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DoH/1 OLIEHOYHbIX CPECTB

Ilacnopm kKomniekma KOHMPOIAbHO-OUEHOUHBIX CPEOCHE
1 Ods1acTe npuMeHeHHUs

Kommiekt ¢pongoB onenounbix cpeacts (OPOC) npeanazHaueH AJisi MPOBEPKU
pe3yIbTaTOB OCBOCHHS Y4€OHOM TUCIUIUIMHBI (PU3UKa BXOJIAIIETO B COCTAB,

npodeccruonanbHO 00pa3oBaTeIbHON MporpaMMbl. OObEM YacoB Ha ayTUTOPHYIO
Harpy3ky 318 yacoB

2 O0beKTHI OLlCHUBAHMS — Pe3yJbTaThbl 0cBOeHHs Y /|

B pesynbTaTte ocBoeHus yueOHOU mpeamera « MaTemaTuka» o0ecreuynBaeTcs
JNOCTH)KEHHE CTYACHTAMU CIEIYIOIINX PE3yIbTaTOB:

yMeTh:

YMEHHE CaMOCTOSITEIBHO ONPEAEIATH 1IeNIU AEITEIbHOCTU U COCTaBIIATh
TUTaHBI IEATEIHHOCTH; CAMOCTOSITENIFHO OCYIIECTBIISATh, KOHTPOJIUPOBATH
¥ KOPPEKTUPOBATH JCATEIbHOCTD; UCIOJIb30BAaTh BCE BO3MOXKHBIE
pecypchl st AOCTHYKEHUS MTOCTABJICHHBIX IIeJIel U peaTn3aliy IJIaHOB
JIeSITEIbHOCTH;, BEIOMPATH YCIICITHBIE CTPATETUN B PA3IUYHBIX
CUTYaLUsX;

YMEHHE MPOTYKTUBHO OOIIATHCS M B3aUMOJIEHCTBOBATh B MPOIIECCe
COBMECTHOM J1€ATEIbHOCTH, YUUTHIBATh MO3ULIUN APYTUX YYACTHUKOB
NEeSATENIbHOCTH, 3 (HEKTUBHO pa3peniaTb KOH(IUKTHI;

BJIaJICHUE HaBbIKAMU MTO3HABATENIbHOM, Y4EOHO-UCCIEA0BATEIbCKOMN U
MPOEKTHOM JIeATETbHOCTH, HABBIKAMHU Pa3pelIeHus Ipooiiem;
CIIOCOOHOCTH M TOTOBHOCTB K CAMOCTOSITEIbHOMY ITOUCKY METO/IOB
peleHus MPaKTHUECKUX 3a/1a4, MPUMEHEHHUIO Pa3InIHBIX METO/I0B
MO3HAHMS,

TOTOBHOCTh M CIIOCOOHOCTH K CAMOCTOSITEIHbHOM HH(POPMAITMOHHO-
NI03HABATEJIbHOM J1eATEIbHOCTH, BKIIIOUas yMEHHE OPUEHTUPOBATHCS B
pa3IMYHBIX UICTOYHHKAX WH(OPMALIUN, KPUTUUECKU OLICHUBATh U
UHTEPIPETUPOBATh UH(DOPMALINIO, MTOJTYYaEMYIO U3 PA3ITUYHBIX
UCTOYHHUKOB,;

BJIa/ICHUE SI3bIKOBBIMH CPEICTBAMU: YMEHHE SCHO, IOTUYHO ¥ TOYHO
U3JIaraTh CBOIO TOUYKY 3PEHHUS, UCTIOIB30BATh a/ICKBATHBIC SI3HIKOBBIC
CpEICTBa,;

BJIa/ICHUE HaBBIKaMH IMO3HABATEIbHON peieKCUN KaK OCO3HAHUS
COBEpIIAEMBIX JEHCTBUI U MBICIIUTEIBHBIX MTPOLIECCOB, UX PE3YIbTATOB
¥ OCHOBAHMI, IPaHUI] CBOETO 3HAHMSI U HE3HAHUS, HOBBIX
MO3HABATEJIbHBIX 33]1a4 U CPEJICTB AJIS UX JOCTHKECHHUS;
[EJICYCTPEMIICHHOCTh B TIOUCKAX U MPUHSATUU PEIICHHN,
CO00pa3UTENBHOCTh M HHTYHIIHS, PA3BUTOCTh MMPOCTPAHCTBEHHBIX



MPEICTABIICHUI; CTIOCOOHOCTh BOCIIPUHUMATH KPACOTY U TAPMOHUIO
MHUPA;

3Hamb.

c(pOpMUPOBAHHOCTb MIPEICTABICHUIN O MaTEMAaTUKE KaK 4aCTU MUPOBOM
KYJIBTYpbl 1 MECTE€ MAaTEMAaTUKU B COBPEMEHHOM IIUBUIIM3AINH, CIIOCOOaX
ONMCAHUSA SIBJICHUN PEATBHOIO MUPA HA MATEMATUYECKOM SI3BIKE;
c(OpMUPOBAHHOCTD MPEACTABICHUI O MATEMAaTUYECKUX MOHITHIX KaK
BAKHEMIIIMX MATEMATUYECKUX MOJEIISX, ITO3BOJIIOIIMX ONUCHIBATD U
M3y4aTh pa3Hble MPOLECCHI U ABJICHUS; IOHUMAHUE BO3MOKHOCTH
aKCHOMAaTUYECKOTO ITIOCTPOEHUSI MaTEMAaTUYECKUX TEOPU;

BJIQJICHUE METOJIaMHU JJOKA3aTeJIbCTB U AJITOPUTMOB PEILICHUs, YMEHUE UX
IIPUMEHATH, IPOBOJAUTH JOKA3aTEIbHBIE PACCYKICHUS B XO/1€ PELICHUA
3ajay;

BJIAJICHUE CTAHAAPTHBIMU IPUEMAMHU PELIEHUS PAMOHAIIBHBIX U
UppaLMOHAIBHBIX, IOKA3aTEIIbHBIX, CTEIIEHHBIX, TPUTOHOMETPUYECKUX
YPaBHEHUM U HEPABEHCTB, UX CUCTEM; UCIIOJIb30BAaHNE TOTOBBIX
KOMIIBIOTEPHBIX IIPOTPaMM, B TOM YHCJIE JUIsl TOMCKA IIYTH PELIEHUS U
WJUTKOCTPALIMK PELICHNs] YPABHEHUN U HEPABEHCTB;

c(OpMUPOBAHHOCTb MPEICTABICHUI 00 OCHOBHBIX MOHATHIX
MaTeMaTHYECKOr0 aHAJIN3a U UX CBOMCTBAX, BJIAJICHUE YMEHUEM
XapaKkTepU30BaTh MOBEJACHUE (PYHKIINN, NCTIOIb30BAHUE MTOTYYECHHBIX
3HAHUU ISl OTIMCAHUS U AaHAJIN3a PEATIbHBIX 3aBUCUMOCTEM;

BJIaJICHHE OCHOBHBIMU MOHATUSAMM O INIOCKUX U MMPOCTPAHCTBEHHBIX
T€OMETPUYECKHX (PUTYpax, UX OCHOBHBIX CBOMCTBAX; CHOPMHPOBAHHOCTh
YMEHUS Pacro3HaBaTh FEOMETPUUYECKHE PUTYPBI HA YEPTEXKAX, MOJEISIX U B
pealbHOM MHpE; IPUMEHEHUE U3yUYEeHHBIX CBOMCTB F€OMETPUUECKUX QUTYD
U GOopMYJI AJIs PELIEHUs] TEOMETPUUYECKUX 3a/1ad U 3a/1a4 C IPaKTHYECKUM
COJIEP’KAaHUEM;

c(OpMUPOBAHHOCTH MPEACTABICHUI O IpoIeccax U SIBICHUAX, UMEIOIINX
BEPOSATHOCTHBIN XapaKTep, CTATUCTUYECKUX 3aKOHOMEPHOCTSIX B PEAIBHOM
MHpPE, OCHOBHBIX MOHITHUSAX IEMEHTAPHON TEOPUH BEPOSITHOCTEN; YMEHUN
HaXOJUTh U OLICHUBATh BEPOSITHOCTH HACTYIICHHUS] COOBITHI B MPOCTEHIIINX
MIPAKTUYECKUX CUTYALHSIX U OCHOBHBIE XapaKTEPUCTUKH CITyYaHBIX
BEJINYNH,;

BJIAJICHHE HAaBBIKAMH HCIOJIb30BAHUS TOTOBBIX KOMITBIOTEPHBIX POTPAMM
IIPU PEILICHUU 3a/1a4.

dopMoii aTTecTallUM N0 Y4eOHO JTUCHUILUIUHE SIBJISETCH IK3aMEH.
3 ®opMbI KOHTPOJISI U OLIEHKHU Pe3yJbTATOB OCBOCHUS

KoHTpoJib 1 OlleHKa pe3yJIbTaTOB OCBOEHUS — 3TO BbISIBIICHUE, U3MEPEHUE,
OLICHMBAHUE 3HaHUW, yMEHUN (HOPMUPYIOUTUXCS OOIIMX U MTPOPECCHOHATIBHBIX
KOMIIETEHIIMI B paMKaX OCBOCHHSI y4€OHOM TUCIUTUINHBI

B cooTBeTCTBUY ¢ yU€OHBIM IJIAHOM CHEIUATBHOCTSIM B padoueil mporpaMmmoit
MPEyCMAaTPUBAETCA TEKYIIUM U UTOTOBBIA KOHTPOJIb PE3yIbTaTOB OCBOCHMUSI.



3.1 @opMbI TEKYIIET0 KOHTPOJISI

Texymuii KOHTPOJIb YCTIEBAEMOCTH TMPEACTABIISIET COOOM MPOBEPKY YCBOCHUS
y4e0OHOTo MaTepuana, perysipHO OCYIIECTBISIEMYIO Ha IPOTSHKCHUH Kypca
oOyJeHus.

Texymuil KOHTPOJIb pe3yJbTaTOB OCBOCHUS JUCLUIUIMHBI B COOTBETCTBUH C
paboueit mporpaMMoii U KaJeHIapHO-TEMAaTUUYE€CKUM TUIAHOM MTPOUCXOIUT MPHU
UCIIOJIb30BAaHUU CIICAYIOIIUX 00s13aTENbHBIX (DOPM KOHTPOJIS:

— BBINOJIHEHUE U 3aIIMTa IPAKTUYECKUX padoT,
- IPOBEPKA BBINIOJHEHUS CAMOCTOATEIBHON PabOTHI CTYACHTOB,
- IPOBEPKA BHITIOJTHEHUS] KOHTPOJIBHBIX padoT.

Bo Bpems npoBeieHHs YU4EOHBIX 3aHATHIA JOTIOJHUTEIBHO UCIIONb3YIOTCS
cienytoume GopMbl TEKYIIETO KOHTPOJISL — YCTHBIHN OIPOC, PEIICHUE 3a1ad,
TECTUPOBAHUE T10 TEMaM OT/AEIJIbHBIX 3aHATU.

HpOBepKa BBINNIOJTHEHUS KOHTPOJbHBIX paﬁoT

KoHTposnbHas paboTa mpoOBOJUTCS € UENbI0 KOHTPOJIS YCBOCHHBIX YMEHUH U
3HAHMI U MOCHENYIOLIEro aHaIM3a TUIIUYHBIX OIIMOOK U 3aTPyAHEHHUI CTYJAEHTOB
B KOHIIE U3YYEHHUs TEMBI WK pa3zeia. COraacHO KAJICHIAPHO-TEMATHYECKOMY
IUTaHY MPEAYCMOTPEHO MPOBEAEHUE CAEAYIOUINX KOHTPOIbHBIX padoT:

Kontponbshas pabora Ne 1 o reme «Pa3BuTne moHATHI O YUCIIey.

Kontponbshas padota Ne 2 o teme «lleprneHauKysip ¥ HaKJIOHHAS».

KontponbsHas pabora Ne3 no teme «OCHOBHBIE TPUTOHOMETPUUECKHE (POPMYIIBDY.

KontponbHas pabota Ne 4 o teme «DyHKIIMH, UX CBOMCTBA U TpauKm.

Kontponbshas pabora Ne 5 mo teme « TpuronomeTpudeckue ypaBHEHUS,
HEPABEHCTBA U CUCTEMbl YPABHCHUI.

KonTtpoabsHas paboTta Ne 6 1o Teme «JlekapToBbI KOOPAUHATHI.

KontponbsHas pabota Ne7 no teme «KoopauHaThl 1 BEKTOPBI.

KontpoabsHas paborta Ne 8mo treme «IIponsBogHasy.

KontposbHas padota Ne 9 o teme «IIpuMeHeHne MPOU3BOTHOM.

Kontponbshas padora Ne 10 o teme «IIpumeHeHue nponu3BoIHOM K
UCCJIEIOBAHUIO (DYHKITUNY.

Kontponbsnas pabora Ne 11 o reme «IlepBooOpasHas v uHTErpam.

KontponbsHas pabota Ne 12 o reme «lIpu3ma u napamienenunen.

Kontponsnas padota Ne 13 o reme «ITupamuar.
KontposbHas padota Ne 14 o teme «Tena v MOBEpXHOCTH BPAIICHUS.

KontposbHas padora Ne 15 no teme «O0bEM MHOTOYTOJILHUKAY.

KontponbHas padora Ne 16 o reme «O0bEM Te1 BpalieHUs .

KontponsHas padorta Ne 17 o teme «KopHU U cTEIICHN»

Kontponrnas padota Ne 18 o teme «IlokazarenbHble ypaBHEHHS U HEPABEHCTBA»

KontposbHas padota Ne 19 o teme «Jlorapupmuyeckue ypaBHEHUS U




HEPaBEHCTBa»

3.2 ®opMa UTOrOBOM aTTECTANUN

WToroBasi arrectanus no yueOHOM TUCIMIUIMHE MaTeMaTHKa — YK3aMeH,
cenu@uKaus KoToporo cojaepxxurcs B komruiekre GOC.

CryzneHTBI JOIMyCKAIOTCS K c/laye 3K3aMeHa MPY BBIITOJIHEHUH BCEX BHJIOB
CaMOCTOATENLHON padOThl, IPAKTUYECKUX U KOHTPOJIBHOU padoT,
IpeTyCMOTPEHHBIX pabouell mporpaMMoi U KaJeHAapHO-TEMAaTHYECKUM
IUTAHOM.

[Ipu ycinoBUU CBOEBPEMEHHOTO U KAYECTBEHHOT'O BBIMIOJIHEHUS CTYICHTOM
BCEX BUJOB paldOT, MPEAYCMOTPEHHBIX paboyveil mporpaMMon.

4 Cucrema oueHuBanusi KoMmiuiekta @OC Tekymero KOHTpPOJIst U
UTOrOBOW aTTeCTAMU

Cucrema OLICHUBAHUA KaXX10T'0 BUAA pa60T orrcaHa B COOTBCTCTBYIOIINX
MCTOJUYCCKHUX PCKOMCHAAIHAX U B CHCHI/ICI)I/IKaI_[I/II/I K KOHTPOJIbHBIM pa60TaM u
UTOTrOBOM aTTeCTaluu.

HpI/I OLICHUBAaHNU HpaKTH‘{GCKOﬁ U CaMOCTOSITEJIbHOM pa60TI>I CTyACHTa
YUUTBIBACTCA CICAYIOMICC:

- KQ4€CTBO BBINOJHEHHUS MPAKTUYECKON YacTh paboThI;

- KauecTBO ohopMJIEHHUS OTYeTa o padboTe;

- KAYeCTBO YCTHBIX OTBETOB HAa KOHTPOJIbHBIE BOMIPOCHI MTPH 3aIIUTE PAOOTHI.
Kaxapiii Bua pabOThI OLIEHUBAETCS 11O MATH OaJbHOM IIKaJe.

«5» (OTIMYHO) — 3a TITYOOKOE U MOJHOE OBJIaJCHUE COAEPKAHUEM YUEOHOTrO
MaTepuasa, B KOTOPOM CTY/IE€HT CBOOOAHO M YBEPEHHO OPUEHTHPYETCS; 3a
YMEHHE NMPAKTUUECKH PUMEHSATh TEOPETUUECKUE 3HAHUS, BBICKA3bIBATh U
00OCHOBBIBaTh CBOU CyxAeHMs. OLeHka «5» (OTIIMYHO) Ipeanoaraet
IpPaMOTHOE M JIOTUYHOE M3JI0KEHHUE OTBETA.

«4» (XOpOIIO) — €CcIM CTYJEHT MOJIHO OCBOMJI yUeOHBIN MaTepual, BIaJeeT
HAYYHO-TIOHSATHIHBIM amapaToM, OPUEHTHPYETCSA B M3YYCHHOM MaTepuae,
OCO3HAaHHO MPUMEHSET TEOPETUUECKIE 3HAHUSI Ha IPAKTHKE, TPAMOTHO
u3JIaraeT OTBET, HO COJIepKaHue U (popMa OTBETA UMEIOT OTAENIbHbIE
HETOYHOCTH.

«3» (YIOBIETBOPHUTEIHHO) — €CIIM CTYICHT OOHAPYKUBAET 3HAHUE U
MTOHMMaHUE OCHOBHBIX TOJIOKCHUH YIeOHOT0 MaTepraia, HO U3JlaracT ero
HEITOJTHO, HETIOCIISIOBATEIBHO, JOITYCKAaeT HETOYHOCTH, B TPUMEHCHUN
TEOPETUUYECKHUX 3HAHHM MPU OTBETE HA MPAKTUKO-OPUEHTUPOBAHHBIC
BOIIPOCHKI; HE YMEET J0Ka3aTeIbHO 000CHOBATH COOCTBEHHBIE CY K/ICHHUS.




® «2» (HEeyIOBIETBOPUTEIBHO) — €CJIM CTYJICHT UMEET Pa3pO3HEHHbIE,
OeccucTeMHbIE 3HaHUS, I0MyCKAET OMUOKH B ONpeAeIeHUH 0a30BbIX
MOHSATUH, MCKAXAET UX CMBICI, HE MOXET MPAKTUYECKU TPUMEHSIThH
TEOPETUYECKUE 3HAHMUS.

5.2 UtoroBas orieHKa 3a KOHTPOJIBHYIO padOTy OMpeesseTcsi Kak CpeIHUN Oat
MO0 BCEM 3aJIaHUSM.

6. Bpemsi BbINOJIHEHUS] MUCbMEHHOH KOHTPOJIbHON PadoThl

Ha BrInonHeHre TUChbMEHHON KOHTPOJIBHOM pabOThl OTBOIUTCS 45MUHYT.
Cpennee BpeMs BBIIOJIHEHUS OJHOIO 3a1aHUS — 7MUHYT.

PeKOMeHI[aHl/IH o MoAroTOBKE K KOHTpOHLHOﬁ paGOTe

[Ipu NOoArOoTOBKE K KOHTPOJIBHOMN paboTe pEKOMEHYETCSI HCIIOJIb30BATh
KOHCIEKTHI JIEKIUH, IPAaKTUUECKUE TETPAIU

y4E€OHUKHU:

e bammakxoB M.U. «Marematnka» HIIO n CIIO «Axanemusty» MockBa
2012r.

e ['yceB B. A. «<Marematuka» HIIO u CIIO «Axagemusi» Mocksa 2012r

e Komnmoropos A.M. «Anrebpa u Havana ananuza» 10-11xkJ.
«IIpocsemenue» Mocksa 2006r.

e bammakoB M.U. «Marematuka» HIIO u CI1O «Axanemus» MockBa
2012r.

e (3a/laYHUK).

e bammakoB M.U. «Marematnka» HIIO n CIIO «Axanemusty» MockBa
2012r.

e (yueOHOE mocobue).

e Tloropenos A.B. «I'eometpusi» 10-11xkn. «IIpoceemenne» Mocksa 2006r.
IV Utorosast arrecranus

Crnenudurkanus 3k3aMeHa
1o yueOHOMY NpeaMeTy MaTeMaTHKa

Ha3navyeHue 3K3aMeHa — OLIEHUTh YPOBEHb IMOJITOTOBKU CTYJEHTOB I10
y4eOHOM AUCIUIUIMHE MaTeMaTHKA C IIeJIbI0 YCTAHOBJIEHUSI UX TOTOBHOCTH K
JAJIbHENIIIEMY YCBOEHHUIO CIIEIUAIBHOCTEN

1 Conep:xanue 3x3amena omnpezensercs B cootserctsun ¢ PI'OC CIIO paboueit
IPOrpamMMON TUCHUIIMHBI MaTEMATHKA

2 IIpuHuunbI 0TOOPA CoaepKAHMS IK3AMEHA:

OpuenTanus Ha TpeOOBaHUS K pe3yabTaTaM oCBOeHUs Y [l mpeacTaBieHHBIM B
cootBercTBUM ¢ PI'OC CIIO cnenuaabHOCTH MO CHENUATBHOCTSIM U paboueit
nporpammon Y J{



KommuiekT 3aganuii 1151 KOHTPOJIbHOI padoThI
o npeamery « MaremaTuka»

Konmponvuaa paooma Ne 1 no meme «Pazeumue nonamuii o uuciep.

6.

7.

. IIpespamumo 6 decamuunyio Opoos: =

BAPUAHT Ne 1

2 1 4
Boiuucaumo: 3 =+ A + 5

25

Ilpespamumu 6 06biKHOGEHHY0 Opobb: 0,24
Buinonnumu denenue c ocmamkom: 924:25
Haiimu npoyenmuoe cooepacanue ywucna 12 ot uucia 72

Haumu HOK u HO3 wucen: 96 u 124

Boruuciumo ons komnnexcuvix uucen zi=2+iu z;=3-1. a) 21+ 2.

VA
0) Z1-Z». B)Zi.-Z» r)i;

w

BAPUAHT Ne 2

3 2 1
. Boruucmumo: — + — — s

10 15

. Ilpespamumo 6 decamuunyro Opoosb: %

IIpespamumu 6 obvikKHOBeHHYI0 Opobb: 0,36
Buvinoanums denenue ¢ ocmamrom. 842:24

Haiimu npoyenmmnoe cooepocanue uucna 11 ot uncna 88

Haumu HOK u HO3 wucen: 830 u 72

. Boruucnumo onsi komnaexcnolx uucen zi=4-iu z;=2+i: a) 21+ 2».

Z
0) 21-Z. B)Z1.Z». r)i;

Koumpononas paboma Ne 2 no meme «llepnenoukynsap u HaKn1oHHAA)
Bapuant Ne 1

N3 TOUKM K IJIOCKOCTH MPOBE/ICHA HAKIIOHHAS MO YTI0M 45° K MJIOCKOCTH.
Haittn npoekunio HakJIOHHOM HA TNIOCKOCTh, €CJIM NEPIICHAUKYJIISP PaBEH

4 2¢m.




N3 Toukn A k miockoctu npoBeaeHbl nepneHaukyisp AC=40cMm u
HakoHHass AB-50cm. Halitu nyiHy npoeKIMu HaKJIOHHOM.

M3 TOoYkM K MIOCKOCTH IMPOBCIACHEI JIBC HAKIIOHHBIC, PABHLIC 12cm 1 20cM.
Paznocth HpOCKHI/Iﬁ 9THUX HAKJIOHHBIX paBHA 6CM. HaﬁﬂI/ITe IMPOCKIUHU STHUX
HaKJIOHHBIX.

N3 TOYKM K INTOCKOCTH NPOBEICHBI JBE HAKIOHHBIE, paBHbIE 12¢M 1 22¢Mm.
Haiinure paccTossHuE OT 3TOM TOYKH 0 TUIOCKOCTH, €CJIM MPOCKIUN
HAKJIOHHBIX OTHOCATCS Kak 3:4.

Bapuant Ne 2

M3 TOoYkM K MIOCKOCTH IMPpOBCIACHA HAKIIOHHAS IO YI'JIOM 60° K MIOCKOCTH.
Haittu IMPOCKIUIO HAKJIOHHOM Ha IIJIOCKOCTDb, CCJIHU IICPIICHAUKYJLAP PABCH

2+/3cm.

N3 Toukn A K IIIOCKOCTH MpOBeneHbI nepreHauKkyisip AC=15cm u
HakioHHas AB=17cm. HaliTu niinHy npoeKImuy HaKJIOHHOM.

M3 TOYKH K MIOCKOCTH IMIPOBCACHLI ABC HAKJIOHHBIC, PABHBIC 15cm u 25¢cMm.
Paznocth HpOGKI.[PII?I 9THUX HAKJIOHHBLIX paBHaA 10cmMm. HaﬁﬂHTe IIPOCKIMHU 3THUX
HaKJIOHHBIX.

N3 TOYKM K IUTOCKOCTH MPOBEICHBI JBE HAKIOHHBIE, paBHbIE 16CM 1 26¢M.
Haitnqure paccTosiHue OT 3TOM TOYKHU 0 MIIIOCKOCTH, €CIU MPOEKIUN
HAKJIOHHBIX OTHOCATCS Kak 2:3.

Koumponsnasa paboma Ne3 no meme «Ocnosnvle mpuzoHomempuyecKkue

dopmynvry.
Bapuant Ne 1
1 |cos?o-1
2 | sin%o+(1- cos?a)
3 | (sina-1)( sina+1)
4 | Haiitu sino, eciu cosa=0,8; O<a<§
5 _ 1
sin?a
6 | (sina-coso)*+2sinacoso
7 | -tgo -ctgot sin®ol
8 | (sinat cosa)?+( cosa- sina)?=2
Bapuant Ne 2
1 | 1-sin’a
2 | cos?at+2 sin*a-1
3 | (1-cosa)( cosa+l)
4 | Haiitu sinol, eciu cosoc=%; O<0c<§
5 T

cos’a




bk w N

bk w N

6 | cos’a-tga-1

\‘

-tga -ctgo+ C0S%a,

8 | (sina- cosa)*+( coso- sina)?=-2 sinacoso.

Koumponvnas paooma Ne 4no meme « Qynkyuu, ux ceoiicmea u 2paguxu).
Bapuant 1

. Y=
Haiinute obnacTs onpenenenus QpyHKIuu x

6 6
—+

Pemmre HepaBeHcTBO X X +1

<5

Haiijre HauMeHbIIee 3HaYeHne GyHKiun Y —2X - 8x+3.l

Hanummre ypaBHeHUE psMon, Tipoxosiieid yepe3 Touku A(-2;1) u B(6;3)
3akpachTe MHOKECTBO TOYEK, KOOPAUHATHI KOTOPHIX YIOBJIECTBOPSIOT
(y- 3x)(2y +x) =0

HEPaBEHCTBY
o =4 |x]- 3- x?
Tocrpoiite rpaduk GyHKIHE 4 4= 3-
Bapuanr 2
y= x+1
Haiinure 06acts onpenenenus GpyHKIAH x
5 4

+— <3
Pemute HepaBeHcTBO X +3 X

Haiiure HanGomsinee 3HadeHue pyHkun Y = 2% +8x- 3

Hanumire ypaBHeHHe IpsiMOi, mpoxosiieit uepe3 Touku A(4;1) u B(6;3)

3akpacbTe MHOXKECTBO TOUEK, KOOPIUHATHI KOTOPBIX YAOBJIETBOPSIOT

‘_2
Y <o

HEpaBeHCTBY Y~ *

IMoctpoiite rpadwk pyHKIwH =" - 64 +8

Koumponwvnas paooma Ne 5 no meme «Tpuzonomempuuecxkue ypagHeHus,
Hepagencmea u CUcCmemul ypaeHeHuil).
BapuaHT Ne1

1.Pemure ypaBHeHUE

V2
a) CoS X:'l; 6) SinX: 2 ; B) Ctgx:_\/g )
2. a) sin®x+sinx-2=0; 6) 3sin®x-cosx+1=0.

3. ) sinx- cosx=0; 6) 3sin®x+2 V3 sinx cosx+cos 2x=0.
1

4. a)sin x =- 0,5; 6) cos x= 3 ; B) tgx=-3.

5 a) sinx+ cosx=1; 6) 2cos?x+sin4x=1.




6 Perure HEpaBEHCTRO :
a) Sin x<0,5; 6)cos x>0,5; B) tgx <-3.
r) 2082 X+~/2 sin X >2

X X
7) sin 2x=cos 4 2 -sin* 2

8) /10 —18cos x =[COS X-2

9) cos 9x-cos 7x+cos 3x-cos x=0

2sin2x

10) <tgx  +3c0s? x=1-2c0S X

Bapuant Ne2
1.Pemmre ypaBHEeHUE
V2
a) sinx=-1; 6) COSX= 2 ; B) tgx=-v3.
2. a) c0S?X-C0s X-2=0; 6) 3c0s?X-2sinx+2=0.

3. a) sinx+ cosx=0; 6) 3sin®x-2V3 sinx cosx +cos 2x=0.
1

4. a) €os X =- 0,5; 6) Sin X= 4 ; B) tg X=2
5 a) sinx- cosx=1; 6) 2cos?x-sin4x=1.

6 Pemmre HepaBEHCTBO
a) Sin x>0,5; 0)cos x<0,5; tg x >-3.

r) 25in?X- COS X >2
x
7) ctg x-sinx=2sin? 2
8) v5—2sinx =@sinx-1
9) 8-4sin®x=sin2x ctgx - 9cosx
10) sin x sin3x+sin4x sin8x=0
Kontponbhas pabotaNe6 mno teme

«JlexapTOBbI KOOPAUHATHI»
Bapuant Ne 1

1 | Jansr Touku A(0;1;0), B(1;2;0), C(6,0,4), D(0;5;-7), E(0;0;-4), F(-1,0,0).
Kaxkue u3 atux Touek jexar 1) Ha ocsx X; Y; Z; 2)B IIIOCKOCTSX XY; XZ; yz?




2 | Haitnure paccrosiaue Mexxay Toukamu A u B, eciiu A(2; -4; 6); B(-2;0;4).

3 | dokaxwure, uto 4eThipéxyroapHuk ABCD siBrisieTcst mapamienorpaMmmom,
ecm A(2;1;3), B(1;0;7), C(-2;1;5), D(-1;2;1).

4 | anbl Hauasno otpe3ka A(4;5;2), ero xonen B(-1;3;-2). Haiinure
KOOPJMHATHI CEPEANHBI OTPE3KA.

5 | Haitnure xoopaunatel Bepunabl D napamnenorpamma ABCD, ecniu
W3BECTHBI KOOPIMHATHI TPEX apyrux ero BepmmH: A(4;2;-1), B(1;-3;2), C(-
4;2;1).

Bapuant Ne 2

1 | Hans Touku A(-3;5;0), B(0;7;0), C(8,0,0), D(0;0;-1), E(0;5;-3), F(-4,0,2).
Kaxue u3 atux Touek jgexar 1) Ha ocsx X; Y; Z; 2)B INIOCKOCTAX XY; XZ; yz?

2 | Haitnure paccrosaue Mmexay Toukamu A u B, eciiu A(3; -4; 6); B(-3;1,0).

3 | Hokaxwure, uro ueThipéxyroapHuk ABCD sBisiercs pombom, eciiu A(0;2;0),
B(1,0;0), C(2;0;2), D(1;2;2).

4 | Nanbl cepenuna otpeska C(-1;3;2), ero konen B(2;-2;1). Haiinure
KOOPJIMHATHI Hauajga OTpe3Ka.

5 | Haiinure koopauHatel BepimuHbl D napamienorpamma ABCD, eciiu
M3BECTHBI KOOpAUHATHI TPEX npyrux ero BepmuH: A(1;-1;0), B(0;1;-1), C(-
1;0;1).

KonTpoasHas padoraNe7 mo Teme
«KoopauHaThI 4 BEKTOpPa»
Bapuant Ne 1

1 [Ipu KaKuX 3HAYEHHUSIX N TAHHBIE BEKTOPBI NEPIICHAUKYJIISPHBI, €CIIN 5(6;—3;12);
b (-2:6;3n)?

2 | lanbl BexTopsl a (5;n;4) 1 b (2;3;m). IIpu kakux 3HAYEHUAX N © M 3TH
BEKTOPHI KOJJTMHEAPHBI?

3 | CocTaBbTe ypaBHEHHE MJIOCKOCTH, KOTOPask MPOXOIUT uepe3 TOUKy B u
nepreHauKyssipHa npsimoit AB, eciim A(2;-1;3);B(3;4;-2).

4 | Haitnure TOUKy nepecedeHus: TpExX MIOCKOCTEH, 3aIaHHbIX YPAaBHEHUSIMHU: X-
y=4; y+z=2; X-z=3.

5 | Jlansl Touku A(1;2;3);B(2;3;1); C(3;1;2). Haitqure cos <BAC.

Bapuant Ne 2

1 IIpu kakux 3HAYECHUAX N TAHHBIE BEKTOPHI NEPICHAUKYJISIPHBI, €CIIU 5(5;—4;10);
b (2;-8;2n)?

2 | Naust Bektops! a(1;n;3) u b (-1;2;m). [Tpu KakuxX 3HAYEHHUSIX N ¥ M 3TH
BEKTOPBbI KOJIJTUHEAPHBI?

3 | CocTaBbTe ypaBHEHHE MJIOCKOCTH, KOTOPAs MPOXOIUT Yepe3 TOUKY A U
neprieHaukysspHa npsimoit AB, eciim A(-3;-2;1);B(1;-2;2).

4 | Halinute TOUKy nepecedeHus TpEX MIOCKOCTEMN, 3aIaHHBIX YPABHEHUSIMU: X-




y=6; y+z=3; X-z=4,

5 | Jlansl Touku: A(2;7;-3); B(1;0;3); C(-3;-4;5). Haitnure cos <ABC.

Koumpononas paboma Ne 8 no meme «llpouszeoonasn.

Bapmuanr 1
1 | y=15x*2x3+3x-2 6 | y=(2x—x*Nx
2 y:6X2'%+4\/; 7 y: 7);;2
3 _x? s X 8 _3x° —2x
y—7—4x i Y= 5x° + 4
4 | y=(2x-5)(4x+3) 9 _x*+3
Jx
5 | y=(4x2-3)(2x3+1) 10 y= 424X
X
Bapuanr 2
1 | y=25x%+5x"7x-4 6 | y=(ax—x2Rx
2 y:3X3_Xi4 +6\/; 7 y: 6))((3—1
3 :)(_3+2X4 X 8 y= 4X32+5X
3 3 6x° -3
4 | y=(5x-4)(3x+2) 9 _ x? -4
Jx
5 | y=(3x*+4)(3x3-2) 10 y= 24X
X

KourpouabHas padora Ne9 no reme «IIpumeHenune npou3BoaHON»

Ne 1

1. Haiigute ypaBHeHHE KacaTeabHOH K rpaduky dyHkmuu f(X)= 2x3-4X B TOUKe

Xo=-2

SOk LD

Ne 2

Beruncnuts 3Hadenne pyrkumn f(X)=x°-3x°+2x*-5x+2 B Touke X=2,02
BrluncnuTh 3HaY€HNE BBIPAKEHUS MIOJT KOPHEM ,/9,0018
BBIUMCINTh 3HaYEHUE BhIpakeHus B crenenn 0,9811°

BBIUNCIIAT 3HAUEHUE TPUTOHOMETPHUECKOTO BBIpaXKeHHUs SIN X= 64°
Touka nBrmxkercs mo 3akony X(t)=3t3-2t>+4t. Onpenenuts v(t), a(t) npu t=2

1. Haiiaure ypaBHeHHe KacaTteabHOH K rpaduky ¢ynkmuu f(X)= 3x3-2X B TOUKe

Xo=-1

1. Borumcnuts 3nauenne pynxmun f(X)=2x5-4x°+3x3-x+4 B Touke Xx=2,03




obkhwn

KoHnmponwbHasi paboma N210 no meme «[lpumeHeHue npou3eooHOU K

5.

BrruncnnTh 3HaY€HNE BBIPAKEHUS 10T KOPHEM ,/9,0036

BEIMMCINMTE 3HAYE€HHE BhIpaXkeHus B crenenu 0,99118
Bbluncnuth 3HaueHNEe TPUTOHOMETPUYECKOTO BhIpaXKEHUs COS X= 64°

Touka aBwxkercs 1o 3akoHy X(t)=5t>-4t2+3t. Onpenenuts v(t), a(t) mpu t=1

uccrsiedoeaHuro hyHKUUU».
BapuaHT Ne1.

Haiitu cranmonapusie Touku Gpynknun f(x) = 2x3 + 3x% - 1.
Haiitu skcTpeMyMbl GyHKITHH
a) f(x) = x3 + 3x? - 2x + 2; 0) f(x) = 2e> — 3e**.

Haiiti mHTEpBanbl Bo3pacTanus U yobiBanus GpyHkmuu f(x) = x* — 18x2

Haiiti HanOoJIbIEE U HAUMEHbIIEE 3HaueHne QyHKImH f(x) = 2x° + 3x? — 1

Ha otpeske [-1; 2].
Uccnenoats Qpyrkuuio f(x) = x3 — 3X U HocTpouTh ee rpaduk.
BapuaHT Ne2.
Haiitu cranmonapusie Touku Gpynkuun f(x) = x3 — x2+ 1.
Haiitu sxcTpeMmymbl PyHKITUN

a) f(x) = x3 - 3x% + 2x + 4; 06) f(x) = 3e** - 2¢**.

Haiiti maTEpBanbl Bo3pacTanus U yObiBanus GyHkmuu f(x) = x3 + 3x2 — 24x

+1

Haiiti HanbombIiee © HauMeHbIIee 3HaueHne Gyukmmn f(x) = x°— x>+ 1 Ha
y

OTpe3Ke [-2; 1].

Uccnenosars Gpyrkumio f(x) = x* — 2x? n mocTpouth ee rpaduk.

Koumponovnas paooma Ne 11 no meme «llepeooopaznas u unmezpan.

Bapuant Nel

‘ 1 ‘ Haiinure oOmuit Bua neppooopazHou st GyHKIUU: Yy=-2,5




y N B 1
Haiiure o61muii B IEpBOOOPA3HOM 11t (DYHKIIMU: y:ZXS -2X?

Hatigure o0t Bua nepBooOpasHoi st GyHKImu: Yy=55in5x

3

sin?x

Haitnure oOumit Bu nmepBoodpasHoi ast pyukuuu: f(X)= + 4cosx

gl AW DN

Jlnis naHHOM QYHKIUH y = 4c0s2X —3sin X HaIuTe Ty epBooOpasHyto, rpaduk
KOTOPOU MPOXOAUT YEPE3 33TAHHYIO0 TOUKY A(— T, O).

Haiiure momans GUrypsl, OrpaHMYeHHON IMHUAMEI: Y=X? , y=6-X, y=0.
VA

~N o

Beruncnute unrerpai [ 3cos2xdx
4

8 , z
4

Brruncnure uaTerpai: a) I4x3dx; 0) J'Zsin 4xdx.
1 0

9 | Berumcaure miomanab GUrypbl, OTPAaHHYCHHON JTHHUSIMHU
y=x>—4x+5, y=x+1.

|

Beruucnure miomaas GUrypsl, OrpaHU4€HHON JTMHUSIMU y=x, y=+x

Bapuant Ne2

Haiinure oOuuii Bua neppooOpazHou 1yist GyHKIuMU: y=7,5

N - 5 1
Haiinure o0muii B nepBoodpasHoil a1d GyHKumu: y=6X2 + < x4

Haitnure oOuuii Buja nepBooOpazHoi st GyHKIMU: Y=7C0S7X

5 1
) f(x)_Z\/3x+2 T sin?4x

Haitnure oOuuii Bua nmepBooOpa3Hou s QYHKITUN

gl W DN

JIist naHHOM QYHKUIMU Yy = —2C0SX +5sin 2X HalWIUTE Ty epBOOOPaA3HYIO,

rpa@uK KOTOpPOH MPOXOIUT Yepe3 3aJaHHYI0 TOUKY A(%g) :

6 | Haiigure nuomans QUrypsl, orpanideHHoN muausaMu: Y=9-x2; y=0
i

= 2x
J# 4cos—dx.
Bpruucnaure naterpan 4

8 5 z
2

BrrurcnuTe uHTErpai: a) J' 6x°dx; 0) j4cos 2xdX .
1 =

4

9 | Beiuucnute miomiaab GUrypbl, OrpaHuueHHON JTHHUASMU:
y=—Xx*+3x+4, y=x+1.

10 | Beruncnure miomans (bUryphl, OTpaHUYEHHOMN JIMHUSIMH  y = 2 y=6-x

’
X

Koumpononas paboma Ne 12 no meme «Ilpuzma u napannenenuneor.



Bapuant Ne 1

B npsimoit TpeyroyibHOM Mpu3Me CTOPOHBI OCHOBAHUS paBHBI 12¢M,
16¢m, 24cm, a BeicoTa pusmel 20cM. HaiiauTe mtonaas ceueHus,
MPOBEJAEHHOT0 Yyepe3 OOKOBOE peOpO M MEHBIITYIO BHICOTY OCHOBAHUS.

bokoBast MOBEPXHOCTH MPABWIIBHON YETHIPEXYTOJIBHON MPU3MBI PaBHA
36¢cM?, a mostHas MOBEpXHOCTh S4cm?. HaliiuTe BBICOTY.

Haiinure nruaronany npsMOyTrOJIbHOIO NMapaJIENEIUIIEa 110 TPEM €ro
u3MepeHusMm: 2; 3; 6.

B mpsiMmoM mapasienenumneie CTOpOHbI OCHOBaHUS 8cM U 12¢cM
obpasyroT yroia B 30°, 6okoBoe pedbpo 6¢cM. Halinure noiaHyro
MOBEPXHOCTH ITOTO MapasuIeJIeHIe a.

Bapuant Ne 2

B npaBribHON YETBIPEXYTOIBHON MPU3ME TIONIAb OCHOBaHUS 64CM?,
a BbICOTA paBHa v41cwm. Haliiure nuaroHanbs NpU3MBI.

B npsimoii TpeyronbHo# npusMe Bce pEdpa paBHbl. bokoBas
ITIOBEPXHOCTH paBHA 48m?. Haiinure BbICOTY.

Haiinqute nuaroHanu npsiMOyroibHOTO Mmapajuiesienumea o TpéM ero
U3MepeHusM: 6; 6; 7.

B npsimom napasuienenumneae CTOpoOHbl OCHOBaHUS 6¢M U 10cm
obOpazyroT yroia B 60°, 6okoBas rnmosepxHoctsb 180cm?. Haitnute
MOJIHYIO OBEPXHOCTD 3TOTO MapaJlIeICUNea.

Koumponovnas paboma Ne 13 no meme «llupamuoay.

Bapuanr 1

1

OCHOBaHHE THPAMH/IBI — IPSIMOYTOJIBHHIK CO CTOPOHAMHE 8 1 4V5¢M.
Kaxk70e 00KoBOe pedpo paBHO 10cM. Beranciurte BHICOTY TUPaAMUJIBI.

BokoBoe pebpo nupamuibl pa3aesieHo Ha 5 paBHbIX yacTeit. Uepes Touku
JIEJICHUS IPOBEICHBI IUIOCKOCTH, NapasuiesbHble OCHOBaHuIO. [liomans
ocHoBaHuA paBHa S00cm?. HaiiauTe miomniaay ceueHui.

BricoTa npaBUIIbHOM YETHIPEXYTONBHON YCEUEHHON MTUPAMUbI paBHA 8CM.
CropoHbl ocHOBaHuUi paBHbI 16 u 4 cM. Haligute 60koBOE pedpo
MApaMUJIb.

BricoTa npaBuiIbHOM YETHIPEXYTONBHON YCEUEHHON MTUPAMUbI paBHA
V17cm. Croponbl ocHOBaHui 4 u 8cm. Haiinure mmomaas JuaroHaIbHOTO
CEYEHUs.

Bapuant 2

OcHoBanue nmupamMuabl — poM6 ¢ quaronansmu 12 u 16¢cm. Bricota
NUpamMuAbl IPOXOJUT YEPE3 TOUKY NIEPECEUECHMS] THAaroHaJIel u paBHa 12cM.
HailiTi 60KOBYIO MOBEPXHOCTh MUPAMHU/IBI.

Bricota nupamuasl 15cm. [lnomans ocHoBanus paBHa 450cm?. Ha kakom
pPACCTOSIHMM OT OCHOBAHMS HAXOJMUTCS CEYEHHUeE, TTapajuieIbHOE MY, €CIi




IonaaeL ceueHus S0cm?.

3 | B npaBuiIbHOM YETBHIPEXYTONBHON YCEUEHHON MUPAMUIE BBICOTA PABHA
4cMm, a ctopoHbl ocHOBaHuUs 6 1 10cM. Haiiaute quaroHainb 3Tou
MAPAMHUJIBIL.

4 | B npaBuiIbHOM YETBIPEXYTOJIBHON YCEUEHHON TUPAMUJIE CTOPOHBI
ocHoBanus 4 u 10cm. Beicota paBHa 6¢M. Haiinnte nojiHy0 MOBEPXHOCTb.

Koumpononas paboma Ne 14 no meme «Tena u nosepxnocmu spawienus.
Bapuanr 1.

1. BeicoTa koHyca paBHa 96, a tuameTp ocHOBaHUS — 56. Halimure oOpa3yronyto
KOHYyca.

2. [Inomane 60KOBOM MOBEPXHOCTU LUIUHAPA paBHa 807, a BbiIcoTa — 8 .
Haitgure nuamerp ocHOBaHUA.

3. InameTp ocHOBaHUs KOoHyca paBeH 60, a niuHa oOpasyromieit — 50. Haliqure
IJIOLIAb OCEBOTO CEUEHHUS 3TOTO KOHYCA.

4. BpicoTa KOHyCa paBHa 6 CM, yroll IpH BEPIIMHE 0CEBOro cedeHns pasen 120°,
Haiigure:

a) IUTOIIA/Ib CEYEHUSI KOHYCa IIOCKOCThIO, TPOXOASIIEH uepe3 ABe o0pa3yrouue,
yros Mexay koropeivu 30°;

0) myoma s 6OKOBOM MOBEPXHOCTH KOHYCA.

5. OceBoe ceueHre NWIMH]Ipa — KBaAparT, IJI0IIab OCHOBAHUS IWJIMHAPA PaBHA
161 cm?. HaiiuTe miomaab moTHOH MOBEPXHOCTH LIMJIMHJIPA.

Bapuanr 2.

1. BricoTa koHyca paBHa 64, a quameTp ocHoBaHuUsI — 96. Hailinure
o0pa3ymoIlyro KoHyca.

2. Tlnomanab 60KOBOM MMOBEPXHOCTH IIUJIMHpA paBHA 567, a BBIcOTa — 7 .
Haitgure nuamerp ocHOBaHUs.

3. HumameTrp ocHOBaHHUS KOHYyca paBeH 54, a nimuHa oOpasytoiein — 45.
Hanigure momans 0CeBOro Ce4eHus 3TOro KOHyca.

4. Panuyc ocHOBaHUs KOHyca paBeH 6 cM, a 00pa3yrolliasi HaKJIOHEHA K IJIOCKOCTH
ocnosanus nox yriaom 30°. Haiture:




a) IIOLIA/b CEYEHHUs KOHYCa MIIOCKOCThIO, MPOXOSIIei yepe3 ABe o0pa3yronue,
yroJ Mexay koropsivu 60°;

0) rromnaasr OOKOBOM MOBEPXHOCTH KOHYCA.

5. OceBoe ceyeHne NUINHIpa — KBaJIpart, IUaroHalb KoToporo 4 cMm. Halinure
TJIOIA/b TIOJTHOM MOBEPXHOCTH LIMJIMHIPA.

Koumpononas paboma Ne 15 no meme «Q0bém MHO20Y20/16HUKQ).
Bapuanr 1

1. — npsAMOyronbHBIN Napaieaenunes ¢ usmeperusmu 4 cm, 6 cm u 10 cm.
Ero o6BmeM paBeH:

240 ;
80;

124 ;
4, 248.

2. 3anummre TeopeMy (¢ hopmysiamMu):

w N e

1) 06 oObeMe npsIMOTO TIapajuIe/IeHUIea;
2) 00 oObemMe N-yroiabHOW MUPAMUIBI.

3. B npaBuiIbHOM 4eTHIPEXyTroIbHOM MUpaMuJie JUaroHajib OCHOBAHUS paBHA § CM,
O0okoBoe pedbpo — 5 cM. Haiinure o0beM nupamMuibl.

4. Haitnute 00beM MPaBUIBHOTO TETpa3jipa ¢ pedpoM 1 cMm.

5. B ocHOBaHuU napajienenuneaa JeKUT KBaJIpaT co CTOPOHOM 4 cM, OOKOBOE
pebpo paBHO cM M 00pa3yeT ¢ ABYMsI CMEXHBIMU peOdpamu yrisl o . Haiinure
o0beM mapasesenumea.

Bapuanr 2

1. — mpsAMOYTOJIbHBIN NTapajienenunes ¢ usMepeHusiMu 9 cm, 9 cm u 10 cm.
Ero o6beM paBeH:

1. 252;

2. 270;

3. 810;

4. 504 .
2. 3anummmTe Teopemy (¢ hopmynamu):
1) 06 oObeMe HAKIIOHHOTO MapaJljIeIeIuIIe/1a;
2) 06 0OBeMe TPEYTOIBHOM MUPAMU/IBI.

3. B npaBUIbHOM YETHIPEXYTOJbHOW MUPAMUAE AUArOHAIb OCHOBAaHUS paBHa 12
cM, 0okoBoe pedbpo — 10 cM. Haiinure 0o60beM nmupaMuibl.



4. Haitnute 00beM MPaBUILHOTO TETPadJipa ¢ pedpoM CM.

5. B ocHOBaHuu nmapaienenuneaa JeKUT KBaIpaT Co CTOPOHOM 3¢cM, OOKOBOE
pebpo paBHO 5 cM B 00pa3yeT ¢ ABYMS CMEKHBIMHU peOpamu yriibl 1o 45. Haiinure
o0beM napajienenunesaa.

Koumponovnas paboma Ne 16 no meme «Qovém men epauienusy.

Bapuanm No |

1 | 20 MeTpoB aTrOMUHHEBOM MPOBOJIOKU UMeeT Maccy 96,8r. Halinure
JIMaMeTp MPOBOJIOKH, €CJIM €€ TJIOTHOCTh paBHa 2,7 - 10°kr/M>.

2 | Kyua 3epHa uMeeT KOHMYECKYI0 opMy, pauyc OCHOBaHUs KOTOpOH 3Mm, a
obpasyromiast 10m. Halinure 00bEM 3epHa.

3 | Boicora yceuénnoro koHyca paBHa 5. Paguyc onqHOro ocHoBaHus B 2 pasa
OoJIbllIe IPYToro, a 00pa3zyolas HaKJIoOHeHa o yriioM B 60° k
ocHoBaHuro. Haiagure 00BEM.

4 | YyryHHble mapsl BECAT KaxAbld 6kr. HailTu tuametp kaxkaoro mapa, eciiu
€ro mioTHocTh 7,2 - 103kr/m3.

5 | CBuHIIOBBIH mIap, AuamMeTp KoToporo 30cM, MeperiaBisioT B MAPUKU,
JIMaMETPbl KOTOPBIX B 5 pa3 MeHbIe. CKOJIBKO TAKUX MIAPUKOB MOJTYYHUTCS ?

Bapuanm No 2

1 | [loronsslii MeTp Bep€Bku quamerpom 18mm Becut 0,52kr. Haiiaure ero
IJIOTHOCT.

2 | Ctor ceHa uMeeT KOHMYECKYI0 (opMy, payC OCHOBaHUS KOTOPOro 4m, a
obpazyromas 10m. Halinure 00bEM ceHa.

3 | Bricora yceuénnoro konyca pasHa 10. Paguyc oqHoro ocHoBanus B 2 pasza
OoJbIIIe IPyroro, a oopa3yrolias HakKJIOHEHa Mo yrioM B 45° k
ocHoBaHMt0. Haliure 00BEM.

4 | TpeOyeTcs nmeperiaBUuTh B OJIUH I1ap ABa mapa guamerpamu 20cm u 30cwm.
Haiitn nmameTtp HOBOTrO mapa.

5 | Umeercs kycok cBuHIIAa Maccor 3kr. CKOJIBKO MIApUKOB TUaMeTpoM 1,5¢cm

MOYXHO OTJIUTh M3 CBUHIA. [[moTHOCTH cBUHIIA paBHa 11,4 kr/cm?.

Konmponvuaa paboma Ne 17 no meme «Koprhu u cmenenu

Bapuant Ne 1

1 1

Bemaucnurs: 492; 10003

5%.4973
Beraucinte:

7-7 .253
-1

Boerunciure: 325

1 1
Cpasnute: 52 u 53

2 -1 -5 1
YOpocTuTe: a3 ‘as ; ye6 lys

o O | W N B

VIIPOCTHTE: (6_71)4




7
- 3
/ VrpocTuTs: y3 -/ y?
8 | Haiigute 3HaueHue Boipaxkenus: 213 2707 . 407
-1 1
o — = .3
9 Haitgure 3HaueHue BoipaxeHus: 83 163 V2
. 1 -1
10 Haiigure 3Haue€HNE BBIPAXKCHMUS: (3—6 - 0,04) 2
11 e N NN T e
Boranciuts: 2163 -(2) z2.571. CPE
5 1
12 o X6 +x3
Haiinure 3HaueHue BBIpOKCHUS: —— npu X=1,44
X6 —x3
Bapuant Ne 2
1 I 1
Bemaucnure: 273; 6254
8112.1077
2 Beraucnute: ————
10-5 .2717
3 -1
Brruncaute: 16 4
4 12
CpaBuure: 73 u 76
5 Zz -1 T2
Yupoctuth: ds -ds | ms .ms
-3
6 Vupoctuts: (p+ )*
1
4 -
! VYapoctuts: Ve3¢
8 7 2503, L4 . (9025
Haiigure 3HaueHNE BBIpAKCHUS: 2 62
9 . 1 531
Haiinure 3HaueHne BolpaxkeHus: 43 -23 ! n
Haiinute 3Hauenue Boipakenus: (57° - a) 3
11 y o 1. = 1
Boruncnuts: (Z) 2 -16z -271- (E) 283
2
12 o m3 —2,25
Haiinure 3HaueHne BeIpaXeHUSI———— Mpu M=8
m3 +1,5

Koumpononuas pabomaNel8 no meme

«Pewenue noxasameﬂbubtxypaenenuﬁ, HeéepaeseHncme u cucmem ypaeuenuﬁ»

Bapuanm No |
1 3\3X¥+1 7\ 5x-3
PelmuTh ypaBHEHUE: (;) :(g)
2 | PemuThb ypaBHeHHe:  22%-8¥t1=(
3 | Pemnuth ypaBHenue: 41 4+ 4%=320
4 | Peminthb ypaBHeHue: 36%-4-6*-12=0
5 | Pemnts ypaBHeHHE:  5-9%+9%72=406
6 | PemuuTh HepaBeHCcTBO:  1,6%<2 56
7 | Pemuthb HepaBeHcTBO:  0,42*71>0,16
8

1 X
PemivTh HepaBeHCTBO: (%) -5:67%-6<0




2y—x —
PelmuTh cUCcTEMYy ypaBHEHUH: { 81
3*¥7y+2 = 27
10 1\*
PeminTh rpaduyecku: (Z) >2x+1
Bapuanm Ne 2
1 | PemuTh ypaBHeHue: \/3%-4/2%=36
2 | PemuTh ypaBHEHHe: X +3x-05=4,/7
3 | Pemmts ypaBHEHHE: 3-5¥*342.5x+1=77
4 | PelunTh ypaBHEHUE: 49*-8-7*+7=0
5 . NnN*¥-3 /1 x+1_
Pemuts ypaBHeHHeE: 5-(5) +(E) =162
6 | PeminTh HepaBeHcTBO:  1,4*>1,96
7 | PewnTh HepaBeHCTBO:  347%<27
8 | PemuTh HepaBeHCTBO:  4%-2%11.8>0
9 Xty = —
Pemuth cucreMy ypaBHEHUH: 16
2x+2y—1 =1
10 | Peminth rpaduyecku: 2* >3 —x

Koumpononas paboma Ne 19 no meme «Jlocapugpmuuecxkue ypasnenusn u
Hepagencmeay.

Bapuant Nel

1

Haiiti yucino X:

a)loq s X=2; 6)00q x %:-2; B)L0( 2 X= £0q 2 6+ £0( 2 %

2 | YOpoCTUTh BBIpQXKEHHE C MIOMOIIIHI0 OCHOBHOTO TPUTOHOMETPUYECKOTO

TOX]IECTBA:

3)1,2 ,«agms; 6)3 1+00g32
3 | BeIUUCIUTE:

/0g,64
toq ,40- Loq 2 5; 6 .

a)toq 2 q25; )60934
4 | Pemiuth ypaBHEHHE:

2)00q 6 (L1X+3)=2: 6)tq x= Lq12+ %Eq4
5 | Pemnth HepaBEHCTBO:

a)loq, x>-2; 0)toq 7 (4x+1)<2

2

6 | PemuTh cucTeMy ypaBHCHHIA:

X+y=34
f0g,Xx+ /09,y =6

Bapuant Ne2




1 | Haiitu yncio X:

a)loq 3 x=4; 6)0oq %=—3; B)L0( 3 X= £0Q 32- £0q 3 %

2 YHPOCTI/ITL BBIPAKCHUC C ITIOMOIIBIO OCHOBHOI'O TPUI'OHOMCTPHUYICCKOTO
TOXACCTBA:
a)l ,4 Logy 47 , 6)4 1+009,3

3 | Beruucnurs:
a)00q 3 36- £0q 5 4: 6)-29281

/09,3

4 | Pemuth ypaBHEHHUE:
2)00q 5 (10x+5)=3; 6)tq x= g4+ %qu

5 | PemuTh HEpaBEeHCTBO:
a)loq, x<-3; 6)loq s (2x+6)>2

3

6 | PemnTh cuctemy ypaBHEHHIA:
X+y=17
(0g,;Xx — {09,y = /09,33

[IpakTHueckne 3aHATHS 1O MATEMATHKE MPEIHA3HAYEHBI JJISI CTYJCHTOB
CIIO no cnemmansHocTh: 43.01.09 « IloBap, konautep». Ha xypc otBeneno 90
yacoB. [Ipennmaraemplii KypC OCHOBAaH Ha 3HAHUAX M YMEHMSX, IMOJTYyYEHHBIX
CTyJIEHTaMU IIPU U3yYEHUH MAaTEMATUKU HAa TEOPETUYECKUX 3aHATHSIX.

eau v 32124y NPAKTHYECKUX 3aHATHH!

" pa3BUTUE [O3HABATEJIbHBIX HWHTEPECOB, HWHTEIUIEKTYalbHBIX U
TBOPYECKUX CIIOCOOHOCTEW B TPOIECCe pEHIeHUs 3a7ad |
CaMOCTOSITEILHOT'O MMPUOOPETEHUSI HOBBIX 3HAHUM;

® BOCIIUTaHUE JyXa COTPYJIHMYECTBA B TMPOLECCE COBMECTHOTO
BBITIOJTHEH U 3a/1a4, BBITIOJIHEHUSI CAMOCTOSITENIbHBIX PadoT;

" JCMOJIb30BAaHHWE TMPUOOPETCHHBIX 3HAHUN M YMEHHMU IJis1 pelIeHus
MPAKTUYECKUX, KU3HCHHBIX 3a]1a4.

Kypc mnpakThueckux 3aHATHM  OPEXAE BCErO OPHUEHTHUPOBAH  HA
Pa3BUTHE y CTYJCHTOB HMHTEpECA K 3aHATUSIM, HA OPTaHU3AIUI0 CAMOCTOSITEILHOTO
[I03HABATEJIBHOIO MPOLECCAa U CAMOCTOSITEIBHOW MPAKTUYECKON JeITENbHOCTU. B
cCOOpHUKE TMPEICTABJIICHA CUCTEMa 3aJlay MOCTENEHHO BO3PACTAIOIICH CII0KHOCTH
3a KypC MaTE€MaTHKW CpPEIHEN IMIKOJbl. 3aHSATUA O PEMIEHUI0 TEOPETUUYECKUX
3alad = J1al0T BO3MOXXHOCTh  O0O€CIEUUTh CTYJCHTOB Marepuajgamu I
camMocToATeNbHON paboThl. C 3TOH 1ebI0 Mocie pa3dopa MBYX- TPEX KITFOYEBBIX
3a/lay Ha 3aHATUU  IIEJIeCO00pa3HO aTh KOMIUICKT 3ajad MO JaHHOW TeMe s
CaMOCTOSITENILHOM PabOThI C 00513aTENIbHBIM MOJIHBIM MUCbMEHHBIM 0()OPMIICHUEM.

[IpakTueckue 3aHATHS  TPOBOJATCSA B KabuHere maTeMaTuku. [IpakTtuueckue
3aHATHS BKIIOYAIOT CIIEAYIOUIME CTPYKTYPHBIE SJIEMEHTHI:

v MHCTPYKTaX, MPOBOAUMBIN MPEIOIaBaTeleM,




v’ caMOCTOsITe bHAs JIEATENLHOCTD CTYICHTOB,
v/ aHaJlM3 W OLIEHKA BBINOJHEHHBIX PabOT.

BhINONHEHNIO TNpaKkTUYECKUX pabdoT NPEIIeCTBYET JOMAIUHSAS IOATOTOBKAa C
UCIIOJIb30BAaHUEM  COOTBETCTBYIOLIEH — nuTeparypbl  (yu4eOHHKH,  JICKIIUH,
METOJMYECKHE MOCOOUA U yKa3aHWd U Jp.) U MpPOBEpKa 3HAHUN CTYJEHTOB Kak
KPUTEPUN UX TEOPETUYECKOU TOTOBHOCTH K BBIIIOJIHEHUIO 3a1aHU.

KoHTponp 1 o1ieHKa pe3ynbTaTOB BBIMOJHEHUS CTYAEHTAMH MPAKTHYECKUX
paboT HarpaBiieHbl Ha MPOBEPKY YCBOEHHUS BCEX 3JEMEHTOB COJIEpPKaHUS Kypca
MaTE€MaTUKH, OCBOCHHE yMEHHUH, HABBIKOB, PAa3BUTHsS OOIIMX KOMIIETEHIUH,
ONpeIeIEHHBIX TPOTPAMMON YUEOHOM TUCITUTIINHBI.

dopma KOHTPOJISl BHITIOJIHEHHS MPAKTHYECKUX PadoT

OT4erbl MO TpaKTUYECKUM padoTaM OQOpPMISIOTCS B MHUCHMEHHOM BHUJIE
aKKypaTHO (B TeTpaju i MPAKTHUYECKUX padoT) U JOJDKHBI BKIIOYATh B ceOs
CJIEIYIOIINE TyHKTHI:

v/ Ha3BaHHE IPAKTHIECKOU paboTHI;

v’ 1eIb IPAaKTHYECKOM paboThI;

v/ BBLINOJIHEHHBIE 3a/IaHKsI CBOETO BaApHAHTA C YKa3aHHEM OTBETOB.

O1eHKH 3a BBITIOJIHCHHE 33JIaHUN Ha MPAKTHUYCCKUX 3aHATHSAX BBICTABIISIOTCS I10
ATHOAJUTPHON CHCTEME M YUYHMTBIBAIOTCS KaK IMOKa3aTelu TeKYIICH yCIeBaeMOCTH
CTYICHTOB.

TemaTuKka NPaKTHYECKUX 3aHATHM:

[Ipaktuueckoe 3anstue Nel «/lefictBurenshble uncna. [IpubnmkeHHbie
BBIYMCIIEHUSD)

ITpaktuueckoe 3anstue No2 «JlelicTBUsI HaJl KOMIIJIEKCHBIMU YMCIIaMK»)

IIpakTryeckoe 3aHaTHC No3 « UTCIICHU C ACHMCTBUTCIbHBIMU ITIOKA3aTCIIMHU, UX
CBOMCTBaA»

IIpakTHdeckoe 3aHiaTue Nod «/1€nCTBUA CO CTCIECHIMM

[Tpaktruueckoe 3anstre NoS «/lecaTuunbie u HaTypaJibHbIE JOTapU(PMbD)

[Tpaktrnueckoe 3anstre Neb «IIpeobpa3oBanue JorapuGMUUECKUX BbIPAKEHUIN

ITpaktrnueckoe 3anstue No7 «IIpeobpa3oBaHue noKa3zaTeIbHbIX BBIPAKEHUM

[Tpaktrnueckoe 3anstre No§ «IIpeobpa3oBanue JorapuGMUUECKUX BbIPAKEHUIN

[Tpaktrnueckoe 3anstre No9 «IIpeobpasoBaHue BhIpaKEHUN)

[TpakTueckoe 3ansitue Nel( «ITapaneabHOCTh NPSMON U INTIOCKOCTH.

[TpakTueckoe 3ansitue Nel 1 «IlepnieHANKYISIp 1 HAKIIOHHASD.

[Tpaktruueckoe 3anstre Nel2 «['eomerpudeckue mpeoOpa3oBaHus MPOCTPAHCTBA:
napaJuiebHbIA EPEHOC, CHMMETPHUS OTHOCUTEILHO TIOCKOCTH.

ITpaktrueckoe 3angaTue Nel3 «llapannenbHoe NpOEKTUPOBAHUE.

[TpakTueckoe 3anstue Nol4 «M3006paskeHust MPOCTPAHCTBEHHBIX (DUTYDY.

[Tpaktrueckoe 3anstue NolS «Pemenue 3ana4y Ha mepebop BapuaHTOBY

ITpaktrnueckoe 3ansaTHe Nel6 «CiiokeHre B YMHOKEHUE BEPOSITHOCTEN.




[Tpaktuueckoe 3anstre Nel7 «IIpaBusa cioxeHust BEKTOPOBY.

[Tpaktuueckoe 3ansTre Nol8 « YMHOKEHHE BEKTOpa HA YUCIIO».

[TpakTueckoe 3anstue Nel9 «CkaisipHOE IPOU3BEAEHUE BEKTOPOBY.

[IpakTueckoe 3ansatue Ne2( « BekTopHoe 3a1aHue NpsiIMbIX U INIOCKOCTEW B
IIPOCTPAHCTBE

[IpakTnueckoe 3anstue Ne2 1 «IIpoekius BEKTopa Ha OCh»

[IpakTueckoe 3ansaTue Ne22 «lcnosb30BaHUE BEKTOPOB NPU PELIEHUN
MaTEMaTUYECKHUX U IMPUKJIAJHBIX 33144

HpaKTI/I‘{eCKOG 3aHsaTHe Ne23 «PaccrosHue MCKIAY ABYM TOYKAMMH. Brruucnenue
KOOpAWHAT CCPCANUHEBI OTPC3Ka»

HpaKTI/I‘{eCKOG 3aHsaTHEe No24 «Penienue 3a/la4 KOOPANHATHBIM MCTOIOM))

IIpakTnueckoe 3anstue Ne25 «Paaguannas mepa yrna. BpamarenbHoe JBUKEHHE)

[Ipaktrnueckoe 3ansatre Noe26 «OCHOBHBIE TPUTOHOMETPUUECKHE TOXKIECTBA.
@OopMyJIbl IPUBEICHUSD)

[TpakTueckoe 3ansitue No27 «CuHyc, KOCHHYC JBOMHOTO YIJIa)

[TpakTueckoe 3anstue No28 «DopMyibl CyMMBI U Pa3HOCTH

[Ipaktuueckoe 3anstre No29 «I[IpeoOpazoBaHre TPUTOHOMETPHUUECKUX
BBIPAKEHUI C UCMOJIb30BAHUEM TPUTOHOMETPUUYECKHUX TOKIECTB)

[IpakTueckoe 3ansaTue Ne3(0 «Pemenne TpUroHOMETPHUIECKUX YPABHEHUI.

[IpakTueckoe 3anstue Ne3 1 «PenieHne TpUroHOMETPUIECKUX HEPABEHCTBY

[Tpaktrnueckoe 3anstre Ne32 «IlocTtpoeHue rpauKoB 2I€eMEHTAPHBIX (PYHKIHII

[Ipaktuueckoe 3anstre No33 «I[IpomexxyTku Bo3pacTtaHusi, yObIBaHUSI,
HanOoJIbIIIee, HAaNMEHbIIIee 3HaUeHHUS] QYHKIUU. TOUYKHU IKCTPEMYyMar

[Tpaktruueckoe 3anstre No34 «Apudmernyeckue oneparuu Haja QyHKIUSIMI.

[Tpaktuueckoe 3anstue Ne35 «Iloctpoenue rpaduxon

[TpakTueckoe 3anstue No36 «Crenennast GpyHkiwus, €€ rpaduk U CBONCTBay

[Ipaktuueckoe 3anstre No37 «Jlorapupmuueckas pyHkuus, e€ rpaduk u
CBOMCTBA»

[Tpaktuueckoe 3anstre Ne38«Kocunyc, ero rpadux u cBONCTBaY

[Tpaktruueckoe 3anstre Ne39 «KoranreHc, ero rpaduk u CBOMCTBa

[TpakTueckoe 3ansiTue No4( «IlapannenbHbIil IEpeHOC, CAMMETPUS
OTHOCHUTEJIBHO OCEN KOOPJIUHAT

[IpakTueckoe 3anstue Ne41 «IlapannenpHbIi NEPEHOC, PACTSHKEHUE, CKATUE»

[TpakTueckoe 3ansitue No42 «Bepmmnsel, pedpa, rpaHd MHOTOTPAHHHUKA)

[TpakTueckoe 3anstue No43 «Ilapannenenunen. Ky6y.

[Tpaktruueckoe 3anstre No44 «Ceuenust Ky0a, IpU3MBbI, TUPAMHUJIBI)

[TpakTueckoe 3ansitue No45S «IIpencraBieHue o NpaBUIbHBIX MHOTOIPaHHUKAX
(Tetpasap, Ky0, OKTadIp, TOACKAdAP, HKOCAIAP)»

[TpakTueckoe 3ansitue No46 «OceBble CeUEHUs U CEUCHUS NTapajlieNIbHbIC
OCHOBAHHIO»

[TpakTueckoe 3anstue Nod47 «Illap u cdhepa, ux ceueHus»

[TpakTuueckoe 3ansTue No48 «CriocoObl 3a1aHusl MTOCIEA0BATEILHOCTEN, CBOMCTBA
YHCJIOBBIX I10CJIEIOBATSCIBHOCTEI

[Tpaktrnueckoe 3anstre No49 «Beruucnenne npenenoB PyHKIMU B TOUKE, HA




OECKOHEYHOCTH)

[Tpaktuueckoe 3anstre No50 «IIpaBusa BeIYMCIECHUS TPOU3BOIHBIX)

[Tpaktruueckoe 3anstre NoS1 «Boluucienue npou3BOIHBIX CI0KHON (QYHKIIUM)

[Ipaktrnueckoe 3ansatue Ne52 «HaxoxaeHne HauMeHbIIEro, HAanOOJIBIIETO
3Ha4YeHUs] (PYHKIIMH HA OTPE3KE)

[Tpaktrueckoe 3austue Ne53 «lloctpoenue rpadukoB GyHKITHID)

[IpakTueckoe 3ansitue No54 «BpruucieHue HeonpeaeIeHHbIX HHTETPAIOB
METOJOM 3aMEHBI IEPEMEHHON»

HpaKTI/I‘{eCKOG 3aHsaTHE NoS5 «BrruncieHue HCOIIPCACICHHBIX HHTCTPAJIOB
MCTOAOM HMHTCTPUPOBAHUSA 110 9aCTAM)

[Ipaktruueckoe 3anstre No56 «Boluucienue onpeaeieHHbIX HHTETPaJIOB
Pa3ITUIHBIMH CIIOCOOAMIN)

[IpakTueckoe 3anstue NoS7 «IIpuitoxkeHus OonpeaeaeHHbIX HHTETPAIOBY

[Ipaktrnueckoe 3anstre NoS8 «Boruucienre 00bEMOB Tell 1 TOBEPXHOCTEN
BpaieHus» (4 yaca)

[TpakTuueckoe 3ansatue Ne59 «Ilomo6ue Ten. OTHoOmEeHUsT 00bEMOB IO T00HBIX
tem» (3 yaca)

[Tpaktuueckoe 3ansatue Ne60 «Ilomo6ue ten. OTHOIIEHUS TIIOMAAEH
MOBEPXHOCTEN MOM00HBIX Tem» (3 yaca)

[IpakTueckoe 3ansatue Ne61 «/luckpeTHas ciydaiiHas BEJIMYHUHA, 3aKOH €€
pacupenencHus»

[IpakTueckoe 3ansaTue Ne62 «Pemenne npakTHIeCKrX 3a/1a4 ¢ IPUMEHEHUEM
BEPOSTHOCTHBIX METOZ OB

[Tpaktuueckoe 3anstre Ne63 «CBoiicTBa OMHOMUHAIBHBIX KOY(PHUITUEHTOBY

[TpakTueckoe 3ansitue No64 « Tpeyronbuuk [Tackans»

[Tpaktuueckoe 3anstre No65 «I[loHsiTHE O HE3aBUCUMOCTHU COOBITHIN

[IpakTueckoe 3ansaTue Ne66 «Pemenne ypaBHEHN: pa3ioKeHUE HA MHOKHUTENH,
BBEJICHUE HOBBIX IEPEMEHHBIX, I0JICTAHOBKA»

[IpakTueckoe 3ansitue No67 «Pemnienue ypaBHeHU rpaduuecKuM METOJIOM.
HecrangapTHble criocoObl pelieHus] ypaBHEHHI

[TpakTtrueckoe 3ansaTue No68 «PelieHne HepaBeHCTB METOIOM MHTEPBAJIOB)

[Tpaktuueckoe 3ansatre Ne69 «M300pakeHre Ha KOOPAMHATHON TIIOCKOCTH
MHOJKECTBA PEIIEHUI HEPABEHCTBA C ABYMsI IEPEMEHHBIMU U UX CUCTEM)

IpakTueckoe 3ansaTue Ne 1
JelicTBUTE/IbHBIE Yncaa. [IpudankeHHbIe BHIYUCTIEHUSA

Ilenv pabomer:

CMYOeHm OO0JIHCEH.

3HAMb:
- (opmynbl IS BBIUMCIEHUS TpaHUI] aOCOMIOTHOW U OTHOCUTEIBHOU
MOTPENTHOCTA ~ CyMMBI,  Pa3HOCTH, TPOU3BEACHUS W  YaCTHOTO
MPUOIMKEHHBIX 3HAYEHUN YHCET,;




ymems.
- BBIUUCIATH CYMMY, Pa3HOCTh, NMPOU3BEJACHNE M YACTHOE MPUOIUKEHHBIX
3HAYEHUU YUCEIL.

Ceedenusn uz meopuu:
CnooiceHue npubIUNCEeHHbIX 3HAYEHUU Yucel
['panuiia abCOMOTHON MOTPEITHOCTA CYMMBI PUOJIMIKEHHBIX 3HAUSHUH Yncen
paBHA CyMME I'pPaHULl A0COJIFOTHBIX IMOTPEIIHOCTEN 3TUX YHCEIL:
A(a+b)=Aa+Ab,
rae a u b — npubnmxeHHbie 3HaYeHUs Yncer;, Aa u AD — rpaHUIBI AOCOTIOTHBIX
MOTPEIIHOCTEN COOTBETCTBYIOIIUX MPUOIKEHUIA.
['panuIia OTHOCUTENBHOM MOTPEUTHOCTH CYMbI BBIYUCIISETCS 10 (popmyie:
_A(a+b)
Catb——— [ -
a+b
Ilpumep 1.
Haiitu cymmy S npubmmkeHHbIX 3Ha4eHui ancen 6,8+0,05; 4,3+0,05 u
3,575+0,0005.
Pewenue:
BBIYMCIIUM CYMMY 33/IaHHBIX YUCEIl U CYMMY MX MOTPEUTHOCTEN:
5=6,8+4,3+3,575=14,675;
AS=0,05+0,05+0,0005=0,1005.
['panuiia abcomoTHOM MOTpenTHoCTH 3akiatoueHa B mpenaenax 0,05<0,1005<0,5. B
MPUOIMKEHHOM 3HAYCHUU CYMMbI BEPHBIMU SIBIISIFOTCS JIUIIB ABE IUGPHI (B
paspsiziax 1ecaTKoB U enuHuil). [loydeHHbINH pe3ynbTaT OKPYTIIUM JI0 €IUHUIL
S=14,675~15.

