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IIpeauciaoBue

JlaHHBIE METOIMYECKHE PEKOMEH ALY MTPEeJHa3HAUSHbI YUUTENsIM, pabo-
TAOIUM 10 Y4eOHUKY «AyreOpa M Hadala MaTeMaTHYecKOro aHausa.
10—11 xnaccer» aBtopoB 1. A. Anumosna, 0. M. Konsruna, H. E. ®&nopo-
Boit, M. U. [1labyHuHa.

JanHpld Kypc anreOpsl M Hadal MaTeMaTHYecKoro aHamm3a Uit
10—11 xmaccoB opraHU30BaH BOKPYT OCHOBHBIX COAEPKAaTEIbHBIX JIMHHMA:

— YHCIIOBOU (AEHCTBUTENBHBIC YHCTIA, CTETIEHb C ASHCTBUTEBHBIM IOKa-
3aresieM, JIorapu(Mbl YUCes, TPUTOHOMETPHYECKHE YHCIOBbIE BEIPAKEHNUS );

— (yHKIMOHANBHOW (TIOKa3arenpHast, JorapupMuyueckas, CTeeHHas U
TPUTOHOMETpHUYECKUE (YHKIUH, HUCCIEAOBaHNE (QYHKLIUK C TOMOLIBIO IPOU3-
BOJIHO#1, TIepBOOOpa3Hasi GyHKIIMK);

— ypaBHEHUH M HEpaBeHCTB (TIOKa3aTeNIbHBIE, JOTapu(pMHUUIECKUE, Uppa-
LHMOHAJIbHBIE, TPUTOHOMETPHYECKNE YPaBHEHNS 1 HEPaBEHCTBA);

— mnpeoOpa3oBaHuil (BBIpAKEHHUH, COIEPKAIIUX CTETEHH, JIOraphQMBI,
TPUTOHOMETPHUUYCCKHIE (DYHKIIUH).

OCHOBHBIE METOANYECKHE OCOOEHHOCTH Kypca aireOphl M Havyajl aHaiIn3a
3aKITIOYAIOTCS B CIIEAYIOLIEM:

1. DOnemeHTapHble QyHKIMHM M3Yy4aroTCsl JJIEMEHTapHBIMU MeToiamu (0e3
UCIIOJIb30BaHHS IPOU3BO/IHON).

2. Yucnosas NMHUS U JUHUS Pe0oOpa3oBaHMd pa3BUBAIOTCS Mapajliesb-
HO ¢ (pyHKIMOHANBHOW, HO omepexasi e€ Mo BPEMEHU H3ydeHHs. Tak, Harpu-
Mep, M3YUEHHIO JIOrapu(MHUEcKOi (YHKIHMU MPEAIIeCTBYET M3YUYeHHE TOHS-
THsI orapudmMa 4ucia ¥ CBOMCTB JiorapumMoB, npeodpazoBaHus jJorapudmu-
YECKUX BBIPAKEHUH, pellleHNne dJIEMEHTAPHBIX JIOrapu(MUUECKUX ypaBHEHUI.
AHaNOTrMYHBIN MOJX0]] MPU BBEJCHUM KOHKPETHOTO Kiacca (pyHKIMH ObLT HC-
NIOJIB30BaH U B Kypce ajireopbl 7—9 Ki1accoB.

3. Ilpu u3noxeHnu Kypca IUPOKO UCHONB3YIOTCs IpadHuecKue cpeact-
Ba HaIJITHOCTH.

4. Bmepsble B IBHOM BHJE BBOJWUTCS IOHITHE PAaBHOCHIBHOCTH ypaBHE-
HUI 1 HEPAaBEHCTB, TIOCKOJIBbKY B ’TOM BO3HHKAET HEOOXOANMOCTD.

5. HoBble MaTemaruyeckue MOHSATHSA, KOTJa 3TO BO3MOXKHO, BBOJSTCS
TI0CIIe PACCMOTPEHHS MPHUKIIATHBIX 3a]a4, MOTUBUPYIOIINX HEOOXOIUMOCTh UX
TTOSIBJICHUSL.

6. Cucrema ynpaxHeHHH MO3BOJISIET YYHTENO Oe3 MmpobieM OpraHu3o-
BaTh ypOBHEBYIO M (hepeHInannio 00yIeHH s 10 KaKI0H TeMe.

7. Cucrema caMOCTOSITENBHBIX M KOHTPOJBHBIX Pa0OT B 3JIEKTPOHHOM
MIPWIOKEHUN K YU4eOHHKY CIIOCOOCTBYET Pa3sBUTHIO HABBIKOB CAMOKOHTPOJIS U
KOPPEKLIMH MOJTY4YEHHBIX 3HaHHUH.

8. TeopeTudeckuil MaTrepuan U3Jaraercst JOCTYIHBIM SI3bIKOM, 4TO CIIO-
COOCTBYET CAMOCTOSITEIILHOMY N3Yy4EHHUIO €T0 CTapIICKIACCHUKAMH.



9. AKIIEHT B IpernojaBaHuM 110 PaCCMaTPUBAEMOMY Y4EOHUKY JAenaeTcs
Ha MPaKTUYECKOE IPUMEHEHNE TPHOOPETEHHBIX 3HAHMH.

OcHOBHBIM B Kypce anrebpsl 10 kimacca siBIseTCs M3ydeHHE DIIEMEHTap-
HBIX (DyHKIUI 1 CBA3aHHOE C HUM PEIICHNE YPAaBHEHUH 1 HEPABEHCTB.

B 11 xmacce 0600mIar0TCsT 3HAHUS YYAIIUXCS TI0 BCEM COJIEPKATEIBEHBIM
JTUHUAM Kypca anreOpsl cpenHei mkonbl. [Iporcxoaut nanpHeiee pasBuTie
(YHKIMOHATBHOW JTHHUH. DOPMHUPYIOTCS HABBIKM HCCICIOBAHHS Pa3THIHBIX
(YHKIMHA C TIOMOIIBIO TPOM3BOAHOM, 3HAKOMCTBO C TIOHATHEM II€PBOOOpa3HOM
1 uHTerpana. Pa3BuBaroTCs MOJydeHHBIE B OCHOBHOH INIKOJIE MPEICTABICHUS O
KOMOWHATOPHKE, SIIEMEHTaX TEOPUH BEPOSITHOCTH U CTATUCTHKH.

B nanHOM MeTomMYecKoM MMocoOMH MPUBOAATCS PEKOMEHANH K H3yde-
HUIO MarepHaja y4eOHHWKa: OCHOBHBIC XapaKTEPUCTHKH COACPKAaHUS W LIEIN
W3y4YEeHUs] KaXJOH TIaBbl M KXAOTO maparpada; paccTaBisIOTCS aKLEHTH B
W3y4EHUH TEOPETHYECKOrO MaTepHaja; ONUCHIBAIOTCS BO3MOXHBIE HOAXOIBI K
W3y4EHUIO HOBOW TEMBbI; IPUBOAATCS TEKCTHI CAMOCTOSITEIBHBIX PabOT, peKo-
MEHJIAMK TI0 3alHCH PELIeHMs OTJCIbHBIX 337a4, B TOM YHCIIE 33/1a4 MOBBI-
IIEHHON TPYIHOCTH; JAIOTCS BO3MOXKHBIC BapHAHTBI PACHpENENICHNs] TEOPETH-
YEeCKOro MaTepHraia 1 yIpaXHEHUH TI0 YpPOKaM.

IToypouHoe mraHMpOBaHWE MaTepHaia maparpados MpeayIokKEeHO B OCO-
6un m3 pacdéra MCHONb30BaHUS MUHMMAIBHOTO KOJIMYECTBA BPEMEHM HA OC-
BOCHHE TeMbl (110 BapWaHTy | MPUMEPHOTO IOYPOYHOTO IUIAHHPOBAHUS).
B Tabmumax pacnpeneneHus yaeOHOTO MaTepualia o ypokaM 3a/auHbli MaTe-
pHan I ydamuxcsl KJIaccoB yriTyOI€HHOTO ypOBHS pa3MEmIEH B HOCIETHEM
cTobrie Oe3 pacrpeneneHus 1Mo ypokaM (0cTaércs Ha YCMOTPEHHE YIUTEIs).

K nmamHOMYy KXypcy cymectByer JjekTponHasi ¢opma yuyeOHHUKA
(Q®@Y) — COOTBETCTBYIOMIAS TIO CTPYKTYPE, CONEPIKAHUIO U XYIO0KECTBEHHO-
My 0OpMIIEHHIO TTe4aTHOH (popme yueOHHMKa M BKITIOYaroIas B ce0st HHTepaK-
THBHBIE CCBUIKH, PACHIMPSIONINE U JOTONHAIONINE MaTeprail NeYyaTHOro yJeo-
HUKA.

DYHKIUOHAIbHbIE 0c00eHHOCTH DDY:

*  ynoOHBI 1 NOHATHBINA HHTEpdelic n HaBuranus 1mo DPY;

* pabota B OHJAWH- ¥ OQIIAH-PEKIMAX;

* TECTOBBIC 33JaHNUS K KOKA0HW TeMe, paseiny yueOHHKa;

*  BO3MOXXHOCTbH JOOABIICHHSI MaTepHajiOB, CO3/IaHHBIX YUHUTEIIEM;

*  HMHCTPYMEHTHI U3MEHEHHS pazMepa MpHQTa, CO3JaHuUs 3aMETOK 1 3aKIIaJI0K;

* ymoOHas HaBUTAIHS.

Ilenarornyeckue BO3MOKHOCTH HMCIOJIL30BaHusA DDY:

* OpraHu3anys KOHTPOJIS K CAMOKOHTPOJIS 1I0 PE3yabTaTaM M3y4YCHHS TEMBI;

*  peamu3anus TEXHOJOTWH MOOWMIBHOTO, NMCTAHIMOHHOTO MJIM CMEUIaHHOTO
0o0y4eHns;

e peamm3anusa Tpeboanmit OI'OC mo ¢dopmupoBanuo HHYOPMAITIOHHO-
00pa3oBaTeIbHON Cpelbl CHUCTEMOM 3JIEKTPOHHBIX 00Pa30BATENBHBIX pe-
CYpPCOB H 1p.



10 kimacc
I'nasa 1. /leilicTBUTeIbHBIE YHCIA

B 3T0i#i m1aBe pacuIupsiOTCs U CHCTEMaTH3UPYIOTCS N3BECTHBIC yJaliM-
csl M3 Kypca anreOpbl OCHOBHOM IIKOJBI CBEACHHS O YHCIIAaX M JICWCTBUAX Hal
HUMH, 00 N3BJIEUEHNH KOPHS U3 YMCEN ¥ BO3BEICHUH YHCEI B CTETICHB, a TAKXKE
TIOTIOJNTHSIFOTCSI CBEJCHUSI O TPOTpecCHAx. BoIpockl, pacCMOTpeHHBIE B 3TOH
rnaBe, OyayT OIMPOKO HMCIOIBb30BAaThCS B JATBHEHIIEM NPH PELICHUH ypaBHE-
HUH 1 HEPAaBEHCTB, N3y4YEHUH CBOHCTB (DYHKIIMH.

Heo6xommMocTs pacmnpeHuss MHOKECTBA HATYPAIbHBIX YHCEN O MHO-
JKECTBa IIEJBIX, PAMOHAIBHBIX, JICHCTBUTEIBHBIX M, HAKOHEL, KOMIUIEKCHBIX
YHCcesl MOTUBHPYETCSI BO3MOKHOCTBIO BBITTOJHSTD JEHCTBHS, OOpaTHBIE CIIOXKe-
HUIO, yMHOXXEHHIO U BO3BE/ICHHIO B CTEIEHbB, & 3HAYUT, BO3MOXXHOCTBIO pelaTh
ypaBHenus x + a = b, xa = b, x*=b.

IlocTeneHHoe pacIIMpEeHHE YUCIOBBIX MHOXKECTB OCYILECTBISETCS TakK,
YTOOBI COXPAHSUINCh OCHOBHBIC CBOMCTBA NEWCTBUI CIOKEHUS M YMHOKEHHS
(KOMMYTAaTHBHOCTH, aCCOIMATMBHOCTH U JUCTPHUOYTUBHOCTH). DTO NAET BO3-
MO’KHOCTB CYIIECTBEHHO HE MEHSTH NPAKTHKY BHIYHCICHHUH.

OTMeTHM, 4TO AEHCTBUE BO3BEICHUS B CTEIEHb HE 00IagaeT CBOWCTBOM
xoMMyTatiBHOCTH (2° # 3%) H IIOTOMY CYIIECTBYIOT JBa JHCTBHS, eMy oGpart-
HBIX: U3BJIEYEHHE KOPHS U JorapuMUpPOBaHHE.

HanomHMM, 9TO Ka)k1o€ parioHaIbHOE YHCIIO MOXKHO MPEACTaBUTH B BH-
ne b0 OOBIKHOBEHHOU Jpo0u, 100 OECKOHEYHON NMEepHOIMIECKON JAeCITHY-
HOM 1podu.

PaccmoTpeHHBINH B Havgaie Ii1aBbl crioco0 oOpamieHnst 0eCKOHEYHO! ITe-
PUOANYECKON AECSITUYIHOW APOOU B OOBIKHOBEHHYIO 0OOCHOBBIBAETCSI CBOWCT-
BaMU CXOJAIINXCA YHCIOBBIX PAAOB, B YaCTHOCTH HAXOXIACHHUEM CYMMBbI 66C-
KOHEYHO yOBIBAIOIIEH TeOMETPHYECKOM MPOTPECCHH.

Hanpumep, obpatum 1pods 0,3(2) B 0OBIKHOBEHHYIO.

Iycte x = 0,3(2), 1. €.

X=03 4242t b
100 10° 10"
Haiiném pasnocts 100x — 10x:
100x = (30 +2) + = 4.t —=—+
10 10"
10x=3+ £+%+...+%+,.,
10 10 10"

90x = 29,

OTKyJa x = 29
90



Ob6parum Terieps apods 0,(7) B 0OBIKHOBEHHYIO APYTHM CIIOCOOOM.
7 7

IlocnemoBaTenbHOCTh — —, =3 -
10 10° 10

. SIBIAETCSI OECKOHEYHO YOBIBaIO-

HIel TeOMETPUYECKOMN MPOTpeccueii, y KOTopou by = % ,q = % . [loaTomy

7
§ =07 =10~
1-—
10

© |

HammomuanMm, 9To uppayuoranbHbim 9UCIOM Ha3bIBaeTCs OCCKOHEUHAS Jie-
CATHYHAs Hereproandeckas npoob. Hampumep, apobs 0,2525525552..., B 3a-
IMUCH KOTOPOU KOJIMYECTBO MU 5 MEKITy COCCTHIUMH TBOUKAMU KaXKIBIA pa3
VBEIIMUYUBAETCS Ha OJIHY, — IPUMEp UPPANMOHATHHOTO YHCIIA.

JloxazaHo, 4To 4ucna 7, e, \/5, \/5, \/g (kBazpaTHBIE KOpHH W3 HATY-

paNbHBIX YHUCEIN, HE SBISIOMMXCSA KBaJpaTaMy HaTypalbHbBIX YHCEI) SBISIOTCS
MppanroOHaTBHBIMU YUCIaMHU. B IIKOIBHOM Kypce 3TO TOJBKO IOCTYIHpPYETCS.

Wuorga nuiis A0Ka3bIBa€TCs, UTO, HAITPUMED, \/5 HE SIBJISIETCS pallOHATbHBIM
yucioM. [IpuBeaém 3To 10Ka3aTeNNbCTBO.

m
[ ] Hpe):[HOJ'IO)KI/IM, qTo \/E — paliuOHaJIbHOEC YUCJIO, T. €. \/E = —, Iae
n

— — HECOKpaTuMas IOJIOXHUTECIbHasA ,Z[p06b. Tor;[a JOJIPKHO BBIIIOJHATHCA
n
2

m o
PABCHCTBO 5 = 2, HO 4yucCjia m 1 n HE UMCIOT O6HII/IX JACIIUTCIICH, U TIOOTOMY
n

2

m m
— — HecokparuMas ApoOb, He paBHas LIEIOMY YHCIY, T. €. — # 2. [lomy-
n’ n?

YCHHOC IIPOTUBOPCYMC TOKA3hIBACT YTBCPIKIACHUE. O

JleiicTBUS Haa MPPALMOHAIBHBIMY YHCIAMU CTPOTO HE OIMPENENSIOTCs, a
3aMEHSAIOTCS JICHCTBUAMHU HAJX WX NPUOMMKEHHBIMHM 3HAYEHUSIMH — paiuo-
HaJIbHBIMH YHCIIAMH.

B wurore nenaercs BBIBOA, YTO AEHCTBUTENBHBIE YHCIAa — 3TO YHCIa pa-
LMOHAJIBHBIE U HPPAMOHATIBHBIE, T. €. MHOJKECTBO BCEX JECATUUHBIX APOOEH.

B cBs3M ¢ paccMOTpEHHEM ITOCIEAOBATEIBHBIX PAMOHAIBHBIX MPHOIH-
KEHUH MPPalMOHAIBHOTO YHCIIa HA MHTYHTHBHOM YpPOBHE BBOAMTCS MOHSTHE

TIpeacia moCiaea0BaTeIbHOCTH C 3alIMChIO X, —> X IIPH 71 —> 00 HUJIA lim X, = X.
n—>®0

[penen ucmone3yeTcs pu BBIBOAE GOPMYITBI CYMMBI OECKOHEUHO yOBIBAOIIICH



reoMeTpuueckoil mporpeccud. Hampumep, cuuraercs uro lim ¢" =0, ecmu
n— 0

. 1
lgf<1; lim (1-¢™=1npug=— ur. 1
n—o 2
Apudmernueckuii kKopeHb &a HaTypalbHOM CTeneHH n > 2 U3 HEOTPH-
LJAaTeIbHOTO YUCIIA @ U €r0 CBOWCTBA M3IararoTcsl TpaauuoHHO. KopeHb He-

. 2%k +1 .
48THOM CTemeHn ~ /a W3 OTPUIATENHHOTO UMCla a Ompesensercs popMyoi

2k +\1/_ _ 2k+1 o .
a=-— | a|, mo3TOMY €ro CBOICTBa MOTYYAIOTCS M3 CBOHCTB apupme-

THYeckoro KopHs. Hampumep, 3/—4-3/-2 = (- %/Z) (= 3/5) = %/§ =2. B pane-
HelieM 0003Ha4YeHUEe KOPHS HEUETHOHN CTEIEHN UCIONB3yeTcs sl 0003Hade-

Hust PYHKIHH, 00paTHON K dyHKmH y = X ',

Pacmmpenne OHATHA CTENIEHN IPOBOIMTCS MOCIEIOBATEIBHO B 3aBHCHU-
MOCTH OT e€ IMokasarens (HaTypaJlbHOTO, IEJ0ro, paldoHANbHOIO, ASHCTBHU-
TenbHOro). OHO OCYIIECTBIISIETCA TaK, YTOOBI COXPAHWINCh BCE OCHOBHBIC
CBOICTBA CTEIIEHH C HATYPaJbHBIM IOKa3aTelleM. JTO BO3MOJKHO JIUIIb TOTAA,
KOT/Ia OCHOBaHHE CTENEHH MOJIOXKHUTeNbHO. Hampumep, creneHb ¢ OpOOHBIM

m

nokasateseM ompenenserca Tak: a” =4\a”, rae a > 0, m — uenoe 4ucio,
m

N — HaTyPaJIbHOE YHCJIO, 11 > 2, — — HECOKpaTuMas JApo0b.
n

Wuorpa (B Apyrux KHUTax) CTENCHH C PAIllOHANFHBIM HEIEIhIM ITOKa3a-

TEJIEM OMNpPEAEISIOT U Uil OTpULATENIbHOTO ocHOBaHUs. Ho Torma mosxer oka-
ﬂ

3aTbCs, YTO BBIPAKEHHE d” HE MUMEET CMBIC/IA W JJISI HETO HE BBITIOJHSIOTCS

HEKOTOpbIE CBOMCTBA cTeneHu. Tak, Hellb3sl OnpeaensaTh cTeneHp uucia a <

m

m o .
C IpOOHBIM MoKazareneM — (opmysioii a” =4/a”, Tak Kak Mpu HEYETHOM m
n

o n m 3
M 4ETHOM 7 BEIpDaKEHHE \a He UMeeT CMBICTa (HarmpuMep, «[(—3) ). Taxoke
. 1 2
HEJb3s CUNTaTh, uTo (—8)3 = \3/ —8 = -2, TaK Kak 5 = g U JIOJDKHO BBITIOJIHSATh-

i 2 2
cst paBencTBO (—8)3 = (-8)5, HO (-8)° = §/(-8)* = 2.

Crenens ¢ HUppaOHAJILHBIM ITOKA3aTCJICM MOACHACTCA Ha KOHKPECTHOM

puMepe 3‘/5 KaK TI0CIIEIOBATENLHOCT €8 PAallMOHANbHBIX MPpHOTIKeHHit 3';
3M . 3Bmech ke (OPMYIHPYIOTCS CBOWCTBA CTEIICHH C JICHCTBHTENbHBIM
IoKa3aresieM, KOTOpble OyAyT MCIOIb30BaThCs MPH PELICHUH YpaBHEHUI, He-
PaBEHCTB M UCCIIEOBAaHUN (PYHKIINH.



[IpenmMeTHBI € II€JH W3Y4CHUS IVIABBI:

— pa3BUTHE MOHATHS ACHCTBUTEIHFHOTO YHCNIA KaK Pe3yibTaTa BhICTPau-
BaHMs HAayJYHOW TEOPWH ACHCTBUTENBHBIX YHCEN HA OCHOBE NOHATHS IpEZeia
YHCIIOBOH MOCIIEI0BATEIbHOCTH;

— (opMHpOBaHKE TIOHATHSA CTENECHU C JCHCTBUTENBHBIM IIOKa3aTeleM
KaK OCHOBBI U M3y4YCHHs CTENEHHOH, IMOKa3aTeIbHOW M JIOTaphU(PMIIECKON
GbyHKINH;

— (opMHpOBaHHE YMEHHWH pemarh 3afaqd, ONUpasiCh HAa H3YyYCHHBIE
TEOPEMBI U CIEACTBUSI.

MeTanpeaMeTHB € II€J U HU3y4ECHUS INIABHL:

— pa3sBUTHE YMEHUIl CaMOCTOSTENBHO OCYLIECTBIATH, KOHTPOIUPOBATh U
KOPPEKTUPOBATh JEATEIHHOCTh B IIpoliecce 0OOOIIEeHUs, CUCTeMaTH3alud 1
paciuupeHus 3HaHUH, ITOJIy4E€HHBIX B OCHOBHOII IIKOJE;

— ¢opMHpOBaHNE YMEHHH IPaMOTHO M TOYHO M3JIaraTh CBOIO TOUKY 3pe-
HUS KaK YCTHO, TaK U MHUCBMEHHO, TPAMOTHO HUCIOJb3Y A3bIK MATEMATUKH.

JIudHOCTHB € I €] U U3ydyeHUs IVIaBbl:

— (opMHpOBaHNE MHPOBO33PEHHUS, COOTBETCTBYIOLIETO COBPEMEHHOMY
YPOBHIO HayKH;

— (opMHpOBaHKE OCHOB CaMOBOCIHTAaHHUS B IPOIIECCE BBHIIIOIHEHHS Pa-
00T pa3HOTO YPOBHS CIOKHOCTH;

— pa3BUTHE CIOCOOHOCTM M TOTOBHOCTH BECTH JAWAJOr C JPYTUMH
JIIOABMU B IIPOLIECCE COBMECTHOM NEATENBHOCTH.

B pesynbpTaTe m3ydeHUs riaBbl [ ydammecs ZOJKHBI 3HATh
BCE OIpPEACNICHHSA, CBOWCTBA M (DOPMYIIBI, OTHOCSIINECS K NEHCTBUTEIBHBIM
YHCcIaM, TeOMETPUIECKON MPOrPeCcCri, KOPHIO HATypalbHOM CTETIEHH M CTeTle-
HU C ICHCTBUTENBHBIM MOKA3aTeNeM, a TAK)KE YMETh PEIIaTh YIPaXHEHHUS THIIA
93—105 u u3 pyopuxu «IIpoBeps cebs!». Yuammecs Ki1accoB ¢ yriayOIE€HHBIM
HM3y4eHHEM MaTeMaTHKH JOMOJHUTEIbHO JOJDKHBI YMETh BBIIOIHATH YIpPaK-
Henus Tuna 108—114.

§ 1. Leable 1 pannoHaJbHbIE YHCIA
§ 2. leiicTBUTeIbHBIE Yncaa (3 /4 4)

IHenr wu3ydyeHnus mnaparpadpoB — cHCTEMaTH3alMs 3HAHUM
yJaluxcs O paclIMpeHUH MHOXKECTBa 4ucen (OT HaTypalbHBIX 1O AeiCTBU-
TENBbHBIX), O CBOMCTBAX YMCEIT; BOCCTAHOBJICHNE HABBIKOB JICHCTBUH C IeHCTBH-
TEIBbHBIMY YHCIIAaMM; O3HAKOMJICHHME C TOHATHEM Ipejesa IMOCIe0BaTENbHO-
CTH; Pa3BUTHE YMEHHH IIOJIb30BATHCSI PAa3MYHBIMH MCTOYHHMKaMU HH(OpMa-
LU,

W3ydenune matepuaia 3THX naparpadoB MOXHO IPOBECTH IO OJHOMY M3
JIBYX CJEIYIOIINX CIIOCOOOB:

1) ciaenyst TOrMKe €ro U3JNOKEHUs B yueOHHUKe (Ha MEePBOM YpOKe pac-
CMOTpPETh TEOPETHYECKUH M TpaKkTU4YecKui Martepuan § 1, HA BTOpoOM
ypoke — matepuai § 2);



2) IUIs IPEICTABICHUS] €UMHON KapTUHBI O PACIIMPEHUH MOHATHS YUCIIa
HaMEePBOM YPOKE PACCMOTPETh TEOPETHUYECKYIO YacTh 0Ooux maparpados,
NIEPEHOCST BOCCTAHOBIICHNE MPAKTHYECKUX JCHCTBHH C Pa3NMYHBIMU YUCIAMH
(apudmernaeckne neicTBUS, oOpameHne OeCKOHEYHBIX IEePHOIIMYECKUX
Ipobeil B OOBIKHOBEHHBIE, W3BIICUCHUE KOPHEH, CpaBHEHHE MPPaLOHAIBHBIX
YHCell) Ha BTOPOH YPOK.

[pn m3y4yennn marepuana o BTOPOMY U3 IPEUIOKEHHBIX CIIOCOO0B Ke-
JIaTeNbHO, YTOOBI yJaluecs caMy MPUHUMAIN aKTHBHOE yJ9acTHe B BOCCTAaHOB-
JICHUH TIOCIIEIOBATENbHOCTH PACIINPEHHUS MHOMKECTB (KJIACCOB) M3y4aBIIMXCS
YHCceNn M TeX Omnepanuii, KOTOpble MPUBOIMIN K MOTPEOHOCTH ATOTO pacuIupe-
HUSl. DTOT MPOILECC YUUTENb MOXET WIIIOCTPUPOBATH HA JOCKE C ITOMOIIBIO
Kpyros Jiinepa. XenarenbHo, 4ToOBI B X0JIe YCTHOTO OOCYKJCHUS TEMBI yda-
LIyecs MPOroBapUBAIM OINPENEICHUS KaXAOr0 U3 BUAOB UHUCEN, HAIpPUMEDP:

m
((PaIII/IOHaJ'II)HOG YUCJIIO — 3TO 4YHUCJIO BUAa —, I'I€ m — 1LCI0C YUCIO, N1 —
n

HaTypaibHOe yucioy; «HaTypanasHble uncna — 3To yucna cuéra: 1, 2, 3, 4, ..»
u T. 1. HanomHuM, 4TO BBeleHHE B 8 Kilacce MOHATHA «IE€HCTBUTENbHBIC YK C-
na» OBUIO OOYCIIOBIEHO HEBO3MOXKHOCTBHIO BCETAa BBHINONHATH ONEPALMI0 H3-
BJICYCHUS KBaJPAaTHOTO KOPHS M3 4KCIa HA MHOXKECTBE HEOTPHIATEIHHBIX pa-
LUOHATBHBIX Yrcel (MHOXKECTBO PAllMOHAIBHBIX YHCE JOMOIHAIOCh MHOXKE-
CTBOM HpPPAalMOHAIBHBIX YHCET — OCCKOHEYHBIMHU IEPHOIUYECKUMH JpO0s-
mn). [ToBropsrorcss 0003HaYCHHS TATHHCKAUME OyKBaMH BCEX M3yYEHHBIX MHO-
XKecTB umcen: N — HaTypajbHble YKcia; Z — menbie gucia; ) — paruoHaIb-
HBIE YHCHa; R — nelicTBUTENbHBIE YUCTa.

Ilpu paccmoTpeHuu neiCTBUH C MPHOMIKEHHBIMU 3HAYCHHUSIMH Hppa-
HOHAJBHBIX Yncen (C. 8) JKeaareabHO BCIIOMHUTD MPaBUIIa OKPYIJICHUS Yucia
JIO ONpenena€HHOro paspsiia, a TakKe INpaBHia OKPYIVICHHS pe3yJbTaToB
CIIOYKEHUs (BBIYMTAHUS1) U YMHOXEHHs (JIeNeHHs1) NPUOIKEHHBIX 3HAUYCHHUN
qrcel.

B § 2 (c. 9) mporcxoauT mepBoe 3HAKOMCTBO C MOHSATHEM TIpE/eia Yu-
CIIOBOM TIIOCIICIOBATEIILHOCTH. YUUTENb HE JOJDKEH JOOWBAThCA TIIyOOKOTO
YCBOCHHMSI 3TOTO MOHATHA Jaxke B 11 kimacce, Koraa OHO OyIeT paccMaTpUBaTh-
cs KaK OCHOBA JUIsI BBEJICHUS TIOHSTHS IPOW3BOTHOMN, HE CICIYeT IMOKAa U aK-
[IECHTHPOBATh BHUMAaHHE YYAIINXCS Ha CHMBOJIUKE, CBI3aHHOW C ATHM TOHITH-
em. [lo uToram paccMOTpeHHsS MaTepualia Ha €. 9 y yYaluxcs TOJDKHO JIUIIb
MTOSIBUTBCS TIPEACTABICHHE O TOM, YTO MEXKIY TOYKAMH YHCIOBOW MPSIMOU U
BCEMH JCHCTBHUTEIILHBIMH YHCIAMHU CYIIECTBYET B3aMMHO-OJHO3HAYHOE COOT-
BETCTBUC (TEPMUH «B3aUMHO-OJTHO3HAYHOE COOTBETCTBHEY YUUTEIh HE IMPOU3-
HOCHT), T. €. IPENICTABIICHAE 00 OTCYTCTBUH «ITyCTOT» Ha YHCIOBOW MPSIMOW U
0 TOM, YTO KaXJIOMY JCHCTBUTEIILHOMY YHCIY COOTBETCTBYET CIUHCTBCHHAS
TOYKA YHCIOBOM MPAMOi.



Pacnipenenenue yueOHOro Matepuaia o ypoKam:

VYpaxHeHus
Homepa | Teopernueckuil | OCHOBHEIE .
JUTISE CAMOCTOSITEITbHO M JTOTIOJTHH-
YPOKOB MaTepHan (B KIacce 1
paboTHI B KIlacce TENbHBIC
U JIoMa)
1 § 1 no 3amaum 2; 1,2,6,7 2(3) 4,5,11, 12,
§2moc.9 109, 110,
2 § 13amaum 2 u 3 3,8—10 3(3) 1263, 1265,
3 §2 4,93 B texcre nocobust 1280

IIpy HamM4YuM BpeMEHU B KOHIIE BTOPOTO YPOKa YUMTEIb MOXKET IIPOBEC-
2
TH IPOBEPOYHYIO CAMOCTOSATEN b HYK paboTy .
1. IIpencraBuTh B BHle OECKOHEYHOM NMEPHOANIECKON IPOOU OOBIKHO-

BEHHYIO IpO0b 7% [3%}

2. Kakoe u3 paBeHCTB:
‘4—245‘ —4-23 wm ‘4—245‘ 234
[‘4—3\/5‘ = 4—3\/5 581038 ‘4—3\/5‘ = 3\/5—4] — SIBIISIETCS BEPHBIM?

B pesyasrTtaTte u3yuenus § 1—2 Bce yuammuecs JOJKHBI
3HATh OIpEJeNICHUs] HaTypalbHOTO YHCJA, LENOT0 4HUCia, AeHCTBUTEIHLHOIO
Yycia, MO/ YUCHA; 3HATh , YTO MHOYKECTBO BCEX JNEHCTBUTENBHBIX YHCEN
«3aTOITHSET) BCIO YUCIIOBYIO MPSIMYIO; YM € T b BBHITIOJNHATH YIPAKHEHUS THIIA
2, 3, 7—10, B xi1accax ¢ yriryOinEHHBIM W3ydeHHEM ynpaxkHeHus tima 11, 12.

Jonmonuenue. JJo MOCTAaHOBKM JOMAIIHETO 33/1aHNUSA K YpPOKY, Ha KO-
TOpOM OyJieT n3ydarscst MaTepuai § 3, mpeanaraeM yauTelo IpOYUTaTh peKo-
MEHJIallMY K cleayonieMy naparpagy.

§ 3. beckoHeuHO yObIBaKOIIasi TeOMETPUYECKAS
nporpeccusi (2 /2 4)

enp mszyuenuss nmaparpada — GopMUpOBaHHE MPEICTABICHUS
0 TIpeesie YUCIOBOH MOCIEN0BATENbHOCTH; 00yUeHHE HaXOKACHUIO Ipenena
YHCIIOBOHM IMOCIIEA0BATENLHOCTH, SIBJISIONIEHCS OSCKOHEYHO YOBIBAIONIECH reo-
METpPHUYECKOi mporpeccueii; GopMUpOBaHHE YMEHHH CaMOCTOSATEILHO HaXo-
IHUTHh HEOOXOIMMYI0 HH(OPMAIIHUIO 110 TeMe, UCTIONB3Ys Pa3IHYHble HCTOUYHUKH
nH(pOpPMAITHIH.

1
Tlon JOMOJIHUTEIBHBIMHU YIIPAXKHECHUAMHU 34E€CH U AJI€€ YUUTEIIO CJIEAYET IOHUMATDh YIIPaXKH €~

HH, KOTOPBIE BKIIIOYAIOTCS B yUeOHBIH Mpolece B KIaccax yriayOIEHHOrO yPOBHS U pacIpenems-
F0TCS 110 YPOKAaM Ha YCMOTPEHHE YUHUTes.

3neck n nanee 3aganus s 1l BappaHTa cCaMOCTOSTENBHBIX M KOHTPOJIBHBIX Pa0OT yKa3bIBAIOTCSA
B KBaJIPaTHBIX CKOOKaX.
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HakanyHe n3y4eHus gaHHOTO maparpada Imoje3HoO B JOMalllHee 3aJaHHe
BKJIFOYHMTH ITOBTOPEHHE 3HAKOMOTO YYAITMMCS MaTephaia O TeOMETPHYECKOH, B
gacTHOCTH O0E€CKOHEYHO yObIBaromieli reoMeTpudecko, mporpeccun (c. 11—12
1o 3amaud 1). Ha mepBOM ypoke B TeTpamsxX YYaIIuxcs DOJDKHO OBITH 3a-
(UKCHPOBaHO CIIEAyIOIIee:

— KpaTKasi 3aIliCh OIpe/ieNIeHIs TeOMETPUIECKOM porpeccuut 1 Gopmy-
J11a e€ o0IIero ujieHa;

— (hopMyna CyMMBI A TIEPBBIX WIEHOB T€OMETPUIECKON IPOTPECCHH;

— Kparkas 3aluch OmpesielieHns] OECKOHEYHO yObIBaoIe reoMeTpuye-
CKOI1 ITporpeccuy;

— mpuMepsl  OECKOHEYHO YOBIBAIOMIMX TEOMETPUYECKUX MPOTPECcCHH
(OTIMYHBIX OT MPUBEAEHHBIX B YUEOHHKE).

Oty paboTy MOXHO BKIIIOUYHTH U B JIOMAIIIHEE 3a/IaHNe, JaHHOE HAaKaHYHE,
1 OOBSICHUTD 11€JIb 3TOTO 3aJaHusl — 00ydeHHe KOHCIIEKTHPOBAHUIO yIEOHOM 1
HayYHOH JINTEPaTypHI.

Marepuan naparpada He HOCUT NIPUHINIHAIHHO HOBOTO XapakTepa (Ho-
BOM [UIs ydamuxcst Oyaer aumb popMa 3alucH 3a/1a4i HaXOXICHUS TPEAEIoB

YHUCIIOBBIX IMOCIIEIOBATENHHOCTEN C MCIONB30BaHUEM CHMBOJIa lim ), MO3TO-
n—w0

MY HM3JIOXKUTH €r0 MOXXHO B popMe JTEeKIHUM Ha IepBOM ypoKe, a BTO -
p O YpOK OCBSITUTH BBIIIOJIHEHUIO YIIPAXKHEHUN IO TEME.

Ilpu >xenaHuy yIuTenh MOXKET M HA TIEPBOM, M HA BTOPOM YPOKE Yeperio-
BaTh pacCMOTPEHHE TEOPETHIECKOTO MaTepraia ¢ IEMOHCTpALeH ero IprumMe-
HEHHS NIPU BBIITOJHEHUH NMPAKTUYECKHX 3a/1aHui. [Ipy TakoM BapuaHTe u3yde-
Hus maparpada Marepuan Ha ypoKax MOXKET OBITh PacCMOTPEH CIEAYIOINUM
obpazom:

YnpaxHeHus
Howmep Teopernyeckuii OCHOBHBIE JIISL CAMOCTOSATENbHOM
JIOTIOJIHHU-
ypoka Marepuan (B KIacce u paboTh
JIomMa) B KJIacce TCIBHBIC
1 § 3 o cinos «Ha 13—16, 21 16 (3)
pucyHke 4...»
(c.12) 24—26
2 § 3 ot cioB «Ha 17—20, 22, 19 (1),20 (3)
pucyHke 4...» 23
(c. 12) u 1o xoHIIA

B pe3ynrTate m3yueHus maparpada Ha mpuMmepe Oecko-
HEYHO YOBIBAIOIIEH TeOMETPUYECKON MPOTPECCUH BCE ydalluecs JOJDKHBI I10-
JIY49UTH TPEJICTABICHUE O CYIIECTBOBAHUHU CXOJSIINXCS YHCIOBBIX TOCIENOBA-
TENbHOCTEH, HAYYNThCSl HaXOIUTh CyMMY OECKOHEYHO YOBIBAOIIEH TeOMETpH-
YEeCKOM MPOrPECCUU U C MOMOIIBI0 (GopMyItkl (4) oOpamiath OECKOHEUHYIO ITe-
pHOANYEcKYIO IpoOb B OOBIKHOBEHHYIO, BBIMOJIHATH yHpakHeHus tuna 17, 19,
20; B xnaccax yriayonéHHoro ypoBHs — tuna 21—23.
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§ 4. ApudmMernyecKuii KOpeHb HATYPAJILHOM CTENEHH
B/44)

[Hens musyueHus maparpada — o000ICHIE 3HAHUIA O KOPHSAX U
apu(METHYECKUX KOPHAX, MONydeHHBIX B 7—9 Kilaccax; IMOJroTOBKa K U3yde-
HUIO TIOHSTHS CTENIEHU C JICWCTBUTEIBHBIM TI0Ka3areneM; (JOpMUPOBAHUE yMe-
HHUH MPOAYKTUBHO OOIIAThCS B MPOIIECCE COBMECTHOM NIESITENILHOCTU TIPH H3-
Y4EeHUH HOBOTO MarepHasa.

Ha ypoke MokeT ObITh HCIOJIb30BaH CIpaBouHbIA Marepuai: «KBaapars
yuceny, «HarypansHble crenenu uncina 2», «HarypanbHbele creneHu ncina 3»,
«DopMyInbl COKpaIEHHOTO YMHOXEHUsI», «Moynb uncia», «ColicTa apud-
METHYECKOTO KOPHS /-1 CTEIIeHU».

B ycTHO# paboTte nosie3HBIMU MOTYT OKa3aThCsl CIEAYIOLINE 3a/IaHusI:

1. Bo3Bectu B KBajipar 4ucia:

0:7: _2 1 %; 0.2: 0.6: 1.1: 0.08.

2. HpeZ[CTaBI/ITL B BUC KBaJpaTa 4Yncia:

1: 22.0.0001: 42% 1.5°.
16

3. [IpencraButs B BUzE Kyda dncina:

8 6 9. A3
—;-0,001; (-2); (-2);-2".
57 (-2)%; (-2)

4. YIpoCTUTH BBIpaKCHUS:

Jo2=27% (B2 -2

Tak ke Kak W MaTepuan NpenplAymux naparpadoB (OCHOBOH KOTOPBIX
ABJISIETCS 3HAKOMOE yJallUMCsl COJepiKaHHe), TeopeTHdecKuit Mmarepuan § 4
MOXET OBITh M3JIOKEH MOJHOCTBIO HA TEPBOM YpPOKEe, a BTOP 0¥ YpOK MO-
CBSIIEH BBIYMCICHUIO KOPHEH W MPUMCHEHHIO CBOMCTB apu(METUICCKHUX KOp-
HEl Tt TpeoOpa30BaHus BBIPAKCHUN.

B xmacce yriy0iaEHHOTO ypOBHS 4acTh yIpaKHEHHH, Harpumep 34, 35,
37, BBITIONTHSACTCA YCTHO. BO3MOXKHO 4epenoBaHUEe M3yIeHUsT HEOONBIINX Jac-
Tel TEOPETUUECKOro MaTepuaia ¢ paCCMOTPEHHUEM €ro MPaKTUYECKOro Mmpume-
HeHUs (TaKoH IMOAX0]] PEKOMEHIYETCSl OCYIIECTBIIATh B KJIacCaX C HEBBICOKHM
YPOBHEM YCIIEBAEMOCTH WM C JETHMH, OTIMYAIONIUMHUCS OBICTPON yTOMIIse-
MOCTEIO).

B pesynbpTaTre m3ydeHHs maparpada Bce ydalmecs JIO0JK-
Hbl 3HaTh TMOHATHEC apU()PMETHUECKOTO KOpHS n-W CTENCHW W ero CBOWCTBA,
YMETh BBINIOJHSTH JEHCTBUS C KOPHIMU B ynpaxkHeHusx tuna 29, 30, 35, 36,
41—43; B xiaccax yrinyonéaHoro yposas — 47—49. Pacnipenencaue yaeOHO-
ro MaTepuana o ypokam:
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VYrpaxxHeHus

Howmep Teopernyeckuit OCHOBHBIE | JUIS CAMOCTOSATEIBHON
JIOTIOJTHH-
ypoka Marepuai (B xImacce paboThI TONLHBIC
1 IoMa) B KJlacce
1 § 4 (mo cBoiictB | 27—32, 30 (3),33(3)
apu(hMETHIECKOTO 45,33
KOpHsI); TPH HaIH-
YHU BPEMEHH —
cBOoWcTBO I: 46, 47,
Yab =a-¥b 5054,
111 (1)
2—3 CpoiicTBa apudme- 34—45, 37 (3), 44 (3,5)
TUYECKOTO KOPHS H 51
uX NpUMeHeHue (1o
KOHIIa rmaparpada)

§ 5. CteneHb ¢ pallHOHAJIBLHBIM M J1€liCTBUTEJIbHBIM

nokasarejaamMu (3 / 5 4)

Ilens m3ydeHHUS maparpacda — BOCCTAHOBICHHEC HABHIKOB B
JEHCTBUSX CO CTENEHSIMH C PAlMOHAIBHBIMU IOKA3aTeNIMH; PACIIUPEHHE 110-
HATUS CTENIEHM OO CTENEHU C JCHCTBUTENBHBIM IIOKa3aTeleM; H3ydeHHe
CBOICTB CTENEHH C JECHCTBUTEIBHBIM MOKA3aTeJIeM; pa3BUTUE YMEHUH caMo-
CTOSITEJIHO ONpPENENATh LENN JEATEIbHOCTH U COCTABIATH IIaHbl JEHCTBUH,
0CO3HaBasi BAXKHOCTb JAHHOTO MaTepHana Il u3ydeHus QyHKIuil sJeMeHTap-
HBIMU MCTOJaMH U C IOMOIIBIO MaTCMAaTUYCCKOT'O aHAIn3a.

[TepBBIH ypOK IO TEME MOXXHO HadaTb ¢ HeOOJIBLION caMoOCTO -
TeNbHOW paboThl, KOTOPas MOMOXKET YYHUTENIO BBISBUTH YPOBEHb BOCCTa-
HOBJICHHBIX HABBIKOB YYaIllUXCSA B JCHCTBUAX C KOPHAMHU U CTEIECHAMH, UMEIO-
IIMMH PaLMOHATIBHEIE TIOKA3aTElN:

1. BeIunciuTs:

1y 33 2)4/12751—%/—27; 3y 4§16 .
[1)3/21_6; 2)§/§+\/%; 3)9/3—5-%/ﬁ_]

2. YIpocTuTh BBIpAXKEHUE

5/53:5/61_3,rz[ea>0 [@:(%)5,ru6b>0].

Ilpu paccMoTpernu matepuana m. 1 ciexyeT akIeHTUPOBaTh BHUMAaHUE
m

alluXxCda Ha TOM, 4TO OT 3aIllMCH \ a’ MOXXHO IIEpEeHUTH K 3aIllCH a" TOJIBKO
2
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m

. m
i a > 0, a Takke Ha ToM, uto 0” = 0 1O OmpeneNeHuo Toabko pu — > 0
n

(m — menoe 4MCIo0, 1 — HATYypPabHOE YHCIIO). YUHTEIO CIEAYeT 3HaTh, YTO
TEOPETUYECKHUI MaTepHal Mo dTOW TeMe IEThbMHU YCBAUBAETCS HEAOCTATOYHO.
Hampumep, pacnpocTpaHeHbI Ha BCTYIMTUTEIBHBIX YK3aMEHaX B BY3HI Cle-
IYIOTIAE OWUOKU AOUMYPUEHMOS:
2
1) Ypasuenne x3 =1 umeer kopuu x; = 1, x,=—1;

2
2) J(-=8)* = (-8)3;
1
3)02=0;490°=1; 50°=0.
B xozxe u3ydenns naparpada U IpH BBINIOJIHEHUH YIIPa>KHEHUH HE0OXo-

- 1
JUMO: BCIIOMHHTB, YTO a = — , TIe a > 0, n — I1ECJI0C YHCII0; MOBTOPHUTH
a"

($OpMyIIBI COKPAIIEHHOTO YMHOXEHHS W BBIHECEHHE 3a CKOOKH OOLIEro MHO-
KUTENS.

ITpn m3ydyenun 0. | yanTens caMm ompenesnsieT (B 3aBUCUMOCTH OT MOJTro-
TOBJICHHOCTH KJIacca), CIEAYET JIM Mepe]] BHIITOTHEHHEM YIIPAXHEHUH Ha MpH-
MEHEHHE TOTO WJIM MHOTO CBOMCTBA CTEIEHH Pa3OHpaTh peIIeHHe aHATOTHYHON
3a7a4n U3 Tekcra maparpada. B kmacce yrioyOnéHHOTO ypoOBHS MOXHO 4YacTh
yIpakxHeHHH (HarpuMep, U3 HOMepoB 57—59) BHIITONHATE YCTHO.

[pu n3yuennu 1. 2 moMIEPKUBALCTCS, UTO OIPEICIICHUE CTETICHH C JIEHCT-
BUTEIBHBIM TOKA3aTEIEM TaKOBO, YTO BCE CBOWCTBA, CHOPMYIMPOBAHHBIE IS
CTEMEHH C pPAMOHATBHBIM ITOKazaTeneM (c. 25), mepeHocsTcs Ha CTEHEHb C
JEHCTBUTENBHBIM ITOKa3areneM. [103ToMy MOKHO WX HE 3aIHChIBATH JTOTIOIHH-
TEJILHO HY Ha J0CKe, HU B TeTpaasx. CBoiicTBo (1) cremeHu ¢ AeiiCTBUTENbHBIM
rokazareneM (copMynupoBaHHOE, HO HE JIOKa3aHHOE, Ha C. 29) jKenaTenbHO
MIPOMJUTIOCTPHPOBATh KOHKPETHBIMH IIPUMEPAMHU:

1
1,01°=1,0001 > 1; 1,212 =, 1> luT I

JlokazaTenbcTBa TEOPEMBI M CIEACTBHN M3 HEE yUUTENb JIMOO MPOBOIMUT
Ha JIOCKe, 100 pa30bHpaeT MX C ydalluMUCS MO TeKcTy ydeOHmka. [Ipu sTom
TI0CJIe PaCCMOTPEHHSI KaK TEOPEMBI, TaK M CIIEACTBUH HEOOXOIMMO IPOWILITIO-
CTPHPOBATh MX INPIMEHEHNE Ha KOHKPETHBIX IPUMepax: IMocje JI0Ka3aTelbCTBa
TEopeMbl pa3odparh 3amady 7, IMocie pacCMOTPEHUs CleACTBUs | — 3amauy 8,
ciencTBus 2 — 3apauy 9, cnenctBus 3 — 3aaaqy 10.

BocmpousBenenne qoka3aTenbCTB TEOPEMBI M CIIEACTBUN U3 HeE He cie-
JyeT TpeOOBaTh OT BCEX ydaIUXCsl.
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Pacnipenenenue yueOHOro MaTeprana o ypoKam:

VYrpaxHeHus
HOMep TeOpCTI/I‘ICCKI/Iﬁ OCHOBHBIC o
ypoka MaTepHa (8 KTACCE H IIJIST CaMOCTOSTEIILHOM JIOTIOJTHU-
paboTHI B KTacce TEJIbHBIC
JI0Ma)
1 §5,m 1 1o 55—56 61(3), 67, 76381,
3amaun 5* 64(5) 90 u 91 (mo-
cje paccMoT-
peHus 3axadu
5 Tekcra ma-
2—3 §5,m2 68—75, 70(3), 72(3), 73(5), parpada),
84, 85 84(3) 82—83,
86—89

K xoHny m3yueHus maparpada Bce ydammecs IODKHBL:

1) 3HaTh CBOWCTBA CTENEHH C ACHCTBUTEIBHBIM IOKA3aTENEM U YMETh MX
MIPUMEHSATH P BEITIOMHEHUH yripakHeHui tama S7—60, 62, 69, 70;

2) 3HaTH cBo¥icTBa (1), TeOopemy U cieAcTBUs U3 He€, CPOPMyYITHPOBAHHEIE
Ha c. 29—30, 1 yMeTb UX IPUMEHATH NIPH BHIIOIHEHUN yIPaKHEHUH Tnna 72,
73,75, 84 (1, 2). B xiacce yriry0n€HHOTO YPOBHSA yripakHeHUs THIIA 64, 66, 67,
68, 85, 86, 90, 91.

Ypoxk 0000meHust U cucreMaTu3anuu 3HaHui (1 /2 4)

Ha sToM ypoke coBepIIeHCTBYIOTCS YMEHUs B IPUMEHEHNH CBOMCTB CTe-
NIEHU C JeWCTBUTEIBHBIM MOKa3zareneM. IIpu oTBeTax y nocku crienayeT Tpebo-
BaTh OT ydalquxcsi 0OOCHOBaHMH BBINOJHSAEMbBIX AEHCTBHIA (CCBUIOK Ha KOH-
KpETHBIE CBOWCTBA).

JKenaTensHO Ha 3TOM YpOKE BBIBECHTH 11 0003peHHs TaOIHIBI CO BCEMH
U3y4EHHBIMH CBOMCTBAMU CTEIEHU C JEHCTBUTENBHBIM TOKa3aTeseM (Teopema
U CIEJCTBUS U3 HEe€ TaKXKe SIBIIAIOTCS CBOMCTBAMU CTEIIEHH).

[NpakTryeckue 3aaHus yIuTelb BRIOMpaeT U3 «YnpaxHeHui k riase I»
(c. 35—38); 3ananus «IIpoBepb cedsi!» MOryT OBITH HCIIOIB30BAHBI IS C a -
MOCTOSTEIbHOHN pabOThl yJaluxcs B KJIacce MM I0Ma.

Ha sTOoM ypoke MokeT OBITh HCIOJIB30BAH CIIPABOYHEIN U 3aIa4HBIA Ma-
Tepuan «/IumakTraeckux martepuaioB» Ha c. 37—41; maTepuan U3 IEKTPOH-
HOTO MPHJIOKEHHS K yICOHUKY.
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I'naga II. Crenennasi pyHKUHA

HanomHuM, 4TO mepBoe 3HaKOMCTBO CO CTENEHHOW (QYHKIHEH HMpou30-
IO emé B OCHOBHOM miKousie. [Ipn paccMOTpeHUM CTereHHOW (QYHKIWU yda-
HIMeCs MO3HAKOMMJIMCh C TaKMMHU MOHSATHSMH, Kak 00NacTh OINpeeneHus W
MHOKECTBO 3HaueHWH (QYHKINM, AHATUTHYECKUH TPU3HAK MOHOTOHHOCTH
(GyHKIMH, YETHOCTD M HEYETHOCTHh (YHKIUH. BBUIO BBISBICHO, YTO CTETICHHAS
¢Gyuknus y = x', Tae r — 3aJaHHOe YKCII0, OMpe/elieHa JUIsl TeX 3HAYEHUH X,
OpH KOTOPBIX BhIpaxkeHue x umeer cMbici. CBOMCTBA M rpadUKu CTEMEHHON
(QYHKIME paccMaTpHBanuMCh Ha NPUMEPAax MPOCTEHINX (GYHKImiA: y = X%,

1
y=qx,y= 1 , ¥y = x3 u np. Beum Takke paccCMOTPEHBI MPHUMEPHI [IPOCTEH-
X
LIMX UPPAlMOHAIBHBIX YPAaBHEHHH.

W3ydenune creneHHOW (YHKIMH TIPOAOIDKACTCS B CTapIIMX Kilaccax.
Wsyuars B OOIIEM BHE CTENEHHYIO QYHKUMIO y = X', THe p — 3aaHHOe
JeHCTBUTENBHOE YUCIIO, JOCTaTOYHO cloXkHO. [Ipu ocHOBanum x > 0 Bompoc
pelraeTcst MpOCTO: €CIH IIOKa3aTenb CTENeHH IOJIOKHUTENIEH, TO 3HaYeHHe
(GYHKIMH paBHO 3HAUSHHUIO CTEIICHH; €CIU ITOKa3aTeNb CTeleHH OTpPHLATENEH,
TO 3HaYeHHe (PYyHKIMH HAXOIMTCA IIOCIE MEPexosa K MOJIOKUTEITEHOMY HOKa-
3aTEJI0; €CIIH MOKa3aTellb CTEIeHH paBeH HYIIO, TO 3HaYeHHe (QYHKIIMH PaBHO

eaunuue. Hanpumep, 3= 9, 372= lz = 1 s 30=1.
39

OIHAKO OCHOBaHHUE CTENeHU X’ MOXET OBITh W YHUCIOM OTPUIIATEIBHBIM.
Jis TakuX 3HAYEHUH X CBOHCTBA CTENEHHOW (DYHKIIMH 3aBUCST OT TOTO, KAKHM
YHUCIOM SABJSIETCS TOKazarens p. OTMETHM, YTO B 3TOM CiIydae CTEICHHAs
(YHKIHS CYIIECTBYET TOJIBKO TOT/Ia, KOT/Ia ITOKa3aTeb — IeJI0e YHCIIO.

Ecmu ocHOBaHUWE CTENEHM PABHO HYINIO, TO CTENEHb ONPEAEIEHa TONBKO
JUIS IOJIOKUTENBHOTO MOKa3aTeNs.

PaccmoTpenne cBOMCTB CTereHHBIX (GpyHKIMI 1 X rpa)uKOB IIPOBOIUTCS
MIO3TalHO, B 3aBHCUMOCTH OT TOTO, KaKUM YHCIOM SBIIETCS IOKA3aTellb:
1) 4éTHBIM HaATypaJbHBIM YHCIOM; 2) HEYETHBIM HATYpAIBHBIM  YHCIIOM;
3) 4MCca0M, IPOTHBOMOIOKHEIM YETHOMY; 4) UMCIIOM, TIPOTHBOIIOJIOKHBIM He-
YETHOMY; 5) HOJIOKUTENBHBIM HENENbIM YHCIOM; 6) OTpUIATEIbHBIM HELETIbIM
YHCIIOM.

OO00CcHOBaHMSI CBOMCTB CTEIIEHHOM (DPyHKIIMH B ATOH IJIaBe HE MPOBOJIIT-
Csl, OHHM CIEIYIOT U3 CBOMCTB CTENEHM C JEHCTBUTEIBHBIM IIOKAa3aTelIeM, pac-
CMOTpPEHHBIX B TIepBOH riaBe. Hampumep, Bospacranue (GyHkiud y = 1 Ha
nmpoMexyTke x > 0, rme p — MOJ0XKUTEIBHOE HELENI0e YHCIO0, CIACAyeT W3

cBoiicta: «Bemn 0 <x; < xp, 10 x{ < x4 ».
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B sT0i1 ke T1aBe paccMaTpuBarOTCs (PYHKIMH, HA3bIBAEMBIC B3aHMHO 00-
paTHbIMU. BakHO 0OpaTHTh BHHMaHWE Ha TO, YTO HE BCAKas (QyHKIHS MMEeT
o0partHyto; 00paTHYIO0 (PYHKIIHIO MMEET TOJIBKO OO0paThMasi, T. €. Takas, KOTO-
pasl yCTaHaBIMBAaeT B3aUMHO-OJHO3HAYHOE COOTBETCTBHE MEXKIY OOJIACTHIO
OTIPEZIETIEHHSI 1 MHOJKECTBOM 3HAYCHUM.

VYV B3auMHO 00OpaTHBIX (GYHKIWH OOJIACTH OTpeneNieHHs] W MHOXKECTBa
3HAYEHUH «MEHSIOTCSI MECTAMI», a OTCIO/IA CIIEAYET, YTO UX Ipaduku CHMMET-
PpUYHBI OTHOCUTENBHO NMpAMOU y = x. [Io 3TOM K€ NpUYUHE NI HAXOXKACHUS
(byHKIMH, 00paTHOW AaHHOM, BBIPAXKAIOT M3 JAHHOW (QOpMYNBI X 4epe3 y, a
3aTeM B HaWJEHHON (opMysie MEHSIOT o0o3HaueHHs. 3aMEeTUM, 4YTO HE JJIs
BCSIKOW 00paTUMOi (DyHKIIMH, paccMaTpuBacMOW B LIKOJE, y4alluecs MOTYT
Haiiti Qopmyny mnsi obparHod ¢yHkuuu. Hanpumep, ydarimecs HE cMOTYT
PelINTh ypaBHEHHE y = X° + X OTHOCHTENBHO X, MOSTOMY HE CMOTYT HANTH
dyHKIHIO, 06pATHYIO YHKIHH y = X° + X.

PaccMmoTpenne paBHOCWIBHOCTH ypaBHEHUI BO3ZHHUKACT B CBSI3U C Mpen-
CTOSIIIIMM M3Yy4EHHEM HppaloOHAIbHBIX YpaBHEHUN. B Xo/e ux pemieHus nepe-
XOJAT K YPaBHEHUIO-CIIEICTBUIO, KOTOPOE MOXKET UMETh, IOMUMO KOPHEH JaH-

HOTO YpaBHEHHs, M [OCTOPOHHHE KOPHH. TaK, ypaBHEHHE +/x+2 =X HMeer
OJIMH KOPEHb X = 2, a ypaBHEHHe-CIEICTBHE X + 2 = X° MMEET B KOPHS X = —1
nx=2.

BrisiBieHne mnproOpeTéHHBIX MMOCTOPOHHUX KOPHEH OCYIIECTBIISETCS
MPOBEPKOW HaMIEHHBIX 3HAU€HUU. B TO e Bpems MpHu pELIEHUH YPABHEHUU
Ba)KHO HE NOTEPATh KOpHU. [loTepst KOpHEN MOXKET, HAIIPUMEP, TPOU30MTH IPU
JIeTICHUY YpaBHEHHs Ha BBIP)XEHHE, CO/ep)Kaliee Hem3BecTHoe. Hampumep,
eciy ypaBHeHHE (X + 2)(x —2) = 7(x — 2) pa3nenuTh Ha X — 2, TO OyJIeT OTePSH
KOpEHb X = 2.

OCHOBHBIM METOJIOM DEIICHUS HPPAIMOHAIBHBIX YPaBHEHHWH SBISIETCS
BO3BeJIeHHEe 00eMX JacTel ypaBHEHHS B CTEIICHb C LENBIO Mepexoa K paro-
HaJIbHOMY YPaBHEHHIO-CIIEICTBHIO JAHHOTO.

C noMonipo rpaiKoB PemIaeTcst BOIPOC O HATMYMH KOPHEH M MX YHUCIIe,
a TaK)Ke 0 HaXOXJCHWU MPHUOMKEHHBIX KOPHEH, €Cli aHAJIMTHYECKH PEINTh
YpaBHEHUE TPYIHO.

VppanmoHanbHele HEpaBEHCTBAa HE SBISIIOTCS OOS3aTENbHBIMU JUIST W3-
y4EeHUsI BCEMH ydaruMmucs. B yaeOHHKe pacCMOTpPEHBI JIMIIb POCTHIE TIPHM e-
PBl HEPABEHCTB, COAEPIKAIIMX HEU3BECTHOE IOJ 3HAKOM TOJIBKO KBaJPAaTHOIO
KOpHS, TIPHYEM CHayama Takue, Kak Xx—2 >3, a 3ateM +/x—2 > x. OCHOB-
HBIM CITIOCOOOM UX PELICHUS SBISETCS CBEIECHHE UX K CHCTEME PaIllMOHAIbHBIX
HEpaBEHCTB, PaBHOCHJIHHOM JTAHHOMY HEPaBEHCTBY (OZHO W3 HEPaBEHCTB BbI-
pakaeT yCJIOBHE CYLIECTBOBAHUS KOPHS).
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[IpenmMeTHBI € II€JH W3Y4CHUS IVIABBI:

— BBEJICHHE TOHTHSI CTENCHHONW (D YHKITNH; H3ydeHHe €€ CBOWCTB aHAIH-
TUYECKUMH U TpapUIecKUMH METOIaMH;

— HW3y4eHHe MOHATHSA 00paTHON (YHKIMH; 0000IIeHre TOHATHSI 00paT-
HOW (DyHKITMH C UCIIOJIb30BAHUEM paHEe M3YUEHHBIX 3aBHCHUMOCTEH; popMupo-
BaHUE YMCHHS aHAIUTHYECKON 3amucy (pyHKIMH, 0OpaTHOW MAaHHOM, a Takke
YMEHUS IOCTPOeHNUs Tpaduka oOpaTHOH HYHKINM;

— BBEJICHNE ONpENENeHNH DPAaBHOCHIBHBIX YPAaBHEHWH M YpaBHEHHS-
CIICJICTBUS;

— NPUMEHEHHE NPU PEIICHUH YpaBHEHWH, HEPAaBEHCTB CBOWCTB PaBHO-
CHJIbHBIX TPeoOpa3oBaHMii;

— o0yueHHne peleHNI0 NPPAMOHATIBHBIX YPAaBHEHUH U MPOCTEHIINX HP-
pannoOHAIBHBIX HEPABEHCTB.

MeTtanpeaMeTHBI € II€JH U3YICHUS IJIaBbI:

— oOyueHHe WHTEpIpeTaluy SBICHUHA IIPOIECCOB, MPOTEKAIOIINX II0
CTENEHHOH 3aBUCHMOCTH;

— pa3BUTHE YMEHHH CaMOCTOSATENBHO OIPEAENATh IENH JesTeIbHOCTH
10 M3YYCHHIO 3JIEMEHTApHBIX (YHKIUH M UX MPUMEHEHHUIO, UCIIOJIb30BATh BCE
BO3MOXKHBIE PECYPCHI JJIs1 TOCTHKEHUH IIOCTABIEHHBIX IIETIeH;

— Pa3BUTHE KPUTUIECKOTO MBIIUICHUS B IPOLIECCE OLIEHKH U MHTEpIIpe-
Tauy UH(GOPMAIUH, TIOy9aeMOH U3 Pa3INYHBIX HCTOYHUKOB;

— pa3BUTHE YMEHUI B3aMMOJICHCTBHS B MPOIIECCE TIOMCKA PELIEHUS TIPO-
ONEeMBL.

JIJudHOCTHB € I €J U N3yICHHUS INIaBHI:

— (opMHpOBaHHE MHUPOBO33PEHHS, COOTBETCTBYIOIIETO COBPEMEHHOMY
YPOBHIO pa3BUTHS HAYKH;

— pa3BUTHE CTPEMJICHHH K CaMOCTOSTEIbHOHW TBOPUYECKOH AeATEIbHO-
cTu;

— Pa3BUTHE CTPEMJICHHS K CaM000Pa30BaHHIO.

B pesynsrare m3yuenus raaBsl Il Bce ydammecs: JOIKHBI
3HaTh CBOMCTBA CTENEHHOHN (pyHKIMM BO BCEX e€ PasHOBHIHOCTSIX, OIpPEAeIie-
HUE U CBOWCTBA B3aMMHO OOpaTHBIX ()YHKIMH, OIpeAeneHHs PaBHOCHIBHBIX
YpaBHEHUH W ypaBHEHMS-CIEICTBUS; MOHUMATh IPUYUHBI MOSBICHHUS MOCTO-
POHHHX KOpHEH M TOTEepH KOpHEW, a TakKe YMETh PelIaTh YIPaXHEHHs THIIA
175—183 u u3 pyopuxu «IIpoeps cebs!». B kmaccax yrimy0ia€HHOTO ypoBHS
JOTIOTHUTENRHO ynpaxueHus 184—187, 189.

§ 6. Crenennas pyHkumus, eé cBoiicTBa M rpapuk

(3/34)

[Hens wu3ydyeHuss maparpada — 3HAKOMCTBO YYaIIHXCSI CO
CBOMCTBaMH U l"pa(i)I/IKaMI/I Ppa3InYHbIX (B 3aBUCHUMOCTH OT ITOKa3aTeiisd CTCIIC-
HHU) BHJIOB CTETICHHOHN (DYHKITNI;, pa3BUTHE HABHIKOB CAMOCTOSITEIIFHOTO ITOFICKA
METOZOB PEIICHUA MPAKTUICCKUX 3a1a4.
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Jlo Hauana n3ydeHus: MaTtepuana naparpada 1moje3Ho BOCCTAHOBUTh yMe-
HHUE ydJauruxcs 4utath rpaduku ¢pyHknuid. C 3Toil menpio, HapuMep, Mo pu-
CYHKY | MO’XHO 3a/1aTh CI€IYIOIIE BOIIPOCHI:

1) KakoBa o6nacts onpenencaus QyHKImn y = f(x)?

2) KakoBo MHOKECTBO 3HaueHHH HyHKIMHU y = f{x)?

3) ABnsiercs mu GyHKIUS YETHON? HEUETHON?

4) Ha xakux npomexyTkax (yHkums Bo3pacraer? yobIBaer?

5) Ilpu kakux 3Ha4eHust X QyHKIMS MPUHUMAET 3HAUCHUE, PABHOE HYIIO?
NIOJIOKUTENbHBIC 3HAYCHUS? OTpULATENIbHBIE 3HAUCHHS?

6) KakoBo 3nauenne Gpynkunu npu x = 0?7 x =27

a o]
) A ) yl
2
1—;
1T 1 ¥ T f(x)
-‘-1‘-1011237 2 1 /01 2 1
\_ 1L
-1 y=f() 3
Puc. 1

[lpu paccmoTrpeHnu rpagukoB GYHKIWH HAa PUCYHKE | MOJE3HO BCIIOM-
HUTb U ONpeeIeHHs BO3pacTaHus ¥ yObIBaHUS (pyHKIHH.

Marepuan KelaTrenbHO paccMaTpUBaTh B COOTBETCTBHUH C JIOTHKOI €ro
n3NoKeHus B naparpade. JKenarenbHo IpHBIEKaTh 3HAHHS Y4YalllUXCs O CBOM-
CTBax W rpaduKax, paHee H3y4eHHBIX QpyHKIuA. Tak, Hanmpumep, IMPH PaccMOT-
pernn 1. | MOXKHO HCIONB30BATh H300pakenne rpaduka GyHKIHH y = X° H IPH
€ro aHaliM3e MPOM3BECTH MEPEHOC CBOWCTB ATOM (QYHKIMH Ha (QyHKIHUIO
y = X", Tae n — HaTypatbHOE YHC/I0. IIyHKT 2 MOYXHO H3y4aTh OPH HATHIHH

u306pakenns rpaduka GyHKIEM y = X7; I 3 — QyHKIUMK y = lz ; L4 —
X

|
byHKIMH Y = 1 ;.5 — QyHKIMH y = \/; (y = x2) . Caenyer UCIOIB30BAThH
X

u pucyHku 7—12 yueOnuka. [Ipu 06001IeHHH CBOWCTB CTEEHHON (YHKIMU
NOAYEPKHUBACTCS, YTO TPadUKH BCEX DPACCMATPHBAEMBIX (DYHKIHMH HpPOXOIAT
yepe3 TouKy ¢ koopamaatamu (1; 1). [loaTomy moctpoeHme rpaduka creneH-
HOW (DyHKITNHM KEeTaTeIbHO HAYMHATh C IIOCTPOCHUS Ha KOOPIMHATHON IIOCKO-
CTH 3TOH TOUYKH.

CaoticTBa (pyHKINH HE JOKA3BIBAIOTCS, HO B KJIacCe yTIIyOIEHHOTO ypOB-
HS YIHUTEITb MOXET IOKa3aTb 00OCHOBAHUE CBOWCTBA BO3pAcTaHUs (YOBIBAHMS)
KOHKPETHOH (DyHKITNH, OIIMPAsICh HA TEOPETHYECKUIT MaTepuran § 5.
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Pacnipenenenue yueOHOro Matepuaia o ypoKam:

VYrpaxxHeHus
Homep | Teoperuueckuit OCHOBHEIE N
ypoKa MaTepHa (B KnaCCE M JUISL CAMOCTOSITEITEHOM JIOTIOJTHH-
paboTHI B Kiacce TeJIbHbIC
JioMa)
1 § 6 no 3amaun 1 119, 120 N3o0pa3ute cxemaru-
yecku rpaduk QyHK-
LMK
2
) y=x7
7 126—130
2) y=x2
3) y= x—‘ﬁ
2—3 § 6, 3amaun 121—126 125(5,7)
1—3*

[lpu BeImoONHEHUHM ymnpakHeHHs 122 enuHUIy ClieqyeT MPeNCTaBUTh B
BUJIE CTETICHW C HYJIEBBIM IIOKA3aTelleM W OCHOBAHHEM, PaBHBIM OCHOBAHHUIO
paccmarpuBaemoil creneru. [locie 3TOro cpaBHEHHE CTENEHEN MOABECTU IOA
CpaBHEHHE 3HAUCHHUU BO3pacTaromeil mwim yobiBaromei ¢Gyakun. XKematensHo
yOeUTECS B BEPHOM PE3yNIbTaTe CPaBHEHHS C OMOIIBIO CXEMAaTHIECKOTro M30-
OpakeHmsI TpadKa COOTBETCTBYIOMIEH (HyHKIIHH.

3amauy 1 Tekcra maparpada MOXHO pa3oOpaTh IOCTE BBITIOJHEHHS
ynpaxuernid 123 u 124, a 3agaqy 2 — 10 BBIONHEHHS yrHpaxkHeHus 125.
Ynpaxaenue 126 MoxeT OBITh MTOJHOCTHIO IEPEHECEHO Ha JIOMAIITHIO padoTy
TIOCIIEIHETO YPOKa IO TeMe, TaK KaK OHO MOXKET IOCTYKUTh OCHOBOH /U pas-
TOBOpA O B3aMMHO OOPaTHBIX (QYHKIHSX IPH U3YUYCHHUH CIEAYIOLIEro maparpa-
¢a B xiaccax yriyOnEéHHOTO ypOBHS.

B pesynbpraTe M3ydYeHHUS OITOH TEMBI BCe ydalluecs IOJDKHBI
YMETh CXEMaTHYECKU CTPOUTH IpaduK CTENEeHHOH QyHKIMH B 3aBUCHMOCTH OT
NPUHAJISKHOCTH T10Ka3aTelisl CTENEHH (B aHAIMTUYECKON 3alMCH paccMaTpH-
BaeMoil (PYHKIIMH) K OJJHOMY U3 PACCMOTPEHHBIX B § 6 UHCIIOBBIX MHOXECTB H
MepeYnCIATh €€ CBOWCTBA; pemiaTh ympaxkHeHus tuma 121—125, B kmaccax
yrny6aéauoro yposrs 127, 128; IM' § 6 Ne 55, 56.

§ 7. Bzaumno ooparnbie pynkuuu (1 /1 9)

Xots Mmarepuan maparpada COIrTacHO IporpamMme He sIBIsieTcsl o0si3a-
TENbHBIM, JKeJIaTeIbHO MO3HAKOMUTE C HUM BeeX ydamuxcs. [Ipu aTtom He cie-
IyeT MOOMBATBCSA OT BCEX yYAIIUXCSA YMEHUS HaXOIUTh (PYHKIUIO, 0OpaTHYIO
MaHHOH. JlocTaTO9HO TOTO, YTOOBI yJarmuecs, BUAI rpaduk GyHKIIMHA, CMOTIIH

"3nech u manee: JIM § _ Ne _ o3Hauaer, uTo 3amaHus GepyTcs U3 mocobus «JIMmakTHueckue
Mmarepuansl, 10 (11 — B nansneitmem)» apr. M. 1. lllabynun, M. B. Tkauésa u ap.
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CKa3aTb, SBISETCS JIM 3Ta (QYHKLUS 0OpaTUMOIL, U 3HAIH, YTO rpaduKd B3auM-
HO 00paTHBIX (QPyHKIMI CHMMETPHUYHBI OTHOCUTENBHO NPSIMOH y = X.

[pakTika moKa3pIBaeT, 9TO OOIBIIMHCTBO yIAIIUXCA 0€3 0COOBIX YCHIIHIA
CIPABIAIOTCSA C yrpakHeHmsiMu Tiuna 131—134.

Crenenp TyOMHBI W3JIOKEHUS Marephana B Kiaccax 0a30BOTO YpOBHSA
Y4YHTEIh BBIOMPAEeT caM B 3aBHCHMOCTH OT TOTOBHOCTH KJlacca K €ro BOCHpH-
STHIO.

IIpnaoxenue. § 4. /IpooHo-1uHeiiHas pyHKIUSA

u eé rpajgux (1/1 4)

[lens m3yueHus maparpada — O3HAKOMICHHE yJaIIUXCs
C JIpOOHO-TMHEHHONW (YHKIMEH; pa3BUTHE HABBIKOB PaOOTHI C JIOMOIHHUTENb-
HOM IUTEpaTypoH Mo TeME.

MaTepHan naparpaq)a HE SABJISICTCA MPUHIHUIIMAJIBHO HOBBIM IS ydalllUuX-
csl, IO3TOMY HA4YMHAETCA OH C NMPeoOpa3oBaHUs BBIPAKEHUS, OMPEIETIIONIEro
¢bynkuuo. Beinenenue 1enoi yactH B 3TOM BbIP&KEHHU MPUBOAMT HIKOJbHH-

KOB K BH/JTy, 3HAKOMOMY €IlI€ C OCHOBHOM MIKOJBL: y = A+ .
X—Xx,

Pemenust 3agad 1 1 2 Ha MpaKTHKe MMOKA3BIBAIOT NPHEM MTOCTPOESHUS Ipa-
¢uka QyHKIIMHE ¥ BO3MOXKHOCTH €€ HCCIIEIOBaHU MO 3TOMy Tpaduky. 31ech
LIKOJILHUKH BIIEPBBIC BCTPEYAIOTCS C MOHATUSAMH BEPTHKANEHOH M TOPU3OH-
TaJbHOW aCUMIITOT. YYEHHKAaM MOXKHO INPEIOXKHUTH IOHCKATh MaTepuail o0
ACUMITOTaX B Pa3IMYHBIX MCTOYHUKAX U C HEOOJIBIINM COOOIIEHHEM MO 3TON
TeMe BBICTYITUTh Ha OJJHOM U3 TIOCIIEHIX YPOKOB I10 TEME.

§ 8. PaBHOCHJIbHBIC YPDABHEHUS M HEPABEHCTBA
2/44)

Ilenpr u3yueHuss naparpada — BBeACHHE IOHATHI paBHO-
CWJIBHBIX YPaBHEHHH M HEPABEHCTB, a TAK)KE YpaBHEHU-CIIEACTBUS; GopMupo-
BaHUE Y YYaIlIHUXCsS MOTPEOHOCTH IPH PELIeHUN YPaBHEHUH BBIIOJHSATH JIMIIb
Te TpeoOpa3oBaHus, KOTOpbIE HE MPUBO/IT K ITOTEpe KOPHEH, a MpH peleHnH
HEpPaBEHCTB OCYIIECTBIIATH JIUIIb PaBHOCHIIBHBIE MPE0Opa30BaHMs; pa3BUTHE
YMEHUI CaMOCTOSITETIbHO OCYILECTBIATh, KOHTPOJIUPOBAaTh U KOPPEKTHUPOBATH
CBOIO JIESITENIbHOCTD.

Marepuain storo maparpada sSBIsIeTCs OJHUM U3 CaMbIX Ba)XKHBIX B Kypce
anreOpbl Kak it (POPMHUPOBAHUS TEOPETUIECKON TPAMOTHOCTH YYaINXCs, TaK
U JUIA YCIEIIHOM MX MPaKTU4eCKOH NesSTeIbHOCTH NMPH PEIIEHNH CaMbIX pa3Ho-
00pa3HbIX ypaBHEHU, HEPABEHCTB U UX CHCTEM.

Teopetuueckuii Marepuan naparpada cieayeT paccMaTpuBaTh HEOTPbIB-
HO OT MpPaKTHYECKUX HUTIOCTpAlMi BBOJAMMBIX MOHATHH U IpeaCTaBIeHUI.
K necaromy kiaccy y OOJBLIMHCTBA ydyalMXcsl yKe COpMHPOBAHBI 3penble
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AQHAINTHKO-CHUHTETUYIECKHUE MBICIUTENbHBIE YMEHHS, TIO3TOMY IOJIE3HO IOCIEe
paccMoTpeHns Tekcta maparpada caenarb 000OMIEHHBIE BBIBOABI 00 M3BECT-
HBIX YYaIlMMCSl PaBHOCHIIBHBIX NPE0Opa3OBaHMAX ypPaBHEHHH M HEPABEHCTB,
aKTUBHO TIPUBJIEKas K 3Toi pabore camux ydammuxcs. B kimacce yrmy0OnéHHOTO
YPOBHS 3Ty pabOTy MOXKHO NPOBECTH YCTHO, ITOJYEPKHYB, YTO BCE YpaBHEHHS,
HE UMEIOIINEe KOpHEH, MeXIy co00i paBHOCHIBHBI. B kiacce 6a30BOro ypoBHS
00001IeHne MOKHO TIPOBECTH B XO/€ 3allOJHEHHsS, HalpUMeEp, CIexyromei
TaOJIHIIBI:

[Ipeo6pa3oBanusi, NpHUBOASALINE K [TpuMepsl paBHOCHIIBHBIX
PaBHOCHIBHOMY YpaBHEHHIO (He- o

ypaBHEHHIt HEpaBEHCTB
PaBEHCTBY)
Ilepenoc wineHOB ypaBHEHUS (He-
paBeHCTBa) U3 OJHOI YacTH B ApPY- dx—-3=2x+5mu 2>1u
Iyl0 € HIPOTHBOIIOJOKHBIMH 3Ha- 4x —2x =5+3 X-1>0
KaMH
YMHOXKEHHe WIH JAeneHHe o0eHx
yacTell ypaBHEHMs (HEPAaBEHCTBA) 2 —lu=4 2x26 mx23;
Ha OJHO M TO K€ YHCJIO, OTIMIHOE 4 226 mx<-3;
OT HyJs, WIM Ha BBEIPaXCHHE,
HMCIoIee [OCTOSHHBIA 3HAK IPH | (2 —4)(x*>+4)=0 u xz— 3 <0 mn
BCEX ICHCTBUTENBHBIX 3HAYCHMSIX X*—-4=0 X +1
HEHU3BECTHOTO x—-3<0
3amMeHa dYacTH ypaBHeHHs (Hepa- X+2x+2>0wu
BEHCTBA) TOXKAECTBEHHO PaBHBIM 5 x+D2+1>0;
€MY BBIpa)KEHHUEM ¥ +3x=0n 2

x(x+3)=0 \/x_—3=214

[x-3=2

[lonsiTHE ypaBHEHUA-CIEACTBUS BBOJIUTCS IOCIE PACCMOTPEHHUS ypaBHe-
Hus (HanmpuMep, /X = X — 2), B X0JI€ PENIeHHs] KOTOPOro 00€ €ro 4acTh BO3-

BOISITCS B KBAZPAT H B PE3yNbTaTe MOJIydacTcsi ypaBHenue (x* — 5x + 4 = 0),
UMeroIIee, IOMUMO KOPHS HCXOTHOTO ypaBHEHHUS (x = 4), emeé oAWH KOPEHb
(x = 1), KOTOPBIH HA3BIBAIOT nocmopoHHuM. B maparpade paccMaTpuBarOTCs
JIBa BHUJa IpeoOpa3oBaHUN YpaBHEHHM, B pe3ylbTaTe KOTOPBIX MOTYT MOSBUTh-
Csl TIOCTOPOHHME KOPHHU: BO3BEJICHHWE B KBaIpaT OOEMX 4YacTeil ypaBHEHHS U
YMHO)KEHHE MX Ha BBIPAXKCHHE, COJEpIKaIlee HEM3BECTHOE. Y UHTENb JOJKEH
OBITH TOTOB K BOIIPOCY Y4YaIlUXCSl O TOM, BCErZa JIM 3TU MpeoOpa3oBaHus MpH-
BOJSIT K TPUOOPETEHNIO MOCTOPOHHUX KOpHEW. MOXKHO MPUBECTH NPHMEPHI
ypaBHEHUH, NPU PENIEHUH KOTOPBIX 3TOro He mpoucxonut. Hampumep, ecim

-3
00e JacTu ypaBHEHUS 5= 0 yMHOXWTH Ha X — 2, TIONYYUTCS YpaBHEHHE

x—1=2

BO3BECTH B KBaJpar, TO MMOJyYEeHHOE ypaBHeHHe X — | = 4 Taxoke Oyner paBHO-

x — 3 = 0, paBHOCHIIEHOE UCXOJTHOMY; €CITH 00€ YaCTH YpaBHEHUS
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CUIIbHO ncxogHoMy. OTHAKO 603MOJICHOCMb TIOSBICHUS TOCTOPOHHUX KOPHEH
IIPY BBITIOJIHEHUH TPE0Opa3oBaHuil 3TUX OBYX BUAOB 003bi6dem BBIIOIHATH
MIPOBEPKY ITOJTyIEHHBIX KOPHEH.

VYyamuecs NODKHBI MOHAThH, YTO JIF0OOE ypaBHEHHE B, paBHOCHIIBHOE
ypaBHEHHIO A, MOXKHO CUMTaTh M ciencTBueM ypaBHeHus A. Torma ocoboe
MpaKTHYECKOe 3HaYeHHWEe MpHoOpeTaeT colepKaHWe IepBOro adsama Ha c. 56
yueOHmKa: «lIpu pemieHnn ypaBHEHHH TJIaBHOE — HE MOTEPSITh KOPHH, a Ha-
JIMYUe TIOCTOPOHHUX KOPHEH MOXKHO YCTaHOBHTH MpoBepkoi. [loaTomy BaskHO
CIIEUTD 32 Te€M, YTOOBI NIPU NMPeoOpa30BaHUM ypaBHEHUS KaKI0€ CIIETyIoIiee
YypaBHEHHE OBbLIO CIIEICTBUEM HPEIBIAYIIEIOY.

JleliCTBUTENbHO, B peaJbHOM Y4YeOHOM IIpOILecCCe B OCHOBHOM TOJIBKO
CHUJIbHBIE y4allHecs! BCEra MOTYT KOHTPOJIMPOBATh HAJIMYKME WM OTCYTCTBUE B
LIeToYKe MpeoOpa3oBaHnii ypaBHEHUI TaKuX BHUIOB IpeoOpa3oBaHuii, KOTOPbIC
MOTYT TIIPHUBECTH K MPHOOPETEHUIO MOCTOPOHHUX KOpHEH. OOBIYHO TOJBKO Ta-
KM€ y4allrecs: yBepeHHO MOTYT TOBOPHUThH O TOM, YTO, HalpuMep, BCE CAeaH-
HBIE MU TpeoOpa30BaHus ObIIM PaBHOCHIIBHBIMH, ITOTOMY BCE ITOJIyYEHHBIE
KOPHH SIBJISIIOTCS. KOPHSMHU HCXOJHOTO ypaBHEHUs. BOJIBITMHCTBO Ke yJarmx-
Cs TpU pEUICHUH YpaBHEHWH, OCYIIECTBISS IEpeXoipl K ypaBHEHHSIM-
CIEICTBUSAM (B YAaCTHOCTH, K PAaBHOCHJIBHBIM YPAaBHEHHUSIM), CIEIAT 3a TEM,
YTOOBI HE IPOU30IILIA TIOTEPS KOPHSI, @ MOC/IE HaX0KACHUA KOPHEH TIOCIETHETO
B IIETMOYKE MPeoOpa3oBaHUil ypaBHEHHUS ACTAI0OT MIPOBEPKY HAWICHHBIX KOPHEH,
MIOJICTABIISAS MIX B IEPBOE (MCXOAHOE) YpaBHEHHE.

YunuTens BIpaBe MMOKa3aTh CHMBOJIBI, KOTOPBIE yJaIlIHecs MOTYT BCTpe-
TUTh B APYrod ydeOHOH nmTeparype (WJIM Ha 3aHATHAX IMOATOTOBHUTEIBHBIX
KYPCOB B BY3), 0003HAYaIOIINE TIEPEXO OT OJHOTO YPABHEHHS MM HEPABEHCT-
Ba K PaBHOCUIILHOMY (<), a TaKKe Mepexo/l OT YPaBHEHHS K CIIEICTBHIO (=).

Hcnonp30BaTh 3TH 3HAKW MPU PEIIEHWH IIKOJIBHBIX YIIPAKHEHUH HE pe-
KOMEHJyeTcs: KaK TOoKa3ajla MPaKTHKa, OOJBIIMHCTBO CAOBIX ydaluxcs, He
3ayMBIBasICh, HAIIPHIMEP, CTaBST B IETOYKE MPEoOPa3oBaHUM MMociIe KaxI0ro
YPaBHEHHUS 3HAK <> U B UTOTE HE JAEIAIOT IPOBEPKY MOJIYUCHHBIX KOPHEH, 3a-
YacTyIO BKIIIOYasi B OTBET U ITOCTOPOHHUE KOpHH. Jlydiie nmpuydarsh MIKOJBHH-
KOB B IIETIOYKE NpeoOpa3oBaHuii B ypaBHEHHN (PHUKCHUPOBATH (HapUMeEp, € MO-
MOIIBIO BOCKIIMIIATETILHOTO 3HAKA) TO MECTO, I/ie OBLIO BBIITOJIHEHO Ipeodpa-
30BaHUE, KOTOPOE MO2/10 TIPUBECTH K TOSBICHHIO TIOCTOPOHHHUX KOPHEH, C TeM
4TO0OBI HE 3a0BIBaTh C/IENIaTh NPOBEPKY BCEX HaWIEHHBIX KOPHEH.

[lpu perieHnn HEpaBEHCTB CIIENYeT MOAYEPKHYTh, YTO B OOJBIIMHCTBE
CITy4aeB M3-3a HEBO3MOXXHOCTH ITPOBEPKH BCEX PELICHWI HEpaBEHCTBA, MOIY-
YEHHOTO B pe3yNbTare NpeoOpa3oBaHnil HCXOAHOTO HEPABEHCTBA, HEOOXOIMMO
MIOJIB30BaThCS TOIBKO PABHOCHIIBHBIME MPE0Opa3oBaHUSAMU (UTOOBI OBITH yBe-
PCHHBIM, YTO BCE PELICHHUS MOCIEIHEr0 B IIENOYKE IPeoOpa3oBaHi HEPABEH-
CTBAa WJIN CHCTEMbl HEPaBEHCTB (CHCTEMBI BBICKAa3bIBaHWII) SBISIOTCS BCEMH
PELICHNSAMH NCXOJHOTO HEPABEHCTBRA).

B kimacce yrimy6néHHOTO YpOBHS M NIPH HAJTMYWHM BPEMEHH MOYKHO TOKa-
3aTh 3aMEHYy HEPaBEHCTBA PABHOCHIILHOI €My CHCTeMOH (HampuMep, HepaBeH-
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x—7 x+2>0,
cTBO ——=<0 paBHOCUIBHO CHUCTEME <
' x+2 x-7<0
MIOMHUTD, YTO AHAIOTHYHBIE 3aMEHBI OYyIyT pacCMOTPEHBI B yIeOHUKE IIPU pe-
IIEHUH NPPALMOHATIBHBIX U JIOTAPH()MUIECKIX HEPABEHCTB.
Pacnpenenuts y4eOHBIN MaTepra IO YpOKaM MOKHO TakK:

). Onnako ciemyer

VYrpaxHeHus
Howmep Teopermaeckuit OCHOBHBIC o
JUI CAMOCTOSATENBHOM JIOTIOJTHH-
ypoka Matepua (B KIacce u
paboTHI B Ki1acce TEINbHBIE
JIoMa)
1 §8,m. 1 138, 139, 139 (3), 141 (2),
141—142, 142 (3)
175
2 §8,m2 140, 143, PEIEHTBZHepaBeHCTBaZ 144—150
176 Dx"—x"=0;
2 _
nE %9
x+1

Yopaxuaenus 139—141 BemodHAOTCA MO cxeMme: 1) permarorcs 06a
ypaBHEeHHUs! (HEpaBEHCTBA); 2) CPaBHUBAIOTCSI MX MHOXKECTBAa KOpHeEH (perie-
HUi1); 3) nenaeTcss BBIBOJ O PaBHOCHIBHOCTH WJIM HEPaBHOCHIILHOCTH ypaBHe-
HUH (HepaBeHCTB) B ynpaxHeHHsX 139—140 wnu ycraHaBIMBarOTCs ypaBHE-
HUS-CIEJCTBUSA B yIpaxxHeHuu 141.

B pesynpTaTre m3ydeHHs maparpada Bce yJarmecs IOJK-
HBI 3HaTh, KaK¥e MPeoOpa3OBaHUs YpaBHEHUH (HEPaBEHCTB) MPHUBOIAT K paB-
HOCHJIHBIM ypaBHEHHSM (HEpaBEHCTBaM), a KakMe — K YpaBHEHHUSIM-
CIIEJICTBUSIM; TIPH PEIIEHWH YPaBHEHWH BBITIONHATH MTPe0oOpa3oBaHMs, TPHBO-
JSIIIUE K YpaBHEHUSIM-CIIC/ICTBHSIM, M HE 3a0bIBaTh J€NaTh MPOBEPKY ITOTyICH-
HBIX KOpHEH; IMOHMMaTh, YTO MPH PEIIEHHH HEPABEHCTBA MOXKHO BBITIOIHATH
TOJBKO PaBHOCHIIbHBIC TPE0OPa30BaHMsL; 3HATh, YTO CIEAyeT U30eraTh JIeJIeHns
obenx wyacTell ypaBHEHHS (HEpaBEHCTBAa) Ha BBIPAKEHHE C HEH3BECTHBIM;
CIIPABIISITHCS C BHINTOJHEHUEM ynpakHeHui tuma 139—143, B kiaccax yriyo-
nénHoro ypoBHs — 144, 146.

§ 9. UppanuonanbHbie ypaBHeHus (2 / 4 1)

Ilenp m3yueHus maparpacga — oOydeHHE PEIICHUIO HPPALHO-
HaJIBHBIX ypaBHeHPIfI BO3BCACHUEM 06eI/IX cro ‘-IaCTefI B OJHY U Ty XK€ HATy-
paIbHYIO CTeNeHb; (OPMHUPOBAHUE HABBIKOB ITO3HABATENILHON pediiekcuu.

HaanL IMEPBLI 171 YPOK MOXHO C YCTHOI'O BBINIOJHCHUSA CICAYHOIIUX
3agJaHU

1. Cpenu map ypaBHEHHI HAlTH Maphl PABHOCHIILHBIX YPABHEHHN:

D5x+10=0ux+2=0; 2)x=5ux"=25;

3) y2 = 2x+1=3 u |x—1]=3; 4 Jx =-4 nx’+1=0.
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2. Ompenennuth, Kakoe U3 JABYX YPaBHEHUH SBISETCS CIIEACTBUEM

Jpyroro:
Dx*=9ux=-3; Dx-5=0ux(x—5)=0;

2
3) X guoax=0; 4y 27
X X

PaccmarpuBas 3aganue 2 (4) U3 NpeyIoKEHHBIX BBIIIE, yJallHecs JOJK-

=0u x—-7=0.

HBI TTOHATH, YTO TaK KaK ypaBHEHHs =0 u x — 7 =0 paBHOCHIIBHBI (00a

X
UMEIOT KOPEHB X = 7), TO KaXJI0€ U3 HUX SIBIISICTCS CIEACTBUEM JIPYroro.

Ilocne MOBTOPCHUSA MMOHATUA ypaBHeHI/IH—CHe)]CTBI/Iﬂ MOXHO NEPEXOAUTH K
U3y4YeHHI0 MaTtepuana naparpada, nenas akleHT Ha MPaKTHYECKOM HpUMEHe-
H1K copMynrpoBaHHOTO Ha ¢. 60 CBOICTBA MPPALMOHATILHBIX YPABHEHHH.

I'oBOpst 0 TOM, 4TO 00€ 4acTU ypaBHEHHsS MOXHO HEOJHOKPAaTHO BO3BO-
JMTh B OJIMHAKOBBIC HATYpaJIbHbIC CTENEHHU (B 3a/aue | 3TO MpoJeNnaHo JBax-
JIbl), CIIEAyeT OTMETHUTh, YTO JIyHIlle CTPEMHUTHCS K HaXOXKACHHI0 Haubolee pa-
LUOHABHBIX CHOCOOOB pelIeHHs! T00bIX ypaBHEHU. Tak, Hampumep, peras
ypaBHenus: 154 (2) u 155 (1), MOXHO 10 BO3BeJCHUsI 00EHX YacTeil B KBajpar
BBIMOJIHUTh PAaBHOCUJIBHOE MPE0Opa3oBaHUEe — CIPYNIIUPOBATH UICHBI ypaB-
HEHUsI, HE COJIepIKaIllie PAUKAIOB, B OJHOW €ro YacTH, a CJMHCTBEHHBIH pa-
JMKal B IPYrod. DTO JacT BO3MOXKHOCTh OOOWTHCH €IMHCTBEHHBIM BO3BE-
JICHUEeM 00enX 4acTeil ypaBHEHHS BO BTOPYIO CTETICHb.

Ilpu paccmoTpenuu 3amauu 4 Tekcra maparpada MOXHO TOTOBOPUTH O
TOM, YTO TaK Ha3bIBaeMbIH epaghuueckuii Memoo peuienus ypasHenuti hakTuie-
CKU Ja€T JIUIIb BO3MOXKHOCTh BBICKA3aTh MPEANOJIOKEHHE O KOJUYECTBE KOp-
HEH ypaBHEHUS, a TAK)KE B PAAC CIIyU4acB HAUTH WX MPHONMKEHHBIC 3HAYCHUS
(1t Toro 4TOOBI YOEmUTHCS, HE SIBISIETCS JIM HAMJEHHOE TaKHM CII0OCOOOM
npuOIMKEHHOE 3HAYEHHE X TOYHBIM 3HAYEHHEM KOPHsI ypaBHEHUs, HYXHO
clenarh MPOBEPKY: HalJIEHHOE YUCIIO MOJICTaBUTh BMECTO X B HCXOJHOE ypaB-
HEHUE).

Pacnipenenenue yaeOHoro marepuana naparpaga rno ypokaMm MOXeT ObITh
CIIEITYIOLIIM:

YnpaxHeHust
Howmep Teoperuyeckuii OCHOBHBIE .
JUTSE CAMOCTOSITEITBHO M JTOTIOJTHH-
ypoka MaTepHan (B Kyacce
paboTHI B K1acce TeJbHBIE
W TOMa)
1 § 9 no zamaum 4 | 151—155, 154(1, 3)
(3agaun 1—3 183
MOTYT OBITH pa3o- 159, 161, 163,
OpaHbl yJalIuMu- 164, 187,
¢ MO Y4eOHHUKY IM § 9 Ne 21
CaMOCTOSTENbHO)
2 § 9, ot 3anauu 4 156—158, 158 (3)
160, 162,
178—179
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B pesynpTaTe m3ydeHHS maparpada Bce yJamuecs JOJIK-
HBI 3HaTb, YTO IPH BO3BEIEHHU B HATYpPaJIbHYIO CTEIICHb 00EHX 4YacTed ypas-
HEHHS TOIYy4YaeTCs ypaBHEHHE-CIIEACTBHE; YMETh peIlaTh HPpalrOHAIbHBIE
YpaBHEHUS, aHAJIOTHYHBIC TPEIIOKEHHBIM B yIpaKHeHUAX 152—155; yua-
ITUMCSI KITACCOB YTITYOJIEHHOTO YPOBHS JOMOTHUTENHHO — 163, 164.

§ 10*. UppauuonanbHbie HepaBeHcTBa (0 /2 4)

Ilpy mepBOM BapuaHTe W3ydEHHs] Kypca MaTeMaTHKH MaTepHai mapa-
rpada paccmarprBaeTcs JHIIb B CIydae HATNYUS JOMOJIHUTEIHHOTO BPEMEHH.
YunTens caM BHIOMPAET CTENCHb ITTyOWHBI YCBOGHHS MaTepHalla 1 MaKCHMaslb-
HBIH YPOBEHb CII0KHOCTH PEIIaeMbIX HEPAaBEHCTB.

Ilpy BT 0 p OM BapuaHTe MaTepHai 3TOTo naparpada paccMaTpuBaercs ¢
I €JI b0 BBEACHUS IMOHATHS HPPANMOHAILHOTO HEPaBEHCTBA, a TaKXKe Jie-
MOHCTpanuy npuMeneHus cieactsus 3 (c. 30) o Bo3BeneHNN B CTENICHb HEpa-
BEHCTB C IOJOXXUTEIbHBIMHA YJICHAMH K PEIICHHWIO HPPAIMOHAIBHBIX Hepa-
BEHCTB.

B kinacce yriyOi€HHOro ypoBHSI MOXKHO TOCIE PACCMOTPEHUS pEelICHUIN
3ama4 maparpada BEIBECTH YYaIIMXCsl HA TeOpeTHdeckoe 0000IIeHNe PerIeHHs
HppalMOHAIBHBIX HEPAaBEHCTB, COJCP)KAIIMX EIUHCTBEHHBIN KOPEHb BTOPOU
CTETCHU:

1) HepaBencrBo Buja 1/ f (x) < g(x) paBHOCHIIBHO CHCTEME

g(x)>0,
Sx) =0,
f ()< g).

