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BBEJAEHUE

Hucuumnmna «MaTtemaTtuka» BXOAMT B 00IIe00pa3oBaTeNbHBIM IIUKI B pasjene MpoduIbHBIX
JUCLIUILINH.

Ilenpto M3ydeHUs IUCLMILIMHBI SIBJISETCS IOJIydYEHHE CTYJEHTaMH HEOOXOIUMBIX 3HAHUN U
npuoOpeTeHre TNPAKTHUYECKUX YMEHUH B 00JacCTH MaTeMaTHKH, YCBOSHHS BHYTPUIPEIMETHBIX U
MEXIIPEIMETHBIX CBSI3ed ¢ (M3MKOHM, WH(POPMATUKON, SKOHOMHUKOW, a TaKKe BOCIHUTAHHE JOCTATOYHO
BBICOKOW MaTEMaTHYECKOHN KYJIbTYpHI.

3ana4y JUCLUIUINHBIL:
- pacmMpeHHue M CHUCTeMaTH3alus OOIIMX CBEACHMH O (QYHKIUSAX, H3yUYCHHE HOBBIX KIJIACCOB
AJIEMEHTAPHBIX (DYHKIIHIA;
- pacIIMpeHHe U COBEpPLICHCTBOBAHHME MAaTEeMAaTHYECKOIo amnmnapara, c(OpMHUPOBAHHOIO B OCHOBHOM
LIKOJIE;
- O3HAKOMJICHHWE C 3jeMeHTamMH au((epeHIraTbHOT0 HWCUUCICHHUS KaK ammmapaToM HUCCIeI0BaHUS
(byHKIWH, peleHus MPUKIIAAHBIX 3a/1a4;
- U3y4CHHE CBOMCTB HPOCTPAHCTBEHHBIX Tel, (JOPMUPOBAHME YMEHMS NPUMEHSATb ITH CBOMCTBA JJIs
pEILIeHNs IPAKTUYECKUX 3aay;
- pacmMpeHue U yriiyOJieHue Mpe/ICTaBICHU 0 MaTeMaTUKE KakK 3JIEMEHTE YelIOBEYECKON KYJbTYphl, O
IIPUMEHEHUH €€ B IPAKTUKE;
- COBEPILIEHCTBOBAHNE UHTEJUIEKTYAJIbHBIX U PEUEBBIX YMEHUN ITyTEM Pa3BUTHUS JIOTHUECKOTO MBILUICHHUS,
oboraleHre MaTeMaTHIeCcKOro A3bIKa;
- UCTIOJIb30BaHUE MAaTEMAaTUYECKUX METO/I0B U OCHOB MaTEMaTUYECKOI0 MOJAEIMPOBAHUS B IPAKTUYECKON
NEeSATEIbHOCTH.

B pe3ynbrate ocBoeHUs yueOHON AUCHUITMHBI O0YJaIOIUIICs TOHKEH 3HATh:
- 3HaYeHHEe MaTeMaTHKH B TPO(HECCHOHATIbHON JAeATeNbHOCTL
- OCHOBHBIEC IIOHATHUS M METOABI MAaTEMAaTUYECKOIO aHAJIN3a, TEOPUHM BEPOSTHOCTEN M MAaTEMaTUYECKON
CTaTUCTUKH, JUCKPETHON MaTeMaTUKH, OCHOBBI HHTEIPAIbHOIO U AU PepeHInanbHOro UCUUCICHHUS,;
- OCHOBHBIE MaTeMaTHYeCKHE METOJbl PEHICHUs NPUKIAJAHBIX 3a7ad B 00JacTu HpodeccuoHaTbHON
NEeATEIbHOCTH.

B pe3ynbrare ocBoeHUS yueOHOW MUCIMIUIMHBI O0YUAIOIIHICS JOJIKEH YMETh:

- BBINOJHATh apupMeTHUecKHe ACUCTBUS HaJ 4YHUCIaMH, cOuYeTash YCTHbIE M NUCbMEHHbIE HPUEMBI,
NPUMEHEHHUsS BBIYMCIUTEIBHBIX YCTPOMCTB; HAXOAUTh NPUOIMKEHHbIE 3HAUYEHHUS BEIMYUH U
MOTPELIHOCTH BbIUUCIIEHUH (aOCOMIOTHAS U OTHOCUTEIIbHAS ); CPABHUBATH YUCIIOBBIE BHIPAXKEHMUS,

- HaxOJUTh 3HAYEHUS] KOPHSA, CTENEeHM, jorapudma, TPUTOHOMETPUUYECKHUX BBIPAKEHHWH Ha OCHOBE
ONpeseNeHusl, HUCIOJIb3Ys TpU HEOOXOAMMOCTH HMHCTPYMEHTAJIbHBIE CpEACTBA; IOJIb30BATHCA

npUOIMKEHHON OLIEHKOM MPH MPAKTUYECKUX pacueTax;
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- BBINOJHATH peoOpa30BaHusl BBIPAKCHUN, TPUMEHSS (HOPMYJIbI, CBSI3aHHBIE CO CBOMCTBAMHU CTETICHEH,
norapu(pMoB, TPUTOHOMETPUIECKUX (PYHKITHIA;

- CTpOUTH TpadUKd M3YYEHHBIX (QYHKIMH, WLIIOCTPUPOBATH MO TpaduKy CBOHCTBA 3JIEMEHTApHBIX
hyHKIHIH;,

- pemaTh panUoOHANbHBIC, IOKa3aTelbHbIC, JOrapU(PMHUECKUE, TPUTOHOMETPHUYECKUE YpaBHEHUS,
CBOJSIIMECS K TMHEHHBIM U KBAJAPATHBIM, a TAK)KE aHAJOIMYHbIC HEPABEHCTBA M CUCTEMB,

- HaxOAWTh NPOM3BOJHBIC SJIEMEHTAPHBIX (YHKIHMHA, MPUMEHATH IMPOU3BOAHYIO JUIS HCCIICIOBAHUS
GyHKIM ¥ TOCTpOeHHsS TpaduKOB, JUIS TIPOBEACHUS NPUOIIKCHHBIX BBIYMCICHUH, PpEIICHUS
NPUKIAJHBIX 3a/1a9 Ha HAXOXK/ICHHE HanOOJIBIIEro 1 HAMMEHBIIETO 3HAYCHUS;

- BBIUUCIIATH B MPOCTEHIINX CITydasix IJIOMIA I U 00BEMBI C UCTIOIb30BAHUEM OTIPE/ICTICHHOTO HHTETpaa;
- pemathb npocreimme audQepeHnranbHble YypaBHEHNS,

- pemiath NPOCTEHIINE KOMOWHATOpHBIE 3aJauydl METOAOM Iiepedopa, a TaKKe C HCIOIb30BAaHUEM
U3BECTHBIX (DOPMYII; BBIYHMCIATH B NMPOCTEUIINX CIIydasX BEPOSTHOCTH COOBITMH Ha OCHOBE IOJICYETa
YHCJIa UCXOMO0B;

- pacmo3HaBaTh Ha YePTEKaX M MOIECISAX MPOCTPAHCTBEHHBIE (POPMBI; COOTHOCUTH TPEXMEPHBIE OOBEKTHI
C HMX ONHUCAHUAMH, H300paKEHUSIMH; H300paKaTh OCHOBHBIE MHOTOTPAaHHUKH U KpPYIJIBIE Tea;
BBINIOJIHATh YEPTEXKU II0 YCIOBHSAM 3a/a4; peUIaTh INPOCTEUIINE CTEPEOMETPHYECKHE 3aJadd Ha
HAXO0XKJICHHE T€OMETPHUECKUX BEIMYHMH (JITTHH, YTIIOB, IUIOMIAeH, 00HEMOB);

- pemarh MPUKJIAIHBIC 33/1a91 B 00JIaCTH MPO(ECCHOHAIEHON AEATEIBHOCTH.



1 IPUMEPHBIN TEMATUYECKHWH IJIAH IUCIHUATLINHBI

HauMenoBanue
pa3aeyioB u TeM

Ne

JEKIUN

Conep:xanue yueOHOro MaTepuaJia

Tema 1.

BBenenue

1

Ponr wmaremaTuku B HaykKe, TEXHHUKE, 3KOHOMHKE,
WH(OOPMALIMOHHBIX ~ TEXHONOTHSX W MPAKTUYECKOU
nearenbHOCTU. [TocTaHOBKA 1Ene U 3aja4 Npu OCBOCHUU
crnenuaibuocten CIIO.

Tema 2.

Pa3BuTHne NoHATHS 0 YHCIE

[lenble M palnMoHaIbHbIE YKCia. [eWCTBUTEIbHBIC YUCTA.
[IpubnuxeHHbIe BEIYUCICHUS. 3aa4i Ha IPOLICHTHI.

Tema 3.

Kophn,
Jorapugmsi

CTeIICHN H

Kopuu u crenenu. KopHu HaTypaJbHOM CTENIEHU U3 4UCiIa
u ux cBouctBa. CTenmeHH C  palMOHAJIBHBIMHU
IIOKa3aTeNsIMH, 1754 CBOIICTBA. Crenenun c
JEHUCTBUTEIBHBIMU IOKa3zaTeasiMu. CBOWCTBAa CTENEHH C
NEUCTBUTEIBLHBIM II0KA3aTEJIEM.

Jlorapudm. Jlorapudm qucra. OcHoBHOE
JorapupMHIECKOe TOXJIECTBO. Hecstuynbie u
HaTypaJibHble  Jorapudmbl.  [IpaBunma  medicTBUd €
norapudmamu. [lepexon kK HOBOMY OCHOBAHHUIO.

Tema 4.

IIpsiMble W TUIOCKOCTH B
MPOCTPAHCTBE

B3aumHoe pacmnosioxeHue ABYX MPSIMBIX B IMPOCTPAHCTBE.
[TapayeabHOCTh TIPSAMOM M TUIOCKOCTH. IlapainenbHOCTh
IIOCKOCTEH.

[lepnenauKyISIpHOCTD IPsAMOM u IJIOCKOCTH.
[lepieHAMKYASAp W HAKJIOHHASA. YTOJN MEXAY NPAMOU U
IIJIOCKOCTBIO.

JIByrpaHHbIi  yroia.  Yroil  MEXIy  INIOCKOCTSIMHU.

IlepneHquKyISIPHOCT JBYX INIOCKOCTEM.

['eomeTpuueckue npeobpazoBaHus MIPOCTPAHCTBA:
HapaIIJ'IeJ'IBHblf/'I IEpCHOC, CUMMCETpPUA OTHOCHUTCJIIBHO
mrockoct.  [lapamnensHoe npoektupoBanue. [lmomans
OpPTOTOHATLHOM MPOEKIINH. N3o06paxenue
MIPOCTPAHCTBEHHBIX QUTYD.

Tema 5.

Koopaunartel 1 BeKTOpPHI

Bekropel. Monyns BekTopa. PaBEeHCTBO  BEKTOpPOB.
CrnoxxeHue BEKTOPOB. YMHO)KEHHE BEKTOpa Ha YHCIIO.
Pasnoxenne Bekropa 10 HampaiaeHusM. [Ipoexnms
BEKTOpa Ha ocb. KoopauHaTs! BEKTOpA.

[IpsimoyronbHast (IekapToBa) CHUCTeMa KOOPAWHAT B
npoctpancTBe. KoopauHaTel Touku U BekTopa. CKaiaspHOe
MPOU3BEICHNE BEKTOPOB. YTOJ MEXIY JABYMS BEKTOpaMHU.
dopmyra pacCTOSTHUS MEXIY ABYMS TOYKAMHU. Y paBHEHHUS
chepsl, IMITOCKOCTH U TIPSIMOA.

Tema 6.

10

OCHOBHBIC ITIOHSITHUS KOM6I/IHaTOpI/IKI/I.




KomOunaTopuka

Tema 7.

OCHOBBI TPUTOHOMETPUH

11

OCHOBHBIE TTOHSATHS. Pannannas Mepa yria.
BpamarensHoe nBmwxkenue. CHHYC, KOCHHYC, TaHT€HC H
KoTaHreHc 4yucia. OCHOBHBIE TPUTOHOMETPUYECKHE
TOXK]IECTBA.

12

@opmyinbl npusBeacHus. Dopmynsl cinoxeHus. Gopmyisl
JBOMHOrO aprymeHra. @opMyibl IOJOBUHHOIO YIJIA.
IIpeoOpa3oBaHust  OPOCTEHIIMX  TPUTOHOMETPUYECKUX
BBIPAKCHU.

13

[TpeoOpa3oBanue CyMMBbl TPUTOHOMETPUYECKUX (PYHKIUI
B NPOU3BEACHUE U IPOMU3BEICHUA B CymMMy. BblpaxkeHue
TPUTOHOMETPUUYECKUX byHKIMI uepes TaHIEHC
HIOJIOBUHHOTO apr'yMEHTA.

14

IIpocreiimine TPUrOHOMETPUYECKUE YPABHEHMUS.

OOparHble TPUTOHOMETpUYECKHE (QYHKIUH. ApKCHUHYC,
ApPKKOCUHYC, apKTaHI€HC.

15

TpuroHomeTpudeckue ypaBHEHHs 1 HEPABEHCTBA.

16

[Ipocreiimume TPUroHOMETPUUECKHUE HEPABEHCTRA.

Tema 8.

DyHKIUM, UX CBOHMCTBA W
rpagpuxu

16

@Oynkun. O6sacTb ONpeAeIeHUs U MHOYKECTBO 3HAUEHUI];
rpaduK GyHKINH.

17

[Toctpoenne rpadukoB GyHKINH, 3aJaHHBIX PA3THYHBIMU
croco0amH.

CaoiicTBa GyHKINH. MOHOTOHHOCTb, YETHOCTb,
HEYETHOCTb, OTPAaHUYCHHOCTb, MEPUOTUYHOCTb.
[TpomexyTku BO3pacTaHHsl M YObIBaHUsS, HauOOJbIIEE H
HauMEHbIIIee 3HaYeHHs, TOUKH dKcTpemyMa. [ 'paduueckas
WHTEpIpETaIHs.

18

[Tpumepsl (pYHKIIMOHAIBHBIX 3aBUCHUMOCTEH B pealbHBIX
npoueccax M sBJICHUSAX. ApupMeTHdyecKre ornepanuu Haj
¢yaknusamu. Cnoxnas QyHkuus (kommnosunus). [Honstue
0 HENPEPHIBHOCTH (PYHKIUH.

O6patubpie Qynknun. OOnacTh omnpeneiaeHuss U 00JacTh
3HaueHu# oOpatHoi ¢yHkuuu. [I'paduxk  oOpaTHOM

GyHKIINH.

19

CremnenHble, TOKa3aTelbHblE, Jorapudmuueckue U
TPUTOHOMETPUYECKHE GyHKIHH. OO6patHbIe
TpuroHomerpuueckue ¢ynkuuu. Onpenenenus QyHKUIUH,
UX CBOMCTBA U IpauKu.

20

[TpeoOpazoBanust rpaduxos. IlapamnensHelii nepeHoc,
CUMMETpHUsI OTHOCUTEIBHO OCEH KOOPAWUHAT U CUMMETPHUS
OTHOCHUTEIIBHO Hayaja KOOPJMHAT, CUMMETPUS
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OTHOCHUTEJIBHO IIPSIMOM Y = X, PACTSIKEHUE U CKATUE BIIOJIb
ocel KOOpJUHAT.

Tema 9.

MHororpaHHUKH "
KpYIJble Tejia

21

Bepmunbl, pebpa, rpaHu MHororpaHHuka. PasBeprka.
MHuororpanable  yribl.  Bblykible  MHOTOIpaHHUKU.
Teopema Oitnepa. Ilpusma. [Ipsimasi 1 HakJIOHHAs MpU3MA.
[TpaBwibHas npusma. [lapannenenunen. Kyo6.

22

IInpamua. [IpaBunbHas nupamMuza. VYceuenHas
nupamuaa.  Terpasap. Cummerpun B Kybe, B
napajienenurnese, B npusme u nupamuae. Cedenus kyoa,
IIPU3MBI U TUPAMHUJIBL.

[lpencraBieHne O  NpaBWIBHBIX ~ MHOTOTPAaHHHUKAX
(TeTpasape, kybe, OKTadape, NOJeKadIpe U UKOCAdIpe).

23

Munuaap u kxoHyc. YceueHHbli KOHyc. OcHOBaHue,
BbICOTa, OOKOBasi MMOBEPXHOCTh, 00pa3yroIas, pa3BepTKa.
OceBble ceUEHMS] M CEUYEHMS], MMapalIesIbHbIe OCHOBAHMIO.
[ap u chepa, ux ceueHus.

Usmepenuss B reomerpun. OOBEM U €ro Hu3MepeHHE.
Wuterpanbuas ¢popmyna oobema. @opmynsl odbeMa Kyoa,
MPSIMOYTOJIBHOTO TMapaiesienurea, Tpu3Mbl, HUIUHAPA.
@opmynbsl obbeMa mnupamMuAbl U KOoHyca. DopMysl
IUIONIA/IM TOBEPXHOCTEH LUIMHApPA U KOoHyca. DopMyIsl
obbema mmapa wu Twiomaaun cheprel. Ilomobue Tem.
OTHOmIEHUST  IUIONIAJIEH TOBEPXHOCTEH W 0OBEMOB
MOAOOHBIX TEI.

Tema 10.

Haugana
aHaAJIN3a

MaAaTEMATHU4Y€CCKOI'0

24

[TocnenoBarenpHocT. CrocoObl 3afaHusl U CBOICTBa
YHUCIOBBIX ToclenoBaTenbHocTe. [lonstue o mnpenene
MOCJIEI0BATEIBbHOCTH. CymiecTBoBaHue npezaena
MOHOTOHHOM OTpaHUYEHHOU MOCJIEI0BATEIbHOCTH.
CyMMHpoBaHUE  TOCIENOBaTelbHOCTEH.  beckoHeuHo
yObIBaroIasi FeOMETpUYECKasi MPOTPECCHs U €€ CyMMa.

25

[IpousBogHas. IloHsATHE O NPOM3BOAHOM (QYHKIMH, €€
FEOMETPUUECKUA U  (U3NYECKUH CMBICI. YpaBHEHHE
KacaTenbHON K rpaduky GpyHkuuu. [TponsBogHbIe CYMMBI,
pa3HOCTH, TpOW3BeAcHUs, dacTHele. [IpomsBonHble
OCHOBHBIX JIEMEHTAPHBIX (QYHKIIUH.

26

[TpuMeHeHHe MPOU3BOJHOM K HCCIIEAOBAHUIO (PYHKIUH U
noctpoeHnto  rpagukoB.  [IpousBogHble — 0OpaTHOM
¢byHknuun v kommosumuu  GyHkuu.  [Ipumepst
UCIOJIb30BAaHUSl ~ MPOW3BOJHOM Uil  HAXOXKICHHS
HAWIy4Yllero pelleHus B MPHUKIAIHBIX 3anadax. Bropas
MIPOM3BOJIHAS, €€ TE€OMETPUUECKUN U (PU3NYECKUN CMBICI.
Haxoxnenue ckopoctw Ui Ipolecca, 3aJaHHOTO
dbopmyoit u rpadpuKoM.




Tema 11.

HNuTerpan 7 ero
NpUMeHeHHe

27

[TepBooOpasHast pyHKIIUM U UHTETPAJL.

28

[IpumeHeHue onpeneneHHOro HHTerpaia s HaXOXKICHHS
TJI0Ia AN KPUBOJIMHEHHOU Tparneuu. dopmyna
Herorona—Jleitonnma. [Ipumepbl mpuMeHeHus HHTETrpaia
B (PU3UKE U TECOMETPUH.

Tema 12.

JJIeMeHThbI TeOpHH
BEPOSAATHOCTU.  JJIEMEHTbI
MaTeMaTH4YeCKOH
CTATUCTUKH

29

CoObITHE, BEPOSTHOCTD COOBITHS, CIIOKEHHE U YMHOKEHUE
BeposiTHOCTEH. [IoHATHE 0 HE3aBUCUMOCTH COOBITHIA.

30

JluckpetHas ~ ciydaiiHas ~ BEJIMYHUHA, 3aKOH €€
pacnpezneneHus. YnucaoBble XapaKTEPUCTUKU JUCKPETHON
ciydaiiHol BenuuuHsl. [ToHATHE O 3aKOHE OOJBIINX YHUCEN.

[IpencraBnenue JTAHHBIX (Tabnwibl, JIAarpaMMBbl,
rpaduku), TeHepalbHasE COBOKYITHOCTbh, BEIOOpKaA, CpeliHee
apudmernueckoe, Menuana. lloHarme o0  3amgadax
MaTeMaTUYECKON CTAaTUCTUKH. PemeHne npakTU4eCKux
3a/71a4 ¢ MPUMEHEHUEM BEPOSTHOCTHBIX METO/IOB.

Tema 13.

YpaBHeHNsI 1 HEPABEHCTBA

31

YpaBHEHUsT M CHUCTEMBI ypPaBHEHHM.
MppaluroOHaJIbHbIC, I0KA3aTEIbHbIC.

PannonansHele,

32

Tpuronomerpuyeckue YpaBHEHUS 51 CHUCTEMBI.
PaBHOCHIIBHOCTBH YpaBHEHH, HEPABEHCTB, CUCTEM.

33

OCHOBHbBIE TNPUEMBl PELICHUS YPAaBHEHUH M HUX CHUCTEM
(paznmokxeHue  Ha  MHOXUTENM, BBEJCHHE  HOBBIX
HEU3BECTHBIX, TIOJICTAHOBKA, TPpaUUECKUN METO.).

34

Hepasencrsa. PauunonaneHsle, UPPALMOHAJIBHBIE,
[IOKa3aTeJIbHbIE M TPUTOHOMETPUYECKUE HEPABEHCTBA.
OcCHOBHBIE IPUEMBI UX PELICHHUS.




2 JEKIIMOHHBIN MATEPUAI

2.1 Tema 1 BBegenue

Jlekuua 1. Poab MaTeMaTHMKH B HayKe, TeXHHKe, 3JKOHOMHKe, WH(OPMaLMOHHBIX
TeXHOJIOTUSIX M NpaKTH4Yecko JesiteibHOCTH. IlocTaHoBKa meseil M 3a1a4 NPH OCBOCHUH
cnenuanabHocreii CIIO

B xu3Hu coBpeMeHHOro oOuecTBa MareMaTHKa UIpaeT Bce OOJbLIYIO0 posib. MaTeMaTHKa ecTb
YHHUBEPCAJIbHBIN SI3bIK HAYKW M MOIIHBIH METOJl HAyYHOIO HCCIeJOBaHUA. MaTemaTuka - 3T0 U camas
Oe3ynpevHas JIOTuKa, 1 00BEKTHBHASA JOKA3aTeIbHOCTh, M HAaOOJIee COBEPIICHHBIN CIIOCO0 MBIIUICHUS.
Hcrtopus mareMaTuku SBISE€T COOOW TpaHIMO3HOE CBHIETEILCTBO HMHTEIICKTYAIIbHOTO PA3BUTHUS
YeJioBeYecTBa 3a nociuenHue toicsuenetus. [Ibep 'accenau yrBepxnaer: «Eciu Mbl 4TO-TO 3HaEM, TO 3TO
Onmaronaps u3zyueHuro mMatematukuy». Ilo cimoBam M. B. JlomoHOCOBa, «MaTreMaTuky yKe 3aTeM Y4YUTb
HaJ0, 4YTO OHA YM B MOPSAJIOK IIPUBOJUTY.

Jis ysicHEeHUs posid ¥ 3HAYMMOCTU MaTEeMaTUKU B HAYYHOM [TO3HAHUU MHUpPa HEOOXOIUMO MOHSTh,
4yro Takoe Martemaruka. Ilpupoma maremaruku (kak M JItoOOH Hayku) ompejensiercs cneuudukoi ee
00BEKTa U MpeIMeTa U3Y4YEHUs,, OCHOBHBIMU METOJJaMH UCCIIEJIOBAHUS, a TAKXKE BBIJCICHUEM Pa3IMYHbIX
ee XapakTepHbIX uepT. [lepeunciaum COOTBETCTBYIOLIME MOJAXOJbI U onucaHus: «MareMaTuka sBisercs
HAYKOW O MPOCTPAaHCTBEHHBIX (POPMaxX M KOJIMYESCTBEHHBIX OTHOILICHUAX OKpYXKaromiero mupa» (Opuapux
DHrenbc); « MaTemaruka ecTh Hayka o Mepe u nopsake» (Pene [lexapt); « MaremaTtuka - Mepa Bcex
Bemell. B MaTtemaruke Bce ecTb» (¢u3uku-teoperuku). IlpuBeneHHble omnpeneneHus] BbICBEUHBAIOT
cambl€ CYIIECTBEHHbIE CTOPOHBI MATEMATUKH U €€ METOO0JIOTHH.

OObEeKTOM MaTeMaTUKH KaK HAayKd SBISIIOTCS (yHIaMEHTalbHblE KaTeropun ¢GOpMbl U
KOJINYECTBA, B3AThIe B HanOojee 00IleM U YUCTOM BHJIE, U BCEBO3MOXKHBIE UX MposiBieHus. [Ipenmerom
MaTeMaTHKH CIIy)KaT pa3HOOOpa3Hble MaTEMAaTUYECKUE CTPYKTYpPhl M MaTeMaTHUECKUE MOJIENU, KOTOpbIe
MOSIBJISIFOTCS.  (OTKPBIBAIOTCS WJIM M300pETaloTCs) B peE3yJbTaTe WHTEIUIEKTYalIbHOM JesTeIbHOCTH
YesloBeKa Kak 0TOOpakeHUe peaJbHOCTU. A OOIIMKA METOJI MaTEMATUKH €CTh CTPOTas JeAyKLHs.

Wrak, mMaremMaTMka ecTh Hayka O (opMe M KOJMYECTBE M UYETKHUX CXEeMax HUX OBbITHS U
BorutomieHus. [loaToMy mMaTemaTnka yHUBEpcallbHa KaK METOJ, alnapar HUCCIENOBAaHUSA U IMOJIy4YEHHUS
HAy4YHOTO 3HAHUS U KaK TOYHBIN S3bIK €r0 OMHUCAHUS.

Marematrka UMeeT MHOTOYHCIICHHbIE TEOPETHUECKHUE U MTPAKTUUECKHE MPUIIOKEHUS, a/IeKBaTHbIE
necTBuTeNnbHOCTH. MIMEHHO B pamMkKax MaTeMaTHMKH BO3HHK OOIIEHAyYHBIH JEIYKTUBHBIA METO[,
LIIMPOKO MPUMEHSEMBII HE TOJIBKO B €CTECTBO3HAHWM M TEXHHMKE, HO U B T'YMaHUTApHBIX HAayKax H
oOuiecTBoBeieHNH. Ecian ectecTBeHHblE HAayKH H3Yy4arOT MPUPOIY, a T'YMaHUTapHbIE M COLHUAIbHbBIE

HAYKHM - 4YCJIOBCKAa U YCJIOBCUCCKOC 06HI€CTBO, TO MAaT€MaTHKa HUCCICAYET B €€ KC HCApPaX IOJYUYCHHBIC
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abCTpakiuu, TO €CTh B MU3BECTHOM CMBICIEe camoe cebs. B 3ToM OTHomeHMM MaremaTHKa Onm3Ka K
¢unocopun, HaydHas COCTaBIIAIONIAsT KOTOPOH OTpa)keHa B IMOCTOSHHO pa3BUBAloLIeHcs cucreMe (Quio-
co(pckux KaTeropui.

Poccutickuii matematuk u duinocod, akanemux U. P. [lladapeBnu oTMeuan, 4To «CoOBpeMEHHas
HayyHasi KapTHHA MHpa 3IKICTCS Ha JBYX OOIIMX MPUHIMUIIAX: MPUHIUIE MaTeMaTHU3alMH 3HAHUS W
MIPUHIIAIIE TAPMOHUH, WIIK SCTETHUECKOTO 0TOOpay. [IpuHIIUIT MaTeMaTH3aIuU 3aKJIF0UAETCsI, BO-TIEPBBIX,
B IIUPOKOM MMPUMEHEHUH MaTeMaTHYECKUX METOJO0B M TEOPUM B IPYrHMX HayKaX, TEXHUKE U Ha IMPAKTUKE
U, BO-BTOPBIX, B IOCTPOCHUH HAYyK, OCOOCHHO E€CTECTBEHHBIX, [0 O0pa3y W MOJ0OMI0 MaTeMAaTHKH,
nenyktuBHO. Hanbonee sipko 3Ta MeTO010TUs BhIpaxkeHa B u3BecTHOM Te3uce ["anunes: «3meputs Bee,
YTO U3MEPUMO, U CAEIATh U3MEPUMBIM TO, YTO TAKOBBIM ITOKA €IIE HE SIBISETCS.

M3 Bcex Hayk MaremMaTHkKa HauOojiee SCTETHYHA M, 3HAYMT, lesnecooOpa3Ha. AHIIIHMHACKUN
¢unocod XIII B. Pomxkep bakoH yTBepxkman, 4TO «TOT, KTO HE 3HAET MaTEMAaTHKH, HE MOXKET Y3HATh
HUKAKOW JIPYroil HayKu M Ja)ke HE MOXET OOHApyXHUThb cBOero HeBexecTBay». [lo mMuenuto [anures,
«Dunocodusi HaNMCaHa B TPAHINO3HOW KHUTE - BceleHHOM, KOTopasi OTKPHITa HAIIEMY MPUCTAILHOMY
B3MIIsAly. HO MOHATH 3Ty KHUTY MOYKET JIMIIIb TOT, KTO HAYYHJICS IOHUMATh €€ SI3bIK U 3HAKH, KOTOPBIMU
OoHa u3nokeHa. Hammcana ke oHa Ha sA3bIKE MaTeMaTWKH...». JleoHapao na Bunum: «Hu omnOo ue-
JIOBEYECKOE HCCIEAOBAaHUE HE MOYKET Ha3bIBATbCSl MCTUHHOM HAYKOM, €CIM OHO HE MpPOUUIO uepe3
MaTeMaTHYeCKHe JIoKazartenbcTBay. M. KanT 3amermin: «YdeHue o mpupojae OyAeT colaepkaTh HAyKy B
COOCTBEHHOM CMBICIIC JIUITh B TOW Mepe, B KaKOH MOXKET ObITh MPUMEHEHA K Hel MaTEMAaTHKA.

MatemaTuky TpPYOHO OTHECTH K €CTECTBEHHBIM, TI'yMaHUTApHBIM, OOIIECTBEHHBIM WIIU
TeXHUYECKUM HaykaM. Ckopee, MaTeMaTUKy MOHO MPEACTaBUTh KaK 0COOYI0 HayKy («IapHIly HayK») U
cnenuduueckyro GopMy HaydyHOro mo3HaHus. Ee 3HaueHue - B JIEIYKTUBHOM METOJE, HAy4YHOU
METOJOJIOTUM, MOIIIHOM HAJIEKHOM HWHCTPYMEHTApUH, YHHUBEPCATBHOCTH, JCHCTBEHHOW KpacoTe,
3G (HEKTUBHOCTH B IPUTIOKEHUSIX.

MareMaTka WrpaeT BaXHYI pOJb B €CTECTBEHHO-HAyYHbIX, HH)KEHEPHO-TEXHMYECKUX U
TYMaHUTApHBIX HccienoBanuax. OHa cTama I MHOTHX OTpaciied 3HaHUM HE TOJBKO OpyIueM
KOJIMYECTBEHHOTO pacueTa, HO TaK)Ke€ METOJOM TOYHOTO MCCIIEIOBAHUS U CPEIICTBOM IPEAEITBbHO YETKOU
(GbOopMyNnUpOBKU MOHATHI W mpoOiem. be3 coBpeMeHHON MaTeMaTHKH C €€ Pa3BUTHIM JIOTUYECKHUM U
BBIUHCIUTENLHBIM anmnapaToM ObUT ObI HEBO3MOXKEH MPOTPECC B PA3IUYHBIX O0NACTAX YEIOBEYECKOU
NeSITEIbHOCTH.

MareMaTtrka npeCcTaBiIseT co00i OCHOBY (yHIAaMEHTAIBHBIX WCCIEAOBAHUN B €CTECTBEHHBIX U
TYMaHUTapHBIX Haykax. B cuiy aToro 3HaueHue e€ B 0OIIeH cucTeMe YeTOBEYECKUX 3HAHUN TTOCTOSTHHO
BO3pacTaeT. MaTemMaTHYecKue HUJed M METOJbl TMPOHUKAIOT B YIPaBIE€HHWE BeCbMa CIOXHBIMU U
OONBITUMH ~ CHUCTEMaMH  DPAa3HOM MPUPONBI: TOJETaMH KOCMHUYECKHX Kopabied, oTpacisiMu

MIPOMBIIIJIEHHOCTH, pabOTON OOIIMPHBIX TPAHCIOPTHBIX CHCTEM M APYTUX BHUJOB JeSATENbHOCTH. B
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MaTeMaTHKEe BO3HHMKAIOT HOBBIE TEOPHH B OTBET Ha 3alpPOChI MPAKTUKU M BHYTPEHHETO Pa3BUTHUS CaMOii
MaTeMaTuku. [TpunoxeHus pazauuHbIX 00JacTel MaTeMaTHKU CTAIM HEOTHEMJIEMOW YacThiO HAYKH, B
TOM uHcie: (U3UKU, XUMUU, T€0JIOTHH, OMOJIOTUU, MEAULIUHBI, IMHTBUCTUKH, SdKOHOMHUKHU, COLIMOJIOTHH U
Ap-.

MaremaTika SBIS€TCS HE TOJBKO MOIIHBIM CPEICTBOM pEIICHHs MNPUKIAAHBIX 3a1ad |
YHHUBEPCAJIBHBIM S3bIKOM HAayKH, HO TAaKXK€ M AJIEMEHTOM 001eil KynpTypsl. [loaToMy MaTtemarndeckoe
o0pa3oBaHHE CIIEAYET paccCMaTpUBaTh KaK BAKHEHIIYIO COCTABIIIONIYIO B cHcTeMe (hyHIaMEHTAIbHOM
MOJATOTOBKU COBPEMEHHOTO CIEIMATUCTA.

PaccmMoTpuM BaXHOCTh AMCHMILIMHBI «MareMaTuka» MpU OCBOCHHUU MPOrPaMMbl MOATOTOBKHU
CIIO no HamnpaBneHuo «CBapoyHOE IPOU3BOJICTBO.

CoBpeMEHHBIN MHUp IOJHOCTBIO JIEPKUTCA Ha MeTajule. MeTaul MPUMEHSETCsS] TIOBCEMECTHO: B
ObITY, B IPOMBIIIJICHHOCTH, B CTPOUTENHCTBE. CBapIIMK — CIEUUATNCT, 3aHUMAIOLIUIICSI COeAMHEHUEM
METAINIMYECKUX JeTajei, y3JIoB, APYTUX KOHCTPYKUHUHA METOJIOM CIUIaBIIEHUS MeTayuioB. CBaplIuKu
TPYAATCA Ha CTPOWILIONIAIKAX, CO3/1aBasi KOHCTPYKIMM W CHUCTEMBl Pa3IMYHBIX KOMMYHHKAIHHA, B
MPOMBIIIICHHOCTH, /i€ IPUMEHSIOT CBOW OINBIT M HABBIKM, B MAIIMHOCTPOSHHH, KOPAOJIECTPOCHUU U B
apyrux obmnactax. OT MacTepcTBa CBApIIMKOB 3aBUCUT KAa4€CTBO CBApOYHBIX MIBOB. JI0Oble ommoOkw,
HEOpPEeXKHOCTh, JOMyCKaeMmble B paboTe, MOTYT MPHUBECTH K KaTacTpopuueckum mnocieAacTBusM. Ot
KauecTBa pabOThl CBapLIMKa 3aBUCUT MHOIO€ — JIOJIFOBEYHOCTh M YCTOMYMBOCTH CTPOUTENbHBIX
KOHCTPYKIIMH, paboTa H CpPOK CHYXOBl pa3NUYHOM TEXHUKH. B HamM JHU CTPEMHUTEIBHO
pa3BUBAIOIIETOCS TEXHUYECKOTO Iporpecca K mpodeccuu cBapIiyka MpeabsaBIsiOTCS Takue TpeOoBaHuS,
KaK:

- YMEHHE pa3padaTbiBaTh MEpbl MpenynpexacHus oOpa3oBaHMs Ne(EKTOB CBAPHBIX COEAMHEHUN H
TEXHOJIOTHIO MX YCTPaHCHHS,

- BBINOJHATH HEOOXOAMMBIE TEOPETHYECKHE M SKCIEPUMEHTAJbHbIE MCCIEJOBAHUS MO MPOQUITIO
CMELUANBHOCTU M COCTABIIATH OTUET 0 padoTe;

- YMETb MPOU3BOAUTH HEOOXOAUMBIE BEIYUCIICHUS JIJISl PEHICHUS] TEOPETUUCCKUX M MPUKIATHBIX 3314 10
CHEIHaIbHOCTH;

- KOHCTPYUPOBAHUE TEXHOJIOTUYECKON MO/IEN TUIIOBBIX KOHCTPYKIIHIA;

- IOCTPOEHHE YepTeka OyayLIero n3Jenus;

- 3HaHWE MAaTEeMaTH4YeCKOW CHMBOJIMKH JUIsS BBIPOKEHHS KOJMYECTBEHHBIX M KAuECTBEHHBIX CBOMCTB
00BEKTOB;

- HCCIIeZIOBAaHNE CBOMCTB OYAYIIMX KOHCTPYKIMNA U OLEHKOW MPUMEHUMOCTH MOJIYYEHHBIX Pe3yIbTaToB,;

- YMETh UCIIOJIb30BaTh OCHOBHBIE TIOHATHS U METO/IbI TEOMETPUUECKUX TOCTPOEHUI U N3MEpEHMUI;

- OBITh CHOCOOHBIM TIOCTAaBUTHh IIeb U CGHOPMYIHPOBATH 3a/Jaud, CBSI3aHHBICE C pean3anuen

npodeccnoHanbHbIX QYHKIUIH;
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- YMETb MCII0JIb30BaTh JUIsl PEIICHUs IPOU3BOICTBEHHBIX 3a7jad METO/Ibl H3YUEHHBIX UM HayK.

Co3naHue cBapHOW KOHCTPYKIIMH, TOJTHOCTBIO OTBEUAlOIIel CBOEMY CIy>KEOHOMY Ha3zHau€HHIO,
Ha/IeKHOH B JKCIUlyaTallud, MpeAcTaBiseT co0OM KOMIUIEKCHYIO 3ajjady, KOTOpas BKJIHOYAeT
IIPOEKTHUPOBAHUE, PACYET, PALMOHAIBHOE IIOCTPOCHHWE TEXHOJOTHMM H3roToBiIeHus. Bce 310 Tpebyer
OIIpECICHHBIX MAaTEMaTUUYECKUX 3HAHWUN: BBIYMCIIUTEIbHBIX HABBIKOB, 3HAHUS IIpaBWIa IPONOPLMH,
YMEHMS HAXO0KJICHUSI HEU3BECTHOIO U, KOHEUHO K€, HEMAJIO 3HAHUN U3 00J1aCTH F€OMETPUH.

['eomeTpryeckoe NMPOEKTUPOBAHUE CBAPOYHON KOHCTPYKLUH IOMOTaeT HE TOJIBKO YMEHBIIMTH
BpeMs, 3aTpauuMBacMoOe€ Ha CO3JAaHUE W3JeNUs, HO M IO3BOJIAET CBECTH J0 MUHMMyMa H3MEHEHU,
BHOCHMbIE B KOHCTPYKLIHIO, IPAKTUYECKH HCKIIOYUTh OHIMOKM M YJIYUIIMTh KadeCTBO W3JENHUA.
Pazpabotka 3cku3a U uepTe)ka HEBO3MOXKHA 0€3 3HAHUS ONPEICTICHHBIX MOHATUN T€OMETPHU: PACCTOSHUE
MEXJ1y TOYKaMH, JJIMHA OTpe3Ka, MapaJlyIeIbHOCTh M MEPHEHAUKYISIPHOCTh MPSIMBIX, OKPYKHOCTD,
panuyc U 1uameTp U ap.

HemanoBaxxHbIM /17151 XOPOILIEro CBapIIMKa SBISETCS YMEHHUE YTEHUs YepTexKeil, onuparomieecss Ha
MOHATHS TEPIEHAMKYISIpa U HAKIOHHOM, NapajuleIbHOCTH, JMHEWHBIX Pa3sMEpoOB M Jp. (3aJaHUs Ha
JOIyCK
HEePIEHAUKYIIPHOCTH OCH OTBEPCTHUS OTHOCUTENBHO MOBEPXHOCTH A; JONYCK MapajuleIbHOCTH OOIIei
IpUjIeraromieil MIOCKOCTU MOBEPXHOCTEH OTHOCUTEIBHO MMOBEPXHOCTU A; JOMYCK HAKJIOHA OBEPXHOCTHU
OTHOCHUTEJILHO IOBEPXHOCTHU A).

BoruncnuTenbHO — pacueTHbI€ 3a/1a4i TPEOYIOT YMEHUS BBINOIHATH IEUCTBUS C YUCIAMHU Pa3HOIO
3HaKa, ONepUPOBaTh OOBIKHOBEHHBIMU U JIECITUUHBIMU JIPOOSMH, B TOM YHCIIE€ IPUOINKEHHBIMHU, PEIIaTh
3aJjaud Ha NPOLEHTH.. B TeXHHWYEeCKOM 0OMXOJ€ aKTHBHO HCHOJB3YIOTCA TaKHe MaTeMaTH4ecKue
MOHSATHSI, KAK COOTHOLIEHHE BEJIUYMH, MpsiMasi U oOpaTHas MpONOPLUUOHAIbHbIE 3aBUCUMOCTH, CTENEHb

qlClla, PEIIaloTCsl ypaBHEHMS.

