUYECKUX BEIWYHH (32 UCKIIOYCHU-
€M 0003HAaYCHHUH HMCIIOJIb3YEMBIX B YCJIOBHHU 3aJa4d U OCHOBHBIX KOHCTAHT) C ITOSICHCHUSMU; ONUCaHUs (u3nde-
CKUX BEJIMYMH, BCTPEUAOLIUXCS B 3a/1a4aX, MOXKET [TPOU3BOAMTHCS C MOMOIIBI0 MATEMATHYECKUX COOTHOILICHHH,
TEKCTYaJIbHO UJIH C TIOMOIIBIO PUCYHKOB;

B) IPOBEACHBI BCE HEOOXOIUMBbIC MaTEeMaTHYECKHE MPEoOpa3oBaHuUs (IOMYCKAIOTCSA IMOSCHEHUS Ha HMX
MPOBEJICHKE) U pacyueThl, IPUBOJASIIUE K IPABUIBHOMY YHCIOBOMY OTBETY;



T) IPEJCTaBJICH MPaBUIBHBIA OTBET B OOILEM BHJIE M B YUUCICHHOM 3HAYCHHUHU C YKa3aHHUEM CIMHUL] U3Me-
peHus HICKOMOH Bem4MHbL. ECiy 3a1a4a pelieHa He IMOJIHOCTBIO, TO Tallbl €€ PEHICHHs OLICHUBAIOTCS B COOTBET-
CTBHHU C KPUTEPUSMH OLICHOK IO JaHHOU 3amaue. (CreqyeT OTMETUTb, YTO €CIM IPABUIBHO 3aIMCAHO KPaTKoe
yCJIOBUE, HO PElIeHue OTCYTCTBYET, TO 3a 3a[auy BoicTaBisiercss () OayioB, Takke HaTUYME NPaBHIBHOIO OTBETA
IIPY HOJHOM OTCYTCTBHHM TeKcTa perieHust Toxke 0 0anaoB). VTOroBeiil pe3ynpTaT KaXXI0ro y4acTHHKA ITOJCUU-
THIBAETCSI KAK CyMMa OaJIJIOB 3a BBIIIOJIHEHHE KaX10W 3a1adH.

OnumnuagHele 33124 He TpeOyIOT 3HAHUSI TAKOTO MaTepuala, KOTOPBIH HE MPEAYCMOTPEH B IIKOJIBHOMN
mporpaMMe no Gpu3uKe U MaTeMaTUKe, OJHAKO MPEANONaraloT yMEHHUs CTPOHUTH (GU3UUECKHE MOJCIH, aHAIN3H-
poOBaTh yCIOBHS, INIyOOKO MMOHMMATh CYLIHOCTb 3aKOHOB (DM3UKH, CAMOCTOSTENFHO MPUMEHATh UX B Pa3IMYHbIX
CUTYyaLusX, a TAaKXKe O€3yNpPEedHO BIaJETh MAaTEMaTUIECKUM alapaToM.

VY Hac HET BO3MOXXHOCTH B XOJI€ OJMMITHAIbI IPOBECTH peaslbHBIN 3KcriepuMeHT. Ho ¢usuka — Hayka
9KCIEPUMEHTANIbHAS, U MBI IIpe[UIaraéM BaM MbICICHHBIH (U3NUECKUH 3KcepuMeHT. BoT mpumep Takoro 3ana-
Hus. [Ipemioxute cnocob onpezaeneHns IIOTHOCTH MaTepHaoB JBYX KETOHOB C MaJCHBKUMH OTBEPCTHSAMH B
HuX. Y Bac B Hamm4uu J1Ba K€TOHA, U3TOTOBJICHHBIE U3 Pa3IMYHBIX MaTepUaIOB, TOHKas HUTh JJIMHOW 1 M, cTa-
KaH ¢ BOJOH, MIJITUMETPOBasi Oymara, IITaTUB ¢ TOPU3OHTAIBHON AEPEBSIHHON perikoil mmHoi 0,7 M, HOXKHHUIIBL,
KHOTIKU. [loBepXHOCTH cTONA, HA KOTOPOM HaxXOAWTCsA 00OpynoBaHWe, ropu3oHTanmbHa. IlmoTHOCTH BOmbr 1000
Kr/m®.

[MpuHMMas ygacTue B OJMMMITHAAX MO (U3UKE - HHTEIUIEKTYaIbHOM COPEBHOBAaHHMH, HE CTOUT PacCcTpau-
BaThCsl, €CIM HE MOIYyYUTCS CTaTh MoOenuTeneM WM MPU3EpOM ONUMNUAAbl. B mrobom ciyyae moAroTroBka K
OJIMMITHA/IE TTO3BOJISIET IIy0KEe OCBOUTH MIKOJIBHYIO IPOTrpaMMy, U3yUHUTh JIOTIOJHUTENbHbIE BOIIPOCH! Kypca du-
3WKH, HAYYUTHCS PEIIATh pa3IMYHbIC TUIIHI 33,14 (B TOM YHCIIe, BeCbMa TPYIHBIX ). Bee 3To mprHeceT Oy THMYTO
[0JIb3Y B IJIAHE MOJIYYEHHUs XOPOIIEro 00pa3oBaHusl U MOJI0XKUTENBHO CKaxkeTes npu caade EI'D.

MPUMEPHBIH IVIAH PEIIEHUSA 3AJIAY

1. PaGora Haj ycioBUEM:
— KpaTKasi 3al1Ch YCJIOBUS U BBISICHEHHE CMBICIIa TEPMUHOB (PUCYHKH, YEPTEXKH);
— aHanu3 (PU3NIECKUX SBJICHUM, TPOIIECCOB, ONMMCAHHBIX B 33/1a4¢;
— npuBejicHre BeexX naHHbIX kK CU (ecin 3T0 HE00X01MMO).
— 3aMKCh YIPOIIAIOIIUX MPEANONOKECHNH.
2. [Touck HEOOXOAMMBIX YpaBHECHUH, CBS3BIBAIONINX (PU3NYECKHE BEIHYUHBI, KOTOPHIC XapaKTECPU3YIOT
paccMaTpuBaeMoe sSIBJICHHUE, TIPOIIECC.
3. Pemenue 3agaun B o0Iiem Buje.
4. AHanmu3 TIONyYeHHOTO pe3ynbTara (JeiicTBUEe ¢ HAUMEHOBAaHUSIMHM, TIPOBEPKA HA YACTHBIX CIIydasX, pe-
[IeHHE JPYTUM CIIOCOOOM).
5. [lomryuenue yuCIOBOTO OTBETA.

IMPUMEPBI PEHLIEHUS 3AJTIAY
Ilpumep 1
YpaBHEHHS IBHKEHHUS JIBYX MaTepUabHBIX TOUEK UMEIOT BUI: X, = A + Bt + C,t* - 1ns nepsoi
TOUKH U X, = A, + Byt + C,t>- ans Bropoit. Onpesenute, B Kakoil MOMEHT BPEMEHM CKOPOCTH TOYEK

cpaBHstoTCs, ecimt A =5m, B, = ZMC, C :3%, A, =lu, B, :—O,SMC ,C, :0,5%2 . Haiitm yc-

KOpPCHUA TOYCK YCPEC3 5 CCKYHJ ITOCJIC Havdalla ABUXKCHUA.



Hano:
X, =A +Bt+C.t?
X, = A, + B,t + C,t?

A =5u, B =2/,
¢, =3/,
A, =1u,

B,=-05%,C, =o,5f%2

Haiitu: t =? (npuv, =Vv,)
a=?a,="?

Pemenne:

Jns onpeneneHus CKOPOCTU U YCKOPEHHSI B OINpPEICIICH-
HBIIi MOMEHT BPEMEHH HEOOXOIMMO OIPEIEITUTh MTHOBEHHBIE UX
3HAYCHUSI.

O06a ypaBHEHHMsI JIBIJKCHHS 3aBUCAT OT BPEMEHH KBajpa-
TUYHO. Takas 3aBUCUMOCTH COOTBETCTBYET PaBHOYCKOPEHHOMY
WM paBHO3aMEJICHHOMY JIBMDKCHHIO. 3alMIIeM YpaBHEHUE JBU-

JKEHUA B 00IIIEM BUIIE:
2

a
X=X, +Vol +—
2

CpaBHUM ypaBHEHHE B 00ILEM BUJE C ABYMs YpaBHEHUSI-
MU, KOTOPBIE IaHbI B YCJIIOBUU 3aJa4u. Toraa o4eBUIHO, YTO:

Vo1 = B1
Voo = Bz
a =2C,, (1)
a, = 2C,, )

CBs3b MEXly HaYaJIbHOM CKOPOCTHIO U MIHOBEHHOH CKO-
POCTBIO B HEKHH MOMEHT BPEMEHM 3aJaETCs JUIsl PAaBHOYCKOPEH-
HOT'O JIBUYKEHUS CIIEAYIOIIUM yPaBHEHUEM:

V=V, +at

Torja MrHOBEHHBIE CKOPOCTH B HEKHMH MOMEHT BPEMEHHU
paBHBL:

v, =B, +2Cit, (3)

v, =B, +2C,t, 4)

JUis Toro uroObl HAMTH HYXHBII MOMEHT BpEMEHH
t (npu v, =V,) npupaBHsieM IpaBble YacTH ypaBHeHUi (3) u (4).

B, +2Ct=B,+2C,t

Otkyna nosrydnm

B,-B 2—-(-05
— 1 2 — ( ) — O,5C
2(C,-C,) 2(3-05) 5)

[To ypaBHenusm (1) u (2) BUAHO, 4TO YCKOPEHHSI HE 3aBU-
cAT OT BpeMeHHU. [loncTaBuM 3HaueHUs B 3TH ypaBHEHUS

alzzclzz-sza%z
a, =2C, :2-0,5:1%2

Otset: t =0,5¢C, aIZG%z, a, :1%2



Ilpumep 2

CnenaB 20 00OpoTOB moOCJI€ Hayaja BpALICHUS KOJECO MJOCTHIVIO YIJIOBOW CKOPOCTH

®=6007 a%w, Bpalasch paBHOYCKOPEHO. UeMy paBHO yrioBoe yCKOpPEHHE £ Koieca?

Hano:

N = 20 o6opomos

=60

0 pa%un =10 pa%

Haiitu:
="

OTBeT. € = 0,4pa%2

Pemenue:
3anuieM ypaBHEHMs JUIsl yria [I0BOpOTa U YIJIOBOHM CKO-

POCTHU I PAaBHOYCKOPCHHOI'O BPAIIATCIIbHOI'O ABUKCHU S
2

Q=wt+—
2 (1)

1
w=w,+d
R @)
B HayanbHBIM MOMEHT BPEMEHM TEJIO0 HAYMHAET BPAILATh-
ao
csl, OTKy/1a UMeeM, 910 @, =07 4 :

C yuerom 3TOTO0 noixy4daeMm, 4yto ypaBHenus (1) u (2) npu-
HUMAIOT BU/I:

2
:7’ (3)
o=, 4

3HaueHue yria MoBOPOTAa MOXEM BBIPA3UTh 4Yepe3 KOJH-
YEeCTBO 0OOpPOTOB:

@ =2aN ()
U3 ypaBHeHus (3) Belpazum &, ¢ yuetoM (5)
o 47N (6)

t2
10

U3 (4) ypaBHeHMs BbIpasuM t=—, MOJACTaBUM BpeMs B
&

(6) u, BeIpa3uB OTTYyIA & , TOJYYUM

2 2
e= % 2&20,41%172
47N 4x-20 c




Ilpumep 3

Mortonuki, JBUrasch paBHO3aMEUIEHHO, Npoien nyTh 150 MeTpoB 1O NOJHOW OCTaHOBKHU 3a

Bpems 25 cexkyHa. Macca motorukia 150 kr. Onpenenure cuily TOPMOXKEHUS U HAYAJIbHYIO CKOPOCTh
MOTOLMKJIA.