Bviuumanue npubaudicennvix 3uaueHuil yucen
['panuiia abCOMIOTHON MOTPENTHOCTH PA3HOCTH JABYX MPUOIMKEHHBIX 3HAUCHUN
YyuCesl paBHA CyMME T'PaHHULl UX aOCOTIOTHBIX MOTPEUTHOCTEM:
A(a-b)=Aa+Ab.
['panu1ia OTHOCHUTENBHOM MOTPEUTHOCTH PA3HOCTH BBIUUCIISIETCS IO PopMyIIe:
Aa+ Ab

Ea-h— a—b
Ipumep 2.

Boerauciuth pa3HOCTh ABYX MPUOIMKEHHBIX 3HaUeHHM uncen a=5,863+0,0005 u
b=2,746+0,0005. Haittu A(a-b) u €.

Pemenue:

BBIUUCIIIEM TPAHHUILY a0COFOTHOM MOTPENTHOCTH pa3HocTH a-b:
A(a-b)=0,0005+0,0005=0,001.

B npubmxeHHOM 3Haue€HUW Pa3HOCTH MHU(Pa B pa3psie THICIIHBIX HE MOXKET
ObITh BepHOH, Tak Kak A(a-b)>0,0005. Urak, a-b=3,117=3,12. AGcotoTHas



norpemHocTs pazHoctu 0,001. B npubnmxenHom yncine 3,12 Bce U@ pbI BEPHEBIE.
Haxonum OTHOCHTENBHYIO OTPEIIHOCTh Pa3HOCTH:

0,001

€a-b= 3,? =0,00032~0,03%.

Yunooicenue npubnusicennvix 3HaueHuli yucen

dopMyIIBI 1JIS OIEHKH TPaHMI] a0COTFOTHOM MOTPEITHOCTH TPOU3BEICHUS
(4acTHOTO) CJIOXKHBI, TO3TOMY Ha MPAKTUKE CHAYaJIa HaX0IIT OTHOCHTEIIbHYIO
MOTPENTHOCTD MPOM3BEICHUS (YaCTHOTO), a 3aTeM I'PAaHMITY a0COFOTHOU
MOTPENTHOCTH MTPOM3BEICHUS (YaCTHOTO).

dopMyIIBI 1JIs TPaHKI] A0COFOTHOM M OTHOCUTEIIBHOM MOTPEITHOCTH HEKOTOPBIX
byHKIMIA TpuBeIeHbI B TabmuIe 1.

Tabsmua 1. ®opmynbl 1715 rpaHyll a0COJIFOTHOW U OTHOCUTEIBHOM NOTPEIIHOCTEN.

No | Oynknusa I'panuna abcoroTHOM ['panuniia oTHOCUTENBHOM
/o IOTPCITHOCTH INOrpCIMHOCTH
1 y=ab Ay=|b|-Aa+|a|-Ab o _ha_ Ab
" a b
2 y=abc Ay=|bc|-Aa+|ac|- Ab+|ab|-Ac . _Aa Ab Ac
a b ¢
3 y=a" Ay=n a"!-Aa __Aa
gy = n?
—n2 — .
4 y=a Ay=2a-Aa g =2 %
—n3 —22.
5 y=a Ay=3a‘-Aa 6, =3 %
6 y: \/; Ay: Aa g = ?
2Ja 2
7 -3/a Aa _Aa
y N e i
8 =a b|-Aa+|a-Ab _Aa Ab
y b Ay= ‘ ‘ ‘ ‘ g, = »

b? a

Ilpumep 3.

Haiiti BepHbie nudpsl mponsBeneHns NpuOImKeHHbIX 3HaueHnii yncen a=0,3862
u b=0,8.

Pemenue:

umeem 0,3862-0,8=0,30896. I'panuiipl aOCOTIOTHON MOTPEITHOCTH COMHOKHUTENCH

pasubl 0,00005 u 0,05. ITo popmyne ¢, = %+%b HaXOJMM OTHOCUTEIBHYIO

[IOIPEIIHOCTD IIPOU3BEACHUS:
g = 0,00005 N 0,05 _ 0,063
03862 08




Haxoaum rpanuily abcoIfOTHON MOTPEUTHOCTH MPOU3BEICHUS:
A(ab)=0,30896-0,063=0,0195;

0,005<0,0195< 0,05.

[Tomy4yeHHBIN pe3ynbTaT O3HAYAET, YTO B MPOU3BEACHUH OJIHA BEpHas Ludpa (B
paspsize necsatoix): 0,30896=0,3.

Ilpumep 4.
Brruncnuts 06beM numuaapa V= tR?H, ecmu R=45,8 cm, H=78,6 cm.
Pewenue:
1o popmyne oObeMa HUIMHIPA, UMEEM
V= m-45,82-78,6=517000 (cm®).

Hcnone3ys popmyny &, = % + %b + % u nosiarast n=3,14, HaxonuM
OTHOCUTEJIbHYIO IOTPEIIHOCTD:

Az 2AR AH 0,005 2-0,05 0,05

& =—+ + = + +

V1 R H 314 458 78,6
HaxonuMm rpanuily abCoIOTHON NOTPEIIHOCTH:

AV=V-£,=517 000-0,0044 = 2270 (cm®).
Bepubivu iudpamu sisitorest S u 1.

=0,0044 ,

ﬂeﬂeﬁue npu5]lu9lC€HHle 3HAYeHUU yucen

Ilpumep 3.

Haiitu rpanuiry abCoFOTHOM MOTPEIIHOCTHA YaCTHOT'O MPUOIHNKEHHBIX 3HAUYCHUM
yucei a=8,36+0,005 u b=3,72+0,004.

Pemenue:

nmeem 8,36:3,72=2,25.

Aa Ab
ITo hbopmyine &, =——+—— HaxOJUM OTHOCHUTEJbHYIO IIOIPEIIHOCTH YaCTHOIO:
a b

_§+A_b_ 0,005 .\ 0,004
& a b 836 372

b
Haxoaum rpanuiry abCcotOTHOM MOTPENTHOCTH YaCTHOTO:
A(a/b)=2,25-0,002=0,0045.
[TonyueHHBIN pe3yJbTaT 03HAYAET, UYTO B YACTHOM BCE TpU LIUGPPHI BEPHBIE.

g =0,002 =0,2% .

Ilpumep 6.
Brranciants Xzb;ic’ ecau u3BecTHO, yTo a=7,2+0,05, b=3,46+0,03, ¢=5,09+0,04.

Pemienue:

a 1,2
b+c 346+500
_AX _Aa Ab+Ac_005 003+0,04

X a b+c 7,2 8,55

HaxomuM X = 844 -

£, =0,015 :



AX=X-£x=0,844-0,015=0,0127; X=0,844+0,0127 nnu X~0,84+0,01.

3aoanusn 0na camocmoamesbHo20 peuleHus:
Brruncnure cyMMmy, pa3HOCTb, POU3BEICHUE U YACTHOE MPUOTUKEHHBIX
3HAYEHUU YUCEIT.

1 Bapuant 2 BapuaHT 3 BapuaHT

V1345 ¢ yeThIpbMa 0,456+0,0005 n V3,4/5,4/7 ¢ 4eTIpMsa
sHavanmmu muppamu. | 3,35+0,005. 3HaYalIMMHU U pamu.
4 BapuaHT 5 BapuaHT 6 BapuaunTt

8,72 u 2,6532, rpanunsl | 6,54+0,005; J5, 7 B3siB
a0CoJIIOTHOH 16,022+0,0005 n HpI/I6J'II/I)KeHHI)I€
norpemHocTy kotopeix | 1,9646+0,00005. 3HaYeHUs] KOPHEH ¢
COOTBCTCTBCHHO PABHBI ToyHOCTRIO J10 0,001.
0,005 u 0,00005.

7 BapuaHT 8 BapuanT 9 BapuaHT

J2,4/3,411 c uethipems | 8=19,8+0,05 u a=68,4+0,02 u
spavamumu mqudpamu. | 0=48,4+0,03. b=72,8+0,4.

Konumponwvnwie éonpocui:

1. Tlepeuncnure AeHCTBUS HAJ MTPUOTMKEHHBIMU 3HAUCHUSIMU YHCEIL.

2. llepeuucnure ¢opmyiabl JUisl BBIUMCICHUS TpPaHUIl AOCOJNIOTHOW U
OTHOCHUTEIHHOM MOTPEUTHOCTEN HEKOTOPHIX (YHKIIUMA.

Jumepamypa: [4, c. 14-18]

IIpakTHyeckoe 3ansitue Ne 2
JlelicTBHSI HAl KOMILIEKCHBIMH YHCJIAMH

Ilenv pabomur:
CIMYOeHm OO0JIHCEH.
3HaAMb:
- anreOpandeckyto (opMy KOMIUIEKCHOTO YMCIa;
- TPUTOHOMETPHUYECKYIO (OpMY KOMILJIEKCHOTO YHUCIIA,;
ymemy:
- BBITIOJIHSTH JACUCTBUS HAJ] KOMILJIEKCHBIMU YUCJIAMH, TIPEICTABICHHBIMH B
pa3TUYHBIX (pOpMax.

Ceéedenusn uz meopuu:
Aneebpauueckasn hopma KOMIIEKCHO20 YUCIA

- . o o =2
O6o03naunM +-1=1i u HazoBéM MHuUMON emunuiei, (1° =-1). Torma uucio
Buma Z=a+bi, rme awumb - m00ble JelCTBUTENBHBIE YHCITA, HA30BEM
KOMILIEKCHBIM YHCJIOM.



31ech @ - Ha3BIBAIOT JEHCTBUTEIBHOM 4acThI0 KOMILUIEKCHOTO 4mcia, DI -
HA3bIBAIOT MHUMOM 4acThiO, D - KO3()PHUIHMEHTOM MHHUMOM YacTH KOMILIEKCHOI'O
yHyca.

Heticmeuss  HAO  KOMWAEGKCHbIMU — YUCIAMU,  NPEOCMABGICHHbIMU 6
aneebpauyeckoll popme

[TycTs nanbl aBa ukcia z, =a, +bji, u z,=a, +b,i.

JInst 3THX YHCeN MOHATHSA PABEHCTBO M JCHCTBUS CIIOXKEHUSA, YMHOKCHHS
OIPEJICIICHBI CIICYIONUM 00pa30oM:

1) JIBa KOMIUIEKCHBIX YHCJIa HA3bIBAIOTCA PaBHBIMH, €CIH paBHBI HX
JNEUCTBUTENRHAS U MHMMAS YacTH, T. €. d1=dy, D1=bp.

2) CymMoOl JOBYX KOMIUICKCHBIX YHCEN Z1 U Zz HA3bIBACTCSA KOMIUICKCHOE
upcno z,+2, =(a, +a,) + (b, +b,)i

3) IlpomsBeneHHeM JBYX KOMIUICKCHBIX WYHCEN Z1 M Zp Ha3bIBACTCH
KOMILIEKCHOE YHCio Z,Z, = (a,a, -bb,) + (ab, +a,b)i

4) MoayieM  KOMIUIGKCHOTO  YHCJIa Ha3blBaeTCsA JUIMHA  BEKTOpa
COOTBETCTBYIOIIETO0 3TOMY KOMIUIEKCHOMY YHMCIIy Ha IUIOCKOCTH W BBIYHUCIISIETCS
o popmyne: |Z|=r=+a®+b* .

5) AprymMeHTOM KOMIUIEKCHOTO YHCJIa Ha3bIBaC€TCS YIoj, OOpa3OBaHHBIM
BEKTOPOM C MOJIOKUTEIbHBIM HAPABICHUEM JIECTBUTEIBHOW OCH U BBIYHUCIISIETCS
o ¢opmyie: argz=arg(a+bi)=¢+27k. T. 0. 11 KaKJO0T0 KOMIUIEKCHOTO YHCJIa
MO>KHO yKa3aThb OE€CKOHEYHOE MHOKECTBO apT'yMEHTOB.

JI71s1 HaX 0K JIEHHST apTyMEHTa HEOOXOAMMO:

1. Onpenenuth B KaKoil KOOPJAMHATHON YETBEPTH HAXOAUTCS KOMILJIEKCHOE
YUCJIO.

2. Haiitu B 9TO#1 4eTBEpTH yroJj peliuB ypaBHEHUE:

tg¢=9' ¢=arctg§=¢+7zk, ke Z,

a )
Ilpumep 7.
PemuTe kBagpaTHOE ypaBHEHHE: X* -6X+13=0.
Pemenue:

BBIUMCIIMM KOPHH KBaJpaTHOTO YPaBHEHMSI Yepe3 TUCKPUMUHAHT:
‘- 6+V36-4-13 _6=436-52 _6+-16 _6+16-(-1) _6+4i
' 2 2 2 2 2
x = 8EH _26+2) 5 o x —3-3i

2 2

[MosydeHa mapa B3auMHO - CONMPSDKEHHBIX KOMIUIEKCHBIX ymcen 3+ 21, rae
a=3b=2.

3aMeTHM, 4TO BCAKOE alredpanyeckoe ypaBHEHHE CTENeHH N UMEET POBHO N

KOpHEW, Cpeau KOTOPHIX MOTYT OBITh KakK JCWCTBUTEIbHBIC (pa3TUYHBIC WU

paBHbIE), TaK U KOMIUIEKCHbIE (0043aTENBHO MOMAPHO B3aMMHO — COMPSKEHHBIE)

KOPHH.




TpueoﬂomempulteCKaﬂ qbopMa KOMNJEKCHOCO Yucjia

3amuch KOMIDIEKCHOTO umcia B Bupe & +bi=r(Cosg+ising) yaspsaercs
TPUTOHOMETPHUUYECKON (POPMON KOMILIEKCHOTO YHCIIA.

Heticmeust  Ha0  KOMWAEKCHbIMU — YUCIAMUY,  NPEOCMABIEHHbIMU 8
mpuzoHomempuieckou gopme
Has KOMIUIEKCHBIMU YMCIIaMU B TPUTOHOMETPUIECKOM (POpME BBITTOITHSIOTCS
JICCTBUSI YMHOKEHHUSI, JICJICHSI, BO3BEJCHNUS B CTECTICHB M U3BIICYCHUE KOPHS N-0H
CTETICHHU.
[Tycth naHel ABa uncna z, =r,(COS@, +isin @) u z, =r,(cosg, +isin ¢,), Toraa:
1) IIpou3BeneHnEeM KOMIUIEKCHBIX YHCEJ HA3bIBAETCS KOMILUIEKCHOE YHUCIIO,
KOTOPOE BBIUMCTSETCS 10 hopMyIie: z,Z, = I, (CoS(4 + ¢,) +isin( ¢ + é,))

2) YacTHBIM KOMILIEKCHBIX YMCEJI Ha3bIBACTCS KOMILICKCHOE qUCJI0, KOTOPOC

BBIYUCTISIETCS IO popMyIie: 4 %(cos(gﬁ_L -¢,) +isin(g, - 4,))
2 2

3) Jlus Bo3BeaeHMS B CTEmeHb: 2" =r"(cos(ng) +isin(ng))

Ilpumep 8.

+2i°

1
VYapocture: ———.
P +3i%t

Penienue:
YIOPOCTUM APOOb (MMOHU3UM CTEIICHb YHCIIUTEIIS U 3HAMEHATEs ), UCTIOJIb3Ys

(i*=-1):
i5 — i4i1 — (IZ)ZI — (_1)2| — |,
i21 — i20i1 — (i2)10i — (_1)10i — |
[ToacTaBuM MOJTydEHHBIE BRIPQXKEHHUS B HCXOIHYIO IPpOOh M IIpeodpaszyem eé:
142i° 142 (L+2i)2-3i) 1-3i+2i-6i° 1-i+6 7-i 7 i

1+3i2 1+3i  (1+3i)(1-3i) 1+9 10 10 10 10

Ilpumep 9.
Borumcnure: (v/2(cos10° +isin10°))2 - 2(cos 40° +isin 40°)

Penienue:
JIJIs1 TIEPBOT'0 KOMIIJIEKCHOTO YKCJIa UCTI0JIb3yeM (hOpMYITy BO3BE/ICHHS B CTEIICHb,
a 3aTeM BOCIOJIb3yeMcsl (OpMYJION TPOU3BEACHUSI KOMIUIEKCHBIX YHCET:

7

2(c0s20° +isin 20°) - 2(cos40° +isin 40°) = 4(cos60° +isin 60°) = 4(% +i 73) =2+ 24/3i.

Jlnsa uzeneuenus kopHsa N-u cmenexuy U3 KOMIUIEKCHOTO YUCia r(COSgoJr isin go)
UCIIOJNIb3yeTCs popMyia:

+isin

z, =4/r(cosg+isin @) = W(cos ¢+n2ﬂk ¢+n2ﬂkj ,



roe V/r - apupMeTHIECKUN KOpeHb, k =0,1, 2,...,n—1.

Ilpumep 10.

Pemmure ypasHeHue: x>-2x+10=0

Penrenue:

JUTSL pEIICHUs] BOCTIONIBb3YyeMCsl OOBIYHBIMU (hOPMYJIaMU BBIUKCICHHSI KOPHEH

KBaJPaTHBIX YPABHECHHI!

a=1 b=-2, ¢c=10,

D =Db?—4ac=(-2)>—4-1-10 = 4 — 40 = —36.

_—b+/D _2+-36 2+,/36-(-1) 2++/36-i? 2+6i 2(1+3i)

1+3i.

X
L2 2a 2

2 2 2

[Tomyunnm nmapy KOMIJIEKCHBIX B3aUMHO COMPSIKEHHBIX KOPHEU.

3adanus 014 cCamoCmoAmMenabHO20 PEULeHU:

1 BapuanT

Nel. BoinojiHUTE AEeMCTBUS,
BBIUMCIIUTE APIyYMEHT U MOAYJIb
KOMILJIEKCHOT'O YMCJIa:

2 BapuMaHT

Nel. BeinonnHuTe AeMCTBUS,
BBIUMCIIUTE apPIyMEHT U MOAYJIb
KOMILJIEKCHOI'O YHCJIa;

Nel. BeinonHute geMcTBus,
BBIUHCJIUTE APTyMEHT U MOAYJIb
KOMILIEKCHOI'O YHCJIa:
1) 1-2i _23 :
1-3i
2) 5+(2+i)*-@1-i)%;
3y _2[cos40° +isin 40°)
(\/§(coslo° +isin 100))
Neo2. Pemure ypaBHeHue:
x?-4x+16=0.

2 +15
1-iv3) . 1 1+2i7 .
1)( 2 j )1+3i21’
2) @-i)°;
2) 4+(@+i)° —(@-i)°; ) € ')ﬂ i
3) (2+3i) . 3) 4(0033 +isin 3) |
T .. T 1—ij?
\/E(COS4 T 4) No2. Pemute ypaBHeHuUe:
No2. Pemrnre ypaBHEHHE: x?+3x+4=0.
x%-6x+13=0.
4 BapuaHT 3 BapuaHT

Nel. BemmojHuTe I1EUCTBUS,
BBIUHCIINTE APTYMEHT U MOJYJIb
KOMIIJICKCHOT'O YHCJIa:
3+ 3i
1 ;
) 1+i"
2) 4+ @1+i)° —-@1-1i)°;

3) 4(cos10° +isin 100)-%(005 20° +isin 20°).

Ne2. Pemnre ypaBHeHue:
9x2+12x+29=0.

5 Bapuaur

Nel. Bemoaaute neicTBYS,
BBIYUCIIUTE aPTYMEHT U MOJYJIb
KOMILJIEKCHOT'O YMCJIa:

6 BapuaHt

Nel. BemmosauTe 1eiCcTBUA,
BBIYUCIIUTE APTYMEHT U MOYJIb
KOMILJIEKCHOI'O YHCJIA;




1) 1+2i11 . 1) 1+ 2| .

1-3i%"’ (i9 )(

—J2+i% . 1—i® 2 +i)
2) Y2 .
) i+i 2) 3_j

) 4(cos 360° +isin 360° )

. 3) 3(cos 7 +isin ) 2(cos = +isin Z).
2(cos 60° +isin 60°) ) Hoos 7 -+isin 7)-2(c0 7 +isin 2)

Ne2. Pemure ypaBHeHue: J\292- PemmTe ypaBHeHue:
2,5x2+x+120_ x°-2x+4=0.
7 BapuaHT 8 BapuanT
Nel. BeimmonmauTe neiicTBus, Nel. BeinonHuTte aencTBus,
BBIUHCJIUTE aPIyMEHT U MOAYJIb BBIYHCIINTE APTYMEHT U MOJYJIb
KOMILJIEKCHOT'O YUCJIA! KOMIUJIEKCHOTO YHCJIA:
1) 2+3i+(@1-i)%; 1 1+i4/3
2) (L+i)?; 1-i* "’
2(cos%+isin3”) 2) 1-1,
3) 2 2 Y
i24 _ | 2 ' 2
3) (-2

No2. Pemute ypaBHeHuUe: )
x2-4x+13=0. 2[0036 +isin 6)

Ne2. Pemure ypaBHeHue:
4x2-20x+26=0.

9 BapuaHT
Nel. BeimonHUTE AEMUCTBUS, BBIYUCIUTE APTYMEHT U MOJYJIb KOMIIJIEKCHOTO
qyucnia:

1) 1;72| , 2) 11__'f; 3) v2(cos120° +isin 120°)-g(00560° +isin 60°).
Ne2. Pemure ypaBHeHue:
x%-2x+26=0.

Koumponvnsie éonpocut:

1. MaitTe onpenenenue anredbpandeckoit GopMe KOMIUIEKCHOTO YKCIA.

2. llepeuncnure JIIEUCTBUS Hajg KOMIIJICKCHBIMHU 4HCJIaMU,
MPE/ICTaBIICHHBIMU B ajreOpandeckoil popme.

3. [lafiTe onpenencHNe TPUTOHOMETPUICCKOM (hOpMe KOMIUIEKCHOTO YHCIIa.

4, Tlepeuncaute TeHCTBUS HaJ KOMITJIEKCHBIMU JUCIIAMH,
MIPEICTABIICHHBIMU B TPUTOHOMETPpHUUIECKON (hopMme.

Jumepamypa: 2, §1-5, c. 15-76]

IIpakTnueckoe 3ansaTue Ne 3
Crenenm ¢ 1eiicTBUTENbHBIMHU NIOKA3aTEJIAMH, X CBOICTBA

Ilenv padomuwr:
CMYyOeHm OOJIHCEH:



3HaAMb:

- OCHOBHBIE I10Ka3aTEJIbHBIE TOXKIECTBA;

- CBOWCTBA CTENEHEU C ACHCTBUTEIbHBIMU [TOKA3aTEISMU;
ymems:

- BBIYUCIATH CTEIIEHU C JCUCTBUTEILHBIMHU I10KA3aTEISIMU.

Ceedenus u3z meopuu:
[ToBTOpUM ONIPENETICHUS NOHAMUS cmeneHy ¢ HaTYPaIIbHbIM, HYJIEBBIM, LIEJIbIM
OTPULATEIIBHBIM U PAlMOHAIBHBIM IMOKA3aTEIISIMU:
a"= aw'”ﬂ/(a”); a’=1, a£0; a™=Y/a" ,
n pa3
meEZ, nEN, n>2.
[ToBTOpUM CBOMCTBA CTENEHEN C PALIMOHATBHBIM IMOKA3aTEIIEM:
MIpU JIIOOBIX X U Y CTIpaBe /MBI pABEHCTBA!
a‘a¥=a*",
a‘lay=a*",;
(2)'=a”,
(ab)*=a*b*;
(a/b)*=a*/b*.

Cmenenb ¢ oelicmeumenbHbiM nokazamenem

CBolicTBa CTENEHEH C JIEHCTBUTEILHBIM ITOKA3aTEIIEM:

. a=al/Ok a>0, y, kKEN, XEZ.

. >0, a>0, XER (J1r06as1 cTerneHb MOJIOKUTEILHOTO YHCIIa TTOJIOKUTEIIbHA).
. a>1 mpu a>1, x>0.

. a<1 mpm a>1, x<0.

. 1"=1 (rro0as cTerneHb eIUHUIIBI paBHA SIUHULIC).

. a<1 mpm 0<a<1, x>0.

. a*>1 mpum 0<a<1, x<0.

. Ecin @>1, a#1, To 1y J11000r0 MOJI0KUTEIIBHOTO uncia b cymecTByer
CIMHCTBCHHOE JICHCTBUTEIILHOE YHMCIIO X Takoe, uTo a*=b npu b>0.

9. JTIro6as moyioKuTEIbHAS CTEIICHD HYJIS paBHA HYJIIO.

coONO OIS~ WN -

Kpome nepeuncieHHbIX CBOWCTB BaKHO OTMETUTh TPU CBOMCTBA, HA KOTOPBIX
OCHOBAHO PEIIEHUE MPOCTENIINX [TOKA3aTEIbHBIX YPABHEHUN U HEPABEHCTB:
10. Ecniu a*=aY, To x=y npu a>0, x, y#1.

11. Ecnu <&, To X<y mpu a>0.

12. Ecnu a*<a’, o x>y npu 0<a<l.

[IpaBuina neicTBUS HAZl CTETICHSAMHU C JCHCTBUTEIILHBIM TIOKA3aTEIeM BBIPAXKAOTCS
dbopmynamu (TOXKAECTBAMU):

13. a"aP=a**P,

14. a*:aP=a*?.

15. (a%)P=a,



16. (ab)*=a"h®* mpu a>0, b>0.
17. |ab|*=|a]*|b|* mpu ab>0.

18. (a/b)*=a"/b®* npu a>0, b>0.
19. |a/b|*=|a|*/|b]|* mpu ab>0.

dopmyiibl, oOpaTHbIe (hopmysam 1-7, Tak ke BEPHBHI.

Ilpumep 11.

Breruucnure:

Penienue:
YIIPOCTUM 33IaHHOE BBIPAXKEHUE, UCTIOJIB3YIO0 CBOMCTBA CTCIICHEM:

L 1 1 L 2
71.(1j2_64 2.372 1.492_(1j2.(1j 1\/@_ /il 1 7_1.1
49 T 64 3) 17 64 9 _7 8 9
1 - 1 - -
1 1 2 1_95 1—\/5 1_3
e 1A
_ TR . 1P :ﬂ(_jj:ﬁj_
24 14 14y 72 14 1008
5 5 5
Ilpumep 12.
2 1
B . 83.252-2"
BIYHUCJINTC: W
Pemenue:
YIPOCTUM 3aJIaHHOE BBIPAKEHHE, UCTIOJIb3YI0 CBOMCTBA CTEMEHEH:
2 1
oo ) [LPLL e [T ﬁz.l_l 11
8§3.252-2" 25) 2 2% 2 \2) 5 2 20 2 _
640,25 . 20,5 - (26 )0,25 ) 2015 - 21,5 X 20,5 - 22 - 4 -
_9
__20__9
4 80
3adanusn 0na camocmoamebHo20 peuleHus:
1 BapuaHT 2 BapuaHT 3 BapuaHT
Neol. Beruucnure: Neol. Beruucnure: Neol. Beruncnure:
1) 2.2 1) 5°.5; 1) 1\?
N &) 1 Z)
3 2¢ 2) 3/-27 +0,14/81 - V1.




No2. Vmpocrure:

1 1

No2. Vnpocrure:

1 3

No2. Vnpocrure:
3 1

No2. Ympocrure:

2 1

b§~big. a 2a4 x 4x2.
4 BapuaHT S BapuaHT 6 BapuaHnTt
Nel. Brruuciure: Nel. Brruuciure: Nel. Brruuciure:

-8 1 1
1) (v5)"; 1) 5.82; 1) 362 .2;

-3 1
2) (Ej | 2) [¥55)". 0y V324

2 [\] ) M
Ne2. Ynopocrure:

Ne2. Ymopocrure:

No2. Ympocrure:
7
a*a .

No2. Ympocrure:

5
vy

RN cic? 1?2

[y “j V2. 1 x3 | xd.
CE
7 BapuaHT 8 Bapuanr 9 BapuaHT
Neol. Beruuciure: Nel. Beruuciure: Nel. Beruuciure:
1 1 4 T
1) 162 1) 27 1) 4/0,0001-16 ;
2) 5416 — 0,23/~ 0,027 +3/1. | 2) 2/32-0,00001. 2) Y jﬂ3 |
4
3

No2. Ympocrure:
Zﬁ —8fab 4.

I(oumpwzbubte eonpocuolt:

1. Ilepeunciure OCHOBHBIE MTOKA3aTEIbHBIE TOKIECTBA.
2. Ilepeuucnurte CBOMCTBA CTENEHEH C JEHCTBUTENFHBIMU MTOKA3ATEISIMH.

Jumepamypa: [15, c. 186-188]

IIpakTuyeckoe 3ansitue Ne 4

JlecTBHUSA CO CTENEHAMM

Ilenv padomuwi:
CIMYOeHm OO0JIHCEH.
3HaAMb:

- OCHOBHBIC ITIOKAa3aTCIIbHBIC TOXKACCTBA,

- CBOICTBA CTENEHEH C AeHCTBUTEIbHBIMH ITOKA3aTCIISIMU,

ymemby:

- BBIYHUCIIATH CTCIICHU C I[CflCTBPITGJ'IBHBIMH IIOKa3aTCIsIMU.

Ceéedenusn uz meopuu:

CBoiicTBa cTeneHel ¢ AEHCTBUTENBHBIM MTOKA3aTEIEM:
1. @¥=akk a>0, y, kEN, xEZ.
2. >0, a>0, XER (mrobas cTerneHp MoJ0KUTETLHOTO YHUCIIA TIOJIOKHUTEIIbHA).

3. a>1 nmpu a>1, x>0.
4. a*<1 npm a>1, x<0.




5. 1*=1 (mro0ast cTeneHp eMMHUIIBI paBHA €IUHHUIIE).

6. a*<1 mpu 0<a<l, x>0.

7. @>1 npu 0<a<l, x<0.

8. Ecin a>1, a#1, To is 1F000T0 MOJIOKUTEILHOTO YKcia b cymiecTByer
CIMHCTBCHHOEC JICHCTBUTEIILHOE YHCIIO X Takoe, uTo a*=b npu b>0.

9. JIto6ast moJI0KUTENIbHASI CTETIEHb HYJISI paBHA HYJIIO.

Tak e OpH YIIPOILEHNHN BBIPAKEHHUIL, COEPKAIIUX CTENEHH TI0b3YIOTCS
dopmynamu: a’=1, a#0; a""=¥a" , mEZ, nEN, n>2.

Ilpumep 13.

Pemute ypaBHEHHE: x° =11.

Pemienue:

T.K. CTEIIEHb YPAaBHEHUsS 5 — HEUETHOE YUCJI0, TO YPABHEHUE UMEET OJIUH KOPEHB:

x=¥11.

Ilpumep 14.

_ 2a°vic!
YHPOCTI/ITG. 3.5
6a’b™c
Pemenue:

HCTOJIb3Ysl CBOMCTBA CTETICHEH, UMEEM:

2a3b8C4 _ a.374l:)87(73)c475 _ aflbllcfl B bll

6a’b3c® 3 3 3ac’
Ilpumep 15.
Brraucanre: 5\/7 ~17 - %/7 +17 .
Pemenne:

UCIIOJIb3YsI CBOMCTBA CTENEHEH, UMEEM:

717 37417 =37 - A7 7+ VA7) =377 - (17)? =%49-17 =

—%/32=%/2° =2,
3adanus 011 camoCmoAmenabHO20 PeuleHus:
1 Bapuant 2 BapuaHT 3 BapuaHT
1) Beruucnure: 1) Boruucnure: 1) Boruucnure:
5\/7E W/ﬁ _‘i/Si . L3727 +sefo0081 + 1. | 25864 +107-0125 +8V1.
2 Vexs V16 2 2) Pents ypaBHeHue:
2) Pewuth ypaBHeHuE: 223 PemnTs ypaBHeHHe: | 4 46
x® =11 X" +24=0. 3) Yupocrure:
3) VipocTure: 3) Ynpocrure: . :
4 43+\/§'43_\/g. a- —a

+ a .
4o 3-a




4 papuaHT
1) Beruucnure:

g‘{/ﬁ +43/-1-93/0,008 .

2) Pemuth ypaBHEHUE:

S Bapuaur

1) Beruucnure:
2 3 2 2

273 —814 +643 —325,

2) Pemuth ypaBHEHUE:

6 Bapuanrt
1) Beraucnure:

1
16°7 1 4. (ijz .
25

1) Beruucnure:

2 1 0,5

g _3.[_] .
49

64x° =1.

3) Ympocrure:
3 3

(a*)a 2.

2) Pemuth ypaBHEHUE:

1) Beruncnure:

81°% + 4. (0,25)5

2) Peminth ypaBHEHUE:

x°+32=0.

3) Yopocrure:
3 1

XZXE

IS

X

4 —80. x® =-18. 2) Pemuth ypaBHEHHE:
3) Ynpocrure: 3) Ympocrute: 2x° ~128=0.
b+ 705 32-3-32+43. 3) Yupocrure:
T4+b% a-2a%b’ +b
a+b
7 BapMaHT 8 Bapuanr 9 BapuaHT

1) Beruucnure:
1

= 1
125% —5-(0,16)2.
2) Pemuth ypaBHEHHE:
x*+8=0.
3) Yupocrure:

‘{/6+@-4\/6—@.

I(oumpwzbubte eonpocuol:

1. HepeqncnI/ITe OCHOBHBIC ITOKA3aTCIIBHBIC TOXIACCTBA.

2. Hepe‘lI/ICHI/ITG CBOMCTBA CTCIICHEH C I[GﬁCTBPITGJIBHBIMH ITOKAa3aTCIIsIMU.

JIumepamypa: [15, c. 186-188]

IIpakTHuyeckoe 3ansiTue Ne 5
JlecATHYHBIC U HATYPAJbHbIE JOrapupMbI

Ilenv pabomur:
CMYOeHm OO0JIHCEH.
3HAMb:

- onpeneneHue jgorapudma
- CBOIcCTBa JOrapu(MoB;

ymemby:

- BBIYUCIITH JIOTapu(PMBbI 10 JIFOOOMY OCHOBAHHMIO.

Ceéedenus u3z meopuu:

JlorapugmomM urcia b mo oCHOBaHHUIO a Ha3bIBAETCS MMOKA3aTeNb CTENEHH (X), B

KOTOPYIO HY>KHO BO3BECTH OCHOBAHHE @, YTOOBI IMOJYyYUTh YUCIIO b, T.¢. |0gh=x —

a*=h.

[Tpu paboTe ¢ norapudpMamMu MPUMEHSIOTCS CIEIYIOLUIUE UX CBOWCTB,

BBITEKAIOIINE U3 CBOMCTB MOKa3aTEIbHON (DYHKIIUU:




1. a'°%P=p (rge b>0, a>0 u a#0) HA3BIBAIOT OCHOBHBIM 102APUDMULECKUM
MOoHCOeCmBEoM.

[Tpu mr060m a>0 (a£0) 1 TH0OBIX HOJOKUTEIIBHBIX X U ) BBITOJIHAIOTCS PaBCHCTBA!
2. 10g.1=0.

3. logaa=1.

4. Jlorapudm npousBecHUS paBeH cyMMe JiorapudmoB: 10gaxy=l10g.x+l0gay.

5. Jlorapugm gacTHOro paBeH pazHoctu jorapudmos: 10ga(x/y)=l0g.x-10gay.

6. Jlorapudm cTermeHu paBeH MPOU3BEICHHUIO TOKA3aTEIs CTEIEHU Ha JTOrapru(m
ocHoBaHus >Toii crenenu: log.x*=klogax.

OCHOBHBIE CBOWCTBA JIOTApU(HMOB IMIUPOKO MPUMEHSIOTCS B XOJIE MPEOOPa30OBaAHUS
BBIpKEHUH, conepkamux Jorapudmel. Cpeau HEX Gopmylia mepexoaa K HOBOMY
ocHoBaHu1o: log.x=logpx/logpa. Ita popmyia BepHa, ecim 00€ e YacTH UMCIOT
cMbich, T.e. mpu X>0, a>0 u a£0, b>0 u b#1).

[To mpaBuy JIorapuMUPOBAHUS CTETICHH U OCHOBHOMY JIOTapU(PMHUECKOMY
TOXKJIECTBY TOJTydaeM:

logpx=logp(a'®%), otkyna loguX=loga.x-logya. DTy popMyTy Tak ke MOKHO
WCTIOJIb30BAaTh JIJISl YIIPOIIIEHUS BBIPAKCHHIA.

C momotipio GopMyITBI IIEpexoa MOKHO HAUTH 3HaUCHUE JIoTaprudMa C
IIPOM3BOJILHBIM OCHOBAHUEM @, UMes TaOIHIIBI JIOrapu(MOB, COCTABICHHBIE JIJIS
KaKoTro-HUOY/Ib OHOTO OcHOBaHUs b. Hanbomnee ymoTpeOuTeIbHBI Ta0IUIIBI
JECATUYHBIX U HATYPAIbHBIX JOTapuPMOB (decamuynvimu Ha3bIBAIOT JIOTapru(Mbl
1o ocHoBauuio 10 u 0603HavaroT |9, a HamyparbrvIMu TOTapUPMaMH HA3BIBAIOT
Jorapu@Mbl IO OCHOBaHUIO e~2,72 u 0003HavaroT In).

Ilpumepl6.
Beruanciure 10go 37.
Pewenue:
BOCIIOJIb3yeMcs (OpMyIIOi Iepexo/ia K HOBOMY OCHOBAHHUIO U MEepenieM K
ocHoBaHuo 10:
log.x=logyx/logpa
logo 37=l0g107/10g9100,3=1g7/1g0,3.
[Tonb3ysiCh KaTbKYISTOPOM WIH CIICIIMATILHBIMU TaOJIMIIaMH, HATIpUMED, TaOIHIIeH
B.M. Bpanuca, Haxonum 3nadenue 1g7=0,8451.
Hcnonb3ys 5 u 3 cBoiicTBa JIorapu(MoB, BHIYUCISIEM
1g0,3=Ig(3/10)=Ig3-19g10=0,4771-1=-0,5229.
HWrak, logo37=0,8451/(-0,5229)=-1,6162.

Ilpumep 17.

Beruucnure: (1g72-1g9)/(1g28-1g7).

Pewenue:

UCIIOJIB3YsI 5 1 6 CBOMCTBA JIOTapru(PMOB, BHIYUCIISIEM
lg72-1g9=I1g(72/9)=1g8=1g23=3lg2;
1g28-1g7=1g(28/7)=lg4=1g2%=2Ig2.

HUrak,



(Ig72-1g9)/(1g28-197)=(31g2)/(2lg2)=3/2=1,5.

3aoanus 01 camocmosamenabHozo peuienun’

1 BapuanT
1) Beramcaute 109 25.
2) JlaHo:

2 BapuMaHT
1) Beruucnure logs 0,1.
2) Beraucnure:

3 BapuaHT
1) Beruucnure 10gosl.

2) Hano: log,2=m,

1) Beruucnure logg 74.
2) Boruncnure:
log , 144—1g1000+

12

1) Beruucnure 10gg29.
2) Beraucnure:

lgx=2Ig3+3ig 2.

g3=alg5=b. 1 lg 92 lg 8 Brruucnure: 0g 44 28
Beruncnute: 109 ;5 30 2 3. '
4 BapuaHT S BapuanT 6 BapuanT

1) Beruucnure 10go310.
2) Beraucnure:

log 5(3\/§ ++/2) +
+ Iog5(3\/§—\/§).

+ 77I0g7 9
7 BapMaHT 8 BapuanT 9 BapuaHT
1) Beruucnure 10go370. | 1) Beruucnure 10go320. | 1) Beruucnure 10go 330.
2) BBIYuCIInTh: g 27-1 |2) Boruucnure:
2log , (V3 +1)- 2) Boraneaure: S 207 | og (542 1)+
2
—Iogl(x/§+2) +Iog7(1+5x/§).
2

KOHmPOJle ble eonpocol:

1. Jatite onpeaencHue jgorapudma gucia.
2. Tlepeuncnute cBOMCTBA JTOTapH(MOB.

Jumepamypa: [5, c. 232-235]

IIpakTuyeckoe 3ansitue Ne 6

IIpeoOpasoBanue jiorapupMuuecKux BbIPpaKeHUH

Ilenv pabomur:
CMYOeHm OO0JIHCEH.
3HAMb:

- ompenereHue jorapupma Yncia;

- (opmynbl  OCHOBHOTO JIOTapU(PMHUYECKOTO TOXKIECTBA, Jorapupma
MPOU3BEJCHUS, YaCTHOTO, CTEMEHU, TMepexoa OT OJHON CHUCTEeMbI
jorapudMoB K IPYToi;

ymemb:
- BBIYUCIISITH 3HAYEHUS HECTIOKHBIX JTOTapU(DMUUECKUX BHIPAKCHHM.

Ceedenus u3z meopuu:



JlorapugmomM uncia b mo ocHOBaHUIO a Ha3bIBAETCS MMOKA3ATENb CTEIICHU (X), B
KOTOPYIO HY)KHO BO3BECTH OCHOBAHHE @, YTOOBI MOJYyYUTh YUCIIO b, T.¢. |0gah=X —
a*=b.

[Ipu pabore ¢ norapupmMamMu MPUMEHSIOTCS CIICAYIOIINE UX CBOWCTB,
BBITCKAIOIIUE U3 CBOMCTB MOKA3aTeIbHON (DYHKIIHUU:

1. a'°%"=p (rge b>0, a>0 u a#0) HA3BIBAIOT OCHOBHBIM J02APUDMULECKUM
MOoHCOeCmMBOM.

[Tpu mo6om a>0 (a£0) 1 TFOOBIX TOJOKUTEIIBHBIX X U ) BBITIOJHSAIOTCS PaBSHCTBA!
2. 10ga1=0.

3. l0gaa=1.

4. Jlorapudm mpousBeieHUs paBeH cyMMme JiorapudmoB: 10gaxy=10g.x+10g,y.

5. Jlorapudm gactHOTO paBeH pasHOCTH JT0rapuPMoB: 10ga(X/y)=10ga.x-10g,y.

6. Jlorapudm cTerneHu paBeH MPOU3BEICHHUIO TOKA3ATEINS CTEIICHU Ha JIOTapu(M
ocHoBaHus 3Toif crenenu: 10g.x*=klogax.

OCHOBHbBIE CBOWCTBA JIOTapU(HMOB IIUPOKO MIPUMEHSIOTCS B X0/IE MPEOOPa30BaHUS
BBIpKEHUH, coneprkaiux Jorapupmel. Cpeau HEX GopMylia iepexoaa K HOBOMY
ocHoBanuto: logax=logyx/logpa. Ota hopmyna BepHa, eciu 00e €€ YaCTH UMEIOT
cMbich, T.. mpu X>0, a>0 u a£0, b>0 u b#1).

[To mpaBuiy JIorapuMHUPOBAHHUS CTEIICHH U OCHOBHOMY JIOTapU(PMHUUCCKOMY
TOXKIECTBY IOJIy4aeM:

logpx=logs(a'*%), otkyna logpx=log.x-logsa. DTy GpopMyiy Tak ke MOKHO
UCIIOIb30BATh /IS YIPOINEHHUS BHIPAXKCHHUI.

Ilpumep 18.

Brruuciure, HCHOJB3Ys onpeaeaenne gorapudma uncia 109, 2/169 + I0g1131x/71.
Pemienue:

BBIYUCIIUM OTACIBHO KaXbIH JIorapudm:

log ., ¥/169 = x, log, ¥121 = x,
13* =3/169, 11* =3/121,
13* =3/13?, 11° = 3112,

g 2

13" =135, 117 =113,
2
X =—. X =—.
3

5
2 2 6+10 16 1
Bepuemcst B mpumep: 109,,3/169 +log,, Y121 = c + 3 =—=1

15 15 15,

Ilpumep 19.

3lg2-1
BelunciinTe, HCIOIB3Ysk OCHOBHOE Jorapudpmudeckoe Toxkaectso: 10 :
Pemienue:

HCIIOJIB3YyA CBOMCTBO CTCIICHU, PA3JIOKUM OJAHHOC BBIPAXKCHUEC HA MHOXHUTCIIN:



103|gZ—1 — 103|92 .10—1
Hcmonb3yst 6 CBOKWCTBO Jiorapudma CTENECH!, IMEEM:

103|gZ—1 :103|92 .10—1 :10|g23 ‘i.
10

Hcnonbe3ys OCHOBHOE JOrapu(PMHUECKOE TOXKIECTBO, UMEEM:

109521 —10%02 .10t =107 . L _p3. 1 _ 8 g
10 10 10
3aoanusn 0na camocmoameibHo20 peuleHus:
Beranciure:
1 Bapuant 2 BapuaHT 3 BapuaHT
1) log160,5; 1) loges(1/16); 1) log.8;
2) 100'9"*; 2) 5°°%2; 2) 36°°71°% 5
_ g4 3) 94 lg3+Ig27
3) lg64—1g8" ) lg16 —1g 8 3) lgo
4 BapuaHT S BapuanT 6 BapuanT
1) 10go.,0,08; 1) 1g0,01; 1) logs0,04;
2) 4.9;+|og7 2 . 2) 4'092 3+2log, ~/3 : 2) O’Ollgx@ :
’ 1-1g°3 log , 64
lg27-1 3) : ) —2—
3) 070 lg 30 log , 16
7 BapMaHT 8 BapuaHT 9 BapuaHT
1) log ;8; 1) Iog\/T27; 1) log, — -
2) 25'095 3-log,5 27 , 3 243"
3) 108+ 1g18 2) 100'95+1st0. 2) 1000 4019
2lg2+1g3° 3) log,16 3) logs8  log, 27
log, 4 log,16 log,9

Koumponwnwie eonpocoi:
1. [aiite onpeaeneHue jgorapudma vucia.
2. Tlepeuncnute cBOMCTBA JTOTapH(MOB.

Jumepamypa: [5, c. 232-235], [15, c. 196-197]

IIpakTuyeckoe 3ansitue Ne 7
IIpeoGpa3oBanue Noka3aTejbLHbIX BbIPAKEHH

Ilenv pabomer:
CMYOeHm OO0JIHCEH.
3HamMb.
- CBOMCTBA CTEICHEH;
- CcIocoObI pelIeHs MMOKa3aTeIbHBIX YPAaBHCHHIA;
yMems:



- pfuiaTth ypaBHCHUS, COACPKAIINUC IICPCMCHHYIO B ITOKA3aTCJIC CTCIICHU.

Ceedenun uz meopuu:

VYpaBHeHHeE, coepikaliee mepeMeHHYI0 B ITOKa3arese, Ha3bIBaeTCs
NOKA3AMEeNbHbIM.,

[Ipu peleHny NoKa3aTeabHbIX ypaBHeHui Buaa a®=a® (rne a>0, a#0)
HCToJb3yeTcs cienyomiee coifcto: (a®=ak®)—(f(x)=k(x)).
[TpeoGpa3oBaHue NOKA3aTeNLHOrO ypaBHeHH K BUy aW=a¥ primonuasercs
MHOTHMH criocobamu. PaccMoTpruM HEKOTOpPHIE CITOCOOBI.

Ilpumep 20.

Pemmre ypaBHEHHE: ¥ T2 _1
Pewenue:
110 ONpe/eICHHIO HYJIEBOTO MoKasartens crenenu: 1=2°, momyunm:

2x2—7x+12 _ 20
ITo ceoiicTy (a™®=a®)—(f(x)=k(X)), momy4aem 0ObIYHOE KBaAPATHOE ypaBHEHHE,
KOPHHU KOTOPOTO BBIYUCIISIEM Yepe3 JUCKPUMHUHAHT:

x?—7x+12=0,

X1:3, X2:4.

Ortser: 3, 4.

Ilpumep 21.

2x
1
P |l —— | =128,
CIIUTC ypaBHeHI/Ie (0’125 j

Penienue:
MpuBe/IeM 00€ YaCTH ypaBHEHUS K OCHOBAHUIO 2:

2x
1) s,
0125

1000\ _ 57
125 ’

82x — 27
(23)2x — 27’
2%% =27,

ITo cBoiicTBy (a™=ak®)—(f(x)=k(X)), moayuaem 6x=7 n x=7/6.
OtBert: 7/6.

Ilpumep 22.
Pemmre ypaBuenue: 2°° =57,
Pemenne:
paszienuB 00€e YacTU ypaBHEHHS HA OJHO U TO XK€ YUCIIO0 52, momydnM:



Ortser: 2.

Ilpumep 23.

5x72 5x72 !

x-2
2,
5%

Perute ypaBHeHne: 2°° —2° =112,

Penienue:

BBIHECEM OOITUI MHOXHUTEIb 2* 32 CKOOKY, ITOJTYUUM:

OtBer: 4.

278 27 =112,
27(2° 1) =112,
2" -7=112,

2" =11217,

2" =16,

2" =24,

x =4,

3aoanus 01 CAMOCMOAMENbHO20 PEULEHUA:

Pemnre ypaBHeHUS:

2) 472 -17-2"* +1=0.

2) 057 =1.

1 BapuaHT 2 BapuaHT 3 BapuaHT
1) 1)" 1) 23x:5x; 1) 3x:7x/2;
1 _ | = . x+ x _
)(:J (4j : 2) s g 2) 3" 43" =108.
2) 27 X 32(x+1) _3x+2 — 2 . (_1 x+1
=4 2_3 2
4 Bagna?T S BapuanT 6 Ba];,):_’I/IaHT
x-3—"3-x. x-3 X-O— .
g T )52 =7"% 3 g 01 w8/t’1—1o-x
7 . 3x+1 _ 5x+2 — 16 . 3x+1 _ 5x+3 2) 52x+1 =5"4+4. ' T .
7 BapuaHT 8 BapuanT 9 BapuaHT
x-1 3x-7 7x-3 2
i 2 3 7 x“=5x-11 __ .
2 — x“-1. 1 ~ —| ’ 1) 1,8 - 5,832,
ot 2 (2 -(1)

2) 1000%/0,1=100".




Koumponwvnwie éonpocut:

1. Yto Ha3bIBaeTCA MOKa3aTEIbHBIM YpaBHEHUEM ?

2. 3anuinTe CBOMCTBO, KOTOPOE UCIOJIb3YIOT MPU PEIICHUH MOKa3aTeIbHBIX
YPaBHCHUU.

Jumepamypa: [4, c.62-63]

IIpakTHyeckoe 3ansaTHe Ne 8
IIpeoOpa3oBanue JorapupMu4ecKuX BbIpaKeHU

Ilenv padomuwr:
CMYy0eHm OO0JIHCEH:
3HaAMb:
- ompeneneHue jgorapudma;
- CBOWMCTBa JIOTapu(MOB;
ymemy:
- peuiaTh ypaBHEHUsI, COJIEprKalliie IEPEMEHHYIO MO 3HAKOM Jiorapudma.

Ceedenus u3z meopuu:

VYpaBHeHue, coueprkaliee NepeMeHHY0 o/ 3HaKoM Jiorapudma Wik B OCHOBaHUU
norapudma, Ha3bIBACTCS 102aAPUPMULECKUM.

PaccmoTpum nipocreiiiiee orapudmudeckoe ypaBaeHnue: 10gax=b.
Jlorapudmuueckas GpyHkIusa Bo3pacTtaeT (Win yobiBaeT) Ha npomexyTke (0; +oo) u
MPUHUMAET Ha 3TOM IPOMEKYTKE BCE JEHCTBUTEIHLHBIC 3HAUCHHUS.

Teopema o xopHae: ycth pyHknus f Bo3pacraer (yObiBaeT) Ha mpoMexxyTke |,
YHCII0 a — Ar000¢e U3 3HAYCHHH, TpuHIUMaeMbIX f Ha 3ToM npomexyTke. Torna
ypaBHeHue f(X)=a umeeT eTMHCTBEHHBIN KOPEHb B MPOMEXYTKE |.

[To BhIlIECKA3aHHON TEOpEME CIICAYET, UTO JUIst Tro0oro b nanHoe ypaBHeHHE
UMEET, ¥ IIPUTOM TOJILKO OJIHO, PEIICHUE.

U3 onpesienenus gorapudma dncia cieayer, 4TO TAKUM YHUCIIOM SBisieTcs al.

Ilpumep 24.

Pemure ypasuenue: 10gy(x?+4x+3)=3.

Pemenue:

JaHHOMY yPAaBHEHMIO YOBJIETBOPSIOT T€ 3HAYEHMS X, JJIsl KOTOPBIX BHINOIHEHO
paBeHCTBO: x2+4x+3=23,

[TonyuaeM 0OBIMHOE KBAJPAaTHOE ypaBHEHHE x°+4x+3=8 umu x*+4x-5=0, kopHH
KOTOPOTO BBIYUCIISIEM C TTIOMOIIBI0 TUCKPUMUHAHTA: X1=1; x2=-5.

Ilpumep 25.

Pemmre ypaBuenue: 10gs(2x+3)=logs(x+1).

Pemenue:

JTAHHOE YpaBHEHUE OMPEIETICHO VIS T€X 3HAYCHUMN X, TTPU KOTOPBIX BHITIOJHEHBI
HepaBeHcTBa: 2x+3>0 u x+1>0 (310 cnenyeT U3 onpeaeaeHus Jorapudma).



Jl5is 3TUX X JaHHOE ypaBHEHHE PaBHOCUIBHO YpaBHEHUIO: 2x+3=x+1, U3 KOTOPOTO
HaXOIUM x=-2.

BrimonHss npoBepky, yoexxaaeMcs, 4To x=-2 He yJ0BJIECTBOPSET HEPABCHCTBY
x+1>0. CrnegoBaTenbHO, JaHHOE ypaBHEHHE KOPHEI HE NMeeT.

Ilpumep 26.

Pemmure ypasHenue: 10gZsx-logsx?-3=0.

Pemenue:

JaHHOE ypaBHEHHUE, BOCITOJIb30BABIIMCH CBOMCTBOM CTEIICHH Joraprudma, MOKHO
nepenucats B Buge: (10gsx)?-2logsx-3=0.

CnemaeM 3aMeHy niepeMenHol: t=10gsx, Tora Hame ypaBHCHHE TIEPEITHIIETCS B
Buje: t?-2t-3=0, KOPHH KOTOPOTO BBIUUCIUM Yepe3 TUCKpUMHUHAHT: 11=3, t,=-1.
BepHemcs k ucxoanoi nepemennoii: 10gsx=3 wm logsx=-1.

Hcnonb3ys onpesenenue Jorapudma noayyaeM KOpHU UCXOJHOTO YPaBHEHUS:
x1=5°=125, x,=5"=1/5=0,2.

3aoanusn 014 cCAamMoCmMOAMENbHO20 PEUIEHUA:
Pemure ypaBHeHue:

1 BapuanT 2 BapuaHT 3 BapuaHT
1) log,(5x+6)=0; 1 ng_—5:2_ 1) log,x+log, 3=25;
2) lg(x-9)+ X — ’ 2) 4lg° x-2=1Ig x?,
+2lgv2x-1=2. 2) lg(2x) +lg(x +3) =

=lg(12x — 4).
4 BapuaHT S BapuaHT 6 BapuaHT

1) Iogl(7x+ij:2; 1) |09;(5—|0gsx):—2; 1) loga(2x-1)=4;
s 2) 1+log,(3x +1) =
2
2) 4lg*x+lgx'2=0. | 2)09:(X=VXT=18) ==L | jog, (x2 )
2

7 BapuaHT 8 BapuanT 9 BapuaHT

1) logs(x-12)=2; 1) logx16-logx2=1/2; 1) logs(x+8)=-2;

2) log,(4—x)+ 2) Lig(x2 +2%) = 2) lg(x-3)+

+log ,(1-2x) = 2log, 3. 2 +lg(x—2)=1-1Ig5.

=lgVx+2.

Konmponwvnwvie sonpocwi:

1. Yro HazpiBaeTcs JorapupMUYECKUM yYpaBHEHUEM?

2. llepeuncaute ciocoObl peuieHUs] ypaBHEHUH, COIepKAIIUX TEPEMEHHYIO
0] 3HaKOM Jiorapu(Ma uiv B OCHOBAHUU Jiorapudma.

Jumepamypa: [4, c. 66-68]

IIpakTHueckoe 3ansaTue Ne 9
IIpeoOpa3zoBaHue BbIpaKeHUil



I]env pabomor:
CMYOeHm OO0JIHCEH.
3HaMb!

- MpaBuia MpeoOpa3oBaHUs PAMOHAIBHBIX, HPPALIMOHAIBHBIX, CTEIIEHHBIX
BBIPAKCHUH;

ymems:

- BBIIOJHATH  NPeoOpa3OBaHMs  pPAUMOHAIBHBIX,  HPPALHOHAIBHBIX,
CTEIICHHBIX BBIPAKCHUMU.

Ceedenus u3z meopuu:

IIpeobpazosanue ancebpauneckux avipaxcenuil, UCTIONb3Ys MPUBEICHUE TPo0ei K
o0mieMy 3HaMeHaTeN 0, (POPMYJIIBI COKPAITICHHOTO YMHOXKEHHUSI.

Dopmyivl COKPAUWEHHO20 YMHONCEHUSL:

a’-b*=(a-bja+b).
(a+b)’ =a? +2ab +b?.
(a+b)’ =a® +3a’b + 3ab? b
a®+b’ =(a+b)a’ Fab+b?)
e a, b, ¢ — mo0ble NeHCTBUTENBHBIE YHCIA;
ax® +bx+c=a(x—x, x—x,)

2
rie a#0, x1 ¥ x; — KopHH ypasHerus X~ +bX+C=0

OcHogHoe ceoilicmeo 0poou u Oelcmaust Hao OpodAMU
a-c a a:c

b-c b bic, rxeb#0, c20:

ITpumep 27.
3 13
Ympocrure: (aa+b j+<a2_bz)+ 2b ab

+h a+b a’-b*
Pewenue:
pelaeM 1o AeicTBusaM: 1) nenenue; 2) cioxeHue; 3) BelYUTaHuUE.



1) Ucnonb3ys (popMyIibl COKPAIEHHOTO YMHOKEHHS PA3HOCTH KBAPATOB:
a’ —b* =(a—b)(a+b), cymmsl ky6oB a° +b® = (a+b)(a® —ab+b?), momyunm:

(a%b?’}(az_bz):(a+b)(a2—ab+b2)_ 1 _(a®—ab+b*)
a+b a+b (a-b)(a+b) (a-b)(a+b)’
2) st CIIOKCHUS TIPUBEICM z[p0614 K 06meMy 3sHamenaresio (a—b)(a+b):
(a® ab+b) a’—ab+b®+2b(a—b)
(a—b)(a+b) a+b (a—b)(a+b) -
_a’-ab+b®+2ab-2b* _a’ +ab b?
(a—b)(a+b) —b?

3) BpInoaHUM BEIUMTAHHUE I[p06€f/i C OJMHAKOBBIMH 3HAMCHATCIIAIMH
a’+ab-b* ab a’*+ab-b*-ab a’-b?

a’_b2  a’_b2 a’ _p2 T2 _p? =1

IIpeobpazosanue svipasiceruli, cO0EpAHCAUUX PAOUKATbL

Y1661 0CBOOOIUTHCS OT UPPAIOHATHFHOCTH B 3HAMEHATeNIe HEOOXOMMO U
YUCJTUTENb U 3HAMEHATEINb IPOOH TOMHOKUTH Ha OJTHO M TO YK€ YHCIIO,
COTPSHKEHHOE K 3HAMEHATEIIO.

Ilpumep 28.

J2

OCBO60,Z[HT€CI> OoT I/IppaHHOHaJIBHOCTI/I B 3HAMCHATCJIC: \/— .
3+ J_

Penienue:
9TOOBI OCBOOOIUTHCS OT MPPALIMOHAIBHOCTH B 3HAMEHATeJe He0OX0IMMO 1
YUCIUTEb U 3HAMEHATEIb IPOOU IIOMHOXKUTH HAa OJTHO M TO K€ YHCIIO,

COIIPS’KCHHOC K 3HAMCHATCIIIO!: (\/§ - \/_) TOTJa IIOJIYUHUM:

J2 V2(\3-5) J6 -10 J_J__J_J_
x/§+x/§(3+\/_xx/_x/_ (J_)z (\/_)2 -2

Pewenue uppayuonanvrvix ypagrnenuu
HaunGosee yacTo nCnonb3yeMbIM MPU PELICHUH UPPAMOHAIBHBIX YPaBHEHUN
CIOCOOOB SIBJSIETCS BO3BEACHHE 00EUX YacTel ypaBHEHHs B KBaAparT.

Ilpumep 29.
Pemure ypaBHeHue: vx—3=x-9.
Pewenue:

BO3BeJIeM 00€ YacTH ypaBHEHUs B KBaJpat, PU 3TOM B yPaBHEHUU MOSBSITCS
MIOCTOPOHHHUE KOPHH, TOATOMY MPOBEPKA MPH PEIICHUH HUPPALUOHATBHBIX
ypaBHEHUH o0s3aTenbHa:



( x—3)2 =(x—9)2;
x—3=x%-18x+81;
x*-18x+81-x+3=0;

x> -19x+84 =0.
[Tonyunnock 00bIYHOE KBAJPATHOE YPAaBHEHUE, KOPHU KOTOPOTO BBHIYUCIISIEM Yepes

JTUCKPUMUHAHT: X1=12, x,=7.

Breimonaum IIPOBCPKY, AJIAA 3TOIr'0 MIOACTABHUM B HAILIC UCXOAHOC YPABHCHHUC

MMOJYYHMBIINCCA KOPHU:

Vv12 -3=12-9;

X1=12:
3 =23 (sepno).
NT-3=7-9;
xo=T.

Otser: 12.

2=-2 (e sepho).

3aoanus 011 camoCmoAmenabHO20 PeUleHUs:

1 Bapuant
Nel. Yopocrure:

No2. OcBoOoauTECH OT

ERCH
NEEN

Ne3. Pemmre uppanmonansHoe
ypaBHEHHE: Jx=x-6.

4mn m n 2mn
m+n-— - - -— >
m+n m+n h—-m m°—n

HPPATMOHAJIBHOCTHA B 3HAMCHATEJIC.

)

2 BapuaHT
Nel. Ympocrure:

( x 8 j x2—2x+x+8
x2—4 x%*+2x 4—x X+2

No2. OcBobOoaurecs OT
UPPAHOHATHFHOCTH B

23
3HAMCHATee. —— —.
V57
No3. Pemmre nppannonaibHoe

ypaBHEHHE: Jx—5=+3—-x.

3 BapuaHT
Nel. Ympocrure:

No2. OcBoOoauTECH OT

R

22 -7

No3. Pemmre nppauroHaibHOE
YpaBHEHUE:! Jx+2=x-4.

3 2 1 . 4y°
2x—y 2x+y 2x-5y) 4x*—y?

HppalMOHAJILHOCTH B 3HAMCHATCIIC.

4 papuaHT

Nel. Ynpocrure:

3a*+3ab+3b® 2a*-2b’
4a+4b 9a®-9b®’

Ne2. OcBoboauTecs OT

UpPaIMOHATIBLHOCTH B

ﬁ
3HaMeHaTele. m .
No3. Pemmmre nppannoHaibHOe

ypaBHeHue: Vx° —12 = Jx.

5 BapUaHT

Nel. Yopocrure:

2x_(zx—s_ x+1 x2+3J x*+1
Xx+1 2-2x 2x*-2

X2 —x

6 BapuaHT
Nel. Ynpocrure:

X3_8+2x' 1 x-1
X—2 (4—x2) 2-x




Ne2. OcBoboaurecs OT
UPpAlMOHATBLHOCTH B 3HAMEHATEJIE!

J3-42
\/E .
Ne3. Pemmre uppanmonanbHoe

ypaBHEHHE:! Jx=x-2,

No2. OcBoboaurecs OT
UPpalMOHAIBLHOCTH B

5
3HaMEHaTeIIe: Tﬁ
Ne3. Pemure upparnmonaibHoe

ypaBHCHHE! Jx+1++/x+3=0.

/ BapuaHT
Nel. Yopocrure:
( 3 4 2a j 2a+1 a-12
+ + : — :
a-3 a*-5a+6 a-2) 3 3(3-a)

No2. OcBoboaurecs OT
HUPPAIMOHAILHOCTH B 3HAMCHATEIC:

5
BT

Ne3. Pemmmre nppanmonansHoe

ypaBHEHUE:! V1-x++1+x =1,

8 BapuaHT
Nel. Ynpocrure:

x2 9-x* 27+x° x?
= + +| 3+ :
3+x x*=-3x 3—x 3—x
No2. OcBoboaurecs OT
VPPALMOHAIBHOCTH B
J5-3

\/7 .

No3. Pemmre nppannonaibHoe

3HAaMCHATECIIC.

ypaBHCHHE! V2x-1-/x-1=1.

9 BapuaHT
Nel. Ynpocrure:

( 1 2c 1 )
2 + 2 + 2
c“+3c+2 c¢“+4c+3 " +5c+6

* (c—3) +12¢

No2. OcBobGoaUTECH OT UPPALIMOHAIBHOCTH B 3HAMEHATEJE:! ﬁ—m

Ne3. Pemnre nppannoHaibHOE ypaBHEHUE! Jx—-1++2x-1=5.

2
1

Konmponwsnwvie eéonpocwi:
1. Kakue dopmymsl
anredpandecKuX BhIpaKCHU?

MOXXHO

HCIIOJIB30BaTh

npu  npeodpa3oBaHUU

2. Kak M0OXHO 0CBOOOUTHCS OT UPPAITMOHAILHOCTH B 3HaMeHaresne?
3. ChopmynupyiiTe mpaBuia peiieHus UPPAMOHATBHBIX YPaBHEHUH.

Jumepamypa: [5, c. 281-283]
IMpakTuyeckoe 3ansitue Ne 10
IMapanieJbHOCTH NPSAMOM M MJIOCKOCTH

Ilenv pabomur:
CMYOeHm OO0JIHCEH.
3HAMb:

- IPU3HAKYU NApaJUIETIbHOCTH NMPSAMON U MIIOCKOCTH;

- MPU3HAKU NaPaLIeIbHOCTH IIOCKOCTEH;

- IPU3HAKYU NapaJUIEIbHOCTHU NPSMBIX B IPOCTPAHCTBE;

ymemb:



- CTPOMUTD AapaJICIAbHBIC IIPSAMBIC, IIJIOCKOCTHU B ITPOCTPAHCTBC.

Ceedenusn uz meopuu:

Ipusnaxu napannenrbHocmu NPAMOoU U nJIOCKOCMU

1) Ecnu npsimMasi, Jiexkaliasi BHE TNIOCKOCTH, MapajuieibHa KaKOH-TH00 MPsSMOH,
JIeXallen B 3TOM MIOCKOCTH, TO OHA MapaJiiesibHa 3TOM MIOCKOCTH.

2) Ecau nipsiMast ¥ TJI0CKOCTh MEPIICHINKY/ISIPHBI OJTHOM U TOH K€ TPSAMOM, TO OHU
napaJijiebHBbI.

Ilpuznaxu napannenvrHocmu niockocmer

1) Ecim nBe mepecekaronuecs npsMble 0THOW TUIOCKOCTH COOTBETCTBEHHO
MapaJICIbHBI IBYM MEPECEKAIOMMUMCS MPSIMBIM JIPYTOM MIIIOCKOCTH, TO 3TH
IIJIOCKOCTY MapaJIIeJIbHBI.

2) Eciu Be MII0CKOCTH HEPIICHANKYIIAPHBI OJHOM U TOM e MPSAMOI, TO OHU
[apaljICIIbHBbL.

Tpusnaxu napannenrbHOCmMu NPAMbIX 8 NPOCMPAHCMEE

1) Eciiu aBe nipsiIMbIe MEPIIEHAMKYIISIPHBI OJTHOW U TOH JKe IMJIOCKOCTH, TO OHU
napaijieybHbI.

2) Eciu B 0JTHOM M3 NIEPECEKAIONIMXCS MJIOCKOCTEH JISKHUT MpsIMasi, ITapaijiebHas
JPYTroH IMIIOCKOCTH, TO OHA MapajlielbHa JUHUH IePEeCeUEHUs IIOCKOCTEN.

Ilapannenvuvie npsamole
Bo3pmém, Hampumep, ase Takue npsmble AB u DE, u3 KOTOpPBIX OJHA
IIEPECEKACT HEKOTOPYIO IUIOCKOCTh P, a npyras JIEKUT HA HEH, HO HE IPOXOJIUT

yepes Touky (C) nepeceueHus NepBoil IpsiMOH U TII0CKOCTH P.
A

B

Pucynok 33. Henepecekaronuecs npsiMbie

Uepe3 Takue ABE MOPSIMBIE HEJIB3Sl MPOBECTH IJIOCKOCThb, MOTOMY 4YTO B
MPOTUBHOM CjIydae d4epe3 IpsaMyro W Touky C TpoXodwiu Obl JIBE pa3IMYHbBIC
IJIOCKOCTH: OJIHa P, mepecekaronias npsmyro 4B, u apyras, cojaepsxanias €€, a 3To
HEBO3MOXKHO.

JIBe npsimMble, HE JeXKalue B OJHOM MIIOCKOCTH, KOHEYHO, HE MIEPECEKAOTCH,
CKOJIbKO OBbI MX HH MPOJI0JDKAIIN; OJTHAKO UX HE HA3bIBAIOT MapajlIeIbHBIMH.

/IBe mpssMble, HE JeXkamme B OJHOW  IUIOCKOCTH, Ha3bIBAKOTCS
CKpewuBarouuMuUcs.

IIpamas u niockocmo napannenvrvle mexcoy cooou



IInockocth u IpsaMas, HC JIC)Kallasd B ATOM IINTOCKOCTH, HAa3bIBAIOTCA
napaui€JibHbBIMH, €CJIM OHHU HC ICPECCKAIOTCS, CKOJIbKO ObI UX HH IMPpOaO0JIZKAJIN.

Ecnmu  mpsmas  (4B) mapauienbHa —KakoW-HuOyap —mpsmoi  (CD),
pacIoioxeHHol B miIockoctH (P), TO OHA HapauiejbHa CaMOM TTOCKOCTH.

Ecnu mockocts (R) mpoxoaut yepes npsmyio (AB), mapaienbHyIo Ipyron
wiockoctd (P), W TepecekaeT 3Ty IUIOCKOCTh, TO JUHHS mepecedeHus (CD)
napajuiesbHa mepBoit npsmoit (4B).

Pucynox 34. [IpsiMas 1 MI0CKOCTh MapajuieNIbHbIE MEXIY cOO0M

Ecmu mpsimas (4B) mapaienbHa KaXIOW W3 JBYX IEPECEKAIONIMXCS
wiockocter (P u Q), To oHa mapajuiesbHa JIMHUY uX nepeceucHus (CD).

c P
A
M Q
--""'-.-—-
b B

Pucynok 35. [1apamienbHOCTh IPSIMOM JIMHUU NIEPECEUEHNUS TUIOCKOCTEM

Ecnu nBe npsimbie (AB 1 CD) mapanienbHbl TpeThel npsimoit (EF), To oHH

napajuielIbHbl MEXKYy COOOM.
A c

N

AN
Pucynok 36. [lapamienbHOCTb TpeX MPSIMBIX

IlapannenvHovle nnockocmu

JIBE TUIOCKOCTH HA3bIBAIOTCS NApAleibHbIMU, €CIA OHU HE MepeceKaroTcs,
CKOJIBKO OBl MX HU TIPOIOJIKAIIH.

Ecmu nBe mepecekaromuecs npsmbie (4B u AC) omnoit miockoctu (P)
COOTBETCTBEHHO TMapajuielbHbl JBYyM TnpsMbiM  (41B1 u  A1Ci) apyroi
mwiockocTr(Q), To 3TH MIOCKOCTH HapasuieiabHbl. [Ipsmbie AB 1 AC napamieabHbl
mrockocTH Q.



(LT
[T

Pucynoxk 37. [TapannenbHble IIOCKOCTH

3aoanus 0na camocmoameibHo20 peuleHus:

Pemure cnenyromme 3amauv  (BBIIOJHHUTH YEPTEX, JaTh MOAPOOHBIE
MOSICHEHUS ):

1) Cropona AC tpeyronabHuka ABC mapaienbHa IJIOCKOCTH @, a CTOPOHBI
AB n BC nepecekarorca ¢ 3Toil mIockocTeio B Toukax M u N. [Jokaxure, 4to
TpeyroibHuku ABC n MBN 1mog00HEI.

2) CKOJIbKO CYIIECTBYET IUIOCKOCTEH, MPOXOISAIINX Yepe3 JaHHBIC MPSIMYIO
Y TOYKY B ITIPOCTPAHCTBE?

3) B npocrpanctBe maHel mpsMas & U Touka M. CKOJNBKO CyIIecTByeT
MPSMBIX, TPOXOAIIUX Yyepe3 M u mapauienbHbIX IpsMoit a?

4) Jlaubl IOCKOCTh M Touka M BHe IIOCKOCTH. CKOJBKO CYIIECTBYET
HPSIMBIX, IPOXOAUINX Yepe3 M 1 mapasuieabHbIX MIIOCKOCTU?

5) B mpocrtpaHCTBe AaHBI JBe mMapajuielbHble mpsimble @ U Db. Ckoibko
CYILLECTBYET IJIOCKOCTEH, MPOXOALIMX Yepe3 NPSIMYIO a U MapajuieIbHbIX MPSIMON
b?

6) Jlanel nBe ckpemmBatonrecs npsmbie a U b. Ckonabko cymiecTByer map
napajiebHbIX IUIOCKOCTEH, OHA M3 KOTOPBIX NPOXOJIUT uUepe3 a, a Apyras —
gepes b?

7) B mpocTpaHCTBE aHBI IBE MepeceKaromirecs npsamoie a, b u He nexarnias
Ha HUX Touka M. CKOJIBKO CyIIECTBYeT IJIOCKOCTEH, mpoxoisammx uepes M u
napajuie/IbHBIX MPsMbIM a 1 b?

Konmponwvuwie éonpocwi:
1. CdopmynupyiiTe TpU3HAKU MApAIICTLHOCTH IPSAMOMN U TIJIOCKOCTH.
2. CdopmynupyiiTe mpu3HaAKU MapasieTbHOCTH TIOCKOCTEH.
3. CdopmynupyiiTe Npu3HAKU MAPATIIETLHOCTH MPSAMBIX B IPOCTPAHCTBE.

Jumepamypa: [10, §15, c. 138-143]

IIpakTueckoe 3ansiTue Ne 11
IlepneHauKYJISIpP M HAKJIOHHAS

Lenu: ChopmupoBaTh YMEHHUS:
* BOCTIPOM3BOJIUTH COJICPKAHUE U3YICHHBIX TIOHATHIA,

* HaXOAUTb HAa3BAHHBIC TCOMCTPHYCCKUC 00BEKTHI Ha PUCYHKC,



BBITIOJIHATh PHUCYHOK C HM300paX€HHWEM Ha3BAaHHBIX OOBEKTOB MO JaHHBIM
OITMCAHUEM,

OPUMEHATH (HOPMYJIHUPOBKUA CBOMCTB MEPHEHIUKYISIPOB, HAKIOHHBIX U
IIPOEKLIMM T pELICHUs 3a1a4.

