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OT PEIAKTOPA

Kunra muemeuxoro mnonynspusaropa B. JIm;{wana «'ne
omno6ka?» (Wo steckt der Fehler?) oruacTi nsBecTHa cOBeTCKOMY
YHTATeNi0 MO NepeBOAY, OCYLIECTBJIEHHOMY (MOA TeM e Ha3sa-
nuem) 8 1932 r, (B. Jlutuman u ®, Tpup, Ime owubkaz,
I'TTHU, Mocksa — Jlennnrpan). Dta He6ONbIIAA KHHKEUKA YiKe
cTtana O6ubnnorpaduyecKOl penKoCcThIO, H AABHO Ha3pes] BOMpPOC
0 ee nepensaaunn, OTCYTCTBHE HOBOTO H3JAHHA OTHYACTH KOM-

TIeHCHPOBanoch mosBienneM He6Gonsumioft xuurd f. C. [dyGuosa

«Omn6xku B reoMeTpHyeckux JokasartenncTBax» (Iocrexusaar,
IMonynsipusie nekunu mMo MateMaTHke, Bhmyck 11), mnocnexnnee,
TpeTbe, H3xanue koropoit Beumo B 1961 r. Tem Bpemenem
B. Jlutumas ony6aHKOBan HOBOE, 3HAYMTEJIbHO PaCIlHPEHHOE H3-
IaHHe KHHI'M, HCTOPHIO CO3JaHHs KOTOPOro aBTOp MOxpO6GHO H3na-
raeT B CBOEeM BBELEHHH. DTOH3aHHe W OHJIO B3ATO 1A MepeBoja.

ABTOp coGpan B cBoeil KHHre BecbMa OOGIUIMPHHIN Maryepuan,
BK/IOYAIOWMH HE TOMBKO JApeBHHE H HOBeHiuue CcOMH3MBI, HO
TaKkwe Haubo/ee HHTEpPecHHE H THNHYHBE OWHOKH ILUKOJbHRKOB
H CTYAEHTOB, OOMaHH 3peHHs, MCHUXOJOTrHYeckHe OLIHOKH MNpH
ouleHke ‘pasMepoB BeqnyuH W T. A. Cnemyer oTMeTHTh, 4TO moO-
no0paHHbie aBTOPOM MpHMepH BeChMa Pa3HOOGPA3HBI H HEOLHO-
POXHB (YTO BIOJMHE €CTECTBEHHO B KHHIE TaKOro poxa), MpHyem
HapsiLy C OUeHb KPACHBLIMH ¥ TIOYYHTE/IbHEIMU NIPHMEPAMH MMEIOTCH
B HEMAJlOM KOJIMYECTBE H 3HAYHTE/]BHO MeHee ymaunue. Oxnako
TIPOH3BOAUTb COKpalleHHe 06beMa KHHTH 32 CYET «MeHee YAAYHbIXY
TIPUMEPOB- MBI COYJIH Heleneco00pa3HbM, MOCKONbKY, BO-NEPBHIX,
No/Mb3a W TPHUBIEKATENbHOCTH TOCO HAH HHOI'O IpHeMa, oue-

HHBAIOTCS KaXIBIM 4YHTaTeNeM I10-CBOEMY, & BO-BTOPHX, MNpH- 3

BeJleHHble NMpPHUMEPH COBEPIIEHHO CaMOCTOSITENbHH, H T€ M3 HHX,
KOTOpHIE YHTATeNIO MOKAXYTCH MEeHee HHTEPECHBIMH, MOrYT OHITh
[PONYULIEHH MPH YTEHHH,

B. I'. Boamanckul
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BBEJIEHHUE

B 1913 r. aBTop coBMecTHO ¢ pxaTckmM yuuteneM Burro
Tpupom ony6nukoBaln B Cepud MaTeMaTHUeCKO-(pH3HYeCcKOH
6ubnnoreku Gpounopy ') nmon naspanueM «Ime ommbka?». B Hee
BOLLIM, C OAHOM CTOPOHHW, MaTeMaTHueckue cOPuaMH, coOGpanHbe
aBTOPOM, C JPYI'O# CTOPOHH — HACTOSILHE YYeHHYECKHne OIHOKH,
BHIOpaHHbIe 60/bIIEH YacTbi0 M3 PYKOMHCHOTO COOpaHHsi, IpH-
Hagnexaniero Tpupy, oTKyma OH B TeuedHe psifa JeT yepnan
MaTepHan AJs ynpaxKHeHHH NMpH oOydeHun yuuteselt,

B 1916 r. Burro Tpup ymep. Bropoe usnanue, suiuuenmee
B cBet B 1917 r., 6b0 nogrotosneno astopoM. [lo cpasuenuio
C MepBLIM H3KaHHeM OHJIO yBeNHYEeHO KOJHYECTBO COQHIMOB;
HEKOTOPHE yuYeHHyeckue OWIHGKH, KaNekHe OT yuyeOHOro Mare-
pnana HeMeUKOH IIKOJH, OBIIM 3aMeHeHH ApyrumH, Bce aTo npwu-
BeJO K TOMy, UYTO KO/JMYECTBO MaTepuana, OTHOCAUerocs -
K 0o00OMM pa3jenaM, 3HAYHTe/NbHO YBEIUYHJOCH M MPEBHLICHIO pas-
Mephl Gpounop ¢H3HKO-MaTeMaTHuyecKkod GHOGIHOTEKH, B YaCTHOCTH
6narofapsi COTPYAHHYECTBY YHM1aTeNeHd KHHUIH M PaGOTHHUKOB «Be-
Ce/oro yrojka» MaTeMaTHYeCKOro M eCTEeCTBEHHO-HayYHOTO KYp-
Hana, wusgaBaemoro aBTopoM. [lpumiioch mpou3BecTH paspen:
«Cotusmpl» BHIIM OTAENbHOH Gpounopol, a B8 Gpoutope «Ouiy-
SOYHbIE 3AK/MIOYEHHS» K yYEHWYeCKnM OHOKaM ObnH mpucoenu-
HEHBl OLUHMOKH IIPH OLleHKE BEJHYHH, 3PUTR/IbHBIE OIIMOKH, 4 TaKwe
aBTOPCKHe OwIHGKN. ’

Tenepp 06e Opomopsl CHOBa cOOpaHH BMECTE H K HHM IPH-
COefHHeHa TakXe TpeThsi 4YacTb, Cpeiu cOpH3MOB HMENHCh He-
KOTOpHIE OTHOCALLMECH K HCUHC/eHul0 GECKOHEYHO Masbx, Benb
HMEHHO B 9TOH 0061acTH MAaTeMaTHYECKOrO aHanusa TaK YacThl
OmUGOYHEE 3aK/IOUeHH. DTO HaBe/O HA MHIC/b PACIUHPUTH TNPH-
Mepsl M3 9ToH o6nactH. Koueuno, npu sTOM aBTOp. He uMen

l) Pycckuit nepeBon B. iutuman u ®. Tpup, [ge omudka?,
un. 2, I'TTH, 1932, — Hpun. peo.




HaMepeHus BLIiTH 3a npeAess yuyeOHOro MaTepHana BHCIIeH MIKO/b
H/M, HAapPOTHB, OTPAaHMYHTBCH TOABKO TEMH TMOHATHAMH H3 aHa-
nu3a GecKOHEYHO MAlIbIX, KOTOpPHE BBOASITCH B CTapUIMX K/accax
006111e06pa30BaTeNbHOR LIKO/HI.

ITpueoast OWINOGKH IIKONBHHKOB M COMH3MLI, ABTOP HE YKA3H-
BA€T, rAe CKpbiBaercs omwnOka, JLOCTOMHCTBO cOOpHHKA 3aKI0-
4yaercss KaKk pa3 B TOM, YTO OH CTABHT YHTaTess mepej 3ajgaveit
caMocTOfiTeNbHO HafiTH owHOKY. ABTOP He CYHTAET MOYYHTEJb-
HHM TOT cJayd4alf, Korja 4YuTaTeslb, He yMes cpa3y B TeyeHHe
HECKOJIbKHX MHHYT MOJNyYHTh IMPaBHJAbHHA OTBeT, o6paiuaeT
cBolt B30p K TOMY MECTY KHHTH, [A€ OH MOJYYHT 3TOT OTBET
6e3 Bcsikoro Tpyaa. Beabp B maTemaTHke xeno o6CTOMT Tak, 4TO,
006HApyKUB JIOXHOE yTBepxJeHHe M TNOHSB, B yeM 3aK/IOYaeTcs
omnbka, mosyuyaellb yBepeHHoe, He TpeOyloilee APYrHX MOX-
TBepKAeHUH MOHSITHE O NMPaBHIBHOM XOnxe paccyxaeHnii, o Tex
NOop, NMOKAa HeT TaKoW YBEePEHHOCTH, HAlIK 3HAHWA He SBJSIOTCS
COBEpPUIEHHBIMH.

B ncuncnennn GeckOHeyHO Ma/lbiX BeNHYHMH AaBTOP OTCTYNHA
or 3artoro npusuuna, Codusmel cHopMynHpOBaHH UM Kak mpnme-
pHI-IIPEAYNPEKAECHHS; HMEIOTCA IPHMephl, KOTOphle NOMKHH CTpa-

X0BaTh HAC OT JIOXKHBIX, OMNPOMETYHUBHIX, XOTHA M OYEHb HaNpa-.

IUMBAIOUIUXCH BHBOXOB, Jlnf creunansuCTOB-MaTEeMAaTHKOB 9TO,
KOHeuHo, TpHBHaAbHHe Beuwtd, OHH XOPOLIO MpPEACTaBAAIOT cebe
CBOMCTBA BBOAHMMHIX MNOHATHH, a TaKxke 3HAIOT, KaKHe ONepalHH
HaJl 3THMA TIOHSITHAMH SHBJAAIOTCS AONYCTHMBIMH, a KakHe HeT,
OnHako npenogaBaTeNh He MOXET MNpeAnoNaraTh y yuauiuxcs
TAaKHX MO3HAaHHH, H MOSTOMY OH BCerAa MO/MKEH HMeTb Moj py-
KOt mpexynpexmalolHe npuMepH, MOMOralOUIMe MPeLOTBPAaTHTD
N0XHHE BHBOAH. IIoMOYb eMy B 9TOM —1iesb TpeTbell 4YacTH
KHUCH, ABTOpP CO3HAaeT, 4YTO STOT pasjgen MOXHO OhJIO 3HAuH-
TE/BbHO paclu¥puTh, MHOrO mpekpacHHX Npesynpemalonux npu-
MEepOoB OCTAlOTCA /G0 COBCeM HEH3BECTHHIMH, /IHOO MOABASIOTCH
HHOPZlA B JIEKLMSIX TOFO MM MHOTO JIEKTOpaA.

B 3rolt yacTu, B oTnMune OT nepBo# M BTOpoHM uwacTelt, mox
pyOpHKO# «BBLIBOL» aBTOp HM3/jaraeT MoOpajb paccKkasa, 4YTo, Ko-
HeYHO, A/ MHONMX fIBJIIETCSl H3MHLIHUM, HO, M0 MHEHHIO aBTOpA,
Ranexo He ans Bcex. Kak pas B Tex cayuasx, Korjia BcTpe-
Yal0TCA TMOBEPXHOCTHHIE PAaCCMOTPEHHA HJM ONPOMETYHBBIE CYXK-
JilcHud, He Hajo 60ATbCA H3MIIHeH yOeaHTeNbHOCTH!

OmmbKkH K cOpU3MBI BCErAa CAYKHIH NPeAMEeTOM 3aHUMATelb-
HOH MAaTEeMaTHKH; OHM MOABJAJIHCH BO MHOTHX KHHrax, MocBsiLleH-
HHIX 3aHUMaTejbHOH MaTeMaTHKe, KPOMe TOrO, BO MHOTHX
WYpHa/ax, a B MOCJHCAHEe BpeMs TaKKe M B Mepexnayax pajuo,
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YacTo OuM SBAKIOTCH NPEIMETOM [UYTKH, HHOPHA WMH %KEsaiof
OAYPayuTb [APYrHX, a HEKOTOPbIM JOCTABIAET YAOBO/AbCTBHE
cosHanne owuGkH, gonyuienHoffi apyrumu. CepbesHoe xe 3Ha-
yeHHe H3y4eHHs OWIMOOK M COPU3MOB AN BOCMHTAHHS MaTema-
THYECKOr0 MBILIJIEHHS, KAK Ka}XeTcsl aBTOPY, elle HeNOCTATOYHO
0CO3HAHO.

He Tonbko yuuTenbp HOMKEH UMETb Jeno ¢ OWHOKaMM, KOTO-
pHie HeNaloT ero YuYeHHKH; CaMH YyuauiHecs 3a4acTyi0 HayyaTtcd
GonblLieMy HAa mpuMepe pa3biAcHeHHofi OWMOKH, YeM Jaxe INpH
NPABHILHOM BHITIOJIHEHHH MO FOTOBHIM O6Gpasiiam 3ajay M ympax-
nennl, §I Bcnomunalo B 3TOH cBA3M chosa [ére: «HOnowa, koro-
puil 3a6nyxpaercs Ha COOCTBEHHOM MYyTH, MHe npHATHeH TOrO,
KTO BEpHO C/leAYyeT MO YYXKOMY MYTH», ’

Taknm o6pasomM, and Lesjed npenogaBaHHd ¥ BOCIHTAaHHA
BeChMa MOJIE3HO Jawe MPOCTOe COOpaHHe MNPHUMEPOB, COLEPIKa-
wux omwnbku, Ho ewe BaxHee, uToOW mpenopgasaTelb MOT AaTh
MM METOAMYECKH XOpowo mpoaymanxoe ynorpe6aenune, Cobet-
BEHHO roBOps, MOXHO O6bii0 OH  0XHAaTh, YTO B METOAMKax
NpenojaBanus apuPMeTHKH H MATEMAaTHKH JO/MKHO COAEPKaThCsH
OCHOBATEJbHOE H3JN0WeHne Mnpobnemul omubok, ONHAKO MOHCKH
Baw¥ GYAYT TLUIETHBIMH; aBTOPY H3BECTEH TOJNLKO OXMH HeGO/a-
WOl TPYA OTHOCHTENbHO apHbMeTHYeCKHX OmHGOK. OO6LIYHO yuu~
Te/b MCNPaBAfAeT NPY YCTHOM MPENOAaBaHuH OIIHOKH CBOHX
yyauHuxcs, noguepkuBaeT owHOKH B MHCbMeHHHX paboTax yuya-
LWMXCA M “JaeT WX HCOPABIATb, 4aule Bcero He yraybassce,
noyeMy HMEHHO BOT 3TO — BepHO, 8 TO — HeBepHO. ABTOPY Ka-
KETCH, YTO Teopus W MPAKTHKA H3YUYeHHS OWHGOK 3aC/YKHBAIOT
OCHOBATE/JILHOTO HCCJIEJOBAHHS,

Bce ckasaHHue OTHOCHTCH, KOHEYHO, HE TONABKO K ILIKOJE, HO
M K U3JIOWEHHI0 MaTEMATHYECKHX AHCIHMIJIHH B JIEKUMAX, CEMH-
Hapax, kuurax., OcoGeHHo yNMBHUTENbHO, YTO COBEpLIEHHO TPH-
BHa/bHBIE coH3Mbl ObIM BrepBHe ykasawe Tosbko B «[lapanok-
cax GecxoneuyHoro» BonbiuaHo, ony6ankoBauusix B 1851 rony.
B BHiCOKOP Hayke TakiKe He/b3s OTpaHHYMBATHLCA YKa3aHHeM, uTd
fiBNSIETCA BePHBHIM; HEOOXOAMMO yKasaTh, 4TS J0MHO — 0COOEHHO
B C/lyyae, Korja Jerko BmacTh B 3abayxzaenue. He caenyer -
OrPaHHYHBATBCH YTBEepPKAEHHEM YTO JaHHOE MOJOKEHHEe JOXHO.
Hamo nokasaTh Ha mnpefynpexIaloOIMX MpHMepax, MOYeMY OHO
JIOXHO.

®usnk Bunbrenom BeGep He pomyckan n MHCIH O Cy-
LIIECTBOBAHHH HeNpepuBHEX (PYHKLHH, He HMEIOLHX NMPOH3BOAHON,
[TpocToe o3HakoMnenue, HanpuMep, ¢ ¢yukune#t Bellepurpacca
B TOM BHJe, KaK OHa H3/oweHa B knure Kne#tna «3dnemenrapuas
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flareMatnka ¢ TOUKH 3peHus Bucwef», Morno 6w yGeauth
ero B npoTHsHoM. TO/NBKO TMpoaHpasCh uepe3 -rycTod Ky-

‘crapHuk 3a6nyxaeHnfl, yaanoch co3gaTh ACHOE OMNpelelieHHe

nousitus «aubdepedunan», B sToM nene uesaGuiBaeMu 3acaAyrh
P. Pore. Crporoe 060cHOBaHHE TeOpHH GeCKOHEYHHIX PSAOB
nocaenosano nocie rtoro, kak E. Jlamwpmay GecrnowamHo pac-
KphiJI OWIHOKH B M3JI0MEHHH 3TOr0 BOMPOCA HE TOJBKO B KHH-
rax Ans cpeiHef LIKOAH, HO W B KHHraxXx JAs BHICLIEH LUKOJbI,
B HaCTHOCTH B JAeKuuAX [€TTHHreHCKMX KYpPCOB MOBHILEHHS KBa-
audukauun yyuresned. [oBOpAT, uYTO MaTemaTHKa, HauHHasd
€ MepBHX YPOKOB apHPMETHKH H KOHYAasd CaMbMH GOJbIUHMH
BHICOTAMH HaY4YHOrO HCC/IeJOBaHHf, ABASETCH CBOeOOPa3HBIM «TO-
YUIOM» AAs yMa. ABTOp AyMaeT, 4TO 9TO 3aMeyanHe CIlpaBen-
JIMBO H OTHOCHTE/]bHO pas3bopa OMHGOK H COGU3MOB, O KOTOPHX
H HIeT peyb B 3ToM cGopuuxe. [Ipn stom Gespasnuuno, 3auu-
MaloTCs JH MMH B ycTHOH Gecele HIM B wWrpe HAH K€ OHH
ABNSIOTCH NPEAMETOM CEPbe3HOr0 H3YUYEHHd,




A. OLIMBKY W OLIMBOYHBIE 3AKJIOUEHHUS

I. Omn6kn npm OlEHKE BeJHYHH

B stoM pasmene mMu ykawem psaf owubok, Bce atu ommbku
O6BACHAIOTCH TeM, UTO, .HaG/MIoNas pasjHyHble fB/IEHHH, MH
OObIKHOBEHHO IJIOXO MPeACTaBaseM ceGe HCTHHHBIE COOTHOLIEHMSA
MEXZY XaPaKTepH3YIOUWUMH HX BelHuHHamn. JIyumu#, uem 370
OGBYHO HA6MIOJAeTCH, HABHK B OIllEHKE BENAHYWH caenan Owl
9TH OWHOKH HEBO3MOWHBIMH,

1. Haunem ¢ pspa cambix NpPOCTHX NPHMEPOB, B KOTOPHIX
PasHHLA MEXAY AAHHOK HAMH OUEHKOH Be/MUHH M HX AeHcTBu-
Te/bHBIM 3HAYEHHEM, KOTOPOE MOXHO MOJAYYHTB MNyTeM mnpubiu-
WEHHOT0 M3MepeHHs HJH BuluHc/eHnsi, B OONBIIHHCTBE CJy4aeB
flOpa3HTeNbHO BeJHKA.

‘Unutateno npepnaraeTcs CHayaia, He NMPOBOAA HHUKAKHX H3-
MepeHni, OTBeTHTb MHCHMEHHO HA CJledyIOLHE BOMPOCH, @ 3aTeM
3anHcaTh pPANOM JeHcTBUTe/AbHHie 3Havenus BenauuuH, [locne
STOr0 mnpemnaraeTcss HafTH aGCOMOTHYIO HAM OTHOCHTENBHYIO
MOrPeUIHOCTh AaHHOH UM OLEHKH -BEJIHYHH,

a) KakoBa BmicoTa crosa?

b) Uemy paBHa miowane CHASHHS CTy/a?

c¢) Kakosa BHCOTa COBPEMEHHOr0 roOJIOBHOTrO yGopa?

d) Tpunomuute Kakylo-HHOyAb Kpyrayio OGaulHio, pacnono-
WEHHYI0 MO6GMU30cTH OT Bawero xunvuia, Kak otHocuTcs AnuHa
BHEIIHE} OKPYXKHOCTH GallHU K ee BHicoTe?

e) Juametp rao6yca pasen 1 4. H3o6pa3uM Ha HEM BHI-
nykno penned 3emuoro mapa. Kakyio BeicoTy OygeT HMeThb Ha
9TOM MakeTe Bhicovafimlas ropa Esponn Mou6nan, BeicOTa KOTO-
po# pasna 4800 x?

f) Kakoe konuuyectBo mozleﬂ MOXeT MOMeCTHTbhCcH Ha Kpyr-
noft miowlaaM, pazuyc KOTOPOH pased 1 xu?

1
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g) Kaxue pasmepsl pomkHa HMeThb KBajpaTHas NJOMIAAb,
Ha KOTOPOH MOTYT Pa3MeCTHThCH BCE wHTeaH [epmanuu?

h) MoxHO ¥ pa3MecTHTb BCex xHTeNel 3emnn Ha NOBepx-
HoctH BoneHckoro osepa?

i) CKO/MBKO Ma/IbUMKOB MOXHO TNOMECTHTb B OJAHOM KyOHYeCKOM

MeTper

k) Ckosbko FOpOIIAH TOMeillaeTcs B CTaKaHe O6HYHOrO pas-

- mepa?

1) Kako Bec BO3AyXa, 3anOJHSIOUIErO BAIy KOMHATY ')?

m) CKONbKO BECHT npoéxoauﬁ fmap, paaMyc KOTOpOro pa-
Bed 1 ?)?

n) CKO/IbKO MO/MHHX /yH MOXET MOMeCTHTbcA Ha Hebe?

0) Hakoueu, Heuto cosepiienHo ynausutenbHoe. Ha kapre
lepMannu, macwraba 1:1000000 momxHuH, kasanoch 6w, pas-
MecTUThCH 66 uenoBek n3 66-MHANHOHHOTrO HaceneHns [epMaHuu,
Oanako 3TO NMPH BCEM KEJaHHH HEOCYLLeCTBHMO,

2. HeckonbKo BOMPOCOB, HATMSIAHO MOSCHSIOUHX COOTHOILIe-
HHS MEKAY YHCJOBHIMH XapaKTePHCTHKAMH 3€MHOrO lLiapa.

a) KakoBa BhicoTa cBoma, 0o6pa30BaHHOrO 03€pOM LIMPHHOIO
B 1 xm, 4 ku win 6 KM MO OTHOIIEHHIO K NJOCKOCTH, COEAHM-
nsioutel ero Gepera; APYTHMH CJ/IOBAMH, KAaK BENHMKO BJHSAHHE
KPHMBH3HB 3€MHOM NOBEDXHOCTH Ha OTKJIOHeHHe BOXHOTO 3epkasa
OT MJIOCKOCTH? . -

b) Kako#t shicotel c¢Boa obpasyer Kacnuiickoe mope?

¢) ¥Ynuua Ppunpuxmrpacce B Bepaude uMeeT AAHHY OKOJO
3 rxm (tounee, 3240 ) u npocTUpaeTcs TOYHO C CeBepa Ha IOT.
Jloma, cTosiLliHe Ha NPOTHBOMOJQXKHBIX KOHLUAX YJHIL, MOCTPOCHH,
Kak O6LIYHO, BEPTHKAJbHO, T. €, HX GOKOBHE pebpa HanpasieHbl
K uedtpy 3eman, CneposaTensno, GOkOBHE peGpa 9THX JOMOB
006pa3yloT HekOoTOpHH yros, KakoBa BennunsHa atoro yria?

d) Mockonbky 6GokoBHe pe6pa YyNOMSHYTHX Bhillle IOMOB Ha
DpuppHXIITPACCE HE MAPaNiieNbHl, PACCTOSHUE MEXLY BEPXHHMH
KoHlaMH peGep Gonblie, 4em MexAy uuwauMH, Hackonbko?

e) PpuapuxuiTpacce — ropusonTansas yauua, B cuny cnao-
ﬁlm, ceBep-
HBIH KOHELl y/Huub 6/1mKe K LeHTpY 3eMin, ueM 10xKuu#, Hackonsko?

Ha stu Bompocsl, B cuny TOro, 4To MOACYET CONMPSHKEH C He-
KOTOPHMH TPYAHOCTAMH, 1 MpHBeAY OTBeTH: a) 2 ca, 31 cu m
71 cm; oOpaTuTe BHWMAHHEe Ha CH/bHOE BO3paCTaHMe BeJIHYMH!;

LICHHOCTH 3€MHOro 11apa, KoTopasd XOCTHraeT BeJHYHHB

1) Jlutp Bo3ayxa Becur 1,293 e.
2) YpenbHbllt Bec npo6ku pasen 0,24,
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b) 28 xux; ) 1%; d) oxono 1 cam; e) cemepHHlt KoHel Ha

10,6 2 Gmmxe K UeHTPYy 3emiH, YeMm 0xubfi, Takum o06pasom,
HYXHO MOAHATBCH TMOYTH HAa TPeTHH BSTax, 4YTOOH paccTosHUE
IO UEHTPa 3eM/i B CEBEPHOM KOHIE PABHANOCh DPACCTOSHHIO MO
LeHTpa 3eMJIH B 10%HOM KOHIE,

3. MpennmonoxuM, YTO BOKPYr 3EMHOTO SKBAaTOPa pPeIUMIH
HATAHYTh BEPEBKY, HO OHA OKa3ajach CAWIUKOM NJHHHOH, TaK
yTO octancs Kycok okoio 10 . KoHum BepeskH Bce-Taku coe-
JHHHIH TaK, 4TOOBI OHAa OKPYyXHaAa 3eMai0 . ¥t
Ha HEKOTOPOM OT Hee paccrtosuuu. [das npo-

CTOTH JOMYCTHM, YTO 3a30p MeXLy Bepe-

BOYHHIM KPYroM M SKBaTOPOM -uMeeT BCIOAY /
ONHY HTY e BenuunHy, YeMmy paBna sTa Be-
nmuyHHA? MoXerT /M, HampHUMep, MyXa MpoNoJi-
3TH MEWAY BepeBKOH H MOBEPXHOCTHIO 3&MiH?

OTBeT ryacur, 4TO HEe TOABKO MYyxa Puc. 1
MOXET MpPONOJ3TH, HO W He CJ/IMIIKOM BHCO- ue. 1.

Ku#t MOAPOCTOK MOKeT MPoHTH, He crubasich. [IpeactaBuTh cebe
3TO HarAsffiHO — KOBO/NbHO XHTpas wmitykal OXuH MaTeMaThk
yBepsi/ MeHf, YTO OH COBEpPIIEHHO He MOXeT cebe 3TO mpex-
cTaBUTb, MHOrHMe M3 HEMaTeMaTHKOB [OBOPH/IM MHE, YTO OHH He
BEPAT B MPABH/JBHOCTH PELICHHA, HM OHO KAXETCH HEeBEPOATHHIM,

Yro6bl HCOPABUTL ITO MONOMEHHE, MOHO HECKOJbKO BHIOH3-
MeHHTh (OpPMYNMPOBKY 3agaud, BMecTo HCTOPHH C BepeBKOH
PacCMOTPHM CJIEAYIOULYI0 aHANOTHYHYIO 3afauy: HACKOABKO MYTh,
NpOAe/aHHHMH ro/OBOH mnellexona, AJHHHee MYTH, NPORIEHHOTO
ero Horamu? Cpa3y e BOSHHKAGT «YYBCTBO®, UYTO pasHHua
JomKHa OHITh HEeGOMBILON.

Ins Tex, KOro He y6exaaer H 9Ta 3ajaya, s NpPHBEAY ewle
OnMH npuMep. BmecTo TOrO uTOOH NPHOABUTH K OKPYXHOCTH
B oxHolt ee Touke smumHHe 10 wmeTpoB, mpubauM no 2.5
B yeThipex Toukax (puc. 1). [IpuGaBnas 9Ty BeJANYHHY B TOY-
kax [ u II, Ml paspsuHeM Ayru Kpyra Ha 1,25 % BBEpX M BHH3;
npubasnas 3ty Beauumdy B Ttoukax [/ u IV, mu pasnsunem
ayra kpyra wa 1,25 # sneBo u Bnpaso. Hosas kpusas, kotopas,
KOHEYHO, HE 6GyJNeT TOUHBIM KPYroM, OTCTOMT BCIOAY OT CTaporo
Kpyra na pacctosHnn 1,25 #. [anee, 3aMeHMM Kpyr KBaipaTom;
TOrAa cpasy BHAHO, 4TO, pacmpeienss wu3numane 10 4, T. e.
no 2,5 4 B Kawjol BeplIMHE, MOXHO MNONYYHTH KBaapaT, CTO-

POHB  KOTOPOro OTCTOAT OT CTOPOH HCXOAHOrO KBajapaTta Ha
25 k=1,25
—§-Jn— , M.

-k
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KcraTi, kaxaufi 3HaeT, YTO BOPOTHHUOK, KOTOPLd BE/HK
X0Ts Obl HA OAMH HOMEp, 3HAYMTE/ILHO OTCTaeT OT wied. [as
3ajayH, pa36HpaeMoft B NAaHHOM MyHKTe, COBeplUeHHO O6e3pas-
JMYHBl pasMepnl HCXOXHOM ~OKPYWKHOCTH, T. €. 06e3pasiHyHo,
OyAeT an STO SKBaTOP WM, HampHMep, KOMbUO AJS Ma/blA.

4. ApndmeTtnueckolt nporpeccHell HasbiBaeTcs Takasd YHCIO-
Basg [OC/e0BaTe/NbHOCTh, Y KOTOPOH pasHOCTh ABYX COCENHHX
unenos noctosinna, Cymma 72 unenoB apudmeTHyecKo#t nporpeccuu

a, at-d, at2d, ..., at(n—1)d
-paBHa

. A an—]—n(n—l)d

Kak npumep TOro, HAacKO/IbKO 110X0 MM yMeeM OLEHHBATh
CTemeHb BO3PACTaHHA STOH CYMMB MO Mepe yBE/AMYEHH yHC/A
YJIeHOB TNPOTpPecCHH, NpdAenaeM chaeayioun#t onut, OTBETHM
CHAYaNa Ha HIKECAEAYIOWHH BOMPOC, MOJB3YSCh TOMBKO HALIMM
«YYBCTBOM YHCJIa», @ 3aTeM IPOU3BELEM HEOGXOAHMEIE BHIYHCICHUS,

HekTo A 3akmounn napu ¢ B; A yTeepx/aer, uTo OH npotiner
paccrosune B 6000 n1aroB u BepHeTCs B HCXOAHOE MECTO PaHblle,
yem B coGeper B kopsuny 200 s6i0k. SI6n0KH AOMKHH GHITH
pacnonokens B OAWH DA Ha pPAcCTOSHHM OJHOrO MLIara Apyr
OT Apyra, KpoMe Toro, B momkeH mepeHOCHTb B KOP3HHY KaX-
Zoe f610KO B OT[ENBbHOCTH, a KOP3HHA XO/MKHA CTOSATH OKOJO
nepsoro s6noka, O6a yyacTHHKa mapu nepeiBHraloTCs ¢ OAuHa-
KoBOH ckopocTbio. KTO BhiMrpaer?

5. Eme ObcTpee pacTer cymMMa UYNeHOB [eOMETPHYECKOH
NPOrpecCHy MpH yBeNHYeHHH yucsa ee uneHoB, Hamomuum xopouio
M3BECTHOE mpeiaHHe 06 u3obperarene UrpH B LIAXMATH, KOTO-
poe pacnpocTpanunoch OGmaroxaps COOOLIEHHIO apaGCKOro HCTO-
puka S1-Ky6u, MsoGperatenb maxmar mornpocun y kopons B Ha-
rpajy HEKOTOpOE YHCJ/IO MIUEHHYHHX 3epeH, KOTOPOE MoJy4asnoch
caeiylouiuM 06pa3oM: Ha NepBOe MoJie IIAXMaTHOW MOCKH Kia-
JeTcs ONHO 3epHO, Ha BTOpPoe 2 3epHa, HAa TPeThe — 4YeThipe
H T, A, T. €. UHCIO 3€PeH HA MOCJenyIouleM ToJe Bcerja
BABOe Go/blIe Yuc/na 3epeH Ha npeabayuiem. ToT, KTO mopcuu-
TaeT MOJYHYaloUlylocd CyMMy 3€peH W MoCTapaercsi MPeacTaBUTh
ee cebe HaraanHo, OYAeT TaK e H3yMJeH, KaK TOT KOPO/lb,
KOrAa oH y6emuicsi, 4ero CTOHT MHUMasi CKPOMHOCTE H300peraTens,

6. [lpyrie TpPYAHOCTH B OLEHKE BEJMYMH BO3HHKAIOT TpPH
riepexofie OT KOHEYHBIX FeOMEeTPHYECKHX IpOrpeccHil K 6ecKOoHey:
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nbiM, TlocTpony chauana, pasyMeercs, MBC/IEHHO, HEKOTOPOE TeJO,
uMejolLee KOHEYHHH 06beM, HO MpocTHpalouieecs B GeckoHed-
#octh, HecBepyuieMy uenoBeky MOwkeT moxa3aTbCsi Ha MepBbiff
B3r/A%, YTO 3TO MPOTHBOPEYHT BCEM HAIUWM MPOCTPAHCTBEHHBIM
11 pEACTAB/ICHUSAM, ‘
Bosbmem ky6 ¢ peGpom, pasubiM 1., W pasjgeauM ero nomo-
7aM MJAOCKOCTLIO, mapajiienbHoit ocHoBanuio. O6e  MOMOBHHH NPH-
craBuM Apyr kK apyry. Pasmennm, panee, npasyio nonosusy ky6a
nomoiAaM ¢  MOMOLLLI0 MJOCKOCTH, MapaselbHOH OCHOBAHHIO, -
H OTPE3aHHYI0 BEPXHIOI0 YacTb NPHCTaBMUM CHpaBa K HHwHeH,
Temepb CHOBa pa3pjenMM TakuM Xe 0o6pa3oM Mpasuifi KyCoK mo-
nonaMm H MPHCTABUM €ro crpasa K ocTapuiefics mososuHe., Bymem
NPOXO/MKATh ITOT MPOLECC HeOrpaHHueHHO, MBI MOAyyYHM HeKo-
TOpPOE TeJO, HMelollee BHA JIECTHHUH, CTYNeHbKH KOTOPOH HMEIOT
Pa3NHYHYO BHICOTY, YOLIBAIOULYIO C/€Ba HAnpaBo, NpPHYEM Kax-
Jas CTyneHbkKa BJBOe  HWXe mnpeAnayinel. Bucora crymeuex
CTaHOBHUTCH BCE MeHblle H MeHbIIe, npuGimKasch KaK YrOAHO
6/M3K0 K HyNO, HO OCTaBafich BCe BpPeMst OTJAMYHOH OT HY.Ad.
Camo Teno npocTHpaeTcsi BNpaBO A0 GeCKOHeYHOCTH, Kakos
OjJHaKo ero o6beM? M3 crmocoba mocTpoeunss Tena ACHO, UTO ero
06bemM paBed o0beMy HcxoaHoro ky6a, T. e. paBen 1 4,

7. TocTpoum HEKOTOPYIO CHHPalb — CHOBA JHIIb MBIC/IEHHO,
[IpakTHyeckoe ocylecTBJEHHe TIIOCTPOEHHS HATa/NKMBAETCH HA
Te We TPYAHOCTH, YTO H B MPEALIAYLHEM NpH-
mepe. K HekoTOpo# mnonyoOKpymHOCTH mpH-

CTPOMM, KaK 3TO TNOKa3aHO Ha pHC. 2,

HOBYIO MOJNYOKPYXHOCTb, BABOE MEHbLIEro

paauyca. K aToff HOBOH moONyOKpyXHOCTH

NPUCTPOHM CHOBA MONYOKPYWKHOCTb, PajgHyc

KOTOpOH paBeH NOJOBHHE pajHyca MpexLny- Puc. 2.

et okpyxHOCTH U T, 1. Bce monyokpyxnoctn

pacnosioxatcs B Buiae cnupanu. [loc/ie mpeabiayliero npuMepa ac
He YJAMBHT, 4TO CNHpanb, NpubankKasch K HeHTpy, OyAeT HMeThb
GeckOHe4YHOe 4MCcJ0 BHTKOB, KakoBa e omHako ajsuHa 3TOH crnu-
pann ¢ GecKOHEYHBIM 4Hc/OM BUTKOB? HauBHut yenoBek OTBETHT,
YyTO ee AnMHA TaKkke Oeckoneunwa. OpHako o710 He Tak, ITycTh
r — paguyc nepBofl MOAYOKPYKHOCTH; TOTAA ee IJIHHA paBHa 7ir,
AJIHHA BTOPOH [MMOJIYOKPYMKHOCTH paBHA %nr, AJHHA CleAylo-
e pasHa 7 U MTL O6uwas AjavHA CHHpand paBHa

nr(l—’r—;——l—%—{——;-—}—...):%r,



r. e, KOHEUHa W PaBHA KaK pa3 [JHHE TOH OKPYXHOCTH, MOJO-
BHHA KOTOPOH COCTABNfieT MEPBHH BHTOK CHHPA/H.

8. ITonoxnM Ha CTON ABe IASME OJMHAKOBOrO pasmepa, Npu-
ueM TaK, YTOOH OHH Kacaiuch Apyr apyra, OcTaBHM ONHY wisAny
HeMOABHXKHOM, a Apyryio 6ymem nOBOpayHBaTb 6e€3 CKOMbWKEHHR
MO KPal0 HEMOABHWHOM LINANH, MMOKA OHAa CHOBA HE BEPHETCH

B HcxomHoe nosowenue, Tak kak Anuna
OKPYKHOCTH Kpasl Yy LN OJAWHAKOBA, TO
Mbl JIETKO MOXEM OTBeTHTb Ha BOMPOC,

4 €  CKONbKO pa3 IPH STOM MNOABHNKHAS IIJH-
na TOBEPHETCH BOKPYr CBOErO LIGHTPA.

P [TposeaeM aHANOrHYHHK ONKT C ABYMS

) TpeyroabHukaMi. HauansHoe nonoxenne

4 ¢ TPeyroibHHKOB TNOKasaHo Ha puc. 3, a.

[Tosopor 6yneM MPOM3BOAHTH BOKPYT Bep-
wuH A, B u C HenomsuXHOrO Tpeyrob-
nnka. [lepeBegem cHayana nopsmxHuH Tpe-
YrONbHHK MYTEM BpalleHHs BOKPYr Bep-
)] wHHe A B nonoxexue b, 3aTem npu nomo-
LL(¥ IOBOPOTA BOKPYT BepIHHH B B moso-
®eHHe ¢ H, HaKOHell, MOBOPOTOM BOKPYT
sepiuunsl C BepHEM €ero B HCXOAHOE moJio-
Kenne a. Mo 3ameTnM, 4TO npm 9TOM
; ABHXEHHH MMOABHIHLIA TPEYTObHHK MOBEP-
9 HeTCsa ABa pasa BOKpyr ceGs, de#icTsu-
TE/NbHO, BOKPYT BEpIIHHH A TPEyrolbHHK
Py noBopaunBaetcs Ha yron 4d —2a, Bo-
c. 3.
Kpyr BepuHHn B—Ha yroa 4d — 2,
a BOKpyr Bepmndn C—wa yron 4d —2y, rae a, f, y— yrau
JaHHBIX TPEyroJbHHKOB. TakuM 06pa3oM, B pe3y/bTaTe MpoH3OMH-
JeT MOBOPOT Ha yron

4d — 20444 — 2B +4d — 2y =124 — 2 (a |+ B +y) = 84,
TaK Kak

atB+y=24.

Ecan 9TOT pe3yibTar YMTATENI0 BCE €lle KAKeTcs MOPa3uTeNb-
HBHIM, TO MyCTh OH MNpPOBeNEeT AaHaJOTHYHOE pacCyKAeHHe I 1d
clyvyast ABYX KBaapatoB., Tenepb emy Oyner sicHo, noueMy M
Ang cnydvas ABYX LN MOABHKHAA WINANA CAeNana ABA MOJHBEIX
oGopora. A Temeppb, MOJOKa PYKY HA Cepile, CKaXHTe, HE OXR-
Janu s BH TOJMBKO ONHOT O MOBOPOTA?
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II. 3putenbHbie OmnGKH

1. 3putesbHuie OIHMGKH H3BECTHHl B OO/BHIOM YHCJTE MO
Ha3BAHUEM «ONMTHKO-FEOMETPHYECKHX OWHOOKY '). Mx H3yuenneM
3aHMMAIOTCH Gosbliueld 4acThio (HU3HONOrHA M TCHXONOTHS, pexe
MaTeMaTHka, B pganHoM KHHre BBHUAY HeNOCTaTKAa MecTa INpuBse-
JNeHH TONbKO HEKOTOPHE THMNHYHHE NPUMEPH TaKHX OLINGOK,
NpHYEeM HE JHENAaeTcs HHKAKHX MONKTOK COMPOBOAHTb HX KaKUM-
60 0O BACHEHHEM,

Haunem ¢ psima omHGOK, BO3HUKAIOUIMX IPH OLEHKE ANMHHI.
oTpe3koB u uacte# kpuBux. Hackonbko cyuiecTBeHHa mpH OlleHKe
INMHB OTpe3Ka ero rpanuua, nokasuweaer spdpexr Monnepa—
JInapa, Bnepsue onucanubifi B 1887 r. Ha puc. 4 npuseseun
IBa OTpe3Ka OXHOM H TOM ke I/MMHH; HA PHC. D TaKHe Xe OTPE3KH
pasMeilleHH HHaye; puc, 6 sBAseTcd BHIOM3MEHEHHeM pHC. 4.
Puc. 7 nokasuiBaer, 4To M3 ABYX PaBHHIX AYr OKPYXHOCTH Ayra,
orpaHuyenHas xopao#t, kaxertcs menbuie, Eure 60oabiuet kaxercs
pasHuua B AJMHE, a OCOGEHHO B KPHBHM3He Y ABYX PAaBHLIX, HO
MO-pa3HOMY 3alITPHUXOBAaHHHIX AYr (pHc. 8). Puc. 9 nmokaswiBaer,
KaK PasNu4yHOE OKPYWKEHHE BAHSET HA 3PHTE/NbHYIO OLEHKY INIHHBI
ABYX B NeHCTBHTE/bHOCTH COBEPILEHHO OXMHAKOBHX OTPE3KOB
AB u BC. W3 nByx paBiex oTpeskos (puc. 10) oTpesok, mokph-
Thil IITPHXOBKOH, KaxeTcsl anuHHee. OueHb BaXHO TaKxKe B3auUM-
HOe pacro/ioxenHe cpaBHuBaeMblx ¢uryp. dt0 ocobeHHo 6po-
caeTcd BrJ/la3a Ha MpHMepe DPAacnoJIOKEeHHS ABYX PAaBHHX OTPE3KOB
Ha puc, 11. BepTHKanbHu#i OTPe30K KAaWeTCH HAM 3HAYMTENBHO
6ojlee IJIMHHLIM, 4Y€M TIOPU3OHTA/NbHHH, BiHgHHe B3aUMHOro
PacrooKeHHs] CpaBHHBAEMHIX PEAMETOB YHTATENb MOXKET MPoce-
AUTh TaKXe Ha CJAEAYIOLIEeM MNpHuMepe,

[Tponenafite Takoif onuT. BupexbTe TPH NPAMOYroJbHLIE
NOJIOCKH OAHOH ¥ TOM We JJMHH, U3 HHX JBE TIOJOCKH ONMHA-
KOBOH IUMPHHBI H TPeTbI0 MOJOCKY MOJOBHHHOH UIMPHHH, A
TeNepb PAcmoNOXHUTE MX, Kak yKasaHo Ha pHc, 12, Ykawem
B CBA3M CO CKA3aHHLIM BHLIE enle OJHH o6MaH 3penus. Ecmn
PacroNioXuTh OAHY moA Apyro# GoJsblioe YHCAO PaBHHX TOJY-
okpywxHocTelt %), TO ouenuBas pasmepn H306paxceHufi, MH 0065-
3atenabHo ommbGemcd. IIpoBepka atoro dakra npe.u.ocmnnaercﬂ
YHTaTEeNno,

') B pycckoii auTepatype HX Ha3HBAIOT TaKKe «o6maHaMH SPEHH A, —
[Tpun. peo.

%) Uentpn no.nyoxpymuocreﬁ (Haqepueauux B OXHOH MJIOCKOCTH),
HOJ/UKHB HaXOJHMTbCA Ha ONHOM NpAMOH, a RHAMeTPHl nepneunnxy.napuu
aTolt npsiMOll.— ITpunm. ped,
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Puc. 4.

N
\
A

Puc. 5.

A\VAY,

Puc. 6.

/\ A

Puc. 7.

Puc. 8.
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2. Tlpusenem Tenepp psn reoMeTPHYECKHX OWHGOK, BO3HH-
KaWOLUHX NpH OueHke pasmepoB ¢uryp. Kak u B cayuae
OTPe 3KOB, HA 3pHTeJbHOE BocnpustHe (QOPMH M BEMHYHHH GHUCYp

/A\%” |
y; bttt 4
Puc. 9. Puc. 10.

pauseT cnoco6 odopmaenus rpamuun  ¢uryps, [Tokasanuwi
Ha pHc. 13 KkBajpaT noc/e NPHCOeAMHEHHS K HEMY ABYX MOJy-

Pnc. 11. Puc. 12,

KPYToB KaweTcd npsaMoyronbuukom. Puc. 14 nanoctpupyer BIusHne
Pa3sNHYHOrO OKPY}eHHs (QHUrypH Ha OlEHKY ee pa3mepos. M3 AByX

Puc. 13. Puc. 14,

PaBHHX MpPSAMOYrO/MBHUKOB, H306paweHHHX Ha puc. 15, BepxHuit
KaxeTcsl JJIMHHEE, a HWXKHHA — Bullle; 3TO MPOHUCXOIHT HCKJIO-
YUTENbHO B Pe3y/lbTaTe PA3IHYHOrO PACMOJIOKEHHs NMPOBEAEHHbIX

17
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BHYTPH Hux oTpeskos. Ha puc. 16, @ kpyr Bnucan B KBaapar,
a BHYTPH Kpyra MoOMelleH Jpyrod KOHIEHTPHYECKHH Kpyr.
Ha puc. 16, b TOT We cambiff KpPyr omHcaH OKOJO KBaApaTa H
noMeLeH BHyTpn APYroro KOHLEHTPHYEeCKOro C HHM Kpyra.
Ipu 3puTeNbHOK oOLEHKE Kaxer-
cd, 4YTO HCXOJHHE KPYrH HMelT

a) — b
Puc. 15. Puc. 16.
pasmuyHbie pa3mepn. Kak u B cayuyae oTpeskoB, pasnnuHas
WITPHXOBKA OXHOM M ToH ke QHUrypn MOXKET BBECTH HAC B 3a6ayx-
peHHe Tpn oueHke ee pa3mepoB. OCOGEHHO 3aMETHO BJIMSIHHE

UITPHXOBKH B C/Ayyae ABYX PaBHHX KBaJpaToOB, OJHH H3 KOTOPHIX
3aIUTPHXOBAH TCOPH3OHTA/NbHO, a JAPYroi — BEepPTHKANbHO, 31eCh

Puc. 17. Puc. 18.

HrpaeT PoJib YiKe caMO PACMONOKEHHE H306pawennti. ITO BUAHUe
HArJfAHO mMOKasan> M Ha puc. 17. KBsampar, nocTasieHubit
HA YroJ, Kawercs Gojblie ABYX ApYrux ksagpatos. Ha puc, 18
NOKa3aHkl B¢ paBHHE (QHTypH, BHPE3aHHbIe H3 KPYTOBOTO KOJbLA;
9TOT XOPOWIO H3BECTHHH NpuMep 3pHTE/bHOM OIHOKH NMPHBOZHUTCH
eute Mionnepom u Jluspom (npaspa, Ans cayyasi AByX paBHoOepeH-
HHIX Tpameuufi).

Bonbuioe umcio omwn60K BO3HHKAET ITPH BOCHPHATHH KOHTPACT-
HHX ¢uryp'). Ecam (puc. 19) OKpPYy®HTb OfHH H TOT e KPYyr

1) Takue peskue KOHTPACTHl BECbMa PaclpOCTPaHEHBI: MPeAMET BHIIJisi-
IHT TeM CBeTJiee, XoJofHee, KpacHee, ueM TeMHee, ropsidee, 3eJieHee €ro
oKpyXeHHe. HeaHaunTe/nbHble KOHTPACTHI MaJjO BJIHSIOT HAa 3pHTeJbHOE
BOCIIPHATHE NPEIMETOB.

18




cHayana MeHbIUMMH, a 3aTeM OOJbIIMMH KPyraMu, TO €ro pasmephi
B KaXAOM C/lyyae KawyTcs HaM pas3nanuueimu, Kpyroso# cekrtop

O O 0 QOOOQ

OO

Puc. 19,

Ha puc. 20 npeacTaBneH CHayana B OKPYXEHHH IBYX MEHbLIHX,
a 3aTeM ABYX O60ubLinx cekTopoB, Ouenusas €ro pasmepn, Mbl

Puc. 20.

CHOBAa BnajmaeM B ommbky. [lawe B ciayyae OTPE3KOB MOXHO
OTYET/IHBO HAG/IOAATh TAKOE e BAHAHHE KOHTpacTHOCTH. [lpo-
BepKa MPEAOCTAB/AETCS YHTATENO,

I i

"l

Puc. 21,

8. PaccMoTpuM Tenepb OHIMGKH B ONPENENICHHH HanpaBleHuH,
[Tpueenem cHauana obuwiensmectuuift npuMep Lidanepa (puc. 21),
Ortpeskn, mnapannenbHsle AMAroHajH KBajpara, IITPHXYIOTCS
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pPa3NHYHLIY 06Pa3oM, M IOTOMY KaWeTCsl, YTO OHH MMEIOT pasHbie
Haupasnedus, Eume Gonee 3aMeTHO JeHcTBHE LITPHXOBKH Ha ma-

" panjeapHble TpsMble, MNpeAcTaB/leHHHe Ha puc. 22, 3aMeHsas

Z
T
Puc. 22, '

IﬂTpHXOBK)’ HaHeCeHHHIMH 10 06e CTOPOHbI NMPAMBIX KBaJapaTamu

(puc. 23), mocturaem TOro ke pesyastata. Ha puc. 24 ucxos-
Hble [HAaroHaNH OTCYTCTBYIOT, OCTaBl€HAa TOJAbKO LITPHXOBKa,

—
=
—

R <2,
AN, =2y
L a ol l;,“ =,
Puc. 23. Puc. 24.

W TeM He Menee Habmopaetcsd ToT e s¢pdexr. AHanoraynHo
BeAyT cebs mnapannenbHbie npsMue Ha puc. 25. Ha done 3Be 3 a-

HEs(@>
NS ”

a) b)
Puc. 25.

yatoh durypu [epuura (puc. 25, a) oHu KaXKyTCH BHITHY-
THIMH Hapyxy, a Ha QoHe TaKk Ha3biBaeMOff mMCeBAOCKOMH-
yecKOM nyuyeBoll purypu (puc. 25, b) OHH KaxyTCH BOTHY-
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TeMH BHYTPb. TOT ke sddexr Habmomaercs M B clyyae napu
npaMeix, u3o6paxceHHHX Ha puc. 26. Kak nokaswiBaer puc. 27,
Ha (OHE [MCeBLOCKOMHYEeCKOH nyueBot GHUrype Kpyr Kamercs

Puc. 26.

nedopmupoBannnM. Ha puc. 28 kaxyuwiascs aedopmauus pyru
AOCTHFAeTCH C MOMOLIBIO BCErO ABYX XOPA: Ayra Kpyra Kaxercs
Ayro#t aamrnca,

Puc. 27,

.

[TpoBopst BHYTPH KPyra MHOXECTBO MOAXOASUIMM 06pasoM
MOAOSPAHHHIX XOPA, MOXHO JOOHTBCS KaWYILErocs H3rHGaHus
okpyxnoctd, [IpoBepka mpemocTasngercs yHTaTeNIo.

BakonyuM 9TOT pasgen paccmorpesueM Ilorrenmopdosoit
¢duryps (puc. 29). Ha atom pucyske npueenena mnpsiMas, fe-
pecekalomwas asa Gpycka; Kaxercd, 4TO OHA pa36ura Ha

2l
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napanjie/nbHee OTPE3KH, He COCTABSIOLIHE NPOAOMKEHHE OAHH-APY-
roro. Ananornyssil sapdeKT AOCTHraercd, ec/u HAKPHITh HPAMYIO
anneixofi, UTto npousofiger, ecnu kpas nHHefikn He OyAyT nmapan-
JIeAbHLIMU? ' :

/
L ]
=
L |
~
Puc. 28. Puc. 29.

4, MHoro omMGOK BO3HHKAET IIPH TEPCNEeKTHBHOM H306pa-
%EeHHH TMPOCTPaHCTBEHHHX 06Gpa3oB. llpexae Bcero cnemyer
OTMETHTb OJHO BECbMAa HHTEPECHOE SHBJEHHE: HEKOTOPHIE PHCYHKH
HAM OYeHb TPYHAHO BOCIPHHHMATh KAK IJIOCKOCTHbE YEPTEXH,

! |

! !
!

/
Puc. 30. Puc. 31.

a He KaKk M300pa)eHHd TNPOCTPAHCTBEHHHX OGDBEKTOB. YAMBH-
Te/bHO TAKXe M TO, YTO OXMH B TOT e UYepTeX MOWKEeT WH30-
OpaxaTh NMPeAMeT B COBEPIISHHO PA3NMUHHX monoxennsax. Mso6pa-
xenne ky6a Ha puc, 30 MOWHO paccMaTpHBaTh JHG0 KaKk BHA
cnpaBa M cBepxy, /mbo xaK ero BHA ciesa H cHuzy, CroweHHsiil
AUCTOK, M306pawenHnf na puc. 31, BOCIPHHEMaeTCs HAMH TO KaK
TNOBEpHYTHH peGpOM Brepel, TO KaK NoBepHyTH#t Hasax. Puc, 32
MOXET BOCNPHHHMATBHCA /KO0 Kak H306paxeHHe Jfemaniero
Ha KBAaJAPAaTHOM OCHOBAHHH KPECTd C FOPH3OHTA/ILHEIMH M BEpPTH-
KaJIbHBIMH (TPEYro/bHLIME) JIONACTAMH, JHOO Kak H3o0paxenue
Nlexauiero Ha TOM e OCHOBAHHH KpPecTa ¢ KOCHMH (4YeThipex-
yronbubpiMH) sonactsam. IIpn 3TOM OfHO M3 yKa3aHHHX BOCMpHS-
THH n306paxceHust JIerk0 nepexoaut B JApyroe. JlecTHuuy
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Llénnepa uan Ipenepa (puc. 33) MO¥HO BOCIPHHHMATh. PacHodo-
WeHHOM TakuMm 00pasoM, 4TO J€Bas HHIKHAS MOBEPXHOCThb KaweTcs
pACONOXeHHOH cnepesy, a npaBas BepXHAS — C3aJH, HO MOXHO
TaKXKe BOCMPUHMMATH €€ COBEPIUEHHO TMO-IPYroMy; Kawmercs,
4YTO PHCYHOK H306paxaeT Bhi-
CTynalowuit - Bmepel KycoK
CTeHH.,

B yka3auuux c/yyasx Bech-
Ma CYUIECTBEHHO, Ha KakoH#

Puc. 32. Puc. 33.

yacTH QHrypel MBI rKCHpyem Haule BuuManue, Ecan na puc. 30 nam
rnas ¢uxcupyer pebpo kyGa, ormeuenHoe uudpoit I, TO pucy-
HOK BOCMpPHHHMAeTCH HAaMH Kax B KyG6a cjieBa M CHH3Y; €CJM XKe
¢ukcupyercs pebpo /I, To—xkak BHA KyGa crpaBa M CBEpXY.
Takum 06Gpa3oM, NHHHSA, KOTOPYIO MBI PHKCHPYyeM, NpeaCTaB/seTCs
HaM Jiexautlet BrepenH,
[MposepbTe 9TO HA APYrHX
¢urypax nna puc. 34, Boc-
npusTHE KOTOPOro, BIMpPO-
yeM, COMPMKEHO C HEKO-
TOPHMH TPyLHOCTAMH,

=

Puc. 34. ‘ Puc. 35.

Puc. 35 nokasbiBaeT, KakuM MHOrOOGpasHEIM MOXeT OhITh
3pUTE/IbHOE BOCMPHATHE OAHOH u TO# e maockodt durypel. dror
PHCYHOK MOXHO CHUHTaTh M306paxceHHeM LHAMHIPHYECKOTO Tena,
paccMaTpuBaeMoro /1u6o cBepXxy, nM60 CHH3Y. DTOT We PHCYHOK
MOXHO paccMaTpHBaTh M KaK H300paxeHHe KONbud, HMEIOUIEro
pasnuunylo wupHiy Cnepenu u c3aau. Tonkas cTOPOHA Ko/bLA
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MOWeT GuiTh pacmosioxena mbo crepeau, MM60 — nPH HEKOTOPOM
BooGpaxenuu — c3axn. Puc, 36, tak we kax u puc. 34, nopox-
JaeT 60/bllI0e MHOrOOGPA3HE 3PHUTE/IbHHX BOCIPHATHH, 0COGEHHO
ecnM  paccMarpuBaTh  ero ¢
pPasHHX CTOPOH.

5. He cneayer nmymars,
4TO MNpHBeJEHHHE 3AeCh Ofn-
THKO-TeoMeTpHYeCKHe OLIHOKH
SIBASIIOTCH  TONBKO  Pe/iKHMH
NPUYYyAAMH  MaTeMaTH4YeCKoH
WM TCUXOJOTHYecko#t can-
1asun. [lonoGHee 3a6ayxne-
HHSL BCTPEUAIOT HAC BCIOAY B
€XEeNHeBHOM WU3HM, mnpaBaa

Puc. 36. HEe B TAKOM «YHCTOM BHAEY,
' Kak soite, [IpuBesem ykasau-
Hoe ncHepoM H306GpaxceHne AETCKOM mieTeHkH n3 Gymard (puc.37),

Puc. 37.