2) HepasenctBo Buma |/ flx) > g(x) 3aMeHsIeTCS PelICHUEM ABYX CHCTEM
(COBOKYITHOCTBIO JIByX CHCTEM):

%@RQ L Jew=o,
f®=0 F > g% ).

[Mocne aToro 00OOIIEHHS MTOJIE3HO 3aMKCcaTh B O0IIEM BHUJIE PEIICHHE He-

paBeHCTBa BHIA J flx) > Jgx) tak: {f”(g)ioé’r(x) JlonmonHUTENBHBIE 3a/1a-

HUSA TI0 pELlICHUI0O HPpalMOHAIBHBIX HEpaBeHCTB, noMumo 165—174,
189—191, MoxHO HaiiTH B «/IuaakTHUeCKUX MaTepuanax» Ha c. 57—58.

Ypoku 00001IeHUS U CHCTEMATU3AIMU 3HAHUM (2 / 2 4)

Ha stux YpOKax MOKHO HAIlOMHHUTL Yy4YalllUMCHd, KaK paclliupsAInCb HUX
3HaHUA O CTCICHU U KaKMMU NPAKTHUYCCKUMH ﬂeﬁCTBHHMH OHHU OBJIAJC/IN, HaA-
YuHasg ¢ MOMCEHTA U3YYCHUS IOHATUA CTCIICHU C ﬂeﬁCTBHTeHBHbIM ImokKasare-
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neM (§ 4 u 5) 1 3aKkaHIMBas paCCMOTPEHUEM CTEIICHHOH (PYHKINHU 1 €€ CBOKCTB
(§ 6—9, 10%).

CBolicTBa CTENeHHON (YHKIMU MPU PAa3IMYHBIX [TOKA3aTeNsX MOBTOPS-
FOTCSL C TIOMOIIBIO 000O0IIEHNS CBOMCTB paHee W3BECTHBHIX (PyHKIHIA (MaTepran
§ 6). Ilpu >TOM aKTHBHO HCHOIB3YIOTCS ICKU3BI TPaUKOB (PYHKIMH; BBITIOIN-
HSIOTCS YIpaKHEHWsI, aHAJIOTHIHBIE ynpakHeHusM 175—177, 184.

Crnemyer npoBectd au(epeHIINannio CBOMCTB CTENEHHBIX (YHKIUH C
JPOOHBIMM TOKA3aTeNIsIMU M (DYHKITUH, B 3alIFCH KOTOPBIX MCIOIB3YETCs 3HAK

1
KOpHH. TaK, HaIlpumep, d)yHKLII/II/I y = X2 Hy-= '\/; UMCHT OJHWHAKOBBIC
1
cBolicTBa U rpaduku (puc. 2), 4ero Hemp3s cKasarh O QYHKIMAX y = X3 U

y = 3/; (puc. 3). B pesynbrare 3T0M pabOTHI HYXHO YMETH BBIIOJHHUTD YII-
paxuenus tuna 179.

»i
s x
i
% o] 1 A%
Puc. 2
7| yh
1
_ 3 3
2 y > 2 y
1 _ ‘1’ 1 _
ol 1 8 x -8 A0, 8 x
— )
Puc. 3

Xots moHsTHA 0OpaTnMOl (PyHKIIMH U 00paTHON (QYHKIWUU y OONBITHH-
CTBa YYAINXCsS Ha YpOBHE IPEICTaBICHHH He BBHI3BIBAIOT 3aTPyAHEHUH, He
clenyer Bcé jKe CO BCeMH y4JallUMHUCS OTpa0aThIBaTh ST HOHSATHS IIPH BBIIIOJI-
HeHnn yrpaxHeHni tana 180—181.

3HaunTeNbHOEC BHUMAaHHE Ha 3THX YPOKaxX HEOOXOIMMO YISNHUTh MOHS-
THIO PAaBHOCHJIBHOCTH (YpaBHEHHH W HEPaBEHCTB), IOHATHIO YypaBHEHUS-
cieacTBus (pemas ynpaxkHeHus tumna 182) u anropuTMy npakTHIecKuX JeHCT-
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BHU TIpW pEIICHHWU Pa3NUYHbIX ypaBHeHHH Tuma 1143 (1), 1146, 183, 187 u
HepaBeHcTB THma 1206, 1205 (3), 167, 189.
3HaHWe TOBeAeHUS Tpaduka W CBOICTB CTEEHHON (HYHKIHMH HpU pas-
JIMYHBIX MOKA3aTENAX CTENCHU MO3BOJSIET YJAIIUMCS OIPENEIATh KOINIECTBO
KOpHEH I0CTAaTOYHO CIIOKHBIX YpaBHeHUW. Hampumep, BBINOIHSAS B OAHOM CUC-
TeMe KOOPAWHAT 3CKU3HI TPaQUKOB (PYHKIHI — JIEBOW W MPaBOM YacTel ypas-
I
3 2
HCHMSI, YYaIlnecs TIOHMMAIOT, 9TO ypaBHeHue X3 = x” — | MMeeT omuH KOpeHb
1
3 2
(puc. 4), a ypasuenue x3 = (x— 1)"— aBa kopHs (pHc. 5).

yh 7 N
T >
N"? \,x?/
] 1 I 1
— 3 — y3
1T 1
-\ X o 1 x
Puc. 4 Puc. 5

Ha 3Tux ypokax MOMHO BBITIONHUTE CAMOCTOSTENbHY padoTy ¢
MIPOBEPKOI B KJIacce, B KOTOPOH HYXKHO PELINTh UPPALUOHATILHBIC YPABHEHUS
(ecm m3yuancs § 10, To 1 HepaBeHCTBA):

1. Vx+11+1=x [\Jx+10+2=x].

2. J2x+1-x =1 [Bx+rd—Jx =21

3%, Jx—-2<5 [Jx-3<2].

4%, \Jx—2 < x-2 [x+4 <x+41].

OTBETHL

1.x=5[x=6].

2. X1 = 0, X2=4 [X] = 0, Xp= 4]

3 .2<x<27[3<x<T7].

4%, x=2,x> 3 [x=-4, x=-3].

B pesynpTare 3THX ypOKOB BCE ydaluecs MOJHKHBI YBEPEHHO BBITIOMHSATH
3a[aHUs, AaHATOTUYIHEIE MIPEIOKEHHBIM B pyopuke «IIpoBepb ceds!».

CHWIBHBIM YYaIllIMCS MOYKHO TIPeIUTOKuTh yrpakHenns 1381, 1398, 1399
u3 pa3gena «3amaum IS BHEKJIACCHOM paboTh»; U3  «JMIaKTHIeCKUX
MatepuanoBy, Ti1. 1, «3agaHus I1s HHTEPECYIOMIIXCS MaTEMaTHKOM.
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I'nasa III. Iloka3areabHast QyHKIUA

B aT0#1 T1aBe paccMaTpuBarOTCs CBOMCTBA MOKa3aTeIbHON (DYHKIMH U UX
NPUMEHEHNE K PEIIeHUIO MOKa3aTebHbIX ypaBHEHWI, HEPAaBEHCTB U UX CHC-
TeM; KPaTKoO pacCMOTPEHBI PUIIOKEHUS TT0Ka3aTeNIbHON (PYHKIIMH K OTIMCaHUIO
pa3MUHBIX (PU3NYECKHUX MPOIIECCOB.

B npenpiaymieli rmaBe Obuia W3ydeHa creneHHas (QyHKIMsS, ¢ TTOMOIIBIO
KOTOPOW MOTYT OBITh OMUCaHbl MHOTHE (PU3UUECKHE TPOLECCHI, U KOTOPHIX
XapaKTepHO BO3pacTaHue WiM yObiBaHue. Harmpumep, Macca miapa onuchiBaeT-

csl cTeneHHOW (QyHKuuel ero pamuyca m(R) = %npR3. OpHako B (pu3uKe U

TEXHHUKE CYIIECTBYIOT IPOIECCH], B KOTOPBIX POCT WM yOBIBaHWE HIET CyIIe-
CTBEHHO OBICTpee, YeM B TeX, KOTOPBIE OIHCHIBAIOTCS CTEHECHHON (yHKIHEH.
OTH mpolecchl ONMCHIBAIOTCS MOKa3aTeabHO (yHkumeid. Hanpumep, paanoak-
THUBHBIM  pacriajl BEIIeCTBAa OINHWCHIBAETCS  IIOKa3aTeNbHOW  (QyHKIUEH

m(t) = mo(%jT . Poct unu yObpIBaHne MOKa3aTenbHON (YHKIIMN Ha3bIBAIOT JKC-

MTOHEHINAIbHBIM.
B 11 xmacce ydammecs: y3HAIOT, YTO CKOPOCTh BO3pacTaHUs (yOBIBaHUS)
moboi GyHKIMK omnpexensercs e€ nmpous3BoaHON. Hampumep, ckopocth BO3-
pactaHus TUHEWHOW (QYHKIIMY TIOCTOSIHHA, KBAIPAaTUIHON (DYHKIMH THHEHHA.
CaolicTBa MOKa3aTeNbHOW (QYHKIMH Yy = @' TOJHOCTBIO CIENYIOT U3
CBOWCTB CTEMNEHU C JeHCTBUTENBHBIM INOKa3aTeneM. Hampumep, Bo3zpactanue
¢GyHknuu y = a', ecu a > 1, ciexyer u3 cBoiictsa crenenu: «Eciu x; < Xy, TO

a’ <a® npu a> 1».

Ocku3 rpaduka nokazarenbHoN (QYHKIUH JIETKO CTPOUTCS C IIOMOIIBIO €€
OCHOBHBIX CBOWCTB: 00JIaCTh OIpENENeHHs — BCsSI YKCIOBas MpsMasi, MHOXe-
CTBO 3HaYECHUH — MOJIOXKUTENIbHbIE YHCIIa, BO3PACTaeT (MK yObIBaeT), IPUHH-
Mmaet 3HadyeHue 1 npu x = 0. [{ns Oonee ToyHoro mocrpoeHus rpaduka GpyHK-
LM TI0JIE3HO COCTABIIATH TAOIMIy €€ 3HaYCHNH NTPH HEKOTOPHIX 3HAYCHUSIX X.

Penenne mpocTEMIINX MOKAa3aTeNbHBIX YPABHEHUH d° = ab, roe a > 0,

a # 1, ocHoBaHO Ha cBoiictee crenenu: «Ecmu a’l = a2, 1o x| = x,». Hanpu-
Mep, pelmrast ypaBHerue 2° = 8, moyuaem 2* = 2°, otkyaa x = 3. To, uTo penre-
HHUE ypaBHEHHs 3aKOHUYEHO (OHO MMEET €MHCTBEHHBIN KOpeHb X = 3), cIemyeT
U3 CBOMCTBA MOHOTOHHOCTH TIOKa3areNnbHoi QyHkimu: «Ecmm x < 3, 10 2°< 2%,
a ecmi x > 3, To 2> 2%, IlonmyTHO momy4yaeTcs, 4To peleHNsIMI HEpaBeHCTBa
2" < 8 sBiseTcs NPOMEKYTOK X < 3, a HepaBeHCTBa 2 > 8 — MPOMEKYTOK
x>3.

Pemenne OONBIIMHCTBA MOKA3aTENbHBIX YPAaBHEHHH M HEPaBEHCTB CBO-
JIMTCSL K PEIICHHUI0 MPOCTEHInX. PelieHne ypaBHeHUss ¢ = b M HEPaBEHCTB
a' < bwuda > b HepenKko OCYIIECTBIAETCS JIOrapu(pMUPOBAHUEM; OHO OymIeT
paccMOTPEHO B cleayromiei mase. Hanpumep, pemas ypasaenue 2° = 3, Haxo-
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1M x = log, 3; pemias HepaBeHCTBO 2° > 3, HaxoquM x > log, 3 (0 CBOMCTBY
BO3pacTaHus JIOTapu(pMUIecKoi PYHKITUN C OCHOBAHUEM 2).

Tak Kak B XOJ€ pEIICHUs NpeLlaraéMblX B yIeOHHMKE IOKa3aTeIbHbBIX
YpaBHEHUH PaBHOCWJIBHOCTb HE HApyILAeTCsl, TO MPOBEPKA HAWJECHHBIX KOPHEM
HeoOs3aTenbHa. B 3T0M T71aBe cHCTEMBI ypaBHEHUI W HEPABEHCTB PEIIAIOTCS C
TTOMOIIIBIO PABHOCHIIBHBIX HPE0Opa30BaHUil: MMOJICTAHOBKOM, CIOKEHUEM HIIH
YMHOKEHHEM, 3aMEHOH NepPEeMEHHBIX U T. 1.

Hpe}lMeTHbIe Il €J1 U U3YyUCHHS TJIaBbI:

— BBEJICHUE TOHATHsI IMOKa3aTedbHON (DYHKIMH; M3yYeHHE CBOWCTB U
NOCTpOeHUe rpaduka oKa3aTelbHON (YHKIINY;

— o0yueHHe PEelIeHHIO MTOKa3aTeNIbHbIX ypaBHEHUI (HEPaBEHCTB, CHCTEM
YpaBHEHHH U HEPaBEHCTB) aHATUTHYECKUMH M TpadMUECKIMHU CIIOCO0aMHu.

MeTanpeaMeTHBI € II€J U U3YyYCHUS [TIaBbI:

— MOJEIMPOBaHKE SIBICHUN U MPOLIECCOB, MPOTEKAIOIMX 110 3KCIIOHEH-
UAJIbHOW 3aBUCUMOCTH, C NOMOIIBI0 (OpMYya U TpadUKOB IMOKA3aTEeIbHOM
byHKIIH;

— HUCCIIEZIOBAHUE PEAIBHBIX MPOLIECCOB M ABJICHUM C MOMOINBIO CBOMCTB
MoKa3areabHOH QyHKIUH.

JIJUdHOCTHB € I €J U U3yICHHUS INIaBHI:

— Pa3BUTHE AHATUTUIECKUX CIIOCOOHOCTEH;

— Pa3BUTHE HCCIEAOBATEILCKUX YMEHHH, HEOOXOANMBIX B OCBOCHHH
OyIymux TBOPUECKUX Mpodeccuit;

— COBEpIIEHCTBOBAHUE KYNbTYPHl BBIYMCIUTENBHBIX W TpadHuecKuX
NENCTBUH.

B pesynbTaTte usyuenus raasbl [1] Bce yuanmecs A0mKHBI
3HaTh ONpeJeNieHne M CBOICTBA TOKa3aTenbHOUW (DYyHKIUHM, YMETh CTPOUTH €6
rpaduK U BBIIONHATH yrpaxxHeHus tuna 246—254, 262 u u3 pyopuku «IIpo-
Bepb cels!»; Kiacchl yriiyOJaEHHOTO YPOBHS JIOTIOJHHUTENBHO BBITIONHATH Y-
paxHeHus tumna 255—257, 259, 260.

§ 11. Iloka3arenbHasas PyHKIHUS, €€ cBOCTBA M rpaduk
2/24)

[lenp m3yueHus mnaparpada — BBEICHHE IOHATHS IOKa3a-
TeNbHON (PYHKIMH; IEMOHCTpaysl NIPUMEHEHNsI 3HAaHUI O CBOMCTBAX IOKa3a-
TeNbHOM (PYHKIIMH K PEMICHHUIO MPUKIAIHBIX 3a/ad.

Jlist 060cHOBaHMSI CBOMCTB ITOKa3aTeNbHON (DyHKIMH HEOOXOIMMO 3Ha-
HUe Marepuaia riasbl | yaeOHHKa 0 cBoiicTBax cteneHu. [loaTomy noBTOpeHHe
9THX CBOMCTB, KOMIIAKTHO C()OPMYJIUPOBAHHBIX HA C. 72, MOXXHO MPOBECTH B
XO/JI€ YCTHOTO BBITIOJIHEHUS CIEAYIOIMX YT p a XK H € H U H:

1. IlpencTaBuTh B BUJIE cTENEeHU ynucna a > 0:

1
| 1
D d’a’a?; 2) am:a“z; 3) a:a ;

a3l
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1
4 @B, 5 @ a

2. HaiiTi 3HaYeHrEe BBIPAKEHUS:

6

2m)’ (Zj -4 5
) En . » (2] .43
) 2877 ) 3
3. CpaBHHTH C EOUHUIICH:
11,33, 2)0,7°.

4. CpaBHUTE:

1 1

1)0,9’u0,9% 2) w2 und.

ITosie3HO MOBTOPUTH € yHAIIMMUCS OTIpeieTICHIUE CBOWCTB (DYHKINH 110 €&
rpapuky. C 3TOH LENBI0O MOXXKHO, HampuMmep, No rpaguky GyHKIUH Ha
pucyHke 6 HalTH:

1) 3HaUeHUs apTyMEHTa, IIPU KOTOPBIX 3HaYeHHe (PYHKIIMU PaBHO HYIIO;

2) KOOpJMHATHI TOUYKH MIepeceyeHus rpauka ¢ OChI0 OpJIMHAT;

3) 3HaueHHs apryMeHTa, MpPU KOTOPHIX (YHKIHMsS HNPUHUMAET MOJOXKH-
TeJIbHBIE (OTpUIAaTEIbHbIC) 3HAUCHIIS,

4) mpoMeXXyTKH BO3pacTaHus (yObIBaHMUS) (PYHKITHIH.

y

A
\
2
0 15 /3 4 x
-1
)

Puc. 6

BBeznenne noHATHS NOKa3aTeNnbHONW (YHKIIMH, 0OOCHOBaHHE €€ CBOWCTB,
rocTpoeHue rpaduKoB M HCCIIeJOBaHNE TIOBeIeHHs rpauKoB, HX 0coObIe TOU-
KM paccMaTpUBAIOTCSl B IIOCIENOBATENBHOCTH, IPEAJIOKEHHON B ydeOHUKE.
[ocne sToro pemraercs 3amaya 1, a mepBeie 1Ba ab3ana naparpada Ha c. 74 u
3amada 2* paccMaTpHUBalOTCSA COBMECTHO (TIPH OTCYTCTBHHU Y YHAIIMXCS MHKPO-
KaIbKYJIATOPOB OHH IIPHHUMAIOT Ha BEpYy pacu&Thl, MPeIIoKeHHbIE B yaeOHH-
ke). HecMOTpss Ha OTHOCHTENBHYIO CIOXHOCTE Gopmynsl (10), >xemaTensHO
BCEX YYAIIUXCS TIO3HAKOMHTH C (PadyIroil u pe3yapTaToM pemieHus 3amadn 2*
(MOYHO TIPEITIOKUTD TIO3HAKOMHUTHCS C ATOU 3a]a4eii CAMOCTOSATENBHO JI0Ma).

Marepwuan naparpaga mo ypokamM MOKET OBITh pacrpeieNiéH CIeIyIONIM
obpazom:
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VYnpaxHeHus
Homep | Teopernueckuil | oCHOBHBIC o

JUISL CAMOCTOSITETbHOM JIOTIOJTHH-
ypoka MaTepuan (B xIMacce

paboTsI B Kiacce TeJIbHBIE
U JIoMa)

1 §11,c.72—74 192—196 194(3), 195 (3) 201—207,

§11,c.75 197—200 198 (3), 200 (3) JIM § 11 Ne 22

B pesynpTaTre m3ydeHus maparpada Bce yJammecs T0JIK-
HBI CTPOWTH IO TOYKaM TpadMKH KOHKPETHBIX ITOKA3aTeNbHBIX (QYHKIHH, a
TaKXKe CTPOMTH HCKU3 rpadMKa MoKa3areabHOM QYHKIMU y = d B 3aBUCHMOCTH
OT 3HA4YEeHHs OCHOBAHUS d ¥ IOJIb30BAThCS CBOMCTBAMH IOKa3aTeNbHON (YHK-
L[MH [IPU BBIMOJIHEHWH yripaxkHeHuid tuna 195—200. B knaccax yrinyonéHHOro
ypoBHS AononaHuTEnsHO — 201, 205—207.

§ 12. Tloka3aresbHble ypaBHeHus (2 / 3 1)

Llenr u3yueHus maparpacda — oBlaJeHHe OCHOBHBIMH CIIOCO-
6aMH pelIeHus T0Ka3aTeNbHbIX YPaBHEHUH.

Tak Kak B OCHOBE PEUICHUIl MOKa3aTEJIbHBIX YPaBHEHUN U HEPABEHCTB
JISKUT 3HAHUE CBOMCTB CTENEHH U CBOMCTB IMOKA3aTENbHON (YHKIINH, TOIE3HO
B HaJajle KaXAOTo ypoKa MpU M3Y4EHHH MaTepHata 3TOTO U CICIYIOLIEro IMa-
parpa)0oB OpraHH30BBIBATH MOBTOPEHHE CBOMCTB. JlenaTts 5TO MOXKHO, Harpu-
Mep, ¢ TIOMOIIBIO CIEIYIOMNX yIPaKHEHNH:

1. BIsSICHUTB, BO3paCTaIOIIel WiIH yOBIBAIOIICH SBISCTCS (PYHKITHS:

) y=73% 2)y=0,6", 3)y=02" 4y= (%j .
3ameuanue. B 3aganusax 3 u 4 ywaniyecs: TODKHBI 10 OTBETa HA BO-

IIPOC MPE/ICTaBUTD (PYHKIIUIO B CIICTYIOIIEM BHIE:

1Y . 3\
Ny=|—|,1..y=5; dhy=|=]|.
)y (o,zj T. €.y )y (5)

2. 3anmcath 1aHHYIO (DYHKIUIO B BU/IE ITOKa3aTeIIbHOM:

Dy=3% 4% 2}y = 6" . 3)y= 52)~ 4)y = 43x
)y_ > )y_§a )y_ > )y_F
3. CpaBHHTSH:
5 5,1 8 -7
03 () 2(3) G
4 4 3 2
1 1
) 3 23 3
3)(7[—]) H(ﬂ—l) 5 4) 7 " '\/53.
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4. llpencraBuTh yncia:

1) 1; 32; é; 0,25 B BUE CTEIIEHH YHnCia 2;

2) % ; 81; J?; \/g B BUJIE CTEIIEHU Yyuncia 3.
5. HaiiTi KOOpIMHATHI TOYKHU TIepecedeHus TPahUKOB (HyHKIIHIA:
Dy=2uy=2, 2y=3ny= %

6. Haiftu o6nacTth onpenenenust QyHKINU:
1

Dy=565 2)y=56% 3)y=2; 4)y= 6L
7. IIpoBepUTH, SIBJISIETCS JIM YUCIIO 5 KOPHEM YPABHEHHUS
2" =x— 1.

8. Pemuts ypaBHEHUe:

1 X 1 X
Ds'=1; 2 (—) =5, 3)5'=-5, 4 (—j =0.
5 5
Jlo BBeneHMS MOHATHS TOKA3aTEIbHOTO YPaBHEHUS U PEIICHHS pasiind-
HBIX YPaBHEHMH, CBOIIINXCS K 3JIEMEHTApHBIM NOKa3aTeIbHBIM, JKEJIATEIbHO
CHCTEMAaTU3UPOBATh 3HAHUS ydaIIuxcs 00 OOIMMX M3BECTHBIX MM IOAXOAAX K
PELICHUIO YpaBHEHUH (K MPHUBEICHUIO JTAHHOTO ypPaBHEHMS K BHJY, aJITOPUTM
pemIeHnst KOTOpOro M3BecTeH). MOXKHO BCIIOMHHUTDH, KaKHe IPeoOpasoBaHUs
MIPUBOJIAT YPaBHEHMS K paBHOCWIBHBIM. CIEnaTh 3TO MOXKHO B XOZI€ PEIICHHS,
HarpuMep, CIACAYIOMNX YPaBHEHHH:

l)x2+3x=§x+2; 2) P +2x+1=0:;

)X+ —12x=0; 4)x* —8x*—9=0.

MO>HO BCIIOMHHUTb U IPUEMBI, IPUBO/SIIINE K YPABHEHUSM-CIICIICTBHSIM,
HO TaK KaK IIPU PEIICHUHN MTOKA3aTEIbHBIX YPaBHEHHI Yallle BCErO BBIIOIHSAIOT-
csl TipeoOpa3oBaHusl, MPUBOASIINE K PABHOCUIBHBIM YPaBHEHUSIM, (OKYCHPO-
BaTh BHUMAaHHE Ha TAKUX [IPEOOPA30BAHUSAX HA ITUX YPOKAX HE CIEIYyeET.

MO>HO YHOMSIHYTh M O rpauueckoM CrocoOe pelieHns] YpaBHEHHA, HO
eMy OyJIeT yaeneHo 0coboe BHUMaHKe MPH U3yYEHUH CIIEAYIONIEro maparpada.

IMocne 06o6meHus mpeoOpa3oBaHUN, KOTOPHIMH yJaIlIHECs YMEIOT IOJIb-
30BaThCsl ¥ KOTOPBIE MIPUBOIAT K PABHOCUIIBHBIM YpaBHEHUSIM, O0Jiee 0CO3HAH-
HbIM OyJeT pa3bop pemreHuil 3amad naparpada. Tak ydamuecs OyayT BHICTS,
Y10 337aud 1 U 2 penrarTcs ¢ UCIOIb30BAHNEM 3aMEHBI JICBOM M MpaBoil Jac-
Tel ypaBHEHHs BBIPKEHHUSIMH, TOKISCTBEHHO UM PaBHBIMH (Ha OCHOBE 3Ha-
HUW CBOWCTB cTermeHHW). B 3amade 3 packiagbiBaeTcs Ha MHOXKHTENH JieBas
4acTh ypaBHeHUs. B 3aqade 4 00e 4acTu ypaBHEHUS NEJSITCS HA OJJHO U TO XKe
BBIp@KCHUE, IPUHUMAIOIIEEe 3HAUYCHHE, OTIMYHOE OT HYJs IPHU BCEX JICHCTBU-
TEIbHBIX 3HaUEHUSX X. B 3agade 5 wieHbl ypaBHEHUS] NEPEHOCATCS U3 OAHOU
YacTH B JIPYryl0, MOCIE Yero yJOoOHO CTAHOBHUTCS 00€ YaCTH YpaBHEHHS pac-
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KJIa/[pIBaTh Ha MHOXWTEIH, a 3aT€M JIE€IUTh UX HA OAHO M TO K€ BBIpaKECHHE
(5*’2 > 0 mpu mr000M x). B 3amade 6 mpumensercst 3aMeHa 0003HaueHus. 3a/a-
yn 7 u 8, OoJee CIIOKHbIE U1 MHOTUX YJalTUXCs 110 TEXHUKE PEIIeHHUs, C TEO-
PETHYECKO TOUKH 3pEHUST — CcaMble IIPOCThIE U3 PACCMOTPEHHBIX, TaK Kak 0e3
MIpeIBapUTEIBHBIX MMPEOOPA30BAHNI Ha OCHOBE CBOICTBA PaBEHCTBA CTEIICHEH
C O/IMHAKOBBIM OCHOBaHMEM (OOJNBITNM HYJIS M HE PaBHBIM 1) MaHHBIE ypaBHE-
HUSL Cpa3y 3aMEHSIOTCS YPaBHEHUSIMH, IPUBOAAIINMH K KBaJPaTHBIM.

Pacnipenenenne marepuana maparpada mo ypokaMm MOXKET OBITh CIIEAyIo-
M

YnpaxHenus
Howmep Teopernueckuii OCHOBHBIE .
IUIsL CAMOCTOSITENIbHOM JOTIOJIHH-
ypoka Marepuan (B xIIacce
paboTHl B KITacce TeJbHbIE
1 JIoMa)
1 § 12 no 3agaum 6 208—212 210 (3) 218—227,
3243 o3v=25 M § 12
2 § 12 3amaun 6—8 | 213—217 213 (3),215(3) Ne 12

B pesynbpTare m3yueHHs maparpada Bce yJalmecs JIO0JK-
HBI HAyYUThCA pelaTh ypaBHeHHd Tuna 210—213, ucnonb3ys TOKAESCTBEHHBIE
peoOpa3oBaHMsl BHIPAKEHUH HAa OCHOBE CBOMCTB CTEINEHHU; C MOMOIIBIO pas-
JIO’)KEHHSI Ha MHOXWTENU BBIPAKEHUM, CoAepKallluX CTENEeHU, IPUMEHS CIIo-
co0 3aMeHBl HEW3BECTHOM CTEleHH HOBBIM HEW3BECTHBIM. B kilaccax yriy0-
JIEHHOTO YPOBHSI JOTMOJHUTENbHO — 221—223.

§ 13. Iloka3aresbHbIe HepaBeHcTBa (2 /3 1)

llens u3yueHus naparpada — (QOpMHUpOBAHHE YMEHHsS pe-
1aTh NMOKa3aTCJIbHBIC HCPABECHCTBA HAa OCHOBEC CBOMCTBAa MOHOTOHHOCTH ITOKa-
3aTeNbHOH (QYHKINH.

Tak Kak NpH PEeLICHUH MOKa3aTeIbHBIX HEPABEHCTB HCHOIb3YIOTCS MpUE-
MBI TPe0Opa3oBaHUs BBIPAXKEHHIA, CTOSIIMX B JIGBOW M NPaBOH 4acTsAX Hepa-
BEHCTBA, AHAJIOTMYHBIC TEM, KOTOpBIE MHCIOJIB30BAINCh M MpPU PELICHUU
[I0Ka3aTeNbHbIX YPAaBHEHUM, YPOK MOKHO Ha4aTh CO CJAEAYIOLIEH IPOBEPOYHON
CaMOCTOSATENbHOW paboThl HA 15 MUH, B KOTOPOI HY)KHO PEIIUTh ypaB-
HEHHS:

1 5-3x
1.0,3° *=0,9 (—j =9

3
2.377-37=2 [+ 4 '=5)

3.8°=3" [6"=T7"].
4.25°+4-5-5=0 [9"-10-3"+9=0].
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Jlo paccMoTpeHust MaTepraina naparpada Mmoje3H0 YCTHO BBIIOJHHUTH 3a-
JaHWsl, aHATOTUYHBIC YIIpaXHEHUIo 195, a Takke YCTHO pEeIINTh HEpaBEHCTBA

THUIIA
2°>0,2">1; (lj >1, (lj <0.
2 2

OcHoBHBIM B § 13 sBigeTca matepuan 1o 3axadu 5. PaccMoTpenue 3ana-
4yl 5, CKOpee BCEro, He BBI30BET y YUalllUXCs 3aTPyJHEHUH, U €CTECTBEHHBIM

6y)1€T PECICHUC HEPABCHCTB (%j > X—% u (%j <X—§ C IIOMOIIIBIO II0-

cTpoeHHBIX Tpadukos (puc. 37). Tlocne pazbopa 3amaum 5 kemaTeabHO 0Opa-
TUTh BHUMAaHHUE YJalIMXCs Ha TOT (aKT, 4TO KOTZA pEIIacTCsl ypaBHEHHE
fix) = g(x), toe y = fix) — yObIBaromasi, a y = g(x) — Bo3pacraromias Ha OJIHOM
U TOM XK€ IPOMEXyTKe (QYHKIMH, U HaXOOUTCS Ha 3TOM IIPOMEXYTKE KOPEHb
YpaBHEHHS, TO 3TOT KOpPEHb OyHeT eJUHCTBEHHBIM (Ha 3TOM IPOMEXKYTKE).
310T (hakT yyanuecs: OyayT HaOMIOIATh MPH PElIeHHH yrpaxHeHui 230.

[Ipu pemrennu ypaBHeHHH B ynpaxHeHUsX 230 u 237 >xenaTeldbHO CTa-
BUTBH BOIIPOCHI U O PEIICHHH COOTBETCTBYIOIINX HEPABEHCTB, a rpauyecKue
pelIeHus] HepaBEeHCTB B yIpaXHEHUH 236 ciemyeT HA4YWHATh C TpadUIecKux
PELIEHNI COOTBETCTBYIOIIMX YPAaBHEHUM.

Marepuan naparpada ¢ yu€ToMm aHajImu3a caMOCTOSTEIbHOW paboThl yua-
HIMXCS Ha TIEPBOM YPOKE IO PEUICHUIO I0Ka3aTebHBIX YPAaBHEHHHA MOXET
OBITH pacrpe/iesI€H 10 YpOKaM Tak:

. VYnpaxHeHus
Homep | Teopernueckuit -
ypoka maTepHan OCHOBHBIE (B JUTS CAMOCTOSATENIBHOM | JIOTIOJIHU-
KJIacce M J0Ma) paboTHI B Ki1acce TEIIbHBIE
1 [ToBTOpeHue
CBOMCTB  IOKa-
3aTeNIbHOM
by § 13 228,229 228 (5)
1o 3aj1a4u 4 231—239
2 § 13, 3agaun 4, 4545 9 73—
5, 6% -80<0, -18<0,
230,236 230 (3)

B pesynpraTe m3ydueHHs maparpada Bce ydampecs DOJK-
HBI CIPABIATHCS C PEIICHHEM HepaBEeHCTB Thma 229, B Kjaccax yriryOiaEHHOTO
YpOBHSA AomoaHUTENbHO — 231, 236.
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§ 14. Cucrembl noka3aTebHbIX YPABHEHH I
U HepaBeHCTB (2 /2 4)

[Henps mayuenuss naparpada — oOydeHHE pEIICHHIO MOKa3a-
TENbHBIX CUCTEM ypaBHEHHI; 3HAKOMCTBO C PEIIEHHEM CHUCTEM, COJEpMKAIUX
MoKa3aTeNbHbIe HEPABEHCTBRA.

B mepBrIx ABYX 3a7ayax maparpada npemioKeHHbIe CUCTEMBI YPaBHEHHIA
pemarTes CrocoOoM TOACTaHOBKH, MPUYEM B 33aue 2 MpeABAPUTEIIHLHO OCY-
IIECTBIISIETCS 3aMeHa 00o03HaueHWi. MOXHO paccMOTpeTh emié, Hampumep,
5-2"+3" =13,
7-2"-3"=11,
cnoxenus. B 3amgade 3* nemoHcTpUpyeTcs NMpUEM IMOUWIEHHOTO YMHOMKEHUS
YpaBHEHUH CHCTEMBI, B pe3yiIbTaTe MOKHO MEPEeHTH OT IMOKa3aTeIbHOTO ypaB-
HEHUS K JIMHEHHOMY X + 2y = 5, M0CJIe Yero pelunTb CUCTEMY IPOLIE.

INocite paccMoTpeHus 3amauu 4 yJanuMcs CIeAyeT COOOIIHTh, YTO MPH
PELIEHUH CHUCTEM, COAEPKALIUX M YPAaBHEHHE, U HEPABEHCTBO, YAacTO MPOIIE
OBIBaCT PEIINThH CHAayalla ypaBHEHHUE CHUCTEMBI, 4 3aTeM HaWJICHHBIC 3HAYCHHUS
KOpHEH MOJCTaBUTh AJIsl MPOBEPKHU B HEpaBeHCTBO. OAHAKO, KOT/1a HEPABEHCT-
BO CHCTEMBI MMOKa3aTelbHOE (KaK B 3amaue 4 u ynpaxHeHusx 244, 245), ero
JIy4Ilie TPEABAPUTEIBHO YIPOCTUTH (3aMEHHUTh PABHOCHIBHBIM HEIOKA3aTellb-
HBIM) WU TaXKE PEIINTb.

B Havane mepBOT O ypoKa MOXKHO BBIMOIHUTH CIEAYIONINE 3 a JaH U A:

CHCTEMY YypaBHEHUU KOTOpasi JIETKO pemIaeTcs CrocoooM

3x
1. Pemuts ypasrenue: 1) 5'=02; 2)25'=5; 3) (%) =1.
1 (1Y
2. Pemuth HEpPaBEHCTBO: 1) (gj < (;j s 2>

X
3. C nmomourpio rpahuKoB GYHKIHMH y = (%J nys= % (puc. 7) pemntsb

1Y _ x 1Y x
epaBeHcTBO: 1) | = | > =; 2) | = | < =.
HEPaBEHCTB )(2J 5 )(zj 5

[=)
]
)




4. Pemiuth IByMsI CIIOCOOAMH CHCTEM aBHEHHH X-y=2,
) ABYM yyp 2x+y="17.

B KOHIIE BTOPOT O ypOKa MOXHO ITPOBECTH CAMOCTOSITEIbHY IO
paboty (c mpoBepKoii B Kiiacce) Ha 15 MuH:
1. Pemiuth HEepaBEeHCTBO

(lfgs 1 [(\/’5)4‘)‘2 21]

7
2. Pemuts cucteMy ypaBHEHHUH

x—y=1, x—-2y=1,
4P = 3 =27

Pacnipenenenue marepuana naparpada mo ypoxam:

Home Teoperu- YnpaxHeHus
P OKE 9YECKUI OCHOBHBIE (B KJlacce U | AJIs CAMOCTOATEIBHON | JOIOJHHM-
Matepuai JoMa) paboTHI B Kiacce TEIIbHBIE
1 § 14 o 240—242 240 (3)
3agauu 4
2 § 14, 3a- 4x _ (2045 IIposepouHas camo- | 243—245
0,6 =0,6 ,
maumdw 244, 4 0, CTosITeNbHAS paboTa
5% 277 >4

K xoHny m3ydeHus maparpada Bce ydamipecss HOJKHBI Ha-
YUUTBCSl PEIIaTh CUCTEMBI TOKA3aTeIbHBIX ypaBHeHUN Tuna 240—242 1 umeTsb
MIPEACTABIEHHE O CIOCO0axX PEHICHUS CHCTEM, COJEpIKalluX ITOKa3aTelbHOe
HepaBeHCTBO. B kiaccax yrmyonéanoro ypoBHs — 243.

Ypok 0600menusi u cucremaruzauuu 3Hanuii (1 /1 1)

Ha nocnennem nepea KOHTpoJIbHOU paboTOi ypoke 0000mIaroTes 3HaHUS
0 CTereHH, NoKasarenbHol QyHKIHK U e€ cBoicTBax. Caenarh 3T0 MOKHO MPH
CpaBHEHNH 3HA4YeHUI! (QYHKUMH, pELIEHHH NMOKAa3aTeJbHBIX YpaBHEHWH, Hepa-
BEHCTB M HX CHCTEM. BBINONHAIOTCA MO BBIOOPY Y4HTENsT «YIpPaKHEHUS
k rase [II». PekoMeHnyercss HCOIb30BaTh CIIPABOYHBIN U 3aa4HbI MAaTEpU-
an u3 «umakTraeckux matepuaiosy, . I, c. 77—S82.

Ha stom ypoke MoOXeT OBITh pPacCMOTPEHO M CTENEHHO-TIOKa3aTelnbHOe

YpaBHCHHUE, B XOAC PCIICHUA KOTOPOIO IMOBTOPAIOTCA H CBOIICTBA CTEIICHU.

>
Hanpumep, MoxeT GbITh perieHo ypasuenne (x +2)° 7 H10=1,
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[pemioxxum npuMep 3aIricy pereHus:

I)x+2=1, orkynax =—1;
x+2>0,

)<,
x +7x+10=0,
OTKyZAa x = —5;
x+2=-1,

<,
x“+7x+10 = 2k,

rae k € Z, otkyna x = 3.
OrBeT. x;=-1, %, =-5, x3=-3.
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I'nasa IV. Jlorapupmuyeckas ¢pyHKkuus

Jlo aToii T71aBBI B Kypce allreOphl U3y4alnuch Takne (pyHKIWH, BbIYHCIIE-
HHE 3HAYe€HWH KOTOPBIX CBOJIMIIOCH K YETHIPEM apu(METHUECKUM JICHCTBUSIM U
BO3BEJICHUIO B CTeleHb. [l BEIUMCIICHUS 3HaYeHUH torapumMiueckoil GpyHk-
MM HYXXHO YMETh HaXOIWTh JIOTapU(MBbI YUCEN, T. €. BBIIOIHATH HOBOE IS
y4dammxcs aeiictBue — morapudmupoBanue. 1o MOSBIICHHS KOMITBIOTEPOB
sorapu(Mbl IIUPOKO HCIIOJIB30BAJIMCH Ul BBIMIOJIHEHUS! BBIYUCICHUN U
JIETATbHO M3YYalnCh B MIKOJE. Ternepp ke MX POoJib CTaja BCIOMOTATelbHOM,
a M3y4YeHUE B IIKOJIC HE CTOJIb MOJPOOHBIM.

3HaKOMCTBO C JjorapupmMaMu YUCeN U X CBOMCTBAMH JJIsl MHOTHX yda-
IUXCS JOCTaTOYHO CJIOKHO. [103TOMY IOIe3HBI TOAPOOHBIE U HATMIAAHBIE 00b-
scHeHus. OObIYHO JorapudM onpenesnsercs Kak MoKa3aTenb CTENeHH, B KOTO-
PYIO HY>KHO BO3BECTH OCHOBAaHHWE, YTOOBI IOJIyYHTh JaHHOE Yuciio: 3 = log,8,
Tak kak 2° = 8. Ciemyer oOpaTHTh BHAMAHKE HA TO, 4T0 3 = l0g,8 sBmsieTcs

KOpHeM ypapHerus 2° = 8, a mostomy 2'°%2% = 8. Taxum o6pasom, momyuaercs

logy b
OCHOBHOE JIOTapU(PMHIECKOE TOKAECTBO a 4’ =b, rne a >0, a = 1, b > 0.
DTO PaBEHCTBO SBJIAETCS KPATKOW CHMBOJIMYECKON 3aIMCHIO OIPEIENEHHS JI0-
rapudma.

JlOKa3aTENbCTBO CBOMCTB JIOrapu()Ma OIUPAcTCsS HAa €T0 ONpPENelcHHE.
Tak KaK, HAIPHUMep, 10 ONpeJeNneHnto norapupma %%’ =p, ¢'°% = ¢, To0,

NEPEMHOXKasd 9TU PaBEHCTBA W HCIOJIb3YA CBOMCTBO YMHOXKCHU CTeHeHeﬁ,

: loggh + 1
nonydaem a'%%a?. g1%%a¢ = pe, g%l 1o%ac

= bc. TlocnenHee paBeHCTBO IOKa-
3pIBaeT, uto log,b + log,c = log,(bc), oTcronia u ciiemayer CBOMCTBO jorapudma
npousBenenus log,(bc) = log,b + log,c.

Ha mpakTuke paccMarpuBarOTCs JIOrapu(MBbl 10 Pa3IMYHBIM OCHOBaHH-
sIM, B 9acTHOCTH 110 ocHoBaHmiO 10 (Igh — nmecaTmunsIil norapndm) u 1Mo oc-
HOBaHMIO ¢ (Inb — HaTypaJbHBIHA Jlorapu™M), OTCI0/1a BO3HUKAET HEOOXO M-
MOCTh (hOPMYIIBI TIepexoia OT Jioraprudma o OHOMY OCHOBAHHIO K JIorapH Q-
MY TI0 JIpyroMy OCHOBaHHIO:

log,b = M,meb>0,a>0,a¢ 1,¢>0,c=1.
.a

Tak Kak Ha MUKPOKAJIBKYJISTOPE €CTh KJIABHUIIH 1g 1 In, TO 11 BRIYMCITE-
HUS Jorapudma 1o OCHOBAaHHSIM, OTJIMYHBIM OT 10 M e, HY’)KHO HCIIOJBH30BaTh
¢dopmymny nepexona.

B Hacrosmee Bpemst TorapugMbl MMUPOKO HUCIIONIB3YIOTCS B (DUHAHCOBBIX
OTlepanysxX, B YaCTHOCTHU JJIsI BEIYUCIICHUS CIIOKHBIX ITPOIIEHTOB, OTPEACIISIO-
HIMX TPUOBLTH OT BKJIAIOB B cOepOaHke. B yueOHMKE paccMaTpuBaeTcs OJJHA U3
TaKMuX 3ajady.

CaoticTBa morapuMUIecKor (GyHKIHUU OYIyT aKTHBHO HCIOIB30BATHCS
MIPU PeIeHUH JToTapru(PMUUECKIX yPAaBHEHUI U HEPABEHCTB.
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HanmoMHuMM, 4TO paccMOTpeHME KBaJgpaTHBIX YpPAaBHEHUH B OCHOBHOM
IIKOJIE MPEIIECTBOBAIO M3YIEHUIO KBAIPATUIHOW (PYHKITUH, TaK KaK €€ CBOM-
CTBa He OBIIM HYXHBI JUIS PEIICHUs ypaBHEHUH. BMecte ¢ TeMm pemieHus KBaj-
paTHBIX HEPaBEHCTB PACCMATPUBAINCH MOCIIE U3YUECHUsS KBaJpaTUIHOW (yHK-
MM, TaK KaK e€ CBOMCTBA ObUIN HYXXHBI ISl PEIICHNS] HEPABEHCTB.

W3yuenne cBOMCTB JoTapu(MUYIECKON (PYHKIIUN IIPOXOTUT COBMECTHO C
peLIeHNsAME YpaBHEHHH W HepaBeHCTB. Hampumep, mpu pemieHnn ypaBHEHUS
loga(x + 1) + loga(x — 1) = 3 momyuarorcst kopan x = £3. Kopenp x = -3 mo-
CTOPOHHHI, TaK KaK MPH 3TOM 3HAYEHWHU X (YHKIIMS, CTOSIAS B JIEBOW 4acTH
ypaBHEeHUs1, He omnpezeneHa. [Ipu pemennu, HarpuMep, HepaBeHCTBa logyx > 3
HCIIONIB3YeTCsl CBOMCTBO Bo3pacTaHus pyHKIMHK y = logyx.

OTMeTHM, YTO MHOTHE CBOWCTBA JorapupMu4eckoil GyHKIuU y = log,x,
rae a > 0, a # 1, ClenyroT U3 CBOWCTB MOKAa3aTeIbHOM QYHKIMK y = d', TaK KaK
9TH (PYHKLMU SIBISIOTCS B3aMMHO OOpaTHbIMH. VX MOXHO ObLIO ObI M3y4arh
coBMecTHO. OIHAKO CBSI3b MEXKIy B3aUMHO OOpaTHBIMU (PyHKIMAMH B LIKOJIE
JeTalIbHO HE PAacCMaTPUBACTCS, U TIO3TOMY OHH U3y4atoTCs pa3/ieNibHO.

[Tpu pemenny norapuGMUUECKUX ypaBHEHUI U HEPABEHCTB BBIIOIHSIOT-
sl pa3nuyHble UX mpeobpazoBanus. [Ipu 3TOM yacTo HapymaeTcs paBHOCHIIb-
HocTh. IloaToMy mpH penieHuH JnorapupMHUUYECKUX YpaBHEHHH HeoOxomuma
MIPOBEPKA HANAECHHBIX KOPHEH, a IPH PELICHNH JIOTApPHU(PMUIECKIX HEPABEHCTB
HYKHO CIIEUTH 33 TEeM, YTOOBI PaBHOCWJIBHOCTh HE HapyIlanach, Tak Kak Ipo-
BEPKY pEILICHUS] HEPABEHCTBA OCYIIECTBUTH CI0XKHO, a B PANE CIIy4acB HEBO3-
MOJKHO.

Hanpumep, npu periennu HepaBencta logy(x + 1) + loga(x — 1) < 3 mo-

x2—1<8,

Pemras e€, Haxoaum
x>1.

JIy4a€TCsd paBHOCUJIbHAsA €MY CUCTEMa

1 <x<3.

Ocku3 rpaduka sorapudmMuueckor GYHKIMH, KaK U MOKa3aTebHOM, Jier-
KO CTPOHUTCS C IIOMOILbIO €€ OCHOBHBIX CBOMCTB: 00JIAaCTh OIPENENICHUs] — I10-
JIO)KUTENIBHBIE YHCIIA; MHOXKECTBO 3HAYCHUIl — BCE ICHCTBUTENbHBIE YHCIA;
¢GyHKUIMSA Bo3pacTaeT WIM YObIBaeT; Bcerja NpUHHMMaeT 3HadeHue 0 mpH
x = 1. Ina Gosiee TOYHOTO MOCTPOEHUS TrpaduKa MOJIE3HO COCTABUTH TAOJIHUILY
HEKOTOPBIX €€ 3HaYCHU.

Jlorapugmuyeckne ypaBHEHHsS W HEpaBEHCTBA HE OINPEIENSIOTCS, XOTS
KaXJ10€ U3 HUX COJEPKUT HEM3BECTHOE 1101 3HAKOM Jiorapudma.

[IpenmMeTHB € I €J U W3y4CHUS IJIABBI:

— BBEJICHHE MOHATHS Jiorapu(dMa 4Yrcia U U3ydeHrne CBOMCTB yorapud-
MOB;

— IPUMEHEHHE CBOMCTB JIOTapU(PMOB U OCHOBHOTO JIOTAPHU(PMUIECKOTO
TOXJIECTBA JUIsl YIIPOUICHUS JIOrapu(pMHUUECKUX BHIPOKEHUH U BBIYNCIICHUH;
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— BBEJICHHE NOHATHH AECATHYHBIX U HATYPaJIbHBIX JOTrapu(pMoB;

— npuMeHeHne (HopMYITEI Iiepexoa JorapupmMa K ApyroMmy OCHOBAHHIO
JUTSL BBIYMCIICHNUS JIOTApH(PMOB IHCEN C JIIOOBIMA OCHOBAaHHSAMUY;

— BBEICHHE IOHATHS JIOrapuPMUIeCKON (QyHKIMN; H3ydeHHE CBOMCTBA
morapupMUIECKOor QYHKIIMH U IOCTpOeHHE e€ rpaduka;

— o0ydJeHHe penIeHuIo Jorapn(pMHUIECKUX YpaBHEHUH, HEPABEHCTB U MX
CHCTEM aHAJIMTHYECKHIMHU M TPadHUECKIMU METOAAMH; HAXOXKICHHE TOUHBIX U
MIPUOIKEHHBIX 3HAYEHUH KOPHEH ypaBHEHNUH.

MeTanpeaMeTHBI € II€J U H3yIEHHUS ITIaBbI:

— pacIIMpeHre BBIYMCIMTEIBHOTO ammapara 3a Cc4éT IpHUMEHEHHS
CBOMCTB JIoTapu(MOB;

— o0yueHHne MOAYIIMPOBAHUIO PEATHHBIX MPOIECCOB, NMPOTEKAIOIMINX 10
3aKOHAaM SKCHOHEHIMATBHON 3aBUCHMOCTH, U HCCIIEAOBAHUIO CO3JaHHBIX MO-
JieTIell ¢ TIOMOIIBIO amiapaTa JIorapupMUpOBaHUS;

— OCO3HAHME B3aHMOCBS3M MaTEMaTHKU CO BCEMH IpPEIMETaMH ECTECT-
BEHHOT'O ¥ T'YMaHHTapHOTO LIUKJIOB.

JIJudHOCTHB € I eJ U NU3yICHUS INIaBhI:

— COBEpPILIECHCTBOBAHNE BEIYUCIUTEIEHON KYIbTYpBI;

— pacIIMpeHHe CpeICTB M METOJO0B IpeoOpa3oBaHMl CHMBOJIBHOTO
SI3BIKA;

— COBEPIIEHCTBOBAHHNE HABBIKOB PAa0OTHI C BEIYMCIUTEILHON TEXHUKOH.

B pesynbTare msyuenus raaBbel IV Bce yyamuecs JOJKHBI
3HaTh ONpeE/eNICHNEe M CBOICTBa JorapuQma 9ncia, ONpeAeiIeHHe U CBONCTBA
Torapu(pMUIECKOr (HYyHKIINH, YMETh CTPOUTDH €€ TpauK U BBIIOJHATE YIIPAXK-
Henust thmna 368—383, a takke u3 pyoOpukm «lIpoBepp cebs!». B kmaccax
yrITyOIEHHOTO YpOBHSI AOTIOJHUTENEHO YMETh BBINONHATH YINPAKHEHHUS THIIA
384—389, 392, 393, 396.

§ 15. Jlorapu¢gmsl (2 /2 49)

Ilenpr uszyuenus nmaparpada — BBeJeHUE MOHATUS Jorapudma
YHCITa; 3HAKOMCTBO € TPUMEHEHHEM OCHOBHOTO JIOTapU(MHIESCKOTO TOXKICCTBA
K BBIYMCIICHHUSM U PELICHUIO MPOCTEHINNX JIOrapU(PMUUCCKUX YPABHEHHI.

B ycTHyro paboTy 10 BBEACHUS MOHATHSA JOrapupma, MTOMHUMO
3a1a4 1 ¥ 2, MOXKHO BKJIFOYHTH M CICAYIOIINE:

1. Pemuts ypaBHEHue:

1

) )
bl s
0 .
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2. C nomopio rpaduka GyHkimu y = 2* (puc. 8) HalTH IPUOTIKEHHbIE
3HAUEHUSI KOPHEN ypaBHEHUS:

1) 2= %; 2)2'=3  3)2°=6.

| x

Yy =2

6 7 y=6

3 y=3

1 =2
-=‘74 — y 3
-10] 123 x

Puc. 8

ITocne BBeneHMs MOHATHS JIOTapH(Ma CTOMT BEPHYTHCA K PUCYHKY 8 U
OTMETHUTH a0CIUCCHI TOYEK MepecedcHus rpaduka GYHKIMU y = 2" ¢ IPSIMBIMU
y= %, y=3, y=6. 3T0x=10g22, x=log, 3, x=1o0g,6.

3

3amaHus I MPOBEPOYHONH CaMOCTOATENbHOUW paboTel (15 muH)
MOTYT OBITh CIIETYIOIINMHU:

1. BeruucnuTs:

1) logs5 [logs4]; 2) log; 125 [log4l};
5 64

3) 10210g109 [53log54] : 4) 52+ logs3 [121 + 10g127] .
2. BBIICHUTD, IPU KaKOM 3HaYE€HHH X UMEET CMBICI BBIPAKEHHUE!
logi(7-x)  [logs(5 —x)].
2
3. Pemuts ypaBHEHUE:
Dlogs(x+1)=4  [logy(x—5)=3];
2)log,81 =4 [log,32 =5].
Marepuan naparpada U3ydaercs B COOTBETCTBHH C €r0 H3JIOKEHHEM B
yueOHHUKE U IT0 YPOKaM MOKET OBITh pactpeneiéH Tak:
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VYnpaxHeHus
Howmep Teopernueckuii OCHOBHBIC .
ypoka MarepHan (B kacce u JUISL CAMOCTOSITETIEHOM | JOIIOJHH-
paboTHI B Kacce TeNbHBIC
JIoMa)
1 § 15 (mo 3amaum 5), 266—276
HCTOPHYECKUE CBe- 272,273,
276 (3) 279—289;
JIeHUS
IM§ 15
2 § 15 3anaun 5 u 6 277,278 TTpoBepouHas camo- Ne 44
cTosiTeNbHast paboTa

B pesynpraTe m3yueHus maparpada Bce ydamuecs DOJIK-
HBI 3HATh OlpeJielieHHe JiorapudmMa 4ucia 1 OCHOBHOE JIorapiu(pMUIecKoe TOXK-
JIECTBO, a TaKXKe CIIPABIATHCS C ynpakHeHmsMHu Tuma 272—278. B kmaccax
yri1yOIEHHOTO YPOBHA JOMONHUTENHHO — 279, 280, 285—287.

§ 16. CmoiicTrBa 1orapupmos (2 /2 4)

Hens m3ydeHus maparpada — U3yYCHHE OCHOBHBIX CBOHCTB
sorapumMoB 1 HOPMUPOBAHUE YMEHHNA WX MPUMEHEHHS I TPeoOpa3oBaHU
Jorapu(hMUIECKUAX BEIPAKCHUH.

JIst moOHUMaHUsI JOKa3aTeIbCTB CBOMCTB JIOTapru(pMOB HEOOXO MBI 3Ha-
HUS OCHOBHOTO JIOTApU(MHUYECKOTO TOXKIECTBA W JEHCTBUH CO CTEIICHSIMH.
AKTUBU3UPOBATh ATH 3HAHHS MOXKHO, HAIPHMEP, C TOMOIIBIO CIIEIYIOITHX
YOpaXHEHUN:

1. IlpeacraBuTh B BUJIE CTENCHHU:

3

Dd*-a’; 2) @ 3)da?:d" 4) a '_{ .
a

3

2. BBIYHCIUTE:
1) 710g78 . 2) 71+log78 . 3) 72~10g78 : 4) 810g25.

> k]

3. 3am0JHUTE IPOIYCKU:
o 1 o
1)3=47 2) —=3".
) ) p
4. Pemuts ypaBHEHUE:
1)loger=2; 2)loger=-2; 3)loger= %

Pexomenayercs mocie 000CHOBaHUS KaXKIOIO U3 CBOMCTB AEMOHCTPHUPO-
BaTh €r0 NPUMEHEHHE B XO/€ PAcCMOTPEHHUS MPHUMEPOB B KOHIE C. 95 U BHI-
TIOJTHEHHSI COOTBETCTBYIOIINX yIpaXHeHUH Tnma 290—292.
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Pacnpenenenue marepuana naparpada 1mo ypoxam:

VYrpaxxHeHus
Homep | Teoperudeckuil | ocHOBHBIE (B N
ypoka MATCpHAI wacce i go. | "VPL CAMOCTOSTENBHOM | fomOMHM-
va) paboTHI B KJacce TEeNbHBIE
1 § 16 290—293 291 (3), 292 (3)
2 294296 | 3mas, uto logza = 14, | 227300
HaWTH: AM§ 16
1) log, (8); Ne 11
2) log, @’

BpesynbTaTe mM3yuyeHus maparpada Bce ydaluecs JOIKHBI
Hay4UTHCS IPUMEHATH CBOWCTBA JIOrapr(MOB IPH BBHINONHEHUH YIPaXXHCHUH
tuna 293. B xiaccax yriy0i1E€HHOTO YPOBHS JOMOTHUTEIHHO — 296.

§ 17. JlecaTH4HbIC H HATYPAJbHbIE J10rapu@ Mol
2/34)

[lenp u3yueHus nmaparpada — BBEICHHE MOHATHH JECATUIHO-
TO U HaTypaJbHOTO JIorapr(MOB; o0ydeHHe TPUMEHEHUIO (HOPMYJIBI ITepexo/ia
oT JorapudMa 1o 0THOMY OCHOBAHUIO K JIOrapu(My 110 JPyroMy OCHOBaHHIO.

BBezneHne necITHYHBIX W HATypaJbHBIX JIOTapu(MOB IMIKOJIEHHKH BOC-
MIPUHUMAIOT TIParMaTHYecKy, KaK «yJOOHBIE» B BEIYMCICHUIX U 3AIHCSX JIOTa-
pUQGMBL. YIUTENb MOXKET UCTIONB30BATh ITPH BBEJICHUH 3THX MTOHATHH CBEICHUS
13 WCTOPUH X TOSBIECHHUSA. BO3MOXHO paccCMOTpEHHE NMPUMEPOB YIPOIICHUS
BBIYMCIICHUH C MOMOIIBIO JIECSITUYHBIX JIOTapU(PMOB IIpHU pabOTe C YHCIaMHU,
3aMMCaHHBIMU B cTaHAapTHOM BHje. [lonesHo coobmuTs, uto B 11 kiacce npu
W3y4EHUH OCHOB U (PEepeHIIMAIBHOTO M HHTETPAILHOTO UCUHCIICHNS yJalie-
Cs MO3HAKOMSTCSI C YHHKAIbHBIMH OCOOCHHOCTSIMH (DYHKIIHH y = €.

Beenenue ¢opmynsl nepexoga 0OOCHOBBIBaETCS MOTPEOHOCTAMM Hpak-
k. Creayer noauepkuyTh, 4to ¢opmyna (1) BeIpakaer OJJHO U3 OCHOBHBIX
cBoiicTB norapumoB. Jloka3biBaeTcs €€ CpaBeUIMBOCTh HA OCHOBAaHUU CBOW-
CTBa Jiorapu(mMa CTeleHH, KOTOpoe B Hayale ypoKa jKeJIaTeIbHO IOBTOPHTh
(omHOBpPEMEHHO U C JAPYTMMH CBOICTBaMHM), HallpuMep, B XOJ€ BBINOJIHEHUS
YO paXHEHU Ha BbIUYUCICHNE 3HAYEHUN BBIPAKEHUI:

1) log;025 + logp 4; 2) log1o5 — log; 50;

3) logjo 10% 4) 1og;00,01.

Ilpn BbmonHennn ynpaxkueHus 305 (3) ywammecss HaWAyT, 4YTO

1 . .
log,7 = ——, mociie 4ero MOKHO 3aIicaTh B OOIIEM BHJC YAaCTHBIN CIydaii
0g7

¢dopmymst (1) Tak: log, b = .
log,a
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B cirydae orcyTcTBHS y OONBIIMHCTBA YYAIIUXCSl MUKPOKAIBKYIISITOPOB C
KIaBuIIaMd 1g u In yuurens BCE paBHO JOJDKEH B KJIacce PAacCMOTPETh U
3amagy 1 maparpada, u ynpaxkaenns 301—304. [Ipu 5ToM Ha CBOEM KaNbKyIs-
TOpE YYHUTENb HOKA3bIBAET MPOILECC HAXOXKICHUS JIOrapu(MOB (TIpU BHIIOJIHE-
Huu ynpaxaeHnid 301—302); 00s3pIBacT yJamuxcs NPy BHITIOTHEHIH 3aIaHAHA
303—304 caMOCTOSTENBHO BEIPaXKATh JaHHBIC JIOTApU(MBI depe3 IeCATUIHEIC
WM HaTypalbHbIe, IOCIIe Yero 100 coolIIaeT pe3ynbTaThl BEIYMCICHHH, IPO-
BEIEHHBIE Ha CBOEM MHUKPOKAIBKYJATOpE, JHO0 MpeiaraeT MpoBOANTH 3TH
BBIYHMCIICHUS Pa3IMYHBIM yHaIlIMCSI.

Marepuan naparpada Ha ypokax MOXeET OBITh PAaCCMOTPEH CIEAYIOIINM
obpazom:

VYnpaxHenus
Howmep Teoperuueckuit JJIsl CaMOCTOSI-
ypoka MarepHan OCHOBHBIE (B TemmsHOM pato- JIOTIOJTHH-
KJlacce U IomMa) - TEJbHBIC
1 § 17 mo 3amauu 2, 301—306 304 (3),
HUCTOPHUYECKUE 305 (3) 312—317,
cBeJeHUs * IM § 17
Ne 22—24
2 § 17, 3amaum 2, 3* 307—311 309, 307 (5)

B koHIE BTOpPOTrO Yypoka MOXET OBITh MpPOBEINECHA IPOBEPOYHAs
caMocToATenbHas padora Ha 10—15 muH 1o marepuany § 16—17:
1. BeruucnuTs:

1) logy13 — logy1 % [logo15 + logy12];

2) log; 4+log; 9 [10g3é—10g340,5}
6 6

3) logisv225  |log3 3169 |.

2. 3nas, yto Ig 2 = 0,301, a 1g 5 = 0,699, nHaiitu logzé/g C TOYHOCTBIO

1o 0,01. [3nas, uro 1g3 = 0,477, a 1g 5 = 0,699, Haiitn 10g3J§c TOYHOCTBIO
10 0,01.]

B pesynpraTe m3yueHHs maparpada Bce ydamumecs DOJDK-
HBI HAY4UThCsl BHIMONMHATH 3aaanus tuna 305, 307. B kiaccax yrnyonéHHOTO
YpOBHS AomnoJIHUTENbHO — 312, 313.

§ 18. JlorapupmMuueckas GpyHkius, eé cBOiicTBA

urpagux (2 /2 4)

Hens m3yuenus maparpada — oOOCHOBaHHWE CBOWCTB JIOTa-
pudMuIecKoi QYHKIINHE U MOCTpoeHHe e€ rpaduka; JeMOHCTPAINs IpuMeHe-
HUSI CBOWCTB JorapuMuyeckoil GYHKUUH TPH CPABHEHHU 3HAYCHHUH BBIpaXKe-

HUH 1 peIIeHNH MPOCTEHUIINX Jorapu(MIIECKUX yPaBHEHUI 1 HEPABEHCTB.
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Ecnu Ha npenpIayIeM ypoKe IPOBOJMIIACE IPOBEPOYHAS CAMOCTO A -
TeabHas paboTa IO CBOMCTBAaM JIOrapH(MOB, TO yPOK MOXKHO HaJyaTh C aHa-
nM3a e€ pe3yNbTaToB M 3aKPENUTh HABBIKM B MCIIOJIB30BAHUM 3THX CBOKMCTB B
XO0JI€ BBHIIIOJIHEHMS, HAIIPUMED, CIIEAYIOIUX 3a 1 aH U I:
logy45+logy1,8

10g93/8_1

2. Pemuts ypaBHenue logs x = 3logs 2 + 4log 5.

Jo paccMoTpeHus Marepuana maparpada (aHaTHTHIECKOr0 000CHOBAHHS
CBOHUCTB JOrapu(MUUecKOil (YHKIIMM) CTOHT IIOBTOPUTH CBOICTBA CTEIHEHH,
OCHOBHOE JIOraprH()MHUUECKOE TOXKACCTBO, ONPEICTICHNS BO3pacTaromieil u yosI-
Baromel QyHKIUHA ¢ IOMOIIBIO, HATIPUMED, CIEAYIOIIUX Y C THBI X YIpaXHe-
HHMH:

1. BBIsICHUTD, IPH KaKUX 3HAYEHUSIX X HMEET CMBICI BBIPaKCHHE:

1)0,3% 2)logosx; 3)logs xz; 4) log, 15; 5) logMIS .
2. Haiitn y, ecnu:

Dlny=1; 2)Igy=0; 3)Iny=

1. Beruncnuto

1
—: dlgy=-2.
5 )1gy

1

1
3. 3ammcarp kaxnoe u3 uucen 0; 1; —1; 2; —; 75 B BHJE Jorapudma 1o

OCHOBAHHUIO 5.
4. Pemuts ypaBHEHUeE:

1) 10" = 1000; 2)6":1; 3)2"=3; 4)10°=7.
e

5. Pemnte HEpaBEHCTBO:

1)6>67%; 2)0.1" > 0,12, 3) 10> 15;
log| x
4) < M0 5y 10/ 10/ 6) Gj 3 <2,

6. BeisicHuTh, BO3pacraromieil WiM yObIBaioIied sBiseTcs (DyHKIUS
y = f(x) Ha HEKOTOpPOM HWHTEpBaie, €CIUu A JIOOBIX X; > X, U3 3TOrO
HHTEpBaa:

D flx) <fle); 2) flxn) > flx).

W3ydeHne marepuana *elaTeJbHO IPOBOIUTH B COOTBETCTBHM C H3II0-
xeHueM ero B yuebHuke. Tor ¢akt, uto pynkuuu y = logxuy = a* (a > 0,
a # 1) B3aumMHO O0OpaTHBI, WLTOCTPUpPYETCS TpapuuecKd (C TOMOIIBIO
pucyHKa 42).

ITocne oOBsICHEHNST TEOPETUUECKOTO MaTepHana, B 3aBUCUMOCTH OT BO3-
MOJKHOCTEH ydJaImiuxcsi, yI4UTENb BIPaBe TPeOOBaTh OT HUX BBHIIIOIHEHHS YII-
paxnenuit 318—321 c omopoit Ha chopMyIIMpOBaHHBIE CBOICTBA JIorapru(pMHu-
YecKko (yHKIMK MO0 Oe3 mpuBiedeHHs TpadHuecKoil WILTFOCTpaluu, J100
npuberast K Hell (B TAKOM CIly4dae UCIOJb3YIOTCS ICKU3bI TPa)KOB, aHAIOTHY-
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HBbIE TIOCTPOEHHBIM Ha pucyHke 39). IlpakTika mokasbiBaeT, 4To rpaduyecKue
00pa3bl CrIocOOCTBYIOT TOHUMAHHIO W 3aIIOMUHAHUIO CBOUCTB (DYHKITHH.

Marepuan nmaparpada MoxkeT ObITh PacpeaeéH Mo YPOKaM CIIEIYIOIINM
obpazom:

VrpaxHeHus
Howmep Teopernueckuii OCHOBHBIE N
JUTSL CAMOCTOSITENIEHOM | JTOTIOJHH-
ypoka MaTepuai (B kmacce u
paboThI TEJIbHBIC
JIoMa)

1 § 18 (mo Teopembl) 318—323 323 (3,4)

2 § 18 (reopema u | 324—328 | 327 (5), pemmts ne- | 329335
BECh MOCIIEAY IO PaBEHCTBO: AM § 18
Marepuain Iaparpa- 1) logpox>1; Ne 30, 31
tba) 2) log7x<0

B xiacce 6a30BOro ypoBHS U3ydeHHE CBOMCTB JorapumMuueckoi (pyHK-
UM MOKHO IIPOBECTH HE B TOJHOM COOTBETCTBHHM C TEKCTOM maparpada.
OObsicHeHne Marepualla MOKHO HadaTh C MOCTPOEHHS MO TOYKAaM B Pa3HBIX
cucreMax kKoopauHat rpadukoB ¢gyHkuuit y = log, x u y = log; x . Onupasich

2

Ha omnpezeneHue jJorapudma 1 BUA rpauKoB, BBISIBUTH 00JIaCTH ONpENeNeHUs
(GYHKIMH 1 MHOXECTBa MX 3HaYECHUH, YOSAUTHCS B TOM, YTO IrpaMKH MPOXO-
1t yepe3 Touky (1; 0), cnenath BBIBOJIBI O MOHOTOHHOCTH KaXIOW M3 (QyHK-
LU, ONpEeNeTUTh IPOMEXYTKH 3HAKOIOCTOSIHCTBA. 3aTeM MOXHO TNMEpeHECTH
HaOMIOEHNUS 32 CBOWCTBaMU Jorapupmudeckux GyHKIUH y = log, X AByX BH-
noB: ipu @ > 1 mnpu 0 < a < |, ncrons3ys pu 3ToM pucyHoK 39. IIpu Takom
MOJIX0JIe CBOMCTBA 3 M 4 HE IOKa3bIBAIOTCS, a MOCJIE MX BBISBICHHS IPOTOBa-
pHBaIOTCS, HapUMep, TakuM obpasom: «IIpu a > 1 Gonpiriemy 3Ha4eHHIO (T10-
JIOXKHUTEIILHOTO) X COOTBETCTBYeT Oospliee 3HaueHue log, x». Ilpu stom yua-
IIMMCS B TETPAZISIX XKENaTeJIbHO JeaTh KpaTkue 3anucH (OopMyIHMpPOBOK CBOM-
CTBa M TeopeMbl. BakHO cienaTh M KpaTKue 3alicH YTBEpKICHUH, chopMyn-
POBaHHBIX ITOCJIE CBOWCTBA 3, TaK Kak Ha MX OCHOBE OyayT B JalbHEHIIeM pe-
marthces JorapuMuueckue HepaBeHcTBa. Ha manHOM atare oOydenus, opopm-
JICHNE pelIeHnH ypaBHEHUH W HEPaBEHCTB, CIIEyeT BBIIOJIHATH IMOIPOOHO, KaKk
9TO CHIeNIaHo B maparpade npu pereHnu 3agad 1—3.

B pesynpTaTe m3ydeHHS maparpada Bce ydammecs JOJIK-
HBI YMETb IIPUMEHATH CBOMCTBA JIOTapU(PMUUECKOW (QYHKIMH IIPH BBHITOIHEHHN
ynpaxuernii tTama 318—321, 324—325. B wmaccax yriryOnéHHOTO YpPOBHSA
nonoHATENBHO — 331—332.
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§ 19. Jlorapupmuueckue ypaBHeHus (2 / 3 4)

Ilens m3yuenus mnaparpada — ¢GOpMHPOBAHHE YMEHHUS pe-
1IaTh Pa3HYHbIC JOrapru(MMHUECKUE YPABHEHHUS] U UX CHCTEMBI C UCIOJIb30Ba-
HHEM CBOMCTB JIOrapu(MOB U OOIINX METOIOB PEIICHHS YPaBHCHHUI.

OO01ue MOJX0Abl K PEUICHHIO YpaBHEHUH (ISHCTBUS ¢ WICHAMHU U 4acTs-
MU YpaBHEHHs, 3aMeHa 0003HAYEeHUs, pa3JIoKEHUE Ha MHOXKUTEIN YacTH ypaB-
HEHHs, METOJ] MOJCTAHOBKU MPHU PEUICHHH CHCTEM) MOYHO CICIHANIBHO He
HOBTOPSTh, OHU OTPaOATHIBAIOTCS B XOJIE PEUICHUS] KOHKPETHBIX YPaBHEHUH.

Jlo paccMoTpeHusl pelleHui 3amad naparpada sKenaresbHO MOBTOPHTH
NOHSITHE YpaBHEHMUsI-CIICJCTBUS, OINpeeieHue orapudma 1 ero cBoiicTBa, a
TaK)Ke TEOPEeMBbI MPEAbIIYIero naparpada o paBeHCTBE JIOTapUPMOB C OJIUHA-
KOBBIMH OCHOBaHMSIMH. DTOMY IOBTOPEHHUIO OyIyT CIIOCOOCTBOBATH M Clie-
JIYIOII[ME 3 a J1 2 H U 51

1. Pemnts ypaBHEHUE:

1)2"=32; 2)2°=0,5; 3)2'=17,

4)2°=_2; 52 =x+1.

2. BelunciuTh:

1)log, 48 —log,3;  2)loge4 + log6i ; 3) logs \4/125 .

3. Pemmuts ypaBHEHUE:
1) log, x =-2; 2)log, 9 =2;
3

3)log, 1 =0; 4)logglogz x = 0;

5) logs 2x — 1) =logs 7; 6) logs x* = logs 4;

7) 2 logz x =logz 4.

4. BeIICHUTh, Kakoe W3 JAaHHBIX YpPaBHEHHWH SIBIISICTCSl CIIEICTBHEM
Jpyroro:

1) ypaBHeHus U3 ynpaxxHeHus 336;

2) logs x* = logs 4 u 2 logs x = logs 4.

Marepuan naparpada o ypokam MO>KeT ObITh pacipenenéH clIemayomnuM
o0pazom:

. YnpaxneHus
Howmep Teopernyeckuit _
ypoka Marepuar OCHOBHBIC (B JUISL CAMOCTOSTENIBHOMH | JOIOJHH-
KJIacce U IoMa) paboThl TEeNbHbIE
1 § 19, 3amaun 1—3 337—339 338 (3) 343—346;
JIM § 19
2 [ §19,3anamd—7 | 340342 341 3) Ne25—30
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B pesynpraTe m3ydueHHs maparpada Bce ydamuecs DOJK-
HBl CIIPAaBISITBCS C PEIIEHHEM JIOrapu(MUUECKUX YpaBHEHHH, aHAJOTUYHBIX
peIokeHHBIM B yrpaxHeHus1x 337—340. B kiaccax yriryO0néHHOTo ypoBHA
IOTIOTHATENBEHO — 343—345.

§ 20. Jlorapu¢pMuueckue HepaBeHCTBA (2 / 4 1)

[Henp mzyuenus maparpacda — oOydeHHe pemeHuto Jorapud-
MHUUYECKHX HEPAaBEHCTB HA OCHOBAHWY CBOWCTB JIOrapu(hMHUECKOi (QyHKIIUH.

[TepBBIl YpOK IO TEME MOXXHO Ha4aTh C NMOBTOPEHHs CBOMCTB JIOra-
pudmuyeckon ¢byHKINHN U YCTHOIO BBIIIOJIHEHUS CIIEYIOLIUX
YO paXHEHUU:

1. 3anucarts:

1) uncno 1; 0; —1; 3; % B BHJIE JIOrapu(mMa 110 OCHOBAHUIO 2;

2) uucmno —3; —1; 0; %; 1 B BUzE NorapudMa 1o OCHOBaHUIO % .

2. Haiitu o6nacth onpeneneHus: QyHKINU:
Dy=lglx+1); 2)y=1logs3—x);

3)y =1Inx% 4)y = logi(x* +1).
3

3.C nomompio rpadpuka ¢GyHknuu y =logx (puc. 9) pemuth
HEPaBEHCTBO:

Dlogx>0; 2)logax >1;3)logx<0; 4)logyx<1.

i
2” = 'lx
y 10g
1 y=1
/1 2 x
-1
Puc. 9

4. BrIsICHUTD, BO3pacTaOIIeH MITH YOBIBAOIIEH SIBIIsETCS (DyHKIIHS:
Dy=log.x; 2)y=Igx; 3)y=log;x.

e
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5. Cpenu cootHomeHwmit x < 3, x > 3, 0 < x < 3 BEIOpaTh YAOBIETBOPSIIO-
1[ee HEPAaBEHCTBY:

1) logs x > logs 3; 2) logs x <logs 3;

3) log; x >log;3; 4) log; x <log; 3.

5 5 5 5

Pemenne norapuMudyeckux HEpPaBEHCTB MOKHO OpOPMIIATH ABYMSI CITO-
cobamu: OO C MOMOUIBIO MepexoJia K HEPaBEHCTBY, PEellleHHe KOTOPOro COo-
BMEIAETCS C HaWJEHHON OO0JIaCThIO OIpEIEICHHsT HCXOIHOTO HEpPaBEeHCTBA
(kak 3TO chenaHo B 3amade 1 Tekcra maparpada); JIn0o ¢ IMOMOIIBIO Mepexoaa K
PaBHOCWIIBHOMW cucTeme (Kak 3To chenaHo B 3amavax 2 u 3*). IlpakTuka noka-
3BIBAET, YTO MEHBIIIE OMHOOK MPH PEeIIeHUN HEPABEHCTB ydalllhecs JIOMycKa-
10T, 3alMChIBasi BMECTO MCXOJHOTO HEPAaBEHCTBA PAaBHOCUIIBHYIO €MY CHCTEMY.
B psne ciayuaeB mociie 3amicu CUCTEMbl CTAHOBHUTCS OYEBHJIHBIM, KaKoe U3 e
HEpPaBEHCTB MOXKHO HCKIIFOUUTh.

Hanpumep, HepaBeHCTBO logy(x* — 5x + 7) > 0 PaBHOCHIBHO CHCTEME

¥-5x+7>0,

Tak Kak 0 = log, 1 u 2 > 1. O4eBUAHO, YTO peElICHHUE ITOM
2
X =5x+7>1,

CHCTEMBI COBIIAJAET C PELICHUEM HEPABEHCTBA X-5x+7> 1, T. e. HEpaBeHCT-
BaxX—5x+6>0 (ero pemienus x < 2 u x > 3). Pemrars e mepBoe HEpaBEHCT-
BO CHUCTEMEI, 00YCIIOBJICHHOE 00JIaCTHIO OTIPEEIICHISI HCXOHOTO HEPaBEHCTRA,
B JJAHHOM CTydac Oecrioyie3Has Tpata BpeMEHH.

Pacnpenenenue yueOHOro mMatepuana 1mo ypokaM MOXKET OBITh CIEIYIO-
I[AM:

VrpaxxuneHus
Howmep Teopernyeckuii OCHOBHBIE .
ypoka MarepHa (8 KBCCe IUTSL CAMOCTOSITEITBHOM JIOTIOJTHU-
paboThI (B Ki1acce) TeJbHbBIC
U IoMa)
1 § 20 no 3amauu 2 354—356 355 (3)
358, 360—
2 § 20, 3amaun 357,359 1) logy 6(x* — 367; IM § 20
2m 3% —3x-9)>0; Ne 33, 34, 37,
2) 10g4(x - 2) + 38
+logy(x—8) <2

B pesynbpTaTre m3ydeHus maparpada Bce ydammecs JIOJK-
HBI CIIPABISITHCS C pelIeHHeM HepaBeHCTB THma 356, 357. B kmaccax yrmyo-
JIEHHOTO YpOBHS AOMOJHUTENBHO — 359, 360.
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Ypoku 0000meHuss U cUCTEeMATU3AIMHU 3HAHMK (2 / 2 v)

Ha sTix ypokax MOBTOPSIIOTCS CBOWCTBa JIOrapu(MOB U Jiorapudmuye-
CKOW (DYHKIMH, UX TPUMEHEHHE TP BBIYUCICHUH YHCJIOBBIX 3HAYEHHI JIOTa-
pUPMHUYECKUX BBIPAXKEHHH, CPaBHEHWW 3HAYEHHH JorapupMudeckoi (yHK-
MM, PEIICHUH JIOTapUPMHUUYECKUX YPaBHEHWH M HEPABEHCTB. BHIMOIHSIOTCS
yIpakHeHus K riase V.

CHJIBHBIM yYalIUMCsI MOTYT OBITh MPEUIOKEHBI 3aanusl U3 «J{unakTude-
CKUX MaTepualioB»: 3aJlaHus Uil IOATOTOBKM K 3K3aMEHY B ILIKOJIE, a TaKKe
3aJaHus IJIs1 UHTEPECYIOINUXCA MaTeMaTHuKOM.
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I'naBa V. Tpuronomerpuueckue ¢popmyJibl

Pa3zmen mKONBHOIO Kypca MaTeMaTHKHU, Ha3bIBaEMBIH TPUTOHOMETpHeEH,
HEOJHOKPAaTHO IpeTepreBal N3MEHEHHUs KaK [0 COIEPIKaHUI0, TaK U II0 BpeMe-
HHU ero u3ydeHus. Tak, B IPOIITIOM TPUTOHOMETPHs ObliIa Jjaxke CaMOCTOSTEIb-
HBIM Y4eOHBIM IIPEAMETOM; B LIKOJIC pacCMaTpUBaIach U TPUTOHOMETPUYECKAsL
¢dopMa KOMIIJIEKCHOrO 4ucia. B HemaBHeM IIPOIIJIOM TPUTOHOMETpUs Oblia
HCKYCCTBEHHO paclpelielieHa MEeXAy KypcaMu anreOpbl U FeOMETPUH OCHOB-
HOI1 IIKOJIBI ¥ KYpCOM aireOpbl W Hayan aHajau3a B cTapmux kiaccax. Ceigac
BO3BpAILlACTCs MPEKHUM pa3yMHBbIN MOPSAAOK €€ U3YyYEHHs: B OCHOBHOM LIKOJIE
U3ydaeTcs TPUTOHOMETPHS TPEYToJbHUKA, a B CpeHell IKOoJIe TPUTOHOMETPHS
COCTaBJISICT LIEJIOCTHBIA pa3fen Kypca anreOpsl M Hadal aHanu3a (B AaHHOM
y4eOHMKE OHa TaK W IpeICTaBIeHa).

B 1KONBHOM TPUTOHOMETPUHM MOXHO YCIOBHO BBIIEIUTH TPH OCHOBHBIX
BOIIpOCA: TPUIOHOMEeTpHUUeckas (opMma 3alucd AEHCTBUTENBHOIO 4uciaa U e
CBOICTBa; pacCMOTpEHHE NMPeoOpa3oBaHUi TPUTOHOMETPUIECKUX BBIPAKEHUH
(BKuIOYasl pelieHre ypaBHEHHWil) mo (opMmyinam Kak aireOpandeckuM, Tak U
COOCTBEHHO TPUIOHOMETPUYECKUM M, HAKOHELl, TPUTOHOMeTpuueckue (pyHK-
uH (IpsIMBIE U HHOTa OOpaTHBIE).

IlepBas mpobiema TECHO CBA3aHA C ONPEAEICHUEM CHHYCa, KOCHHYCa U
TaHTeHCa YIJa WIN JeHCTBUTENBHOIO Yncia. B 0CHOBHOM IIKOJIE OHU ompese-
JISUTHCH JUI YIJIOB TPEYTroJIbHUKA, N3MEPSIEMbIX B rpagycax (TpasycoM Ha3blBa-

V| ..
€TCs yroJi, paBHbIU ﬁ J0JIK Pa3BECPHYTOT'O yrna). I/ICTOPI/I‘IGCKI/I TaKO€ U3MEC-

peHre YIioB OBUIO CBA3aHO C IIECTHICCATEPHIHONW CHCTEMON HCUYHMCICHHS U
HCIOIH30BATIOCH B ACTPOHOMUH.

W3mepenue yrioB B pagiaHax TECHO CBS3aHO C JBIDKEHUEM TOYKH I10 OK-
pyxHOcTH. Eciin paanyc oKpy>KHOCTH paBeH €AWHUIIE, a YTOJI pacCMaTpUBacT-
csi KaKk Mepa BpalICHHUS, TO 3a COWHHUILY U3MEpEHUS OepETcs NEHTPaTbHBINA
yTOJ, JJIMHA JTYTH KOTOPOTO paBHA PaguycCy, T. €. CAMHUIE. TepMUH «paauaHy
MIPOUCXOUT OT JIATUHCKOTO CJIOBA radius — Jyd, CIIAIa KoJeca.

Tak kak MeXIy TOYKaM{ YUCIOBOM NpSAMON U TOUYKAMHU €IWHUYHOU OK-
PY)KHOCTH CYHIECTBYET OIHO3HAYHOE COOTBETCTBUE, TO KaXKIOMY AEHCTBU-
TEJIbHOMY YHCIY MOXKHO COTIOCTaBUTHh KOOPAMHATHI TOUKH €AUHUIHON OKPYXK-
HOCTH, T. €. €€ KOCHHYC U CHHYC. Hampumep, 9uCITy T CTaBUTCS B COOTBETCTBHE
TOYKA C KOOpJMHATAMH (COS T; sin T), T. €. Touka (—1; 0).

HanmvenoBanmue «paaman» OOBIYHO OITYyCKAIOT. TeM caMbIM JeHCTBUTEIb-
HBIE YHCJa, €CIU 3TO HY)KHO, MOTYT OBITh MPEICTaBICHH B TPUTOHOMETpHYE-

. T . T
ckoit popme. Hampumep, ancio 1 MoxkeT OBITh MPEACTaBICHO KaK tg E sin )

) 2 .
i sin” o + cos” o, TAe 0. — JIF000e AEHCTBUTETBHOE YNCII0. DTO OKA3bIBACTCS
YIOOHBIM TIPU TIPEOOPa30BAHUAX PA3IMYHBIX BBIPAKECHUH, PEIICHUN ypaBHe-
HUHM W 3allicH HEKOTOPBIX (pOpMyN TeoMEeTpHH M MaTeMaTH4ecKoro aHalln3a.
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Hanpumep, nnmHa 1yru oKpyXHOCTH paanyca R B o paauaH paBHa oR; oquH U3

. sinx .
3aMeuaTeNbHBIX PeesioB lim —— = 1, Te x BEIpakeH B paJliaHHOM Mepe.
x>0 X

PaccmarpuBas ompenerneHUs CHHyca M KOCHHYCa JICHCTBHTEIBHOTO
YHCIa 0, €CTECTBEHHO PAacCMOTPETh CaMbIe MPOCTHIC YPaBHEHHsI, B KOTOPBIX
TpeOyeTCcs HAWTH YUCIIO 0, €CIIM CHHYC WJIM KOCHHYC €r0 M3BECTCH, HaIpuMep
ypaBHenus sin o = 0, cos o = 1 u T. . [Tockoneky ans 0003HaUCHNST HEU3BECT-
HOTO 110 TPaJIUIIKHU UCTIOJb3YyeTcsi OYKBa X, TO 3TH YpaBHEHUS 3alMCHIBAIOT KaK
00b14HO: sin x = 0, cos x = 1 u T. 1. Pemenne 3TMX ypaBHEHUH JIETKO HAWTH C
MIOMOIIBIO €MHUYHOM OKPYXHOCTH. Tak, pemuTh ypaBHeHue sin x = O 03Haua-
€T YCTaHOBUTh, KaKU€ TOYKH OKPY>KHOCTH MMEIOT OPJIWHATHI, PaBHBIE HYIIIO.
Ha oxpyxHoct umerotes ase takue Touku: (1; 0) u (—1; 0), a Taxke Bce TOU-
KH, TIOJTyYCHHBIC U3 HaHJICHHBIX TTOBOPOTOM Ha YIJBI, KpaTHBIC 27, T. €. X =
=0+ 2nku x =t + 21k, k € Z. OObeanHss 3TU PaBEHCTBA B OJTHO, MOJIyYaeM
x=nk ke Z.

Bo03MOXHOCTP BBISIBJICHHS 3HAKOB CHHYCA, KOCHHYCa M TaHT€HCa 110 YeT-
BEPTAM SABISIETCS CIIEACTBHEM CHMMETPHH TOUEK €AMHUYHON OKPYKHOCTH OT-
HOCHTEIILHO Ocel KoopauHat. Hampumep, paBeHCTBO cos (—0) = COS 0 CIeAyeT
W3 CHMMETPHUH TOYEK, COOTBETCTBYIONIMX YHCIAM O H —( OTHOCHTEIHHO
ocu Ox.

3aBHCUMOCTh MEXIy CHHYCOM, KOCHHYCOM, TAHTCHCOM M KOTaHTCHCOM
OJTHOTO M TOTO JK€ YHCJa WIH yIia CleqyeT U3 TPUTOHOMETPHUIECKOH (OPMBI
3aIMCH ICHCTBUTENFHOTO YHCIIa U ONPENeTICHIsI CHHYCa U KOCHHYyca KaK KOop-
TUHATHI TOYKH CIUHUYHON OKPYKHOCTH. Tak, OCHOBHOE TPUTOHOMETPHUIECKOE
TOKAECTBO Sin” 0. + cos” a = | ecTh He YTO MHOE, KAK TPHUTOHOMETPHUYCCKas
opMa 3armicH ypaBHEHHs OKPYKHOCTH X° + y* = 1. PaBeHcTBo sin” o + cos” o =
= | sSBISETCS TOXKIECTBOM, TaK Kak JIF00ast Touka (COS 0; Sin o) MPUHAIICKUAT
eMHUYHON OKpY)KHOCTH. PaBeHCTBO tg o ctg o = 1 sIBisieTCsl BBIpaKEHHEM B

. o a b
TPUTOHOMETPUYECKON (pOpME CBOWCTBA B3aMMHO OOpATHBIX umcen —-— =1 u
a
OIIpe/IeieHHsI TAHTEHCA W KOTaHTreHca. PaBeHCTBO tg o ctg o = 1 Takke sIBIseT-

Tk
csl TOKIECTBOM, HO TOJILKO Ha MHOXECTBE L # 5 k € Z, Tak Kak 3HaMeHa-

TCJIb I[p06I/I HE MOKET OBITh PaBCH HYIIIO. K Takmum xe TOXKIACCTBAM Ha MHOXEC-

2
——,l+ctg"a=

2 )
cos” o sin” o

BcnomHNM, 9TO HpH W3YdEeHHM CTENCHEH dYMCen paccMaTpHBAINCh H

cTBe mpuHAAIeRaT GopMyist | + tg' o = UT. .

P
. _ a .
cpoiictBa & " I=d - al, & 1= o AHaJIOrHYHbBIE CBOMCTBA CIPABELIUBLI U
a

JUIsl CHHYCa, KOCHHYCa M TaHTreHca. DT CBOWCTBA Ha3bIBAIOT (hOpMyJIaMH CII0-
skeHUs. [lpakTHuecku OHM BBIPAXKAIOT 3aBUCHUMOCTh MEXIY KOOpJIUHATaMU
CYMMBI WJIM Pa3HOCTH JBYX YHCET O U [3 yepe3 KOOPAUHATHI YuCea o U .
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OObI9HO (OPMYIBI CIOXKEHHS TOKA3bIBAIOTCS U KOCHHYCAa CyMMBI WU pas3-
HOCTH, BCE OCTaJIbHBIE (DOPMYITBI CIIOKEHHUS MOTYJatoTCs KaK CIeICTBHSL.

CyIecTByIOT pa3iINdHBIe CIIOCOOBI BBIBOAA (hopMyn ciokeHus. B yueb-
HUKE IPUBOJIHUTCS CIIOCO0, OIMPAIONIMICS Ha CBOWCTBA MOBOPOTA HA Yrol o + 3
KaK IIOCIIEIOBATENIbHOE BHINOJIHEHNE TIOBOPOTOB Ha YIJIBI O U 3 M HA CBOWCTBO
COXPaHEHHMS PACCTOSHHS MEXKIY TOUYKaMH IIPU TIOBOPOTE.

DopMynbl CIOKEHHS SBISIOTCS LEHTPAJIbHBIMH (OPMYIaMH TPUTOHO-
METpPHH, TaK KaKk BCE APYIMe MOXKHO MOJYYUTh KakK CIEICTBHUS: (OPMYIbI
JIBOMHOTO W TIOJIOBUHHOTO YTJIOB, (DOPMYJIBI INPHBEACHMS, NpeoOpa3oBaHUs
CYMMBI ¥ pa3HOCTH B TiponsBeneHue. Hanpumep, Gpopmyrna TanreHca 1BOHHOTO
yria cienyer u3 GopMyIiIbl TAHT€HCa CyMMBI, GOpMyJIa TaHT'€HCa ITOJIOBUHHOTO
yraa cieayer n3 (OpMyiasl TaHIeHCa JIBOWHOTO yrila. 3aMeTHM, YTO depe3

(04 . o
— HOpeACTaBIIAKOTCA SIn O, COS 0 1 0. B BUI€ BBIPAXKXCHUHN, HE COACPpKAIITUX
te 3 t ,

KOpHEH.

[IpeaMeTHB € Il €J U HU3Y4YECHUS IVIaBHL:

— pa3BUTHE NPEJICTABICHUN O CIIOcO0ax OIMCAHMS SBICHUH PEalbHOTO
MHpa Ha MATEMaTUYECKOM SI3bIKE, B YACTHOCTU B TCPMHUHAX TPUTOHOMETPUU;

— (opMHpOBaHKE NPECTABICHUI O MOHATUSAX TPUTOHOMETPHUU KaK Ma-
TEMaTUYECKUX MOJENIAX, IO3BOJIIIONIMX OIKMCHIBAaTh IIPOLIECCHI, H3y4aeMble
(PU3UKOH, SKOHOMUKOW U IPYTUMHU HayKaMHu;

— JanpHelee pa3BUTHE MOHATUS AEHCTBUTENIBHOTO YHUCIA MOCPENCT-
BOM TIPEJICTABIICHNSI B TPUTOHOMETPUYECKON (opMe;

— (opMHpOBaHKE YMEHUI ONpeNeNsiTh M UCCIIEA0BaTh CBOICTBA CHHYCA,
KOCHHYyCa, TaHI'€HCa, KOTAHIeHCa NEHCTBUTENBHOIO YHCIa, MCHOJIb3ysd OIHO-
3HaYHOE COOTBETCTBUE MEXKAY TOUKAMHU YHMCIOBOW IPSIMOM M TOUYKAMH OKPYIK-
HOCTH;

— o0y4eHHe NMPUMEHEHUIO0 TPUTOHOMETPHYECKUX TOXJIECTB ITPHU BBIYHC-
JICHUSIX, TPE0OPA30BAHUAX TPUTOHOMETPHUYECKUX BHIPAKECHUH, PELICHUH TPO-
CTEHIIMX TPUTOHOMETPUYECKUX YPABHEHUH, UCIIOIB3Ys IIPU 3TOM J0Ka3aTelb-
HBIE PaCCYKICHUS.

MeTanpeaAMeTHB € I€J U HU3y4dECHUS INIABHL:

— pa3BUTHE YMEHHMH CaMOCTOSATENIBHO ONPEAEISATh LEIH AESTEIbHOCTH
[0 YCBOEHWIO U IPUMEHEHUIO 3HAaHUM TPUTOHOMETPUM KAaK MaTeMaTUYECKUe
MOJIENH PeanbHOH NeMCTBUTEIBHOCTH;

— (opMHpOBaHNE HABBIKOB yYeOHO-MCCIIENOBATEILCKON JICSTENEHOCTH,
TOTOBHOCTU K IIOMCKY PEILLECHUS IPAaKTUYECKUX 3a/1a4;

— pa3BUTHE YMEHUN OPHUEHTHPOBATHCS B PA3IMUYHBIX HCTOYHHMKAX HH-
dbopmarum.

JIudHOCTHB € I €J U U3ydyeHUs IVIaBbl:

— (opMHpOBaHHE MHUPOBO33PEHHSI, COOTBETCTBYIOIIETO COBPEMEHHOMY
YPOBHIO Pa3BUTHUS HAYKH;

— pa3BUTHE TOTOBHOCTM Yy4YallUXCid K CAaMOCTOSITENbHOH TBOPUECKOU
JIESITENIbHOCTH;
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— (opMHpOBaHNE HABBIKOB COTPYIHHYECTBA B Ipoliecce Y4eOHOH nes-
TENBHOCTH.

B pesynpTaTe M3ydeHHsA TIaBb V BCE ydyalluecs JOJDKHBI
3HATh OINPE/ICNICHUs CHHYyca, KOCHHYCa ¥ TaHTeHCa 1 OCHOBHBIE ()OPMYIIBI, BBI-
paxkaroIue 3aBUCHMOCTh MEXIY HUMH, a TAK)Ke YMETh BBITIOJHATE YIIPaXkH e-
Hus Tuna 546—556 u u3 pyopuku «[IpoBeps ceds!». B kmaccax yrimydonéaHOTO
YPOBHSI IOTIOTHUTETHHO — 558—560.

§ 21. Paguannas mepa yraa (1/1 9)

[lens m3yuyeHus maparpada — 03HAKOMIICHUE C COOTBETCTBH-
€M MEX]Y TOUYKaMH MPSIMOH U OKPY)KHOCTH, (popMHUpOBaHUE MOHSITHS PajinaHa;
pa3BUTHE YMEHUI CaMOCTOSTEIbHO KOPPEKTHPOBATH CBOIO IESITEIBHOCTD.

JIJisi MHOTHX ydaIluXcsl TPAAUIMOHHO CJIO0KHBIM SIBISIETCS YCTaHOBIICHUE
COOTBETCTBHSI MEXKIY TOYKAaMH YHCIOBOW MPSIMON M TOYKAMH OKPYKHOCTH.
Meroauueckuii TpUEM «HAMAaTHIBaHUS» HUTH, H300pakarolleld YHCIIOBYIO
MPSMYI0, Ha OKPY)KHOCTh €IMHUYHOTO DPaJnyca MPU3BaH ITOMOYb YJaIIHMCS
OCO3HATh, YTO KaXKIOH TOUKE MPAMOW HaIETCs COOTBETCTBYIOIIAsl TOUKA Ha
OKpyXHOCTH. TakuM 00pa3oM, KaKIOMYy JIEHCTBUTEILHOMY YWCIY HalmErcs
MECTO Ha OKPY)KHOCTH, IPUIEM KaXXJIOH TOYKE OKPYKHOCTH OyJET COOTBETCT-
BOBaTh OECKOHEYHOE MHOKECTBO uncell. bosee moapoOHO 00 ycTaHOBICHUU
COOTBETCTBHUSI MEXIYy ACWCTBUTEIBHBIM YHCIOM U TOYKAMHU OKPYXHOCTH yda-
muecs OyayT TOBOPUTH Ha cieaytomeM ypoke. Celiuac BayKHO, YTOOBI ydarue-
Cs IOHSJIM, YTO HOBas Mepa yria Kak pa3 M IOMOraeT YCTaHOBUTh TaKO€ COOT-
BETCTBUE.

3HAKOMCTBO C HOBOIl €AMHUIIEH U3MEpEeHHs YITIOB ONUpPAeTcs Ha U3BECT-
HYIO U3 Kypca TeOMETpHH TEOpeMY O TOM, YTO Mepa JYyrH OKPY)KHOCTH paBHa
Mepe LIEHTPAJILHOTO YIVIA, OIIUPAOLLErocs Ha 3Ty Ayry. Tak Kak TOYKe NpsAMOu
C KOOpIMHATOH 1 CTaBUTCSI B COOTBETCTBHE TOYKa M| OKPYKHOCTH, MEPY AYTH
PM, ecTecTBeHHO IPUHATSH 32 1, Tak ke Kak U Mepy LieHTpajisHoro yriia POM|,
KOTOPBII HAa HEE ONUPAETCA.