Hano: Pemenne:
S =150m 3anumeM BTOPOW  3aKOH
. —
t=25¢ HrioTona B BekTopHO# dopme U B
m =150z MPOEKINH Ha OCh: <_|_ | | |
Haiiru: F=mi, < |}i |
Vo ="? F=ma (1)
F =2 [Tyt ¥ CKOPOCTH AJISI paB-

HOIIEPEMEHHOT0 ABIKEHHS (B YPaBHEHUSAX BHIOMpaeM MUHYC, T.K.
JIBIDKEHUE PaBHO3AMEAJICHHOE):

at?
S:vot—7, v=y,—at 2)u(3)

Y4uTeiBas, 4T0 KOHEYHAs CKOPOCTh aBToMoOmis V=0
ypaBHeHuUe (3) mpuMeT BUA:

v, = at (4)
[ToncraBum (4) B (2) 1 BBIPa3UM YCKOpPEHUE:
2S

IToacraBum (5) B (1) mist pacuera cuibl 1 B (4) U1l HaXo-
JKJICHHUS] HAYaJIbHOM CKOPOCTH:

2mS  2-150-150

F= > 5 =72H
t 25
2S5 2-150

¢ 25 4

Ortser: V, =12MC , F=72H

Ilpumep 4
JIBa Tema maccamu M, =3xe U M, =1ke ABMKYTCS HaBcTpedy Apyr aApyry. Ilocie Heympyroro
COyJIapeHus Teja MPOJI0JDKAIOT JABUraThCsl BMecTe. Kakoe BpeMsi moTpeOyeTcs JUisi MOJIHOW OCTaHOBKH

TeJI, €CJIN CKOPOCTHU TeJl HEMOCPEACTBEHHO Nepe]] yaapoM Obln V, = 2/% uv, = 3% , a kKoapdurm-

eHT TpeHus u = 0,04

JaHo: Pemenue:
m, = 3ke Tak kak ynap sBisercs aOCONIOTHO HEYMPYTHUM, MOXKEM
m. = 1k 3amucaTh 3aKOH COXPaHEHWs UMIYJbca I JAHHOW CUCTEMBI U

, =

BBIPA3UTh U3 HETO CKOPOCTH TEJI MOCJIE COYAAPEHHUS:

v, =22/ _ .

! myv, —Mm,v, = (m1 +m, WV

_aMm . myv, —m,v
vV, =3 4 V' = Vs~ ThoVp (1)
m,+m

1= 0,04 ( 1 2)

Tak kak xoHedHas CKOpPOCTH TCJI, ABHUTAOIIUXCA BMECTC
paBHa 0, TO OJIy4MM BBIpaYKEHUE ISl CKOPOCTH TeJIa:
O=v-at —» v'=at (2)

3anumem |l 3akon HproToHa 1Sl CUCTEMBI B MPOEKIUAX

Haiiu: Ha TOPU3OHTAJIbBHYIO U BEPTUKAJIbHYIO OCH:
t="




Fmp = (ml + mZ)a (3)
N =(m +m,)g (4)
YuursiBas, uro F, = uN noxcrasum (4) B (3):
u(m; +m,)g =(m, +m,)a )
BripasuB yckopenue u3 (5) moaydaem:
a=19 (6)
Bripazum u3 (2) Bpems u mojactaBuM B Hero (1) u (6):

Vv _my,-my,  3-2-1-3 _101¢

a m(m +m,) 0,04-98(3+1)

Otser: t =191cC

Ilpumep 5

Ilyns nomazaeT B BUCALIMM Ha HEPACTSHKUMOM HUTH 11Iap M 3aCTpeBaeT B HEM. Macca m, 1miapa B
1000 pa3 Gonbie, yem Macca M, myau. PaccTosHue OT TOYKH MOJBECA 10 IEHTPA IIapa COCTaBIAeT 1 M.
C kakoii CKOpOCTBIO V JBHUTrajach Iyl A0 CTOJKHOBEHUS, €CIU IIap OTKJIOHUJICS OT MOJOXKEHHS paB-
HoBecus Ha yros1 @ =10°. ConpoTUBICHHEM BO3TyXa MOYKHO MPEHEOPEYb.

Hano: Pemienue:
| =1m Tak Kak CONPOTHUBICHHEM BO3-
1000m, =m, JyXa MOXHO TpeHeOpeyb, TO CUCTEMY
o =10° MOYHO CUUTATh 3aMKHYTOM.

3anuiiieM 3aKOH COXpaHEHMS
Haiion: HMITYJIbCA!
v=" myv = (ml + mz)V (1)

[To 3akoHy coxpaHeHUs Mexa-
HUYECKOW SHEPTUU MOTYUHM:
(m, +m,)v*?
2
Beipasum u3  ypaBHenus (1)
3HaYEHHUE CKOPOCTU TEJI IOCIIE COYIapEHMUS:
yo_ MV m,Vv v
(m +m,) (m +1000m;) 1001
[IpeoOpa3zys BeipakeHue (2) BRIpa3uM U3 HETO V':
v'=,/2gh 4)
W3 npsMOyroapHOro TpPEYroJbHUK O0pa3oBaHHOIO OT-
KJIOHEHHEM HUTH OT IOJIOKEHUS PAaBHOBECHUS MOYKEM 3aIUCaTh:

= (ml + mz)gh (2) h

©)

Cosa = _T OTKY/la IOJy4aeM

h=I1-lcosa (5)
[TpupaBHsiem neBble yacTu ypaBHeHue (3) u (4) u, mon-
CTaBUB BbIpaxkeHHe (5), BbIpa3uM Ha4aJIbHYIO0 CKOPOCTb ITYJIU:

v=1001,/2g1(1— cos &) =1001y/2-9,8-1- (1 cos10°) ~ 5464/

SV oA M
Ortser: V = 546 4



Ilpumep 6
Kak OyayT COOTHOCHUTBCS KHHETHYECKUE YHEPTHH JIBYX KATSAIIUXCS APOB, CACTAHHBIX U3 OJTHO-
ro MaTepuaia IpH yCJIOBHHU, YTO PAIUYC IEPBOTO IIapa B 3 pas3a 0oJbIle BTOPOTO.

JaHo: Pemenue:
R, =3R, Kunernueckasi 2Heprus Tena, KaTsAIIerocs 1o IIOCKOCTH
0€3 CKOJIBKEHHUsS, COCTOUT M3 PHEPTUH MOCTYMATEILHOTO U Bpa-
Haiitu: MIATEILHOTO JIBM)KCHUSI:
mVZ 2
Es o E, = o (1)
E., 2 2
MOMEHT HHEepLUY 1mapa:
2
J ==mR? 2
c )
[Toncrasmss (2) B (1) ¢ yuerom Toro, yto V=R :
2 2
mve  2mv° 7
E.=—+ =—mv?
2 10 10 (3)
4
YuuteiBas Maccy mapa m = §7ZR3 £, TIOIYYHM HTOTOBOE
BEIpQKCHUE:
[
EKl E mlv ml Rl3 3R2 ’ 3
E. Y m, R, R,
10
. Ea
OtBet: == =27 pas
K2
Ilpumep 7

3a oMH IMKJI UAeaNIbHAs TEIUIOBas MalllMHa, padoTaromas o Kty KapHo cosepiraer paboTy
A =735x/xc. Temneparypa HarpeBatens | =100°C, temneparypa xonoaunsHuka 1 =0°C . Haiitu
KII/I, konuyecTBO TEIUIOTHI, TOJIy4aeMO€e OT HarpeBaTelsl U OT/IaBaeMOe XOJIOIMIbHUKY 3a OJIUH IHUKIL.

JaHo: Pemenue:
A =735/ = KII nneanpHoro muxia KapHo MoXXHO HalTH:
— 73500 [oic potizTe 378-278 4560~ 26.8%)
T, =100° C = 373K T 375}”{
T, =0°C=273K C I[p}:on cropoHsbl KII/] MOKHO BBIpa3uUTh:
Haiiru: n=— 1)
77 = f) Ql
Q, =2 13 (1) BeIpakaeM 3Ha4E€HUE KOJIMYECTBA TEIIOTHI, MOJydae-
L MO€ TEJIOM OT HarpeBaTeJIs:
% Q = A_73500 274253,7 [owc = 274K/ e
‘"'n 0,268 '
T.x. A=Q, —Q, oTKyzna nomygaem, 4To:
Q, =Q, — A=274253—-73500 = 200753 Jorc = 201x/]oc

Otset: 171 = 26,8%, Q, = 274x/xnc, Q, = 201x/oc



3AJJAYH U151 CAMOCTOSATEJBHOI'O PEINEHUA

1. Jausl  KMHeMaTH4YeCKHe  ypaBHeHWMs 1 ABYX  Touek X = At+ Bl'[2 + Clt?’ u
Xx=At+Bt* +Cyt’rnie A =5m/c, A,=2m/c, B =2m/c*, B,=-1lm/c’, C,=-15n/c’,
C, =0,5m/ . OnpenenuTs MOMEHT BpEMEHH, KOT/Ia UX yCKopenwus OyayT oxguaakoBel. Oter: t = 0,5C.

2. YacroTta BpalieHHs Jonacteil BeHTHIsATOpa yMenbimmiachk ¢ 300 o6/mua go 180 o6/MuH 3a Bpems
t =Lwun . YaursiBas, 4To BpalIeHUs] PaBHO3AMEICHHOE, HAMINTE YIIIOBOE YCKOPEHHE & W YHCIO 000pOTOB
KoJeca 3a 910 BpeMs. OTBET: & = O,21pad/c2 , N=240.

3. CHapsiz, NeTsIuMid TOpU30HTAIBHO co ckopocThio V; = 500.1/¢ momasaeT B BaroH ¢ MecKOM U 3acTpe-
BaeT B HeM. Macca cuapsima 100xe, a Barona 10T. KakoBa Oyner ckopocTh BaroHa mocje CTOJIKHOBEHHS, €CITH
OH JBHTANCS CO CKOPocTh V =36KM/u B HanpaBieHWH, TPOTHBOIONOKHOM JBIKEHHIO cHapsaga? OTBET:
v'=-5m/c.

4. Ha oqMHAKOBBIX HUTSX BHCAT ABa Inapa ¢ Maccamu M, = 0,2xe u M, = 0,1k Tax, uTo oHU compuKa-
catotcst. [lepBsiii map oTkIoHsIOT Ha Bbicoty N, = 4,5cm 1 ormyckarot. Eciu cuunrats yaap abcomoTHO HEypy-
MM, TO Ha KaKyko BeICOTY moanumytes mapbi? Oteer: h = 0,02 .

5. Ompezmenure MOMEHT BPEMEHH, KOTJa KHHETHYECKAsh SHEPIHsl BPAIAOIIErocsi Kojeca OyaeT paBHA
E,, =3x/oic. Koneco maccoit M= 2,8k packpyuuBaioT NOCTOSHHOH kacatenbHoi cunoit F =15H . Otser:
t =8,64c.

6. Bpomennas co ckopocthio V=10m/c rpanara pazopsanach Ha 2 OCKOJKa, TAKHM OOPa3oM, uTO
MEHBIHA OCKOJOK cocTaBmi 0,4 Maccel Bcel TpaHaThl. HaliTH CKOPOCTh MEHBIIETO OCKOJKA, €CIHH OOJBIIOi
TIPOJIOJDKMII [IBUTAThCS B TOM YK€ HANPABJIEHHH, YTO M TpaHara, Ho ¢ Gonbuieii ckopoctsio V;'=25m/c. Otser:
v,'==125m/c.

7. UneanpHslii Ta3 cosepuiaer muki Kapuo, tepmudecknii KI1J[ kotoporo pasen 77 = 20%. Temnora, koTopas
nepeaercs 3a UMK o1 Harpesarens Q, = 4x/{oc. Haiinure paGoTy, COBEPIICHHYIO Ta30M 3a LUK, U KOIHYECT-
BO TEILIOTHI, oTAaBaeMoe xonoamwisHuky. Otser: A =800 /Jorc, Q, =3,2x/orc.

8. Uneanbusiii coepinaet nuki Kapuo, repmudeckuii KITJ[ kotoporo 77 =18% . Temneparypa narpesa-
Testst OOJIbIIIe TeMIIepaTypbl XOnoMiibHEKa B 1,2 pasa. Kakoe konmdecTBo Temio ObUIO MOIyYeHO OT HarpeBaTe-
7151, eciu ra3 cosepun pabory A =1500/Jorc. Otser: Q; = 9x/oic.

9. barapero KOHAEHCATOPOB, UMEIOIIYI0 eMKocTh C = 2 @ u Haxojsuyrocs noj Hanpsbkenuem U = 2 B,
JIOTIOTHUTENBHO 3apsKaioT A0 HanpstkeHus U = 4 B. Hackonpko mipu 3ToM yBenmuuuTcs 3Heprus 6arapen? OTBeET:
Ha 12 JIx.