BOCNIPHATHE KOTOPOH MPHBOXMT K 3pHTE/bHHM OlIHOKam. UHTa-
TEeNI0 NMPeJIOCTaBNAETCH CBECTH 3TOT PUCYHOK K npocTefiueti popme.
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Muorouncinennsie  npumeps  goTorpadmit  AelCTBHTENbHRER
npeaMeToB yOexmalOT HAac B INMPOKOH NPUMEHHMOCTH BCErc
BHILIECKA3aHHOrO, K3-3a OTCYTCTBHS MeCTa aBTOP HE yKas3biBaeT
. TAKHX MPHUMEPOB, TPEAOCTaBAss HX MOHCKH YHTaTeno. Ysyuenne

STHX TNPHMEPOB NMyTeM HX PacyjieHeHHs MNOKaKeT, KaKne 3jeMeH-
TapHHE OWMOKH BCTPevalorcs B HUX. Yutatens, neliCTBHTENbHO
HHTEpeCcyloIuiica BOMPOCOM, B uY€M 3akjlouyaercs owHOKa, Ko-
HEYHO, He YNOB/AETBOPHUTCH TAaKHM NpPHBEAEHHEM OWIHOKH K Mpo-
CTEHIIIM reoMETPHYECKUM O06Pa30BaHHAM, HO 06A3aTeNbHO 3aMH-
TepecyerTcs MPOHCXOWAEHHEM STHX
ownbok. OTBET Ha 9TH BONPOCH 3a-
CTaBua Obi HAC OGPATHTHCH K CMEXK-
HHIM OONacTAM MaTeMaTHKH, (H3HO-
JOTHH W TCHXOJIOTHH;  pa3Mephl
KHHCH, K- COXA/NeHWIO, He TMO03BO-
ASI0T aBTOPY NPOAENaTh 3TO,

6. HaGmonenue ctonp 4acTHx

ONTHKO-FeOMETPHUYECKHX  OLIHGOK, |
ecTeCTBEHHO, BHI3HIBAET CKElTHYe-
CKOE OTHOLUEHHE K FONOMY BH3yanb-
HOMY ONpejfeNeHHIO HJIHH, YIJIOB, Puc. 38.
naowanse#h n 1. A. [posepka ny- ’
TEeM H3MEePeHHs, NpOBeJeHHd [OKAa3aTeAbCTB ABAfETCH COBep-
wenHo  neoGxopumofi. Dymer aM, uanpumep, n306paxeHHbit
Ha puC. 38 BOCHMHYrOJbHHK, MOJNYYEHHHI NyTeM COEAHHEHHS
BEepIINH KBAAPAaTa C CepeflHHAMH MPOTHBOMOJOXHLIX CTOPOH, Npa-
BHIbHEIM? MOXHO /1M C yBEPEHHOCTbIO OTBETHTb Ha STOT BOMPOC,
OTPaHHYHBAACH TOJBKO 3PHTENbHBIMH BOCMPHATHAMH?

7. «DTO HEBO3MOXKHO!» — CKa}eT, HABEPHO, uMTaTe/lb, NpO-
unTaB CAeAyIOUIHE 3aNaYH, U TONBKO GOonee A/NMHHBIE paccywmie-
HHSl MOKAXYT eMy, 4TO ou 3abaywxpancs. )

a) Ilepeceub Ky6 MIOCKOCTBIO TAaK, YTOOH B CEYEHHH MONY-
YRIACH NPABUABHLIA LIECTHYIOMBHHK.

b) Buipesats B KkyOe CKBO3HOE OTBEpCTHE, UYepe3 KOTOpOe
MoxceT npodTH KyG, paBHBI HCXOAHOMY,

¢) B xycke kapToHa Bbipesanel TpH OTBEPCTHS B BHAE KBai-
pata co cTopoHOH @, Kpyra ¢ AMaMeTpOM @ H PaBHOOELPEHHOro
TpeyTo/lbHHKa C OCHOBaHHeM a W BhicoToff a. Ha#ttu reno, ko-
TOpPOe MOXeT MNpo#TH uepe3 STH TPH OTBEPCTHS, MJIOTHO MPH-
MBIKas K KpasM OTBepPCTHH, T. €., ADYIHMH C/IOBaMH, Takoe Teno,
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Ans KOTOPOro meépeyHcIeHHue dmrypu ABASAOTC A ropnaomaﬂbuoﬁ,
BEepPTHKA/NbHOR H GOKOBOH NpPOEKUHAMH,

d) MmeioTcs mecTh OTPE3KOB OAMHAKOBOH AJHHBI (HanmpHMep,
cnuyek). CocTaBUTb H3 HHX ueTHIpe PABHOCTOPOHHHX TPEYyroJb-
HHKa,

8. B sakmouesne STOr0 pasjena npuBeseM HeGONbLIOH
guanor, MaTteMaTuk nokymaer B /naBke Kakod-to npeamer. «OH
croutr 90 mapok».— «[lossonbTte, Ho 3mech 0Gosnayeno 60 ma-
POK».— «AX, W3BHHHTE, f HENPABHJbHO PACNONOKHA UHPHI».—
«O, Her, uucno 60 MpoYNTaHO HEBEPHO...»,

IIl. ABTopckne omuGKu

[Mpexpe ueM nepefiTh K mnoclenHeMy, caMoMy GoO/bIIOMY
pasgesny STOH 4acTH KHHMH — K OIUMOKAM INKONbHHKOB, §i MpH-
Bely 3/1eCh pAA aBTOPCKUX OWMOOK. ITycTh HeKOTOPHM yTemie-
HHEM JI/A WKO/MbHHKOB OyleT CO3HAHHE TOrO, YTO H JApyrHe
JIONH JAONYCKAIOT OWMGKH, 4TO OWHOKM BCTPEUAlOTCH uallle, yeM
npuHaTo aymath. OAHAKO ropasgo BawHee AOOHTHCA TOrO, YTOOH
o6HapyxeHHole OLIMOKH BHPaGOTaAH y 4YHTaTelss KPHTHYECKOe
BOCTPUATHE W3yuaeMoii /uTepaTypnl. Torga OWMOKH APYrHX
6ynyT He TOAbKO, KaK 9TO 4YaCTO ciyuyaercs, MNpeiMeToM
HaCMeWIKH, Jawe 3J0OPajcTBa, HO H MPHOGPeTyT O6O/BbLIOE 3HA-
yenue aas obyueHus,

1. Hagum cHauana cioBo qmnocmgam. Tak, B «Jloruxe uucToro
pasyMa» M HaXOLHM cjefyiouiee OObSCHEHHE XOPOIO H3BECTHOH
KaXJIOMy HayHHAIOLIEMy MaTeMaTuKy, Xaxe LIKOJbHHKY CTapuUIHX
KJaccoB, 3anucH (yHKUHOHANPHOM 3aBHCHMOCTH y ==Ff(x).

«M B aToM cmecn dopmynn  dydxkuuH. Y He ocTaerca y,
a npeepaumaerca B f(x). Takum obpasom obecuesuBaercs Tpe-
6oBaHMe pa3nHyMd. Y He MpocTO y, B KayecTBe KAKOBOTO OHO
6€3yCJ/IOBHO OT/MYHO OT X, TaK YTO B/IHSHHE X Ha y mpencras-
AfieTCsl MpeBhllleHNeM BJACTH, TAHHCTBEHHHIM BJIHSHHEM BHEILHEro,
Her, y moxuso Bocnpunumath kak f(x). Takum oGpasom, mo-
TpeGHOCTh BHYHC/HTE/NBHHX Onepaluil 3acTaBiseT OTPeybCcsd OT
Tpe6OBaHHA pA3/MyYHA H TMONYHUHHUTBCA TpPEeOGOBAHHIO OXHOPOX-
HOCTH € X, DTO MOAYHHEHHE — OYeHb TOYHOE BHIpaXeHHE 3aBH-
CHMOCTH, TaK Kak 3TO NMOAYMHEHHEe SBNAETCS HTOrOM COOCTBEH-
HOrO H coOcTBeHHeHIllero CyBepeHHTETa 4YHCTOrO0 MHIICHHH,
KOTOPOE MOXET TaK e a6COJIOTHO MPOABNATBCA B Y, KAK HB X.
Tak y coxpanser B 9ToM a6COMOTHOM MOALUMHEHHH X, KOTOpoe
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npossasiercs B f(x), CyBepeHHTeT YHCTOrO MBILLIEHHS, YyXA0€
BIMSIHME, [IPOTHBOpevallee X; TEM CaMbiM 3aMEHSeTCH BIO/HE
NoHsATHOe TpeboBaHue pasanuus. HM6o Oymer am sro Takwke
pasnBune, KOTOpoe BHCTynmaeT B f(X) OTHOCHTedpHO X?». ITocae
STOrO TeM, KTO He 3HaeT, 4YTO O3Ha4aeT 3anuch y==f(x),
HE/b38 HHYEM MOMOUb!

2, lpepocrasuM Temepp C/NOBO IOPUCTAM H  jpake, YTOGhR
130eXaThb OLHOCTOPOHHOCTH, MewAyHapomHo#t kasyuctuke. Tak
HanpuMep, § 5 u3BecTHoro B 3anamuo# [epmanmn saxkoHa rna-
cur: «Ecmu mocne 20 mons 1948 r. mepsuw#t cpox BHNnNATH
3apaboOTHOH MNAATH M KANOBAHHS NPHXOAMTCS Ha uHca0 GOnee
nosanee, uvem 29 mions 1948 r., To sMua, monywalouue 3apa-
6OTHYIO "MJaTy M WalNOBaHHe, MOJY4al0T HOMJATy B HeMeLKHX
mapkax ). Jomnata pmomxHa coctasasth 70% or TOH uacTH
3apaGoTHOM NATH, WCYMCAfEMOR B rEepPMAHCKHX Mapkax *),
3a BHYETOM MOJOXOZHOFO HAJIOra, LIEPKOBHOTO HANOra W B3HOCOB
B (OHA COUMANBHOTO CTPAXOBaHHS, KOTOpas MPHUHTanach Mony-
qaTeno 3a mnepuop ot 30 wmions 1948 r, u 10 caeayiomero
YCTAQHOBJIGHHOTO [H$ BHIMJATH 3apaGoTHOM maaThly.

3nech peup HAET fawe He O cpeaHell u BhCLIEH MaTeMaTHKe
ca b xwuy, ao npoctoM rpawaanckoM cyere. Omnako KTO
NOHS, 4TO MOAPa3yMeBanoch B 9ToMm naparpacde? [eficTBurennHo,
MOHANOOMIHCE MHOFOYHCJIEHHHIE KOMMEHTAPHH raseT, W TaK Kak
H OHM He JaBaiu SICHOrO MCTOJKOBAHHS, TO MOTpPeGOBaNNCh Aalb-
Heliline pasbACHEHHS,

3. Jlutepatophl, pOMaHUCTH M JIApHYECKHE NOITH, KaK Jipa-
BWJIO, HE B Jajax C MaTeMaTHkoff, XOTsf M3 TOro npasuna OG-
BAIOT W HckAMOueHus *), B onanHoM pomane, coxepannem KOTOPOro
fABAfeTCH TPareAMs y4YeHHKOB, HE HMEIOIINX MATEMaTHYECKHX
CrnocoOGHOCTCH, aBTOP pAacCKasHBAET, YTO YeTHPE KPOBEHOCHHX
cocyna o6pasoBaiu Ha PyKe IOHOLIM (mapal/e/enunefy; asTop
yBepsieT uHTaTeNs, YTO BO BpeMs oOyueHHs ONHH MaTeMaTuk
comes ¢ yMa mocie TOr0, Kak BblyYHJ HAM3yCTh Tabauuy Jnora-
pugmos Bera,

) Henexnas epunuua B OPT nocne 1948 r. (ITpum. nepes.)

%) HenexHnas epunuua B ®PT 1o 1948 r. (/Tpus. nepes.)

%) O6 oTHOMIEHHH MaTeMaTHKH K MO33HH cM. JluTuMaH, CMellHoe
H yAUBUTENIbHOE B MHpe uHcea M ¢uryp, u3a. 7, Iérrunren, 1951
(W. Lietzmann, Lustiges und Merkwiirdiges von Zahlen und
Formen).
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Ummepman B 1837 r. nocetun pabouyio komuaty I'éte n
yBUZEN TaM «TPEYroNbHHK M3 KapTOHA, M3TOTOBJEHHHH CcaMuM
Mo3ToM, MNpHuYeM .., ['éTe xoTea NPONEMOHCTPHPOBATE HA HEM
COOTHOIIEHNS My AYLIEBHBIMH Cu/laMH, UyBCTBEHHOCTb CYHTan
OH OCHOBOH BCEX OCTa/JbHHX; MO3TOMY OH H300pa3un ee B
OCHOBAHHH TPEYrolbHUKA M OKPACHN MOCJeNHee B 3e/eHHH LBeT,
Oxpawennas B TeMHO-KpaCHHH LiBeT OG0kOBas rpasb H3o6paxana
¢anTasuio, OKpalieHHas B XKEATHH LBeT — 3ApaBbi CMHCI], B rO-
ay6olt — pasymy,

Hesicho, rae oOHapyxun aBTop GOKOBHE I'PaHH y TPEYroib-.
Huka? 'me paamectun oH uyertnipe IBera? S mpemnosaraio, 4To
ONHCaHHHA aBTOPOM TPEyroJbHHK Obinl TeTpasjpom!

IToaTH TaKe BechbMa BOJIBHO OGDAILAIOTCSA C MATEMaTHYECKHMH
nousiTHAMH. B oanoM pomane o Tanmneo Taaunee cka3ano, uto
Ha HAaArpoGHOM NaMATHHKe ApxuMend H300payeHH «MHPAMHAA,
nonywap u uwmsapy», Ho lluuepon B Tyckynanckux anc-
nytax, kiura V, cooOlLaeT TONbKO O IIape, BIHCAHHOM B LH-
JHHIP,

Ecnu 66 Ha HaprpoSbe ObiJIO elle H TpeTbe TeNo, TO 9TO

‘MOr OHITh TOMBKO WIAP, HO HUKAK He MUpaMuAa.

«H3 reoMeTpHn HaM HW3BECTHO, 4YTO y /00OH QUrypHl HMeeTCst
6eckoHeuHOe MHOXECTBO MOMOOHBIX e ¢(HUryp W TONBKO OnHA
KOHPpY3HTHas et (T. e. paBnas) durypa». Dr1a ¢pasa B3dTa H3
COYHHeHHH OAHOTO mucaTelNs, KOTOPHH MOGHT BhipawaTbcs 00-
Pa3sHO M OXOTHO LMTHPYeT MaTeMaTHKy. Jlerko moramarbcs, YTO
Ha caMmoM Jene TMOJpasyMeBan aBTOp, JAaBasg Takylo Qopmynu-
POBKY, HO NpejJIOXKeHHe, NMPHBENEHHOE BHILE, KOHEUHO, HEBEPHO,

4. Oco6eHHO 4acTO BCTPevaloTcsl OWHOKH, NMPOTHBOpEYal(ue
9JIEMEHTAapHHIM TOJIOXEHHSAM MaTeMaTHYeCKOM acTPOHOMHH, TNpH
onuCanun npupoan. [IpuseneM HekoTOpHie MPHMEpHI.

«MensieHHO TIOXHUMAETC BEYEPOM Haj FOPH3OHTOM cepebpsi-
HH# cepn JMYHBIY,

OnucuBag saxon Connua, asTop yTBepkaaer: «B To Bpems
Kak Ha 3amaje pa3BepPTHIBAJIOCh 9TO BEJHKOJNENHOE fBJIEHHE
NIPUPOAH, Ha BOCTOKE MONHAJCH ITOJyMecsl, M B 30JI0TOM CHSHHH-
Meplany 3Be3nbiy, :

«Jlysa, rOpH3OHTaNbHLIE CepM, CTOSJIa MOYTH B 3EHHTE, Takas
CBeT/Iafl, YTO MOXKHO GblI0 HAGMOAATH €e 3aTEHEHHYIO YacTh; Ha
TEMHO-ro/iy60oM IOPH3OHTE MOABHANCH CHSIIOLIHE 3Be3aH»,— (pasa
H3 HM3BeCTHEHIEro poMaHa OJHOrO MO3Ta-HHIKEHEpa.

B onmHo#t BnonHe coBpeMeHHOM POGHH3OHALE aBTOP, 3aHHMAIO-
uuifcsi ¢ YUCTO 06pa30BaTeNbHBIMH LENAMA HaG/TIOACHHEM IPHPOAH,
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BO BPeMsi CBOHX KaHHKYJ paHHMM JIeTHUM BeuyepoM HaGmonaer
8 ['amGypre Opuon, Puress w Berenbrefise.

«Bo Bpems moeanxku u3 Hoio-Mopka ma Asopckne octposa
1apuna yypecHas JeTHssi noroga, HOYM OHIM ele mpekpacHee,
yeM gHH. Mu Ha6naojanu, KpomMe TOro, OKHO HHTepecHoe sBie-
uue: JlyHa mnosiBisiAach KawAL# Beyep B OLHO M TO e BpeMd
H B OJHOM H TOM xe Mecte He6a. IIpuunHa sTOro OpHruHa/ih-
HOro moBexenHs JIyHH Ka3anach HaM CHayana 3arafovyHoli, 3aTeM
MH TOHSIMM: Kaxauff uyac Mel nepejaBuraeMcs Ha 20 rpanycos
IDONTOTH HAa BOCTOK, T. €, UMEHHO C TaKoH CKOpOCTblO KOTOpas
MO3BONAET HAM He OTCTaBATh OT JlyHbiy,

«[Tepsuie KacaTenpHele JY4YH BOCXOAsiuiero Haj DBenrpueft
COJHIla KOCHY/IHCH BeplunHnl Mon6naHay.

B oxsoM namocTpupoBaHHOM exeHenenbHHKe 3a 1949 r,

" MOXHO OHJIO MpoYecTh B ONHOM M3 ctaTeit: «Ha H0-M rpanmyce
IOKHOH LIHPOTH COMHIE NOJZHMMAaeTCs MPH KaxylIeMcs BOCXOHe
TaK e, KaK M B HAUMX UIAPOTAaX, M HECETCH. CO CKOPOCTHIO
300 [cex Han 3eMnel B 3aBHCHMOCTH OT BPEMEHH roja M3 I0Oro-
BOCTOYHOrO HJIH CEBepPO-BOCTOYHOrO HAMpaB/eHHA HaBCTpPeYy Ha-
6nmoparenio», Jlanee yntaeM B 9TO# e cTaThe: «2KHTe/nn 3KBaTOpa
MOTYT B OXHO M TO e BpeMs Ha6MIOKAThb MOJHOCTHIO BCE CeBep-
HO@ H 10XHOe 3Be3[HOoe HeGoy,

3HaToOK, BO3MOXHO, MO}MEeT, 4TO NOAPa3yMeBaeT aBTOP, HO
yuTaTeNs, AAA KOTOPOro MpejHa3Hayalachb 9Ta CTaThsd, oOHa

- cobpeT C TONKY. »

«Bce Gonee 30m0THNOCH HeGO HAa 3anaje, BCe HUKE OMycKa-
70Ch COJNHUE K ropu3oHTy. Houp Hapuna uax oxuoff mosoBHHOH
9TOr0 BpaUIAIOLIErocsl Liapa, B TO BpeMs KaK Ha OrPOMHOM
ATnaHTHYeCKOM OKeaHe Bocxoadulee conaHue MNPHBETCTBOBANO
KopaOnb, NMALIBUIMK MO HAaOpPaBNeHHIO K IOHOK AMepHkey,

[ToaTH 06HYHO HE BOCNMPHHMMAIOT TaKHe MPOMAaXU TPArHYECKH,
Po3 Maxane#t mucana ogHaxan cBoemy Opaty: «Ha crp. 27 tH
ponycTun OwHOKY oTHocHTenbHO JIynn, Mononas Jlyna ne Moxer
HaXOmMTbCcs Ha BocToke B 10 vacoe Bewepa». OTeer raacui:
«Jlutepatypuylo JIyHy He ciefyeT NMPHHHMaTh BCEpPbE3Y,

5. HanGonee comuuTesnbHOe neno— Mo3T, BHCTYmalowui B
poan HayuyHoro kputHka. Ilpusemem B xauectse npumepa CTpuna-
Gepra, y KOTOPOrO Mhbl Hab/i0gaeM MHOrOYHC/IEHHBIE OIUHGKH,
«IMycts A— Conuue, B— 3emnss, TeHb KOTOPOW NPH NYHHOM
satMennn 3akpmiaer JIyny (puc. 39). Ho xak Bosuukaer monay-
TeHb M OTKYAa GepyTcs npamele ad W ch, MHE COBepHIEHHO He-
nousitno. CeTsiuufics IIap JOMKEH HCIYCKaTb Ay4YH B BHAE
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CMN/OIIHKX PaZHYCOB; MPH 3TOM HE HOMKHO BO3HHKATbL HHUKaKOH
nonyTteud. JIn6o e nyudm sABAKIOTCH NPAMOJNUHEHHHIMH H mapan-

JIC/IbHLIMA, KaK 3TO npeAnojaraercs B (bPISPlKe. Toraa Takxe He:

o6pasyercs nonytenu, Bepxuu#t puc, 39 HenoHsTeH M NPOTHBO-
PEYHT NOJOKeHHSM (DUSHKH; CTOSILIME MOX HUM PHUCYHKH MOHSATHH,

OAHAKO HEe BCTpeYaloTCs HHUTCAE B KHHUrax nmno cpnauxe». [Tesua -

npeB3oLles, OAHAKO, Hekud ¢umocod, KOTOPHH yTBEpNAAN, 4YTO
«Jawe HauGonee BHIHOC/HBHE U
CTOHKHE KHBHE CYLIECTBA JO/NKHHI
3aMep3nyTh Ha CeBepHOoM monoce
M norubHyTh OT *apu Ha HOxHoM
nosocey,

D70 BHCKA3HBaHHE MepeKiH-
KaeTcs CO CJEAYIOLIUM MECTOM H3
kuurd «KTo Moxer 3To moBep-
HyTb?» Bumbresnma Paabe: «Tam
Buu3y na HOxHOM mosioce, rae Tak
¥apKo, YTO JIOAM MNPEeRNOYHTAIOT
CTPOMTb CBOM 1OMA B BOZE...».

Ho Paa6e rosopur 3TO Hecepbea-
HO, OH BKJAJLIBAET STH CJIOBA B YCTa
OJIHOTO IOHOLLUH, KOTOPOTO OH H30-
GpaxaeTr HeBexuOH,

6. Ilepexoxy Ttemepb K Kiaccy

Puc. 39. TaK HasbiBaeMblx crneunanuctos. Ha-

uHeM ¢ KypHaaucros. K coxaneusnio,

raseTh peJKO MHUWIYT O MAaTeMaTHKe, OJHAKO €CAH 9TO H Cay-

yaeTcsl, TO YacTO OCTAETCH TONBLKO MOKayaTthb ro/oBo#, Ilpusenem

HECKOJIbKO NMPHMEPOB, KacaloWMXcH Jaxce He BHIYHC/AeHHH, a mpo-
CTO MaTeMaTHyecKHX MOHATHH M o0o3HaveHHH.

OnHna rasera coobinana o pa3mepax Bcenednoft, o uncie
MenbyalIUMX YacTHL. M T, A. TaM Moxuo OwJO, HanpHMep, mpo-
YyHTaTh, 4TO BO Bcel Bcesenwolt umeercs 10,79 mportona u T. A.
I'HraHTCKHe CTeneHH MNpeBpaTHAHCH TYT B MajleHbKHe AeCATHYHBIE
apobHu. '

B mouToBOM flIMKEe OAHOrO OUEHb H3BECTHOrO WJJIOCTpPHPO-
BAHHOrO ewedeleqbHHKA MOXHO OHJIO MPOYHUTATh TakoH OTBeT:
«Macmra6 1:25000 na awet reorpadnyecKod KapTe o3Hauaer,
YTO OTPe30K AMHHOK B 1 ¢ HAa KapTe COOTBETCTBYET Ha MecT-

1
HOCTH paccTosiHUIO B 25000 c. = T . Takum 06pa3oM, n3MepHB

Ha Kapre C nOMOWbIO NUHEHKH PacCTOAHUE MEXAY KaKHMH-
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Hu6yap TMyHKTaMH, BH MOJiyYHTE€ HCTHHHOE PACCTOAHME, YMHOWHA

pesyabtar na 25000 cx nau —41— KM,

Korma oanaxan yparan onpoxunyn B Hayane GawHio paauo-
CTaHUHH, TO OAHA H3 raseT OOBACHMIA 3TO TEM, YTO LEHTP
TSKeCTH GaulHu pasfennics Ha XBe YacTH.

Onnd raserta Tak mnucana o cobutuu Ans: «IIpoGnema ssasiercs
TaKoM e Hepa3pelMMOH, KaK M 3ajaya O AEeJICHHH OKPYWKHOCTH
Ha TpH vactu». B crarbe «J/lioau, KOHTPOMMPYIOUIHE 3BEIABIY
OHOTO H3 H/JIOCTPHPOBAHHHIX eXeHeNEeJbHHKOB aBTOP Clelylo-
wuM o6pa3om pacckasniBaeT o pabote [punBuuckofi oGcepsa-
Topun: «B npopomkenne 12 4acoB CHINT B Ma/lleHbKOM JOMHKE...
HOYb 32 HOubIO 4esnoBek n Habmiopaer Cesepunii noaoc, Kaw-
Ayl0 HOYb ¢poTorpadupyeT OH ceBepHbHle 3Be3[bl H y3HaeT U3
dororpaduit, rae pomkeH Owtb CeBepHuift nonioc. Cpasuusas
noJyyenHufi pe3y/bTaT C NMOKA3aHHAMH KOMIAca, OH ONpejesnser,
rie AefCTBHTENBHO HAXOZMTCA MOMOCY.

O xapyrom uyenoBeke, paGoTaiouieM B To#t e oGcepBaTopuu,
coobuaercsi: «Ero cneunansnocth — Habnmosesne nBofiHHIX 3Be3n,
KOTOpHle MOCTOSIHHO DACMOJIOWEHH O4eHb GAM3KO APYr OT Apyra
H, 4TO 0COGeHHO XapaKTepHO, MMEIOT OGLH# LEHTP THKECTH,
BOKPYT KOTOPOTO OHH BpALAIOTCHAY.

B 10 Bpemsi, koraa mnpoGnema depma ob6xomuna Bce raaew
B OZHOM H3 HaIMX H3BECTHHX exXeJHeBHHX raseT OHJIO Hanu-
CaHo, YTO ypaBHEHHE

"yt =2"(n-42)

HEMb3sd paspeumth B ueawx uHcaax! Opud u3 untateneft geit-
CTBHTEJbHO B3sics 3a 9Ty npo6ieMy; OH JErKO Mokasaj, YTO
yxe ang n==1 nmeercs O6ecKOHEYHO MHOrO pemienn#, n Tpe6o-
Ban o6eulaHHyl0 Harpaay.

HMaBecTHy10 3ajayy O mIaxMaTHoff [JOCKe OfHA WIIOCTPHPO-
BaHHas raseTa H3jarajga ciaeaywumm obpasom: IlocraBum Ha
nepBoe moje 1, Ha BTOpoe mo/le 2 M 3aTEM «Ha KaxmOe Cle-
Ayloiliee MoJle — YHCJIO, PABHOE KBAaAPATy 4YHC/A, CTOSLIErO Ha
npenuiayileM none». TakuM o06pa3oM Mbl MONYYHM YHCJOBYIO
nocnegoBatenphocTs 1, 2, 4, 16, 64, 256, ... Oanako aT0
6ynmer, ec/iu He CYHTaTh MepBHX ABYX YHUCeJ, MOC/]eN0BaTENb-
HocTe 4, 4%, 4%, 4%, ..., a BOBCe He nOC/ENOBAaTENbHOCTD
9, =4, 44=2"Z[2]") [2]'. Kax semxo umcno [2]*?
Cnoco6 BHpaXEeHHs MHicefl B raserax, 0coGeHHO B 06:1acTH
MaTeMaTHKH, OCTABJfET eJaTh Ay4uIero.
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Xopowo etfle, 4TO He BCE YTBEPWACHHS ra3eT OCTalOTCH
neonpoBepruyTeIMK. He3anonaro po conHeyHOro 3aTMEHHS HEKTO
mucas BO MHOrMe TraseThl O CBOeM BO3MYILEHHH TE€M, 4TO, MO-
BHAHMOMY, BCE OHR CFOBOPHJHCH BBecTH NIOfefl B 3abnywuenue.
Ho ero-to Bo BcsikoM cayuae He ymactes ob6MaHyts, OH mno-
CMOTpeN B KajleHmapb. B TOT meHb, KOraa, corsacHo coobLieHHIo,
6ynet conHeuyHoe 3aTMeHHe, MOMKHO OHTH HOBONYyHHe. A TaK
KaK B HoBoayuue Jlynn He 6yJeT, TO OHa He CMOXET 3aKPHTh
Coanue.

7. 3HaunTenbHo XyxXe OOCTOMT jen0 ¢ OGONBbLIMM K/AacCOM
IHJIETaHTOB B MaTemaTHke, liMenHo B 3TOM cayuae Gonbiuoe
pBeHHe M CaMOOTBepxeHHAas MI000Bb K HayKe pacTodalTcs Co-
BepIIEHHO 6ecrnose3H0 Ha JOCTHIKEHHE CJIHIIKOM TPYAHBX Lienef,
Bce ctapanns nanpasasioTCs Ha npeojosiene GosblUMX npoGnew,
KOTOpHe B OGOJNbLIMHCTBE C/y4aeB Aake He
MOMHOCTBIO MOHHMAIOTCH, HMEHHO B CHY Mpo-
CTOTH CBOHX dopmynnpoBok. K uncny ysneues-
HHX mpobneMaMH TpHCeKUMH yria'), ksaapa-
TYpPH KPyra W yABOeHHS Ky6a NMpHCOEIMHHIUCDH
B nocjefnne AecAtunetns ¢epmatuctu. Cucre-
MaTHYeCKOe H3yuyeHHe BLIABJSIOUIAXKCH [PH STOM
rpynn OWHOG0K Oui0 GH OYeHb MOYYHTE/BHBIM,
Sl npuseny spmech TOABKO TpH OOpasna Ta-

: KHX «JoKasaTenbcTB». [lepBoe npepoctasun
B MO€ pacrnopsikeHHe ONHH YWTATENb [EPBOTO H3AAHHA ITOH
KHHTH, KOTOpOMY B CBOIO Ouepefb OHO OLlJIO Bpy4eHo AJs IKCep-
TH3bl, Bropolt npnMep kacaetcs pokasaTenbcTBa Teopemb PepMa
n Obl nepecnan MHe camHM aBtopoMm. TpeTuit spisercs «pe-
meHHeM» H3BecTHOH MpoOnemMbl TEOPHH MPOCTHX 4YHCesd, KOTOpoe
6bII0 MHE TakKxe COOOLLEeHO MHUCbMEHHO,

Yron (puc. 40) ¢ Bepumnoit B Touke O Hajgo pasgennTh Ha
TPH paBHble yactH. OTNOXMM HA OXHOM CTOPOHE yraa OT €ro
BEPHIHHB TPH NOC/JENOBATE/IbHHX POH3BO/IBHEIX PABHHIX OTpe3Ka
AO=AB=BC. Onnmeym u3 sepumin O pamguycom OB nyry,
KOTOpas mnepeceyer NMPOTHBONOJNOKHYIO CTOPOHY yraa B Toyke B,

Pazpennm nyry BB, nononam; nycTh ee cepenusa — Touyka M.

) Beckope nocse OKOHYaHHsi BTOPOH MHUPOBOH BOMHBL O NMOPYYEHHIO
ONHOrO JIOBOJIbHO BHICOKOTO OGMUHANLHOIO YupeXIeHHs MHe G6blIO mepe-
JlaHO pelleHHe NpPOGJEMBI TpHCeKNMH yrya. OHO OKasa.soCh, KaK H 60Jb-
IIHHCTBO TAaKHX HAXOJOK, MPHGMMKeHHbM peienneM. K peleHuio npusa-
FaeTcsi YepTex TMOCTPOEHHS JJHHOIO OKOJO 2 MerpoB. BHIeykasaHHOe
ggpg;x;enne BHJMMO NPEANOJdrajo, 4To HMeeT JeJo YyThb JIH He C aTOMHOM

MGoit.
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Onuumem u3 sepuunn O ayry pamuyca OC, xoTopad nepeceyer
MPOTHBONOJIOKHYIO CTOPOHY yria B Touke C,. OTnoxHM Teneps
ayry BM Ha anyre CC, or toukn C mo toukn M’, Torma

M =— ZC.ocC.
A 'Q)epmamcr nuuler caeaywouee: «Uto cnenyer 3 Teopemsl

depma? YUrobu HarasiaHO MPeAcTaBUTh ce6e TPeTbio cTeneHpb (Ky6)

HEKOTOPOro 4Hc/a, Hago BOOGPa3nTb HekoTOpwit Ky6. Cornacxo
Teopeme depMa (Tak KaKk ypasHenue a®— b®==c® HepaspelHMO
B leJHX YHCJaxX), M3 Tena, OCTABUIErocs IMOC/Je BHHHMAaHHA H3
Gonbuiero ky6a BHYTPEHHOCTH MeHbLIEro Ky6a, HeMb3s MONYYHTbH
HOBHI MaTeMaTHYeCKH TOYHHH KyO6. MHaue: pacnnasum aBa Ky0a
M3 MNJAaBKOro Marepuana (MpHYEM BBOAHMTES YC/MOBHe, HTO TMpH
N7aBKe MaTepHas COBEPIIEHHO He TepsieTcs), TOr4A H3 MOJYyYeH-
HOR pacn/iaBneHHOH MAccH HE/b3s H3rOTOBHTH TOuHHM KyO. Ins
TOro 4TO6H mMONYYHTb TOYHHE Ky6, Hamo H0GaBUTH B MacCy
eule Marepnana WJH, Ha060pOT, yacTh ero YAanuTh, TAK Kak
HH B KOeM cayuyae H3 oOuieit MacCh Henb3d OCYUIECTBHTb MaTe-
MaTHYeCKH NpaBuibHBH KyO».

«B Bame#t 6pouriope ,Bennkann u KapaukH B MHpe yncen* ')
B pa3gene 7 (o 6o/bLIMX TIPOCTHX 4YHCAax) BH coobliaere, YTo
IO CHX nop He pelliea npoGnema, Kacalouiascs map MPOCTHX
yucen, OT/NHYAIOLIMXCH APYr OT Apyra nwa 2. dta mnpobiaema
3aK/J04aeTcs B TOM, YTOGW Y3HaTb, HE MEPECTAIOT /JH TaKHe
yucjAa BCTPeYaThCA BOBCe, T. e, CYLIECTBYeT JH MOCHEeXHSA,
naubosibiiasi mapa, AW YUCAO Takux nap Geckoweuxo, OTBETHTH
Ha 3TOT BOMNPOC, MO-MOEeMY, OueHb Jerko. BosbMeM 3a MCXOAHYIO
TOYKY JAOKa3aTeibcTBO EBK/IMAa GecKOHEUHOCTH YHC/IA MPOCTHX
yucen. [Ipeanonoxum, 4yTo HMeeTCs HanGObILIEE MPOCTOE YHC/IO P.
Eskana  nokasan, 4to uncao m=1.2.3...p-}1 sasngercs
KanbHEHIIHM mNpPOCTHIM 4YHCAOM, GonabiiuM veM p, TakuMm e
o6pa3oM MOXHO MoKas3aTth, 4Tto uuciao n=—1.2.3 ... p—1
siBageTcs mpocThiM. CrieloBaTe/NbHO, M MOJYYHAH Mapy MPOCTHIX
yHces, OT/AMYAIOUIMXCH APYr or Apyra ua 2, [lyctp Temepn r
B r -2 — HauGonbluasi M3 Map MPOCTHIX YHCEJ, OTIMYAOLIHXCH
npyr ot apyra na 2. Ilonaras torma p=r-}2 u o6pasys, xak
YKa3aHO BHIlle, YHCAA 7 H. m, MH TOJNYYHM eule OAHY Mapy
MPOCTHX YHCeN GONbIUNX, HYeM NpeABAYLLHEY,

8. Hepenxn omubk# B yueGHMKAax Tex oTpacielt 3HaHui,
AAs KOTOPHX MaTeMaTHKa fiBASETCH BCNOMOraTenbHOM Haykof.

) B. IutumaHn, BeJIHKaHbl H KapJiKH B MHpe umuces, (Duamarrua,
1959 — punm. peo.
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BT0 B SHauuTeabHOM CTéreHH OTHOCHTEA K reorpaduu, B yuel-
HHKaX KOTOPOH dYacTo BecbMa MJIOXO W3/IAralTCs CBeJEHHS M3
MaTeMaTHYeCKOH reorpaduu u MaTemMaTH4YeCKOH acTPOHOMHH.

a) «21 mapra Connue CTOHT KaK Pa3 Haj LEHTPOM 3EMHOrO
urapay,

b) «B moGom nsuxyuieMcs Iiape ABe TOYKH AOMKHH GHITh
HeNOJABINHBIMH; 3TH TOUKH Ha3HBAIOT MOJIOCAMH 3€MHOrO iapay.

¢) «Tor pauameTp 3eMHOro 1apa, KOTOPHH HMeeT Hampasie-
HHE TOYHO C CeBepa HAa IOr, HA3HIBaeTCHd 3eMHOH OCHIOY,

d) «Kaxmoe nonymapue (3eman) umeeT cBoe Temaoe Bpemd,
a UMeHHO TO, B TeueHne KoToporo Co/Hue HAXOAMTCS B AAHHOM
HONYLIaPHHY,

e) «Ecan nposecTn uepes kKawawi u3 360 rpagycos sxsa-
TOPa OKPYXHOCTb GOnbWIOro kpyra, To o6pasyiorcs 180 mepu-
nuaHoB, CnemoBaTenpHO, Bcero umeercss 360 wmepummanos. Mx
paccTosiHHs OT 9KBaTopa paBun 111,3 wa.»

f) «B MecTHOCTHX, /eXal¥X HA pPasNHMYHHX MEpHAHaHaX,
NOMAEHb HACTYNAaeT B Pa3/NHYHOE BPEMS HHSAY.

g) «Jlyna takxe cTpeMmuTcs mnpHTArHBaTh Tena, Boma nerye
nopjaercs neHcTBuIO mnputsxenus JIyHH, yeM TBepaas 3emus;
BCc/leACTBHE 9TOrO BOAA B MOpe NMPHAMBaeT K obpaieHHOH K Jlyne
ctopore. CBoeoGpa3HbM sIBASETCH TO, YTO H HA NPOTHBOIMOJONK-
HOl cTopoHe 3eM/H HaGMIOKAeTCs SIBEHHE MPHJMBOBY,

h) «Ho MAOCKOCTh  KaKyilehcs op6utrsl Conuua (9kaunTuka)
M MIOCKOCTh OpGRTH 3eMau He cOBNajgalr, a o6pasyidT yroa

o

1
B 23‘—2—».
9. IlpuBeny ewe onus aHalorHyHB MpHMEP, TaK KaK OH

BCTPEYaeTCH TMOYTH BO BCceX yyeGHHKAX M aT/jacax, a MMeHHO:
n3obpaxenne op6uth Jlynsl, OOHYHO oHa H300pawaercs, Kak

Puc. 41.

Ha puc, 41, 3aUMCTBOBaHHOM MHOIO M3 MPOCMEKTa HEKOEero COYH-
nesns, OpGuta Jlysn w3oGpaxkeHa 3jech B BHAE H3BHIHCTOH
AuHAY, KoTopast o6paiena Kk CosHIY TO BHNYKJ/OH cBOEH HacThio,
TO BOTHYTO#, B TO BpeMs Kak OpOHTa 3eM/aH BO BCeX TOYKax
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soinykaa, Ecan 6n op6uta JIyHH AeHCTBHTE/IBHO MMena Takue
M3rHOH, TO B CHIY YHCTO MAaTeMaTHYeCKHX COOOpaxeHHH 3TO
npuseno Gul K JOBOJNbHO YAMBMTENbHBIM CleicTBHAM, B peftcTau-
TeJbHOCTH opOHTa JIyHnl Ha BCceM CBOeM MPOTSKEHHH BHIIYKAA,
Kaxercs HemoHSITHHIM, KaK 9TO MoxeT OuTh: BedAb Jlysa cosep-
waeT HABMXKEHHS TyJAa H O6PaTHO OTHOCHTE/NBHO OOeHX CTOPOH
3eMHOM OpOMTH (BHyTpeHHefi u BHell-
Hel, ecnu cMoTperbh co cTtopons Cons-
ua). Jdeno oGbacHIETCH TEM, YTO PagHyC
NYHHOH OpOHMTH upe3sHYaliHO Maa Mo OT-
HOIWIEHHIO K PpajHycy 3eMHOH OpGHTHI.
Puc. 42 npeactasasier co6oit ABeHAALATYIO
yacTe 3eMHOM OpOGHTH (MyHKTHpHad JH-

Aepban vembapms [

Noanonynue /\._

HUs1) ¥ AyHHOW OpPGHUTH (CNAOHIHAS NHHUS), v
X

10. B 3akniouenue npesocTaBUM CJIOBO é’
aBTOpaM  MaTeMaTHYeCKHX  Y4yeOHHKOB. — :
Bce mnpuBeseHHBlE HH¥XE OTpPHIBKH JO- N
C/IOBHO BOCTIPOH3BOAAT TEKCT COOTBET- Pocreduin | __ -
CTBYIOLIHX yueGHHKOB. Koneuno, oGHa- vembeoms S
pyxeHHe OWIHOOK W HENOCTATKOB B J0- N
Ka3aTe/bCTBAX HE Bcerja #BAAETCH MpPo- S
CTHIM HenoM. §1 cTapaics He MPHUBOAHTS .~ S
TPUBHAJbHHIX OIIHGOK, KOTOpHE TaKwke . | §
HepeAKO BCTpevyaloTcss B yueGHHKax. B f N
OIHOM YyuyeOHHKE MJIAHHMETPHH, BTOpOE Hoborywue \| =
H3aHHe KOTOPOro BuilLO B cBer B 1922, §

MOYTOJIbHEE TPEYrOAbHHKH MOAOGHKY . ITO
yTBepKIEHHE He sBJAAETCS OMHCKOH, TaK
KaK CNyCTH ABE CTPAHHULI B OLHOM H3 NPH-
MeuyaHnH MOBTOPHO YKAa3LIBAETCH, YTO «BCE
NPAMOYTONbHHE TPEYTONbHHKH MOAOGHBIY
A B oiHOM aMepHKAaHCKOM MIKOJIbHOM Puc. 42.

yue6HuKe MOWKHO MIPOUATAT: «B TO BPEMS

Kak ypasHenne x°--y®==0 wusobGpamaer KpYraylo TOUKY, H30-
6pasHTh YETHIPEXYTOJIBHYIO TOYKY  HEBO3MOXKHOY '),

\
I\
MOXHO MpPOYHTATh Clenylomee: «Bce nps- \\
\
\
\

fepban vemBepms

11. «DBeckoHeUHYI0 HECATHYHYIO HeNepHOAHYECKYI0 apobb
HeJb3d O6paTHTh B OGHIKHOBEHHYIO Apo6b, HeficTBHTeNbHO, ecan

) Mo sroMy HOBOAY OAWH 4YHTaTeNb NMHCAJ] MHe: IepeXoAs B ypaBHe-

uud | x|+ ]y| =~k Kk npegeny npu £ — 0, NO.yyHM KBaApaTHYIO TOUKY.
3nech |a@| o3Hauaer a6comomyxo BEJIMYHHY 4YHCJA 4.
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6n mepBasi ApoOb nosyuasnach H3 OGHWKHOBEHHOH HApOGH, TO OHA
6bina 6b MepHOAMYECKOH, TaK Kak OcTaTKH B KOHIE KOHLIOB

~cranu 6w noBTopAThca. PaccMaTpuBas STy Apo6b KaK YHCTO

MEPUOAHYECKYI0, HO ¢ GeCcKOHEYHHM MO MAJHMHE MEPHOAOM, Mbl
nonyynM, obpaulas ee B mpocTyio ApOOb, B uucauTene Oecko-
HEYHO MHOr0 4YHceN, a B 3HAMeHaTeJe CTO/MBKO e pa3 uyHcao 9.
BMmecTo 3TOro ee MOXHO samucaTh, KaK 3TO OGHYHO H AENAIOT,
B BHIE OOHIKHOBEHHOl npOOH, 3HaMeHaTelb KOTOPOH TMpeacTaB-
nsieT co60f emMHHILY ¢ GeCKOHEYHHM YHC/OM MNOCTENYIOLHX HY-
nefi, Takyio apo6b Ha3HBAIOT MPPALHOHANbBHEM YHCAOM.
ITpuvepom sBnsercs umcno m=—3,14159265..., BHuHCAEHHOE

Jlam6eptom, Ero Moxuo paccmatpuBaTh /60 Kak ApoGhb
314159265 314159265. . .
59999699 ° * * 60 Kak Apo6b 56000600 © GeCKOHEUHBLIMH YHC-

JATENIMH H 3HaMEHATeNIMHY»,

12. «IlousiTne cTenenn ... [Toa cTenessio @” noapasymeBaior
NIPOH3BeJieHHE 71 COMHOXHTENEH, Kawauii U3 KOTOPHX PaBeH a...
Ecnu BMecTo a" paccMaTpuBath npousBenenne 1.a%, 1o n-10
CTeMNeHb YHC/IA @ MOXHO PacCMAaTPHBATh KAaK pe3yabTaT M-Kpat-
HOrO NOC/EAOBATENLHOTO yMHOXeHHs uncaa 1 na uncao a, Orcio-
Ia cjeiyeT, 4TO MepBas CTeHeHb 4YHUC/JA @ NOMKHA PaBHATHCH
a... Ecan cosceM He ymHOXHuTh 1 Ha @, TOo monyuyaercs yucio 1,
T. e, a’=1, Hynesas cTenesr n1060ro ocCHOBanHs a paBHa 1».

13. «U3... caexyer ocoBuiif, COBEPLIEHHO aHANOTHYHKE HMEIO-
HeMycs B C/Iy4yae ISJuUMNCa METOA TPOBENEHHsi KacaTelbHblX
K rumep6osie u3 3ajanHof TOukM R, nexauiel BHe rumep6obi
(7. e. BHYTPH TOH yacTH MNJIOCKOCTH, KOTOpPas PACNOOKEHa MEWLY
obenMH BeTBAMH runep6ons), OnHOBPEMEHHO MOAyYaeM, YTO #3
Kaxof Takoft TOUKM MOXHO MPOBECTH K OZHOM M TOM e BeTBH
runepboisl fBe KacaTenabHbie. Tak Kak mpu otoM okyc, nexa-
U BHYTPH BETBH, K KOTOPOH NMPOBOASATCH KacaTeibHble, HrpaeT
HHYIO pPO/b, 4eM BTOPOH ¢oKyc, TO KacaresbHbe, NPOBEIECHHLIE
K onHOH BeTBH runep6O/B, HE COBMANAIOT € KACATE/bHHIMH, NPO-
BEeJCHHHMH N3 TON e TOUYKH K JpyroH BeTBH. Takum o6pasom,
u3 M06off TOUKH R MOXHO TIDOBECTH YeTHpE KacaTelbHbE K TH-
nep6ose: nBe K OXHOM BETBH, ABE K APYro#»,

14, Omnbky M NOXHHe 3aKJIIOYEHHs MOrYT CKPBIBATBCS U
cpeny 3azad. Bo BpeMsi OZHOrO NpeiBAPUTE]BHOLO 9K3aMEHA Ha
3BaHMe yunTend B Jlauuu Guina mpelsioweHa 3agaya, B KOTOPOH
peub MINa O NMPAMOM KPYFOBOM- KOHYCE C PaAMYCOM OCHOBAHHS
25 cx, soicotolt 50 ¢ v Becom 1 e, CooBpasute, Kakoll ypenb-

. 36




HBI BeC HMeno 91O Teno. Jlanee B OZHOM M3BECTHOM yqemmxe
npenniaraeTca 3agava: «Hafitu nuamerp runepGonu 5x*— 6y* = 30,
pensuu#t xopay y==2x-14 nomnonamy,

Yr10o6H HAYUYHTBCSH BO3LEPHHBATHCH OT C/AHLIKOM IOCHEIIHOro
OCYMJEHHSI TAKHX «ABTOPCKHX OIWHGOKY, s NPHUBEAY HHXKE OTpHI-
Bok u3 Asre6pn Ditnepa (n°. 33, rnaa 1, tom 1), kotopyio mpu
clyuyae TNPHBOAAT Kak oOpasel, KHHCH, comepwaiieit 6osbuioe
KOMMYECTBO JIOTHYECKHX Omn6oK. A Bexp Dinep GHA HACTOAULIUM
MareMaTHKoM!

«[Ipewae BCero sicHo, 4TO mMpoH3BepenHe, 0603HaueHHOE GyK-
-BaMH, MM€eT BHA @b; ONHaKO KakOH Ha0 INOCTAaBHTh 3HAK, —~
uwm —, eule HenspecTHO. OJHAKO ACHO, YTO AOMKEH OGHTH KGO
onnn, nu60 apyrodt 3uwak, Ho Temepp s MOry ckasatb, 4TO 3TO
He MOXeT OHThb 3HaK —. JleHcTBHTEeNbHO, — @, YMHOXEHHOE Ha
-+ b, naer— ab, u TaK KaK — @, YMHOXEHHOE HAa — b, HE MOXeT
IaTh TO € Camoe MpOM3BEJeHHe, Kakoe JaeT —a ¢ -} b, 10
NpoH3BeJeHHe — @ Ha — b JOMKHO paBHATBCS - aby.

B 1935 r. Buina B cBeT khura Jleka «OwuGku MaTeMmatu-
KOB OT JPEBHOCTH J0 Hammux fHeity, Bpioccens, Kactelt. Ona
conepxut okoao 500 «ommboky okono 330 .aBTOpPOB B 06AaCTH
YUCTOR M NPHKAaJHOM MaTeMaTHKH, NpHYeM B HX YMCO0, 33 pel-
KHM HCKJIOUEHHEM, He BOLIJIH - Muoroqncneﬂuue owu6KH, OTHOCH-
11{MeCs K TMONBITKAM JI0KA3aTh AKCHOMY Mapas/ie/lbHOCTH, BEJHKYIO
teopeMy Pepma, pelmTh NPoGieMH TPHCEKUHH yrna yBOEHHH
Kkyba u KBagpaTypH Kpyra.

Cpens aBTOPOB, OLIHGKH KOTOPHLIX NMPHBOASITCS B BTOH KHMre,
HAXOAATCH MOYTH BCe BenMkue Matematuku: AGenn, danamGep,
ko6 u Worann DBepuynnn, Kown, exapr, Sitnep, Pepma,
Tanuneit, Taycc, Jlarpanx, Jlannac, Jlexaunp, Jle#6unu, Mownx,
Heioron, Tlyaukape, llltefinep, ecam Ha3bBaTh TOJABKO H3BECT-
nelmux,

Hano umetp B BHAY crenyloune coobGpaxenus, Bo-nepBuix, To,
4YTO paHbllle CYHTANOCh AOKA3aHHHM CTPOr0, MOXET MNOKa3aThCs
B 6osiee mo3qHee Bpemd, KOrga K mpobJemMe MmOAXOAAT ¢ Oosee
CHJIbHBIMH METOEAMH AOKA3aTeNbCTBA, AOKA3aHHHIM HECTPoro, dTo
‘HMEeT MeCTO, HamlpHMep, B HCYHCJeHHH GeckoneyHo Manmx, Tax,
ONHaOXIAW BO BpeMsl mOKnana o0 HploToHe OZMH KPHTHUYGCKH Ha-
CTPOEHHHH MATEMaTHK CKasal: «Ax, 9TO Ye/OBeK, KOTOPHIH Hauies
TO, U8 Yero BMOCJEACTBHH BO3HHKIO AHDPEpeHIHaNbHOe HCYU-
cnenre!y Bo-BTopux, B mpolecce o0pasoRaHHs HOBas OTpacib
HayKH TIPOXOIHT .CTaJAMI0 Mepexofa OT WIATKOro O0O60CHOBaHHS
K CTPOrOMY CHCTEMATHYECKOMY TIPEACTABNEHHIO AOKA3aTS/bCTB,
1 cam nepexnn To B CTyAeHYeCkHe .TOAB, KOrJa OZMH Haul
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penMuatmizft MaTeMaTHK CcO03Jajk TEOPHI0 HMHTErpa/ibHHX Yypasue-
unfi, IMomulo, xak TOrjaa accucTeHT AHnipe, KoTopuit oGpaboran
Kypc JeKuuf, Hammcan TOHKHWM KapaHIaliOM Ha Kpalo MallMHO-
NHCHOrO TEKCTa: «HayHHAg OT CTP. ... AO ... HE HAETCH ra-
PaHTHH B CHPABENJIMBOCTH H3JIOXKEHHOrO» H KaK B POXIAECTBEH-
CKYI0O HOYb MaTeMaTHYeckash KOprnopaius NpHBETCTBOBajaa IMpoO-
deccopa CHEAYIOWIMMH CTHXAMH:

«H16 6O crepBa HEMOHSTHHIM,
Auppe, HaKOHeW, cAenan SICHBIMY.

CoBceM HeJaBHO ONHMH M3BECTHHH MAaTEMATHMK NHcaJ B ApPENH-
cnosuu Kk kuure: «[Ipu mocTpoeHMH Knaccuyeckod TOMONOCHH,
saunHasg ¢ [Tyauwkape, YacTo HcHonb30Bajach 4esloBeyecKas
npuBH/erus omubarscs. fl cTaparenbno ciexoBan STOMY BeMKOMY
npuMepy B MoeHl ,MaNeHbKOH“ TOMOJIOCHHY,

MareMaTHueCKHe KHHIH, COBEPIIEHHO CBOGONHLE OT OMWHGOK,—
i MCK/IOYAl0 OTCIONA W3JOWEHHs OGLIENPHHATHX PaspaboTaHHHX
obnacTefi HAYKH — BCTPEvalOTCs OveHb peako. M TeM He Menee
B JpYrHx 00/acTAX HAayKH nenc OGCTOHT €lle Xywxe,

Bo Bpems opsoro sacefnanns MaTeMaTHueckoro o6uiecTsa npex-
cemaTenb MPEACTABH/ MPHCYTCTBYIOMIMM TOABKO YTO BhilllefIIHf
TPYA ONHOrO M3 CAMbIX KPHTHYECKH HACTPOSHHHIX 4YJIEHOB O6ule-
crBa, OH 3Haumiacs B kuure JleKka Kak TPYA C EAMHCTBEHHOH
OWHOKOK M ¢ NpuMevaHHeM, YTO owmOKa CooOLlEHAa CaMuM aBTO-
pom. Ilpencemarens HasBan STOT TPYA «KHHrod 6e3 OWHOOKY.
Heckoneko mecsiueB crmycts 1 6ecenoBan 3a rpaHuiel ¢ 6M3KuM
Ko//leroff aBTOpPa M pacckasan emy 39TO BhickasmiBanue, «J1 ywxe
coobuun aBTopy 06 OZHOH OLIMGKE», — OTBETH/ OH.

IV. Omn6xa 1WKOJbHEKOB

[IlpexBapuTenbpHbHE 3aMEYaHHUud

IMpuBonumbie HHXE NpHMEpHl, 33 HEMHOTHMH HCK/IOYEHHSIMH,
ReHCTBHTENLHO IIPEACTABAFIOT COOOH «NOAMHHHLIA» NpPORYKT
TBOpYECTBAa YYalIUXCH, T. €, MPHBEAEHH MHOK B HX IIepBOHA-
YanbHOM BHAe. B Hmkecneaylowiux pasmenax s crapaics He pac-
CMaTpHBaTh COBepUIEHHO O6eccMBICJEHHHX OWHO0K, KOTOpHE He
TaK YK pelKkH B TeTpaadx yuvauinxcs, IIpuBeseM smlip HECKONBKO
TaKWX TPHUMEPOB, 3BYYallHUX BeCbMa Kypbe3HO,

1. U3 sk3aMenanuoHHOM paGoTh oxHOR IOHOH KaMel, KOTopas
%0TeJla NMONYYHTh SKCTEPHOM CBHAETENbCTBO 06 OKOHYAHHMH Aulied:
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«Teopema INudaropa raacur: ksaapar, nocTpPOeHHHH Ha rus
noTenyse, paBen CymMe KBaipaTos, MOCTPOGHHHX Ha KATeTax,

Tpebyetcs nokasatb: a*=b*-}c.

Hoka3aTenscTBo. Ecau mnomans KBaapata, MoCTPOEHHOrO Ha
rUnoTeHy3e, paBHa 2, a maouwagd Oo6OMX KBaJpaToOB, MOCTPOEH-
HHIX Ha KareTax, paBHbl 1, TO MH IMPHXOAHM K pe3y/bTaTy

=141, 40 141 n ects 2. CnenoBarenvo, 2=2. Ilox-
CTaB/As BMECTO STHX YHCed OYKBH @, b H ¢, Mu moiyyaeMm
a*=0*--c*, uto W TpeGoBanOCH NOKA3AThHH. )

2. IlpuBenem Terepp npuUMep H3 TBOPYECTBA MYXCKOH M0J0-
BHHH yenosevecTsa. Omubka B 3TOM MpHMepe HE TAaK MPO3payHa,
H B KOHUE Jaxe moAyyaercd NpaBHAbHHA pesyastaT., Onuu
YYEeHHK CTapLIMX KJaccOB JaeT TaKoe pellieHne Cleayiouel
3apaun: «Haittu ypaBHeHne OKpYXHOCTH C LIEHTPOM HA OCH X,

npoxonguie#f yepes Touky P (4,2) u umeloutei pamuyc r=7, 13»,
«B o6uiee ypaBHeHHe OKpPYIKHOCTH

(x—a) +(y—0)=

MOACTABHM . M3BECTHHE HAM 3HAYEHHS; MBI MOAyunM (x— 4)* -
4 (y — 2)*=13. Hckmounm cHayana y, a sarTeM x:

Yy —dy+7=0, y=24V4—7;
y paBio 0, Tak KaK KOpeHb He H3BJIEKaeTcs;
x*—8x+47=0, x,=7, x,=1(y,=0, y,=0).

OTClOJla nonyvyaeM JBa pelICHHA:
(x— T+ (p—0’=13 n (x—1)*4(y—0)*=13.»

3. IlpuBeneM elle ONMH MpPHMeP YYeHHYeCKOH OMIMGKH, KOTC-
Pt 4aCTO paccKasWBAlOT Kak wWYyTKy. TpebGyeTcs Jokasath
caenyroutee npepnowenue, Ha mpsamoft Basate Touku A, O, M.
B, N, pacnonoxeHHble B yKa3aHHoM, nopsake, npuiem AO0=O0R

oM OB

"oE =—0ON" Hokasate, 4TO
AM__AN
MB

Peuienne, koTopoe AeACTBHTENbHO AaN OAHH YYEHHK, GBIIO TaKuUM:
OH COKpaTHA nepByi0 Apo6p Ha M, Bropylo—mHa N M noayyun
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4, dtoT nprMep OuYeHb HATIOMHHAET WIYTOYHHLH BOMpoOC, 3a-
JaHHbIH B MaTeMaTHYeCKoM oOLiecTBe, NMOYEeMY Helb3sl COKPATHTh.

dy 1 N dx
BEIpaXeHHe = Ha d'), n moyeMy Henb3sl Hanucarb <= d
P NOJAYYHTb eAHHALY,— BEAb W3BECTHO, YTO HHTErpHpoBaHHE
n angdepesunposanie — B3auMHO o6paTHbie onmepatun! Oxuan b

MHE AeHCTBUTEBbHO BCTPETHNOCH CJICAYIOLEE BbiYHC/IEHHE:

_[f(x)dx _ fdx . X
Jiwemde  [gdx  [e(de’

5. B Hmxecnenyoiux NpUMEpax MOYTH He NPUBOAATCH OOLIY-
Hble OWKOKY B BhiuucAeHHsX. OAHAKO W OHH MHOrAa OHBAIOT TaK
3aMaCKMPOBaHbl, YTO HEBHWMATeNbHLI uuTaTeNb OOHAPYXKHT HX
He cpasy. [lycTb, HanpuMep, TpeGyercs ONpeAeNHTh PACCTOAHHE
mexay Toukamn P, (11; 46) u P, (137; 14). IMo usBectHoft pop-
MyJe

P1P2=V(y|_ya)2+(xx_xa):
MBI HMeeM:

P.P,=V 32"+ 126*=V)1024 4+ 15876 =}/ 16 900 =430.