Baxno o0paTtuTh BHUMaHHE y4dallMXCsS Ha TO, YTO B OINpPEAEICHUH YIJia
B | pamman pedyb HIAET 00 OKPY)KHOCTH ITPOM3BOJIBHOTO PAANyca U JUIMHE YTH,
paBHOI1 3TOMY paauycy. LlenecooOpasHo NpeIoKUTh ITKOJFHUKAM CaMOCTO -
TENILHO MOSICHUTH, OYEMY JUIsI ONpeNeNieHns yIriia B | pagnaH IiMHA paguyca
He uMeeT 3HadeHus. V3o0pakeHne IBYX WIH TPEX KOHIEHTPHYECKUX OKPYXK-
HOCTEH, pasiyc OHOM U3 KOTOPBIX paBeH 1, IpenoTBpaTHT OmUOKH B hopMu-
POBaHMY TIOHSTHUS paIdaHHON MEpHI yIia.

He cnenyer TpeGoBarh 3ayunBanus (GopMyIl epeBosia pajuaH B ITpaychl
n obOparHo. XKenarenbHO, YTOOBI ydaluecsl MOHSIM MX CMBICT W 3allOMHHJIIH
paauaHHBIE MEpbI YacTo BCTpedaromuxcsa yrioB. Ha camoM nene ans npakTtu-
YECKOT'0 HMCIIOJIb30BaHMsI MPU MEPEBOJIE YIIIOB U3 OJHOW Mephl B JAPYIrylO JOC-
TaTOYHO 3aIIOMHUTH COOTHOmIeHHE T panx = 180° u mpu HEOOXOAUMOCTH CO-
CTaBJISITh NTPOTIOPIIMH, 3AIUCHIBAST UX TaK:
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1) mw pag — 180°, 2) m pag — 180°,

xpan —30°, g pam — x°,
T[ (o]
_m30° 7w o_'§480 _180°
OTKyjax= ——— = =,  orkymax°= 22— = = 60°,
180° 6 T 3

IMostomy pemrenue 3amad | 1 2 Tekcra naparpaga MOXHO 3alHcaTh ené
1 B TakoM Buje. Pemenne ynpaxnenuit 407 u 408 yuamuecs MOTyT 3alKChI-
BaTh JIIOOBIM YIOOHBIM CIIOCOOOM.

Pemenne 3amad 3 u 4, B KOTOPBIX AEMOHCTPHUPYETCSl YA0OCTBO MTPUMEHE-
HUS paJIMaHHON MEpBI yIila sl HaXOXKACHUS JUTMHBI JYTH OKPYXKHOCTH M TIJIO-
mag KPyroBOoro CEKTOpa, PeKOMEHIYETCS MPEIIOKUTh YJaIlluMCST PaccMOT-
peTh MO XOAy CaMOCTOSATENbHOW paboTel ¢ yueOHnkoMm. [Ipumenenne
PE3yNIbTaTOB PELICHUs] 3THX 33/a4 MOXHO IPOJEMOHCTPHUPOBATh, HAIPHMED,
TIPY 3aIT0JIHEHUH MTEPBBIX IBYX CTOJIOIOB TaOMHIEI B ypakHeHUH 415.

Ecnm xitacc mMeeT HeIOCTaTOYHYI0 MaTeMaTHYECK YO TIOATOTOBKY, IOCIIEe
n3ydeHus 3a71a4 3 ¥ 4 ¢ [MOMOIIBIO YYHUTENS MOYKHO PEIIUTh TOJIBKO 3a1ady
410.

Yupaxuenue 408 (4—6) cnocoOCTBYeT MPEOJOICHUIO JIOKHOTO TPEeJ-
CTaBJICHHSI O TOM, YTO Mepa YIJia, BRIpaKEHHas B pajiiaHax, ecTb YMCIIo, KpatT-

™ o
HOC YNCIIy T WA 5 , TIOOTOMY JKE€JIATEIIbHO BBINIOJIHUTH €0 Ha YPOKE. C sroit

K€ TI€JIBIO MOJIE3HO BBIMOIHUTEL TAKOE, HAIPHUMED, YIPaKHEHHE:
CpaBHUTH yIbl 0 U B, BRIpOKEHHbBIE B PajiiaHax, ecllu:
1) a=2m, B =6,3;

ma:%mﬁ=4%.

B pesynpTare m3ydeHHs maparpada Bce yJalmecs JI0JIK-
HBI 3HaTb ONpEAEICHNE PaaHa U YMETh IEPEBOANUTD PAJUAHHYIO MEPY yIJa B
rpagycsl ¥ OOpaTHO IpH BBINOJHEHUM TaKWX ynpakHeHui, kak 407, 408.
B kiaccax yrimyOonénHoro ypoBHs gononHuTensHo — 412, 413.

§ 22. IloBOPOT TOYKH BOKPYI HAa4Yaj1a KOOPAUHAT
2/24)

[Henpr uszyuenus nmaparpada — GoOpMUPOBAHUE TOHSATHSI TIOBO-
pOTa TOYKH SOMHUYHOW OKPY)XHOCTH BOKPYT Hadajga KOOPOHHAT Ha Yroll o U
00y4eHHe HAXOXKICHHUIO MOJOKCHHS TOYKU OKPY)KHOCTH, COOTBETCTBYIOIIEH
IaHHOMY JCHCTBHTEIBHOMY 4YHCIY; (OPMUPOBAHHE HABBIKOB IPUMEHEHHUS
Pa3INYHBIX METOIOB MO3HAHMUS B XOE PEIICHHUS IIPOOIEM.
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Ilpn m3ydennnm marepuana maparpada ydammecs MPOJODKAIOT 3HAKO-
MUTBCSI C OKPY)KHOCTBIO KaK MECTOM PacIOJI0KEHHSI TOYEK, COOTBETCTBYIOIINX
JEHCTBUTEIBHBIM YHCIIAM.

Ho Temepp 3Ta OKpY>KHOCTH ITOMEINACTCSI HA KOOPAWHATHYIO IUIOCKOCTh
TakK, 9YTO LEHTP OKPYXHOCTH COBIIA/Ia€T C HAYaIoOM KOOpAMHAT. Tak Kak paanyc
OKPY>KHOCTH paBeH |, e€ Ha3pIBaIOT eIMHUYHON. BakHO, 4TOOBI yUarmiuecs: He
BOCIIPUHUMAIN €IMHUYHYIO OKPYKHOCTh KaK HEYTO HOBOE: 3TO Ta XK€ OKPYXK-
HOCTb, YTO pPacCMaTpUBANACh Ha MPOIIIOM yYpPOKE, U Ha HEW MBI IIBITAIUCH Pac-
MIOJIOKUTH ACHCTBUTENBHBIE yKicaa. KoopauHaTHAsA MIOCKOCTb MOMOXKET HAUTH
MECTO K)KIOTO JCHCTBUTENFHOTO YHCIIA HA OKPYXHOCTH. [Ipném, BEIOpaHHBIH
JUIS OIpENeNIeHus] TaKOr0 MeCTa, — IOBOPOT TOYKH BOKPYr Hadana KOOpAU-
HAT — BIIOJIHE COMNIACYETCsl ¢ HAMISAHBIMU MPEICTaBICHUSAMH O «HAMAThIBA-
HUW YHCIOBOH OCH Ha OKPYKHOCTb.

@opMHpPOBaHKE MOHATUS IOBOPOTa TOYKH EOUHUYHOM OKPYKHOCTU
JIOJDKHO UATH 0€3 TOPOIUIMBOCTH, CTPOTO B COOTBETCTBHHU C TEKCTOM Iaparpa-
(a ¥ aKTUBHBIM HCIOJIb30BaHUEM PUCYHKOB 47—S55 ydeOHMKa, KOTOPBIE MOXK-
HO IPOJTyOJIMpOBaTh Ha TEXHUYECKUX ayIN0-BH3YAIbHBIX CPEICTBAX O0yUEHHS.

[Ipexxie yeM BBOAUTH MOHSTHE TOBOPOTA TOUKU BOKPYT Hadana KOOPAU-
HaT, LeJIeco00pa3Ho MOBTOPHTH MaTepHal HpeplayIero maparpada, ucronb-
3ysl CIIEAYIONINE YT P a’K H €H U 51

1. Haiitu paguanayro mepy yria 30°; 45°; 60°; 90°; 135°.

2. JlaHa OKpYXHOCTH C IIEHTPOM B Hayajle KOOPAWHAT M PaJHyCcoOM, PaB-
HBIM 1.

1) IlocTpouTh yros ¢ BEpIIMHON B Hadajie KOOPJIMHAT, €CIIM OJHA U3 €ro
CTOPOH COBIIQAACT C TOJIOKUTENBHBIM HampaBieHHeM ocu Ox, a yroyl MMeeT

panuaHHyIo Mepy T; £z, z I
2 4 3 6

2) YcTaHOBUTD, IJie MPUOIM3UTENILHO HaXOMUTCsl ToUKa B nyru AB, ecnu
A(1; 0), a nHa nyru pasHa 1; 2; 3; 4; 5.

3) Haiitu paguanHyio Mepy yIia, OIMPAIOIIErocst Ha KXy U3 AYT, Ie-
PCUHCIICHHBIX B 3a/laHUH 2.

EcrecTBeHHO, BO3HHMKAET BOIIPOC: YTO 3TO 3a yroJl, pajuaHHas Mepa Ko-
Toporo pasHa 4; 5? BBoxuTcs MOHATHE TOBOPOTA TOYKH BOKPYT Haydaja Koop-
JMHAT. 31ech He0OX0IMMO OOpaTHTh BHUMaHHUE YYallUXcs Ha TO, YTO, TOBOPS
00 yrie, Mepa KOTOpPOro OoJbllie T pal, MBI HE BCTYIaeM B IIPOTHBOpEYHE C
OIIpEJIETIEHNEM YIJIa, U3BECTHBIM M3 Kypca I'€OMETPHM: UMEETCs B BUAY, UTO
yToJI IOBOPOTA HE TeOMeTpHUecKast GUrypa, a Mepa yria.

[Mpumepsr 1—4 moBopoTOB Ha c. 122 yuyeOHMKA MOYKHO JOIOJHUTH Clle-
JTYFOILIUMH:

5) IIpu moBopote Touku P(1; 0) Ha yron 3,5 paguaHa noxydaercsl TOUKa,

KoTopas pacnosnoxena B III uerBeptu: © < 3,5 < %n.

6) IIpu moBopote Touku P(1; 0) Ha yrox 7 paguaH TOYKa COBEPIIUT ITOJI-
HBIA 000pOT, T. €. MPOWAET myTh 21 = 6,28 paanana, U emé MPOJBUHETCS 110
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. T
Iyre, [UIMHA KOTOPOH MEHBIIE YeM 5 ~ 1,57 pagmana, TakuM 00pazoM, OHa

okaxercs B [ uerBeptu. B 210l e yeTBepTH OyJeT pacroioKeHa TOUKa, KOTO-
past mpoua myth 13,1 paxuana, Tak Kak OHa COBEpILMIIA IBa TOJHBIX 000poTa

. T
M IyTh, MEHBIIMHA YE€TBEPTH 060POTA (MEHBIIE — ).
2

[omoOHBIE pUMeEpHI MOJIE3HBI ISl YCBOCHUSI TTOCIIEIYIOIIEero MaTepHana,
CBSI3aHHOTO C OIpeJeNieHHeM M H3Y4YeHHEM CBOWCTB TPUTOHOMETPHUYECKHX
(GYHKIHH.

Ynpaxuenue 416 (1—3) MoxeT ObITh BBINOJIHEHO YCTHO. A JUIsl BBITOJ-
HeHus 3ananust 416 (4—6) pekoMeHIyeTcsl C/ienaTh PUCYHOK, YTO MO3BOJHT
UCIIOIb30BaTh 3HAaHUA U3 Kypca INIAHUMETPUU UM 3aTeM HNPUMEHUTH Pe3yiabTaT
IIPY BHINIOJTHEHUH yIIpakHEeHUs 422.

3anuce ynpaxsHeHuil 417—422 Ha 10CKe TOJKHA COINPOBOXKAATHCS YCT-
HBIM TIOSICHEHUEM, B KaKyl0 CTOPOHY M Ha KaKylo JUIMHY OBIJI COBEpIIEH ITOBO-
por. B Terpamsax OOCTaTOYHO A€NaTh PUCYHKU, AHAIOTMYHBIE PHCYHKaM
47—55 yueOnumka. Hanpumep, ympaxnenne 420 (2) ™oxer OBITh
3aMUCAHO TaK:

a=—Lm=—"_30 M(@©:;1)(puc. 10).
2 2
y y
M

{/'\“ (1;0) 7 IX\% o)

Ny )

Puc. 10 Puc. 11

422.2) a="qq=1tn p=C_g="3 M 2. 2 (puc. 11).
4 4 4 4 )

HaBTOpoOM ypoke MOXXHO MPOBECTH CAMOCTOSATEIbHY W paboTy
Ha 10 MuH:
1. [IpuBecTr npuMeps! TPEX Yrcel (YIIIOB TOBOPOTA) 0,

ecnu o = oo+ 21k, k € Z, e o :% |iog0 :_g]
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2. Touka M egWHWUYHOI OKPYKHOCTH TOJydY€Ha B pe3yiIbTaTe MOBOPOTa
T .
touku P(1; 0) Ha yrom a, 0 < o < = . B Kakoi 4eTBepTH PacIoi0KeHa TOUKa,
2
noJrydeHHas mopoporoM Touku P(1; 0) Ha yrom:

Dnr—oa; 2)§+(x; 3)a—mn?

T T
DHra+a;, 2)=—o; 3a—-—=7]
2 2
3. Touka M eaMHUYHOI OKPYKHOCTH IOJy4eHa B pe3yiabTaTe MOBOPOTa
T .
touku P (1; 0) Ha yron o, — — < o < 0. B xakoif 4eTBepTH pacnosoxeHa TOUKa,
2
nojy4eHHas nmosoporom Touku P (1; 0) Ha yrou:

D7n—a; 2) = + o 3)a—mn?

D7+ a; 2)

SR SR

T
— o Na- =7
) 5 ]

[NosicHennii K BBHITTOJHEHUIO 33/IlaHUH TPEeOOBATH HE CIIENYET, TOCTATOYHO
KpPaTKHX OTBETOB Ha KayK/IbIH BOIPOC.
Marepuan naparpada mexecoodbpa3sHo U3ydaTh Tak:

YnpaxHenus
Homep | Teoperndeckuil | ocroBHEIE (B o
ypoka p—" xnacce i no- | "V CAMOCTOATENbHOM | 1omOHN-
paboTs TEeNbHBIC
Ma)

1 § 22 417—419 418 (1, 2)

3 416, 420, 423 (2,3) 427,428
422—426
(5—8)

B pesynbrare msydeHus naparpada Bce ydammecs JOIK-
HBI YMETh BBINONHATH ynpaxHaeHus tumna 417, 419, 420, 423, 424. B knaccax
yri1yOJIEHHOTO YPOBHS JOMOTHUTENRHO — 427, 428.

§ 23. OmnpeneneHue CHHYCa, KOCHHYCA M TAHIeHCA yria
2/24)

[{enp u3yueHuss maparpada — BBeJIEHHE [MOHATHH CHHYCa, KO-
CHHYyCa, TAHTCHCA U KOTaHIeHca yria (Yuciia); 00ydeHue UX HaXOKIACHUIO JUIS

T .
YHCell BUAA 5 k, k € Z; o3HaKOMIICHHE C IPUMEHEHUEM OTIPEICTICHUH CHHYCa

W KOCHHYCa IPH PEHICHHH TNPOCTEHIINX TPUTOHOMETPHUYECKHUX YPaBHEHHH;
pa3BUTHE YMEHUH SCHO ¥ TOYHO M3J1araTh CBOIO TOUKY 3PEHUSI.
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OmnpeneneHus cuHyca, KOCHHYCa, TAHTEHCA W KOTAHTEHCA BBOIATCS LIS
MIPOM3BOJIEHOTO yIila, OMHAKO HEOOXOIMMO OOpaTUTh BHUMAHHE yJaluXcs Ha
TO, YTO TPOU3BOJBHBIA yroJN BEIpaXKaeTcsd ACHCTBUTEIHHBIM YHCIOM PaavaH.
[TosTOMy MOXHO TOBOPHUTH 00 OIpENeNeHIsIX CHHYCa, KOCHHYyca, TaHTeHcCa,
KOTaHTEHCA YHCTIa, 2 B JAIBHEHUIIIEM U O TPUTOHOMETPUICCKUAX (QYHKIUAX UH-
cIoBOrO aprymeHTa. [1one3Ho 1mo X0y ypOKOB IONB30BaThCSA M TEM U JIPYTHUM
TEPMHUHOM, TTOTIEPKUBAS], YTO OHU PABHOIIPABHEL.

C moMomp0 pucyHKa 56 ydeOHUMKA P BBEJCHUN ONpPEICIICHIH CHHYCa
¥ KOCHHYca HEOOXOIMMO MPEIOCTepeyb YJalIuXcs OT COMOCTABICHUS CHHYyCa
U KOCHHYCa C JIMHAMHU OTPE3KOB, BBIAEJIEHHBIX LIBETOM Ha OCSX KOOpPIWHAT.
Uro0bI MpemynpeanTs MOJO0HBIE OIIUOKH, PEKOMEHIYETCS pPacCMOTPETh PHU-
cynku (puc. 12, 13), Ha KOTOpPHIX 3HAuCHHS AOCIMCCHI W OPIUHATHI TOYCK
OTpULATENbHBI.

y y
P B
| sinB cosy Y
N8 \P(0 VN \eauo
cosp 0 x \ 0 X
siny
P‘Y
Puc. 12 Puc. 13

C MMOMOIIBIO ETMHUIHON OKPYXHOCTH HaXOAATCA 3HAYCHUSA TPUTOHOMET-
o T
PHUYCCKHUX q)yHKL[I/II/I YIJI0B, KPAaTHBIX E , 1 IO 3HAYCHUAM CHUHYCAa U KOCHUHYCA,

paBHBIM *1 1 0, OTBICKHBAIOTCSI COOTBETCTBYIOIINE 3HAUCHHS apT'yMEHTa.

Juist popMupoBaHMs MMOHATHH CHHYCA U KOCHHYCA YHCIIA MOJIE3HBIMHU SIB-
JISTIOTCS TaKue yIpakHeHws, kKak 429 (5—7).

Vopaxnenus 430—433 pekoMeHAyeTCs BBITOJIHATD, UCTIONIb3Ys €IUHIY-
HYI0 OKPYKHOCTb, YTOOBI y4YalllMecs BHOBb M BHOBb HAXOAWIHM IOJIOKECHHE
TOYKH U ONPEAENISIN € KOOPIUHATHI.

[pexx e ueM pemiath ypaBHeHHA (yrnpakHeHue 435), MOKHO BEpHYThCA K
3amaanio 429 (1—4) u BBIIOTHUTH €T0 HAa TOTOBOM PHCYHKE CIMHUYHON
OKPYXHOCTH.

Ha pmanHOM »Tame oOy4ueHHs pemieHHe YpaBHEHHW paccMaTpHUBaETCA
TOJIBKO VISl 3aKpEIICHUs] OMpEeNieHnil CHHyca M KOCHHyca uncia. B nmams-
HEHIeM YMEHHUE pelaTh ypaBHeHus sin x = £1, cos x = £1, sinx =0, cos x=0
MO3BOJIUT 3HAYMTENLHO PACUIMPUTh CHCTEMY YIPAXHEHHH IPH H3Y4eHUH
(hopMyn TPUTOHOMETPHH.

60



Ipexxae 1eM BBOIUTD OMpENETCHNsI CHHYCa, KOCHHYCa, TAHTeHCa, KOTaH-
TE€HCa, TMOJIE3HO MOBTOPUTHh M3BECTHBIM M3 Kypca IUTAHUMETPHHM MaTepHal C
MIOMOIIBIO YII P a’KH € HHU H:

1. Haiitu cuHyc, KOCMHYC, TAHT€HC U KOTaHI'€HC yIJia:

300 T 1200,
3 4

2. JlaTb ompezeneHne CUHyca, KOCUHYCa, TaHI'€HCa, OCTPOro yria MpsiMo-
YIOJIBHOTO TpEeyroibHHUKa (Iepes BBINOIHEHHEM YIpaxHeHus 434 mokasars,
KaK COIJIacyeTcsl 3TO ONpeIeNeHHe ¢ TeM, YTO cHOPMYIUPOBAHO IS JH000r0
yria).

KpOMe TOT'0, XKEJIATEJIBHO Y C T H O OTBETUTH Ha BOIIPOCHI:

1. Ha3Bath XOTS OBl OAMH Yroji, Ha KOTOPBHIH HY)KHO HOBEPHYTH TOUKY
P(1; 0) Bokpyr Hayaja KOOPMHAT, YTOOBI TOJY4YUTh TOUKY:

A(-1; 0), B(1; 0), C(0; 1), D(0; 1), E %; g

2. Onpenenuts 4eTBEpPTh, B KOTOPOH HAXOAUTCS TOYKA, MOITYyYEHHAas IO-
BoporoM Touku P(1; 0) Ha yrom:
2:3,7,5;-2; -3,7; 5.
3. CpaBHUTD yKCHIa:

Ty 1,9; 27‘CI/I4;—§TEI/I—4.
2 2

4. BepHo 1 BpIcKa3biBaHue: «KOOpIUHATEI TOYKH, MTOTYICHHOW TTOBOPO-
ToM Touku P(1; 0) Ha yron 6 pagnaH, IMEIOT pa3HbIE 3HAK»?

W3ydenne matepuarna maparpada MOKHO paclpeielnuTh CIeTyIOMHM 00-
pasom:

VrpaxxuHeHus
Homep | Teoperuueckuit OCHOBHBIE (B .
ypoka MarepHa Ktacce 1 10- JUISL CAMOCTOSITEIIbHO M JIOTIOJTHU-
via) paboTh TEJBHBIC
1 Ornpenenenust 429—432, 429 (2, 3),
CHHYCa 1 KOCH- 437 430 (3, 4)
Hyca, 3a1a9Ki
1—5 437—439
2 Onpenenenre 433—436; 435 (3, 4)
TaHTeHca, 3a/1a- JIM § 23
yu 6—7 No 25—30

B pesynsTaTe M3ydeHHs maparpada Bce ydammecs IOJIK-
HBI 3HaTh OMpEJIENIEHNs CHHYCa, KOCUHYCA, TAHT€HCA U YMETh BBITIOJIHSAThH TaKHe
yrpakHenus, kak 429, 431, 434, 436. B xnaccax yriyOiaEHHOTO YpOBHS JIO-
noyHutensHo — 437, 439.
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§ 24. 3naku cunyca, kocunyca u Tanresca (1 /1 4)

[Hens msyueHnus maparpada — oOydeHUE HAXOXKICHUIO 3HAKOB
3HauUEHUN CUHYyCa, KOCHHYyCAa, TaHT'€HCa YHUCIla; Pa3BUTHUE YMEHHH CaMOCTOs-
TENHHO CTaBUTh 11€7b U KOHTPOJIUPOBATH CBOIO JAESITEILHOCTD.

[pucrynas k u3ydeHur0 MaTepuaia naparpada, CTOUT yOSIUThCS B TOM,
YTO y4Yal[uecsl XOpOIIo MOHUMAIOT, KaK pacrojiaraloTcsl Ha eJMHUYHON OKPYK-
HOCTU TOYKH, COOTBETCTBYIOIIME DPA3IMYHBIM JEHCTBUTENbHBIM YHCIaM, U
3HAIOT OMNpEETICHUs] CUHYCa, KOCHHYCa, TaHreHca yria. C 3Toi Iefbl0 MOXKHO
NPOBECTH CAMOCTOSTENbHYI0 paboTy, KOTOPYIO JKENaTeIbHO MPOBEPUTH
B KJIacce, Mocje Yero MpUCcTynaTh K U3y4eHHI0 HOBOTO MaTepuana.

1. Beruncnuts:

. .37
l)smE—cosn; 2)tgm+ sin — .
2 g 2

[1) sin  + cos g; 2) cos 3775 —tg 2m.]

2. B Kako# 4eTBepTH HAXOAWTCS TOUYKA, MOJYYEHHAs MMOBOPOTOM TOYKH
P(1; 0) Ha yroux o, ecu:

1)u=3_ﬁ; 2)a:§n; 3)0‘:,14—”; 4)a=367°7
7 4 3
21 91 107

[Do==—; 2)a=—; Noa=——"—; 4) o= 380°7]
) s ) < ) 3 )
3. Kakue 3Haku uMerOT abcipcca U OpAMHATA TOYKH, TOJTYUCHHON MpHU

nosoporte Touku P(1; 0) Ha yron I [3—75} ?
3 5
B kadecTBe MOATOTOBKU K M3Y4EHUIO HOBOTO MaTepuaia MOKHO UCHOIb-
30BaTh U ynpaxxHeHus 442, 443.
Haubonbmne TpyaHOCTH y ydYalIMXCs BBI3BIBACT ONpE/IENICHWE 3HAaKa
TPUTOHOMETPUYECKON (DYHKIIMH, €CIIN YroJI BRIPAKEH PAlMOHATBHBIM YHCIOM,
KakK B ynpakxHeHnH 448.

448. 2) Tak xak a = 3, g< 3 <7 (n = 3,14), TO YMCITy @ COOTBETCTBYET

Touka Bo Il weTBepTH, mo3ToMy sin 3 >0, cos 3 <0, tg3 <0.

Ilepen pemiennem ynpaxseHus 449 mone3Ho BBINONHUTE 3a1aHue 443,
Torzaa ynpaxsHeHue 449 MoXHO 3amucaTh Tak:

449. 3) cos (o — 1) < 0, TaKk KaK TOYKH, COOTBETCTBYIOIIIAE YHCIAM O — 7T,
pacnonosxensl B 11l yerBepTy.
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YnpaxHeHUs Ha YPOKE MOTYT OBITh paclpeieeHbl TaK:

Ynpaxuenus
Homep | Teoperucciuit | ocnombie JI51 CAMOCTOSI TENIBHOI OTIOJIHH-
ypoka MaTepHal (B K7acce n s .
paboThI TeIbHbIE
JIoMa)
1 § 24 444—448, 444 (3, 6), 454. 455. 452-
451,453 445 (3, 6), IM§24
446 (3, 6) Ne 2226

B pesynsTaTe m3ydeHHs maparpada Bce ydammecs IOIK-
Hbl YMETh ONPENENATh 3HaKW CUHYCAa, KOCUHYCA, TAHI'€HCA YUCIIAa MIPU BBIMNOJI-
HEHUU TaKuX ynpakHeHud, kak 444 (1—3), 445 (1—3), 446 (1—3). B knaccax
yrIyOnEHHOTO YPOBHS JONOIHUTEIbHO — 453, 454,

§ 25. 3aBuCHMMOCTDH MeKIYy CMHYCOM, KOCHHYCOM
U TAHT€HCOM OJTHOTO M TOTO e yrja (2 /2 4)

Hens m3yueHnus maparpada — BBEBOX GOPMYN 3aBHCHUMOCTH
MEXIy CHHYCOM, KOCHHYCOM, TaHT€HCOM OJIHOTO M TOTO K€ yria (4Jucia);
o0ydeHre IPUMEHEHHIO 3TUX (POPMyIT Ul BBIYMCIICHUS 3HAYCHUH CHHYCa, KO-
CHHYCa, TAaHTEHCAa YMCIIA 10 33JaHHOMY 3HAYEHHWIO OJHOTO W3 HUX; Pa3BUTHE
YMEHHH B3aMO/ICHCTBOBATh B NIPOIIECCE N3YUEHHUS] HOBOTO Marepuara.

IlenTpanpHOE MECTO B TE€ME 3aHMMAET OCHOBHOE TPHUTOHOMETPHYECKOE
ToXzecTBo. Ero mcnonp30BaHWE 3HAYMTENBHO YIPOINACT IMPeoOpa3oBaHME
TPUTOHOMETPUYECKHX BBIPKEHHH, HTPAeT BAXKHYIO POJIb B PEIICHUN ypaBHE-
HHUM.

Ha ypokax, MOCBSIIEHHBIX HM3YYEHHIO JaHHOTO TNaparpada, OCHOBHOE
BHUMAHUE YACIIACTCA TNPHUMCEHCHUIO TOXACCTBA JI BBIYUCIICHUS 3HAYCHHU I
CHHYCa, KOCHHYyCa M TaHI€HCa OJHOTO M TOro ke uuciaa. OCo3HaHHOMY BOC-
HPUATHIO TOXKIECTBA CIIOCOOCTBYET yHpakHeHHe 457, KOTOpoe KelaTelbHO
BBINIOJIHUTB CPa3y MOCIIE J10Ka3aTeIbCTBA TOXKIECTBA. Y IPAKHEHHE JIETKO BbI-
HOJIHSIETCA YCTHO, OJJHAKO ITOJIE3HO 3a(UKCHPOBATH B TETPAISIX PELICHHE OHO-
TO M3 33jIaHuii, HApUMep, B TaKoi Gopme:

5 VB (B L[(IEY)

457. 3) Tak kak sin o0 = — ——, COS 00 = ——, TO
5 5 5
i+§:2—6:«f&I,T.e.sinzoc+coszot;é1.
25 25 25

O tBeT. He moryt.
3areM MOJIE3HO BBIMOJIHUTH HECKOJIBKO YIIPAKHEHUH HA y3HABaHHE OC-
HOBHOTO TPUTOHOMETPHYECKOTO TOXKICCTBA, HAIIPUMEP:
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1. Haiitu 3Ha4ueHNE BRIPAKCHUS:

1) sin’m + coszm; 2) cos’x + sinzx;

3) sin20 + cos22a; 4) sinz(x +y)+ cosz(x + ).
2. Beipazuts yucio 1 yepes yroiu o, eciu:

1) a=3x Da=x; 3No==I; Ho=_=.
) ) 5 ) 1 ) 3

3aKkperuieHuI0 YMEHUH pemaTh 3aa4qi, ToJO0HbIe 3a1adaM | u 2 TeKcTa
naparpada, crocodcTByroT yrnpakHeHus 458—460. BrimonHeHne nocnenHero
TI0JIE3HO COMPOBOKAATh M300paKEHNEM E€AWHMYHON OKPY)KHOCTH, 4TO OOJer-
YHUT PACCYKACHUS U OyIET CIYKUTh ()OPMHUPOBAHUIO MOTPEOHOCTH MPUMEHSATh
OKPYKHOCTb JUISl PEIICHNSI CaMBIX PAa3HBIX 33/1a4.

460. 3) Ecnu cos o = %,T00<(1< g h107 (00) %n<a<2ﬂ: (puc. 14).

y

(1;0)
0 + x
Puc. 14

.2
sin“ao+cos2a =1,

sina= £ yl-c cos’ a,

sin o 4+5
\]9 3

ecnn()<a<5

sino = —

w5

3
, €CIIN 5n<a<2n.

¥
3
PaBeHcTBa, cBs3bIBaomne tg o U ctg o, tg 0 U COS (L, BAXKHBI IJIs yYalluX-
Cs: OTO JUIS HMX IIEPBBIE TPUTOHOMETPHUYECKHE PABEHCTBA, CIIPAaBEINBLIE HE
JUISL BCEX JEHCTBUTENBHBIX YHceNl. TepMHH «TOXKIECTBO» TOKA HE YIOTPEOIIs-
eTcsi: Ha JJAHHOM 3Tare GOpMYJIIbl IPUMEHSFOTCS TOJIBKO /ISl BEIYHUCIICHHH.
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BriBox hopmyntgoctga =1, tgo =

,ctga = 1 OYEeHb MPOCT.
ctg o g a

I'maBHYIO TPYIHOCTH COCTaBIISIET BBIICHEHHUE MHOXECTBA, HA KOTOPOM 3TH pa-
BEHCTBA BBINIOJIHSIOTCS. [103TOMY BHOBH 0COOYIO POJIb UTPACT PUCYHOK: OTMe-

T
THB TOYKH, B KOTOPHIX HE CYIIECTBYET tg o, O # 5 + 7k, k € Z, 3aTem ctg a,

o # wk, k € Z (puc. 15), ydauiuecs yOeKIArOTCS B TOM, YTO PaBEHCTBO
tg o ctg o = 1 He MOXET BBIMOJHATHCS JUIS T€X 3HAYCHHH YHCIa 0, KOTOPhIE

KpaTHBI E,T. co%ZkkeZ
2 2

¥
P10y
0 x
Puc. 15

ITomoGHBIEe paccykaeHNsI HE CTOMT UTHOPUPOBATH, TAK KAK OHH SBIISIFOTCS
MIPOTIEIEBTHKOM K BEIOOPY OTBETOB IIPH PEIICHUH yPaBHEHUH.

B kauectBe ynpaXx HEeHHH Ui aKTyaIW3alli 3HAHUH MOXKHO TIpen-
JIOXKWTH, HAIIPHIMED, TaKue:

1. Haiiti aOcumccel To4ek, MPUHAUISKAIINX OKPY)KHOCTH C LIEHTPOM B
HayaJjie KOOPAUHAT U PaJMycoM 1, ecy 3TH TOUKH UMEIOT opanHary 0,8.

2. JlaHa OKPY>KHOCTH C IIGHTPOM B Hauajie KOOpAMHAT U paguycoM R = 1.
[Ipunagnesxar jiu el TouKu

A(é; —fj, B0.3: 0.7, ¢ L. B p[ 2.2},
5 5 27 2 27 2
3. OnpenenuTs 3HAKH 3HAYCHUI

sin 190°, cos 275°, tg gn, sin zn, cos 1 , tg 6.
6 6 3

4. CpaBHUTbH 3HAYECHUS BBIPAKCHUMN:
sin 3,8 u sin 0,25; cos 2,1 u cos 0,75.
Marepunan maparpada IO ypoKamM MOXKHO PacHpeieNluTh I0-pa3sHOMY.
OnuH BapuaHT: HA TE€PBO M YPOKE H3yIHTh BECh TEOPETUIECKUI MaTepHal U
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HayaTh BBINOJNHATH YIPaXHEHHUS, HA BTOPOM YPOKE PeIlaTh YIPaKHEHUs
maparpady. Jpyroif BapuaHT npuBenEH B TAOIHIIE.

VrnpaxHeHus
Howmep Teoperuueckuit OCHOBHBIE
ypoka MaTepuan (B KnaCCE M JUISE CAMOCTOSITENTLHO I JIOTIOJTHHU-
paboTht TEeNbHBIE
JioMa)
1 OcHoBHOe Tpuro- | 456—458, 459 (5, 6)
HOMETPHUYECKOE 459 (1, 2),
TOX;}I@CZTBO, 3ama- 460 464, 463:
uu 1 u JIM § 25
No 15—18,
2 Pagenctsa (4—7), | 459 (3, 4), 459 (7, 8) 8,9
3a1a4u 3—6 461—462

B pesynsTaTe M3ydeHHs maparpada Bce ydammecs IOIK-
Hbl 3HaTb OCHOBHOE TPHUTOHOMETPHYECKOE TOXKICCTBO H  PABCHCTBO
tg o ctg oo = 1 ¥ yMeTh MPUMEHSATh UX IIPU BBIMOJIHEHUH TAKUX YIPAKHEHUH,
kak 459. B xiaccax yriryoiaéHHOro ypoBHs — 462.

§ 26. Tpuronomerpuyeckue ToxaAecTBa (2/3 u)

[Hens m3yueHus maparpacda — O3HAKOMJICHUC C TOHITHEM
TOXJIECTBA KaK PAaBEHCTBA, CIIPABEIUIMBOTO UIS BCEX NOMYCTUMBIX 3HAUCHHUH
OykB; OOydeHHE M0Ka3aTelIbCTBY TOXKIECTB C HCIOJIB30BAaHUEM H3Y4YEHHBIX
¢dopmyn; hopMmupoBaHHE YMEHWI BBIOMPATh YCIICUIHBIE CTPATerWd B Pas3iiky-
HBIX CI/ITyaL[I/IHX.

Brepseie B 10 kiacce ¢ MOHSITHEM TOXIECTBA KaK PaBEHCTBA, CIIPaBe[l-
JIMBOTO HE JUIs JII00O0TO JIEHCTBUTEIHHOTO YHCIIA, YJallUecss BCTPETHINCH TPH
U3y4EeHHH OCHOBHOTO Jiorapudmuueckoro Toxaecrsa. OnHako 3a1a4 Ha J0Ka-
3aTeNbCTBO TOXKIECTB MEpe/l MIKOJIbHUKAMU HE CTaBUJIOCh, T. €. UM HE MPHXO0-
JIJIOCH JIOKA3bIBaTh CIPABEJIMBOCTh PABEHCTBA, BBITIONHSS IPe0Opa3oBaHus ¢
HCIIOJIb30BaHUEM (DOPMYII, KOTOPBIE BEPHBI JIHIIIb MPU AOMYCTUMBIX 3HAUCHHSX
OyKB.

Vike nepBas 3amaua naparpada nocrapjeHa Tak, YTo0bl MOXKHO OBLIO Ha
e¢ mpuMepe MO3HAKOMUTH YUYaIUXCSl C PAaCCYKACHUSIMH, KOTOPBIE HCIIONb3Y-
IOTCSL ISl JIOKa3aTelbCTBA TOXK/IECTB, €CIH BBHIIOJIHSEMbIE NpeoOpa3oBaHus
BEPHBI TIPU OTIPENIENIEHHBIX 3HAYCHHSX 0.

Hecmortpst Ha TO 4TO B yueOHHKE cpa3y e OTOBapUBAETCS, YTO MPH J0Ka-
3aTeIbCTBE TOXKJIECTB JIONMYCTHMbIE 3HaYeHUs] OYKB HE YCTaHaBIMBAIOT, €CITU
9TOro He TpeOyeTcsl B yCIOBUM 33/1aud, IOJIE3HO NPH BBIOJHEHHH OJHOTO-
JBYX YIIPaXKHEHHH Ha Ka)XIOM YPOKE YCTHO OOCY)KAATh, MPH KaKMX 3HAUCHUSX
0. BEpHBI BBITIOJIHEHHBIE TIPe00pa3oBaHus (HalpuMep, IpU PEIIeHUN YIpaxKHe-
Huii 465 (3, 4), 469, 470). JlocrarouHO, YTOOBI y4aliuecs MOTJIM MPHBECTU
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TIPUMEPBI BBIPAXKEHHH, KOTOPbIE HE MOTYT 00paIaTbes B Hyb. PexkoMeHxyercs
aHAIM3MPOBATh TEKCT 3aJaHUs] U HaME4YaTh BO3MOXKHBIC ITyTH PEIICHHS, BHIOH-
past onTUMaIbHBIA. [10JI€3HO BBITIOHATE NTPE0OPa30BaHM, €CIIH ATO BO3MOXK-
HO, Pa3JINYHBIMHI CIIOCOOAaMHU, UCIIONB3Ys pa3Hble (POPMYIIBI.

PaznudnbIe cIOcOOB! J0KA3aTeNbCTBA TOKAECTB, KOTOPHIE MPHUBOJATCS B
yaeOHHUKe, TTOJIE3HO MTOKa3aTh Ha OAHOM M TOH ke 3agade. Hampumep, 3amaay 4
MOJKHO TPEUTOKUTD YJalIMCS PEIINTh elé ¥ HAX0KICHHEM Pa3HOCTH JIEBOM
Y IIPaBOW 9acTel, U MPUBEACHHUEM JIEBOU 9aCTH K BUy IPaBOIL.

PaznuyabiMu crioco6aMu 11e1ecoo0pa3Ho MPOBECTH JI0KA3aTeIbCTBO, Ha-
mpuMep, Takux ToxnaecTs: 465 (3, 5), 470 (6, 7). Yupaxuenus 465 (5) u
470 (6) MOXHO BBITIOJTHATH U 3aMUCATh, HAIIPHIMED, TaK:

465.5)1 cmoco®6. JlokaxkeM, 94TO pa3HOCThH JIEBOM W TpaBoil wacTeh
pasHa 0:

—2+sin20c—1 :+—(l—sin2a) = oS
I+tga
cos’a.
IT cmoco®6. [lpeobpa3yem NeByro 4acTh Tak, 4TOObI OHa ObLIa paBHA
MIpaBoi:

2o —cos?a =0.

;2+sin2cx = ++sin2a =cos’o+sina=1.
I+tga
cos’a
IIT cmoco6. [IpeoOpazyeM OTAETBHO JEBYIO U IPABYIO YaCTH:
;2+sin20c = + +sin®a, = cos® o +sin? o, 1= sin® o +cos? o,
1+tgo -
cos’ o
470.6)1 cmoco6. JlokaxeM, 4TO Pa3sHOCTb JICBOM M MpaBOil yacTei
paBHa 0:

sina. 1+cosa _ sinzoc—(l —coszoc) _ sin” o —sin® o, -0

1-cosa sino (1-cosa)sina _(l—cosoc)sinoc_ '

II cmoco®. [Ipeobpazyem jieByIO 4acTh, AJSl 4YEr0 YMHOXXHUM YHCIIH-

TENb ¥ 3HAMEHATEeNh NPOOW JICBOW YacTH TOXKIECTBA Ha sin o. (sin o # 0)
1-cosa=0, a#nk, ke Z,— nonyctumbie 3Ha4UeHUS (puc. 16).

y

Puc. 16
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. . .2 2
sinosinot sin” o _ l-cos"a _l+cosa

(1—-cosqa)sina. - (1-cosa)sina. - (1-cosa)sina.  sina

Pexomenyercsi cucTreMaTHyecKy peliaTh ypaBHEHHUS, KOTOpble OOBIYHO
MIPUBOJIATCS B KOHIIE CHCTEMBI yIIpa)KHEHNH K maparpady. OHH HE CIIOXKHBI, HO
MTO3BOJIIOT aKTHBHO MCITONb30BaTh U3ydaeMble (POPMYIIBI, M X pELICHUE SIBIIS-
€TCsl MPONENEBTUKON K U3YUYEHHUIO CIEAYIOIIEH IJIaBbl.

Ha ypokax mone3Ho yCTHO BBINOIHATh YIPaKHEHHs] TaKOro, HaIpH-
Mep, THIA:

1. YnpocTuts BelpakeHHE:

1) (sin x + cos x)%; 2) (1 — cos®x) —sin’x;

3) tg 2x ctg 2x; 4) sin x ctg x.

2. MoryT nu 9ucna o u [ OBITh OJTHOBPEMECHHO CHHYCOM U KOCHHYCOM
OJTHOTO M TOTO K€ YHCA;

Da=-1,=0,1; 2a=1,B=1;
3)a=%§,ﬁ=%; 4)a=-08,B=—06

Ha oxHOM 13 ypOKOB KeNaTeIbHO MPOBECTH HEOOJBIIYIO CaM O CT O 5l -
TenbHYI0 pPaboOTy, MPOBEPSIONIYI0 YCBOCHHE MaTepHala MepBbIX Maparpa-
(0B 171aBbI. MOXKHO KCIOIB30BATh TAKOH, HAPUMEP, TECT C BHIOOPOM OTBETA:

1. Tano: a = cos 270°. HaiiTu 3HaueHue a.

Da=0; 2a=1; 3a=-I; @az%.
2. Haiitn 3Ha4eHue BBIpaKEeHUs Sin g : cos% .

1)§; 93 32 4)—%

3. Haiitu 4erBepTh, B KOTOPOW PACIOJIOKEH Yroi o, eciau sin o > 0,
acosa<0.

DI 2) 11, 3) 11, 4)1V.
4. Cpenu 3aJJaHHBIX YMCENl HAUTH MOJIO0KUTENBHOE.
1)sin 1; 2)cos (-3); 3)tg2; 4)ctgSs.

5. Cpenu map 9mcen HaTH TaKyro, B KOTOPOH OIHO M3 YHCET — 3Haye-
HHE Sin 0, a Apyroe — 3HaYEHHUE COS 0.
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Dinot. 2L, 2. Hiull, 4H3ul
2 2 55
6. CpeI[I/I 3aJaHHbIX YHUCCI d HaﬁTI/I TaKO€, KOTOPOC paBHO Sin o, €CJIIN
\2
=

3
T<a< Enncosa:—

7. YOpocTUTh BBIpAXKEHHUE! (sin*a— 1) : cos” a.
1) sin® a; 2)1; 3)-1; 4t .

Marepuan naparpada no ypokaMm MOKHO PacIpeieUTh CIeTYIOIUM 00-
pazom:

YnpakHeHus
Homep | Teopernueckuit | ocuoBHbIE .
ypoKa Marepran (5 Knacce IUTS CAMOCTOSTEILHOM JIOTIOJTHH-
padoThI TEJbHBIC
U ToMa)
1 Bamaun 1 u2 465, 466, 465 (4, 6), 466 (1, 2)
467 (1, 2),
469
2 3agaun 3—5 | 467 (3, 4), 468 4T1—474;
468, 470 AM'§ 26
(173) Ne 9—12
3 Marepuan Bce- |470 (4—8) Tect
ro maparpadga

B pesynpTare m3ydeHHs maparpada Bce ydammecs JI0JK-
HBI 3HaTh ONpEEICHUE TOX/IECTBA M YMETh IIPUMEHATH CIOCOOBI JOKa3aTellb-
CTBA TOXKAECTB IIPH BBIIOIHEHNU TaKUX yIpaXKHeHUil, kak 465, 466. B xiaccax
yrIyOnéHHOTO YpOBHSA AonosHUTENnsHO — 470, 474.

§ 27. Cunyc, KOCMHYC ¥ TAHTE€HC YIJIOB O, U —(Q
1/19)

Llenr m3yueHus maparpada — oOydeHHe CBECHUIO BBIUHUCIIE-
HUH 3HaYEHUH CHHYyCa, KOCHHYCA, TAHICHCA OTPUIATEIBHBIX YITIOB K BBIUHCIIC-
HUIO X 3HAYEHWH JUIS MOJIOXKUTEIBHBIX YITIOB; PA3BUTHE YMEHHH CaMOCTOSI-
TEJIHO KOHTPOJIUPOBATh M KOPPEKTUPOBATH CBOIO IESITENBHOCTD.

Hns BeBoga dopmyn (1)—(3), koTopele B JanbHEHIIEM HCIOIB3YIOTCS
TIPH UCCIEOBAaHUN (DYHKIMKA Ha YETHOCTh W HEYETHOCTH, HOCTaTOYHO BOC-
TI0JIb30BaThCSl PUCYHKOM 64 yueOHUKA.
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OOy4eHue nprUMeHEeHUI0 (GOPMYIT IPH BBIYHUCICHHUAX U TPE0OPa30BaHHUAX
JOJDKHO CTaTh OCHOBHBIM Ha ypoke. OTHaKO He CTOHT NMpeHeOperaTb BO3MOXK-
HOCTBIO HCIIONB30BaTh (OPMYJIBI MpPU PEUICHWH ypaBHEHUH. Pemrenue mpo-
CTEUILNX YpaBHEHHUH JKEIATEIBbHO COMPOBOXKAATh MILIIOCTpPALIMEN pelIeHUs Ha
eIMHUIHON OKPY)KHOCTH JI0 TE€X TOp, MOKa yJalluecs: He MepecTaHyT IOIMyc-
KaTh OMIMOKHW B 3ammch oTBeTa. Pemenne ympaxHenus 480 (3) MoxHO 3amu-
caTh, HaIpUMep, TakK:

480. 3) cos (2x) =1, cos 2x =1, 2x = 27k, k € Z (puc. 17).

OTrBeT.x=nk ke Z.

Ve

Puc. 17

Pacnipenenenue Marepuana Ha ypoke:

VYnpaxHeHus
Homep | Teopernueckuit OCHOBHEIE (B N
ypoka MaTepuan Kracee 1 10- JUTSL CAaMOCTOSITEIIbHON JIOTIOJTHU-
via) paboThI TeNbHbIE
1 §27 475,476,478, 475 (5), 476 (1, 2) 477,479,
480 (1—4) 480 (5, 6)

B pesynbTare wu3yueHus mnaparpada Bce ydammecs
JOJDKHBI 3HaTh (hopmyisl (1)—(3) M yMeTh MX NPUMEHSTH TPH BBHIIOIHEHUN
ynpaxuenuit Tuna 475, 476 (1, 2). B kiaccax yriy0iaE8HHOTO YPOBHS JOTOJHU-
TenbHO — 477.

§ 28. @opmyJibl cinoxkenus (2/3 v)

Ilenps m3yuenus maparpada — oOydeHHe NMpUMEHEHUIO (Hop-
MYJI CJIOKEHHS TIPHU BBIYMCICHUSAX W BBITOJHCHHU MPeoOpa3oBaHUi TPUTOHO-
METPUYECKUX BBIPAKCHUH; Pa3BUTHE HABBIKOB YCIICIITHON HCCIIEOBATEIBCKOM
JIeSITENILHOCTH.

Teopema, KOTOpasi JOKa3bIBaeTCS B maparpade, Kak yKe YKa3bIBaJOCh
BBIIIIC, SIBIISICTCS IICHTPAJIbHON TeOopeMoW TiaBbl. Bee ocraimbHbIe (HOPMYIIBI
MPEICTABIIAIOT COOOW CIIEACTBHS 3TOW TeopeMbl. OTCIOAa BBITEKACT 3HAYH-
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MOCTh MaTepuaja naparpada Al HOCIEAYIOMET0 U3y9eHHs BCEro Kypca TpH-
TOHOMETPHUH.

Jloka3aTenbcTBO TEOpeMBl onmupaercs Ha (OPMYIYy PACCTOSHHS MEXITY
IBYMSl TOYKaMH. BcOMHHTB (OpMyIly M MOATOTOBUTH yYallUXCS K JIOKa3a-
TEJIECTBY TEOPEMBI MOXKHO C ITOMOIIBIO PEMICHHS TaKOW 3 a 1 ad H:

Haiitu paccrosHne Mexay ToukaMu A U B €IMHUYHOM OKPY>KHOCTH,

0 T
COOTBETCTBYIOIIUMH YHCIIAM O = 3 np=-=

o

> AB= (4 -x)7+ (- )’

A(COSE; sinﬁj, B cos(—ﬂj; sin(—ﬁ) (puc. 18).
3 3 6 6

y
A
5 (1;0)
0 x
n
6 /B
Puc. 18
2 2 2 2
ABzz(cosz—cosEj +(sin£+sin£j = l—ﬁ + £+l =2,
3 6 3 6 2 2 2 2

AB=2.<

Ione3Ho Takke NMpeABAPUTEIBHO TMOBTOPUTH OCHOBHOE TPUTOHOMETPH-
YEeCKOE TOXKAECTBO MPU Pa3IM4HON 3alUCH YIVa, HAalpUMeEp HAWTH 3HaueHUE
BBIpaKEHUSI:

1) sin® B+ cos’ B; 2) sin® (o + B) + cos® (o + B).

YMeHue 10Ka3bIBaTh TEOPEMY HE SIBIISICTCS] 00S13aTENIbHBIM JJIsl BCEX yda-
IIMXCs, HO Pa3o0paTh JOKa3aTeNbCTBO CO BCEM KJIACCOM JKenarenbHo. Ecim
BpPEMEHH HEJOCTaTOYHO, MOXHO, UCIIOJB3YsI PUCYHOK 65, KOTOpBIH ITOCTEIeH-
HO BOCIIPOM3BOAMTCS IOCPEACTBOM TEXHHYECKHX M ayIHO-BH3yalIbHBIX
CpencTB 00y4eHusl, IOSICHUTh IIPHHIUI JI0Ka3aTeIbCTBA, 3alHChIBasi B TETPaIH
€ro IUJIaH:

1. Toctpouts TOYKH: M, HOBOPOTOM TOYKH M, Ha yron o; M_g moBOpo-
TOM ToukH M, Ha yron (—f); M, + g moBopoToM Touku M, Ha yroa (o + f3). 3anu-
caTh KOOPANHATHI 3TUX TOYEK.

2. Jlokasats paBeHCTBO TPEYrONbHUKOB M_;OM, u MoOM, 4 p.
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3. 3anucars GOPMYIBI PACCTOSIHUSI MKy TOUKAMH:
)M guM,; 2) Mowu Mg, g.
4. BemmonmauTh nipeoOpa3oBaHme U IOKA3aTh, 9TO
cos (a + B) =cos o cos P —sin a sin B.
Bce ocranbHbIe (POPMYITBI, KOTOPBIE BEITEKAIOT U3 (hopmydsl (1), moka3bl-
BatoTcs Jn0Oo 3aMeHoi P Ha —f3 (kak mpu BbIBoAe Gopmyi (2), (6)), mubo uc-

T o
MIOJB30BaHUEM 3HAYCHHUS Sin 5 H COS 5 (3amaua 3). B 3apmauax 1, 2, 4, 5 mpu-

BOJAITCS TpUMepbl puMmeHennst Gopmyn (1)—(6), a B 3agaue 6* BBIBOIUTCS
(dopMmyna TaHTE€HCAa CyMMBI (HEOOXOJMMO BBISICHUTH, TIOHUMAIOT JIM yJaIllnecs,
TIPY KaKWX 3HAYEHUSX O U 3 JTaHHOE PAaBEHCTBO BEPHO).

Ha mocnenneM u3 ypokoB, OTBEIEHHBIX Ha M3ydEHHE MarepHaia Iapa-
rpada, MOXXHO TPOBECTH CaMOCTOSTeNbHYI0 pabory (20 MuH) Ha mpo-
BEPKY YCBOGHMS MaTepHana 3TOr0 W HpPEAbIAYIINX IaparpadoB, HalpUMep,
TaKOTO COJIEPKAHMUS:

. . 3 T
1. Kakoii 3HaK MMe€ET Sin o, €CJIv o = Zn, o= fg , oo=1140°?

. 7 3
[Kakoii 3HaK NIM€EET COS O, ECAN 0L = — 7T, O = —=7, o = 920°7]
8 4
2. BeUncianTe:

. TT T T .
D Sln(—zj+cos(—z)+ tg(—zj ;

2) sin 67°cos 23° + cos 67° sin 23°.

. b T T
1) sin| == [+cos| —= |+cos——tg(—mn) ;
1 s Eeco{ -2 s cmsEgom

2) cos 52° cos 38° —sin 52° sin 38°.]
3. Jloxa3arb TOXIECTBO

(1+ctg2a+ 12 jsin2 acos’o =1
cos o

[(1+tg20c+ .12 )sin2occosza:1}.
sin“ o

4. Pemnth ypaBHEHHE
cos 3x cos 2x + sin 3x cos 2x = -1
[sin 3x cos x — cos 3x sin x = —1].

Pacnipenenenue marepuana naparpada mo ypokam MOXeT OBbITh TaKUM:

OmMHBapUaHT: HAIEPBOM YPOKE IPOYUTATH JICKIIMIO 110 BCEMY Ma-
Tepuany maparpada u 1mokasaTb HpHMEpbl IPUMEHEHUsT GOpMYIT U3 yIpaXkKHe-
Huit 494 (1) 1 491 (3,4); BTOpO# ypOK MPOBECTH KaK MPAKTHKYM. B 3TOM
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Cllydae OCTaHETCS BpeMsl Ha PEIICHUE U HECKOJIBKO 00Jiee CIIOKHBIX YIIPaXkKHe-
uuit (488—497, 563, 564).

B pesynbTare mM3ydeHus maparpada Bce ydalmecs JOJK-
HBI 3HaTh popmyisl (1), (2), (5), (6) 1 yMETs X MPUMEHATH MIPH BBHITTOTHEHUN
ynpaxuennii Tara 481, 482, 485. B ximaccax yriryOiaEHHOTO YPOBHS JIOTIOTHH-
TenpHO — 494, 496, 497.

§ 29. Cunyc, KOCMHYC M TaHTeHC ABOWHOTO yriaa (1 /2 4)
§ 30*. Cunyc, KOCHHYC M TAHI'€HC MOJOBUHHOIO yIJja
1/24)

llenr m3yueHus nmaparpad oB — O3HAKOMIICHHE YYaLIUXCS CO
CIEICTBUSAMH TE€OPEMBI CIOXKEHHUs; 00ydeHHe NPUMEHEHHIO (pOpMyl IBOMHOTO
yIria IpH NpeoOpa3oBaHUAX TPUTOHOMETPHUYECKUX BBIPAKEHHH, B 4aCTHOCTH
IpH BbIBOAE (HOPMYIT MOJOBHHHOTO YITIa; Pa3BUTHE YMEHUI IPOLYKTHBHO 00-
LIaThCs B TIPOLIECCE COBMECTHOM NEeATEIbHOCTH.

Marepuan maparpadoB o4eHb BaXeH IS MPOJOJDKEHUS M3ydEeHHs TpU-
TOHOMETPHH: BCe (POPMYIIBI, KOTOPBIE BBIBOAATCS TI0 XOLYy €TI0 H3y4eHHs, YacTo
MIPUMEHSIOTCS TIPH PELICHUN TPUTOHOMETPUYECKUX YPaBHEHHH, a B JaTbHEH-
IIeM U IIPU UCCIIENOBAaHUN (PYHKINH.

BriBon Qopmyn nBoiiHoro yrma (§ 29) He cocTaBHT TpyAa, MOITOMY
MO’KHO HPEUIOKUTD yJalTiuMcs THOO0 BBIBECTH 3TH (POPMYIIBI CAMOCTOSTENBHO,
60 mpounTaTh MO yueOHUKY. JKemarensHO MOKa3aTh Ha JOCKE BEIBOJ (op-
Myn (5) u (6) m3 § 30*, Tak Kak MPHUEM MOYICHHOTO CIIOKCHHS PABCHCTB HE
4acTo UCTONIB3yeTcs B Kypce anredpsl. @opmyny (7) u3 § 30* nerko BeIBeCTH C
MOMOIIbI0 y4eOHMKa camMuM ydeHunkam. [Ipumenenme dopmyn (8)—(10)
TIO3BOJIIET YNPOCTUTH PEIICHWE HEKOTOPHIX YPaBHEHHWH, OIHAKO CO BCEMH
yJanmuMuces Kjiacca UX MOXKXHO HE HU3y4daTb, OCTaBUB IJIsd CaMOCTOSATEILHOM
paboThI yHaluMcs, HHTEPECYIOLTMMCST MaTeMaTHKOM.

YnpakHeHus: 00s13aTebHOr0 YpoBHsS K 000MM mnaparpadam B OCHOBHOM
BBIYMCIIMTEIBHOTO XapaKTepa, Ha MpsAMOoe IpHUMeHeHHe HOopMyll. YIpaKHEHHUS
503—505, 515, 516 oueHp NOJE3HBI, TAK KaK MO X0y UX PELICHHs TOBTOPSIET-
Csl IPEIBIIYLIUH MaTepUal.

XKenatenbHO 0OpaTWTP BHHMaHHE YYallUXCs Ha IIPOCTOE 3aJaHHe
506 (1, 2), KoTOpOE MOJNIE3HO MPEATIOKHUTH BHIIIOIHUTH CAMOCTOATENFHO, a 3a-
TeM 0OCYIUTh MOJTy4EHHBIE PE3YIIbTATHI.

506.1)I cmoco®. 2cos 40° cos 50° = 2cos (90° —50°) cos 50° =
= 2sin 50° cos 50° = sin 100°.

IT cmoco®6.2cos 40°cos 50° = 2cos 40° cos (90° — 40°) =
= 2cos 40° sin 40° = sin 80°.

Y xoro ke BepHbli oTBer? Jlag 00OOCHOBaHHS TOTO, 4TO
sin 100° = sin 80°, MO>XKHO BOCIIOJTB30BaThCS MILTIOCTPAIIEH U HATOMHUTD, KaK
IIOCTPOUTHh TOYKHU, COOTBETCTBYIoMmE yriaMm o = 80°, B = 100° Ha eguHUYIHOM
OKPYKHOCTH, IOKa3aThk OOILYI0 OpJuHaTy To4ek M, u Mg (puc. 19).
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y
M, M,
B
N (1;0)
0 X
Puc. 19

Ynpaxuenne 508 noka3piBaer, Kak MOHU3UTH CTENEHb BBIPAKECHUS, YTO B
JaJbHEHIIEM TOMOXET ITPH PEIICHUN YPaBHEHHH.

Bemonnsist ynpaxkaenue 510 (5), MOKHO B KauecTBE JOIOJHUTEIHEHOTO
BOIIPOCa NPEUIOKUTH HAWTH JIOIYCTUMBIE 3HAUCHHUS Ol.

U3 ynpaxuenuit k § 30* jxenarenbHO paccMOTpeTh ynpaxkHenue 518, tak
KaK IIPH €T0 BHIOJHEHUH IPUMEHSIOTCS BCE OCTAIBHbBIE (POPMYIIBI, H3ydacMble
B 00omx maparpagax.

Ha 3akmrounTesHOM ypOKe B Kilacce yriIyOIEHHOTO YpOBHS BBINOIHHUTH
yrnpaxkaenus 510 (4) u 519 (4) (mo BapuaHTaM) U 00s3aTENEHO PACCMOTPETH
BO3MOXKHBIE ITyTH UX PEIICHHH.

Brrmonass ynpaxuaenue 510(4), yqamirecss 0OOBIYHO MONB3YIOTCS GOpMY-
JIaM{ JBOMHOTIO yTIa.

510. 4) 1-cos2a +s?n 20 ctgo, =
1+cos2a +sin 2o

_ (cos? au+sin” o) — (cos® o —sin? o) + 2sin o.cos o
(cos” o +sin? o)+ (cos” o —sin? o) +2sin acos o

ctgo =

_ 2sina(sina +cosa)
2 coso(sin o + cos o)

-ctga =1.

K Bomonnaenuto ynpaxseHus 519 (4) omblT moOACKa3bIBaeT MOJOWTH
WHaYe, UCHOJIb3Ysl GOPMYIIbI MOJOBUHHOTO YIJIA.

i 2 .
519. 4) 1+sin2a4+cos2a _ 2cos” a+2sina.coso

- =— - = ctga.
1+sin20—cos2a  2sin” o+ 2sin c.cos o

74



DOopMyIBI CHHYCa U KOCHHYCA IOJIOBUHHOTO YIUIA MOJIE3HO HCIOIb30BaTh
u B Buze popmyi (3) u (4), u B Buae popmyi (5) u (6).

Ha Bcex ypokax HeoOxommumo pemrate ypaBHeHHs. llocTemeHHO yclox-
HAIOTCS TPUTOHOMETPHUYECKUE MPEeoOpa3OBaHMsA, KOTOPbIE B pe3yibTaTe IMpH-
BOJIAIT K YpaBHEHHsIM BHja Sin x = £1, cos x = £1, sin x = 0, cos x = 0. Ho Te-
Mepp HaYMHACT padOoTaTh METOJ PELICHUs] YPaBHEHUH pa3iioKeHHEM Ha MHO-
JKUTENH, U B OTBETE MOJIy4aeTcsl He 1Ba KOpHs, a JBe cepur KopHel. [lonesno
Ha OJJHOM-JIBYX ypaBHEHHMsX (B Kilacce M J0Ma) MPOHUIIOCTPHUPOBATH PacIio-
JIO)KEHHE KOPHEW Ha €JUHUYHOM OKPYKHOCTH, YTO B JAIbHEWILIEM IIPU pelle-
HUM YpaBHEHHII TOMOXXET OOBEIMHEHHMIO CEpUil KOpHEeH B OAHY, KOTAa 3TO
BO3MOYKHO.

B kauecTBe YyCTHBIX YINpaKHEHUH Ha ypOKax MOXHO HCIIOJIb30BaTh
ClIeAyIOUIHe:

1. 3akoHUNTH SaHI/ICL (bopMyIbI BOHHOTO yria:

1) cos 40 = cos 220, ;

2) sin 5a.= 2 sin %a

2. BeIpasutk cos > 30 gepes cos 6o.

3. Pemmutes ypaBHEHUE:

1) cos? 3x — sin?3x = 1;  2)2sin2,5xcos 2,5x=0.

Marepuan maparpadoB 1Mo ypokam MOXXHO PacHpeleluTh CIEAYIOIIUM
obpazom:

YnpaxHeHus
Howmep Teoperuueckuii ZUTIsL caMo-
ypoka MaTepHan OCHOBHEIE (B CTOSTEI b JIOTIOJTHH-
KJ1acce U IoMa) . TeJIbHbIC
HOW paboTHI
1 BeBox dopmyn sin 2an | 498—504, 508 502,
cos 20, 3amaun 1—3 508 (1, 2)
) 511,512,
BeiBon dopmyas tg 20, 505—506, 507, 591523
samaun 4, 5. BeiBon 512—514, 517(1,2) M § 29’
q)OpMy.H (5)_(7) § 30%, 515 (1)’ No 22725
3agayn 1—3 516 (2) - § 30 ’
3 3anauda 4 § 30* 509, 510 (4, 5), 515 (3), Ne 18—20
512,518 (1,4) 518 (6),
519 (1)

B pesynsTatre wu3ydeHHs mnaparpadoB Bce ydarruecs
JOJDKHBI 3HAaTh (POPMYJIBI IBOHHOTO yINIa U YMETh HCIIONb30BaTh MX MPU BBI-
nmonHeHn: ynpaxkaeHni 500, 503—505; mons3ysich CIpaBOYHBIM MaTEPHAIOM,
BEITIONHATE yrpaxuaeHus 514, 517. B knaccax yrimy0néHHOTO YPOBHS JOMOTHU-
TenpHO — 511, 512, 520.
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§ 31. ®@opmyJbl npusBenenus (2 /2 4)

[lens m3yueHus nmaparpada — oOydeHHE NPUMEHEHHIO Tpa-
BUJIA, TIO3BOJIAIONIETO 3aMEHUTh CUHYC, KOCUHYC, TAHI€HC, KOTAHI'€HC JII0O0Tro
YHcia COOTBETCTBEHHO CHHYCOM, KOCHHYCOM, TaHT€HCOM WIIM KOTaHTE€HCOM

m
yucaa o, ecian 0 < o < 5

W3ydyenne marepuana maparpada peKOMEHAyeTcs HadaThb C HCTOpHUE-
CKOH cIpaBKH 00 MCIIOJIB30BaHUH TAOIHIl TPUTOHOMETPUIECKUX (PYHKIIMH TS
BBIYMCIICHUH Ha NMPAKTUKE W TIOBTOPEHMS IOBOPOTA TOYKHM BOKPYT Hadana Ko-
OpJMHAT, HAIPHMEP, C IOMOIIBIO CIIEAYIOMINX YIPAKHEHNH:

1. CuHychl KaKuX yriioB paBHbI cuHycy yria 30° (puc. 20)?

2. Kocunychl Kakux yIioB paBHBEI KocuHycy yria 120° (puc. 21)?

y y
20°
30° \P(1;0) (1;0)
0 X 0 X
Puc. 20 Puc. 21

3. Ha xaxoii yron nosepHymu Touky P (1; 0), 9T00bI OTy4InTs TOUKY M
(puc. 22)? CpaBHHTH 3HAUEHHS CHHYCA M KOCHHYCA YHCEJl, COOTBETCTBYIOIINX
ToukaM A u M.

4. CpaBHUTH CHHYCHI M1 KOCHHYCHI YIJI0B o U B (puc. 23).

y y

/0% Pai0) (1;0)

| oA
i N

Puc. 22 Puc. 23
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3areM pacCMOTpETh pemieHne 3aJauil 1, KoTopoe MOTUBUPYET HEOOXOAU-
MOCTh TIOSIBIICHHSI ()OPMYJI, YNPOIIAIOIINX HAaXOXKACHHE CHHyca M KOCHHYcCa
VTIIOB, 3aIaHHBIX «OONMBIIMMHE YrcTaMmy. JlefictBurensHo, paBeHcTBa (1) 1 (2),
KOTOPBIE MOSBIIINCH B XOJIE PEIICHNUS 33/1a9H |, IOABOAAT K MBICIH O CYIIECT-
BOBAaHUH M APYTUX PABEHCTB, yNPOMIAIONINX BBIYHCIICHNS, HAITPUMED PaBEHCT-
Ba (3) u3 § 28. BeBox popmy (5) u (6) pekoMeHIyeTcs IPEIOKATh YIaTuM-
Csl C/IeNIaTh CaMOCTOSITEbHO, HAITPUMEp, 110 BapHaHTaM:

I Bapuanr

1) sin (T — o) = sin a; 2) sin (T + o) = —sin a;

3) cos (T — o) = —cos a,; 4) cos (T + o) = —cos a.

Il Bapuaur

1) sin(%n—aj =-—cosa; 2)sin (%n +ocj =-—C0S 0

3) cos (%n—aj =-sina; 4)cos (%n +ocj = sin o.
Ha nocke B 3T0 BpeMst MOXXHO JTOKa3aTh TOXKICCTBA:

. (m i .
1) sin (Eﬂx):cos o; 2) cos (E+oc)=—sm o.

Bce dopmyinst (3), (5), (6) momkHBI OBITH Ha JOCKe i miakare. OOpa-
TUTE BHUMaHHE y4allluXcsl Ha TO, YTO BCE PABEHCTBA CIPABEUIUBBI TP JTIOOBIX
3Ha4YEHMAX 0. BBIMOTHNUTH YacTh ynpaxxHeHus 524, 3areM oOpaTuThes K yueo-
HHUKY: pacCMOTpeTh 3ajadyy 2 W BBIIOJHUTh YIPAXHEHHs, HaNpUMeEp,
525(1, 2,5, 6), 526 (3, 5).

Tenepl) MO>XHO ITOCTaBUTH HpO6HCMy HaxXO0XJACHHS COOTBETCTBYHOIIUX
¢dbopmyn npuBeneHus Juis tg o U ctg o, pazodpars 3anaun 3 u 4 (c yuurenem
WIN 10 y4eOHUKY CaMOCTOSITENBHO) M MOYYHThCS HPUMEHSTH (HOPMYJIBI MpH
BBINTOJIHEHUH yripakHeHu#t 524 (6, 8), 525 (3, 7), 526 (7, 8).

Jlo6aBuB nonyueHHbie GopmyIbl K TeM, uTo yxe ecTb Ha nocke ((3), (5),
(6)), OMBITAThCSI BMECTE BBISICHUTD, OT YET0 3aBUCUT 3HAK JIEBOM YaCTH M U3-
MEHEHHE WM HEM3MEHHOCTh Ha3BaHHs (HYHKIIHH.

3areM MpoYMUTaTh MPaBUJIO HA C. 159 U HAy4UTHCS €ro MPUMEHSTh, Ha-
TIpUMep, TIPH BBHITOJIHEHWH OJHOTO IpuMepa W3 Kaxaoro ympaxHenus 530,
531.

Heobxomimo, 4To0Bl ydamuecs MOHUMaIH, YTO (hOPMYIIBI IPUBEICHUS
CIIpaBEJIMBEI YIS JIIOOOTO 3HAYECHUS 0, XOTS ISl ONpeNesIeHNs] 3HaKa MCXO/-
HOW (YHKIMU IpU 3alIOMHUHAHUH (OPMYII CUHMTAETCsI, YTO 0oL — yroi I uerBep-
TH.

[Ipyn BBIMONHEHHU YIpaXHEHWH K maparpady ¥ B AalbHEHIIEM CIeayeT
NPOJIOJKATh OOYYEHUE YJal[UXCsl BBISBICHUIO PA3IMYHBIX ITyTel pelleHHUsI.

VYnpaxuenue 532(1) MoxHO pemiarh Takx:
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I cnoco®.

. (m T (= T
sin| =+a |-cos| ——a |=sin| =——=+a |-cos| = -a
(4 j (4 ) (2 4 ) (4 )

T 5

Il

IT cnoco®.

ol (5o o)
oo

MosxHO peoOpa3oBaTh cos(% - oc) W MCKaTh JPYTHE ITYTH.

B koHIIE BTOPOTO YpoKa pPEeKOMEHAyeTcs MpPOBECTH CaMOCTO S -
TenbHYo pabory (15 mMun).
1. BeraucnuTs:

1) cos(%n—aj ,ecin cos o = 0,8;
2) sin 210° — cos 120° + tg 225°.
[1) sin[% +Otj, ecim sin o = 0,6;
2) tg 150° — cos 780° + sin 330°.]
2. YIpocTuTh BBIpAXKEHUE

sin §7c+0L —sin(2w+ o) .
2 sin(—o.) + cos(m + a)

2cos(-oysin(—a) +1 1+2cos g - [cos(—a)
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Marepuan naparpada 1o ypokam MOXHO pacIpeleluTh TaK:

. VYrpaxHeHus
Homep | Teoperuueckuit
ypoka Marepuar OCHOBHBIE (B At CAMOCTOS - JIOTIOJTHH-
KJIacce U IoMa) TEIEHOH paboThHI TEeNbHBIE
1 Becr matepuan 524 (1—7), 526, 526 (2,4,6,7),
naparpada 530, 531 5353, 4)
2 527,529, B tekcre 535, 536;
532(1, 3), M § 31
533 (1—2), 535; Ne 10—11
JIM c. 139,
Ne 54—56

B pesynpraTe m3yueHus maparpada Bce ydamumecs DOJIK-
HBl YMETh HCIOJIL30BaTh (DOPMYIIBI MPHUBEICHUS NPH BBINOIHEHUH TAKUX YII-
paxHeHHi, Kak 525, 526. B ximaccax yriayOnEéHHOTO ypOBHS JOMOTHUTEIHHO —
530, 533.

§ 32. Cymma u pa3HOCTH CHHYCOB.
Cymma u pa3HoCTh KOCUHYCOB (1 /3 1)

Ilenp m3yueHus maparpada — oOydeHHe NMpUMEHEHUIO (Bop-
MYJI CYMMBI M Pa3HOCTH CHHYCOB (KOCHHYCOB) TPH BBIUYHCIICHUSX U pas3lioikKe-
HUM Ha MHOXXUTENHW; Pa3BUTHE YMEHHH CAMOCTOSITENIbHO ONpENelsiTh LETH B
Pa3JIMUHBIX CHUTYaIIHsX.

®DopMyIIbl, KOTOPBIE BEIBOAATCS B 3TOM Maparpade, 4acTo UCIOIIb3YIOTCS
NPU PEUICHUH TPUTOHOMETPUYECKUX YpaBHEHHH, OITOMY BaKHO, YTOOBI yda-
IIMecs MOTJIM UX IPUMEHSTh B Pa3HBIX CUTYalMAX (3a1a4u 2—3, yrpaKHEHUs
537, 539, 542).

Xon pemenus 3amaun 1 maparpada MOTUBHPYET HEOOXOAUMOCTh IOSB-
nenus GopMyinbl, ynpoumaromeil BeraucieHus. C TOH ke LeIblo MOXKHO HC-
oJIb30BaTh yrpaxkHenue 537 (1, 2). Ot ke 3amaud MOACKA3BIBAIOT MPHUEM,
KOTOPBIN Hcnoib3yeTcs npu BeiBose ¢opmyist (1). @opmynsr (3) u (4), kak u
TpeayiaraeTcss B TEKCTE€ y4YeOHWKa, ITOJIE3HO BBIBECTH YYallMMCSl CaMOCTOS-
TENIFHO JIOMa M IPOBEPUTH HA CIIEAYIONIEM YPOKE B Kilacce.

B 3amaue 2 mokaspIBaeTcsl BaKHBIHA MPUEM pa3JIOKEHUS Ha MHOMKUTEIIH:
HaXOJUTCSI MHOKUTENb, KOTOPBIH 1OCIIe BEIHECEHUS 32 CKOOKH MIO3BOJIUT OCTa-
BUTH B CKOOKax Takoe CJIaraéMoe, 4TO €ro MOXHO INPEJCTaBUTh KaK CHHYC WU
KOCHHYC HEKOTOPOTO yIJIa. 3aKpeIuIsieTcsl yMEeHHe IPUMEHSITh 3TOT IPUEM TIPH
BBINOJIHEHUH yTIpaskHeHUs 539.

JlokazaTenbCTBO TOXKECTB TO3BOJISIET MPOAOIDKUTH paboTy M0 Pa3BUTHIO
MBIIUICHUS YYal[UXCsl: MHOTHE YIIPaXHEHHSI MOTYT OBITh BBITTOJHEHBI Pa3HBbI-
Mu criocobamu. OyeHb MokazarenbHo yrnpaxHenue 542 (1). B xoxe ero BbI-
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TIOJTHEHUSI MOXXHO TIOBTOPUTH Pa3iIM4HbIE (OPMYIBI M PA3IMYHBIE CIIOCOOBI
JIOKa3aTeNbCTBA TOXKICCTB.

542. 1)1 cmoco6. [Ipeobpa3yem eByIO 4acTh:
cos” o —sin*a + sin 20 =
= (cos® o.— sin® a)(cos* o + sin” @) + sin 20, =

= cos 20 + sin 20 = cos 20 + cos(%—&x) =

20c+£—20c 20c—£+20c
=2cos 2 -cos 2 :2cos£-cos(2a—£j:
2 2 4 4

2
= 2~£cos(2a —Ej = ﬁcos(mx —Ej.
2 4 4
31ech yJarmuecs MpoA0IDKAIOT YUUTHCS MOHIKATh CTEIIeHb BRIPAXKECHUS U
HaXOJUTh IOIYCYMMY U TIOJTYPa3HOCTb YIJIOB.

IT cmoco6. [IpeoOGpazyem mpaByro 4acTh:

\/ECOS(ZQ—%):\/E(c052acos§+sin2asin§j= cos 20 + sin 20 =

= cos? o —sin’ o + sin 2a = cos” o — sin* & + sin 2a.

IIT cmoco6. [Ipeobpa3oBaTh JEBYIO M MPABYIO YacTH K OJWHAKOBOMY
BUY (IOCTaTOYHO BBITOJHHUTEL Mpeobpa3oBanus, kotopbie B I u Il cocobax
HNPUBOJST K NOAYEPKHYTOMY BBIPAKEHHUIO).

Ha »Tux ypokax mOJE3HO YCTHO BBINOJIHATE Takue, HarpHMep,
yOpaXHEeHHU s
1. IIpencTaBuTh B BUJIE CyMMBI CHHYCOB BBIPa)KEHHE!

1)%+sina; 2)§+cosa; 3)«/§+251n(x.

2. Bripazutb cos* o — sin o 4yepe3 CUHYC WM KOCUHYC 20.

3. Pa3noxuth Ha MHOKUTEITH:

1) 1 —cos 2a — sin o

2) 1 + cos 2a — cos a.

4. Haiitn HanOomnblliee U HAUMEHbIIICE 3HAUCHUS BHIPKCHHUS:

1)2cos a; 2) su;a .
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Marepuan maparpada mo ypokaM MOXXKHO pacHpeleinuTh CIEIYOIIIM
obpazom:

VYrpaxHeHus
HOMCp Teopemqecxm?l OCHOBHBIE o

ypoka MaTepHan (B kacce u JUISL CAMOCTOSATEJIBHOM JIOTIOJTHU-

paboTsI TEJIbHBIC

JioMa)

1 §32 537—541, 538 (3, 5), 539 (4), 544, 545;
542 (1, 3), 540 (2) JM § 32
543 Ne 20—22,

27—29

B pesynpraTe m3yueHus maparpada Bce ydamumecs DOJIK-
HBI YMETh HpUMEHsTh GopMyibl (1)—(4) npH BEIMOJHEHUU YIIPAXKHEHUN THTIA
538, 540. B xnaccax yriayGiIEHHOTO YpOBHS AONOIHUTENbHO — 541, 542.

Ypok 00001menuss u cucreMarusauuu 3Hanui (1 /2 4)

Ha ypoke 0600meHss ¥ cucTeMaTU3al MU 3HAHUI PEKOMEH-
JIyeTCsl HE TOJIbKO MOBTOPHUTH BCE (HOPMYIIbI, KOTOPbIE M3y4alIHuCh B TIIaBE, HO
00s13aTeTbHO BCIIOMHUTH JIOMTYCTHMBIE 3HAYCHHUS OYKB B KaXKIOM OTAEIHHOM
cinydae. [lone3Ho ucnosabp30BaTh MEpBbIi (op3all yueOHUKa, Tae Bce GpopMyIbl
MIPEJICTaBICHBl B CHCTEME: (POPMYIBI, CBS3BIBAIONINE TPUTOHOMETPHUUICCKHE
(GyHKIMM OMHOTO apryMeHTa, 3aTe€M CYMMBI apryMEHTOB, OTKyHa CICIYIOT
(hopMysIBI TBOMHOTO W IIOJIOBHHHOTO apryMeHTa, (OpPMYJBl pa3ioKeHUs Ha
MHOKHTEIT CyMMBI B Pa3HOCTH OJTHOUMEHHBIX (DYHKIIMH Pa3HBIX apTyMEHTOB.

[lone3Ho BBINOMHUTH B Kjacce ymnpaxHeHus tuna 546, 547, 552, 555,
560, 561, 564; 3anaHus 111 UHTEPECYIOLIUXCS MaTeMaTUKoN u3 «/uaaktuue-
CKHX MaTepHAJIOBY, a TAKXKE PEIINUTH CICIYIONINE YPaBHCHUS:

1. (sin x + cos x)* = 1.

2. (cos x — sin x)(cos x + sin x) = 1.

3. 2cos” 2x — 2sin”2x + sin8x = 0.

JONMOAHUTENbHO BBHIIOJHUTH yIpaxkHeHus: 565, 567, zaganus ais
MMOATOTOBKH K 3K3aMeHaM u3 «JlumakTuyecknx MartepuaioB». CamMocTO -
TenbHO — 549, 550, 556, 559 (110 oxHOMY 3aaHUIO).
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I'naBa VI. Tpuronomerpuyeckue ypaBHeHHs

Kak u npu pemeHnn anredpandecKkux, MoKasarelbHbIX U Jorapupmude-
CKUX ypaBHEHUI, pellleHHe TPUTOHOMETPHUECKUX YpaBHEHHM MyTEM pa3iuy-
HBIX TIPE0Opa3oBaHUI CBOIUTCS K PELICHNIO MPOCTEHIINX: COS X = 4, Sin X = a,
tg x = a. [lpu ux pemieHuH NoONMy4yaroTcsi OECKOHEYHbIE MHOXECTBA KOPHEH,
KOTOPBIE BBIpXAIOTCS (HOPMyJIaMH, MO3BOJSIOMIMME HAXOAWTh KOHKPETHBIC
3HaueHus. Hanpumep, KOpHSAMU ypaBHEHMsI tg X = a SBISIIOTCA 4UCIA
x = arctg a + nin, n € Z; npu n = 0 NOIy4UM KOPEHb X = arctg a B IPOMEKYTKE
or—-=L o X,

2 2

Juisi 00o3HauYeHHsT KOPHEH MHpPOCTEHIINX TPUTOHOMETPHUECKHX YypaBHeE-
HUHM MCHOJIB3YIOTCS CIIEUATbHBIE TEPMHUHBI U CHMBOJIBI: arccos d, arcsin a u
arctg a. Hanpumep, 3anuch arctg a (apKTaHTeHC @) O3HAYaeT: KOPEHb ypaBHE-

.. = n, T
HuA tg X = a, 3aKJIIDYCHHBIA B NTHTEPBAJIC (_E; Ej .

B yueOHMKE paccMOTpeHre IPOCTEHIINX YpaBHEHUH HaunHAETCsl ¢ ypaB-
HEHHUsS COS X = @, TaK Kak (opMmylia ero KopHe# mpoiue, 4eM (Gopmylia KOpHei
ypaBHEHUS sin X = a (Uil HUX UCIIOIb3YeTCsl HEOOBIUHBIN ISl yJaIuXcsl yKa-
3areinb 3Haka (—1)").

Pemrenne Oonee CI0XKHBIX TPUTOHOMETPHUYECKUX YpaBHEHHM, KOT/a BbI-
HOJHSIOTCS areOpanvyecKkue M TPUTOHOMETPUYECKHE IpeoOpa3oBaHusi, CBO-
JUTCA K PELICHUIO TPOCTENIIINX.

Crnenyer uMeTh B BHJY, YTO BBINOJHSEMBbIE MPEOOpPa30OBaHUs JIOIKHBI
OCYIIECTBIIATHCA MEPEXOIOM OT JAHHOTO YPaBHEHHS K PaBHOCHIHHOMY €My Ha
3a1aHHOM MHOecTBe. Hampumep, ypaBHenue tg” x — 2tg x + 1 = 0 Ha MHOXe-

CTBE X # §+nn, ne Z, paBHOCHIBHO ypaBHeHHsM (tg x — 1)* = 0, tg x = 1,

T T T
OTKyJa X = Z+nk, k € Z; ormetum, 4TO 2 +7k # 5 +Tn HU MPU KaKuX Lie-

JIBIX k ¥ n.

Tunosorusi TPUTOHOMETPUUYECKUX YpaBHEHHH BechbMa pa3zHOOOpasHa.
B y4eOHUKE pacCMaTPUBAIOTCS TPH THIIA: CBOASAIIMECSH K KBAIAPATHBIM, JIMHEH-
HbIE OTHOCHTENIFHO Sin X U COS X M yPaBHEHUS], peliaeMbie Pa3ioKeHHEM Ha
MHOXHTEIH. B OCHOBE pelieHus] ypaBHEHUH IEPBOTO U TPETHETO THIIOB JIEKAT
anreOpandeckue MpeoOpa3oBaHMs; NPU PEIICHUH YpPaBHEHHH BTOPOTO THIIA
MoKa3aH TakXe Cr1oco0 BBEAECHHS BCIIOMOTaTEILHOIO yIiia.

I'naBa 3aBepInacTcsi paCCMOTPEHHEM MPOCTEHIINX TPUTOHOMETPUUIECKUX
HEPAaBEHCTB, KOTOPHIE PENIAIOTCS ¢ MOMOIIBIO EIUHUYHON OKPY)KHOCTH, IJIe
YCTAHABIIUBAETCSI MHOXECTBO TOYEK, KOOPAWHATHI KOTOPBIX OIMPEAENSIOTCS

. 1
JaHHBIM HepaBeHCTBOM. Hampumep, HepaBeHCTBY sin x > 5 YIOBJIETBOPSIIOT
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.. T 5
TOYKU OKPYKXHOCTH, 3aKJIIOUEHHBIE B HPOMEXKYTKaX (g+2nn; €+2ﬂsnj,

neZ.

[IpeaMeTHB € Il €J U HU3Y4YECHUS IVIaBBL:

— BBEJICHHE MOHATUN apKCHHyca, apKKOCHHYCa, apKTaHTeHca YIJa;
BBIBOJI JOPMYJT KOPHEH NPOCTEHIINX TPUTOHOMETPHUECKUX YPaBHEHUH;

— o0y4eHHe pEeUIeHHI0 TPUTOHOMETPUYECKUX YpaBHEHWH: JIMHEWHBIX
OTHOCHUTENIFHO CHHYCa, KOCHHYCa, TAHTEHCA YHCIIa; CBOJSIINXCS K KBAJPaTHBIM
U JIPYTUM aJIreOpanyeckiM YpaBHEHUSM MOCIIe 3aMeHbl HEN3BECTHOTO; CBOJISI-
IIUXCS K MPOCTEHIINM TPUTOHOMETPUUECKUM YPAaBHEHUSM TIOCIIE Pa3I0KEeHUS
Ha MHOXKUTEIIN;

— 3HAKOMCTBO C DELICHHEM IIPOCTEHIIMX TPUTOHOMETPHUUYECKUX HEpa-
BEHCTB C IIOMOULIBIO EIUHUYHOU OKPYKHOCTH.

MeTtanpeaMeTHBI € II€JI U HU3y4ECHUS INIABBI:

— ¢opMupoBaHue MPUEMOB TIEPEX0/1a OT AHATUTHYECKOH K rpaduaecKoi
MOJIeH U 00paTHO;

— COBEpILIEHCTBOBAaHNE NMPUEMOB TOYHBIX M NPHONMKEHHBIX BBIYHCIIE-
HUIL;

— 3HAKOMCTBO € MaTeéMaTW4eCKUM TOJKOBAaHMEM IOHATHS NMEPUOAUYHO-
CTH, IMEIOIEr0 BaXKHOE MUPOBO33PEHUECKOE 3HAUEHUE;

— pa3BUTHE AITOPUTMHUYECKOTO U JIOTUYECKOTO MBIIIJIEHHUS.

JIudHOCTHBI € I €] U HU3ydyeHUs IVIaBbl:

— COBEpIICHCTBOBAaHNE HABBIKOB CAMOKOHTPOJIS;

— pa3BUTHE BBIYUCIUTEIHHON U alTOPUTMUYECKON KYJIbTYpPHI;

— pa3BUTHE TBOPUECKOW MHUIIMATHBBI, CAMOKPUTHUYHOCTH.

B pesynbTare mdyueHus riuabbl VI Bce yuyammecs AOIKHBI
3HaTh (OPMYJBI KOPHEH NPOCTEHIINX TPUTOHOMETPHYECKUX YypPaBHEHWUH,
IpUEMBI PEIIeHUs PaCCMOTPEHHBIX TUIIOB YPAaBHEHHWH U BBIMOIHATH YIPaXKHe-
HUS 655—665 u u3 pyopuxu «I[IpoBepp cebsi!». B kiaccax yrinyon€HHOro
YPOBHS JOMOJTHUTEIHHO — 666, 669, 671, 685.

§ 33. YpaBHenmue cos x =a (3 /3 4)

Llenr m3yueHus maparpada — O3HAKOMJIECHHE C IOHATHEM
ApKKOCHHYCa YHCIa, 00y4EHHE PEIIEHUI0 MPOCTEHIINX TPUTOHOMETPHUYECKIX
YpaBHEHUH.

VYpaBHEHHE COS X = a paccMaTpUBaeTCs MEPBBIM B Py MPOCTEHIINX
ypaBHEHHUH, B CBS3U C TEM 4TO (POpMYJIa €ro KOpHEW JOCTaTOYHO MPOCTO 3aIu-
CBIBAaeTCS M JIETKO IMOSICHAETCS UCXOJ M3 HalIAIHBIX IpeacraBieHui. Tpyn-
HOCTbH 3aKJIfo4aercsi B GOPMUPOBAHUN TOHATHS YMCIIA arccos d M BBIPAKEHUS
arccos (—a) 4epes arccos d.

AKTyanu3anuio 3HaHHH MOXKHO ITPOBECTH C TIOMOIIBIO, HAPpUMeEp, TAKUX
yopaxXHEHHU I:
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1. Haiitu xoopaMHATEl TOUKU M, Nexalleil Ha NepeceyeH eAMHUYHON

OKPY>KHOCTH ¥ OJTHOH U3 CTOpoH yria POM, ecnmun £ POM = % (puc. 24).

y y
M M
z o .
N3 VP A (1;0)
0 " 0 A x
Puc. 24 Puc. 25

2. Ha enuHUYHOM OKPY)XHOCTH JlaHa To4ka M, aOcuucca KOTOpoil paBHa

% (puc. 25). Haiitn:
1) opaunaty Touku M; 2) mepy yrna POM.
3. Abcuucca Touku M eqUHUYHON OKPYKHOCTH paBHA % (puc. 26).

1) Haiftu koopauHaTs! TOuku N.
2) HazBatp Mepbl Kakux-HHOyap TpEX yrioB moBopora toukm P(1; 0)
Bokpyr Touku O(0; 0), B pe3ynbTaTe KOTOPBIX MMOydeHa Touka M; Touka N.

3) 3amucarb Bce YIUIBI, HA KOTOPbIE HY)KHO IOBEPHYTH TOUYKY P, 4TOOBI
MOJTyYUTh TOUKY M; Touky N.

Y y
M M,
o (1;0) \a (1;0)
0 } l X 1
~a, s 0 x
2 2 /—a
N
N,
Puc. 26 Puc. 27

4. Abcrmcca Touku M| eMUHIYHONW OKPY>KHOCTH (puc. 27) paBHa — 1 .
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1) Haiiti koopauHATHI TOYKH N;.

2) HazBatp Mepbl Kakux-HHOyap TpEX yrioB moBopora Ttoukm P(1; 0)
Bokpyr Touku O(0; 0), B pe3ynapTaTe KOTOPHIX MOXydeHa Touka M;; Touka N;.

3) 3ammcaTh Bce YIIIBI, HA KOTOPBIE HY)KHO HMOBEPHYTH TOUKY P, 4TOOBI
MOJIYYUTh TOUKY M}; TOUKY N;.

Iocnenuue 3aganHust B yIpakHEHUSIX 3 U 4 TI03BOJIAIOT MOCTABUTH 3a/ady

. 1 1
COCTABJICHHS M PEILICHUs ypaBHEHHUH COS X = 5 M COS X = -5 C PacCMOTPEHUS

KOTOPBIX ¥ HAYMHAETCA U3y4eHHe MaTepuasa naparpada.
Xon pemenus 3amad | u 2 1aér BO3MOXXHOCTh YUHTENIO MOKa3aTh, YTO

1 1
YpaBHCHHUEC COS X = E (I/IJ'II/I COS x= 75 ) SABJISACTCA MOJACIIBIO 3aa4r O HaXOXKIC-
V|
HUHW BCCX YIVIOB IMOBOPOTA, COOTBCTCTBYIOHIUX TOYKE C aGCHI/ICCOI/I E

1
(umm 75). CrenoBaTeNbHO, aHAJOTMYHO MOXKHO c(HOPMYIUPOBAThH 3amady,

MOJIENIbI0 KOTOPOH CTaHeT ypaBHeHHe cos x = a. OTciona 6oiee Mpo3payHbIM
JUISL Y4YaIUXCsl CTAaHOBHTCS OIpeleNieHne apKKocuHyca uucia. Mmercs yromn
MIOBOPOTA, B Pe3yJbTaTe KOTOPOTO MOIy4YaeTcsi TOUKa eIMHUYHON OKPYKHOCTH
c alcryccolt a, crnenoBaTenbHO, arccos d — Yroil (MOXET OBIThb BBIpaKeH
B pajinaHax W rpagycax) u3 orpeska [0; ] (1o3ToMy 3TO YMCI0 U 0003HAYAETCS
00BIYHO @), |a| He MOKeT ObITh OomblIe 1, T. €. a € [-1; 1].

Pucynox 70 yueOHMKaA >KenaTelbHO BOCIPOM3BECTH Ha IUIAKaTe W HC-
NOJIB30BaTh Kak IMPU BBEICHUM OIPEIEIEeHHs apKKOCHHYCa, TaK W Ha IOCie-
JYIOIIUX ypOKaX. B 4acTHOCTH, C TOMOIIIBIO 3TOTO PUCYHKA MOKHO MOMPOCUTH
ydamuxcs NpouJIIIOCTpUPOBAaTh OTBETHI HA B O I1 P O C BI.

3 4
1. imeeT i1 CMBICIT BBIpQKEHHUE arccos Z ; arccos (—0,7); arccos g ?

n, 12 13
2. MoxeT 11 arccos a MpUHUMATh 3HAYCHHUE, PaBHOE —; ——T; — 7 ?
7 13 12
Beinonnsist 3ananue 568, sxenarenbHo TpeOOBaTh OT ydaluxcsl MOAPOO-
HOT0 0DOCHOBAHHSI OTBETA CO CCHUIKOM Ha ONPE/ICICHIE apKKOCHHYCA YUCIIa.

N

568. 3) arccos % Tak kak 7 € [0; 1], To arccos 72 — YHCIO0 U3

A N2

s
MIPOMEKYTKA [0; 5} KOCHHYC KOTOPOTO paBeH > 3HAYMT, arccos —— =

3
1
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3amanus 579—584 mO3BONAIOT TIyO)Ke M3YYHUTH HMOHATHE apKKOCHHYCa
YHCIIa, YTO HE ABIAETCS 00sM3aTelbHBIM Ul BeeX ydamiuxcs. OmHaKo ypaBHe-
Hue 579(1) MOXXHO PenIuTh CO BCEM KIIACCOM.

579. 1) arccos (2x —3) = e [0; m].

w3

2x—3=cos§,2x—3=

OTrBeT Xx=1,75.

BeiBoz opmynbt (2) KopHEW ypaBHEHUS COS X = a y4allhecsi MOTyT Clie-
JIaTh CaMOCTOATENBHO € IOMOIIbI0 pucyHka 70 ydeOHHMKa M pacCyXICHHH,
AHAJIOTMYHBIX MPUBEAEHHBIM B 3a1auax | u 2.

Brimonnss ynpaxsenne 572 (1, 2), moae3Ho MOKa3aTk, 4TO 3aMCh OTBETa

3
MOKET OBITE CEIaHa B BUJE X = Tarccos Z + 2nn, n € Z, WM, KaK B 3a1aye 3,

3
arccos " MOJKET OBITh BBIYHMCIEH C IOMOIIBI0 MHUKPOKAIBKYIATOpa (UTO HE

SIBIISIETCST 00SI3aTEITLHBIM).

Pemenue ypaBuenuii cos x = 0, cos x = 1, cos x = —1 paccmarpuBaioch
TIPY U3y4YEeHHUH MpeAbIayIiei riaBsl. JKenarensHo, 9To0bI ydalnecs UCIoib30-
BaJIM YK€ U3BECTHBIE UM (DOPMYJIBI KOPHEH 3THX ypaBHEHUI, HO ITOKa3aTh, YTO
UX MOYKHO PEUIMTh MO 00MM (opMyiam, He0OXOJUMO.

Paccyxnenus, mpuBomsfmme K BBIBOAY (GOPMYNIBI arccos(—a) = 1 —
— arccos a, MOXKHO TPEJIOKHUTh YIAIIMCS IIPOBECTH CAMOCTOSTEIHHO, 3aM0JI-
HSA TIPOIYCKH B 3aIlFICH, KOTOPYIO MOXKHO CIIeNIaTh Ha KapTOYKaxX M Pa3laTh
YIaIIAMCSL.

Jokaxkem, u9to mis mro6oro a € [-1; 1] BBIIONHSAETCS PaBEHCTBO
arccos(—a) = w — arccos a.

O0603Ha9MM arccos a = o.

o onpenenenuto apKkKOCHHYCa YUCIIa UMEEM:

1) <a< ;
2)cos o=
Toraa no cBoiicTBaM HEPABEHCTB
<—a< ,OTKyma < m—qgq<__ .
Io ¢popmyne npuBeneHUS

cos (T—a) = =_a.
CrnenoBarenbHO, 10 OMPEISICHUI0 APKKOCHHYCA YUCTa
arccos (—a) = w — o = 7T — arccos da.
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W3ydyenne wmarepuana maparpaga MOXKHO pacIpelelnTh II0 YpPOKaMm
JIBYMSI CIIOCOOaMHU:

O WH BapuaHT — Ha M €PBOM YypOKe pa3o0paTh BEChb MaTepHal mnapa-
rpadga, BTOpPOH U TpeTHU K YPOKHU MOCBATHTH PEIICHUIO 33/1a4;

IpyToOW BapHaHT OTPaXEH B TAOIHUIIE:

VYnpaxHeHus
Homep TeopeTI/IlleCKI/If/'l OCHOBHBIE o
IUTSL CAMOCTOSITENIGHOM |  JOTIOJHH-
ypoka Marepuai (B Kacce u
paboThI TEJIbHBIC
JiomMa)
1 3amgaunm 1, 2, 568—570, 569 (3, 4), 570 (2, 3)
bopmyma (1) 575,579 52‘;3*(515)32
2 Dopmyna (2), 571—574, 573 (3,4); AM § 33 584: IU\;[
3amaun 3—5 577,578,576 Ne 4,13, 19, 21 §’33
(1—4 Ne 30—32

B pesynbpTaTre m3ydeHHs maparpada Bce yJammecs JI0JK-
HBI 3HaTh ()OPMYITy KOPHEH ypaBHEHHS COS X = a U YMETh €€ MPUMEHATh IPU
BEITIOJTHEHUHU ynpaxHaeHu# tuma 571—573 (1, 2). B kmaccax yrmy0onéHHOTO
YpPOBHS AONOJIHUTENBHO — 575, 577.

