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1. MOACHUTEJIbHAS 3AITUCKA

Mertoanyeckie  PeKOMEHJAIMM 10  BBIIOJHEHUIO  NPAKTHYECKUX  paboT 1o
obmeoOpa3oBaTenbHON AucuuIuHe «MareMaThkay npeaHa3HaueHsl s ooydatommxcs 21.02.19
3emJ1eyCTPOICTBO TEXHOJIOTHYECKOTO MPOPHIIS.

[IpakTuueckue 3aHATHS SBISIOTCS BaXXHBIM JIEMEHTOM 0011e00pa30BaTeIbHON TUCIUIUINHEI.
B mnponecce BbIMOIHEHHS] MPAKTHUECKUX paboT, 00ydaromuecs CUCTEMaTU3UPYIOT U 3aKPEIlisioT
MOJIy4YE€HHBIE TEOPETUYECKUE 3HAHUS, PA3BUBAIOT HHTEIJICKTyalIbHbIE U MPOPECCUOHANBHBIC YMEHHUS,
(OpPMUPYIOT AJIEMEHTHI KOMIIETEHIIUI OYyAyIIMX CHEIHATUCTOB.

Paboueii nmporpamMmMoii 0011e00pa3zoBaTeIbHON TUCIHUILIMHBL «MaTteMaThKay mpeaycMOTPEHO
BbINOHEHHE 94 mpakTH4YecKuX paboT, KOTOPbIE HAPABJICHBI HA JIOCTHKEHUE CIICAYIOMNX 1eeii:

— obecnieyeHue CQHOPMHPOBAHHOCTH MPEIACTABICHUNA O COLMAIBHBIX, KYJIbTYPHBIX U
UCTOPUYECKHX (PaKTOpax CTAHOBIICHHS MAaTEMAaTUKU;

— obecrieueHre cHOPMUPOBAHHOCTU JOTHYECKOTO, aTOPUTMHYECKOTO U MaTeMaTHYeCKOTo
MBIIUIECHNUS;

— obecrnieueHre chOPMUPOBAHHOCTH YMEHHUM MPUMEHSTH MOJy4EHHbIE 3HAHUS MIPU PEIICHUN
pa3IMYHBIX 3a/1a4;

— o0ecrieueHue CcPOPMUPOBAHHOCTH TMPEJACTABICHUM O MaTeMaTHKE KaK 4YacTH
00I1Ie4eTIOBEYECKON KYIbTYPbI, YHUBEPCAIHHOM SI3bIKE HAYKH, IO3BOJISIONIEM ONUCHIBATH M N3y4aTh
peaibHbIE MPOLIECCHI U SBJICHUS.

BrimonHenue npakTudeckux padoT AUCHUILUINHBI «MareMaTnkay 00ecrneunBaeT JOCTHKEHHE
CIIEYIOIIUX PE3yIbTaTOB O0yUCHUSI:

JUYHOCHIHBIX

— JIP 24. TOTOBHOCTh K AaKTUBHOW JESATEIHLHOCTH TEXHOJIOTHYECKOM U COIMATBHOU
HaIpaBJIEHHOCTH, CTIOCOOHOCTh MHUIIMMPOBATh, INIAHUPOBATH U CAMOCTOSITENILHO BBIMOJIHATh
TaKylo JESITeIbHOCTD;

— JIP 25 wuHTepec K pa3nmuuHbIM cdepaMm TpodecCHOHATBHON NESITebHOCTH, YMEHUE
COBEpIIIaTh OCO3HAHHBIN BBIOOp Oyaymiedl mpodeccun W peasru30BBIBATH COOCTBEHHBIS
KU3HEHHbIE IIJIaHbI,

— JIP 26 rOTOBHOCTB U CITOCOOHOCTH K 00pa30BaHUIO M CaMO0Opa30BaHUIO HA MMPOTSHKEHNUHN BCEer
KU3HH.

MemanpeomemHoix:
VHUBEPCAIbHLIX YYEOHBIX NOZHABAMENbHBIX OelCMBULL:
— MPII 01 camocrosaTensHO GOPMYIUPOBATH M AKTYaIM3UPOBATH MPOOJIEMY, pacCMaTpUBaTh
€€ BCECTOPOHHE;
— MPII 02 ycranaBiuBaTh CyIeCTBEHHBIN MPU3HAK WIM OCHOBAHHUS JUJIsl CDABHEHUS,
Kiaccuukanuu u 0000IICHUS;
— MPII 03 onpenensTh 1enu 1eITeIbHOCTH, 33aBaTh
— MapaMeTphl U KPUTEPUU UX TOCTUKEHUS;
— MPII 04 BBIABIATH 3aKOHOMEPHOCTH ¥ IPOTUBOPEYHS B
— paccMaTpUBAEMBIX SIBICHUSX;
— MPII 05 BHOCHTH KOPPEKTUBHI B I€ATEIBHOCTD, OLIEHUBATh COOTBETCTBUE PE3YJITATOB
LEJISIM, OLICHUBATh PUCKHU MOCJE/ICTBUM 1€ATEIbHOCTH;
— MPII 07 BnageTs HaBBIKAMH Y4€OHO-HUCCIEIOBATEILCKON U MPOSKTHOW e TebHOCTH,

HaBBIKAMU pa3peleHust mpooiiem;
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MPII 08 crnocoOHOCTH ¥ TOTOBHOCTh K CAMOCTOSATEIBHOMY IIOMCKY METOAOB PELICHHUS
MPaKTUYECKUX 3a/1a4, IPUMEHEHUIO PA3JINYHBIX METO/I0B ITO3HAHUS;

MPII 12 BBIABISATH IPUUMHHO-CIICACTBEHHbBIE CBSI3U U aKTyaJIU3UpPOBATh 3a/1a4y, BbIIBUraTh
TUIIOTE3Y €€ PEUIeHUs, HAaXOAUTh apTyYMEHTHI ISl JOKA3aTeIbCTBA CBOUX YTBEPKICHUN,
3a/1aBaTh NapaMeTpbl U KPUTEPUU PEIICHMUS;

MPII 13 ananu3upoBaTh MNOIYUEHHBIE B XOJ€ PEIICHUS 3a/1a4H PE3YJIbTaThl, KPUTUUECKU
OLICHUBATh UX JIOCTOBEPHOCTH, IPOTHO3UPOBATH U3MEHEHUE B HOBBIX YCIIOBUSX;

MPII 16 ocyiecTBIsATH IeJICHANTPABICHHBIN MOMCK TIEPEHOCA CPEJICTB U CIIOCOOOB ACHCTBHS
B IIPO(HECCHOHATILHYIO CPEy;

MPII 17 ymeTb nepeHOCUTh 3HaHUS B TIO3HABATEIBHYIO U ITPAKTUUYECKYIO 00JIacTH
KU3HEJEATEIIHOCTH;

MPII 18 ymeTb UHTETpUPOBATH 3HAHUS U3 PAa3HBIX MIPEIMETHBIX 00JIaCTeH;

MPII 19 BbIBUraTH HOBBIE UJIEH, IPEJIaraTh OPUTHHAIBHbIE MOAXO0bI U PELICHNUS;

MPII 21 BnaneTs HaBBIKAMH MOTyYSHHUS HHPOPMALIUU U3 HCTOYHIKOB Pa3HBIX THUIIOB,
CaMOCTOSITENILHO OCYILLECTBIISITh IOUCK, aHAJIU3, CUCTEMATU3ALMI0 U HHTEPIIPETALIUIO
nH(pOpMAaLIUY PA3IUYHBIX BUIOB U (OPM MPECTABICHUS;

YHUBEpCalbHblX KOMMYHUKAMUBGHbLLX Oeticmeuil.

MPK 08 npuHUMaTh 1IeJIM COBMECTHOM AEATEIbHOCTU, OPraHU30BBIBATh U KOOPIUHUPOBATH
JEUCTBHUS 110 €€ JOCTUKEHUIO: COCTABIIATH IJIaH JEHCTBUN, pacpeiesaTh POJIU C yUETOM
MHEHUH Y4aCTHUKOB, 00CYKJaTh pe3yIbTaThl COBMECTHOM pabOThI;

MPK 10 nipeasiaraTh HOBBIE IPOEKTHI, OLIEHUBATH HJIEH C TO3UIIMH HOBU3HBI,
OPUTHMHAIBHOCTH, TPAKTUYECKON 3HAYUMOCTH;

MPK 11 koopIuHUPOBATH U BBITOJHATE PA0OTY B YCIOBHSIX PEAIbHOTO, BUPTYATHHOTO U
KOMOWHHMPOBAHHOTO B3aUMO/ICHUCTBUS;

VHUBEPCANbHBIX PECYNIAMUBHBIX OCUCEUIL:

MPP 02 camoCTOATENBHO COCTABIATH IUIAH PELICHUs IPOOIEMBI C y4ETOM UMEIOLIUXCS
pecypcoB, COOCTBEHHBIX BO3MOXHOCTEH U MPEANIOYTEHUH;

MPP 09 BnaseTs HaBbIKAMH [103HABATEIbHOM peduieKCHU KaK OCO3HAHMS COBEPILIAEMBIX
JEUCTBUN U MBICIIMTENIBHBIX MPOLECCOB, UX PE3YJIBTATOB M OCHOBAHUN;

MPP 10 ucnons3oBathk nprueMbl pedIeKCHu s OLEHKH CUTYyalluy, BEIOOpa BEPHOTO
pelieHus;

npeomMemHuvix:

I1P6 01 BrageTh MpeacTaBACHUSIMU O POJIM MH(GOPMALIMU U CBA3aHHBIX C HEHl MPOLIECCOB B
MIPUPOJIE, TEXHUKE U OOLIECTBE; MOHATHIMHU «MH(pOpMaLUs», «MH()OPMAITMOHHBIN
MIPOLIECCH, KCUCTEMA», KKOMIIOHEHTBI CUCTEMBD) «CHCTEMHBIN 3P PeKT», « MHPpOpMaLMOHHAS
cHCTeMay, «CUCTeMa YIPaBICHHs»; BIAJeTh METOAAMHU MOMCKA HH(OPMAITUH B CETH
WHuTepHeT; yMeTh KpUTHUECKH OLIEHUBATh MHPOPMAIIHIO, TOTYYEHHYIO U3 ceTH MHTepHeT;
XapaKTepu30BaTh OOJbIINE TaHHBIE, TPUBOIUTH IPUMEPHI HCTOYHUKOB MX MOJIYUYEHHS U
HaIpaBJIEHUs UCIIOJIB30BAHUS;

anemenmoe OK u IIK:

OK 01. Broibupars cnocoObl pemeHHs 3anad  Npo(pecCHOHATBbHONW AEATeNbHOCTH
MIPUMEHUTEIBHO K Pa3IMUHbIM KOHTEKCTaM;

OK 02. Hcnonp3oBaTh COBPEMEHHBIE CpPEICTBA IIOMCKA, aHalIM3a. M HHTEPIpPETALUU
nHpopMaud U HWH(OPMALMOHHBIE TEXHOJOIMHM, HEOOXOJIMMBIE ISl BBINOJHEHUS 3aaady

po¢eCCUOHATBHON JIEATETLHOCTH;
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— IIK 1.6. IlpumeHsTh anmapaTHO-IPOIpPaMMHBIE CPEACTBA JUIsl PACUETOB M COCTABJICHMS
TONOrpapuuecKux, MEKEBbIX MJIAHOB

Kaxnas npaktuueckas paboTa conepXuT HOMEp, Ha3BaHHUE U Leb PaboThl, (hopMupyembie B
nporecce BBIMOJHEHHUS PaOOThl 3HAHUS M YMEHHUsS, IPUBOAUTCS pEIICHHE CTaHIAPTHBIX 3a/1ad U
3aJJaHus U1 CAMOCTOSITENIbHON paOOTHI.

Kputepuu onieHuBaHus MPaKTUYECKON pabOTHI:

OueHnka «5» cTaBUTCS, €CIM BEPHO U paunoHanbHO pemeHo 90%-100% npennaraemsix 3a1aHuid,
JOIYyCTUM 1 HeJoYeT, HEUCKAXKAIOIUI CYyTH PELICHMSL.

Onenka «4» craBurcs npu 6e3ommboyHom pemeHnn §0% mpesiaraeMbIx 3a1aHHH.

Onenka «3» cTtaBuTcs, eciiu BelnoiaHeHo 70% npeqiaraemMbix 3a1aHUM, JONyCTUM | HeouerT.

Onenka «2» - perieHo meHe 70% npeuiaraeMbIX 3aaHUN.

X0/ BbINOJTHEHUS MPAKTHYECKOii padoThI

[IpakTryeckue paboThl HEOOXOAUMO BBIMOIHATE B CIIEHUANIBHBIX TETPAIsIX C yKa3aHUEM HOMEpa,

TEMBI, L1eJ1el paboThlI.
Xo0 pabompi:

1. Ilo3HaKOMHUTBCS C TEOPETUUECKUM MATEPUATIOM.

2. Cpnenath KpaTKUH KOHCHEKT TEOPETUYECKOI0 Marepuana B pabouux TeTpaasx (OCHOBHbBIE
MIOHATHS, ONPEACTCHHS, (POPMYIIBI, IPHUMEPHI).

3. B rerpamsax mist mpakTHuecKUX pabOT BBHIIOJHHUTH CAMOCTOSATENBHYIO pa0OTy WM PEIIUTh
HOMeEpa, KOTOpPbIE yKa3aHbl B paboTe.

4.  Cpatp npenogaBaTeNio TETPAIn sl MPAKTHYECKUX paldoT.

2. IEPEYEHb IPAKTUYECKHUX PABOT

N Kouax-
HaumeHoBaHHe nMpakTH4ecKoil paboThl BO
padoThI
4acoB

1. [Ipaktuueckoe 3anstue 1. JleficTBUs Ha MOTOKUTEITHLHBIMHU U
OTpHULATENIbHBIMH YUCIIaMU, OOBIKHOBEHHBIMH U JIECITUUHBIMU JIPOOSMHU. 2
JlelicTBUS co cTeneHs MU, (POPMYIIbI COKPAILIEHHOTO YMHOXEHHUS.

2. [TpakTryeckoe 3ansaTue 2. JInneitHble, KBagpaTHbIe, TPOOHO-TUHEWHbIE
ypaBHEeHMs U HepaBeHcTBA. CIIOCOOBI PELIeHUs] CUCTEM JIMHEHHBIX 2
ypaBHeHUH. CHCTEeMBbl TMHEHHBIX HEPABEHCTB.

3. [IpakTryeckoe 3ansatue 3. HaxoxxaeHne 001acTu onpeieneHus 1 006IacTu
3HaYeHUH QYHKINU, UcclieloBaHNE QYHKIUN HAa MOHOTOHHOCTb, YETHOCTb U 2
OTPaHUYEHHOCTb.

4, [TpakTruyeckoe 3anstue 4. [loctpoenne rpadukoB TMHEHHOHN, KBaIpaTUIHOM, 9
IpoOHO-pallMOHATIBLHON (QYHKITUI.

5. ITpakTuyeckoe 3ansaTue 5. [IpocThie MPOIEHTHI, pa3HbIE CIIOCOOBI UX
BbruncieHus. CiioKHbIe MPOIeHTHI. [Ipo1eHThI B MpodecCHOHaNbHBIX 3a/1a4ax 2
TEXHOJIOTHYECKOTO TIPO(HIIA.

0. [MpakTryeckoe 3ansTre 6. Buapl mmockux Guryp u ux miomais. [IpakTuko- 5
OPHUEHTHUPOBAHHBIE 337]a4M B KypCe I'€OMETPUHU Ha MJIOCKOCTH.




Kou-

Ne HaumeHnoBaHHe nNpaKkTH4YecKOoil padoThl BO
padoThI
4acoB

7. [IpakTnueckoe 3ansTue 7. BelunciaeHue u CpaBHEHUE KOPHEH. 2

8. [Ipaktrueckoe 3anstue 8. [I[peobpazoBaHue BhIpaKEHUN, CONCPKAIINX 5
paguKanbl.

0. [IpakTrueckoe 3anstue 9. [IpeodbpazoBaHue BbIpaKEHUM, COACPIKAIIIX 5
CTENEHU C PALIMOHAILHBIMH MOKA3aTEISIMH.

10. | Ipakruueckoe 3ansatue 10. [IpeoOpa3oBanue BEIpaXEHUH, COIEPIKALTUX 5
CTEINEHU C JICUCTBUTEIBHBIMH IMOKA3aTEISIMHU.

11. | IIpaktuyeckoe 3andarue 11. Beiuncienue u cpaBHEHUE CTEIIEHHBIX 5
BBIPAYKECHHUIA.

12. | llpaktuueckoe 3anstue 12. MccnenoBaHue CBONCTB M MOCTpOeHHUE rpaduka 5
CTETIeHHON (yHKIINH.

13. | Ipaktuueckoe 3austue 13. Pemenne uppanuoHaIbHbIX YPaBHEHUH.

14. | llpaktuueckoe 3ansitue 14. Pemenue uppaimoHanbHbIX HEPABEHCTB.

15. | [Ipakruueckoe 3anstue 15. McciaenoBanue CBOMCTB M OCTPOCHHUE Tpaduka 5
MOKa3aTeabHON (QYHKIUH.

16. | [Ipaktnueckoe 3anstue 16. Pemenwe noKa3aTelbHbBIX YpaBHEHUN U 5
HEPABEHCTB.

17. | llpaktuueckoe 3ausitue 17. [I[pumeneHnue noka3aTeIbHOM U CTEIIEHHON 5
(GYHKIUH B IPUKIIAIHBIX 33/1a9aX TEXHOJIOTHYECKOTO TPOhUIIs.

18. | Ilpaktuueckoe 3ansatue 18. Boruncienue u cpaBHeHHe Jorapudmos. 2

19. | lIpaktuueckoe 3ansitue 19. [I[puMeHeHre OCHOBHBIX MPaBUI 5
norapuMUpOBaHUSL.

20. | Ipakruueckoe 3ausatue 20. [IpeobpazoBanue BIpaKEHUN, COAECPKAIIIX 9
CTETEeHHU U Jorapudmsl.

21. | llpaktuueckoe 3ausatue 21. MccnenoBanue CBOMCTB U oCcTpoeHue rpaduka 2
norapu@muueckor QyHKIUU

22. | llpaktnueckoe 3anstue 22. Pemenue norapudMudeckux ypaBHEHUH.

23. | [Ipaktnueckoe 3ansTue 23. Pemenue norapupMuyeckux HepaBeHCTB.

24. | Ilpaktnueckoe 3ansaTue 24. Pemenue cucreM ypaBHEHUN U HEPABEHCTB C
MIPUMEHEHHUEM Pa3JINYHBIX METOOB.

25. | IIpaktuueckoe 3ansitue 25. Mcnonb3oBaHue CBONCTB U rpa@KOB (YHKITHIMA 2
JUTS peIIeHrs YpaBHEHUN U HEPABEHCTB.

26. | Ilpaktuueckoe 3ansitue 26. [[puMeHeHe MATEMATUUYECKUX METOI0B AJIs 2
pEIIeHUs COJIepPKaTeNbHBIX 3a/1a4 U3 PA3IUYHBIX 00JIacTeil HAYKU U
MPaKTUKHU.

27. | [Ipaktuueckoe 3anstue 27. Onucanne NpoU3BOICTBEHHBIX MPOIIECCOB C 2
MOMOIIBI0 TpaUKOB QYHKINH.

28. | [IpakTtuueckoe 3anstue 28. PagnaHHblid METOI N3MEPEHHUS YTIIOB BPAILLICHHUS U 2

CBA3b C TPALyCHON MEpOil.




Kou-

Ne HaumeHnoBaHHe nNpaKkTH4YecKOoil padoThl BO
padoThI
4yacos

29. | [Ipaktuueckoe 3austue 29. [[pumeHeHre OCHOBHBIX TPUTOHOMETPUUYECKUX 2
TOXKJIECTB JJIs1 BBIUMCIICHHS] 3HAUEHUN TPUTOHOMETPUUYECKUX (DYHKIUH 1O
OJTHOI U3 HHUX.

30. | IIpaktuyeckoe 3anarue 30. BoimoaHeHNEe TOXKIECTBEHHBIX PEOOPa30BAHUH C 2
MOMOIIBIO (hOPMYJT IPUBEICHHS.

31. | [Ipaktuueckoe 3anstue 3 1. BoimonHeHne TOXASCTBEHHBIX TPEOOPa30BaHUI C 2
MTOMOIIBIO (POPMYIT CITOKESHHUS.

32. | Ilpaktuyeckoe 3anatue 32. BeinmoiHeHne TOXIECTBEHHBIX TPeoOpa30BaHUi ¢ 2
MOMOUIBIO (POPMYJT yIBOEHHOTO apryMeHTa.

33. | IIpakTuyeckoe 3anarue 33. BrinogHeHne TOXIECTBEHHBIX TPe0Opa30BaHui ¢ 2
MOMOIIIBI0 (HOPMYJT ITOJIOBUHHOTO apTyMEHTA.

34. | Ilpaktuueckoe 3ansatue 34. [IpeoOpa3oBaHue CyMMbl TPUTOHOMETPUUYECKUX 2
(GyHKIUH B IpOU3BEICHHE.

35. | IIpaktuueckoe 3ansatue 35. [IpeoOpa3oBanue mpou3BeIeHUS 2
TPUTOHOMETPUYECKUX (QYHKIIHI B CyMMY.

36. | IIpaktuueckoe 3anarue 36. [IpeoOpa3zoBaHue TPUTOHOMETPHUCCKUX 2
BBIPaKCHU.

37. | llpakruueckoe 3austue 37. McciaenmoBanue CBOWCTB M TOCTPOSHHE TPapHKOB 2
TPUTOHOMETPUYECKHUX U OOpPATHBIX TPUTOHOMETPUICCKHUX (DYHKITHH.

38. | IIpaktuueckoe 3ansatue 38. Vcnonp30BaHUE CBOMCTB TPUTOHOMETPHUUYECKUX 2
GbyHKIUH B MpodecCHOHANBHBIX 3a/1a4ax.

39. | IIpakruueckoe 3anstre 39. Pemenne ypaBHeHuit Buia Sin X=a u COS X=a.

40. | IIpaktuueckoe 3anstue 40. Pemmenue ypaBHeHuit Buaa tg X=a u ctg x=a.

41. | Ilpaktuueckoe 3ansaTtue 41. OCHOBHBIE METOIBI PEIICHUS
TPUTOHOMETPUUECKUX ypaBHEHUI.

42. | llpaktuyeckoe 3ansrue 42. Pemenrne npocTenX TPUrOHOMETPHUUECKUX 2
HEPaBEHCTB.

43. | IIpaktuueckoe 3ansatue 43. YucnoBas mociieqoBaTeNbHOCTb, BhluncieHue 2
Ipeiena nocyeJ0BaTeIbHOCTH.

44, | Ilpaktuueckoe 3aHstue 44. ['eomeTpuueckuii M MEXaHUYECKUU CMBICIT 2
MIPOU3BOHOM.

45, | Ilpaktnueckoe  3ansatue  45. [Ipumenenune OCHOBHBIX  IIpaBHII 2
Qg QepeHIMpOBaHUS.

46. | Ilpaktuueckoe 3ansatue 46. BbluncieHne NPOU3BOAHBIX  OCHOBHBIX 2
ANIEeMEHTAPHBIX (PYHKIIUH.

47. | llpaktuyeckoe 3anstue 47. Beiuncienue mponu3BOIHBIX CIOXKHBIX (PYHKIHH.

48. | Ilpaktuueckoe 3anstue 48. HccnenoBanume ¢GyHKIIMM Ha MOHOTOHHOCTD.
Onpenenenre IKCTPEMYMOB (PYHKIIUH.

49, | llpaktuyeckoe 3austue 49. HWccnenoBanue GYHKIUHM € TTOMOIIBIO 2

MIPOU3BOJHOM.




Kou-

Ne HaumeHnoBaHHe nNpaKkTH4YecKOoil padoThl BO
padoThI
4acoB

50. | llpaktuueckoe 3anstue S50. DOuU3UUYECKUNA CMBICT  MPOU3BOAHOM B 2
npodeccnoHaNbHBIX 33Jja4aX TEXHOJIOTUYECKOTO MPOQUIIS.

51. | llpaktuueckoe 3anstue S1. Mcnonb3oBaHnue MpOU3BOJHOM ISl HAXOXKJICHUS 2
HaWJIy4lIero peleHys B IPUKIaAHbIX 3aJa4ax.

52. | Ipaktuueckoe 3ansatue 52. Beraucienue nepBooOpa3HoOii sl TaHHOM 2
¢byHKIMN.

53. | Ilpaktuueckoe 3auarue 53. [I[pumenenre UHTErpaia Jjisi BBIYUCICHUS 2
(bu3MYECKUX BEJIUYUH U TUIOUIAICH.

54, | Ilpaktuyeckoe 3anatue 54. HaxoxaeHue ypaBHEHU OKPY)KHOCTH, CEpHI, 2
IJIOCKOCTH. BpIuncnenue pacCTOAHUN MEX1y TOUKAMH.

55. | llpaktuueckoe 3anarue 55. ClnokeHre U BEHIYUTAHUE BEKTOPOB. Y MHOXKEHUE 2
BEKTOpa Ha YKCJIO. Berunciienne yria Mexay 1ByMs BEKTOPAMH.

56. | IIpaktuueckoe 3ansatue 56. Beruncnenue CKaasspHOTO IPOU3BEICHUS 2
BEKTOPOB.

57. | llpaktuueckoe 3ansatue S57. KoopauHatsel B mpocTpaHcTBe. [ledcTBUS Han 2
BEKTOpPAMH.

58. | IIpakTuueckoe 3ansatue 58. Mcnonb3zoBaHue KOOPAMHAT U BEKTOPOB MIPU 2
pelIeHUU MaTEMATHYECKUX U TIPUKJIAHBIX 3a7a4.

59. | IIpaktuyeckoe 3anstue 59. OnpeneneHne B3aMMHOTO PACIOIOKEHUS MPSMBIX 2
U IUIOCKOCTEMN.

60. | IIpaktnueckoe 3anstue 60. [IpumeHeHne NprU3HAKOB ¥ CBOMCTB NapalieIbHbIX 2
Y NIEPIEHINKYISIPHBIX MIOCKOCTEN.

61. | Ilpaktuueckoe 3ausarue 61. [leprneHAUKYISIp U HAKIOHHAS K TUIOCKOCTH.

62. | IIpaktuueckoe 3anstue 62. OnpeneneHne pacCTOSHUN MEXKIY NPSMBIMU U
MJIOCKOCTSIMU. BBIUKCIIeHHE IBYTPaHHBIX YTJIOB.

63. | [Ipaktnueckoe 3ansTHEe 63. [locTpoeHue kybOa, mapajuienenunena M HX 2
CEUYCHUU.

64. | llpaktuueckoe 3aHsTHE 64. BBIUUCIEHHE OCHOBHBIX DJJIEMEHTOB Kyba U 2
napajuieJenumnesa.

65. | IlpakTuueckoe 3ansitue 65. [locTtpoeHune nmpsAMor U HAKJIOHHOW MPU3MBI M UX 2
CEUYECHUU.

66. | IIpakTnueckoe 3ansATue 66. BolunuciaeHne OCHOBHBIX 3JIEMEHTOB MIPU3MBI. 2

67. | IIlpakTueckoe 3ansaTue 67. [loctpoeHne nupaMuabl U €€ CEUEHUH. 2

68. | IlpakTuueckoe 3anatue 68. BruncieHue OCHOBHBIX JIEMEHTOB MUPAMMU/IBI. 2

69. | Ilpaktuueckoe 3anstue 69. MccnegoBaHue CUMMETPUHM B MHOTOIPAaHHMKAX. 2
[TocTpoeHue npaBUILHBIX MHOTOTPAHHUKOB.

70. | IIpaktnueckoe 3anstue 70. [loctpoenne ycedeHHOM MMpaMUIbl U BEIYMCIICHHUE 2
€€ OCHOBHBIX DJICMEHTOB.

71. | Ipaxtuueckoe 3anstue 71. TlocTpoeHre MUINHAPA U €0 CEYEHUH.

72. | Ilpaktuueckoe 3aHATHE 72. BhIunCIeHNE OCHOBHBIX DIEMEHTOB IMIUH/PA.
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73. | Ipaxtuueckoe 3anatue 73. IlocTpoeHne KOHYCA M €r0 CEUeHMiA. 2

74. | Ilpaktueckoe 3aHATHE 74. BEIUNCIIEHNE OCHOBHBIX 3JIEMEHTOB KOHYCA. 2

75. | IIpaktueckoe 3aHaTHE 75. BEIYMCIIEHNE OCHOBHBIX 3JIEMEHTOB KOHYCA. 2

76. | IlpakTudeckoe 3ansarue 76. [loctpoenue mapa u chepbl, UX CCUCHUM. 2
VYpaBHenue cheps.

77. | llpaktuueckoe 3ausitue 77. BeluuciaeHue miomnaan NoOBEpXHOCTH U 00bEMa 2
MIPU3MBI U TUPAMUJIBL.

78. | IlpakTudeckoe 3ansTre 78. BrruuciaeHue monaan NoBEpXHOCTH H 00bEMa 2
HWIMH]IpA U KOHYCA.

79. | IlpakTryeckoe 3austue 79. Berancnenue miomany chepbl U 00bEMa Imapa.

80. | IIpaktuueckoe 3anarue 80. Beruncinenue miomaaym NOBEPXHOCTH U 00BEMA
YCEUEHHOM MUPAMHUJIBI M YCEYEHHOTO KOHYCA.

81. | IIpaktuueckoe 3anstue 81. Pacuer oObemMa BMECTUMOCTH BEIIECTB.

82. | Ilpaktnueckoe 3anarue 82. [Ipumepbl cummeTpuii B mpodeccusix u
CHEIHAbHOCTSIX TEXHOJIOTUYECKOTO MPOQUIIAL.

83. | IIpakTuueckoe 3ausaTue 83. [Toacyer 4ucaa pa3sMeLIEHUH. 2

84. | Ilpaxtuyeckoe 3anaTHe 84. [ToacueT Umncaa coYeTaHHiA. 2

85. | [IpakTuyeckoe 3ausaTue 85. [loacyer yncna HepecTaHOBOK. 2

86. | IIpaktuueckoe 3anarue 86. Pemenue 3a1a4 Ha repedoOp BapuaHTOB. 2

87. | llpaktuueckoe 3ansitue 87. BeimonHeHue omnepanuidi HaJa CIy4alHBIMUA 2
COOBITHUSMHU.

88. | IIpaktuueckoe 3anstue 88. BeruucieHne BEposITHOCTEN C MOMOLIBIO TEOPEMBI 2
CIIOXKEHUS.

89. | IIpaktuueckoe 3ansaTue 89. Beruucienne BeposITHOCTEH ¢ TOMOIIBIO TEOPEMBI 2
YMHOXXCHHS.

90. | Ilpaktuueckoe 3ausarue 90. CocraBiieHHe 3aKOHA pacpeieIeHUs] JUCKPETHOM 2
CIIy4allHOI BEJIMYMHBI U BBIYUCICHUE €€ YUCIIOBBIX XapaKTEPUCTHUK.

91. | IIpakTtuueckoe 3austue 91. Pemenne npakTnyeckux 3ajaad Ha 00paboTKy 2
YHUCJIOBBIX JIAHHBIX, BBIUUCIEHUE UX XaPaKTEPUCTHUK.

92. | IlpakTuueckoe 3ausitue 92. OnpeaeneHne KOMIUIEKCHOTO Ynciia. BeimonHenue 2
oTiepanuii HaJl KOMIUIEKCHBIMU YUCJIaMH B aJire0pandeckoit popme.

03. | [Ipaktnueckoe 3ansitue 93. BeimonHeHue omnepanuid HajJ KOMIUIEKCHBIMH 2
YHClIaMU B TPUTOHOMETPUUECKOM popme.

94. | IlpakTuueckoe 3aHsaTue 94. Pemienne KBagpaTHBIX ypaBHEHUH C 2

OTpULATCIIbHBIM TUCKPUMHWHAHTOM.




MNPAKTUYECKAS PABOTA Ne 1
Ha3Banue npakTuyeckoil padotrbl: /[leiricmsus HAO0 NOIONCUMENbHLIMU U OMPUYAMENbHLIMU
yucramu, OObIKHOBEHHbIMU U OecAMUYHbIMU Opobsamu. [lelicmeusi co cmeneHsamu, @Hopmyivl
COKPAWEHHO20 YMHONCEHUS.
Lean pabdoThi:
1. 3akpenuTh HABBIKH BBHIMOJIHEHUS ONEPALIM HAJl EABIMUA U TPOOHBIMU YHCIIAMU.
2. 3aKpenuTh HABBIKM BBITIOJHEHHS OMEpaliii HaJl CTENEHHBIMHU BBIPAKCHHUSIMH U TPUMEHEHUS
(bopMyI COKpaIEHHOTO YMHOXKEHHUS.
Pe3yabTarhi:
Dopmupyemuie Inemenmut IK (npogpeccuonanvro opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensaTh anmapaTHO-IPOTPAMMHBIE CpPEICTBA Ul PacdeTOB M COCTaBJICHUS
TOMOTpapUUECKUX, MEKEBBIX IJIAHOB
memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.

npeomemnsie: 11P6 02, I1PG 06, ITPy 05, TPy 09.
3HAHMSA: TIOHATUE O YUCIIOBBIX MHOXKECTBAX, (DOpMYJIax COKpAIIEHHOTO YMHOKCHHS,
YMeHHsI: BBHINOJIHCHUE ONEpaIii HaJ 4YUCIaMHU, TpUMEHEHHE (OpMYJ COKPAIEHHOTO
YMHOEHUS JIJIS1 YIIPOIICHUS BBIPAKCHHM.

Xon padorhl:

Cnoxxenue apooeii:

Jlist TOro, UTOGBI CIIOKUTH JIBE APOOH, HY)KHO CHAyaina mpuBecTu ux k. @ ¢ a-d+c-b
00111eMy 3HAMEHATEITIO, A 3aTEM BBITIOJIHUTD CIIOKEHHUE: b d b-d
Brruutanue apoo6eii:

Jlnst Toro, 4yToOBI W3 OMHOW JPOOW BHIYECTH APYIYIO, HYXKHO cHadama @ ¢ a-d—c-b
IPHUBECTHU UX K OOIIEMY 3HAMEHATEIIO, @ 3aTEM BBINIOJIHUThL BluMTanue: 0 d b-d
YMHOXeHUE Apooeit:

Jns  TOro, 9TOOKI NEPEMHOKHMTE JBE JPOOM, HYKHO NEPEMHOXHTH
COOTBETCTBEHHO MX YHMCIIMTENN U 3HAMEHATEIN: 3 3-5.4
Henenue

A1t Toro, 4To0bl OAHY APOGL PasieNuTh Ha APYIyIO, HY)KHO felnmoe o g
YMHOXHTB Ha JApo0b, 00OPaTHYIO JAETUTENIO: '3 b3 s e

YTOOK!I BEIITOIHUATH ACJICHUE CMCIIAHHBIX YMCEJI, X HYXXHO IIEPEBECTU B HCIIPABUIIBHBIC leO6I/I, a
34TCM pa3aCIIMTD IO IIpaBUIy JCJICHUA O0OBIKHOBEHHBIX I[p066171.

1 1 2641 6:241 13 13 1 2
EI —_ = —_— —_—

2
053=—% T3 6§76 T 6




Jlst Toro, 4TOOBI CIOKHUTH (MM BBIYECTH) JBA YKCIIA, 3aIIMCAHHBIX B BUJE JIECATUYHBIX APOOEH,
MO>KHO MCIOJIb30BATh MPABUIIO CJIOKEHHS (BBIYUTAHUS) B cTONOUK. [IpH 3TOM 1pOOH TOIKHBI OBITH
3alMCcaHbl JPyT TOJ JAPYrOM TakK, 4TOOBI 3arsiThle OKa3aJMCh APYT IMOJ IPyroM — 3T0 Oyxaer
03HAYaTh, 4YTO JIPYT MO JIPYIOM 3aIUCaHbl COOTBETCTBYIOIIME Pa3psiIbl.

Ecnu ogna 3 qpo6eit "mymmaHee" 1pyroi, To MOXKHO YPaBHATH KOJIMYECTBO UG B APOOHBIX YACTSX,
JIOTIACAaB CIpaBa HyJIX B OoJiee "KOpoTKoi" qpoou.

Boiuwcnmum snauernne smpamenns 13,75 — 8,2 4+ 0,115,

1

-

TGO
D =]
| [l

_|_

| n
Ch|—

Ch|—
o o

YTto06BI YMHOXUTHb ACCATUYHYIO ,I[p06]5 Ha ACCATUYHYIO ,I[p06]5, HY)XXHO CHa4aJla YMHOXHUTb HUX KaK
HaTypaJIbHbIC YK CJIa, HE 06pama;1 BHHMAHMA HA 3alIATBIC, 4 3aTCM OTACIUTD 3ansAToun CIIpaBa CTOJIbLKO
I_II/I(bp, CKOJIBKO HX CTOHMT B I[pO6HI>IX yacTsax o0ouMx MHOkUTeJaelh Bmecte. Ecin B IMPpOU3BCACHUHA
MCHBIIC I_II/I(I)p, YeM HYXKHO, HICpea MNEPpEHOCOM 3anATon HCO6XO,Z[I/IMO Jomnucarb CJa€Ba K
HaTypaJIbHOMY YHCITY H606XO,I[I/IMOG KOJINYCCTBO Hyneﬁ.

UToObl pa3ienuTh JECATHUYHYIO IpO0b HA ACCITHUHYIO OpOOb, HY’)KHO B JIEIMMOM H B JCIUTEINE
MIEPEHECTH 3aIAThIE BIIPABO HA CTOJIBKO ITU(P, CKOJIBKO UX COJICPIKUTCS B IPOOHON YaCTH JICTUTENS,
Y JlaJiee BBIIIOJHUTH JCJICHUE Ha HATypaJbHOE YHCIIO.

CBoliCTBa CTEIICHU:

Popmyia: IIpuntepnbr:
a”-q™ 1)4%-45 = 435 =48
= q™m 2047345 =473 =42 =16

a™aq™ = q"™™m 1)510:58 = 510—8 = 52 = 25
2)5%:572 = 522 = 54 = 625

(@)™ =a™™ | 1)(23)% = 234 = 212
2)(2-3)2 = 2*3'2 - 2-6
3)(2—3)-5 . 2—3-(-‘5) = 215

an  at 2\¢ 22 4
G) =7 (g) ===3
@ b-o)" (2-3-4)2=22-3"-42=4-9-16= 576
=q":p" :c"
. L )33 =5=—; 2)(-2)3 =
a 1

(z)nz E (%)2 " ?— B
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1) KeappaT cyMMmBI IBYX BEIDasKeHWH paBeH KBapaTy MepPBOT0 BEIPasKeHWA TLTIHOC

VOBOSCHHOE IIPOM3BegeHHe IIePBOro BERIPDAMKCHHMA Ha BTODOE ITNMKC EBaPaT BTODPOTO
BEIDA’KeHHWH.

(a+b)? = a®+2ab+b?
a)(x+2y)2=x?+2x2v+ (2v)? = X2 + 4XV + 4V*
0) (2k + 3n)? = (2k)? + 2:2k3n + (3n)? = 4k? + 12kn + 9n?
2) KBaapaT pasHOCTH JBYX BEIpAYKEHHI paBeH KBAIpaTy NePBOro BeIPAsKeHUS MUHYC
VIBOEHHOE [IPOH3BeqeHIe IePBOro BRIPayKeHH Ha BTOPOe INTHC KBagpaT BTOPOIo
BBIp@yKeHHS.
(a-b)? = a%-2zab+b?
a) (2a— c)?=(2a)?>-22ac+c?=4a’— Lac+c?

6) (3a— 5b)?=(3a)?-23a5b + (5b)% = 9a? — 30ab + 25b?

3) PasHOCTL KBaApaToB JIBYX BLIpaKeHWH paBHa IPOU3BeleHUI0 Pa3HOCTH CaMKX
BREIpa>KeHHH Ha UX CYMMY.

a2-b2 = (a—b)(a+b)
a) ox*—16y*=(3x)* — (4v)* = (3x — 4y)(3X + 4V)

0) (6k — 5n)( 6k + 5n) = (6k)* — (5n)* = 36k* — 25n°

3aganus 1J15 CAMOCTOAITEIbHOM PadoThl
1. BsinmosnHuTe AEHCTBUA € APOOSIMU:

1) 13142 2 342 3)11-13;
22" 33 775 2 725

Hz'ﬁ (11_11.64);44, . 21_3§:(1f+3,2).
ola) % HsT 4700) s 4° 5

2. Brwmonnute JIENCTBUS CO CTETICHIMM:
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o (1) o [Iagjl (12)"] 800 -,
) -9,
2’

YnpocTHTe BeIpAMEeHHe:

2y | (n3)-2 (8g-1 " -1
wrer o (w) (e

a — e e
) \ 567 ) . 25b% )

3. Ympoctute BbIpa)KeHHs], UCIIOIB3YS (OPMYJIIbI COKPAIIEHHOTO YMHOKEHUS:
64a2-36
64a2+36—96 '

(4a-+2b)(4a—2b)
16a2+4b°>—16ab '

(2a+3c)(2a—3c)
40 —0c2

MPAKTUYECKAS PABOTA Ne 2
Ha3zBanue npakTuueckoii padorsl: Jlunetinvle, Keaopamuvle, OpOOHO-TUHElHbIE YPAGHEHUS U
Hepagencmaa. Cnocobwvi pewieHus cucmem aunelnsvix ypaguenuti. Cucmemsl TUHENHbIX HePABEHCMS.

eab paboThIi:

1. 3akpenuTh HaBBIKU PEHICHUS TUHEHHBIX, KBAIPATHBIX U JPOOHO-PAlMOHAIBHBIX YPaBHEHUH,
HEPABEHCTB U CUCTEM.
Pesyabrarnl:
Dopmupyemoie 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepicanue):
— IIK 1.6. IlpumensaTts anmapaTHO-IPOTPAMMHBIE CpPEICTBA JJII PacueToB U COCTABIICHHUS
TOMOrpapuuecKux, MEKEBBIX MJIaHOB
memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,
MPP 02.
npeomemnuie: 11PG 02, ITP6 06, ITPy 05, ITPy 09.
3HAHUSL:
— TmoHsATHE 00 YpaBHEHUH, 00J1aCTH TOMYCTUMBIX 3HAUEHHH, PEIICHUN YPaBHEHUS;
— TIOHSTHE O JMHEWHBIX, KBaAPATHBIX, TPOOHO-THHEWHBIX YPAaBHEHHUAX U HEPABEHCTBAX,
METOJIaX UX PEIICHHUS;
YMeHHUsI: pellleHue JHHEHHBIX, KBaJpPaTHBIX, KBAJPATHBIX, JPOOHO-TMHEWHBIX YpaBHEHHIH,
HEPABEHCTB U CUCTEM.
Xopn padoThr:
Ilepen BBIMOTHEHUEM MTPAKTHYECKONW PaOOTHI OTBETHTE HA CIIEAYIOIINE BOIPOCHI:
1. JluneitHoe ypaBHEHHUE U HEPABEHCTBO — 3TO ...
2. KsampaTHeIM ypaBHEHHEM M HEPABEHCTBOM Ha3bIBACTCH ...
3. Henonnple kBasipaTHBIE ypaBHEHHS — JTO ...
4. JlpoGHo-panmoHaibHOE YpaBHEHNE U HEPABEHCTBO — 3TO ...
3anumuTe aaropuT™ peleHus:
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1. JIuneiHOTO ypaBHEHUS U HEPABEHCTBA;
2. KsagpaTHOro ypaBHEHHsI 1 HEpPAaBEHCTBA (B TOM YHCIIE HETIOJIHBIX);
3. JlpoGHo-panroHaIbHOTO YpaBHEHUS! M HEPABESHCTBA.

3agaHus 1J19 cCaMOCTOATEIbHOM padoThI:

Bapuant Nel Bapuant No2
Pemvite ypaBHeHus: Pemnte ypaBHeHuU:
- 1-2
1L Zo42=—x-2 1L 5—"Z=4x—1
x> —7x+12=0 2. x*-3x-10=0
2x*-9x+10=0 5x% +14x-3=0
9x? +6x+1=0 2x* +3x+1=0
x—2+5x=3, xr—5+8x=2,
Pemure HepaBeHcTBaA:! Pemure HepaBeHCTBA:
x> —22x-23<0 x> —8x+15<0
x*-3x-10>0 3x* -8x+5>0
3_ X+620. 3. 2_x20
1-3x 2x+3
4., 2x-x g 4. X5,
x+3 4—x
Pemure cuctemsr: Pemure cucremsr:
[ 2x+3y=7, [4x-7y=1,
|?'{—3_}:11 1 |_2.‘{+7_}-':]_l.
1. \ .
Syi6<y {17::—2::12;:—1
3-9x<l-x
{3x+12£x+1? 2

IMPAKTUYECKAS PABOTA Ne 3
Ha3Banue nmpaktnueckoil padorwl: Haxoowcoenue obnacmu onpedenenus u 0O1ACMU 3HAYEHUU
@yHKYUU, ucciedo8anue GYHKYUU Ha MOHOMOHHOCMb, YEMHOCMb U 02PAHUYEHHOCTb.

ean padoTh:
1. 3akpenuTh HaBBIKM ONPEEIECHUs 00JACTH ONPEIeeHUs U 00JaCTH 3HAUEHU N (PYHKIIUH.
2. Hayuutbcs uccnenoBath (PyHKIMIO HA YeTHOCTb U MEPUOIUYHOCTb.

Pesyabrarni:
Dopmupyemoie 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumeHsaTs amnmapaTHO-IPOrpPaMMHBIE CpPEICTBA JUII PACUETOB M COCTABIICHMS
TONorpauuecKux, MeKEBbIX MIAHOB

memanpeomemnsie:. MPII 01, MPIIT 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,
MPP 02.
npeomemnsie: 11P6 02, ITPG 06, TPy 05, TPy 09.
3HAHMA: MTOHATHE O (PYHKIMH, 00JaCTH OomNpeaeeHns U 00JacT 3HaYeHUH, MOHOTOHHOCTH,
YETHOCTH M OTPAaHHMYCHHOCTH;
YMeHHUsI: BBIYHCIICHHE 00JacTH OmNpeeNieHHs] W 3HA4YCHUs, MCCIeOBaHNEe Ha YETHOCTh U
OTPaHUYEHHOCTD, YT€HUE Tpaduka QyHKIUH.
13



Xopn padoTsr:

CaoiicTBa (yHKIMH pa3depeM Ha puMepe o rpaduka npou3BoiIbHON GyHKIMH Y = f(X):

1. Obracmv onpedenenus )ynkyuu — 3TO MHOKECTBO BCEX 3HAUCHHUH IEPEMEHHOM X, KOTOpPbIE
HUMEIOT COOTBETCTBYIOIIME UM 3HaueHus QyHkunu. O6o3nayarot: D(f). Ha rpaduke obnactsb
OIIpEICIICHUS] — ATO MPOMEXYTKH Ha ocu OX, HaJl KOTOPHIMHU (WJIX 10T KOTOPBIMH ) UMEIOTCS
gacTu rpaduka.

Jis mamero npumepa D(f) = [-8; 9,4].

2. Obnacmo 3naueHuil pyHKyuu — 3TO0 MHOXKECTBO BeeX ee 3HaueHuit y. O6o3naqaror: E(f). Ha
rpaduke o6nacTs 3HaYeHU PyHKIUKU — 3TO mpoMexxyTku Ha ocu OY, crieBa wiu cripaBa OT
KOTOpPBIX (B TOPU30HTAIBHOM T0JI0CE) HAXOAATCA YacTu rpaduka.

Jlst Hatero npumepa E(f) = [-4; 4,2].

3. Oyukiwms Y=f(X) Ha3pIBaeTCs go3pacmaroweil, €CIU YIS OO0 Tapbl 3HAYCHUI apryMEHTOB
X1, X2 U3 HEPABEHCTBa X1 <X2 cienyeT HepaBeHCTBO f(X1) <f(x2). @yHKINIO MOXKHO Ha3BaTh
BO3pacTaolleld Ha MPOMEXKYTKE, eclii OOJIbIIEMY M3 JIIOOBIX JIBYX B3SITBIX M3 HETO YMCEN
BCErJla COOTBETCTBYET OOJIbIIee 3HAUCHHE (DYHKIIUH.

Jliig Hamiero npumepa GyHKIUS BO3pacTaeT npu =E [_8’ B ?] U[_4’ %= 1] U[B;T]
®ynkuus y=f(X) HazpIBaeTCs yovI8aiouell, €civ IUIs Tr000i mapbl 3HAYCHUN apTyMEHTOB X1,
X2 W3 HepaBeHCTBa X1<Xz cjeayeT HepaBeHCTBO f(X1)>f(X2).DyHKIMIO MOXHO Ha3BaTh
yOBIBarOIIEH Ha TPOMEKYTKE, €CITH U3 JTIOOBIX JBYX B3STHIX U3 HETO YHUCEI OOJIBIIEMY U3 HUX
BCErJia COOTBETCTBYET MEHbIIIee 3HaUeHHE (DYHKIIUH.

Jliig Hamiero npumepa GyHKUUS yObIBaeT Mpu =E [_?;‘ -4 5] U[_ L 3] U [?; 9’4] .

4. [Ilpomesicymku 3HAKONOCMOAHCMEA — MPOMEKYTKH, HA KOTOPBIX 3HAUEHUS (PYHKIIMU UMEIOT
MTOCTOSIHHBIA 3HAK (MTOJIOKUTEIBHBIA WM OTPUIIATENbHBIN). [[pOMEXyTOK MONOKUTETHHOTO
3HaKa— 3TO MHOKECTBO 3HAYECHHUI MEPEMEHHOMN X, Y KOTOPHIX COOTBETCTBYIOIINE 3HAYEHUS
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¢byukuun Ooneire Hyns (y>0). Ha rpaduke — 3T0 yacTé ocu abCumucC, y KOTOPBIX
COOTBETCTBYIOIIHE KycO4KkH rpaguka Boie ocu OX. be3 rpaduka ux Toxke MOXKHO HaWTH,
cocTaBuB M pemirB HepaBeHcTBO f(X)> 0.

Jliig Haniero npumepa GyHKIUS TOJOKUTENbHA TPU £< (_3; 2) U (5; 7 4) .

[TpoMeXyTOK OTPHIIATEILHOTO 3HAKa— 3TO MHOXECTBO TEX 3HAUCHHH MEPEMEHHOH X, y
KOTOPBIX COOTBETCTBYIOIIME 3HaYeHUs QyHKIMU MeHblne Hyns (Y <0). Ha rpadpuke— 3rto
MPOMEXKYTKH OCH abCIice, Y KOTOPBIX COOTBETCTBYIONINE Kycouku rpaduka Hike ocu OX.
be3 rpaduka ux Toxe MOKHO HATH, COCTaBUB U peruB HepaBeHCTBO f(X) <0.

xe(-8-311U(2, 35)

Jnst Hamero npuMepa (GyHKIHS OTpUIaTeIbHA TPU .

5. Hynu ¢ymkyuu— 370 3HaUEHUS EpEeMEHHON X, MpH KoTophiX y(X) = 0. be3 rpaduka Hynu
GYHKIMHM TOXE MOYKHO HalTH, cocTaBuB U periuB ypaBHenue f(X) = 0. ITo rpaduxy Hymu
OTIpEeIETISIOT Kak abCIuCcChl Touek nepeceyeHus rpaduka c ocsio OX.

Jnia Haniero npumepa Hylu QyHKIIUU — 3TO TOYKH X1 = -3, X2 =2, X3 = 5.

6. Yemmnocmv u meuemnocmov @ynxkyuu. OYHKIMUS Ha3bIBAE€TCS YETHOM, eciau ee Tpaduk
cuMMeTprueH oTHOocuTenbHO ocu OV u amst moboro x € D(f) Bepro: -x € D(f) u f(-x) = f(X).
T.e. ¢pyHKuMs Ha3BIBACTCS YETHOH, €CIM JIOOBIM JIBYM INPOTHUBOIIOJIOKHBIM 3HAYCHUSIM
apryMeHTa, u3 OO0JIaCTH OIpE/IEICHUs, COOTBETCTBYIOT paBHbIC 3HaueHWs ¢QyHkuuu. Ha
rpaduke yeTHas QyHKIMs umeet ocb cummerpun OY.

@OyHKIKSA HA3BIBACTCSA HEUYCTHOW, ecau ee Oo0JacTh OmpelesieHHs CHMMETPUYHA
OTHOCHTENbHO HyIs U i oboro x € D(f) Bepuo: -x € D(f) u f(-x) = -f(x). T.e. pynxums
HA3BIBAETCS HEYETHOM, €CiM JIOOBIM IBYM IPOTHBOIIOJIIOKHBIM 3HAYEHHSIM apryMeHTa
COOTBETCTBYIOT MPOTHBOIIOIOKHBIE 3HaYeHust pynkuuu. Ha rpaduke HeuetHas (yHKIus
CHMMETPHYHA OTHOCHTEIBHO Havaa KoopauHaT. [Ipon3BeieHre WITH YaCTHOE JBYX YETHBIX
GbyHKIHI — ecTh QYHKIHs yeTHas. [Ipou3BeeHNE UITH YaCTHOE IBYX HEUETHBIX (DyHKITHH—
ecTh QyHKIUS yeTHas. [Ipon3BeieHre Wil YaCTHOE IBYX (DYHKIIHIA, OJTHA U3 KOTOPBIX YETHAs,
a Ipyrasi HeYeTHas— eCTh (DYHKIIUS HeYeTHasl.

OyHKIMSA HAIIETo TMpHMEpa— HU YeTHas, HU HEYeTHas, Takas (YyHKIUS Ha3bIBaeTCs
¢byHKuMel ob1ero Bua.

7. Ilepuoouunocmo ¢pynxyuu. ®ynkuus y = f(X) HazpiBaeTcs nepuoarueckoii ¢ nepuogom T> 0,
eciu st mro6oro x € D(F) Bepro: (x— T) € D(f), (x + T) € D(f) u f(x— T)= f(x + T)=AX).

CDYHKI_II/ISI Hamero nmpumMepa HE ABJIACTCA HepHo,Z[H‘-ICCKOfI.

3anaHus AJ151 CAMOCTOSATEIbHOM PadoThI:
3ananue 1. Onummre cBoicTBa GyHKIINU, TpaPUK KOTOPOU N300pakEH Ha PUCYHKE (TIO AITOPUTMY
MPUBEIEHHOTO BBIIIE IPUMEPA):

15



Bapuant Nel Bapuant Ne2
Bl pt
el 3 L 3
.-"r-.- il _'i-j-.-- -H-I..'- -
: : -
- ,. T —h = of\] 8 M K
¥ ] III_, i r_‘_.-" 1y '-.____-_.__._
I
3ananue 2. Haitnure oGnacts onpenencHus GyHKIIHA:
Bapuant Nel Bapuant No2
_ 2x+3 _ 5x —7
Ay Y = ox—2
y =+/5x2—20 y =+/16 —x?
3ananue 3. Haiinure oOnacts 3HaueHUN QYHKIIMIA:
Bapuant Nel Bapuant Ne2
y = 1 . y=+x%2+3
4+ x
=2+Vx+2
y=vVr—1+3 Y

INPAKTUYECKAS PABOTA Ne 4
Ha3zBanue npakTuueckoii padboTwl: [locmpoenue epaghuxos iuHeliHol, K8aopamuyHo, OpooHO-
PAYUOHANBbHOU YHKYULL.
Heap pa6orel: 3aKkpenuTh HABBIKK BHIYMCIEHUS TOCTPOCHUS rpaUKOB IMHEWHOM, KBaIpaTUUHOM
U ApOoOHO-pallMOHATILHON (DYHKIIUH.
Pe3yabTarsi:
Dopmupyemvie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumensaTs anmapaTHO-IPOTPAMMHBIE CpPEACTBA [UII PacdeTOB M COCTaBJICHHUS

TornorpaduuecKux, MeKEBbIX MIAHOB
memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.

npeomemmnosie’ 11P6 02, ITPG 06, [TPy 05, I1Py 09.
3HAHHUSA: OHATHE O rpaduKe PYHKINH;
YMEHHS: IOCTpoeHue rpapuka GyHKIUH.

Xon padorsr:

- 1
IIpumep 1. [Toctpouts 1 npounTaTh rpapuK JTUHEHHON GYyHKINU Y = X+ 2.

Pemenue.
UroObl mOCTpOUTh TrpaduK JIUHEHHON (YHKIMKM, HAM HYXHBI KOOPJAMHATHI
npuHauIexkanux rpaguky Gyakmun. UtToObl WX HAWTH, HY)KHO B3ATh JBa 3HAYEHUS X, MOJICTABUTH

ABYX TOYCK,

X B YPABHCHUC q)YHKI_[I/II/I, 1 11O HUM BBIYHCIIUTE COOTBCTCTBYIOIINE 3HAUCHUA Y.
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1
Hamnpumep, 4to6s1 mocTpouts rpaduk GyHKIUHA Y = X 2, ynoOHo B3sATh X = 0 m x = 3, Torma
OpAMHATHI 3TU TOYEK OYIyT paBHBl Yy =2 ny = 3.

[Momyuynm Touku A(0;2) u B(3;3). Coenuuum ux 1 noiny4uM rpaduk QyHKIUU Y = éx + 2

Puc. 1
[TpounTtaem rpaduk, TOCTPOCHHON (HYHKIIMH:
1) D(y) =R;
2 E(y) =R;

3) OyHKIMs 00IIEeTo BUIA;
4) Henepuoauveckas;
5) Touku nepeceveHust ¢ OCIMU KOOPAUHAT:

1 L
Ox: Xt 2 =0, Xx = - 6, cnienoBarensuo (- 6; 0) — Touka
NepeceueHusi ¢ OChbI0 abCIHCC. 2
Oy: mpu x = 0 y = 2, cinenoarenpo (0; 2) — Touka
NepeCcevYeHus C OChIO OP/IMHAT; ~

1
6)y= X+ 2 MOJIOKUTEIbHA IIPH X € ( - 6; +00) 1 oTpUIaTeabHA IPH X € ( - 00; - 6)

nNy= %X + 2 BO3pacTaeT Ha BCEH 00JIaCTH ONPEICIICHHUS.

Ipumep 2. ITocTpouTs U pounTaTh rpaduk KBaApaTHUHOH QyHKIMHK Y = 2x2 + 3x — 5.

Pemenue. 1. Tak kak a =2 > 0,BeTBU napaboIIbl HAIIPABIIEHBI BBEPX.

2. HaiizieM IMCKpUMHHAHT KBAJPAaTHOTO TpexuwieHa 2x2 + 3x — 5
D=b*—4ac=9—-4-2-(=5)=49; VD=7

JIMCKpUMHHAHT KBAJPATHOTO TpeXdwieHa OOJbIIe HYJsI, MOATOMY Mapaboyia MMeeT JIBE TOYKH

nepeceveHus ¢ ocbro OX.
JIs TOro, 4TO6BI HANTH UX KOOPAHHATHI, PEIINM ypaBHeHHe 2x2 +3x —5=0

347 —3-7
X, = 2 =1lux, 2 =-2,5
3. KoopanMHAThI BEPIIMHbI TTapaboIIbL:
L
Yo="5, 77T 7Y
__ D B i
Vo= T T T g T Y

4. Touka mnepecedyeHus: mapabonsl ¢ ocbto OY: (0;-5),u elf cUMMeTpUYHas OTHOCUTEIIBHO OCHU
\ | CUMMETpUHU NapaboJIbI.

: HaneceM »TH TOYKM Ha KOOPIMHATHYIO IJIOCKOCTH, U
COEIMHUM HX IJIABHOW KPUBOM:

Puc. 2

[TpounTaem rpaduk NOCTPOSHHOHN PyHKIMH:

* 1. D(Y)=R

2. E(y)=[-6,125; + )

3. Hynu ¢pynkuuu: - 2,5 u 1.

4. y<Onpux € (-2,5 1),y >0mnpux € (-0; - 2,5) U
(1;+0).

5. dynkmms Bo3pacraet Ha [ -6,125; + oo) u yObIBaeT Ha

(- oo; - 6,125].
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6. 'paduk cumMMeTpruUeH OTHOCUTETBLHO TpsiMoit X = - 0,75.
7.Ymin = - 6,125 mpu x = - 0,75.

2— <1
IMpumep 3. [TocTpouTh ¥ MPOUUTATH TPpa)HUK KyCOUHO — TUHEHHON PYHKITUN Y = { X ;Icpl;p; J; 1

Pemenue. ;

10

2 — <1
X TIpU X Ha i

xnpux =1
PHUCYHKE TOKa3aH rpaduk 3Toi ¢yHKuuu. UtoOsl ero
MOJyYHUTb, TOCTPOUM TpapuK QYHKIUHU Y = 2 — X TIpH X
<luy=xmnpux2=>1l.

PaccmoTtpum  pyHKIIMIO Y ={

Puc. 3
ITpounTtaem rpaduk NOCTPOEHHOHN PyHKIMH:
1. D(y)=R
2. E(y)=[ 1; + o0) 1
3. @yHKIMS 00ILIEro BUJA; 5 & 5 £ 4 o] 1 % § 4 3
4. Henepuoauyeckasi; -
5. Touku nepecedeHust ¢ OCSIMHA KOOPAVHAT:

OX: HET TOYEK TePECCUCHHSI
Oy: (0; 2) — Touka nepecedeHust ¢ OCbIO OPAMHAT;
6. OyHKIMS MOJIOKUTENIbHA Ha BCei 00J1aCTH ONpe/IeIICHNS,

7. ®yHK1IMs Bo3pacTtaeT Ha [ 1; + 00) u yOwiBaet Ha ( - o; 1]/
IIpumep 4. [Toctpouts rpauk IpoOHO-TMHENHON PYHKIMU Y = i—j.

Pemenue.

k
[IpenacraBum apoOk B BUjE N + po— st aToro X + 8 3anuieM B cienyromem Buae: X —2 + 10 (1.e.

8 nmpescTaBm B Bae —2 + 10). Homywamw: 2o = 22410 (x=2)+10
xX—2 xX—2 xX—2

Wtak, Mbl monyunin Bce HeoOxoanMele 3HaueHus: k=10, m=2,n=1.

Taxum 00pa3om, MbI HAlIUTM ACUMIITOTHI Halllel TUepOoIIbI (MCXO/Is U3 TOTO, YTO X =M, Y =1N): X =

2,y=1

To ecTh 0gHA acUMITOTa FI/IHep6OHLI IIPOXOAUT MapaJIJICIIbHO OCH Y Ha paCCTOSIHUU 2 CAUHUI CIIpaBa

=1+
x—2

OT HEe, a BTOpasi aCUMIITOTA MPOXOIUT MapaJlIeIbHO OCH X HA PaCCTOSIHUM | €IMHUIIBI BBIIIE €€.
[TocTpoum rpaduk nannou ¢hyHkuuu. s 3Toro caenaem cieayromniee:

1) mpoBeaeM B KOOPJIMHATHON TJIOCKOCTH MMYHKTUPOM aCUMIITOTHI — IPSAMYIO X = 2 U TIpsIMyI0 y =1.
2) Tak Kak Turepoosia COCTOMT M3 JIBYX BETBEH, TO JJIsi TIOCTPOCHUS ITUX BETBEH COCTABUM JIBE
TaOJIULIBL: OHY AJS X < 2, IPYTYIO JUIS X > 2.

CHayana mon0epeM 3Ha4eHHs X JJIs IEPBOTO BapuaHTa (X <2 ).

Pe3ynbTarhl Bcex MOMyuYeHHBIX BHIUMCICHU BIIMCHIBAEM B TAOJIHILY:

X -3 -2 -1 0 1

y -1 15 | 23 4 9
Teneps cocTaBuM TabIUIy JJI1 BapuaHTa X > 2:

X 3 4 5 6 7

y 11 6 4,3 3,5 3

3 Jlasree ipocTo cocTapiisieTe rpaduk (GYHKITUHU C ITOJTYICHHBIMH KOOPIMHATAMH.
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JLY
x+8
y:
x-—2 x> 2
1
>
0 2 ¥
X<2
Puc. 4
3aganus AJ51 CAaMOCTOATEILHON padoThI:
[TocTpouTh 1 IPOUNTATH TPAPUKU PYHKITHIL:

Bapuanm 1. Bapuanm 2. Bapuanm 3.
a)y=3x—2 a)y=2x+5 a)y=2x—3
0)y=x%—7x+2 0)y=—x*+4x+6 0)y=—-x%—6x+1

_(x+1mpux <1 _(x—5mnpux =3 _(x—2mpux =-1
B) f(x) = {B—xnpnx >1 B) f(x) = {1—xnpux< 3 B) f(x) = {—x—4np1/1x < -1

_ Ax-1 __ 2x+5 __ 3x+5
F)y— x+3 F)y_ x—2 F)y— x—4

INPAKTHYECKAS PABOTA Ne §

Ha3Banue npakTudeckoii padotbl: [Ilpocmule npoyenmul, pazuvie cnocoObl UX 8bI4UCTIEHUA.