6. TlpuBenenunle 3Jech 3afaUH He COAEPHKAT HHKAKHX OCOOHX
TpynaHocTel naum ocobenHoctTefl B OpMY/HPOBKE, KOTOPHE MOTI/IH
6bl HATOJKHYTb HA HEBepHOE pelleHHe, DTO OOHUHBIE MIKOJbHbIE
sagauu. IlpuBeseM npuMep, Korja u3-3a cBoeoGpa3HOH opmyn-
pPOBKH COBEpLUEHHO TpHBHA/JbHAA 3ajaya MOXET [0Ka3aThCs
TpyaHoti npo6aemoti. [powuasonbHas Touka runepGoIL COEAHHsETCS
¢ dokycaMd, Yepe3 cepelHHnl paaHycOB-BEKTOPOB [POBENEHH
K HAM nepneHaukyaspu, HaliTH reoMeTpHueckoe MecTO TOuYeK
nepeceyeHns STHX MEPNEeHIUKYIAPOB A/ BCEX TOYEK rHmep6oibl.
MoxHO nomoHTH K pelleHHI0 3aJayd aHaJUTHYECKH HJH CHHTe-
THYECKH, MOXHO Jax¥e CHenaTh TOYHBIE MAM NPHONN3HTENbHHH
yepTex, H BCe Ke OMMOHThCA. A B JeHCTBUTENBHOCTH 3ajava
pewmaercs creayloiuM o6pasoM. Tak kak B TPeyronbHHKE TPH
neprnexiuKyisipa, NpoBeJeHHbe 4yepe3 CepefuHbl CTOPOH, mepece-
KalTcd B OZHOH TouKe, TO ANAA /OOOH TOYKHM rumep6GOJH TOUKaA
nepeceyeHdss yNOMAHYTHIX B 3ajaye MepNeHAHKY/IIpOB BCeraa

1) Korga BepHO paBeHCTBO Z—z .—:.—iL? OHO BepHO s cJayuas

y=kx, a Takxe IpH y=eln X; nocjefHee BHIpaXKEHHE, BIpPOYEM, €CTb
He YTO HHOe, KaK y==xX.
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JGXKHT Ha MepreHJnKyaspe, MPOBEACHHOM uepes3 cepelHHY OTPe3Ka,
coeHHAIOIero GOoKYyCH,

HenpasnnbHoe, noxHOoe MOHMMAHHE WU TPOCTO HEMOHHMAHHE
H3Y4aeMbiX MONIOXEHHH BMeCTe C MPSMLIM MperpeiieHHeM MPOTHB
NOrHKH — HanGonee ‘yacThie TPHYHHBL OWIKHGOK, MHorna cayuaercs,
4TO BCE HAMHCAHHOE YYal{UMCHd BEpHO, HO OTCYTCTBYET HEYTO
Gonee HAH MeHee .Ba¥HOe, B pe3yaAbTaTe 4Yero pelIeHHE Moay-
JaeTCH HeyJOBNETBOPHTE/NbHMM, MHOrza HenpaBuibuhit vepTex
NPUBOOHT K JIOXHOMY pe3ynbTaTy. Oco60ro BHHMAHMSI 3aC/YiKH-
BAIOT HEKOTOPhHIe Kypbe3HHe CJAYy4aH, B KOTOPHX MOAyYaercs
BepHHH pe3yAbTAT, HeCMOTPSI Ha rpyObie OLIMOKH B pelIeHHH,

Onna ommbGka ocoGeHHO xapakTepHa A/asi GO/bIIMHCTBA MpH-
BeJeHHHX 31eChb MOAJHHHHIX pabor yuyauuxcd., Ouu GodArca wus-
JlaraTb CBOM MBICJH H OrPaHHYHBAIOTCSA NPHBENEHHEM roJHX (op-
MyJ, Jaxe B TexX C/Ayuasx, Korjaa oObsicHeHHe SBJSETCH COBep-
1IeHHO HeoGxopuMbiM. HackonbkO 3aTpyaHsieTCsi STHM MOHMMaHHE
XOna pellennsi, NOKAXKYyT NPHBENEHHBIE HHXe MpPHMEPH,

YpaBuenus
1. Peunts ypasHenue

a—x 1—bx
l—ax™ b—x"
Pewenne.

(@—x)(b—x)=(1 — ax) (1 — bx);
ab—ax —bx 4 x*=1— bx — ax -} abx*
x'=1-abx* —ab;
x'—1=ab(x*—1);

1 =ab.
2, 3apmaHo ypaBHeHHe ‘ .
(1) — (x4 2) (x - 8) = (x - 4) (x - 5) — (x - 6)".
Peuwenne,
x’+2x+l-—x’——5x~-6=x’—[—9x—|—20——x’—- 12x — 36;
—3x—5=—3x— 16;
5=16.

3. Peuntp ypaBheune
. 6

8 ____92 _

x—

©
*
|
I©
x
|
LS
=
|
-
.
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Pemenne.

6(r—=2—9(—3) (x—1)—4(x—4)

=)= T T G=Hx-1)
6x—12—-9x4-27 x—1—4x+16
#—5x+6 F—bxf4d
15—3x  15—3x
M—5r+6 x—bxt4°
Urak,
) 6-—=14,
4. Pemutp ypaBHenue _
Vit . T—4
Viti4+2V6+1 Viti—2Ve+1 -

Pemenwue.

Vet x—2Vox+Vx4a4ViT1—8Y64a=
=Vr a2Vt Ve—aViTi—8Vo—4
8V xF148=4)6x;

2Vr+1=V6x—2
4x+4=6x-44—4)6x;
2 VEE:x;
24x = x*
x =24,

5. Peumth_ypasnenue

Vx——4—V:T4 —I/x—l=0.

Pemenmne.

x—4—3—=V(x—N(x—4)=0;
x—T=VE—1)(x—4)
X —14x 449 =x*—5x 4 4;
9x =—=45;
x =05,

6. CocTaBuTh YpABHEHHE, KODHH KOTOPOroO Ha—;- Gonblue
Kopue#t ypasnenus Tx*— 6x - 1=0,
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Pemewnne. Mycts @ 8 P—KOPHH pammoro ypasHenns;
; 1
KODHH HOBOrO ypaBHenHs OyAYT TOria G—}-E, B+, acamo
YpABHEHHE NpHMET BHI

y (ot 81+ (a 1) (B4+1) =0,

Ho o+ p=6, af=1 (no ¢opmynam Buera). Orciona mony-
yaeM TpebyeMoe ypaBHeHHe

Y —Ty445=0, nm 4y —28y417=0,
7. x-+xV2=1; uatitn x. o

Pemenue.
£V2=1—x; :
2x* =14 x* —2x;
x*42x—1=0;
x=—1+V2.

8. x+2V x=3; nattrn x,
Pewenne,

x4+2V x=3;
V?=—-H_—VI={_§,;

_J1,
*=o.

Tak KaK 3aJaHHOE YPaBHEHHe COMEPXHT KBajpaTHHE KOPHHU,
TO "HeOGXOAMMO MPOBEPHTh NOACTAHOBKOW, Y/OB/JETBOPSIOT JH
HaliieHnble 3Ha4YcHHA ypasuenmio. Yucno 1 yposnersopser ypas-
HEHHIO, YHCA0 9 SBNfeTCH KMOCTOPOHHHM KOPHEMY,

9. Peints cucTemy ABYX ypaBHEHHMH C ABYMS HEH3BECTHBIMH

(2)
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f ) Pewenue, U3 (1) cnenyer -

x4yt =2xy;
x*—2xy 4+ y*=0;
(x—y)'=0;
x—y=0;
X —y==4;

i;==4_
10. Peumth cucremy ypaBHenuft

{ (@—2)x4(3a— 1)y =2a,
4x—2(@—1)y=—a.

[poBecTH, B 4acTHOCTH, HccaenoBaHHe i Clyuaes _a—..._-O
ua=—3. .

Peulenne, YMHOXHM nepBoe ypaBHeHHe Ha 4, a BTOpoe —
Ha a—2. 3aTeM BHYTEM MOYJEHHO BTOPOE YypaBHEHHe H3 nep-

BOI'O; NOJYYHM
6 6
¥ (2a*+-6a) =a*+-6a, otkyna y =27z((aaﬁ— §)=g?ai 3

MMopcTaBnas 9TO 3HayeHue B MEpBOE yPaBHEHWE, MOJYYHM

. __a—3
ety

1
Bem =0, Tt0ox=—75,y=L
Ecit a=—3, 10 x=—00, y=00.

11, Peumts cucreMy ypaBHenuit

x’—\—xy=14, B¢
{ x4 y=T. (2)

} Pemenne. [ens mousneHHo repBoe YypaBHenHe Ha BTOPOE,
nonyusM X =2, a notomy y=>5. [loxcTasnas ana npo6u 3ua-
yeHHe y==9O B ypasuenue (1), moayuum

. X 4-5x—14=0;
—_ 5.9,
X= —?i__"'f ’
X, =2;
x,=—T.
Tenepp u3 ypaBHenus (2) ciexyer, 4To y, = 14,
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12, Peumts crcremy ypasHeunutt 4 ‘
a'x’=b'y’, ) (1)
2ax* =b*cy. © (2
Pemenne. PasnennM ypaBHeHHS IOY/IEHHO:

a

=4 =%
g=7¢ W y=7g.

[TopcTaBuM 3Hauenue y B ypaBhenue (2):
2ax* =b’c %‘-’;

X=

H =

bo
X == '2—.

MoncraBnss snauenne x B ypasuenne (1), monyuaem

a'b—;c—’:=b’ t;

20,
=
ac
y==43.
18. Pemuth cucreMy ypasseunft
[ B—y=9, (1)
25+ 3y =22. (2)
22 — 3y

Pemenne. Ms ypasnenns (2) mmeeMm x=="3—=. Toxz-

craeue B ypasienue (1), monyuaem 5y* — 132y 448 =0;
) 112
y=4n =5 -

Hoxcrasnsas B ypaBuenue (1), Haxomum

" X=-45n .x:=i%:2

"14. Pewmts cucremy ypasHexnit

X  y—206
7'—-‘—‘-;_:35, . N
xy =25, 2
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Pemenne,
x* —26x =y*— 26y;
x*— y* —26x 426y =0;
(x— N (x+y)—26(x—y)=0;
(x —y) x4y —26)=0;

Q) x—y=0,
b) x-l—y:::?ﬁ.

2x = 26; x=13.

2y =26; y=13.
Yuennk, naum#l Takoe peuende, sametun npu stoM: «OnHO
YPaBHEHHE C I BY M HeH3BECTHBIMH TaK:Ke MOKeT GHTb PEiIeHo.»

Bepst, onnako, ypasnenne b) ¢ HcxomhbiM ypaBuenmem (2),
nonyyaem

x+y=26,

{ xy=25.
x(26 —x)=25;
. x*—26x-+25=0;
x=134+ V13" —5%

x=13+412.

Ilpu x,==25 u3 ypasnenus x — y=0 cnenyer, uto y,=25.
Ilpu x,==1 nonyvaem ananorudso, uro y,= 1.

15. Ha#itu Takne nBa uncna, y KOTOpHX DPaBHel CyMMa, mpo-
W3BeleHHe H CYMMa KBajpaToB.
Pemwenne., Ilo ycnosuio samauu
— — a2 3
xX4y=xy==x"4y"

B cnny cootHouienus

x4yt =(x4-y)—2xy

‘cllefyeTt, 4To

3(x+y)=(x+4y),
T. e, ,
x4-y=3.
CnenoBaTeNbHO, X W y ABJSIOTCHA KOPHAMH yPABHEHHH
u*—3u-43=0,
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oTKYyAa
' _3xVY=3
— -—i——'— .

3apmaua mMeeT, TakuM 00pasoM, TOJIBKO MHHMBE PEUIEHHS,

16. U3 Cxanpep6opra B CuabkeGopr (mBa ropopa B MOTnan-
auu) otnpasuancs Tpu moespa: A, B n C. Iloesn A pacxoayer
Ha Beck myTs Ha 10 MuHyT Ooabwie, dyem mnoesx B, HO Ha
40 muuyT Menbiue, yeM moe3x C; moesx A mnpoxoaHT B vac

1 2
Ha 6— Kxx Menblie, yeM moe3x B, HO Ha 12— kM Gonblue,

4eM noesn C. Cxonbko uacoB Tpebyercs noesny A Ha Bech
NyTh ¥ KAKOBA €ro CKOPOCTBH?

Pemenune.
A tpatuT Ha Bech nyTh 60X MHHYT, €r0 CKOpPOCTD Y KM

l,
B » » » » B50x » » » y+63-»;

C » » » » 100x » » » y——12%»;

Teneps MH MOWEM COCTAaBHTb YDaBHEHHS:

60xy ="50xy |-310x | . =/<x——-—)( 6Ll )
s y y+
. Wcnonbayst nafinenHoe 3suauenne Y,
noayuysMm x=1,

Mckomast ckopocTh moessa A pasia 31 x4 B uac, a mpopon-
WHTENBHOCTL Bcero ‘npobera— 1 yac.

17. Pemmmts ypaBHeune
Vi—a*+Vx—bt'=a—b.

PaccmoTpeTb oTmenbHO cAyualt, korma a==0.
Pewenne,

Vi—d=a—b—Vx—10b5
x—a’=a'—2ab4 0+ x—0*—2(a— b)) x— b
alp —a)=(b—a)V x—0%
a’=x—b%
x=a'4-b",




THE TR W

TloncTanoBka MOKasLIBAET, UTO NepBHfl KBAAPAaTHHM KOPeHb CJne-
AyeT 6paTh OTpHUATeNbHHM. B ciyuae a==b0 umeeM x=2a*

18. Pewmmtp cucteMy ypasnenu#
x' 4 xy=a’-} ab,
{ y -+ xy=a*—ab.
Pemenne, Tounesso cknagwisas ypasnenus, monyuaem
(X 4y)* =2a*,
’ x4y=aV2.
[Tounenno mepemnoxasi sajanHme ypaBHeHHs, MmonyuaeMm ]
xy (x4 y)=a'—a’h*, ‘
OTKYZa, HCMO/B3Ys MpeAbAyliee YpaBHEHHE, HMEeM

aS_ b2
- . 2 '
CocTaBuM Temepb KBAAPATHOE YpPaBHEHHe

Xy =

N a? — b?
22— alV 2 ‘Z+ 5 =0,
Pemas sTo ypasuenne, nonyuaem

_VE T _F=F_aVT, V3
Rl A

2 L]
Urak,. - -
x=(a+b)V"2' (ea—b) V3
‘ 2 2
_@=0V2 | (a+b V7
y'— 2 . 2 .

19. Peumts ypasuenne 9.12V% — ¥,
Pewenne 1. Honownm Vix=y; tora

9:127=6", um 9(2.6y = (6").

lMocnennee ypaBuenwe pacmajgaercss Ha apa ypasuenuss 67 =0
n 9.2 =06", u3 KOTOPHX NepBOe He mmeer KopHefi, Bropoe
yPaBHEHHE MOXHO Npeo6pasoBaTh CleAyIwuM 06Pa3oM:

9.9/ =9.37.




[ocnennee ypaBHeHne CHOBa pachagaeTcsi Ha 4B ypasHeHus
2=0 n 9==23". lleproe us srux ypaBHeuufl, Kak H paHblle,

He HMeeT KopueH, moclenHee HMeeT KopeHs y=2, oTkynsa
x=4,

Pewenne 2. O6osnaunm /'x=1y, torna name ypasHenne
npUMET BHA )
9.1 — @,
Paznowum uncna 9, 12 u 6 ua npoctoe MHONHTENH:
. 3:+y.22y=2y!.3y:

Tak xak 4HCIO MOXET OHTb PAasNOWEHO HA MPOCTHE MHOKHUTENH
TOMBKO OXHHM crocobom, To

24y=y% 2=y

J— 2’ R 2v
y“‘{—l, ”“{0.

Tak kax’ ABAa YPABHEHHS HOJXKHEI YIOOBJIETBOPATHCA OAHOBpPE-
MeHHO, TO TONBKO y==2 u }x=2, x=4.

oTClona

20. Peumith ypaBheuue (-i—)x=<_§.)7

Pemenne. 3**"=4**" orkyma B cuny paBeHCTBa IMoOKa-
3aTenell creneHel mnonyuaeMm, uto 3=—4,

2 \lgx 3\lgx 13
21. PemgTb ypaBHeHHe (3) —|—(-§> ,___-.6_1)_

IpuBonsitca TpH BapHAHTA (PEIICHHNY,
Pemenne 1,
4lgx glg' X 13
T 6le ¥ =T i
lgx=1; x=10.

1) Corsacuo 06uleNpHHATEHM 0603HAYEHHSIM, NMPOHU3BOJBHHI Jorapudm
oBosHauaercs uepes log, MecATHYHHIH Jorapudm — uepes lg, a HaTypasib-
HBIA JorapuM — gepes In, -
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Pemenue 2.
13,
1gx1g3+lgxlg5—-1g6, lgx(lg +lg+ )_lg.e_,
lgx-lg—ﬁ-—lg—e-, lgx=1; x=10,

Pemenue 3').
Tak kak loga-logb=1logab, To

lgx(lg-§+lg—§-)—_—.1g [(%%)1“]

2 3 2 3
Tak Kak, manee, lg '§'+ Ig 7= lg (3 . 7), TO, C/IeZI0BATe/IBHO,

1gx-1g‘1=lg1;

lgx=1;
x=10.
Apudmeruka

S— J— 6 T
1. Ynpoctuts Bupawenne /124 1/9 — "/:)L7 )

Pemenue,.

V4 I— Y h= YT 4 B — ‘1/(1—)__—.

_2,/3°+3°—-——_2 ]/6‘——-—_.—
=2/ T8 —1=63/2"— 1=6/63.
t/__a-Fl/{_—l/"":l/;H )
Pewenne, i/%-l—i/%_i/-%—i/;
R R

—+V_—V““]/— “’1 1/1

2. YIpoCcTHTD BHPaXeEHHE

') 3ro pemenne 6bINO MpHCAAHO MHe B PENAKIUHIO ONHHM aGHTYpHeH-
TOM H pacCMaTpHBAJOCh HM KaK Ge3yCJIOBHO «OIIHGOUHOE?,
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3. Yemy pasHo i*"?
Pewmenne,

1 1
— —
2

im=(V:i.)m=((— ])T)‘"=((_ l)"’) : =(+ 1)

4. B ¢opmyne pasnowenus 6uxoma Hbiorona

=41

(@b)"=a"+4na"""b-+}... 40"

npu n=0 noayuaem (e4-b)°'=140-4... +1.
Taxum o6pasoM (a—b)° pasxo nu6o 0, mubo 2.

5. B cocyne nmenocs 2000 nutpoB Boasl, C noMowibio TpyOH
M3 COCYAa BHIIMBAeTCs Kaxayio mMuuyTy 50 autpo Boab. Kaxoe
KOJNMYECTBO BOAbL OCTaHeTca B cocyne uyepes 1, 2, 3, ..., x
MuHyT? Byjser 1AM KO/AHYeCTBO BOAW B COCyle MNPAMO HIH
06paTHO MPOMOPUHOHANBHO BpeMeHH? DByger an ~KOJAHYECTBO
BHTEKIIEH KHAKOCTH NPAMO HAH OOPAaTHO MPOIOPLHOHANBHO
BpPEMEHH?

Pemenne,

flo npomecmﬁu 1 MHH)"TH B cocyae octanoch 2000 — 50 == 1950 «

» » 2 MuHYT » » 2000—2.50=1900 2
» » 3 » » » 2000-—3.50=1850 2
» » X » » » 2000— x-.50 x.

Yem Goniblle nmpoLINO BPEMEHH, TeM MeHbile CTAHOBHTCS KO/IH-
4yecTBO BOAW B COCyAe, T. €, KONWYECTBO BOAH B COCYyAE
06paTHO NpOMNOPUMOHATIBHO BpemenH, Yem 6onblue NMpouuio Bpe-
MeHH, TeM O6OosblIe KOAWYeCTBO BHTEKLIeti BOALI, T, €, KOJNHYeCTBO
BHTEKIIEH BOAL NPAMO MPONOPUHOHANBHO BPEMEHH,

3/ T- 1 a
6. BoiyMcauTh ¢ nOMOWLbIO TaGMuL 1OTapUPMOB X = ;/ 1g0,3.
Peueune,

x =3 04771 —1=13/"0,5228;

lg(—n= 208 02305
lgx=— 0,2395 =0,7605— 1;

x=0,5761.
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7. Ins kakux 3uaveHu#t @ u b umeer MECTO HEPABEHCTBO

T+ >
Pewenmne,
a* - b* > 2ab;
a'—ab>ab—by
al@a—b) >b(a—0b);
a>b.

CrnenoBaTensHo, HEpaBeHCTBO CnpaBenanso, koraa a > b,

8. HokasaTb, 4TO uyHca0 n*— 1, rge 72— NMpOCTOE HYHCNO,
Gonviree 5, menautcs 6e3 ocraTtka Ha 240,

Peweunne, 240=3.5.2¢,

Yucno n*—1=(n*+41)(n41)(n—1) nesurcs na 3,
TaK Kak n—1, n, n- 1 ABAAIOTCH Tpems MOC/]EXOBATEAbHEIMH
nennMH yucaaMi, OJHO H3 STHX YHCEJ MOITOMY ZO/MKHO AEAHTHCH
Ha 3, a TaK KaK 72— mpocToe, TO Ha 3 pemurcs au6o n—1,
m6o n41. Ha 5 uucno n*— 1 pgeantcs B cuay Teopemul
depmal), Yncno 2* taxe sBASETCH neqHTeneM 4vHcaa nt— 1
B CHAY CIeAYIOIHX cOOGpaxceHHi: MPH Ae/ieHHn uHMcaAa 72 Ha 2
nonyyaeTcsi OCTaTOK 1, MO9TOMYy mnpM AeneHuu uyucaa n* na 2°
nonyvaercs ocratok 1*==1 u, cnemoBatensno, uucnao 7A*-—1
nenutcs Ha 2* Ge3 ocraTka,

9. Kakoft octatok monyvaeTcsi npH JAeNeHHH 4Yucaa o' —a
Ha 12 (@ —Uenoe TONOKHTE/NbHOE YHCIIO)?

Pemenne. Yncno o' —a=a(a-+}1)(a—1) nemnrca na
3, TaK Kak TPH €ro COMHOXHTENS SIBJIAIOTCA TPeMs IOoc/]enoBa-
TeNbHHMU UenbiMd uncnamu, [Ipu menennn wa 4 uyncno a paer
B OCTaTKe ’3, 1, 2 wm 3, a uncno @’ — coorBetcTBenHo 0, 1,
8 umt 27, ITosToMy mnpH JAeneHumH vuHcaa a®-—a moayyaercs
ocratok 0, 0, 6 uan 24; nocnegHH# OCTATOK MOMXHO OT6POCHTS,
TaK KaK NpH 3TOM YHCcA0 @’ —a menutes wa 12, Ortser, cie-
nosatenbHo, Takos: O uau 6.

10. Jlokasats, uTO CyMMa @—-b W mpoussenthue ab gByx
B3aUMHO TPOCTHX YHCeJ @ H b B3aHMHO MPOCTH,

1) Teopema QepMa yTBepxkJaeT, UTO YHCHO aP~1 — ]|, rie a — uesoe
YHCAO, p — NMPOCTOE YHCJIO, HEeNUTCA 03 OCTaTKa Ha p, 3a HCKJIOUEHHEM
TOrO CJy4asi, KOria @ HeJIUTCA Ha p.
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Pemenne, Jio6oH nenurens rpoussencsus ab ssasercs
JeJ/INTeNIeM TOJBKO OJHOTO U3 COMHOXMHTEJeHl, Hanpumep COMHO-
wutens a, IlostoMy on He MomeT OWTb Je/IHTENeM CYMMH
a-}-b, Tak KaKk B NMPOTHBHOM C/1yuae OH JOMKEH GHTb AeauTeneM
yucna b (cyMma menuTcs Ha Kakoe-HHOYAb YHC/IO TONBKO B TOM
cllyyae, KOrja Ha’ 3TO YMCJIO JeJATCHA BCe C/laraeMble), 4To He-
BOSMOXKHO B CHJY B3aHMHOH NpocTOTH uYuced a u b, Cneposa-
TenbHo, 4HcAa a-}-b v ab He umel0T OGLHX nenmeneﬁ T. €.
a-}-b u ab B3anMHO MPOCTHI,

11, Jlokasath, 4TO AnA MOOBIX LEJHX MOAOXKUTE/bHHX YH-
cen a M b abcomoTHast BenwyMHa CyMMbl a-f-b Oonbuwe abco-
JIOTHOM BeJIMYMHBI Pa3HOCTH MexAy a—b.

Pemeunne. O6Gosnauum aGCOMOTHYH BeNMUHHY 4YHCAA t
yepes |#| u mpoBeleM cleayiollee PaccyiACHHE:

let-b|=le|+|b];
lal4-10]>]al—101;
le|—[b]|=|a—0b|.

CnenosatenbHo, | a-+ 6| >>|a — b|, uto u TpeGoBanocs A0Kas3aTh,

12. HccnenoBarp, MOWHO /i1 M3 HEPABEHCTB

ab™>cd n ae>cf

BHIBECTH HEPABEHCTBO
bf >ed

(Bce BXOnsiuMe B HEPABEHCTBA BEJHYMHH TOJOWHTE/bHH),
Pemenne, [ens nouneHHo AaHHHE HEePaBEHCTBA, NMOMYUHM

b d

7>T’ otkyna bf >ed. CneposatennHo, OTBeT Ha BOMPOC

MOJIOKHTeNbHbIf,

.

13. Ha#ttn mocneanuit unen @, M YHCIO UJIGHOB 71 TeoMeT-
pHYECKOH nporpeccuu, B KOTOpO# mnepBuifi 4/ieH paBeH @, 3Ha-
MeHaTe/b paBeH B M CyMMa uJieHOB paBHa b,

[Ipumepmn:

a) a==k==3, b=1092; b) a==k=3, 6=10000,
Pemenne. a)
1092 =3—323, , 799,
TT=3 0 W=
729=3.3""'=3"; n=6.
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10000 =2= 93,
—3 ;
6667 2. ]
a==6667 3
6667 2-— 3",
__1gB667,67 _ 3,8240 ‘
n=""gs  =0.4771— 0L ;
14, IlepBuiit ¥ ueTBEPTHIH ujieHHl reoMeTpHYECKOH IPOrpeccHH ]
paBhbl coorercTBeHHO 2,1 u — 0,0168; ckonbko uyneHOB mpo- 3
FPecCHH HYXHO B3fiTh, YToOH HX CymMma Obiia paBwa 1,75056?
Pemweane. Hs 2 ,1¢°=—0,0168 nonyuaem, yTo ¢g==
=-—0,2, Hanee, u3
(—0, 2) -1
1,75056 =2,1. o= T

cnenyer, 4to (—0,2)"=—0,00032, orkyxa

__1g0,00032 _ 0,5052 — 4__ g p )
202 —0.300=1— (npuGan3nTENBHO).

Mnauumerpus

2__ p2 9
1. ITocTpouts OTpe3oK X = 1/(_2_;1____517_)_1__/_2_’ riea n b—

HaHHBlEe OTPE3KH,

Pemenne. [Tonowum 2¢*—b*=y* u noctpoum y Kak °
KaTeT npsMOYro/bHOTO TPEYro/bHHKA, B KOTOPOM THIOTEHy3a
paBHa 2@, a ppyro#t kater pasen b. Toraa

VI,

yZ2=z

Tonoxum Tenepsb

- ]
M MOCTPOHM 2 KaK 4YEeTBEPTYIO MPOMOPLHMOHAJBHYIO K OTPe3KaM 3,
yu V2. Haxkosxen, mocTpoum orpesok : 1

x=Vyz
KaK CPEaHIO nponopuHOHa.'lele Meﬁ(}ly OTpEe3KamMu y H 2,
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2. Jlaunl jBe KOHLEHTPHYECKHe OKPYXKHOCTH PAaIHYCOB @ H b,
npuyem @ >b. Hafitn paauyc tperbeit KOHUEHTPHYECKOR OKPYK-
HOCTH, KOTOpas JenHT KPYroBoe KO/AbLUO MeWAy HCXOAHBIMH
OKPYXHOCTAMH Ha JBa TAaKUX KPyroBbiX KOJblla, 4YTO MJOWAAb
BHEIUHEro KoJblla B ABa pa3a OoJbllle TJIOLLAAH BHYTPEHHErO.

"Pemenne. O6Go3Hauum paguyc UCKOMOH OKPYWHOCTH 4Yepe3
X; TOCZA B CHIy TeopeMbl O M/IOULAAAX NOROCHHX GHryp Ml
HMeeM

(x— b
@—xp

=2
=2,

" OTKyJa rocje mpeobpa3oBabuii nosyynuMm
x*—2x(2a— b) 4 2a* — b* =0;

x=2a— b4V 4a* - 0* — 4ab— 22> 1 b7

x=2a—b-+(a—b)} 2. -

¥

8. Hau tpeyronbnuk ABC. ITocTpoHTh npsMyio, mepeceKaio-
uyto cToponsl AB u BC, OAHHAKOBO yHaneHuylo oT BepumHH A
u B n naxomaumywocs or BepmHbl C Ha PacCTOSHHM,. BABOE
MeHblIeM, YeM OT Bepluuu B (puc. 43).

8

4 - ¢ A5 ¢ z
Puc. 43. " Puc. 4.

Pemeunue, Pasgemum cropony AB B touke M momonawm,
a cropony BC— Ha TpH paBHHe vacTH, mpHyeM uepes N o6o-
3HauuM KoHell 6amxaiiuiero Kk C orpeska, Ilpamas MN ~— uckomasi,

4. B tpeyroabnnke ABC paHe cTOPORH
a=13 cx, b=05 cx, c=12 cm.

BuccexTpuca BHellHero yria B nepecexger MpOAOMKeHHE CTO-
poust AC B touke D, Onpepeants AD (puc. 44).

Pemenne, B cuny TeopeMn 0 cBofictBe OGHCCEKTPHCH
BHELIHErO yr/a TPeyrolbHUKAa Mbl HMeeM
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orkyra x-+0,5=—6. Tax xak A/iuHA OTpe3Ka HE MOXKET OHThb
oTpuuatenbHolt, T0 AD=—=06 cx.

5. BHCCEKTpHCAa 0OCTPOro yIJ1a HPSIMOYTONBHOIO TPEYro/bHHKA
JeNHT MPOTHBONEMALMH KaTeT Ha JBa OoTpe3ka B 4 ¢ n B c.u,
Ha#ith cTopoHn TpeyroasHuka (puc. 493).

Pewenwe,
%:% —-x _x’+81,
2___ 2 Rl
poraon e
.2, 2 ___ 1000 .
y=7i =g =144;

x=12(cn); y=15(cn).

8. Yepes cepemmny xOpAH, cTarusaiomeit ayry B 120°,
NpoBeNeHa Apyras Xxopxa, y KOTOpOH OJHa ee 4acTb B TPH
pasa Gospiie ppyrofi, YUro 810 3a x0p-

ma? N
Pemenne, 3ra xopma-gHamerp,
z ) o TaK KaK pacCTOsHHE TIepBOH XOopaW OT
‘LleHTpa PaBHO MosioBHHe paguyca. Taxum
06pa3oM, ABa OTpesKa BTOPOfi XOpAH pas-

5 4

1 3
Puc. 45. Hbl 5 I Wy T (r — paanyc kpyra). [Tocnen-

HHi OTPe3oK B TpH pa3a Gosbllie IepROro, Kak M Tpe6oBajoCh,

7. IBe OKpYyXHOCTH, MNepecekawlidecs B Toukax P u Q,
KacaloTcs CTOpoH Hekotoporo yria. O6G03HAUBM TOYKH Kacawus
mepBO OKPYWHOCTH CO CTOPOHAMH
yrna 4epes A u A,, BTOpOH OKpY*-
HOCTH — yepes B u B, npuyem ycno-
BUMCS, YTO TOUKH A H B nexar Ha
onHo#t crtopoue yraa. Jlokasarte, 4TO
1) npamass PQ nenut ortpeskn AB un’ YR
A,B, nomonam, 2) otpesxkn AA,, BB Prc. 4 '
u' PQ napanrenvun (pc. 46). uc. 46.

Pemenne, Ilpamas PQ nepecekaer otpesok AB B Touke C,
orpesok A B, —B Touke C,. [To TeopeMe O cTemeHH TOYKH OT-
HOCHTEJILHO OKPYXHOCTH HMeeM

CA* = CP.CQ=CB",

CnenosatenbHo, C— cepenrina otpesxa AB, AHajgoru4yso AoKa-
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smBaercst, uto C, — cepennta otpeska A, B,. [lpavme AA,, PQ
W BB, mapannenbHbl, TaK KaK OHH OTCEKAIOT paBHBE OTPE3KH
Ha npsaMbix AB u A,B,.

8. TMocTpouTh TPeyro/bHHK MO ABYM OTPE3KaM, HA-KOTOpHIE
6uccexTpHca OJHOTO M3 YIJ/IOB JAEVIHT MPOTHBO/SKALLYIO CTOPOHY,
H yriy, OpHIexauieMy K 9To#t cTopoHe, YKasaTb, NPH KakKHX
yCNOBHAX 3ajaya HMeeT ABa
pa3NHYHHX pelleHns (puc. 47),

Pemenne, Ha oxunoit na ‘
CTOPOH jaHHoro yrna A or-
NOXHM JAHHHE OTPE3KH @ H
. Bepmmsa Tpethero yraa
b p P y A a 0 L r-b 7

TPEYroJbHUKA JAOMKHA OHTH
TOUKOH rnepecedeHus APYroi Puc. 47.

CTOPOHH yrja € «KPyroM or-

Homenufiy *), B cayude wanmums AByX pememm 3Ta CTOpOHA
IOJMKHa TepecekaTh Kpyr. B ciayuae, korza cTopoHa Kacaertcs

Kpyra, Mol HMeeM MO0 OMpejeJeHHI0 pamuyca r Kpyra OTHO-
LIeHu#

a a+2r ab
Taxkum o6pazoM,
ab -
. r . a—b - ab - b
Sll‘lA—a_l_r a+ ab —E-—T'
a—b

.
[Tpu nannunn aByx pemenn®t xomkuo 6mth sin A < - HasecTtHo,

uto sin A< 1; H3 STHX ABYX HEpaBEHCTB C/EAYeT, 4TO
b
<1l umb<a.

HckoMbiM  orpaHuueHHeM sIBIsieTCs, TakuM o6pasoM, YCHOBHC,
uToOn GO/bIIMA M3 3ajaHHEIX OTPE3KOB MNPHJENaJ K BeplIHHE
3aJaHHOro yriaa.

9. B npaMoyronbHOM TpeyrosbHHKe HAHH KaTeTH @ M b,
B TpeyronbHHMK BhmHMCAaH KBanpaT, OfHA H3 BEPUIMH KOTOPOrO

YCum. Agamap, Snememapuaﬁ reometpus, 4. 1, Yunegrus, 1957,
crp. 115: — ITpum. pe
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¢oBnagaet ¢ BepilMHOM mnpAMOIO Yria TPeYro/lbHHKA, Haiitst
cTopony kBaaparta (puc. 48).

Pemenne. JnaroHanu kmajapata $iBNSIOTCH OMCCEKTPHCaMH
ero yrnos. Ha ocHoBanun usBecTHo#t TeopeMn o cBoficTBe OHC-
CEKTPHCH BHYTPEHHEro Yrja TpeyrojbHHKa Mu uMeeM (cM. 000-

3HAYEHHs, YKa3aHHHE HA uepTexe)

. a__b__atb__ atb

mT P T mEp Varn
OTKyIa

aVa’-{-b’ A
Puc. 48. m——a+—b—.
Janee, paccmMaTpuBas NeBHH MaJeHbKHH MPAMOYrO/bHHE Tpe-
YCOMBHUK, MOMYYHM
2 (2 2
2 2 2_ @ (a*4b?Y
s+ (e—x)=m"= @T o .

Pemaﬂ 9TO YypaBHEHHe, NoNy4uM As HCKOMOM CTOPOHBI KBajapaTta
JBa 3Ha4YEHHdA

___ab 0 ox— a?
*=2F0 =aFob

10. Jdea TpeyrosibHHKA HMEIOT COOTBETCTBEHHO CTOPOHH @,

9, ¢ W a,, b, c,; ux nepuMeTpH paBuw p u p,. MasectHo, 4TO
a__»
o n
[Mono6Hu nu TPeyronbHHKH?
Pemenue, Ecnu TpeyronbHHKH NORO6HB, TO, KaK H3BECTHO,

B cuny cBoficTBa psifa paBHHX OTHOLIEHHH MH HMeeM

a_b__c¢__atb4c __p

a b ¢ a+b+e pt
A Tak KaK CTOPOHBI JBYX TpPeyrolbHHKOB MPONMOPLUOHA/BHE, TO
TPEYroJIbHHKH NOAOOHH.

11. B KakoM ONHCAHHOM YEeTHPEXYro/bHHKE JKHATOHAJH
B3aUMHO MepneHAuKyAspHb (puc. 49)? )

Pemenune, Tak Kak 4eTHpEeXyroJbHHK OMHCaHHHH, TO (CM.
00603HaYeHH Ha 4YepTexe)

a—-\-c:':ﬁ—}-d.
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[To Teopeme IMugaropa
al+c2=xl+yl+z!+u!=b2+dt'

M3 3TuX paBeHCTB MH nonyydaem

at—br=d*—ct al—di=0b*—?
na —b =d—c; Ha —d =b—c.
a 5
X
Y

Puc. 49.
Henst nounenxo, umeem
at+b=d-+c; at+d=b+tc;
CNeI0BATEINBHO, CIeI0BATE/bHO,
a=—d a=>b
u b=c. ud=c.

Bce wuerthipe cTOpoHH YETHPEXYrONbHWKA paBHH, T. e, on
sBageTCs poMOOM,

TpHronoMeTpHus H CTepeoMeTpHud

1. KakuM ycnioBusM ymOBNETBOPSIOT yraw a, fp ¥ vy, ecqn

tgoattghttgy=tga-igB tgy?
Pemeunue, JlanHoe paBeHCTBO MOXHO npeoGpasoBaTh
B caepylouiee:

o EBEEY

Auanorunuso nonyqaérca, 4TO
tgfh=—tg(aty) ntgy=—tg(a+4p)
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[TopctaBnss 3navenns tg f n tgy B BHpawenue And tg @, noayyum

- ety t+tg@+p —
tga»l—tg(ob-l-'y)fg(a-{-ﬁ) =1g (20 -+ B4-y) =—tg (B+v)

(8 cuny BepxHero coortnomenns). CiexoBarensHo,
n
2a+pt+y=pnta—pf—vy, 1 e.atpty=5(+1.
2. Hatitn x u3 ypaBHenus

tg 2x =ctg (tg (1g 7)).

Pemenue.
|
tg(lg 7)~ tg48,42°~ 0,052
x=9,615.

=19,23;

2x=ctg(lg7) =

8. JokasaTp and TpeyroibHHka (opmynn

L AT
r=s tg2 'cg2 tg—2—,
R= : :
4cosi-cos£-cosl—
2 2 2

re r-— paguyc BOHCaHHOW, R — paguyc omucaHHOW OKPYKHOCTH,
S — NONynepuUMeTp. )
Pemenne. ens nepsoe paBeHCTBO HA BTOPOe, HMeeM

r .o B .y

—=4sin— - sin& « sin 3 .

R N5 -sing 2
D710 We COOTHOIICHHe NOJyYaeM MpH IOYJIEHHOM [E/eHHH H3-
BeCTHHX (opmyia

B ¥
sin - -sin
R 2 % r=—a—02? 2 .
2sin o o
COS~§-

CnepoBaTenbHo, 3afgaHHunie (POPMYJIBH NPaBHIABHHL.

4. Croponn TpeyroibHuka paBuH a, b, ¢, Onpegenuts sina,
Pewenne, Ilo Teopeme cuuycos

a b —
sina ~ dinf T siny °
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[MepecTapnas cpennne uneHH MPONOPLHH, MOMyuaeM

a b __sin B
sihe ¢ siny’
CNeNOBATENBHO,
__ac
sin 0= +-.

5. Bucora, nposerennas u3 Bepumun A TeTpasupa ABCD,
paBua h; TpH BHXOpsfilMe M3 BeplmHH B pe6Gpa oTHOCATCSH, KaK
3alaHHBle YHC/A p, ¢ W I; IBYTPaHHL Yyroa Mexay rpansmu ABC
u DBC pasen a; / ABC=u, / DBC=wv. Haiitn o6peM Ter-
pasapa.

Pemenne,
AB:BC:BD=p:q:r;
- _AB __p.
BC-BD™ ¢’
BC.BD=2B:9" .

-3-h~ —BC BD. sinv-——h Aqu sin v;

h
AB_ sina-sinu ’
V= higrsinv
T 6psinesinu °

6. Lllap pammyca r mepeceyeH MJIOCKOCTBIO TaK, YTO KpHBas
MOBEPXHOCTh MONYYMBINErocs CEerMeHTa B 72 pa3 6o/ipLie IVIOLIANH
ero ocHomanusi, Kakoma Bucora cermenra? Kaxue snauenus mo-
JeT NMPHUHHMATH YHCAO 7?

Pemenne, .
2rih =ng'n (1
o' =h(2r —h) 2)
2rh=nh(2r — k)
h—2rn— 1

YTo6W yCTAHOBHTH, KaKue SHAUeHHS MOXET MPUHUMATh YHCIO 72,
paccMOTpuM KpalnHe 3HaveHus ans A.

1. h,=0, 2. h,==2r,
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CnenosatensHo,

n—1 =0, n-1=1’
n

n—1=0, n-—1=n,

=1, 0=1,

T. €. 7 He MOWeT OHTb NpaBH/bHOH APOGHIO.

7. KakuM nomxen ObTb HIAapOBOH CerMeHT, ecau ero o6beM
B 7 pa3 Gosbille, 4eM oGbeM BIHCAHHOTO B HErO KOHyca, MMeIo-
IEro C CEerMeHTOM OJHHAKOBHE OCHOBAaHHE M BHICOTY?

Pemenne. Ilycts x—BHCOTA, a y — pafHyC OCHOBAHHHA
cerMedta, Toraa

n g—y’x=,—gx’(3r—x),
Anm
ny* =x(3r —x);’ §))
yi=x(2r—x). (2)
Ortciona )
2n — 3
X=r- 1" (3)

3
CrnenoBartenso, MOMKHO OWTh 7 >— . HanGonsiiee 3Hauenne,
’ 2

KOTOpO€ MOXeT MNpHHHMaTh X, paBHo x==2r, [Ipn Takom Hau-
GO/bLIEM 3HAYEHHH X MH HMeeM

2;'-—_—r.2l_;'?;
n—1
2n—2=2n—3;
2=3.

8. PasBepTka 60KOBOR MOUBEPXHOCTH KOHYCA HAa MJOCKOCTb —
KPYrOBOH CEKTOP C UeHTpaJbHbIM yraom 237,77°. Onpemenuts
yron TNpH BeplIHHE B OCEBOM CEYEHHH KOHYCaA.

Pemenune. Ilycts s —o6pasyomas konyca, r— paaunyc
OCHOBAHHSl M U — M0JIOBHHA yr/a NpH BepilUyHe B OCEBOM CeyYeHHH,
Torna

2nr =237,7T7°,

otkyna r=237,85, Hanee,

237,77

2 ___ .
—3g0 " 718" =n37,83s,
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OTKyZAa s= 57,31; HaKOHeil,
_ 37,85

otkyna v==41,35°

9. I'me nepecekalotcd Ha cdepe GonbLIHE OKPYKHOCTH, NpPO-
BeJCHHHIE MEPNEHXHKYNIPHO K ONHOMY H TOMY Xe MepHAuany
yepea touk# A, B 3TOro Mepuamana, PacmoNOKEHHHE Ha umpo-
Tax @, H @, COOTBETCTBEHHO (PHC. 50)?

Pemeunue. Ons onmpepencHus ROArOTH X M IWHPOTH & MH
HMeeM COOTHOUIEHHS

. sing,
sinx === (1)
, sinz |
sinx=g—; (2)
cosu==1cosy-sin@; (3)
cos 4 == €0s Z-sin @,. (4)

Us (1) u (2) caenpyer, uTO
siny _sinz

_—

sinu~ sinu’

siny=sinz; y=z (5) Puc. 50.

M3 mocneanero COOTHOWIeHHS WM W3 paBeHCTB (3) H (4) BHTekaer,
4710

€08 y-sin @, == cos 2 -sin @,; (6)
sin @, ==sin @,;
P =Q,.

CrnenoBaTe/IbHO; 3a/a4a He HMeeT CMbicsal

10. Pemntb cepuyeckult TpeyronbHHK, ecu 3ajans: @ = 70°,
b="50°, y==64,3°. .
Pemenne. [lo Teopeme KOCHHYCOB Mosyyaem

oS ¢ == cos a-cos b-{-sina-sinb-cos y. *)
3atem [0 TeopeMe CHHYCOB HAXOAHMM Yroa o

sin a-sin y

T
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. 1
HA Buuucaennit Hcnonb3yeM YeTHpeX3HauHble AOTapHMu ‘)

lg cos 50°=19,8081 — 10
lg cos 70°=9,5341 — 10
lg S, =9,3422 — 10
lg sin 50°=19,8843 — 10
1g sin 70° =9,9730 — 10
lg cos 64,3° ==9,6371 — 10
1gS,=9,4944 — 10
S,=0,2199
S,=0,3122
cos ¢ ==0,5321
¢==>57,85°
lgsin70°=9,9730 — 10
lg sin 64,3° =9,9548 — 10
9,9278 — 10
lg sine¢==9,9277 — 10

lg sin @ =0,0001

Takum 06pa3om, Ans yria o MOJNy4aeTcs HEBOSMOXHOE 3HAUEHHE.

\ . . !
AHanuTnuyeckas TeOMeTpHS M HCYHCIeHRne
GeCKOHEYHO MalJblX BEJAHUYHH

1. Ha npsamoft newar Tpu Toukm A, B, C B yka3saHHOM
nopsiake. HaliTh ananuTHueckuM cnocoGoM reoMeTpHYecKoe Mec-

TO TOYEK, H3 KOTOPHX OTpe3kH AB u BC BHAHH NOA PaBHHMH

yr/IaMH,

Pemenwne., PacnonowuM ocH koopauHaT TakuM o6pa3oM,
yTo6n TOukH A, B, C # mnepeMenHas TouKa P HUMeaH KOOpAH-
vatel (0, 0), (a, 0), (b, 0) n (x, y) coorBercTBenHO, CorsacHo
YCJOBHIO 3aZayH,

y _ ¥ Yy ¥
xX—a X __ x—a x—0b

y! - yz .
l+x x — a) I+ (x—a)(x—0b)

1) Yepes S, u S, aBTOp 0603HAYAET NpPH BLIYHCJEHHH COOTBETCTBEHHO
negsoe H BTOPOE C/laraeMblé B NPaBOH uacTH COOTHOUEHHs (*). — [Tpun.
peo. ‘
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[TpeoBpasys 310 BHIpaxeHie, HONyUHM
x* 4 y*—2ax4-a*=0,

[Tocnennee paBeHCTBO HABAACTCH YPABHEHHEM OKPYXKHOCTH.

2, T'unotenysa AB npsaMOyro/lbHOro TPEYro/ibHHKa mnepeme-
niaercs napaanenbHo camoii cebe. Hafitm (puc. 51) reomerpu-
yecKoe MecTO TOYeK mepece-
yenns npamux AD n BC.

Pemenune., VYpasHeuue
npsamoit AD

X Y .

—a——{-;_l. (1)
Y paBHenne npsamoit BC

AtE=t @

M3 nomo6usi TPeyroJbHHKOB HMEeM

=7 s

a m
=1 )
Uz (1) n (2) nonyuaem
n—tY_
a—Xx
me— bx
=5—7"
) a®y b2y
[Toacraenss B pasenctBo (3), mMonyyaem: —x=3——_y;

a’by — a’y* =ab*x — b*x%;
b*x* — a*y*=ab*x — a*by;
(bx — ay) (bx + ay) =ab (bx — ay).
Moxennm nousenHo wva (bx —ay)
bx -+ ay = ab;
X Yy
T te="

Wrak, monyuaeM 3sagxauHyio runotenysy (?)').

1) BonpocutenbHE SHaK MOCTaBJAEH CaMuUM ydallHMCS.
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" 8. BuBecTH ypaBHEHHE OKPYKHOCTH.
Pewenue. Coenunnm (puc. 52) npon3sonbHyIo TOUKy (X, y)
OKPYXHOCTH ¢ HauaJoM Koopawhart. Toraa

‘ B yr=r,

rie I — pacCTosiHHE B3ATOH TOYKM OT Hayana KOOPAMHAT, DTO
COOTHOMICHHE BEPHO AJIS KamAOH TOUKH OK-
PYIKHOCTH.

4. CocTaBuTh ypaBHEHHS] KacaTelbHHX K

OKPYIKHOCTH
/N (1" 4 (y —3)*=29,
] NIPOBEJEHHHX B TOYKax, abCLMCCH KOTOPLIX
o : paBun 4, Ha#ith manee ypaBHenne BTOpO#H
Puc. 52. CTeleHy, BHpaxalollee 3Ty mapy Kacarelsb-

HHIX.

Pemenne., Iloacraenas 3HaueHne x=—4 B ypaBHEHHE
OKPYXHOCTH, nofyuynM y =5, y==1. YpaBHenue KacaTenbHOH
K OKPYXHOCTH B TOuKe (4, 5) Gyner

5(x+1)42(y —3)=29* wm 5x-4-2y=2842.
Ypasnenune KacaTenbHOM K OKPYMHOCTH B TOuke (4, 1)
5(x+1)—2(y—3)=29" nu 5x— 2y =2830.

YpaBHeHue mapb KacaTe/bHBIX IoJyudaercs nepémuoxceﬂnem

yPaBHeHHH OT/JE/MbHHX KacaTe/lbHHX; Ta- p
KHM 06pasoM, OHO HMEET BHJ,
(5% 1 2y) (Bx — 2y) = 842.830, l,
. / 2 [
Han -0 2 4
25x* — 4y* = 698 860. B D
8. Kakne xoopauHaTH HMeeT TOYKa .

napabo/b, A/ KOTOPOH OTPe30K, COexH-
HAIOWHE ee ¢ ¢oKycoM, HMeeT Ty e
JANHHY, 4YTO M NpoBeJeHHas B 9TOH TOYKe KacaTelbHasd K
napa6one (puc. 53)?

Pemenne. [nuna KacatenbHol

Puc. 53.

1 =]/(2x1)z ‘J(")'f .
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JnvHa oTpesKka, coeauusiomiero Touky P ¢ ¢oxycom:

b=V A (L)
Tak kak I, =1,, TO
(2x,)'+yf=y§+(x1—%) ;
(2%,)* = (x, —%)’ ;

2%, =x, —

P .
3 ’

Xy

—_F

=—3.

Hrak, Toyex mapa6onb, o6Gaajpalowpx TpebyeMnM CBOKCTBOM,
He CYHIeCTBYeT.

6. Hatitn')
tg 3x - tg 5x
tgx :

Pemenne. Ecmm x=-2, 10 tg3x="1g5x=tgx. Taxum

2 ?
2tg x
06pa3oM, HCKOMHH Mpejesn HMeeT BHA -@7‘-:2.
7. Uccnenoatp QyHKUHIO
 4x—20
Y="ox—3
HA MAKCHMYM H MHHHMYM.

Pemenne.
 (x—8) (2 )= (4 r—20)2 27— 16r-32
y= Cx—8) =T @=8 '
| 2x* — 16 -} 32 =0;

x*—8x+416=0;

(x—4)*=0;
x=--4;

_16+4—20 0

- 8-—8 0

) Ynpaxuenne OblO MPEAJIOMEHO WIKOJAbHHKAM, 3HAKOMEM € Jud-
(epeHIHaIbHEIM HCUHCTCHHEM.
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Ins onpenenenns y auddepeHuupyeM UHCIHTENb H 3HaMe-
HAaTeAb B OTAENBHOCTH

p=2F1
Ilpu x=-}-4 nonyunm
y=+73.
Takum 06pasoM, (-{— 4, +%) — HCKOMasd fapa.
8. BuiBox 3akona /IIpeJIOM.HEHPlﬁ (puc. 54). Jlyu cBeta B nep-

BOH cpeje MMeeT CKOpOCTh C,, BO BTOPOH cpexe — CKOPOCTS C,.
Bpeums, koTOpoe MyY TPaTHT Ha MyTh

2 P P,PP,, pasHo
N PP , PP
2 S L B
9° alf e-r t= ¢ + c, ° (1)
F————A\\JA
7 B Hanee
4 B\ B I E X
PlP——sino&, pp-=sinp.
Taxkum o6pasom,
: 4 x e—x
Puc. 54. P P= sing ’ PF,= sinp °
Monctasass B pasexctso (1), monyuum
x e—x
T sina+c,sinﬁ :
MunnMymM BpeMenn gocturaercs mpr ¢ =0, T. e, mpu
1 —1
¢ sina_l_c,sinﬁ*'o’
HAH
¢, sinoe=c, sin B,
¢, _sinf
¢, sing’
R v sm—




B. CO®HU3Mbl ’

l. BBenenne

ConepxanneM B10po# YaCTH ZAHHOK KHHTH SABISIOTCS CODHIMBL,
MM 06bYHO MPOTHBOMOCTABAAIOT OWIHOOUHHE 3aK/IOYEHHS, Pas30-
Gpannbie B mepBo#i yactH KHHrd. Ecam B coguamax sBHO mpo-
AB/ISIETCS HAMEpeHHe BBECTH HM3yyaloulero HX B 3a6iyxAeHue,
TO caydait OMOGOYHHX 3aK/IOYeHHHt OTIMYAETCH TEM, YTO JAO-
nyckaiouiee HX JIHIO0 CaMO HCKPEHHE YBEPeHO B MpPaBHJIbHOCTH
paccyxnennss. EcTecTBeHHO, YTO 3TO pasiHuHe He dBidercs
cywecTBennbiM, OmHGOYHOE 3aK/MIOYEHHE, CAGNAHHOE MHOIO Ce-
rofHsi, 1 cMory 3aBTpa copmynnpoBaTe B BHIe copuama. Touno
TaK e Camble M3BeCTHHE CO(R3MH BCTPEYAIOTCS BHOBL H BHOBb
KaK HelpejHaMepeHHhle M O4YeHb PacnpOCTpaHEHHHE OIMHOKH,

Buio cpenaHo MHOrO. MOMBLITOK CPPYNNHPOBATh COPH3MH H
OIIMGOYHbE B3aKJNIOYEHHS IO XapaKTepy [ONYIUEHHHX B HUX
omn60oK, HO M0 BMOJHE TOHATHOM MpHUMHE OHH HEe OKa3ajHCh
ypauseiMi, [deno B TOM, 4TO 3ayacTyi0 MNPH [AOKa3aTelbCTBAaX
N PacCYXIEHHAX OMYCKAIOTCA MHOTHe HEOOXOAHMHE TNPOMExY-
TOYHHE 3BeHbS B IleNH NOrHYeckoro noctpoenuss, Ouenb yacto
NOrpelIHOCTh HAXOAMTCH HMEHHO B 9STHX, He pPa300paHHHX I0-
npo6uo Mectax. TakuM 06pa3oM, MHOTHE OIIHGOYHBE 3aK/II0YEHHS
n codH3Mbl MPHHALEKAT K TOMY GOJNBIIOMY KAacCy paccyxnue-
HHH, B KOTOPHX HEKOTOpHie HE DPAcCMOTpEHHbie NOoAPOGHO MecTa
CYHTAlOTCH OYEBHIHHMH,

BonpuimM  HCKYCCTBOM fIBISIETCS TaK H3JOXKHTb COpusM,
4yTOGH YHTATEJb HJH CHAYIIATE/Ib HE 3AMETH LOMYLIEHHOH OMMOKH
10 Tex nop, Noka aGcypaHHi BHBOJ He HATONKHET ero Ha
MBICIb O TOM, KakuM xe o6pa3oM on Ol BBemeH B 3abaywxie-
HHe, DTa lleJb, OAHAKO, HE BCerja jgocruraercs. Berpeusaiorces
OYEHb COOOpA3uTe/bHHE JIOAH, KOTOPHX TPYAHO BBECTH B 3a-
6ayxaenne, 0COGEHHO KOTAa HX BHHMaHHe BABOHHE 0GOCTpSeTCs
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B CHNy CTPaHHOCTH yTBepwaenus. Kpome Toro, umeer Goabuioe
3HaueHHe, B KakOH Mepe YHTaTe/lb 3HAKOM C METOJAMHM JOKa3a-
TenbCTB M Boiuncienufi., Hanpumep, codmsmel, oTHOocsupecss K
HepaBeHCTBaM, BBeJeHH JHIIb MOTOMY, YyTO B [epMmanuu Tema

, €HEpaBEHCTBAa» MNPOXOXMTCH B CPeaHcll IKOAE OYeHb TNOBEpPX-

HOCTHO, YesoBeKy, XOpOWIO 3HAKOMOMY ¢ HEPABEHCTBAMH, OHH
NOKaXYTCd MPOCTO TPyOhiMu,

* *
*

Hrak, coduaMbl 10MKHE GHTE TaKuM 06Pa30M 3aMacKHpPOBAHHI,
YyTOOH 03aJa4YHTh HHTATENS WIH CJyllaTensi; TONbKO TOTZA OHU
JOCTHIHYT uenu, Ecim 3TOro HeT, TO OHM CTAHOBATCS. TPHBH-
anbHBIMH U HEMPHBNEKATeNbHHIMH. §1 MpHBELY TpHU npuMeépa, KO-
TOpPHE B 3aBya/JHpoBaHHOH (OpMe MHOro pa3 BCTPeualoTCcd HaM B
OBYX NepBHX pasjesnax.

1. U3
0.7=0-.8
nonyvaeM, COKpamlas Ha o6uwi comsoxutens 0, yro
! 7=2.

2. Wspnekas xsaspaTHuift xopenb M3 0Cenx uactefi papen-
cTBa :
(—— a)2=(+ a)’a

0Ny 4BM :

—a=-a.

8. Ilaun fBa ypaBHeHHs NepBoff CTenmeHM ¢ JIBYMs Heus-
BECTHHIMH
x4y=1
{xiy=2

1=2,

M3 HHX BHIBOAMM, 4TO

*

KoHeuHo, coguaM, KOTOpHH yMeCTeH B MSTOM K/acCe WIKOJIHI,
MOXET BH3BATb y CTAPUIMX IKOJbHHKOB TO/NBKO YJHOKY. MHe
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BCIIOMHHAETCS H3BECTHHIM myroqﬂuﬁ BOMPOC: KaK MOKa3aTh HYTO
45— 45=45?")

4. Hmeem:

9484746454443 4+241=45,
14+2434+41546474849=45.