§ 34. YpaBHenmne sinx=a (3/3 4)

[lens m3yueHuss maparpada — O3HAKOMJIEHHE C IOHATHEM
apKCHHYCa YMCIa, 00yUeHNE PEIICHNIO YPaBHEHUH, CBOAAIINXCS K yPAaBHEHUIO
sin X = a; pa3BUTHE HABBIKOB CAMOCTOSTENILHOTO Pa3pelleHus mpooiem.

Kak moka3biBaeT OIBIT, PELICHUE YPaBHEHUI Sin X = a BOCIPHUHUMAETCS
Y4JaIUMHACS ¢ OONBIITNMH TPYIHOCTSAMH, YE€M COS X = d, tg X = d, B CHIIy TOTO
4yTo (hopMysia KOpHEH ypaBHEHUsI 3allOMHHAaeTcs Xyxe. Ecian ygammecs moHu-
MAIoT, KaK OCYIIECTBUTH 3alMCh KOPHEH ¢ MOMOIIBIO ABYX (OPMYJ, ¥ IIpUMe-
HSIOT €€, He CTOMT cpa3y NPHHYXJaTh UX II0JIb30BAThCA 0O0IIeH (opMyIon.
K xoHmy m3ydyeHus TemMbl OHM caMu yOemsrcss B ynoOctse ¢opmynsl (4) u
OyIyT CO3HATENBHO €10 TOJTb30BaTHCS.

Jlpyrast TpyIHOCTb B M3y4EHUH TEMBI aHAJIIOTHYHA TOW, KOTOpasi IIPeoj10-
JIeBaIach MO X0y M3YYeHHMs Npeapaymero naparpada: GopMupoBaHue IMOHS-
THSI 9HCIIa arcsin a.

AKXTyanu3anuio 3HaHHH MOXKHO ITPOBECTH C TIOMOIIBIO, HAIlPUMep, TaKUX
yOpaXHEeHHUH:

1. CocraButh ypaBHEHHE AJ pelleHus cienyrouiei 3agaun: «Haiitu Bce
YIIIBI, HA KOTOPBIE HYXHO MOBEpHYTH TouKy P (1; 0), 9TOOBI MOIY4nTh TOYKH A
U B, uMmeroiue oIuHaKoBbIe abcucchl, paBubie 0,7 (puc. 28)».
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Yy y
A 1
N 2 M
P(1;0) \o \P(I;O)
0 097 X 0 X
B
Puc. 28 Puc. 29

2. Jlokazars, 4to:

1) arccos ﬁ = E; 2) arccos(—ﬁj = gn.
2 4 2 4
3. O0OBsACHHUTH, IOYEMY HE CYIIECTBYET YHCNA d, TAKOTO, UYTO arccos d =

_ 6 _
= —m,arccos — =X.
6 5

4. OpanHara TO9KH M eMMHUYIHON OKpYXHOCTH (pHc. 29) paBHa % .

1) Haiitin xoopamHatel Touku N. 2) Ha3Bate Mepbl Kakux-Tu00 TpEX yr-
1o oBopoTa Touku P(1; 0) BOKpyr Hauaiga KOOPAWHAT, B PE3yIbTaTe KOTOPHIX
morrydeHa Touka M; touka N. 3) 3ammcaTh BCE YIIIBI, HA KOTOPHIE HY)KHO IO-
BepHYTh TOUKY P(1; 0), 9T00BI MOIyanTh TOUKy M; TOUKy N.

5. Opannara Touku M enmuHNYHON OKpyxHOCTH (prc. 30) paBHa 7% .

N

L)
N

Puc. 30
1) Haiitir xoopauaatel Touku N. 2) Ha3Bate Mepbl KakuxX-1u00 TpEX yr-
JIOB, Ha KOTOPBIE HYXXHO MOBepHYTh Touky P(1; 0) BOKpyT Hadaia KOOpIIHAT,
9TOOBI MOTyYUTh TOUKY M; Touky N. 3) 3ammcath Bce YIJIbl, HA KOTOPBIE HYX-
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HO TIoBepHYTH Touky P(1; 0) BOKpyr Hayama KOOpAWHAT, YTOOBI MOTYIHTH TOY-
Ky M; Touky N.

Kak u mpu msydeHnu npenpiaymiero maparpada, mociegHee 3aJaHuc B
YIPaXHEHUAX 4 ¥ 5 MOJBOANT YJaIIUXCs K TOCTAHOBKE 33/1a4l COCTABIICHUS U

. 1 . 1
pelIeHns YpaBHEHUH Sin X = 5 sinx = -5 KOTOpBIE ¥ pPacCMaTpUBAIOTCS B

3amadax | m 2 Texcra maparpada.
VYxe B 3amave 1 ydammmcs mpeyiaraetcsi OObeAMHHUTH JBE (POPMYITBI

o : 1
KOpHEHU YpABHCHHA SIN X = E B OJIHY U IMPOBCPUTH, YTO IPU PA3JIMIHBIX 3HAYUC-

HUSIX 71 TToJTyqaercs 1n0bo ofHa, m1ubo aApyras Gopmysa u3 MoJy4YeHHbIX paHee.
[Mose3HO TMPEITIOKUTH YYAITUMCSI, KOTOPBIM 3TO HHTEPECHO, CaMOCTOS-

TENILHO ITOKa3aTh Mepexo]] OT ABYX (GopMyn x = % 2k x=mn— % + 27k,

k € Z, x popmyite x = (_1)”% +an,neZ.

x=§+2nk,keZ, (1)
T T
x=n—€+2nk=_g +n(2k+ 1), ke Z. 2)

x= (_1)"% +an,ne Z

Ipu n = 2k umeem dopmyny (1), mpu n =2k + 1 umeem popmyay (2).

BBeneHue MoHATHS apKCHUHYCa YHUCIIa MOYKHO TPOBECTH IO AHAJIOTHH C
MIOHSTHEM apKKOCHHYCA, HCTIONB3Ys pUCYHKH 70 U 74 y4eOHHKA U CIeNyIOIIne
3amKCH (BCE MPOITYCKH 3aIOJHAIOTCS YICHHKAaMHU 110 X0y PacCyKIeHHH):

Haiiném ogun U3 KkopHel ypaBHEHHSI

cos x = a (puc. 70) | sin x = a (puc. 74)
Ha30BéM kopeHb ypaBHEHHUS
arccos a ] arcsin a
0O003HaYMM 3TOT KOPEHBb OYKBOIA 0
arccos a = =a
Ecm0<a<1,T10 Ecmm a , TO
oe [0; g} (puc. 70, a) aec| ) (puc. 74, a)
Ecmn—-1<a<0, 10 Ecnu a , TO
o€ {g, ﬂ} (puc. 70, 6) o€ ) (puc. 74, 6)
CrnenoBareinbHoO,
a € [0; «] | ae| ]
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3HauuT,
O<arccosa<m | _ <arcsina <___
Tak kak np# |a| > 1 ypaBHeHUE
cosx=a sinx = a
HE UMEET KOPHEH, TO
“1<a<l \ <a<
Takum oOpazom,
arccos a = o, €Clu arcsin a = o, €Cliu

K
2

IA

cosa=aunl0<oa<m sinao=au —=<a

T
2
Pucynox 74 MoxeT OBITh MOJIE3€H yJalluMcsl U JUIS WLTIOCTPAIMH OTBE-
TOBHaBOIP O CHI:
1) MeeT 1 CMBICIT BBIpaXKEHUE

arcsin 0,95; arcsin (-0,01); arcsin % )

2) Moer Jiu 3Ha4eHHe BhIPAXKEHHs arcsin a ObITh PaBHBIM
n, 1314,

; ; ?
10 14 13

OtBeTH 000CHOBATb.

[Mpu BEIMONTHEHUY yIpa)kHeHHs 586 skenaTeabHO TpeOOBATh OT yJaIIuXcs
HoApoOHOrO0 OOOCHOBAaHUS OTBETa, KaK 3TO CHIEIaHO BO BTOpPOM al3ale Ha
c. 175 yueOHuka.

VYnpaxuaenus 587—588 nanpasiieHbl Ha 3aKperieHHe MOHATUS apKCHHY-
ca Yucia, YTO HEOOXOAMMO JIJIi OCO3HAHHOTO PEIIEHHs TPOCTEHIITNX TPUTOHO-
METPUYECKUX YpaBHEHMH. YmpaxHeHHe 593 MONe3HO BBINOIHUTH CO BCEM
KJIACCOM, XOTS €r0 YpOBEHb HECKOJIBKO MPEBBIIIACT 00513aTeIbHBIMH.

®dopmyia arcsin (—a) = —arcsin a MOXeT ObITh BBIBEJICHa Ha ypOKe (eciu
YUUTENb COYTET BO3MOXKHBIM):

O603naunM arcsin a = a. Ilo onpenenennio apkcuHyca 4ucia 3TO 03Ha-

yaer, 4to: 1) — g <o< g; 2) sin a. = a. Torpa:

. T T
1) o cBo¥icTBaM HEPaBEHCTB — 5 <o =,

2
2) 110 CBOMCTRBY Sin (—g) = —sin o ©UMeeM sin (—a) = —a.
CreoBatenbHO, TIO ONMPENENeHUI0 apKCHHyca Yrcia arcsin (—a) = —o =
= —arcsin a.

Jpyrue paBeHCcTBa I arcsin a, MpUBEIEHHALIE B yIIpaxkHeHUAX 599, 600,
605, HEe sBIAOTCA OOS3aTENBHBIMHU U HW3YYCHHUS yYaluIuMucS 0a30BOTO
YPOBHSI.

BriBecTr opMyity KopHEW ypaBHEHHs Sin X = @ ydaliuecs MOTYT caMo-
CTOSITEJIHO WJIM C TIOMOUIBIO YUUTEIsS [0 aHAJIOTUU C PACCYKICHUSMH, TIPUBE-
JNEHHBIMU B 33/1a4ax | u 2 maparpada.
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OO0ydeHne penIeHnIo YpaBHEHUH ¢ TIOMOIIBIO KaJIbKYIATOPA JKEIATENbHO,
HO HE SIBIIETCS 00s3aTeNbHBIM JUIS BCEX.

B KkoHIIE TpeThET O ypoKa PEKOMEHIyeTcs IPOBECTH CAM OCTO S -

TenbHYI0 pabory (15—20 MuH) Ha MPOBEPKY YCBOSHHS MaTepHaja mapa-
rpados 33 u 34:

1. Pemuth ypaBHEeHuUeE:

1)3sinx+1=0; 2)2cosdx=1; 3) \/zsin(Zx—gjzl.

[1)4sinx=3; 2)2cos 3x= \/5; 3) ZSin(Sx—gj =— ﬁ]
2. CpaBHUTH 4yHCHa

1 1 . . 1
arccos — marccos| —— | [arcsin 1 m arcsin| —— |].
3 3 3

3. Haiit Bce KOpHU ypaBHEHHS Sin 2x = —g {cos 2x = —?} , IpUHAJI-

T 3
TIeXaIIne IPOMEKYTKY [—E; n} [[O; En]]

W3yuenue marepuana naparpada MOXXHO paclpenenuTh 0 ypoKaM ciie-
JylomuM o0pa3oM: O IUH BapUaHT — Ha MEePBOM Yypoke pa3o0paTh BeCh
TEOpeTHYecKuii MaTepuan naparpada, BTOPOH M TpPETHUH YPOKH IOCBS-
THUTh PEIICHHIO 33/1a4; AP y T O i BapUaHT OTpaXEéH B TabnuIe:

VYnpaxHeHus
Howmep Teopernueckuii OCHOBHBIE .
ypoka Marepuan (8 K1ACCE M IUTSL CAMOCTOSITETEHOM JTOTIOJTHH-
paboThI TeNbHbIE
JIomMa)
1 3anmaun 1 u 2, 586—588, 587 (2, 3)
thopmyust (3) 593
u(5)
2 Dopmyna (4), 589—592, 590 (3), 599—606;
3agayu 3—5 594 (1, 2), 591 (2, 3) M § 34
597 Ne 33—36
3 Bce marepuarnbt 594 (3, 4), B texcre
naparpada 595, 596,
598

B pe3ynbTare m3ydeHus maparpada Bce ydalmecs JO0JK-
HBI 3HaTh (DOPMYIIBI KOPHEH ypaBHEHHS Sin X = @ M YMETh MX MPUMEHATH MPH
BEITIOJTHEHNH yrpaxkHeHnid tuma 590, 591. B xiaccax yriryOn€HHOTO YpOBHSA
JIOIIOJTHHUTENIRHO — 594, 595, 604.
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§ 35. YpaBHenue tgx =a (2/2 v)

Llenr m3ydueHHs maparpada — O3HAKOMJICHHE C IOHATHEM
apKTaHreHca yKcia, 00ydeHHe pelleHHIO0 YpaBHEHHS tg X = a; pa3BUTHE HaBbI-
KOB CaMOCTOSITETILHOTO (hPOPMYJIMPOBAHUS POOJIEMBI U HAXOXK/IEHHs ITyTel eé
pereHus.

®opMyna KOpHEW ypaBHEHHUs tg X = a 3allOMUHAETCS y4JallMMUCS Ha
(hopmanbHOM ypoBHE 0e3 Tpyra.

CrnoxHee BOCIpPHHHUMAETCS cama Hies H300paXeHWs Ha eIUHUIHOU
OKPY)KHOCTH TOYEK, COOTBETCTBYIOIUX YHCIAM, TAHT€HC KOTOPBIX PABEH JaH-
HOMY YHCITy d, @ COOTBETCTBEHHO BO3HHKAET OOJIbIIIE TPYAHOCTEH B (OPMHUPO-
BaHWH TOHSTHS arctg d.

IToBTOpeHne Marepuana MpepIAYIMX HaparpadoB U onpenercHus] TaH-
TeHCa OCTPOro YINIa MPsIMOYTOJIBHOTO TPEYrOJIBHUKA MO3BOJIAET MOATOTOBUTH
yJammxcs K pemreHuro 3axad naparpada. C 3ToH 1enblo MOXKHO BBIIOIHHTH,
HaIpuMep, TAKUE Y p A H € H U A

1. C nomomsto pucyHka 31 cocTaBUTh ypaBHEHHE AJIS PEIICHUS 3aJauu:
«Hatiti Bce yriel moBopoTa Touku P(1; 0) okoio Havana KOOpIMHAT, YTOOBI
MOJTy4uTh Touku M 1 N». HaliTu KOpHHU ITOJTydEeHHOTO ypaBHEHMsI Ha OTpe3Kax
[0; m]; [0; 2x]; [O; 2,57].

y y
N M

(1;0) (1;0)

=)
®
o
Ny
&
®

Puc. 31 Puc. 32

2. C noMoIibio pucyHka 32 cOCTaBUTh ypaBHEHHE ISl PEIICHUS] 3a/1auu:
«Hatiti Bce yrier moBopoTa Touku P(1; 0) okoio Havana KOOPIUHAT, YTOOBI
MOJIY4UTh TOYKU A U B». HaliTh KOpHM MOJIyueHHOT0 YpaBHEHMsI Ha OTpe3Kax
[0; =]; [0; 2x]; [O; 2,57].
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3. Ha pucynke 33 u306pasuts

¥ | M(coso;sino)
D N
4, > |41 P0)
0 X
K C
Puc. 33

1) Touky D, COOTBETCTBYIOLIYIO YHCIYy, CHHYC KOTOPOTO paBeH Sin o;
2) Touky C, COOTBETCTBYIOLIYIO HYHCIY, KOCHHYC KOTOPOTO paBeH COS 0o
3) Touky K, COOTBETCTBYIOIIYIO YHCTY, TAHT€HC KOTOPOTO PaBeH tg o.

OTtBeT 000CHOBATS.

Jns oTBeta Ha TMOCIHEAHWN BOIPOC 3aMaHHA 3 ydalIUMCS TPUAETCS
BCIIOMHHUTH OIPE/ICIEHHE TAHT€HCa W KaK OTHOIIEHHs CHHYyca M KOCHHYCa, U
KaK OTHOIIEHMs KareToB. Jlajee MOXXHO MPOBECTH aHAJIOTHIO: B €IMHHYHOM

okpyxkHOCTH (OM = 1) sin o = MA-_ MA, cos a. = OA _ OA tga = M—A
oM oM OA
Tak kak |OA| < 1, To UMEET CMBICT B KauecTBE MpPUIIEXKAIEro Karera
B3STh KaTeT, JIMHAa KOTOporo pasHa 1, Hampumep OP, Torma ApYyrod Karer
JIOJDKEH MMETh JUIMHY, paBHYIO |tg al. Takum obpazom, ecim n3 Touku P(1; 0)
BOCCTaBUTb HEPIEHANKYISIP K ock Ox 1 yepe3 Touku O 1 M poBeCTH IPSAMYIO
JI0 TIEPECEYCHHUSI C ITHM HEPIEHANKYISIPOM U OKPY)KHOCTBIO, TIOIYYHM TOUKY
N, takyio, utro PN = |tg o, u Touky K, COOTBETCTBYIOIIYIO YHCIy, TAHTEHC
kxotoporo paseH tg o. Ilo pucynky 33, paccmatpuBas TpeyroiabHUKH A;OK,
AOM u PON, 5T0 1€TrKO0 MOKa3aTh.
Teneps ywammecs Haena0Ho MOTYT IPEICTaBUTH cebe, YTo tg o MOXKET

. T
OBITH JIIOOBIM JICHCTBUTEIHHBIM YHCIIOM H TIOYEMY tg 5 HE CYILECTBYET.

Pemag 3amaun 1 u 2 Tekcra maparpada, ocob0oe BHUMaHME CIERYeT
yaenuTs o0bennHeHHIo GopMyin KOpHEH ypaBHeHHs B oaHy (opmymy. s
9TOTO AOCTATOYHO MCHOJIB30BaTh PUCYHKH 76 1 77 yueOHHKA.

1
Bce ToHKME IMHUM Ha PUCYHKE JIOJDKHBI MOSBIIATHCS Ha JIOCKE 110 Mepe MPOBEJICHUS pacCyxie-
1304078
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[oHsATHE apKTaHIeHCa YHCIa MOYKHO BBECTH, HCIIONB3YS CaAMOCTOSTENb-
HyI0 paboTy ¢ yueOHUKOM, THO0 OpraHu3oBaTh paboTy Tak, Kak 3TO MpPemyio-
YKEHO B IpepIAyeM aparpade npu BBeACHUH arcsin ol.

C momoIplo pucyHka 78 yd4eOHHKA y4aliuecss MOTYT HILUIIOCTPHPOBATH
OTBETHI Ha TAaKHE BOIPOCHI:

1. meet nu cMbIcn BeipaxkeHue arctg 1; arctg 105; arctg (—10)?

2. MoxerT i1 3HaUeHue arctg a ObITh PaBHBIM l; E; —En; én ?
10 2 10 4

OTBeTBI 000CHOBATH.

ITpu BEImonHEHUN ynpaxxaeHus 607 skenaTeabHO TPeOOBATH OT yJaAIINXCS
000CHOBaHUS OTBETA, KaK 3TO c/ieNano Ha ¢. 181 yueOHMKa.

Ynpaxuenus 607—609 nanpasiensr Ha GopMHUPOBaHNE MOHSITHS apKKO-
TaHreHca yucia. [IoHsATHe apKKOTaHTeHca B y4eOHHWKE HE BBOJUTCS, TaK Kak
€ro BIIOJIHE 3aMEHSET MOHATHE arctg o U COOTHOLICHHUE ctg o * tg o = | (kak u
MoKa3aHo B 3ajaue 4* maparpaga).

Vwyamuecs JODKHBL YMETh TOJB30BaThCcs  (opmynoit arctg (—a) =

= —arctg a, HO TOKa3bIBaTh 3Ty (JOPMYITY M HE00S3aTENBEHO (XOTS U TOJIC3HO).

3apmauya. Jloka3aTh, 4TO IJIs JIIOOOTO AEHCTBUTEIIEHOTO YHCIIA @ BBITOJ-
HSIETCS] PABEHCTBO arctg(—a) = —arctga.
O003Ha4nM arctg a yepes a. [1o onpeneneHno apkTaHreHca Yuciia uMe-

b1 T
eM: 1)— = <oa< =;2)tea=a.
) 5 5 )tg

Torpa:

1) mo cBo¥cTBaM HEPAaBEHCTB —g <a< I ;

2) IO U3BECTHOMY CBOMCTBY tg (—q) = —tg 0, 10 OIpeneNeHunio —tg o = —a.

CrenoBaTenbHO, 110 ONPEIENIEHUIO apKTaHIeHca Yucha arctg (—q) = —o =
= —arctg a.

Jlpyrue cBOMCTBa apKTaHI'€HCa YMCa IJIs YYalluxcs KJIacCoB 0a30BOTO
YPOBHS HeoOs3aTenbHbL. JKenaomue MOTyT MX JOKa3aTh M HMCIOJIB30BaTh Ha
puMepax ynpaxHeHuit 615—618.

W3yuenue marepuana naparpada mo ypokam MOXHO pacHpeleiuTh ciie-
JyIOIIUM 00pa3oM: O M H BapHaHT — Ha IE€PBOM YpPOKE U3Y4UTh BECh TEO-
perudeckuii Marepuan naparpada, a Ha BTOpOM peiath 3amaun. J[pyro i
BapuaHT OTPaKEH B TabJIHIIE.
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VYnpaxHeHus
HOMep TeOpCTI/I‘IeCKI/Iﬁ OCHOBHBIC .
ypoka MaTepHan (B knaCCE JUI CAMOCTOSITENBbHOM JIOTIOTHH-
paboTht TeJbHBIE
1 IoMa)
1 3amaun 1 u 2, gop- | 607—609, 608 (2), 609 (2);
mysl (1) u (3) 614 JIM § 35 Ne 9
613—618;
M § 35
2 ®opmyna (2), 3ana- | 610—612 JIM § 35 Ne 22—25 Ne 29—32
yn3u4

B pesynpraTe m3yueHus maparpada Bce ydamumecs DOJIK-
HBI YMETh NIPUMEHATH (DOPMYITy KOpPHEH YpaBHEHHS tg X = g NPU BBIIOIHEHUN
yrnpaxuenni Thna 610—611. B knaccax yriyOnéHHOTO ypOBHSI IOTTOTHHUTENb-
HO — 612, 616, 617.

§ 36. PemieHue TPUTOHOMETPUYECKUX YPABHEHU
4/54)

Llenr m3yuyeHus nmaparpada — oOydyeHHe MIPUMEHEHHIO METO-
JIOB BBE/ICHHS HOBOTO HEM3BECTHOTO M PA3JIOKEHHs HAa MHOXKHTENH, K perIe-
HUIO TPUTOHOMETPUIECKUX YPaBHEHHH.

Kak yxe yka3pIBaJIOCh BO BBEACHHHM K IJIaB€, B JaHHOM maparpade pac-
CMAaTPUBAIOTCSI TPH THIA TPUTOHOMETPHUYECKNX YPAaBHEHUH, TIPH PEIICHUH KO-
TOPBIX NMPHUMEHSIOTCS pa3indHble MeToabl. O0s3aTebHBIMU IS IIKOJIBHUKOB
SIBIISTIOTCS. METOJ BBEJCHHUS HOBOTO HEW3BECTHOTO, YTO TIIO3BOJSIET CBECTH
YpaBHEHHE K KBaJpaTHOMY, 1 METOJI Pa3JIOKEHHUs] Ha MHOXKUTENH. MeToJ1 BBe-
JICHUSI BCIIOMOTATEIILHOTO apryMEeHTa, KOTOPBIH paccMaTpuBaeTcst B 1. 2 |
MIpUMEHseTCs B 3ajade §, He SIBISETCS] 00s3aTeNIbHBIM /ISl TIPUMEHEHHUS yda-
IIUMHUCS KIaccoB 0a30BOT0 YpOBHS, HO KaK METOJl, 3HAYUTEIbHO YHPOIIAOIIUHA
pelieHre HeKOTOPBIX YPaBHEHUH, NOIKEH OBITh IPOAEMOHCTPUPOBAH.

PaccmarpuBasi ypaBHeHUs1, CBOASAIIMECS K KBaApaTHBIM (I1. 1), HE0OX0au-
MO O0paTHTh BHUMaHHUE yYalNXCs Ha pelleHne 3amadu 4 u oOcyxaeHue pas-
HOCHJIBHOCTH YPaBHEHHMIA tg X — 2ctg x + 1= 0 mtg’ x + tgx — 2 = 0.

Cpenu ypaBHEHUH BHIA asin x + bcos x = ¢ (1. 2) ypaBHEHHe, paccMmar-
puBaemoe B 3amade 6, 3aHUMAeT 0c000€ MECTO: ITO IPUMEP YPAaBHEHUS, OAHO-
POJHOTO OTHOCHTENBHO CHHYcCa M KocuHyca. JKemarenbHo, 9TOOBI IpH perie-
HUU TaKuX ypaBHeHUH (ynpaxHeHue 624) ydamruecs MOTIIA OOBSCHHUTD, ITOYE-
My TP JEIEHUH JaHHOTO YPaBHEHHS Ha COS X MOJIyJaeTcsl ypaBHEHHUE, PaBHO-
CHIIFHOE JaHHOMY, KaK 3TO CclleJiaHo Ha ¢. 187.

[pu pemennn 3amau (yrnpaxkHeHne 625), Takux, Kak 3amada §, ¢ TIOMO-
IIbI0 BBEACHHS BCIIOMOTATEIbHOTO apryMEHTa BaKHO JTOOUTHCS OT ydalIuxcs

OOBSICHEHUS CyHICCTBOBAHUS BCIIOMOTI'AaTCJIbHOIO ApryMmMeHTa B KaXXJIOM KOH-
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KpPETHOM ciTy4ae. Y4JalluMcsl KJIacCoB yIiIyONEHHOTO YPOBHS MOXKHO TIPEAJIO-

KUTH PEIINTh 3a1au 7 u § maparpada AByMs CliocOO0aMHU: CBEJEHHEM K OIHO-
X X

.2 = 2 =

POZHOMY YPaBHEHHIO OTHOCUTEINLHO SiN” 5 M COS™ 5 U BBEJCHUEM BCIIOMOTA-

TENBHOTO apryMeHTa (00paTuTh BHHUMAaHHE: YpaBHEHHE asin X + b cos x = ¢ He
MMEET PellleH s, eciu ¢ > a’ + b°).

Pemas 3amauy 12 (m. 3), a Takxke, Hanpumep, ynpaxHenue 620, xenma-
TENbHO MPOMJUTIOCTPUPOBATh HAIMYME OOIIEH YacTH y JABYX Cepuil KOpHEW ¢
MIOMOIIBIO €JMHUYHON OKPY)KHOCTH, YTO TOMOXKET MPEIOTBPATUTh OIINOKH B
3amucyu oouiel GopMyJIbl OTBETA.

620. 2) cos’x = % cos x = ig (puc. 34).
y

Nl—

(1;0)

\P(I;O)

Y

Puc. 34 Puc. 35
l)cosxzﬂ, 2)cosx:_£,
2 2
T 3
x:iZ +27nn, n € Z; xzizﬂ +2nn,n e Z.
HMuaye MOXXHO 3amucaTh
X = ig +an,ne Z,umx=—+ —n,ne Z.
OrBeT.X=—+ —n,nelZ

620. 1) sin®x = -, sinx= +L (puc. 35).
4 2
o o
Dsinx=—, 2)sinx=——,
2 2
x= (—1)"% +7mn,ne Z x= (—1)””% +nn,ne Z.

b
O TBeT MOXHO 3aHcaTh B BUAE X = ig +mn,ne”Z.
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Ilpyn HamuYMM BpPEMEHM MOKHO NPEUIOKHUTH YJallUMCS, HHTEPECYIO-
IIMMCS MaTEeMaTHKOW, BBIBECTH YIOOHBIE JIS 3allOMHHAHUSA (OPMYIBI pere-
HYs ypaBHeHHi sin® x = @’ cos” x = a’, tg’ x = @’ 3aIKcaB UX Tak:

x=ztarcsina+7n,ne Z (la <1),
x=2arccosa+mn,n e Z (la| <1);
X =ztarctga+nn,n e Z.

B 3amave 13* u ynpakaeHnn 628 BaxHO moKa3aTh ydanimMcs HEOOXOIH-
MOCTb ITPOBEPKH KOPHEH, YTOOBI HE MOITYyYUTh IIOCTOPOHHHUX.

YnpaxHeHus k naparpady moao0paHsl Tak, 9TO yMEHHE PENIaTh KAKIYIO
13 337124, pa300paHHBIX B Y4EOHHWKE, MOXKHO 3aKPEMUTh IPH BBIMOIHEHHH CO-
OTBETCTBYIOIINX YIPKHEHUH.

Vopaxnenus 620—622 — 3agaun 1—4, ynpaxsaenue 623 — 3anaga 5,
yrpakHeHue 624 — 3anaga 6, ynpaxxHeHue 625 — 3amaun 7 u 8, yrpakHeHHe
626 — 3amaum 9 u 10, ynpaxsaenue 627 — 3amaua 11, ynpaxxknenue 635 —
3amada 12, ympaxksHeHue 628 — 3amada 13, ympaxHenue 629 — 3amaua 14,
yrpaxkHenue 645 — 3anmaqa 15.

Merto/ BBEICHUSI HOBOTO HEM3BECTHOTO MOKHO IPOJEMOHCTPUPOBATH U
TIPH PeLIeHUH yIpaKHEeHus 631.

631. 1) 2sin 2x — 3(sin x + cos x) + 2 = 0.

O003HaYnM sin x + cos x = ¢, Toraa (sin x + cos x)2 = tz,

2sinx cos x = £ _ 1, T.e.sin 2x = £_1.

[Monyunm ypaBHEHHE OTHOCUTEIIBHO £:

20— 1)-3t+2=0, 2A_3t=0,12t-3)=0.

=0, sinx+cosx=0,tgx=_1,x=—§ +7n,n € Z;

2)2t-3=0,t= %,sinx+cosx= % HE UMEET PELICHUS
(2sinx+2cos x =3, T. €. E>d+ bz).
OTBCT.xzfg +7an,ne Z.

Marepuan maparpada Mo ypokaM MOXHO pacCHpeleiInuTh CIeIyIOInM
obpazom:

VYrpaxxHeHus
Homep | Teopernyeckuil | oCHOBHBIE N
ypoka MaTepuan (B wracce IUTSL CAMOCTOSITETTEHOM JIOTIOJTHH-
paboThI TENbHBIC
1 JIoMa)
1 3amgaun 1—4 620—622 621 (2, 4), 622 (4)
636,
2 3apaum 1—6 | 620—624 AM § 36 Ne 1—5 638—0647:
— - JIIM § 36
3amaun 9—11 | 624—627 JIM § 36 Ne 14—17 No 2408
4 3anaua 12 635
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B pesynbTare M3ydeHHus maparpada Bce ydalmecs JOJK-
HBl yMETh BHINOJNHATH yHOpakHeHHs tuma 621, 622 (3, 4), 624, 626 (1, 2).
B xiaccax yriry0a€HHOTO YPOBHSI JOTTOTHUTETFHO — 629—631.

§ 37*. IlpuMepsl pemiecHUs NPOCTEHIINX TPUTOHOMETPH-
yeckux HepaBeHCTB (0 /2 1)

Marepuan panHoro naparpada He BXOIUT B 00sI3aTENbHYIO MTPOTPaMMy
N0 MaTeMaTuKe sl KJaccoB 0a30BOro ypoBHs. [lpu Haauuuu BpeMEHH Yy4H-
TE€JNb MOKET O3HAKOMHUTb ITHX y4alllMXCs ¢ NPUEMAMM PELICHUS IPOCTEUIINX
TPUTOHOMETPUUECKUX HEPABEHCTB C IIOMOIBIO EAMHUYHOM OKPYKHOCTH.

YpoBeHb CIOKHOCTH YNP@KHEHUH JUIS KIAcCOB 0a30BOrO YPOBHS HeE
JOJDKEH IMPEBBIIaTh YpoBeHb 3ananuii 648—651. Ha sToMm 3tame BaxkHo, 4TO-
OBl yJariecst 03HaKOMHJIMCH C 3aIMCBIO PEILICHNS] HEPaBEHCTBA, OPHEHTUPYAChH
Ha ero WUTIOCTPALUIO Ha €JUHUYHONH OKPYKHOCTH.

Emé pa3 Kk pemeHuro TPUTOHOMETPUYECKUX HEPABEHCTB Yydalluecs
CMOTYT BEpPHYTHCS NIPU H3YYEHUH TPHTOHOMETPUIECKUX (DYHKIIHH.

Ypok 06001menusi u cucreMaruzauuu 3Hanui (1 /2 4)

Ha ypoxe 0000mmenns u crucreMaTu3aiy 3HaHUH BaKHO 0OpaTUTh BHU-
MaHHe yYaIluXcsl Ha aHaIu3 YpaBHEHUsI, KOTOPbIH MO3BOIUT BHIOPATH COOTBET-
CTBYIOIIMI METOJ] PEIICHUS] U HAMETUTh MyTh PEIICHUSL.

Cpenu ynpaxHeHHH K T1aBe VI, KoTopbie peKOMEHIYeTCs UCTIONIb30BaTh
Ha YpOKax IOBTOPCHHS, 0CO00€ BHUMAHWEC CIIEAYeT OOpaTUTh Ha 3aJaHUs
656—665 (4T0oOBI MOJOOHBIE ypaBHEHUS yMeENH pemaTrbh OONBLIIMHCTBO yda-
HIUXCS).

B KAYEeCTBE A OMOJHUTCIBbHBIX MOXHO HCIOJIB30BATh 3adaHUS
678—690 u ympaxHeHMsS U3 «J/UAAKTHUECKUX MaTepUaioBy», pa3eibl
«3anaHus s NOATOTOBKU K dK3aMEHaM» M «3allaHusl Uil WHTEPEeCYIOINXCs
MaTEMaTUKOMW».
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11 kiace
I'naBa VII. Tpuronomerpudeckue GpyHKIUN

TpuroHomerpudeckne (GyHKIUH ONPEAEISIIOTCS TPAJUIIMOHHO (hopMmyIta-
MH y = Sin X, y =CoS X, y = tg X U y = ctg X, [Jic X — JCHCTBUTENBHBIC YHCIA,
XOTSI paHee BBIPAKEHHS SiNX, COSX ONMPEAEISINCh KaK KOOPANHATH TOUKH €M~
HUYHOU YMCIIOBOM OKPYKHOCTH, & BBIP@XKEHHUS tg X U Ctg X ONpeAeIsINCh KaK

X
OTHOILICHUA Y n —. Panee npu U3y4CHUU TPUTOHOMETPUH ObLIH IMPUHATBL

X Yy
o0o3HaueHus o ¥ P, rie STUMH OyKBaMU 0003HAYANINCH YIJIbI (TIOBOPOTA), BBI-
paKEeHHBIE KaK B rpajgycax, TaKk ¥ B paguaHax. JTo ObUIO CBS3aHO C TEM, YTO
BCE OCHOBHBIE (DOPMYIIBI IOKa3BIBAIIMCH C MTOMOIIBI0 TOBOPOTA TOYKU CIUHNY-
HOW OKPYKHOCTH C LIEHTPOM B Hayajle KOOpAMHAT, JUIl 0003HaYeHUS! KOOPIH-
HaT 3TOH TOYKH HCIIOJIb30BATHCH OYKBHI X 1 y. Jlanee oTMeyanock, 4To BeIpa-
KEHUs sin X, COS X, tg X U ctg X CyTh JCHCTBUTEIILHBIC YHCIA, 3allUCaHHbIC B
Tpuronomerpuieckoit popme. IloaTomy mpaBoMepHO CUMTATH, YTO BCE TPHUIO-
HOMeTpHUYecKHe (pOpMyIbl BHIPaXKAIOT OTpeJeTIEHHBIE CBOWCTBA TPUTOHOMET-
puueckux QyHkuui. Cpean HUX clenyeT 0co00 BBIIETUTH T€ (OPMYJIbI, KOTO-
pBle HEIOCPEACTBEHHO OTHOCATCS K HCCICIOBAaHUIO TPHUTOHOMETPUYECKHX
¢byHkuii U nocrpoennto ux rpadukoB. Tak, Gopmynsl sin (—x) = -sin x u
€0s (—X) = COS X BBIPaXAIOT CBOMCTBA HEYETHOCTU U YETHOCTH COOTBETCTBEHHO

¢byHKIMid y = sin x 1 y = cos x. @opMyInbl 3HaKOB (HarpuMep, pu g <x<m,

sin x > 0, a cos x < 0) BeIp@XarOT MPOMEXKYTKH 3HAKOIIOCTOSHCTBA OJJTHOMM EH-
HBIX  TPUTOHOMETpPUYECKHMX  (YHKIMA. YTBEpXKIEHHS O TOM, 4TO
[sin x| <1 u |cos x| < 1, TO3BOIAIOT TOBOPUTH O MHOKECTBE 3HAUYCHUH ITHUX
(hyHKIHI; paBeHCTBO Sin (x + 27k) = sin x, T1e k € Z, CBUACTETBCTBYET O Tie-
puoanYHOCTH (YHKIMHM y = sin X U T. A. TakuMm 00pa3oM, MpaKkTHYECKH BCE
OCHOBHBIC CBOWCTBA TPUTOHOMETPHYECKMX (YHKIMH OBIIM JOKa3aHbBI B IIpe-
JpLaymux naBax V—VI OTMeTnM, 4TO B TPUTOHOMETPUUECKUX YPaBHEHUSX
HEHM3BECTHOE TPAAMUIIMOHHO 0003HAYaI0Ch OYKBOI X, XOTSI MpOCTEHIINe U3 HUX
(manpumep, sin x = 0 win cos x = 1) pemranuck ¢ HoMolibio nosopora. Cienyer
TaK)Ke 0OpaTUTh BHUMaHHE Ha HEKOTOpbIe OCOOCHHOCTU OMpe/ieIeHH CBOWCTB
¢bynkumii. Tak, B onpeaeneHne Y6THOCTH U HEUETHOCTH (YHKLUI He BKJIIOYA-
€TCsl YCJIOBHE CUMMETPHYHOCTH 00JacTH ONpeeieHus] (PyHKIUN OTHOCHUTENb-
HO TOYKH x = 0, TaK Kak 3TO CJIEAYeT U3 COOTBETCTBYIOLINX orpezaeneHuid. Ha-
npuMep, GYHKIHS y = tg x SBISIETCS HEYETHOM, TaK KakK JUISA JIFOOBIX X U3 00-
JacTH e€ OIpeAesICHUs BBIMOJIHAETCS PaBEHCTBO tg (—x) = —tg x. 31mech yxe
CKa3aHO, YTO PABEHCTBO BBINOJIHEHO HPH JIIOOBIX X M3 00JIACTH OmIpeneneHus,
OTKyJa CIEAYeT, YTO NMPHHAUIEKHOCTh K HEH X BICUET W MPUHAIIECKHOCTh K
HEel (—x). AHAJOTMYHO B ONPEJCIICHUH TIEPUOIMYHOCTH QYHKIHH flx) yxe 3a-
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JIOK€Ha TIIPUHAUISKHOCTD YHCel X + ¢ K 001acT onpeseneHus QyHKIINY, eCIu
el MPUHAUISKUT YUCIIO X.

[TocTpoenre rpaMKOB TPUTOHOMETPUYECKUX (QYHKLHUHA IPOBOAUTCS C
UCIIOIb30BaHUEM UX CBOMCTB M HAauMHAETCS C IIOCTPOEHMs rpaduka y = coS X.
I'padux y = sin x momyuaercsi CIBUIOM Tpaduka y = cOs X 110 U3BECTHOH ¢op-

. s
MyJe sin x = cos [x—;j . C momomipio Tpa)koB Kak MILTIOCTPUPYIOTCS M3-

BECTHBIE CBOICTBA (DYHKIIMIA, TaK U BBISBIISIOTCS HEKOTOPBIE JIOTIOJIHUTEIbHBIE
cBoiictBa. Tak, u3 rpaduka QyHKIMH y = COS X CIeAyeT, 4To 3Ta (QyHKIUSA

4
MNPUHUMACT 3HAYCHUEC, PABHOC 0, npu x = 5 + mn, n € Z, HanOOJIbIIIEE 3HAYE-

HUe 1pu X = 21n, n € Z, u 1. 1. C noMouibio rpaiKoB TPUTOHOMETPHYECKUX
(YHKIMHA JIETKO PEIIaloTCs MPOCTEHIINE TPUTOHOMETPUYIECKHE YpaBHEHHS U
HepaBeHCTBA (0COOEHHO Te, KOTOPHIE 33aHbl HA HEKOTOPOM IIPOMEXKYTKE).

OO0parHble TpUrOHOMETpHYECKHE (QYHKIMH B Kiaccax 0a30BOTO ypOBHS
natorcst 0030pHoO (§ 43), B 03HakoMuTeNbHOM I1aHe. [lone3Ho Takke paccMoT-
pets rpaduku Takux (QyHKOUH, Kak, Hanpumep, y = [cos x|, y = a + cos x,
Yy =cos(x + a), y=a cos X, y = COs ax, TJie a — HEKOTopoe 4ucio. ['apMoHnye-
CKHue KoJieOaHus pacCMOTpeHHI B rtaBe X (§ 59).

[IpenmMeTHB € I €J U W3y4CHUS IJIABBI:

— pa3BUTHE TIPEJICTABICHUH YJaIUXCsl O MECTE 3JIEMEHTapHBIX, B YacT-
HOCTH, TPUTOHOMETPUYECKUX (QYHKIIMH B MAaTEMaTH4YECKON HayKe;

— pa3BUTHE YMEHUH OCYIIECTBIATH JOKa3aTeNIbCTBO CBOMCTB ()yHKIMIA,
B YaCTHOCTH, TPUTOHOMETPHUYECKHUX (OTPaHUYEHHOCTh, IIEPUOTUYHOCTD); HaXO0-
JUTh O0JIaCTh OMpEJETICHUI U MHOXKECTBO 3HaueHHWH (YHKIMH; CTPOHUTH Ipa-
($uKu TpUroHOMeTpudYecKuX (PyHKIMI C MpUMEHEHHEM pPa3HBIX MPHEMOB; HC-
crenoBaTh (DYHKIWY, 331aHHbIE TpadUiecKH;

— ¢opMHpOBaHHE yMEHHMH INPHMEHSTh Pa3lIMuHbIE METOJbl pelleHHs
TPUTOHOMETPHUYECKUX YpPaBHEHHH M HEPAaBEHCTB B IPOLIECCE HCCIEAOBAHUSA
TPUTOHOMETPUYECKUX (PYHKINH 1 pelIeHHs MPaKTHIECKUX 3a1ad.

MeTtanpeaMeTHBI € II€J U M3YICHUS IJIaBbI:

— pa3BUTHE YMEHHH CaMOCTOSITEIBHO ONPEENATh LEeNN CBOSH IesTerb-
HOCTH TI0 MICCJIEIOBAHHIO ITPOIIECCOB U SIBICHNH, MOJEISIMH KOTOPBIX SIBIISFOTCS
TPUTOHOMETpUYECKHE (PYHKIIMH;, CaMOCTOSITEIBHO OCYIIECTBIATH, KOHTPOJIH-
PpOBaTh U KOPPEKTHPOBATH 3Ty JIESITEIEHOCTD;

— pa3BUTHE HaBBHIKOB CaMOCTOSITEIBHOTO ITOMCKA METOJIOB PELIeHUs
MIPaKTHYECKUX 3371ad;

— pa3BUTHE YMEHH JIOTHYHO ¥ KOPPEKTHO U3JIararb CBOIO TOUKY 3PEHUS
B TIpoOLIecCe PEUICHU 3a/1a4 U HCCIIEIOBAHUS Pa3InUHBIX MTPOIIECCOB.

JIJudyHOCTHB € I €J U WU3ydCHHUS INaBbl:

— (opMHpOBaHKE OCHOB CaMOPAa3BUTHSI U CAMOBOCITUTAHHSI, TOTOBHOCTH
U CIIOCOOHOCTH K CaMOCTOSITENILHOM e TeNTbHOCTH;

— pa3BUTHE CTPEMJICHHWII K C€aMOOOpa30BaHUIO HAa MNPOTSDKEHWH BCel
KHU3HU;
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— (opMupoBaHUE OTBETCTBEHHOTO OTHOIIEHHWS K BBIOOpPY Oymymieit
mpocdeccuu.

B pesynbraTe nu3zyuenusa runassl VII Bce yyammecs gomx-
HBI 3HaTh OCHOBHBIE CBOMCTBA TPUTOHOMETPUIECKUX (PYHKINH, YMETh CTPOUTH
¥X TpapuKH U pacro3HaBaTh (PYHKIUH 10 TaHHOMY rpaduKy, a TakKe pemaTh
3amagn Tama 758—763 u u3 pyopuku «IIposeps ceds!». B kimaccax yriayonén-
HOTO YPOBHS JONOTHHUTENBHO — 765—770.

§ 38. O6aacTh onpeaesIeHUs 1 MHOKECTBO 3HAYEHHUH
TPUTOHOMeTpUYecKUX GyHKumi (2 /3 1)

llenr» u3yueHus maparpada — BBeIEHHE MOHATHA TPUIOHO-
Merpudeckor GyHKIuM, GOPMHUPOBAHUE YMEHHI HAXOJUTh 00JIACTh OIpeAeIie-
HHS U MHOXKECTBO 3HAQUCHUH TPUTOHOMETPUUYECKUX (YHKUHMI; pa3BUTHE yMme-
HHH MCIOJIB30BaTh BCE BOSMOXHBIE PECYPCHI B IIPOLIECCE IPUMEHEHUS Pa3Iny-
HBIX CIIOCOOOB MCCIENOBAHMS CBOMCTB TPUTOHOMETPUYECKUX (DYHKLIUH.

Wsyuenue maparpada pekOMeHIyeTcs HayaTh C IIOBTOPEHHs MaTepuaia
MPeIBIAYIINX I71aB (€CTIH MO3BOJISIET BPeMsl, II0JIC3HO BBIACIUTH Ha OBTOPEHHUE
kypca 10 kmacca 3—4 9 U HCHONB30BaTh yIpaxHeHHs K riaaBaM V u VI).
Tem campIM ydaniuecs OymyT HOATOTOBJIEHBI HE TOJIBKO K BOCHPHUATHIO TEOpe-
THYECKOTO MaTepuaja, HO W K PeIIeHUIO 3a1ad, M3JIOKeHHBIX B Iaparpade.
Ecnu BBeneHne cuHyca, KOCHHYca M TaHT'€HCa KaK (QYHKIMH JeWCTBUTEIHHOTO
apryMeHTa, MX OOJIaCTH ONpe/eNieHHss W MHOXXECTBA 3HAYEHHH IOJIHOCTHIO
OIMPAETCsl HAa CBOMCTBA TOYEK €AMHUYHON OKPY)KHOCTH, TO pEIIEHHE 3 a /a4
Ha OTHICKAHWE MHOXKECTBA 3HaueHHMH (YHKIMH TpeOyeT yMEeHHs peuiatb TpH-
TOHOMETPUYECKUE YPABHEHUSI.

HHS{ aKTyaln3annuu 3HAaHUM MO>KHO HCIOJIb30BaTh YOopaXHEHUA Ta-
KOTO Xapakrepa:

1. OnpenienuTh 4eTBEpTh, B KOTOPOW pacIioyio’keHa TOUKa, MOTydeHHas
noBopoToM Touku P(1; 0) Ha yrou, paBHBIN o pajnuaH, eciu:

a)a=13;00=-28;B)a=3,51)a=5; 1) a=-7.

2. OmpenenuTh 4eTBEPTh, B KOTOPOW PACIOJIOKEHA TOUKA, IMOJYYCHHAs
roBoporoM Touku P(1; 0) Ha yrom 185m.

3. OnpenenuTs 3HaK YUcia:

a)sin 1,3; ©0)cos 2,8; B)sin3,5; r)tg5; n)sin (-7).

4. Ha3Batb TpH 4ncia, CHHYC KOTOPBIX:

a) % : 6)0.3: B) a, ecm Ja| < 1.

5. Pemuts ypaBHeHue:

a)sinx=0; 0) sinx=0,7; B)cosx=1;
r) sin x = -2; n) cos x = 1,3.

6. MOXXHO JI Ha STUHUYHOW OKPY)KHOCTH H300pa3UTh TOUKY C KOOPIHU-
HaTaMM:
a) (cos 1; sin 1); 0) (cos (20); sin (-20))?
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7. Moxer nu sin a(cos o) IpHHAMAThH 3Ha4YeHue, paBHoe 0; Oompmee 1;
MeHbIee —17

8. Ilpu KakuX 3HAYCHUAX d UMEET PELICHUE ypaHEHHUE:

a) 2sin x = a; 0) cos 2x = a?

T TN
9. MmeeT i1 cMBICT BBIpaKeHUE tg 20, €CIU o, = 2 +7 ,neZ?

W3ydeHne TeOpETUUECKOrO MaTepralla peKOMEHyeTCsl BECTH B COOTBET-
CTBHHM C TeKcTOM maparpada. Ilocie Toro xak y4uresnb, ONMPAsCh Ha XOPOIIO
U3BECTHBIE YYaIllMMCS CBEICHUS O COOTBETCTBUHU KAXIOMY JI€HCTBUTEIHHOMY
YUCIly X €AUHCTBEHHON TOYKU €IMHUYHOW OKPYKHOCTH, BBEAET MOHATUE TPU-
TOHOMETPUYECKON (YHKIMH, yJalluecs CaMOCTOSATENbHO (WIHM 1O y4eOHHUKY)
MOTYT PEIIUTb MPOOIEMy, CBA3aHHYIO C HaXO0XJEHHEM O00JacTH OIpeAeieHHs
1 MHO’KECTBa 3HaUeHNH QyHKIUH y =sinx, y=cosXx, y=tgux.

3agaun 1 n 3 n3 maparpada Takke MOTyT OBITh N3YYEHBI IO XOIy CaMmo-
CTOSITENIFHON paboThl ydammxcs. Pemenue 3amad 2 u 4 TpeOyeT moMomy co
CTOPOHBI yuuTens. 3anaya 4 u ynpaxsHeHus 697—699 npu HenocTatke BpeMe-
HU MOTYT OBITh HPEIIOKEHBI IS CaMOCTOSTEILHOTO HM3YUCHHS YYalluMCH,
KOTOPBIM 3TOT MaTepHan OyJeT HHTEpPECeH.

VYopaxsaeHus 694—696 >xenatenbHO PELINTh CO BCEMH yJalllUMUCS, BbI-
Oupast (0COOEHHO TPH HENOCTaTKE BPEMEHM) 3a/IaHMsl, TIOCHJIbHBIC Ui yda-
muxcs knacca. IIpy BBINOTHEHHH 3THUX YHNPaXHEHUI ydamiuecss He TOJbKO
[Iy0Xe TIOCTUTAIOT U3y4aeMblii MaTeprall, HO ¥ aKTHMBHO ITOBTOPSIIOT TpE/Iie-
CTBYIOIIUH KypC MaTeMaTHKU.

Pemenne ynpaxuenus 694 >xenaTenbHO NPOBOJUTH C MILTIOCTpAIeld Ha
eMHUYHOHN OKPYKHOCTH, OCOOEHHO €CJIM TPUTOHOMETPUYECKUE HEPABEHCTBA B
10 xyacce m3y4anuch JIMIIb B O3HAKOMUTENbHOM IIaHe. He pexomennyercs
TPaTUTh BPEMsI HA MHOTOCIOBHYIO 3aIllUCh pelleHMs. BroiHe BO3MoXHa Takast
3aIUCh:

694. 1) y= «/sinx+1,sinx+ 1>0, sinx>-1,x € R (puc. 36);

¥

Puc. 36
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5)y= «/1-2sinx, 1 —2sin x>0, sin x < %,

f%n+2nn£x£ % + 2nn, n € Z (puc. 37);

gl

Puc. 37

IR

Puc. 38

iy

2

6)y=1ncosx,cosx>0,—g +2nn<x<§ + 2nn, n € Z (puc. 38).

l1-a

696.5) y =1 —2|cos x|, 1 —2|cos x| = a, |cos x| = T s

|cos x| <1, T <1l,1—-a<2,a>-1;

l1-a

6) y = sin x + sin (x+§),

sinx+sin(x+£j :2sin(x+Ej cos & :2sin(x+£j-£
6 6 6/ 2

3

= 3sin(x+£j,
6

-1< sin(x+%j <1, OTKy,Z[a—\/g < ﬁsin(ﬁ%j < \/3T

Pacnpez[ennTL Marepuail naparpa(ba 10 ypOKaM MOXKHO TakK:

VYnpaxuenus

Howmep Teoperuyeckwuii OCHOBHBIE (B .
ypoka MatepHan Ktacce u go- | AUt CAMOCTOATEILHON | NOMOIHH-
va) paboThI TENbHBIC
1 § 38 no 3amaum 4 691, 692; 692 (3, 5); AM § 38 694, 696

JIM § 38 Ne 8—10, 12, 30 (3, 4),

Ne 17—22 697—699;
2 3amava 4 692, 693, JIM § 38 Ne 27, JIM § 38
695—696 28, 37 Ne 42— 44
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B pesynbTare M3ydeHHus maparpada Bce ydalmecs JOJK-
HBI 3HaTh, YTO SIBISICTCS OOJACTHIO OIMPEICICHHS M MHOXXECTBOM 3HAUCHUMN
GyHKIMHA y = Sin X, y = COS X, y = tg X ¥ YMETh peIIaTh YIPaKHCHHS THIIA
691 (1—4), 692 (1, 2). B xmaccax yrayOn€HHOTO YPOBHS JOTOJTHHUTEIBHO —
694 (4—6), 696.

§ 39. YéTHOCTB, HEYETHOCTD, NIEPHOAHUYHOCTH TPUTOHO-
MeTpu4ecKux GyHkuui (2 /3 1)

llens m3yueHus naparpacda — HOBTOpPEHHE MOHATHHA UYETHO-
CTH M HEYETHOCTH (YHKIMH; BBEJCHUE IOHATHS IEPHOANYECKON (YHKIUH;
o0ydJeHre UCCIEOBAaHNIO0 TPUTOHOMETPUYECKUX (DYHKITMH Ha YETHOCTH U He-
YETHOCTh M HAXOXKACHHUIO Neproaa (YHKIMH; Pa3BUTHE YMEHUH MPOIYKTHBHO
00IIaThCsl M B3aMMO/ICHCTBOBATD B IIPOIIECCE COBMECTHOM JIEATENBHOCTH.

C noHsTHAMY 4€THON M HEUETHON (QYHKINH ydaluecs 3HaKOMUINCH TIPU
M3y4EeHUH anreOphl B OCHOBHOM MIKoJe, a B 10 Kilacce OHM HAyYMJIUCh Haxo-
JUTh COOTHOILICHUS MEXIY CHHYCOM, KOCHHYCOM, TAaHI'€HCOM YIJIOB O U —(.
Teneps, mocie BBeneHns MOHATHA QyHKIMH y = sin X, ¥y = c0s X, y = tg X U 3Ha-
KOMCTBA C UX 00JIacThIO OIIPEAEIEHHs, MOKHO TOBOPHUTH, YTO UCTUHHOCTH pa-
BEHCTB Sin (—X) = —sin X, tg (—x) = —tg x JUIsI TIOOBIX X U3 00JIACTH ONPEICIICHHS
TTO3BOJISIET CZENaTh BHIBOJ] O HEYETHOCTH 3THX (YHKIHUH, 8 ICTHHHOCTDh PaBEeH-
CTBa COS (—X) = c0os X — 0 e€ YETHOCTH. 31eCh XKe IIeTeCO00pa3HO HAIIOMHUTH
ygammuMcsi 00 0COOEHHOCTSIX rpauKOB YETHBIX U HEUETHRIX (PYHKIUH U CHM-
METPHH MX 00IaCTH ONpeneTeHUs] OTHOCHTENFHO Havyaua KOOPAUHAT (CM. BBe-
JeHue K miaBe). Ecny BO3HHMKHYT 3aTpy/AHEHHS, MOXHO BOCIOJB30BaTHCSA
yrIpaxHeHHSIMH U3 «Junaktudaeckux Matepuanosy (c. 123—124, Ne 9—11).

JAM Ne 11 (c. 124). Oynkuus y = fx) onpejeneHa Ha Bcel YUCIOBOH OCH.
Hoctpouts eé rpaduk Ha nmpomexytke [—m; 0], ecnu wacTh e€ rpaduka Ha OT-
peske [0; m] n3oOpakeHa Ha pucyHKe 39 M HM3BECTHO, 4TO QyHKIUSA y = f(x)
YyETHAsI.

—

y
1

NE

Puc. 39

OO0 ompeneneHUN MEPHOANYECKON (PYHKIIMH YK€ TOBOPHIIOCH BO BBEZE-
HUH K riaBe. [logBecTH ydammxcs K STOMY NOHATHIO MOYKHO, TaKXKe OITUPAsCh
Ha W3BECTHBI MM Matepwanl TiaBel V, § 22, 31 (MCTHHHOCTH PaBEHCTB
sin (x + 2mk) = sin x, cos (x + 2mk) = cos x, k € Z, nokaszpiBayiach B § 31 co
CCBUIKOI Ha § 22).
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Ecmu yunrens moapoOGHO pa3depér mo yueOHHKY JOKa3aTelbCTBO TOTO
(aKkTa, YTO HAaUMEHBIINM IIOJIOKUTENBHBIM MEPHOAOM (GYHKIMH y = COS X
SIBIISIETCSI YMCJIO 27, TO aHAJIIOTHYHOE JJOKa3aTelIbCTBO IS PYHKIMU y = sin x
MOJKHO TIPEUIOKHUTH YUAIIUMCS ISl CAMOCTOSTENILHOM paboTHI.

B 3amauax 2 u 3 o0cysKknaercs 10Ka3aTeabCTBO MEPUOAMYHOCTH 38 JaHHON
(YHKIMU ¢ TaHHBIM TIEPUOJIOM, U MOA00HBIe 3aaanus (702—703) BKIIOYCHEI
3aTeM B CUCTEMY 33/1a4 00s13aTeNbHOTO ypoBHs. YrpaxHenus 705, 706 ¢ Touku
3pC€HUA YYCHHUKA BBITJIAOAT 60.]'[66 CJIO’)KHBIMH, TaK KaK HAUMEHBIIUM ITOJIOKH-
TEJIbHBIM NEepHoJ MPEeICTONT HaTu. OHO U3 3afaHuil yrpakHeHus 705 Mox-
HO pEHINTb BMECTE C YHalIUMUCS, OCTAJIbHBIC NIPEAJIOKUTH JI1 CaMOCTOATEIIb-
HOTO peleHus. YnpaxHeHue 706 BXOAUT B YHMCIIO JOMOJHHUTENBHBIX, TaK )K€
Kak ¥ 3amanue 707.

Pewenue 3ananust 705 moxeT ObITH 3amucaHoO cHavyana Oolee moaApoOHO,
HarpuMmep, TakuM 00pazom:

705. 1) ®yaknus ompeneneHa A BeeX AEHCTBUTENBHBIX yucel. [lo
OTIPEIEIIEHHIO IEPHOANIECKON (PYHKIIMN BEPHO PaBEHCTBO

cosg(x+ T = cosgx, 503071 cos(2x+ZTj = coszx, sz 2n, T = 5m;
5 5 5 5 5 5

2)y= singx, sing(x+ T = sinéx, sin(éx+§Tj = singx; §T= 2m,
2 2 2 2 2 2 2

T= in.
3

Ha omHOM H3 YpOKOB MOXHO NPEIJIOXKUTH Y4YallUMCd CaM OCTOS -
TeJIbHYI0 paboTy Ha IPOBEPKY 3HAHUS IEPBBIX JBYX HMaparpadoB IIaBbl.
1. Haiitu oGacth onpeaeneHus: 1 MHOXKECTBO 3HAUCHUH (HYHKLIUH:

1)y=sin 3 ; 2)y=cos 2x + 1.
X

[l)yzcosz; 2)y=sin£ —-1]
X 2

2. BbIsICHUTS, siBJIsieTCS YETHOM Wil HEYETHOM QyHKIUS

y= x'cos x [y= x’sin x].

_ 2 .3
3. Jlokazark, 4TO GYHKLUS y = COS gx = smz)q SBIISIETCS TEPUOIYC-

cKoii ¢ mepuogom T = 31 [T = 8?75} .

4. HaifTn HaMMEHBIIHNI TTOJOKUTEINBHEIN TIepHo.T GYHKIIUN
2x 7
=tg— =tg—x|.
y=1tg 3 {y g 3 }
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Marepnan naparpada mo ypokam MOKHO pacHpeNeuTb TaKUM 00pa3oM:
1100 Ha MEPBOM YPOKE O3HAKOMHUTH C TEOPETUYECKHUM MAaTEpHaIOM BCETO
naparpada 1 BEITOTHUTH [0 OJHOMY 3aaHuI0 U3 yrpaxuenwit 700, 702, 703, a
Ha BTOPOM YPOKE pemarth OCTaJbHbIE YHNpaKHEHUS (B 3TOM ciydae Oynmer
OoJpIIIe BpEMEHH IS CAMOCTOSTENFHOW PabOTHl ydaIInuxcs), THO0 MCIIONb30-
BaTh BAPMAHT, KOTOPHIH MPHUBEIEH B TAOIHUIIE:

YnpaxHeHus
Homep Teopernyeckuit OCHOBHBIE B
ypoxa MaTepHan (s raCCE W JUISL CAMOCTOSITENIBHOM JIOTIOJTHH-
Jtoma) paboThI TeJbHBIE
1 § 39,3amaun lu2 | 700—702, 701 (3, 4)
704 (1, 2) 704, 706,
2 § 39, wmarepuan |703,705,704 | TIpoBepounas camoctos- 707;
nocie 3ana4n 2 u 4,5) TesbHas paboTa AM § 39,
3a7a4ya 3 Ne 22—26

B pesynpraTe wu3yueHHus mnaparpada Bce ydammecs
JOJDKHBI 3HATh ONpeleeHHe MEePUOANYECKOH (YHKIMH M YMETh BBIIOIHATH

yrpakHeHus, Takue, kak 700, 702. B xiraccax yrimy0n€HHOTO YpOBHS JOMOIHU-
TensHO — 704, 705.

§ 40. CBoiicTBa pyHKIHUH y = cOS X U eé rpapuk
(3/34)

[lenp m3yuenus maparpac¢a — O3HaAKOMIIEHHE CO CBOMCTBAMHU
(GyHKIMH Y = cOS X, 00ydeHHe TIOCTPOSHHUIO rpaduka QYHKINUU U UCIOJIb30Ba-
HUIO CBOWCTB M rpadmka (QyHKINH NPH PEIICHUH YPAaBHEHHH M HEpPaBEHCTB;
Pa3BUTHSL YMEHHH HCIIOIB30BaTh BCE PECYPCHI Uil JOCTIDKCHUS LENH TpH
W3y4YEHUH CBOMCTB (DYHKIIHH Y = COS X.

Teopetnueckuii marepuan mnaparpada 4€Tko pasfenéH Ha JIOTMYECKUe
6noku: 1) nccnenoBanue GyHKIUHU y = cOsx; 2) MOCTpoeHue rpaduka GyHKINH
y = cos x; 3) HaOIo/IecHne CBOUCTB (DYHKITHMH y = COS X 1O TpaduKy; 4) pere-
HUeE 33/1a49 C UCTIOJIb30BaHHEM CBOMCTB (pyHKIIMH.

IepBbIif n3 O6JI0KOB MpeacTaBiIseT co00i 0000IIeHre 1 KOHKPETH3ALNIO
3HaHMH, ITOJyYEHHBIX paHee: NCCiIe0BaHne 00IaCTH OIPEACICHUs, MHOKECTBA
3Ha4YeHHH, YETHOCTH, IEPUOANIHOCTH (PYHKINH, TO3BOJISIET IOCTPOUTH rpauK
¢yakunn cHavana Ha orpeske [0; m], 3aTeM Ha oTpe3ke [—m; M| M HaKOHEI Ha
Bcel uncnoBoit npsmoi. st o0ocHOBaHMS yObIBaHUS (DYHKIIHMH HA TIPOMEKYT-
ke [0; m] yJammecsi TOMKHBEI BHOBb BEPHYTHCS K SIUHHYHON OKPYKHOCTH H
OIIpeNIeTICHHIO KOCHHYCAa YHCIIa.

UccnenoBanue GyHKIMU JOMOJHSASTCS MTOCTPOSHUEM HECKONBKUX TOYEK
¢ abcrmccamu u3 otpeska [0; 7], 9TOOBI YTOUHUTH, KaK K€ IMEHHO OyaeT mpo-
XOAWTH KpHBasi Ha 3aJaHHOM IPOMEXYTKe NpHu e€ yObIBaHWW (IpH M3Y4CHUH
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§ 53 MKOIBPHUKH CMOTYT MONYYHTh TEOPETHUECKOE 0OOCHOBAHKE TAKOTO pac-
TIOJIO’KEHUSI KPHBOW Ha 3TOM IIPOMEKYTKE).
BaxHO Hay4nTh ydammxcs y)ke Ha 3TOM dTale U300paxkaTh ICKHU3 Ipa-

¢uka QyHkIMH y = cos x mo Toukam (0; 1), (g, Oj , (m; =1), (377[, Oj , 2m; 1),

BEIOMpas COOTBETCTBYIOIINK STUHIYHBIA OTPE30K Ha ocsix KoopauHar. [lomes-
HO cnenath (vwu nprobpectr) mabinoH rpaduka B yI0OHOM MacmTabe, 9ToOBI
B JalbHEHIIIEM HE TPaTUTh BPEMS Ha aKKypaTHOE M300paskeHNe CHHYCOHIBI.

Bce ywamniuecst JOIKHBI YMETh «IIPOYHTATh)» CBOMCTBA (YYHKIMH MO Tpa-
¢uKy. YdamuMmcs, HHTEPECYIOIUMCS MaTeMaTUKOM, Oy/eT IO0JIe3HO aHAINTH-
4ecKH 000CHOBATh KaXI0€ CBOWCTBO.

IMpumenenne cBoiicTB U rpaduka GyHKIUM IIPHU PELICHUH ypaBHEHHUH U
HEPaBEHCTB MIPUBOAUTCS B 3afauax 1 u 2 u ynpaxsenusx 712, 713. XKenarens-
HO HAIlOMHUThH YYaIIMMCsI, YTO TOJ0OHBIC 3aaHMsI pacCMaTPUBAINCH M paHee
(manpumep, ynpaxHeHus 577, 578), HO pemIaUCh ¢ UCHOIb30BaHUEM EIUHUY-
HOW OKPY>KHOCTH HJTH CBOWCTB HEPABEHCTB.

VYupaxuenust 708—711 HanpasieHbl Ha BBIPA0OTKY HaBbIKA YTCHUS Ipa-
($uKa U ero UCIOIB30BaHU Ul CpaBHEHH uncel. JKenaTensHo oOpamaTbes K
rpadMKy Kak MOKHO Hallle, YTOObI IIPUYIUTh IKOJIHHUKOB YBEPEHHO OPHEHTH-
poBaThCs B PACIIONOXKEHHH a0cIice ToueK rpaduka, 9To MOCTYXUT U MPEoT-
BpaIleHUEM OLTHOOK IIPY CPAaBHEHUH THCEI.

Hampumep, mpu BemmonHeHnn ymnpaxkserus 711 (1) monesHo mpoBecTr
TaKUe PACCYKACHHS:

Icnocob®. g € [0; «], 8375 € [0; =], Ha otpeske [0; ] GyHKIHS y = cOS

8n b 87
, CIIEIOBATENBHO, COS — > COS — .

<_
9 7 9

T
X yOBIBaeT; 7

IIcuoco®. EE|:O;£:|, cos x > 0 mpu x E[O;E},T. e. cos *> 0;
7 2 2 7

8n T, . 8n
—e|—; |, cosx<0mpuxe |—; w|, T. e cos — <0, cuenoBareiabHoO,
9 2 2 9
b 87
COos — > COS —.
7 9

[py n3yueHnu aBel V yIOMHUHAIOCH O HEOOXOAUMOCTH (POPMHUPOBAHUS
MPEJACTABIECHUS YJalIUXCA O PACHOJI0KEHUU Ha €TUHUYHOW OKPYKHOCTU TO-
YeK, COOTBETCTBYIOIIMX pPAaLMOHATIBHBIM uuciaM. JKenaTenbHO NPOJOIKUTH
9Ty paboTy, B YACTHOCTH NPH BBITIONHEHNH yripaxxaeHus 711 (5, 6):

711.5) 1 € [0; ], 3 € [0; ], y = cos x yObIBaeT Ha oTpeske [0; m], cineno-
BaTeNbHO, COS 1 > cos 3 (MOXHO MPOBECTH PacCyXICHHS, aHAIOTHYHBIE TEM,
YTO JJaHBI BBIIIE);
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6) 4 € [m; 2n], 5 € [m; 2w], y = cos x Bo3pacTaeT Ha OTpe3ke [7; 27w, cie-
JIOBATENNbHO, coS 4 < cos 5.

BrimonHenne ynpaxksaeHus 714 mone3HO HE TOJMBKO U 3aKPEIUICHHS
CBOWCTB (DYHKITUH y = COS X, HO M JUIA TOATOTOBKH K M3YYCHHUIO CIICIYIOIIErO
naparpada.

i

714. 3) sin 5?7: = sin (E+%j = cos g , GyHKIMS y = cOs x yObIBaeT Ha

otpeske [0; w], %e 0;m, %e [0; =], % < %, CJI€I0BATENbHO, COS g >

> cos 3= Hsins—n >cos3—n.
8 8 8

Pacnipenenenne matepuana naparpada 1o ypokaMm MOXKeT ObITh, HaIrpH-
Mep, TaKHM:

VYnpaxuenus
HOMep TeOpCTI/I‘ICCKI/Iﬁ OCHOBHEIE M
ypoka Marepuar (B Knacce 1 JUIS CAMOCTOSTENBHON |  JOIOJHU-
paboTsl TEeNbHBIE
JIoMa)
1 § 40 no 3anaun 1 708—711, 710 (3), 711 (2, 3)
714; 1M
§ 40 Ne 27 717—719;
2 §40,3amaun 1m2 | 712,713, JM § 40 Ne 9—11 JIM § 40
715,716 Ne 24,25
3 762 (1, 4),
763 (1)

IIpy HanWuuM BpEMEHU MOJIE3HO HE TONBKO pemuTh 3aaaun 717, 719, Ho
Y IPEATIOKHUTH yJal[UMCsl, HHTEPECYIOIUMCS MAaTeMaTUKOM, CHadalla HcClle-
JIOBaTh 3ajaHHble (DYHKIUH, a TOTOM IIOCTpOMTh MX Tpaduku. Kpome Toro,
MOJKHO BOCIIOJIB30BaThCs «/IMITaKTHIECKUMH MaTepUalaMH» W BBIOJIHUTH
ynpaxnenus 24, 25.

B pesynpTare m3ydeHHs maparpada Bce ydammecs JI0JK-
HBI YMETh CTPOUTH rpaduKk QyHKIUH Y = COS X, 10 TpaduKy ONpenensiTh CBO-
CcTBa (YHKIIMA Y = COS X W BBIMIONHATH TaKue ympaxHeHus, kak 708, 711
(1—4). B xnaccax yriry0iaE€HHOTO YPOBHS JOMOMHUTENEHO — 715, 716.

§ 41. CaoiicTBa pyHKuMHU y = sin x u eé rpaduk
2/3 )

[lens usyueHus maparpada — O3HAKOMIICHHE CO CBOMCTBAMHU
¢$yHKIMK y = sin x, 00ydeHUe MOCTPOEHHIO rpaduka GyHKIUH U UCIIOIb30Ba-
HHUIO CBOMCTB M Tpaduka (GyHKIUH NMPH PEIICHUH YpaBHEHHH M HEPaBEHCTB;
pa3BUTHE YMEHHH CaMOCTOSITEJILHO OINpPEIENSTh LIENN MO3HaBATEINbHOW Jiesi-
TEJIbHOCTHU, OCYLIECTBJIATH, KOHTPOJUPOBATH U KOPPEKTUPOBATH ACATEIbHOCTD.

108



W3ydeHne CBOMCTB M MOCTpOeHHE rpaduka (YHKIMA MOXHO HPOBECTH
AHAJIOTUYHO TOMY, KaK 3TO ObUIO CHAENaHO NpU M3y4eHHU (QyHKIMU y = COS X
(ygamiumMesi KJ1accoB yIIyOJIEHHOTO YPOBHS MOXKHO TNPEIJIORKHTH 3TO CHETATh
CaMOCTOSITEIEHO, BOCIIONB30BABIINCH Y)KE H3yYEHHBIMH CBOMCTBAMH (DYHKIIMU
y = sin x: obnacth omnpezeneHuss R; MHOxecTBO 3HaueHud [—1; 1]; dyHKIuUSA
HEeuéTHas ¥ MEepUOANYECKas C HAMMEHBIINUM MOJIOKUTEBHBIM EPUOJIOM 2T).

B y4eOnuke npemaraercs 0ojiee ONTHMANBHBIA MyTh: BOCIIOIb30BaThCs

N . . g
(dbopmynol npuBeeHus], BRIPA3UTh Sin X yepe3 cos X (T. €. sin x = cos(x—a)

1 TIOCTPONTH Tpaduk YHKIMK y = Sin X C TIOMOIIBIO C/IBUTa yXe U3BECTHOTO
rpaduka pyHkuuu y = cos x. Torna u cBoiicTBa QpyHKIMH y = Sin X MOKHO
HOJIy4YUTb U3 CBOMCTB (DYHKLIUH Y = COS X.

Hauare u3ydyenue naparpada MOMXKHO C BBIIIOJHEHHS YIPaKHEHUH, KOTO-
pBle HE TOJIBKO IO3BOJIAT MOBTOPUTH IIpeoOpa3oBaHus rpadukoB GyHKIUH, HO
U TOJABEIYT K OCTAaHOBKE MPOOJIEMBI IIOMCKA ONTUMAIBHOTO ITyTH ITOCTPOSHUS
rpaduka QyHKIHHM y = sin x.

1. 3agars aHanmuTHYeCcKH (PyHKIHUIO, TpadyK KOTOPOH MOIYyUYEeH U3 TaHHO-
ro rpaduka co cIBUroM BoJb ocu Ox (puc. 40).

a) yi 6) 7|
y=x2
1
Y= 2
1 X
1 2 x -1 01 x
Puc. 40

2. N3obpaznts rpaduk GyHkumu y = flix + f), ecnu gaH rpaduk QyHKIUH
y=f0):

a) flx) = %XS,I:il; 6)f(x)=c0sx,t=7§.

BrInonHeHne mocieqHero 3aiaHusl IMO3BOJSIET TEPEeHTH K H3YyYEHUIO
GbyHKIHN y = sin x.

[pu pemenun 3amauy 1 u 2 Texcra maparpada ¥ BBIITOJHEHUH YIIPaXKHe-
HUH 724—725 HeoOXomMMO OOpaTHTh BHUMAHWE YYAlIMXCS Ha HAXOXICHHE
KOpHEH ypaBHEHHs Sin X = a ¢ moMolbio rpaduka. JKenarensHo, YTOOBI yua-
HIMeCs Cpa3y YKa3blBAIM TOYKY Ha ocH OXx, COOTBETCTBYIOIIYIO arcsin a, a 3a-
TEeM, MCIOJb3Ysl CBOMCTBA (DYHKIIUM U OCOOEHHOCTH rpadyka, HAXOAWIH APY-
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THe TOYKH. YTpaxHeHUs 724—725 MOTyT OBITh BBIIIOJIHEHBI CO BCEM KIJIACCOM,
HECMOTPsI Ha TO YTO OHU NOMEYEHBI KaK HECKOJIBKO OOJee CIIOKHbIE, YeM YII-

paxkHeHUs 00513aTeTHHOTO YPOBHSL.
Ha mocnennem ypoke mo u3ydeHuto § 41 MOXKHO MPOBECTH TIPOBEPOTHYIO

CaMOCTOATEeNbHYI pabdory (15 MuH), HaIpUMep, TAKOTO COJCPIKAHUS:
1. C nomompio rpaduka QyHKIMK y = sin x [y = cos x| HaliTH KOpPHHU

YpaBHEHHS sinx:—l {cosx:ﬁ} Ha OTpe3Ke (—E; 21tj (_3_75; Oj .
2 2 2 2

2. C nomomrsto rpaduka ¢yHkmuu y = cos x [y = sin x| Haiitu Bce
pCIICHHUS HEPaBEHCTBA COS X < —% {cosxz —g} Ha OTpe3Ke (0; S?Rj

(—m; 2m) .

3. PacmonoXuTh B MOPSAKE BO3PACTaHUS YUCIIA
cos (—S—EJ, cos (3_71] , C0S 5,8 {sin 6, sin (—4,5), sin L} .
8 4 12

Pacnipenenenue Marepuana o ypokam MOKET ObITh TaKHUM:

VrpaxHeHus
Howmep TeopeTnaeckuit OCHOBHBIE N
ypoka MaTepuan (5 racce JUISl CAMOCTOSITENIbHOM | ZOMOJNHH-
paboTs TEINbHBIE
1 loMa)
1 §41 noszagau lm2 | 720—723, 722 (3), 723 (5) 730, 731,
726,729 732; IM
§ 41
2 § 41, 3anaum 1 u 2 724—725, 724 (4), 725 (4) Ne 26—28,
727,728 30

[lpn HanM4MM BpeMeHH, KPOME YIPaKHEHUH ydeOHHKA, MOXKHO HCIIOJNb-
30Bath JJIs paboT B Kilacce U JoMa yrpaxHeHus 26—28 u3 coopHuka «/lumax-

TUYECKUE MATEpUAIIBD».
B pesynpraTe m3ydueHHs maparpada Bce ydampecs DOJK-

HBI YMETh CTPOUTH rpauK QYHKIMH Y = Sin X, 110 TpaHKy BBISICHATH CBOHCTBa
GyHKIMM y = sin X W BBINOJHATH YNpaKHeHHs Tuna 722—723. B knaccax
yrI1yOJIEHHOTO YPOBHS JOMOJHUTEIbHO — 725—727.
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§ 42. CpoiicTBa pyHkuum y = tg x u eé rpadux (2 /2 1)

Ilenp m3yuenus maparpacda — O3HAKOMIJIEHHE CO CBOMCTBaMHU
byHKMKM y = tg x, o0ydeHHEe MOCTPOCHUIO rpaduka (GyHKIUU U PEIICHUIO
YpaBHEHHH U HEPaBEHCTB C MOMOIIBIO CBOMCTB U Tpaduka QYHKIUH; pa3BUTHE
YMEHHUI CaMOCTOSTENbHO NPHMEHUTh PELICHHS, ONpPENEIIIONINE CTPATETHIO
HCCIICIOBAHUSL.

W3ydenue cBoiicTB (yHKIMH y = tg X TIPOUCXOJUT TaK )K€, KaK M H3yde-
HHe cBOWCTB (pyHKuuu y = cos x (§ 40). dopmynupyrorcsi U3ydeHHbIE paHee

o T
CBOUCTBA, JAOKA3bIBACTCA BO3pACTAHHC q)yHKLII/II/I Ha MPOMEKYTKE |:0, 5),

CTPOUTCSA HECKOJBKO TOYEK, NPUHAUISKAIIUX I'paduKy M, HAKOHEI, C IIOMO-
IBbIO CBOMCTBA HEUETHOCTH U MEPUOJUYHOCTH M300paxkaeTcsi rpaduk Ha Bcei
00JIaCTH OTpe/IeTICHUSI.

IToctpoenue rpaduka ydampecs MOTYT BBIIIOJHHTH CaMOCTOSTENBHO.
[Nomomrs yunrens OyneT moie3Ha MPH AOKAa3aTeNbCTBE BO3pACTaHHS (HYHKLUH

b
Ha npoMexyTke | 0; = | ¥ 0OCYKIEHHH B3aHMHOI'O PACIOJIOKEHHUS Ipaduka
2

. b8
(YHKIMH ¥ TIPSIMOU X = 5

VYyamumces, y KOTOPBIX BO3HHKHYT TPYJHOCTH B IIOCTPOCHUM Trpaduka

. b .

npy NPUONMIKEHUH 3HAUYSHUH apryMeHTa K 5 MOJKHO TPEIOKUTh TOTOBBIN

rpaduk, BBITOJHEHHBIH Ha MHJUIMMETPOBOH Oymare (MJIM TPOJEMOHCTPHPO-
BaTh C MIOMOIIIBIO TIPOEKTOPA).

3amauu | u 2 u ynpaxuenus 736—737, 739, 741 pemiaroTcsi ¢ IOMOIIBIO
rpaduka y =tgx. B xozme pemeHus u BbIpabaThIBaeTCs YMEHHE CTPOWTH Tpa-
¢uk. ITone3Ho M3roToBUTH (MM MpHOOpecTH) madinoH rpaduKa, KOTOpPBI Oy-
JIET MCTIOJIb30BaThCSI U TIPH PELICHUH OoJiee CIIOXKHBIX 3a1ad.

B kauecTBe caMOCTOSATEIBHOW JOMAamIHEH pabOTHI MOXKHO IIPEUIOKHTH
HEKOTOPBIM YYallUMCs UCCIEI0BaTh (QYHKIHUIO y = Ctg X U MOCTPOMUTH e& Ipa-
(UK, a pe3ynbTaT U3NOXKUTH BCceMy Kiaccy. [lpn Hammunm maliioHOB y = tg x
BCE Yydalluecs CMOTYT OBICTPO HM300pasHTh B TETpamsix TIpaduk (YHKLUH
y = ctg x 1 3aTeM 1o rpaduKy cHopMyITUpOBaTH €€ CBOMCTBA.

B 3amade 3 nokaszaH NOUCK peLIEHHs TPUTOHOMETPUYECKOTO HEPABEHCTBA
¢ momomneio Tpaduka. [Ipexxae dyeM pemuth 3Ty 3agady, HAllOMHHUTB, Kak
pelanoch 3T0 HEPABEHCTBO € MOMOIIBIO €AMHUYHON OKPYKHOCTH.
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Pacnpenenenue marepuana naparpada mo ypokam MOKeT OBITh TaKHUM:

VYrpaxxHeHus
Howmep TeopeTnaeckuit OCHOBHBIE .
ypoxka MaTepnai (B KnaCCE M JUISL CAMOCTOSITENIBHOM | JIOTIONHU-
paboTht TeNbHBIE
JioMa)

1 § 42, 3amaun 1 u 2 733—737 735 (3,95) 739,
742—746
2 § 42, 3amaua 3 736—741 737 (3, 4) 747, 749

B pesynbraTe m3yueHus maparpada Bce ydamuecs JOIK-
HBI HAay9IUTHCS CTPOUTH TpadK QYHKIHUU y = tg X, BBIBIATH 1O TpaduKy e&
CBOMCTBa M BBINOJIHATH yrnpaxHeHus tuna 735. B kiaccax yrinyOonéHHOTro
YPOBHSA JONOJHUTENbHO — 741, 742.

§ 43*. OOpaTHbIe TPUTOHOMETPHUYECKHE (PYHKIHHU
0/34)

[Hens m3ydyeHus maparpada — O3HAKOMIICHHE C OOpaTHBIMH
TPUTOHOMETPUISCKUMH (YHKIUSAMHU U UX rpadukamu; HOpMUPOBAHUE HABBI-
KOB II03HABaTEIbHOW pe(UIeKCHH KaK OCO3HAHHE TPAaHHI[ CBOEr0 3HAHHS U
HE3HaHUSI.

Marepuan mnaparpadga He ABASIETCHA 00sM3aTeXbHBIM JUIA
M3y4deHUsl B Kiaccax 0a30BOr0 ypOBHS M pPacCMATpPHBAETCs MPH HATUYHH
BPEMEHHM WIIM MPEJIaraeTcsl Uil CaMOCTOSTENbHOW pPabOThl  ydyalumcs,
HMHTEPECYIOIIUMCSI MATEMATUKOM.

[pexxae 4eM MpHCTYNUTh K M3YYEHHWIO TEMBI, B KilaccaX YIriayOJEHHOTO
YPOBHSI, II€I€CO00Pa3HO MOBTOPHUTH MOHSITHE B3aWMHO OOPATHBIX (QYHKIWH
(§ 7) m onpenenenus apKkcHHyca, apKKOCHHYCa, apKTaHT€HCa YHCIa.

[Toe3Ho TOBTOPUTH pacHoONOKEHWE TPapHUKOB B3aMMHO OOPATHBIX
(YHKIMA, BBIIOJIHUTH TOCTPOEHHE KPUBOH, CHMMETPHYHOH OTHOCHUTEIHHO

. . n.T
npsiMoil y = x rpaduky QyHKUMH: a) y = Sin X Ha MPOMEKYTKE {_E; 5}

0) y = cos x Ha mpoMexytke [0; m]; B) y = tg x Ha MPOMEKYTKE (—%; %j
3atem, BBICKa3aB IIPEATIONOKEHHE, He SBISETCS JIM KaXIas IOJydeHHas KpuBas
COOTBETCTBEHHO TpadMKOM (YHKLUH, OOpaTHOI JaHHON Ha 3aJaHHOM IpOMe-
KYTKE, OOpaTUThCA K TEKCTy y4eOHHKAa M 0OOCHOBATH BBICKA3aHHOE TIPEIIIO-
noxkerne. J{anee paboTaTs B COOTBETCTBUU C TEKCTOM Imaparpada.

Ypoxk 0600mennst u cucremarusauuu 3Hanui (1 /2 v)

Ha ypoxe Ba)xHO TTOJIBECTH UTOT UCCIICIOBAHHIO SJIEMEHTAPHBIX ()yHKIIAH
METodJaMu C-)J'ICMCHT&pHOfI MaTr€MaTHuKu, YTOOBI TIOATOTOBUTH yYallIUXCAd K HUC-
CJIICAOBAHHUIO (1)yHKIII/II\/'I MCTOAAMH MAaTEMaTU4YCCKOI'O aHaJIn3a.
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C 3TOi menpl0 MOXKHO HCIIONIB30BATh IEKTPOHHOE MPUIIOKEHUE C Tpa-
¢ukamu BceX W3yYeHHbIX (yHKIUI (HE TOIBKO TPUTOHOMETPUUECKHX).
HamoMHuuTh, Kak no rpaguky HaWTH 00JIACTh ONpPENETICHNS U MHOXKECTBO 3Ha-
yeHuH QyHKIHU. [IOBTOPUTH aHATUTHYECKOE PELICHUE MOAOO0HBIX 3a1ad, HC-
TIOITB3Ys Kakue-To u3 ynpaxuaenuit 758 (1, 3, 5), 759 (1, 5), 766 (1).

Ha Tex sxe roToBbIX rpadukax MpOMUTIOCTPHPOBATD, SBISETCS (QYHKIHS
y€THOM WJIM HEYETHOW, M IOKa3aTh AHAJIMUTUYECKOE PELICHHE YIPaKHEHUS
760 (1, 2). PaccMoTpeTh MHTEpBaJIbI 3HAKOMOCTOSHCTBA M MPOMEXYTKH BO3-
pactaHusi 1 yObIBaHUS. BBIIENTUTh NEPHOANTHOCTD KaK XapaKTEpPHOE CBOHCTBO
TPUTOHOMETPUYECKUX (QYHKINH (BBIITOIHNUTH yIpakHeHue 761).

INoggepKkHYTh BO3MOXXHOCTh MCIOJIB30BaHUS rpaduka GyHKIUH MIPU pe-
LICHUM YpaBHEHUH M HepaBeHCTB. C MOMOIIBIO YHPaXHEHUs 764 HalOMHHTH
y4aIuMcsl, YTO TIPH pelIeHnH MOJ00HBIX 33/1a4 Ha HaXOJK/ICHHUE YnCiia KOpHeH
ypaBHEHHH HCITONIb30BaHKUE rpadrka 4acTo MPUBOAMT K Oosiee ObICTpOMY Ha-
XOXJICHUIO OTBETA.

B wurore emé pa3 chopmynupoBars ornpereneHne QyHKIUH, TEPEUHCIUTh
W3BECTHBIE AJIEMEHTapHbIe (PYHKIIMU W, TOBTOPHUB CXEMY HCCIIeOBaHUS (DyHK-
LMY, KPATKO HAIOMHUTh aHAJUTHUYECKHE IyTH OTBETA HAa BOIPOC KaXIOro
ITyHKTa CXEMBI.

B xadecTBe TOMONMHUTENbHBI X NOJE3HB ynpaxuaeHus 773, 774, a
TaKxe «3alaHus U TTOATOTOBKHM K dK3aMeHaM» U «3alaHusl AJIsl HHTEPEeCyo-
LIMXCS MaTeMaTHKON» U3 «/IMIaKTHIEeCKIX MaTepHAIOBY.
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I'naBa VIII. IlpousBoaHas u eé reoMeTpu4ecKuil
CMBICJI

CopepxaHue pa3/ielioB Kypca, COCTABIISIOMINX Havdajia MaTeMaTHIecKOro
aHanu3a, TPyOHO U M3y4eHHs B cpenHed mkone. [loatoMy nx m3iokeHue B
ydeOHHMKe BEAETCS HA HATrILSIIHO-MHTYWTHBHOM YpPOBHE: MHOTHE (hOpMyIBl HE
JIOKa3bIBAIOTCSA, @ TOJIBKO TOSICHAIOTCS WM IIPUHUMAIOTCS 0€3 J0Ka3aTeNbCTBA.
I'maBHOE — mMOKa3aTh ydaniumMces 1esecoo0pa3HOCTh H3Y9eHHS TPOU3BOAHON 1
nepBooOpazHoOi (MHTErpaia), Tak Kak 3TO HE0OXOIMMO IPH PEIICHUH MHOTHX
MIPAaKTUYECKHX 3a/1a4, CBA3aHHBIX C MCCIEA0BaHNEeM (PU3NYeCKuX SBICHUH, BBI-
YHCIICHHEM TUIONIAIe KPUBOJIMHEHHBIX (UIyp U 00BEMOB TEN C MPOU3BOIIb-
HBIMHU TPaHHLIAMH, C TIOCTPOeHUEM rpapuKkoB GYHKIMHA. XOTs O reoMeTpuye-
CKOM CMBICIIE ITPOU3BOJHON TOBOPHUTCS B KOHLIE 9TOH ITIaBbl, MOXKHO (B OOLIMX
yepTax) MOSICHUTH 3TO YK€ B CaMOM Hadae.

[Ipexxne Bcero cienyer IOKas3aTb, Y4TO (YHKIMH, rpapuKamMu KOTOPBIX
SIBIISIIOTCS. KPHBBIE, OIMMCHIBAIOT MHOTHE BAaKHbIE (DM3MUYECKHE U TEXHUYECKHUE
nporeccel. [Io cpaBHEHHUIO ¢ MIPSIMOIT KpUBBIE MOCTOSIHHO MEHSIOT HAKJIOH, Me-
HSIOT BO3PAacTaHWE Ha yObIBAHWE MM HA00OPOT; MOTYT CYILECTBOBATh 3HAUe-
HUSL Y, KOTOPBIM COOTBETCTBYET HE OJHO, a HECKOJBbKO 3HAYCHWil X, U T. 1.,
T. €. KPUBBIC ABJIIOTCS CYLIECTBEHHO 00JIee CIOKHBIMU O0BEKTAMU JUIS U3y4e-
Husl, yeM mnpsMble. OTCro/la BO3HHKAET HMICs JuHeapuzayui, WAes CBEICHUSA
M3YUeHHsI KPUBBIX K M3YUCHHI0 HEKOTOPOU JIOMAaHOM, OJIM3KOHM K 3TOI KpUBOH,
1 Jajee K M3YYEHUIO OTPE3KOB JIOMAaHOMW, SBISIOIIMXCS XOPAAMH, COCANHSIIO-
IIUMHU JIBe TOYKH JTaHHON KpUBOW. BriepBrie 3Ty MbIcb Bbickazan I. JIerOHuI
(1646—1716), KOTOpPBIN YTBEPIKAAT, YTO HA HEOOIBIINX MPOMEKYTKAX KPHBAs
HEOTIMYUMa OT IPSAMOM, a HAKJIOH CEKYyIIeH, MPOXOJAlel uepe3 ABE TOYKH
KpUBOH TIpU CONIKEHWH 3THX TOYEK, MOXKHO 3aMEHHTh HAKJIOHOM KacaTelb-
Hoi1. UeM OmiKe KOHIIBI XOpA APYT K APYyry, TEM TOYHEe NPUOIIKEeHNe JaHHO
KPUBOW K COOTBETCTBYIOIIEH JoMaHOU. CriefyeT TakKe UMETh B BUAY, YTO Ha-
KJIOH KPUBOW B TOM WJIM MHOW TOYKE IIPOMEXKYTKa, HA KOTOPOM OHa paccMmar-
puBaeTcs, onpeaesieT MHOTHE e€ CBOWCTBa (Bo3pacTaHue, YOBIBaHHE U T. I.).
VYuaiuecs: 3HalOT, 4TO yroJl HakJoHa NpsMoii (e€ yrioBoi K03 GHIUEHT) BbI-

paxaercs OTHOLICHHEM Y-k (B KaXxmo# e€ TOUKe), HAKIIOH K€ KPHBOH (MIIH

X
e€ rpasiMeHT) 3a1aéTcsi OTHOLICHHEM w OTO OTHOILIEHHE OIpese-
JSeT HAaKJIOH XOpIpl, KOHIIAMH KOTOPOH SBISIOTCA TOoukd (x; flx)) u
(x + h; fix + h)). Ecnu xoH1eI X0pabl cOmmxkarotes (T. e. h—0), To HaKJIOH KpH-
BOW B HEKOTOPOH TOYKe OyIeT XapaKTepHU30BaThCsS HAKIOHOM KacaTelIbHOH K

KPHBOI B 3TOW TOYKe, T. €. MPOU3BOAHOU f(X) = limw. Takum
x—=>0

o0pazom, BOMM3M M30paHHON TOYKH MBI 3aMEHSEM H3y9aeMylo (QYHKIHIO JH-
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HeitHoi. C TIOMOIIBIO MTPOU3BOHON CpEay TaKWX JTMHEWHBIX (YHKIHUN BHIOH-
paercs Ta, KoTopas AaéT HarTydllee NPHOIIKeHHE K JAHHOH (YHKLIMH.

Ecnmu oOpatuThCst K M3y4EHHIO HEPaBHOMEPHOTO ABIKEHHS (3amada 1
§ 44), To mpousBoaHAs AT BO3MOXXHOCTH Ha KOPOTKOM OTPE3KE BPEMEHH 3a-
MEHUTh H3Yy4eHHE HEPAaBHOMEPHOTO MABMKCHUS PAaBHOMEPHBIM. Tak Kak B
Y4eOHUKE TPOM3BOIHAS OIpeNeNsieTcss 10 BBEICHHUS CTPOTOTO ONPEACICHUS

npeaena (GyHKIUH, paBeHCTBO f(x)= limw 03HA4aeT, dYTo
x—=>0

w ~ f(x) ¥ MOTPEIIHOCTb 3TOTO MPHUOIMKEHNSI CTAHOBUTCSI CKOITh

YroJHO Maioi mpu i — 0. DTOTO OKa3BIBACTCS JTOCTATOYHO JIJIS HAXOXKICHIS
..o 2 3 1

NPOM3BOJIHBIX MHOTHX (GYHKIMI: x°, X, —, «/x u ap. [Ipu aTom cumraercs,
X

4TO eciu X — (PUKCUPOBAHHOE YHCIO U i — 0, TO HAMIAAHO MOHSTHO, YTO
_1
(x+h)x
MeHee B KauecTBE HeoOs3aTeJbHOr0 MarepHajia B ydeOHHKE (OpMYIHpYeTCcs
CTporoe omnpejeneHue npenena (QyHKIWH, HA IpHUMepax MOACHAETCS Hempe-
PBIBHOCTh (DYHKLMHM B TOYKE M Ha IPOMEXYTKE, a TaKKe yCTaHABINBACTCS
CBS3b MEXKIY CYIIECTBOBAaHUEM IIPOM3BOIHOM U HETIPEPHIBHOCTHIO (DYHKIIHH.

OrmernM Takxke, uto popmymna ((kx + bY) = px(kx + by~ B obmem ciy-
Yae He J0Ka3bIBACTCS, MPUBOAATCS JIUIIL IPUMEPHI €€ MPUMEHEHHS B YaCTHBIX
cnydasx. [IpaBuna auddepeHnnpoBaHns TakxkKe He J0Ka3bIBAOTCA, a HopMy-
JUPYIOTCS W MPUMEHSIOTCS B KOHKPETHBIX ciydasx. [Ipow3BOIHbIE MOKa3a-
TENbHOM, JIorapu()MUUECKON ¥ TPUTOHOMETPUYECKUX (DYyHKIUI paccMaTpuBa-
I0TCSl TOJTBKO B O3HAKOMHTEIILHOM IUTAHE Ha HECIOXKHBIX MpuMepax. Bee oc-
HOBHBIE (opMyibl nuddepeHnpoBanus CBeAeHbl B Tabnuiy Ha c. 248 yued-
HHUKa. Bompoc o reoMeTpuyecKkoM cMbICIe TIPOM3BOAHON MOXHO PacCMOTpPETh
TaK, KaK 9TO CeNaHO B y4eOHMKE, a MOXKHO U B TAKOH MOCIIE0BATEIbHOCTH:

1) onpenenenre yrioBoro Kod(pQuIMeHTa NpsMON M yria MEXAY ITOH
npsMoit u ockio Ox;

2) onpeieNieHne KacaTelnbHOM K rpaduky auddepenippyemoit GpyHkum;

3) reoMeTpUYECKUil CMBICI IPOU3BOTHOM;

4) ypaBHeHUe KacaTellbHOH K rpaduky nuddepeHunpyemoii GyHKIHH.

CdhopmynupyeM OCHOBHBIC HeJIH H3YYCHHS JAHHOM IJIaBHI.

[IpeaMeTHBI € Il €J U H3YYCHUS [JIABHI:

— 3aBepiueHrue GOPMHUPOBAHMS MPENCTABICHHS O Mpeesie YHCIOBOH Mo-
CIIEIOBATEILHOCTH, OOyUeHUE HAXOXKACHHUIO IPEAENIOB INOCIECI0BATEBHOCTEN
Ha OCHOBaHHH CBOICTB MPE/EIIOB;

— 3HAKOMCTBO C MOHSTHSIMH Tpenesa GYHKIHH U aCHMITOTaMu rpadu-
KOB (pyHKIIMH (TOJIBKO B Ki1accax YrTyOJIEHHOTO YPOBHs);

— (opMHUpOBaHHE MPEACTABICHHUS O HEMPEPHIBHOCTH (HYHKIINY;

— BBeJICHUE MTOHSATHI POU3BOIHON (YHKIIMU B TOUKE;

2x+ h —2x, 3%+ 5xh + 3x2, — N Lz (ecmu x #0) m 1. 1. Tem He
X
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— pa3bsiCHEHNE (PU3NYECKOTO M T'€OMETPHUYECKOTO CMBICNIA MPOU3BO/I-
HOW;

— o0y4eHHe HaxOXXICHHIO TIPOM3BOAHBIX OSJIEMEHTApHBIX (QYHKIHH,
MIPUMEHEHHIO TpaBuil TuddepeHIpoBaHIs IPH HaX0XKICHUH TPOU3BOIHBIX;

— o0y4eHHe COCTaBICHUIO YPaBHEHUS KacaTeNbHOH K rpaduky ¢ yHKIHH
B 3aJIaHHOM TOYKE.