Cnoorcnole npoyenmul. Ilpoyenmul 6 npogheccuoHanbHbIX 3a0auax mexHoI02u4ecko2o npopuis.

ean pabdoThi:

1. 3aerHI/ITB HAaBBIKW BBIYHCIICHUA ITPOLUCHTOB U UX IPUMCHCHHUC IJIA IIPUKJIAAHBIX 3a1a4.

Pe3yabTarsi:

Dopmupyemote 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepiricanue):

— IIK 1.6. IlpumensaTs amnmapaTHO-IPOrPAMMHBIE CpPEICTBA Jis PACUETOB M COCTABIICHMS
TOMOTpaUUECKUX, MEKEBBIX TUIAHOB
memanpeomemnsie:. MPII 01, MPII 04, MPII 07, MPII 08, MPII 16, MPII 18, MPII 19, MPII 21,

MPK 08, MPK 11, MPP 02, MPP 09.
npeomemnosie: 11P6 01, I1PG 06, TIP6 14, I1Py 16, ITPy 19.
3HAHMS: TTOHATHE O TPOIIEHTAaX, BUIbI OCHOBHBIX 3a/1a4 Ha TPOICHTHI, (OPMYIIa CIIOKHBIX

MIPOLIEHTOB;

YMEHHUsA: HAXOXKACHUEC IIPOIEHTOB O YHCJIa, OIPCACIICHNUE YK ClIa 110 €I0 IIPOLUECHTaM.

Xon paborhr:
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1.ITpoueHT — coTast 4acTh yuca.

2. YtoObI HaiTH p% OT BCETo uMcia, Haao Bc uncino yMHOKUTH Ha 0.01p.

3. UToOBbI HalTH BCE YMCIIO 1O €ro p% MpoLeHTaM, HaJl0 U3BECTHOE Yncio paszaenuTs Ha 0.01p.

4. YtoOBbl HAWTU CKOJBKO MPOIIEHTOB OJHO YHCJIO COCTaBISET OT APYroro, Hajg0 OJHO YHCIO
pazzenuTh Ha Apyroe u yMHOXUTH Ha 100%.

Mpumep 1.

CKOJIBKO IIPOIIEHTOB COJIM COJEPKUTCA B pacTBOope, ecitu B 200r. pactBopa coaepxkurtcs 150r. Boab1?

Penrenue:

1) 200 — 150 = 50 (r.) — conu
50100

2) o0 25% - commn

OtBet: 25%

Mpumep 2.

Caexue rpubdsl cogepxainu no macce 90% Bojpl, a cyxue 12%. CKOIbKO HOITYYUTCS CYXUX I'pHOOB
u3 22 KT CBEXUX?

Pemenue:1) 22-0,1=2,2 (kr) - rpubOoB 1O Macce B  CBEXHUX  TIpubax;
2) 2,2-+0,88=2,2 (xr) - CyXUX rpuboB, MOJTy4aeMBbIX u3 CBEXKUX.
OTtBert: 2,5 kr.

®opmy.ia NPOCTHIX NPOILEHTOB

O6031aunM yepe3 A° cymMMy mepBoHauanbHOrO BKIaAa. baHK 00sA3yeTcs BBHILIAYMBATH BKIAIUHKY
B KOHILIE KaX10T0 p% (To10Basi IPOLIEHTHAs CTaBKa) OT IepBoHadanbHoii cymmbl A°. Tlo ucreuenuu

. P .
0JIHOTO T0Ja BEIMYMHA BKJaja craHer paBHoil A = A° (1 + ﬁ) py6uneii. Ecnu mo nmpomrectBun
Ka)KJIOTO rojia BKJIAIYUK CHUMAET CO CuéTa HA4YMCIICHHBIE MPOIEHTHI, TO Yepe3 N JIET Ha BKJIAJAE 10

dopmymne npocroro npouenra Oyner: A" = A° (1 + %)

IIpumep 3.

bank BrITITIauMBaeT BKIIAMUUKAM Kaxablid roa 8% OT BHeCEHHOU cymMMbl. KIueHT cienan BKiIal B
pazmepe 200000 p. Kakast cymma Oynet Ha ero cuére uepes 5 e, 10 ner?

Pemenue:

Ucnons3yst popmyiy: A" = A° (1 + %)

5-8
A5 =2 (1 —) =2
00000 (1 + 100 80000 (p)

10-8
A? =200000 (1 + W) = 360000 (p)

Ortsert: 280000 p., 360000 p.

DopMy.Jia CJI0KHBIX POLEHTOB
Ecnu 0603HaunTh yepes A° cymmy nepsonauanbHOro Bkiaaa, A" - cymma, KoTopas OyJIeT Ha BKJIae
K KOHIly N-TO rojia, TO IpHU HAYUCJIEHUU p% TOAOBBIX, HE CHUMAs CO CYETa CyMMY HayHCIIEHHBIX

MPOIICHTOB, MOYHO TOJIB30BATHCS (POPMYIION CIIOKHBIX MPOIEHTOB:
n

A" = A° (1 + i)
100

IIpumep 4.
bank mpeuaraer Bkian «cryaeHueckuit». Ilo stomy Bkilagy cymma, uMmeromascs Ha 1 sHBaps,
€KEroJIHO YBEIMUYMBAETCS HA OJHO U TO XK€ YMCIIO MPOLEHTOB. Bkiaguuk Bioxkun 1 sHBaps 1000
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pyOneit u B TeueHue 2 JIET HEe MPOU3BOJIUI CO CBOMM BKJIAJIOM HHKaKHX omneparuii. B pesynbrare
BJIOXEHHasT UM cymMMa yBenuuwiack a0 1210 pyOmeii. Ha CKONBKO NPOIIEHTOB €XEToHO
YBEJIMUUBAETCS CyMMa JICHET, 0J0XKEHHAasi Ha 3TOT BKJIAL?

Pewenue:

[TycTh Ha a% eXeroJHo yBEIMYUBACTCA CyMMa JICHET, MOJI0KEHHAs Ha «CTyJIeHYeCKHil» Bkiaa. Tak
Kak Ob110 nonoxkeHo 1000 py6neii, a K KOHIy BTOpoOro roja nonyduiaock 1210 py6neit, To A =
1000,4? = 1210,n = 2.

Pemnm ypaBHeHue:
2

a
1210 = 1000 (Hﬁ) =a=10

Otset: 10%.

IIpodeccnonaibHO-OpHEeHTHPOBAHHBIE 3aJaHUSA IJIS CAMOCTOSATEIbLHOH PadoThI

1. Ileny ToBapa moBbIIIaNK: MEPBBIA pa3 Ha p%, 3aTeM HOBYIO IieHY moBbeicuiu Ha 2p%. [locne
TOro I1eHy ToBapa cHM3WwIM Ha 15%. B wurore okoHuarenbHas II€Ha OKa3ajlach BBIIE
nepBoHavanbHoi Ha 12.2%. Ha ckonbko mpoiieHToB Oblla MOBBIIIEHA [IeHa TOBapa B MepBbIi pa3?
2. llpu kakoii mpoleHTHOU cTaBke BkiIag Ha cymmy S00p. Bo3pactér 3a 6 mecsues 10 650 p.

3. Kaxum nomkeH ObITh HaYaIBHBINA BKIIAJ], YTOOBI IIpH CTaBKe 4% B MeCSIl OH yBEIHUYMICA 32 8§
Mmecsies 10 33000p.

4. PaccuwnraiiTe, 9TO BRITOHEE TS BKIauuKa: monyduts 20 000 pyOieit ceroaHs Wi MOydUuTh
35 000 py6ueit uepes 3 roga, eciiu MPOLICHTHAs CTaBKa paBHa 17%.

5. Kaxoit gomxHa ObITh cTaBKa cCyHOTO nporeHTa, uroosl 10000 pybiei nHapactumauck 10 30000
pyOuieit, 3a cpok Bkiana S jger?

6. K 120 r pactBopa, cogepxkariero 80% conu, nodasunu 480 r pactBopa, coaepxkariero 20 % Toi
xe conn. CKOIBKO MPOIIEHTOB COJIU COJEPIKUTCS B MOJTYYUBIIEMCS pacTBope?

7. W3 cocyna, moBepxy HamoJHEHHOTO 94% -M pacTBOPOM KHUCIOTHI, OTIMIN 1,5 1T KUAKOCTU U
nomunu 1,5 1 70% -ro pactBopa 3101 sxe kucnotsl. [locne aToro B cocyae nonyuuiics 86% pactBop
KUCIOTHI. CKOJIBKO JI pacCTBOpA BMEIIAET cocy?

MNPAKTUYECKAS PABOTA Ne 6
Ha3zBanue mnpaxkTuuyeckoii padoTrbl: Buoder naockux ¢ueyp u ux niowaos. Ilpakmuko-
OPpUEHMUPOBAHHbLE 3a0a4u 8 Kypce ceomempuu Ha nioCKoCniu.

ean padoTh:

1. 3akpenuTh HaBBIKM MOCTPOEHUS IIOCKUX (UTYp U BBIYUCIICHUS UX IJIOLIAACH.

2. HayunuTbCsi TpPUMEHSTh HABBIKM BBIUMCIEHHUS IUIOMAAEH IUIOCKUX (UIyp MpHU pelIeHUH
MIPaKTUYECKUX 3a]1a4.

Pesyabrarnl:

— IIK 1.6. IlpumensaTs amnmapaTHO-IPOrPAMMHBIE CpPEICTBA JIsi PACUYETOB M COCTABIICHMS
TOMOTrpaUUECKUX, MEKEBBIX TUIAHOB
memanpeomemnsie: MPII 01, MPII 04, MPII 07, MPII 08, MPII 16, MPII 18, MPII 19, MPII 21,

MPK 08, MPK 11, MPP 02, MPP 09.

npeomemnsie: 11P6 01, I1P6 06, TTP6 14, I1Py 16, ITPy 19.
3HAHMSA: TTOHATHE O TUIOCKMX (HUrypax, uX BHIaX;
YMeHHUSI: TPUMEHEHHE OCHOBHBIX ()OPMYIT TSI BEIYMCACHHUS IJIOIIA/ICH ¥ 3JIEMEHTOB IIOCKHUX
duryp.

Xox pa0doTbr:
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[lepen BhIMOTHEHHEM MTPAKTUUYECKON PaOOTHI JaliTe ONpeaeeH s CIeAYIOMNM IUIOCKUM (urypam:

— [Ilapasuenorpamm;

— Tpanenus;

— IIpsMoyronbHUK;

— Pom0;

— Kaagpar;

— Kpyr;

— TpeyroybHUK;

— IllectnyrospHuK.
Jlis Kax10#1 13 BBIIIE MEPEYNCICHHBIX (DUTYp 3anUIINTE POPMYJIIBI 151 BBIYUCICHHS WX IUIOMIAJICH,
a TaKKeC (bOpMy.]IBI JJIA BBIYUCJICHHUA UX OCHOBHBIX 3JICMCHTOB.
IIpodeccnonaibHO-OpHEeHTHPOBAHHBIE 32aHUA VIS CAMOCTOSATEIbHOH PadoThI

3ananue 1. Ha miane ykazaHo, 4TO NpsIMOYroJibHasi KOMHATa UMEET IUIOLAb
16,3 xB. M. TouHble M3MEpEHUS MTOKA3AIH, YTO IIMPUHA KOMHATHI paBHA 3,2 M,
a mmHa — 5 M. Ha ckoibKO KBaJpaTHBIX METPOB ILIOIIA/[b KOMHAThI
OTJIMYAETCS OT IUIOIIA/IN, YKA3aHHOW Ha I1aHe?

50 M

3anmanwue 2. Jlaunblii yyacTok uMeeT GopMy mpsiMOYTOJIbHHUKA, CTOPOHBI KOTOPOTO .

M
paBubl 40 M 1 50 M. [loM, pacroioskeHHBIN Ha y4acTKe, UMEeT Ha TiaHe GOpMy |40 ou| |
KBajpara co ctopoHoit 9 M. Halinure miomaas ocTaBIICiCS YacTH ydacTKa, HE

3aHITON JJOMOM.

3ananue 3. B mapke rmuianupyercs Ha Kpyriioil kiymoe (BU KiITyMObl
,  [OKasaH Ha pPHCYHKE) BBICAAUTh UPUCHI U Nuinu. bonbmas n manas

OKPYKHOCTb UMEIOT OOIINH LIEHTP, a BCE YaCTH KITyMOBI BHE MaJIOTO
3 Kpyra paBHbBI MeK1y co000M. JlnameTpsl Kpyros 4m u 12m.
2% Ornpenenurte oONTYIO MJIOIIA b, HA KOTOPOH MOXKET OBITh BHICAKECHBI
N HPUCHI.
i P

£

o
SRR

T
o

MpHCHL CKOJIBKO UPHCOB OyAET BHICAXKEHO HAa TakoWl KiymOe, eciu Ha
Ka)KJIbIi KBaJIpATHBIN METP BBICAXKUBAIOT 110 25 UPUCOB?

3ananue 4. {111 BCTpeuH ¢ Ipy3bsIMU MBI PELIWIN 3aKa3aTh nuuy. ['pynna aqpysei cocTout u3 6 uen.
Ha caiite nunepuu [{o/lo ects cnenyromias nHpopMmalys o pazmepe MLl (CM. pUCyHOK):

PA3ZMEPHI MMLLLL

BONbBLUAS CPEOHARA CTAHOAPTHASR

ANANETP IPSLLLLA HA 10 KYCxOB JranE TP OWALLLLA A B KYCKOB JPRAMETP TRALLLLA A 6 KYCKOB
as cm A-5 NENOSEK o cm 34 S NOoRIKA 25 CMm 1-2 MENOBEKA

Omnpenenute, KaKue MUIIIBI BRITOJHEE 3aKa3aTh IS 6 9eTIOBEK, YTOOBI Y KaXKIbIi TOCTh CMOT ChECTh
He MeHee 2 KyCKOB B COBOKYITHOCTH TIpiMepHO 170 cm??
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MMPAKTUHYECKAS PABOTA Ne 7
Ha3Banune npakTu4yeckoil padorbl: Buiuucienue u cpasHenue KOpHeli.

Henanb padorbl: HayunThcss HAXOAUTH 3HAUYEHUE KOPHEH.

PesyabTarsl:
Dopmupyemvie 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpuMeHsTh anmapaTHO-NPOTPAMMHBIE CpPEICTBA MJii PAcyeTOB M COCTABJICHUSA
TonorpauuecKux, MeKEBbIX MIaHOB
memanpeomemnwie: MPI1 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09.
npeomemnuie: 11P6 02, I1Py 06.
3HAHUSA:
— IlonsTHEe KOpHSA N-0H CTENEeHHU.
— OcHOBHBIE CBONCTBA KOPHs N-O CTENICHHU.
yMeHusi: BeruncieHne U cpaBHEHUE KOPHEW N-0OM CTENEHH, YNPOILIEHUE UPPALMOHAIbHBIX
BBIPKEHUMN
Xon padorhl:
KopHu HaTypa/ibHOM CTENeHH U3 YK CJIa, UX CBOICTBA
Kopens N — crenmenn: 3/a, N - mokasarens KOPHs, a — I0OJKOPEHHOE BHIPAXKECHHE
Ecii N — HeueTHoe YHCJI0, TO BEIPAKEHHE \/a HMeeT CMBICT IPH JIFOOHIX a
Eciu N — YeTHOE YHCII0, TO BRIPAKEHHE \/a MMEET CMBICH TIpH a = 0
Va=bhb
neNa=>0
KopeHb HeueTHOIi cTeleHn U3 OTPHIATEeILHOT0 Yncaa: V—a = —Va

ApudmMeTHYeCKNH KOPEHb: } =b=>0

Ocnoenvle ceoiicmea KopHeii
1.IIpaBuiio u3BIE€UEHUS KOPHS U3 MPOU3BEACHUS:

Nab =%a-Vb
2.ITpaBuito U3BJIEYEHUS KOPHS U3 IPOOH:
fa Va
—=— (a=0,b>0,b+0
S s

3.HpaBI/IJ'IO H3BJICUCHUS KOPHS U3 KOPHSA:

"k k
/\/a ="Va (k>0,a=0)
4.1IpaBui0 BEIHECEHHSI MHOKUTENS U3-TI0/] 3HaKa KOPHS:
n n
Vba™ = aVvb (a>=0,b > 0)
5.BHeceHne MHOXKUTEIS 10J] 3HaK KOPHS:
3b2,ecitub >0
b= | ,
—V3b2,eciub <0
6.IToxazarens KOpPHs M TIOKa3aTeNb MOIKOPEHHOTO BBIPAKEHHSI MOKHO YMHOKHTB Ha OJTHO U TOXKE
YHCIIO.

Va ="Vak (k> 0)

7.11paBuiio BO3BEJAEHUSI KOPHS B CTETIEHb.

“ak = (’(/E)k (a>0,ecnuk < 0,70 @ # 0)
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CpaBHeHue KopHeii. [IJis cpaBHEHHsI KOPHEW pa3IMYHON CTETIEHHM HEOOXOIMMO BOCIOJIb30BAThHCS
CBOMCTBOM 6 U MPUBECTU KOPHU K OJJTHOMY MTOKA3aTeNIo.

IIpumep 1.

Berunciuts V125 - 64 - 27 = V125 - V64327 =5-4-3 = 60,

IIpumep 2.

Brraucnauts 4\/5711—6 = i/% = :\/\/—3:2 = % =1,5.

IIpumep 3.

Borancmuts V24 - Y9 =324-9=38-3-9=38-27=38-127=2-3 =6.
IIpumep 4.

Beruncauts V96 : V3 = V96 : 3 = /32 = 5.

IMpumep S.

Beruncmnts V=339 3/ (=2)4=3=-3-9-|-2| =Y-27-2=-3-2 = —6.
IIpumep 6.

7
Brruuciuts 7\/5—\/%-3\/5+\/2_= 7\/(5—\/%)-(5+\/%) = 52—\/%2 = 125-26 =
Vi=1.
IIpumep 7.
CpaBHHTH UKcha: V5 u V4.

Haiiném nammensiniee oOiiee kpatHoe uucen 4 u 3-3t0 12, torma V5 ="53 =¥/ 125, V4 =
*Va* = 3/256, 1.x. '}/125 < /256, 10 V5 < V4.

3agaHus 1J151 CAMOCTOSITEILHON padoThI:

Bapmuanr 1

1. CpaBuute uncna: a)¥/—5 u -3 6) 1@@ u 50,43

4
2. Berunciare: a) 6 +3/-125; 6) 9-4/1296; B) ¥/4-3/8; 1) %

3. Berancimare: 4/0,16-0,81—+/169 .

4. Boraucnure: 3/160-625 .

5. Yupocrure: 23/250 —303/2 + (33/2)?.
{48196

6. Beruucnure:
54/3

7. Beraucmure: §/3 -5 .8/3° .5 |
8. Beruuciute: 3\/(13 —2./48)-(13+2/48) -3/148-23 .

Bapmuanr 2

1. Cpasnure uncna: a) 30,4 u 112/% 6) ¥-5u -3

5/
2. Beranciure: a) 7 +3/—216; 6) 9-4/2401; 8) 4/3-4/27 1) ;%8 .
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1. Boluucnure: ‘{/1,25-0,025—\/361.

2. Beruucnure: 4/48 -4/27 .
3. Ypocrure: 34/80 —4/5 — (23/5)2.
X224 144
0587
5. Berncmare: §/3°- 7% -8/3-72

INPAKTUYECKAS PABOTA Ne 8
Ha3zBanue npakTuuyeckoii padornbl: [Ipeobpazosanue bipadceHull, coOepIcaujux paouKab.

4. Beryuciaure:

Heanb padotbl: HayuuThcs ynpouars UppallMOHAIbHbBIE BBIPAKEHUS.
Pe3yabTarhi:
Dopmupyemuie Inemenmut IK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensTh anmapaTHO-IIPOTPAMMHBIE CpPEICTBA U PacyeTOB M COCTaBJICHUS
TONOrpaUUECKUX, MEKEBBIX IIJIAHOB

— wmemanpeomemnste. MPII 01, MPII 02, MPIIT 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK
10, MPK 11, MPP 02, MPP 09.

npeomemnsie: 11P6 02, [1Py 06.

3HAHHUSA:

— Tlonsatue KOpHs N-Oi CTETCHH.

— OcHoBHbIE CBOWCTBA KOPHSI N-Oi CTEHCHH.

yMeHHusi: YTIPOIIEHUE UPPALIMOHATBHBIX BBIPAKEHUH.
Xoa padoTbI:
Kopens N — crenenn: 3/a, N - mokas3aTeins KOpHs, a — HOJKOPEHHOE BHIPAKEHIE
Ecii N — HeveTHoe YHCJI0, TO BHIPAKEHHE \/a HMeeT CMBICH MPHU JII06HIX a
Eciu N — 4eTHOE YMCII0, TO BBIPAKEHHE \/a MMEET CMBICH TIpH a = 0
Va=hb
neNaz=0
KopeHb HeueTHOIi cTenenn U3 0TPUIATEILHOr0 uncaa: vV —a = —Va
OcHOBHBIE CBOMCTBA KOPHEH

1.IIpaBuio n3Bne4eHNst KOPHS U3 IPOU3BEICHUS:

Yab = Ya- Vb

ApudmMerHyecKNi KOpPEHb: } =b=>0

2.I1paBuio u3BIeYeHUsI KOPHS U3 APOOU:

na_’{/a

b %/p

3.IlpaBuio u3BIEYEHUS KOPHS U3 KOPHS:

k k

Va ="Va (k> 0,a = 0)
4 TIpaBUIIO BEIHECEHHS MHOKHUTEIS U3-TI0]] 3HAKA KOPHSL:

Vba" = aVb (a = 0,b > 0)

5.BHeceHre MHOKHUTES TT0]] 3HAK KOPHSL:
V3 b2 >
b\/_={ 3b%,eciub >0 ,
—V3b%,ecitub <0

(@>0,b>0,b+0)

n
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6.ITokazarenb KOpHS U MOKa3aTelb MOJIKOPEHHOTO BBIPAXKEHUSI MOKHO YMHOXHUTH Ha OJTHO U TOXKE
YHCIIO.

Va="Va* (k> 0)
7.11paBuiio Bo3BeICHUS KOPHS B CTETICHbD.

Yak = (Ya)* (a = 0,ectuk < 0,10 a # 0)
CioxkeHue U BbIYMTAHHE KOPHeii. UTOOBI MPOU3BECTH CIOKEHUE W BEIYMTAHUE KOPHEH, CHaUana
KOPHH MPUBOJAT K MPOCTEHIIEMY BHU/IY, & 3aT€M BBHITIOTHSIOT IPUBEICHUE MTOJOOHBIX YJICHOB
IIpumep 1.
Ynpoctuts Beipaxenue: 5V125 — V48 + /75 — 24/125 + 3v12 — V245 == 5+/25-5 —
V16-3++25-3 - 2vV25-5+3V4-3 — V495 == 25V5 — 4v/3 + 5vV3 — 10V5 + 63 —
7V5 = 7V3 +8V5

YMHOXKeHUe U J1eJieHre KOPHeid.
[IpousBeneHne KopHEW C OJMHAKOBBIMHM IIOKA3aTeIsIMU pPaBHO KOPHIO TOW JK€ CTENEHU U3

IIPOU3BEICHUS IIOJKOPEHHBIX BBIPAKEHUN a -¥/b=x/ab
YacTHOE OT AeyeHHs KOpHEH ¢ OJMHAKOBBIMM IIOKA3aTEIsIMH PAaBHO KOPHIO TOM K€ CTEIEHU W3
YaCTHOT'O OT AEJICHUS IIOJKOPEHHBIX BBIPAKEHUI.

Ecnu nokasareny KOpHEH pa3ivyHbl, TO CHayaja HY)KHO IPUBECTH MX K O0IIeMy IOKa3aTesto, a
3aTeM MPOU3BECTU YMHOXKEHUE U JICJICHUE.

Ecnu xopHE UMEIOT KO (UIMEHTHI, TO UX MIEPEMHOKAIOT WU JICJIAT OTACIBHO U Pe3yIbTaT MHUIIYT
nepe o0IuM KOpHEM

IIpumep 2.

Haiitn 3HaYeHHe BoIpakeHns: V24 -9 = 1/24-9=3/8-3-9=38-27=2:-3=6

IIpumep 3.

o 4| 16 416 2
Haiitn 3HaueHMe BBIpaXKEHUA: |[—— = 3 =—=4
0,625 0,625 0,5

IIpumep 4.
Haiitn 3HaueHue BBIpa)KeHI/IHZ%\/g' 3V32 = %\/4 +2:3V16-2 = % 2V2-3:442=12-2 =124
IIpumep S.

4 |aq3p% 4 C6p6 4 |a3b%a5p4 4| a8p8 a2b2
prOCTI/ITb BBIPAXKCHUC! 2.6 . = = =
c°p

aspt c2p6cbp6 - c8pl2 - c2p3
Bo3Benenne kopHeii B crenenb. [Ipy Bo3BeIcHUN KOPHSI B CTETIEHb HY)KHO BO3BECTH B 3TY CTEIEHb
MOJIKOPEHHOE BBIpAa)KEHHUE, a TI0Ka3aTelb CTENEHH OCTaBUTh 0e3 M3MeHeHUus. Eciau KopeHb uMmeer
KO3 QHIMEHT, TO €ro OTAETBHO BO3BOJAAT B ATY CTEIIEHb U PE3yJIbTaT BO3BEACHUS 3aUCHIBAIOT KaK
KO3 QHUIHUEHT ITPU CaMOM KOpHE.
IIpumep 6:

30 6
VIpOCTUTH BBIPAKEHHUE: (5\/ (11019_15)3 = Va30p—45 = ° % = %
N36aB1eHue 0T HPPALHOHAJIBLHOCTH B 3HAMeHaTeJe Apoou. [ 3Toro Hy)KHO 3HaAMEHaTellb U
YUCIUTENh APOOH YMHOKUTH Ha TAKOE BBIpAXKEHUE, KOTOPOE B IPOU3BEACHNUH CO 3HAMEHATENIEM JaeT
panroHaTbHOE BEIPAKEHHE B 3HAMEHATEIE.
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Mpumep 7:
N36aBUThCS OT UPPALMOHATILHOCTH B 3HAMEHATEIE !

2 2-(Ve+v2)  2-(V6++2) 2-(V6+v2) 2-(V6++2) V6+2
V6e-v2 (V6-v2)-(V6+v2) g -yz© = 6-2 4 R

N3Bieyenue kopHsi M3 KopHs. [Ipu u3BnedeHUM KOPHS W3-TIOJ KOPHS IOKAa3zaTeldd KOpHeH

MEPEMHOKAIOT, a IOJKOPCHHOE BBIPAKEHHE OCTaBIAIOT Oe3 m3MeHeHHs. Ecim kopeHbp mmeer
K03()(HUIMEHT, TO OOBIYHO 10 M3BJICUCHHS U3 JIAHHOTO KOPHS HOBOTO KOPHS BBOJAT KOA(PHUIMECHT
0J] 3HaK PajuKaja JaHHOTO KOPHS.

IIpumep 8.

VIIPOCTUTE BBIPAKEHHE: 3\/4x\/4x10y18 = 3\/\/42x24x10y18 = /43x12y18 = \/4xy® = 2xy3

CpaBHeHnue kopHeii. /{11 cpaBHeHHs KOpHEH pa3iMyHON CTENEHH HEO0OXOAUMO BOCIIOJIB30BAThCS
CBOMCTBOM 6 1 IPUBECTU KOPHU K OJJHOMY I1OKA3aTeJIIo.

IIpumep 9.

CpaBHHTH UKcha: V5 u V4.

HaiinéM HamMeHbliee obmee KpaTHoe umcen 4 u 3-sto 12, torma V5 = 53 = /125,34 =
“Va* = {256, t.x. V125 < 4/256, 10 V5 < V4.

3agaHus 1J151 CAMOCTOSITEILHON padoThI:
Bapuanr 1

1. Vipoctute sepaxenue (Ya —4/b)(#/a +4/b)(Wa ++/b).

a
2. BHecruTe MHOKHUTENH TOJT 3HAK KOpHs, eciii a>0 u b>0: — Za?_bi/g .

3. BIHECHTE MHOKHUTEIIH MO 3HAK KOpHs, ecm a > 0: 3—32a" .
4. Beraucrmre: a) (39 —3/7)(/81+3/63 +3/49) ; 6)4/312% +2-312-313+ 313 ; B)
J3-+2

J6 B 3
V6 +1" 34943741

5
5. 36aBbTech OT HpPaAIMOHAIIBHOCTH B 3HAMEHATENE IPpoOu: a)%; 0)

Bapuanr 2

1. Yopocrute BhIpaskeH#e (W + W )(\/; + \/§ )(‘{/; - W ).

b
2. BHecuTe MHOKHUTEH TOJT 3HAK KOpHS, eciii a>0 u b>0: 3ab?s — .
a

. 6f 25
3. BeiHECHTe MHOKHTEITH O] 3HAK KOpHst, ecnm a > 0: 3/128a” .

4. Bumemrre: ) (V7 + Y5)(V49 V35 + Y25) :6)4(8007 2800 175+ 1757 ; m) 1233,
45+4/3
i/?

3 .6 . 5
16 Y717 3/36-36+1

5. M36aBbTeCh OT MPPALMOHATIBHOCTH B 3HAMEHATeIe ApoOH: a)

MMPAKTUYECKAS PABOTA Ne 9
Ha3Banue npakTuyeckoii padorwl: [IpeoOpazosanue 6blpadceHuu, cOOepHcawyux cmeneHu ¢
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PAYUOHATLHBIMU NOKA3AMENAMU.

Hear padorsi: HayuuTbcs mpeoOpa3oBBIBATH  BHIPAXKEHHS, COJCpXKAIIHE CTEMEHH C
pallnOHaJIbHBIMHA ITOKA3aTCIIAMU.

Pe3yabTarhi:

Dopmupyemvte 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumeHnsaTh anmapaTHO-IPOTPAMMHBIE CpPEICTBA U PacyeTOB M COCTaBJICHHUS
TOMOTpapUUECKUX, MEKEBBIX IJIAHOB

memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,
MPP 02.
npeomemnsie. 11P6 02, ITP6 04, ITP6 05, TPy 06, ITPy 07, ITPy 08.
3HAHMSA:
— IlonsATHe HaTypanbHOH, LENON U PALMOHAIBHON CTEIICHHU.
— CBoiicTBa CTETICHEH.
YMEHHUA:
— IlpencraBineHue paliMOHaJIBLHON CTEIIEHU KOPHEM.
— IlpuMeHeHHe CBOICTB CTENEHEN W KOPHEW i YNPOIIEHWS BbIPAXKEHUH, COAEpKaLINX
CTEIEeHM C pallMOHAJIBLHBIMU MMOKA3aTEISIMU.
Xoa padoTbI:

m
Crenennio uncia g > 0c¢ pauroHaJIbHBIM IOKA3aTeJIeM I = — , I1e M-IEJI0€ YU C10, a N-HaTypaabHOC
n

m

(n>1), HazeiBaercs uucio va'" . Uraxk, no OHpCI[GJIeHI/IIO an =4Ya".

1
Mpumep 1. 74 =4/7; 26 §/2° =8/32; a5 =Ya".
CBoJiCTBA CTENEHH ¢ PANIMOHAILHBIM MOKa3aTeJeM, IJie I,S-panrnoHaibHble urcna, a >0,b>0.
l ar . aS — ar+S
2 ar . aS — ar—s

31 1
TMpumep 2. Y40 - 24 54 Vv2%.5 24 54= DENTY

3
4

=2".5" =10.
3.(a")y =a"
4.(a-b)' =a"-b"
1 111 1111
Mpumep 3. (ax)® +(ay)3 =a’x® +ady? =ad(x® +y?).

5_@ _a’
b b'

6. ITycTb I — parnonansHoe urcio u 0 < a < b,Tor):[a a'<b'mpur>0wua">b" mpur<O0.

1 1 1
112 17\ (36)2 125 362 125° 36 125 6 5
Ilpumep 4. |1 — 4—| =|— =—F = . =—.==2
25 27 25 27 = > J25 {27 53

252 273
7. J1yist TrOOBIX paIllMOHAIBHBIX YMCENT I M S U3 HEPABEHCTRA I > S clieayeT uto,a’ > a’npua >1u

a"<a’npu 0<a<l.
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3ameuanue. [Ipy a < OpanroHabHAS CTENIEHb YHCIIA @ HE ONPEAEIISIETCS.
2

Ilpumep 5. Cpasuute uncna /8 u 23,
3 2 2 3 2 3
/8=82°=25u2% 07 CBOMCTBY moiydaem23® > 2° ,TaKKaK§ > .

3aganus 1J151 CAaMOCTOATEILHON padoThI:

8/ 45 1 -7 7
1. IlpencraBpTe V4~ , Ib~", Y3b B Buzge crenenu ¢ parMoHaIbHBIM ITOKa3aTEeJIEM.

2. IpencTaBbTe B BHe KOPHS M3 uncia 347,
N 1Y% (177
3. Haiinute 3HaueHne YnciioBOro BelpaskeHus a) 82 :(8°-92),0) [1Ej (4Ej .
1 1
4. Paznoxure Ha MHOXHTEMH (3X)? —(5X)2.

19
5. CpaBHuTe umncia (/? u3®d.

5

P S (1)s

6. Haiinute 3uauenne Boipaxenns 8 3 :81%7%; 3/100 - (v2)3 (gj :
1 1
7. Pasnoxure Ha MHOXKHTEIH C2 +C*;4—43,

N |-
N |-

8. YmpocTute BeIpakeHHe a T —b T
a‘+b*
H
a
)74 INPAKTUYECKAS PABOTA Ne 10

Ha3panue npakTuueckol padorwi: [Ipeobpazosanue 6vipasxicenuli, coOepI’HCAWUx cmeneHu ¢
nelcmseumensbHbIMU NOKa3amesnsimu.
Tlear paGorbl: Hayuntbcsi mnpeoOpa3oBBIBATH  BBHIPAKEHMS, COJAEpXKAIIUE CTENEeHU C
felCTBUTENbHBIMY MOKA3aTEISIMH.

Pesyabrarnl:

%DopmupyeMbte anemenmut IIK (npogpeccuonanvno opuenmuposannoe cooeprcanue):

— IIK 1.6. IlpumensTs anmapaTHO-NIPOTPAMMHBIE CpPEICTBA Ui PAacYeTOB M COCTaBJICHUS

4 tomorpaduuecKuX, MeKeBBIX TLIAHOB
q

stemanpeomemnsie:. MPII 01, MPIIT 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,
MPP 02.

npeomemnsie’. 11P6 02, [TP6 04, ITP6 05, TPy 06, 1Py 07, ITPy 08.

e 3HAHHUA:

— IlonsATHe HaTypanbHOH, LIEJION, PALIMOHAIILHON U IEUCTBUTEIILHON CTEIIECHU.

B — (BoiicTBa creneHei.
bl yMenus: IIpuMeHeHHEe CBOWCTB CTENEHEH W KOPHEM MU YIPOLICHUS BBIPAKECHU,
p COZIepKAIIUX CTEIIEHU C JE€HCTBUTEIBHBIMU I10KA3aTEIIAMU

Xoa padoThI:
X
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CBOJCTBA CTEIIEHH C JeHCTBUTEILHBIM NIOKa3aTeJIeM

_ 1
1. a"=a—n,r,uea¢0,n>0
a\™ " n\"
2 () =()
3. a’ =1,raea # 0.Ecina = 0, 10 0° He uMeeT cMbICIa
4, al=a
m m
5. a’ = an = an = Va™
6. am . an — am+n
7. a™:a" =am™"
8. (am)n — amn
9. (a-b)™=a™-b"
a\" a™
. () =%
11. [Tycts r netictButenbHoe uncio 0 < a < b, Trorga
a” < b"npu r>0 a">b" npu r<0
12.J1ns1 moOBIX JCHCTBUTEIBHBIX YMCEN I M S M3 HEPABEHCTBA I'>S CIIEAYET
a">a’® npu a>1 a <a‘mpul<a<li
3aganus AJ151 CAaMOCTOATEILHON padoThI:
BapuanTt 1

1 1
1. Bormcnts: 2) 27 -642 —64% :274: 6) Y4+ 242 -34-242 .

a33/a%p? .6) ( 1 jﬁu _aJE+1

% 5

2.Yupoctuts Beipakerue npu a > 0, b > 0: a)

a—7\/§

a—-49

3 3 NA
4. CpaBHUTH yHCIa: a) 4 [Zj u 4 (Ej ; 0) g ul.
8 16 3

Bapuanm 2

3.Cokpatuth 1poob

1 1
1. Berauennts: a) 8° 127 +372.81%; 6) Y17 — /46 - /17 + /46 .

2.YupocTtuts Beipakenue nipu a > 0, b > 0: a)

8\/B+b
b-64

4 4 V4
4.CpaBHMTD yHcra: a) 3 (ﬁj u 2 (ij ; 0) 3 n l.
7 14 4

IMPAKTHYECKAS PABOTA Ne 11
HasBanue npakTu4eckoi padoTbl: BuluucieHue u cpasHerue CmeneHHblX 6blpadtCceHull.

)«/§+1 . 1

. V341
i 6) (b b4+x/§ '

_Ya
b*4b’a’

3.CokpatuTth 1podb

eab padoTsi: HayuuThces ynponiaTe CTENEHHBIE U MPPAMOHATIBHBIEC BHIPAXKEHHUS.
Pesyabrarnl:
@Dopmupyemvie rnemenmot IIK (npoghpeccuonanvno opuenmupogannoe cooepircanue):
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— IIK 1.6. IIpuMeHsTH anmapaTHO-IPOTPaMMHBIE CPEACTBA JUIS PacuyeTOB M COCTaBICHUS
TonorpadIecKnx, MeKEBHIX IJIAHOB
memanpeomemnwie: MPII 01, MPIT 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,
MPP 02.
npeomemnste. 11P6 02, ITP6 04, ITP6 05, TPy 06, ITPy 07, ITPy 08.
3HAHMS:
— TlonsiTue KOpHS N-Oi CTENIEHU.
— OcHoBHBbIE CBOWCTBA KOPHSI N-OM CTEIIEHMU.
— llonsiTue HaTypaIbHOM, LIEJION, PAallMOHATILHON U JIEUCTBUTEIBHOU CTETICHHU.
— CBolicTBa CTEIICHEH.
yMeHusi: YNPOILIEHHE UPPALIMOHAIBHBIX U CTEIIEHHBIX BBIPAKEHUM.
Xopn padorhr:
Bapuanm 1
1. 3anumuTe B BUJIE CTENIEHU C PAIIMOHATLHBIM TTOKA3aTEIIEM:

a)“\/ﬁ;(s)z\/@.

2. 3anuimTe ¢ TOMOIIBI0 PAIUKAIIOB:
10

a)3 °:0) (%js .

3. Yopocrure:
a)a’a’a'”; 6) a”’a’a’.
4. Beruucnure:

64°

1
5 0
a) 4/0,0625 ~%/~243;6) 16*; ) (3_8J .1) 243%; ) §/4° .57 .§/47 .5,

5. Beruucnure:

3 4
1814427 1) 3Y’
a)4%° .(81)4;6) ——————;B) | — +16%° — (0.5 5+(—— -5.
- B1)4:6) 3.9 277 )(16j (©9) 7
6. 36aBpTeCh OT HPPAIMOHAIBHOCTH B 3HAMEHATENE JIPOOu: 1
V2 +1
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1. 3anummuTe B BUAE CTEMECHH C PAlIMOHATBHBIM [TOKA3aTEJIEM:
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2. 3anuiuTe ¢ TOMOIIBIO0 PAIUKAJIOB:
10

2)3 s
a)(gj . 6) 23.
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6.1130aBbTECH OT HPPALIMOHAILHOCTH B 3HAMEHATENE IpOOH:

7. Haiinute 3Ha4YeHHE BBIpAXKEHUS 63/75 — 24/15+/27 .

8. Pacnionoxxure B mopsiike BO3pacTaHus CIACAYIOIIHNE Yucia; %/5; \/g ; 6\/6 .
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9. YnpoctuTte BeIpaXKeHUeE: a - -
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TPAKTHYECKAS] PABOTA No 12
Ha3BaHue npakTH4YeCcKOil padoTel: Hcciedosanue ceoiicms u nocmpoenue 2paguka cmeneHHol

GyHuryuu.
Ileab padoThl: HAYYUTHCS CTPOUTH IPAPUKHU CTETIEHHBIX (QYHKIUI.

10. YpocTure BIpakeHUe ¥ HaliuTe ero 3HadeHue npu X = —32.

-1

PesyabTarnl:
Dopmupyemote 3n1emenmut IIK (npogheccuonanvno opuenmuposanmoe cooepircanue):

— IIK 1.6. IlpumensaTs amnmapaTHO-IPOrPAMMHBIE CpPEICTBA JIs PACUYETOB M COCTABIICHMS
TOMOTpaUUECKUX, MEKEBBIX TUIAHOB
memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemnsie: 11P6 02, I1P6 04, TTP6 05, ITPy 06, ITPy 07, ITPy 08.
3HAHUA:
— TlonaTue cTeneHHON (YHKITUH.
— IlonsTHe 0 cBOWMCTBAX CTETIEHHON (DYHKITHH.
ymenusi: [loctpoenue rpadikoB CTETIEHHBIX (DYHKITUH.

Xon paborsr:
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I'pagux cmenennoti pynxkyuu u ee ceoticmsa

CreneHHoi dpyHkumei
Ha3bIBAlOT (YHKIMIO BHJA
y=x ', rme r- umoboe

5 VT

NEUCTBUTEIBHOE YUCIIO.
I'padpuxom CTETIEHHOM
byHKIHH y=x" c

y=x"
O<r<1 1

HaTypaJbHBIM  IIOKa3aTCJIEM

>

0 1 0 1 X
Puc.1 Prc.2 ABIAETCS  napabona  n-ro

NOpsAJIKA, MpU YETHOM 7 €€
rpadK CUMMETPUYEH OTHOCHTEIBHO OCH OpIMHAT, IPU HEUYETHOM A - OTHOCHUTEIHHO Hauaia
KOOpJMHAT.

m ﬂ>l

PaccmoTpum crenennyo dynkmuio Y=X ', = », »

I'padukom ee siBIIsiETCSI KpUBAsi - BETBb MapaloJIbI
& m
v:T? 0<" <
’ Paccmotpum rpaduk pynkuuu - ~ 7, n

m
0

: Paccmotpum rpaduk pynkuuu Y~ ¥
: I'paduk naHHOW (QYHKIMM UMEET TOPU3OHTAIBHYIO
acuMnToty y = 0 ¥ BEpTHKaJIbHYIO0 acuMnToTy x= 0.

oS EenM moKasaTellb  CTENEHHM — [ENIoe  OTPUIATeIbHOE
1 4uCIIOo, TO CTCICHHAs 'l
. byHKIUS 3a1aéTcs 4!
dopmyoit y=x " win y=1/x" \
I'padux crenenHol (yHKIMM y=X ", B ciydae, Korja n — 4&THoOe 1\
YHCIIO TPUHUMAET BUJL: .

Hanpumep, Takoii BUl NPUHUMAIOT Ipaduku GpyHKIU y=x 4, y=x"5.
I'paduk creneHHoOM GyHKUMM y=X ', B cilydae, KOrja n — Heu&THoe
YHCJIO IPUHUMAET BUJI TUIIEPOOJIBI: :

Hanpumep, Takoii BU IpuHEMAa0 rpadguky GyHKIui y=x °, y=x"!!
3agaHus 1J19 NIPAKTHYECKOH padoThI:
1. U3006pa3uth cxemarnuecku rpaduk GyHKIINU, yKa3aTh €€ 00JIaCTh OMPEICIICHUS U MHOYKECTBO

3HAYCHMI:
1L y=x 3. y=x%7 5. y =i
2. y =x’ 4, y=x"° 6. y = 3x
2. [loctpoiite rpaduk kBagpaTUIHON QYHKIUH, YKaXKUTE MHOKECTBO 3HaYEHUH TaHHOW (QyHKIUH.
1 y=(x=3"-2
2 y=—(x+3)"-2
3. y=(x-4)" -7
3. IlocTpoiite rpadguk GpyHKIUH, ONPEIEIUTE, BO3pACTACT WM YOBIBAET YKa3aHHAS (PYHKLUS.
1. y=—x-1
2 y=—(x+2)’
3. y=x+2
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4. Tloctpoiite rpaduk GyHKIIMH, OTBETHTE HA BOTIPOC 3a1a4H.

1. y=+/x+2-1
2 y=+/x—-1+2
3. y=~/x+3+1

, YK@XXUTe HauMeHbIIIee 3HaueHUue PyHKIIUHU.
, YK@XXUTe HauMEeHbIIIee 3HaUeHUEe PYHKIIUH.

, YKQXKUTE HaUMEHBIIIee 3HAUCHUE (PYHKITHH.

MPAKTUYECKAS PABOTA Ne 13
Ha3Banune npakTuyeckoil padorsl: Pewenue uppayuoHatbHbIX YPAGHEeHUU.

Henap padorel: HayunThcs pemats UppallMOHAIbHBIE YPaBHEHUS.

PesyabTarsl:
Dopmupyemvte 3n1emenmul IIK (npogheccuonanvno opuenmuposanmoe cooepircanue):

— IIK 1.6. IlpuMeHsTh anmapaTHO-NPOTPAMMHBIE CpPEICTBA MJi PAacyeTOB M COCTABJICHUSA
TonorpauuecKux, MeKEBbIX MIaHOB
memanpeomemnwie: MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemnosie: 11P6 02, ITIP6 04, TTP6 05, ITPy 06, ITPy 07, ITPy 08.
3HaHusA: OCHOBHbBIE METObI PELLICHUS UPPAIMOHAIbHBIX YPAaBHEHUN U HEPABEHCTB.
yMmenusi: [IpumMeHeHHE OCHOBHBIX METOJOB PEUICHMS] HPPALMOHAIBHBIX YPAaBHEHUH U
HEPaBEHCTB.
Xoa padoTbI:
HppanuoHajJbHBIM ypaBHEHUEM Ha3bIBACTCS YpaBHEHHE, COAEPIKAILEE HEU3BECTHOE 0] 3HAKOM
KODHSL.
OcHOBHas njes pelieHns NPPaluOHAIBHOTO YPABHEHHSI COCTOUT B CBEJICHUH €T0 K PallUOHATIbHOMY
areOpanvyeckoMy YpaBHEHHUIO, KOTOpOo€ JIMOO paBHOCWIBHO MCXOJHOMY HUPPALMOHAIBHOMY
yYpaBHEHHIO, JIMOO sBIsEeTCS e€ro cienctsueM. Ilpu pemeHMM HppalMOHANBHBIX YpaBHEHUM
MIPUMEHSIOT MeTO[ BO3BeleHHsl B CTelNeHb OOOMX YacTell YpaBHEHMsI U METOJ BBEJCHHS HOBOU
MIEPEMEHHON (3aMEHbI IIEPEMEHHOM).
Ecnu 06e yacTu MppalMoHaNbHOTO YpaBHEHHsI BO3BECTH B OJIHY M Ty K€ HEUETHYIO CTENEeHb U
0CBOOO/IUTHCS OT PaIMKAJIOB, TO MOJIYYUTCS] ypaBHEHUE, PABHOCUIIBHOE HCXOJHOMY.
IIpu BO3BEIEHUH ypaBHEHNUS B YETHYIO CTEIIEHb MOIY4aeTCs ypaBHEHUE, SIBISAIONIEECS CIECICTBUEM
UCXOJHOTro. B cBsI3M ¢ 3TMM BO3MOXKHO MOSIBIEHHE NOCTOPOHHUX PELICHUI ypaBHEHUS, HO HE
BO3MOXXHAa TMOTeps KopHel. B 3ToM ciydae oOsi3aTenbHa NpoBepKa HaMIEHHBIX KOpHEH
MI0/ICTAHOBKOI B HCXOJIHOE YpaBHEHUE.
MOomHBIM CPEACTBOM PELICHUS MPPALMOHAIBHBIX YPABHEHUN SIBIICTCS METOJ BBEICHUS HOBOM
nepeMeHHOM, niK '"Merox 3ameHbl". MeToa 0OBIYHO PUMEHSETCS B Cllyyae, €clid B ypaBHEHUU
HEOJIHOKPAaTHO BCTPEYAETCSl HEKOTOPOE BBIPAXKEHUE, 3aBUCHIIEE OT HEU3BECTHOM BenuunHbl. Torna
MUMeeT CMBICI 0003HAUYUTh 3TO BhIpaKEHHE KaKOH-HUOYIb HOBOM OYKBOW M MOMNBITATbCS PELIMTH
YPaBHEHUE CHayajla OTHOCHUTEIBHO BBEJCHHONW HEW3BECTHOW, a TOTOM YK€ HAWTH HCXOIHYIO
HEU3BECTHYIO. B pdne ciydyaeB yaauyHO BBEACHHBIE HOBBIE HEM3BECTHBIE WHOTJA I103BOJISIOT
MOJIYYUTh pelleHre ObICTpee U MPOolle; HHOTAA ke 0e3 3aMeHbI pEIUTh 337a4y BOOOIIIe HEBO3MOXKHO.
WNnorna ynobHee pemaTh UppallMOHAIbHbBIE YPaBHEHHUS, ONIPEAETUB 00JIaCTh TOMYCTUMBIX 3HAUCHUN
Y UCTIOJIb3Ysl PABHOCHJIbHBIE NTEPEXObI.
PaccmoTpuM nprMeHeHue TaHHbIX METOIOB PELICHHs HPPALMOHAIBHBIX YpaBHEHUI.

IIpumep 1. Pemure ypaBHeHne V7X — 6 =X
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Pemrenne. Bo3BeeM 06e 4acTH STOTO YpaBHEHMS B KBajgpaT M MOIydnM: 7x-6= x° . Pemaem
KBaJpaTHOE ypaBHeHMe: X>- 7x+ 6 =0

D =25, x1=6, x»=1.

IIpoBepsieM noay4yeHHbIE PE3YbTaThl, IOACTABIISAA B HAYAJIbHOE YCIIOBUE:!

V76 — 6 =6 BepHO

V71— 6 =1 BepHO

OtBetr: 61 1

Ipumep 2. Peumts ypaBHenne V2x — 3 =vVx — 2

Pemenue. Bossesem o6e uactu B kBagpat: (V2x — 3)%= (Vx — 2)?
2x-3=x-2

2x-x=3-2

x=1

IIposepka: V21 — 3 =y1 — 2 He celIecTBYET, ClIe0BaTENbHO X=] MOCTOPOHHUII KOpeHb. JJaHHOE
ypaBHEHUE HE UMEET PeLICHUH.
OtBer: penieHuilt HeT

Mpumep 3. Penmnts ypauenne V2x + 7 =1/3x — 3
Pemenne: (V2x + 7)%=(3/3x — 3)*

2x+7=3x-3
2x-3x=-3-7
x=10

B nanHOM ciydyae mpoBepka HeoOs3aTelbHa, TaK KaK WCIOJIb30BAJICS METOJ[ BO3BEICHUS 00CHX
YacTeil B HEUETHYIO CTEICHb, IIPU KOTOPOW TOCTOPOHHUE KOPHU HE MOSIBIISTIOTCSI.
Otset:10

Ipumep 4. Pents ypaBuenne VX + 6 - V13 — 3x = x+3

Pemmenue. Bossesiem 06e uact ypasrenus B ksaapatr (vVx + 6 V13 —3x) 2= (x + 3)%
(x+6) - (13-3x) = (x+3)?;
13x- 3x 2478 -18x = x%> + 6x +9;

4x° +11x -69 =0;
23

x1= 3; Xp=- "
Iposepka: x1=3: V3 +6V13—9=3+3; 6=6
A S y
Xo=- T 1 - > TIOCTOPOHHHH KOEHD.
Ortset: 3

Mpumep 5. Pemuts ypaBHerue +2x + 1 + V2x + 1 =12

Pemenue. Benem HoBylo nepemennyio. Ilycts V2x + 1=y, Torna v2x + 1=y?.
[omyuaem HOBOE ypaBHeHHE: y> +y -12=0; y1=3; y,=- 4.

1) V2x+1=3;

2x +1=3%

x=40.

2) V2x + 1= - 4. VpaBHeHue He MMeeT KOpHEl, Tak Kak V2xX + 1 >0, a uncio -4< 0.
Ortser: 40.

Ipumep 6. Pemmts ypaBHerHe VX +3X - 2=0.

Pemenue. Ilycts Vx=y, VYx=y
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[Momryunm y2 +y-2=0; y1=-2; y2=1.
1) VYx=1, x=1

2) ¥x = -2, He umeer KopHeii, T.k. Vx>0.

Ortser: 1.

Ipumep 7. Pemmts ypaBHenue VX — 10 +v'1 — x =6.

Pemenne. OO6nactp momycTUMBIX 3HaueHHd HewsBecTHoro (OJ[3) ompenensercs cucTemoi

x—10=0 {X > 10
=3

1-x=0 x<1

MHO>KECTBE JCUCTBUTEIbHBIX YHUCEIN.

HEPABEHCTB { KOTOpasi peLIEHUI He UMEET. YpaBHEHHUE HE OIPENEICHO B

OTBeT: HeT pelIeHu.
3agaHus 1719 NIPAKTHYeCKOH padoThI:
Pemute ypaBHEHUS:

14/3x—5=+9 - 7x 12. V2 -x=2x+6.
2.V6x —11=x-1 13.V/2x2 -x + 6 =5+ 2x.
3. x—-5=\/7x =23 14.7—x+1=2

4,42 —x%-yx=1 15.V6 + x- V6 — x =x

5. vx + {x =20 16. VI +x - V5 —x =2V2

6.vV4 —x+/5+x=3 17.18-Vx +2=12
7./5x—1-v3x—2-vx—1=0 18. 5++x—1=3

8. Vx+45 - Yx—16 =1 19.4/3x = 7 -3 =x
9.42x+7-2=x 20. 6 +V/5x — 7 =2
10.Vx+13=12-Yx+ 13 21.Vx—2=-2

11.V16 — Vx+ 1 =4 22.(3-vx—-2)-(4—v2x—1)=0

MPAKTUYECKASI PABOTA Ne 14
Ha3Banue npaktuyeckoi padorsl: Peuwenue uppayuoHaibHblx HEPaBeHCms.

Hean pabdorbl: HayunThes pemars nppauuoHalIbHbIE HEPABEHCTBA.

Pe3yabTarsl:
Dopmupyemvie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumensaTs amnmapaTHO-IPOrPAMMHBIE CpPEICTBA JIs PACUETOB M COCTABICHMS
TOMOTrpaUUECKUX, MEKEBBIX TIIAHOB
memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.

npeomemnsie’. 11P6 02, [TP6 04, ITP6 05, TPy 06, 1Py 07, I1Py 08.
3HaHusA: OCHOBHbBIE METOIbI PELLICHUS UPPAIIMOHAIBHBIX YPAaBHEHUN U HEPABEHCTB.
yMmenusi: [IpumMeHeHHEe OCHOBHBIX METOJOB pEIICHHUS HUPPALUOHAIBHBIX YpaBHEHUH U
HEPABEHCTB.

Xon padorsr:

Ilon uppanuoHANbHBIM HEPABEHCTBOM IIOHMMAalOT HEPABEHCTBO, B KOTOPOM HEW3BECTHBIE

BEJIMYMHBI HAXOAATCS MOJT 3HAKOM KOPHS.

Cnoco0 pemeHusi TakMX HEPaBEHCTB COCTOMT B MPEOOpa3OBaHMM HUX K palMOHaIbHBIM

HEpaBEHCTBAM ITyTeM BO3BeJeHHsl 00erX YacTeil HEPABEeHCTBA B CTENEHb.
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Pemienune nppaoHaabHbIX HEPABEHCTB OCIOKHAETCA TEM OOCTOSATENLCTBOM, YTO 37€Ch UCKIIIOUCHA
BO3MOYKHOCTh IPOBEPKH, B CBSA3M C TUM HEOOXOJMMO CTapaThCs AenaTh BCe MpeoOpa3zoBaHUA
PAaBHOCUJIbHBIMH.
[Ipu pemreHnH HppaMOHAIBHBIX HEPABEHCTB HY)KHO 3aIlIOMHUTH IIPABUJIO:
— npu 6036edenuu obeux uacmeli HEPaABEeHCMBA 6 HEUemHylo Cmenenb 6ce20d NOJYyYaemcs
HEepPaseHcmeo0, pagHOCUIbHOE OAHHOMY HEePaABEeHCMEY,

— ecau obe wacmu HepaeeHcmeda 6036005M 6 ’{€WZHyI0 CmeneHb, mo noay4umcs HepaeerHCcmaeo,
PasHoCUlIbHOE MCXO()HOMJ/ MOJIbKO 6 MoM ciydae, eciu 0be yacmu ucxo0Ho2o HepaseHncmea
HeompuyameilbHbsl.

Ho ecnu npu penieHuu ypaBHEHH B pe3ysbTaTe BO3BECHHUS YETHYIO CTETIEHb Mbl MOTJIU MOJTY4YUTh
MIOCTOPOHHUE KOPHU (KOTOpHIE, KaK MPAaBHJIO JIETKO MPOBEPUTH) U HE MOIJIU MOTEPSATh KOPHH, TO
KOpPHH HEpaBEHCTBAa MpU OE3AyMHOM BO3BEACHHUM B YETHYIO CTENEHb MOTYT OJHOBPEMEHHO U
TEpATHCS, U PUOOPETATHCS.

HppaiuonanbHoe HepaBEHCTBO 4/ f(y) < g(x) 1/ f) < g(X) paBHOCHILHO CHCTEME HEPABEHCTB:

fx)=0 fx)=0
gx) =0 unu gx) =0
fx) < g*® f) < g*®
UppalnoHanbHOe HEPaBEHCTBO \/E > gx) WK \/TX)E Jx) PABHOCHUIBLHO COBOKYIIHOCTH JIBYX
F) =0 Fx)=0
cucreM HepaBeHcTB: { g(x) =0 {g 83 i g wnu gx)=0 {g gg i 8
f) > g*® f 2 g*® B

B cBs3u ¢ 3TUM OCHOBHBIM METOI0M PCHICHUA UPPALUMOHAIBHBIX HCPABCHCTB ABJIACTCA CBCIACHUC
HCXOJHOI'0 HEPAaBCHCTBA K paBHOCI/IJ'IBHOI\/'I CUCTECME WJIN COBOKYITHOCTU CHUCTCM pPAllMOHAJIBHBIX
HCEPAaBCHCTB.

IIpumep 1. Pemnth HepaBeHCTBO V55X — 9 < — 4.

Pemenue. 3ameTnm, 4TO mpaBasl 4acTO ATOrO HEPABEHCTBA OTPHUIATENIbHA, B TO BpeMs Kak JeBas
yacTh HEOTpHUIATeNIbHA MPU BCEX 3HAYEHMSIX X, MPU KOTOPBIX OHa ompesesieHa. B cBsi3u ¢ atum
HEPABEHCTBO PEIICHUI HE UMEET.

Ortger. Pemenmuii Her.

Ipumep 2. Pemuth HEpaBeHCTBO V5x — 9 <4,

Pemenue. O6nacTh ornpeeneHus JaHHOTO HepaBeHcTBa 5x-9>0, x > 1,8.

O0e yacTi HepaBEeHCTBA HEOTPHIIATENIbHBI, BO3BE/IEM MX B KBajpaT: 5X-9< 16, x < 5.

Haiinem nepecedyeHue mojayd4eHHOr0O MHOXECTBA peIIeHUIl ¢ 001acThIO ONpe/ieNieHHs] HepaBeHCTBa,
nosyunM 1,8 <x <5.

Ortser : [1,8; 5)

IIpumep 3. Pemuts HepaBeHCTBO V3 — X > 7.

Pemenue. O6acTh onpeaeneHns JaHHOTO HepaBeHCTBa 3-X >0, x<3.

O0e yacTh HepaBEHCTBA HEOTPHUIIATEIIBHBI, BO3BEACM UX B KBaIpat: 3-x>49, -x > 46, x < -46.

Haiinem nepecedenne moiy4eHHOTO MHOXECTBA PEIIEHUN C 00JIACTBIO OTIPE/ICNICHNs] HEPaBEHCTBA,
x<3

X < —46

«MEHbIIIE MEHBIIET0», UTaK X < —46.

Otser: (—o0; —46).

T.C. pCHICHUC CUCTCMBI: { Nmeem JBa HCPABCHCTBA C OAMHAKOBbBIM 3HAKOM, BCIIOMHHM!
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IIpumep 4. Peminte HepaBeHCTBO V6X + 3 < 3X.
6x+3 =0,
Pemenue. J[aHHOE HEPABEHCTBO PABHOCHIILHO CHCTEME HEPABEHCTR: 3x=0,
6x + 3 < (3x)?
HaiiieM penieHns Kaxmaoro U3 HEpPaBeHCTB:
1) 6x+3>0, x>-05.

2)3x >0, x>0.
3) 6x+3< (3x)?, -9x%+6x+3<0, 3x2-2x-1>0, pemraeMm KBaApaTHOE YpaBHEHHE, HAXOAUM X1=1,
x2=-1/3. TlpumeHum MeTOa UHTEPBAIOB: X< -1/3, x>1.
x = —0,5,
x=0,

3anuieM peuieHusi CUCTEMBL: [Tonyuaem x>1.

X < —§ nux > 1.
Otset: (1; +).
3ajganus 1Jisi IPAKTHYECKOH padoThI:
Pemnte HepaBeHCTBa.
1. x+1>x-1, 7. V3—x>x-1,
2. V7 -5x>3, 8. V2x+3<x,
3. V-3x—4<1, 9. 5+vVx—1<3,
4. VAx+7<5, 10. V2x+7-2>x
5. V9+2x<4, 11. Véx— 11 <x-1
6. V6x—8<-6, 12. Vx + 26.

HPAKTHYECKAS PABOTA Ne 15
HasBanmue mnpakTnueckoii padorel: MHccrnedosanue ceolicmé u nocmpoenue epaghuxa
NOKA3amenvHol QYyHKYUU.

Heab padoThl: HAYYUTHCS CTPOUTDH IPaUKH MOKA3ATEIbHBIX (QYHKIIHM.

Pe3yabTarsl:
Dopmupyemoie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumensaTh anmapaTHO-IPOrPAMMHBIE CpPEICTBA JIs PACUETOB M COCTABICHMS
TOMOTrpaUUECKUX, MEKEBBIX TIIAHOB
memanpeomemnsvie. MPII 01, MPIT 02, MPIT 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09.
npeomemmnosie’ 11P6 05, [Py 06, [1Py 07, TTPy 08.
3HAHUA:
— Tlonarue moka3aTenbHON (YHKITHH.
— Tlonstue o cBoiicTBax Mmoka3areabHON QYHKITUH.
ymenusi: [Toctpoenue rpagukoB nmoka3aTeabHbIX (QYyHKIIUH.
Xopn padoThr:
OcHogHnbule ceoiicmea nokazamenbvHou yynukyuu 'y = a*npu a >1:
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1. Ob6nactb onpeneneHus PyHKIIMU — BCS YUCIOBAs psiMast
2. OGnacth 3HaueHU# QyHKIMHA — IpoMekyTok (0; +00)

3. DyHKUHA CTPOr0O MOHOTOHHO BO3PACTaeT Ha BCEH YHMCIIOBOM

MPSIMO#A, TO €CTh, €CITU X1 < Xo, TO ¥l < a*2

4. Tpabuk mnokazarenpbHOM (QyHKIMM C ocHoBaHMeM a >1

n300paxEH Ha puUCyHKE 1.

Ocnosnvle ceoiicmea nokazamenvhou ynkyuu 'y = a* npu 0< a

<1:
] 1.

yv=ar 0<al=1

a) [Touemy QyHKIHMS y=a® Ha3BIBACTCS MOKA3aTEITHHON?
0) Kakune 3HaueHMsI MOXKET MPUHUMATh TIEpeMEHHas X ?
B) [Touemy npu a<0 nokasarenbHas GyHKLUS HE onpeaeeHa?

r) 13 npuBeaeHHBIX HUXe QYHKIMH YKaKUTE T0KA3aTENbHYIO:
1) y=4x-1
_ rA\x
)y = ()
3) y=x
1
4) y=—
)y="3
1) [Ipn kakux 3Ha4YEHUAX X BBIpA)KEHUU 5° MeHbIe 1?
1) x>0
2) x<0
3) x>1

4) x<1
e) M3 npuBeieHHbIX HIKEe (PYHKIUHI yKakuTe yObIBaIOIINE:

oo
2) y= [g)

3) y=(4—\/7y

o)

2. a). 3amoaHUTE TAOIUIly 3HaYEHUN JUTsl Kaxaou GyHkmuu y=2", y=3%, y= (—

X -3 -2 -15 -1 -05 0 0,5
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<1 u300paxéH Ha pUCYHKeE 2.