BuiuTeM BTOPYIO CTPOYKY H3 NepBoff, mpuueM BHYHTaThb 6Y-
IeM COr/IaCHO M3BECTHOMY mpaBuay, ¢ Konma: 9 u3 1 BhuecTh
nenbss, saimem 1, 11 munyc 9 pasio 2; 8 u3 1 BhuecTh
Heab3s, salimem 1, 11 munyc 8 paBHO 3; mpomo/mxas BHYHTATh
TaKuM cnoco6oM, monyuum: 12 mmuyc 7 paso 5, 13 munyc 6
paBuo 7, 14 munyc 5 pasHo 9, 5 mmayc 4 pasHo 1, 7 Munyc
3 paBno 4, 8 munyc 2 pasuo 6, 9 muuyc 1 paswo 8. Taxum
obpasoM, mosyuaercs

84+6+4+4+4+14+9+7+543-12=45.
CnenoBatenbHo, TOKa3aHo, 4TO 45 — 45 =—45.
KoneuHo, HeMb3s OCMapHBaTh, YTO H HEKOTOPHE H3 Tex
cOpH3MOB, B KOTOPHX OMIMOGKA COBEPIIEHHO OYEBHAHA, BCE-TAKH
MMEIOT CBOIO mpesnecTh, BOT HEKOTOPHE IPHMEPH TaKOro poja.

5. lpusegem chavyana oxHy H3BeCTHYI0 Hcropmio. Hekro
Kynua B MarasuHe kapTuny 3a 15 wmapox. Ha zpyro#t neup
NOKynaTe/lh BO3BPAllaeTCs B MarasH: OH XOYET MOMeHATb Kap-
tudy. Ilokynatenr BHGHpaeT HOBYIO KapTHHY CTOMMOCTHIO B 30
mapok. He nnars neser, on xouer y#Hrtu. Bnagenem wmarasmuaa
BosBpailaeT nokynatens Hasan. «lIlossonbTe, — Bo3paxaer
XHTpel|, — 5 Be[ib BepHYy] BaM KapTHHY CTOMMOCTBIO B 15 Mapok,
Xa eule Buepa 3annaTun Bam 15 mapok. Bmecte 3TO cocTaBuT
30 mapok. Utak, Mn KBHTHI!Y

6. He menee moyuutenen crneayiouuit copusm. Hacto roso-
pAT, UTO 4YHCAO JoAef B JAPeBHOCTH OHJIO rOpa3fio MEHblue,
yem ceffuac. [IpocToe BHUHC/IeHHe MOKAa3bBa€T, HACKOJBKO OILIH-
6oyen Ttakot B3rasa. IlycTh uMcao mopelt, HUBYMIHX B HacTOS-
wu# MoMeHT, paBHO #n. Kawawii M3 HHX HUMen OTHA M MaTh,
T. €. ABYX POAHTesell, Kax At U3 KOTOPHX 061ajan Toxe ABYMS
POXHMTENAMH; BCero MPEAKOB BTOPOrO MOKONEHH, CJENOBa-

) Sror npuMep H HEKOTOpHIE APYrHe BO BBEHEHHH B3fATH H3 KHHXKKH
aBTOpa, yKa3aHHOH B cHOcKe Ha ctp. 27.
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tesibHo, 4. Hucxoas takum o6pasoM A0 p-rO noko/deHus rpen-
KOB, mOAydYnM Ansd Kawnoro wusywero 2° npeaxos. [lpumem
Tenmepb, YTO KaXIOe HOBOE MOKONeHHe nosasssercd yepe3d 30 aer
(3T0, moxany#, naxe Goabuie, yem B AeficTButenpHocTH). Torna
Yy KaxAOro HbHe WHByulero uenopexka 30.p neT TOMY Hasaj
WHa0 Ha 3emuoM Iape 2° npexxos. Jas 7 yenoBek 3TO 4YHCJO
ysenuuutes o 7-2” npemkos. Tak kak 2'° nprHOIM3HTENBHO
paeio 1000, to 300 net Hasa; HaceneHue 3emHoro wapa Gwlno
B 1000 pa3 Gonbuie, yem Temepp, a 600 ner Hasas — daxe B
1000000 pas Goabuie u T, A.

7. Ypasuenue
(0 —3x)(7T—2x)=(11 —6x) (3 —x)
OMMH YYEHHK pemias CICAYIOuuM o6pasoM:
5—38x+7—2x=11—6x+3—ux;
12 —5x =14 —T7x;
2% = 2;
x=1.
IMponssoast nposepxky, OH MOAYYHA
2.5=5.2,

(1+)

8. Ipyro#i yueHHK COKpPaTH1 y APOGH ~———- noxasaTeJm2

14+x

— NpH 3TOM MpHIIEN K TNPaBHAbHOMY pe-

oMY YHA npon

3yAbTAaTy.

MoxHO Takke cdopMyAHpOBaTH COPH3M B BHAE BOMNpoca,
B atoM cayuyae oT OTBevaiouiero Tpeéyercsi packpHTh COpH3M,
Yacto cayyaercs, YTO OTBeyaloutmit He 3aMeuaer codusma, oco-
G6eHHo ecam OH cdopMy/HpPOBaH B BHAE YNPAawHEHHd, Ja elle
MPH HEKOTOPOM YMEHHH CNpalliHBAIOLLEro.

9., Ha Bonpoc, CKOZBKO CTOMT KHHra H CKOJIbKO CTOHT ee
nepenjeT, eclH [MepenseTeHHas kuura crout 11 wmapok, a
kuura sva 10 Mapok HOpoxe, ueM MepenJieT, MHOTHE He OYeHb
CBEAyLIMe B MAaTeMaTHKe J/IOAM JAIOT HEBEepHuli OTBET: KHHra
6e3 mepenneta crour 10 mapok, a nepemner ctout 1 Mapky.

10. Hekto mokymaeT y naBouduka ToBap 3a 6 mapok, OH
maer kynmy Gasknor B 10 mapok. Ilpomasen He MOXeT Aarh
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clayy, OH pa3MeHuBaeT AEHbMM y COCela W mocjie ITOr0 Jaer
nokymnaremo 4 mapku cpauu. Ha caexyromuit pedp cocen npm-
HOCHT JIaBOYHHKY HAEHbI'M HAa3aJ]— OHH OKa3aAHCh (anbUHBHMH.
Kyneu BuHyX/aeH, KpoMe 4 MapoK, KOTOpPHE OH AaN MOKYMaTeso
B BHIe cpaun, ymiatutb eule 10 mapok cocepy. Ckompko ne-
Her motepsa mpH 3TOM Kymeu? OnpoMeTUMBHIA yUYEHHK CKaxer
CHayajia, YTo Kymeu norepsia 14 mapok, 3aTeM npHGaBHT cio1a
ellle MOTepPIO JeHer 3a CYeT IPOJAHHOCO TOBAapa, He 3aJyMHBafiCh
HH 'Ha MrHOBEHHe, 4YTO Kynel Beib MOJMYYW yXe OT coceia
10 nacTosiuMx Mapok.

11. Kypbepckuit noesa, caenyiowuit ua Jlefinuura B Bepaun,
M rnaccaxupckuff noesn, caexyiown#t u3 Bepauna B Jlefinuwr,
BcTpeyaloTes B nyTH. CKOpoCTh KypbepcKOro moesfa paBHa
80 xx B uac, CKOpOCTb maccaxupckoro noesga pasHa 40 xu
B uac. Kako#t noean maxomurtcs manbwe ot bBepauna, Kypbep-
ckuif man naccaxkupckuti? [Ipoussexnte ompoc, m Bw Oynere
YAUBJCHH TeM, YTO O4YeHb MHOTCHe MOMaAyTCHl HA 3Ty CYAOUKY».

*

Oco6uift THN COpH3MOB COCTABASIOT TaKue, B KOTOPHX CO-
BEPIIEHHO HENpPaBHJbHHIN XOJ PEeHIeHHS MNPHBOAHT K BEPHOMY .
pesynpraty. C TakMMH copH3MaMH MH MMO3HAKOMHJIHChH YXe B
mi. 7 n 8. HeoxuaanHocTe B 3THX cOpH3Max 3aKAO4aeTcs B
TOM, YTO BMECTO OXHJZAEMOr0 HEBEPHOrO pe3y/bTaTa MonyyaeTcs
BEPHHIH, Hpuaenem elle 1Ba mpuMepa TaKHX CcoH3MOB.

12. Ilpoﬁu 55 % MOXHO Ge3HAKAa3aHHO «COKPATHTh» HAa 6

H NONYYHTh npaBMbHuﬁ pe3ynbTar,

18. B Buipawenun ]/5% MOXHO BHIHECTH 3a 3HAK pajiu-

12
Kana 5, a B BupaweHHH ]/12ﬁ§ MOXHO BHIHECTH 3a 3HaK
papnkana 12, Jle#icTBHTENBHO,

1/524‘5 1/24’ 1/12143_'12 1/143

O6o6uias 5TH nNpUMEpH, MOJNYYHM

e
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B crnepymolmux JByX TriaBax ONyUIeHH yKasaHHWS HA MpPOMC-
xOxJAeHne Hanbosee PacHpoCTPAHEHHHIX H YACTO BCTPEYAIOMHXCH |
B autepatype copuamor. [nf OTAENbHHX CODH3MOB, OTHOCH-
TENbHO KOTOPHX M3BECTHO, YTO OHH HOBH, COOOILEHH HMEHa HX
aBTopoB, OTHOCHTENBHO MPONCXOWACHHS GONbHIMHCTBA cOH3MOB,
KaK 3TO NOKAa3bBaeT HCTOPUS C NApPaZoKCOM 3eHOHAa, M3BECTHO
oueHb Mano. Boapuielt yacTpio coPu3MBH mepemarOTCs M3 YCT B
yCTa, MOKa HX KTO-HHOYyAbp He onyOaukyer (B GOJBIUHHCTBE
cnyyaeB 6e3 yMOMHHaHMS aBTOpa), H NPH ITOM peIKO yjaaercs
yCTaHOBHTB, NEPBOe JH ITO BOCIMPOH3BEAECHHE H He BCTpevancs
MM 9TOT COPH3M paHbllie B KAKOM-HHOYyAb ceMeWHOM JHCTKE WM
IOHOLIIECKOM XypHasne, Paauo Takke Mrpaer CBOIO poab B pac-
MpOCTPaHeHHH cOPHU3MOB, ONMYCKas OJHAKO CCHIVIKM HA UX HCTOYHHK,

KakoBo MHeHHe aBTOpPa OTHOCHTENBHO YTEHHS MPHBOLUMEX
HiKe cODPH3MOB? YIHBIEHHA NO IOBOAY HEBEPHOrO pe3yJ/bTaTa
ewe Hexocratoyno, Oummbka Ge3ycloBHO AOMKHA GHTH Haklena
W TOHfATA. DTO LENUKOM MPEROCTABMAAETCS YUTATENO; aBTOP He.
JenaeT jaxe ykasauufi B 9TOM HanpasineHnH. Ho u oThickaHue
OWMNOKH YHTaTeNeM KaweTcs MHe ewle HepoctaTouHuM. Henbss
YAOBJETBOPUTBCA TeM, YTO TKHEUIb masibleM B omub6ky. Hapo
MONbITATbCA H3JOKHTE COPH3M HanGo/ee CIKATO, H3BNCYb OLIHOKY
M3 CKpHBalOUIMX ee omexia. Moxer OHTh Lienecoo6pasHo caMmo-
CTOATE/bHO MOHCKATb AAS JAaHHOrO coduaMa Apyryio dopmyn-
poBKy. «...Korma s 4HTal0 KHMTY MHCIHTensi, KOTOphl 3a6myx-
naercs, 9 HOMKeH HaliTH TO MecTO, B KOTOPOM OH cOuiace ¢
NyTH, 8 JOMKEH NPOCAEXHTb OMIMOKY O ee HCTOKOB...»,— ro-
BOpHI cTaphifi panny3sckufi mopanuct I'annauu.

B ucTOpHM MAaTEMATHKH CO(MH3MH CHIrpadH HEMANyId polb.
HekoToprie W3 HHX MOXHO pacCMaTpHBaTb KaK HCXOAHHE TOYKH
HOBHIX NyTel B pasBUTHH MATEMaTHKH.

II. Apupmernka -
1. I/Isaecn;o, uto 2 xe=2000 e,
3 x2==3000 e.
IMepemnoxas noysneHHo, monyyaeM
-6 x2=6000000 e,

Hpoussezm, KpoMe TOro, nou4jeHHoe Je/ieHHe, mnojly4yuMm

Zre=2 2
38
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2. V2500 xon. =150 ¥or.-50 kon, =
1/2 pyo. - 2 pyﬁ_.. % py6.=1/25 kom. =5 kon.

Hanee, Tak Kak T py6.=25 kom., TO

]/% py6.=17'25 kon. ;

Ce0BaTeNbHO,

1 py6.=>5 kom.

8. CknanuiBast MOU/MEHHO CledyloUIHE JBA BHPAWEHHS:.

1 Komka wmeer 4 Horu,
0 komek umeioTr 3 HOrH

(nocneaHee mnpemsIOXEHHE O3HayaeT: He CYLIECTBYeT KOIleK,
HMEIOIIMX TPH HOCH), MONYYHM CAeAYIOWH yIHBHTENbHHN pe-
3y/bTaT: '

1 komka umeer 7 Hor.

4. Ommu oren octaBHa mocie cBoeff CMepTH 3 CHIHOBBAM
17 BepGmonos. On 3aBeman Tak pasgenuTh STHX BepGJIONOB,
4706 cTapuinit CHH MOJNYYH/ MOJNOBHHY, CPEJHUHA CHH — TpPETh,
a MIagwHf CHiH — JeBATYI0 4YacTh Bep6/IOXKbero craga., B To
BpeMsd, KaK 03allaueHHbie HAC/IeJHHKH CHOPHJH MO NOBOAY pas-
Jesna HacleACTBa, K HHAM MOAOLIeN CTADHK CO CTapHM 3arHaH-
HeM BepOniogoM, OH cpa3y B3sacA pas3fendTh CTano H Mpemo-
CTaBUJ JAJI 3TOrO B pacnopsikeHne 6paTheB CBOEro COOCTBEHHOTO
Bep6mona. Takum o6pasom, cTapiuuft CHIH MONYYH/ U3 HMEBLINXCS
tenepe 18 ep6mogos 9, Bropo#t 6, TpetHti — 2. Oxme Bep6-
Mmox npH SToM octancad JaumHAM, OH OKasancs He CTaphiM
3darHaHHBIM BepO6/IIOLOM CTapPHKA, @ OJHHM M3 YNHTaHHHIX Bep6-
moznos ymepmero. C 3TuM BepOJIOAOM NOBOJBHHE CTapHK Mpo-
JAomkan cBOM myTh.

5. Kaocdoe wucao pasno cgoeii yosoennoli sesuyune, Vmeem:
P —at=—a*—at '

Buxecem B nesoft yactH @ 3a CKOOKy, a npaByio npeoGpa3yem
o ¢opMyne : ’
(x+y)(x—y)=x"—y~

75

AN R BT A TR DA LSRN TR WY




ist keinmaly)!

Mu mosyusM TOrsa, 4to
a(a—a)=(a-}a)(a—a).
Paspenns ofe uacTH paBencTBa Ha (@ — a), Mb Haftnem:
a=—2a,

DT0T cOH3M MOWKHO HECKOJBKO BHAOM3MEHHTb, [IycTh X ==1;
toraa x*==1 um x*—1==0. Paszenum o6e uyacTu mocnex-
Hero paBeHcTBa Ha paszuocTb X — 1, TMoayunm x4 1=0, 1. e.
x=—1, U3 artoro cneayer, uto 1=—1, wm 2a=0, 1. e.
Mmo6oe uncao paBHo Hymo. TakuM o6paso, ynae'rca MaTeMaTH-
ueckH OGOCHOBATH MOC/OBHLY «OJHH pa3 He B cyer» («einmal

6. Bce wucaa pasusi mexcdy coboii. Ilycts @ n b— nBa
NpOM3BONBHHIX YHC/AA, M mycTb, HanpuMep, @ >b. Torma nait-
HeTCH TaKOe MOJIOXHTENbHOe YHC/IO C, 4TO

a=b-c.
YMHOXHM STO PaBEHCTBO MOYJIEHHO Ha @ — b:

a.a—a-b=a-b+4a-c—b-b—b-c;
a-a—a-b—a-c=a-b—b-b—b-c;
a(@—b—c)=b(a—b—ryc).

Pasgenus o6e yacTH NoC/NeAHEro paBeHcTsa Ha @ —b-—c, NO-
Ny 4uM:
a=».

7. 4=25. B onuolt u3 Kabun Kynanbhu B BeltMape, Kak MHe
coobunn, B 1892 r, HamWIM C/AefyIOULYIO HAAMMHCh,

[Tycts
a=b-+c.

YMmHOKHM 06e 4acTH Ha 5
5a=>5b-}5c.

CnoxuM novjIeHHo ¢ PaBeHCTBOM
4b+44c=4a
M BHYTEM M3 OGeHx vacTedi TNOJyYyeHHOro paBeHCTBa IO 9a.
Mu nonyunm
44 4¢ — 4a="5b - 5¢c — 5a,
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4(b4c—a)=5(+c—a).

Otciona cpasy cienyer Halle yTBepiuJeHHE.

8. Zorxa3zamenbvcmso «pagencmea» 2 2=25, HiaecTna nbeca
noA HassaHieM «JIBaxkawl mBa naTh», Ec/NM KauecTBO MbeC MpO-’
MOPUHOHANBHO YHC/Y MNpPENCTABNEHHH, TO 9TO, BEPOSTHO, Mpe-
KpacHas neeca. K coxaneHnio, MHe HEH3BeCTHO, LOKA3bIBAETCS JIH
B 9TOH mbece NPaBHIbHOCTBL ee 3arojoBka. Bo Bcsikom cayuae
«paBeHcTBOY 2 X 2=05 MoweT GHTb A0Ka3aHO AH6O Mo o6pasuy
n. 7, cm6o caexyouwnM o6pasom:

16 — 36 = 25 — 45;
16—364-5 =25 —45 -8
. 9\ 9\
(= 2)'=(-2)
9 9.
4=>5,

9. Yucro He U3Menum C80e20 3HAUEHUS, eCAU K HeMmY
npubasums eOuruLy.
Jlerko nposeputh, 410 ')

n*—n@nt1)=(n+1)— (24 1) (2n41).

Orciona caexyer, 4TO

n ——n(2n+1)+(2n+l)
—(n+l)’—(n+1)(2n+1)-|—<2"+1)’

(n_2n;—l) =((n_l_l)_2n-2-|-l);

2n

2,;-1=n+1__ ;}-1;

n=n-1. ~

n_—-

10. 2=—2. Vmeem
V=TV —a=V= ) (—H=Vi=2

1) [IyHKT 8 MBJAETCA YACTHHIM CAydaeM I 9.

7



C npyro#t cTOpPOHH,

V=1 V—=4=i-2i=—2,
TaKk Kak )/ — 1 =i u i*==— 1, Cnenosatenbno, 2= — 2.

AHanoruyHeiM 06pa3oM MOXHO MOKasaThb, YTO

Jio6oe rosoxcumessioe %UCAO PABHO OMPULAMENbHOMY
yucy, umeiomemy my oce abcosomuyno eesuwuny. B camom
Jene, 1O NMPaBWJAM W3BJE4EHHS KOpHedl Mbl uMeeM

V=aV=a=V{—a(—a=Vdi=a
V_a.V——a=(V—a)’=—‘a-

CrenoBarenbHo,

a=-—a.

11, i#=1. Mu umeem J x——y=il/y — x. JTO paBeHCTBO
CrpaBeAJ/IMBO NpH BceX 3HavewHsx x n y. CnenomarennHo,

Va—b=iVb—a

¥ aHaJIOTHYHO .

Vb—a=iVa—b.
TlepeMHOXast MOYJEHHO STH PABEHCTBA, MOMYYHM
Va—b-Vb—a=itVb—a-Va—>b.

Pa3pennB sa oO6uiuit MHOXHTENb, MONYYHM

t=1,

10T (aKT MOXKHO «JOKa3aTh» M MHAadye. Tak Kak

TO

Takum oGpasoM,

12. i= 1. YTBepX/eHHe CllefyeT W3 TaKOro Mpeo6pasoBanus:

VIV=i=Y3 Y Tir =12

78



13. Jlozapugpmw ompuyamesrsnozo sucia paseH sozapugmy
COOMBEMCMBYI0We20 NOAONHCUMEAbHO20 4ucsa. ViMeem

21ga= lg(a®)=lg([—al’)=21g(—oa),
HIH
lga =lg(—a).

YacTHo#l cayyalt 3TOrO «A0KasaTeNbCTBaN:
Jozapughn wucaa —1 pasgen wyaio. JlorapudMHpysi paBeHCTBO
) (—1r=1,.
nojnyuaem
21g(—1)=l1g1=0.

U3 paserctsa lg(— 1)==0 MOXHO Taixe MNONYYyHTb M APyrue
HeOXWaaHubie yTBepxaenns. OTcioga caenyer, HampHMep, 4TO

100=—1,
a TaK KakK Jiepasg 4yaCTh PpaBeHCTBA HMEeT 3HA4YCHHE l, TO
1=—1,

14. Yemnsie uicaa pasHs HYA0, Hewemmubie — edunuye,
Jlorapupmupyss paBeHCTBO

(" ])sn=+ 1’

nonyyaem 2nlg(— 1)==1g 1=0. Cnenosarenbno, HMeeT MeCTO

. OIHO H3 pPAaBEHCTB

21=0 nm lg(—1)=0,

Ho
(__])m+1==__1;
(2n4Nlg(—hH=lg(—1)

2nt+1=1.,

CneposarensHo,
2n=0,
16.  7=—1. TlycTh b— NONOXHTENbHOE, OTAMYHOE OT

1 uncno. IMycrs, panee, @ — TaKoe yucio, uto b*=—1. Toraa

bza =+ 1 ,

u Tak Kkak b=~1, To 20=0. CnenoBatenbHo, a=0, u noTomy
b®=-}-1. Otciona n W3 HCXOIHOTO PABEHCTBA BLITEKAET, 4TO

._-1=+1.
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16. 2n=0. Tak Kak

cos ¢ == cos (2n -} @),
sin ¢ =sin (27} @)
ans noboro yraa @, TO
cos @ -} i sin @ = cos (2 - @) |- i sin (2 |- ).

BoaBoas 06e yacTH paBeHcTBa B CTemeHb i W npuMensis. popMmyay
Myagpa, monayyum

cos i @ - isini@==cos i (27 @)+ isini(2n ).
Fonaras B dopmyne
cos x -+ i sinx=¢'"

X paBHbIM i@, a 3aTeM i(27-|-¢), HaliieM B CHNY TO/NY4YeHHOro
Bhillle COOTHOLIECHHSA ’
e P—=g"2""¢
- ,

OTKyJaa BHITEKaeT .
©

e"=1, 2n=0.

17. n=0. Tak kak e"=-—1, 10 *"=-1, Jlorapucg-
MHPYS TOCIefHee paaeucrso nonylmM 2inIn e_O
Tak xak Ine=1, .

2m=0,1 n=0,
MoxHo paccyxaate W Tak: no ¢opmyne Myaspa
e*=cosx-isinx,

- OTKYAA NpH x =25 moayuaem:

e'm = ] =e°,

2ni=0.
Ecnu uMTaTenb He COT/aced ¢ paBeHcTBOM m==0, TO OH

DOMKeH TPHHATH, 4T0 (=0, T, e. JOMXKeH MNOJHOCTHIO OTKa-
3aThCS OT KOMILJIEKCHHIX YHCE.

18. M3 nepasencmsa a™>b caedyem wepasencmso a > 2b
(30ecy a u b-—npou:seo/zbuue noaoxcumendvrble wucaa).
M3 uepaBencTBa
a>b (1)

[O/lyyaeM MOUJIEHHHIM YMHOXEHHEM Ha b

a-b>0b%
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BhiuteM H3 06eMx wacTel MOAYYEHHOro Hepaseﬂciaa a*
a-b—a*>b*—a’.
Pa3gesnM nouseHHO Ha b — a:
a>b+a.

CnoxuB Terepb 9TO XOBOJBHO JIOGOMBITHOE HEPABEHCTBO C HCXOJ-
HbM HepaseHCTBOM (1), M monyuum

2a>2+a
a>2b. -

19. Jloboe nosroncumenvroe uucao menvwe nyas. Tlycts
n — NMPOH3BOJIbHOE LI€J1I0€ MOJOKHTENbHOE YHCJIO. Torna

- 2n—1<2n.

HIH

YmuowuM o06e uacTH STOr0 HEpaBEeHCTBA HA —a, rie a —
HEKOTOPOE MOJIOHHTENbHOE YHCJO: .

—2an+4a <l —2an.

Hakoueu, npu6apisis Kk o6enuM 4acTAM HepPaBeHCTBA 2a7, MONLYYHM

a<0.

20. —;— 6osbute —;— . [MepemHoxasi MO4/€HHO COOTHOLICHHS
1 1
3>2,
Mbl TIOJIY4HM

3lg %> 2lg -;—;
o(3) > (3);
(z)>(2)"
YTO H Tpgdonanou I0Ka3aTh,

21, — I>--1. Ecan B nponopuun

[/]

'5'=

ale
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Bl T ——

neBasi ApoGb Gonpmwe 1, To mpaBas ApoGb Takxke Goabuie 1;
APYTHMH C/IOBAMH, W3 HEpaBeHCTBa a >b caeayer ¢ >d.
OcHOBHOE CBOHCTBO NMPONOPLHU

a-d=b-c,
OYEBHIHO, HEe HAPYLIAGTCH, €C/H MONOXKHTH
a=1, b=—1, e=—1, d=-+1.
3necb a>>b W, crenoBaTeNbHO, HOMKHO OWTH ¢ >d,

1. &, —1>-41,
22. I~ 1. U3 nponopuun

SEEY
I
ale

cnenyer

a_ _o—c __ ¢

P b—d d°
H60 B O06OMX CAyyasx MpPOH3BEAEHHS OZHOUMEHHHX YJIEHOB
OIHHAKOBHI:

.ad =bec.

ITycts B nponopuun

3x—1>b 3a— 4b

3x—5b" 3a—8b

X onpeieneHo TaK, YTO paBEHCTBO BHNOJHseTcs. Torma npu-
MEHEHHe TpejBAylLero MpaBHia Aaer

3a—4b __ 3x—3a4-3b

3a—8b  3x—3a+43b°
B npaBo#i wactu nmonywaercs 1, B aesoff wacti — apoCb, 3aBe-
JOMO OTAHYHasg oT 1,

23, -+ /=—I. U3 nponopuun ;
a__°c
b d

cnenyeT, Kak JIerkO NMPOBEPHTb C NMOMOILBIO OCHOBHOFO CBOMCTBA |
MPOMOPUHH, YTO

a—b__c—d a __ ¢
b d " b=a" d—c¢
[TpuMensiss nonyYeHHbIH Pe3yAbTaT K yPaBHEHHIO
x4+1 x—1

atb+1 afb—1’
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oAy YuM
x—a—b x—a—1b

atfbF1 afo—1’

x+1  x—1
a+b—x afb—x'
B o6omux cayyasax sakmouaem, 4yto 4 1=—1.

IIl. Aare6pa
1. Vmelorca aBa ypasHenwus

2x+y=8 =u x=2—%

Yro6n pemuTh ypaBHEHHd, MOACTABHM 3HA4YEHHEe X M3 BTOPOro
ypasHenus B nepBoe, [Toayuaem

4 -—)y +y =8,
Orciopa caepyer, uro 4 =38,

2. Ypasueune 6x -+ 25=10x-} 15 HexkTO peman cieayo-

wuM ob6pasom:
3(2x—5)=5(2x —5).

CneposatenbHo, 3 =25,
1
3. 14+x x+2+x+3
(x+2)(x+3)—~2(x+l)(x+3)+(x+1) (x+2)=0;
x4+ 5x+46—2(x*44x4-8)+ x>+ 3x+2=0.

Caenosarensho, 2=0,

1 x 1
+ x+l+x+2+x+3=
(6 2) (5 +3)+ 2 (6 + 1) (54 3) (x4 1) (s - 2) =
=(x+4 1) (x4 2)(x+3);
' +5x4-64x"+4x*{-3x+-x*4-3x 2=
=x'} 65"} 11x+6.

Cneposarenspno, 2=0,
5. Ypaeuenue

x+5__5_4x—40
x—7 T 18—x




B

HEKTO peman ¢aenymomum o6pasom: ,

x4+5—-5(x~7) _ 4x—40,
x—7 — 183—x’

— —— T s %

45— 40 4x— 40
7—x  183—x’

B BHBea orciona, 4To 7= 13.

6. ¥YpaBHeHHe

3(Gx+4) 4 1lx—67
XxF6 X (xF6 (x—05)

HeKTO pewan Tax:
3 (5x 4 4) (x — 5) — 4 (x4 6) (x — B) = x (11x — 67);
15x* — 63x — 60 — 4x* — 4x - 120 = 11x* — 67x;
60 =0,
7. Ins cpapHedns psyx ¢yHkumi

347 — 15x - 18
f;(x)=—_2;:—r—’

__3x*—15x4-18
S ="F5—10

H A5 pelieHHst BOMpOCa, rAe MepeceKalnTcs COOTBETCTBYHOLLHE
9ThM QYHKUHAM KPHBHE, COCTAaBHM ypaBHEHHE

3% — 15x 18  3x*— 15x 418
@—4 T x*43x—10 °
Us nero crenyer, uto
x*4-3x—10=2x—4;
x4 x=6;
x,=-42, x,=—3.

JleHCTBATENBHO /I OTO pellieHne?

8. Jsa npoussorvnuix uucsa pasuu mexcdy coboii. Umeercs

ypaBHeHue
(¥ —a)*=(x —b).

Uapneuen n3 obeux wvacTell ypaBHeHHs KBafpaTHH KOpEHb:
: X—a==x—>b,

CneznoBarennHo, a =2b,
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MoryT ckasat, 40 ¥ —a=x—b npu az~b u, crerosa-
TenbHo, (X —a)*s~(x—b)®, T. €. 4TO HauanpHOe -ypaBHeHHe
Gecemuicienno, Ho owO, oznaxo, nMeeT pemrenne. [eficTBHTEIbHO,

x*—2ax +a*=x*—2bx | b*;
2x (@ —b)=0a* —b%
a-b
5 -

X =

9. Peumts ypasuenne ) x +x==2. U3
V?: 2—x

cnenyer
x=4—4x4x%
x*—5x-+4=0;

n=3+V (3) —4=3+7V7
= i— Y B i=i-4vs

[Toncrasassi mepeufi KOpeHb B HCXOZHOE YpPaBHEHWE, IOJy4yaeM
6=2. .

|

rojor o]

4,

i

1.

l

10. Peumts ypasHenue

3V x4 xt2=0,

Hs
3V x=—x—2
cnenyer: ‘
Ix=ux*t}4x |4,
x*—5x+4=0,

=5+ V (3) —t=4 n=1.

[ToncTapnas mepBuili KOPeHb B MCXOXHOE ypaBHEHHE, HMeeM
12=0.
MoncTasnas B HexoxpHoe ypaBHendHe BTOpOH KOpeHb, HMeeM

=0.
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11. Pemnts cnenyomee ypaBHEHHe:
Vx—9+Vx—4=Vx—T7+Vx—6.
Bo3soxst 06e uyacTH ypaBHeHH B KBAaipaT, MOJyYHM
x—942V(x—9N(x—4)+x—d=
=x—T+2V(x—7)(x—6)-}+x—6.

Or6pocuB B OGEHX 4YacTAX ypPaBHeHHs paBHHE 4YJeHH M CHOBa
BO3BOAS B KBajpaT, HMeeM

(x—9) (x —4)=(x—T7)(x —6);

x*—13x 436 =x* — 13x | 42;

36=—=42; 6=17.
12. Jlanb 1Ba ypapHenus BTOPO# CTemewd ¢ JABYMS HeH3Be-
CTHBIMH: -
2x* — 3xy -+ yt =1, (1)
x*42xy—3y* =9, (2)

ITepeMHOXUM ypaBHEHHS KPECT-HAKPECT»:
9(2¢* — By -4 y*) =4 (x* | 2xy — 3y");
' 14x* — 35xy +-21y* =0;

cokpatu Ha 7, nomyuuM 2x" — S5xy-}-3y*=0. [ens o6e uactu
ypaBueHHs Ha y*, MONy4MM KBaJpaTHOE ypaBHEHHE OTHOCHTEABHO

HEH3BECTHOI'O (5—)1
.
2 (i) —5% 1 3—0;
Yy Yy + R
KopHsiMH 9TOro ypasiieHus SBASIOTCS

B4 (=

IMoncraBnas 3navenne x=— -3 Y, Hanpumep, B ypaBHeuue (n,

— | —

MOJyYHM KOPHH
yl,a=i_2’ xl,:=i—3-

OnHako ec/M MOJNOXKHTb, COTJIACHO BTOPOMY pelUeHHio, X =Y,
TO nepBoe ypasuenue oGpaulaercda B O==4, propoe B 0==9.
JLOCTaTOYHO YAMBHTE/NbHEIE PE3YbTATH!
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13. —g—:;if. Tpumenum ¥ cucTeme ypaBHeHHH
x—a+c__ b
y—atb ¢

x+c__atb
y+b ate

ynoMsiHyTOe B M., 22 npeAanAyuiero pasaena CBOACTBO MPOMOPIHH:
x—a—b+c b
y—a+b—c ¢’
x—a—b4dc _aib
y—at+b—c a+c’

b .
Wrak, npobu -fT " Zic paBHH MexAy co6Goft naxe M B TOM

c1yyae, KOraa 4HC/IO @ OTJHYHO OT HYJd.

14, Peumtp ypaBHenue
1,3247% - 1,3247%+1 |- 1 3247%+* == 1,3247°,

s
x4+ x4+ 14 (x+2)=F6
cnenyer
3x43=6;
x=1.

[Mposepka nokasuBaeT, YTO Pe3y/abTaT BEPEH.

16. Pewnts ypasnenue
(BE3)" -+ (3) = (413) .

2x-}x=3

Hs

crenyer
x=1

Kak nokaseiBaeT mposepka, Kopehb HafieH MPAaBUJBLHO,

IV. Teopusi BeposiTHOCTe#H
2 3
L = Y MoHeT pasnHyaloT JABe CTOPOHH: JHueBYIO (J)
# rep6osyio (I'). KakoBa BeposiTHOCTb TOro, YTO NMPH ABYKpaT-
HOM 6pocaHHH xoTsa OH OAHH pa3 BHMageT repGoBasi CTOpOHA?
Iast pewrennss Bompoca Ge3pasnuyHo, GpocaeM JH MW ABYKPATHO
OJIHY H TY W€ MOHETY, HJIM OJHOBPEMEHHO ABe MOHeTH. Paccmorpum
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T ey

'
)
|
;
i

nepsuft cayuva#h, Ilpu nepsoM Opocanun Bunager aubo rep-
GoBast cTOpoHa (Gnaronpusartubifl ciyua#t), nu60. mHueBaf. 3ateM
MBl cHOBa OpocaeM MOHETY, M Bhnajgaer nubo repboBas CTOpoHa,
aubo anuesas. JIsym 6/1aronpuaATHHIM CaydasM MPOTHBOCTOHT OAMH
2
_3'-
PaccmoTpum Tteneps BTOpOH cayualt, T. €. ORHOBpeMeHHOE
Gpocanie AByx mouerT, Ha 3TOT pas MH HMeeM YeThpe pa3/iHy-
HBHIX CJy4as, KOTOpbie Mhl KOPOTKO MO¥eM O0003HauHTh uepe3
rr, rj, Jir u JIJI. Baaronpusatus Tpu cayuas. Takum oGpasom,

He6aaronpustuuti, Takum 00pa3soMm, BEPOATHOCTb paBHA

BEPOATHOCTH BLHOPOCHTb repGOBYIO CTOPOHY paBHa — .

1
2. 'E':
POSITHOCTH TOrO, 4TO BCE TPH MOHETH BHMAAYT OHAMHAKOBOH CTO-

pouo#, 6eapasanyno, repBosolt uau anneBofi? BepositHocTh TOrO,
1\ 1
YTO BCE TPU MOHETHI BHIMTAAY T NHLEBOH CTOPOHOH paBHa (—2-> =7z,

1
7 BpocaeM oxHospemeHHO TpH MoHeTH. Kakosa Be-

BEPOATHOCTb TOTO, YTO BCe MOHETHI BHMAAYT rep6oBOi cTOpOHOH

3 .
paBHa TaKke (%) =—é— BeposiTHoCTh TOro, 4TO npousohzer
1

OJHH H3 3THX C/Iy4aceB paBHa %+—8‘=T .

BeposiTHOCTD HAamero cCOGHITHS MOXHO BHYHCAHTDH TaKke my-
TeM chenymoutero paccyxpaeuud, [Ipu mob6om OpocanHn Bcerapa
H3 Tpex MOoHeT ABe JAAryT OAMHAKOBOH cTOpono#, repGoBolt HaM
nuueBofl, BeposiTHOCTh TOro, YTO TPeTbsl MOHETA TaKKe JMKeT

- l
TO# We CTOpPOHOH, paBHa 5 - Tem caMblM BepOATHOCTh HalIEro

1 1
co P
GhITHS f)aBHa 1.5 3 .
3. Cywecmsyem moasko 00HO wemHoe Rpocmoe HUCAO U

Geckoneuno MH020 HewemHbix uucen. TloITOMY BEPOSITHOCTD
TOrO, YTO NPOM3BOJIBHO B3ATOE MPOCTOE YHCJAO YETHO, paBHA

—05—=0. CrenoBatensHO, HEBO3MOXKHO, 4TOGH KaKoe-HHOYAb Mpo-

cToe 4HcaA0 Ohl0 paBHO ABYM!
HanGonbulee cpeau M3BeCTHHX B HACTOSLIEe BPEMSI NPOCTHIX
Yucen pasHo')

217 _1=170141183 460 469 231 687 303 715 884 105 727.
) B Macrosiliee BpeMsl M3BECTHhl 3HAaYHTENbHO GOJIbIUME NpPOCTHE
uycaa, cM., nanpumep, SI. M. [T¢penbman, 3anumarenpHas anrebpa,

crp. 87. Ofnako yrBepKIEHHE, YTO YHCJO H3BECTHBIX HaM NPOCTHX 4HCeJs
KOHEYHO, COXpaHsieT CBOIO cuay.— IIpum. ped.
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Otciona c¢iényer, 4To 4MCAO BEEX H3BECTHWX MaTeMaTHKAaM mpo-
CTHX uHcen KoHeuHo. O603HauMM 3TO umcao uyepes z. OnHako,
KaK NoKasan euie EBkauA, umcno Bcex npocTHX yHcen 6Gecko-
neuno. CrexoBaTe/NbHO, BEPOATHOCTb TOTO, YTO MPOM3BOABHOE
MPOCTOE YHC/IO NPHHALNEKHT MHONKECTBY HM3BECTHBHIX MPOCTHIX

n hd r4
yucen, papHa ?-—_—-0. HpyraMu ciosamu, M060€ NPOCTOE YHCJIO,

KOTOPOE€ MOXET HaM BCTPETHTBCH, MOMKHO TNPHHAAJNEKATH MHO-
KECTBY HEHU3BECTHHIX HaM MNPOCTHX YHCeN,

4. T=7=7" Beprpan pemmn crenywuyio 3sagavy

H NOJNYYH]I NPH STOM TPH Ppas/HYHHIX OTBeTa. B Kpyre mnposo-
AWTCS NMPOHU3BO/MbHAs Xopaa. KakoBa BeposiTHOCTH TOrO, 4TO OHA
Gosbllle CTOPOHH! MPABHJABHOIO BNHCAHHOTO B NaHHHM Kpyr Tpe-
yroJbHHKa? ‘
a) 3adHKCHpPyeM OJHH H3 KOHIOB XOPAH H clellaeM ero OXHOH
U3 BepIUHH NPaBHILHOIO BMHCAHHOTO Tpeyro/ibHHka. Xopma Oyaer
6oibliie CTOPOHHl MPABHABLHOrO TPEyrOJIbHHKA, €C/H OHA MPOXO-
JUT BHYTpPH yria Tpeyro/bHuka. YHC/I0 BCeX BO3MOMXHBIX Hampas-
NeHnH XOpAB OTHOCHTCS K YHCJAy O/aronpusiTHHX HanpassieHuH,

kak 180° ornocures k 60°, T. e. WCcKOMasi BEPOATHOCTb W, ==z,

b) BuiGepeM npoH3BO/bHHE XHAMETP 2r W PacCMOTPHM MHO-
WECTBO TMeprneHAnKyndpHhx K HeMy xopi. Cpeaum stux xopx
TOJBKO T€ XOPAH GOMbUIE CTOPOHH MPABHILHOrO BIHCAHHOIO
TPeyro/ibHAKA, KOTOPHE MPOXOAAT uepe3 TOYKH AuameTpa, yla-
NeHHHE OT LEHTPa Kpyra Ha pAacCTOsiHME, MeHbllee ueM r/2,

CnenoBaTenbHo, HCKOMas BepOSAITHOCTh w,:% .

¢) PaccmoTpuM cepenuubl BceX XOpPJ, NPOBeNEHHHX B KpyTe.
[TpoBepeM OKpPYXHOCTb, KOHLEHTPHYECKYIO [aHHOH, pafHyCOM,
paBHeM /2. XopAH, cepefuHbl KOTOPHX DPACMONOXKEHb BHYTPH
nociegHell OKPYXHOCTH, 6yayT OGonblie CTOPOHH TMPaBHJBHOIO
BMMCAHHOTO TPeyro/bHHKa. TaK KaK n/owajgb MOCAEAHEro Kpyra

1 1
COCTaBASET - TVIOUIANH AAHHOTO, TO Wy==-—p.

5. lsa cnocoba swuzpams Oewvzis 8 Monme-Kapao').
1) Bubepem Hrpy, B KOTOPOH BepOSTHOCTH BHIHTPHILLA DABHA

(kak, Hanpumep, NpH Urpe B kpacHoe ¥ uepnoe), IlocraBum

0| —

1) Bropot ciroco6 u3BecTeH Moj Ha3BaHueM netepGypreKoro napajokca,
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B nepeutt mens 10 ¢panxor, B8 ¢jAydae BHHrpHINA CTaBHM CHOBA
10 ¢pankos. B cnyuae Bumnrpuiua ctasum ondrb 10 Pppankos ¥ 1. A.
[Ipu nepBOM mMpPOMrpHIIe [IpeKpaiiaeM B 3TOT Aewb urpy. Tak
MOCTyMNaeM B TEUEHHe AJHTENbHOrO cPoka. BoaMOXHHH mponrpsiiu
B TeueHHe OoxHOro aHs paeen 10 ¢dpaHkaM, BO3MOXHBIA BHIHCpPHIL,
onxako, pased 10 ¢pankam, 20 ¢paskam W T, 4. B.3aBHCHMOCTH
OT TOro, mpekpalleHa JH Hrpa nocie ABYX, Tpex M T. 4. CTaBOK,
Tak kak OAHOKpPaTHHI# BHHIPHIL H OAHOKPATHbI MPOHTPHILI PABHO-
BEPOATHH, TO HrpoOK BO Bcex C/AyyadX, KOra OH Yy4acTByeT
B urpe Ba uiu Go/nee pas B J€Hb, HMEET NMPEHMYLIECTBO mepej
6aHKOM. g

2) BoibepeM CHOBa Hrpy, B KOTOPOH BepPOSITHOCTDH BHHIPHILA
paBHa 5 CraBuM 10 ¢pankoB, B clyyae BHIHrphILIA MOBTOPSIEM

craBky. B cayvae mpourpuimra crasum 20 ¢pankos. Ecan mu
noc/e 9TOro BHHrpaeM, To OOUHA BHHrpHm paBeH 10 ¢pankawm,
TaK Kak Bbigauya pasHa 40 ¢paHkam, a B GaHK BCEro NOCTABJIEHO
6un0 30 ¢dpankos. B arom cayuae cnoa crasum 10 ¢pankos
M npojo/xaeM Hrpy, Kak W B Hauajne. Ecanm ke MH ABaXIH
npourpanu, To crasuM 40 ¢pankos. Ecan mu nocne 910l cTagku
BbIMrpdeM, TO Tenepb BHAaya O6yaer pasHa 80 ¢paukam, a obuias
cymma craBok Gyner paswa 10 ¢p. 20 dp.4 40 dpp. =70 ¢p.
Choea o6wmit Bomrpuimt pasen 10 ¢pankam, Ecaum xe M H
B TpeTHit pas mpourpaeM, To ctaBuMm 80 ¢pankos. B cayuae
BHMrpHNA Bhlaya paBHa 160 ¢pankam nporns 150 dpaukos,
BHeceHHHX Bcero B Oank, Takum o06pa3soM npogomiaeM Hrpathb
n panbwe, Tak Kak B KOHIEe KOHLOB, eCJH BCe BpeMs CTaBHTb
Ha OJMH H TOT XKe LBET, BCe-TaKH XOTb pa3 Buiiger O6narompu-
SITHH LBET, TO MH JO/KHbI, HAKOHEl, BLIArpaTh ¥ GyleM HMETb
TOrJa XOTA H MaJleHbKnff, HO TI'aDaHTHPOBaHHHH BHHTPHII B
10 ¢pankos.

IIpn 06oux MeTomax BHUrpHLI rapaHTHPOBAH, HECMOTPA HA TO,

1
YTO BEPOATHOCTH BHHIPHIIA pPaBHA TOJNbKO 7

V. Maannmerpust

1. [se npamsie He nepecexaromcs, 0asxce ecall oHll U He
napassressus ).

[Tepeceuem pannbie npsMuie @ # b Tperbelt npsmott ¢, oGpa-
sylowel ¢ npAMBIME @ H b paBHhie OCTPBbie yI/bl, PacloOONeH-
Hble MO OJHY CTOPOHY OT mpsMo#t ¢ (puc, 55). SlcHo, 4TO TOuKa

.) Ho Tlpokay u3 Busantuu (412—485), Aduns. -
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nepecevyeHns MNpPAMHX @ W b He MOWeT JeXaTb B HAaNpaBJeHHH
TYNBX Yr/OB, H MOTOMY Mbl GyJeM pacCMaTpHBaTh TOMBKO monay-
MJI0CKOCTh, COAEpHaulylo ocTphe yriaw. Ilycts A u B— ToukH
nepeceveHus npaMoft ¢ ¢ npsMuMH @ U b cootBeTcTBeHHO, OTIOKHM
Ha npsiMoff @ orpesok AC, pasuil otpesky AB/2, a Ha npsmofi
b—otpesok BD, takwe paBuuit oTpe3ky AB/2. Touka C He
MOXET COBMECTHTbCH ¢ TOUKOH D, Tak
KaKk B JIIOOOM TpeyrojbHHKEe CyMMa
IBYX CTOPOH Gonbllle TPETheil CTOPOHH.
Tem Gonee orpeskn AC n BD He MoryT
uveth OOwEH TOYKH S, TaKk Kak B g4
npotueHoM cayuae B A\ SAB cymma
IBYX CTOPOH Ghina Obl MeHblie TpeThel
ctopounl, CoennsnB Tenepp TOYKH CH ¢

D oTpesKoM, NONY4HM paBHOGOUHYIO Puc. 55.
tpanenuio ABDC. Tloeropsas mas nps- .

Mol CD ananoruunoe mnoctpoesue, noayuum npsmyio EF. Ta-
Koe [MOCTpPOoeHHe MOXeT OHhTb. NPOJOMKEHO CHOBA M CHOBA,
¥ KaxKIB# pas Mbl NMPOXBHraeMcs Ha LIAr Brepel, HO He MOXeEM -
noMyyuTh TOUYKH mepeceuenus mnpamMbix @ ¥ b, CrenosaTensHo,
npsMeie @ B b HE mnepecekaloTcs,

2. Ecau 0ge CmopoHvi 00H020 MpeyzorbHUKQ U Y204, Ae-
sicauyuli npomug o0Hoil U3 smux cmopoH, COOMBemcmBeHHO PAGHb
08y CMOPOHAM U Y2LY, AedHCaljemy NPOMUE COOmBemcmeyiouel
CMoponsL, OpY2020 MPEY2ORbHUKA, MO MU MPEY20NbHUK I PABHY.

Puc. 56, Puc. 57.

Mycte Aans Tpeyronsunkn ABCu A'B'C’ unycrp ') BC=B'C’,
AB=A'B' w a=a'. llpunoxnmm A A'B'C’ x A ABC 12K,
4yTo6H BepiuMHa B’ coBnana ¢ BepiiuHO# B, a pepumHa C' —
¢ epmnnoit C. Coemwsum Bepumnel A n A’ A\ BAA' — pagHo-
Genpeunnil, Tak Kak BA==BA’; nostomy ABAA’_—_—ABA’A.
Tak xaxk a=qa', 10 L CAA'=/CA’A (puc. 56 n 57).

') 3neck u janee uepes o, B, y aBTOp OGosmauaer yram A ABC
¢ BepwnHaMd A, B, C cooTBeTCTBEeRHO.— [Tpum- ped,
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* MO3TOMY A

Cnenosarensho, /A CAA’ — pasnoGenpennnili u noromy CA=CA’.
Taxnm o6pasom, Tpeyroabsukn ABC u A'B'C’ pasun no tperbemy
OPH3HAKY PABEHCTBA TPeYroNbHHKOB. JlOMoJHHTENbHOR YC/IOBHE
(o6buno BKMIOuUAaEMOE B (OPMYMHPOBKY TEOpPeMH) O TOM, HTO
yron KOMKeH JlexaTb NPOTHB Goabmofi CTOPOHW, He #ABAfSeTcH
HEOOXOAHMBIM, K3K 3TO MOKa3uBaeT puc, 57,

3. Kaxcouii mpeyzoavnurx — pagrobedpennnii. lycts ABC —

MpOH3BONLHHA TpeyroabHuk, IlpoBedem OuccekTpucy yraa A u
4 nepnesauKynap k¥ cropoie BC, npoxo- 1

aswnl yepes ee cepeauny D (puc..58).

ATH JABe mpAMBe MepeceKkaloTcs, TaK
7 Kak B CcJAyyae HX [apadiefbHOCTH

" TpeyroJbHHK sBIAeTCS paBHOGeIpeH-

HbIM H JanpHefiilee [0Ka3aTenbCTBO

8 7 ¢ uanmuuiee, O603sayuM uyepe3 M Touky
nepeceyeHHs STHX npamuix. Pacemor-
Puc. 58. pUM CHayana cayyalt, koraa Touka M

*  pacmoJioxkeHa BHYTPH TPEYTOJIbHHKA,
Onyctam n3 touxn M nepnenpukynspst MF u ME Ha cTopoun
AB u AC coorserctBendo. Torxa '

/\ AFM= /\ AEM, (n

/\ MDB= /\ MDC. (2)

U3 (1) caenyer, uto MF == ME, u3 (2) cnenyer, uto MB= MC;

A MBF= A MCE. (3)
Hs (1) u (3) cnepyer, uto

AF = AE, (4) ) .
FB=EC. B) £X
CknanwBast pasenctsa (4) u (5),
nonyyaeM Tpe6yemoe yTBepKAeHHE
AB=AC,
4
Eciu Touyka nepecevenms 6uc- Puc. 59.

CeKTPUCH yria A M neprneHguKy-
napa kK cropone BC pacmonoxena BHe TpeyroabHuka ABC
TO, KaK INOKa3mBaeT puc. 59, A0Kka3aTeNbCTBO MPOBOAMTCH aHa-
MOTHYHO € TOM TOMLKO pa3HHueH, 4TO paBexcTBa (4) u (5) e
CKNAJbBAIOTCA, A BRIYNTAIOTCH,
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HenocpencTennuim ¢nencTsneM AOKa3aHHON TeOpeMH SBASETCH
YTBEPXICHHE O TOM, YTO BCE TPEYTOJbHHKH DPABHOCTOPOHHHE,

4. Ilpanoii yeor pagsen mynomy yzay. PaccMmorpum ueTs-
pexyronouuk ABCD (puc. 60). B stom ueTspexyronbuuke / A
npamo#i, cropoil AD n BC pagHH H, Ha- s
xonen, / ABC rtyno#i. Ilposemem uepes 4
cepeaunnl cTopod AB u DC nepneHanKyaAsphl
K 3THM CTOPOHAM; OHH MEPeCceKyTCcs B HEKOTO-
poft Touke S, CoenusuM TOYKy S co Bcemn
BEPLINHAMH YeTHIpexyrosbHuka, Torna SA=—= 4
=8B n SD=_SC, n noromy

A SAD= A SBC. ,
Orciona caemyet, 4To b 0

Z SAD= / SBC. Puc. 60.
[loynenno BHYHTAaA H3 MNOC/HEAHEr0 DPABEHCTBA COOTHOLIGHHE

/ SAB= / SBA,

MOJYYHM, YTO TNEPBOHAYANbHO B3ATHH Tymo#t yroa ABC pasen
npsamoMy yray BAD.

6. Ecau 8 uembipexyzosvrure 08e npomusonosoxicHme cmo-
POHB pasHbl, mo 08e Opyzue Cmopons napassessis, Ilyctb
ABCD — ueThpexyroJibHHK, NPOTHUBOMOJOXHHE CTOPOHH AB H

DC xoroporo paBuu (puc. 61). Yepes cepe-

A £ auny E ctoponn AD u cepemuny F cropo-
Hel BC rnpoeiem K STHM CTOPOHAaM MepreH-

IHKYJSPHl, KOTOPHE TNEpeceKyTCs B HEKOTO-

6 1 ¢ Poit Touke S. [leficteuTennto, ecau ITH
neprneHanRKyAapsl napanjielbHel, TO H CTO-

Puc. 61. poul AD u BC Takxe napannenbhsl, ¥ Hauie

yTBepKAeHHe YXKe HOKasaHo, Mmu ceftuac
nokaweM, 4to ESF— npsamas, oTkyna yxe OymeT c/AemoBaTh,
uto npamuie AD w BC mapansenbun. CoexunuM TOouKy S ¢ Bep-
UIMHAMH yeThipexyronbuuka, Tpeyronvuuku SAE u SDE, Tak e
Kak u TpeyroipHHkn SBF u SCF, pasHbl, OTKyAa B CHIy paBeH-
ctBa cTopod AB u DC surekaer, yto A\ SAB= A SDC. U3
PaBeHCTBAa TPEYrONbHHKOB CJEAYIOT PAaBEHCTBA YTIIOB:

/ ESA= / ESD, (1)
L ASB= / DSC, 2
/ BSF= / CSF. (3)
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et

CxnanpiBasi 3TH paBeHCTBA MOY/IEHHO, HaxomuMm, uto yron ESF

pases 180°, TeM caMbiM Hauie yTBepXAEHHe AO0Ka3aHO.
HeoGxoanmo, oxuako, caenats caepyiouee sameyanne. Hamn

6ol paccMOTpeH cayyal, Korna Touyka S nepeceyeHus IepreH-

$

V) 7
Puc. 62,

L)

IHKYJAPOB  Jiexana BHYTPH 4YeThipex-
yronbhuka, Touka S MOXeT, KOHEUHO,
NeXaTb ¥ BHE 4YeTHPEeXyroJbHHKA, IJTOT
cayvalt mokasan Ha puc, 62. Jlokasatens-
CTBO NPOBOAHTCS AHANIOTHYHO, TOJBKO B
KOHIUE MPH [OKA3aTeAbCTBE COBNAJNEHHS
npaMulx SE u SF Mul He cKJaJniBaeM Bce
TPH PaBeHCTB2, a NYyTeM CJOXEHHs Da-
BeHcTB (2) u (3) yOexnpaemcsi, uto SF,

Tak we kak M SE, sBasgercs GHccexTpuco#t yraa ASD, 1. e,
9TH npsiMble COBMAAAIOT,

6. Ocmpuili y20n pasHobedpeRH020 nPAMOY2046HO20 mMpe-
Yyeoasrura pasen 60°. Tlycts ABC — pasrocToponnnii, a DBC—

paBHOGepeHHBIH MPAMOYTo/Ib-
HHHl TPeyrosbHHKH, pacno.no-
WeHHble [0 OXHY CTOPOHY OT-
peska BC(puc. 63). Otnoxum
Ha crtopoe AC 0OTpesok
i CH=CD. CoezuuuM TOUKY
H ¢ cepenunofi K cTOPOHH
BD n nponomkuM mpaMyIo
HK 1o nepeceuenns B Touxe L
€ MPOJO/KeHHEeM CTOPOHH BC.
Coenunnm Touky L ¢ TOuKOH
D. W3 cepeaunnt M orpeska
LD npoBezem Kk 9TOMy OTpes-
Ky nepneHguKy/sp, XOTopuift
nepecevyeTcs ¢ neprneHauKyis-
POM, BOCCTAB/IEHHEIM H3 Cepe-
muan ') N orpeska LH B He-
xotopoit Touke O. Coexuuum
aty Touky O ¢ Toukamu C, D,
H u L, Torpa OD=O0L u
| OL = OH. Tostomy OD=

A

Puc. 63.

2

=OH. Tax kax, kpome Toro, CD=CH, 1o /\ OCH= /A OCD.
' Orcropa, onmako, cnexyet, uto ocrpuéi yron DCB  pasno-

! ) Ha ueprexe Touku N u K pacnosioxennl OdYeHb GJIH3KO APYr or

apyra.
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GefpeHHOr0 MPSAMOYrOABHOTO TPeyroJbHHKA paBeH Yray PasHo-
CTOPOHHEro TPeyro/ibHHKA,

7. Ipanoii yzoa pasen 45° (puc. 64).

Mycts ABC — paBHoGePeHHHH MPAMOYTONBHLIR TPeyrONbHHK,
Iposepem DC | BC n DC=AC. Ilyctp E— cepeansa cro-
. pount AB. Tlpamas DE mnepecekaer mnpojpomxeHHe cTopoHn BC
B Hekoropoti Touke F. Ye-
pe3 cepeauny G CTOPOHH
AF n uepe3 cepexuny H
cropons FD mnposenem K
STHM CTOpOHAaM MepreHH-
KyAspH. OTR -NeprneHgHKY-
AApH MepeceKyTcs B TOYKeE
K. Haxoueu, coegunumM TO4- .
ky K ¢ toukawun F, A, D,
u C. Toraa

A FGK= A AGK,

H MOTOMY
FK= AK; s
/\ FHK==/\ DHK, Puc. 64.

n noroMy FK=DK. Cnenosarenso, AK==DK. B tpeyroms-
unkax ACK n DCK

AK= DK,
AC=DC,
KC — o6was cropona.
CneposaTenbHo,
/\ ACK= A DCK,
H MOTOMY

L ACK= / DCK.
Otunmas or ofenx. uwacte#t / BCK, momyuum
£ ACB= / DCB,
45°=90°,
8. TpeyzonvHuK ¢ 08y.MA NPAMGMY Y2L0MU MOKHO TOCTPOUTH
caenyownm o6pasoM (puc. 63). IBe 0oKpysHOCTH C LiEHTpaMu

B Toukax A u B mepecekaiotca B Touke C. IlposeseM AuameTpm
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CAD w CBE w coenmunv Toukn D n E. [lpamas DE nepece-
KaeTCfl ¢ ONHOH OKPYMHOCTHIO
B Touke F, a ¢ apyrol —B
touke G. Yram CFE u CGD
(onupamounecd Ha aHaMeTp)
GynyT NPAMHMH, C/IEXOBATENb-
wo, /\ CFG uMmeer nxBa nps-

EA 7 £ MBIX yria.
) 9. I'eomempuuecxoe dJo-
Kasameanbcmgo moz20, 4mMo

Puc. 65. 64=—=65. BuipexeM u3 Mui-

c NHEMETPOROH HJH APYro# Kier-

yaTofi GyMmard JABa TPEYTO/bHHKA C KaTeTaMu B 3H8 exuHull H ABe

NPSIMOYro/NbHEIE TPAaNelHH, y KOTOPHX TIapajelibHble CTOPOHBI
SN~ N

— hr\

! — -

\
\

=

\

\
N L \

Puc. 66.