Teopemuueckuti oman.
HaxkJ10HHOM, ITPOBEICHHON U3 TAHHOW TOYKH K JTAHHOW IIJIOCKOCTH, HA3bIBAETCS

JTI000H OTPC30K, COCI[I/IHHIOHII/Iﬁ HaHYIO TOYKY C TOYKOU IINTTIOCKOCTH,
HC HBHHNMHﬁCH MCPHICHAUKYIIIPOM K IINIOCKOCTH.

4 Konen otpeska, Jie:xaui B IIIOCKOCTH,
\ HA3bIBAECTCSI OCHOBAHMEM HAKJIOHHOM.

\B / AB - HakOHHAS.
o B - ocHOBaHME HAKJIOHHOM.

IHepnieHAMKYJISIPOM, TPOBEICHHBIM M3 JaHHOW TOYKH K IAHHOM IUIOCKOCTH,
Ha3bIBACTCA OTPE30K, COCTUHSIOMNN TaHHYIO TOUKY C TOYKOW INTIOCKOCTH U
JIeXKALIUHN Ha NPSIMOU, NIEPIIEHAUKYJIAPHON IIJIOCKOCTH.

KoHern 3Toro orpeska, Jexaiiuii B INIOCKOCTH, HA3bIBAE€TCS OCHOBAHHEM
A nepneHIuKYyJIsipa.

AC - nmepneHauKYIISp.

1 4
& B / C - ocHOBaHME MEPICHANKYIIApA.

/X

PaccrosiHueM oT TOUKHU J0 IINIOCKOCTH
HA3bIBACTCA JJIMHA NEPIHCHAUKYJIAPA, ITPOBCICHHOI'O U3 9TOM TOYKHU K
IITOCKOCTH.

OTpe30K, COeINHSIOMNN OCHOBAHUS NTEPIICHINKYJIAPA U HAKJIOHHOM,
MPOBEICHHBIX U3 OJTHOW U TOM K€ TOUKH,

A HA3bIBACTCS MPOEKUHel HAKJIOHHOM.

CB - npoernus HakioHHO AB Ha MI0CKOCTH 0.

/ S / Tpeyronbauk ABC npsMoyroiabHBIH.
(0 YriaoM Mexay HAaKJIOHHOM U TIJIOCKOCTBIO

Ha3bIBAETCS YrOJl MEXKy 3TOM HAKJIOHHOM U €€
IIPOEKIMEN Ha TIIIOCKOCT.

CBA - yron mexy HakIoHHOU AB 1 TUIOCKOCTBIO 0.
A Eciim ADAB, To DCBC

Ecnu U3 naHHOM TOYKM K JAaHHOM IIOCKOCTH
MIPOBECTH HECKOJIbKO HAKJIOHHBIX, TO OOJIBIIICH
HAKJIOHHOW COOTBETCTBYET OOJIbIIIas MPOESKIIUS.

X

DAB - yros Mexay HaKJIOHHbBIMU



DCB - yron Mexay npoeKIHUsIMA HaKJIOHHBIX
OTtpe3ok DB - paccrosinrie Mexa1y OCHOBAaHHSIMU HAKJIOHHBIX.

[IprMeHeHne 3HaHUM TIPU PEILIEHUH TUITOBBIX 3aJaHHM.

3amaua Ne 1

B AABC AB=BC=10cm, AC=12 cm.

Yepes Touky B K MI10CKOCTH TpeyroiabHUKa MPOBEAECH neprneHauKyisp BD nnunon
15 em.

a) Ykaxute npoekuuto ADBC na miockocts ABC.

0) Haiinute paccrosinue ot Touku D no npsmoit AC.

Haiitu: a) npoekunio ADBC na (ABC), 0) paccrosinue ot Touku D no AC.

D

Puc. 2 C
Hano: AABC, AB=BC=10cm, AC=12cm, DB 1 (ABC), DB = 15 cm (puc. 2).
Haiiru:
a) Ykaxwute npoekiuio ADBC na mnockocts ABC.
0) Haiinute paccrosuue ot Touku D no npsmoit AC.
Pemennue:
a) 1. Tak kak DB L (ABC) no ycnoBwuro, To mpoekiueit otpeska DB sBisiercs
tTouka B, mpoekiueit Haknonnou DC sBisiercst orpe3ok BC.
2. IMpoexumeit ADBC na (ABC) sBnsiercs otpezok BC.
0) 1. Paccrosnaue ot Touku D 1o npsmoit AC-3To AjivHa neprneHanKyspa.
2. Tak kak B ADBC 2B =90° u 8 ADBA 4B = 90°, xater DB 06mmuii, BA = BC
no yciosuto, To ADBC = ADBA no nBym kareram. 3naunt, DA = DC.
BreiBo: Eciii mpoekiiny HaKJIOHHBIX PaBHBI, TO M CAMH HAKJIOHHBIE PaBHBI U
Hao00OPOT.
3. ACDA - paBHOOEIpEHHBIN.
4. DK - BeicoTa, MmeuaHna u 6uccektprca B ACDA. 3nauurt, qnuHa otpeska DK -
3TO pacctosiHue ot Touku D no AC.

5. ADBK, 2B =90°, DK =vD8* + BK” .
6. Uto mb1 3HaeM 0 AABC? (OH paBHOOEAPEHHBIN, U Mbl 3Ha€M JIJIMHBI €70
cTopoH.) [IpMeHHM TeopeMy KOCHHYCOB, £B =P. AC’ = AB* + BC? -2 -

AB - BC - cos B; 144 = 200 - 200 - cos B; cosB-ziosd, cosP=0,28.

7. BK siBnsieTcst KaTeToM B OJJHOM U3 paBHBIX TpeyroabHukoB BKA n BKC.

KBA=E; =1AC,KA=66M;
Paccmorpum ABKA, 2K =90°, 2 2
B BK 2 B l*OOSB 2 1,28 2 B B B
S e - N e = =1(),64, —= _ | - -
7 i T R L T 057 = 08 wumcosZ =08,



kak B AAKB, 2K =90°, 2B - octpsrii, To COS 2B > 0.

cosE =0,8. 0.8 =£, BK =8 cm.
3Haunr, 2 10

g, DK=v15"+8" =V225+64 =289 =17(c%). (Orger: a) BC; 6) 17 cm.)
CamocrosiTesibHas padoTa

Bapuanrl
3aganmue 1
UYepes BEPLINHBI C u D napannenorpamma ABCD npoBeieHbI
napamensHele  npsimble CCiu DDy, npuuem DD LAD. Kak pacnosioxeHsl
npsimpie CCq u BC?
3aganue 2
ABCDA;B1C1D; — npsamoyronbhbeiii napamienenumnen, rae ABCD kBaapar
co ctoponoit 4cm, CCy =5 cm. Halinure: nimuny nuaronanu BiD.
3aganme 3
N3 ToukM A K IUIOCKOCTH O IpoBeA€H nepneHaukyisip AO u 1Be
HakioHHble AB u AC. Haitgute nnuny nHakimoHHod AC, ecnmu AB=13 cMm u
MIPOEKIINM 3TUX HAKIOHHBIX paBHbI: BO=12¢cM, CO=9cmMm.
3ananue 4
N3 Toukn A K TaHHOM IUIOCKOCTH O MPOBEIECHBI nepneHauKkysip AO u nBe
HakiaoHHble AB u AC ,CO= 4cm, LABO = 30°, LZACO = 60°, a yron Mexmay
HaxJOHHBIMH 90°. HaiiTu paccTosiHue Mekly OCHOBAaHHUSIMU HAKJIOHHBIX.
3apanue S
N3 Toukn A K IIOCKOCTH NpoBeir nepneHAuKyiassp AO U Be€ HAKIOHHBIE
AB n AC. OgHa 13 HaKJIOHHBIX Ha 7 CM MEHBIIE IPYroM, a UX NPOEKINHA PAaBHBI
Scm u 16 em. Haiinure nimnay neprienaukyisipa AO.

Bapuanr 2
3ananme 1
Uepes BEPILHHbI C u D napannenorpamma ABCD nipoBenieHbl
napaiensibie  npsimbie  CCipu DDy, mpuuem CCi;LBC. Kak pacnonioxeHs
npsimbie DDy 1 AD?
3ananmue 2
ABCDA;B1C1/11 — npssmoyrosibHbIi napayenenunen, rae ABCD kBamgpar
co ctopoHoii 3cm, BB1 =4 cMm. Haitgure: nnuny nuaronanu A;C.
3aganue 3
N3 Ttoukm O K IUIOCKOCTH o MpoBeAEH mnepneHaukyasip ODu naBe
HakjgoHHble CO=15cm u OB=I13cm. Haiinute npoexkuuto DB, eciu mnpoekius
CD=9cm.
3ananue 4
N3 Toukn M K AaHHOM MJIOCKOCTH QL MPOBEAEHBI neprneHaukysip MO u nBe
HakionHele MA u MB, MO= 5cm, ZMBO = 30°, ZMAO = 60°, a yron Mexuay
HakJIOHHbIMH 90°. HaliTu paccTossHHE MEKy OCHOBAaHUSIMUA HAaKJIIOHHBIX.
3aganme 5



N3 toukm A Kk miockocty npoBenu nepneHauKkyassp AO U 1Be HAKJIOHHBIE
AB u AC. OgHa u3 HaKJIOHHBIX Ha 5 ¢M OOJiblIe APYTroM, a UX MPOEKIUHA PABHBI
7cm u 12 cM. Halinure niuny nepnenaukyisipa AO.

IIpakTuyeckoe 3ansitue Ne 12

I'eomeTpuyeckue npeodpa3oBaHus MPOCTPAHCTBA: MapaLleIbLHbII NepeHoc,
CHMMETPHSI OTHOCUTEIbHO MJI0CKOCTH
Ilenv pabomor:

CIMYOeHm OO0JIHCEH.
3HaMb!
- OTIpe/IeNICHNE TTapaJlIeIbHOTO TIEPEHOCa B €T0 CBOICTBA,
- hopmyIIBI AT TApaJUIETFHOTO MIEPEHOCA;
ymemb:

- BBITIOJTHATH TCOMETPUICCKUC npeoOpazoBaHus IPOCTPAHCTBA!
napaJieTbHBIA MEPEHOC, CHMMETPHUS OTHOCHTEIBHO TUIOCKOCTH.

Ceéedenus u3z meopuu:

llapannenvuvliu nepenoc u e2o ceoucmesa

HarnsnHo napannensusiii nepenoc onpenensieTcs: Kak npeoOpa3oBaHue, IpU
KOTOPOM TOYKH CMELIAIOTCS B OJTHOM U TOM K€ HalpaBJIEHUU HA OJHO U TO K€
paccrosiHue. Takoe onpeneseHue He SBISETCS MAaTEeMaTHYECKH CTPOTUM, ITOTOMY
4YTO B HEM YINOTpEeOJIseTCs BBIPAXKEHHE «B OJIHOM U TOM K€ HAalpaBlICHUU,
KOTOpO€ CaMO HYXKJIAeTcsi B TOYHOM OIpeAclieHHMH. B  CBA3M C  3TUM
napajuIeIbHOMY IEPEHOCY MBI JIaJUM JAPYroe, OTBEYAOIIee TOMY e HarJIsiJHOMY
IIPEICTABIICHUIO, HO YK€ CTPOrO€ OIPEAEIICHHE.

BBegem Ha MIIOCKOCTH JAEKapTOBbI KoopAuHaTsl X, y. I[IpeoOpasoBanue
¢urypsl F, npu KoTOpoM MPOU3BOJIBHAS €€ TOUKA (X; )) IEPEXOAUT B TOUKY (Xx+a;
y+b), Tne a u b omHU U Te ke anA Bcex Todek (X; y), Ha3bIBACTCS MapaslIeIbHBIM
nepenocoM. [lapamiensHblii mepeHoc 3aaaercs Gopmynamu X'=X+a, y=y+b.

Otu GopmMyIbl BeIpaXKalOT KOOPJIAMHATHI X', ' TOUKH, B KOTOPYIO TIEPEXOAUT
ToukKa (X; ) IpU MapaJIeILHOM TIEpEHOCe.

Pucynok 38. [lapamienbHslil mepeHoc

llapannenvuvlii nepenoc ecms 08udICeHUE
JIeWicTBUTENIBLHO, JABE MPOU3BOJBbHBIC TOUKH A(Xx1] y1) K B(x2; y2) mepexomsr
IpY TapajieibHOM mepeHoce B ToUkHu A'(x1t+a; y1+b), B'(xzta; yo+b).
IToaTomy
AB*=(xp-x1) "+ (v2yr)?,
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A'B?=(x2-x1)*+(y2-p1)’.
Orcrona AB=A'B'. T. o., mapannenbHbIil TIEPEHOC COXPAHSIET PACCTOSHHUS, a
3HAYUT, SIBIISIETCA JBUYKEHUEM, YTO U TPeOOBAJIOCh JI0Ka3aTh.
Ha3Banue «napannenvHuvlii nepenoc» ONpaBIbIBA€TCA TEM, 4YTO TIPH
napajyieIbHOM TEpPeHOCE TOYKM CMEIIAIOTCS 10  MapauieNbHbIM (WU
COBIAJAIOUINM) MPSMbBIM Ha OJIHO U TO K€ PACCTOSHUE.

A 4

B g
Pucynok 39. [TapaiuienbHbIil IEpeHOC

Cummempusi OmHOCUMENLHO NIOCKOCMU

CuMMeTpust  OTHOCUTENIBHO  IUIOCKOCTM — 3TO TaKO€  CBOMCTBO
reOMETpUYECKON (pUrypsbl, Koraa 000l TOUKe, pacloI0KEHHON 0 OJJHY CTOPOHY
IJIOCKOCTH, BCerja OyJIeT COOTBETCTBOBATH TOYUKA, PACHOJIOKEHHAs MO JAPYTyIo
CTOPOHY TUIOCKOCTH, a OTpPE3KH, COCAMHSIONIME OSTH TOYKH, OyIyT
NEPIICHIUKYISAPHBI IIIOCKOCTH CHMMETPHUH U JIEJISATCS €10 MOTOoJIaM.

CnemyeT OTMETHUTh, 4YTO JBE CHMMETPUYHBIE (QHUTYpbl WIH JBE
CUMMETPUYHBIC YaCTU OAHON (DUTYPHI PU BCEM UX CXOJACTBE, PABEHCTBE 00HEMOB
U IUIOMIAJIe MOBEpXHOCTEW, B O0OIIEM cilydyae, HEpaBHbI, T.€. UX HEIb3d
COBMECTUThH JAPYr C JAPYroM. OTO pas3Hble (GUIYpbl, UX HENb3sl 3aMEHUTh JPYT
IpyroM, HarpuMmep, rpasasi epyaTka, OOTUHOK U T.J. HE TOAATCSA JUIs JIEBOM pyKH,
Horu. [IpeameTsl MOTYT UMETh OHY, ABE, TPU U T.J. INIOCKOCTEH CUMMETPHH.

Hampumep, npsmas nupamuga (puc. 40a, 41a), ocHOBaHHEM KOTOPOM
SBJIIETCS. PaBHOOEIPEHHBI TPEYroJIbHUK, CUMMETpUYHA OTHOCUTEIBHO OJHOU
miockocti P. Ilpu3ma ¢ TakuMm ke ocHoBanmeMm (puc. 400, 4106) mmeeTr nBe
TUTOCKOCTU CUMMETPHH. Y TPaBUIBHON MIECTUYTOJIbHON Tipu3Mebl (puc. 408, 416)
uX ceMb. Terna BpamieHus: map, Top, IWIMHAP, KOHYC U T.J. UMEIOT OECKOHEUHOE
KOJIMYECTBO MIIOCKOCTEH CUMMETPHH.

Pucynok 40. [1nockocTu cuMMeTpun

<<

a
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Pucynox 41. N300pakeHne mioCKOCTEH CHMMETPHH

Ha deprexax  IJIOCKOCTM  CHUMMETPUM  HM300pa)KaroTCsi  TOHKUMH
MITPUXITYHKTUPHBIMU ~ JIMHUSMH, SIBISIOIMIMMHCS Kak Obl  cleJaMu  3THX
TUIOCKOCTEN. ECm Takou ciien COBNAAET C APYroW JUHUEN YepTeKa, HAITPUMED, C
KOHTYPHOH, TO OHa MPOBOJAUTCA B BUJE TOHKUX LITPUXOB, BEIBOJAUMBIX 32 KOHTYP
n3o0pakenus Ha 5 — 8 MM. Ha deprexe HaHOCATCS cleAbl TOIBKO TEX MIOCKOCTEN
CUMMETPHUM, KOTOPBIE NEPHNEHAUKYJSAPHBI IUIOCKOCTH IPOEKLIMM JAHHOTO
U300paxKeHHUS.

[Ipy HanuuMM HECKOJBKUX MOJOOHO PAaCHOJIOKEHHBIX IIJIOCKOCTEH
CUMMETpHUH, Kak y npusMmbl (puc. 406), Ha uepTeke M300pakaeTcsi TONBKO OJIHA
B3aMMHO MNEPHEHAUKYJSApPHAs Ilapa CIEI0B, [0 BO3MOXKHOCTH TEX, KOTOpbIE
IIapajuIeNIbHbI INIOCKOCTAM IPOCKIIHN.

JI1s1 TEOMETPUYECKUX TEJ C MJIOCKOCTAMH CUMMETPUH, MAPAIIIEIbHBIMUA UX
OCHOBAHMSIM, HAIIPUMEP IS IPU3M, CJIEbI IUNIOCKOCTEH CUMMETPHUM Ha 4EPTEkKAX
IIOKa3bIBaTh HE IPUHSATO.

3aoanusn 014 cCAamMoOCmMOAMENbHO20 PEUIEHUA:

Pemure 3anayu:

1) JokaxuTe, 4TO MPHU ABUKECHUU NapaJIJICIbHbIC MIPSMbIE 0TOOpaX)arTcsa Ha
napaJiieIbHBIC TIPSMBIC.

2) JlokaxkuTe, 4TO MPU ABMKECHUU: a) MapaJljieJIorpaMM OTOOpaXkaeTcsl Ha
napasuiesiorpamm; 0) Tpanemus oToOpakaeTcsi Ha Tpamneuio; B) poMo
oToOpaxaeTrcs Ha poMO; T') MPSIMOYTOJIbHUK OTOOpakaeTcsl Ha MPSIMOYTOJILHUK, a
KBaJpaT — Ha KBaJpar.

3) Ha croponax AB u CD mapannenorpamma ABCD mocTpoens! kBagpaThl
(TJIOCKOCTH KBAIPATOB MEPIICHIUKYIISPHBI INTIOCKOCTH MapajijieiorpaMmMa).
Hcnonb3ys mapaiienbHbli IEPEHOC, JOKAKHUTE, YTO OTPE30K, COCTUHSIOIIHIMA
IEHTPBI ITUX KBAJPATOB, paBeH U napayened cropone AD.

Konmponwnwie eonpocwi:

1. JlaiiTe ompenelicHHE NapaJlJIeILHOIO IEPEHOCa W TEPEUUCITUTE €ro
CBOMCTBA.

2. 3anmmute GOPMYIIBI I TApATICITBHOTO ITepeHoca.

Jumepamypa: [16]

IMpakTuyeckoe 3ansitue Ne 13
IMapanjieJbHOe MPOEKTHPOBAHUE

Ilenv pabomer:

CMYOeHm OO0JIHCEH.

3HAMb:

- CBOMCTBA MapaJlICIbHOTO MMPOCKTUPOBAHMS;



ymemb:
- CTPOUTH (PUTYPHI C TOMOIIBIO MAPATUIETBHOTO TPOESKTUPOBAHUS.

Csedenun uz meopuu:

Ilapannenvnoe npoekmupoganue

[TycTh qaHbI TUIOCKOCTH 0. 1 TIpsiMast |, mepecekaromas miockocTs a. Bo3zbMem
IPOM3BOJIEHYIO TOYKY IPOCTPAHCTBA A; M IPOBENIEM Yepe3 3Ty TOUKY HPsAMYIO |y,
napauienbayo |. [lpsmas |; mepeceder mIOCKOCTh 0L B HEKOTOPOH Touke A.
[TomyuenHast Takum 00pa3oM Touka A Ha3bIBa€TCs MPOECKUMEN TOUKH A Ha
TUTOCKOCTB 0L ITPH MIPOSKTUPOBAHUU TapaIUIeNbHO MpsiMoii |. OOBIYHO KpaTKo
TOBOPAT, YTO TOUKA A €CTh MapajuieabHas MPOCKIUs TOUKH Aj.

i i
/ 7 //
“—

Pucynok 42. [lapamienbHoe NPOEKTUPOBAHUE

llapannenvrou npoexyueli NPOCTPAHCTBEHHON (pUTYpbI @1 HA3BIBAETCS MHOXKECTBO
® napayenbHBIX MPOEKIMM BCEX TOUEK JaHHOU (DUTYPHI.

Ceolcmea napainenvbHo2o npoeKmupo8aHusl

1) [Ipoexkus mpsiMoit ecTh mpsiMasi.

2) [Ipoexkiny napauieabHBIX TPSIMBIX TapaJIJICTbHBIL.

3) OTHoIIeHKE POESKIIUNA JBYX MapaIeIbHBIX OTPE3KOB PABHO OTHOIICHUIO
IIPOEKTUPYEMBIX OTPE3KOB.

OpmozoHnanvroe npoekmuposaHue

YacTHbIM CiIydaeM NapajieIbHOIO MPOEKTUPOBAHUS SBISIETCS OPMO20HAIbHOE
NPOeKmMuposaHue

[TycTh naHbI TUIOCKOCTH 0. U TpsiMast |, meprienaukysipHas o. Bo3smem
IPOM3BOJILHYIO TOUKY IPOCTPAHCTBA A1 M TIPOBEIEM Yepe3 Hee MpsamMyro |q
napauienbHyo | (1, crenoBarenbHO, MePIeHANKYIISPHYIO IOCKOCTH o). [Ipsmast
|, mepecedeT MI0CKOCTh 0. B HEKOTOPOH TOUKE A.

Pucynok 43. OpToroHanbHOE NPOEKTUPOBAHUE

[TonyueHnnast Touka A Ha3bIBAaETCS OPTOTOHAIBHOM NIPOEKIMe TOUkHu A; Ha
IIJIOCKOCTB O.



Opmozonanvhoii npoexyueu ¢ucypvl 1 Ha MIOCKOCTH 0. HA3BIBAETCS MHOKECTBO
@ opTOroHaNIBHBIX MPOEKIUHI BCeX TOUYEK JaHHOU purypsl @;. Kak gyacTHbIN
CJIy4ai MapajjleJIbHOTO MIPOEKTUPOBAHMUS, OPTOTOHAIBHOE MPOEKTUPOBAHUE
o0JnaziaeT BCEMU CBOMCTBAMU MapajlieIbHOTO MPOSKTUPOBAHUS.
Ceoucmeo opmo2oHabHOU NPOEKYUU NII0CKO20 MHO20Y20IbHUKA
[1nomans S OpTOroHANBHON MPOEKIMHU IJIOCKOTO MHOTOYTOJIBHHUKA Ha MJIOCKOCTH O
paBHa IJIOMIAU S MPOSKTUPYEMOI0 MHOTOYTOJIbHUKA, YMHOKEHHOU Ha KOCUHYC
yIJIa Y MEXK]y TNIOCKOCThE0 MHOTOYTOJIBHUKA U TNIOCKOCTBIO O

s=S-cos(y).

Ilpumep 112.
Yepes cTOpOHY OCHOBAHMSI IPABUIIBHOM TPEYTOJIBHOM IIPU3MBI TPOBEICHA
mockocTs mog yriaom Y=30° k mockoctu ee ocHoBanus. Haiitu miomans
o0Opasymolerocs ce4eHusl, €CiiM CTOpOHa OCHOBAaHMsI paBHa 6 CM.
Pewenue:
T.K. IpU3Ma NpaBUiIbHAsL, TO €€ OOKOBbIE pedpa NepreHIUKYISAPHBI IIIOCKOCTH
ocHoBaHMs. Cl1e10BaTEIbHO, INIOCKOCTh OCHOBAHMSI €CTh MPOEKIIHS INIOCKOCTH
CCUCHMS.
T.K. B OCHOBaHUM NPAaBWIBHBIN TPEYTOJBHUK, TO €0 IUIOLIAAb PABHA:
a’/3
1
Hcnonp3yst CBOMCTBO OPTOTOHAIBHOM IPOEKIIUHA, UMEEM:
_a*3
4cosy
3Hasi, YTO CTOPOHA OCHOBaHUS paBHa 6 cM M yrou y=30°, BEIYuCcIMM MmIomaib:
_ 6%J3  36J3 36
4c0s30 V32

2
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3aoanusn 014 cAamMoCmMOAMENbHO20 PEUIEHUA:

Pewmnre 3anaum:

1) KakoBbI poeKIuy ABYX MPSMBIX Ha MIIOCKOCTb, €CIIU: &) MPSMBIC
nepeceKkaroTcsi; 0) MpsMbIe CKPEIIUBAIOTCS; B) MPSAMBbIE NapaJliesIbHBbI.

2) Ha monenu kyba ABCDA1B1C1D; ykaxkuTe mpoekiinu Ha MmiI0CKOCTh TpaHu
AA1B1B otpeskoB C1D1, AD, C1D u DBy, Tpeyronsankos C;CD u ACD, kBaapata
BB1CiC.

3) T'unoTeny3a IPAMOYTOIBLHOTO TPEYTOIbHUKA paBHa 10 cM, a ocTpsiit yromx 60°,
Haiiaure momanb NpoeKIUy 3TOr0 TPEYroidbHUKA Ha MI0CKOCTh, COCTABIISIONIYIO
C INIOCKOCTBIO TpeyronbHuKa yroia 30°,

4) CtopoHbI TpeyroyibHuka paBusl 3,9 cm, 4,1 cM u 2,8 cm. HaitnuTe miormiaas ero
IPOEKIUK Ha MIIOCKOCTh, COCTABISIOILYIO C INIOCKOCTHIO TPEYrobHuKa yron 60°,

KOHmPOJleble eonpocwol:



1. Yto Ha3pIBaeTCs NapayIeNIbHON MPOEKIUEN?
2. IlepeuncnuTe cBONCTBA NApauIEIbHOTO IPOEKTUPOBAHMUSL.
3. Yto Ha3bIBaeTCsl OPTOrOHAIBHON NpOEKUIUEeH GUrypbl?

Jumepamypa: [16]

IIpakTuyeckoe 3ansitue Ne 14
N300paxkenns NpoCcTPaAHCTBEHHBIX QUTYP

Ilenv padomuwr:

CMYy0eHm OO0JIHCEH:

3HAMb:

- CBOWMCTBA MapauIeIbHOTO MTPOCKTUPOBAHMSI,
ymemy:

- u300pakaThb MPOCTPAHCTBEHHBbIC (UTYpHl HA IUIOCKOCTH C TOMOIIBIO
MapajuieIbHOrO MPOEKTUPOBAHHS.

Ceedenus uz meopuu:
H300pasicenue npocmpancmeenusvix ueyp Ha niocKocmu

Jist u300pakeHHsl TMPOCTPAHCTBEHHBIX (QUTYpP HA IUIOCKOCTH OOBIYHO
MOJIB3YIOTCS TTAPAJUICIIbHBIM MPOCKTUPOBAHUEM.
A

Pucynox 44. N300paxkeHne MpOCTPaHCTBEHHBIX (PUTYpP HA MIOCKOCTH

[IpsiMonuHeHbIE OTPE3KU (PUTypbl U300paxaroTcsd Ha IUIOCKOCTH YepTeka
OTpEe3KaMH.

Pucynox 45. N300paxkeHne oTpe3ka Ha MIOCKOCTH

JIelcTBUTENBHO, BCE OPSIMbIE, TPOCKTUPYIOIIUE TOUKU 0Tpe3ka AC, aexar B
OJIHOW TIOCKOCTH, MepeceKaroniel miockocTh a 1o npsiMon A1C1. [IpousBonbHas
Touka B oTpeska AC u3obpaxaetcs Toukoit B1 orpeska A1Ch.

OTHOmIEHHE OTPE3KOB OJHOM NPSAMOM WM NapAJUIEIBHBIX IPAMBIX
COXpaHseTCsl PH MapauieIbHOM MPOESKTUPOBAHUH:

AB _AB,
BC BC,'
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Ilpumep 113.

Jlana mapasuiesibHasi MPOEKLUs TpeyrojbHUKa. Kak IOCTpOuTh mpoeKknuu
MEJMaH 3TOr0 TPEYroJIbHUKA?

Pewenue:

OpU NApAIEIBHOM NPOEKTHUPOBAHUU COXPAHAETCS OTHOLIEHHE OTPE3KOB
npsamoil. [loatomy cepenyHa CTOPOHBI TPEYTOJIbHUKA IPOEKTUPYETCS B CEPENUHY
IPOEKIUU 3TOM CTOpOHbL. (ClenoBaTeNbHO, MPOEKUMU MEAWaH TPEYroJbHUKA
OyIyT MeJInaHaMH €ro MPOEKLHUU.

3aoanusn 0na camocmoamebHo20 peuleHus:
Pemnre 3anaum:

1) Tloctpouts u300pakeHHWE TMpaBWIBHOTO TpeyrodpHuka ABC |
n3o0paxkeHue BrIcOThl BH 1 6uccekTpucer AK.

2) Tpaneuus ABCD — napaiienbHasi TpoeKIusi paBHOOESAPEHHOM Tpareium.
[TocTpouTh OCH CUMMETPHH U BHICOTY JAHHOM TpaIleluu.

3) Hauepture mapasuienbHyio mpoekiuio pomba ABCD, uMEIero yroi
A=60°. TlocTtpoiiTe H300pakeHHE BBICOTHI 3TOr0 poMOa, IPOBEICHHON U3
BEPIINHBI OCTPOTO yTJia.

Konmponwvuwvie éonpocoi:

1. Yto Ha3pIBaeTCs NapajIeIbHONU MPOEKIUEH?

2. TlepeuncnuTe CBOMCTBA MAPAIICIHHOTO TPOSKTUPOBAHUS.

3. Urto sBuseTcss mNapajuIeNbHOM TpOEKIHeH OTpe3Ka, TPeyrojJbHUKa,
IPSAMOYTOJIbHHUKA, KBaJpaTa, OKPY>KHOCTH?

4. Kakue BEIMYMHBI HE U3MEHSIOTCS MPH MMAPAIIIETBHOM NPOCUMPOBAHUM?
(TMHA OTpe3Ka, rpalyCHasl Mepa YIJIOB, OTHOLIEHUS IJIMH OTPE3KOB, OTHOILIEHHUE
TJIoIIaAeH 1Byx uryp)?

5. Moxer au mpH NapajuIeIbHOM NPOCHUPOBAHUM Mapaijiesiorpamma
HOJIyYUTHCS Tparenusi 1 Ha000poT?

Jumepamypa: [10, c. 170-175]

IIpakTueckoe 3ansTue Ne 15
Pemenne 3a1a4y Ha nepeGOp BAPUAHTOB

Ienv padomuwi:
CMYy0eHm OOJIHCEH:
3HaMb:
- ONIPEACIICHUE COEAUHEHN M, UX BUJIOB;
- OTIpe/ielICHUuEe BEPOSTHOCTH;
- TEOPEMBI CJIOKEHHS, YMHOKEHUSI BEPOSTHOCTEH;
ymemby:
- IO YCJIOBHIO 3aJa4M pa3jndaTh BUJIbI COCTUHEHU;



- BBIYHCJIATDH PA3HBIC BUbI COGHHHGHHﬁ;
- BBIYHCJITH BEPOATHOCTD COOBITHI.

Ceedenusn uz meopuu:
Coeounenus, ux 6uowl
['pynmbl, coCcTaBICHHBIEC U3 KAKUX — JINOO 3JIEMEHTOB, HA3bIBAIOTCS COCOUHEHUSAMU.
Paznuuaro Tpu OCHOBHBIX BUJA COCUHEHUMN: pazmeujeHus, nepecmatosKu u
coyemanus.
Paszmewenusmu 13 N 3JI€MEHTOB MO M B KaXJ0M HA3bIBAIOTCS TAKUE COCTUHEHMUS,
KOTOPBIE OTIUYAIOTCS APYT OT APyTa TUOO0 CAaMUMH JIEMEHTAMU, JIMOO TIOPSIKOM
WX PACTIOJIOKEHUS.
Ywuco pa3mMenieHuit w3 N 3JIeMEHTOB TI0 M 0003HAYAETCSI ¥ BBIYUCIISIETCS TI0
dbopmyre:

A" =n(n-)(n-2)..[n—(m-1)]

Ilepecmanoexamu 3 N 3JIEMEHTOB HA3bIBAIOTCS TAKUE COCIUHEHUS U3 BCEX N
AJIEMEHTOB, KOTOPBIE OTINYAOTCS APYT OT Ipyra IOPSAKOM PacCIIOIOKEHUS
DJIEMEHTOB.

[lepecTaHOBKH NMPEACTABISIIOT YACTHBIM CIydald pasMEIIEeHNd W3 N 3JIEMEHTOB IO
N B KQXIOM.

Yuciio Becex MepecTaHOBOK U3 N AJIEMEHTOB PABHO IIPOU3BEIACHUIO
MTOCJIEA0BATENBHBIX YMCEI OT 1 10 N BKIIFOUHUTENIBHO:

P . =nl=1.2-3-...-(n=1)n,

nl-unraercs «nN-pakropuam», npuyem 0!=1 u 1!=1.
Hcnonb3ys npUBEACHHBIE BBIIIE OMPENEICHN UMEEM (POPMYIIBIL:

A" = PR _ n
]
P, (n—m)!
HpI/I peHIeHI/II/I 3aJ1a4 4aCTo I/ICHOJ‘Ib3yeTCH paBeHCTBOI
1
A =(-m)AT
Couemanwuwu HU3 N DJIEMEHTOB II0 M B KaXI0M Ha3bIBAOTCA TaAKHUEC COCIUHCHUA,

KOTOPbIE OTIUYAIOTCS APYT OT APyra XOTs Obl OJTHUM JIEMEHTOM.
Uwucno coueranuii U3 N 3JIEMEHTOB 1O M 0003HAYAETCS U BHIYUCIIACTCS 110

bopmyie:
m
cr=ox
n
KOTOPYIO MOJKHO 3aIlluCaTh TAKKC B BUJIC
m n!
" mi(n-m)!

15005
_n(n-=1)...[n—(m-1)]
- m! '

Cm

n



Kpowme Toro, npu periennn 3aad UCIONb3YIOTCA Cleaytoue Gopmysl,
BBIPAXKaIOIKE OCHOBHBIE CBOMCTBA COYETAHUN:

C"=C'™ (0<m<n), C"=L C°=L CM+C™ =C"

n+1

Ilpumep 94.
Haiittu uucino pasmenienuii u3 10 snemeHToB no 4.
Pemenue:

no popmyne Ay = n(n-1H(n-2)...[n—(m-1).
A% =10-9-8-7 = 5040

Ilpumep 95.
Pemuth ypaBHEeHue: Ar? =30 A:_z .

Penienue:

UCIIOIB3YS (POPMYITy IS BRIYUCIICHHS YHCIIa pa3MeleHU UMEeM:
n(n—H(n—-2)(n—3)(n—4) =30(n—2)(n—3)(n—4)(n—-5)

Pa3nenum 06e yacTu Ha OJIMHAKOBBIE BHIPAKECHHUSI, TOTYUUM:
n(n—-1) =30(n-5),

M PELINM MOJy4nBIIeecs KBaJpaTHOE ypaBHeHHe: N, =6, N, =25

Ilpumep 96.
CcY=C’"
P : X X
CIIUTE CHCTEMY C? — 66
Pemenue:
pEIIMM BTOPOC YPaBHCHHE:
2 o6 = XD g
¥ 1-2 ’
x> —x-132 =0;
x=-11, x, =12

T. k. x>2, 10 —11 He ynoBneTBopseT yciaoButo 3a1auu. [logctaBus x=12 B niepBoe
YpaBHEHHUE CUCTEMBI, TOJIydYUM
vy y+2
C, =0 .
Hcnonb3ys OCHOBHOE CBOMCTBO COUYETAHUN, UMEEM:
y — 12y
C12 - C12 ’
TOoraa
Cy'=CL*=12-y=y+2=y=5,
OtBert: x=12, y=5.

Ilpumep 97.



CKOJIBKMMU CIIOCO0aMU U3 BOCBMH KaHAMIATOB MOXHO BHIOPATh TPH JIMIIA HA TPU
JOJDKHOCTH?
Pemenue:
YCJIOBHIO 3aJ]Ja41 COOTBETCTBYIOT pa3MelleHus 3 u3 8, uMeeMm:
A2 =8-7-6=336

Cnyuatinvle cobbimust
W3ydeHne Kaxaoro siBICHUS B TOPSAKE HAOTIOACHUS WU MIPOU3BOJICTBA OTIBITA
CBSI3aHO C OCYILIECTBICHUEM HEKOTOPOTO KOMILJIEKCA YCIOBUN (MCTIBITAHUI).
Beskuil pe3ynbTat Wi UCXO UCTIBITAHUS HAa3bIBACTCS COObIMUEM.
Ecnu coObITHe mpH 3a1aHHBIX YCIOBHUIX MOKET IPOU30MTH UM HE IPOU30UTH, TO
OHO HA3bIBACTCS C/IYUAUHBIM.
B Tom cnyuae, koraa coObITHE JOMKHO HEMPEMEHHO MPOU30UTH, €T0 HAa3bIBAIOT
00CMOBEPHbIM, a B TOM ClTydae, KOrja OHO 3aBEI0MO HE MOKET MPOU30MUTH,
HEeBO3MOJCHBIM.
CoObITHS Ha3BIBAIOTCSI HECOBMECHBIMU, €CITU KaX/IbII pa3 BOZMOXKHO MOSIBICHUE
TOJIBKO OJTHOTO U3 HUX. COOBITHSI HAa3bIBAIOTCSA COBMECHHbIMU, €CIIA B JAHHBIX
YCIOBUSIX MOSIBJICHUE OJHOTO U3 ATUX COOBITUN HE UCKIIIOYAET MOSBIICHUE APYTOTO
IIPU TOM K€ UCIIBITAHHH.
CoOBbITHS Ha3BIBAOTCS NPOMUBONONONHCHBIMU, ECTIU B YCIIOBUSX UCTIBITAHUSI OHHU,
ABJISIICH €IMHCTBEHHBIMM €T0 UCXOAMH, HECOBMECTHBI.

BeposTHOCTH COOBITHS paccMaTpUBAETCS Kak Mepa 0O bEKTHBHOM
BO3MOYKHOCTH MOSBJICHHSI CITy4aillHOT'O COOBITHS.

Knaccuueckoe onpedenenue eeposmnocmu.
BeposaTHOCThIO COOBITHSI A HA3bIBAETCS OTHOIICHUE YKCa OJIarompUs THBIX
HCXOJ0B M, K YUCITY BCEX BO3MOKHBIX UCXOJIOB N:

P(A)=%.

BeposTHOCTB J11000T0 COOBITHSI HE MOKET ObITh MEHBIIIE HYJS U O0JbIlIE €AUHULIBI,
re 0<P(A)<1.

HeB03MOXKHOMY COOBITHIO COOTBETCTBYET BepOSATHOCTh P(A)=0, a 10CTOBEpHOMY —
BeposATHOCTE P(A)=1.

Ilpumep 98.

B notepee nu3 1000 6usieroB 200 BBIMTPHILIHBIX. BRIHUMAIOT Hayraj OJuH OUJIET.
KakoBa BepOSITHOCTb, YTO ATOT OUJIET BHIUTPHILTHBIN?

Peenue:

KOJIMYECTBO OJaronpusiTHBIX COOBITHH, YAOBIETBOPSIOIINUX YCIOBHUIO 3a/1a4n
m=200.

Yucno Bcex Bo3MOxkHbIX BapranToB N=1000.

ITo onpenenenunto Bepositaoct: P(4)=200/1000=0,2.

Ilpumep 99.



U3 ypHBI, B KOTOPOI1 HaxoaATCsl S OeNbIX U 3 YepHBIX I1apa, BBIHUMAIOT OJIUH IIIap.
Haiitu BEpOoSITHOCTh TOTO, YTO 3TOT LIAP YECPHBIN?
Pemienue:

06mee YUCJIO IIapoB m:8, N3 HUX YCPHBIX n:3, I10 OIIPCACIICHHUIO!
P(4)=3/8=0,375.

Ipumep 100.

U3 ypHBbI, B KOTOpOil HaxoasaTcst 12 O6enbix U § UepHBIX MIapa, BHIHUMAIOT HayAauy
nBa mapa. Halitu BeposiTHOCTB TOTO, 4TO 00a mIapa OKaKyTCsl YEPHBIMU?
Pewenue:

o011iee 9rciio BO3MOXKHBIX CIIydaeB N paBHO 4yucity couetanuit u3 20 (12+8)
AJIEMEHTOB I10 JBA:

n=C2 :%:190

]
YHUCIIO 6HaI‘OHpI/I}ITHLIX HCXOJ0B M PaBHO YHUCITY COYETAaHUU U3 8 QJICMCHTOB I10
JIBa;
8.7
Nn=C2=——=28
1.2

Mo onpenenenuto: P(4)=28/190=0,147.

Ilpumep 101.
B maptuu u3 18 neraneit Haxoastcs 4 OpakoBaHHbIX. Hayran BEIOMparoOT 5
neranei. KakoBa BEpOSITHOCTh TOTO, UTO U3 3TUX 5 JE€TaJNEH IBE OKaXKyTCs
OpakoBaHHBIMU?
Pewmenue:
YHCJIO BCEX PAaBHOBO3MOKHBIX HE3aBUCUMBIX UCXOJ0B N PABHO YHCITY COYECTAHUMN
u3 18 mo 5:

n=Cs - 18.17-16-15-14 _ 8568

1-2-3-4-5

[Topcuntaem yucio GaronpusTHHIX UCX0A0B M. Cpenu S5 B3SITHIX Hayraj AeTanei
JIOJDKHO OBITh 3 Ka4eCTBEHHBIX U 2 OpakoBaHHBIX. YHCIIO cIOCOOOB BHIOOPKH JIBYX
OpakoBaHHBIX AeTaliel U3 4 UMEIOIIUXCSl OpaKOBaHHBIX PABHO YUCITY COUYETAHUM
u3 4 no 2:

2 4 * 3
4 = = 6
1.2
Yuco cnocoOoB BEIOOPKHU TPEX KAYECTBEHHBIX JeTajie u3 14 uMeronuxcsi paBHO
yuciay coueranui u3 14 mo 3:

C

s 14.13-12

*1.2.3
JIro0ast rpynmna KaueCTBEHHBIX JIeTaJIe MOXKET KOMOMHUPOBATHCS C JIFOOOM
IpyIInon OpakoBaHHBIX, MOATOMY OO0IIEee YUCIO0 KOMOMHAIIUM M paBHO:

m=C2-C3 =6-364 = 2184

364



o onpenenenunto: P(A4)=2184/8568=0,255.

3aoanus 01 camocmosamenbHozo pewienus:
Pemuts CICAYIOIHNC 3ada49U, UCITOJIb3YyA OIIPCACIICHUC CO"ICTaHI/II\/'I, HUX BUOOB:

1 BapuanT

1) CKkOJabKO  JBY3HAYHBIX  YHCEI
MOHO COCTaBUTH U3 1udp 1, 3, 5, 8§,
9 Tak, 4TOOBl B KaKIOM 4YHCIE HE
OBLIIO OAMHAKOBBIX ITU(P?

2) 3 6 OTKpBHITOK HaI0 BHIOpATH 3.
CKOJBKMMH CIIOCOOAMHM 3TO MOXKHO
caenarn?

2 BapuaHT
1) CxonmbkuMu  crocobaMH  MOTYT
pPa3MECTUTBCST 5 YEJIOBEK BOKPYT

KpYTJIOro cToja?

2) CKOJIBKHMH CIOCOOAMH  MOYKHO
COCTaBUTH (Iar, COCTOSIINN W3 TPEX
TOPU30HTAIBHBIX ITOJIOC Pa3IMYHBIX
I[BETOB, €CITH UMEETCS MaTeprall CeMHU

Pa3IMYHBIMHA CIIOCOOAMH 3TO MOXKHO
caenarp?

2) CkoJbKo Pa3INIHBIX
MSTU3HAYHBIX qucen MOYKHO
coctaButh u3 mudp 0, 1, 3, 5, 7 Taxk,
9TOOBI B KaXXJIOM 4YHCIIE HE OBLIO
OJIMHAKOBBIX UGP?

3) Pemute ypaBHEHHE: 304, = Ai_

3) Pemmure ypaBHeHue: A° = iA;‘ PA3IMYHBIX UBETOR? ,

20 . 3) Pemute ypaBHenue: 30x = A;
3 BapuaHT 4 BapuaHT
1) U3 10 xaHgumatoB  HyKHO | 1) Bpuragup 10/pkeH OTHpaBUTh Ha
BBIOpATh 3 YyeJI0BeKa Ha | paboTy Opuragy u3 3 4eJIOBEK.
KOH(EpEHIIHUIO. Cxonbkumu | CKOIBKO ~ TakUX  Opurajg  MOXKHO

COCTaBHUTh U3 § YelIoBeK”?

2) Ha coOpanuu J0KHBI BBICTYITUTH
5 wenosexk (4, b, B, I', /). CkonbKuMu
crnoco0aMu UX MOXHO Pa3MECTUTh B
CIIMCKE  BBICTYMAOUIUX, eciu A
JOJDKEH BBICTYIIATh ITEPBHIM?

3) Permute ypaBHEHHUE: 20143_2 = Af _

5 BapuaunT

1) CKOJNBKUMH CHOCO0AMH  MOIKHO
pacCTaBUTh HA MOJIKE 6 KHUT?

2) CKONBKUMH CIOCOOAMU  MOKHO

6 BapuaHrt

1) CKONBKUMH CIIOCOO0AMH  MOXKHO
COCTaBHUTh CIIUCOK U3 6 4eJIOBEK?

2) CKOJBbKMMH CITOCOOaMH COOpaHue,

HaynHatoTCa mudpamu 3 wim 5?

2) U3 ropoma A B ropox B Beayt 6
nopor, a u3 ropojga B B ropog C —3
noporu.  CKOJNBKMMHU  crioco0aMu
MOYKHO MOTIACTh U3 ropoaa A B TopoJ
C?

BEIOpAaTh TJacCHYKd U COTJIACHYIO | cocTosmee u3 18 JemoBek, MOXKET W3
OYKBBI 13 CJIOBA OKypHaI»? CBOETO cocTaBa BBIOpaTh
x 1 npejacenaresns coOpaHusi u cekperapsi?
3) Pemmute ypaBHeHME: —3 — 1, x-1 3
yp 47 12 3) PewuTe ypaBHEHUE: AC, = A;
7 BapMaHT 8 BapuaHT
1) Cpenu mepecraHoBok u3 mudp 1, 1) B IIaXMaTHOM TypHUPE
2, 3,4, 5 CKOJIbKO TaKMX, KOTOpbIEC HE | MPUHUMAIIH y4acTue 15

mMaxmMaTucCToB, IIPHYCM I(El)KI[BIﬁ nu3
HUX ChITpaJl TOJIBKO OJHY IIAapTHUIO C

KOKIBIM H3 OCTalbHBIX. CKOJIBKO
BCEr0 IIAPTUM CBIIPAHO B  OTOM
TypHUpE?

2) Umeercs 8  map  mepyaTok




A7 =9 A;—l pa3nuuHbIX pazmMepoB. CKOJbKUMU
20Y = 30 criocobamMu MOXHO BBIOpaTh U3 HHUX

x ¥ | Oo;HY TlepyaTKy Ha JIEBYIO PYKY U
OJIHY TEepuYaTKy Ha IMPaBYyl PYKYy Tak,
qTOOBl 3TH TEpUYaTKUu OBLIM Pa3HBIX
pa3MepoB?

3) Pemute cucremy:

y _ y+2
Cx - Cx

3) Pemure cucremy:
) Y C? =153

9 BapuaHT
1) I'pynma ygamuxcst u3y4aeT ceMb Y4eOHBIX TUCIUILINH. CKOJIBKAMU
crocob6aMu MOKHO COCTaBUTh paclucaHue 3aHsATHI Ha TOHEIEIbHUK, €CITH B
ATOT y4eOHBIN A€Hb JOHKHO OBITh YETHIPE PA3IUYHBIX ypoKa?
2) CxonbKo MaTdeid OyAeT ChirpaHo B (hyTOOTHLHOM YEMITHOHATE C Y4acTHEM
16 xomaH/1, eciIM KaXble IBE€ KOMaH Ibl BCTPEUYAIOTCSI MEKy COOO0M OANH
paz?
Ay + Ay,

3) Beruncnurs: 4

18

Koumponwvuwie eonpocul:

1. laiiTe onpeaeieHne COSAMHEHUS, X BHJIBI?

2. [IpuBenuTe OPMYITBI 17151 BEIYUCIICHUS Pa3HBIX BUIOB COSAMHEHUM.

3. [latiTe ompeneneHWe CIydalHOTO COOBITHSA, WX BHUABL. [lpuBenute
MPUMEPHI.

4. JlaiiTe KJTacCCUYECKOE OMPEICICHUE BEPOSITHOCTH.

Jumepamypa: (5, c. 234-238]

IIpakTueckoe 3ansTue Ne 16
CJio:keHHe U YMHOKeHHe BepOSITHOCTEH

Ilenv padomuwi:
CMYOeHm OO0JIHCEH.
3Hamo:
- TEOPEMBI CII0KEHUS, YMHOKCHHS BEPOSTHOCTEH;
ymemby:
- BBIYHUCIISITH BEPOSITHOCTH COOBITHH.

Ceéedenus u3z meopuu:

Beposmuocmov necosmecmmvix codvimuil

BeposATHOCTD MOSBICHUS OJJHOTO U3 HECKOIBKHX MOMAPHO HECOBMECTHBIX
COOBITHI paBHA CyMMeE BEpOSTHOCTEH 3THX coObIThii: P(4+B)=P(A4)+P(B).

Ipumep 105.



B smuke B ciydaitHOM nopsiake pasnoxkeHsl 20 aetaneid, IpuueM ATh U3 HUX
cTaHjapTHeie. Pabounii Oeper Haygaady Tpu Aetanu. HallTu BEpoSATHOCTH TOTO,
4TO, 110 KpaiiHel Mepe, 0JIHa U3 B3ATHIX JIeTaleil OKaXKeTCsl CTaHIapTHOM (COObITHE
A).

Pemienue:

OYEBUIHO, YTO, IO KpailHEN Mepe, OJIHA U3 B3ATHIX JETANECH OKaXKETCSA
CTaHJAApTHOM, €CIIM MTPOU30MIET TH000€ U3 TPEX HECOBMECTHBIX COOBITHIL: B —
OJlHa JIeTaJlb CTaHJApTHas, IB€ HeCcTaH1apTHbIe; C — IBE JeTall CTaHapTHbIE,
OJIHA HECTaHJAPTHAs; /[ — TpU AETaNU CTaHAAPTHBIE.

T.0., cobbITHE A MOXKHO MPEACTABUTH B BHJIE CYMMBI 3TUX TPEX COOBITHIA:
A=B+C+/].

Torma P(A)=P(B)+P(C)+P(/).

Borancnum BeposSTHOCTD KaXKAOTO COOBITHS:

1 2
)=~ C: 3(:5 _515-14 35
c: 112 76

C2.C} 5.4.15.1.2-3 5
P(C): 5 3 15 = = —_—
C,, 1.2-1-20-19-18 38
CS 5.4.-3.1-2-3 1
c;‘o 1.2.3.20-19-18 114

P(A) =

Hrak,

py-B, 5, L BT e
76 "3 14 " 28

Beposamnocms coemecmuuix cobvimuii
BeposiTHOCTB mOsiBIIEHUS XOTsI Obl OAHOTO U3 ABYX COBMECTHBIX COOBITUI paBHA
CYMMe€ BEPOATHOCTEN ITHX COOBITUI 0€3 BEPOSITHOCTU UX COBMECTHOTO

ITOSIBJICHU A .
P(A+B)=P(A4)+P(B)-P(AB)

Ipumep 106.

Haiiti BEpOSITHOCTB TOTO, UTO HayZady B3ATOE€ JBY3HAYHOE YHCIIO OKAKETCS
KpaTHBIM JI100 3, mu60 5, 11060 TOMY U APYroMy OJHOBPEMEHHO?

Pewenue:

nycTh A — 4nciio KpatHo 3, B —yucio kpaTHo 5. Becero umeercst 90 nBy3HaYHBIX

gucen: 10, 11, ..., 98, 99. N3 nux 30 — kpaTHbie 3, 18 — KpaTHbIC 5 U LIECTh YUCEI
OJTHOBPEMEHHO KpaTHBI U 3 U 5, TOITOMY:
30 1 18 1 6 1

PA)= == —— =2, P(4B)=—=—

P(4) P(B) c (4B) %0 15
T.x. A u B COBMECTHBIEC CO6BITI/IH TO IO q)opMyJIe HMEEM:

JEPSIE G B N A
3 5 15 15 _

3aoanus 01 cAamMOCMOAMENbHO20 PEULEHUA:



PemuTe 3anaun, HCTIOIB3Ys] TEOPEMBI CIIOKEHUS, YMHOKEHUS BEPOSITHOCTEN

1) B nepBoii ypHe HaxoaaTcst 10 OeabIx ¥ 4 YepHBIX IIAPOB, a BO BTOPOH 5 OeIbix
1 9 depHbIX mapoB. M3 kax10M ypHbI BBIHYJIM 1O 11apy. KakoBa BEpOATHOCTH
TOTO, 4TO 00a IIapa OKaXyTCsl YePHBIMU?

2) Tpoe yyamuxcs Ha K3aMEHE HE3aBUCHMO JIPYT OT Jpyra PEIIatoT OJHY U TY JKe
3agauy. BeposaTrHocTu ee pelieHust 3tumu ydamumucs pasasl 0,8, 0,7 u 0,6
COOTBETCTBEHHO. HaliiuTe BEpOSATHOCTh TOTO, UTO XOTS Obl OJIMH yYaIIUKCS
pELINT 3a/1a4y.

3) DkcnenuIus U31aTeNIbCTBA OTIPABUIIA Ta3€Thl B TPH IMOYTOBBIX OT/ICIICHHUSL.
BepoATHOCTh CBOEBPEMEHHOM TOCTABKH ra3eT B IepBoe oTAesneHue pasHa 0,95, Bo
BTOopoe — 0,9, B Tpetre — 0,8. HaliTh BEpOSATHOCTH CIIETYIOIMINX COOBITHI:

a) TOJBKO OJTHO OTJEJICHHUE MOTYYUT Ia3eThl BOBPEMSI;

0) XOTs1 OBl OJTHO OTJICJICHUE MOTYUYUT ra3eThl C OMO3aHUEM.

4) BeposATHOCTh XOTs1 ObI OJHOTO MOMAIaHKs B LIEJb IIPH YE€ThIPEX BhICTPEIax
paBHa 0,9984. HaiiTu BEepOSITHOCTh NTONIAJaHUS B LI€JIb IIPH OJJHOM BBICTPEJIE.

Koumponwvuwie éonpocul:
1. ChopmynupyiiTe TEOpEMBI CI0KECHHS, YMHOKECHHUS BEPOSITHOCTEH.

Jumepamypa: (5, c. 234-238]

IIpakTnueckoe 3ansaTue Ne 17
IIpaBuia cji0:keHUs1 BEKTOPOB

Ilenv pabomur:

CMYOeHm OO0JIHCEH.

3HamMb!

- MpaBHJIA CJIOKCHUS BEKTOPOB,;

ymemb:
- CTPOHMTH CYMMY BEKTOPOB IO IPaBUJIYy TPEYTOJIbHHUKA, TapaJlIeIorpaMMa;
- BBIYHUCIISTH KOOPJAUHATHI CyMMBbI BEKTOPOB.

Ceéedenus u3z meopuu:
Jlunetinvie onepayuu Hao ekmopamu

Cymmotl ByX BEKTOpOB &+ D Ha3bIBaeTCs BEKTOP, KOTOPHII UIET M3 HaYaja

BEKTOpa & B KOHEIl BEKTOpa D Impu ycioBHmM, 4TO BEKTOpP D IPHIIOKEH K KOHILY
BekTopa a (npasuno mpeyeonrvHuka).

Pucynok 81. [IpaBuiio TpeyroibHuKa



Hapsny ¢ npaBuUiioM TpeyroiabHUKa 4acTO MOJIb3YIOTCS (PAaBHOCUIIBHBIM €MY)

—

NPABUIOM NAPAIEN0SPAMMA . €CITH BEKTOPhI & U D mpuBeneHsI K 00IIeMy Havaly

Y Ha HUX MTOCTPOECH MapaJijieorpaMm, To cymma a + b ecrs BEKTOD,
COBIIAJIAIOIIIMI C IMArOHAJIbIO ATOT0 MapajuieorpaMma, Uayien u3 oo1ero

—

Hauana d u b. Otcrona cpasy cnenyer, uto d+b =b +4a.

v

a

Pucynox 82. [IpaBuio napamieisorpamma

CnoxxeHue MHOTHX BCKTOPOB IIPOU3BOAUTCA ITPHU ITOMOIIHU ITOCJICAOBATCIIBHOTO

NPUMEHEHUS TPaBUiIa TPEYTOJIbHUKA, TOCTPOUM CyMMY YETBIPEX BEKTOPOB 4 , b,

—

c,d.

k)

Pucynoxk 83. [IpaBriio MHOrOyroJIbHUKA

—

Pasznocms nByx BEeKTOpOB @ —b Has3pIBaeTCst BEKTOP, KOTOPBIi B CyMME C
BexTopoM D cocrapiser Bextop 8. Ecnu nsa Bektopa 8 u D npusenens k

06LIeMy HavaTy, TO pa3HOCTb X €CTh BEKTOD, MAYIIHUIA 13 KoHIa D
(«BBEIMMTAEMOTO») K KOHILy @ («yMEHBLIAEMOTO).

JIBa BEKTOpa paBHOM JUIMHBI, JIEKAIIME HA OJHOW MPSIMON U HAIIPABJICHHBIE B
IPOTHUBOIIOIOXKHBIE CTOPOHBI, HA3BIBAIOTCA 83AUMHO 0OPAMHBLIMU: €CIU OJJUH U3

—

HUX 0003HAYEH CUMBOJIOM &, TO JAPYroi 0003HAYaETCs CUMBOJIOM - a . JIerko

BHJETh, uT0 d —b =a+ (=) . T. 0., nocTpOEHNE PA3HOCTH PABHOCHIILHO

NPUOABJIICHUIO K «YMEHbBIIIAEMOMY» BEKTOPA, 00OPATHOTO «BBIUUTAEMOIO».
Tpu BeKTOpa B MPOCTPAHCTBE MOYKHO CKJIAbIBATh 10 HPABUTY

napannenenuneda: eciv Ha Tpex BekTopax a, D, ¢, xak na pebpax, mocTpouTs
napajuleJIenuIe, TO €ro AMaroHalb, BIXOAAIAas U3 OOIIEro Hayasa JaHHbIX

-

BeKTOpOB, 1 Oyzer ux cymmoit d =8+h +c:

Pucynok 84. [IpaBuiio napamienenuneaa



3aoanus 0na camocmoamebHo20 peulenus:

1) ITo maHHBIM BeKTopaM u b HOCTpOI/ITB KQXKJIbIM U3 CIIEIYIONINX BEKTOPOB: 1)
d+b,2)a—-b,3) -a+b,4 —-a-b.

[Ipu cnokeHUM BEKTOPOB CKJIAIBIBAIOTCS UX COOTBETCTBYIOIINE KOOPANHATHI, IIPU
BBIYMTAHUH BBIYATAKOTCS COOTBETCTBYIOIINE KOOpI[I/IHaTBI T.€. €CIM JAHbI

KOODIMHATHI BEKTOPOB d U b a=(x1, y1, 21), D =(x2, 2, ) m ¢ = i+b: d=a-b

-

, TO KOOPJMHATHI BEKTOPOB € y; U BBIMMCIsAIOTCS 10 hopMymam:
¢ =(x1txz; yitye; 21+2,),
d =(X1-X2; Ya-Yz2; 71-22).

Ilpumep 142.

BBIYHCIINTE KOOPAMHATEI BEKTOPOB € =a + b - d=a- b , eciH a=(-3;5; 1), b =(4;
-2; 8).

Pemenne:

o ¢hopmysiam

C =(x1txz; y1tye; 21120),

d =(X1-X2; Ya-Y2; 71-22),
UMEEM

Z:('3"‘4; 5+(-2); 1+8)=(1; 3; 9),
0 =(-3-4; 5-(-2); 1-8)=(-7; 7; -7).

3aoanus 01 camoCmoAmeabHO20 pewienun:
BBIMHCIMTE KOOPAMHATEI BEKTOPOB € =a — b+h ;d=a+b-h ecpy @=(4;-3;
10), b =(-4; 12; -1), h =(3; -7; -11).
Konumponwvuwie éonpocwi:
1. Cdopmynupyiite npaBUiio TPEyroabHUKA JUIsS CII0KEHUST BEKTOPOB.

2. CdopmynupyiiTe mpaBuiio napajjiesorpaMma Jijisi CII0KEHUST BEKTOPOB.
3. 3anummre GopmyIibl ClIokKeHUS (Pa3HOCTH) BEKTOPOB B KOOPIMHATAX.

Jumepamypa: [10, c. 180-185]

IIpakTuyeckoe 3ansitue Ne 18
YMHOKeHHEe BEKTOPa HA YK CJI0



Ienv padomuwr:
CMYOeHm O0JIHCEH.
3HaMb!
- IPaBUJIO YMHO>XCHHS BEKTOPOB;
yMemb:
- CTpPOUTH MPOU3BEIACHUE BEKTOPA HA YHCIIO;

- BBIYHCIIATH KOOPAMHATHI BekTopa K& .

Ceedenus u3z meopuu:
Ipoussenenne K& Bextopa @ ma umcmo K maseiBaercs Bextop, Momyms

—

KOTOPOI0 paBCH IMMPOU3BCIACHNIO MOIYJIA BEKTOpA d Ha MOJYJIb YHCJIa k , OH

—

napanesaeH BEKTOpy & M JIEKUT ¢ HUM Ha OJIHOH IIpsAMOii M HAIPaBJIeH TaK XKe,
KaK BEKTOp &, ecii K — 4nciIo TIONM0KUTENBHOE, M IPOTUBOIIONOKHO BEKTOPY a ,
ecin K —umcno otpumaTensHoe.

—

Ecimu K =0, mnst mo6oro Bektopa 8 npoussenenne K@ paszo Hymb-BexTopy: O -
a=0.

Ecm K=1,101-d=4a.

Ecim K =-1, 1o (-1)- 8=-8 — BexTOp, IPOTUBOMOJIOXKHEII BEKTOpY & .

Ilpumep 143.

—

JlaHBI BEKTOPBI, COBHAIAIONINE CO CTOPOHAaMu Tpeyronsuuka ABC: CB =4,

CA =b . Bripasurs uepes BekTopel @ u 0 Bexrop AO, rae O — Touka

NepecevueHnsi MeIMaH TPEYroJIbHUKA. BBITIOJIIHUTE PUCYHOK.

Pewenue:

U3BECTHO, YTO Touka O MepeceueHus MeIMaH TPEYTOJIbHUKA JCIIUT OTPE30K
— 2

MEIHMaHbl B OTHOILIIEHUU 2:1, cuutas ot BepmuHbl. [loaTomy AO = g AD , TIe

touka D — cepeauna croponst CB.

Ho BexTop @=%@=%5; Fc:—%;_

_ _— — 1 - >
B tpeyromsauke CAD Bextop DA=DC +CA = 5 a+b,

2 1- ) 1- 2
Uckomsiit Bektop AO = —g(—§a+ b] = §a_§b :

3aoanusn 014 cAamMoCmMoOAMeENbHO20 PEUIEHUA:

—
—

1) Mo naHHBIM BekTOpaM & u b IIOCTPOUTH KAXKJBIA U3 CIECAYIOIIUX BEKTOPOB:

35,—16,2a+16,15—36_
2 32



2) B tpeyronpanke ABC BEKTOP AB=m u BEKTOP AC =i, [TocTpouTh KaIblii

- m+n m-n -—-m+n m+n
13 CAEYIOUIX BEKTOPOB: ———  ——, — 5+~
3) Touka O siBiISETCS TOUKOM TIepecedeHust Meauan Tpeyronsuuka ABC. Jloka3aTb,
at0 OA+OB+0C =0.
4) B NpaBUILHOM nﬂTHyroanHKe ABCDE 3a/1laHBI BEKTOPBL, COBIIAJIAIOLIME € €10
pedpamu: AB = m BC=f, CD = p,DE=q, EA=r. [TocTpouTh BEKTOPHI:

M—F+ PG4T ﬁ+25+%F, 27n+%ﬁ—36—6+2?_
5) B napamnenenunene ABCDA'B'C'D’ 3amansl BEKTOpBI, COBIAJAIOIIKE C EIO
peopamu: AB=m, AD=n AA = p (puc. 85)

a’ ¢
Aj ‘}‘ 5:
P 1
I
I
'
1
a2
-
A ™ B
PucyHnok 85.

6) ITocTpoUTh KaXKABIH U3 CIEAYIOIKUX BEKTOPOB: M+ N+ P , m+n-+ E P,
- 1= - - - 1-

“m+=n+p, —m-n+=p,

2 2 2

Konmponwvnwvie sonpocwi:
1. Cdopmynupyiite mpaBUii0o YMHOXKEHHUS BEKTOpA Ha YUCIIO.

Jumepamypa: [10, c. 180-185]

IMpakTuyeckoe 3ansitue Ne 19
CxaJisipHOe pou3Be/ieHNe BEKTOPOB

Ilenv padomuwi:
CMYOeHm OO0JIHCEH.
3HAMb:

- (OpMyJIBI 1JISI BRIYUCIICHUS CKAISIPHOTO MPOU3BEICHUS] BEKTOPOB;
ymems:

- BBIYHCIIATH CKATAPHOE MTPOU3BEAECHUE BEKTOPOB, YIOJI MEK/1y BEKTOPAMM.

Ceéedenusn uz meopuu:
CKansapHulM npousgedenuem 08yxX 6eKmopoe Ha3bIBaETCs YUCII0, PABHOE
MTPOU3BEICHUIO MOAYJIEN ITUX BEKTOPOB HA KOCUHYC YIJla MEXAY HUMH.



CKaJsIpHOE [IPOU3BECHHE BEKTOpoB & u b 06o3nauaercs cumsonom ab
(MOPSAIOK 3aIKCH COMHO)KI/ITeJIeI/I 6e3pa3J1quH 10 ecTh ab = ba)

Ecnu yron mexay BekTopaMu aub o6o3HaunTE yepes ¢, TO UX CKaISIpHOE
MPOU3BEJICHUE MOKHO BBIPA3UTh (HOPMYJION:

COS @

—

aTb:‘éb

CxaJIsIpHOE ITPOM3BEICHIE BEKTOPOB 8 M D MOXHO BBIPA3UTh TaKkKe (OPMYIIOI:

ab= a‘npgl b
01051
ab=bnp.a

—||—

N3 dpopmyiib ab = (a|b|cos ¢ CIEAYET, UTO ab>0, ecu ¢ — OCTpBIH yTro,

ab <0, eci ¢ — tynoii yron; 8b =0 B Tom 1 TonbKo B TOM CiyUae, korma
BEKTOPBI @ M D mepreH Ky IapHbI.

CkansipHOE IPOU3BEICHUE Aa HA3BIBACTCS CKAJSPHBIM KBaJAPAaTOM BEKTOpA U
-2
o0o3HavyaeTcst cuMBOJIOM @ . CkalspHbIM KBaJpaT BEKTOpA PaBEH KBAJpaTy €ro

MOAYJIA:

Eciu BekTopsl 8 ¥ D 3amaHbl CBOMMH KOOpIMHATAMM: A = (X, ¥1,2;) m

b= (X5, ¥,12,), TO X CKaJIAPHOE IPOM3BENEHUE MOXKET OBITh BBIYMCIIEHO 10
bopmyiie:

ab = X Xo + 1Yo + 4,2,
Otcrona cienyeT He0OX0IUMOE U JIOCTATOYHOE YCIOBUE MEPIICHAUKYIIPHOCTH
JIByX BEKTOPOB:

XX, + V1Y, +2,2, =0.
Vron ¢ mexny Bektopamu @ = (X, ¥;,Z) u b=(X,,Y,,Z,) 3anaercsa Gopmymnoii
ab XX, + V1Y, +4,Z,
, WIN B KOOPJMHATAX COS¢p = —
\/X +y1+Zl\/X2+y2+22

[Tpoekius Mpou3BoabLHOTO BekTopa S=(X, Y, Z) Ha KaKyr-HHOYAb OCh U
onpenensiercs GopMyIoi:

COS ¢ =

np,S = Se,

rae € — eIMHUYHBINA BEKTOP, HAIIPABJICHHBIN 110 OCH U.



Ecnu nanst a, 5, 7, KOTOpbIe OCH U COCTABIISIIOT COOTBETCTBYIOIIUE YTJIbI C
KOOPAMHATHBIMM OCSIMH, TO € = (COS ¢, COS [3,C0S ¥) W [yIsl BHIYUCIIEHUS BEKTOPA
S MoXker ciy)uTh hopmya;

np,S =XCosa+Yycos B+zcosy,

Ilpumep 144.
27 -
Bekropsl a u b 00pa3yroT yromu (0—? 3Has, YTO ‘ ‘ ‘b‘ 4  BBIYHCIIHTD:
R T R L T VO VO VO W
ab. la ,[o| , (a+bf, [3a+25], (a—bf, (sa—2ba+2b)
Pemenue:

COS ¢ =

u3 popMyIibl , BBIpPa3UM ab= ‘aHb‘cow TOT1a

ab = 120032—7Z —12(— 1) =—6-
3 2 ’

—»2

-2
—32=9 ‘b‘ —4*=16:
1o popMyJie COKpaIEeHHOr0 YMHOXEHUS KBaJpaTra CyMMbl, UIMEEM
-~ - -2 - o2
(a+b)2 =a +2ab+b =9+2(-6)+16=13;

TKa—H TO

AHAJIOTUYHO
(3a-+2bf =9a" +12ab+4b° =81+12(-6)+64 =73
110 (hOpMyJIE COKPAIIEHHOTO YMHOKEHHUS KBaJpaTa Pa3sHOCTH, MMEEM
(@-bf 3" ~2ab+b" =9-2(-6)+16 =37
pacKkpoeM CKOOKH
(33— 2b)a+2b)=3a" +6ab - 2ab— 45 =3a +4ab— 4D’ =27 + 4(~6) — 64 = —61.

3aoauu 0141 camocmoamenabHo20 peuleHus:

-

1) BexTopsl @ 1 D B3aMMHO MepICHAMKYIAPHBL; BEKTOP ¢ 00pasyeT ¢ HUMH

-

3 |

-

=5 |c

= 8, BBIYHCIIUTD.

- -~
YIJIBL, PaBHBIE @ = 3 ; 3Hasl, 4TO ‘a‘ =

(3a ZbXb + 3c) (a + b + (:)2 (a +2b— 30)2

—

2) Bekropsl a b u C MOTIAPHO 00Pa3yIOT APYT C IPYTOM YTIIbI, KaXK bl U3

KOTOPBIX paBEH 60°. 3uas, yTo ‘a‘ =2 , ‘b‘ =2 , ‘C‘ =6 , OIIPENETIUTh MOAYJIb

Bektopa P=a+b+cC.



- . —  [-2 [>2
3) Jlas! BexTops! a = (4,—2;4) u b = (6;-3;2) . Berunciurs: ab, Va | \/b> ,
(2a-3b)a+2b), (a+bf, @-bf.
4) Nansl Touku A(-1; 3; -7), B(2; -1; 5), C(0; 1; -5). Beruuciauts: \/ﬁz : EZ ,
(2AB — CB)(2BC + BA) .

Konumponvnovie éonpocet:

1. 3amummre GOpMysbl IS BBIYMCICHHS CKAJISPHOTO IPOU3BEICHUS
BEKTOPOB.

2. 3anummte GOPMYITY JJIs BEIYUCICHHS yIila MEXy BEKTOpaMHU.
Jumepamypa: [10, c. 189-191]

IMpakTuyeckoe 3ansatue Ne 20
BexkTopHoe 3a1aHKe NPSAMBIX M IVIOCKOCTEH B IPOCTPAHCTBE

Ilenv padomuwr:
CMYOeHm OO0JIHCEH.:
3HAMb:
- OIpeIeNICHNEe HAIIPaBJIAIONIET0 BEKTOpa MPSMOiA;
- KAHOHWYECKHUE YPAaBHCHHUSI PSIMOM;
- MapaMeTPUYECKUE YPaBHEHUS TPSIMOI;
ymemb:
- COCTaBJISITh YpaBHEHHUE MPSMOW IO JIBYM TOYKaM, MO HAMPAaBISIOMIEMY
BEKTODY.

Ceedenus u3z meopuu:

Hanpaenaowuii éexmop npamou. Kanonuueckue ypagnenus npamou.
Ilapamempuueckue ypasHenus npsamou

Kaxxnplii He paBHBIN HYJIIO BEKTOP, JIEKAIIUN HA JAHHON IPSMOM WU
NapajuIeNIbHbIA €1, HA3bIBAECTCS HANPAGIAIOUWUM 6EKMOPOM ITOU MPSIMOU.
Hamnpagnstomiunii BEKTOp IPOX3BOJIIBHON MPSAMOI B JalibHEWIIIEM 0003HaYaeTCs

OykBoO# «, ero KoopauHatel — OykBamu |, m, n: a=(I;m;n).
Ecnu uzBectHa onHa Touka M(Xo, Yo, Zo) MPAMOM M HANIPABJISIOIINN BEKTOP

a=(l;m;n), To mpsmas MOKeT OBITH OTIpe/IeTIcHa YPAaBHEHUEM BU/IA!
X=X — Y=Y _27%

I m n
B Takom BHzI€ ypaBHEHHE ITPSAMOMN HA3BIBAECTCS KAHOHUYECKUM.
KanoHn4eckoe ypaBHEHHE MPSAMOM, MPOXOAIIel yepe3 nanHbie Touku Mi(X1, Y1,
Z1) 1 M5(X2, Y2, Z) ©MEET BUL:
X=% _ Y—Y% — Z-174

XZ_Xl yz_yl Z2_21




O603HaunM OyKBOH t Ka)/10€ U3 paBHBIX OTHOIICHUI B KAHOHUYECKHUX
ypaBHEHUSIX:

X=X _Y=Yo _2-2 _

I m n ’
OTCIOJIa
X=X, +It,
y=Yy,+mt,
Z=1,+nt
X=X, +It,

Y=Y, +M, — mapameTpuueckoe ypaBHEHHUE MPSIMOMA, IPOXOISIICH Yepe3 TOUKY
Z=1,+nt.

M(Xo, Yo, Zo) B HaIIpaBJICHUU BEKTOPA a=(;mn).