10. Ha pucyHke mpencTaBiIeHbl Pe3yIbTaThl 3KCIIEPUMEHTAIBHOTO UCCIIEIOBAHUS 3aBUCUMOCTH CHJIIBI TO-
Ka B IETH OT 3HAYCHUS COMPOTHBIICHHUS, MOJKIIOUEHHOTO K UCTOYHUKY MOCTOSHHOTO TOKa. Yemy paBubl DJ[C

HUCTOYHHKA U €TI0 BHYTPCHHEC COHpOTI/IBJ'IeHI/IG?
LA

> R, Om

Otser: € =128, r =10m.

11. Tlo aByM OECKOHEYHO JJIMHHBIM, TOHKHM IPOBOJHUKAM, HAXOIAIIAMCS Ha PACCTOSHUU 2 M JIPYT OT
Jpyra, npoTekaeT TokK B 2 A. UeMy paBHa cuJia B3aMMOJICHCTBUS, MPUXOASIIAACT Ha 1M AyuHbI IpoBoaHuKa? OT-
ser: 4107 H.

12. B LC — koHTYype MakcuMaibHOe 3HaueHne koebanuii Hanpspkenus Un, = 2 B. [apamerpsl koatypa L =0,5I'H,
C =2 ®. Yemy paBHO B 3TOM CITydae MaKCHMAJILHOE 3HaUYCHHE KosieOaHuid crutbl ToKa |,? OTBeT: 4 A.



MATEMATUKA

OnuMmnuaza Mo MaTeMaTHKE IPOBOAUTCS TOJBKO B TUChMEHHOM dopme. [Ipeamaraembie 3agaun, XOTs U HE
BBIXOJST 3a PAaMKH INKOJBHOTO Kypca MaTeMaTHKH, TPEOYIOT TBOPYECKOIO IMOAX0J]a, OTIMYHOIO BIIAJCHUS
MaTeprajIoM M OMpPENeIeHHON dpyAnulini. PasHooOpa3ue mprueMoB W METOAOB PEIIEHHUS HACTOIBKO BEIIMKO, YTO
coOpaTh WX B KOPOTKOM IOCOOMH HEBO3MOXKHO, MOMOOpaHHBIE 3a/[a4ddl JUIIb TMO3BOJSIOT YBHJIETh YPOBEHB
CJIO)KHOCTH M BCIIOMHHMTH HEKOTOpBIC HamOoOJiee PaclpOCTpaHEHHBIE MOMEHTHI. PasneneHue 3amad mo TeMam
BEeChMa YCJIOBHO, TaK Kak MPHU PEIICHUU 3a]a4 U3 OJHOW TEMBbI MOTYT MOHAOOUTHCS CBEICHUS U3 JPYTHX TEM.
Cpenu 3amad UMEIOTCS KaK CTaBITHE KIIACCHISCKUMH 3a1adu (3amada Pamcest, 3amaga po jbBa, 3amada J(upaka u
Ip.), TAK ¥ OTHOCUTEJIBHO CTaHJAPTHBIC 3aJla4M, BCTPEUAIONIMECS B OOJILIIMHCTBE COOPHUKOB OJMMITHAIHBIX
3aja4.

Kaxnpiit ygacTHUK OomMMIHanbl MOJyYaeT BapUaHT, COAEp)Kalluil mATh 3afjaHuid 1mo Matemaruke. OHH
MOTYT BKJIFOUaTh BCE TEMBI IMKOJBHOTO Kypca MaTeMaTHKH. [Ipu perieHny cieayer y4uThIBaTh, YTO B BapUaHT
BKJIIOYCHBI 3aJ]aHUSl Pa3HOM CIIOKHOCTH B TMOPSAKE BO3pacTaHus uX Homepa. COOTBETCTBEHHO, BBIMOIHECHHE
0oJiee CII0KHOIO 3aJaHUs OLIEHUBAETCS OOJIBILIUM YHCIIOM OaJlIOB.

Bce uncnoBsle OTBETHI JOIKHEI OBITH MTPUBENEHBI TOYHO, TIOATOMY HE CJIeyeT NepEeBOAUTh OOBIKHOBEHHBIC
ILpO6I/I B JCCATUYHBIC U 3aMCHATH 3HAUYCHUA I/Ippa]_[I/IOHaJ'II)HbIX YUCCII UxX HpI/I6J'II/I)KeHH])IMI/I 3HAYCHUSIMHU B BUJC

JIECATHYHBIX APOOei (TO eCTh HEeNb3S BMECTO 3 mmcats 1,7). B pemennsax Taxke TpeOyeTcs BBITOIHUTH BCE
HEOOXOIMMbIe MAaTeMaTHYECKUE BBIKIIAJKH U CTPOTO 0OOCHOBATH BCE JIOTUUECKHE MEPEXOIBI.



HPEOBPA30OBAHME AJITEBPATYECKHUX BBIPAXKEHUI

Taxue 3a7a4u 0OBIYHO PEIIAIOTCS AIIEMEHTAPHBIMHU MPHEMaMHU:

- IpUMEHEHUE (GOPMYJT COKPAIIECHHOTO YMHOXKCHUS;

- BO3BEJICHUEC B CTETICHb U M3BIICYCHUE KOPHS;

- mpeoOpazoBaHue Ooee 0OIIEro BRIPAXKEHUS C TOCIEAYIONUM BO3BpAIleHHEM K UCXOTHOMY.

3angaua 1. [IpencTaButh B BUJE HECOKPATUMOM JpoOH

24 24,1998 ,1009 . 24
2022 2023 2022 T 2023 2022

Pewenue. O6030aunM a = 24 , b= . Torya maHHOE BHIpasKEHHE 3aIMIIETCS B BHIE:
2022 2023
(7+a)(6+b)—(14—a)(3—b)—9a=
=42+6a+7b+ab—-42+3a+14b—-ab—-9a=21b = 2l-2d E
2023 289

72
Omeem: —.

289

3agaua 2. Beruucauts \/4 —/15 - \/4 +4/15 .

Peuwenue. 3aMCTI/IB, YTO JAaHHOC BBIPAXKCHUE OTPULATCIILHO, BO3BCIEM €I'0 B KBaapar:

(J4—JE—\/4+JE)2 —4- 15+ 4115-2J4- 15 -4+ 15 = =8-2,16-15=6.
CrnenoBaTeibHO, \/4—\/1_5 —\/ 4+\/1_ =—\/€ .

Omeem: — \/6 .

3amava 3. Beraucnurh §/26+ 675+ §/26—\/675 .
Pewenue. O603Ha4nNM 3§/26 ++/675 + 3§/26 —+/675 = A. Torma

AS = 26+ﬁ+3(%/26+ \/ﬁs)zi/ze—\/ﬁs +
+33\/26+\/ﬁ(3\/26—\/ﬁ)2+26—\/67=
=52+3§/(26+ﬁ)(26—ﬁ)[3/26+ﬁ+3/26—ﬁ}:

=52+3J676-675- A=52+3A

OnuH U3 KOpHEH KyOM4YecKoTo ypaBHEHHUS

A’ -3A-52=0

HaXOJMM CPEIIU JCTUTENICH CBOOOIHOrO YIcHa:
52:+142;+4;... A=4.

ITocme Ppas3ioKEeHUs YpaBHCHUA Ha MHOXKHUTEIN MOKHO CACIaTh BBIBO/J, YTO JPYIrUX BCUICCTBEHHBIX KOpHeﬁ
HET (}_II/ICKpI/IMI/IHaHT KBaJApPATHOTO TPEXWICHA MCHBIIIC HyJ'ISI)Z

(A—4)\A* +4A+13)=0 = A=4.

Omeem. 4 .

3agayva 4. YpoCcTUTh BbIpaXKEHHE



-1 1
Jp2—2pq+q2-( fﬁqz—(q__pj . }-

p?—q q pr+q”

Pewenue. YToOBI yIPOCTUTH MIEPBBI MHOKUTEIH, BOCIIOIB3YEMCSI ONpeieNIeHUeM KBaAPATHOTO KOPHSI:

VP*=2pq+q* =|p—q|.
2 -p) g
7 2parq .| _2Pd _(q pJ L9t

Torna momyuum

p’-q* | ¢ pr+q”

2
=|p—qr[ L P J:
P°-0° p-q p+q

2pg+pg+q°+p°-pg _

=l p-q| o7 g’
_Ip—al(p+q)f |p-gl(p+a)
= = =(p+q)sgn(p—q) =
(p—a)p+q) (p—a) (p+a)
z{ p+a, p>a;
-p-q, p<q.

Omeem: p+q upu P>q,—pP—q opu p<(.

AJITEBPAMYECKHUE YPABHEHUSA

OCHOBHBIC METOJIbI PEIICHUS aNTeOpanIeCKUX YPaBHCHHIA:
- pa3noXeHHe Ha MHO>KHUTEIH;

- TOXJIECTBEHHBIE IPEOOpA30BaHUS;

- 3aME€Ha IEPEMEHHOM;

- rpadruecKasi HHTEPIPETaLHsL.

Pemenue ypaBHeHMI B LENBbIX MM HATYPAJIBHBIX YHCIAX pacCMaTpUBaIOTCs B nmaparpade «ieMeHTapHas

TEOpHA YUCEID).

3agaya S. Pemuts ypaBHeHHE

(x—lj-(x—ﬂj-(x—g)=(x—1)-(x—2)-(x—3).
X X X

Pewenue. YpaBHeHue uMeet cMbIC Tpu 006X X # 0. [IpuBens k o0meMy 3HAMEHATEIIO, TIOJTY4HM:
2 2 2
Xx°=1 x*"—-4 x° -
X X X
(X=D(x+1) (x-2)(x+2) (x=3)(x+3) _
X X X
3naueHns X =1, 2, 3 ABIAIOTCS pEUICHUIMHU JaHHOTO ypaBHeHUA. COKpaTUM Ha OOIIHEe MHOKHUTEIIN:
(X+D)-(x+2)-(x+3)=x%; X +6x* +11x+6=X>;

6x° +11x+6=0.
Huckpumunant D = —23, cinenoBareinbHO, JPyrUX KOPHEN HCXOAHOE YpaBHEHUE HE UMEET.
Omeem: x=1, 2, 3.

(- (x-2)-(x-3);

(X-D)(x-2)(x-3).

3agayva 6. Pemuts ypaBHeHME



3 1 4 4 1 3
= + +

+ + =0.
X x-1 x-2 x-3 x-4 x-5
Pewenue. B ypaBaenun noioxum X =5/2+y. Toraa ypaBHeHUE IPUMET BUA:

N
N
N
N
N
N

um 2y 3 + 1 + 4 =0.

AT v

Otcrona Yy =0<>x=5/2 nnmn

{22222

PackpbiBast ckoOKH U IPUBO/IS IOJOOHBIE WICHBI, TOTYYUM

8y4—48y2+%a=0,

OTKyJla HaXOTUM:

/2 - 24+./576-4.119 24+10

x v Xas =

N‘ﬁy
~Nl

N o

5
Omeem: X, =—; X,53=
2 ’

AJITEBPAMYECKUE HEPABEHCTBA

IIpu pemweHMn M AOKa3aTEIbCTBE aiNreOpaMyecKUX HEPAaBEHCTB CleAyeT OOpaTUTh BHHMAaHHME Ha
CJIEAYIOIINE PacIpOCTPaHEHHbBIE IPUEMBI:

- IOKa3aTeJIbCTBO HEPABEHCTB HA OCHOBE OTIPE/IETICHHUS;

- BbIJIEJICHUE KBaJPaTOB MM IPYTUX CTEIICHEMH;

- [IOCJIE0BATENBbHBIE OLICHKH;

- METOJT MaTeMaTUYEeCKON MHTKIIUH;

- HCTIOJIb30BaHUE CIIEUAIBHBIX U KIACCUYECKUX HEPABEHCTB;

- UCTIOJIb30BaHKE 3JIEMEHTOB MaTeMaTHYECKOT'0 aHAIIN3A,;

- HCIIOJIb30BaHUE METO/Ia «OL[EHKATTIPUMEP»;

- HCIIOJIb30BaHUE T€OMETPHUYECKUX aHAIOTHH.

3anaua 7. Jlokas3ars, 4TO \/6+\/6+\/6+...+\/6+\/6 <3.