BOl'lpOCbI AJisi CAMOKOHTPOJIsAA:

1. Pacckaxxute O ponu MaTeMaTHUKH B HayKe, TEXHHKE, SKOHOMHKE, HH(POPMAIIMOHHBIX
TEXHOJIOTHSIX U IPAKTHUECKOH JIeATEITHHOCTH.

2. ChopMmymupyiTe meadM W 3a4add, CTOSANIME Tiepe]] OOYyJaIUMHUCA TPU H3YICHHU
TUCIUILIMHBI «MaTteMaTrukay.

3. HpI/IBC,Z[I/ITe MMPUMCEPLI UCTIO0JIb30BAHUA MATCMATUICCKHUX MMOHATUN B Bamieii crieruaibHOCTH.

Jlutreparypa:

[12]; [14]; [16]

13



2.2 Tema 2 PazButHne NOHATHSA O YHCJIE

Jlekuust 2. Ilesble m panmuoHabHble 4Yucaa. JledcTBUTebHbIe 4ynciaa. [IpudamxeHHbIe
BbIYHCJIeHNs. 321241 HA TPOLEHTHI

Yucno — 0AHO U3 OCHOBHBIX IOHSATUH MaTeMaTUKH, BO3HHUKIIEE €UIE 0 HaIlled 3pbl B CBSA3U C
MOTPEOHOCTSAMU CUeTa MPEIMETOB. PacCcMOTpUM OCHOBHBIC YHCIIOBBIC MHOXKECTBA.

HarypanbHble unceja — 3TO 4YKCIIa, UCHOJIb3YeMbIe ISl CueTa MPEIMETOB WM ISl yKa3aHWs
MOPSAIKOBOTO HOMEpa TOTO WJIK UHOTO MPEAMETa CPEU OJHOPOIHBIX IPEIMETOB.

MHOeCTBO BceX HATypalbHBIX YKcea 00baHo obo3nadaroT 0ykBoit N. N = {1, 2, 3, ...}.

B cucreme HaTypaibHBIX YHCEI BBIMOJIHSAIOTCS ONEPAIlMU CI0KEHHUS U YMHOXEHUs, HO HE BCErJa
BBITIOJIHSIETCS OTIepallvsl BHIYUTAHUSI.

HamHoro mosxe oy NPHUILIM K MOHATHIO OTPUIIATENIbHOTO 4Kcia. HeoOXxoaumMocTh BBEACHUS
3TOr0 TIOHATHS CBSi3aHA C MCCIEJIOBAaHUEM BEIWYHH, KOTOPbIE MEHSIOTCS B JBYX HAINpPaBICHHIX:
TeMIIepaTypa, YpPOBEHb PEKH, JOXOAbl U YOBITKM M T.aA. OTpHIaTelbHbIE YWCIA CTadd LIUPOKO
npuMeHaTbcsi B Mmarematnke ¢ XVIlI Beka B CBsA3M ¢ BBeAeHHMEM MeToaa KoopauHaT. B EBpore
oTpulaTeNbHbIe yKcna BBen B ynorpednenue B XVII B. dpanimysckuii yuensiit Jlekapr.

Ecnu x HarypaigpHBIM uHCIaM OpHCOSAMHUTH uYuciao O W Bce YMCa, MPOTHUBOIMOIOXKHBIC
HatypanbHbIM: —1,—2,—3,—4,..., TO TOJyYUTCSI MHOKECTBO yenvix uucei. MHOXKECTBO LEIBIX YHCEI
obo3nauaercs Oyksoit Z = {..., -3, -2, -1, 0, 1, 2, 3, ...}. B HeM BBINOJHAIOTCS ONEPALUU CIOKCHU,
BBIUUTAHUS U YMHOKEHHS, HO HE BCET/a BBIMOIHIETCS OTepaius AeIeHUs.

Panmonanbuble umcaa. Bce menble u  ApoOHble 4YHcla, KaK TOJOXKUTENbHBIE, TaK U

OTpHUIATENIbHBIC, U YHCJIO HOJIb O0Pa3ylOT MHOXKECTBO paruoHanbHBIX urcen Q. Jlroboe panmonamsHOE
m

YHUCJIO MOKHO MPEACTaBUTh B BUIE Ipodu — ,rae meZ, ne N.
n

YrBep:xknenue. Jlrob6oe panmoHaIbHOE YMCIO MOXKHO 3alucaTh B BUAE KOHEYHOW JECITHUHON

ApoOu 1M B BUJIe OECKOHEYHOH 1eCATUYHON MepHOJYECcKOn ApoOu:
7
2 =0,3181818...=0,3(18)

4=4,000...=4,(0)

7,3777=7,37770000...=7,3777(0)

Bepno u oOpartHoe: mo0Oyi0 OECKOHEUHYIO JECATUYHYIO MEPUOIUYECKYI0 JpoOb MOXKHO
NPEJCTaBUTh B BHJE OOBIKHOBEHHOW JApOOM. DTO 3HAYMT, YTO JitoOas OCCKOHEYHas JeCATHYHAsS

nepuoaudeckas ApoOb €CTh PalMOHAIBHOE YHCIIO.

HpeZICTaBJIeHPIe PALMOHAJBHBLIX YUCEJ] NE€ECATHYHBIMH )IpOﬁﬂMl/l

1. TlpeBpaiieHre 0OBIKHOBEHHOH IPOOH B JECITUYHYIO.
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Jnis mpeBpamienus 0ObIKHOBEHHON APOOH B JECATUYHYIO MMEETCSI HECKOJIBKO CIIOCOOO0B.
1. Uro6b1 0OpaTUTh OOBIKHOBEHHYIO JApOOb B JIECATUYHYIO, HY)KHO UYHCIUTENb Pa3ACiIUTh Ha
3HAMEHATeb.
3

Ipumep. [IpencraButh OOBIKHOBEHHYIO Ipo0L 25 B BHJIE JECATHIHOM.

Pemrenue. HOI[CJ'II/IM YUCIIMTEIb Ha 3HAMEHATEJIb B CTOJIOHK:

3 | 25
~ 30 |0,12
25
B 50
50 3
Taxum obpaszom, 25

2. UToOBI MpeBpaTUTh OOBIKHOBEHHYIO JPOOb B JCCATUYHYIO, HY)KHO IIOMHOXHTh YUCIIUTENb U
3HaMEHaTelbh YKa3aHHOW APOOM Ha TaKoe YUCIIO, YTOObI B 3HAMEHATENe TMOIYYMIIOCh YMCIO, KpaTHOE
necsiTU (€ClIi 3TO BO3MOYKHO).

3
Ipumep. [IpencraButs qpo0hb 25 B BHE AECATHUHOI.
Pemenue. 3nameHarens 3alaHHOM IpoOU paBeH 25, €ClId 9TO YUCIO YMHOXKUTDH Ha 4, TO MOIYYUM

B pesynbTate 100. To ecth
3.4 12
5 25-4 100

3ameuannue. CJ'IGI[yeT HMETh B BUAY, YTO HC BCAKasd OOBIKHOBEHHAS I[pO6B npeacraBumMa B BUAC

|

o

§

KOHEYHON JecSITUYHOW IpoOu. B Buae KOHEUHON AECITUYHOM IpOOM MOXKHO IMPEICTAaBUTh TOJBKO TE
OOBIKHOBEHHBIE JpOOH, KOTOpBIE TIOCIE COKpPALIeHHWs B 3HAMEHATeNe COJep’KaT TOJbKO IMPOCThIE
MHOKHTENH 2 U 5.

Ecnn 3HaMeHaTenb HECOKPATHMON HEoOpaTUMOW ApoOM COAEPKHUT XOTA Obl OJUH IMPOCTOM
MHOXUTENb, OTJMYHBINA OT 2 ¥ 5, TO OHA HE MOXKET OBITh MPEICTaBIIeHa KOHEYHOU IECATUYHOMN APOOBIO.

HanmomHuM, 4yto OeckoHeuHas AecATUYHas ApoOb, y KOTOPOH OJlHA MJIM HECKOJBbKO LHU(p
MIOBTOPSIIOTCS. B OJHOM M TOW K€ IIOCIENOBATEIbHOCTH, HAa3bIBACTCA NEPHOAMYECKON JECATHYHOU
TpOOBIO.

Hanpuwmep: (- 125444444444 ..o 12, 453737373737 . ..

[ToBTopstomrecs NUQPPHI - IEPHO - sl COKPALIEHUS 3alIUCH MUILYT B KPYIJIBIX CKOOKaX.
Hanpumep: U- 123444444444 ... = (0, 123(4) - 12.453737373737 ... = 12, 45(37)

IIpumep. IIpeacrasuts 1podh ﬁ B BHUJIE IECATUYHOM.
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_5,000000...‘11
0 0,454545...

50
g.il_
60

55
50
44

_60

5
Taxum o6pazom, 1 0,(45).

2. llpeBpaienue necaTUUHON APOOH B OOBIKHOBEHHYIO.

Hecatuunyro qpoOb MPEeACTaBISIIOT B BHIE OOBIKHOBEHHOM JAPOOH, 3aIICaB €€ CO 3HAMEHATEIIEM.
[Ipu 3TOM YHKCIO TENBIX MCKOMOH OOBIKHOBEHHOU NIPOOW PAaBHO YHCIY ILEIBIX JECATUIHOH apobdu. B
YUCIUTENEe HCKOMOW JApoOM mnuieM LU(pBI, CTOSIIME TOCTe 3amsITod (IecsITHUHbIE 3HaKH), a B
3HaMEHATeNe 3aluchiBaeM | ¢ KOJIMYECTBOM HYJIEHW, KOTOPOE PAaBHO KOJIMYECTBY JECATUYHBIX 3HAKOB.

Janee, eciu BO3MOYKHO, IPOU3BOJIAT COKPALLIEHUE JIPOOH.

10,12345 =10 12345 =10 2469

5 v 100000 20000
MITYK —
5 mTyk

Ecnu gecsatudHble 3HaKW HAUYUHAIOTCS HYJISIMU, UX B YUCIIUTCIIb OOBIKHOBEHHO I[pO6I/I nucaTb HE

HYKHO.
1,00345 =1 345 =1 09
P 100000 20000
IITVE —_—
5 mTvE

Onpenenenue. Yucroii nepuoanyeckoil ApoObi0 Ha3bIBAETCS MEepUOANYEcKas 1po0b, Y KOTOPOH
MEepPHOJ] HAUMHAETCS cpa3y MOCIIEe 3arsToM.
Onpenesenne. CMemaHHOM TEPUOANYECKON TPOOBI0 HA3BIBACTCS Takas JCCATUYHAS APOOb, y

KOTOPOM MEX[y 3aMiaToi 1 MeproJoM eCTh HE MEHee OJTHOW HEMOBTOpSIOLIelcs OECKOHEUHOE YUCIIO Pa3

UQPHI.
Hanpnwmep: (- 11232323 ... = 0. 11(23) - 154444 ... = 1.5(4)

YT00BI O6paTI/ITB YUCTYIO TCPHUOANYCCKYIO ,[[p06b B O6BIKHOBCHHYIO, JOCTAaTOYHO 3aIucaTb

YUCIUTCIIEM €€ IICPUO, a B 3BHAMCHATCIIC 3alIUCATh CTOJIBKO ACBATOK, CKOJIBKO I_II/I(I)p B IICpUOAaC.
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3 1 2

0()=0. () =———=Lia@@)=4 ©2) —a—2
1 undpa . 2 undpst ,

IITYKa 2 mTyEHn

UYroObl 3amucaTh CMEIIAHHYIO MEPUOJINYECKYI0 JpoOb B BHJE OOBIKHOBEHHOM, HA/I0 M3 4YUCIIA,
CTOSILLIETO 10 BTOPOTO MEPHUOJA BBIUECTh YUCIIO, CTOSIIEE O NEPBOrO IEpUOJA, PE3yJIbTaT 3alucaTh B
YHUCIHUTENE; B 3HAMEHATEIb 3alMCcaTh YUCIIO, COJIEPIKaIlee CTOIBKO JIEBATOK, CKOJIBKO UG B epuoae, u
CTOJIbKO HYJIEH B KOHIIE, CKOJIBKO IIU(P MEXAY 3aMATON U NEPUOIOM.

3anwumem apoob 2,34(2)g BUE OOLIKHOBEHHOM

2 undpsr
e S 342-34 308 77
234(2)=2. 34 2) = - =
— 900 900 225
lundpa
B IIcpHOOC

Jpyroii crioco® mpeacTaBiIeHus IEPUOJHIECKON AECATUIHON qpoOr B BHIE OOBIKHOBEHHOM.

IIpumep. 3anucaTh B BUAE OOBIKHOBEHHOH IpoOM OECKOHEUHYIO JECSITUYHYIO NMEPHOAMYECKYIO
IpoOb

a) 1,(47) ©) 1,3(47).

Pewenue:

a) [Tycte X=1,(47)=1,474747....

YMHOXHMM X Ha Takoe€ 4YHCIO0, YTOOBI 3amsATas NepeBUHYJIACh BIIPABO POBHO HA OJUH HEPUOI.
[Tockonbky B mepuoje coaepxkarcs ABe LU(pPHI, Halo, YTOOBI 3amsATas MepeABUHYIACh BIIPaBO Ha JIBE
u@psl, a 715 3TOTO YKUCIO X HYKHO YMHOXKUTH Ha 100. [Tomydum:

100x=147,474747... .

CrnenoBaTeiabHO,

_100x=147,474747...

x=1,474747...

100x—x=147,474747..—1,474747...

99x=146
146
X=—.
99
146 47
n 1.(47)= —=1—.
Tak, L= 99 =99
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6) Iycts X=1,3(47)=1,3474747....

Cravana ymHOXuM X Ha 10, yTOOBI B HOJYYEHHOM NPOHM3BEACHUHN NEPUOJI HAUMHAICA Cpa3y

nocne 3ansatoil: 10X=13,474747... . Tenepp unucno 10X ymHoxkum Ha 100 — Torga 3amarasi CMECTUTCS

POBHO Ha OJIUH MEPUO]I BIIPABO:
1000x=1347,474747 ... .
Nmeem:
_1000x=1347,474747...

10x=13,474747...

990x=1334;

1334 344 172
X= =1 =1 )
990 990 495

Ho CYHICCTBYIOT OII€pallid, KOTOPBIC HC BCCTAA BBIIOJHHMBI HAa MHOXCECTBC PAllMOHAIBHBIX

YHUCCJI. HaHpI/IMCp, H3BJICYHCHUC KOPHA U3 IMOJIOKUTCIIBHOI'O YHUCJIA. HOBTOMy panuoOHaJIbHBIC YK CJIa ObLIN

AONOJIHCHBI HOBBIMHU YUCJIaMHU — UPppallOHAJIbHBIMU.
m
I/IppaHHOHaJILHLIe YUCJIA - YUCiia, KOTOPEIC HEJIB3s IMPEACTABUTh B BUJC ,Z[pO6I/I —,raeme Z )

neN.l={emn J3 ,-..} — MHOXKECTBO UpPPAIIMOHAIBHBIX YHUCEIL.

3ameuanue. JI1000e HMppalMOHAIBHOE YHCIO - OCCKOHEUHAs HEMEPHOIUYEcKas JIeCATHYHAS
IpoOb.

0,547...557505...113456...
HppanmoHanbHble Yiclia MOKHO BCTPETUTD, U3BJIEKasi KBAAPATHBIM U KyOUUECKUN KOPEHb:

V3= 1,732050... - uppanmoHaibHOE YUCIIO,

V2= 1,4142135... - uppallioHaJILHOE YUCIIO.

O,Z[HI/IM N3 U3BCCTHBIX U YaCTO HUCIIOJIb3YCMbIX B MAaTCMATUKC UPPAIUOHAIBHBIX YUCEII SABJISACTCA

T, YTOOBI €0 MOJIYYUTb HYXHO AJIMHY 000 OKPY’KHOCTH PA3ACJIUTh HA €€ TUAMCTP U MOJIYIUTCH:
n=3,141592...

Jlrobas apudmernueckas omnepanus HajJ palMOHAIbHBIMU uyuciaMu (Kpome, neneHus Ha 0) B

PE3YIbTATC MMIPUBOJUT K PAIUOHAJIBHOMY YUCITY.

C HppauoOHAJIbHBIMU YUCIIaMHU K€ BCC HC TaK IMPOCTO, MOKET IMOJIYYHUTHCA KaK pallMOHAJILHOC,

TaK U UPPalMOHAILHOE YHCIIO.

Hanpumep:

\/§ : \/§ =3 - pallnOHaJIbHOC YH1CJIO, \/§ : \/E = \/E - UppalliOHAJIbHOC YUCJIO.
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HelicTBuTe/IbHbIE Yncaa. OObeMHEHNE PAIIMOHATBHBIX U MPPAIMOHATBHBIX YUCENl HA3bIBAIOT
NeHCTBUTEIbHBIMH YuciiaMu. MHOXKECTBO NEUCTBUTEILHBIX YUCE] 0003HAUAIOT CUMBOJIOM R.

3ameuanue. J[ro00e NEHCTBUTEIHHOE YUCIIO - OECKOHEYHAS IECATHYHAS IPOOb.

3 12
[Mpumepbl AeWCTBUTENbHBIX umcel: 5; 1056; —47; 7; —575;—5,36; 0,45(175);

~32,149385...; e; 7; +10 ; c0s3.

JleficTBUTEIIbHBIC YHCIIAa TAK)KE HA3bIBAIOT BelIeCTBEHHBIMH.

[TonsitHO, yTo N — yacTh MHOXecTBa Z, a Z — 4acTh MHOXecTBa Q, B cBOrO ouepenp Q —
JacTh MHOXecTBa R. J[JIs ommcaHus 3TOM CHTyalli B MaTeMaTHKE UMEETCS CIeIMalIbHOe 0003HAUYCHHE:
C.

MaremaTrueckuii CHMBOJI C Ha3bIBAIOT 3HAKOM BKJIIOUYEHHS (OHOTO MHOXKECTBA B APYTOE).

3amuck XEX 03HA4aeT, 4YToO X — OJUH U3 3JIEMEHTOB MHOXecTBa X. A 3anuck ACB o3nadaer, 4To
MHOXKECTBO A TmpelcTaBisieT co00H uacTh MHOXecTBa B. Maremaruku wyaime roBopsar Tak: A —
ITOAMHOKECTBO MHOXECTBA B.

JIyist 3amucH, 9TO AJIEMEHT X He NMPHHAICKUT MHOKECTBY X MJIM YTO MHOXECTBOA HE SBIISETCS
9acThi0 (TMIOMHOXKECTBOM) MHOXKECTBAa B, MCIOJIB3yIOT Te K€ CHUMBOJIBI, HO IEPEUYCPKHYTHIE KOCOM

yepToil:X&€X,AZ B.

CBs13b MCKAY YHUCJIOBBIMH MHOKCCTBAMU IIPCACTABJICHA HA PUCYHKC 2.1.

Pucynok 2.1 — CBsi3b MEX/ly UMCITOBBIMU MHOKECTBAMHU
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JelicTBUTENbHBIE YKCIIAa TO3BOJSIOT ONUCHIBATH BEIUYMHBI, 3HAYEHHUS] KOTOPBIX MOTYT
WU3MEHSATHCS HEMPEPHIBHO, YEr0 HE MO3BOJSIOT JENIaTh pallMOHAIbHBbIE M HUppallMOHAIbHBIE YHCIA IO
OTJI€TIHOCTH.

JleHicTBUTENbHBIC YMCIIA 3aMOJHSIOT KaXKIyl0 TOYKY KOOpPJAMHATHOM mpsimoi. Kaxkmoi Touke
KOOPJAMHATHOM MPSIMOM COOTBETCTBYET €UHCTBEHHOE JEHCTBUTEIBHOE YUCIIO — KOOPAMHATA 3TOU TOUYKH,
a KaXJOMY JEHCTBUTEILHOMY YUCIY COOTBETCTBYET €IMHCTBEHHASI TOUKA HA KOOPJAUHATHOMN MPSIMOMA.

O0o3HaueHus1 YUCIOBBIX MHOXKECTB Ha KOOPJAMHATHOM OCH HOCAT Ha3BaHUS YHCJIOBBIX
NMPOMEKYTKOB. BIIENsAIOT ciieyroniye BUabl YUCIOBBIX IPOMEKYTKOB:

e  OTKPBITBIH YUCIIOBOH JIyY;
e  YNCIIOBOH JIyY;

e UHTEpBAJ;

e  YNCIIOBOM OTPE30K;

e TOJIyMHTEpBaJ.

Jns ymoOcTBa cBeieM BCE JaHHBIE O YHMCIOBBIX MPOMEXKYTKAaX B TaOMUIly. 3aHeceM B Hee
Ha3BaHUE YMCIIOBOTO MPOMEKYTKA, COOTBETCTBYIOIIEE €My HEPaBEHCTBO, 0003HAUECHUE M M300pakeHUE
Ha KOOPJMHATHOW NIpsAMoit (Tadm. 2.1).

Tabnuna 2.1 — OCHOBHBIE YUCIIOBBIE TPOMEKYTKHU

HAIBAHHE oIpeTen eHne of0zHATCHEE miodpaEe HHe
OTPEz0K a<x<h xeR b e ’
a a b X
HHTEpRAT a<x<h xR (a_ b) v IR, .
E) a b x
S/ 447771777, N
MOTYHHTEPEAT a<x=h xeR .
(@ b] . 5 x
asx<h xer | [@b) | o ymliis
a b X
Iy x=>a xR I:a'! —|—c{:-} A—W
a X
x<b xeR (~o0; D] VZT71777777717 777 SN
b X
OTEPEITEEH Ty x>a xeR (a; —|—ca::-) —I—W
a
x<b xeR ( o b) LRLLLAL LSRR I
b X
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Ecnu x - TOUHOe 3HaueHue vncia, @ — NpUuoJInKEHHOe 3HaUeHue, To X ~ a.
Onpenesienue. Pa3HOCTh X —a MEXIy TOUYHBIM | MPUOIMHKEHHBIM 3HAYCHHEM YHCIIa HA3bIBACTCS
MOTPEIHOCTHI0 MPUOJIUKEHHS.

Onpenenenue. AOGCOJIOTHOH NMOTrPeNIHOCTHI0 TPUOTIKEHHOTO 3HAYCHUS YMCIA HA3bIBACTCA
MOJyJIb PA3HOCTH MEXIY TOYHBIM M IIPUOIIMKEHHBIM 3HaYeHneM: AX = |X - a| :

Yacto TOYHOE 3HAYEHHE BEJIMYMHBI SBJISETCS HEU3BECTHBIM, CJIEJ0BATEIbHO, HEU3BECTHBIM
ABJISICTCA U TOYHOE 3HaueHHe a0COMOTHOM norpemHocTy. [103ToMy JUIsl OLIEHKH TOYHOCTH IPUOIMKEHUS
BBOJIUTCS MIOHATHE T'PaHMILIbI A0COIIOTHOM MOTPELIHOCTH.

Onpenenenue. I'panuneii a0COJIOTHOM MOTPENIHOCTH MTPUOIMKEHNUST X ~ 8 Ha3bIBAETCS TAKOE
NOJIOKUTENIbHOE 4Kciao h, Oomblle KOTOPOro aOCONIIOTHAs MOTPEIIHOCTh OBITh HE MOXKET:
Ax=|x-d <h,

B 3TOM cityyae roBopsT, YTO BEIUYMHA X MPHOJMKEHHO C TOYHOCTHIO 10 h paBHa « u mumIyT
X = ac tounocteio 10 h win X =a+h. Takum 006pa3om, HCTUHHOE 3HAYEHUE BEJIUYMHBI X 3aKJIFOYEHO
mexnay rpanunamMu a—huw a+h,r.e. a—h<x<a+h.

I'pannma aOCOMIOTHON MOTPENIHOCTH HE OINpEeNeNseTcs OJHO3HAYHO, MOJTOMY B KauecTBe
IpaHMIbl a0COMIOTHOM MOTrPEeIIHOCTH OepyT HauMEHbLIee YHCIIO0, KOTOPOe YAO0OHO Ul BBIYMCICHHH U
obecrieyrBaeT HEOOXOIUMYIO TOUYHOCTb.

[udpa B 3anucu mpuOIMKEHHOTO YHCa HAa3bIBACTCS BEPHOM, €Ciii a0CONIOTHAS TOTPEIIHOCTh
YHcia He MPEBOCXOANT €AMHUIBI TOTO paspsijia, B KOTOPOM 3alucana 3ta Iudpa. B mpotuBHOM cirydae
OHA Ha3bIBAETCS] COMHUTEIbHOM.

AOconoTHas  MOTPEIIHOCTh  NPUONMKEHHS HE  XapakTepu3yeT KadecTBO  H3MEpeHUui.
JIefCTBUTENHHO, €CITU MBI U3MEPsIeM C TOYHOCTBIO 10 1 ¢M Kakyro-1u0o JUTHHY, TO B TOM clydae, Korjaa
peub uner o0 onpeaeseHnu JUIMHBI KapaHjalia, 3To OyieT mioxas ToyHocTh. Eciu e ¢ TouHocThIo 110 |
CM ONpEAEIUTD JJIMHY WM IIUPUHY BOJIEHOOIBHOM MIIOIMIAKHU, TO 3TO OYAET BhICOKast TOUHOCTb.

JI1 XapaKTepUCTUKU Ka4eCTBAa N3MEPEHUS BBOAUTCS MTOHATHE OTHOCUTEIBHOMN MOIPEITHOCTH.

Omnpenesienne. OTHOCUTEIBHOM MOTPEeMIHOCTBIO TPUOIMIKEHHOTO 3HAYEHUS YKCIIa HAa3bIBACTCA

A [x-a
OTHOIIICHUE a0COIIOTHOU MOrpeIIHOCTU K MOIYIIIO HpI/I6J'II/I)KeHHOFO 3HA4YCHHA 4YHCIIa |_ ="
o [
[x~4]
OTHOCHTENBbHYIO TOrPEIIHOCTh YacTO 0003HA4YalOT € U BBIPAXKAIOT B IMPOLEHTAX & =|—-100%.
d
5 AX _h
I'pannIly OTHOCUTEIBHO MOTPENTHOCTH 0003HAYAIOT O, T.€. € = |— <—==0.
al " fal

IIpoueHTHI
[TporieHT — 0o7Ha coTas 4acTh BEIMYUHBI WK uncia. O003HaYaeTCst CUMBOJIOM %:
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1
19%=0,01= —
’ 100

Jns mpeoOpazoBaHUsl NECATUYHON IpoOM B TPOIEHTHI, €¢ HeoOXoauMo YMHOXHUTh Ha 100.
Hanpumep: 4 = 400%; 0.4 = 40%; 0.04 = 4%; 0.004 = 0.4%.

Jlist mpeoOpa3oBaHwsl MPOIIEHTOB B ACCATUYHYIO IPOOL HEOOXOIUMO YUCIIO TPOIICHTOB Pa3AeiIuTh
Ha 100. Hampumep: 500% = 5; 50% = 0.5; 5% = 0.05; 0.5% = 0.005.

IIpumep. IlIBeitnas ¢abpuka usroroBmwna 1200 miarbeB, rae u3 HuUX 32% - 1IaThss HOBOTO
¢acona. CKOJBKO MIIaThEB HOBOTO (DacoHa M3TOTOBHIIA IIBEHHas (habpuka?

Pewenue:

1. 1200 : 100 = 12 (nnatbeB) - 1% OT BceX BBIMYIIEHHBIX U3/EIUH.

2. 12 x 32 =384 (nnaThs).

Ortser: (habpuka m3rotoBuia 384 riares HOBOTO (pacoHa.

Jis 11060#1 OeCKOHEYHOH AecATHUHOW JpoOu (IeHCTBUTENBHOTO uucia) X =a,,&,a,...8,a,...
KOHEUHas JIeCsITuYHast Ipodb X, = a,,a,a,...a,, Ha3bIBaeTCs N-M OTPE3KOM 3TOH Jpodu.

Omnpenenene. Jlns m1000ro  MOJNIOKUTENBHOTO  uucia X =a,,a,a,...a,8, ...  YHCIO

Xr'] =4a,,a,d,...8,Ha3pIBacTCd N-M JECATHYHBIM NPHOJMKEHHEM 4YHCJIA X ¢ HEJO0CTATKOM ¢

Tounocthio a0 107", a uucno Xr': =3a,,qa,...4, +107" HasbIBaeTcs N-M JeCATHYHBIM NpHOJIHKEHHEM

-n
YHCJIa X ¢ H30BITKOM ¢ TOUHOCTHIO 10 10 .

Jns mro6oro orpuuaTenbHoro yuciaa X =-—a,,a,a,...8,a,_ ... N-e JecATHYHbIe NMPHOJIMKEHUS

14

ONpeJIeNAIOTCA CIEAYIOIMM 00pasoM: X, =—a,,&,a,...a, —10™", X/ =-a,,8,8,...a,.

Hcnonb3ys aecsTuYHble TPUOIMKEHUS ¢ HEAOCTATKOM U € N30BITKOM, MOKHO OLIEHUTh TOYHOCTb
MPUOIMKEHHBIX BBIYUCICHUH C JeMCTBUTENbHBIMU YUCIIAMHU.

JelicTBus HAX NPUOJIUKEHHbIMH 3HAYEHUAMM Y CeJ

YroObl MpUOIMKEHHO HAaWTH CyMMY, Pa3HOCTb, IPOHM3BEAECHUE, YAaCTHOE JBYX OECKOHEUHBIX
JEeCATUYHBIX ApoOeil, HyHO MpPOoJIeNaTh COOTBETCTBYIOUINE ACUCTBUS HAJl UX N-MU OTPE3KaMU.

Ha npaxTtuke pe3ynbTaTbl U3MEPEHM W BBIYMCICHHM OOBIYHO BBIPAXAOTCS B BUIE KOHEUHBIX
JECSITUUHBIX JpoOeil. Ecau B necaTuyHON OpoOu, paBHON TOYHOMY WM HPUOIMKEHHOMY 3HAUEHUIO
HEKOTOPO BEIMYUHBI, JECITUYHBIX 3HAKOB OOJbIIE, YeM 3TO HEOOXOAMMO IO MPaKTHUYECKUM
COOOpaKeHHUsIM, TO 3Ty ApoOb OKpyrisitoT. Omnepaius OKPYIJIEHHS COCTOUT B OTOpAChIBAHWU E€IMHUIL
MJIQIIINX pa3psaoB HaduHas ¢ HeKoToporo. llodydeHHOe 4YMCclO NMPUHUMAETCS 3a NPUOIMKEHHOE
3HAYEHHE ITON APOOH.

CylecTBYIOT TPH €IMOC00a OKPYIVIEHUS TOJOXKUTENbHBIX JECATUYHBIX APOOEil: OKpyrieHHe C

HEAOCTAaTKOM, OKPYTJICHUC C I/I36BITKOM, OKpYTJICHHC C HaMMEHBIIECH OIINOKOM.
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OxpyrJ/ieHHe ¢ HeJOCTATKOM JI0 €MHHUI] HEKOTOPOTO pa3psiia COCTOUT B OTOPACHIBAHUM €HHIL
BCEX MIIAAIIUX pa3psaaoB. Bece mudpel apoOu 10 AaHHOTO paspsaa BKIIOUUTEIBHO HE MEHSIOTCS, a
UG Pl MIAIIMX Pa3psiioB 3aMEHSAIOTCS HYJISMU.

Oxpyriienne ¢ HM30BITKOM [0 €IUMHUI] HEKOTOPOro pas3psla OTIMYAETCS OT OKPYIJIEHUS C
HEZ0CTAaTKOM TEM, YTO YHCJIO €ANHMIL JAHHOIO pa3psiia yBEINUUBACTCS HA SAUHUILLY.

OxpyrieHue ¢ HauMeHbIIeH MOTPEIHOCTBIO IPOU3BOAUTCS 110 CIEAYIOLIUM IIpaBUIaM:

1) enuHMIBI BCEX MIIAJIIINX Pa3psi0B OTOPACKIBAIOTCS,
2) YHCIIO SOUHUIL JaHHOTO pa3psijia He MEHSETCs, eClIU CIeyronias udpa 1aHHOi IpoOK MEHbIIE
5, ¥ yBeIIMUMBAETCS HA €IMHUILY, €CIIU cileAyronias iugpa 6osblie Uik paBHa S.

Omnpenenenue. 3HayamuMu UHGpamMu AecITHYHON IPodU Ha3bIBAIOT Bce e HUpbBI, Kpome
HYJIeH, PacIOJIOKEHHBIX JIEBEE MEPBON, OTIIMYHOMN OT HYJS U (PHI.

Omnpeaenenue. 3HayammumMu HudpaMu HeJI0ro YMciaa Ha3bIBAlOT BCE €ro HUQphl, KpoMme Hyel,
PacIioyIOKEHHBIX B KOHIIE YHMCIA, €CJIM OHU CTOSIT B3aMEH HEU3BECTHBIX MM OTOPOIIEHHBIX LU(D.

0,712 — 3 3navamue uudpsr; 45,03 — 4 3nagamue udpsr; 0,0016 — 2 3Hagamme U pol.

1. Tlpu crnoxeHWH W BBIYMTAHUHM MPHOIMKEHHBIX 3HAYEHUH OTBET HEOOXOIUMO OKPYIJIHTH,
OCTaBUB I10CJIE 3AISATON CTOJIBKO LU(DP, CKOIBKO UX B MEHEE TOUHOM YHCIIE.

Ipumep. Croxuts npubIMKeHHbIC yncaa: 2,369; 17,24; 8,653; 94,124.

[IpenBapuTENIbHO OKPYIJIMM JJAHHBIE YKCIIA 10 COTHIX U CII0KHUM UX:

2,37+ 17,24 + 8,65 + 94,12 = 122,38.

2. Ilpu yMHOXEHHMH M J[€IE€HUU NPUOIMKEHHBIX 3HAYEHUH OTBET HEOOXOJUMO OKPYIJIMTb,
OCTaBHUB B HEM CTOJIBKO 3HAYaIIUX HU(P, CKOJIBKO UX B MEHEE TOUHOM YHCIIE.

Mpumep. 23,41 -0,0324 = 0,758484 = 0,758.

3. Ilpu BbIYMCIEHWW 3HAYEHUS BBIPAKEHHUS B HECKOIBKO JEHCTBUH, B TMPOMEKYTOUYHBIX
pe3yiabTaTax HajJ0 OCTaBUTh Ha OJHY LM(py Oonblle, YeM yKa3aHO B IpaBuiaxX. B KoHeuHOM JelicTBuU
MOCJIEeTHIOK U(PY HA0 OKPYIIIUTh.

['panuna abCONMIOTHON MOTPEMIHOCTH CYMMbI HPHOIM)KEHHBIX 3HAUEHUM YHUCENl paBHA CyMMe
rpaHul a0COIOTHBIX MOTPEIIHOCTENH ITUX YHCEI:

A(a+b)=4a+4b, rne a u b — npubIMKEHHBIC 3HAUCHHS YucerT;, 4a U A — rpaHuIlbl aOCOTFOTHBIX
MOTPENIHOCTENH COOTBETCTBYIOLINX MPUOIMKEHUI.

A(a+Db)

['panuna OTHOCUTEIBHON MOTPEIIHOCTA CYMMBI BBIUUCIISIETCS 110 PopMmyTe: €, = W .
['panuna aOCONIIOTHON MOTPEUIHOCTH PA3HOCTU ABYX NPUOIMKEHHBIX 3HAYEHHWM YuCell paBHa

CyMMe TpaHuI] uX a0COTIOTHBIX TorperHoctei: 4(a-b)=4a+4b.

Aa+ Ab
a-b

['panuna OTHOCUTEIBHON MOTPELIHOCTH Pa3HOCTHU BhIUUCISIETCS IO popmyTe: €, =
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@DopMynbl AJi OIEHKU TPaHUIl a0COTIOTHOW MOTPENTHOCTH MPOU3BEACHUS (4aCTHOTO) CIIOXKHBI,
MO3TOMY Ha TPAKTHKE CHAayalla HAaXOJSAT OTHOCUTEIBHYIO MOTPEITHOCTh MPOW3BEACHHS (YacTHOTO), a
3aTeM I'paHUIly a0COFOTHOM MOTPEIITHOCTH ITPOU3BEICHHUS (4aCTHOTO).

®dopmyisl Ui TpaHHUI] a0CONIOTHOH W OTHOCHTEIBHOM IOTPEIIHOCTH HEKOTOPBIX (PYHKIIHIMA
MIPUBE/ICHEI B Ta0uie 2.2.

Tabnuua 2.2 — @opmyIbl 11 TpaHUL] A0COTIOTHON U OTHOCUTENIFHON TOTPEIIHOCTEMH

['panuna aOCOJIIOTHOM ['panuna
OyHKIUSA
n/m MOTPEIIHOCTH OTHOCHUTEIIbHOH MOTPEIIHOCTH
y=ab Ay=|b|-4a+|a|-4b Aa Ab
& =—+—
a b
y=abc Ay=|bc|-4a+|ac|-Ab+|ab|-Ac o Aa N Ab  Ac
a b ¢
y=a" Ay=n a"*Aa Aa
8y = ?
y=a’ Ay=2a-Aa Aa
gy = ?
y=a’ Ay=3a*Aa Aa
é‘y = ?
y= \/; y Aa gy — &
= 2a
" 2Ja
Ay="7T— y
33 /az 3a
a . . Aa Ab
y=2 _\b\ Aa+a|-Ab 5, -0, Ab
b Ay - b2 a b
IIpaBuia nogcuéra nugp:
1. [Ipu crno>keHUW U BBHIYUTAHUU MPUOIMKEHHBIX YMCET B PE3ybTaTe COXPAHSIOT CTOJBKO

JECATUYHBIX 3HAKOB, CKOJIBKO MX B HAUMEHEE TOYHOM YHCIIE.

2. [Ipy yMHOXE€HUHU W JeJIeHUU NPUOIMKEHHBIX YHCENl B PE3YJIbTaTe COXPAHSIOT CTOJIBKO
3HaYalMX MUQp, CKOIBKO UX B YHCIE C HAUMEHBIIUM KOJMYECTBOM 3HAYAIIUX HUD.

3. [Tpu BO3BeIEHUH B CTENEHBb B PE3yJbTaTe COXPAHIIOT CTOJIBKO 3HAYALIMX IH(}P, CKOIBKO
WX B OCHOBaHUH CTEIICHHU.

4. [Ipy wu3BIEUYEHUH KOPHS COXPAHSAIOT CTOJBKO 3HAyamux LUpp, CKOJIbKO UX B
IIOJAKOPEHHOM BBIPaKCHUM.

5. [Ipy BBHINOJIHEHUU MPOMEKYTOUHBIX NEHCTBUN OCTaBISIOT Ha OJUH 3HAK OOJIbIE, YeM

TpeOYIOT MpaBuiia, a B pe3yJibTaTe 3alacHON 3HAK OKPYTIISIOT.
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6. Eciu B BBIUMCIIEHHSAX TOYHOCTh 3a/laHa 3apaHee, TO BBIUMCICHHS BEAYT C 3alacHBIM
3HAKOM, KOTOPBIN B PE3yIbTaTEe OKPYTIISIFOT

Ipumep. Haittu cymmy S mpubnvkeHHbIX 3HaYeHU# yncen 6,8+0,05; 4,3+0,05 u 3,575+0,0005.

Pemenue: BIYMCITUM CYMMY 33/IaHHBIX YHCENl M CYMMY UX MOTPEIIHOCTEH:

S=6,8+4,3+3,575=14,675;

AS=0,05+0,05+0,0005=0,1005.

['panua abCcoIOTHOM NOTPeNTHOCTH 3aKimoueHa B peaenax 0,05<0,1005<0,5. B npubnmkeHHOM
3HAYEHUH CYMMBbI BEPHBIMU SIBIISIOTCA JIUIIb JABE UGPHI (B pa3psiiax AecATKOB U enuHull). [lomyueHHbIN
pe3yabTaT OKPYIIIMM 110 eauHuI] S=14,675~15.

Ipumep. Bopruucnute pa3sHOCTh JBYX NPUOJNMKEHHBIX 3HadeHHd uymcen a=5,863+0,0005 u
b=2,746+0,0005. Haiitu 4(a-b) u eap.

Perienne: BBIYMCIIAEM IPAHUILYy aOCOTFOTHON MOTPEIIHOCTH pa3HOCTH a-b:

A(a-b)=0,0005+0,0005=0,001.

B nipubnmkeHHOM 3HaUYE€HUW Pa3HOCTH IU(pa B pa3ps/ie THICSYHBIX HE MOXKET ObITh BEPHOM, TaK
kak A(a-b)>0,0005. Wrak, a-b=3,117=3,12. AolcomtoTHas mnorpemHocTh pasuoctu 0,001. B

npubmmkeHHoM uucie 3,12 Bce unudpsl BepHbie. Haxoaum 0THOCHTENBHYIO MTOTPEIIHOCTh PA3HOCTH:

0,001
b= 312

Ipumep. Halitu BepHble 1udpbl Mpou3BeacHUs MPUONMKCHHBIX 3HaueHui uucen a=0,3862 u

=0,00032~0,03%.

b=0,8.
Pemenne: umeem 0,3862-0,8=0,30896. ['panuiisl aGCONIOTHOW TOTPEIIHOCTH COMHOXKHTENEH

paBubl  0,00005 u 0,05. Ilo dopmyre &, =§+%b HaxO/JUM OTHOCUTEIBHYIO TOTPEIIHOCTh
a

IMPOU3BCACHUSA:

_0,00005 0,05

£, = + 220,063,
03862 08

Haxonum rpanuily abcontoTHON MOTPeIHOCTH TPOU3BEICHUS:

4(ab)=0,30896-0,063=0,0195;

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

[Tony4yeHHbIif pe3ynpTaT O3HA4YaeT, 4TO B MPOU3BEJICHMM OJHA BepHas uudpa (B paspsuae
necsteix): 0,30896~0,3.