Ipumep 145.
CocTaBUTh KAHOHUYECKUE YPABHEHUS MIPAMOM, TPOXOISIICH Yepe3 JaHHbIC TOUKHU:
(1;-2;1), (3, 1;-1).
Pemenue:
X=X — Y-V — Z-17
X,=% Yo=Y L7
x-1 y-(-2) 1z-1
3-1 1-(-2) -1-1
x-1 y+2 z-1
2 3 -2

BOCIIOJIb3yeMCsl (pOpMYyIIOn , TOT/1a TIOJIy9UM

3aoanus 01 CAMOCMOAMENbHO20 PEULEHUA:

1) CocTaBuTh KAHOHWYECKHE YPAaBHEHHUSI IPSIMOH, MPOXOsIIEH yepe3 Touky Mi(2;

Xx-1 y+2 z+1
5 2 -1

0; -3) mapaiienbHO: BEKTOPY a=(2-35), psMOi , ocu Ox,

ocu Oy, ocu Oz.

2) CocTaBUTh KAHOHMYECKUE YPABHECHUS TPSMOM, TIPOXOIAIICH Yepe3 NaHHbIS
Touku: a) (3; -1; 0), (1; 0; -3); 6) (0; -2; 3), (3; -2; 1); B) (1; 2; -4), (-1; 2; -4).

3) CocTaBuTh MapaMeTPUUICCKUE YPABHEHHUSI IPSIMOH, MPOXOSIIEH yepe3 TOUKy
x-1 y+2 z-1

Mi(1; -1; -3) mapauiensHo: Bektopy a = (2,—34) | mpsimoit

2 4 0’
X=3t-1,
npsiMoit Y =—2t+3,
Z="5+2.

4) Yepes Touku M;(-6; 6; -5), M>(12; -6; 1) nmpoBeaeHa npsmMas. OnpeaeiuThb
TOYKH ITEPECEUCHUS ITON MPAMOI ¢ KOOPAUHATHBIMH IIOCKOCTSIMH.



5) aub1 BepmuHbl Tpeyrobauka A(1; -2; -4), B(3; 1; -3), C(5; 1; -7). CocraBuTh
napaMeTpUYeCKUe YPaBHEHHUS €r0 MEIUaHbI, TPOBEJACHHON U3 BEPIIUHBI B Ha
POTHBOIIOJIOKHYIO CTOPOHY.

Konmponvuwvie éonpocoi:
1. 3anumuTe B 00111eM BHJI€ KAHOHUYECKOE YPaBHEHHUE MPSIMOM.
2. 3anuiure B 00ILIEeM BHJIE TapaMETPUUECKOE YpaBHEHUE MIPSIMO.

Jumepamypa: [10, c. 206-211]

IIpakTuyeckoe 3ansaTue Ne 21
IIpoexuus BeKTOpa HaA OCh

ILlenv padomuwi:
CIMYOeHm OO0JIHCEH.
3HaMb!
- YTO HA3BIBAETCS YHCIIOBOM XapaKTEPUCTUKON MTPOEKIIMU BEKTOPa Ha OCh;
ymemb:
- BBIYHCJIATH YHCIOBYIO TPOSKIIMIO BEKTOPa HA OCh.

Ceéedenus u3z meopuu:

Yucnosas npoexyus 6eKmopa Ha 0Cb — 3TO YUCI0, KOTOPOE PAaBHO MPOU3BEICHHUIO
JUTHHBI JAHHOTO BEKTOPA Ha KOCHHYC yTila MEXIY dTUM BEKTOPOM H BEKTOPOM,
OTIPEISIISIONTAM HAIIPABJICHHUE OCH.

YucaoByro MPOESKINIO BEKTOpa AB ma ock L 0603HauAI0T KaK np, AB ,a
YHCIIOBYIO ITPOCKITHIO BEKTOPA a ma 0Cb, OTIPEACIIIEMYIO BEKTOPOM b — np; a,

B 3tX 0003HaueHUSIX ONpEACICHIUE YUCITIOBOM HpOCKHI/II/I BEKTOpa a ma MPSIMYIO,

-

HAIPaBICHHYIO KaK BEKTOp b, mpumer Bux 71p; @ ‘a‘ cosZ(a,b) .

Dra (opMy/Ia MPHMEHSETCS, KOT/Ia N3BECTHBI JUTHHA BEKTOPA A M yroil MEKIY
BeKTOpamu a u b .

Ilpumep 146.
BrrancnuTe 4uCIOBYIO IPOEKIIMIO BEKTOpa A Ha MPSIMYIO, HAIIPaBIEHHYIO KakK

BEKTOP b, ecnu anuHa BEKTOpa A paBHa §, a yroJl MeX1y BEKTOpamMu a U b
pasen 60°.
Penrenue:

o opmyie np* ‘a‘ c0s Z(a,b) , umeem

np,a=8cos60° =8% =4,



H3BecTHO, 9TO Cos ¢ = I7|l7] - Torma dopmyaaa npb ‘a‘ cos £(a, b)

MO3BOJIAIONIAS HAUTH YHUCIIOBYIO MPOEKIMIO BEKTOPA & Ha MPSIMYIO,
~ - (a,b)

HaIpaBJICHHYIO Kak BekTop D, mpumer Bug "P;8 = ‘6‘

T. 0. uncnosas MPOCKIUA BEKTOPA & HA OCh, HATPABIICHHE KOTOpOU COBIANAET C
HanpapJIeHUEM BEKTOpa b, — 510 OTHOWEHNUE CKaJISIPHOTO IPOU3BEICHUS BEKTOPOB

aub k JUTHHE BEKTOPA b.

- —

(a,b)

[onyuennyro popmyiy Buna Py = ‘—b»‘ y10OHO MTPUMEHSTH JUISl HAX 0K ICHHSI

YHICIIOBOM MPOEKIIMH BEKTOpa a Ha MpSIMYIO, HAlPpaBIEHUE KOTOPOM COBMAIAET C

HaIIpaBJICHUCM BCKTOpa b , KOI'la U3BCCTHBI KOOPpAWHATBI BECKTOPOB au b .

Ipumep 147.
UsBectHO, uTo Bektop b = (-3, 4) 3amaer nanpasienune ocu L. Haiinure

4HCIIOBYIO Mpoekiuio Bektopa a = (1, 7) Ha ocs L.
Pewenue:

- _(ab)

sanuimeM Gopmyny P @ = ‘—b»‘ B KOOpJIMHATHOM (popme, ToTIa

a _ (alb) _ XaXb + yayb o
npea=-—=r—= >, .lcronb3yem ee sl HaXOXKIeHus1 TpeOyemMoit
b X + VY

YUCIIOBOU MPOEKLIMHU BEKTOPA 5 Ha och L:
- (ab) 1( 3)+7-4 25

J(=3)2+ 4 ~J5

an

Ilpumep 148.
OTHOCUTENBHO MPAMOYTOJIbHOM cucTeMbl KoopauHaT OXyZ B TpeXMEpHOM

NpocTpaHCTBe 3a/aHbl 1Ba Bektopa a=(—2; 3; 1) u b=(3; —2; 6). Haiinure
4UCIIOBYIO IPOEKIMIO BEKTOpa & Ha 0Ch L, HampaBieHne KOTOpOii COBIANaeT ¢

HanpasJeHHEM BekTopa b .
Pewenue:



10 KOOpAHATaAM BCKTOPOB aub BBITHCJIIUM CKAJIIPHOC IPOU3BCACHUC 3THUX

BekTOpoB: ab =X X, +VY,Y, +Z,Z,.
Jlnvna BekTopa D 1o ero koopauHaTaM BEIYHCIIAETCS 0 CIEAYIOLIEN GopMyIie

P 2 2, 52 N
bl =+/x; + Y, +2Z, . Torna GopMyna 11 onpeneaeHns YUCIOBOH TPOSKIHH

BCKTOpa E_B: Ha och L B KOooOpaAnHaTax MMCCT BU
np.a— (%B) _ XX+ Ya¥y T 247,
’ b X+ +2
[ToacTraBuM B HOTYYEHHYIO (GOPMYITY 3aJaHHBIE KOOPAUHATEI:
npaa: (-2)-3+3-(-2)+1-6 _—6 :_é_
° JE+(-22+60 VA9 7

JInst IpOEKUHH BBITOJIHSIOTCS CIIEYIOIINE TEOPEMBL:
1. [Ipoekiinu paBHBIX BEKTOPOB Ha OJIHY U TY K€ OCh PaBHBI MEX]1y COOOI:

a=b torma "pLa=npb
2. IIpoekuys CyMMBI IByX BEKTOPOB Ha IIPOU3BOJIbHY410 OCh PABHA CyMMe
NPOEKIHIA ITUX BEKTOPOB:

an(g+B) =anZz+anB

3. IIpoekuus mpou3BeeHUs CKaJIIpa Ha BEKTOP Ha MPOU3BOJBHYIO OCh paBHA
IIPOU3BEICHUIO 3TOTO CKaJspa Ha MPOEKLUIO BEKTOPA:

np, (ka) =knp_a

3aoanus 01 cAmMoOCMOAMENbHO20 PEUIEHUA:
1) HokaxwuTe, uTo 11 mo0bIx Touek A, B, C, D cipaBeninBo paBeHCTBO:

anE+anR+an@=anﬁ_

2) Mawo: "PL4 =1 np D=3 Byuucmure: P (a+2b); an(_a"'Zb),
np, (321—26) np, (21—5)

—

a g
3) Bexrop © obpasyer ¢ ockto Ox yro o M UMECT UIMHY || Onpenennre
a
KOOPJMHATBI BEKTOpA  €CJIHU:

2 ; 2) 0=45°,

- 3 o1 .
o|=2 a=3 |- g
a) a=90°, ‘ : 6) a=180°, 2 ;6) 0=-90°,

Koumponwnsie eonpocwi:
1. Yro Ha3bIBaeTCsA YMCIOBOM XapaKTEPUCTUKOW MPOEKIIMU BEKTOpa Ha
0OCBh?



Jumepamypa: [10, c. 212-215]

IIpakTueckoe 3ansiTue Ne 22
Hcnonb30BaHne BEKTOPOB MPHU PelIeHHN MATEeMATHYECKUX H MPUKJIATHBIX
3a;a4

Ilenv padomuwr:
CMYOeHm OO0JIHCEH:
3HaMb.
- BEKTOPBI ¥ IPOCTEUIIINE ICUCTBUS HAJI HUMU,
ymems:

- MPUMEHSATH TMpaBuia JACHUCTBHS HAJ BEKTOpaMH TIPU  PEIICHUU
MaTeMaTUYECKHUX U MPUKIAJHBIX 33]1a4.
Ceedenus u3z meopuu:

PaccmoTpum 3amaum TpEX THIOB, KOTOPBIE II€JIECOOOPA3HO pElIaTh C
MTOMOIIBIO BEKTOPOB.

llepsviii mun: 3a0auu, césa3aHHble C 0OKA3AMENLCMBOM NAPALIEIbHOCIU
NPAMBIX U OMPE3KO8, NPAMbBIX U NIIOCKOCMU

Ilpumep 149.

Jlokasath 94TO BEKTOP, KOHIIAMH KOTOPOTO SIBJISIOTCS CEPEANHBI IBYX
MIPOTHUBOJICKAIINX CTOPOH YETHIPEXYTOJIbHUKA, PAaBEH MOJIOBUHE BEKTOPHOMN
CYMMBI JBYX IPYTUX MPOTHUBOJICIKAITUX CTOPOH.

Pewenue:
nyctb ABCD — uetbipexyronsuuk, M — cepeauna AB, N- cepenuna CD.

Toria HEOOXOMMMO T0Ka3aTh, uTO MN = %(ﬁf + E) .

ITycte O — npou3BoJibHAsI TOYKA MJIOCKOCTH, COSUHUM €€ C BEpIIMHAMU U
CepellMHaMHU JIBYX CTOPOH YETHIPEXYTOJIbHUKA, BHIMOJIHIUM PUCYHOK (puc. 86):

Pucynok 86.

IIo IMpaBuUy JACJICHHA OTPC3Ka B 3d/IaHHOM OTHOIICHHWHN, HMCCM!

W:%(O_A#@),
— 1

0N=§(&+&5).



I1o mpaBuily TpEYroJbHUKA, UMEEM:

1 — —

MN =ON -OM :%(OC +OD)—§(OA+OB)=

1 — — 1 — — 1 — —

:E@c—om+E@D—QM=EwC+MD

3aoaua ona camocmoamenvHo2o peuienus Nel. JlokazaTtb, 4YTO CpEIHSSA
JIMHUS Tparneluu napauielibHa OCHOBAaHUSAM U paBHA UX MOJIyCYMME.

Bmopoﬁ mun: 361()61'{14, 6 Komopbvlx ()0Kd3bl6a€mc}l, Umo HeKkomopas modKka
oenum ompe30oK 8 3a0AHHOM OMHOUEHUU

Ilpumep 150.

Ha cropone AC tpeyronbauka ABC B3sita Touka M Tak, uyto ‘m‘ — %‘E‘ , a Ha

npoaomkeHnn ctoponsl BC takas Touka N uro ‘m‘ _ ‘ﬁf‘ B kaxom oTHOLIEHUH

touka P nepeceuenust AB u MN nenut kaxapiii U3 3TUX OTPE3KOB.

Penienue:

BBITIOJTHUM PUCYHOK (pHC. 87), COOTBETCTBYIOIIMNMI YCIOBUIO 3a/1aUH:

Pucynok 87.

_— —

MP AP

[yctbu=—=x, —=-=Y.

Bri6epem 6a3rcHbIe BEKTOPH CB = 5, CA=h.

Paznoxxum BekTop AP 110 0a3UCHBIM JBYMS Pa3IMYHBIMH CIIOCOOAMMU:

E——

[—

PB

R —

AP AP y —  —
a) — =Y, TOrjd — = , T.K. BEKTOPEI AP U AB COHampaBJI€HBI, TO
AB y+1
ﬁ:iﬂé:i(@_a&) :L(a_ﬁ)_
y+1 y+1 y+1

Ap=—Y a- Y jp.
y+1 y+1




0) ﬁzx, TOrZA , ﬁ:im#im
PN X+1 X+1

Ho, mo ycnoButo 3agaun ‘m" — %‘E‘ - %‘5‘ , AN =CN —CA=2a—_b, TO3TOMY

— 1 1- X - -
AP=—|—-=b|+——(2a-D).
x+1\ 4 X+1
B nosnydeHHOM BBIp@XXKEHUU PACKPOEM CKOOKH, YIPOCTUM, TOT/AA MOTYIHM:
— 2X = 144X -
AP = a-— .
Xx+1  4(x+1)
y‘II/ITLIBaSI CIANHCTBCHHOCTDH paSJIO)KeHI/ISI BGKTOpa 10 I[ByM
HCKOJIJII/IHeapHBIM BGKTOpaM, HOJIY‘II/IM CI/ICTeMy:

y _ 2X
y+1 o x+1
y _ l+4x’
y+1  4(x+1)

Pemas  cuctemy  J100BIM  HW3BECTHBIM  CIIOCOOOM  (CIIOKEHHEM,
MOJCTAaHOBKOW ), MOTYYUM:

x<
I

<
1
wlin M

CrnenosarenbHo, Touka P nenut orpe3ok AB B oTHomieHuu 2:3 U OTpe30K
MN B otHOIIEHNH 1:4.

3aoaua ona camocmosmenvrozo pewenus Ne2. Ha muaronansx AB1 u BCy

rpaneit AA1B1B u BB1C1C napamnenerunena ABCDA;1B1C1D1 B34TBI TOUKH

cootBeTcTBeHHO H 1 M Tak, uto otpesku MH u A;C mapannensasl. Haitnure

OTHOILIEHUE JUINH 3THX OTPE3KOB (BODCHOHB3yﬁTeCB MPEAJIOKEHHBIM pHC. 88).
1 Cy

Pucynok 88.

Tpemuii mun: 3a0auu Ha 00KA3aMeENbLCMEO NPUHAONEHCHOCMU mpex U boee
mouex 0OHOU NPAMOLL

Ilpumep 151.
Touxku M u N nexat coorBeTcTBeHHO Ha cTopoHax AD u BC deTbipexyroibHuKa



ABCD, mpuuem AM:MD=BN:NC=3:4. [lokaxuTe, 9TO cepeanHbl 0Tpe3KkoB AB,
MN u CD nexat Ha ogHOM IPsIMOA.

Pemenue:

BBITIOJTHUM PUCYHOK (puc. 89), COOTBGTCI;By}OHlI/Iﬁ YCJIOBHIO 3a]1a41

Pucynok &9.

[Tycts K1 — cepenuna AB, K, — cepenuna MN, Ks — cepenuna CD. Mcnons3ys
dbopMyIIBI ETICHNS OTPE3Ka B 3aJaHHOM OTHOIIICHUH, UMEEM:

1 — —

KiK, = (AM +BN).

- 1 — —

KiKy =~ (AD +BC).

N3 ycnosust AM:MD=BN:NC=3:4 cnenyer, 4to

AV =>AD, BN =>EC.
7 7

CnenmoBaTtesbHO,
— 31— —=. 33—

KiK; == (AD+BC) =2 KK;

T.0., BEKTOPBI K,K, 1 K K, KOIUIMHCAPHbI, U, 3HAYHUT, TOUKH Ki, Ko m K3 mexxar

Ha OAHOU HPSIMOM.

3a0aua 0na camocmosmenvnozo pewenus Ne3. B TIPOCTPAHCTBE PacIIONOKEHEI
orpe3ku AB u A1B1. Touka M ecTh cepenuHa otpe3ka AB, Touka M — cepeauHa
A1B1. Jlokaxkute, 4TO cepeauHbl OTpe3KoB AA1, BB1, 1 MM pacnojioxKeHbl Ha

OIHOM MPSIMOM.

KOHmPOJle ble eonpocol:

1. TlpuBeaute mpuMepbl 3amad, KOTOpPbIE II€JecO00pa3HO pemaTh C

MIOMOIIIHIO BEKTOPOB.

Jumepamypa: [10, c. 228, c. 237]
IMpakTuyeckoe 3ansitue Ne 23
Paccrosinne Mexkay AByMsl TOUKAMH.

Boruucienue KOOPAUHAT CEPECAUHLI OTPE3KA

Ilenv padomuwr:



CMYyOeHm OOJIHCEH:
3HAMb:
- (hopMyIIBI AJTs1 BEIYUCIICHHS PACCTOSIHUS MEXKTY IBYMS TOUKAMU;
- (hopMyIIBI AJTs BEIYUCIICHHSI KOOPIWHAT CEPEAMHBI OTPE3Ka;
yMemb:
- BBIYHCTATH PACCTOSTHUE MEXKIY ABYMsI TOUYKaMHU, KOOPJIUHATHI CEPEIUHBI
OTpe3Ka.

Ceedenus u3z meopuu:
Jlnunou ompeszka AB Ha3bpIBaeTCSA PaCCTOSTHUE MEXKY TOUKaMu 4 U B nipu
3aJlaHHOM MacuTade (0Tpe3Ke eqUHUYHON JUIHHBI). J{muHy oTpe3ka AB Oynem
0003HAYaTh KaK ‘AB‘.
Paccmosnue meancdy 0eyms mouxamu Ar(X1; Y1) 1 Az(X2; Y2) B IpSIMOYTOJIBHOM
CUCTEME KOOPJUHAT BbIpaxkaeTcs (popMyioi:
2 2

|A1A2| = \/(xz —x) + (v, —1)°.

Touka C Ha3bIBaeTCA cepedunol ompeska AB, ecan oHa NeXUT Ha O0Tpe3ke 4B u

HAXOJUTCS HAa OJJMHAKOBOM PACCTOSHUM OT €70 KOHIIOB, T. €. \Ad = ‘CB‘

Koopounamsi cepedunvt ompeska na niockocmu

BBeaem npsAMOyroiabHyo I€KapTOBY CUCTEMY KOOpAUHAT OX) Ha MIOCKOCTH.
[Tyctb Ham nanbl ABe TOYKU A(X4; Vv4) v B(xs; ¥5) 1 ©3BeCTHO, uTO TOuKa C —
cepeanHa orpeska 4B. Haiinem xoopauHatsel xc U yc Touku C.

PaccmoTpum ciywait, korga Touku A U B HE COBIIAIAalOT U HE JIeKaT
OJTHOBPEMEHHO Ha OJTHOW U3 KOOPAMHATHBIX OCEU WMJIM Ha MPSMOU,
MEPICHINKYISIPHON OJJTHON U3 KOOPANHATHBIX OCEH.

” B:-' B
= fM B ——— - =
fq o !
SIS I
TS SR [
= o
& A I
AL ] L —A | :
| | |
1
A CL‘A. le X
Gl 1 X, X Xp
[
A.C|=|C.R,

Pucynok 78. KoopanHaTel cepeilMHbI OTpe3Ka

ITo moctpoenuto:
_ XX _ Va1V
Xe=—F5 + Ve=— 5 -
2 2
T. 0., cepennna oTpe3ka 4B Ha IUIOCKOCTH ¢ KOHI[AMK B TOYKaX A(x4; v4) ¥ B(xz;

+ +
VB) AMEET KOODPIHHATHI (XA . Xy Y : ygj.

Ilpumep 134.


http://www.fxyz.ru/%D1%84%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D1%8B_%D0%BF%D0%BE_%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B5/%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%B8_%D0%B8_%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%BA%D0%B8/%D0%BA%D0%BE%D0%BE%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D1%82%D1%8B/%D0%B4%D0%B5%D0%BA%D0%B0%D1%80%D1%82%D0%BE%D0%B2%D1%8B%D0%B5_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B_%D0%BA%D0%BE%D0%BE%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D1%82/%D0%BF%D1%80%D1%8F%D0%BC%D0%BE%D1%83%D0%B3%D0%BE%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%BE%D0%BE%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D1%82/
http://www.fxyz.ru/%D1%84%D0%BE%D1%80%D0%BC%D1%83%D0%BB%D1%8B_%D0%BF%D0%BE_%D0%BC%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B5/%D1%84%D1%83%D0%BD%D0%BA%D1%86%D0%B8%D0%B8_%D0%B8_%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%BA%D0%B8/%D0%BA%D0%BE%D0%BE%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D1%82%D1%8B/%D0%B4%D0%B5%D0%BA%D0%B0%D1%80%D1%82%D0%BE%D0%B2%D1%8B%D0%B5_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B_%D0%BA%D0%BE%D0%BE%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D1%82/%D0%BF%D1%80%D1%8F%D0%BC%D0%BE%D1%83%D0%B3%D0%BE%D0%BB%D1%8C%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%BE%D0%BE%D1%80%D0%B4%D0%B8%D0%BD%D0%B0%D1%82/

Ha mmockoctr 3amansl koopAauHAThl 1ByX Touek A(-7; 3), B(2; 4). Haiinurte
KOOPIMHATHI CEpEAMHBI OTpe3Ka AB.

Pemenue:
nyctb Touka C — cepeauHa otpe3ka AB. Ee KoopauHaThl paBHBI
MOJyCyMMaM COOTBETCTBYIOIIUX KOOPJUHAT TO4YEK A U B:
X, +x, —742 5
'xC = = =——,
2 2 2
yv,+yy; 3+4 7
yC = = = —.
2 2 2

5 7
T. 0., cepeauna orpeska AB UMeeT KOOPAUHATHI (_E’ Ej'

YacTo ¢ HaXOXKJEHUEM KOOPJIMHAT CEPEIUHBI OTPE3Ka CBA3aHbI 3a/1a4H, B KOTOPBIX
burypupyer TepMUH «MEIHAHAY.

Ilpumep 135.
Haiinure nnuny memuanel AM B TpeyroinbHuke ABC, e€cau HW3BECTHBI
koopauHathl ero BepiuH A(-1; 0), B(3; 2), C(9; -8).
Pewmenue:
T. K. AM — menuana, To Touka M siBnsiercs cepeaunon ctoponsl BC. Halinem
KOOPAMHATHI CEPEIUHBI ATOTO OTPE3Ka IO N3BECTHBIM KOOPAMHATAM €r0 KOHIOB:
Xy t+x. 349

= = :6’
=T 2
Yptye 2-8
Yu 5 5

T. 0., M(6; -3).
OcTajioch BOCHOJIL30BaThHCS dopMynol IS BBIYMCICHUSA PACCTOSHHUS MEXKIY
toukamu A 1 M.

|4M]| = /(6 (1)) +(-3-0) =58,

CylmecTByIOT pa3fiMyHbIE 3a/Jaud, B KOTOPBIX HW3BECTHBI KOOPIUHATHI
CEpelIMHbI OTpe3Ka W OJHOTO0 W3 €ro KOHIIOB, a TpeOyeTcs HaWTH KOOPIUHATHI
JIPyroro KoHma. PaccMoTpum peliesue OqHOM U3 HUX.

Ilpumep 136.

B npsmoyroibHOM cHUCTEME KOOpPAMHAT TPEXMEPHOIO IMPOCTPAHCTBA JaH
napautenenunex ABCDA;B1CiD;. UsBectro, uto Cyi(1; 1; 0), a M(4; 2; -4) —
cepeauna auaronanu BD1. Haiiaute koopauHaTel TOUkH A.

Pemenue:

JMaroHa v mapajijiejiorpaMMa MepeceKarTcs B OJHOM TOUKE, U dTa TOYKa
SBJISIETCS CEPEAMHON Ka)XJ0W M3 3TUX AuaroHaiei. Takum oOpa3zoM, MbI MOXKEM
yTBEpXkKIaTh, 4YTOo Touka M siBisieTcsi cepeaunoit otpeska AC; . M3 popmyn ms
HaxXO0XJICHUSI KOOPJAUHAT CePEAUHBI OTPE3Ka UMEEM:


http://www.cleverstudents.ru/distance_from_point_to_point.html
http://www.cleverstudents.ru/distance_from_point_to_point.html

X, = > =>x,=2x,, —x, =8-1=7,
Vatye

v = Az L=y, =2y, —y, =4-1=3,
Z,+1

z, = A2 “=7,=22,-2, =-8-0=-8

Hrtak, Touka A umeeT koopauHatsl (7; 3; -8).

3aoanusa ona camocmoamenbHoO20 peuienu:

1) Berauciaute nmepumerp Tpeyronbauka ABC, eciu A(4; 0), B(12; -2), C(5; -9).
2) Beruucnure nnuny menuanbsl AM tpeyroibHuka ABC, BEpIIMHBI KOTOPOTO
umerot koopaunaatel 4(0; 1), B(1; -4), C(5; 2).

3) Hokaxwute, yTo TpeyroibHUK ABC — paBHOOEAPEHHBINA U BBIYMCIIUTE €TI0
TUTOIIA)Tb, €CJIM BEPIIUHBI KOTOPOTo MMEIOT koopauHatel A(-4; 1), B(-2; 4), C(0;
1).

4) okaxwure, 9To yeThipexyroinbHuK ABCD sBisiercs mapaiienorpamMmmom, U
BeIuncauTe ero auaroranu, eciu A(1; 1), B(6; 1), C(7; 4), D(2; 4).

5) Hokaxwute, uTo yeThipexyroibHuK ABCD sBisieTcss npsiMOyrOJIbHUKOM, U
BBIUKCJIMTE ero miomianb, ecnu A(-3; -1), B(1; -1), C(1; -3), D(-3; -3).

Konumponwvnwie éonpocui:

1. 3anummre Gopmyity /Ui BHIYMCIECHUS KOOPAUHAT CEPEIUHBI OTpE3Ka.

2. 3ammmute (GopMyidy AN BBIUMCICHHUS PACCTOSHUS MEXIY ABYMS
TOYKaAMHU.

Jumepamypa: [10, c. 186-189]

IMpakTuyeckoe 3ansitue Ne 24
Pemenue 3a1a4 KOOPAUHATHBIM METOI0M

Ilenv pabomur:
CMYOeHm OO0JIHCEH.
3HAMb:
- (hopMyIIBI 1T BEIYUCIICHHS PACCTOSHUS MEXIY JBYMS TOUKAMU;
- (hopMyIIBI 1T BEIYUCIICHHSI KOOPAMHAT CEPEIUHBI OTPE3Ka,
yMemb:
- HWCIOJB30BaTh (HOPMYJIBI PACCTOSIHHS MEXY IBYMS TOUYKAMU U (POPMYITY
JUISL  BBIYMCIICHUS KOOPAMHAT CEPEIWHBI OTpe3Ka TMpH PEIICHWH 3aaad
KOOPJIMHATHBIM METOJIOM.

Ceedenus u3z meopuu:
Buviuucnenue koopounam mouku, pagHoyoanenHol om 3a0AHHbIX MOYeK
paccmompum Ha npumepe 137



Ilpumep 137.

Haiitu koopaunaatel Touku (1, KOTOpasi paBHOYAaleHa OT Tpex Touek A(7; -
1) u B(-2; 2) u C(-1; -5).
Pewenue:

13 QOPMYIIMPOBKH YCIOBHS 3a1auu ciieqyet, yto O1A=018=01C.

[TycTh uckomas Touka (1 UMeeT KOOpI[I/IHaTI)I (a; b). ITo bopmye:

d=1(x, A= Ys) s

HaAWJIEM:

OA=(a-7f +(b+1f

0B=/(a+2f +(b-2F

0C=(a+1f +(b+5)
CocrtaBuM cucTeMy U3 JBYX YPABHEHUN:
{\/(a—Y)Z +0+1F =la+2f +(o-2f
J@a-77 +(0+17 =J(a+1} +(0+5Y

[Tocne BO3BeneHNs B KBaAPAT JIEBOW U NPABOU YaCTEW YPAaBHEHUM 3AIUIIEM:
(a-7¢+(b+1=(a+2)] +(b-2y
{(a— 7P +(b+1f =(a+1f +(b+5f
YrpocTus, 3anMIIEM:

-3a+b+7=0
-2a-b+3=0

PemmB cuctemy, monyuum: a=2; b=-1.

Touka O01(2; -1) paBHOyHajlieHa OT TpeX 3aJaHHBIX B YCJIOBHH TOYEK,
KOTOpBIE HE JIeKaT Ha OJHOM MOpsiMOil. DTa TOYKa — €CTh LIEHTP OKPYKHOCTH,
MPOXOIAIIEH Yepe3 TPU 3aIaHHBIC TOUKH.

Buviuucnenue abcyuccol (opounamvl) mouku, KOMOPAs JNeHCUMm HA OCU
abcyucc (opounam) u HAXOOUMCS HA 3A0AHHOM PACCMOSIHUU OM OAHHOU MOYKU,
paccmompum Ha npumepe 138

Ilpumep 138.

Paccrostare ot Touku B(-5; 6) mo Touku A, nexarniei Ha ocu Ox pasuo 10.
Haiitu koopauHaThl TOUKHU A.

Pemenue:

13 GOpPMYITMPOBKH YCIIOBHS 3a7aud CJIEAYyeT, YTO OpJAWHATA TOYKH A paBHA
nymo u AB = 10.

O0o03HaunB abcuuccy ToYku A yepes a, 3anuieM A(a; 0).

ITo dbopmyne
d =(x, a=Ye)




HaxoauMm:

AB:\/(a+5)2 +(0-6) :\/(a+5)2 +36

J(@+5) +36=10.

a*+10a-39=0.
KopHnu atoro ypaBaenus a;=-13; a,=3.
[Tonyuaem ase Touku A1(-13; 0) u 42(3; 0) — puc. 79.
y

[Tomyyaem ypaBHEHHE

YIpocTus ero, umeemM

B(-5; 6)

| X
As(as,0) 0 A;(ag:O)

Pucynok 79.

Buiuucnenue abcyuccol (opounamvl) mouku, KOMOPAs JAeHCUmMm HA OCU
abcyucc (opounam) u Haxo0oUmMcs Ha 0OUHAKOBOM PACCMOSIHUU OM 08YX 3A0AHHbIX

mouex, paccmompum Ha npumepe 139

Ipumep 139.

Haiitu Ha ocu Oy TOYKY, KOTOpasg HAXOAUTCA Ha OJHMHAKOBOM PACCTOAHHUU

ot Touek 4(6; 12) u B(-8; 10).
Pemenne:

MyCTh KOOPAMHATHI HY)KHOHM 10 YCIIOBHIO 3a[a4d TOYKH, JICKAIIeH Ha OCH
Oy, oyayr O1(0; b) (y Toukn, nexameii Ha ocu Oy, abcuucca paBHa HyIo). U3

ycaoBus caeayet, yto 014=01B.
ITo dhopmymne

d :\/(XA_XB)2 +(yA_yB)2

HaxXOaHuM:

OA=(0-6) +(b-12f =36+ (b-12F

O,B=++8" +(b—10f =64+(b—10)

Nmeem ypaBHEHHE

J36+(b—12f =/64+(b-10f

Brimonnss SIIEMEHTAPHBIE peoOpa3oBaHus npu
UppAIMOHAIILHBIX YPaBHEHUH, moyunm b=4,
Heo6xoaumas o ycnosuio 3agaauun Touka O1(0; 4) — puc. 80.

pelIeHun



b ae12)
B(-8; 10) :
O'{O.' b,
X
) 0
Pucynok &0.

enenue ompesxa 6 0anHOM OMHOULEHUU
Koopaunatsl X, Y, Z Touku M, koTopast 1€IUT 0Tpe30K M1M>, orpaHUUYEHHBIN
toukamu M1(X1, Y1, Z1) 1 M(X2, Y2, Z2), B OTHOIICHUH A, ONIPEACIISICTCS 10
dbopmynam:
_ X+ A% Cy= y, + Ay, . Z,+ 1z, .
1+4 1+4 1+4

Ipumep 140.

Jlaubl koHIel oTpe3ka AB. A(-2; 5) m B(4; 17). Ha stom otpeske
pacrionokeHa Touka C, pacCTOSIHUE OT KOTOPOM JI0 TOYKH A B JiBa pa3a 0OJbIiie
paccTosiHUs OT TOYKU B. Beruuciuts koopauHatel Touku C.

Pemenne:
o ycioswuto 3anauu AC=2BC, Torma A=2.
[To hbopmynam:
X+ AX, Y Ay,
Y G
BBIYUCIIUM KOOpAUHATHI TOUKHU C:
. —2+2-4 -2+8 _o.
1+2 3
_ 5+2-17 _ 5+3413.
1+2 3
T.o., C(2; 13).
Ipumep 141.
Jlokazate, uro tpeyronbhuk ABC: A(-3; -3), B(-1; 3), C(11; -1) -
MPSAMOYTOJIbHBIN.
Pemenne:

BBIYUCIIUM JJIMHBI CTOPOH TpeyroanI/IKa 1o Q)opMyne'

d =\/(x, V)

AB:\/(—1+3) (3+3)2 =\/E,
BC =(1+2f +(-1-3F =160
AC=A1+3 +(-1+3f =200

T.kx. AB?>=40, BC*=160, AC*=200, To AB*+BC?*=AC?.



T.0., cymMMa KBaJpaTOB JIJIMH ABYX CTOPOH TPEYTrOJbHUKA PABHA KBAAPATYy JJIUHBI
TpeTbel cTopoHsbl. M3 aTOrO cineayer, yTo TpeyrobHUK A BC nMpsSAMOYTOJIbHBIN U
ctopoHa AC SBIAETCS €ro TUIIOTEHY30H.

3aoanusn ona camocmoamenvHozo pewieHus:

1) Joxkazate, uro Tpeyroiasuuk ¢ BepmmHamu A(3; -1; 2), B(0; -2; 2), C(-3;2; 1)
paBHOOCIPCHHBII.

2) Ha ocu abcnycc HATH TOYKY, pACCTOSIHHE OT KOTOpO¥# J10 Touku A(-3; 4; 8)
paBHO 12.

3) Ha ocu oparHAT HallTH TOUYKY, paBHOYAalIeHHYO OT Touek A(1; -3; 7) u B(5; 7; -
5).

4) Nansl Bepmuasl A(2; -1; 4), B(3; 2; -6), C(-5; 0; 2) TpeyrosbHuka. BeraucauTs
JUIMHY €70 MEJIHaHbl, IPOBEACHHON U3 BEPIIUHBI A.

5) dausl nBe Bepiumubl A(2; -3; -5), B(-1; 3; 2) nmapamienorpamma ABCD u Touka
nepecedeHus ero auaronanei E(4; -1; 7). OnpeaenuTs B¢ Ipyrue BEPUIUHbBI
3TOTO Mapauieorpamma.

6) BerurcauTh KOOPAMHATHI KOHIIOB OTPE3Ka, KOTOPBIN pasaeneH Toukamu C(2; 0;
2) u D(5; -2; 0) Ha Tpu paBHBIC YaCTH.

Konmponwsuwvie 6onpocwi:

1. 3amummre QopMynbl A1 BBIYKMCICHUS PACCTOSHHS MEXIY ABYMS
TOYKAMH.

2. 3anummre GOpMYIIbI 17151 BEIYUCICHUS KOOPIMHAT CEPEeIMHBI OTPE3Ka.

3. 3amummmre GopMyIbl AeTeHUS OTpe3Ka B JAHHOM OTHOIICHUHU.

Jumepamypa: [10, c. 189]

IMpakTuyeckoe 3ansitue Ne 25
Pagunannas mepa yria. BpamareabHoe JBHKeHUe

Ilenv padomuwi:
CIMYOeHm OO0JIHCEH.
3HAMb:

- OmpenmeNieHWs paauaHa, CUHYyca, KOCHHYyCa, TaHITeHCa M KOTaHTCHCa
YHUCJIOBOTO apTyYMEHTA;

- 3HAYCHMS TPUTOHOMETPUIECKUX (PYHKITUH HEKOTOPBIX apTyMEHTOB;

- 3HAaKM 3HAYCHWH TPUTOHOMETPUYECCKUX QYHKIHUHA 10 KOOPIWHATHBIM
YETBEPTSIM;
ymemb:

- TIEPEBOANTH 3HAYCHUS YIJIOB M3 PAJMAHHOW MEPHI yIila B TPaayCHYIO
Mepy U Ha000poT;

- BBIYUCIISITH MPOCTEHUIIINE TPUTOHOMETPUIECKNE BBHIPAKCHHUS .

Ceedenus u3z meopuu:



Paouannas mepa

VYron B 1 paguaH — 3TO TaKO# HEHTPATBHBINA yroJI, JNTMHA IyTH KOTOPOTO paBHA
paanycy OKpY>KHOCTH.

PajuaHHas ¥ rpagycHasi Mephl CBA3aHbI MEKITy cOOO0M 3aBHCHMOCTEIO 1 80%=n

m

1800 PanuaH.

3HauyeHns] TPUTOHOMETPUUYECKHX (DYHKIUHA MOTYT OBITH HalIeHbI TAaK, KaK 9TO
JeNanoch B Kypce reOMETPUH, U3 IPSIMOYTOJILHOTO TPEYTOIbHUKA C TUIIOTEHY30H
paBHOIi 1 1 1o ouepenn 3amaBaembix yrios: 30°, 45°, 60°.

paauaH; yron B N°=

3HaKW TPUTOHOMETPUYECKUX (DYHKIHMH MO0 KOOPJIUHATHBIM YETBEPTSM:

Homep koopaunaTHOM I I m Y,
YETBEPTHU
sina, + + — —
cosa + — — +
tga + - +
ctga + - + -
EnunHcTBeHHas yeTHas QyHKIHS — KOCUHYC
cos(-a)=cosa.
BCC OCTAJIBHBIC OCHOBHBEIC TpI/Il"OHOMeTpI/I‘—IeCKI/IC (1)YHKHI/II/I HCUYCTHLIC:
sin(-a)= -sina;
tg(-0)= -tgo;
ctg(-0)= -ctga.
Tabnuna 2. 3HaueHus: OCHOBHBIX TPUTOHOMETPUUYECKUX DYHKIIUN
Paguannas 0 T T T T 27 3 S5x
Mepa yra 614 |3 |2 |3 |4 |6 |
Ppamycnast | g0 | 950 | 450 | 600 | 900 | 1200 | 135° | 1500 | 180°
Mepa yria
i 1 1
sina, 0 — ﬁ @ 1 ﬁ Q — 0
2 2 2 2 2 2
1 1
CcoSa, 1 ﬁ Q — 0 S _ Q _ ﬁ -1
2 2 2 2 2 2
tgo. 0 ﬁ 1 | 3] - | =3 1 |- ﬁ 0
3 3
ctga - J3 1 ? 0 | — ? -1 — /3 _




Pannannas n 5z | 4x 3r 5z 1es 117 5
mepayia | g0 | 4 |3 |2 |3 |4 6 i
Ppanycnas | 5100 | 2050 | 2400 | 2700 | 300° | 315° | 330° | 360°
Mepa yria
. 1 1
SIna - — _ﬁ _ﬁ -1 _ﬁ _Q S 0
2 2 2 2 2 2
1 1
cosa. - ﬁ — ﬁ - — 0 — Q ﬁ -1
2 2 2 2 2 2
tgo V3 V3| - | =3 1 |- V3
3 3
ctga J3 1 ﬁ 0o | _ ﬁ 1 | -3 -
3 3
Ilpumep 30.
Beruncnute: Sin405°,
Pemenue:
OJHBIH KpyT — 360° MOKHO «OTOPOCHTHY:
J2
sin405°=sin(405°-360°)=sin45%= -
Ilpumep 31.
BrIpasute B paJiuaHHOM Mepe 3HaueHue yria 36°.
Pemenue:
9TOOBI «IIEPEBECTH» TPAAYCHYIO MEpY yIila B paJIuaHHy0, HEOOXOIUMO 3aIaHHOC
3HAYCHUE YMHOKUTH Ha 18760 , T.0. TIOJTyYUM
360= 36° 7 7z
- 180° 5
Ilpumep 32.
2
Bripazurte B rpagyCcHON Mepe 3HAUYCHUE yIia ?7[ :
Pemenue:
YTOOBI «IIEPEBECTH» PAJIMAHHYIO MEPY yTJIa B TPaIyCHYIO, HCOOXOIUMO 3aJJaHHOE
180°
3HaYCHUE YMHOKUTH HA , T. 0. TIOJTY9UM
2_7z'1800 _ 360° _ 790

5 T 5

3aoanus 01 cAamMOCMOAMENbHO20 PEULEHUA:



1 BapuanT 2 BapuMaHT 3 BapuaHT

Nel. Beipazure B Nel. Beipazure B Nel. Beipazute B
pauaHHOMN paauaHHoOM (TpagayCHOMN) paaHHON
(rpamycHoit) mepe Mepe 3Ha4YeHHue yria. (rpamycHoit) Mepe

. 0.
3HaueHune yria: 60°; % 180°: 3?7[ 35H ;quHe yraa: 2107
: Ne2. Beraucnure: 36
No2. Boruucinure: Zsin (_ 5z j 6cos(— 22_7rj .| Ne2. Beruncnmre:
sin 2010° + 4tg (—855°) + 4 sin (—390° )+ 4tg (~405°) +
+/3c0s(~1590°). +21g E’—”—f 3oty X 23” 3 cos?(—420°).
4 BapuaHT S BapuaHt 6 BapuaHnTt
Nel. Beipazure B Nel. Beipazure B Nel. Beipasure B
pagIraHHOU paauaHHOU (TpagyCHOM) pagIruaHHON
(rpamycHoitl) mepe Mepe 3HaYeHue yria: (rpamycHoil) Mmepe
3Hauenue yraa: 120°; o 7 3HaueHue yrina: 360°;
37 310% 3 57

4 Ne2. Berunciure: 4 -

Ne2. Boruucnure: s ( 37;] ( 117;} Ne2. Beraucure:

. 0 0 2sin| —— |-6cos| ——— |+ 0 0
sin1500° +tg(—765") + C0s 2160 " + g (8557) +
+ §c03(1845 ) + 2t9 = _3 ctg( 237[} +/3sin(~1590°).

7 BapMaHT 8 BapuanT 9 BapuaHT

Nel. Beipazure B Nel. Beipazure B Nel. Beipasure B

paJIraHHOU paanaHHoM (TpaLyCHOMN) pagIuaHHON

(rpagycHoit) Mmepe Mepe 3HAYeHUE yIJia: (rpagycHoit) Mepe

3Hauenue yria: 15000 o I snauenue yriaa: 90°;

37 216°% - or

18 No2. Beruuciure: 5°

Ne2. Beruucnure: Sasin[ 17 227 Ne2. Boruucure:
sin (— —j 6cos ( j+ ) .

sin 21900+1tgz(_405o)+ 3 c0s405° ++/3tg(750°) +

2 +2tg(—15—ﬂj—£ctgl3—ﬂ J3 2 0
+/3c0s(—420°). 4 ) 2 73 + =008 (~1590°).

Konmponwvuwvie éonpocwi:
1. Yro HazbiBaeTcs yriom B 1 paguan?
2. B xakux equHUIAX U3MEPSIOTCS YTIIbI?
3. Tlepeuucnute 3HAYCHHUS HEKOTOPHIX TPUTOHOMETPUUECKHUX (DYHKITHIA.

Jumepamypa: [5, c. 5-7]

IIpakTu4yeckoe 3ansitue Ne 26
OcHOBHbIE TPUTOHOMETPUYECKHUE TOXkKAecTBAa. DOpMYJIbI IPUBEIEHUS



I]env pabomor:
CMYOeHm OO0JIHCEH.
3HaMb!
- OCHOBHBIC TPUTOHOMETPHUCCKHE TOXKIECTBA,;
- (opMyJIBI IPUBEICHUS,
yMemb:
- BBIMIOJIHATH  TPEOOpa3oBaHUsS  TPUTOHOMETPUYECKUX  BBIPAKCHHMH,
WCITOJIb3YsI OCHOBHBIE TPUTOHOMETPUICCKUE TOXKIECTBA, (DOPMYJITBI PUBEICHHUS.

Ceedenus u3z meopuu:
Ocnognbie hopmynsl mpueconomempuu
W3 onpenenenuii ciHyca, KOCUHYCa, TAHTE€HCA U KOTAHT€HCA CIIEIYIOT OCHOBHbLE
MPUSOHOMemMpUYecKuUe Mmoicoecmada.
sin“a+cos?o=1;

sin cos«
tgoa =——; ctga =——;
Cosa sin o
tgo-ctga=1;
tg’a+1=———; ctg’a+1=—"F—.
cos” sin“ o

OCHOBOI U151 OCTAIBHBIX (POPMYIT SBIISIOTCS (POPMYIIbL CLOHCEHUS.
cos(a-B)=cosacosP+sinasinf;
cos(a+p)=cosacosp-sinasinf;
sin(a-B)=sinacosP-cosasinf;
sin(a+p)=sinoacosP+cosasinf;

tga +tgp . tgatgp
(e p)= 1-tga-tgp’ 9le=p)= l+tga-tgfB

7mn
13 hopMyn croxenus, nonaras S = o Tae n € Z, nony4daem gpopmyisl

npusgedenusi TpeoOpa3oBaHUs BHIPAKCHUN BUA:

M m M m
sin(;iaj,cos(7iaj,tg(7ia], ctg(7i0!), n€Z.

Jlnst 3anoMuHaHus 3TUX GOpMyJT yIOOHO MOIb30BATHCSI MHEMOHUYECKUM
IIPaBUJIOM:

1. Ilepen npuBeaeHHOMN (HYHKIIMEH CTAaBUTCS TOT 3HAK, KOTOPHIA UMEET UCXOTHAS
(GyHKUHS B COOTBETCTBYIOLIEH KOOPJAMHATHON YE€TBEPTH:

2. OyHKUUS MEHSIETCS Ha «KOPYHKIUIO», €Clii N HEYEeTHO; (DYHKIIMS HE MEHSIETCH,
eciu N yeTHo. (KodyHkuusamu cunyca, KOCUHYCa, TAHT€HCa U KOTaHT€HCa
Ha3bIBAKOTCSI COOTBETCTBEHHO KOCHHYC, CUHYC, KOTAHI'€HC, TAHTEHC).

Ilpumep 33.



MOFYT JI1 CUHYC 1 KOCHMHYC OAHOI'0 U TOT'O K€ HHCJIA OBITH PpaBHbBIMHA

cootBeTcTBeHHO: 0,4 11 0,7.

Pentenue:

HCIIONb3Ysl OCHOBHOE TPMTOHOMETPHYECKOE TOKAECTBO SiNZ0+C0S%a=1, umeeM:
0,42+0,7%=0,16+0,49=0,65.

T.x. 0,65#1 3HaueHMs CHHYCa U KOCHHYCA OJTHOTO M TOTO K€ YHUCJIa HE MOTYT ObITh

paBHbIMU cOOTBeTCTBEHHO: 0,4 1 0,7.

Ilpumep 34.

Haiinure 3HaueHus Ipyrux TpeX OCHOBHBIX TPUTOHOMETPUUECKUX (DYHKIIMH, ecITu:

sina=-0,8 n t<a<1,57.
Pemenne:

HCIIOJIb3ysl OCHOBHOE TPHTOHOMETPHUECKOE TOKIECTBO Sin‘0+C0s%a=1, nmeeM:
cos?a=1-sin?a, Torga cos?a=1-(-0,8)?=1-0,64=0,36.
T. k. n<a<l1,5n (11l xoopaunaTHas yeTBepTh), TO cosa=-0,0.

Mo & g sin « g -08 8 4
o opmyie = BBIYUCIISIEM =——=_=_.
Py cosa -0,6 3
[To popmyrne tgo-ctga=1 BeuncnseM ctgo=1: % =% .
3aoanus 01 cAamMoOCmMOAMENbHO20 PEUIEHUA:
1 Bapuant 2 BapuaHT 3 BapuaHT

1) MoryT 11 cuHyC 1
KOCHHYC OJTHOTO U TOTO
K€ 4Kcia OBITh
PaBHBIMHU
cooTBeTCTBEHHO: 0,5 1
0,5.

2) Haiinure 3HayeHus
JIPYTUX TPEX OCHOBHBIX

1) MoryTt i1 CUHYC |
KOCHHYC OJHOTO M TOTO
’Ke yuciia ObITh
paBHBIMHU
cooTBeTCcTBeHHO: 0,2 1 -
0,8.

2) Haiinure 3HaucHMS
JIPYTHX TPEX OCHOBHBIX

1) MoryT i CUHYC |
KOCHHYC OJHOTO M TOTO
K€ UKCia ObITh
paBHBIMHU
cooTBeTCcTBeHHO: 0,6 U -
0,8.

2) Haiinurte 3HaucHMS
JIPYTHX TPEX OCHOBHBIX

1) MoryT 11 cuHycC U
KOCHUHYC OJTHOTO U TOT'O
e Jucia ObITh
paBHBIMU

7

25

COOTBETCTBCHHO. — - "

1) MoryT Ji1 CUHYC H
KOCHHYC OJIHOTO M TOTO
e uncia ObITh
PaBHBIMHU

COOTBETCTBCHHO. —

6
3

TPUTOHOMETPHUYECKHUX TPUTOHOMETPUYECKHUX TPUTOHOMETPUYECKUX
(GyHKUUH, €CIu: GyHKUMNA, eciu: GyHKUMN, eciu:
6 7z . 2 15 3«x
COSO=—— y =<a<7x |sino=— g 0<a<=. |coso=— u —<a<2r,.
4 2 3 2 17 2
4 BapuaHT S BapuaHT 6 BapuanT

1) MoryTt i1 CUHYC |
KOCHHYC OJIHOTO M TOTO
e yncia ObITh
PaBHBIMHU

2
COOTBETCTBEHHO! NG 17}
5




24

25

2) HaiiguTe 3HaucHUs
JAPYTHX TPEX OCHOBHBIX
TPUTOHOMETPUUIECKUX
byHKIUH, eciu:

, T
sina=0,5 n E<06<7T.

NG
U 3
2) Haiinurte 3HaucHMS
JIPYTUX TPEX OCHOBHBIX
TPUTOHOMETPUYECKUX

(GyHKUIHNA, eciu:

3
cosa=0,4 u 77[ <a<2r.

1

5
2) Haiinure 3HaucHMS
JIPYTUX TPEX OCHOBHBIX
TPUTOHOMETPUYECKUX
byHKIUH, eciu:

T
Sina:_s " 0<6¥<—_
5 2

7 BapuaHT

1) MoryT i1 TaHTeHC U
KOTaHI'€HC OJTHOTO U
TOT'O K€ Ynciia ObITh
paBHBIMU

COOTBCTCTBCHHO. —g u

5

3
2) Haitnure 3HaYeHHS
APYTUX TPEX OCHOBHBIX
TPUTOHOMETPHUYECKUX
(yHKUUH, €CIH:

V2
COS(X,:? u 3?”<Ol<272'.

8 BapuanT

1) MoryT Ji1 TaHTeHC U

KOTaHT€HC OJTHOTO U

TOTO K€ YHciia ObITh

paBHBIMU

COOTBETCTBEHHO: 2,4 1
5

12°
2) Haiinure 3HaucHMS
JIPYTHX TPEX OCHOBHBIX
TPUTOHOMETPHUECKUX
byHKUIUN, €CIH:

) T
sino=0,7 u E<06<7T.

9 BapuaHT

1) MoryT Ji1 TaHTeHC U
KOTaHT€HC OJTHOTO U
TOTO K€ YHciia ObITh
paBHBIMU

5
COOTBETCTBEHHO! -

245

-
2) Haiinure 3HaueHUS
JPYTUX TPEX OCHOBHBIX
TPUTOHOMETPHUYECKUX
GyHKUHA, eciu:

coso=0,9 u 0<0!<%.

KOHmPOJle ble eonpocol:

1. Tlepeuncnure OCHOBHBIC TPUTOHOMETPUUECKHIE TOKICCTBA.

2. ChopmynupyiTe MHEMOHUYECKOE TIPABUIIO.

Jumepamypa: [5, c. 8-10]

IMpakTuyeckoe 3ansitue Ne 27
CuHyc, KOCMHYC ABOMHOIO yIJjia

Ilenv pabomur:
CMYOeHm OO0JIHCEH.
3HAMb:

- (bopmyJibl IBOMHOTO yria TPUTOHOMETPUUYECKUX (DYHKIINIA;
- (opMyIIbI TOJIOBUHHOTO apTyMEHTa TPUTOHOMETPUUYECKUX (PYHKIINHA;

ymemb:
- BBITIOJIHATH

npeoOpa3oBaHUs

UCITIOJIB3YsI (POPMYITBI JIBOMTHOTO YTJIA.

Ceedenus u3z meopuu:

TPUTOHOMETPUUECKHUX

BBIPAKCHUU,



Dopmynsl 080UHO2O Vela MPUSOHOMEMPUYECKUX DYHKYULL:
cos2a =cos’ a —sin’ a,
sin 2a = 2sin a cos &,

tg2a = Ztgf ,
1-19°cx
2 p—
ctg 20 = ctg o -1
2Ctgx

. a
[Moacrasnss B popMyinl C0S2t=1-2sin’t u c0s2t=2c0s?t-1 3nauenne t = o
1nosy4aeM GOPMYIIbI HOTOBUHHO20 AP2YMEHIA:

. ,a l-cosa
sin“—=

2 2
Coszg_1+005a
2 2
p . ,a 1-cosa ;a _l+cosa
aszieauB Sin 5=, Ha cos 5 =,  momyiaeM Gopmyy
ig? a _l-cosa

2 l+cosa

Ilpumep 35.
Bripazute ¢yHKIIMN JaHHOTO yIiia yepe3 PyHKIMH BBOE MEHBIIIETO yTJia, sin42°,
Pemenue:

ucnons3ys gopmyiry SN 2a =2siN aCOSa | yyeem
sin42°=sin(2-21%)=2sin21%o0s21°.

Ilpumep 36.
Brruuciure 2sin15%cos15°.
Pemenue:
ucnonb3ys popmyiy SN 2a =2sin aCOSa | yyeem
2sin15%0s15%=sin(2-15°)=sin30°=0,5.

Ilpumep 37.
Beraucnure sin(n/12).
Pemenue:
. ,a l-cosa
1o gopmyiie Sin 5= HMeeM
- 1-cos ™~ 1—£ 2_J3
sin? = = 6___ 2 _ ~0,068.
12 2 2 4

3adanus 011 cCamoCmoAmMenabHO20 PeUleHus:
‘ 1 Bapuant ‘ 2 BapuaHT ‘ 3 BapuaHT




1) Beipasure GyHKIUH
JAHHOTO yTia uyepe3
(GyHKIIMU BJIBOE
MeHBIIETro yria: Sin54°,
2) Boruncnure:

1) Beipasute GyHKIHH
JTAHHOTO yTJia uepe3
(GyHKITUH BJIBOE

. y/a
MEHBIIETO yriia! th.

1) Beipasure GyHKIHH
JAaHHOTO yTJia uepe3
(yHKITUY BJIBOE
MeHbIIero yria: cos16°,
2) Brraucoure:

1) Beipasure GhyHKIUH
JAHHOTO yTia uyepe3
(GyHKIIMU BJIBOE

2) Beraucnure cosa,

MEHBIIIETo yria: ctg gﬂ' :

1) Beipasute GyHKIHH
JAaHHOTO yTJia uepe3
(G YHKITUU BJIBOE

cein !
MEHBIIIETO yIJa! S|nE7Z'

1-tg°75° 2) Beraucnure: 2tg15°
2tg 75° 2tg22°30’ 1197157
1-tg%22°30"
4 BapuaHT S BapuaHT 6 BapuaHT

1) Beipasure GyHKIHH
JTAaHHOTO yTJia uepe3
(yHKITUU BJIBOE
MeHsblero yria: tg68P.
2) Beruncaute Sin 2« ,

JAHHOI'O yTJja 4yepe3
(yHKUIMU BIBOE

2) Beruncnure 19 %,

ecu Sin a :7 u

V4
—<a<r.
2

MEHBIIIETO yrja. COS%%’ .

JaHHOI'O yTJia 4€pe3

(yHKUIHH BBOE
MEHBbIIIEro yria: ctg
102°.

2) Borunciure 9 %,

€CIIn COSCY:—E U

V4
—<a<r,
2

eci SiN === 4 2) Berauciure Sin £ e R e 5"

2 25 2’ Vs

—<a<r,
T . _ 2
—<a<r, ecmu SN =—— 1
2 5
3z <a<?r.
2

/ BapHaHT 8 BapuanT 9 BapuaHT
1) Beipazure pynkuuu | 1) Beipazure pynkuun | 1) Beipasure pyHKImm

JIAHHOTO yTJia Yyepe3
(yHKUIHH BIBOE
Menburero yria: tg 162°,

o
2) Beruucnure COS o

eciu Sin a =7 )51

/4
—<a<r,
2

Konmponwsnwvie sonpocwi:
1. 3anummre GopmMysibl ABOMHOTO yrila TPUTOHOMETPUYECKHUX (DYHKIIMMA.
2. 3anumure (HOpMyJbl TMOJOBUHHOTO apPryMEHTa TPUTOHOMETPUUYECKHUX

byHKIUH.

Jumepamypa: [5, c. 8-10], [4, c. 155-157]

IIpakTuyeckoe 3ansitue Ne 28
®OPMYJIbI CYMMBbI 1 PASBHOCTH TPUTOHOMETPUYECKHUX ®YHKIINHN



PONDE =

o1

Lenb: popmMupoBaHUEe HABBIKOB UCIIOIB30BaHUs (HOPMYII CyMMBI U Pa3HOCTH MPHU
IpeoOpa30BaHUU BbIPAKEHUH.

Teoperuyeckuii MaTepuasl
CyMMa CMHYCOB ABYX YIJIOB paBHA yABOEHHOMY IPOU3BEICHUIO CUHYCA
IIOJIyCYMMBI 3TUX YIJIOB Ha KOCUHYC UX IIOJIyPa3HOCTHU
+f a-
/ COS /5
2
Pa3HOCTH CHHYCOB JIBYX YIJIOB paBHA YABOCHHOMY ITPOU3BEICHUIO CUHYCA
MTOJyCYMMBI 3THX YIJIOB Ha KOCUHYC HX MOJYPa3HOCTH
a - o+
ﬁ *COS /j
2
CyMMa KOCHHYCOB JIBYX YTJIOB paBHA YJBOCGHHOMY ITPOU3BEACHUIO KOCUHYCA
MTOJyCYMMBI 3THX YIJIOB Ha KOCHHYC MX MOJIyPa3HOCTH
a+ a-
/)) ‘COS ﬂ
2
Pa3HOCTh KOCMHYCOB JIBYX YIJIOB pPaBHa B3TOMY CO 3HAKOM «MHUHYC)» YJIBOCHHOMY
IIPOM3BEICHUIO CUHYCA II0JIyCYMMBI 3TUX YIJIOB HA CUHYC UX MOJIyPa3HOCTHU
a+pf . a-
ﬁ -S1n ,8

sin¢ +sin f =2sin

sin - sin # =2sin

cos +cos ff =2cos

cos@ - cos ff =-2sin

2
sin(x + y)
tgx +1gy =————=—
CyMMa TaHT€HCOB JIBYX YIJIOB: cosSx -cosy
sin(x - y)
1gx-1gy =————
COsSx -COSs y

Pa3HocTh TaHTEHCOB ABYX VTIJIOB!:

Ipumep 1. Berancmute sinl0” +sin50"
Pemenue:

10° +50° 10° - 50°
‘COS

sin10” +sin 50" =2sin =2sin30° -cos(- 20°) =2 5 -€0s20" =cos20

Ipumep 2. Berancmute c0s90° - cos30°
Pemenue:

90° +30° . 90° - 30°
n -sin

c0s90° - cos30° =-2si =-2sin60" -sin30° =-2 -

15

ol

b | —

ol

YnpaxHeHus
[IpencraBbTe B BUJI€ MPOU3BEICHUS:
sin40° +sin16°
sin20° - sin40°
cos46° - cos74
cos15° +cos45°

=]

. 2T . T
sin —— +sin —
5 5



11z
COS —— +Ccos —
12 4

H H+cosa

1. 03

smH H- SlnHE H
8. 06
9. tg25 +tg35

7_1‘7
]_0_g5 gl()

no

JloKaxuTe TOXKJIECTBO:
sin2x +sin6x
——— =tg4x

cos2x +cosbx

sin87° - sin59° - sin93° +sin61° =sin1°

cos115° - cos35° +cos65° +co0s25° =sin5°

W=

KonTposbHbIE BONPOCHI
UeMy paBHa cyMMa CUHYCOB?
UeMy paBHa cyMMa KOCUHYCOB?
UeMy paBHa pa3HOCTb CUHYCOB?
UeMy paBHaA pa3HOCTh KOCUHYCOB?
Yemy paBHa cymMMa TaHT€HCOB?
UeMy paBHa pa3HOCTh TAHT€HCOB?

SokowdpE

IIpakTHyeckoe 3ansaTue Ne 29
IIpeoGpa3zoBanne TPUTOHOMETPUYECKHX BbIPAKEHHUIT ¢ HCTIOJIb30BAHNEM
TPUTOHOMETPHYECKHX TOKIECTB

Ilenv padomuwi:
CMYOeHm OO0JIHCEH.
3Hamy:

dbopmysbsl TpeoOpa3oBaHUs] CyMMbl TPUTOHOMETPHUYECKUX (GYHKIUNA B
MIPOU3BEIICHUE,

dbopmynbl  mpeoOpa3oBaHUs — MPOUBBEIACHUS  TPUTOHOMETPUUYECKHUX
(GyHKUHNA B CyMMY;
ymemby:

- BBINIOJIHATH  TPEOOpa3oBaHUsS  TPUTOHOMETPHUYECKHUX  BBIPAKCHHMA,

UCITOJIB3YsI TPUTOHOMETPUICCKHE TOXK/ISCTBA.

Ceéedenus u3z meopuu:
dopMmyIibl TpeoOpa3oBaHUs CYMMbI TPUTOHOMETPUIECKUX (DYHKITUN B
MPOU3BEACHUE!



a+'8cosa_ﬂ,
2

a_ﬂcosa+ﬂ,
2 2

a+’Bcosa_ﬂ,
2 2

a+ﬁsina_'8.
2 2

tga+tgﬂzw, a¢£+7zk, [)’¢£+7zk,
cosa Cos f 2 2

sin & +sin B = 2sin

sin ¢ —sin B =2sin

COS & +CO0S f = 2C0S

COS @ —COS = —2sin

tga—tgﬂzw, a¢£+7zk, ﬂ¢£+7zk.
COS . Cos f 2 2

Jlst mpeoOpa3oBaHus TIPOU3BEACHUS TPUTOHOMETPUUIECKUX (DYHKIIMA B CYMMY
MIPUMEHSIIOTCS] (POPMYJIBI:

sin acos 3 = %(sin (a+ B)+sin(a - B)),

CoSaCos B = %(cos(a + B)+cos(a - B)),
sin asin = %(cos(a — B)-cos(a + B))

Ilpumep 38.
[IpeoOpa3yiiTe B anredpanveckyro cymmy SindSxsin3x.
Pemenue:

1o opmyite Sin asin B = %(cos(a — p)—cos(a + B)) nmeem
sin 5xsin 3x = %(cos(Sx —3x)—cos(5x +3x)) = % (cos 2x —cos8x) = %cos 2x — % cos 8x.
Ilpumep 39.

Brerauciure: sin40°+sin20°.
Pemenue:

a;ﬁcosa_’g

o gopmyite Sin o +sin S =2sin 5

HNMCCM

40° + 20° cos 40° —20°

sin 40° +sin 20° = 2sin =2sin 30° cos10° =2-0,5-0,98 ~ 0,98.

3aoanus 011 camoCmoAmenbHO20 PeuleHus:

1 BapuaHT 2 BapuaHT 3 BapuaHT
1) Yopocrure: 1) Yopocrure: 1) Yopocrure:
2cosa —sin 2a ) 3z cos(2r —2a) . ,
— . 7 1-sin| 2a +— — S -Sin“«a.
sSin“a—sina +cos” a ctg’a -1
2) Boraucaure: sin( 7 — 3a) —sin(—a) 2) Berunciure:




sin75%+sin15°,
3) Berunciure:
s5in52%30’-cos7°30°.

2) Borauciure:
sin75%+sin105°.
3) Beruucoure:
sin37°30°-sin7°30".

c0S75%cos15°,

3) Beruucnure:
8 cos/a-cos3a.

4 BapuaHT

1) Yopocrure:
2sin’ o

1+ cos(z —2a)

2) Boruncnure:

—sin’a.

57 T
COS— —C0S —.
12 12

3) Beruucnure:
c0s75°-c0s105°.

S BapuanT
1) Yopocrure:
2sin o —sin 2o

cosa —cos’a—sin’a

2) Berauciure:
Vs i

COS— +COS—.
12 12

3) Beruucnure:

2 sin(x+a)-cos(x-a).

6 BapuaunTt

1) Yopocrure:
2cos’ o

1-sin(157 + 2a)

2) Boeranciure:

—cos’a.

.5 .
sin — —sin —.
12 12
3) Beruucnure:
12 sin(-9a)-sin4a.

7 BapuaHT
1) Yopocrure:
sin  —0,5sin( 7 + 2)

1+sin (”+a]
2

2) Boraucure:
tg22°30°-tg67°30°.
3) Boruucnure:
4 sinl6a-sinda.

8 Bapuanr
1) Yopocrure:

cos(ﬁ +2a)

—Z—COS2 a.
1-t9°x

2) Berauciure:
tg13°30°+tg76°30°.
3) Beruucnure:

4 cos(atp)-cos(a-p).

9 BapuaHT
1) Yopocrure:

2C0s o —sin 2
sina—sina+cos’a
2) Berauciure:
tg30°+tg60°.
3) Beruncnure:
4 c0s15%in20%in40°,

KOHmPOJleble eonpocuol:

1. Ilepeunciure OCHOBHbIE TPUTOHOMETPUYECKHE TOXKIECTBA.

2. Tlepeuncnure GopMyIbl IBOMHOTO yria TPUTOHOMETPUUECKHUX (QYHKITHIA.
3. Kakue €CTh

bopmyIbl JUTSI

TPUTOHOMETPUUECKUX (PYHKIIHIA?

Jumepamypa: [4, c. 162-164]

IMpakTuyeckoe 3ansitue Ne 30
Pelmnenue TpUroHoMeTpU4eCKMX YPaBHEHUM

Ilenv padomuwi:
CMYOeHm OO0JIHCEH.
3Hamo:

- (opmysbl Ui pelieHns] TPUTOHOMETPUYECKUX YpaBHEHUN B 00ILeM BUJE

M YaCTHBIC CIIy4au pCHICHUSI,

ymems:

npeoOpa3oBaHus

- pelarh NpOCTEUIINE TPUTOHOMETPUUECKNE YPABHEHMUS.

Ceedenus u3z meopuu:

CYMMBI



Pewenue npocmeriwiux mpueonomempuueckux ypagnenuii

Ypaenenue cos t=a
OueBuaHO, 4TO eciu |a|>1, To ypaBHeHHUe COS t=a He uMeeT perieHui, T.K. |CoS t|<1
I 1r00oro t.
[Tycts |a|<1. Hago Haiitu Bce Takue uncia t, uro coS t=a. Ha otpeske [0; 7]
CYIIECTBYET TOJBKO OJTHO PEIlICHUE YpaBHEHHS COS t=a — 3To0 4mcio arccos a.
Kocunyc — yeTHas pyHKIMsI, U, 3HAYMT Ha oTpe3ke [-m; 0] ypaBHeHHe Takke HMeeT
eIMHCTBEHHOE PEIICHIE — 3TO YHCIIO —arcCos a.
HWrak, ypaBHeHHE COS t=a Ha oTpe3ke [-7; ]| ATUHOM 27T UMEeT JIBa PEIICHUS
t=+arccos a (coBmanaromue npu a=1).
BcenenctBrue neprogudHOCTH (QYHKIIMNA KOCHHYC BCE OCTAIbHBIC PEIICHHS
OTJMYAIOTCS OT HaeHHBIX Ha 27N, (N€Z), T.e. hopmyra KOpHEH ypaBHEHHsI COS
{=a umeer BUI;

t=tarccos a+2zan, (n € 2).

Ilpumep 40.

Pemmre ypaBHeHue: COS t=1/2.

Pewenue:

o popmyse t=tarccos (1/2)+2zn, (n € Z).

[Tockombky arccos (1/2)=n/3 npuxonum k oTBeTy t=+ /3+27n, (n € 2).

Ilpumep 41.

Pemmure ypaBaenue: €0S t=-0,2756.

Pewmenue:

o popmyse t=tarccos (-0,2756)+2xn, (n € 2).

3navenue arccos (-0,2756) HaxouM ¢ TTOMOIIBIO KAIbKYJISITOpa WK 10 TalIHIe
B.M. Bpaauca, oHo npumepHo paBHO 1,85.

Wtak, npuxoaum K otBeTy t=£1,85+27n, (n € Z).

Ilpumep 42.

Pemmre ypaBaenue: €0S (2x-/4)=1/2.

Pemenue:

o ¢hopmyiie

2x-m/4=xarccos (1/2)+2=n, (n € Z).

[Tockombky arccos (1/2)=n/3 nonydaem

2x-/4=% 1/3+2nn, (n € Z)

2x=m/4+ n/3+2xn, (n € Z).

Paznenus o0e yacTu ypaBHEHHS Ha 2 TIOJIYYHM OTBET: x=n/8+m/6+7n, (N€Z).

Vpaesuenue sin t=a

OueBuaHO, YTO eciu |a[>1, To ypaBHeHue SIN t=a He UMeeT pelieHui, T.. [Sin t<1
Ut JIF000TO .

[Mpu |a|<1 Ha oTtpe3ke [-/2; ©/2] ypaBHEHHUE SIN t=a UMeET OJHO pPEIIeHHUE
t;=arcsin a. Ha otpeske [n/2; 37/2] dyHKIUsa cuHyC yObIBA€T U MPUHUMAET BCE



3HaveHus ot -1 1o 1. [To Teopeme o KOpHE ypaBHEHUE U HA STOM OTPE3KE MMEET
OJTHO pElICHHUE.
DTO pelieHne ecTh Yucio ty=m-arcsin a, T.k. sin t,=sin (n-t1)=sin ti=a.
Kpome Toro, mockosbky -m/2< t1<n/2,
umeeM -m/2<-t;<m/2
u -1/2<n-t1<n+mn/2,
T.e. I/2< 1,<31/2, t,€[n/2; 3/2].
Wrak, ypaBHeHue Sin t=a Ha otpe3ke [n/2; 3n/2] umeer nBa penienus t1=arcsin a u
t;=m-arcsin a ( coBnamaromue mpu a=1). YUuThbIBas, 4T0O MEPUOJ] CHHYCa paBeH 2T,
noixy4daeM (GopMymy Uil pelIeHus ypaBHeHHs Sin t=a:
t=(-1)*arcsin a+nk, kE€Z.

Ilpumep 43.
J2

Pemmre ypaBHeHue: Sin t:7 :

Penienue:

no gopmyie t=(-1)¥arcsin (%)‘H‘Ek, (k€ 2).

[Tockombky arcsin (% )=n/4 npuxomum k oteery t=(-1)* n/4+nk, (k € 2).

Ilpumep 44.

Pemmre ypaBaenue: sin t=0,3714.

Pewenue:

o popmye t=(-1)karcsin (0,3714)+xk, (k € Z).

3unavenue arcsin (0,3714) HaxoauM ¢ MOMOIIBIO KAIbKYJIATOPA WIIH 110 TaOJIUIIe
B.M. bpanuca, oo npumepro pasto 0,3805.

Utak, npuxoanm t= (-1)K0,3805+nk, (k € 2).

Ilpumep 45.
Pemmre ypaBHeHue: Sin (1 -~ fj = @ :
10 2 2
Pewenue:
(GYHKIIHS CHHYC HEYETHAsI, IIO3TOMY SiNn (1 -~ fj =-sin (f —~ 1) =- Q :
10 2 2 10 2
Torma mo gopmyre: (% —%) =(-1)arcsin (— %j +7k, (k € Z).

J2

T.x. arcsin| - X2 |=— 7 umeem
2 4

(%_%):(-1)k(_%)+nk, k€2Z)

500041



2 10 (D) (——szk k € 2).

YMHOXUB 00€ YaCTH YpaBHEHHUSI HA 2, IOJTYyYUM OTBET:

T k+1 7T
x=€+(—1) (Ej+27zk, k€ 2).

Ypaenenue tg x=a
[Ipu m060M a Ha uHTepBate (-n/2; m/2) cymecTByeT oaHO uncio t, uaro tgt=a, —
aTo arctg a. [loatomy ypaBHeHue tg X=a uMmeeT Ha uHTEepBaIe (-n/2; T/2) JITMHON Tt
€UHCTBEHHBIN KOPEHB.
Oynkuusg TaHreHe umeet nepuo n. CreaoBareabHo, OCTaabHbIe KOPHU
ypaBHeHus tg t=a oTiimyaroTcs ot HaienHoro Ha 7tn, (N € Z), T.e.

t=arctg a+nn, (n € 2).

Ilpumep 46.

Pemure ypaBHenue: tg t= \/§ .
Pewmenue:

o popmysie t=arctg(\/§ )+xnn, (n € 2).

T w
[Tockombky arctg( J3 )= g MPUXOJIUM K OTBETY t= § +7an, (n € 2).

Ilpumep 47.

Pemute ypaBuenue: tg t=5,177.

Pewenue:

no opmyae t=arctg(5,177)+nn, (n € Z).

3navenue arctg(b,177) HaxouM ¢ TIOMOIIBIO KAIBbKYJISITOpa Wik 1o Taduie B.M.
bpanuca, oo npumepHo pasHo 1,38.

Wrak, npuxoaum t=1,38+xn, (n € 2).