UMEIOT IJHHY 3 ¥ O enuuuil, a paccTOSiHHE MEXLY HUMH PaBHO §
eaunnuam (puc. 66). Ecan npuioxurs

BCe HMeroLiHecs GUrypol, Kak roka-
/
/
/ P Q
T D ,
o~
P~
-
/ ™
Puc. 67. Puc. 68.

3aHo Ha puc. 67, 10 naowaas nonyyatouiefics ¢uryps pasxa 64;
eC/IH We MX NMPHJIOKHTb, KaK yKasawo Ha puc. 68, To, oueBuaHo,
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nonyyum ¢urypy niowazn 65. Us stux ke uryp MoxHO cocTa-
BUTb H GHUrypy ¢ maowanslo 8 63 epunnus. Kak sto caenats’)?

10. 7Trowads pasnocmoponnezo mpey20abHUKG PABHA HYAI0.
[Ipeo6pasyem paBHocTOpoHHME Tpeyronbuuk ABC (puc. 69)
B keagpar. Ilposesem BuicoTy AD M TOCTPOHM PABHOBEHKHH
TpeyronbHuky ABC npsaMOyrobHHK
ADCE. Tlponomxum seicory AD 3a A
touky D Ha otpe3ok DF, paBuHf
orpeaky CD, n noctpoum Ha oTtpes- # 7
ke AF kak Ha JHaMeTpe MONyOKPYX-
HOCTb, KOTOpas# mnepecekaer TMpo-
nomxenne cTopoHsl CD B HEKOTO-
poit Touke G, Tak kaxk GD*=
= AD-DF, to xsagpar GDJH pas- 4
HOBENHK TpeyronbHuky ABC, Tak
Ke Kak H npsMoyronbuuk ADCE.
Cansuras Tpeyronbunk CEA Broub
npsamot AC takum o6pa3oM, 4TOOH F
sepumHa C 3ansana nonoxenne K, Puc. 69.
pepuinia E-—nmonoxewne H n .
BepumHa A — nonoxenne L, yGexnaemcsi, uto ksaapar GHJD
MOXCHO cOcTaBUTb u3 urypel CLJD u u3 pasHoit eit purypst BMJD.
Mu nonyuaeM, uto kagpaT GHJD pasnosenux Tpaneunn CBML.
Tak Kak 3TOT KBajpaT ONHOBPEMEHHO -

A
pasHosemuk /\ ABC, TO miouiagp pas-
HOCTOPOHHero TpeyroibHuka ALM pas-
Ha HyMO, yro M TpebOBaNOCH JOKa-
3aTh,
y/)
P c 11. [Ilepecenem mpeyzoavHux nps-
Prc. 70 Moli, napassresbroli 00HOl u3 ez2o0 cmo-

i por. To20a ompesox smoii npsamoii, 3a-
KAI0%eHHbIl  Meacdy  O8YMR Opyaumu CmMOpOHaMU, PABeH nep-
6ol e20 cmopone (puc. 70). Mb umeenm

BC:DE= AB: AD,

') Maremarnueckul pasGop sroro copusma npusogutr M. By m. ITycrs
He TONMILKO Kak y Hac 8-8 u 5.13, a u B n6mem cayvae b, c, u a, d —
CTOPOHH JABYX Pa3JIHYHBIM O6Pa3oM pa3pe3aHHBIX NPSAMOYTOJBHUKOB, AN
KOTOPBIX HMEIOT MeCTO CJeAyioliue ypasHenusi:d—=a—+bub-c=a-d +1-
PelleHusiMH 9THX ypaBHeHHI ABJSAIOTCS, HalpHMep, BCe MOAXOASmIKE APOGH
HenpepelBHOM APOGH, COOTBETCTBYIOWIEH 30J0TOMY cedeHHio. ITopxopsmumu
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an ' St
BC-AD =DE. AB,
YMuOXas mocneasee paseucTBo Ha BC— DE, NONYYHM

BC*.AD — BC.AD-DE = BC-DE-AB— DE*. AB;
BC*.AD — BC-DE-AB=BC-AD.DE — DE*. AB;
BC(BC-AD — DE- AB)= DE (BC-AD — DE- AB),
OTKyja
BC=DE.

Cnepmcrsue. U3 [0Ka3aHHOTO Jnierko nosnyyaem, YTo
AD=AB, t. e. ut0 moGO# OTPe30K paBeH CBOeH YacTH.

12. Yacmv ompesxa pasna scemy ompesxy. Tlycts Zo—
Haubonblull yron pasHOCTOPOHHEro TpeyroabHuka ABC, Toraa
yron B-—octpuit (puc. 71). Otaoxum yron BAD, papusilt
yray y. OnyctaM u3 Bepmimsel A nepneumuxynsp AE Ha cTO-
pouy BC. Torpa

A ABCw» A DBA. (1)

Tax kak nnomaxy nomoGuHx Tpe-
Yro/IbHHKOB OTHOCATCH, KaK KBajapaThi
5+ 0  CXOACTBEHHHX CTOPOH, TO

Puc. 71. N\ ABC: A\DBA=AC*:AD*. (2)

: Hanee, Tak kak o6a 3TH TPEyroJs-
HHKA MMeIOT ofHYy H Ty we BhicoTy AE (cyutast BC u BD ocHo-
BAHHAMH), TO HX MJOUAAM OTHOCHTCH, Kak OcHoBaHus BC u
BD, Takum o6pasoM, HMeeT MeCTO MPONMOpLHSA

2 2 .

5= ®

Yron, nporuponexauwuit ctopone AC 8 /\ ABC u cropone AD
B /\ ABD, sasnsercs ocTtpuiM. [lpuMmeHuM renepb Teopemy:
KBAa#paT CTOPOHH, Jiexallelt MPOTHB OCTPOro yriia, paBeH CYMMe
KBAJ(PATOB XBYX APYTHX CTOPOH 6€3 YNBOGHHOIO MPOH3BENEHHS

6 1 2 3 5 8 132 Tak, Han
ApoGsiMH  SIBJISIIOTCS 5 3°5° 813’234 ) pumep,

HapieMy cJaydaro COOTBETCTBYIOT IIHO H 3 H i3* p 3 H 31 AanT

8:21 =168 n 13-13=169. OxHako 3TH NOAXOAsMHe NPO6H He HCYEpNHI-
BaloT Bcex petuennfi, Tak, Hanpumep, mapa 11.5=055 u 9.6 =>54 rakxe
TOJHTCS A/l MOCTPOEHHSI aHAJIOTHYHOro codu3Ma, HO He MOJyYaeTcsi M3
paccMOTpeHHs MOAXOAALIHX Apobel Halledl HenpepeBHOH ApoGH.
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OfHOM H3 STHX CTOPOH HA NMPOEKUMIO Ha Hee APYrod CTOPOHHI.
CornacHo 3TO# Teopeme,
AB? 4- BC®* — 2BC-BE __AB*-}-BD* _ 2BD.BE (4)
BC - BD *

PaspenuM Tenepp KaxAyi0 M3 CyMM, CTOSUIMX B YHCIHUTENsX,
MOY/IEHHO HAa 3HAMEHaTe/lb M OTOPOCHM B O0eHX 4acTAX PaBEHCTBA
OfMHaKOBOe caaraemoe 2BE. Mu moayuyum

AB? »___AB?*
W‘i‘BC:ﬁ‘\‘BD- (5)
ITepenecem BC B npasyio yactb, a BD— g neByi0, nocie 4ero

NpHBEAEM KaXAYIO YaCTh PaBEHCTBA K oOBweMy 3HAMeHaTelo:
AB*— BC-BD __AB*— BC-BD '
BC BD :
Tax kak uMcauTesu apoGel paBHB, TO
BC= BD.

13. Kaocdas npamas, nposedennas 4epes Gepuuny yz2aa,
Oeaum yzoa nonosam. IlepeceueM Tpeyronsuuk ABC HEKOTOPOH :
npAMOH, KOTOpas BCTPeyaeT CTOPOHbI TPEYroJbHHKA H/AH HX MpO-
RomKeHust B Toukax B', A" u C

(puc. 72). CornacHo Teopeme £
Menenas, uMeem )y
AB'-BC'.CA'=AC'.BA' .CB',
HJH ‘ ) ’
AB'" CA'__A'B ¢
~CB"AC T BC A AR
[Tepenecem Terepb mpsMylo BcC » Puc. 72.

napangjienbHo caMol ce6e Tak,

yToOBl 'OHAa TMpoXoAHJa uepes BepuiHHy B, B atoM cayuae
A'B=B(C' =0, .CA'=CB u AC = AB. Hawe pasencTBo
TIPHHHMAET BHJ

Pl U 1
Heonpenenennocts —g— packpuiBaeTcs myTeM noppo6HOro paccMoT-
peHHd CcheuHasbHOro ciayyas, koraa npsamas B'C’ mpoXOauT Tak,
yto BA'=BC', Torna
AB CA
CB' AC’
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Tak Kak Mbl Temepb CHOBA MyTeM MapajileNlbHOrO IepeHoca Mo-

weM JOOMTHCA MPOXOWAEHHS npsiMOoit yeped sepumiuny B, ne

MeHsil BeJHYHHB NPAaBOH YacTH paBeHCTBAa, TO HEONPEAE/eHHOe
0

BLIPAXEHHE 5 PABHO 1. Bepuemcst cHoBa k pasenctsy (1), Ile-

peilillieM paBeHCTBO
AB' CB_,
CB'AB—
B BHAE MPONOPIHH
AB:CB=AB':CB',

Cornacuo Teopeme, o6paTHOR TeopemMe O TOM, 4TO «GHCCEKTpPHCA

yria AeNuT npoTHBOJEWALLYI0 CTOPOHY Ha 4aCTH, MNPONOPUHO-

Ha/lbHBE TpPHJIeXAIHM CTOPO-
Ham», B'B saBnsercs GHCCEKTPH-
cot yrna ABC, uro u TpeboBa-
JOCh OKa3aTh.

14, Vet V5=V 2@t

Ilycrb B Tpeyronbuuke (puc. 73)

A —— - P ¥ g — npoeKkuuu ctopon AB u
/o g AC na cropouy BC. Tlposenem
Puc. 3. npsAMYI0 A', mapannenbHyio Bbl-

coTe & TPeYroNbHHKA U AeNSAuLy 0
TPeyrofbHUK Ha 1Be paBHOBequkHe 4yacTH. OG6o3HauuM uepe3 x
oTpe3ok cTopoHn BC oT BepuindHsl B [0 OCHOBaHus npamoli- A,

Torpa .

2xh' =(p+q)h.
Kpome toro,
. h:h=ux:p. -

- TloacraBnsis B mepBOe PaBeHCTBO 3HAYEHHE
W="

MOy YHM .

2x%h

==tk

P
Cokpauast o6e vacTH Ha A, NONY4YHM X = ]/m;—q). Tax
« TouykH B u C paBHOMPABHBEI, TO AHAJOTHYHO MOJYYHM, YTO
‘/ q—(l%ti), rie y — oTpe3ok cropounl BC ot BepuinHs C ,
~ amusg npamoit A', Tak kak x-+ty=p-g¢, To, pena



o6e dacTu sroro pasenctsa Ha J/ p-+g¢, nonyumd

Viti=V 5+V'%.
Hame ytBepwaenne mosny4aetcsi OTCIOAA mpH p =2a, ¢ =2b.

. 18, .Cymma d8yx napasnressroix cmopow mpaneyuu pasia
Hyawo. Ilpononkum mnapannenssie cTOpoHn Tpameund ABCD
B NPOTHBOMOJIOXHHX HANPaBNEHHAX, W HA BeJIHYHHY, PaBHYIO
AJMHE MPOTHBOMOJIOWKHOK CcTOPO-
Hbl, @ HMEHHO, CTOpOHY AB=—=a
NpoAO/MKHM 33 TOYKYy B Ha
orpesok BE=DC, a cropony
DC=b—3a touky D Ha orpe-
3ok DF = BA. CoeaunuM TouKH
E w F u npoBeaeM auarona-
m AC u BD rtpanmeuun, Ilycts Puc. 74.

2, J, X— OTPEe3KH KHAroHa/NH
BD, na xotopuie ee neast npamse AC w EF (puc. 74). Hs no-
AO6US NBYX MNap TPEYro/bHHKOB MONYyaeM

P
-

i__ P N 4
PR ETE

IpeoGpasys BTOPYIO M3 STHX ABYX NpPONOPLMH, MOMYYHM

a X—2
F==t=,
/ a=—-b, a+b=0,

CApE 16. Kaocoas mourxa Ouamempa

2100020 Kpyza sexcum Ha OKpyNc-

Hocmu. Ilycts C (puc. 75) — npous-

BonbHas Touxka gHamerpa AB. Tlo-

Puc. 75. cTpoum anga touexk A, B, C uer-

- BEPTYIO rapMOHHYecKyl0 Touky D,

*TMycts H-—cepexusa oTpeska CD, a M-—uentp kpyra. B
cuay ussecTHOH Teopemu MC.MD=MA?, Ho

MC= MH—CH,
MD = MH -} CH;

CJIel0BATENBHO, _
MH! — CH* = MA*, (1)
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C apyroft CTOPOHH, eciM MepHEeHAMKYAADP, NPOBEAEHHHH K Aua-
merpy AB B TOuke [, mepecekaer OKpyXHOCTh B TOouke E, To

ME* = MH* - HE*,
CE* =CH’ ++ HE?;

C/Ie0BATENbHO,
MH* — CH* = ME* — CE* = MA* — CE*. 2
Hs (1) n (2) euitekaer, urto -
‘ - MA*=MA*—CE’.

"Orciona CE=0, 1. e, Touka C nexuT Ha okpyxHocTH, Tak

kak Touka C BhOHpanach MPOH3BONBHO, TO AAHHOE YTBEPMe-
HHE BEPHO /S BCeX TOueK auamerpa AB,

17, Bce oxpyscnocmu umeom odunarxosyio Oauny. Ilyctb
IBA -KOHUEHTPHYECKHX KPYra HemoABHIKHO CKpelieHsl Apyr
¢ apyrom (puc. 76). Bonbmu#t kpyr katurcs no npsamoi AD u

A . 0
Puc. 76.

caenan Ha Hell oaun- 060poT; Toraa Touka C MeHbueH OKpyX-
noctH onuumer nyte CB, Otpeskn AD u CB pasum, Kak mpo-
THBOTIONIOXHHE CTOPOHH MPAMOyronbHuka, Tak RaK  Kpyru
HEMOABHIKHO CKPEN/eHH MeXAy co6o#, TO MeHbLIH# Kpyr B Te-
YeHHe OJAHOoro 060DOT3 60ab1Iero Kpyra ciaenan TakKxe TOJbKO
omuH 060pOT M, C/eAOBaTeNbHO, OTpe3ok CB pased nauHe
OKPYXHOCTH MeHbuiero Kpyra. Orcioma mosyuaeM, YTO OKPy-
HOCTH OGOMX KPyros HMEIOT ONHY H Ty e NJIHHY.
L
. 18. Bce xopdu o0Hnolt u moii swe oxpyocrocmu umenom
oounarosyio Oauny. llycte AB u CD-—pBe napannenbhsie

- Mexay coGoH xopam HeKOTOpo#t okpysuocTH. FlycTs, nanee,

§ — Ttouka mnepeceuenus npsmeix AC u BD, U3 nomobus Tpe-
yroibiukos SAB u SCD umeem

AB:CD=AS:SC.
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CnenoBatests HO, _
AB.SC=CD. AS.

YMHOXAS MOY/IEHHO MOC/e/iHee PAaBEHCTBO HA OTJlPNHyIO OT Hyas
seanundy CD— AB, nonyuaem

AB-SC-CD—AB’-SC=AS-CD’——AB-AS.CD,
WIH
AB.SC-CD — AS.CD* = AB*.SC— AB. AS.CD,

HIH, HaKOHel,
CD(AB.-SC — AS-CD)= AB(AB-SC—- AS.CD).
Cokpaitfass Ha OGLHT MHOXHTEJb, UMEEM
CD =AB.

Tak "xak nBe XOpanl onHOR W TOH e OKPYWHOCTH BCeraa
MOXHO CJe/aTh NAapajule/bHHIMH, TO JAHHOE yTBEpKJeHHe Crpa-
BEJJIHBO /18 BCeX XOPJ, OKPYWKHOCTH,

V1. Tpuronomerpus u cTepeoMeTpus

1. 2°=4". Wcxons n3 pasenctsa cos®x=1—sin®x, no-
Ny4HM CHavYaza
3 3

(cos? x)* == (1-— sin® x)':_

a U3 Hero
. 3
cos® x - 3= (1 —sin® x)? 3,
CnenoBatensHo,

(cos® x 4 3)* =[(1 —sin? x)i’ + 37

Tlpu 3Havenun x==90° nonyyaem, Tak kax cos90°=0.
sin90°==1, BepHOe cooTHOmIEHHE

3t =3%,

_Ilpn 38Havewnn x— 180° nonyyaeM ofcloga, TaK Kak
cos 180°=-—1, sin 180°=0, ut0
22 =4’.
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2. Bce mpeyzoasrurxu — pagnocmoporuue, Ilpogomxum cTo-
pon b ® ¢ TpeyronbHuka ABC 3a BepmmHy A, KaK [OKa3aHO
Ha puc, 77, Ilpumenss k Tpeyroabuukam BCE n BCD teopemy

CHHYCOB, MOJYYHM

s{n(ﬁ+%a>=l{jcsin %a,
sin(y+%a)=b+csin%
Orciona

sin (ﬁ'—{—-;-a):sin (y-Jf-%oc).

£

S

(A
Puc. 77.

CnepnosarenbHo,
. .
p=y.

AranoruuHo JIOKa3wBAeTCH, YTO Yy=0, B TaK KaK BCe TpPH
yraa TpeyrofibHHKAa paBHH, TO TPEYroOJbHHK DPABHOCTOPOHHHH.

8. Bce mpeyzoavnury — npsmoyzosvrsie. ITycTb 8 Tpeyronn-
uuke ABC Bucora CD =h, a AD=p u BD =g — npoexuun
cropoH AC nBC'Ha cTopory AB. CorzlacHO TeopeMe CJIOXEHHS,

sin (@ - p) =sina cos p 4 cos asin §,
T. e.
w__h g p k __hec__  hsiny
sin(a )=+ '7+T'F“'575_2Rsinasinﬂ'
Kpome Toro, _ ) :
h=2Rsina-sinf,

n6o
h ;
sihna=- u b=2Rsinf. )
- CnenosaresHo,
sin (o} B) =siny,
a + ﬁ =Y.
Orciona
S ot-p=y=90°

. 4. Bce mpeyzoavnuri — pasnocmoponnue. Tycts S — nno-
uaiab Tpeyronbnnxa; TOraa, KakKk H3BeCTHO,

2S=b.csina,
28=a-csinf.
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YMHOXHM nepBoe paBeHCTBO Ha 2Ra, BTOpoe —-Ha 2Rb:

4RaS =2Rabc sin a,,
4RbS = 2Rabc sin f.

CrenoBaTenbHO, i
4RaS — 2Rabe sina = 4RbS — 2Rabc sin p.
Tak Kkax
2Rsina=a, 2Rsinf =0,
10
4RaS — a*bc = 4RbS — ab’c;
a(4RS —abc)=0b(4RS — abc).
ChenoBaTenbHO,

a=>0,

\

AHanornyHo AOKasHBAETCH, YTO @ ==C.

-

6. B mpeyzoasvHurxax co cmoponamu
a,=18cn, b,=12cm, c,=8 cu;
a,=27cx, b,=18cx, c,=12cn,

Kpome O8YX nONApHO PABHHLX CMOPOH, DABHEL MAKICE COOoM-
gemcmsennsie y2ab, Taxum o0pa3or, 8 3mMux MpeyzoAbHUKAX
PaBHBL COOMBEMCMBEHHO e MOAbKO mpU, HO 0axce namv 3ie-
Menmos, noamomy mpeyzoabHuxy pasiv. Kak 3T0 Bce-Taku
BO3MOXHO, Belb TPEThbH CTOPOHB TPEYroJIbHHKOB DPa3JHYHLI?

Hns pmokasatenpCTBA paBeHCTBA yriaoB o,=a,, B, =§,,
Y; ==Y, NPHMEHHM Cc/e/youine ¢opmynu:

=509 F=—a(r =9
‘g2“‘/ Po—a tg 1/ -0

(X))
. gy= plp—c) °
Iast nepeoro TPeyroabHika
py= Gt +Cl_19:Px_‘ax=l’px—b1=7’p;‘fcx=“’

A5 BTOPOro Tpeyro/JbHUKa -
p=2F0to 985 p—a,=15 p,—b,=105;
pz_cz:: 16,5‘
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Orcrona

_/711__ 4/10,5:16,5 a,
tg?“' o = T5285 87"
]/ 6515 __, B
79— V 105985 ©2°

]/'_ 15905 . v
.19 1/16 6,525 82

Takum 06pa30M meficTBUTENBHO O, =0, B,=P,, v,=Y,.
Buuncnsst BeAWYRHEL  yrii0B, IOJyYMM  Yribl 127,2° 32,1° n {
20,7°, lpyruMd napamu TpPEyro/IbHUKOB, O00JaJaIONUX STHMH
CBOHCTBAMH, SB/IAIOTCA TPEYTONBHUKH CO CTOPOHAMH

a, =150 cu, b,=180cn, c¢,=216 cx,
a,=125cm, b,=150cn, c,=180 cx,
a TakKe TPEYroJbHHKH CO CTOPOHAMH

a, =100 cu, b,=80cmx, ¢, =64cn,
a,=125 cm, b,=100cx, c,=80 cm.
/

6. Cymnma yza08 chepunecrozo mpeyzossnuxa pasia 180°.
Teopema 0 cymMMe yri0B MJIOCKOrO TPeYroNbHHKA MOXeT OHTb
AOKa3aHa, HalpuMep, caeaylouiuM o6pasom (puc. 78). BooGpa-
auM TpeyronbHuk ABC nexauuM Ha mo-
ny B Gyaem erd’obxomuts. CHayana unem
or A x B, B Touke B nosopaumBaemcs
no HanpapneHio K Toyke C Ha yroux,
paBHufi BHewHeMy yray f’, poxomum jo.
toukn C, noBopaymBaeMcs B 3TOH TOuUKe

Puc. 78. Ha yron y' W JBHKEMCS 1O HanpasleHHio

k A. [lpuas B Touxky A, mosopaunsaémcs

HA BHemHW# yron o', nocne uvero OyAeM uMeTb TO e camoe
HanmpapleHue, KOTOpOe Mbl HMeau B Hauyane obxoga. Tak kak
npu aToM o6xoae Gyxer caenad monubft 060pOT, TO CyMMa BCeX
BHemHUX yrnos paBHa 360°. Tak xak Kawpbi# BHyTpeHHu#l yrona
B CyMMe C TMpPHJIeXALIAM K HeMy BHeWIHMM yrieMm pased 180°, ‘
TO CyMMa BCEX BHEWIHHX H BHYTPEHHHX .yI/IOB TPEyroJibHHKA
paia 540°, CnemoBaTenbho, Ha JONIO BHYTPEHHHX YI/IOB l

ocraetcs 180°, . .
B sToM moka3are/nbcTBe HHFJAE He HCIOAb30BANOCH YCJ/OBHE,
YTO MBI ABHXEMCS HA maockocTu, [TosTomy Bce aTH paccyxne-
HUSl MOXHO MOBTOPHTb M I8 KpHUBOH nosepxHocTH, Ecam, Ha-
npuMep, B3ATh 3a ToukH A, B, C He Tpu 6ausko Jnexamue
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TOUKH Ha MONY KOMHATH, & TpH JAaHexo Jfexaulue Jpyr ot
papyra Toukn B [epvanuH M BOOGLIE HAa 3eMHOM LIdpe, TO .
Halle paccyxaedHe He Tepser cBoeff cuaw. OTciopa cnepyer
PaBH/IBHOCTh HALIETO YTBEPWAEHHS AJs CGEPHYECKOTO Tpe-
yroJbHHKA, TaK e KaK H AN BCAKOrO TPEYroJbHHKAa Ha i000H
Apyroit XpHBOH NOBEPXHOCTH.

7. Cymna yza08 chepuneckozo mpeyzosvruxa pasia 180°,
[Tycre  ABC— cdepuyeckuit Tpeyronshuk., OG6o3HauumM cymmy
yr/IOB TPEYrO/NbHHKA, BHIPAXEHHYIO B MPSIMHX YrJjax, yepes x.
Bo3bMeM BHYTPH TPEYrONbHHKA NMPOM3BOJIBHYIO TOYKY P H npose-
zem yepe3 ToukH P u A, Pu B, P u C okpyxuoct G0JbILOro
kpyra. Torpa cyMma yrioB Kaxaoro M3 STHX TPEyroJbHHKOB
paBHa xd, a Bcex yraoB Bcero 3xd. CyMma yrnoB 3THX Tpex
HOBHX TPEYroNbHHKOB pPaBHA CyMMe yrioB Tpeyroabhuka ABC,
yMeHbIIEHHOH Ha CYMMY Yr/IOB, 06pa3OBaBIUMXCH BOKPYT TOYKH P,
T. e. Ha 4d. Tlostomy .

Ix—4=x,
2x =14,
x=2,

T. €. cyMMa yrnioB Tpeyronbuuka ABC pasha 2d.

8. Cfepuseckuli usbeimox egepureckozo  mpeyzossHUK
pasert Hyao. Tlycts &k, R, u k,— TpR OKPYWHOCTH Ha Liape,

Puc. 79.

umeomMe obulyio Touky P u o6pasyiomue Tpeyronashuk ABC.
Puc. 79 siBaserca crepeorpacduueckofi npoekumuefi, Kotopas co-
XpansieT yriu H H306paxaeT KpyrW B Buie Kpyroe, O6o3naynm
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4epes o, P,y Yr/W TpeyronbHuka, M3 uepTeka HenocpeicTBEHHO
creayer, uto a-f-4-y=180°

9. [Trowads xkpyza pasia Hyan'). Mue BcmomuHaeTcs uep-
TeXK, KOTOPHIH HCMO/b3YyeTCsi MPH HAXOWIEeHHH obObeMa IIapa
(puc. 80). Ksampatr ABCD sBpautaetrcd BOKPYr CTOpoHH AB;
npH STOM BpallewuH detBepTb kpyra AC, BnucaHHas B STOT
A - p KBajpaT, ONMMCHBAET mnOJywap, ARArOHalb
BD — 60KoBYI0 TOBEPXHOCTb NPSMOrO Kpy-
reBOro KoHyca ¢ BepuMHoft B, a cropona
DC xBappata — GOKOBYI0 MOBEPXHOCTb LIH-
audgpa. Cekyuiasi mAOCKOCTb, 00pasoBatHas
npH Bpaulennn npsMoit MR, oGpasyer ¢ kax-
ABIM H3 Mepevyc/eHHHX Te/l HeKOTOpOe mio-
Puc. 80. ckoe. ceyenue, [lag TOro 4TOOH 3aTEM MpH-

MeHHTb OCHOBHYIO Teopemy KaBanbepH, HeoG-

R

X
)
R

LY
)

XOJHMO M0Ka3aTh, YTO NJOWAAB Kpyra c pamuycoMm MQ pasHa

NOWAAH KPYroBOrO KOMbIA, IIHPHHA KOTOPOro pasHa PR,
T. €. 4TO ‘
nMQ? =nMR* — nMP?,

OTO COOTHOILEHHe CNPaBeAJHBO NMPH JIOOOM MONOXEHHR GeKyuleh
TVIOCKOCTH, MapannespbHOR o0O6LleMy OCHOBAHHIO JAHHHX Tel.
TlycTh cekyuwias nnockocTb -3afiMer mnonoxenne AD; toraa mio-
Iagb Kpyra paBHa HYJIO, TaK- KAK OH B STOM C/ly4ae CBOZHTCSH
K oxmHo#i Touke A, a MJOWAAb KPYroBOro KOJblia PasHa mio-
maay kpyra c paauycom AD, Tak Kak mnnoiage Kpyrosoro
.KOJIbUA JO/MKHA PAaBHATHCS MJOMIAAH MEPBOrO Kpyra, TO Halue
yTBePXAEHHE JNOKa3aHo,

VII. AnanmTuyeckasi reoMeTpus

‘1. Llesoe pasno cgoeii wacmu. Ilnomamp TpeyronbHHka

C BepumHaMmH (Xy, y,), (%5, ¥,) # (X,, y,) pasua
S=5[%,0s— )+ 0 —3)+ %, — )]

BuuncuM  noomage  yeThipexyronabhuka ¢ Bepmusamu (1,4),
(3,9), (5, 3) u (0, 0). IlpoBexem nHarona/ab YeTHPEXYro/NbHHKA,

') B kuure Bosbuano, Iapagokcs Geckoneunoro, Onecca, 1911 r.,
FOBOPHTCSH, YTO 3TO MNpeljoxeHHe npuBoaur ewle I'anunel B ¢Discorsi
e dimostrazionin».
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NPOXOAAILYIO Yepe3 HA4ano KOOPAMHAT, M BHYHC/HM 10 Hamieh
¢dopMyne nnowazb Kaxporo M3 TPEYrONbHUKOB, Ha KOTOPHE
Auarodanps pasbuna yeTHpex-
yroabuuk (puc. 81):

S=1[0(4—5)+1(5—0)+
+3(0—44-03—5)+

+5(51_0)-|-3(o—3)]=
=7 6—12425-29=

9 1
‘:‘——-?=4 -§- .
Takum oOpasoM, naoL[aAn Puc. 81

YeTHPEXyroNbHHKA pPaBHAa TUIO-
: - 1
Iaay 3aIUTPHXOBaHHOK HacTH urype, cocrosimiedt us 4—2- eny-

HHYHBIX KBajpaToOB.
%

2. Oxpyxcnocms ¢ yenmpom 8 mouxe (3, 4), npoxodswas
4epe3 Hawauro KOOpOuHam, hepecekaem 0Cb X nod npAMbM
~ye2aon. Tak kax r*=3*-+} 4>=>5" 10 ypaBHeHHe OKpPYKHOCTH
HMeeT BHA .
x*—6x - y*—8y=0. . }

OxpyxHocTh nepecekaeTr ock X B Touke (0,0) u B Touke
C KOOPAHHATaMH
x,=6, y,=0.

[TopcraBnss S3TH KOOPAMHATH B ypaBHEHHE KacaTenbHOH

xx,+4yy,=rl,
nojyYum

) 1
6x=25, x=4§.
CﬂeanaTeﬂbHO, KacaTeilbHas IapajjielibHa OCH y.

3. Oxpyxcunocms nepecexaemcs ¢ OuaMEMPor MOALKO .
¢ 00HOfi moure. YpaBHeHHE OKPYKHOCTH C I[EHTPOM B Hauase.
KOOpPAMHAT K paguycoM 1 uMéer BHA -

X=c0sQ, y==singQ,
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Wik, nonaras
.
tg T = l(,
1—¢ 2t
X = _—

e Y=1xe
ToukH nepeceyeHus OKPYIHOCTH C OCbIO X moaydaTcanpuy =0,
T. e. npn f=0, 10 AaeT aAd X TOALKO 3Hauenue x = 1. Cne-
Z0BaTe/IbHO, OChb X TepeceKaeT OKPYKHOCTh TOJABKO B ORHOH
Touke, Tak KakK Mpou3BOJIbHHIA THAMETP MOXKHO MPUHATH 33 OChb X,

TO Halll¢ YTBEPXKAECHHE CMPABEANUBO D.JYS! BCEX AUAMETPOB OKPYHK-
HOCTH.

4. Ilapa npamux ssagemcs aunepbosol. YpaBHeHHs
x=4, y=38, (1a)

N/, HHayYe, ’
x—4=0, y—8=0, (1b)
SIBAAIOTCA YPaBHEHHAMH JBYX MNPSAMBIX, OAHA M3 KOTOPHIX mnapal-

NejibHa OCH y, a apyrags— ocH x. ©O6a ypaBHeHHS MOXHO OOHY-
HBIM 00pa3oM OGBEeAHHHTh B ypPaBHeHHe Napsl MPsSMBIX

(x—4)(y—8)=0 mumn xy—4y—8x432=0. (2a,2b)
C napyroft CTOPOHHI, HEMOCPEACTBEHHOE MOUJIEHHOE NEePEMHOKEHHE
ypaBuenu#t (la) maer ypasuenue paBHOCTOpOHHeH rumepGonn

: ' xy =132, (3)

[Toactasnsa Buipawenne (3) B ypasHenwe (2b), noayunm ypas-
HeHHe O0O0Hoil npamo#f, npuueM oOTAHYHOM OT npambx (1b), a

HUMEHHO
: y=— 2x+ 16. (4)

Pasnuunnie PE3YAbTATH MOAYYAIOTCH TaKKe NPH IMOUYNIEHHOM - J1e-

nenud ypassenuit (1a) w ypasueuutt (1b). B nepsom cayuae mul
MOMYYHM ypasAeHune mpaMoit

y=12x, ©)
a BO BTOpPOM (C/yyae — ypaBHeEHHE

y—8__
x-—4—0’

W3 KOTOPOTO HEOCTOPOXHHIM YHTaTeNb MOWET BHIBECTH YpaBHEHHe
npsaMoi

y=38. A (6)
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5. He cywecmsyem namyparvnozo wucaa, xeadpam xomo-
pozo umeem 6ud 4n--1. Bce uucna, ABASIOUIMECS TOUYHHIMH
KBaApAaTaMH, TNPEACTABAMIOT coBofi OPAHHATH TOYeK MapaGosnt

y=x2: (])

aGcuMccH KOTOPHIX — Lieble YHC/aa; Bce 4Yucna Bupa 471 sB-
OTCH OPAMHATAMH TOYEK MPsMOH

y=4x+t1, © @

a6CUHCCH KOTOPHX — Lesiie  yHcaa, Te uHcna, "KOTOpHE OAHO-
BPEMEHHO SB/SIOTCS TOYHHIMH KBaipaTaMH H HMMeloT BuA 4n-4-1,
COOTBETCTBYIOT TOYKaM, MNPHHALNEWAIUHUM OLHOBPEMEHHO Mapa-
Gone (1) u npsmo#t (2). Oxnxako napa6ona (1) u npsamas (2) ne-
peceKaloTCsi TONbKO B ABYX TOYKaX, aGCUHCCH KOTOPHX MOAYy4Ya-
IOTCAl M3 YypaBHEHHs
- =4x+1;
063 KopHs R

x,',=2i]/—5'

3TOr0 YpaBHEHHA HE FABAAIOTCA LEJABIMA YHC/IAMH,

6. I=— 1. Onpenennm yraoeo#t KosdpduuueHT npsamol,
obpasyiowelt ¢ npaMon
y=x-t

yroa, pasuuifi 45°, Ioacrasass B opmyny

ky— By
tgb:l-?-k—,.k,

TaHreHca yrna 8, 06pa3yeMoro ABYMs MPAMBLIMH, aHHHE 3Haye-
nus (tg 45°==1; k,=1), monyynm

ky — 1
1+%

1=

, 1 b=k —1, 1=—1.

VIiI. Jlornka

MpensaputenpHoe s3amMewaunue

MeToan MaTeMaTHKH MPHUMEHNIOTCH AJs ONPenesIeHHs MOHATHR
H I0Ka3aTenbcTBA TeopeM. B ofoux cayuasx ucnonb3yercs Jo-
ruxa. ITostomy codusmbi, OTHOCs(Mecs K STOH He3ameHUMOH Anst
MAaTeMaTHKH HayKe, JOMXKHH HalTH CBOe MeCTO B 3TOH KHHre,
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1. [Tpomusonoroxcuoim OASL NOHAMUS NPOCMO20 4UCAQ 516-
AslemcsT noHAmue cocmasnozo zucaa. Henpocroe 4ncnao sBas-
eTCAd COCTaBHHIM 4ucsioM. Yucna, nensiivecs Ha 2, SBAAIOTCA
COCTABHHIMHM YHC/JaMM; 4HC/JA, Jensluecs Ha 5, ABASIOTCA
cocTaBHbIMM YucnaMu, ClexoBaTeNbHO, 4HCNA, HAeasuiiecs Ha 2,
ABNAIOTCH YAC/aMH, AeisuluMucH Ha § '),

2 Hem npasus 6e3 ucxawovenus! 1o npegnoxenue, oue-
BUIHO, CaMO #BjseTcs [MPaBHIOM, CJIELOBaTeNbHO, ¥ H3 TOrO
yTBePWAEHH HMeEIOTC HCKioueHus, Tem .caMbiM MbH TIPHXOAHM
K NPOTHBOPEYHIO,

3. /[sa npedasoxcenus BepHvi, HeCHMOMPS Ha MO, ¥mo 00HO
u3 Hux npomugopeyum Opyzomy*). DTH NPEANOKEHHS T[/ACAT:
npeanocnefHee CcJOBO MNPEN/IONKEHUss, KOTOpoe Tenepb 3aluchl-
Baercs, sBAseTcs apTHkaeM. [Ipeanocieanee COBO NpensIOKeHHs,
KOTQpOE Termepb 3aMHCHBAETCS, He SBNSETCS apTHKIEM °).

4.. Hecmompss Ha mo, wmo 08a npedsodcenus npomugo-
noaoxcHs Opye 0py2y, OHU 00a He8epHol.,

Uucno c/I0B B 3aMHCAHHOM 31eCh Npei/IOKEHHH PABHO NEBATH,

Yneao ¢/10B B 3aNMCaHHOM 34€Ch IPEAJIOKEHHH He PABHO AEBATH,

B. Jloeunecrkuii cogpusm no I'eze .

[lycTb OnHOPOAHHIM CTepkeHb YKpemJeH B TOYKe, SBISIO-
uteficst ero .ueHTpoM TaxecTH. Ecanm Tenepb yTsweanTh OZMH u3
ero KOHLOB, TO OH HaKJIOHHTcs B 3Ty cropony. Ho rak xax we-
JIe3HLI CTEpXeHDb, €C/M OH HaMarHHuYeH, HAaK/JAOHAETCH Ha OfHY
¢TOPOHY, TO, CJ/IEOBATENBHO, OJNHH €ro KOHEll TshKeJee.

6. U3 ypapHenns x*—3x+2=(x—2)(x —1)=0 cue-

Ayer, KaKk OOBbIYHO roBOpAT, YTO ¥ =2 Hau x¥==1. OpHako u3

9TOr0 ypaBHEHHsI MOXET CJeJOBaTb W TO, YTO X==2, H TO, YTO
=1, a noromy 2=1. Pa3ee 3710 He TaK?

7. Hexktro A rosopur B: «§I coaran B cBoelf WHU3HH TOJBKO
TpH pasa». Ha sto B orsesaer: «Torma TH /Keuib Tenepb
B ueTBepTHH pa3y, DTO 3aK/NIOYEHHE NPOTHBOPEUHBO: NHOO A,

1y dror copusm no [TnaroHy npunsto npunuceBat Cokparty.

%) dror u caeayowut copusMel HCXoAAT or BoabmaHo.

*) B nmoanMHHHKe HenmepeBOJMMasi Ha DYCCKMHl fI3bIK Hrpa CJOB: nep-
Basi ¢pasa koHdaercs c/aosamu «ist ein Geschlechtswort», a Bropas —
cnoeamu «ist kein Geschlechtsworts, — ITpum. nepes.
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AeHCTBUTENBHO, O CHX MOP COAraJ TOJMBKO TPH pPasa W TOTAA OH
ceivac roBopuT mpasAy, au6G0 OH aran Gosblie, YeM TPH pasa,
W TOCAA B JAHHBI MOMEHT O#H coiran Gojnee yeM B YeTBepPTHIl
pas.

8. 3anumeM B npAMOYroJbHHKE ClelylollHe 4 uyHcha:

1, 2, 3
Haumenbiiee He 3anucannoe 8 3MOM NPIMOY20LbHUKE
yenoe norodcumenvioe 4UCAL0

~

[TycTh Tenepp @ — HaWMeHblliee He 3AMHCAHHOE B JAHHOM Mps-
MOYTO/IbHHKE YHC/I0; TOrAA OHO KaK pas M JOMKHO HAXOANTHCS.
B JIaHHOM MPAMOYrO/bHHKE. Mul NpHULIM K POTHBOPEYHIO.

9. Kpoxodus. Y onsoi erunTAHKH KPOKOAMI TNOXHTHA pe-
Genxa. Eruntauka npOcuna sepuyTh pebenka, u Kpokoauma obe-
u(an effi 370, ec/M OHA MPABHJIBHO YKaxXeT, KaKk MOCTYNHT Kpo-
konun. Martb pe6Genka ckasana: «TH He BO3BPaTHIlb MHE MOEro
pebenkay. Ha sto xpokoaun orBetun: «Ecam Th, geficTBHTENABHO,
mpaBa, TO TH, KaK cama FOBOPHILb, He NOJY4YHUIb Ha3aA pe6eHKka;
ec/Id K€ TBOE BHICKA3bIBAHHWE HEBEPHO, TO, COT/IACHO HallleMy yro-
BOPY, TH He moayuumib peGeska, B mo6oM cayuae pebGeHoK
HZomxeH octatbes y Mensiy. «Hao6GopoT,— Bo3pasuna weniiuna,—
ec/lM MOe BHICKa3biBAHWE BEPHO, TO A moAy4y pebeHka Hasan
B CHJy HAalLIero ycJOBHA; €ciW e a4 ommbaach, TO 3TO O3HaA-
YyaeT, YTO Thl CaM BepHellb MHe pebenka, B kaxmom us cay-
yaeB fl moayuy pebeHka Hasaa». Kto u3 uux npas?

To, uTo 3aech pacckasaHO Bcepbe3, MOXHO CHOpPMYJHPOBATH
B BHAE CJenyioumedi urpsl. Yc/aoBuMcd, 4TO Ha BCe BOMPOCH
HeKTO B mgomkeH OTBeYaTb CJIOBaMH: «TPH CMHHYKH», B MPOTHB-
HOM cilyyae OH mnpourpaer ctaeky B 3 Mapku, Chavana.A 3a-
Jaetr B napy moO6hix BOMPOCOB, HA KOTOpele B Bce BpeMms OTBe-
yaer: «TpH cnuukuy». Haxonen, A cnpawmsaer: «4to TH mnpes-
MNOYKTACIIb HMETh, TPW MapKH WM TPH CHIHYKU?Y B oTBeyaeT: «TpH
cnuykuy». Toraa A FOBOPHT: «BOT OHMY», naeT B Tpu COHUYKH H
Geper ce6e Tpu MapkH,

10. [Ipoyecc. dpakn obyuancs y [Iporaropa coductuke,
Buio yc/0B/EHO, YTO 32 yPOKH OH 3amJAaTHT MOC/NE TOrO, KaK
BHIUTPAaeT CBOH meppuilt npolecc, JBak/ HHKAKHX IIPOLECCOB HE
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BeJ, MOSTOMY, ecTecTBeHHO, He mJaatin Ilporaropy ycnosien-
Horo rowopapa. Torga Ilporarop moman Ha Hero %anody B CyA.
Ou ckasan Idsaxny: «Ecam s BHHrpaio npouecc, T0 TH HZOMKEH
6ylellb 3aNNaTHTb MHe JEHbI'H COTJACHO DEIUEHHI0 Cyaa, eciH
e TH BHHrpaellb 9TOT neppwift ang tebs npouecc, TO TH ymia-
THIIb MHE T[OHOpPap B CWAy Hawero yc/oBus». «Bosce HeT,—
OTBeTHN JBAKJ,— €c/H i BHMIPAIO Npollecc, TO, COTACHO TNpPH-
TOBOPYy, f He JOMKeH OyAy naaTHTb TeGe [eHbrH; €cJH xe o
npourpaio Mol mnepeuff mpomecc, TO, COrJacHO HaLIEMy YCJOBHIO,
4 onATh Xe He go/ken O6yay ynaatuth Te6Ge». KTo mpas?

11. Jlxey. VI3 ApeBHOCTH J10 HAC AOLIeJ CIEAYIOUHH COpH3M,
XKnrtenvs Kpura Onumennns yTBepxpaer, YTO Bce KPHTAHE —
mxeup, Opnako OnHMEHHX caM KPHTSHHH, CJeJOBaTelbHO, OH
mieu. [TosToMy n ero yTBepxaeHHe NOXHO, T. e, xHTean Kpura
He SBJMIOTCHA /KelaMH. DTOT copu3M MOKHO BHIOH3MEHHTH Clle-
ayouum obpasoM, Hekto roopur: «Bce, uTO $ roBopio, 10KHOY .
CnepoBatenbHo, 9TO €ro yTBepw/JeHHE HEBEPHO; OTCIOAA BHTE-
KaeT, YTO He BCe, YTO JaHHBH YeJOBeK TOBOPHT, JIOXHO.
Q/HaKO 5TO NPOTHBOPEYHT HCXOZHOMY IOJIOXEHHIO, :

12. Kmo sunosam? Hexto xymun uwisny, KoTtopas Okasa-
Nach ONs Hero HerogHo#, oHa Ouina cadmkoM Mana, Krto BHHO-
BaT, manka Wi ronosa? I[lanmka Bo BCAKOM cnyvyae He BHHO-
BaTa, TaK Kak ec/u* 6ul rosoBa Obina MeHbllle, OHa GH MOAOIINA,
Cnenosatenbno, BuHoBaTa ronoBal Ho ato taxkxe HesepHo. Ecin
6b mmanka Ghia Goabiue, TO OHa Guiia 6w ropua, CliefoBaTeNbHO,
HH 1anKa, HU roJI0Ba He BHHOBATHI,

18. Henpasuasvroe npumenenue undyxyuu. Kymmepy
NPHHAANEKHT caeayoouuit npumep, Yucno 60 meantcs na 2, ono
Takke nenutcs Ha 3, 4, 5, 6. ITosaromy 60 memurca Ha moGoe
yucno, [IposepuM 3TO yTBepxaeHHe A Kakoro-HHGyab 6o/b-
niero uucna, nanpumep, and 12, [Heficteurenswo, 60 menurcs
Ha 12, CnenoBaresibHO, Hallle YTBEPXAEHHE BEPHO.

Hpyro#i npHMep OTHOCHTCS K YHC/IaM BHJA p=2’"+ 1,
BCTPEYAIOWIMMCH B 3ajaye O MOCTPOEHHH MPABHJAbHHX MHOrO-
yronshukos. [lpp 7=0 b noayuum umcio 3, npu n=1—
yHcao 5, npu n=—2—uucnao 17, npu n=3 — uncno 257. Bce
STH YHC/A SBASIOTCH MPOCTHIMH; B ciayyae n=—4 Mbl TaKxe 1m0-
nyvaeM mpoctoe yncao 659537, depma mnpexnonaran, uto Bce
yHc/a BHAa 22" -}~ 1 mpocTHe, OZHAKO ero MPeiloNONeHHe OKa-
3a/0Ch HepepHniM, Kak noxasan Dfinep, mnoayuyaiolieecs npH
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n=3 uycno 2°*-1 pemurca Ha 641. Temepb H3BECTHH H JPY-
THe 3HaueHus 71, AAA KOTOPHIX uHcna $epma He ABJAIOTCH Ipo-
ctaMu 1),

B sToft cBAi3M MHe BCHOMHHAeTCS TaK HasWBaeMas Be/iMKas
TeopeMa Pepma®). B MMPOKUX Kpyrax MaTeMaTHKOB LAPHT yOex-
neHue, 4TO mpH n >2 ypasHenHe x"-}-y"==2" Hepaspewnmo
B LeJHX MONOKHTEeNbHHX Yucaax. OMHAKO Hepa3peluMocTh Ypas-
HEHNd AOKa3aHa TONBKO AJS HEKOTOPHX 3HAUCHHH 71, HAuUMHAK
¢ n==3 B KOHYasA HEKOTOPHIM, IpaBia JOCTATOYHO GOJBLINM,
YHC/IOM,

14. Aymoaozuunsie u zemeposozuunsie caosa. Hexoropue
cnoBa 0003HAYalOT Taxkoe CBOWCTBO, KOTOPHIM 06J]ajaer caMmo
¢10B0. Tak, cl10BO «TPEXCIOKHEIAY TPEXC/NO0XHO,CN0BO «frangaisy —
¢dpaunily3Ckoe c/I0BO, C€J10BO «pycckufiy — pycckoe H 1. A. Ta-
KHe cJI0Ba Mbl OyJeM Ha3biBaTh ayronoruuubiMH, Cnosa, He oOna-
JalouiHe 3THMH CBOKCTBaMH, MH 6yleM Ha3wBaTh TleTepONOrHY-
HeiMH, Tak, sHanpumep, cn0Ba 4eTHPexXCNOXHbHIH, (panLy3ckHit —
rereposioruyns. EcTecTBendo, uTo npeoGnamaouiee GonblIHH-
cTBO cJoB rereponoruyno. Onpenenum, GymeT /1H CIOBO «rere-
POJIOTHYHBIHY ayTONOTHYHHIM HAH reTeponornynuiM, JomyctuM,
YTO CJIOBO TeTEPOJIOTHYHHI!Y reTepoJIOrHYHo, TOTAA MO Ompe-
IeNeRHI0 OHO ayTOJIOTHYHO, M MHl TPHXOAHM K MPOTHBOPEUHIO,
Ecnn e npelnoJIOXHTb, 4TO CJIOBO «TeTEPOJIOTHUHHIA» ayTolio-
THYHO, TO, COTJIACHO HalIeMy ONpeaeneHHlo, oHo 6yleT rerepo-
JIOTHYHBIM, ¥ Mbl CHOBA MPUXOIMM K MPOTHBODPEYHIO,

Yrto ke, cOBCTBEHHO rOBOPS, CAYYMJIOCh C STHM CJOBOM?

15. .Haumensmee uesce =ucso. TlycTs a— HaumeHsuiee
Hen0e YuCIo, onpexefeHne kotoporo Tpebyer Gonee 20 pyc-
ckux c/0B. Tak KaKk B 9TOM MPENJIOKEHHH COAEPIKHTCS MeHblile
20 cnoB, To a He sBafercs TpebGyeMbim yucaoMm. CregoBaTenbHo,
B JaHHOM IIPefJJOXEHNH COAEPKHUTCH MPOTHBOPEYHE,

~

6. Cesscruii napuxnmaxep. BBepem cnemyioulee onpene-
JIeHHe, ByIIEM HAa3bIBaTh CEJIbCKHUM IMAapHKMAXEPOM TOro KHTend
cena, Kotopuit GpeeT kHTeneH cena Myxmckoro mosa, He Gpeio-
uuxca camocrtostensto, ITonwiTaemcss oTBeTHTH Ha Bonpoc, GpeeT

‘? B. Jlutuman, Besukans u KapJuRM B Mupe unces, PuaMar-
ru3, 1959.
%) B. Jlut1uMmaH, Teopema IMugparopa, dusmarrus, 1960,

. «
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nn cenbckuit napuxkmaxep camoro ce6s? Ilpeanonaras, 4to censckui
napuKmaxep Opeercs CaMOCTOATENbHO, MH TPHXOAHM K MpO-
THBOPeuHio. Bexp napukmaxep — XHTeNb cesla, a COrJIACHO Ha-
[ieMy OmnpefesieHHI0 mapHkMaxep OpeeT TOJbBKO Tex uTesed,
KOTOpHE He GpeloTcs caMocTosiTebHO, MrTak, napHkmMaxep He
6peeT caMoro ce6a. Ho Torza mMeHHO B CHJy Hauiero ompene-
NeHHs napHkMaxep pomken 6puth cebqa cam, Mrak, Mb CHOBa
NMPHXOAHM K IPOTHBOPEUHIO,

17. IMapadorc Paccesa. Bynem pasnuuath Asa poja MHO-
wectB. OTHeceM K NepBOMy POAY BCE MHOXECTBa, KOTOPHE CO-
AepxaT caMH ceb6sd B KauecTBe 3neMenTa. [IpuMepoM Takoro
MHOXECTBA SIBJSETCH MHOXECTBO BCEX aOCTPAKTHHIX IOHATHIA.
MuoxecTBa, He coaepxauiue ce6s B KauecTse 9JieMeHTa, IIPH-
HaazexaT Ko BTopoMy pomy. Ko BropoMy poay, koTopwit, Bipo-
YyeM, COAEPXHT MOUTH BCe HAHGO/EE YacTO BCTPEYAIOLIHECH MHO-

' ‘mecrsa NpHHALJIEKUT, HATPHMEP, MHOXKECTBO uucen 1, 2 u 3.

JlioGoe MHOXeECTBO fABAfETCH JAHOO MHOMXKECTBOM nepsoro pona,
760 MHOXECTBOM BTOpOro poxa. Pacemorpum MuoxectBo M Beex
MHOXKECTB BTOpPOro popa. K xakoMy popy NpHHafNeKHT MHOXe-
ctBo M? Ilpeamonoxum cuayana, yro M ssnsercs MHOXECTBOM
nepeoro poga; Ttorma M smnaercn S/eMEHTOM MHOXecTBa M.
Ho mHoxecTBO M comep®HUT TONBKO MHOMECTBA BTOPOTO PoOAa.
Tonyuennoe mporuBopeure 3acTaBAfeT HAC OTKAaFAThCH OT Mpej-
nonoxenus, 4yto M-— mHoxecTBO nepeoro poaa, [Tostomy ocra-
eTcsl INpPHHSATH, 4TO M sABNSETCH MHOXECTBOM BTOPOTO poja,
T. €. He COAepHTCA B cefe caMoM B KauvecTse anemenrta. Ho ato
TaKKe HEBO3MOXHO, 6O B 9TOM cayuae M, MBASSCH MHOXKeCT-
BOM BCeX MHOXECTB BTOPOrO poia, AOMKHO COaepwaTthcs B M.
Hrtak, o6e BO3MOXHOCTH MPHBOAAT HAC K TIPOTHBOPEYHIO,

18. Ilpedanue o Tpucmame Lllsndu. Tpucram Ilsupu pe-
HIWJl HAafHCAThb CBOIO aBTOOGHOrpadHIoO W MPHHANCH 3a JEN0 Tak
OCHOBATENbHO, YTO TPYAH/CH HAJ ONMHCAHhEM MePBHIX NBYX HHeH
csoell kusHM Jasa roga, [lpeanonoxuM, uto Ilsugn npomon-
WaeT CBOIO paGoTy maiblie B TOM Xe Temne, $ICHO, 4TO OH HH-
KOrJa He 3asepumnt cpoeft asrobuorpadpum m yMmper 3a cBoeft
CTOJIb OCHOBAaTE/]bHOR paGoToit, YeM crapiuie OH CTAHOBHTCH, TeM
Gosblle J@NAeTCH pA3puB MEWIY JAHHHM H OMHCHIBAGMBIM MO-
MEHTaMH eroQ MWH3HH,

Ho ecnm 6u Lllsnam Mor wuth 6GeckoHeuHo nom‘o TO OH
Mor OH HamucaTh CBOIO MOJHYI0 aBTOGHorpadHio, HeCMOTPA Ha
TO, YTO Pa3HHLA MeXAYy BpeMeHeM, O KOTOPOM aBTOP HHIeT,
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¥ BpeMeHeM, KOrJa OH MUuIeT, CTpeMHTcsd K GeckoneuHocTd, el
CTBHTE/IbHO, JaxXe eCJH peuyb HAET O JAHe H3 Gonee MO3AHEro
fepHOAa ero- XKW3HH, BCE pPAaBHO B CBOEM ONMHCAHHH OH AONAET
LO STOro BpeMeHH, TaK KaK BO3pacT ero Heorpanuyed'),

IX. HekoTopsie mpamepnl H3 ¢u3UKH

1. OcHosanus 045 nocmpoenuss mawmunst gpemenu. Ys reo-
rpagun M3BECTHO, YTO IKHMMANH Kopab/eit BO BpeMs KpyrocBer-
HOTO MNyTeWIeCTBHS, NPOXOAS ONpPENE/NEHHOe MeCTO, Jexaluee
6/m3 180-ro MepHIHMaHa, mnepeBOASIT Ka/NEHAAPb HA ONHH AeHb
Has3al IpH MyTEeLIeCTBHHM C 3amaja Ha BOCTOK H Ha OIMH JeHb
BMEpel MpH NyTeumlecTBHH ¢ BOCTOKa Ha 3amaf. IIpemcrtasum ceGe
OLICTPOXOJHHIN caMoneT, KOoTOpHi# oGaeraer 3emmo 3a 23 uyaca,
Torma, o6GaeTeB ¢ MAaHHOM CKOPOCTBIO 3eMJI0 B HAmpaBleHHH
¢ 3anaja.Ha BOCTOK, JETYHK BEPHETCH B HMCXOAHOE MECTO Ha
yaC paHblie, 4YeM BHJETEN.

B Hammx mmMpoTax 9TOT mepeneT. MOXET OCYLIeCTBIAATHCHA
TOJIBKO Ha CNeLHa/bHHIX JeTaTenbHHX annapartax. Ho npoGiemy
nepeMelleHHs BO BPEMeHH MOXHO PelIHTb W HHaue, Boo6pa3nm, uto
mbu HaxopuMcd Ha CeBepHoM nooce, Bpautasce B nanpasneHnu ¢ 3a-
naja Ha BOCTOK, MBI NPH KA 10M NTOJIHOM 060POTE BO3BPALULAEMCS HA
AeHb Hasag, Bpamaﬂcb BOKPYT MOJIOCa B NPOTHUBOMOJIOMHOM Ha-
npasjieHHH, MOWHO COBeplIHTh NyTeluecTBHe B Gyayiuee, [To-
CTPOMB anmapar, OHCTPO Bpawalowufcs Ha 00Al0Ce, MOXHO
C ero MOMOLIbI0 3& KOPOTKOE BpeMs MpPEeBPaTHTh CTaPHKOB
8 IoHowel, Heo6ukHoBeHHbIE MepCreKTHBH  OTKPHBAIOTCA  ANs
HCTODHH; moﬁomy craner nocrynHuM nyTeulecTBue B Oyaylilee,

2. qunyu;_guﬁ Kopabnb uMeeT COOCTBEHHYIO CKOPOCTb € K-
noveTpoB B.yac, OH JETHT NpH MONYTHOM BETpe, NyIOLIEM CO
CKOPOCTBIO T KHJIOMETPOB B YaC, B HEKOTOPHH roOpOL, HAXOAf-
winfics Ha. paccToaHAN / xunomerpos. [Ipuneter B ropox, kopabap
Cpa3y noBOpauyHBaeT O6paTHO H JETHT Temepb YKe MPOTHB BeTpa
nasdan., Tak kak saMenssioulee BAHSIHHE BETPa Ha0OPAaTHOM Ny TH
TaKoe e, KaK H yCKOpsiolllee MPH MOMYyTHOM BeTPe, M TaK KaK
NyTH TNpH MNONYTHOM H OOPATHOM BETPE OAMHAKOBH, TO NPOHUr-
pHII BO BpeMeHH Ha OOPAaTHOM NYTH paBeH BHIUCPHILIY BO Bpe- .
MeHM Ha mpsaMoM mnyTH. Ha nyTe Tyma u o6patHo Tpebyercs,

21
TaKHM 06pasom, - “acos. Ecan, wanpuvep, - ¢ =80 x.u/xac,

1y CorniacHo TeOpHH MHOKECTB, UHCJIO JHeH ero JXHSHH ﬁyne'r SKEH-
BAJIEHTHO HUHCAY JIET,
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- 1=600 xx, To Ha Becb myTb Tyma H o6patHo moTpedyercs
15 wacos. Mu BHIAMM, UTO CKOPOCTb BeTPa ¥ He BIHAET Ha
NPONOMKHUTENLHOCTD nyTewlecTBusl. Kak Gl BenMka Hu 6hLis1a CKo-
pocTb Berpa, myTh OyaeT mnpoiaeH 3a Te e 15 wacos, Tak
KaK CKONpKkO GyIeT BpEMEHH MOTEepPSHO IpH IPOTHBHOM BeTpe,

® CTONBKO GylAeT BHHIPAHO IIPH MONYyTHOM HAa 0oOPaTHOM MYTH,

eC/M, KOHEYHO, NPeAnoJiarath, YTO CKOPOCTb BETPa HE MEHSeTCH.