MeTanpeaMeTHBI € II€JHU H3YICHUS ITIaBbI:

— (OpMHpOBaHHE YMEHHSI CaMOCTOSTENBHO OIPEACNTATh IENH CBOCH
JeATeNIbHOCTH, TUIAHUPOBATh PabOTy MO JOCTHKEHHIO LENTN, KOHTPOJIIMPOBATh U
KOPPEKTHPOBATH CBOIO JIEATEIILHOCTB;

— pa3BUTHE YMEHUs BbIOOpa ONTHUMAIBHONW CTPATETHH JUIS JOCTHKEHUS
PpelIeHNs TTOCTaBICHHON TPOOJIEMBI;

— pa3BUTHE YMEHUS B ITOCTPOCHHH CTPOTHX JIOKA3aTENbHBIX PacCyKie-
HUIL;

— pa3BUTHE YMEHHS CO3/[aBaTh W IPEOOpa3OBBIBATh PA3IMYHBIE CHM-
BOJIBHBIE 3aITUCH M MOJIENN JUISl PEIICHHs YIeOHBIX M HCCIEI0BATENbCKUX 3a-
Jla4, TTOHUMAaTh 3Ha4eHHe (OPMAN30BaHHBIX SI3BIKOB B COOTBETCTBUU C IIEJIs-
MU JIESITEIILHOCTH.

JIJudHOCTHB € I €J U U3yICHUS INIaBHI:

— (opMHpOBaHHE IIETOCTHOTO MHPOBO33PEHHUS, COOTBETCTBYIOIIETO
COBPEMEHHOMY YPOBHIO Pa3BUTHS HAYKH U TPaKTHKH;

— pa3BUTHE TOTOBHOCTH W CIIOCOOHOCTH K CaMOCTOSITENIFHOW Y4eOHOM,
y4eOHO-HCCIIeI0BATENBCKON 1 KOMMYHHKATHBHOM JIEATENLHOCTH;

— (opMupoBaHUE TOTOBHOCTH K CaMOOOpA30BAHWIO U ITO3UTHBHOTO
OTHOIIEHHSI K HETIPEPHIBHOMY 00Pa30BaHHIO.

B pesynbTtaTte uzyuenusa ranabl VIII Bce yyammecs nomx-
HBI 3HATh OMpeJeNIeHne PON3BOIHOM, OCHOBHBIEC MpaBmia Iu(QepeHIpoBa-
HUSL U (HOPMYJBI TPOM3BOAHBIX HJIEMEHTApHBIX (YHKIHMH, NPHUBEAEHHBIE B
ydeOHMKE; TOHUMATh TEOMETPHUYECKHUI CMBICI IIPON3BOTHOM; 3HATh ypaBHEHHUE
KacaTelnbHOW, a Takke yMeTb pewaTh 3agaun tuna 869—873, 875, 878
n u3 pyopuxu «lIIpoBeps cebs!». B kiaccax yriayOnEHHOTO YpOBHS JOTIOJIHU-
tenpHO — 879—881, 889.

[puao:xkenue. § 3. [lpenen nocaen0BaTeIbHOCTH
1/19)

llenr m3yueHus maparpada — O3HAKOMJICHHE C IOHATHEM
mpenena I0CIeA0BaTENbHOCTH, CBOMCTBAMH CXOMSAIINXCS IOCIENOBATEIbHO-
CTel, TeopeMOoi 0 MOHOTOHHOH MOCJIEI0BATENbHOCTH; Pa3BUTHE YMEHHUH MOMIb-
30BaThCsl PA3IMYHBIMUA MCTOYHMKAMU WH(OpPMALUK C LENbI0 YIIIyOJeHus Mo-
JIy4E€HHBIX 3HaHUMH.

Marepuan naparpada peKoMeHAYeTCsl IPEICTaBUTh B BUJE JEKIMH, TOJI-
HOCTBIO OIMpAsCh Ha TEKCT y4eOHHKA. Y4allUMCSA KJIaccoB YIIIyOJIEHHOIO
YPOBHSI TIPEUIOKHUTH MOJ00paTh JAOTOIHUTEIBHBIH MaTepual 10 TeMe, UCTIONb-
3ysl pa3siMuHble UICTOYHUKY WHpopMarmu. Ha aToli 6aze npoBecTr HEOONBIIYIO
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HCCIIEZ0BATENbCKYI0 paboTy, B KOTOPOH IOKa3aTh PEIIEHHE MPOCTBIX YIPaX-
HEHMH Ha BBIYMCIICHHUE IIPEeNia, PaccKa3aTh O IIPUMEHEHUH TIpejieria MoCIe0-
BaTEIbHOCTH B PA3IMYHBIX Pa3lenax MaTeMaTHUECKOTO aHalM3a U COOTBETCT-
BEHHO B Pa3IMYHbBIX 00JACTIX HAYKH.

§ 44. Ipouspoanas (2 /2 u)

Ilenp m3ydyenus maparpada — 3HAKOMCTBO C MOHSTHEM IPO-
U3BOJHOM (PyHKIMM B TOUKe U €€ (PU3UUECKUM CMBICIOM, (DOPMUPOBAHUE Ha-
YaJIbHBIX YMEHUI HAaXOAWTh MPOU3BO/IHBIC DJIEMEHTAPHBIX (DYHKIIMH Ha OCHOBE
OTIpeZIeNieHHsl MTPOU3BOJIHOM; (OPMHUPOBaHNE HABBIKOB IO3HABATEIHHOM ped-
JIEKCHU.

B Havasle nepBOT O YpOKa B KaueCTBE [TOJTOTOBUTEIBHBIX K U3yUEHUIO
OCHOBHOT'O MaTepHaia MOTYT OBbITh BBIIIOJHEHBI CIEAYIOLINE 3 a 1 aH U

1. Haiitu f2), fla), fla + 2), fla + 2) — fla), ecnu fix) = 5x + 3.

2. Haiitu f3), fit + h), fit + h) — 1), ecmu f(r) = £+ 1.

PaccmoTtpenne 3agaun 1 ciemyer mpoBeCTH C MTOMOIIBIO TeKCTa yueOHU-
Ka, HE yIeNsds MHOTO BHUMAaHUsS OOCYXKICHUIO e pelleHus. AKIEHT ClIeayeT
crenatb Ha TOM, YTO JUISI TOYHOTO BBIIIONHEHMS OCTAHOBKU IT0€37a BayKHO
3HaTh BEJIMYMHY MTHOBEHHOW CKOPOCTH B OINPENENEHHBIII MOMEHT BPEMEHH €0
PaBHO3aMEAJIEHHOTO JBIKEHUS. MOXXHO OTMETHTH, YTO HE MMEET 3HAYCHHUS,
KaK JJBUTAJICS MOE3/1 10 TOPMO3HOH OTMETKH.

Tak Kak MTHOBEHHas CKOPOCTb OMPEENSETCs] Yepe3 MOHSTHE CPEmHEeH
CKOPOCTH, JKEJaTeNIbHO BCIIOMHUTH C YYalIMMHUCS, KaK HaXOIHUTCS CpPEmHSA
CKOpOCTh JBIDKeHHUs. CuenaTh 3TO MOXKHO, HallpuMep, B XOJE€ PELICHUs Clie-
JYFOIIIUX 3a/1a4:

1. Paccrosinue ot 4 1o B paBuo 36 kM. [lepByro mosioBUHY ITyTH BEIOCH-
nieuct npeogosien 3a 1 4. Tlocne 4acoBoi 0CTaHOBKH BTOPYIO HOJIOBHHY ITYTH
OH mpoexai 3a 2 4. KakoBa cpemHsisi CKOPOCTb JIBIKEHHUS BEJIOCHIIEANCTA Ha
yuactke AB?

2. Yaopaxuenue 776 (1).

IMonsiTust  «mpupanieHne aprymMeHTa» W «IIpHpamieHne  (QyHKIum»
B y4eOHHMKe He BBOAATCs. IIpomsBomHas ompezensercs ¢ IMOMOIIBIO OJHOTO
TEpMHHA — «PA3HOCTHOE OTHOILIEHUEY. JIJIsl IOATOTOBKU yJaluXcs K UCIOIb-
30BaHUIO TIOHITHUS Pa3HOCTHOTO OTHOIIEHUS M COOTBETCTBYIOLIEH €My CHMBO-
JUKA MOXXHO JOIOJHHUTh pelieHne yhnpaxkHenus 776 (1) cuexyromum
3agaHueM: «HaiTu cpenHio cKopocTh ABHKEHHS TOUKH 3a MPOMEKYTOK Bpe-
MeHHU OT ¢ 110 (t + h) (h > 0), eciu OHA IBUXETCS 1O 3aKoHY §(f) = 1 + 3t».

1) Bpems nBrkenust paBHo (¢ + h) — h=h.

2) vy = s(t+h)—s@) _1+3@+h)—-(1+30) _3h
h h h

=3.
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O0s13aTenbHBIN TeopeTHIecKuit MaTepuai maparpada (o c. 231) crexyer
paccMarpuBaTh B COOTBETCTBHH C TEKCTOM y4eOHHKa. [Ipn Hammyuu 1OMONHHU-
TENBHOTO BPEMEHH MOXKHO, HalpuMep, ¢ MOMOIIbI0 Ooiee NeTalnbHOro pac-
CMOTpEHHS TIPHMeEpa O ABHKEHUH TOUKH 110 3aKOHY S(f) = 31° yriayOuTh mpes-
CTaBJICHHE ydalimxcsi o mpenene (yHKIHMH. PaccykIeHHEe MOKHO IPOBECTH
CIIEAYIOIINM 00pa3oM:

Ecmu s(f) = 37, 10 Ha OTpe3Ke BpeMeHH [f; t+h]
_ s(t+h)—s(t) _3(+h)’> -3 _ 6th+3h

cp —
h h
[MoncunTaeM cpeHUE CKOPOCTH 3a MPOMEXYTKH BPEMEHU /i pasIHYHOU
MIPOJOJDKUTEILHOCTH, HAUMHAS, HAPUMEP, C MOMEHTa BpeMeHH ¢ = 1:

= 61+ 3h.

h 0,1 0,01 0,001 0,000001
Vep 9 6,3 6,03 6,003 6,000003

[

OueBuHO, 4YTO NpU yMeHbIIeHNH A(h — 0) 3HaYEHUs cpeHEN CKOPOCTH
NpUOIMKAFOTCA K 3HAYEHHUIO 6 =6 - 1 = 6(67 + 3h — 61), T. €. Ve — V(1) = 61.

[lpy HanmMuuM BpeMEHH C LENbI0 TOATOTOBKM YYaIlUXCS K OCO3HAHUIO
CYTU TIOHSITHSI IPOM3BOJHON B TOUKE, a TAKXKE B MEPCHEKTUBE K BOCIPHITUIO
rpadu4ecKoro cMpIcia MPOU3BOIHOM, IOHSITHS CPEJHEH 1 MTHOBEHHOH CKOpPO-
CTU TIPSIMOJIMHEWHOTO JBIDKEHUS MOTYT OBITh NMPOMJUIIOCTPUPOBAHBI C ITOMO-
b0 TpaHKOB 3aBHCHMOCTH ITyTH OT BpEMEHH. Tak, C IMOMOLIbIO PHCYHKA
41, a MOXXHO HarJIsIIHO OOOCHOBaTh CBSI3b CPEHEH CKOPOCTH JBWIKEHHS Ha
OTpe3Ke M «KpYTH3HBI» rpaduka GpyHKImM s = s(f) Ha 3TOM OTpe3Ke. PHUCyHOK
41, 6 wiTrocTpUpyeT 3HAKOMOE YJaIllUMCsI CBOWCTBO TOCTOSIHCTBA CPEAHEH M
MTHOBEHHOI CKOpPOCTH IIPH PaBHOMEPHOM NPSIMOJIMHEHHOM ABrKeHHH. C 1mo-
MOIIBI0 pUCYHKA 41, 6 MILTIOCTPUPYETCS TIOBEICHUE CPEIHEH CKOPOCTH TOYKH
(TaHTeHCa yriia HaKJOHa CEKyIleil) 3a MPOMEXYTOK BpeMEHHU /i (TeM CaMbIM
OCYIIECTBIISIETCS ITPOTIEAEBTHKA TE€OMETPHYECKOTO CMBICIIa TPOU3BOJHOM).

B Havasle BTOpOTO ypoka (BOBMOXKHO, B XOJI€ TPOBEPKHU BBITTOJIHEHHO-
rO HaKaHyHE JoMa ynpakHeHHs 782) IOBTOpsieTcs 3aIich pa3HOCTHOTO OTHO-
LICHUS, TIOHSATHE TIPON3BOIHON GYHKIHMH S(f), €€ 0003HAUCHNE W MPOUYTECHHE.
3ateM BBOIUTCA oOLIee ompenerIeHne MPOU3BOJHON (QYHKIUH B TOUKE; MOHS-
s GyHKIMH, AuddepeHIpyeMBbIX B TOUYKE H Ha MIPOMEKYTKE; BBHITIOTHACTCS
yrnpaxkaeane 780 (1). 3amaum 2—4 pa3buparoTcs Ha OCKE HpPHU YYaCTHH
IIKOJIFHUKOB B WX DPEIISHWH. 3ajada 5 MoxeT OBITh pa3oOpaHa MO TEKCTy
yueOHHUKa; paccMaTpuBaeTcs (BOZMOXKHO, B XO/Ie YCTH O i pabOThI) IpUMEHE-
HUEe QopMyIsl qudGepeHINPOBAHIUS THHEHHON (DYHKITHH.
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D sy Vsk sty -se)
s(t,th)
t,+h) —s(t 1
}s(z )-5(6) o
L) R N
s =s() h 5(t,Hhy) — s(t)
s(t,+h) } st Hh) —s(t) “hl"
s(t)] | o
0 t] t+h t2 t’ t] t2 t’
oy Jl L.z tyth tit+hy bthy
B) s A
4S(h
B hs
0 t tthy t+h, t+h, r
.k |
h,
Puc. 41

Haxoxxnenue mpenena pa3HOCTHOTO OTHOIIEHHWS KOHKPETHOH (QyHKINH
f(x) yyaruecst MOTYT BBITIOJIHSITH B TPH dTarla:

1) maiitu paszHocts f(x + h) — fix);
Sox+h) - fix)

2) COCTaBUTh Pa3HOCTHOE OTHOIIICHUE b

YU HallTU ero mpe-

00pa30BaHHOE BBIPAKCHUE;
3) HaiiTu npezen pa3HOCTHOTO OTHOMIEHHS Tpu /1 — 0.
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Pacnipenenenue yueOGHOro Matepuana o ypoKam:

VYrpaxxHeHus
Homep | Teopernueckuit OCHOBHEIE (B .
ypoka MaTepuan wacce 1 10 | P CaMOCTOSITETIHHOM |  JOMOJHH-
va) paboTHI B KIacce TEeNbHBIC
1 § 44 (mo c. 231) 776—7179, 779
782,783
2 § 44: ompene- 780, 781 HUcnons3ys onpene-
JleHre  TpOM3- JieHue TIPOM3BOIHOM, 784,785,
BOJIHOW, 3aJa4m HaiitH ' (x), ecnu 786%*
2—5, mpumeHe- fix)=6-5x
HHe HOPMYIIBI
(kx++b) =k

B xmacce yrmyOGnéHHOrO ypOBHS 3HAKOMCTBO YYAallMXCSI CO CTPOTUM
OTIpeZieieHHeM Tpesieia (QYHKIMK B TOYKE, IMOHSTHSMU HENpephIBHOW (PyHK-
MU B TOYKe W Ha wHTepBaie (c. 231, ynpaxuenue 786). Yuurenro ciemyer
UMETh B BHUJY, YTO MPH paccMOTpeHud GyHKIwH y = [x] (c. 234 yueOHuKa) U
pu 000CHOBAHUU TOTO, YTO B TOUke X = 0 3Ta GYHKIHMA HE UMEET MPOU3BOI-
HOHM, B HEIBHOM BHJE HCIIOJIB3YETCS CCBUIKA Ha TEOPEMY O E€IMHCTBEHHOCTH
npeznena. PasHocTHOE OTHOIIEHHE, COCTaBIeHHOe It QyHKIMU y = |x| B TOUKe
x = 0, my4ine 3amycath ¢ IIOMOILIBI0 CUMBOJIMKH, BBEASHHOW B Havyaie mapa-
rpada:

AfO+hm)—£0) |H [ 1,ecnm h>0,
h " -1, ecmm h<O.

Jlyisi OONbIIMHCTBA yYalllUXCsi B CUTYallMH, KOTJIa TEOPHs NPENesioB He
paccMarpuBaeTcs, OTCyTCTBHE mpeaena GyHkimu ¥ = x| B Touke x = 0 (aHano-
ruvHo U QyHKuuK y = [log,x| B Touke x = 1) CTAHOBUTCS TIOHSTHBIM Ha HAIJIsi -
HO-MHTYUTHBHOM YPOBHE IIOCJE BBEICHHS T'€OMETPHYECKOTO CMBICIA IPOU3-
BOJIHOM B TOYKE.

B pesynpTare m3ydeHus maparpada Bce yJammecs JI0JK-
HBl 3HATh OINpEAENieHHEe W 00O3HAueHHe MPOM3BOJHONW (YHKIUM f(X); UMETh
MIPEACTABIEHHE O MEXaHUYECKOM CMBICIIE IPOU3BOJHOI; Ha OCHOBE UHTYUTHB-
HOTO TIPEICTaBICHUS O Tpenene (YHKUUM YMETh HAXOAUTh IPOM3BOIHBIC
¢byukumii B 3amanusix tuna 780. B knaccax yriyOiaEHHOTO ypOBHSI JIOTIONHU-
TenpHO — 784, 785.

§ 45. IlpousBoanas creneHHo Gpynkuuu (2 /3 4)

[lenr um3yueHus maparpada — BBeIcHUE (OPMYIBI MPOM3-
BOJHOM crenenHoi Gpynkiuu fx) = X mis 1000ro IeHCTBUTENBHOIO YKCIIA p;
oGyuenue ncnosbzosanmio Gopmyn (X) = px’ ' u ((kx + bY)' = pk(kx + by’
pa3BUTHE YMEHHUH CaAMOCTOATENLHO KOHTPOIMPOBATE U KOPPEKTHPOBATH CBOKO
JEATEHHOCTb.
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B Havane mepBOTO ypoKa MOKHO IPOBECTH CAaMOCTOSATEIbHY IO
paboTy, NPOBEPSIONIYI0 YMEHHE HAXOIUTh IPOM3BOHBIE (DYHKIMI Ha OCHOBa-
HHUH ONpeeseHHs IPOU3BOAHON (MOTYT OBITH pacCMOTPEHBI, HapUMep, Ipo-
MU3BOAHBIC PYHKIUH f(X) =5 — 2x 1 fix) = 3+ 1). Ilocne aHamu3a pe3yabTa-
TOB e€ BEHITIOJHEHUS pa3duparoTcs 3amadn 1 u 2 Tekcra maparpada, 3amuchiBa-
FOTCSL Ha JTOCKE (M B TETPaJsIX y4alluxcs) YK€ BBIBEICHHBIE (POPMYITBI IIPOM3-

1
BOJIHBIX (YHKIIMI ¥, %, x', x2 wu menaercs 06o6IIEHUE VIS MIPOU3BOIHOM
creneHHoN QyHKIMK X IIpH JIF00OM JIEUCTBUTENHLHOM TIOKa3aTele p.

Ha BTOpoMm ypoke mocie pa3dopa 3amauul 3 BBINOIHAIOTCS YIPaKHEHUS
791, 792, 793(5), 796.

Pacnpenenenue y4eOHOro MaTepuaga 1o ypokKaM MOXKET OBITh CIEIyIo-
UM

YnpaxHeHus
Homep Teoperuyeckuii OCHOBHBIC N
ypoka MaTepran (B KACCE M JUISL CAMOCTOSITETIEHOM | JTOTIOJTHH-
paboTHI B KJacce TeNbHbIE
JioMa)
§ 45 no 3agaum 3 787—790 789 (3), 790 (5) 794—801
2 § 45:3amaun 3 u 4 | 791— 793; 791 (3), 793 (5)
(3amaua 5* — mpu JIM § 45
Hammuuu  Bpeme- | Ne 14, 20
HU)

B pesynpTaTre m3ydeHHSs maparpada Bce yJammecs JOJK-
HBI HAYYUTHCS IPUMEHATh popmynsl (1) u (2) U3 TekcTa yaeOHHKA TIPH BBITIOJI-
HEHUH ynpakHeHH! Thma 790 u 792, a Takke HaXOAUTh 3HAYEHUE NPOU3BOJ-
HOW (D)yHKITMM B TOUYKE MPH BBHIIOIHEHNH 3afaHui Thma 793. B kmaccax yrimy0-
JIEHHOTO YPOBHSI IOTIONIHUTENsHO — 793, 794, 797.

§ 46. IlpaBuaa nud depennupoBanus (3 /3 4)

Ilenp m3yueHus nmaparpada — opiaaeHue npasuiaMu augde-
PEHIUPOBAHMSI CYMMBI, IIPOM3BECHUS U YaCTHOTO JIBYX (DYHKIIMH, BEIHECEHHS
MTOCTOSITHHOTO MHOXHTENA 32 3HaK MPOU3BOAHOM; pa3BUTHE HABBIKOB CaMOCTOSI-
TEJIEHOM MTO3HABATENIBHOM JESITENbHOCTH.

OtpaboTKa HaBbIKa NPUMEHEHHs NpaBwil JuddepeHnnpoBaHus MPOBO-
JITCSI B OCHOBHOM Ha CTEMEHHBIX (YHKIIHMSIX, IOATOMY B YCTHY 0 paboTy B
Hayaje YpOKOB II0 3TOH TeMe JKelaTeIbHO BKIII0YATh 3aJaHus, HallpuMep, cle-
JYIOILETO COAEPKAHU:

1. Haiftz npou3BoHYIO () yHKIIHH xg; 5/;; x 3.
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2. [IpenBapuTenbHO YIPOCTHB aHATHTHYECKYIO (GopMy 3amucu (yHKIHH,
HalTu €€ MPOU3BOIHYIO:

1)f(x)=x-x5;

5 -1
3 — X X :
) fx) W

1

2) fix) = %;

4) fix) = 4x*—4x + 1.

I/ISY‘ICHI/IC TEMbI IPOBOJUTCS B COOTBCTCTBUU C €€ M3JI0KECHUEM B yqeﬁ—
HHUKC, a paClpeaACINTb MAaTEpUal O YpoKaM MOKHO TaK:

YnpaxHenus
Howmep Teopernueckuit OCHOBHbBIE .
ypOKa MaTepI/laﬂ (B Kimacce u I CAMOCTOSATEIIBHOU JOIIOJIHU-
pa6OTLI B KJIacCe TCJIBHBIC
JoMa)

1 § 46, . 1, 3agava 802—807 803 (7), 809, 818,

1; m. 2, 3amaya 2 805 (3) 819,
2 [ §46 13, sanaun | 810—313, 813 822—829;
3,4 820 JIM § 46
3 § 46, 3amaun 5, 6 |814, 815, 821 815 Ne22—26

B kmacce yriryOnE€HHOTO ypOBHS paccMaTpHBAaIOTCS M. 5 maparpada u
MPUMEpPbl HAXOXKIEHUsI TPOU3BOAHON CIIOXKHOU (DYHKIMH, BBIIOJNHSIOTCA YI-
paxuenus 816, 817, 830.

B pesynpraTe m3ydueHHs maparpada Bce ydammecs DOJK-
HBl HAYYHUTHCS TMPUMEHATH TpaBuina (1)—(4) mpu BEIIOTHEHUH YIPaKHESHUHA
tumna 806, 811, 814. B kiaccax yriryOia€HHOTO ypoBHS JOMOTHUTEThHO — 818,
820, 822.

§ 47. Ilpon3BoaHbIE HEKOTOPBIX 3J1eMEHTAPHBIX

¢ynxkumuii (3 /4 4)

Ilenp nzyuenus maparpada — GopMHUpOBaHHE YMEHUS HaXO-
JUTH TIPOU3BOJIHBIC 3JEMEHTApHBIX (DYHKIHMH; pa3BUTHE HABBIKOB CaMOCTOS-
TEITbHO KOHTPOJIMPOBATh  KOPPEKTHPOBATH CBOIO JICSITEIEHOCTD.

B Havane mepBOTO ypoKa MOXET OBITH NPOBEICHA CaMOCTO S -
TenbHas padoTa (C MPOBEPKOH B Kiracce) MO MPUMEHEHUIO npaBui audde-
PEHLIUPOBAHUS:

1. Haiitu npou3BoIHYIO () YHKIIHH:

3
D012 +3; 2)¥x—1); 3) 3"—
— X

o
1-x%

2. Haiiron ) [A8)], ecm fix) = x+1 [foo =l—%}.
X X
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Pacnipenenenue yueOHOro Matepuaia o ypoKam:

Howmep
ypoka

Teopernueckuit

Marepuai

VYrpaxxHeHus

OCHOBHBIC
(B KyIacce u
JIoMa)

JITISE CAMOCTOSITEIIEHOM
paboTHI B KIacce

IIOTIOJIHH-
TENbHBIE

1

§47,mmn. 1,2

831, 832
(1—4), 833
(1—4), 834,
835(1—4)

833 (3), 835(3)

§ 47, . 3, 4

(o 3agaum 5)

836, 837
(1—3), 838,
839

836 (3)

840, 843 (1,

§ 47, 3apava 5

841,842 u
3a/1aHue:
«C momo1po
ompeerne-
HUS TIPOH3-
BOJIHOM
HalTh f'(x),
ecri f (x) =

= l)6-4-5»
2

841 (3)

2,3), 844,
845, 849—
855; IM
§ 47
Ne 31—39

Ecnu yuamuecst iMenn BO3MOXKHOCTB TTO3HAKOMHUTECS ¢ MU GEpeHITHp O-
BaHUEM CJIOXHOHN (PYHKITUH, TO MPH HATWYAHA BPEMEHHU BBITIONHSIOTCS YIIPaXK-
umenust 832(5, 6), 833(5), 835 (5, 6), 846—848, 856.

Ecnm yunrens cunTaet, 4TO HaBBIKM HAXOXKACHHS MPOU3BOJHBIX AIIEMEH-
TapHBIX (YHKINI HEZOCTAaTOUYHO COPMHUPOBAHBI, MOXKHO HA M3YUCHHE TAaHHOH
TeMbl 100aBHUTh | 4 (YMEHBIINB BpeMsl, OTBOANMOE Ha 0000IIaro1ee moBTope-
HHUE TNaBbl). B KOHIIE MOCIEIHEro ypoka IPOBECTH IPOBEPOUYHYIO CaM O -
CTOsATEeNbHYI0 pabdory (15 mMun).

1. Haiit npou3BoIHYIO () YHKIIHH:

1) logyx + \/;; 2)1nx-cos(§+3j; 3)

[1) %Hog5 x; 2) 5%-sin3x; 3)
X

2%

v 2)
3Ha4YEHHE MPOU3BOAHOM (GyHKUMH f{X) MONOKHUTENBHO, eciu fix) = e~ -

(TOTIOTHUTEITBHOE).

[f(x) = xIn6 — 6"].
[puBeném pemenne 3axanus 2.

fl(x) =26 - Jx o+

1 .

SR
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Tak kak > > 0 npu mo60M X, T0 f'(x) > 0, eciu {zx>+01’> 0

T. e. ipu x > 0.

[f 'x) = In6 — 6'In6 = (1 — 6%) In6. Tak kak In6 > 0, T0 f'(x) > 0, ecnu
1-6">0,1. e mpux<0.]

B pesynpraTe m3ydeHHs maparpada Bce ydamuecs AOJK-
HBI 3HaTh TaOJNHITy IPOM3BOIHBIX AIIEMEHTapHBIX (QYHKIMA 1 mpaBmia audde-
PEeHIMPOBaHUS (3a UCKIIOUeHHEM AU((HEpeHIIMPOBAHUS CIOXKHON HYHKINN) U
yMeTh MX NPUMEHATh IpU BBINOJHEHUM 3amaHuil Tuna 838, 839. B kmaccax
yrayOnéHHoro ypoBHs gonoiaHuTensHo — 843, 851, 853.

§ 48. I'eomeTpuueckuii cMbic/1 MPOU3BOAHOI (3 /4 u)

[lenp m3yueHus nmaparpada — 3HAKOMCTBO C IeOMETpHUYUC-
CKHUM CMBICIIOM IPOM3BOJHOH, 00ydeHHE COCTaBJICHHIO YpaBHEHHs KacaTellb-
HOM K TpadMKy QYHKINHU B 33TaHHOI TOUKE.

Ha Bcex ypokax mpu M3y4eHHH 3TOI TEMBI CIIE/yeT 3aKpEIUIATh HaBBIKH
HaXOXJICHNsl TPOM3BOJHBIX JJIEMEHTApHBIX (DYHKLWH, AL 4ero MOTyT OBITh
HCIOJIb30BaHbl yrnpaxkHeHud tuna 869—873. Ha mepBom ypoke (1o usyue-
HUS MaTepuana naparpada) senaTeabHO BBIIOIHUTS CleAyrolee 3a1aHu e

[Moctpouts rpaduk GpyHkmu: 1) y = %x -1;2)y="2x+1.

Haiit TanreHc yria, o0pa3oBaHHOTO TOCTPOEHHOW MPSIMOM ¢ ockio OX.
BrIsicHUTSB, sBIIsIeTCs 11 3Ta (PyHKIMS BO3pacTaroleil, yobIBalonen.

OOBsicHEeHHE HOBOTO MarepHaia ClelyeT BECTH B COOTBETCTBUH C TEK-
CTOM yueOHMKa, MPUYEM PHCYHKH, aHasorm4yHble pucyHkam 110 u 111 yueo-
HUKA, TOJDKHBI OBITH 0053aTEIFHO BHITTOJHEHB! YUUTENEM Ha JJOCKE, 8 PUCYHOK
111 momxeH OBITH epeHEecEH yJaIUMHUCS B TETPALIH.

YpaBHeHue KacaTebHOH B 00IIEM BUAE BBIBOIUTCS MTOCIIE PACCMOTPEHUS
3amaun 2 Tekcra naparpada. JKematenbHo (0COOEHHO CTadbIM yJaluMcst) Mpu
COCTaBJICHUN ypaBHEHHs KacaTellbHOH K rpaduky QyHKOuH f(x) B TOUKE Xo
MIPUIEPKUBATHCS CIIETYIOLIETO AITOPUTMA:

1) BerauCITUTH f(X));

2) maiitu f'(x);

3) BerauCTUTSE f'(X));

4)3ammcate B O0meEM BHAEC YypaBHEHHE KacaTelbHOH y = flxg) +
+ f'(x0)(x — Xp) ¥ B HETO MOJCTABUTH 3aJJaHHOE 3HAYECHHUE X) M BHIUYUCICHHBIC
3Ha4YeHus fixg) u f'(x), 3aTeM MOIy4eHHOE ypaBHEHHUE MPeodpazoBaTh K BHUIY
y=kx+b.

Ha TpeTbheM ypoke MoOXeT OBITh NpOBEAEHA NMPOBEPOYHAS CaAMO -
cTosiTenbHas padora (10—15 muH) ¢ 3amaHueM.

3anmcath ypaBHEHHE KacaTenbHOU K rpaduky GyHKINH y = flx) B TOUKe
X, €CIIH:
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1) fix) = 2~ x, Xo=-2; 2) fix) =In(3x — 2), xo= 1.

(D) fix) =35 —x", %=2; 2) fix) = In(-2x + 3), xo= 1.]

[Tocne ycBoeHMs ydamMMHCS T€OMETPHUYECKOTO CMBICTIa HMPOM3BOJHON
YUYHUTENh MOXET NPOBECTH O eceny O QPYHKIMAX, HE UMEIOIINX IIPOU3BOTHOM
B HEKOTOPBIX TOYKAX CBOEH 00JIaCTH OIpeeeHHS.

Hanpumep, MOXHO cOOOHIMTH y4damuMcsi (HE HW3y4aBIIMM CTPOTOTO
orpenerneHus npenena GyHKIun), 9To GyHKOHs y = |x| He uMeeT B Touke x = 0
MIPOM3BOAHON, M 3TOT (aKT WLIIOCTPUPYETCS OTCYTCTBHEM KacaTelbHOH K
rpaduky GyHKIHMU B 3TOH TOUKe (MOKHO paccMOTpeTh prcyHOK 104 yueOHMKa
U HarJsiIHO 0OOCHOBaTh OTCYTCTBHE NMPOW3BOIMHON y dyHkimu y = [log, x| B
touke x = 1). [lone3no B pycne 3Toi OGecenpl paccMOTpeTh rpaduk QyHKINH
(puc. 103), He sBsTIONIECS HEMIPEPHIBHOM B TOUKE X = ¢ M HE UMEIOIIEH B HEH
MIpOM3BOAHON. Pacnpenenenne yueOHOT0 MaTeprana 1o ypokam:

VpaxHeHus
Howmep Teoperuueckuii JUIsL CAMOCTOSITENIb-
OCHOBHBIE (B . JIOTIOJTHH-
ypoka MaTepHan HOM paboTHI B
KJlacce U IoMa) TEJIbHBIC
KJacce
1 § 48 no 3amaum 2 857—859, 861 859 (3)
2 § 48 no 3amaum 4* 860, 862, 863 860 (3)
3 3amaua 4* 868 u 3amanme: «3ammcaTh ypaBHEHHE | 864—868;
KacatenbHOH Kk rpaduky dyHkimu f(x) | M § 48
B TOYKE X, €CITH: Ne 19—22
Df ()= e x=0;
2)f(x)=21Inx,xg=e»

B pesynpTaTre m3ydeHHs maparpada Bce yJalmecs T0JIK-
HBI YCBOUTb T€OMETPHUYECKUII CMBICT IPON3BOTHON M HAYUHTHCS 3alUCHIBATH
YpaBHEHHE KacaTelbHOW K rpaguky GyHKIUH f(X) B TOUKE Xo B YIIPAKHEHHSIX,
a"anornuHbx 860. B kiaccax yriyOi€HHOTO ypoBHS JONOJHUTEIbHO — 864,
866.

Ypoku 0000menuss u cucremMarusanuu 3Hanui (1 /2 q)

[ToBTOpEeHHE TEOPETHYECKOT0 MaTepHalla IJIaBbl KeNaTelnbHO POBOAUTH
IIPY HEMOCPEACTBEHHOM INIPUMEHEHHH €ro B NPAKTHYECKUX CUTyanusx. Tak,
Harpumep, IIOBTOPEeHHE (PU3NUECKOT0 M TeOMETPHYECKOTO CMBICIIA MPOU3BOI-
HOH MO’KHO TIPOBECTH COBMECTHO, HCIIOJB3YA TpaUK IBIKEHHS TOYKH HA
MIPSIMOJIMHEWHOM y9acTKe IMyTH (puc. 42).
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Puc. 42

Ilo sTomy rpaduky MOXHO 3a7aBaTh BOIPOCHI, CBS3aHHBIE C ONPEACICHHEM
CpeAHEeN CKOPOCTH Ha pa3iM4YHBIX y4acTKaX ITyTH, a TAK)KE 3aJaHUs Ha CpaBHe-
HUE€ MTHOBEHHBIX CKOPOCTEHl B pa3lM4Hble MOMEHTHI BPEMEHHU. 3HaHHUE OIpe-
JIeNICHUs TOHATHUS MPOU3BOAHOM ydaiiuecss AOJDKHBI MPOAEMOHCTPUPOBATH B
TIpoIlecce HaXOXKACHHS «II0 ONPENEeSICHHUIO» IPOU3BOIHON KaKoi-T100 KOH-
KkpeTHO# dyHKImH (Hanpumep, Gyrkimn f(x) = x* — 3x).

Ha mepBoM ypoke 0000mieHust HOpMYIIbl MPOU3BOAHBIX IIEMEHTAp-
HBIX (yHKOWN ¥ mpaBuil audQepeHnnpoBaHns, HaMCaHHBIE HA TUTaKaTe, MO-
TyT OBITH BBIBEIIEHBI A1 0003peHns. Ha BTOpoM ypoke miakar ciemgyer
yOpaTh u mMoTpeOOBaTh OT yJAIIMXCS YBEPEHHOTO NMPUMEHEHHS BCEX M3YydEH-
HBIX (hopMyII.

Ha ypokax 0000miaromniero moBTOPEHHsI BHITIOTHIIOTCS paHee HE peléH-
Hble 3aJaHus U3 pazgena «YnpaxHenus kK rnaBe VII» u u3 rmaser VIII
«/InAaKTHIECKUX MaTEPHUAIIOBY.

O0s13aTeNbHBIA YPOBEHb YCBOCHMS TEMBI IPOBEPSIETCS B XOJE BBHITIOIHE-
HUs ydamumucs Oioka 3amanuii «IIpoBeps cebs!». Ynpaxuenus 874, 879 u
881 BBIMONHSIOTCS, ecii yyamquecss 3HaAKOMWINCH ¢ JuddepeHnrpoBannem
CIIOKHOH (DYHKITHH.
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I'nasa IX. IIpumMeHeHune NpoU3BOAHOMN K
HUCCJIC0BAHUIO (DYHKIUH

Hens m3yueHUS HTOW TaaBH JABoskas. C OHON CTOPOHHI,
HYKHO I0Ka3aTh YJaIIUMCSI, YTO C TMOMOIIBI0 MPON3BOJHON MOXXHO aHAJIWTH-
YECKH YCTAaHOBUTH MHOTO BaKHBIX CBOWCTB (yHKIMHU. C APYroi CTOPOHBI, I1O-
Ka3aTh, KakK, HMCIIONB3yS MPOM3BOIHYIO, CTpOHWTH Trpaduku ¢GyHKIui Ooiee
CIIOXKHBIX, YeM Te, KOTOpbIE YIOMSHYTHI B Iporpamme (TpadMKd KOTOPBIX
CTposiTcsl 06€3 MPUMEHEHNUS TPOU3BOIHOM).

Peanu3yst mepByro 1Nk, €CTECTBEHHO YCTaHOBHUTH, O YEM MOXKET «TOBO-
PUTB» MPOU3BOJHAS (DYHKIIMH, U TEM CaMbIM PacCMOTPETh 3TOT BOIPOC C 00-
[IUX TTO3HUIINM.

Urak, ecnu npou3BoiHas GYHKIMU CYIIECTBYET B KaXJIOH TOUYKE HEKOTO-
poro mpoMmexyrka, T. €. GyHkuus aupdepeHpyemMa Ha HEM, TO OHA HeErpe-
PBIBHA Ha 3TOM IIPOMEXKYTKE; 00paTHOE YTBEp)KIECHHE HEBEPHO, NMPOCTECHILUHA
mpuMep ToMy y = |x] — HenpepsiBHast (GYHKIHS, HE UMEIOIIasi MPOU3BOAHON B
Touke x = 0.

Ecmu f '(x) > 0 Ha HEKOTOPOM MPOMEXYTKE, TO (QYHKIHMS f(X) HA 3TOM
MIPOMEXYTKe Bo3pacTaeT; eciu f'(x) < 0 — yObIBaer.

Ecmu ¢ynxius auddepeHnupyemMa B OKPECTHOCTH HEKOTOPOHW TOYKH M
MMEET B 3TOH TOYKE NPOU3BOJIHYIO, PaBHYIO HYIIO, TO JAHHAs TOYKA SIBIISETCS
TOYKOW MakCUMyMa, W1 MHHUMYMa, WX TOYKOH neperuoa.

Touku, B KOTOpEIX f'(x) = 0, HA3BIBAIOT CTAIMOHAPHBIMHU; TOYKH, B KOTO-
pBIX f'(x) = 0 nnm B KOTOpPBIX QYHKIMS HeaudepeHpyema, Ha3bpIBaloT KpH-
THUeCKMMHU. DYHKIMS MOXKET MMETh SKCTPEMYM B TOUKE, B KOTOPOW OHa He
HMeeT NMPOU3BOJHOM, Harpumep y = |x| B Touke x = 0.

B yueOHMKe ompeneneHue BUAa SKCTPEMYMa CBSI3aHO C MEPEMEHON 3HaKa
MIPOM3BOAHON (YHKIMH TP MEpexo/ie Yepe3 TOUKy dKcTpemyMma. JKemarensHo
M0Ka3aTh y4YallUMCs, 9TO 3TO MOXKHO C/elaTh IPOIle — IO 3HaKy BTOPOH
MIPOM3BOAHOM: ecrmu f" (x) > 0 B 3TOW CTAaIMOHAPHON TOYKE, TO JAaHHAS TOYKA
€CTh TOYKa MUHUMYMa; ecii [ (x) < 0, To maHHasl TOYKa — TOYKA MaKCHMY-
Ma; ectu f'' (x) = 0, To Touka x ecTh TOuKa Ieperuda (B § 53 BTOpas mpous-
BOJIHAsI pacCCMOTpEHA MOIPOOHO).

Kpome kpuTHUECKHX TOYEK, Ba)KHOE 3HAYCHHE MMEIOT TOUYKU pa3pbIBa

¢bynkyn, HanpuMmep touka x = O s QyHKIMH y = 1 , Hynu QYHKIHH, T. €.
X

TouKH, rae fix) = 0, a Takxe Touka x = 0. Eciu o6nacte onpenenenus ¢yHKINU
COCTOHT M3 HECKOJIBKUX IIPOMEXYTKOB, TO ITOJIE3HO pacCMATPUBATh TPaHUYHBIE
TOYKH, T. €. KOHIIBI IIPOMEKYTKOB.

B § 51 mpuBenena cxema MCCIeOBaHHS OCHOBHBIX CBOWCTB (DYyHKIUH,
npeaBapsAIoIIuX IOCTpOeHue e€ rpaduka.

B GonpiinHCTBE Ci1y4aeB MOJIE3HO HAWTH HYIMHW (QYHKIMA M OTMETHTH HX
Ha YMCIIOBOH MPSMOM, a TaKXKe MMPOBECTH BEPTUKAIBHBIE MIPSIMBIC Yepe3 KOHIIBI
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MIPOMEXYTKOB, BXOISIINX B 00JIacTh ONpeeraeHus GYHKIUH (€CId OHA COCTO-
UT U3 OTJEIbHBIX MPOMEKYTKOB). BepTuKanbpHbIE NPsIMbIE MOXKHO IPOBECTH U
4yepe3 TOUKH, TA€ (YHKIUS HE CYIIECTBYeT (HampuMep, KOPHH 3HaMEHAaTels
Ipoon).

[locne HaxoXIeHUsI MPOU3BOAHOM CIIETyET HAUTH CTallMOHAPHBIE TOYKU
1 TOYKH, T/I¢ TPON3BOIHAS HE CYIIECTBYET (M MOXKET ObITh, TaK)K€ MPOBECTH
yepe3 HUX BepTUKaNbHbIE mpsiMble). [Ipu ompeneneHMn TOYEK SKCTpeMyMa
HYKHO 00sI3aTeTbHO HAXOJIUTh 3HAYEHHs (YHKIUH B 3THX TOUYKAX; B PAIC YI-
pakHEeHUH TpebyeTcss HaWTH HauOonbllee WM HaMMEHbIee 3HaYeHne (yHK-
LU Ha OTpe3Ke, AT Yero MPUXOJUTCS CPaBHUBATh 3HAYEHHS (PyHKIMHU B TOU-
Kax 9KCTpeMyMa ¢ e€ 3HaYeHISIMH Ha KOHIIAX JAHHOTO OTPE3Ka.

Ecnm peus unér o nocrpoennu rpaduka GyHKIHUH, 3aAaHHONH MHOTOUIE-
HOM n-i CTEIIeHH, ITOJIE3HO 3HATh, YTO OTCYTCTBHE CBOOOIHOTO 4YJICHA Y MHO-
roujeHa O3HayaeT, YTo rpaduk GYHKIMM MPOXOAUT Yepe3 Hadallo KOOPHHAT;
KpOMeE TOTO, IOJIE3HO 3HAaTh, YTO KOJIMYECTBO CTAI[MOHAPHBIX TOYEK MEHbIIE
ToKa3aressi CTENeHN MHOTOWIeHa (€ro NMPOW3BOJHAS SIBIISIETCS MHOTOWIEHOM
yxke (n—1)-# crenenn).

[IpeanmMeTHBI € Il €J U HU3Y4CHUS IJIABBI:

— (opMHpOBaHKE MPEACTABICHUH O MECTE€ MAaTEMaTHIECKOro aHaIN3a B
COBPEMEHHOHN HayKe, CIioco0ax ONMMCAHUS PEATbHBIX IMPOLIECCOB U SBICHUN Ha
SI3BIKE MATEMATHIECKOTO aHAIN3a;

— pa3BUTHE YMEHHUI TNPHMEHATH IPOM3BOAHYIO IPU HCCIEJOBAaHUU
(GYHKIMHA: HAXOXKJICHUH NMPOMEXYTKOB MOHOTOHHOCTH, 3KCTpeMyMa, HanOoJb-
miero (MM HANMEHBIIET0) 3HaYeHUH (DYHKINH Ha OTpe3Ke, IPOBOIS IPH STOM
JI0Ka3aTeNbHbIe PACcCyXICHMUS;

— (¢opMHpOBaHHE YMEHHH CTPOUTH rpaduKku (YHKIHUHA ¢ MPUMEHEHUEM
HOHSTHS TIPOM3BOAHON (IJIs1 KJIaCCOB YriyOJIEHHOTO YPOBHS — M BTOPOM MpO-
U3BOJIHOM);

— pa3BUTHE yMEHHM pelaTh NpUKJIaTHbIe 331a4i (B YaCTHOCTH, Ha OII-
THMH3ALHIO) C IPUMEHEHUEM JIEMEHTOB AU(PepeHINATBHOTO HCUUCIICHUS.

MeTanpeaMeTHBI € II€J U U3YYCHHS [JIaBbI:

— pPa3BUTHE YMEHMH CaMOCTOSITEIbHO OMNpPEAENSATh LENU JEeATeIbHOCTH
IPY UCCIIENOBaHUM (DYHKLUH U peasIbHbIX IIPOLIECCOB;

— pa3BUTHE CHOCOOHOCTEN K CaMOCTOSATEIbHOMY MOUCKY METOJOB U MH-
(OpMaMOHHBIX MaTePHUAJIOB Ul peLIeHHs IPUKIIaIHBIX 3a/1a4;

— pa3BUTHE YMEHUI $ICHO, IOTMYHO ¥ TOYHO M3J1araTh CBOIO TOYKY 3pe-
HUS KaK B yCTHOM, TaK ¥ B MUCBMEHHON (hopMme.

JIJudHOCTHB € I €J U U3yICHUS INIaBHI:

— (opMHpOBaHHE MHUPOBO33PEHHS, COOTBETCTBYIOIIETO COBPEMEHHOMY
YPOBHIO HAayKH M OOIIIECTBCHHON MPaKTHKH;

— (opMHpOBaHHE OCHOB CaMOBOCHHTAHHS, TOTOBHOCTH K CaMOCTOS-
TENLHOM TBOPUYECKOI e TeTbHOCTH;

— pa3BUTHE HABHIKOB COTPYIHUYECTBA CO CBEPCTHHKAMHU U B3POCIBIMU B
npoliecce y4eOHOW, HCCIEN0BATEILCKONW, OOIECTBEHHO-TIONE3HON JesTeNb-
HOCTH.

128



B pesynbTare msyuenus IX rmaBbl Bce ydaniuecs JOJIKHBI
3HATh, KAKUE CBOUCTBA (DYHKIIMH HCCIEMYIOTCS C MOMOIIBIO MPOM3BOIHOM (U3
TeX, KOTOpPBIE PAacCMOTPEHbI B Y4E€OHHKE), U yMETb WX IPUMEHSTH IIPU MO-
CTpOeHUU TPaUKOB M pelIeHnH 3aaad tuna 956—965 u u3z pyopuxu «IIpo-

Bepp cebs!». B kimaccax yrayOnE€HHOTO YpPOBHA —JOMONHUTETHHO —
970—973.

§ 49. Bo3pacranue u yobiBanue pyHkuum (2 /2 1)

llens mayuenus nmaparpada — oOydyeHue NIPUMEHEHHIO 10CTa-
TOYHBIX yCJ'IOBI/Iﬁ BO3pacTaHus U y6I)IBaHI/IH K HaXOXJICHUIO MMPOMEKYTKOB MO-
HOTOHHOCTH (QYHKIHMY; (POPMHUPOBaHNE HABBIKOB YueOHO-TTI03HABATENBHON JIesi-
TEIBHOCTH.

B Hauane mepBOT O ypoKa IOBTOPSIIOTCS ONPEIEICHUS BO3PACTAIOLIeH
U yOBIBaIOIICH Ha MPOMEXKYTKaxX GyHKIMi: «DyHKIUS f(x) Ha3bIBaETCS BO3pac-
Tafomiel (yObIBaroleil) Ha HEKOTOPOM IPOMEXYTKE, eciy OoJbIeMy 3Hade-
HUIO apryMeHTa COOTBETCTBYET OoJiblliee (MEHbIIee) 3HaueHne QyHKIUH, T. €.
ISl TEOOBIX X| U X, TIPHHAUISKAIINX JaHHOMY MPOMEKYTKY, U3 HEPaBEHCTBA
X > X CIIEAYeT HepaBEHCTBO flx,) > fixy) (flxy) < flx)))».

Vuanuecs mo Buay rpaduka GyHKIHHA JOJKHBI HAYyIUTHCS BBISBISTH
MIPOMEXYTKH e€ BO3pacTaHus 1 yObIBaHMs. Tak, HarpuMmep, 1o rpaduky GyHK-
ouu y = f(x), IpeACTaBIeHHOMY Ha pHUCYHKe 43, ydJamiuecs IOJDKHBEI OTpesie-
JIUTh, YTO (YHKIHUS BO3pacTaeT Ha mpoMexyrTkax x < 0 m x > 2, yObIBaeT Ha
otpeske 0 <x=<1.

Puc. 43

[py HanmMuMK BpeMEHH MOXXHO MPEIIOKUTH J0Ka3aTeNbCTBO (haKTa BO3-
1

pacranus GyHKIHHU f(X) = X + — Ha UHTepBaje X > 1, HCIONIB3Ys ONpeleNeHne
X

BO3pacTaromeil QyHKIH (BIIOCTIEACTBUA B 3a7ade | 3TOT pakT OyHer moka3aH
C TPHUBJICUYCHUEM MPOU3BOAHON, U yYalIHecs] CMOTYT OLEHHUTh JIOCTOMHCTBA
anmnapara MaTeMaTUYeCKOTO aHAIN3a P UCCIICAOBAHUN QYHKIINH).
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ITyctb X, > x> 1.

Sfo) —flx) =

1 1 1 1 -
- xz+—z—[x1+—] = (xz—xl)—[———] = (=)~ 2 =
X X N XX

:(xz—xl).(l_L]>O’
X

1
TaK KaK X, — x; > 0 (70 MPEemoNoKeHuIo X, > X)), a X1x, > 1 (o ycmosuro x; > 1

u x> 1), otkyna 0 < L< 1, u, 3Hagur, 1 — L > 0.
XX X%

[Nosicnenue cMmbicia TeopeMsl Jlarparxa MOKHO CONPOBOXKIATH PACcCy K-
JIEHUSMHU O IBUKCHUHU «CBEPXY BHU3» MpsMOH m (puc. 44), mapauienbHO ce-
Kylieid AB U He uMmerollel o0IuX Touek ¢ yacTbio rpaduka quddepenuupye-
Moii ¢pyHkmu f{x) Ha oTpeske [a; b].

W b“oﬁ

\

Q
Q
(=]

Puc. 44

[pu mepemelieHnU Takoi MPsIMOit m B HAIPaBICHUH K cekyleit AB ¢pukcupy-
ercsi mepBas oOmias ¢ paccMaTpHBaeMOi YacThio rpaduka (QYHKIHH TOYKa
(ma pucynke 310 Touka C) ¥ MOJOXKEHHE MPSIMOH /), IPOXOASAIIEH depe3 3Ty
Touky. U3 pucyHka BuaHO, uTo Touka C (C abCIuccoil ¢) — TOYKa KacaHHS
npsamoii [y ¢ rpagukom dynkiun y = fix). Ecniu o — yroi, xotopslii o0pasyer
cekymast AB ¢ ocbto Ox, U COOTBETCTBEHHO YToJl MEXIy KacaTelbHOH [y n
ocbi0 OX, TO COTJIACHO TEOMETPUYECKOMY CMBICITY TPOU3BOJHOM

fr(c):tga: f(b)_f(a) .
b-a
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Takum o0Opa3zom, ecnu GyHKIMs fix) HenpepbiBHA HA [a; b] 1 auddepen-
nupyeMa Ha uHTepBaiie (a; b), TO Ha 3TOM HHTEpBaJe CYIIECTBYET IO KpaifHeH
Mepe oJTHa TOYKa ¢, Takas, 9to f' (¢) = w , OTKyZa

-a

fb) - fla) = f" (c)(b - a).

I[peamnonaraeTcsi, 4To MOHATHE AOCMAMOYHOCY YCIOBUS JIOMKHO OBITH
MOHSTHO YYalllMMCSl HA WHTYUTHBHO-OBITOBOM YPOBHE (ISl TMOKYIKH KapaH-
Jlalia CTOMMOCTBIO TpU pyOJisi matd pyoned docmamouno, a JByX pyOiei
Hedocmamouno). Ydaluecs: JOJKHBI, K IPUMepy, IOHUMAaTh, YTO AJIS yTBEp-
XKIeHus1 Toro ¢akrta, 4ro Ha MHTepBane (a; b) muddepenupyemas Ha 3TOM
nHTepBane GyHKIMA f{xX) BO3pacTaeT, 10CTAaTOYHO (BIIOJIHE JOCTATOYHO) MOKa-
3athb, uto f' (x) > 0 Ha (a; b).

HanomuuM, 49T0 ycnoBusi, Oe3 BBIIOJIHEHHS! KOTOPBIX YTBEpXKIeHHE A
3aBEJJIOMO HE MOXET OBbITb BEPHBIM, Ha3bIBAIOTCA HEOOXOOUMbBIMU YCAOBUAMU,
a yCJIOBHSI, TIPH BBINIOJHEHHH KOTOPBIX YTBEp)KIEHHE A 3aBElOMO BEpHO, —
00CMAMOYHbIMU YCIIOGUAMU.

Teopetnueckuii MaTepuain naparpada u 3axaqy 1 xenarenbHO pa3odparh
Ha OJTHOM YpPOKE, a OCTaBIIEECs] BPeMsl HOCBIITUTH MTPAKTHUYECKOMY HCIOJIb30-
BaHMIO TEOPEMBI 2 U el aHAIIOTHYHOH JUIsl CTydasi yObIBaHUS () yHKITHH.

[puBenénnsle mocie 3a1a4n 2 pacCyKACHHUS O PACIINPEHUH HHTEPBAIOB
MOHOTOHHOCTH JI0 TIPOMEKYTKOB M OTpe3Ka B TAHHOM Kypce CTPOrO HE MOTYT
ObITh 00OCHOBAHBI, a AENAIOTCS MCXOJ U3 BHIA rpadrka KOHKPETHOH (yHK-
MU,

[pu BeImonHeHun ynpaxuaeHus 902 (1) nosisercs BO3MOXXHOCTh BEp-
HYTBCSl K (POPMYIIMPOBKE TEOPEMBI 2 U UCKIIOUNTH B JJAJIbHEHIIIEM OIIMOOYHBIE

BBICKa3bIBaHHs ydyaniuxcs. Tak, B 9TOM 3aJjaHuH y = 1 ,V = I 5 —H
x+1 (x+1
OYEBHUJHO, 4TO Y’ < 0 st Beex x U3 obmacTr onpenenenus (x = —1). [IpaBunsHO
TOBOPHTH B JJAHHOM CJIy4ae, 4YT0 QPYHKIHS yObIBACT HA KXKJOM M3 JBYX UHTEp-
BAJIOB, COCTaBIISIIOIIUX €€ 001acTh omnpeseneHus, T. €. QYHKIHs yObIBaeT npu
x<-1 unpu x>-1.
Pacnipenenenue marepuaia 1o ypokam MOXKeT ObITh CIIEIYIOIUM:

YnpaxHeHus

Howmep Teopernyeckuit OCHOBHEIE N
ypoxka MaTepuai (B Kracce IUTSL CAMOCTOSITETIBHOM | OTIOJTHH-
paboTHI B Kiacce TEeNbHbBIE

JioMa)
§ 49 no 3anaunm 2 899 902—909,
2 §49 or3anaun 2 | 900, 901 900 (5) AM § 49
Ne 14, 15,
17, 19
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B pesynpraTe m3ydueHHs maparpada Bce ydamuecs DOJK-
HBI 110 TpaduKy QYHKIUH BBISBIAT IPOMEKYTKH €€ BO3pACTaHUA U yOBIBAHUS;
HaxOAUTh MHTEPBAIBI MOHOTOHHOCTH (DYHKIIMM, 33laHHON aHATUTHYECKH, HC-
clIemys 3HaKH e€ mpon3BofHOHN B 3amanusax tuna 900. B ximaccax yrmy0néHHOrO
ypoBHs moronHUTENEHO — 903, 905, 906.

§ 50. Oxcrpemymbl pyHkuuu (2/ 3 9)

llens uzyueHuss maparpada — 3HAKOMCTBO C IOHSTHUSIMH TO-
YeK 3KcTpeMyMa (pYHKIMH, CTAIIMOHAPHBIX M KPUTHUECKHX TOUYEK, ¢ He0O0XO-
JMMBIM ¥ JIOCTaTOYHBIM YCIIOBHSIMHU SKCTpeMyMa (DYHKIMH; 00ydeHHe HaX0xK-
JICHUIO TOYEK IKCTpeMyMa (YHKIIMH; Pa3BUTHE HABBIKOB CAMOCTOSTENHLHO KOP-
PEKTHPOBATh CBOIO JIEATENBHOCTb.

OrrankuBasch oT rpapuka GYHKIHE y = X° — 3x°, H300paXEHHOTO Ha PH-
cynke 123 yueOHUKa, BBOISTCS ONPEIENCHUS] TOYKH MAaKCUMyMa U TOYKH MU-
HUMYMa QYHKIMU. 3aMETHUM, YTO JUIsl OOJIETUYSHHNST YCBOCHUSI yUallluMICs Kypca
aHanu3a B y4eOHHUKE I0J] TOYKOH MakCUMyMa (MHHUMYyMa) MTOHUMaeTCsl TOUKa
cobcmeenno20 MakcuMyMma (MUHIMYMa), TOTJla Kak B CTPOTOM Kypce aHajin3a
JUTS TOTO, 9TOOBI TOYKA Xy ObLIa TOYKOW MakcHMyMa (MHHUMYMa), TpeOyeTcs
BEIMIOJTHEHHUE ycnoBus flx) < flxy) (fix) = fixg)) Mg Bcex x M3 HEKOTOPOH OKpe-
CTHOCTH TOYKH X;.

Coobmraercs 0000mEHHOE Ha3BaHWE TOYEK MaKCHMMyMa M MHHHMYyMa
(«TOUKM 3KCTpeMyMay), mmocie dero mo pucyHky 130 (Bo3MoKHO, 3apaHee mpo-
nyOnmupoBaHHOMY ydmTeneM Ha fgocke wiu I1K) BeImomHsiercs: ynmpakHeHHe
910, KOTOpOE TOIE3HO IOMOIHUTH CICAYIOMIMHA 3 a T aH U M H:

1. JIns xaxnod HalIeHHOH TOYKM MakcHMyma (MHHHMYyMa) X; yKa3aTb
KaKylO-HHOY/b OKPECTHOCTh TOYKH X;, B KOTOPOH BBITOJHIETCSI HEPABCHCTBO
J) < flx) (flx) > fix).

2. OObsICHHUTB, MTOYEMY, HANPUMEp, TOUKU X = 1, x = 1,5 He sBIAIOTCS
TOYKaMHU 3KcTpeMyma QYHKIHH f{X).

3. Kax pacrionoxeHsl KacaTelnbHbIE K TpaduKy QYHKIUN y = f(X) B TOUKax
3KcTpeMyMa?

4. Haittu [ '(-5), f'(-2), f '(0) (npn naxoxnenun f '(0) = 0 obpamaercs
BHHUMaHHE Ha TO0, 9TO X = () He SBIIIeTCA TOUKOH SKCTpeMyMa).

5. Ectb 111 Ha oTpeske [2; 6] 3HaueHus X, U1 KOTOpbIX f'(x) = 0?7

6. Haiitu nmpomMexyTKH BO3pacTaHus U yObIBaHUS (HYHKITUH f(X).

Teopema depma (HEOOXOIMMOE YCIOBHE HKCTPEMYMA) HILTIOCTPHPYETCS
C TIOMOIIBI0 PUCYHKOB 126, 124, 125 u 127 ydeOHNKa, TIOCIIE YEeTO IeIaeTcs
BBIBOJI O TOM, YTO TOYKH MaKCUMyMa M MHHHUMYMa CJIEAYET UCKaTh CPEIH TeX
TOYEK, B KOTOPBIX ITPOM3BOAHAS paBHA HYJIIO, OJJHAKO HE BCErJa TOYKa, B KOTO-
poli mpou3BoAHas oOpamnaeTcsi B Hyjb, SBISIETCS TOYKOW IKCTpeMyMa (TOYKH
x = 0 Ha pucynke 127 u x = 0 Ha pucynke 130 He SBISIOTCS TOYKAMH IKCTpe-
MyMa, XOTsl B HUX NPOU3BOJHbBIC PacCMaTpUBAeMbIX (YHKIMH oOpalaroTcs B
HYJb).
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ITocne BBeneHMs NOHATHH CTAIMOHAPHBIX U KPUTHUECKUX TOUEK BBITIOJ-
HsatoTesl ynpakaeHus 911—913 u paccmatpuBaeTcs 6e3 JOKa3aTeNnbCTBA JI0C-
TaTOYHOE YCIOBHE IKCTpeMyMa (IOKa3aTeIbCTBO TEOPEMEBI Ha C. 268 ¢ UCTIONb-
30BaHUEM YKa3aHUs y4eOHHMKa MOXKHO IPEATIONKUTH CHIBHBIM YydalluMcs Ul
JIOMaIrHen paboThl).

ITocne paccmoTpenns 3amad 1 u 2 yganiuecs: JOHKHBI MTOHATH, YTO TOUYKH
9KCTPEMyMa HAXOAATCS C OMOIIBIO 3HAKOMOM MM 3a/1adll HaXOXKACHHUS HHTEP-
BaJIOB BO3PACTaHMUS M yOBIBAHNS (DYHKIIUH.

B Havaye ypoKOB N3ydEeHHUS ATOW TEMbI 3aKPEIUIIOTCS HABBIKA HaXOXK/Ie-
HUS TIPOU3BOJIHBIX, MTOBTOPSETCS PEIICHHE PA3IMYHBIX YPAaBHEHHUH U pelIeHUe
KBaJpaTHBIX HEPABEHCTB. BO3MOXXHO MMOBTOpEHHE METOIA WHTEPBAIOB, KOTO-
pOMY TIpH M3y4YEHHH CleIylolero naparpada yaensercs 3HauYUTEIbHOE BHH-
MaHMe. 3a7aHusl Ha aKTyaJu3anuio 3HaHWH npu m3ydeHun § 50 moryt ObITh
BBIOpaHBI U3 CIIEIYIOINX:

1. Haiit npou3BoIHYIO () YHKIIHH:

D 3x*—2x+5; 2) et 3) x* - sinx.

2. HaiiTi 3HaueHHA X, IPH KOTOPHIX 3HadeHue f(x) paBHO 0, eciu:

D fx) =52 +3x;  2) flx) = 2x° — 4x%;

3) flx) = xe'; 4)fix)= y3-x.

3. Pemmth HEpaBEHCTBO:

1) 15x+1>0; 2) x(3 —x) > 0; 3) X~ 5x+6>0;

Hi-sx+6<0. 5 =L <o 6) (x+ 2)e *> 0.
X

Pacnipenenenme Marepuana o ypokaM MOKET OBITh CIIEIYIOIINM:

YnpaxHenus
Homep Teoperuueckuit OCHOBHBIE JUISL CAMOCTOS-
yYpoxa MaTepHa (B Kjacce M | TeNbHOMN PabOTHI B FAOTIOTEH-=
TCJIbHBIC
JoMa) KJ1acce

1 § 50 mo mo- | 910—912, 912 (3) 918 (3, 4),
ciaenHero absa- 913 (1, 2) 919, 920

1a Ha c. 267 1—4),

2 § 50: mocrarou- | 914—917 915 (3) 921, 922;
HO€ yCIIOBUE M § 50
9KCTpEMyMa, Ne 16, 17,
3agaun | u 2 24, 26,27

[puBeném npumep oQopMIleHHsI pelIeHHs] CTaHAApTHOM 3agauyd Ha Ha-
XOXKJEHHE TOYEK SKCTpeMyMa M 3HaueHWd (YHKIMH B 3TUX Toukax. [lpum
oopmIteHHH peleHns 3a1a4 3TOro TUIIa MOXHO HCIIONIb30BATh 3HAK «+», 000-
3HayYaloIni Bo3pacTtaHne QYHKIMH, U 3HAK «—», KOTOPHII 0003HaYaeT yObIBa-
HHe (QYHKIIMU Ha ONpe/IeIEHHOM MTPOMEXKYTKE.
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915. 1) y(x) = x ° — 3x%, y'(x) = 3x* — 6x = 3x(x — 2), y(0) = 0, xorza
3x(x — 2) = 0, otkyma x; = 0, x, = 2 (puc. 45). y(0) = 0° — 3 - 0° = 0,
y2)=2"-3-2"=4.

y' o+ - +

y/O\Z/x

Puc. 45

OTBeT: x=0— Touka Mmakcumyma, y(0) = 0; x = 2 — TOYKa MUHUMY-
Ma, ¥(2) = 4.

Ecnm B xi1acce n3ydaioch HaX0XKAEHUE IPOU3BOAHON CIIOXKHOM (DYHKITHH,
MOTYT OBITH BHIITOTHEHBI U yrpaxkuaerus 913 (3, 4), 918 (1, 2), 920 (5, 6).

B xoHme Tperbero ypoka MOXXeT OBITh NpOBEIEHA IPOBEPOYHAsS
camMocTosATenbHas padora (15—20 mun).

1. HaiiTu cranmoHapHbIe TOUKH (QYHKITHH

y=sin§ [y = tg 2x].

2. Haiftu Touku sKcTpeMyMa QyHKIHH
yo 24X [yzlg}
x 3 x 2

3. Haiitu Touku skcTpeMyma M 3HaueHHs GYHKIHH f{X) B TOUKAX IKCTpe-
MyMa, ecii f{x) = ¢ — 2¢" [fix) = 3™ — 2¢™].

B pe3ynbpTare m3ydeHus maparpada Bce ydammecs JIOJK-
HBbl 3HATh ONpEAEIECHUS TOYEK MAaKCHMyMa M MUHUMYMa, CTAllUOHApHBIX U
KPUTHYECKUX TOUEK; YMETh MPUMEHSITH HEOOXOIMMBIE M JOCTATOUHBIE YCIIOBHUS
9KCTpEMyMa JUIs HaXOXJICHUS TOUCK 3KCTpeMyMa (QYHKIMH NPU PEIIeHHH 3a-
nanuit tana 914, 915. B knaccax yriyOnEHHOTO YPOBHS JIOTIOJNHHUTENIBHO —
920.

§ 51. llpumeHeHuUe MPOU3BOIHOM
K NOCTPOeHMI0 rpa¢dukoB pyHkuuii (2 /4 1)

[enp u3yueHnus maparpada — oOydeHHe NOCTPOSHHIO rpadu-
KOB (DYHKIMI C IMOMOIIbIO MPOU3BOJHOM; pPa3BUTHE YMEHUI CaMOCTOSITEIbHO
KOHTPOJIMPOBATh U KOPPEKTHPOBATH ACSATENLHOCTh B XOJE PEIICHHUS 3a1a4 Ha
uccienoBanue QyHKIMA.

B Hawarne mepBoro ypoka 1o rOTOBOMY YepTeXKy (aHaJOTUYHOMY IIpe -
CTaBJICHHOMY Ha pucyHKe 130 ydeOHMKA) ydarmmecss Ha3bIBAIOT TOUKU IKCTpe-
MyMa (QYHKIHH, O3BYYHBAIOT HEOOXOIMMOE M JIOCTATOYHOE YCIOBHUS IKCTpe-
MyMma GyHKIIH B ToUKe. [lo paccmoTperus 3agaun 1 Tekcra maparpada MoKHO
BEITIOJHHATH yIpaXxHeHUs 923—925.

134



IToBTOpEHNE PUMEHEHHSI METOa MHTEPBAIIOB MOXKHO IIPOBECTH B XOJIE
pELICHNS HABTO P OM YPOKE CICIYIOIINX HEPABEHCTB!

1) (x—5)x+2) > 0: 2) (x— 5)(x+2) <0

3) (7 — ) (x+%) >0 47— (x+%j <0

5) (2x— )(x+3)(x—4) <0 6) Wzo;
o

7% (x + 3)%(x —2) > 0; 8)* (x —4)’(x+ 1)< 0.

N3yuenne marepuana naparpadga npoBOJHUTCS B COOTBETCTBHH C TEKCTOM
y4eOHMKa; TIOCTpOeHUE rpaQUKOB (YHKIHMH, TPEIOKEHHBIX B YIIPAKHEHHUSX,
BenETCS 1O anroputMy, chopMmyaupoBaHHOMY Ha c. 272 y4eOnuka. [lpm
BBIMOJTHEHUH T1. 4 3TOTO aNroOpUTMa CIIeyeT UMETh B BUJLY, YTO €CIIH ITOJTydeH-
Hasl B I1. 2 IPOM3BOJHASI — JIMHEWHAs MM KBaJpaTH4Has (GYHKIMA, TO € 3HaK
oIpezieNsieTcs Ha OCHOBAaHUH M3BECTHBIX CBOMCTB yHKINH. B Gosnee ciroxHBIX
ClTydasiX 3HaK IPOW3BOJHOI HAa WHTEpBANax OIpEeNseTcs JHO0 C ITIOMOIIBIO
METO/la MHTEPBAJIOB, JINOO 1O 3HAKy HMPOW3BOJHON B OJHOW M3 MPOHM3BOJIBLHO
BBIOpPaHHBIX TOYEK pPaccMaTpHBaeMOro HWHTEpBaJa. 3aluch B TETpaasixX yda-
muxcs (M Ha JOCKE) MpPU BHIMOJHEHUH IIOCTPOCHUS Tpaduka (YHKIHH C
TTOMOIIIO ITPOU3BOTHON MOXKET OBITh CIIEIYIOMIEH:

930. 1) y = fix) =2 + 5x° - 3x’.

1) O6nacth onpeneneHns: GyHKIIMA — MHOXKECTBO BCEX JACHCTBUTEIBHBIX
umcen R.

2) () = 1528 — 15x* = 156%(1 — x*) = 152°(1 — x)(1 + x).

3)f'(x)=0, 1551 —x)(1 +x) =0, x,=0, ,= 1, x3= —1 (puc. 46).

J'®
- + + -
-1 0 1 x
Puc. 46

4)f'(2)=15"2°1-2)(1+2)<0,

£'(0,5) =15 0,5*(1-0,5)(1 + 0,5) >0,

£'(=0,5) = 15(-0,5)*(1 + 0,5)(1 — 0,5) > 0,

F1(=2) = 15(=2)*(1 +2)(1 —2) < 0.

5) x = -1 — ToYKa MUHUMYMa,

A1) =2+51P-3(-1’=2-5+3=0;

x = 0 He sABIAETCS TOUKOH FKCTpemyMa, f0) = 2;

X =1 — Touka MakcuMyma,

fD=2+5"1"-3-1°"=2+5-3=4.

X x<-1 -1 -1<x<0 0 0<x<l1 1 x>1
£'(x) - 0 + 0 + 0 —
fx) N 0 /! 2 /! 4 N\
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HOHOHHI/ITQHBHHG TOYKHU:
A2)=2+5(2)°-3(-2) =2 -40 + 96 = 58;
f2)=2+5(2)°~3-2°=2+40 — 96 = 54 (puc. 47).

(4

iy

N ow
A\

2 10 1]2 3x

Puc. 47

Kak nokaspiBaeT npakTuka, MHOTUM y4amuMmcst (0coOeHHO citabbiM) Tpu
NOCTPOeHMH TpaduKa moMoraer cieayroomuii npuém. [locie Toro kak oHM OT-
MEYaOT Ha KOOPAMHATHOM IUIOCKOCTH TOYKHM JKCTPEMYMOB, Cpa3y 4epe3 3TH
TOYKHU MTPOBOJATCSI MAJICHBKUE AYT'U: «BBIITYKJIask BBEPX» AJIsl TOUYEK MaKCUMyMa
U «BBIIYKJIasl BHU3» JUJIs1 TOYEK MUHUMYyMa.

VYyamuecss I0JKHBI IOHMMAaTh, YTO NPEAJIOKEHHAs UM CXE€Ma IOCTpoe-
HUs rpauKOB (QYHKIMH He SIBJISETCS yHHUBEPCAILHOW; HAampuMmep, B 3ajade 3
naparpada mocse BBISIBICHUSI TOTO, YTO 3aJaHHas (yHKIUsS HEeu€THas, ynpo-
alTesl uccienoBanue GpyHkuuu U nocrpoenne e€ rpaduka. CTOUT NogYepK-
HYTb, YTO HE MMEET CMBbICIA HCIOJb30BATh IPOU3BOJHYIO U NOCTPOCHUS
rpaduKoB PIEMEHTApHBIX (YHKIMH («OCHOBHBIX)» U MOJYYEHHBIX U3 «OCHOB-
HBIX» JHOO CIBHIOM BJOJIb KOOPJIMHATHBIX OCEH, THOO UX CXKATHEM K OCSIM
W PACTSHKEHUEM).
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Pacnipenenenue yueOHOro Matepuaia o ypoKam:

VpakHeHus
HOMCp TeOpeTI/I‘{CCKI/Iﬁ Mmare- OCHOBHBbIE JIIL CaMOCTOS-
ypoxa puan (B KiMacce | TembHO paGoTEI B | o oA
TeJIbHBIC
U JioMa) KJacce
1 § 51, 3agaua 1, cxema 923—926 929—935;
ncciaenoBaHus GyHK- M § 51
115071 Ne 7—9
2 § 51, 3amaya 2 927, 928 927 (3)

Ha nocnermnem ypoxke B kitacce yriryOJIEHHOTO YPOBHS MOXET OBITH IPO-
BE/ICHa MPOBEpOYHaAsi caMOCTOATeNbHas pabdora (15—20 mun), Harpu-
Mep, CIEAYIOLIEr0 CONEPIKAHMS:

1. [loctpouts rpaduk GyHKIHN

f) =+ 3¢ -2 [flx)=—x" -3+ 3].

2. Iloctpouts rpaduk GpyHKIMH fx) = g—Z\/; [ Joo = &/_—g} Ha OT-

peske [0;16] [[1;16]].

B pesynpraTe m3ydueHHs maparpada Bce ydamrmecs DOJK-
HBI HAYYUTHCS CTPOUTH TPaduK (YHKIUH C TIOMOILIBIO TPOU3BOJHON B 3a/laHHU-
sax trana 926—928. B kimaccax yrioyOn€HHOTO YpOBHS MOMONHUTETHHO — 929,
932, 934.

§ 52. HanGosabmee U1 HaMMeHbIIee 3HAYCHUS (PYHKIIUHN
3/349)

llens m3yuyeHus mnaparpada — oOydyeHHe NMPUMEHEHHUIO IPO-
U3BOJIHOM K HaXOXKIECHHIO HAHOOJBIIETO ¥ HAMMEHbBINEro 3HaYeHUH (YHKIIMH
NP PELICHUH NPHUKIAAHBIX 3a[a4 «Ha SKCTPEeMyM»; (OpMHUPOBaHHE YMEHUI
aHAM3UPOBATH [IOCTABJICHHYIO IIPOOIEMY M IPUMEHATH MOTy4EeHHbIE BEIBOJIBI.

Ilocne mMoTHBaLMU W3y4eHHs AaHHONW TeMBI C MOMOIIbIO pucyHka 135
y4eOHHMKa U TOCTPOCHHBIX Tpa@ukoB (GYHKIMH ynpaxkHeHus 928 nHaxomsarcs
HauOoJplee ¥ HaMEHbIIee 3HaYCHUs] KOHKpEeTHBIX (yHKImHA. Janee dhopmy-
JUpYeTCsl aJlTOPUTM HAXOXKICHUS HauOOJBIIEro W HAaUMEHBIIEro 3HAuYeHHH
¢ynknum Ha oTpeske [a; b]. Pazouparorcst 3amaun 1, 2, BRIIONHSAIOTCS YIIpax-
HeHus 937, 938, 944. B pesynbprare paccMOTpEHMS 1. 2 MOXKHO aJITOPUTMU3H-
POBaTh NpoIEcC pelleHHsT TPUKIAIHBIX 3aa4 «Ha SKCTPEMYM»:

No AJTOpUTM pelleHUs NPUKIaJHbIX 3a1a4 Permerne sanaun 948
«HA YKCTPEMYM»
1 BeIsiBUTH BenMunHy, HauMeHbllee (HanOomb- | V— 00bEM KOpoOKH
miee) 3HauYeHHE KOTOPOi TpedyeTcs HalTi
) Beectn mepeMenHylo, depe3 KOTOPYIO BBIpa- | X — BBICOTA KOPOOKH
JKaeTCsl BEIMYMHA, YKa3aHHas B 1. |
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Vka3zarb JOMyCTUMbIE 3HAUEHUs BBEIEHHON B a
32 MepeMEHHON 0<x< —

3ammcate BemuuHy W3 I. 1 kak ¢yHKnumio | Tak xak kopoOka mMmeer (popmy
BBEIEHHOH B II. 2 IEPEMEHHON MpsIMOYTOJIBHOTO  Tapajuiene-
4 [UIena ¢ U3SMEPEeHUsIMHU a — 2x,
a—2x,x, 10 V(x) = x(a — 2x)* =
=4x’ —d4ax® + a’x

Haiitu HauGonbiiee (HaumeHnsbliee) 3Hauenne | Vi(x) = 12x - 8ax? + d°,
¢ynkuuy, BBenéHHOW B 1. 4, wim Touky, B | V(x) = 0, xorma 12x — 8ax +

KOTOpPOU OHO TOCTHTAeTCsI HA 3aJaHHOM B II. 3 2 a
+a” =0, otkyna x = g,

HHTEpBae
a
& — X, =— . HawubGonpiee 3Haue-
V'x) + . _ 275
5 0 r a a b HHUe (cM. puc. 48) Ha UHTEpBa-
V(x) 6 N 2 a
e | 0; 5 ¢bynkmmst  V(x)
Puc. 48

a
MPUHUMAET IPH X = e

OTBeT: 2.
6

Pacnipenenenue Marepuana o ypoKaM MOKET OBITh CIEIYIOIINM:

VYnpaxHeHus

Homep | Teopernmueckudd | ocHoBHbIE .
ypoka MaTepuan (5 wracce JUUISL CAMOCTOSTEIILHOM JIOTIOJTHH-
paboTHI B Klacce TeJIbHBIE

U I0Ma)

1 §52,m 1 936—938 938 (1) 944—952;
§ 52,12 939941 AM § 52
No 17—20

§52,m.2,3 942,943, [IpoBepouHas camo-

947,948 CTOsATENbHAs paboTa

Ha mocnexnneM ypoke mpH M3y4eHHH TEMBI MOXKHO IIPOBECTH IIPOBEPOY-
HYIO CAMOCTOSITeNbHYI0 padory (15—20 mun).
1. HaiiTi HanGoubliiee 1 HaMMeHbIIIee 3HaYeHHS QYHKIHH
fo) = xt— 8¢ + 5 [flr) = x* — 18x% + 30]
Ha otpeske [-3; 2] [[-4; 3]].

X 2
. e X
2. Haiitn HammeHbIee 3HauyeHne QyHKIUH f(X) = 1 { Jx) = —x} Ha
X €

uHTEepBaNe x > 1 [x > 0].
B pesynbTare M3ydeHHs maparpada Bce ydarmecs JOIIK-
HBl YMETh HaXOJWTh HAWOONbBIIEe W HANMCHBIIEE 3HAYCHUS (YHKIUU B VII-
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paxueHmsx tuna 938, 939 u nmpUMEHATH MOTYyIECHHOE YMEHUE IPU PEIICHUN

3amad tama 940, 942. B xiaccax yrayOIE€HHOTO ypOBHS JOMOTHUTEIHHO —
947—949.

§ 53*. Beimnmykiocts rpaguka GyHKIMH, TOYKH nepernda
1/34)

Ilear paccMoTpeHus maparpacda — 3HAKOMCTBO C MPOH3-
BOJHBIMU BBICHIUX MOPAAKOB YU MPUMEHCHUEM BTOpOﬁ HpOHSBO}IHOﬁ K HaXO0X-
JICHUIO MHTEPBAJIOB BHINMYKIOCTH quddepeHnnpyeMoit GyHKIMM U TOUEK Iepe-
ruba.

Marepuai paccMaTpuBaeTcsi B COOTBETCTBHU C TEKCTOM ydeOHuka. [Ipu-
OOpeTEHHBIE ITPU €ro PaCCMOTPEHUH 3HAHUS TIO3BOJISIOT YYal[UMCS IPOBOAUTD
OoJiee JeTalbHOE, YeM OTO JIENaNoch 10 CHX IOp, UCCIEAOBaHUE ()YHKIHH.
Hamnpumep, MOKHO BepHYTBCS K HOCTPOCHHIO rpaduka GyHKIUH B YIIPAXKH e-
uuu 930 (1) (cMm. ero pemenne B § 51 3T0ro mocoOusi) u JAOMOTHUTE UCCIE0-
BaHHe (YHKIIMU HAXOXKICHHEM MHTEPBAJIOB BBITYKJIOCTH U TOYEK Tepernoa:

F7 @) = () = (158 = 15x* = 30x — 60x° = 30x(1 — 2x7);

f”(x)=0HPHX1=0,X2:7g’X3= %

Ilpu >TOM MOXXHO COCTaBUTH BTOpYIO (TiepBas TpuBeacHa B § S51)
TaOJIHUITy CBOMCTB () YHKITUH.

X x<,£ ,Q ,ﬁ <x<0 0 0<x<£ ﬁ X>£
2 2 2 2 2
f"x) + 0 — 0 + 0 —
f ) U ~0,8 M 2 U ~32 M

INocTpoenne rpaduka MPOU3BOIUTCS ITOCIE TOTO, KaK OYIyT OTMEYEHBI
TOYKH IKCTPEMyMa U TOUYKH Tepernda.

Ecmu yautens 3axo4er, MOXKET MPEUIOKUTh BMECTO JIBYX TaOJIHIl HCCITe-
JOBaHUS (PYHKITUH OJHY CBOJHYIO.

—-l<x< \/_ 0<x<
2 2
R I 2 2 R <£ V2 R
2 2 <x<0 2 2 <x<1
JlE)) — 0 + + + + + + -
e + + + 0 — + 0 - - -
£ 0 ~0,8 ~3,2 4

max
neperu6
neperud || o|o
neperu6

min
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[Ipu paccMoTpeHnn Marepuana mnaparpada B Te€deHHe 2—3 9 MOXHO I10-
TpeOOBaTh OT YYalIUXCS CaMOCTOSATENBHOTO BBINOJHEHUS 3aJaHui TUIA
954 (1, 2), 955 (1, 2).

Ypok 06001menust u cucreMaruzauuu 3Hanui (1 /2 4)

OCHOBHBIE TIOHATHS M TEOPEMBI, paccMOTpeHHbIe B [X riaBe, jkeaaTeabHO
MOBTOPHUTH KaK HA YPOBHE MPOU3HECCHHS UX OMpeetcHuid u (HOPMYITHPOBOK,
TaK U B XOJIe HEMOCPEACTBEHHOTO MPUMEHEHUs TMPH PEIICHHH YIPaKHCHHUH.
st oTpaboTKH MPAaKTUUECKUX HABBIKOB MCHOJIB3YIOTCS «YTIPaXXHEHHS K TIIaBe
IX», a Taxke 3amanust miaBbl X u3 «/[ugakTHUECKHX MaTepUaNOBy. YUHUTEIIO
CjIeayeT uMeTb B BHUAY, YTO B ((ﬂH}laKTI/I‘ICCKHX Mare€puajiax» B KOMIIaKTHOM
(dopMe U HaNIAAHO NPEICTABICHBI CIIPABOYHBIC CBEICHUS MO BCEMY TEOPETH-
YECKOMY MaTepHaiy, KOTOPbIMU yJOOHO I10JIb30BaThCS Ha ypokax 0000Iaro-
IIEr0 TTOBTOPEHHUS.
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I'naBa X. UHTerpan

B rmase VIII paccmarpuBaeTcst Kak MEXaHUUYECKHUH, Tak ¥ reoMeTpuue-
CKHUI CMBICII TPOM3BOAHOM; Ha sI3bIKe QYHKIMI U UX Tpa(uKOB OH pacKphIBaj-
csl B Mjee JIMHeapu3alliu: 3aMeHa KPUBOJIMHEWHOTO yyacTka rpaduka npsmo-
JIMHEHHBIM O3Hayaja 3aMeHy HEpPaBHOMEPHOTO JBIKEHWS PaBHOMEPHBIM, a
TaK)Ke 3aMEHY HEKOTOPOH JIyTM KPHUBOM OTpEe3KOM KacaTenbHOM. Ta ke ujes
peanu3yeTcsi U IpU PacCMOTPEHUH HHTETpaa.

C TOYKHM 3peHHs MEXaHHKH CKOPOCTh MPSMOIMHEHHOTO JBIXKEHUS OIpe-
JiensieTcs Kak MpOU3BOIHAS IyTH 110 BPEMEHHU: €CIIM HEeKOTOopas TOYKa MpoIia
myTh S(f), To €€ MrHOBeHHas ckopocTh W(f) = s' (f). Eciu Temeps paccMOTpeTh
o0paTHyIO 3aJaqy — HaxXOXICHUS IYTH, HPOWIEHHOTO TOYKOW C 3aaHHOM
CKOPOCTBIO, TO MpUAEM K (pyHKIMHU $(f), KOTOPYIO Ha3bIBAIOT MEPBOOOPa3HON
¢bynkuum v(f), T. . Takoi QyHkumeit, uro s’ (f) = w(f). Tak kak nMpou3BoHAs
MIOCTOSTHHOHM paBHA HYJIO, TO TIEpBOOOpa3Has OMpEeNseTcsl ¢ TOYHOCTHIO 10
nocrosuHoi. Hampumep, (x*)' = 2x i (x* + 3)’ = 2x, ¥ H0ITOMY [EPBOOOPA3HOIA
dynkimn y = 2x sBsercs Gyukmus y = x° + C, tae C — NPOM3BOIbHAS MOCTO-
STHHAsL.

Ecnu ckopocTh MeHsieTcs 10 3aKoHY v = W(f) U €€ rpaduKoM sBIIsIeTCs He-
KoTopas kpusas (puc. 49), To myTh, IPOHICHHBIN TOUKOH 3a MPOMEKYTOK Bpe-
MeHH [f; t + h], mpuOMMKEHHO paBeH IUIOMIAAN 3alITPHUXOBAHHOTO IPSIMO-
YrOJbHHUKA CO cTOpoHamu V(f) u h, T. e. v(f) - h. TouHnoe 3HaueHue mytH s(f)
OyzeT paBHO IUTOMIAN KPUBOJIMHEHHON Tparnenuu, o0pa3oBaHHON KpUBOi v(1),
ocbto Ox u opauHaTamu v(t) u W(t + h).

v
V;V(ﬂ

ol 1¢t tth :
Puc. 49

Ecnu B 3amaHHyr0 KpuBYIO V(f) BIHCaTh HEKOTOPYIO JOMaHyIO, TO S(f)
MO>KHO BBIYUCITUTH C JIY4YIIUM NMPHOJIMOKEHHEM (d4eM B cirydae W(f) - 1), 3aMeHnB
IO b KPUBOJIMHEHHON Tpamenun CyMMOH IUIomaaedl NnpsMOYrojJbHHUKOB
pa3obuenunsi. Uem MeHbIe OyJeT OCHOBaHHE NPSIMOYrOJBHHKOB, TeM Onmxe
CyMMa MX IUIOINa/eil OyaeT BeIpakaTh IUIONIA[b KPHBOJMHEWHOW Tpamenuu.
Tak npouecc TMHeapU3alXKY IPUBOAUT K MOHSATHIO ONPEAETEHHOr0 HHTErpaa.

Y4eOHBIH MaTepHal TJIaBbl CTPOUTCS TaK: CHAYaJIa OIPENENsIeTCs onepa-
LIUsl MHTETPUPOBAHMS KaK orepanus, ooparHas nuddepennnpoBanuio, 1 BBO-
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JWUTCS TIOHSTHE TIEPBOOOPA3HOI; PH 3TOM HE BBOJWTCS HU OIPEACIECHHUE He-
OTIPEEIEHHOTO MHTErpasa, HU ero oOo3HadueHue. TaOnuia mpaBuil MHTETPH-
poBaHus (T. . Tabnuia mepBooOPa3HBIX), ECTECTBEHHO, B 3TOM CIIy4ae Mmoryda-
eTcs U3 TaONIHUIIBI TPOU3BOAHBIX. POPMYIHpYETCs, YTO BCE MIEPBOOOPA3HBIC IS
¢ynxnuu f(x) Beipaxatotcs kak F(x) + C, rae F(x) — nepBooOpasHasi, HalieH-
Has B Tabmuie. IToT (PakT CTPOro He JOKA3BIBACTCA, a TOIBKO TMOSCHIECTCS.

CBs3p MEXAy MIEPBOOOPA3HON W IUIOMAAbI0 KPUBOJIUHEHHOHN Tparenim
ycraHaBnuBaeTcs dopmynoit Helotona—IJleitOnuna. Jlanee BO3HHMKaeT ompe-
JIEJIEHHBIM UHTErpall Kak Mpeaes UHTErpalbHOW CyMMBI, IIPH 3TOM TaK)Ke OKa-
3bIBaeTCsl crpaseyinBoi U hopmyna Herorona—IJleiiOnuna. Takum oOpazom,
9Ta QopMmyIa SBISETCS TIIaBHOW: C €€ MOMOIIBIO BBIUUCISIIOTCS ONpeenEHHbIe
MHTETPaJIbl U HaXOAATCS IUIOLIa 1 KPUBOIMHEHHBIX Tparenuii.

[pocreiimue auddepeHnranbHble YpaBHEHNUS U IPUMEHEHHE [IPOU3BO -
HOM M MHTerpajia K peuieHuto ¢pusuueckux 3anad (§ 59) marorcs B 03HAKOMH-
TEIILHOM IIJIaHE.

[IpeamMeTHBI € Il €J U HU3Y4CHUS IJIABBI:

— (opMHUpOBaHUE IpPEACTaBICHUH O MaTeMaTHKe KaK 4acTH MHPOBOH
KYJABTYpBI, O CIOCO0aX OMMCAHHA Ha SI3BIKE MAaTEMAaTHYECKOTO aHain3a sBiie-
HUU pEATbHOTO MUDPA;

— BBEJICHHE TIOHATHS MEPBOOOPa3HON M 0O0yueHHe HaXOKACHUIO TepBO-
00pa3Hoii, KaK IEHCTBHIO, 00pPaTHOMY HAXO0XICHHUIO TPOU3BOIHOM;

— BBEJICHNE TOHATHS KPUBOJIMHEHHON Tpanennu u (popmMupoBaHue yme-
HUH TpuMeHaTh (popmyny Heroroma—IJleiiOHMIa UIT BBIYHACICHUS TLIOMIANN
KPHUBOJMHENHON Tpaneuuuy;

— ¢opMHpOBaHKE TIpeJCTaBICHUH 00 oONpene’IéHHOM HHTErpalle Kak
BaKHEMILIEH MAaTeMaTU4E€CKOW MOJIENH, ITO3BOJISAIOIIEH U3ydaTh SIBJICHUS CMEX-
HBIX JMCIMIUIAH (TeOMeTpHH, (PU3NKHU, XMMHH U IIP.) U peajbHbIE MPOIECCHI.

MeTanpeameTHme I €J U U3YYCHHS TJIaBbI:

— pa3BUTHE YMEHHUSI CAaMOCTOSTENILHOTO ONpE/IeNICHUs] LelU AesSTeIbHO-
CTU B XOJi€ MPUMEHEHHUs ONPEAEIEHHOTO MHTErpaia Mpy PEIIeHUH HpaKTHye-
CKHX 3a]1ay;

— pa3BUTHE CIOCOOHOCTEH K CaMOCTOSTENbHOM HWH(OPMAIIMOHHO-
MIO3HABATEIbHOMN JIEATENbHOCTH YMEHUHM HCIIONIb30BATh PA3IMYHBIE HICTOUYHUKU
uHdopManMu U pacIIUpEeHus 3HAHHH [0 IPUMEHEHHIO MaTeMaTHYecKOro
aHaNIN3a;

— pa3BUTHE YMEHMH SICHO, JJOTUYHO M TOYHO M3JIaraTh CBOIO TOUKY 3pe-
HUs1, 000CHOBBIBAs PELIICHUS 3aa4 U 10Ka3aTeIbCTBA TEOPEM.

JIJudHOCTHB € I €J U U3yICHHUS INIaBHI:

— HPOJOJDKeHNE (POPMHUPOBAHHUS MHPOBO33PEHHS, COOTBETCTBYIOILIETO
COBPEMEHHOMY YPOBHIO Pa3BUTHS HAYKH;

— (opmupoBaHuEe CTpeMIIEHHS K caM0OOpa30BaHUIO Ha NPOTSDKECHHH
BCCH KU3HU;

— (opMHpOBaHKE HANpPaBIEHHOCTH YYalllUXCS Ha OCO3HAHHBIN BBIOOD
Oynymielt npodeccuy 1 BO3MOXKHOCTEH peain3alliy )KU3HEHHBIX IIaHOB.
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B pesynpTaTe M3y4dyeHHSA TriaaBbl X BCE yJallHuecs JIOJDKHBI
3HaTh MPABIJIa HAXOXKAEHUS NEPBOOOPA3HBIX OCHOBHBIX JIEMEHTapHBIX (QYHK-
uu#i, popmyny Herorona—IJleliOHnIIa 1 yMETh UX MPUMEHATh K BBIYHCICHUIO
IUIOMIaIe KPUBOJIMHEHHBIX Tpamenuii npu pemeHnn 3amad tama 1033, 1035
(1, 2) n u3 pyopuku «IIpoeps ceds!» (3amanms 1, 2, 4 (1)). B xmaccax yray6-
TIEHHOTO YPOBHS JOMOTHUTETHHO — 1038.

§ 54. IlepBooOpa3nas (2 /2 4)

[lens u3yueHuss maparpada — O3HAKOMIJIGHHE C IOHSATHEM
nepBooOpa3Hoi, o0ydyeHHe HaxXOXICHUIO MEepPBOOOPa3HOH CTEneHHOW (YHK-
U, pa3BUTUEC HABBIKOB MO3HaBaTEILHOMN JACATCIIBHOCTH.

W3yuenue marepuaina naparpada IoJie3HO HayaTh C IOBTOPEHUS TIOHATUSA
NPOM3BOIHON M e€ (HU3MYECKOro CMbICIa Ha MPUMepe 3a/laud O MTHOBEHHOMH
CKOpOCTH (MO>KHO MCIIONIB30BaTh 3a1auu 779, 782, 783). [lanee, ciuenys Tekcry
y4eOHMKa, MTOCTaBUTh 33/1ady O HAaXOXICHWH 3aKOHA JIBIDKCHHS 110 TaHHOMY
3aKOHY M3MEHEHHUSI CKOPOCTH W IEPEHTH K OIpEAEIeHHIO MepBOOOpa3HONH U
3agade 1. Ynpaxaenus 983 u 984 anamormunsl 3amadue | W COCOOCTBYIOT
(hOpPMHPOBAHMIO TIEPBHIX MPEICTABICHUH yJaNTXCsl O IEPBOOOPa3HOM.

Ctporoe noka3zatenbcTBo Toro akra, uto ecinu F '(x) = 0 Ha HEKOTOpPOM
MIPOMEXYTKE, TO Ha 3ToM IpoMmexyTke F(x) = C, rne C — MOCTOsSIHHAs, BBIXO-
JWT 32 PaMKH NPOTPaMMBbl cpeqHel mKoibl. [loaToMy naHHOE yTBEpKIeHHE
TIOSICHSIETCSI, ONMHUPAsiCh Ha TEOMETPUYECKHH CMBICT MPOM3BOAHON (11 OOb-
e HATJISITHOCTH MOYKHO HCIIONTB30BaTh PUCYHOK 126 yaeOHMKa).

IMocne 3amaun | B ydeOHMKE HESIBHO MPUBOJUTCS JIOKA3aTENLCTBO YTBEP-
XKIIEHNS, CHOPMYIIMPOBAHHOTO B MpEATIOCIeHeM ab3arie Ha ¢. 292, B KOTOpOM
TOBOPHTCSI, YTO TEePBOOOpa3Hasi HYHKINU Ha HEKOTOPOM HMPOMEXKYTKE OIpesie-
JsieTcs HeOJHO3HAYHO. 3aTeM pacCMaTpPHBAETCs PacloioxkeHHe rpagukos mep-
BOOOpPAa3HBIX U pelraercs 3ajada 2 Tekcra yueOHHKa (Iocie KOTOPO MoJie3HO
BBITOJIHUTH yrpaxkHerue 986 (1)).

B 3agaue 3 mpuBoguTcs BBIBOX (hOPMYIIBI AT HAXOXKICHHUS IEepBOOOpa3-
HOIl CTemeHHOW (YHKILMHM, U 3Ta 3a[a4a JIOJDKHA OBITh pelleHa BCEMH ydallu-
Mmucs. [lanee MOXXKHO BBIOTHHUTH yrpaxkHeHus 985 u 986 (2), pemenne xoto-

PBIX MOXeET OBITh 3allMCaHO, HAIIPUMED, CICIYIOUTUM 00pa3oM:

%H
X) = \/; , cefoBarenbHo, F(x) = X 4 C. Tlo yenosmio rpaduk F(x) mpo-
1 y p p
—+1

|w

xomut depe3 Touky M (9; 10), 1. e. F(9) = 10, + C=10, 18 + C =10,

t\)lwl,\g

C=_8 F)= %x x 8.
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K ynpaxHeHnsIM yueOHHKA MOXKHO J0OaBUTh, HAIIPUMED, TAKHE:

1. ns dynxmum flx) = —X° HATH mepBOOGPasHyio, rpaduK KOTOPOi
mpoxoaut uepe3 Touky M(1; 2).