Csoonas mabauya pewieHus nNpOCMetuiux mpueoHOMempu4ecKux ypagHeHutl

YpaBHeHune Pemenue

sinx=a | x=(-1)"arcsina+zk,k eZ

cosx=a X =tarccosa+ 27K,k e Z
tgx=a X =arctga+ 7K,k € Z
ctgx=a X =arcctga+ 7k, k e Z

Yacmmuvie cnyyau peweHus npoCmetuux mpueoHOMempuieckux ypasHeHui
‘ YpaBHeHue ‘ YacTHble ciyyau




a=-1 a=0 a=1

sinx=a X:—%+27zk,keZ X=mK,keZ x:%+27zk,kez

cosx=a X=rx+27KKkeZ x:%+7zk,keZ X=2/K,keZ

tgx=a x:—%wzk,kez x=7KkeZ x:%wzk,kez

ctgx=a x:%"mk kez | x=Zsmkkez | x=Timkez

3aoanus 0na camocmoamenabHo20 peuleHus:
Pemnre ypaBHeHUS:

1 Bapuant 2 BapuaHT 3 BapuaHT
. (X 7 i 1
1) S'”(E_Z]ZO; 1) sinx:%; 1) S|n2x:§;
7 2) 2C0SX =~/2;
2) COS(X +§J =1 2) COS3X = V3. A
2" 3) tg(3x+£j:—3_
3) tg2x = /3. 3) tg2x = —/3. 6) 3
4 BapuaHT 5 BapuaHnT 6 BapuaHT
(X J3 : 3 : b
Zl====. sSiNn X =—- sin| 2x+—|=1:
cos — Xx_4. 2) cos(1-x) _L 2) cos(Zx—z):—l'
2575 2 4)
X
_T 3 tg(x——j 3. ctg = = —/3
3) tg(Zx 10) 0. ) 3 3) Clg - .
7 BapuaHT 8 BapuanT 9 BapuaHT
1) 2sinx=—2; |1 2sn2x=-1; 2sin[ X =3
P « 7)1, |D2h(5)="E
2) COS3X:—7; 2) COS(E_ZJ__E’ >
2) COSX =——:
X :
V4 _ 2
o 3) Clg = =3
3) 3t9(3X+ 6) V3. 13995 3) ctg(2x+45°)=-1.

Konumponwvnsie gonpocwi:

1. Ilepeuucnure dbopmyIbl TS pelieHus MIPOCTEUIIINX
TPUTOHOMETPUUECKUX YpaBHEHUH B 00IIIEM BUJIE.

2. lIlepeuncnure GopMyJibBl YAaCTHBIX CIy4aeB PEIICHHUS MPOCTEUIINX
TPUTOHOMETPUYECKUX YPABHECHUH.

Jumepamypa: [4, c. 181-187], [5, c. 69-74]



IIpakTueckoe 3ansiTue Ne 31
Penienne TPUroHOMETPHYECKHX HEPABEHCTB

Ilens pabomor:
CIMYOeHm OO0JIHCEH.
3HaMb!
- (bopmyIBI [J1s penIeHHs MPOCTEHIINX TPUTOHOMETPUUECKIX HEPABEHCTB;
ymemb:
- pemarh MPOCTEHIIIE TPUTOHOMETPHICCKIE HEPABCHCTRA.

Ceedenus u3z meopuu:

[IpocTedmmMy TPUrOHOMETPUYECKUMHU HEPABEHCTBAMHU HA3BIBAIOTCSI HEPABEHCTBA
sin Xx<m, sin x>m, c0S X<m, €c0s X>m, tg x<m, tg x>m, ctg x<m, ctg x>m, rae m —
JaHHOC€ 4YHCJIO.

Pemuth HpOCTGfII]IGG TPUTOHOMCTPHUUCCKOC HCPABCHCTBO — 3HAUUT HauTH
MHO>KECTBO BCEX 3HAUCHHUU AprymcCcHTa, KOTOPBIC 06pan1a}oT JaHHOC HCPABCHCTBO
B BCPHOC YHCIIOBOC HCPABCHCTBO.

Ilpumep 48.

i 1 1
Pemute HepaBeHncTBo: 1) SIn X>E ; 2) COS X>— 5

Penienue:
1) pelieHre WILTIOCTPUPYETCSE PUCYHKOM 1 ciieBa: 37ech TOUke M1 COOTBETCTBYET

T Y4 T 57
yroin —, My —yron —, Mz —yron —+7  My—yron —_—+7.
6 6 6 6
T Sr x 57
HepaBeHCTBO BBINOJHIETCA IS E <x< ? u E + 7T <x< ? + 77 . O0umm

PELICHUEM CIIY>KUT HEPABEHCTBO:

T oakexeZ 1K Kez.

6 6
2) JlanHHO€ HEpaBEHCTBO WILTIOCTPUPYETCS PUCYHKOM 1 cripaBa: 37ech Touke M;
2 /4
COOTBETCTBYET IOl —~, M —yron — 3 OO0uuM perieHreM HepaBeHCTBA
SBJISIETCS
2

—?+2ﬂk<x<2?ﬂ+2ﬂk k€Z




Pucynok 1. Pemienne TpuroHoMeTpH4e€CKOro HEpaBeHCTBA.

3aoanus 01 camocmosamenbHozo pewienus:
Pemuts HCPABCHCTBO.

1 BapuanT 2 BapuMaHT 3 BapuaHT
1) sin(2x)<1; 1) 2sin 2x > -1; 1) 2sin x<—/2:
7 X 1
X X
3) CtQES—x@. 3) CthZ\@. 3) 3tg(3x+%j2—x/§,
4 BapuaHT S BapuaHT 6 BapuaHnTt
. (X _ J2 (X
— : : sinf —|>0;
1) ZSIH(Z)M@, 1) sinx<—=; 1) (2j> :
2 E ( ﬂ}
_Ne. _ cos x+— [<1:
2) COSX<——=; 2) cos3x = —-; 2) 3|t
3) ctg(2x+45°)< 1. | 3) tg2x > 3. 3) tg2x > /3.
7 BapuaHT 8 BapuanT 9 BapuaHT
: 1 : 3 X J3
1) sin 2x > —: sinx<=. sinl 2 1> -2
2) 2COSX<A2; 1
) A 2) cos(l—x)>§; 2) cos§<ﬂ;
3) tg(3x)2?, - 4 9
3) tg(x——j<3, t [Zx—l)zo
3 3) g 10 :
Konmponwvuwvie éonpocoi:
1. Yro Ha3bIBACTCS IIPOCTENITUMU TPUTOHOMETPUYECKUMHU

HEPABEHCTBAMM?
2. TlpowutrocTpUpyiTe pelIeHne HepaBeHCTBa SIN X>M Ha OKPYKHOCTH.

Jumepamypa: [4, c. 192-193], [5, c. 75-80].

IMpakTuyeckoe 3ansitue Ne 32
IHocTpoeHue rpapuKoB 3JIeMEHTAPHBIX PYHKIMA

Ienv padomuwi:
CMYy0eHm OOJIHCEH:
3HAMb:
- 3JeMeHTapHble (QYHKIMH, YTO SBISIETCS UX rpaduKamu;
ymemy:
- CTpPOUTH rpaduKu dJIEMEHTAPHBIX (HYHKIIUMA.



Ceéedenus u3z meopuu:

Yucnosas ¢pynxkyus

Uucnoolt ¢pyHKIMEH ¢ 0071acThiO onipesenieHus D Ha3pIBaeTCsl COOTBETCTBHE, MTPU
KOTOPOM Ka)KJOMY YHCITY X U3 MHOXecTBa D comocraBiisieTcs o HEKOTOpoMy
MpaBUITy YUCIIO Y, 3aBUCSIIEE OT X.

®OynkmMyu 00bIYHO 0003HAYAIOT JTATHHCKUMH OyKBamMu. PaccMoTpum
npou3BoJibHYI0 (yHKIMIO f. He3aBucuMyro nepeMeHHyI0 X Ha3bIBAIOT apryMEHTOM
¢dyHKIMH. YHCI0 ¥, COOTBETCTBYIOIIEE YHCIY X, HA3bIBAIOT 3HaUCHUEM (QyHKITUH f
B TOUYKe x ¥ 00o3Hauarot f(x). O0macts onpenenenus pyuakmun f o6o3nagaror D(F).
MHokecTBO, cocTosiee U3 Bcex uucedn f(x), Takux, 94To X MPUHAIIEHKUAT 00JIACTH
omnpeaeneHus GyHkuH f, Ha3pIBaIOT 001aCTHIO 3HAUYCHUH (YHKITUH H 0003HAYAIOT
E(f).

I'padmkom GyHKIMM f Ha3BIBAIOT MHOYKECTBO BCEX TOUEK (X; ) KOOPIAUHATHOMN
IockocTH, rae y=f(x), a x «mpoberaeT» BCO 00acTh onpezencHus GyHKiuH f.

I'pagpux nunetinoii hynkyuu
JluHelinas pyHKIIMS 3a1aeTCs ypaBHeHUEM y=ax+D. ['padukom muHeHHON
byHKuui apisercs npamasi. UToObl MOCTPOUTH MPSMYIO JOCTATOYHO JIBE TOUKH.

Ilpumep 49.

[Toctpouts rpadux ynkumn y=2x+1.
Pewmenue:

HaiiJieM JIBe TOUKHU. B kauecTBe OJHOU 13 TOYEK BHITOJAHO BHIOpATh HYJb. Eciun
x=0, To y=2-0+1=1.

bepewm emie kakyro-HuOYyIb TOUKY, Hanipumep, 1. Ecin x=1, To y=2-1+1=3.
[Tpu opopmieHnn 3aaHuil KOOPIAUHATHI TOYEK OOBIYHO CBOJSATCA B TAOJIUILY:
X 0 1
y 1 3

JIB€ TOUKM HaWJICHBI, BBIIIOJIHUM YEPTEK:

xxxxx

Pucynoxk 2. Fpa(pI/fK byskmn y=2x+1

[Tpu opopmienun yeprexa BCeria NoANUCbIBAEM rpapuKH.
Yacmuvie cnyuau MuHetiHot QyHKYuu

.....




Pucynok 3. Yactaele cnyyau rpaduka TMHEHHON (YHKINH

1) JIunetinas ¢pyukius Buga y=ax (a7#0) Ha3pIBaeTCS IPSIMOK

x
IIPONOPIHOHAIBHOCTHIO. Hanpumep, V= R I'paduk npsmoit

MPONOPLIMOHAIBHOCTH BCET/Ia MPOXOJAUT Yepe3 Hayaio KoopAuHaT. Takum
o0pa3oM, NOCTPOCHHE MPAMON YIPOIIAETCS — TOCTATOYHO HAUTHU BCETO OJTHY
TOUKY.

2) YpaBHeHHe BUa y=D 3amaeT npsimyro, mapauiensHyto ocu Ox, B 4aCTHOCTH,
cama ocb Ox 3agaetcs ypaBuenuem y=0.

3) YpaBHenue Buia x=b 3amaet npsimyro, mapayuiensHyto ocu Oy, B 4aCTHOCTH,
cama ocb Oy 3amaetcs ypaBHenuem x=0.

I'pagux keadpamuuro, Kyouueckou (hynKyuu

Iapabona. I'paduk xkBagpatnaHoi GyHKIUK y=ax’+bx+c (a#0) npeacrasnser
co6oii mapaboiy. PaccMoTpuM KaHOHHYECKHit ciyuaii: y=X?. O61acTh
OIIpeieNIeHns — IF000€E IeHCTBUTENBHOE YUCIIO0. DYyHKIUS y=X? ABIAETCSA YETHOM.
Ecnmu QyHkius sBisiercst 9€THOM, TO €€ TpadiK CHMMETPUYCH OTHOCUTEIHHO OCH

Oy.

R T T A

Pucynox 4. I'paduk QyHKIMA y=X

Ipumep 50.
[TocTponuts rpaduk GpyHKIHMU y=-x>+2x.
Pewenue:
b 2
CHayYaJia HaXOJIMM BEPIINHY MMapaboJIbl. X, = oa T, 1. PaccuntbiBaem

COOTBETCTBYIOIIEE 3HAYEHHE «HIPEK»: y=-124+2-1=-1+2=1. Takum obpaszom,
BepIrMHa HaxoauTes B Touke (1; 1).

Teneps HAXOAUM APYTHUE TOUKH, IIPU STOM MOJIB3YEMCS CHMMETPUYHOCTHIO
napabobl.

x| 2]1]0]1]2[3]4
y | 830 |1[0]-3]|-8

Brimonaum geprexk:

..........

PucyHOK 5. Fpa(bnﬁ GyHKIMET y=-x>+2x



Jlns KBagpaTHuHOM QyHKIMHU y=ax?+bx+c (a£0) cnpasennuso ciexyrouiee: Ecnu
a>0, To BeTBU napabosibl HanpayieHbl BBepX. Eciin a<0, To BeTBU mapaboJibl
HaIpaBJIeHbl BHU3.

Kybuueckas napabona
Kybuueckas napabouna 3agaerca Gpynkuueii y=x°. O6macTh onpeaencHus, 00IacTh
3HaYeHUH — 11000€ IeHCTBUTENbHOE YnCI0. DYHKINS SBISAETCS HEUETHOM.
['paduk cTpouM MO TOUKAM:

X -2 -1 0 1 2
y -8 -1 0 1 8

----------------

PucyHok 6. Fpa(f)HK QyHKIMHU y=x°

I'padux pynkuun y = Jx

O6nacte onpenenenus: D(Y): [0; +oo). O6macts 3nauenuit: E(y): [0; +o0). To ecTb,
rpaduK GYHKIIUU TOJTHOCTHIO HAXOAUTCS B IIEPBOM KOOPAWHATHOMN ueTBepTH. [IpH
MOCTPOCHHUHU TIOJIOUPAcM TaKUe 3HAUCHHS KHMKCY», YTOOBI KOPEHb M3BJICKAJICS
HAIIEeJO:

X 0 1 4 9
y 0 1 2 3

Crpoum rpaduk:

Pucynok 7. I'padux pyHkumn y = Jx

T'unepbona

1
OOmuit Bug Y = e Oo6nacte onpenenenus: D(Y): (-o0; 0) u (0; +o0). O6nacTh

snauenuit: E(y): (-o0; 0) u (0; +oo0). DyHKIWMS IBAACTCS HEUETHOM, TUIepOOIa
CUMMETPHYHA OTHOCHTEIBHO Hayasia KOOPIUHAT.
Brimonaum geprexk:



1
Pucynok 8. ['paduk ¢pynkmum Y = <

a
I'paduk pyukuuu Buga YV = — (a#0) npeacTaBisiioT cOOOH ABE BETBU rUIIEPOOIIBI.
X

Ecnu >0, To runepOona pacnoiokeHa B IEPBOM U TPEThEH KOOPAMHATHBIX
yetBepTsx. Ecinu a<0, To runepOosa pacnoiokeHa BO BTOPOM U YETBEPTOU
KOOPJIMHATHBIX YETBEPTSIX.

Ilpumep 51.

[TocTpouTs npaByto BETBb rUIIEPOOIBI V = — .
X

Pemenne:
3HAQYEHUS X BBITOJIHO MOJOMPAEM TaK, YTOOBI JIETUIOCH HAIEIIO:
X 1 2 3 6
y 6 3 2 1

Breimmoaaum 4CPTCK:

.......

6
Pucynok 9. I'papuk pynkuumn Y = .

3aoanus 01 cAamMoOCMOAMENbHO20 PEUICHUA:
[TocTpouTh rpaduiku GyHKIMIA:

1 Bapuant 2 BapuaHT 3 BapuaHT
1) y=x2+2x+3; 1) y=x2-4x; 1) y=-x*+2x-1;
2) y=2Vx; 2) y=+2x; 2) y=—x;
By 5 o yod 3ol

) y=-". ) y=—. ) y=oo
4 BapuaHT 5 BapuanT 6 BapuanT

— 2 .
X

2) y=—3x; Z)yZE’ 2) y=3x;




b 2 9 NG

)Y 3x’ )Y X )Y 5x°

7 BapuaHT 8 Bapuanr 9 BapuaHT

1) y=x2-6X; 1) y=-x+8x+1; 1) y=-2x?+x-3;

N __1 Jx

2) y=3Vx; 2) y=-3x; 2) y="3;

3) y=2 3) y=—2 >
)Y ‘ )Y X 3))’:—;.

Koumponwvnwie éonpocul:
1. Yrto HazbiBaeTcs GhyHKIUECH?
2. Uto sBnsercs rpagukoM JTUHEHHOU, KBAIpaTUIHON (HYyHKITUI?

Jumepamypa: [5, c. 319-322]
IIpakTHyeckoe 3anaTue Ne 33

IIpomexxkyTKkH Bo3pacTaHusi, yObIBaHUA, HAU0OJIbIIICe, HAMMEHbIICe 3HAYCHUS
¢pyukuuu. Touku IKCTpeMyma

Ilenv padomuwr:
CIMYOeHm OO0JIHCEH.
3HamMb!
- ompeneneHus Bo3pactaroiei (yobiBaromient) GyHKINU;
- OmpeleNieHUs] TOUKH MaKkcuMyMa (MUHUMYMa) QYHKIIUY;

- HaxOJIUTh MPOMEXYTKH MOHOTOHHOCTH (DYHKIIHH;
- BBIYUCIISITH TOYKH dKCTpeMyMa (QyHKIIHH.

Ceéedenusn u3z meopuu:

Bospacmanue u yovisanue ¢hynkyuii

®dynkuus f Bo3pacTaer Ha MHOXKECTBE P, ecitu JuTst IIOOBIX X1 U X2 U3 MHOXKeCTBa P,
TaKHX, YTO X2>X1, BBINIOJHEHO HepaBeHCTBO f(X2)>f(X1).

®dynkuus f yObiBaeT Ha MHOKECTBE P, €CITi JIJIs JIFOOBIX X1 M X2 U3 MHOXeCTBa P,
TaKWX, 4TO X2>X1, BBIMOJHEHO HepaBeHCTBO f(X2)<f(Xy).

WubiMu crioBamu, GpyHKius f Ha3piBaeTCs Bo3pacTaroiield Ha MHOKECTBE P, eciu
O0JBIIIEMY 3HAYEHHIO apTyMEHTa U3 ’TOTO MHOXKECTBA COOTBETCTBYET OOJIbIIIEE
3HaueHue Qpynkunu. Oynkuus f HazpiBaeTcs yObIBaroIIell Ha MHOXKECTBE P, eciiu
O0JBIIIEMY 3HAYCHHIO apTyMEHTA U3 TOTO MHOKECTBA COOTBETCTBYET MEHBIIICE
3HaYeHHE (PYHKIINU.

Ilpumep 52.
Hoxkaxmwure, uro pynkius f(X)=1/X sBisiercs yObIBatomIeH.
Pewenue:



o0nactp onpezenenus GpyHkuuu: (-oo; 0) u (0; +o0). PaccMmoTpuMm noBenenune
(YHKIIMY Ha Ka)KJIOM HHTEPBAJIC:

(-00; 0): x1=-8, x,=-4, T.€. x,>x1, Toraa f(-8)=-0,125, f(-4)=-0,25, 1.¢ f(x2)<f(x1), a
sHaunT Gyuknus f(X)=1/X sisgercs yObiBaroiieii Ha nateppaie (-oo; 0).

(0; +00): x1=4, x,=8, T.e. x,>x1, Toraa f(4)=0, 25, f(8)=0,125, 1.e. T.¢ f(X2)<f(X1), a
snaunT Qyuknus f(X)=1/X apisgercs yobiBaromiei Ha uatepaie (0; +oo).

OnHako 3Ta QyHKIIUS HE ABISCTCS YObIBAIOIICH Ha 00BETUHEHUN 3THUX
npomexxyTkoB. Hammpumep, 1>-1, wo f(1)<f(-1).

[Tpu uccnenoBanum QPyHKIMIA HA BO3pacTaHUE U YObIBaHHE IPUHATO YKa3bIBATh
IPOMEXKYTKH BO3pACTaHUSI U yObIBAaHUSI MAaKCUMAIbHOMN JJTMHBI, BKIIIOYask KOHIIBI
(ecyii, KOHEYHO, OHU BXOJSAT B 3TU IPOMEXKYTKH). Tak, MOKHO OBLIO CKa3aTh, YTO
dynkmus f(X)=1/x seisercs yosiBaromel Ha otpeske [2; 500]. Dto BepHO, HO
TaKOH OTBET HEMOJIOH.

[Ipu uccrnenoBanuu noBejaeHUs GyHKIMUA BOJIU3H HEKOTOPOU TOUKHU yJI0OHO
MOJIb30BAThCS MOHATHEM OKPECTHOCTH.

OxpecmHocmvio mouKky a Ha3bIBAETCS 000 UHTEPBAJ, COJEPIKAIIUN ATy TOUKY.
Hampumep, unrepsan (2; 6) — ojiHa U3 OKpecTHOCTeH Touku 3, unrepnain (-3,3; -
2,7) — OKPECTHOCTh TOYKH -3.

Ircmpemymbl

Touxka xo Ha3bpIBaeTCS moykou munumyma Gynkmu f, ecmu s Beex x u3
HEKOTOPOU OKPECTHOCTH Xo BBIMOTHEHO HepaBeHCTBO f(X)>f(Xo).

Touka xo Ha3bpIBaETCS Mmoykol makcumyma Qyakuuu f, ecnm s Bcex x u3
HEKOTOPOU OKPECTHOCTH Xo BBIMOTHEHO HepaBeHCTBO f(X)<f(Xo).

[To onpenencHusm 3HaYeHne GyHKIMYU f B TOuke MakcuMyMa Xxo SIBISICTCS
HanUOOJIBIITUM CPEIN 3HAYCHUM (PYHKITUU U3 HEKOTOPOH OKPECTHOCTH ATOM TOYUKH,
no3ToMy rpaduk pyHKIHMU B OKPECTHOCTH Xo, KaK IIPaBUIIO, UMEET BUJ I1aJIKOTO
«XO0JIMa» WJIM 3a0CTPEHHOI0 «IHKa». B OKpecTHOCTH TOUKM MUHUMYyMa rpagpuky,
KaK MMpaBuio, N300pakatoTcsl B BUJIE «BHAAUHBD), TOXKE WU T1aJKON WIN
3a0CTPEHHOM.

JInst Touek MakcuMyma 1 MUHUMYMa (YHKIIMY TIPUHSATO 0011iee Ha3BaHUE — UX
Ha3bIBAIOT MOYKAMU IKCHPEMYMA.

3HaueHne PYHKIUU B ITUX TOUYKAX HA3bIBAIOT COOTBETCTBEHHO MaKCUMyMaMH U
MUHUMYMaMHU (pyHKIMH (00111ee Ha3BaHUE — SKCTpeMyM (PyHKIMH). Touku
MaKCUMyMa 0003HAYatOT Xmax, @ TOUKM MUHUMYMa Xmin. 3Ha4Y€HUSI QYHKIIMHU B 3THX
TOYKaX 0003HAYAIOTCS COOTBETCTBEHHO Ymax, Ymin-

Ilpumep 53.

Haueprtute 3cku3 rpaduka ¢pynkuu f, ecou u3BectHo, uto f Bo3pacraeT Ha
npoMexyTke (-0o0; 2] u yObIBaeT Ha MpoMexyTKe [2; +o0). Kakoit Oynmet Touka x=27
Pewenue:

CXEMaTH4YHO TpadUK MOKHO U300pa3UTh B BUJIE:



VAN
[\

Pucynok 10. Dcku3 rpaduka

Fpa(bI/IK HNMCCT BHU/J I''TaIKOT'0 «XOJIMa», 4 3HAYUT TOYKaA X=2 — TOUKa MaKCHUMYyMa.

3aoanun 0na camocmoamenbHo20 peuteHuA:
Haueprtute 3cku3 rpaduka ¢hyHkimu f, onpenenure BU TOYCK, €CIIH:

1 Bapuant

f Bo3pacraer Ha
npoMexyTKe (-o0; 2] u
yOBIBaEeT Ha
MPOMEKYTKE [2; +00).

2 BapuaHT

f Bo3pacTaer Ha
IPOMEKYTKAX (-00; -2] u
[0; 3], yObIBaeT Ha
npomexytke [2; 0].

3 BapuaHT

f Bo3pacraer Ha
npomexyTtke [1; 4] u
yOBIBaeT Ha
npoMexyTkax (-oo; 1] u
[4; +00).

4 BapMaHT

f Bo3pacraer Ha
IPOMEXKYTKax (-00; -5] u
[1; 5], yOriBaeT Ha
npoMexytkax [-5; 1] [5;
+00).

5 BapuaHT

f Bo3pacraer Ha
npoMexKyTKe (-00; 5] u
yObIBaeT Ha
NPOMEKYTKE [S5; +00).

6 BapuaHT

f Bo3pacraer Ha
npoMexyTke (-00; 0] u
yObIBaeT Ha
npomexxyTke [0; +o0).

/ BapHaHT

f Bo3pacraer Ha
npomexytke [-1; 2] u
yObIBaeT Ha
npoMexyTKax (-oo; -1] u
[2; +0).

8 Bapuanr

f Bo3pacTaer Ha
NPOMEKYTKax (-0; -4] u
[2; 4], yObiBaeT Ha
npomexyTtkax [-4; 2] [4;
+00).

9 BapuaHT

f Bo3pacTaer Ha
NPOMEKyTKax (-0; -3] u
[2; 5], yObiBaeT Ha
npomexyTtkax [-3; 2] [5;
+00).

KOHmPOJle ble eonpocol:

byHKIUSA
HEKOTOPOM MTPOMEKYTKE?

1. Kakas

Ha3bIBACTCA

BO3pacTarouieu

(yObIBaromieit) Ha

2. JlaliTe ompejeneHre TOYKe MaKCUMyMa (MUHIMYMA) (DYHKITHH.

Jumepamypa: [5, c. 42-46]

IIpakTu4yeckoe 3ansitue Ne 34
ApupmMerndeckue onepanun HaJx PyHKUUAMUA

Ienv padomuwi:
CMYy0eHm OOJIHCEH:
3HaMb:

- TpaduKu dIEeMEHTaAPHBIX (PYHKITUH;

ymemb:

- cTpouTh rpaduk PyHKIMU KaK KOMIO3UIHUIO IBYX (PYHKIIUU.



Ceéedenusn uz meopuu:

[TocTpoenue rpadrka cyMMbI (TPOU3BEACHUS) ABYX (DYHKIIHHA TPOU3BOIUTCS
ClIoXeHueM (YMHOKEHHUEM) OpJIMHAT TOYeK rpauKOB ¢ OAMHAKOBBIMHU
abcruccamu.

Ilpumep 54.

[Tycte nausl rpaduku pyHknuit y=X u y=sin X. [Toctpouts y=x+Sin X u y=xsin X,
SIBIISFOIIUXCSI COOTBETCTBEHHO CYMMOM U IIPOU3BEICHUEM 3aJJaHHBIX TPAPHUKOB.
Pewenue:

rpaduku GyHKIUNA Y=X+SIiN X 1 y=xsin X:

¥ k=X

—y=sin (x)
= y=X+sin (x)
= y=x-sin (x)

Pucynox 11. I'paduku Gpysknuit y=x, y=sin X, y=x+sin x, y=xsin x

[Tycts m3Becten rpaduk y=Ff(X) u HyxHO mocTpouTh rpaduk dyrkun y=|f(x)|. ITo
>
f(x) = f(x), x>0 |
—f(x), x<0
3HauuT, YyacTh rpaduka, JexKamlyro B BEpXHEH KOOPAUHATHON MOJIYIUIOCKOCTH,

W3MEHSATh HE HA/l0, a 4acTh IpaduKa, JIeKaly0 B HUKHEH KOOPIAUHATHOM
MOJTYTIOCKOCTH, HY’KHO OTOOPa3UTh CHMMETPUYHO OTHOCUTENBHO ocu Ox.

OTIpEICTICHUIO,

[Tycts u3Becten rpaduk y=Ff(X) u HyxHO mocTpouTh rpaduk Gyrkum y=Ff(|x|).
3ametum, uyro npu x>0 f(|x|)=f(X), a pyuxuus y=f(|x|) yernas. [Toaromy, uTOOBI
noctpouTh rpaduk ¢pyakuun Y=Ff(|X|), Hy>kHO YacTh rpaduka Gyuakuuu y=f(x),
JIeXKAIIYIO B JICBOW KOOPJMHATHOM MOJTYIUIOCKOCTH, OTOPOCHTD, a 4acTh Ipaduka,
JIeXKAIIYIO B MPABOM KOOPAMHATHOM MOJIYINIOCKOCTH, OTOOPAa3UTh CHMMETPHYHO
otHOcHUTENbHO ocH Oy.

3aoanus 01 cAmMoOCMOAMENbHO20 PEULEHUA:

[TocTpouTh rpaduiku GyHKIMIA:

1 Bapuant 2 BapuaHT 3 BapuaHT
1) y=x+cos X; 1) y=Xcos X; 1) y=x+tg x;




2) y=|x2+2x+3|. 2) y=|x2-4x|. 2) y=|x2-6X|.
4 papuaHT 5 BapuaHT 6 BapuaHT
1) y=xtg X; 1) y=x+ctg X; 1) y=x ctg X;
4 3 6
7 BapuaHT 8 BapuanT 9 BapuaHT
1) y=-x+sin x; 1) y=-xsin Xx; 1) y=-X+Co0s X;
p=-2 M=2 M=
2) |V - 2) |V . 2) |V oy

Koumponwsuwie eonpocwi:
1. Kak nmoctpouts cymmy (IipousBeieHue) 1ByX HyHKIIUN?
2. Kak mocTpouTh MOAYJb (PYHKIIMH, MOIYJIb apryMeHTa?

JIumepamypa: [4, c. 103-105]

IIpakTu4yeckoe 3ansitue Ne 35
IHocTpoenue rpapuxon

ILenv padomuwi:
CMYOeHm OO0JIHCEH.:
3HAMb:
- CBOWCTBa (PYyHKIUH;
- CXeMy HcciieJoBaHus (yHKLINH;
ymemy:
- CTpOUTH rpauku PyHKIUH.

Ceedenus u3z meopuu:

Yemuvie u nHeuemuwle QyHKyUU

PaccMoTpuM GyHKITH 00JIACTH OMPEICTICHIS KOTOPBIX CHMMETPHYHBI
OTHOCHTEIFHO HaJasia KOOPAWHAT, T.€. IS JIF0OOTO X U3 00J1aCTH OMpeacIICHUs
byHKIMK 9uCio (-X) TakKe MPUHAIUISKUT 00sacTu onpenaeneHus. Cpeau Takux
(GYHKIUI BBIICISIOT YSTHBIC M HCUCTHBIC.

®dynkuus f Ha3pIBaeTCS YETHOM, €CIM I JF000r0 X U3 o0actu onpeaenenus f(-
X)=f(x).

®ynkius f Ha3pIBaeTCS HEUETHOM, €CITH IS JIFOOOTO X U3 00JIACTH OTPEACTICHHS

f(X)=-f(x).

Ilpumep 55.

Onpenenute Kakas u3 GYHKIUN SBIIETCS YeTHOM (HeueTHOM): y=x?, y=x3,
Pewenue:

pynkums y=x* vetnas, 1.k. x*=(-x)*, 1.e. y(-X)=p(X), a pyHKIMSA y=X> ABIACTCA
HeueTHOM, T.K. x>=(-x)3=- x3, 1.e. y(-X)=-(X).



Ilpumep 56.

3

X + X
Jokaxute, uto Gpynkums f(X)= 3 YETHAS.
Pemienue:
BbIaucaum f(-X):
(—xP+(=x) —x*-x -(C+x)  X*+x
f(=x)= 3 Ty (3 =——— =1,
(-xP-(=x) -x*+x -(x*-x x*-x
x* + X
T.e. F(X)= 3 _y ~ CTHAs TI0 OMpeeIICHHIO.

Ceoticmsa epaghuxos:

1. I'paduk yeTHOM HYHKIIMN CUMMETPHUYEH OTHOCUTEILHO OCH OpJIMHAT.

2. I'paduk HeueTHOM (PYHKIIMM CUMMETPUYEH OTHOCUTEIIBHO Havyalla KOOpAUHAT.
W3 3THX ABYX IpaBUJ BBITEKAET CIEAYIOIIEE: PU MOCTPOECHUH IpadrKa YeTHOU
WIM HEYETHON (PYHKUIMU JOCTATOYHO MOCTPOUTH €r0 YacTh JJI HEOTPULIATEIbHBIX
X, @ 3aTEM OTPa3UTh NOJIYYEHHBbIN TpauK OTHOCUTENIBHO OCH OPAMHAT (B Cllyyae
YEeTHON (PYHKIMH) WM Hadasla KOOPAUHAT (B Clydyae HEYETHOM).

Panee mbl cTpomnu rpaduku QyHKIHNA «110 TOukaM». Bo MHOTHX cityyasix 3TOT
METOJI JaeT XOPOILINE PE3YJIbTATHI, €CIIH, KOHEYHO, OTMETUTH JOCTATOYHO
0obI0€ Yucio ToyeK. OTHaKO MPU 3TOM MPUXOAUTCS COCTABIAThH OOJIbIINE
TaOJIHIIBI 3HAYEHUN (DYHKIIMH, a TIIABHOE, MOKHO HE 3AMETHTh CYLIECTBEHHBIX
0COOEHHOCTEW (PYHKIIMU U B UTOTE OIIUOUTHCS MPU OCTPOEHUH rpaduka.

Jl1st Toro yToOBI N30€XaTh OIIMOOK, HAJI0 HAYYUTHCS BBISBIIATH XapaKTEPHbIE
O0COOEHHOCTH (DYHKILIUH, T.€. IPEIBAPUTEILHO IIPOBECTH €€ UCCIIEJOBAHHUE.

Cxema uccnedosanusi hyHKYuiL:

1. Haiitu obnacTh onpeaeacHus U 001acTh 3HAUCHUN JTaHHOW (YyHKITUH.

2. Bersicautp, obmamaer 5 (YHKIUMS OCOOSHHOCTSIMH, OOJICr4aroIruMu
UCCJICIOBAHUE, T.€. SIBJISETCS JIM (PYHKIUS YETHOU (HEUETHOM ), MEPUOTNIECKOM.

3. Beruncnuth kKoopauHaThI rpaduka GYyHKIIUU C OCSIMHU KOOPIMHAT.

4. HaiiTi mpoMexXyTKH 3HaKOTIOCTOSTHCTBA (DYHKIIHH.

5. BeisicHuTh, Ha Kakux NpOMEXyTKax (GyHKIUS YOBIBAaeT, a Ha KaKUX
BO3pacTaer.

6. Haiitu ToukM sKcTpeMyma, BUJ dKCTpeMyMa (MUHUMYM WM MaKCHMYM)
Y BBIYHUCIIUTH 3HAYCHUS (PYHKITMH B ATHX TOYKaX.

7. UccnenoBaTh moBeneHUEe (QYHKIMHM B OKPECTHOCTH XapaKTEPHBIX TOYEK,
HE BXOJUIMX B 00JacTh ompejaesieHus (Hanmpumep, Touka x=0 nmus QyHKUUU
f(x)=1/X), u mpu GosbIIKX (1O MOJTYJIIO) 3HAUCHUSX, APTYMEHTA.

Heobxoanmo 3aMeTHTh, 4TO 3TOT TUIAH UMEET MIPUMEPHBINA XapaKTep.

3aoanusn 011 cAamMoCmMOAMENbHO20 PEUIEHUA:



[Toctpouts rpaduk ¢pyHkumu f, ecm U3BECTHBI €€ CBONCTBA:

1. | CpoiicTBO yHKIIUHU | BapuanT | 2 BapuaHT | 3 BapuaHT | 4 BapuaHT
Ob6macThb [-6; 6] [-5; 4] [-4; 4] [-5; 3]
OTIpeIeTICHUS
OO6nacTh 3HAYCHUI [-2; 5] [0; 6] [-3; 6] [0; 5]

2 | Touku nepecevenus rpaduka:

a) ¢ ocero Ox (-4; 0), (0; 0) (-4; 0), (3; 0)
(-2;0) (-1;0),
(2,5; 0)

6) c ocero Oy (0; 2,5) (0; 0) (0; -2) (0; 4,5)

3 | [IpoMexxyTKH 3HAKOMIOCTOSTHCTBA!

a) f(x)>0 [-6; -4), [-5; 0), (-4; -1), [-5; 3)
(-2; 6] (0; 4] (2,5; 4]
0) f(x)<0 (-4; -2) - (-1; 2,5) -

4 | I[IpoMexyTKH:

a) BO3pacTaHMs [-3; 1], [-5; -2], [-4; -2], [-3; 1]
[4; 6] [0; 4] [1; 4]

0) yObIBaHUS [-6; -3], [-2; 0] [-2; 1] [-5; -3],
[1; 4] [1; 3]

5.1 | Touku MaKcUMyMa, Xmax=1 Xmax=-2 Xmax=-2 Xmax=1
MaKCUMyM (PyHKIIUH Ymax=3 Ymax=2 Ymax=2 Yimax=9

5.2 | Toukn MEHIMYMa, Xmin1=-3, Xmin=0 Xmin=1 Xmin=-3
MUHUMYM QYHKIHH | Ymini=-2; Ymin=0 Ymin=-3 Ymin=2

Xmin2=4
ymin2:1

6 | JomosHUTEIHHBIE (-6; 3), (-5; 0,5), (4; 6) (-5; 3)
TOYKH Tpaduka (6; 5) (4; 6)

KOHmPOJle ble eonpocol:

1. Ilepeuncnure cBOMCTBA (DYHKITUH.

2. [lepeuncnute OCHOBHBIE STAIbl UCCIIETOBAHUS (PYHKIIHH.

Jumepamypa: [4, c. 103-105], [5, §2, c. 21-40]

IIpakTnueckoe 3ansaTue Ne 36
Crenennas pyHkuus, ee rpaduk u cBoiicTBa

Ienv padomuwi:
CMYy0eHm OOJIHCEH:

3HaMb.
- CBOWCTBA CTETICHHON (DYHKIIMH C PA3THIHBIMU IMOKA3aTEISIMU CTETICHU;
ymems:



- CTpouTh TpaduK CTENEHHOW (PYHKIHMH C Pa3IUYHBIMU MOKA3aTEISIMU
CTEIIECHU.

Ceedenusn uz meopuu:

CmeneHnas yHKYus ¢ HAaMypaibHbIM nHoKazamenem

Oynkuus y=x", rae N — HaTypaJIbHOE YMCII0, HAa3bIBACTCS CTENICHHON (DYHKITHEH C
HaTypaJbHBIM Moka3areieM. [Ipu n=1 nomydaem QyHKIUIO y=X.

lIpamas nponopyuonanbHocmo

[Tpstmo¥i TpONOPIIMOHATFHOCTHIO Ha3bIBaeTCsl QYHKIUS, 3a1aHHas (HopMyIIon
y=kx", rne uucno K HazpiBaeTcst K03 HUITUESHTOM MPOMOPIIUOHATEHOCTH.
[Nepeuncnrm cBoiicTBa GyHKIHUU y=KX:

1. OGnactp onpenenenus GyHKIUN — MHOXKECTBO BCEX JCHCTBUTENBHBIX YHCET.
2. y=kx — neuernas ¢pynxuus, T.K. f(-x)=K(-x)=-kx=-k(x)=-f(x).

3. IIpu k>0 ¢pyukums Bo3pacraeT, a pu k<0 yObIBaeT Ha BCEH YUCIIOBOW TPSIMOM.

Pucynok 12. I'paduk Gpyukumu y=Kx

I[Ipu n=2 nosny4aem QpyHkmio y=x2. [lepeurcinm cBoicTBa PyHKINH Y=X°]
1. O6nacte onpeaeneHus: (GyHKIIUU — BCS YHUCIIOBAs MPsIMasi.

2. y=x? — uernas Qpynkuus, T.K. f(-x)=(-x)? =x>=f(x).

3. Ha npomexyTke [0; +00) dpyHKIMsS Bo3pacTaeT. Ha mpomexyTke (-oo; 0]
(GbyHKUHMS yOBIBAeT.

4. I'paduxoM GyHKIMHK Y=x> ABsgeTcs mapabona.

12

=3=2-10 1 2 3 x

Pucynok 13. I'paduk Gpynxnum y=x2

I[Ipu n = 3 nony4aeM QyHKIMIO y=x°, ee CBOICTBA:

1. O6nacTe onpeaeneHus: GyHKIIUU — BCS YHCIIOBAs MpsiMasi.

2. y=x* — neuernas Qpynkuwms, T.K. f(-x)=(-x)* =-x3=-f(x).

3. dyHKkMs y=x° BO3pacTacT Ha BCEH YMCIOBOMN MPSAMOIL.

4. I'paduk GpyHKIMM y=x° HA3BIBAETCA KyOUUECKOM MapabosIon.



Pucynok 14. I'pa¢uk Gpynxnum y=x>
[TycTh N — MpoM3BOIBLHOE YETHOE HATYpajabHOE YUCII0, OoJbliiee IByX: N=4, 6, 8,...

B sToMm ciydae pynkums y=x" o0namaeT TeMu xKe CBOWCTBAMH, YTO U (DYHKIIUS
y=x?. I'paduk Takoil GYHKIMH HATOMHHAET apaboiy y=x2, TOJbKO BETBH rpaduka
npu [N>1 kpyde uayT BBEpX, yeM OoJibiie N, a npH |N|<1 «TecHee MPUKUMAIOTCS»
K OCH X, ueM OoJIbIIIE N.

[TycTh N — Mpou3BOIBLHOE HEYETHOE YHCIIO, OoJbIee Tpex: N=5, 7, 9, ... .

B atom ciiydae ¢yHkius y=x" ob1agaeT TeMH K€ CBOMCTBAMHM, YTO U (DYHKITHS
y=x3. I'paduk Takoll (YHKIMH HAITOMHHAET KyOUYECKYIO apaboiy (TOILKO BETBU
rpaduka TeM Kpyde WIyT BBEPX, BHU3, 4YeM OoJibiie N). OTMETUM TaKKe, 9TO Ha
npomexyTke (0; 1) rpaduk creneHHoN QyHKITMN y=x" TEM MEIJICHHEE OTAAIACTCS
ot ocu Ox ¢ pocTOM X, 4em OoJibIiIe N.

CmeneHHas QyHKYuUs ¢ yeavim ompuyameibHblM HOKa3ameseM.
Paccmorpum dyHKImio y=x", rae N — HaTypanbHOE uncio. [Ipu N=2 moxydaem

1
y=x? um y= =z CBolicTBa 3TOH (QyHKIHUH:

1. ®ynkius onpeneneHa npu Beex x# 0.

2. y=—; —4eTHasa QpyHKIHUA.
x

1

xZ

Tewmu >xe cBoiicTBamMu 0071a1ar0T MH00BIC (HYHKITMU BUAA Y=X" IPH Y€THOM N,
OOJIBIIEM IBYX.

3. y=—; — yoniBaer Ha (0; +o0) u Bo3pacraeT Ha (-o0; 0),

3
J— — — n (v}
OyHKIMH BUA y =X , y= Jx , y x& 00J1a/1a10T TEMH K€ CBOMCTBAMHM, KaK U

N
byHKIUSA y=x

CmenenHnas (yHKYUsL ¢ ROA0AHCUMENbHBIM OPOOHBIM NOKA3amenem
Paccmotpum dyHKIMIO y=x', /1€ I — MOJ0XKUTENIbHAs HECOKpaTuMas ApoOb.
[lepeuncivM HEKOTOpPHIE CBOMCTBA ATOM (PYHKITHH:

1. O6sacth onpezaeneHust — y4 [0; +oo).

2. OyHKIMSA HU Y€THAas, HU HEUETHa.

3. dynkIms y = x' Bo3pactaeT Ha [0; +o0).



g 7T x4 i X 0 7 X
Pucynoxk 15. I'paduku creneHHbIX GyHKIHI

5

—y2
Ha pucynke cieBa nzo0paxeH rpapuk GyHKIIMH Y =X On 3axmouen MEXKITY
rpagukaMu QYHKLIUHA y=x° 1 y=x°, 3aJaHHBIX Ha TpoMexkyTKe [0; +00).
[TomoOHbBIHM BUa HMeeT rpaduk ar000i GyHKIMK Buaa y=x', rae >1,
2

— y3
Ha ToM ke PHCYHKe IocepeauHe n306paxer rpaduk Gpyuxmun J — X .
[Too6HEII Bua nMeeT rpaduk 000 CTEIeHHON QyHKIMH y=x", T1Ie O<r<1,

Cmenennas gyHxkyus ¢ ompuyamenbHbiM OpoOHbIM NOKA3amenem
Paccmotpum dyHKImo y=x", rae r — moaoxuTeabHast HECOKpaTUMasi IpoOb.
[lepeuncnumM cBOMCTBA ATOM (QYHKIIUU:

1. O6nacte onpeaencHus: — MPOMexKyToK (0; +oo).

2. OyHKIMA HU Y€THAas, HU HEUETHas.

3. ®yukims y=x" yosiBaet Ha (0; +o0).

Ilpumep 57.
1
[MocTpouts rpaduk GyHKIHH =X 2.
Pewenue:
MOCTPOUM TabJIMIly 3HaYEHUN JaHHOW PYHKIUU:
1
X = 1 1 4 9
9 4
1 1
3 2 1 — —
Y 2 | 3

Hanecem nosnydeHHbIE TOUKH HA KOOPAMHATHYIO INIOCKOCTh U COEAUHUAM UX
IJIABHOM KPUBOM:

S~

1
J— y=x 2
B

a7 X

1

Pucynok 16. I'padux pynkuuu y = x 2

[Tomo6HeIi B nMeeT rpaduk 1000 GyHKINH y=x", TAe I' — OTpUIaTenbHas
JpOOBb.



3aoanus 0na camocmoamebHo20 peulenus:

[TocTpoiiTe rpaduk GyHKIIMKM U ONUIIIUTE €€ CBOMCTBA!

1 BapuanT 2 BapuMaHT 3 BapuaHT
y:2q/x+1. y:2—i/;. y:1+‘i/;‘
4 BapuaHT S BapuanT 6 BapuanT
y=3x7, y=+/x-4. y=1-%x .
7 BapuaHT 8 BapuanT 9 BapuaHT
y=+x+3. y=3x" +1. y=/x-2+1.

Koumponwvnwie éonpocui:
1. Yrto Ha3bIBaeTCs CTENEHHON (DyHKITUEH?
2. Ilepeuucnure BUIbl CTENEHHBIX (QYHKLIUN.
3. Ilepeuncnure cBOCTBA PYHKIMH SIS PA3IMYHBIX TOKA3aTENIEH CTETICHH.

Jumepamypa: [4, c. 106-109]
IIpakTuueckoe 3ansitue Ne 37
Jlorapudpmuueckas pyHkuus, ee rpaguk U CBOMCTBA

Ilenv pabomuwr:
CIMYOeHm OO0JIHCEH.
3HaMb!
- OCHOBHBIE CBOWCTBa JIOTapU(MOB;
ymemy:
- cTpouth rpaduk JorapupmMudeckor GyHKIMHU C Pa3HBIMA OCHOBAHUSIMHU.

Ceéedenus u3z meopuu:

[IycTh @ — MOJIOKUTEIIBHOE YUCTO, a#1.

dynkIMI0, 3a1aHHYI0 hopMmyon Y=l0g.X Ha3bIBAIOT 102apugmureckou (hyHkyuetl
¢ OCcHO8aHueMm a.

[lepeuniciiiM OCHOBHBIE CBOMCTBA JIOTapu(hMHUUECKON (DYHKITUU:

1. O6GnacTh onpeaeneHnst — MHOKECTBO BCEX MOJIOKUTENbHBIX uncen R, T.e.
D(loga)=(0; +o0).

2. O6sacTh 3HaYEHUN — MHOXECTBO BCEX JIEUCTBUTENBHBIX yKceln R, T.e.
E(loga)=(-00; +0).

3. Jlorapudmuueckast GyHKIMs HA Bcel 00JIaCTH OMpeIeIeHUST BO3PACTAET MpU
a>1 unu yosiBaet npu 0<a<l.

Jlnst moctpoenwst rpaduka 3ameTuM, 4to 3HadeHue () morapudmmdeckas GyHKIUAS
npunuMaeT B Touke 1; 109,1=0 npu mo6om a>1, T.k. a°=1.



BcenenctBue Bo3pactanus Gpynkuuu npu a>1 noxydaem, yto mpu x>1
aorapudMuyeckast yHKIUs MIPUHUMAET MOJ0XKUTENbHbIE 3HaueHus, a npu 0<x<1
— OTpHUILIATEIIbHBIE.
Eciu 0<a<1 ,to norapudmuueckas QyHkius yosiBaeT Ha R, moaTOMy (pyHKIIHS
MPUHUMAET MOJIOXKUTENbHbIE 3HaueHus mpu 0<x<1, a mpu x>1 — oTpunaTeabHbIE.
Onupasice Ha BCE BBIIIECKA3aHHOE CTPOUM rpaduku JorapupmMudeckon QyHKINH
y=log.x npu a>1 u npu 0<a<l.

g

T 0
/ 2 S,

3

‘\Jff@x

Pucynok 17. I'paduk norapudmuueckoit GpyHKIHH

CrpaBeyiBO CleAYIOIIEee YTBEPKICHHUE: TpaPUKH MOKa3aTeIbHON 1
jJorapu@mMuyeckor PyHKIHMN, UMEIOINX OJMHAKOBOE OCHOBAHUE, CHMMETPUYHBI
OTHOCHUTEJIBHO MPSIMOU J=X.

Ilpumep 58.

Pemuts rpaduuecku ypaBuenue logox=-x+1.

Pemenue:

noctpouM rpaduku QyHkiui y=logox m y=-x+1 B 0IHON KOOpPJAUHATHOM

IIJIOCKOCTH.
y

Pucynok 18. I'paduxu dpynkumii y=logsx u y=-x+1

I'paduku >THX GYyHKIMHA IEpeceKarTCs B TOUKe ¢ abcruccoi x=1.
[TpoBepka mokaspIBaeT, 4To Xx=1 — KOpEHb JAaHHOTO YPaBHCHHS.

3aoanus 01 cAamMoCmMOAMENbHO20 PEULEHUA:
Pemute rpaduyuecku ypaBHEHUE:

1 Bapuant 2 BapuaHT 3 BapuaHT
— _ _ — 2 —
log,(x+3)=x-1. lg(1—x) =x"-1. %Iogz(x+1)=x.
4 BapuaHT 5 BapuanT 6 BapuaHT
1+log,(x+2)=2-Xx. log, x=x-3. log, x =27,
2




7 BapuaHT 8 Bapuanr 9 BapuaHT

log, x=2x-7. lg(1-x) =5-x.
=1-X. 3

log , x
2

Konmponwsnwvie sonpocwi:
1. Yrto HazbiBaeTcs orapupMuaeckon GyHKIuen?
2. Tlepeuncnute cBoiicTBa JorapupMUIESCKON HYHKITUH.

Jumepamypa: [4, c. 111-119]

IIpakTHyeckoe 3anaTue Ne 38
Kocunyc, ero rpaguk u cBoicrea

Llenv padomuwi:
CIMYOeHm OO0JIHCEH.
3HamMb!
- OmnpeleNieHue TPUTOHOMETPUIECKUX HYHKIIUN;
- CBOWMCTBa TPUTOHOMETPUUECKUX (PYHKITUH;
ymemb:
- CTPOWTH KOCHHYCOUY.

Ceéedenusn u3z meopuu:

DYHKYUU CUHYC U KOCUHYC

Yucnossie (GyHKIHMH, 33aHHBIC (hopMyaamu Y=SiN X u Y=COS X, Ha3bIBAIOT
COOTBETCTBEHHO CHHYCOM M KOCHHYCOM (1 0003Ha4aroT Sin u COS).

OO6nactp onpeneneHus 3TUX (PyHKIUI — MHOXKECTBO BCEX JIEHCTBUTENBHBIX YHCEIL.
OO0sacThio 3HaYCHUH (BYHKIHUN CHHYC U KOCHHYC siBlisieTcst oTpe3ok [-1; 1]. T.e.

D(sin)=D(cos)=R; E(sin)=E(cos)=[-1; 1].

Ceoticmea hyHKYUll CUHYC U KOCUH)C:

JUTs1 JTF0OOTO X CITpaBeJIMBhI PAaBEHCTBA:

1) sin(-x)=-sin X, cos (-X)=Cos X;

2) sin(x+2wn)=sin X, COS(X+271N)=CO0S X, r;ae N — IPOU3BOJIBHOE IICJIOC YUCIIO.

Cunycouda

[Toctpoum rpaduk pyakuu cunyc Ha otpeske [0; 2mt]. i 37TOro OTMETHM Ha OCH
opaunat Touku (0; -1) u (0; 1), a Ha ocu abcuucc TOUKy ¢ adcuuccou 2n (JynHa
orpeska [0; 27] mecth kieTok ~ 6,28). Jlanee nojb3ysich BEIYUCIICHHBIMH
3HAYCHUSAMH CHHYca ocTpouM rpaduk GyHkimu Ha otpeske [0; 2x]. Bae sToro
OTpe3Ka 3aMeTHUM, uTo SiN(X+27tN)=SiN X ¥ ¢ MOMOIIBIO MapajlICIbHBIX IIEPESHOCOB
B10J1b ock Ox BJIEBO M BIIPABO JOCTPOUM Ipadk (GYHKIIUU Ha OTpe3Kkax [-4w; -217],
[-27; 0], [27; 4mt]. ['paduk cuHyca Ha3bIBACTCS CHHYCOUIOM.



-----------

Pucyrox 19.

R ]

----------

‘Ff)ad)HK qayHKuI/H/I y=éin X

JInst mocTpoeHus rpadrka KOCHHyca HeoOXOIMMO BOCIIOIB30BaThCs (HhOpMyIIon
oS X=sin(x+m/2). 310 03Hauaer, 4To rpaduk KOCHHYyCa MOJTydaeTcs U3 rpaduka

CHHYCa C TIOMOIIBIO TTAPAJICIILHOTO TIEPEHOCa Ha pacCTOsIHUE /2 BICBO BAOJb OCH
Ox. IToaromy rpaduk QyHkIUN Y=

COS X TaK¥XKe SABJIACTCSA CHHYCOI’II[Oﬁ.

PncyﬁdK 20.

fpad)HK qnyHKuI/H/I y=COS X

Caenem u3BeCTHbIE CBOMCTBA GYHKIIUN B TaOiHIly (BCIOy moJiarasi, 4to N —

IIPOH3BOJILHOC LICJIOC LII/ICJ'IO).

DOyHKIUA

y=sin X y=CO0S X
1.1 OGnacTe onpeaeneHus R R
1.2 O6acTh 3HAYCHHHA [-1; 1] [-1; 1]
2.1 YetHOCTH (HEUETHOCTH) HeuerHas UYeTHas
2.2 HanmeHbHii 2n 2n
TIOJIOYKUTETbHBIN TTEPUOJT
3.1 KoopauHaTsl TOUEK (mn; 0) (m/2+mn; 0)
nepecedeHus rpaduka ¢ ocbro Ox
3.2 KoopauHaTel TOUEK (0; 0) 0; 1)

nepecedeHus rpadpuka ¢ oceto Oy

4.1 IIpoMexxkyTKH, HA KOTOPBIX
(GyHKIUS TPUHAMACT
ITOJIO’KUTEJIHBIEC 3HAYEHUS

(2mn; T+27n)

(-m/2+27n; ©/2+27N)

4.2 TIpoMexkyTKH, HAa KOTOPBIX
GyHKIUS TPUHAMACT
OTpHUIIATEIbHbIC 3HAUCHUS

(-m+27n; 27n)

(n/2+27n; 3w/2+27n)

5.1 TlpomexyTku BO3pacTaHus

[-n/2+27n; ©/2+27n]

[-n+27n; 27n]

5.2 IIpoMexxyTKH yObIBaHHUSI

[/2+27n; 3w/2+27n]

[27n; n+27n]

6.1 Toukn MUHMMYMa -1/2+27Nn 27N
6.2 MuHuMyMBbl QYHKIIUU -1 -1
6.3 Toukn Makcumyma n/2+27n 27t
6.4 MakcumyMmbl pyHKIUU 1 1




3aoanus 011 cAamMoOCmMOAMENbHO20 PEUIEHUA:

Nel. IlocTpouTh CXEeMaTHMYECKM KOCHUHYCOMJY Ha UHTepBasie [-3m; 3m] u
BBITIOJIHUTD CJIEAYIONINE YIPAKHECHUS:

1) [IpowmocTpupoBath Mo rpaduky, 4To:

a) (QyHKIUA COS X HE MOXKET NMPUHUMATh 3HAYEHUH, MPEBOCXOIAIIUX IO
a0COJIFOTHOM BETMYMHE €IMHHUILY, T. €. -1<C0S X<1;

0) KaKI0My JACHCTBUTEIHLHOMY 3HAYEHHUIO X COOTBETCTBYET TOJBKO OJHO
3Ha4YEeHHUE COS X (CBOMCTBO OJJHO3HAYHOCTU KOCUHYCA);

B) MpU 3aMEHE MPOU3BOJIBHOTO 3HAYEHUSI APTyYMEHTa X MPOTUBOIOIOKHBIM
eMy 3HAue€HHeM — X 3HadyeHue (YyHKIUM HE H3MEHseTCs, T. €. cos(-x)=COS x
(CBOMCTBO 4HeTHOCTH KOcHHYyca). Kak MOXXHO HCIOIB30BaTh CBOMCTBO YETHOCTHU
KOCHHYCa TPH IMMOCTPOSHUH €ro rpaduka;

) IIPU U3MEHEHUU MPOU3BOJIBLHOTO 3HAYCHUS apryMEeHTa Ha YUCJI0, KpaTHOE
yucay 2w, 3HaueHWe (QYHKIMH COS X HE HU3MeHsercs, T. €. cos(x+2mk)=cos x
(CBOMCTBO MEPUOJUIHOCTH KOocHHYca). Kak MOXHO MCIOJIb30BaTh MEPUOIUYHOCTD
KOCHHYCa MpHU MOCTPOEHUH ero rpaduka;

1) TpU U3MEHEHUW IMPOU3BOJIHHOTO 3HAMEHHUS apryMEHTa Ha 4YHUCJIO T
3HaueHUE (PYHKIUU y 3aMEHSAETCS] MPOTUBOIOJIOKHBIM €My 3HAaY€HUEM -y, T. €.
COS(X+m)=-COS X;

e) ypaBHeHue cosx=0,5 wumeer OECUHUCICHHOE MHOXKECTBO PEIICHHI.
Ha3BaTh HECKOJIBKO YaCTHBIX PEIICHUM 3TOTO YPABHEHUS.

2) YkazaTh UHTEpPBaJIbl, B KOTOPHIX PYHKIUS Y=COS X MPUHUMAET:

a) TOJI0KUTEIIbHBIC 3HAUYCHUS,

0) oTpullaTeNbHbIC 3HAUCHUSI.

Kakue derBepTM €AMHUYHON  OKPYKHOCTH  COOTBETCTBYIOT  3THUM
WHTEpBaJIaM.

3) BeigenuTs Ha ocu aOCIUCC U HA €AMHUYHON OKPY>KHOCTH WHTEPBAJIbI, B
KOTOPBIX (PYHKITUS y=COS X:

a) BO3pacCTacT;

0) yObIBaeT.

[IpouwnmtocTpupoBath Ha Tpaduke, 4TO B JIIOOOM HHTEpBaJIe MOHOTOHHOCTH
KOCHHYC MOCJIEI0BATEIbHO MPUHUMAET BCE CBOM BO3MOXHBIE 3HAUCHHUS, KAXKIOMY
U3  KOTOPBIX COOTBETCTBYET TOJBKO OJIHO 3HAYE€HHWE apryMeHra B
paccMaTpuBa€MOM MHTEpBAJIE.

Ne2. [o rpaduky pyHKIMH )=COS X OTBETUTh HA CIAEAYIOIIHNE BOMPOCHIL:

1) Kak uzMeHsieTcs cos X, €Clid apryMeHT X:

a) YBEJIMUMBAETCS OT -27 JI0 T;

0) yMensIaetcs ot 2,5 go 1,57?

2) Uemy paBeH KocuHYC uncia: a) ; 0) 2m; B) -0,57; r) -27?

3) Uto menbie: a) cos 0,7 uau cos 1; 0) cos(n/2+1) unu cos(n/2-1)?

4) Ilpu kakux 3HaYCHHUSIX X PyHKIUS cos X paBHa: a) 0; 6) 1; B) -1?

5) IpoummocTpupoBaTh Ha TpaduKe, YTO HE CYIIECTBYET 3HAYCHUU
apryMeHTa X, Py KOTOPbIX (PYHKITUS cos X Oblia paBHa 2.



Konumponwvnsie gonpocwi:
1. Kakue pyHKIMM Ha3bIBAIOT CHHYCOM M KOCUHYCOM?
2. Uto sBnsiercs rpadukoM QyHKIIUNA CUHYC U KOCUHYC?
3. ITlepeuncnure cBolicTBa GyHKIIMI CHHYC U KOCUHYC.

Jumepamypa: [4, §37, c. 171-174]

IIpakTnuyeckoe 3ansaTue Ne 39
Koranrenc, ero rpagpuxk u coiicrsa

Ilenv padomuwr:
CMYy0eHm OO0JIHCEH:
3HaAMb:
- OmpeleNieHue TPUTOHOMETPUYECKUX HYHKIIUN;
- CBOWMCTBA TPUTOHOMETPUUECKUX (PYHKITUH;
ymemy:
- CTpOUTH rpaduKu TPUTOHOMETPUUECKUX (PYHKITUH.

Ceedenus u3z meopuu:

YucnoBsie pyHKIMH, 3aaHHbIe (hopMynamu Y=tg X u y=Ctg X, Ha3bIBAIOT
COOTBETCTBCHHO TAaHI€HCOM M KOTaHreHcoM (1 o0o3HavaroT tg u ctg).

O6nacTeto onpeeneHus PyHKIUU TAaHTEHC SBIISIETCS MHOKECTBO BCEX YUCET X,
JUJIs1 KOTOPBIX COS X#£0, T.€. Bce uncia x#m/2+nn, e N - Ipou3BOILHOE 1ETI0e
yucno. O06nacThio onpeaesieHus: PyHKIMNA KOTAaHT€HC SBIISETCSI MHOKECTBO BCEX
YHCEI X, IS KOTOPBIX SiN X#0, T.€. Bce Yuciia X#nN, T1e N - MPOU3BOJILHOE IIEI0¢
YHUCJIO.

OO6nacTp 3HaYCHUH TaHTeHCa (KOTAHTeHCA) — BCS YMCIIOBAs IpsMas.

Ceoticmea hyHKyUll maHeenc U KOMAH2eHC:

JUTSL TFOOOTO X CIIPaBE IMBBI PABCHCTBA:

1) tg (-x)=-tg x, ctg (-x)=-ctg X;

2) tg (x+mn)=tg x, ctg (x+mn)=ctg X, rae N — TPOU3BOJILHOE IIEJIOC YHCJIO.
[TocTpoenue rpaduka TaHreHca Ha UHTepBaje (-1/2; m/2) aHaIOTMYHO
NOCTpOCHHUIO cuHyca. Benenacreue ToxxaecTsa tg (X+7n)=tg X rpaduk TaHreHca Ha
BCEl 00yacTu onpeaesieHus moyyaercs u3 rpadguka Ha uaTepBane (-n/2; n/2)
napaieIbHBIM IIEPEHOCOM BI0JIL ocu Ox BIIEBO W BIpaBo Ha 7, 21 U T.4. [ paduk
(QyHKIMM TaHTeHC HA3BIBAIOT TAHTE€HCOUIOM.

Pucynoxk 21. fpa(bﬁk bynkumnn y=tg X



Jliis moctpoenus rpaduka y=Ctg X BOCoIb3yeMcst TOXIeCTBOM Ctg X=-tg (X+m/2).
W3 3TOTO0 TOXKIECTBA CACAYET, UTO JJI IOCTPOCHUS rpaduka KOTaHTeHCa
HEO0OXOJIMMO CIBUHYTH rpauK TaHIreHca Ha 7/2 BIIeBO BI0Jb ocu OX U OTpa3UTh

TIOJIy4EHHYIO KPUBYIO OTHOCHTENBHO ocu Ox.

PR
Pucynok 22. I'padu

K pyHKIIMHM Yy=Ctg X

Caenem U3BeCTHBIE CBOMCTBA GYHKIIUN B TaOIHILy (BCIOy MoJiarasi, 4to N —

IIPON3BOJILHOC IICJIOC LII/ICJ'IO).

DOyHKIMSA

y=tg X y=ctg X
1.1 OGnacTh onpeaeIeHus (-m/2+mn; w/2+7n) (mn; m+7mn)
1.2 OGnacTh 3HaUEHUM R R
2.1 YeTtHOCTH (HEUETHOCTB) HeueTnas HeueTHas
2.2 HanmeHbIIN NOT0KUTENbHBIN T T
epHo/l
3.1 KoopauHaThl TOUEK MIEpeceucHUs (mn; 0) (/2+7n; 0)
rpaduka ¢ ocbro Ox
3.2 KoopauHaThl TOUYEK TIEPECCUCHUS (0; 0) Her

rpaduka ¢ ocbto Oy

4.1 IIpomexxyTKH, Ha KOTOPBIX (PYHKIUS
IIPUHUMAET MOJIOKUTEIbHBIE 3HAYCHUS

(mn; m/2+mn)

(7n; mt/2+7wn)

4.2 IIpomMexXyTKH, Ha KOTOPBIX (PYHKITUS
MPUHUMAET OTPULIATEIIbHBIE 3HAYEHUS

(-m/2+7n; tn)

(-m/2+7n; tn)

5.1 TIpomMexyTKH BO3pacTaHus (-m/2+7n; m/2+7n) Her
5.2 IlpomexyTKU yOBIBAaHUS Her (mn; m+mn)
6.1 Toukn MUHMMYMa Her Her
6.2 Toukn MakcumMyma Her Her

3aoanusn 014 cAamMoCmMOAMENbHO20 PEUIEHUA:
Nel. TloctpouTh cxemMaTHYeCKH TaHTeHcOMAy Ha wHTepBaie (-3m/2; 3m/2).

IIpu noctpoenuu:

1) oTMETUTH Ha OCH a0CITUCC TOYKH, COOTBETCTBYIOIINE YUCITIAM:
-1,5m; -m; -0,5%; 0,5%; w; 1,5n (3a eauHMIly MacimiTaba MPUHSATH OTPE3OK,

paBHbIi 1 cM);

2) uepe3 touku (-1,5m; 0); (-0,57w; 0); (0,57; 0) u (1,57; 0) mposectn
(MyHKTHpPOM) TpsIMbIe, TapAJIJIEIbHbBIE OCH OPANHAT;

3) OTMETUTh TOYKH TAHTCHCOUJIBI C

opauHatamu *1;

4) BBIYEPTUTD (OT PYKH) TAHTCHCOUTTY.




No2. Tlonp3ysich cxeMaTH4ecKMM rpapukoM (QYHKIHH )=1tJ X BBINOJIHUTH
CJIEIYIOUIUE YIPAXKHEHUS:

1) VYkazaTp wuHTEpBaJbl, B KOTOPBIX (YHKIUS MOPUHUMAET: a)
MOJIOKUTENIbHBIC 3HAYCHUS; 0) OTpULIATEIbHbIC 3HAUCHHUS.

2) OmnpenenuTh, NMpU KaKWX 3HAYEHUAX X Ha uHTepBaie (-3n/2; 3m/2)
byukmus y=tg X: a) yObiBaeT; 0) BO3pacTaeT; B) NMPUHUMAET 3HAUEHHE, PABHOE
HYJIIO; T) TEPSIET CMBICII.

Bripasuts (hopmynoit MHOXKECTBO TaKMX 3HAUY€HUH X, MPU KOTOPBIX )y=tg X
TEpsIeT CMBICIL.

3) VOemuthcs, YTO KaxAOMy JOMyCTUMOMY 3HAUEHHUIO apryMeHTa X
COOTBETCTBYET TOJBKO OHO 3HaYCHHE (PYHKIIUU.

4) IlpowmmocTpupoBaTh Ha rpaduke, YTo GYHKIOUS y=1gX ecTb
nepuouieckas QyHKIHS ¢ TIEPUOJIOM T, T. €. tg(X+mK)=tg X.

5) Iloka3arb, 4YTO KaXIOMy 3HAa4YeHUI0O (QYHKIUA ) COOTBETCTBYET
OECUNCIIEHHOE MHOKECTBO OIIPE/IEICHHBIX 3HAUEHUI apryMeHTa X.

6) Pemuth HepaBeHCTBa: a) tg X>-1; 0) | tg X |<L.

Ne3. IloctpouTh Ha OAHOM uepTeke Tpapuku (QYHKIHME: y=x; y=SIN X U
y=tg x, ecmu 0<x<m/2. Ilonb3ysch 4epTEKOM, MPOULIIOCTPUPOBATH HEPABEHCTBO
sin Xx<x<tg x.

Konmponwsnwvie sonpocwi:
1. Kakue (pyHKIMH HAa3bIBAIOT TAHT€HCOM U KOTAHTE€HCOM?
2. Uto sBisercs rpadukoM QYyHKIIUH TAaHT€HC M KOTaHTeHC?
3. Ilepeuncnure cBoiiCTBa PyHKIIMI TAHTEHC U KOTAHTEHC.

Jumepamypa: [4, §37, c. 176-177]

IIpakTnueckoe 3ansaTue Ne 40
IHapasuienbHBINA IEPEHOC, CHMMETPHUS OTHOCUTEIBHO OCeil OpAUHAT

Ilenv pabomur:
CIMYOeHm OO0JIHCEH.
3HaAMb:
- TpaduKu dIEMEHTAPHBIX (PYHKITUN;
- (bopmyiel mpeoOpazoBaHus TPahUKOB,;
ymemb:
- BBITIOJIHATH MTOCTpOeHUE rpaduKoB (HYHKIHMI C IOMOIIBIO MapaIeTLHOTO
nepeHoca, CHMMETPUU OTHOCHUTEIBLHO OCEH OpIMHAT.

Cseoenun uz meopuu:
Iapannenvroiii nepenoc na sexrop (0; b) s0oas ocu opounam.



OGo3Hauas yepes (X'; V') KOOpAMHATHI TOUKH, B KOTOPYIO HEPEXOUT
POU3BOJIbHAS TOUKA (X; Y) IIIOCKOCTH MPH JAHHOM IIPE0OPa30BaHUHM, TOTyIUM

hopMYyIIBL:
x'=x
y'=y+b’

Jliis moctpoenus rpaduka Gyukuuu f(x)+b, roe b — mocrostHHOE UKCIO, HATO
«miepenectn» rpaduk Gynkiuu f(x) Ha Bextop (0; b) Bmosns ocu Oy BBepX eciu
b>0, Buu3 — ecim b<0.

Ilpumep 59.

[TocTpouts rpaduku GyHKuMIL: a) y=sin X+2; 6) y=x>-5.

Pewenue:

a) B COOTBETCTBUU C MPaBUIOM Ipaduk GyHKIHH y=SiN X+2 moxydaercs u3 y=sin X
napajuIeTbHBIM MTEPEHOCOM B10JIb ocu Oy BBEpX HA JIBE €IMHULIBI;

6) rpaduk GyHKIMHE y=x>-5 TOTydaeTCca U3 y=Xx° NapajleIbHBIM IEPEHOCOM BJIOJb
ocu Oy BHU3 Ha MSATh €UHUII.

Ilapannenvuulii nepernoc 80oab ocu abcyucc Ha Bextop (a; 0) 3agaercs

dbopmynamu:
{x' =x+a
y=y '

I'paduk Gpynkuuu y=f(x-a) monyuaercs us rpaduka pynkun y=Ff(X) nepenocom
BJIOJTb OCH a0CIMCC Ha a eAUHUI] BIIpaBo, eciu a>0, BieBo — ecnu a<0.

Ilpumep 60.
[MoctpouTts rpaduku GhyHKIM: a) y=C0S(X-7/4); 0) y=vx+1.
Pemenue:

a) B COOTBETCTBUH C MIPABUJIOM TpauK PYHKIIUU y=COS(X-7/4) moaydaeTcs u3
Y=C0S(X) mapayieabHbIM TIEPEHOCOM BI0JIb ocu Ox BIpaBo Ha 7/4;

6) rpaduk dyHkmn y=~/x+1 momydaercs U3 y=~/x NapaILICIbHBIM IEPEHOCOM
BI0JIb ocu Ox BJIEBO Ha OJIHY EAMHMUILY.

[Tpu oceBoit cummempuu omnocumenvho ocu Ox Touka (X; Y) MEPEeXoauT B TOUKY
(X; -y).

[Tpu oceBoit cummempuu omuocumenvho ocu Oy Touka (X; Y) MepexoauT B TOUKY
(-X; Y)-

[pu neHTpaTbHOU cuMMempuu OMHOCUMENbHO Hayana koopouram (X; Y)
HEPEXOANT B TOUKY (-X; -Y).

3aoanusn 014 camMoCmoOAMeENbHO20 PEUIEHUA:
Nel. Jlana touka A(4; 6). [loctpouTh TOYKY B, CHMMETPHUYHYIO TOUke A
OTHOCHTEJIPHO OCH a0CIHCC, U HAWTH KOOPAMHATHI ATOM TOYkH. [lokaszaTh, 4TO



ecnu TOYKH A U B CHMMETPUYHBI OTHOCHUTEILHO OCH abCIHCcC, TO WX a0CIHCCHI
PaBHBI, & OPAMHATHI OTJIMYAIOTCS TOJIBKO 3HAKAMHU.

Ne2. Ilocrpouth Touky A(-3; 5) W TOUKy B, CHMMETPUYHYIO TOYKe A
OTHOCHTENFHO ocu opauHar. [lokazath, uTo eciv TOYKH A W B CUMMETPpUYHBI
OTHOCHTEIIFHO OCH OpJWHAT, TO UX OpJAWHATHI PaBHBI, a aOCIUCCHI OTIUYAFOTCS
TOJIKO 3HAKAMH.

Ne3. [TocTpouTs B 0JIHOM cucTEME KOOpAMHAT rpaduku GyHKIMH (3anucaTh

LEMOYKY JBUKCHHUS):

1 Bapuant 2 BapuaHT 3 BapuaHT

y=sin X, y=CO0S X, y=1g X,

y=sin (X-7/6), y=CO0S X-2, y=tg (Xx-7/2),

y=sin x+2. y=C0s (X+7/3). y=tg x+3.

4 BapuaHT S BapuaHT 6 BapuaunTt

y:xz’ y:xz’ y:xs,

y:X2+4, y:(x+l)2’ y:x3+l,

y=(x-3)2. y=x?-2. y=(x-2)%.

7 BapMaHT 8 BapuanT 9 BapuaHT

y=lxl, | y=%x, y=lx|, |

y= x-2 ) %/_ = o+l ’

x—4

y=|x|+6. r= ’ y=lx|-2.

y=%x+1.

Konmponwvnwvie séonpocwi:
1. Kakumu popmynamu 3aaercs napamuieabHbIi epeHoc?
2. Kak mocTpouTh TOUKY CHUMMETPUYHYIO OTHOCUTEIHHO OCEH KOOpaAHAT?

Jumepamypa: [5, c. 23-25]

IIpakTnueckoe 3ansaTue Ne 41
IHapaJjieqbHBIH IEPEHOC, PACTIKEHUE, CIKATHE

Ilenv padomuwi:
CIMYOeHm OO0JIHCEH.
3HaMb:

- TrpauKH dIEeMEHTAPHBIX PYHKINNA;

dbopmyibl Ipeodpa3zoBaHus TpauKoB;

ymemy:

- BBIMIOJIHATH MOCTpOeHUE rpadKoB (QYHKIMM C MOMOIIBIO MApaIETbHOTO
nepeHoca, pacTsHKEHUs, COKATHS.