! \_ Sanannﬂ JJIsl IPAKTHYECKOH padoThI:

L OTBeThTE HA BOIIPOCHI:

OGnacth  onpeueneHus
(GyHKIUM — BCS YUCIIOBAS TIPSIMasL.
2. Oo6acts 3HaueHui GyHKIUH — MPoMexyToK (0; +00)

1

_——/

yr=ata=|1

1
2

1,5

)x

0

2

3. @OyHKIMS CTPOr0 MOHOTOHHO YOBIBaeT Ha BCe
YHCJIOBOM MPSIMOM, TO €CTh, €CITH X1 < X,,T0 a*t > a*2
4, I'paduk mokazarensHOM (PpyHKIMU ¢ ocHOBaHueM 0< a



y
6) IlocTpoiiTe Mo HaHHBIM TaOJUIl B OAHON CHUCTEME KOOpIMHAT TpadUKH YKa3aHHBIX (DYHKIHA

(paboTaiiTe pa3HbIM LIBETOM)
3.Cnenaiite BBIBOJIBI 110 PE3yJIbTaTaM IIOCTPOECHMIA;

a) O6nacThIo OnpeIeIeHHs TOKa3aTeIbHON (DYHKIIUU SBIISICTCS , T0O3TOMY €€ TpaduK
o0yaiaeT CBOMCTBOM

0) ['paduk nmr000# oKazaTeaTbHON (PYHKITUU PACIIOJIOKEH B , TO3TOMY JTr0 Oast
roKasareiabHasi QYHKIHS TPUHUMAET TOJIbKO 3HAYEHUSI.

B) [Ipu mobom a rpaduk mokazaTenbHON PYHKINN TPOXOJUT Yepe3 TOUKY , TOTOMY
91O

r) MOHOTOHHOCTb TOKa3aTeNbHOW (DYHKLIUU 3aBHCUT OT . ysxoum y=a*
SABJISIETCS BO3pACTAIOLIEN IIpU U yObIBaroIei npu

1) [TokazarenpHas GyHKIMS HE 00J1aAaeT CBOMCTBAMU

e) I'paduxu nByx mokazarenbHBIX (YHKIHH CHUMMETPHYHBI OTHOCHUTEIBHO OCH OpAMHAT, €CIIU
OCHOBaHUS CTETICHEN

4. Ha ocHOBe clieJlaHHBIX BBIBOJOB M300pa3uTe CXEMAaTUYHO B OJJHOM cHCTeME KOOpAMHAT rpapuKu
byaknuit  a) y=2,5" uy=4"  0)y=15"u y=(2/3)".

OnuiuTe CBOMCTBA KaXKI0M U3 HUX.

5. OTBeThTE HAa BOIPOCHI:

[3]0 2 . (3)0 6
0,2 0,6 T T
2 Toweny 347 <34, 4 4

o
0.2 —| <1
0) [Touemy 347> 1, a 4

B) Ilouemy mpum pemieHHH ypaBHEHUS 2X~(X2—3X+2)=0 JOCTAaTOYHO pEIINTh YpaBHEHUE

X* —3X+2 =0, a Ipu pelIeHNH HepaBeHCTBa 2° -(X2 —3X+ 2) < 0 MOXHO MepelTH K HEPABEHCTBY

x*-3x+2<0?
6.IToctpouts rpaduk nokaszarenbHol GpyHkIMM (00pazen)

y—[1 :
3 :
«OcHOBHOI» rpadux N .
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IlapannensHbIN IepeHoc (CABUT)

BJ10J1b ocu OX BIpaBo Ha 2
2 eIWHUYHBIX OTpE3Ka

1)\ '
—| = =2
y=|3 2

[TapanyienpHblil IEpeHOC (CABUT) : : :

Bxoyb ocu OY BHU3 HA N

2 €IMHUYHBIX OTpPE3Ka =

[TocTpouTh cxemMaTu4ecku TpapuKy CIeTyomuX (yHKIHHA.

1. y=5*
2. y=5%1
3. y=5"-1

IMPAKTUYECKAS PABOTA Ne 16
Ha3Banue npakTuyeckoi padorel: Pewenue nokasamenohviX ypagHeHUll U HepaseHCcms.
Heapb padoThl: 3aKpenuTh HaBbIKM PELICHUS TOKAa3aTEeIbHBIX YPaBHEHUIN U HEPABEHCTB.
Pesyabrarnl:
Dopmupyemoie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumeHnsTh anmapaTHO-NPOTPAMMHBIE CpPEICTBA U PacyeTOB M COCTaBJICHUS
TONOrpapUUECKUX, MEKEBBIX IIIAHOB
memanpeomemnuste. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPIT 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09.
npeomemnuie: 11PG 05, ITPy 06, ITPy 07, ITPy 08.
3HaHusi: OCHOBHBIE METO/IbI PELICHUS MTOKa3aTeIbHBIX YPaBHEHHH U HEPABEHCTB;
ymenusi: [IpiMeHEeHHE OCHOBHBIX METOJOB pEIICHHsS MOKa3aTeNbHBIX YpaBHEHUH U
HEPaBEHCTB.
Xox pa0doThI:
VYpaBHEeHHE, B KOTOpPOM TIEpeMEHHAs COJEPXKUTCS B TIOKa3aTeje CTENeHH, Ha3bIBaeTCs
NMOKAa3aTeJbHBIM.
IIpocreiinee moka3aTeabHOE ypaBHEHHE — 3TO ypaBHEeHUe Buaa a* = b, rae a>0, a#1
VYpaBuenue a*=b ue umeer kopueit, ecnu b<0.
[Tpu mH00OBIX TEHCTBUTEBHBIX 3HAYCHUSX X M Y CTIPABEVIUBbI PABCHCTBA:
a* - b* = (ab)?, a*-a¥ =a*tY, a*:a¥ =a¥V
Cnocobul peuteHus NOKA3amenbHblX YPAGHEHUIL.:
1. YpaBHMBaHUE OCHOBAaHU.
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2. Brigecenune o011ero MHOKUTEISI 3a CKOOKH.

3. BBenenue BcioMorarenbHOM MEPEeMEHHOH (3aMeHa TePEMEHHOM ).

4. PaznokeHre Ha MHOXUTEIIH.

IIpumepl. Pemuts ypaBHEHUS:

a) 3%73=27

Pemrenne. Tax xak 27=3%, Ton nepenumenm ypapHenue: 3% 2=3%, YpasHeHne cBoaUTCS K YPaBHEHUIO
3x—3=3, peimB 3T0 ypaBHCHHE, MMOTYyIUM X=2,

Otser: 2.

6) (§)2x+0,2:j§ .

2 5(2 2 2.1
Pemenwe: (5)2“0'2 = \/;; Torna ypaBHEHHE MOXHO ITEPEIHCATH: (5)2’“0'2 = (5)5 ;

2x+0,2=0,2; = x=0.

Otser: 0.

Mpumep 2. 2-3**1 - 3¥=15 (MmeTox BbIHECEHHUS OOLIETO MHOYKHUTENS 32 CKOOKH)

Pemrenne: 2-3%3 —3*=15; = 3*(2:3-1) = 15; 23*-5=15; > 3*=3; =x=1

Otser: 1.

IMpumep 3. 9% — 8-:3* —9=0 (merox BBeICHHS HOBOI MIEPEMEHHOI)

Pemenne: 32 - 8:3% -9=0; 3*=t>0; t?-8t—-9=0; D=64 + 36 = 100; x1 = 9; x2 = -1; 3*=9; x=2;
3*= -1<0; pemeHuii HET

OtBer: 2.

3aganus 1J151 CAMOCTOATEIBLHON padoThI

Pabdora Ha «3» Pabora Ha «4» Pabora Ha «5»
1. 3% x=9; 1. 2242%=5; 1. 9%-23*=63;
2. 2%142x72=36; 2. 9%-63%-27=0; 2. 5x_(l)x-1:4;
3. 25"+ 2+5%-3=0; 3. 2%%-p¥l=1; Y
4. 3x+2+ = 301 3.2 _Z'
4. 5%-5%2= 600;
5. 9%+33*-4 = 0;

IMoka3aTebHBIM HEPABEHCTBOM HAa3bIBACTCS HEPABEHCTBO, B KOTOPOM HEHM3BECTHOE BXOJHT B
MOKa3aTelb CTEIECHHU.

1.PenieHune mokaszarebHBIX HEPABEHCTB YaCTO CBOJUTCS K BUIY af¥< g9 ( af®> g9 ),

KOTOPBIE PEIIAOTCs C TOMOIIBIO CBOWCTB MOKA3aTeNbHON (pyHKINU:

ecmu a@>1, To mokaszarenbHas QYHKUUSA 6ospacmarowas (0odbIIEeMYy 3HAYCHHIO (YHKLIHU
COOTBETCTBYET GoNbIee 3HaUeHHE apryMenTa), T.e.  a'™> ad® = f(x) > g(X) ;

ecnin  0<a<l, To mokazaTesqbHas QYHKUUA YoOwigarowas (OoNbLIEMY 3HAYEHUIO (DYHKUIUU
COOTBETCTBYET MEHbIIIEE 3HAUCHNE apryMeHTa ), T.e.  a'™> a%® = f(x) < g(x).

Hpumep 1:  2%>23  y=2'pospacraromas (2>1) = 5x>3 x>3/5

Otset: (3/5; )

2.Crioco6 moACcTaHOBKY (BBEIEHHE HOBOW TIEPEMEHHOM ).

IIpumep 2:

16"+ 4 -2>0

42+ 4-2>0

0603HaunM 4=t>0 =>t>+t-2>0

t+t-2=0
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tl't2=—2 t1=—2

: =
o teopeme Buera { o+t =1 t, =1

x _ o
44x<> 12 He’l;}ge;_uzgmu = (1.k. 4>1, T0 oKa3atesbHas QyHKIMS Y = 4% Bo3pacrarorias)=
x>0
Otser: (0; ).

Banamm JUIS1 CAMOCTOATEIbHOM paﬁoTbI
Pemuts YpaBHCHUA U HCPABCHCTBA:

1. 9%-23*=63; 0. 0,2¥ < 1,
x_(L\x-1—g- 3
2. T4 10.  1,5%< 225,
3 ok 11, 5% —7%—35.52 43575 >
4 1 —
4. 5X_5X'2: 600’ 12. 2x2 > (E)ZX 3
5. 0%+33%-4 = (; 13. ™t =X >0
x2-8x+18 1y2x x2+43,75
6. 21 > 8 14 (¥ <5
\x . 2
7. (3) = 27’ 15. (%)10)( > 642§—x2
X 1
8' (\/6_) S gl 2

16. 3% < (D7,

IMPAKTUYECKAS PABOTA Ne 17
Ha3Banue mnpaktudeckoil padoTwl: [IpumeneHue noKazamenvbHOU U CMENneHHOU QOYHKYULl 6
NPUKTIAOHBIX 3A0aAYax MexXHOI02UYECKO20 NPOPUIIAL.

Ilenv pabomer: Hayuntbest ucnosnb3oBaTh I'padUMKU M CBOWCTBA IMOKA3aTE€IbHOM M CTETIEHHOM
GyHKIUH 1715 peneHust MPUKIaJAHbIX 3a/1a4.

Dopmupyemoie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepircanue):
Pe3yabTarsl:
Dopmupyemovie 3n1emenmul IIK (npogheccuonanvno opuenmuposanmoe cooepircanue):

— IIK 1.6. IlpumensTh anmapaTHO-NPOTPAMMHBIE CpPEICTBA Ui PacyeTOB M COCTaBJICHUS
TONOrpapUUECKUX, MEKEBBIX MIIAHOB
memanpeomemnsie. MPIT 01, MPII 04, MPIT 07, MPII 08, MPII 16, MPII 18, MPII 19, MPII 21,

MPK 08, MPK 11, MPP 02, MPP 09.
npeomemnsie: 11P6 01, I1P6 04, TIPG 05, I1P6 06, ITP6 14, [Py 08, TPy 17, TTPy19.
3HaHmsA: [loka3arenbHas u creneHHas (yHKIMU, X CBOMCTBA U TpaduKH;
ymeHusi: [IpuMeHeHHE OCHOBHBIX CBOMCTB M TpaUKOB CTENEHHBIX W IOKa3aTEIbHBIX
(byHKUIMN 1715 pelieHus PUKIAIHBIX 33/1ad.
Xopn padoThr:
1) Ucnonb3ys pa3iuvHble HCTOYHUKK HHGOPMAIMH, HAiIuTe (OPMYJIbl, OMUCHIBAIOIIUEC
CIIETYIOIIHE TPOLIECCHI:
— PocT pa3znuyHbIX MUKPOOPTaHU3MOB, OaKTEpHid, APOKKEH U PEPMEHTOB ...
— JlaBieHue BO3/yXa U3MEHSIETCS 110 3aKOHY ...
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— 3aKOH pOcCTa IPEBECHUHBI ...

— Ilpouecc u3MeHeHHs TEMIIEPATYPLI YaHUKA [IPU KUIICHUH . ..

— 3aKoH NOTIJIOUIEHHUS CBETA CPEOH ...

2) H3BecTHO YTBEpXKICHHUE, YTO KOJMYECTBO WH(pOpMAIMK YyaBauBaercs Kaxiasie 10 Jer,
3anuImumTe GOPMYIIy COOTBETCTBYIOIIYIO 3TOMY. M300pazure 310 HATIISAHO.

HPAKTHYECKAS PABOTA Ne 18
Ha3Banue npakTuuyeckoii padoTbl: BoiuucieHue u cpasHenue 102apupmos.

Leab padoThl: 3aKpenuTh NOHATHE JorapudMa, HAyUUThCS BBIYUCISATH JIOTapU(MBI.

Pe3yabTarhi:
Dopmupyemuie Inemenmut IK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumensaTs anmapaTHO-IPOTPAMMHBIE CpPEICTBA Uil PacdeTOB M COCTaBJICHUS
TONOrpapUUECKUX, MEKEBBIX IIJIAHOB

memanpeomemnsie. MPIT 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,
MPP 02.
npeomemnsie: 11P6 02, I1PG 03, TIP6 05, I1Py 06, [1Py 07, I[Py 08
3HAHUSA:
— Omnpenenenue yorapugma.
— Tlonstue o coiicTBax jorapudma.
yMeHusi: Beruncnenue norapugmMoB, cpaBHEHHE JIOTapH(PMOB.
Xoa padoTbI:
Onpenesnenust
Jlorapugmom uyuciaa b MO0 OCHOBaHUIO a Jecsmiamrii orapudy: Igb = logyg b.
Ha3bIBAETCS TAKOE YUCIIO0, 0003HAYaeMoe
Harypaneneiit  morapupm: Inb =loge.b, rme

logab — X —
log, b, uro a b. Tie. ¥ =b e e=2.71828. .

x = log, b. .

Oynk1us, 3a1anHas popmynoit y = log, x, rae a >
d — OCHOBaHUE norapﬂq)Ma, a>0,a# .
1b>0 0,a # 1,x € R, Ha3bIBaeTCs JTorapupmMuiecKon

Haiitun orapu¢gm — 3TO 3HAYNUT HAUTU MOKA3aTeb CTENEHH, B KOTOPYIO HAJIO
BO3BECTU OCHOBaHMe Jorapupma, yToObl MOJIYYUTH CTOSLIEE MOJA JorapupmMom
YHCJI0.

log, 16 = 4nocronexy2* =16 log, 81= 4nocronery3* = 81
log, 32 = 5nocronery2™ = 32 log, 243 = Snockonoxry3’ = 243

3agaHus 1J151 CAMOCTOATEIbHON padoThI:
1. CpaBHUTH uMcIa:

a)log, 7 u log, 23;6) logz0,8 u logz1; B) logg V15 u logg 13;T) logi%H log 1 %
3 3 12 12
2. CpaBHuThb ¢ enunuIel ancno: a) logs 41; 6) log, 3 0,1; B) log: 2,6; 1) log 7 0,4.
7
3. Pacnonmoxure uncia B mopsijike Bo3pacranus: a) log, 0,7; log, 2,6; log, 0,1; log, %; log, 3,7.

1 2
0) logg 3 17; logo 3 2,7; 1080 33; logg 3 p logo 3 >
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4.Beraucnuts: log, % + log, 64 + 1g 100.

5.Boruncnuts: log, 4 - logs 27 :log, 6—14.

6.Bbrunciuts: log, log, 7 49.

7. Beruucants: logg 5 0,25 - logg 3 0,09.

8. Beruncauts: 1g 1000 : 1g 100.

9. Beruncnuts: logs 81: logg s 2 - logs 125.

10. Beraucnurs: log, 3 3v3: log1/49 - logs V5.
7

HPAKTHYECKAS PABOTA Ne 19
Ha3Banue npakTu4eckoi padorbl: /Ipumenenie 0CHOBHbIX NPABUT 102APUPMUPOBAHUSL.
Heab padoThI: 3aKpPEUTh MOHITHE JTorapudma, HAyIUTHCS IPUMEHSATH CBOMCTBA JIOTapr(MOB IPU
YIPOIIEHUHU JOTapU(PMUUECKUX BBIPAKCHHI.
PesyabTarsl:
Dopmupyemvie 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumensTh anmapaTHO-NPOTPAMMHBIE CpPEICTBA U PacyeTOB M COCTaBJICHUS
TONOrpapUUECKUX, MEKEBBIX IIIAHOB
memanpeomemnsie. MPIT 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemmnsie: 11P6 02, ITP6 03, TIP6 05, ITPy 06, [TPy 07, TPy 08
3HAHMS:
— Onpenenenue yorapugma.
— Tlonstue o cBoiicTBax jorapudma.
YMEHHS:
— 1.Bbruncnenue orapudmos.
— IlpumeneHnue cBOWCTB OTapru(MOB.

Xoa padoThi:

OcHOBHBIE cBOWCcTBA JorapugmMon

Ne (a>0,a#1,b>0,c>0) IIpumepst
1. logoa=1 logz;3=1
2. log, 1 =0 logg1 =10

logy(81-9) =logy 81 + loge 9

3. 1 b-c)=1 b+1
Oga( c) 08q b + log, C :]og992+10g991=2+1=3

25
b 10g5 E = 10g5 25
4. logaz =log, b —log, ¢ —logs 125
=logs 52 —logs53=2—-3=-1

100
5. logge bP = gloga b,a #0 logg2 25190 = — logs 25 = 50 - logs 52 = 50 -2 = 100
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log. b log; 27 logz3% 3
6 lo = ,c#+1 | 27 = = =-=0,75
Ba log. a O8a1 log; 81 log;3* 4
7 1 b= b+1 1 5= t __t 1 0,5
%8al =100 0 0825° T 15525  logg52 2
8. alogax = x 910g9 3589 _ 3589
9. qlogch — plogca glogs 20 — ()logz 9 — p(logs 32 _ 202 = 400

3aganus 1J15 CAMOCTOSITEIbHOM padoThI:
1.Bbruncinuts: logg 2 + logg 3

2.Berauncnuts: logs 7 — 10g3g

3.Boruncnuts: logs 22 — logs 11 — logs 10
4.Berauciuts: 31g2 — g4

5.Boruncnutse: 2log; 32 — log, 256 — 2log, 14

log, 25
6.BeIaucInTh: —22=>
log; 5

1
7.BeruncinuTs: Elog\/ﬁ 9 + log,, 49

8.Haiitu uncno x no ganHoMy jorapudpmy:log: x = log: 19 — log: 38 + log: 3
2 2 2 2

9.Ympoctuts:logs V81 + logs V27 + logs V9
10. Haiinure 3nauenue Beipaxkenwus: 109, (9b) , ecu log, b=3.

ITPAKTUYECKAS PABOTA Ne 20
Ha3Banue npakrtuyeckoil padorwl: [Ipeobpazoeanue @vipadicenuil, coOeplIcaux cmenenu u
nocapughmoi.
Heap paGorhl: 3aKpenuTh MOHATHE Jorapudma M CTENEHH, HAYUUThCS NPUMEHATHb CBOWCTBA
J0rapu(MoB MPH YIPOIIEHUH JOTapU(PMUUECKUX BBIPAKEHUH.
Pe3yabTarsi:
Dopmupyemvie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumensaTh anmapaTHO-IPOrPAMMHBIE CpPEICTBA JIs PACUETOB M COCTABIICHMS
TOMOTrpaUUECKUX, MEKEBBIX TIIAHOB
memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemnsie’ 11P6 02, I[TP6 03, ITP6 05, TTPy 06, I[TPy 07, [1Py 08
3HAHMS:
— Ormpenenenue gorapudma.
— Tlonsarue o cBoiicTBax morapudma.
YMeHHUA:
— 1.Bpraucnenue gorapudmMoB.
— IIpumeneHnue cBOWCTB JTOTaprU()MOB.
Xox pa0doThI:
Tpumep 1. Beraucmurs 160881 3+1082 V3,

Pemenne:
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1 1 1
16log81 3+log, 3 — 16log313 . 16log2 i3 — 16log343 . 16log2 34 _ 16Zlog33 . 16Zlog2 3

1 1 3
—162- 416 2" = 416-2l°823 = 2.3 = ¢,

logi 4-logi1 3
4

Ilpumep 2. Boruuciutp 5 5
Pemenue:

510g51 P

5 = = =

logi 4-log1 3 log.—14log13 —logs 4-1og1 3 logsi-log13 1410813 1 4
R A i =5 =5 z:( ) =(>

log, 3
IMpumep 3. Beruncnutp 11108411,

Pemntenue:
log, 3

1110g4 11 — 1110g2 3-logy14 — (1110g114)10g23 — 4log23 — 2210g23 — (Zlogz 3)2 — 32 =9
Ipumep 4. Berauciuts logg (logs 49 - log, 9).
Pemenne:
logg(log; 49 -log, 9) =
= logg(log; 7 - log, 3%) =
1 1 2
= logg(2-2-logs 7 -log; 3) = logg(4-1) = log,s 4 =§-log24 =§-2 =3
IIpumep 5. Beruncnanuts 3Ha4eHUE BEIPAKEHUS 10g ;34 m, ecim log, b = i.

Pemenwue. [lepeiinem k norapudmy Mo OCHOBAaHUIO @ , TOJIYUUM:

2 1 2 12 1
| a2 = log, Va2b _ logga3bh3  logga3 +log, b3 zlogq a +zlog, b
O8a%pt VAT = log,a3b*  log, a3 +log,b* 3log,a+4log,b  3-1+4log,b
2 1
_3 + §loga b
3+ 4log, b
Taxk kak mo yciosuto log, b = i TO
2 1 2 11 3
zt+zlog,h s+3°7 7 3
/ 3 3 °a 3 34_4
1 3 Zb = = = —_—_— = —
Bt N T3 dlog, b 5, 1 4 16
4
3agaHus 1J151 CAMOCTOSITEILHON padoThI:
Brrancnurs.
3 08y 10w 2 g) log,,(log, 25-log 8).
1 log; 2
log; 90 = \log; 10
2) 5 (5) . 10) 49210g37.
3) 4100 71063 11) log, 2-log, 18+log? 3.
4) (410g2 3 l)log8 2 ) 12) 3log§ 6-log? 2.
5—10gﬁ7 13) 410g§6 _610g2 36.
5) 91+10g0,52 : 14) (510g§53 _\/glogS\/g +2)2
1
12+log,, —

6) 4\/5) 25 15) Berunenurs log,— % ,econ log, a=2.
7) 49 log,s 5-log; J5

1 3-2 2 1 342 2
16) Brunciuts 2 0gs (+3-2) +3 0gy (V3+2) .
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17) Boraucnuts log - ab’ +log, \/% , €CIIH

1
log b=—.
g, 5

MNPAKTUYECKASA PABOTA Ne 21
Ha3Banme mnpakTudeckoii padoTwl: Hcciedosanue ceoticme u  nocmpoenue  epaghuka
Jo2apugpmuyeckou yHKyuu.

Heab padoThl: HAYYUTHCS CTPOUTH rpaduku TorapuPMUUecKux (yHKIHUIL.

PesyabTarsl:
Dopmupyemuie Inemenmut IK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumensaTs anmapaTHO-IIPOTPAMMHBIE CpPEICTBA U PacdeTOB M COCTaBJICHUS
TONOrpapUUECKUX, MEKEBBIX IIJIAHOB
memanpeomemnsie. MPIT 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemnsie: 11P6 02, ITP6 03, TIP6 05, ITPy 06, [TPy 07, ITPy 08
3HAHMSA:
— Tlonstue norapudmMudeckoit GyHKITUH.
— Tlonstue o cBoiicTBax jorapugmuyeckoit GyHKINU.
ymenusi: [loctpoenune rpadukoB norapugmuyeckix GyHKINH.
Xon padorhl:
Jlorapupmuueckoii HazpiBatoT QyHKIUIO BUaa: Y= 100, x. Jlorapudmuueckas QyHKIms oOpaTHast
IIOKAa3aTEeIbHOM.
CpoiicTBa orapupmMmuyeckoi GyHKuuu:
1. OGnacthio onpeneneHus JorapupmMudeckoil pyHkmun sBsiercs npomMexyTok (0;00).
2. MHOecTBO 3Ha4eHUH Jlorapu(Muieckoil pyHKIIUN — BCSI YUCIIOBASI OCh.
3. Jlorapudmuyeckas GyHKIMS — HEIIPEPbIBHA.
4. Jlorapudmuueckas pynkuus npu a> 0, Bozpacraer, npu a< 0, yobIBaer.
5. TlokazatenbHas u Jjorapu@muueckas (yHKUMHM B3aMMHO - OOpaTHble, TO HUX TIpaduku
CHMMETPUYHBI OTHOCUTEIHHO TPSMON Y = X.

3agaHus 1715 NPAKTHYEeCKOH padoThI:
1. U300pa3uth cxemaTruecku rpaduk QyHKIMH, yKa3aTh ee 00JacTh ONpeleeHUs] 1 MHOYKECTBO
3HA4YCHMUI:

1. y =logs x 4. y = log1x
2
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2. y =logix 5. y =loggp,x
3

3. y =log, x 6. y =logpsx
2. I'paduk xaxoi pyHKINU H300pakeH Ha pUCYHKe 1: .
[y
a)y =logsx
6)y = logi x
B)y = log, x

r)y = loggs(x + 1)

._.
ﬂr

puc 1.
o o 3. I'paduk xaxoii GpyHKIMK N300paXKEH HA PUCYHKE 2:
E T a)y =log, x
2 r__,__,f"”’ﬂ 6) y = logosx
ol B)y = log; x
o A2 84567 B0 " )y =log,x
/
f puc 2.
! - :
4. I'paduk xakoii GyHKIMK U300paKeH HA pUCYHKE 3: Py !
a)y =logix —1
A
6)y =logix +1
2
B)y = logi(x +1) ol 1} 25 4 5 6] |x
r)y = logi(x — 1) ~
2 T ——
puc.3
i p—— 5. T'papuk xakoil ¢yHKUHUU
4 i ' n300pa’keH Ha pUCYHKe 4:
-
U/ [ 9y=lelb-2)
[ 0) y = log;(x + 2)

73 x B)y=logzx—2
- ny=logzx+2

puc. 4

6. Yxaxure rpadpuk ¢pyukuuu y = log:(|x| + 2)
2
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MPAKTUYECKAS PABOTA Ne 22
Ha3Banue npakTudeckoii padorbl: Pewienue nocapugmuieckux ypagreHuil.

Hesas padoThl: Ha KOHKpETHBIX MPUMeEpax HAYYUTHCS PelIaTh Jorapu(pMuieckue ypaBHEHHUS.

PesyabTarsl:
Dopmupyemvie 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumeHsTh amnmapaTHO-IPOrPaMMHBIC CpPEJICTBAa IS pPAacuye€TOB M COCTABJICHHS
TonorpaduIeCcKnx, MEKEBBIX IJIAHOB
memanpeomemnwie. MPII 01, MPIT 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemmnsie: 11P6 02, ITP6 03, TIP6 05, ITPy 06, [TPy 07, TPy 08
3HAHMS:
— TlousTHe norapudma u ero CBOMCTB.
— Buapl norapudMudecKux ypaBHEHHUH.

ymeHnusi: [Ipumenenne cBOHCTB JorapumMoB Ui peLIeHUs JJOrapu(pMUIECKUX ypaBHEHUH.
Xon padoThl:
Oouwgue pekomenoayuu
1. Pemenue norapupmMudeckoro ypaBHEHUs clieflyeT HauumHaTh ¢ HaxoxzaeHus OJ13. [ns
ATOr0 HEOOXOIMMO COCTaBUTh HEPABEHCTBO WJIM CHUCTEMY HepaBeHCTB. Kaxmoe BbIpaKeHHE,
CTOsAIIIEE O] 3HAKOM Jorapudma I0IKHO ObITh MojoxkuTenbHo. OOliee penieHne HepaBeHCTBA
(cucTeMbl HEpaBEeHCTB) HEOOXOAMMO U300pa3UTh Ha PUCYHKE.

2. Jlorapudmuueckoe ypaBHEHHE HEOOXOIMMO TPHBECTH K BHIY: |Oga f(x)= |Ogag(X)

W |Og a f(X) =b , IPY 3TOM OCHOBaHMSI BCEX JIOrapu(MOB JOKHBI ObITh PaBHBI.

3. Haiinennple 3HaYCHHUSI HEU3BECTHOTO X HEOOX0AMMO TipoBepuTh 1Mo OJ13.

4. Ecnu B ypaBHeHun He HaigeHo OJ[3, To HeoOXoaumo caenaTh MPOBEPKY, IMyTeM
MOJCTAaHOBKU HaWIEHHOTO HEN3BECTHOTO B JorapuMUIECKOe ypaBHEHHE.

5. Heo0xoaumMo MOMHUTD, YTO Ompuyamenbhle Yucia U Holb 102apudmos ne umerom.
Pemenne mo0oro morapuMUUECKOro ypaBHEHHUS TaKKE CBOJUTCS K PEIICHUIO OJHOTO WU
HECKOJIbKUX HPOCHMenuX 102apu@muiecKux ypasHeHuil.

1) log, f(x)=log,g(x) 2) log,, f(x)=D.
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VYpaBuenust Buaa (1) comsarcs k pemenuto ypasuenuii f(X)= ¢g(X) (morenmuposanue). [Ipu sToM

HEOOXOAUMO MIOMHHTh, YTO YPAaBHECHUS |Og a f(X) = |09 ag(X) u f(X)= g(X) ne paBHOCHIBHBL [Tpu

MOTCHIUPOBAHUHN MMPOUCXOAUT PACHINPCHUC obOactu OIIPCACIICHUA, 4@ 3HAYUT UMCCTCS OIIACHOCTDb
IMOABJICHUA IMIOCTOPOHHHUX KOpHeﬁ. HpOBepKa — Haujiydmee Cpe€acTBoO IIpPOTHUB TaKOH OITaCHOCTH.

VYpaBuenue (2) cBoauTcs WM K ypaBHeHuto Buma (1): |Ogaf(X)=|Ogag(X)mn K BHUIY

9(%)
f(X) =d (0o onpenenenuo gorapudma).

Ipumep 1. log;(x? — 4) = log;(4x — 7)

Pemenue:
1 crioco6: O/13 nanHOrO YpaBHEHHUs 33/1a€TCsl HEPABEHCTBAMU
{XZ —4>0
4x—7>0

Pemas 9Ty CUCTEMY HCPABCHCTB, IIOJIy4aCM:

{X € (—00; —2) U (2; )

x€ (Z;00) , OTKyz1a X € (2; 00)

Tak kak B JaHHOM ypaBHEHUU PaBHBI JIOrapu(Mbl JBYX BEJIUYUH, TO PABHBI U CAaMH BEITUYMHBI.
[Tonyuyum KBazpaTHOE ypaBHEHHUE:
X2 —4=4x—-7>x*—4x+3=0.
OueBuHO, uto OJ13 3TOr0 YpaBHEHHS X € (—00; 0)
T.e. npouszonuio pacumpenue OJ13 1Mo cpaBHEHUIO ¢ IEPBOHAYAIILHBIM YPABHEHUEM.
Kopnu kBasipaTHOTO ypaBHEHUS:
Xxy=1 nux,=3
Opnnako B OJ13 MCXOHOTO YpaBHEHHUS MTOTAIAET TOIBKO YUCIIO X=3,
Koropoe u sBisieTcs ero pemeHueM.
(Kopens X=1 sBiisieTcsi TOCTOPOHHUM UM BO3HUK Tpu pacimupenun OJ13).
Ortser: 3.
2 cnioco6: [TpuBoaum norapu)MUYECKOEe ypaBHEHHUE K BUAY X2 — 4 = 4X — 7 U HAXOIUM €r0 KOPHU
X, =1 n x5, = 3.
[Tocrne pemeHnst KBapaTHOTO YPaBHEHHUS ClIeIacM MPOBEPKY:

[ToncraBuM KOpeHb X4 = 1 B UCXOAHOE JIOTapU(PMUUIECKOE ypaBHEHUE

log;(1%2 — 4) =logz(4-1—7) = log;(—3)
= logs(—3) (JioXkHOE paBeHCTBO,
T.K. He CYIEeCTBYIOT JIOTapUPMbI OT OTPHUIATEIbHbIX YUCE).

Tak kak pH NOJCTAaHOBKE KOPHSI X; = 1 IOJIy4EHO JIOKHOE PAaBEHCTBO, TO 1 HE ABIIAETCS KOPHEM
HCXOJIHOTO YpaBHEHUS. AHAJIOTUYHO MPOBEPSIEM BTOPOU KOPEHB X, = 3.
log;(32 — 4) =log3(4-3 — 7) = logs5 = logs5 (MCTMHHOE PaBEHCTBO).
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CnenoBaTenbHO, KOPEHb X, = 3 SBISAETCS KOPHEM MCXOJHOTO YpaBHEHHUS.

Orser: 3.

Ipumep 2. log,(4x+ 3) =3
Pemenne: log,(4x + 3) =3
4x +3 =23

4x = 8-3

4x =5

x =1 i

OtBer: 1 i

IIpumep 3. . Pemute ypaBHEeHHE logz2 x-log,x—2=0

Pemenne: (1anHOE ypaBHEHUE CBOJUTCS K KBAaJ[PATHOMY YPAaBHEHHUIO C TIOMOIIIBIO MeTO1a
BBe/JIeHHSI HOBOI IepeMeHHOi)

BBenem HoByI0 nepemennyto i, t=log, X, Torna ypaBHeHHE IPUMET BUJ

t?-t-2=0

D=(-1)2?-41(-2)=9

=222 fE—=-1

Ecmt=1rorma: logyx=-1, x=271x :%

Ecimu t=2, rorma: log,x =2,x= 22 x =4

OTBeT: %; 4

Ipumep 4. Pemure ypasuenue lg(x? + 75) — lg(x — 4) = 2

Pemenne:
lg(x?+75) =2+ 1g(x —4)
lg(x? +75) = 1g100 + lg(x — 4)
lg(x? +75) = 1g100 - (x — 4)
lg(x? + 75) = lg(100x — 400)
x?+ 75 =100x — 400
x2+75+475=0
D =100%2—4 1 475 = 100 000 — 1900 = 8100
100490
= =95
:1002—90 _c
[Iposepka:
x; =95

1g(952 + 75) — 1g(95 — 4) = 2 = 1g(9025 + 75) — lg(91) = 2 =1g 9100 — Ig91 = 2>
192> = 2 =1g100 = 2 522 (sepHo).
x, =5
lg(52+75)—1g(5—-4) =2=1g(25+75) —lg(1) = 2 =1g 100 — 0 = 2= =2=2 (BepHO).
Ortser: 95; 5.
3ajanus AJ151 CAaMOCTOATEIbLHON padoThI
| BapuaHT Il BapuanT
l.logzx =2 (106) 1.log,x=3 (106)
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2logsx = =2 (16) 2.log,x=-2 (106)

3log,(x—4) =3 (16) 3.logs(13 —x) =2 (16)
4logg(x?-1)=1 (106) 4.log,(x*-1)=3 (26)
5I1g(2-5x)=1 (106) 5. 1g(7-x)=-1 (16)
6.log,°x —3logzx+2=0 (26) 6.logzx+3logzx—4=0 (26)
7.log,° x +logix =2 (2 6) 7.logi’x - logzx = 6 (26)

2 3
8.log;(3x — 5) =log;(x—3) (26) 8.log;(2x —7) = 3log(3x—1) (26)
9. lg(x?-17)=lg (x+3) (306) 9.log,(x — 1) = log,(x* —x — 16) (36)
10.logz(x + 5) + log;(x + 1) = log3 5 10. 1g (x+1) +lg (x-1)=Ig 32 (40)
(46)

MPAKTUYECKAS PABOTA Ne 23
Ha3Banune npakTuyeckoi padorsl: Pewenue nocapupmuyeckux Hepagencms.

Leab padoThl: Ha KOHKPETHBIX MPUMEPAX HAYIUTHCS PEIIaTh JIOTapu(PMUICCKIE HEPABESHCTBRA.
PesyabTarsl:
Dopmupyemovie 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— TIK 1.6. IlpumeHsTh amnmapaTHO-NPOTPAMMHBIC CpPEACTBA JUIS PAacYeTOB M COCTABJICHHS
TonorpauIecKux, MEKEBhIX TIAHOB
memanpeomemnsie. MPIT 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemmnsie: 11P6 02, ITP6 03, TIP6 05, ITPy 06, [TPy 07, TPy 08
3HAHHUSA:
— Tlonstue norapudma u ero CBOKCTB.
— Bunel norapupmuueckux HepaBeHCTB.
ymeHnusi: [IpumeHeHnne cBOMCTB J0rapumMoB 1Jis pelIeHus JIorapu(pMuIeckux HepaBeHCTB.
Xon pa0doThI:
Pemienue norapupmMuuecKkux HEpaBEeHCTB OCHOBAHO Ha TOM, uTo ¢yHKuusa y = log,x mpu a>1
ABJISIETCS MOHOTOHHO BO3pacTarolleil Ha cBoeil obmactu ompeneneHus, a npu 0<a<IMOHOTOHHO
yOBIBarOIIEH Ha CBOEH 00JacTH OIpeaeIeHHs.
IIpn mnepexome OT MPOCTEHMIIEr0 HEPABEHCTBA K PaBHOCWIBHBIM CHCTEMaM HEPaBEHCTB, HE
coJiep KalIMX 3HaKa Jorapudma ciieayeT y4yuThIBaTh 00JacTh JOIMYCTUMBIX 3HAYEHUH HCXOJHOTO
HEpaBEHCTBA.
[Ipu pemenuu norapuMUYECKUX HEPABEHCTB MOJIb3YUTECH CIEIYIOIEH CXEMOM:

log, f(x) > log, g(X) log, f(x) < log, g(x)
a>1/ >a<1 a> 1 O<axl1
{ f(x) > g(x) f4) < g(x) { f(x) <g(x) f(x) > g(x)

g(x) >0 f(}) >0 f(x)>0 g(x) >0

Ipumep 1: log;(2x — 5)< 2
Pemenue: log;(2x —5) < 2
logz(2x — 5) < log3 9
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Oyukuus y = logs t — Bo3pacTaroujas
{2x—5<9 {2x<14 {x<7
2x—5>0 2x > 5 x> 2,5
Orteer: (2,5;7)

=>x € (2,5 7)

2-5x)< -2

IIpumep 2. Pemnure HEpaBEHCTBO: Iog g(
3

-2
Pemenne: YunrsiBas, uro — 2 = l0g z(gj , TepexoAuM K pPaBHOCHJIHLHOMY HEPaBEHCTBY
3

2

2 _

log 2(2 - 5X) < log 2(5) . Tak KaK OCHOBaHHE JIOrapU(PMUIECKON ()YHKIUH y = log 2 t paBHO
3 3 3

2 u0< 2 <1, To oHa yObIBaeT Ha cBoel oOnactu ompexaenenus (mpu t>0). Torga momydaem:

-2
log , (2-5x) < |og2(§j o 2—5x>%<:>—5x >0,25 < x < 0,05
3 3
OrBer: (—o0; —0,05).

IIpumep 3. Pemmre HEpaBEHCTBO: log 3 (5-4x) <log 3(X - 1) .

Pemenne: Tax kak ocHoBamue jorapupmmaeckoii ¢pyuxmmn Y =100,t pasro 3>1, To oua

BO3pacTaeT Ha cBoei obmacTtu onpenenenus (mpu >0). Toraa ncxoaqHoe HEPaBEHCTBO PABHOCHIHHO

5-4x > 0;
CHUCTCMC HepaBeHCTB Rt S =< X< —,
5-4x <x-1 6 5 4

Orser: (1,2;1,25).

Ipumep 4. Pemute HepaBercTso: 109, (X + 1) <log, (3X — 5).
5 5

Pemenne: Tak kak ocHOBaHUE JTOorapupMUIecKOn HYHKITUU y= Iog 1 t paBHO % uo< % <1, TO
5
OHa yObIBaeT Ha cBoei obnactu onpeaenenus (mpu t>0). Toraa ucxoaHoe HepaBEHCTBO PABHOCUIIBHO
. 5
3x-5>0; X>—; 5
= 3 ©—-<xZ3
X+1>3x-5

CUCTEMCEC HepaBeHCTB {
X<3

OrBer: (1%; 3].

3agaHus 1J151 CAMOCTOAITE/ILHOM pPadoThI:

IBapuaHT lIBapuanT

1.log:(3—8x) >0 (16) 1.log;(2+x)>0 (16)

2.log;(x —8) <1 (16) 2.1log,(3x —2) <1 (16)

3.logi(2x —1) > -2 (16) 3.logi(x +2) > -2 (16)
2 3
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4. 1g (x2+2x+2) <1 (36) 4. 1g(x® +x+4)< 1 (36)

5.HaiinuTe HanbosiblIee 11e10e perieHmne 5. Haiinute Hanbopliee 1eyoe petieHmue
HEpaBEHCTBA! HEpaBEHCTBA!
log,(3 — 2x) —log, 13 <0 (26) logi(3x + 1) -log1 6 >0 (20)
3 3
6.Haiinute HauMeHbllIee 11€J10€ pelIeHne 6.Haiinute HauMeHbllIee 11€710€ pelIeHre
HEPAaBEHCTBA: HEPaBEHCTBA:
log,(2x — 1) —log,(x+ 1) <0 (30) logs(3x+ 1) —logs(x —2) >0 (36)

HPAKTHYECKAS PABOTA Ne 24
Ha3Banmne npaxtudeckoil padotbl: Pewenue cucmem ypasHenuti u HepaABeHCME ¢ NPUMEHEHUeM
PA3IUYUHBIX MEMOO08.
Ieanb padoTsi: HayuuThes peiiath CUCTEMbI PA3JIMYHBIX YPABHEHUN M HEPABEHCTB.
Pesyabrarsi:
Dopmupyemoie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensTh anmapaTHO-NPOTPAMMHBIE CpPEACTBA U PAacyeTOB M COCTaBJICHUS
TOMOrpapuuecKux, MeKEBbIX MJIAHOB
memanpeomemnwie. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemnsie: 11P6 02, I1PG 03, TIP6 05, ITPy 06, [1Py 07, I[Py 08
3HaHuA: [IoHATHE CUCTEMBI YpaBHEHHI U HEPABCHCTB.
ymeHusi: PemnieHue cucTteM ypaBHEHHWH UM HEpPaBEHCTB (JIMHEWHBIX, KBaJpPaTHBIX,
UPPAIMOHATIBHBIX, IOKA3aTEIBHBIX U JIOTAPH(PMHUIECKUX ).
Xon padorhl:
HenuneliHple CUCTEMBI HE UMEIOT YHUBEPCAIBHOTO CIOCO0A PEIICHUs, IMOATOMY IPH PEIICHUU
KOHKPETHOW CHCTEMbI YPAaBHCHHI HY)KHO YUUTBIBATh OCOOCHHOCTH 3a/IaHHBIX YPAaBHEHUH, TEPEX OIS
K PaBHOCHJILHBIM CHCTEMaM.
OcHoOBHbIE METO/IbI PellleHHsI CHCTEeM HeJIMHeHHbIX YPaBHEHUI:
—  METOJI MOJICTAHOBKH;
— METOJ] BBEJICHHUS HOBBIX TIEPEMEHHBIX;
— TpaduvecKuii MEeTOx;
—  METOJ alNreOpanyecKoro CIOKEHHUS;
—  METOJ MOWICHHOTO YMHOKEHUS U JICTICHHS,

— MCTOA MaTeMaTU4CCKOIo non60pa.

3agaHus 1J151 CAMOCTOATEIbHON padoThI:
Pemnre cucrteMsl ypaBHEHHI 1 HEPABEHCTB.

Bapuanr- | Bapuant-I|
2 2: X — :1,

1. XY =S 1.{ y
X+y=—1. Xy = 6.
3—x>0, 1 3

2 :2x+1>0, 2. Ix "%
1—x?<0. 2x —3 < x>,
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27x — 9y, 26x—2y — 4x+y+10
3. 81X — 3y+1. 3. 3X2 :311+y.
X+y—3=1, 3" -2’ =576,
4. 4. | _4
3Xx—2y+1=2. Ogﬁ‘y_x‘_ :
Bapuanr- 111 Bapuaur-1V
R (x-2y-3)=1
1. { +_y_2 ’ Lo x=2_
Xy = —2. y_3
0,5x+1>0, l < X,
x—-2<0, X
2. 2. > _ %
x*-9<0. = >1.
X
4%‘%21’ 2X+7Ty =1,
3 toy g 3 XY _ gryi2
7-6x-y* =y+5 log, x—log, y =-5,
* y=x-1 4 2log, x+3log, y =0.

IMPAKTUYECKAS PABOTA Ne 25

Ha3Banue npaktuueckoii pabdorsi: Mcnonvzosanue ceoticms u epagpuxos yHxkyuil 0 peuleHus
VPasHeHUll U HepageHCma.
Ilens pabomer: Hayuntbes pemiaTh ypaBHEHHUS M HEPaBEHCTBA MCIOJNB3Ys CBOMCTBAa (DYHKIMI U C
MOMOIIBIO TpadKOB QYHKIUH.
PesyabTarnl:
Dopmupyemoie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepicanue):
— TIK 1.6. IlpumeHsTh anmapaTHO-IPOTPAMMHBIE CpPEICTBA Ui PacYeTOB M COCTABJICHUS

TOMOTrpaUUECKUX, MEKEBBIX TIIAHOB
memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,
MPP 02.
npeomemnsie: 11P6 02, ITPG 03, TIP6 05, ITPy 06, [TPy 07, TPy 08

3HAHUSL:
— Tlonarue 06 OCHOBHBIX CBOMCTBAX 3JIEMEHTAPHBIX (HYHKITUH.
— Tlonsarue o rpadukax OCHOBHBIX JIEMEHTAPHBIX (DYHKIIHH.
yMeHMusl:

— Onpenenenne o0iacTu onpeesieHns U 001acT 3HaYeHUH PyHKINU.

— Omnpenenenre HHTEPBAJIOB BO3pACTaHUs M YObIBaHUS (DYHKIUH.
Xox pa0doTbr:
Ooénacmos onpeoenenus.
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Ecmm dynkius 3amana hpopmysoid, To ee 00J1acTh ONpeesIeHUs — 9TO BCE 3HAYCHUS apTyMEHTBI, TPH
KOTOPBIX (opMmyna umeeT cMmbIci. OTCYTCTBHE CMBICIA CBSI3aHO, HAIpUMEp, CO 3HAMEHATEINIEM,
PaBHBIM HYIIIO, C OTPHUIATEIbHBIM 3HAUYCHHEM MOJKOPEHHOIO WM MOJUIOrapu(pMHUYECKOro
BbIpaXeHUs. PemeHne mo60ro ypaBHEHUSI U HEPAaBEHCTBA MOIPa3yMEBAET MCIIOJIb30BaHHE 00JIacTh
OIpeeIeHUsl.

Oonacmo 3nauenuii. O2panuueHHoOCmb.

MHo0kecTBO BCeX 3HaYCHHM (PYHKIIUU HA3bIBAETCs €€ 001acThiO 3HAUCHU.

DyHKIMS Ha3bIBAETCS OTPaHHMUYCHHOM CBEpXY (CHHU3Y), eciiu cyiiecTByeT Takoe yucio C, uro f(X)<C
(F(x)>C) mns moboro x u3 obmactu onpeaeneHus. OyHKINSA Ha3bIBACTCS ONPAaHHYEHHOM, €CIIH OHA
OorpaHu4eHa cBepxy U cHu3y. Monomonnocme.

OYHKIMA HA3BIBAETCS CTPOro BoO3pacTarolieil (CTporo yObIBaroiei) Ha MHTEpBaje X, €CIH s
001X urcen a u b u3 uHTepBana X BBIMOIHICTCS YCIOBUE: U3 TOTO, uTo 8>b cienyer, uro f(a)>f(b)
(f(a)<f(b)). Ecu dpyHKIMS cTpOro Bo3pacTaeT WK CTPOro yObIBaeT Ha BCEH 00J1aCTH OINPEIe/ICHUS,
TOBOPSIT, YTO OHA MOHOTOHHA. B 3TOM citydae kakioe 3HaueHue (QYHKIUS TPUHUMAET TOJIBKO OUH
pas.

Henpepuienocme.

OyHKIMS HENPEPBhIBHA B TOUKE, €CIU Mpeaen (PyHKIMHU B TOUKE PABEH €€ 3HAUEHUIO B ATOW TOYKE.
@OyHKIMHN, U3y4aeMble B IIKOJE, WM HEMPEPHIBHBI MM UMEIOT KOHEYHOE YHCJIO TOYEK pa3phIBa.
[TprurHaMu pa3peiBa 0OBIYHO SBIAIOTCS HAJTHMUUE 3HAMEHATEIS, KOTOPBI MOXKET OBITh PaBEH HYIIIO,
WM KyCOYHOE 3a/1aHne (yHKITUH.

HUcnonvzosanue O/13

OueBHIHO, YTO B OOJIBIIMHCTBE CIy4yaeB MPHU PEIICHUU YPAaBHEHUN M HEPABEHCTB Mbl YUUTHIBAEM
O/13. Ilonezno momuuth o Haigennom OJI3 B mpolecce perieHus, a He BCIOMHUHATh O HEM B
nocineaHuii MoMeHT. Hanmpumep, B norapuMuueckux HEpPaBEHCTBAX C MEPEMEHHBIM OCHOBAaHHEM
uHoraa OJ13 onpenensieT Bo3pacTaHue WK yObIBaHKE Jorapudma, yTo Mo3BOJIsET HE paCCMaTPUBATh
7iBa ciry4as npu pemeHud. B 3agauax, cogepxamux moayis, O3 MokeT 0JHO3HaYHO 33]aBaTh 3HAK
MOJIMO/TYTHHOTO BBIPAYKEHHSL.

WNuorna 3nanne O/13 no3Bosger 10Ka3arh, YTO ypaBHEHHE (MJIM HEPABEHCTBO) HE UMEET PEIICHUH,
MHOT/1a TO3BOJISIET HAWTHU PEIlIeHUs] ypaBHEHUH (MM HEPaBEHCTB) HEMOCPEICTBEHHOM OICTAHOBKOM
gucen u3z OJ13.

IIpumep 1. Pemuts ypaBHEHHE

V3 —x =logs(x — 3)

Pemenune. O3 3TOrO YpaBHEHUS COCTOHT M3 BCEX X, OTHOBPEMEHHO YIOBJIETBOPSIOMINX YCIOBHIM
3—x=20u x—3>0, 1. e. O[3 ecTp mycTOE MHOXXECTBO. ODTHUM pEIICHHE YpPaBHEHUSA U
3aBepIlaeTcs, TaK Kak YCTAaHOBJIEHO, YTO YpaBHEHHE HE UMEET KOPHEH.

OTtBer: perieHui HeT.

IIpumep 2. Pemnts HEpaBEHCTBO

VI—22 + Yx* =1 < 2% —log, (1 + x%)

Pemenne. O/I3 HepaBeHCTBa COCTOUT U3 BCEX X, OTHOBPEMEHHO Y/IOBJIETBOPSIOLINX YCIOBUAM 1 —

x?>>0, x*—1>0, 1.e. O3 cocTout us nByx yucen x; = 1 ux, = —1. [loacraBnssg x; = 1

B HEPABEHCTBO, MMOJIy4aeM, YTO €ro JeBas 4acTh paBHa 0, mpaBas paBHa 1, T.e. x; = 1 ecTb pemeHue
HepaBeHcTBa. [loacraBnsis X, = —1 B HEpaBEHCTBO, MOJYy4aeM UYTO X, = —1 HE ABISIETCS €ro
pelieHreM, TTOCKOJIBKY JIeBast 4acTh HepaBeHCTBa paBHa (), a mpaBast yacTh paBHa -1/2 .

Otsert: 1.

Hcnoab30BaHHe MOHOTOHHOCTH.
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Perienre ypaBHEHHI 1 HEPABEHCTB C MCIOJIb30BAHUEM CBOWCTBA MOHOTOHHOCTH OCHOBBIBACTCS Ha
CIICTYIOIIHMX YTBEPIKICHUSIX.

1. [Tycte f(X) — HempepbIBHas M CTPOrO0 MOHOTOHHAs (YHKIMS Ha MPOMEXKYTKe £, Toraa
ypaBuenue f(X)=C, rme C — nmaHHas KOHCTaHTa, MOXKET MMETh HE OoJiee OJHOTO PEUICHHS Ha
IIPOMEXKYTKE £.

2. [Tycts f(X) u g(X) — HempepwiBHBIE Ha MpoMexyTke £ Gyukuuu, f(X) crporo Bo3pacraert, a g(X)
CTpPOro yObIBaeT Ha 3TOM MPOMEXYTKe, Toraa ypaBHenue f(X)=g(X) moxkeT umers He OoJiee 0HOTO
pELICHHUS Ha POMEKYTKE £.

IIpumep 3. Pemuuts ypaBHEHUE

x - 2x2+2x+3 = 64.

Pemienue. OueBuaHo, uTo X < 0 HE MOXKET SBJSATHCSA PCIICHUEM YpPaBHEHHsI, TaK KaK TOrJa X °
2%°+2x43 < 0. Jlix x>0 (yHKums y = x - 2 *2¥*3 yenpepblBHa M CIPOTO BO3PACTACT, KAK
MPOM3BECHNE BYX HEMPEPBIBHBIX MOJOKUTEIBHBIX CTPOr0 BO3PACTAIOMIMX LI 3TUX X (DYHKIHi

2 2
f=x u g = 2% *2**3_ 3payur, B o6nactu x>0 Qynkuus y = x - 2% +2x+3

IIPUHUMAET KaXKJI0€ CBOE
3HAQYCHWEC POBHO B OJHOW TOuke. JIerko yBuaeTh, 9TO X=1 SBJISETCS pEIICHUEM YypaBHEHUS,
CIICIOBATEIILHO, ATO €r0 SIUHCTBEHHOE PEIICHHUE.

OrtBer: 1.

IMpumep 4. Pemuts HepaBeHcTBO 2% 4+ 3% 4+ 4% < 3.

Pemenue. Kaxnas u3 pynkuuit y = 2%, y = 3%, y = 4%, HenpepbIBHAs U CTPOTO BO3PACTAIOLIAs
Ha BCei ocu. 3HAYMT, TAKOM K€ SIBISCTCS U McxoaHas pyakuus y = 2% 4+ 3% 4+ 4%, Jlerko yBuaeTh,
yro npu x=0 pynkums y = 2* + 3* + 4* npunumaer 3HaueHue 3. B cuiy HenmpephIBHOCTH U
CTPOroif MOHOTOHHOCTH 3TOM (yHKIMH Tpu x>0 umeem 2% 4+ 3% + 4% > 3 npu Xx<0 umeem 2% +
3* + 4% < 3. CnemoBatenbHO, PEIICHUSIME HEPABEHCTBA ABIISIOTCS Bee X<0.

OrBer: (—;0).

IIpumep S. Pemutes ypaBHEHUE

—Vx—-2+Vi8—x=2.

Pemenne. OJI3 ypaBHeHHs ecTh NpoMexyTok 2 < x < 18. Ha OJI3 pynxuuu f(x) = —Vx — 2 u
g(x) = V18 — x HempepbIBHEI M CTPOro YOBIBAIOT, CIIEOBATEIbHO, HEIPEPHIBHA M yOBIBAET
byHKIUSA

h(x) = —3x — 2 + V18 — x. TlosToMy KaxI0€ CBOE 3HAYeHHE (GyHKIHs N(X) MPHHEMAET TOTBKO

B o7HO# Touke. Tak kak h(2)=2, To Xx=2 siBNsieTCs €MIUHCTBEHHBIM KOPHEM MCXO/IHOTO YPaBHCHUSI.
OrtBer: 2.

Hcnouab3oBanue rpaukos.

W3 Bcex MOHATHH, CBA3aHHBIX ¢ (DYHKIMEH, UCIOJIb30BaHUE TPAQUKOB MPH PELICHUH PA3TUYHBIX
3ajady HambOosiee O4eBHIHO. YacTo KOpHHM ypaBHEHUH, KOTOPHIE HENb3s PEHIUTh C IMOMOILBIO
aJITOPUTMOB, MOKHO HaWTH 1MOAOOPOM, a rpaduyecku 000CHOBaTh MX KOIUYECTBO. I 'paduueckuii
cioco6 maér mpuOMMKEHHOE pelIeHue, MOoATOMY Bcerna Tpedyer mnpoBepku. llpu pemenun
YpaBHEHUH WJIM HEPaBEHCTB MHOT/AA IOJIE3HO PAacCMOTPETh ACKU3 IpadMKOB MX MPaBOW M JEBOM
gacteid. Torga 3TOT 3CKU3 TpadHUKOB MOMOXKET BBISICHUTH, Ha KaKHMe MHOXECTBa HaJ0 pa3OuTh
YHCIIOBYIO OCh, YTOOBI Ha Ka)KJIOM M3 HUX pEIIeHNEe YPaBHEHUS WM HEPABEHCTBA OBbLJIO OUEBU]IHO.

Ipumep 6. Pemuts HepasencTBo V1 — x2 < V5 —x.
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Pemenne. OJI3 HepaBeHCTBA €CTh BCE X U3
npoMexyrtka [-1,1]. Ocku3bl  rpaduKoB
dysxmmit f(x) =V1i—x2 u g(x) = V5 —x
MpeACTaBICHBl Ha pucyHKe. M3 rpaduka
cienyeT, uro aist Beex X u3 O[3 nepaBeHCTBO

copaseinBo. Jlokaxkem 3to. g Kaxmoro
xe[—1,1] mmeem O0=Zf(x)<1, a s
Ka)XJOT'0 TaKOTO X MMEEM, UTO V5—x=>VY4>1. 3HauuT, 1 Kaxaoro xe[—1,1] umeem f(x) <
1 < g(x). CnenoBaTenbHO, pellICHHEM HEPaBEHCTBA OYAyT BCe X U3 MpoMexyTka [-1,1].

Orser: [—1;1].

Ipumep 7. Pemuts ypasuenue x? + 2x + 3 = V4 — x2,

YA
y=z242z43
3
A(~1,2)
2 y=2
-
|
|
I y=Vd-z2
|
: —»
=2 =i 0 2 -

Pemenne. O/3 ypaBHEHUs ecTh BCEe X U3 NPOMEXYTKa —2 < x < 2. Dcku3bl rpa@ukoB GyHKIUN
f(x) =x%+2x+3u g(x) = V4 — x2 npexcrapiensl Ha pucyHke. IIposeném npamyro y=2. U3
rpaduka crienyer, uTo rpapuk GyHkuuu f(X) TeKUT He HUKE ITOMH NPsIMOHA, a rpaduk GyHKIuH g(X)
He Bbliie. Ilpu 3TOM 3TH rpaduku KacaroTcs npsMoil y=2 B pa3HbIx Toukax. ClenoBaTenbHO,
ypaBHEHHUE He UMeeT pemenuii. JJokaxem 310. Jlns kaxaoro x € [—2,2] umeem V4 — x2 < 2,ax? +
2x +3 = (x+ 1)? + 2 > 2. TIpu a1om f(X)=2 Tonsko qua x = —1, a g(X)=2 Tonbko mus x=0. 1o
O3HAYaeT, YTO ypaBHEHHE HE UMEET PEIICHH.

OtBeT: peleHuil HeT.

3agaHus 1J1s1 CAMOCTOAATEJILHOH PadoThI:

1. Pemnte rpaduyecku ypaBHEHHUE:

(6a30BBIi YpOBEHB) 1

X) 2¥ =—-Zx;
a) 2" =-2x+8, 2
* 1) _ 3.
0) [%j =x+11; 3) (5) =4+x7;
) 5" =6—x.
B) 3" =-x+8;
r) 02" =x+6; (TIOBBIIIECHHBIN YPOBEHb)
2 =6-x, Q) 2 -1=x;
e) 3" =2x+1, 6) 3 -1=-x;
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o (3] -2 5] =

3" = Vx ; ) [ljx =x*+3.
) 2" =3-2x—x?; 2

2. Pemmth rpaduueckr HEpaBEHCTBO:

(6a30BBIi YPOBEHB)

2) 3¥>4-x (TIOBBIIIEHHBIN YPOBEHB)

a) [x—1>25";
6) 3" -1>—Jx;

0 (2] 2 o) -4
r) 3" 2 x* +5x;

0) [lj <2x+5;
3

T) (\/E)x >4y

1 X
) 2 > x* -4, 1) (éj > /X +1.

INPAKTHYECKAS PABOTA Ne 26
Ha3panme mnpaxktudeckoii padorwl: [Ipumenenue mamemamuieckux mMemooos OJisl peuleHus
cooeporcamenvhblx 3a0a4 U3 pasiudHblx 001acmeti HaAyKu U NPaKMuKu.
e padoThI:
HayuuThcsi mpUMEHSTHh pa3NuyHble MAaTEMAaTHUYECKHE METOJbl K PEHICHUIO MPAaKTHYECKUX 3ajad,
MIPUMEHSIEMbIX B PA3JIMYHBIX 00JIACTSIX HAYKH, a TAK)KE HABBIKOB MAaTEMAaTUYECKOTO MOJEIIMPOBAHUS
peanbHBIX MPOLIECCOB.
PesyabTarnl:
Dopmupyemvie 3n1emenmut IIK (npogheccuonanvno opuenmuposanmoe cooepircanue):

— IIK 1.6. IlpumensaTs amnmapaTHO-IPOrPAMMHBIE CpPEICTBA JIs PAaCUETOB M COCTABIICHMS
TonorpaduuecKux, MeKEBbIX MIAaHOB
memanpeomemnsie:. MPII 01, MPII 04, MPII 07, MPII 08, MPII 16, MPII 18, MPII 19, MPII 21,

MPK 08, MPK 11, MPP 02, MPP 09.

npeomemnsie’ 11P6 01, I[TP6 06, [TP6 14, TPy 08, [1Py 18, I1Py 19.
3HaHuA: [loHsATHE O POLIEHTaX, OCHOBHBIX CBOMCTBAaX JPOOH.
yMenus: Vcrnonb3oBaHre OCHOBHBIX alreOpanyeckux GopMmyd, a TaKKe CBOMCTB MPOLIEHTOB
JUISL peIIeHUs TPUKIIAIHBIX 3a/1au.

Xopn padoThr:

3anaHus 1J151 CaMOCTOATEIbHON padoThI:

Ilepesos zpy3o08, 2py3onodvemnocms

3aoaua 1. /[ns nepesosku 30 monn epy3a mawiure Ha0o ObLIO cOelamv HeCKoabKo pelicos. Ho
2py3 NPUUTOCHL Nepeso3ums Ha Maulune, umerouieti 2py30no0bemMHOCmb Ha 2 MOHHbL bobule, Yem
NAAHUPOBANOCy. M3-3a 3moco 01 nepeso3Kku epy3a nonaoodbunocy Ha 4 peiica menvute. Hatimu
2PY30N00bEMHOCIb MAUUHYL, Nepese3uiell 2py3.