,Ho;<a3ame/lbcm60. I/ICHOHBSySI OYCBHUIHOC HEPABCHCTBO 2<46<3 , OLICHUM JICBYIO YaCThb:

\/6+\/6+...+\/6+\/6 <
<\J6+./6+3=y6+6+..+3=6+3=9=3.

3anmaua 8. [Iycts &, b, ¢ — croponsl TpeyronpHuka. JJokazaTs, 4TO

a*+b+3abc > ¢,



Peuwenue. Vcrions3yst HEPaBEHCTBO TPEYrolbHUKA a+h>C u HepasencTBo a’-ab+bh*>0, monyuum nenouxy
HEpPaBEHCTB:

a*+b*+3abc = (a+b)(a® —ab+b®)+3abc>
> c(a? —ab+b?) +3abc=c(a® + 2ab+b?) =c(a+b)? > c?.

3anaua 9. HaliTi HauMeHbIee 3HAYCHHUE BBIPAKECHUS
2 2
InN“x In“y
+ _

1+ :
In*y In®x

Pewenue. Beipaxxenne umeet empicaipu X >0, X#1u y>0, y=1.

u Vv
CHayaJia BBITIOJTHAM OIIEHKY BBIPQKEHHS. 3aMETUM, YTO — + — > 2 JJIst JIFOOBIX TTOJOKUTEIbHBIX U 1 V
vV U

2 2

X In
Y >142-3.
y In“x
[Tokaxem, 4TO 3TO 3HA4YEHHE JIOCTUTaeTcs (MpUBeneM IMmpumep). JeHCTBUTENbHO, IpH X =Y =€ HuMeeM

1+1+1:3.
11

In
In?

(mokaxuTe camoctosrenbro). Ilomaras U =In® X, v=1In®y, momyanm 1+

Omeem: 3.

3anaua 10. TIpo nmonoxuTeabHBIC YKCa &, b, C U3BECTHO, YTO

1 11
—+—+=>a+b+c.
a b c

Jokasats, yto a + b + ¢> 3abc.
,Z]OKCZS’ameﬂbcmgo.
CHaanIa OOKaXEM, 4TO UMEET MECTO HEPABCHCTBO
(a+b+c)? > 3(ab+bc+ca) :

(a—b)?+(b-c)’+(c—a)*>0;
2(a® +b?*+c?) >2(ab+bc+ac) ;
a’+b?+c?>ab+bc+ac.
[IpubaBuB k o0enm vyactsim 2(ab+bc+ac), Oyaem umers:
a’ +b?+c? +2(ab+bc+ac) >3(ab+bc+ac) , uro paBHOCHIBHO
(a+b+c)?>3(ab+bc+ac).

1 11 .
YMHOkKas HEpaBeHCTBO — + b +—=>a+b+cC Ha oOmmii 3HaMeHaTeNb (110 YCIOBUIO OH OOJBIIE HYJIS, TaK
a C

Kak 4rcia a, b, ¢ — monoxkuTensHbIe), MoTydaeM paBHOCHIBHOE HEPABEHCTBO:
bc+ac+ab>(a+b+c)abc.

ITo nokazaHHOMY BbILIE:
(a+b+c)?>3(bc+ac+ab)>3(a+b+c)abc.

CokpaTiB Ha OOIIMII MHOXHUTENb (IO YCIOBUIO OH Takke OyneT Oojbllue HyJs), MOMYyYHM TpeOyeMblid
pe3yJbTar.

3anaua 11. Jlokasats, uto ecam a+b+c< 3 u a>0, b>0, ¢>0, T0 cIpaBeUIMBO HEPABEHCTBO:
a b c 3
+ + <—.
a+l b+1 c+1 2

Jlokazamenbcmao.



Ecrma<b<c,Xx<y<z, 10 cymma mpomsBeneHuii cz+Dby+ax Oyzer NpHHUMATh MaKCUMaJbHOE
3HAUCHHUE M3 BCEX CYMM, COCTABJICHHBIX M3 MOMAPHBIX MPOM3BEICHUI MHOXKHUTENEH @, b, C u X, Y, z, a cymma
az + by + cx, Oyaer npuHUMATh MUHUMAIbHOE 3HAYCHHUE U3 BCEX TAKHX BO3MOXKHBIX CYMM (moYeMy?).

1 1 1
Ecim a>b>c, 10 a+1>b+1>c+1 = < < .
a+l b+l c+1
a b c
+ + .
a+l b+1 c+1
COCTaBJICHHbIC M3 TOMAPHBIX MPOM3BEICHUI MHOXHTeNeH a,b,Cc wu

Smin=

Bce ocrambHbIE CyMMBI,
! ! ! oyayT Oosbiie. Torma
a+l b+l c+1’ T ’
a b c a b c .
+ + < + + ;
a+l b+1 c+1 b+1 c+1 a+1l

a b c c a b
+ + < + + .
a+l b+1 c+1 b+1 c+1 a+1

CI10>XMB 3TH HEPABEHCTBA, IIOJyUHM:
a+c a+b b+c 3-b 3-c 3-a
25, < < + + =

+ + < =
b+1 c¢+1 a+1 b+l c+1 a+l

~3+3b-3b-b 3+3a—3a—a+3+3c—3c—c _

+
b+1 a+l c+1
_3(b+1)—4b N 3(a+1)—4a N 3(c+1)—4c
b+1 a+1 c+1
L, 4b 4da . 4c

- +3- + =
b+1 a+1 c+1

b a c
= 9-4 + + =9-4S . =9-4S _
(b+1 a+l c+1j mn min

3
6S,, <9. CaenoBarenbHo, Syin< — .

2

Takum obpazom, 2S;, <9-4S;, ,

3agaua 12. Ilycth X, Y BeIICCTBEHHbIC HEOTPHIIATEIBHBIC YMCIA, Takue, 4yTo X +Yy = 2. Jloka3aTh, 4TO

xzyz(x2 + yz)s 2.
Joxazamenbcmeo. VI3BeCTHO, YTO CpelHEE TEOMETPUYECKOE HE MPEBOCXOIHUT CPEIHEe apu(pMETHYECKOe

2
% 2 Xy . Ilo ycnoButo

X y >
= . TaK KaK X, BCIHICCTBECHHBIC HCECOTPpHULATCIBHBIE 4YHCJIA, TO
s

2
4 2.2
X + Yy =2, cnenoBaTeabHO, ZZ Xy, Toecth Xy <1 = x“y“<1.
Kpowme Toro,
X+y=2 = x<2, y<2, x*<4, y?*<4, x*<16, y*<16.

B atom citydae (cM. IpeIbIIyInyto 3a/1a4y):
x4y 42yt <xdyt 4 xy?,

Xy?- (< +y?) < (Xy* +1)- X7y’ < (1+1)-1=2.

3amaua 13. JIyis1 m1r00BIX MOJOKUTENBHBIX YKCEN &, D, C 10Ka3aTh, 4TO CIIPaBEINBO HEPABEHCTBO



a b c
+ +

3
b+c a+c a+b E

Jlokazamenvbcmeo.
Ilycte x=a+h, y=b+c, Z=4a-+C, Torjaa jeBas 4aCTh JaHHOI'0O HEPABEHCTBA IIPUMET BUJ!
1( x+z- X+y-—12 +Z-X
S—= y+ y +y _
2 y z X
1 x X z
=—(—+ Y —+—+X+——3),
2y X 7 X 7Yy
a TakK Kak i+X22, £+522, X+522, TO 821(6—3)=§.
y X Z x z 2 2

3anaua 14. Bepso 1, uto ans m06bix uncen 0 < a < b Bemonseno Hepasenctro: (a +b)° <32(a’ +b°) .

(a+b)°
Pewenue. JlaHHOC HEPABEHCTBO PABHOCUIBLHO HEPABCHCTBY — ————
32(a” +b”)
(x+b)° : . y
Paccmorpum  ¢ynkimmo  f(X) = W , HenpepbiBHyto Ha X=(0;+0) npu X € (0; b]. Haiinem
X"+
MPOU3BOIHYIO:
, 6(x +b)°-32(x® +b®) —32.6x°(x +b)°
F'(x)= 2,96, 1612 -
32°(x” +b”)
_B(x+b)° - ((x° +b%) = x°(x+Db)) _ 6(x+b)° - ((x° +b°%) —x*(x+b))
32(x® +b°%)? 32(x® +b°)?
_ 6(x+b)°-(0°—x%0)) 6b (x+b)®-(b° - )
32(x® +b°%)? 32(x® +b°)?
ITockoJBKY MPOM3BOAHAS MOJOKUTENbHA, TO (QyHKuus Bospacraer, U f(X)< f(b)=1. CnenosarenbHo,
(a+b)®
32(a® +b®)

3agaua 15 Jokazate, uyTo mpu M000OM HaTypadbHOM N>1 chnpaBemIMBO [BOWHOE HEPAaBEHCTBO:

\/ﬁ<1+\/_ \/_ \/_<2\/_

Jloxazamenbcmeo (METOA MaTEMaTHYECKOW MHAYKLIUH).

Baza: npun =2 HepaBeHCTBO V2 <1+ % <232 OYEBHUIHO.

Hpe/:[nonomeHHe WHAYKIUHA: nyCcTb o N= k YTBCPKACHHUC BCPHO, TO €CThb

\/F<1+\/_ \/_ \/_<2\/_

NHayKIMOHHBIN EPEXO/I: I[OKa)KeM WCTHUHHOCTH yTBepmz[eHmI mig n=k+1.

N e R S Ry ey e AL

VkZ +k +1 1 1 1 1 2vk? +k +1

<l+—=+—+..

Vk+1 J2 3 T \/k+1< JVk+1

k+1 1 1 1 N 1 2k +2

<l+——=+—=+..— <
Jk+1 V2 Jko Jk+1 Vk+1

OTKyz1a

&



[[2 . 1
(BOCHOJ’IBBOB&J’H/ICI: HCPaBCHCTBOM k <vk®+k <k+5, KOTOPOC MOXHO IMPOBCPUTH HETOCPCACTBCHHBIM

BO3BeIeHNEeM B kBazpar). Cokpariasi, moirydaeM TpedyemMoe HepaBeHCTBO:

1 1 1 1
VK+1l<l+—+—+..—+——=<2Jk+1.
V2 3 vk WJk+1

Takum 00pa3om, yTBEpkKACHUE BEPHO IS JIIOOBIX N >1.

3anaua 16. Jlokasarp, 4TO Ipn |X| <1 Bemomnnsercs mepaserctso (1—X)?°% + (1+ X)% < 2292,

Jloxazamenvcmao. 1o MeToqy MaTreMaTHYeCKON MHAYKIUH, JOKAKEM, UYTO IPH JIIOOOM HaTypaisHOM N >1

Oyzer cnpaseuuBo HepaBeHcTBO (1—X)" +(1+X)" <2".
baza. IIpu n = 2 HepaBeHCTBO BepHO. JleCTBUTENBHO,
A—x)2 +(1+X)* =1-2x+ x> +1+2x+ x> =2+2x> <22,
[Mpennonoxenue. [Tycth HepaBeHCTBO BepHO mpu N = K:
A-x)* + @+ x)* < 2.
WHIyKIMOHHBIN 11epexo. JlokakeM CripaBeInBOCTh HepaBeHCTBa it N = K +1:
LX) @ 2)F T < (A x)F + L+ %)) (A= x) + A+ %)) < 2¢ - 2;
(L= %) 4 (L X)L < 24,

HepasenctBo nmokazano jurs mro6oro HatypaipHOro N >1, B wactHocTH, mist N = 2023,

IJIEMEHTAPHAS TEOPUS YNCEJI

B snemenTapHO# TeopuM YMCEN CyLIECTBYET Oorareiiiee pasHOOOpasue 3a7ad U METOAOB UX PELICHUs, U
MIEPEYUCIIUTD UX BCE HE MPEJCTABIAETCS BO3MOXKHBIM. K OCHOBHBIM NpuemMaMm OTHOCSITCS:

- pa3NoKeHHE YMCell Ha TIPOCThIE MHOKUTENH (OCHOBHAS TeopeMa apu(pMETHKH );

- U3yY€HHE OCTATKOB OT JIEJICHUS HA HEKOTOPOE YHCIIO;

- iepebop BceX pazIMyHbIX BO3MOXKHOCTEH;

- METOJT MaTEeMaTHYEeCKON MHTYKIHH.