IIpumep. Haiitu rpanuily abconoTHON MOTPEIIHOCTH YaCTHOTO MPUOIMKEHHBIX 3HAYEHHUH uncen
a=8,36+0,005 u b=3,72+0,004.

Pemenne: umeem 8,36:3,72=2,25.
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ITo

b

Aa Ab

popmyne €, = ? + F HAaxOJIUM OTHOCHUTEJIBHYIO ITOIPEIIHOCTh YaCTHOIO:

B §+A—b 0,005 N 0,004
a b 836 3,72

=0,002=0,2%

Haxoaum rpanuity abCcoNOTHOM morpentHocT yactHoro: 4(a/b)=2,25-0,002=0,0045.

[TomyueHHBIH pe3yabTaT O3HAYAET, YTO B YACTHOM BCe TpHU LU PHI BEPHBIE.

BOl'lpOCLI AJI CAMOKOHTPOJIA:

1.
2.

© © N o 0 &

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.
23.
24.

UTo Ha3bIBAETCSI MHOXKECTBOM U €TI0 3JIEMEHTAMU?

Kak 0603Hauar0Tcs OCHOBHBIE YMCIIOBBIE MHOXKECTBA?

Kakune ocHOBHbBIE omepaliy CYIIECTBYIOT HaJl MHOXKECTBAMHU M KaK CBA3aHbI MEXIy COOOM
YHCIIOBBIE MHOYKECTBA?

Uro npeacTaBisitoT coO0i AeCTBUTEIbHBIC Unca?

Kak onpenensiercss 4ncioBoi TpOMEKYTOK?

[IpuBenuTe npuMeEpbl OCHOBHBIX TUIIOB YHCIOBBIX IPOMEXYTKOB.

Kak MOXHO 3a/1aTh palliOHAILHOE YUCIIO?

[TpuBenuTe npuMep nepeBoia NEPUOANUECKOMN AECATUYHON APOOU B pallMOHAIBHOE YHCIIO.
Uro Ha3bIBaeTCsi aOCOMIOTHON U OTHOCHTENHHOW MOTPEUIHOCTHIO MPUOIMKEHHOTO 3HAUCHUS
qrclia, KaKk OHM 0003HAYar0TCS ¥ BBIYUCIISAIOTCS?

3aueM HYXHO 3HaTh IPAHUILY TOIPEIIHOCTEMN?

Kak Haxonsarcst BepHble 1 COMHUTENbHbIE HU(PBI B TPUOIMKEHHOH 3anucH yucia’?

Kak onpenensiercst MpoLEeHT OT yucia?

Yro nmoHUMAaeTcs MoJI OKPYIJIEHUEM JeCATUYHOMN 1poou?

Kakwue cymiecTByroT BUABI OKpYTIIEHUI?

ChopmynupyiiTe IpaBuia OKpYTJIEHUS ¢ HAUMEHbBIIEH OITHOKOM.

Cdhopmynupyiite npaBuia AedcTBUI HaJ NPUOIMKEHHBIMHY 3HAYCHUSIMH YHUCE].

Kakue 1iudps! unciaa Ha3pIBaOTCS 3HAYALTUMU?

[Tepeuncnure aeicTBUS HAJ MPUOIMKEHHBIMU 3HAYEHUSIMH YU CEIL.

[lepeunicniure ¢GopMynabl JJis BBIYUCICHUS TpaHUIl aOCOTIOTHOM U OTHOCHUTEIHHOM
MOTPEIIHOCTENH HEKOTOPBIX (PYHKITHIA.

B 4yem cocTouT npuHIMI TPUOIMKEHHBIX BBIYMCICHUN C Hanepe 3aJaHHON TOYHOCTBIO?

Kak npunsTO 3anuceiBaTh NpUOIMKEHHbIE 3HAYCHUS ?

B 4yem cocTouT mpaBuUIo CI0KEHUS U BBIYUTAHUS IPUOIUKEHHBIX 3HAUCHUI?

Kak onpenensiercst rpaHnia OTHOCUTENIBHOM OTPEIIHOCTH?

quy paBHa rpaHuna OTHOCUTEJIbHOMI MOrpeIIHOCTH cTeneHu?
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Jlutreparypa:
[1] C. 3 -15; [12] —[21].

2.3 Tema 3 KopHu, cTeneHu u Jiorapupmbl
Jlekuusa 3. Kopun u crenenu. KopHu HaTypajbHO#l cTenmeHM W3 4YMCIa M MX CBOICTBA.
CreneHn ¢ panuHOHAJBHBIMH IIOKa3aTeJsiMH, HX cBoiicTBa. CrenmeHH ¢ JAeliCTBUTEJbHBIMHU

nokasarejaaMu. CBoiicTBa CTelleHH ¢ JeHCTBUTENbLHBIM MOKA3aTeJIeM

1. Kopens N —ii cTenenun

Onpenenenue. Kopuem n-oii crenenu (N=2,3,4,5...) u3 ynciia a Ha3pIBaeTCs Takoe uuciio b, n-as

n n
CTeNeHb KOTOPOro paBHa a: Va = beb"=a,
Uucno g Ha3pIBalOT MOJAKOPEHHBIM BbIPAa:KeHHEM, a YKMCIIO N — MoKa3aTejJeM KOpHS.

Haxosxnenue KopHs N-0ii CTENEHU U3 YUCIIa & Ha3bIBAETCS M3BJIeYeHHeM KOPHSA N-0i CTeneHH.
Ecnu n=2, To mumyt v a (2 He NUIIYT) U TOBOPAT «KOPEHBb KBAAPATHBIN U3 a».

3 o
Ecmu n=3, to mumyr VA u BMECTO «KOPEHb TPEThEW CTENEHH» YacTO TOBOPAT «KOPECHb

KyOMUYECKUIT».

n
Eciu N — HEYETHOE YUCIIO, TO BHIPAKEHHE V & HMMEET CMBICH pH Va .

n
Ecim N — 4eTHOE YKCIIo, TO BEIpaxkernue \ & umeer cmpica mpu a > 0.

Omnpenesienne. ApupMeTH4eCKMM KOPHEM HaTypalbHOM CTENEHU 7 > 2 U3 HEOTPULATEIBHOTO

quciia a Ha3bIBACTCA HCOTPHUUATCIBHOC YUCIIO b , 1 —ad CTCIICHb KOTOPOIro paBHA a4, T.C.

fa=bneN,a>0=b>0.

n
n .n n
U3 onpenenenus apudMeTHIECKOro KOpHs crienyeT, uto ecmun a = 0= (\/ a) =a,va =a.
Ecnu N — HedyeTHOE 4MCio, TO CYIIECTBYET €IMHCTBEHHBIM KOpEeHb N-il CTeNeHH U3 J00ro yncia
2k+«3f = —2k+llg
(TTOJ0XKUTENBHOTO, OTPULIATENHHOIO WIIM PABHOTO HYJIIO), IPUYEM .

9T0 PABCHCTBO ITO3BOJISICT BbIPA3UTh KOPCHb HEYCTHOM CTEICHU U3 OTPpHULATCIBHOI'0 YKCiia Y€pEe3

apudmeTnyecKuil KOpeHb TOW ke CTEIEHHU.

2k[ 5 2k
Ecimu n — dgerHoe uwmcio, To Va :‘a

, T.€. CYIICCTBYIOT JIBa U TOJBKO JBa KOPHS YETHOU

CTEIIEHHU U3 JIF0OOT0 MOJIOKUTEIIEHOTO qurcia, KOTOPbIC OTINYAOTCA TOJIBKO 3HAKaMU.

IIpumepsl.
1. Kopens ueTBepToii cTeneHu U3 yrcia 16 paseH 2, T.e. V16 =2 , T.K. 2° =16.

4
2. Boipaxenue v —16 me umeer cmpicna.
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2. OcHOBHBIE CBOICTBA KOpHeii

CpoiictBa  QopMynupyeTcss TOJNBKO JUISI  HEOTPUIATENHBIX  3HAUYEHUH  IEPEMCHHBIX,

coJiep KalIuxcs 1MoJ; 3HaKoM KopHeH, T.e. N € N,n>2,a>0b>0.

2.1 TIpaBu/I0 M3BJIeYeHHS KOPHS U3 IPOM3BEIeHUs: ab =%a-\b.
«Kopenb n-oit crenenu (N=2,3,4,...) U3 MPOU3BEACHUS JABYX HEOTPULIATEIBHBIX YHUCEN PaBEH

MPOU3BEICHUIO KOPHEW N-0M CTEIEHU U3 3TUX YUCEID).

Mpumep. Borancaurs 3/0,125-8-27 .

Pemenue: %/0,125 -8-27 = 3{/0,125 .3/8.3/27 =05-2-3=3

Dopmyily IPOU3BEIACHUS KOPHEH MOKHO ITPUMEHSAThH KaK CJIEBA HAIPaBO, TaK U CIIPaBa HAJIEBO.
3[q .3/
Ipumep. Berunciurs \/§ 9.

Pemenue: %'%/523\/3-9 2@23.
a Ya

2.2 IlpaBuII0 M3BJIE€YEHHUsI KOPHS U3 Apodu: | E = W’ =0,

«Kopenn n-oii crenenu (N=2,3,4,...) U3 YaCTHOTO JIByX HEOTPUIIATEIIbHBIX YHCEIl PABEH YaCTHOMY

KOpPHEH N-0i CTENEHU U3 3TUX YHUCEID.

CDOpMy.]'Ia IPUMCHACTCA KaK CJICBAa HAIIPpABO, TaK MU CIIpaBa HAJICBO.

IIpumepsl.

16 16 _V16 _4
1.Berauciants 81" . Pemenue: 1 \/a 9

5i i _ (81 _ @ _9_ 295
2. Beruucnuts 16 . Pemmenue: 1 16 \/E 1 4ol

6
3
3. Beruucaurs 3| —— 256 3\/: Pemrenue: 31{ \/7 ﬂ = 64 = ﬂ
625 5 3/125 5

2.3 IpaBuJI0 H3BJICHeHUS KOPHS M3 KOPHSI: \ V_ = nxk/g

«YTOOBI H3BICYL KOPCHb U3 KOPHA, JOCTATOYHO MEPEMHOKHNTD ITOKA3aTCIIN KOpHCfI)).

IIpumepsl.

1. Yopoctuts: 7\/% . Pemenue: 7\/% = ij/f
2. Borancauts: \ A/ 256 . Pemenne: \4/256 = W =
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2.4 TlpaBuJio Bo3BeleHHsI KOPHS B CTelleHb: (Q/E)”‘ ="/a" .

«UTOOBl BO3BECTH KOpPEHb B HATypaJbHYIO CTEMEHb, JOCTATOYHO BO3BECTH B 3Ty CTENEHb
MOJAKOPEHHOE BBIPAKEHHE.

IIpumepsl.
1. Bpruuciauts: (3{/5)6. Pemenue: (?{/E)G =3/2° = %/a =4,

2. BbumCIuTE: @ . Pemenue: @ = 9\/(52 )g = (%/57))2 =5°=25,

2.5 Iloka3aTeib KOPHSl M MOKAa3aTe/b NMOJAKOPEHHOI0 BBIPAKEHUSI MOKHO YMHOKUTH HA

n nk/ Ak
OJHO M TOKEe YHCJI0: Vad = vVa .

OTO CBOMCTBO MOXKHO MPpOYHTaTh CIIpaBa HAJICBO: «Ecmn mokasarenu KOpHA W INOAKOPCHHOI'O
BBIPpAXKCHUS YMHOXUTH WU PA3ACIIMTh Ha OJHO U TO K€ HATYPAJIbHOC YHCJIO, TO 3HAUYCHUC KOPHA HC
HU3MCHUTCI).

IIpumepsl.

1. Yopocturs: W . Pemenue: W = 4'\6/F = ‘{/F .

2. TIpeobpazoBath Bhipaskenue: 128 . Pemenne: 128 =32" = 2.

n n
2.6 TpaBuJI0 BhIHECEHHsI MHOKUTE/IS W3-1I0]1 3HaKa kopus: va b =a-\/b.

3/
Ilpumep.  BpiHecuTe  MHOXHTENb  H3-MIOJ  3HAKA  KOPHS: 250 .  Pewenue:

3/250 =3/125.2 =3/53.2 =53/2

2.7 BHeceHMe MHOKMTeJs 1O 3HAK KOpHA (o0paTHoe mpeablAylieMy HpPaBHIY):

ITpumep. CpaBHUTH ynCIa: i/_ u 4\/5 . Pemrenue:

HpCI[CTaBI/IM JaHHBIC YHCJIa B BHIC KOpHeﬁ C OJHHM M TeM e IokazareiaeMm. HaumeHsblee

obrmiee kpaTtHoe yucen 5 u 4 — uucio 20.
i/é =°J3* =481 , i/E =N2° =%32. Tenepb MOKHO CpPaBHHUTH MOJKOPEHHBIE BHIPAXKEHMUS:
T.x. 81>32, 10 481 =432,
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2.7 30aBJiieHne OT paagnuKajia B 3HAMeEHAaTeJIe: a _an b™ _ Va"b" B Ya"h"
Vb ¥b-¥bt Wb b

IIpumep. 136aBUTHCS OT UPPALIMOHAIBHOCTH B 3HAMEHATEJIE: T .
6

1 J8 6 B
2J6 2J6-46 26 12°

Pemenue:

3. CreneHb ¢ pallHOHAJIbHBIM MOKAa3aTeJeM

CreneHp ¢ JTIOOBIM EeJIbIM ITOKa3aTCJIEM OIPCAC/IAIACh KaK a"=a-a-...-a ,TIe a — OCHOBaHHe
\_w_—J

n
crenenu (2> 0), N —moka3zartesb creniend (N € Z), a" - creneHb.

AHaJoru4Ho onpeacinuM CTCliCHb € PpPaluOHAJIBHBIM I10Ka3aTCICM ar, npu 3TOM [ -

m
panMoHanpHOEe 4ucio, T.e. F=—, tne meZ,neN. Torma nmpu a > 0 crnpaBeIIMBO PaBEHCTBO
n

bnarogapss Takomy oIpeaeneHulo, yJaJloch COXPaHUTh BCE CBOMCTBA CTENEHEH C LEIbIM
[IOKA3aTEeJIEM.

Kpowme toro, 3ta dhopmyna siBisiercs 6a30BoOi s epexo/ia OT KOpHEH K JPOOHOMY MOKa3aTelNo.
CxitagpiBaTh, BBIUMTATh, MEPEMHOXKATh OPOOH Mpolle, YeM padoTaTh C KOPHIMH, MO3TOMY IPHUHSITO
MEPEXOANTh K CTETIEHHBIM (PYHKIHUSAM C IPOOHBIM IOKA3aTEIIEeM.

Jlist moOBIX palMOHANBHBIX Yrces P U  u @ >0 u b >0 BepHbI paBeHCTBA:
1. ap .aq — ap+q

2. a’:a%=af™"

3 (ap)q PR

4. (ab)® =a’-a°

p p
5. (_j _a’
b bP

6.Ecrmia#0,100%=1

7.Ecm a>=0,b>~0=a" =b"
1
8. a =—,20ea=0,n>0.
a

IIpumepsl.
3
1 164 =416 =427 =2° =8
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11

2 1
2. a’-at=%a’ Ya="a® ¥a® =¥a" =a®
1
3. (325 =%-32="42°=2

i_l 1
3; 533§/ﬁ

&'

Bomnpocel 111 cAaMOKOHTPOJISA:

1. Yro Ha3bIBaeTCs KOPHEM n-i CTENEHU U3 yuciia?

2. Yo Ha3bIBaeTCs apu(PMETHUECKUM KOPHEM 71-H CTENEeHH U3 yucia?
3. Tlepeuncnure cBOHCTBa apH(PMETHIECCKUX KOPHEU /1-i CTETICHH.

4. HazoBuTte NpaBUIO BHECEHUSI MHOXKUTEIS O] 3HAK KOPHSI.

5. HasoBure npaBuiio BEIHECEHUSI MHOKUTEINSI U3-T10/] 3HAKa KOPHS.
6. Kak n30aBisroTcst OT MppaMOHATLHOCTH B 3HaMeHarese?

7. aiiTe onpeneneHue CTENEHU C HaTypajabHbIM I10Ka3aTesIeM.

8. Ilepeumcnure CBOWCTBA CTENIEHEH C PAIIIOHAIBHBIM TIOKA3aTEIEM.

9. JlaiiTe ompezeneHue CTENEHU ¢ IPOOHBIM M OTPHUIATEIBHBIM MOKa3aTeleM, chopMynupyiTe

WX CBOMCTBA.

10. Hepe‘{I/ICHI/ITe CBOICTBA CTEIIEHEM C panrOHAJIBHBIM ITOKA3aTCJICM.

Jlureparypa:

[1] C. 93 — 130; [4] C. 231 — 251; [12] - [21].

Jlekuusi 4. Jlorapudgm. Jlorapupm uucaa. OcHoBHoe JorapupMuyeckoe TOMKIAECTBO.
JecaTuyHble W HaTypajabHble Jorapugmbl. IlpaBuiaa neiicrBuii ¢ Jorapupmamu. Ilepexox k

HOBOMY OCHOBAHHUIO
Omnpenesenne. JlorapupmMomM M0OI0KUTETLHOTO YKCIIA b mo ocHoBanmio a, rne a >0, a # 1,
HAa3bIBACTCA II0KA34aTCJIb CTCIICHU, B KOTOPYIO HAJA0 BO3BCCTH 4YUCIIO 4, YTOOBI MOJIYYUTb YUCIIO b:
n
log,b=n,b=a".
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n
Tak kak @ > 0 g1s mo6oro N, morapudM OTPHLATENBHOTO YHCIA, TAK JKe KaK JorapudM HyII,

HE CYLIECTBYET (HE UMEET CMBICIIA).

log,b _ b
W3 onpenenenus norapudma O4EBUIAHO CIAEAyeT, 4yTo a =0D. DTo yTBEep)K/€HHE HA3BIBAIOT

«OCHOBHBIM JIOI‘apI/I(i)MI/I‘-IeCKI/IM TOXIACCTBOM.

Hanpumep, log, 25=2, mx. 5° =25 ;log,3=1 mx. 3"'=3.
U3 onpenenenus norapudma ciaenyror dopmyinsr: log, a=1, log,1=0, log, a° =c.

JlecITHYHBIM JIOTapu(MOM YHCIIa Ha3bIBAIOT JIorapu(M 3TOro 4yncia 1mno ocHoBanuio 10 u munry

lgb smecto 10g,,b, re. log,,b=1gb.
HaTtypaiabHbIM 0orapuMoM 4uciia Ha3bIBAIOT JIOrapudM 3TOr0 YKcia Mo OCHOBAHHUIO e, TIIE € —

MPPALIOHATBHOE YHCIO, NPUOMIKEHHO paBHoe 2,7. Ilpu srom mumyr IND Bmecro 109, D, te.

log.b=Inb.

JleiicTBre HaXOXKICHMS JIoraprQmMa YUCIIa HA3bIBACTCS JOTapu(hMUPOBAHUEM.
[Tpn mpeoOpa3oBaHWM W BHIUYMCICHHHM 3HAYCHHNA JIOTApU(IMUYCCKUX BBIPAKCHHA TPUMCHSIOT

CBOMCTBA JIOTAPU(PMOB:

[Ipu mpeoOpazoBaHMM M BBIYHCICHUM 3HAYCHHWH JIOTapU()MUYECKUX BBIPAKECHUH HPUMEHSIOT

CBOMCTBa JIOTapU(MOB:
1. log,(b-c)=log, b +log, c

.HOI‘&pPI(I)M MPOU3BCACHUA ABYX IMOJIOKUTCIIBHBIX YHUCCII paBCH CYMMC J'IOl"apI/I(i)MOB OTUX YUCCII.

b
2. Ioga(— =log,b—log,c

c
Jlorapugm yacTHOTO paBeH pa3HOCTH JIOTApU(PMOB IETUMOTO U JACIIUTEIIS.
3. log,b" =r-log,b

Jlorapudm crerneHn paBeH TMPOU3BEACHHUIO TIOKA3aTels CTENEHU Ha JorapudM OCHOBAHUS

CTCIICHU.

4. log, bzl-logab.
p

log b
5. ®opmyra epexo/a K Ipyromy ocHoBanuto: log, b= IL :
0g.a
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Cnenctsue: log, b =

log, a

IIpumepsbl.

1. log, 45=10g,(5-9) =log,5+log,9=1og,5+2
2. logs 4 +log, 9=1log,(4-9)=log,36=2

3. Ig%:Igl—Ig3:0—lg3:—lg3
4. log, 2" =17log,2=17-1=17
5. 2log, 7 =log, 7° =log, 49

6. log, 7 = Iogl72

Bonpocsl 1J1s1 CAMOKOHTPOJISA:
1. Haiite onpenaenenue gorapudma.
2. ChopmynupyiiTe Ha3BaHHUE JACUCTBUS HAX0XKICHU Jlorapudma.

3. 3amummMTe OCHOBaHUE HATYPAJIHHOTO Jiorapudma.

~

. ChopmynupyiiTe OCHOBHOE JTIOrapu(PMUUECKOE TOKAECTBO.

S

. Chopmynupyiite TeopeMy o siorapupme nponu3BeIeHUs.

ol

. Cchopmynupyiite TeopeMy o jJorapudpme 4acTHOTO.

o)

. IIpuBenute popmyiy nepexona K HOBOMY OCHOBAHHIO.

6. Kakue cBoiictBa jorapudma  MCIONB3YIOTCS IMpPH  BBINOJHEHUH

npeoOpazoBaHuii?
7. Kaxkoii norapudm Ha3bIBaeTCs A1€CATUUHBIM?
Jlureparypa:

[1] C. 148 — 158; [4] C. 352 — 363; [12] - [21].
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2.4 Tema 4 IIpsiMble M IVIOCKOCTH B IPOCTPAHCTBE

Jlekuust 5. B3aumMHoOe pacnoJio:keHwe IBYX NpPsIMbIX B npocrpancrBe. IlapajuienbHOCTH
npsiMoi u miockoctu. [lapansenbHocTs MIIOCKOCTEM

[[IxoybHBIN KYypC T€OMETPUHU COCTOUT U3 IJITAHUMETPUHU U CTEPEOMETPHH.

I[nanumeTpus usydaet GUTYpHl U UX CBOWMCTBA Ha IMIIOCKOCTH. OOpa3HO TOBOPS, TIIAHUMETPHUS
M3y4yaeT BCE, UYTO MOKHO HApUCOBATh WJIM HAUEPTUTH HA JIUCTE OyMaru.

OcHoBHBIE OOBEKTHI MJIAHUMETPUU - 3TO TOYKH, JIMHUUW W 3aMKHYTble (UTyphl (Hampumep -
KBaJpaT, TpPEYroJbHHUK, Kpyr, Tpamenusi, pom0). MHOXeCTBO BCEX TOYEK, paccMaTpUBAEMbIX B
IUTAHUMETPUH 00pa3yeT IUIOCKOCTh. MHOXKECTBO TOYEK B IUIAHUMETPHH Ha3bIBacTcs (urypoii.
3amkHyTas (pUrypa B IIIAHUMETPHUH - 3TO MHOXKECTBO TOUEK, OTPAHMYCHHBIX JIMHUEH.

Crepeomerpusi wu3y4yaeT ¢uUrypsl W WX CBoiicTBa B mpocTtpaHcTBe. (OOpa3HO TroBOpS,
CTepeOMEeTpHUsl HU3y4daeT BCE, YTO MOXKHO CKJIEUTh M3 OyMaru, CKOJOTUTh U3 JOCOK, MOCTPOUTH W3
KUPIHYEH U T.II.

OCHOBHBIMU OOBEKTAMH CTEPEOMETPUHU SBISIOTCS TOYKH, IMPSAMBIC, IJIOCKOCTH M 3aMKHYTHIC
MIPOCTPAHCTBEHHbIE (UTYpHl — TeJia (Hampumep - KyO, mupamuia, Hapajielenure], map, KOHYC).
MHOXeCTBO BCEX TOUYEK, PACCMATPUBAEMBIX B CTEPEOMETPUH, HA3bIBAECTCS MPOCTPAHCTBOM.

B ocHoBe kaxmoro Kypca reOMETPUHU JIKAT AKCHOMBI - YTBEP)KJIEHHUS, KOTOPbIE MPUHUMAIOTCS
0e3 noka3atesbeTB. C TIOMOIIBIO ATHX YTBEPKICHHUN OMPEIIEISIFOTCS OCTAIbHBIC OOBEKTHI U UX CBOMCTBA.

B EBKIMI0BOM reoMeTpUN OCHOBHBIE CBOMCTBA TOUYKH, MPSAMOW U INIOCKOCTH, KOTOPbIE OTHOCSTCS
K UX B3aHMHOMY PacIOJIOKEeHHIO, BbIpakeHbI B 20 akcnomax. Chopmynupyem HEKOTOPhIE U3 HUX.

Uepes r00bI€ 1BE TOUKU MOKHO ITPOBECTH TOJIBKO OJIHY MPSIMYIO.

Uepes nto0bie TPU TOYKH, KOTOPHIE HE JIEKAT HA OJHOM MPSIMOM, MOXKHO TIPOBECTH TOJBKO OIHY
MIJIOCKOCTb.

UYepes Tpu TOYKHM, JNEKallMe HAa OJHOW MPSMOHM, MOKHO MPOBECTH OECKOHEYHOE MHOXKECTBO
IJTOCKOCTEH.

Ecnu nBe TOUkM mpsAMoi mpUHAIEKAT MIIOCKOCTH, TO BCE TOYKH 3TOW MPSIMON MPUHAIJIEKAT
IIJIOCKOCTH.

Ecnu nBe pa3nuuHble MIOCKOCTH HMMEIOT OOMIYI0 TOYKY, TO OHHM MEPEeCceKaroTcs MO MPSMOii,
MPOXOSIICH Yepe3 ATy TOUKY.

AKCHOMBI CTepeOMeTPHUH

Al. Yepes mo0ble TpH TOYKH, HE JIEKAIUE HA OJHOU MPSAMOM, TPOXOJUT IIOCKOCTh, U TIPUTOM
OJIHA.

A2. Eciii 1B€ TOUKHM IPSMOM JIEXkKaT B IIOCKOCTH, TO BCE TOUKH MPSIMOU JIeXKAT B 3TOU MIJIOCKOCTH.
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A3. Ecnu 1B MIOCKOCTH MMEIOT OOIIYI0 TOYKY, TO OHH MMEIOT OOIIyI0 MPsSMYI0, HA KOTOPOH
JIEKAT BCe OOIHME TOUKH 3TUX IIOCKOCTEM.
CaeacrBus U3 aKCHOM

1. Yepes npsamyto U He JEKAIL[YyI0 Ha HEW TOYKY MOXKHO MPOBECTU IUIOCKOCTb, MPUTOM TOJBKO

OJIHY.

Pucynok 2.2 — Cnencraue 1
JloKa3aTesbCTBO:
1) PaccMoTpuM mpsiMyro @ U TOYKY A, KOTOpasi He HaxXOAMTCs Ha 3Tol npsmoii (puc. 2.2) Ha mpsimoii a
BbiOepeM Toukd B m C. 3) Tak kak Bce 3 TOUKH HE HAXOIATCS HAa OJHOW MPSAMOM, U3 BTOPOW aKCHOMBI
cienyer, 4to uyepe3 Touku A, B, C MOXXHO IpoBecTH 0JIHY €AMHCTBEHHYIO IIOCKOCTha. 4) Touku npsiMoit

a, Bu C, JICKAT Ha IIJIOCKOCTHQ, ITIOOTOMY U3 TpeTBefI AKCHUOMBI CJICAYCT, YTO INNIOCKOCTDb IIPOXOAUT Y€pPE3

IPSIMYIO & U, KOHEYHO, Yepe3 TOUKy A.

2. qepe3 ABC IMEPCCCKAOIIUECCA ITPAMBIC MOXKHO IMPOBECTHU IIJIOCKOCTh, IPUTOM TOJIBKO OJHY.

Pucynok 2.3 — Cnencrsue 2

JlokazarenbCcTBO:
1) Paccmorpum mpsimbie @ u b, kotopsie mepecekatoTcs B Touke C (puc. 2.3) Bribepem Touky A Ha
npssMoli @ M To4uky B Ha mpsiMoii b Tak, 4roObl 3T TOukM He coBmanmamu ¢ Toukoil C. 3) U3 Bropoi
aKCHOMBI cienyeT, uTto uyepe3 Touku A, B u C M0oXHO mpoBecTH OJHY €AMHCTBEHHYIO IUIOCKOCTha. B

TAKOM CJIydJae IpsiMble a U b HaxoaaTcst Ha TUIOCKOCTH a (CY/Is IO TPEThEH aKCHOME).
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Ipumep. [lansl nepecekaronecs orpe3ku AC u BD. Jlokazath, uro Bce otpe3ku AB, BC,

CD, DA naxonsaTrcst Ha OJJHOM TUIOCKOCTH (puc. 2.4).

yd B o C
D
/ A

Pucynok 2.4 — Ilepecekatomuecst OTpe3Ku

Pewenue:

1) 13 BTOpOii Teopemsl cienyet, uro uepe3 AC u BD MoxxHO mpoBecTH TOIBKO OJHY IIOCKOCTbD,
KOTOpYIO 0003HauuMo. D70 3Ha4ut, 4ro Touku A,B,C u D nmpunamnexar miockoctu a. 2) M3 tperheit
aKCHOMBI cienyeT, 4ro Bce ToukH npsmeix AB, BC, CD u DA mpunamnexar miockoctu. [Tostomy Bce

COOTBCTCTBYIOIIIUEC OTPE3KH JICIKAT HA IIJIOCKOCTHU Q.

IMapajieJbHOCTH NPSAMBIX, HPSIMOM M IJIOCKOCTH

1. ITapansenbHble NpsiMble B IPOCTPAHCTBE

Onpenenenune. [[Be mnpsMble B IPOCTPAHCTBE HA3bIBAIOTCSA NMAPAJLICJbHBIMH, €CJIH JIEXKAT B
OJIHOM MJIOCKOCTH U HE MEPECEKAOTCSL.

[TapanienpHOCTD HpsAMBIX & U b o0o3Havaercs Tak: allb wiublla.

Teopema 1. Uepes aBe napajsiesbHble NPSMbIE MOKHO MTPOBECTU TUIOCKOCTb, U MPU TOM TOJIBKO

OJIHY.

Pucynok 2.5 — Teopema 1

JlokazarenbCcTBO:
1. Tak kak mpsmbie @ U b mapamienbHbI, U3 ONpEIENICHUS CIIEAYeT, YTO Yepe3 HHUX MOXKHO

MIPOBECTHU IIJIOCKOCTE Q.
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2. UToOBI T0Ka3aTh, YTO TaKasi TNIOCKOCTh TOJBKO OJIHA, HA MpsiMoi & obo3Hadaem Touku B u C, a
Ha npsiMoii b Touky A.

3. Tak kak 4yepe3 TPU TOYKH, KOTOPBIC HE Jie)KaT HA OJHOW IPSIMOM, MOXHO IPOBECTH TOJBKO
OJIHY IUIOCKOCTh (2 aKCcHMOMa), TO o SIBJISCTCS EIMHCTBEHHOM IIOCKOCTBIO, KOTOPOHW MpHUHAIIC)KAT
npsiMbie a u b.

Teopema 2. Yepe3 1r00yI0 TOUKY MPOCTPAHCTBA BHE TAHHOU MPSMOI MOYXKHO MPOBECTH MPSMYIO,

MapaJuICIbHYIO JaHHOM NPAMOU, U IIPU TOM TOJIBKO OJHY.

Pucynok 2.6 — Teopema 2

Jloka3arenbcTBo:

1. Yepes gaHHy0 NpsIMYIO & U TOUKY M, KOTopasi He JIeXHT Ha NPSIMOM, IPOBOAUTCS MIIOCKOCTH .

2. Takasi TJIOCKOCTb TOJIBKO OJHA (T.K. Yepe3 MPSAMYI0 U HE JIEKAL[yl0 Ha HEM TOYKY MOXKHO
IIPOBECTH IUIOCKOCTb, U IPUTOM TOJIBKO OJIHY).

3. AB MIOCKOCTH « 4epe3 TO4YKy M MOXKHO MpPOBECTH TOJNIBKO OIHY MNpsiMyro b, kotopas
napaiesibHa npsMon a.

Teopema 3. Eciau onHa M3 ABYX HapajUIeNIbHBIX MPSIMBIX NEPECEKAET JAHHYI IUIOCKOCTh, TO

U Apyrasi npsiMast IepeceKaeT 3Ty MI0CKOCTb.

a) 0)

Pucynok 2.7 — Teopema 3
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JlokazaTenbCcTBO:

PaccmoTpuM fBe mapauienbHbie TpsiMbie & U b 1 qomyctum, uTo npsimast b mepecekaeT mIoCKocTh
o B Touke M (puc. 2.7, a).

13 1-0if TeopeMbl M3BECTHO, YTO uYepe3 MapajuleibHbIe MPSIMbIC & U D MOXXHO MPOBECTH TOIBKO
OJIHY TJIOCKOCTB f3.

Tak kak Touka M HaxoauTcs Ha npsmMoi b, To M Takke npuHaICKHUT TIockocTh S (puc 2.7, 0).
Ecmu y mnockocrelt a u ff ecth obmias Touka M, TO y 3THX IJIOCKOCTEH ecTh oOmias mpsMasi C, KoTopast
SBIIAETCS IPSIMOM TIEpecedYeHHsl dTUX MII0CKocTel (4 akcruoma).

I[Ipsimbie &, b u ¢ HaxoasITCs B TOCKOCTH .

Ecnu B 3TO# MJIOCKOCTH OJHA W3 MapajUie/IbHBIX MPAMBIX b mepecekaer mpsimyio C, TO BTopas
npsMasi a TOKE EPECeKacT C.

Touky nepecedeHus MpsMbIX a U C 0003HauuM 3a K.

Tak kak Touyka K HaxomuTcs Ha mnpsmMoil C, To K HaxomuTcs B TUIOCKOCTH (U SIBISIETCS
€AMHCTBEHHOMN OO0IIel TOUYKON MPSIMOM & U MIIOCKOCTH d.

3HauuT, IpsiMas & MEPECeKaeT TIOCKOCTh o B TOUKe K.

Teopema 4. J[Be mpsimbie, napasuiedbHble TPEThEH MPSIMOH, MAPAIIICIbHBI.

Pucynok 2.8 — Teopema 4

Hano: allc u blic

Jokasats: allb

JlokazarenbCcTBO:

Beibepem Touky M Ha mpsimoii b. Hepe3 Touky M u mpsiMyto @, KOTOpasi He COAEPIKHT 3Ty TOUKY,
MOKHO TPOBECTH TOJBKO OJHY TUIOCKOCTH o (Uepe3 mpsAMyl0 M HE JeXKallylo Ha Hel TOYKY MOXKHO
MIPOBECTH TOJBKO OJIHY TIJIOCKOCTD).

Bo3moskHBI ABa cirydasi:

1) npsimast b mepecekaet IOCKOCTh ¢ Wik 2) mpsmast b HaxoUTCs B TUIOCKOCTH .

[Tycts npsimasi b mepecekaeT IOCKOCTh a.

3HauuT, mpsiMas C, KOTOpas MapajuieibHa MpsMoi b, Toxke mepecekaer miockocTh a. Tak kak allc,

TO MOJYYaeTCsd, 4YTO & TOXKE IEPECCKACT OTY INIOCKOCTB. Ho npsiMast a HE MOXKET OIHOBPEMEHHO
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nepecekarb IUIOCKOCTh M HAaXOAWUTHCA B IUIOCKOCTH o. [lonmydaem mpoTuBOpeuue, Ciel0BaTENbHO,
IPEANONIOKEHUE, YTO TIpsiMasi D mepecekaeT IUIOCKOCTh o, SIBISETCS HEBEPHBIM. 3HAUUT, mpsmas b
HaXOJUTCS B INIOCKOCTH G.

Tenepp HY)XHO J10Ka3aTh, YTO MPsMbIC A U D MapauiebHbIL.

[Tycts y npsimbix a u b ecth oOmias Touka L.

D10 03HAYaeT, YTO Yepe3 TOUKy L mpoBeseHsl ABe npsiMbie & U D, KOTOpBIC MapauiebHbI TPIMOR
c. Ho mo BTOpoii Teopeme 3T0 HEBO3MOXKHO. [1oaTOMY TpennoyaokeHue HeBepHOe, U TpsiMbie @ U b He
HUMEIOT OOLINX TOYEK.

Tak kak mpsiMbie @ ¥ D HaxoAATCS B OZHOW IUIOCKOCTH 0 M Y HUX HET OOIIMX TOYEK, TO OHH
napauieybHBbI.

Bc€ MHOXKECTBO IIPSAMBIX B IIPOCTPAHCTBE, KOTOPBIE NapaJlICIbHbl JAHHOW MPAMOW, HA3bIBACTCS
MYYKOM I1apaJIJICIIbHBIX MPSIMBIX.

BriBoasr:

1) JIroObie 1Be psMBIE TTyYKa MapaJUIeIbHBIX MPSIMBIX MapalIeIbHBI MEXy COOO.

2) IMapaniensHOCTH TPSAMBIX B IPOCTPAHCTBE MPUCYINA TPAH3UTUBHOCTD: eciu a/b u bllc, o allc.

IIpumep.

Opna cropoHa NapajenorpaMma IEpeceKaeT IUIOCKOCTb. Jlokakure, 4TO IpsAMas, KOTOpas

COZIEP)KUT MPOTHUBOITOJIOXKHYIO CTOPOHY MapajjiesiorpaMMa, TOXKe MepeceKkaeT 3Ty IIOCKOCTh (puc. 2.9).

B

K ._5"

Pucynok 2.9

Jomyctum, uto y napamienorpamma ABCD cropona AD nepecekaet miiockocTh a B Touke K.
Tak Kak TPOTHUBOMOJIOXKHBIE CTOPOHBI MapajuieiorpaMma MapajuieNbHbI, TO, COTJACHO TpEeThei

TEOpPEME, IpiAMad, KOTopasd COACPIKUT CTOPOHY CD, TOXKC IEPECCKACT IIJIOCKOCTH «.

2. ITapajieIbHOCTH NPSAMOM U IJIOCKOCTH
CornacHO akcuomam, €CIIM JIBE€ TOUKH NPSIMOM HaxoJATCS B HEKOTOPOH IJIOCKOCTH, TO IpsiMast
JEKUT B 3TOW MIIocKocTU. OTCIOJIa CIENYET, YTO BO3MOXKHBI TPH CJIy4asi B3AaHMHOI0 PaCIOJIOKEHHS

NPSAMOIi ¥ IJIOCKOCTH B IPOCTPAHCTBE!
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1) mpsiMast 1eKUT (HAXOAUTCS) B IJIOCKOCTH;

2) mpsiMasi ¥ MIO0CKOCTh UMEIOT TOJIBKO OAHY OOIIYI0 TOUKY (TIpsiMasi U TUIOCKOCTh TIEPECEKal0TCs);

3) npsiMast ¥ IIOCKOCTh HE UMEIOT OOIIUX TOYEK.

Omnpenesenne. IlpsMas U IIOCKOCTh Ha3bIBAIOTCS NaPaJIeJbHBIMH, €CIM OHU HE HUMEIOT
OOIINX TOYEK.

Teopema. »HlIpu3Hak napayieJIbHOCTH npsaMoit " II0CKOCTH”
Ecnn mpsimasi, He lexaimas B JaHHOM IUJIOCKOCTH, NapajUiesibHa KakOM-HUOYIb NpPAMOW Ha 3TOU

IIJIOCKOCTH, TO 3Ta IpsaMasd rnapauiciibHa HaHHOﬁ IIJIOCKOCTH.

Pucynok 2.10 — IIpu3Hak napamieabHOCTH IPSIMOU U MJIOCKOCTH

Jloka3arenbCTBO:
JlokaszaTenbCTBO MpPOBENEeM OT MpOTUBHOTO. IlycTh 8 He mapamienbHa IUIOCKOCTH ¢, TOTAA TpsiMas a
nepecekaeT IIOCKOCTh B HekoTopoi Touke A. Ilpuuem A He Haxoautcs Ha b, tak kak allb. CormacHo
Teopeme 3 mpsimast b Takxke mepecekaer MmIOCKOCTh a. Ho 3TO HEBO3MOXKHO, Tak Kak mpsiMasi b Jiexur B
IUIOCKOCTH . MBI NpUILIM K IOpOTUBOpeuHio. MTak, mpsiMas a He MepeceKkaeT IUIOCKOCTh o, 3HAUUT

npsiMast a J0JDKHa OBITH napajjicjibHa IIJIOCKOCTH a.

Crnenyromue 1Be TEOPEMBI OYEHb YacTO MCIOJIb3YIOTCS IIPU PELLIEHUH 3a4a4.
Teopema 1. Eciu miockocTh £ MPOXOAUT Yepe3 AaHHYIO MPSIMYIO &, NapaieNIbHYI0 MIIOCKOCTH a,

U TepeceKaeT 3Ty IIOCKOCTh 10 mpsiMoit b, To b/a.

Pucynok 2.11 —Teopema 1

Hp}IMYIO b HHOTJa Ha3bIBAIOT CJE€AOM IIJIOCKOCTH IB Ha INJIOCKOCTH «.
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Teopema 2. Eciin oHa U3 1ByX MapauleibHBIX MPAMBIX a/b mapanienbHa JaHHOM TUIOCKOCTH o,

TO JIpyras npsiMas JTu00 mapaienbHa 3TO MIOCKOCTH JIMOO JEKUT B ATON TIIOCKOCTH.