3aoaua 2: ]Ins mepeBo3a rpys3a aBTOMaIInHE TPY30MOIBEMHOCTBIO 7,5 T MPHUIILIOCH CAENATh
12 peiicoB. CKkOIBKO peiicoB MPUAETCS CclieTaTh aBTOMAIINHE TPY30MO0EMHOCTBIO 9 T IS 3TOTO Ke
rpysa?
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3aoauu na npoyenmol
3aoaua 1. 3apaboTHas IUIaTa CIIY>KaIIEro COCTaBIsET X pyO, K KOTOpbIM HauuciseTcs 15% - i
kodpdunuent. U3 obmeit cymmbl B3umaercs 10% B mencuonsblii pounx m 1% cocrammiser
npo¢coro3HbIi B3HOC. 3apaboTHas miata obnaraercs Takxke 10% - M M00X0AHBIM HAJIOTOB (KpOMe
v pyO, paBHBIX MUHUMAJIbHOU 3apaboTHOM TuiaTe). CocTaBbTe (OPMYIY ISl BEIYUCICHUS CYMMBI,
KOTOPYIO MOJTYYHT CIYXKAIIHH.
3adaua 2. B mancuoHare B mponuioM roay otasixaigo 1100 myxuuH U keHIIMH. B 3TOM TOIY
YUCJIO OTABIXAIOIIMX MYXUMH yMeHblInioch Ha 20%, a 4ucino keHIIMH yBeanuuioch Ha 30%.
CKOJIbKO MY>KUYHMH U KEHILMH OT/AbIXAJIO B TAHCUOHATE B 3TOM 'Oy, €CJIH U3BECTHO, UTO BCETO B 3TOM
roxy orabixano 1130 genoek?
3aoaua 3. Crynent kynwi n8e kauru 3a 1300 py6. Ecnu 661 iepBast kaura crouia Ha 20% nopoxe,
a BTOpas — Ha 25% JnemieBie, TO X HEHbl ObUIM OBl 0JUHAKOBBL. CKOJNBKO pyOsel CTOUT BTOpas
KHUTa?
3aoaua 4. Topropas 6a3a mocraBuiia MarazuHy kadeiabHyI0 IUIUTKY [0 ONTOBOH IIeHe, KOTopas
Ha 25% Ooubliie 1IeHBl U3TOTOBUTENSA. MarasuH npojaBai 3Ty IUIMTKY MO IieHe, kotopas Ha 15%
6o:b11e ontToBoi. Ho B koHIle Mecsiia cHusmi neny Ha 10%. Ckonbko py0Jieii o OTHOIICHUIO K LIEHE
M3rOTOBUTES MIepeIIadiBaeT MOKyNaTenb 3a | M2 IIIMTKH, MOKyTIas eé B KOHIE Mecsna ro nexe 1035
py6. 3a 1M? ?
3aoaua 5. B cenbckoy 1mIKoJie J1Ba Kjacca. B mepBoM monyroauu ycrneBaeMoOCTh IO KJIaccam
cocrasisia 90% u 50%, a B uenom 1o mkoie — 70%. Bo Bropom noayroauu u3 nepsoro kiacca 10
YEJIOBEK IMEPeNuId B IPYryro mKoay. Kaplii Kj1acc MoBhICKI ycrieBaeMOCTh Ha 1%, a B 1IeJI0M 1O
HIKOJIe ycreBaeMocTh ynajia Ha 3%. CKOJIbKO ydaluxcs CTalio B LIKoje?
Cmapunnvle 3a0auu
3aoaua 1. Kynen umen mecTUNIPOLIEHTHRIE 0OTUTalliy, C KOTOPBIX MoJy4dai exxeroaHo mo 1500
p. mpoueHtHbix AeHer. [IponmaB oOmuranumu mo kypcy 120 (t.e. 120% OT MX HOMHHAIHHOMN
CTOMMOCTH), 9YacTh BBIPYUEHHBIX JCHET KyIell yIoTpeOuI Ha MOKYIKY AoMa, 1/3 ocTaTka mOJ0KUI
B Oank mojg 4%, a ocTalbHBIE JIEHbIHW B Apyrou Oank mo 5%. M3 oboux OaHKOB BMeCTe Kyrell
nostydaeT B roa 980 p. noxoaa. CKoibKo ObLIO 3aIIaueHo 3a 1oM?
3aoaua 2. Cripocui HEKTO YUUTENs CKaXKH, CKOJIbKO y TeOsI B KJlacCe YYEHUKOB, TaK KaK XOuy
OTJaTh K T€O€ B YUEHHE CBOETO ChIHA. YUUTENIb OTBETUJI €CIH MPHUJET €l YIEHUKOB CTOJBKO XK€,
CKOJIBKO MMEI0, U TIOJICTONIBKO, M U€TBEPTast 4acTh, U TBOHM ChIH, TOT/1a OyneT y MeHs yueHukos 100.
CrpaimuBaercs, CKOJIBKO ObLIO y YUUTENS YICHHUKOB?
3aoaua 3. Tlocnan yenoBek M3 MockBel Ha Bomoray, u BeleHO €My B XOXJICHHU CBOEM
COBEpILIATH Ha BCSIKUU AeHb 110 40 BepCT; MOTOM APYrUil YEIOBEK B IPYTrUi [Ha CIEAYIOLINN]| 1eHb
IIOCJIaH B CJIEJ] €ro, U BEJIEHO eMy UATHU Ha JIeHb 45 BepcT, U BeIaTeNlbHO €CTh, B KOJUKUN JI€Hb
MTOCTUTHET [ IOTOHUT |BTOPOI TIEPBOTO
3aoaua 4. llponasen mpoaaet manky. Crout 10 p. [logxoaut mokymnarenas, MEpsieT U COTJIACEH
B35Th, HO Yy HEro ecTh TOJBKO 25 p. IIpomaBen oTchulaeT mMalbuMKa ¢ 3TUMH 25 p. K COCEOKe
pa3MeHsaTh. Manbuuk npuberaer u oraaet 10+10+5. [IponaBen oTnaer manky u caady B 15 pyoO.
UYepes kakoe TO BpeMsl MPUXOJIUT COCEIKAa U TOBOPHUT, 4TO 25 p. danbliuBbie, TpeOyeT OTAaTh eif
nenbpru. Hy uro genats. [lpoaaser ie3eT B kKaccy ¥ Bo3BpainaeT eif JeHpru. Ha ckonbpko oOMaHymu
npojasua?
3aoaua 5. CnoH, cnoHuxa 1 CIOHEHOK MPUIIUTH HAITUTHCS K 03€pPY, YTOOBI HAMUTHCS BOAbI. ClIOH
MOJKET BBIIHUTH 03€po 3a 34, CIIOHMXA - 3a 54, a CIIOHEHOK - 3a 64. 3a CKOJIbKO BPEMEHU OHU BCE
BMECTE BBINTBIOT 03€p0?
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3aoaua 6. Hekto B3sin u3 cokpoBumHuibl 1/13. U3 toro, uro ocramock, npyroit B3su 1/17.
OctaBun xe B cokpoBumHuie 192. Mbl XOTUM y3HaTh, CKOJBKO OBUIO B COKPOBHUIIHHULIE
IIEpBOHAYAJIbHO?

Knaccuueckue 3a0auu

3aoaua 1. Tpu pribaka Be4epoM HAJOBUIIM PHIOBI U JIETTH criaTh. [1epBbIii, MPOCHYBIIUCH YTPOM,
pemmil He OyauTh octaibHbIX. OH pas3znenui pel0y M3 cajgka MOPOBHY, HO OJHA pblda ocranach
JIMILHEH; OH BBIOPOCUI €€ B BOAY, 3a0paj TPEeThIO YacTh yJoBa U yexas AoMol. Uepes yac Bcrai
BTOpOH. /lymMasi, 4TO OH IPOCHYJICS IIEPBBIM, U HE KeJast OyAUTh OCTAIBHBIX, IIPOJIENIA TO K€ CaMoe,
YTO U NEPBBIN: BHIKUHYJ B BOJY JIMIIHIOKO PHIOY, B35JI TPETHIO YAaCTh OT OCTABILETOCs yJI0BA U yexall.
Eme yepe3 yac Bce 3TO MOBTOPUII TPETHH pbIOaK, TOXKE CUMTAsi, YTO OH BCTal MepBbIM. KakoB ObLI
yIJIOB?

3aoaua 2. Cemp ABDKHUKOB ¢ HOMepamu 1,2 ,...,7 yIIIu CO cTapTa Mo OYepeaH U MPOILIH
JUCTAHLIMIO — KaXKIbIH CO CBOEH MOCTOSHHOM CKOpPOCThI0. OKa3alloCch, YTO KaXAblH JIBDKHUK POBHO
JBaKIbl y4acTBOBaJI B oOroHax. (B kaxaom oOroHe yyacTByIOT pPOBHO JBa JBDKHHUKA — TOT, KTO
OOroHsier, u TOT, Koro oOrousort.) [lo okoH4aHum 3abera JOKEH OBITH COCTAaBJIEH IPOTOKOII,
COCTOSILLIMA W3 HOMEPOB JIBDKHMKOB B MOpsAAKe (QUHUIIMpOBaHUsA. JlokaxkuTe, 4To B 3abere c
OIMCaHHBIMH CBOMCTBAMHU MOXKET MOIYYUTHCS HE OoJiee IBYX Pa3IUYHbIX IPOTOKOJIOB.

3aoaua 3. He3naiika Beinucai o kpyry 11 HarypanbHbIX uncen. i KaXIbIX IBYX COCETHHUX
YHUCeJ OH MOCYUTAN UX PAa3HOCThb. B pe3ynbTaTe cpenyu HaUACHHBIX PA3HOCTEH OKA3aJ0Ch YETHIPE
€IMHHULIbI, YETBIPE IBOMKHU U TpU Tpoiiku. Jlokaxure, uro HesHaiika rie-To JOMmyCTHII OLIUOKY.

3aoaua 4. B KOMIIaHUM U3 CEMM YEJIOBEK JIOOBIE IIECTh MOTYT CECTh 3a KPYIJIbIM CTOJ Tak,
YTO KaX/ble JIBa COCEa OKaKyTCs 3HAKOMBIMU. J[OKaXXKHUTe, YTO M BCIO KOMITAHUIO MOXKHO YCa/IUTh
3a KPYIJIbIH CTOJI TakK, YTO KaX/ble JBa COCea OKAXYTCsl 3HAKOMBIMHU.

3aoaua 5. Kynen exeronno pacxomyeT 100 ¢pyHTOB CTEpIUHTOB Ha COAEPKAHHE CEMbU U
MIPUYMHOXKAeT OCTAIbHOM KaluTaj Ha O1HY TpeTbh. Uepes Tpu rojia oH ctal BjiBoe borave. Kak Bemuk
CTaJl ero Kanuran?

bankoeckue pacuemut

3aoaua 1. buznecmen byOiukoB nomyunin B 2013 roxy npudsuis B pazmepe 25000 py6. Kax-
IbIN clieyroImuii ro ero npuObuIb yBenuuuBaiach Ha 300% 1o cpaBHEHHIO C MPEAbIAYIIIUM TOJJOM.
Ckomnbko py0:eit 3apaboran by6nukos 3a 2016 roa?

3aoaua 2. Komnanus "Anbda" Hayana HHBECTUPOBATH CPEJICTBA B IEPCIIEKTUBHYIO OTPacib
B 2011 rony, umes kanutan B pazmepe 5000 momnapos. Kaxneii rox, HaunHas ¢ 2012 rona, ona
nojryyana mpuoObuIb, KOoTOpas coctaBisiaa 200% oT kamuTana MpeAbIAyLIero roja. A KOMIaHHS
«beta» Havama NHBECTUPOBATH CPENCTBA B APYryto oTpacib B 2013 roxy, umest Karuran B pasmepe
10000 monnapoB, u, HauuHas ¢ 2014 roma, exeroIHoO moJiydaia mpuobLIb, cocTaBisionlyto 400% ot
Kanuraja npeaslaynero roga. Ha ckoibko M0/1apoB KamuTand OJHOW U3 KOMMIaHWM OblT OoJiblie
Kanurazua Ipyroi k konity 2016 rona, ecinu npuObLIb 13 000pOTa HE U3bIMANIACh?

3aoaua 3. Knuent B3su1 B 0anke kpeaut B pazmepe 250000 py6. va 5 net mox 20 % ro1oBbIX.
Kakyto cymMMy KJIMEHT JI0JKeH BEpHYTh OaHKY B KOHIIE CpOKa?

3a0aua 4. JlBa npustens nonoxuian B Oank mo 50000 py06. kaxiblid, mpuueM MepBbIid
IIOJIOKMJT JIEHBI'M Ha BKJIAJ C €KEKBapTajibHbIM HauucieHueM 10 %, a BTOpOi- ¢ €XKEroJHBIM
Hauyucnenuem 45%. UYepes rox npusATend MNOIYYWIM IEHBIM BMECTE C NPUUYUTAIOUIUMHCS UM
npoueHtamu. Kto nomyuunn Gosnburyto npuobuib?

Meouyuna

3adaua 1. Kypc BO3AYIIHBIX BaHH HAYMHAIOT ¢ 15 MUHYT B NepBBIN J€Hb U YBEIMYMUBAIOT

BpeMsl 3TOH Mpoueaypbl B Kaxablid cienyoomuid neHb Ha 10 MunyT. CKOIBKO JHEH cremyer
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MPUHUMATh BO3JYIIHbIE BaHHBl B YKa3aHHOM pEXUME, 4YTOObI JOCTHYb HUX MaKCUMalbHON
MPOIOKUTENbHOCTU 14 45MUH?

3aodaua 2. OtnpIXaroluil, ciaenys COBETY Bpaua, B IEPBBIM JEHb 3aropail 5 MUHYT. A B
KKl MOCIEAYIOUIUI IeHb YBEJIMYMBAJ BpeMs IpeObIBaHUS Ha coyiHLEe HAa 5 MuHyT. HA kakoit
JIeHb BpeMs ITpeObIBaHUS Ha coHIle OyaeT paBHO 40 MuHyT?

3aoaua 3. BonbHOW TpPUHUMAET JICKAPCTBO MO CICAYIOIIEH cXeMe: B IEPBBIM JIEHb OH
MIPUHUMAET S5 Karlellb, a B KOKJIbIN CISAYIOIINI IeHb — Ha 5 Karelb OOoJIbIle, YeM B MPEIbLTYITHH.
[Tpunss 40 kanenb, oH 3 1Hs nbeT 110 40 Kanemnb JeKapcTBa, a MOTOM €KEIHEBHO YMEHbIIIAET IPUEM
Ha 5 Karenb, JoBels ero 10 5 xamnenb. CKOJIBKO IMy3bIPbKOB JIEKAPCTBA HY)KHO KYNHUTH OOJBHOMY,
€CJIN B KaKI0M cojiepkutes 20 mit pekapcTsa yTo cocrasisieT 250 kanens?

3adaua 4. 11lo Ha3HaYEHUIO Bpaya NMaIMeHTy npomnucad npemnapat 10 mr mo 3 TabneTku B 1eHb.
V¥ Hero B Hanmuuuu npenapar 1o 20 mMr. CKoJbKO TaOJIETOK J0JKEH BBIIUTH MALMEHT, HE Hapylias
yKa3aHus Bpaya?

Cnopm

3adaua 1. B copeBHOBaHUU MO CTpeibOe 3a KKIBIA IMpoMax B CEpUM U3 25 BBICTPEIIOB
CTpEJIOK Mmodydval mrpadHble OUYKHU: 3a MEPBBIA MPOMax - OAHO OUYKO, 33 KaXIbIH MOCIEAYIONIHIi- Ha
0,5 ouka Oounbie, yem 3a npenpaymuid. CKOIBKO pa3 Mmonajl B IENIb CTPENOK, MOJTYYUBIIHMA 7
mTpadHbIX OYKOB?

3aoaua 2. B yrioBoM cekTope CTaJrOHA B IIEPBOM Py 7 MECT, a B KaXKJOM CJICIYIOIIEM Ha
2 mecTa Oosblie, yeM B mpeabiaymeM. CKOIbKO MeCT B 26-0M psiay?

3adauu c IKO02UUECKUM COOEPIHCAHUEM

3adaua 1. B 2010-2016 rr. Ha Tepputopun Boctouno-Kazaxcranckoit o6macTa mpou3o0IuIio
242 necHbIx moxapoB. CKOJBKO MOXapoB ObUIO BBI3BAHO H3-3a MECTHOTO HaceleHus, eciau 4
MPOM30ILIO MO HEU3BECTHHIM MPHYMHAM MU H3-3a Tpo3bl Ha 118 MeHblIe, 4eM u3-3a MECTHOIO
HaceneHna? KakoB yiiep0 npuHEeCeHHBIH Jiecy, eciii JepeBo BhIpacTaeT 3a 20 JIeT U KaXJ0€e AepeBO
HACHITIAET BO3IYX KMCIOPOAOM Ha miomaay 10 M2,

3aoaua 2. TlonpsauuKky €XETHEBHO TMEPEBBINONHSIN HOPMY IO OUYMIEHHIO o3epa Ha 40
KyOOB >KMJIKOCTH, MTO3TOMY 6 JHEBHYIO HOPMY OHM BBINOJIHWIN 32 4 1HSA. CKOJIBKO KyOOMETPOB
AKHUJKOCTHU MOAPATIMKHI OUMIIANIN B JIEHb? 3a CKOJIBKO JJHEW MOYKHO OYHCTHUTD BCE 03€PO, €CIIH 00BEM
BOJIBI B 03€PE COCTABIIAET 36 KM°.

3a0aua 3. OpHoil TpyOoOil ¢ MPOMBIIUIEHHBIM (PEOHOBBIM Ta3oM 3a 4,5 4 3amoJHWIN
MIOJIOBUHY LIUCTEPHBI. 3aTEM OTKPBUIM BTOPYIO TPYOy, U 3al0oJIHEHHE LIUCTEPHBI ObUIO 3aKOHYEHO 32
2,75 4. Haiigute 00beM HHCTEPHBI, €CIM MPOU3BOAUTEIBLHOCTH BTOPOH TPYOBI 35 M3/4? Tlocne
3aIl0JIHEHMs LUCTEPHBI Mpousomnien BeiOpoc 1 % dpeonoBoro raza B armocdepy. Haiinute o6bem
BEIOpOCa Taza. OmpesienuTe, ONACEH JIM JUIS KM3HM YeloBeKa BHIOPOIIEHHBIH Ta3, eclu 00beM 3 M°
CMEpTeJIeH JUIsl YeJIOBEKa.

3aoaua 4. Yepes Tpu TpyOsI HEDTAHOE IPEATPUATHE COPOCHIIO HE(DTIHOM 1I7IaM B 03epo. Jis
cOpoca Bcero HePTSIHOTO MITamMa B 03€po Yepe3 TPEThIo TPYOy MOTpeOdyeTcst CTOIbKO K€ BPEMEHH,
CKOJILKO MpH cOpoce uepe3 MepByIo U BTOPYI0 OAHOBpeMeHHO. CKOJIBKO BpeMEHH MOTpedyeTcs JUIs
cOpoca HEQTSIHOTO HIIaMa uyepe3 Kaxayro TpyOy, eciau yepe3 IepByro cOpachIBalOT BOY Ha 2 yaca
ObIcTpee, yeM uepe3 TPEThIo, U Ha 6 4acoB MeJJIeHHee, 4eM yepe3 BTopyro? CKoJIbKO M3-3a copoca
HE(PTIHBIX OTXOJI0B MOTHOAET KUBHOCTH B I'0J], €CJIM B CPEIHEM 3a MecsI] morudaer 121. po6?

3aoaua 5. Bcero nmoctynuino B Bo3ayx 1048,13 Teic.T. 3arps3Hsronmx BeniecTB. CKOJIBKO
ObUIO BBIOPOIIEHO TBEP/ABIX BEIIECTB, €CIM ra3000pa3HbIX ObLIO BBIOpomIeHo Ha 771,77 ThIC.T.
MeHnbie? Onpenenute ymepd, HAHOCUMBIA KUCJIOPOY, €CIIM BBIOPOC ra3000pa3HBIX BEmIEeCTB B 4
pa3a omacHee, 4eM BbIOPOC TBEP/IbIX BELIECTB.
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/lpyzue 3a0auu

3aoaua 1. Bace Hano pemnts 490 3anau. ExxeiHEBHO OH peliaeT Ha OHO U TO K€ KOJIMUYECTBO
3a/1a4 OOJIbIIE TIO CPABHEHUIO C IPEIBIIYIIUM JHEM. I3BeCcTHO, YTO 3a MepBbIii 1eHb Bacs pemmn 5
3ana4. Onpenenure, CKOJIBKO 3a/1ad pemni Bacs B nmocnenHuil 1eHb, €CIIM CO BCEMU 3aJjauaMy OH
crpaBuics 3a 14 nHei.

3aoaua 2. (3aoaua Hanoneowna.) OnHo 13 7 IPEeBHUX YyJeC CBETA — €TUIETCKUE MMUPAMU/IBI.
Camas 3HaMEeHMTAas U3 HUX — MpaMuia Xeorca BeIcOTOM 147 M, B OCHOBaHMU KOTOPOW KBaJparT co
CTOpoHOM 233. ecnu W3 KaMEHHBIX OJIOKOB MUpaMHUAbl BO3BECTH CTEHY TOJIIUHON 20 ¢M BOKPYT
@Opaniuu, TO KakoBa OyneT BbIcOTa 3TOM cTeHbl? CuuTarh, 4TO O0OLIas JJIMHA MOPCKHUX U
cyxonyTHbIx rpanun @panuuu 5000 kM.

3aoaua 3. YueHUK €311 Ha aBTOOYCHYIO 9KCKYPCHIO B Ipyroii ropoa. Tyna aBToOyc mien 2
4, a ooparHo (apyrum myrem) — 1 4 20 muH. [IIKONBHHK 3aMETHII, YTO MOKA3aHUs CIUJAOMETpA
yBenuuminch Ha 200 kM. KakoBa JiyiuHa nepBoro ¥ BTOPOro myTu?

3aoaua 4. 11o nerenze, u3o0peraresb IaxMaT MOMPOCHI y apsi B Harpaay 1 3epHO MIICHUIIBI
3a MepBYIO KJIETKY IIaXMaTHOM JTOCKH, 2 — 33 BTOPYIO, 4 — 3a TPeThIo U T.11., 2%%- 3a 64-10. MoskeT mH
1apb BBIMIOJIHUTH 3TY MPOCHOY?

3aoaua 5. ExxerogHo mMpUpOCT JIpeBECHHBI HA OMBITHOM ydacTke coctaBiseT 10%. Kakoe
KOJIMUECTBO JIPEBECUHBI Oy/ieT Ha yuacTke uepes 10 net, eciu ceituac ee 10° m3?

3a0aua 6. B TabauHOM IBIME OJIHOW CHUTAPETHI COJCPKHUTCS MHOTO SITOBHTHIX BEIIECTB,
paspylIalolMX OpraHu3M uyesoBeka. Onpenenure NPOLEHTHOE COJCPKAHUE CaMbIX SJOBHUTHIX
BEIIECTB — Ta0avyHOTO JIETTs, OKUCH YIJIepo/a, OJOHUS, - B OJTHOW CHTapeTe, eciii HUKOTHHA 2%0;
TabavHoro AerTs B 7,5 pa3 Oosbllle, 4eM HUKOTHHA; OKUCH YTlIepoJa cOCTaBiseT 3/5 oT KoaudecTBa
TabavyHOTO JIETTs; MOJOHUN COCTaBISAET 2/3 OT KOIMYECTBA OKUCH YIIIepoa.

3aoaua 7. Cpenuuii Bec HoBopoxkaeHHOro pedenka 3 kr 300rp. Ecnu y pebenka Kypsiuid
oTel, TO ero Bec OyJIeT MeHblIe cpeaHero Ha 125 rp; ecnu Kypsimas MaTh — MeHblie Ha 300 rp.
Omnpenenure, CKOIBKO MPOLIEHTOB TEPSET B Bece HOBOPOXKICHHBIH, €CM: a) KypuT namna; 0) KypuT
Mama (OTBET OKPYTJIIUTE JI0 €AUHULL).

3aodaua 8. llouranboH IleukuWH moIIEeN Ha MEHCUI0 M PEUIMJI BBIPAIIMBATH LIBETHI IS
npoaaxu. OH kymwi 15 nykoBur munuit mo 500 py6., HO B301UIO TOABKO 12 U3 HUX. [lomyuuT nn
[Teuknn mpuOKLIb, €CIIU 3TH WU OH Mpojact mo 750 py0O. 3a uBeTok?

3aoaua 9. Ilpu cTpOUTENBCTBE CEIBCKOTO JIOMa MOKHO HMCIHOJb30BATh OJMH U3 JABYX THIIOB
BapUaHTOB (pyHIaMEHTa: KaMEHHBIN Wi OeTOHHBIN. [ KaMeHHOro (yHAaMeHTa HeoOXoauMo 9
TOHH IpUPOJHOro KamHs U 10 MemkoB nemenTa. [[ns 6eTonHoro ¢pyHaaMeHTa HeoOX0MMO 8 TOHH
me6Hs 1 57 MemkoB 1eMeHTa. ToHHa kaMHs cTouT 1650 pyOneii, mebGens crout 610 pybreit 3a
TOHHY, @ MEIIOK 1leMeHTa cTouT 220 pyoseit. Ckosibko py0OJiei TpUaAeTCs 3aIIaTUTh 32 MaTepuat JJis
(dbyH1aMeHTa, eci BhIOpaTh caMblii JelIeBbIil BapUaHT?

3aoaua 10. Tlpu omumate yciyr 4yepe3 IUIATEKHBIA TEpMHHAJI B3UMaeTcsi kKomuccus 2%.
Tepmunan npuHuMaeT cyMmbl, kpatHble 100 py6. MecsuHnas miara 3a uatepHer cocrasiser 1000
py06.. Kakyto MUHMMaNbHYIO CyMMY MIOJIOXKHUTH B IPUEMHOE YCTPOMCTBO TepMUHAJIA, YTOOBI Ha CUETY
(bupMBI, IPEIOCTABIAIONICH HHTEPHET-YCIYTH, OKa3ajiach cymMmma, He MeHbIas 1000 py6.?

3aoaua 11. I1yTe TOpMOXKEHHS TIO CYXOMY acalibTy MPU CKOPOCTU JIBUKEHUS aBTOMOOWIIS
60 xm/4 coctaBnsger npumepHo 0,039% ero ckopoctu, a 1o 00Je1eHeNnoN Jopore MyTh TOPMOKEHUS
YBEJIMUMBAETCS B 3TOM ke ciiydae B 4 pa3a. KakoB myTh TOpMOXKEHHUS aBTOMOOUIIS pU CKOpocTH 60
KM/4 1o obneaeHesnoi qopore? (IyTh TOPMOXKEHUS - MyTh, IPOWIEHHBI aBTOMOOMIIEM OT Hayala
TOPMOKEHHUS 10 €r0 MOJIHOM OCTaHOBKH)
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MMPAKTUYECKAS PABOTA Ne 27
Ha3Banue npakTuyeckoil padorbl: Onucanue npou3zB00CMEEHHBIX NPOYECCO8 ¢ NOMOUbIO
epaguxos ghynkyuil.
ey padoThl: 3aKpEeNUTh HABBIKK IMOCTPOEHUS IpaduKOB (HYHKIMIA, OMMCAHUS CBOMCTB (YyHKIIUU
1o e€ rpaduky.
PesyabTaTsl:
Dopmupyemuie r3nemenmut IIK (npogpeccuonanvno opuenmuposannoe cooeprcanue):

— IIK 1.6. IlpumensaTs anmapaTHO-IPOTPAMMHBIE CpPEICTBA Uil PacdeTOB M COCTaBJICHUS
TOMOTpaPUUECKUX, MEKEBBIX IJIAHOB
memanpeomemnste: MPI1 01, MPIT 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemnosie: 11P6 02, ITP6 03, TIP6 05, ITPy 06, [TPy 07, ITPy 08

3HaHMSA: onpesereHne GyHKIUH, e€ CBOMCTB U rpaduka.

YMeHHsI: IOCTpoeHUe rpaduka QyHKIUH.
Xoa padoThi:
1) IlpuBeaute mOpPUMEpbl  UCIOJB30BAHUS  JIMHEHHOM
GyHKIMH B OKpYXamolleM  MHUpe, HaydyHoH U
MIPOM3BOJICTBEHHOMU chepax.
2) Ha pucynke 1 n3o0paxén rpaduk IBHKECHHS TICIIEX0/a
u3 nynkta B B myHkT E. Mcnonb3ys 3T0T rpaduk OTBETUTH
Ha BOIPOCHI:
a) Ha kakom paccrostnuu ot nyHkra E HaxonuTcst myHKT B?
6) C xakoil CKOPOCTbIO IBUTAJICS NEIeXo?

B) Ha xakom paccrostuuu ot nyHkra B oH cnenan npusan?

Puc.1 1) CKOJbBKO
BpEMEHU
JUTWIICS TipUBat?
n) Yepe3 kakoe BpeMms IOCIE TMpHUBAJA TEHIEXO]]
npuObLT B TyHKT E?
¢) 3amucath Gopmynoit ¢pynknuo S(t) Ha ydacTkax
rpaduka BC, JIE, C/I.
3) Pacxoppl npu nepeBo3ke rpysa AByMsi BUIaMU
JKEJIe3HOIOPO’KHOTO TPAHCIIOPTa BBIUUCIISAIOT T10
bopmynam:
y1= 10000 + 40x, y2= 20000 + 20x,

I7le X-PacCTOSHUE MEPEBO30K B KWIOMETPAX, a Y P.-
TPAHCHOPTHBIE PACXOJbl 110 MEPEBO3KE I'py3a MEPBBIM M BTOPHIM BHAAaMH TpaHcnopra. Haiitu, Ha
KaKHe PAacCTOSHUS U KAKUM BUOM TPaHCIIOPTA NEPEBO3KH Ipy3a OyayT 00siee 5KOHOMUYHBIMH.
4) VkaxuTe KaKhe peajbHbIe MPOLECCHl OMKUCHIBACT KBAApaTUUHAs (YHKIIUS.
5) IlyTs, mpoiieHHBII TEJIOM 3a MEePBbIC t CEKYH]T CBOOOIHOTO MaICHUSI, MOXKET OBITh BBIYHCIICH 110

Puc. 2

t2 . o
bopmyne h = gT ,rae g = 10 m/c?. Tloctpoiite rpaduk 3aBucumoctu H ot t. Haiiute o rpaduxy:

a) paccTosHUE, KOTOpOE MPOJETUT MaJalolIuii B MPOMACcTh KaMeHb 3a MepBbie 5 c; 0) Bpems, 3a
KOTOpoe KaMeHb mpoJieTuT mepBbie 100 M. Haiigure riyOmMHy mpomacTH, €ciu MaJcHHE KaMHS
MPOJIOJDKAIIOCH 15 C.
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ITPAKTHYECKAS PABOTA Ne 28
Ha3BaHue nmpakTuyeckoil padoTbl: PaouanHvlii Memoo usmepeHuss yeno8 epaujerus u céaszb C
2paodycHoll Mepoll.
Heanb padorel: HayunThcs nepeBoAUTH OIHY MEPY YIJIOB B JIPYTYIO.

PesyabTarsl:
Dopmupyemvie 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpuMeHsTh anmapaTHO-NPOTPAMMHBIE CpPEICTBA MJi PAacyeTOB M COCTABJICHUSA
TonorpauuecKux, MeKEBbIX MIaHOB
memanpeomemnwie: MPI1 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemmnosie: 11P6 01, [1Py 06.
3HaHuA: [IoHsaTHE O rpagyCHON U paAMaHHOW Mepe yria.
ymenusi: [lepeBos rpaaycHoi Mephl B paluaHHYIO 1 0OpaTHO.
Xoa padoTbI:
dopmyna nepexoaa OT rpajlyCHON MEpPbI K PaIMaHHOMN:

T
apad=—-—a
PA%= 180"

a =135°
Hampumep.
a pao = —— .135° _3z
180 4
DopmyJia nepexoaa OT paJIMaHHON MEpBI K FPaJyCHOM:
. 180°
o =——upao
T
Hamnpumep,
2r
oa=—
3
0
a® =180 27 1500
V4

[ =oR

JJIrHa AYTH OKPYKHOCTHU

R 2
S=—-«a
ITnomanb KpyroBoro cekropa paauyca R 2
3agaHus 1J151 CAMOCTOATEILHON padoThI:
Bapmuanr 1
1. IlepeBenuTe JaHHbIE YKCIa U3 TPaIyCHON Mephl B paguannyo: 75°,10°,144°,1080°.

o m 5t 11w
2. HepeBe)mTe JAaHHBIC YHUCJIa U3 pallaHHOU MCPBI B I'PayCHYIO: E ; E; T .

3. Kakoit KOOpI[PIH&THOfI YCTBCPTHU COOTBCTCTBYCT YI'OJI:

431° -731° 5m  -531° r 13w

6 4 3

4. Paguyc OKpYKHOCTH paBeH 2 cM, O =30°. HaiiTu miomas ceKTopa B cM?
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5. dyra mmuHoi 0,25M cTsaruBaet neHTpanbHbi yroi 0,5 pan. Haiitu pagnyc okpyXKHOCTH

Bapmuanr 2

1. [TepeBenuTe naHHBIC YKCIIA U3 TPATyCHOW MephI B paauannyro: 15°, 18°,108°,720°.
. 7w 13

2. [lepeBenuTe JaHHBIC YUCIIA U3 PAJAMAHHON MEPHI B TPATyCHYIO: 118 ; I—Z; Tn

3. Kako#t Koop/IMHaTHOM YE€TBEPTU COOTBETCTBYET YIroOJI:

531°  -631° T 24310 3m 161

6 4 3

4. Pagnyc oKpy>KHOCTH paBeH 2 cM, & =150°. Haiitu miomans cektopa.
5. dyra punoi 0,49 M ctaruBaet nenTpaibbii yrou 0,7 pan. Hailitu paguyc OKpy>KHOCTH.

INPAKTUYECKAS PABOTA Ne 29
Ha3panue npakruueckoii padorsl: /Ipumenenue 0CHOBHBIX MPULOHOMEMPUYECKUX MOHCOECTE OJIA
BbIUUCTICHUS 3HAYEHUL MPULOHOMEMPUYECKUX PYHKYUL NO OOHOU U3 HUX.
Ilenv pabomwpr: HayuuThCsi HAaXOOUTh 3HAUEHUS TPUTOHOMETPUYECKMX (DYHKIHN, HCIONB3Ys
OCHOBHOE TPUTOHOMETPHUECKOE TOXKIECTBO.
PesyabTarsl:
Dopmupyemuie 3nemenmut IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensaTh anmapaTHO-IPOTPAMMHBIE CPEICTBA Ul PacyeTOB M COCTaBJICHUS
TONOrpapUUECKUX, MEKEBBIX MIIAHOB

memanpeomemnste. MPIT 01, MPII 02, MPIT 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,
MPP 02.
npeomemnuie: 11PG 01, ITPy 06.
3HAHUSA:
— Ilondatue o cuHyce, KOCUHYCE, TAHTCHCE U KOTAHT€HCE.
— 3HaK TPUTOHOMETPUYECKUX (YHKIIUI 110 YETBEPTSIM.
— TlonsTe 06 OCHOBHOM TPUTOHOMETPUUYECKOM TOXKJIECTBE U €r0 CIEJICTBUIX.
ymenusi: lcronb3oBaHME€ OCHOBHOTO TPUTOHOMETPHUYECKOIO TOXAECTBA U CBOWCTB
TPUTOHOMETPUUECKUX (YHKIMH Uil  ONpelneieHHs] 3HAuYe€HUH TPUTOHOMETPUUYECKUX
byHKIH.
Xox pa0doThI:
OcHo6Hoe mpuzonomempuiecKoe morHc0ecmso u cie0Cmeus U3 Heo:

1 4
cos’a+sina =1; 1+tg°a=———, a# —+znneZ;
_ cos’
tger =% secq = ! 2 annez; 1
90 = osa X T ¥ TS l+ctg’a=———,a#7zn, neZ;
sina

cta—cosa coseca = L a+xnan,ne’; T
g sina “sina ’ ’ tga -ctga =1, a;tEn, ne’Z.

3aganus 1J19 CAMOCTOSITEIbHOM PadoThI:
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Ne Bapmuanrt 1 Ne Bapuant 2
1 BbryuciuTh 3HaYCHHE BRIPAYKCHUS 1 BbI4ucianTh 3HaYCHUE BBIPAKCHUS
12:- cos o -4,5 . ecnu 3,5-sin o-1,5 , ecau
. 2V2 s 44/3 Vi
sin a=—= MpH O<a<; €Os 0.=—= TpH 0<a<5.
2 BbryuciuTh 3HaYCHHE BRIPAYKCHUS 2 BbI4ucinTh 3HaYCHUE BBIPAKCHUS
3c0s? 0- 6 +3sin® a 5sin?a +0,61 +5 cos? o
npu cos a=-0.3. npu sin o=-0.4.
3 BbI4uciuTh 3HaYCHHE BBIPAYKCHUS 3 BbraucianTh 3HaYCHUE BBIPAKCHUS
2 cos? o+ 1 26 cos? o - 1
1 1
npu tg o= 3 npu tg o= e
4 | .Yopocrure: 4 | Yopocrure:
cos? o - tg?o:(1-cos’a). sina-ctg?a:(1-sina)
5 Ynpocrure: 5 Ynpocrure:
(2+cosa) (2- cosa)+ (3+cosa) (3- cosa)+
+(2- sino) (2+sina). +(3- sin a) (3+sina).
6 Ynpocrure: 6 Ynpocrure:
cost—1 , cos t+1 sint—1 . sint+1
sint sint * cost cost
7 Yupocrure: 7 Ynpocrture:
1-sinx cosx 14+cosx sinx
cosx 1+sinx sinx 1-cosx
8 | Yopocture: 8 | Ympocture:
(sina-2cos o )?+ 4 sin o Cos o ( 3sin a + 2 cos a)? - 12sin a cos o

HPAKTHYECKAS PABOTA Ne 30
Ha3Banue npakTuuyeckoil padoTbl: BuinonneHue mosicoecmeenHvlx npeodpaso8anuii ¢ noMOubIo
dopmyn npueedenus.
ean padoTbl: Hayantbcest ucmmons30BatTh (GOpMyITbl MPUBEICHUS SISl BBITIOTHEHHUS TOXKECTBEHHBIX
npeoOpa3oBaHU.
Pe3yabTarsi:
Dopmupyemote 3n1emenmut IIK (npogheccuonanvno opuenmuposanmoe cooeprycanue):

— IIK 1.6. IlpumensTs amnmapaTHO-IPOTPAMMHBIE CpPEICTBA JIs PACUYETOB M COCTABIICHMS
TOMOTpaUUECKUX, MEKEBBIX TUIAHOB
memanpeomemnsie: MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemnosie. 11P6 01, [TPy 06.
3HAHUSL:
— Tlonsatue o cuHyce, KOCUHYCE, TAHTEHCE U KOTAaHTEHCE.
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— Tlonstue o popmynax npuBeACHUS.
yMmenusi: lcnonbs3oBanue ¢GoOpMysl TPUBEACHHS JUJI  YIOPOIICHUS W  BBIYUCICHHS
TPUTOHOMETPHYCCKHUX BBIPAKCHHU.
Xox padoThI:

Jiss BBIYUCIIEHHS] 3HAUYEHUH TPUTOHOMETPHUYECKMX (YHKIMHA JTI000TO yria HYXHO YMETh
CBECTH 3Ty 3aJauy K BBIYHUCICHUIO TPUTOHOMETPUYECKUX (PYHKIHI COOTBETCTBYIOIIETO OCTPOTO
yria.

C 3TOM LENBI0 HEOOXOIUMO:

1. Bocmoyib30BaThbcs MEPUOJUIHOCTHIO TPUTOHOMETPHUYSCKUX (YHKIUH W JT00aBUTH (MU
BBIYECTh) K apryMEHTY (DYHKIIHH IICJIOC YKCIIO IEPHOIOB, YTOOBI B Pe3y/IbTaTe 1101 3HAKOM (DYHKIIUN
OKa3aJICsl YToJI, MEHBIIHMH 10 MOJIYJIF0 OJTHOTO ITEPHO/IA.

_ _ _ J2
IIpumep. sin 405°=sin (360° + 45°) =sIn 45° = 3

2. Bocnonb30BaTbes CBOMCTBAMH Y€THOCTH WJIM HEYETHOCTH TPUTOHOMETPHUECKUX (YHKITHIA.

Hanpumep: tg 863° =1tg (5 - 180°- 37°) =tg(-37°) =-tg 37°
cos 1313°=cos (4 - 360° - 27°) = cos (-27°) = cos 27°.
K octpomy yriy MokHO mepeiTH, Monb3yach (GopMynaMu MPUBEACHHUS.

Dopmynamu npueedeHus HA3bIBAIOTCS (OPMYJIbl, BBIPAXKAIOIIUE TPUTOHOMETPUUECKUE
¢byakuuu yrios 90°+ ¢, 180°t a, 270°* o, 360° + o yepe3 TpuroHOMETpHUYECKUE DYHKIMU Yria
a.

Vel 180°+ a v 360°+ a cunTaroT 00pa30BaHHBIMU OTKJIOHEHUEM 0 OT TOPU3OHTAIIBHOM OCH;
a yribl 90°+ a u 270°+ oo — OTKIIOHEHHEM YTJIa 0 OT BEPTUKAIBHOU OCH.

IIpasuna npusedenus: B neBoit yactu GopMysbl IPUBEACHUS CTOUT MPUBOIMMAs (DYHKITHUS.

I. Ecnu yeon obpazosan omkioneHuem om 20pu3oHmMaibHOU OCU, m.e., mo Ha3eanue QyHKyuu
He U3MeHsemcs, a 3HaK bepémcs mom, KOmopwlil umeem UcXoOHas yHKYus B TaHHON YETBEPTHU.

Hanpumep, sin (180°- ) =sin a, cos (180°-a) = - c0S a.

Il. Ecau yeon obpazosan omxloHeHuem om GepMUKANbHOU OCU, MO HA38aHUE QYHKYUU
usmensiemest (SiN na C0OS, tg na Ctg), a 3max Gepémes mom, Komopwvlll umeem UCXOOHAsE PYHKYUSL 6
OauHOll Yemeepmu.

Hanpumep, sin (90°t a )=cos a, co0s (270°-a) = - sin a.

[Mpumepsi: CoctaBUTh hopMysibl puBeaeHUs 11 1) COS(360°- O ) u 2) Ctg(90°+ & ) Ha OCHOBaHUH
yKa3aHHBIX MTPABUIL.

1) Yron 360°- & monydyeH OTKIIOHEHHEM yriia (X OT TOPU3OHTAIBHOM OCH, TO3TOMY B IPaBOH
yacTi GOpMyJIbI IPUBENAEHHS CTaBUTCs UcxoaHas Gynkius, T.e. COSA co 3HakoM «+» wim «-» . Eciu
yron (X octpslii, To yroa 360°- & dBisercs yrioM 4Y€TBEPTOM YETBEPTH, B KOTOPOH KOCHUHYC
MOJIOKUTEIBHBIN, CIIeI0BaTebHO, COS(360°- O ) = COS X .

2) Yron 90°+ & monydeH oTKIaAbIBaHuEM yriaa (! OT BEPTHKAIBHON OCH, TIOATOMY B (hopMyIie
npuBeneHus ¢pyHkuus Ctg(90°+ & ) nepeiiner B ko-¢pyHkuuto tg & co 3HAKOM «+» uiaH «-». Ecnn
yron (& — octpbiii, TO yron 90°+( ecTb yrom BTOpPOH YETBEPTH, B KOTOPOHW KOTAaHIE€HC
OTpPHIIATENILHBIN, CIIEIOBATEIbHO, Ctg(90°+ O )= -tg (X .
3anaHus 1J151 CaMOCTOATEIbHON padoThI:

Bapuanr 1.

1. VnpoctuTs BeIpaxkeHue:
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tg [gﬂ—aj-tg(ﬂ'+a)—COS(%+a)-Sin(7Z'+Ol)
a) ;

3 T . T . (37
ctg( 7z+aj tg [——a}cos(;z—a)sm(a——J+sm(——a)-cos(7r+a)
5) 2 2 2 .

2. BBIYHCIUTD:

3 3 3 6

r) sin(—225°) - cos(—120°) - tg330° - ctg 240°;

a) sin%ﬂ; 5)cos(—7—”j; e)tgs—ﬂ, 2)sin40—ﬂ; d)ctg&.

Bapuanr 2.
1. Yopoctuts BbipaxkeHHe:

sin(z — p)- cos(——ﬂ)+ctg( ﬂ+’3j ctg(z - B)
a) :

cos(—;r—a) -Sin(r —a) +cos(2z — ) -sin(x _E) +tg(r—a) -tg(§7r—a)
6) 2 2 2

2. BEIUUCINTD:

. 11x 4 137 . 297 27
a) sin—: 6)cos : —_— sihn—: o — .
) st djeos -9l 9 ZE gl -2 )

r)sin 315°- cos(~210° )-tg300°- ctg (~240°) ;

Bapuanr 3.
1. YpocTtuTs BeIpakeHue:

Sin(gﬂ—aj-cos(a—27z)+tg(§7z+a)-tg (7—a)
a) 2 2 ;

sin(n—a)-cos(%ma)mosz(&z—a)+tg(37z+a)-ctg(7z—a)

0)
2. BuamciauTe:
157 137 31w 411
a) tg —6)cos(— —) B) sin —r)ctg — mctg(— —)
2 c0s(-210")-sin330° - tg120°- ctg(—300°).
Bapuanr 4.

1. Yopoctuts BLIpa)KeHI/Ie

cos(z + f3) - Sln(—71'+ﬂ) ctg(f—r)- ctg( T — ,Bj
a)

Sin(—ﬂ'—a)~COS(7Z—Ot) +sin(37 — a) -cos(——a) +tg(7 — ) ~tg(§7c+a)
5 2 2 2
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2. BEIUHCIUTE:

37 61m

177‘[6 , 197 . ) RY/4
a) cos G ) tg( 4)B)cg 3 r) cos c nsin( 3)

sin 240° cos (—330° )-tg(-315°)-ctg420°;

r)

IMPAKTUYECKAS PABOTA Ne 31
Ha3paHnue npakTuuyeckoii padoTbl: BuinoineHue moicoecmseHHbIX NPeodpaz08aHuli ¢ NOMOUbIO
dopmyn crnoxcenus.
Lean padoTsl: GopMupoBaHUE HABBIKOB MCIOJIBb30BaHUS (POPMYIT CIIOKEHUS MPU MPE0oOpa30OBaAHUH
BBIPAYKCHHUIA.

Pesyabrarsi:
Dopmupyemoie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensaTh anmapaTHO-IPOTPAMMHBIE CpPEACTBA U PacyeTOB M COCTaBJICHUS
TOMOrpapuuecKux, MeKEBbIX MJIAHOB
memanpeomemnste. MPIT 01, MPIT 02, MPIT 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.

npeomemnsie: 11P6 01, [1Py 06.
3nanus: [lonstre o popmynax cioxeHus.
ymenusi: [IpeoOpa3oBaHne TPUTOHOMETPUYECKHX BBIPAKEHUH C TIOMOIIBIO0  (HopMyn
CIIOXKCHUS.

Xon padorhl:

cos(X + y)=Ccosx-cosy —sin x-sin y
cos(X—y)=cosx-cosy +sin x-sin y
sin(x+y)=sin X-cosy +Ccos x-sin y
sin(x —y)=sin X-cosy —cosx-sin y .

rgx+1gy
g(x+y)=——7-—
l1—tgx-tgy
1gx —1gy
g(x—y)=———"-
1+tgx-tgy
cta(x + y) = ctgx-ctgy—1
ctgx + ctgy
ctgx-ctgy+1
cig(x—y) =
ctgx —ctgy
Ilpumep 1. Beruncnute COS15°.
Pemenune:  mpencraBuMm 150 B BUIEC  Pa3HOCTH 45° —30°. Torna
c0s15° = cos(45° —30°) = cos 45° - cos 30° + sin 45°-sin 30° = g : ? + \/25 % _Je Z V2 .
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IIpumep 2. YIPOCTUTE BHIPAKEHHE COS(X + Y)-i- COS(X — Y)

Pemienue:
cos(x + y)+Ccos(x — y) = cos x-Cos y —sin X-sin y +COS X - oS y +
+sin X-Sin y =2C0S X-COS Y

3ajanus 1J151 CAaMOCTOATEILHON padoThI:

Bapuanr 1

tg13° +tg47°
0 1 tg13°.tgd7°

H 0
1. Bsrucnnre: a); SN 75

3.3 . (7
2. 3nas, yro COSO = Y <a<2r  ppraucure: Sin Z_a .

Bapuanr 2

1-tg28° -t1g32°
tg28° +1g32°

1. Beruucnure: a) COS]-OSO; 0)

: 12 7 T
2. 3Hag, 4TO sin o = EE < a <, BeuHCcHuTE: COS| O + 5 .

Bapuanr 3

tg11° +tg34°
1-tg11° -tg34°

: 0
1. Boruucmure: a) SIN 15 ; 0)

V4
2. 3Had, 410 cosa =-0.8;r <a < 37” , BBIYHMCITUTE:! COS(E - aj,

Bapuanr 4

1+tg76° -tg31°
tg76° —tg31°

1. Beoruncnure: a) sin 1050 ; 0)

i 3
2. 3nasg, yro SN & = —5,7 < <27 pprauciure:

ofo-3)

INPAKTHYECKAS PABOTA Ne 32
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Ha3BaHue npakTuuyeckoii padoTbl: Buinoinerue moxicoecmseHHbIX NPeodpaz08aHuli ¢ NOMOULIO
gopmyn yosoenrnozo apeymenma.

Lear paGoTsl: (HOpMHUPOBAHWE HABBIKOB HKCIIONB30BAaHUS (HOPMYNI JIBOWHOTO yIrjia Mpu
peoOpa3OBaHUU BBIPAKEHUI.

PesyabTarsl:

Dopmupyemvie 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooeprcanue):

— IIK 1.6. IlpuMeHsTh anmapaTHO-NPOTPAMMHBIE CpPEICTBA MJi PAacyeTOB M COCTABJICHUSA
TonorpauuecKux, MeKEBbIX MIaHOB
memanpeomemnwie: MPI1 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.

npeomemnusie: 11P6 01, ITPy 06.
3HaHus: [lonsrue o popmymnax ABOMHOrO yria.
ymenusi: IIpeoOpa3oBaHne TPUTOHOMETPUYECKHX BBIPAKECHUH C TOMOIIBIO (HOpMYI
JIBOMHOTO yrJja.

Xoa padoTbI:

sin 2x = 2sin X - C0S X
C0S2X =C0S° X —sin2X=2c0s’X—-1=1-2sin?%x

2tgx
thX — —92
1-tg°x
sin 2x
Ilpumep 1. YripocTuTe BBIpAXKEHUE .
pumep p p COS X
sin 2x  2sin X COS X .
Pemenue: = =2sin X
COS X COS X
5 C0S 2X
Ilpumep 2. YpocTute BeIpOKEHUE . _ .
puep P P SIn X+ COS X
cos2x  cos®x—sin®x _ (cosx—sin x)-(cosx +sin x) :
Pemenne: — =— = - =COSX—SIn X,
SIN X+ COS X SINn X+ COS X SIN X+ COS X
3agaHus 1J151 CAMOCTOSITEIbHOM PadoThI:
1 BapuaHT 2 BapuaHT
1) 20 sin a cos a 2)4sin Z cos z 1) 10 sin a cos a 2) 6 sin 7 cos =
8 8 12 12
3) sin 6acos 60 4) sin 220 - C0s 2 20 3)sin30.cos 3a  4) sin?5a -cos? 5a
. 2t94«a T 2t 2
5) 1-2sin2” 6) —2 ) tg2c
) 1 ) 1_tg’4a 5) 2 cOs g -1 6) Itg2a
7)12sin?3acos?3a  8) sin % oS % 7)20'sin 240 cos 24 8) sin & cos &

INMPAKTHYECKAS PABOTA Ne 33
Ha3Banue npakTu4eckoii padorbl: Boinonnenue moicoecmeeHHbix npeoopazo8aHuii ¢ NOMoubio
Gopmyn nonosunno2o apaymenma.
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Heap pabGorbl: ¢GopMUpPOBaHHWE HABBHIKOB HCHOJIB30BaHUS (OPMYNT MOJOBHHHOTO Yria MpH
npeoOpa3oBaHUM BBIPAKEHUH.

Pe3yabrarhi:

Dopmupyemuie Inemenmut IK (npoghpeccuonanvro opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensaTs anmapaTHO-IIPOTPAMMHBIE CpPEICTBA Ul PacyeTOB M COCTaBJICHUS
TOMOTpapUUECKUX, MEKEBBIX IJIAHOB

memanpeomemnsie. MPII 01, MPII 02, MPIT 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,
MPP 02.
npeomemnoie. 11P6 01, TPy 06.
3HaHus: [lonsatue o popmysax MoJIOBUHHOTO yria.
ymenusi: IIpeoOpa3oBaHue TPUTOHOMETPUUECKHX BBIPAKEHUNH C TMOMOIIBIO (OpMyIl
MOJIOBUHHOTO yTJa.
Xon paboThl:
Dopmynvl NOI0BUHHO20 APZyMeHma

,a& l1—cosa

1) sin"—=
) 2 2
2) cosgg: l+cosa
2 2
3) 1o a_ l-cosa
2 l4cosa
1) tgg: sima _ 1-cosa

2 l+cosa  sina
5) ct , @ l4+cosa
) ctg"-—=——
2 1-cosa

a sina _l+cosa

6) ctg — = .
2 l-cosa sin o
Ipumep 1:1ano: Pemrenue:
sina=0,6,0°<a<90° 1) 3nas sina, 10 OCHOBHOMY TPUTOHOMETPUYECKOMY
Haiitu: sin %, cos %, tg % TOXIECTBY, Hai{JIeM COS ':

cos’a = 1 —sin*a

cos’a=1-0,36 =0,64, Tk.a € [ yeTBEpTH, TO
cosa =0,8

2) ITo hopmynam MOIOBUHHOTO yTJia:

_,a 1-—cosa = s a |1—cosa
sz_ > = smz— >
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1—08

sm— 0,1
1+ cosa

cos — ’
1+0, 8

cos — 0,9

a 1 — cosa 1— cosa

tg 2 —=— tg —_—
1 + cosa 2 1+ cosa

1

OrTBerT: sm— =+/0,1; cos— V0, tg— —

1-cosa

Ilpumep 2: Halinute tg 5?”. Pemenwue: Mcnonb3ys hopmyny tg ; =

sina

57 T T
5_ﬂ_1—cosT 1—cos(n+z)_1+cosz

tg = = =
8 sin% sin (n +%) —sin%
V2
It g 24V2
V2 2
2
=—V2-1

Otser: —V2 — 1

3agaHus 1J151 CAMOCTOSITEIbHON PadoThI:

Bapuanr 1 ‘ Bapuant 2
1) Beruucnure sin %, cos %, tg %, eCclIu:
] 4 3 1
sma——g,ae(ﬂ,?) cosa=—§,a6(i;ﬂ)
2) JlokaszaTh TOX1€CTBO:
1+sin(T—e6t 1-cost — t
a) COSz3t=% a) sint t 2
0)2sin?2a = 1 + sin(270°— 4a) 0)2c0s%(45°+ 3a) + sinba = 1
3) BeuuciauTs:
a)sin 22,5° a)sin 15 °
3n 4

MMPAKTUYECKAS PABOTA Ne 34
Ha3panue npaktuueckoil padorsi: [Ipeobpazosanue cymmvl mpuzoHOMempuyecKux yHKyui &
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npousseoeHue.

Hear pabGorsl: Ha  KOHKpPETHBIX MpUMEpax  HAYYUTHCS  MPEOOpPa3OBBIBATH  CyMMY
TPUTOHOMETPUYECKHUX (YHKIIHI B MPOU3BEACHHE

PesyabTarsl:

Dopmupyemote 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpuMeHsTh anmapaTHO-NPOTPAMMHBIE CpPEICTBA MJi PAacyeTOB M COCTABJICHUSA
TonorpauuecKux, MeKEBbIX MIaHOB

memanpeomemnswie. MPI1 01, MPII 02, MPII 03, MPII 05, MPII 12, MPIT 13, MPII 21, MPK 11,
MPP 02.

npeomemnuie: 11P6 01, ITPy 06.

3HanuA: [lonsTre o popmynax npeodpazoBaHus CyMMBbl TPUTOHOMETPHUECKUX (YHKIUHN B
MIPOU3BEJICHUE.
ymenusi: IIpeoOpa3oBaHne TPUTOHOMETPUYECKHX BBIPAKECHUH C TOMOIIBIO (HOpMYI
npeoOpa3oBaHus CyMMbI TPUTOHOMETPUYECKUX (PYHKIMN B IPOU3BE/ICHUE.

Xoa padoTbI:

Jlna npeoOpa3oBanus anreOpandyeckoidl CyMMbl TPUTOHOMETPUUYECKUX (GYHKIMI B MPOU3BEICHUE
MPUMEHSIFOTCS (POPMYJIBL:

sina +sinff =2 sinﬂcosﬂ'
sina —sinf = 2sin= ﬁcosﬂ
cosa+cosf =2 cosTﬁcosTﬁ;
cosa—cosf =2 sin#sinﬁ%;
__ sin(axp)
tga ttgf = cosacosf’
Ilpumep 1. BpraucinuTs: COS£- COS?—Z
Pewenue:
lir 57 1lr_ 5z 167 6x
cosll—”- cos5—”: ~2.6ind2 12 gip 12 12 - 5 gjy 12 -sind2 =
12 12 2 2 2 2
=-2- Sln— sin Z=-2. £ £-£
3 4 2 2 2
VA T
Ipumep 2. BurauciuTh: COS (Z- £)- cos (Z+ £)
Pewenue:
i N AN SN B
cos (—- - cos(—+ =-2Sin - Sin =
(Z- B)- cos(Z+ p) 5 5
. . 2 . .
=2Sin % Sin(-4) :-2-%~ Sin g =/2 Sin g
3agaHus 17151 CaMOCTOAITEJIbHON PadoThI:
1 ¢éapuanm ‘ 2 eéapuanm
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IIpeoOpa3yiiTe B npou3BeaeHune

1. sin 60° + sin 40° 1. cos 70° + sin 40°
2. cos 10° — sin 20° 2. cos 75° + cos 15°
3. cos 20° — cos 80° 3. tg25° — Ctg70°
4 5t T 4 o +si 7
: cos 1o~ COs 7 : sin= +sin—
5 5 0om 5 . 3n . RY/4
' S 7, ' 9747914
T s T T
6. tg (Z+x)+tg(z—x) 6. sm(g+a)—sm(g—a)
Bobruucaure:
7. tg22°30°-tg67°30° 7. tg13°30°+tg76°30°
.5 . & T i
8. SIN ——SIN —. 8. COS—+COS—.
12 12 12 12
IIpeoOpa3zoBaTh B IPOU3BEICHHE:
9. 2cosa+1 9. 2cosa+ /3
Yupocrurs:
cos? (o - ) - cos? (o + 2 );
10. (o 6) (o 6) 10. cos? (a-%)-cosz (o0 +%);
IIpeoOpasyiite B cymmy
7. sin 45° sin 15° 11. cos 35%sin 33°
7 T
8. cos 50° cos 15° 12. — COS—
COS - C0S -
9. 4cos(a + B) cos(a — B) 13. 12sin(—9a) sin 4«
a 3a
10. 4 cos - cos sin7 14. cos(a + B) cos(2a + B)
T T T T
11. 4 cos (E - X) cos (E + x) 15. 4 cos (g + x) sin (§ - x)

MMPAKTUYECKAS PABOTA Ne 35
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Ha3Banue mnpakTHueckoii padorwl: [Ipeobpaszosanue npouzeedeHus mpueoHOMEempudecKux
QyHKyuil 8 cymmy.

Hear paGorbl: Ha KOHKpETHBIX MpHUMEpax HAYYUTHCSA MPeoOPa3OBHIBATH IMPOU3BEICHHE
TPUTOHOMETPHUYECKUX (QYHKIIUN B CYMMY.

PesyabTarsl:
Dopmupyemvie 31emenmul IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpuMeHsTh anmapaTHO-NPOTPAMMHBIE CpPEICTBA MJi PAacyeTOB M COCTABJICHUSA
TonorpauuecKux, MeKEBbIX MIaHOB
memanpeomemnwie: MPI1 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.

npeomemnusie: 11P6 01, ITPy 06.
3HanuA: [lonsatue o Qopmynax mnpeoOpa3zoBaHUsT MPOU3BEACHUS TPUTOHOMETPUUYECKHUX
byHKIUH B cyMMY.
ymenusi: [IpeoOpa3oBaHue TPUTOHOMETPUYECKHX BBIPAKEHUH C HOMOLIBIO (HopMys
peoOpa3oBaHus MPOU3BEACHHUS TPUTOHOMETPUUYECKUX (PYHKLUH B CyMMY.

Xoa padoTbI:

[Tpu BbINOJIHEHNH 3aJaHUH IO JAHHOW TeMe HYHO YMETb IPUMEHSATH ClIeAyroIue GOpMyIbl:

1. ®opmyibl IpeoOdpa3oBaHUsl IPOU3BEACHUS TPUTOHOMETPUUYECKUX PYHKIIUNA B CyMMY:

sina - cosf = %[sin(cx + B) + sin(a — B)];
cosa-cosf = %[cos(oc + B) + cos(a — B)]I;
sina -sinff = %[cos(oc —B) —cos(a + B)].

IIpumep 1. IIpeobpa3oBath MPOU3BEACHNUE B CYMMY

_ sin(43° — 19°) +sin(43°+19°) 1 _
sin43°-cos19° = > =3 (sin 24° + sin 62°)

3agaHus 1J151 CAMOCTOSITEIbHOM PadoThI:
1. 3amMeHuTe NpoN3BeeHNE TPUTOHOMETPHYECKUX (PYHKIMI CYyMMO¥:

1) cos 52° cos 22°; 5) cos 50° cos 58°;
2) 2sin 52° cos 8% 6) sin 31° cos 41°;
3) sin 52°sin 7°; 7) 2sin 24° sin 44°;
4) 2cos£cos£; 8) 25in£coss—n_
10 4 7 14

2. YIIPOCT]/ITC BbBIPAKCHUS:
1) cos 3a cos o —cos 7o €os 5a;  3) sin 4P cos 33 — sin 5 cos 2;

2) cos 3o cos o — Sin 3a. sin o 4) sin 4 cos 33 — cos 4 sin 3.
3. [IpoBepbTe paBeHCTBA:

J3

4) 2c0s40°c0s10° —cos50° = — .

1) €0s50°+2sin40°sin10° = @ :

) 25i25°C0s5°-sin20°=. o SiN20°+200525°8in5°=">

2
1
2
3) sin5a.—2cos4asino =sin3a; 6) cos3a— 2 sin 20 Sin 5a = €os 7a.
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4, Bpruucjanre:

- 43TE 437[
1) tg 15° +1tg 75°%; 5) SIn°——Cos” —
8 8
. 437'[ 437[
2) cos®3+cos?1—cos 4 cos 2; 6) SIN ?JFCOS rE

. 63T T
6 6
3) tg4l°tg43°tg45°tg47°tg49°;  7) SIN ) +CO0S 5

g T . gT
4) tg 20° tg 40° tg 50° tg 70°; g) COs 3 —sin 8
IMPAKTUYECKAS PABOTA Ne 36
Hazsanue npakTudeckoii padorsl: /Ipeobpazosanue mpueoHOMempuiecKux blpadceHui.
Heap padorsl: dopmupoBaHre ymMeHUN IpeoOpa3oBaHUs TPUTOHOMETPUUECKUX BBIPAXKEHUM Ha
OCHOBE paHee M3yYCHHBIX TPUTOHOMETPUIECKUX (HopMyII.

PesyabTarsl:
Dopmupyemvie 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— TIK 1.6. IlpumeHsTh amnmapaTHO-POTPAMMHBIC CPEJACTBA JUIS PacyeTOB M COCTABJICHHS
TonorpaMuIecKux, MEKEBhIX TIAHOB
memanpeomemnsie. MPIT 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.

npeomemnosie: 11P6 01, [1Py 06.
3Hanus: [ToHsTHE O TPUTOHOMETPUUECKUX (HOopMyJIax.
ymenusi: [IpeoOpa3oBaHUEe TPUTOHOMETPHUYECKUX BBIPAKEHUH C TOMOIIBIO Pa3IMYHBIX
TPUTOHOMETPHUYECKUX (POPMYIL.

Xoa padoThi:

[epen BbIMONTHEHNEM PaOOTHI IIOBTOPUTE BCE U3YUYCHHBIC paHee (HOPMYIIBI:

Bapuaum 1.
Al. Vnpocture Beipakenue  SIN 20 -SiN 30w — COS 20t - €OS 3ot — COS Sa .
2 .2 2 2
A2. Berunciure  2C0S°” oo—4SIN“ o, ecom COS™ oL = 2

A3. VY sin 27 cos”+0032” sin7Z
. IIPOCTUTC BBIPAKCHUC - ° —_ - ° —_ .
P P 15 5 15 5

Ad4. Y sin dd coS id cos” sin i
o IIPOCTUTEC BBIPAXKCHUC - - _ - - .
P P 3 12 31

AS. BmcimTe: sin(1800 —60° ) + cos(27o° +30° )

1—tgza

A6. YIIpoCTUTE BBIpAKEHUE .
P P CoSs 20

79



A7. Brrucnne: cos(27o° +60° ) + cos(180° ~60° ) |

A8. YpocTuTe BEIpaKEHHE (l+ ctg 20()( cos? o-— l) .