2. Teno mBwKeTcs MPSIMOIMHEHHO, €r0 CKOPOCTH 3amaércs (opMyIoi
v(t) = 1 + 3¢. HaiiTu 3aK0H, KOTOPBIM BBIpAXKaeTCsl ABMXKEHUE ITOTO TeJla, eCIu
B MOMEHT BPEMEHU f = 4 TeJ0 HaXOIWIOCh Ha paccTosHuH 20 eqMHUI] OT Hava-
J1a IBAKCHHUSL.

HaBTOopoM ypoke MOXHO NMPEITIOKHUTE CAMOCTOSITENBbHYIO PaboTy, KO-
TOPYIO CIIEAYET MPOBEPUTH HEIIOCPEICTBEHHO ITOCIIE BBHITIOIHEHHUS:

4 7
1. [lokazatp, yro Qpynkuus F(x) = XZ [F(x) :%} SIBIISICTCS TIEPBOOO-

pasHoii pyskmmn f(x) = x° [fix) = x°] Ha Beeil YMCIOBOI MIPAMOIL.
2. Haiitu Bce mepBooOpasuble sl pyHKIH

fix) = x% [f(x) :xﬂ.

3. Ana pyakmun fix) = X [ f(x)zlz} HaliTH TepBOOOpa3Hylo, Tpa-
X

¢uk koTopoit mpoxomut yepe3 Touky M(1; 2) [A (0,5; 4)].

Pacnipenenenne marepuana naparpada mo ypokam MOXET ObITb pa3iind-
HbIM: 00 nekms (1 9) u mpakTryeckoe 3amstue (1 1), mubo Tak, Kak oTpa-
JKEHO B Ta0IHIIE.

VYrnpaxHeHus
Homep | Teopernueckuit OCHOBHBIE .
ypoka MaTepHan (B xnacce 1 JUTSL CAMOCTOSI TEITBHO M JIOTIOJTHH-
paboTHI B Klacce TEJIbHEIC
JI0Ma)
1 § 54 3amaum 1,2 983, 984 983 (1)
987; IM
2 § 54 3apmauym 1, 985, 986 B tekcre § 54 No 5. 6
2’ 3 d = s

B pesynbpraTe m3yueHus maparpada Bce ydamuecs DOJDK-
HBI 3HaTh ONpEAENICHUE NIEPBOOOPA3HON U BBIIONHATH TaKUE YIPAKHEHUS, KaK
983, 986. B xnaccax yrimy0i€HHOTO YpOBHS JOMOIHUTENEHO — 987.

§ 55. IlpaBusia HaxoxaeHHus MepBoOOpa3HbIX (3 /2 4)

[Hens u3ydyeHus maparpada — 03HAKOMJICHUE C IIOHIATHCM WH-
TErPUPOBAHKS U 00y4YeHHE MPUMEHEHHIO MPABUI UHTETPUPOBAHUS MPU HAXO-
KICHUU TIEPBOOOPA3HBIX; PA3BUTHE HABBHIKOB CAMOCTOSTENBHOTO MOUCKA pe-
IICHHUS 3a]1aY.
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Wzyuas marepuan naparpada, yJamniecss 3SHaKOMATCS C TaOJIUIEH mepBo-
00pa3HBIX DIEMEHTAPHBIX (YHKUWI W JOBYMS IPaBWIAMH HHTETPUPOBAHHMS.
INoBropeHue (Gopmyln I HAXOXKIEHUSI IPOU3BOJIHBIX MOJIE3HO MPOBECTH MPH
MpoBepKe TabIuIBl IepBooOpa3HbIX. IIpu 3ToM cienyer cpasy oOpaTHTh BHHU-
MaHHUe yJammxcs Ha TOT (akT, 4To mepBooOpa3Has u (QYHKIUS BO BCEX pac-
CMOTPEHHBIX MPHUMEPaX ONpPEAENICHbl Ha OJHOM M TOM K€ NPOMEXKYTKE, T. €.
¢byakumsa F(x) sBusgercs mepBooOpa3sHOi (QYHKIUHU f(X) HA TOM NPOMEXKYTKE,
r7ie OHM 00€ OmperereHbl. DTO Ba)XKHO, B YAaCTHOCTH, VISl MPaBHIBHOTO MOHU-

1
MaHHMS TOTO, YTO IepBooOpa3Hast GyHKIMH f(x) = — maHa Jums it x > 0.
X

KOHG‘{HO, YUUTEIb BIPAaB€ rOBOPUTH MU O CiIyda€ OTPHULIATCIbHBIX 3HA4YC-
HUH x 1 gate obmyo dopmyny In |x| + C. OxHako He cienyer TpeOOBaTh OT
BCEX YYAIUXCsl yMEHHUS IMOJIb30BaThCs 3TOH (POpMyIIoii: B yueOHHKE paccMOT-
peH OoJee IpoCToi cirydai.

Bropas noxoBrHa TabIMIIBI IEPBOOOPA3HBIX CIIOXKHEE VIS IPUMEHEHHUS 1
3alIOMUHAHUSI, TI0O9TOMY BO3MOJKHO TIPH PEIICHUH YHPAKHEHUH IT0JIE30BATHCS
y4eOHMKOM WJIM BBIHECTH BCIO TaONHIly Ha IutakaT. JKemarenbHO BHOBH 0Opa-
THTh BHUMaHHE yYalluxcsl Ha GYHKIHIO f{x) = €', €€ IPOu3BOJHYIO, a Tereph U
NIepBOOOPA3HYIO U MOSCHUTD, YTO ATO CBOMCTBO MpeIopeessieT BaXXHYIO POJIb
JAaHHOW (DYHKIIMHM B PEIICHWH MHOTHX MPAKTHYECKHX 3a1ad (moapoOHee OHU
CMOTYT y3HatTh u3 § 59).

Ha KOHKpeTHBIX IpHMepax MOMHO IMOKa3aTh, YTO MPABHIO HAXOXKICHHS
epBoOOpa3HOi (PYHKIMH, TPEACTaBICHHON B BHIEC CyMMBI (DYHKIIHIA, BEpHO
IUTSL CYMMBI HE TOJIBKO JIBYX CIIaraeMbIX, HO U TpéX u Ooinee. Hanprumep, MOXHO
BBITIOJIHUTG CIIEAYIOIIee Yy p aXHE HU €:

Haiitn nepBooOpasusie GpyHKINM:

1) 3%+ 2x— 1;2) 2 + 3¢" + 4cos x; 3) 4/x + sin 2x— x*— 3.

3areM MpPOBEPHUTH PE3yibTaT peieHus nuddepeHIrpoBanreM. Bpimosn-
HSISl YIpaKHEHHs yaeOHMKa, IEPHOANYECKH TTPOBEPSTH pe3ynbTar tuddepen-
LUPOBAHUEM: TIPH 3TOM yYallHecs: He TOJILKO TOBTOPSIOT U3y4YEHHBIH MaTepu-
aJl, HO M IIy0>Ke OCO3HAIOT CBS3b JABYX OTIEPALHH.

Ha nocnennem ypoke 1o TeMe MOXKHO MPEIOKHUT CaMOCTO ST €I b -
HYI0 MPOBEPOYHYIO paboTy:

1. HaiiTu Bce nepBooOpasusie GpyHKIHH:

1 3 . 2
a)x —2x; 0) ——=; B) 2sin x + x°.
X X
6 2. 1 2
[a)x"+3x5  0) -3 B) 3cos x — x.]
x° X
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2. Ina dysakouu fix) = 2x + 3 [fix) = 4x — 1] HaiiTu mepBOOOpa3HyIO,
rpaduk KOTOpoi mpoxoaut uepe3 Touky M (1; 2) [M (—1; 3)].

1

e +2(x + 1)

3. Hatitn mepBooOpaszuyro F(x) ¢yaknum flx) =

{ﬂx):— +4(x—1)5},ecnu F0)=0 [FO)=1].

(c+1)?
4*, CKopoCTh MPAMOJIMHEHHOTO ABMKEHHUS MaTepHaIbHOW TOUKHM 3a1aET-
ci ¢opmynou V() = (3t + 2\/;). HaiiTn 3akOH JABMXKEHHS TOYKH, €CIIU

S(1) = % . (ITocnennee 3amanue paboTHI HE SBISAETCS 00S3aTEIBHBIM. )

Pacnpenenenue marepuana naparpada 1mo ypokam oTpaxxeHo B Tabiuiie.

YnpaxHeHus
Howmep Teoperuyeckuii OCHOBHEIC (B N
ypoka MarepHa xacce i qo- | VUt CAMOCTOATENEHOR | AOTIONHK-
via) paboThI B Kiacce TEeNbHbIE
§ 55,3anaun 1, 2 988, 989 989 (1, 2)
997, 998;
§ 55,3amaun 1,2 | 989, 992, 993 992 (3,4) M
§ 55,3amaum 1,2 | 990, 991, 994, 991 (2, 5, 8) wmm cMm. § 55
995 TEKCT Ne 23,24

B pesynbpraTe m3yueHus maparpada Bce ydamuecs DOJIK-
HBI 3HaTh MPaBHJIa HaXOXIEHHUS NEPBOOOPA3HBIX, YMETh NMPUMEHATH TaOIHILy
NepBOOOpa3HBIX MPH BHITIOJIHEHUN TaKHX YIpaKHeHUWi, kak 988, 989 (1—4).
B xiaccax yriryOn€HHOTO ypoBHS JOHNONHUTENbHO — 993.

§ 56. Iliomanb KPUBOJIMHEHON Tpaneuuy U HHTerpaJl
2/3 )

Ilenps m3ydyenus maparpada — QopMUpOBaHHE ITOHATHUS KPH-
BOJIMHEHHOH Tparenyy, 03HaKOMJICHHE C ITOHSATHEM HHTerpaja, o0ydeHue BbI-
YHCIIEHUIO TUIOIIAAN KPUBOJIMHEWHOHN Tpareuy B MPOCTEHINX cirydasx; ¢op-
MHUpPOBaHHE MHPOBO33PEHMS, COOTBETCTBYIOIIETO COBPEMEHHOMY YPOBHIO
HayKH.

Marepuan naparpaga naércsi Ha HarIIHO-WHTYUTHBHOM YpPOBHE, IO-
9TOMY YYUTEII0 He ClelyeT TpeOOBaTh OT yJallluXcsl BOCIIPOU3BEACHUS KaKHX-
00 paccysxieHui (kpoMme 3a1ad 1 u 2), npuBeIEHHBIX B yUeOHHKeE.

[pencrasneHre 0 KPUBOJIMHEWHON Tpareluy ydaniuecsl JOJDKHBI MOIy-
YUTh, U3ydasi pUCYHKH 151—156 yueOHWKA (MMeEET CMBICI MEePEHECTH MX Ha
IK). Kaxnerit pa3, Beigensis rpaduk (QpyHKIHH, HETIPEPHIBHON U TIOJIOKHUTEITh-
HOHW Ha oTpe3ke [a; b], npsimble (a 3aTeM TOYKH C aOCIHCCaMH) X = @ U X = b,
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ock Ox, yuamuecs eui€ u emé pa3 BBIIBISIFOT OCOOCHHOCTH (DUTYpBI, KOTOpast
Ha3bIBAaETCsl KPHUBOJMHEIHONW Tparneuueil. ECTECTBEHHO BO3HHMKAET BOIPOC O
BO3MOXKHOCTH BBIYHCIICHHSI TUTOLIaAH (DUTYPEI.

PaccmatpuBast 3amady BIYHMCIEHUS IUIOIIAAN KPUBOJMHENHON Tpamneuuu
C TIOMOIIBIO TTEePBOOOPA3HOI, MOKHO HCITONB30BaTh PUCYHOK 80 BBEOCHUS K
JaHHOH Ti1aBe. Torma yTBepKASHHE O TOM, YTO MPU JOCTATOYHO MAIbIX 3Ha4e-
HUSAX h TUTOmiane KPUBOJNMHEHHOW Tpamnenud NpUONM3UTENbHO paBHa flx)h,
CTaHOBUTCS O0JIee HATIISTHBIM.

®opmyna Herorona—IJleliOHNIIa BBOAUTCS NMPAKTUYECKH OJHOBPEMEHHO
C TEPMHHOM «uHTerpan». CHayaja ydJamimecsi paccCMaTpHUBAIOT MHTETPall Kak
Pa3HOCTh 3HAUCHHH MEPBOOOPA3HBIX U CIIEIOM BBOJST €0 0003HAYCHUE U UTe-
HUE, OTKYyZa HEePEXOasT K 3amrc (POpMyIbl HAXOXKICHHS IUIOIAAN Yepe3 MH-
Terpai.

He cnenyer ycunuBaTh TpyJHOCTH 3HAKOMCTBA CO CTOJIb CIIOKHBIM HOHSI-
THEM U 3J/IeCh K€ TOBOPHUTH 00 MHTETpalie KaK Npeeine WHTErPATbHBIX CYMM:
3TOT MaTepuall BOOOIIe He SBISIETCS 00s3aTeNIbHBIM JUISl BCEX yJaIIUXCS.

Kak yxe oTmewanoch BbIIIe, B Kypce MaTeMaTHKH CPEAHEH IIKOJBI HET
TIOHATHS HEONPENeNIEHHOTO HWHTErpaya, IMO03TOMY OIpeAeNEHHBIH HHTerpal
Ha3BIBAIOT POCTO MHTErpasoM. VMHTerpaibHas CyMMa paccMaTpUBaeTCst B 00-
meM Buae (0Tpe3Ku pa30reHuss MOTYT ObITh HE0OsS3aTeNFHO PAaBHBIMHU) U MIPE/I-
Ha3Ha4YeHa TOJIBKO TSI 03HAKOMJIIEHUS C TIOHATHEM HHTETpasa.

KenarenbHo, 4T00BI yuamuecs: (€ciIM y4UTENb CU&l BO3MOXHBIM O3Ha-
KOMUTh HX C 3TUM MaTepHaJiOM) MOHSIIN, YTO 00 MHTErpabHON cymMmMe (PyHK-
LM HA OTPE3KE, a 3aTeM W WHTErpajie MOXXHO TOBOPHUThH U B TOM CITy4ae, Korza
(YHKIMS HE TOJIBKO HETPEPhIBHA M TONOKUTENbHA, HO U MPHHUMAET Ha 3TOM
OTpe3Ke JIF00bIe 3HAUCHNS, B TOM YHCIIE U OTPHIATENbHBIE, U HYIIb.

Ilpu pemenny 3ama4 Ha HaXOX/JCHWE IUIOMIAN KPUBOJIMHEHHOM Tparie-
LU Ba)KHO, YTOOBI ydJaliuecs TpaMOTHO BBITIOJHSIIN 9€PTEX W MOTIIH €ro HC-
TI0JI30BAaTh JUIS MILTIOCTPAIINH PEIIeHNUS: Ha 3TOM 3Talle BHIYMCICHNE HHTETpa-
J1a BTOPUYHO, TTIaBHOE — BBIYHMCIICHHE TUIOLIA M.

YnpaxHeHus1, IpecTaBJIeHHBIC B 3TOM Iaparpade, orpeaessiioT ypoBeHb
3a7a4, KOTOpHIE JOJDKHBI YMETh pEIlaTh ydJalluecs BBIIYCKHOTO Kiacca II0
JTAaHHOM TeMe.

Pacripenenenue yqaeOHOTO MaTepraa 1o ypokam:

YpaxHeHus
Howmep Teoperuueckuii OCHOBHEIE N
IUTSL CAMOCTOSITETIGHOM | JOTOJHH-
ypoka MaTrepuan (B xIIacce u
paboTHI B KIacce TeNbHBIC
JiomMa)
1 § 56, Bxmouas | 999, 1000 999 (2) 1003;
3amaun 1 u 2 JM § 56
2 § 56 MOJHOCTHIO 1000—1002 1000 (3, 5) Ne 13—16

[Ipy Hanmuyuu BpeMeHW IMOJIE3HO HCIMONb30BaTh ymnpaxHenne 1013 u
3anaun 13—16 u3 «/lugakTHueckux MaTepruaioBy.
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B pesynpTaTe m3ydeHHS maparpada Bce yJammecs JOIK-
HBI YMETh M300pa)aTh KPUBOJIMHEWHYIO Tpamenuio, 3HaTb (Gopmyny Heroro-
Ha—JleliOHUIIa U yMETh €€ MPUMEHSATH MPH PEIICHIH TaKUX YIIPaKHEHUH, KaK
999, 1000.

§ 57. Beiuucienune HHTErpajioB

§ 58. BeiuucieHnne mionaaei ¢ NOMOIbI0 HHTErPAJIOB
§ 59*. IIpumeHeHMe NPON3BOAHOI M HHTErpaJia

K pelleHHI0 npakTuyeckux 3aaay (1/4 v)

Marepuan 3tux maparpadoB He SBISIETCS OOS3aTeNbHBIM IS W3YUCHHS
BCEMH YYAIIIMHUCS KJIACCOB 0a30BOTO YPOBHS U MOXKET OBITh JINOO pacCMOTpPEH
Ha O3HAKOMHUTEIHHOM YpPOBHE, JIHOO TPEATIOKCH yJalmTUMCs IS CaMOCTOSI-
TENTLHOM PaboTHI.

B kmaccax yrimyOnéHHOTO YpOBHS PEKOMCHIYETCS VIACTUTH OOJbINE BHU-
MaHUS U3ydeHuto § 58 u pemenuto 3aaay, Hampumep 1014, 1017, 1018, 1023.
ITo matepuany § 59 MOXHO MPOBECTU CEMHUHAP C MPEABAPUTENHHON MOATOTOB-
KOH y4aliiMHUCs COOOIICHHI 10 KKIOMY U3 IIHKTOB TeKCTa y4eOHHKa.

Ypoku 0000meHuss U cucTeMaTu3anuu 3HaHui (2 /2 v)

Ha 3tux ypokax peKOMeHAyeTcsl pacCMOTpPEeTh HE TOJBKO TepBooOpas-
HYIO, HO ¥ IPOHM3BO/IHYIO, MIOTUEPKHYTh, YTO OTEPAIUS HHTETPUPOBAHHUS SBIIS-
ercsi oOpaTHOW OTHOCHTENBHO IU(QEpEeHIIMPOBaHUS; PACCMOTPETh 3aJayH,
KOTOPBIC PENIATKCh C MOMOIIBI0 MaTeMaTHYECKOro aHanu3a. [loe3HpIMH MO-
ryT ObITh 3amaun 1033, 1035, 964, 969, 970, 976 u «3aganus i NOATOTOBKU
K 3K3aMeHaM» U3 «JIUIaKTHIECKUX MaTepHAIOB).
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I'naBa XI. KomOuHaTopuka

OCHOBHBIC I €T H3yYCHHsS TriaaBb XI|— pasBUTHEC KOMOU-
HAaTOPHOTO MBIIUICHUS YYal[UXCsl; 3HAKOMCTBO C TEOpHUEH COeMMHEHMM (Kak
CaMOCTOSITENIbHBIM DPa3/ieJioOM MaTeMaTUKH U B JallbHEHIIIEM — C anmnaparom
pelIeHus psiia BEPOSITHOCTHBIX 3a1a4); obocHoBaHue (hopMyibl OmHOMa Hpbo-
TOHA.

B Bosbmioit COBETCKON SHIMKIONCANH KOMOWHATOPUKA OIMpPEICsIeTCs
KaK pa3lieNl MaTeMaTUK{, W3YyJarollMi HEKOTOpbIe ONepanuy Haj KOHEYHBIMU
MHOkecTBaMH. OCHOBHBIMH 33/la4aMHd KOMOWHATOPHKH CUHMTAIOTCS CIIETYyIO-
mue: 1) cocraBieHHe YHNOpsIOYEHHBIX MHOXECTB (00pa3oBaHHE MEpecTaHO-
BOK); 2) COCTaBJICHHE IIOAMHOKECTB JAaHHOTO MHO)KeCTBa (00pa3oBaHHUE code-
TaHWi); 3) coCTaBlIeHHE YHMOPSAOYEHHBIX MOJAMHOMECTB JaHHOTO MHOKECTBa
(oOpazoBaHue pa3MeIIeHH).

B MarematndeckoMm sHImKIonequaeckom ciopape (M.: CoBerckast 3H-
nukitonenus, 1988. — C. 276) mpuBoauTCs Cieayrolee onrucaHnne KOMOMHa-
TOPUKHU:

«KoMOmHaTOpHBIN aHAN3, KOMOMHATOPHAS MaTeMaTHka, KOM O M H a -
TOpHUKa — pa3Jie]l MaTeMaTHKH, TIOCBSIIEHHBIN PEIICHUIO 3a/1a4 BBIOOpa U
PACIIOJIOKEHHS DJIEMEHTOB HEKOTOPOTO, OOBIYHO KOHEYHOTO, MHOXKECTBA B
COOTBETCTBUHM C 33JlaHHBIMU TNpaBuiiamMu. Kaxknoe Takoe mpaBUIO ONpEAeseT
CMOCO0 MOCTPOCHUS HEKOTOPOW KOHCTPYKIIMU U3 BJIEMEHTOB MCXOJTHOTO MHO-
JKECTBa, Ha3bIBaeMO KOMOMHATOpHOU KoH(urypauueii. [loaTomy MoXHO cka-
3aTh, YTO IEJbI0 KOMOMHATOPUKH SABJISICTCS U3yYCHHUE KOMOUHATOPHBIX KOH(DU-
Typaluii, B 4aCTHOCTH BOMPOCHI UX CYIIECTBOBAHUS, AITOPUTMBI MOCTPOECHHUS,
peleHue 3a1ad Ha nepeuncieHue. [IpuMepamy KOMOMHATOPHBIX KOH(HTypa-
U SBIAIOTCS MEPECTaHOBKH, Pa3MEIICHUS M COYETaHHsS, OJIOK-CXEMBI W Jia-
TUHCKHE KBaJIpaThl.

BO3HHKHOBEHHE OCHOBHBIX MOHSATUH W pa3BUTHE KOMOMHATOPUKH IILIO
napajuielibHO C Pa3BUTHUEM JIPYIHX pa3/ielioB MaTeMaTHKH, TaKUX, KaK anreopa,
TEOpHsI YUCEJ, TEOPUsS] BEPOSTHOCTEH, C KOTOPHIMH KOMOWHATOPHBIM aHAIN3
TecHO cBs3aH. Emé maremarukam JIpeprero BocToka ObLTH H3BECTHBI POPMY-
J1a, BBEIPAXKAIOIIAs YHCIIO COUYCTAHUN depe3 OMHOMHATbHBIE KOI(D(UITUCHTHI, U
¢dhopmyna buHOMa HBI0TOHA C HaTypanbHBIM Moka3zareneM /7. C MECTHYCCKUMU
[EISIMH U3yJaich Marudeckue KBaapaThl 3-To mopsaka. Poxnenne koMOmHa-
TOPUKU Kak pasjiena MaTeMaTuku cBsizaHo ¢ Tpyadamu b. [Mackans u I1. depma
110 TEOPUU a3apPTHBIX UTP. DTU TPYIIbl, COCTABISIONUIME OCHOBY TEOPUHU BEPOAT-
HOCTEH, OTHOBPEMEHHO COZCPKAIM MPHHIIUIIBI ONPEICIICHUS YHCIa KOMOWHA-
LIUH 3JIEMEHTOB KOHEYHOTO MHOXECTBA.

Bonpmioli Bkiag B pa3BUTHE KOMOWHATOPHBIX METOJIOB OBLI ClHENIaH
I'. Jletionuniem, 5. Bepuymmu, JI. Diinepom. C 50-x romoB XX B. HHTEpeC K
KOMOHMHATOPHKE BO3POXKIACTCSI B CBSI3U C OYPHBIM pPa3BUTHEM KHOCPHETHKH,
JTUCKPETHONW MaTeMaTUKH, TEOPUH IUIAHWPOBAHUS M TEOpUU HH(DOPMAIIUU.
Ha ¢opmupoBanue HampaBiieHHs HCCIACIOBAHMN B JaJbHCHIIEM OKA3bIBAIOT
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BiusHUE 1Ba (pakropa. C 0qHON CTOPOHBI, BRIOOP OOBEKTOB UCCIEIOBAHUM, C
Jpyroit — (opMynupoBKa Lieliei UCCaeJOBaHNs, 3aBUCSIIAs B KOHEYHOM CUETe
OT CIIOXHOCTH H3y4aeMbIX 00BekTOB. Ecnm wuccnemyemas KoMOWHATOpHAs
KOH(HTypanusi UMEeT CIIOKHBIM XapakTep, TO LENbI0 HCCIEIOBAHUS SBISCTCS
BBISIBJICHHE YCIIOBHH €€ CYIECTBOBaHHMSA M pa3pabOTKa alTOPHUTMOB IOCTPOE-
HUSL...»

W3 Bcero MHOrooOpasusi BOIIPOCOB, KOTOPHIMH 3aHMMAETCsI KOMOMHATO-
pHIKa, B cosiep kaHue 00pa30BaHuUs CTapIIeH IIIKOJIBI CEroJHsI BKIIIOUACTCS JIUIITh
TEOpHUs] COEUHEHNH — KOMOWHATOPHBIX KOH(UTypalui, Ha3bIBAIOLINXCS ITe-
pecTaHOBKaMH, pa3MEIIEHUAMHU U coueTaHusAMU. [Ipraém 00sa3aTeTbHBIMI TS
W3Y4YEHUs SBISIOTCSA JIUIIb CoeOuHeHus 6e3 nogmopenuli — COCIUHEHHUs, CO-
CTaBJIIEMBIC I10 ONPENCIEHHBIM IPABWIIAM U3 PA3IUYHBIX dnemenmos. [Ipume-
paMu 3aja4 Ha HOACYET YKCIIa ONpeeNIEHHBIX COSANHEHUH SBISIOTCS, HAPH-
Mep, CIEyIoLHe:

1. 3aoaua na nodcuém uucia nepecmano8ox uz nsamu snemermos (Ps).

CKOJIBKMMH CIIOCOOaMH MOKHO PacCTaBUTh HA TOJIKE ISTH Pa3IMYHBIX
kaur? (O T B e 1. 120.)

2. 3a0auu na nodcuém uucia pasmewjeHull u3 4emulpéx no 06a (Af ).

1) CkoubKoO cylecTByeT BapHaHTOB Ha3HAuEHHS TJIABHOTO OyXraiuTepa U
ero 3aMeCTHTENs M3 YeTBEPHIX MPETCHASHTOB Ha OSTH JOJDKHOCTHU?
OTrBerT. 12)

2) CKOIBKO pa3ITUYHBIX JABY3HAYHBIX YMCET MOKHO 3aIHCaTh C MTOMOIIBIO

uudp 5, 6, 7, 8, UCTIONB3ys KXY U3 HUX B 3allUCH He Oojiee 0mHOTO paza?
OTrBerT. 12)

. . .. 2
3. 3a0aua na nodcuém uucia covemanuil u3 wemvipéx no oga (Cj).

CKOJIBKO CYIIECTBYET BaPHAHTOB BHIOOpA BOMX UYEIIOBEK JUIS y4acTus B
KOH(EpeHINN 13 Yrcia 4eTBephix npereHaeHToB? (O TB e T. 6.)

Juis mozcuéra 4ymcna CoeNMHEHMH KaKIO0Tro BHAA C IOMOIIBIO NTPAaBHIIA
TIPOM3BECHUS B ATOH IJ1aBE BEIBOAATCS (YOPMYJIIBI

m! m!
B, =n!, A,’,llz—, ,’,’Z:—,
(m-n)! nl(m—n)!
rnen!=1-2-3-.. - (n—1)  n— npousBeneHne NePBHIX /1 HATYPAIbHBIX YH-

cex; rpu 3ToM poompenersrorest 1! =1 u 0! = 1. [lng ygamuxces (mocie 3Ha-
KOMCTBA C PacCCMOTPEHHBIMH TpeMsl BHJIaMU COEIMHEHWH) MU PEIIeHUH KOH-
KpPETHOH 3a/1a4él OCHOBHOM ITPOOJIEMON CTaHOBUTCS IIO/IBEICHHE YCIIOBUS IO/
KOHKpPETHBIA TUN coenuHeHust. OOBIYHO 3a7a4M Ha MOJICYET YKCiIa MepecTaHo-
BOK y4alllhecs JIETKO Y3HAIOT. A OTJIMYaTh 3aJa4d Ha MOACYET 4ucia pa3Melle-
HUH OT 33724 Ha MOJACYET YMCIia COYETAHWH CNaObIM YJaIIuMCs 4acTo ObIBaeT
3aTPYIHUTENBHO. YUYHUTENI0 MPUXOJUTCS HEPEIKO MPUAYMBIBaTh MHEMOHHYE-
CKHe TOACKa3ku st Takod nuddepenumannu. Hanpumep, uro0sl yuamuecs
NOHSUIM, YTO Pa3MEIIEHHS — 3TO VHOPSAOOYEHHble MHOMKECTBA DSIIEMEHTOB,
MOJKHO «IIPHUBSI3aThb» TEPMUH pa3MEIIEHUs K CIIOBOCOYETAHHUSM BHJIA pasme-
wjenue (4ero-muodo; rae-noo) mo mopsAAaKy. IPGEKTUBHBIM IS 3TOH Ke 1Een
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ObIBaeT HAIlOMHHAHHE TOTO, YTO MEPECTAHOBKM — 3TO YacCTHBIM CIydail pas-
MEIEHUI.

Pemas npuxiagHyio (TEKCTOBYI0) KOMOWHATOPHYIO 3a/ady Ha IOACYET
YycIa COEUHEHNH, B MIEPBYIO OYEPEab yUIEHHK JOJIKEH BBLICHUTh — pPa3HbIE
WIA ONMHAKOBBIE, TIO CYTH, MOJYYarOTCS COCIWHEHHMS, €CIH IOMEHSITh B HHUX
TIOPSIIOK PACHOI0KEHHS SIEMEHTOB.

ITomumo mpaBmia npowsBeneHHA (TEPBOE 3HAKOMCTBO C KOTOPBIM
MIPOM30IIIO Y yJalluxcst B 7 Kjlacce, HOBTOPHOE — B 9 Kjlacce IpH pelIeHnH
3JIEMEHTAPHBIX BEPOSTHOCTHBIX 3a7a4) B KOMOWHATOPHKE OCHOBHBIM CUHTACT-
Csl M TIPaBUIJIO CYMMBI, KOTOPOE MOXKHO C(hOpMyJIMpOBAThH CIEAYIOUINM 00pa-
30M: «Ecnu HEKOTOPBIHA 371eMEHT MOXKHO BBIOpaTh /1 CIIOCOOaMM, a APYroH sie-
MEHT MOXXHO BBIOpATh /71 CIIOCO0aMH, TO BEIOpaTh JINOO MEpBBIi, MO0 BTOPOi
9JIEMEHT MOXXHO 7 + m crocobaMmy. OJHAKO NP WCIIOIb30BAaHHH IpaBHIIa
CYMMBbI B JaHHOH (OPMYIMPOBKE (€CIM YUWTENh PEMINT C HeW MMO3HAKOMHTh
y4aluxcs CHIBHOTO KJlacca) HEOOXOIMMO CIIEANTH 32 TeM, YTOOBI HU OJIMH M3
C1Ioco00B BBIOOpA MEPBOTO 3JIEMEHTa HE COBNAJ C KaKUM-JIHOO CIIOCOOOM BBI-
6opa BTOpOTO IeMeHTa. Ecin Takoe CoBMajeHne UMEETCsI, TO IPaBUIIO CyMMBI
HENB3s MPUMEHATH, TaK KaK YHCIIO Crioco0oB BeIOOpa Oyner paBHO n + m — k,
rne k — umcno coBnageHui. IIpaBuio CymMMBI B IWIaBe HE paccMaTpHBAETCA,
TaK Kak pelleHHe 3a7ad Ha ero npuMeHeHne (0e3 CrenuanrsHOro 3HaKOMCTBA C
MIPaBUJIIOM) HE BBI3BIBACT 3aTPYOHEHUHN Aaxe y crnabbix yugamuxcs. [IpuBemném
MIPUMEp 33/1aud, PEIIaeMON C IOMOINBIO KOMOMHATOPHOTO IMPAaBHJIA CYMMBI:
«B xmacce 10 geBouek u 12 mManpunkoB. CKOIBKAMH CIIOCOOAMU U3 yIAIUXCS
KJIacca MOYKHO BBIOPATh OJHOTO JEKYPHOTO 10 cToNoBOi?» (O T B e T. 22.)

CdopmynupyemM OCHOBHBIE LeJIH H3YUCHNUS TaHHOW TJIaBBlI.

[IpeanmMeTHBI € II€JH W3Y4CHHUS IJIABBI:

— BBEJICHHE MTOHATHH NePEeCTaHOBOK, Pa3MEIIEHUH 1 COYETaHNH;

— o0ydJeHHe PemIeHNIO MMPAKTUIYECKUX W MPHUKJIATHBIX 33/1a4, CBOSIINX-
Csl K MOJCYETY YHcia IepecTaHOBOK, Pa3MELIEHUH U COUSTaHNH];

— 000CHOBaHNE KOHCTPYHPOBaHUS TpeyronbHuKa [lackais;

— o0ydJeHne BO3BEJICHUIO ABYWICHOB B HATYPAIBHYIO CTEIIEHb C UCIIOJIb-
3oBaHueM (opmyisl HeloToHa.

MeTtanpeaMeTHBI € II€J U M3YICHUS IJIaBbI:

— (opMHpOBaHNE YMEHUSI HaXOIUTh ONTHUMAJIBHBIE CIIOCOOBI pEIICHHUs
3aj1a4, JIOCTHKEHUS TTOCTaBJICHHBIX LIEJIeH;

— Pa3BUTHE YMEHHsI CAMOKOHTPOJISI U CAMOOLIEHKH CBOEH JesTEIbHOCTH;

— Pa3BUTHE HABBIKOB COBMECTHOW AEATEIHHOCTH C OJHOKIACCHUKAMH U
YUUTEISAMH;

— Pa3BUTHE YMEHHSI CTPOUTD JIOTUYECKHE OOOCHOBAHUSI yTBEPKICHUH;

— pacimupeHne 3HaHui 0 (OPMANBHBIX A3bIKaX M UX MCIIOJIb30BaHUH IS
pelIeHNs IPHUKIIaJHbIX 3a/1a4d.

JIJudHOCTHB € I €J U N3yICHHUS INIaBHI:

— (hopMHpOBaHKE LIEIOCTHOTO MHPOBO33PEHHS, COOTBETCTBYIOIIETO CO-
BPEMEHHOMY YPOBHIO Pa3BUTHS HAyKH W MPAKTHKH;
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— (hopMHpOBaHNE OCHOB JMYHOCTHOTO PA3BUTHS M CAMOBOCIHUTAHHMSA, TO-
TOBHOCTH K CAMOCTOATENIBHON TBOPUECKOH NEATEIbHOCTH;

— pa3BUTHE KOMMYHHKAaTUBHBIX KaUeCTB JTUYHOCTH;

— MOMOIIb B MPO(hECCHOHATTLHOM OPHEHTAINH YJaIUXCsl ¥ OATOTOBKA K
OCO3HAHHOMY BBIOOPY JanbHEHIIero mpoduitst 00y4eHus 1 mpodhecCHoHaTEHON
JEATETbHOCTH.

BpesynbrrtaTe u3yuenus raabb X1 Bce ydamuecs
JIOJDKHBI HAy9UTHCS TPUMEHSATH (HOPMYIIBI MOACYETa YHCIIA PA3INIHBIX BH-
JIOB COENMHEHHMH NpHU pelreHuH ynpaxkHeHud tuma 1043—1047, 1059—
1062, 1065 (1, 3), 1072—1075, 1080—1083; HOMKHBI HAYYUTHCS 3aAICH
pasiioKeHusl OMHOMa IpH BBITIONHEHNH ynpaxkHeHuit tana 1092. Pacripene-
JIeHne y4eOHOro MaTepHaia IJIaBbl 10 ypokaM (1o I BapuaHTy mporpaMMel)
MOJKeT OBITh TAaKMM, KaK I0Ka3aHO HIXe B Tabiuue. Ha 3Tx ypokax peko-
MEHYETCs BBIIOIHATh yInpaxxHeHus k rase X u3 «/lunaktudeckux Mmate-
pHAaIOBY.

YnpaxHeHus
Howmep Teopetnueckuit . JI010J1-
ypoxa Io— OCHOBHbIE YISl CAMOCTOSTEIIBHOM -
(B KJ1acce U JoMa) paboTHI B KJIacce
TEJbHbIE
1 § 60 (moBTope- VYerHo (¢ ppoHTANBHEIM 1052, 1055 1056—1058
HUE U3YYCHHOTO | OOCYXICHUEM):
B OCHOBHOM 1043—1046, 1047,
LIKOJIE) 1048; 6e3 obs3aTenbHO-
r'O JIOBESJICHHUS JI0 YH-
CJIOBOTO pe3yJsbTara
1049—1055,
§ 61 1050—1052 (npomne- 1062—1063 (3), 1066,
JIeBTUKA MaTepHaa 1064 (3, 7), 1065 1067,
§ 61); 1059—1065, 3,7 1071
1068—1070
2 § 62, mo 3amauu 1072—1076 1072 (7)
3
3 § 62: 3amaum 3, 1077, 1078 1. Haiitu 3HaucHUE 1079
4 BBIPAKEHUS:
Ag + A2
n ST,
A7
) A8
4
2. Pemmts oTHOCH-
TEJBHO /M ypaBHEHHUE:
1) A2=90;
2) Ap=14-4_,
4 § 63 mo cBoiic 1080—1086, 1088 1080 (7, 15) 1087
TBa |
5 § 63: coiicTBa 1089—1091 IIposepounas camo- 1109
1 u 2, 3amaua 3 cTosiTeNbHas pabora
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1o BapuaHTaM Ha 10
MUH:

1. HaiiTn 3HaueHue
BBIPAKCHHUSI:

Gie +Cig
et

2. CKOIBKHMH CIIOCO-
6amMu MOXHO U3 7
HMEIOIIHXCST PO3
BBIOpATh 3 JUIs 1MO-
napka? [CKOIbKUMHU
crocodaMu MOKHO
J1aTh UMEHA J[BOUM
poauBLIMMCS OIM3HE-

[{aM-MaJIb4iKaM,
BBIOUpast HX U3 7

TTOHPABHBIIHXCS
uMEH?]
§ 64 no 3amaun 1105, 1092, 1106 1092 (9), 1106 (3) 1113
2
§ 64: 3anaya 2 1093, 1094 Iposepounas pabora 1094,
10 3aJa4aM pyOpuKH 1096
«IIpoBeps cebds» (moce
(c. 334) pasbopa
3a1a4u 3
TeKcTa
napa-
rpada)
§ 60—64: N3 ynpaxuenuit k rmaBe: 1097—1113 (mocne 1114
obobuienne u aHanM3a CaMOCTOSTENBHOH paboTBl MPOILIOro
CHCTEeMaTH3a- ypoKa)
LIS 3HAHUH,
yMEHUI

KonrponbHas pabora Ne 11
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I'naBa XII. DyieMeHTHI TCOPHHU BePOATHOCTEM
(11/13 4)

OcHOBHAsA Ie1b M3YYECHUS TIaBbl — (OPMHUPOBAHHE BEPOATHOCT-
HOTO MBIIIJICHNS YYaIUXCcs; 3HAKOMCTBO C OCHOBHBIMH TOHSATHSIMU TEOPUH
BEPOSITHOCTEN 1 00ydeHNE HaXOXKACHUIO BEPOSITHOCTEH M 00ydeHNe HaXOXK/ie-
HUIO BEPOSITHOCTEH COOBITHI B OIBITaX C OYCBHIHBIMH (MUIM JIETKO BBIYMCIISE-
MBIMH C TIOMOII[BI0 KOMIIBIOTEPHBIX 3HAHUI) pABHOBEPOSTHBIMU HCXOaMH.

3aga4n, KOTOpBIE, B OCHOBHOM YYal[Hecsl peliajidi B Kypce MaTeMaTHKH,
MIpeAToNaraiil KOHKPETHbIE ACHCTBHUS W MX OJHO3HAYHBIN pe3ynbTar. OmHaKko
ecTb OONBIION KPYT 33a7ad, KOTOpbIe UMEIOT IUPOKOE IPUMEHEHUE B pa3iny-
HBIX HayKax, TEXHHUKE, IPUKIAIHBIX 3HAHUAX, HO B KOTOPBIX pe3yibTaT AeicT-
BUSI HE OMNpelencH OAHO3HAYHO. Y4Yalluecs, 3HaKOMUBILUECS C HEKOTOPBIMU
BOIIPOCAaMH TEOPHM BEPOSITHOCTEH B OCHOBHOMW IIKOJIE, MOTYT MPUBECTH MPO-
CTEHIINIA TpUMep: ecy MOAOPOCHTh MOHETY, TO HEJb3d TOYHO CKa3aTh, KaKOH
CTOPOHOH BBEpX OHA YHaAET — OPJIOM WM PEIIKON. 37ech pe3yabTar AeUcT-
BUs (IToXOpachIBaHKs MOHETHI) HE ONpEneN€éH OJHO3HAUYHO. MOJXKeT MmoKas3aTh-
Csl, YTO B OTOM 33/1a4€ U B AHAJOTHUYHBIX € HET HUKAKOIO ONPEIEIIEHHOIO pe-
3ynpTata. OgHAKo 3TO He Tak. Jlaxke WrpoBas MpaKkTHKA MOKa3bIBACT, YTO MPH
60JpIIOM YMCIIE OPOCKOB MPHMEPHO B MOJIOBUHE CIIy4acB BbIMAmacT opél, a B
MIOJIOBUHE — PelIKa. A 3TO ye CBOeoOpa3Hasi 3aKOHOMEPHOCTb.

Emé omnH mpuMmep W3 peaqbHON MPaKTHKU: Tpu oOpaboTke meraneid Ha
CTaHKEe-aBTOMAaTe pa3Mepbl MOIydaeMbIX naetaneil OyayT KonebGaThCst OKOJIO
HeKoToporo 3HadeHus. KonebaHus HOCAT ciy4aliHBIA XapakTep. OQHaKo pac-
MIpeAeNeHNe pa3MepoB B OOIBINNX MAPTUSX JICTAICH MMEET TOBOJIHO CTPOTHE
3aKOHOMEPHOCTH: CpeTHHE apu(PMETHIECKHE pa3MepOB JAeTaleil B pa3HbIX Hap-
THSIX OKa3bIBAIOTCS MPUOJIM3UTENFHO PaBHBIMH; OTKJIOHEHHS TOM WIM MHOU
BCIIMYUHBI pasMeEpa OT CPECIAHETO 3HAYCHHU A TAKKC BCTPECUAIOTCA B pa3HbIX Map-
THUSIX IPUMEPHO OJIMHAKOBO YacTo.

PaccMmoTpenHble BHIBI 3aKOHOMEPHOCTEH M MM IOAOOHBIC, BCTpEYaro-
LIMECS] B MACCOBBIX CIIy4ailHBIX SIBJICHUSIX, U3Y4AIOTCS TEOPUEU BEPOSITHOCTEN.

BriepBeie Takoro pojga 3aKOHOMEPHOCTH OBIIM 3aMeueHbl NPH PELICHUU
3a7a4, CBA3aHHBIX C a3apTHBIMM WIPaMHU, B OCHOBHOM C HIPOM B KOCTU B
XVII B. (0 94éM CBHAETENBCTBYIOT HaYYHBIE ITOMCKH TOTO BPEMEHU MaTeMaTh-
koB II. ®epma u b. Ilackans). Torna u ObTH BBEAEHBI OCHOBHBIE ITOHATHS T€O-
pUU: CIy4alHBIN OMBIT (MCHBITaHUE), CIydaifHOe COOBITHE, OTHOCHUTEIbHAS
4acTOTa COOBITHSI, BEPOATHOCTH COOBITHSI.

Omuocumenvuoti uacmomoti (W) coObITHS A Ha3BIBAIOT OTHOIIECHUE YHC-
7a cydaeB M TOSBICHHUS STOTO COOBITHS K O0IIEeMy YHCITY HCIIBITaHuH N, TIpo-

. . M .
BEJIEHHBIX B OJHUX U TEX K€ yCIOBUSIX, U 3anucbiBaloT: W(A) = W . Ycroitun-

BOCTb OTHOCUTEIHHON YacCTOTHI MPU MHOTOKPAaTHOM IPOBEJCHHUU HCIIBITaHUI

MOXET OOBSCHSITHCS JIMIIb MPOSIBICHUEM HEKOTOPOrO OOBEKTHBHOIO CBOMCTBA

CIIy4alfHOTO COOBITHS, COCTOSIIEr0 B CYIIECTBOBAHUH ONPEAEIEHHON CTENEeHU
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ero Bo3MoOkHOCTH. Hampumep, npuOaM3uTeIbHOE PAaBEHCTBO OTHOCHUTENBHBIX
yactoT BemaneHus 1, 2, 3, 4, 5 u 6 oukoB npu OpOCaHWK HTPATHHON KOCTH
00BsICHAETCS €€ CHMMETPHUSIMH, JETAONIMMU OJMHAKOBO BO3MOKHBIM BBITIa/Ie-
HHE KKAO0U U3 €€ rpaHen.

Takum 00pa3om, cTerneHb 00BEKTHBHON BO3MOXHOCTH CITy4alfHOTO COOBI-
THSI MOXKHO M3MEPHUTH YHCIOM. JTO YHCIIO HA3BIBACTCS 8EPOSMHOCHIbIO COObI-
mus (1 o6o3Hauaercs OykBoit P). IMEHHO OKOJIO 3TOTO YHCIA TPYIITUPYIOTCS
OTHOCHTENIFHBIE YaCTOTHI CIy4aHHOTO COOBITHS TP YBEITUYEHUH YHCIIA UCIIBI-
tanuii (P(A) = W(A)). OTHOcHTeNnbHas 4YacToTa COOBITHS 3aBUCHUT OT 4YHCIA
MIPOM3BEAEHHBIX HCIIBITaHNH, BEPOATHOCTD K€ CIyJaifHOTO COOBITHS CBSI3aHA
TOJBKO C CAMHM CITyYaiHBIM COOBITHEM (TIPH IOCTOSTHHBIX YCIIOBHSAX ).

Takoif mMoAX0x B ONpeneseHUH BEPOSITHOCTH HA3bIBAIOT CHamucmuye-
ckum. TlogpoOHO 0 HEM pEKOMEHIyeM YYWTEII0 IPOYNTaTh B IOCOOWMH
M. B. TkauéBoit u H. E. ®€nopoBoii «neMeHTbI CTAaTUCTUKH U BEPOSTHOCTb,
7—9 xmaccen» (M.: [lpocemmenue, 2009).

Tonmpko B MPOCTEHIIHMX CIydasX BEPOSITHOCTh CIYYaHOTO COOBITHSI MO-
XKeT OBbITh HaiijieHa «Ha Oymare» 0e3 MpOBEAEHHS MHOTOYHCIICHHBIX HCITBITa-
HUil (ueMy U mocBsmieHa riaBa XII yueOnnka). Kaxxmoe ucrbiTanne B 3THX
CITy4asiX TaKOBO, YTO OHO 3aKaHUMBAETCSI OJJHAM W TOJIBKO OJTHMM M3 UCXOZOB
(coObITHIN), HA3BIBAEMBIX IEMEHTAPHBIMHU COOBITHSIMU (W, Wy, ..., W,). C Kax-
JIBIM HCXOJZIOM W) CBSI3BIBA€TCSI HEOTPHLATEIBHOE YUCIIO Py — GEPOSAMHOCHb
storo ucxoxa. IIpu atom p; + p, + ... + p, = 1. 3arem paccmaTpuBaercsi Oomee
CIIO’KHOE COOBITHE A, COCTOSILEE B TOM, YTO «HACTYNAET UM W; UIIU W, ..., UIIU
wy». cXompl wy, Wj, ..., Wy, Ha3bIBAIOT 01G20NPUAMCMEYIOWUMY COOBITUIO A U
IO OTPEIEITICHUIO TOJIATAIOT BepOATHOCTh P(A) COOBITHS A paBHOH cymMMe Be-
POATHOCTEH ONaronpuATCTBYIONIMX eMy MCXOHoB: P(A) = p; + p; + ... + py.

. . 1
YactHeIl ciydail, Korga p; = p, = ... = p, = — (B yueOHHKe B OCHOBHOM M pac-
n

CMAaTpPUBAIOTCSI TaKWE COOBITHS), MPUBOAUT K KJIACCUYECKOMY OIpEETICHUI0
N m

BEPOSATHOCTH, BhIpakeHHOMY (opmysioit P(A) = — : «BeposiTHOCTh cOObITHS A
n

paBHA OTHOLICHHUIO YHCIIA /71 UCXO/I0B, OJIAaronpHusTCTBYIOMNX A, K YHCITy BCEX
PaBHOBO3MOYKHBIX HCXOJIOB /).

[Moscuér Bcex BOZMOKHBIX MCXOJI0B UCIBITAHHUS U UCXOJ0B, O1aronpusT-
CTBYIOIIMX COOBITHIO A, YacTO OCYIIECTBIISETCS C ITOMOIIBI0 METOAOB KOMOH-
Haropuku. [IpuBeném npumMep ycroBus U peIeHUs TaKoH 3a/1aquH.

3 anxauy a. BHayuHoMm obmiectBe 3 neBymiku U 5 roHomei. Kakosa Bepo-
SITHOCTB TOTO, YTO CIIy4aifHBIM 00pa3oM BBIOpaHHbIE JUIsl y4acTHsl B KOHQEpeH-
UK 2 4eJaoBeKa U3 Yuciia WICHOB 00IIecTBa OKaXXyTCs IOHOIIaMU?

Pemenwue. Ilyctb coObitue A — ciuydailHIM 00pa3oM BBIOpaHEI
2 1oHOmHU. Yuco BCeX, BO3MOXKHBIX 1ap, COCTABJICHHBIX U3 WICHOB OOIIECTBa,

n= C82 =28. Yucmo map, OMaronpusATCTBYIOMINX COOBITHIO A, paBHO YHCIY
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BO3MOXKHBIX TIap, BBIOpAaHHBIX W3 5 IOHOMIEH, T. €. m:C52 =10. Tornma

Pay=2-10_5
n 28 14

B Bosbiioil coBeTCKOM SHIMKIIONEIUN TEOPHUST BEPOSATHOCTEH OMpesensi-
eTcsi KaK «MaTeMaThdeckas HayKa, MO3BOJIAIONIAs MO BEPOSTHOCTSM OJHUX
CITy4alfHbIX COOBITHH HaXOJWUTHh BEPOSTHOCTU JPYTUX CIYyYailHBIX COOBITHH,
CBSI3aHHBIX KaKHM-JTHOO 00pa3oM C TIEPBBIMIT.

I'maBa XII yueOHHMKa MOCBSIIEHA MCCIECJOBAHUIO MPOCTEUIIMX B3aWMO-
CBsI3el MEXKIY Pa3IMYHBIMKU COOBITHUSIMH, & TaK)Ke HAXOXJICHUIO BEPOSTHOCTEH
HEKOTOPBIX BHJIOB COOBITHI Yepe3 BEPOATHOCTH JIPYIUX COOBITHH.

IlepeuricnymM OCHOBHbIE IEIU U3YUEHHUS TJI1aBBlI.

[IpenMeTHBI € Il €U HU3Y4CHUS IIIABBI:

— 3HaKOMCTBO C Pa3IUYHBIMU BUAAMH COOBITHI U MX KOMOMHALUSAMY,

— BBEACHHUE MOHATHUSA BEPOSATHOCTU COOBITHA (B KJIACCHYECKOM ITOHHUMa-
HHUH) ¥ 00y4eHHE HAXOXKICHUIO BEPOSTHOCTH CIYYaHHOTO COOBITHS C OYEBU -
HBIMH OJIarONpUATCTBYIOIIUMHU UCXOIAMHU;

— o0yueHHe NMPUMEHEHUIO NPH PELICHUH 3a7ad TEOPEM: O BEPOSITHOCTH
CYMMBI JBYX HECOBMECTHBIX COOBITHI (B Kjaccax yriyOJIEHHOTO YPOBHS — C
TEOpPEMOH O BEPOSTHOCTH CYMMBI JIBYX IIPOU3BOJIBHBIX COOBITHIN);

— BBEJICHUE TTOHSTHUS IPOTHUBOIIOJIOKHOTO COOBITHS M 00ydIeHNE ONTUMHU-
3alliU PEIICHUS 3a/1a9 C UCIOb30BaHueM GopMyitbl P(A) =1- P(A) ;

— o0y4eHHe COCTaBJIEHUIO BEPOSTHOCTHBIX MOJENEH MO YCIIOBHIO 3aja-
4u; (GOpMHpPOBaHHE YMEHUS MPUMEHITh KOMOWHATOPHBIE 3HAHUS TPH HaXOX-
JICHUH BEPOSITHOCTEH CITyYaifHbIX COOBITHH.

MetanpeaMeTHB € Il€J U HU3y4YECHUS INIaBhI:

— (opMHpOBaHHE TIPEICTABICHUI O MaTeMaThKe KakK YacTH MHPOBOI
KYJIBTYpBI; O POJIX MAaTEMAaTUKH B OIMCAaHUM HA MAaTEMAaTHYECKOM SI3BIKE SIBJIE-
HUU pealbHOTO MUpA;

— (opMHpOBaHKE TPEICTABICHUN O Tpoleccax U SBICHHUSIX, UMEIOIINX
BEPOSITHOCTHBIH XapakTep; (OpMHUpOBaHHE YMEHHMH OIIEHHBATH BEPOSTHOCTH
HaCTYIUIEHHS COOBITHI, OTTMCHIBAEMBIX B PA3IMYHBIX MTPEAMETHHIX cepax;

— (opMHpOBaHHE YMEHHWII OpraHW30BBIBATH M TIPOBOJUTH HCCIENOBA-
TENICKHE U J1a00paTopHbIe paboTHI;

— pa3BUTHE YMEHUS WCIIOJIL30BATh, CO3/IaBaTh U MPEeoOpa30OBHIBATH pa3-
JIMYHBIE CHMBOJIbHBIE 3alTUCH W MOJIENHM /ISl PeIlleHHs] YIeOHBIX M peabHBIX
3aj1a4 B Pa3IMYHBIX MPEIMETHBIX 00JacTsIX.

JIudHOCTHB € I €1 U U3ydyeHUs IVIaBbl:

— (opMHpOBaHKE LIEIOCTHOTO MHPOBO33pEHHS, COOTBETCTBYIOIIETO CO-
BPEMEHHOMY YPOBHIO Pa3BUTHA HAyKU U MPAKTUKY;
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— MPOJOIDKCHNE PA3BUTHSI OCHOB JINYHOCTHOTO CaMOPa3BUTHUS U CaMO-
BOCITUTAHMUST,;

— 3aBepiueHne (pOpPMUPOBAHUS TOTOBHOCTH U CIIOCOOHOCTH K OCO3HAH-
HOMY BBIOOpY JallbHEHIIero npoduisi oOyueHus U AanbHedied mpodeccro-
HaJIbHOH JIeSITeIIbHOCTH,

— 3aBepiieHne (POPMHUPOBAHMS HABBIKOB COLMATM3ANH 1 TPOAYKTHBHO-
IO COTPYTHHYECTBA CO CBEPCTHUKAMHM U B3POCIBIMH.

Bpesynsratre um3yuenus runasbe XII Bee yuamuecs
JIOJDKHBI Y M € T b HaXOJIUTh BEPOATHOCTU CIYJaWHBIX COOBITHH C ITOMOIIBIO
KJIACCHYECKOTO OIPEAEIECHUS] BEPOSITHOCTH TPH PEUICHUH YINPAKHEHUH THIIA
1125—1128; umeTp mpeacTaBICHHE O CYMME U NPOU3BENICHUH JBYX COOBITHH,
YyME€TBh HAXOAUTH BEPOSTHOCTH IPOTHBOIIOIOKHOTO COOBITHS (pemarh yIi-
paxuenus tuna 1137—1140); MHTYUTHBHO ONpEneNsTh HE3aBUCHMBIE COOBI-
THSI U yM € T b HaxOJUTh BEPOSTHOCTh OJHOBPEMEHHOTO HACTYIUICHHS He3a-
BHCHUMEIX COOBITHH B 3a/a4ax, aHajgoruuueix 1148, 1149.

[puBeném cucoK JOMOIHUTEIFHON JIUTEPATypHI M0 BOIIpocaM KOoMOWHa-
TOPUKHU U TEOPUH BEPOATHOCTEN.

I.bepuynnu S. O 3akone Oonpmux uncen. — M., 1986.

2.byaumoBuu E. A, bynsraen B. A  OCHOBHI CTaTUCTUKH U
BeposATHOCTE. — M., 2004.

3.Bunenxun H A Kombunaropuka. — M., 1969.

4. Tmypwman B. E. Teopus BeposTHOCTE 1 MaTeMaTH4ecKasi CTaTh-
cruka. — M., 1997.

5S5.Tmengenxo b.B,Xurauuua A. . DnemeHTapHOE BBEICHHE B
TEOpHIO BeposiTHOCTEH. — M., 1982.

6. Trotukac B. C. ®akynpTaTHBHBIN Kypc IO MaTeMaTuke. Teopus
BeposiTHOCTe. — M., 1990.

7. Moctennep O.llarpaecar 3aHUMaTENbHBIX BEPOATHOCTHBIX 3a-
nad ¢ pemerusmMu. — M., 1985.

8.[lnouku A BepoaTHOCTb B 3a1a4ax AJsl LIKOJIbHUKOB.— M., 1996.

9. Tkauéra M.B.,, ®énopoBa H. E. Dnemenrtsl craTuCTUKH U
BEPOSITHOCTh. Y4ueOHOe nocobue jyist ydamuxes: 7—9 ki1 — M., 2009.

10. Tropun 0. H u gp. Teopus BeposTHOCTEH U cTaTucTUKAa. — M.,
2004.

11.YucTsaxos B.IlL Kypc reopun BepositHocteii. [Tocobue st cry-
JIEHTOB BY30B. — M., 1982.

12Mub6acos JLIL,Iu6acosBa 3. d. 3acrpanuniamu yaeOHU-
Ka MaTteMaTtHku. — M., 2008.

IIpumepHOE pacrpeneneHne ydeOHOro mMarepuaia IJaBbl IO ypOKaM OT-
PaXEHO B CIENyIoIeH TabmuIe:
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SITHOCTB TOTO, YTO CPEIH HUX
OKa)XeTCsl XOTs OBl OJTUH 3€-
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cUcTeMa- TeJs)

TH3ALHS

3HAHUH U

YMEHHI)

KonrpospHas padora Ne 12
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I'nasa XIII. Cratuctuka (8 /9 v)

BeposiTHOCTHO-CTaTHCTHYECKHE 3HAHMSI MIPAIOT BOKHYIO POJb B 00IIe-
00pa30oBaTeNnbHOIl IMOATOTOBKE COBPEMEHHOTO 4YeNOBeKa: 0e3 3TUX 3HaHUU
TPYOHO BOCHPUHHMATH COLHAIBHYIO, ITOJMTHYECKYI0, YKOHOMHYECKYIO HWH-
(bopmanyo ¥ NIpUHUMaTh Ha €€ OCHOBE OCO3HAHHBIE, 00OCHOBAHHbBIE PEIICHHUSI.
be3 croxacTtiueckux 3HaHUK HEBO3MOXKHO U MOJTHOIEHHOE M3Y4eHHE BOITPOCOB
COBPEMEHHOW (HM3HUKH, ONOJIOTHH, XUMHH.

3HaHMI oMMcaTeNbHON CTATUCTUKH JOCTATOYHO JUISI DJIEMEHTApHOTO aHa-
JIM3a JaHHBIX B 0003pHUMBIX BBIOOpKAX; I HAXOXKACHUI HEKOTOPBIX XapakTe-
PHUCTHK Ta 4acTh coJiepKaHus 001Iero o0pa3oBaHusi, KoTopas B 00pa3oBarelb-
Hbix CTaHzaprax Ha3zBaHa cmamucmuxou (M BKIIOYAeT B ceOs U3yueHUE Cpeji-
HHUX XapaKTEePUCTHK BBIOOPKH, HEKOTOpbIE MEphI pa3dpoca 37IeMEHTOB BBIOOP-
KM, HarJsIHOE MPEACTaBICHIE JaHHBIX), SBIACTCS, (GaKTUYECKH, JIUIIb Onuca-
MeNbHOU U HA2NAOHOU CMAMUCMUKoU COBOKYITHOCTH IAaHHBIX, MO KOTOPBIM
MOXHO CYIUTh 000 Bcel BBIOOPKE; Ul IPABMIIBHOTO BOCIIPHATHSA CTATUCTHYE-
CKOH mH(pOpMAIHH, TIOTyIaeMON U3 CPEICTB MAacCOBOW MH(OPMAIUH; IS MIPO-
BEJICHUsI HECIIOXKHBIX MACCOBBIX HCCIICNOBAHUM; JUI IMOHMMAHHUS TOTO, Kakas
BBIOOpPKA MOXKET CUHTATHCS PENPE3CHTATUBHON U T. II. MOXKHO CUMTATh 3HAHUS
OIMCATeNIbHOW CTATHCTUKH DIIEMEHTOM OOIIEil KyIbTYpbl COBPEMEHHOTO YelI0-
BeKa.

O,[[HaKO MOHSATHS OIHICATCIIFHON U HaFHHHHOﬁ CTaTUCTUKH JIMIIb B IIEP-
BOM HpI/I6J'II/I)KeHI/II/I OTpaXXarT COACPKAHUEC Mamemamudeckou cmamucmuku,
KOTOpas ABJIACTCA COCTaBHOH 9acCThHIO TCOpUU BCpOS[THOCTCf/i.

OCHOBHBIM MOHATHEM MaTeMaTH4YeCKON CTaTUCTHUKH SIBISICTCA CAVYAUHAsA
8enuuUHA, OHA JKE SIBISAETCSI OCHOBHBIM IPEIMETOM M3Y4YEHUs JaHHOTO CTOXac-
TUYECKOro paszena MareMaTukyd. HarloMHUM onmnpenesie HuU € cinydaiiHOU
BEJIMYMHBI (KOTOPOE B SIBHOM BUJE B y4eOHHKE HE GOpPMYIUpyeTcs, a pa3bsic-
HSIETCSI HA KOHKPETHBIX npuMepax): «CirydaiiHas BETMYUHA — 3TO BEJIMYMHA,
KOTOpasi IPUHUMAET B PE3YJIbTATE OIBITA OJJHO U3 MHOXKECTBA 3HAUECHUMH, NPU-
4yéM MOSBJIECHHE TOTO WIM MHOTO 3HAYEHHUS 3TOM BEIMUYUHBI 10 €r0 U3MEPEHUs
(TIosIBNIEHNS) HEBO3MO>KHO TOYHO IpEZCcKa3aTh». B yueOHMKe MOHATHS Cydai-
HOW BEJTMYMHEI U €€ 3HAUCHUH BBOJSATCS B PE3yJIbTaTe PACCMOTPEHUS OIBITOB C
OpocaHueM UrpallbHOM KOCTH (37€Ch CilydaifHasi BennurHa X MPUHUMAET OIHO
W3 3Ha4YeHul 1, 2, 3,4, 5, 6).

Ho ecnm B ommcarenbHOM CTAaTHCTHKE dallle BCETO paccMaTpuBarOTCA
auCermele C]ly‘l(li:lel@ BE/IUYUHDbL (T. €. BCJIMYNHBI, TPUHUMAIOIIUE U30JINPO-
BAaHHBIC 3HAYCHU A, MHOXCCTBO 3HAQYCHUN KOHCYHO HIIH C‘IéTHO), TO MareMaTu-
YECKasA CTaTUCTUKA 3aHUMACTCA B OCHOBHOM M3YUYCHUEM CBOMCTB HenpepvleHblx
C]ly'{aﬁHle BE/IUYUH (T. €. BCJIMYWH, IPUTHUMAKIINX JIF00BIC 3HAYCHHUS M3 HEKO-
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TOpOTO NMPOMEKYTKa). BBeeHNE B TEOPHIO HETIPEPHIBHBIX CIyIalHBIX BEINYNH
TIPUBOJUTCS B yIEOHUKE KaK JIOMOJHUTEIbHBIN MaTepHal.

B nelicTBUTENBHOCTH paccMaTpUBaeMble B OMNMCATEIbHOM CTAaTHCTHKE
JUCKPETHBIE CITydaifHble BETMYMHBI MOJKHO YCIIOBHO Pa3JeNIUTh HA JIBE KaTero-
puH: yucmo Ouckpemmuvie (KaKk, HalpuMep, OLEHKH 32 KOHTPOJBHYIO padory:
3llech CilydaiiHasi BEJIMYMHA MOXKET NMPUHUMATH JII000€ M3 MATH LEIOYUCIIeH-
HBIX 3Ha4YeHUU 1, 2, 3, 4 u 5) U ycnoeHo ouckpemuvie, SBIAIONUECS (HaKTHUC-
CKM CPEIHHMMM 3HAUYEHUSIMHM MHTEPBAJIOB HENPEPBHIBHOM CIIy4aliHON BEJIMYHMHBI
(xak, HapuUMep, pa3Mepsl OIXKIBI: Tak 48 pazMep OAEXK bl IPHUCBOEH Cepeau-
He MHTepBalla MoJyo0XBaTa rpyiHoH kieTku ot 47 1o 49 cm).

VY4uTens AOMKEH 3HaTh, YTO CYLIECTBYET U JAPYroil MOAXo[ K ompenele-
HHUIO HEIPEPBIBHOW CIYYaiiHOW BEJIMYMHBI — (DYHKYUOHANbHBIU (KOTOPBHIA M
UCIIONIB3YETCs] B BY30BCKHX Kypcax MaTeMaTHYecKOH CTaTUCTUKH). Ilpu sTom
HOAXO0JE CIy4aifHyl0 BeIMYMHY X PaccMaTpUBAIOT Kak (DYHKIMIO JIEeMEHTap-
HBIX COOBITHII C 00JAaCTHIO ONpPEAENCHUsI — MHOYKECTBOM BCEX JIEMEHTAPHBIX
coObITHi. s cimy4aifHOW BENMWYMHBI MOXKHO allpUOPHO (10 OMBITa) YKazaTh
JIMIIB BEPOSTHOCTH IOTA/IaHUs 3HAYCHUS CIydalHOW BEJMYMHBI B HEKOTOPHIC
YHCIIOBbIE IPOMEXYTKH (Harpumep, X < x, a < X < b ¥ T. I1.) U MIOACYUTHIBATH
cooTBeTcTByromue BepositHocT: P (X < x), P (a < X < b) u 1. n. @opmynupy-
€TCs 3aKOH pacnpeoenieHust CIyHauHou 6enutuHbl — COOTHOIIEHHUE, YCTaHABIIH-
BaloIee KakuM-TH00 00pa3oM CBsI3b MEXKIY BO3MOMKHBIMHM 3HAYEHHSIMHU CIy-
YailHOW BENMYMHBI U UX BEPOATHOCTAMHU. K BakHEHIIMM XapaKTepHUCTUKaM
CITyJaifHOW BEIMYUHBI OTHOCHUTCA (DYHKYUsA pacnpedeieHus CIy4ailHON Beu-
giHBl F(X) — BEpOATHOCTH COOBITHSI X < X, O3HAYAIOIIAs], YTO CITydaiHas Be-
JU4HHA X B pe3ylbTaTe HEKOTOPOTO UCIBITaHHS IPUMET 3HAYCHHE, MEHBIIIEE X,
T.¢. F(x) = P (X <x).

CtopMynupoBaHHBIE B TJIaBe ONpENCICHHs NO3BOJIAIOT H3y4aTh IHC-
KpETHBIC M HENPEPhIBHBIC CITyYaifHble BEJIMYMHBI B OHOM Jiormke. s muc-
KPETHBIX CIyYailHBIX BENMYMH 3aKOH DPACIpPEICNCHHUs 3aluChIBacTCs JMO0
(dhopmyroi, OO B BUIIE mabnuysl pacnpedeiers TI0 BEPOSTHOCTSIM (B CIrydae
KOHEYHOT'0 MHOXKECTBA 3HAYCHHH CIy4ailHON BenuuuHbl). OTHOCHUTENBHbBIC
YacTOTHI B ONHCATEIIHON CTATHCTUKE SIBISIFOTCS 1p0o0Opa3amu 8eposimuocmetl
MOSIBJICHUS. TOTO WM WHOTO 3HAYEeHHs CIy4ailHOW BenuuuHbl. [losToMy B
y4eOHHKe, TIe paccMaTpUBAIOTCS HEOONIbIINe M0 00BEMY «ydeOHBIE» BBHIOOD-
KH, 3aKOHBI PACIPEICNICHUs] 3HAYCHUH CITy4ailHbIX BEJIMYMH MPEICTABICHBI B
BUJIE MabauYy pacnpeoenerus no Yacmomam U OMHOCUMENbHbIM YACIMOMAM.

I'pagpuueckoii popmori 3a1aHus 3aKOHA PACTIPEICIICHHUS TUCKPETHON CITy-
YaHOW BEIMYMHBI SABJSICTCS no/ueoH (MHOTOYTOJBHHK) YacTOT, a HEIpPephIB-
HOH — eucmoepamma. YKenarenbHo, 4TOObl KaKk MOXKHO dallle paccMaTpHBa-
JIUCh U aHAIM3UPOBAIMCH HAa YPOKaX BHIOOPKH C OOJBIIMM YHCIIOM 3JIEMECHTOB
(6onee 50), pactipeienicHre 3HAYCHUN B KOTOPBIX OJTU3KO K HOPMAIbHOMY pac-
npedenenuio. J{ist TakuxX BIOOPOK MOJMIOHBI YaCTOT (OTHOCHUTEIBHBIX YacTOT)
OyayT 1O BUAY NPUONIMKATHCA K BHIY KPHBOH HOPMAaJILHOTO paclpelnesieHus
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(umerotneit popmy nepeBépHyToro kosnokoia). [lo rpaguyeckumM WILTIOCTpAIH-
sIM yOOOHO M3y4aTh CBOWCTBA pacCMaTPHUBAEMON CIyJaifHON BEITMYHHBI (COOT-
HOCHTb Cpe/HEE 3HAu€HHE C MEAMAHON COBOKYIHOCTH, OIPEAENATh pasMax,
OIIYIIATh AUCIEPCHIO).

OCHOBHEI € I €J U U3YYCHUS ITIaBbI:

— oOydenne cOopy, aHAIN3Y M HATSIIHOMY MPEICTABICHUIO CTATHUCTH-
YCCKHUX OTAaHHBIX,

— ¢opMupOBaHHE YMEHHS uumamb TOTOBbIE TAOMHILI M JHarpaMMBbl,
BHUJCTH 3a HUMU KOHKPETHBIC SABJICHUA C NPUCYIIITUMH UM 3aKOHOMEPHOCTAMU;

— (dopMHpOBaHKE TPECTaBICHUN O CIy4alHOW BeJIMYMHE, 3HAYCHUSIX
CJIy4aliHOM BEJIMUYMHBI U 3aKOHE paclpeieseHUs 3HAUYEHUH CIlydaliHOUM BEJIUYHU-
HbI (110 BEPOATHOCTSIM, YaCTOTaM M OTHOCHTENIbHBIM 4aCTOTaM);

— oOyueHHe 3aJaHUI0 3aKOHA PACIpE/eNeHUs 3HAUeHUH CITyJaifHOU Be-
JIMYUHBI B BUJIE TaOIUIIBI;

— oO0yJeHHe HaIIAJHOMY IPEICTABICHHIO paclpeelieHus 3HaueHUH
CIIy4alHOM BEIMYUHBI B BUJE MOJUTOHOB YacTOT, OTHOCUTEIBHBIX YAaCTOT, Be-
posiTHOCTEH;

— oOyueHne mpeoOpa3zoBaHuio (GOpM MNPEACTABICHHUS CTATHCTUYECKHX
JAHHBIX;

— (opMHpOBaHKE MOHATHHA LEHTPATBHBIX TCHICHIMH BBHIOOPKH: MOJPBI,
MEMaHbl, CPEAHETo apu(METHUECKOTO0; OOYUCHHE BBIYMCICHHIO ITHX IIEH-
TpPaJIbHBIX TEHACHUUU B CIy4asX MPEACTaBICHUS 3HAYEHUM CIydallHON Benu-
YMHBI B BUJIE PsI/Ia, TAOIHIIBI, TOIUTOHA;

— (opMHpOBaHKE MOHATUI Mep pacCessHUs JTaHHBIX BBIOOPKH: pa3Maxa,
JAUCIICPCUH, o6y1{eH1/Ie BBIYHCIICHUIO 3TUX MEP pacCesIHUs B CliydasdX IpEaACTaB-
JICHHSI JAHHBIX B BHJE PAIA, TAOIHUIBI, TIOJMIOHA,

— (opMHpOoBaHUE TPENCTABICHUNH O T€HEPATbHOW COBOKYITHOCTH U pe-
NPE3eHTaTUBHOI BBIOOPKE, O BLIOOPOUYHOM METO/IE.

B pesynbpTtaTte msyuenusa rnasbel XIII Bee yuamuecs
JIOJIKHBI CIIPABIATHCS ¢ ynpaxHeHusmu tuna 1185, 1187, 1188, 1193, 1197,
1201, 1202.

B KJIacCax, U3ydaromux BOMNPOCHI CTATUCTUKU BICPBBIC ITPUMEPHOC pac-
npeaciicHnue y‘l€6HOFO Marepuajia o ypokaM OTPaKCHO B Ta6nnuax (C y4da-
IMUMHUCA, HU3YYAaBIIMMU CTOXACTUYCCKUC Ppa3aCiibl MATCMATHKU B OCHOBHOI
IIKOJIC, BpEMA U3YUCHUA MaT€pUuaia MOXKET OBITH COKpaIleHo, 0CB060]II/IBI_HI/Ie-
Cs 9aCbl MOT'YT OBITH MPUCOCANHCHBI K U'TOT'OBOMY IOBTOPEHUIO Kypca).
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VpakHeHus

Homep OCHOBHBIE FULA CaMO=
ypoka | Teoperuueckuii MaTepuan | (B kmacce u CTOATCIIb AOHOJIHH-
1ova) HOH paboThI TEJIbHBIE
B KJIacce
1—2 § 71 no momo- 1184—1190 1190 1191, 1192
HHUTEJBHOTO MaTepHaia, (mocne u3-
0003HaUEHHOTO 3HAYKOM yUeHHs
*Hac. 366 MaTepuaia,
00o03HaueH-
HOTO 3Ha4-
KoM *)
3—6 § 72 10 IOTIOHUTENBHO- 1193— 3ananus 1200 (mocne
ro Marepuaina, 0003Ha- 1199, pyOpuku H3y4YeHUs
YEHHOTO 3HAYKOM * Ha 1201—1206 | «IIpoBeps MaTepuana,
c.372;8 73 cels!» 0003HauYeH-
(c. 384) HOTO 3Ha4-
KOM *)
1207—1209
7—8 § 71—73 (06001meHne 1 1112— KouTtposb-
MPOBEpKa 3HAHUN U yMe- 1115, 1218 Has paboTa
HU) Ne 13 na
20 MmuH

163




Hrorosoe moBropenue Kypca
aJre0pbl 1 HAYAJI AHAJIN3A

YPpOKH UTOrOBOr0 MOBTOPEHHSI MUMEIOT CBOEH LIENbI0 HE TOJBKO BOCCTa-
HOBJICHHE B MaMSTH yJaIIMXcs OCHOBHOTO MaTepuaia, HO u 00001IeHne, yrod-
HEHHME W CHUCTEeMAaTH3allMI0 3HaHUHM 1Mo anreOpe W HadajaM aHaiu3a 33 Kypc
cpermHel mKoabsl. Marepruan st 3TUX YPOKOB COJEP)KUTCS B CIEAYIOMINX Pa3-
Jenax y4eOHuKa: «YTIpakHEHUs! JJIs1 HTOTOBOTO TOBTOPEHHS Kypca anreOpsl u
HauaJl aHamu3a», «3aadul 1yisl BHEKIACCHOW paboThI».

Temarnueckoe IIAHUPOBAHHE YPOKOB HTOTOBOTO TMOBTOPEHHS MOXET
OBITh PAa3IMYHBIM B 3aBHCHMOCTH OT MaTeMaTH4eCKOH IOArOTOBKM Kjacca U
ycrpemieHuil yuurens. [IpuBeném onuH M3 BO3MOKHBIX BAPUAHTOB ILJIAHUPO-
BaHUs, B KOTOPOM IIOBTOPEHME NPEIIOIaracTcs MpOBOAUTH 110 OCHOBHBIM CO-
JepKaTellbHO-METOANIECKUM JIMHUAM. B cOOTBETCTBUM ¢ KOHIIENIMEH Kypca u
MIOBTOPEHUE 1e71eCO00Pa3HO BBICTPOUTD B CIEAYIOIIEM MOPSIKE: BBIYUCICHUS
U peoOpa3oBaHKs — YPaBHEHHUS U HEPABEHCTBA —s (DYHKLIUH.

Brraucnenus u npeodpazoBanust — 2/5 4.

YpaBHEHUsI, CHCTEMBI YpaBHEHHH, HepaBeHCcTBA — 4/6 4.

Oynakunn u rpadpukn — 4/6 4.

HUroroBast koHTpoNbHAs pabdoTta — 2/2 4.

Pemenue 3amad mo Bcemy Kypcy — 2/4 .

[Ipyu mpoBeIeHNN UTOTOBOTO MOBTOPEHHS MPEAIOIaraeTcs NIMPOKOe MC-
NOJIb30BaHNE 1 KOMOWHHPOBAHKE PA3IMYHBIX THIIOB YPOKOB (JIEKIIWHA, CEeMUHA-
pOB, TPAaKTUKYMOB, KOHCYJAbTAMA M T. [1.) C IENbI0O OBICTPOrOo OXBaTa
00BIIOro 10 00BEMY MaTepHaa.

Heo0XxoMMBIM 37IEMEHTOM YPOKOB UTOTOBOTO MOBTOPEHUSI JOJDKHA OBITH
caMocTosiTelbHAs padoTa ydamuxcs. OHa 1Mojie3Ha Kak CaMHUM yJalluMcsl, Tak
1 YUYHTEITIO ISl OCYIIECTBIICHUS] OOpaTHOM CBSA3U. 3aMaHus JUI CAMOCTOSITEIb-
HOW TPOBEPOYHON pabOTHI JOIDKHBI OBITH M OOIMMHU (TI0 BapHaHTaM OIHOTO,
HarpuMep 00s13aTeNIbHOT0, YPOBH), B AU depeHnnpoBanHbIMA. DOpMBI TIPO-
Be/ICHHsI pabOT TOKE JIOJDKHBI OBITH Pa3HOOOPA3HBIMH: OT TPAJAWIMOHHOW pa-
0OTBI C ABYMSI-TpEMsI 33/IaHUSIMHU JI0 TECTOB M paboT B GopMe paboumx TeTpa-
Jell ¢ 3arojHeHHeM NpoOenoB B MPUBENEHHBIX PACCY)KACHUSAX (YTO IOJIE3HO
JUTS CITA0BIX yJaIuxcs).

JIOTIOTHUTENBHO VISl YYAIUXCs, MHTEPECYIOINXCS MaTeMaTHKOH U CO-
OUparoIIMXCcsl MPOAOIDKUTE 00pa30BaHNE B BBICIINX YIEOHBIX 3aBEJCHUSX, T/E
HEOOXOAMMBI 3HaHHWS MaTeMaTWKH, IEIecoo0pa3HO UCIIOIb30BaTh paszel
y4eOHMKa «3a1a4u 115t BHEKJIaCCHOW pabOThI».
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HpnMepﬂoe IVIAHUPOBAHHC y‘l€6HOI‘O Mmarepuajaa
I BapuanT: 2 4 B Hexento B 1-M nosxyroauw,
3 4 B HE/IENIO BO 2-M MOJYTOJIUH, Bcero 86 4
II BapuanT: 4 u B Hexento, Bcero 136 4

10 kaace
Howmep KomuectBo
naparpada CopneprkaHue MaTeprana 4acoB
I II
I'nasa L. JleificTBuTE/IbHBIE YHCIA 13 18
1,2 Henble u pannonanbHble yncia. JleficTBUTEIbHbIE 3 4
qHCIa
3 BeckoneuHo yOrIBaroIIas reoMeTpryecKas Iporpec- 2 2
cust
4 ApupmeTndeckuii KOpeHb HATYypPAIBLHOM CTETIEHU 3 4
5 CreneHb ¢ paloHATIbHBIM U JEHCTBUTEIBHBIM MTOKa- 3 5
3aTeneM

Ypoku 00001ICHUS U CHCTEMATH3AIN 3HAHUI
KownrpossHas pabora Ne 1.4
KontponpHas padora Ne 2.4

Ypok 00001IeHUs U cUCTeMaTU3alliy 3HAHU I 1 2
Konrponsnas padora Ne 1.1 1 —
KonrponsHas pabora Ne 2.1 — 1
I'nasa IlI. Ctenennas ¢pyHKuus 12 18
6 CrenenHas QyHKIUA, €€ CBOWCTBA U rpauk 3 3
7 Bzanmuo oOparHbie QpyHKIUN 1 1
I1.4 JlpoOHo-nuHeliHas GyHKIU U e€ Tpaduk 1 1
8 PaBHOCHIIBHBIC YpaBHEHHS U HEPABEHCTBA 2 4
9 HppanuoHaibHble ypaBHEHUS 2 4
10%* HppanuoHaibHble HEpaBEeHCTBA — 2
Ypoku 00001ICHUS U CHCTEMATH3AIMN 3HAHUI 2 2
KouTpossHas padorta Ne 1.2 1 —
KonrpomsHas pabora Ne 2.2 — 1
I'nasa I1I. TlokazaTenbHast pyHKIuUS 10 12
11 [NoxkazarensHas QyHKIHA, €€ CBOWCTBA U TpapuK 2 2
12 [oxa3arensHble ypaBHEHHS 2 3
13 [Toxa3arenbHbIE HEpABEHCTBA 2 3
14 CucTeMBbl IOKA3aTEIbHBIX YPAaBHEHUN U HEPABEHCTB 2 2
Ypok 06001IeHus U cucTeMaTU3aluy 3HAHU I 1 1
Konrpomsnas pabora Ne 1.3 1 —
Konrponsnas pabora Ne 2.3 — 1
Iaasa IV. Jlorapupmuyeckas ¢pyHkuus 15 19
15 Jlorapudmsr 2 2
16 CBoticTBa TorapugmMoB 2 2
17 JlecsiTHYHBIE U HATY paJIbHBIE JIOTApU(PMEI 2 3
18 Jlorapudmudeckas QyHKuus, e€ CBOWCTBA U rpaduk 2 2
19 Jlorapndmuueckne ypaBHEHHs 2 3
20 JlorapudmMunueckue HepaBeHCTBa 2 4
2 2
1 _
— 1
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I'naBa V. Tpuronometrpuyeckue ¢popmyJibl 20 27
21 Pagnannas mepa yria 1 1
22 [ToBOpOT TOYKH BOKpYT Hauana KOOpJUHAT 2 2
23 Omnpenenenne cuHyca, KOCHHyCa U TAHTEHCA yTiia 2 2
24 3HaKM CMHYCa, KOCHHYCa U TaHT€HCca 1 1
25 3aBUCUMOCTb MEX]ly CHHYCOM, KOCUHYCOM U TaHT€H- 2 2
COM OJIHOTO M TOTO K€ yIia
26 TpuroHoMeTpuuecKue TOXIeCTBa 2 3
27 CuHyc, KOCHHYC ¥ TAHTEHC YTJIOB OL X —0, 1 1
28 DopMyJIBI CITOKEHUS 2 3
29 CuHyc, KOCHHYC ¥ TAHT€HC IBOMHOTO yTiia 1 2
30% CuHyC, KOCHHYC U TAHI'€HC [I0JIOBUHHOI'O YIiIa 1 2
31 DopMy el IpUBEICHNUS 2 2
32 CyMmMa 1 pa3HoCTb cuHycoB. CyMMa 1 pa3HOCTh KO- 1 3
CHHYCOB
Ypok 006001IeHUs U cUCTeMaTU3alliy 3HAHU I 1 2
Konrponsnas pabora Ne 1.5 1 —
KonrpomsHas pabora Ne 2.6 — 1
I'naBa VI. TpuronomeTpuyeckue ypaBHeHHs 14 18
33 VYpaBHeHHUE cOs x = a 3 3
34 VYpaBHeHue sin x = a 3 3
35 VYpaBHeHue tg x = a 2 2
36 Pemienne TpUrOHOMETPUYECKUX YPABHEHUH 4 5
37%* [Ipumeps! peleHus NpoCTEHIIMX TPUTOHOMETpHUY e- — 2
CKHMX HEPaBEHCTB
Ypoku 00001ICHUS U CHCTEMAaTH3aIMN 3HAHUI 1 2
Konrposshas pabora Ne 1.6 1 —
Konrpomsnas pabora Ne 2.7 — 1
IloBTOpeHue M pemieHne 3axa4 2 24
11 xkanace
Howmep Komnuuaectso
naparpada ConeprxaHue MaTepuana 4acoB
1 I
IToBTOpeHne kypca ajaredpbl M HaYadI MaTeMaTHYeCKOI0 AHATH- 6
3a 10 kiaacca
I'nasa VII. Tpuronometpuyeckue pyHKuuu 13 20
38 O06nacTh onNpeneICHNH 1 MHOYKECTBO 3HAYCHUH TPH- 2 3
TOHOMETpHUYEeCKUX (yHKIHit
39 YETHOCTB, HEYETHOCTD, IEPUOJUYHOCTh TPUTOHO- 2 3
METPUYECKUX (PYHKIHH
40 CBolicTBa QyHKIMH y = cOS X U €€ rpaduk 3 3
41 CaoticTBa QpyHKIMH y = sin x u e€ rpaduk 2 3
42 CpoiicTBa QyHKIMH y = tg x U € rpadux 2 2
43% OOpatHbIe TPUrOHOMETPHIECKHe (QyHKIHH — 3
Ypok 00001IeHNS ¥ CHCTEMAaTH3aI[iH 3HAHUH 1 2
KownrpossHas pabora Ne 1.7 1 —
Konrponsnas pabora Ne 2.8 — 1
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I'nasa VIII. IIpou3BoaHas u eé reoMeTpM4eCKMIl CMBbICJI 16 20
I.3 [Ipenen mocnegoBaTeNBHOCTH 1 1
44 [IpousBognas 2 2
45 IMpousBoanas creneHHOH QyHKINN 2 3
46 [paBuna muddepeHumpoBanus 3 3
47 [Ipou3BogHBIE HEKOTOPBIX dJIEMEHTAPHBIX (PyHKIIHIA 3 4
48 I'eomeTpuueckuii cMbICT IPOU3BOAHOM 3 4
Ypoku 06001IeHNS ¥ CHCTEMaTH3aIM| 3HAHUI 1 2
Konrpossnas paborta Ne 1.8 1 —
KonTponsHas pabota Ne 2.9 1
I'nasa IX. [lpumeHeHne MPON3BOIHOM 12 18
K HCCJIel0BaHNI0 pyHK it
49 Bo3spacranue u yosiBanue QyHKImn 2 2
50 DKCTpeMyMbl QyHKIHN 2 3
51 [MpnmeHeHne MPOU3BOAHOM K IMOCTPOEHHIO IPaUKOB 2 4
yHKIMI
52 Haubosbliee ¥ HAaNMeHbIIIee 3HAYCHHS (YHKIINH 3 3
53% BrimyknocTs rpaduka GpyHKINK, TOUKH Tepernba 1 3
Ypok 006001IeHUs ¥ cUucTeMaTU3aliy 3HAaHU I 1 2
Konrpomsnas pabora Ne 1.9 1 —
KonrpossHas pabora Ne 2.10 — 1
I'maBa X. UnTerpan 11 14
54 [lepBooOpaznas 2 2
55 [IpaBuna HaX0’KICHUS IEPBOOOPA3HON 3 2
56 [Tnomane KpUBOJIMHEHHON Tpaneuy U UHTErpal 2 3
57, 58 Beruncnenue uaTerpanoB. Berducnenue mioniazei ¢ — 2
MOMOIIIBIO HHTETPAJIOB
59 [IpumeneHue NpoU3BOAHOM U UHTETpaja K PELICHUIO 1 2
MPaKTHYECKHX 3a/1a4
Ypoku 06001IeHNS U CHCTEMATH3AIMN 3HAH Ui 2 2
Konrpomsnas pabora Ne 1.10 1 —
KonrponsHas pabora Ne 2.11 — 1
I'naBa XI. Kom0nHaTopuka 10 13
60 [IpaBuno mpousBeneHus 1 2
61 [lepectanoBku 2 2
62 PasMmemnienus 1 2
63 CoueraHus U UX CBOICTBa 2 2
64 bunom HeroTona 2 2
Ypok 00001IeHAS ¥ CHCTEMATH3aI[UH 3HAHUIA 1 2
KontponpsHas pabora Ne 11 1 1
I'aapa XII. Di1eMeHTHI TEOPUH BePOSTHOCTE I 11 13
65 CoObITHs 1 1
66 KomOunanuu coobITHii. [IpOTHBOMOJIOKHEIE COOBI- 1 2
THS
67 BeposTHOCTE COOBITHS 2 2
68 CrioxeHue BeposITHOCTEN 2 2
69 HesaBucumeble coObITHS. Y MHOXKEHHE BEp OSITHOCTEH 1 2
70 CratucTuyeckasi BEpOsSITHOCTh 2 2
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Ypok 00001eHHs ¥ cUCTeMaTU3ald 3HAHU I
KontponpHas padora Ne 12

I'nasa XIII. CtaTucTnka

71 CrnyyaifHple BeTUIUHBI
72 LenTpasnbHbie TEHACHIIUN
73 Meps! pazbpoca

Ypok 00001IeHNS T KOHTPOJIS
KonTponsnas padora Ne 13

—_——= N NN = =

HtoroBoe HNOBTOPEHHUE KypcCa aIIFerI)I M HadaJl MaTCMaTu4CCKOIro
aHaJms3a

W= = NN —= =

N
w

168




Or.aBsienune
IIpenucnosue 3
10 xaace
I'nasa L. [lelicTBUTe/IbHBIE YHCIA 5
§ 1. Ilenble u panoHaNbHBIC YUCa &
§ 2. JleiicTBuTenbHBIE UNCIa 8
§ 3. BeckoHeuHo yObIBarolas reoMmeTpuueckas nporpeccus 10
§ 4. Apudmernyeckuii KOpeHb HATypaJbHOM cTeneHu 12
§ 5. Cremnensb ¢ palliOHALHBIM U IEMCTBUTENBHBIM MOKa3zaTeaMu 13
I'nasa II. Crenennas pynkuusa 16
§ 6. Crenennas QpyHkuus, e€ cBoiicta u rpadpuk 18
§ 7. B3aumuo obOparubie pyHkimn 20
[Mpunoxenue. § 4. lpobHo-nuneitHas ynkuus u e€ rpadpuk 21
§ 8. PaBHOCHIIBHBIC ypaBHEHUS U HepaBeHCTBa 21
§ 9. UppaunonansHbie ypaBHeHUsT 24
§ 10*. UppamyionansHble HepaBeHCTBa 26
I'nnasa IIL. Tloka3aTeabHnas Gpynkuus 29
§ 11. TokazarenbHas GpyHKIUsA, € cBocTBa U Tpaduk 30
§ 12. Iloka3arenbHble ypaBHEHU 32
§ 13. Tloka3zarenpHble HepaBeHCTBa 34
§ 14. Cucrembl MOKa3aTeNbHBIX YPABHEHUN U HEPABEHCTB 36
I'nasa IV. Jlorapudmnueckas pynkuus 39
§ 15. Jlorapupmer 41
§ 16. CroticTBa jorapudmon 43
§ 17. JlecaTiuHble U HaTypalbHbIe Torapupmel 44
§ 18. Jlorapudmuueckas ¢pyHkms, e€ cBoiictBa u rpaguk 45
§ 19. Jlorapudmuueckue ypaBueHnus 48
§ 20. Jlorapudmuueckue HepaBeHcTBa 49
I'naBa V. Tpuronomerpuyeckue popmyanl 52
§ 21. Paguannas mepa yrima 55
§ 22. TloBOpOT TOYKM BOKPYT Hadaja KOOpAUHAT 56
§ 23. Onpenenenue cuHyca, KOCUHyCa U TaHreHca yrina 59
§ 24. 3naku cuHyca, KOCHHYca M TaHreHca 62
§ 25. 3aBUCUMOCTBH MEX]Ty CHHYCOM, KOCHHYCOM U TAHT€HCOM OJHOTO U
TOTO Xe yrma 63
§ 26. TpuroHomeTpuIecKre TOXAECTBa 66
§ 27. CuHyc, KOCUHYC U TaHT€HC yIIoB o 1 —o. 69
§ 28. ®opmynsl cinoxenus: 70
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§ 29. Cunyc, KOCHHYC M TaHT'€HC JBOMHOTO yria 73
§ 30*. Cunyc, KOCHHYC U TaHTEHC ITOJIOBUHHOTO yria 73
§ 31. ®opmynel nmpuBeneHust 76

§ 32. Cymma u pa3HOCTh cuHycoB. CymMMa 1 pa3HOCTb KOCHHYCOB 79

I'naBa VL. Tpuronomerpuyeckue ypaBHeHust 82
§ 33. YpaBHenne cos x = a 83
§ 34. YpaBuenue sinx =a 87
§ 35. YpaBHenne tgx =a 92
§ 36. PemieHne TpUTOHOMETPHUYECKHUX ypaBHEHNH 95
§ 37*. IlpuMepsl peneHus MPOCTEHIINX TPUTOHOMETPHUIECKHIX
HepaBeHCTB 98
11 kaace
I'maBa VIL. Tpuronomerpuyeckue pynkuuu 99
§ 38. OGnacTs onpeneneHnss 1 MHOXECTBO 3HAYEHUH TPUTOHO-
Mmerpudeckux ¢pynkmmii 101

§ 39. UéTHOCTB, HEUETHOCTD, NEPUOJUUHOCTh TPUTOHOMETPHUECKUX

¢yt 104

§ 40. CrotictBa QyHKINH y = cos x 1 e€ rpaduk 106

§ 41. CoiictBa QyHkuuu y = sin x u e€ rpapux 108

§ 42. CaoiictBa QyHkuuu y = tg x u e€ rpadpux 111

§ 43*. ObparHble TpUroHOMeTpHUecKue pynkmmm 112
I'napa VIIL [Ipou3Boanas u eé reomeTpuyeckuii cmbica 114

[punoxenue. § 3. [Ipenen mocnenoBarenpHOCTH 116

§ 44. llpomsBomHast 117

§ 45. llponsBomHas crerneHHON GyHKInu 120

§ 46. IlpaBuna muddepentupoBarns 121

§ 47. Ilpon3BoaHbBIE HEKOTOPHIX AIEMEHTApHBIX QYHKIMH 122

§ 48. 'eomeTprvecKuii CMBICT Tpou3BoAHONH 124

I'inaBa IX. IIpumeHeHne NPOU3BOAHOI K HccenoBaHuI0 GyHKuui 127

§ 49. Bo3pacranue n yosiBaune Gpyaxkuun 129

§ 50. Oxcrpemymsbl pyHkIMH 132

§ 51. IlpumeneHye TPON3BOIHOM K ITOCTPOEHHIO IpaduKkoB

¢yt 134

§ 52. HauGonpuiee 1 HauMeHblIee 3Ha4eHus pyakoun 137

§ 53*. Bemrykiocts rpaduka GpyHknum, Touku nepernda 139
I'naBa X. Unrerpan 141

§ 54. IlepBooOpaznas 143

§ 55. [paBuna HaxOXAEHMS TepBOOOpa3HBIX 144

§ 56. [lnomans KPUBOIMHEHHONW Tpanenuy U HHTErpan 146

§ 57. Brruncnenue uaTerpaioB 148

§ 58. BrruncieHne miomnaaeil ¢ moMoIbio HHTErpaioB 148
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§ 59*. IlpuMeHeHNE TPOU3BOAHON M HHTETPAIA K PEIICHHUIO
MpaKTHYeCcKuX 3amaqd 148

I'naBa XI. KomOunatopuka 149

I'napa XII. Di1eMeHTHI TeOpPUHU BeposiTHOCTel 154

I'nasa XIII. Cratucruka 160

HToroBoe mopropenne Kypca aaredpsl 4 Hayaj aHanuza 164
[IpumepHoe nitannpoBanue ydeOHoro Matepruana 165
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YuebOHOEe M3OTaHUE

dénoposa Hanexxna EBrenneBHa
TrkauéBa Mapus BnagumuposHa

AJITEBPA 1 HAYAJIA
MATEMATHYECKOT'O AHAJIN3A
MeTtoanueckue peKoMeHIAIUU
10—11 knaccol

VYuebHoe mocodue st
00111€00pa30BaTENbHBIX OpraHU3aAINH

LleHnTp ecTrecTBEHHO-MAaTEMaTHYECKOTO 00pa30BaHMS
Penakuus MateMaTHku 1 HHQOPMATHKH
PyxoBogurens nenrpa M. H. Bopodun
3aB. penakmuet 1. A. bypumucmposa
Penmaktop H. H. Copokuna
XynoxectBeHHBIH pepaktop O. I1. bozomonosa
Kowmmerotepnas rpaduka 4. B. [ youna
KoppexTop
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NMPUMEPHAA PABOYAA
NMPOrPAMMA

Anrebpa u Hayana matemaTmye-
CKOro aHanusa

10—11 kaaccwl

ba3oBblii 1 yriyOJI€HHBIN YPOBHU



MNOACHUTEJIbBHASA 3ATINCKA

PabGoune mporpammbl 6a3oBoro M yriyOnEHHOrO YpOBHEH
no anredpe W HavyajaM MAaTeMaTHYeCKOro aHajlu3a JUisi CPEJHETO
obmero ob6pazoBaHus pa3pabOTaHbl HA OCHOBE (hyHIaMEHTAIBHO-
ro sijipa o0miero oOpa3oBaHuUs U B COOTBETCTBHH C TPEOOBAHUSIMH
®I'OC K CTpYKTYpe M pe3yjbTaTaM OCBOCHHsI OCHOBHBIX 00pa3o-
BaTENILHBIX MIPOrpaMM cpeiHero oduiero oopazoBanus. B Hux co-
OJro/1aeTCsl MPEEeMCTBEHHOCTh € MPUMEpPHOU pabouell mporpam-
MO OCHOBHOTO 0011IeT0 00pa3oBanus. [IpumepHbie pabouune mpo-
rpaMMmel (nanee — IIporpaMmel) ABISIOTCS OPUESHTHPOM JAJISL YUHU-
TEJICH, COCTABIIOMIUX pabo4Yhe MpPOrpamMMbl C y4ETOM YpPOBHS
MOATOTOBKH KJIACCOB, B KOTOPBIX BEAETCS MpEINoJaBaHUe MO CO-
OTBETCTBYIOIINM YICOHHUKAM.