3.B3aumHnoe PACIIOJOKCHUE IPAMBIX B IIPOCTPAHCTBE. Yroa MEKIY IBYMA NIPAMBIMHA

Kak n3BecTHO U3 Kypca IJIAaHUMECTPHUH, IBE MPSIMBIC B INIOCKOCTH MOI'YT.

- mepeceKaThCs (MMEIOT OOIIYIO TOUKY);

- OBITH ITApAJUIEIBHBIMU (HE UMEIOT OOILYIO TOUKY);

- COBIIAJATh.

B IIPOCTPAHCTBE MBI MOXKEM IPCACTABUTh CUTyalllMIO, KOrga ABC IIPAMBIC HC IIEPECCEKAIOTCA, HO

OHHU M HEC IapaJlICIIbHBI. HaHpI/IMCp, OJ[Ha gopora HpoxXOoJuT ITI0 3CTaKalc, a Apyras 1mnmon BCTaKaHOﬁ, U1

TFOPU30OHTAJIBHBIC JIMHHWU KPBIIW U BEPTUKKAJIbHBIC JINHUH CTCH.

Omnpenesenne. /B

IIJIOCKOCTH.

Teopema. "Ilpu3n

€ IPAMBIC HA3BIBAIOTCA CKPCIIUBAKIIUMUCH, CCJIIM OHM HC JICKAT B OIIHOﬁ

aK CKpelIUBAIIUXCH NPAMBIX"

Ecnu ogHa u3 ABYyX NpsIMBIX JIEKUT B HEKOTOPOW IJIOCKOCTH, a Apyras IpsiMasl MepeceKaeT 3Ty

IINIOCKOCTh B TOYKEC, HC J'Ie)KaH.IefI Ha nepBoﬁ HpHMOﬁ, TO 9THU IPAMBIC CKPCIIHNBAIOIIUCCS (He JIC)KaT B

OJIHOM TIJIOCKOCTH).
JlokazaTenbCcTBO:

Paccmotpum mnpsmyro AB

JeKaIyro B IIockocTd U npsmyro CD, xotopas mepecekaer IIOCKOCTh B

touke D, He nexareit Ha npsamoit AB (puc. 2.12).

1. omyctum,

Pucynok 2.12 — IIpu3Hak cKpenuBaromuxcst NpsMbIx

yro mnpsmbie AB u CD Bcé-takum nexar B OJHOW  IJIOCKOCTH.

2. 3Ha4YMT 3Ta IUIOCKOCTh UIET yepe3 npsmyto AB u Touky D, To ecTh OHa COBHANAET ¢ MIOCKOCTHIO 0.

3. DTO MPOTUBOPEUYHT YCIOBUSAM TeOpeMbl, 4to mnpsiMas CD He HaxoIUTCs B TJIOCKOCTH ¢, a TIepeceKaeT

eé.

Teopema oka3aHa.
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B IIPOCTPAHCTBE IIpsIMBIE PacCIIOJIOKEHBI CJIEIYIOLUM

1. ITapansenbHbIe

Pucynok 2.13 — IlapamuienpHble psimbie

2. [lepecexarommuecst

o

Pucynok 2.14 — I[lepecekatomuecs npsimpie

3. CkpeunruBarommecst

| \

Pucynok 2.15 — CkpemuBaromyecs npsimble

obpa3zom:

Teopema. UYepe3 KaxAyld M3 [ABYX CKPEHIMBAKOIIMXCA TMPAMBIX NTPOXOIUT IIOCKOCTb,

napasiesibHas Ipyroi npsiMo, 1 MPUTOM TOJIBKO OJIHA.
JlokazaTenbeTBo:

PaccmoTpum ckpemmBatontecs npsimbie AB u CD (puc. 2.16).
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Pucynok 2.16 — Teopema 0 CKpelyMBarOmuXcsi IPsIMbIX
1. UYepes Touky D  moxHo mpoBectu npsamyro DE  mapamnensnyro  AB.
2. UYepez mepecekaromuecss mnpsmeie CD uw DE  MoxHO mpoBecTH  IUIOCKOCTh
3. Tak kak npsimasi AB He JIEKHUT B 3TOH IJIOCKOCTH W TapaienasHa npsimoi DE, To ona mapamiensHa
IJIOCKOCTH.
4. Drta IUJIOCKOCTh €AMHCTBEHHAs, TaK Kak JroOas Apyras IUIOCKOCTh, mpoxojsmas yepe3 CD,
Oyner nepeceKkaTbes c DE u AB, KOTOpas en napajuiesibHa.

TeopeMa JOKa3aHa.

Yribl MeXKIY NPAMbIMH

1.Eciu ipsiMble mapajuiesbHel, TO yros mexay Humu 0,
2. YriioM MeXIy JABYMS NepeceKalIMMHCH TPSIMbBIMH Ha3bIBalOT BEIMYMHY MEHBIIETO W3

YIJI0B, 00Pa30BAHHBIX ATUMH MPSIMBIMH.

Eciu Bce yriibl paBHbI, TO 3TH NPSAMbIE NEPHIEHAUKYIApHEL (06pasyror yron 907).

3. Yriaom Mexay IBYyMS CKPeIIMBAIOMIMMHUCH TPSIMBIMU HAa3bIBAIOT Yrojd MEXKAY IBYMS
NePECeKarOIIUMUCS MPSIMBIMH, COOTBETCTBEHHO MapajlIebHBIMU JIaHHBIM CKPEIIHUBAIOLIIMMHUCS MPSMBIM.
(ITpoBecTH COOTBETCTBEHHBIC MapaUIC/IbHBIC MPSMbIC JAHHBIM CKPCUIMBAIOIIMMHUCS HPSMBIM MOXXHO
gyepe3 00y Touky. MHOrma ymoOHO BBIOpaTh 3Ty TOYKY Ha OJHOM W3 JTAHHBIX CKPEIIMBAIOIIMXCS
OPSIMBIX U MIPOBECTHU Yepe3 3Ty TOUKY MPSIMYIO MapauieIbHYIO IPYTrOoi U3 CKPEIIUBAOLIMXCS TPSIMBIX ).

IIpumep.

Jan xky6 ABCDA1B1C1D1. Haittu yron mexny AB u BiD1 (puc 2.17).

B, . Cy ;B_,l» /_,_401

A o, Aq Tl '6;/
.k ol

A D A D

Pucynok 2.17
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Pemenne: BriGepem Touky B Ha mpsimoit AB u mposeném uepe3 B mpsmyro BD napamnensHo

B1D1. Vron mexay AB u BD 45°, tak kak ABCD kBanpar. CoorercTBeHHO yron Mexay AB u BiD1Toxe
45°,

4.11apa/i1eIbHOCTD IJIOCKOCTEH

Kak u3BeCTHO M3 aKCHOM CTEPEOMETPHH, €CIH IIOCKOCTH MMEIOT OAHY OOLIYI0 TOYKY, TO OHH
MIEPECEKAIOTCS 110 TPSMOM, TIPOXOIAIICH Yepe3 ATy TOUKY. 3HAYHUT, JABE IJIOCKOCTH WM MIEPECEKAOTCS 110
NPSIMO¥A, WJTH HE TTePECEKatoTCsl.

Omnpenenenue. [110ckoCTH, KOTOPHIE HE TIEPECEKAIOTCS, HA3BIBAIOTCS MaPaAJLIeIbHbIMU.

[TapaenpHbIC INIOCKOCTH 0. M f 0003Ha4aroTcs allf.

Hanpumep, n1106asi KOHCTPYKIHS C TOJOM, HMOTOJKOM M CT€HaMH Ja&T HaM MPEACTaBJICHUE O
HapajuIeNIbHBIX TUIOCKOCTSAX — IOJI M TMOTOJOK KakK JBE MapajliesibHbIe MIOCKOCTH, OOKOBBIE CTEHBI KaK
napajuieNIbHbIC TUIOCKOCTH.

Teopema. «IIpu3HaK mapajijieJbHOCTH IJIOCKOCTEH»

Ecnu nBe mepecekaromiyiecss MpsiMble OJHON IUIOCKOCTH COOTBETCTBEHHO MNapalIeNIbHBI JIBYM

MEPECEKAIOIIMMCS TIPSIMBIM JIPYTO#l TNIOCKOCTH, TO 3TU IJIOCKOCTH MapaJiieNIbHBbI.

— b

Pucynok 2.18 —IIpu3nak napayuieabHOCTH MJIOCKOCTEN

I[OKaSaTeJ'ILCTBO:
HYCTI) ounu ﬁ - JJAaHHBIC MJIOCKOCTH, di M a2 — NCPECCCKAOIIUECA NPSIMBIC B IJIOCKOCTH 0O, a b1 151

b2 COOTBETCTBEHHO MapasLICIbHBIC UM MPSIMbIC B TNIOCKOCTH f3.

JlonycTuM, 4TO IJIOCKOCTU ¢ U ff HE MapajuleibHbl, TO €CThb OHM IEPECEKar0TCsl 10 HEKOTOpPOi
IIpsIMON C.

[Ipsimast a1 mapasienabHa mpsMoit D1, 3HAYNT OHa MapasieNbHa U CaMOil IIOCKOCTH f5.

[psimast @z mapasuienpHa OpssMOi Dy, 3HAUUT OHA MapayyiesbHa M CaMOW IUIOCKOCTH J (MpU3HAK
HapajyIeIbHOCTH MPSMON U MJIOCKOCTH).

[IpsiMass C TPUHAATIESKUT TUIOCKOCTH ¢, 3HAUYUT XOTS OBl OJHA U3 NPAMBIX a1 WIK
Az TiepeceKaeT NpsMyIo C, TO €CTh UMeeT ¢ Heil oburyro Touky. Ho mpsmas C Taxke NPUHAIISKUT U
IJIOCKOCTH [, 3HAYUT, Mepecekas npsMyro C, mpsMas a1 UK az MepeceKkaeT IIOCKOCTh f, 4ero ObITh He
MOJKET, TaK KaK MpsMbIe a1 U a2 apasuieIbHbl IUIOCKOCTH f3.
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N3 3Toro CJICOYCT, YTO IJIOCKOCTHU O U ﬁ HC MCPECCKAIOTCA, TO €CTh OHU IMApaJlJICIIbHBI.

CroiicTBa NapaLieJbHbIX IIOCKOCTEl

TeopeMa 1. Ecou ABC IapaUIC/IBHBIC IINIOCKOCTH IEPECCKAIOTCA TpeTBeﬁ, TO JMHHH HX

MEpeCCUCHUA MMapalJICIIbHBI.

Pucynok 2.19 — CpoilicTBa napamienbHbIx miockocteil Teopema 1

Jloka3arenbcTBo:

ITycTth o 1 f - napanenbHble INIOCKOCTH, a Y- INIOCKOCTb, IepeceKarolas ux.

[TnockocTh o nepecekaeTcs ¢ MI0CKOCTHIO ) 110 MPSIMOH a.

[TnockocTh f mepecekaeTcs ¢ IIOCKOCTRIO Y TI0 MPSIMOiA D.

Jluauu mepeceveHHs & M D JekaT B OAHOH IUIOCKOCTH YU IMOTOMY MOTYT OBITH JHOO
[epeceKaroUMuUcs, JIMOO mapauieNbHbIMM HpsMbIMH. Ho, npuHagnexa JByM MapajuledbHbIM
IUTOCKOCTSIM, OHM HE MOTYT UMETh 001X To4ek. CieoBaTeIbHO, OHU IMapauIeIbHbI.

Teopema 2. OTpe3ku MapajuIeNIbHBIX MPSMBIX, 3aKIIOYCHHBIX MEXIY IBYMs HapaylieIbHBIMU

IIJIOCKOCTSIMU, PABHBI.

Pucynok 2.20 — CoiicTBa napajuienbHbIX Mm1ockocteit Teopema 2

I[OKEB aTeJIbCTBO.

HYCTB au ﬁ - ITIapaJICIbHBIC TIJIOCKOCTH, a4 a U b— mapaJlJICJIbHBIC MTPAMBIC, IICPECCKAOIMINC HX.
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Yepe3 mpsmbiea U D MOXHO MTPOBECTH IUIOCKOCTh - O3TH TPSAMBIC MapaJlIebHbI, 3HAYUT
OMPENENSAIOT IIOCKOCTh, MPUUEM TOJIBKO OJIHY.

[IpoBenéHHass MIOCKOCTh MEpECceKaeTcsi € IUIOCKOCThIO o Mo mpsiMoid AB, ac miockocThio
S o nipsimoii CD.

[To mpenmpimymieir Teopeme mnpsimbie AB u CD mapamnensasl. Yetsipexyronsauk ABCD ecth
napajuiesiorpaMm (y HEro IpOTUBOIIOJIOKHBIE CTOPOHBI MAapaJlIeNIbHbI). A pa3 3TO MapajieorpaMm, TO

MIPOTHBOIOJIOKHBIE CTOPOHBI Y HETO paBHBL, TO ecTb BC=AD.

Bomnpoce! 1151 cAMOKOHTPOJISA:

Urto uzyuaer crepeomerpus’?

CdhopmynupyiiTe OCHOBHBIE aKCHOMBI CTEPEOMETPHH U MX CIICIACTBUS .

Jaiite onpeseneHue napamieabHbIM IPSIMbIM.

Kakue BO3MOXHBI CITy4au pacrloiIoKeHUs MPSIMbIX B TPOCTPAHCTBE?

Jlaiite onpeneneHne CKpeuMBatOIUMCS TPSMbIM.

JlaiiTe onpenenenye yriry Mexay IpsIMbIMU B IIPOCTPAHCTBE.

VYkaxkuTe ciydasi B3aMMHOTO PaCIOJIOKEHUS MPSIMO U TUIOCKOCTH B POCTPAHCTBE

Z[aﬁTe OIPEACIICHUC ITapaJIJICIIbHBIM IIJIOCKOCTAM.

© o N o gk~ wDdh -

ChopmynupyiiTe IpU3HAKH MapauICIIbHOCTH MPSMOU U TIIOCKOCTH.

=
o

. ChopmynupyiiTe npu3HaKky napajieIbHOCTU MPSMBIX B IPOCTPAHCTBE.

Jlureparypa:
[3] C. 3-23; [6] C. 14 — 18, 96 — 110; [12] — [21].

Jexuus 6. Hepl’leHI[l/IKy.]'lﬂpHOCTb l'[pﬂMOﬁ H IIJIOCKOCTH. Heprlen)lmcy.nﬂp H HAKJIOHHAas.

YroJ Mexay npsiMoi M IJIOCKOCTHIO

1.TlepnieHAUKYJISIPHOCTH MPSAMO¥ U MJIOCKOCTH

IMepnenauKyJsipHbie NPsIMble B MPOCTPAHCTBE

Omnpenenenue. J[e mpsiMple B IPOCTPAHCTBE HA3bIBAIOTCS NMeEPHEHIMKYJISIPHBIMHU, €CIU Yo
MeXy HUMH paBeH 90°.

B mpocTpaHCTBE MepreHANKYISIPHBIMA Ha3bIBAIOT HE TOJIBKO IMEPECceKarouecs: mpsMbie, HO U
CKPEIIMBAIOIINECS TIPSIMBIE, TaK KaK MBI TOBOPHM 00 yriie, KOTOPBIH MOTYT 00pa3oBaTh 3TH TPSMBIE,
€CIT UX MIOMECTUTh B OIHOM IIOCKOCTH.

Tak ’xe, Kak U Ha TUIOCKOCTH, B MPOCTPAHCTBE MEPIEHIUKYISPHbBIC NMpsiMbie @ U b o0o3HavaroT

alb.
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Jlemma. Ecinu ogHa U3 ABYX napajliebHBIX IPSIMBIX NEPHCHAUKYIISIPHA K TPETHEH MPAMOU, TO U
Apyrasi IEpIeHAUKYJIIPHA K OTON IIPSIMOM.

I[HepneHAUKYJSAPHOCTH MPSIMOM U IMJIOCKOCTH

Onpenenenne. [Ipsmas, mnepecekaromas IUIOCKOCTb, HA3bIBACTCA NEPHEHIUKYJISIPHON HTOM

IJIOCKOCTH, €CJIM OHA MEPNEHAUKYISAPHA KaXI0W NPAMOU, JIekKalEel B JTAHHON IIIOCKOCTH.

A<//

— =

Pucynok 2.21 — I[leprieH IuKyIIpHOCTD MPSIMON U INIOCKOCTH
[TepnieHAMKYIAPHOCTD MPSIMOM U IIOCKOCTH 0003HavyaeTcs Kak ala.
["oBOpAT Takke, YTO MIIOCKOCTh ¢ IEPIEHAUKYIISIPHA IPSIMOH a.
Yepes m00yr0 TOUKY HMPOCTPAHCTBA MPOXOJUT MpsiMasi MEPHEHIUKYISIPHO JaHHOW IJIOCKOCTH,
IPUTOM TOJILKO OJIHA.
Teopema. «IIpu3nax NepneHANKYJ/JIsIPHOCTH npsaAMoi u IIOCKOCTH»
Ecin  npsmMas nepneHIuKymnspHa JIBYM  IE€pPECEKAIOIIMMCS  IpPSIMBIM B IUNIOCKOCTH, TO  OHa

NEpNCHAUKYIISIpHA 3TOM IIOCKOCTH.

Pucynok 2.22 — IIpu3Hak NepHneHIUKYIIPHOCTH TPSIMOH U TUIOCKOCTH

Jloka3arenbCTBo:
[Tycte @ — mpsimast, MepreHIUKYIsIpHas npsMbiM b 1 € B utockoctu. [IpoBeném npsimyro a uepes
TOouKy A miepecedeHust psAMbIX b u C. Jlokakem, 4To mpsiMasi & MEPHICHIUKYIISAPHA IIOCKOCTH, TO €CTh

KaXXJ0M NpsIMOM B ATOM IIJIOCKOCTH.
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1. IIpoBeném NpPOHM3BOJIBHYIO MPSAMYIO X uepe3 TOYKYy A B IUIOCKOCTH W TOKaXeM, 4YTO OHa
NEepIEHIUKYIISIpHA IpsAMoH a. [IpoBenéM B IUNIOCKOCTH IPOU3BOJIBHYIO MPAMYIO, HE IIPOXOMAILYIO Yepes
TOuKy A U mepecekaromlyro npsmeie b, ¢ u X. Ilycts Toukamu nepeceuenus oyayr B, C u X.

2. OTn0oXXMM Ha MPSMOM & OT TOYKH A B pa3HbIe CTOPOHBI paBHbIC oTpe3ku AM u AN.

3. Tpeyronbauk MCN paBHOOEIpeHHBIN, Tak Kak oTpe3ok AC sBJIsieTCs BBICOTOM MO YCJIOBHUIO
teopembl U MenuaHod mno moctpoeHutro (AM=AN). Ilo Toit xe npuumHe TpeyroiabHuk MBN Ttoxe
pPaBHOOEIPEHHBIN.

4. CnenoBarenbHo, TpeyrodbHuku MBC u NBC paBHBI 10 TpEM CTOpOHAM.

5. U3 pasenctBa TpeyronbHuKOB MBC u NBC cnenyer paBenctBo yrioB MBX u NBX u,
CJIEI0BATENIbHO, paBeHCTBO TpeyroibHUKoB MBX 1 NBX o 1Bym croponam u yriy Mexay HUMH.

6. 13 pasencrBa cropoH MX u NX 3THX TpeyrojbHHUKOB 3akijtouyaeMm, 4To TpeyrojbHUk MXN
paBHoOeapenHsbIil. [ToaTomy ero Menuana XA sBIsieTCS TakKe BBICOTOH. A 3TO M 3HAYWT, 4TO MpsAMas X

NEPIICHAUKYISIpHA a. IIo OIIPCACIICHUIO IIpsiMasl a NCPICHAUKYIISIPHA IIJIOCKOCTH.

|

| B

- aAp—
|

Pucynok 2.23 — ColicTBa NepreHIUKYISIPHBIX NPSIMOM U MJIOCKOCTH
CpoiicTBa nepneHINKYJISPHBIX IPSIMOM M IJIOCKOCTH
1. Ecnu muiockocTh MEpHEeHIUKYJSpHA OJHOM U3 JBYX HapayieNIbHBIX MPSAMBIX, TO OHa
NEPIEHIUKYIIApHA U IPYTOU.

2. JIBe npsMble, NEPHEHIUKYIISIPHbIE OJHON U TOM K€ MJIOCKOCTH, MapaljIesIbHbI.

2. llepneHAUKYJIAP U HAKJIOHHAS
HaxknonHoii, npoBeieHHONM U3 TaHHOW TOYKM K JAHHOMW MJIOCKOCTH, HA3bIBAETCS JTFOO0H OTpe30K,
COEAMHAIOIIMN TaHHYIO TOYKY C TOYKOW MJIOCKOCTH Y HE SIBISIOIIUNCS NEPIEHIUKYIIPOM K MIIOCKOCTH.

Komnern OTpE3Ka, JIC)KAIINN B IIJIOCKOCTH, HAa3bIBACTCsI OCHOBAHUEM HAKJIOHHOI.

A

A
e/

(&4

Pucynok 2.24 — AB — HakioHHast. B — ocHOBaHME HAaKJIOHHOM.
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IlepnieHAUKYAAPOM, IPOBEAECHHBIM U3 JaHHOM TOYKH K JAHHOMU IIJIOCKOCTH, HA3bIBAETCS OTPE30K,
COCIMHSAIONUN JAaHHYI0 TOYKY C TOYKOM IUIOCKOCTH M JICKAIIMKW Ha IpPsSMOM, NEPHEHAMKYJIIPHON
IIJIOCKOCTH.

KOHCH 9TOro OTPE3Ka, nemamnﬁ B INIOCKOCTH, HA3bIBACTCA OCHOBAHUEM IICPINCHAUKYJIHAPA.

N
s

Pucynok 2.25 — AC — nepnenaukyisip. C — oOCHOBaHHE TIEPIICHIUKYJISIPA.

X

PaccTosiHneM OT TOYKH A0 IIJIOCKOCTH HA3bIBACTCA AJIMHA NECPICHAUKYIISApPA, IPOBEACHHOIO U3
9TOH TOYKH K IIIOCKOCTH.
OTpe3OK, COGI[I/IHSIIOH_[I/Iﬁ OCHOBaHHA INCPIICHAUKYJISIpa U HaKHOHHOﬁ, IIPOBCACHHBIX U3 OHHOﬁ n

TOM K€ TOYKH, HAa3bIBACTCS MPOEKIMell HAKITOHHOM.

A

R

X

Pucynok 2.26 — CB — mpoexkmust HakiionHO#M AB Ha IIOCKOCTH «.

Tpeyronsauk ABC npsMOyToJIbHBIH.
Yriaom Mexay HaKIIOHHOM M IUIOCKOCTBIO HA3bIBAETCS YIOJl MEXAY O3TOM HAKJIOHHOW U €€

MIPOEKIMEN HA MIJIOCKOCTb.

4

Pucynok 2.27 — «CBA - yron mexay HakJIOHHOH AB M IJIIOCKOCTBIO a.

X
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Pucynok 2.28 — Eciiu AD>AB, to DC>BC

3ameuanue. Eciiu U3 JaHHOW TOYKM K JIAHHOW TUIOCKOCTH IPOBECTH HECKOJIBKO HAKIOHHBIX, TO
OoJbIIel HAKJIOHHON COOTBETCTBYET OOJIbINIAst POCKITHSL.

«DAB - yron mexny HakimoHHbIMH, XDCB - yron mexay npoekiusmu. Otpe3ok DB - paccTosiaue
MEXy OCHOBAaHUSMHU HAKJIOHHBIX.

Teopema. «TeopeMa 0 TPEX NepPHEHAUKYIAPAX»

Ecnmu nipsimasi, mpoBeicHHAs: Ha IJIOCKOCTH 4Yepe3 OCHOBAHWE HAKJIOHHOH, NEPICHIUKYISIPHA €

MMPpOCKIHH, TO OHA NECPIICHAUKYIISIpDHA U caMOM HaKJIOHHOM.

alAB alAB, BCLBA}=alCA

Pucynok 2.29 — Teopema o TeX mepreHIuKysipax
CrnpaBemyivBa Takke o0OpaTHasi TeopemMa:
Ecnu mnpsmas Ha MJIOCKOCTH MEPHNEHIMKYISpHA HAKJIOHHOW, TO OHAa MEpIeHUKYJspHA U

MMpOCKINHU HaKJIOHHOMM.

G E
\\\ \\
9 | . /
st 4 N2 /
/ % / ; 4 B-j—§1<
alAC alAC, BC1BA}=alBA

Pucynoxk 2.30 — O6paTHas Teopema 0 TeX MEePIeHIUKYIsIpax
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3.¥Yroa Me:xkay NpsiMoii M MJI0CKOCTHIO

Omnpenesenue. YrjioM Me:KIy NPAMOl M IUIOCKOCTHIO, NEPECEKAIONICH ATy MPAMYIO U HE

MEPICHIUKYIIAPHON e, Ha3bIBaeTCs YIoJI MEeXAY MPSIMON U €€ MPOEKIMeH Ha 3Ty MIOCKOCTD.

B/
4

/

a' A z Oq—-——'—'——'
/ /

Pucynok 2.31 — Yroa Mexay npsiMOd U MIIOCKOCTBIO

B cootBercTBUM ¢ NPHUBENEHHBIM OIpPENEICHUEM, YTOOBI MOCTPOUTH YTOJI MEXAY HpsIMOH a U
IJIOCKOCTBIO 0, HY’KHO OIYCTUTH neprneHaukyisip BO u3 mo0oii Touky npsiMoi Ha MI0CKOCTh 0, @ TOTOM
npoBecTy npsamyto depe3 Touku A u O. Dta npsimas @' Ha3bIBaeTCs MPOEKIUEH MPsAMOii & Ha TIOCKOCTh

o. Yroq Mexy NpsIMOH a U MIIOCKOCTHIO o (TI0 ONPEAEIEHUIO) PaBEH YIIIy ¢ MEXIy a U a'.

Bonpocs! 1u1st CAMOKOHTPOJIA:

—

. aiite onpenereHre NepreHINKYISIPHBIM IPSIMBIM B TIPOCTPAHCTBE.

2. Kakas npsiMas Ha3bIBaeTCs MEPHEHAUKYISPHOM K TNIOCKOCTH?

3. ChopmynupyiTe mpu3HaK NEPICHAUKYIIPHOCTH MPSIMOU U TIIIOCKOCTH.

4. Yto Ha3bIBACTCS MEPIICHIUKYISIPOM K MIOCKOCTH?

5. Kak onpenensiercst pacCTOSIHHE OT TOYKH /10 TIIIOCKOCTH?

6. UTo Ha3bIBaeTCSl HAKJIOHHOM K IIIOCKOCTH?

7. Kak onpenensieTcs MpOeKIHsl HAKIIOHHON?

8. ChopmymupyiiTe mpsamMyro 1 00paTHYIO TEOPEMbI O CBOMCTBAX HAKIOHHBIX.

9. Kak noHumaercs yros Mexay npsoi 1 INIOCKOCThI0?

Jlutreparypa:
[3] C. 34 -40; [6] C. 72— 83; [12] — [21].
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Jleknust 7. /IByrpaHHbBIf yroja. YroJ Mexay IIockocTssMH. IleprneHauKy/IspHOCTL ABYX

IJIOCKOCTEH.

I'eomeTpuuyeckne npeoOpa3oBaHUsA NMPOCTPAHCTBA: NMapPaJLIeJbHbIH IEepPeHoC, CUMMeTpHs
OTHOCHTEJIbHO IJIOCKOCTH. MapanaeabHoe mnpoekTtupoBanue. Iliomaas OpPTOroHANBLHOM

npoexnuu. M3o00paxkenne npocTpaHcTBeHHbIX GUIyp

1. JIByrpanHblii yroj

YTIIoM Ha IJIOCKOCTH MBI Ha3biBaeM (UTYpy, 00pa30BaHHYIO JBYMS JIy4aMH, UCXOJSIIAMH W3
OJTHOW TOYKW. B crepeoMerpun Hapsay ¢ TaKUMH YTJIAMA PacCMATPUBACTCS €IIe OJUH BUJ YIJIOB —
JBYTPaHHBIC YTIIBL.

Omnpenenenue. JIByrpaHHblii yroja — 3TO 4acTh NMPOCTPAHCTBA, 3aKIFOUEHHAs MEXIY IABYMs

MOJIYTUIOCKOCTSIMH, UMEIOITUMH OJIHY OOIIYIO TPaHUILY.

Pucynoxk 2.32 — JIByrpaHHbIii yron

[Tonmymmockocty o 1 ff, 00pa3yrolue ABYTpaHHBIA YTroJl, HA3bIBAIOTCS €T0 TPAHSMM.

Y ABYrpaHHOTO YTIJIa JBE TPaHH, OTCIO/Ia U Ha3BaHWE — IBYTPAHHBIN yTOJI.

[TpsimMast @, o01as rpaHMIIa MOTYIUIOCKOCTEH, Ha3bIBaeTCs pedpoM JBYIpaHHOTO yIJia.

Ecnu B mpocTpaHCTBe mMepeceKkaroTcsl IBE IMIIOCKOCTH, MONTYYarOTCs YeThIpe ABYTPAHHBIX YIIia
(aHaOTUYHO KaK MPH MEePECeUueHnH ABYX MPSAMBIX MOTYyYal0TCs YeThIpe yria). PaccMoTpum ouH U3 HUX.

BribepeM Ha peOpe a ABYrpaHHOTO yriia TNPOU3BOIBHYIO TOuky C W mpoBeném jBe

nepecekatommuecs npsmsie ACLa u BCLa, a yepes 3T npsiMble IIIOCKOCTh Y IEPHEHIUKYISIPHO pedpy a.

Pucynok 2.33 — JIuHeHHbIN yroa ABYTPAaHHOTO yIJia
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Jlnanu nepeceuenuss AC u BC nonyminockocTeit o u £ ¢ III0CKOCTBIO ¥ 00pa3yIOT HEKOTOPBIN yroi
4ACB. DroT yron Ha3blBaeTcCs JMHEHHBIM YIJIOM JBYIPDAaHHOTO yria. BenmuuuHa jguHeMHOro yria He
3aBUCUT OT BbIOOpa Touku C Ha pedpe a. OueBUIHO, IBYIPAaHHBIN Yrojl UMEeT OECKOHEYHOE MHOXKECTBO
JIMHEUHBIX YIJIOB.

Bce nunelinble yribl IBYTpaHHOTO YIJia paBHBI IPYT APYTY.

Omnpenenenune. I'paxycHoidi MepoH JABYIPaHHOIO YyIJla Ha3bIBa€TCs TIpajlycHas Mepa ero
nuHerHoro yria. Beauuwnna npyrpanHoro yriia 0°< £ACB <180°.

2. ¥YroJ Me:xkay IJIOCKOCTAMHU

JlBe mepecekaronuecs MIOCKOCTH 00pa3yloT YeThIpe ABYIPAaHHBIX yria ¢ ooummm pedpom. Ecnmu
OJIVH U3 ATUX YIJOB PABEH ¢, TO OCTAIIbHBIE TPH yIJia paBHbI COOTBETCTBEHHO180°- @, ¢, 180°- ¢. Ecnu ¢
— TOT M3 YEThIPEX YIJIOB, KOTOPBIM HE MPEBOCXOAMUT KAXKIOTO U3 OCTAIBHBIX, TO TOBOPAT, YTO YIOJI
MeEKIY NepeceKkanMMucs MI0CKOCTAMHU paBeH ¢. OueBuano, 0°< ¢ <90°.

Ecnu ni1ockocT napajiiesibHbl, TO YIoJa MEXIy HUMU paBeH 0° 110 onpeesieHuto.

Ecnu npu mepecedyeHnn MIOCKOCTEH OJUH U3 ABYIPAaHHBIX YIiIoB 90°, TO TpU OCTalbHBIC YIIIbI
Toxe 90°. DTH MIIOCKOCTU HA3bIBAIOT MEePHEHANKYJJISIPHBIMH.

[IpumepoM B3aMMHO NEPHEHAMKYJISAPHBIX IJIOCKOCTEH CIyXaT IJIOCKOCTH CTE€Hbl W IOja

KOMHATHhI.

3. IlepneHANKYJIAPHOCTH IIOCKOCTEN

Crnenyromue TeOpeMbl, KOTOPbIE 31eCh MpUBENEM 0€3 J0Ka3aTeiabCTB, MOTYT MPUTOAMTCS IPH
pEIIeHNN 3a1ay.

1. «IIpu3Hak nepneHAUKYJISPHOCTH ABYX IJIocKocTei». Ecim ogHa M3 ABYX miockocTel
MPOXOAUT Yepe3 MPAMYI0 NEPHCHAMKYJISAPHYHO K JPYrod IUIOCKOCTH, TO TaKHE IUIOCKOCTH
MIEPIEHIUKYIISPHBI.

2. IInockocTh, NEpHEHIUKYNISApHAs MPsSMOM, MO KOTOPOW IepeceKaroTcs JABE IJIOCKOCTH,
MEPIEHIUKYISIPHA KaXKI0M U3 3TUX TUIOCKOCTEH.

3. Ecinm [Be IUIOCKOCTM NEPHEHIUKYJISAPHbBI W B OAHOM M3 HHUX IPOBEACHA NpsAMasd
NEPIEHIUKYIISIPHO JIMHUM IIEPECEUYECHUs IUIOCKOCTEH, TO JTa MpsMas MEPHEHAMKYIApHA BTOPOU
IIJIOCKOCTH.

3ameyanue. MHOrorpaHHbie yribl.

[TpencraBuM HECKOJIBKO JIydel B IPOCTPAHCTBE C OOIIMM HadajaoM. FIX MOXHO IPEICTaBUTh TOXE
KaK 4YacTh JIMHUM TNepeceyeHHs IUIOCKOCTeH — TpEX, 4YeThIpéX WM OojbIlle W Ha3BaTh pEOpaMu

MHOTOTpaHHoro yria (puc. 2.34).
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a) TPEXTpaHHBIN yro 0) 4eThIpEXTPaHHBIN yroiu

Pucynok 2.34 — MHoOrorpansbi€ yriibl
Kaxnpie n1Ba myya 00pa3yroT yroi, KOTOPBIH Ha3bIBAIOT MJIOCKUM YIJIOM MHOTOTPAHHOTO YIJIa.
Kaxx b1l iockuil yroil TpEXrpaHHOrO yIila MEHbBIIE CYMMBI IBYX APYIUX IUIOCKHUX YIJIOB.

CyMMa IJI0CKHMX YIJIOB MHOTOTPaHHOIO yIuia MeHblie 360°.

4. I'eomeTpuueckue mnpeoOpa3oBaHusl TMPOCTPAHCTBA: MNapa/LIeJbHbIA  MepPeHoc,
CUMMETPHUSI OTHOCHUTEJBHO  ILUIOCKOCTH. [MapassnenbHoe mnpoexTupoBanme. Iliomans
OPTOroHAJLHOM npoexkunu. M300paxxeHne npocTpaHCTBEHHBIX QUIYp

JlBHKeHHsI B IPOCTPaHCTBE

JIBIKEHUE B IPOCTPAHCTBE ONPEICISICTCS TaK XKe, KaK M Ha IIOCKOCTH.

Omnpenesienne. JIBM:KeHHeM Ha3bIBacTCs MNpeoOpa3oBaHUE, IPH KOTOPOM  COXPAHSIOTCS
PACCTOSIHUSI MKy TOUKAMHU.

[Ton nBYOKEHHEM MPOCTPAHCTBA MMOHUMAETCSl OTOOpaKEHUE MPOCTPAHCTBA HA ceOsl, MPH KOTOPOM
nro0bie 1Be Touku A u B mepexoasr (oroOpaxarorcs) B Hekue Touku Ar u By Tak, uto |AB|=|A1Ba|.

WHpIMH criOBaMH, JBMKEHHE MPOCTPAHCTBA — 3TO OTOOpaKeHHWE MPOCTPAHCTBA Ha ceos,
COXpaHSIONIee PACCTOSHUS MEXTy TOUYKaMH. Tak ke, Kak M JJIs IBWKEHUS Ha TUIOCKOCTH, JI0Ka3bIBAeTCs,
YTO MPU JIBUKCHUH B IIPOCTPAHCTBE:

- IPSIMBIE TIEPEXOJIAT B MPSMBIC;

- IOJIYTIPSIMBIE — B MOJYIPSIMBIE;

- OTPE3KH — B OTPE3KH;

- COXPAHSIOTCS YIIIbI MEXY MPSIMBIMHU.

HoBbIM CBOHCTBOM JIBIKEHHS B IIPOCTPAHCTBE SBIISIETCS TO, YTO JBMIKCHUE MEPEBOIUT TIOCKOCTH
B TJIOCKOCTH.

B mpoctpaHcTBe, Takke Kak M Ha IUIOCKOCTH, JBE (DUTYpHl HA3BIBAIOTCS PABHBIMH, €CIIU OHH

COBMCIIAOTCA JIBUXKCHUCM.

Bujbl 1BHKeHHUS B IPOCTPAHCTBE
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1. HeHTpaJ'ILHaH CUMMCTpPUA (CI/IMMeTpI/IH OTHOCHUTCIIBHO TOI-IKI/I)i

Pucynok 2.35 — LlenTpanpHas cuMMeTpus

2. OceBas cuMMeTpHst (CHMMETPUS OTHOCUTEIBHO MPSIMOIA ):

Pucynok 2.36 — OceBas cummeTpust

3. 3epkanbHasi CUMMETPHS (CHUMMETPHSI OTHOCUTEIBHO IIOCKOCTH):

D,

Pucynok 2.37 — 3epkanbpHas cUMMETpUs
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5. TlapannenbHblil nepeHOC (TOYKU NEPEHOCSTCS HA JaHHBINA BEKTOP):

Pucynok 2.38 — I[TapannenbHblii nepeHoc

5. IloBOpOT Ha TaHHBIK YroJl BOKPYT JTaHHOW TOYKHU:

Pucynok 2.39 — IToBoport

IMapanienbHoe MPOEKTHPOBAHUE

ITycTh naHBI TUIOCKOCTH 0 W mpsiMasi |, mepecekaromias MIOCKOCTh a. Bo3bMeM MpPOHM3BOJIBHYIO
TOYKY MPOCTpaHCTBa A1 M IPOBEIEM 4yepe3 Ty Touky npsmyto |1, mapamiensnyto |. [lpsmast |1 nepeceuer
IUIOCKOCTh 0. B HeKOoTOpoi Touke A. [TomydeHHas TakuM oOpa3oM Touka A Ha3bIBaeTCs MPOEKIHUEH TOUKU
A Ha TUIOCKOCTH 0, ITPU MPOCKTUPOBAHUY MapauIebHO MpsiMoil |. OOBIYHO KpaTKo TOBOPSIT, YTO TOUKa A

€CTh MapaljiesibHas MPOEKIMs TOUKH Ar.

L4 i

gl
Al 7
7 7

Pucynok 2.40 — [TapamienbsHOe TPOEKTUPOBAHUE
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Omnpenenenue. IlapanienbHoli npoexkuuei NPOCTpaHCTBEHHON ¢urypsl @1 Has3bIBaeTCA
MHOXecTBO ® MmapajieNbHbIX MPOEKIMNA BCEX TOUEK TAaHHON (QUTypBHI.

CaoiicTBa Napa/L1eJbHOI0 MPOEKTUPOBAHUS

1) [Ipoexkius npsiMoii €CTh TpsMasi.

2) IIpoexkuuu napajiebHbIX IPSIMbIX [TapaJlJIeIIbHBbIL.

3) OtHolIeHHE MPOEKIMI ABYX NapajUIebHbIX OTPE3KOB PAaBHO OTHOIIEHHUIO IPOEKTUPYEMBIX
OTPE3KOB.

OpToroHajibHOE NPOCKTHPOBaHUE

YacTHbIM ciIy4yaeM MapajuleNbHOIO IPOEKTUPOBAHHUS ABJIETCS OPTOTOHAJIBHOE TPOCKTUPOBAHUE.

[TycTh maHbl TUIOCKOCTH o0 W mpsivasi |, meprneHmukynspHas o. Bo3bMmeM NpOM3BOIBHYIO TOUKY
npoctpaHctBa A1 W mpoBeneM uepe3 Hee mnpsmyro |1 mapamwtensHyro | (M, ciemoBarenbHO,

HEePICHIMKYIAPHYIO TIockocTH o). [Ipsimast |1 iepecedeT miocKoCTh 0 B HEKOTOPO# Touke A.

_-.-E‘__.-E_J"

Pucynok 2.41 — OpToronaiabHO€ POEKTUPOBAHUE
[Tomyyennast Touka A Ha3bIBA€TCS OPTOTOHAJIBLHON MpoeKkuuel Touku Ay Ha TUIOCKOCTS O.

Onpenenenue. OproroHanbHoli mnpoexumeit ¢urypel @1 Ha IUIOCKOCTh (O Ha3bIBaeTCA
MHOKECTBO @ OpTOrOHANbHBIX MPOEKIMH BceX ToueK aaHHOW ¢urypsl @Di. Kak dvacTHbI ciydaii
NapajuleIbHOTO MPOEKTUPOBAHUS, OPTOrOHAJIbHOE NPOEKTUPOBAHME OO0JalaeT BCEMHU CBOWCTBAMHU
[apaJUIEIBHOTO POEKTUPOBAHUS.