A9. HaiinuTe 3HaU€HNE BBIPAKEHUS
5c0sX-Sin2X —5c0s2X-SiN X, eciu cos(g + x) :g .
A10. Haiiute 3HaueHUE BBIpOKEHUS

5c0sX-Sin2X+5c082x-SIiN X, eciu 5cos(g+3x) =-2.
All. Yopoctute Boipaxenue COSX - COS(% + X) +3-sin2x.
A12. Yupoctute Bbipaxenne COSXCOS(27w— X )+ 2 —sin 2.

A13. Yopocture seipaxenne  SiN 5ot -Sin 3o+ €OS Sat - €0s 3o, — €0S 8.

. .2 3
Al4. Beruncaure  4SIN 2 a—12 0082 o, ecu SINT o= §
B1. Haiinure 3HaueHME BbIPAKECHUS ﬁCOSOL — %, eciu SINOL=— % , oL e |:900; 2700 ]
B2. HaiinuTte 3HaueHue BBIPKEHUS \/6 COSa, eciu sina = % , — g <o<
Bapuanum 2.
Al. Haiiute 3Hauenue Buipaxkenns [ — 24Sin 2 o, - COS 2 o, ecnim Sin 200=—
) 2 . 2 2
A2. Beruuciure  4SIN“o0—5€0S” o, ecniu SIN oL = § .

A3.VY cos7Z COoS id sin” sin id
. YIIPOCTHUTC BBIPAKCHUEC = —Q = = —.
7 42 7 42

T St . 2r . 57
A4. YpocTute BbIpa)keHHE COST : COSE +SIN—-SIN—

7 42

AS. Brrucimre: cos(180° +60° ) _ cos(90° +60° )

2

—tgzaj—ZSinzoc.
CosS a

A6. YripocTute BbIpaXXKeHHE (

A’7. Beruucnure: COS(3600 + 450 ) + COS( 2700 - 450 ) .
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AS8.

A9.

3cosx-sin2x—3c0s2x-SinX, eciu SiN(3m+ X)=—

8ﬁn2a

1—|—tg20c

Hailinure 3HaueHne BoIpaKCHUS

YnpocTturte BeIpakeHUE

win

A10. Haiiute 3HaueHUE BIPOKEHUS
5sin2x-sin X +5C0s2X-CoSX, ecoim 5¢0s(5m— X ) = 3.

Al1. Yipocture Bhipakernne 2(COS4X-COS7X +SiN2X)+2-sin4x-sin7x.

A12. Vpoctute Beipakerue SiN oL cos(%ﬁ + a) ~1-cos?a.
. 1
A13. Haiiqure COS 20, ecnim COS oL =— 1
) 2
Al4. Beruncmure 9SIN“o—4, ecom COSOL=— 9"
B1. Haiigute 3HaueHHE BBIpAYKEHUS \/ECOS( 27 + OL), ecm SinoL = i?; , — g <o< g
B2. Haiinute 3HayeHHWe BBIpAXKCHHS  — 26 coso, — % , eclu sinoL=— % ,

ae[—QOO; 900].

Al.

A2.

A3.

A4.

AS.

A6.

AT.

AS8.

A9.

Bapuanm 3.
. 2 2
Haiimure COS“ o, ecnum COS 200 = 3
) . 2 2
Berunciure  4SIn 2 o—5 COS2 o, ecou SIN" o= § )
y cosZ . cosZ= —sinZ -sin
[IPOCTUTE BEIPAKEHUE —- — —- —.
P P 5 20 5 20
y sin~ . cos—~ + oS sin47z
MIPOCTUTE BBIPAKEHUE —- — —- —.
7 21 7 21
Brruucnure: COS(QOO + 300 ) + COS(3600 - 600 ) .
2
16c0os” a
Yrpocture BeIpakeHue —
1+ctg a
Beruucnure: COS(3600 +45° ) + COS( 270° — 45° ) .
8sin’
Yrpocture BeIpakeHue —
1+t a

Haiinure 3HaueHne BbIpaXXeHUst
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3sin2x-sin x—3c0s2X-CosX, eciu COS(3m—3X) :%

A10. Haiinute 3HaueHUE BBIPAKEHUS
3sinx-sin3x—3cosx-Ccos3X, ecim 3cos(4m—4x)=—

Al1l. YopocTuTte BbIpakeHUE COS% : COS(%( 21 — X)) —3-sin 2 % .
A12. Vipocrute Bolpaxkenne C0S2a-€0S(2(2n+a))—3—sin 220
A13. Bounciure 8 —14COS2 o, ecim SinNoL=-— % .

Al4. Ynpocture Boipaxenue SiN 6a - COS 4oL + Sin 4o - €os 6o — 2sin 10a .

B1. Haiinure 3HaueHME BIpAXKEHUS \/? COS(E - OL) ecim COSQL = \/7 |:180 360 :|
<a

.B2. Haiinute 3HaueHne BBIpAKEHUS \/6 COS( 2T+ O ) , €ClIn sina = T - <

S

I
2
Bapuanm 4.
. 2 2
Al. Haiizute COS” o, ecim COS 200 = 3
2 - 1
A2. Berunciure 5C0S“a—1, ecom SINOL= 1

A3. Ynpocrute Beipaxenne  C0S54° - €0s9° +sin54° -sin9°.

Ad. Y sinz—”-cosﬁ—cos—”-sin£
. YIIPOCTHUTE BBIpAKCHUE 5 15 5 15"
AS. Brruuciure: COS(3600 - 600 ) + COS( 2700 + 600 ) .

ctg 20 -1
cosS 20,

A7. Beraucnure: SN (3600 — 45° ) + COS( 270° + 45° ) .

A6. YpocTuTe BhIpakeHHE

A8. Vripocrute Bepakenne  ( COSaL+Sina) 2 1 sin2a.

A9. Haiinute 3Ha4eHUE BBIPAKEHUS

7C0S2X-COSX+ 7SIN2X-SIN X, eciu 7sin(%—x) 2.

2

A10. Haiinute 3HaueHUE BBIPAKEHUS

1,5sin X-SiNn3X+1,5c083X-COS X, ecnu 4sin(2x+g) =—2.

Al1l. Yopocrure Bepaxkenue SiN % . COS( é(%’t + X)) +1- COS2
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A12. Vrpocrute Bhipaxenne COS3B-Sin(3(n+p))—2+15-sin6p.

] 2
A13. Beruucnure :I.OCOS2 o —SIn 2 o, ecmu COS™ QL :g :
. . 3
Al4. Haiiqute COS 20, ecimm SIN oL =— 7
. 14 _. 1 0. 0
B1. Haitgute 3HaueHNE BhIpAKEHUS 1- ? SII’](OL + TC) ,ecau COSal = ? ,oe|07; 180

B2. Haiigute 3HaueHuE BbIpAXKEHUS \/§COS(TE — OL) , €CIIHU sina = % , OLE |:00; 900:|

HPAKTHYECKAS PABOTA Ne 37
Ha3panme mnpakTuyeckoid padoTwl: Mccriedosanue ceolicme u nocmpoexue 2papuxos
MPULOHOMEMPUYECKUX U OOPAMHBIX MPULOHOMEMPULECKUX QYHKYULL.

Heap padorbl: Ha KOHKpETHBIX NpUMepax HAyYUThCS CTPOUTH TPUTOHOMETPUYECKUE (PYHKIIMH,
OINPEIENATh UX OCHOBHBIE CBOMCTBA.

PesyabTarsl:

Dopmupyemoie 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumensaTh anmapaTHO-NPOTPAMMHBIE CpPEACTBA U PacyeTOB M COCTaBJICHUS
TONOrpapUUECKUX, MEKEBBIX IIIIAHOB
memanpeomemnsie. MPIT 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemnsie. 11P6 01, TPy 06.
memanpeomemnuste. MPII 01, MPII 02, MPII 03, MPII 05, MPIT 12, MPII 13, MPII 21, MPK 11,
MPP 02
npeomemnsie: 11P6 04, I1P6 05, TPy 08
3HAHMSA:
— Ilondarue o rpadukax TPUrOHOMETPUUECKUX PYHKIIHH.
— Tlonstue o o0xacTu onpeaeneHus U 3HAYE€HUs,, MOHOTOHHOCTH, SKCTPEMyMax U HYJSIX
GbyHKIIH.
ymenusi: [loctpoenne rpaukoB TPUTOHOMETPUYECKUX (YHKITUI.
Xox paborsr:
I'paduku pyakuuit y = sinA, y = cosA, y = tg A, nocrpoennsie s auanaszona ot 0° go 360°,
MOKa3aHbl HA PUCYHKAX HIKE.

| | | y=sinh, | \ , y=cosi
y | | | y | | |
| [ | [ '
T+ | | | | |
0,5 | | ; | ;
ﬂ I ] ] ] |

1 |

| I

| |

| 1

I I

270 270 330 ) ﬂ,ﬁ\ 120 1210 2?;14?

! l

|

i

|
[
- — 4 —t—+—+—+ -H————— — ——
150 240 360 1260
0,5 30 60 g.ﬂ‘IEﬂ A .1;'- 0 : 300 A 0,51 30 60 Qlﬂ Tﬁﬂmﬂ 240/1: 300 120ka
-1 | | I | | !
| I 1 |

I'padux pyskiun y = sinA(cunyconna) I'padux pynkuuu y = cosA(xocunycouaa)
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¥ | | | | y=toA
4 | ! ! |
| | \ |
ﬁ' 120 L 210 270 330 |
3006090 750 240 | 3p0~ 1360
-2r . 180 | ! A
A | 1 | 1
| 1 1 |

I'paduk pynkuuu y = tgA(TaHrenconaa)

CHHyCOI/IHaJILHLIe H KOCUHYCOMAAJBbHBIC rpa([)mm
¥ y=sin2A ¥ y=sin{1i2)A

7 \/fsa 2
-1

['paduk. y = sinA uy = sin2A (cunycoupl).

=TL R
y=sinA

I'paduk. y = sinAuy = sin(1/2)A
(cuHycoupl).

¥ y=cos2A

LAY/
o \_/[ 180" ,2?-:1 760
-1 -1

y=cos{T/2)A

y= cosﬁ.
I'paduk. y = cosAny = cos2A I'papuk. y = cosAny = cos(1/2)A
(KOCHHYCOU/IBI) (KOCHUHYCOU/IBI).

Ilepuoanyeckue pyHKIUN U IIEPHO

Kaxnplii u3 rpadukoB QpyHKIMIA, TOKa3aHHBIX HAa YETHIPEX PUCYHKAX BbIIIE, IOBTOPSIETCS
IIPU YBEJIMUEHHUH yTIIa A, TO3TOMY UX Ha3bIBAIOT NepuoaudeckuMu pyHkuusiMmu. OyHkuun y =
sinA uy = cosA noBropsitoTcs depe3 kaxapie 360° (iwu 27 paguan), moaromy 360° Ha3bIBaeTCs
nepuoaoM 5tux GyHkuuit. yHkimn y = sin2A uy = cos2A noBropstotcs uepes kaxasie 180°
(unn © paguan),moatomy 180° - 310 MIEpHO IS TAHHBIX ()YHKITHIA.

B o0miem ciydae ecn y = sinpA uy = cos pA (rae p - KOHCTaHTa), TO epuoj (PyHKIIUU
paBen 360%p (wmu 21t/p paguan ). Clie1oBaTelIbHO, €Clid Yy = Sin 34, To mepro 3Toi GYHKIMH
pasen 360°3=120° ecnu y = cos4A, To nepuon 31oit hyHkimu paseH 360°/4= 90°.

AMIuuTyaa

AMILTUTY/I0H Ha3bIBaeTCs MaKCUMaJbHOE 3HaueHue cuHycouabl. Kaxaprit u3 rpaduxos 1-4
nMeeT ammuutyay +1 (T.e. oHu KoneOmoTes Mexay +1 u -1). OnnHako, ecnu y = 4sinA, xaxmaas u3
BEIMYMH SinA yMmHOXaeTcs Ha 4, TakuM 00pa3oM, MaKCHUMajbHas BEJIWYMHA aMIUTUTYAbI - 4.
Amnanornyno s y = 5cos2A ammmrtya paBHa 5, a mepuon - 360°/2= 180°.
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IIpumep 1. IToctpouts y = 3sin2A B nuana3oHe

’] y=3sin2A oT A= 0° 10 A=360°.
Pemenne: Ammunrynaa =3, nepuoa = 360°%/2
A =180°.
i o 150" pyre 3.5::; I'paduk. [Tocrpoenne y = 3sin2A (cunyconna).
24
:_ y=4cos2A B
IIpumep 2. [Toctpouts rpaduk y = 4cos2x B \ /\ / a
nuanaszone ot x=0° no x=360° = — L — .
a0 T80 270 360

Pemenne: Amiuiutyna = 4. nepuox = 360°/2
=180°.
I'paduxk. [locrpoenue y = 4cos2x -
(kocunycousa).

Yriibl 3ana31bIBAHUS U ONlepesKeHu sl

KpuBbie cuHyca 1 KocuHyca He Bceraa HaunHatorest B 0°. UToObI ydecTh 3TO
00CTOSATENBCTBO, TIepHOIMUecKast QyHKIMS TpeacTaBisiercs B Buae y = sin(A + a), rae o - capur
(a3bl OTHOCUTENBHO Y = SINA U Y =
cosA.

CocraBuB Ta0auIly 3HaYCHUH,
MO>KHO MOCTPOUTH rpapuK QYHKIUU Yy =
sin(A — 600), moka3aHHEII HA PHC.

cneBa. Ecim kpuBas y = sind
HauynHaetcs B 0°, To kpuBast y = sin(4 —
60°) naunnaercs B 60° (T.e. ee HyneBoe

3HaueHue Ha 60° mpaBee). Takum

06pa3om, ropopaT, uro y = sin(A — 60°) + _ y-cosA y=cos(A+45)
3ama3abIBaeT OTHOCUTENLHO Y = sind Ha 60°. \'ff'/
I'paduk. y=sin(A-60°) (cunyconma).

CocraBuB Ta0NUIly 3HAYCHUH, MOYKHO
noctpouTh rpaduk Gynkuuu y = cos(4 + 45°),

NOKa3aHHbII Ha puc. HWKe. Ecim kpuBas y = cosA 1]
naunnaercs B 0°, To kpuBasy = cos(A + 45°)

HaunHaetcs Ha 45° neBee (T.€. ee HyJeBas BeIHYMHA
HaxoauTcs Ha 45° panbiie ). TakiuM 00pa3om, TOBOPSIT, YTO
rpapuky = cos(A + 45°) onepesxaer rpaduk y = cosA na 45°. I'padux. y=cos(A+45°)
(kocuHycousa).

B oOmiem Buze, rpagux y = sin(A — a) 3ana3apIBaeT OTHOCUTENBHO Y = SinAHa yroi o.
b
Kocunycounna umeer Ty xe Gopmy, 4To ¥ CHHycOUaa, HO HaunHaeTcs Ha 90° neBee, T.e. onepexaet
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IIpumep 4.IToctpouts rpaduk y =
7sin(2A — m/3) B nuamazone ot A=0° 10
A=360°. Pemenue:

Awmrumatyna = 7, nepuoj =2m/2= 1 paauaH
B obmem ciiydae y = sin(pt — a)
3ana3abIBaeT OTHOCUTEIBHO Y =

sinpt Ha a/p, cinenoBarensHO 7Sin(24A —

ee Ha 90°. CieoBarensHo, CoSA =

sin(A + 90°). llpumep 3. IToctpouTs
rpadux y = 5sin(4 + 30°) B quanasone or
A=0° 10 A = 360°

Pemenne: Ammiuryna =35,
nepuoa = 360°/1 = 360°. 5sin(4 +
30%)onepexaer 5sind na 30°T.e.

HaunHaeTcs Ha 30° paHbiie.
I'padux y=5sin(A+30°)
(cunycoupa).

y=Fsin(2A-n3)
¢

LR
7/3) 3ama3bIBacT OTHOCUTEIIBHO 7Sin2A Ha
(n/3)/2, T.e. Ha /6 pamuan wiu Ha 30°.
I'paduk. y = 7sin2Any = 7sin(24A — n/3)
(cunycoubl).
3aganus AJ151 CAaMOCTOATEILHON padoThI:
IToctpoiite rpaduku GyHKINI:
1 eapuanm 2 eéapuanm
1. y = 3sinx 1. y = 2 cosX
s ) s
2. y=cos(x+§) 2. y=sm(x—g)
X
3 y=tg= 3. y= Ctg§
. T s
4 y=251n(x——) 4. y—3cos(x+z)
Onpenenure cBoWicTBa PYHKITMHU B 3a1aHUH 11O Ne 2.

Tect Ne 1 mo Teme: «PacnosHaBaHue rpapMKOB TPUTOHOMETPHYECKHUX (PYHKIMII»
Bapuant Nel

1.I'paduk kakoil pyHKIHMK U300pakeH HAa pUCYHKE?

1) y=sinx




2) Yy=-—C0SX
3) y=-sinx
4) Y =COSX

2.I'paduk kakoi pyHKIMHM N300paXkeH HA PUCYHKE?

1) y=cosx+1
2) y=sinx-1
3) y=cosx-1
4) y=sinx+1

3. I'papuk xaxoi pyHKINK H300paKeH HA pUCYHKE?

1) y=cosx-1
2) y=sinx-1
3) y=cosx+1
4) y=sinx+1

5.I'padux xakoi pyHKIMH N300paXkeH Ha pUCYHKe?

1) y:%cosx

2) y=-2sinx

3) yzésinx

4y y:—%cosx

5. I'paduk kakoil pyHKIIMK N300paxeH Ha pUCYHKE?

1) y=sinx
2) y=cos(x+£j
2

3) y:sin(x+£j
2

4) Y =—C0SX
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Bapuant Ne2
1.I'padux xakoii GpyHKIMH N300pa’keH Ha pUCyHKe?

1) y=sinx
2) Y =COSX
3) y=-sinx
4) Y=-CO0SX

2.I'paduk xakor (yHKINU N300paKeH HA pUCYHKE?

1) y=sinx-1
2) y=cosx-1
3) y=sinx+1
4) y=cosx+1

3.I'paduk xakoil pyHKIMH N300pakeH HA pUCYHKE?

1) Y=—2C0SX

—cos X
2) y—cos2
3) yz%sinx
4) y=sin2x

4. I'padux xakoi GpyHKIIMU N300pa’keH Ha pUCyHKe?

1) y=-sinx

2) Yy =cos(£— xj
2

3) y:sin(z—xj
2

4) y=—C0SX

5 I'paduk xaxol pyHKINU H300paxKeH Ha pUCYHKE?

1
1 ==
) Y 2cosx
2) Yy=C0S2X
X
3 =sin<
) Y sm2

4) y=-2sinXx




INPAKTHYECKAS PABOTA Ne 38
Ha3BaHue mpakTH4eckoil padoTwl: /cnonvzosanue ce0UCME MPUSOHOMEMPUUECKUX (YHKYULL 6
npogheccuonanbHuIx 3a0a4ax.

Heab pa6oTbl: BeIsICHUTHE 001aCTH MPUMEHEHHS TPUTOHOMETPHUYECKHX (PYHKIMH B Pa3IHYHBIX
00JIaCTSIX HAYKU U TIPAKTHKH.

Pe3yabTarhi:

Dopmupyemuie Inemenmut IK (npogpeccuonanvro opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensaTh anmapaTHO-IIPOTPAMMHBIE CpPEICTBA Ul PacdeTOB M COCTaBJICHUS
TOMOTpapUUECKUX, MEKEBBIX IJIAHOB
memanpeomemnsie:. MPII 01, MPII 04, MPII 07, MPII 08, MPII 16, MPII 18, MPII 19, MPII 21,

MPK 08, MPK 11, MPP 02, MPP 09.
npeomemnsie: I[1P6 01, ITP6 04, TTIP6 05, ITP6 06, ITP6 14, I1Py 16, 1Py 18, IIPy 19.
3HAHMS: CBOWCTBA U TPadMKH TPUTOHOMETPUUECKUX (DYHKIIUIL.
YMEeHHsI: IPUMEHEHUE TPUTOHOMETPUYECKUX (HOPMYIT ISl PEIICHUS IPAKTHYCCKUX 3a/1ad.
Xon padorhl:
Hcnonp3ys pa3nuuHble HCTOYHUKUA MH(DOpPMAILIMK, HAMIUTE OTBET HA CICIYIONIMHA Ha BOMPOC: KaK
UCIIOJIb3YIOTCS] TPUTOHOMETPHYECKUE PYHKIIUHU B:
1) AcrtpoHomuu;
2) Hasuraruuy;
3) AkyctuHKe;
4) Ormruke;
5) buonoruu;
6) Menuune;
7) CeiicMoJOTHH;
8) Mereoposoruu;
9) ApXHTEKType U CTPOUTEILCTBE;
10) Kaprorpaduu;
11) Pa3paboTke KOMIBIOTEPHBIX UTP.
A Taxke npuBeIUTE eI CBOU MPUMEPHI HCIIOIb30BaHNsI TPUTOHOMETPUYECKIX (PYHKIIHH.

IMPAKTUYECKAS PABOTA Ne 39
Ha3Banue npaxktuyeckoii padorel: Pewenue ypasHenuii 6uoa sin X=a u cos x=a.

eanb padotbl: BoipaboTaTh HaBBIKK PELICHUS MPOCTEUIINX TPUTOHOMETPUUECKUX YPABHEHUH.
Pe3yabTarsl:

Dopmupyemovie 3n1emenmut IIK (npogheccuonanvno opuenmuposanmoe cooepircanue):

— IIK 1.6. IlpumeHsaTs amnmapaTHO-IPOrpPaMMHBIE CpPEICTBA JUII PACUYETOB M COCTABIICHMS
TONorpauuecKux, MeKEBbIX MIAHOB
memanpeomemnwie: MPII 01, MPIT 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09.

npeomemnosie. 11P6 03, [TPy 07.
3Hanus: [loHATHE O TPOCTEUIIMX TPUTOHOMETPUYECKMX YPAaBHEHUSX M METOJax WX
peleHHs.
ymenusi: HaxoxxaeHue KopHel mpoCTeHIINX TPUTOHOMETPHUECKUX YPaBHEHUH.

Xon paborsr:
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YpaBHeHUs BHUJIA: cosx=a, sinx=a, HAa3bIBAIOTCSA NPOCTEeHIIUMH
TPUTOHOMETPHYECKMMHU YPABHEHUSAMH.
Jnist perenust mpoCcTEeHINX TPUTOHOMETPUYECKIX YPAaBHEHUH IPUMEHsIeM (POPMYJIBL:

cosx=a, [a|<1
X =tarccosa+2/m, nez npu a)0
X =+(r —arccosa+2zn,n e z npu a(0.

Yacmuvie cryuau:
nmpu a=1 x=2z, Nez,

mpu a =0 x=%+7m, nez;
nmpu a=-1 X=7+2mM, Nez.
sinx=a, |[a <1
x =(—1) -arcsin a+ 7k, k e z, ipu @)0,
X = (=1)**" arcsin a+ 7k, k € z, npu a0,

Yacmuole Cﬂyqau:

npu a=1 X=%+27zk, kez;

mpu a=-1 X=—%+27zk, kez;

npu a=0 x=7K, kez.
Heo6x00umo nomuums: arcsin (— a) =—arcsin a;
arccos(—a) =z —arccosa;

PaccmoTpuM nmpumeps! perieHns: ypaBHEHHM.

1. Sin X = 2
. >
k )
Henomsayem dopmyry X = (—1)" -arcsina+ 7k, K e 2.

2 .
[MoacraBum B popmyny a = - nonyanm X = (— 1)k -arcsin - +7K, kez.

J2 o«

. . A2
Haiinem arcsin 7 o tabmmme: arcsin - = 7

k T
3anuceBaeM OTBET: X = (— 1) Z +7K, kez.

J2

2.8INX=——.
2

k+1 .
Ucnionbsyem popmyny X = (— l) . arcsin a + 7k kez.
2
[ToncraBuMm B popmynny a = % , moiyyum X = (— 1)k+1 -arcsin 7 + 7K | kez.
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J2

Haiizem arcsin 7 1o Tabmue: arcsin 7 =

NG

u T
3anuceiBaeM OTBET: X = (— 1)k L. Z + 7K | kez .

3. COSX = L
: X
Hcnons3yem popmyny X =Farccosa+2m, NeZ.

1
[Moacrasisiem B hopMyiy a = % , IolyyaeM X = iarCCOSE +2m, Nez.

1
Haxoaum 3HaucHuEe arccos 5 o TabJuIe.
T
3amnuceiBacM OTBET: X = i§ +2m Nez,

4. COSX = L
: 5
Ucnonszyem popmyny X = +(z —arccosa)+2zmn, NE€ Z.

1
[Toncrasnsiem B hopmyny , monydaem X = +(7 —arccos E) +2mM, nez.
1
Haxonum 3nayeHue arccos > 110 Ta0JMIIe, BBIIOIHAEM HEOOXOAUMBIE BEIYMCICHHUS.

V4
3anmuceIBaeM OTBET: X = i? +2m, Nez.

3agaHus 1J151 CAMOCTOSITE/IbHOM PadoThI:

1 Bapuanr. 2 BapuaHT.
Pewume ypasnenus: Pewume ypasnenus:
1) 2cosx++/3 =0 1) 2cosx +vV2=0
2) 2sinx—1=0 _
3) ZSin(—g) — 2 2) 2sinx—+v/3=0
4) 2cos(§ - g) =3 3) 2cos(—2x) = —V/3
. . V3
5) sin3xcosx —cos3xsinx = > 4) 2sin(3x — %) =2
6) sin2xcos2x = —i

.X T X . TN_
5) 2(sm§cos§ — coszsin E)—\/f

. X X
6) sin?=—cos?==1
4 4

MMPAKTUYECKAS PABOTA Ne 40
Ha3Banue npakTudeckoi padorbl: Pewenue ypaguenuii 6uoa tg X= a u ctg x=a.

Ilesan padoThl: BeipaGoTaTh HABBIKK PEIICHUS MPOCTEHITUX TPUTOHOMETPUUYECKUX YPaBHEHUI.
Pe3yabTarsi:

Dopmupyemvie 31emenmut IIK (npogheccuonanvno opuenmuposanmoe cooepircanue):
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— IIK 1.6. IlpumensaTs anmapaTHO-IPOTPAMMHBIE CpPEACTBA [UI PacdeTOB M COCTaBJICHHUS
TONOrpapuUecKux, MEKEBBIX MJIAHOB
memanpeomemnsie. MPI1 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09.
npeomemnosie. 11P6 03, [TPy 07.
3HaHus: lloHATHE O NpPOCTEMIINX TPUTOHOMETPUUYECKHUX YPABHEHMSIX M METOAAX MX
peleHus.
yMenus: HaxoxneHue KopHeH POCTEUIINX TPUTOHOMETPUUECKUX YPABHEHUM.
Xopn padorhl:
YpaBHeHUs BUJA: tgx=a, ctgx=a Ha3bIBAIOTCA NpoCTeHINMHU

TPUrOHOMETPUYECKHMH ypaBHeHUsIMH. [ pelieHus MNPOCTEHINNX TPUTOHOMETPUYECKUX
YPaBHEHUH MPUMEHSIEM (OPMYIIbL:
tgx=a
X=arctga+m Nnez, mpu a)0
X=-arctga+m,NneZ, npu a0
ctgx=a
X =arcctga+ 7k, k € z, npu )0
x = —arcctga+ 7k, K € 2, npu a0
Heo0xoaumMo NOMHUTE.
arctg(—a)=—arctga
arcctg(— a) = 7r —arcctga.
PaccMOTPHM NPUMEPHI PellieH s YPABHEHHIA.
1. tgx=1
Hcnonssyem hopmyny X = arctga+smn, Nez.
Tozxcrasnsiem a =1, nomysaem X = arctgl+szn nez.

ITo Tabnure HaxoauM 3Hadenue arctgl = Z

4
3amnuceiBaeM OTBeT: X = Z +7M, NeZ.

2. tgx=-1
Hcnonesyem popmyny X =—arctga+m, N € Z.
[Moncrasnsem a =1, nonygaem X = —arctgl+m, NE€Z.

V4
[To Tabnuue HaxonuM 3HaYeHue arctgl=—.

T
3anuceiBacM OTBET: X = —Z +m Ne’Z.
3. ctgx = /3.
Ucnonbzyem popmyny X = arcctga+.mn, NeZ.
[ToncraBisiem a = J3 , lorygaem X = arcctg \/g +7M nez.
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ITo TabOnuile HaxX0aUM arcctg\/g = %

T
3amnmceiBaeM oTBeT: X = E +7/M nez.

4. ctgx =—/3
Hcnonszyem popmyny X = 77 —arcctga+m, nez.

Iloxncrasisiem a = \/§ , moJydyaeMm X = 77 — arcctg\/g +7,Nez.

v
ITo Ta6J'II/IHe Haxoaum arcctg\/_ = E , BBIIIOJIHACM HeO6XOI[I/IMBIe BBIYHCIICHUS.

T
3amnuceiBaeM OoTBET: X = F +7M, nez.

Bapuanm 1 Bapuanm 2
X 7 V4
tg(———-) =1 1)ctg(2x——) =—/3
1) 9(2 7) )ctg( 3) /3
V4
2) 2tg>; :E tg——1tgx
1-tg°x 3 2)—4 =3
3 tg5x —tg3x 0 1+th-tgx
1+1tg5x-tg3x 3 2tgx __ﬁ
)1—tgzx 3

ITPAKTHYECKAS PABOTA Ne 41
Ha3zBanue npakTudeckoil pa6orbl: OcHoGHble MemoOobl peueHus MmMpUeoHOMempuiecKux
YpaeHeHull.

Iesan padoThl: BeipaGoTaTh HABBIKU PEIICHUS] TPUTOHOMETPUUECKUX YPAaBHEHHH.
Pe3yabTarsl:

Dopmupyemoie 3n1emenmut IIK (npogheccuonanvno opuenmuposanmoe cooepircanue):

— IIK 1.6. IlpumensaTs amnmapaTHO-IPOrPAMMHBIE CpPEICTBA JJII PACUYETOB M COCTABIICHMS
TOMOTrpaUUECKUX, MEKEBBIX TIIAHOB
memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09.

npeomemnosie. 11P6 03, [TPy 07.
3HaHMA: [JoHATHE O TPUTOHOMETPUYECKUX YPABHEHUAX U METOIAX UX PELICHUS.
yMeHus: HaxoxneHne KopHed TPUrOHOMETPUYECKUX YPaBHEHUM.

Xox pa0doThI:

YpaBHeHue Crioco6 pereHus ®opMyiibl
1. YpaBHeHHE CONEPKUT TONBKO YpaBHEHHE CBOAUTCA K  sin* o =1—Cos®
CHHYCBl ~ WJIM  KOCHUHYCBl KBaJpPaTHOMY cos’a=1-sin’a
(cuHYCBI ¥ KOCHHYCBI) BUJa (OukBazpaTHOMY) ax? +bx+c=0
asin? f (X)+ bsin f (X)+ c=( OTHOCUTENbHO CHHYCa
(kocunyca)
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acos’ f(x)+bcos f(x)+c=0
uT.O.

2. OnHOpOIHOE
CTCIICHU BHUa
asin x+bcosx=0
(a#0, b=0)

3. OgHoponnoe ypaBuenue 11

ypaBHeHue |

CTCIICHU BHUa
asin® f(x)+bsin f(x)-
-cos f(x)+kcos® f(x)=0

4. YpaBHeHue BUuja
atgx+ bctgx+c =0

5. YpaBHeHue Buaa
asinx + bcosx = ¢

6. YpaBHeHUs BUIA
sina(x) £ sinf(x) =0
cosa(x)  cosB(x) =0

Jlenenue obenx yacTe
HacosX =0.
[Tonyyaem:

atgx+b=0

Jlenenue obenx yacTei
Hacos® X #0.
[Tony4uaem:

atg® f (x)+btgx+k =0

YpaBHEHUE CBOIUTCS K
KBaJpaTHOMY
OTHOCHUTEIEHO
TaHT€HCA 3aMEHOM
1

ctgx = —

tgx
VYpaBHEHHE CBOOUTCS K
BUTY

sin(x + @)
c

Vaz i "

b
@ = arctg Z
JleBas yacth YpaBHCHUA
pacKiIaAbIBacTCs
MHOXUTCIIN C

Ha

ITOMOIIBIO
TPUTOHOMETPUYECKUX

hopmy

X:—biJﬁ
2a

sin o

cos o

=tga

sin a
CcoSs &

tga =

1+tg°a =

cos’ a

tgx-ctgx =1

1
ctgx = —
tgx

1) sina+sinﬂ:25ina;’8.cosa;ﬂ
2) sina—sinﬂzzcosa;rﬂ.sina—ﬁ
3) cosa+cos,3:2cosa+ﬂ.cosa;3
4) cosa—cosﬁ:—zsma;ﬁ,sin0’;,3

HCHOJ’IBS}UI MCTOANYCCKUEC PCKOMECHAAINH, PCIIUTC YPABHCHUA:

1. 6sin?Xx-5cosx+5=0:;

2. 3sin?x—4sinxcos X+ cos?x=0:;
3. sin?x—9sinxcos X + 3 cos? x = —1.
4

V3sin 2x = cos2x

5.  sinbx = sinbx

© ~N o

V3cos3x + sin3x = —1
7tgx—10ctgx+9=0
sinX =sin 2x

IMMPAKTUYECKAS PABOTA Ne 42
Ha3panune npakTuyeckoi padorsl: Pewernue npocmeiuux mpueoHOMEMpU4ecKux HepageHcma.

Heanb padotbl: BoipaboTaTh HaBBIKK pELICHUS POCTEUIIINX TPUTOHOMETPUUECKUX HEPABEHCTB.

Pe3yabTarsi:

Dopmupyemvie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepircanue):
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— IIK 1.6. IlpumensaTs anmapaTHO-IPOTPAMMHBIE CpPEACTBA [UI PacdeTOB M COCTaBJICHHUS
TONOrpapuUecKux, MEKEBBIX MJIAHOB
memanpeomemnwie: MPI1 01, MPIT 02, MPIT 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09.
npeomemnusie: 11P6 03, [1Py 07.
3HaHuA: [loHATHE O NPOCTEHIIMX TPUIOHOMETPHUYECKUX HEPABEHCTBAX M METOJAX HX
peueHus.
yMenus: Haxoxnenue KOpHeH NPOCTEUIINX TPUTOHOMETPUUECKUX HEPABEHCTB.
Xoxa padoThI:
TpUrOHOMETPUYECKUMH HEPABEHCTBAMHU HA3bIBAIOTCSI HEPABEHCTBA, KOTOPHIE COLEpPKAT
NEPEMEHHYIO 0] 3HAKOM TPUTOHOMETPUYECKOH (PYHKIUH.
Pemenne TpUTrOHOMETPUYECKUX HEPABEHCTB 3a4acTyl0 CBOAMTCA K PEILICHUIO MPOCTEUINNX
TPUTOHOMETPUYECKHUX HEPABEHCTB BUA:

sine < a, cosx <a, tgr<a, ctgr<a,
sineg >a, cosx >a, tgr>a, ctgr>a,
sina <a, cosx<a, ftgr<a ctgr<a,
sine = a, cos>a, tgr>a, ctgr>a.

Pemrarorcst mpocTeiinie TPUrOHOMETPHUECKUE HEPaBeHCTBA Ipa)MieCKy UM C TIOMOUIBIO
€AMHUYHONU TPUTOHOMETPUYECKON OKPYKHOCTH.

[To onpenenennto, CHHYC yria o €CTh OPAUHATA TOUKH P (X, Y)
r

smer |y _ i
P (x,y)  CAWHHYHOTOKpyra (puc. 1), a kocuHyCcOM — abcrucca 3ToM TOUYKU. ITOT
(aKT MCIOJB3YETCs TIPU PEILIEHUU POCTEHIIMX TPUTOHOMETPHYECKHUX
o COSZ HepaBeHCTB ¢ KOCHHYCOM M CHHYCOM C IIOMOIIBIO €IMHUYHOTO KPYTa.

X Puc. 1
PaccmoTpum CXeMy  peIlIeHHUs TPUTOHOMETPHUYCCKHIX

HCPABCHCTB C IOMOIIbI0O CAMHUYHOT'O Kpyra.
1. Hepagencrna SINX <a

-1<a<1 —m—arcsina + 2nk < x <arcsina + 2rnk,k e Z
a>1 R
a<-1 %)

Puc. 2
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2. Hepasencrsa SINX >a

-l1<a<1 arcsina + 2nk <x < w—arcsina + 2nk,k e Z
a1 %)
a<-1 R

Puc. 3
3. Hepagencrea COSX <a
-l<a<l1 arccosa + 27k < x < 2m—arccosa + 2nk,k e Z
a>1 R
a<-1 %)

Puc. 4
4. Hepasencrea COSX >a
-l<a<1 —arccosa + 2k < x <arccosa + 2nk,k € Z
a>1 %]
a<-1 R
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Puc. 5

5. HepaBencrBa tgx <a

aeR

T

2+1rk <x <arctga+nk,k eZ

Puc. 6
6. HepaBeHnctBa tgx >a

aeR

arctga + nk <x <g+nk,k el

Puc. 7
7. HepaBencrTBa Ctgx <a

aeR

arcctga+nk <x <m+7nk,k eZ
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Puc. 8

8. HepaseHnctBa Ctgx >a

aeR

nk <X <arcctga +nk,k eZ

Pemnre HepaBeHcTBa:

tgx > -1
1—2cosxE >0

2sinx >1

). 2
cos{4x +ZJ > -

(X T \/5
sm(?+ﬁ}<

X m 1
—___|>=
COS[Z GJ_

Cos3X <2

Puc.
3agaHus 17151 CAMOCTOSITEIbHON PadoThI
Bapmuanr 1.
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Bapmuanr 2.

Pemnre HepaBeHcTBa:

tgx <3
—J3-2sin3x <0
2c0sx <2

i _m|s_N3
sm[Bx 3]_ 5
1 J2
<=1
cos(x+4]_ >

. (X om 1

sin2x > —3



MMPAKTHYECKAS PABOTA Ne 43
Haspanue npakTtuueckoii padorbl: Yucnosas nocnedosamenvHocms, Buluucnenue npedena
nocn1e008amenbHOCHU.

He.]'lb paﬁ()Tbl: Ha KOHKPCTHBIX IMMPUMEPAX HAYYHUTHCA 3aJaBaTh YKMCIIOBBIC TOCICAOBATCIBHOCTH 1
HaxXOJUuThb UX MPCACIIbIL.

Pe3yabTarhi:

Dopmupyemuie Inemenmut IK (npogpeccuonanvro opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensaTh anmapaTHO-IIPOTPAMMHBIE CpPEICTBA Ul PacdeTOB M COCTaBJICHUS
TONOTpapUUECKUX, MEKEBBIX IIJIAHOB
memanpeomemnwie: 11K 2.3, OK 01, OK 02, JIP 24, JIP 26, MPII 01, MPII 02, MPII 03, MPII 05,

MPII 12, MPII 13, MPII 21, MPK 11, MPP 02.
npeomemnosie. 11P6 04, I[Py 08, I1Py 10.
3HAHUS:
— TloHsATHE 0 YUCIIOBOM MOCIICIOBATEILHOCTH.
— IloHsiTHE O YMCIOBOM MPOTPECCHUH.
yMenusi: HaxoxeHue npeenoB mocie10BaTeIbHOCTCH.
Xon padorhl:

MHooicecmso uucen, Kaxicooe u3 KOmopuvlx CHAOHCEHO CEOUM HOMEPOM, HA3bIBAEMCSL YUCIOBOLL
noC1e008amenbHOCMbIO.

DNEeMEHTBl 3TOr0 YHUCIOBOIO MHOXECTBA HA3bIBAIOTCS WIEHAMH MOCIEAOBATEIbHOCTH U
0003HAYAIOT: MEPBbIil YJeH - @ 1, BTOPO - @2, N- i 4iieH - an ¥ T.0. Bcsa mocnenoBaTenbHOCTh
0003HAYACTCS : A1, @2, A3y ooy @n WIH (@n).

UwucmoBasi TOCIEIOBATEIBHOCTh TPEJCTABISICT COOOH HE dYTO HMHOE, KaK MHOMXECTBO
HYMEpPOBAHHBIX YHUCEI, YIOPSAJOYCHHBIX HAIMOJ00WE HATYypaJIbHOTO psjia, T.€. pacrojaracMoe B
MOPSIZTKE BO3pacTaHusi HOMepoB. [lociie1oBaTeTbHOCTE MOXKET COJIEPKaTh KaK KOHEYHOE, TaK U
0ECKOHEYHOE YHCIIO YJICHOB.

Ilocnedosamenvuocms, cocmosawas U3 KOHEYHO20 YUCIA YNeHO8, HA3bI8AEMC sl KOHEYHOU, d
NnOC1e008aMeNbHOCIb,  COCMoAwas U3  OeCKOHeUHO20  YUCIA  Yl1eHO8, - OeCKOHeyHOll
nOC1e008amenbHOCMbIO.

Huorga 6eCKOHEUHYIO YHCIOBYIO TIOCTIEI0BATEIHLHOCTE BBOIST, UCIONB3YS MOHATHE QYHKIIUU:

Oynxyuro y = f(X), xeN wuazviearom ¢ynkyueii namypanbroco apeymenma uiu 4uciogou
nocnedosamenvrHocmvio u obosnavaiom: y = f(n), unu y1, y2, y3..., yn wau y(n).

[TocnenoBaTeTbHOCTH MOKHO 33/1aBaTh Pa3JIMUYHBIMU CIIOCOOAMU, HATIPUMED, C/108€CHO, KOTIa
MPABWIO 3aJIaBaHUS TIOCJICIOBATEIIBHOCTH OIKMCAHO clioBamu, Oe3 ykazanus (opmynbl. Tak,
CIIOBECHO 3a/1a€TCs MOCIEeI0BATENBHOCTh MPOCTHIX YUCE:

2,3,5,7,11,13,17,19,23,29,...

Oco0OeHHO  BaXHBl  GHAAUMUYECKUI U  PeKYPPeHmHbl  CIOCOOBI  3a/aHus
MOCIIEI0BATEIHLHOCTH.

['oBOpAT, YTO MOCIEAOBATEIBHOCTD 3aJlaHA @HAIUMUYECKU, ECIU yKa3aHa Gopmyia ee N-ro
YJIeHa.

Ilpuseoem mpu npumepa.

1) Yn= N?. DTo aHAIMTHYECKOE 3ajaHKe mocienoBareapHoctr: 1,4,9,16,..., n°...
VYka3aB KOHKPETHOE 3HaYeHHE N, HETPYAHO HAHTH WIEH MOCIEA0BATEIHHOCTH C COOTBETCTBYIOIIUM
nomepom. Ecu. Hanpumep, n=9, To yg = 9% = 81, ecrn
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2) yn = C. 3gech peub uuer o mnocienosarenbHoctn C, C, C, ...., C, .... . Takywo
MIOCJIEI0BATEIbHOCTh HA3bIBAIOT MOCTOSIHHOM (MJIM CTAllMOHAPHOMN ).
3) yn=2". DT0 aHANMTHYECKOE 3aJaHKE TIOceaoBaTenbHoCTH 2, 22, 23 .. 2" .
PexyppenmHubtii cnocod 3aaHvisi TIOCIECIOBATEIIBHOCTH COCTOUT B TOM, YTO YKAa3bIBAIOT MPABUIIO,
MTO3BOJISIFOIIEE BBIUMCIIHUTD N- i WICH MOCIEA0BATEILHOCTH, €CIIM U3BECTHBI €€ TIPEIBIIYIINE WICHBI.
Hanpumep, apudmerndeckasi nporpeccusi — 3To YMCJI0BasI MOCIEA0BATEIBLHOCTD (@n), 3aIaHHASA
PEKYPPEHTHO COOTHOIIEHUSIMU:

ai=a, ans1 = antd

(a u d — 3a0annvie uucaa, d — paznocme apugpmemuueckoil npoepeccuu)

I'eomeTpuueckasi mporpeccusi — 35TO YHCIOBas mocienoBareabHOCTh (bn)? 3amanHas
PEKYPPEHTHO COOTHOIICHHSIMHU:

bl1 = b, b+t = bnq

(b u q — s3adannvie uyucaa, b#0, q # 0; Q 3Hamenamenrb 2eOMEMPUUECKOU NPOSPECCUU
npozpeccuit).

IIpumep: BoinucaTh nepBbie MATh YICHOB MOCIEAOBATEIBHOCTH, 33/IaHHON PEKYPPEHTHO: Y1
=L y2=1;yn = yn2 + yn1

Pemenue. N —ii wieH mocae10BaTEIbHOCTH PABEH CyMME JIBYX MPEALIECTBYIOIINUX MY YICHOB.
3HaYNT, TOCIIEJOBATEIBHO MOTyYaeM:

yi=l;y2=1; y3=1+1=2;y4=1+2=3; y5=2+3 =5; u 1.1

OrpannyeHHbIE MOCJIET0BATETbHOCTH
o [TocnenoBarenbHOCTh (Xn) HA3BIBAETCS] OTPAHUYEHHOM, €CIIH CYIIECTBYIOT TaKHUe JIBa YUCIa M
u M, uro s Bcex Ne N BBIOJIHSIETCS HEpaBEeHCTBO M< xpn <M.
o [TocnenoBarenbHOCTH (Xn) HA3bIBACTCS OIPAHUYCHHON CBEPXY, €CIH CYIIECTBYET TAKOE YUCIIO
M, uto st Bcex Ne N BBIMOTHSAETCS] HEPABEHCTBO Xn <M.
o [TocnenoBaTenbHOCTh (Xn) HA3BIBAETCS] OTPAHUYECHHON CHU3Y, €CIIH CYIIECTBYET TaKOE YUCIIO
m, uto a7 Bcex Ne N BBIMOIHAETCS HEPAaBEHCTBO M< Xn

Hanpumep: nocnenoBaTenbHOCTH (Xn), 3aJaHHast GOpMYIION 0OIIETo UjeHa Xn = N, OrpaHuYeHa
cHU3y (Hanmpumep, yucio 0) u He orpaHUYEHA CBEPXY.

MoOHOTOHHBIE MOCJIET0BATEILHOCTH

[TocnemoBaTenbHOCTD (Xn) HA3BIBACTCS 603pacmaroujeli, €Clii KaXIbli ee YJeH, HauhHas CO
BTOPOTO, OOJIBIIE TPEIBIYIIETO, T.€. €CIH JIJIS JIF0OOTO HATYPATLHOTO N BEITIOTHSAETCS HEPABEHCTBO
Xn+1 > Xn,

[TocnenoBaTenbHOCTh (Xn) HA3BIBACTCS yOwvlearoujeli, €CM KaXKIbIA €e 4IeH, HadyhHas Co
BTOPOTO, MEHBIIIE MPEABIAYIIETO, T.€. €CIH Il TI0O0T0 HATYPaIbHOTO N BHITIOTHSIETCS] HEPABEHCTBO
Xn+1 < Xn,

[TocnenoBaTenbHOCTH (Xn) HA3BIBACTCS Hegospacmarowell, €Cv KaxIbli ee 4JieH, HauuHas CO
BTOPOTO, HEe 00JIee MPEABIYIIETo, T.€. €CIH JJIS JIF000T0 HATYpPaIbHOTO N BBITIOJTHSETCSI HEPABEHCTBO
Xn+1 < Xn.

[TocnemoBaTenbHOCTE (Xn) Ha3bIBACTCS HeyOwvlearoujell, €Cli KaXKIblid ee 4YIeH, Ha4MHAs CO
BTOPOTO, HE MEHBIIE MPEAbIAYIIECro, T.e. €CIU JUIS JIFOOOTO HATypajdbHOTO N BBIMOIHICTCS
HEPABEHCTBO Xn+1 > Xn.

Bo3spacrarormue, yObIBaromiue, HEBO3PACTAIONIME W HEYOBIBAIOIIME IOCIECI0OBATEILHOCTU
00pa3yIoT KJIaCC MOHOMOHHBIX TIOCTIEI0BATEIbHOCTEH.

IIpenen ync/I0BOM MOCIEA0BATEIBHOCTH
PaccMoTpuM J1Be 9MCIOBBIE TOCIENOBATENLHOCTH — (yn) U (Xn).
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On):1,35,7,9,...2n-1, ..;

N300pa3uM wieHbI 3TUX M1OCIE0BATEIbHOCTEH TOUKAMU HA KOOPAMHATHOM MPSAMO.

»
»

50779 1 y
—0—0—0—0@ @ @ o>
0 0,25 05 1

3amedaeM, YTO WICHBI IMOCIIEI0BATEIBHOCTH (Xn) KaK OBl «CTYIIAIOTCS» OKOJIO TOYKH 0 —
TOBOPSAT MOCIIEIOBATEIBHOCTD CXOOAMCA, & Y TIOCIIEI0BATEIBHOCTH (n) TAKOM TOYKH CTYIIEHHUS HET
— W TOBOPSIT, YTO MOCIICIOBATEIBHOCTD PACXOOUMCAL.

MareMaTuKd HE HCIOAB3YIOT TEPMHH TOYKA CrYIICHHS, a OHH TOBOPAT npedel
nOCAE008aMeNbHOCHI.

Yucno b naswisaemcs npedenom nociedosamenviocmu (yn), eciu 6 10001 3apanee GblOPaAHHOU
okpecmuocmu mouku b cooepacumes 6ce wnenvl nocie006amenbHOCMU, HAYUHASL C HEKOMOPO2O
HoMmepa.

TITuwym max: yo—b unu |jm Y, =b uuTaoT Tak: npexaen Mocnen0BaTENbHOCTH yn HPU

n—o0

cmpemnenuu N Kk beckoneunocmu pasen b.
Ha npakTuke mcrosbp3yercs elle OfHO HCTOIKOBAaHHE paBeHCTBa |jm Y, =D, cBasanHoe ¢

n—o0

NpUOIMKCHHBIMU BBIYMCICHUSAME: €CITH MOCIe0BaTeIbHOCTh yn = f(n) cxomurcs k uucay b, to
BBITTOJTHSIETCSI IPUOIMKEeHHOE paBeHCTBO f(n)=b, mpryem 310 MpubIMKEHHOE PAaBEHCTBO TEM TOYHEE,
yeM OOJIbIIIE N.
Heo0xoaumoe ycjioBHe CXOAMMOCTH MPOU3BOJILHOI YHCJI0BOI MOCT€10BATEIHLHOCTH:

Jns Toro dTOOBI IMOCIEAOBATEIHHOCTh CXOAMIIACH, HEOOXOJMMO, dYTOOBI OHa OblIa

OTpaHUYECHHOM.
JlocTaTouHOE YCI0BHE CXOAMMOCTH MOCJIe10BATEILHOCTH.

Ecimm mocienoBaTelbHOCTh MOHOTOHHA W OTpaHWYEHA, TO OHA CXOAWTCA. (Teopema

K.Beiiepurpacca)
CBoilicTBa cX0oAsIIIUXCs MOCIe0BATEILHOCTEH

1.  Ecnu nocnenoBaTeNbHOCTh CXOAUTCS, TO TOIBKO K OJTHOMY TIpe/ely.
2.  Ecnu mocnenoBarenbHOCTh CXOAUTCS, TO OHA OTpaHUYCHA.
3.  Ecim mocnmenoBarebHOCTS MOHOTOHHA U OTPAHWYCHA, TO OHA CXOJIUTCS.

Ecnu |q| >1, mo nocnedosamensvnocms yn= Q" pacxooumcs.

Teopembl 0 IpeaeIax NOCAEA0BATEILHOCTEH.

.1
L lim_=0

n—o0

2. Ecm [q|<lmolim q" =0

N—o0

3. Ecou |jm X, =b,lim y, =c, 10

n—w
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4.  Jlns mo00ro HaTypalbHOTO MoKasaTels M u moboro koddduimenra K cripaBeyinBo

) k
cootHomenue: |[jm —=0

N—o0

5. Ilpemen cymmsl paBeH cymme mpenenos: |jm (x, +»,) =b+c

n—o

6.  Ilpenen npousseneHus paBeH MPOU3BEAECHHUIO Ipeaenos: |jm (X,»v,) = bc;

n—o0

7. [Ipenen yacTHOrO paBeH 4YaCTHOMY IIPEEIIOB: ||m (X, :y,)=b:c, rne c#0.

n—o

8.  IlocTosHHBINA MHOMKHUTEIL MOXKHO BRIHOCUTS 3a 3HaK npezena: |jm (kx,) = kb

n—oo
Haxootcoenue npedenos nocneoosameibHocmu:
Haiitu npenen nociienoBaTebHOCTH:

2n% +3

a) Xn = i 0) Xn —£—£+3 B)Iim ———

n’ n n’ e n® 44
Pelenue: a) IPUMEHUB TIPABKIIO «IIPEIEI IPOU3BENECHUS», TIOTYIHUM:

im 1= lim (5 5) = fim - im = =0-0=0

© N n—>cc N N n—co N nN-x N
6) MMPUMCHHUM IIPABUJIO «IIPEACII CYMMbD» U TOJTYUUM!

Ilm(——i 3)_I|ml—llmi+llm3 0-0+3=3

n—o N n n—wo N n—o0o n n—

B) B IOJOOHBIX ClIyyasiX HNPUMEHSAIOT MCKYCCTBEHHBIM MpueM: HENAT YUCIUTENb U 3HAMEHATelb
NpoOU IMOYJIEHHO HAa HAMBBICUIYIO M3 MMEIOIIUXCS CTENEHb IepeMeHHOM N. B nanHOM mpumepe

pasjenuM  YMCIMTedh M 3HAMEHATedh  ApoOM  mowieHHo ~ Ha N2 Hmeem:
2n? L3 . 3
. 2n*+3 . n? n2 . n? 2+0 2
Im ———=Ilim — = lim =——=—=2 (34eCh Mbl IPUMEHWIN NPABUIIO «IIPE/EI
n>o N +4 n—>o N 4 n—o 1+ 1+ 1
n> n’ n

Ipoou»).
3agaHus 1J151 CAMOCTOSITEILHON padoThI:
1.BeluniciuTe npeessl YUCIoBOM MOCIE10BAaTEIBHOCTH.

1 lim — 1

n—oo n

2) !imw( 17)

3) lim (
n—ow n
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2.Haiinure cymmy reomerpuueckoit mporpeccu (bn), ecnu

1
Db, =3,0==; )
o =30=7 3)b, =(-1) 5_3
3n
2)32,16,8,4,2,.....
3.Haiinure 3HamMenaren» reoMmeTpudeckoit mporpeccun (bn),ecnm
1)S =-10;b, =-5; 2)S =2;b, =3.

4. Pemiute ypaBHEHUE, €CIIM U3BECTHO, YTO |X| <1:

DX+ X2+ X3+ x +.. 4+ X" +..=4;

2)2X —4x* +8x° —16X" +...=

ool w

1 7
)=+ X+ X+ XX X"+ ==
X

A)2x+1+ x> = x¥+x* =x° +...=%.

IHPAKTHYECKAS PABOTA Ne 44
Ha3paHue npakTuuyeckoii padoTbl: [ eomempuueckutl u MexaHu4eCKutl CMvlcli NPOU3B0OHOU.
Heap padorbl: Ha KOHKpPETHBIX NMpUMEpax HAYYUTbCS COCTABIATH YpaBHEHHUS KacaTelbHOU U
peliaTh 3aa4u, UCIOIb3Ysl TeOMETPUUYECKUI CMBICI TPOU3BOIHOM.

PesyabTarsl:

Dopmupyemvie 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumensaTs anmapaTHO-IPOTPAMMHBIE CpPEICTBA Ul PacdeTOB M COCTaBJICHHUS
TONOrpaUUECKUX, MEKEBBIX MIIAHOB
memanpeomemnuie: 11K 2.3, OK 01, OK 02, JIP 24, JIP 26, MPI1 01, MPII 02, MPII 03, MPII 05,

MPII 12, MPII 13, MPII 21, MPK 11, MPP 02.
npeomemnosie’. [1P6 04, [TPy 08, I1Py 10.
3HAHUA:
— TlonsTue o mpon3BoaHON GYHKINHU U €€ CBOMCTBAX.
— Tlonstue 06 ypaBHEHUH KacaTeIbHOM.
YMEHHs:
— Boruncienne npou3BoHBIX (QYHKIHHA.
— CocraBprieHue ypaBHEHUE KacaTeJIbHOM.
Xox padoTsl
Hean padoThI:
Coaep:xanue padoThI:
IMpomssoanas y'(x,) or ¢yHKIMH y = y(X), BBIYMCICHHAS TPH 3HAYCHHH apryMeHTa X = Xo,
IpPEJCTaBIsIeT CcOOOM cKopocmb u3MeHeHus Imoil QyHKyuu OTHOCUTEIBHO HE3aBUCUMON
MEPEMEHHOM X B TOUKE X = X0.

B vactHOCTH, €cnu 3aBUCUMOCTh MEXy NMPONUACHHBIM IIyTEM S M BpeMeHEM t IpH NpSAMOIUHEHHOM

JIBMDKCHUU BhIpaxkaeTcst popmyiioit S = S(t), To CKOPOCTh NBMKEHHSI B JTF000H MOMEHT BpeMeHH t ecTh
d?s
a yCKOpeHHe (T. €. CKOPOCTh U3MEHEHUSI CKOPOCTH) €CTh——

dt?
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IMpumep.

. 1
1. Touka nBHKETCA NPSAMOJMHEWHO IO 3aKOHY S = §t3 +2t2 -t (s BeIpaxkkaercs B MeTpax, t - B

cexkyHaax). HaliTu ckopocTh M yCKOpeHHe IBMKEHHUS uepe3 | ¢ rmocie Havasia ABUKCHUS.
Penrenue:

CKkopocTh IPSIMOJIMHENHOTO ABM)KEHUS paBHa MPOU3BOIHOM ITyTH 110 BPEMEHHU:

V() ==t + 4t— 1, orkyna v(1) = 4 (w/c)

. o o d?s

YcKkopeH#e MPsSMOIMHEHHOTO IBU)KEHHSI PABHO BTOPOM MPOU3BOIHOM MyTH 110 BpemeHH: a(t) = -
2t + 4.
CrenoBarensHo, a(1) = 6(m/c?)

Onpedenenue kacameibHOU.

FPCICPVIK
Kacarenpnas K rpaduxy byHKIIIN f,
muddepeHIMpyeMOll B TOYKE X0, - 93TO Mpsimas,
KacatenbHas _
K rpacuiy & Touke o TIPOXOZIAIIASA Yepe3 TOUKY (x0; f(x0)) m wumeromas
(nnm Xo) yrioBoii koadduuument f'(xo).

VYrnoBoii ko3pduirent umeer npsmas Buna y = kx + b. Koaddunuent k u apnsercs yrioBsim
KOA(QPHUIIMEHTOM 3TOH MPSIMOIA.

Vr0Bo# KO3 QUIIUEHT paBeH TAHT€HCY OCTPOTO yIiia, 00pa3yeMoro 3TO MPsAMOI ¢ OChIO abcIuce:
k=tg a="T (Xo).

3/1ech yroa o — 3TO Yroa Mexay npsMoit y = kx + b u monoXuTenbHbIM (TO €CTh MIPOTUB YaCOBOM
CTpeJIKH) HampaBjieHneM ocH adciucc. OH Ha3bIBaeTCs YTJIOM HaKIIOHA MPSMOA.

A Frc.1 A Fuc.2 A Fric.3 A Frc.4
¥ ¥ ¥ ¥

32 \ y="
7 > AN > > "y
- / % \x

Ecnmu yronm Hakiona mpsmMoi y = kx + b ocTpblif, TO yrioBoil ko3¢ (uiueHt sBisercs
MOJIOKUTETBHBIM uuciioM. I'paduk Boszpacrtaer (puc.l).

Ecnu yron HakinoHa npsiMoii y = kx + b Tymo#, To yrioBoii KO3 UIIUEHT SIBISETCS OTPUIIATEILHBIM
gucioM. ['padux yosiBaer (puc.2).
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Ecnm mpsimast mapayuienbHa ocu abcimce, TO yrojl HakJIOHA MPsSIMOM paBeH Hymio. B aToM ciydae
yr10-BoH KOA(GGUIMEHT NPAMOM TOXKE paBeH HYIIO (TaK KaK TAHI'€HC HYJS €CTh HOJb). Y paBHEHHUE
npsiMOl OyZIeT uMeTh BU y = b (puc.3).

Ecnu yron nakiiona npsimoii pases 90° (1/2), To ecTh OHa NMEPIEHANKYISIPHA OCH a0CITUCC, TO TIpsMast
3a/1ae€TCs PABEHCTBOM X = C, TJIe C — HEKOTOPOE JIEUCTBUTEIbHOE Yucio (puc.4).

YpaBHeHne kacareJbHOH K rpadpuky pynkuuu y = f(x) B ToUKe Xo:
y = f(xo0) + f'(x0) (x - x0)
Aneopumm pewienus ypasHenus KacamenvHou K epaguxy ¢yukyuu y = f(x):
1. Boraurcnuts f(xg).
2. Beruncants npoussogusie ' (x) u f'(xy).
3. Buectu Haiinennsie uncna xg, f (xq), f '(x,) B ypaBHEHHUE KacaTeIbHOM.

Ipumepl. Haiinem ypaBHeHue kacatenbHoil k rpaduky ¢pynkuuu f(x) = x3 - 2x2 + 1 B Touke
¢ abcruccoii 2.

Pemenne.
1) Touka kacanus x, paBHa 2. Beraucoum f(x,):
flxg) = f(2) =23-2-224+41=8-8+1=1
2) Haxomum f '(x). Jlnst atoro npumMensieM Gpopmysibl TudepeHInpoBanus.
fl(x)=(x3-2x% + 1) = 3x%- 2 - 2x = 3x% - 4x.
Tenepb, ucnonb3ys noiydyeHnoe 3aauenue f '(x), serancianm f'(xy):
f'l(xg) = f'(2) =3-22-4-2=12-8 = 4.

3) Urak, y Hac ecTh Bce HEOOX0AUMBIE TaHubie: X = 2, f(xy) = 1,f '(xo) = 4.Iloxacrasisem 5TH
qrclia B ypaBHEHUE KacaTelIbHOW W HaXOMM OKOHYATEIHbHOE PEIICHHE:

y = flxo)+ f'(xe)(x-x)=1+4(x—-2)=1+4x—-8=4x—7
OtBer. y=4x—17.
Ipumep 2. Ha pucynke m3oOpaxkensl rpadpuk ¢pynkun Y=f(X) n xacarenpHas K HEMy B TOYKE C
abcuuccoil Xo. HaliquTe 3HaueHne Npon3BOAHON QYHKIIMH B TOUKE Xo.
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3nadyeHue mpou3BoaHOM GyHkmuu Y=f(X) B TOUke Xo paBHO TAHIEHCY yIrjia MEXIy
KacaTelIbHOW U TOJOXKUTEIbHBIM HampaBieHneM ocu OX. UYUtoObl ero HalTH, BBIACIUM
MPSIMOYTOJIbHBIM  TPEYTOJIbHUK, TUIIOTEHY3a KOTOPOTrO JICKUT Ha KacaTelbHOM, a KaTeThl
napajulesbHbl 0csiM KoopauHaT. O003HAaYMM TOUKH C LENbIMU KOoOopAuHaTaMu OykBamMu A u B - 3t
TOYKH BBIJEIEHBI Ha KacaTeJIbHOM:

[TpoBenem uepe3 Touky A npsmyro napajienbHo ocu OX, a yepe3 Touky B - mapamiensHo
ocu OY. [Nonyunm npsmoyronbHblil TpeyronbHuk ABC. VYroa A tpeyronshuka ABC paBen yriy
MEX/1y KacaTeJIbHOM U MOJIOXKUTEIbHBIM HampasiieHuem ocu OX.

TanreHc  ocTporo  yriia MOpSAMOYTOJIbHOTO  TPEYroJIbHUKAa  PaBEH  OTHOIICHHUIO
MIPOTHUBOJICKAIIETO KaTeTa K nmpuiiexaniemMy. JJIMHbI KAaTEeTOB CYUTAEM IO KOJIMUECTBY KIIETOUEK

=11,25

.'_:I'Ll ]

Ortser. 0,25.

IIpumep 3. Haiitu yrinosoit ko3¢ duumeHT kacatreabHON, MPOBEAEHHOM K rpaduKy QyHKIIUH

.E'-l
U=

4 B touke ¢ abermccoit xo=1.
Pemenne. Haxonum npousBoHyto_QpyHKIIMH
4 I
: T :

I 3

.f I-.'EI.:I - - =.r
4
o f.l’lfl]_ls_l

Torga npu xo=1 3Ha4ueHue npousBogHOM pagHo J 41! = L =
Orcronia mory4gaem, 4To yriioBoi Kod(pPuIMeHT kacaTeabHON B TOUKE ¢ abcuuccon Xo=1 paBeH

= (1) =1

OTtser. 1.

Hpumep 4. [psmas y= 8x-5 mapannenbHa KacaTenbHoOl K rpaduky Qynkmun Y=x? +7x +7. Haiimute
a0CIMCCy TOYKHU KacaHMUsI.