[IporpaMMBbl BKJIIOYAIOT B ceO0si:

1) MOSICHUTENBHYIO 3aIIUCKY, B KOTOPOM KOHKPETU3UPYIOTCS
o01miue 1enu cpegHero (MmojJHoro) odmero oOpa3oBaHus ¢ Y4ETOM
crienpUKN Kypca anreOpbl 1 Hadall MAaTeMAaTHYECKOTO aHATN3a;

2) omMcaHue MecCTa MpeAMeTa B yueOHOM IIIaHE;

3) TUTaHUpYyEMBbIe PE3YJIbTaThl OCBOCHHSI KypCa;

4) conepkaHue Kypca st 6a30BOro v yriryoJa&HHOTO YpOB-
HEH;

5) mpuMepHOe TeMaTUYEeCKOe MIIAHUPOBAHUE C OTNpeIeIeHH-
€M OCHOBHBIX BUJIOB YU€OHOM J1€ATEIbHOCTH 00y4arOIINXCs;

[IpakTHyeckas 3HaYMMOCTh IIKOJIBHOTO Kypca anreOpbl H
Hayall MaTeMaTUYeCKOro aHaIn3a 00YCIOBJIEHA TE€M, YTO €ro 00b-
eKTaMH SBIISIIOTCA (PyHIAMEHTAJIbHBIC CTPYKTYPhl U KOJTUYECTBEH-
HbIC OTHOILEHMS ACHUCTBUTEIILHOrO MUpa. Maremarnueckas noa-
TOTOBKAa HEOOXOIWMa JIsi TIOHWMAaHUSI TPUHIIMIIOB YCTPOMCTBA M
WCIIONBb30BAHNSI COBPEMEHHOW TEXHUKH, BOCHPHUATUS HAYUHBIX U
TEXHUYECKNX IOHATUHM W uaer. MareMaTnka SBIsSeTCS S3BIKOM
Hayku U TeXHUKU. C €€ MOMOIIbIO MOJCIUPYIOTCS U HU3y4arOTCs
SABJICHUSI U TTPOLECCHI, TPOUCXOAIINE B IPUPOJIE.

Kypc anreOpsl 1 Hayanm MaTeMaTUYECKOTO aHaIN3a SBIISIETCS
OJTHUM U3 OMOPHBIX KYpPCOB CTapIei IIKOJBI: OH 00eCleuynBaeT
U3y4yeHue APYrux NUCUUIUIMH. B mepByro ouepeab 3TO OTHOCHUT-
Csl K TpeIMeTaM €CTECTBEHHO-HAyYHOTO IHUKJIA, B YaCTHOCTH K (pu-
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3uKe. Pa3sBuTHE JIOTMYECKOr0 MBIIUICHUS YYalllMXCcs IPU U3yde-
HUM aireOpsl M Hayal MaTeMaTHYeCKOro aHajiu3a ClocOOCTBYET
YCBOCHHIO IIPEIMETOB TI'yMaHUTapHOro unukia. IIpaxrtuueckue
YMEHUS U HaBBIKK MAaTEMaTHYECKOr0 XapakTepa He0OXOAUMBI JUIs
TPYAOBOH 1 PO ECCHOHATBHOM MOATOTOBKH IIKOJIBHUKOB.

Pa3zBurne y ydanmmxcsi nIpaBUIbHBIX NIPEICTABICHUM O CYII-
HOCTH M TIPOMCXOXKJICHUU MaTeMaTHYeCKuX aOCTpakIuii, COOTHO-
LICHUH PEAIbHOTO U UACAIBHOIO, XapaKTepe OTpaKeHUs MaTeMa-
TUYECKOW HAyKOW SIBJICHUM M IIPOLIECCOB PEAIILHOTO MHpA, MECTE
anreOpbl U MaTEMaTHUYECKOIO aHajIu3a B CHUCTEME HAayK U POJIHU
MaTE€MaTH4YEeCKOr0 MOJEIUPOBAHUSA B HAYYHOM IIO3HAHUM U B
MPaKTUKE CIIOCOOCTBYET (POPMUPOBAHHUIO HAYYHOTO MHPOBO33peE-
HUS y4aluxcs, a Takke (GOpMUPOBaHUIO KAueCTB MBIIIICHHUS, He-
00XOIMMBIX ISl aJanTallid B COBPEMEHHOM HH(pOPMALMOHHOM
oO1iecTse.

Tpebys oT y4amuxcsi yMCTBEHHBIX U BOJIEBBIX YCHUJIUH,
KOHLEHTpallM¥ BHUMAHUS, aKTUBHOCTH Pa3BUTOI0 BOOOpaKeHUs,
MaTeMaTHKa pa3BUBAET HPABCTBEHHBIE YEPThl JIUYHOCTU (HACTOM-
YUBOCTb, LIEJICYCTPEMIIEHHOCTh, TBOPYECKYK0 AKTUBHOCTh, CaMo-
CTOSITENILHOCTh, OTBETCTBEHHOCTb, TPYAOIIOOHE, TUCHUIUIMHY MU
KPUTUYHOCTH MBIIIJICHUS) 1 YMEHUE apryMEHTHPOBAHHO OTCTa-
UBaTh CBOM B3IJIAJbl U YOEXIEHMS, a TakXkKe CIOCOOHOCTh
NIPUHUMATh CAMOCTOATEIbHBIE PEIICHUS.

N3yuyenue kypca anreOpsl U Hayal MaTeMaTUYECKOrO aHa-
JIn3a CYIIECTBEHHO PaCHIUPSET KPYro3op y4auiuxcs, 3HaKOMs UX
C MHAYKIMEH U AeAyKiuel, 0000IeHneM 1 KOHKpeTH3aIue, aHa-
JTU30M M CHUHTE30M, KiaccupuKaluel W cucreMarusanuen, ad-
CTparupoBaHUEM, aHAJOTHEH. AKTUBHOE UCIIOJIb30BAaHUE 3a/1a4 Ha
BCEX JTamax y4eOHOro IMpollecca pa3BHUBAeT TBOPUYECKHE CIIO-
COOHOCTHU HIKOJIbHUKOB.

[Tpu oOyuenun anredpe ¥ HaYaIaM MaTeMaTHYECKOTO aHaIH-
3a (OpPMUPYIOTCSI YMEHHSI U HAaBBIKM YMCTBEHHOI'O Tpyda — IUIa-
HUpPOBaHHE CBOEH PabOTHI, MOUCK PAMOHANBHBIX IyTe €€ BbI-
MIOJTHEHUS!, KPUTHYECKasl OLEHKa pe3yabTaToB. B mpouecce o0yye-
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HUSI UIKOJIBHUKH JOJKHBI HAYYUTHCS U3J1araTb CBOU MBICIHU SICHO
Y MCYEPIIBIBAIONIE, JIJAKOHUYHO M EMKO, TIPUOOPECTH HABBIKK YET-
KOro, akKypaTHOTO W T'PaMOTHOTO BBIMIOJIHEHUSI MAaTEMaTUYECKUX
3aImMCcei.

Bakneiimed 3amadeil MIKOJIBHOTO Kypca alreOpbl U Havdal
MaT€MaTH4YEeCKOTO AaHAJIN3a SBJSETCS pa3BUTHUE JIOTMYECKOIO
MBbIIIeHUS ydamuxcsi. CaMu 0OBEKThI MAaTEMaTUYECKUX YMO3a-
KJIFOUEHUH U NPUHATHIE B MAaTEMATHUKE IIPABUIIA UX KOHCTPYHPOBA-
HUS CLIOCOOCTBYIOT ()OPMHPOBAHUIO YMEHUI 00OCHOBHIBATH M J0-
Ka3bIBaTh CYXKJICHHS, IIPUBOJIUTH YETKUE OINPEIICIICHUS, Pa3BUBa-
IOT JIOTUYECKYI0 UHTYMIIMIO, KPaTKO U HAIJISIIHO BCKPBIBAIOT Me-
XaHHU3M JIOTMYECKUX MOCTPOCHHUM M ydaT UX NPUMEHEHHUo. Tem
camMbIM Kypc anreOpbl M Havyajdl MaTEeMaTHMYeCKOro aHajiu3a 3aHu-
MaeT BeIyliee MecTo B ((OPMUPOBAHUN HAYYHO-TEOPETUIECKOTO
MBIIIJIEHUS HIKOJILHUKOB. PacKkpbIBasi BHYTPEHHIOK FapMOHUIO Ma-
TeMaTuku, (HOpMHPYs TTOHMMAHHE KPAacOThl W U3SIIECTBA MaTe-
MaTHUYECKUX PaCCYXACHUH, CIOCOOCTBYSI BOCIHPUSATHUIO MaTeMa-
THYECKUX (POpM, MaTeMaTuKa TEM CaMbIM BHOCUT 3HAYUTEIbHBIN
BKJIAJl B OCTETUYECKOE BOCIUTAHUE ydaluxcs. E€ uzyuenue pas-
BHUBaeT BOOOpaK€HUE MIKOJIbHUKOB, CYIIECTBEHHO O0OOoramaer u
pPa3BUBAET UX NMPOCTPAHCTBEHHBIE MIPEACTABIICHUS.

B coorBercTBuM ¢ npuHsaTor KoHumenmuen pa3Butus Ma-
TeMaTudeckoro obpasoBanus B Poccuiickoit deaepanun marema-
TUYECKOEe 00pazoBaHUE JIOJDKHO pellaTh, B YACTHOCTH, CIENYIO-
M€ KJIKOYEBbIC 3a7a4U:

— TPENOCTaBIATh KAXIOMY OOydYaromeMycsi BO3MOXXHOCTh

JOCTUKEHHUS YPOBHs MaTeMaTHYECKUX 3HaHUH,
HEOO0XOAMMOrO sl JalbHEeHmedl ycremHoi Ku3HH B
00IIIeCTBE;

— o0ecneunBaTh HEOOXOIMMOE CTPAHE YHCIO BBIMTYCKHUKOB,
MaTr€éMaThuidcCKas IMOATOTOBKAa KOTOPBIX AOCTAaTOYHA MJIA
MPOJOJKeHHsT 00pa3oBaHUS B PA3IMYHBIX HAIMpPABICHUSAX U
JJIA HpaKTH‘IeCKOI\/'I ACATCIIBHOCTH, BKJIIOYas IIPEIogaBaHUEC
MaTEeMaTHKH, MaTeMaTHYeCKUe WCCIeAOBaHusA, padoTy B
chepe nHGOPMAITMOHHBIX TEXHOJOTHUHN U JP.;



— B OCHOBHOM o0O0meM u cpenHeM oOmeM o0pa3oBaHUU
HE00X0AUMO MPeNyCMOTPETh IMOATOTOBKY OOydYaromIMXCsl B
COOTBETCTBMM C HX 3alpocaMH K YPOBHIO IMOATOTOBKU B
cdepe MaremaTH4ecKoro o0Opa3oBaHusl.

CoOTBETCTBEHHO BBIIEIAIOTCS TPU HAIPaBJIEHUS TpeOOBaHUI
K pe3y/ibTaTaM MaTeMaTHYeCKOro 00pa3oBaHUs:

1. IlpakTUKO-OpUEHTUPOBAHHOE MaTeMaTH4YecKoe 00pa3oBa-
HUe (MaTeMaThKa JIJIsl KU3HH ).

2. Maremaruka Juis MCHOJB30BaHUSA B NMpO(eccHH, HE CBS-
3aHHOM C MaT€MAaTUKOM.

3. TBopueckoe HampaBiieHUE, Ha KOTOPOE HalEIEHbI T€ 00Y-
Yaroluecs, KOTOphle MJIAHUPYIOT 3aHUMAaThCsl TBOPUECKOW M HC-
CJIEIOBATEILCKON paboToil B 001aCTH MaTeMaTuku, (U3NUKH, KO-
HOMUKH U JIPYTUX 00JaCTAX.

B cootBercTBHM ¢ 3akoHOM 00 oOpa3oBanuu P® (crt. 12 1. 7)
OpraHu3allM, OCYILIECTBISIONINE OO0pa30BaTEIbHYIO JIEATeNb-
HOCTB, PEATH3YIOT 3TH TpeOOBaHUS B 00pa30BaTEILHOM IIPOIECCEe
C y4éTOM IpPHUMEPHOI OCHOBHOM 00pa30BaTEeNbHON MPOTrPaMMBI
KaK Ha OCHOBE y4e€OHO-METONYECKUX KOMIIJIEKTOB COOTBETCTBY-
IOLEro ypoBHs, Bxonaumx B PDenepanbHblii nepeuenr MOuH
P®, Ttak ¥ ¢ BO3MOXHBIM HCIOJb30BAHUEM HHBIX HCTOYHHKOB
yueOHoM nHpopmanuu (yaueOHO-MeToAnYeCKnue nocodus, oopaso-
BaTeJIbHbIE TIOPTAJIbI M CANTHI U Jp.).

B cooTBercTBUM ¢ TpeOOBaHUSMHU B IIpOrpaMMmax BbIJIEIEHbI
71Ba YPOBHsI: 0230BbIM U YI1yOJ¢HHBIN.

Ienu ocBoeHust mporpammsl 6a30BOro ypoBHs — oOecreue-
HUE BO3MOXXHOCTH MCIIOJIb30BaHMUS MAaTEMAaTUYECKUX 3HAHUM U
YMEHHI B IMOBCEIHEBHOM >XU3HM U BO3MOXKHOCTH YCIIEIIHOTO
MPOAOIDKEHHUsST 00pa30BaHMs MO CHEIMATIbHOCTSM, HE CBA3aHHBIM
C MPUKJIAIHBIM UCTIOJIb30BAaHUEM MATEMAaTUKH.

IIporpamma yriyOaEHHOTO ypOBHS NpeiHa3HauYeHa JUIsl Mpo-
(GWIBHOTO W3YYEeHUS MaTeMaTHUKHW; MPH BBITIOJHEHUH AITOH TpO-
rpaMMbl  NIPEIBSBIAIOTCA  TpeOOBaHMSA,  COOTBETCTBYIOIINE
HaINpaBJIEHUIO «MaTeMaTHKa JIJsl Tpo(eCcCUOHATBbHON e TeNbHO-
CTH»; BMECTE C TE€M BBITYCKHHUK MOJIYy4aeT BO3MOXKHOCTh U3Y4UTh
MaTeMaTHKy Ha ropas3io 0ojiee BBICOKOM YpPOBHE, YTO CO3JacT



byHIaMEHT IJIs JabHEHIIEro CephE3HOr0 U3YUYEeHUsT MAaTeMAaTHKU
B BY3€.

O0masi xapakTepucTUKa yuyeOHOro mpeamera. Marema-
TUYECKOE 00pa30BaHUE UTPAaeT BAXKHYIO POJIb U B MPAKTHUECKOH,
U B JIyXOBHOM Xu3HU oOmiecTBa. [IpakTudeckas cTopoHa CBs3aHa
C CO3/laHHEM U MPUMEHEHHEM HHCTPYMEHTapus, HeoOXOIUMOro
YeJIOBEKY B €0 IMPOAYKTUBHOMN JEATEIBHOCTH, 1yXOBHasl CTOPOHA
— C HMHTEJUIEKTYaJbHBIM Pa3BUTHEM 4YeJIOBEKa, (pOpMHpOBAHUEM
XapakTepa 1 001Iel KyJbTyphl.

be3 koHKpeTHBIX 3HaHMI MO anredpe U HavajgamM MaTeMaTH-
YEeCKOro aHaju3a 3aTpyIHEHO MOHMMAaHUE NPUHLHUIIOB YCTPOM-
CTBa U UCIOJIb30BaHUSI COBPEMEHHOI TEXHUKH, BOCIIPHUITHE U HH-
TeprnpeTanus pasHOOOpa3HON COLUaNbHOM, S3KOHOMUYECKOH, I10-
nuTHYecKor uHpopManuu, Manodp@eKTUBHA MOBCEIHEBHAsS
IpaKTU4ecKasl AesTeabHoCTh. Kaxk1oMy yesioBeKky B CBOEH JKU3HU
MPUXOAUTCS BBINONHATH PAacu€Thl, YUTaTh HH(OpPMALINIO, TIPE-
CTaBJICHHYIO B BHJI€ TAaOJHII, TuarpaMM, rpaduKoB, TOHUMATD Be-
POSATHOCTHBI XapakTep CIy4yailHbIX COOBITHH, COCTaBIATH He-
CJIOKHbBIE JITOPUTMBI U JIP.

N3yuenne naHHOrO Kypca 3aBepuiaeT (popMHUpOBaHUE yeH-
HOCHMHO-CMBICIIO6bIX YCMAHOBOK U OPUEHMAUUIl YYaluXcs B
OTHOILICHUH MaTEeMAaTUYECKUX 3HAHUH U MPOoOJIeM UX UCHOJIb30Ba-
HUS B paMKax cpeaHero oomiero oopasosanusi. Kypc crnoco6cTBy-
eT (OPMHPOBAHUIO YMEHHS BUAETh U NMOHMMATh UX 3HAYMMOCTb
JUI KaXJOr0 4eloBeKa HE3aBUCHUMO OT €ro NnpodeccroHalbHON
NesITeIbHOCTH; YMEHHUS pa3indarh (akThl U OLIEHKH, CPAaBHUBATh
OLICHOYHBIE BBIBOJIbI, BUJIETh MX CBSI3b C KPUTEPUSIMU OLEHOK U
CBSI3b KPUTEPHUEB C ONPEEIEHHON CUCTEMO LIEHHOCTEM.

be3 0a3oBoifi MaTeMaTH4YeCKOHl IIOATOTOBKA HEBO3MOKHA
MOCTAaHOBKa 00pa30BaHMs COBPEMEHHOT0 4ejoBeka. B mikosie ma-
TEMaTHKa CIIY>)KUT OIOPHBIM MPEAMETOM JUISl U3YUEHHS] CMEXHBIX
JMCUUIUIAH. PeanbHOi HE0OXOMMOCTBIO B HAIIM JTHU CTAHOBUTCS
HenpepbpIBHOE 00pazoBaHue, 4TO TpeOyeT MONHOLEHHONW 0a30BOit
00111e00pa30BaTeNIbHON MOJTOTOBKH, B TOM YHCJIE U MO anredpe u
HayajlaM MaTeMaTHYecKoro aHajau3a.

st ’KU3HU B COBPEMEHHOM OOIIECTBE BAKHBIM SIBIISICTCS
(dbopMHpOBaHHE MaTEMaTHYECKOTO CTUJIS MbIIUICHUS. OOBEKTHI
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MaTEMaTHUYECKUX YMO3AKJIIOUEHUH U IIpaBWila UX KOHCTPYMpOBa-
HUS BCKPBIBAIOT MEXAHHM3M JIOTHUYECKHUX MOCTPOCHUM, BbIpadaThi-
BalOT yMEHHUs (OopMyIupoBaTh, OOOCHOBBIBATH M JOKAa3bIBATh
CYXKJEHHUs, TEM CaMbIM Pa3BUBAIOT JIOTMYECKOE MbILUICHUE. AJl-
reOpe W HayajlaM MaTeMaTH4YeCKOro aHajlu3a IPUHAJUIEKUT Be-
aymasi posib B (OPMUPOBAHUU AJITOPUTMUYECKOTO MBIILICHUS,
BOCIIUTAaHMM YMEHUU JCUCTBOBATh II0 3aJAHHOMY QJITOpUTMY. B
XOJIe peleHus 3aa4 — OCHOBHOHN y4yeOHON NesTeIbHOCTH Ha YPO-
Kax MaTEeMaTHKU — pa3BUBAIOTCS TBOpYECKas U IPUKIIATHAsL CTO-
POHBI MBIIICHHUS.

OOyuenue anrebpe W HavajgaM MaTEMaTHYECKOTO aHalu3a
JAET BO3MOKHOCTh Pa3BUBATh Y YUAIIMXCS TOUHYIO, JIJAKOHUYHYIO
1 HPOPMATHUBHYIO pedb, YMEHHE OTOMpAaTh HanOOJIee MOAXOIs-
IIMe SI3bIKOBBbIE (B YAaCTHOCTH, CHMBOJHMYECKHE, Tpaduyeckue)
CpEeACTBa, T. €. CIIOCOOCTBYET (HOPMHUPOBAHUIO KOMMYHUKAM UG-
HOIl KyJ1bmypbl, B TOM YHUCII€ — YMEHHIO SCHO, JOTUYHO, TOYHO U
MIOCJIEZI0BATENbHO M3JIaraTh CBOIO TOYKY 3pPEHHUs, HCIIOIb30BaTh
S3BIKOBBIE CPEJ/ICTBA, aJIEeKBaTHBIE 00CYXJaeMoil mpobiieme.

JlanbHelilee pa3BUTHE NPUOOPETYT U HO3HABameNbHble
deiicmeusn. Ydamuyecs riy0xe 0CO3HAIOT OCHOBHbIE OCOOEHHOCTH
MaTeMaTHKHU KaK (pOpMBbI UEIOBEYECKOTO MO3HAHMSI, HAYYHOI'O Me-
TOJ1a TO3HAHUS IPUPOBI, a TAK)KE BO3MOXKHBIE Cephl U IPAHHIIBI
€€ MPUMEHEHHS.

MaremaTrueckoe oOpa3zoBaHHe BHOCUT CBOW BKJIaJ B (op-
MHUpPOBaHHE O0IIeH KyJIbTypbl yesnoBeka. HeoOXxoaumbeIMu KoMIo-
HEHTaMU OOLIeH KylIbTypbl SBISAIOTCA 001ee 3HAKOMCTBO C METO-
JaMH TIO3HaHUS JEWCTBUTEIBHOCTH, MPEACTABICHHE O METOoJaxX
MaTEMaTHKH, UX OTJIIMYUSAX OT METOJIOB €CTECTBEHHBIX M I'yMaHHU-
TapHBIX HayK, 00 OCOOEHHOCTSIX MPUMEHEHUS MaTeMaTHKU s
peleHusl NpUKIaaHBIX 3afad. M3yueHue mareMaTHKH CHOCO0-
CTBYET ICTETUYECKOMY BOCHUTAHMIO Y€JIOBEKa, IOHUMAaHHUIO Kpa-
COTBI U U3SI1I€CTBA MATEMATUYECKUX PACCYKICHUMN.

B pesynbprare meneHampaBieHHOW Y4eOHOU NEATEIHHOCTH,
ocylecTBisieMoi B (hopMax y4eOHOro HMccieloBaHUs, Y4eOHOTro
MPOEKTa, TOJYYUT JalibHEWIee pa3BUTUE CIIOCOOHOCTb K UH-
dopmayuonno-nouckosoit deamenbHocmu: CaMOCTOATEILHOMY
0TOOpY MCTOYHHUKOB MH(OPMAIMK B COOTBETCTBUU C MOCTaBJICH-
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HBIMM LEJISIMM U 3a/ladaMU. Y4alluecsl HayyaTcsl CUCTEMAaTU3UPO-
BaTh MH(OPMALIMIO MO 33JaHHBIM MpPU3HAKAM, KPUTUYECKHU Olie-
HUBaTh M WHTEpPHpeTHpoBarTh uHPOpManmio. M3ydenue Kypca
Oyner cmocobctBoBath pa3Butuio HUKT-komnemenmuocmu
y4almxcs.

[TonyuuT manpHeilliee pa3BUTHE CIIOCOOHOCTH K camoopza-
HUu3auuu N camopeyaayuu. YJaluecs IojlydaT OIBIT yCIell-
HOH,  IIEJICHANpaBJICHHOW W  Pe3yJbTaTUBHOW  y4eOHO-
npeanpoecCHOHANbHON AEATENbHOCTH; OCBOAT Ha IpaKTHYe-
CKOM ypOBHE yYMEHHUE IUIaHHPOBATh BOIO JEATEILHOCTh M YIIPaB-
JATh €10 BO BPEMEHM; HCIIOJIb30BATH PECYPCHBIE BO3MOXHOCTU
JUIS TOCTHDKEHUS LIeJIeH; OCYILeCTBISATh BHIOOP KOHCTPYKTHBHBIX
CTpaTeruii B TPYIHBIX CHUTYAIUSAX; CAMOCTOSATEIBHO PEalIn30BBI-
BaTh, KOHTPOJHUPOBATh U OCYHIECTBIATH KOPPEKIHIO Y4eOHOU H
[I03HABATEJIbHON JIE€ATEJIbHOCTH HA OCHOBE IIPEIBAPUTEIHLHOTO
TUTAHUPOBAHUS U OOpATHOU CBS3H, MOJIy4a€MOU OT Me1aroro..

ConepxaTenbHONH OCHOBOWM W TJIABHBIM CPEICTBOM (HOpMHU-
POBaHMS U PA3BUTHUS BCEX yKa3aHHBIX CIIOCOOHOCTEH CIYXKHT Iie-
JIeHAIIPaBJICHHBIN 0TOOp y4eOHOro mMaTepuaina, KOTOPbId BenETCs
Ha OCHOBE NPHUHIMIIOB HaAyYHOCMU W (QyHOAMeHmaibHoCmu,
ucmopusma, 00CMynHoCmu 1 HenpPepbLleHOCMU, Ue10CIMHOCIU
U CUCMEMHOCHmU MaTEeMaTU4YeCKOro oOpa3oBaHUs, €r0 C6A3U C
MEXHUKOIL, MEXHOI02UCH, HCU3HBIO.

Copepxanue 1o aiaredpe 1 HayaiaM MaTeMaTHYeCKOro aHa-
mu3a Gopmupyercs Ha ocHOBe DYHIAMEHTAIBHOTO SApa LIKOJIb-
HOTO MaTeMaTH4eckoro obpazoBaHus. OHO MPEACTAaBIECHO B BUIE
COBOKYITHOCTH COJIEPYKATEIIbHBIX JIMHUHN, PACKPBIBAIONIUX HAIOJI-
HeHue (DYHIAMEHTAIBHOTO s/Ipa MIKOJFHOTO MaTeMaTHYEeCKOTO
o0Opa3oBaHMs MPUMEHUTENBHO K cTapuieil mkone. [Iporpamma pe-
TIIaMEHTUpPYEeT 00BEM Marepuana, 00s3aTebHOTO AJI H3yueHUs,
HO He 33/aéT pacmpeneneHus ero no kiaccaM. Ilostomy coxep-
KaHUe TAaHHOTO Kypca BKIIOYACT CIEAYIONIUE Pa3JIeTbl: «a1ee0-
PaAy; «<MamemMamuyecKuti aHaiu3»; «8eposimHocms U CMamucmu-
Ka».

Conepxanne pazzgena «Anredbpa» crnocoOcTByeT GpopMupo-
BaHUIO y YYaIlIUXCSl MAaTEMaTHYEeCKOrO ammapara Jjisi pelieHHs
3a7a4 OKpy»Karouien peanbHocTH. [IpogomkaeTcss n3ydeHrue MHO-
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TOWICHOB C MEIbIMA KO3(PPUITUESHTAMH, METOJIOB HAXOXKICHUS HX
paloHaIbHBIX KOpHeH. [IponcxoauT pas3BuTHE U 3aBepIlCHUE
0a30BbIX 3HaHWU O uncie. Tema «KOMIUIEKCHBIE YHCIa» 3HAKO-
MUT Yy4YalllUXCSl C MOHSATHEM KOMIUIEKCHOTO YHCIa, MpaBUIaMH
JEUCTBUI C HUMH, Pa3IMYHBIMH (DOpMaMH 3aHMCH KOMILIEKCHBIX
YuCell, pellieHUEM MPOCTEUIINX YPaBHEHHUH B MOJI€ KOMIUIEKCHBIX
4lCesl U 3aBEPLIACT OCHOBHYIO COJEP)KATEJIbHYIO JIMHUIO Kypca
IKOJIbHON Matematuku «Yucna». OCHOBHOE Ha3Hau€HUE ITHUX
BOIIPOCOB CBSI3aHO C TOBBIIIEHHEM OOIIEH MaTeMaTH4YEeCKON MOJ-
TOTOBKU Y4YalIUXCs, OCBOCHHUEM IMPOCTHIX U 3((HEKTUBHBIX MPHUE-
MOB peIIeHHs anredpandecKux 3aaad.

Paznen «Marematudeckuil aHajau3» MPEICTaBICH TPeMs
OCHOBHBIMH TEMaMH: «3JIEMEHTapHbIC (DYHKIHHY, «IIPOU3BOIHAS
u «uHTerpany». CoaepikaHue 3TOro pasjena HaleleHO Ha Moyde-
HUE I[IKOJbHUKAMH KOHKPETHBIX 3HAHUH O (PYHKIMH KaK Bax-
HEHIIe MOJENU ONMUCAaHUS U UCCIENOBaHUS Pa3HOOOpPa3HBIX pe-
QJIbHBIX IpoLeccoB. M3yueHue CTENeHHBIX, MOKa3aTeIbHbIX, JIO-
rapupMHUUECKUX U TPUTOHOMETPUYECKHX (DYHKIMH MPOAOIKAeT
3HAKOMCTBO YYalllUXCSl C OCHOBHBIMH 3JI€EMEHTAPHBIMU (YHKIUS-
MH, Ha4aTo€ B OCHOBHOM 1IKoJje. [lomumo oBnageHus Hemocpen-
CTBEHHBIMH YMEHHSMHU pElIaTh COOTBETCTBYIOLIUE YpPaBHEHMS U
HEpaBEHCTBA, Yy ydyalluxcs (GOpMHUPYETCs 3arac reoMeTpHUecKuX
MIpe/ICTaBICHUH, JIe)KalllUX B OCHOBE OOBSICHEHUSI IIPAaBOMEPHOCTH
CTaHJAPTHBIX M IBPUCTUYECKUX NPUEMOB PELICHUS 3a1ad. TeMbl
«IIponsBonHas» u «MHTErpam» coxepxkar TpaAULMOHHO TPYAHbIE
BOIMPOCHI ISl IIKOJILHUKOB, JaXe JJIsl Te€X, KTO BhIOpan U3ydeHue
MaTeMaTUKU Ha YriayOJIEHHOM ypOBHE, MOITOMY HX H3JIOKEHHE
IIpearoyaracT ONopy Ha TIEOMETPUUYECKYH0 HarjsgHOCTh W Ha
€CTECTBEHHYI0 MHTYHIMIO yJalluxcsi, — 0Oojee 4eM Ha CTpOorue
onpezaeneHus. Tem He MEHee 3HAKOMCTBO C 3TUM MaTepUaJIOM Ja-
€T mpeNcTaBIeHNEe yJamuMcsi 00 oO0IuX HAessX U METOJax MaTe-
MaTHU4ECKON HayKH.

[Ipn u3yuenuu paszznena «BeposSTHOCTH M CTaTHCTUKA» pac-
CMaTpPUBAIOTCA PA3JIMYHbIE MAaTEMaTHUUECKUE MOJAEIH, MO3BOJISAIO-
I1e U3MEPATh U CPABHUBATHh BEPOSITHOCTU PA3IUYHBIX COOBITUH,
JieNaTh BBIBOJBI M IIPOTHO3BI. DTOT MaTeprall HEOOXOAUM MPex/ie
Bcero misi (opMupoBaHUs y ydammxcs (QyHKIIMOHAIBHOM Tpa-
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MOTHOCTH — YMEHHS BOCIPHHUMATh M KPUTUYECKH aHATIH3UPO-
BaTh MH(OpMaIUIO, IPEJCTABICHHYIO B Pa3IMYHBIX (OpMax, Io-
HUMAaTh BEPOSITHOCTHBIA XapakTep MHOIMX pealbHbIX 3aBHUCHMO-
creil. K aToMy pasgeny OTHOCATCS TakKe CBEICHMs U3 JIOTMKH,
KOMOWHATOPHUKH U TEOpUU rpadoB, 3HAUNTEILHO BAPbUPYIOIIHECS
B 3aBUCUMOCTH OT TUIIA IPOIPaMMBbI.

Mecto npeamvera B y4eOHOM mjaHe. ba3ucHelil yueOHBIiM
(oOpazoBarenbHbIi) IUIaH A8 U3ydeHus npenmera «MaremaTu-
Ka» OTBOJUT Ha 0a30BOM ypOBHE OT 4 y4eOHBIX yaca B HEACIIO U
Ha yriayon€HHOM ypoBHe OT 6 yueOHbIX yaca (1-ii BapuaHT) win
oT 8 y4eOHBIX Haca (2-i Bapuant) B Hememo B 10—11 kmaccax.
ITosToMy Ha u3ydeHue anreOpbl U Hayal MaTeMaTHYECKOro aHa-
JM3a OTBOAUTCS 2,5 y4deOHBIX yaca B HEACNIO B TEUCHHUE KaX 0T
roja oOyueHus st 6a30BOro ypoBHs, Bcero 85 ypokoB u 4 wiu 6
yueOHBIX 4aca Uil yriyOnaéHHoro ypoBHs, Bcero 136 wmm 180
YPOKOB COOTBETCTBEHHO. PacnpeneneHue y4eOHOro BpeMEHH
IIPE/ICTaBJICHO B TaOIULIE.

KosmmyecTBo yacos
TMpeaver BasoBbiii ypoBeHh _ Yrny6néHHbIi ypO“BEHL
1-if BapuanT | 2-11 BapHaHT
10 11 10 11 10 11
KJ1acc KJ1acc KJ1acc KJ1acc KJacc KJ1acc

Maremaruka (uHTE- 136 136
TPUPOBAHHBIN KypC)
I'eomerpus 51 51 68 68 102 102
Anrebpa 1 Hagana
MaTeMaTH4eCKOro 85 85 136 136 180 180
aHayIM3a

NNAHUPYEMBDIE PE3YJ/IbTATbl OCBOEHUA KYPCA

AJTTEBPbI U HAYA/1 MATEMATUYECKOIO AHAZTU3A

ba3oBblil ypOBEHb
JU1s UCIIOJIb30BaHMsI B IOBCEAHEBHOM XKU3HU U 00ecredeHus
BO3MOKHOCTH  YCIEIIHOTO MPOJOJDKEHHs 00pa3oBaHMs 10
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CHEIHUATIBLHOCTSM, HE CBA3aHHBIM C MPUKIIATHBIM UCIIOJIb30BaHUEM
MareMaTukd (1-i  ypoBeHb  IUIAHUPYEMBIX  PE3YyJIbTaTOB),
BBIITYCKHUK HAYYMTCH, a TaKKe TMOJYYHUT BO3MOKHOCTH
HAY4YUThCSl  JUISI  pa3BUTUS  MblUUleHUd (2-H  ypOBEHb
IUIAHUPYEMBIX PE3YJITATOB, BBIACIEHO KYPCUBOM):

DJeMeHTbI TEOPUH MHOKECTB H MATEMATHYECKOH JOTHKH

— OnepupoBaTh' TOHATHIMH: KOHEYHOE MHOXKECTBO, OECKOHEH-
HOE MHOJKECTBO, YHCIIOBBIC MHOXECTBA HAa KOOPAWHATHOU
NPSIMO#A, DJIEMEHT MHOXECTBA, TIOJMHOXKECTBO, TIEpPECCUCHHE U
00BbeTMHEHNE MHOXKECTB, OTPE30K, HHTEPBAJI, NPOMENHCYMOK C
8bIKOJIOMOU  MOYKOU, 2paguyeckoe npeocmasieHue MHO-
JHcecme Ha KOOPOUHAMHOU NIOCKOCMU,

— npogepsimb NPUHAONEICHOCMb DJIeMEHMA MHONCECMEY, 3d-
OAHHOMY ONUCAHUEM;

— HaxOJMTh IEPECCUCHUE M OOBEAMHCHUE JIBYX, HECKOIbKUX
MHOXKECTB, MPEICTABICHHBIX I'Pa(QUUYECKH HA YUCIOBOW Mpsi-
MOU, Ha KOOPOUHAMHOU NIOCKOCTU,

— CTpPOWTH HA YHMCIOBOM NPSIMOUW IOAMHOKECTBO YHCIOBOTO
MHOYKECTBA, 3aJJAHHOE IPOCTEHITMMHU YCIIOBUSIMH,

— OIepUpPOBATh MOHATHIMU: YTBEP)KACHHUE (BBICKa3bIBaHUE), OT-
pHLIaHHE YTBEP)KACHUS, NCTUHHBIC M JIOKHBIC YTBEPKICHHS,
CJIEJICTBUE, YACTHBIA cllydyail OOIIEro YTBEp>KIAEHHS, KOHTp-
npumep;

— pacrio3HaBaTh JIOXKHBIC YTBEP)KICHHUS, OMIMOKU B PacCyxie-
HUSIX, B TOM YHUCJIE C HCIOJIh30BaHHEM KOHTPIPUMEPOB;

— nposoouUmb 00KA3amenbHbvle PAccyrHcoenus 0Jisi 000CHOBAHUS
UCTUHHOCMU YMEEPAHCOEHULL.

' 35ech u garee:

Ha 1-M ypoBHEe — 3HaTb ONpEJCJICHHUE TOHATHUS, YMETh MOSCHATH €ro
CMBICJI, UCIOJb30BaTh MOHSATUE M €r0 CBOMCTBA NpPU IMPOBEIECHUU paCCyKIe-
HUM, pelIeHUH 3a/1aY;

Ha 2-M ypOBHE — paclo3HaBaTh KOHKPETHBIE ITPUMEPHI OONINX IOHSITHI
10 XapaKTEPHBIM ITPU3HAKAM, BBIIIOJIHATH HeﬁCTBHﬂ B COOTBETCTBUM C OIPECaC-
JICHUEM U TIPOCTEHIINMH CBOWCTBAMH TMOHSATHUNA, KOHKPETU3UPOBATH NPUMeEpa-
MH 0OIITHE TTOHATHSI.
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B noBcegHeBHOM KU3HM U NMPU U3yYeHHUHU JPYTrUX Npeame-
TOB:

MCIIOJIB30BaTh YHCIIOBBIE MHOKECTBA HAa KOOPJIWHATHOM Mpsi-
MOU U Ha KOOpOUHAMHOU NIOCKOCMU 0151 ONUCAHUSL PealbHbIX
npoyeccos u s61eHUl;

— IIPOBOJUTH JIOTHYECKUC, ooKazameJlbHble PACCYKIACHUA B

CUTYyallusiX TOBCEIHEBHOM JKU3HH, NpU peuleHuu 3a0ady us
Opy2ux npeomemos.

Yucaa ¥ BbIpaKEeHUs

OnepupoBarh MOHATUSMHU: HATypalbHOE U LIE€JI0€ YHUCIIO, JIe-
JUMOCTh 4Hcel, OOBIKHOBEHHAs APOOb, JeCATUYHAS APOOb,
paloHaIbHOE YHUCIIO, UPPALlMOHAIBHOE YHUCIIO0, MPUOINKEH-
HOE 3HAYEHHE YHCIA, YacTh, JOJs, OTHOIICHWE, IPOLEHT,
MacIrao;

OTIEpUPOBAThH MOHATUSAMU: Jorapudm Yucia, TPUTOHOMETPH-
4yeckasi OKPY>KHOCTb, paouanHas M TpaaycHas Mepa yria, Cu-
HYC, KOCUHYC, TAHT€HC U KOTAaHTE€HC YTJIOB, UMEIOIIUX MPOU3-
BOJIbHYIO BEJIUUMHY, YUCIA € U T,

BBITIOJIHATH apu(METHUECKHE NEHCTBUS C LIEIBIMU U PaIfo-
HaJbHBIMHU UYHCIIAMHU, COYETasl YCTHhIE W MUChbMEHHBIE MpHUE-
MBI, TPUMEHSS TPU HEOOXOAUMOCTH BBIYUCIUTEIHHBIC
YCTPOWCTBA;

CpaBHMBATh pallMOHAILHBIC YUCIIa MEXAY c000il; CpaBHUBATH
C palMOHAJIBHBIMM YUCJIAMH 3HAUYEHHS LIENbIX CTENEHEH 4H-
ceJl, KOpHEeW HaTypajdbHON CTENMEHW W3 4ucen, Jiorapugmon
YHUCEJ B MPOCTHIX CIyYasx;

BBITIOJTHATh HECTIOKHBIE MPEeoOpa3oBaHUsI UYHUCIOBBIX BBIpa-
KEHUHU, COJEPIKAIIUX CTCTICHN YUCEN, KOPHU M3 YHCEJI, JIoTa-
PUPMBI  YHCEN; HAXO0OUMb 3HAYEHUs KOPHA HAMYPALbHOU
cmenenu, cmenenmu ¢ pAYUOHATbHLIM NoKazamenem, 102d-
pugma, ucnonvsys npu HeoOXOOUMOCMU BbIYUCIUMETbHbIE
ycmpoucmeda;

MOJIb30BAThCS OLICHKONM W TMPUKUAKON MpH MPaKTUYECKHUX
pacuérax;
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n300pakaTh TOYKAMU Ha KOOPAMHATHOW NPSMOW IENble U
paloHaj bHbIe YKCIA; LENble CTeTeHU YHCell, KOPHU HaTy-
paTbHON CTETEeHU M3 YHMCell, JIorapu(Mbl YUCET B MPOCTHIX
CIIy4asix;

BBITIONTHATh HECIIOKHBIE TPeoOpa3oBaHUs HENbIX U JPOOHO-
paIMoHaIbHBIX OYKBEHHBIX BBIPAKCHHIA;

BBIp@XKaTh B MPOCTEHUIINX CIy4asX U3 paBEHCTBa OJHY Iepe-
MEHHYIO uepe3 JApYyTue;

BBIYHCIIATh B MPOCTBIX CIIyYasxX 3HAUCHHUS YUCIIOBBIX M OYK-
BEHHBIX BBIPAKEHHH, OCYIIECTBIISAA HEOOXOIMMEBIE TOACTa-
HOBKHU U IPe0OpazoBaHus;

npo8oOUMb NO U3BECTNHBIM (POPMYIAM U NPABULAM Npeodpa-
306aHUSI OYKBEHHbIX GbIPANCEHUN, BKII0YAIOWUX CHeneHu,
KOPHU, 102apuUpmbl U MpUcoHOMempuiecKue Gopmyivl;
HAxXo0ums 3HAYEHUs. YUCTIOBbIX U OYKGEHHBIX GbIPAMNCEHUL,
ocywecmenss Heooxooumvle NOOCMAHOBKU U Npeoopasosa-
HUsL,

n300pakaTh CXEMAaTUYECKH YroJl, BETMYNHA KOTOPOTO BHIpa-
KEeHa B rpajlycax WiIH paouanax;

OLIEHUBATh 3HAKU CHHYCa, KOCUHYCA, TAHTEHCA, KOMAH2EeHCA
KOHKPETHBIX YTIIOB; UCNOIb308AMb NPU PeleHuU 3a0a4 mao-
JIUYHbLle 3HAYEHUS MPULOHOMEMPULEeCKUX QYHKYUL Yyel08;
8bINOIHAMb NEPeBo0 GeIUYUHbL Yeld U3 PAOUAHHOU Mepbl 8
2paodycHyo u 0opamHo.

B noBceaqHeBHOI KU3HM W NMPH W3YYEHUH [PYrUX y4deod-
HBIX MPEIMETOB:

BBHITIONHSATE JEHCTBUS C YUCIOBBIMH JAHHBIMU MPH PEIICHUU
3aJa4 MPAKTUYECKOT0 XapaKkTepa U 3a0ay u3 pasiuiuHbix 001a-
cmetl 3HaHUL, UCTIONB3Ysl TPH HEOOXOIUMOCTH CIIPaBOYHBIE
MaTepuasbl U BEIYUCIUTEIbHBIC YCTPOUCTBA;

COOTHOCHTH PEabHbIC BEITHMYUHBI, XapaKTEPUCTHKN OOBEKTOB
OKpY’KAIOIIEr0 MHUpa C WX KOHKPETHBIMH YHCIOBBIMU 3Hade-
HUSIMU;

WCIOJIb30BaTh METOJbI OKPYTJICHHUS W TPHUKHIKH TPU pellre-
HUU MPAKTUYECKUX 3a/1a4 TTOBCETHEBHOM KU3HU;
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oyernuseams, CpasHUueamsv U UCHOIb306aMb NpU pewerHuu
npakmu4ecKkux 3a0a4 Yucioevie 3HA4eHus PEAIbHbIX 6ETUYUH,
KOHKpEmMHblEe YUCI08ble XAPAKMEPUCMUKU 00beKmos OKpY-
acarouieco mupa.

YpaBHeHHs 1 HEPABEHCTBA

Pemarp yivHeliHbIC ypaBHEHHSI M HEPaBEHCTBA, KBaJIPATHHIE
ypaBHEHUS;

pemiate jorapuMUUYECKre U MOKa3aTeNbHbIe YPaBHEHUS BU-
na log, (bx + ¢) = d, a*t=d (rme d MOXHO TIPEJICTAaBUTH B
BHJIC¢ CTCIICHH C OCHOBAaHWEM «) W HEPaBEHCTBAa BHJA
log, x<d, a' <d (rme d MOKHO IIPEICTABUTh B BUJIE CTEIIE-
HHM C OCHOBaHHEM a);

MPUBOJUTH HECKOJIBKO NMPHUMEPOB KOpPHEH TPUTOHOMETpHUE-
CKOTO ypaBHEHHUS BUJA SIN X = a, COS X = a,tg x =a, ctg x =
a, Tne a — TabIuYHOe 3HAYEHUE COOTBETCTBYIOIICH TPUTO-
HOMETpUYECKON PYHKIIUU;

peuams HeClOHCHblEe PAYUOHAIbHBIE, NOKA3AMeElbHbIe, 102a-
pugmuyeckue, mpucoHomempuieckKue yYpasHeHus, HepaseH-
CMea U ux cucmemsvl, Npocmetiuiue UppayuoHaibHvle ypasHe-
HUSL U HEPABEHCMEBA;

UCNONIBb3068AMb MEMOObl peuleHusi YPAGHeHUl: npugedeHue K
8UDY «NPOU3BEOeHUe PAGHO HYIIO» UIU «YACMHOE PABHO HY-
JII0Y», 3aMeHA NePeMeHHbIX,

UCNnoIbL308aMb  Memoo UHMEPBANos OJisl peuleHus Hepa-
BEHCMNE,

UCnONbL3068aMb  2paguueckuti. Memoo 011 NPUOTUNHCEHHO20
peuleHust ypagHeHuli U HepageHcms,

uz00padcamv Ha MPUSOHOMEMPUYECKOU OKPYIHCHOCMU MHO-
AHCECMBO peuleHull MmpueoOHOMempuieckux ypasHeHull u Hepa-
8EHCMS.

B noBcegHeBHOW KM3HM W NPU M3YyYeHUHM JAPYTHX Yyueol-
HBIX MPeIMETOB:

COCTaBJISTh M peIaTh YPaBHCHHsI, CUCTEMbI YPABHCHUU U He-
pasencmea NPH PEIICHUN HECIOKHBIX MPAKTUYCCKUX 3a7a4d U
3a0ay u3 opyaux y4eOHvlX npeomemos;
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— UCNONIL308aMb YPABHEHUS. U HEPABEHCMBA OJisl NOCMPOEHUs U
UCCe008AHUSL NPOCEMUX MAMEMAMUYECKUX MOOenell pe-
QIbHBIX CUMYaAyULl UlU NPUKIAOHBIX 3404y,

— yMemb UHMEPNPEemupo8ams NOJYYEHHbI NpU  peuleHuu
VDABHEHUs,  HEPABEHCMBAd  UAU  CUCHEMbl  pe3yibman,
OYeHueamv e20 Npasoonoododue 6 KOHMeKcme 3a0aHHOl
PeanbHOU cCumyayuu uiu NPUKIaOHoU 3a0a4u.

DYyHKIUH
— OmnepupoBaTh MOHATUAMU: 3aBUCUMOCTh BEIUYHH, (PYHKIUA,

apryMeHT W 3HaueHHe (QYHKIUH, OOJIACTh ONpPEICNCHHUs MU
MHOYKECTBO 3Ha4eHU (pyHKIMH, rpauk 3aBUCUMOCTH, Ipa-
¢uk ¢pyHKIMH, HYIM QYHKIMH, TIPOMEKYTKH 3HAKOIIOCTOSH-
CTBa, BO3pacTaHue M yObIBaHME (YHKLMU Ha YMCIOBOM IPO-
MEXYTKe, HauOosIblllee 1 HAaMMEHbIIee 3HaUeHNs (PYHKUINU Ha
YHUCJIOBOM NPOMEXKYTKE, Iepuoaudeckas (QyHKIMs, MEpUOZ,
YéMHas U Heyémuas QyHKyuu,

— ONepUpoBaTh MOHATUAMHU: IpsAMas U oOpaTHas MPONOPLHUO-
HAJIBHOCTb, JIMHEWHas, KBaJpaTW4Has, Jorapudpmudeckas U
MoKasareiabHasi YHKIMH, TPUTOHOMETpUYECKUE PYHKIINH;

— pacno3HaBaTh rpaguku GyHKIMHA OpsMO M oOpaTHOU mpo-
MOPIMOHAIBHOCTH, JUHEWHOM, KBaJpaTUYHOW, Jorapudmu-
YEeCKOM, MMOKa3aTeIbHOW U TPUTOHOMETPUUECKUX (YHKIUN U
COOTHOCHTB UX C (popMysiaMu, KOTOPHIMU OHH 3aJlaHbl;

— HaxoAuTh 1o rpaduky NpUOIMKEHHO 3HAUYEHUS (YHKIUH B
3aJIaHHBIX TOYKaX;

— ONpeAessaTh Mo rpaguKky CBOHCTBAa (YHKUMHU (HYIH, TpOMe-
KYTKM 3HAKOIIOCTOSIHCTBA, IIPOMEKYTKM MOHOTOHHOCTH,
HauOOoJIbIINE U HAUMEHbIINE 3HAYeHUS U T. I1.);

— CTPOUTH 3CKU3 Tpaduka (QyHKIHMH, YAOBIETBOPSAIOLIEH Mpu-
BeIEHHOMY Habopy ycioBuil (IPOMEXYTKHM BO3pacTra-
HUS/yOBbIBaHUS, 3HAUCHUE (PYHKIIUHU B 33JJaHHOM TOUKE, TOUKU
9KCTPEMYMOB, ACUMNIMOMbL, HYAU PYHKYUU U M. 0.);

— onpeoensaimyv 3HaueHue @OYHKYUU NO 3HAYEHUIO apeyMeHma
npU pasnuyHelx cnoco6ax 3a0anus QYHKyuu,

—  cmpoumbs 2pagpuKu U3y4eHHuIX QYHKYUL,
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pewiams  YypasHeHus, npocmeuwiue Cucmemvl YpPaeHeHull,
UCNONL3YSA C8OUCMBA PYHKYUL U UX 2paAPuK.

B noBceqHEeBHOW KM3HHM M NPH M3YYeHUM JIPYyrux y4deo-
HBIX MPeIMETOB:

OTIPEJIENIATH 10 TpapuKaM U UCHOIL308AMY OISl PeUleHUs NPU-
KAAOHbIX 3a0ay CBOWCTBA PEATBbHBIX MPOIECCOB U 3aBHCUMO-
cTeil (HamOonblliMe M HAaUMEHBIIME 3HAYCHUS, MMPOMEKYTKH
BO3pacTaHHus U YOBIBaHHS, MPOMEXKYTKH 3HAKOIIOCTOSHCTBA,
acumnmomul, IEPUO U T. 1.), MHTEPIPETUPOBATH CBOWCTBA B
KOHTEKCTE KOHKPETHOM MPAKTUYECKON CUTYALNH;

onpedensimv No 2pagukam npocmetiuiue XapaxKmepucmuKu
nepuoouUyecKuUx npoyeccos 8 OUONo2Ul, IKOHOMUKe, MY3bIKe,
paouo ceésa3u u m. n. (Gmnaumyoa, nepuoo u m. n.).

DJ1eMeHThbI MATEMATHYECKOI0 aHAJIN3A

OnepupoBarh MOHATUSAMU: TMPOU3BOJHAS (DYHKIIMH B TOYKE,
KacaTenbHas K rpaduky QyHKIIUH, TPOU3BOIHAS PYHKIIUY;
OTIPE/ICIIATh 3HAYCHHE IMPOU3BOJHON (PYHKIIMH B TOYKE IIO
M300paXeHUI0 KacaTelnbHOU K rpaduKy, IpOBEAEHHON B ATON
TOYKE;

BLIYUCTAMD  NPOU3BOOHVIO OOHOUNIeHA, MHO20YNeHd, KBAO-
PAmHO20 KOPHS, RPOU3BOOHYIO CYMMbL (DYHKYUILL,

BbLIUUCTAMD  NPOU3BOOHBLE IIEMEHMAPHBIX (DYHKYUL U UX
KOMOUHAYUIL, UCNONb3YSL CHPABOYUHbIE MAMEPUATDL,

peliaTh HECIOXKHBIE 33/1aydl Ha MPUMEHEHUE CBS3H MEXIY
MPOMEXYTKAMH MOHOTOHHOCTH M TOYKAMH DKCTpeMyMa
(GYHKITUH, ¢ OJTHON CTOPOHBI, U TIPOMEKYTKAMHU 3HAKOITOCTO-
STHCTBA U HYJISIMU MPOU3BOAHOMN 3TON QYHKIIMH — C APYTOi;
uccneoosamsv  QYHKyuu HA MOHOMOHHOCHb, HAXOOUMDb
Haubonbuue U HAUMEHbUIUe 3HAYEeHUs. QYHKYUL, CMpoums
2papuKU MHO20UIEHO8 U NPOCBIX PAYUOHATLHBIX (YHKYULL C
UCNOIL30BAHUEM ANNAPAMA MAMEMAMUYECK020 AHAIU3.

B noBceaHeBHOI KU3HM W NMPH H3YYEHHH JPYTUX y4ed-
HBIX MPEIMETOB:

MOJIb3YSACh TpaduKaMH, CPaBHHUBATH CKOPOCTH BO3pACTaHUS
(pocta, MOBBIICHUS, YBETUYCHHUS U T. 11.) UIH CKOPOCTH YOBI-
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BaHUs (MMaJCHUs, CHUKCHUS, YMEHBIIICHHS U T. 11.) BEITUYHH B
peanbHBIX Mporeccax;

— COOTHOCHUTH TpaUKH pEabHBIX MPOIECCOB U 3aBHCUMOCTEH
C MX ONHMCAHUSAMH, BKIIIOYAIOIIUMHU XapaKTEPUCTHKU CKOPO-
CTH W3MEHEHHUs (ObICTPBIA pOCT, TUIABHOE MOHIKCHUE H
T. IL.);

— WCTOJB30BaTh TpaQUKU peadbHBIX MPOIECCOB I PEIICHUS
HECJIOXKHBIX MPUKIAIHBIX 33/1a4, B TOM YHUCIIC OMPEICIsis 10
rpaduKy CKOpOCTh X0a Ipoliecca;

— pewams NPUuKIaoHvle 3a0auu u3 OUosocUU, GUUKU, XUMULU,
IKOHOMUKU U Opyeux  npeomemos,  C8A3aHHblE  C
UCCe00B8AHUEM — XAPAKMEPUCMUK — DedbHblX — NPOYeccos,
HAaxXoxcoeHuem HauboOabWUX U HAUMEHbUWUX 3HAYeHUl,
CKOpOCMU U YCKOpeHUsi U m. n., UHMEPnpemuposams
NOYYeHHbLE Pe3YIbmambl.

CraTucTuKa U Teopus BepOATHOCTEH, JOrHKa ¥ KOMOMHATO-
HKA

— OmnepupoBaTb OCHOBHBIMHU OIHCATEIbHBIMU XapaKTEPUCTHU-
KaMH YHCJIOBOTO HaOopa: cpeaHee apudMeTuueckoe, Meamua-
Ha, HauOoJiblllee U HaUMEHbIlIee 3HAYCHHUS

— OIEepUpPOBaTh MOHATHSAMH: YacTOTa U BEPOSITHOCTH COOBITHS,
CIIy4aiHbIil BbIOOp, OMBITHI C PAaBHOBO3MOXKHBIMH 3JIEMEH-
TapHBIMU COOBITHSIMH;

— BBIYUCIISITh BEPOSITHOCTH COOBITUI Ha OCHOBE IMOJCYETA UUC-
J1a UCXOJI0B;

— uMemb npeocmasieHue: 0 OUCKPEMHbLIX U HEeNnpepbleHbIX CILy-
YQUHLIX GEIUYUHAX U PACHPEOeNeHUsX, O He3A8UCUMOCTU
CIIYYAUHBIX BEIUYUH, O MAMEMAMULECKOM 0HCUOAHUU U OUC-
nepcuu CIy4auHblX eIUYUH, O HOPMATbHOM pacnpedeseHuu u
npumepax HOPMaibHO PACHPEOeNEHHBIX CAVYAUHBIX BETUYUH,

— NOHUMAmMb CYMb 3AKOHA OONLUWUX HUCel U BblOOPOYHO20
Memooa usmMepeHusi 6eposIMHOCMel,

— umemyb npedcmagierue 00 YCI08HOU 8ePOAMHOCMU U O NOJI-
HOUL 8epPOSIMHOCMU, NPUMEHAMb UX 68 PeUleHUU 3a0a4;
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umMemsb npeocmagienHue 0 8ANCHbIX YACMHBIX 8UOAX pacnpe-
OeleHUll U NPUMEHSIMb UX 68 PeUleHUU 3a0ay;

umems npedcmasiienue 0 KOpperayuu CryyatiHblX 8eIUyUuH, O
JIUHENIHOU pe2pecCull.

B noBcenHeBHO KH3HH W NMPH U3YyYEHUH JAPYTHX MpeaMe-
TOB:

OLICHUBATh, CPABHUBATH M 6bIYUC/ISAMb B TPOCTBIX CIy4asx
BEPOSITHOCTH COOBITUH B peasTbHOW YKHU3HH;

9UTaTh, COIMOCTABJISATh, CPABHHBATh, WHTEPIPETHPOBATH B
MPOCTBIX CIydasX pealibHbIC JaHHBIC, TPEIICTABICHHBIC B BH-
ne TabuIl, JuarpaMm, rpaduKos;

8b10Upams NoOXoosawue Memoobl NpedCmasieHuss u oopa-
OOMKU OAHHBIX;

yMemb peulams HeCl0JCHble 3a0ayu HA NPUMEHEHUEe 3aKOHA
OONLWUX YUCEN 8 COYUONO2UU, CMPAXOBAHUU, 30PABOOXPAHE-
Huu, obecneyeHuu Oe30NACHOCMU HACENEHUsL 8 UPE3BbIUAUHBIX
CUmMyayusix.

TekcTOBBIE 3a0aYH

Pemate HecliOkKHBIE TEKCTOBBIE 3aJlauyd Pa3HBIX THUIIOB, pe-
wams 3a0a4u pasHulX MUNO8, 8 MOM YUCIe 3a0ayu NOGbl-
WleHHOU MpPYOHOCIU,

8bIO0UPAMb  ONMUMATLHBIL MemoO peuleHUus 3a0adu, pac-
cMampueas paziudnsie Memoovl,

aHAJIM3UPOBATh YCJIOBHUE 3a/aud, CTPOUTH NIl €€ pPEIIeHUs
MaTeMaTUYeCKYI0 MOJECIb, NPOBOOUMb QOKA3amenbHble pPac-
cyocoeHus;

MMOHUMATh W HWCIOJIb30BaTh /I PEIIeHHs 3a7auu WHQopma-
M0, TPEACTABICHHYIO B BHJIE TEKCTOBOM M CUMBOJIBHOW 3a-
MIUCH, CXEM, Ta0JIHII, AUarpaMm, TpauKoB, PUCYHKOB;
JIEHCTBOBATH IO AJITOPUTMY, COAEPIKAIIEMYCS B YCIOBHH 3a-
Jlavu,

WCIIO0JIb30BaTh JIOTUYECKUE PACCYKJICHUS NIPHU PEIICHUH 33]1a-
qu;

paboTaTh ¢ M3OBITOYHBIMH YCIIOBUSIMH, BBIOMpAsi U3 BCEH MH-
(dbopMaruu gaHHbIE, HEOOXOIUMBIE JUISl pEIICHUS 3a1auH;
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— OCYILECTBJIATh HECIOXHBINA MepeOOp BO3MOXKHBIX PELLIEHUM,
BBIOMpAst U3 HUX ONTUMAIBLHOE 110 KPUTEPHSIM, CPOPMYIUPO-
BaHHBIM B YCJIOBHH,

— aHAIM3HMPOBATh M MHTEPIPETUPOBATH IMOJIYYCHHBIC PEIICHUS
B KOHTEKCTE YCIIOBHS 33/1a4H, BEIOUPATh PEUICHHUS, HE TIPOTH-
BOpEUaIe KOHTEKCTY;

— pemaTh 33Ja4d Ha pacuy€T CTOMMOCTH IMOKYIIOK, YCIYT, T0e3-
JOK U T. 11.;

— pelIaTh HECIOXKHBIC 33/1a4H, CBSI3aHHBIC C JIOJICBBIM Y4aCTHEM
BO BJIaJICHUU (PUPMOH, IPEIAMPUITHEM, HEIBHKUMOCTHIO;

— pemaTh 3aJa4d HA TPOCThIC MPOICHTHI (CHCTEMBI CKHUIOK,
KOMHCCHH) ¥ Ha BBIYUCIICHHE CIIOKHBIX MPOIICHTOB B pa3-
JIMYHBIX CXEMax BKJIaJI0B, KPSIUTOB U UITOTEK;

— pelmaTh MPaKTHYECKUE 3a/1a4yd, TPEOYIOIIHE HCIOIb30BAHUS
OTPHIIATEIILHBIX YHUCEI: Ha ONPEACICHUE TEMIIEPaTyphl, 1O-
JIO’)KEHHSI Ha BPEMEHHOM OCH (/10 Halel 3pbl U MOCie), Y-
OWHBI/BBICOTBI, Ha JBW)KCHUE [CHEKHBIX CPEICTB (IpH-
XoJ/pacxon) u T. 11.;

— HCIOJIB30BaTh MOHATHE MaciuTada /Ui HaXOXKICHUS PacCTOsI-
HUI M JUIMH Ha KapTax, IIaHaX MECTHOCTH, TJIaHaX MTOMeIe-
HUM, BEIKpOIKaX, MpH paboTe Ha KOMIBIOTEPE H T. II;

— pewamys 3a0aqu, mpedyowue nepebopa 6apuaHmos, nposep-
KU YCI08UlL, 86100pa ONMUMATILHO20 Pe3yibmamad,

—  QHAIU3UPOBAMb U UHMEPNPEMUPOBAMb PE3YIbmambsl 8 KOH-
mekcme YCi08us 3a0auu, bloupams peuleHus, He npomueo-
peyaujue KOHMeKCcmy,

— nepegooumsv Npu peuweHuu 3a0adu UHGOpMayur uz 0OHOU
Gopmbl 6 Opyeyro, UCNONL3YS NPU HEOOXOOUMOCIU CXeMbl,
maoauysl, epagpuxu, Ouazpammol.

Hcropusi M1 MeTOIbI MATEMATHKH

— OnuceIBaTh OT/CTbHBIC BBIAAIONIMECS PE3YNIbTAThI, MOTYYCH-
HbIE B XOJI€ Pa3BUTHS MaTEMAaTHKH KaK HAyKH;

— 3HaTh NPUMEPbl MATEMATUYCCKUX OTKPBITHH U UX aBTOPOB B
CBSI3M C OTEYECTBEHHOW M BCEMHUPHOW HCTOPHUEH; npedcmas-
JISIMb BKNAO BbIOAIWUXC MAMEMAMUKOS 8 PA3GUMUe Mame-
MAmuKU U UHbIX HAYYHBIX obracmel,
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— TIIOHUMATh POJIb MaTeMAaTUKH B pa3Butuu Poccuu;

— MPUMEHATHh U3BECTHBIE METO/Ibl IPU PELIEHUN CTaHJAPTHBIX U
He CcmaMoapmHulX MATEeMaTHUYECKUX 3a/ay; UCHONIb308aAMb
OCHOBHble Memoobl 00KA3AMeNbCmed, Npo8oOUmMb O0KA3A-
MenbCmeo U 8blNONHAMb ONPOBEPIHCEHUE;

— 3aMeydarbh U XapaKTEepU30BaTh MATEMaTUYECKHE 3aKOHOMEP-
HOCTH B OKpY’Karolell NeHCTBUTENBHOCTH U HA UX OCHOGE
Xapaxmepuso8amuv Kpacomy U CO8EPUIEHCMBO OKPYICAIOUe20
MUpa, a makice npou3eeo0eHUti UCKyCccmed,

— npumeHsmv npocmetiuiue NPoOSPAMMHblE CPEOCMBA U IeK-
MPOHHO-KOMMYHUKAYUOHHbBLE CUCEMbL NPU peuleHuu mame-
Mamu4eckux 3a0ay.

yI'I'IVGI'IéHHbIﬁ YPOBEHb
Jis  ycHemHoro  npojao/pKeHuss — oOpa3oBaHUs 110
CHELUAIBHOCTSAM, CBA3aHHBIM C IMPHUKJIAAHBIM HCIIOJIb30BAaHUEM
MatemMaTuku (1-i  ypoBeHb  IJIAHUPYEMBIX  PE3YyJbTaTOB),
BBIIYCKHUK HAYYHUTCH, a TaKKe MOJYYHT BO3MOKHOCTh
HAYYUTBCHA JUid  oOecredyeHus BO3MOXKHOCTH  YCIELIHOTO
NPOAOIKEHUsT 00pa30BaHMs MO CHELUAIBHOCTSAM, CBA3aHHBIM C
OCYILLECTBJICHUEM HAy4YHOH M HCCIIEAO0BATEIbCKOW IESITEIbHOCTH
B o00jacTd MareMaTMKM M CMEXHBIX Hayk (2-i ypoBeHb

IUTAHUPYEMBIX PE3YJIbTAaTOB, BBIICIEHO KYPCUBOM).

DJieMeHTbI TEOPMH MHOKECTB H MATEMATHYECKOH JIOTHKH

— CBo06ogHO onepI/IpOBaTb1 MOHATUSMHU: MHOYECTBO, IyCTOE,
KOHEYHOE W OECKOHEUYHOE MHOXECTBO, JIEMEHT MHOXECTBA,
MOJIMHOXKECTBO, TepeceveHrne, OOBEAUHEHHE U Pa3HOCTh
MHOECTB;

— NPUMEHSTH YUCIOBBIE MHOXECTBA HA KOOPAUHATHOU MPSIMOIA:
OTPE30K, MHTEPBAJ, MOJTYUHTEPBAI, IPOMEKYTOK C BBIKOJIO-

! 311ech 1 Janee — 3HATH OMPEIENCHHE TIOHSTHS, 3HATh M YMETh TOKa3bi-
BaTh CBOWMCTBA (MPU3HAKH, €CIIM OHH €CTh) MOHATHUS, XapaKTEPHU30BaTh CBS3H C
JpYTMMH HOHATUSMH, NIPEACTABISA OAHO MOHATHE KaK 4acTh LIEIOCTHOTO KOM-
IIJIEKCA, UCIOJIb30BaTh IOHATHE M €r0 CBOMCTBAa IPU IPOBENEHUU pacCyKie-
HUH, 10Ka3aTeIbCTB, PEIICHUH 3aay.
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TOW TOYKOM, rpaduuecKoe MpecTaBIeHNe MHOKECTB Ha KO-
OPIMHATHOM IIOCKOCTH;

MPOBEPSITH PUHAIICKHOCTD JIEMEHTa MHOXKECTBY;
HAXOJUTh TIepecedyeHre M OOBEIMHEHHUE MHOXECTB, B TOM
YHCIIe MPECTABICHHBIX rpadMuecKy Ha YUCIOBOM MPSAMON U
Ha KOOPJMHATHON TIOCKOCTH;

3a7aBaTh MHOXKECTBA IIEPEYMCIICHHEM U XapaKTepUCTHYe-
CKHM CBOMCTBOM;

OIIEPUPOBAThH TOHITUSMH: yTBEPXKICHHUE, OTPUIIAHHE yTBEP-
KJICHHsI, ICTUHHBIC U JIOKHBIC YTBEPIKACHHS, IPUYMHA, CIIC]I-
CTBHE, YAaCTHBIH CIly4all OOLIEro YTBEP)KICHUS, KOHTPIIPH-
Mep;

NPOBOAMTH JIOKA3aTENIbHBIE PACCYXICHHUS Ui 0OOCHOBaHUS
UCTUHHOCTHU YTBEP)KACHUI;

onepuposamv NOHAMUEM ONpeoeieHus, OCHOBHLIMU BUOAMU
onpeoenenul u meopem,

NOHUMAMb CYMb KOCBEHHO20 OOKA3AMENbCMEBA,

onepuposamv NOHAMUAMU CHEMHO20 U HECUEMHO20 MHOMHMCe-
cmeay

NPUMEHAMb Memo0 MamemMamuyeckol UHOYKYuU Ol npoge-
OeHUsL pACCYHCOHUL U OOKA3AMENbCNE NPU PeuleHUU 3a0ay.
B noBceHeBHO¥ KU3HM ¥ NIPH U3YYEHHH PYTrHX NpeaMe-
TOB:

UCII0JIb30BATh YUCIIOBbIE MHOXKECTBA Ha KOOPIUHATHOM Tpsi-
MOM ¥ Ha KOOPJAWHATHOMW TIOCKOCTH TSI OTTMCAHUS PealbHBIX
MPOLIECCOB U SIBJICHUI;

NPOBOANThH JOKa3aTeJbHbIE PACCYXKICHHS B CHTYaIHIX
MOBCEIHEBHOM JKW3HH, MPHU PEHICHUH 3a1ad U3 JPYrux
NPEMETOB;

UCNONIb308AMb MEOPEMUKO-MHONCECTNBEHHBIN A3bIK U A3bIK
JIO2UKU OJIsl ONUCAHUSL PEalbHbIX NPOYecco8 U A6NeHUl, npu
peuteHuu 3a0ay Opy2ux yueOHvlX npeomMemos.

Yucaa 1 BhIpaKeHus

— CB060OgHO omepupoBaTh MOHATHAMH: HATypajJbHOE YHCIIO,

MHOXCCTBO HATyYpaJIbHBIX YHUCCII, LEJI0C YHCIIO, MHOXKCCTBO
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LENBIX YHUCe], OOBIKHOBEHHAsi JpoOb, JECATHYHAs APOOb,
CMEIIaHHOE YHUCII0, PAIIMOHAILHOE YHCII0, MHOXKECTBO PallH-
OHAJILHBIX YUCEJ, UPPAUOHAIBHOE YHCIIO, KOPEHb CTEICHU
1, MHOXECTBO JICHCTBUTEIBHBIX YUCEJ, TE€OMETPUYCCKAsT WH-
TepIpeTalysl HATypalbHbBIX, LENbIX, pPAllMOHAIBHBIX, JCH-
CTBHUTEJBHBIX YHCEIT;

MOHUMATh U OOBSICHATH PA3HUILY MEXK]Y IMO3UIIMOHHON U He-
MO3UIIMOHHOMN CUCTEMaMU 3aIMCH YHCEIT;

NEPEBOJMTh YHUCIA W3 OJHOW CHCTEMbI 3alUCh (CHUCTEMBI
CUHCJICHUS) B IPYTYIO;

JI0Ka3bIBaTh M MCIIOJIb30BATh MPU3HAKHU JCITUMOCTH, CYMMBI
MIPOU3BEICHUSI TIPHU BBIMIOJIHCHUN BBIYMCICHUNA W PELICHUU
3ajad;

BBINOJIHATh OKPYIJICHHE PAIlMOHAIBHBIX U MPPAIMOHATBHBIX
YHCeI ¢ 33IaHHOW TOYHOCTBIO;

CpaBHMBATh JICHCTBUTEIBHBIC YHCIIA PA3HBIMU CIIOCOOAMM;
YIOPS0YMBATh YKCIIa, 3alIUCAHHBIC B BUJIE OOBIKHOBEHHOM 1
JECATHYHON IpoOH, YKCIia, 3alUCaHHBIE C MCIIOIb30BaHHEM
apu(METHUECKOTO KBaJpPaTHOTO KOPHS, KOpPHEW CTENeHU
ooubmIe 2;

Haxoauth HOJ/l 1 HOK pa3HbiMu crioco0amu U UCTIOIb30BaTh
UX TIPU PEIICHUH 3a]1ay;

BBINOJIHATH BBIYHCIICHUS U TIPE0Opa30BaHUsl BBIPAXKEHUH, CO-
JepKAIIUX JCHCTBUTENILHBIC 4YHCIA, B TOM 4YHCIE KOPHHU
HaTypAJIbHBIX CTETICHEM;

BBINOJIHATh CTAHJAPTHBIC TOXKICCTBEHHBIC MpPeoOpa3oBaHuUs
TPUTOHOMETPUYECKHX, JOTapU(PMHUUCCKUX, CTEICHHBIX, UP-
parroHaIBHBIX BHIPAKEHUH;

C80000HO ONepupo8ams YUCIOBLIMU MHONCECMBAMU NPU De-
weHuu 3a0a4;

NOHUMAMb NPUHUHBL U OCHOBHbIE UOEU PACUUPEHUSL YUCTIOBbIX
MHOJICECME;

871a0emsb OCHOBHbIMU NOHAMUAMU Meopuu OeIUMOCmu npu
peuleHuy CmaHoapmusix 3a0a,

umems 6aA306ble NPEOCMABICHUSL O MHONCECMBE KOMNIEKCHbIX
yucen;
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— CB0000HO BbINOIHAMb MONCOECMEEHHblE NPeodPA306aHUs
MPUCOHOMEMPUYECKUX, N102APUPMULECKUX, CMENeHHbIX Bbl-
padicenuii;

— enadems popmynou bunoma Hetomona;

— NpUMeHAmMb Npu peueHuu 3a0a4 meopemy 0 JTUHelHOM npeo-
cmasnenuu HOJ[, Kumaiickyro meopemy o6 ocmamkax, Ma-
nyto meopemy Pepma;

— NpUMeHAMb NpuU peuleHuu 3a0ay  MmeopemuKo-4ucioswle
Gyukyuu: yucio u cymma oenumenei, Qynkyuro Jinepa,

— NpUMEHAMb Npu peuleHul 3a0ay yenHvle Opoou, MHO20YNeHbl
¢ OelicmeumenbHbIMU U YeablMu Kod(pouyuenmamu,

— gnademv NOHAMUAMU NPUBOOUMbBIE U HENPUBOOUMbLE MHO20-
YleHbl U NPUMEHAMb UX NPU PelueHUul 3a0au,

— npumenams npu pewenuu 3a0ay OCHOBHYIO meopemy aneed-
pbl, npocmeuiuiue GYHKYUU KOMNIEKCHOU NepeMeHHOU KaK
2eomempuieckue npeoopazoeanusl.

B noBceqHeBHOIi KU3HM U NIPU U3YYEHUH JAPYTUX MpeaMe-
TOB:

— BBIIOJHATH U OOBACHATH PE3yJIbTAThl CPABHEHUS PE3yJIbTaTOB
BBIUMCIICHUH NpU pellieHNH MPaKTUYEeCKUX 3a7a4, B TOM YHcC-
Jie IpUOMKEHHBIX BBIYUCIICHUH, HCIIONB3YSI Pa3HBIE CIIOCO-
ObI CpaBHEHHUI;

— 3alMChIBaTh, CPABHUBATDH, OKPYTJIATH YUCIOBBIC JaHHBIC;

— HCIOJNB30BaTh peallbHbIe BEITMYMHBI B Pa3HBIX CHCTEMax W3-
MEpEeHUS;

— COCTaBJATh W OLIEHUBATh Pa3sHBIMU CIIOCOOAMHU YHCIIOBBIE
BBIPQ)KEHUS MPH PEIICHUHM NPAaKTUYEeCKUX 3aJad M 3a1ad U3
JIPYTUX y4eOHBIX MPEIMETOB.

YpaBHeHHs M HEPABEHCTBA

— CB00OgHO omepupoBaTh MOHSATUSMHU: ypaBHEHHE, HEPaBEH-
CTBO, PAaBHOCUJIbHBIE YPABHEHHSI U HEPABEHCTBA, YpaBHEHHUE,
ABJISIOIIEECS CIECICTBUEM JIPYroro ypaBHEHUS, YpPaBHEHUS,
paBHOCHUIILHBIE Ha MHOXKECTBE, PaBHOCUIIbLHBIE MTPeoOpa3oBa-
HHS YPaBHEHUI;
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pelarh pa3Hble BU/Ibl yPaBHEHUI U HEPABEHCTB U UX CUCTEM,
B TOM YMHCJIE HEKOTOpbIE ypaBHEHHsS 3-il u 4-il cTerneHei,
IPOOHO-pallOHAJIbHBIE U UPPALMOHAIILHBIE;

OBJIaJIETh OCHOBHBIMHM THUIIAMH IOKAa3aTeNbHbBIX, JIOTapUPMU-
YECKUX, MUPPALUMOHAIbHBIX, CTEIICHHBIX YPAaBHEHUW U Hepa-
BEHCTB M CTAHJAPTHBIMU METOJIaMHU UX PEIICHUH U MpUMe-
HATh UX IIPU PELICHUU 33]1a4;

IIPUMEHATH TeopeMy be3y K pelIeHHnI0 ypaBHEHU;
IIPUMEHTHh TeopeMy Buera 1uisi pelieHuss HEKOTOPbIX ypaB-
HEHUI CTEIEHU BbILIE BTOPOI;

IIOHUMATh CMBICI TEOPEM O PABHOCHUJIbHBIX U HEPABHOCHUJIb-
HBIX TPE0OpPA30BaHUAX YPABHEHUI U YMETh UX JIOKA3bIBaTh;
BJIaIETh METOJAMU PEUICHMs] ypaBHEHUM, HEPABEHCTB M MX
CHCTEM, YMETh BBIOMpPATh METOJ PEIICHUS U 0OOCHOBHIBATH
CBOI BBIOOD;

HCIO0JIb30BaTh METOJI UHTEPBAJIOB JUIsl PELICHHs] HEPABEHCTB,
B TOM YHCJIe APOOHO-PAllMOHANBHBIX M BKJIIOYAIOIMIUX B ceOs
HppaIMOHATIbHBIE BBIPAYKEHUS,

pemiates anredbpandeckue ypaBHEHHUS M HEPaBEHCTBA U MX CH-
CTeMBI C TlapaMeTpamMu anreOpandeckuM U rpaduueckum me-
TO/IAMU;

BJIAJIETh PA3HBIMU METOJIaMH JI0Ka3aTeJIbCTBA HEPABEHCTB;
penaTh ypaBHEHHS B LEJbIX YHUCIIAX;

M300pakaTh MHOXKECTBA Ha TUIOCKOCTH, 33JlaBaeMble ypaBHe-
HUSIMHM, HEPABEHCTBAMH U UX CUCTEMAMH;

CcBOOO/IHO HCITIOJIb30BAaTh TOXJIECTBEHHBIE MpeoOpa3zoBaHUs
IIPU PELICHUH YPABHEHUM U CUCTEM YPAaBHEHMIA;

Cc680000HO onpedensimb Mun U 6vloUpams Memoo peuleHusl
NOKA3aMeNbHbIX U N02aPUPMUYECKUX YPABHEHUU U Hepa-
8EHCME UPPAYUOHATLHBIX YPAGHEHUL U HEPAGEHCME, MPU20-
HOMEempU4ecKux ypaeHeHull U HepageHcms, ux Cucmem,
€80000HO pewamsb cucmemyl TUHEHbIX YPAGHEHUU,

peuiamsb OCHOGHble MUnbl YPAGHEeHUl U HepaseHCcms ¢ napa-
mMempamu;

npumMeHAmb npu pewieHuu 3aoad Hepagencmea Kowu—
bynaxosckoeo, bepnynnu,
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—  umemv npeocmaeieHue 0 HepaeeHCmeax Mexdcoy cpeoHUMU
CmeneHHbIMU.

B noBceqHeBHOI KU3HM U NIPH U3YyYEHUH JAPYTUX NpeaAMe-
TOB:

— COCTaBJIATh U pellaTh YPaBHEHUS, HEPABEHCTBA, UX CUCTEMBI
IIPU PELICHNH 33]a4 U3 IPYIUX y4yeOHbIX PEAMETOB;

— BBIIOJHATH OLIEHKY IPaBAONOA0OMs pe3yibTaToB, MOJIydae-
MBIX IIPU PELICHUH Pa3JIMYHbIX YPABHEHUM, HEPABEHCTB U UX
CUCTEM, IIPU PEIIECHUN 3aj]a4 U3 JPYTUX y4EOHBIX MIPEIMETOB;

— COCTaBJIATh U pEIIaTh YPaBHEHUS U HEPABEHCTBA C IapaMeT-
paMy IIpU PEeLIeHUH 33434 U3 IPYTUX y4eOHbIX IPEIMETOB;

— COCTaBJIATh YpaBHEHHE, HEPABEHCTBO WJIM UX CUCTEMY, OIH-
CBIBAIOIME PEAIBHYI0O CUTYAalMIO WM NPUKIAJHYIO 3aaady,
UHTEPIPETUPOBATH MOJIYYEHHBIE PE3YJIbTATHI;

— HCIIOJNB30BaTh IPOrPaMMHBIE CPEACTBA IIPU PEIICHUH OT-
JIEIbHBIX KJIACCOB YPABHEHUM U HEPABEHCTB.

DYHKIUH
— Braners MOHATHAMH: 3aBUCHMOCTh BENWYHH, (YHKIHS, ap-

TYMEHT UM 3HaueHue (QyHKIMH, 00JacTh ONpeNeIeHHs] U MHO-
KECTBO 3HaueHWH (QyHKIUM, rpaduK 3aBHCHUMOCTH, Tpaduk
GbyHKIMY, HYIU (QYHKLIUU, TPOMEXKYTKH 3HAKOIOCTOSHCTBA,
BO3paCTaHHE Ha YUCIOBOM INPOMEXKYTKE, yObIBaHHE Ha YHC-
JIOBOM IPOMEXKYTKE, HauOoJblllee U HaUMEHbIIee 3HauYEHUs
(GYHKIMU Ha YUCIOBOM IMPOMEXYTKE, Mepruoanyeckas QpyHK-
1Usl, TMepuoA, 4€THas U Heu€THas (PYHKIMH; YMEThb MpHUMe-
HATb TH MOHATHS NPU PELICHUH 3a/1a4;

— BIIQJIETh TMOHATHEM CTeleHHas (YHKIUS; CTPOUTh €€ rpaduk
U yMETh MPUMEHATh CBOMCTBA CTENEHHON (DYHKIMHU IPH pe-
LIEHUH 3a/1a4;

— BJaJIeTh MOHATHSAMH IOKazarenbHas (YHKLHUS, SKCIIOHEHTA,
CTPOUTHh UX Irpa@UKu U yMETh NMPUMEHSITH CBOMICTBA MOKa3a-
TEJIbHOW (DYHKIIMU TIPU PELICHUH 3a/1a4;

— BIJaJIeTh MOHATHEM Jorapupmudeckass QyHKIHUS; CTPOUTH €€
rpaguk U yMeTh NPUMEHSTH CBONCTBa JorapupMUUYECKON
(GYHKLIMU TIpU peIIeHUH 3a1a4;
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BJIJICTh MOHATHEM TPUTOHOMETpUYECKHE (YHKIHHU; CTPOUTH
UX rpaUKu U yMETh IPUMEHSITh CBOMCTBA TPUTOHOMETpHYE-
CKuX (DYHKIMH TpU PEIICHUH 3a/1a4;

BJIaJIeTh MOHATHEM OOpaTHas (yHKLUS; NPUMEHATh 3TO I1O-
HATHE IIPU PELICHNUH 3371a4;

IPUMEHSTh MPH PEIICHUH 3a/a4 CBOWCTBAa (YHKIMU: 4ET-
HOCTb, IEPUOJUYHOCTb, OTPAHUUEHHOCTb;

IPUMEHATh IPU pEIeHUH 33had mpeoOpa3oBaHus rpaukoB
GbyHKIM;

BJIQJICTh MOHATUSMH YHCIIOBBIC TOCIIEAOBATEIFHOCTH, apHd-
METHYECKasi U TEOMETPUUECKasl IPOrpeccusi;

IIPUMEHSATH IPU PELICHUHU 3a]a4 CBOMCTBA U NMPU3HAKU apu -
METHYECKON U F€OMEeTPUYECKOH Mporpeccuii;

6naoemsv NOHAMUEM ACUMNMOMbL U YMemb €20 NPUMEHAMb
npu pewienuy 3a0ay;

NPUMEHAMb Memoobl peuleHus npocmemux ougpgepenyu-
ANIbHBIX YPAGHEHUL NEPEO20 U 8MOPO20 NOPAOKOE.

B noBcegHeBHOH KWU3HM W NPH M3YYECHHH JIPYIHUX y4eo-
HBIX NPeIMeTOB:

OIpeNieNiATh MO TrpadukaM U HCIOJB30BaTh IS pEIICHUS
MPUKIIAJHBIX 3a/1a4 CBOMCTBA pealbHBIX MPOLECCOB U 3aBU-
cuMocTel (HauOoJbIIMEe M HAaWMEHBIINE 3HA4YeHHs, IpoMe-
KYTKU BO3pacTaHMs U yOBbIBaHUS, MPOMEXKYTKH 3HAKOIOCTO-
SIHCTBA, aCUMMTOTHI, TOYKU Neperuda, nepuod u T. I.), UH-
TEPIPETUPOBATH CBOKCTBA B KOHTEKCTE KOHKPETHON IPaKTH-
YECKOM CUTYAaINH;

OIpeNIeNIATh Mo rpadukaM NpOCTEHIINe XapaKTePUCTUKH I1e-
PHOMUYECKUX MPOIIECCOB B OMOJIOTHH, SKOHOMHUKE, MY3BIKE,
paauo CBS3U U T. M. (AMILTUTY/A, IEPUOJ U T. I1.).

DJIEeMEeHThLI MATEeMATHYECKOr0 aHAJIN32

Brnaners moHsTHEM OeCKOHEYHO YObIBaroIlasi reoMeTpuye-
CKasl IIPOrpPeCcCHst U YMETh NIPUMEHATH €0 IIPU PELICHUU 3a-
Jad;

IIPUMEHSATD U1 PELICHU 3a1a4 TEOPUIO IIPEEIIOB;
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BJIQJIETh MOHATUAMU OECKOHEUHO OOJIBIINE YUCIOBBIEC TIOCIIE-
JIOBaTEIIbHOCTU U, OECKOHEYHO MAJIbIC YHCIIOBBIC TIOCIIE0BA-
TEJILHOCTU U YMETh CPaBHUBATh OECKOHEUHO OoJbIue U Oec-
KOHEYHO MaJIbIe TIOCIIECI0BATEIIBHOCTH;

BIIQJICTh MOHSATUSAMU: MTPOU3BOIHAS (DYHKIIUU B TOYKE, TIPOU3-
BO/IHAs (PYHKLIUY;

BBIUUCIIATh TPOU3BOIHBIC JJIEMEHTAPHBIX (QYHKIUH W HX
KOMOMHAIIHI;

HCCIIeIOBaTh PYHKIIMH HA MOHOTOHHOCTH M 9KCTPEMYMBI,
CTPOUTHh TpaUKN W TMPUMEHSATH K PEIICHUIO 337ad, B TOM
YHCIIe C TAPaMETPOM;

BJIAJICTh MOHATHEM KacaTelibHas K rpaduky QyHKIUM u
YMETh MPUMEHSTH €T0 MPH PEIICHUU 3371a4;

BIIQJICTh TMOHATHSAMH IIEPBOOOpa3Hasi, ONpPEICICHHBIA HHTE-
rpai;

npuUMeHsITh TeopeMy Hbrorona—IJleliOHuna u e€ ciencTsus
JUTSL PEIICHUS 33]1a4,

€80000HO 61a0emb CMAHOAPMHBLIM annapamom mMamemamu-
4ecKk020 aHaIu3a OJisl GbIYUCIEHUS. NPOU3BOOHBIX YHKYUU 00-
HOU nepemeHHou,

CB0DOOOHO NPUMEHAMb anNapam MamemamuiyecKko2o anaiu3a
0J151 UCCNe008aHUsT (DYHKYUL U NOCMPOEHUS 2pAPUKO8, 8 MOM
yucie uccie008anus Ha GbINYKIOCMb,

ONepuposams NOHAMuUEM NepeoooPa3Holl OISl PeueHus 3a-
oau;

06/1a0emb OCHOBHbIMU ceedeHusMu 06 unmezpare Hvromo-
Ha—/letibnuya u e2o npocmeuuux nPUMeHeHUsx,
onepupoeamv 8 CMAHOAPMHBIX CUMYAYUAX NPOUIBOOHBIMU
BbICUUUX NOPAOKO8;

YyMemb NPUMEHAMb NpU peuleHul 3a0ad ceolcmea Henpepulé-
HbIX (DYHKYULL;

yMemb  NPUMEHAMb  NpU  peuleHun  3a0ay  meopembl
Betiepwumpacca,

yMemb BbINOAHAMb NPUOTUINCEHHBIE BbIYUCTEHUS (MemOObl
pewenus YpagHeHu, 8bIUUCTICHUSA onpeoenénnozo
unmezpana),
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YyMemsb NPUMEHAMb NPUNOINCEHUE NPOU3BOOHOU U ONPEOeléH-
HO20 UHMe2pana K peuleHuro 3a0a4 eCmecmeo3Hanus,
enademsv NOHAMUAMU 6MOPAs NPOU3BOOHAs, GbINYKIOCHIb
epagura Gyukyuu u ymems ucciedosamov QyHKYuo Ha 6ul-
NYKILOCMb.

B noBcegHeBHON KM3HM M NPU U3YYEHUHM JAPYTHX yueol-

HBIX IPEAMETOB:

peuiaTs NpUKIAAHbIE 33a4d U3 OMOJIOTHUH, (PU3UKU, XUMUH,
SKOHOMHKH W JIPYTHX TPEIMETOB, CBS3aHHBIC C HCCIIEIOBA-
HUEM XapaKTEPHCTUK IMPOIECCOB, MHTEPIPETUPOBAThH TOTY-
YCHHBIC PE3YJIbTATHI.

CTraTHCTHKA H_Teopusi BePOSTHOCTEH, JJOTMKA M _KOMOMHATO-

pukKa, reopus rpadon

OnepupoBaTh OCHOBHBIMU OMHUCATEIBHBIMH XapPaAKTEPUCTH-
KaMH 4YHCJIOBOIO HA0Opa; MOHSATHEM T'€HEpalibHas COBOKYII-
HOCTh ¥ BBIOOpKA U3 HEE,

OTIEpUPOBATH MOHITHAMHU: YACTOTa U BEPOATHOCTH COOBITHS,
CyMMa U TPOU3BEICHHE BEPOSITHOCTEU, BBIUYUCIISTH BEPOST-
HOCTH COOBITHH Ha OCHOBE ITOACUETA YHCIA HCXOI0B;

BJIAJIETh OCHOBHBIMU TOHATUSIMH KOMOMHATOPUKH U YMETh
MIPUMEHATH UX TIPH PEUICHUH 3a]1a4;

HMMETh TpeJICTaBIeHnEe 00 OCHOBaX TEOPUU BEPOSATHOCTEI;
UMETh TMpPECTaBICHUE O JUCKPETHBIX U HEMPEPBIBHBIX CIY-
YallHBIX BEJIMYMHAX M PaCHpeleNeHUsX, O HE3aBUCUMOCTHU
CIIy4allHbIX BEJIMYUH;

MMETh MPEJCTaBICHUE O MAaTEeMAaTHUYECKOM OKHJIAHUHU M JIHC-
TIEPCUU CITyJalHBIX BEJIUMYWH;

MMETh MPEACTABICHUE O COBMECTHBIX PACIpPEACIICHUSIX CIy-
YalHBIX BEJIIMYNH;

MMOHUMATh CYTh 3aKOHA OOJBIINX YKCET U BEIOOPOYHOTO Me-
TOJa U3MEPEHUS BEPOSTHOCTEH;

MMETh MPEJCTaBIECHUE O HOPMAJIbHOM paclpeleleHuu u
npuMepax HOPMAJIbHO pacCHpeAesIEHHbIX CIyYalHbIX BeEJH-
YUH;

HMMETD MPEJCTABICHUE O KOPPEISIIIUK CIIyYalHBIX BEJIUUHH;
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umems  npeocmasgieHue O  YEHMPAIbHOU  NPedesbHOll
meopeme;

uUMemsb npeocmasietue 0 8blOOPOUHOM KOIphuyuenme Kop-
penayuu u TUHeUHOU pecpeccuu;

umemv npeocmasgieHue O CMAMUCMUYEecKUx unomesax u
npogepke CMAamucmudecKkol 2unomesvl, O CMAMUCINUKE
Kpumepusi u e€ ypogHe 3HAYUMOCIU,

umMemyv npeocmagierue o0 CeA3U IMNUPUYECKUX U meopemuye-
CKUX pacnpeoeneHull;

umemsv npeocmasienue 0 KOOUPOBAHUU, OBOUUHOU 3ANUCU,
080UUHOM Oepese;

671a0emb OCHOBHbIMU NOHAMUAMU meopuu 2paghos (epagh,
gepuiuna, pebpo, cmenensb GepuluHbvl, NyMov 6 2page) u ymemso
NPUMEHAMb UX NPU PeUeHUU 3a0ad,

umemyv npedcmasieHue 0 0epesvbsix U ymems NPUMeHsImsb e20
npu peuwienuu 3a0a4;

gnadems NOHAMUEM CEA3HOCHb U YMeMb NPUMEHAMb KOMHNO-
HEeHMbl C8A3HOCIMU NPU PeuleHUU 3a0ay;

yMemb oCywecmeiisimoe nymu no péopam, oo6xoowl péoep u
sepuun epaga;

umems npeocmasienue o6 Jdiinepogom u I amunbmonosom
nymu,; umems npeocmasienue 0 mpyoHOCmu 3a0a4u HaAxX0HiC-
oenus I amunbmonosa nymiu,

gnadems NOHAMUAMU KOHEUHble CUEMHble MHOMCeCmsed U
Cuémmubvle MHONCECMBA U YMemb NPUMEHAMb UX NPU peuleHUn
3a0avy;

YyMemb NPUMEHAMb Memoo MAMeMamudecKoll UHOYKYUU,
yMemb npumenams npunyun /lupuxie npu pewenuu 3a0ad.

B nmoBceHeBHOI KU3HM U NMPH U3YyYEeHUH JAPYTUX MpeaMe-
TOB:

BBIYHCIISTh WM OIEHUBATH BEPOSTHOCTH COOBITHH B pealib-
HOM >KU3HHU;

BBIOMpATh METOJIbI MOAXOISAIIETO MPEACTaBICHHS U 00paboT-
KU JTJAHHBIX.

TexcTOBbIE 3a1a49H

— Pemats pa3Hble 3a1a4y OBBIILIEHHON TPYAHOCTH;
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aHAIM3WPOBATh YCJIIOBUE 3aJa4d, BHIOUPATh ONTHUMATbHBINA
METOJI PEIICHHS 3a]1a41, PACCMATPUBAsl PA3JIUIHBIC METOJIbI;
CTPOUTH MOJICTIb PEIICHUsS 3a/Ja4d, MPOBOAHUTH JOKA3aTelb-
HBIC PACCYKICHUS TP PEIICHUU 33]1a9H;

pemarpb 3a1a4u, TpeOyroIre nepedopa BapuaHTOB, IPOBEPKU
YCIIOBHIA, BRIOOPA ONTUMAIBHOTO Pe3yJIbTaTa;

aHAIM3UPOBATh U MHTEPIPETUPOBATH TOTYyYCHHBIC PEIICHHUS
B KOHTEKCTE YCIIOBUS 33/1a4¥, BRIOUPATH PEIICHHUS, HE IPOTH-
BOpEYAIIHe KOHTEKCTY;

MEePEBOUTHL TIPH PEIICHUH 33Ja4d WH(OOPMALHUI0 M3 OJHON
(GOpMEBI 3amUCH B APYTYIO, UCHOIB3YS NPH HEOOXOJAUMOCTH
CXEMBI, TAOJIUIIBI, TPAPUKH, THATPAMMBI.

B nmoBceIHeBHOI KU3HM U NMPH U3YyYEHUH JAPYTUX MpeaMe-

TOB:

peliaTh MPAKTUYCCKHUE 3ada4u U 3aJa4d U3 APYIrux npecamc-
TOB.

HcTopusi 1 MeTOAbLI MATEMATHKH

HMeTp npencTaBieHue 0 BKJIAAE BBIIAIOIIUXCS MaTEMATHKOB
B pa3BUTHE HAYKH;

IIOHMMATh POJIb MaTEMATUKH B pa3BuTuu Poccun;
HCIIOIB30BaTh OCHOBHBIE METO/bI J0KA3aTENbCTBA, IIPOBO-
JUTh JOKA3aTeIbCTBO U BBINOJIHATE OIIPOBEPIKEHUE;
IIPUMEHATh OCHOBHBIE METOJBl DPEIICHHS MaTEeMaTUYECKHUX
3a/1a4;

Ha OCHOBE MAaT€MaTHYECKUX 3aKOHOMEPHOCTEH B IPUPOJE
XapaKTEepPU30BaTh KPACOTY U COBEPILIEHCTBO OKPYKAIOIIETO
MHpa ¥ IPOU3BEIACHUN UCKYCCTBA;

IIPUMEHATH IPOCTEUIINE IMPOrPaMMHBIE CPEICTBA U DJIEK-
TPOHHO-KOMMYHHUKAIIMOHHBIE CUCTEMBI IIPU PELICHUM Mate-
MaTHYECKHX 3a/1a4;

II0JIb30BAThCS MPUKIAJIHBIMH [IPOrPaMMaMU U IIpOrpaMMaMu
CHUMBOJIBHBIX BBIYMCIIEHUH [UIsI UCCIIENOBaHMsI MaTeMaTHye-
CKHX 00BEKTOB;
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— NpUMeHAmb MamemMamuyeckue 3HAHUA K UCCIe008aAHUI0
OKpYdHCaroue2o Mupa (Mooeruposanue @uuieckux npoyec-
€08, 3a0a4u IKOHOMUKU,).

COAOEPXAHUE

~
ba3oBbin ypoBeHb
JIEeMEHThI TEOPHH MHOKECTB M MATEMATHYECKOH JI0-

THKH

KoHeuHOe MHOKECTBO, 3J1€MEHT MHOXECTBA, MOJMHOXE-
CTBO, IIepECeUCHHNE U 00BETNHEHIE MHOKECTB, YUCIOBBIE MHOXKE-
CTBa Ha KOOPJMHATHOW MPSIMOM, OTPE30K, UHTEPBAJ, NPOMEHC)-
MOK € 8bIKOJIOMOU MOYKOU, epaghuieckoe npedcmagieHue MHO-
JHcecme Ha KOOPOUHAMHOU NIOCKOCIU.

YTBepkeHue (BbICKa3blBaHKUE), OTPULIAHUE YTBEPHKACHUS,
VCTHUHHBIE U JIO)KHBIE YTBEPKIAEHUS, CIEICTBHE, YACTHBIM Ciydai
OO0IIEro yTBEpKACHUS, KOHTPIIPUMED, J0Ka3aTeIbCTBO.

Yucia ¥ BbIPAKECHUS
Kopenb n-ii crenenu u ero coiictBa. [lonamue npedena uucno-
soti nociedosamenvrocmu. CTeneHb ¢ JEHCTBUTEIbHBIM MOKa3a-
TEJIeM, CBOMCTBA CTENEHH. [IeHCTBHS C KOPHSIMHM HaTypalabHOU
CTETIEHU W3 YHCEIl, MONCOeCneHHble NPeoOpa308anus 8bipadice-
HUU, KII0YAIOWUX CMENEeHU U KOPHU.