Cseoenus u3 meopuu:
Pacmsiicenue 60onv ocu Oy ¢ xoaddunuentom K, kotopoe 3amaercst popmynamu:



{ x'=x
V=ky'
Jliis moctpoenus rpaduka yukuun Y=Kf(x) Hamo «pactanyTh» rpaduk QyHKIHH

y=f(x) B k pa3 Bnoas ocu opaunar (|k|>1).
Ecmu 0<|k|<1, To pacTskenue ¢ kKodhduIimeHTOM K Ha3bIBAIOT CIKATHEM.

Ilpumep 61.

[Toctpouts rpaduku GpyHKIMA: a) y= % COS X; 6) y=-2x2.

Pewenue:

a) B COOTBETCTBUHU C MIPABUIIOM IrpauK PyHKIIUHU )= % COS X ITOJIy4aeTrcst u3 y=Cos X

C)KaTHeM BJI0JIb OCH OPAMHAT € KOOPPUITHEHTOM 3;
0) rpaduk QyHKIHYU y=-2X? I0JTy4aeTCs U3 Y=X> PACTKEHUEM BJIOJIb OCH OPIUHAT
¢ KO3 (HULHEHTOM 2.

Pacmsiorcenue 60ons ocu Ox ¢ koabuimeaToM K, koTropoe 3agaercs Gopmyaamu:

{x'zkx
Y=y’

Jns noctpoenus rpaduka pyakuuu y=f(x/k) Hano noaseprayth rpapuk GyHKIIUH
y=f(x) pactsxenuto ¢ ko3dpduiuerTom K BIoIb OCH abCIHcC.

Ilpumep 62.

[Moctpouts rpaduku Gpynknuii: a) y=sin(x/3); 6) y=cos(2x).

Pewenue:

a) B COOTBETCTBUU C MIPABUIIOM Tpaduk GyHKIuuU y=sin(x/3) momy4yaercs u3 y=sin X
pacTsbkeHueM B0k ocu Ox ¢ kodduiireHTom 3;

0) rpaduk GyHKIIMU y=COS(2x) moydaeTcst U3 y=COS X cxatueM Baosb ocu Ox ¢
ko3 purieHTOM 2.

3aoanusn 014 cAaMOCMOAMENbHO20 PEUIEHUA:
[TocTpouTs B 0IHOM cucTeMe KOOpAMHAT rpaduku GyHKIUIMA (3amucaTh EMoYKy
JIBUKEHUSA):

1 BapuaHT 2 BapuaHT 3 BapuaHT

1 y =COSX, N
y=— !

X y =2Cc0SX—3, X2
y=2"4 y ==cos(X+~). 3

1 2 4 y=—(2x-2)°
Y= 2x—3°
4 BapuaHT 5 BapuanT 6 BapuaHT
y=sinx, y:_l y=sinx,
x y =sin 3x—1,




1. 3 1. T
=—SIn X+2 =2—— =—sin(X——
y=3 , y=2--, y=5sin(x-2).

: V4 3
=2sin(X+— =—
y=2on(x+3). Y
7 BapuaHT 8 BapuanT 9 BapuaHT
y:X31 y:\/;i y:COSX’
y x® 5 y=4-+/2x | y =1+C0s2X ,
=—+

, 1

2 y:1+5\/§_ y=1-=-Ccosx,

y=-(x-1". 2 3

Koumponwsuwie sonpocwi:
1. Kakumu popmynamu 3aaercst pacTshkeHue (cxarue)?

Jumepamypa: [5, c. 24-26]

IIpakTuyeckoe 3ansitue Ne 42
Bepmunbl, pedpa, rpaHd MHOTOTPAHHUKA

Llenv padomuwi:
CIMYOeHm OO0JIHCEH.
3HaAMb:
- CBOMCTBO, CBSI3BIBAIOIIEE YHCIIO BEPIIUH, peOep U TpaHeil MHOTOTPaHHUKA,
ymemy:

- YCTaHaBJIMBATh CBSA3b MEXK/y YHCJIOM IUIOCKUX YIJIOB // MHOTOTpAaHHUKA U
YUCIIOM ero peodep P.

Ceéedenus u3z meopuu:

JI71s1 BBITTYKJIBIX MHOTOTPAHHUKOB UMEET MECTO CBOMCTBO, CBA3BIBAIOIIICE YHCIIO
€ro BEpILNH, pedep U rpaHei, nokazanHoe B 1752 rony Jleonapaom Ditnepom, u
MOJIyYMBIIIEE HA3BaHUE TEOPEMBI Jepa.

[Ipexne uem ero chopmMyaupoBaTh paCCMOTPUM H3BECTHBIE HAM MHOTOTPaHHUKHU
Y 3aM0JTHUM CJIEIYIONTYIO0 TabIuIly, B KOTOPOU B — uuciio BepiuH, P — pedep u I’
— IpaHeill JAHHOTO MHOTOTPaHHHUKA!

Ha3zBanue mHOrOrpanHuka B P I

TpeyroJsibHas nupamua

UYeTplpexyroapHas nupamuaa

TpeyroisibHas npuszma

| o o b~
| o o1 b~

YeTpipexyroapHas npu3Ma 12

N-yrojapHasi nupamuaa n+1 2n +1




N-yroyibHas npu3Ma 2n 3n n+2

N-yroyibHas yceyeHHas 2n 3n n+2
nupamMuia

N3 sTOM TabauIbl HENOCPEACTBEHHO BUAHO, UTO JUIsl BCEX BHIOPaHHBIX
MHOTOI'PAaHHUKOB UMEET MECTO PaBEHCTBO B-P+/=2. OKa3bpIBaeTCs, 4YTO ITO
PABEHCTBO CIIPaBEUIMBO HE TOJIBKO JJIS ’TUX MHOI'OTPAHHUKOB, HO U JUISI IPO-
M3BOJIBHOTO BBIITYKJIOIO MHOTOTPAHHUKA.
3aMeTHM, 4TO MHOTOYTOJIBHUKH MOXHO A€(OpPMUPOBATh, YBEINUYHUBATD,
YMEHBILIATh WIN JaKe€ UCKPUBJIATh UX CTOPOHBI, JIUILIb Obl IPU TOM HE
IPOUCXOIUIIO Pa3pbIBOB CTOPOH. YUCIO BepIIMH, pedep U rpaHel pu 3TOM He
WU3MEHUTCS.
J1714 oJTyd4eHHOTO pa30ueHus MHOTOYTOJIbHIKA Ha 00Jiee MEeJKUe
MHOTOYTOJIbHUKHA UMEET MECTO PABEHCTBO:

B-P+I"=1,
rae B — obmiee unciio BepiuH, P — oOiiee uyncio pedep u [ — 4ucio
MHOTOYTOJIbHUKOB, BXOJAIIMX B pazouenue. SAcuo, yto /'=/-1, rae I'— uucino
I'pPaHel JaHHOTO MHOTOTPAaHHUKA.

B ntob6om evinyknom mHocoepanuuke Hatloemcs 2pamsb ¢ YUCioM pebep MeHbuUM
WU PABHBIM NAMU
s 106020 mHo202panHuka umeem mecmo Hepasencmso 3B < 2P .

3aoanusn 0na camocmoamenibH020 PeuleHua:

1) MoKeT JI YUCIIO BEPIIMH MHOTOTPAHHUKA PABHATHCS YUCITY €ro IrpaHeit?
2) YcTaHOBUTE CBSI3b MEXKIY YHCIIOM IUIOCKUX YTJI0B /1 MHOTOTpaHHHMKA U
YUCIIOM ero peodep P.

3) I'paHsiMH BBITYKJIOI0 MHOTOTPAHHHUKA SBJISIOTCS TOJBKO TPEYTOJbHUKH.
CkoJibKO y HETO BepllMH B u rpaHelt I, eciiu oH uMeet: a) 12 pebep; 0) 15
pebdep? [IpuBeauTe NpUMepbl TAKUX MHOTOTPAHHUKOB.

4) VI3 kax01 BEPIIIMHBI BHITYKJIOTO0 MHOTOTPaHHHMKA BBIXOIUT TPHU pedpa.
CKOJIBKO OH UMEET BEPIIUH B u rpaneii 1, eciau y Hero: a) 12 pebep; 6) 15
pebep? HapucyiiTe 3TM MHOTOTrpaHHUKH.

5) B kax10¥i BepIIMHE BBIMYKJIOr0 MHOIOIPAHHHUKA CXOUTCS 0 YeThIpe pedpa.
CKOJIbKO OH UMEET BEPIIUH B u rpaneit [, ecau yucio pedep paBHo 127
Hapucyitte 3T MHOTOTpaHHUKH.

Koumponwnwie gonpocwi:
1. 3amumute Gopmyiy, CBS3BIBAIOIIYI0 YHCIIO BEPIIWH, pebep U rpaHei
MHOTOTPaHHHUKA.

Jumepamypa: [10, c. 175]

IIpakTnueckoe 3ansaTue Ne 43



MMapaanenenunen. Kyo

Ilenv pabomor:
CMYOeHm OO0JIHCEH.
3HamMb:
- OTIpe/IeNICHNE TIapajuiesienuIesa, Kyoa;
- CBOKMCTBA MPSMOYTOJHLHOTO MapajieenuIe/a,
- (opmyibl 0OBEMa TPAMOYTOJILHOTO MapaJUieenuneaa, Kyoa;
ymemb:
- CTPOUTH Mapajuieienumne, Kyo;
- BBIYUCIIITH 00BEM IPSIMOYTOJILHOTO TTapaJljiesienuneaa, Kyoa.

Ceedenus u3z meopuu:

Ilapannenenunedom Ha3pIBaeTCA MPU3Ma, OCHOBAaHUSIMU KOTOPOH CITyKaT
napajuienorpaMmbl. Bee mects rpaneil mapanienenurnesa — napauieaorpaMMel.
OTpe3ku, COeAUHSIONTUE BEPIIMHBI TapaJIICJICHIe1a, He TPUHAIIEKAIINE OJHOM
U TOM K€ TPaHU, HA3bIBAOTCS OUALOHANAMU napaiesienuneod.

Cesoticmea napannenrenuneoa

1) CepenrHa nuaroHaiu nmapajiesenuie/a sBiaseTcs ero ICHTPOM CUMMETPHUH.

2) IIpoTrBoJIeKAIIME TPAaHU TTapaJIJIeICIHUIIe 1A TOTTAPHO PAaBHBI U HapaJIC/IbHBI.
3) Bce ueThipe AuaroHany napaiesienune/a mepecekarTcs B OJJHON TOUKE U
JEJISITCS €10 OTOJIaM.

Pucynok 46. [1apannenenvnen

[Tapannenenunesn, 60KoBbIe peOpa KOTOPOro NEPHEHAUKYISIPHBI TIIOCKOCTH

OCHOBAHUS MapaslieenuIea, Ha3bIBACTCS NPAMbIM NAPALLEIeNUNe0oM

(ABCDA:B;C1D; — npsimoit mapasienenuries).
D,

G

4/ | B,

A D

Pucynok 47. I[IpAMOyTOJIbHBIN MMapajiIeeTuIe

[Ipsamont mapasenenunes, OCHOBAHUEM KOTOPOTO CIIYKUT MPSIMOYTOJIBHUK,
Ha3bIBACTCS NPAMOY20IbHbIM napaiieienunedom. Bee rpaHn npsMOyroJbHOTO
napajuienenuneaa — NpsiMOyroJibHUKH. JITMHBI Tpex pedep MpsSMOYroJIbHOTO
napajuieNIenunena, BEIXOAAINX U3 OJHON BEPIIMHBI, HA3bIBAIOTCA N3MEPEHUSIMU
IIPSAMOYTOJIBHOTO MapaJIIEIeUIIEAA.

Ceolicmea npsamoy20ibHo20 napaiieienuneod



1) KBagpar quaroHanu npsiMOyroJbHOTO NapaJlieenune a paBeH CyMMe
KBaJ[PAaTOB TPEX €ro M3MEPCHUN:
d?=a’+h?+c2.
2) Bce nmuaroHanu npsSMoyrojibHOro mapasuie/ieuIe]1a PaBHBI.
3) lns xy0a popmyina yrpornaercs: 4d*=12a2.

Ilpumep 114.
Hailitn jyinHy CTOpOHBI Ky0a, €CJIM €ro TMaroHallb paBHa 5 CM.
Pewmenue:
u3 (opMyIIBI 1T qUaroHaau Kyoa BRIPA3HM €r0 CTOPOHY:
12

a:/ﬁ:i:i
12 J3 3

T. k. mapayienenunes €CTb YaCTHBIN CIy4yail MPU3MBI, TO IJIOIIA/Ib IOBEPXHOCTH U
o0BeM napajijiesienune1a BBIYUCISIIOTCS 10 (hopMyIiaM JIJisl TIOMAIN TTOBEPXHOCTH
u o0beMa rpu3Mbl. Kpome Toro, 00beM MpsiMOYToJIbHOTO MapajuieNenuIe]] MO>KHO
BBIYHCIIATH 110 (OpMyJIE:

Torna,

V=abc,
rac a, b, C— TpPI I/IBMepeHI/IH HpSIMOYFOJIBHOFO Hapaﬂnenennne,ua.

Kyo
[IpsiMOyTOJIbHBIN TapAJIJIENIENUIIE]] C PABHBIMU U3MEPEHUSMHU Ha3bIBAETCS KyOOM.
Bce rpanu ky0a — paBHbIe KBaJpaTHhI.
O0bem kyOa BeruMCIsieTcs 1o (popmyie:
V=a3,
rjie 8 — u3BMepeHue Kyoa.

Kaxk navimu cymmy onun eécex pébep napannienenuneda

Jlnst ynoOctBa BBezieM 0003HaueHus: A u B CTOPOHBI OCHOBaHUS
napautenenunena; C — ero 60KoBasi rpaHb.

T. 0., B OCHOBaHMH NapajuIeJICIUICAA JISKUT IMapajijiejorpaMM CO CTOPOHaMHU A U
B. ITapanienorpaMM — 3TO YeTHIPEXYTOJIbHUK, IIPOTHUBOIIOI0KHBIC CTOPOHBI
KOTOPOTO PaBHBI M NapauielbHBL. M3 3TOro onpeaeneHus clieIyeT, 9To MPOTHB
CTOpPOHBI A IEKUT paBHas el cropoHa A. [IoCKOIbKY IPOTUBOJICKAIIINE TPAHU
napaiiesieiIe/a paBHbI (BBITEKACT U3 OTPEICIICHUS ), TO BEPXHISA €r0 TPaHb TOXE
uMeeT 2 CTOpPOHBI paBHBIE 4. TakuM 00pa3omM, cymMMa BCeX YEThIPEX ATUX CTOPOH
paBHa 44.

To ke, MOXKHO CKa3aTh, U 0 CTOPOHE B. [IpoTHBOIIOIO)KHASA €11 CTOPOHA B
OCHOBaHMH IMapajuiesienuiena papHa B. Bepxuss (mpoTuBosiexaias) rpaHb
napajieienuneaa ToXe UMEET 2 CTOPOHBI, paBHbIE B. CyMMa BCEX YETHIPEX ITUX
CTOpPOH paBHa 45.



BokoBbie rpanu mapajuiesenumnesa ToXKe SBISIOTCS mapajieiorpaMMaMu
(BBITEKAET U3 CBOMCTB mapaenenureaa). Peopo C oTHOBPEMEHHO SIBISETCS
CTOPOHOM JIBYX COCETHUX IrpaHel mapaienenunena. [lockombky
IIPOTUBOIIOJIOXKHBIC TPAHU TIapaJuIeIIeTHIIe [a TIOTIapHO PaBHBI, TO BCE €T0 OOKOBBIC
pebpa paBHbI Mex 1y co00it 1 paBHbl C. Cymma 00k0BbIX pedep — 4C.

Takum 006pazom, cymma Beex pedep napaivenenunena: 44+4B+4C unu
4(4+B+C).

YacTHbIil ciyyaii npsiMoro napauienenumnena — kyo. Cymma Bcex ero pedep paBHa
124.

Ilpumep 115.
HaiinuTe mmpuHy U BBICOTY MPSMOYTOJILHOTO TapalIeNIeUIe 1a, CH upuHa b
OoubIie ero AUHBI ¢ Ha 1 cM, BeIcoTa C B 2 pasa OoJble UTHHBL ¢, a AuaroHas d
B 3 pasa OoJibllie JUIUHBI d.
Pewenue:
3anuileM OCHOBHYIO (GOpMyITy KBajpara JUaroHaiy IpsiMOYTOJIbHOTO
napajiesienunena:

d?=a+b?+c?.
BripazuM Bce u3MepeHus Yepes 3afannyro uMay a: b=a+1; c=2a; d=3a.
[ToacraBum B hopmyiy:

9a? =a*+(at+1)*+4a>.

PemuB kBagpaTHOE ypaBHEHHE, HalJIEM JUTMHBI BCEX pedep:

3a*—2a—-1=0.

a=1; b=2; c=2.

Ilpumep 116.

JIBa pebpa mpsMOYTOJILHOTO TlapalieeuIe1a, BBIXOIAIINE U3 OAHONU BEPIITUHBI,
paBHbl 3 1 4. [Inomaas TOBEpXHOCTH 3TOr0 Napaienenumena papaa 94. Halinure
TpeThe peOpo, BHIXOAIIEE U3 TOH K€ BEPITUHBI.

Pemenue:

0003Ha4YMM HU3BECTHEIC pedpa 3a a u b, a HemsBecTHOE 3a C. [Tnomans
MOBEPXHOCTH MapaJIJICNICTIUIIE1a BRIPAKAETCS KAk

S =2(ab+bc +ac).

Bripa3uwm c:
S
——ab
c=2
a+b
IToxncraBisisg 3ajaHHBIC 3HAYCHUS, IMEEM:
9
—-12
c=-2 =5.
7
Ortser: 5.

3aoanusn 011 cAamMoCmMOAMENbHO20 PEUIEHUA:



Pemnre 3anaumn:

1) Hano nokpacuTts 1o B komHate. Pacxon kpacku Ha 1 m? — 120 2, koMHaTa
uMeet pazMepsl S v U 4 m. CKOJIBKO MOTPeOyeTCst KpacKu?

2) Hamo okyienTh KOMHATY C OJHUM OKHOM M JIBEPBIO 000SIMH OT T10J1a JI0 MOTOJIKA.
JITMHA KOMHATHI 5 M, mupuHa — 4 m, Beicota — 3 m. [lnomans okHa 3 w2, miomans
neepu 2 m?. O6ou MpoAaroTes LeAbIMK pyloHamu, 1 pyson Ha 10 m2. Ckoabko
notpedyercs pyJIoHOB 000eB?

3) /IBa pebpa mpsMOYTOIBHOTO MapajuIeICUIe/Ia, BRIXOISAIINE U3 OTHOM
BEpUIMHBL, paBHHI 1, 2. [T101aas NoBEpXHOCTH Napasuiesienuiena papHa 16.
Haitgure ero auaronans.

4) IInoimaae rpaHu IpsIMOYTOJILHOTO Mapajuiesnenumnena pasua 12. Pedpo,
NEPIEeHIUKYIPHOE ITOU TpaHu, paBHO 4. Haiinute 00beM nmapajuienenumnea.

Konmponwvnwvie éonpocoi:

1. JlaiitTe  ompeneneHue — HapalliesieNuIena, Ky0a,  BBITIOJHHUTE
COOTBETCTBYIOIINE YEPTEKH.

2. llepeuncnure CBOMCTBA MPSIMOYTOJBHOTO Mapajuiejenunesa.

3. 3anummre GopMyIIbl sl BHIYUCICHUS 00beMa napajuieNenuresia, Kyoa.

Jumepamypa: [10, c. 143]

IIpakTuueckoe 3ansaTue Ne 44
CeveHnus ky0a, NpU3Mbl, TUPAMHU/IbI

Ilenv pabomuwr:
CMYOeHm OO0JIHCEH.
3HaAMb:
- METOJI «CIIET0BY;
- MpaBUJIa TOCTPOEHUSI CEYCHUI MHOTOTPAHHUKOB;
ymemy:
- CTPOWTH CeUCHHUs Ky0a, IPU3MbI, MUPAMU/IBI.

Ceedenus u3z meopuu:

Ceuenus Kyba niocKkocmuio

Ecnu niockocTs nepecekaet Tpu pedpa Ky0a, BHIXOASIINX U3 OJHOW BEPIIMHBI, TO
B CEUEHUU T0JIydaeTcs TpeyroibHUK (puc. 48 cnesa). [Ipu 3Tom eciiu oTcekaeMble
IJIOCKOCTBIO OTPE3KHU pedep paBHbI, TO B CEUEHUHU MOIYYaeTCs] pABHOCTOPOHHUMN
TPEYTOJIbHUK, €CJIM PABHBI JIBa OTPE3Ka U3 TPEX, TO MOIyYaeTcsl paBHOOEIPEHHBIN
TPEYroJIbHUK, HAKOHEIL], €CJIM BCE TPU OTPE3Ka pa3InyHbl, TO B CEUHCHUU
MOJIy4aeTCsl pa3HOCTOPOHHUN TPEYTOJIbHHUK.
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Pucynox 48. Ceuenus ky0a MI0CKOCThIO

B cedyennn kyOa IMI0CKOCTBIO HE MOTYT MOJIY9aThCs MPSMOYTOIBHBIN WIIH
TYMOYTOJLHBIN TPEYTOJBLHUKH.

BrIsicHUM, Kakue 9eThIPeXyTroJbHIUKH MOTYT TIOJy4aThCsl B CEUCHUH Kyba
TUTOCKOCTBIO.

SIcHO, 9TO eciu TIOCKOCTh MapalijielibHa OJTHOW U3 rpaHel KyOa, TO B CCUCHUH
nosrydaeTcst kBaapart (puc. 48 nocepenune). Ecnu miuockocTs napasuienbHa
OJIHOMY U3 pebep Ky0a, TO B CEYEHHUH MOTydaeTcs IPAMOYToabHUK (puc. 48
cnpasa). Eciam miiockocTs nepecekaer 4eTblpe napajuiesibHbIX pedpa Ky0a, TO B
CCUCHHUH TIOIydaeTCs mapaienorpamm (puc. 49 ciesa).

Pucynox 49. Ceuenus ky0a MIoCKOCTbIO

Ha puc. 49 nocepenune noka3zaHo cedeHHne KyOa MJI0CKOCThIO B (popme
nstuyroiasauka ABCDE. [psimeie AB u DE, CD u AE napaienbHbl, KaK JMHAHA
NepeceyeH sl IByX MapajljieNIbHbIX MIIOCKOCTEN TPEThEeH MI0CKOCTHIO.

Ha puc. 49 cnipaBa noka3aHo ceueHue Ky0a II0CKOCThIO B popme
mectuyroibarka ABCDEF. Tlpsmeie AB u DE, BC u EF, CD u AF napamenshsi,
KaK JIMHUM MepeceueHus ABYX NapajliebHbIX MIIOCKOCTEN TPEThel MIOCKOCTHIO.
[TockonbKy y Ky0a uMeeTCsl TOJIbKO IIECTh TPAaHEel, TO B CEUEHUH KyOa
TUTOCKOCTBIO HE MOXKET MOJYYUThCS MHOTOYTOJIEHUK C YHCIIOM CTOPOH, OOJBIINM
IECTH.

Ilocmpoenue ceuenuti MHO202PAHHUKOB

JIns1 MOCTpOEHUST CEUEHUN UCTIONIB3YIOT METOT «CIIEIOBY, 3aKIHOYAIOIIUNCS B
HaX0>XJICHUU TOYKHU NEPECECUEHHUS MPSIMOUN U MIIOCKOCTH MO 33JaHHBIM JBYM
TOYKaM 3TOU MPSIMOM U UX MPOEKLHUSIM HA IUNIOCKOCTb.

Ilpumep 117.

[Tycth npsimMast K mpoxoaut yepe3 Touku A, B 1 n3BeCTHBI napasienbHbie
npoekuuu A’, B’ 3TUX Touek Ha IIOCKOCTh 7. TpedyeTcst HalTH TOuKy
nepecedenus npsMon AB ¢ miiockocTbio .

Pemienue:

yepe3 Touku A’, B’ mpoBeaem npsimyto K. Torna nepecedenue npssmoii K ¢ mpsimoi
Kk’ u Oyzaer nckoMbIM repeceueHueM npssMoit K ¢ miockocteio 7 (cM. puc. 50).
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Pucynok 50.

Ilpumep 118.

Hanbl Touku A, B, C u ux napamuiensusie npoekuuu A’, B’, C’ Ha mI10CKOCTS Tt.
TpeOyeTrcst MOCTPOUTH TMHUIO TIepecedeHus iockocT ABC 1 tockocTH 7.
Pemenue:

WCITOJIB3YsI pelieHre PEAbIAYIIEH 3a1a4uu, TOCTPOUM TOYKU X U Y TIepecedeHus
npsimbix AB 1 AC ¢ mockoctsio 7. [Ipsimas XY Oyznet uckomoii TuHUEH
nepeceyeHus miockoctu ABC u TIOCKOCTH T (cMm. puc. 51).

Pucynok 51.

Ilpumep 119.

Yepes nannyto Touky C (C’) mpoBecTH MpsaMylo, mapaieqbHy0 JaHHOHN MPsIMO
AB (A’B’), u HaliTH ee TOYKY IepECeUEHHsI C TUIOCKOCTBIO T.

Pewmenue:

yepe3 Touky C mpoBoauMm npsimyto, napauiensayto AB. Uepes Touky C’ npoBoaum
npsamyto, napaiienbayto A’B’. Touka X mepeceueHus dTUX NpsMbIX U OyeT
UCKOMOI1 (cM. puc. 52).

Pucynok 52.

Hcnonv3ys memoo, paccmompennniii 6 npumepe 119, pewium 3a0avu Ha
nocmpoeHnue cevyeHull Kyoa, nupamuobvl U npusmol

Ilpumep 120.

[TocTpouTh ceueHre Ky0a IIOCKOCThIO MTPOXOsieh uepes Tpu Touku A, B, C,

MIpUHAJJISKAIIIE TTOTIAPHO CKPEITUBAIOIIUMCS pedpaM 3Toro kyba (cM. puc. 53).
A

By .-
, /.

Pucynok 53.

Pemenue:



HaiijieM nepecedyeHue npsmoi AB, nexaiiieil B I0CKOCTH CEYEHUS], C TNIOCKOCThIO
OCHOBaHUA Ky0a. /{7151 a3Toro moctpoum napauienbubie npoekuuA’, B’ touek A, B
Ha OCHOBaHHE Ky0a B HampaBjcHHH O0KOBOro pedpa Kyba (cm. puc. 54).

A

K Ta
TS e

r
-
))l"
s '
L
Bl

- D

PpncyHOK 54.

[lepeceuenue npsimbix AB u A’B’ 6yner uckomoit Toukoit P. OHa mpuHaIIeKUT
IJIOCKOCTH CEYEHUS U TUIOCKOCTH OCHOBaHUs KyOa. Cie1oBaTeabHo, MIIOCKOCTh
CEUeHHMs mepecekaeT ocHoBaHue KyOa no npsimoit CP. Touka nepeceuenus 3Toit
psIMOM ¢ peOpPOM OCHOBaHMS Ky0a JacT erle oJiHy TouKy D ceueHus kyoa.
Coeaunum Touku C u D, B u D orpeskamu. Yepes Touky A npoBeem Npsmyio,
napasuienbHyo BD, u Touky ee nepecedeHus ¢ pedopom kydba o6o3Hauum E.
CoenunuM Touku E u C orpeskom. Uepes Touky A mpoBeaeM Mpsmyio,
napaenbHyro CD, 1 Touky ee mepecedeHus ¢ pedpoM kyda o6o3HauuM F.
Coenunnm Touku A u F, B u F orpeskamu. Muoroyronsank AECDBF u 6yzaer
MCKOMBIM M300paXeHHEM CEUCHHS KyOa TIOCKOCTBIO.

Ilpumep 121.
[TocTpouTs ceyeHune TpeyroabHON MUpPaMUIbl INTIOCKOCTHIO, TPOXOISIIEH Yepe3
tpu Touku A, B, C, npunamiexaiue ee pedopam (cm. puc. 55).

Pucynok 55.

Pewrenue:

nposeneM npsmyto AB u ee TOuKy nepeceueHus ¢ O0KOBBIM peOpOM MUpaMUIbI
o6o3naunm yepes E. [Iposeaem npsimyro EC u ee Touky nepecedenus ¢ pedpom
OCHOBaHUs nupamMubl 00o3HaunM yepe3 D. Coequanm otpeskamu Touku B u C, A
u D. Yetsipexyronsauk ABCD OyaeT HCKOMBIM CEUY€HUEM MUPAMUIBI.

3aoanusn 014 cAamMoCmMoOAMENbHO20 PEUIEHUA:

Pemmre 3agauu:

1) Kakoii ¢urypoii siBasiercs cedenue kyoa A...D; MI0CKOCThIO, TPOXOASIICH
yepe3 BepumHbl By, D u cepenuny pedpa CC1?

2) Kaxoii urypoit siisiercst cedenne Kyoa A...D; TIIOCKOCTBIO, MPOXOsIIei
yepe3 cepenunbl pedep AB, BC u DD,?



3) Uepes cepeanny pedpa KyOa, NEPIEHAUKYISIPHO CKPEIIUBAIOIICHCS C ATHM
pedpom muaroHanu, mpoBeaeHo ceueHne. OnpeaennuTe ero BU.
4) Kakoii purypoi sBiseTcsi ceueHre Ky0a IIOCKOCThIO, KOTOPas IIPOXOIUT Yepe3
JIBE TIPOTHBOIIOJIOKHBIC BEPIINHBI HUKHETO OCHOBAHUS U CEPEIMHY OHOTO U3
pebep BepxHero ocHoBaHus? Haiinure ero mepumeTp, eciu AjiMHa pedpa Kyda
paBHa 1.
5) Uepes Bepmunsl A, C, D; ky0a A...D; npoBeneHo ceucHue. B kakom
OTHOILIEHUH OHO JeuT AuaroHanb DB1, u kakoi 00pa3yeT yron ¢ 3Toi
TUArOHAJILIO?
6) Kakum siBiissercst ceuenne tetpasapa ABCD miIockocThio, MPOXOoIAIICH uepe3
cepenunbl pedep AB, BC u CD?
7) Kaxkoii hurypoii siBisieTcsi ceueHne npaBmibHOTO TeTpadapa ABCD
IJIOCKOCTBIO, MPOXoasauiel yepe3 Bepnny B u touku M, N — cepennnbl
cooTBeTcTBeHHO pedep AD, CD?
8) INoctpoiite ceueHue kyoda A...D1 IIOCKOCTBIO, IPOXOIAIICH Yepe3 BepIIrHbI By,
D u touxy H, mpunamiexanryo pedpy CCi.

9) [TIlocTpoiiTe ceuyeHHE NPABUIBHONH YETBHIPEXYTOJbHONH  MMHUPAMMIBI
MJIOCKOCTBIO, MPOXOIAIIEH Yepe3 TOUKH, YKa3aHHbIE HAa PUCYHKE 6.

A

Pucynoxk 56.

10) IMocTpoiite ceueHre MPaBUIBLHOMN IIECTHYTOJBHOM MPU3MBI TNIOCKOCThIO,
MPOXOISIIEH Yepe3 TOUKH, YKa3aHHbIE Ha PUCYHKE 97 .
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Pucynox 57.

Konmponwvuwvie éonpocoi:

1. MoxeT 1 B C€YeHUHU KyOa IIIOCKOCThIO MOJYYUTHCS: a) Tpamemus; 0)
paBHOOEIpEeHHas Tpareuus; B) HEpaBHOOESAPEHHAsI Tpamelus; I) NpsiMOYyrojibHas
Tpamnemnus; 1) TyIoyrojbHas Tpaneus?

2. Kakue MHOTOYTOJIBHUKH MOYKHO TTOJTYYUTh B CEUEHUN YETHIPEXYTOJIbHON
MHAPAMHUJIBI TITIOCKOCTHIO?

3. Kakue MoryT ObITh C€UEHHS TIPABMIIBHOTO TETPadipa MIOCKOCThIO?

Jumepamypa: [10, c. 144-151]

IIpakTuyeckoe 3ansitue Ne45



IIpeacraBiieHue 0 NPaBUILHBIX MHOTOTPAHHUKAX (TeTpajdap, Ky0, OKTas’ap,
H0AEKAIP, HKOCAIAP)

Ilenv pabomor:
CMYOeHm OO0JIHCEH.
3HaMb!
- OTIpe/IeIICHNE TIPABIIILHBIX MHOTOTPAHHHUKOB;
- BUJIBI, DJICMEHTHI, CBOMCTBA MPABIIHBHBIX MHOTOTPAHHUKOB;
ymemb:
- CTPOWTH NMPABUILHBIE MHOTOTPAHHUKH.

Ceedenusn uz meopuu.

BBITyKJIbIii MHOTOTPaHHUK Ha3bIBAETCS HPABUNLHBIM, €CITA €TI0 TPAHIMHU SIBISIOTCS
paBHbIE IPABUJIbHBIE MHOTOYTOJIBHUKH, U BCE MHOTOTPaHHbBIE YTJIbI PABHBI.
PaccmoTprM BO3MOKHBIE ITPABUIIbHBIE MHOTOTPAHHUKH U MPEK/IE BCETO TE U3
HUX, TPaHsIMU KOTOPBIX SBIJISIFOTCS TPaBUJIbHBIE TpEyroibHUKU. Hanbomnee
MIPOCTHIM TaAKUM MPABUIBHBIM MHOTOTPAHHUKOM SIBIIIETCS] TPEYTOJIbHAS
nUpaMUJIa, TPAHSIMU KOTOPO# SIBIISIOTCS MPaBUIIbHBIC TPEYTOJbLHUKH (PHC. CIICBA).
B kax1101 ee BepIIMHE CXOANUTCA 110 TpU rpaHu. VIMest BCEro 4eThIpe rpaHu, 3TOT
MHOTOTPaHHUK HA3bIBAETCA TAKKE NPAGULLHLIM Mempas’0pom, WA MPOCTO
mempa’0pom, 4To B EPEBOJIE C TPEUYECKOTO SA3bIKa 03HAYAET YEThIPEXTPAHHUK.

Q) &

Pucynox 58. [IpaBuibHbIE MHOTOTPAHHUKH

MHororpaHHUK, TPaHIMUA KOTOPOTO SBJISIOTCS MPaBUIIbHBIE TPEYTOJbHUKH, U B
Ka)XI0W BEpILIMHE CXOAUTCS YETHIPE TpaHu, H300pakeH Ha PUCYHKE TIOCepeInHe.
Ero moBepXxHOCTh COCTOUT U3 BOCKMU MPABUIIBHBIX TPEYTOJIBHUKOB, TO3TOMY OH
Ha3BIBAETCS OKMAI0POM.

MHororpaHHuK, B KaKJ101 BEpIIMHE KOTOPOTO CXOIUTCS MSTh PaBUIIbHBIX
TPEYroJIbHUKOB, U300paKE€H Ha PUCYHKE cripaBa. Ero moBepXHOCTh COCTOUT U3
JBAJIATH MIPABWIBHBIX TPEYTOJILHUKOB, IO3TOMY OH Ha3bIBACTCS UKOCAIOPOM.
3aMeTuM, 4TO MOCKOJIbKY B BEPIIMHAX BBITYKJIOTO MHOIOI'PAHHUKA, HE MOXKET
CXOAUTBHCA 0OJIee MATH MPABUIBHBIX TPEYTOJIbHUKOB, TO IPYTUX MIPABUIIbHBIX
MHOTOTPaHHUKOB, IPaHAMU KOTOPBIX SIBJISIOTCS PAaBUIIbHBIE TPEYTOIbHUKH, HE
CYIIECTBYET.

AHaJIOTHYHO, TOCKOJIbKY B BEPIIMHAX BBITYKJIOT0 MHOTOTPaHHUKA MOKET
CXOJUTHCS TOJILKO TPH KBajipaTa, TO, KpoMme KyOa (puc. ciieBa), APyrux
MIPAaBIJIbHBIX MHOTOTPAHHHUKOB, Y KOTOPBIX TPaHsIMU SIBIISIOTCS KBaJIpaThl, HE
cymectByeT. Ky0 umeeT mecTs rpaHeil 1 03TOMY Ha3bIBAETCS TAKXKE 2eKCaAI0POM.
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Pucynox 59. [IpaBuibHbI€ MHOTOTPAHHUKH

MHororpaHHuK, TpaHIMHA KOTOPOTO SIBJISTFOTCS MPaBUIIbHBIC TISATHYTOJIBHUKH, U B
Ka)XI0W BEpIIMHE CXOAUTCS TPH ITpaHu, H300pakeH Ha pUCYHKe crpaBa. Ero
MOBEPXHOCTh COCTOMT U3 JIBEHAIIATH MTPABWIBHBIX MATHYTOJEHUKOB, TO3TOMY OH
Ha3bIBAETCS 000eKaAI0POM.

3aoanus 0na camocmoameabHo20 peuleHus:

1) Yemy paBHBI TUIOCKHE YTIIBI T0A€KadApa’?

2) IIpencraBbTe MHOTOTPAHHUK — OUITHPAMHUITY, CIIOKEHHYIO U3 JBYX MPaBUIbHBIX
TETPa’apPOB COBMEIICHUEM UX OCHOBAHUM. byIET 1M OH NPaBUIBHBIM
MHOTOTPaHHUKOM?

3) SBisiercs v MPOCTPaHCTBEHHBIN KpecT ((purypa, CocTaBiICHHAS U3 CEMHU
paBHBIX KyOOB — puc. 60) npaBUIbHBIM MHOTOIpaHHUKOM? CKOJIBKO KBaJpaToOB
OTPaHUYUBAET €ro NMOBEPXHOCTh? CKOJIBKO y HEro BepIIUH B u pedep P?

L
|

Pucynoxk 60.

4) Pe6po okTadapa paBHo 1. Onpeznennte pacCTOSIHUE MEXKIY €ro
IPOTUBONOJIOKHBIMU BEPIIMHAMHU.

5) CkoJIbKO KPacoK MOTpeOyeTCs Ul PACKPACKU TPAHEH MPaBUIIbHBIX
MHOTOTPaHHHUKOB, TaK, YTOOBI COCEHIE TPaHU OBLIIM OKpAIICHbI B pa3HbIC 1IBeTa?

Konmponwvusie éonpocwi:

1. JlaiiTe onpeneneHue MPaBMIIBHOTO MHOTOTPAHHHKA.

2. CKOIBKO BepIIuH, pedep W rpaHel MMEIOT: a) TeTpadap; 0) OKTa’ap; B)
KyO; T) UKOCadp; 1) J0JEKadIp?

Jumepamypa: [10, c. 176]
IMpakTuyeckoe 3ansitue Ne46
OceBble ceueHHs U CeYeHHUsI MapajjieJbHbie OCHOBAHHIO

Ilenv pabomer:
CMYOeHm OO0JIHCEH.



3HAMb.
- CBOMCTBA MPOCKIIUH;
ymems.
- CTPOUTH CEUCHUS LMIMHIpA.

Ceéedenusn uz meopuu:

Ceuenus yununopa

CeueHns UUIUMHAPA TIOCKOCTHIO MOXKHO pacCMaTpHUBaTh KaK MapajiiesIbHbIe
IIPOEKLIMY OCHOBAHUS LUJIMH]IPA HA ATy IUIOCKOCTh. [103TOMY, €cinu minockocTh
rapajuiesibHa TUIOCKOCTH OCHOBAHUSA, TO B CEUEHHUH MOJY4aeTCs KPYT, paBHbIN
OCHOBAHHIO.

Ecnu miiockoCcTh ceueHns COCTaBIsAET HEKOTOPBIN YToJl € INIOCKOCTBIO
OCHOBAHUS IWJIMHAPA U HE NEPECeKacT OCHOBAHMSI, TO B CEYCHHUH OyIeT Gpurypa,
OTPaHUYECHHAS JIUTUTICOM.

Pucynok 61. Ceuenne nununpa

Ha puc. 61 nokazaHo moCTpoEHHE TOUYEK AILTUIICA, MTOTYIAIOIIETOCs KaK
ceueHrne OOKOBOM MOBEPXHOCTH IIUIMH/PA MIIOCKOCTHIO.

Jlnis aToro 3amaanm nBa conpsbkeHHbIX quameTpa AB u CD. Yepes Touky A
poBeZIeM 00pa3yIoIyI0 U BhIOEpEeM Ha HEHl KaKyro-HUOYb TOUKYy A’
npuHaIeKayo ceueHuro. [Ipsmas A’O mepecedeT 00pa3yromIyro, MPOXO IO
yepe3 TOUKy B B HekoTopoil Touke B, Taxke npuHaaiIeKallyo CeUeHUIO.
Bosbmem Teneps Ha otpe3ke CD npou3BoiibHYIO TOUKY U ITPOBEIEM Yepe3 Hee
npsamyro, napaienbayto A 'B’. Ee Touku nepecedeHus ¢ 00pa3yomyMe [MIIAHIpA
OyIyT MPpUHAIJIEKATH CEYEHUIO.

Bo3bMeM mpsiMOyTroJibHBIHN JIUCT OyMaru 1 HapuCyeM Ha HEM OCH KOOpPJUHAT

Ox u Oy mapanienbHO COOTBETCTBYIOIIMM CTOpOHaM (puc. 62).
¥

PucyHok 62.

3aTteM CBEpHEM 3TOT JIUCT B OOKOBYIO TOBEPXHOCTH MPSIMOTO KPYTOBOTO
UMJIMHAPA, paJInyC OCHOBAHUS KOTOPOro npumem 3a eaunuiry. Ocs OX cBepHeTcs
B OKPYXHOCTB paauyca 1, a ocb Oy ctaneT oOpasyrolieit mumuaapa (puc. 63).
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Pucynok 63.

Yepes nuamerp OD mosrydeHHOM OKPY>KHOCTH IIPOBEIEM CEUCHUE,
COCTABJIAIONIEE C INIOCKOCTBIO OKpykHOocTH yroa B 30°. B a3ToM cirydae ceueHneMm
OyJeT 3JUTHIIC.

3aoanun 0na camocmoamenbHo20 peuteHuA:
1) Hapucyiite WIMHIP W TUIOCKOCTb, MIEPECEKAIOIIYIO €ro0 OOKOBYIO TOBEPXHOCTh
0 SJUIHUIICY.

2) Hapucyiite mumHAp ¥ MOCTPONUTE HECKOJILKO TOYEK AJLIHIICA,
MOJIYYAIOIIErOCsl B CEYEHUU €ro OOKOBOW MOBEPXHOCTHU MIIOCKOCTHIO.

3) B ocHOBaHMM mWIIMHIpA KPYT paauyca 5 cM. bokoBas TOBEpXHOCTh
LHUJIMH/pA IEpecedeHa MI0CKOCThI0. HaliuTe miiomanb ceyeHus: UUIUHAPA 3TOU
IJIOCKOCTBIO, €CJIU OHAa 00pa3yeT ¢ IMIIOCKOCThI0 OCHOBaHus yroi: a) 30°; 6) 45°; B)
60°.

4) Bo3pMeM MpSIMOYTOJILHBIN JINCT OyMaru ¢ HApUCOBaHHBIMU HA HEM OCSIMH
KoopauHat. CBEpHEM 3TOT JIUCT B OOKOBYIO IOBEPXHOCTh MPABUILHON
YETHIPEXYTOJIBbHOMN MPU3MBI (puc. 64). CTOpOHY OCHOBaHUS MPU3MbI IpUMEM 3a |
cM. Yepes Touku O u D npoBeneM cedeHne mioCcKOCThIO, COCTaBISIONIEH ¢
MJIOCKOCTHIO OCHOBaHMs yrod 45°. PazpepHeM nuct 6ymaru. Beisicute, kakas npu
ATOM MOJIYYUTCS KpuBasi? YTo U3MEHUTCS, €CIIM CEYEHUE TPOBOIUTH MO APYTUMU
yrilamMu?

]
]
]
]
1
P
1
]
]
]

PucyHok 64.

Koumponwvnsie gonpocwi:

1. B xakom cily4ae cedeHHeM IWIMHAPA IIOCKOCThIO SBJISIETCS KPyT?

2. UYrto OyaeTr ceyeHHWeM IWIMHApPA TUIOCKOCTBIO, MPOXOJSIIEH depe3 oCh
HWIHHAPA?

3. Kakyw popMmy npuHMMaeT MOBEPXHOCTh BOAbI B KPYTJIOM HAKIOHEHHOM
cTakaHe?

4. MOXeT M1 B CEUYEHUU MUIWHIpPA TUIOCKOCTHIO TIOJYYUTHCS: a) KpyT; 0)
MPSIMOYTOJILHUK; B) MapaJljIeiorpaMM; I') Tpaneuus 1) TPeyroJabHUK?



5. Moryr au B CEYEHMAX UWIMHIpA IUIOCKOCTBIO MOJYy4aThCsl (QUTYpHI,
OTJIMYHBIE OT KPYra, IpAMOYTOJIbHUKA U 3JUIAIICA?

Jumepamypa: [10, c. 146]

IpakTnueckoe 3ansaTue Ned/
lap u cdepa, ux ceuenust

Ilenv pabomor:
CMYOeHm OO0JIHCEH.
3HaMb!
- OTIpe/IeNIeHre T1apa, c(heprl, UX FTEMEHTOB,;
yMemb:
- CTPOUTH CEUCHHUS IIapa.

Ceéedenus u3z meopuu:

Illapom npUHATO HA3BIBATH TEJIO, OrpaHudYeHHOE cdepoil, T.e. map u chepa
— 3TO pa3HbIE TEOMETPUIECCKHUE Tea.
Cghepa — 310 urypa, coctosas u3 BCEX TOUCK MPOCTPAHCTBA, YAAUIEHHBIX OT

HaHHOﬁ TOYKH Ha JaHHOM PAaCCTOAHHU.
HEeHTPp
cepbl
Cdepa nonyqaercs npu
BpallleHdH OKPYKHOCTH

- c g BOKPYI' JHAMETpa HJIH
HOJIYOKPYKHOCTH.

Pucynok 65. Chepa

Tosepxnocmo wapa nazvieaiom cghepoti. Ecnu pacceusb chepy MmIOCKOCTHIO,
MOJIyYUM B CEUCHHH OKPY)KHOCTh. Takue OKpPYKHOCTH UMEIOT pa3HbIC PaldyChl:
YeM JaNblle TUIOCKOCTh OT IEHTpa cephl, TeM MEHbIe paauyc cedeHus. Cample
OOJbIIE OKPYXKHOCTH IOJIYYAIOTCS TIPU  CEUCHUHM Cdepbl  IIOCKOCTSIMH,
IPOXOAIIMMH 4epe3 e€ IeHTp. TakuMu OONBIIUMHU OKPYXKHOCTSAMH Ha 3€MHOMN
TIOBEPXHOCTH SIBJISIOTCSA DKBATOP M MEPHAMAHBI. A TMapajjielii — 3TO CCUYCHHUS
3eMHON TIMOBEPXHOCTH IUIOCKOCTSIMH, KOTOpBIC TMapajuIiejbHbl 3KBATOPHUATBHOMN
TUTOCKOCTH.

Cgepoui HazpIBaeTcs (GuUrypa, cOCTOsIMAs W3 BCEX TOYCK IMPOCTPAHCTBA,
pPaBHOYAAJIEHHBIX OT JAHHON TOYKH. DTa TOYKA HA3BIBACTCS yeHmMpom cghepbvl u
00b1yHO0 0b603Hauaemcs O.

Paccrostare ot Touek cdepbl 10 e€ IeHTpa Ha3bIBACTCA paoduycom cghepvl u
oovluHo obo3navaemcsi R. Paouycom TaxKe Ha3bIBaeTCAd JIIOOOW OTPE3OK,
COCMHSAIONIHKN TOUKYy cdepsl ¢ e€ neHTpom. Cgepa — 310 Tpanuia mapa. Llentp,
pamnyc ¥ auameTp cepbl SBISIOTCS TaKKe IICHTPOM, PAJMYCOM H JIHAMETPOM
mrapa.



[llapom Ha3bIBaeTCsl TEIO, KOTOPOE COCTOUT M3 BCEX TOUEK MPOCTPAHCTBA,
HaXOJISIIMXCS Ha paccTOSHUM He Oojiee yeM Ha JaHHoe paccrosiHue. Jpyrumu
CJIOBAMM, uiap — 3T0 O0bEAMHEHUE CPEephl U BCEX €€ BHYTPEHHUX TOYEK.

Bcesikoe ceuenue wiapa niaockocTbio €CTh Kpyr. LIeHTp 3TOTr0 Kpyra ecTh OCHOBaHUE
NEePHEHANKYJIIAPA, OMYIIEHHOTO U3 IIEHTPA IIapa Ha CEKYIYIO MI0CKOCTb.

OcHosHble ceomempuyeckue opmyvl
[Tnomans chepsr:

S=4nr’=nd?.
OO0beMm mapa, OrpaHUYEHHOTO C(hepoil:
v=2 ard.
3

Pucynox 66. BzaumHoe pacnonoxenue chepsl U MI0CKOCTH

Kacamenvnas nnockocmo k cghepe

[TnockocTh, nMeroMas co chepoil TOJIBKO OJIHY OOIIYI0 TOUKY, Ha3bIBAETCS
KacaTelbHOM IIOCKOCTBIO K cepe, a uX o0I1asi TouKa Ha3bIBAECTCS TOUKON
KACAaHMSI IJIOCKOCTH U CPEPBHI.

Panuyc cdepsl, NpoBeIEHHBIN B TOUKY KacaHUs cepbl U MIIOCKOCTH,
NEPHEeHANKYJIAPEH K KacaTeIbHON MIOCKOCTH.

Pucynok 67. KacaTenbHas IiI0CKOCTh K chepe

Ecnu paguyc cdepbl neprneHauKyasipeH K MI0CKOCTH, MPOXOISIICH uepes ero
KOHEII, JIeKaui Ha cdepe, TO ITa MIOCKOCTh SBISETCA KacaTelbHOU K cepe.

Ceuenue wapa

Bcesikoe cedenune mapa miocKoCThIo ecTh KpyT. LleHTp 3Toro kpyra ecthb
OCHOBAHWE MEPIEHIUKYISIPA, OMYIIEHHOTO U3 IIEHTpa I1apa Ha CEKYIIYIO
TIJIOCKOCTh.



Pucynok 68. Ceuenue mapa

Ilpumep 122.

JIBa ceuenus mapa panuyca 10 cm napajuienbHbBIMU INIOCKOCTSIMU UMEIOT
panuycel, paBHbie 6 cM 1 8 cM. HailTu paccTosiHue MexXay CEKylIuMH
MJIOCKOCTSMM.

Pemenue:

HaXO0JUM PACCTOSTHUE KaKI0W U3 MapaliesIbHbIX TJI0OCKOCTEN JI0 IIEHTpa I11apa U3
MPSIMOYTOJIBHBIX TPEYTOJIbHUKOB 10 TeopeMme [Tudaropa:

d, =100 —36 =8 cm
i

d, =+100—64 =6 cwm.

B 3aBUCUMOCTHU OT TOFO, JICKUT JIN HeHTp Hlapa Me)KIIy TIJIOCKOCTAMU UJIU HCT,
HOJIyYaeM J(Ba Pa3IMYHbIX OTBETA K 3a/1a4e:
d=14 cwm.

Ilpumep 123.
Uepes cepenuHy paauyca mapa npoBeeHa MEPIeHANKYISIPHAs EMY TII0OCKOCTb.
Kak oTHOCHTCS 10111/ TTOJTYYEHHOTO CEUEHUS K IUIONIAIA OOJIBIIIOTO Kpyra

(puc. 69)?

PucyHnok 69.

Penienue:
OTHOUIEHHE TUIOLIAJAMN Kpyra K MUIOIIAAN OJTYYEHHOTO CEYEHHUS PABHO:

2
E[R 3J
4 3
R4
3aoanusn 011 cAamMoCmMoOAMENbHO20 PEULEHUA:
Pemmre 3anauu:

1) lIap, paguyc koToporo paseH 41 1M, epeceyeH MIOCKOCThIO Ha PACCTOSIHUM 9
M OT IIEHTpa. BeIYuCInTE MI01a/1b MOJTYYUBIIETOCS CEUEHUSI.



2) Yepes cepenuny paauyca iiapa npoBeJeHa MEPIeHINKYISIpHAs K HEMY
I10CKOCTh. Kak 0OTHOCUTCSI MJI011aAb TOIyY€HHOI'O CEUYEHUs K IIoU[aand OO0JIbIIOro
Kpyra?

3) Paguyc mapa paBeH 63cMm. Touka HaX0IUTCS Ha KacaTeJIbHOM MJIOCKOCTH Ha
paccrosiHuu 16 cM oT Touku kacanus. Haiitu ee kparyaiiiiee paccTOsSHUE OT
IIOBEPXHOCTH 111apa.

4) Paguyc mapa R. Uepes KoHel paauyca IpoBeIeHa IIIOCKOCTh IO YIiioM B 60°
K Hemy. Hantu nomans ceueHusl.

5) Ha noBepxHOCTH 11apa AaHbl TpU TOUYKHU. [IpsiMoIMHEHBIE pACCTOSHUS MEXKTY
HuMmH: 6 cM, 8 cM u 10 cm. Paguyc mapa pasen 13cm. Paauyc mapa pasen 13cwm.
Haiit paccrostHue OT LeHTpa 1mapa 10 IIOCKOCTH, MPOXOAAIIEN YEPE3 ITU TPU
TOYKH.

Konmponwsnwvie sonpocwi:
1. Jlaiite onpeneneHue mapa, chepsi.
2. 3anumute GopMysl IIomaau chepol, oObema mapa.
3. IlpuBenute mpuMepsl B3aUMHOTO PACIIOJIOKEHUS Cephl U TIIOCKOCTH.

Jumepamypa: [10, c. 282, 285]

IIpakTuyeckoe 3ansitue Ne48
Cnoco0bl 3a1aHUs TOCJIEA0BATEIbLHOCTEN, CBOMCTBA YHUCJIOBBIX
MOCJIeIOBATEJILHOCTEH

Ilenv padomuwi:
CIMYOeHm OO0JIHCEH.
3HaAMb:
- crmocoObI 3a1aHus TTOCIIeIOBATEILHOCTEH;
- CBOICTBA YMCIIOBBIX MOCIICAOBATEILHOCTEH;

- BBIYUCIIITH YWICHBI MOCIEA0BATEIILHOCTEHN TI0 00IIIEMY YIICHY;
- 3amaBath (GOPMYJION OOIIMIL UJIeH MOCIeA0BATEILHOCTH.

Ceedenus u3z meopuu:

Yucnosas nocnedosamensrnocms — Gynkius Buaa y=f(x), XEN, rae N —
MHOYECTBO HATypaIbHBIX Yncel (MK QYHKIINSA HATYpaIbHOTO apryMeHTa),
obosuauaercs y=f(n) umm y1, Yz, ..., Yn, -...

3Ha4YeHUS Y1, Y2, V3,...Ha3bIBAIOT COOTBETCTBEHHO MEPBLIM, BTOPBIM, TPETHUM, ...
YJICHAMHM TOCJICI0BATEILHOCTH.

Ilpumep 63.
BBIUKCIIUTE EpPBhIE TPU 3HAYEHMs Ul QYHKLIUK Y=N2,
Pemenue:


http://www.krugosvet.ru/enc/nauka_i_tehnika/matematika/FUNKTSIYA.html

NOJCTaB/sAs B Y=N? 3Ha4eHus N=1, N=2, N=3 1OJIy4rM NEpPBEIE TPU 3HAYCHHS
byHKIUU:

Y1=12:1;

y2=2%=4;

y3=32=9.

Cnocobul 3a0anus nociedosamenvbHocmen

[TocenoBaTeIbHOCTH MOXHO 3a7aBaTh PA3IMIHBIMU CITIOCOOAMH, CPEIU KOTOPHIX
0COOCHHO Ba)KHBI TPU: aHAIMTUYECKHI, OMMUCATEbHBIA U PEKYPPEHTHBIH.

1. IToceoBaTENBPHOCTD 3a/1aHA AHATTMTUICCKH, €CITH 3a7aHa popMyiia ee N-To
yrena: yn=f(n).

Hampumep, Y,=2n—1 — nmocnenoBateasHOCTh HEUETHBIX uucen: 1, 3,5,7,9, ...

2. OnucatenpHBIN CIIOCcO0 3aJaHus YHMCIOBOM MMOCIEA0BATEILHOCTH COCTOUT B
TOM, YTO OOBSICHSCTCS, U3 KaKUX 3JIEMEHTOB CTPOUTCS MOCIIEI0BATEILHOCTD.
Hanpumep, «Bce uineHbl mocae10BaTeIbHOCTA PaBHBI 1». ITO 3HAYUT, peUb UJIET O
cTalMoHapHoM nocnenoBarensuoctu 1, 1,1, ..., 1, ...

Nnu, nanpumep, «IlociienoBaTeIbHOCT COCTOUT U3 BCEX MPOCTHIX YUCET B
MOpSAKE Bo3pacTaHus». TakuM 00pa3oMm, 3aj1aHa IMocie0BaTeIbHOCTh 2, 3, 5, 7,
11, .... IIpu Takom criocobe 3aaHus MOCAEA0BATEILHOCTH B IAHHOM IPUMEPE
TPYAHO OTBETUTH, UEMY paBeH, ckaxem, 1000-i 371eMeHT OoCIeI0BaTEILHOCTH.
3. PexyppenTHBIif crtoco0 3a1aHus TOCIEA0BATEILHOCTH COCTOUT B TOM, YTO
YKa3bIBA€TCs PABUIIO, MIO3BOJISIONIECE BRIUUCIUTH N-U YJIEH MOCJIEI0BATEIbHOCTH,
€CJIM U3BECTHBI €€ TIPEABIIYIINE YJICHBI.

Hampuwmep, y1=3; Yn=Yn—1+4, eciu =2, 3, 4,....

3nech Y1=3; Yo=3+4=7; y;=7+4=11; ....

MoXHO BUJETh, YTO MOJYYEHHAs B 3TOM MPUMEPE MOCIET0BATEIbHOCTh, MOKET
OBITH 3aJ]aHa U aHAIUTHYECKU: Y,=4n—1.

Ilpumep 64.
Boruncnuth creayronre 4eTblpe WieHa MociaenoBaTeabHoCTH Y1=1; Yo=1; Yn=Yn—
2+yn—1.
Pemenue:
u3 popmMyIbl Yn=Yn—2+Yn—1 BUIHO, YTO KAXKBIN CIEIYIONTUHN YIeH
MOCJICIOBATEILHOCTH PABEH CyMME JABYX MPEABIAYIINX, IIOITOMY:

y1=1; yo=1; y3=1+1=2; y,=1+2=3; y5=2+3=5; ys=3+5=8.

[TocnenoBaTeabHOCTh, COCTABIEHHYIO B 3TOM MPUMEPE, CIELHATIBHO U3YYatOT B
MaTeMaTHKe, MOCKOJIbKY OHA 00J1a/laeT PsZIOM UHTEPECHBIX CBOMCTB U
npuioxkeHuil. Ee Ha3pIBatoT nociie1oBaTeNbHOCThI0 PUOOHAYYH — [TO UMEHU
UTAIBIHCKOTO MaTeMaTrka 13B. 3a1ath GopMyIIoi MOCIEeI0BATEILHOCTD
®uboHau4yM peKyppeHTHO OUEHb JIETKO, a AaHAIUTUYECKH — OYE€Hb TPYAHO. N-€
yucyio GruboHayun BhIpAXKAETCs Yepe3 ero Nops,AKOBBIA HOMEp CIIEAYIoeH
dbopmyoii:
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Ceoticmea yucnogvlx nocie0osamenbHocmel
Yucnoast MOCIEI0BATENbHOCTD — YACTHBIN CITy4ail YUCIOBOM (PYHKIIUU, TOITOMY
psii CBOMCTB (YHKITHI pacCMaTpUBAIOTCA U AJIS IOCIEA0BATEIbHOCTEH.
[MocienoBaTenbHOCTD {Yn} HA3BIBAIOT 803pacmarouyetl, €Ciau KaKIbIi ee WicH
(kpome TiepBOro) 0OJIBIIE MPEBIAYIIETO:

Y1<Y2<Y3< ... <Yn<yptl<....
[MTocaenoBaTeIbHOCTD {Yn} HA3BIBAIOT yObIGAIOWell, €CITN KAXKIBIN e¢ WIeH (Kpome
MIEPBOT0) MEHbIIIE MPEBITYIIETO:

Yi>VY2>Y3> .. > Y >yt >

Bo3spacraromue 1 yObIBaromye nociae0BaTeaIbHOCTH 00BEANHSIOT 00IUM
TEPMUHOM — MOHOMOHHbIE NOCAE008AMENLHOCTIU.

Hanpumep, y1=1; y,=n?— Bo3pacTaromas nociaea0BaTelbHOCTh, a Y1=1; V = 0

y65113a101ua;1 IIoCJIACA0BATCIIBHOCTD.

1

[TocnenoBaTenbHOCTh HA3BIBACTCS HEPUOOUUECKOT, €CITUA CYIIECTBYET TaKOe

HATypaJbHOE YUCIO T, YTO HAUYMHAS C HEKOTOPOTO N, BHIMOIHSAETCS PAaBEHCTBO
Yn=Yn+T. Uncno T Ha3bIBaeTCS JUIMHON MIEPUO/IA.
Hanpumep, nocienoBatesibHOCTh Yn=(-1)" nepuoandna ¢ IIMHOM nepuoaa T=2,

3aoanus 0 camMoCmoAmMeEnbHO20 PeUleHUA:

1 Bapuant
1) Haiigure nepBbie NATH
YJICHOB
MOCJIEeI0BATEIBHOCTH,
OTIpEJIeIIUTE €€ BUJI I10 €TO
3aJIaHHOMY OO0IIEMY

n
HISHY: U, =
2) Haitnure N-it uieH
MOCJIEI0BATEIBHOCTH TIO €€
JTAHHBIM MIEPBBIM YJICHAM:

2 BapuaHT
1) HaiimuTe nepBbie
ST YJICHOB
MIOCIICI0BATEIILHOCTH, U
OTIPEICITUTE €€ BHUJI TI0
€ro 3aJlaHHOMY O0IIIeMYy
1+(-1)™

n
2) Haiigure n-ii uneH
TIOCIIEIOBATEIIBHOCTH 110
€¢ JIaHHBIM TTePBHIM

IEHY: U, =

3 BapuaHT

1) Haiinute nepBbie
ISTh YWICHOB
HOCJIeIOBATEIHLHOCTH, U
OTIpEJIeIIUTE €€ BUJ I10

€ro 3aJIaHHOMY O0IIIeMy
1

(3n—-1)2n+1)
2) Haitnure n-ii uieH
IIOCJIEA0BATEIHLHOCTH 10
€€ TaHHBIM ITEPBBIM

YIIeHY: u, =

1) Haiigure nepBbie AT
YJICHOB
TIOCJIEI0BATEIBHOCTH, U
OIPECIUTE €€ BUJI 10 eT0

1) Haiigure niepBbie
ISTh YWICHOB
TIOCJIEI0BATEIBHOCTH, U
OIpEeJIeITUTE €€ BUJI 10

1 3 5 7 1 1 YJICHAM:

SH—+=+—+ T4 _=

>t at6 s YeHaM =t77g 2.4 6 8
4 9 16 25

4 BapuaHT S BapuaHnT 6 BapuanT

1) Haiigure niepBbie
ISITh YWICHOB
TIOCJIEI0BATEIBHOCTH, U
OIpEeJIeITUTE €€ BUJI 10




3aJJaHHOMY OO0IIIEMY
2n
2n+1

2) Haitnure N-i uieH
[IOCJIEI0BATEILHOCTH 110 €€
IaHHBIM [IEPBHIM YJIEHAM:

1 32 33
12123 1.2.3.4 "

YICHY: U, =

€ro 3aJaHHOMY OOIIIeMY

(n+1)
qIeHy: U, = ~——2~
2n
2) Haitnure N-i dieH
II0CJIEAOBATEIBLHOCTH 10
€¢ JIaHHBIM IEPBLIM

YJICHaM.

€ro 3aJaHHOMY 00IIeMY
(_ 1)n+l

2n
2) Haiigute n-ii uneH
TIOCJIEIOBATEIIBHOCTH 110
€¢ JIaHHBIM ITePBHIM
YJICHAM:

WIEHY: U, =

1) HaiinuTe niepBbIC MAThH
YJICHOB
MOCJEA0BATEILHOCTH, U
OMpENICNIUTE €€ BUJ IO €T0
3aIaHHOMY 00IIEMY
2" +3

2n+l
2) Haiinure N-i dieH
MOCJIEI0BATEIBHOCTH IO €€

JITAHHBIM IICPBBIM 4JICHAM:
1 1.2 1-2-3_1-2-3-4Jr

9 25 49 81

YIEeHy: U, =

1) Haiimute nepBbie
SITh YJICHOB
M0CJICTOBATEbHOCTH, U
OTIPEICIIUTE €€ BU/I 10
€ro 3aJjJaHHOMY OOIIIEMY
YIICHY:

na 1
u, = (=1 Un

2) Haitnure N-ii uieH
[I0CJIEIOBATEILHOCTH 10
€¢ IaHHBIM IIEPBLIM
YJICHAM:

1 .t 2.3,4.5
3-6 5-8 7-10 5 8 11 14
7 BapuaHT 8 Bapuanr 9 BapuaHT

1) Haiinure nepBbie

STh YWICHOB

TIOCJICIOBATEIBHOCTH, U

OIpEJICITUTE €€ BUJI 1O

€ro 3aJlaHHOMY O0IIeEMY
3

(2n+1)*

2) Haiigute n-ii uneH

MOCJIEI0BATEIBHOCTH T10

¢¢ TaHHBIM IIEPBBIM

YJIeHY: U, =

Koumprbeze eonpocuol:

1. Yro Ha3wpIBaeTCId YUCIOBOMH IIOCIIEN0BATEILHOCTHIO?
2. Ilepeuncnure crocoObI 3aaHuUs MTOCIEIOBATEILHOCTEH.
3. Tlepeuucnute cBOWMCTBA YHUCIOBBIX MOCIIEOBATEIIHHOCTEH.

Jdumepamypa: [4, c. 71-73]

IMpakTuyeckoe 3ansitue Ne49
Boruuciienue npeaesoB pyHKIMH B TOUKE, HA 0€CKOHEYHOCTH

Ilenv pabomur:
CMYOeHm OO0JIHCEH.
3HAMb:

- onpenesneHue npeaena QyHKIu;
- CBOICTBA U MpaBUJia BEIYUCICHUS TIPEACIOB (QyHKIINY;

ymemb:

- BBIYHUCJEATH IPCACIIBI (bYHKHI/II/I B TOYKC, HA OCCKOHEYHOCTH.




Ceéedenus u3z meopuu:

Ilpeoen pynxyuu

Yucno 4 HaspiBaioT npeaesom ¢pyukiuu f(X) B Touke a ecnu npu x—a, f(X) —A.
lim f(x)=A

X—a

Beckoneuno manvie u beckoneuno bonvuue pynkyuu
®ynknus f(X) Ha3pIBaeTCs OCCKOHEYHO MaJIOW IIPH X—d, €CITH

lim f(x)=0
X—a

®ynkius f(X) HaspIBacTCS OECKOHEYHO OOJIBIION MPH X—>a, €CITN
lim f(x)=00

X—a

Csoticmea OecKoHeuHO MANbIX U OECKOHEUHO OONbUUX PYHKYUL

Ecim ¢pynkuu f(X) u g(X) 6eckoneuno maisie mpu x—a, 1o (f(X)+g(x))
OECKOHEYHO Majasi IpHu X—d.

Ecmu gynknus f(X) 6eckoneuno manas npu x—a u ¢(X) — orpaHu4eHHas, TO
(f(x)-9(x)) — GeckoHeuHO Maasi.

lim f(x)=A
Eciu cymecTByer *—2 , @ §(X) — OeckoHEYHO OOJIbINAs IPH X—d, TO

_ m 100 _
im (f () +g(x)) =00 M55 =0

1

f

~

X) _ OECKOHEYHO OOoJIbIIas.
1

f(x

Ecnu npu x—a, f(X) — 6eckoHedHO Maasi, To

N

Ecnu npu x—a, f(X) — 6eckoneuHo 00JbIas, TO — OCCKOHEYHO MaJiasl.
Teopemvi 0 npedenax
Ecnu cymectByroT npeaensl pynkmuii f(X) u g(X), To CyIiecTByeT npeaen CyMMbI
(pa3HOCTH) ATUX (PYHKIIMI, KOTOPBIA paBEeH CyMMe (pa3HOCTH) IpenenoB GyHKIUN
f(x) m g(x):

lim (' (x) £ g(x)) = lim (x) £ lim g(x)

Ecnu cymectByroT npeaensl pynkmuii f(X) u g(X), To cymiecTByer npeaen
MIPOU3BEICHUS dTHX (PYHKIIHH, KOTOPBIA paBeH MPOU3BEICHHUIO MPECIIOB ITHX
GbyHKIU:

lim (f(x)-g(x))=Ilim f(x)-lim g(x) .

x—a x—a x—a
Ecnu cymectByrot npenenst Gynkiuia f(X) u g(X) mpu x—a u npeaen g(x)#0, To
CYIIECTBYET MPEJIe YaCTHOTO ITHX (YHKITHH, KOTOPBIA paBEH OTHOIIICHUIO UX

MpeJIeIIoB:

lim f
i f00_Im T

=2 g(x)  lim g(x)




CJ'ICI[CTBI/ICZ HOCTOHHHI)Iﬁ MHOXHUTCIIb MOXHO BBIHCECTU 34 3HAK Hpe,uena:
lim (kf (x)) =k lim f (x)
X—a X—a .

Ilpumep 65.
_9x*+8x-1
Beraucnuts npepen lim ————
-1 9x-1
Pemenue:
3/1eCh MPUMEHNMA TeOpeMa O TPeiesie YaCTHOTO.
Paznoxum Ha MHOKUATENTN KBaAPATHBIN TPEXUJIEH, I TOTO TOCTATOYHO
HallTH KOPHH X1 U X2 KBaJPATHOTO ypaBHEeHHs ax’+bx+c=a(x—x1)-(x—x7):

9x2+8x—1=9'(x—%)-(x+1).

[Tox 3HAKOM TIpeieia COKPaTHM OJUHAKOBBIC MHOYKHTEIIN U TIEpPEeHIeM K
npeneny:

Ox® +8x -1 g(x_;j(ﬂl) (Ox-1)(x+1)
lim ==———==1lim =lim =lim(x+1)=1+1=2.

x—1 Ox -1 x—1 Ox -1 x—1 O9x -1 x—1

Ilpumep 66.

B iim X>+X—-2
BIYHCIIATE IpeJen :
P o1 x® —x% —x+1

Pemienue.
0
0OHApPYKUB HEOMPEICTICHHOCTh 0’ pacKJIaAbIBAEM MHOTOUJIEHBI B

YHCIIUTENE U B 3HAMEHATENE HA MHOKUTEIH:
i X2+ X—2 0) . (x-1(x+2) . x+2
m = —|= = _ =
0) xi(x?-1x-1) x1x*-1

= o0
xol X2 —x%2 —x+1
Yucaurens 1podu CTPEMUTCA K KOHEUHOMY IIPEAEy, PaBHOMY 3, a

3HaMeHaTelb Npu x—> 1 sBisieTcss 0eCKOHEYHO Majou, Toraa ApoOb npu x—1
ABJIIETCSI OECKOHEUHO OO0JIBILION.

o0
I[JISI PACKPLITHA HCOIIPCACICHHOCTH — CJICAYCT YHUCIIUTCIIb U 3HAMCHATCIIb
o0

pa3euTh Ha OJTHY U TY JK€ CTApIIIYIO CTETIIEHb TEPEMEHHOM.
Ilpumep 67.

2x° +5x* —7x+3
1 5x3-3x-10

Beraucnuts npenen i
X—>

Pemenue:



B 3aJJaHHOM IIpEZeIIe Iiml
X—>.

2x° +5x% —7x+3

YHUCJIUTCIIb U 3HAMCHATCIIb HCE HMCIOT

5x® —3x-10
o0
KOHEYHBIX MPEIECIIOB, UMEEM HEONPEAECIEHHOCTh — . [10/1€7TMB OTHOBPEMEHHO
o0
YUCIIUTENh U 3HAMCHATEh HA X°, IOy YUM
2+ >_ 7 + 3
23 +5x2 —7x+3 (o ) 2 x® 2
lim 3 =|—|=Ilim =
x»o  Bx? —3x—-10 ) xow g 3 10 5

o ) 2 )
T. K. Kaxaas u3 apooeir X X X

CTPECMUTCS K HYJIIO.

3 <
X" X7 qpigercs 0ECKOHEYHO MaJIOU U

3aoanusn 014 cCAamMoCmMOAMENbHO20 PEUIEHUA:

Breraucnure IPCaCIIbL.

x>0 A4 4 x —~[4—x

=0 /2 —x —/2+x

1 BapuanT 2 BapuaHT 3 BapuaHT
x4+l x? —25 x® —27
1D Iim ; 1 lim —; 1) lim ;
)x—>—1X2_1 )x—>5 X+5 )xas X—3
2 _ 2 4x* —11x -3
2) lim &; 2) lim LZX 2) im ——M——
x—3 x2 -9 x—>-2 X2 _|_5X_|_6 x>3 3x2 —8x—3 '
4x3? . x?%2 _3x% 14+2x+x°
: A 3)Iim ;
3) !<|an x2 _1° 3) |X|an x2 _8 "’ )X—>°°1Ox x* —80
1—~/x+1 X—2 4|
4) lim ) lim
1) I)!TO X . ) m m _ x—>6 3 _ \/—
4 BapuaHT 5 BapuaHT 6 BapuaHT
3 3 3 _
1 lim X2—+1; D lim ﬂ; 1) lim X g';
x—>—1 2()( _1) x—=>—4 X + 4 x—>1 1 —
o i 3x2 —17x+10 | 2) lim 3x® +5x+2 2) lim 2x> —T7x—4
)X~>5 3X —16x+5 ! X*),g 3X +8X+4 x—4 3X 13X—|—4’
4
. X*-3x*+11 —2X+6 3) lim 1-X .
3) lim ; 3) lim ; X0 —8x4’
i, x? —1+3x° )x—>oo—3x + x? — 26 1-x* 8X
X \/x+ 4HIm ———
4 Il . 4 ||m X—5 /
)im, x>0 \/3 4+ x —+/3—X W e —a9 49 2=
7 BapuaHT 8 BapuaHT 9 BapuaHT
. x* —25 X—9 3x% - 2x
D lim 1 I| ; 1) lim >>—==
x—/5 X2—5 ) 9\/_— )XITOZX —bx
4x* —7x+3 4x* —11x —3 -
2) lim ; 2) lim ; 2) lim x—5x+6
x—>1 3x% —2x —1 x—>3 5x2 —16X + 3 X2 x—3 '
3) lim 10x? —x2—6; 3) lim 20 x? —5x+4; 3) jim * _2x2+3,
X—>0 3X — X X—>0 20X _5 X—>00 3x3 -5 '
2x
4) lim 4) lim /2x 4) lim

x
0 5 _x —5+x




Konmponwvnwvie éonpocwi:
1. Yro Ha3bIBaeTcs npeaesioM GyHKIHUU B TOUKE.
2. CKOJBbKO MPEeIeIOoB MOKET UMETh (DYHKIIMS B TOUKE?
3. ChopmynupyiTe TEOpEMBI O Mpeeiax.