Pemenne. VYcnoBueM mnapajuieNbHOCTH JABYX INPSMBIX SIBISIETCS PAaBEHCTBO HX  YIVIOBBIX
k03 huIeHToB, cienoBarenbHO K=8. YrioBoi KOApQHUIMEHT KacaTeIbHON — 3TO €CTh 3HAYCHUE
MIPOU3BOIHON (DYHKIIMU B TOUKE Xo.
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f (o) = 2%o+7 =8, 2x0 = -1, X0 = -0,5.
OtBer. -0,5.
33}13““5] OJIsA caMOCTOﬂTeHLHOﬁ paGOTLI:

Bapuanr 1 ‘ Bapuanr 2
3aganne Nel. CoctaBbTe ypaBHEHHE KacaTeabHOH K rpaduky pyukiun Y=f(X) B Touke Xo.
y=1x4—3xx=1 =lx4—3x=1
4 » 40 y 8 » 20

3anganune Ne2. Haiitu yrioBoit KoappHUIMEHT KacaTelnbHOM, IpOBeIeHHON K TpaduKy GyHKINUU B
TOYKE X0

y=2x+7Inx, xo=14 y=6Xx+4sinx, ong

3aganne Ne3. [Ipsimast mapasuiesibHa KacarenbHO# K rpaduky Gyukiun y=f(x). Haiinure

abcuccy TOYKM KacaHwusl.
y=3x-2, y=-X2-12x+5 y=5X, y = 2x-8x-3

3ananue Ne4. 3ananne Ne4.

MaxoBuK, 3aJIepP>KUBAaEMBIi TOPMO30M,

MOBOpavMBaeTcs 3a t CeKyH] Ha yroi o

Teno maccoil 25 Kr ABHKETCS MPAMOJIMHENHO

— 2 .
1o 3aKOHy s=InQ + t%). Hafimn | _ 2t — 0,04t%(pao). Onpenenute YrIOBYIO

mu2
KHMHETHYECKYI0 dHepruio tena (E = E3 ) 4€pe3 | CKOPOCTh BpallleHUsS MaxOBWUKa B MOMEHT [ =
2¢ mocJIe Havana JABHKEHUS. I2c n BBIACHUTB, B KAaKOll MOMEHT MaXxOBHMK
OCTaHOBHTCS.

3ananmue Nes.

Ha pucynke nzo0paxén rpaduk pynxiun y=f(X) u kacaTeabHas K HEMy B TOYKE C aOCIIHCCOM Xo.
Haiinure 3Hauenue npousBoqHoi Gynkuuu f(X) B Touke Xo.

yA YA /
AT T ; /
| —~ i =
___,,,..u-—-"‘: I o1 =
I il I
X o 1 [x

HPAKTHYECKAS PABOTA Ne 45
Ha3Banue npakTuyeckoii padorel: /lpumenenue oCHOBHBIX Npasusl Oug@epeHyuposaHus.
Leas paGorel: 3aKkpenuTh HABBIKM BBIYMCICHHS MPOU3BOJHBIX, MCIOJIb3Ys OCHOBHBIE IMpaBHIIa
Qg QepeHIpOBaHUs.
Pe3yabTarsi:
Dopmupyemovte 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepiricanue):

— TIK 1.6. IlpumeHsTh amnmapaTHO-IPOTPAMMHBIE CpPEICTBA JUIS PAacYeTOB M COCTABJICHUS
TornorpaduuecKux, MeKEBbIX TIaHOB
memanpeomemnwie: 11K 2.3, OK 01, OK 02, JIP 24, JIP 26, MPII 01, MPIT 02, MPII 03, MPII 05,

MPII 12, MPII 13, MPIT 21, MPK 11, MPP 02.
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npeomemmnsie. 11P6 04, [TPy 08, ITPy 10.

3HaHmA: [loHsaTHe o npon3BoaHON QyHKIMM U €€ CBOWCTBAX.

yMeHus1: Beruricienre npon3BOIHBIX (YHKITUIH.
Xopn padoThl:

Onepauys HaxXx0oXJIEHUS IPOU3BOAHOM HasbiBaeTcs Au(depenuupoBanueMm. [lpu
BBINOJIHEHUH 3TOH Ollepaluy 4acTo NPUXOAUTCS paboTaTh ¢ YACTHBIMU, CYMMAaMH, IPOU3BEICHUAMU
¢bynkuuit. Mexons us onpeeneHus Ipou3BOAHOM, MOKHO BBIBECTH IpaBuiIa JU(pepeHIMpoBaHus,

obnervarore 3ty pabory. Ecmu C — mocrostaaoe umcino u f=f(x), g=g(X) — Hekoropsie
muddepennupyembie PyHKITUU, TO CIIPABEUTMBEI CISAYIOIINE npasuia ougdgepenyuposanus:

. Cf - []

° If — ].

(f+9) =f+4

. (fo)=Ffg+fg
(cry=cf

(i)f _f9—fd

. 9 g* . (g#0)

IIpumep 1. Haiiaute npousBoaHy0 QyHKINH:

1) y=x"+x% 2) y=x*(2x +x*); 3) y=)5(Li.
Pemenne ITosicnenus
1) y'=(x"+x3)"=(x")"+(x*) =7x°% +3x>°. B 3amanmm 1 wHago HaWTH
2) y'=(x*(2x +x*))' =(x®)" - (2x+ x*)+x%-(2x+x*)"; HPOHSBOYIO CYMMET 1o

dopmyne (U+V—-w) =u"+Vv'-w';
Vunreisas, uto (x*)'=8 x';

B 3aJaHUU 2 — TPOU3BOIHYIO
(2x +x*)'=(2x)"+(x*)' =2-X'+4x° =2+ 4x°, umeem npousBeneHust  (Uv) =u'v+uv’; B
y'=8x"(2x +x*)+ x®-(2+4x%)=16x® +8x" +2x° +4x™ = samammm 3 — NOPOHM3BOAHYIO
=18x" +12x". YaCTHOTO (E)' -4 V—2UV (v#0).
,XH2,, (x+2) - (5=X)—(x+2)- (5-X)’ v v
3 y=(—=)= : T 1u2
5_x (5-x)° aKKe B 3amaHusx 1 m 2 ciemyer
WCIIO0Ih30BaTh bopmymny

YuuTeiBas, 4To ] o )
(x+2)'=x"+2"'=1+0=1, (5-x)'=5'-x'=0-1=-1, umeem XT=NXT7, a B 3alatui 2 yHecTs,
. 1-(B5-X)=(-1)-(x+2) 5-x+x+2 7 o rpu . BRIMHCICHIN
- 2 = ;= 5 MIPOU3BOTHOM MOCTOSTHHBIN
=) (6=%) (=) MHOXKHTEIb 2

MOXHO BBIHCCTHU 3a 3HaAK
MPOU3BOJHOM.

Mpumep 2. Brruncnure 3navenne npouspoaHoit pynkmun f (X)=x? —5X BTOuKax x =4 nx =0,01.

Pemenue IlosicHeHun
5 JI1I HAXOXIACHUA IIPOU3BO, HOfI B A3aHHBIX
.I:r(X)Z(X2_5\/;)!=(X2)1_5(\/;)1:2X_ I[ b p it yK

2./x ~ TOYKax JOCTaTOYHO HAHTH IPOM3BOIHYIO
JaHHOU (DYHKIIMH U B TIOJTy4CHHOE BBHIPAKECHHE
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F/(a)=2-4— 5 g E 5 § . MOJICTABUTh 3aJJaHHbIC 3HAUYCHHUSI apTyMEHTA.

2.4 4 4 IIpn BBIUMCIEHHH MPOU3BOJHOM CIEyeT

5 5 Y4eCTh, 4YTO 3aJaHHYI0 Pa3HOCTb MOXHO

f'(0,01)=2-0,01- m =0,02 _2_—01 = paccMaTpuBaTh, KaKk alre0pandeckylo CyMMy
5 , ’ BRIpasKeHHit x° 1 (— 5/x ), a IpU HAXOXKICHUH

=0,02—-——=0,02-25=-24,98.
0,2

MIPOU3BOTHOM (—5\/;) 3a 3HaK MPOU3BOJHON

BBIHECTH IIOCTOSIHHBIA MHOKHUTENb ( - 5).

Hpumep 3. Haifnure 3Hauenus X, IpH KOTOphIX pousBoanas Gynkmuu f (X)=x*—32x pasna 0.

Pemenne osicHenus
UYToOBI HAlTH COOTBETCTBYIOIINE 3HAYCHUS X,
f '(X) = (X4 _32)()’:()(4)'_(32)()':4)(3 -32. JIOCTaTOYHO HAWUTU NPOU3BOJIHYIO JTaHHOU
£(x)=0. Torxa 4% —32=0, %% =8, x=2. GyHKUIMM, TPUPABHATH €€ K HYJIIO U PEIIUTh

MOJIy4EHHOE YpaBHCHUE.
OrtBer: x = 2.

3aganus AJ151 CAaMOCTOATEILHON padoThI:
1 Bapuanr.
1. . Hajigure npou3BoJHbIE CJAeYIOIIUX PYHKIMIA:

1. y=4x3+%x2+3
2. y=§x5+ix4—3xz+9
3. y=02x*-3)(2x3-1)
2. HaiiTu npou3BoAHYI0 (PYHKLIHH B TOUKe X, :

1) y=3x>x%, =1;
2) y =COSX, X, =%;

. T
3) y=-2sin XX, :Z;

4) y=2+x,% =4.
3. Haiigure npon3Boany0 GyHKIMM, NpuBeast ee K Buay K- X":
3x° 175
4. Hcnoan3ys (popmyay Npou3BOAHONH CYMMBbI, HAWIUTE MPONU3BOAHYIO OT (PYHKIIUM:

2
1) y=3x’x%;2) y=7;3) y =

1) y=x2—5x+1;
X
2) y:x(x2—5x+1);
x® —5x* +1x
Jyy=——"-—7—.

5. Hcnoan3yst popmyJibl npou3BeaeHUsI M YACTHOI0, HAli/iuTe MPOU3BOIHbIe PYyHKIIMIA:
1) y=xcosx;
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X2

2) y= .
)y 1+X

2 Bapuanr.
1. HaiinnTe Npou3BOAHbIE CIeTYIOIMNX (PYHKIMIH:

1. y=4x3 +%X2+3
2. y=§x5+%x4—3xz+9
3. y=02x3-3)2x3-1)
2. HaiiTu npou3BoAHYI0 (PYHKIHH B TOUKe X, :

1) y=2x°x, =-1;

2) y=sin X, X, =

Wy

3) y=-2cosx,X, =%;

4) y:1+2\/§,x0 =9.

3. Haiigure npon3BoaHy0 GyHKIMHU, NpuBeas ee K BHAy K- X":
3 1 x°

) y=2x-x;2) y=—33) Y="—7:4) y="—.

4. Hcnouan3ys ¢popmyy NPOM3BOJAHON CyMMbI, HAliiNTe NPOU3BOAHYIO OT (PyHKIMU:

1) y=x>+4x® —X—lz;
2) y= x(x3 +4x° —1);

5 4
X* +4x" -1
X
5. Hcnoan3ys ¢popmyJibl NpoU3BeAeHUS U YACTHOT0, HAANTE NPOM3BOAHbIE (PYHKIMIi:
1) y=xsin X;
X
2) y= :
1+x°

INPAKTHYECKAS PABOTA Ne 46
Ha3zBanue mnpaxkTuyeckoii padoTbl: Buiyucienue HNpousBOOHbIX OCHOBHBIX INEMEHMAPHbIX
GyHryuil.
Lesan padoThl: 3aKpenUTh HABBIKM BEIYMCIICHUS TPON3BOIHBIX OCHOBHBIX 3JIEMEHTAPHBIX () YHKITHIA.

Pe3yabTarsi:

Dopmupyemvte 3n1emenmut IIK (npogheccuonanvno opuenmuposanmoe cooepirycanue):

— TIK 1.6. IlpumeHsTh ammapaTHO-IPOTPAMMHBIE CpPEACTBA JUIS PAacYeTOB M COCTABJICHUS
TOMOTrpaUUECKUX, MEKEBBIX TUIAHOB
memanpeomemnwie: 11K 2.3, OK 01, OK 02, JIP 24, JIP 26, MPII 01, MPIT 02, MPII 03, MPII 05,

MPII 12, MPII 13, MPII 21, MPK 11, MPP 02.
npeomemnosie. 11P6 04, [TPy 08, ITPy 10.
3HAHUA:
— Tlonsitue o mpon3BoHON GYHKINU U €€ CBOWCTBAX.

- Ta6J'II/II_[a MMPOU3BOAHBIX OCHOBHLIX 3JICMCHTAPHBIX (bYHKI_[I/Iﬁ
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yMeHus1: Berancienue npou3BOAHBIX (YHKIIHA.
Xopn padoTsr:

Tabauya npouszeoonvix

Ne Ne
No
I Dymxmus [IpousBoana o/ @®yukuu | [IpomsBogna | m/ Dymxums [Ipoussox
/ P a1 a1 il Has
II
11
C- 1
1 0 7 e* et 13 ctg x -—
ITIOCTOsIHHAsA SIn~ X
log . x 1 1
2 X" nx"* 8 J 14 | arcsin x
(0O<a=l) xha 1-x?
1 1
3 X 1 9 In x — 15 | arccos x - -
X 1-x
4 ; L 10 | si 16 t 1
2 — sin X COoS X arctg x
VX =x? 2Jx J 1+ x?
5 1oy _1 11 | cosx sin x 17 | arcctg x _
X X2 g 1+ %2
6| a,(a=>0) a*Ina 12 tg x 1 18 lg x 1
’ cos? x xIn 10
3aganus AJ51 CAaMOCTOATEILHON padoThI:
Bapuanrt 1 Bapuant 2

Haiigure npousBoiHyt0 QyHKIIMI
1)y = 4x° — 10x? + 6x + 2

2)y =sinx
2x+1
Ay =—7
4)y=w
5)y =5*
6)y=2x—-1
Ny=x3—6x*+9x—11
8)y=x""
9)y =log, x
10)y = (x3 —4x®)(x2 = 7)
1)y ==

12) y = 2¥ —log, x
13) y =Inx +5lgx
14)y = 6x8 — 6Inx + 3logz x
15) y =4 cosx -9*

Haiigure npousBoiHyI0 GyHKIIMH
1)y =3x>—20x2+8x +1

2) y = cosx
2x—-3
)y = x+1
4)y = Vx?
5y =28*
6)y =4x —4

7)y=x3—-5x2+3x—15
8)y=x"""

9) y =logg x
10)y = (x3 + 3x%)(x2 — 8)
1)y==

12) y = 5* —log, x

13) y =Inx +8lgx

14)y = 2x8 — 7Inx + 4log, x
15) y = 5sinx - 4*
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IMPAKTUYECKAS PABOTA Ne 47
Ha3BaHue npakTu4eckoi padorbl: Buiyucienue npou3go0HbIX CLOHNCHBIX QYHKYULL.

Lesan padoThl: 3aKkpenuTh HABBIKKA BEIYUCICHHS TPOU3BOIHBIX CIOXKHBIX ()YHKIIUHA.
Pe3yabTarhl:

Dopmupyemvte 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumeHnsaTh anmapaTHO-IPOTPAMMHBIE CpPEICTBA U PacyeTOB M COCTaBJICHHUS
TOMOTpapUUECKUX, MEKEBBIX IJIAHOB
memanpeomemnwie: 11K 2.3, OK 01, OK 02, JIP 24, JIP 26, MPII 01, MPII 02, MPII 03, MPII 05,

MPII 12, MPII 13, MPII 21, MPK 11, MPP 02.
npeomemnosie: 11P6 04, 1Py 08, TPy 10.
3HAHUA:
— TlonsTue o mpon3BoaHON (GYHKINU U €€ CBOWCTBAX.
— Tabnuia npou3BOIHBIX OCHOBHBIX 3JIEMEHTAPHBIX (PYHKIHUI.
— Ilondartue o cI0XKHOM (PYHKIMU U MPOU3BOAHOM OT HEE.
yMeHHs1: BpruriciieHre npon3BOIHBIX CIOXKHBIX (DYHKIIMH.
Xoa padoTbI:
[Tycts y = y(u) u u = u(x) — muddepenuupyemsie pyaxun. Toraa croxnas Gyskus y = y(u(x))
ecTb Takke auddeperuupyemast GyHKIHS, TpHIeM

Y=oy

OTO MpaBWIIO PACHPOCTPAHSIETCS HA HEMOYKY M3 JI000T0 KOHEYHOro yucia AuQQepeHInpyeMbIx
GYHKIUH: BPOU36OOHAS CNLONCHOU (YYHKUUU PAGHA NPOU3BGEOCHUI0 NPOU3BOOHBIX (YyHKUuUil, eé
COCMagnAIOUUX.

IIpumepsr:

1. y(x) = In(x® — 3x% + 4x)

1

Y(x) = (NG — 3% +4%)) - (3 = 3% +4%)' = S——(3x> —6x + 4) =
3 —6x+4
T x3 —3x2 +4x
2. y(x) — earccosx
' _ arccosxy/ . 1 — narccosx , (_ 1 — _ earccosx
y'(x) = (e ) (arccosx)’' = e ( 1_X2) —

3. y(x) = sin(Invx)
y'(x) = (sin(Invx))" - (Invx )" (Vx)' = cos(Inv/x) - % : % = _COS(ZIZ VX)

4.y(x) = InvVsinx

1

1
*CO
vsinx 2vsinx

y'(X) = (Invsinx)" - (v/sinx)’ - (sinx)’ = SX = ﬁ * COSX =%tgx
5. y(x) = arctgln2x
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) = — 1wy (o) = — L Lo 1
y(X)_l+(ln2x)2 (IHZX) (ZX) T 1+(In2x)2  2x 2 x(1+In22x)

6.y(x) = (6x2 - Z+5)”

y(x) = (6X>— 2x*+5)?

Y'(X) =2(6X2 — 2x74+5) + (6% — 2x*+5) " = 2(6x% — 2x*+5) - (12x+8x°) =
= (12x2 - Z+45) - (12x + =)

3ajanus 1J151 CAaMOCTOATEILHON padoThI:

| BapuanT
Brruucnuts npou3BOAHYIO: Il BapuanT
X 12 Brruucnute npou3BOAHYIO:
1) y=|=+2 « 16
1) y= (— + 6]
2) y=sin(5-3x) 4
3) y=415-7x 2) y=cos(5-3x)

3) y=/42+05x

BprunciauTh NpOM3BOAHYIO B TOUKE X !
BberuuciauTh NpOU3BOAHYIO B TOUKE X :

. Vi T
4 =sin| ——2x Xy =—
)Y (6 j ° 12 (7 o
4) y=sin| —+2x Xo=-——
T 6 12
5) y=tg6x Xo=—
24 T
5) y=ctgbx Xo=—
6) y:cos(z—ij X, =2 24
3 ° 3

A T
6 =sin| ——2X X, ==
) yonZ-a) 5o

MPAKTUYECKAS PABOTA Ne 48
HasBanue mpaktudeckoii padorwi: Mccredosanue gynkyuu Ha mMoHomorHocms. Onpeodenenue
IKCMPEMYMO8 PYHKYUU.
Heanb padothl: hopMHupoBaHHE YMEHHM HCCIE10BaTh PYHKIIMIO HA MOHOTOHHOCTb.
Pesyabrarnl:

@opmupyemoie Inemenmsl IIK (npogheccuonansno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumeHsaTs amnmapaTHO-IPOrpPaMMHBIE CpPEICTBA JUII PACUYETOB M COCTABIICHMS
TONorpauuecKux, MeKEBbIX MIAHOB
memanpeomemnwpie: 11K 2.3, OK 01, OK 02, JIP 24, JIP 26, MPII 01, MPII 02, MPII 03, MPII 05,

MPII 12, MPII 13, MPII 21, MPK 11, MPP 02.
npeomemnsie: 11P6 04, 1Py 08, 1Py 10.
3HAHUSA:
— Tlonsartue o npou3BoHON PyHKINHU U €€ CBONCTBAX.
— Tabnuma npou3BOIHBIX OCHOBHBIX 3JIEMEHTAPHBIX (QYHKIUH.
— TlonsiTe 0 MOHOTOHHOCTH (DYHKIIHH.
ymenusi: OnpezeneHue HHTEPBaJIOB MOHOTOHHOCTH.
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Xox pabdoThI:

Bo3pacmanue u yovieanue ¢pynkyuu

Oynkius y = f(x) Ha3bIBaeTcs goszpacmaroujell Ha TPOMEXyTKke a < x < b, ecnm mis
TMOOBIX X1 U X, , NPUHAAICKAMUX ITOMY HPOMEKYTKY M TaKHX, 4TO X; < Xp, MUMEET MECTO
HepaBeHCTBO f(xq) < f(x3).

Oynkius Yy = f(x) Ha3pIBaeTCs yoOwvleawwel B TPOMEXyTke a < x < b, ecnu ais
TMOOBIX X1 U X, , NPUHAAICKAMUX ITOMY HPOMEKYTKY M TaKHX, 4TO X; < Xp, MUMEET MECTO
HepaBeHCTBO f(xq) > f(x,).

Kak Bo3zpacraromme, Tak W yObIBaoue (GYHKIUU Ha3bIBAIOTCS MOHOMOHHLIMU, a
MIPOMEXYTKH, B KOTOPBIX (DYHKIIUS BO3PACTAET WU YOBIBACT, - NPOMENCYMKAMU MOHOMOHHOCHU.

Bospacranue u yosiBanue GpyHkiun y = f(x) XxapakTepusyercsi 3HaKOM €€ IPOU3BOIHOM:
€CIIi B HEKOTOpOM mpomexyTke f'(x) > 0, To QyHKIUS BO3pACTAET B ITOM [TPOMEXKYTKE;
ecii B HeKOoTopoM mpomexyTke f'(x) < 0, To (hyHKIUS yOBIBAET B TOM IIPOMEXKYTKE.
Ipumep 1. HaiiTu mpoMeXyTKM MOHOTOHHOCTH CIICAYIOIIMX (YHKIIUI:

a) f(x) =x2—8x+12

0) f(x) =x3—6x%+4

a) Haxomum npousBomnyio: f'(x) = 2x —8,umeem 2x —8 =0 <& x = 4.
[Tocnenytroiue paccykaeHus IPECTaBUM B TaOJIHIIE:

X —o<x<4 4 4 <x<oo
f'(x) _ 0 +
J16) N 7

Takum oOpa3oM, naHHas PYHKIUS B IPOMEXKYTKe —00 < x < 4 yObIBaeT, a B IpOMEKyTKe 4 < x <
00 BO3paCTaeT.

6) f'(x) = 3x2 — 12x, (3x% — 12x = 0) = [i = 2
CocraBuM Ta0IHILY:

X —o<x<0 |0 0<x<4 4 4<x<oo
76 ¥ 0 : 0 +
f(x) 7 \ 7

Utak, B mpoMexyTkax —oo < x < 0 m 4 < x < 0o (yHKILHUS BO3PACTAET, a B IpoMexyTke 0 < x <
4 - yObIBaeT.
3aganus 1J151 CAaMOCTOATEIbLHON padoThI:

Bapmuanr 1
1. Ha pucynke uzo0paxkeH rpaduk npousBoHoi GpyHkuuu f(x), onpeaeneHHol Ha HHTepBaie (-
2;12). Bamumure mpoMeKyTKH Bo3pactanust QyHkimu f(x).
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Pucynok 1 — I'padux npoussoanoii dpyakuuu f(x).
2. Haiit mpoMeXyTKd MOHOTOHHOCTH ()YHKIIMU:
a) f(x)=x?-2x+1

0) fx)=x3+2x>—-7x+4
B) f(x)=x+ﬁ

Bapuanr 2
1. Ha pucynke u3obpakeH rpaduk mpousBoaHoi GpyHkuuu f(x), OnpeaeneHHol Ha uHTepBaie (-
10;2). 3amummre mpoMeKyTKH Bo3pactanus Gyukimu f (x).

Pucynok 2 — I'paduk npousBoaHoit GyHkun f(x).

2. HaiiTu npoMeXyTKu MOHOTOHHOCTH (DYHKIIMHU:
a) f(x)=x?—-3x+2

0) 2.f(x) =x3+x?>—-5x+8
B) f(x)=x+x—i1

MMPAKTUYECKAS PABOTA Ne 49
HazBanue npakTudeckoi padorel: Mccreoosanue ghynkyuu ¢ noMoubio npou3800HOI.

IIe.m, paﬁoTLI: Ha KOHKPCTHBIX MpUMEpaxX HAYUUTHBCA HCCICAOBATH (I)YHKI_[I/II/I C IIOMOIIBIO
HpOI/I3BOI(HOI71 1 Ha OCHOBC UCCJICAOBAHUA CTPOUTDH Fpa(l)I/IKI/I.
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PesyabTarsl:

Dopmupyemwie 3nemenmut I1IK (npogheccuonanvno opuenmuposannoe cooeprcanue):
— IIK 1.6. IlpumensTh anmapaTHO-IPOTPAMMHBIE CpPEICTBA Ul PacyeTOB M COCTaBJICHHUS
TOMOTpapUUECKUX, MEKEBBIX IJIAHOB
memanpeomemnwie: [1K 2.3, OK 01, OK 02, JIP 24, JIP 26, MPII 01, MPII 02, MPII 03, MPII 05,
MPII 12, MPII 13, MPII 21, MPK 11, MPP 02.
npeomemnsie: 11P6 04, 1Py 08, TPy 10.
3HAHMSA:
— TlonsTue o mpon3BoaHON GYHKINU U €€ CBOWCTBAX.
— Tabnuma npou3BOIHBIX OCHOBHBIX 3JIEMEHTAPHBIX (QYHKIUH.
— Tlonsarue 00 sxcTpemymax (pyHKIHHU, TOUKAX Mepernda, aCHMITOTAX.
ymenusi: HaxoxxieHue 3KCTpeMyMOB, TOUEK repernda, aCUMOTOT (YHKIUU U TOCTPOEHUE
rpaduka.
Xoa padoTbI:
Obwas cxema ucciedo8anust (hyHKyuu u nocmpoetue eé epaghuxa.
1. HaiiguTe o6sacTh onpeaencHus QyHKIIHH.
Uccnenyiite GyHKINIO HA Y€THOCTH MM HEUYETHOCTb.
Haiinure Touku nepeceuenus rpaduka GyHKIUN C OCSIMA KOOPAWHAT.
Haiinure npoMexyTKy 3HaKOIIOCTOSHCTBA.
HaiiguTe nmpomMexxyTku MOHOTOHHOCTH (DYHKLIUH, €€ SKCTPEMYMBI.
Haiigute mpoMexyTku BBITYKJIOCTH rpaduka GyHKIUHU, €€ TOUYKH Ieperuoa.
[Toctpoiite rpadguk GyHKIMU, UCTIONB3Ys MOTy4YEeHHBIE PE3YJIbTAaThl UCCIEIOBAHUS.

No o s wN

IIpumep:
Iocrpouts rpaduk Gpysximu y = x3 — 6x2 + 9x — 3.
1 D(y) =R;

2. JlanHas GyHKIMS He SBJISETCS HU YETHOM, HU HEUETHOM; KPOME TOr0, OHAa HE SBIISIETCS
MIEPUOIMUYECKON;

3. Haiinem Touky nepeceuenus rpaduka ¢ ockto Oy: mosiorast, uro X = 0, nmomyunm y = —3. Touky
niepeceueHust rpaduka ¢ ocbio OX B JAHHOM CITydae 3aTpyHATEIBHO.

4. Haiinem npomexyTk MOHOTOHHOCTH (PYHKIIMH €€ SKCTPEMYMBI M [IPOMEKYTKH 3HAKOTIOCTOSTHCTBA
C TTIOMOIIIBEO ITPOU3BOAHOM:

a. Haiinem npomssomayto: y/ = 3x? — 12x + 9.

0. y/ =0 -3x>—12x+9 =0 - x = 1 ux = 3. OTMETHM JaHHBIE TOUKH HA YHCIIOBOH

MPSIMOM U OIIPEIETMM IPOMEKYTKH BO3PACTAHUSI U YObIBaHUS (DYHKIUU:

v ™~ Y ’//l. h‘\‘ X
+ @ — g —F
v 1 - ? J' .-1;

Touku x=1 u x=3 genar obnactb onpeaeneHus QyHKIUU Ha TPU MPOMEXyTKa: —oo <x < 1,1 <
x <3,
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13 < x < oo, Brpomexyrkax —0 < x < 1u3 < x< oy’ >0, T. e QyHKIHUA BO3PACTAET, a B
npomexytke 1 < x < 3y/ < 0, T. e QyHKIMs YObIBACT.

[Ipu nepexoze uepe3 TOUKy X=1 MpoU3BOIHAS MEHSET 3HAK C IUII0CA HA MUHYC, a IIPH MEePeXoe
4epe3 TOUKy X=3 — C MHHYCa Ha IUTIOC. 3HAYHT Viay = V(1) = 1, Ypin = y(3) == 3.

5. Haiinem BTopyio npoussoanyio: y// = 6x — 12;6x — 12 = 0 - x = 2. OTMeTHM JaHHYIO
TOYKY Ha YHCJIOBOW MPAMOI U UccieayeM (QYHKIHIO Ha BBITYKJIOCTb U BOTHYTOCTb:

yUV

J
Touka x=2 nenuT 06JacTh onpeneneHuss PYHKIUHU Ha JIBa MPOMEKYTKa —o0 < X < 2

»
»

12 < X < o B nepsoMm u3 nux y// < 0, a Bo Bropom y// > 0, T. €. B IpoMexkyTke —00 < X < 2
KpHBasi BBITYKJIA BBEPX, @ B MPOMEXYTKe 2 < X < 00 BBIINYKJIA BHU3. TakuMm 00pa3oM, ToUKa
neperuda (2; —1).

6. Hcnonp3ys nodydeHHbIe JaHHbIE, CTPOUM Tpaduk QyHKIIH:

yﬂjl

(L%

A -

L J

(0:-3)y (3:-319

3agaHus 1J151 CAMOCTOSITE/IbHOM PadoThI:
HccnenoBath GyHKIIMU U IOCTPOUTH UX IpadUKH:

1 ¢apuanm 2 eapuanm
1. y=x*+5x+4 1 y=—x*+42x+ 15
2. y=-x3+x 2 y =3x3 —x
3. y=x3—6x*+16 3. y =2x3+3x* —12x — 10
4, y=x*-5x*+4 4 y=—x*+8x*+9

HNPAKTHYECKAS PABOTA Ne 50
Ha3Banue npakTuyeckoii padoTbl: Dusuueckuii CMbICI NPOUIBOOHOU 6 NPOYEeCcCUOHAIbHBIX
3a0ayax mexHoI02U4ecko2o npopus.

Henap padorel: HayunTscs pemars 3a1auu Ha IPUMEHEHHUE IPOU3BOIHOM.
Pe3yabTarsi:

Dopmupyemote 3n1emenmut IIK (npogheccuonanvno opuenmuposanmoe cooepirycanue):

— IIK 1.6. IlpumensaTs anmapaTHO-IPOTPAMMHBIE CpPEACTBA [UI pPacdeTOB M COCTaBJICHHUS
TONOrpapUUECKNX, MEKEBBIX IJIAHOB
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memanpeomemnwie: MPI1 01, MPII 04, MPII 07, MPII 08, MPII 16, MPII 18, MPII 19, MPII 21,
MPK 08, MPK 11, MPP 02, MPP 09
npeomemnsie: 11P6 01, I1P6 04, TTP6 06, ITP6 14, ITPy 08, I1Py 10, [Py 16, TPy 18, TPy 19.
3HAHMS:
— IlonsTHe o mpou3BoIHON GYHKIIUU U €€ CBOHCTBAX.
— Tabnuma npou3BOIHBIX OCHOBHBIX 3JIEMEHTAPHBIX (QYHKIUH.
YMEHHs:
— Beluncienue npou3BOIHBIX.
— HaxoxneHnue 3KkCTpeMyMOB (DyHKIIUU.
Xopn padoThr:
1. IlpumeHeHHe MPOU3BOIHOI B PpusuKe.

Du3uyeckuil CMbICT BPOU3BOOHOU: NPOU3BOOHASL €CIb CKOPOCHb USMEHEHUSl (DU3UYLEeCKOlL
BENUYUHDI.
Ipumep 1. HaiiTu MrHOBEHHYIO CKOPOCTb ITPH CBOOOTHOM TIaJICHUH.

9’
2

Pemienne. 3akoH CBO60,Z[HOFO nmagcHusa HMCECT BHU X = MrHoBeHHas CKOpPOCTh IIpH

CBOOOIHOM IIaJIEHHUH PABHA: Vyry = X', T.€. Uy = Ot.

IMpumep 2 . [Tycts g = q(t) - KOIUIECTBO AIEKTPUIECTBA, MPOTEKAIOIIEE Yepe3 MONEPEUHOC CCUCHHE
npoBoAHMKa 3a Bpemst 1. Halinem cuny Toka B 1aHHBII MOMEHT BpeMeHu t
Pemienne. Cuna moxa ecmv Npou3600HAs OM KOAUHECMBA DNEKMPUUeCmed, KAaK (QYHKyuu om
epemenu, m.e. | = l@o% =q'(t),
Ipumep 3. IycTh 1aH HEOMHOPOIHBIH CTEpKeHB UTUHBI |, M = M(X) - Macca 9acTu CTepIKHSI ATHHBI
X (oIMH M3 KOHLIOB CTEp)KHS NMPUHMMAETCS 3a Hayayuo oTcuera). Haiinem nMHENHYIO MIOTHOCTh
CTEpXHS B IaHHOM TOYKE X.
Pemenne. Jluneiinas nnommocms cmepoichs 8 O0AHHOU MOUKe eCib NPOU3BOOHAS MACCHL CINEPHCHS
Kax ynxkyuu om e2o onunvl: p = lim Am_ m'(x),
Ax—0 AX

[110THOCTB CTEP)KHS €CTh CKOPOCTh U3MEHEHHUS MAacCChl YaCTU CTEPXKHS KaK (PYHKLHHU €ro JJIUHBL.

Pewenue pusuueckux 3aoau, c6A3aHHBIX C HAXO0NHCOCHUEM CKOPOCMU, YCKOPEHUA U M.0.
Ipumep 4. JlaHO ypaBHeHHWE HNPAMOJMHEHHOro mBUKeHMs Tema: S =3t°+2, rme S- myTs,
MpoHaeHHBIN TenoMm, M; t- Bpems, ¢. Haiinute ckopocTh Teiaa B MOMEHT BpeMeHu t=1 C.
Pemenne. CKOpOCTB 3TO MPOM3BOAHAS IMyTH MO BpeMeHH. 3Haunt: V =S =6t IToacTasus 3HaueHNE
Bpemenn noay«anm: V (1) =6m/c

IIpumep S. Touka ABUKETCS IO 3aKOHY S = %t“ + %t3 + %tz + 2. Haiitu cKOpOCTBh U yCKOpeHUue

yepes 2 ¢ 1mocie Havaa JABMKEHUs (IBMKEHUE CUUTATh NMPSIMOIMHEHHBIM).
Pemenne. CKOPOCTh 5TO POU3BOJIHAS ITYTH 0 BpeMerH. 3Haunt: V =S =t° +t° +t. TloacraBus
3HaueHHe BpeMeHu monyunm V (2) =16 m/c
Mpumep 6. Teno aBHKETCA MpsAMonuHEitHO 1o 3akony S(t) =1+t +t°. HaiiTi ero kuHeTHYECKYIO
SHEPTHIO Yepe3 5 ¢ TocIie Havana JABMKEHU, €CITM Macca Tena 3 K.
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Pemienune. dopmyna HaxOXKICHUS KHHETHUYECKOH sHeprum: E, = .Haiinem ckopocth Tena.

- 3*121
V =8 =2t+1,V(5) =11.Kunernueckas SHeprus Teaa COCTaBuT: E, = — - 1815.

Pewienue yxonomuueckux 3a0au ¢ ROMOWbI0 RPOU3BOOHOIL.
IIpumep 1. BeibpaTts onTuManbHbIi 00beM npou3BojcTBa N dhupmoit, GyHKIMS TPHOBLUTH KOTOPOI
MOeT OBITh CMOJICNIMPOBaHa 3aBHcUMOCThIO: F(Q) = g° - 8¢ + 10.
Pemenne: OntumManbHbli 00BEM MPOU3BOACTBA €CTh MPOU3BOHAS OT (DYHKIIMH MPUOBLIH, T.€. N =

F(q)
F'(@ =R(@ —C(@q@ =29 —8=0 > Qexir = 4
IIpu g < Qextr =4 — F'(q) < 0 v npuObLIb yOLIBaET
IIpu g > Qextr =4 — F'(q) > 0 u npuObLIbL BO3pacTaeT
IIpu ¢ = 4 npuObUIb IPUHUMAET MUHUMAJIBHOE 3HAYECHHUE.
3agaHus 1J151 CAMOCTOSITEILHON padoThI:
1Bapuanr.
1. Jlano ypaBHeHHE MpAMOJHHEHHOTo ABMXKeHHs Teda:,S=2t-8t+2, rme S- myTsb, TIpoiIeHHBI
Tesnom, M; t- Bpems, c. Haliaure ckopocTh Tena B MOMEHT BpeMeHu t=3 C.

2. Touka IBMKETCS 1O 3aKOHY S = %t“ + %t3 + %tz + 2. HaliTu ckopocTh U yCKOpeHue uepes 3 ¢

1ocJye Havaia ABMKEHUS (IBIKEHUE CYMTATh MPSMOIMHEHHBIM).
3. Iycts g=t* - 4t +8- KONMYECTBO 3NEKTPHUECTBA, MPOTEKAIOIIEE Yepe3 MOMEepevyHOe CedeHHE
npoBoJHUKA 32 Bpems . Haiinem cuiy Toka B jaHHBIH MOMEHT Bpemenu t=2c.
4. TlycTh JaH HEOMHOPOIHBIN CTEP)KEHb JIMHBI |, Macca HEOAHOPOTHOTO CTEPXKHS MEHSICTCS IO
3akony: M=2x> -8X +12. HaiiTu nMHEHHYIO MIOTHOCTh CTEPKHA B JaHHOM TouKe X =4
5. IIpubbLIb GUPMBI 331aHa 3aBUCUMOCTBIO: F(q) = 4q* — 4q + 12. Haiitu onTuManbHbIi 06bEM
npousBojcTBa N pupMmsl.
2 BapuaHT.
1. JlaHO ypaBHeHHe NPAMONHMHEHHOTO JBIKEHNs Tena:,S=3t>-5t+2, Te S- myTh, MpOHIeHHBIH

Tenom, M; t- Bpems, ¢. Halimute ckopocTh Tena B MOMEHT BpemeHu t=4 C.

2. Touka IBMKETCS T10 3aKOHY S = Lot sl 42 Haite CKOPOCTh U yCKOPEHHE uepes 4 ¢
rocje Havasia JABM)KEHUS (IBM)KEHUE CUMTATh MPSMOIMHEHHBIM).
3. Ilycts g = 3t? — 5t + 8- KOIUUYECTBO HIEKTPHYECTBA, IPOTEKAIOIIEE YepPe3 HONEPEUHOE CEUEHHE
npoBoJIHUKA 3a Bpems . Haiinem cuiy Toka B 1aHHBIN MOMEHT Bpemenu t=3cC.
4. TlycTh TaH HEOJHOPOIHBIN CTEPIKEHBb JUTMHBI I, macca HEOJTHOPOIHOTO CTEPIKHS MEHSETCS TI0
3akoHy: m = 3x2 — 5x + 12. HaiiTu IuHEHHYIO MIOTHOCTh CTEPKHS B JAHHOM Touke X =4

5. TIpu6bL1s GUpMEI 331aHa 3aBUCUMOCTBIO: F(q) = 5g2 — 5q + 12. HaiiTu onTUManbHbIi 00bEM
npousBojcTBa N pupmsl.

IMPAKTUYECKAS PABOTA Ne 51
Ha3Banue npakTuyeckoii padorsl: Mcnonvzosanie npouzeo0HoL 0 HAXOHCOEHUs HAULYUULE2O
peutenus 8 NPUKIAOHbIX 3a0aUaXx.

Hean padotbl: HayunThcss MPUMEHATH MPOU3BOJHYIO IS PEIICHUS TPUKIAIHBIX 3aa4.
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PesyabTarsl:

@opmupyemoie 3nemenmol IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensTh anmapaTHO-IPOTPAMMHBIE CpPEICTBA Ul PacyeTOB M COCTaBJICHHUS
TOMOTpapUUECKUX, MEKEBBIX IJIAHOB
memanpeomemnsie:. MPII 01, MPII 04, MPII 07, MPII 08, MPII 16, MPII 18, MPII 19, MPII 21,

MPK 08, MPK 11, MPP 02, MPP 09
npeomemnosie: 11P6 01, ITPG 04, TTP6 06, ITP6 14, ITPy 08, I1Py 10, TPy 16, [TPy 18, ITPy 19
3HAHUA:
— TlonsTue o mpon3BoaHON GYHKINU U €€ CBOWCTBAX.
— Tabauia npou3BOAHBIX OCHOBHBIX 3JIEMEHTapHBIX (PYHKIUI.
YMeEHHs:
— Bpluucnenue npou3BOJHBIX.
— Haxoxnenue skcTpeMyMoB (QyHKIUH.
Xoa padoTbI:
Ilepen BbImONHEHUEM pabOTHI OTBETHTE Ha CIIEAYIOLINE BOIPOCHI:
1) ®yHkuus Ha3pIBACTCS BO3PACTAIONICH HA JAHHOM IPOMEKYTKE, €CIIH. .
2) DyHKIMs Ha3bIBAaeTCs yOBIBAIOLICH HA TAHHOM [IPOMEKYTKE, CCIIN. .
3) Touka Xo Ha3bIBaCTCS TOYKOW MUHUMYMa, €Ci... To4YKa Xo Ha3bIBACTCSI TOUKOH MakCUMyMa,
€CIIH...
4) CralMOHapHBIMU TOYKaMH (DYHKIIUH HA3bIBAIOT TOYKH. ..
5) ®usuyeckuii CMBICI POU3BOIHON
Pemmre cnenyronye 3anauu ¢ NpUKIIaJAHBIM COIACPKAHUEM:
3ananue 1. Jlan 6ak 6€3 KpbILIKY B BUJE IPSIMOYTOJIBHOIO ITapajiesIeNnuIeia, B OCHOBAaHUH KOTOPOIO
JNeXUT KBaapat u oobeM pasen 108 cm. [Ipu kakux pasmepax 0aka Ha ero M3rOTOBIEHHE MOIIeT
HauMEHbIIIEEe KOJIMYECTBO MaTepuaa?
Ykaszanue:
1) OG6o3HaubTe 32 X —CTOPOHY OCHOBAHHS;
2) BsIpa3ute yepe3 X BBICOTY MapasuielieHIIe/Ia;
3) OmpenenuTe KaKOMY MTPOMEKYTKY TIPUHAICKHUT X;
4) 3Banwumute GopMysy IUTOIIAAN apajUIeIeUIIC/Ia;
5) Haiinure TOUKy MUHEMYMa TOJNyYeHHOH QYHKIIHH.
3ananue 2. UToObl yMEHBIIUTh TPEHUE KUKOCTH O CTEHBI M THO KaHala, HY)KHO CMaulBAEMYIO €10
IUIOIAb CHeNlaTh BO3MOXKHO Majiol. TpeOyercs HailTh pa3smepbl OTKPBITOTO MPSMOYTOJBHOTO
KaHana ¢ IIOMAbI0 cedeHus 4,5M2, PH KOTOPHIX CMAuMBaeMast MIOIIAb OyIeT HauMeHbIIeH.
Ykaszanue:
1) OG6o3HaubTe 3a X —TIIyOUHY KaHABBI;
2) Bsipasute yepe3 X MIUPUHY KAHABBI;
3) Ompenenute KaKOMY MTPOMEXYTKY TPHUHAIICIKHUT X;
4) 3amumute GopMynTy IepUMETpa;
5) Haiigure Touky MUHIMYyMa MOTYYEHHON (QYHKIIHH.

IMMPAKTUYECKAS PABOTA Ne 52
Ha3zBanue npakTuueckoii padborsl: BoiuucieHue nepsoodbpaznou 01 OaHHOU QYHKYUU.

Heap padorbl: HayuuThcs BEIUUCISTH IEPBOOOPA3HYIO I JaHHOW (QYHKIUN

Pe3yabTarsi:
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Dopmupyemuie Inemenmut INK (npogheccuonanvno opuenmuposannoe cooeprcanue):

— IIK 1.6. IlpuMeHsTh anmapaTHO-NIPOTPAMMHBIE CpPEICTBA MJid PAacyeTOB M COCTABJICHUSA
TonorpauuecKux, MeKEBbIX MIaHOB
memanpeomemnwie: MPI1 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09
npeomemnoste. 11P6 04, TPy 10
3Hanus: [lonsarue o mepBooOpa3HOl GyHKINHU U €€ CBOHCTBAX.
yMeHusi: Berurnicnenue nepBooOpasHbIX.
Xopn padorhl:
Onpenenenue. Ecnu ansg mo0oro X m3 MHOXKECTBa X BBINOJIHSACTCS PaBEHCTBO F’(x): f(x), TO

GyHKIIIO F(x) Ha3bIBAIOT NIEPBOOOpa3Hoi st pyHkuu f (X) Ha JIAaHHOM MPOMEXKYTKE.

DyHKIUA IlepBooGpa3nasn DyHKIUA IlepBooGpa3nasn
f(x) F(x) f(x) F(x)
k-nocmannas kx+C a“,a)0,a=1 Ia +C
na
p+1 p+1
xP,p=-1 X iC (kx+Db)’,p# -1k =0 M+C
p+1 k(p+1)
1 1 1
- —— k=0 —In(kx+b)+C
Jx 2/x+C kx-+b i lloceb)
1
e” e*+C e k=0 Eekx+b +C
. ) 1
sin X —cosx+C sin(kx+b),k =0 _FCOS(kH b)+C
i 1.
COSX sin x+C cos(kx+b),k =0 L sin (kx+b)+C
1
_ tgx + C = In|x|+C
COS™ X
_ 12 —ctgx+C
sin © x

OcHOBHOE CBOWUCTBO nepBooﬁpasuoﬁ

Ecrin F(x) — oaHa 13 nepeoodpasHbix 4N
dbyHKUMK f(X) HA HEKOTOPOM MPOMEXYTKE,
TO MHOXeCTBO BceXx nepBoobpasHbIX 3TON
hYHKLUMM onpefensaeTca BblpaXkeHnem
F(x)+C,

raoe C- gencTBuTeribHoe 4ncro
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Tpu npaBuna HaxoXxaeHus
nepBoo6pasHbIX

Ecmu ¢pyHkmuu y=£(x) u y=g(x) HMEIOT Ha
MPOMEKYTKE MEePBOOOPA3HBIE COOTBETCTBEHHO
y=F(x) u y=G(x), T0

DyHKUUA MepBooGpa3Han
y=1fx)+g(x) | y=Fx)+GX
y =k f(x) y =k F(x)

y = f(kx +m) y =2 F(kx +m)

IIpumepl. Haiitu oqny u3 nepBooOpa3HbIX QyHKINUN f (X) = x* +3CoS X.

Pemenne: Vcrionb3ys, paBuiia HHTEMPUPOBAHKS U TaOIMIy IEPBOOOPa3HBIX it QyHKIMU X P

mpu P =2 u gs COS X Haxomum OJIHY U3 IIEPBOOOPA3HBIX JAHHOM (QYHKIIHK:
3
X .
Orser: F(X)= 3 +3sin x_

1
Hpumep 2. J{ns pyuxmun | (X) = 05 x HalTH epBOOOpPa3HYI0, TpauK KOTOPOIl MPOXOAUT

yepes3 Touky M G; O).
Pemenue: OOumM BUI0M MepBo0Opa3HbIx st T sBisiercst GyHKIus F(X) =1gx+ C Pemas
ypasuenne: 0=tg=+C=0=1+C=C=~1

Taxum 06pa3oM, HCKOMas MepBoOOpa3Hast eCTh (PYHKIUS
Otger: F (X) =tgx—1.

3agaHus 1J1s1 CAMOCTOAITEILHOM PadoThI:

Bapuanr 1 Bapuant 2
1. Haiitu nepBooOpa3Hbie )i ClIeIyIomuX GyHKIUH;
1Lf(x)=2 1 f(x)=-6
2.f(x)=x—-2 2.f(x)=x+3
3. f(x) = 2x? — 3x3 3. f(x) = 7x5 + 3x?
4.f(x)=xi2—3x 4.f(x)=xi3+5x
5 f(x) =52x —4) 5 f(x) =43Bx+2)
6. f(x) =51 —2x) 6. f(x) =4(1—x)
7. f(x) = cos(3x — 4) 7. f(x) =sin(4x + 1)
8. f(x) = 21~ 8. f(x) =el™™
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9. f(x) = = 9. F(x) = ——

(x+2)2
_ 5 _ 5
10. f(X) - c0s2(x+5) 10. f(X) = m

2. s pynkium f(x) HalTH IEpBOOOPa3HYIO, rpauK KOTOPOM MPOXOIUT Yepe3 TOUKy M.
fO) =1+x% M(-3;9) | f(x) =5—x° M(2;—-1)

HPAKTHYECKASA PABOTA Ne 53
Ha3Banue npaktudeckoi padborsbl: //puvenenue unmezpana 0isi 6bIYUCTHUS PUIULECKUX GeTUYUUH
u niowaoetl.
Heab padorbl: HaydyuThCs BBIYUCIATH IUIOMAANA TUIOCKUX (GUTYp U (U3MUYECKUE BEIMYUHBI C
MTOMOIIIBIO OTPEIETICHHBIX HHTErPAJIOB.

Pesyabrarsi:

Dopmupyemuie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensaTs anmapaTHO-IIPOrPAMMHBIE CpPEICTBA JJIi PacueToB U COCTaBJICHHUSA
TONOrpapUUECKUX, MEKEBBIX IIIIAHOB
memanpeomemnsie. MPII 01, MPII 04, MPI1 07, MPII 08, MPII 16, MPII 18, MPII 19, MPII 21,

MPK 08, MPK 11, MPP 02, MPP 09
npeomemnsie: 11P6 01, I1PG 04, TTP6 06, I1P6 14, I1Py 10, [1Py 16, ITPy 18, ITPy 19
3HAHMSA:
— Tlonstue 06 onpeneneHHOM HHTErpae.
— IlonsATHE O KPUBOJIMHENHON TpaNCLUN.
yMeHus1: Beruricnenne onpeneneHHbIX HHTETPAJIOB.
Xon pa0doThI:
Kpueonuneiinoii mpaneyueii (puc. 1) Ha3pIBatoT GUTYpy, KOTOpast OTPaHUYEHA:
v 1 y=y(X) ® CBepxy - rpaMKoM HEMPEepHIBHOW (HYHKIIHH
y=y(x)
e cHmu3y — ocbio OX (y=0)
e clieBa — IIPAMON X=a
e cmpaBa — IpsAMOi X=Db

[
»

a b X

Puc.1

['eomeTpuyeckuii CMbICI ONPEAECTIEHHOTO MHTErpajia B TOM, YTO €ro 3HAYEHHWE PaBHO IUIOLIAIN
COOTBETCTBYIOIIEH KPUBOJIUHEUHOW TpaNeuu:

b
S = [y()dx

PaccmoTpuM paznnyHble METO/IbI BEIUUCICHUS TUIOIMAAEH MITOCKUX Guryp.
Mpumep 1. BEIUucIuTs miomans mIocKoil GUrypsl, OrpaHHUEHHOMH THHUAMI: Y = X° — 2X + 2, X=-

1, x=2 u ocero OX.
Pemenne: nannas ¢urypa (puc. 2) npeacraBiseT co00i KPUBOIMHEHHYIO TPaMeIHio, O3TOMY €&
IJI0IA b BEIYHCIsgeTcs mo hopmyre (1).
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A ) 3 2
y=x—2x+2 S = J(xz —2x+2)dx:x— —xz‘z +2X|2 =

4 31, - -
3 3

=(2——(_—1)j—(22 (1P )+ (2-2-2-(-1) =
3 3

=3-3+6=06.

1 2 X OrtBer: 6 kB.ea.

Puc. 2

[Mycte y=f(X) — HenpepriBHas GpyHKuMs npu X € [a, b], rpaduk koTopoii pacnonoxeH Huwxke ocu OX

(puc. 3). 3HaueHue omnpeneIEHHOr0 WHTErpajga OyAeT OTpUIATEIbHBIM, MO3TOMY IS pacuéra
wiomaan 6epém 3HaueHHE UHTETpaa o MOIYJIIO.

v A
a b
X i
\@/ S = J. f(X)dX (2)
| a
y=f(x)
Puc. 3

INpumep 2. BblumcauTh MIOMAAL IUIOCKOH (UIyphl, OrpaHMYEHHON TpadukoM (yHKIUM
2
Yy = X“ —=5X+6u ocrro OX.

Pemenne: nannas ¢urypa (puc. 4) pacrnosnoxena ke ocu OX, mosromy npuMeHuM Ghopmyiy (2).

: P sxel 3
v , S:I(x2—5x+6)dx:— - +6X,|=
A y=x"-5x+6 2 , ,
3 3 2 2
32} 222 esed]
3 X 19 25 38—-75+36 1l 1
3 2 6 6| 6
Puc. 4 Otser: 1/6 xB.ex.

[Tpumep 3. BbluMcAMTh IUIOMAABL IUIOCKOM (PUTYpBI, OrpaHWYeHHONW Tpadukamu GYHKIUH
y=xX+1y y=-Xx+3.

Pemenue: nannas ¢urypa (puc. 5) npeacrapisieT co00i pa3HOCTh KPUBOJIMHEWHBIX Tpareuuit
AGcuucchl TOYEK MepeceyeHrs HaXoAuM 0 YepTexy: X1=-2 u X2=1.

1 1
S = j (—x+3)dx — J.(Xz + 1)dX . Mo’xHO 3anmcaTh MOJ OJTMH WHTETrpal:
-2 -2
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YA

=x2 41 1 1

yexr S:I(—x+3—(x2+1))dx:I(Z—x—xz)dx:

_2 -2
h 1 31 2 2
E :2X|12_X_ _X =(2-1-2-(-2))- 1__&_
5 22|, 3, 2 2
i ) y:-X+3 3 _92Y)
N\ _Ll__ﬂjzﬁ_(_ﬁj_gzzg
| | R 3 3 2 2
/
-2 1 X OrtBert: 4,5 KkB.ex.
Puc. 5

Ilpumep 4. BpluuciauTh IIIOmMAAb ITUIOCKOW (GUTYpBI, OTrpaHUYCHHOW TpadukamMu GYHKIIHHA

y= x? +1u y=—-X+ 3, U KOOPAUHATHBIMH OCSMH.

Pemenue: nannas ¢urypa (puc. 6) npencrapiser co00i CyMMY KpUBOJIMHEWHBIX Tpamnenuii S=S1+Sp,
1 3
rae S; = J.(X2 +1)dx u s, = I(— X+ 3)dX . [Monyuum dopmymy:

0 1

1 3

2 . ; ’ 2
y=x +1 SZJ(X2+1)dx+j(—x+3)dX:X? +X|(l)—x7 +3X|::
0 1

y=-Xx+3
/ > _Liiase-3t
o1 3 X
Puc. 6 OtBeT: 3% KB.e/l.

Hpumenenue onpeoeﬂermozo unmezpania 07151 6bIMUCICHUSA (])u3uuecmtx 6e/IHYUH

Ne | ®usnueckas BenMunHa dopmyia Enunnie:
n/m U3MEPEHUS
1 I1yTh, NpONACHHBIN TOYKOHN C IEPEMEHHOU K g t,,t,-c
ckopoctbio L(t) 3a oTpe3ok Bpemenu [t ,t, ] S_J v(dt v(t) — m/c; S — m.
2 Pa6ora nepemenHol cuibl f(X) Ha MyTH OT TOYKH b f(x) — H;
A= j f (x)dx e
a 10 TOYKH b a,b—wm;
: A — JTx.
3 Cuna naBneHus )KUJIKOCTH Ha BEPTUKAIbHYIO b 0=9,8 m/c’;
ITACTUH P=g ,[ pxf (x)dx 3
y p—Kr/M”;
a
a,b—wm;
p—H.
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3aganus AJ151 CAMOCTOATEIbHOM padoThI:

Nol Ne2 Ne3
=x2+1
f 3 =
= & a
1
y:‘;
x -1
? 2 V 0 2

1. CKopoCTh NPAMOIMHEHHOTO ABIKEHHUS Tela BhIpakaeTcs Gopmyinoit v=9t>-2t-8 (m/c). Haiitu
MyTh, POUICHHBIA TEJIOM 32 3 CEKYH/IbI OT Hayaya JABMKCHHUS.

2. lBa Tena HayajiM JBUIAThCS OJHOBPEMEHHO M3 OJHOW TOYKM B OJHOM HAIpaBJIEHUH 10
npsiMoid. [TepBoe Teno IBMKETCS CO CKOPOCThIo V, =(2t* +4t) M/c, BTopoe — co ckopocThio V, =(3t+2)
M/c. Ha kakoM pacCTOSIHUM APYT OT JApyra OHHM OKaxyTcs depe3 10 ¢?

3. Cuna ynpyroctu F npysxussl, pactsnyroi Ha 1,= 0,02m, paBna 2H. Kakyro paboty Hajgo

IPOU3BECTH, YTOOBI PACTAHYTH NPYKUHY Ha 1, = 0,05M?

4. BeraucnuTh paboTy, COBEPIICHHYIO TIPH CxXATHH MPYXUHBI Ha 0,06 M, ecitu 1)1 ee CyKaThs Ha
0,01 nyxna cuna 10 H.

ITPAKTHYECKAS PABOTA Ne 54
Ha3Banue npaktnueckoii padorbl: Haxooicoenue ypaguenuii OKpyscHocmu, cghepul, nioCKOCmu.
Buiyucnenue paccmosanuii mexcoy moukamu.
Heab padorsl: HayunTbes cocTaBisTh ypaBHEHUS Cepbl U MIOCKOCTH, BBIYUCIATh PACCTOSHUS
MEXy TOYKaMH.

Pe3yabTarsl:

Dopmupyemovie 3n1emenmut IIK (npogheccuonanvno opuenmuposanmnoe cooepircanue):

— IIK 1.6. IlpumensTh anmapaTHO-NIPOTPAMMHBIE CpPEICTBA U PacyeTOB M COCTaBJICHUS
TONOrpapUUECKUX, MEKEBBIX MIIAHOB
memanpeomemnste. MPIT 01, MPII 02, MPIT 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09
npeomemnuwie: 11P6 13, [1Py 17.
3Hanms: [Tousatue o chepe, mape, MIOCKOCTH.
YMEHHs:
— CocraBnenue ypaBHEeHUH cepbl U MIOCKOCTH.
— Bepluncienue paccTossHUS MEXy TOUKaMHU.
Xox padoThI:
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Cdepoii Ha3bIBaeTCS MOBEPXHOCTh, COCTOSIIIAsE U3 BCEX TOYCK MPOCTPAHCTBA,
PacCIoJIOKCHHBIX Ha JaHHOM paCCTOAHUU OT ,IIaHHOI\/'I TOYKHU.

Jannass Ttouka O Ha3bpIBacTCsl WEHTPOM cdepbl, a JaHHOE pacCTOSHUE —
paauycom cepnl. O603HadaeTcs R. J1060ii 0Tpe30K, COSTUHSIONUN IICHTP

KaKyr-HHOY/Ib TOUKY C(ephbl, TAKIKE HA3BIBACTCS PATUYCOM CHEPHI.
OTpe30K, COCTUHSIIONMMUI Be TOYKU chepbl U MPOXOJAIINN Yepe3 ee ICHTD,
Ha3bIBaeTCs AuamMeTpoM cdepsl. Juamerp chepsl paBeH 2R.

Teno, orpannueHHoe cepoil, Ha3bIBACTCS MAPOM.
Hlapom paauyca R ¢ menTpom B TOuke O
Ha3bIBAETCS TEJO, KOTOPOE COJEPKUT BCE TOUKHU
IIPOCTPAHCTBA, PACIOJIOKEHHbIE OT Touku O Ha
] paccrosinuu, He npesbliatonieM R(Bkitouas O), u
\) HE COJEPKUT APYTUX TOUEK.

Cdepa ™Moxer ObITH MONyY€HA BpalICHUEM \"

nosyokpyxxuoctu (ACB) BOKpyr ee auamerpa o

(AB), a map — BpalieHue NoJayKpyra BOKpYT €ro auamerpa. '

YpaBHenue cdepbl paguyca R ¢ nearpom C ( xo; yo; 20):.

& R? = (x=Xp)* +(y = ¥o)* +(z2—-2,)*.

W I
/A M(xy; .
/ /"“ f(x5y ;) Paccrosinue ot npousBoJibHOii Toukn M (x; y; ) mo C ( xo, yo;
1 Zo) BeIUHUCIIACTCS IO hopmysie:
\I\_/ MC = \/(X_Xo)2+(y_yo)2+(Z_Zo)2-
0 v
x

OO0u1ee ypaBHeHMe IVIOCKOCTH UMEET BUJL
Ax + By + Cz + D = 0, rae ko3 duumentsl 4, B, C 0AHOBpEMEHHO HE paBHbI HYIIIO.

3anaua 1. CoctaButh ypaBHeHHE cepbl paanyca R =5 ¢ nienTpoM B Hauane KOOpIMHAT.
Pemenue: HenmocpeacTBEHHON MOICTAHOBKOW 3HAYEHMS paJilyca B ypAaBHEHUE
x* +1? + 7% =R? nonmyanum x> + )% + 22 = 25,
3anauva 2. Hanucats ypaBHeHHe cdepsl ¢ ieHTpoM B Touke C (2; —3; 5) u paanycom, paBHbIM 6.
Pemenne: [loncraBuB 3HaueHne KoopAUHAT TOUkU C 1 3HaYEHHE pajinyca B ypaBHEHHE
(x—a)?+(y—b)>+(z—c)®> =R? MOTy4UM
(x— 2)?+(y+3)?+(z—5)>=36.
3agaua 3. Haiitu nentp u paauyc chepst  (x + 4)2 + (y — 3)% + z2=100.
Pemenne: CpaBHUBas JaHHOE ypaBHEHUE C YpaBHEHHEM c(epsl
(x—a)>+ (y—b)?+ (z—c)®> =R? Buanm, uto
a=—4,b=3,¢c=0,R=10. Cnenoarensno, C(—4; 3; 0), R = 10.
3agaua 4. Jlokazatp, 4TO ypaBHEHHE
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¥ +y?+72 —2x+4y—62+5=0

ABIISICTCS YpaBHEHUEM C(epBl.

Pemenne: IIpeoOpazyeM JEBYIO 4YacThb JaHHOTO YPaBHEHHUS, BBIACIUB KBAJApaThl JBYYJICHOB,
COZIep KaIINX COOTBETCTBEHHO X, ) U Z:

x> —2x+y?+4y+72—62+5=

=(x— 1)?— 1+(y+2?—4+(@z—3)%>—9+5=
=(x— 1+ (y+2)*+(z—3)*-9.

CnenoBartenbHO, JaHHAS TIOBEPXHOCTh HMEET YpaBHEHHE
(x— 1)+ (y+2)°+(—23)*=0.

3) u paauycom R =3

3aganus AJ15 CaMOCTOSITEIbHOM padoThI:

Bapuanr 1.

1. Cepa 3anana ypapaennem: (x — 1)2 + y2 + (z— 2)2 = 9

a) BRIMUIIATE KOOPIUHATHI IEHTpa chephl 1 HAalANUTE ee pasyc,

0) poBephTE MPUHAICKHUT JIK 3TOH chepe Touka A(1; 3; —1).

2. CocraBbTe ypaBHenue cdepsl, ecim M (2,0; 0) — HeHTp chepsl a paguyc paeH V3.

3. Banumure ypaBHeHue chepbl ¢ neHTpoM B Touke O(0;1; — 2) u mpoxomsiieil yepe3 TOUYKY
C(-3;1; 2).

4. [TpuBenuTe JaHHOE yYpaBHEHHE K CTAHJAPTHOMY BHUJy ypaBHEHHE Cephl U HAMIUTE KOOPAUHATHI
ee LICHTPA U BEJINYUHY pajguyca:

x2+y2+z2+2x—2y=2.
Bapuanr 2.
1. Cdepa 3amana ypasuenueM: (x — 4)? + (y+ 2)? + z2 = 4.
a) BBIIUIINTE KOOPAMHATHI LIEHTpa cpephl U HAAUTE ee paauyc,
0) mpoBepbTe MPUHAICKHUT JIK 3TOH chepe Touka A(4; 3; —1).;
2. CocraBbTe ypasuerue cohepsl, eciu P (0;2; 0) — rentp chepsl a paguyc pases V5.
3. 3anmmure ypaBHeHue chepsl ¢ neHtpoM B Touke 0(0;2; — 1) m mpoxomsineil yepe3 TOYKY
K (—1; —1; 0).
4. [IpuBeauTte qaHHOE ypaBHEHUE K CTAaHIAPTHOMY BHYy YpaBHEeHHE c(hepbl U HAaWANTE KOOPIUHATHI

€€ LIEHTpa U BEIUYHUHY pajuyca:

x2+y2+22-2x+2z=7.