3amaua 17. Jlokasats, 4to gncio (10007 — 1) sBsieTcst COCTaBHBIM.
202 N
Jokaszamenbcmeo. 3ametnm, uto uuciao 10007% conepxut 1 exunumy u 6069 Hyseil; Py BEYUTAHUM U3
Hero 1 momryduM 9mucio, cocrosiiee u3 6069 nepstox. OHO AenuTcs Ha 3, CIEA0BATEILHO, SBISIETCSI COCTABHBIM.

n desamox

2
3agaya 18. Beruncaurs ( 99..9 ) )

Pewenue. 99..9 =100...0-1=10"-1.

n dessamox n nynet
2
( 99..9 ) =(10"-1)?=10*"-2-10" +1= 99.....9 800....01
n odesamox n-1o0esamrka nN—1Hoaw

3ameuanue. [lonpoOyiiTe 10Ka3aTh 3TO O METOAY MaTeMaTUIECKON HHTyKITHH.

3agaya 19. [lokaszarp, 4T0 cymMMa MPOU3BEACHUS YETHIPEX IOCIIEA0BATEIbHBIX LENBbIX YHCEN U €AMHUIIBI
€CTbh TOYHBII KBapar.
Pewenue. O603HaYMM HaMMEHbBILIEE U3 ITUX YKUCEN N, TOrAA:

n(n+1)(n+2)(n+3)+1=(n*+3n)(n*+3n+2)+1=



=(n*+3n)? +2(n* +3n) +1=(n* +3n +1)°.

3amaua 20. CyliecTByeT /I peACTaBIeHH e dncna 5%

X, y?

49 41
B BUJIC IPOU3BENEHUS X Y~ JUIS HaTypaJbHBIX

Pewenue. Takoe mpencTaBleHre CyIIeCTBYeT (M HE eIMHCTBEHHOE). /[l ero mocTpoeHus mpeacTaBuM
2023 B BUAE ATUHENHOM KOMOMHauy uyncen 49 u 41:

2023=12-49+35-41.

TOFHa 52023 — 512-49+35~4l — 512-49 . 535-41 — (512)49 . (535)41 )

Omeem: X =5%; y=5%,

3ameuanue. BepHO M, 4TO BCAKOE HATYPalIbHOE YMCIO N MOXHO MpeAcTaBuTh B Buae N=ak-+bl mis
mo0sx kK, leN,ecmn a, beZ ?

3agaua 21. Pemuth B HATYpaNbHBIX YMCIIAX YPABHEHUE
28x + 30y + 31z = 365.

Pewenue. YpaBHeHne UMeeT oueBuaHOE pemeHue X=1, y=4, z=7 (365 nHell B roAy CKIaJbIBAIOTCS U3

28 mueit ¢espans, 30 qHeH ampens, WIOHS, CEHTIOps W HOSAOpsS m 31 mHS sHBaps, MapTa, Masl, WO, aBrycTa,
OKTSIOpS 1 IeKaops).

B cuny nHarypambHOCTH HEW3BECTHBIX M ycioBus 28X+ 30y +31z =365 BBIOJIHEHE HEPABEHCTBA
1<x<11, 1<y<10, 1<z<10. TokaxeM, 4ro cymma X+Yy+2z=12. [Ipeamonoxum NpOTUBHOE, TOTHAA
X+y+z<1lwm X+y+z=>13.

Ecmu X+Yy+2z<11, 10
28x+30y+31z <31x+31ly+31z =
=31(X+y+2)<31-11=341<365.

Ecmm x+y+2z2>13, 10

28x+30y+31z =28(x+y+2)+2y+3z>28-13+5=369> 365.

PaccMoTpum Teneps ocTaTKM OT JENIEHUs Ha 5 JIEBOM M MpaBoil yacteil ypaBHeHus 28X + 30y + 31z =365.

Tak kax 30 u 365 nensarcs Ha 5 6e3 ocrarka, a kod(duuuentsr 28 u 31 paror ocrarku 3 u 1, To 3X+ Z genurcs
Ha 5, To ecTb 3X+Z =5K.

ITepe6opom 3Hauenuii X u K Haxomum

x=1y=10,z=2,
x=1Ly=42=7,
X=2,y=6,2=4

XxX=1= z2=2; 7,Torz[a|:

X=2 = z=4; 9,Torna{

x=2,y=12=9;

x=3,y=82=1
Xx=3 = z=1 6, 1orma

X=3,y=3, 2=6;

1 TaK JIaJiee.
YunteiBas, 94T0 Z TOIDKHO ObITh HedeTHBIM (Kod(durmerTsl 28 u 30 — gyetHbIe, 31 U 365 — HEeYeTHEIE), U
IOJICTaBJIsAA B HCXOIHOE yPaBHEHHUE, MTOJIyYUM BTOpOE pemenne X =2, y=1, 2=9.

Omeem: x=1,y=4,z=7wm X=2,y=1,2=09.

3agayva 22. PemnTh B 1EJBIX YUCIIAX YPaBHEHUE
28x + 30y + 31z =365.
Omeem: (1,4,7), (2,1,9),(-110,3),(10,8,-5),(0,7,5).

3amaua 23. Ha xpym3Hom naiinepe maxomutes oT 250 mo 400 myremrecTBeHHUKOB. Ecnu paccamnuTs ux B
criacateibHbIE MUTIONIKK, BMEMIAIONME 15 dYelmoBeK, TO CEeMepblM HE XBaTUT MeECTa, a €ClId Pa3MEeCTHTh



MyTEIIECTBEHHUKOB Ha TIOTAX, PACCYMTAHHBIX Ha 25 YeNOBEK, TO OcTaHeTcsl 8 cBOOOIHBIX MecT. CKOIBKO BCETO
IIyTEIIECTBEHHUKOB Ha JlaiiHepe?
Pewenue: Ilycts @ — yucno nyremecTBeHHUKOB. [1o ycnoBuo

a=15k +7 =15k +1)-8; - (a+8):15

a=25l -8, (a+8):25.
Uucno a+8creayer uckath cpen ducel, kpaTabeix 75: 225, 300, 375, 450,..., otkyna a =292 u 367 .
Omeem: a=292; 367 .

= (a+8):75.

3agaua 24. U3 xaurn o6semom meree 500 ctpanwui BeipBasii oauH juct. Cymma mudp HoMepa CTpaHHUITBI
¢ oxHOM croponsl paBHa 10, a ¢ apyroit — 11. Eciu u3 MeHbpIiero Homepa BBIYECTh €IWHUILY, TO OHO OynmeT
nenutbes Ha 10, a ecnu k OonblieMy 100aBUTh €AMHUILY, TO OHO OyneT nenuThes Ha 11. Haiitn Homepa cTpaHun
Ha BBIPBAHHOM JIUCTE.

Pewenue. Vickomple HOMEpa — 3TO MOAPSIA UAYILINE HaTypaJbHbIE YUCIIA, & 3HAYUT, OAHO U3 HUX YETHOE.
o ycnoButo, ecny U3 MEHBILETO YKCIIa BbIUecTh 1, 0HO Oyzaer aenutbes Ha 10, cnenoBarenbHO, OOMbIIEE YHCIIO
4yeTHOoe W oKaHumBaercss Ha 2. Kpome Toro, mocne ero yBeinmueHus Ha | oHo OyameT genutbes Ha 11 wm
okaH4MBaThCs mudpoit 3. PaccmoTpum uncna, pensmuecs Ha 11, okanunBaromuecs nudpoi 3 u menpimme 500.
Takumu uwucnamu Oyayt 33 u 363, a mo yCIOBHIO 3aJadyd B HCKOMOM 4ucie cymma mudp paBHa 11,
cleoBaTeIbHO, HOMEpa CTpaHuIl paBHbI 361 u 362.

Omeem: 361 u 362.

3agaya 25. B typHupe ywyacTBoBanu ydeHUKH 8§ M 9 kiaccoB. Kaxkaplit chirpan ¢ KaXIpIM OAMH pa3. 3a
mobe/y y9acTHHUK IoJTydan 2 04Ka, 32 HU49bio — 1 0uko, 3a mpourpsi — 0 oukoB. JleBsTukiaccHuKOB ObU10 B 10
pa3 Oomble, 4eM BOCHBMHUKJIACCHUKOB, M OHH BMecTe HaOpamun B 4,5 pa3za OoJbllle OYKOB, HEXKEIH BCE
BOCBMUKIIACCHUKH. CKOJIBKO OYKOB HAOpaJI CaMbli yCIIEIHBIA BOCBMHUKIACCHUK?

Pewenue. TTycTb B TypHUpE MPUHSIIO y4acTHE & BOCBMHUKIACCHUKOB, KOTOpBIe 3apaboTanu b oukos. Torma
urpann 10a IeBSITHKIACCHUKOB, KOTOpbIe 3apaboramu 4,50 oukoB. B Kakm0il mapTuu pasbirphIBAlOT 2 0YKa,

11a(l11a-1)

Bcero 11a urpokoB UrparT napTuil. 3HAYNT, U3 YCIOBUS 3a/1a4 CIEIYET COOTHOIIICHUE

1la (11a—1) = 5,5b, orkyma b= 2a (11a —1).

Kaxaprit yuactauk urpaet 11a —1 mapruii. 3HauuT, KasKablii BOCBMHKIACCHHK MOXET Ha0paTh MaKCUMyM
2(11a— 1) oukoB, eciii BBIUTpAET Bce Urpbl. Tak Kak @ BOCBMHUKJIACCHMKOB Habpaiu 2a(1la — 1) o4koB, TO ecTh
OHH BBIUTPAIIN BCE CBOU UTPHI.

Ecnmu B TypHUpe y4acTBOBaNio XOTS ObI JIBa JECATHKIACCHUKA, TO B HTPE MEXKAY COOOI OJMH M3 HUX HE
BEIUTpAJI — MPOTHUBOPEYHE. 3HAYUT, OBLT TOJIHKO OJWH BOCBMUKIIACCHUK, T. €. & = 1. OH Ha0Opan

2(11a—1) = 20 ouxos.
Omeem. 20.

3agaua 26. Ha mocke HamucaHbl TpW pa3nuYHBIX yrcha oT 1 g0 9. OgHEM XomoMm pasperraercst JIOo
npubaBUTh K JIByM U3 umuceln 1, mubo BBIYECTh M3 Bcex uucen mo 1. BepHo mu, uro, cienaB He 6osee 30 Takux
XOJIOB, BCETJIa MOJKHO JOOUTHCSI TOTO, YTOOBI Ha JIOCKE OCTAINCH TOJIBKO HYTH?

Pewenue. Ilyctb cHavana Ha JocKe ObUTM HamucaHbl yucia 1,8 u 9, n yepe3 HECKOJIBKO XOJIOB M3 HUX
MOJIyYMIIHCh HydH. M3ydnM, Kak MEHSIOTCS pa3HOCTHM MEXAY BTOPBIM M IEPBBIM UYHCIOM, a TaKKE MEXITY
TPEeTbUM W TEPBBIM uuciIOM. M3HauanbHO OHM paBHbl 7 M 8. Ilpum BeIMUTaHHMU TPEX EOUHHI] PA3HOCTH HE
MeHstoTes. Ecnu eanHupl nprOaBisioTcs K MEPBBIM JIBYM YHCIIaM, TO IEpBasi pa3HOCTh HE MEHSETCs, a BTOpast
yMeHbIIaeTcsi Ha 1. AHAJIOTMYHO, €CIM e€AMHULBI MPHOABIISIOTCS K MEPBOMY M TPETheMy YHCIaM, TO IepBast
pa3HOCTh yMeEHbIIaeTcsi Ha 1, a BTOpas He MeHseTcs. HakoHen, nmpu TpuOaBICHWH K TOCIETHHM YHCIaM
Pa3HOCTH YBEIMUYMBAIOTCA. MTak, MOCKONBKY TepBas pa3HOCTh yMEHBIIWIACh Ha 7, a BTopas — Ha §, TO K
MEPBOMY YHUCIY €AMHUIIA TPUOaBIsIach HE MEHbILE, yeM 7 + 8 = 15 pa3. 3HauuT, U3 HEro JOJHKHBI OBUTH XOTS OBI
16 pa3 BbUMTATH €AMHUILYy, TaK KaK B KOHIIE OHO CTaso HyJlEM. [loaTOMYy HTOTOBOE KOIMYECTBO OIEpanuii He
MeHbIe, yeMm 15 + 16 = 31.