CBOIICTBO OPTOrOHAIBHOM NPOECKIUH IJIOCKOT0 MHOTOYT0JIbHUKA

[Tnomane S OPTOrOHAJILHON NPOEKLMH IJIOCKOIO0 MHOIOYrOJIbHMKa Ha IUIOCKOCTh O PaBHA
TUIOIIAN S TPOSKTHPYEMOTO MHOTOYTOJIFHUKA, YMHOKEHHOH Ha KOCHHYC YIJla Y MEXKAY IIOCKOCTHIO
MHOT'OYI'OJIbHUKA U TNIOCKOCTBIO O

$=S-cos(y).

HN3006paskenne NpocTPAHCTBEHHBIX (PUI'YP HA MJIOCKOCTH

Jns u3o0paskeHus: MPOCTPAHCTBEHHBIX (DPUTYp Ha TUIOCKOCTH OOBIYHO MOJIb3YIOTCS MapaljIeIbHBIM

MMPOCKTUPOBAHNUECM.
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Pucynok 2.42 — N3o0paxeHue mpoCTpaHCTBEHHBIX (PUTYP HA MIOCKOCTH

[TpsmonuHeiHbIe 0Tpe3KU (PUTYPBI H300paXKAIOTCS HA TNIOCKOCTH YEPTEKa OTPE3KAMH.

Pucynok 2.43 — M300paxeHne oTpe3Ka Ha TNIOCKOCTH

JleiicTBUTENBHO, BCE MPSAMBIC, MPOSKTUPYIOLINE TOUKU oTpe3ka AC, nexar B OJHOM MIIOCKOCTH,
nepecekaromeld Mmiockocts a mno mnpsamoit A1Ci. IlpousBonbHas Touka B orpeska AC uzoOpaxaercs
Touko# B1 orpe3ka A1C1.

OTHolEHHE OTPE3KOB OJHOM MpsAMOM WIM NapalielbHbIX MPSIMBIX COXpaHSETCS IpU

AB _ AB,
rapajijIeJIbHOM IIPOEKTUPOBAHHUU: BC BG .

[Ipu wu300pas’keHWH MPOCTPAHCTBEHHBIX (QUryp HEoOXoIuMO COONIONaTh  CIEAYIOIIHE
mpeobosanus.

N3o06paxenue 10KHO ObITh HarysaHbIM. [lupamuny u npusmy Hago HM300paxkaTh TakK, 4TOOBI
HauOOJIbIIIEe YUCIIO UX TpaHel OB BUIUMBIMH, YTOOBI HE CITMBAIUCH pEOpa.

N300pakeHre JOKHO OBITh MPOCTHIM, T.€. HE JOJDKHO CO/EP)KaTh KaKUX-THOO MOCTPOEHUi, He
MMEIOIIUX TPSIMOTO OTHOLICHMS K pEIIeHUI0 3ahayd. Buaumble JTUHUM TOHKHBI MMETh HAMOOJIBIIYIO
TOJILUHY, HEBUAUMBIE — U300paXkaTh IITPUXOBBIMU JTUHUSIMH.

BoinonHnenue uepreka MpU3Mbl YI00HO HAuMHATH C BEPXHErO0 OCHOBaHUS, T.K. B BEPXHEM
OCHOBaHUM BCE JIMHUU BUAMMBIE, OOKOBBIE PEOpa M300pa’kaloTCs B BUJIE MApPAIIIENbHBIX U PaBHBIX

OTPEC3KOB.

Bomnpocs! 111 CAMOKOHTPOJIA:

1. UYro Ha3bIBaeTcs ABYTPaHHBIM yriIoM?

2. Uto Ha3pIBaeTCs JIUHEHHBIM yIJIOM JBYTPAHHOTO yriia?

3. JladiTe onpenencHUE Y1y MEXIy TUIOCKOCTSIMH.

4. CdopmynupyiiTe NpU3HaK MEePHEHIUKYIIPHOCTH MIIOCKOCTEH.
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[lepeuncnure reomeTpreckre MpeoOpa3oBaHMsI POCTPAHCTBA.
Kaxue ObIBarOT BUABI ABIUKEHUAS?
Uto Ha3bIBaeTCs MapaieIbHON MPOESKIMEH?

Hepqu/ICHI/ITe CBOMCTBA napajjiCJIbHOI'O MPOCKTUPOBAHM.

© © N o O

Urto sBusercs napalieIbHOM NPOEKUHMEN OTpe3Ka, TPEYroJbHUKA, MPSIMOYTrOJIbHUKA,

KBaJpara, OKPY>KHOCTHU?

10. Kakue BenwuMHBI HE WM3MCEHSIIOTCS NpPU MapaUIeNbHOM MPOSHUPOBAaHUU? (ITMHA OTpE3Ka,
rpajycHas Mepa yrioB, OTHOLICHHS JIJIMH OTPE3KOB, OTHOLICHHE IIomaaei 1Byx ¢uryp)?

11. Moxer 51 npu napajijieIbHOM MPOCUHUPOBAHUN MapajieiorpaMMa MOJTYYUThCs Tpaneuus U

Ha000poT?

12. Yro Ha3bIBacTCS OPTOTOHAIBHON MPOCKIUEH QUTyphI?
Jlureparypa:

[3] C. 40-50, C. 220-224; [6] C. 43-48, C. 89-99, C. 146-150; [12] — [21].

2.5 Tema 5 KoopamHaTbl H BEKTOPBI

Jleknusi 8. Bekrtopnl. Moayias BekTopa. PaBeHcTBO BekTOpoB. Cll0kKeHHe BEKTOPOB.
YMHOKeHHe BeKTOpa Ha 4yuciao. Pasinoxxkenue BekTropa mo HanpasiaenusaMm. Ilpoeknusi BekTopa Ha

ocb. Koopaunarel BekTopa

1.IlonsiTHe BeKTOpa B IPOCTPAHCTBE

OcHOBHBIE TOHATHUSA U1 BEKTOPOB B IIPOCTPAHCTBE BBOSATCS TaK K€, KaK M JJIs BEKTOPOB Ha
IIJIOCKOCTH.

BenuuuHbl, KOTOpbIE MOJIHOCTHIO ONPENENSIIOTCS CBOMMHU  UYHCJICHHBIMU  3HAUYEHUSIMH,
Ha3bIBAIOTCS CKAJAPHBLIMH. [IprMepamu cKalspHBIX BEJIUYMH SBISIIOTCS: IUJIOLIA/b, JAJIMHA, OOBEM,
TemImeparypa, paboTa, macca.

Jpyrue BenMUYMHBI, HANPUMED, CHJIA, CKOPOCTh, YCKOPEHHE, ONPEIEISIIOTCS HE TOJIBKO CBOUM
YHCJIOBBIM 3HAYEHHWEM, HO U HaIlpaBJIeHHEM. Takue BEJIMYMHBI HAa3bIBAIOTCS BEKTOPHbIMM. BekTtopHas
BEJIMYMHA T€OMETPUUYECKU N300pa)kaeTcs ¢ TOMOIIbIO BEKTOPA.

Onpenenenue. BekTop — 5TO HanpaBJIEHHBIN OTPE30K, T.€. OTPE3OK, UMEIOLINI ONpPENEICHHYIO

AJINHY U OIIPECACIICHHOC HAIIPaBJICHUC.

—_—

Ecnu A —navano Bektopa, a B — ero koHel, To BeKTop oOo3Hauaercs cumBosiom AB wmm a
Bektop BA (y Hero Havajno B Touke B, a KOHEI[ B TOUYKe 4) HA3bIBACTCS MPOTHBOMOJIOKHBIM BEKTOPY

—

AB . Bekrtop, mpOTHBOMOIOXKHEIH BEKTOPY &, 0003HaYaeTcs — a.
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Pucynok 2.44 — OGo3HaueHre BEKTOpa

JIro6ast TouKa MPOCTPAHCTBA MOKET PACCMATPUBATHCS KaK, HA4aJI0 U KOHEI[ KOTOPOTO COBIAIAIOT.
Takoii BexTop Ha3biBaeTcs Hyesvim. HyneBoit Bektop obo3Havaror 0 .

BCKTOp, AJIMHAa KOTOPOro paBHa €AUHUIIC, HA3BIBACTCA €AMHUYHBIM BCKTOPOM U o0o3HayaeTcs €.

EnvHu4HbBIN BEKTOP HA3bIBAIO OPTOM.

2. Monyab BekTopa. PaBeHCTBO BEKTOPOB

JnmHa oTpe3ka AB Ha3bIBaeTCs IJIMHOM Wi MoayJieM BekTopa AB u o0o3Havyaercs ‘AB‘, |§| )

I[J'II/IHa HYJICBOT'O BEKTOpa paBHa HYJIHO.
Onpeueﬂeﬂne. HBa BCKTOpa Ha3bIBAIOTCA PAaBHBIMHM, C€CJIM OHHM IIapallJICJIbHBI, HaAIlpaBJICHbBI B

OAHY CTOPOHY U UMCIOT OJUHAKOBBLIC NJINHBI.

43 OIIPCICIICHU PAaBCHCTBA JIBYX BCKTOPOB BBITCKACT, YTO BEKTOP A HE U3MCHUTCS, €CIH €ro

MEPEeHeCTH MapauieTbHO caMoMy cede, BBIOpaB B KauecTBE Hayalla BEKTOPa JI00YI0 TOUKY MPOCTPAHCTBA.
Takoit BeKTOp & MPHUHSATO HA3bIBATh CBOOOAHBIM.

Omnpenenenune. Bextoper a u b, nexanye Ha ogHON mpsiMON MM NapasUieIbHbIC OJHON M TOM
e MPSIMOil Ha3bIBAIOTCS KOJIJIMHeapHbIMM. HyneBoii BeKTOp KoJUIMHEeapeH JT000My BEKTOpY.
Onpenenenne. BekTopsl, jexamuye B OJHOW IUIOCKOCTH WIM B NapaUIEIbHBIX IJIOCKOCTSX,

HAa3bIBAKOTCA KOMILVIAHAPHBIMHA.

3. JluHeliHble omepanMy HaJ BeKTOpPaMM (CJI0)keHHe BEKTOPOB; YMHO)KeHHE BEKTOpa Ha

4K CII0)

Onpenenenne. Cymmoii 1ByX BekTopoB a + D HaswpBaeTcs BEeKTOp, KOTODBIN MIET M3 Hayaja

— —

BEKTOpa @ B KOHeIl BekTopa D mpu ycioBum, uto BekTop D TpumokeH Kk KOHILy BeKTopa & (NPaBHJIO

TPEyroJbHHUKA).

Pucynok 2.45 — IIpaBuiio TpeyrojibpHHKa
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Hapsny c¢ mpaBwioM TpeyroibHMKa 4YacTO IOJB3YIOTCS (PaBHOCUJIBHBIM €MY) HPaBHJIOM

—

napajieJorpaMma: eciu BeKTOphl d u D mpuBeneHHl K 06meMy Hayaly M Ha HHX IOCTPOEH
napajenorpaMM, TO cymma A +b  ccm BEKTOP, COBNAJAIOUIMM C JUAaroHajlbl0  3TOrO

—

napajuiesorpamMma, naymeit u3 odmero Hayana a u b . Orcrona cpasy cienyer, uro a+b=b+a.

v

Pucynok 2.46 — IIpaBuiio napauienorpamma
CrnoxeHue MHOTHX BCKTOPOB IMPOM3BOAUTCA IIpHU MNOMOIIMU IMOCICAOBATCIBHOIO HNPHUMCHCHHA

ImpaBujia TPpEyrojJbHHKa, KOTOPOC HA3hIBAIOT MPABUJI0OM MHOT0YI0JILHUKA.

[TocTpouM cymMy YeThIpeX BEKTOPOB a,b,c,d.

Pucynox 2.47 — [IpaBusio MHOTOYTOJIbHUKA

Tpu BekTOpa B MIPOCTPAHCTBE MOYKHO CKJIA/IBIBATH 110 MPABUIIY MapaJlieJieNuIena: eciii Ha Tpex

BCKTOpax a, b , C , KaK Ha peraX, NOCTPOUTH MapaJlICJICIUIICA, TO €r0 JUAaroHallb, BbIXOJAAIIAass H3

0011ero Hauala JaHHBIX BEKTOPOB, U OYAET UX CyMMOM: d=a+b+cC.

Pucynok 2.48 — IIpaBuiio napannenenumnena

—

Onpenenenne. PasHocThio 1ByX BekTopoB a—D HaseBaeTcs BekTOp, KOTOpBIA B CymMMe C
BEKTOPOM b cocrasmser Bektop d. Ecim nBa Bektopa A u b MpUBEICHBI K OOIIeMy Hayaiy, TO

Pa3HOCTh UX €CTh BEKTOP, UAYIIMI U3 KOHLIA b («BBIYUTAEMOTO») K KOHITY @ («yMEHBIIAEMOTOY).
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—

B mapannenorpaMme, IOCTPOEHHOM Ha BEKTOpaX @ M D, oaHa HampapieHHas IMAroHab

SIBJIIETCS CyMMOM BEKTOPOB, a Ipyrasi pa3HOCTbIO.

Pucynok 2.49 — Pa3HOCTh BEKTOPOB

MOXHO BBIYHTATh BEKTOPHI 1O TpaBwiry:a—b =a+(—b), T.e. BblUMTaHHE BEKTOPOB 3aMEHUTH

—

CJIOKCHHUEM BEKTOpa ﬁ C BEKTOPOM, IIPOTHUBOIIOJIOKHBIM BEKTOPY b .

Onpenenenne. IponsBenenneM BeKTopa 8 Ha cKaaAp (YMCI0) L Ha3bIBaeTCs BEKTOp A-a

(uan 8 -L), KOTOpHIA HMEET I[JII/IHy|ﬂ|'|C_i

, KOJUIMHEApeH BEKTOpPY &, UMeeT HalpaBlIcHHE BEKTOpaa ,

ecn A>0 ¥ IPOTUBOIONOKHOE HampaBieHue, eciau A<0.

Ecnu k=0, 1 mo6oro BekTopa @ npoussenenue Ka pasno nyns-sextopy: 0-a=0.

Ecrm k=1,10 1-d=4a.

Ecin k=-1, 70 —1-8 =—&8 — BeKTOp, NPOTUBOIOJIOKHBINA BEKTOPY 4 .

A

1N}
w
Q
Q

—-2a

Pucynok 2.50 — YMHOXKeHHE BEKTOpa HA YUCIIO

JlunHeiHble onepanyy Hajl BEKTOpaMu 00JIaIal0T CIEAYIOIUMHU CBOMCTBaAMHU:

1. a+b=b+a, 4 (A +A,)-d=7-8a+7,-a,
2. (A+b)+c=a+(b+c), 5. 1-(A+b)=A1-d+A-b.
8. 4 (4-8)=4 -4 -4,

OTH CBOMCTBA MO3BOJISIOT IIpOU3BOJAUTH npeo6pa30BaHI/151 B JTHHEHUHBIX orepanugax ¢ BEKTOpaMu,

TaK Kak 3TO JeTaeTcsi B 0OBIYHOM anreope.

4. Tlpoekuusi BeKTOpa HA 0Cb

Onpenesenue. [poexnueii Bekropa AB Ha och | Ha3pIBaeTCs YUCIO, paBHOE JUTMHE BEKTOpA

—_— —_

AlBl , B3STOM CO 3HAKOM «t», eciu HaIllpaBJICHHUEC BCKTOpPaA AlBl COBIIAIaCT C HAIIPAaBJICHUCM OCHU | u co

3HAKOM «-» B POTHBHOM city4ae (puc. 2.51).
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Pucynok 2.51 — ITpoekuusi BEKTOpa Ha OCh
Touku A1, B1 — 3T0 TOukM mepecedeHus: ocu | ¢ meprneHIuKyISIPHBIME K HEH IIOCKOCTSIMH,
MPOXOALIMMHU Uepe3 TOUKU 4 U B.

[Ipoexumst Bektopa ABHa ock | obo3nauaercs tak: np, AB. Ecrm AB=0 wm AB L1, to

np|ﬁ=0.

OnpenesieHue. YIJI0M MeKIy BeKTOPOM M 0CbI0 | Ha3bIBaeTCs yroyl ¢ MKy BEKTOPOM d U U

ero mpoekiuei Ha 3Ty och (puc. 2.52). OueBuaHo, 0< ¢ < 7.

a

! 4] 1

a

Y -

Pucynox 2.52 —Yron Mex 1y BEKTOPOM U OCBIO

CBoiicTBa npoeknui

1. Ipoexnus BekTopad Ha och | paBHA MPOM3BENCHUIO MOMYIS BEKTOpa & Ha KOCHHYC yrja ¢
ME3K/Ty BEKTOPOM H OCBIO, T.€. /p,a = |al-cos .

2. TIpoekiust CyMMbI HECKOJIBKMX BEKTOPOB Ha OJIHY M Ty K€ OCh paBHa CyMMe WX MPOEKIHi Ha
sty och. Ecmn d =8+b+¢, 10 np,a:np,(§+6+6):np,§+np|6+np|6.

3. Ilpy yMHOXEHHHM BEKTOpa & Ha YMCJIO A €ro MPOEKIHUs Ha OCh TAKKE YMHOYKAETCS Ha JTO
qucio, T.e. np,(A- 5) =-np, a.

Takum 06pa3om, JIHHEHHBIC ONEPAIMH HAJl BEKTOPAMH MIPUBOJIAT K COOTBETCTBYIOIIMM JTMHEHHBIM

OorncpanuriaM Had MPOCKIUAMU 3TUX BEKTOPOB.
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5. Pa3no:keHue BeKTOpa 10 HANIPABJICHUAM

PaccmMoTpuM Tpu  HEKOMIUIaHApHBIX  BEKTOpa a,b,C, cosmamaromme ¢ BEKTOpaMHU

- — -
AA,, AA,, AA, | ucxomsmumu 13 BEpLIMHBI A Tapajienenuneaa ABCDAl Blcl D1 (puc. 2.53).

Pucynok 2.53 — Pa3znoxeHue BEKTOpa 110 HaNpaBICHUIM

- - -
PaccmotpuM  BekTOpBI AB, AD, AAl, HalpaBJIEHHbIE BJIOJIb pedep Napauielenuneaa.

— - - - -
BLIpaSI/IM AuaroHalib IiapajuiejiorpaMmma — BCKTOP ACl - d 4Cpe3 BCKTOPLI AAQ; AAg; AA4 . Ilo

MPABWIIy CIIO)KCHUST BEKTOPOB B TPOCTpPaHCTBE, jauaroHanb ACi MOXKeT OBITh TMPEICTaBICHA B BUJC

- - -

N
cymmsl: AC, = AB+ AD+ AA, . B cBor odYepenb, KakIblii U3 BEKTOPOB-CIIAraéMbIX MOKHO BBIPa3UTh

- - -
yepe3 BEKTOPBI AAZ, AAg; AA , YMHOXUB KaXJIbli M3 HHUX Ha COOTBETCTBYIOLIMHA YHMCIOBOU

— — — — - N
MHOKHTEND: O, 3, ¥ . Takum 06pasoM, MOMydnM: AC, =a AA+ BAA+AA, mmu d =cd + b +C.
TTonydeHHOE BEKTOPHOE pPABCHCTBO HasbiBaeTcs pasinoxennem Bexrtopad mo Bekropam
a,b,c.

—

UYncna O, [, ¥ HazbiBatorcs KOI(GPUIMEHTAMH PA3I0KEHHs I KOOPAMHATAMH BEKTOpa d

—_

B Gasuce @,0,C . Koopaunaats! BekTOpa onpenensoTcs €IMHCTBEHHBIM 00pa3oMm.

Bonpocs! 1J1s1 CAMOKOHTPOJIA:
1. Yro Takoe BeKTOp?

2. Kakne BCKTOPBI HA3BIBAIOTCA PaBHBIMHU, ITPOTHUBOIIOJIOKHBIMHU, KOJ'IJ'II/IHeapHI)IMI/I?
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3. ChopmynupyiiTe MpaBUIIO TPEYTOJILHUKA JJIS1 CIIOKEHUS BEKTOPOB.

4. ChopmynupyiiTe mpaBuIo apajijieorpaMma Ijisi CJI0KEHUsI BEKTOPOB.
5. Kak coXuTh HECKOJIBKO BEKTOPOB?

5. Copmynupyiite mpaBuiIo pa3sHOCTH BEKTOPOB.

6. ChopmynupyiTe MpaBUIIO YMHOKEHHUSI BEKTOPA HA YUCIIO.

7. Kak onpenensercsi IpOEKIUs BEKTOpa Ha OCh?

8. Kakoe BbrIpakeHHE Ha3bIBAETCSI PA3JI0KEHUEM BEKTOpA 10 KOOpAUHATaM?

9. Yto Takoe KOOpAMHATHI BEKTOpa?

Jlureparypa:

[3] C. 84-93; [6] C. 139-142; [12] - [21].

Jleknus 9. IlpsaMoyroabHasi (IekapToBa) CHCTeMa KOOPAMHAT B mpocTpaHcTrBe. @opmy.ia
paccTosiHus MexXay ABYMs ToukamMu. CkajsipHOoe NMpPoM3BeleHHEe BEKTOPOB. YTIoJ MeKAy ABYMs

BEKTOPaMH. YpaBHeHHs c(epbl, INIOCKOCTH U NIPAMOii

1. MpsiMmoyroJibHasi (iIeKapTOBa) CHCTEMA KOOPAMHAT B MPOCTPAHCTBE

Tpu momapHO TEPIECHIUKYISAPHBIC MPSAMbIE C BBIOPAHHBIMU HANPABICHUSAMH W CIUHUIICH
M3MepeHus: 00pa3yloT CHCTeMY KOOPIAMHAT B MPOCTpPaHCTBE. Touka mepeceueHus BCEX MPSMBIX SBISETCS
HAYaJiOM CUCTEMBI KOOPIUHAT.

Ocu xoopaunat OX, Oy u Oz HaspiBatoTcs COOTBeTCTBeHHO: OX — och abcmuce, Oy — och
opauHaT, OZ — ock ammmkar (puc.2.54).

Uepes [Be TMepecekaronyecss TMpsSMble MOXKHO IPOBECTH TUIOCKOCTh. [lomydaem  Tpu

koopauHaTHbIe iockoctu: (OXy), (Oyz) u (Oxz) (puc. 2.55).
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Pucynoxk 2.54 — Cucrema KOOpAMHAT B MPOCTPAHCTBE

Pucynok 2.55 — KoopanHaTHbI€ MIIOCKOCTH B IPOCTPAHCTBE

2. KoopamHaTbl TOUKH

[Tonoxenne Touku A B IPOCTPaHCTBE ONPEAEIAETCS TpeMsi KOOpAUHATaMu: X, Y U Z.

Z(0;0;2) A,(03y;Z)

3V5Z)
Y
Y(0;0:y)
X(x;0;0) Y
A,4(x3y;0)
X

Pucynok 2.56 — KooiMHATBI TOYKH B POCTPAHCTBE
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Koopnunarta X HaspiBaercsi abcumccoidl Touku A, KOOpIMHATay — OpIUHATOM TOuKkH A,
KOOp/IMHATA Z — aNIIuKaToi Touku A. 3anuceiBatoT Tak: A(X;Y;2).

Ecnu Touka naxoautcs Ha ocu OX, T0o €€ koopaunatel X(X;0;0).

Ecnu Touka naxoautcs Ha ocu Oy, To ¢€ koopaunatsl Y(0;y;0).

Ecnu Touka naxoautcst Ha ocu Oz, To e€ koopaunater Z(0;0;2).

Ecnu Touka Haxoautcs B miiockoctu OXy, To e€ koopaunatel A1(X;y;0).

Ecnu Touka Haxoautces B miockoctu Oyz, To e€ koopaunatsl A2(0;Y;2).

Ecnu Touka Haxomures B miockoctu OXz, To e€ koopaunaTel Az(X;0;2).

[MpuBenem npumep noctpoeHust Touku B(4;3;5) B mpsIMOYrojibHON cUCTEMe KOOpAHMHAT (pHC.

2.57).

" B(4:3:5)

K(4:3:0)

Pucynok 2.57 — Iloctpoenue Touku B B mpocTtpaHcTBe
IlepBass koopauHata Touku B — 4, mosromy ortknaapiBaeM Ha OX 4, mpoBOAUM HPSIMYIO
napamiesnsHo ocu Oy 10 nepecedeHus ¢ npsMoil, mpoxozsieit yepe3 npsamyro y=3. Takum o0pazom, Mbl
noiydaeM Touky K. Ota Touka nexut B miockoctu Oxy u umeer koopaunHatel K(4;3;0). Temeps HyX)HO
MIPOBECTH MPsIMYIO mapaiuienbHo ocu Oz. U mpsiMyto, KOTOpast MPOXOIUT Yepe3 TOUKY C alluIuKaTon 5 U
napajjiesibHa JMaroHajau mapamienorpamMa B Imiockocth OXy. Ha ux mepecedeHMH MbI MOJyYUM

HCKOMYIO TOUKY B.

3. Koopaumnatbl BeKTOpa

PaCCMOTpI/IM B TIPOCTPAHCTBC IIPAMOYTOJIBHYIO CHUCTEMY KOOPAWHAT Oxyz. Breigenum Ha

KoopauHaATHBIX ocsax Ox, Oy, Oz eMUHUYHBIC BEKTOPHI (OpThI), 0003HAYaeMbIe COOTBETCTBEHHO I, |,K .

BLI6epeM HpOI/I3BOHBHLH71 BCKTOD a IpOCTPAaHCTBA U COBMCCTHUM €I'0 HA4aJIO C HA4YaJIOM KOOpJAHWHAT:

i = OM (puc. 2.58).
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Pucynok 2.58 — KoopauHaThel BEKTOpa B IPOCTPAHCTBE

_—

Haiinem mpoekimu BeKTOpa d Ha KOOpIMHATHbIC ocu. [IpoBemem uepe3 koHel BekTopa OM
IIJIOCKOCTH, ITapaJlIeIbHbIE KOOPAUHATHBIM IUIOCKOCTAM. TOUKM IepecedeHus 3TUX IUIOCKOCTEN C OCSMU

0003HaYMM COOTBETCTBEHHO 4epe3 M1, M2 u M3. IloaydnM npsiMOyroibHBIN Mapasuiesenunes, OIHON 3

JAMaroHajen Koroporo sisisercs Bekrop OM . Torma, mp,a :‘OM1 . o

, p,a =[OM,

, npzﬁ=‘m

_—

OIpEINICHUIO CyMMBbI HECKOJIBKUX BEKTOpoB HaxoauMm a =OM, + M ;N +NM . A tak kak M,N =0OM, ,

NM =OM,, 1o d=O0M,+OM,+OM,. Ho OMlz‘OMI‘-T, OMZ:‘OMz‘-T, oT/|3=‘OT/|3-lZ.

z »1.C.

O6o3naynM npoekuuu Bekropa a = OM Ha ocu Ox, Oy u Oz COOTBETCTBEHHO 4epe3 a,, a, ua, ,T.c

‘OMI‘:aX, ‘OMZ‘:ay, ‘OT/I3 =a,.

Torma momydaem: & =‘OM1‘-T+‘OM2‘. T+‘OM3‘ -k

I
QD

CDOpMy.]'Ia a= ax A+ ay | +az ‘K sBsleTcs OCHOBHOM B BCKTOPHOM HUCUUCIICHUU U HA3BIBACTCA

pa3jioKeHHEM BEKTOpa 10 OPTaM KOOPAMHATHBIX ocedi. Yncna a,,a, W @, Ha3bIBAOTCA

KoopaAMHaTaAMHM BCKTOpa, T.C. KOOPAHWHATBI BCKTOpa C€CTh C€ro IMpPOCKIHMHU Ha COOTBETCTBYIOLIUC
KOOpAUWHATHBIC OCH.

Boluncienne QJMHbI BEKTOPA 110 €ro KoopanuHaTam

5
[TycTh HaM JaH BEKTOp d CBOMMHU KOOpAWHATAMH a{aX ;a, ;az} . Ha ocHoBanum teopemsl o

2 2 2 2
JJINHE JaroHain OpAMOYTOJIBHOTO apajuieiennumieaa a =4, +a, +a, , OTCrO1a
X y z

— 2 2 2
|a|:\/aX +a, +a,” .
KOOp)lI/IHaTLI BEKTOpPAa, €CJIN JaHbl KOOPAUHATLI €0 HaYaJ/Jia 1 KOHIa

Ecimu BCKTOD 3aaaH KOOpAuHaTaMn CBOC€TO Haydajia u KOHIIa - TOYKaMH

I\/Il(xl;yl;zl) , M z(xz;yz;zz), TO €ro KOOPJMHATBl MOIYT OBbITh Hai/IeHbl CIEAYIOUIMM 00pa3oM:

:\/(Xz _Xl)z +(y2 - yl)z +(Zz _21)2 :

N

M;M, ={X2—Xl;y2—yl;zz —Zl},aJIJ'H/IHa ‘MIM2
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4. JlelicTBHAI HA/l BEKTOPaAaMHU B KOOPAUHATHOI (hopme

- —

IlycTh aHbl BEKTOPHI a = {xl;yl; Zl} ub= {xz;yz; Zz}

N
1. Ecmma=b,10 X, =X%,, y,=y, 2,=1,.

2. a+6:{xl+x2;yl+y2; Zl+22}

5

3. a=b= {xl X TV 4y _22}

4. ka = {kx,;ky,;kz, }

Us OIMPEACIICHU BEKTOpa KaK HaIIpaBJICHHOI'O OTPE3Ka, KOTOpBIﬁ MOXHO II€pCABUIaTb B

IIPOCTPAHCTBE IapaLICIIBHO CaMOMY ce6e, CIeayeT, 4TO ABa BCKTOpa aunb PaBHbBI TOrda U TOJIBKO

TOT'/1a, KOTJIa BHIITOJHSIETCSI PABEHCTBO UX KOOpIUHAT A, =D, , a, = by ,a, =b,.

BbIssICHMM yCJI10BHSI KOJUIMHEAPHOCTH BEKTOPOB d U b , 3a1aHHBIX CBOMMHU KOOPMHATAMI.

Tak kak a ||6 , TO MOXHO 3ammcath d=Ab, e 1 - HEKOTOpoe 4YHciao. To ecTh
a,i+a,-]+a,-k=A, T +b,-+b,-K)=Ab - +b, - ]+4b, k.

Otcroga

a a

a,=4b, a,=ab, a,=4b,,1e *=1, ~+
b b

y

=A, %:}L 1501051 %:—:—Z.
X z X
Takum o0Opa3oM, MPOEKIUH KOJIMHEAPHBIX BEKTOPOB MPONOpPLUOHANbHBL. BepHo u obOpatHoe
YTBEPKJICHUE: BEKTOPBI, UMEIOIIKE PONOPLHHUOHAIBHBIE KOOPAUHATHI, KOJUIMHEAPHBI.
IIpumepsl.

— —

1. BeuuciauTh KOOpIUHATHI BEKTOPOB C = a + b ,d=3a-b, ecmn 2 = {— 3;5;1}, B = {4;—2;8}.
Pemrenue: mo ¢opmyrnaMm CIIOKEHHS W BBIYATAHHS BEKTOPOB B KOOPJHMHATHOW (opme, mMMeeM
C={-3+45+(-2:1+8}={13,9}, d ={~3-45-(-2)1-8}={-7,7;-7}.

2. Ilo xoopauHaTaM BEKTOPOB Z(— 4;6;0), 5(1;—1;7)Ha17ITH KOOpJMHATHI BEKTOpa 30 — % .

Pemienue: 35—22 3-1—_—4;3-(—1)—§;3-7—9 :{5;—6;21}.
2 2 2 2

5. ®opMy.ia paccTOSIHMSA MeXKAY ABYMSI TOUKAMHM

[Mycte M, (%;Y,:2,) u M,(X,;Y,;Z,)— JABe TOYKHM B IpocTpaHcTBe. Torma, paccrosHue d

N
MEXIy HUMH MOXeT OBITh HaWJIEHO Kak JJIMHA BEKTopa MM, mno dopmyne:
3 2 2 2
d:‘Mle :\/(XZ_XI) +(y2_y1) +(22_21) :
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Ucnons3ysa ¢opmyiay pacCTOSHUS MEXIY ABYMs TOUYKAMHM, JIETKO MOXHO TOJYYHUTh ypaBHEHUE

cdepsl B IPOCTPAHCTBE.

6. YpaBHeHue chepbl
Haiinem ypaBaenue cdepsl paguyca R ¢ menrpom B Touke C(X,;Y,;Z,). CormacHo onpeneneHuro
cepsr, paccrosaue mobdoil ee Toukn M (X;Y;z) ot nentpa C(X,;Y,;Z,) paBHOo paguycy R, T.e. CM=R.

Ho CM — paccrosnue mexay toukamu C um M, 3HAYUT, MOXKET OBITH BBIYUCICHO MO (opmyre

CM = \/(x % ) +(y-v, ) +(z=2,) . CnenoparensHo, \/(x— X,)>+(Y—=Y,)° +(z2—2,)*> =R wm
(X=%)° +(Y=Y¥,)>+(z—-2,)*=R?. D10 u ectb uckomoe ypaHenue chepbl. Ecnu 1entp cdepst

2 2 2 2
COBIIAJACT C HAYAJIOM KOOpAUHAT, TO YPaBHECHHUE IIPUHUMACT BUA X" +Y" +7° = R<.

7. YroJ Me:xxay BeKTOpamMu

JlBa BekTopa 8 u b Bcerma oOpa3zyroT HEKOTOPBIN yron « .
VYros Mexay BEeKTOpaMH MOKET MpUHUMATh 3HaueHus ot 0° 1o 180° BKItOUUTENHHO.

Ecau BCKTOPBI PACIIOJIOKCHBI HA IICPCCCKAIOINNUXCS IPSAMBIX, OHU MOT'YT O6paSOBHBaTBZ

1. OcTpsiii yroa

Pucynox 2.59 — Octpslii yroi Mexay BEKTOpaMu

2. Tynoii yroJa

Pucynok 2.60 — Tymoi yron Mexay BEKTOpaMu

3. Ilpsimoii yroJi (BeKTOpPbI NepreHAUKYJISIPHbI)
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b

Pucynok 2.61 — IIpsmoii yroa Mex1y BEKTOpaMu

Ecmu BEKTOPBI PACIIOJIOKEHBI Ha MApalJICJIbHBIX IIPAMBIX, TO OHH MOT'YT O6pa3OBLIBaTBZ

4. Yroa BenunHoi 0° (BeKTOpPBI COHANIPABJIEHBI)

Y

Pucynok 2.62 —HyneBoil yron Mex1y BEKTOpaMu

5. ¥roa BeanunHoii 180° (BeKTOpPbI NPOTHBOIOJIOKHO HATIPABJICHDI)

|

Pucynox 2.63 — Yron 180° mexny BeKTopamu

Ecnu ogun u3 BCKTOPOB UJIHN o0a BEKTOPA HYJICBBIC, TO YI'OJI MCXKAY HUMU 6YI[6T paBE€H 0°.

N
VYron mexay BekTopamu obo3HavaroT Tak: (a,b) =«

8. CkausipHoe npou3BeIeHNe BEKTOPOB

Onpeneienne. CKaJISIpHBIM NPOU3BEIEHNEM JIBYX HEHYJIEBBIX BEKTOPOB d W D HasbiBaercs

YHUCJIO0, PaBHOC MPOU3BCACHUIO AJIMH 3TUX BCKTOPOB HAa KOCUHYC yTIJia MCXKIY HUMHU.

OGosnauaercs @b, a- b, (5,5). UTak, Mo onpeJieNeHuio 5-5:|é|-‘5‘-cosgo, roe ¢ = (a,b).
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PesynbTar ckanspHOro MPOM3BEICHUS BEKTOPOB SIBIISETCS YHCIOM (B OTIMYHE OT pe3ylbTaTa
PaCCMOTPEHHBIX paHee ACUCTBHI C BEKTOPAMU — CIIOKCHHS, BBIYUTAHHUS W YMHOXKEHHUS Ha YHUCIIO.
B Takux ciydasx pe3ynbTaToM ObLT BEKTOP), TaK KaK JJIMHBI BEKTOPOB — ATO YHCIIA, KOCHHYC yria —
YHCII0, COOTBETCTBEHHO, UX NMPOU3BEACHHUE TAKXKE OYACT SBISATHCS YHCIIOM.

1. Ecniu yron Mexay BEKTOpaMu OCTPBIH, TO CKaJISIPHOE MPOM3BENEHHE OyIeT MOI0KHUTEIbHBIM
YHCIIOM (TaK KaKk KOCHHYC OCTPOTO yTJia — MOJIOKUTEIBHOE YHCIIO).

Eciu BeKTOpBl COHAMpaBICHBI, TO YroJl MEXAy HUMH OyneT paBeH (0°, a KOCHHYC paBeH
1, ckansipHOe npou3BeACHHUE TaKXKe OYAET MOIOKUTETbHBIM.

2. Ecnu yroa Mex1y BEKTOpaMu TYTOH, TO CKaJIIpHOE MPOU3BEACHHUE OyIeT OTPUIATEeNbHBIM (TaK
KaK KOCHHYC TYIIOT'O yIjla — OTPUIATEIbHOE YUCIIO).

Ecnu BekTOpbl HampaBiieHbl MPOTHUBOMOJOXKHO, TO Yrojl MexXay HuMHU Oyner paBeH 180°.
CkanspHoe mpou3BeIeHNe TaKXKe OTPULIATEIbHO, TaK KaK KOCUHYC 3TOTO yria paBeH —1.

3. Ecau yronm Mexay BEKTOpaMH MPsIMOU, TO CKAJIIPHOE MPOHM3BEJCHHE BEKTOPOB PaBHO HYIIIO,
TaK KaK KOCHHYC IPsIMOTo yria paseH 0.

CripaBeyIMBEI 1 OOpaTHBIC YTBEPKACHUSI.

CBoilicTBa CKAJISIPHOT0 NPOU3BeICHUS

1. CkanspHoe npousBereHre 0071a1aeT NEPEMECTUTEIBHBIM CBOMCTBOM:

b =ba.

2. CkansipHOe TIpoM3BelIeHHE 00JIalaeT COYETATEeIbHBIM CBOMCTBOM OTHOCHUTEIBHO CKaJSPHOTO
muoxkuTens: (Ad)-b = A(ab).

3. CxansipHO€ NMPOMU3BEICHNE 00J1a1aeT pacpeIeTUTETHHBIM CBOMCTBOM:

d(b+c)=ab+ac

4. CxanspHbIi KBafipaT BEKTOPa PaBeH KBAAPATy €ro JIHHBL: G- = |§|2

=d-d=lal-|a]-cos0=lal-|a| =|a|".

T2 2

B wactrocty, i = j? =k* =1.

|

5. Ecim Bektopsl @ u b (HeHyneBble) B3aMMHO MEPHEHAMKYISIPHBL, TO HMX CKaJsSpHOE
NpOU3BENEHUE PAaBHO HYIO, T.€. ecian d L b, ro ab =0. CnpaseuBo u 06paTHOE yTBEpKIEHHUE: €CIIU
db =0 |a #0,b| 0,10 & Lb.

- —

B uactHocrn, i -] =] -k=k-i =0.

BoipajkeHue cKaJsIpHOTO NPOU3Be/leHNUs Yepe3 KOOPAUHATHI

I[TycTs 3agaHBbl 1Ba BEKTOpa é:aX-T+ay-I+az ‘k ub :bx-r+by-17+bz k.
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Haiinem ckansipHoe nMpou3BeNEHUE BEKTOPOB, IEPEMHOXKASI UX KAK MHOTOWIEHBI (UTO 3aKOHHO B

CHJIy CBOWCTB JIMHEMHOCTH CKAJISPHOTO TMPOU3BEACHHS) M TMOJb3yiACh TaOnMIeH CKaJsSIpHOTO

MIPOU3BECHHUS BEKTOPOB I, J,K :

Ta6muma 2.3 — CkanspHoe Ipou3BeIeHIe BEKTOPOB 1, |, K

ik
i 1 0 0
J 0 1 0
kK |o 0 1

J+b, k)=

=ab,i-T+abi-j+ab,i-k+abj-i+ab,j j+ab,jk+

a-b=(a,-i+a, j+a, k) (b, 7 +b,

+abk-i +azbyk J+abk-k=apb, +0+0+0+ab, +0+0+0+a,b,,
re. a-b=apb, +a,b, +a,b,.

Wtak, ckalsipHOE NPOM3BEIECHUE BEKTOPOB PABHO CyMME IPOU3BEICHUM MX OJHOMMEHHBIX
KOOpJMHAT.
HaxoskaeHnue yriia Mexay BeKTOPaMH € IOMOIIbIO CKAJSIPHOTO NMPOU3BeICHHU S

Yron ¢ Mexay HEHYJICBBIMA BEKTOpaM é:{ax;ay;az} u b= {bx,by,bz} ompeessieTcsl 1o

931
Ul

ab, +a b, +a,b,

\/axz +a,’ +a,’ ~\/bx2 +b,* +b,?

dbopmyre: COSp = , T.€. COS@Q =

|a

Ortcrozia ciieiyeT ycJoBUe MeprneHHKY/ISPHOCTH HEHYJIEBBIX BEKTOPOB d u b :

dlb<ab, +ab, +a,b, =0.