IMPAKTUYECKASI PABOTA Ne 55
Ha3panue npaktuyeckoii padorbi: CrooiceHue u 8bluumarnue 6eKmopos. YMHodceHue 6eKmopa Ha
yucno. Buiuucnenue yena medxcoy 08yms 6ekmopamu.

Heans pabGorel: HayunTbesl BBITOJNHATH OINEpalMy HAJX BEKTOPAaMH, BBIYUCIATH KOOPAUHATHI
BEKTOPOB, ONPEIEIATh YTOJI MEXKY HUMHU.

Pesyabrarnl:

Dopmupyemoie 3nemenmot IIK (npogheccuonanvno opuenmuposannoe cooeprycanue):
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— IIK 1.6. IlpumensaTs anmapaTHO-IPOTPAMMHBIE CpPEACTBA [UI PacdeTOB M COCTaBJICHHUS
TONOrpapuUecKux, MEKEBBIX MJIAHOB
memanpeomemnsie: MPI1 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09

npeomemmnosie. 11P6 13, [1Py 17
3HaHus: [loHaTue o BekTOpe, ero KOopANHAaTaX.
ymenusi: [loctpoeHne cymmbl, pa3HOCTH BEKTOPOB.

Xopn paborhl:

JIr060i1 HanIpaBIEHHBIN OTPE30K MPSMOU HA3BIBACTCS 6EKMOPOM.

—_—

BekTtop, 3ananHbiii napoii HecoBnaaaromux Touek A u B, o6o3nauaercsi 4B, mpuyeM B 3TOH 3alKUCH
A-Hauano BekTopa, B-ero xoner.

> o o o
BekTopsl MOTYT OBITh 3allMCaHbl C TOMOIIBIO CTPOYHBIX OYKB: a; 6; ¢, d ...

Hyﬂeeth 6€KmMopom HA3bIBACTCA BCKTOP, Ha4YaJl0 M KOHCL KOTOPOTO COBIIAAArOT. HaHpI/IMep,

AAunu O spasercs HYJIEBBIM BEKTOPOM.

AB|, M, TOBOPST

ﬂJlMHOﬁ 6€Kmopa Ha3bIBACTCA NJIMHA ITOPOXKAAOIICTO €Iro OTPEC3Ka, O603H3‘IaeTC${,

«MOJlyJIb BEKTOpa». [lyinHa HyJI€BOTr0O BEKTOpa |AA| =0.

JlBa BEKTOpa HAa3bIBAIOTCS KOJIUHEAPHLIMU, €CIIA OHU JIeKaT HAa OJHOM MNpsAMOM WM Ha
MapajvieIbHbIX MPSMBIX.
Tak, Ha puc.]l KoUTMHEAPHBIMU

A C D K SABJIFOTCA  CJICAYHOIIIUC BCKTOPBI:
L FD u FB; CAu DB; FO u CO.
0 B pnc2
C A Cpe,Z[I/I KOJUIMHCAPHBIX BCKTOPOB
C€CThb TaKuce, y KOTOPBIX
F :
D N
. pnc3 B 0

HaIlTpaBJICHUA COBIIagaroT. Ot
BCKTOPLbI Ha3bIBAKOTCA

puc 4
COHANMpABJACHHBIMU ¥ [HIIYT
E-'f B (xl vl — —
i FOT1 OC (cm. puc.1).
| Ecnmu  HampaBineHHMst  BEKTOPOB
a7 == .y2 TIPOTHBOIIOJIOKHO HAIpPABICHbI, TO
_/_,.,—l”'/ ! UX U Ha3bIBAIOT POTHBOMOJIOKHO
HAIpPAaBJICHHBIMK u M1
8 xl ¥oox P yT

c4AM™ FB; FO Tl co. (cm. puc.1)
JIBa  KOJIIMHEapHBIX  BEKTOpa
Ha3bIBAIOT PABHBIMHU, €CIU OHU
COHAMPABJICHBI U UMEIOT PABHbBIE ITTUHBI; IPYTUMH CJIOBaMH, a= B, ecua T bu |a| = |b| Ha puc.2
EK = FL, no EK # LF.

eiicmeusn nao eekmopamu

1. Cymmoii_BextopoB @ U D naseiBaetcst Takoii BekTop C, HaYamo KOTOPOro COBIIANACT C HAYATIOM

BCKTOpPa d , a KOHEII C - C KOHIIOM BCKTOpPa b , [IpU YCJIOBHUH, YTO HAYAJIO BCKTOpPa b IMEPCHCCCHO B
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KOHel[ BekTopa a (mpaBmiio TpeyroibHuka). Ha puc.3 OA+ AB = OB wiu OB + BA = OA. Ha puc .4

OA + OB = OC (npasuiio napaenorpamma). CyniecTByer IpaBHJI0 MHOTOYTOJIbHUKA.
CBoiicTBa CyMMBbI BEKTOPOB:

o a+b=Db+a (nepemecrurensroe cBoiicTBO)

(a +b)+c = a+(b+C) (coueraTenbHoe CBOKCTBO)
° a+0=a.
2. Pasnocmuio eexmopos 4 U D maspiBator cymmy Bekropa au —b, mea—b=a+ (=b).

Bexrops! bu-—b Ha3bIBAIOTCS npomueononoxcuvimu. Ha puc.3 OA—OB =BAu OB —OA = AB.

3. Ilpouseedenuem BEKTOpa a Ha BEIISCTBEHHOE YKcio K Ha3biBaeTcs BekTop Ka, KOTOphIid nMeeT

, u KOJUIMHEapeH a. Ipu ITOM eCITH k

JUTHHY, PaBHYIO K ‘a
Y0, mo aT™ k_a, ecau k{0, mo a T ka.
Ha puc.3 @=%@;E=—§&.

Jlexapmoea cucmema Koopounam
Ecnu 3amana npsimoyrosibHast cucrema koopauHaT XOVY, Ha ocsix OX u OV B3SThl €IUHUYHBIC

Bektopel | U ] coorBercTBeHHO, TO chpaBemmBo paseHctBo OM =xI+Y] (cm

puc.5).JlokaxuTe caMOCTOATEIBHO.

Yucina X ¥ Y Ha3bIBAIOTCAd KOOPJAWHATAMH BEKTOpa OM. [Mumryr OM = {x; vy} Ha puc.5 OM =
{7; 4}.06bsacHuTE IOUEMY.

Ecnu Bektop M, M, He npoxoIuT uyepe3 Hauaio KoopAuHar (puc.6), To

MM, = OM, — OM; = {x3;y,} — {x1; y1} = {x2 — x1; Y2 — ¥1}, T.€. 015 Haxodcoenuss koopounam
BEKMOPA HYIHCHO U3 KOOPOUHAM €20 KOHYA BbIYeCHb KOOPOUHAMbL HAYAILA.

Ipumep 1. ans Touku A (3;2), B(-1;5), C(0;3). Haiitu koopauHaTsl BeKTOpoB A5, BC; AC.
Pemenmne:

AB={-1-35-2}={-43} BC={0-(-1);3-5}={1;,-2}

AC={0-3;3-2}={-3;1}
eiicmeusn nao eekmopamu, 3a0aGHHBIMU CEOUMU KOOPOUHAMAMU
Ecim BekTOpHI 3371aHBI B ICKAPTOBOM CHCTEME KOOPJIMHAT CBOMMH KOOPIUHATAMH, TO:
1) npu cnoxcenuu 08yx u 60.J1ee yucia 6eKmMopPo8 ux 0OHOUMEHHbBIE KOOPOUHAMbL CK1A0bI8AIOM A,
T.e. eci d = {x3; 1}, b = (X3, Vo1, 0 & + b = {x; + X33 1 + V2.
2) npu 6vlMUMAHUU 6EKMOPOE UX O0OHOUMEHHbIE KOOPOUHAMDbL GbIYUMAIOMCA, T.€. €CIU 4 =
{xi; 7} b= {x2;y2}, T0 G — b= {x1 — %2571 — y2}-
3) npu ymHOMCEHUU 6eKMOPA HA YUCI0 KaxcOaa KOOPOUHAMA 8EKMOPA YMHOMCACMCA HA IMO
uucno, 1.e.ecmu d = {x;y. L, 0k-d ={k-x;k-y.}
Ipumep 2. [lanb BekTOpsl d = {—2; 4}, b= {3;1}. Haiiru 1) a + b: 2)d — b: 3)0,4a;4) — %B
Pemenne. CoracHo MpuBeISHHBIM MIPABHUIIAM, TTOTYUIHM:
1)d+b={-2+3;4+1}={1;5}
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2)d—b={-2-3;4—1}={-5;3}
3)0,4d = {0,4- (=2);0,4 -4} = {—0,8; 1,6}

4 15—{ 13- 11}—{1- 1}
) 37 L 37 3 B '3
Jlnuna eexmopa, paccmoanue mexcoy 08yma mouKamu Ha na10CKOCmuU

Jlnuna eekmopa, 6v1xo0auie2o u3 Havana Koopounam (CM. puc.5), paBHa KBaJIpaTHOMY KOPHIO U3
CYMMBI KBaJJpaTOB €ro KOOPJIUHAT, T.C.

oM |={x* +y*.
ECHI/I BeKTOp 3a1aH ABYM: TOYKaAMHU

M (x;;y)u M,(x,;y,), mo |M1M2| = \/(xz -x)+0, =) (@ ITo »Toit Qopmyne

MO>XHO HaWTH pPacCTOAHHUE MEXKAY JABYMsA TOYKAMH, C 3aJaHHBIMH KOOpAHWMHATaMU (06'E>$ICHI/IT6

IIoYeMYy).

Hpumep 3. Haiitn umny Bextopa AB; ecmu A (5; 2), B (8;-2).

Pewenue. [Ipumenss popmyay (2), Hoaydum AB = \/ (8-5)*+(-2—-2)*> =+/9+16 =5.
Otser: A_B =b5.

Cranapnoe npouseedenue 6eKmopos
Cranapuvim npouszgedenuem IByX HEHYJIEBbIX BEKTOPOB HA3bIBAETCS YHUCIIO, PABHOE MPOU3BEACHUIO
JUIMH 3THX BEKTOPOB HA KOCHHYC YIJia MEX1y HUMH, T.€.

a-b= H - ‘5‘ .COS 4(5; 5) 3)

Ecau  BekTopsl 3aJaHbl CBOMMH  KOODIMHATAMHU, a{X1; yl}u b{XZ; yz} TO CKaJIsAPHOE

MPOU3BCACHUC HAXOJAT TaK:

gl'6:)(1')(2"’)’1‘3’2 (4)

IIpumep 4_ B paBHOcTOpoHHEM TpeyroiabHuke ABC co cTopoHOH, paBHOU 4, HAalTH CKalsipHOE

IIPOU3BEACHHE BEKTOPOB E u Zj

Pemrenye: Tak Kak yriisl B PaBHOCTOPOHHEM TpeyrombHHKe 1o 60°, To, ncronssys dopmymy (3),
nonyanv AB-AC =4-4-c0s60° =16-1 =8,

Otser: 8.

Ucnoneizys dopmynst (1), (3), (4), MOKHO BbIBECTH (OpMyIy IJsl HAXOXKJIEHUS KOCHHYyca yria
MEX1y BEKTOpaMHU:

bl X Xt Y Yo
2 2 2 2
\/Xl Y '\/Xz Y,
Ipumep 5 Haiitu yron A B Tpeyronsauke ABC, ecniu A(6;7), B(3;3), C(1;-5).

cos 4(5;

(5)

Pemenne: OnpeneniM KOOpAUHATHI BEKTOPOB A_B{—3;—4},A_C{—5;—12}. Berancianm xocuHyc
yriia MeXIy BeKTopamu 1o popmyne (5):
cos Z(E; E) = 3. (9+(4)-(H12) = 63 = §

VB + (-4 (5 +(-12° 513 65
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Z(AB; AC) = arccos 53 Omeem  arccos &2,
65 65

33}13]—[1/151 JUIS1 CAMOCTOATEIbHOM paGOTLI

1. Haiitn xoopaunatsl BektopoB AB; CB; CA, eciu AB = 2i + 3]; B= —5i; CA=i- 7].

2. HaiiTi KOOpIMHATHI BEKTOPOB BA; BC; AC, ecnu BA =3i ~5j;BC=4j; AC=-8i+].

3. Janbr TOYKH AQ3;-1); B(0;-5); C(-2;1). Haiitu:
AB; BC; CA; AB+ BC; AC— AB;m = 2AB +3BC —0,5CA.
4. Janbl TOYKH A(4;0), B(-1;3), C(5;7). Haiitu:

AC; AB; BC; AB+ BC; AB— BC; m=-34B+2BC -5AC.

5. Jlan tpeyronbuuk ¢ Bepimmaamu F(7;7), D(4;3), C(3;4). Haiitu ero nepumerp.

6. Han tpeyronsnuk ABC, A(-4;1), B(-2;4), C(0;1). [Hoxa3zarb, 4YTO HaHHBIA TPEYrOJbHUK
paBHOOEIPEHHBIH.

7. Huaronanu kBaapata ABCJI mepecekatorcss B Touke O. Haiimm yrom mexnay BEKTOpamu: a)

JIC u AJ], 6)AB u AC, 6)OA u OC;
8. Huaronanmu pom6a ABC/] mepecekatorcsi B Touke O, u auaronans BJ[ paBHa cropoHe pomoOa.
Haiiu yroa Mex 1y BEKTOpaMu: a) ABu AC; 6)ﬁ u OB; 6’)@ u Ol

9. BblumciuTe cKasipHoe mpoussencHue BextopoB 3,9}, M{—2;7} u onpenennts Bun yria

MEX/1y JaHHBIMH BEKTOpaMH.
10. Beruuciute cKalsspHOE IPOU3BEICHIE BEKTOPOB U ONIPEIEIINTh BUJ yIJ1a, 00Pa30BAHHOIO MEKIY

BEKTOPAMH 6{0,5; 7}, 6{7;—0,5}_
11. Haiftu yron mexny Bextopamu FD u DC, ecau F(1;6), D(1;0), C(-2;3).
12. HaiiTi yronm Mexay BEKTOpamMu RL u O_P, eciu R(0;3), O(6;-1), L(5;0), P(9;4).

IMPAKTUYECKAS PABOTA Ne 56
HazBanue npakTudeckoi padorbl: Buiuucienue CKalapHo20 npou3eeoeHus 6eKmopos.
Hean padoTbl: HayuynThcs BBIYUCIATE CKAIAPHOE IPOU3BEICHUE BEKTOPOB.

Pe3yabTarsl:

Dopmupyemoie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumensaTs amnmapaTHO-IPOrPAMMHBIE CpPEICTBA JIs PAaCUETOB M COCTABICHMS
TOMOTrpaQUUECKUX, MEKEBBIX TUIAHOB
memanpeomemnsie: MPII 01, MPIIT 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09
npeomemnsie: 11P6 13, [1Py 17
3HAHMS:
— Tlonstue o BekTope, €ro KOOpaAUHATaX.
— TlonsTue o ckansipHOM NPOU3BEIECHUHN BEKTOPOB, €0 CBOWCTBAX.
YMenusi: Boruncnenue ckaasipHOTO MPOU3BEICHUS
Xopn paborhr:

PaccMOTpHM 1Ba BeKTOpa 4 = {X1; y1; 21} U b = {X5; V5; 25}
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CKa]Z}lprlM np0M36€0€HM€M BCKTOPOB du b Ha3bIBACTCA YUCJIO0, PaBHOC ITPOU3BCACHUIO UX

b| * COS .

JUIMH Ha KOCUHYC YTJIa MEX/y HUMHU: (a, b) = | a | .

Ilycts BekTops @ u D 3anassr cBonMu KoopruHaTamMu @ = {x1; y1; z1} u b = {x5; V; 25},
TorIa
- CKaJSIPHOE TIPOM3BEICHUE ITHX BEKTOPOB HAXOUTCS O (hopMyIIe
(&,b) =X X2t Y1)z
- KOCHHYC yIJIa MEXYy HUMH — 10 (hopMyJie
X1 X2+ Y1 Y2
\/X12 +y1%- \/xzz + y2°

cosQp =

CBOICTBA CKAaNAPHOro Npon3BeaeHUn

1. Npwu NEPECTAHOBKE MHOXMUTE/IEN ckanapHoe npousseaeHne HE UISMEHAETCA :

(a,b)=(b.a) a-b=b-a
2. YNCNO MOXHO BbIHOCUTb 3a ckanapHoe npousseaeHue :
(1a,b) = A(a,b)
3. MNpu ckanApHOM YMHOXeHUN BeKTopa Ha cymmy Bektopos MOXHO PACKPbITb CKOBKU :
a-(b+c)=a-b+a-c

4. CKANIAPHbIM KBAZIPAT BekTopa( TO ecTb cKanapHoe npousseaeHue BekTopa Ha cebs)
paseH KBAZIPATY ero OJ1IHbI ( MOAYNA ) :
a’*=a-a=|al-lal-cos0= [a|-|al-1= |a|-|a] = |g|?

3AMEYAHME : noatomy ecnu Bektop a Bo3ssectn CKAJIAPHO B KBagpart 1 3aTem U3B/eYb

KOPEHDb, To nonyynm HE nepsoHavanbHbii BEKTOP, a ero MOAY/1b :
Jaz =|a

IIpumep: Haiitu (35 — 56) . (25 + 76), eciu

5|=3,|B|=1,5J_5
2 2 _ 2

Pemenne:(35 - 55) : (25 + 75) —6a —10 (5, 5) +21 (5, 5) —35h =6 |a

_ _ .2
—11<a,b)—35|b =6-32-11-0—-35-1=19

((5, 5) = 0,1k, a L b).

3agaHus 1J151 CAMOCTOATEIbHON padoThl

Bapmuanr 1.
1. Mansl Touku A(1; 3),B(4; 7),C(—1; —1),D(7; 5),Q(x; 3).
a) Haiinure KoopAMHATEI BEKTOPOB ABu CD.
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6) Haiinute 1ymHBI BEKTOPOB ABuCD.

B) Haiinure ckanspHoe npou3BeieHIE BEKTOPOB ABuCD.

r) Haligure kocunyc yria Mexay BEKTOpamMu ABu CD.

1) JlaHHbBIi yrod OCTPHId, MPSMOM WU Tynoi (0TBeT 000CHYHTE)?

e) [Ipu kakoM 3Ha4EHUU X BEKTOPBI CBu _lﬁj NEPIEHIUKYJIPHBI?

2. B pasuoGenpennom Tpeyromsauke ABC yron B mpsmoit, AC = 2v/2, BD — wmenuana
TpEeYrojbHUKa. Bpuncnure ckaasipHble IPOU3BEIECHUS BEKTOPOB BD -AC,BD -BC,BD - BD.
Bapuanr 2.

1. {anwl Touku M (2; 3),P(—=2; 0),0(0; 0),K(=5; —12),R(4; y).

a) Haitnure koopauHate BekTopoB MP u OK.

0) Haiigure 1mHBI BEKTOPOB MP u OK.

B) Haiinure ckanspHoe npousBeieHIEe BEKTOPOB MP u OK.

r) Haligure kocunyc yria Mexay BEKTOpamMu MP u OK.

1) JlaHHBIN yroy1 OCTPBIX, IPSIMOM WK TyHOu (OTBET 000CHYTE)?

e) [Ipu kakom 3HaYeHUH y BEKTOPBI PK u MR NEePHEHANKYJISAPHbI?

2. B paBuoctoponnem tpeyronbauke MHP HK — Ouccektpuca, MH = 2. Beruucnure ckajispHbie
MIPOU3BEICHUS BEKTOPOB HK -MP, HK -HP, PM- PM.

HPAKTHYECKAS PABOTA Ne 57
Ha3BaHnue npakTuuyeckoii padornl: Koopounamoi 6 npocmpancmee. /leticmeust Ha0 6eKmMopamul.
Heap padorbi: HayuyuThCs BBIUUCIATH BBHINOJIHATH ONEpallMM HaJ BEKTOpAMU U CKalsIpHOE
MIPOU3BE/ICHNE BEKTOPOB B IPOCTPAHCTBE.
Pe3yabTarsl:

Dopmupyemoie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepiricanue):

— IIK 1.6. IlpumensaTs anmapaTHO-IPOTPAMMHBIE CpPEACTBA Ul PacdeTOB M COCTaBJICHHUS
TONOrpapUUECKUX, MEKEBBIX MIIAHOB

memanpeomemnste. MPIT 01, MPII 02, MPIT 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,
MPK 11, MPP 02, MPP 09
npeomemnuwie: 11P6 13, [1Py 17
3HAHMSA:
— Ilonsartue o BekTOpe, €ro KOOpAUHATAX.
— lloHATHE 0 cKaIIpHOM IIPOU3BENECHNUU BEKTOPOB, €70 CBOKWCTBAX.
YMEHHs:
— Bpluncienne KoopaHAT BEKTOPA U BBIIIOJIHEHUE ONIEPALIUN Ha/l BEKTOPaMHU B IPOCTPAHCTBE.
— DBeluncienue ckaasipHOro MpOU3BEIEHUS B IPOCTPAHCTBE.
Xopn padoThr:

134



[Tnockocts OXyZ —x00opouHamuas niockocmy
[Ipsambie Ox, Oy, Oz Ha3bIBAIOTCSA
K0opOuHamuvimu ocamu (Ui OCIMHU

KOOpJUHAT)

Ocu KooparHAT 0003HAYAIOTCS TaK:

Ox- oce abcmucce

Oy- ock opauHat

Oz- ocp ammuukaT Touka ux nepeceuenus O —
Hayayio KoopauHar, Iwiockoctu Oxy, OXZ u
Oyz — KoopOuHammHvle NJIOCKOCHIU .

B npsAMOyronapHON cUCTEME KOOPAUHAT KAKI0M
TO4YKe M IpoCTpaHCTBA COMOCTABIIAECTCS TPOMKA
4Kcell, KOTOPbIE HA3BIBAKOTCS €€ KOOPAUHATAMM.

M(X; y; 2).

IIpssMoyToabHAs ccTeMa KOOPJAMHAT B

IMPOCTPAHCTBC

dopmyna paszinoKeHus JF000ro BEKTOpa Mo
KOOPIMHATHBIM BEKTOPaM
a=x-1tyj+zg,

e X,y,Z-K03(OUIIUCHTHI Pa3JIOKEHUS U OHU
SBJIIOTCSI KOOPJIMHATAMH BEKTOpa a{X;y; z}

3anuimre KOOpJAUHAThI BEKTOpA, CCJIN
a=-5-71+37-2F,

Koopnaunars! Bekropa a {—5; 3; —2}

eticmeus nao eekmopamu

Ilpumepuwi:

CrnosxeHue BEKTOpOB

a+b= {x1+x2; y1+V,; 21 + 25}

a{1;—4; -1} b{3;0;-2}
i+ b={1;-4-1}+ {3;0,-2} =
{4; —4; -3}

Brrunranue BeKTOpOB

a—b=1{x1—X3;y1—Y2 21 — Z3}

{1;—-4;-1} b{3;0;-2}
{1,-4,-1} - {3;0;-2}=
{—-2,-4;1}

a
S
a—-b

YMHOKEHUE BEKTOpa Ha YUCJIIO
k¢ = {kxy; ky; kzy}

a{1;—4; -1} b{3;0;-2}
3a=3-{1;-4-1} =
{3, -12; -3}

Brruncnenue anunsl Bektopa d(x; y; z) MO €ro
KOOpANHATAM:

ld| = x% +y? + 22

Brrancnenue anunsl Bekropa 71(3; —4; 0).

7l =32+ (—4)2+02=v9+16=5

PaccrosiHne Mexay 1ByMsl TOUKaMH.
A(X1;¥1;21) 1 B(X2;y2;22).

|AB| = \/(xz —x1)2+ (V2 —y1)? + (2, — 71)?

Beraucnute paccTossHAEe MEXKIY IBYMs
TOYKaAMHU

C(2;-3;7) u D(-2;3:7).

ICD| = /(2 +2)2+ (=3 —3)2 + (7 — 7)2

=16 + 36 + 0 =52 = 2v/13

Beruncnenne KoopArHAT BEKTOpa AR. Eciu
A(X1y1;21), B(X23y2;22).

AB{x; — x4; Y2 = YV1:2Z2 — Z1}

B npocTpaHncTBe pacnonokeHbl TPU TOUKH,
3a/laHHble CBOMMU KoopauHatamu: A(1; 6;
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3), B(3;— 1;7) u C(— 4; 3; — 2). Haittu

KOOPJIMHATHI BEKTOPOB E, AC u BC

AB={3-1;,-1-6;7—3}={2;-7;4}

AC={-4-1;,3-6;—2—3}

={-5,-3; -5}
BC={-4-3;3+1;,-2-7}
={-74;,-9}

CxaJsipHOE MPOU3BEICHIE BEKTOPOB
a{xy; v1; 21} u b{xy; y,; Z, } BeIpaxaeTcs
dbopmyIoii:

C_i'l_;:xfxz T Y1Vt 212

BBIUMCIIUTE CKAIAPHOE IPOM3BENCHUE
BeKTOpOB d{2;1; 6} u 5{3; 0; —1}

d-b=2-3+1-0+(=6)(~1)
=6+0+6=12

[leprieHAUKYIAPHOCTH BEKTOPOB:

A(x1; y1; 20U b (%25 V25 25);
&-I;:O;

X1 X2+ Y1 Y2 +2z172,=0

[TeprieHauKynsApHbI 1 BeKTOphl d{2; 1; 6} 1

b{3;0; —1}

ia-b=23+1-04+6-(-1)=6+0—6

=0

OTBeT: a

KonnuueapHocTh BEKTOPOB:

A(x1; y1; 20U b(x2; V25 25);

X1 _ V1 _ Z1
— = — = —, €CJIH KOOPAUHATHI BECKTOPOB HE
X2 Y2 Z2

PaBHBI HYJIIO.

38.,[[3‘13. KOJIJII/IHeapHBI JIM BEKTOPLI:
a) a{-5:3:-1} u b{-10; 6:-2};
b) ¢{-6;3;-1} u d{2; -9;3};

Pemenue.
a)
-5 3 -1
_—10 = 0,5; g = 0,5; _—2 = 0,5
[la, BEKTOPBI KOJUTMHEAPHBI
b)
-6 -3 1 -1 1
2 - V5773373

HCT, BCKTOPBI HC KOJIJIMHCAPHBI
OtBer: @) na b) wer

Kocunyc yria Mexay HeHYJIeBBIMA BEKTOPAMH
N -

BEKTOPOB d{X1; Y1; Z1} 1 b{xy; Y75 25}

BBIYHCIIIETCS IO (hopmyIie:

X1 Xyt Y1 Y2t+2Z1 23

Vi +yi 2 Jxd + v + 2

cosp =

Haiiti KOCUHYC yIila MeX/y BEKTOpaMu d =

(4;3;0' u b = {0; 12; 5}.

4-04+3-12+0-5

cosp =

_ 36 36
V25-4/169 65

V4?2 432 + 0% -V0% + 122 4 52

3agaHus /151 CAMOCTOSITEILHON padoThI
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Bapuanr 1

Bapmuanr 2

i{2; —6;3}ub{—1;2;2}
Haiigute a) |a| + |I;| b) |d + b|

1 | danbi BeKTOpHI 1 JlaHbI BEKTOPBI
3{2; —4; 3} u b{—3; 0,5; 1}. Haiinure 3{2; —4;3} u b{—3;0,5; 1}. Haiinure
KOOPAUHATHI KOOPAUHATHI
BekTopa a) ¢ =3+ b pekTopa @) ¢=3—Db
b)e=33-b b)ye=3+2b

2 | Mansl BexTopsl a{1; —2; 0}, 2 Jansl Bektopsl a{1; —2; 0},

b{3; —6;0} u &{0; —3; 4}. Haiiyure b{3; —6;0} u &{0; —3;4}. Haiinure
KOOPIMHATHI BEKTOpa P = 23 — %I; -c KOOPIIU/IHaTEI BEKTOpa
B=1d+b-2¢

3 | Haiinure 3Ha4eHHss M U1 N, IPpU KOTOPHIX | 3 Haitgure 3HaueHus M u N, Ipy KOTOPBIX
BEKTOpa a U b KOJUIMHEAPHBI, €CITN BEKTOpA a b KOJUTMHEAPHBI, €CITH
3{—4;m; 2} u b{2; —6;n}. 3{6;n; 1} u b{m; 16; 2}.

4 | Ha xakoM pacCTOSIHMM OT IJIOCKOCTH ( 4 Ha xakoM paccTostHUM OT MJIOCKOCTH (
xOy) Haxoautcs Touka A ( 2; -3 ; 5)? yOz) naxomutcsi Touka B (-3 ; 2 ; 4)?

5 | Ha kakom paccTossHUM OT Hayasa 5 Ha xakom paccTostHHM OT Havyaa
KOOpJIUHAT HaXOUTHCS TOUKA KOOpJMHAT HaXOJUTHCS TOUKA
A(-3;4,0) B(3;0;-4)

6 Haiinnre koopAMHATHI CEpeINHBI 6 Halinure KOOpIMHATHI CEpEIUHBI
OTpEe3Ka, €CJIN €ro KOHIBI UMEIOT OTpe3Ka, €CIIH €ro KOHIIBI UMEIOT
koopauHathl A (5 3;2), B (3;-1;-4) koopauHathl A (-3;2;-4), B (1;-4 ;2)

7 | Haiimute quny BeKTOpa AB, ecin A ( |7 | Haiigure nmny BekTopa BA , ecnu A (-3;
53;2),B(3;-1;-4) 2;-4),B(1;-4;2)

8 | 3amucath KOOp/IMHATHI BeKTOpa &, ecnu | 8 3anucaTh KOOPJUHATHI BEKTOPA l;, ectu b
a=47-3k =57+ 37

9 | Haubi Touku A (2;-1;0);B(-3;2;1) |9 | Jauei Touku A (2;-1;0);B (-3 ;2;1);
; C(1;1;4). Haligure koopauHaThI C(1;1;4). Haitnure KoOOpAMHATHI TOUKU
To4kH D , ecin BEKTOPBI D, eciin BEKTOpBI AC u ﬁpaBHbL
ABuCD paBHBL.

10 | [aHBI TOYKH 10 | Jano Touka
A (x% y3=3y; —2z%2 —2), A (x?; —6y +12; —12z — 40),
B(1;y%2=3;11z4+2)u B (4;y3 —2y;z% +z) uAB{4;0; —2}.
A_B){l; 0; —30}. Haiitu X, Y, Z Haiitu X, Y, Z

11 | Manbi BeKTOp 11 | Janer Bextop d {2; —6;3} 1 b{-1;2;2}.

Haiigure a) |a| — |B| b) |& — E|

INPAKTUYECKAS PABOTA Ne 58
Ha3panne npaxkrtuyeckoil padorbl: lcronbs3oBaHue KOOPAMHAT M BEKTOPOB MPU PEIIEHUH

MAaréMaTU4YCCKUX U MPUKIAIHbIX 3a1a4.
Ilem, paﬁoTLI: Ha ocnoBaHuu 3HaHHﬁ, MOJIYYCHHBIX TIPpH H3YUYCHUU TCEMbI ((KOOpIII/IHaTLI nu

BCKTOPBI» HAYYHUTHCA PCHIATh CTAHAAPTHBIC 3aJa4W Ha HAXOXKICHUC U ITOCTPOCHUC.
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Pe3yabTarhi:
Dopmupyemwie 3nemenmut I1K (npogheccuonanvno opuenmuposannoe cooepiricanue):

— K 1.6. IlpumensTs amnmapaTHO-IPOrPaMMHBIE CpPEICTBAa I PACUYETOB M COCTABIICHHS
TOMOTPaQUUECKUX, MEKEBBIX TUIAHOB
memanpeomemnsie:. MPII 01, MPII 04, MPII 07, MPII 08, MPII 16, MPII 18, MPII 19, MPII 21,

MPK 08, MPK 11, .MPP 02, MPP 09
npeomemnosie: 11P6 01, I1P6 06, TTP6 13, I1P614, TPy 16, TPy 18, ITPy 19
esab padoThi:
3Hanus.

— TlonsaTHe 0 BEKTOpE, €ro KOOpAUHATAX.

— IlonsATHE O CKaIIPHOM MPOU3BEICHUH BEKTOPOB, €r0 CBOMCTBAX.

yMEHHus:

— Brruucnenue paccTossHUM MEXTy TOUYKAMH.

— BbIuncieHHe CKaISIPHOTO MTPOU3BEICHUS.
Xoa padoTbI:
3ajanus 1J151 CAMOCTOATEIBLHON padoThI
3agaua 1.
[TapanrroTucT omycKkaeTcsi BEpTHKAIBHO BHU3 CO CKOPOCTHIO 4 M/C B Oe3BeTpeHHyr0 moroay. C kakoi
CKOPOCTBIO OH 6YI[6T ABUTaTbCA NPHU TOPU3OHTAIIBHOM BCTPEC, CKOPOCTH KOTOPOTO OTHOCUTCIILHO
3emun 3 M/c. Ha kakoe paccTosiHue OTHECET ero OT MeCTa MaJCHHsI, €CITU OH CITYCKaeTCsl C BBICOTHI
2xm?

Pa0ora nax 3agaudeii.

1. 3amnuiieM 3aKOH CI0XKEHUsI CKOPOCTel B BEKTOPHOM BUJIE.
2. Cnenaem yepTex, IPOU3BES CIOKEHHE BEKTOPOB CKOPOCTEH.
3. VckoMBIif BEKTOp SBISETCS THUIIOTEHY30M NPSIMOYTOJBHOTO TpeyrosbHHKa. [lo Teopeme

[Tugaropa BerunciuM e€, HalWs TEM CaMbIM MOJYJIb CKOPOCTH.

4. 3Has, YTO TMpU NPSIMOJIMHEHHOM pPAaBHOMEPHOM [JBMKEHUU MOJYJb IE€pEeMEleHUs
IIPONOPLIMOHAIEH CKOPOCTH, COCTABUM IPONOPLHIO U HAMIEM MOYJIb HCKOMOI'O ITEPEMENICHUS.
3anaua 2.

[Tycth V- CKOPOCTh MaTepUaITbHOMN TOYKH, F - cuna, neicTByromas Ha Hee. UeMy paBHA MOIIHOCT,
pa3BuBaeMasi CHJION F , €CIIHU m =5H, m = 3,5 m/c; (77\13') = 450, (s pernenust 3apauu
ucnoins3yercs popmyna W = |ﬁ | * |I7| * cos FV)

3anaua 3.

-
Beraucnuts paboTy, KOTOPYIO HPOM3BOAUT cua & = (6; 2), eclu ee TOUKa TIPHIOKEHHUS, JBUTaich

MIPSIMOJTMHEIHO, TIepemeniaeTcs u3 nonoxenus A (-1; 3), B monoxenue B (3; 4).

([s1 pernenust 3anaum ucnonb3yercs popmyna A = |17" | * |§ | % cos FS)

3anaua 4.

MunieHp HaXOIUTCS OT JIyYHHUKA HA paccTosHud SOM. MulieHb umeer GopMy KOHIIEHTPHUECKHX
okpyxHocTel. Jlmamerp nenTpansHoro kpyra 10 cm, TonmuHa kaxaoro koneia toxe 10 cm. Ctpena
BO BpeMms noJieTe umeet ckopocth 50 m/c. Jlyer 6okoBoii BeTep co ckopocthio 0,8 m/c. [lomanet nu
cTpena B 1enb.? B Kkakoil Kpyr MOJDKEH IENUTCS CTPENOK, YTOOBI momnacTh B AecsaTky? Chenaite
YepTEeXK U PEIIUTE 3a1a9y.

3agaua 5.
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CKOpoCTh JIOAKH OTHOCUTENhHO TeueHus 10 m/c, ckopocTs TedueHus 5 m/c. Ilog kakum yriiom K
OeperoBoil JIMHUU JOJDKEH JIOJOYHHUK BECTH JIOJKY, YTOOBI MONacTh Ha MPOTHUBOIOJIOXKHBIN Oeper
CTPOro MPOTUB TOTO MECTA, OT KOTOPOTo OH OTIUIbLI? CrenanTe YepTex.

HPAKTHYECKAS PABOTA Ne 59
Ha3panmne mnpakTuueckoii padoTbl: Onpedenenue 63AUMHO20 PACNONONCEHUS NPAMbBIX U
NJIOCKOCMel.
Heas padorbi: Ha ocHOBaHMM 3HAHMI, MOJYYEHHBIX NPU U3YYEHUH TEMbl O NapaJICIbHOCTH
MPSAMBIX U IJIOCKOCTEN B IPOCTPAHCTBE HAYUUTHCA PEIIATh CTAHAAPTHBIE 3aJa41 HA OIIPEIEIICHNE UX
B3alMHOI'0 PACIIOJIOKEHMSL.
PesyabTarsl:

Dopmupyemuie Inemenmut IK (npogheccuonanvrno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumeHsTh amnmapaTHO-IPOrPaMMHBIC CpPEICTBAa JJII pPAacuye€TOB M COCTABJICHHS
TonorpaduIeCcKnx, MEKEBBIX IJIAHOB
memanpeomemnwie. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09
npeomemnsie: 11P6 01, I1P6 09, 1Py 14, ITPy 15, I1Py 16.
3HAHUSA:
— TloHsaTHe 0 B3aUMHOM PACIIOJIOKCHHH MPSAMBIX M IJIOCKOCTEH B IPOCTPAHCTRBE.
— OCHOBHBIE aKCHOMBI CTEPEOMETPHH.
yMenusi: OnpezeneHue B3aMMHOTO PACIONIOKEHUs ABYX MPSAMBIX, TPSIMON U MIIOCKOCTH.
Xoa padoTbI:

B3anMHoe pacnosio:keHue ABYX NPSIMbIX B IPOCTPAHCTBE

Bce BO3MOXHBIE CIy4au 63AUMHO20 PACHOJIOMNCEHUA OGYX NPAMbBIX 6 NPOCMPAHCMEe
MIPECTABJICHBI B CIICIYIOIIEH TabIuIIe.

®urypa Pucynox Onpenenenne
Be psIMbIE Ha3bIBAIOT
JIBe nepecekarowuecsa nepeceKaruiuMuca  npAMbIMIU,
npamovle p €CJIN OHM UMEIOT eIMHCTBEHHYIO
/_,—'
S 00IIYI0 TOUKY.
Be psIMbIE Ha3bIBAIOT
napanneabHuIMu npamvimu,
IBe napannenvnsle .
€Clii OHHM JiexKaT B  OJHOM
npamole
IUVIOCKOCTH U He MMEIT 00LIuX
TOYeK
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npamole

IBe ckpewusarowmuecs

Tl

-
i,

[Be [psIMbIE Ha3bIBAIOT
CKPeWUBaromuMuca npamvimu,
€CJIM He CYLIeCTBYeT IIJIOCKOCTH,
cojep:kauieid ode mpsiMble.

C MNEPCUUCIICHHBIMUA B Hpez[blz[ymeﬁ Ta6JII/IIIe CJIydadMH B3aUMHOI'O pacCIlOJIOKCHUA IBYX IIPSMBIX B

MPOCTPAHCTBE OJIM3KO CBSI3aHBI YTBEPIKICHUS, TPECTABIICHHBIE B CIIEAYIOICH TabIHIIe.

Tun TBEPKIeHUA )
durypa Pucynox YTBep
(popmympoBka
AKkcuoma 0 npamou  auHUU,
3A0aHHOU 08YMA MOUKAMU
Be pasyInYHbIE
- Uepe3 [1Be  pasidyHble TOYKH
TOYKHU

mpoxoauT oOJHa MW TOJbKO O/Ha
npsamas JIMHUA.

[Ipsmass nuHuUA ©
TOYKA, HE JIeXKalas
Ha YTOW NMpAMOU

AKcuoma o napannienbHvIX RPAMBIX
Uepe3 TOYKY, He JIekKallyld Ha
NPSAMOIA, IPOXOJUT OAHA U TOJIbKO
0JIHA NpsiMas, NapajieJbHas 3TOU
IPSIMOIA.

JIBe
MepeCeKarIINeCs
npsiMble

Teopema o
onpeoensaemoii osymsa
nepeceKkanuuMuca nPAMbIMU

Uepes aBe  mepecekaroummecs
NpsiMble TIPOXOJUT OJHA M TOJIBKO

njiaockocmu,

O0JHA IIOCKOCTb, CoACpXKallas 00e
OTH IIPAMBIC.

/Be mapamenbHbIE
HpsIMBIE

Teopema o naockocmu,
onpeoenaemou osymsa
napanienbHbIMu RPAMbIMU

UYepes aBe napaJiesbHble NPsIMbIe

IpoxXoauT OJHa M TOJbBKO OJHA
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IUIOCKOCTh, COJIepiKamias o0e 3TH

IIpsIMBIE.

Ilpusnak ckpewugarowjuxca npampix. Eciiv ojHa U3 IBYX NPSIMBIX JISKUT HA TUIOCKOCTH, a Jpyras
npsiMasi TIEPeCceKaeT 3Ty IJIOCKOCTh B TOYKE, HE JISKAIIeH Ha MEPBOM MPSAMOW, TO ATH NPSMbIE
ckpenuBaroTces (puc.l).

i

.
n

Puc.1

Yenom Me.)fwy CKpewjuearoiumucsa npamobimMu HA3bIBAKOT YIoJl MCEKAY HCPCCCKAONIUMUCSH
OpAMbIMH, COOTBCTCTBCHHO IAPAJUICIIbHBIMHA JaHHBIM CKPCIIUMBAOMIUMCS ITPAMbIM (pI/IC 2)

Puc.2

Ha pucynke 2 u3o0paxkeHbl ckpenuBaroimecs npsimbie a u b. Tpsmas @' napamienbHa npsmMon a,
npsimast b' mapamiensaa npsmoii b. [Ipsmeie ' u b' mepecekarorcs. Yron ¢ u sSBIS€TCS YIIIOM MEXITY
CKPEIIMBAIOIIUMHUCS MPSIMBIMHU @ U D.

3anaua. B xkyoe ABCDA1B1C1D: naiitu yron mexay npsmeivu AB1 1 BCa.

Pemenne. [Tockonbky npsmas ABinepecekaer minockocts BB1C1 B Touke B1, koTOpas He nexuT Ha
npsmoii BC1, To o npu3HaKy cKkpenuBaromuxcs npsmeix npsimbie AB1 u BC1 ckpenuBaroTces (puc.

3).
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Puc.3

Jnst Toro, uroObl HaiiTh yron mexnay npsmbivu AB1 u BCi, mpoBenem B KyOe auaroHanb OOKOBOU

rpaan AD:1 u auaronans BepxHero ocHoBanus D1Bi1 (puc. 4).

Puc.4

1o onpenenenuto yriia MeX1y CKpelMBaoIUMuUcs npsaMbIiMu yroi D1AB1 u siBisieTcs yriiom Mexay
npsimbivu AB1 1 BCy. TTockonbky Tpeyronsauk AD1B1 paBHOCTOpOoHHNH, yron D1AB:1 paBen 60°.

OTtBer. 60°.
3agauu AJ19 CaMOCTOSITEILHOTO PelIeHusI:

1. I[aH KY6 ABCDAlBlchl

Ormpeieny B3aUMHOE PACIIOIO0KEHNUE JTAHHBIX MPSMBIX

(napannenbHul, nepecekaruuecs, CKpeuwusaowuecs):

1) AB u ClDl
2) BC uA131
3) CDudD,

2. [Tupamuna SABCD nepeceuena minockoctsio KLM, mapannensHoit

OCHOBAHUIO

1. Kak pacnosioxeHsl psiMble:

a) AS u SD?

6) AB u KL?

B) SD u LM?

2. Kak pacnosiokeHsl INTIOCKOCTH:
a) ASD u DSC?
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6) ABD u ASD? /M\

3. ITpssmerie MN u AB napainensssl, npsmsie MP u AB __/ ' B. QA '
ckpemuBatromuecs. Haittu yron mexny npsmbivu MP u AB, ! -
eciu £PMN = 80°. e
5 A
B /
/
4. [Tpsimast EF He nexur B minockoctu > ©

kBaapara ABCD, Ho mapasiensHa CTOpoHe
kBagpara BC. Onpexnenu yron Mexxay npsMbIMA
EF u AD. g P

5. Han xy0 ABCDA1B1CD4. Onipenenut yron Mexay e /

npsimeimu DA, u DCy

6. B mutockocty @ nexxuT npaBuiibHbIN TpeyronsHuk ABC. e

[IpoBenena menuana AD. Ilpsimas a pacnonokeHa BHE TUIOCKOCTH
TpeyrojbHUKa MapauieIbHO CTOPOHE

tpeyroiapHuka BC. Paccuuraiite Benmuunny yria mexay a u AD Ly M,

7. B ocnoBanum npsimoro napannenenunena KLMNK; L, M; N Ki : N,
poM6, onuH U3 yriaos kotoporo 60°. HaiifuTe BeIMIUHY yria MEKILY : KM
uK;L;

Hcnonp3ys naHHbIN Ky0 & Q

— 0

. OTIpEICTTUTE B3aUMHOE pacmojoxenue miockocreir BB1C1 u AA1D1

. napaienbHbI )
IepeCeKaroIInecs A 01

. HA30BUTE IIOCKOCTH napasuiensHyo A1B1C1

. ABC

DD1C1

A1D1D ' o

[\S)

A1B1C1 ¢ d/
BB1C1 \</*|/3 4 7
9. qepe:s TOYKY O, KOTOpas HaXOOUTCS MEXKAY

napaJiyiCJIbHbIMU IIJIOCKOCTAMU o U ﬁ, IIPOBEIICHEI IIPSIMBIC A U b, c
MEPpCCCKAIMNEC INIOCKOCTHU TAK, YTO TOUKHU AuB HaxoaAaTCA B D )

B IJIOCKOCTH @, // AN

a touku C u D - B imockoctu ff. AB=17 cm, DO=27 cm u AC=3-A0. Beruncnu: BD;CD
Croponsl M nepecekaroT napauieabHbIe TUIOCKOCTH f U o B Toukax C,D u A,B. Beraucim
nuHy otpeska AB, ecniu MA=14 cm, MC=20 cm u CD=58 cm.
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ITPAKTHYECKAS PABOTA Ne 60
HaszBanue mnpakTuyeckod padoTbl: [Ipumenenue npusHakos u CEOUCME NAPATIEIbHbIX U
NepneHOUKYIAPHBIX NIOCKOCMEI.
Heap padorei: Ha ocHOBaHMHU 3HAHUI, MOJyYEHHBIX NPU U3YYEHUHM TEMBl O NApajUIEIbHOCTU U
MEPIEHIUKYIISIPHOCTH IJIOCKOCTEW HAYYUTHCS PEIIATh CTAaHIaPTHBIC 3a1a4H.
Pe3yabTarhi:

Dopmupyemuie Inemenmut IK (npogheccuonanvno opuenmuposannoe cooeprcanue):

— IIK 1.6. IlpumensaTh anmapaTHO-IIPOTPAMMHBIE CpPEICTBA Ul PacdeTOB M COCTaBJICHUS
TOMOTpapUUECKUX, MEKEBBIX IJIAHOB
memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09
npeomemnste. 11P6 01, I[TP6 09, I1Py 14, [1Py 15, I1Py 16.
3HAHMS:
— TlonsiTHe 0 B3aMMHOM PACHOJIOKEHUH TUIOCKOCTEH B MTPOCTPAHCTBE.
— OCHOBHBIE aKCHOMBI CTEPEOMETPHH.
ymenusi: Onpesienenre B3auMHOTO PaCTIONI0KEHHUS TNIOCKOCTEH.
Xon padorhl:

JIBe TUIOCKOCTH B MPOCTPAHCTBE MOTYT OBITh MapajlieIbHBIMH WJIM MOTYT TepeceKaTbcs, Kak
MOKAa3aHo B CIeAyIoUIeil Tadnuie.

®durypa Pucynox Omnpenesenue

I[Be IIJIOCKOCTH HA3bIBAIOT
nepecexkarouwiumuca, €Ciin OHU
HE COBNIAAaK0T, 1 Y HUX €CTh

BE
A o0mme Touku. B ciyyae,
nepecekarowjuecs
KOTI'/1a JIB€ TIOCKOCTH
njaockocmu

MEPECCKAIOTCA, MEPECCICHUEM
3THUX IUIOCKOCTEH SIBJISIETCS
npsiMasi JTUHUA.
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[Be napannenvuoie
niaockocmu

JIBe MIOCKOCTH HA3BIBAIOT
napanienbHblMu, €CIIM OHU He
MMeEIOT 00X TOYEK.

IIpu3Haku napa/ieJibHOCTH ABYX IJIOCKOCTeM

Ilepewiit npuznax napanienvHocmu 08yx njiocKocmei.
Ecnu nBe nepecekaroniyecs npsiMble, JIexkKaniue B OTHON

K IUIOCKOCTH, COOTBETCTBEHHO  IapauICIbHBI  JBYM
b NPSAMBIM, JIKAIMM B JPYrod INIOCKOCTH, TO Takue
a e IUIOCKOCTH TTapaslIeIbHBbI.
Puc.1
d
& c b
o Bmopoii npuznaxk napannensnocmu
osyx niaockocmei. Eciu 1Be
nepeceKaroInecs npsIMBIE, JISKAIINUE B OJJHOM MJIIOCKOCTH,
napasuieIIbHbI JPYTO# IIOCKOCTH, TO TaKUE TNIOCKOCTH
napajuiesbHbl. p Puc.2
durypa Pucynok CaoiicTBO

Tpu napa’uieiibHble njiocKocmu

[T;mockocTy monapHo
He MepeceKarTCs.
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/leée napannenvusie naiockocmu,
nepeceuénnbvie mpemoeil
nA0CKOCMbIO

7/

IIpsimble, 10 KOTOPBIM
TPEThS IIJIOCKOCTh
IIEPECEKACT ABE
[apajuIeIbHbIC
IJIOCKOCTH,
NapajjiebHbI.

Tpemwbsa nnockocmeo
napannenbHa TUHUU
nepeceuenus nepevlx 08yx
niaockocmeit

/

IIpsiMble, MO KOTOPBIM
MePECEKAIOTCs KaXKIble
JIBE TUIOCKOCTH,
napajjie/bHbl.

Tpembvsa nnockocms nepecekaem
JIUHUIO nepeceueHus nepevix
08yX njiocKocmeil

Bce tpu muiockoctr
UMEIOT eITHHCTBEHHYIO
0011y 10 TOUKY (Ha
PHCYHKE - 3TO TOYKa S)

Tpemwbsa nnockocms npoxooum
yepes NUHUIO nepeceyenus
nepevix 08yx niocKocmeil

4
L
=

,

Bce Tpu miockoctu
HMEKT 001y 10
NpSIMY 10

Bsaumnoepacnww:»cenue mpex naockocmeii 6 npocmpancmee

TpH MIOCKOCTH B MPOCTPAHCTBE MOTYT PAcIoJiaraThCsl TaK M TOJBKO TaK, KaK IOKa3aHO B
clenyromen Tabmure.
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NEPNEHUKYJISIPHOCTD
IVIOCKOCTEM

JIBe IUIOCKOCTH HA3bIBAIOTCS IEPIICHIMKYISIPHBIMU,
€CJIHA YTOoJI MEXIY HUMH IPSIMOii.

Teopema. (/1Ipuznak

nepneHOUKYIAPHOCIU 08yx

nnockocmeti) ECU MIOCKOCTh

MPOXOMUT  4Yepe3  TMpAMYIO,

NEPICHIUKYJSIPHYIO  ApYroi

TUIOCKOCTH, TO 3TH IUIOCKOCTH

MIEPTICHNKYIISIPHEL. “ l
Teopema 2
Ecnu aBe mIIOCKOCTM B3aMMHO NEPHEHIMKYJISAPHBL, TO IpsMas, MPOBEICHHAs B OJHOU
IJIOCKOCTH NEPNEHJAUKYJISIPHO K JIMHUM NEPECEUYEHHUs IUIOCKOCTEH, MEPIEHAUKYISApHA K

JIpYroH IUIOCKOCTH.

Crnenctue 1

Ecnu w3 TOYkM OOHOM M3 JABYX B3aUMHO MEPHEHAUKYISIPHBIX IJIOCKOCTEH MpOBEACH
NEPIEeHIUKYISAP K APYTroi MIOCKOCTH, TO OH MPUHAIJICKUT MEPBON TUIOCKOCTH.

CrnencrBue 2

Ecnmu nBe TUIOCKOCTH, TEPIICHAMKYJISPHBIE K TPETheH TUIOCKOCTH, MEPECEKAIOTCs, TO UX
JIMHUS [IEPECEUYECHUS €CTh EPIEHANKYJIISP K 9TOU MNIOCKOCTH.

3az[alm AJI CaMOCTOATEC/IBHOI'O peICHUSA
IIpu3sak napaiieIbHOCTH NI0cKocTel. CBOHCTBA MApaAIeIbHBIX IVIOCKOCTeH.

OKAIANTS NAPARICABROCHIs tockocmeit ABC u A B, Hnoexoemu a u 3 napametbis,
uipe P
1 2 1 2
& B 8 Jano: b Jlano
7 ' allb MPAMBIC ¢ W
A Il
C Jokasars: | 4G iy b nepecexa-
(A A~ AB, | 107TCA B
o Toxe O.
Hoxawsarn
R 8 A 8 A(n. N AR AB,
c 7 N
c Jlanmo: A4, C\Bn CCB08 A gl flano
., " o ¥ - . "y ane A A
Hlano: AA, || BB, | CCy, AA=BB,=CC, | MPpAICIOrPaMmm \ allblie N A”'“ /‘ln.‘.
3 4 ' ) Jlokasary: AC|AC,,
B A VIBC = Jlokaar:
0 /7 . — LB ‘B B/ BC| B,C,
i , v b \ e
' I J/ .
' d \ ‘g c \ G
o, f——Xc ’ﬁ\ W 2 A,
A \ —
(By'n, ~ S & D 5 Jano:anh |6 Jlano: nps-
154 y » cRpenn- M Mmeanb
AW Ve R BHOHIEEN nepecexi-
Jlano: ABCD ~ npocTpancrneninii - ST 'l'lp'"“‘f"' ' ] nm;: “""m")
Jlana: ABDC,DBAL - ky0 HETLIPEXYTOAMINK PREGTY: '\ N9 AN~
npAMme AR [“T s MB~12
6 — w A8, /]( B Hatow
5 /( B & / CRpennma- : AN AB MBw
/ '\ ounCN, a BA,
7
b Jlano: npa- Jlano: npa-
w_ Mbleanb Mulea b
A~ " E/ nepecexa- nepeceKi-
¢ ) A HOTCH B TOM- HOTCR B TOM-
. xe O, xe M.
?;:):Aﬁ(ﬁb':lepammmuu ) 0. - Habmm: IS
Jlano: Touxa C aeKNT BHE - | o :T‘ DB, B = DO, : O v/ A 7 ABw o8, MBC
nnockocTH napasacaorpassa ABCD 4 '\ Nt 8 .G
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IlepnesAHRYISAPHOCTD MJIOCKOCTEH.
Touka M pexcum sne niockocmie ABC TTnockocmu a u ff nepnenduxysapis.
1 2 1 2
E F
M M ‘ﬁ

L :
C

As

A D B A 15 a A /

Jlawo: ABCD - npamoyroasimx. [1ps- A o - o
An0: ToMKN A 1 B npenasexar
hoslad rgpnrnnuuynupm "“ucmf"' JIOKEIATH NEPNEHANKY IAPHOCTH Jaro: ABCD w BCFE — npamoyrons- | maocxoctss & i f coomnercrneino
ABC. Jloxasams nepneHanky npHoCTs _ 3
" 3 ockoetTel AMC w DMB HUK. Hlalfrn paccTominie Mexay AB 9.
naocxkocTel AMEB uw MCB . > L,
npamoit BC n mnockocTiio ADF Haitru AB.

3 Kl

=t

Jlano: rouxun A w B npuyamtenar Jano: Tousu A w B npurascxar

g::;::.iﬁ.;,::?f:ﬁ:;:& Jokasirh NeRNERANKYANPHOCTS UTOCKOCTAM € W [} COOTBETCTHEHNO. RACCEOCTH @, 8 TONKM Cub-
1) AMC w ABC, 2) AMC w BMD rockocte AMD w ABC AB,~9, unocxocn.tB AB | C,\D,.
= Haitru AB. Haiiru AC
5 6 5
e
B 5 M i " o
| Al a ABCD - npsmoyroasHmux.

MNaoexoctu AMB u DNC nep

A L A a3 NERANKYANPHB NNOCKOCTH
T I A C 13, ABC

Jlano: NPAMAn @ - AMHNK NEPECCHCHIN z 8 c Haftri MN.
NEPRCHAKY ARPHBIX IAocKocTed o u f3, | Jlano: inockocTi AMB w BMC nep-
Tpasan b npisasnexit naockocTn j | IEHANKYADHE UIOCKOCTH ABC

W NEPIICHANKY AAPIA NPAMON @ Jlokmare: npaman M8 nepnenue
Jloxasas: b L a. Kynspia nnockoetin ABC 9

IMPAKTUYECKAS PABOTA Ne 61
Ha3zBanue npakTudeckoii padorbl: [lepnenouxynap u HaKIOHHAs K HAOCKOCTU.
Henp padorel: Ha ocHOBaHMM 3HAHUM, NOJIYYEHHBIX IPU U3YYEHUHM TEMBI O MEPIEHIAUKYISAPE U
HAKJIOHHON HaY4YHUTbhCS PEIATh CTAHIAPTHHIE 3a4a4u.

Pe3yabTarsl:

Dopmupyemvie 3nemenmul IIK (npogpeccuonanvno opuenmuposannoe cooeprcanue):

— IIK 1.6. IlpumeHnsaTs anmapaTHO-IPOTPAMMHBIE CpPEACTBA [UII pPacdeTOB M COCTaBJICHHUS
TOMorpapuuecKux, MEKEBbIX MJIaHOB

memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,
MPK 11, MPP 02, MPP 09
npeomemnoste: 11P6 01, ITP6 09, TPy 14, ITPy 15, T1Py 16.
3HAHUSA:
— IlonsTHe 0 meprneHIuKyaspe U HAaKJIOHHOM.
— Teopema o Tpex neprneHauKyIIsIpax.
yMeHus: Briuncnenue JIMHBI NEPIEHANKYIIAPA, HAKIIOHHOW U MPOEKIINH.
Xopn padoThr:
Ilepnenoukynap u Hak1onHan
HaxkJioHHO#M, MPOBEICHHOW M3 TAHHON TOYKH K JAHHOM TIJIOCKOCTH, HAa3bIBACTCS JTFOOOW OTPE30K,

COCIUHSIIONIUN JTaHHYI0O TOYKY C TOYKOH IUIOCKOCTH, HE SIBIISIOIIMICS TMEPHEHIUKYISIPOM K
IUIOCKOCTH.

Konen oTpeska, nexaniuii B INOCKOCTH, HA3bIBAETCS OCHOBAHMEM HAKJIOHHOM.
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AN
=

(04

AB - HakioHHas1. B - ocHOBaHME HaKJIOHHOM.

IlepneHAUKYJIAPOM, NPOBEACHHBIM W3 JAHHOW TOYKU K JAHHOW INIOCKOCTH, HA3bIBAETCS
OTPE30K, COCOUHSIOIIMKA JAHHYHO TOYKY C TOYKOM IUIOCKOCTM M JEXalluid Ha NPsSMOH,
MEPIEHANKYIISIPHOMN NIJIOCKOCTH.

Konen atoro orpeska, nexaiuii B JI0CKOCTH, HA3bIBAETCSI OCHOBAHHMEM IePIeHAUKYIAPA.

A
AC -
MEPIEeHIUKYIIAP.
CL \B C - ocHOBauue
MePIEHIUKYIISIPA.

X

PaccTositHuem OoT TOUKM 70 MIIOCKOCTH HA3bIBACTCS JJIMHA NEPIIEHIMKYJIIAPA, IPOBEICHHOTO U3
3TO# TOYKH K MJIOCKOCTH.

OTpe30K, COeANHSIOMINNA OCHOBAHUS NEPIEHANKYIISIPA U HAKIIOHHON, IPOBEJICHHBIX U3 OJIHOMI
Y TOM K€ TOYKH, HA3bIBAECTCS MPOCKLIMEN HAKIIOHHOM.

A
CB - npoexnus

HakJIoHHOI AB Ha
i ILIOCKOCTH A.
2 B TpeyroabHUK

X ABC npsMOyTOoJIbHBI.

Yriaom Mex1y HAaKJIOHHOW M IJIOCKOCTBIO HA3bIBAETCS YroJ MEXAY 3TOM HAKIOHHOW U €€
MPOEKIMEN HA IIOCKOCTb.
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<CBA - yron

MEX1y HakJIoHHOU AB

o

" IJIOCKOCTBIO .

Ecnu U3 maHHOM TOYKHM K JAaHHOW TUIOCKOCTH MPOBECTH HECKOJIBKO HAKJIOHHBIX, TO OOJbIICH

HaKJIOHHOM COOTBETCTBYET OOJIbIIAsI TPOCKITHSI.

(04

Ecmu AD > AB,
to DC > BC

<DAB - yron mexnay HakioHHbIME <DCB - yron Mexay npoekuusMu

Otpesok DB - paccrosinue Mexay OCHOBAaHUSMH HAKJIOHHBIX.

Teopema o mpex nepneHOuKyapax

Ecmu npsmMasd, NpoBCACHHAA Ha IJIOCKOCTH Y€pPE3 OCHOBAHUC HaKHOHHOﬁ, NEpNCHAUKYIIIpHA

€C IMMPOCKINH, TO OHA MEPIICHAUKYIJIApHA U caMOM HaKJIOHHOM.

C
\\
E 3
a / . 7
, B A/ \\ a /
,/'I (X
4L AB alABBCLBA}=alCA

CnpaBe;[nHBa TaKXC o6paTHa${ TeOpCMa:

Eciu npsMas Ha IJIOCKOCTH MEPNCHAUKYJIIApHA HaKHOHHOﬁ, TO OHa NCPHCHIAUKYIIAPHA U

MMPpOCKINHU HaKJIOHHOM.
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\\. C A\\
N = s
B-j—é)A
: /X
aLAC al ACBCLBA}=alBA

3agauu AJ15 CAaMOCTOSITEILHOTO PelIeHusI:
1. [Tpsimast @ mepecekaet miIockocTh ff B Touke C, u 00paszyeT ¢ miockocThio yron 60°. P€Ea,
touka R - mpoekius Touku P Ha mutockocth . RC=7 cm. Haitnure PC.

2. K mnockocTtu a npoBeeHa HaKJIOHHAs, JJIMHA KOTOPOM paBHa 17 cM, MPOEKIUs HAaKIOHHON
paBHa 8 cM. Ha kakoM paccTOSIHUM OT IUIOCKOCTH HAaXOAMTCS TOYKa, U3 KOTOPOM IpoBeaeHa
HaKJIOHHasA?

3. K mnockoctu o mpoBenena HakinoHHas AB (A€a). lnuHa HaKJIOHHOM paBHA 24 cM, HaKJIOHHAs
C TUIOCKOCTBIO 0Opasyer yron 60°. Beruucinure, Ha KaKOM PacCTOSHUH OT IJIOCKOCTH HaXOIHUTCS
To4kKa B.

4. Haxnonnass AD ¢ mnockocteio o oOpasyer yron 30°, a D

HakionHas DC ¢ mockocThio a oOpasyer yron 45°. Jlnuna
neprnenaukyinsapa DB paBHa 19 cM. Beiuuciure nnuHbsl o0eux
HAKJIOHHBIX.

5. Jlnuna otpeska VB pasna 20 m. OH mepecekaeT mIockocTs - B
B Touke O. PaccrosiHme OT KOHIIOB OTpe3ka 0 IUIOCKOCTH
COOTBETCTBEHHO paBHBI 8 M m 2 M. Haiinmure oCTphIi yrou,
KOTOPBIN 00pazyeT oTpe3ok VB ¢ miockocThio.

6. PaBunoGenpennsiii TpeyronpHuk ABE HaxoguTcss B 1uiockocTd o. BOKOBBIE CTOpPOHBI
tpeyronsauka ABE paBubl mo 10 cMm, a cropona ocHoBanusi AE = 12 cm. K 310t mmockocTu
npoBesieHbl TiepreHuKyisip CB, koroperii paBen 6 cm, u HakinonHeie CA m CE. Bperawmciure
paccrosinue ot Touku C 10 cTopoHsl TpeyrosibHuka AE.