310 paccyw/eHHe NMOKashLiBaeT, YTO BO3AYIUHbIA Kopabis Mo-
WeT BO3BPAUIATLCH B HCXOAHHLIM MYHKT M B TOM CJyuae, KOTa
CKOPOCThL BeTpa HA OGPaTHOM MNYyTH paBHA HAH Jaxe GoJble
co6CTBeHHOH CKOPOCTH Kopalnas!

\

3. mn=4. B BepTHKanbHO CTOALIEM Kpyre M3 CaMod HHmxHef
Toukn A nposeneda xopaa AB'). Ilo sroit xopie us Be A
IBH¥ETCA 6e3 TPEeHHd MATEpHANbHAd TOUYKA C HyneBoH Hayanb-
HOH ckopocThio. Tlom peficTBHEeM CHAM TAWECTH ABHXEHHE CTa-
HET PABHOMEPHO-YCKOPEHHbIM, TDHYEM YCKOPEHHE paBHO gsina.

a
CoraacHo u3secTHO# popMye S=-2—t‘, And onpefel/ieHHs NYTH
PaBHOME@PHO-YCKOPEHHOTO JABHIKEHHA MBI HMEEM

AB:gsin o £
——t.

Ho AB=AC-sina=2r-sina, otkyna

2r-sina=g'—s2i'ﬁ .

t=2)/ L.

g

CnenoBarenbHo, BpeMst f He 3aBHCHT OT yraa a, T, €. BCe XOPIH,
KOHYAIOHHecs B Touke A, npo6GeraloTcs TOYKOR 3a OAHO H TO
we Bpems. '
Paccmorpum Tenepp matematHueckuit masTHuk. Ilpm jmocTa-
TOYHO Ma/bX AMIVIHTYZAaX MOXHO 3aMeHHTb AYry OKPYWXHOCTH,
KOTOpY10 npo6eraeT MaTepHalbHas TOYKA MasiTHHKAa, XOPIOH.
Cornacho ¢Qopmyne MasiTHHKA, BpeMsi, 3aTPaue€HHOE Ha YeTBEPTh

xoneGaunus, pasHo
n 1
=3V L

« ') Xopaa nposesena NOX YIJIOM ¢ K rOPH3OHTaJbHOR npaMofi; Bepx-
HASl TOuka Kpyra o6osHauaercs uepea C. — [Tpum. ped.
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’ . B
npHueM B HaweM cayyae [/:=r, CregoBatenbHO, HMEET MECTO
PaBEHCTBO ’

~ b - e ‘
r r
_{'5_"/-_ =29 1/-__'
2 g g ,
Otciona nonyuaeMm ans m HeoGbiuHOoe 3Hauenue 4 '),

4. Karx ue Halo ewvuucaamv Yewmp msaxcecmu. PazobbeM
/A\ABC ¢ noMowbio npsMHX, MapannenbHsx cropone BC, Ha
Gonbioe ynca0 y3kux mosoc, M3 coobpameHnHit cHMMETPHH ACHO,
YTO LEHTP THMECTH KawAOH 110/0CH HAXOAHTCHA B ee CepejiHHe.
[TosToMy reomeTpHyecKHM MECTOM UEHTPOB THKECTH MOJOC SB-
AfeTCH MeJaHMaHa, NMPOBeLEHHAs M3 BepLIHHH A, 2
[ToBTOpsIsl aHaNOrHYHOE paccyXieHHe NJf CTO-
poust AC, nolyuyuM [pyroe reoMeTpHyecKoe
MecTo IeHTpoB Tsxectelt mnonoc. Iloaromy
LIEHTPOM TAXKECTH TPEYroNbHHKA SBIAETCS TOUKA
nepeceyeHnss ero Meauas, A

[Tycts renepp 3amana ayHouka (puc. 82). i
Insi onpenenenusi ee UEHTPA TAWECTH HafimeM
M0 METOAY MOJOC TEOMETPHYECKOE MEeCTO LEHT-
POB THxecTel M0/I0C — JIMHHIO, KOTOpast JAENHT
NONoNaM MepreHaUKynspHbe K npaMoit AB xop-
AH nyHoukH, Kpome Ttoro, u3 coo6Gpaxennit Puc. 82.
CHMMETPHH, LEHTP TSHECTH JYHOUKH HNOKeH
AeXaTh Ha MeprneHAvKyaspe K npaMo#t AB, npoBeseHHOM uepes
ee cepeauny. IloaToMy ueHTp TiwecTH JAYHOUKM HAXOAHTCH B
TOYKE HAa repecevyeHHH oGeHx JHHHH, -

K coxanenuio, «HaCTOSLMAY LIEHTP THKECTH HAXOAHTCA HE
B 9TOH TOYKE, a B JpYyrofl TOYKE YKa3aHHOTO NeprneHAHKy/spa,

[
) AN S—

8. Kpumuxa odnozo dhusuuecxozo 3axona. Kak musBecTHo
n3 3axoHa leit-Jlioccaka, 06O ras npH MOCTOSHHOM AaBAeHHH
MpH yBeNHYEHHH Temnepatypu A0 £° yBenndnsaer CBOA 06beM
OT 3Hauenns v, npu 0° 10 3HAYeHUd

v =, (14af), | (1)

rie o npuMepro pasuo 1/273.

) dror napagokc, CraBlUME  H3BeCcTHHIM Onarogaps Jditnepy,
conepgmmcsn B KHure: BoabuaHo, Ilapagokch Geckoneynoro, Onec-
ca, 1911, .
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IMpu moctosinHoM OGbeme nMeer MecTo COOTHOLIEHHE
pt=po(1+at)’ (2)
\ .
rae p, u p,~— AaBnenne nmpu ° u 0° COOTBETCTBEHHO.

Mepemuoxast o6a pageHcTBa, NMOYYAM
e 2
Vi Pt=="y" Py (1 +at) .
CneposatenbHo, HaBecTHHA 3akon Bo#ag — efi-Jlioccaka

Vg py=="1,*p, (1 -}-ai)
HeBepeH.

6. Korpa nBoe HaGmiopaloT OfHO M TO e ABJAEHHE, OHH He
o0si3aTeNbHO Hab/MOAAI0T OAHO M TO xe. B ecrecTsenmnmx Hay-
Kax HOPMa/lbHHM YCJA0BHeM J/OGOr0 HAy4yHOrO HCC/IeLOBAHHS
fiBAsseTCd yOexJeHHe B TOM, 4TO JABa Hab/iozaTtess OZHOTO M
TOTO Xe fBleHHA MPUXOAST K OJHHM H TeM Xe pPe3y/bTaTaM, He
CYHTaft, KOHEYHO, HE3HAYHTENbHHX OTKJOHEHHH, KOTOpHE
00'BACHAIOTCS Pa3/HYHEM B CHOPOBKE, OCTPOTE YYBCTB H T. A.

Cnenywouiast HuTepecHad HCTOpus yO€KAaeT Hac B TOM, 4TO
C 9THM OCHOBHHIM MOJOXEHHEM He Bce GaronojyyHo.

Pusnk, mammuuct u xuTpeu crosin Bmecte. «[louemy moko-
MOTHB CBHUCTHT BHICOKO, KOrZa OH mpubamwxaercd, H HH3KO, KOTAa
OH ypansercs?» — cnpocu1 ¢usuk, «[lTotomy, 4TO Tak npmuka-
3a/1a AHpeKuHs WKeNe3HOH AOPOrH,— OTBETH] XHTpPEl,~— 3TO Ae-
Jlally BCE JIOKOMOTHBHI, KOTOPHIE ‘ITPOE3KANH MUMO MeHH», «ITO
COBEpULICHHO HEBEPHO,— BO3PA3HJI MAIIMHHCT,— AOKOMOTHBH CBH-
CTAT BCerja OJMHAKOBO BHCOKO, YK Sl AOMKEH 3TO 3HATH!Y




C. NPUMEPBI-NPEAYNPEXIEHUA U3 AHAJIIU3A
BECKOHEYHbIX BEJWYUH

I. BeckoHegHo GoJabumine W GecKOHEUHO MaJjble BeJHUYHHBI

1. Yucao oo xax nocaednee namyparvnoe ucso. Jucno oo,
T. e. 6eckoHedHO 6Oo/blLIOe YMCJ0, HHOPJA BBOAMTCS KaK HaHOO/b-
ee YHC/JO B IOCAEA0BATENLHOCTH HATYPANbHHX YHCEl

1, 2, 3,..., 0.

Ecnu npuHATH Takoe ompenesieHne, TO yAacTcd A0KasaTe, 4to |
ABAACTCH HAHGOJIBIUMM HATYPAJBHEIM UYHCIIOM ).
[Mycte &> 1 — HauGosbiuee uenoe YWCNO; TOrAA ~

kek=Rk" >k 1=k,

TMocnennee HePaBEHCTBO NOKA3HWBAET, UTO R He ABNACTCS HaHOO/b-
MM HaTypasibueM yuc/oM. ChenoBate/ibHO, HHKAKOE LesI0e YHUC/O0
k™>1 ne moxer Outhb HaubonbmuM uenniM unciaom. Ocraercq
NPHHATH, YTO HauOOJBIUUM Le/MHM YuC/OM sBiseTcs 1, Tak Kak
TONBKO B STOM C/lyYae MH He NPHXOAMM K MPOTHBOPEUHIO,

[/
2. Yucao 00 ="7. Yucno oo 4acTO BBOAMTCH C MOMOLIbIO
. PaBeHCTRA
a —_—
%

rfie @ — NpOU3BONbHOE AeHCTBUTENbHOE YHCIO, OTianuHOE OT 0 %),

1) Aror cobusM, KaK MHe coOOuIHIH, HCXOAMT oT [TeppoHna.
%) Taxoii cnoco6 BBeAeHHs UMCAA oo OUeHb PacCnpnHCTPaHeH, Tak YTo

a
H3JIHUIHE JeNaTh CCHIJIKH Ha HCTOuHMKHM. Tak Kak U3 paBeHCTBa —5- =0
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Tlpuusas sTo OTpene/IeHne, Mb CMOX(EM JOKa3aTh PAaBEHCTBO MOOHX |
nByX aeAcTBuTenpHHX uucen., IlycTs @ u b— nBa peffcTBuTens-
HbIX 4YHCJA; TOrjga

. a__ [
—0———00 H -6'— 00,
CnenoarenbHo, ’
: a__ b
0 0

[ )
Yuuoxkas o6e yactTH paB2HcTB1 Ha 0, 4TO, B OT/MYHE OT AeNleHHs,
JIOMYCTHMO, MOJYYHM
a=b,
3. Ces3p mexcdy wucsom oo u GeCKOHEUHO MALBLI LUCAOM,
PaBencTro

a a
L9 &

o , O:m 4

HHOTAA COTPOBONKAACTCH MPHUMEYAHHEM: «B OOGOMX DAaBEHCTBAX

cuvBost 0 Hafo paccMaTpHBATh KaK HEKOTOPOe GECKOHEUHO Malloe

qncno». Beckoneyno G6o/bINOe H GECKOHEYHO MaJoe YHCJA, TaKUM

06pa3oM, CBa3aHbl APYr ¢ APYroM. YmorpeGss AJs GeCKOHEUHO
MaJoro 4Hcaa CHMBOJ @, MOJNYYHM

- a =g a ___ o0

w7 e

TMycts @ n b— npousso/ibHEE OTAHYHHE OT O W 0O AeHCTBH-

TenpHHE uHcaa, B cuny moGOro W3 3amHCAHHBIX BHlIE PABEHCTB

MBI TIO/Iyyaem

OTKYyAa

4. Zpyeoii cnocob sseCenus Gecxoneuno Goasuozo u bec-
KoHeyno manozo wuces., Uucna oo W @, GeckoHewHO 6O/biIOe
H GeCKOHeuyHO Majioe, BBOAATCS TaKXe H C NOMOLbLIO paBEHCTBﬂ.

00+ a=o00, (n
g+ a=a, (2)
rxe a-— HeKOTOpOoe KOHEYHOe YHCJO. U3 srtHx paBeHCTB, IpUMe-

a
cileayer, uTo — = b, To W3 Hallero OMNPeieNIeHHs CJefyeT TaKkKe paBeH-
a b

a a
erpo — =0. Orciofa nosayuaeM: Tak Kak — =0, —=0, 10 —=—;

0 @« 0 [>] [« ]
cnefosaTeslbHO, @ =1b.
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HAS K 4HC/aM 00 N @ OObYHHE MpaBuja CueTa, MOXHO J0KasaTh
KOHEYHOCTHh 4HCNA o0. JelicTBUTENBHO,

(00 +- a)* == oo?;
- 00® 42000 +a’=o0*;
o=—2
=—x.
AHanorHYHO JOKA3BIBAETCS KOHEYHOCTh HHCAA O
(@4 a)*=a%
2" 4200+ o’ =a’;
p=—2

Otciopa Takke cleayer, 4T0 @==00, Deckoneuso Gonbiuoe
YHCJIO PaBHO GECKOHEYHO MajioMy.

BuBoa us mn, 1—4, Hecnepyer Aymath, 4TO ¢ MOMOLLbIO
CHMBOJIOB 0O H @ MOXHO BBECTH HOBHE HHC/A, «GECKOHEUHO
Gonpuioe» M «BGECKOHEYHO Majsoe», AAf KOTOPHX ClpaBeAJHBH
paBeHCTBa

a
o =00 H o+4a=o00, s-ta=a
H oObYHHE npaBuia cyeTa, Takoe BBeHEHHE (YHCEAY OO0 H &

NpUBOAUT K npoTtHBopeunio, He cymecTByerT, caegoBarens-
HO, MOCTOSHHBIX UHCEJ OO 'H &,

5. oo < — I. Mbi umeem:

Muormga Ttakum 06pa3oM BBOAATCH CTENEHH C OTPHLATENbHBLIMH
nokKasaTensMH W roxasatensMd 1 u 0. Bannuc ogHamcxbl MpUMEHH /.-
Takofi MeTox K ChexyiouleHl MocnexoBaTeNbHOCTH Apobefi:

1<g<H<i<t<5<..

1
M3 970#f noC/enOBAaTe/bHOCTH HEPABEHCTB, MPHHAMAA - == 0O,

MOXHO, B YaCTHOCTH, BHIBECTH, YTO

1< —1.

1 Tlocsiegnee paBeHcTBO HesicHo. CKopee caeayer Hamicath @ == —2d.
IMo-BHUMOMY, 3TO — DpocTo omnucka.— [Ipum. ped.
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6. Pagrue mouennne mmoxncecmsa; y 200 = 10.

B pemerke touek, H3oGpawenHO# HA pHC. 83, uHCa0 TOueK,
NPUHAANeKALUIHX CTOPOHE KBAApaTa, PaBHO YHCAY TOYEK, Jexa-
UHX HAa AMaroHamd. Ecan yBenHMuMTb YMC/IO TOYEK pelieTKH Ta-
KHM 006pa3oM, 4TOOB MpPH HEH3MEHHHX pasMepax pelIeTKH pac-
CTOSIHHE Mex Ay TOYKAMH . YMEHBbUIHAOCH BABOE (HOBHE TOUYKH
O1MeYeRH Ha CTOPOHE KBampara M

o o .
°°°° %% %% %4  HaIMArOHATH KPECTHKAMH), TO WH-
o o ©0 o
e e x w C/I0 TOYEK, JeWAU(MX Ha CTOPOHE,
©o 0 o 0 © 0 © 0 o ©
. M MO-TPeXHEMY OCTaHETCS paBHHM YH-
o 06 0 © 0 06 o o0 -0 O
s 00 0% 00X CJy TOYEK Ha AHAroHanu, JTO COOT-
o o o
» * HOILIEHHE OCTAHETCH CIPABENJIUBHIM,
o 0 o © 0 o 0 o o o
* ecH elle pa3 aHaNOrMyHLM 06pa-
© 000 o © o 0 © O O -
* x 30M YBEeNHYHTb YHC/IO TOYEK, H Aa-
© © © 0o 00 © © © o
o 0% 06 00 0 0 X We ecJH MPOAOMKATH STOT NPOLECC
o 0 6 006 0 0k HeorpaHnyenHo. B npenene noay-

YaeTcs, YTO YHC/IO TOYEK HA CTOPOHE ?
Puc. 83. : KBaJpaTa pPaBHO YHC]AY TOYEK, NMPH-

Haj/IexaluX JHArOHANH, TAK YTO
AMarosanb KBaApaTa M CTOPOHA OJHHAKOBO BEMHKH, T. €. HMEIOT
paBuyo panuuy. Ilpnmenss, ¢ apyro#t cropons, TeopeMmy Ilu-
¢daropa, mony4HM [APYroe COOTHOLIGHHE MEeWAY IJHHOH CTO-
pOHB H J/MHOH nHarowand. B pesyibraTe MM MOMy4YuM paBeu-
CTBO, YKa3aHHOe B 3aroJiOBKe,

7. =00, C nomouipio nyueft, sexoxsiuux H3 Toukm O,
¥axao# Touyke somaHo#t ABC cTaBMTCS B COOTBETCTBHE B TOY-

®

A 0 ’

- g 7 / 8 \ N g,
Puc. 84.

HOCTH OXHA TOuka GeckoneuHoH npsamo#t g m Hao6opoT (pHC. 84).
Basis )

1
AB=BC=? ,

MOJAYYHM, YTO OTPE30K JMHHOH 1 COAEePMHT Takoe Ke 4HHC/IO

- TO4Yek, YTO H OecKOHeuHas npsMast g. M3mepsia oTpe3ok M mps-

MYyi0 B CaHTHMeTpax, noaydyaem, uro 1= oo,
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8. Ksadpam max sce sesux, xax u e2o cmopona, Yuratens
CKaXXeT CHauana, 4yto ¢urypa He MOMXeT HMETb TakHe ke pas-
MepH, uTo M junng, Ha puc. 85 msobpawen kBajpar ¢ Bepuu-
HOHt B Havyane KOOPOMHAT U CTOPOHOH, pas- y
Holt 1. BosbMem ni06yl0 TOYKY, newaiiylo ,
BHYTPM KBaJApaTa WM HAa CTOPOHAX, COB-
Majalliux ¢ OCAMM KOOPAMHAT, H NYCTb
9Ta TOUKA HMeeT KoopaunaTel X H y. Koop-

AMHATH X H Yy YAOBNETBOPHIOT HepaBeH- y
cBan 0<<x <1, 0<<y<1; ux MOXHO

NPEACTABUTL B BUAE GECKOHEYHHX AeCHATHY- z. 77
HelX papoGe#t., Ecam koopauHara sBiasercs Puc. 85

KOHeYHOH [JecsiTHUYHOE pApPO6hI0, HANpHMED
apo6eio 0,43, TO ee Bceraa MOXHO MpeacTaBuTh B Bupe Gec-
KOHEYHOM ,upoéu T. €, B BHxe apoSu 0,42999... Hycwb
x=0, a0a,.a, ...,
y=0, bbb, ...

— koopanHaTH ToukH (X, y). llocTaBuM B coorBercTBHE 3TOR
TOYKE TOYKY C KOOpXHHaTOH

~2=0, a,b,a,b,a,b,ab
nexailyio Ha ocH x. 3aech uudpH a,, a,, ... H D
npunumalor 3wavenns 0, 1, 2, ..., 9,

Kaxcaolt Touke KBaapaTa COOTBETCTBYET INpH 9TOM TOJBKO
OZHAa TOYKAa HAa €TOPOHE KBaapara W HaoGopor. CrenosarespHo,
KBaJpaT M ero CTOPOHA COZepPWaT ONHUHAKOBOE YHC/IO TOYeK,
T. €. OJMHAKOBO BEJ/IMKH,

FOET)

b

1 2y *

9. Jsunbi 08yx KOHyEHmMpU4eCKUX OKPYICHOCMeld pQsHul.
Ha puc. 86 nsoGpameHu ABE KOHIIEHTPHYECKHE OKPYKHOCTH H
XBa Nyvya, BHIXOAfALLIHE K3 UX OOULero
ueiTpa. M3 wueprema BHAHO, UTO
KaXAOH TOYKE Masoi OKPYXHOCTH OT-
BeyaeT TONBKO OjAHAa TOyka GoJbuIol
OKPYWHOCTH U HaoGopoT. OGe OKpy-
- HOCTH COJEPXaT, c/1eloBaTe/bHo, OfH-
HAKOBOE YHC/JO TOYeK, T. €, HMEKT
paBHYIO NJHHY, ‘
Busox u3 nm 4—9. U3 roro
Puc. 86, daxTa, 4TO TOYKH' OXHOM JHHHH B3a-
AMHO OJ{HO3HAYHO COOTBETCTBYIOT TOYKAM JPYrof /HHHH MIH
Apyro# o¢wuryps, He c¢/eiyeT, 4TO JIHHHH H (PUrypsl HMEIOT OJH-
HAaKOBHE pa3MepH,
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10. Yeor rxax cexmop naocxocmu. Jlokaxem, UTO CyMMa
yrios TpeyroibHuka pasHa 180°, OGo3Haunm uepe3 @-00 Cek-
TOP MJOCKOCTH, COOTBeTCTBylowuH yray o. Torla samrpuxo-
BAHHAS NOAYIUIOCKOCTh GyneT ofo3nauathes yepes 180°.00. Kak
nokasniBaeT puc. 87, cymMMa CeKTOpOB

:00f-004y-c0

OT/HYACTCH OT MOJMYMJIOCKOCTH TOJBKO HA KOHEYHYIO BEJHYHHY

.

B

(Tpeyrombunx ABC). Tak kak 3TOT KOHeUHHt KyCOK He BJHAET
Ha- BeJMUHHY GeCKOHeYHOH MOJYMIOCKOCTH, TO

G004 Brooy-00=180°-00, (1)

- CnepoBarenbHo, -

-+ B -+ y=180°,

Iina Tex, komMy He HpaBHTCH npeHeGpermeHHe KOHEUHHIM KYCKOM
ANIOCKOCTH, MOXHO MPEJIOKHTh IPOBECTH AOKa3aTeJbCTBO CJle-
aywoowmm Gonee «GesynpednsiMy crocobom. Ilposenem yepes Bep-
wHHy A, KaK 3TO JeJal0T npH OGHYHOM JOKa3aTeJbCTBE 3ITOrO
npeanoxeHust, npsAMylo, napamnensHyio npamot BC (puc. 88).

. Torpa Anf MOMYNJOCKOCTH, PACHOJOKEHHOR MO OAHY CTOPOHY

39TOH npAMOH, UMeeT MeCTO PAaBEHCTBO
@:00+4f.004y-00=180°oc0. (2)

OG6e monynsockocTH, 06o3HayeHHble y nac uepes 180°.00, oT-
NMYAOTCH APYC OT APyra He TONBKO HA KOHeUHHH, HO Jawe Ha
GecKoHeYHHI! KyCOK MIOCKOCTH, & HMEHHO, Ha NOMOCY, PacnoJo-
WeHHylo Meway npsamo# BC ¥ npoxonsuieit yepes Touky A mpd-
moif, mapanienpHoli BC. IlosTomMy mnpoBeeHHhle HAMH BHIYHCJE-
HUS ABASIOTCS HeJOMyCTHMBIMHU; ABA, Ka3a/40Ch OH, PaBHBIX BLIPA-
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scennst (1) ¥ (2) OTIMYAIOTCH HE TONBKO HA KOHEYHYIO, HO fawe
Ha GeCcKOHEUHYIO BeJHYHHY.

Busoa. Ilpy oueske BeJHYHHH yr/o0B, OCHOBawHOH Ha om-
pele/ienHH yria Kak cektopa OeckoHewHOH NJIOCKOCTH, Mbl Ha-
TaJKMBAEMCS Ha MPOTHBOPEYHS.

®

Puc. 88.

11. Zewesne sesocuneds. Tpaxpanuny A dabprka nocH-
MaeT 5 TanoHOB, KOTOpHE TOT JOMWEH pasfxaTh NATH CBOMM
zpyseam B,, B,, B,, B,, B,. Kaxnu#t ranon crout 20 Mapok,
Korpa A paspgact monyyenHsle TaJIOHH, OH MOJNYYHT BEJOCHIEH —
NPH yCIOBHH, 4YTO ero apyses B,, B,, B,, B,, B, sannarar,
BO-mepBhiXx, 1m0 20 Mapok, a BO-BTOPHIX, pasAaiyT Kauiaw# mno
5 rtanoros uexowo B 20 mapok HekoTopum juuaMm C,  C

11> Cias v e
ey Gy Gy, o oo, Gy, Jiomn C nponomxaior HefiCTBOBATH TaKH
e oOpasoM. Ecam 3TOT mpouecc mnpopomxaercs 6ecxoneqﬂo,'
TO A nonyyut cBoft BenocHmen GecnjaTHO, BCe e OCTalbHbie —
3a 20 mapox. OpHaxko ¢abGpHKa MONYUHT 3a Kb Benocunen

no 100 mapok,
Il. Mepexoxn x mpepeny

1. «Ilpunyun. nenpepsisHocmuy, Jleﬁéuuuy NIPHUHAAJIEKHT.
CAeyIOWMH NPHHUMI, HA3BAHHBIA ApOOracToOM «IPHHLHUMOM He-
MPEPLIBHOCTH»: KawJ0e CBOHCTBO, KOTOPLIM 06/1afalOT BCE YJIEHH
OonpeleNieHHOr0 pPAAa, BHIOJAHACTCH W 1A ero mnpegena. IJTOT
NPHHELUKUN NpUMeHseTCH, HANpHMep, B SJeMeHTAPHOR TeoMeTpHE,
KOrja mepexondT B Kpyre OT BIHCAHHOTO yriaa K Yriay, coCTas-
JIEHHOMY KacaTeNbHOH M XOpAOH, mpHYeM H3 PaBEHCTBA YIJIOB,
ONRPAIOWKXCH HA OAHY M Ty Ke AYyry, BHIBOAAT, 4TO YroJ, co-
CTaBleHHHIH KacateNbHOH H XOpAOH W 3aKMIOYAIOWIME Mexay
CBOHMH CTOPOHAaMM TY e CaMmyi0 Jyry, paBeH HCXOAHBIM BI-
CaHHBEIM yraaM, [IpyrHM npHMepoM SBASiETCS MEepexol OT TeOpeMu
0 CeKyIUHX, INPOBSAEHHHX W3 OAHOH TOYKH, K TeopeMe o
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=

ceKymiefi H KacaTenbHOH, NpoBefeHHbIX H3 ofHON ToukH. Teopema
O CeKYLIHX T/IaCHT: €CAH n3 OAHOM M TOM e Touki P npose-
IeHH K OKPYXHOCTH JiBe CEKYIl{He, mepeceKaiol[Hecs C OKpYyX-
HOCTBIO B TOUKax A,, A, u B,, B, cooTBeTcTBeHHO, TO PA, . PA, =
== PB,-PB,. Ecnu, B npelensHoM ciyyae, OfHA CeKyluas Impe-
BpauwlaeTcs B KacartenbHylo PA;, TO M3 JaHHOrO NPHHLHMNA «cJe-
LyeT», uTo .
PA*=PB, . PB,.

Bor eumie onuH mpuMep MNpPHMEHEHHS STOrO MPHHIHMIIAY*
IleHTp TAXECTH OTPEe3Ka AEeJNHT OTPE30OK B OTHO-
mennn 1:2. B _PaBHOGEIPEHHOM TPEYro/bHHKE LEHTP THHEeCTH
PAcIo/ioXeH Ha BLCOTe, MPOBEAEHHOH K OCHOBAHHIO, H NEJHT ee
B oTHOwenHH 1:2. Coxpauﬂﬁ BHICOTY TPeyrobHHKa HEH3MEHHOH,

. OYIIEM NOCTENEeHHO YMEHBIAaTh OCHOBAaHHE paBH06e11peHHor0 Tpe-

yroabuuka. ITonoxenne LeHTpa TAKECTH TPEYrO/NbHHKA TIPH STOM
He MeHseTc. B mpexene TpeyronbHNK NpeBpaliaeTCs B BHICOTY,
a npejenbHOE MOJOXEHHE LEHTPAa THKECTH OCTAaeTcH TeM e,
T. €. LIGHTP TSWECTH BHICOTH JEJHT €€ B OTHoIIeHHn 1:2,

2. Juazonary ksadpama pasHa cymmue 08yx cmopor. Pac-
CMOTPHM H3006paxeHHnfl Ha puc. 89 KBagpaT cO CTOPOHOH, paB-
Holi emuuHue, [ns toro utoOH momacth M3 TOYKH A B Touky C,

npo#iaeM cHayana u3 TOYKH A B TOYKY B

) £ a u3 Toukn B—B Touky C. Hpouenaﬂ-

, 4 Huit nyTh Oyner pasedn 2. JanHa nytn

8, Zs He H3MEHHTCH, eCJH MB BMECTO MepBO-

8 A 4 HAaYaAbHOTO NYTH npolizeM «CTyneHya-
7 é .

Teity nyte ~AB B,B,C. Ecau Tenepb

8 8, YABOHTb YHCJIO CTyneHe#, TO o6uias IJiH-

HA TNyTH mo-npexseMy OGyger paBHa 2.

4 2 3ror mponecc MOXHO NPOXOMKATH H 1aTb-

Puc. 89. mre, Kak nokasaHo Ha puc. 89. Ipomon-

oo wasg Mpoluecc YABOGHHS YHCHa CTyneHeH

10 GecKOHEHYHOCTH, MBI Bce BpeMs 6yaeM HMeTh OOLLYIO A/THHY NYTH,

paBiyio 2. Bmecte ¢ TeM nyrth Bce Gosee mpuGaHcaeTcs K AHa-

rovany AC, a B mpejene coBmajaer ¢ auarouasibio, Ortcopa —

JUIMHA JIHaroHaln paBHa 2.

Xox npoBegeHHOrQ pacCyXIEHHA COBEPLIEHHO HE 3aBHCHT OT
BHOOpa B KauecTBe HCXOAHON (pHrypH KBajparta; KBagpaT MOKeET
OHTb C TEM Ke yCHexXoM 3aMeHEeH MmapajjeforpaMMOM, M yKas3aH-
HHIM CIIOCOGOM MOXHO NO0Ka3aTb, YTO AMATOHA/b napajiesorpamMma
paBHa CYMMe JABYX MNPHAEKALIHX CTOPOH, WJH, HHAaye, YTO CTO-
pOHa Tpeyro/ibHHKa paBHAa CyMMe JBYX APYCHX CTOpPOH.

8

128




8. m=2, Hayeptum xpyr n mnpoBeieM B HEM JHAMETp.
[ycts nnuHa nuaMeTpa pasHa d; TOrhAa JJIMHA OKPYXHOCTH
paBHa mid. Hayeptum BHyTpR Kpyra Ba HOBHWX Kpyra, LEHTpPH
KOTOPHX JiexaT Ha AHaMeTPe MepBOro Kpyra M AHAMETPH KOTO-
pHIX B JBa pa3a Mesblie AuameTpa Goasuroro kpyra. OusH pacnona-
raloTcs Tak, Kak 3To usobpaxeno Ha puc, 90. Cymma pnmu
OKPYKHOCTEeH STHX ABYX KpPYroB TaKwe
paBua 7td. BunieM B Kaxauift HOBHH KpyT
eule no ABa Kpyra, Kak seute. Cymma
LJHH OKPYWHOCTel NOJYYaIOWIHXCA HOBHIX
Kpyros cHosa pasHa f7ud. IIpogomkas 3TOT
npolecc Aajbllie, Mbl NOJyyaeM Bce BpeMs
TOT ke pe3ysabTaT. UYrTo We monyuHred
B npefene mpH O6eckOHeYHO GOJbLIOM
yucne kpyros? [lpenenbuas durypa He
OT/IHYaeTCHd OT AHAMeTpa, KOTOPHH, oAHa- Puc. 90.

KO, MpPHAETCS PaccCMaTPHBATb KaK HABOM-

HOH: OAMH pa3 OH MOJAyYaeTcs KaK mnpenes BEePXHHX MOAyOK-
pyxHOCTelt, IPyrofl pas— Kak TNpeJesl HIKHHX NOMYOKPYHO-
crefi. Takum obGpasoM, md=2d, ciepoBaTe/bHO, T=2,

4. n=4. Tlo OKpYWHOCTH HEMONBHKHOLO KPyra, UMeIOLIEro
papnyc r==0A, KaTHTCH CHAPYXH MeHbIUMH KpPYyr, PaiHyC KO-

r
.TOPOr0 paBeH —, IAe 71— HEKOTOPOE Ie/ioe WHCIIO (pnc, 91),

—
~ ”’
J !
14 : -~
0 ) AN FX 0 £
Puc. 91.

Touka A Mamoro Kpyra OMHCHIBAET NPH STOM SITHIHMKIOHLY.
Tlocne nosopoTa Ha yroa f LEHTP MeHbLIEro Kpyra 3aiiMeT He-
Kotopoe monowenue M, a Touxa A— nonowenne A'. Torna

L BM A =nt, LBCA’—-;%t (xax Bnncannwit yron). Ilycts

5 B, JlutuMan . ' 129




npamag M’A’ nepecexaer npamyio OA 8 touke D, npsmas BA’
nepecekaet npamylo OA B Touke E, a npsamas CA’ — B Touke F.
¥ron A’DE sBnsietcs Buewsnm 8 A\ M OD, u notomy

LADE=(n+}1)t,

r n+1
Hanee, OM =r 4 —-=r ','l' ; TMOSTOMY KOOPAHHATH TOYKH
M pasuu

x’=%(n+ 1) cost, y’=%(n+1)sin1.

Iycts x u y — xoopannatul Toukn A'; Torma OX==x, A'X=y,
Mu nerko monyyaem (o6pature BHMMAHHE Ha 3HAaK KOcHHycal),
4T0

x=—'n—(n+ l)cost—%cos (n+1)¢,

y=—1(n41)sin t— Zsin(n+1)¢,
HAH

x=%[(n+l)cost—cos(n+1)t],
y=1L|(n41)sint—sin(n41)4.

Buuncass nocne 9Toro OGWYHBIM MyTeM ') NJOWIaAb SMHUHKAO-
HAH, MOJyYHM

(n 4+ 1) (n 4 2) nur?
S=——t7’-—-'

Onpenenss panee') AAHHY AYrH SNHUMKIOWAH, COOTBETCT-
Byloulefi nonHoMy 060poTy ¢==27, NONYYHM AN AJHHH I0/-
HOR 3aMKHYTOH KpuBOH yncno

[ 8ty
+r

IMepeiineM B 9THX BHIPaweHHAX K mpeieny OpPH A— 00, T. €.
TNpH pajuyce Kataulefici OKPYMHOCTH, CTpeMsilleMcs K HyJo,
TOrAa SMHUMKIOMAA KaK yroAHO GIM3KO MPHOMHKAETCH K OKPYXK-
HocTd, W peAcTBHTENbHO, H3 COOTHOLIEHHS

lim S =1lim (1 +%><1+—:—)nr'=nr’

n—->® n-»>®

1) Tlo u3BeCTHHIM OPMY/IaM HHTErPaJbHOrO HCUHC/EHHS.

130




nonyyaefcs H3BecTHam ¢opMyna miollaa® Kpyra. C npyroft
CTOPOHHI, . |
lim /= lim 8 (1+7)r_-;8r.

n>®  A-®

Tak KaKk W3BECTHO, YTO AJIMHA OKPYXHOCTH papH3d 277, TO M==4,

‘5. n*=2m. TlocTpOMM Ha CTOPOHAX MPaBHJIBHOMO n-yro.ub-
unka (puc. 92), Kak na pguHamer-
pax, nonyoxpykuocTd.  Iycrs
Dn— TMEPUMETP  MPABHAbHOrO 71
yronbuuka, Torma cymma [/, aaun
BCeX MOJYOKPYKHOCTEH papHa

14
l,,=“§"P,,.

CuHrag, 4YTO 7-YrONBHHK BIHCAH
B KPyr (HKCHpOBaHHOrO pajpmyca r
1 nepexond K mpepeny npun— oo,
no/lyyuM HAJA NepHMeTpa p, mnpe- Prc. 92
AeNbHOE 3HayeHHe 27F, H NMOTOMY T

AN LJIRHBL MHHM, OGPAa30BAHHOW MONYyOKPYXHOCTSAMH, MONY-
YUM TPeAe/bHOe COOTHOLIEHHE .

l,— n'r.

Ounnako nociennsisi MHAS B npejesie NepEeXoxuT B OKPYKHOCTS,
ANIMHA KOTOPOW pasHa 2nr,

2 -
6. n:—,?-é-. [Tnowase nonysiianmca, orpaHuyeHHOro MasoH

1 . .
0Chl0, paBHa 3nab, rie @ U b—OGonbuwias M Manasg MHOJyOCH

-animnca. Pacemorpum ¢urypy, o6GpasoBaknyio ayro#t napa6oinl

R XOopao#t anuunl 2b, mapannenibHOM KacaTeNbHON B BepHIMHE U
oTcTOsLIEH OT Hee HA pacctosnuu a'), [lnouwianp sTOR urypn

2
pasHa = a-2b. Bynem Bce BpeMs yBeiMuHBATH A/HHY @ NONYOCH

a
) Peub uger o napaGosne y==-3X% Yy KOTOpOf TrOpH3OHTA/IbHAA

b
(1. e. mapannenbHas KacaTesbHOI B BepluiMHE) XOpJa, nponezxeanaa4ua BhI-
cote y==a, paBHa 2b. dra xopja oTCeKaeT Qurypy mJIOWLALH ?ab.--
{Ipunm. peo.
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55 e

‘enAMMmCa; TOTAA /aHnc nepefiner B mapaGoay. Taxum oﬁpaaow

B npene/ie Mbl NOJAYYNM PABEHCTBO

| 2
o] ab = Fe 25,
Cnenosarenbho, .
1 4
o ) wh= 3 b,
HIH
8 2
b1 -g 2 3

Busox u3 nm 1—6. «[IpuHuun HenpepHIBHOCTHY He
060CHOBaH, .

7. IMosepxnocmy wapa pasna n*r*, ITokpoeM cdepHueckyio
TIOBEPXHOCTh, KaK [rJ06yc, MEpHIMAHAMH H NApPaj/e]siMd B CO-
€[IMHHM TDH NMOMOLUM DAJHYCOB TOYKH HX IepeceyeHus ¢ UeHTPOM
mapa, Tem campiM wmap pas3GuBaeTcss Ha YETHIPEXYrONMbHHE, @
0KO/10 M0JII0Ca — HA TPeyro/bHHE NHpaMuAanbhbie Tena. Masect-
HOE 0Ka3aTe/]bCTBO COOTHOILEHHS '

1
—a—rS:—-V

MewAy BenuuuHoR S mMOBEpPXHOCTH wapa W ero of6bemoM V Hc-
noib3yer TOT (KT, UTO B «mpenene», T. €. NPH YBeJHUEHHH
TYCTOTH CETKH, COCT4B/ACHHOH H3 MEpHAHAHOB M mMapainenei,
MHPaMHAAbHLE TeNd MOXHO C JIOGOH CTEeNneHpld TOYHOCTH CYH-
TaTh NHpaMuaaMu, TOYHO TaK e NPH BHIBOJE COOTHOLIEHHS

r
MeXAy AMHHOM OKPYXHOCTH / M miouiafbio Kpyra S Hcrombayercs
aHanMorMyHOe COOGPaXEeHHe: MIOLAAH KPYTOBHMX CEKTOPOB BHIYH-
CASIOTCA ¢ M0G0 CTeneHbl0 TOYHOCTH 1Mo GopMmye s NJIOLIALH
TPeyroJbHHKA,

CoorseTcTByloniee coofpaxeHHe HCMONb3yeTcd TaKke B cle-
Rytoitem copusme.

Bu6epeM Ha 1apoROH TMOBEPXHOCTH IPOM3BOJABHYIO TOUKY H
G6yneM cuutarh ee moswcoM, [IposeneM uepes 3TOT MOMIOC
n MepHIHAaHOB, PACMOJOXEHHHX HAa PAaBHOM YTJIOBOM PacCTOSHHH
Apyr OT Zpyra; mnpoBelieM Takxke Ha cdepe COOTBETCTBYIOUIHI
AaHHOMY momocy 23xBatop., J[lanee paccmoTpuM ceprueckue

. TpeyroJibHHKH, oépaaoaaﬂuue AByMd COCeJHHMH MeEpHIAHaHaMH
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u sksatopoM. Yem G6onblie CTAHOBHTCH 72, T. €. 4YeM MeHblie
6yaer yroa Mewxay COCeJHHMH MepHAHAaHAMH, TeM C Gosbluelt
TOYHOCTHIO MOXHO CYHTATh MJIOILAAb TPEYTOJNbHHKA PaBHOH MO-
Aynpou3BeAlEHHI0 OCHOBaHHA Ha BecOTy. [lycTh nexauree Ha
3KBATOPE OCHOBAHHE TPEYrOJbHHKA DPaBHO g; €ro BHICOTA PaBHA
r
5
rae r— paauyc wapa. CrepoBaTespHO, NMJOLIAAb TPeyroJbHHKA

OJHOH YeTBEPTH OKPYXHOCTH OOJBILIOro Kpyra, T. €. pPaBHa

1 ro. : ~
pasHa ?g%. [TopepxHocTh mOnymapa OKasbiBaeTcsi PaBHON

ar ngr o »
n-g-7, a NMOBEPXHOCTh BCero wapa —5— . Tak Kak mponssere-

HHe 71g PaBHO NJIMHE 3KBATOpa, T. €. 27r, TO NMOBEPXHOCTb BCEro
miapa pasHa mtr®, .

Buisopn. Tlpeanmonowum, uyTo HEKOTOpPas MOBEPXHOCTb HIH
TE/N0 COCTAB/JEHH H3 TMPOH3BOJMBHO O6OJBLIOrO0 YHCJAA YacTefd,
OueHnuM BeNHYHHY MOBEPXHOCTH WIH 00beM Tena, YCTaHOBHB,
4TO WIOILAAM HAH OObeMH uacTefl KaK YroAHO Mano OT/IHYAIOTCS
or maomazelt M 06beMOB HEKOTOPHX APYTHX Mamux ¢uryp
nin tea, OkxasbiBaeTcsl, YTO YcTaHoB/ewHe I3TOro dakra enie
HeZOCTATOYHO JJIsi OMpEeJe/ieHHsl BeJHYHHH [OBEPXHOCTH HJIH
o6bema Tena'),

8. 2=3==n. OO6buHH# BHBOA NMPOH3BOXHON NS YyHKUHH
y=x" ‘

MPOBOAHT CA CEAYIOWUM 06pa3oM. BriuucisiioT OTHOLIEHHE MpH-
pauleHnss QYHKUHH K TIPHPALIEHHIO apryMeHTa: -

n_ yn
X Xy

T =" xR —}-x'x;'—’-}—x;"‘,

a 3aTeM IMepexoAsT K Mpexeny mpH X—-—>x,. Takum 06pasom,”
MPOM3BO IHASl B TOYKe X, OKA3LIBAETCH pPaBHOM

d Xt — gl
(_-‘{) = [im ——l-=nx”"1,
dx/%  xox, ¥— % 1

'} 3ty dopMynHpoBKY (B MOAMMHHHKE eme Gojee TYMaHHYIO, ueM B
npeanaraeMoM nepeBofie) CMefyeT MOHHMAThb B TOM CMbic/e, YTO IIOWAb
chepHUECKOT O TPeyrojbHuKa, OGDa30BAHHOIrO ABYMSI COCEAHHMH
MepHJMaHaMH H SKBATOPOM, M MJOmajb NP AMOJHHEHHOro Tpe-

r
yTONbHUKA C TeM 3Ke OCHOBAHHEM H BHICOTOH % He SIBJISSTOTCS IKBUBANEH M-
HblMu GeCKOHEYHO MaJbiMH, T. €. OTHOWICHHE 3THX Muowajell He CTPEeMHTCH
K 1 npu n—> 0. — Ipun. ped, . e
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P k]

HUcnonsspBaHHo® MpH 3TOM BHBOAE COOTHOIIEHHWe MPH X, ==

OPHHHMAET BHI
' 21 x—41
x—1 ’

s _
x7:-lf=x’+x+'1, '
u Boobuie '

J;"——ll =xn-1+xn-:+“ N

rae 71— HeKOTOpoe HaTypanabHoe uucao, [Ipu x =1 nesue yacTu
no3TOMY

STHX PaBeHCTB NMPHHHMAIOT OXHO M TO Xe 3HAYEHHE — g ,
" JOMNKHE! GHITh TAaKKe PaBHH M HX NpPaBHe YaCTH, T.e,2=3==n").

Busoa, Ecar npu HekoTOpbiX 3HAYEHHSIX HE33aBHCHMOTO
nepeMeHHoro (QyHKuus He OmpeleneHa, TAaK Kak NPH 3THX 3HA-
YEeHHAX OHAa TepsieT CMBICKL TO HENb3S MHTAaThCH ONPENeNUTb
ee I/ OTHX 3HAYEHHH NEepeMeHHOro, npeoépasyn ee C MOMOIILbIO

x—1
Henonyc‘mmux onepaunii, PyHkuus y==—T OTanyHa o7 Pynk-

uHn y=x-} 1, nockonbKy mnepsas cpymcuml He onpe/je/ena NpHu
x==1, a Bropast onpenenesa. AHANOrHYHOE yTBEPXWAEHHE CIpa-
BEANMBO H JAS OCTANbHBIX BHIPAXEHHH.

9. sin2x=2sinx. U3 dopmynn

lim sinx__ =1
x>0
caeayer, 4To
lim sin 2x — lim 2sinx=2;
X—>0 X =0
TakuM 00pa3oM,
e - , sin 2x = 2 sin x.
fi (%) falx )

= lim

llm
B HBOA. M3 cooTHOWEHHS JE)— Jm 2 20

4TO fl () =fa ().
10. Coomnowenue -\ 1==— 1 MOKHO NONY4YUTb, MPHPaB-

HHBAasl BLIpAXEHHUA
Y

. X— . . X—Y !
lim lim —-= wu lim_ lim . i
x-»ooy-»cox',' y-»oox—»oox'{-y i

He clIenyerT,

') Jro BospakenHe NPOTHB PaCMPOCTPAHEHHOro BHIBOLa NPOH3BOZHON |
6L1I0 BEIBHHYTO elle aHraMiickuM ¢uuocodom b e p KJIH,
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[HeficTBuTenBHO,
Y

lim x_y': lim j: 1,
X

CNeJ0BaTE/BHO,
lim lim =¥ — —+1,

yoroxsmXT
B TO BpeMs Kak

——1
lim x_y= lim Y =,
y—»qox‘l"y y-»oo_s__l_,l

C/Ie0BATeNbHO,

lim lim 2 <=
P

=—1,

11. Pagencmso é8yx npoussossnex Opobeii % " ’f'i' MOXHO

YCT&HOBHTb, €CJIH B BHIpaXKeHHR

lim limw—
x>0 y—»obx+dy

AONMYCTHTL M3MEHEHHE NOpAnKa nepexoja K Hpepeny. Hnmeem:

lim lim ax+cy =lim & =

x40 yoro0Xtdy xo DX

lim lim %Y — jim Y —

y—o x-obx1dy y_,ody

.
1]

ale o8

12. Coomnomenue 1=0 MOXHO JOKa3aTh, NEPECTaBIsA B '
BHIPAKEHHH '
lim lim a®

a0 b-o

nopANOK nepexona K mpeneny. B camom nene,

lim lima®=lim ¢’ =lim 1=1,

a->0 b-o a0 a->0
lim lim a®=Iim 0’ =1im 0 =0,
b>0 a0 b-—>o bso

Boisoa n3 nn. 10— 12, He Bcerma MOXHO H3MEHATH mo-
PANOK mepexoja K npepeny.
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18. Yemy pager lim a®? BuuucauM STOT Mpepen ¢AeLYIOMUM

a=>0
0o6paszom:
lim a
lim a® =(lim @) =>° ,
a—=>0 a—>0

Tepexonst X mpexeny cHayana ans OCHOBAHWS, a 3aTeM s mno-
Kasatenasi, nonyuyuM npu stoM 0. Ecmm ke nepelitn x npepeny
CHayaja AnS mokasarend, TO moayyum 1,

14. Yemy pagen lim (I—}—%—)n, edunuye uasu oo? Ecan

n —> o0
nepefiTy K npexeny TpH n— 00 CHayana AN OCHOBAaHMS CTe-
neHd, TO MH moayuum lim1”—=—1, 3ameuyas, opHAKO, UTO
n->w : T

1+_:t.='%l>l u uto lim @” npu a>>1 pased oo, moay-

n = .
1\~
YHM AAS Tpefena BHpaXeHHs (1 +7) 3Hauenue oo, Kak us-

BECTHO, 06a BHIBOJA HEBEPHH.

Busox u3 nn. 13 u 14. He crnepyer BouHC/IeHHE CJIOK-
HOrO Mpepe/na 3aMeHdTh BHIMOJHEHHeM ABYX CJAEAYIOLUIHX JApYr 3a
IpyroM npejie/ibHEIX Nepexoios,

16. LLmeiineposcroe dorxasamerscmso usonepumempusnocmi
Kpy2a OCHOBaHO HA TOM, YTO [/l MPOH3BOJBHOX 3AMKHYTOH JH-
HHH, OT/IMYHOA OT OKPYXHOCTH, BCerja CyulecTByeT Apyras JH-
HUS TaKO¥ e [/IUHH, OrpaHdvMBaioias OGOBIIYIO MOW{ams ‘).

Bor ananornusoe paccyxnenne®). Paccmorpum paa 1+4- x4~
~+x*--... OH cxomutcs ANA Pas3NMYHLIX MONONKHTENBHBIX 3HA-
yenn#t x. PaccMarpuBas oxHo U3 Takux 3Hauenu#t x, Bcerja
MOXKHO yKas3aTh Apyroe 4uciao X,, Gojpuiee ueM x, AAf KOTO-
poro, pan Bce eumle cxoputca. Tak Kak Henp3s yTBepxAaTh, 4TO
PAA CXOmHMTCA A8 KaK YrogHo GonbLIMX 3HaYeHHH, TO CyIiecT-
ByeT HauGo/bliiee 3HAYEHHE, J/IA KOTOPOrO PsJ CXOAMTCS.

d10 3aKkaueHHe, OxHAKO, HeBepHO. Psax pacxomures npu
|x|=1 n cxopurcs mpu — 1< x <+ 1. Cnenosarensuo, ne
cyuiecTByeT HanOOMbIIEr0 3HaueHHs X, MPH KOTOPOM Psf CXo-
autcd. -

BuBoa. B mokasarenncrse Lltefinepa He nOKasanwo cyiue-
CTBOBaHHE XOTd Obl OgHOM JAHHHHM, KOTOpas fipH 3ajaHHOR A/nHHe

. 1) HltefinepoBcKoe HOKa3aTesIbCTBO MOXHO HalTH, HanpuMep, B KHHIe
HO. A . Kpuxauonck or o «somepumerpers. — Ilpun. ped,
)Mo [Teppony.
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orpannumsana Gl Hauboaburyio naoutans. JOxasas cymiecTBOBa-
HHEe TAaKOM JHHHM, y6exagaeMmcs, UYTO €l0 MOXET OHTb TOJBKO
okpyxHocTh, [LTefiHepoM OBIIO [OKA3aHO TOJBKO CJ/eAyloLiee
yTBEpKeHHe: OTHUHAS OT OKPYXHOCTH IHHHS He MOWeT orpa-
HUYHBATH HAMGOABIIYIO TJIOULAAb.

16. Jlomanyo aunuro ABC nado samenums marol xpusgod,
xomopas. 6bi Haubosee 06Au3Ko npubauxcanracs K L0MaHOl.
3aMeHHM H310M B TOuke B nyro#t kpyra, Ansi KOTOPOFO MpsiMble
BA w BC sBnsioTcs KacaTenbHbiMH, Tpe6GoBanue, 4TOOH 3Ta
KpuBasi BO3MOxHO Gamke npubrmkanace k noManoit ABC, ue-
BHINOJIHHMO, TaK KaK AN KaxmoH takofi kpuBo# cyulecTByer
Apyras Kpusasi, 6onee TECHO MpPHMHKAOUIAs K J10MaHOH '),

1Il. MocrenoBaTeNbHOCTH

1. Ynopsodouenue uucaogoli nocsedosamesvnocmis no genlt-
qune ee 4seno8. UnC/OBag MOC/IENOBATENBHOCTh C MOJOKHTENb-
HBIMH YJIeHAMH He BCer/a . sBisieTCs MOHOTOHHO BO3pacTalouielt
HJH MOHOTOHHO yOniBaiomie#l, OpHaKo YjeHb Takof TocaexoBa-
TENbHOCTH BCErAA MOXHO PACMOJNOXHTb MO Benuuuue, IlycTs,
HanpuMep, 3ajaHa MNociefOoBaTebHOCTD

_ 1 1
a:n-x“"_n' y @ B~ 9p
T. €, o

1 1 1 1 1 1 1 .

’ E’v 9 Z 3 B g FIEIRRR
Mensist nOpsaOK 4JEHOB, ee MOXHO npeobpa3oBaTh B MNocnemo-
BaTeNbHOCTh _

1 1 1 1 1 1 1 1 1 -

' 9 9 3 4§ 3 B B B e
TocMoTpHM, neHCTBUTENBHO /M DTO BCErAa MOXHO CAENATh.

1

a
PaccMorpum MHOXecTBO Bcex JApoGeit 3 »  Pacmonoxennux

mexay O u 1, PacnosownM ux B BHAE MOC/IEAOBATENLHOCTH,
HampuMep, MO CJAEAyIOWMM NpPaBHJaM: ApPOCH, -y KOTOPHX CymMa
YHC/IHTeN W 3HAMEHATeNs paBHA 72, MPEAUIECTBYIOT TeM ApoGsaM,

1) Bro paccyxneHHe aBTOp MPHBOAUT, MO-BUANMOMY, ANS TOro, utobHl
elle pa3 MOAYEPKHYTb, YTO He BO BCAKOM KJlacce QUryp cymectByer
«KpanHss» durypa (Hanpumep, HauGoJibIIast MO NJIOWANH, HauGoJee Gu3-
Kaf K jaHHOH JomaHOH H T. A.). TeM caMmM emle pas nojuepkHBaeTcs
JoruyeckHit npobea B gokasarenbcrse [lrteiinepa.— ITpum. ped.
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yro ad < bec. S yTBepxnalo, uto

y KOTOPHX STa CymMMa paBHa n-}-1; 1poGH, uMelouiHe  PaBHHC
CyMMB 4YHCIHTEJS M 3HAMEHaTead, pacmonaraloTcs B NOpsiKe 4
BO3pAcTaHNA YHC/HTENA; COKPATHMbHE APOGH HE BKJIOYAIOTCH B
TOC/NeN0BATENBHOCTb, B pedyabtaTe Mbl MOJyYHM MOC/HENOBa- {

TeJAbHOCTh i
111 2 1 1 2 3 1 3
R S W ER 5 6 °® 5 ) 7 57“'(

CaenaeM nonuiTKy pacmofioXHTb B NMOpAAKE BO3PACTAHHA APOGH
STOH MoC/IeN0BaTEeNbHOCTH, HE ABASAIOULEHCH, KOHEYHO, MOHOTOHHO
BO3pACTAIOLIEH HAH MOHOTOHHO Yy6wBaioutelt. ITyctb aTo ywe
ocywectsieHo. [TpeanonoxuM, YTO B HOBOH MOC/IEN0BATENbHOCTH i

a c atc
3a Apo6bio 5 cnenyer 1pobb T TOl‘llE.l apo6b 5td TaKxe

a c
npunaanexur ') nocaenosatenphoctn (1). Us 7)'<’3' cienyer,

F<ite | @

81‘0 HEepaBeHCTBO S9KBHUBAJICHTHO HEPABEHCTBY - N

ab—-ad < ab-} be,

H MoTOMy HepaBeHCTBO (2) BepHo. [lanee,
atc c
b+d < a°

ad+4cd < be+cd

CrnpaBeainBoO, Cnenosa‘renbﬂo,

H60 HepaBeHCTBO

c
T. €. 7 BOBCE HE ABMAETCA C/EAYIOLMM 33 % 4/IeHOM Tocae-
10BaTeNbHOCTH. TeM caMbM MB NMPHIIIH K [POTHBOPEYHIO,

!) BosMoxHO, STy Apofb NMpHAETCA COKpaTuTh, Hanpumep, Apo6u

2+ 19

5 W [g HECOKPAaTHME, B To BpeMs KaK JpoGh
KpatuMoit.— [Tpum. ped,

138

yXe gBJsAeTCs CO-



BumecTo TaKoro mocTpoesus, Hcrnonb3yemoro B pszax Pape'),
MOXHO B3SiTh CPElHION apudmeTnueckylo apobeli?), T. e.

1 /a 4 _;ad—{-bc
‘2‘(?+7)“ 2bd °

TaK KaK AN Hee TaKkKe
a _ad+be c
b < 2bd <T'

Busox. He Bceraa yhaercs ¢ MOMOLLLbIO NMepecTaHOBKH ulle-
HOB Mpeo6pa3oBaTh MOC/AEAOBATENBHOCTE C MOJNOXATER/NbHHMH
4/IeHaMH, He ABASIOLLYIOCS MOHOTOHHO BO3pacTaiolied HaH yOu-
Baioiieft, B MOHOTOHHO BO3PACTAIOLLYI0 HIH MOHOTOHHO yOHBaIO-
L1yi0 MOC/IeL0BATeNbHOCTD,

2. Hexmo paccyxcdaem caedyouun obpazon. Ilycts 3a-
AaHo monowuTenbnoe yucno a< 1, rorma a* < a, a*Lat, ...,
T. €. CTEleHH NOCTOAHHO yGWBAIOT, CJELOBATENBHO,

lim ¢"=0 nmpu 0<la<1,

n->®
B nocnenoaar\enbﬂocm

1 1
a1=2’ al=1?1 al=]—4-’ a4=1§y LU
YJIeHh TakKxXe MOCTOAHHO Y6HBal0T, ClenoBaTe/IbHO, OHH OMKHH
cTpeMuTbes K HyMo, OmHako 3To HeBepHo, lim a@,=%0, ujeHu
n-e

MOC/IEAOBATENbHOCTH HE MPHONMKAIOTCS KaK YTOAHO OGnu3ko

k 3uadenuo 0. Jlerxko smmerh, yTo lim @,==1,
n->
Buson, Ecam B nocnenoBaTeNbHOCTH € MONOKHTENBHEIMH

Y/leHaMH, HayuHafg C HEKOTOPOro 72, BHLINOJHAETCA HEPaBEHCTBO

an+ 1 < a‘m

TO OTClOjna ele He Clefyer, 4YTO

lim a,=0.
n <>

) Cm. U. M. Bunorpaaos, OcHoBH TeopHu uuces, cTp. 22—23. -
Mpun. peo.