9. YpaBHeHMsI NPAMOIi M IJIOCKOCTH

9.1 YpaBHeHHe NJIOCKOCTH

[Tycte B mpoctpanctBe Oxyz mmiockocte Q 3amana Toukoit M, (X,;Y,:Z,) U BEKTOPOM

n= {A; B; C}, HEePICHANKYISPHBIM 3TOW TIIOCKOCTH. BhiBesieM ypaBHeHue iockoctu Q (puc. 2.64).
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Pucynox 2.64 — [Inmockocts Q B mpocTpaHcTBe

BosbmMem  Ha  Heil  NpPOU3BOJIBHYIO  TOYKY M (X;Y;2) U COCTaBUM  BEKTOp

MM ={X—XO; y—yO;Z—ZO}. ITpu mo60oM pacnonoxeHHMH To4ku M Ha miIockocTH Q BEKTOpel N U

[

M,M B3auMHO NEepHEHIUKYISPHBI, TOITOMY MX CKAJSIpHOE Ipou3BelneHHe paBHO Hymo: N-M M =0,
T.e. A(X—X,)+B(y—-Y,)+C(z-2,)=0.
[TonydyeHHOE ypaBHEHHE IEPBOM CTEIIEHN OTHOCUTEIBLHO TEKYIIMX KOOPAUHAT X, y U Z Ha3bIBACTCS

YPaBHEHHEM IUIOCKOCTH, POXO/sIei yepes nanHyro 104Ky M, (X,; Yo; Z,) IEPHCHANKYIISIPHO BEKTOPY

n= {A; B; C}. BekTop n= {A; B; C} Ha3bIBACTCS HOPMAJIbHBLIM BEKTOPOM ILJIOCKOCTH.

[TpunaBas kosddunuentam A, B u C ypaBHEHHUS pa3IUYHbIC 3HAYCHUS, MOXKHO TIOIYYHUTh
ypaBHEHHUE 1000 MIOCKOCTH, Mpoxosiiei yepe3 Touky Mo. COBOKYMHOCTh IIOCKOCTEH, MPOXOIAIIUX
yepe3 JAHHYIO TOYKY, Ha3bIBACTCS CBSI3KOM MIJIOCKOCTEH, a ypaBHEHUE

A(X—X,)+B(y—-Y,)+C(z-2,) =0 — ypaBHEHHEM CBSI3KH INIOCKOCTEH.
Packpoem ckoOkM B 3TOM YypaBHEHUU: AX—Ax, +By—By,+Cz—-Cz, =0. OO6o3Haunm
D =—-A4x, - By,—Cz,, nonyunMm ypaBHeHne AX+By+Cz+D=0. YpaBuenne Ax+By+Cz+D=0

Ha3bIBACTCS OOIIMM YPAaBHEHHEM TUIOCKOCTH.
YacTtHble cay4yan 00IIero ypaBHEHUS MIIOCKOCTH:

1. Ecru D=0, 1o ono mpunumaetr Bug AX+By+Cz=0. DToMy ypaBHEHHUIO YIOBIECTBOPSET

touka O(0;0;0) . CnenoBaresbHO, B 3TOM CIy4ae IUIOCKOCTh MPOXOIUT Yepe3 Hauaslo KOOPHHAT .

2. Eciu C=0, to umeem ypaBHeHue Ax+By+D=0. HopMmanbHblil BekTOp F\z{A;B;O}
nepneHauKysipen ocu Oz. CrnenoBaTenbHO, IIIOCKOCTh MapamienbHa ocu Oz; ecnu B=( —IJI0CKOCTb
napasiensHa ocu Oy; A=(0 — I0CKOCTh MapaenbHa ocu Ox.

3. Ecmu C=D=0, to mnockoctb AX+ By =0mnpoxoaut uepe3 ocb Oz. AHAIOTNYHO, YPaBHEHUSIM
By +Cz=0 u AX+Cz =00TBe4aroT MI0CKOCTH, IPOXOASIIHE, COOTBETCTBEHHO, yepe3 ocu Ox u Oy.

4. Eciu A=B=0, to ypasuenue npunumaer Bug CZ+ D =0, miockocts mapamienbHa MIOCKOCTH
Oxy. Amnanornuno, ypaBHeHusM AX+D=0 u By-+ D =00TBe4aloT IUIOCKOCTH, COOTBETCTBEHHO

napajuienbHble miockoctsaM Oyz u Oxz.
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5. Ecmu A=B=D=0, to ypaBHenue miockoctu npumer Bun Cz=0, T.e. z=0. D10 ypaBHEeHUE

mIockocTi Oxy. AHAOrn4YHO: y=(0 - ypaBHEHHE TIIOCKOCTU Oxz; x=( — ypaBHEHUE MIOCKOCTH Oyz.

9.2 YpaBHeHusI IPSIMOii B NPOCTPAHCTBE

[TonoxeHre MpsiMON B MPOCTPAHCTBE BIIOJHE ONpPEAENICHO, €CIH 33JaTh KaKyro-1100 Touky Mo Ha

IPSIMOI M BEKTOp S , mapajuieNbHbINA 3TOM npsiMoid. Bektop S Ha3piBaeTCsi HANPaBJSIIOIIMM BEKTOPOM

NPAMON.
[Tycts mpsmas 3amana Toukod M (X,;Y,:2Z,) W HampaBISIONIMM BEKTOPOM S = {m;n; p} (puc.

2.65).

Ma

Pucynok 2.65 — IIpsimast B mpocTpaHCTBE

BeiOGepem Ha  mpsMoi  NpoM3BOJIBHYHO  TOUYKy M(X;y;Z) H  COCTaBUM  BEKTOp

MM = {X —XoiY—VYo:Z— 2, } IIpu mr000M pacnonoxkeHnu Touku M Ha npsiMoit Bektopsl S u M M

X=Xy — Y=Yy 2%

m n p

KOJIJIMHEAPHBI, [I03TOMY UXKOOPAUHATHI IPOIIOPIUOHATIEHBI:

X=Xo Y=Y 272 o
= = Ha3bIBAlOTCSI KAHOHHYECKHMMH YpaBHCHUSAMH IPSIMOU B
m n p

YpaBHeHus

MIPOCTPAHCTBE.
OOpaimenne B HYJIb OJIHOTO W3 3HAMEHATEled YpaBHEHUM O3Ha4aeT oOpalieHre B HYJb
COOTBETCTBYIOIIETO YHCIUTEIS.

Xx-2 y+4 z-1
2

Hpumep. YpaBHeHus 3a/1al0T MPSIMYI0, MPOXOJAIIYI0 Yepe3 Touky M(2;-

4;1) neprneHIUKYISAPHO I0cKocTH Oz (MPOEKIHUsS BEKTOpa S= {3,2,0} Ha ocb Oz pasna nymo). Ho 510

0O3HA4YacT, 4TO IIpsAMad JICKHUT B IJIIOCKOCTH Z:1, U TO3TOMY IJI BCEX TOUCK HpﬂMOﬁ 6y,HeT z-1=0.

Bomnpocsl 1151 CAMOKOHTPOJIA:

1. Kak onpenensieTcs iekapToBa cucTeMa KOOPAUHAT B IPOCTpaHCTBE?

2. Yro Ha3pIBaeTCs KOOPIAUHATAMHU TOUKH?

3. Uro Ha3bIBaeTCs KOOpPIAUHATAMHU BEKTOpa?

4. Kak OIPEACIINTb KOOPAUHATEI BEKTOpPA, €CJIIN U3BCCTHBI KOOPAWHATHI €TI0 Ha4Yaj1a 1 KOHHa?
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5. 3anuimmMre pas3lioKEHHE BEKTOpa MO OpTaM KOOPAMHATHBIX OCEW B JIEKAPTOBOM CHCTEME
KOOpJUHAT.

6. IlpuBenute Gpopmymy i HAXOKIACHUS TMHBI BEKTOPA.

7. llpuBenute (opMmynbl A1 CIOXKEHHs, BBIUMTAHUS, YMHOXKEHHS HAa YHCIO BEKTOPOB B
KOOpJMHATHOU (opme.

8. 3anummre GOpPMYIbI I BEIYUCICHUS CKAJISIPHOTO MPOU3BEICHHUS BEKTOPOB.

9. 3anummre GopMyITy JUIS BEIYMCICHUS YIIla MKy BEKTOPAMHU.

10. ChopmynupyiiTe ycinoBre NeprneHIuKyIIPHOCTU IBYX BEKTOPOB.

11. Kakoii BEKTOp Ha3bIBACTCSI HOPMaJIbIO K TUIOCKOCTH?

12. Hanmmre ypaBHEHHE TIOCKOCTH B TPOCTPAHCTBE.

13. Kakoii BeKTOp Ha3bIBa€TCs HAMIPABISIONIMM BEKTOPOM MPSIMOii?

14. Hanumute ypaBHEHUs MPSIMON B IPOCTPAHCTBE.

Jlureparypa:
[3] C. 102-107; [6] C. 144-190; [12] —[21].

2.6 Tema 6 KomOuHaTopuka
Jlekuusi 10. OcHOBHbIE OHATHSA KOMOUHATOPUKH
1. IlonsaTHE KOMOMHATOPUKHU

Kom0unaropuka — pasjiel MaTeMaTUKH O BBIYMCICHUH KOJWYECTBA PA3NUYHBIX KOMOWHAIUI
KaKUX-JT100 3JIEMEHTOB.

B  3amanmsax 1o  KOMOWMHATOpUKE  OOBIYHO  HY)XHO  BBIACHHUTH,  BO3MOXHO  JIK
COCTaBUTh KOMOMHAIIMIO ONIPEIETIEHHOTO BUAA U CKOJIBKO Pa3IMYHbIX KOMOMHAIINNA MOKHO COCTaBUTh.

Hanpumep:

1. CkonbKO pa3InyHbIX TPEX3HAUHBIX HOMEPOB TeJIe(POHA MOKHO COCTaBUTh U3 MATH LUPp?

2. CKOJIBbKMMHU pa3IUYHBIMH CIOCOOAMH MOXXHO COCTaBUTh TaHIICBAIBHYIO Tapy, €CIU B
KOJUIEKTUBE 3 MaJIbuUMKa U 4 1eBOUYKU?

3. CKOJBKMMHU Pa3IUYHBIMH CIIOCOOAMH MOKHO 00pa3oBaTh Mapy JEKYPHBIX, €CIH B Kjacce
octanuck Hans, Buka, Camra u FOpa?

4. CKOJTBKUMH Pa3IMYHBIMH CIIOCOOAMH MOXHO BBIOPATh JBYX YYEHHKOB (OJHOTO - UYHUCTUTH
JIOCKY, BTOPOTO - TIOJMETATh MOJ), €CIIK B Kiacce octanuck Hans, Buka, Cama u FOpa?

Ogun w3 cnocoOoB  pemieHus  3a7ad  KOMOMHAaTOPUKH — 3TO  PAacCMOTPETh  BCe

BO3MOJKHBIC KOM6I/IHaIII/II/I 9JICMCHTOB, YTO HA3bIBACTCS MOJTHbIM HCpCﬁOpOM BapUaHTOB.
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2. JIpeBOoBHWAHAs THATPaAMMa

C momoIIsIo JpeBOBUIHON AMArpaMMbl OCYIIIECTBIISETCS MOTHBIN TIepedop.

IIpumep. CKoJIBKO Pa3iIUYHBIX JIBY3HAYHBIX YUCEN MOKHO COCTaBUTHh U3 uudp 1, 2 u 3, ecnu
KaXK/yI0 UCII0JIb30BaTh TOJILKO OJIUH pa3?

Pemenue:

Cocrapnsercs APCBOBUHAA JUAarpaMmma:
OTBeT: MOJKHO COCTaBUTH 6 Pa3JINYHBIX YUCEIL.

Hpumep. CKONBKHMH pPa3IMYHBIMU CIIOCOOAMH MOXHO 00pa3oBaTh Hapy JSKYpPHBIX, €CIIU B

kiacce octanuchk Hanst, Buka, Cama u FOpa?

i i A

Ha npeBoBumHON quarpaMMe BHIHO, YTO MOKHO 00Opa3oBaTh TOJNIBKO 6 map nexypubeix (Hams u
Buka, Hans u Cama, Hans u lOpa, Buka u Cama, Cama u FOpa, Buka u lOpa), T.k. kaxnas mapa
MIOBTOpSIETCS 2 pasa.

OtBer: 6 map IeKypHBIX.



Takoro poma auarpaMMbl B MOJAPOOHOCTAX YAOOHO pHUCOBATH TOJBKO Ui CPABHUTEIBHO
HEeOOJIBIIIOTO YHCclia BapHAHTOB, a, HAIIPUMEp, sl COTEH KOMOWHAIMI epeBO BAPHAHTOB IEIIMKOM HE
Hapucyelsb. Torga npUXOIUTCs AEMCTBOBATH MO-IpyroMy. lIpuMeHsIOTCA Tak Ha3plBacMble NMpPaBHJIA

(3aKOHbI) KOMOMHATOPUKH.

3. IlpaBuia (3aKOHBI) KOMOMHATOPUKH

3.1 IIpaBuJI0 C/105KeHHSI B KOMOMHATOPHKeE

IIpumep. B Baze nexur 5 516510k, 4 rpymn 1 3 MangapuHa. CKOJIBKO CYIIECTBYET BO3MOKHOCTEH
B3SITh OJJMH (PPYKT U3 Ba3bl?

Pemenue: Ecnu B34Th 40JI0KO, TO CYHIIECTBYET 5 BO3MOXKHOCTEH, €CIM B3STh TIPYIILY, TO
CyLIeCTBYET 4 BO3MOXHOCTH, €CIIU B3STh MaHJapUH, TO CYLECTBYET 3 BO3MOXHOCTH.

3HauuT, 4YTOOBI B35ATh OJUH (PYKT M3 BCEX JEXKallMX B Basze, cymiectByeT S5+4+3=12
BO3MOKHOCTEM.

DTOT IpUMEP MOKHO 0000IITUTH (3AKOH CJ10KEeHHS] B KOMOMHATOPHUKE):

«JlomycTum, 4TO €CTh JBE TPYIIBI: B OJHOW K pasiMyHBIX 3JIEMEHTOB, BO BTOPOW N Pa3IHyYHBIX
aneMeHTOB. Eciin U3 mepBoii rpyImbl Kakoi-ITiu00 3JIeMEHT MOKHO BIOpaTh K crioco6amu, a u3 BTOPOi
IPYIIBI N CIOCO0aMH, TO BHIOPATh OJMH SJIEMEHT W3 IEPBOM KM BTOPOW TPYIIBl MOXHO K+n
crIoco0ammy.

3aKOH CIIOKEHHUS HCIIONB3YeTCs TOTAa, KOrjJa HYXXHO BBIOpaTh TOJIBKO 1 3rmeMeHT. 3aKkoH
CJIOKEHUSI TAK)KE UCTIONB3YETCs, €CIIM HY>KHO BBIOPATh 3J€MEHT U3 TPEX, YETHIPEX U T.J. TPYIIIL.

Yr1oObl HCHIOIB30BATH 3aKOH CIOKECHUS:

1) HY)XHO MOHSATh, KAKOBBI TPYIIITBI, U3 KOTOPIX HYXHO BHIOPATh 1 3JIeMEHT;

2) HY)KHO BBISICHUTH KOJIMYECTBO 3JIEMEHTOB B KaXK/I0W TPYIIIIE;

3) HyKHO YOeAUTBCS, YTO B PpA3NIUYHBIX TPYMNAX, M3 KOTOPBIX BBIOMPAIOT 3JEMEHT, HET
OJIMHAKOBBIX JIEMEHTOB.

YacTto npaBUIIO CIIOKEHUS MPHUBOJIUTCS HEMHOro B Jipyroi (opmynupoBke: «Eciu anement A
MOXHO BbIOpaTh K criocobamu, anemeHT B — N cioco6amu, To 3meMeHT «A miu By» MokHO BbIOpaTh K+n
crioco6amm».

3ameuanme. [Ipu HCIONB30BaHUM 3aKOHA CJIOKEHUS HAJ0 CIEIUTh, YTOOBI HU OJMH U3 CIIOCOOOB
BbIOOpa oObekTa A HE CcoBMmajal C KakuM-1Mbo cmocoboM BbiOopa oObekTa B.
Ecnu Takue coBHaaeHus €CTh, TO 3aKOH CJIOXEHUS YyTpauyMBaeT CHIIy, M MbI moiydaeM Juinb (K+n—m)
croco60B BBIOOPA, T/Ie M — YKCIIO COBMAICHUN.

IIpumep. B rpymnmne 7 yenoBek UMEIOT «5» 10 MaTeMatuke, 9 yenoBek — «5» no ¢unocoduu. B
ceccuu 2 sk3aMeHa. M3BeCTHO, 4TO 4 4enoBeKa CIalu CECCHIO OTIMYHO. CKOJIBKO YETOBEK MMEKOT XOTS

OBl O1HY TIsATepKY B ceccun? Pemenne: 7+9—4=12.
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3.2 IIpaBuy10 YMHOKeHHSI B KOMOMHATOpHKe

Ilpumep. Mapuna kynuna 3 KpoiukoB: ceporo (c), Oemoro (0) u psboro (p). Ckonpko
CYLIECTBYET PA3IMYHBIX CIIOCOOOB MOCAAUTh ITHX KPOJUKOB B 3 KJIETKH, €CIIM B OJHOM KJIETKE MOKET
HaxoJUTCs TONbKO 1 Kpoiauk?

Pemenue:

[TepBbIif BapHaHT pelIeHUs] — CXeMaTHYeCKUN PUCYHOK (Tab. 2.4).

Ta6muma 2.4 — CxeMaTu4ecKuii puCyHOK

1-a kiaerka 2-51 KJIeTKa 3-11 KJIeTKa Hexons
(6 cioco6oB)
cephlii (c) OembIii psdoi c,0,p
psboit OebIi c,p, 0
Oenbrii (0) cephlii psadoit 0,c,p
psboit cephIi 0,p,c
ps6oii (p) CephIi OcIbIi p,c, 0
OenbIit cepbli p,0,c

DT0 331aHle MOKHO PEUIUTh MO-APYTrOMY, UCIIONb3Ys 3AKOH YMHOKEHHUSI.
«Ecmu anemenT A MoxHO BbIOpaTh K criocobamu u 3aTeM BTOPO# 3iieMeHT B MokHO BHIOpaTh m
Pa3IUYHBIME CIIOCO0aMH, TO Tapy 37aeMeHToB A U B MoxxHO BbIOpaTh K-m criocobamuy.

3aKOH BBITIOHAETCSl TAaKXKe, €CJIM HYXHO BbIOMpaTh 1Mo 1 3nemMeHTy u3 TPEX, YEThIPEX U T.1I.

IpyTIL.

BTtopoii BapuaHT pemeHus — HUCMOb3ys 3aKOH YMHOXKEHUS:

UT0o0B! MOCAAUTH KPOJIMKA B KIETKY, HY’KHO BBIOpATh apy — KPOJIUK U KJIETKa.

B niepByr0 KJI€TKY MOKHO MOCAAUTh OAHOTO U3 3 KPOJIMKOB — 3 BO3MOKHOCTH.

Bo BTOpyIO KJIETKY MOKHO IOCAAUTh OJHOTO U3 2 OCTABIIUXCS KPOIUKOB — 2 BO3MOKHOCTH.

B tperbeii kieTke ocTaércs MOCiIeHUN KPOJIMK — 1 BO3MOKHOCTS.

Bwmecre 3-2-1=6 (BO3MOKXHOCTE).

OTBeT: KPOIUKOB MOKHO paclpeAesuTh Mo KiIeTKaM 6 criocobami.

[Ipu cocTaBneHnM cXeMbl BaXKEH IBET KaXI0I0 KPOJIMKA, a4 UCIOJIb3ys 3aKOH YMHOKEHUS, BaXKHO
TOJIBKO KOJIMYECTBO KPOJIMKOB U KIIETOK.

Hcnonp30BaHue 3aKOHA YMHOKCHHA YIIPOIIACT U YCKOPACT PCIICHUC 3a1a1.
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CoennHeHus B KOMOMHATOPHKE

KomOunatopuka wu3yyaer Tpu BHJA COCIUHEHHUH (KOMOMHAIMI) SJEMEHTOB KaKOro-TO
MHOKECTBA: IEPECTAHOBKH, pa3MelleHus, couyeTaHus. VX MOXXHO NOHHMMAaTh KakK IOJAMHOXKECTBa
HEKOTOPOT0 MHOKECTBA 3JIEMEHTOB (BHIOOPKH).

YnopsiioueHHBIMH BHIOOPKAaMU Ha3bIBalOTCS BBIOOPKH, B KOTOPBHIX BasKeH IOPSAIOK 3JIEMEHTOB,
T.€. €CJIM B BBIOOPKE MMOMEHSIOT MECTaMU JIBA 3JIEMEHTA, TO IOIYYUTCS Ipyras BEIOOpKa.

Hanpumep, 3 uudpoBbIX BBHIOOPOK YINOPSAJOYCHHBIMH SIBJISIOTCS HOMEpa Telae(OHOB, KOIbI,
4HClia, T.K. C IEPEMEHOM 3JIeMEHTOB MECTaMH MOSBISIOTCA Apyryue BEIOOPKHU.

Ipumep. 13 10 yueHHKOB HY>KHO BBIOpATh CTApOCTY Kjlacca U €ro 3aMecTutessi. MeHssl MecTaMu
2 Y4EHUKOB, U3MEHSTCA UX JIOJKHOCTH.

HeynopsiioueHHbIMH BBIOOPKAMH HA3bIBAIOTCA BBIOOPKH, B KOTOPBIX HE BaXKEH IOPAIOK
AJIEMEHTOB.

Hanpumep, u3 MHOXECTBa JBY3HAUHBIX YMCE] HEYNOPSIOYECHHbIE BHIOOPKU COCTABISAIOT YHCTIA,
KOTOpBIE JeNATCs Ha 3, T.K. 3aMEHUB MOPSAAO0K LHU(DP B TAKUX YUCIIAX, UX JEIUMOCTh HE U3MEHUTCS.

IIpumep. M3 10 y4eHHKOB HYKHO BBIOpaTh 2 JeXKYypHbIX. MEHsAS MecTaMH JeXYpHbIX, Iapa

OCTaHeTCs TOH Ke.

4.1 Pazmemenunst
Onpenenenue. Pasmemenuem u3 N 3JIeMEHTOB MO M 31eMeHTOB (M<N) Ha3bIBaeTCs

YIopsAa04CHHaA BH60pKa 3JIEMEHTOB M U3 AAaHHOTI'O MHOKECTBA 3JIECMEHTOB N.
o m
KonunuectBo pa3sMEICHUH M3 N 3JICMEHTOB IIO M 3JICMCHTOB 0003HauaeTcs An (‘II/ITaeTCH KakK

«pasMeEIICHNE U3 N BJIEMEHTOB 110 M BHGMCHTOB»).

PasMelenns BEIUUCIOTCS o hopmyie A, = (nle)l .

Ipumep. CxoabKO ABY3HAYHBIX YHCET MOXKHO COCTaBUTH w3 mudp 2;3;4;5;6 (ecnu mudpsl He
JOJKHBI TIOBTOPSITHCS)?

Pemenue:

BeiOupatorcs 2 anemMeHTa 13 MHOXKECTBA 5 3JIEMEHTOB.

B nanHoMm ciydae N=5 (T.K. 1aHO MHOXeECTBO ¢ 5 uudpamu), a M=2 (T.K. Hy)KHO BBIOpaTh 2
nudpel 471 YUca).
ol o8 1.2-3-4.5

T 20,
G-2)! 3 1.2.3

Brruucnsem A; o gopmyie A52 =

OtBeT: u3 AaHHBIX HU(P MOKHO cocTaBUTh 20 ABY3HAUHBIX YHCEN C Pa3IMYHBIMU LU PpaMu.
IIpumep. VY crona ocranock 6 cBOOOAHBIX MecT. CKOMBKUMH Pa3IUYHBIMU CIIocO0aMH MecTa

MOTYT 3aHsTh 4 4yeaoBeKa?
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Pemennue:
OCHOBHOE MHO>KECTBO COCTaBISIOT 6 CBOOOJHBIX MECT, 3HAUMT, N=6, BRLIOOPKY COCTaBISIOT 4
4eJIoBeKa, 3HaYNUT, M=4. Tak kak BakeH NOPAIO0K, B KOTOPOM JIFOJIU 3aiiMyT MecTa, KOJMYECTBO BEIOOPOK
paBHO KOJIMYECTBY  pa3MelIeHui u3 6 3IIEMEHTOB 1o 4 JIIEMEHTA, T.C.,
Al = 6! :g:1-2-3-4-5-6 _ 360
(6-4) 2 1.2

OtBer: 3a cTOJOM 6 CBOOOJHBIX MECT YETHIpE 4YeJIOBeKa MOTyT 3aHsATh 360 pa3IMYHBIMU

CII0CO0aMHu.

Pa3MeI[IeHP[H C IOBTOPCHUAMH
YHOpﬂI[O‘leHHBIe BBI60pKI/I K snemeHTOB ¢ IMOBTOPCHHUAMHU, KOTOPBIE COCTABJICHBI U3 OCHOBHOI'O
MHOECTBa N 3JICMEHTOB, HA3BIBAIOTCA Ppa3sMelleHHUSIMH ¢ NOBTOPEHUSIMHM M3 N 3JICMEHTOB IIO k

DJICMCHTOB.

HX KoaudecTBO 0003HAYACTCI KaK A,'f Y HaxoauTes 1Mo Gopmysie: A: =n*.

Ipumep. lanb udpsr 1;2;3;4.

CKONBbKO pa3NUYHbIX JBY3HAUHBIX YHCEN MOXHO COCTaBUTh, €CIU LHUQPPBI B YHUCIIE MOTYT
MIOBTOPSITHCS?

Pemenne:

Tak kak nu@psl B UUCIE MOTYT MOBTOPSATHCS, HYXKHO HCIIOIB30BaTh (JOPMYITY UUCIIA pa3MELICHUI
C TOBTOPEHUSIMH M3 N 37eMeHTOB o K, rae N=4 (MHOXECTBO BCEX JIIEMEHTOB), K=2 (T.K. HYXHO
COCTaBUThH JBY3HAYHBIC YNCTIA).

Af =42 =16

OTBeT: U3 JaHHBIX HU(P MOKHO COCTaBUThH 16 pa3NMUHBIX ABY3HAYHBIX YHCEN.

4.2 Coueranusi
Onpenesenue. CoueraHueM ©3 N 3JEMEHTOB 1O M 3jeMeHTOB (M<N) Ha3bIBacTCS

BI)I60pKa 3JIEMEHTOB M U3 JaHHOT'O HEYIIOPAA0OYCHHOI'O MHOXKCCTBA.
KomnuuecTBo coueTanuii o6o3Hagaercs kak C,' (UMTaeTcs: «codeTaHus u3 N o mMy).

n!

Coueranus BeruCIsIOTCA 110 popmyne C;' = —————
" mi(n—m)!

IIpumep. Cxonbkumu cnocodamu u3 12 y4eHHKOB MOXHO BbIOpaTh 3 yueHuka?
Pemenne: Tak kak MOPsIOK BBIOOpPA YYEHHKOB HE BAXKEH, HYKHO BBIYMCIHMTH COYETAHUS IO 3

saeMeHTa u3 12 351eMeHTOoB, T.¢. N=12 u m=3.
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ca__ 12 120 9101112
2 3(12-3)! 1-2-3-9 6-9!

=220

OTtBeT: TpEX y4eHUKOB U3 12 MOXHO BBIOpaTh 220 pa3IuyHBIMH CIIOCOOAMMU.

IIpumep. 13 6 yenoBek (2 xeHIMH U 4 MYXUYMH) HY)KHO BbIOpaTh | JKEHIIMHY M 2 MY>KUHH.
CKOJBKUMHU CIIOCOOAMM 3TO MOKHO clieaTh?

Pemenue: Tak kak nmopsiiok BeIOOpa HE BakeH (B KOHIIE KOHIIOB KOMaH/Aa Oy/IeT TOH *ke), HyKHO
BBIYHCIIUTH, CKOJBKUMHU CIIOCO0aMU U3 2 >KEHIIIMH MOKHO BBIOPATh 1, a U3 4 My»XYHH JTBOHX.

KosmyecTBo coueTanuii sxeHmuH (=2 u m=1)
1 2! 2

Cl=— 2 =% -2
1(2-1)! 11

KonunuectBo couertanuii Myx4uH (=4 u m=2)

) 4 234

C2= = =
2(4-2)1 2112

qTO6BI HOJ'IyLH/ITI) OTBCT, I/ICHOJH>3yeTC$I 3aKOH YMHO)KGHI/ISII
1 2
Cl.C2=2.6=12

OTBeT: U3 JaHHBIX JOAEH | JKEHIIMHY U 2 MY>KYMH MO>KHO BbIOpaTh 12 pa3inuyuHbIMU cliocOOamHu.

OT1iuyMe pa3MellleHUii U COYeTAHU
[Tpu pemeHnu 3a1a4, B KOTOPHIX HYKHO OMPEAETUTh YUCIIO KOMOMHALNN, HEOOX0IMMO 00paTuTh
BHHUMaHHUE Ha TO, BaKEH JIM MOPSJIOK JIEMEHTOB. DTUM Pa3IMyaloTCs Pa3MEIIEHUs U COYETAHMUS.
IIpumep. B camoynpasiienuu u3 25 4enoBeK HY>KHO BbIOpaTh HayaJlbHUKA, CEKpeTaps U Kaccupa.
CKOJNBKMMHU PA3IUYHBIMU CIIOCOOAMH 3TO MOXHO CJIENIaTh?
Pemenue: 13 25 yenoBek HY>KHO BbIOpATh TPOUX.
[Topsimok 31EMEHTOB BaXK€H, T.K. IOMEHSIB MECTaMHU JIOJIEH, 00S13aHHOCTH X U3MEHSATCS.
3HAYUT, HY>)KHO BBIYUCIUTD YUCIIO pa3MELeHUI U3 25 3JIeMEeHTOB 1o 3.
A23 250 281 221.23-24-25
. smey 2 ey

= m = o~ ol =13800 (cnoco6os).

IIpumep. B camoynpaBneHun u3 25 4YenoBeK HYKHO BbIOpaTh 3 uejoBeKa AJii KOMHCCHUU.

CKOJIBKHMUA Ppa3jInuHbIMU CIIoco0aMu 3TO MOXKHO C)ICJ'I&TB?

Pemenne: Ha »sTot pa3 nopssaok JIoaei He BaXXCH, IIO3TOMY HCO6XOIII/IMO BBIYHUCIINTDb YHUCIIO

COYETAaHUU U3 25 DIIEMEHTOB 110 3:

3 25! 251 22.23-24.25 13800

%7 3(25-3)1 322 6.22 6

=2300 (croco6oB).

KonnuecTBo coueTaHnii MEHbIIE KOJTUYECTBA PA3MEILICHUH.
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4.3 IlepecTaHOBKH

[TepecTaHOBKM — 3TO CHEUMANBHBIA Clydail pa3MelIeHuid, Korja BBIOOpKa Tak K€ BeJIHMKa, Kak
JTAHHOE MHOKECTBO.

Omnpenesienne. Pa3memienuss 1mo N 3J€MEHTOB M3 N HA3bIBAIOTCS IMEPECTAHOBKAMM M3 N
3JIEMEHTOB.

Boruncrnisis  TepecTaHOBKH, OMPEICNACTCS, CKOJBKUMH Pa3UYHBIMU  CIIOCOOAMH  MOXKHO
MepeyNnops0UUTh 3JIEMEHTHI MHOXKECTBA, HE MEHSSI UX KOJIUYECTBO.

KonuuecTBo nepecranoBok o003HavyaeTcs Kak Pn, Tie N — KOJIMYECTBO 3JIEMEHTOB MHOXKECTBA.

[TepecTanoBKM BBIYUCIISIOTCS 110 (hopmyre Pn=n!

Ipumep. Eciu nano 3 anemenTa a;b;C, pa3MerieHus Takue:

1.a;b;c 3.bja;c 5.c;ab

2.a;c;b 4.bc;ca  6.c;bsa

JlaHHBIE AIIEMEHTHI MOKHO MEPEYIOpII0uuTh 6 criocodamu, T.e. P3=31=1-2-3=6

3ameyanue. B 3a7aHusX Ha NEpPECTAHOBKM HE BAKHO HA3BAaTh CaMU MEPECTAaHOBKHU, a Ba)KHO
Ha3BaTh UX KOJIMYECTBO.

Ipumep. CKOIBKAMHU pPa3IHYHBIMH CIIOCOOAaMH MOXKHO COCTAaBHUTh CIIUCOK YYEHHKOB H3 6
YeJIoBeK?

Pe=6!=6-5-4-3-2-1=720

OTBeT: CIMCOK YYEHUKOB MOXKHO COCTaBUTH 720 pa3iaM4HbIMH CIIOCOOAMU.

IIpumep.

B copeBHoBanmsx ydactByroT 6 komaHn: A; B; C; D; Em F. Ckompko cymecTByeT
BapHAHTOB PACIIOIOKEHUI KOMaHJ C MEepPBOro MO MIECTOe MECTO, I/ie KoMaHaa A HU Ha TIEPBOM, HU Ha
nocyieHeM Mecte?

Pemenue:

1. Breruucnstores BCE BO3MOYKHBIE MOPSIIKA MOCTPOEHUS KOMaH]I.
(st komanbl A ecTh 6 pa3IMYHBIX MO3UIUH: 1-€ MecTo, 2-€ MecTo, 3-€ MEeCTO... 6-€ MeCTO)

Pe=6!=6-5-4-3-2-1=720

2. Beolumcnstorcs Bce BO3MOXKHBIE TOPSAKM, TAe KOoMmaHna A He Ha TMEepBOM MecCTe.
(3nauut, A5 KOMaHABlI A €CTh TOJBKO 5 pa3IMyYHBIX O3UIIHIA: 2-€ MeCTO, 3-€ MeCTO... 6-€ MECTO)

P5s=51=5-4.3-2-1=120

3. BeuucnstoTcss Bce BO3MOXKHBIC TMOPSIKHA, A€ KOMaHAa A HE Ha MOCIeIHEM MecCTe.
(3HauuT, A1 KOMaHAbl A €CTh 5 pa3IUYHBIX MO3UIMK: 1-e MecTo, 2-e MecTo, 3-€ MecTo, 4-¢ MecTo, 5-¢
MECTO)

P5=5!:5.4.3.2-1=120
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4. Beruncrnsercsi, CKOJIbKO CYIIECTBYET BAPUAHTOB PACIOJIOKEHUI KOMAH]I C TIEPBOTO IO MIECTOE
MECTO, TJe KOMaHga A HU Ha TEpBOM, HM Ha MocleaHeM MecTe. M3 KoiamdecTBa BCEX BO3MOXKHBIX
BapUaHTOB BBIYMTAIOTCS BBIYMCIICHHBIC orpannyeHust: 720—(120+120)=480 (crmoco6oB).

OTBerT: IIpHu JaHHBIX YCIIOBUAX KOMAHAbI MOKHO paCCTaABUTDb 480 Pa3 INIHbIMHA croco0aMH.

Hept’,CTaHOBKI/I C IOBTOPCHUSAMHU

Ecnu B ocHOBHOM MHOXeCTBE K 371eMeHTOB @, , @,,..., &, U BBIOOpPKA N 2JIEMEHTOB COCTaBIISICTCSI
TaK: 3JEMEHT @, MoBTopsieTcs N, pa3, 3JeMEeHT a, noBTopsercs N, pas, ... , JJIEMEHT &, MOBTOPSETCS

nk pas, TO TaKKue BBI60pKI/I Ha3bIBAIOTC NMEPECTAHOBKAMU C IOBTOPCHUAMMU.

n!

VIX BO3MOKHOE KOJIHUECTBO BBIUMCIAETCA 1o opmyie: Py, = Tl a
ntn,k..-n.!
1112 k

Ipumep. CKoJIBKO pa3IMYHBIX MATHOYKBEHHBIX CIIOB MOXKHO COCTaBHThH U3 OYKB CIIOBA «MaHHa»?
Pemenue: B croBe OyKBEHI a U H TOBTOPSIIOTCS 2 pa3a, a OyKBa M OJIMH pas.

5 1.2.3.4.5

= =30
2121 1.2-1-2-1

P, =

4. Tpeyroabnuk Ilackans. bunom HoloTona

PaCCCMOTpeHHBIe BbIIIC COCAMHCHUA, B YAaCTHOCTHU, COUYCTAHUA, HAXOAAT CBOC INMPHUMCHCHUC HC
TOJIBKO IIpU pCHICHUN KOM6I/IH8,TOpHI)IX 3ajJ1a4. C ux IMOMOLIBIO MOT'YT OBITH JIETKO BBIBCJICHBI HCKOTOPLIC
(bopMyIbl anredpbl MHOTOWIEHOB, Hanpumep, OuHoM HbroToHa.

YkaxeM HEKOTOPBIE CBOMCTBA COUECTAHUM.

1. Jlns moObIx 3HAaYeHuit N u M (0<SM<n) neiicteutensHo pasencreo C =C ",
2. Jlnst umcna coueranmii: C, =CM +C™ (1<m<n)

Hanpumep, C; =CJ +C; .

3. Jlns mo6oro pomyctimoro 3uadenns N B cute C) =C' =1,

Hcrnons3ys ABa NOCIEIHUX CBOMCTBA, U3 COYETAHUM MOYKHO COCTABUTH TPEyrojabHUK Ilackais.

JlaHHBIN TpeyroJpHUK OBLI U3BECTEH YK€ BO BTOPOM BeKe J0 Haied 3pbl B ApeBHed Munuu.
B XII Beke on nosBuics B paborax matematukoB Kuras. B Espone B XVI Beke ero onucan HeMeKui
maremaTuk M. Hltudens u 3arem Ilackans B XVII Beke.

Tpeyroabuuk Ilackans npencraBiser coO0i TPEyroabHYIO TaOIUIY, COCTOSIIYIO M3 YHCIOBBIX
crpouek (puc. 2.66). B mepBoii cTpouke 01HO YKCIIO, BO BTOPOW — JIBa, B TpeTheld — TpH, u T.4. [lepBoe
U TOCJEIHEE YHUCIO KakXIOW CcTpouku paBHO 1. Kaxaoe u3 ocTanbHBIX 4YHMCEN PaBHO CYMME JIBYX

PACIOJIOKCHHBIX HAal HUM YHCCII HpCILLIIlyH_ICﬁ CTPOKH.
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Pucynok 2.66 — Tpeyronpauk [Tackamns

Cp =
cl=1 C=
ci=1 <=2 Ci=1
Ci=1 C;=3 Ci=3 Ci=1
Cy=1 Cy=4 Ci=6 Cj=4 C}=1
cﬂ (jzll (j:‘l o

i

Pucynok 2.67 — TpeyronsHuk [lackans ¢ couetaHusiMu

Hcnonw3ys TpeyroiabHuk Ilackais, MOXKHO caenaTh BbIBOJ, UTO, CJIOKHMB YHCIIa B JIFOOO0H CTpouke

TpeyrojabHuka [Tackans, MOXKHO MOJyYUTh CTENEHb Yuciia 2:

C)+CH+C2+...+CM +C! =2" ecu n=0;1;2;3;...

bunomunaabHas ¢popmyaa HeroTona

bunomunanbHas opmyna HeroToHa npescrasiser coboit pa3inoxeHue N —ii CTEeNeHu JBy4YIeHa U

UMECT CJ'ICI[YIOIJ_II/Iﬁ BUA:

(a+b)" =Cla"h’ +Cla" o' + C?a"?b? +...+CFa*b"™* +...+C"a'b"™* +C"a’b"

[TpaBas yacTh pOpMYJIbI HA3bIBACTCS Pa3/I0sKeHHeM CTEIICHH OMHOMA.

k
C, HasbBaeTCS GUHOMHMAILHBIMH KO3(PHUIMEHTAMH, a BCE CllaraeMble — YJieHAMH OHHOMA.

bunommanbabie KOADPHUITMEHTHI — 3TO T€ YKCIIA, KOTOPBIE COCTABISIOT TpeyroapbHuK [lackans.

CymMa GMHOMHUANBHBIX KO3 duurenToB pasHa 2" .
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(a+h)= 1

(a+h)'= 1a 1b

(a+b)= 12t 2ah 1b?

(a+b)= 18 3 b 3ak? 14

(a+h)= 14 43 6 2°b? 4at’ 1t
(a+h)=| 127" 5h 070 102 Gal 13%

Pucynoxk 2.68 — Pa3znoxxenue creneneir ounoma

IIpumep. Hanwmimem pasnokeHue cTerneHr OMHOMA!
(x=2y)" = (x+(=2y)) = x® +6x°(-2y) +15x* (-2y)? + 20x*(-2y)® +15x* (-2y)* +6xX(-2y)® + (-2y)°

IIpumep. BerancnuM cpeHMil YI€H pas3ioKeHUs (3a + b)6 :

B paznoxenuu 6+1=7 uieHOB, 3HaYUT, CPETHUIN UJIEH — YETBEPTHIN.

| H.
T, =T,,, =CS(3a)"°b° = O ga 590 2 356 070300 _540a%:
313! 1.2.3

Bonpocs! 1u1st CAMOKOHTPOJIA:

1. Yto u3yyaer Hayka KoMOWHATOpUKA?

2. Kakue ocHOBHbIE BUbI cOeJMHEHNI Bl 3HaeTe?

3. B 4em coCcTOUT paBUIIO CyMMBI?

4. B ueM cyTh paBuia YMHOXKEHHUS?

5. Jlaiite onpenenenue nepecraHoBKaM 0e3 MOBTOPEHHUS.

6. [IpuBenuTe GopmyIty JUTst BEIYMCIIEHUS TIEPECTAHOBOK 0€3 MOBTOPEHUSI.
7. JlaliTe onpeneneHue nepecTaHoBKaM ¢ TOBTOPEHHUEM.

8. Kakue coeHeHMs Ha3bIBAIOTCS Pa3MEIICHUSIMA?

9. llpuBenuTe hopMyITy ISl BBIYUCIICHUS Pa3MEIICHUH.

10. {aiiTe onpeneneHne coueTaHUsIM 0€3 TOBTOPEHU.

11. [IpuBeaute hopmyty A BEIUMCICHUS COUETaHU O€3 MOBTOPEHUSI.
12. B yem oTiruMe COYETaHHUH OT pa3MeIeHHiT?