Omeem: HEBEPHO.



JIO'NMYECKHUE 3AJJIAYN

3amaua 27 (3agaua Pamces). JlokaxuTe, 9TO Ccpemu JIFOOBIX 6 YEIIOBEK €CTh JIMOO TpOoe ITOMapHO
3HAKOMBIX, JINOO TPOE MOMAPHO HE3HAKOMBIX.

Pewenue. Beibepem omgHOTo YermoBeka nu3 mectr U HazoBeM ero N. Cpeau ocTaBIIMXCS IATH 00513aTeIBHO
HaiyTcst OO Tpoe 3HAKOMBIX ¢ HUM, JHO0 Tpoe He3HakoMmbiX ¢ N. [lycTh cpein ocTaBIIMXCS TMSATH YEIOBEK
ecTh Tpoe 3HakoMbIX ¢ N. Cpenu 3THX TpOMX JIrojeH JIMOO HaWmyTCs IBOE 3HAKOMBIX — TOrAa OHM BMecTe ¢ N
00pa3yoT HYy)KHYIO TPOUKY, 1100 OHU BCE TPOE MOMAPHO HE3HAKOMBI, U YTBEPXKIIEHUE JT0Ka3aHo. Bropoi ciydait
pazbupaeTcsi aHAIOTHYHO.

3agauya 28. B marasuHe Tpu STaxka, MepeMellaTbecs MEXAY KOTOPBIMH MOXKHO TOJBKO Ha JHdTe.
HccnenoBanne mocemaeMOCTH 3TaXeld Mara3uHa I0Kas3ajlo, YTO C Hayajga padodyero AHS M O 3aKPbITHA
MarasuHa:

1) u3 mokymaresel, BXOAAMMX B TU(T Ha BTOPOM 3TaXke, MOJOBUHA €IET Ha MEPBBIN dTaX, a MOJOBUHA —
Ha TPETHI;

2) cpeau noKynaresieil, BRIXOAMUX U3 TU(Ta, MEHBILE TPETHU JIEJIAET 3TO HAa TPETHEM ITAXKE.

Ha kaxoii 3Ta)x moKymaTesnu yaiie e3WIH ¢ IePBOro 3Ta)ka: Ha BTOPOM WM HA TpeTuid?

Pewenue. O603HaUNM Ny, — KOIMYECTBO MOE3I0K C MEPBOTO Taka HA BTOPOH. AHAIOTUYHO OIpPEneIIuM
quciaa Ny, Nz1, N3, Na1, Na2. Bee moesnku pa3o0bEM Ha TPH FPYMITBL: MOE3IKK Ha TPETUH 3TaX, IOE3IKU C TPETHETO
9Ta)kKa M MOE3JKH MEXIY MEPBBIM M BTOPHIM 3TaXoM. [lo ycioBuro 3amaum mepBasi Ipyla COCTAaBISIET MEHEe
TpeTH Bcex moe3fok. C Apyroid CTOpOHBI, OHa KOJMUYECTBEHHO paBHA BTOPOW, TaK Kak YHCIO TOKyHaTesei,
MPHUEXaBLIMX Ha TPETUH 3TaK PaBHO YUCITy YEXaBIIUX C TPETHETO 3Ta)ka. 3HAUUT, NOCIEIHSIS IPYIIa COCTABISIET
0oJjiee TpeTH BCeX MOE3I0K:

(N31+N32)=(N13+N23) <(N12+N21).

[ToncraBisist B 3T0 HEPABEHCTBO Ny; = Np3, MOMYYUM N3 < Njp, TO €CTh C MEPBOTO 3Ta)ka yallle e3[UId Ha
BTOPOM, HEXKEJIU Ha TPETUM.

Omeem: Ha BTOPOIl.

3agaua 29. Ha octpoBe KaKAplii >KuUTelb JUOO pHIIaph (BCerJa TOBOPHUT MpaBy), TUOO JDKel (Bcerma
JOKeT), 100 OOBIYHBIA YeTOBEeK (MOXKET KaK TOBOPUTH TMpaBAy, TaK M JraTh). PhIIapW CUHMTAIOTCS TIOABMHU
BBICIIIETO paHra, OOBIYHBIC JIFOJU — CPEIHEro, a JoKelbl — Husiiero. A, B u C — xxutenu 3toro ocrposa. OnuH
W3 HUX — PBIIaph, IPYTroi — JDKEIl, a TPETHi — OOBIYHBIN YeToBeK. A U B ckazanu cienyromee:

A: «B no panry Bsimte, yem C.»

B: «C no panry BbIie, ueM A.»

Uro oreerun C Ha Bompoc: «KTo BbIie mo panry — A wiu B?» Pewenue. TlepebepeM BapuaHThbl, KeM

MOJKET OBITH KHUTENb A.

Ecmu A — peiiaps, To B —00b14HEIH uenoBek, a C — mken 1 C oTBeTUT: «B».

Ecmu A — ke, o C — peitaps, a B — 00b1uHbIl YenoBek, u C Takke OTBETHT: «By.

Hakowner, ecntm A — oObuHBIA 4YenoBek, To B He MoxkeT ObITh HU phllapeM (uwHaue C TOXe ObLT OBI
pBILIapeM, a 3TO HEBO3MOXKHO), HU OOBIYHBIM YEJIOBEKOM, 3HAUUT OH JpKel, HO Toraa C ToXe JDKel, 4To
HEBO3MOXKHO. 3HAYUT, A HE MOXKET ObITh OOBIYHBIM 4eNOBeKOM. TakuM oOpazoM, C Bcerzia OTBETUT: «By.

Omeem: B.

MNPOI'PECCHUH

3agayva 30. Haiitu cyMMy BceX UETHBIX TPEX3HAYHBIX YHCEN, JSNIAIUXCS Ha 3.

Pewenue. Bcskoe deTHOE yuCio, aensmieecss Ha 3, AETATCS Ha 6; HAUMEHBIITUM TPEX3HAYHBIM UYHUCIIOM,
obmajaomM 3TUM  cBoiicTBoM, sBhsercs 102, Ywmcma 102, 108, 114, ... oOpasyoT apupMEeTHUECKYIO
nporpeccuto ¢ pasHocteto d =6. OOwwii wien nporpeccun 3agaercs popmynoi: a, =102+ (n—1)-6. Tak kak

BCE YWICHBI HICKOMOM CYMMEBI — TPEX3HAYHbIC YHUCJIa, TO

102+ (n—1)-6 <999 n <1+ 29-102 _, , 897

1+ =150,5.
6

Taxum 00pa3om, YHCIIO claraeMbIX, COCTABIISIONINX HCKOMYIO cyMMy, paBHO N =150.
ITo hopmyne cymmBbl apupMeETHIECKON TPOTPECCHH:



n(n—l),d:150.102+%.6:82305.

S,=n-a +
Omeem: 82305.

3agauya 31. /iMHBI CTOPOH MPSIMOYTOJBHOTO TPEYrOJbHUKA 00pa3yloT TeOMETPUYECKYI0 MPOTPECcCHIO
(puc. 1). Haiitu ocTpsie yriibl 3TOr0 TpeyrojibHUKA.

CANE

aq

Pewenue: no teopeme I1 2)2 —a’+ (aq)z, TOr/a a2q4 = a2(1+ qz) u q4 - q2 —i=
Pemas kBagpaTtHOE ypaBH Pye. |

o) livi+d 1+45  , 1445
(@), = = gt

2 2 )
q= 1++/5
2 )
a _1_ 2 _2b-45)_ \/_—1
cosa=—y=—= (o € Tuers.);
ag® 9> 1+J5 -4

Ccos ,B— / ,/
1++/5
J5-1 /JE—l
Omeem: arccos > arccos "

3agaua 32. CymMma MepBBIX TPUHAALNATH YWICHOB HEKOTOPOH apru(hMETHIECKOH MPOTPECCHU COCTABIISIET
50% OT CyMMBbI MOCJIEIHUX TPUHAIIATH YWICHOB 3Toi mporpeccuu. CymMma BCeX WICHOB 3TOH mporpeccuu 0e3
MIEPBBIX TPEX YJICHOB OTHOCUTCS K CyMME BCEX UJIEHOB 0€3 MociieHUX TPEX Kak 5:4. HailTu Komu4ecTBO 4JIeHOB

ATOU POTPECCHH.
Pewenue. TTycts @ — mepBblii wieH apudmMeTHIecKoi mporpeccuu, d — pa3sHOCTb, N — KOJINYECTBO WICHOB.

Torz{a CyMMa IICPBBIX TPUHAAUATH €€ YWICHOB!
S, 1= _13(a +a;) 13(a +a +12d) 13(2a +12d) _13(a, +6d),
2 2 2
CYMMa IIOCJIICIHUX TpI/IHaI[HaTI/I YJICHOB:
S _13(a, ,+a,) 13(a,+(n-13)d +a +(n-1)d)
n-12,.,n 2 2
_13(2a, + (;n —14)d) —13(a, + (n—7)d).

CyMMa Bcex WIEHOB 0e3 MepBhIX TPeX:
s - (n-3)(a,+a,) (n-3)(a, +3d+a +(n-1)d)
. 2 2 ’
CyMMa BCeX 4JIEHOB 03 MOCIEeTHUX TPEX:
(n-3)(a +a,;) _ (n-3)(2a, +(n-4)d)

2 2
Ilo ycnoBuio 2S; 13=3S 13 ,, TO €CTh

26(a, +6d) =13(a, +(n—7)d).

Sln3_

Jainee nomyuum



Sin _5

w—=—, 45, , =55, ,3;
S1,.,n—3 4 h B
4(n—3)(2a1+(n+2)d) :S(n—3)(2a1+(n—4)d) _
2 2 ’

4(2a, +(n+2)d) =5(2a, +(n—4)d) .
Pewas cucremy
{13:;11 +(247-13n)d =0; { a, +(19-n)d =0;
23, +(n—28)d =0. 2a,+(n—28)d =0,’
nonydum (66—3n)d =0, oTkyna Haiinem N =22 (Tak kak mo yciosuto d #0).
Omeem: 22.

IINTAHUMETPUA

3agava 33. Tpu nuiuel quamMeTpoM 4 nenuMerpa Kakzaas YIaKOBaHbI B TPEYTONbHYIO KopoOky. Haiitu
HauMEHBIIYIO TUTOMAAh KOPOOKH, €CITH MHUIIII TTOTIAPHO COMPUKACAIOTCS, HO HE MIEPEKPHIBAIOT APYT ApyTa.
Pewenue. Pammyc r=2nm; kpyrm paBHel (puc. 2) —=>AABC — mnpaBWIbHBIH TpPEyroJbHUK

= /A=/B=,/C=60°.
DG L AC (pamuyc nepnenaukyisper kacarenabHoit), DG=r = w3 AADG runorenysa AD =2r (xarer,
nexamuit mpotus yria 30°, paBeH IMOJIOBUHE THIIOTCHY3HI).

B

2r

Puc. 2

AG=r+3 (reopema Iludaropa) =
= AC=AG+GH +HC =3 +2r + {3 =2r{1++/3).

OKOHYATENBHO MOTYYHM:

3 (AC)Z\/E _ 4r2(1+ \/5)2\/5 =2r2(2\/§+3)_

S =
AABC 4 4
Omeem: 8(2\/§ + 3)1{1\42 .

3amaua 34. Yepes kBagpar ABCD npoBeneHsl 9 mpsMbIX, Kaxaash M3 KOTOPBIX IPOXOJUT Yepe3
MPOTHBOJISKALIME CTOPOHBI M pa30MBaeT €ro Ha napy YeTHIPEXyrojbHUKOB, TMpPHYEM OAUH W3
YeTHIPEXyrOJIbHUKOB UMEET IJIOLIa b, B IMOJITOPA pa3a OOJNbIIyI0, 4YeM JIpyroi. Jlokasars, 4To BHyTpH KBaapaTa
UMeeTcst XOTsI Obl OJTHA TOYKA, Yepe3 KOTOPYIO MPOXOJISIT TPH MPSIMBIE.
Pewenue. Ilo popmyiie miomaay Tpanequu (Ut IpsSMOYTOoJIbHUKOB 3Ta GOpMyJia TAaKXKe BEPHA):
S pper =BE;2AF-AB=GK-AB;

Seeco :FD—;EC-CD — KH - AB;



SEC—D':=1,5 = KH =15GK .
S ngeF
Takum o0Opa3oM, Kaxkngas W3 OPAMBIX NPOXOOUT uepe3 TOouky K, a0 uepe3 CUMMETPUUYHYIO ei
OTHOCHTENILHO IICHTpa KBaJpaTa, 1100 yepe3 OIHY W3 ABYX TaKUX TOYEK HA BTOPOH cpenHell TUHHM KBajpaTa

(puc. 3).
\ E

B C
G K H
A D
F
Puc. 3

JleBSATh IPSIMBIX MPOXOJIAT Yepe3 YeThIpe TOUKH, CIIEAOBATENBHO, IO MPUHIHITY upuxiie XoTs OBl uepes
OJIHY U3 TOUEK MPOXOJIUT HE MEHEE TPEX MPSIMBIX.