*) CniepyeT TaKKe NpPOU3BECTH COKpalieHHe Npobeft, ec/li BO3MOXKHO, —
fIpun. peo.
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BO3pacTaloT; CJAeA0BaTEJbHO,

8. HaoGopot, Aaxe u B Ciydyae, KOra HE BHMONHAETCHA He-

PaBEHCTBO @, ;< @,, MOXeT OHTh nl_i)mman=0. 9TO0 MOXHO

MpOoCNeaAnNTb HaA INpHMepe nocnenoBaTe/IbHOCTH
1 1

azn—1=7’ a3n="2;»
T. €, MOCJEeA0BATENLHOCTH

T U W T G U
v 2 2 4 3 6 4 B
BuBoa. Tpe6opanus '

e,,,<a, lima,=0
n->® -

HHKaK He CBA3aHBl APYyr ¢ JApyrom.

4. e==o00. Hekro paccyxaaer crenywouum o6pasom. Ecan
a>1, 10 a*>a, a*>a* ..., T. e. cTenenH NOCTOSHHO

lim ¢"=0c0 mpn a>1.
n - oo

OcHoBHBasICH HA ‘TTOLOGHOM 3aK/IIOUCHHH, I'IOKa)KeM‘, 4YTO e =00."

Kak wuaBectHO,
. . 1\"
=tim (14"

n->Q

An~1 .
Hokaxem, 4TO (1 —\--:T)"}(l +ni l)n * Torpga, OCHOBHIBa-

fiCb HAa BHIUNENPHBEAEHHOM pACCYXAEHHH, MOXHO YTBEPXKAAThb,

. l n
4YTO MOC/AEA0BATENBHOCTD ¢ OOLIMM YJACHOM 1—[—-7) cTpe-

MHTCH K 00,
B cuny GunoMmHanbrOR ¢opMyJb

(14" >1-+4nx. \
Orciona npu x=——'% monyyaem ')

(=4) =(1=2) (42>

1) CoorHowenne (1 4 x)” > 1+ nx AeHcTBUTENLHO JIEFKO CJIEAYET U3
dopMyJIEl GHHOM3 JVISI noaoocumentrvix x. OnHAKO aBTOp NMPHMEHSET 5TO

COOTHOWIEHHE AwsA  ompuyamesrbHo20 3SHAYEHUS X =<=-— F , UTO pJaet
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CnenoBaTenbHoO,

(3> ()= )= O

-

n

_4TO M TPe6OBaNoOCH HOKa3aTh.
BuBona. Tpe6opauus

@,,, >a, n lim g,=o0
n =@

HHKAK He cngaauu APYyr C npyrom,

8. ITocaednuli uaen wexomopoli nocredosamessrocmu, Ilo-
CNegOBaATENbHOCTD 4YHCE]

0,3; 0,33 0,333; 0,3383; ...
npr6AMKAeTCS KaK yrofHO GJH3KO K 4HCy -:13-, T. €, TpeJe/oM

: 1
9TOR MHOCJ/I@AOBATE/NbHOCTH SBNSETCH YHCJO 3 Clle}.IOBaTEJleO,

1
T ABMAGTCA IOCTEAHUM Y/JEHOM 3ITOH MmocnenoBaTeNbHOCTH,

Yro 910 3aKnIOueHHE HEBEPHO, NOKaswBaeT MNpexae BCero
MOC/IE0BATENBHOCTD Ie/BIX 4YHCen, KaK 3To caexyeT k3 n. 1
(ctp. 121), CymiecTBOBaHHe Takoro MOC/AEJHEr0 HHC/Aa NOCTa-
BHNO Oh HAC Mnepej TAKHM 3aTPYAHEHHEM: AB/AAETCH ITO MOC/EN-
Hee YMCJIO YeTHHM HAH HeueTHWM? TOuHO Tak Xe B MOC/HefOBa-

TeNbHOCTH »
31, —1, 41, —1, ..,

MH CTAa7KHBaeMCS € TeM K@ 3aTPyJHEeHHWeM; YeMy DaBHO «Io-

enepnee» uucio, 1 nam — 1?2 '
PaccmoTpuM Temepb He DacXOAfILYIOCH, a CXOASLLYIOCS To-

CNea0BaTeNbHOCTD, SIBASETCA /M YHCAO T MOC/IEAHHM YHC/IOM

1\" 1
(l n’) >1 n
Toro, yto U npu — 1 << x < 0 uepasencreo (1 +4-x)" > 1 nx cnpasen-
auBo. IMpoute Beero sto ycranoButh Tak: GyHKuHa (1 4-x)* — (1 4 nx)
MOHOTOHHa Ha oOTpeske— 1<<x<C0, TaK KaK e€e NpPOH3BOJHas
n[(l 4 x)?~%— 1] BHYTpH 3TOr0 OTpe3ka B HyJb He obpamaercs (eAHH-
CTBEHHBIl KOpeHb MpousBomHo# x=0); uanee npH x=0 s1a QyHKuMA
obpammaercsi B HYJb, & NpH ¥==-— 1 OHa noJoxHuTeabHa (n > 1); Takum
06pa3oM, 1a GyHKUHA NeaokHTedbHa npH — 1 < x < 0. — ITpun. ped.
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110C1e10BATEABHOCTH ,
3,1; 3,14; 3,141; 3,1415; 3,14159; ...?

KTo STO yTBepkZaer, NMycTb Ha30BeT mMociegHee HUC/IO!
To xe sarpyasenne nabmopaerca B cxoasuleficd K HymO
noc/AeA0BATENbHOCTH®
1 1 1 1 1 Lo
’ '§"’ '3'1 Tv —5—1 eee

HeflcTBUTENbHO, KaK ONpefe/UTh e€e Haumeubliee uncno? Touwno
TaK K€ M MepBas MOCAeXOBATENBHOCTH ITOrO MyHKTAa He AOCTH-

raeT umcna %—

Busoa. Yucno, sBnsiouleecss npesenoM HeKkoTopoi mocne-
DOBaTe/bHOCTH, B OOILEM CiydYde He NPHHAANENKHT MOCAEAOBa-
TeJbHOCTH, :

Mu ckasanu «B oGuiem cayyae». Koneuno, MoxHO Guiso 6bl
BKJIIOYHTb NpeJesbHOe 3HaYeHWe B IOC/HeJOBATENbHOCTb, Hanpu-
Mep B NOC/]ERHION:

1 1
1, 0, —2', 0) 3 0, e 01---1
HJIH B HCXOAHYIO

1,
3'

0,33; % : 0,333;

1-

0,3; 0,3333; ;...

l .
’3-)
6. Cpasnenue 08yx nocredosamessnocmeld. 3aiauul ABe MO0

caenoBaTenbHoCTH, IlycTs B noc/ienoBaTenbHOCTH

a a a

) & 2 8
lim a,=a,
n->®
a B MOC/AeA0BATE/bHOCTH
b, b,, b, ...
lim b,=0b.

n-»®
Ilycts, kpome TOro, @, >b, Ana Bcex k. OTciona eute He Cle-
Aayer, uto a >0,
Mlpamep,
1 1
G=7, h=g.
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IV. ®yBxuun n KpaBHe
1. Hccaedyen wyn)mulo
S(x)=sinnx

u nocmapaeMcsa onpedesums ee npedes npu x— oo, Koraa x
npo6eraeT BCe Lenne 4yuc/jaa, Mb nonyqaem nocJ/iel0oBaTeNbHOCTh
3HayeHult

sin0=0,sinn =0, sin 20 =0, sin 3x =0,... ,sinkn=0,...

Kaszanocp 6w, lim sinstx pasen 0. Ho ecam x npoGeraer mo-

X = ®©
C/1e10BaTeNbHOCTD %, 2-;-, 4%, T0 QyHKIMS NPHHAMAET 3Ha-
yeHus
T . 57 . O
sing =1, sm-—__l, m7_—1,...
Ecou, Haxoneu, x mnpoberaer 3HayeHHs 12 , 3%—, 5-;-, TO

3HaueHns QyHKIMH BHOBb M3MeHfloTcHA, Mrak, uckoMHi#t npenen
He CyULeCTByeT.

BuBoa. [na naxowpenns npeneia QyHKuHM 0pH X— @
cnepyer y3sartb, GyaeT aM QyHKUMS NPHUOIHNKATBCH K OLHOMY
M TOMY e TMpejeNbHOMY 3HAY€HHIO, KOTAa X npoGeraer co-
BepIleHHO MPOH3BOAbHYW NOCACAOBATENbHOCTh, CXOAA-
ugylocs x a.

2. Kax swzasdum gpynxyus y=§-? O o¢ynkunn, kaxy-

mweHdca 3MeMEHTapHOR, He clleflyeT NyMaTh, YTO OHA ompejaeNeHa
Ang BcexX 3HayenHH X, -
Pynkuns

flo=%

ne onpelenesa npn x=—0, Ognako 3jgech MH HMeeM [es0
C yCTPaHUMHM pa3puBoM, PyHKUHS OTIAHYaeTCH OT PYHKUHH
y=1 Ttonsko moBemennem B Touke x=—0. Ecmu x npoberaer
TNPOH3BOJIbHYIO MOHOTOHHO YOBIBAIOLLYIO H/IH BO3PAaCTAIOULyl0 CXo-
AAULYI0CS K HYMIO [OC/Nef0BATENbHOCTE, TO COOTBETCTBYlOLIHE
3Hayenus ¢yukuun npoGeraidT mocsiefosarespsocts 1, 1,1, ...
CneposatenbHo,

fim = =1,

50
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Touno taxk e QyHKIuA
%t — g
fR)=="5—
NPH X==@ He Onpele/]eHa, HO
lim f (%)== lim (x -1~ a) =2a.
xX=>a X=>a

_ ) .. o

BuBox. MoxeT ClyuyuTbcs, Y4TO AN HEKOTOPOTO 3HAUEHHS
X==a ¢ynknus He onpeieneHa, HO CyLIECTBYeT ee mnpexen
npr x—a.

3. [lpedesvnsie 3HaueRus cnpasa u caesa. Hccnenyem
bynxumio - 3
=E(|x]),
rae |x|— a6comoTHas BeMHuHHa YHCaa x, a E | x| — HanGonbuee
Les0e YHCA0, MeHbllee WM paBHoe | x|, Ha puc. 93 usobpaxen
rpadpuk srtoit dyukuuu, Ecmm, Ha-
npuMep, MH G6Gynem npHOAHKATHCH
K 3HayeHHI0O (YHKUHH B TOUKe
0 — x==1 cnera, T0 noayuyum y=0,
B TO BpeMsi KaK NpHOIMKAfACL K
] 9TOMY 3HAYEHHIO CNpaBa, MOJIYYHM,

Puc. 93. yro lim y=-1.

X1
Buson. ToBops o mpepene ynkumu, cienyer pasiuyaTh
npegen QyHKIHH cieBa H npeaea QyHKUHH Crpasa.

GmnnQ Gr—

~

1 z

4. 3nauenue gynxyuu u npedes Pyuxyui 6 0annoil moure
passunHol,’ Henbas CYUTATh, 4YTO 3Ha'i3HHe KOTOpPO€ NPHHHUMAET

¢yskuns npH x==a, BCerxa paBHO ee , y
npejeny npH x—a, .
dyuxunda z

Flx)= lim J/]x],

rae | X | — a6comoTHas BeHYHHA YHCA X,
npuuumMaer npu x==0 snayenne 0. Onmnako mpu x=40, x—0
Gespasnuuno, Gyaer nu X >1 uwm x<1, npegennHoe 3nadve-
nue ¢ynkuun pasuo 1 (370 3mech He Gymer nokasano). Mrak,
KaK 9TO nokaseiBaeT rpaduk ¢yskuud Ha puc, 94,

f(0)=0, )
lim f(x)=1.
X0 .

Puc. 94.

HO ,
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Bueox. Moxer ciyuuTbCs, 4TO AN HEKOTOPOrO 3HAYEHHS
X==a (QyHKUHs OmnpeieNeHa, HO 3HaueHHe (YHKIMHM MpH X==a
OT/NHYHO OT TOrO 3HAUEHHSA, KOTOPOE MH :

nonyyaeM nyTeM Mepexoja K rmpejeny
npH x—a. —_ -
[ ] 0 [ ]
6. Mower cayumtbes, uto dynkuus, -2 -7 PV
HMelolllasi B HEKOTOpO# TOuKe pasyHy- L
HEE TMpeJe/]bHHE 3HAYEHHs® Cnpasa H
cnieBa, OmpeneseHa B 3ToH TOuke, HO ee Puc. 95.

3HaueHHe B STOM TOUKE OT/IHYHO Kak
OT mNpeieNbHOTO 3HAueHHs <C/JeBa, TaK H OT TNpenenbHOr0
3Havenns: cnpasa (puc, 95). ITycts 3agana Pyukuus

1
X)=1lm ——m
f(x) e
Mu nMeem
| 0, ecmu |x]|< 1,
nl_i)mmlxl"= 1, ecmn |x[=1,
oo, ecmm [x| > 1.
CnenoBarenso,
1
mpu | x| <1 x)= lim =1,
pu x| < f( ) Jm TR
1 1
=1 = lim ———g=—=
npu | x| flR)= lm rem=g,

1.
1 = lim ———— =0,
mpu |x|> F(x) ,.lln:nl-l-lxl" 0
6. %_———g— ? dynkums y == arctg x — o6patHas 1 PyHK-

e y =1tgx. CreloBarTe/bHO, MOXHO II€PENHCAaTh COOTHOLIEHHE
y=tgx B pane x—arctgy, a 3areM mnepecTaBHTb BO BTOPOH
(QyHKUHH HaHMEHOBaHHE MEPEMeHHBIX,

W3 rtoro dakra, uro

T lim tgx=— 00, lim tgx=- o0,
T T
R O
b
rie -0 o3nauaer, 4TO MH NPHG/IMKAEMCH K 3HAUEHHIO 5
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n
cnpasa, a — O osnayaer mpubmmkenne K 5 CAesd, AMK o6part-

HOR PyHKunu caenyer
: 1 14 : 1 T
lim arctg —==%, lim arctg—=—=.
x40 €% 2 e x 2
Tpaduk ynxumn npencrasnen na puc. 96,

f =
7. 0 =00? 3anana pyuKkuna y=e .
- 1
- Umeem lim ¢ * =0, B TOo BpeMs Kak
‘f : x +-il-o

Puc. 96. lim e *=o0.

X~->—0

8. dyHkuus signx (uMTaeTcs CHrHyM x) ompepenseics

- CAeAyIOUHM 06pa3oM: .

41 npu x>0,
signy={ —1 npn x<0,
0 npu x=0.

Puc. 97 or a 10 e mokaswBaeT ewle pa3 pasnAHyHHE PyHK-
MK, TOCTPOCHHBE ¢ nomomibio signx. Ha stux pucyhkax, kak

——d a) psignz By=sign’z
o)y=Fsign’r Dyghz - O ]7’7?4’77-’
Puc. 97.

H paHee, 3HayeHHs (yHKIUHH B JNaHHOH Touke 0603HayeHH ¢ mo-
MOILIbI) MAa/IeHBKOrO YEPHOTr0 KPY¥XKKa, a npeje/bHhe 3HAuEHHR
¢ noMouiblo 6enoro KpyxKa,

9. Hccaedyem gynruyuio
F )= (=17,
. 146.




Korma x mpoGeraer Bte uenste umcna, GyHKuMA MpUHUMAET 3Ha-
sennst f(0)=1, f()=—1, f@2)=41, fB)=—1,...

Ecan x npoGeraer 3uauenus

b, 146, 245, 3+0b, 44b,...,

rae b—muexoropas apo6b, npuiem 0<Cb< 1, 10 3Haueuns
YHKUMH, NOCKONbKY OHH CyLIECTBYIOT, OT/AHYAIOTCS TOMBKO
snaxaml Ecan f(b)_B TO M0O0/yuyaercs MOC/eNOBATENbHOCTD

B, —B, 4B, —B,...
Mul MOXEM MOSTOMY OrpPaHHYHTBCH HCC/IENOBaHHEM (yHKUHR
npn 0<x <1,
Ecan x npoGeraer 3Hauenns -%—, %,- —71— ysoeey TO yHKUMS

MPAHUMACT 3HAYCHHA

(== A(H)==r A==

TaK KaK, HampHMep,

(— 1)%_—_-f/—_1=_1.

To xe 3nayenme umeer dbynkuns f(x), ecin x ecTh APo6b

BHIA %, rge p H ¢ — B3aWMHO TIPOCTHE HEYETHHE 4YHC/A.

He#icTBUTENBHO, HanpuMep,

(— 1)':' =71/ (—1)= V_1=_1.

Ecnn x mpoGeraeT 3uaueHns %, %—, —.2,-, «.., TO Qynxung

NMPHHHMAET 3HAYEHHd
2 2 2
TaK KaK, Hanpmmep,

(—1>*—/( =y T=1.

$ynxnna f(X) NpHHHEMAET Te Ke 3HAYEHHS, KOraa X ABAsSeTCH
Apo6bi0 BHAA —Z—, rie p B g — B3aUMHO MNPOCTHE YHCAA, p —
4eTHo, ¢ —HeuyeTHo, Ecsm, Hakoden, x mnpoGeraeT 3HayeHHs

BHJa %, rA¢ p 4 g — B3aHNMHO MNPOCTHE HHC/Aa H g — 4Y€THO,
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TO HeRCTBHTE/bHHX 3HaueHHH dyHkuuM He cyulecTByeT. B camom

fene, HaMpHMep, 3HAYCHHe f(—é—)(—-—l)—' e==})/—1 He siB-

asercs JeHCTBHTE/BHLIM HHC/IO0M,

BuBox, cnempoBarenpHo, TakoB: 3Hauenue ¢yHkuuu f(x)
nmpr 0<Cx <1 pasio -+ 1, ecam x:z%, rae %———Hecoxpa-
TAMasg apo6b H p— 4YeTHO, W paBHO — 1, ecau B STOR ApoGH
P ¥ g—HeueTHnle uyncna. Pymxums f(x) He onpenesena, ecia

B HECOKpaTHMOH H.PO6H -%- 3HaMeHaTe/b SB/AA€TCA YeTHbBIM YHCJIOM,

[IpeactaBum sty ¢yuxumio rpadpnueckn. I'padux sroft QyHxiun
y A COCTOMT M3 OTHe/bHHX TOYeK, pac-
NOJOXEHHHIX Ha NPSMBHX, napan-
77 JIe/IbHHX OCH X H HAaXOMSLHXCH MO
: pasHbie CTOPOHH OT Hee Ha PaccTos-
-2 - ¥4 nuH, pasHoM 1, 3aMeTHM, YTO €C/IM
=7 KaKasi-HnGy ib TOUKa MpsAMOfl y = -1
npuHaanexutr rpaduky QyHKUHH
Puc. 98. y == f(x), T0 TouKa ¢ TO# e abcuuc-
co#t Ha npaMolt y = — 1 He npuHan-
NeXHT rpacpm(y, " Hao6opoT, Kpome TOro, B /060M KaK yroaHo
MajoM HHTepBaZe Ha OCH X COJEPWKHTCH GECKOHEYHO MHOro
TOYeK, A/ KOTOPbX (YHKUHA He CYLIECTBYeT; TOUKH BepxHeH
H HHXKHEH mpsMOR, cOOTBETCTBYIOLIHE STHM abcuHuccam, He INpH-
Haanexar rpaduky QyHkuuu; Mul OGyAeM FOBOPHTb, YTO- TaKuM
3HAYEHHSAM X COOTBETCTBYIOT «JBIPKMY Ha npsMux. Toukn Ha
BepxHe#t M Ha HIXKHell NPAMOM, pHHAANeKaLHe rpadHKy y = f(X),
a TaKKe «XHPKH» pacrooxennl BCIOAY naoTtHo (puc. 98).
" Kaxoe 3nauenne npHummaeT ¢yHxuus f(x) AN HEKOTOPOro
HPPaLMORaNbHOrO YHcaa x? MppauuonanpHoe YHCIO MOXHO pac-
CMATPHBATb KaK MOC/AeJOBATE/NbHOCTb PALHOHANBHBIX YHCE,
Tax kak Te pasindug B 3HAYEHHAX QYHKUHH, KOTOPHIE Mbi

Hd6mogaeM ajasa npobeft —‘3 , HeJb3 pacnpoCcTPaHHTh HA AppAIHO-

Ha/MbHBIE YHCJA, TO HeJb3A ONPENeNHTh 3HauenHe PynkuuH f(x)

IS . APPALHOHANBLHOIO 3HAYeHHs X ==¢; lim f(X) He cyuiecTByeT.
: X=>c
Taxne maronornyeckue GYHKUMM MOXKHO, KOHEUHO, MOCTPOHTH

sHaunTenbHo mnpoue. Onpenenum dyukuuio f(x), cuurad, 4ro
S(¥)=—1 zas paunoHanbHnx u f(x)==1 A1 nppaLHOHAIBHHX
sHavenn#t x, Iloayuurcs ¢yHKuHs, KoTopas B M0GOM KaK yrOXHO
MajoM HHTepBaje 3HAYEHHH HE3aBHCHMOrO NEPEMEHHOrO HMeeT
GecKOHeuHO MHOro pasphiBoB. 'padukom 3TOH (yHKUMH ABISIOTCH
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OTAieNbHHE TOYKH JBYX NapANNETbHHX INPAMHX, NPHYEM eCcHH
Kakas-HHOYIb TOuka ofHOH «MpPAMOH» NpPHHATMEKHT rpaduky
¢dyHkLuH, TO B TOuKe c Tol ke abcuuccoit Ha ApYroft «npamot»
O6yxeT AbIPKa, :

10. YmHooicenue ypaswenus gyHryuil. Y MHOXKHUM ypaBHEHHe
paccMOTpeHHOH B m. 2 ¢dyHKUMH

wlw

y= (1)

IO4/ICHHO Ha X; TMOJMYy4YHM
yr=x, , 2)

Ipadmukn stux naByx ¢ynxuu# (puc, 99, @ u b) 6yayr pasiuusu,
I'padukom dynxumu (1)

Gymet npAMas, napaaiesib- 4 /,

Hafl OCH X M Haxoasiiascs

OT Hee Ha PacCTOSIHUH, paB-

oM 1, ¢ «mwipkofty B ¢ 4
touke x=0. [papukom @ L
¢bynkunn (2) Oymer uenas

npsMag y==1 u oce ¥, . Puc. 99.

TaKk Kak ypasHenme (2)
YAOBIETBOPAETCH TakKe W npH x==0, a rocnefsee paBeH-
CTBO SIBISeTCS ypaBHeHHeM OCH y. AHanOruuHo, rpadukom

y y ' Pyuxupn y= ;’:— sABIgeTCH
runepGona (puc. 100, a),
Kotopas mnpH x=0 He

¥ 7% uMeeT AeACTBHTE/IbHLIX 3Ha-

. 4 ueHnit; rpaduxoM Ke KpH-

L : ) Bo x’y=x saBnaeTCH
(puc. 100, b) rumepGona

Puc. 100. y==— W 0Cb y, TaK KaK B

3TOM CJyyae YPaBHEHWe YAOBNETBOpsieTcs M npu x==0,
Taxoe we pasnuune HaGNOKAETCH M MeXAY DYHKURAMH

sin x

y=—F" 1 yx=sinx.

11. Bosgedenue ypaswenus wynlcuuu 8 ksadpam. Ecan nozx-
pasymeBaTh MOA 3HaKOM } apH(MeTuueckoe 3HaueHHe KOPHS,
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10 dysxuus y=7, % u MoAyvaoUwaacs U3 Hee MyTeM BO3BENECHUS
oBenx wuacTefi paBeHcTBa B KBaApaT QyHkund y'=—x pas-
JANYHBl, KaK STO TMOKa3nBaiOT
y J '
puc. 101, a u b.
Busog u3a mn 10 u
11, Ilpu yMHOXeHHM R TIpH

x. A k4
s BO3BELEHHH B KBampaT ¢yHk-
¢ uHs A ee rpaduK H3MEHAITCS.
Puc. 101. 12. HauGoavwee u na-

umendvmee 3uauenus. He
CrefyeT AyMaTbh, 4YTO [MPOH3BO/AbHAaf (DYHKIMHA HermpemeHHO
BO/MKHA MPHHHMATH B HHTEpBajle, Ha KOTOPOM OHA Ompeje/eHa,
HanGo/bliee H HauMeHbiuee 3Ha4eHHA, PYHKUHIO

Fo)= tim (]x]— ")
n-w
MOXHO HM3YYHTh, OCHOBHBAfiCb Ha m. 4.
~ Hmeem
f(x)==0 npy x=0,
flx)=1—x* npu x5=0.

Ha puc, 102 nszobBpaxen rpapuxk orofl ¢iyskuuH, INpHYeM

y Y

/TN S\
7 \/z

Puc. 102 Puc. 103.

HaZO 3aMeTHTh, 4TO BepIIHHA MapaGo/ibl He NPHHALNEKUT Ipa-
¢uxy, a BMecTo Hee GeperTcd Hayalo KOOPAHHAT,

PyHxuns .
fl)=lim (x*— }/[x])

npu x=0 Taxxe pasua 0, a npi x =0 npuHEMaeT 3HayeHne
flx)=x"—1,
Ee rpadux mn3oGpawen Ha puc, 103, Drta QyHKuHA HE HMeeT
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MHHHMyMa, TaKk KaK R JAJIf Hee BMeCTO BeplinHn mapa6onu Ge-
peTcs HayalNo KOOPAHHAT.

BuBoa. Moxer cayuuthcs, YTO B HEKOTOPOM HHTEpBase
$yHKUKA onpeleseHa [N BCeX 3HAYeHH| HE3ABHCHMOrO nepe-
MEHHOTO, HO HE MpHHMMaeT B STOM MHTepBale HH HanGoabiuero,
HH HaHMMeHblLIEero 3Hauenuil,

O6Ge ¢yHKuHH

F=tim (/]x]4 %"

TIOKa3bIBAIOT Aajnee, 4To (p}’HKLlHﬂ MOXeT OHThb onpeaeneHa MnpH

X==a, MOXET OIHOBpEMEHHO CyllecTBOBaTh lim f(x), HO 9TH
X—>a

3HaueHus MOryT He COBMAAaTh.
Bueon u3 mn. 6, 8 u 12, Bupaucemm f(a) u hm f(x)

HHKAK HE CBA3aHH APYr C APYroM; OHH MOTYT HMETb pasmmﬂue

3HaYeHHs, ONHO M3 HHX MOXET He
CyLIeCTBOBATb, W, KOHEYHO, MOTYT He %J-flb)
CYUIeCTBOBaTh OMHOBPeMeHHO 06a BHI-
paKeHHs, ' c
: _ J/za
13. Henpasuasnoe npunsenenue fetia)
npasusa A03HO020 nosojxcerus. Ecnu

f(e)=A, f(b)=B, t1o, npumenss Puc. 104
TIPaBH/IO JIOXHOrO MOJMOKEHHS, MONYYHM ue. 1%
H3 clelylowlel nponopuun NpuGAMKEHHOE 3HAYeHHE X ==C AJf
TOYKH X,, B KoTOpo#i f(x,)==0 (puc. 104):
|A|:|B|=(c—a):(b—rc),
|A|b—|A|c=|B|¢c—|B]a,

—lAlb+1Bla
14]+|B]
tbyﬂxunx f(x)= —x- npy x=-}1 nonoxurenrua, mnpn
==—1 orpuuareisna. Tak xak npn a=—1, b=-1 mu
umeem A=—1, B=-1, 10 _ . :
c= 151_0

Onusako sta ¢ynkumns B untepBane Mexay — 1 u -1 He o6pa-
uaercs B HyAb (oHa BooGlle HHrae He 06pallaeTcss B HYyJb)
H ¢ He fBJsfeTCH npHGIHNKEHHHIM 3HAYEHHEM HHKAKOTO HyJs

Pyvuan f(x),
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_BuBoa. U3 toro, uro ¢yskuus f(x) nonoxuTesbHa IpH
X==a W OTpPHUATeNbHA MpH X =0, eule He CNEAYET, 4TO MEXAY
a n b cyulecTByeT Takoe 3Hauenue ¢, uro f(c)=0,

14, Dynryusn He umeem i HaubosbuLe20, KUt HAUMEHbULE20
3Hauenus 8 Hexomopoli obaracmu. Ecim GyHKUMS LN HEKOTO-
POro KOHEYHOrO0 3HAaueHHs x OeckOHeuHa, T. €. ecan QyHKuHs
MMeeT TouKy ofpauleHHs B OecKOHEYHOCTb, TO 3TO O3HAYaerT,
CO6CTBEHHO roBOpsi, YTO nJd TaKoro 3Ha-

9TO TOYKH 0c060oro posaa.

P yHxuHs
- 1
fx)==
Puc: 105 B Touke x=—=0 He ompexeneHa, HO B TOUY-

KaX, HOCTaTOYHO GIH3KHX K Touke x=0,
OHA TMpUHUMAET KaK yroxHo GonbmMe 3uauewus (puc. 105).
10T akT 3anMcHBaeM CieyIOLLMM 06Pa3OM:

. 1

lim — = o0,
X

x>0

PaccmatpuBaemast ¢yHKUHS He HMeeT HauGO/bIIEro 3HAYEHHs
B0 BceH 00/1aCcTH H3MEHEHHA HE3aBHCHMOLO

Te peMeHHOr 0.
IMosexenne dyukunn
—1
fX)=—
aHANOTHYH O, HO TOMbKO
fim (=LY —
m { == | =—00. Puc. 106.
X=>0

Ota ¢yHKuUMA He MPUHHUMAeT HauMeHbluero 3xavenns (puc. 106).

15. 400 =—o0? Pyuxuns
. 1
f(x)=—

npu x =0 o6pawaercs s6o B —-0o0, Mm60 B —00, CMOTPS MO
TOMy, MNOAXOAWM JH MH K 3HaueHH0' x=—0 cnpapa umu cnesa
(puc. 107). AnanornynbiM cBo#cTBOM o6namaer lim tgx. Ecre-

x-»"
]

162 .

ueHud ¥ ¢yHkima ue onpepenesa. OxHako
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CTBEHHO, OTCIONA BOBCE HE ¢IeAyeT, 4TO 00 = —o0. TeM CaMuiM

MBI TIOJIyYaeM cJ/IeLyIOLui

Busoa. Jaxe ecau monycTuTh 3amuch lim f(x)==00 B TOM

cnydae, korga f(x) npm mHpuGMMKEHHH
X K @ TpeBoCXOAHT n1060e 3agaHHOe
YHC/I0, TO AJA CJyyasi, KOTAa NpH npH-
GAMXKEeHHH K @ CrpaBa moiay4aercss —oo,
a npu npHOAMXKEHHH C/leBa MNOJyvaeTcs
—o00, 9Ta 3anuch HepomycTuma. Oco-

k)
6eHHO COMHHTENbHA 3amKch tg T =00,

€CMH TOYHO He OroBOPEHO, yTo Anpu
3TOM noApa3yMeBaeTcH.

x>0

+3
+2

23]

\ "._;-/ +2 +3

2
-3

Puc. 107,

16. Paccmorpum Temepp cnemyomyio (yHKUHIO

1
X)= lim ———.
Fl)= lim

Heen _
lim x**=0 npu |x|<1,
n->w
lim x*=1 npu |x|=1, '
n->
lim x*"=o0 mpn |x|>1.
) n< w0
CnenoBarenbHo,

f)=1 mpn |x|<1,

f(x)=00 npn |x|=1,

F(x)=0 mpn |x|>1.

Mpn x=-}1 u x=—1 ¢yskuns oBpamaercs B Gecko-
HEYHOCTh, OJIHAKO AJs TOYeK, Omuskux K 1 m —I1, 3Hauenus

¢yskunH He OyAyT Kak YrogHo Gonp-

y muMd 0 BenuuuAe., Kax nokasuiBaeT
T puc. 108, lim f(|x|) umeer cmpasa u
/) lx|=>1
CNeBa pa3NMyYHHE 3HAYCHHs, M 00a STn
3HAYEHHS OTAHYHH OT f (| X |)==00.
Puc. 108. BuBoa. MoxeT CAy4yHTbes, HTO

¢dynkuusa o6paniaercss MPH HEKOTOPOM 3Ha-

YEHHH MEePEMEHHOr0 B GeCKOHEYHOCTb, B TO BPeMs Kak anscocel-
HHX 3HAaYeHHH# MEepeMEeHHOro OHAa He CTPEeMHTCS K —00 MM —oo,
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17. Jlomanas, cocmosuan u3 GecKOREHHO20 4licAa ompes-
K08, modxcem umems KOHeunyw Oauny. PaccMoTpuMm B kavectBe
NpHMEpa MOMy/JAPHYIO 3aadyy Ha ABHMEHHE M HaYePTHM TaKxe
rpaduk msmkennst (puc. 109). M3 nywskta A B nywkt B, naxo-
afawmics ot A Ha pacctosHud B 120 xa, HBHKETCHA NMEIUEXOX
€O CKOpOCTBIO 5 w4 B uac, Benocuneauct ener u3 nyskra B
B NyHKT A co ckopocThio 10 x4 B uac'). Kak nerko noacyurare,
™ nemexox U BeJIOCHNEAHCT
8 : ' BCTPeTHATCH uepe3 8§ 4acoB B
Touyke C, mpuueM 3a 3TO Bpemsd
neurexox npofiner 40 xu, a
Benocuneanct npoenet 80 ku.
[peanosoxuM Temepsb, YTO B
MOMEHT Hayaja JBRKEHHS H3
A naBCcTpeuy BeJOCHNEIHCTY
BhHineTaer roiy6b Cco CKOpO-
ethio 20 xx B uac, BCTpe-
YaeTcsi C  BeJJOCHMEAHCTOM,
Cpa3y e INOBOPaYHBAET Ha-
3an 1 NeTHT K nemexoay. Jlo-
Puc. 109. : CTHTHYB MeIexoja, OH, He

Tepssl BpeMEHH, MOBOPaYH-

004

80+

5 wacw

-

inhaiatenl thulashsiuly/s 1

)

~ BaeT Ha3aA ¥ JETUT K BEJOCHICANCTY H T. I. Hs rpaqua

ABHXEHHS CPa3y BHAHO, YTO, B TO BpeMfi KaK MEIIEXORX H BEJO-
CHNERMCT NPHOAMKAIOTCH K MecTy BeTpeud B Touke C, rony6b
Bce OnCTpee BO3BpAllaeTcs OT OAHOro K apyromy. [Tombaysch
rpaduKoM ABHXEHHS, MOWHO JIerKO ONpPEeAeNuTh AJHHY MYyTH,
npoaenanHoro ronybem. Ero 3uraarooGpasHbiii myTh HMeeT Ta-
KYIO e JJIHHY, 4TO WINyTb, KOTOPHIA OH MpPO-
neten GHl, ABHrasCh BCE BPEMA B ONHOM Ha-
NpaBNeHHH [0 HEKOTopofi Toukn ¢', T. e..
IJIHHA nyTH ronay6a parsa Tem 160 xa,
KOTOpHE OH MOXeT mpeojoneTh 3a 8 uacos.

18. Kpuswe, rwomopsie Oesatom OGecko- Puc. 110.
He4yHo MHO20 BUMKOS B0KpY2 HeKomoroil
moyxu, mozym umems KoHeunyio Oiuny. OnmmeM Ha OTpeske
@, KaKk Ha JMaMeTpe, noayokpyxnocTb (puc. 110). Ilpucoean-
HHM K Hell 1O APYTryl0 CTOPOHY OTpPe3Ka MOJYOKPYWHOCTB IH-

a
ameTpa - , 3aTeM MO APYrylo CTOPOHY OTPe3Ka — MOAYOKPYX-

1) TlewexoA H BeJOCHNEANCT BHIXOAAT OJHOBPEMEHHO,— [TpuM. ped,

154




HOCTB AMaMeTpa ‘:';' ¥ 1. 1. Jnuna nepeolt monyoKpymHOCTH pas-

ua % % , - BTOpOi n% , TpeTbel n% u T. &. Hdausa Bce#t kpusot
paBHa

ua(%—}-%—[,——é——{- ...)=na,

T. €. JAJIMHA COCTAB/IEHHOR M3 NOJYOKPYWKHOCTEHR /MHHM, OKpY-
-Waioniel HeKOTOPYI0 TOYKY, Pacrno/IOKEeHHYI0 Ha AHaMeTpe a
(rae pacnonoxeHa STa TOUYKAa?), PaBHA [JHHE OKPYXHOCTH [Ha-
MeTpa a. .

AHanornynoe COOTHOLIEHHE HMEeT MeCTO He TOJNbKO Ans
aTtoft cnHpaneoOpa3HOi KpLBOH, HO M AJA «HACTOSLHUXY CIHpa-
Aelt, HanpuMep AN CNHPA/JH, NOJAyvalouleiics NPH JOKCOXPOMHH
wapa. Ecaun 9ra crupanp o6pasdyer ¢ MepHAHAHAMH Yroj, OT/AHY-
Hati or 0° m 90° TO oHa menaer GeCKOHEYHOE YHC/IO BHTKOB
BOKPYT I0/10Ca, HO BCE KE HMEeT KOHEYHYIO MJIHHY,

19. Kpussie, xomopsie Oenatom B8oKpy2 Hexomopoli mourxu
GecKoHedHoe 4UCAO BUMKO8 U UMelom OecKOHe4HYio OAURY.
MMycte M — uentp HekoTopolt okpyxuoctH & paanyca r. Ilycrs,
nanee, AB— nnametp stolt okpyxuocTH, M3 Touxkn B, Kak u3

Puc. 111. ¢

UeHTpa, MOCTPOMM Ha npamoii AB MoNyOKPYXHOCTh k,. AOCTa-
TO4HO GONBWIOrO pajuyca, HanpuMep paanyc 6r, Kak 31O Moka-,
3ao Ha puc. 111, O603saunm yepes CD puameTp 3TOH OKpPyH-
HocTH, a uepe3 E —cepeanuy otpeska BC., Ha DE, kax na
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IZHaMeTpe, MOCTPOMM MO APYTYIO CTOPOHY AHAMETPa IONYOKPYK-
HOCTh k,; Ha namefl ¢urype ee pamuyc pased 4 r. OcTanp-

Has 4acTh KPHBOH CTPOMTCH, KAK TeOMETPHYECKOe MECTO TOuex,
KOTOpHIe fensiT MOMoAaM OTPe3KH BHIXOAAHX H3 Toukn M ny-
delt, pacrnosoXeHHBle MEXAY OKDPYXHOCTbIO. B M Gumxatmiedt
K Helt nyroit kpuso#t. Onpenenennas takuM 00pasoM KpHBas
AeNaeT BOKPYT OKPYXHOCTH & OGeckoHeuHOe YHC/O OOOPOTOB,
TpHYEM J/MHHA KawAOro ONHOKpPAaTHOro o060poTa Bcerja npeBoc-
xoaut 2mr, CnepoBatenbHo, o6IIafl AJHHA KPHBOH GeCKOHEUHO
Be/NKa,

20. Kpusas, sanosnsouwas uesnli xsadpam. Pasmenum

KBaJpaT Ha 4YeTHpe paBHblE YacTH C IIOMOLLBIO TMpSAMBIX, napaJ-
JeNbHBIX €ro <¢TopoHaM, H TOMECTHM B KBajpaT 3aMKHYTYIO

Pl B
O

_/P N

NRhe)

a) ' b)
Puc. 112,

nomanyio, usobpaxennyio Ha puc, 112,a. BospMem Tenmeps npy-
roff KBaZpAT TeX Me pa3MepoB, TAKHM ke O0O6pasoM pasAesuM
€ro Ha 4yeThipe PaBHHE YacTH H BMHIEM aHAJNOTHYHYIO JIOMaHYIO
B KQXAYIO YeTBepTb KBAJApaTa, a 3aTeM, COEJHUHHB 3TH (HrypH,
TIpeBpaTHM HX CHOBA B 3aMKHYTYIO JIOMAHYIO, KaK STO MOKa3aHO
Ha puc. 112 b, ITosTopum stor nepexon or ¢urypw 112,¢ ¥ ¢u-
rype 112,b 8 kawnolt uerseptn durypnt 112,h, a 3arem Gynem
TIOBTOPSATH 3TOT NEPexoi CHOBAa H cHoBa. Ilepexoms k mpexeny,
NOJIYYHM 3aMKHYTYIO JOMaHyIO, NPOXOAALLYIO KaK YFOZHO GNH3KO
OT KaxJIOH TOUYKH BHYTPM KBaaparta, Ilonyuennas joMaHas 3a-
TIONIHAET, CJAEAOBATENbHO, BeCh KBajapar,

21. Cuexmcunxoobpasnas rxpusas. Ha puc. 113,a n3obpaxen

PABHOCTOPOHHMH TPEYroJbHUK, BuucawHwfi B Kpyr. IlycTh ero

mepumerp paseH 1. Tak kak TpeyroAbHHMK BIOHCAH B KpyT, TO
€ro n/owanb MeHblle NJoWaiH Kpyra. Passenum Ttemepb kax-
AYIO CTOPOHY TPEyroJbHHKA HA TPH YacTH W MOCTPOHM Ha Kax-
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IOM CpelHeM OTpPE3Ke PaBHOCTOPOHHHH TPeyro/bHUK, 3amexs
OCHOBAHHSI STHX TPEYrOJbHHKOB HBYMA OOKOBHIMH CTOPOHAMH,
noiyuaeM ueCTHyronbHylo 3Be3py (puc. 113,b). Ilepumerp

3Be3AH paBeH 7 IOns xaxaot cTOPOHH 39TOH LIeCTHYroNbHOM

3Be3xH MH MPOJE/aeM aHaJOrHYHOe MOCTPOEHHE: AENHM KaXAYI0
cTOpOHy Ha TPH YacTH M 3aMeHsieM CpemHHi -0Tpe3oK HBYMs
GOKOBLIMH CTOPOHAMH pPAaBHOCTOPOHHErO0 TPEYroJbHHKA, MOCTPOGH-
HOTO Ha 9TOK TpeTH. [lonyueHHas BoceMHAALATHYro/bHAs 3Be3ja

3
AbAylas 3Be3ka, LEJAHKOM PacnofioKeHa BHYTPH Kpyra, nosTomy

2
(puc, 113,c) umeer mepumetp, paBsbfi (i) . OHa, xak u npe-

Puc. 113,

ee MJOWIaAb MeHbIe Muowlafn kpyra. [ToBTopsisi ananoruuHoe
MOCTPOGHHE AN KaXAO! CTOPOHH BOCEMHAAUATHYTONbHOR 3BE37H,

3

4 3
NOJAYYHM HOBYIO 3Be3ly C NEpHMETpOM <—~> . Hocne n-xpart-
HOTO TOBTOPEHWs TOCTPOGHHS INOJyyaeTcs 3Be3fa C MEpHMeT-

L 4 n
pou ("3') . Iepexons k npepeny mpu n— 0o, 3aMeyaeM, uTO

nepuMeTp TNoAyyamoueics «CHeXHHKOOOpa3HOi» KpHBOK cTpe-
MHTCS K OGCKOH@UHOCTH, B TO BpeMs KaK MJIOU4Ab, OrpaHHYEH-
Hasl @10, ocTaetcd KoHeuHo#, CrenoBaTenbHO, 3aMKHYTas KpHBas
GeckoHeYHOR IJIMHB MOXET OTrPaHHYHBATh KOHEYHYIO IJIOLIAMb.

22, Kpusas «ezpebenxa». Ucxommas ¢urypa (puc. 114,a)
COCTOMT M3 MPSAMOYrO/IbHHKA CO CTOPOHAMH @ M b, Ha KOTOPOM
HaJACTPOEH NPSMOYTO/NbHHK CO CTOPOHAMH % n c. Ilycrp, Hampu-
Mep, a==8, b==1, ¢==2. durypy 114,a npeobpasyem B du-
rypy 114,b cnepyoumm o6pasoM: pasjennM BepxHHH npsmo-
YrONbHUK TOMONAM H HAfACTPOHM HAJ HHMKHHM MPSAMOYFOJbHHKOM
KaXayl0 M3 noiydyenHsx monosuu (puc. 114.b). Iosropsia sro0
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B o T 11

' TOT ke LeHTp W o6wmA nuametp (puc. 115,0). ITa ucxomnas

nocrpoenne, nonyuyum urypy 114,c, satem ¢urypy 1144
¥ 1. &. DBymem GeckoHeyHoe YHCAO pPa3 MOBTOPSATH YKa3aHHOE
nocrpoeHrne, B monyueHHOH NOC/]eNOBAaTENbHOCTH 3aMKHYTHX

L [UUUL

@) . 2)

b) d)
" Puc. 114,

duryp nnomanb Kawpoft GuUrypel ocTaeTcs HEH3MEeHHOH, a HMEHHO
paBHo#t ab-[-——ac IMepumeTpn ke monyuedHux ¢uryp obpa-
3yIOT BO3PaCTaIOLLYIO nocnenc;Bareanocrb

20+ 2b+42¢c, 2a+42b-+42%, 2a-}2b6-2%

B T. A. Yneds 3To# mocnegoBaTeNbHOCTH MO Mepe YAANeHHS OT
HayYana BO3pacTalOT HeorpaHidueuwHo, B mpepene nonyyaercs KpH-
Basi GECKOHEYHOW AJIHHBI, OrpaHHYHBAIOLIAS MOCTOSIHHYIO KOHEu-
HYIO nAoulaxk '), KOTOpas,.KpOME TOro, MPOXOAHT KaK YroAHO
643K0 OT /MOGOH TOYKH MPAMOYTObHHKA @-C.

23. Kpusas «3y6samoe roasecoy. Ilpucoeaunum K moay-
OKPYXHOCTH pajHyca r NOJAYOKPYXHOCTb paiuyca 2r, HMelouLlylo

a) : 5) . )
Puc. 115
¢urypa npeoGpasye'rca caenyowuM o6pasom: GoabLioH noay-

'prl‘ a Takxe manbi#t MONYKPYr 3aMCHAIOTCH ABYMA quBepTﬂMH
60/1bIOr0 H JAByMf 4YETBEPTSMH MaJoro Kpyros, KaKk 3TO moOKa-

1) C aTuM BBIBOAOM aBTOPa TPYAHO COFJAcHTbes.— I[Tpum. ped.
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3ano Ha puc. 115,h. TMoBTopuM 3TO mocTpoeHue eute pas, T. e.
3aMEHHM KaXIyl0 M3 HMEIOLHXCA YeTBepTeH MNOrepeMeHHO Cle-
AYWOULHMA JAPYr 32 APYroM BOCbMHIMH YaCTAMH KPyroB palHy-
coB 27 u r. IlycTb 3TOT nmpouecc mpoaomKaeTcs Heor pAHHYEHHO.

[Tnowanp 3amkHyTOM urypn ocTaercs npH 9TOM MOCTOSHHOM

nrt | 4nr Bart

=73 5

2 2
JIMHHH KpPHBHIX, OrpPaHHYHBAIOWIMX MOMYYaKOULHecs qmrypu 06-
PasyiOT 10C/IeA0BATENbHOCTD

I, =nr 4~ 2nr 4 2r = 8ar - 2r,

l,=3nr 42,
l,=3nr+42%,
obunit 4ynen
l,=3nr--2"r

KOTOPOH 1pH YBeNHYEHHH 2 BO3pacTaeT HeorpanuveHHo. B mpe-
aene cHOBa mosnyuaercs Qurypa TOH e MJOLIAXH, OrpaHHYeH-
Haf KPHBOH GecKOHe4HOR InHHW '), mpuyYeM 9Ta KPuBad Kak
YrozHo G6/IH3KO MPOXOAHT OT Ji06OH TOYKH KPYroBOro Koibia
nnowasu 3mr,

V. Pagn

1. Axuassec u uepenaxa. Axunnec u yepemnaxa Gexand Ha-
neperonkn. Yepenaxa npu stom nonyumna 100 4 Bnepen. [Toxa-
KeM, 4yTO Axuanec He B COCTOSIHMM JAOTHaTh Yepemaxy, Aawe
ecau ox nepexsuraercs B 10 pa3 OuicTpee ee. [ekcTBuTensHo,
koraa Axuanec npoGexutr 100 4, uyepenaxa omepenur ero Ha
10 . TIpoGexur Axunnec 10 u, uepenmaxa yigeT Brepen Ha
1 m. Korza Axmijec mpeomosieeT M 3TOT METP, ero MNPOTHB-
Huua Gynper Bce we Ha 10 ¢ Bnepean. IlpoGexur Axuanec
H 3TO pacCTOsiHMe, yepenaxa Bce eie Brepeau. [Ipomomxas
Halle pacCyJenue JAanblie, Mbl YBHIHM, YTO DaCCTOSIHHE MEKLY
COTMEpHHKAaMH Bce BpeMs YMeHblLIaeTcss, HO HHKOrAa He 06pa-
THTCA B Hyab. Axumnec, AeHCTBUTENbHO, HE B COCTOSIHHM [O-
rHaTh Yepenaxy!

B kauecTBe pa3bACHEeHHS NpUBEAEM ONMH rpeyeckuil aHeknoT,
npunuceisaeMuift  [Mudaropy. Tlugarop ckasan oaxomy ceoemy
YHYEHHKY, KOTOPbit HE CMOT PAaCKpuLiTP 9TOrO Napajokca: «MoA-
HATas pPyka, ABHraschb K LEJ/H, HampuMep, LeKe Hemoc/yIHOro

1) C aTHM BHIBOZOM aBTOPa TPYRHO COrMacHTLCH.— ITpus. ped.
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Tlocmotpum, onnako, Kak BHILASAHT STOT psif npr ¢ ==1000:

yuennka, fMpOXOAMT CHayaZla II0MIOBHHY MYTH, 3areM €uie OAHY

‘4ETBEPTYIO (yTH, 3aTeM ewle OAHY BocbMylo M T. A. Takum

006pa3oM, OHa Bce BPEMsl HAXOMMTCH HA HEKOTOPOM PaCCTOSIHMH OT
lUeNH, CHAYana Ha MONYmyTH, 3aTeM Ha 1/4 nyTH, 3aTem Ha 1/8
mytd ¥ T. A. Pyka He MOXeT HOCTHTHYTb LIEMHY.

2. Duzypa GecronesHoll npomasceHHocmU ¢ KOHedHoli nao-
ma&bio Hpunomum K KBaZpaTry co cTopoHoft, pasHo# 1, mpsamo-
' . YTOJNIBHHK € OCHOBaHHEM 1

H BHCOTOH -;— 3areM npu-

_-——'l____'_‘ JIOXHM NPAMOYTOJIBHHK C r

ocHoBanueM 1 W BHiCOTOH
Puc. 116. 1/4, x nocnexHeMmy mpuio-
WHM MPAMOYTOJbHHK C OCHO- H

Banuem 1 uBHcoTO# 1/8 M T. 4., kak 3TO MoKasaHo Ha puc. 116.
CocraBnennas TakuM 06pasoM cTynenyaTas QUrypa mpocTHpaercH
BIIpaBo 10 GECKOHEYHOCTH H HMeeT MJoLlafb

14124 1/44184... =2.

Busoa. durypu 6ecK0Hequﬁ l'IpOTmKeHHOCTH _MOTYT HMETh
KOHEYHYIO MJ/IOLIajb.

3. Yaeno mHewomopozo pada 8ce 8pems go3pacmanom,
o0narko psd cxodumcs. VI3 Teopunm pANOB H3BECTHO, YTO Psj

ey LS8 ¢
“=lt+qgt+gtgt-
CXORHTCA Mns Mo6oro c¢. JeficTBHTeNbHO,

fim L= lim =" = y —o.
m == lim = lim
nom @ noo O (D) n-»oo"+1

1+1000+ 12l 1000’+ 1000‘

Mub 3aMeuaeM, 4TO 3a MEPBLIMH CPABHHTENBHO HeGONBLIAMH yie-
HaMH CJIelyI0T CHAbHO BO3pacTalollHe AanpHelllne 4jeHH.
BuBoa. Yneswm sToro pama Takke ,CTaHoBTca YOHBAIO-
UMM, nipaBaa, Hayusas ¢ 1002-ro unena. CnepomatensHo, HMes
HeN0 €O CXOASUMMCH- PANOM, He HAAO OXHIATh, YTO YJEHH Ha-
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yuHaloT y6eIBaTb ¢ camoro nayana psaa. Kak noxaswmsaeT npu-
BE/LeHHHI ‘TIpHMED, HHOrAA STO CJAYYaeTcs LOBOJIBHO HECKODO.

4. Kawooe wucao a paswo 0'). C OXHOH CTOPOHH, HMEeM

a—a+ta—a+t—...=(@—a)+@—a)+... =0,

¢ Apyro#f CTOPOHHI,
a—a+ta—a+t+—... =a—(@—a)—(@—a)—...=a.

BuBona. B GeckoHeudnx psitax He BCerAa BO3MOXHO BBO-
AUTh CKOOKH.

6. Cy.mnma Beckoneunozo pada
I—I141—14—...
npunumaem, no xceianuio, A0boe u3 3nayenul

1 .1 1
7 5 —4-HT..D..

ITponsBons OGLIMHOE JeseHHe, MONYYHM: CAEAYIOUIME PsAbL:

=1 rb =t —
AL
T:;T{_;’T:F:l—x‘/"”‘—x’—{—x'—x’_i__.”
IMonaras x==1, nonyuaem B npal;oﬂ YaCTH PABEHCTB HCXOAHMLIR

pdax, a B JIEBHIX YacTHX 93 L

BuBoa. Heo6xoaumo yqumaan 06/1a¢Th CXOAUMOCTH pfza.
6. co==— 1. BeckoHeuHyio uenHyio ApoGb
1
l ’
I+ +

BHIpAXAOLLYl0 OGOnMbLIHA OTPe30K 30/I0TOTO CEYEHHH OTPes3Ka
IAHHOH 1, MOXHO BHIYHCIHTB chaelyomum o6pasom. OGosHAYHM

') Sror mapafoke copepxurca B kuure: Boasmamo, IMapagokes
Geckoneunoro, Opecca, 1911._

6 B. JluTumar . . 161




[ p—

KeHHe

Be/MyHHY STOH 1pOGH uepes x: TOraa, OYeBHAHO,
l —
Tz =%
x? + Xx—1=0.

VickoMoe 3HaueHne SBNSIETCS pemenk
HeHus. Mu umeem’

CnenoBatenbHo,

€M 3TOr0o KBaJpaTHOro Yypas-

Xy, =--_--|_l V5. b

OTpuuaresbHui KOpeHs, eCTeCTBeHHO, HEe YIOB/IeTBOpPSiET YcJo- |
Busm. [lonyuyaem x==0,618

AHanornyHuM oépasom MO)KHO BHYHC/NTL, HanpHUMep, BbIpa-

VetVaetver..

OG603HauMB €ro BeluYUHY uepes x, NoMyduM

=V,
2+x=x'.

Pewas sto kBaapaTHoe ypasueHue, MONYdHM HCKOMOE 3Haue-
HHE X.

ToyHo Tak e, BhIpaxenue

VVaVa...

BHIYHC/IAETCA C NMOMOLLLIO ypaBHEHHd

OTKYZa

x=YV ax,

KOTOpOe /laeT OTBET X =a.
[TpuMennm Tenepb STOT HameKHHHE, HCNONb30BAHHHIE eie
flko6oM DBepuynnn, METOA K BHUYHMCNEHHIO CYMMH psaa

14244 4-8+4164...
[lycts 9Ta cymma paBua x;x Toraa )
x=1-2x.
Pewas nonyuesHoe iuneliHoe ypaBHeHWe, HAXOLUM
Xx=—1.
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Ty *e-'CyMMy MOWHO BBIMHC/IMTH eule M TaK:
x=142-+44x, 3x=-3.
CHoBa moayvaeMm ToT e pesynbtaT. Hanee, pacemotpum psn ')
1—2+4—8416—...
[MpuMenss aHaNOrHYHWH MeTOX, MOJYYHM
1—2(1—24+4—8416—+...),

1
x=1—2x, Xx=-.

ToT e pe3yjabTaT MOJAYYHTCHA NPH CAEAYIOLIEM MOAcYeTe:
1—244(1—244—8416—...),
x=—1 + 4x, x =—;—- , )
HAR TIDH TaKoOM:

1—24+4—8(1—244—84—..),
x=3—8x, x=-.
Hanee, cornacHo 9TOMy MeTOAY,

a—at+a—a+t+—...=a—(@—ata—+...),

__a
X=a—Xx, x—7.

BrBoa. Henb3ss npon3BOINTh BHYHC/ACHHS BbIpaxeHHH#, cy-
LIECTBOBAHHE KOTOPHX HE JAOKa3aHO.

7. — 1 —1. VI3 cooTHoueHns .
=12 @0 0 4.
npu ¥x=1 monyunm
—1=14244481164... (1

C npyroff cTOpOHb, pasnoxeHHe B Psi BHPAKEHHS
laer, KaK Jerko y6eauThcs C NOMOLLBIO Ae/eHus,

1 .
m=l+x+2x’+'3x’+5x‘+. ..-

1) Aror napapokc TakKe chopmyanposa Boabuauo,

E— |
l—x—x
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Ilonarasg 3aece x==1, noayumm
—t=1+41+4243454... @)

CpaBuuBass psamst (1) m (2), samMeuaeM, YTO 3a HCK/IOYEHHEM |
NepBoOro 4/eHa, KaXaud 4/leH psama (2) MeHbllle COOTBETCTBYIO-
utero unena paza (1). Cnenosatenbso, B pasenctse (1) mpasas i
yacTh Oonpuie, ueM mpaBas 4acTh B paseHcte (2). OgHaKO
JieBble YacTH OOOMX PaBEHCTB paBHH —1,

8. 00, @ He 0 nomyuaeTcs B CNEAYIOLIEM MpPHMEpE, €CIH |
NpoBOANTH AENEeHHE TakuM 06pasom ')

(_1g+10)(—1+2)=1o+1o+2o+4o+..._w
.—(.._
| S
— (—104-20)
— (— 20 40) ]
— 40 '

s s e e o &

9. 00, a ¢ — I nonyuaercd npu a > 1 U3 BHpawenus
(ot Dil— 1 a=atata+ 4
ta'—a
—a'41

1
Q‘
|
a'

-

BuBoa. PacnpocTpanenne croco6a fenieHus, NPHMEHSEMOrO |
NPH pasnoxeHHn OGLIKHOBEHHOM APOOH M MEpHOXMYECKOR pecs-
THYHOH ApOGH, Ha cJyyaH, B KOTOPHX Monyuaercss GeckOHeuHas
TOC/IENIOBATEIbHOCT  YACTHYHHIX CJaraeMuix, BooGILe TOBOPH,
HeZOonyCTHMO,

10. Joboe nososcumessroe %ucao paswo ompuyamessrot
Gecronennocmu, £1060e ompuyamenbroe 4ucCA0 paeno o0~
meavnoli Gecxoneunocmil,

') Sror npumep coobuwen MHE OAHOH wIKoJbHHUeH H3 AreHa, Bckope
OHa MpHCNaNa MHE CBOI0 MaTeMaTHYeCKYI0 ZAHCCepTalMo. -
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Us pma

=(—aT=ltetadta+
npu a—-—3 nonyyaem
__2_=1_{_3+3*+3'—|—...=—|—oo.

a;xg psza
T —(1—a)'=—(14ata e
g=— (1434848 4. ..)=—oco.