13. 3anmummte Gpopmynry 6mHOMa HproTOHA.
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14. Tlepeuncnure cBOMCTBAa OMHOMHHAIBLHBIX KOPPUITMCHTOB.
15. ChopmynupyiiTe MPUHIIKI TOCTPOCHUSI TpeyronbHuKa [Tackas.
Jlureparypa:

[1] C. 22-30, C. 48-53; [4] C.39-43; [12] - [21].

2.7 Tema 7 OCHOBBI TPUTOHOMETPHUU

Jlekumusill. OcHoBHbIe noHsiTUS. Paainannas mepa yria. BpamareasHoe nsuxenue. Cunyc,

KOCHHYC, TAHI€HC H KOTAHI'CHC YU CJA. OcHOBHbIE TPUTOHOMETPHUICCKHUE TOKIECTBA

CII0BO «TPUTOHOMETPHUS» TPEUECKOe, OHO MEPEBOJIUTCS KaK «M3MEpPEHHE TpeyroibHUKoB». Kak
W3BECTHO M3 TE€OMETPHH, CHUHYC, KOCHHYC, TaHTE€HC, KOTAHTEHC yrja HCIOJIb3YIOTCA MpPU pPELICHUH
TPEYroJbHUKOB, TOATOMY (POPMYJIBI U HUX HA3bIBAIOT TPUTOHOMETPHUECKUMHU.

1. IlonsTme yraa

B reomerpun yron ompezaensercsi Kak 4acTh IUIOCKOCTH, OTpaHUYEeHHas IByMs jydamu. [lpum
TakoM omnpeaeneHuu nomydaroTcs yrasl oT 0° no 180°. B ¢dusuke (mist koiaeOaTenbHBIX, BOIHOBBIX U
JOPYTUX TMPOLECCOB) MPUXOIUTCS Y4YUTHIBaTh yribel Oonbine 360°. [loaToMy BO3HUKAeT MOHSTHE
0000IIeHHOTO yTIIa.

Yros MOKHO paccMaTpUBaTh Kak Mepy MOBOPOTA.

Bo3bMeM Ha KOOpIMHATHOW TUIOCKOCTH OKpPYXHOCTh paauyca 1 c uentpom O B Hauane

KOOpAUHAT.

1

AR,
N

-1 0 1 X

-1

Pucynok 2.69 — O00011IeHHBIH yroi Ha eIMHUYHON OKPY>KHOCTH
Takyro OKPY)KHOCTh Ha3bIBAIOT YHCJIOBOM (€XMHMYHOI) OKPYKHOCTbIO. Bo3bMeM Touky P (1;0).
CMECTHM 3Ty TOUKY 110 OKPY)KHOCTH M TOXyduM To4Ky P,. IIpy 3TOM CMeleHre MOXKET NPOMCXOAUTh U
10 YaCOBOW CTpEJKe, W MPOTHUB YAaCOBOW CTPEIKH HA JIFOOYI0 BEIMYHMHY (KaK MEHBIIE OJHOTO 000poTa,

KaK ¥ 6oubIe oHOro 060pora). Byaem cunrars ZP,OP, 0606mennniv yraom (nmu nmpocto yriom t).
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Vribl, TONyYEeHHBIC IOBOPOTOM TOYKM P, TPOTHB 9acoBOW  CTPEJNKH, CYUHTAIOTCS

MOJIOKUTEIBHBIMH, TI0 YacOBOW CTpENKe — OTPUIATEJbHBIMH. [IpHHITO yKa3bIBaTh HalpaBJICHUE
MMOBOPOTa CTPEIIKOM, a B cirydae OoJiee ogHOro obopora - yucio oboporoB. Hanpumep, Ha pucynke 2.70

MOKa3aHbl MOJOKUTEIBHBIN () U OTpULIATENbHBIHN (0) YIJIbL.

| Y4
Pl
P,
4
\ !
0 p:.x \‘.% p:-x
a) 6)

Pucynok 2.70 — OG00111eHHBIH yroji Ha eIMHUYHOW OKPY>KHOCTH

2. PapmanHas mepa yrja
U3 Kypca reoMeTpHH U3BECTHO, YTO OTHOIICHHE JJIMHBI AyTH |, Ha KOTOPYIO OmupaeTcs yroi & , K

paanycy R OKPY’KHOCTH HC 3aBUCUT OT CaMOI'0 paauyca. HOSTOMY 9TO OTHOIIIEHHUE MOXKET OBITh BbI6paHO

XapaKTepUCTHKON U MEpoHt yria: & =—.

R
Takas Mmepa Ha3bIBaeTCsl paAHAHHOM MEpOil yriia U UCHOJIb3yeTcs HapaBHE C YriaoBOW. ['oBopAT,

YTO YroJl PaBeH OMNPENEIEHHOMY YHMCIy paguMaH. SICHO, YTO yroia B OJMH pajdaH ONUPAETCs Ha JUIMHY
JyTH OKPYKHOCTH, paBHyI0 €& paauycy. B camom nmene: o = R =1paouan . O6o3naueHne paguaHa —

«pamy. Tak Kak JIMHA BCEM OKPYKHOCTH panuyca R paBHa 27R, TO BCEM OKPY>KHOCTH COOTBETCTBYET

27R
yron & :? = 277 panuan. TIocKONIbKY BCS OKDY/KHOCTh COJAEPKHT 360°, TO OnMH paauaH
360° 180° 180° on =7
COOTBETCTBYET = rpaxycam: 1pao = ~57°17".
T T T
U Hao6 T 7 pao
HaoOopoT, L = —— .
P 180
3HayuT, MOXXHO HamucaTh Cclieaylomue (GopMynbl Iepexoga OT TpagyCHOro H3MEpeHHs K
o’ ., 180°
panuaHHOMY: X = PAao , v OT PaJIMaHHOTO U3MEPEHUS K TPALYCHOMY: & = o.

180° T
OO6o3HaueHue «paa» MpH 3alMCH YacTO OMYCKalOT W BMECTO, Hampumep, 180° =x pax numryt
npocto 180° = .
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[Tonp3ysachk 3TUMU (QopMyTaMH, JIETKO MOJYYHTH CIEAYIONIYI0 TaOJMIly IepeBOjia HEKOTOPHIX

HanOOoJIee YacTO BCTPEUAIOIINXCS YIJIOB M3 TPaJyCHOM MEphI B paldaHHy0 U 00patHo (Tadi. 2.5).

Ta6muma 2.5 — [lepeBoa yriioB U3 rpaJyCHON MEpPHI B paJiHaHHYIO ¥ HA000POT

VYroun, 0° 30° 45° 60° 90° 180° 270° 360°
rpaaychl
Yrou, 0 Vs Vs Vs T s 3z 2
pajinansl 6 4 3 2 2

IIpumepsl.

1 Sz _ 5z 180" _ g

6 6 T
) Iz :_77r-180 _ 490"
3 3 s
3. 210" =210 . %1%
180° 6
T _ 97

4, —675" =—675"- =
1

3. CI/IHyC, KOCHHYC, TAHI'€HC U KOTAHI'CHC YMCJIa

Bnepse ¢ TepMHMHAMU «CHUHYC», «KOCHUHYC», «TaHI'€HC», «KOTAHTEHC» (UX eIlle Ha3bIBaloT

OCHOBHBIMH TPUTOHOMETPHYECKMMHU (PYHKIMSIMH) MbI BCTPETHIIUCH B Kypce T€OMETPHH, pacCMaTpUBast

prIMOYFOHBHLIﬁ TPCYTr'OJIbHUK. HanomMuaum >t OIIPEACIIHUA.

B
C
a
{
c Ll A
b

Pucynoxk 2.71- IlpssmoyronbHsiii TpeyroasHuk ABC

Paccmotpum npsmoyromnbHblit Tpeyroasauk ABC (puc. 2.71) ¢ kateramu a u b u runoreny3oii c,

C OCTpPBIM yrjiom t.

. a
Torpma SINt = — (oTHONIEHHE MPOTHBOJIEKAIIETO KATETA K THIIOTEHY3E);
C

cost =— (OoTHOIIEHUE TIPUIIEKAIIETO KaTeTa K TUIIOTEHY3€);
Cc
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a
tgt = b (OTHOILIEHNE MPOTUBOJIEKALIETO KAaTETa K MPUJIEKALIEMY KaTETy);

Ctgt = — (oTHOIICHHE MPHUJIEKAIIETO KaTeTa K POTHBOJICKALIEMY KaTeTy).
a

| T
oo

Jns manHOTrO yria t oTHOIEHUs

a b
- — HEC 3aBHUCIT OT BCINYHH q, b H ¢, a 3aBUCAT TOJIBKO
C a

n

o O
wn

oT BenuuuHbl yria t. CinenoBarensHo, Sl t,co

t, tot, ctot senstorcs pynxyusmu yena t.

IIpumep. HamomHuMM, MOXXHO HAWTH 3HAYEHHUs] TPUTOHOMETPUYECKHX (YHKIUH Ui yria,

T
nanpumep, { = —

A

cu A
T o
PucyHnok 2.72 — npsiMoyronbHblii Tpeyronsauk ABC ¢ yriom A = E =30

Tak kak TPUT'OHOMETPUICCKUC (byHKHHPI yriia HE 3aBUCAT OT CTOPOH TPEYroJIbHUKA, TO

ﬂ- o
PaccMOTPUM NPSAMOYTOJILHBIN TPEyroJbHUK ¢ runoTeny3oil AB = I u octpeim yriom A=-—=30". B

6
1 1
takom Tpeyronsanke BC = — AB = —,
2 2
T o | 1\ 3
Torna o Teopeme udaropa AC =+ AB? —BC? = 1% — [Ej = %
Tenepb JIETKO HalTH BCE TPUTOHOMETPHUUECKUE
byHKIUU:
7 BC 1 __x AC 3. BC 12 1 . x AC
6 AB 2 6 AB 2 76 AC 3/2 J3' 76 BC

AHaIOrMYHBIM o6pa30M ObLIH TIOJTYYCHBI TPUTOHOMCTPHYCCKUC (I)YHKL[I/II/I YriioB
7T

o T °
Z =45°, E = 60° . Ux 3naueHus TIPUBEJICHBI B Ta0HIIe 2.6.

90



Tabnuua 2.6 — 3HaueHUs TPUTOHOMETPUYECKUX (PYHKIUH yriaoB 1-ii yeTBepTH

o300 450 GO0

1
simo | — £ £
2 2 2
NP
| — — —
€035 5 > 3

1

— | 1

fgo N NG
1
31 | —=
ciga "Jf_ '\,E

Hcnonb3ys cBoiicTBa TpUrOHOMETpUUECKUX (YHKIUM U (HOpMYIbI MpUBEACHUS, KOTOPbIE OYAyT
pPaccMOTpPEHbI B JAIbHEHUIIIEM, MOYKHO HaXOJIUTh 3HAYCHUS] TPUTOHOMETPUYECKUX (PYHKIMMA U JUIsl APYTUX

T o T o 7T o
YIJIOB, CBsA3aHHBIX ¢ yrmamu — = 307, — = 45", — =60,

6 4 3

BBenewm Tenepp MOHATHE TPUTOHOMETPHUECKUX (DYHKITHIHA ISl POU3BOIBHOTO yriia. Y 00Hee 3TO

JIeNaTh, PACCMATPHUBAs €AUNHUYHYIO OKPYKHOCTb.
Iycts Touka P, uncnopoit okpyxHocTu (puc. 2.73) nonydena npu nopopote touku P, (1,0) na
yrou t.

Torna opounama touku P, — cunyc yenat,
a abcyucca Toukn P, — kocunyc yena t,

T.e. Y=SINnt u Xx=cost.

¥
P

h sSin¢y

)

' t

)

' —\ P,
1

P

COSt? 0 X

Pucynok 2.73 — IlonsiTe cuHyca U KOCHHYca yria

Orcrona cneayer, uto —1< Cost <1,-1<sint <1,
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OtHolleHre CUHYyca 4Hcla t K KOCHHYCY TOTO K€ YHMCIa Has3bIBAlOT TAHTEHCOM 4Ymhciaa t u
sint
o6o3navaror tgt . Takum obpaszom, gt = cost’
COS

OTtHomIeHNE KOCHHYCa 4ucCJia t K CHUHYCY TOro ¢ 4ucCjia HAa3bIBAIOT KOTAHI€HCOM YHUC/Ia tu

cost
o6o3navaror ctgt. Takum o6paszom, Clgt = m .

Jlns cunyca 1 KOCMHYyca reoMeTpUUecKas UJUTIOCTPAIUs Ha YHCIOBOW OKPYKHOCTHU MpECTaBlIeHa
Ha pucyHke 2.73.
JlanuM reoMeTpUUYECKyIO WILTIOCTPALIMIO /i1l TAHI€HCA U KOTAHT€HCa.

Iposenem kacarensHyio | ¢ ypaBuennem X =1 k equuuunoi okpyxHOCTH. PaccMOTpuM TOUKY

P, sroii oxpyxnoctn u mposenem npamyo OP, o mepeceuenns ¢ npsmoii | B Touke T,. Haiinem
opaunary Touku T, . Ilpamas ORP npoxomut uepes Touku O(0;0) u P, (cost;sint) . [ostomy Takas
npsiMasi umeet ypaBHenue Y = X-tgt. AGcumcca Touku T, paBna 1, Torma ee opaunara pasHa tg t.

Urak, opaunara Touku nepecedenns npambix OP, u | paBna tanrency t. Ilostomy npsmyro | HaseisaroT
. 7T
JuHueil Tanrencos. [Ipu stom tg t umeer cmbicn s t # > + 7K, K € Z , 1. e. B ciiyuae nepeceueHus

npsameix OP, ul.

Vi
T
P,
i 1
-
0 P
i

Pucynok 2.74 — Ilonatue TaHreHca yria

AHaJOTUYHBEIM 00pa30M OMpENeNsIoT W KOTaHTeHc. [IpoBeneM KkacaTenbHYI0 M ¢ ypaBHEHUEM

Y =1 x eaunnunoii okpyxHocti. Paccmorpum touky P, oToit okpyxHocTn u nposenem npsmyro OP,
110 iepecedenus ¢ npsamoit M B Touke C,. MoxHO mokasars, 4T0 abcuucca TOUKU MEPECEUEHHs PSIMbIX
OPF, umpasna xoranrencyt. IlosToMy mpsMyro M Ha3bIBAIOT JIMHHE KOTaHTeHCOB. Ilpu

stoM ctg t umeet embicn s t # 7K, K € Z | 1. e. B ciyuae nepeceuenns npameix OF, um.
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Pucynok 2.75 — IlonsiTHe KOTaHreHca yriia
O06006muMM: 3HaYeHHsI CUHYca yria yuTtatoTcs ¢ ocu Oy, 3HadeHHs] KOCMHYCa yrila YATAIOTCS C OCH

OX, TaHIr¢HCa — C JIMHUHU TaHI'CHCOB, KOTAHI'CHCA — C JIMHUHU KOTAaHI'CHCOB.

Baxxno YMETh CYUTBIBATDH C KpYyTa 3HAYCHUA TPUT'OHOMETPUICCKUX (I)YHKHI/Iﬁ YCTBCPTHBIX YIJIOB.

Tabnuna 2.7 — 3HadeHust TPUTrOHOMETPUUECKUX (DYHKIIHI YeTBEPTHBIX YIJIOB

t sint cost tgt ctgt
0°,360° =27 0 1 0 -
90° =2 1 0 - 0

2
180° =x 0 -1 0 -
270° = 37” 1 0 - 0

He MeHee Ba)kHO 3HaHME 3HAKOB TPUTOHOMETPUYECKUX (PYHKIHMI 1o yeTBepTsM (Tabim.2.8).

Tabnuna 2.8 — 3HaueHHsI TPUrOHOMETPUUECKUX (PYHKIIMH 110 YETBEPTIM

3HaKM TPUTOHOMETPUYECKUX (YHKIUN IO
DyHKIHS 4ETBEPTAM
I I I v
sin o + + - -
cos o + - - +
tg o + - + -
ctg a + - + -
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OTMETUM TaKXe HECKOJIBKO BaXKHBIX CBOMCTB CHHYCA, KOCHHYCA, TAHTEHCA U KOTAHI€HCA!

1. Ecniu paccMOTpeTh TOYKU €IUHUYHON OKPYKHOCTH, Jiexkamue cuMMeTprudHo ocu OX, MOXKHO
3aMETUTh, YTO UX OPAMHATHI MPOTUBOMOJIOKHBI MO 3HAKY, & a0CIUCCHI OJIMHAKOBBI, B TO BPEMS KaK JUIs
TOYEK, CHMMETPUYHBIX OTHOcUTeTbHO ocu Oy, Hao0OpOT, OpAUHATHl OJWHAKOBBI, a aOCIUCCHI
MIPOTUBOMOJIOKHBI TI0 3HAKY. DTO HAOIIOJACHHUE TIO3BOJISET CPOPMYITHPOBATEH CIEAyIIee CBOMCTBO. J[is
mr060ro 3HaueHus t cripaBeyTBbEI PABEHCTBA!

sin(—t) = —sint

cos(—t) = cost

tg (—t) = —tgt
ctg (—t) = —ctgt

2. Bpamas TOYKy BOKpPYI IEHTpa EIMHUYHOH OKPY)KHOCTH B TIOJOXXHUTEIBHOM WU
OTPULIATEIILHOM HAIPaBJICHUH, 3aMEYaeM, 4YTO OHA BEPHETCSA K HCXOAHOMY IIOJIOKEHHIO, TOJIBKO YIOJ

IIOBOPOTA 6y,HeT Ha 27 0OJIbIIIE WU MCHBIIC, HO KOOPAWHATBI TOYKH A OCTAaHYTCs TCMHU K€, T.C.

sin(t + 27K) =sint
cos(t + 27K) = cost

3. B oTHOIICHNM TaHT€HCAa W KOTaHI'€HCa IIOBTOPCHUC 3HAYCHUH IMPOUCKOOUT YCPE3 KAXKIAbIC T,

T.€. JUIs J1000ro 3Ha4eHus t cripaBeIMBbl PAaBEHCTBA:

tg (t + 7K) =tgt

ctg (t + 7k) = ctgt

4. OcHOBHbIE TPUTOHOMETPUYECKHE TOXK/IECTBA

o 2 2

PaccMOTpUM ypaBHEHHE €MHUYHOM OKpy)HOCTH: X° + Y =1. D10 paBeHCTBO 0O3HAuaeT, YTO
1151 J1I000M TOYKU OKPYKHOCTH KBaJpaT €€ adCLIUCChI U KBAIpaT €€ OPJAUHATHI B CyMMe JAal0T €AUHULYY. A
TX. X=COS«, a Y =SINa, noxcrapnss >tu BBIDOXXCHUSA B YpaBHEHHME OKPYKHOCTH, IOJIy4yaeM:

a2 2

sin“a+cos“a=1

OTO paBEHCTBO HA3bIBATCS OCHOBHBIM TPHTOHOMETPHYECKHM TOKAECTBOM.

2
[Tomyuum cneactBusi w3 Hero. llomenuB o006e wactm Ha COS™ o ;tO, [OJIy4yaeM:

sina  cos’ « 1 sina 2
>—+——> —=——— W c yd4eToMm TOro, uro tga = , umeem: 1§ a+l=—7—.
COS"a COS o COS™ CoOS COS™ o
" sina cos’a 1
Ionenus o6e wactu HaSIN® o #0, momyuaem: + = WIK C Y4€TOM TOTO, YTO

sina  sin‘a  sin‘a
Cos o 9 1

ctgor = ——, umeem: Clg " +1=—5—.
sina sin® «
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¢ ,aClga = cosa ,ga-ctiga =1.

COSx SIhx

Tak kak Qo =
PaccMoTprM mpUMeEphI Ha IPUMEHEHUE MTOIYIEHHBIX (OPMYJI.

Ilpumep. Haiinem  3HaueHHWs  OCTaJbHBIX  TPUTOHOMETPUYECKUX  (YHKIMHA,  €CIIH:

sina=-08,a e(7157).
Pemienue: nucnosib3ysi OCHOBHOE TPUTOHOMETPUYECKOE TOMKIECTBO sin® o +cos® o = 1, umeem:
cos® o =1-sin’ ar, orcrona COSax = +v/1—SiN” & u B Hamem npumepe COS @ = +4/1—0,64 = +0,6.

T.x. ae (71';1,577) (11l koopaunaTHas yeTBepTh), T0o COS¥ =—0,6.

g 08_8_4
BBIYHUCJIISIEM _ 6 6 3 .

. tga = sina -0,8
o Gopmyite oS 0,

1
ITo ¢popmyre tga - Ctgar =1 Boruncnsiem Clga = % -

Mlow

Mpumep. Yupoctuts (Sina +cosa)? —2sinacosa .

Pemenne:

(sina + cos a)® —2sin axcos o = sin® o + 2sin oS a +€0s” a — 2sin ¢ cos a = sin® a +cos® o =1

sint N sint
1+cost 1-cost’

IIpumep. Ynpoctuts

sint__sint _sint(L—cost)+sint(L+cost) _

P : B
CIICHuE 1+cost  1—cost (1+Cost)(1—cost)

sint—sintcost +sint+sintcost  2sint 2
1—cos’t sin’t  sint

Bonpocs! 1151 CAaMOKOHTPOJIA:

1. Kak cTpoutcst yroa Ha 4YMCIOBOM OKPYXHOCTH?

2. Jlaitte onpenenenne |1 panuana u 1 rpagyca.

3. 3anumute GopMyiy rmepexoja oT rpadyCHOro U3MEpEHHs yria K paluaHHOMY.

4. JlaiiTe ompeiesieHue OCHOBHBIM TPUTOHOMETPUYECKUM (DYHKITUSM TTPOU3BOJILHOTO YTJIA.
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5. Jlaiite omnpeneneHHEe OCHOBHBIM TPUTOHOMETPUYECKMM (YHKIUSM OCTPOrO yria B

IPSIMOYTOJIBHOM TPEYTOJIbHUKE.

6. Ilepeunciute 3Ha4YCHUSI HEKOTOPHIX TPUTOHOMETPUYECKUX (PYHKIHI.

7. IlpuBeuTe 3HAKM OCHOBHBIX TPUTOHOMETPHUYECKUX (DYHKIUN B PA3HBIX YETBEPTIX.
8. 3anumuTe OCHOBHOE TPUTOHOMETPUIECKOE TOXKIECCTBO.

9. 3anumute Gopmyiy, CBA3BIBAIOIIYIO TAHTEHC U KOTAHT€HC yTJia.

10. 3anumure (bOpMynBI, CBA3BIBAIOIIWEC TAHT'CHC C KOCUHYCOM M CUHYC C KOTaAaHI'CHCOM.

Jlureparypa:
[1] C. 193-246; [4] C. 279-294; [12] — [21].

Jlekuus 12. @opmyasl npuBeaeHusi. ®opmy.Jibl cjioxkeHusi. @opMyJibl IBOIHOI0 apryMeHTa.

®opmyJibl N0J0BUHHOTO yriia. [lpeodpa3oBanus npocTeidIMX TPUTOHOMETPUYECKUX BbIPaKeHU

1. ®opmyabl npuBegeHUs

Ecin B KauecTBe aprymMeHTa TPUTOHOMETPUUYECKON (YHKUMM BBICTYNAE€T BBIPaXKEHUE

T 7T 3 37
E+a,5—a,7r+a,7z—a,7+a,7—a,27z+a,27r—0( U BOOOIIE JIH000E BBIPAKEHHE

7m
BHUAa ? +a,nNe V4 , TO TAKO€ TPUT'OHOMCTPHYICCKOC BbIPAKCHUEC MOKHO IMTPHUBECTU K Ooiee IIpoOCTOMY

BUAY, KOrla B Ka4C€CTBC apryMmeHTa TpI/Il"OHOMeTpI/I‘{eCKOI\/’I (I)YHKI_II/II/I 6YI[6T BBICTYIIATh TOJIBKO apryMCHT

t. CootBercTBytOIIME (POPMYIIBI HA3bIBAIOT (POPMYJIAMU NPHBEICHUS.

Tabmuua 2.9 — @opmyIbl IpUBEIEHUS

8 sin 8 cos 8 tg8 ctg8
mf2+a cos & —sin. & —cigl —iga
T+a —sin & —cos & tga ciga
3nf2+a —Cos & sin @ —ctg& —tg&
2T+ & sin & cos & tg& cigl
-& —sin & cos & —lg& —cigd
nf2-a cos & sin & ctgd tg
- sin & —cos & —iga —cigl
3nfe-a —cos & —sin. @ ctg tga
2A—-& —sin & cos & —lg& —cigd
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®dopmyn mpuBeneHUs 04eHb MHOTO. Talmiuieil monp30BaThCsl HE BCeraa YAOOHO. 3allOMHUTh UX
TPYIHO — HO CaMO€ TJIaBHOE, B 3TOM HET HEOOXOAMMOCTH. [[0cTaTOuHO 3alOMHUTE OJHO-EIUHCTBEHHOE
MPABWJIO — U JIETKO MOYKHO CAMOCTOSITEIILHO BHIBOJAUTH (DOPMYJIBI M YIPOIIATH BBIPAKEHUS.

1. ecnu moj 3HaKOM MpeoOpa3yeMoil TPUTOHOMETPUYECKOM (YHKUIHU COIEPKUTCS Ccymma

apryMeHTOB BMAA 7T + O, 7T — &,27T + O(,27T — & , TO HAMMEHOBAHHUE TPUTOHOMETPUYECKOM (YHKIIUH

ClIeyeT COXPAHUTH;
2. ecau TOJ 3HAKOM MpeoOpa3syeMoll TPUTOHOMETPHYECKOW (YHKIHUU COAEPKUTCS CymMma

T 3
apryMeHTOB BUJa —+ &, ——&,—— +Q,—— — &, TO HANMCHOBAaHWE TPUTOHOMETPUUICCKOM

2 2 2 2
(GyHKLINU clieayeT U3MEHUTh Ha POJICTBEHHOE — (DYHKIIUS MEHSETCS Ha KOPYHKITHUIO,

3. mepen MoJy4eHHOM (YyHKIMEH OT apryMeHTa ¢ HaJl0 MOCTaBUTh TOT 3HAK, KOTOPBIN nMena Obl
T
npeobpaszyemas GpyHKIMs npu yeaosuu, uto 0 < a < o

3T0 IMPaBUJIO UCIIOJIB3YCTCA U B TCX ClIydasdX, KOr'’Jla apryMCHT 3a/laH U B IrpaAgycax, T.C. KOraa B

Ka4y€CTBC ApTryMCHTAa TpPIl"OHOMGTpH‘iCCKOﬁ CI)YHKI_II/II/I BBICTYIIACT BbIPAKCHUC BuUaa

90" +«¢,90° — ,180° + «¢,180° — ,270° + «,270° — ¢,360" + «¢,360" —

T
IMpumep. [Ipeobpazyem COS (E +a).
i T
HaumeHoBanue (yHKumu usmenserca Ha SiNa . Jlanee u3 Toro, uto 0 < o < s Coenyer,

T
4TO > + & — apryMeHT U3 BTOPOIl 4eTBepTH, a B Hell mpeoOpasyemast GyHKIMS KOCHHYC MMEET 3HaK
"MuHyc". OTOT 3HaK HaJA0 TOCTaBUTh MepeA MoiydeHHOH QyHkuuend. Takum obOpazowm,
T .
cos(E +a)=—-Sihcx.

2. ®opMyJbl CHHYCAa H KOCHHYCA CYMMBbI H Pa3HOCTH apryMeHTOB

OcHoBHas 11e7b  MPeoOpa3oBaHusl TPUTOHOMETPHUUECKUX BBIPAKEHHH — MPUBECTH 3a/laHHOE
BBIp@)XEHUE K TAaKOMY BUJY, YTOOBI HAUTH €ro peuieHue Obuto mpormie. A CpeACTBOM JUIsl JOCTHIKEHUS
ATOM e ABISAI0TCS (POpMYIIbI MpeoOpa3oBaHUs TPUTOHOMETPUUYECKUX BBIPAKEHUH.

OcHoBHBIMU U HauOosiee BaXXHBIMH (opMylIaMu MpeoOpa3oBaHUSI TPUTOHOMETPUUYECKUX
BBIPAKEHUH ABISIOTCA (POPMYNBI cumyca u KOCUMyca CyMMbl apryMEHTOB, U3 HUX 0e3 ocoboro Tpyna
BBIBOJISTCS MPAKTUYECKU BCE (POPMYIIBI TPUTOHOMETPHH.

IIpumeyanue. /[ KpaTKOCTH U YIPOIIEHHUS B JAJBHEMIIEM HUCKIOYUM CIOBO "apryMeHTOB" U3

Ha3BaHUM PopMyn — 3TO OOLIENPUHATAs TPAKTHUKA — U TOBOPS O (hopMyax CHHYca WM KOCUHYCa CYMMBI
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(pazHocTH) OyzneM NOHHUMATh, 4TO 3TO (bopmyIb CHUHYyCa WIH KOCHHYCa

CYMMBI (pa3HOCTH) apryMEHTOB 3THX (YHKLHUH.

DopMyJibl CJIOKEHHS:

sin(a + ) =sina - cos B+ cos a -sin 3

cos(a + )= cosa - cos B—sina -sin B

PaccmoTpum Temeps Bipaxenne Sin(ce—B) B takom Bume: Sin(a +(—/f)) u Bocmomszyemcs
dopmymoit cumyca cymmsr:  Sin(a + (=) =sina-cos(—f) +cosa-sin(—B). Temeps BCIOMHEM O
CBOICTBE YETHOCTH (YHKLUUH KOCHHYC: COS(— a) =C0SQ W CBOMCTBE HEYETHOCTH (PYHKIHMU CHHYC:
sin(-a)=—-sina. Torma, sin(a+(—pf))=sina-cos(-f)+cosa-sin(—f) =sina-cos f—cosea-sinf.
Amnajnoruuno npeobpasyem Gpopmyity ¢ KocunycoMm. Ilonydam gopmyast paznocmu:

sin(a — ) =sina-cos B —cosa -sin B

cos(a — B)=cosa - cos B +sine -sin B

®opMyJIbl TAHTEHCA CYMMBbI M PA3HOCTH APryMeHTOB!

t +1 g ot
tg(a+ﬂ)=%: tg(a—ﬂ)=%-

OroBopka 0 JJONYCTHUMBIX 3HAYCHUSX apryMEHTOB 03HAYAET, YTO BCE TAHICHCHI HIMEIOT CMBICII, T.€.
T T T T
BBITIOTTHSIOTCS YCTIOBHS: ¢E+ﬂn,ﬁ¢5+ﬂk,n,k eZ,a+pf=—+ma-L+—+aAmleZ.

O1H q)OpMYJ'II)I OYCHb BAXXHBI U IIMPOKO NPUMCHAIOTCA HC TOJIBKO B MAaTEMAaTUKE, HO U B (101/131/11«3 -

0COOEHHO, B paIMOTEXHHKE.

BriBog q)OpMy.TI €CTCCTBCHHBIM 06pa30M MOJIy4acTCs U3  OIPCACIICHUSA (I)YHKI_II/II/I TaHI'CHC

" UCIIOJIb30BAHUA YK€ U3BCCTHBIX (bOpMy.]'I CHUHYyCa U KOCHHYCa CYMMBI U PA3HOCTH apryMCHTOB.

3. ®opMyJibl IBOIHOI0 aprymeHTa
@®opmyabsl  JBOMHOrO aprymMeHTa IO3BOJISIIOT MPEACTaBUTh TPUTOHOMETPUUYECKYIO (DYHKIIHIO

YIBOCHHOTO apryMeHTa B BHUJE BBIPAKEHUS TPUTOHOMETPUYECKUX (YHKIMN IPOCTOr0 (OJAWHAPHOTO)

apryMeHra.
Ot1u HopMyIibl YCTAaHABIMBAIOT COOTHOLIEHHE MeXay Sin 2¢r,CoS 2a,tg2a u Sina,Cos a,tg o .

DopMyJibl ABOHOIO yIj1a TPUTOHOMETPHYECKUX (PyHKIIMIA:
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cos 2a = cos’ a —sin? a,
Sin2¢ = 2sin ¢ CoS ¢,

tg2a = —Ztgozt :
1-19°x
2 —
cty 20 = ctg ‘o -1
2ctg o

[puBeneM H0Ka3aTeNLCTBO (YOPMYIIBI U1 CHHYCA JBOMHOIO YIJIA.

PaccMoTpuM  BhIpakeHMe SIN2¢r, TMpeicTaBUM €ro apryMeHr B Bule 20=a+A
U BOCIIONIb3YEMCS ~ H3BECTHOM  (opMylloii  CHHyca CYMMBI aprymenToB.  I[lomyumm:
sin2a = sin(a + ) =sina - cosa +cosa -sina = 2sina - cos x .

AHaJIOTHYHO BBIBOJIUTCA q)OpMy.HBI KOCHHYCa U TaHT'CHCA HBOﬁHOFO yria.

3ameuanmue. CDOpMy.]'Ia KOCHHYCa HBOﬁHOFO yriia UMeECT €€ ABC PAa3HOBUIAHOCTHU:

c0s2a =¢0s’ a —sina =1-sin®a —sin’ o =1-2sin’ o,

cos2a = cos® a — (L—cos® &) = 2cos® o —1

Pa3yMeeTc5I, BCC IIOJIYUCHHBIC (1)OpMy.]'IbI IMPUMCEHUMBI U B TCX ClIydasaX, KOrla MCCTO aprymeHTa
a 3aHUMacCT 60Hee CJIOKHOC BBIPpAXKCHUC, HAIIPUMCP, CIIPABCAJIUBLI CIICAYIOINEC COOTHOIICHUA:

sin4a = 2sin 2a - C0S 2

c0s48° = cos” 24° —sin? 24°

.HI'O6YI'O U3 MOJIYYCHHBIX q)OpMy.]'I HBOﬁHOFO ApPTYMCHTA MOXKXHO HCIIO0JIB30BATh KaK CJICBA HAIIPABO,

TaK U CIIpaBa HAJICBO (CBOpa‘-II/IBaTL) IJI pCHICHUA TPUTOHOMETPUICCKUX Bpra)KeHHfI.

4. @opMyJibl IOHHMKEHUSI cTeNeHH (T0JIOBUHHOIO yIJ1a)

(04
[oncraBnsis B popMynbl €OS2t =1—2sin?t u cos2t =2cos’t —1 3Hauenne U= —, momyuaem

2

(hopMyIBl MOJIOBUHHOTO APryMeHTA!

sin“ == ,
2 2
,a 1+cosa
COS" —=——.
2 2
p sin? & 1-cosa cos? & 1+cosa b tgza 1-cosa
a3aciIuB I —— 5 £ ] — =, nnoaydacM (pOpMyiJ1 D —
8 2 2 2 2 Y PIIYE 2 "1t cosa

OTKy,Z[a MOSIBUIIOCh TAaKoe Ha3BaHuUe? HpI/I‘-II/IHa, BUIUMO, B TOM, 4YTO B JIEBOM 4YacTH 000HX
TOXIECTB COACPKHUTCA BTOpasd CTCIICHb KOCHMHYCAa WM CHUHYCA, a B npaBoﬁ JaCTu — II€pBasd CTCIICHb

KOCHHYca (CTENeHb MOHU3MIIACH).
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[Ipu npumeneHun 3TuxX QGopmyn Oyab BHUMATEICH: CTENCHb IOHIKACTCS, 3aTO apryMEHT

YABaUBaCTCS.

[Toryuennsie nBe (HOpMYIIBI TaKKe Ha3bIBAIOT (POpMyJIamMH MOJOBUHHOTO apryMEHTa, MOCKOJIbKY

OHH II03BOJIAIOT, 3Hasd 3HayeHue COS ¢, HaWTH 3HAYCHHE CHUHYCa U KOCHHYCA IMTOJIOBUHHOI'O apryMcHTa

(04

2.

5. IIpeoOGpa3oBaHusi NPOCTEHIIMX TPUTOHOMETPHYECKUX BbIPaKeHH
IIpumepsl.

LT
1. Beruucnure SII’\E.

. ,a l-cosa
Pemenue: no ¢popmyne SIN ? E =————, UMeeM

2
z V3
12 2 2 4
2. Burunciure 2sin15%0s15°.

~ 0,068.

Pemenne: ucnons3ys Gopmyny SiN2a = 2SN COS & , nmeem

2sin15° -cos15° =sin(2-15°) =sin30° =0,5.
3. Jlokazats ToxectBo: €0s° a = (1-sina)-(L+sina).

0Ka3aTeNbCTBO; 1-sina)-(1+sina)=1-sin? a =cos® o — mpasas
p

cos? a =cos’ .

cosa  l+sina
1-sina  cosa

4. JlokasaTh TOXACCTBO:

cosa  1l+sina  cos’ oe—(l—sin2 a) cos’a—cos’a
1-sina  cosa cosa(l-sina)  cosa(l-sina)

JlokazarenbCcTBO:

Bomnpocsl 1151 CAMOKOHTPOJIA:

1. Tlepeuncnute OCHOBHBIE (POPMYIIBI CIIOKEHHUSL.

2. ChopmynupyiiTe MHEMOHHYECKOE TIPABUIIO TSI 3aIIOMHHAHUS (OPMYIT IPUBEICHUS.

3. Chopmynupyiite npaBuio Hanucanus GopMys MPUBEICHHS.

4. IlpuBeaute nmpumep Ha NpuMeHeHHe GOpMYJ IPUBEICHUS.
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5. IlpuBeaure GOpMyIbI CyMMBI YITIOB.
6. 3anummTe GOpMYIIBI ABOMHOTO yIiIa TPUTOHOMETPUYCCKUX () YHKITUMN.

7. 3anumute GopMyIIbl TOJIOBUHHOTO aPTyMEHTa TPUTOHOMETPUUYECKUX (DYHKLIUH.

Jlureparypa:
[1]C. 193 -272; [4] C. 279 — 302; [12] — [21].

Jlekuusi 13. IlpeoOpa3oBanue cyMMbl TPUITOHOMeTpPpHYECKUX (YHKUMI B Npou3BeleHHE U
npousBeeHus: B cyMmMy. Boipa:keHue TpuroHoMmerpudeckux QyHKIUIA Yepe3 TAHI€HC MOJTOBHHHOIO

aprymeHra

1. IIpeoOpa3oBaHue cyMM TPUTOHOMETPUYECKUX (PYHKIUIl B MpOU3BeAeHHE
Peus moitnér o dhopmynax, KOTOpbie MO3BOJSIIOT CYMMY WJIM Pa3HOCTh CHHYCOB HJIM KOCHHYCOB

PAa3JI0KUTh HA MHOKXHTCIIH.

PaccmoTpum BeIpaxkenue Sin(X+ y)+sin(x—y). IIpumenuB Gpopmynbl cuHyca CyMMBI U CHHYCa

Pa3HOCTH, OTy4UM: (SIN X-COS Y +COS X-SiN y) + (Sin X-C0S y —COS X -Sin y) = 2SiN X-COS Y .
Beném obo3HaueHus: @ =X+ Yy, f=X—-Y.
Ecnu 5T paBeHCTBA MOWIEHHO CIIO0KHUTh U BBIYECTD, NOJIIYUUM: o + B =2X,ax — =2y .

A Ttenepb 3aMeHUM B (opmyne Sin(X+Yy)+sSin(x—y)=2sinX-cosy a=X+Yy,f=X—-Yy , a

_a+/5' y_a—,B
2 2

X

Torma  ¢opmyna  sin(X+Yy)+sSin(x—y)=2sSiNX-COSYy  HpUMET  BUJ

B &8

. . 4
sina +sin = 2sin > - COS 5

AHanoruynsie pacCyxaCHus IMPUMCHHUMBI JJIsI PA3HOCTH CHMHYCOB, 4 TAKXKIXKE CYMMBI U Pa3HOCTU
KOCHUHYCOB. B utore numeeM:
a+ o —
p Cos p ,
2 2
- a+
B s P

. . . a
sina —sin B =2sin C

sina +sin # = 2sin

2 2
c05a+cosﬂ:2005a;ﬁcosa;'g,
COSa—COSﬂ:—ZSina+ﬂsina_'8.

2 2
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tga+tg,B:M, a¢£+7zk, ,B¢£+7zk,
COS cos 2 2

tga—tgﬂzw, a¢£+7zk, ,B¢£+7zk.
Cosa cos f 2 2

2. IlpeoGpa3zoBanue npousBedeHUIl TPUTOHOMETPUYECKHX (PYHKIMI B CYMMBI

N3BecTHO, 4TO M00ast MaTemMaTHueckas GpopMysa Ha MPaKTHKE MPUMEHSIETCS Kak CIIpaBa HaJIEBO,
TaK M cieBa HampaBo. [109TOMy HEyIMBHTENBHO, YTO B TPUTOHOMETPHU NPHUXOAUTCS OCYIIECTBIATH U
«IBW)KEHHE B OOpaTHOM HaIpaBlICHUM». NPeoOpa3oBHIBATh IMPOU3BEICHHE TPUTOHOMETPHUECKUX
byHKIUH B CyMMY.