3agaua 35. [lo kpyrioit mupkoBoit apeHe pamuyca 10 M, OeraeT neB. JIBUrascy mo JIOMaHOH JIMHUHM, OH
npobexain 30 kM. JlokaxkuTe, 4TO CyMMa BCEX YIJIOB €ro MOBOPOTOB HE MeHbIIe 2998 panuaH.

Pewenue. O003HaYasi TPACKTOPHUIO IBWKEHUS JibBa AjA,..A,, paclpsMuUM €€ CICIYIOIUM 00pa3oM.
[ToBepHEM OTHOCHTENBHO TOYKH A, apeHy IHpPKa M JaIbHEHIIYI0 TPaeKTOPHUIO TaK, YTOOBI Touka Az momana Ha
myd AjA;. 3aTeM moBepHEM OTHOCHTEIHHO TOYKH Az apeHy MPKa U JaTbHEHIIyI0 TPAeKTOPHIO TaK, YTOOBI TOUYKA
A, monana Ha myd AjA; u T. 1. Lentp O apeHsl ypka MepexoAuT MpH 3TOM HocieaoBaTenbHo B Toukn O; = O,
0O,,..., Op.1; Touku Ay,..., A, IepexomsaT B TOUkH Ay',..., Ay, Iexalye Ha OTHOH npsMoi (puc. 4).

Ecmu o6o3Haunte o; ;, — yroa mosopora jibBa B Touke Af, o ZO, |A'QCi=o;; u A'Q_,=A'0 <10,
nosromy O,0,_; <10a;_, .

Ay

CJ'Ie,Z[OBaTGJ'ILHO, HUMECM
30000=A'A/'=A'0,+00, +...+0,.,0,; +O,,A,'<
<10+10(oy + @, +...+,_,) +10,

OTKyAa MoJIy4Ynum

oy +0l, +...+ 0, S%z 2998.

3agauya 36 (3agaua ®anbsHO). Briucate B JAaHHBIM OCTPOYrodbHBIA TpeyroidbHUK ABC TpeyroabHHUK
HaMEHBIIEr0 NEepUMeTpa TakK, 4TOObl Ha KaxIoW cTopoHe TpeyronmbHuka ABC Jexana ogHa BeplinHa
TpEYroJabHHUKA.

Pewenue. C moMOIIbI0 NTBMKEHUH IIIOCKOCTH TIOMPOOYEM BBICTPOHUTH CTOPOHBI BIIMCAHHOTO TPEYTOJIbHHUKA
B JOMaHylo juHUI0. Torga mepumerp OyAeT HE MEHBIE OTPE3Ka, COCHUHSIOUIETO KOHIBI 3TOW JIOMaHOH. A
HaMMEHBIINH nepuMeTp OyJIeT COOTBETCTBOBATH CIIy4alo, KOTIa CTOPOHBI JIOMaHOM JIeXKaT Ha OJHOH MPSIMOH.



[Tycts Touku Ay, By, C; nexar Ha cTopoHax TpeyroiasHuka ABC

4,
Puc. 5 Puc. 6

(A; — na cropone BC u 1. n. (puc. 5)). Orpazum Touky A; CHMMETPUYHO OTHOCUTENbHO cTopoH AB m AC,
MOJTy4UB TOUKH Ay 11 A3 COOTBETCTBEHHO.

Hnuna tpéx3seHnoil nomaHoi AzB;C,;A; paBHa mepumerpy TtpeyronbHuka A;B;C;. Idns Toro, 4roObl
nepuMeTp ObUT HaMMEHBIIUM (paBHBIM 0Tpe3Ky AAz), ABCA;AA; HyXHO, uyToObI BepiunHbl By u C; nexanu B
TOYKax mepecedeHus orpeska AA; co croporamu tpeyronbarnka AB n AC. Ocranock OHATH, KaKk BEIOPATh TOUKY
A; Ha ctopore BC Takum oOpa3om, 4ToOBI mmuHA OTpe3ka A,A; Oblla HamMeHbmIel. [ »Toro 3ameTuM, 4To
TpeyronsHUK A,AA; — paBHOOeapenHbll (AsA = AA = AjA), a yron nipu ero BepmunHe A pasen 2 £BAC u
MIOTOMY HE 3aBHUCHUT OT BBIOOpA TOUKH Ay;.

Wrax, npu asmwxennu Touku A; o ctoporne BC yriel Tpeyronsauka A,AA; He MEHSFOTCS. A €ro JIMHEeHHBIe
pasMepsl OyAyT HaMMEHBIIMMH, KOT/Ia HauMeHblIeH Oynet cropona A,A, kotopast paBHa AjA. 3Haunt, AjJA —
BBICOTa, ommylieHHas Ha cTtopoHy BC. [lanee Buaym, 4To CyIIeCTBYeT €AWHCTBEHHBIH BIHMCAHHBIN TPEYrOIbHUK
HauMEHBIIIEro IePUMETPa, €Tro BepiirnHa A; — OCHOBaHHE BBICOTHI (puc. 6).

Ecmu mpoBectn Te ke paccyxicHus ¢ BepmmHaMu B; m C;, momydyum, YTO OHHM TakkKe SIBISIOTCS
OCHOBaHUSIMH BBICOT (TIOCKOJIBKY TPEYTOJIbHUK MHHUMAJILHOTO IIEPUMETPA — €IMHCTBEHHBIN ).

3AJIAYH HA PAZPE3AHUE U CKJIAIIBIBAHUE

JIOBOJIBHO YacTO CpeIy OJUMIIMAIHBIX 33134 BCTPEYAIOTCA 331a4M HA Pa3pe3aHue WU CKIIaIbIBaHHE JIHCTa
Oymaru. HexoTopsle M3 HUX HMIMPOKO M3BECTHBI M HE TPEOYIOT OONBIIMX 3HAHWHA MO TEOMETPHH, IPYTHE XKe,
HaNpOTHUB, IPEIONAraloT OTJINYHO HATPEHUPOBAHHBIM YM U ITyOOKHE MO3HAHUSL.

3amaua 37. Pa3pesats mpsIMOYTOJIBHUK pa3zMepoM 4 Ha 9 HaA 1Be paBHBIE YACTH, U3 KOTOPBIX MOXKHO
COCTaBUTH KBajpaT. HaliTu momaap 3Toro KBaapara.

3 6 Pewenue. Ha pucynke 7 mokazan TpeOyeMbIil pa3pes, 4TO K€ KacaeTcs
IUTOIIA/IH, TO OT MEPEKPanBaHus OHA U3MEHHUThCs He MoxkeT S =4-9=36. B

YaCTHOCTH, OTCIO/Ia Cpa3y CII/IyeT, YTO CTOPOHA TpedyeMoro KBajpara paBHa
2 6.

Puc. 7 3agaua 38 (3amaua JlaiioHca). Pa3pezarh M300paxkeHHYH0 Ha pHC. 8
(urypy Ha 4eTBIpE PaBHBIX MIECTUYTOILHUKA U HAUTH MX TUTOIIAIH.

A T

Puc. 8 Puc. 9



Pewenue. Tlnomans nanHoi GUrypsl, 0O4eBUAHO, paBHA IUIOIIAAN KBajaparTa co cTopoHoi 6 (puc. 8). [Ipu
NepeKpauBaHUM (UTypbl IUIOIIAZb HE HU3MEHUTCS, CJIECJOBATENIbHO, IUIOIIAAb KaXKAOT0 M3 TpeOyeMbIX
mrecTUyrobHUKOB paBHa 36 :4 =9 . TpeOyemoe paszouenue Gpurypbl HokasaHo Ha puc. 9.

Omeem. 9

3angauya 39. Jluct Oymaru paspes3aiv Ha 5 4yacTel, 3aTeM OJHY U3 TMOJIYYHMBIIUXCS YaCTe CHOBA pa3pe3aliu
Ha 5 gacTed M MOBTOPHIIN 3Ty ONEPaIio HECKOIBKO pa3. Morio ju B pe3ynpTaTe morydanthes 2023 gactu?

Pewenue. llpm KaxgoM pa3pe3aHudl OJHOTO KycOyka Ha TISITh dYacTel oO0Iiee YHcio KyCOYKOB
YBEJIMYMBAETCS HA YETHIPE, CIIEAOBATEIBHO, MOCAe N pa3pe3aHdil YMCIO KyCOYKOB CTaHET paBHbIM 1+4N.
Ocranock 3aMeTUTh, 4TO unciao 2023 Henb3d MpelICTaBUTh B TAKOM BHJIE, TaK KaK OCTaTOK OT €ro JejeHus Ha 4
paBeH 3.

Omeem: HET.

3amaua 40. Kneruarsiii kBagpar 100x100 ciokumu HECKOABKO pa3 IO JHMHHUSIM CETKH M CIETaad JBa
MPSIMOMUHEWHBIX pa3pesa, TakKe HAYNHUX MO JMHUSAM ceTKH. HaiiTh HamOosblllee KOJHUYECTBO YacTeil, Ha
KOTOpBIE MOT OBbITh pa3pe3aH JaHHbBIH KBaApaT.

Pewenue. OnHO pa3pe3aHHe CIOXKEHHOTO KBajpaTa COOTBETCTBYET
pa3pe3aHuio0 KCXOIHOrO KBajapaTa II0 HECKOJIBKUM MapauICIbHBIM JIHHHSIM,
MpPUYEM PacCTOSHUE MEXKIy pa3pe3aMH He MeHbIle 2 (TaKk Kak MEXKIYy HHUMHU
JOJDKHA OBITH TMHUS crr6a). Takux nmuHM He 60nbine 50, 1 OHM AENAT KBaApaT Ha
He Oomee, yeMm 51 mpsmMoyrombHUK. [Ipy BTOpOM TakoM pa3pe3aHud KaKIbId U3
MOJIYYEHHBIX MPSIMOYTOJILHUKOB paspesaceTcs Ha He Oosee ueM 51 wacTh, Tak 4TO

2
HauboJsblllee  KOJNIMYECTBO — OpsiMoyroibHukoB  51°=2601. Drto  uwmcio
peausyeTcs, €l CIOKUTh M pa3pe3arTh MCXOAHBIN KBAJApaT, Kak MOKa3aHO Ha

Puc. 10

puc. 10 (Tam, KOHEYHO, HAPHCOBAH KBaPaT IOMEHBIIIE).

Omeem: 2601.

3agaya 41. Haiitu kpaTyaiiliee paccTOSHHE IO TOBEPXHOCTHU 5 1 y
npeICcTaBIeHHOM Ha uepTexe Gurypst (puc. 11) ot Bepumubl X 10 BEPIIHHBI :
Y. !

Pewenue. «Otpexxem» 0T QUTYpHI 3aKpallleHHbIE TPaHU U Pa3BEpHEM HX, :
MOJIYYUB MPSMOYTOJIBHUK CO CTOpoHaMu 3 u 2 (puc. 12). 9 |

Kparyaiimmum ~ mytem, — oueBMaHO,  OyAer  AMaroHajb  3TOrO o / 1
npsivoyronbhuka. Ee umna papaa XY =+/3% +2° =413 2 X

Omesem: 13 . Puc. 11

1
Y Y
2 ______
X
2 X Puc. 12
TEKCTOBBIE 3AJAYA

Cpenn TEKCTOBBIX 3aay, Kak IMPAaBHIO, BBIACNAIOT 3aJadyd Ha JABIDKEHHE, paboTy, KOHIEHTPAIUIO U
MIPOLIEHTHOE COZIEpKaHKE, B3BCLIMBAaHMS, NepeiarBanus U aAp. Ho Taxke MOKHO BCTPETUTh CMEIIAHHBIE 3aJa4u.
OCHOBHBIMH METOJIaMH PELICHHUS SBISIOTCS:

- COCTaBJICHHE YPaBHEHUS;



- COCTaBJICHUEC CUCTCMbI ypaBHCHI/If/’I;
- COCTaBJICHUC HEPABCHCTB.