BrBon. B cayyae GecKOHeUHHX pALOB HEOGXOAMMO npmm-
MaTh BO BHHMaHHe OG/acThb CXONMMOCTH psifia.

1l. Hnozda cxzyttaemc;z, UMmo KAXCYUUeCs NpasusbHbLMU
BbI4UCAEHUS € PACXOOAUUMUCS pAOAMY NPUSBOORM K HeBepHbiH
ymsepocoenusn. Hexkto yTsepwpaer, uro

—1=444.54-4.5"1+4.5"4...,
H IOKAa3hIBAET STO CJAEAYIOLIHUM 06pa3om,
IMpu6asnsia k oGenM 4acTaM paBeHcTBa 1, moayuum -

Ox=54-4.5-44.50 4.5 ...,

HAn
0=045.5-14.5"}-4.5°1 ..,

HiIu
0==04-045.5" 4.5 }...,

HIn

o=o+o+o+5.5_'+..

llponomkas STOT mnpouecc, Mu MOXeM mocTedeHHO y6HPaTh
B /leBo uacTH ONMH u/neH 3a ApyruM. B npegenbHoM ciyuae
B npaBofi uyacTH BCe cJaraeMbie paBHn Hymo. [TostTomy mcxox-
HO@ PaBEHCTBO TaKXe CHpaBeiJiHBO,

12. Hamypassnult aozapugpn’) wucaa 2 pasen 0. Pasio-
KeHHe B paj AaeT And in2 ciaenyloulee BupaXKeHHe:

1 1 1 1
1n2=1—’§'+'§—7+€—+-..

) CM. cHocky ma crp. 49.
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Pan cxomutcs. Co6epeM OTAENBHO MOMOXKHTENAbHHE M OTPHIa-
Te/bHHIE YfieHH pAna:

m2=(14+g+5+ )= (5+r+g+- )

ITpn6asnsis ¥ OLHOBPEMEGHHO OTHHMasi 3HayeHHe BTOPOH CKOGKH,
NoJy4HM

In 2=(1+%+%+ ...47‘-}-%-{-%4-.‘..)—
—2(gtgtato)
[Tpeo6pasys 3TO BHIpaX<eHHE, MONYYHM
in 2=( 1 +%+%+%+-§+%+...)_
—(1+-;-+-§+...>=0.

18. Besununa wucaa In2 He usmensemcs npu yMHoxcenuu
Ha 2, YMHOXas psl

1,1 1,11
n2=1—gt+g—g+g—5gt—"-
Ha 2, MOnyuHM
' 2 1 22 1,2 '

OG'beIlﬂH.HM YJeH ¢ OAWHAKOBHIMH 3HAMEHATEJNIMH H pacmno/io-
WHUM TNONy4YEHHBIE yucjaa B MNOpsijlke BO3pacTaHud 3HaMeHa-

. Tenefi:

1 1 1 1
21]‘12:1 —-5'—{--3-—7—!—?——{- e
Orcrona nonyﬁae'rcst, 470

2In2=1In2.

14. In2=%ln 2. YMuoxas Bce uY/eHH psjia
1 1 1 1 1
11‘12:1———2—'—*—?——4-—!——5-—?‘[‘—...
1
Ha o, MONYYHM

1 1
_—4_+—6“_

...

Sl=
-
ml"‘

+

0] —

In2=

M]-—-
ool =
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CknagbiBasg ofa psifa, nosyunM
3 I 1 1 1 1
gh2=lt+y—gt+sts—g++t—

Pacnionaras 4/eHH 3TOrO psifa MO BO3PACTAHMIO HX a6GCOMIOTHHX
BEJIHYHH, TIOJYYHM

3 1,1 1,1 _
—2—1ﬂ2=1——'§-'+'§-——T+?—‘+..-—lﬂ2.
15. In 2=0, PaccMorpum psx

1 1 1 1 1
zts—7ts—s+—

Tak kak

T0 B cymme ¢ 1 otu unewn gadt nyab. Tak kak, nanee,
1 1 1 : 171 1 1 1
—?—ﬁ*ﬁ_“"““?@+T+T+“)‘—?'

TO B CyMMe C 9TH YJIeHH TakKXxe JaloT HYJb. Axanornunoe

3
paccyAeHHE MNPUMEHHMO M JAJd OCTanbHuX unacHoB. Caeposa--
TenbHO, O61lasg CyMMa paBHa HyJlo.

BuBox u3 nn. 12—15., B GeckoHe4HnX psifax He/b3d
6e3 nanbHeflinmx 0OGOCHOBAHMH nepecTaBnsTh 4Yjaeww pspa. Pan

A In2 ue aBnsercs aGcOMOTHO CXOASLIHMCH.

16. Ksadpam roweunozo uucaa pasen Gecxoweuwnocmu. Psax

LS I SR ST
Vi V2 V3 Vi
CXOAMTCHl, TAK KaK OH 3HAKOnepeMeHHuH # ero oGwmpfi unen cxo-
autes Kk Hymo, IlycTe cymma srtoro psaa pasna S. [locTpoum

KBaZpaT paccMatpusaeMoro psapa. OO6wmH unen 3Toro psAa,
OTBIEKAfACh OT 3HAaKa, DaBeH

Vlk+V2(k + +V '
Tak KaK cpeldnsii reoMeTpHuYecKass MeHbllle cpeanel apudmem-

YeCKoH, T. e. +
a-+b
@b,
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g S - T - =

10
Vid<tEl, vIe=n<iE, L vEICE,
H noromy R

1 2 1 2 1o 2
i'f’r._‘k>k+1 Vak— 1) >k+l m>k+x’

T. e. Bce Apo6M, BXOAfLME CJAaraeMuMH B OGLMH uieH, GoMblue

yem a Bce R gpoGelt BmecTe Gonblle YeM

2 2k
'E:F—l' y k———-}-l , T. €
Gonswe 1, Psap, cneixoBaTenbHO, PaCcXOXMTCH. $
B uBon. [lponsBenenite ABYX CXOASILUXCA DPSAAOB MOXET HE |

OLITh CXOAALIMMCH PALOM,

17. Ona psana
1 11
PRI St
HMEeT MeCTO COOTHOIIEHHe

. lim @, =0,
n-Q

Hecmotps Ha sto, paa pacxomutcs. B camom zene,
1, 11,1 1
_ '3-+—>"+7==~'

1 1

5+ + + > + +‘3-+§=—2~:

e e ¢ o+ e o o f

OGoanauas obwmit ujen pacxoasuierocs psaa
rtrtet
yepe3 b, W mojaras B AAHHOM psie
=%+%,

1 o
ck=2k-l+l+2k‘l+2+ cee +2—k’
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" nonyunM

6y > by

CnenosaTenbHo, AaHHb#t PAA PACXOAHUTCH.
BuBoa. Ycaosue lim @,=0 wue gBageTca AOCTATOYHHIM
n-w
AnS CXONMMOCTH DAAa.

-

18. B paze
1 1 1 <
1—2‘+1—4'+1’8—+co.
INs BCeX 71 MMEeT MecTO COOTHOIIEHHE
atl+l < an'

Hecmorps Ha 370, psn pacxomutcs. Kpome Toro, ans pssa we
BHIO/HACTCA YC/OBHE )

lim a,=0,
n~->®

[TepBoe yTBepwkneHHe NOKA3WBAETCH CPABHEHWEM MAHHOrO psxa
C pacxoafliuMcs pPALOM

141414,

Bropoe yTBepxieHHEe OKA3WBAETCHA CJACAYIOUIMM 0GpasoM:

lim a,= lim (1+2l,,>=1.

n->® n <>

Busoa. Ms coornowenns a,,,< @, He cieayer, 4TO

lim a,=0, a Takxe He cJeAyeT CXOAUMOCTb psja.
n-> Q@

19, M3 cxoasuwierocs psaaa

1 1 1 I 1
ﬁ+m+m+m+o.. =0,111.-.=—9-

PR MOMOUIR MEepeCTAHOBKH KaXABX ABYX CJelyloulux Apyr 34
ApyromM 4JIEHOB NOJy4aeTCs cxonsuuiics psn

1,1 1 1 1 1
T0T>+E+10000+T0%+1oooooo+1ooooo+'“
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B arom psne
a, 100

——_--1—0——10,
a _ 10 1|
a, 10000 1000’
a‘ 10 000 .
ag 1000—‘10’
- as 1000 1

_.——___.—

1000000 ~ 1000 * :

® s s s e s s . e e

LTS
n

Orciona Buano, yto lim
n=->w

TOrO, BEPXHAA TCPaHHIA 3TOro BHpaxeHus pasua 10, HEKHAS

BooGute He cyutectsyer. Bonee

1
TPaHHLA PaBHA {gne, T. €. BepXusid rpandua Gobie 1, a Hux-

HeAs rpawnua Mexbwue 1,
Bonee- spkum sBasercs caenyiown#t npoctoit npumep, Bosp-
MeM cxoafuHica psn ‘

cn+cz+cs+"°

H TOCTPOMM H3 HEro CAeAYWWHH pdai, UMeIHi Ty We CyMMy

604 ¢, 04,404 ‘

An+y

Torza OTHOIUEHHEe B mnocaexHeM psne Kone6netcs

mexxay O n oo.

n

. . a
Busoa. U3 rtoro, uto coornomenne lim |21 cay-
n - w0 n

WHUT AOCTATOYHBIM KDHUTEPHEM CXOHAWMOCTH paAAa, HE BHITEKAeT,
YTO OHO SIB/AAETCH TaKKe H HeoOXOLUMBIM ycnoBueMm.

20. Ona psma -
1 1
Vi—1 V2+1+V3 1—V§+1+“'

HME€eT MECTO COOTHOLUCHHE

lim g,= hm( ! ! )—0
n- oo n-> o Vn-—l V41 -

C npyro#t cropons, ycnosue a,.,< @, He Bunoassercs. Paa

PacXOOHTCH, TaK Kak
1 1 2

VE—1 Vel k=1
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# noroMy psia MOXHO ganncarb B caenyiouleM Buae!
' 2,2 2 2 1 1
| T+—§‘+—3—+T+...=2(1+?+?+...),

rae B cKoOKax CTOMT W3BECTHHY pacxonsuiuiics psi.
Bueoa. M3 coornomenns lim a,=0 ue caeayer, uToO

n->®o
an+|<an'

21, Kaowdwii Gecxonewnbili psd moxcem npunumame Hane-
ped 3a0anHoe 3naxenue ¢. ViMes npousBonbHHHE pAX

a,+a,+ae,+...,
MB MOX(EM HAlHCaTh:
a,=c+(al—c),
a, ——(a —c)+4(e,+a,—
a,=— +a —c +(a +a +a —c),

CknaguBasg 3TH PaBEHCTBA MOY/IEHHO, ITONY4YHM

a,+a,+a,+... =c+(a,—-c)-—(al——c)‘
i(al'l-as_c)—(ax‘l"az'—'c)

==C.

Bueoa, Henp3as momyckarbh, uTOGH «OCTATOYHHA H/IEH» He
CTPEMHJICH K HYJIO.

22, 1 —0 Cymma pﬁna
rstostaitoste
paBHa 1, Tak Kak OH HIEHTHuYEH pAAY
1 1 1 1 1 1 1 1
(t—7)+(z—3)+GE—9)+GE—%)+
B KOTOPOM [Ba CTOAIUMX JAPYr 3a APYroM YHCIa B CyMME ZAaiOT
HYJ/Ib, 33 UCK/IOYEHHEeM NepBoro usena, pasuoro 1, TakuMm oGpasom,

1 1 1 1
mtaztsitast -
1 1 1

g3 tTsatasT -
1 1
m—'{_m—l—-oo

|

I

- CDI'—‘ MI"‘ s
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CknagniBas STH PIAH, MONYYHM
1 1" 1 1 1
1—‘-;—2'—""5-‘— co e =_2—+’3—+T+.00
Cnenopartenbho, 1==0.

Buson. Hag pacxomsuiamucs pspaMd, BooOlLe rOBOpH,
HeJb3s TPOH3BOAMTHL apudmeTHUYecKHe omepaiun’).

C zpyroft cTOpOHH,
rtasterte N
L)+ (4=
24. Pan ' |
e
HMEeT Y4CTHYIO CyMMY

===

TlosTomy HmkHER rpefen 3HaueHH# uaCTHHX CyMM paBeH — 3,

Bepxuuii paBen — 1. Kasanoch 6w, BCe 4YacTHHE CYMMH pana
Takke nexaT meway — 3 u — 1, Oanako

3 . 1
s‘=-..2——-§--—-_—- —2—’
4 2
S’ =—2+§=_—-§ ’
5 1
8, ._.—---2——---4 =—3 T

. 6
s==2tg=—t,

T. €. BCe YaCTHHE CYyMMHl PacrooKeHu BHe HHTepBana (— 3, —1).

') B 1o BpeMA Kak B Hauyaje NOCTPOEHHS HCHHC/IEHHS GeCKOHEUHO
MajblX He NPOBOAH/NOCH HHKAKHX CTPOTHX HCC/eNOBAaHHA OTHOCHTEJBHO
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25, e_=-£-+e. Jlng Toro MTOGH MNOJNYYHTh PasfoXKeHHe
B pad uMcaa
emtm (144)",
o n-»w
npuMenuM ¢opmyiy GuxoMa HbIOTOHa K BHPAXEHHIO (l +7r)n
B pesynbrare Mm moayunM (z-{-1)-unennst psnx
2

1 A 1 1 1
g (1—) (1 —7) (=) +
1 1 2 3
HOTH0-H0-HE o
[Tepexoas satem K mpedeny MpH 72— 00, MONYYHM PSR

e=1+q+gt+gtgt
1+2+3+...+nr1=n"'2"l.

Hanee

CnenoBaTtenpHo, _ .
SRR A=t (H). o
CknaneBas mnounenHo paas (1) u (2), nonyunm pazn
1 (k] + [ (=7 ]+

+HH( DD+ o

[Mepexons B Buipawenun (1) Kk mnpeaeny rfpn n— 0o, TOJAYYHM
pasnoX<eHne B PS4 HHC/A e; Mepexoid K Ipeleny MpH 72— o0

B BHIPAWEHHH (2), MONYHHM HHC/IO 31; nepexold K npeleny MpH

"n—>00 B BHpaXeHHH (3), MOAYyYHM CHOBa Pas/OKeHHe B Pl

ans ducna e, CnenosaTelsHo,
1
é -+' 7 =¢e.
CXOAMMOCTH M PacXoJHMOCTH, Mo3JHee OrPaHHYHJIHCh CO3RaHHEM TEOPHH

CXOAsUMXCH psafoB. TeOpHA paCXOASIIHXCA pPAAOB Hauaja PasBHBATECH
TOJIBKO B IIOC/IefiHEe BPEMs.
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BuBoa. B 6eckoneudoM paze, BooGiie TOBOpd, HeNb3d
MPOK3BOANTDL MOYJECHHHH Nepexoj K npexeny.,

26. HMccnemosarb, MPHM KAKHX 3HAYEHHAX X CXOAMUTCH CTe-

fIeHHOH psn :
422048400 L

HecoMuenno, uro
lim 7| x|=o00
n -
Ans no60ro OTAHYHOrO OT Hy/s 3HauveHus X=—a. To4HO Tak
e BEpHO COOTHOLIEHHE
lim (”'lxl)"=°°,
n->wP0
T. . PAf PACXOMUTCA AN BCEX OT/HUYHMIX OT HYAR 3HaueHuft x,
Bupox. CyuecTsyloT cTemensse psilel, KOTOpPHE Pacxo-
AATCS IS BCEX OT/MHYHBX OT HYJs 3HAYEHmH nepemMeHnHOH,

27. Pap Maknopena uMeer Buxm

FO=fO)+ 5 O+SF O ...

Tak Kak
Eif‘——-ex dz_ ex.__. X
dx — '} dx. -—e g sy

TO
x x2
=1 +ﬂ.+§!.+,,,

Tak Kak STOT pPAA CXOIMTCH LM BceX B3HAYEHHH X, TO TeM
CaMbiM [OAYuYeHO pas3Noxenue PyuKuuu e* B GecKOHEUHHN psi.
Iposeaem ananornunoe paccyxaenne ans QyHKuud

floy=e=,

Ota QyHxkuus He onpelenesa mpn x=0; YuHTHBAH COOTHO-
HIeHHe

-

lim f(x)=0,
x> .
Mut nonoxuM f(0)=0. Wmeem

1
FP(x)=e " # p (xY),
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'tne P,(x~')— nekoTopuit Muorounen or x~'. Otcioga crexayer,

yTo Bce mMpom3Boaxne QyskuuH f(x) npu x=0 o6pamaorcs
1

g Hyns. Takum o6pasom, psa Maknopena 1as dyukuum e =
CXOOMTCH, TaK KAaK BCe er0 ujeHn pasubl Hymo, ClenosaTenbHo,

L
e ¥ =0.

BuBoa. He mocrarouHo Aokasats, uTo psin Makaopena
CXOMUTCS; HALO TaKke [OKAa3aThb, 4YTO MNOAYYeHHHH pax npen-
CTaBNfeT HCXONHYI0 (YHKUHMIO, HAH, COOTBETCTBEHHO, YTO OCTa-
TOYHHH 4Y/ieH CTPEMHTCH K HYJIO.

V1. dudpdepenunaibHoe MCIHCTCHHE
1. +1=—I? ®ynxuns
y=|x l’

rie | x| — a6coMmoTHas BeNHYHHA YMCAA X, HEMPEpPHBHA ANA BCeX
snavennt x. I'padux ¢ynkumu npusenen Ha puc, 117,

YTo MOXHO CKa3aTh OTHOCHTENLHO TPOH3BOXHON 9TOR QYHK-
uun B Touke x==07? [IponsBoaHas cnpasa paBHa 1, NPOH3BOAHaR
cnea paBia — 1, Cnegosate/bHo, B TOUKe
x =0 npousBoanas /' (0) HE CyLIeCTBYeT. " Y felnt

Bu Bo 1. HenpepuisHocTs ¢ynkuin B
HEKOTOPOH TOYKe euie He OGecnevuBaeT
CYIIECTBOBAHHS TNPOM3BOAHOK B  9TOH » s
TOUKe,

1
2. 5 gt = gt. «CKOpOCTb €cTh NYTh, Puc. 117,

JeneHHbIt HA BpeMa»— TaK HAMHCAHO B
yueGHHKAX M Tak Mbl 3ayuupaeM, CBOGOAHO MAnaloilee Teso
NpOXOXHT 3a BpeMA ¢ HyTh

1 .
s ———"é-gt .
TToaToMy, cOrnacHO NpeasAyuleMy MPaBHAY, €ro CKOPOCTh
1
V= 3 gt,.

Oxnako 9TO BhHpaxeHne He SBNAETCH HH CKOPOCTHIO Te/la B Ha-
yane JBHXEHHS, TaK KaKk B S5TOT MOMEHT OHA DPaBHA HYJIO, HH,
TeM 0onee, CKOPOCTHIO B KOHIE MyTH (T. €. B MOMEHT BPeMEHH £),
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TaK KaK B KOHLE MYTH CKOPOCTb paBHA

Busoa. Hywno pasauuaTe cpeaniolo CKOpOCTb, KOTOpas
AIBSIETCS YACTHHIM OT HeNeHHd MPOAMEHHOro MyTH Ha mpoTexuiee
BpeMsl, H MFHOBEHHYIO CKOPOCTb, KOTOpas fBAAETCH [POH3BOAHON
OYTH N0 BpeMeHN B JaHHBIA MOMEHT,

3. Mpocmoli cnoco6 pewenun ypaswenuii. Iponuddepentn-

pyeM 3aJaHHO@ ypaBHeHHe
x*—18x481=0
N0 X; MH NOJYYHM
2x — 18 =20,

otkyla x=9,

TpoBepka MOKa3HIBAeT, YTO NMOAYYEHHOE YHCAO AeRCTBHTENbHO
siBnfeTcs KOpHeM HcxoxHoro ypasnenus, Onmpako 9T0 cayuvait-
HOCTh, [liis o6uiero ypaBHeHhs

2 taxt-b=0
STOT METOA HENpPHroAeH.
Dudpdepenunpys no x, nony4nm

2x+a=0, x=—=.

Hposepxa MOKa3niBaeT, 4TO JeBafs u4acTb IIPHHHMAeT 3HAa4YCHHE

@ a a?,
=01
T. €. 4TO HafiieHHOE YHC/IO He SBNACTCA KOPHEM YpaBHEHHs.

Busoa. Mowuo anddepesiuposars QYHKUHH MO MepeMeH-
HbHIM, HO HE YPaBHEHHS MO INOCTOHHLIM, XOTH elle H HEH3BecT-
HbIM BeJHYHHAM,

4. 0£0 (doxasamesscmso no memody 3Siirepa). Cornacuo
Henepy,
£ —1

h .

In x == lim
h=o0

IMpoussoanyio 9Tot ¢yuxkuun ODfinep BHUKCAHA CHELYIOLIHM
obpasom:

d . dx"P—1 . hxPtr 1
—lnx= lim — = lim ——=—lim x"'=—,
dx /z-»odx h A X] h k>0 x
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Mexny npoqrm, Stinep ne ynotpe6iaa 3Haka lim, HampuMep,
MecTo limZ ; OH mHcan

x—1

T
Takum o6paszom, 3necs Dinep nepectasiaser -Angdepenuupo-
BaHHe W mnepexoX K npeaeny. IlpuMenuM STOT npuem K yHKURH

_ax+4b
Y =Gra

[Mpexne Bcero uMeem

Ly 2EE 45 g
dxx_”cx+d “&d=
C zpyrofi ¢TOPOHH,

dax+ b a(cx+d)—c(ax+b)
M Eard— T @t

— i 24—be __ad—be
,,_,.,(cx+d)‘ a
Ecou a, b, ¢ u d Bu6pann Tak, uToO

ad —bc=£0,

TO CMpaBa CTOHT OTJAMYHOE OT HYJA YHCNO.

Buson. [lepexon k mpemeny u nubdepenuuposanue ue
BCerja IepecTaHOBOYHH,

6. U3 oxnoro muchMa X aBTOPY: «O6uipe npasuia cnpaaen-
JMUBBL TaKke H A HACTHHX cnyuaes, Oncyna we ciaelayer, uTo
qyopmyna

lim(a-b)=Ilima-limb

HEMPHUMEHHMAa K YACTHOMY C/AYyYal0 MpPEAEeNOB, a HMEHHO K Bbi-
YHC/IEHHIO Mpou3BoaHOM npousBedenus? CorsacHo npuseneHHOH
¢dopmyne, ROMKHO OHITBH

(tv) =u'v',

B TO BpeMsi Kak OOBIYHO JoKa3niBaemas ¢opMyna HMeeT BHA
(uv) =u'v4-v'u». .
8. Ymo maxoe xacamesvnas?

a) Tlpsvasi, umeowas ¢ kpuso# TOABKO OAHY OOILYIO TOUKY.
Ho rpaduk nioGoit oaHO3HAYHOK (YHKIHH INepeceKaercss TONbKO
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B ofHOW TOYKe ¢ Kawaof npsimMolt, mapaanenbuo#t ocu y B mpo-
xonsiuiel yepe3 NPOH3BOJbHYIO TOYKY HHTEpBana, Ha KOTOPOM
onpenenena ¢yukuus. Onnako sTu npsMue He 6ynyT, BooGlie
roBops, KacatenbHeMH. C 1pyrot cTOpoHH, mnpsMble y=--1
UMEIOT C CHHYCOMIOH He OXHY, a G6ecKkOHeYyHO MHOro OO6LIHX
TOYEK, H BCE We fABIAIOTCH KacaTelbHHMH K STOH KPHBOH,

b) Kacatenbnas — 370 Takasd npsiMas, KOTOpasi HMEET C KpH-
BOH 06OULyI0 TOYKY, TNpHYeM Bce TOYKH KPHBOH B OKPECTHOCTH
QTOR TOYKH nexaT NOo OJHY CTOPOHY OT AaHHOK mnpamo#r. Ho
OCh X MepecekaeT KPHBYIO y==x" n Bce e AB/IAETCH ANA Hee
KacaTtenbHO. Analoru4yHoe YTBepXJeHHe CHpPaBeJIHBO U IAd
KPHBOH y=—sinx n mpiMoil y =x.

¢) KacartenbHasg— 3T0 cekyuias, €pPOXOnAllas yepe3 mABe
COCceIHHe (Apyrue rOBOPAT: uepe3 JBe «CJEHAYIOLIHE ApYr 3a
apyrom») ToukH- KpuBofi. Ho mexay AByMs kak yromno GJH3KHMH
TOYKAaMH HempephiBHOM KpuBOH HMeeTcs BCerja Kak yromaHo MHOro
JAPYTHX TOYEK KPMBOH.

Busoxa. Tlpu dopmynnpoBke o6uiero noHATHA KacaTeJbHOH
Heab3st oGofituch 6Ge3 mnouaTHs npexena, Kacartensnas B HeKo-
TOPO# TOYKE KpHROH €CTh Mpele/nbHOEe MO/MOWKEHHe cekyuleH, -
KOTOpasi MPOXOAHT 4Yepe3 HAHHYI0 TOYKY MNpsMo# M y KOTOpOH
BTOpAasl TOYKA mnepeceyeHHs ¢ KpHBOK KaK YroAHo G6/H3KO MNpH-
6nxaercs k nepsoft. [lpn stoM mnpeanonaraeTcs omHO3HAYHOE
CYLIECTBOBaHHE TAKOTO MpPeNelbHOro MOJIOXKEHH,

7. Cywecmsyem au Kacamessnaf? 3ajaHa KpHBas ¢ ypas-
HEHHEM -

2
—_—

y=xt,
[pousroanas stoll PyHKuUHH BHYHCASETCS MO U3BEeCTHOR dopmyne
1
2 =2
,V "“" 3 x -

3%’

IMpu x=0 mnponsBonHast y’ He CYWIECTBYeT, HWJH, roBops
uHave, y’ paBHa OeckoHeuwocTH. UTO caeayer orcioma And
kacatenpHof? Ona cyuiecTByer, HO Oy@eT mepneHAHKYAApHA
K OCH X.

AnasornuHoe sBAeHHe HabnondeTcs AMA dyuxuun

y=V7 ‘

.1
YT

Yy KOTOpOH NMpOH3BOAHAS
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8 Touke x=0 He cyulecTByeT, OHHAKO B ITOR Touke cymye-
CTBYET KacaTesbHas, NepneHNHKYyAspHas K OCR X.

BuBon. Ecan B HekoTopolt Touke KpuBOA y = f(x) Kaca-
Te/bHas MepneHAMKYNspHa K OcH X, TO B STOH TOYKe npows-
BonHast y' paBHa OeckoHneyHocTH, Mlnaye roBops, B 3Toit TOuke
OHa He CYLIeCTBYeT,

8. Cywecmgyem au xacamessnas? Pynkuus y=-’l-c-, rpa-

¢ukoM KOTOpo#t sBAsercd runep6oisa, HMEET MPOM3BOAHYIO
—1
Y = —. B rouke x=0 nmeem y' =00, T. €. B 370 TOUKE

y' ue cymecrsyer, Osnayaer snu 3T0, Kak B M. 7, yTo Kaca-
TeNbHasg B 3TOH TOYKe meprneHAMKyndpHAa K ocH x? Ha camom
xe Jene ochb X sABAAETCA ANd KpUBOH He KacaTenbho#t, a acumi-
TOTOH, KOTOpasi B KOHEYHbIX TOYKAX C KPHBOH He mepecekaercs.
Mnorma, npasna, roBopdT, AOMYcKas HEKOTOPYIO BOJNLHOCTH, YTO
KpPHBasi M OCb Y MepeceKaloTcss B GeCKOHEYHOCTH,

TouHo Tak ke npsiMasi, MapajjiefbHas OCH y B PACMONOKeH-

Hasg OT HEE Ha PaCCTOSHHH -g—, ABageTCs aCHUMNTOTOH AAg TaH-

TEHCOHIH
y=tgx.

[TpouseopHas aTo#t ¢QyHKuUMH paBHa
L1

Y = oex

T
H o6pauiaeTcs fpH Xx=-5 B 6ecKOHeYHOCTb.

BuBoza. Bcnmn ans HekoToporo 3smauesns X npou3BOAHas
dynxunn y==f(x) obpauiaetrcs B OGECKOHEYHOCTb, TO B ITOH
TOYKE KpHBasd, M306paxaiouias AaHHY0 (YHKIHIO, MOXeT HMETb
acuMnTOoTy. BeiBom M3 n. 7, Takum 0o6pa3oM, He sBiseTca o6pa-
THMBIM.

9. Cywecmsyem au rxacamessras? Wccnedyem QyHKUHIO

.1
-f(x)=x-sm—;.
B 10 Bpems kax

. .1
lim sin —
xX=>0 x

1
He cyulecTByeT (HecMOTPs Ha TO, YTO QYHKLHA y=sin— mpH
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————— e,

X550 nenpephiBHa), HenpepuBHas dyHKuus f(x)=xsin—xl— cy-
uecTsyer Takke H npH x==0. A nMenHo f(0)==0Q. Puc. 118
TMOKA3KBaeT NOBeLeHHe KpHBOR y=sin%. Ha puc. 119 cxema-
P |
THYECKH n3o6pakena (PyHKuus y:::xsln-; B6iu3H  HyJeBoit
TOUKH,
OrHocuTenbHO KacaTenbHot K QyHKuHH y=sm% B HYyne-

BOH TOYKe Heuero H rOBOPHTH. OxHako 4YTO MOXHO CKasaTp 10

y
----\---¢.] e mw g -
— 7 )ﬁ“"u\ T —
4 AN
omeet / N
Puc. 118, ' Puc. 119.

9TOMY MOBOAY OTHOCHTENbHO HemnpephBHOK QYHKIMH y = x sin% ?
TIponsBonHast sTOH GYHKLMH BHIYHCAAETCS MO MpPaBHJAY HAXOXKIE-
HUA NPOH3BOLHOH Mpon3BedeHHUs:
! == sl A — X - cos
y=snz ® %t

O6a unexa sTo# pasuocTH npH x=—=0 He cyuiectsyior'). OTHo-

.CHTEeNbHO KacaTenbHOM B aTO# TOuKe He MOXeT ObITh H peuw.

BuBoa., CywectsyloT OGYHKUMH, KOTOPhE B HEKOTOPHX
TOYKAX HE HMEIOT NpOU3BOAHOH, XOTH OHH H HeNpepHBHH B 3THX
toukax. CooTBeTCTByiOLlas KPHBas HE HMEET B TaKHX TOUYKax
KacaTe/bHOR, ’

10. Zsa npouzgossnsx wucsa a u b pasus. Onus ropo-
: 0
puT, YTO Apobb o PasHa 0, Tak KaKk ee uYyHCauTenp paBed O,

') U3 toro, uto KamAam H3 ABYX OyHKuufi He HMeeT Npefiesia NpH
t— 0, xoHeuHo, eille He CJ/eAyeT, YTO UX PasHOCTb He HMEET mpejena.
OnHako 3feck OMHH WJIEH OrpaHuyed, a Apyrofi — He OrpaHHYeH. —
Ipun. pead,
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BTOpOft, XOpOIO 3HAKOMHH ¢ ApOGAMH,— 4TO ApoGhb %paaﬂa 1,
TaK KaK ee YHC/IUTe/b H 3HAMEHaTe/b PaBHHl, TpeTHi, naubosee
0
OCBeLOMJIEHHbI — uTO APOGH - PaBHa 00, TaK KaK ee 3HaMme-

HATEJb PAaBeH HYJIO,
MonoxuM @ — b= x H MOAYYHM CHAuasna NMyTeM BO3BEAEHHS
B KBaJpaT, 4 3aTeM C MOMOLLbI0 YMHOWKEHH Ha X COOTHOLUEHHS

x*=a®—2ab+} b, x"'=ax—bx.
Ms nonyuaiowerocs paseHcTsa
ax—bx=a"—2ab+b*

caepyer .
a(x4+b—a)=b(x4b—a).
[TosTomy
x4-b—a__a
x4+b—a =%

OTKyZAa TepBbift M3 yrnOMHHaBUIMXCHl BHILIE .JIOJEH clenaeT BLIBOA,
yto a==0," BTOpOo#t, Y10 @ ==>0, Tpernit, uro b=0. Kro npas?

Indd epenunanpuoe HCYHC/I@HHE TPEAMHCHBAET HAaM B TAaKHX
cayydasix npoauddepeHunpoBaTh YHCAUTENb W 3nHaMeHaTenb M 00-
pa3oBaTh HOBYIO Apo6b, DTO Haer

- ] 1 a
T=7%"
CnenosaTenbHO, ABa NMPOH3BONBHO BHOPAHHBIX YHCAA @ H b pasnbx
Meway coboft, T. e. x==0,
BuBonx. Ec:m a n b— nocTosiHHHE BENHYHHH, TO X TaKKe
fiB/IeTCA MOCTOSHHOA BeJHYMHOH, W TOTOMY Yy Hac HeT OTHOLIe-
HHS ABYX GyHKUMH.

11. Bce npasussnsie Opo6u paswe. Tycts n<m. Torxa,
KaK MOXHO NMPOBEPHTb C MOMOLIRIO NPOCTOrO AEJEHH,

B o L e T

Monoxum x==1, Torga cneBa mnony4aercs HeONpeleseHHOCTL

0 .
BHAa E.Pacxpoem ee OOHYHBIM cnocoGoM, T. €. npoxuddepen-
LLUpYeM YHCJHTENh H 3HaMEHaTelb MO X M IONOKHM X =1,

[onyunm
n
7=1—1+1"—1+—'..-
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Tak kax mnpasas YacThb PAaBEHCTBA He 3aBHCHT OT BuGopa Hucen
n w m, TO BCe MPaBH/bHbE JAPOGH PaBHH.

BuiBo . Boofliie roopsi, Helb3si MPOU3BOLUTDL BLIYHMC/ICHHS
¢ pacxoisiuMucs psiamu’).

12. B oxpysxcHocmu He cywecmsyem it Hauboabuiell, Hu
Haumenvueid xopos. IlycTp 3amaHa OKPYKHOCTb C ypaBHEHHEM

4 yt=r.
W3 toukn x=—r, y =0 nposenem xopay. Ilyctp ee BTOpO#
KOHEIl HMeeT KOoOpAMHaTH X, y. Torja KBampaT XOpAH .paBeH

st=(x+r)t4y=x*+2rx4r*4y*=2r'+2rx.
Jnddepenunpys mo X M npupaBHHBas NPOH3BOAHYIO HYJIO, MO-
ay4nMm
2r=0,

BuBoa. ToykH 9KcTpeMyMa MOFYT JexaTh Ha TpaHHIe
JonycTumoit o6nacTH. |

138. Onpedesenue mouex sxcmpemyma. 3anana QyHkund
f(x)=3x"4-4x*—6x* — 12x —8.

Ytobu OnpenennTs TOYKH IKCTpPeMyma, MpPHPaBHfeM HYMO Mpo-
H3BOAHYIO

S (xy=12x"412x* — 12x — 12=12(x |} 1)*(x — 1) =0,
Orciona monyyaem

x=——l, x,=+1, )’1————3: y’=——]9.

1
Hanee,

f(—2)=+8, f(—1)=—3, f(0)=—358,
SF(y=—19, f(2)=-+24.

Otciona MOXHO cHenaTh CJEAYIOUMM BHBOA: TaK KaK CrpaBa
W cnepa OT TOYKH X =1 3HayeHus GpyHkuun 6onbuie, yeM f(1),
TO TouKa X, ==-} 1 ABAfeTCH TOUKOH MHHKHMYMa; lanee, Crpasa
M cleBa OT TOYKH X=—— 1 pYHKUUS HMeeT pPa3/HYHHE 3HAKH,
npHYeM 3HayeHHe (YHKUMH cheBa OT TOUKH x=— 1 Gosblie,
yem f(—1), a cnpaBa— Menblie uem f(— 1), u noromy
B TOYKe x==-—1 (QyHKUHT He HMEeT HH MAaKCHMyMa, HH MH-
HUMYMa.

) Cp. cHocky ') Ha crp. 172,
182
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Busona. Ycnosue (ueob6xoammoe) f'(x¥)==0 wue gpagerci
AOCTATOYHHIM 4] CYLIECTBOBAHHS TOYKH OTHOCHTE/NbHOrO SKCTpe-
MyMa. B paccmatpusaemom cnyuae umeem: f”(x) = 36x* 4+ 24x—
— 12, u Bunonusercs coorsomesde f'(— 1)==0, a ue cooT-
nowenne f"(— 1)=£0").

14. Onpedesenue mouex nepecuba. 3amana pyuxnus

flx)y=x"—4x’ 4 6x* —4x 4.
Hmeem

[(0)=4x"— 125"} 12x — 4 =(x— 1)’ . 4;
f(x)==12x" — 24x 4 12 =12 (x — 1)*.

Tonaras . f”(x)==0, HaxoauM, COr/JacHO H3BECTHOMY NpABHMY,
TOuKy neperu6a. CnegoBaTenbHO, TOUKa

x, =1, y,=3

fIBNAeTCA TOuKoH mepern6a, W NPUTOM edHHCTBeHHOR. OHAKO pac-
cMaTpHUBasi 3HAYEHUS DYHKUHH

FO)=4, f(1)=3, F(2)=4

u 3ameuas, 4t0 f' (X )==0, y6exmaemcsi, YTO TOuKa X ABAfETCH
‘TOYKOR SKCTPeMyMa, a WMeHHO, TOYKOH MHHUMyMa, a BOBCe HE
TOuKO# ‘neperuba.

Buion. HeoGxoxmmoe ycmosue f”(x)=0 ans toro, utobu
Touka ¢ abcumccolt x Obna Toukoft nepernba, He ABASETCHA HOCTA-
TOYHHIM yc/oBHeM, Kmenno, ecanm B 3rtoit Ttouke f'(x)==0, ToO
374 TOYKA MOWeT OHTh TOuKO# 9KcTpemyMa. B paccMorpennom
Boe cayuae f''' (x)==24x—24 u MH HMeeM

flll (+ 1)=0.

B ofmeM ciyyae umMeeT MecTO cieayioilee mpasuno. Ilycts
AN TOYKH X, BHIMOJIHEHH CooTHOWenus: f (X,)=0, [ (x,)=0,...
cony SET(X)=0, f™(x,)=y,5=0. Torma Touka x, sp-
A9eTCS TOYKOM MaKcHMyMa, eciM Y, OTPHUATENbHO H 7L YeTHo,
TOUKOR MHHEUMyMA, eciu y, MOJOWHUTENbHO H 72 YeTHO, TOYKOH
neperu6a, ec/u 72 HEYeTHO 2), :

1) Mpuuem "' ( — 1) # 0. — Hpum. ped.

’; Ecnn xe Bhinosnensl cootHomwenus f'(x))=y, #0, F(x,)=0,
F7(x)==0, ..., "V (x)=0, f™(x,)=y, #0, T0 x, ABAseTcs TOY-
KOi neperu6a NpPH HEueTHOM n M He SABJAAETCH TOYKOH Meperuba (u, Ko-
HeyHo, He sABJETCA TOYKOM SKCTpeMyMa) MpH ueTHoM n.— IIpum. ped.
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MakcuMyMm H MHHHEMYM

15. 3anmava: BmHcaTh B mWap paguyca 7 KOHyc ¢ HauGonbiued
noBepxHocThi0 S, Mmeem (puc, 120):

S ==mQ" - mes,
Q. ==h (g" - h),
st ==2rh.

BuGupas BeicOTy A 3a nepeMeHHy0 BeIHYHHY X, HMeeM
%:f(x)=x (2r —x)+V orx* (2r —x).

Ouddepennnpys, noayyum
4rix — 3rx?
! X)=2r — 2x —_—,

/(%) + VarxE = orx?
[lpupasuuBass NPOW3BOAHYIO HyJI0, Mojay-
4ydeM ypaBHEHHe JJIfi ONPEJE/NCHH TOYKH
SKCTPEMyMa X,

Puc. 120. .
2(x,—r) V 4rtxh — 2rxm=4r'x,—3rx, .

Tak KaK KOpeHb X,==0 He yJOBJAETBOPHET YCJOBHAM 3ajau.,
TO 06€ YaCTH ypaBHeHHs MOXHO Pa3ie]nTh Ha X,. Bossoas obe
YacTH ypaBHeHMs B KBaJpaT, MOJAYYHM CJAeAylOLlee ypaBHEHHE:

4 (x,—r) (4r* — 2rx,)=(4r" — 3rx,)".

Ynpougast 370 ypaBHeHHe, JI0JNYYHM
8y — 23rx,, -+ 16r* =0.

CrnenosarensHo,
0 —
xm=-§5§%ﬁ Py X, 1,71, X, =12r,

Ias o6oux 3uauennit f*(x)<C 0, ciaenoBatenbHO, B 0GEHX TOYKAX
GyHKUMS JOCTHraeT MAKCUMyMa.

BuBoa. U3 rpapuka ¢yukuun f(x) nerko yCTaHOBHTBb, YTO
TONBKO TOYKAa X = 1,2r sBnsercs Touko#t Makcumyma. Touka X,
ABNAAETCH MOCTOPOHHMM KOPHEM, KOTOPHY MOSBWICS IPH BO3Bene-
HHM B KBAaJpaT YpaBHEHHS, NMOJYYEHHOrO NYTEM NPHPABHHBAHHS
Hy/110 nepBoft npon3somHo#. Mrak, ec/u npr Onpene/ieHHH TOYKH
SKCTpeMyMa Mo/dy4aeTcss HPPANHOHANBHOE YypaBHEHHE, TO Haxo
6LiTh 0CO6EHHO BHHMATE/bHbIM,
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16. Kaxcdas mouxa 6Hympu Kpy2a SEAstemcst YeHmpos
kpyea. Pewum cnenyioulylo 3anady: Ha#TH HauMeHbllee H HaH-
Gosblilee pacCcTOAHHE HEKOTOPOH TOUKH BHYTPH Kpyra OT ero
OKPYXHOCTH. Y paBHeHHE OKPYWHOCTR OTHOCHTENbHO ee LeHTpa

HMeeT BHI
%2 +}” —

[Tycts cHcTeMa KOOpAMHAT BHIGpaHa TakuM 06pa3oM, YTO NpoH3-
BOMbHO BHGpaHHas TOuKAa BHYTPH KPyra pacnojoXKeHa Ha OCH X
W HAaXONHMTCH OT LEHTPa Kpyra na paccrosunn —-e. Ilyctp s —
paccTosiHHe 3TOH TOYKH OT NPOH3BOJNBHOH TOYKH oxpymﬂocrn
¢ xoopiuHaramu (x, y). Torza

=(r—er s
st=(x—eftr'—x*

Jlas nonmyueHus TOYKR SKCTpemyMa QyHKUHH
s=VeFr —2xe

nponnddepennupyeM ee no x:

HJH

et e
dx Vet FrF—2xe s’

[pupasuupas MPOH3BOAHYIO HYJIO, MOJNYYHM
e=0, -

YTO MOATBEPKAACT CHOPMYAMPOBAHHOE B 3ar0N0BKE yTBEPXKAEHHE,
Buson. Mmeorcs dynkuun, Hanpumep muxeHnas ¢yHKuHS

y=mx-}n, (N

KOTOpHE B 3aJaHHOM HHTEpBaje He HMelOT TOYeK SKCTPeMyMa,
B aToM cayuae, ofHAKO, IKCTPEMYM MOXKET HAOCTHFaThCd B TOY-
Kax, NeKaulux Ha rPaHMilaX MHTepBana, Hanpumep, B cayuae
nuHeﬁuoﬁ dyukupn (1) umeem y' =m, ONHAaKO OTCIOAA Heab3s
3aK/MOoYuTh, uTo M=0. )

17. Hexro pemaer craepymoulyio sazauy. OcHOBaHue paBHO-
GeapeHHOro Tpeyro/bHHKa pasHO 12 ca, Bucota 3 cm. Hatitu
TOYKM HA BHICOTE WM €e NMPOAOMKEHHH, CyMMa PpaccTOSHHH “Ko-
TOPHX OT TPex BepIIHH TPEyroJbHHKa HMEET HaMMEHBINYIO Be-
JHYHHY,

Pewatouatt mocrynaer oObYHEIM 06Pa30M: ec/IH HCKOMas TOYKa
NeXHT Ha DaCCTOSHHM X CA BBEPX OT OCHOBaHHH, TO HCKOMast
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dbyHsKkiuMs HMeeT BHA
y=(3—x)+ 2V %+ 36. (1)
Haxopum nponsBoanylo or
x
y=—l+yFrsm
[TpupaBHuBas ee Hy/O, MOAyuyHM YPaBHEHHE

2x
Vx*1-36

}x==:t52vf3.

Hanee, 21/ 3>>3. Ecam x NONOXHTENbHO, TO HCKOMAst TOUKa
NeXHT BHE TPEeyro/bHMKa, Bhilue ero Bepmunn, Onsako B 3ToRt
TOYKE HE MOXET OCYWEeCTBAATHCH MHHHMYM, B YeM Mh yOex-

HaeMmcsl cpasy ke, IPHOAMKAA TOUKY
K BepiuuHe TpeyroiabHuka. OTpHia-
" Te/bHHH KOpPEHb He yIOBIETBOpPSiET
YC/OBHAM 3aJauH.
BuBoa. Bo-mepBux, 3Hayenue

=1, (2)

H3 KOTOPOro Haxoaum

i —2)/ 3 He ABNSETCA KOPHEM ypas-
: " Henus (2). CHoBa HamoMHHaeM, 4TO ¢
Puc. 121, HPPAUHOHANILHEIME  YPaBHEHHAMH CJes

. &yer ofpawatbcs OCTOpoxHO. [Tpen-
craBndas ¢ynkunio (1) rpaduvecku, y6exaaemcsi, 4T0 OHa BooGuie
HE HMeeT OTHOCHTenbHOro MuuumyMa., M3 puc. 121 Bnano, urto
HauMmeHblliee 3Hayenne ¢ynkund (1) gocTHraercs npu x =3, T. €.
B C/lyyae, KOrjAa TOYKAa SB/JSETCHS BEpPIIMHOH TPeyroibHHKA,

18. 3apava. [lBe npsMbie B3aHMHO NEPNEHAHKYASPHH; TPeThbs
npsaMas OTCEKaeT OT HUX OTPE3KNH AAHHOK B @ c¢cu H b cm. Pac-
CMOTPHM NPAMOYTOJIBHHKH, Y KOTOPHX ONHH yroa CcoOBmajgaer
C JAHHBIM YCJIOM MeXAy NepPneHAHKyASPHHMH TMpPAMBIMH, B TO
BpeMsl KaK [POTHBOMOJIOXHAS BEpIIHHA PACHOJONKEHa HA TpeThbel
npsmoll, Koraa niowans npsiMoyronbiuka GyaeT HMeTh HaHGO/b-
niee MAH HaUMeHblee 3HAYeHUe?P

Ilycte X ¥ y—cTOposn npsaMoyronbuuka, Torpa, rae 6w
HH NIeXana MOABMXHAS TOYKA HA CeKyuleH npsmoli, HMeeM

x:a=(b—y):b.

CnenorartenibHo,

y=b——%x.
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nﬂolllanb MPAMOYTO/NbHHKA HMEET 3HauyeHHe
b
S=x-y=bx——7 x2,

Jnd naxoxnenus TOyek 3KCTPEMyMa ITIOJIOKHM

s _, 26
d_;'—' = A=Y,
OTKyza
a
x=—2- .
H
_.ab
=

Oxanako cpa3y BHAHO, YTO IJIOIAAb NPSMOYFOJLHHKA HE MOXET
HMeThb MHHMMaNbHOe 3Hayeuwe, [leHCTBHTENbHO, KOTAA MOABHIKHAS
TOUKA NMPHOMMKAETCH K ONHOM W3 TOUEK mepeceuenus cekyuef
npAMOH# C MeprneHAHKY/ISPHHMH NPAMBIMH, MAOLWIAAb NPSMOYTroJb-
HAKA CTAHOBHTCA BCe MEHbLIE W MeHblle H, HaKOHel, oOpaiaercs
B Hynb. Eciu, ¢ apyroit CTOPOHH, MOABMXHAf TOYKA MepeiBH-
raeTcs 3a 3Ty TOYKy TMepeceyeHus, TO MJOLLAfb NPIMOYrofb-
HHKA MOXET NPHHMMATb Kak yrogHo Goabuine 3uauenus. [loay-
YeHHOE 3HaYyeHHe He $ABAAETCH, C/el0BATE/]IbHO, HH MHHHMYMOM,
HH MaKCHMYMOM. .
BuBoa. Hamo cnenuts 3a 3HakamMu OTpe3KOB.

. 2x--sinx

19. Hmeem au lim 3——+—-—

. x>0 3% sinx

crynas o6niyHbiM 06pasoM, T. e. nupdepeHUUpYd YHCIHTEND H

3HaMeHaTeab ApPOOH, mMo/yuaem

2 4 cos x
34-cos x°

910 BHpaxcenHe He MPHONMKAETCT HH K KAaKOMY 3HAUEHHIO, TaK

KaK uucauTenp uaMensercs or 1 mo 3, a 3namenatenr — ot 2

Hexro mngie-

onpedesennoe 3nayenue? Tlo-

1
10 4, T. e. 4acTHOe H3MEHAeTCcs OT 3 Ao —‘2—.
sin x
peHuHpyeT ApoOb elle pa3 W NOJNyyaeT 3HAYEHHE snx’ T 1.
C apyro#i cTOpOHH, HMeeM

sin x
. 2¢x4-sinx . 2+ X 2
lim xLsne — lim =5,
x>0 OX-sinx x-»oo3+5"”‘ 3
%
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TaK Kax

lmw ==0,

X -0
Kro npas?

VII. UnTerpajibHOe HCUACTEeHHE

1. Mumezpuposanue — deiicmsue, o6pamnoe dugbgbepenyupo-

sanuro. VMea 910 B BHAY, HEKTO YHHUTOXH/I 3HAKH Snd H Imo-
« ’ .

Ny4H/ MO3ITOMY S dx=x, S d sin x ==sin x. OcmMenes, ox cokpa-

dx
TH/L BbIpaxceHHe S;— ellle H HA X, HO MOJYYHA HeBEepHHIt orBeT 1.

YHuuTOWas B BHPaXEHHH Sxdx 3HaKK S u d, o moayunn x*

: X
BMECTO NPABH/IBHOrO BHIPAXEHHS —2—+C. BuiBon specs ussmimen.

2. I'padburom cunyca ssanemcs ocy x. Vmeem sin0=0,
sin 2an=0, ecad n— lenoe YHcNO. 3aKMOYEHHAT MEXAY TOY-
KavHl x==0 ® x=27mn 4acTb CHHyCOHAH y==S$inx HMeeT
NA0LIAJb '

enx tnr
S sinx dx=—cos x
[}

:==—1+1m0.

[}

Ho ecnmm mnnoutane durypn, o6pasosaHHofi kpuBoff M oChi0 X,
PaBHAa HymO, TO KPHBas NO/KHA COBNAajaTh C OCLIO X.

Breon., Tlpu nHTErpHpoBaHHH N/oWARb MOMyHaeTcs CO 3Ha-
KOM. PapHbie mowanu, pacnonoxeHnue N0 pasiue CTOPOHH OCH
abcuuce, yHHYTOWAIOTCS.

8. tgx=--1. Vimeem
Ssin x-cosxdx::% sin® x,

TaK Kak
dsin® x
dx

_ =2 sin x cos x.

PoYHO TaK ¥Ke
1

S sinxcosxdx=—- cos* x,

TaK Kak
dcos® x

dx

=— 2 cos x sin x,
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Cnenosarenpio, sin®x==—cos*x, nm tg®x=—=—1, orkyaa
W ClefyeT Haule yTBepX[ACHHe,

4. sinx=--1. Viveem

atgix = 2siny
“dx =2 cos’ == ot %
"
a—l
cos®x___d(cosx)”? __2sinx
¥ PR —=—2cos" 'x(—sinx)= =Ty
Orciona cneayer, uTo
sin x ) 1 1
Scos’xdx“ 2 g X ostxe
HUs
2
tgh = cos?x
clefyeT, 4rto
sin*x=1, sinx=--1,
8. cos x=-- 1. Nmeen
d 1 d . .- - 208 X
Txm=— (sin x)™* =— 2 (sin x)~* cos x == — S
2. —1 2cos x i
ctg x=2 agxe E’T Sz
CnenosaTenbHo, '
cos X , 1 2y
.s‘ '§' sin® x Ctg ‘
U3 cooTHoweHus '
: : :
2y —
g = sinn2x
cleayer, 4To : :
. cos’x=1, cosx=-41, ~
6. sinx==—cosx u tgx=—ctgx. Ua coorHomenntt :
d 1 d .
Rarcsinxzm, T arctgx:=1+ T
d — 1 d —1
N — arCCoS X == —mmeee | =
. Vi d@x arcctg x =
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caepyer, 4To
X o
S d = == arcsin x == — arccos X,
X

Vi=
S i i’_‘x, = arctg x = — arcctg x.

Ilanee,us z = arcsin X == — arccos X CleAyeT,4To sin 2 == — €0s 2.
N3 z=arctg x =—arcctg x cneayer, uro tgz=—ctgz.

Buson u3 nn. 3—6. M3 papencTBa HeonpeneneHHHX HH-
TErpaioB He CJEAYeT PaBEHCTBO MOGHX AByX [epBOOGPasHHX
¢yuxunt, Henbss npene6peraTh NOCTOAHHOR HHTErpHpOBaHHA.

7. 1=sin’x. I'Ipb,mcbcbepenﬁnpyem dyHkuuo y=fgx.

1 2sinx 1
— — "".-'-:“-———-— —_— 8 m—— T ’.
, Vmeen  y'= szt Y cos® x 2igx cos? x 2y
Cnenosatensio, y'==(y®)’. Wurerpupysa, mnoayumm y =y
2. sinfx i
CnenoBarensHo, Y =tg X=——5r, OTKyla H crenyer

Halle yTBepxIeHHe.
Busox. He cnenyer npeneGperaTb NpH HHTErPHPOBAHMH

MOCTOSIHHOH HHTErpHPOBAHHA,

8. Teso, umerowee marxoii osice obvem, Kak U e20 4acms,
PapnocTopounsss runep6ona x*— y*==1 Bspawaercs BOKpyr
ocu x. Tlpn sToMm noayuaercss gBynoabift runep6o/ouA BpaLLleHHd,
BEPILIHHE KOTOPOTO JIeXaT HA OCH X N0 06e CTOpOHW OT Hayana
KoopauHar Ha paccrosuun 1 ot nero, Ilsockoctn x=-42 o1-
cekalT oT obeux mosoctel runep6oNOHAA HEKOTOphie Tena., Bui-
yucaHM MX o6beM. B cHay cooGpawxennit cammerpun obe mony -
YeHHBE YacTH rHnep6o/ioNga PABHOBENHKH,

Bhiuncanm cHavyana o6beM Tesa, OTCEKaeMOro MIOCKOCTHIO OT
oxHo#t moJocTH runep6onoupa. [ast 3Toro BRIYUC/NM OnpeAe/eH-
Hbii nHTerpan or x=1 g0 x=2:

Vl=n§y’dx=n§(x‘—l)dx=n(§—x>lf,
1 1
vi=n(5+3)=5"

Boiyncmm Temepb o6beM ofeux yactelt rumepGonouaa, monyuen-
HHIX TPH MEPeceyeHHH ero miockocTaMH x=--2, [as atoro
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BHUKCANM HHTerpai of x=—2 a0 x=-}2:

+2
x* +2 2 2 4
= 2 —_—— ] _ —_——_— =
_.nSydx__n(a x> » n(3+3>__3n.
- 22
[Monyyaetcs, uto 06e uacTH runep6OOHAA HMEIOT TOT XKe 06DbeM,
_4TO W OfHA €r0 4acTb,
Buson. [lpn HHTEerpHpPOBaHHH ClelyeT YYHTHBATBL, YTO

KBALPaT QPYHKUMM MOXET HMETb NeHCTBUTE/bHYIO BeHuHHY, B TO
BpeMA KaK (PYHKUHS NPUHHMAET MHHMbiE 3HAYEHHS,

9. In(—a)==lna; nosmonmy, wnanpumep, In(— I1)=0.
B Buipaxenuu

%:lnx—i—c

3aMeHHM X Ha — x. Torma B wuHTerpaje oOTpuuUaTeNbHH# 3HAK
B3aHMHO YHWYTOXHTCH H OCTaeTCH

S‘-‘i—x=ln(——x)+c,

.

YTO M Tpe6OBaNOCh AOKA3aTh.
Buis o . Hapo o6pawmars seuManne na onpenenenne QpysKiuun,

10. Koneunoe meno s8pawenus ¢ Oeckoneuno Gosvuium
0CeBbM CenerlleM,

x
dx .

Hmeem S —=Inx wu, caexosarempuo, lim & .
x x>0y X

' 1
IMostoMy nuowiazp, 3akaoyeHHas Mexay runepGomoft y=-u

ocbio X oT x=1 u A0 6GecKOHeYHOCTH, GECKOHEUHO BENHKa.
Bynem Bpawate Tenepb 3Ty Qurypy BOKPYr OcH X; TOrga
nojyyaeTcs Te/NO BpauleHus ¢ oGbeMoM

V= lim nS 4 lim n( —%)=n.

X =>® X = ®

O6bemM Tena KOHeyeH,
BuBoa. «Haraganoctsy H «3npaauﬁ CMBIC/I» HHOrAA IpH-
BOAAT K owuOKe,
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11. Pa6ora, KaKk MOXHO NpOHEeCTb B HEKOTOPHX VueOHHKax
$H3NKH, ecTb «CW/Ma, YMHOXEHHas HAa nyTby». IIpH STOM Moaua-
NMBO NOApa3yMeBaercs, uTo 006a BEeKTOpa MMEIOT OJXHO H TO Xe
nanpasienue, [loteHumuasom TArotenus P HaswiBaeTcs pafora,
HeoBxoauMas AAS MepeMelleHHs Tesa ¢ Maccolf m ¥3 TOYKH,
HaxXOonsIeHCs Ha KOHEYHOM DACCTOSHMM 7, B GECKOHEUHOCTh.

3pech nyTh GecKOHeueH, CHJA KOHEYHa, MOTEHUHa/] MOMKEH
OuTh B KaXAOM ciyyae GecKOHeuYeH, B TO BpeMf Kak

um
P=_’.—' ’
rjae % — 1nocTodHHadg THATOTEHHs.

daktHueckn paBota A, COOTBeTCTBYWOILasi cune k(S) W nyTtn
OT §, O S,, HMeIOWleMY TO e Hampas/jeHHe, YTO H CH/A, paBHa

31.
A= k(s)ds.
81
B cayuyae cuas TAroTenus
wm 1 1

IOas motenunana P orTciofa cilepyeT NpH I, — 00 :
P__-_—_;ﬂ . :
r )

fas,

Busoxa. [Mannoe Buayane onpeneneHue paGoTH MOMYAJHBO
NOAPa3yMeBaeT, YTO BE/IHUYKHA CHIIN Ha BceM MyTH nocTosiHya, Toraa

S2

__gkds__kgds_.k(s )= ks,

81 $

Kax u B clyuae CKOpocTH, B clydyae -paGoTH Henb3fl 3a6HIBaTh,
YTO BEAHYHHH (CKOPOCTb, CH/IA) MOTYT OHTb TepPeMeHHEIMH.
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