Mp1 3HAEM, 4TO sin(x+y)+sin(x—y)=2sinx-cosy. Orcrona HOJIy4aeM:

sin(x+y)+sin(x—y)
5 :

TakoBbl Tpu (OpMyIBI, TMO3BOJISIONIME IMPEOOPA30BaTh IMPOU3BENECHHE TPUTOHOMETPUUIECKUX

sinx-cosy =

GbyHKIUH B CyMMYy:
sinacos B = %(sin(a+ﬂ)+sin(a - B))
S CoS f3 = %(cos(a + 8)+cos(a— )

sinasin B = %(cos(a — B)—cos(a+ p))

3. BblpakeHne TPUTOHOMETPHYECKHMX (PYHKIUI Yepe3 TAHIeHC MOJIOBUHHOTO apryMeHTa

[Ipu pelreHrn HEKOTOPHIX 3a]1a4 OKA3bIBAIOTCS TMOJE3HBIMU CIEAYIOMmue GopmMyIbL:

_ 2tg% l—tgzg
SN =——— COSa =
’ 1+tgzg ’ 1+tgZg
2 2
2sin % .cos &
2 2
° " 2sin % .cos & cos? & 2tgg
Sina = 2SiN—-C0S— = 2 2 _ 2 = 2
JlokaxxeM ux: s . L 2 L L 2 & -
COS” —+sSIN“— cos”—+sin“— 1+tg°—
2 2 2 2 2

2 U
cos” —
2

AHaJIOTUYHO J0Ka3bIBaeTCsl BTopas hopmyra.
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a
@opMyIIbl BEpHBI JIUIBL B TOM Clly4ae, Korjaa COSE #0.

ITpumep. Haiitu Sina u cosa, eciu tg % =2.

g ¢ 4 1-tg2 ¢ 1-4
Pemenue: Sing = 2 _ =08, cosa = 2 _ =-0,6
1+th% 1+4 1+t92% 1+4

BOl'lpOCLI AJI CAMOKOHTPOJIA:

1. 3anumure Qopmynsl mpeoOpa3oBaHHs CyMMBl TPUTOHOMETPUYECKUX  (YHKIUH B
IIPOU3BE/ICHUE.

2. 3anummte ¢GopMynbl TpeoOpa3oBaHUs MPOU3BEACHUS TPUTOHOMETPUYECKHX (YHKIHHA B

CyMMY.

3. BBIpa)KeHI/Ie TPUTOHOMETPUICCKHX (1)YHKI_II/II>'I 4YCepe3 TAHI'CHC IOJIOBUHHOT'O apryMmeHTa

Jlureparypa:
[1] C. 266-279; [4] C. 303-306; [12] —[21].

Jleknus 14. IIpocreiimmue TPUTOHOMETPUYECKHUE YPaBHEHHUH. Oo0paTHble

TPUTOHOMETPUYECKHE (PYHKIHMH. APDKCHHYC, ADKKOCHHYC, ADKTAHI€HC

TpuroHoMmerpuyeckoe ypaBHEHHE — YypaBHEHHE, COJEp)Kallee HEM3BECTHOE I0J 3HAKOM
TPUTOHOMETPUUECKON (QYHKIIMH.

YpaBHeHus BHUJa SINX=a,Co0sX=a,tgx =a,ctgx =a Ha3BIBAIOTCS MPOCTEUIINMHU

TPUTOHOMCTPHUYICCKUMU YPABHCHUSIMMU.

1. YVYpasnenue cosx=a

Ecmu [aj>1, To ypaBHeHHE COS X = aHe HMeeT KopHei, T.k. [cos x| <1.

Hampumep, ypaBHeHHEe COS X = —1,5 HE UMeeT KOpHEM.

Ecnu [a|<1, To KOpHU ypaBHEHHUs BeIpakatoTcs popmyoil X =tarccosa+2m,ne Z .

Yro ke Takoe arccos a? « ApKKOCHHYC» B IEPEBOJIE C JATHHCKOTO O3HAYAeT Jyra U KOCHHYC. DTO
GyHKIUS, 00paTHAs KOCUHYCY.

Ecmu |al<l, To arccosa (apKKOCHHYC @) — 3TO TaKoe YHCio u3 oTpe3ka [0;7], KOCHHYC KOTOpOTO

paeH a. [oBOps MHade: arccos a = X = cosx = a,ja <1,x e [0; z].
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IIpumep. Haiitu arccos 72 .

J2

2
BeIpaxxenue arccos - MOKAa3bIBACT, YTO KOCUHYC yIila X paBeH - (cosx = > ).

Hanee mpocTo HAXOAWM TOYKY 3TOr0 KOCHHYCA Ha YHCIOBOM OKPY>KHOCTH, YTO W SIBJISIETCS

OTBCTOM:

Pucynok 2.76 — HaxoxxieHre apkKOCHHYCa YUCia
2 T .
Yucno, sBastomeecs 3Ha‘-IeHI/I€M7 Ha OCH X, COOTBETCTBYET TOUKE 2 Ha YHCJIOBOU
OKPY>KHOCTH.
2
3HauMT, aArccos— =—.
2 4

Z 7 x

T
Ecmun cos— =—,arccos — = —.
4 2 2 4

B mepBoM ciydae mo TOYKE Ha YHCIOBOW OKPYKHOCTU OTpefelisieM 3HadeHHe KOCHHYCa, a BO
BTOPOM — HA00OpOT, MO 3HAYEHUIO KOCHHYCAa HAXOJIUM TOUYKY Ha YHCIOBOW OKPY)KHOCTH. J[BH)KEHUE B
0o0paTHYIO CTOPOHY. DTO U €CTh apPKKOCHHYC.

Teopema. [lna moboro a€[—1;1] BeimonHsAeTCS PaBEHCTBO arccos o + arccos(—«) = 7, uin

arccos(—a) = —arccos « .

2. YpaBHenme SinX=2a

Ecau |a>1, To ypaBHeHHe SIN X = & HE UMEET KOPHEH, T.K. |Sin X| <1

Hanpumep, ypaBaenue SiN X = 2 He MUMEET KOPHEH.

Ecin [a<1, To KOpHU ypaBHEHHs BeIpaxkaroTcs Gopmyioit X = (—1)* arcsina+m,neZ .

Yro ke Takoe arcsina? «ApKcHHyC» B MEpeBOJe C JIATHHCKOTO O3HAYAeT Jyra W CHHYC. DTO

¢byHKIUS, 00paTHas KOCUHYCY.

104



f VA
Ecnu |al<1, To arcsina (apkcuHyc a) — 3TO TaKOE YUCIO U3 OTpe3Ka [—55} CHHYC KOTOpOTO

. . V4
pasen a.['oops mHaue: arcsina=x=sinx=a,[a<l,xe {—E;E]

.1
IIpumep. Haiitu arcsin ry

1 1 .
Bolpaxxenue arcsin 5 IIOKA3bIBAET, YTO CUHYC yIja X paBeH R T.€.SIN X = >

I[anee MMpOCTO HAXOAHUM TOYKY 3TOIr0 CMHYCa Ha YHCI0BOM OKPYXHOCTH, UYTO U ABJISICTCA OTBECTOM:

Pucynok 2.77 — HaxoxneHue apkCUHyca yucia

Touxka

b

T o
Haxo[A1asAaCa Ha OCH Y, COOTBETCTBYCT TOYKE E Ha 4YHCJIIOBOM OKPYXHOCTH.

3HauuT, arcsin

1
2
1
2

IR

.7 1 . V4
Ecmu sin— =—, 1o arcsin — = —.
6 2 6
B nepBoM cirydae 1o TOYKE Ha YUCIIOBOW OKPYKHOCTH HAXOJUM 3HAYECHHE CUHYCA, 4 BO BTOPOM —
Hao0O0pOT, MO 3HAYEHHUIO CMHYCA HAXOJUM TOUKY Ha YHCJIOBOM OKPYKHOCTH. J/[BH>KeHHE B OOpaTHYIO

CTOPOHY. DTO U €CTh apKCUHYC.

Teopema. [{ns mro6oro a€[—1;1] cnpaBeayiuBa popmya arcsin(—a) = arcsina.

3. YpaBHeHnue tgx =a

VYpaBHeHue tgX = a umeer pemieHuss X = arctga+m,neZ .

Yro xe Takoe arctga?

«ApKTaHT'€HC» B TIEPEBOJIE C JIATUHCKOIO O3HA4YaeT Ayra M TaHreHc. DTo (QyHKIMs, oOpaTHas

VA
TAHI'CHCY: arCtga (apKTaHFCHC a) — 9TO TAKOC YHCJIO U3 UHTCPBAJIa (— E ; Ej , TAHI'€HC KOTOPOI'0 PaBCH 4a.
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['oBops nHave: arctga=x=1tgx=a,X e (—%;g) . Teopema. arctg(—a) =—arctga.

4. YpaBHenme CigX =a
VYpaBHeHue CigX = a umeer pemienus X=arcctga+rk,keZ

Uro »xe Takoe arcctga? — arcctga (apkkoTaHreHc a) - 3To Takoe uucio u3 orpeska (0; ),
KOTaHI'CHC KOTOPOro paseH a. ['oBops uHaue: arcctga=x=ctgx=a,xe(0;x).

Teopema. arcctg(—a) =z—arcctga

Tabmuua 2.10 — CBoxHas Tabiuia pemeHus MPOCTeHITNX TPUTOHOMETPUIECKUX YPaBHEHHH

YpaBHeHue Pemenue

sinx=a X = (-1 arcsina+sk,k € Z
cosx=a X =zarccosa+ 27K,k e Z
tgx=a x=arctga+ 7K,k e Z

ctgx=a X =arcctga + 7k, k € Z

Tabnuma 2.11 — YacTHele citydan NpOCTEHIINX TPUTOHOMETPUYECKUX YPaBHEHUN

Yacrasle cnyyan
YpaBHeHue

a=1 a=0 a=1
. V4 /4
sinx=a x:—5+27zk,keZ x=mK,keZ X:E+27zk,keZ
cosx=a X=rx+27K keZ x:%+7zk,kez Xx=2/K,keZ

T /4
tgx=a X:—Z+7zk,keZ Xx=mK,keZ X:Z+7zk,keZ
ctgx=a X=37ﬂ+7zk,keZ x:%wzk,kez x:%wzk,kez
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IIpumepsl.

2
1. Pewmwuts ypaBHeHHE COS X = T

Hcnonb3yem popmyiry X=+arccosa+2zk, KEZ u momydaem oTBeT X = +arccos 5 +2m,neZ.

. 1
2. Pemmuth ypaBHEHHE SIN X = 5

Hcnonb3yem dopmyny X = (-1)* arcsina+m,ne Z u HOJy4aeM OTBET

x = (-D)* arcsin(—%) +mneZ = (—1)k*1%+7zn, neZ.

3. Pemmts ypaBHEeHue tgx = 2.
Hcnonb3yem Gopmyny X =arctga + zn,n € Z 1 noiay4yaeM oTBeT X =arctg2+m,neZ.

4. PaccMOTpuM mpuMep pEIIeHUsT MPOCTEMILEro TPUTOHOMETPUYECKOTO ypaBHEHUS Ha

TPUTOHOMETPUYECKOM KpYTeE.
Pemute ypaBHenue Sint=—.
2
Pemenne: Pemmth ypaBHEHHME — 3TO HATH MHOXKECTBO BCEX 3HAYEHUM t, IpU KaKIOM W3

. 1
KOTOpBIX SINt :E. OTO ypaBHEHME HMEET pELICHHE, T.K. YUCIIO > BXOJUT B MHOXXECTBO 3HAYCHUU
cuHyca. Ha 1MHMM CHHYCOB OTMETUM > Y TIPOBEJIEM NEPIEHAMKYIIAP 10 MEPECEUEHUs] C OKPYKHOCTBIO.

[Moxyunum Touku M u N (puc. 2.78). Tosbko 3TH JBE TOYKH UMEIOT OPIUHATY 5"

M (ty)

=V

. 1
Pucynok 2.78 — Pemienne ypaBaenust Sint = 2
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[TosrydeHHBIM TOYKaM COOTBETCTBYIOT MHOYKECTBA NEUCTBUTEIbHBIX uncen t, u t,:
T Sr

tt=—+2m,t,=—+2mMnel.
6 6

5. Pemuts ypaBHEHHE tgX = V3.

Pentenne: Ha auHHMM TAHT€HCOB OTJIOKUM \/§ CoemMHUM 3Ty TOYKY C LIEHTPOM YHMCIOBOM

OKPY>KHOCTH H ITOJyYHM JBE TOUKH IIepeceueHust ¢ oKpy:kHocThi0O — M 1 N (puc. 2.79).

A 4

Pucynok 2.79 — Pemienue ypaBHeHus tgx = V3

T
Touke M cooTBeTCTBYeT MHOXECTBO uucen t; = 3 +2m,neZ.Touke N coorBeTcTBYET
Vs
MHOX€ECTBO 4yucen t, :§+7r+27m,nez .OTH 71Ba MHOXECTBAa 4YHCEJl MOYKHO 3allUcaTh B BHUJE

t=£+mmez.
3

Bonpocs! 1151 CAMOKOHTPOJIA:

1. Ilepeuucnure Qopmysabl ISl pemIeHHs] MPOCTEUIINX TPUTOHOMETPUUECKHUX YpaBHEHUH B

o01miem BHIE.
2. JlaliTe onpeneneHne apKCUHYca YHCIa.
3. JlaiiTe ompeneneHrne apKKOCHHYyCa YHCTa.

4. Kak mpoxoJuT JUHUS TAHT€HCOB?

108



5. Kak npoxoauT 1uHUS KOTaHT€HCOB?
6. IlpuBegute hopMyIBI pEIICHUS TPOCTEUIITUX TPUTOHOMETPUUECKUX YPAaBHEHHH.

7. Tlepeuncnaure (GOpMynbl YAaCTHBIX CIy4aeB PELICHUS MPOCTEHIINX TPUTOHOMETPHUECKUX

YpaBHEHUM.

8. OOBbsACHUTE METOJ pEIIeHUS MPOCTEHIINX TPUTOHOMETPHUYECKUX YPAaBHEHUI € IMOMOIIBIO

€IMHUYHOU OKPY’KHOCTH.

Jlureparypa:
[1] C.295—-298; [4] C. 314 — 326; [12] — [21].

Jlekuus 15. Tpuronomerpuyeckne ypaBHeHusl 1 HePaBeHCTBA

PaccMoTpuMm pelieHHe HEKOTOPbIX THUIIOB TPUTOHOMETPUUYECKUX YypaBHeHuH. i 3Toro
HEOO0X0MMO C TOMOIIBI0 TpeoOpa3oBaHWil JaHHOE ypaBHEHHWE CBECTH K OJHOMY M3 MPOCTEHIINX

ypaBHEHUH — Sin X = @, C0S X = a,1gX = @, Ctgx = a, peuieHre KOTOPbIX MOXKHO 3aIUCaTh.

1. IIpocreiinme TpUroHOMeTpHUYECKHEe YPABHEHHUS

IIpumepsl.

1
1. Pewmwuts ypaBHeHue COSt = 2
Pemenue:

1
Yucno 3 <1, 3HauuT, ypaBHEHHE UMEET PELICHHUS.
Tpebyercs HalTH MHOXKECTBO BceX 1, MpU Kax10M U3 KOTOpbIX COSt = 5

OTMeTHM Ha JIUHUHA KOCHMHYCOB TOUYKY E U HOPOBCACM MNEPICHAUKYIIAP MO0 IMEPECCUHCHUA C

okpyxHOCThI0. [Tonmyunm nBe Toukn — M u N (puc. 2.80).

HOJ'IyLIeHHBIM TOYKaM COOTBECTCTBYIOT MHOXXCCTBA JIECTBUTEIBHBIX YHCE tl u t2 .

tl=£+27zn, t2=—£+27zn,nez.
3 3

OrtBer: t:i%+27zn,nez.
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YN
M
14
1: ty = -+ 2nn
e
2| 1 -
* >
-1 0 | X
: t = + 2
= —— mn
| 2 3
N
-1

1
Pucynok 2.80 — Pemienue ypaBHeHus COSt = >

2. Pemmts ypaBHeHHE CigX = —/3 .

Pemenune: OTMeTuM Ha JIMHUM KOTAHTE€HCOB TOUKY — V3. Coeunum eé ¢ Havamom KOOpAMHAT U

MOJIY4UM Ha OKpY)kHOCTH B¢ Toukd — M u N (puc. 2.81).

N

4
-V3 )

Pucynok 2.81 — Pemenue ypaBHeHus ctgx = -3

5
t=—%+7zn,neZ.B03M0>1<Ha1/111pyra;13an1/105: t=§+ﬂn,nez.

3. Haiinem pemenns ypaBuenus Sin(3x — %) = 0, npunanexaiue orpesky [0; x].

PemmM nanHOe ypaBHEHUE, UCTIOIB3YS YHCIOBYIO OKPYKHOCTb.
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V2 T 7
[Monyunm: 3X——=/mMneZ u X=-—+—NneZ. OrbepeM Te peUICHUS, KOTOPbIC NpPUHAICKAT

T
orpe3ky [0; m]. Tlo ycmoBuro  momyuynM — HepaBeHcTBO 0 < E+§n <7z.PemuMm 31O

T T 11z 1 11

HEPABEHCTBO: —— < —N<——u——<N<—.B 3T0T MPOMEKYTOK IMONAJalOT TpPU  LEIbIX
12 3 12 4

3HA4YEHMA N. N = 0, 1, 2. Jost ITHX 3HAQYCHUU N HaMaeM COOTBETCTBYIOIIINE

7 57 97 3«
pemieHus: X = —,—,— = —.

12'12712 4
4. Pemmm ypaBuenue tg(4x— %) =43.

Hcnonezyst obmyro  dopmymy, momyuanm: — 4X —% = arCtg\/§ +7/m = % +m,neZ . Torna,

v T T V/ /A

AX=—+m+—=—+mneZ u Xx=—+—nne’.
3 6 2 8 4

2. JIBa OCHOBHBIX MeTO/1a pellieHUs] TPUTOHOMETPHYECKHUX YPABHEHU

I[J'ISI PCUICHUA 0oJiee CIIOKHBIX ypaBHeHI/Iﬁ HCIIOJIB3YIOT METOA BBCIACHUA HOBOM HepeMeHHOﬁ n

MCTO/ PA3JIOKCHUA HAa MHOKHTCIIN.

2.1 PaccMOTpuM cHayasia MeTO/ BBe/IeHHsI HOBOIi IepeMeHHOii.
Pemum ypaBHenue: 3€0s° X —500sX+2=0.

BBesieM HOBYIO TIEPEMEHHYIO Z = COSXHU TIONYdUM KBajpaTHoe ypaBHenue 3z° —5z+2=0

2 . . .
, KopHH KoTOporo Z, =1 u 2z, = 3 BepHemcst kK crapoll HEW3BECTHOM M TOJYyYUM IPOCTEHIIHNE
2
ypaBHeHHsI COSX=1 wu COSX = 3 Pemenust mepBoro ypaBHEHUs X =2N,Ne€Z , peUIEHUs BTOPOIO

2
ypaBHEHHS X = +arccos 3 +2m,nel.

2.2.Tenepb 006CyIUM BTOPOI METOJT — MeTO/ Pa3JI0KeHUs] HA MHOKHTEJIH.

[lpu ero npumeHenuu ypasuenue f(x) = 0 s3amuceator B Buae f (X)- f,(X)=0, Torma
wim f,(X)=0, wm f,(X)=0. Takum oO0pa3om, 3ama4a CBOAMTCS K pEIIEHHIO COBOKYITHOCTH

ypasuennii f,(X)=0wn f,(x)=0.

1. Pemmm ypaBuenue: (tgx —1)(cos X + %) =0.
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JleBass 4YacTh ypaBHEHHs YK€ pa3joXKeHa HAa MHOXHUTEIU. 3ajada CBOAUTCA K pPEIICHUIO

1 1
COBOKYIIHOCTH ypaBHEeHUH tgX —1=0 (mm tgx =1) u COS X + > =0 (mmCcosX = 3 ). Pemenus nepsoro
ypaBHeHHs X = arctgl+ zn = % +7n,n € Z , pemieHust BTOpPOT'O ypaBHEHUS
1 2
X = iarccos(—i) +2m = J_r?”+ 2m,ne’.
. X
2. PemuM ypaBHeHue: 2C0S3XSin 2 +c0s3x =0.
. X
Beinecem COS 3X 32 ckoOKH W mosydmM: COS3X(2Sin 2 +1) =0. Temepps HEOOXOAUMO PELIUTH
. . X . X 1
COBOKYIHOCTh ypaBHeHu# C0S3X=0 u 2sin 2 +1=0 (wmm sin 1- 3 ). Pemas mepBoe ypaBHeHwue,
" T T
HalgeM: 3X = E +mneZ ux= E + 5 n,neZ. Pewas BTOpPOE ypaBHEHHE,

HOJTYYHM: 2 =(-1" arcsin(—%) + 7N = (—1)"+l%+7zn, nNneZu X= (—1)”+12?7[+47zn, neZ.

Yrounum paccmatpuBaemblii  mMeron. U3 ypasaenus f (X)- f,(X) =0 cimemyer, uro
win f,(X) =0 (mpu stom Beipakenue f,(X) umeer cmbicn), win f,(X) =0 (mpu sTom Beipakenue f,(X)

HMEET CMBICI).

Pemnm ypaBHenue ctgx(cos x+1) =0.
T
W3 ypaBHeHus ctgx = Qnaxomum: X = arcctg0+ zn = E +m,neZ,u3 ypaBHeHus COSX+1=0
(mmm coS X =—1) monyuum: X =7 +2zm,me Z . Ho npu Takux 3HAYCHUAX X BhIpaykeHUe CtQ X He MMeeT

T
CMEIC]IA. HOSTOMy peUICHUA JaHHOI'O YPAaBHCHHUA X = E + 7, N e Z.

2.3. OxHOpoOAHbIE TPUTOHOMETPHYECKHE YPABHEHHUS

Teneps 00CyIMM 4acTO BCTPEUAIOIIHMIICS BUJ YPABHEHHUN — OJHOPO/IHBIC YPABHCHHUS.

Onpenenenne. Ypasaenne Buga asinXx+bcosx =0 (raea = 0,b #0) Ha3bIBAIOT OAHOPOAHBIM
TPUTOHOMETPUIECKHM ypaBHEHUEM nepBoii CTEIEHH. VpaBHeHHE
Buza asin® x+bsinxcosx+ccos’?x=0 (rme a#0) Ha3LIBAIOT OJXHOPOAHBLIM TPHUIOHOMETPUUYECKHM

YPaBHEHUEM BTOPOi CTETIECHH.
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PaccmoTpuM  cHauana pelieHHe OAHOPOAHBIX TPUTOHOMETPUYECKUX YPaBHEHUN IIEpBOU
crenieHun aSin X+bcos x =0. Yoeaumest, uro €0S X # 0. IIpeamnonoxum, uro COSX =0 u moacraBuM 3Ty
BENMUYMHY B naHHOe ypaBHenue. ITomyumm: asinX =0. Tak kak a=#0, toSinX=0. OgeBuaHo, 4TO

paBercTBa COS X = 0wu SiN X = 0 0JHOBPEMEHHO BBITIOJHATHCS] HE MOT'YT.

Tak Kak COSX =0, TO pasaenum BCE YJICHBI ypaBHCHUSI Ha COS X
sinx ,cosx O b
. [omyuum: a +b = wm atgx +b =0 orkyna tgx = ——
COS X COSX COSX a

uX= arctg(—E) + 7n = —arcty E+ m.
a a
. T V4
B xauecTBe nmpumepa pernM ypaBHenue 3Sin(2x — g) —2c0s(2x — g) =0.
PasgenuM  Bce  wieHbl — ypaBHEHHS ~ Ha COS(2X — %) U noiyunm: 3tg(2x — %) -2=0

. Haiinem tg(2x—£):E,Zx—zzarctgzwzn,nez u x:iarctgg+£+£n,nez.
8 3 8 3 2 3 16 2

PaccMOTpEM  Temepb pelIeHHe OJHOPOJHOI0 TPUTOHOMETPUYECKOTO YPaBHEHHS BTOPOM
crenenn asin® X +bsinxcosx+ccos?x=0 (rne a=#0). VY6emumcsa, uro COSX=0. IloacTaBum
3HayeHne COSX = 0B jaHHOe ypaBHeHue u monydum: asin’® x =0. Tax kak a # 0, To umeem: Sinx =0.

Ho paBeHCTBa COS X = Ou sinx=0 OIHOBPCMCHHO BBITIOJIHATBCS HEC MOT'YT.

Tak xak Cc0SX#0, To pasmenuM  Bce  WieHbl  ypaBHEHMs Ha COS°X U
HJ H 2
SInN” X SIN X COS X Cos™ X
MOJTyInM: a———+b > +Cc———=0 mm aty X +btgx + ¢ =0. Beenem HOBYIO
COS™ X Cos”™ X Cos”™ X

nepeMeHHyI0 Z =1tgXu mpujaeM K KBaApaTHOMY ypaBHeHutoaz’ +bz+c=0. Pemaem 5T0 ypaBHeHue.

IToToMm BO3BpaliacMcs K CTapOﬁ nepeMeHHoﬁ, Iojriygacm HpOCTeI\/'IH_II/Ie TPUTOHOMECTPUUCCKHUEC YPABHCHUSA

Y HAXOJUM WX PEIICHHUS.

Pemum ypaBHeHHe Sin’ X —Sin xcos X —2cos” x =0.

Pa3nennM Bce ulIeHBl ypaBHEHHA Ha COS® X m momydmm: tg°X—tgx —2=0. BBeaeM HOBYIO
nepeMeHHyro Z = tgx u MOJIy4YUM KBaJpaTHOE ypaBHenue z° —z—-2=0, KOpHHU
KoTOoporo z, =-1,z, = 2. BepHeMmcs k crapoil nepemeHnHoi. MiMeeM npocreiiie TpPUrOHOMETPUUECKUE
ypaBHeHus tgx = —1 (ero pemenust X =—arctgl+m,neZ) utgx =2 (ero
pemieHuss X = arctg2+m,ne ).

IlycTh B OJHOPOJHOM TPHIOHOMETPUYECKOM YypaBHEHMH asin’ X +bsinxcosx+ccos? x =0
kood¢unuent a=0. Torna ypaBHeHue umeeT BUA: bsinxcosx+ccos® X =0.B sToM ciydae AemuTh

Ha COS2 X HEIb34d, TaK KakK COSX MOXET pPaBHATHCA HYIIIO. HOBTOMy Haao MHCIIOJb30BaTh MCETOA
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paznoKeHus Ha MHOHUTEIH. [Momyuum cos x(bsin x + ccos x) =0 . Umeem npocreiiiee

TPUTOHOMETpHYECKOe ypaBHeHHE COSX =0 W OIHOPOJHOE TPUTOHOMETPUYECKOE YpPaBHEHUE IEPBOM
crereHu DSIN X+ Ccos X = 0. Takue ypaBHEHHS MBI PEIIAThH YK€ YMEEM.

Merton pa3noskeHus Ha MHOXKHTEIIN TaKXKe UCTIONIB3YETCs U B ciIydae, korna koddduuuent ¢ =0.
Torna ypaBHEHHUE AMEET BU: asin® X+bsinxcosx =0 wm sin x(asinx+bcosx) =0. BHoBb
HoJTy4aeM MpocTeiiiiiee TpUroHoMeTpudeckoe ypaBaerue SinX =0 ¥ 0AHOPOIHOE TPUTOHOMETPHUUECKOE
ypaBHEHHE MepBoro mopsiaka asin X +0bcos X =0, koTopeie peniaTcst aHATOTHIHO.

CdopMynupyem aaropuT™ pelieHus ypaBHeHus asin® X +bsin xcos X +ccos® x =0.

1. Eciu ko>((HIMEHT a He paBeH HYIIO, TO BCE WIECHBI ypaBHEHHs AEIAT Ha COS’° X. BBomsar
HOBYIO NEpPEMEHHYI0 Z =1JX W moyiy4aroT KBajJpaTHOe ypaBHeHHE. HaxomsT KOpHH 3TOTO ypaBHEHUS W
BO3BpAILAIOTCS K CTapoil Hew3BecTHOW. [lomydaroT mpocTelIine TPUTrOHOMETPHYCCKHUE YPaBHCHHUS H
pELIaloT HX.

2. Ecn k03 puIrieHTs! ¢ U ¢ paBHBI HYINIO, TO UCIOIB3YIOT METO/ PA3I0KEHHsI Ha MHOKUTEIH.
Ilpu a=0 BeHOCAT 3a CKOOKM COSX, mpu C=O0Bemocar SiNX. Tlomy4yaor mpocreiimiee
TPUTOHOMETPUYECKOE YPaBHEHHE U OJHOPOAHOE TPHUTOHOMETPUYECKOE YpaBHEHHE IEPBOTrO MOPSIKA U

pELIAOT HX.

Bonpocs! u1si CAMOKOHTPOJIA:

1. Tpueaute HopMyIbl peIeHHs MPOCTEUITNX TPUTOHOMETPUUECKUX YPABHEHHH.
2. YKaXuTe [Ba OCHOBHBIX METO/Ia PEIICHUS] TPUTOHOMETPUIECKUX YPaBHEHHIA.

3. Z[aﬁTe OMMPEACIICHUEC OAHOPOAHOI'O0 TPUTOHOMCETPUUCCKOTO YPAaBHCHUA nepBoﬁ n BTOpOﬁ

CTEIICHEN.
4. YkaxuTe crnoco0 perieHus: OJHOPOJIHOTO TPUTOHOMETPUIECKOTO YPaBHEHHUS MEPBOM CTETICHH.

5. IlpuBenute MeTO/IbI peIIeHHs] TPUTOHOMETPUUECKUX YPaBHEHHUH B 3aBUCUMOCTHU OT THUIIA.

Jlureparypa:
[1] C. 299 - 318; [4] C. 327 — 329; [12] — [21].

Jleknms 16. IIpocreiimme TPUroHOMeTpHYECKHE HEPABEHCTBA

Pemienne TPUTOHOMCTPHUYCCKUX HCPABCHCTB (KaK n ypaBHeHHfI), KakK IIpaBUJIO, CBOOUTCA K
PCHICHUTO HpOCTCﬁMHX TPUTOHOMCTPUYICCKHUX HCPABCHCTB. HOBTOMy MpEeKKAC BCETO OCTAHOBUMCSA Ha

PCHICHUN TaKUX HCPABCHCTB. Hx y)l06HO pemaTth, UCNIOJIB3YA CAUHUIHYIO OKPYKHOCTD.
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ITpumep 1. Pemim HepaBeHCTBO SIN X > 5

Pucynok 2.82 — Periienue HepaBeHcTBa SiN X > >
. . 1
Ha eauHuyHOM OKpPYXHOCTM IO OCH OpJAMHAT OTJIOXUM 3HA4YEHUE SInX:E U TOCTPOUM
V4 V4 .
COOTBETCTBYIOLIME YIJbI X; =EI/I X, :? (Yriel  OTKJIAABIBAIOTCS NPOTHB YAaCOBOM CTpENKU U
. 1
ABJISIIOTCS MoJokuTenbHbIMKM). Ha pucynke 2.81 BUIHO, YTO HEpaBEHCTBY SInX>-E YJIOBJIETBOPSIIOT
/4 oS
3HA4YeHUs €< X<F.Y‘{T6M, 4YTO Tepuoj] (YHKUUMU CHHYCAa COCTaBIseT 27, U IOJyYUM peIIeHUE

JAHHOTO HEPABEHCTBA %+ 27 < X < %+ 2m,neZ unuX e (%+ 27zﬂ;%z+ 2m),neZ .

IIpumep 2. Pemm HepaBeHCTBO ctgx < 3.

s A

-V3

Pucynok 2.83 — Pemrenne HepaBeHcTBa Cigx < 3
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Ha ocu xoTaHreHcoB il €IUHUYHOM OKPYXKHOCTH OTJIOKHMM 3HAYEHHUE CigX = —/3 U IOCTPOUM

. 57
COOTBETCTBYIOIIHIA yroa X = ? ) Bunano, 4TO HEPABEHCTBY Cgx < 3 YIIOBJICTBOPSIIOT
57 "
3HAYEHUS ? <X <. YuurbiBas mnepuoa (GYHKIUH KOTAHIeHCAa (PaBHBIA 1), IMOJYYHM pEIICHUE
57 57
JTAHHOTO HEPaBEHCTBA: ?+7zn <X<7m+7N W X € ?+7zn;7z+7zn neZ.

B ciiydae ciio)kxHOro aprymeHTa TpUrOHOMETPUUECKON (PYHKIIMH PEKOMEHIYeTCsi 0003HAUUTh €ro

HOBOM MEPEeMEHHOM, PEIIUTD IS HErO0 HEPABEHCTBO, a 3aT€M BEPHYTHCS K CTapOi HEM3BECTHOM.

IIpumep 3. Pemnm HepaBeHCTBO COS(3X — %) < —iz.
o |
T
4
1 0 .x

wle g
>

Pucynok 2.84 — Pemenne HepaBeHCTBa COS(3X — %) < L

V2

V4 .
O6o03HauuM aprymMeHT KocuHyca Y =3X_E U TOJYyYHM IIPOCTEWIIee TPUTOHOMETPUUYECKOE

1 .
HEPaBEHCTBO COS Yy < ——~—. PemmuMm 3710 HepaBeHCTBO. Ha eIMHMYHON OKpPYKHOCTH MO OCH alCIucC

1 3 T
OTJIOKHMM 3HAYeHHE COSY = ———=M1 TOCTPOMM COOTBETCTBYIOIIME yIibl Y, =—u Y, =—. Torma
N 4 4
1 3 57
HEpPaBEHCTBY COS Y < ——— Y/IOBICTBOPSIOT 3HaYeHHs — <y <—. Yurem MIEPUOINIHOCTD

2 4 4

(GYHKIUU COSY W MOIYYHM PEIICHHS 377[ +2m<y< 577[ +2m,nel.

Tenepp BepHEMCA K  CTapOll  HEM3BECTHOM X M IOIYYUM  JBOMHOE  JIMHEHWHOE

37 T 57 /s
HEPaBEHCTBO vy +2/m < 3X — s < vy +2m,n e Z . Ko BceM 4acTsIM HEPaBEHCTBA MPUOABUM YHCIIO ry
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11~ V4
Otcrona ST} +2m<3X < ET3 +2m,neZ. Bce 4YacTu HEpaBEHCTBA pa3/ieiUM Ha MOJOXKUTEIBHOE

117 17r 2
gucno 3. [lpum sTom 3HaK HepaBeHCTBa coxpansercsa. llomyunm: —+—/M<X<——+—mM,ne’

3

11r 2 17x 2
; ,heZ.
36 3 36 3 }

HJIn X€|:—+—72n —+—=7Nn

Ecmu HEPABCHCTBO HE ABJISICTCA HpOCTefIIHI/IM, TO HUCIIOJIb3YyA Hp606paSOBaHI/I${, AHAJIOTUYHBIC TEM,

KOTOPBIE IPUMEHSIINCH U1 YPABHEHUN, CBOJUM HEPABEHCTBO K IIPOCTEUILIEMY.

Mpumep 4. Pennnv HepaeHcTsBo tg X — (L+/3)tgx ++/3 < 0.

w|a

PP

PucyHok 2.85 — Pemenne Hepaerctsa tg2X — (L++/3)tgx ++/3 <0

Beenem HOBYIO nepeMeHnyto Yy =tgX u IIOJIYYUM KBaJIpaTHOE
HepaBeHCTBO Y* — (L+ \/§)y +4/3<0.910 HEpPaBEHCTBO HMeEET pemeHne 1<y < V3. Bepuemcs x

CTapOX HEU3BECTHOM X U MOJyYUM JBOMHOE HEPABEHCTBO 1 < tgx < V3. Ha equnnunoit OKPY>KHOCTH I10

\/— T T

OCH TaHTE€HCOB OTJIOKMM 3Ha4eHUs 1 M +3 U IOCTPOMM COOTBETCTBYIOIINE YITBI X, = —H X, =§.
V4 V4

TpuUroHOMETpHUYECKOMY HEPABEHCTBY YJOBJIETBOPSIOT 3HAYECHHS 1 < X< 3 YyremM nepuoauYHOCTh

v T
(byHKI_[I/II/I TaHICHCa )51 IoJIydYnum peICcHnC JaHHOT'O HepaBeHCTBA: — + 7N < X < g + 7N

T T
WM Xe| —+m,—+m|ne’.
(4 3 j
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Taxxe Ipu pCICHUU TPUTOHOMETPHUYCCKUX HEPABCHCTB MOKHO UCIIOJIB30BATh METOA HHTCPBAJIOB

(KOTOPBIN ABJISETCS YHUBEPCAIbHBIM JJIs1 BCEX HEPABEHCTB).

ZCOSX+\/§

IIpumep S. PemiuM HepaBeHCTBO

<0.
sin 2x(2sin x —/3)

2c0s X ++/3
<
sin 2x(2sin x — \/§)

Pucynok 2.86 — Penienue HepaBeHCcTBa

Ha GHHHHHHOﬁ OKPY’>KHOCTHU OTMETUM 3HAYCHHA X, IIPHU KOTOPBIX 06pan1aerc;1 B HYJIb

yHcIATENs 2C0S X ++/3 =0 (oTkyma X = %T ux= %T ) wu  3HaMenarenb SIN2X =0 (Torma
T 3z . T 27 .
X=0,x= > X=7m,X= > ). 2sin x—+/3=0 (oTKyma X = EI/I X= ?) npobu. OmnpenenuM 3HaK 3TOH
T

- 2c0s n +/3 23
ApoOH, HATIPUMED, TIPH X = — TIOIYUUM: = <0.

6 T T J3

sin = (2sin = —/3) Y2 1-43)
3 6 2

YureMm, 4TO IpH NEPEXOAe Yepe3 OTMEYECHHBbIE 3HAYCHUs X 3HAK HEPAaBEHCTBA MEHSETCS Ha
pOTUBONOJOXKHBIH. [locTpouMm nuarpamMmy 3HakoB JaHHOW apoOu. Takke ydTreM 3HAYEHUS X, MpPH
KOTOPBIX 3HaAMEHaTellb Ipobu oOpamiaercss B HyIb (OHM OTMEUYEHbI KpyXKKaMmH). Terneps Jerko BhIMHCATh

T 27 S5 T 3T
pemieHust HepaBeHcTBa: 0 < X < E,E <X<—,—<Xx< 7[,? < X< ? . YuuThiBas, YTO 4epe3

k)
3 6
272n, ne”Z CUTyauus IMOBTOPACTCA, BBIINMUIIIEM pemicHuA JaHHOTI'O

HEpPaBEHCTBA:

XE(27m;%+27m]U(%+27m;2?ﬂ+27ij|:%+272n;7r+272nju‘:%+27m;3?ﬂ+ZMJ,nEZ .
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[Tpn Hanmuuuu B HepaBEeHCTBE (DYHKIMH TaHIeHCA M KOTAHT€HCA YAO0OHO MEpedTH K (QyHKIHSIM

CHHYCa U KOCHUHYCA U UCII0JIb30BATh paCCMOTpeHHBIﬁ MCTO UHTCPBAJIOB.

IIpumep 6. Peminim HepaBEeHCTBO — >0.
SIn X

3n
2
tgx -1
Pucynok 2.87 — Pelienne HepaBeHCTBA — >0
SIn X
sin X —Cos X
VYureM, uyro tgX = W 3amnuiieM HepaBeHCTBO B Buae — > 0. OTtmerum  Ha
COS X SIN XCOS X

CIMHUYHON OKPY)KHOCTH 3HAYECHHs X, IPH KOTOPBIX OOpaIiaetcsi B HyJb YUCIHTENH SIN X —COS X =0

T S . V4 3
(oTkyma X = 2 uX= T) U 3HaMmeHarenb SINXCOSX =0 (torma X = > X=7,X= 7,X =271) apoou.

V4
OnpenenymM 3HaK JaHHOM qpoOu, HarpuUMep, Ipu X = 3 U Ionyunum: —<—= > 0.

I\)‘&N‘&
Ni'—‘ N

VYurteM, 4TO MpU Mepexoje Yepe3 OTMEUYCHHbIE 3HAUCHMS X 3HaK HEPABEHCTBA MEHSETCS Ha
MPOTUBOMONOXKHEIA. [locTporM nuarpamMmy 3HAKOB JaHHOW JpoOu. YUTeM Takke 3HAYeHUs X, MpH
KOTOPBIX 3HAMeHaTeNlb JApoOM oOpamaercss B HyJdb (OHM OTMeUYeHbl Kpyxkkamu). C  yderom
MEPUOUYHOCTH (PYHKIIMN CHHYCa W KOCHHYCA, BXOJSIIMX B HEPABEHCTBO, 3alHIIEM OKOHYATEIbHOE

peuicHuc JaHHOT'O

HEPaBEHCTBA X € [% + 27zn;% + Zﬂnj U [72’ + 27zn;5T7[ + Zm} U(s?ﬁ + 2727 + ij, neZ.
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[Ipy wWCHONb30BaHUM METOJAa HMHTEPBAJIOB HEOOXOIMMO MOMHUTH, YTO TPUTOHOMETPHUUECKOE
BBIPQXCHUE MOJKET MMETh KpaTHble KOpHM. lIpu mepexone uepe3 KOpeHb HEUETHONW KPaTHOCTH 3HAK
BBIPQ)KEHUSI MEHSAETCSl Ha IPOTHBOIOJOXKHBIM, MPHU IPOXOAE Yepe3 KOPEHb YETHOM KpaTHOCTH 3HAK

COXPaHACTCA.

BOl'lpOCLI AJI CAMOKOHTPOJIA:

1. Yro Ha3bIBaeTCS NPOCTEUIIMMHU TPUTOHOMETPUUECKMMH HEPABEHCTBAMMU?
2. IIponsuttocTpupyiiTe perieHre HepaBeHCTBA Sin X>M Ha eAMHUYHON OKPY>KHOCTH.
3. Pacckaxxute 0 METOZEC 3aMEHbI IIEPEMEHHON 11 PEIIEHUN TPUTOHOMETPHUUECKUX HEPABEHCTB.

4. Kak npuMeHseTcss METOJl MHTEPBAJIOB IIPH PELIEHUH TPUTOHOMETPUUYECKUX HEPABEHCTB?

Jlureparypa:
[1] C. 193 -318; [4] C. 279 — 329; [12] — [21].
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