3agaua 42. J/[Ba BenocunenucTa 1 Menexo,l OJHOBPEMEHHO OTIIPABHIIMCH U3 yHKTa A B myHKT B. Boree
YeM Yepe3 vac Mmociie Bbie3/la Y MEPBOro BEJOCHIIEANCTA CIIOMANICS BEJIOCUTIC], U OH MPOJOIDKUI MYTh MEIIKOM,
IBUTASACH B 4,5 pa3a MeIICHHEE, UeM Ha BeJocHIe[e. Ero 0OroHsIOT: BTOPOH BEIOCHTIIEANCT — depe3 5/8 9 mocie
MOJIOMKH, a memiexoq — uepe3 10,8 4 mocne monomku. K MOMEHTY NOJOMKH BTOPOM BEJIOCHUIIEAMCT MPOEXal
paccrosiHUE B Ba pa3a OoJbllee, YeM TO, KOTOPOE MPOIIeN MeNIeXoa K MOMEHTY, Ha 5/36 1 Ooiee mo3aHeMy, 4eM
MOMEHT MOJIOMKH. Yepe3 CKOJIbKO YacoB Mociie Havaa JBHKCHHUS CIIOMAJICS BEJIOCUTIC T ?

Pewenue. B nanHoil 3a1a4ye yno0HO BBECTH YETHIPE HEU3BECTHBIX: CKOPOCTH BEJIOCHIEUCTOB V, U V,,
CKOpOCTh Iemexoaa U u BpEeMs JABUIKCHUA OO IMOJIOMKHU t N3 YCIOBHUA 3aaa4yu O4YCBUAHO, YTO Vl >V2 > U,
v,/4,5<u, t>1.

COCTaBI/IM ypaBHCHI/IH, I/ICHOJ'IB3y5{ JAHHBIC 3a1a4YM.

- BTOPO#i BEJIOCUIIEANUCT 000THAI yepe3 5/8 4 mociie mojIoMKU

V
v, (t+5/8)=vt+—.
2( ) 1 4,5

co| ol

- enexo 1 oborHan yepes 10,8 1 mocsie mojgoMKu
V.
u(t+10,8) =v,t+—-10,8;
4,5

- K MOMEHTY IOJIOMKH BTOPOW BEJIOCHIIEAMCT MpOeXall PacCTOSIHUE B JiBa pa3a OoJbliiee, 4eM TO, KOTOPOE
MIPOIIEIT NEMIeX0 K MOMEHTY, Ha 5/36 4 OoJiee MO3HEMY, YEM MOMEHT ITOJIOMKHU

v,t=2u t+3—56

Takum oGpa3om, cucTeMa U3 Tpex ypaBHEHHUI coaepkuT 4 HensBecTHeIX: V;, V,, U u t. Tak kak kaxmoe

YpPaBHECHUE ABIACTCA OAHOPOAHBIM YPAaBHCHHUEM OTHOCUTCIBHO TIIEPEMCHHBIX, TO, PpasACiiMB KaXI0€ U3

Vv v
ypaBHeHHH Ha U, KOJIMYECTBO HEU3BECTHBIX YMEHbIAeTcs 1o TpeX: { u aBa oTHOMECHUS L u-2:
u u
V. Y/ v 1 5
2(t+5/8)=2t+L.—.=;
u u 45 8
vV v, 1
t+10,8=-2t+-1.—.10,8;
u u 4,5
Y/
2t=2 t+i
u 36

Vv
BBIpaSI/IM L U3 BTOPOI'0 YpaBHCHUA U MTOACTABUM B IICPBOC:

v, t+10,8 t+5/36
U t+24 t+5/8°

Hcronb3ys TpeThe YpaBHEHHE, TTOJTyIaeM:
t+10,8 t
t+2,4 t+5/8

t>—4,75t+3=0.
W3 nonyyeHHOro KBaJipaTHOrO YpaBHEHUSI HAXOJUM JIBA KOPHS:

3
tlzz,t2:4.

ITo ycroBHIO 3a7a4yy MONOMKA MPOU3OIILIA OOjee YeM depe3 dac, IOITOMY PelICHHEM 3aadi OyJeT SBIAThCS
Kopens t, =4 .



Omeem: uepes 4 yaca.

3agaua 43. BerpewaroTcs aBe KoMmaHsl maxmatuctoB A u B. Ilo ycnoBusiM cOpeBHOBaHWHN KaXKIBIN
YYaCTHUK OJHOW KOMAaHABI UTPaeT MO OJHON MapTHU C KaXKIbIM YYaCTHHUKOM Apyrod komanzabl. OOIee 4ucio
MIPEACTOSAINX TAapTHil B 4 pa3a O0bIIe YKClIa BCEX WTPOKOB B 00enx komaHmax. OgHako m3-3a OOJIE3HH JBa
WTPOKA HE CMOTIIN SIBUTHCA Ha TYPHHUP, B CBA3H C YEM YHCIIO BCEX CHITPAHHBIX B TypHHUPE MApTHI OKAa3alIoCh Ha
17 menpiie npennonarasmerocs. CKOIbKO UTPOKOB BBICTYIHIIO B TYPHUPE 32 KOMaHIy A, €ClIM U3BECTHO, YTO B
Hell ObLIIO MEHBIIIE HTPOKOB, YeM B kKoMane B?

Pewenue. O603naunm 4yepe3s M u N (N>M) KOJIMYECTBO INAXMATUCTOB, KOTOPBIE JOJIKHBI ObLIH

BBICTYIIUTH 32 KOMaHAbl A U B cooTBeTcTBeHHO. O4EBUAHO, UTO TUIAHUPOBAIOCH CHITPaTh MN mapTuid.
IlepBoe ycnoBue 3a1aun IPUBOJAUT K YPABHEHHIO:
mn =4(m+n).
Bropoe ypaBHeHHe cpa3y HamucaTb HeEJb3sl, TaK KaK HEM3BECTHO, M3 KaKMX KOMaHJ ObUiH 3a0o0JieBIIve
Urpoku. Bo3MOXXHBI Tpu ciyyas:
1) ecu 06a 3a00JIEBITHX UTPOKA OB U3 KOMAaHIBI A, TOTIa
(m-=2)n=mn-17;
2) ecnu 00a 3a00JIEBIINX UTPOKa OBLTH U3 KOMaH b B, Torma
(n—=2)m=mn-17;
3) ecnu 3a00J1€710 IO OAHOMY MTPOKY M3 KoMaHI A u B, Torna
(m-)(n-1)=mn-17.
IMepBoiii ciayyaii maer 2N =17, 9410 HEBO3MOXHO, TaK Kak N — IEJOE YHUCIO. AHAIOIMYHO HEBO3MOKEH
BTOpO# citydaii 2M #17 . B TpeTbeM citydae mosryyaeM CHCTEMY

mn = 4(m+n),
m+n =18,
n>m.

Orcroza nerko Haxoqum M=6,n=12.
Omeem: 3a KOMaHIy A BBICTYNIHJIO 5 UTPOKOB.

3anaua 44. 1o ayuiee puHoi 100 METPOB UAYT TPH YeIOBEKa co ckopocTsmu 1, 2 u 3 xM/gac. Jloitns mo
KOHIIAa aJlJieW, KaXIpli W3 HUX MOBOpAuMBaeT M WAET HazajJ C TOW ke CKOpocThio. [lokazaTh, uTOo HaWAETCA
OTPE30K BpeMeHH B 1 MUHYTY, KOTJa Bce Tpoe OyayT UATH B OJHOM HalpaBJICHUH.

Pewenue. 3ameTnM, 4T0 BpeMs MPOXOXKACHUS ajlJIeH B OJIHY CTOPOHY COCTaBISIET COOTBETCTBEHHO 6, 3 1 2
MuHYTHI. [lokaxem, 4To HaWayTcs 3 MMHYTBHI, KOTJIa TEpBbIe JBa YeJOBEKa HIYyT B OJHOM HaIlpaBIICHHUH.
PaccmoTrpum 6 MHHYT, 32 KOTOpBIE IEPBBIM YEIOBEK MPOXOAMT aJUIC0 OT Hayala A0 KOHHA. B 3Tm 6 MUHYT
LEJMKOM YJIOKATCsl 3 MUHYTBI, 332 KOTOpPBIE BTOPOM YENTOBEK IPOXOANT aJljIer0. Eciny OHM MpH 3TOM UIYT B OAHOM
HaIpaBlIeHUH, TO BCE JOKa3aHO. Eciy e OHM HIyT B pa3HBIX HANIPABJIECHUAX, TO POBHO Yepe3 6 MHHYT OHU OyayT
UATH B OJHOM HalpaBICHUH, TOCKOJBKY Uepe3 6 MUHYT MEPBBIN YETOBEK MEHSET HAIIPABJICHUE, a BTOPOH UAET B
MIPEKHEM HAIIPaBJICHUU.

Bynem cumtath Hawanmo mpoMmeXyTKa BPEMEHH, KOTJa TepBbIe JBa YelIOBEeKa 3 MHHYTHI HAYT B OIJHOM
HaIpaBJICHUH, HAYaJIOM OTCUETa BpeMeHU. BTOpOii 4eoBeK pa3BopadymBaeTCs uepe3 3 MUHYTHI; IEPBLI — uepe3
a munyt, rae 3<a<6; tperuii — 4yepes D munyr. TpeTuil yenOBEK MOBOPAYUBAET KAKIbIE 2 MUHYTHI,
nosromy, b<2. Eciu b>1, 10 yxke B TeyeHHu NepBBIX TPEX MHUHYT HalIETCA NPOMEXKYTOK BPEMEHH B |
MHUHYTY, KOTJa BCE TPO€ HUAYT B OJHOM HampaBJICHUH: 3TO JIMOO MepBas MUHYTA, €CJIM BHayaje BCE TPOE HIYT B
OJTHOM HaIIPaBJICHUH, JTU0O0 TPEThS MUHYTA, €CJIM BHAYAJIE TPETUH UAET B IPOTHUBOIIOIOKHOM HAIIPABICHUH.

Paccmotpum Teneps ciydait, korna 0<b <1. Ecam TpeTuii 4enoBek BHa4ane MAET B IPOTHBOIOIOKHOM
HampaBJICHUH, TO TOCIIE €er0 MOBOPOTa 2 MUHYTHI Bce Tpoe OyAyT WATH B OAHOM HampasieHuu. lIpeamonoxum
TeMepb, YTO BHAYAJIE BCE TPOE HIYT B OJTHOM HANpaBICHWH. PacCMOTpHM MPOMEXYTOK BPEMEHH OT & MHHYT A0
6 MuHyT. B 3TO BpemMs mnepBble ABOE MAYT B HAIIPaBJICHWH, NMPOTHUBONOJIOKHOM MEPBOHAYAIBHOMY, a TPETHH
HAYMHAET WJTU B HAIPABJIECHUH, IPOTUBOIIOIOKHOM MEpBOHaYaibHoMy, B 4+ Munyr u 3akanuuBaer B 6+b
muHyT. Takum 00paszom, eciu & <5, TO B IPOMEKYTOK BPEMEHH OT 5 MUHYT JI0 6 MUHYT BCE TPOE HUIYT B OJHOM
Hanpasiennn. OctaéTest pacCMOTpETh Citydaid, korma 5 < a <6 Paccmorpum niepuo ¢ 9 munyT 10 6+ 8 MuHYT.
B 3710 BpeMs nepBble 1BOE€ UAYT B HAIIPABIEHUH, TPOTHBOIIOJIOKHOM IIEPBOHAYATIBHOMY, @ TPETHH TOXKE HIET B



3TOM HarpasjieHuu, HaunHas ¢ 8+bD munyr u no 10+b munyr. IIpu stom 6+a>10+b, tak kak a>5 u
b <1. Mosromy ¢ 9 munyt 10 10+b MuHYT BCe Tpoe HaYT B OHOM HAIPABIIEHHH.
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