Jlorapudm umcna. [lecsTuuHble U HaATypalbHbIE JOrapu(MEL.
Yucno e. Jlorapudpmuueckue Toxxnectna. JleWcTBusi ¢ morapud-
MaMU YHCeN; npocmetiuiue npeodpa308anus BblpadCceHUll, 8KI0-
yarowux no2apughmol.

N300pakeHre Ha YUCIOBOM MPSMOMN LETBIX M PALlMOHAIBHBIX YH-
ceJl, KOpHEeH HaTypadbHON CTENEHU U3 YUCEIN, JOTapru(MOB YHCEL.
Tpuronomerpuueckass OKpyXHOCTb, paduannas mepa yeia. Cu-
HYC, KOCUHYC, TAaHT'€HC, KOMAaH2eHC TIPOU3BOJIBHOTO yria. OcHOB-
HOE TPUTOHOMETPUUYECKOE TOXKIECTBO U CIEJICTBUS U3 HETO. 3Ha-
YeHUs] TpUroHOMeTpudeckux QyHkuuit ans yrios 0°, 30°, 45°,

T MWW T
60°, 90°, 180°, 270° (0, g, Z,g, E pan). opmynsl npuBeze-

HUS, CJI0XKEHHUs, POPMYJIbI TBOMHOTO U IOJIOBUHHOTO YTIJIA.
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YpaBHeHUs U HEPABEHCTBA
VYpaBHenus ¢ oaHoil mepeMeHHoul. [lpocTeline upparmoHaib-
Hble ypaBHeHHA. Jlorapudmuueckue W Mmoka3aTelbHbIE ypaBHE-
Hust Buaa log, (bx + ¢) = d, a**t=d (rme d MOXHO TIpencTa-
BUTH B BHJIE CTETNICHU C OCHOBAaHUEM d M PALIMOHAIBHBIM MOKa3a-
TeleM) U UX peweHus. TpuroHomeTpuueckre ypaBHEHHs BUA
sin x = a, cos x = a, tg x = a, rie a — TabIU4HOE 3HAUYEHHUE CO-
OTBETCTBYIOLICH TPUTOHOMETPUUECKON (DYHKIIUU U UX PELICHHUS.
HepaBencrsa ¢ oaHoit nepemMennoii Buja log, x < d, a' < d (rae
d MOXHO TIPEJICTABUTH B BUJI€ CTEIICHH C OCHOBAHUEM a).
Hecnoocnvie payuonanvuvie, nokasameibHvle, Jlocapupmuye-
cKuUe, mpueoHoMempuieckue ypaeHeHus, HepaseHcmea U ux cu-
cmembl, npocmetiuiue UPPaAYUOHAIbHblEe YPAGHEHUS U HepAaBeH-
cmaa.

Memoo unmepeanos. I paguueckue memoowvl peuieHus ypasHe-
HULL U HePAaBeHCMm8.

Pewenue ypasnenuii u nepagencme, cooepaircauyux nepemeHHyIo
10O 3HAKOM MOOYJIAL.

VYpaenenus, cucmemol ypagnenuii ¢ napamempom.

DYyHKUMH

[Tonstue ¢pynxuuu. Hynn pyHKumMu, IpoMexyTKH 3HaKO-
MOCTOSIHCTBA, MOHOTOHHOCTh. HaunOosnblllee 1 HauMeHblIee 3Ha-
yenns ¢yaknun. [lepuommanocts ¢pyHkunn. YETHOCT U HEUET-
HOCTh (DYHKLUH.

CrenenHasi, nmokasareiabHas M Jjorapudmuueckue QyHk-
UM, UX cBOicTBa U rpaduku. Crodwcuvie pyHKyuu.

Tpuronomerpuveckne QyHKIMH y = COS X, y = sin X,
y = tg x. @ynkyus y = ctg x. CBoMCTBa U rpadKu TPUTOHOMET-
puuecKuX GYHKIHNA. APKKOCUHYC, APKCUHYC, APKMAHSEHC YUCId,
apkkomaneenc uucna. Obpammuvie mpuecoHomMempuyeckue QyHk-
yuu, ux ceolcmea u epaguxu.

IIpeobpazosanus ecpaguxos Gyukyuii. cosueu 800ib Ko-
OPOUHAMHBIX OCell, PACMANCEHUE U CHCaAmUe, CUMMEMpPUs. OMHO-
CUMENbHO KOOPOUHAMHBIX ocell U Hayana Koopounam. I paghuxu
83AUMHO 0OPAMHBIX HYHKYUIL.
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DJIeMEHTbI MATeMaTHYeCKOr0 aHAIN3a

[IpousBonnas pynkuuu B Touke. KacarenbHas k rpaguxy
¢ynkuuu. ['eomerpudeckuii 1 GU3MUECKUI CMBICT IIPOU3BOJHOM.
[TpousBoaubie 3nemMeHTapHBIX (yHKIUN. [Ipon3BoaHas cyMMBbl,
NPOU3BEACHUS, YACMHO20, IBYX ()YHKIIHA.

Bmopas npouszsoonas, eé ceomempuueckuti u gpuzuueckuii
CMbICIL.

[TonsiTue o HenpepbIBHBIX QPYHKUIUAX. TOUYKH 3KCTpeMyMa
(MakcumMmymMa W MuUHHMYMa). lVccriemoBaHWe 3JIEMEHTapHBIX
GyHKIMI Ha TOYKK DKCTPEMyMa, HaXOXKJEHUE HAMOOJbILIEro U
HAaUMEHBIIEr0 3HAUYE€HUN (QYHKIUHU C I[OMOIIBIO MPOU3BOJIHOM.
Ilocmpoenue epaghuxos Gyukyuti ¢ nNOMOWbIO NPOU3BOOHBIX.
Ilpumenenue npouzeo0HolU npu peutenuu 3a0ay.

llepsoobpasnas. Ilepsoodpasnvle s1emeHMapHbIX (DYHK-
yuu. Ilnowaow kpusonunevnou mpaneyuu. Popmynra Heromona—
Jletionuya. Onpedenéunviti unmezpan. Buvluucnenue niowaoei
NIOCKUX pueyp u 06vEM0O8 men epaujeHusi ¢ NOMOWbIO UHMe2pa-
aa.

CTaTHCTHKA M_TeOpUsl BEPOSITHOCTEMH, JIOTHKA M_KOM-
OMHATOpPHUKA

Yactota u BeposATHOCTh cOObITUA. JlOCTOBEpHBIE, HEBO3-
MOXKHBIE U Ciyd4ailHble COOBITHS. BbIuncieHne BeposSiTHOCTEH B
OTIBITaX C PAaBHOBO3MOXXHBIMU JIEMEHTAPHBIMU HcXonamu. Perre-
HUE 3a]1a4 C IpUMEHEeHHEM KOMOUHATOPUKH. BepoSITHOCTh CyMMBI
JIBYX HECOBMECTHBIX COOBbITHH. [IpOTHMBOMONIOKHOE COOBITHE U
€ro BEPOSATHOCTb.

llpasuno ymmoorcenus eeposamuocmeu. Popmyna noaHou
gepoamnocmu. Pewenue 3a0ay ¢ npumeneHuem oepesa 8eposm-
Hocmel.

Huckpemmuvie cuyuatinbie 8eIUdUNbL U UX PACAPEOETCHUS.

Mamemamuueckoe odxcuoanue, oucnepcus Ciy4auHou Ge-
auuunsl. Cpeonee K6aOpamuiHoe OMKIOHEHUs.

llonsamue o nopmanvuom pacnpedenenuu. Ilpumepwi ciy-
YQUHBIX BeIUYUH, NOOYUHEHHBIX HOPMANLHOMY 3AKOHY (nozpeut-
HOCMb U3MepeHUll, pOCM 4ello8eKda).

Ilpeocmaenenue o 3axone Oonvuux uucen. Ponv 3axona
OobUUX YUCeN 8 HAYKe, npupoode u obuecmae.
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Cosmecmuvie HaOMOOeHUsL O8YX CAyYaUHbIX eeauyun. Tlo-
HAMuUe 0 KOppeusiyuu.

YrnybnéHHbi ypoBeHb
DJIEeMEHThI TCOPUUN MHOXKECTB U MaTEeMATHYECKOM JI0-

TUKH

IlonsiTne MHOXecTBa. XapaKTEPUCTUYECKOE CBOMCTBO,
AJIEMEHT MHO’KECTBA, IyCTO€, KOHEYHOE, OECKOHEYHOE MHOXKe-
ctBo. CriocoObI 3axanust MHOKeCTB. [lonMHOKecTBO. OTHOIIEHUS
MPUHAIJICKHOCTH, BKJIIOUEHUS, paBeHcTBAa. Onepauuud HajJ MHO-
YKECTBAMHU, UX WJUTFOCTPAIIMH C TIOMOIIBI0 KpyroB Ditnepa. Cuém-
Hble U HeCUEmHble MHOJICeCmEa.

HcTuHHBIE UM JOXHBIE BBICKa3blBaHUs (YTBEpIKIEHUS),
orepaly HaJ BBICKa3bIBaHUAMU. KBAHTOpPHI CyIIECTBOBAHUS U
BCEOOIIHOCTU. A1eebpa 6blCKA3bIBAHUL.

3akoHbl JOTUKHU. OcHo@ubie nozcuyeckue npaeuna. Peie-
HUE JIOTUYECKUX 33/1a4 C UCII0JIb30BaHUEM KpYyroB Diepa.

Ymo3zaxmouenns. OO0CHOBaHMS M JJ0Ka3aTelbCTBO B Ma-
tematuke. Omnpenenenus. Teopembl. Buowl dokazamenvcme. Ma-
memamuyeckas UHOyKyus. YTBEPXKACHUSA: OOpaTHOE JIaHHOMY,
NPOMUBONONIOHCHOE, 0Opamuoe npomusononoxcuomy. IlpusHak u
CBOWCTBO, HEOOXOIUMBIE M JOCTATOUHBIE YCIOBHUS.

Yucia ¥ BbIpaKeHHS

MHoXecTBa HaTypallbHBIX, LIE€JIbIX, PAllMOHAIBHBIX, JEH-
CTBUTEJIBHBIX YHCeNl. MHOKECTBO KOMIUIEKCHBIX Yucen. JlercTBus
C KOMIUIEKCHBIMU 4ucClIaMU. KOMIIJIEKCHO CONpPSsDKEHHBIE 4YMCIIA.
Monynb U apryMeHT uucia. Ipuconomempuyeckas popma Kom-
NJIEKCHO20 YUCaa.

Panunannas wmepa yria. TpuroHomerpuueckas OKpYX-
HocThb. CHHYC, KOCUHYC, TAHI'€HC M KOTaHI'€HC uucia. TpuroHo-
MeTpuyeckue (OpMylibl TPUBENEHUS M CIOXKEHUs, (OpPMYJIbI
JIBOWHOTO M MOJIOBUHHOTO yria. [Ipeobpa3oBanue cymMMmbl U pas-
HOCTHU TPUTOHOMETPUUYECKUX (PYHKIMH B MPOU3BENEHUE U 00pat-
HbIE TIpeo0pa30BaHusl.

CreneHs ¢ AEHCTBUTENBLHBIM MMOKa3aTelIeM, CBOMCTBA CTeE-
nenu. Yucno e. Jlorapudm, coiicta norapudma. JlecATHUHBINA 1
HaTypaJIbHBIN JIOTapU(pMBIL.
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ToxnecTBeHHbIE NPEOOpPa30BaHHUs TPUTOHOMETPHUECKUX,
Jorapu(MUUECKHX, CTETIEHHBIX U UPPAIIMOHATBHBIX BHIPAKEHUH.

Meton MaTeMaTUYECKON MHTYKIIUH.

Ocnoenas meopema apugmemuxu. Ocmamku u cpasHe-
Hus. Aneopumm Eexnuda. Kumaiickas meopema 06 ocmamiax.
Manasa meopema @epma. Cucmemvl cuucieHus, OmMIuUyHble OM
oecamuunvlx. Dynxyus Oiliepa, uyucio u cymma Oenumenell
HamMypaibHO20 YUCd.

OcnosHnas meopema anzedpwi. Ilpusooumvle u Henpugoou-
mole mHozeounenvl. Cummempuyeckue mMHo2ouneHvl. Llenovucnen-
Hble U YeI03HAUHbIE MHO20YJIeHb.

YpaBHeHUs] M HEPABEHCTBA

VYpaBHeHUe, SBISIOIIEECS CIEACTBUEM JpPYroro ypaBHe-
HUS; YPABHEHUS, PAaBHOCWIbHBbIE HAa MHOKECTBE, PABHOCHJIbHbBIE
peoOpa3oBaHus ypaBHECHUH.

TpuronomeTpuyeckue, TMoOKa3aTelbHble, Jorapudmuue-
CKH€ U UppalOHaJIbHbIE YPABHEHMsI U HEpaBeHCTBA. THIbI ypaB-
HeHUU. PelieHre ypaBHEHUN U HEPABEHCTB.

Metoa UHTEpBAJIOB IJIsl pelieHus HepaBeHCTB. [ 'paduue-
CKME€ METOIbl pEIIeHUS ypaBHEHU M HEpaBeHCTB. PeleHue
YpaBHEHU M HEPABEHCTB, COJEPKAlINX MEPEMEHHYIO IO 3Ha-
KOM MOJYJISI.

CucreMbl TPUTOHOMETPUYECKUX, MOKa3aTeNIbHbIX, JIOTa-
pubMUYECKUX U UppaAOHATIBHBIX ypaBHEHUH. CHCTEMBI TPUTO-
HOMETPUYECKHX, TTOKa3aTeNIbHbIX, JIOrapu(PMUUIECKUX U UppaAyuo-
HAIbHbIX HEPABEHCTB.

VYpaBHEHHUsI, CUCTEMBI YpaBHEHUW C mapaMmerpamu. Hepa-
6eHcmea ¢ napamempamu.

Pewenue ypaenenuii cmenenu 6viue 2 cneyuanivbHulx 6u-
008. @opmynvt Buema. Teopema Be3y. /{uogpanmossi ypasnenus.
Pewenue ypasnenuti 6 KomMniekcHulx Yuciax.

Hepasgencmea o cpeonux. Hepasencmeo bepruynnu.

DYHKIUH

OyHkius U e€ cBOICTBa; HYNMM (YHKIMH, MPOMEXKYTKH
3HAKOINOCTOSIHCTBA, MOHOTOHHOCTh. Hanbonbiliee 1 HauMeHblee
3HavyeHus pyakiun. [lepuoanyeckas GyHKUIusA U €€ HAMMEHBIIUN
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nepuoj,. YEtHele w Heu€THbIe (GYHKIUH. DyHKyuu «OpooOHAsS
yacms yucaa» y = {x} u «yenas uacmo yucia» y = [x].

B3anmuo oOparueie Gpynkuuu. I'paduxu B3aumMHO 0OpaT-
HBIX (pyHKIMH. Tpuronomerpuueckue GyHKIUN YUCIOBOTO apry-
MEHTa y = COS X, ¥y = sin x, y = tg x, y = ctg x. CoiicTBa u rpaduxu
TpUroHomerpuueckux (QyHkuuil. OOpaTHbIE TPUTOHOMETpUYE-
cKue (PyHKIMH, UX TJIABHBIC 3HAUYEHUS, CBOMCTBA U IPahUKH.

CrenenHasi, okasaresabHas, Jorapupmuueckas QyHKIHH,
WX CBOWCTBA U TpaduKu.

[TpeoOpa3oBanus rpadukoB QyHKIUI: CABUT, YMHOXKEHUE
Ha YHUCIIO, CUMMETpPUS OTHOCHUTEIbHO KOOPJIMHATHBIX OCEU H
Hayajia KOOp/AMHAT.

DJIeMeHThI MaTeMATHYeCKOr0 aHAIN3A

beckoHeyHo Manble U OECKOHEUHO OOJIBIIME YHUCIOBBIE
nocnenosarenbHocTu. llpeaen uMciaoBol MOCIEA0BATENbHOCTH.
beckoneuHo yObIBarolasi reOMeTpUYecKas Iporpeccusl.

[Tonsitue npenena ¢yHkuuu B Touke. llonamue npedena
Qyukyuu 6 beckoneunocmu. Acumnmomsi epagura ¢ynxyuu. He-
npepbIBHOCTh DyHKIMH. Ceoticmea Henpepwvlénvix hyukyui. Teo-
pema Betiepuwmpacca ona nenpepulénbix QpynKyui.

Huddepenunpyemocts Gpynkuuu. IlponszBoanas GpyHkuuu
B Touke. KacarenbHas k rpaduky ¢ynxmuu. ['eomerpuueckuit u
¢bu3nueckuil CMbICI TPOU3BOJAHOU. [Ipumenenue npouzsooHol 6
@uzuxe. IlponsBoaHble 3eMeHTapHbIX (QyHKM. [TpaBuna nud-
(bepeHurpoBaHUsl.

Bmopas npouseoonas, eé ceomempuneckuii u Qusuyeckuil
CMbICIL.

Touku skcTpeMyMa (MakcumMyMa U MUHUMYyMa). Hccneno-
BaHUE dJIEMEHTapHbIX (QYHKIMI Ha TOYKU IKCTpeMyMa, Hauboib-
1iee M HAMMEHBIIEE 3HAUEHUS C MOMOUIbI0 MPOU3BOAHOU. [lo-
cmpoenue 2pagurxos GyHKYull ¢ NOMOWbI0 NPOU3800HbIX. [Ipume-
HeHue Npou3eoOHOl Npu peuleHuu NPUKIAOHbIX 3a0ay Ha MAKCu-
MYM U MUHUMYM.

[TepBooOpaznas. Heompenenéuusiit unterpan. IlepBoo6-
paszHble dNeMeHTapHbIX (yHKIUNA. [lnomans KpuBOIWHEHHOMN
tpaneun. @opmyna Herorona—IJleiionuna. OnpenenéHublii nH-
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Terpai. Beramcnenue miomaziei miockux Guryp u o6vémos men
8paujeHusi ¢ NOMOWbI0 UHmMezpaa.

Hugpgepenyuanvnvle ypasnenus nepeoco u 6mopozo no-
paoka.

KoMOuHaTOpHKa, BEPOSITHOCTh M _CTATUCTHKA, JIOTHKA
U Teopus rpadgoB

[IpaBuno npousBeaeHusi B komOunaropuke. CoeTUHEHUS
0e3 nmoBTtopeHuil. Codyetanus U ux cBoiictBa. buHom HrroToHa.
Coeounenus ¢ nosmopeHusamu.

BepostHocTs coObiTHs. CyMMa BEpOsSITHOCTEH HECOBMECT-
HBIX cOoOBbITHH. [IpoTHBOMONIOXKHBIE COOBITHSA. Y CIIOBHAsI BEPOSIT-
HocTh. He3aBucumsbie coObiTus. [IpousBenenne BeposiTHOCTEN He-
3aBUCUMBIX coObITU. @Popmyna bepnymiu. ®opmyna noaHoH Be-
postHoctu. Dopmyna baiieca.

Bepoamnocmnoe npocmpancmeo. Akcuomvr meopuu epo-
AmHocmel.

JluckperHble ciyyaiiHble BEIMUMHBI U UX paclpeiesieHusl.
CoBMecTHBIE pacnpeeneHus. Pacnipenenenue CyMMbI U ITPOU3Be-
JICHUs] HE3aBUCHUMBIX CIy4yallHbIX BeJWYMH. MaTtemaruueckoe
O’KMJIaHHWE€ U JIUCTIEpCHUs CIIy4ailHOM BennuuHbl. MaTemaTudyeckoe
OKUJaHHUE U JUCTIEPCUS CYMMBI CIy4YailHbIX BEJIMYMH.

bunapnas ciyvaiiHasi BelMuMHA, pacnpeaeneHue bepnHyi-
mu. ['eomerpuueckoe pacnpenenenue. buHoMuanbHOe pacrpene-
JIEHUE U €r0 CBOMCTBA.

HenpepsiBHbIE ciyualiHble BelMUYMHBL. [IITOTHOCTH BEpoO-
aTHocTH. DyHKIMs pacnpeneneHus. PaBHoOMepHOe pacrpenerne-
HUE.

Hopmansnoe pacnpenenenue. Oynkuus Jlanmaca. Ilapa-
METpbl HOPMAaJILHOTO pacnpezeneHus. [Ipumeps! ciydaliHbIX Be-
JIMYUH, TOAYNHEHHBIX HOPMAJIbHOMY 3aKOHY (IOTPELIHOCTh W3-
MEpPEHHUI, POCT YeJIOBEKa).

3axon 6onvuux yucen. Bvlbopounsiii memoo uzmepeHus
geposimnocmel. Ponb 3axona bonvuux uucen 6 nayke, npupooe u
obwecmse.

Koppensiums nByx ciy4yadiHbix BenuuuH. [loHsiTHE O KO-
3G PUIEHTE KOPPEIALUH.
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Cmamucmuueckas cunomesa. Cmamucmuieckue Kpume-
puu. Cmamucmuueckasn sHauumocmo. Ilposepka npocmetiuiux
eunomes.

Ocnogubie nousimus meopuu cpagos.

NMPUMEPHOE TEMATUYECKOE NJIAHUPOBAHUE

TemaTnueckoe IIAHUPOBAHUE PEATU3YET OJAUH U3 BO3MOXK-
HBIX IOJXOJOB K PACHpelesIeHUI0 H3y4aeMoro Marepuana s
y4e0HO-METOIMYECKUX KOMIUJICKTOB 10 ajreOpe W HayajlaM Mare-
MaTHYECKOTO aHalin3a, BBIMYCKaeMbIX u3aareiabcTBoM «lIpocse-
IICHUE», HE HOCUT 0053aTEeJIbHOTO XapakTepa W HE HMCKII0YaAeT
BO3MOHOCTEH MHOTO pacrpe/ieleHus COIep>KaHHUs.

B nmpumepHoM TemaThyecKOM IUIAHHUPOBAHUM PA3JENbl OC-
HOBHOTO COJIEpXKaHUs MO anredpe W HavajaM MaTeMaTH4eCKOro
aHaymM3a pa3OUTHl Ha TEMBI B XPOHOJIOTHH WX M3YUCHHS IO COOTBET-
CTBYIOIIIUM Y4E€OHUKaM.

Oco0EHHOCTBIO TPUMEPHOTO TEMATUUYECKOr0 IJIAHUPOBa-
HUS SBJISIETCA TO, YTO B HEM COAEPIKHUTCS OMHCAHUE BO3MOXKHBIX
BHUJIOB JEATEIBHOCTH YYalllUXCsl B MPOLIECCE YCBOEHHS COOTBET-
CTBYIOILIETO COJICpKAHUS, HAIIPABJICHHBIX HAa JOCTHXKEHUE TIOCTaB-
JIEHHBIX IeNield 00y4YeHusl. DTO OPUEHTHPYET YUUTENS Ha yCUIICHHE
JEeSITETLHOCTHOTO TOAX0/a B OOYYEHHMH, OpPTaHM3aIHI0 Pa3HO00-
pa3Hoi yueOHOU AeqaTeNbHOCTH, OTBEYAIOIel COBPEMEHHBIM TICH-
XOJIOTO-TIEJATOTHYECKUM BO33PEHUSIM, HCIIOIB30BAHUE COBPEMEH-
HBIX TEXHOJIOTUH.

[lepeuenp y4eOHBIX NEHCTBUI ydyeHHMKA HE HOCHT HOpMa-
TUBHOT'O XapakTepa, ero He CJIEeAyeT paccMaTpuBaTh B KayeCTBE
TpeOOBaHUI HU K YUUTEIIO, HA K YICHUKY.

Crnenyet Takke 0OpaTUTh BHUMaHHUE HA TO, UTO XapaKTepH-
CTUKA YYEOHBIX JCHCTBUU YYCHHKA B MpelaraéMoOM TeMaTHhde-
CKOM IIJITAHUPOBAaHUM OTHOCUTCS K MPEAMETHOH 00nacTu. YHU-
BepcajbHble y4eOHBIC JEUCTBUS KOHKpeTHu3upoBaHbl B «lIpo-
rpaMMe pa3BUTHS U (HOPMHPOBAHUS YHHBEPCATBHBIX YUCOHBIX
JNIEUCTBUI.
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[TnaampoBanue mo airedpe W HaYalaM MaTEeMaTHYECKOTO
aHaJIM3a K KaXJIOMYy YYeOHHKY IMPEICTaBICHO B HECKOJbKHX Ba-
pUaHTaX B COOTBETCTBUH C 0a3MCHBIM YU€OHBIM TTAHOM.

ba3oBeIil ypoBeHb: 2,5 4 B HEZICIIO, BCETO 85 4 B TOI;

yriayONE€HHBIN ypOBEeHb: 4 4 WK 5 9 B Hezelto, Bcero 136 u
nind 180 4 COOTBETCTBEHHO B I'OJ.
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ba3oBblii ypoBeHb
2,5 4 B Henmemo, Bcero 170 0

XapakTepucTuka oc-

Homep Kosu- | HOBHEIX BHIOB Jesl-
Conep:xanue mate-
napar- 4YeCcTBO | TEJBbHOCTH YYEeHHKA
pada puaia 4yacoB | (HA YpOBHEe Y4eOHBIX
AeHCTBHIA)
10 kaacc
I'maBa 1. J[leiicrBurenbnbie | 13 Haxonuts CyMMy
YHCIa OeCKOHEYHO yObIBa-
1,2 | Lenble U panmoHa b- IOIIEH  reomerpuye-
HBIE YHCIIA. 2 CKOHI IIPOTPECCUH.
JelicTBUTENbHBIC [TepeBonuth  Oecko-
4qucia 1 HEYHYIO0 IIEpHOINYE-
3 beckoneuno yObIBa- CKYIO Jpo0b B OOBIK-
olas  reoMeTpuye- HOBEHHYIO JPOOB.
CKas Iporpeccus 2 ITpuBoUTE IpUMEpPBI
4 ApudMeTHIeCKHii (maBaTh ompeseeHue)
KOPEHb HaTypaJIbHON apu(pMETHYECKHX KOp-
CTEIEHU 3 HEWl HaTypaJbHOMU CTe-
5 Crenenp ¢ panmo- [ICHH.
HaJIbHBIM U JIEWCTBU- HpI/IMeHSITI) IpaBujia
TEJILHBIMHM IIOKa3aTe- JEUCTBHH C pajiuKaa-
JISIMU 3 MU, BBIPQXKEHUSAMHU CO
VYpok o0000menus u CTCIICHSAMHM C panuo-
CHCTEMATH3allUK 3Ha- HaJIbHBIM TIOKa3aTeJIeM
HUil 1 IIPY BBIYUCICHUSIX U
Konrponbnas pabora HP606PaV3OBaHHHX BbI-
Ne 1 1 paKeHH
I'maBa II. Crenennass pynk- ITo rpadukam creneH-
ums 12 | HbIX QyHKUIMH (B 3aBU-
6 CrenenHas QpyHKIus, CHUMOCTH OT ITOKAa3aTess
e€ cBoiicTBa U rpaduk 3 CTETEeHH) ONHCHIBATh
7 B3aumno obGpatHble UX CBOMCTBA (MOHO-
¢bynkuuu.  CroxHas TOHHOCTb, O'paHUYEH-
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10*

byHKIIUS
PaBHOCHIIBHBIE YypaB-
HEHUs U HEPaBEHCTBA
HppaunoHanbHble
YpaBHEHUS
HppaunoHanbHble
HEpaBEHCTBA

Ypok 0000meHuss u
cUCTEMaTU3aluy 3Ha-
HUI

KonTponbHaas pabota
Ne 2

HOCTb, YETHOCTb, HE-
4ETHOCTB ).

Crpouts cxemaruye-
CKU Tpa(uK CTENCHHOMN
GyHKIIMHN B 3aBUCUMO-
CTH OT IIPUHAJUIEKHO-
CTH TOKa3aTels cTerne-
HU (B aHAJTUTUYECKOMN
3alucy paccMaTpuBae-
MO# (QYHKIIUM) K OJI-
HOMY U3 paccMaTpHuBa-
€MBIX YUCJIOBBIX MHO-
JKeCTB (IIPH MOKa3aTe-
JSIX, IPUHAUIEKAIINX
MHO>KECTBY LIEJIbIX YH-
ceJl, MpH J00BIX JIei-
CTBUTEJIbHBIX MTOKAa3a-
TENSIX) U MePEUUCTIATh
e€ CBOICTBA.
[TpuBOIUTE PUMEPHI
CTENEeHHbIX (PyHKUINN
(3a1aHHBIX C TOMOIIIBIO
(dbopMyIbl U rpadu-
Ka), 00J1aar0IuX 3a-
JTaHHBIMHU CBOMCTBaMU
(mampumep, orpaHu-
YEeHHOCTH). Pa3bsicHATDH
CMBICJI TEPEYUCIICHHBIX
CBOMCTB. AHAJIM3UPO-
BaTh NoBe/IeHNE (YHK-
U Ha pa3JIUYHbIX
y4JacTkax o0nactu
OTpeJieNIeHNSI.
Pacnio3naBaTh paBHO-
CUJIbHBIC PeoOpa3oBa-
HUS, IpeoOpa3oBaHus,
MPUBOJISAIINE K YpaB-
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HEHUIO-CJIEJICTBUIO.
Pemate nmpocreiimue
UppaluOHaIbHbIC
ypaBHeHus. Pacno3na-
BaTh IrpaduKH U CTPO-
UTh IPpahUKU CTETICH-
HBIX (QYHKIUH, UCIIOJIb-
3ys Tpad)omoCTpouTE-
JIM, U3y4aTh CBOMCTBA
¢byHKIMi o UX rpadu-
KaM.

Brinonaste npeodpa-
30BaHUs rpaduKoB
CTEIIEHHBIX (PYHKIIMMA:
napaJuleNIbHBIN mepe-
HOC.

[IpuMmensiTh CBOMCTBA
CTeNeHHO! (HyHKIUU
NIPU PEUICHUU TpH-
KJIa/IHBIX 33/1a4 U 3a7a4
MTOBBIIIEHHON CII0KHO-
CTH

I'nmaa III. Iloxa3arenbHasi
pynknus 10
11 ITokazarenbHas
¢byHkus, e€ CcBoOM-
CTBa U TpaduK 2
12 [TokazarenbHbIE
ypaBHEHUs 2
13 Iloxa3aTenbHble He-
paBeHCTBA 2
14 Cucremsl IoKasa-
TEJIbHBIX ypaBHEHUU
Y HEPABEHCTB 2
Ypok 00600meHuss u
CHUCTEMaTH3aluy 3Ha-
HUU 1
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ITo rpadukam noka-
3aTe’abHON (QYHKIIUU
OINMCHIBATh €€ CBOM-
cTBa (MOHOTOHHOCTH,
OTPaHUYEHHOCTH).
IIpuBOAUTE IPUMEPHI
[IOKa3aTeIbHOU
byHKIMY (3a1aHHOM
¢ oMo1Ibio Gopmy-
JIbI WK TpaduKa),
oOnanaroreit 3a1aH-
HBIMH CBOMCTBaMU
(Hanpumep, orpaHu-
4yeHHOCTH). Pa3bsic-
HATh CMBICI IIEpe-




KonrpoabHnas pabora
Ne 3

YHCJICHHBIX CBOMCTB.
AHanu3upoBarh 1o-
BeneHne pyHKIui Ha
Pa3IMYHBIX y4acTKax
obsactu onpenere-
HUSL.

Pemats mpocreitniue
1OKa3aTebHbIe
ypaBHEHMsI, HEpaBEeH-
CTBa U UX CUCTEMBI.
Pemate nokasaresns-
HBIC YPAaBHEHUS Me-
TOJIaMH Pa3JI0KEHUS
Ha MHOKUTEIH, CIIO-
co0OM 3aMEHBI HEU3-
BECTHOTO, C MCIIOJIb-
30BaHHEM CBOWCTB
GyHKIIMH, pemarhb
yYpaBHEHHSI, CBOJIS-
yecs K KBajapat-
HBIM.

PacrnioznaBathb rpa-
(GUKU U CTPOUTH
rpaduK nokas3areib-
HOM pyHKIIMHU, UC-
NoJb3ys rpadoro-
CTPOMTENH, U3yJaTh
CBOMCTBA (PYHKLIUU
1o rpadukam.
®opmynupoBaTh I'-
MOTE3bI O KOJIMYECTBE
KOpHEHN ypaBHEHMI,
coJIep KaIx moKa-
3aTeNIbHYI0 (yHK-
U0, ¥ TIPOBEPSTH
uX.

BrimonasaTe ipeo0-

43




pa3oBaHus rpaduka
MOKa3aTeJIbHON
GbyHKIMH: Tapai-
JIETIbHBIN ITEPEHOC.
[IpumensTh cBOMCTBA
MOKa3aTeJIbHON
(GYHKIMH TIPU peliie-
HUU TPUKIIATHBIX 3a-
Jad

T'1aBa

IV. Jlorapugmmuue-

cKast QyHKUMSA

15

15
16

17

18

19

20

Jlorapugmsl
CaoiictBa norapuo-
MOB

JlecaTuuHbple U HaTy-
paJIbHBIC JOTapU(MBI.
dopmyiia nepexona
Jlorapudpmuueckas
byHkusa, e€ CcBOH-
CTBa U rpadux
Jlorapugmuueckue
ypaBHEHHS
Jlorapudmuueckue
HEpaBEHCTBa

VYpok o0000menus u
cucTeMaTH3aluy 3Ha-
1305071

Konrponbnas pabota
Ne 4

BeimonusTs npo-
cTeiiue nmpeodpaso-
BaHUs Jorapupmu-
YECKUX BbIpAXKEHUN
C MCIIOJIb30BaHHEM
CBOMCTB Jiorapud-
MOB, C

MOMOIIBIO (hOpMYyIT
nepexo/a.

ITo rpaduxy nora-
pupmMuyeckon QyHK-
IIUM ONHCHIBATh €&
cBoiicTBa (MOHOTOH-
HOCTh, OTpaHHYEH-
HOCTB).

[TpuBOANUTE IPUMEPHI
JorapuMUIeCcKOM
byHKIMHU (3a1aHHON
¢ ToMoIIbI0 hopMy-
JBI WK TpaduKa),
oOiaaroneii 3amad-
HBIMU CBOHCTBaMHU
(Hampumep, orpaHu-
YeHHOCTH). Pazbsic-
HSTh CMBICIT TIEpe-
YHCJICHHBIX CBOMCTB.
AHanu3upoBark No-
BeneHue pyHKIUH Ha
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pa3INYHbIX y4acTKax
obnactu onpenerne-
HUS, CPABHUBATh
CKOPOCTH BO3pacTa-
Hus (yObIBaHUS )
¢bynkuunii. Dopmynu-
pOBaTh ONPEIEICHUS
NEPEYHCICHHBIX
CBONCTB.

Pemate npocreiimme
JorapupmMuyecKue
ypaBHEHUS, JIora-
pupmHUUecKue Hepa-
BEHCTBA U UX CUCTE-
Mbl. Pemiars Jsiora-
pupMuIeCcKre ypas-
HEHMsI pa3InYHbIMU
METOJIaMHU.
Pacno3naBate rpa-
(bUKU U CTPOUTH
rpauk Jorapupmu-
4yeckoil pyHKIuH,
UCIIONB3Ys Tpadoro-
CTPOMTENH, U3ydaTh
CBOICTBa PyHKIIMH
no rpadukam, dop-
MYJIHpPOBATh THITOTE-
3Bl O KOJIMUECTBE
KOpHEHN ypaBHEHMI,
coJieprKalux Jora-
pubMUYECKYIO
¢byHKLHIO, U ITPOBe-
PAThH UX.

IIpumeHsATH CBOlICTBA
JorapuMUIecKou
(byHKIMU TIpU perie-
HUM IPUKJIAJHBIX 3a-
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a4 ¥ 327124 [OBEI-
IEHHOMN CIIOKHOCTU

I'naBa V. Tpuronomerpuue-| 20
ckue popmyJisl
21 Panuannas mepa yria 1
22 |lloBOpOT TOYKH BO-
Kpyr Haydajga KOOPIH-
HaT 2
23 OnpeneneHue CUHY-
ca, KOCUHyca U TaH-
reHca yria 2
24 | 3HaKu cuUHYyca, KOCH-
Hyca U TaHIeHca 1
25 3aBUCUMOCTb MEXY
CHUHYCOM, KOCHHYCOM
U TaHI'€HCOM OJIHOTO
U TOTO K€ yTIJia 2
26 | Tpuronomerpuyeckue
TOXJIECTBA 2
27 | CuHyc, KOCHHYC H
TaAHT'€HC YTJIOB O U —0. 1
28 | DOpMyIIBI CIIOKEHUS 2
29 | CuHyc, KOCHHYC H
TaHI'€HC JBOMHOT'O
yria 1
30 |CuHyc, KOCHMHYC H
TAQHT'€HC [OJIOBUHHO-
ro yria 1
31 @opmMmynsl  TpuUBELE-
HUSA 2
32 |Cymma u pa3HOCTh
cuHycoB. Cymma w
Pa3HOCTb KOCHUHYCOB 1

46

[lepeBoauTh rpamyc-
HYI0 MEpY B pajuaH-
Hy0 U oOpaTHO. Haxo-
JUTh Ha OKPYXHOCTU
MOJIO’KEHUE TOYKH, CO-
OTBETCTBYIOIIEH JaH-
HOMY JICTBUTEIBHO-
MY YHUCIY.

Haxonuts 3HaKu 3Ha-
YEHUH CUHYCA, KOCH-
Hyca, TAaHT€HCAa YuCIa.
BrisiBisATE 3aBHCH-
MOCTb MEXIY CUHY-
COM, KOCUHYCOM,
TaHT'€HCOM OJTHOTO U
Toro xe yriua. [Ipu-
MEHSATH JAHHBIE 3a-
BHCHUMOCTH ISl TOKa-
3aTeabCTBA TOXKJE-
CTBA, B YaCTHOCTH, Ha
OIpENENEHHBIX MHO-
KecTBax.

[TpumensTH IIpH TIpE-
00pa3oBaHUSIX U BBI-
YUCICHUAX (POPMYIIBI
CBSI3M TPUTOHOMET-
pruecKux (HyHKIMN
YTJIOB 0. ¥ —0., hop-
MYJIBl CJIOKEHUS,
(bopMyIIbl TBOMHBIX U
IIOJIOBUHHBIX YIJIOB,




Ypok 0000mmeHus u
cUCTEMATU3aIMU 3Ha-

(dbopMyJIBI IpUBEIC-
HUS, POopMyITBI CyM-

HUI 1 MBI U PA3HOCTH CUHY-
KonrponbHas pabota COB, CyMMBI U pa3-
Ne 5 1 HOCTb KOCHHYCOB.
JlokaswIBaTh TOXK/IE-
CTBa, IPUMEHSA pa3-
JIUYHBIE METOJIbI, UC-
MI0JIb3Ysl BCE U3YYEH-
HbIe (POPMYJIBI.
[IpumeHnaTh Bce u3y-
YEHHbIC CBOWCTBA U
dbopMyIbl Ipu perie-
HUU TIPUKIIAIHBIX 3a-
Jla4 U1 3a7a4 MOBbI-
IIEHHOW CJIOKHOCTHU
I'naBa VI. Tpuronomerpuye- YMeTh HaxXOAUTh apK-
CKHe YpaBHEHHS 14 | cuHyC, apKKOCUHYC,
33 | YpaBHeHHE COS X = a 3 apKTaHT€HC JIeUCTBU-
34 | YpaBHeHue sin x = a 3 TEJIBHOT0 YUCIIA, Ipa-
35 | YpaBHenue tg x =a 2 MOTHO (hpopMyIupyst
36 | Pemenune  Tpuroso- OIpe/ieICHuE.
METPUYECKHX  ypaB- [TpumensTH POpMyITBI
HEHUH 4 JUIS HaXOXKIEHUS KOP-
37*% | Ilpumepsl  pemieHHs HEeil ypaBHCHHI
MPOCTEUIIINX TPUTO- cos x =a, sin x = a,
HOMETPHUYECKHUX He- tg X =a. YMeTb peuiaTtb
PaBCHCTB — TPUTOHOMETPHUYECKHUE

VYpok o0000menus u
CUCTeMAaTH3allNK 3Ha-
HHUH
KonTponbnas pabora
Ne 6

YpaBHEHUS: TUHEHHbBIE
OTHOCHTEJIEHO CHHYCAa,
KOCUHYCa, TAHTEHCa
yria (amrcina), CBos-
ecs K KBaJpaTHBIM U
JIpyTuUM anredpande-
CKHUM YpaBHEHUSIM TO-
CJIe 3aMEHBI HEM3BECT-
HOTO, CBOJISIIIIUECS K
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MPOCTEHIIINM TPUTOHO-
METPUYECKUM ypaBHE-
HUSIM TIOCTIE pa3iioike-
HUS HA MHOXKHTEJIH.
[TpumeHsTH Bce u3y-
YEHHbIE CBOWCTBA U
CITOCOOBI pelieHus
TPUTOHOMETPHUYECKUX
ypaBHEHUH U HEepa-
BEHCTB IIPH PEIICHUH
MPUKJIAIHBIX 337124

HTorosoe noBropeHue 1

11 kaace

I'maBa VII. Tpuronomerpu- 14 | Ilo rpaduxam pyHKIMit

yeckne PYHKIHHN OTMHCHIBATH UX CBOK-

38 | ObnacTb onpenene- CTBa (MOHOTOHHOCTb,
HUSL U MHOXECTBO OTPaHUYEHHOCTD, YET-
3HaUYEHUHN TPUTOHO- HOCTb, HEUETHOCTbD, I1e-
METPUUYECKUX PYHK- PHOJIUYHOCTH).

1007078 2 N306paxats rpapuku

39 | YUérHOCTb, HEUET- TPUTOHOMETPUUECKUX
HOCTB, IEPHOANY- (GYHKIHMH ¢ TOMOIIBIO
HOCTb TPUTOHOMET- rpagorocTpouTenei,
pudecKkux (pyHKIMA 2 OIMCBIBATh UX CBOM-

40 | CoiicTBO pyHKIMHU CTBa.

y = cos x u e€ rpaduk 3 PacrnioznaBats rpaduxu

41 CBO#CTBO (PyHKITHH TPUTOHOMETPUUYECKUX
y = sin x u €€ rpaduk 2 GYHKIHA.

42 CgoiicTBa u rpaduku Crpowurts rpapuxu sie-
dynKmmit y = tg x u MEHTapHBIX (DYHKITHH,
y=ctgx 2 UCTOJB3Ys rpadomno-

43* | ObpaTHBIE TPUTOHO- CTpOHTC]IH, U3y4aTh
MeTprdecKue (GyHK- CBOWCTBA 3JIEMEHTap-
un 1 HBIX (DYHKIUH 1O UX
VYpok 00001meHns u rpadukam
cUCTeMaTH3alluy 3Ha-

HUU 1
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KonTponbHas padoTa
Ne 1

I'naa VIII. Ilpou3Boanas u

€€ reoMeTpUYeCKHl CMBbICJI 16
44 [IpousBoHas 2
45 [IpousBoaHas cre-

MeHHON QYHKIIUH 2
46 |IlpaBuna nuddepen-

LIUPOBAHUS 3
47 [IpousBogHbIE HEKO-

TOPBIX 3JIEMEHTaPHBIX

byHKIUI 3
48 | 'eomerpuyeckuit

CMBICT IPOU3BOIHOM 3

Ypok o0000meHuss u

CUCTeMAaTH3alluKi 3Ha-

HHMN 2

KonTponbnas pabora

No 2 1

[IpuBoaUTH IPUMEPHI
GYHKIUH, SBIISFOIINAX-
Cs1 HEIIPEPBIBHBIMU,
HMMEIOIIHNX BEPTUKAIIb-
HYI0, TOPU30HTaJIbHYIO
aCUMIITOTY. 3aINChI-
BAaTh YPABHEHUE KaX-
JIOU U3 3TUX aCUMIITOT.
YmeTh no rpaduky
(GYHKIUH OIpeNesaTh
MIPOMEKYTKH HETIpe-
PBIBHOCTH M TOUYKHU
pa3phIBa, €CIIU TaKUE
UMEIOTCS. YMETh J10-
Ka3bIBaTh HENIPEPbIB-
HOCTb (DYHKIIUU.
Haxonute yriosoi
koa(urmeHT kaca-
TeNbHOU K TpaduKy
(GyHKIMH B 3a7JaHHOU
touke. Haxonuts
MTHOBEHHYIO CKOPOCTh
JIBUKEHUSI MaTepUalb-
HOW TOYKH.

Haxonute npousBoa-
HBIE DJIEMEHTAPHBIX
¢bynknuii. Haxonuts
MIPOU3BOTHBIE CYMMBHI,
MPOU3BE/ICHUS U YaCT-
HOTO JIBYX (DyHKLIHH,
MIPOU3BOJHYIO CIIOXK-
HOM QyHKIMU
y=f(kx+Db).
IIpuMeHATH OHATHE
MPOU3BOAHOMN MIPH pe-
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HICHUH 3aaa4

I'maBa IX. IIpumeHeHue
NMPOU3BOJAHON K MCCJIeI0Ba-

Haxoaute BTOpYIO
MIPOU3BOJHYIO U

HUI0 GyHKUIMiA 12 | yckopeHue npouecca,
49 | Bo3pacranue u yObl- OIIMCBHIBAEMOTO C I10-
BaHUE (PyHKIINH 2 MOIIBIO (POPMYIIBL.
50 | OkctpemyMbl  GyHK- Haxonuts npome-
1005051 2 JKYTKH BO3pacTaHUs
51 [Ipumenenue mnpous- U yObIBaHUS PYHK-
BOJHOM K IIOCTpOE- HH.
HUIO rpauKoB Haxoautb Touku mMu-
byHKIUI 2 HUMYyMa U MaKCUMY-
52 | Haubonbliee u Ma QyHKIUH.
HavMMEHbLIEE 3HaYe- Haxoaute Han0oJ1b-
HHs QyHKIMHU 3 1iee 1 HauMeHbIlee
53* | BeimykiocTth rpaduka 3HaYeHHs QyHKIMH
GyHKUMMA, TOYKH TIe- Ha OTPE3KE.
peruba 1 Haxoants HanOoIL-
Ypok 06006meHns 1 11ee 1 HauMeHbllee
CHCTeMaTH3allui 3Ha- 3HAYCHUS QYHKIUH.
HUH 1 HccnenoBath QPyHK-
KonTponbnas pabora LHIO € HOMOILBIO
Ne 3 1 IIPOU3BOJIHON U
CTPOUTH €€ rpaduk
I'nasa X. Unrterpaj 11 | Boruucasars npubnu-
54 | IlepBooOpa3Has 2 KEHHOE 3HAUCHHE
55 |IlpaBuna  Haxoxnie- TUIOINAAN KPUBOJIH-
HUS IEpBOOOPa3HBIX 3 HEWHOM Tpanernuu.
56 |Ilnomiane  KPUBOIH- Haxonuts 11epBoo06-
HEWUHOW Tpaneuun u pasHble QYHKIIHIA:
UHTErpa 2 |y=x',tnep eR,

57, 58 | Beruncienue  HHTe-
rpanoB. Beruucienue
momanein  Guryp c
MOMOIIBI0  MHTETrpa-
JIOB

59 | llpumeHeHue mnpous-
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Yy =sin X, y = COS X,

y = tg x. Haxonute
nepBooOpa3HbIe
dymxmii f(x) + g(x),
kf (x) m f (kx + b).

Brruncnars miomanb




BO,Z[HOI>'I HHTCIpajla K
PCHICHUIO HpaKTHYC-

KpUBOJIMHEHHOMN Tpa-
MELUU C TOMOILBIO

CKHX 3aJla4y 1 dbopmynsr HeroTo-
Ypok o0000meHus: u Ha—JleiiOHuma
CUCTeMaTH3alluKl 3Ha-
HUHN 2
Kontponbnas pabora
No 4 1
I'naa XI. KomOunaropuka 10 | [IpumensATs npaBuio
60 |IlpaBuno npoussene- IIPOU3BENECHUS IIPU
HUS 1 BbIBOJIE (hOPMYIIBI
61 |IlepectanoBku 2 YuClla IEPECTaHOBOK.
62 Pasmerienust 1 Co3pnaBaTh MaTeMa-
63 | Coueranus u ux 2 THYECKUE MOJIETH
CBOICTBa JUTSL pEIICHUS KOM-
64 bunom Herotona 2 OMHATOPHBIX 3a1a4 C
Vpok 0606meHns u MOMOIIBIO TTOJICUYETA
CHCTEMaTU3alMd 3Ha- 4HCIa PA3MEIICHHIA,
HUl 1 IIEPECTaHOBOK U CO-
Kontponbhas pabota YETaHHH.
Ne 5 1 Hcnons30Bathk CBOM-
CTBa YKcja couera-
HUU [IPU PELLIECHUN
MPUKIAJHBIX 33724 U
IIpY KOHCTPYUPOBa-
HUU TPEYroJIbHUKA
[Tackans.
[TpumensaTs Gpopmyiry
o6unoma HproToHa
IIPY BO3BEICHUU
JIBY4JICHA B HATY-
pPaJIbHYIO CTENEHb
I'maBa XII. Duaementsl Teo-| 11 | IIpuBoauTs npumepsl
PMH BepOSATHOCTEH CIIy4aiHbIX, JOCTO-
65 | CobObiTus 1 BEPHBIX U HEBO3-
66 KomOuHammsa  coObl- MO>KHBIX COOBITHI.
tui. IIpoTHBOMOIOXK- 1 Omnpenenars u Haxo-
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HOE COOBITHE

JUTh CYMMY U IIPO-

67 | BeposTHOCTH  COOBI- U3BEJICHUE COOBITUH.
THSA 2 Onpenensats BeposiT-
68 | CnoxxeHue BEpOSITHO- HOCTB COOBITHS B
cren 2 KJIACCUYECKOM I10-
69 | HesaBucumsie coOBI- Humanun. Haxomuts
THA. YMHOXEHHUE Be- BEPOATHOCTH COOBI-
pOSITHOCTEN 1 THS C UCITOJIb30BAHU-
70 CraTtucTuueckas Be- eM popmyn KomOu-
POSITHOCTB 2 HaTOPHUKH, BEPOAT-
Ypok 0000mIeHus U HOCTb CYMMBI IBYX
CUCTEMaTH3aluu 3Ha- HCCOBMCCTUMBIX CO-
HU 1 OBITUI U BEPOSIT-
KonTponbnas pabora HOCTB COOBITHSL, ITPO-
No 6 1 THUBOIIOJIOKHOT'O
JAHHOMY.
[IpuBOANTHE IPUMEPHI
HE3aBUCHUMBIX COOBI-
THUH.
Haxonuts BeposiT-
HOCTh COBMECTHOTO
HACTYIUICHUS ABYX
HE3aBUCHUMBIX COOBI-
TUH.
Haxonute cratucru-
YECKYIO BEPOSITHOCTh
COOBITHH B OMBITE C
OOJBIIUM YHCIIOM B
ucnbiTanuu. meth
MPEICTABJICHHE O 3a-
KOHE OOJIBIIINX YHCEIT
I'nasa XIII. Cratucruka 8 3HaTh MOHSTHUE CITY-
71 CnydaiiHble BETUYH- YalHOU BEJIMYMHBI,
HBI 2 MPEACTABIIATH pacipe-
72 | lleHTpanbHBIE  TEH- JIeJICHUE 3HaYeHUN
JCHITNN 2 JIUCKPETHOM CIy4aii-
73 | Meps pa3bpoca 2 HOM BEIMYMHBI B BUJIE
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Ypok 0000mmeHus u
CHCTEMaTU3alUh 3Ha-
HUH
Konrponbnas pabora
Ne 7

YaCTOTHOM TaOJIHIIEI,
[IOJIMTOHA 4acToT (0T-
HOCHUTEJIBHBIX 4acTOT).
[IpencraBnsaTe pacrpe-
JIeJIeHUEe 3HaueHni He-
IIPEPBIBHOM CIIy4alHON
BEJIUYMHEI B BUJIC Ya-
CTOTHOM TaOJIHUIBI U
TUCTOIPAMMBI.

3HAaTh IIOHATHE TCHE-
pabHOM COBOKYITHO-
cTH U BbIOOpKU. [Ipu-
BOJIUTH PUMEPHI pe-
MIPE3EHTATUBHBIX BbI-
OOpOK 3HaUEHUH CITy-
JailHOM BEITUYHHBI.
3HaTh OCHOBHBIE
[EHTPAIbHBIC TCH-
JIEHIIUW: MOJTY, MEJT!-
any, cpensee. Haxo-
JIUTh IIEHTPATbHBIC
TEHJCHIINU Y4eOHBIX
BbIOOPOK. 3HATH, Ka-
Kasi U3 LHEHTPaIbHBIX
TeHJCHUMA HAITy4-
MM 00pazoM Xapak-
TEpPU3YyeT COBOKYII-
HOCTb.

NmeTts ipeacrasiie-
HHE O MaTeMaTHye-
CKOM OKHJIaHUH.
Boruucnars 3HaueHHE
MaTeMaTHYECKOIO
0XKHMJIaHUS CITyqaii-
HOH BEITUYHHEI C KO-
HEYHBLIM YHCIIOM 3Ha-
YCHUM.
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3HaTh OCHOBHBIE MEPBI
pa3bpoca 3Ha4YCHUI
CIIy4ailHON BeIWYu-
HBI: pa3Max, OTKIIOHE-
HUE OT CPEHEro U
nucnepcuro. Haxonurts
Mepbl pazbpoca ciy-
YalHOW BEJIMYMHBI C
HEOOJIBIIUM YUCIIOM
pa3IuYHBIX €€ 3Ha4e-
HUU

Hrorosoe noBropeHue Kypca
ajareOpol M Hayajg MaTema-
THYECKOr0 AaHAJIM3a

Yruay0éHHBIA YPOBEHb
4 4y B Hedemto, Bcero 272 4

XapakTepucTHKa OC-
Homep Kosin- | HOBHBIX BH/I0OB Jesl-
napar- Conepkanne mare- YeCTBO | TeJbHOCTH YYeHHKA
paja puaia 4acoB | (Ha ypoBHe y4eOHBIX
AefCcTBUIl)
10 kacc
I'maBa 1. J[leiictBurenbnsie | 18 | Haxoxute cymmy
YHCJIA 0eCcKOHEeuHO yObIBa-
1,2 [{enble 1 panmoHab- FOIIEN TeOMETpHUYe-
HBIE YHCIa. 2 CKOH ITPOrpECCUM.
JlelicTBUTENbHBIE [TepeBoauTh Gecko-
4qucia 2 HEYHYIO IIEpUOIUYE-
3 beckoneuHo yObIBa- CKYIO IpoOb B OOBIK-
Iolasi  reoMerpuye- HOBEHHYIO JIpOOb.
CKasl Iporpeccust 2 [TpuBoAMTE TIPUMEPHI
4 Apudmernueckuii (1aBaTh ompeIeICHIE)
KOpEHb HaTypaJbHOU apu(pMeTHIECKUX KOp-
CTETNeHU 4 Hel HaTypaJbHOM CTe-
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5 CreneHb ¢ panuo-
HAJILHBIM U JICUCTBU-
TENLHBIMH ITOKa3aTe-
JISIMHA

Ypok o06o00menus u
CHCTEMAaTU3alki 3Ha-
HUH

KonrponbHas pabota
Ne ]

HIEHHU.

[losicHATH Ha IpuMepax
MOHSITHE CTETICHHU C
JTFOOBIM JICHCTBUTEIb-
HBIM [TOKa3aTeJIeM.
[IpumenaTs npaBmIa
JICUCTBUU C pajuKaia-
MU, BBIPAXKEHUSIMU CO
CTEMEeHSIMH C paluo-
HaJIbHBIM TOKa3aTeIeM
(JTFOOBIM IEHCTBUTEITB-
HBIM [TOKa3aTejIeM) IIpU
BBIUMCIICHUSIX U TIPE00-
pPa30BaHUSIX BBIpaXKe-
HU.

Jloxa3pIBaTh TOXK1€E-
CTBa, cojiepKalne Ko-
PEHb HaTypaJIbHOM CTe-
TIEHU U CTETEHU C JII0-
OBIM JI€HiCTBUTEIHHBIM
ToKa3aTeseM, puMe-
Hsi pa3JIMyHbIE CIIOCO-
OBl

[IpumeHnaTs ymeHus
1peoOpa3oBbIBATH BBI-
pakeHHs U J10Ka3bIBaTh
TOXKJIECTBA MPHU PEIIIe-
HUH 33/1a4 TOBBIILIECH-
HOM CJIOKHOCTH

I'naBa II. Crenennas
byHKuus

18

6 CrenenHas (QyHKUHA,
e€ cBoiicTBa U rpadux
7 B3zaumuo  oOpartHble
byakuu.  CroxHas

byHKIIUS
8 PaBHOCWIIBHBIE YypaB-

55

[To rpadukam crenen-
HBIX (QYHKUUH (B 3aBU-
CUMOCTH OT MTOKa3aTems
CTEIEHH ) ONUCHIBATH X
cBOiicTBa (MOHOTOH-
HOCTb, OTPaHUYEH-
HOCTb, YETHOCTH, HE-
4ETHOCTD).




10*

HEHUS 1 HEPaBEHCTBA
HppaunoHanbHbie
YPaBHEHHUS
HppauuroHanbHble
HEPABEHCTBA

Ypok o0000meHuss u
CUCTEMATHU3allMM 3Ha-
1305071

KonTponbHaas pabora
Ne 2

Ctpoutb cxemMaTuyecKu
rpaduK CTETeHHOM
(yHKIIUU B 3aBUCHUMO-
CTH OT IPUHAIICIKHO-
CTH TIOKa3aTes CTere-
HU (B aHAJTUTUYECKOMN
3aMMcu paccMarpuBae-
MO (DYHKIIMH) K OJTHO-
My U3 paccMaTpuBae-
MBIX YHCIIOBBIX MHO-
XKecTB (IIpH MoKazaTe-
JISIX, TIPUHAIEKATITIX
MHO>KECTBY LIEJIBbIX UH-
CeJI, TIPH JTFOOBIX JIeH-
CTBUTEIIbHBIX MOKa3a-
TEJSIX) U [EPEUUCIISITh
e€ CBOIICTBA.
Ornpenenarpb, SBISIETCS
1 GyHKIUS 00paTH-
MOH.

Ctpourts rpauk ciox-
HOU (yHKIHH, TPOOHO-
panuoHanbHOU QyHK-
IIUH JIEMEHTAPHBIMHU
METOJIaMHU.

[TpuBoAUTE pUMEPHI
CTENEeHHbIX PyHKIMH
(3a1aHHBIX C IOMOIIBIO
(dhopmyIibl unu rpadu-
Ka), 00Iaaronmx 3a-
NAaHHBEIMH CBOMCTBaMU
(Hammpumep, orpaHu-
YEeHHOCTH). Pa3bsacHATH
CMBICIT TIEPEUHCIIEHHBIX
CBOWCTB. AHAIIU3UPO-
BaTh MOBEICHUE (PYHK-
LM HA pa3JIMYHBIX
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ydJacTkax o0JacTH
OIpezieNIeHus], CPaBHU-
BaTh CKOPOCTH BO3pac-
TaHus (YOBIBAaHMS)
byakumii. Dopmyaupo-
BaTh ONpEEIICHUs T1e-
PEUUCIIEHHBIX CBOICTB.
Pacnio3naBatb paBHO-
CHJIbHBIE IIpeoOpa3oBa-
HUSI, TpeoOpa3oBaHus,
HPUBOJALINE K ypaBHe-
HUIO-CJIEJICTBUIO.
Pemats npocreiiiue
UppanoHaIbHbIE
ypaBHEHMsI, UppaLHo-
HaJIbHbIE HEPABEHCTBA
U ux cuctemsl. Pacno-
3HaBaTh rpauKu u
CTPOUTH rpauKu CTe-
NEeHHbIX QYHKUUH, HC-
MoJIb3Yys TpadonocTpo-
UTEIIN, U3y4aThb CBOM-
cTBa (QYHKIMI 110 UX
rpadukam.

Jlenats TUIIOTE3HI O KO-
JMYECTBE KOPHEN ypaB-
HEHUH, COJEpKaIINX
CTENeHHbIE (PYHKIUH, U
MIPOBEPATH UX. BoIno-
HATH PeoOpa30BaHUS
rpauKOB CTETICHHBIX
(GyHKUIMA: Tapaniensb-
HBII IIEPEHOC, PacTs-
JKeHHE (CKaThe) BIOJb
OCH OpJuHAT (IOCTpoe-
HUE rpauKoOB C MOZTY-
JSIMM, IOCTPOEHHE Tpa-
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(uka oOpaTHOM PyHK-
LUN).

[Ipumensats cBolcTBa
CTETIeHHON (yHKIIUU
IIPU PEIICHUU MpHU-
KJIaIHBIX 33/1a4 U 33734
MOBBIIICHHON CII0HO-
CTH

I'maa III. Iloka3arenbHasi| 12
byHKuus
11 [TokazarenbHas
¢yHkus, e€ CcBOH-
cTBa U rpaduk 2
12 | Iloka3arenbHbIe
YpaBHEHUSA 3
13 | Iloka3arenpHble  He-
paBEeHCTBA 3
14 | Cucremsbl noKasza-
TENbHBIX ypaBHEHUH
Y HEPaBEHCTB 2
Ypok o0000meHus u
CHUCTEMaTH3aIliu 3Ha-
HUM 1
KonTponbnas pabora
Ne 3 1

ITo rpadukam moka-
3aTeNbHON (QyHKIIMH
OIIMCHIBATH €€ CBOM-
cTBa (MOHOTOHHOCT®,
OTPaHUYEHHOCTB ).
[IpuBOUTE IPUMEPHI
I10Ka3aTeJIbHOU
GbyHKIMY (3a1aHHON
C IOMOIIBIO PopMy-
7Bl WK Tpaduka),
obranatromeit 3a1an-
HBIMH CBOMCTBaMu
(Hampumep, orpaHu-
4yeHHOCTH). Pa3bsic-
HSATb CMBICII IIepe-
YUCJICHHBIX CBOWCTB.
AHanM3upoBaTh MO-
BeJIeHUE (PYHKIIHI Ha
Pa3IMYHBIX y4acTKax
obnacTtu onpenene-
HUsI, CPaBHUBATh
CKOPOCTH BO3pacTa-
Hus (yObIBaHHUS)
¢bynaxuit. opmynu-
pOBaTh ONpeIeIeHUs
TIePEUYHCIICHHBIX
CBONCTB.

Pewats npocreiimue
MTOKa3aTeNIbHbIE
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YPaBHEHUs, HEPABEH-
CTBAa U UX CUCTEMBI.
Pematsp nokasarens-
HbI€ YpaBHEHHUS Me-
TOJIaMU PA3JI0KECHHUS
Ha MHOKUTEJH, CIIO-
coOOM 3aMEHbI HEU3-
BECTHOT0, C UCIIOJIb-
30BaHNEM CBOMCTB
(GyHKINHU, pemaTh
YPaBHEHHs, CBOJIS-
muecs K KBajapar-
HBIM, UPpPaLlMOHAJIb-
HBIM.

Pematsp nokasarens-
HbIE€ ypaBHEHUS,
IIPUMEHSS pa3IndHbIe
METO/IBI.
Pacno3naBate rpa-
(GuKU ¥ CTPOUTH I'pa-
(UK rokazareabHOU
(GyHKIINHU, UCTIONB3YS
rpadorocTpouTeNu,
U3y4aTrhb CBOMICTBA
¢byHKIMY 10 Tpadu-
KaM.
®opMynMpoOBaTH M-
MOTE3bl O KOJIMYECTBE
KOpHEHN ypaBHEHUH,
coJIeprKalliX MoKa3a-
TEIbHYIO (YHKIIHIO,
U IPOBEPSTH HX.
BrimonasaTs mpeodpa-
30BaHMs rpaduka mno-
Ka3aTelbHON QyHK-
LMH: TTapajuIeIbHbII
IIEPEHOC, PACTSHKCHHE
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(cxkaTue) BIIOJIb OCH
opauHatr (mocTpoe-
HUE TpauKoB ¢ MO-
TyJSIMU, TIOCTPOCHHE
rpaduka oOpaTHOH
GbyHKIUN).
[Ipumensars cBolcTBa
[I0KA3aTEIIbHOU
(hyHKIMM TpH perie-
HUY MPUKIIATHBIX 3a-
Ja4 U 3a71a4 MOBBI-
HIEHHOW CII0OKHOCTH

I'naa IV. Jlorapugmuue-| 19
ckas pyHKuUsA
15 Jlorapudmer 2
16 CpoiictBa norapug-
MOB 2
17 [ecsaTuunple U HaTy-
pasbHbIe JIOrapu(MBI.
®dopmyna nepexoaa 3
18 Jlorapugmuueckas
¢yHkusa, e€ CcBoOM-
CTBa U TpaduK 2
19 Jlorapudmuueckue
YPaBHEHHUS 3
20 Jlorapugmuueckue
HEpPABEHCTBA 4
Ypok 00600meHuss u
CUCTEMAaTH3allu1 3Ha-
HUU 2
KonTponbnas pabota
Ne 4 1

BeimonHsThE po-
cTeumme mpeodpaszo-
BaHus Jorapupmuye-
CKHMX BBIPAKECHUH C
UCII0JIb30BAaHUEM
CBOICTB Jlorapud-
MOB, C

MOMOIIBIO HOPMYIT
nepexosa.

ITo rpaduxy nora-
pudmuyeckoit GyHK-
IIUY OIIMCHLIBAThH €€
cBoiicTBa (MOHOTOH-
HOCTb, OTpaHUYEH-
HOCTb).

[IpuBOIUTE IPUMEPHI
JorapupmMuyecKon
GbyHKIMY (3a1aHHON
C IOMOIIBIO PopMy-
7Bl WK rpaduka),
oOnajaroreit 3a1aH-
HBIMH CBOMCTBaMU
(Hampumep, orpaHu-
4yeHHOCTH). Pa3bsic-
HATb CMBICI TIEpe-
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YHCIIEHHBIX CBONCTB.
AHanusupoBars 1o-
BesieHne (DyHKITMH Ha
Pa3IMYHBIX y4acTKax
obJyactu onpenere-
HUSI, CDABHUBATH
CKOpPOCTH BO3pacTa-
Hus (yObIBaHUS)
bynkumii. Dopmynu-
pOBaTh ONpPEIEICHUS
HePEUNCIEHHBIX
CBOMCTB.

Pemarts npocreiiiue
JorapupMUIecKue
ypaBHEHHs, JIOTa-
pudmMIUecKue Hepa-
BEHCTBA U UX CHCTe-
Mbl. Pemarts siora-
pudMuyeckue ypas-
HEHMS Pa3InYHbIMU
METOJIaMHU.
Pacno3naBate rpa-
(UKH U CTPOUTH I'pa-
¢uxk norapudmuye-
CKOH (yHKIIMHU, UC-
noJb3ys rpadoro-
CTPOUTEIH, U3y4aTh
CBOWCTBA (PYHKIIUU
o rpadukam, pop-
MYJHpPOBATh THIIOTE-
3Bl O KOJIMYECTBE
KOpHEHU ypaBHEHUH,
coJIeprKallux Jora-
PUPMHUUECKYIO
(GyHKIUIO, ¥ IPOBe-
PATH UX. BBIMONHATE
npeoOpazoBaHMs
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rpaduka Jorapud-
MUYeCcKOU (PyHKIIUU:
napasuleNIbHBIN repe-
HOC, pacTsDKEHUE
(cxkaTure) BIIOJIb OCH
opauHar (moctpoe-
HUE TpaduKoOB ¢ MO-
TyJSIMU, TIOCTPOCHHE
rpaduka oOpaTHOU
GbyHKIUN).
[IpumensTH CBOMCTBA
jorapu(pMUIeCcKou
(GyHKIIUY mpy pele-
HUY TPUKIIATHBIX 3a-
Ja4 U 3aj1a4 MOBBI-
HIEHHOW CIIOKHOCTH

I'naBa V. Tpuronomerpuue-| 27
ckue popmyJisl
21 PanuanHasg mepa yria 1
22 |IloBOpOT TOYKH BO-
Kpyr Haudajga KOOpPIH-
HaT 2
23 | OnpeneneHue CHHY-
ca, KOCUHyca U TaH-
reHca yria 2
24 | 3HaKkM cuHYyca, KOCH-
Hyca U TaHIeHca 1
25 | 3aBHCHMOCTb MEXITY
CHUHYCOM, KOCHHYCOM
U TaHT'€HCOM OJIHOTO
Y TOTO K€ yIia 2
26 | Tpuronomerpuyeckue
TOX/IECTBA 3
27 | CuHyc, KOCHHYC H
TAHT€HC YTJIOB O U —0, 1
28 | DopMyIIBI CIIOKEHUS 3
29 | CuHyc, KOCHHYC WU
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IlepeBoauTs rpanyc-
HYIO0 M€pY B paJliaH-
HyI0 U obpaTHO. Haxo-
JUTh HA OKPYXKHOCTH
MI0JIOKEHUE TOYKH, CO-
OTBETCTBYIOLIEH JaH-
HOMY JI€HCTBUTEIILHO-
MY YHCITY.

Haxonuts 3HaKHM 3Ha-
YEHUH CUHYCA, KOCHHY-
ca, TAHT€HCA YUCIa.
BorsaBisATh 3aBHCH-
MOCTb MEXIY CUHY-
COM, KOCUHYCOM, TaH-
TE€HCOM OJJHOTO U TO-
ro e yria. [Ipume-
HATH JAHHBIE 3aBUCH-
MOCTH JJIs TOKa3a-
TEJIbCTBA TOXKJIECTBA,
B YaCTHOCTH, HA
OIpEIETIEHHBIX MHO-




TaHI€HC JIBOMHOT'O 2 JKECTBAX.
yria [IpumensaTs npu mpe-
30 |CuHyc, KOCHHYC H 00pa30BaHUsIX U BbI-
TAQHI'€HC I[10JIOBUHHO- 2 YHCTICHUAX (POPMYIIBI
ro yria CBSI3U TPUTOHOMET-
31 | ®opmynsl npuBene- puueckux GpyHKIHA
HUS 2 YIJIOB @ U —0, popmy-
32 |Cymma W pa3HOCTb JIBI CIIOXKEHUS, op-
cunycoB. Cymma w MYJIbI TBOMHBIX U I10-
pa3HOCTb KOCUHYCOB 3 JIOBUHHBIX YIJIOB,
Ypok 0000mIeHus U (bopMyIbl npuBee-
CUCTEMAaTH3allUM 3Ha- HUS, GOPMYJIBI CyM-
HUl 2 MBI U Pa3HOCTU CHHY-
Kontpoinbnas pabora COB, CyYMMbI U pa3-
Ne 5 1 HOCTb KOCHHYCOB,
IIPOU3BENICHUS CUHY-
COB U KOCHHYCOB.
Jloka3eIBaTh TOX/IE-
CTBa, PUMEHSS pa3-
JIMYHBIE METOJIbI, UC-
10JIb3ysl BCE U3YUEH-
HbIE (OPMYIIBI.
[IpumeHnATH BCe U3y-
YEHHBIE CBOMCTBA U
(hopmynel ipu periie-
HUH MIPUKIIAJHBIX 3a-
J1a4 U 3aj1a4 MOBBI-
HIEHHOMN CII0KHOCTH
I'naBa VI. Tpuronomerpuue- YMeTb HaXOAUTh ApK-
CKUE YPABHEHUS 18 | cuHyC, apKKOCHHYC,
33 YpaBHeHuUe cos x = a 3 apKTaHT'€HC JeUCTBU-
34 VYpaBHeHue sin x = a 3 TEJILHOI'0 YMCIIa, Ipa-
35 | VpaBHeHue tg x =a 2 | MOTHO hopMyIHpys
36 | Pemienne  TpuroHo- OIpeIeNeHue.
METPUYCCKUX  YpaB- [IpuMeHATH CBOMCTBA
HEHUI 5 apKCUHYCa, apKKOCUHY-
37%* HpI/IMepBI pelieHus Ca, apKTaHIcHCa 4yrcia.
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NPOCTEUIINX  TPHUTO-
HOMETPUYECKHX  He-
PaBEHCTB

Ypok 0000meHuss u
cUCTeMaTH3alluyd 3Ha-
1305071

KonrpoasHnas pabora
Ne 6

[IpumensaTs Gopmysbi
JUIsL HAXOXKIEHUSI KOp-
HEW ypaBHEHUH
cosx=a,sinx=a,

tg x = a. YMeTb pemiath
TPUTOHOMETPHUUECKUE
YpaBHEHUS: TUHEHHBIE
OTHOCHUTEJIBHO CHHYCA,
KOCHHYCa, TAHT€HCa
yria (ducina), CBos-
HIMecs K KBaApaTHBIM U
JIpYTUM anredpaunde-
CKHM YPaBHEHHUSIM I0-
CJI€ 3aMEHbI HEU3BECT-
HOTO, CBOJSIIIUECS K
IIPOCTEUIINM TPUTOHO-
METPUYECKUM ypaBHE-
HUSM NOCIIE Pa3ioKe-
HUS HA MHOXHTEIH.
Pemars ogHOpOIHBIE
(nmepBoii u BTOpOH CTe-
IIEHHU) YPaBHEHUS OTHO-
CUTEJIbHO CHHYCa U KO-
CHHYCA, a TAK)KE CBO-
Jsmmecs K OAHOPOI-
HbIM ypaBHeHUsIM. Mc-
10JIb30BaTh METO]T
BCIIOMOTaTEJILHOTO YT~
na. [IpuMeHsTe MeTon
IIPEIBAPUTEIBHOMN
OIICHKH JIEBOM W MPaBO
yacTel ypaBHEHUSI.
YMeTb NpUMEHATH He-
CKOJIBKO METOJIOB MpHU
pELIeHUH ypaBHEHUS.
Pemate HecnoxHBIE
CUCTEMBI TPUTOHOMET-
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PUYECKUX yPaBHEHUM.
Pewmats Tpuronomer-
pUYECKHE HEPABEHCTBA
C IOMOIIBIO €ITMHUYHON
OKPY>KHOCTH.
[IpumeHATH BCe u3y-
YCHHBIE CBOWCTBA U
CIOCOOBI PELICHHUS
TPUTOHOMETPUUECKUX
YpaBHEHUH U HEpa-
BEHCTB IIPU PELLIEHUHU
NPUKJIAIHBIX 3324 U
3a/1a4 MOBBIILIEHHOU

CJI0KHOCTH
Hrtorosoe noropenue | 24
11 kaacc
I'maa VII. Tpuronomerpmu- [To rpadukam GpyHkuit
YyecKue PyHKIHHU 20 | omuChIBaTh UX CBOM-

38 | Obnacts ompexene- cTBa (MOHOTOHHOCTb,

HUS W MHOXECTBO OTrPaHUYEHHOCTD, YET-

3HAUE€HUH  TPUTOHO- HOCTb, HEYETHOCTD, I1€-

METPUYECKUX  (YHK- PUOAUYHOCTb).

1805071 3 [IpuBOIUTE IPUMEPHI
39 YeETHOCTD, HEYET- GbyHKIUH (3a1aHHBIX C

HOCTb, epUoanY- MTOMOIIBIO (POPMYJIBI

HOCTb  TPUTOHOMET- niu rpaduka), odna-

pudeckux GyHKIUN 3 JAIONINX 3aJaHHBIMU
40 | CoiicTBO QpyHKIMU CBOWCTBaMH (Harmpu-

y = cos x u e€ rpaduk 3 Mep, OTPaHUYEHHOCTH).
41 CBolicTBO  (YHKITUU Pa3bsacHATE cMBICI TTe-

y = sin x u eé rpaduk 3 PEUYUCIIEHHBIX CBOMCTB.
42 CgoiictBa u rpaduku N3o6paxars rpaduku

GyHKumMit y = tg x u CIIOXKHBIX (PYHKITHH C

y=ctgx 2 MOMOIIBI0 Tpadoro-
43* | OOpaTHBIE TPHUTOHO- CTPOUTEJICH, OTHCHI-

MeTpuieckue (pyHK-
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UH
Ypok o0000meHuss u
cUCTeMaTH3alluK 3Ha-
1305071

KonTponbHas pabora
Ne 1

66

Pemate npocteiimue
TPUTOHOMETPHUYECKHE
HEPaBEHCTBA, UCTIOJb-
3ys rpaduk GyHKIUM.
Pacrnio3znaBats rpaduku
TPUTOHOMETPHUYECKUX
dhyHKUIMHA, rpaduku 00-
paTHBIX TPUTOHOMET-
pyuYecKuX (QYHKITHIA.
[IpumensATh U 1OKa3BI-
BaTh CBOICTBa 00parT-
HBIX TPUTOHOMETPHUYC-
CKUX (YHKIIHH.
Crpouts rpaduku se-
MEHTapHBIX (HYHKIHUH,
UCTIOJB3YS Tpadoro-
CTPOUTEINH, U3y4aTh
CBOICTBA AJIEMEHTAap-
HBIX (QYHKIUH 110 UX
rpadukam, popmynu-
pOBaTh TUTIOTE3HI O KO-
JUYECTBE KOpHEH
YpaBHEHUH, CollepxKa-
[IUX dJIEMEHTapHbIE
(yHKIIUH, U IPOBEPATH
ux.

BrimonasaTs mpeodpa-
30BaHus rpauKoB
3JIEMEHTapHBIX PYHK-
LM TapajuiesIbHbII
MEPEHOC, PACTSKEHUE
(cxaTue) BJIOJIb OCH
opauHat. [IpuMeHsTh
JpyTHUE 3JeMEHTapHbIe
CIOCOOBI TOCTPOEHUS
rpaduKoB. YMeETh
MIPUMEHSTH Pa3INYHbIE




MCETOJABI 1OKAa3aTCJIbCTB
MCTUHHOCTHU

I'naa VIII. IlpousBoanas u

€€ reoMeTpUYeCKHl CMBbICJI 20
44 [IpousBoaHas 3
45 [IpousBognas  cre-

MeHHON QYHKIIUH 3
46 | [IpaBuna muddepen-

LIUPOBAHUS 3
47 [IpousBoagHbBIE HEKO-

TOPBIX 3JIEMEHTAPHBIX

byHKUIMMA 4
48 I'eomeTpuyeckuit

CMBICT IPOU3BOIHOMN 4

Ypok 0000meHuss u

CUCTeMAaTH3alluKi 3Ha-

HHMN 2

KonTponbnas pabota

No 2 1

[IpuBOUTE IPUMEPHI
MOHOTOHHOUW YHCIIO-
BOM IIOCJIEJOBATENbHO-
CTHU, UMEIOLLEH Tpe-
nen. Beruucnsate npe-
JIeJIbI TTOCJIEI0BATEIb-
HOCTeH. BBISICHATD,
SIBJISIETCS JIU TTOCTIE/I0-
BaTEJIbHOCTb CXO/s-
nieiics. [lpuBoanuts
npuMepsl QyHKIIUH,
SIBJISTFOLIIAX CST HETIpe-
PBIBHBIMH, UMEFOLIUX
BEPTUKAJIbHYIO, TOPH-
30HTAJIbHYIO ACUMIITO-
Ty. 3aluchIBaTh ypaB-
HEHUE KKJION U3 ITUX
aCUMIMTOT. YMETH 110
rpaduky QyHKIIUU
OTIPEIEIATH TPOMeE-
KYTKH HEMPEPBIBHO-
CTH ¥ TOUYKH pa3phIBa,
€CJIM TAKUE UMEIOTCH.
YMeTh IoKa3hIBaTh
HEMPEePHIBHOCTH (YHK-
M.

Haxonuts yrioBoii ko-
s urmeHT Kacareab-
HOM K rpaduky QyHK-
IIUM B 3aTaHHOU TOYKE.
Haxoautb MrHOBeH-
HYIO CKOPOCTb JIBHKE-
HUSI MaTepuaIbHON
TOYKH.
AHanu3upoBaTh MOBE-
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neHue QyHKIMN Ha
Pa3TUYHBIX YYaCTKaxX
o0Jactu onpeseneHus,
CpPaBHHBATh CKOPOCTH
BO3pacranus (yObIBa-
HUs) QyHKIHA.
Haxomauts npousBoa-
HBIC PJIEMEHTaPHBIX
¢bynkumii. Haxoguts
IIPOU3BOTHBIC CYMMBI,
MPOU3BENICHUS U YaCT-
HOTO ABYX (DYHKITHIA,
POU3BOTHYIO CIIOXK-
HOM (pyHKUMU
y=f(kx+b).
OOBACHATD U UILTIO-
CTpUPOBATH MOHATHE
npeena nocieaoBa-
TenbHOCTH. [IpnBO-
TUTH IPUMEPHI TIOCTIe-
JIOBaTCILHOCTEH,
UMEIOIINX TIPEeN U He
HMMEIOIIUX Mpeiena.
[Tonp30BaTbCs TEOPE-
MOU O TIPENENEe MOHO-
TOHHOW OIpaHUYEHHOMN
MOCJIEZI0BATEIbHOCTH.
BreiBoauth hopmyInbt
JUTHHBI OKPY>KHOCTH U
TJIOMIAIA KpyTa.
OOBSICHATD U UILTIO-
CTpUPOBAThH MOHATHE
npezaena GyHKIuu B
touke. [IpuBOIUTH
npuMepbl PyHKINMA, HE
MMEIOIINX TIpeiesa B
HEKOTOPOU TOUKE.
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Boruncnsate npenesnsl
(GyHKIMHA.
AHanu3upoBaTh NoBe-
neHue GyHKUIUH Ha
Pa3IUYHBIX y4acTKax
obnactu ompexene-
Hus. HaxonuTs acumn-
TOTBI.

Boruncnsates npuparie-
HUE (PYHKIHMH B TOUKE.
CocTaBndrh u uccie-
JI0BaTh pa3HOCTHOE
oTHouieHue. Haxonute
peJies pa3HOCTHOIO
OTHOIICHHUS.
BrruucnaTte 3HaueHHE
POU3BOIHON (DYHK-
UM B TOYKe (TI0 ompe-
JIEJICHUIO).

Haxonuts yrioBoii ko-
s puimeHT Kacareab-
HOM K rpaduKy QyHK-
LMY B TOYKE C 3aJaH-
HOM a0ciuccoil.
3anuceIBaTh ypaBHe-
HUE KacaTeJIbHOU K
rpaduky GyHKIIUH, 3a-
IAHHOM B TOYKE.
Haxoaute npownsBo-
HYIO CII0KHOM (pyHK-
1uu, oopatHoi PyHK-
1007078

[IpuMeHnATH MOHATHE
IIPOU3BOIHOM IIPH pe-
LICHUH 3a/1a4
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T'naBa

IX. IlpumeHeHue

NMPOU3BOJAHON K MHCCJIeI0Ba-

Haxomuts BTOpYIO
MIPOU3BOHYIO U

HUI0 QYHKIMH 18 | yckopenue mnpouecca,

49 | Bospacranue u yObI- OIMCHIBAEMOTO C I10-
BaHHE (PYHKITUU 2 MOIIBI0 (OPMYIIBIL.

50 | Dxcrpemymbl  (yHK- Haxonuts npome-

1197041 3 JKYTKH BO3pacTaHUs

51 | IlpumeHeHue mpous- u yObiBaHUs QyHK-

BOJIHOM K IIOCTPOE- L1H.

HUIO TpauKoB Jloxa3pIBaTh, 4TO 3a-

byHKIMi 4 naHHask QyHKIUS

52 | HauGonbiuee u BO3pacraer (yObiBa-

HauMEHbIIIee 3Have- €T) Ha YKa3aHHOM

HUS QYHKITUH 3 IIPOMEKYTKE.

53* | BeimykiocTth rpaduka HaxonuTe TOYKH MU-
GyHKUMMA, TOYKH TIe- HUMYyMa U MaKCUMY-
peruba 3 Ma (YHKIIHH.

Vpok 0606meHns u Haxoauts Hanbo:1b-

CHUCTEMaTU3alluu 3Ha- Iee M HAMMCHBIICC

HU 2 3HaueHUusl QYHKIIUU

KonTponeHass pabora Ha OTPE3Ke.

Ne 3 1 Haxomuth Hanbob-
niee ¥ HauMeHbIIee
3Ha4YeHUs QYHKIUU.
Uccnenosath QpyHK-
IIUIO C TOMOILBIO
MPOU3BOIHOMN U
CTPOUTH €€ rpaduK.
[IpuMeHnsaTH IPON3BOI-
HYIO TIPU PELICHUN
TEKCTOBBIX, T€OMETPH-
YEeCKHX, PU3HMUECKUX U
JPYTUX 337124

I'naBa X. UuTerpan 17 | Beruucnsars npubinau-
54 | IlepBooGpa3nas 2 XKEHHOE 3HAUCHHE
55 |llpaBuna  HaxoXne- IJI0IIA 1 KPUBOJIU-

HUS IEPBOOOPa3HBIX 2 HEHHOW Tpalelny.
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56

[Inomane  KpuBOJIH-
HEMHON Tpamneuuu u

Haxomuts nepBoo0-
pa3Hbie GYHKIUIA:

HHTErpal 3 y=x',rnep € R,

57 Breruucinenue — unre- 2 y=sinx, y = CoS X,

58 |rpanoB. Boruncnenue y = tg x. Haxonuts
wionaned ¢Guryp ¢ nepBOOOpa3HbIe
MOMOILIbI0  MHTErpa- ¢bynkuuid: f(x) + g(x),
JIOB 3 kf (x) n f (kx + D).

59 [Ipumenenue mnpous- Broruncnars miomanu
BOJIHOM HHTErpajia K KPUBOJMHEHHOH Tpa-
pEIIEHUI0 TpaKTUye- HEIUH C TIOMOIIBIO
CKHX 3a7au 2 ¢dbopmynbel HeroTo-
Ypok 0000mIeHUs U Ha—JIelOHMIA.
CUCTEMATH3allUM 3Ha- Haxomuth npubnu-
HUU 2 JKEHHbBIC 3HAYCHUS
Konrponsnasa pabora UHTErPaIoB.

No 4 1 Brrancaars miomnians
KPUBOJIMHENHON Tpa-
MELUU C TIOMOIIBIO UH-
Terpaaa
I'naBa XI. Kom0unaropuka 13 | [Ipumensarts npu pe-

60 IIpaBuno npoussene- LICHUH 33724 METOJ
HUS 2 MaTeMaTU4eCKON UH-

61 IIepecranoBku 2 JYKLIHH.

62 Pa3smemenus 2 HpI/IMeHHTI) IpaBUIIO

63 Coueranuss H HUX MPOU3BEACHMS IPHU
CBOMCTBA 2 BBIBOJIE (DOPMYJIBI

64 Burom HpioToHA 2 4HCJla IEPECTAHOBOK.
Vpok 0600uieHns u CozpaBate MaTeMa-
CUCTEMAaTH3allu1 3Ha- THIECKUC MOACIH
Ui 2 JUISL pellIeHus: KOM-
KonrponpHas pabora OMHATOPHBIX 3ajaqc
No 5 1 MTOMOIIIBIO MOICYETA

4yycia pa3MeEIIeHUN,
MEePECTAHOBOK U CO-
yetanuii. Haxoqutb
YHUCIIO IEPECTAHOBOK

71




C TIOBTOPEHUSMH.
Pemtare xkoMOuHa-
TOpPHBIC 33]1a4H, CBO-
JSALIHAECS K IMOJCUYETY
YHpclia COYETaHUH ¢
MTOBTOPEHUSIMHU.
[IpumensaTs Gpopmyiry
ounoma HeroTtoHna.
[Ipu BO3BEICHNM OU-
HOMA B HATypPaIbHYIO
CTENEHb HaXOINUTh
OMHOMHAJILHBIE KO-
a3 purmenTsI npu
TIOMOIIIHA TPEYTOJIb-
Huka ITackans

T'maBa XII. Dj1eMeHTBI

TeOPHUH BEPOSITHOCTEH 13
65 CoObITHs 1
66 KoMOuHanust  coObI-

tii. IIpoTHBOMOIOXK-

HOE COOBITHE 2
67 | BeposTHOCTE  COOBI-

THSA 2
68 | CnoxxeHue BEpOSITHO-

cTei 2
69 HezaBucumbie CcOOBI-

THA. YMHOXEHHE Be-

pOSITHOCTEN 2
70 Craructuueckas Be-

POSITHOCTD 2

VYpox o0000menus u

CHCTEMAaTU3alku 3Ha-

HUH 1

KonTponbnas pabora

Ne 6 1

[IpuBOUTE IPUMEPHI
CIIy4alHBIX, JOCTO-
BEPHBIX M HEBO3-
MOYKHBIX COOBITHH.
3HaTh ONpe/esIeHne
CYMMBI U NIPOU3BEIE-
HUS COOBITHH. 3HATH
onpeJieJIeHue Bepo-
SITHOCTH COOBLITHS B
KJIaCCHYECKOM I10-
HUMaHUH.
[TpuBOIUTE PUMEPHI
HECOBMECTHBIX CO-
obITuii. Haxonuts
BEPOSITHOCTH CYMMBI
HECOBMECTHBIX CO-
OBITHIA.

Haxomuth BeposT-
HOCTBH CyMMBI TTPOH3-
BOJIBHBIX COOBITHIA.
HNwmets npencrasie-
HHE 00 YCIOBHOM Be-
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POATHOCTU COOBITHH.
3HaTh CTPOroe orpe-
JICJICHUE HE3aBUCHU-
MOCTH JIBYX COOBI-
TUH.

HNwmers npencrasie-
HUE O HE3aBUCHMO-
CTH COOBITHH U
HaXOIWUTb BEPOSIT-
HOCTb COBMECTHOT'O
HACTYIUICHHSI TAKUX
COOBITHH.
Boruncnsate BeposT-
HOCTb IOJIy4EHUs
KOHKPETHOI'O 4Hcia
YCIIEXOB B UCIIbITA-
HUsX bepnyium

I'naBa XIII. CraTucruka 9
71 CrnyuaiiHble BEIMYH-
HBI 2
72 | lleHTpanbHbIE TEH-
JICHITNH 2
73 | Mepsl pa3bpoca 3
Ypoxk 06001eHus 1
CUCTEMATH3alNH 3Ha-
1305071 1

KonTponbnas pabota
Ne 7

3HaTh MOHSTHE CITy-
YailHOM BEIWYMHBI,
MPEACTABIIATH pacIpe-
JIeJICHUE 3HaYCHUN
JVCKPETHOH City4an-
HOI BEJIMYMHBI B BUJIE
YaCTOTHOM TaOJIMIEI,
MOJIUTOHA YacToT (0T-
HOCHUTEIBHBIX YacTOT).
[IpencraBasTe pacope-
JIeTICHUE 3HAaYeHU! He-
NIPEPBIBHOU CIIy4allHON
BEJIMYUHBI TIPEJICTAB-
JSATh B BUJI€ YACTOTHOU
TaOJIUIbI U THCTOIpaM-
MbI. 3HATh MOHATHE Te-
HEpaJIbHOU COBOKYITHO-
cTH u BeIOOpKU. [Ipu-
BOJUTH IPUMEPHI pe-
MPE3EHTATUBHBIX BbI-
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OOpOK 3HAYCHUH CITy-
YaifHOW BEIWYUHEL.
3HaTh OCHOBHEBIE I[CH-
TpaJIbHbIE TEHICHIUU:
MOJy, MEANaHYy, Cpe-
Hee. HaxoauTs 11eH-
TpajbHbIC TCHICHIIMU
y4eOHBIX BBIOOPOK.
3HaTh, KaKkas u3 IcH-
TPaIbHBIX TCHACHIIUI
HAWIY4YIIUM 00pa3oM
XapaKkTepHU3yeT COBO-
KYITHOCTb. MIMeTh
MPEJCTABICHUE O Ma-
TEMAaTUYECKOM OXKHJIa
HUH. BEIUNCIIATE 3HA-
JyeHHue
MaTeMaTU4eCKOro
O’KMJIaHUS CITydai-
HOM BEJIMYHMHBI C KO-
HEYHEIM YHCJIOM 3Ha-
yeHHui. 3HaTh OCHOB-
HBIE MEPHI pa3zdopoca
3HAYECHUM CIIy4ailiHOU
BEJIMYUHBI: pa3Max,
OTKJIOHEHHE OT CpeJi-
HETO U JTUCTICPCHIO.
Haxoauts mepsI pas-
Opoca cirydaitHO# Be-
JUYUHBI ¢ He0O0Ib-
[TUM YHCIIOM pa3-
JINYHBIX €€ 3HaUYCHUM

Hrorosoe noBTropeHue Kypca
ajare0Opbl M1 HA4YaJI MaTeMa-
THY€CKOIr0 aHAJIN3a
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Y4eOHO-MeTOANYECKHH KOMILJIEKT

Anumos lll. A., Konseun FO. M., Tkauésa M. B. u np. An-
rebpa 1 Hayaa MaremMatuieckoro ananu3a. 10—11 kmacchr.
bazoBelii 1 yrioyOnéHHbINH YpOBHU

Hlabynun M. U., Txauésa M. B., @éooposa H. E. v np. An-
reOpa 1 Hayajla MaTeMaTUYECKOIro aHanu3a. Junaktuueckue
Marepuaibl. 10 kiacc. ba3oBeiil 1 yriyOi€HHBIH ypOBHH
Trauésa M. B., @éooposa H. E. Anrebpa u Hauana MareMa-
THueckoro ananusa. Temarnueckue Tecthl. 10 knacc. bazo-
BbIIl U yri1yOnE€HHbBINA YPOBHU

@éodoposa H. E. 3yuenue anreOpsl 1 Havyan aHanuza. Kuu-
ra Juist yuurenst. 10—11 knaccbl

Hlabynun M. 1., Txauésa M. B., @éooposa H. E. n np. An-
re0pa ¥ Hayajla MaTeMaTUYECKOro aHanu3a. /lunaktudeckue
matepuaibl. 11 knace. ba3oBblil v yrioyOn€HHbBIN YPOBHH
Tkauésa M. B. Anrebpa u Hayajia MaTeMaTHYECKOTO aHAJIU-
3a. Temaruueckue Tectbl. 11 knacc. bazoBelii n yriyonén-
HBII YPOBHU

JlonosHUTEILHAS JIUTEpPATypa
Aeaxanose H. X. Marematuka. PalloHHBIE OMMMIIHAIBI:
6—11 xmaccel / H. X. Araxanos, O. K. ITommnckuii. —
M.: Ilpocsemenue, 2010.
Anexcanopos I1. C. DHIIUKIIONEUS dJIeMEHTapHOW MaTeMa-
tuxu. Kaura II. Anre6pa / I1. C. Anekcanapos, A. U. Map-
kymesud, A. S. Xununn. — M. — JL: TUTTIJIL, 1951.
Anexcanopos I1. C. DHIUKIONIEANS dJIEMEHTAPHON MaTeMa-
tuku. Kuura III. @yHkuuu u npenensl (OCHOBBI aHanmu3a) /
I1. C. Anexcanapos, A. . Mapkymesuu, A. . XuH4uH. —
M.; JL.: TUTTIIL, 1952.
Beumyens E. C. Teopus Bepostaoctelt / E. C. Bentiens. —
M.: T'oc. u3n-Bo ¢u3.-mar. nuT-psl, 1962.
Bunetimnep I'. XpecromaTus 1O HCTOPHUH MAaTEMaTUKH /
I'. BuneiitHep. — M.: Kamxuslit tom «JIubpokomy, 2010.
Bunenxun H. AI. KomOunaropuka / H. f. Bunenkun. — M.:
Hayxka, 1969.
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18.

19.

20.

21.

I'neiizep I'. A. Uctopus matematuku B mkose: IX—X KiL.:
nocobue misa yuureneit / I'. W. I'metizep. — M.: [Ipocsere-
Hue, 1983.

I'nedenxo b. B. O4depk 1o UCTOPUU TEOPUHU BEPOSITHOCTEH /
b. B. I'nenenko. — M.: JIubpokom, 2013.

Kynanun E. J[. Tpu ThICSYM KOHKYPCHBIX 3aJlay MO0 MaTema-
tuke / E. JI. Kymammn, B. II. Hopun, C. H. ®enun,
1O. A. llleBuenko. — M.: Aiipuc-nipecc, 2003.

Kypaum P. Yrto Takoe maremaruka? / P. Kypanr, I'. Po6-
ounc. — M.: MITHMO, 2001.

Jliomukac B. C. ®akyJlbTaTUBHBIM KypCc 10 MaTeMaTHKE.
Teopus BeposiTHOCTEH: yueb. mocodue mig 9—11 k. cpen-
ue#t mkonsl / B. C. JIrotukac. — M.: [Ipocsemenue, 1990.
Ilepenvman A. U. 3anumatenbHas anredpa. 3aHUMAaTeNnbHas
reometpust / S. WU. Ilepembman. — M.: ACT: Actpens,
2002.

Ilnomyxuii A. BeposTHOCTB B 3a/1a4ax I ITIKOJIEHUKOB / A.
[Mnotukuii. — M., 1996.

Penvu A. Tpunorus o marematuke / A. Peasu. — M.: Mup,
1980.

Caoosnuyun FO. B. Matemaruka. Temaruueckas MOArOTOB-
ka k EI'D / 1O. B. CagmoBunumii. — M.: Unekca, 2011.
Cepeees U. H. EI'D. Maremaruka. 3anmanus tuna C /
U. H. Ceprees. — M.: Dk3amen, 2009.

Xanamaiizep A. A. Kombunaropuka nu Ounom HproToHa /
A. 5. Xanamaiizep. — M.: IIpocsemenue, 1980.

Illeexun A. B. TexcroBble 3amaud II0 MAaTEMAaTHUKE:
7—11 k1. / A. B. llleBkun. — M.: Unekca, 2012.

Lllesxkun A. B. llIkonpHasg MareMaThyeckas onumnuana. 3a-
nauu u pemeHus. Beim. 1, 2 / A. B. IlleBkun. — M.: Wnek-
ca, 2008—2012.

lesxun A. B. EI'D. Maremaruka. 3agaaust C6 / A. B. 1lles-
kuH, fO. O. ITykac. — M.: Dk3ameHn, 2012.

lubacos JI. II. 3a crpanunaMu y4eOHHMKAa MaTeMaTHKH:
MaTeMaTUYeCKuil aHanu3. Teopus BEPOATHOCTEH: Mmocodue
s yaammuxest 10—11 . / JI. T1. [u6acos, 3. ®@. [Muba-
coBa. — M.: IIpocsemienue, 2008.
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NuTepHeT-0M0JIN0TEKH
NuTepuner-6nbnroreka caiitta MOCKOBCKOTO IIEHTpa HEempe-
PBIBHOT'O MaTEeMaTUYECKOTO 0OPa30BaHMUS.
http://ilib.mccme.ru/

MatemaTuuecKkue 3TIOIbI.

http://etudes.ru

Hay4no-mmonyspHbIil GU3HKO-MaTeMaTHICCKUIN KypHAIT
«KBaHT».

http://kvant.mccme.ru/

DnexTponHas 6ubnroreka [lomeunTenbCckoro copera Mexa-
HUKO-MaTeMaTuyeckoro axkyabrera MOCKOBCKOTO roCy-
JApPCTBEHHOTO YHUBEPCHUTETA.
http://lib.mexmat.ru/books/3275
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