Jumepamypa: [8, §18-19, c. 156-185]

IIpakTuyeckoe 3ansitue NeS0
IIpaBusia BIYHCIEHUS POU3BOIHBIX

Ilenv pabomor:
CMYOeHm OO0JIHCEH.
3HaAMb:

- CHCTEMY U OIIpPEJEJICHNE IPOU3BOJHOM;

- TaONMUYHBIE pEUICHUS TPOU3BOAHBIX DIEMEHTAPHBIX (YHKIUH, B TOM
yucie 00OpaTHBIX TPUTOHOMETPUUECKUX (PYHKIIUM;

- mnpasuia auddepeHpoBaHus QyHKIINA;
ymemy:

- HAXOJWTb MPOU3BOIHYIO (PYHKIINH;

- HaxoauTh AuddepeHuran GyHKUNN;

- nuddepeHpoBaTh JIEMEHTApHbIE (PYHKITUH.

Ceedenus u3z meopuu:
Tabauynvie 3HaueHUss NPOU3BOOHDBIX INIEMEHMAPHBIX DYHKYUL,
MPULOHOMEMPULECKUX U OOPAMHBIX MPULOHOMEMPULECKUX DYHKYULL:

c'=0 (sin )’ = COSs X (arcsin x) - 1
(Xn)’ = an_l (COS X)/ — _sin x 1
1
(kX+ b)' =k , 1 (arCCOS X)’=—
(tgx)’" = o
(ex),:ex COSZ X .
(ax)! —a‘lha (Cth)' - 1 (arctgx) = T
1 sin? x ’ .
(Inx)' == (arcctgx)’ = T
X
(log , x)' = _1
xln a

Hpaewza 6blUYUCTICHUA I’lpOLlS’GOOHle.’
1. (xxy)=x=xV,

2. (xy) =xy+xy,

3 (zj _Xy-xy"

y y?



Ilpumep 68.

Brruncnure npoussoanyto Gynkmun f (X) = —2x —%x3 +5X.

Penienue:

BOCIIOJIB3yeMCs ()OpMyJIaMH ¥ TIPABHJIOM | BBIYUCIICHHS TIPOU3BOTHBIX:
!

f'(X)=[—2X2 —%X3+5Xj :—2-2x2_1—%-13)c3_1+5-il.x1_l = —4x—x* +5.

Ilpumep 69.

Brraucnure npousBoanyo GyHkiuu f(x) = Ix(x=3).

Penienue:

BOCIIOJIB3yeMcs (hOpMyJIaMH ¥ TIPABWIIOM 2 BBIYUCIICHUS TIPOU3BOTHBIX:

£x) = (Vx(x=3)) = (V) (x=3) + Vx (x- 3 :%(x—s)w}-l.

[TpuBenem apodu o6meMy 3HaMEHATEO0:

F/(X) = —— J‘

(x- 3)+\/_—

x—3+2x 3x-3
2x  2Jx

3aoanus 01 CAMoOCMOAMENbHO20 PEUIEHUA:

Breiuncnure npon3BoaHy0 GYHKIUU:

1 BapuanT
1) f(x)=x>-3x"+4x-5;
2) f(x)=(x+DVx;

2 BapuMaHT
1) f(x)=3x° —%xz +4x;
2) f(x)=(x-2)V/3x;

S

3) f(x)= ; J

) 100, 3) 100=""1%;

(X2 -1)(x+3)

4 f10="—1p— 4) 1 (x) = (x2 +3)(x—4).

3 BapHaHT 4 BapuaHT

1) F(X) = 20X — Ax+11+ 2 ; 1) F(X) = 3X3/X — 2X 454 -2
x 5

2) f(x)=(x-23%x; 2) f(x)=+x+1(x*-5);

3) f(x _e +1 3) f(x _9x+l

) f(x) ) £(x) v

4)f(x)—lnx(x+3). 4) f(x) = (x° _DM_

S BapMaHT 6 BapuaHT

1) f(x):3x3\/§—2x+2+ﬁ; 1) f(x )_3% %/X_ +5;

2) f(x)=05(x+1)%; 2) f(x)_(x +DVx;

6Xx .
3) f(x)=xz+11 3) f(x)= +§X

4) f(x)=(x*-1)(x+3).




~ (x+2)(x-5)
4) 109 ="
7/ BapuaHT 8 BapuaHT
-2x° 3x _ _2x 14 g2 e
1) f(x)=—2- 7 \/_ _1; 1) f(x) \/;+4x 0,5x* -5
2) F(x)=(x* —2)Vx+1; 2) () =Vx@Fx-x);
EX3_2 3) f(x):M;
3) f)=3"—; Vx
4x 4) f (x In x
4) f(x) = In x(e* -1). )00 =
9 BapuaHT 3) f(x)=;;
X+3
1) f(x)=2x>-4x* -5x+3; 4) f(x) = (x* -D(x* +1).

2) f(x)=(X-DVx+1;

Konmponwvuwvie éonpocoi:
1. [lepeunicnure 3HAYCHUS POU3BOTHBIX HEKOTOPHIX TAOTUYHBIX (PYHKITUH.
2. ChopmynupyiTe mpaBuia BEIYUCICHUS TPOU3BOIHBIX.

JTumepamypa: [8, §29-30, c. 286-297]

IIpakTuyeckoe 3ansitue Ne51
BoruucieHue Npou3BOAHBIX CJI0KHON PyHKUIMH

Ilenv pabomur:
CMYOeHm OO0JIHCEH.
3Hamb.

- CUCTEMY U OIPEICICHUE TMPOU3BOJHOM, BTOPOM MPOWU3BOJHOU U
MIPOU3BOJIHBIX BBICHIUX MOPSJIKOB,;

- Ta0JWYHBIE PEIICHUS TPOU3BOJHBIX DJIEMEHTAPHBIX (DYHKIMI, B TOM
YHCJIe 00pAaTHBIX TPUTOHOMETPUUECKUX (PYHKITUH;

- TIpaBUJIa BEIYUCIICHUS MPOU3BOIHON CIIOKHON (DYHKIIHH;
ymems:

- HAXOJUTh MPOU3BOJIHYIO CIOKHOU (DYHKIIHH;

- HaxOJUTh BTOPYIO MMPOU3BOJIHYIO U MPOU3BOIHYIO BBICIIUX MOPSIIKOB.

Ceéeoenusn uz meopuu:

IIpouzeoonas cnooichoil hynkyuu
[Tycts Gpynkuus ¥ = f(X), xe(a;b), umeer npoussoanyro B Touke xoe(a;b), a
gynkuus z = f (X) umeer nponssoanyio B Touke ¥, = 9(X;) . Torma cnoxuas
dyuxunus z(X) = f(9(X)) umeer npoU3BOIHYIO B TOUKE X, KOTOPAsk BEIYUCIIACTCS
o ¢popmyiie:



2'(%) = (F(9 (%)) = T'(¥o) - 9'(%o).

Ilpumep 70.
Berauciure mpousBoaHyo GpyHkuu Y = (x* +3x+10)°.
Pewenue:
MpeICTaBUM 3aJJaHHYI0 (QYHKIMIO KaK KOMIIO3UIIUIO KBAAPATUIHON
(GYHKITUHM B CTENICHHON
y = (x*+3x+10)?;
g(x) = x* +3x+10;
f(x)=(g0))*;
F'(x) =((g0))*)" =29(x)-(g(x)";
y' =2(x* +3x+10) - (x* + 3x +10)" = 2(x* + 3x +10)(2x + 3).

IIpouseoonsie gvicuiux nopsioKos
Bropast mpou3BOHAs 3TO MIPOM3BOIHAS OT IEPBOI Mpou3BoaHOM, T.¢. Y =(Y')’, u

T.J.
[Ipon3BoAHBIE BHICHIMX MOPSIAKOB 0003HAYAKOTCSI pPUMCKUMU LU pamMu.

Ilpumep 71.
HaliTu 4eTBepTYIO POU3BOAHYIO ¥ = x° +4x +12.,
Pewmenue:
BBIYMCIIIEM MOCIEA0BATEIBHO IPOU3BOIHBIE:
y =6x° +4;
y" =30x%
y" =120%%;
y"Y =360x%°.

3aoanusn 014 cAamMoCmMOAMENbHO20 PEUIEHUA:
Brruncnure 3Ha4€HHE «CIOKHOM) NPOU3BOJAHON B YKa3aHHOM TOYKE:

1 BapuanT 2 BapuaHT

1) f(x)=sin’x; f'(z/4); 1) f(x)=cos’x; f'(-x/4),
2) f(x)=Incosx; f'(-x/3); 2) f(x)=Insinx; f'(x/6);

3) f(x)=sin2x—cos®x; f'(0); 3) f(x)=sin?x+cos2x; f'(0);
4) f(x)=Intgx; f'(x/4); 4) f(x)=Inctgx; f'(-z/4);
5) f(x)=e""; f'(0). 5) f(x)=e“; f'(x/4).
3 BapuaHT 4 BapuaHT

1) f(x)=Insin®x; f'(z/4), 1) f(x)=-2sin’x; f'(-z/4);
2) f(x)=cos?x?; f'(Nrl2); 2) f(x)=Incosx; f'(z/3);
3) f(x)=2sin?xcosx; f'(z/2); 3) f(x)=2sin2x+3cos3x; f'(0);
4) f(x)=tg*3x; f'(0); 4) f(x)=Intgx; f'(x/4);




5) f(x) =" ~3°%; £/(0). 5) f(x)=e ™ £'(0).
S BapuaHT 6 BapuanT

1) f(x)=Incos®*2x; f'(x/8); 1) f(x)=Intg?2x; f'(z/24);
2) f(x)=sin*x+cos*x; f'(z/4), 2) f(x)=cos’x; f'(z/4);

3) f(x)=Incos2x; f'(x/8); 3) f(x)=sin*x—cos*x; f'(z/4);
4) f(x)=Intg2x; f'(z/8); 4) f(x)=e "™ —e " f'(1/2);
5) f(x)=e —2e"*: f'(7/4), 5) f(x)=In/sin x; f'(z/4).

7 BapuaHT 8 BapuanT

1) f(x)=Incos?4x; f'(x/16); 1) f(x)=In+sinx; f'(x/8);
2) f(x)=4cos’x; f'(z14); 2) f(x)=cos*3x; f'(x/6);

3) f(x)=4sin®2x; f'(x/8): 3) f(x)=hftg3x; f'(z/12);
4) f(x)=Intg3x; f'(x/12); 4) f(x)=arcsin 4x+e*; f'(0);
5) f(x)=e"™+e”*; f'(z/2). 5) f(x) =5arccos~/x; f'(1/2).
9 BapuaHT

1) f(x)=Incos2x; f'(-z/8); 2) f(x)=sin*6x; f'(z/3);
3) f(x)=In,fctg3x; f'(-z/12); 4) f(x)=arctg/x; f'(1/4);
5) f(x)=5arccosv1-x; f'(1/2).

Konumponwvnwie gonpocui:
1. ChopmynupyiiTe TpaBWia BBIYUCICHUS  MPOU3BOJHBIX  CIIOXKHOMN

byHKIUU.
2. YTo Ha3BIBA€TCS BTOPOI MPOU3BOIHOM NaHHOW (pyHKIINN?

Jumepamypa: [4, c. 236-237], [8, §31, c. 297-301]

IIpakTuyeckoe 3ansitue Ne52
Haxo:x1eHue HanMeHbIIEro, Han0oJIbIIero 3HaYeHus (PYHKIMU HA OTPe3Ke

Ilenv padomuwi:
CIMYOeHm OO0JIHCEH.
3HaMb:

- omnpenesieHue TOYEK MaKcuMyMa (MUHUMYyMa) QyHKIUY;

- 3aBUCHUMOCTb NOBEACHUS (YHKLIUU OT 3HAKA MEPBOM MPOU3BOJIHOM;
ymemy:

- IPUMEHSTh TEPBYI0 MPOU3BOJHYIO JUISl HAXOXIEHUS TMPOMEKYTKOB
MOHOTOHHOCTH (DYHKIIWU;

- HAXOUTh HAaMEHbIIIee, HauOoJIbIlIee 3HaUeHHEe (PYHKIIMU Ha OTPE3KE.

Ceedenus u3z meopuu:
s naxoorcoenus Haumenvbuie2o U HAUOOIbLULE20 3HAYeHUll PYHKYUU,
Henpepvl8HOl 8 HEKOMOPOM NPOMENCYMKE, HEeOOX0OUMO:



1) HaliTH KPUTUYECKHUE TOUKH, IPUHAJIEKAIINE 3aJaHHOMY IPOMEKYTKY, U
BBIYHCIIUTH 3HAUCHUS] (PYHKIIUU B 3TUX TOUKAX;

2) HaWTH 3HaUeHMsI (PYHKITMHM HA KOHIIAX MPOMEKYTKA,

3) cpaBHUTH MOJYYCHHBIC 3HAUCHMSI; TOTJ]a HANMCHBIIIEE U HAaKOOJIbIIIee U3
HUX SIBJISIOTCS COOTBETCTBEHHO HAMMEHBIITMM M HAMOOIBIINM 3HAYECHUSIMU
(GyHKIHMU B pacCMaTpUBAEMOM ITPOMEKYTKE.

Ilpumep 72.
o 2 1 3
Haiinute HanOoblliee 1 HAMMEHbBIIIEe 3HAYCHUS GYHKIUU Y = 3X +2x° + gx Ha

npomexytke [-2; 0].
Pemienue:
BBIYUCIIUM KPUTHYCCKHUE TOYKU PYHKIIUH, TPUHAJICKALIIC 33 JaHHOMY
IPOMEKYTKY, C ITOMOIIBIO TIEPBOM MPOU3BOIHOM:
y' =3+4x+x7;

x2+4x+3=0;

D=16-12 =4,
-4+2

X120 = 5 )

x, =-1 x, =—3

T.k. -3¢[-2; 0], x=-1 — kpuTHUYECKas TOUKA.

C 3 2(-D)? ()= 312t o4t
M) =30 +2(-1)" + (1) =-8+2- =12, (D=1,

Brraucnum 3HaueHus (1)YHKLII/II/I Ha KOHIIax IIPpOMCIKYTKa:
8 2

oy —3(— o Lo i8-8 5 02__2 _ .2
H2)=3(-2)+2(-2)" + () =-6+8--=2-20 =T, y(-2)=—7.
0)=0.

1
CpaBHUM MOTy4YEHHBIC 3HAUCHUS: HAUMEHbIIIee 3HaUueHne (QYHKIIMH PAaBHO —15 151

JIOCTUTAeTCs €10 BO BHYTPEHHEHN TOUKE MPOMEXKYTKA, a HAanOOJIbIIiee 3HaUYCHUE
paBHO 0 ¥ gOCTUraeTcst Ha MPaBOM KOHIIE POMEKYTKA.

3aoanusn 014 cAamMoCmMOAMENbHO20 PEUIEHUA:
Hailinute HaumeHblee 1 HauboJbIIee 3HaYUeHUsT QYHKUUNA B 3aJaHHBIX
MPOMEKYTKAX:

1) y =—6x+x* +13 na npomexyTke [0; 6];
2) y=8-0,5x" na npomexyrtke [-2; 2];

1 1
3) y= Exz —§x3 Ha mpoMexyTke [1; 3];

4) y=6x"—x° na npomexytke [-1; 6];
5) y=x%-3x*—9x + 35 Ha npomexyTke [-4; 4];
6) y=-24x+9x* —x° +10 na npomexytke [0; 3];



1
7) y=x-2x"+ §x3 Ha poMexyTke [-4; -1];

3 2 1
8) y= gx—gxz —§x3 Ha mpoMexyTke [-3; 1];

1 1
9) y=-3x— Exz + §x3 Ha npoMexyTke [-5; 0].

Konmponwvuwvie éonpocoi:
1. ChopmynupyiiTe mpaBuiia BBIYUCICHUS HAUMEHBIIETO U HAUOOJBIIETO
3HaueHUs (PYHKIIMU Ha POMEKYTKE.

Jumepamypa: [4, c. 111]

IIpakTuyeckoe 3ansaTue Ne53
IHocTpoenue rpapukoB GpyHKIUA

Llenv padomuwi:

CIMYOeHm OO0JIHCEH.

3HaAmMb!
- 00I1yI0 CXeMy MOCTPOeHUs rpaduKoOB (PYHKITHIA,

ymems:
- HCCIeAoBaTh PYHKIUIO C TOMOIIBIO EPBOW, BTOPOM MTPOU3BOAHOM;
- CTpOUTH rpaduku QyHKIUH.

Ceéedenus u3z meopuu:
Obwas cxema nocmpoeHnust 2papuxkos QyHKyutL:
1) waiiTu o0OnacTh onpeneneHus GyHKIUY,
2) HaWTH TOYKHU HepeceueHus rpaduka QyHKIMHA C OCIMHU KOOPIMHAT;
3) HalTH NPOMEXYTKH MOHOTOHHOCTH (DYHKIIMU U SKCTPEMYMbI (DYHKIIHH;
4) HaWTH MPOMEXYTKH BBIMTYKJIOCTH U TOYKH MEeperuoa;
5) moctpouth rpaduK (YHKIUH, HCIOJIB3YsS IOJyUYCHHBIC PE3YJIbTAThI
UCCJICIOBAHUS.

Ilpumep 73.

HccnenoBath QyHKIUIO Y = (x+1)-(x-2)f u MOCTPOUTH €€ TpaduK.

Pewenue:

1) Nannast GyHKIHS ABASCTCS MHOTOWICHOM (MOXHO PACKPBITh CKOOKH,
MOJIYYHM MHOTOWIEH TPEThEH CTETCHH ), TO3TOMY OHA ONpeiesieHa, HEMpephIBHA U
muddepennupyema npu mo0bIx x. [ToaToMy o0macTh onpeaenenns GyHKIIUN — BCS
YUCJIOBas MpsiMasi.

2) Beruuciaum Touku nepecevyeHus rpaduka GQyHKIUUA ¢ OCSIMU KOOPJUHAT:
rpapuk pynkuuu y=(x+1)-(x—2)? nepecekaet ocs Ox mpu y=0, T. €.

(x+1) (x-2)*=0;
x+1=0 um (x—2)%=0;



x=-1 nmm x=2.
I'padux pynxuun y=(x+1)-(x—2)? nepecexaet ock Oy npu x=0, T. €.
y=(0+1)-(0-2)>=1-4=4,

T.o. mbl moayunnu tpu Touku: (—1; 0), (2; 0), (0; 4).

3) HaiineM npoMeKyTKhd MOHOTOHHOCTH (D)YHKIIUU U €€ SIKCTPEMYMBI C
TTOMOIIBIO NIEPBOX MPOU3BOTHOM:
y'=((c+1) (x-2)%) '=3x-(x-2).

W3 ypaBHeHus y =0 HaiiieM KpUTHYECKUE TOUKH:

3x-(x—2)=0;
X1=O, XQ=2.
Pe3ynbTathl perieHus 3aHeceM B TaOJIUILY:
X (—0, 0) 0 (0; 2) 2 (2; +o0)
vy’ + 0 — 0 +
) / 4 \ 0 /
BO3pacTaer max yObIBacT min BO3pacTaer

@OyHKIMS BO3pacTaeT Ha HHTepBaiax (—oo, 0) u (2, +0), yObIBaeT Ha UHTEpBAJIE
(0; 2), umeetr MakcuMyM Tipu X=0 1 MUHUMYM TIPH X=2: Ymax=)(0)=4; ymin=y(2)=0.
4) HaiieM MpoMeXyTKH BBIITYKJIOCTH M TOUKHU Iepernda ¢ mOMOILbIO BTOPOI
MPOU3BOJHOM:
y=Bx (x-2)) '=6-(x-1).
KpuBas Beimykita tam, rae y < 0, T. e.
6-(x-1) <0,
x <1
KpuBas Boruyra tam, rae y >0, 1. e. x > 1.
Ha unTtepBane (—oo, 1) kpuBas Bbillykja; Ha uHTEpBae (1, +oo) — BOrHyTa.
Touky neperuba Haigem u3 ypaBuenus y “=0. T. o., x=1 — aGcuucca Touku
neperuda, T.K. 3Ta TOUKa Pa3AeNsieT MHTEPBAJIbI BBITYKJIOCTH U BOTHYTOCTH
kpuBoi. OpanHaTa Touku neperuda: y(1)=2.
Pe3ynbrathl penieHus 3aHeceM B TaOJIUILY:

X (—OO, l) 1 (15 +OO)

y V4 _ O +

, /\ 2 \\/
BBIITyKJIA neperud BOTHYTA

5) Ilo moy4eHHBIM TOYKAM CTPOUM TpaduK;



v

N

= vV

Pucynok 23. I'paduk dpyuximn y=(x+1)-(x—2)?

3aoanus 0na camocmoameibHo20 peuleHus:

Hccnenyiite cnenyromme GyHKIUU U IOCTPONTE UX TpaduKu:

1 Bapuant 2 BapuaHT 3 BapHaHT
y=-x"+8x"+9. y = x® —3x. y=x>+6x>+9x+8.
4 BapuaHT S BapuaHT 6 BapuaHT
y=x"*-5x*+4, y =x*—6x*+9x-3. y=x>-12x+4.

7 BapMaHT 8 BapuaHT 9 BapuaHT
y=—X3+X. y:lx4—§x2. y=£X3—2X2-

4 2 3

Konmponwsnwvie sonpocwi:
1. Yro Ha3biBaeTCs 00JACTBIO ONpEACICHUs] W 00JacThl0 3HAYCHUH
byHKIIANA?

2. TlpuBenute TpuUMEphl NPUMEHEHHUS  TEPBOM  MPOU3BOJHOU K
UCCIEeIOBaHNUIO (DYHKITUU.
3. IlpuBenute mpUMepbl NPUMEHEHHS  BTOPOW  NPOU3BOAHOM K

HCCIIeIOBAaHUIO (DYHKITHH.
4. PacckaxuTe OOIIyI0 CXEMy UCCJIEJIOBaHMUS U TOCTpOEHUs rpaduka
byHKINU.

Jumepamypa: [1, §31, c. 297-301], [1, §38-39, c. 342-353, c. 360]
IMpakTuyeckoe 3ansitue NeS4
BolunciieHHe HeonpeaeJeHHbIX HHTErPaJioB MeTOA0M 3aMeHbI epeMeHHO

Ilenv pabomur:
CMYOeHm OO0JIHCEH.
3HAMb!
- Ta0NWIy 3HAYCHUH HEONPEIeIEHHBIX HHTErPAJIOB;
- CyTh METOJIa 3aMCHBI IEPEMEHHOM B HEOIIPEACIICHHOM HHTETPAJIC;
ymemy:
- BBIYUCIISITH HEOMIPECIICHHBIE MHTETPaJIbl METO0OM 3aMEHBI IEPEMEHHOM.

Ceéedenus uz meopuu:
Tabnuunsie 3HayeHUs HEONPeOeIeHHbIX UHMEeSPAlo8



o . _ dx 1 X
[ax=x+c ['sin xdx = —cos x+¢ Iﬁz—arctg—+c
. ; _ a‘+x° a a
. cos xdx =sin X+ ¢
X"dX = >+ ¢ -[ dx__ L
proc- e | e aials
_ a‘—x 2a |X+a
dx >— =1gX+C
——:hﬂﬂ+c COS™ X
Y x dx
) I ~— =—Ctgx+¢
. a SInN~ X
a‘dx=—+c
J In a
e*dx=e"+c

Humezpuposarnue memooom 3ameHvl nepemeHHoll
CymHOCTh HHTETPUPOBAHUS METOJOM 3aMEHBI IEPEMEHHOM (CIOCOOOM

MOJICTAHOBKH) 3aKJII0YAETCA B MPe0Opa30BaHUK UHTETpaIa I f (x)dx B mHTErpan

I F(t)dt | xoropslit nerko BeIUHCISETCS O TAGNNIE 3HAYCHHUIT HEOTIPEIEICHHBIX
UHTETPajoBs.
JIns Hax 0K IeHUs MHTErpana J. f (X)dX 3amensem mepemenHyI0 X HOBOIT

nepemennol t. luddeperuupys paBeHCTBO, MOTy4IaeM BeIpakeHue dx.
[Tocne Toro kak MHTErpajl OTHOCUTEIBHO HOBOM NepeMeHHoM t OyieT HaliieH, C
MOMOILbIO OOPATHOM MOJACTAHOBKU OH MPUBOAUTCS K IEPEMEHHOM X.

Ilpumep 74.
Brruncnvre nHTETpa METOAOM 3aMEHBI IEPEMEHHOM: j cos(5x + 3)dx.
Pewenue:

C TIOMOIIBIO 3aMEHBI YACTHU MOABIHTETPATILHOTO BBIPAXKECHUS IPUBEJEM 33 ITAHHBIN
WHTETpajl K TAOJMYHOMY BUY:

t=5x+3
(5x+3)'dx =dt . _
ICOS(5X+3)dX= 5dx = dt =%J.costdt St oo Sln(5;+3) +C.
dx:ﬂ
5

Ilpumep 75.
Brruncnure nHTErpall METOAOM 3aMEHbI IEPEMEHHOM: I(Zx +1)"dx.
Pemienue:

C TIOMOIIBbIO 3aMEHbBI YACTHU MOJABIHTETPATILHOTO BBIPAXKCHUS IPUBEIEM 33 TAHHBIN
WHTETpaj K TAOJIMYHOMY BUITY:



t=2x+1
(2x +1)'dx = dt N "
1 t (2% +1)
2x +1)dx = - ==ttt = +Cc= +C
[ @x+1"dx=|2dx ddt 3l o —
t
dx=—
2

3aoanus 0na camocmoameibHo20 peuleHus:
Briuncnure cieayronme HHTerpaibl METOJIOM 3aMEHbBI IEPEMEHHOM:

1 BapuanT 2 BapuaHT 3 BapuaHT
1) I(xz +3)° xdx: 1) j4(x4—1)2x3dx; 1) [ oK 6x%dx |
: L-2x)*"
Sin \/;
2) f dx 2 [
. _ 4x° +1
3) J-COS Xdx; )J‘ : 3) _[(7—2x)3dx;
4 j sin 3xdx (4- 3x)
2 + C0S 3X 4)J‘ (3x +1)%dx. 4) J.x+5dx'
4 BapnaHT S BapuaHT 6 BapuaHT
1) : sin 2xdx 1) | (x® +1)x%dx;
I(5X+1) 1 J‘1—0032x’ j\/ﬁ
2 j dx - Z)I—dx : 2).[ +nXdX;
) 12 —x ’ V4 —9x? ’ ) xdx .
3) [(st-1)*dt; 3) [(2x*-3)*x%dx; I(5x +1)3
4) [3/(-4x+1)°dx. x*dx
I )I(Sx +3)° 4) J‘1 4x
7 BapuaHT 8 BapuaHT 9 BapuaHT
1) .[tgxdx; 1) J‘x2 [x® + 5dx - 1) _[sin 3xdx;
2),[ x*dx ; Z)J- cosx_dx : 2) '[x\/l—xzdx;
V1-x3 v1-sin x )J~ 12xdx
3) J.3x2\/2x3—ldx; 3) J.(x —2) xdx, (Gx*+1)*"
Y [sinf X \dx. A cos xdx .
4) [2xy/(t-3x*f ox. ) js'”[sjdx ) s

Konmponsnwie sonpocwi:

1. Kakas ¢yHKIMs Ha3biBaeTCs rnepBooOpasHoi mis ¢pyakiuu f(X), mpu Xe
(a; b)?

2. Uto Ha3bIBAETCS HEOMPEACICHHBIM HHTETpaIoM?

3. Ilepeuncnure ocHOBHBIE (POPMYITBI MHTETPUPOBAHUS.

4. ChopmymupyiTe CyTh METO/Ia HEITOCPEICTBEHHOTO HHTETPUPOBAHMSI.

5. Chopmynupyiite CyTh METO/Ia 3aMEHBI IEPEMEHHOM.

Jumepamypa: [4, c. 310, c. 316], [5, c. 219-222].



IpakTuyeckoe 3ansiTue NedS5
BoruncieHne HeompeaeJleHHBIX HHTErpajioB MeTOA0M HHTErPHPOBAHUS IO
YacTaMm

Ilens pabomor:
CMYOeHm OO0JIHCEH.
3Hamb:
- TabNWIy 3HAYCHUN HEOTPEICTCHHBIX HHTETPAJIOB;
- CyTh METOJIa MHTETPUPOBAHUS 10 YACTSM;
ymemy:
- BBIYUCISITH HEOMPEICICHHBIE MHTETPAIbl METOJIOM WHTETPHUPOBAHUS TI0
YaCTSIM.

Ceedenusn u3z meopuu:
Humeepuposanue no wacmsm
Boruucisis nuddepeHiman npon3BeIeHNs, UMEEM:

d(uv) =udv+vdu,
OTKyJa

udv =d(uv) —vdu.
Ecnu nuddepennumansl 1Byx GyHKUUNA paBHBI, TO UX HEONPENEIEHHbBIE HHTET PAIbI
COBIIAAArOT. HOBTOMY

fudv=]d(uv)—[vdu

H, CJICA0BAaTCIIbHO,

fudv=uv—[vdu.

C nmomortpio 3Toi (HOPMYITBI BEIYUCIICHUE HHTETpaia IUdV CBOJIMTCS K

BBIUHCJICHUIO UHTETpala J.VdU , €CJIM TIOCTICTHUM OKAXKETCS MPOIIE UCXOTHOTO.

Ilpumep 76.
Briuncnure uHTErpai METOA0M UHTETPUPOBAHUS TI0 YACTSIM: j X sin xdx .
Pemenue:

npeoOpa3ys 4acTH MOABIHTETPATILHOTO BRIPAKEHMUS, IPUBENIEM 3a/IaHHbBIN
WHTETpajl K TAOJIMYHOMY BUITY:

dv = sin xdx
. u=xX . .
fxsm xdx = J'dv=jsm xdx =—xcosx+J'cosxdx=—xcosx+S|n X+C,
du =dx
V =—CO0S X
Ilpumep 17.

In xdx
XZ

Beraucnure HHTCI'pal MCTOAOM MHTCTPHUPOBAHU 110 YaCTAM! J



Penienue:

npeoOpa3ys 4acTH MOABIHTETPAIBHOTO BBIPAKEHMUS, IPUBENIEM 3a/IaHHbBIN
WHTErpall K TAOJIMYHOMY BULY:

u=Inx
In xdx
X2

J

du
X

dx Idv=jx‘2dx

dx
dVZF

v=—=

3aoanus 0na camocmoameibHo20 peuleHus:
Briuncnure cieayrone UHTerpagbl METOIOM UHTETPUPOBAHUSI IO YACTSIM:

Inx ¢dx_ Inx 1

X NG X X

1 BapuanT 2 BapuaHT 3 BapuaHT
X C0s XdX _ 1— x)sin xdx In xdx
1) I 1 1) I 4= ; 1) ,[ 3
Xe*dx arctgxadx ’
2) I . 2) .[ J ; 2) IxcosBxdx_
e”* cos xdx x - :
N
4 BapuaHT S BapuanT 6 BapuanT
In2 xdx In xdx - xdx
1 I : 1) J ; 1) * sin®x -
Ixsin xdx _[xcos(5x—7)dx ) - ’
2) ; 2) ; 2 xe 2*dx
3 g 7 e* cos xdx . ’
3) je 5|n(2x—z)dx. 3) I : 3| arccoszxdx.
7 BapuaHT 8 BapuanT 9 BapuaHT
s x tgxd
0 J'e sin 2xdx; ) .fx2 dx; 0 [ xarctgx X,
- 2 —x
2) J@x=4)nxax. 2) [ (x~5)sin 2xdx; 2 [xteax.
3) | arccosxdx. 3) J arcsinxdx 3) J x* sin xdx.

KOHmPOJZbele eonpocuol:

1. ChopmynupyiiTe CyTh METOJIa UHTETPUPOBAHUS IO YACTSIM.

Jumepamypa: [4, c. 310, c. 316], [5, c. 219-222].

IMpakTuyeckoe 3ansitue Ne56
BoruncieHue onpeaeeHHbIX HHTETPAJIOB Pa3IUYHBIMH CIIOCO0aAMH

Ilenv padomuwi:
CMYOeHm OO0JIHCEH.
3HAMb:

- (popmyny Hrrotona-JleitOuua,




- CYTb METOJIOB BBIYMCJICHUS ONPEACIICHHBIX HUHTETPAJIOB;
ymems:

- BBIYUCIATH OIPEJIEIICHHbIE UHTErpajabl METOAAMHU: 3aMEHBI IIEPEMEHHOM,
I10 YacCTSIM.

Csedenun uz meopuu:

JI71st BBIYMCIICHHSI OTIPEICNIEHHOTO nHTerpana ot GpyHkimu f(X) B Tom ciryuae,
KOTJ]a MO’KHO HAalWTH COOTBETCTBYIOIINN HEONpeeIeHHbIN nHTerpat F(x), ciyxuT
dbopmyna Herorona — Jleiioauma:

T f (x)dx=F(x) = F(b) - F(a),

T.€. ONIPECIICHHBIA WHTETPaJl paBeH Pa3HOCTH 3HAYCHHM MEPBOOOPA3HON MTPU
BEPXHEM U HIDKHEM TpeesiaXx HHTEIrPUPOBaHUSI.

Ilpumep 78.

10

BbluucnuTh onpeneeHHbli HHTerpal I(3t2 +2t+1)dt,
0

Pewmenue:
1o ¢popmyne Hetotona — Jleitouuma:

2 3 oz 10
e +at+ndt=| T+ -+t) =+t +t)f =
) 3 2 ), 2
= (10° +10% +10)— (2° + 2% + 2)=1110 — 14 =1096.

Boruucnenue onpedeﬂeHHoeo UHmeecpaia MemoOOM 3aMeHbl nepemeHHoﬁ
HpI/I BBIYHUCJICHUH OIIPCACICHHOI'O MHTCI'pajia MCTOAOM 3daMCHBI nepeMeHHoﬁ

b
(crtocoOOM MOICTAHOBKH) ONIPEICICHHBIA HHTETPa _[ f (x)dx mpeobpasyercs ¢
a

MIOMOIIBIO TIOJACTaHOBKU U=((X) B OIpeacIIEHHBIN HHTErPal OTHOCUTEILHO HOBOM
nepeMeHHo# U. [Ipu aToM cTapeie peaeibl HHTErpUPOBaHus a U b 3aMeHsoTCs
COOTBETCTBEHHO HOBBIMHU TIPE/IC/IaMH HHTCTPUPOBAHUS L U f§ , KOTOPBIC
BBIYUCIIAIOTCS 110 hopmynam: o=g(a) u f=g(b).

Ilpumep 79.

3
BorauciauTh onpeieieHHbIN HHTETpall I(Zx —1)%dx ,

2
Pemienue:
npeoOpa3ys 4acTH MOABIHTETPAIILHOTO BRIPAKEHMUSI, IPUBENIEM 3a/IaHHBIN
WHTETrpajl K TAOJIMYHOMY BH]Y, 1ajiee BocmoibdyeMmcs dhopmyroit HeroToHa —
JleliOuua:



u=2x-1
du = (2x-1)'dx 5
,T(Zx—l)gdx=du—(2dx ) b=2Smimd :j‘ugldu:i-ﬁ =
> B u,=2-2-1=3 3 2 2 4],
dx:ldu
2

g_g 625—81_544_68
8 8 8 8 '

Humezpuposanue no yacmsam 6 onpeoeienHom unmezpaie
Ecnu ¢pysakiuun U(X) u V(X) 1 uX IpOU3BOIHBIC HEPEPBIBHBI B IPOMEKYTKE [a; b],
TO (hOpMyJia HHTETPUPOBAHHMS 10 YACTSIM JIJISl OTPEICIIEHHOTO MHTETpaia HUMEeT

BUI;
b

b b
Iudv: uv| — jvdu.

a

Ilpumep 80.

BrIuncnuTh onpeaeneHHblii HHTErpal IX In xdx .

e
Pemenue:
npeodpa3ys 9aCTH MOABIHTETPAILHOTO BBIPAKEHUS, PUBEEM 3aTaHHBIH
WHTETpaj K TaOJTMYHOMY BHIY, JAajee BOCcIonbzyeMcs dhopmynoi HproToHna —
JleniOHmna:

u=Inx dv = xdx \
h X2 x2 dx
jxlnxdx:du:(lnx)’dx Jdv:jxdx:—-lnx —I—._:
2 e e 2 X
du=% V_X_
X 2
o? 2\4 2 2 2
16|n4——|ne jf X _gina- & _[X ] _gna- &[4 _& )
2 \4), 2 7

2 e2 e2

—8n4-S 445 —gna- 4
2 4 4

3aoanusn 014 cAaMOCMOAMENbHO20 PEULEHUA:
Brruucnure crneayronime HHTerpaibl:

1 Bapuant 2 BapuaHT 3 BapuaHT
1) MeTonoM 3aMeHbI 1) MeToaoM 3aMeHbBI 1) MeToa0M 3aMEHBI
MEPEMEHHOM MIEPEMEHHOM: o % 6x%dx
2 3 epeMeHHOM: j—“
j(xz +3)°xadx. .|.4(x4 —1)2x3dx 3 (1=2x7)

2 2) Metonom
2) Metogom 2) Metonom MHTEIPUPOBAHUS 110




HHTCTPUPOBAHUA 110
7l2

I/IHTerI/IPOBaHI/Iﬂ 110
72

I(l—x)sin xdx .

¢ In xdx
qacCcTiaM. I X3

e
2
aCTIM; _[ In“ xdx,
1

VHTETPUPOBAHUS 110

4
YaCTSIM: j In xdx

e

YaCTAM: J Xcos xdx, YaCTAM: 1
0 zl3

4 BapuaHT S BapuaHt 6 BapuaHnTt
1) MeTo10M 3aMEHBI 1) MeTo0M 3aMeHBI 1) MeTo0M 3aMeHbI
MIePEMEHHOM: f—dx 4 d 1ePEMEHHOT:

: 3 ' | IEPEMEHHOM: I 3 X, |3

2(x+D) ;¥ -1 J(xs +1)xdx .

2) Metonom 2) MeToziom 1
WHTETPUPOBAHUS TIO 2) Meronom

HHTCTPUPOBAHUA I10

1
YaCTSIM: _[ xe “dx |
0

7 BapMaHT
1) MeTomoM 3aMeHBI
o ¢ X%dx
EpEMEHHON: | ———.
V1= x3
2) Metonom

HHTCI'PUPOBAHUA 110

1
qacTAM: _[ arccosxadx
0

8 BapuanT
1) MeTo10M 3aMeHBI
IIEPEMEHHOU

3
jx2\/x3 +5dx
0

2) MetoaoMm
WHTETPUPOBAHUS 110

1
qacTIM: Iarcsinxdx_
0

9 BapuaHT
1) MeTo10M 3aMEHBI
IIEPEMEHHOM:

3
jx\uo— x2dx .
1

2) Metoaom

HHTCTPUPOBAHUA 110
72

YacTsIM: IXZ sin xdx
0

KOHmPOJle ble eonpocol:

1. Kakast ¢pyHKIMS Ha3bIBacTCs mepBoodOpasHoi mis ¢pyHkiuu f(X), mpu Xe

(a; b)?

2. YTo Ha3bIBAETCS HEONPEAEIEHHBIM HHTETPAIOM?

3. Ilepeuncnute OCHOBHBIE (POPMYITBI MHTETPUPOBAHUS.
4. ChopMynupyiTe CyTh METOJ1a HEMOCPEICTBEHHOTO UHTETPUPOBAHMUSL.
5. Chopmynupyiite CyTh METOJIa 3aMEHBI IEPEMEHHOI.

6. ChopmynupyiiTe CyTh METOZa MHTETPUPOBAHUS 10 YACTSIM.

7. [IpuBenuTe mpUMeEpHI MPUIIOKEHHUS OTIPEACTICHHBIX HHTETPAJIOB.

Jumepamypa: [4, c. 310, c. 316], [5, c. 219-222].

IIpakTnueckoe 3ansaTue Ned/
IIpunoxeHusi onpeaeeHHbIX HHTEIPAJIOB

Ilenv padomuwi:
CMYyOeHm OOJIHCEH:
3HamMb:

- Ta0NMIly 3HAYCHUI HEONpPeIeIEHHBIX HHTErPaJIOB;




- CIocoObI BEIYUCIICHUS OTIPEICTICHHBIX HHTETPAJIOB;
ymems:
- pelaTh NPUKIAIHbIE 3aa4U C IOMOILBIO ONPEIECIIEHHOIO UHTErpaia.

Cseoenun uz meopuu:

Duzuueckue npunroAceHUs OnpeoenreHHbIX UHMeSpaios

Bviuucnenue nymu, npotioeHH020 mouKot

[1yTp, IpOMAEHHBIN TOYKOW PU HEPABHOMEPHOM JIBUKEHHUH I10 IIPSMOU C

nepemMeHHou ckopoctero V=f (t)>0 3a npoMexxyTok BpeMenu ot t; 110 to,
p P p Yy p
t,

BBIYHCIIICTCS 110 (hopMyJie S :J' f (t)dt.
tl

Ilpumep 81.

CKOpOCTb JBMKEHHUS TOUKH U3MEHsieTcd 110 3akony V=(3t?+2t+1) m/c. Haiitu
IIyTh, IPOWIEHHBIN TOUKOM 3a 10c OT Hayana IBUKEHUS.

Pewenue:

")
cornacHo yenouio, f (t) =3t+2t+1, =0, t,=10. Ilo popmyie S =J. f (t)dt

tl
HaxXoaum

10 3 2 10
S=:IC%2+2t+Ddt=(§%~+g%—+tj =t +t2 1) =10° +10% +10 =1110 (a1).
0 0

Bviuucnenue pabomul cunvi
Pabota, mpou3sBeacHHas iepeMeHHO# cutol f (x) mpu nepemerniennu mo ocu Ox
MaTepHaNtbHON TOYKH OT X=a 10 x=h, HaxoauTcs mo GopmyIe:

A:Tfamx

[Ipu penieHny 3a7a4 Ha BEIYUCIICHUE PA0OTHI CHJIBI YaCTO UCTIONIB3YETCS 3aKOH
I'yka: F=kx, rne F-cuna, H; x — abCoOTHOE YAJIMHEHHUE TIPY>KUHBI, M, BBI3BAHHOE
cwioii F, a k — koaddurnuent nponopuunonansHoct, Him.

Ilpumep 82.

CykaTue x BUHTOBOU MPY>KUHBI, TPOMOPIIMOHATIEHO MPUIIOKEHHOU cuiie F.
Boeraucnuts paboty cuibl F nipu cxxatuu npyxussl Ha 0,04 M, ecnu JUIst CKaTus ee
Ha 0,01 M HyxHa cuna 10 H.

Pewenue:

T.K. x=0,0Lm nmpu F=10H, To, moaCTaBIIsAsA 3TH 3HAYEHUS B paBeHCTBO F=KX,
noxyuum 10=0,01k, otkyma k=1000 H/m.

[ToacTaBuB Teneps B 3TO ke paBeHCTBO 3HaueHue K, Haxoaum F=1000x, T.e.

b
f(x)=1000x. Mckomyto paboTy HaiigeMm 1o Gopmynae A= I f (x)dx, momaras a=0,

b=0,04:



0,04

0

' 2 ,04
A= [1000 xdx = (%j

3adanus 01a camocmoamelbHo20 peuleHus:

_ 20,04_ 2
=500X°| " =500-0,04° =08 (o).

1 Bapuant

CKopoCTh IBUKEHUS
TOYKHU U3MEHSETCS IO
3aKOHY

V=(-3t2+12t) wmlc.
Havitu niyTs,
MIPOUICHHBI TOYKOU OT
Hayasa JIBUKEHUS JI0 €€
OCTaHOBKH.

2 BapuaHT

[Tox nericTBUEM CHJTBI
80H npyxuna
pactsaruBaercsa Ha 0,02u.
IlepBoHauanbHas quHA
npyxunbl paBHa 0,15m.
Kakyto paboty Hazo
COBEPILIUTH, YTOOBI
pactsHyTh €€ 10 0,2m?

3 BapuaHT

IIpyxuHa B CIIOKOMHOM
COCTOSIHUH HUMEET
nuny 0,2u. Cuna B
50H pactsaruBaeT
npyxuny Ha 0,0 L.
Kakyto paboty Hano
COBEPIIUTD, YTOOBI

pactsaHyTh €€ ot 0,22 1o
0,32 m?

4 BapuaHT

[Ipu cxxaTnu npyKUHBI
Ha 0,05m 3aTpaunBaeTcs
pabora 25/[c. Kakyro
paboTy HEOOXOAUMO
COBEPIIUTH, YTOOBI
CKaTh NPYKUHY Ha

0,1m?

S BapuanT

CKOpOCTb IBUKEHUS
Touku V=(6t?+4) mlc.
Haiitu nyTs,
IIPOMACHHBIN TOYKOM 32
S ¢ OT Hauasa JABWKCHHUS.

6 BapuaHTt

CKOpOCTh IBUKECHUS
touku V=(-3t>+18t) m/c.
Haiitu nyTs,
MIPONAECHHBIN TOYKOU OT
Hayajia IBWKEHUS J10 €€
OCTaHOBKH.

7 BapMaHT

CKopoCTbh IBUKECHUS
Touku V=(8t+2t) mlc.
Havitu iyTs,
MIPOMICHHBIN TOYKOH 3a
2-10 CeKyHIY.

8 BapuaHT

[Ipy>xuHa pacTsaruBaeTcs
Ha 0,02m oz neficTBUEM
cuibl 60H. Kakyto
paboTy NPOU3BOJIUT ATA
cuJja, pacTsaruBas
npyxuny Ha 0,127

9 BapuaHT

CKOpOoCTb IBUKECHUS
TOYKH U3MEHSIETCS 10
3aKOHY

V=(9t2-8t) m/c. Haiitu
IIyTh, IPOWICHHBIN
TOYKOM 32 4-F0 CEKYHY.

KOHmPOJZbele eonpocuol:

1. [IpuBeauTe MpUMEPHI MPUITOKEHHS ONPEACIICHHBIX UHTETPAJIOB.

Jumepamypa: (5, c. 219-222].

IMpakTuyeckoe 3ansitue Ne58
Boruucienue 00beMOB TeJ1 M IOBEPXHOCTEN BpallleHUs

Ilenv pabomur:
CMYOeHm OO0JIHCEH.
3HAMb:!

- popMyJibl 0OBEMOB TEJ U IOBEPXHOCTEH BpAILICHUS;

ymems:




- BBIYHCIATH 00BEMBI TEI U HOBerHOCTeﬁ BpallCHU:.

Ceedenusn uz meopuu:
Obvem npsamoy201bH020 napaieienuneod

V=abc,
rae a, b, ¢ — CTOPOHBI ITapaJlJICICIIUIICA.

Obvem Kyoa
V=ad,
r7ie & — IJIMHA TPaHu Kyoa.

Ob6vem npuzmol

\ D

Pucynoxk 70. [Ipuzma

O0BeM IMPU3MBbI PAaBCH IIPOU3BCACHHUIO IIJIOIIaAX OCHOBAHUS ITPU3MbI, Hd BBICOTY:
V=S.h,
rac So — IN1I0IIadb OCHOBAHUA IIPU3MEI, h — BeICcOTA IIPU3MBI.

Obvem napannenrenuneoa

i

Pucynok 71. [lapannenenunen

O6’BeM IMapauICIICIIMIICa PAaBCH IIPOU3BCACHUIO INIOMAAN OCHOBAHUA HA BBICOTY:
V: So : h y

rac So — IJiomaab OCHOBAHU:, h— JJIMHA BBICOTHI.

Ob6vem npsamoy20abH020 napaieienuneod

I
L3N I B
'l

’ a

Pucynoxk 72. IIpssMOYTroJIbHBIN TapaJIIeNICIIHUIIE

O0BeM IPSIMOYTOJIBHOTO TIapaJuICIICTINIICIa PABCH MPOU3BEACHHIO €T0 JITHHEI,
IIIUPHUHBI U BBICOTHI:

V=a-b-h,
rje a — ajauHa, b — mmpuHa, h — BeIcOTA.



Ob6vem nupamuosl

C

Pucynoxk 73. Ilupamuna

O0BbeM nupaMuibl paBeH TPETU OT MPOU3BEICHUS TIJIOIIAIN €€ OCHOBaHUS Ha
BBICOTY:

V=Ish,
3

rac So — Iu1omaJAb OCHOBAHUW:A ITMPaMU/bI, h— AJIMHA BBICOTBI ITUPAMUABI.

Obvem npasuibHO20 mempa’opa

Pucynok 74. Terpasnp

[ _d
12
rjae a — JAJinHa pe6pa IIPpaBUJIBHOI'O TCTPAdapa.

Obvem yununopa

Pucynoxk 75. Humuuap

OO0beM MWIMHIPA PaBEH MPOU3BEICHUIO TUIOIIAN €T0 OCHOBAHHUS HA BBICOTY:
V=nR’h
WITH
V=S,h,
rae So — IJIoMaab OCHOBAHUS IMIIMHAPa, R — paguyc nunuHapa, h — Beicora
nunHapa, 1=3,141592.

Obvem koHyca



Pucynox 76. Konyc

O6T)CM KOHyca paBeH TpeTI/I oT HpOI/ISBeI[eHI/IH Iiomaan €ro OCHOBAHUA Ha
BBICOTY:
1
V == 7R%h
3
NJiIn
1
V = 5 Soh )

e So — IIoMa b OCHOBaHHS KOHYyca, R — pagnyc ocHoBaHMsI KOHYyca, h — BbIcOTa
KoHyca, 1=3,141592.

Obvem wapa

rae R — paguyc mapa, n=3,141592.

Ilpumep 124.
Ecnu kaxnoe peOpo Ky0a yBEeIMYHUTh HA 2 CM, TO €ro 00beM yBEITUUHUTCS Ha 98
cm®. Ompeenure pedpo Kyoa.
Pewenue:
0003Ha4YUM pedpo KyOa 3a X U COCTaBUM YpaBHEHUE:

(x+2)3=x3+98,

x3+6x2+12x+8=x%+98,
6x2+12x-90=0,

x>+2x-15=0,
X1:-5, X2:3.
X1=-5 — HE yJIOBJICTBOPSIET YCIOBUIO 33/1aUH.
OrtBer: 3.
Ipumep 125.

[IpssMOYTONBHBIN JIUCT kKECTH, UMeroni 1,6 M 1nvHbl 1 0,8 M IUPUHBL, MOKHO
COTHYTh B TPYOKY JBOSIKUM 00pa3oM: B IEPBOM ciyyae JAJinHa TpyOku Oyxer 1,6
M, Bo BTopoMm 0,8 M. Haiitu oTHOIIIEeHHEe 00BeMOB TPYOOK.
Pemenue:
TpyOKH 00pa3yroOT IMWIMHIPKI, 00bEM, KOTOPOTO BBIYUCIISIETCS IO (popmyIe:
V=nR?h.

VY nepBoro mumHapa Beicota Oynet 1,6 M, Torna paguyc 0,4 M. Bo BTopom
nunHape Beicota Oyaert 0,8 M, Toraa paauyc 0,8 M. Beraucnum oTHOIIIEHHE
00BEMOB JIBYX IUIUHIPOB:

V, 704716 1
V, 70808 2
Ortger: 1:2.



3aoanus 011 cAamMoOCmMOAMENbHO20 PEUIEHUA:

Pemute 3agaun:

1) 3mepenus npsiMmoyroibHOTO Napasuienenunena: 15 m, 50 m u 36 m. Halitu
peOdpo paBHOBEIMKOIO eMy KyOa.

2) Usmepenus npsimoyroasHoro opyca: 3 cm, 4 cm u 5 cm. Ecinn yBenuauTh
KaXJI0€ ero pedpo Ha X cM, TO TIOBEPXHOCTh yBeauduTcs Ha 54 cm?. Kak
YBEIUYUTCS €r0 00BeM?

3) OceBoe ceyeHue MWIMHIpA — KBAaApaT, JUaroHaib KOToporo pasHa 4. Halitu
00BeM ITUIIHH/IPA.

4) OcHOBaHHEM MUPAMUJIBI CITYKUAT MPSIMOYTOJIBHUK €O CTOpoHamMu 9 m u 12 wm,
Kax0¢e 3 O0KOBBIX pedep paBHO 12,5 . HaitTi 00beM mupamub.

5) OcHOBaHHEM MMUPAMUIBI CITYKAT PaBHOOEIPEHHBIN TPEYTOIBHUK, Y KOTOPOTO
paBHBIE CTOPOHBI IO 6 cM, a OCHOBaHME § cm. boKkoBEIE pedpa paBHBI MEXIAY COOOM
U paBHbI 9 cu. Halitu 00beM TupaMu/ibl.

6) B npsiMoM napaiiienenuneie CTOPOHbI OCHOBaHUS PaBHbBI 8 cm U 15 cm u
o6pasyrot yroa B 60°. MeHblIas AMaroHasb napaulelenuIea COCTABISEM C
IJIOCKOCTBIO ocHOoBaHus yroi 30°. Haiitu 00beM napasiesenunena.

7) BoicoTa u 00pa3yrorias KOHyca OTHOCSTCS Kak 4:5, a 00beM KOHyca paBeH 967
cm®. HaliTi TIOJIHYIO TIOBEPXHOCTH KOHYCA.

Konmponwvuwvie éonpocoi:
1. 3anummte GopmMysibl 00BEMOB TEN U TOBEPXHOCTEHN BpalleHuUs.

Jumepamypa: [10, c. 267-282]

IIpakTuyeckoe 3ansitue Ne59
IToxooue Tea. OTHonIeHUA 00HLEMOB MOTO0OHBIX TeJI

Ilenv pabomur:
CMYOeHm OO0JIHCEH.
3Hamo:
- (popMyIIBI AJ1 BBIYUCIEHHS] 00BEMOB MOJIOOHBIX TEJT;
ymemby:
- BBIUUCIATH OOBEMBI TOJOOHBIX TEI.

Ceedenus uz meopuu:

Obvembl paghvix mei pagHbl
Ecnu Teno pa3duTo Ha HECKOJIBKO Tell, He UMEIOIINX OOINX BHYTPEHHHUX TOYCK,
TO €ro 00bEM paBeH CyMMe 00BEMOB IMuX TEIL.
Omuowenue 06vemos NOJOOHBIX TEJ PaBHO KyOy Kod(pduiineHta nogoousl.

Obvem npuzmvl paBeH
P P —~7 7
MIPOM3BE/ICHUIO IIIOIIAIN €€ OCHOBAHMS Ha H
BbICOTY: V=S,H
WIN




MPOU3BE/ICHHUIO TIOMIA M €¢
HEPICHIMKYIIIPHOTO CeUYeHHsI Ha OOKOBOE
pedpo: V=S,l.

Obvem nupamuosl paBeH OJIHON TPETU

IPOM3BEICHUS TUIONIAN €€ OCHOBAHHUS Ha 1
BBICOTY: Vi = 3 SH,
1 1
V_§SOH' V2 ZESZH,
Vs,
V2 SZ

Obvembl npuzm (IApaAMUL), UMEIOUWUX PABHOBEIUKUE OCHOBAHUSL, OTHOCSITCS KaK
UX 8bICOMDL.
Obvembl npusm (MApaMu), UMEIOUUX PAGHbIE 8bICOMbI, OTHOCATCS KAK
nIOWAOU UX OCHOBAHULL.

D
b B
Ob6vembl mempa’opos, UMEIOITUX 00wl a
MpexepaHublil Y201, OTHOCATCS KaK “ e
npousgeoenus pebep, CoaepKaIux 3TOT yroJ. Vo  AB-AC-AD

Visco, AB,-AC,-AD,’

Ob6vem mempasopa MOKET ObITh HAWJICH 10

dbopmyie: :
1 i ;
V= gabCSlﬂ @, e au b — mHel .
CKPEIIUBAIOIIMXCS PeOEp, ¢ — PACCTOSHHE '

MCXKAY HUMH, (¢ — YT'OJI MCKAY HUMMU.

Obvem yceueHHOU NUpamuovl

Vv =%H(Sl+82+1/8182).

Obvem MHO202pAHHUKA MOYKHO TIOJIYIUTh, pa30MB €r0 Ha HE UMEIOITHE OOIIHIX
BHYTPEHHHUX TOYEK TETPAdIPHI (mpuarneyiayus) i CyMMUPOBAB UX 0OHEMBI.
Ecnu B MHOTOTpaHHUK MOJICHO 8nucams wiap, mo oOvem MHOTOTPaHHUKA
paBeH:
1
V = 5 SﬂOﬂHR H
rae R — paguyc BIUCAaHHOTO MIAPa, Sy, — IUIONIAIb MTOJTHON TOBEPXHOCTH
MHOTOTPaHHHKA.




Ilpumep 126.
Yamka quametpom 8 cm 1 BeicoToit 10 cm BMemaer 0.5 nutpa Boabl. Kakux
pa3MepoB J0JKHA OBITh TI0100HAs Yalllka, BMearoIias 4 JuTpa BoJbI?
Pemenue:
MOCKOJIbKY YaIllKH — IMOJJ00HBIC IIMJIMHPHI, TO OTHOIIIEHUE UX 00bEMOB PaBHO
OTHOIIICHHIO KyOOB COOTBETCTBYIOIITUX OTPE3KOB (B HAIIIEM CIydae — BHICOT U
TuaMeTpoB darek). CiieqoBaTelbHO, BRICOTAa N HOBOM YaIlIKK HAXOIUTCS U3
OTHOILIEHUS

(h/10)® =4/0,5, T.e. h3=8-103, otkyma h=20 cm;
AHaJIOTHYHO, T JuameTpa d moryanm:

(d/8)* =4/0,5 , T.e. d*=8-83, orkyma d=16 cm.

Ilpumep 127.

Bo ckonpko, mpuUMeEpHO, pa3 BEJIMKAH POCTOM B 2 M TSKENEE Kapiauka
poctom B 1 m?
Pemenue:
T.K. KaK (DUTyphI UETIOBEYECKOTO TeJia MPUOIU3UTENBHO TT0I00HBI, TO TIPU BJIBOE
OOJIBIIIEM POCTE YEJIOBEK UMEET 00BhEM HE BJIBOE, a B § pa3 O0bIIniA. 3HAUUT, HAII
BEJIMKAH BeCUT OoJibllie Kapiuka B 8 pa3. CaMmblil BHICOKUHM BETUKAH, O KOTOPOM
COXPaHWJINUCh CBEJCHUSI, ObLT OJIUH JKUTEJb DJib3aca pOCTOM B 275 cm — Ha LENbIN
METp BBILIE YEJIOBEKA CpeHero pocra. Camplil MaIE€HbKUN KAPIUK UMET BBICOTY
MeHnblIie 40 cm, T.e. ObLT HUXKE 3JIb3aclia KPYTJIbIM cueToM B 7 pa3. [loaTomy eciu
OBl Ha OJTHY YaIlIKy BECOB IMOCTABUTh BEJIMKaHa — 3JIb3aclia, TO Ha JPYTYIO HAJI0 OBl
JUTSI pAaBHOBECHS TIOMECTUTh /- 7-7=343 kapimka, T.e. IEIyI0 TOMIY.

Ilpumep 128.
[TponmaroTcs nBa apOy3a pa3HbIX pazMepoB. OIMH HA YSTBEPTYIO OO IITUPE
JPYroro, a CTOMT OH B ITOJITOpa pa3a Jgopoxe. Kakoi n3 HUX BBITOJHEE KYITUTh?
Pemenue:
00BbeM 00JIBIIOro apOy3a mpeBbIaeT 00beM MeHbInero B 1,25-1,25-1,25=125/64
pasa, T.c. IOYTH BABOE. BrIroiHEE 3HAYMT KYIIUTh KPYITHBIN ap0y3, OH JOPOXKE
TOJIBKO B TIOJITOpPA pa3a, a CheI00OHOr0 BEIIeCTBa B HEM OOJIbIIE pa3a B JIBa.

Ipumep 129.
NmeroTest 1Be MEHBIE KaCTPIOJIM OJIMHAKOBON (DOPMBI M CO CTEHKAMH OJTHOM
tonuHsl. [IepBas B 8 pa3 BMecTuTenbHee BTOpor. Bo ckoJIbKO pa3 oHa Tsxenee?
Pemenue:
00e KacTprojid — Teja, reoMeTpuuecku moao0HbIe. Eciu Oomblas KacTprodis B 8
pa3 BMECTHTEIIbHEE, TO BCE €€ JIMHEHWHBIE pa3Mephl B 1Ba pa3a OOJIbIIE: OHA BIBOE
BhIIIIE 1 BABOE mupe. [lorTomy ee moBepxHOCTH OombIlie B 2:2 = 4 paza
(TTOBEpXHOCTH MOAOOHBIX TEJ OTHOCSITCS, KaK KBaJIpaThl TUHEHHBIX PA3MEPOB).
[Ipu oAMHAKOBOM TOJIIMHE CTEHOK BEC KACTPIOIN 3aBUCUT OT BEJIUUUHBI €€
MTOBEPXHOCTH.
OTBer: OoJbIast KaCTPIOJIA BUETBEPO TsHKEJIEe MEHbIIIEH KaCTPIOJIH.



3aoanus 0na camocmoamebHo20 peulenus:

Pemure cnenyroiue 3aiauu

1) CrpoutenbHblii Kupnud BecUT 4 ke. CKOJBKO BECHUT HWIPYIICUHBIN
KUPIIUYUK U3 TOTO e MaTepHalia, Bce pa3Mephl KOTOporo B 4 pa3a MeHbliie?

2) Tlpomarotcst 1Be ABIHK OJHOTO copra. OqHA OKPYXHOCThIO 60, Apyras —
50 cm. IlepBas B monropa pasa 1opoxe BTopoil. Kakyto JbIHIO BBITOJIHEE KYITUTh?

3) MSKOTh BUIIIHA OKPY>KaeT KOCTOYKY CJIOEM TaKOW K€ TOJIIWHBI, KaK 1
camMa KOCTOYKa. bymem cuuTaTh, YTO W BWINHS W KOCTOYKAa HMEIOT (GopMy
apuKoB. MoskeTe JI1 Bbl COOOPa3UTh B yMeE, BO CKOJIBKO pa3 00beM COYHON YacCTH
BUIIIHU O0JIbIIE 00beMa KOCTOUKU?

4) bamus Dvidens B [Taprwke, 300 m BBICOTHI, C/IeTaHa IIEITUKOM U3 JKele3a,
KoTtoporo nonwio Ha Hee okosio 8000000 xe. A xenaro 3aKa3aTh TOUHYO KEJIEC3HYIO
MO/IeJIb 3HAMEHUTOM OalrHu, BUCAILYIO Bcero 1 ke. Kakoit ona 6yner BbICOTHI?

5) Yto Tsrkenee: cTakaH caxapHOTO MECKy MJIM TaKOW jKe€ CTakaH KOJOTOTO
caxapa?

6) Iloyemy JiydrHa 3aropaercsi CKopee, 4eM TOJICTOE IOJICHO, OT KOTOPOTO
OHa OTKOJIOTa?

Konmponwvnwvie sonpocwi:
1. Yemy paBHBI 00BbEMBI PABHBIX TEN?
2. Uemy paBHO OTHOIICHHE 00HEMOB MOJOOHBIX TEN?
3. Uemy paBHO OTHOIICHHE 00BEMOB IPU3M, TUPAMH]I?

Jumepamypa: [10, c. 267-282]

IMpakTuyeckoe 3ansitue Ne60
IHoxo0ue Tes. OTHOMIEHNS IJIOLIA/IEei OBEPXHOCTEN MOJ00HBIX TeJl

Ilenv pabomur:
CMYOeHm OO0JIHCEH.
3Hamo:
- (hopMyIIBI 1T BEIYUCIICHHMS TUTOIIAICH TOBEPXHOCTEH IIMIIMHAPA, KOHYyca, cephl,
no00HBIX (UTYD;
ymemb:
- YMETh BBIYUCIATH IJIOMIAM MOBEPXHOCTEH IMIIMHIpA, KOHYyca, Chepsl,
MOI00HBIX (UTYP.

Ceéedenus u3z meopuu:
Inowaou men epawenus



Inowaows 60x0601 noGepxHOCMU YUTUHOPA
S=27RH
IInowaos nonol nogepxHocmu YuruHopa

S=2Socn.+Ssox =27R(R+H)

Inowaos 60xo0601 nosepxHocmu KOHyca
S=xnRI
Inowaow noanoil nosepxHoCmu KoHyca
S=Soen.+ S0 =R(R+I)

IInowaodwb 6oxo60U NOGEPXHOCMU YCEUEHHO20 KOHYCA

T =]
Spor =T(R+T)| !
Inowaos noanol noBepxXHOCMuU YCeYeHH020 KOHYCa
Spoun=m(R?+r?+(R+r)l)

IInowaow nosepxnocmu cghepwi
S=47R?
IInowaow cghepuueckoii nogepxnocmu cghepuyeckoco

ceamenma @ l

—_ 1
SﬁOK_ZﬂRH "i a R
« % i
Inowaow nonnoil nosepxHocmu cghepuueckozo S
cezamernma

SnOﬂH.:S60K.+7rr2:27TRH+7TVZ

llosepxnocmo epawenusi ompeska AB, HE UMEIOIIETO
¢ ochio | 00X BHYTPEHHUX TOYEK, paBHA
MIPOU3BEIEHUIO MTPOEKIIUU ITOTO OTPE3Ka Ha OCh U
JUTMHBI OKPYKHOCTH, PAANYyCOM KOTOPOM CIYKHUT
OTPE30K CEPEMHHOIO MEPIEHANKYISIPa OTPE3KA C
KOHIIAaMU Ha OCH U Ha OTPE3KE

OmHowenue nosepxnocmeti NOOOOHbLIX mei
paBHO KBazipaTy Ko3ppuuueHTa nogoomus

Ipumep 130.
B "IlyremectBuu ['ymiuBepa" paccka3piBaeTcs O JWIUIYTaX, POCT KOTOPHIX B 12
pa3 MeHblIE HOpMaIbHOTO. ECIM Ha KOCTIOM 4el0BEeKa HOPMAJIbHOTO pocTa uaeT 4
Mm% MaTtepuana, To, CKOJILKO MaTepHala uaeT Ha KOCTIOM JIMIHITYTa?
Pemienue:

Kod(pbuLreHT nogoous =122, T. e. HA KOCTIOM nununyTa uaet B 144 paza meHblIe.
T.o0., 40 000 cn?: 144=280 cnm?.

Ipumep 131.
Opun uenoBek Ha 1/4 Huxe apyroro. KakoBo OTHOIIEHHE MOBEPXHOCTEN UX Te,
cuMTasi, 4TO 00a Tejia TEOMETPUICCKU MTOT00HBI?



Penienue:
3 9
MTOBEPXHOCTH YEJIOBEKA MEHBIIIETO POCTA COCTABJISET (Zj = 0 MOBEPXHOCTHU

0oJ1ee BBICOKOTO.

Ilpumep 132.
[Tnomaas 60KOBOM MOBEPXHOCTH MIIMH/APA paBHa 217, a quaMeTp OCHOBAHUS
paBeH 7. Haiaure BBICOTY HUIIMHIPA.
Pemenue:
BBICOTA IIUJIMH/IPA PaBHA!
2R Irx
Ortser: 3.

Ipumep 133.
OxkoJo koHyca onucana cepa (cdepa coiepKUT OKPY>KHOCTh OCHOBAHHUS KOHYcCa
U ero BepunHy — puc. 77). LlenTp cdepbl HaXOAUTCS B HEHTPE OCHOBAHUS KOHYCA.

Pamuyc chepsl paBeH 28+/2 . Haiinure 00pasyIoIyo KOHyca.

Penienue:

Pucynox 77.

BBICOTA KOHYCa MEePIICHANKYIIIPHA OCHOBAHUIO M paBHa paauycy chepbl. Toraa mo
Teopeme [Indaropa momygaem:

12 =r%+r?,

1? =2r?,

| =ry2.

Pasuyc cheps! paBeH 282 mosToMy 06pasyroras paBHa;

28\/2+/2 =56.
Ortser: 56.

3aoanusn 014 cAamMoCmMoOAMENbHO20 PEUIEHUA:

Pemmre 3agauu:

1) CtopoHa nepBoro KBajpaTa 0OJIbIIIE CTOPOHBI BTOPOIo KBajpara B 2 pa3a (B 5
pa3). Bo ckonbpKko pa3 miomaab mepBoro kBaapara OoJblie TIIOmaan BTOPOTo
KBajpara?

2) Ctopona nepBoro kBajapara coctabiisieT 1/3 (0,1) cTOpoHBI BTOPOTO KBajpaTta.
Kakyto gacTh miomaabr mepBoro KBajapara COCTABISET OT TUIOIIAIH BTOPOTO
KBajpara?



3) KoaddurueHT mogodust B mog00HBIX MHOTOYTOIBHIKaX paBeH 4 (1/5; 0,4; 2,5).
UeMy paBHO OTHOIIEHUE UX TUIOIIAACH?

4) OTHOIIICHHUE IUIOMAACH MOA00HBIX MHOTOYTOJIbHUKOB paBHO 36 (100; 0,09).
Uemy paBHO OTHOIIEHUE CXOACTBEHHBIX CTOPOH ATUX MHOTOYTOJILHUKOB?

5) I[nomaab 6OKOBOI MOBEPXHOCTH IMIIMHIPA paBHa 187, a AMaMeTp OCHOBaHHS
paBeH 9. HaiiauTe BbICOTY HMIIMHIpA.

Konmponwvnwvie séonpocwi:
1. 3anummTe GopmyIbl TUIOMIAeH TOBEPXHOCTH LIMIMHAPA, KOHYyCa, Iapa.
2. YeMy paBHO OTHOIIIEHUE TTOBEPXHOCTEH MOJOOHBIX TEN?

Jumepamypa: [10, c. 295-302]

IIpakTuyeckoe 3ansitue Ne6l
JluckpeTHasi ciaydaiiHas BeJIMUMHA, 3AKOH ee pacnpeaeaeHus

Ilenv pabomuwr:
CMYOeHm OO0JIHCEH.:
3Hamb.
- OIIpEAEIEHNE JUCKPETHOM CIIy4YallHOM BEJINYWHBI;
ymems:
- CTPOUTb MHOTOYTOJIbHUK (TOJMIOH) pachpeleleHus] JHUCKPETHON
CIIy4allHOM BEJIMYUHBIL;
- COCTaBJISITh 3aKOH PACHpPEICIICHHS JUCKPETHON CITyYailHON BEJIMYUHBI.

Ceedenus u3z meopuu:

Cny4daitHoe COOBITHE MOYKET COCTOSITh, B YaCTHOCTH, B MOSBJICHUN HEKOTOPOTO
YHUCIia, 3HAaUCHUE KOTOPOro HE MOXKET ObITh OJJHO3HAYHO OMPEICSICHO YCIOBUSIMHU
€ro BO3HUKHOBEHUE. Takue cOOBITUSI HA3bIBAIOT CIIyYalHBIMU BeTUYMHaAMU. B
ATOM TPAKTOBKE MbI COXPAHSIEM KJIACCUUECKUMN MOAXO/I K MOHATHUIO CIIyYalHOTO
coObIThs. OTHaKO TpeOOBaHUE KOPPEKTHOCTU B MOCTPOCHUM MaTEMATUUECKUX
TEOpHUH 3aCTaBJsIeT HAC BHOBb OOPATUTHCS K AKCUOMATHYECKOMY TOAXOY,
COXPaHUB KJIACCUUECKHE MOJIEIN B KaUeCTBE HAIJISIAHBIX 00pa31ioB U3 chepbl
MIPAKTUYECKUX MPUIIOKECHUMN.

MaremMaTH4eCcKu KOPPEKTHO ONMPEAECTUTh CIYYaUHYIO BEIMYMHY KaK YHACIOBYIO
(GyHKITUIO, 3aJaHHYIO B IIPOCTPAHCTBE AJIIEMEHTAPHBIX COOBITHIA.

[Tpenmonoxum BHayae, 4TO MPOCTPAHCTBO FIEMEHTAPHBIX COOBITUH SIBISIETCS
KOHEYHBIM MHOECTBOM. COOTBETCTBYIOLIYIO €MY CIy4allHYIO BEIMYUHY
Ha3bIBAIOT TUCKPETHOM: OHA MOKET IPUHUMATH JIMIIb KOHEYHOE YMCIIO 3HAYCHHU,
KKJIOMY U3 KOTOPBIX MOXKET ObITh COMOCTaBJIEHA BEPOATHOCTD €0 MOSBJICHUS B
onbITe. [l03TOMY TUCKpETHBIE Clly4aiiHble BETMYMHBI MOXHO 331aTh TaOIUIEH
BHJIA:



X X1 X2 eee X

P P1 P2 eer |Pn

3neck OykBoi X 0003HaueHa ciayJdaifHas BEIMYWHA, X1, X2, ..., X, — [IEPEUCHB BCEX
€€ BO3MOXHBIX 3HAYEHUM, a P4, ..., Py — COOTBETCTBYIOIIUE UM BEPOSITHOCTH.
Takyro TaOJIMITy Ha3bIBAIOT 3aKOHOM PACTIPEICIICHHUS JUCKPETHON CIydaitHOM
BEJIMYUHEIL.

CoObiTusg X=x;, (=1, 2, ,3, ..., N) SBISIOTCS HECOBMECTHBIMU U CAMHCTBEHHO
BO3MOHBIMH, T. €. OHH 00pa3yIOT MOJHYIO CUCTeMY coObITHiA. [ToaTOMY CymMMma mx
BEPOSTHOCTEW paBHA €AMHULIE: p1+p2tpst...tpn=1.

Ipumep 110.
Pa3bIrpeIBatoTCs 1B€ BEIM CTOMMOCTBIO MO 5 py0. U 0/1HA Belllb CTOMMOCTHIO 30
py0. CocTaBUTh 3aKOH paclpe/eieHIs] BEIMTPHINICH ST YeJIOBEKa, KyMUBILETO
onuH ounet u3 50.
Pemenue:
MCKOMas ciiydaiiHasi BelnurHa X TIpeJICTaBIsAeT COOOM BHIUTPHIIT U MOKET
npuHuMaTh 3Hauenus: 0, 5, 30 py6. [lepBomy pe3ynbrary OmaronpusarcTByet 47
CJIy4aeB, BTOPOMY PE3yJIbTaTy — 2 ciaydas U TpeTbeMy — 1 ciyuaii. Haitnem ux
BEPOSATHOCTH:

P(x1)=47/50=0,94;

P(x2)=2/50=0,04;

P(x3)=1/50=0,02.
Torpaa 3aK0oH pacnpeneneHus CIIy4ailHON BEIMYMHBI UMEET BU/I:

Xi 0 5 30
Pi 0,94 0,04 0,02

B kauecTBe npoBepku HakeM p1+p2+p3;=0,94+0,04+0,02=1.

3aoanus 01 cAamMoCmMoOAMENbHO20 PEUIEHUA:

1 Bapuant 2 BapuaHT
1) [TocTpouTh MHOTOYTOJIBHUK 1) [TocTpouTh MHOTOYTOIBHUK
(moJIMroH) pacupenesieHus (moJIUroH) pacupeneieHus
JTUCKPETHOM CITydaiiHOM BEIMUMHBI X, | IUCKPETHOM CITy4aliHOM BEJIMUYUHBI X,
3aJIaHHOM 3aKOHOM paclpeleIeHUs: 3aJIaHHOM 3aKOHOM paclpeeIeHUs:
X 2 |4 |5 |6 X 10 | 15| 20
p (03]0110,2|04 p 1011(0,7(0,2
2) CTpenok Aenaer o MUIIEHU TPU 2) CoctaBUTh TaOIUILY
BbICTpesia. BeposTHOCTh nmonafgaHus B | pacrpeeieH s BEpOATHOCTEN
MUIIEHb IPH KaKJ10M BBICTpEJie CIIy4ailHOT0 4Kciia OYKOB,
paBHa 0,3. [TocTpouTts psan BBINABILIETO HA BEPXHEHN IpaHu




pacapeaciCHus Yruciia HOHaﬂaHHﬁ.

UTPAJILHOTO KyOHKa IIPU OJHOM
no0pachIBaHUU.

3 BapuaHT
1) [TocTpoUTs MHOTOYTOJIBHUK
(moJMron) pacupenesieHus
JIMCKPETHOU CilydyaliHOM BEJIMUYUHBI X,
3aJIaHHOM 3aKOHOM paclpeleTICHUs:
X | 10| 20| 30| 40

p (03]01(02 04

2) UrpanbHyto KOCTh OpOCarOT
nBaxael. CiydaiiHas BeIMunHa X —
CyMMa OYKOB IpU 000UX
noaopaceiBanusax. COCTaBUTh
Ta0JIUIly pacupeiesICHUs

4 papuaHT
1) ITocTpoUTH MHOTOYTOJIBHUK
(moJIUroH) pacupenesieHus
JUCKPETHOM CIIy4ailHOW BETMYUHBI X,
3aJIaHHOM 3aKOHOM paclpeleIeHUs:
X |5 |10] 15| 20

» |01]03]0.204

2) B xopobxe Haxoasrcs 7
KapaHIallei, u3 KOTOPbIX 4 —
kpacHele. Haygauy 6epyT Tpu
kapangama. Kakoit 3aKoH
pacnpeaeneHust UMEET CilydaiiHas

BEPOSTHOCTEM. BEJIMYMHA, 03HAYAIOIAs YUCIIO
W3BJICYEHHBIX KPACHBIX KapaHAAIen?
S BAapMaHT 6 BapuaHT

1) [TocTpoUTh MHOTOYTOJIBHUK
(TOJUTOH) pacrpeeeHHs
JTMCKPETHOM CTydaliHON BEJIMYMHBI X,
3aJIaHHOW 3aKOHOM paclpeIeTICHUs:
X 12 |4 |5 |6

» 101020502

2) CocTaBUTh TaOJIHITY
pacnpeaeneHust BEpOATHOCTEN
CJIy4alHOIO YKCJia OYKOB,
BBITIABIIETO HA BEpXHEW IpaHu
UTPATTLHOTO KyOUKa MPU OJTHOM
1Mo10pachIBaHUH.

1) ITocTpoUTh MHOTOYTOJIBHUK
(TONUTOH) pacnpeneneHus
JTMCKPETHOM CITydaifHOM BEJIMUUHBI X,
3aJIaHHOMW 3aKOHOM pacmpeleTICHUsI:
X 11 |2 |3 |4

» 102040103

2) CTpenok Aenaer o MUILEHU J1Ba
BhICTpeNa. BeposaTHOCTh monaanus B
MUIIECHb [P KaXKJIOM BBICTpEIIe
paBHa 0,3. ITocTpouts psiz
pacnpeziesieHus Yucia monajaaHui.

/ BapMaHT

1) ITocTpoUTh MHOTOYTOJIBHUK
(moyMroH) pacnpeeneHusl
JIMCKPETHOM CiTydallHON BEJIMYUHBI X,

8 BapuaHT

1) ITocTpouTh MHOTOYTOJIBHUK
(moyiuroH) pacupeneieHus
JIMCKPETHOM CTy4yallHOM BEJIMUUHBI X,




3aJJaHHOW 3aKOHOM paclpeIeIeHHUSL:
X |1 |4 |7 |10

p 1031]04(02 |01
2) B xopoOke HaxozasTcs 9

Haynauy OepyT Tpu kapaHjamia.
Kaxkol 3ak0H pacripeneneHus nMeeT
Clly4aiiHasi BEIMYMHA, O3HAYAOIIAS
YHCJIO U3BJIEUEHHBIX CUHUX
KapaHJalen?

KapaHJauiei, u3 KOTOpbIX 4 — CUHUE.

3aJJaHHOW 3aKOHOM pacIpeIeIeHHMS:
X 10|30 5

» 1030502

2) UrpasibHy10 KOCTb OpOCaroT
Tprkabl. CyyaiiHas BeMyuHa X —
CyMMa OYKOB IIPH TpeX
noaoOpaceiBaHusix. COCTaBUTh
TaOJHITY pacTpeeIcHUs
BEPOSTHOCTEM.

9 BapuaHT

X 12 (4 |5 |6
p (03]01(02 04

qucia HOHaﬂaHHﬁ.

1) [TocTpoUTh MHOTOYTOJIBHHK (IIOJIUTOH) PACIIPEICIICHUS TUCKPETHOM
CJIy4ailHOM BeJIMYMHBI X, 3aIaHHON 3aKOHOM pacipeieICHus:

2) CTpenok Jeaet 1o MUIIEHH YeThIpe BhIcTpesa. BeposTHOCTh nomnaianus B
MUIIEHb TIPU Kak10M BeIcTperie paBHa 0,2. [loctpouts psan pacnpeneneHus

KOHmPOJle ble eonpocol:

1. JlaiiTe omnpenaenieHue CIy4yaHOTO COOBITHSI.
2. UTo Ha3BIBAETCS CIyYAHON BEITMUUHON?
3. TlosicHuTte 3aKoH pacmpesesieHus: AMCKPETHON CITy4aifHOW BETUYHHBI.

Jumepamypa: [6, c. 204-206, c. 216-218]

IIpakTuyeckoe 3ansitue Ne62

Pemenue NMPAKTUHYICCKHUX 3aaY ¢ IPUMCHCHUEM BEPOATHOCTHBIX METO10B

Ilenv pabomur:
CMYOeHm OO0JIHCEH.
3HAMb:

- (bOpMy.TIBI AJIs1 BBIYUCIICHUA MAaTEMATHYCCKOTO OKUJAaHHWA, AUCIICPCUN, CPCIHECTO

KBaJIpPATUYHOTO OTKJIOHEHUS TUCKPETHOM CIy4YailHOM BEJIMYUHBI;

ymMems:
- BBIYHCIATH

MaTCMaTH4ICCKOC

OXXUJAHUE, JTUCIIEPCHIO,

KBaJIPaTUYHOE OTKJIIOHEHHUE JUCKPETHOM CIyYalHOW BEJIUYMHBL.

Ceéedenus uz meopuu:

Cryyalinble BeTMUMHBI (JUICKPETHBIE U HEMPEPHIBHBIE) XapaKTEPU3YIOTCSI CBOUM

3aKOHOM pacCIrpCaCIICHMA. 3aMeTI/IM, YTO 3TO UCUCPIIbIBAIOIIAA XapaKTECPUCTHUKA B TOM

CMBICJIE, YTO B 3aKOHE PACIIPENIENIEHUsI COJEPIKUTCS BCsl MH(OpMALWs O CITydaiHON

cpenHee



BenmurHe. HUuKaKko# cKosib yroIHO CIIOKHOM MaTeMaTniecKkoi 00paboTKoi
HaOJTI0/TaeMbIX 3HAYEHUHN CTy4ailHOM BEJTMUMHBI O HEl HEBO3MOKHO MOJTyYHUTh
CBEIICHUS, HE COZIEp KALMECS B 3aKOHE pactipeeneHust. OTHAKO ITOT 3aKOH 4acTo
HEW3BECTEH U O HEM IPUXOJIUTCS CYIUTh HA OCHOBE KaKMX-TO IPUOIMKEHHBIX
oieHOK. C Apyroil CTOpOHBI, AJI1 MHOTUX MPAaKTUYECKHUX 3a]a4 Takas nH(opManus
SBJIIETCS N30BITOUHOM: IOCTATOYHO 3HATH JIMIIb HEKOTOPbIE KOJMYECTBEHHBIE
XapaKTEPUCTUKHU 3aKOHA PaCIpEIEICHUS.

[IpocTenmen, HO OYE€Hb BaKHOM XaAPAKTEPUCTUKON SIBIISETCS. MATEMATHIECKOE
OKHMJIAHUE.

[TycTs, Hanpumep, X - TUCKpPETHAs cly4yaliHas BeJIMYMHA paCIpeesieHa 110
3aKOHY:

X | x| x| ... | xu
P P1 P2 DPn

Torpa ee mamemamuueckoe oxcuoanue M(X) onpenensercs paBeHCTBOM

M (X) =x1 P17+ x2 P2t...+ Xy P
OOpaTuM BHUMaHHE Ha TO, YTO XOTSI KOHKPETHBIE 3HAUEHUS BEIUUUHBI X
SBIISIFOTCS CIIy4allHBIMU, MaTeMaTu4ecKoe oxuaanue M(X) ciydaiiHbIM He
SIBJISICTCSI.
[TycTb, HanipuMep, UCIIBITAHUE COCTOUT B OPOCAHUU UTPAILHOTO KyOHuKa.
[TockonbKy BBITIAZICHUE KXKIOW TpaHU PaBHOBO3MOXHO, Pi=1/6. CnemoBarenbHo,
MaTeMaTUYECKOE OKUIAHNE YHCIIa BBHITIABIINX OYKOB PABHO

MX)=16(1+2+3+4+5+6)=21/6=3,5.

Yucino, 61M3K0e K 3TOMY, OJIYYUTCS, €CIIM PeaIbHO OpocaTh KyOMK MHOTO pa3 U
MOJICYNTATH CyMMY OUYKOB, JICJIEHHYIO Ha YHCIIO OPOCKOB.

MatemaTruyeckoe oOXKuJlaHue U cpesiHee apuhMeTUIECKOe CITydailHOM BEJIMYUHBI -
BAJKHBIC XapaKTEPUCTUKH 3aKOHA PaCIpPEIETICHUs, HO, 3Hasl TOJIbKO UX, Mbl UMEEM
elle BecbMa OJIHOCTOPOHHEE MpeAcTaBiicHue o HeM. He sicHo, Hanpumep, Kak
BEJIUKHU MOTYT OBITh OTKJIOHEHUS 3HAYEHUW BETUYMHBI OT ITUX XaPAKTEPUCTHUK.
Benb oaHO 1 TO kK€ 3HaUECHUE CPEAHETO apuPMETHIECKOTO HAOIII01aeMbIX
3HAYEHUN MOKET MOJIYYUTHCS KaK B CIydae, KOrja BCEe 3HAUCHHS HAXOIATCS
BOJIM3U CPETHETO, TaK U B CIIy4ae CKOJb YTOJAHO OOJIBIIUX OTKJIOHEHUHN OT HETO B
CTOPOHY OOJIBIIIUX U MEHBIIINX BEJIMYUH.
J1st Toro 94TOOBI XapakTeprU30BaTh B CPEIHEM BEIUYMHBI TAKUX OTKJIOHEHUH,
BBOJIUTCS €III€ OJIUH BaXKHBIN MapaMeTp 3aKOHa pacnpe/ieseHUs], HA3bIBAEMbIii
JVCTIEPCHUEM.
Jlucnepcueti (paccestHueM) TUCKPETHOM CIIy4ailHON BEJTMYMHBI HA3bIBAIOT
MaTEeMaTUYECKOEe OKUJIaHNEe KBaJpaTa OTKIOHEHHSI CIIyYailHOW BETMYMHBI OT €€
MaTeMaTUYECKOTO OKUJIaHHUS:
D{X) = M[X- M(Y)]*

Taxk e AucIepcruio MOKHO BBIUUCITUTH U TI0 (popmyIie:

D{X) = M(X°)- [M(X)]?,



T. €. KaK Pa3HOCTh MAaTEMAaTHYECKOTO 0’KMAAHUS KBaJpaTa 3HAYCHUMN CIIy4YalHOU
BEJIMYMHBI U KBaIpaTa €€ MaTEMaTUYECKOTO OKUIaHU.
Jlucniepcust CyMMBI IByX HE3aBUCHUMBIX CITyYalHBIX BEJIMYMH PaBHA CyMME

I[I/ICHepCI/Iﬁ ITUX BCINYHNH:
D(X+Y) = D(X) + D(Y).

MHorue cityyaliHble BETMUMHBI, BCTPEYAIOIINECS HA PAKTUKE, UMEIOT
pa3mepHocTh. Hanpumep, BeIHMUnHBI, KOTOPBIE BCTPEUAIOTCS IPU Pa3IMUHBIX
u3MepeHusx. Tormaa, eciu, CKaxkem, CiydaiiHasi BeTHYHHA U3MEPSETCS B METpax,
TO AucnepcHs OyaeT UMETh Pa3MEPHOCTL M2. [103TOMY BBOAMTCS elIe OHA
XapaKTEPUCTHUKA, HA3bIBAEMasl CPEOHUM K8AOPAMUYECKUM OMKIOHEHUEM,
o0o3Havaercs: o =,/D(X) . ee pa3MepHOCTh COBMAIAET C Pa3MEPHOCTHIO

CJIy4allHOM BEJIUYHHBI.

Ilpumep 111.

[TycTh X — 4KCIIO OYKOB, BBINAJAIONIUX P OJTHOM OpOCAaHUU UTPATTBHON KOCTH.
Haiitn nucnepcuto cirydailHOM BETUYUHBL X.

Pewmenue:

ClIy4aiiHas BeIM4rHa X — 4MCJI0 OYKOB IIPUHUMAET 3HaueHus 1, 2, 3,4, 5, 6.
CocTaBuM 3aKOH €€ pacupeacIeHus:

Xi 1 2 3 4 5 6
o | L | L | L[ L |11
6 6 6 6 6 6

Tornma e€ MaTeMaTHYECKOE OXKHIAHUE:

M(X)= 1-1+2-1+3-1+4-1+5-£+6-1:3,5.
6 6 6 6 6 6
Hainem oTkiioHeHud g X1, X2, ..., Xe.

X10:1-3,5; X20=2-3,5; X30:3-3,5; X40=4-3,5; X50=5-3,5; X60:6-3,5.
Brrancnum nucnepcuio:

D(X) = %((1—3,5)2 +(2-35)°+(3-35)° +(4-35)*+(5-35)° +(6-35)%) = i—g

3aoanus 01 cAmMoOCMOAMENbHO20 PEUIEHUA:



1 BapuanT
1) Monety nogopacsiBaroT 7 pas.
Hatitu MmaTemaTnueckoe OXXHujaHue,
JUCIICPCUIO YHCIIa MOSIBJICHUN repoa.
2) HaliTn MatemMaTH4eCKOE OXKUIAHNE
Y TUCTIEPCUIO CITYyYailHON BEJIMYMHBI,
3aJJaHHOW TabJIUIEH pacpeIeIeHUS:
X 113|467

»  |0,1]0,1]0,3]0,4]0,1

2 BapuaHT
1) UrpanpHyto KOCTh TOAOPOCHIIH S
pa3. Haritu Mmarematuueckoe
O’KHJIAHUE, TUCTIEPCUIO YUCTIA
HEBBINA/ICHUS €UHULIBI.

2) Haiitu MatemMaTH4ecKoe OXKUIaHUE
Y JUCIIEPCUIO CIIyYalHOW BEJIMYHHBI,
3aIaHHOM Ta0JIMLIEH pacnpeieeHUs:
X 21-110]1]2
p 0,1{0,2/0,3{0,3{0,1

3 BapUaHT
1) Haiit maTeMaTH4ecKoe 0OKUIaHUE
Y JUCIIEPCUIO CIIyYallHOW BEJINYHHBI,
3aJIaHHOM TabJIMLEel pacnpeleIeHus:
X 114 |7 (10]|13

P 0,1(0,1/0,3|0,4|0,1

2) Mosnety noa0pacsiBaioT 6 pas.
Haittu nucnepcuro u cpennee
KBaJIpaTUUYECKOE OTKIOHEHHUE
CIIy4YallHOM BEJIWYMHBI X — BBINIAICHUS
«PEIIKNY.

4 BapuaHT
1) HaiiTn MmaTeMaTHu4eCcKoe OKHUIaHUE
Y JUCIIEPCUIO CIIyYalHOW BEJIMYHHBI,
3a/IaHHOM Ta0JIMLIEN pacipeieeHuUs:
X 112 |3|4]5

p |0,15|0,17/0,35|0,21|0,12

2) Monety nmoa0OpachiBaioT 5 pas.
Haittu nucnepcuro u cpenuee
KBaJpaTUYECKOE OTKIIOHEHHE
CIIy4YalHOM BEJIWYHUHBI X — BBINIAJICHUS
rep0a.

5 BapHaHT
1) Haiit MmaTeMaTHu4ecKoe OKUIaHUE
Y JUCIIEPCUIO CIIyYallHOW BEJIMYHHBI,
3aJIaHHOM TabJMLEel pacnpeieIeHus:
X 10| 30 | 40 |60 | 70

P 0,30,13|0,45/0,1 0,02

3) UrpanpHyto KocTh moa0Opocuiu /
pa3. Haiitu Mmarematnueckoe
OKUJaHWE, AUCTIEPCUIO YHCTIa
HEBBITIAJICHUS €IMHUIIBI.

6 BapuaHT
1) Haiitu MmaTeMaTU4eCcKOE OKHUIaHUE
Y JUCIIEPCUIO CIIyYalHOW BEJIMYHHBIL,
3a/IaHHOM Ta0JIMLIEN pacnpeieNeHus:
X 1|5 (10(15| 20

)% 0,1(0,11/0,2|0,22|0,37

3) UrpanbHyto KOCTb MOAOPOCHIIH D
pa3. Haittu matematnueckoe
OKUJaHHe, AUCIIEPCHUI0 YHCTIa
HEBBINAJICHUS €AMHULIBI.

7/ BapuaHT
1) Haiitu maTemMaTH4YeCKOE OKUaHUE
Y TUCTIIEPCUIO CIIyYalHON BEJIMYUHBI,
3aJIaHHOM TabJuIIel pacipeieTICHusI:
X 10 | 20 |30

p 10,125/0,375|0,5

2) IIpaBuiibHas TpEyroabHasI
NMpaMUJla UMEET IPOHYMEPOBAHHbBIE
rpaunu 1, 2, 3, 4. 3anuinTe 3aK0H
pacrpeneneHus s BbIaICHUS
HOMEpPA IPaHu, HA KOTOPOM CTOUT

8 BapuaHT
1) Haiitn MmaTemMaTH4YeCKOE OKUaHUE
Y JUCIIEPCUIO CIIyYaiiHON BEJIMYUHBI,
3aJIaHHOM TaOJIUIIeH pacipeieIeHus:
X 10 | 30 | 50

p |0,175(0,35|0,475

2) UrpanbHblii KyOUK IMEeT
MPOHYMEpPOBaHHbIC Tpanu 1, 2, 3,4, 5,
6. 3anuIunTe 3aKOH paclpeaeIeHus
JUTSl BBIMTA/IEHUsI HOMEpa T'paHu, Ha
KOTOPOM CTOUT KYOUK.




‘ ImupamMuaia.

Konumponwvnsie gonpocwi:

1. Yrto Ha3bpIBaeTCd MaTEMAaTUUYECKUM OXHUJAHUEM JUCKPETHON CIydailHOU
BEITUYNHBI?

2. Yto Ha3bIBaeTCS JUCIIEPCHUEH TUCKPETHOM CIydyallHON BEJIMUMHBI?

JInteparypa: [6, c. 214-217]

IIpakTHyeckoe 3ansiTue Ne63
CBoiicTBa OMHOMHHAJIBbHBIX KO3()PUUMEHTOB

Ilenv padomuwr:
CMYy0eHm OO0JIHCEH:
3HAMb:
- (popmyny Ounoma HeroToHa;
- CBOMICTBa OMHOMUHAIBHBIX KO3 (PHUIIEHTOB;
ymemy:
- packiaapIBaTh OMHOM IO CTEIIEHSM X;
- BO3BOJUTbH B PA3JIMUHbIE CTENIEHU TPEXUJICHBI.

Ceedenus uz meopuu:

Dopmyna burnoma Hotomona

bunom HeroToHa — 3T0 (hopMysia pa3iiokeHus CTereHu qpy4wieHa (ouHoma) (a+hb)"
B BUJIC MHOT'OYJICHA OT &  b.

3anumiem pasnokeHus: OmHoMa HpF0TOHA [1s1 HECKOJIBKUX TIEPBBIX 3HAYCHUH N:

(a+b)*>=a’+2ab+b?,
(a+Db)® =a®+3a’b+3ab* +b°,
(a+Db)* =a* +4a’n +6a’b® + 4ab® +b*,
(a+b)®> =a’ +5a’b+10a’h* +10a°b® + 5ab* + b°.

Yro6k! HaiiTi K03 dumuent npu ab™* B paznoxkennu 6uHoma (a+b)" B 06mEeM
ciiydae, MpeJcTaBuM cebe, 4TO MbI IEpEMHOKaeM N CKOOOK U TIPUBOIUM
nofo6HkIe wieHsl. Ynen akb™* BcTpeTnTCes CTONBKO pa3, CKOIBKO MOXKHO yKas3aTh K
CKOOOK (13 N BO3MOKHBIX ), U3 KOTOPBIX Mbl BO3bMEM MHOKUTENH @ (a U3

OCTaJIbHBIX aBTOMATHYECKH BO3bMeM D). D10 umnciio paBHO 4rcay BRIOOPOK K
CKOOOK M3 N BO3MOXKHBIX, KOTOPOE HOCUT Ha3BaHHE YHCJIa COUCTaHUN U3 N 110 K 1

o6o3nauaercss C r|]< .

B s1trx 0603HaueHusIX PopMysia UMEET CIICTYIOIIUA BU/L:
(a+b)'=a"+Cla""b+C’a"%b? +...+C"ab"* +b".

WHbpIMH CJI0BaMH, YHCI0 coueTaHuit u3 N 1o K paBHO ko3 duiineHTy mpu wieHe a™

kb B pasnoskenuu N-oii creneny apydseHa (a+h) mosromy uncna coueranwuit
HA3BIBAIOT UHAYE OUHOMUATbHBIMU KOIDDuyuenmamu.



DTy CBS3h MOYKHO MCTIOJIB30BATh JIJIsl BEIBO/IA CBOMCTB COYETAHUI
anreOpanvdecKuMH MeTo1aMu. Takoi Moaxo/1 K BEIBOJIY CBOMCTB KOMOMHATOPHBIX
00BEKTOB HOCUT Ha3BAHUE Memo0d NPOU3B00AUUX DYVHKYULL.

Cesoticmea OUHOMUATILHBIX KOIDDUYUEHMO8
bunomuanbHbIe K03()PUIMEHTH 00J1aAaF0T OOJIBIITUM KOJTUIECTBOM CBOMCTB.

Csoiicmeo 1. C+=n.

Ceoticmeo 2. Cy = Cn™* — GunoMuanbHbie K02 (P UIIUEHTBI, PABHOOTCTOSIIUE OT
KOHIIOB, PaBHBI MEX1y COOOM

Ceoticmeo 3. CL+Cr+...+C" =2" _ CyMMa OMHOMHUAJIBHBIX KOA()PUITHEHTOB
npu puxkcupoBaHHOM N paBHa 2".

Ceoticmeo 4. Cy +CE+Cp +...=Cy+Cr +C; +..=2"" — cymmnl
OMHOMMAJIBHBIX KOA(PPUIIMEHTOB, CTOAIIMX HA YETHBIX U HA HEYETHBIX MECTaX,

PaBHBI MeX1y cOO0H (M paBHBI IO MOJOBUHE OT OOIIEH CyMMBI).

o k k+1 _ k+1
Ceoticmeo 5. C, +C., " =C..; — PEKYPPEHTHOE COOTHOIIICHUE, CBS3BIBAIOIIIEE

OMHOMUAJILHBIC KOB(i)(I)I/IHI/IeHTbI A COCCIHUX CTCIICHEH.

Ilpumep 102.
Paznosxuts 6unom (1+x)° mo cremnensm X.
Pewmenue:
npumensieM popmyny Ounoma HerotoHa:

(1+x) =1° + Clx + C2x® + C3x® + Clx* + Cox° + x°.
3HauyeHHs] OMHOMUATBHBIX KO3 (PHUIIMEHTOB HAXOAUM IMOCIEA0BATENBHO M0
(bOpMy.TIC Crll< + Crl]Hl — Ck+l_

n+l -

C=C+C=(C+C?)+(C2+C3)=4+2(Ct+C?)+4=4+12 +4=20.

T.0. (1+x)° =1+6x+15x% + 20x° +15x* + 6x° + x°.

3aodaua ona camocmoamenvnozo pewenus Nel. Paznoxurs 6uaom (1+x)° no
CTETICHSIM X.

Ilpumep 103.
BosBectu Tpexunen a+b+c B yerBepTyto creneHs.
Pewenue:
npumensieM popmyny Ounoma HerotoHa:
(a+b+c)* =a*+b* +c* c 2o R s Bore s 2ota s o+
3 3 3 3 3 3

| | | ] |
e ey Mg e Maone Fhrac 2 ozan -
212! 2121 2121 2! 2! 2!

=a*+b* +c* +4(a’h+a’c+b’)+6(a’h* +a’c® +b’c?) + 4(b*a+c’a+c’b) +
+12(a’bc +bac + c*ab).



3aoaua ona camocmosamenvnozo pewrenus No2. Bozpectu tpexuiieH a+b+C B
TPETHIO CTEIICHb.

Konmponsuwie eéonpocwi:
1. 3anummre popmyny 6uHoma HeroTona.
2. Ilepeunciure cBOMCTBa OMHOMUHAIBHBIX KOA(PHUIIMEHTOB.

Jumepamypa: [16]

IIpakTuyeckoe 3ansitue Ne64
Tpeyroabuuk Ilackanus

Ilens pabomor:
CMYOeHm OO0JIHCEH.
3HamMb:
- IPUHITUTI TTIOCTPOEHUS TpeyroabHuKa [lackans;
ymemb:
- BO3BOJIUTH JBYWICH B JTIOOYIO HATYypaJbHYIO CTEIICHb.

Ceeodenusn uz meopuu:

Tpeyzonvuux Ilackana — 6eckoHeuHas Tabiuia OMHOMUATBHBIX KO3GhDOUITUEHTOB,
UMEIOIast TPEYToJIbHYI0 popMy. B 3TOM TpeyroibHIKE HA BEPIIMHE U 110 OOKam
CTOSIT eAuHULIbl. KaXk/10€ Yucao paBHO CyMME JIBYX PACIIOJIOKEHHBIX HAJl HUM
yucen. CTpOKH TPEyTroJbHUKAa CHMMETPUYHBI OTHOCUTEIBHO BEPTUKAIBLHOM OCH.

HasBan TpeyrosibHUK B yecTh biiesa [lackains.
1 1

[lepBas cTpoka B 3TOM TabIHIIE COACPKUT OMHOMHUAIBbHBIE KOADDHUITMEHTHI JIsI
n=1; BTOpast — 1y N=2; TpeThs — AJist N=3 u T.1.
Ilpumep 104.
Paznoxuts Bepaxkenue: (a+h)’.
Pemenue:
MBI MOYKEM TTOJIYIUTh Pe3yJbTaT MOMEHTAIBHO, UCTIOJIb3YS M3 TaOJIHIIBI
PasIoKEHHE 1O CEABLMOM CTpOKE (T.K. CeabMasi CTEIEHb JBYUJICHA):
(a+b) =a’ +7a°b+21a°b? + 35a’b® + 35a°b* + 21a’h° + 7ab® + b’

3aoaua ona camocmoamenvrno2o peuwienus Nel. [1ocTpouTh TpEyroabHUK
[Tackaist 1o MBaAIIaTON CTPOKH.


http://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%BD%D0%BE%D0%BC%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D0%BA%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82%D1%8B
http://ru.wikipedia.org/wiki/1_(%D1%87%D0%B8%D1%81%D0%BB%D0%BE)
http://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%81%D0%BA%D0%B0%D0%BB%D1%8C,_%D0%91%D0%BB%D0%B5%D0%B7

3aoaua ona camocmosamenvnozo pewenusn Ne2. Paznoxuth Beipakernue: (a+b)",

rzae N — Homep 1o xypHainy (ecnu Bam Homep 1-7, To mpubaBbTE K HOMEPY YHUCIIO
5).

Konmponwvuwvie éonpocwi:
1. ChopmynupyiiTe NpUHLIMI TOCTPOCHUS TpeyronbHuKa [Tackans.

Jumepamypa: [16]

IIpakTuyeckoe 3ansiTue Ne65
ITousiTHE 0 HE3ABUCUMOCTH COOBITHI

Ilens pabomor:
CMYOeHm OO0JIHCEH.
3HamMb:
- OIpeJIEIICHNE HE3aBUCUMBIX COOBITHI;
- TEOpPEMY YMHOKECHHSI BEPOSTHOCTEH;
ymemb:
- BBIYUCIIITH BEPOSITHOCTh HE3aBUCHMBIX COOBITHH.

Ceéedenus u3z meopuu:
[TycTh BEpOSATHOCTH COOBITHS B HE 3aBUCHUT OT IMOSBJICHUS COOBITHS A.
Cobvimue B Ha3bIBAIOT He3a8UCUMbIM om cobbimusi A, eClu TIoIBIICHUE cOOBITHS A
HE M3MEHSET BEPOSITHOCTH COOBITUS B, T. €. €CJIM YCIIOBHAS BEPOSTHOCTb COOBITHS
B paBHa ero 6e3yci10BHOM BEpOSTHOCTH:
Pa(B) = P(B).

Hrak, eciin coObITHE B HE 3aBUCHUT OT COOBITHSA A, TO COOBITHE A HE 3aBHUCHUT OT
COOBITHS B; 3TO 03HAYACT, UTO CBOUCHBO HEe3ABUCUMOCTIU COOLIMULL B3AUMHO.
JI71st HE3aBUCHMBIX COOBITHI TeOpeMa YMHOXEHHUS UMEET BH/I:

P (AB) =P (4)-P (B),
T. €. BEpOSATHOCTH COBMECTHOTO TIOSIBIICHHS IBYX HE3aBUCUMBIX COOBITHI paBHA
MIPOU3BEICHUIO BEPOSITHOCTEM 3TUX COOBITHMA.
JIBa COOBITHS HA3BIBAIOT HE3ABUCUMBIMU, ECITH BEPOSATHOCTh X COBMEIIICHUS
paBHA MTPOU3BEIACHUIO BEPOSTHOCTEH I3TUX COOBITHI; B IPOTUBHOM CIIydae
COOBITHS Ha3BIBAIOT 3A6UCUMBIMUL.
Ha npakTuke 0 He3aBUCUMOCTH COOBITHH 3aKJIFOYAIOT 110 CMBICTY 3a7a4H.
Hanpumep, BEpOITHOCTH MOPAKESHHS 1SN KaXKIbIM U3 IBYX OPYJIUM HE 3aBUCST
OT TOTO, TIOPA3WJIIO JIX IEJIh APYTO€ OPYAHE, TOITOMY COOBITHS «IIEPBOE OPYAHE
MOPA3WIIO TIENTb» U «BTOPOE OPYAHE MOPA3UIIO 1IETThY) HE3aBUCHMBI.

Heckonbko cobdbimuii Ha3bIBAIOT HONAPHO HE3A6UCUMBIMU, €CITU KaXKIbIE [1BA U3
HUX He3aBucuMbl. Hanpumep, codbiTust 4, B, C nonapHo HE3aBUCUMBI, €CJIH

He3aBUCUMBI coObITHI A u B, Au C, Bu C.

Ilpumep 107.



[TycTh B ypHEe umeeTcs 4 1apa, OKpalleHHbIe: OJUH — B KPACHbBIN BET (A), OJUH —
B cuHUH 11BeT (B), ouH — B uepHbIi 11BeT (C) ¥ OJIUH — BO BCE 3TU TPH 1IBETA
(ABC). Yemy paBHA BEpPOSATHOCTH TOTO, YTO M3BJIICUYCHHBIN U3 YPHBI IIIAP UMEET
KpacHBIN 1IBET?

Pemienue:

T.K. M3 YeThIpEX MIapOB JBa KMEIOT KpacHbIi 1BeT, To P(A4)=2/4=1/2.

Paccyxnas anamornyso, Haitinem P(B)=1/2, P(C)=1/2.

JlommycTuM Temnepb, YTO B3SITHIN IIap UMEET CUHHI LIBET, T. €. COObITHE B yxke
npousonuio. U3MeHUTCs 11 BEPOATHOCTh TOTO, YTO U3BJICUYECHHBIN IIap UMEET
KpacHBIN I[BET, T. €. U3MEHHUTCS JIU BEPOSTHOCTH COOBITHS A7

W3 nByX mapoB, UMEIOIIUX CUHUM LIBET, OJIMH IIap UMEET U KPACHBIN LIBET,
MI03TOMY BEPOATHOCTH COOBITHS A Mo-ipexkHeMy paBHa 1/2. Jlpyrumu cioBamu,
yCIIOBHAsI BEPOSATHOCTH COOBITHS A, BEIUUCICHHAS B IPEATIONIOKEHUH, YTO
HACTYNHJIO COOBITHE B, paBHa ero 6e3yciaoBHOM BeposiTHOCTH. ClieI0BaTeIbHO,
COOBbITHSI A ¥ B HE3aBUCHMBI.

AHaNOruyHO MpujeM K BoIBOY, 4To coObiThsa A 1 C, B u C He3aBucuMsl. MTaxk,
coObITHs A, B u C nonapHo He3aBUCHUMBI.

HezaBucumel 11 3TH cOOBITHS B COBOKYMHOCTH? OKa3bIBaeTCs, HET.
JlelicTBUTENBHO, MyCTh U3BJIICUCHHBIN 11ap UMEET JIBa I[BETA, HAIIPUMEDP CHHUI U
yepHblii. UeMy paBHa BEpOATHOCTh TOT'O, UTO ATOT IIAP UMEET U KPACHBIN I[BET?
JIumb 0JMH 1mIap OKpalleH BO BCE TP I[BETA, IO3TOMY B3AThIH IIap UMEET U
KpaCHBIN LIBET.

T.o., nonycTuB, 4T0 cOOBITUSI B 1 C NpOU30IILIIH, TPUXOIUM K BBIBOJY, UTO
coObiTe 4 00s13aTeNbHO HACTYNUT. ClieI0BaTENbHO, 3TO COOBITHE JOCTOBEPHOE U
BEPOSITHOCTh €0 paBHA €JIMHULIE.

Jlpyrumu caoBaMH, yciaoBHast BeposiTHOCTh Pec (A)=1 coObITHS A HE paBHA €ro
oesyciioBHol BeposiTHOCTH P(A4)=1/2. Vtak, monapHo He3aBUCHUMbIE COOBITHS A, B,
C He SABJISIIOTCS] HE3aBUCUMBIMH B COBOKYITHOCTH.

BQPOﬂMHOCWlb COBMECNHO20 NOABNEHUA HECKOJIbKUX CO6blmulZ, He3aeUuUcuUmMvlx 6

COBOKYNHOCMU, PABHA NPOU3BEOCHUIO 8EPOSIMHOCMEN dMUX COOLIMULL
P(AlAz An) = P(Al)'P(Az)'...'P(An).

Ilpumep 108.

Haiit BepOsSTHOCTH COBMECTHOTO MOSIBJICHUS repOa MpH OJHOM OpOCaHHHU JABYX
MOHET.

Pewenue:

BEPOSITHOCTH MOSIBJICHUS TepOa mepBoii MOHETHI (coobiTHe A): P(4)=1/2.
BeposiTHOCTh mosiBiIeHUs TepOa BTOpoi MOHETHI (coObiTue B): P(B)=1/2.
CoObiTust A ¥ B He3aBUCUMBIE, TIOATOMY UCKOMAsi BEPOSITHOCTH 110 TEOpEME
YMHO>KEHUS paBHa!

P(4B)=P(4)-P(B)=1/2-1/2=1/4.

Ilpumep 109.



Nwmeetcs 3 simuka, coaepxkanux no 10 neraneii. B nepBom siiuke 8, Bo BTopoM 7
U B TPEThEM 9 CTaHIAPTHBIX AeTanel. M3 kaxxaoro suyka Hayjaqyy BBIHUMAKOT 110
OJHOU JeTanu. HaliTh BEpOSATHOCTH TOTO, UTO BCE TPU BBIHYTHIE AETAIHN OKAXKYyTCS
CTaHJAPTHBIMU.
Pemienue:
BEPOSITHOCTh TOTO, YTO U3 MEPBOTO SIIMKA BBIHYTa CTAHAApTHAs AeTallb (COOBITHE
A):

P(A)=8/10=0,8.
BeposTHOCTH TOTO, YTO U3 BTOPOTO SIIMKA BEIHYTA CTaHIAPTHAS JETallb (COOBITHE
B):

P(B)=7/10=0,7.
BeposaTHOCTh TOT0, UTO U3 TPETHETO SIIMKA BEIHYTA CTaHJAApTHAs JeTajb (COObITHE
O):

P(C)=9/10=0,9.
Tak kak coObiTusi A, B u C HE3aBUCUMbIE B COBOKYITHOCTH, TO HCKOMAs

BEPOSITHOCTH (IO TEOPEME YMHOKEHHUS ) paBHa!
P(ABC)=P(A4)-P(B)-P(C)=0,8-0,7-0,9=0,504.

3aoanus 0na camocmoamenabH020 PeuleHua:

Pemre 3anayu:

1) BeposiTHOCTB TOTO, UTO B Marazue OyAeT IpojlaHa nmapa My>kKckoit o0yBu 44-ro
pa3mepa, paBHa 0,12; 45-ro — 0,04; 46-ro u 6onbmiero — 0,01. Haiitu BeposTHOCTD
TOro, 4YTo OyJET IMpo/iaHa mapa MYy>KCKoil 00yBU He MeHblle 44-r0 pazMepa.

2) Ilpu ycioBusix 3a1aun | HAWTH BEPOSTHOCTH TOTO, YTO OYEPEIHON OyaeT
npojiaHa napa o0yBu MeHble 44-ro pa3mepa.

3) B siuke HaxoAsTCs S pe3loB: JIBa U3HOLIEHHBIX U TPU HOBbIX. [Ipon3BoauTcs
JIBa MOCJIEIOBATENbHBIX U3BJICUEHUS Pe3LoB. ONpenesiuTh YCIOBHYIO BEPOSITHOCTh
MOSIBJICHHS] U3HOILIEHHOTO pe31a IMIPU BTOPOM U3BJICUEHHUU MIPH YCIOBUHU, YTO
W3BJICUCHHBIN B IIEPBBIM pa3 pe3ell B SALIKUK HE BO3BPAIAETCS.

4) B ypHe HaxoaaTcs 5 OebIX mapoB, 4 yepHbIX U 3 cuHux. Kakoe ucnpiranie
COCTOUT B TOM, UTO HayJady M3BJIEKAIOT OJAUH 1Iap, HE BO3Bpalllas €ro B ypHY.
Haiiti BEposITHOCTH TOTO, YTO TIPH MIEPBOM UCITBITAHUH TOSIBUTCS O€IIbIH 111ap
(cobwiTHE A), IPU BTOPOM - YEpHBIH (COOBITHE B) U TIpU TPETHEM — CHHHIM
(coobiTHE C).

Konmponsnwvie éonpocwi:
1. MaiiTe onpezaeneHne He3aBUCUMBIX COOBITU.
2. Kakue coObITHSI Ha3bIBAIOTCS TOMIAPHO HE3aBUCUMBIMU?

Jumepamypa: (5, c. 234-238]
IIpakTu4yeckoe 3ansitue Ne66

Pemienue ypaBHeHHWii: pa3JioxKeHHE HA MHOKHUTEJIH, BBeJeHHE HOBBIX
NepeMeHHbIX, MOJACTAHOBKA



Ienv padomuwr:
CMYOeHm O0JIHCEH.
3HaMb!
- CIoCOOBI peIIeHUS YpaBHEHHUH;
yMemb:
- pemaTh YpaBHEHHsSI Pa3IUYIHBIMH CIIOCOOAMHU.

Ceedenus u3z meopuu:

Memoo pasnoodicenus na MHodcumenu

CyTbh TaHHOTO METOJIa B TOM, YTOOBI ITyT€M PaBHOCHIIHHBIX TIPEOOpa30BaHUM
MPEJCTABUTH JIEBYIO YACTh UCXOJHOTO YPABHEHUSI, COJIEPKAIYI0 HEU3BECTHYIO
BEITMYMHY B KaKOK-TMOO CTETICHH, B BUIC POU3BEICHUS IBYX BBIPAKCHUH,
COJIep KalllMX HEM3BECTHYIO BEJIMYMHY B MEHbIIIEH cTeneHu. [Ipu sTom cripaBa ot
3HaKa PaBEHCTBA JOJKEH OKa3aThCsl HOJIb. [Iporie Bcero ysiCHUTh 3Ty UACH0 Ha
KOHKPETHOM IIPUMEPE.

Ilpumep 83.
Perure ypaBHEHHE METOIOM Pa3JI0KeHHs HA MHOKUTENH: 2,5x° +4x =0,
Pemienue:
OCYIIIECTBUM Pa3I0’KCHHE Ha MHOKHUTENH (TTPEICTABUM HUCXOTHOE BBIPAKCHHUE B
BUJIC TIPOU3BECHU ). [[7151 3TOrO BRIHECEM MTEPEMEHHYIO X 3a CKOOKH:
x(25x+4)=0.
[IpousBeneHne paBHO HYIIO TOTJA M TOJIBKO TOTA, KOTJA XOTs ObI OJWH U3
MHOKUTEJIEN PABEH HYIIIO.
CnenmoBaTtesbHO,
x=0wm 25x+4=0.
W3 rmociaeaHero ypaBHEHHS IMOJIy4YaeM:
25x=—4 nm x=-16.
Oteer: x=0u x=-16.

3aoaua ona camocmoamenvHoz2o peuwienusn Nel. Peuiire ypaBHEHUE METOOM
2
pa3ioKeHHs] Ha MHOKUTEIH: 3x° +15x =0,

Memoo 3amenvt nepemennou

CyTb JaHHOTO METOJa B TOM, YTOOBI YJJaUYHBIM 00pa30M 3aMEHUTH CIOKHOE
BBIPAXKEHNE, COAEPIKAILEE HEU3BECTHYIO BEJIMUMHY, HOBOW IIEPEMEHHOM, B
pe3yibTaTe yero ypaBHEeHUEe MpUHUMaeT Oosiee npocToit Bua. Jlanee nomyyeHHOe
YPaBHEHHE PELIAECTCS OTHOCUTENBHO HOBOW MEPEMEHHOM, ITOCJE YETO IPOUCXOIUT
BO3BpAaT K UCXOAHOU NepeMeHHOM. Bce 3Th uaeu npoie 0Co3HaTh Ha KOHKPETHOM
npuMepe.

Ilpumep 84.
Pemnre ypaBHEHHE METOJOM 3aMEHEI TepeMeHHoi: x* +4x* —5=0.
Pewenue:



TaKHUe ypaBHEHUs Ha3bIBAIOTCs OMKBaApaTHeIMU. [lepenuiiem ero B Buje:
(x*f +4x* ~5=0.

2
BBenem HoByIO mepeMennyro [ = X" . Torma nucxomHoe ypaBHEHHE IPUMET
CJICIYFOLIAM TIPOCTOU BU:

t* +4t—5=0.
Pemrast nosryueHHOE KBaAPATUYHOE YPaBHEHUE, MOJIY4aeM, YTO:
t=-5mpmt=1.

Bo3sBparmaemcst Teneps k cTapoit mepeMeHHou (oOpaTHas 3aMeHa):

x? =-5 um x% =1.
Pemiennii y nepBoro ypaBHEHUs HET, MOCKOJIbKY HE CYIIECTBYET TAaKOTO
JEeWCTBUTEIBLHOTO YHCIa, KBaApaT KOTOPOro ObLT ObI oTpHUIlaTesieH. BTopoe
YpaBHEHUE UMEET JIBA KOPHS *1.
OtBeT: *1.

3aoaua ona camocmoamenvHoz2o peuienusn Ne2. Peuinre ypaBHEHUE METOOM
3aMeHbI epeMenHoit: 9x* —24x° +7=0.

Ilpumep 85.
4x 3x

5 +— =1
4x° —-8x+7 4x°-10x+7

Pemute YPaBHCHHUC MCTOJOM 3aMCHBI HepeMCHHOﬁI

Pemienue:

oOpamiaeM BHUMaHue Ha 10, uT0 X = 0 He ABJIgETCS KOPHEM JAHHOIO ypaBHEHMUSI.
CrnemoBarenbHO, 0€3 MOTEPH WU IPUOOPETCHUS JTMIITHUX KOPHEH MOYKHO
pa3ieNnuTh YUCIUTEIb U 3HAMEHATENbh 00eux apodeii Ha X . Toraa ypaBHeHUE
MIPUHUMAET BU/I;

4 3
+ ; =1,

4x—8+z 4x-10+—
X X

;
BBeneM HOBYIO niepeMennyro: t=4X+ L Torna ypaBHeHUE NPUMET BU:

4 3
—t—-=1
t-8 t-10
BbIoHKUB 351eMEeHTapHbIe MPeoOpa30BaHMs: IPUBEAEM IPoOU K 00IIeMy
SHaAMCHATCIII0, IIPUBCICM HOI[06HBIC cjaracmaoiC, IOJIydYnuM:
t? —25t+144
(t-8)(t—10)
JpoOb paBHA HYJTIO, €CITM HYJIIO PaBEH €€ YHCIIUTEeNb, a 3HAMEHATEe b TIPH TOM HE
paBeH HyI10. TO €CTh ypaBHEHNE PABHOCUIIBHO CIEAYIOLIEH CUCTEME:
t2 —25t+144=0
t#8

t#10

PemuB nepBoe ypaBHeHHe cucteMbl, umeeM: t=16 wm t=9.



[Tepexonst K 0OpaTHOM MOJICTAHOBKE, MOJITYYaEM:

7
1. 4x+ v 16 , uto npu x # 0 PaBHOCWILHO ypaBHEeHHIO 4x° —16x+7 =0, pemmas

1 7
KOTOpOE, IOJIy4aeM X = > WA X = 5

7
2. 4X+ M 9 yro npu x # 0 paBHOCUIBLHO ypaBHEHHIO 4x” —9x+7 =0, y KOTOPOro

pCIHCHI/Iﬁ HCT, ITIOCKOJIBKY €TI0 JTUCKPUMHUHAHT OTPULIATCIICH.

3aoaua ona camocmoamenbHo2o peuwtenus Ne3. Peliute ypaBHEHUE METOJIOM

1
Pa3JIOKEHHS HA MHOXKHUTEN: X° +— +x+==0,
X X

Konmponwsnwvie sonpocwi:
1. B yeM cyTh penieHus: ypaBHEHHUS] METOJIOM PA3JI0KEHUS HA MHOXKHUTENN ?
2. B yem cyThb perieHus ypaBHEHHsI METOI0M 3aMEHBI IEPEMEHHOM ?

JIumepamypa: [16]

IIpakTu4yeckoe 3ansitue Ne6/
Pemienue ypaBHeHuu rpapuyeckuMm MetoaomM. Hecranpaprhbie
CIoco0bI penieHnsi ypaBHEHUH

Ilenv pabomur:
CMYOeHm OO0JIHCEH.
3HAMb:
- JTaIbl penieHUs] ypaBHCHUH rpad)idIeCKUM METOOM;
yMemb:
- CTpoUTh rpaduKu dIEMEHTAPHBIX (QYHKIIUIA;
- pemiaTh ypaBHEHUS Pa3TUYHBIMU CTIOCOOAMH.

Ceedenusn uz meopuu:
Memoo oyenxu obracmu 3Hayenull
CyTbh TaHHOTO METO/1a B CPAaBHCHHMH OOJIacTel 3HAUCHUI BBIPAKEHUM, BXOISAIINX B
ypaBHeHHE. HacTo TakoM aHaJINU3 MO3BOJISET JIETKO PELIATh CIIOXKHBIE YPABHEHHUS,
CoJieprKalllie pa3JInuHble BhIpaKeHus (palioHaJbHbIe, TPUTOHOMETPUUYECKHE,
jorapudpMUyecKue, Moka3aTeiabHbIe U Ap.). Pazdepem 3T0 Ha KOHKPETHOM
npuMepe.

Ilpumep 86.



Pemure ypaBHEHHME, UCIHOJB3ys METOJA OICHKH OO0JAaCTH 3HAYCHHIA:
cos® x = X" +1.
Pemenue:
paccmorpuM QyHkuuio f(x)=cos® x . U3BecTHO, uto —1<€0S X <1, mosromy

0<cos’ x<1. Urax, Gynkuus f(x) =cos® X MOKET IPUHMMATH 3HAYEHUS TOJIBKO M3
npomexytka [0; 1].

PaccmoTpum Teneps GyHKIUIO g(X) = x> +1. ['padukoM naHHOM (HYHKIMU
ABJISE€TCS MapaboJiia, BETBU KOTOPOW HaIlpaBJIEHBI BBEPX, a BEPIIMHA PACIIOJIOKEHA
B Touke (0; 1).

T.e. o06macTb 3HaUeHUM TaHHON QYHKIUU (T€ 3HAYEHUS, KOTOPhIE MOXKET
NPUHUMATh MIEpEMEHHAS V) MPEICTABIICT COOOH MPOMEKYTOK [1; +o0).

T.0. BEIpaKeHHUsI, CTOSIIIIUE CIPaBa U CJIeBa OT 3HAKa PABEHCTBA B UCXOHOM
YpaBHEHHUH, MOTYT OKa3aThCsl PABHBIMU, TOJIBKO €CITH X 3HAYCHUS OKaXKYyTCS
paBHBIMU |, MpuYeM MpH OAHOM U TOM K€ 3HaUeHHH X. HemocpeacTBeHHOM
TIOJICTAHOBKOM y0EXKIaeMCs, UTO 3TO yCI0BUe Bhinonnsercs npu X =0,
HenctBurensno, f(0)=cos?’0=1u g(0)=0*+1=1. [Ipu Bcex OCTAIbHBIX

3HaueHnax x Qynkmms g(x) = x* +16omneme 1. 3aaunt X =0 — equHCTBEHHBINI

KOpPEHb YpaBHCHHS.
Ortser: 0.

3aoaua ona camocmoamenbHoz2o peuienusn Nel. Peuinre ypaBHEHUE C

o a2 T
HUCITOJIB30BAHMEM METO/IA OIIEHKHU 00J1acTh 3HaYeHui: SIN° X =|X—— +1.

Ilpumep 87.
Pemnre ypaBHeHue: V2x—x* +8+/x" —4x =/-x-2 +1
Pemienue:

ONpEIEINM 00JIaCTh TIONYCTUMbBIX 3HaYEHUH (T€ 3HAUEHUS], KOTOPHIE MOXKET
IIPUHUMATh NIEPEMEHHAS X B JAHHOM ypaBHEHUM). Mlcxoaum U3 Toro, 4to
MOJIKOPEHHOE BBIPAKEHHUE HE MOXKET ObITh OTPULIATEIbHBIM:

2x—x*>+8>0,
x?—4x>0,
-x—22>0

Pemas CUCTCMY MCTOJOM HMHTCPBAJIOB, ITOJIY4aCM:

i

-5 0 5 10

Pucynox 24. 300pakeHue perieHnii CHCTeMbl HEPAaBEHCTB Ha YMCIOBOM TIPSIMOMA


http://yourtutor.info/wp-content/uploads/2012/07/intervali_reshenie.gif

T.o0. 001acTh JOMYCTUMBIX 3HAYEHUN COAEPKUT OJTHO €AUHCTBEHHOE 3HAUYCHHUE X=-
2. SIBnseTcs v 3TO 3HAYCHUE KOPHEM YPaBHEHMUS, IIPOILE BCETO MMPOBEPUTH
MPSIMOU TIOJACTAHOBKOM:

V2(-2) - (-2)? +8 +/(-2)* ~4(-2) = - (-2) -2 +1
«/E;tl.

T.e. x=-2 He ABNSETCS KOPHEM ypaBHEHUSI.
OTBeT: KOpHEN HET.

3aoaua ona camocmoamenbHo2o peuienusn Ne2. Peuiure ypaBHEHUE:

Jx?<x+J2—x—x2:J;—L

Ilpumep 88.

Pemnre ypaBHenue: Va? +3x -2 —Vx® +2x =2-x .
Pemenue:

IOMHOKUM ypaBHEHHE Ha Vi +3x =2+ + 2x :

Boo01ie roBopsi, 310 npeodpa3zoBaHue HE SIBISETCS PABHOCHIIBHBIM, JIaXe B
00JacCTH JTOMYCTUMBIX 3Ha4YeHWil. Beab MOryT HaWTHCh Takue 3HAYEHUS X TMpU
KOTOPBIX 3TO BbIpak€HHE 0OpaTuTcs B HyJb. [Ipyn Takom npeoObpazoBaHUU MOTYT
HOSIBUTHCSI MTOCTOPOHHUE KOPHH, IO3TOMY IIOJIyYEHHBIE OTBETHI HY)XHO OyneT
IPOBEPUTHh HEMOCPEICTBEHHOW mojacTaHoBKoM. Ho riaBHOe, 4To B pe3ynbrare
TaKOIo MpeoOpazoBaHus HE MPOU30UIET MOTEPU KOPHEH.

Hrak,

X 43x—2-x" —2x = (2—x)(Vx* +3x -2 +/x° + 2x)
(r=2)+ (x—2)(Vx? +3x—2 +/x2 +2x) =0,
(x—2)L+~/x2 +3x -2 +/x* +2x) = 0.
BelpaxkeHne BO BTOpPbIX CKOOKax HE MOXET ObITb paBHO HYIIIO.
JelicTBuTeIbHO, 002 KOPHS, IO KpallHEe Mepe, HEOTPULIATENIbHBI, TO3TOMY €CJIH K

UX CyMMe NOpuOaBUTH 1, TOJYYHUTCS TOJIOKUTEIBbHOE BbIpaKeHHE. TO ecTh
OCTaEeTCs, YTO

x—2=0wmwm x=2.
HemnocpencTBeHHO#M MOJICTAaHOBKON yOekIaeMcs, YTO 3TO KOPEHb JaHHOTO
YPaBHEHUA:

V22 43.2-2-422+2.2=2-2 (=,
Ortser: 2.

3aoaua ona camocmoamenbHo2o pewienus Ne3. Pelinte ypaBHEHUE:

X \/—
— =+/x+10 -4,
Mx+1+1

KOHmPOJleble eonpocwol:



1. TlosicauTe cyThb MeTOJa OLIEHKH OOJAcTH 3HAUYEHUN MpHU pElICHUU
YPaBHCHUU.
2. Kakue HecTaHAapTHBIE CLIOCOOBI PELLIEHUS YPABHEHUH BbI 3HAETE?

Jumepamypa: [16]

IIpakTuyeckoe 3ansitue Ne68
PelieHue HepaBeHCTB METOI0M HHTEPBAJIOB

Ilenv padomuwr:
CMYy0eHm OO0JIHCEH:
3HAMb:
- MpaBUJIa PEIICHUS MMPOCTHIX, TPOOHO-PAMOHATFHBIX HEPABEHCTB C OJTHOM
TIEPEMEHHOM;
ymemy:
- pemaTrh HEpPaBEHCTBA METOJIOM MHTEPBAJIOB.

Ceedenus uz meopuu:

f(x
[TycTp 3a1aHHOE HEPABEHCTBO UMEET BUJL: ﬁ v 0. Jlns penieHus 3Toro
HEPaBEHCTBA HUCIIOJB3YETCS TaK Ha3bIBAEMBIN Memoo0 unmepaanos, KOTOpbIi
COCTOMUT B CJIEAYIOIIEM.
1. Ha yncnoByr0 OCh HAHOCAT TOYKH X1, , Xn pa30MBAIOIINE €€ HAa IPOMEXKYTKH, B

f(x
KOTOPBIX BBIPAKCHUE ﬁ OTIPEICIICHO U COXPAHSIET 3HAK ((«IUTFOCY WIIH
«MuHyc»). Takumu ToukaMu MOTYT ObITh KOpHH ypaBHeHui f(X) =0 u g(Xx)=0.
CoOTBETCTBYIOIIME STUM KOPHSM TOYKH OTMEUAIOT Ha YUCIIOBOM OCH:
3aKpalICHHBIMU KPYXKKaMU — TOYKH, YIOBJICTBOPSIONIUE 33 JaHHOMY HEPABCHCTRY,

a CBETJIIMU KPYXKKaMU — HE YJIOBJIETBOPSAIOIIUE EMY.

o f(x
2. OnpeaesnsifoT ¥ OTMEUAIOT Ha YUCIOBOM OCH 3HAK BBIPAKCHUS ﬁ JUTS

3HAYCHUU , IPUHAIJIC)KAIMHUX KAXKIAOMY M3 ITOJIYYCHHBIX ITPOMCIKYTKOB.

f(x
JlocTaTo4HO onpenenuTh 3HaK QyHKIIUN ﬁ B JIIOOOM TaKOM MPOMEXKYTKE, a B

OCTAJIbHBIX MMPOMEXKYTKAX 3HAKU «ILTIOC» U KMUHYC» OYIyT YEpeI0BaATHCS.
N3meHenue 3HakoB yJJ00HO WILTIOCTPUPOBATH C IIOMOIIBIO BOJTHOOOPA3HOM KPUBOM
(kpusoii 3naxoe), MPOBEACHHOM Yepe3 OTMEUYCHHBIC TOUKHU H JICHKAIIICH BBIIIC HIIH

HIDKE YHCJIOBOM OCH B COOTBETCTBHH CO 3HAKOM JIpOOH B pacCMaTpuBaeMoOM

g(x)
poMexKyTKe. [IpoMeXyTKH, KOTOPBIE COAECPKAT TOYKH, YIOBIETBOPAIOLIME
JTAHHOMY HEpPaBEHCTBY, MHOTJIa TOKPBIBAIOT IITPUXaMU. 3alITPUXOBaHHAs 00J1acTh
B COBOKyHHOCTI/I C HOJIy‘{eHHBIMI/I TOYKaAMM 6yI[eT SIBJISITBCA OTBETOM K
HCPAaBCHCTBY:



lﬁml& X3ﬁ > X
AR g il

Pucynok 25. KpuBas 3HakoB

Ilpumep 89.
. 1 1
Pemmre HEpaBEHCTBO: ————— <=
X°—-5x+6 2
Penienue:

yIpoIllaeM HEPABEHCTBO MYyTEM PaBHOCHIIBHBIX MPE0Opa30BaHUM: TP YMHOKEHUN
NI ACJICHUN O6€I/IX ‘{aCTeﬁ HepaBeHCTBa Ha OTpI/II_[aTeJ'IBHOG YHCJI0, 3HaK
HepaBeHCTBa MCHIACTCA Ha HpOT HBOHOHO)KHLIﬁI
1 1
— <
X =5x+6 2
[TpuBenem apodu k oOuIEMy 3HAMEHATENIO:
2—(x*-5x+6
( ) < 0 ’

X*-5x+6

— X +5x-4 _
x?-5x+6 '
2

X —5x+420
x*—5X +6

BripakeHus, cTosiue B YUCIUTENE U 3HAMEHATEeIIe, MOKHO Pa3I0KUTh Ha
MHOKHUTEIIH, TOTJ]a HEPABEHCTBO MPUMET BU/I:

(x—4)(x-1 >0

(x—=2)(x-3)
Janee naxoaum kopuu ypaBaenuii (X—4)(x—-1)=0 u (x—2)(x—3) =0.
W3 nepBoro momnydaem x1=4, x,=1. VI3 BTOporo moxy4daem x3=2, x4=3.
HanocuM Ha 4MCTIOBYIO MPSAMYIO MOTYYUBIIMECS TOUKH, TPHUEM TOUKHU X1, X2
0003HaYaeM 3aKpalieHHbIMU KPY>KOUKaMH (151 HUX HEPABEHCTBO BBHITIOJIHAETCS ), a
TOYKH X3, X4 CBETJIBIMU (TIPU STUX 3HAYCHUSX, BBIPAXKEHHE, CTOSIIIEE ClIeBa OT
3HAaKa HEPABEHCTBA, HE UMEET CMBICIIA).
(x—4)(x-1
(Xx—2)(x-3)
IpOMEXYTKax (MoACTaBIsieM JII000€ 3HAUEHUE X U3 KaX10Tr0 OJyYEeHHOTO
IIPOMEKYTKA B JAHHOE BhIpAXKEHUE), U300pakaeM KPUBYIO 3HAKOB,
3alITPUXOBBIBAEM TE MMPOMEKYTKH, Ha KOTOPHIX MCXOAHOE HEPABEHCTBO
BBITIOJTHSIETCSL:

OHpCIIGJ'IﬂeM TCIICPb 3HAKH BBIPAKCHUS Ha IMOJIYYCHHBIX

[
[ ]
A
-
)


http://yourtutor.info/wp-content/uploads/2012/07/priamaia-znakov-obshaia.jpg
http://yourtutor.info/wp-content/uploads/2012/07/krivaia-znakov.jpg

(x=4)(x-1)

Pucynok 26. Kpuas 3HakOB BbIpaKeHUS m

WTak, NCXOAHOMY HEPABEHCTBY Y/IOBJICTBOPSIOT CICyIOIINE 3HaUYeHuUs: x€ (-00;
1]U(2; 3)U[4; +0).

3aoaua ona camocmoamenbho2o peuienusn Nel. Peniite HEpaBEHCTBO:
X7

X°—X—6
Ilpumep 90.

Pemure HCPABCHCTBO!

X—2
Pemenne:
MTOJJKOPEHHOE BBIPAKEHUE, KAK U3BECTHO, HE MOXKET MPUHUMATh OTPHUIATEIBHBIX
3HAYEHUH, TAaK)KE HE JIOMYCKACTCSl HaX0KICHUE B 3HAMEHAaTeJe IpoOu HyJIs.
CrnenoBaresibHO, 00JIACTh AOMYCTUMbBIX 3HAUEHUN JAHHOTO HEPABEHCTBA
ompeesieTcss HepaBeHCTBOM X = 0 u TeM yClIoBHEM, YTO X # 2.

Penraem ypaBHeHuUs Jx-3=0u x-2=0.

W13 nepBoro ypaBHEHHS TOTy4aeM, 9To x1=9.

M3 BTOpOro ypaBHEHUS MOJydaeM, 4To Xo=2.

HanocuM 00J1aCTh JIOMYCTUMBIX 3HAYCHUI HEPABEHCTBA U MOJIYYCHHBIC TOUYKH HA
YHUCIIOBYIO TIPSAMYIO, IIPHUEM 3TH TOYKH OYAYT CBETJIBIMHU, MOCKOJIBKY HU OJHO U3
3HAYCHHIA HE yIOBJICTBOPSET HepaBeHCTBY. Cpasy onpesessieM 3HaKU BhIPaKECHHSI
Jx-3

X—2

B KQXKJIOM M3 MTOJYYEHHBIX ITPOMEKYTKOB U PUCYEM KPUBYIO 3HAKOB:

X—2

Pucynok 27. KpuBasi 3HaKOB BBIPa:KECHHS

BepxHeii cTpenkoil Ha pucyHke o603HaYeHa 00J1aCTh JIOMYCTUMBIX 3HAUCHHM
HepaBeHCTBA. OTBETOM K HEPABEHCTBY OYJIET SIBIATHCS MPOMEKYTOK,

COOTBETCTBYIOIIUI HAa PUCYHKE 3aIITPUXOBAHHON 00JIaCTH.
Otget: x€[0; 2)U(9; +o0).

3aoaua ona camocmoamenbHo2o peuwienus Ne2. Peinte HEpaBeHCTBO:
V17 —15x — 2x°
>
X+3

0.

Ilpumep 91.


http://yourtutor.info/wp-content/uploads/2012/07/priamaia-znakov-korni.jpg

1—+/1-8x%% Py

X

Pemure HEpaBeHCTBO: 2.

Pemenue:

MOJIKOPEHHOE BBIPAKEHUE HE MOXKET IPUHUMATh OTPUIIATEIIbHBIX 3HAYCHHH, a B
3HaMeHarese Jpodu He JTOJKHO ObITh HyJIs. CieqoBaTeaIbHO, 00JaCTh
JIOIYCTUMBIX 3HAUCHU HEPABEHCTBA ONPEICIISIETCS CICAYIOUIECH CUCTEMOI:

1 1
1-8x*20, |-—=<x<-——,
=B R
X=0 X#0
1-+/1-8x?
Pemaem ypaBHEeHUE EEvE— 2=0.
[Tonyuaem, uto x1=0 u X, =~ . HaHOCMM NOJTy4YE€HHbIE TOYKH HA YHCIOBYIO

3
IpsIMYI0, HE 3a0bIBast O TOM, KaKre U3 HUX CJIEeIyeT 3aKPacHuTh, a KAKHE OCBETIIUTH.
N300pakaeM Takxe Ha HeW 00J1acTh JOIMYCTUMBIX 3HAUEHHUI 1 U300pakaem

KPHUBYIO 3HAKOB:
I 0 I
=8 1 i .
= = i

2v2! 3 2
1-1-8¢

X

3=

Pucynok 28. KprBasi 3HaKOB BBIpaKEHUS 2

HYHKTI/IpHBIe JIMHU Ha PUCYHKC OI'PAaHUYHUBAIOT 001acTh JOIIYCTHUMBIX 3HAYCHUM
HCPaBCHCTBA. 3aIIITpI/IXOBaHHaSI 0011acTh COOTBCTCTBYCT PCHICHHUIO HCPABCHCTBA.

) 1 1
OtBerT: XE[ i Oju(o, 3).

3adaua ona camocmoamenbHo2o peuwienus Ne3. Peinte HepaBeHCTBO:

V2X+1< 2X+1.

2—X

Konmponwvuwvie éonpocoi:
1. [aiite omnpeeneHue HEpaBEeHCTBA C OJHON IEPEMEHHOM.
2. B uem cyTh MeTOJ1a UHTEPBAIOB?

JIumepamypa: [16]
IMpakTuyeckoe 3ansitue Ne69
N300paxenne HAa KOOPAMHATHOM MJIOCKOCTH MHOKeCTBA pelleHN

HEPABCHCTBA C ABYMHA NEPEMEHHBIMHA U UX CUCTEM

Ilenv pabomer:


http://yourtutor.info/wp-content/uploads/2012/07/metod_intervalov_znaki.jpg

CMYy0eHm OOJIHCEH:
3HAMb:

- CITOCOOBI PEIIeHUS] HEPABEHCTBA C IBYMS IEPEMEHHBIMH U UX CHUCTEM;
yMemb:

- u300pakaTb Ha KOOPJAWHATHOW IIJIOCKOCTH MHOXKECTBA PEIICHUM
HEPABEHCTBA C ABYMS IIEPEMEHHBIMHU M UX CHCTEM.

Ceedenus u3z meopuu:

Pewenue nepasencmea c 06yms nepemennviMu, a TeM 0oliee cucmemvl
HepaeeHcmea ¢ 08YMs NepeMeHHbIMU, TIPEACTaBISETCS TOCTATOYHO CIOXKHOU
3amadeit. OHAKO €CTh MPOCTOM aJrOpUTM, KOTOPBIM IOMOTaeT JIeTKO W 0e3
0COOBIX YCHJIMH pelaTh Ha MEPBBINA B3I OYCHD CIOXKHBIC 33J]Ja4l TAKOTO pOJa.

[Iyctb MBI HMMEEeM HEPaBEHCTBO C JBYMS NIEPEMEHHBIMH OJHOTO U3
CJIETYIOUTUX BUIOB:

y > (), y = (x); y <f(x); y < f(x).

Jist  u300pakeHWss MHOXECTBAa PEHICHW Takoro HEpaBEeHCTBa Ha
KOOPAMHATHOM MJIOCKOCTH MOCTYHAIOT CAEAYIOUM 00pa3oM:

1. Ctpoum rpaduk dpysakium Y = f(X), KOTOpbIi pa30MBacT MJIOCKOCTh Ha JIBE
o0nacTu.

2. Boibupaem moOyro M3 MOJYyYEHHBIX 00JIacTel W paccMaTpuBaeM B HEl
POM3BOJIBHYIO TOUKY. [IpoBepsieM BBIMOIHUMOCTH MCXOJHOTO HEPaBEHCTBA TS
OTOM TOYKU. Ecim B pe3ylnbrare NPOBEPKU IIOIY4YaETCsl BEPHOE UHCIIOBOE
HEPAaBEHCTBO, TO 3aKJII0YAEM, YTO MCXOJHOE HEPaBEHCTBO BBIMOJHICTCS BO BCEU
o0acTu, KOTOPOW MPUHAICKUT BRIOpaHHAs TOUKA. TakuM 00pa3oM, MHOKECTBOM
pELIeH HepaBeHCTBa — 00J1aCTh, KOTOPOW MPUHAAJIEKUT BbIOpaHHas Touka. Eciu
B pe3yJbTaTe MPOBEPKUM TOMYy4YaeTCs HEBEPHOE YHCIOBOEC HEPABEHCTBO, TO
MHOKECTBOM pEIIEHUN HEpaBEHCTBA OyneT BTOpas 00JacTh, KOTOPOUW BhIOpaHHAs
TOYKA HE TPUHAJIICKHUT.

3. Eciu HepaBeHCTBO CTporoe, TO TpaHUIIBI OOJACTH, TO €CTh TOYKHU
rpaduka ¢yakiuu Y = f(X), He BKJIFOYAIOT B MHOXECTBO PEUICHWHA M TPAHHUILY
M300paxaroT MyHKTUpoM. Eciin HepaBeHCTBO HECTPOToe, TO TPaHMIIbl 00JACTH, TO
ecTb TO4Ykd rpaduka ¢yHkmuu Yy = f(X), BKIHOYAIOT B MHOXKECTBO PEIICHHIA
JTAHHOTO HEPAaBEHCTBA M TPaHUIy B TaKOM Clydyae H300paKaroT CIUIONIHON
JTMHHEH.

Ilpumep 92.

Kakoe MHOXk€eCTBO TOUEK 3a/1a€TCSI HEPABEHCTBOM X' y<47?

Pewenue:

1) ctpoum rpaduk ypaBHeHUs xy=4. J{s1 3TOro cHavana npeodpasyem ero.
O4eBuHO, YTO X B JAaHHOM Clydae He oOpamaeTcss B HyJb, T. K. MHa4Y€ MbI ObI
uMenu 0-y=4, 4yTo HEBEpHO. 3HAYUT, MOXKEM pa3JC/IUTh Halle ypaBHEHHE Ha X.
[Monyuum: y=4/x. I'padukom nanHON QyHKIMHK sBIseTcs runepoona. Ona
pa30MBaeT BCIO IJIOCKOCTh Ha JBE O0JACTH: Ty, YTO MEXAY JABYMsI BETBSIMU
TUNEepOO0IIbI U TY, UTO CHAPYKHU UX.



2) BbIOEGpPEM W3 TMEPBOM 00JIACTH TMPOU3BOJIBHYIO TOYKY, IyCTh 3TO Oyjaer
Touka (4; 2). IIpoBepsieM HepaBeHCTBO: 4°2<4 — HEBEPHO.

3HauUT, TOYKU JaHHOW OOJACTH HE  YAOBIETBOPSIOT HCXOJHOMY
HEpaBeHCTBY. Torma Mo)keM cieliaTh BBIBOJ O TOM, YTO MHOXECTBOM pPEIICHUMN
HEpaBEHCTBA Oy/IeT BTOpasi 001acTh, KOTOPOW BEIOpaHHAs TOYKA HE MPUHAIIC)KHT.

3) T. K. HEPaBEHCTBO HECTPOroe, TO TPAaHHYHBIC TOYKH, TO €CTh TOUKH
rpaduka Gyukuun Y=4/X, pucyeM CIUIONIHON JTHHHUEH.

|

Pucynok 29. I'paduk pyukuun y=4/X

3aKpaCHM MHOKXCCTBO TOYCK, KOTOPOC 3a4daCT HCXOAHOC HCPABCHCTBO
OBECTOM.

3aodaua ona camocmoamenvno2o peuwienus Nel. Kakoe MHOKECTBO TOUYEK
3aJ1aeTCs HEPABEHCTBOM Xy<-67?

Ilpumep 93.
N300pa3uth 0671aCTh, 3aIaHHYI0 Ha KOOPIMHATHON TIIOCKOCTH CHCTEMO

y> x> +2
y+x>1
X*+y?<9
Pemrenmue:

CTpouM rpaduKku BceX (HyHKITHIMA:
y=x?+2 — napabona, y+Xx=1 — npamas, X*+y?=9 — OKpy»KHOCTb.

\

Pucynok 30. I'paduku pynxnmii y=x>+2, y+x=1, x?+y?=9

Teneps pazdbupaeM Kax10€ HEPABEHCTBO B OTJAEITHHOCTH

1) y>x%+2.

bepem touky (0; 5), koTopas nexuT BeIme rpaduka GyHkiuu. [Ipoepsem
HepaBeHCTBO: 5 > 02 + 2 — BepHO.

CnemoBaTelbHO, BCE TOYKH, JIeKAIldE BBINIC JAHHOW mapaboJibl,
YIOBIIETBOPSIIOT NTEPBOMY HEPABEHCTBY CHCTEMBI. 3aKPACHM KX KEJITHIM IIBETOM.

2) y+x>1.



HepaBeHCTBO: 3 + 0 > 1 — BepHO.

bepem Touky (0; 3), koTopas nexxuT Bbie rpaduka ynkuun. [Iposepsem
CrnenoBarenbHO, BCE TOYKH, JIEKAIIHE BBINIE MPSIMOM, YJOBICTBOPSIOT
BTOPOMY HEPABEHCTBY CUCTEMBI. 3aKPACUM HX 3€JICHON MITPHUXOBKOM.
3) x*+y?*<9.

nepaseHcTBO: 02 + (-4)2 < 9 — HeBepHO.

bepem Touky (0; -4), KoTOpasi JEXUT BHE OKpYyXHOCTH. I[IpoBepsem

CHeI[OBaTeJ'IBHO, BCC TOYKH, JICKAIINC BHC OKPYKHOCTH, HC YJIOBJICTBOPAIOT
TPETbEMY HCPABCHCTBY CHCTCMBI. Torz[a MOXEM CAC€JaTh BbBIBOA O TOM, YTO BCEC

CUCTEMBI. 3aKpacuM UX (UOJIECTOBON MITPUXOBKOH.
KAPTUHKY:

TOYKH, JIEXKAIIUE BHYTPU OKPYKHOCTH, YIOBIETBOPSIOT TPETbEMY HEPABEHCTBY

He 3a0piBaem 0 TOM, UTO €Clli HEPABEHCTBO CTPOTOE€, TO COOTBETCTBYIOUIYIO
TPaHUYHYIO JIMHUIO CIEAyeT pHUCcOBaTh MyHKTUpoM. [lomydaem cremyromryro

Pucynok 31. Pemenus HepaBeHCTB Y>X24+2, y+X>1, x2+y?><9
TIEPECEKAIOTCA APYT C IPYTOM:

Uckomas o6macte — 3TO 001acTh, TJI€ BCE TPU PACKPAIIEHHBIX 0O0JaCTH

y>Xx*+2
y+x>1
x° +y?<9
Pucynok 32. Pemienre cucteMbl HEPAaBEHCTB
3aoaua ona camocmoamenvnozo pewienusa Ne2. V300pa3uth 005aCTh,

Yy +x2>4

X>-y

3aJJaHHYI0 Ha KOOPJAWHATHOMN IJIOCKOCTH CHCTEMOIA:
Konmponwsuwie séonpocwi:

x> +y? <16
1. [laiite omnpejeneHue HEPABEHCTBA C OJHOM IEPEMEHHOM.
2. B yueM cyTh MEeTOZ1a HHTEPBAIOB?
JIumepamypa: [16]
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