7. JIByrpansblii yron paseH 45°. Ha ogHO# rpanu ABYrpaHHOTO yIiia lJaHa Touka B, paccrosiHue
OT KOTopoi 1o pebOpa paBHO 22 cM. Uemy paBHO pacCTOSHHE OT TOYKH B 110 BTOpOW TpaHuU
JBYTPaHHOTO yriia?

8. IByrpannsiii yron paBeH 120°. BHyrpm ero mana Touka A, KoTopas HaxOgUTCS Ha
paccrosHun 36 cM oT obeux rpaHeld yria. Yemy paBHO paccTOsiHHME OT TOYKHM A 10 pebpa
JBYTPaHHOTO yriia?
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TECT .

Bapmuanr 1

1. AFla. He gepno, umo...

1)FM>AF; -

2)FK>FM; / [ A 7

3)AK<FK. m— " K

F 2.BF L (ABC). IIpsimbie CD u CF ne 6yoym nepnenouxynsprvimu, ecau ABCD 6yoem...
1) npsSIMOYTOJIEHUKOM;
2) poMOOM;
B o
3) KBazpaToOM. D
A 5 3. ADL(ABC). IIpsmsie DM u BC 6yoym B

nepnenouxynapuoimu, eciu AM oyoem...

1) GuccekTpHCOii; C

2) MeIMaHOM; W

3) BBICOTOIA. B

4. ABCD - npsimoyzonvrux, ACNBD=O0.
SOLAC, SOLBD. Tocoa yeon mexcoy npsmoit CS u nnockocmoio (ABC) - amo yeon mescdy npsmoti CS u...
1)CD 2)0C; 3)BD.

5. ABCA,u B4, C; - mpaBmibHas TpeyronbHas npusma. Z(B Cy (AA1B,))=...
1) 2B C,B;

2) £ B CiM;

3)« C{BM.

6. Touxa M pasnoyoanena om éepuiun mpeyeonvruxa ABC. Toeoa npoexyus

mouku M na nnockocmu C ecmb mouka nepeceyeHus...

1) BBICOT TPEYTOJIBHHUKA,;

2) OHCCEKTPHC YITIOB TPEYTOJIbHUKA;

3) Cepe/IMHHBIX TIEPIICHMKYIIPOB K CTOPOHAM TPEYTOJIbHHUKA.

7. B mpeyeonvnuxe ABC AM - meduana, AD - 6uccexkmpuca, AH- evicoma.
AF 1 (ABC). Toeoa paccmosmue om mouku F oo npsmou BC- smo onuna

F ompesKa... B A

1)FM; 2)FD; 3)FH. M
\ 8. ABCD - napanrenozpavmn, ACNBD = 0. FOL Pu%c
B (ABC). FO - paccmosinue om mouku F 0o npamoii AC. Tozoa ABCD ne mooicem
"V ObIm...
L— O .
A D 1) mpsamoyromsHHKOM;
2) poMOOM;
3) KBa/IpaToM.
9. A ABC. FKL AC, FNL BC, FK=FN. FOL (ABC), OeCM. Tozcoa
CM-...
1) GuccexTpuca;
2) MeaHa,;
3) BbIcOTA.
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Bapuanr 2
1. Touxa M pasnoyoanena om eepuiun mpeyzonvhuxa ABC. Toeoa npoexyus mouku M na niockocmo ABC
ecmo...
1) Touka nepeceueHus BICOT;
2) uentp onucanHoi okojo A ABC okpykHOCTH;
3) uentp BnucanHoi B A.ABC oxpyXHOCTH.
2. ABCD - napannenoepamm. BFL (ABC). CF -paccmosinue om F 0o
npsamou CD. Tocoa ABCD ne mooicem 6vime...
1) pombowm;

F
B C
A D
2) KBaIpaToM; F
3) NpsIMOYTOJIbHUKOM. :
3. B mpeyzonvnuke ABC AM-meouana, AD - buccekmpuca, AH- evicoma.
Toeoa paccmosinue om mouxu F 0o npsamoti BC paeno onune ompeska... A B
1) FM;
2) FD; CD
3) FN. H
3) FH. M

4. Touxka M pasnoyoanena om cmopon AB u AC mpeyzonvuuxa

ABC Toeoa npoexyus mouxu M na niockocmo ABC nescum
HA NPAMOU, COOePHCAUYel. ..
1) OGuccexrpucy yrina A tpeyronsauka ABC;

2) meauany, npoBeaéHHylo k cropone BC tpeyronbauka ABC A
3) BBICOTY, IPOBEAEHHYIO U3 BepuIMHbI A TpeyroibHuka ABC

5. ABCA U B4, C; - mpaBwibHas TPEYTOJIbHAs MIPU3MA.
£(B Cy (AA1By))=...
1) 2B C1B;
2) £ B CiM;
3)« C{BM.
6. Touxa M pasnoyoanena om eepuun mpeyeonvruxa ABC. Toeoa npoexyus mouxu M na niockocmu C ecma
MOYKA NEPecedeHls...
1) BBICOT TPEYTOJIbHUKA,; F
2) OUCCEKTPUC YIIIOB TPEYrOJIbHUKA;
3) CEpeIMHHBIX MEPICHINKYISIPOB K CTOPOHAM TPEYTOJIbHHKA.
1. B mpeyzonvnuxe ABC AM - meouana, AD - buccekmpuca, AH- sbicoma. AF
1 (ABC). Toeoa paccmosimue om mouxu F 0o npsmoti BC- amo onuna ompeska... 8
1)FM; 2)FD; 3)FH. Min
8.BFL (ABC). IIpsimbie CD u CF ne 6yoym nepnenouxynsprvimu, ecau ABCD F
byoem...
1) TpSIMOYTOJIEHUKOM;
2) pombom;
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3) KBagpaToM.
9. ADL(ABC). IIpsimbie DM u BC 6yoym nepnenouxynspuvimu, ecau AM
byoem...
1) OuCCEKTPHUCOIL; c
2) MeauaHoi; W
3) BBICOTOIA. M

B

MPAKTUYECKAS PABOTA Ne 62
Ha3zBanue npakTuueckoii padorbl: Onpedenenue paccmoanuil Mexicoy nPAMuIMU U NIOCKOCHAMU.
Buiyucnenue 08yepanHuix yenos.
Lenabp padoThbI: HAYYUTHCS OMPEICNIATH MEPY IBYTPaHHBIX YIIIOB, PACCTOSIHHUH OT TPSIMOW 0
TJIOCKOCTH M MEXKAY TUIOCKOCTSIMH.

Pe3syabrarsi:

Dopmupyemuie 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensTh anmapaTHO-IPOTPAMMHBIE CpPEICTBA U PacyeTOB M COCTaBJICHUS
TOMOrpapuuecKux, MEKEBbIX MJIAHOB
memanpeomemnwie. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09
npeomemnsie: 11P6 01, I1P6 09, 1Py 14, ITPy 15, I1Py 16.
3HAHMS:

[TonsiTHe 0 paccTOSTHUM OT TOYKH JI0 TUIOCKOCTH;

— IlonsaTtue o paccTossHUM MEXYy MMAPAUIEIbHBIMU IIJIOCKOCTSIMU;

— IlonsATHe 0 paccTossHUM MEXIY NPSMOM U NApAJJIENbHON €U IIJIOCKOCTBIO;

— IlonsTHe 0 paccTOSHUN MEXKY CKPEIIUBAOIIUMUCS MIPSIMBIMU;

— IlonsTHe 0 IBYyrpaHHOM yTJIE.

YMEHHUA:

— Beoluncnenue paccTossHUNA MEXKIY NPSMBIMU U TIIIOCKOCTSIMHU.

— IlocTpoenue nuHEHHOTO yriaa jisi COOTBETCTBYIOIIETO ABYTPAHHOTO.
Xoa padoThi:
PaccrosiHueM OT TOYKHM 10 IPsIMOI HA3bIBAIOT JJIMHY NEPHEHANKYISIPA NPOBEAEHHOTO U3 JaHHOU
TOYKM K JaHHOM mnpsiMoi. Beap aiMHA 3TOro mMNeprneHIMKyJspa HauMEHbIIas Cpeau JIUH
BCEBO3MOXKHBIX OTPE3KOB, IPOBEIEHHBIX U3 JAHHOW TOYKHU K JAHHOU MPSIMOM.
PaccmoTpuM ciiyyail TOUKM M IJIOCKOCTH.
[ToHsATHO, YTO €CJTM TOYKA JISKUT B TIJIOCKOCTH, TO PACCTOSIHHE MEKTy HUMU paBHO HYI0. UTo e Ha
CYeT ciTydasi, KoTJa TOYKa He JISKHUT B TUIOCKOCTH?
Ntak, TOuKy € TUIOCKOCTBIO MOXKHO CO€IMHHUTD PA3IMIHBIMU criocobamu. Ho cpen Bcex BO3MOKHBIX
MPOBEACHHBIX OTPE3KOB MOYKHO BBIICITUTH OJIMH OCOOCHHBIM. TOT, KOTOPBIN MEPNEHIUKYISIPEH K
JTAHHOM INIOCKOCTH.
JlaBaiiTe pacCMOTPHUM OTPE30K MEPIEHAUKYIISPHBIN K TUIOCKOCTH U JF000N M3 OCTABIIUXCS.
Ecnn coeaHUTh TOYKM mepeceyeHus JaHHBIX OTPE3KOB C IUIOCKOCTBIO, TO TEM CaMbIM MOJYyYUM
TPEYTOJbHUK, TPUUYEM OH OY/IET SABISATHCS MPSIMOYTOIBHBIM.
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OCHOBAHUE HAKIOHHOU

e e e e e s o i s e

JIeHCTBUTENBHO, €CIIU IpsAMas NEepHEHANKYIIAPHA K INIOCKOCTH, TO OHA MEePHEeHIUKYIISIpHA K 000
MPSIMOM U3 3TOM MIIOCKOCTH.
AH Ha3bIBalOT NMepPNEeHANKYJSIPOM, NPOBEAEHHBIM U3 TOYKM A K IUIOCKOCTH O, a Touky H —
OCHOBAaHMeEM IepHeHAUKYJIsIpa.
Otpe3ok AM HazbIBal0 HAKJIOHHOM K IVIOCKOCTH, a3 TOUKY M — OCHOBaHHEM HAKJIOHHOM.
Otpe3ok HM HazbIBaloT npoeknueil HAaKJIOHHOM Ha MIOCKOCTH d.
IToHATHO, YTO TUIIOTEHY3a BCerzia JJIMHHEE J000ro U3 KareToB. Torzna MoeM clies1aTh BBIBOA, YTO
NEePIEHANKYIISAp, MPOBEIEHHBIM W3 JaHHOW TOYKM K IJIOCKOCTH, MEHbIE JIF0OOH HaKJIOHHOH,
MPOBEAEHHOM U3 TOU K€ TOUKH K ITOU IJIOCKOCTH.
Tem camMbIM MOKHO YTBEP)KIaTh, YTO PACCTOSIHUEM OT TOYKU A 10 IUIOCKOCTH O SBJIAETCS IJIMHA
NIEPIEHIUKYIIAPA, IPOBEAEHHOIO U3 TOUKU A K INIOCKOCTH Q.
Paccmosanue medxcdy napannenvHulMu nIOCKOCMAMU:
PaccmoTpum mapasuienbHbIe TUIOCKOCTH oL M 3. B IIIOCKOCTH 0 OTMETUM JIBE MIPOU3BOJIBHBIC TOYKH A
u B. U npoBeném nepneH Ky aspbl U3 3THX TOYEK K IJIOCKOCTH f3.

|

|
|
A \ B

=

Mp1 nonyunnu otpe3ku AA1 u BB1. Kaxxplii 13 HUX epHeHIuKYISIpeH MII0CKOCTH 3, a 3HauuT, AA1
napajuienabHo BBa.

MOoHO cKa3aTb, YTO €CJIHM JIB€ IUIOCKOCTH MapajlIeNIbHbI, TO BCE TOYKM OJHOW INIOCKOCTU
paBHOYZAAJIEHBI OT IPYroi MIOCKOCTH.

Paccmosinue om npouzeonbHOU mouKy 0OHOU U3 NAPANNENbHbIX NIOCKOCHEN 00 Opy2oll NIOCKOCHU
HA3b186AEMCA PACCMOSHUEM MeNCOY NaAPANLelbHbIMU NIOCKOCMAMU.

XOpOoIHM MPUMEPOM MOXKET CIY>KUTh PACCTOSIHUE MEXKIY MIOCKOCTSMU T0J1a ¥ MTOTOJIKA KOMHATBI.
Bce Touku moToska HaXoAsTCS Ha OJJMHAKOBOM PAcCTOSHUU OT T0J1a, 3TO PACCTOSHUE U SIBIISIETCS
BBICOTOM KOMHATBI.
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| 651COMA KOMHAMbI

Paccmosnue mescoy npamoti u napannienvroil el n10CKOCMbIO
B nanHOM ciydyae Ha mpsIMOW HYXKHO BBIOpaTh HEKOTOPYIO TOYKY M MPOBECTH MEPHEHAUKYISIP K
ILJIOCKOCTH. Bellb MOHATHO, UTO BCE TOYKHU NPSAMON PABHOYJAJIEHBI OT JAHHOM MJIOCKOCTH.

a A

- — — — —3
—1
o — ——t
.

a H
TaKI/IM 06pa30M, paccmwmue om np0u380ﬂbH0ﬁ mou4kKu I’lpﬂMOZZ 00 niockocmu Has3vieaemcs
paccmosiHuem mexncoy npAMoU U napaiieibHol el RI0CKOCMbIO.
lee ckpewusarowuecs npsamvie
T.K. uepe3 oHy U3 CKPEIMBAOIINXCS MPSIMBIX MOYKHO MPOBECTHU IUNIOCKOCTh NApAJLIEIbHYIO IPYroi

NpsIMON U IPUTOM TOJIBKO OAHY. A OIpelielIeHHE PacCTOSTHUS MEX]y NMPSAMOM U MIOCKOCTBIO HaM
YK€ U3BECTHO.

Toraa MOXKHO CKa3aTh, YTO pACCMOSHUE MEHCOY OOHOU U3 CKPEUUBAIOWUXCS NPAMBIX U NIIOCKOCHbIO,
npoxooawjeti uepe3 Opy2yl0 NPAMYIO NAPANIENIbHO NEpeoll, HA3bIBACMCS PACCMOSHUEM MeHCOY
CKPeWUBarouUMUCS NPAMBIMU.

3axa4a. 13 HeKOTOPOH TOYKH ITOCKOCTH IIPOBEIeHEI 1B HAKTOHHBIE. [{OKa3aTh, 4T0:
a) €C7TH HAKJIOHHBIE PABHEL TO PABHbI H HX IIPOEKIIHH;

) ec/1H MPOSKLHH HaKTOHHAIX PABHEL, TO PABHBI H HAKTOHHBIE;

B) €CJIH HaKIOHHEIE He PABHBL, TO 5OIbIIas HAKTOHHAA HMeeT GOIBIIYIO IPOEKIIHIO.

JlokazaTenbCTBO.
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a) A AM, = AM,
AH — obumit karer
= AAHM,; = AAHM,
(10 KareTy M ruroTeHyse)

@y HM, = HM,
M H M/

0) A HM, = HM,
AH — obmmit karer
= AAHM, = AAHM,
(1o ABYM Kareram)

a AM] = AM‘!
My 1 M/

B) AM, > AM,

M,

I.HM; < HM,
AM, > AM, 1?

2.HM, % HM,
AM, = AM, ?

3.HM, > HM,

Yro u TpeboBanoch 10Ka3aTh.
3apaua. AO - neprneHauKysip K miockoct o, AB=AC HakJIOHHBIE K TUIOCKOCTH L.
Z0AB=/BAC=60°, AO=1,5 cm. HaiiTu paccTosiHre MEXAy OCHOBAaHUSMU HaKJIOHHBIX.

Perrenue.

1. AABC:

<A =60° AB = AC

AABC — paBuoOepeHHbli

¢B =2 =B = g0

= AABC — npasuibhbiii (BC = AB = AC)
2. AAOB(npsMoyrosnbHblii):

LA =60° = «B =30°

a A0=§AB = AB = 240
C AB=2:15=3cm
3.BC = AB =3 cMm
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OTtBer. 3 oM.

Jleyzpannwtii yeon
JIByrpanHbIM yIJIOM Ha3blBaeTcsi puUrypa, oOpa3oBaHHas NPSIMON a U JIBYMSI MOJIYIUIOCKOCTSIMH C
oO1iei rpaHuiiet a, He MPUHAJISKAITUMH OJHON TIOCKOCTH.

[Tomymmockoctr,  oOpa3yromue
JBYTPaHHBIA yroJl, Ha3bIBAIOTCS
ero rpaHsiIMH.

[Ipsmass a (oOmas rpaHuIA
MOJTYTUIOCKOCTEH ) Ha3bIBACTCS
pedpoM IBYTrpaHHOTO yTJIa.

Ecau na pe6pe ABYTPAHHOTO yIJjla OTMETUTDH KaKYI-O'HI/I6y,I[I> TOYKY U B Ka)K,HOﬁ I'paHu U3 9TOH TOYKHU
MMPOBECTHU JIYU HNECPHCHAUKYIISIPHO K pe6py, TO O6pa3OBaHHLIﬁ OTUMH JIydaMH YIrOJI Ha3bIBACTCHA

JIMHEHHBIM YIJIOM JIBYIPaHHOI'O yIia.

UroObl 0003HAYUTH JMHEWHBIA Yroj
JIBYTPaHHOTO yTJIa:

1) Heobxoaumo BbIOpaTh TOUKy B Ha
pebpe nByrpanHoro yrnma NM

2) u3 B nposectu
ABLMN u BCLMN

3) yron ABC sBusieTcs JTUHEWHBIM
YIJI0M JBYTPAHHOTO yTJIa.

A ggw

JIByrpaHHBIN YroJ1 MOKHO H300paXkaTh pa3inuyHbIMH criocobamu. Hanpumep:
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Yacto B 3agaHUAX  UCIOJIB3YETCS
CXEMaTHUYECKOE n300pakeHne
JIBYIPaHHOIO yIJIa:

[Tpumep, B KOTOPOM BBITOJTHO UCIIOJH30BATh CXEMATHYECKOE H300paKEHHE JIBYTPAHHOTO YTJIa.
Benunuuna aByrpanHoro yria paBaa 60 rpagycam. BHyTpu B3sita Touka A, KOTOpas HaXOJUTCS Ha
pPaBHOM pacCTOSIHHH 8 ¢M OT 00eux rpaneii. KakoBo paccrosiHue OT TOUKH A 10 pedpa IByrpaHHOrO
yria?

Ha sToM pucyHke Oyzer jierye yBUAETh
COOTHOILIEHUS B IPSMOYTOJIBHBIX
TPEyroJbHUKaX.

3aga4u 1719 CaMOCTOSITEILHOTO PEIICHHS:
Bapuanm 1

1. Orpesox AD mepneHauKyIspeH K MIIOCKOCTH PaBHOOEIPEHHOro Tpeyronbauka ABC.
N3BectHo, uto AB = AC =5 cMm, BC = 6 cm, AD = 12 cm. Haiigute pacctosHust ot
KoHII0B oTpe3ka AD no npsmoit BC.

2. Tlpsmas AK nepneHIuKy/IsApHA K IIIOCKOCTH IIPaBHIILHOTO TpeyroibHuka ABC, a Touka
M — cepenuna croponsl BC. Jlokaxute, uto M K1BC.

3. Konnpl otpeska 4B jexaT Ha ABYX NMapalIedbHBIX IIOCKOCTAX, PACCTOSHUE MEXKITY
KoTOpbIMH paBHO O, mpuuem d < AB. JlokaxuTe, YTO MPOEKIMH OTpe3ka AB Ha 3Th
MJIOCKOCTH paBHBL. Haiiute 3t mpoekmmu, ecnmu AB =13 cm, d =5 cm.

4. Yepes Bepumny A npsamoyronsauka ABCD nposenena npsimast AK, nepreHanKyspHast
K TJIOCKOCTH MpsMoyronbHuKa. M3sectHo, uto KD - 6 cm, KB = 7 cm, KC - 9 cm.
Haiinure: a) paccrosHue ot Toukm K 10 TutockocTH mpsimoyroinsHHka ABCD, 0)
paccrosiHue Mexay npsmeiMu AK u CD.
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Bapuanm 2

1. Otpesox AD mepneHIuKyIspeH K IIOCKOCTH paBHOOenpeHHoro tpeyronbHuka ABC.
N3BectHo, uto AB = AC =5 cm, BC = 8 cm, AD = 12 cm. Haitaute paccrosinust ot
koH10B oTpe3ka AD no npsmoii BC.

2. Tlpsmas AN nepneHIuKyJIspHA K INIOCKOCTH PaBMIIBHOTO TpeyroiabHuka ABC, a Touka
K — cepenuna croponsl BC. Jlokaxure, uto K NLBC.

3. Konmpsr orpeska 4B nexar Ha ABYX NapaUICNbHBIX IIOCKOCTSIX, PACCTOSHHE MEXIY
KoTopsiMu paBHO O, npudem d < AB. JlokaxuTe, 4TO MPOCKIUU OTpe3ka AB Ha 3Th
IUIOCKOCTH paBHbl. Haiiaure ot npoekimu, eciiu AB =5 cm, d =3 cm.

4. Yepes BepummHy A mnpsmoyromeHuka ABCD  mposemena mpsmas  AK,
NEepHeHANKYIISIPHAs K INIOCKOCTH NpsiMoyroibHuka. U3BectHo, uto KD - 8 cm, KB =7
cM, KC - 9 cm. Haitaure: a) pacctossHre OT TOYKH K 10 TZIOCKOCTH MPSMOYTOJIbHHKA
ABCD, 0) paccrosinue mexy npsmbiMu AK u CD.

HPAKTHYECKAS PABOTA Ne 63
Ha3panue npaktu4eckoii padorsel: [locmpoenue kyba, napanienenuneoa u ux cedeHuu.
Lean padoThl: 03HAKOMJICHUE C METOJJaMHU MTOCTPOCHUN CeYEHUH KyOa U mapasuiesienureia.
PesyabTarsl:

Dopmupyemvie 3nemenmul IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumensTh anmapaTHO-NPOTPAMMHBIE CpPEICTBA U PacyeTOB M COCTaBJICHUS
TONOrpapUUECKUX, MEKEBBIX IIIAHOB
memanpeomemnsie. MPIT 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02
npeomemnoste: 11P6 09, I1P6 10, ITP6 11, I1P6 12, [1Py 14, [1Py 15, TTPy 16.
3HAHUSA:
— Tlonsarue o kyOe, mapajiesienuIese;
— TloHaTue 0 MeTO/IaxX MOCTPOEHUS CEUCHUM;
yMEHHs:
— Tloctpoenue kyba u mapasuienenumnena.
— TlocTpoenue ceuenuii Kyda u mapasuieeuIe/a.
Xoa padoThi:
3amaya COCTOUT B TMOCTPOSHUHU TEpecedeHHs JBYX (UTYyp: MHOTOTPAHHHMKA U IUIOCKOCTH
(puc.1). Oto Moryt ObITh: myctast ¢urypa (a), Touka (0), oTpe3ok (B), MHOTOYroiabHUK (T). Ecmu
nepecedyeHrue MHOTOTPAaHHUKA M IJIOCKOCTH €CTh MHOTOYTOJIBHMK, TO 3TOT MHOTOYTOJIBHHUK
HA3bIBACTCS ceueHuem MHO20SPAHHUKA NIOCKOCMbIO.
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Puc. 1
bynem paccMaTpuBath TOJIBKO CIIy4aii, KOTAa TIOCKOCTh MepecekaeT MHOTOIPAaHHUK 10 €ro
BHyTpeHHOCTU. [Ipu »3TOM mepecedeHreM AAHHOW IUIOCKOCTH C KaXJI0M IpaHbI0 MHOTOTpaHHUKA
Oyner HeKOTOpbId oTpe3ok. Takum 00pazoMm, 3ajmaya CUUTAETCS PEIICHHOM, €ClIM HalJIeHBl BCE
OTPEC3KHU, IO KOTOPBIM INIOCKOCTBb MEPECCCKACT 'PAaHU MHOI'OI'paHHUKA.
Uccnenyiite ceuenus ky0a (puc.2) U OTBETHTE HA CIEAYIOIINE BOIPOCHI:

Puc. 2

- KaK1€é MHOT'OYTOJIbHUKH OJTy4aroTCs B CEUeHUH Ky0a I1ockocThio? (BaxkHo 4uncio cropoH
MHOT'OYTOJIbHUKA);

[[Ipenmonaraemblie OTBETHI: TPEYTOJIbHUK, YETBIPEXYTOJIbHUK, IIATHYT OJIbHUK,
IECTUYTOJIbHUK. |

- MOXKET JI B CEYEHUH Ky0a IIIOCKOCTHIO MOITYYUTHCS CEMUYTOJIBHUK? A BOCBMUYTOJIBHUK U
1.1.7 [Touemy?

Memoo cnedosé 3aKirodaeTcs B IOCTPOCHUH CIEJOB CEKYIIeW IUIOCKOCTH Ha IJIOCKOCTb
KaX/10il TpaHl MHOrorpaHHuka. [locTpoeHue cedeHuss MHOTOTpaHHUKA METOIOM CJIEJ0B OOBIYHO
HAaYUHAKOT C IIOCTPOEHHUs TaK HA3bIBAEMOI'0 OCHOBHOIO Clle[]a CEKYIUEW IUIOCKOCTH, T.C. Cleaa
CEKYIIEH IUNIOCKOCTU Ha IJIOCKOCTH OCHOBAHUs MHOIOTPaHHUKA.

Memoo ecnomocamenvhvix ceuenuti TOCTPOCHUS CEYEHU MHOTOTPAHHUKOB SIBISIETCS B
JIOCTaTOYHOM Mepe yHHMBepcalbHBIM. B Tex cilydasix, KOrja HY)KHbIN ciel (WK clebl) ceKylei
IJIOCKOCTH OKa3bIBAECTCS 3a MpelelnamMu 4YepTeka, 3TOT METOJ HMMEET Jake OINpeJeICHHBIE
nmpeuMylinecTsa. BMecrte ¢ TeM cieayer MMeThb BBHJY, YTO ITOCTPOEHHS, BBIIOJIHSAEMBIE NPH

161



KCIMOJIb30BAHUH ATOTO METO/1a, 3a4aCTyIO MOJy4YaroTCs “‘CKydeHHbIMU . TeM HEe MEHee B HEKOTOPBIX
ClIydadx MCTO BCIIOMOTaTCIIbHBIX CEUEHHU OKa3hLIBACTCS HaI/IGOHee palluoOHaJIbHBIM.

MCTOZ[ CJICAOB M MCTOJ BCIOMOI'aTCJIIbBHBIX CCUCHUI SBIISIOTCS PAaSHOBUAHOCTAMUA
aKcuoMamu4ecko20 memooa MOCTPOEHUS CEUEHUII MHOIOIPaHHUKOB IJI0CKOCTBIO.

Cytb KOMOUHUpOBAHHO20 MemoOa TIOCTPOCHUS CEYCHWH MHOTOTPAHHUKOB COCTOHMT B
MPUMEHEHUH TEOPEM O MaPAIICIBHOCTH MPSAMBIX U IUIOCKOCTEH B MPOCTPAHCTBE B COYETAHHUU C
aKCHOMATUYECKUM METOJIOM.

A Tenepb Ha IpUMEpE PEIICHUS 3a/1a4 PACCMOTPUM Memoo C1edo8.

3agaua 1.

[Toctpouts ceuenne napamienenunena ABCDA1B1Ci1D1 nminockocTsio, mpoxosieii yepes
touku P, Q, R (Touku ykazansl Ha uepTexe (puc.3)).

Pewenue.
& €
Puc. 3

1. [Toctpoum cnen cexyuieil MIOCKOCTH Ha IJIOCKOCTh HM)KHETO OCHOBAHUS MPU3MBI.
Paccmotpum rpans AA1B1B. B 310ii rpanu nexxart Touku cedenust P u Q. Ilposenem nmpsimyro PQ.

2. [Iponomxum mnpsimyro PQ, koTopas NpHUHAUIEKUT CEUEHMIO, 10 TMEPEeCceueHHus C
npsimoit AB. [Tonyuum Touky S1, IpUHAIISKAITYIO CIIEIY.

3. AHanorn4Ho noxy4aeM Touky Sz nepeceuenneM npsimsix QR u BC.

4. [Tpsmas S1S2 - cien cekylel MI0CKOCTH Ha MII0CKOCTh HUYKHETO OCHOBAHUS ITPU3MBI.

S. ITpsmas S1S2 nepecekaer cropony AD B Touke U, cropony CD B Touke T. Coeannum

touku P u U, Tak Kak oHM JexaT B 0JlHON rutockocT rpanu AA1D1D. Ananoruuno nonyyaem TU u
RT.
6. PQRTU — nckomoe ceueHue.
3agaya 2.
[Toctpouts ceuenne napamienenunena ABCDA1B1Ci1D1 mimockocThio, mpoxosieii yepe3
touku M, N, P (Touku yka3zaHsl Ha ueptexe (puc.4)).
Pewenue.
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Puc. 4
1. Touk N u P jexar B IUIOCKOCTH CEYEHHS U B IUIOCKOCTH HUKHETO OCHOBAaHUS

napauienenunena. [loctpoum npsmyro, MPOXOAAIIYIO 4Y€pe3 ITH TOYKU. IJTa IpsiMasi SIBISETCA
CJIEJIOM CEKYIIEH MJI0CKOCTU Ha INIOCKOCTh OCHOBaHUS Napajuleenue/1a.

2. [Ipogomxum npsiMyro, Ha KOTOpoil Jiexut cropoHa AB mapamnenenunena. Ilpsimeie
AB u NP nepecekyrcsi B HEKOTOpO Touke S. DTa TOUKa IPUHAJJIEKUT MIIOCKOCTH CEUEHHUS.

3. Tak xak Touka M Takke NPUHAUIEKUT IUIOCKOCTH CEYECHMsS U MEPECEKAET IPAMYIO
AA1 B HekoTOpOU Touke X.

4, Touku X u N nexat B o1HO# miockoctu rpanu AA1D1D, coeaguHuM ux u noixydum
npsamyro XN.

S. Tak KaKk IUIOCKOCTM TpaHEd NapajulesIeNMIIeNa NapajulelbHbl, TO 4epe3 TOuKy M

MOKHO TpoBecTH Tpsimyto B rpanu A1B1Ci1Di, napamnensayto npsmoit NP. Orta npsimast nmepeceder
ctopony B1Ci B Touke Y.

6. AHanoru4Ho npoBoauM npsimyro YZ, napamienbHo npsimoid XN. CoenunsieM Z ¢ P u
nosrydyaeM uckomoe ceuenue — MYZPNX.
3aga4u 1719 CaMOCTOSITEIBHOTO PeLICHUSI:

B G

B ____ D e

A D
Bapmuanr 1
. [locTpoiite ceueHune napasuiesenuIiea MIoCKOCThIO, MPOXodllei uepe3 Touku B, D, Di.
. [locTpoiite ceuenne napauienaenuneaa mioCKOCThI0, MpoxoAsiieit uepes Touku A, C, Dy
. [locTpoiite ceueHune napaienenuIieia IoCKOCThIO, MPOXOAsIei yepes npsamyro BB u touky D

A W N ==

. [TocTpoiite ceuenune napasienenuiea MmioCKoCThIo, Mpoxoadieit uepes npsamyro AB u Touky C

Bapmuanr 2
. [Toctpoiite ceuenune napasuienenuiena MmioCKOCThIO, MPOXOAIIel uepe3 Touku A, A1, Cy

—

2. IloctpoiiTe ceueHue napasuienenuiea IioCKOCThIo, Mpoxoasiel yepe3 Touku A, B, D1
3. [locTpoiiTe ceuenne napauienenumnesaa mioCKOCThIO, MPOXoAsIIell uepes npsamyto DD; u Touky B
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4. IToctpoiite ceueHue napajiesnenuiea ioCKOCThIO, Mpoxoasiieit uepes npsimyto AD u Touky B1.

IMPAKTUYECKAS PABOTA Ne 64
Ha3panue npakTuueckoi padoTbl: Buiyucienue 0CHOSHIX 2eMenmos Kyba u napaieienuneod.

ean paboThl: HAYYUTHCS pelllaTh CTaHIAPTHBIC 33a41 HAa HAX0XKJIEHHUE U TOCTPOCHUE.
Pe3yabrarhi:

Dopmupyemuie Inemenmut IK (npogpeccuonanvro opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumeHnsaTs anmapaTHO-IPOTPAMMHBIE CPEICTBA Ul PacdeTOB M COCTaBJICHUS
TOMOTpapUUECKUX, MEKEBBIX IJIAHOB
memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02

npeomemnsie. 11P6 09, I1P6 10, ITP6 11, I[TP6 12, TPy 14, I1Py 15, I1Py 16.
3HaHus: [loHsTHe 0 KyOe, mapaielienumne/e.
yMeHHs1: BrruriciieHre OCHOBHBIX JIEMEHTOB Ky0a ¥ Mapasuiesenune/ia.

Xon padorhl:
[apanaesenunesn - O5TO YETBIPEXYrOoibHAs IIPU3Ma, BCE TIPAaHU KOTOPOM  SIBISAIOTCA
napajuienorpammami. [lapannenenunensl - ocodast rpynmna npusm. Kak BUHO Ha TaHHBIX pUCYHKaX,
00BEMHEBIE PUCYHKH NPAMBIX MapaljICJICHUIICA0B NPAKTUYCCKHA HC OTIINYAOTCA.

Buabl napanienenunenos:

HaxknonHslit

OcHoBaHue - napajijieJIorpaMmm.

Buabi NMPAMBIX MapajJIeJICIUuIIeCa0B:

Tpsvoit napastesenumes IIpsAMOYTONIBHBIN MapajlIeIeIUIIE]

—y
|
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OcHoBanue - napauienorpamMmm OcHoBaHue - NPAMOYTOJILHIK

Cneuna.m;nme ClIyvyau NpsaMOYToJIbHOI0O mapaJjuieJicnuieaa.:

[IpaBunpHas 4eThIPEXYroibHAs IpU3Ma Ky6
x_\\-
/\\_\ /
E\‘-
R

L o
/'/
o 4

OcHoBaHMe - KBajpar, HO BbICOTa IpuU3Mbl Bce péOpa kyba paBHBI, Bce TpaHU -
HE PaBHA CTOPOHE OCHOBAHUSL. KBaJ[PATHI.

VY ky6a 12 pébep u 6 rpaneil.

IInomans IMMOBEPXHOCTU Ky6a HaxoguTCs
YMHOXCHUCM TLIOIa AN OIHOM r'paHu Ha 6.

Sky6a=6-a%, T1iE a - pebpo Kyoa.

Y kyOa, npaBUIbHOW YETHIPEXYTOJbHOM MPHU3MBI, NPSIMOYTOJBHOTO Mapayiesenunena
muaroHanu paBHbel (DF = EC, T.x. DB = CA), a y napauienenunena, B OCHOBaHUU KOTOPOTO
HAXOJIMTCS MapajuiesiorpaMM, THaroHallu TojbKko nonapHo pasHel (DF£EC, 1.x. DB#CA).
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OobpaTute BHUMAaHue! OOBEMHBIC
PUCYHKH TPSIMOYTOJIBHOTO M IPSIMOTO
napajuieJIienune/oB He OTIIMYAIOTCS.

IIpsmas mnpusma, OCHOBaHMEM KOTOPOH SBJIAETCA INPAMOYTOJBHUK, Ha3bIBACTCS
NPAMOYI0/JbHBIM NapaJlie/enuieIoM.

JnuHbel Tpex pebep, HMEOMUX OOIIyI0 BEpIIMHY, HA3bIBAIOTCA H3MEPEHUSIMHU
IIPSIMOYTOJIBHOTO ITapAJUICIICIIUIIE A,

Hampuwmep,
TPHU U3MEPEHUS - ITO JUTHHBI Tpex pedep DA,
DC, DD,

KBagpar auaroHamu mHOpsMOYTOJIBHOIO MapajuleNIeNUIe]a PAaBEeH CyMME KBaJpaToB TPEX €ro
U3MEPEHUN:

D2=a%+h?+c?, re a, b, ¢ - H3MepeHns MPAMOYTOIBHOTO TapaslIeleNuIe/a, T.€., ero JIHHA,
IIHUpHHAa U BBICOTA.
(ITomo6HO Teopeme Iludaropa, TOIbKO 37€Ch 100ABISIETCS TPEThE U3MEPEHUE.)

Ha pucynke: DB12=DA?+DC?+DD1?
3anomMHHTE: y IPSIMOYTOJIBHOTO Mapaiiesienumnena Bee auaronanu pasael: DB1=CA;=AC,;=BD1

Tak kak y KyOa Bce HM3MepEHHUs paBHBI,
o0o3Ha4YaeM UX 3a a, Toraa
D?=a’+a’+a’=3a’.

VYopoutaem u momydaeM  GopMmyny
MaroHaiIu Kyba:

D=aV3

VY11, 00pa3oBaHHbIE JUATOHAISIMU PU3MBI U €€ TPaHIMHU:
[Ipu pemenun 3aaay OYeHb BaKHO yMETh 00O3HAYaTh YIJbl, 0Opa30BaHHbBIC JWATOHAISAMHU
MpU3MBI U €€ OOKOBBIMU I'PaHSIMHU.
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Yron Mexay HaKJIOHHOM M TIIOCKOCTBIO - 3TO YroJI MEXy HAKJIOHHOW M €€ MPOEKIMend Ha ATy
IIJIOCKOCTb.
UToObl HAWTH YroJl MEXKAY HAKIIOHHOM U INIOCKOCTBIO, HEOOX0IUMO:

1) MIPOBECTH HAKJIOHHYIO;

2) 13 KOHIIa HAKJIOHHOM MPOBECTH MEPIICHAUKYIISP K TIOCKOCTH;
3) HPOBECTH MPOEKIINIO HAKIOHHOM;

4) 0003HAYUTh YTOJ MEX/Y HAKIOHHON U ¢€ POCKIIUCH.

Yeon Meafcay OUA2OHANBIO U NIIOCKOCbIO OCHOBAHUS 8 npAMOM napaﬂﬂeﬂenunede:

VYron BDF - yrosn, 00pa3oBaHHbIH MEHbIIEH
nuraroHainbio DF u miiockoCThi0 OCHOBAaHUS
ABCD

(0ObIYHO Ha HU300paKCHUH
napajuiefienunesa MEHbIIas JuaroHalb
(DB) Ta, koTOpas BBITJISIIUT MCHBIIIE).
Tpeyronsauk DBF - npsiMOyronbHbIi.

Yron ECA - yroiu, o0pa3oBaHHBIN OOJBIIICH
nuaroHanbio EC ¥ MIIOCKOCTBIO OCHOBaHHS
ABCD

Tpeyronsauk ECA - mpsMOyTOJIBHBII.

Yeon meancoy ouazonanvio u 60K0801l 2panvio NPAMOY201bHO20 NAPAIelenuneod

Yron FDG - yron, o0pa3oBaHHBIHI

G nuaroHanbeio FD u 6okoBoit rpanpio DKGC.
OGpatute BHUMAaHHE: pebpo
MPSMOYTOJTBHOTO
napajuiesienumneaa
C MEPHEeHIUKYIIpHO  OOKOBOM
/ TpaHd, MOATOMY TPEYrOJbHUK

DFG -npsiMOyTOJIbHBIH.
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Yron FDE - yrom, oOpa3oBaHHBIN

E \ nuaroHaneio FD u 6okoBoit rpansio AEKD
: O6parure BHUMAHUE: pebpo
MPSIMOYTOJILHOTO napajuiesenumneaa
> MEePIEHIUKYISIPHO OOKOBO rpaHu,
A™ MO3TOMY TPEYTroJIbHUK FDE -
MPSAMOYTOJIbHBIH.
3agauu A9 CaMOCTOSITEILHOTO PellIeHus:
1. Bbruucnute nuaroHanb NpsiMOYroJbHOTO Mapaijlesienuinesaa, eciu ero JuinHa paBHa 16 cw,

IIMPHUHA - 8 CM U BBICOTA - 2 CM.
2. JluaroHanab HpSMOYTOJIBHOTO MapajUIeNeNuIeia ¢ IIOCKOCThI0 OCHOBAaHMS 00pa3yeT yrodi
45°, ctopoHbl OCHOBaHUS paBHBI 12 1 16 cMm. Beruncnure BRICOTY nmapauiesenumnesa.

3. B xy6e ABCDA B C1D) touka K — cepenuna pebpa G D,
AAl, touka L — cepenuHa pedpa A1D 1, TOUuKa M _— cepemuHa o _— i ( g
pebpa A1B1. Haiigure yron MLK. I 1
4, Haiimure yron ABD | npsiMoyronsHOro napauienenuresa, fi/" ;
JUISE KOTOPOT'O AB = 5, AD = 4, AA | =3. x,:;;f__'__ ——;;?D
D, ¢ 5. B MPAMOYTOIbHOM | =%~ 5 — 4
". napamienenunene ABCDA1B1C1D; B A
\ "-:I % H3BECTHO, YTO AB = 4, AD =3, AA| =
\ 5. Haiigure yron DBD;.
S|, //{? '1:| “ 6. B MPSIMOYTOJIBHOM
P napamtenemunene ABCDA1B1C1D)
. 4 ‘3 HU3BECTHO, YTO BDl — 3, CD = 2,

4
AD = 2. Haiizure mmny pebpa AA1.

7. B npsamoyromsaoM mapamienenunene ABCDA | B1C 1D
HM3BECTHO, UTO DD = 1, CD = 2, AD =12. Haiinure nnuny
muaronamu CA 1

8. B upsmoyromsiom mapamtenermnene ABCDAB1C1Dy pepo AB =2, pe6po
AD =5

npoxozsmero uepes touku 41,01 u K.
9. B mnpsmoyromsiom mapamienenunene ABCDA|B1C1D1 usectnsl mmuHBI péGep:

, pedpo AA; =2. Touka K — cepenuHa pebdpa BB . Haiizute momans ceuenns,

AB = 24, AD = 10, AA = 22. Haiinure nmomanb cedeHusi, TPOXOIAIIETO YEPe3 BEPIIMHBI A,
A1uC.

10. B npsmoyronsaom napawtenemunene ABCDA1B1C1D1 uspectas mpmust pédep AB = 8,
AD = 6, AA| = 21. Haiiyure cunyc yriaa mexay npameivu CD p ACy.

11. B npamoyromsroM mapamtenenunene ABCDA1B1C1D u3pectrrl nuHE pédep: AB =3,
AD = 5, AA =12, Haitaure miiomane ceyeHus napajiesaenuena MIoCKOCTbI0, TPOXOIAIEH yepes3
Touku A, B u Ci.
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MPAKTUYECKAS PABOTA Ne 65
HaszBanme npakTuueckoit padborsl: [locmpoenue npsamou u HaKJIOHHOU NPUSMbL U UX CEYEHULL.
eap padoThl: 03HAKOMIIEHHE C METOAAMM ITOCTPOEHUM CEYEHUI MPU3M.

Pe3yabTarhi:

Dopmupyemvte 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepicanue):
— IIK 1.6. IlpumeHnsaTh anmapaTHO-IPOTPAMMHBIE CpPEICTBA U PacyeTOB M COCTaBJICHHUS
TOMOTpapUUECKUX, MEKEBBIX IJIAHOB
memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,
MPP 02
npeomemnsie: 11P6 09, I1P6 10, ITP6 11, I1P6 12, [1Py 14, [1Py 15, ITPy 16.
3HAHUA:
— Ilonsarue o npusmax.
— lloHATHE 0 METOAaX MOCTPOEHUS CEUEHUM.
yYMeHHus:
— Iloctpoenune npusm.
— IlocTpoeHue ceueHuii MpusM.
Xoa padoTbI:
IIpusma - 3TO MHOTOIpaHHMK, JIB€ IPaHM KOTOPOTO SBISIOTCA PaBHBIMU MHOTOYTOJBbHUKAMH,
HaXOJAIIMMHUCA B ApAJUICIBbHBIX IUIOCKOCTSX, @ OCTAJIbHBIE TPAHU - IapAJUIEIOrPAMMAMH.
I'panu, KOTOpBIE HAXOIATCS B NMApaJICJIbHBIX IJIOCKOCTSAX, HA3bIBAIOTCS OCHOBAHUSAMH IIPU3MBL, a
OCTaJIbHBIC TPaHH - OOKOBBIMH T'PAHIMH MTPHU3MBI.
B 3aBucumocTy 0T OCHOBAaHMSI IPU3MBbI ObIBAIOT TPEYTOJIbHBIMU (pUC. 1), 4eThIpEXYTronbHBIMU (pHC.
2 u 3), mecTuyroyibHbIMH (puc. 4) u ap.

Puc. 1. Puc. 2.

Puc. 3.
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[Tpusma ¢ OGOKOBBIMH pEOpaMu, MEPHCHAMKYISPHBIMH €€ OCHOBAHMSM, Ha3bIBACTCS IPSMOIL
npusMoi (puc. 1 - 4).

[Ipusma, OokoBbIe péOpa KOTOpPOWM HE
MePIEeHIUKYIISPHBI OCHOBaHUSIM,
Ha3bIBaCTCS HAKJIOHHOM MPU3MOH (pHcC. 5).

Puc. 5.

PaccTosinue Mex 1y OCHOBaHUSIMHM IIPU3Mbl HA3bIBAE€TCSI BHICOTOM MPU3MBI.
BricoTa npsiMoii Mpr3MBbI COBITaAaET ¢ OOKOBBIM PEOPOM.
BricoTa HakJIOHHO TpU3MbI BUJHA Ha pUC. 5. be3 NOMOIHUTENBHBIX YCIOBHI HEBO3MOXHO
ONPEJIEINTh, B KAKYIO TOUKE MPOEKTUPYETCS BBICOTA HAKIIOHHOM MPU3MBI.
[Ipsimast mpr3Ma Ha3bIBa€TCS NPABUIBHOM, €CJIM €€ OCHOBAHUS - MPABUIIbHBIE MHOTOYTOJIbHUKH.
Jluaconanu u ouazonanvHoe ceuenue nPusmMbl:
JAmaronajb NpU3MbI - 3TO OTPE30K, KOTOPBIN COEAUHAET ABE BEPIIMHBI, HE TPUHAIJICKALLNE
OJIHOM I'paHu.
JlnaroHasnp He CyIIECTBYET TOJIBKO Y TPEYTOJIbHON MTPU3MBI.
Ecnu nuaronanu ocHOBaHMSI MPSAMOM MPU3MbI PaBHBI, TO JUAroHajaud CaMOW MPHU3MbI TOXKE
paBHBI.
JluaroHajibHoe cedyeHHe NMPHU3MbI - 3TO CEUYECHME IIJIOCKOCTBIO, MPOXOJIAIIEH uepe3 JBa
OOKOBBIX peOpa, He PUHAJUICIKAIIUX OJTHOW IPAHU.
Kaxnoe nuaroHaibHOE CEUEHHUE COACP/KUT JIBE AUATOHAIU TPU3MBIL.

JlnaroHalibHOE CEUCHHE HAKIIOHHON TIPU3MBI - ITAPAJLICIIOTPaMM.

3anomumure!

VY npaBUIBHOTO MIECTUYTONBHHUKA TUArOHAIH OBIBAIOT 2 BHUJIOB - KOPOTKHE U JITMHHBIE. B CBsI3U C
ATUM CYIIECTBYET JIBa BUJIA TUATOHATILHBIX CEUSHUH MIECTUYTOIbHOM MIPU3MBI:

L/

iyt

-

(TN
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Kak HaiiTu quaroHany npaBUJIBHOTO MIECTUYTOJIbHUKA, €CJIM U3BECTHA JUIMHA €r0 CTOPOHBI?

CE - onHa u3 KOpOTKHMX AuaroHajei mectuyroibHuka, BE - ogHa W3 JUIMHHBIX AMaroHaiei.
VYyuthiBas TO, YTO YIJIbl MPABUJIBHOTO IIECTUYTOJIbHUKA paBHbI 1o 120 rpamycoB, JIETKO HaWTH
MPSIMOYTOJIBHBIA TPEYTOJIbHUK, B KOTOPOM €CTh yroi 30 rpaaycoB, U UCIOIb30BATh COOTHOIICHHUS B
3TOM TPEYTOJIbHUKE.

C D a._
a % =
460 30
B E AN e e A Ry
2a
a a
A F a

JlnaroHanpHOE CE4eHME NPSAMOU PU3MBI SBIIAECTCS MPAMOYTOJIBHUKOM.
Yeon, obpazosannbiii Ouazonanbio u NI0OCKOCMbI0 OCHOBAHUS NPAGUTLHOU WUECTUY20bHOU
npu3Mbl
3aga4u 1719 CaMOCTOSITEIBHOIO PELICHHSA:

Yron CFCl - yron, o0Opa3oBaHHBIN

Oonpllleld  JHArOHaAblO  NPU3MBI  H
m1ockocThio ocHoBaHust ABCDEF.
Tpeyronpauk CFC1 - mpsiMmovrankrrrit

|
|
T_’\.' N
W V v |
TN IlocTpoiite cedeHME TpEYroIbHOW IPU3MBI, : »
- hS P npoxopsmiee uepe3 Touku M, N u P. Jns cayygas, I
Korja Bce péOpa MpHU3MBbl PaBHBI, ONPEIEINUTE L
BU/JI YETBIPEXYTOJIbHUKA, SIBIISIFOIIETOCS CEYEHHEM. /,’/ \\\
2. IlocTpoiiTe ceyeHne TPEYroabHON MPU3MBI, IPOXOIAIIEe Yepe3 TOUKH M

M, N u P. JInsa cinyuas, xorga Bce péOpa MpU3Mbl paBHbI, ONPEICIUTE BUJ YETHIPEXYTONbHUKA,

SBJIAIOILErOCs CEYEHHUEM.

3. IloctpoiiTe ceueHne TpeyroapHOU MpHU3MbI, Hpoxosuiee yeped Touku M, N u P. [{na cioydas,
Korjga Bce péOpa MpHU3Mbl PaBHBI, ONPEAEIUTE BUJ UYETHIPEXYTOIbHUKA,

N
SABIAOIICTOCA CCUCHUCM.

|
|
|
M
At

- ™

M 4. B ocHOBaHWM TpaBWIbHOW TpeyroibHOU mpu3mbel ABCA1B1C1 mexwur
TPEYroJIbHUK cO CTOpoHOUW 6. Bricota mpusmbl paBHa 4. Touka N —
PN cepenuna pedpa A1Ci.

a) [TocTpoiite ceuenue npu3mMsl mrockocTbio BAN.
0) Haiigute nepumeTp 3TOro ceueHusl.
5. lana npasunpsHas npusma ABCA1B1C1, y koTopoii cropons! ocHoBanust AB = 4, a 6okoBoe pedpo
AA1=9. Touka M — cepenuna pedpa AC, a Ha pebpe AA1 B3siTa Touka T Tak, uro AT = 5.
a) Hokaxwure, yto iockocts BB1M nenut orpesok CiT nmonomnam.
0) [Tnockocts BTCy nenut otpe3ok MB1 Ha nBe wactu. Haitinre qyinHy MEHBINCH U3 HUX.
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6. B npaBunbHOM mectuyronasHoit mpuzmMe ABCDEFA1B1C1D1E1F1 cTopons ocHOBaHus paBHEI 5, a
6okoBbIe pébpa paBHbI 11.

a) Hokaxwure, uto npsameie CA1 u C1D1 neprneHAuKyIIpHBIL.

6) HaiiguTe rutomazas ce4eHust Mpu3MBbl IUIOCKOCTRIO, Mpoxo el uepes Bepmuasl C, Ay u F1.

MMPAKTUYECKAS PABOTA Ne 66
Ha3Banue npakTu4eckoii padoTbl: BuiuucieHue 0CHOBHBIX S1eMEeHM08 NPUSMDL.

Ienp padoThI: HAYYNTHCS BBIYUCIIATH OCHOBHBIE 2JIEMEHTHI IIPU3MBI.
PesyabTarsl:

Dopmupyemvte 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpuMeHsTh anmapaTHO-NPOTPAMMHBIE CpPEICTBA MJi PAacyeTOB M COCTABJICHUSA
TonorpauuecKux, MeKEBbIX MIaHOB
memanpeomemnwie: MPI1 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02
npeomemnoste: 11P6 09, I1P6 10, ITP6 11, I1P6 12, [1Py 14, I1Py 15, ITPy 16.
3HaHus: [loHsTre o npu3Me u €€ OCHOBHBIX 3JIEMEHTaX.
ymenmusi: [loctpoenue npusm U UX OCHOBHBIX 3JIEMEHTOB.
Xon padorhl:
Hcnonb3ys TeopeTHuecKuii MaTepuai npakTuyeckoil padotel Ne 68, pemunre cienyoomue 3aJaHusl.
3aga4u 1719 CaMOCTOSITEIBHOIO PELICHHS:
1. B npaBuiibHON TpeyrojabHON NMpU3MeE IJIOLIA b CEUEHUs, IPOXOAIIEro uepe3 60koBoe pedpo u
BBICOTY OCHOBaHHMs paBHa 12v/3, cTopona ocuosanmst 4. Haittu 6okoBoe pe6po.
2. B mpsmoii npusme ABCA1B1C1 ocHoBarnne ABC: AB=AC=10; BC=12; AA:=15. Haiitu miomans
CEUEHUs, IPOXOSAIIEro Yepe3 TOUKY A1 MPOTUBOIIOJIOKHYIO €1 CTOPOHY HUYKHETO OCHOBAHUSI.
3. OcHoBaHHE NPSAMOYTOJIBHOTO Mapajuienenunena pom6 c nuaroHamsmu 10 u 24. Beicora
napamenenunena 10. Haiftu 6onpiyro AuaroHans napasiesenumnesa.
4. OcHOBaHUE MPSIMON MPU3MBI — TPEYTOJIBHUK CO CTOPOHaMHU 5 U 3 u yriioMm 120° Mexay HUMH.
Haubonpias u3 miomaaeii 6okoBbIx rpaneii 35. HaiinuTe miomaas 60KOBOM MOBEPXHOCTH.
5. B mpaBuibHON MIECTUYTOJILHON NpU3Me ABCDEFA B1C1DE1Fl gee pebpa paBHbI 1.
Haiiute paccTosiue Mexay Toukamu B u E.
6. B mpaBuIbHOM IIECTUYTOJBHON INpU3ME ABCDEFA\B1C1DE\Fi pee pebpa paBHbl 1.
Haitnure yron DAB.
7. B npaBUJIBHOM MIECTUYTOJIBHOM IPU3ME ABCDEFA|B\C\D\E\F), pee
peOpa KOTOpO# paBHBI 8, HAMIUTE Yroil MEXAY NPSAMBIMU FA yD\E) .. 4,
8. B mpaBmisHOM TpeyronbHOH mpu3sme ABCA1B1Ci cTopoHBI OCHOBaHWI
paBHBI 2, OoKkOBbIe pEOpa paBHBI 5. Haiiaute moiomans cedyeHUs MPU3MBI
TJIOCKOCTBIO, poxo el uepe3 cepenunsl pédep AB, AC, A1B1 u A1Cs. A

IMNPAKTUYECKAS PABOTA Ne 67
Ha3sBanue npaktuueckoi pabdorbl: //ocmpoenue nupamuobl u ee cedeHui.

esab padoThbl: HAYYUTHCA CTPOUTh MUPAMUIY U €€ CEUEHUS.
Pe3yabTarsi:

Dopmupyemvie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepirycanue):
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— IIK 1.6. IlpumensaTs anmapaTHO-IPOTPAMMHBIE CpPEACTBA [UI PacdeTOB M COCTaBJICHHUS
TONOrpapuUecKux, MEKEBBIX MJIAHOB
memanpeomemnsie: MPI1 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02
npeomemnsie. 11P6 09, I1P6 10, ITP6 11, ITP6 12, TPy 14, I1Py 15, I1Py 16.

3HaHus: [ToHsaTHE O MMpaMKUIAaX U UX OCHOBHBIX 3JIEMEHTAX, CCUCHUAX TUPAMMUIBI.

yMenus: [locTpoenue ceueHni MMpaMuIbL.
Xopn paborhl:
IImpamMmuaa — MHOrorpaHHMK, OCHOBaHHE KOTOPOTO — MHOTI'OYTOJIbHHMK, @ OCTaJIbHbIE TPAaHU —
TPEYroJIbHUKU, UMeroIre o0IIyto BepiinHy. [1o uncity yrioB OCHOBaHUS Pa3IM4alOT MHUPAMUIBI
TPEYTrOJIbHBIE, YETBIPEXYTOJIbHBIC U T. 1.

HAKJIOHHAS npamas

J1eMeHThbI NUpaMHUuIbI

A A — BODUMHE NMDBNMILE

AB AC, AD AE - poSpa
PHDANMILL

ADE,  AEB, ABC,  ACD
GONOENO rpasin MADAaNMILT
BCDE « ocnooasie nepane
AG — 88007
AF - anchema:
AEC — AnaroHanbHos CHotHHe

D Cc

Anogema — BbicOTa OOKOBOM IpaHU MPaBUWIIbHOM MUpaMUIbI, IPOBEICHHAS U3 €€ BEPIIUHBI [L];
OoKo8ble epanu — TPEYTONBHUKH, CXOJISIINECS B BEPIINHE TUPAMHUIBL;

bokosvie pebpa — o01IME CTOPOHBI OOKOBBIX I'PaHel;

eepuiuHa nupamuobl — TOUYKA, COENUHsAIONIas OOKOBble péOpa W HeE Jexamas B IJIOCKOCTH
OCHOBAHUS;

6b1COMa — OTPE30K MEPIEeHINKYISIpa, MPOBEAEHHOTO Yepe3 BEPLIMHY MUPaMUbI K TUIOCKOCTH €€
OCHOBaHUs (KOHIIAMU 3TOT'O OTPE3Ka ABJSIOTCS BEpIINHA TUPAMUIbI U OCHOBAHHE MIEPICHIUKYIISAPA)
(H);

OUA2OHANbHOE cedeHue NUpamuobl — CEUCHHWE NHPaMUAbI, TPOXOASAIIEe dUepe3 BEpUIMHY |
JMaroHaIb OCHOBAHHUS;

OCHOBaHHE — MHOTOYTOJIbHUK, KOTOPOMY HE IPUHAJIC)KUAT BEPIIMHA TTHPAMH/IBL.
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I[MpaBuiabHas nupamMmuaa
S

Ilupamuna Ha3bIBAa€TCS MPABUNLHOU, €CIA OCHOBAHMEM €€ SIBISETCS
NPaBUIBHBII MHOTOYIOJBHHUK, @ BEPUIMHA IPOCHUPYETCSs B ICHTP
ocHOoBaHus. Torjga oHa o0nanaeT TaKMMH CBOWCTBaMHU: OOKOBBEIE pedOpa
MPaBUIBHON MHUpaMHJIbl PaBHBI; B MPAaBUIBHON MUpaMuje Bce OOKOBBIE
rpaHd — paBHBIE pPABHOOCIPEHHBIC TPEYTrOJLHUKH; B JIOOYIO
MPAaBUIBHYIO MIUPAMUy MOXHO KaK BIHCATh, TAK M OIMHCATh OKOJIO Heé

[IpaBuibHasg TpeyroibHas NUpaMulia, Y KOTOpoM Bce pEOpa paBHBI, Ha3bIBaeTCS

TETPadAPOM.

Sc

[IpaBunbHas
TpeyroJibHasi IupaMuaa

F

[IpaBunbHas
YEeThIPEXYTOJIbHAS TUPAMUIA
IIpsaMoyroJibHasi TUpaMUAA

[IpaBunbHas

MEeCTUYTroJbHasA nupamMuaa

[Tupamuia Ha3bBIBACTCS NPAMOY207bHOLU, €CI OJHO M3 OOKOBBIX pEOEp
MUpaMHIbI IEPIICHINKYISIPHO OCHOBaHHIO. B nanHOM ciiydae, 310 pedpo

U SIBJISIETCS BBICOTOM nmupaMuJbl.

Ceuenns nmupamMuabI:

JUaroHaJbHOC€ CCUCHHUC CEUCHUC ITIIOCKOCTBIO,

napannenLHoﬁ OCHOBAHUIO

CECUCHUC ITIIOCKOCTHIO,
HpOXO,Z[HIJ_Ieﬁ noa yriiom K
OCHOBAHUIO
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3agaum 1J19 CAMOCTOSITEJILHOTO PeleHM:

1. B npaBunbsHOU yetbipexyronsHoi nmupamuae PABCD, Bce pebpa koTopoii paBHbl 4, Touka K
— cepeauHa 6okoBoro pedpa AP.

a) IToctpoiite ceueHne nupaMubl MIOCKOCTHIO, IPOXOoAlIel yepe3 Touky K u nmapaiienbHoi
npsimbiM PB u BC.

0) Haiinure momaas cedeHusl.

2. OcHoBanueM mnpsiMoit uetbipexyroiasHoit mpusmel ABCDA'B'C'D' siBnsiercs kBagapat ABCD co

3v/2 27

CTOPOHOM , BBICOTA TIPU3MbI paBHA " Touka K — cepenuna pedpa BB'. Uepes Touku K u
C' mpoBeJieHa MII0CKOCTh 0., TTapajuieabHas npsmMoi BD'.

a) Jlokaxkure, YTO CEYEHHE MPU3MBI IUIOCKOCTBIO 0L SIBJISIETCS. pABHOOEIPEHHBIM TPEYTOJILHUKOM.

0) HaiimuTe nepuMeTp TpEyroiabHUKA, SBISIOIIETOCS CEYEHUEM MPU3MBbI INIOCKOCTBIO 0.

3. Mana npaBuibHas yeTbipéxyronbHas nupamuaa MABCD, Bce pébpa koTopoii paBusl 12. Touka
N — cepenuna 6okoBoro pedpa MA, Touka K neaut 6okoBoe pedpo MB B oTHomienuu 2 : 1, cuuras
oT BepiuHbI M.

a) Jlokaxute, 4yTO ceyeHHE NHPaMUIbl IJIOCKOCTBIO, Mpoxojsmiet uepes Touku N u K
napajuiensHo npsimoit AD, siBisieTcs paBHOOSAPEHHOM Tpamneuei.

0) Haiinure miommaap 3TOro CeYeHwus.

4. B ocnoBanuu npasuwibHOU nupamuasl PABCD nexut kBaapat ABCD co ctoponoii 6. Ceuenue
IMpaMM/Ibl IPOXOJUT Yepe3 BepliuHy B u cepeaunny pedpa PD neprnenaukyispHo 3ToMy pedpy.

a) Jlokaxkure, 4TO yroy HaKJIoHAa OOKOBOTO pedpa mupamusl K €€ OCHOBaHUIO paBeH 60°.

0) HaiimuTe rutomaas ce4eHus: MUpaMHIbL.

5. B ocHoBanuu npaBuibHON YeThipéxyronpHoi nmupamuasl MABCD nexut kBanpatr ABCD co
ctopoHoil 6. IlpoTuBononoxHbie OOKOBBIE pEOpa MUpaMUIbl MOMAPHO MEPHEHIUKYISIpHBL. Yepes
cepenunbl pédep MA u MB npoBeneHa miockocTs o, napaniensHas pedopy MC.

a) Jlokaxxure, 4TO ceueHue MmIockocThio o mupamuisl MABC siBsiercs mapasmienorpaMMoM.

0) Haitnure momans ceuenus nupamuasl MABC mnockocThio a.

6. B mpaBunsaOM TeTpadape ABCD Touku K u M — cepeaunnt pédep AB u CD cooTBETCTBEHHO.
[Tnockocth o copepxut npsamyro KM u napannensHa npsmoit AD.

a) Jlokaxxure, 4TO CeUeHUE TETPadIpa MIIOCKOCTHIO 0L — KBaJIpaT.

AB =2V/3.

0) Haiinure miomane ceuenus terpadapa ABCD mtockocTsio o, eciu

ITPAKTHYECKAS PABOTA Ne 68
Ha3Banue npakTuyeckoii padoTbl: Buluucienue 0CHOBHbIX 2NeMEHMO08 NUPAMUObL.

Henb padoThI: HAYUYNTHCS BBIUUCIATH OCHOBHBIE 3JIEMEHTHI TUPAMU/IBI.
Pe3yabTarsi:

Dopmupyemote 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumensaTs amnmapaTHO-IPOTPAMMHBIE CpPEICTBA JIs PACUETOB M COCTABIICHMS
TOMOTpaUUECKUX, MEKEBBIX TUIAHOB
memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02
npeomemnsie: 11P6 09, I1P6 10, TTP6 11, ITP6 12, [1Py 14, [1Py 15, IIPy 16.
3HAHMS:
— TlonsTue o mupamMuaax U UX OCHOBHBIX AJIEMEHTAX.

— Tlongrne o ceueHNIX MmUupaMubl.
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yMeHus1: BerariciieHre OCHOBHBIX AJIEMEHTOB TTHPAMHU/IBI.
Xopn padoTsr:
1. Iupamuoa c paguvimu O0K08LIMU peOpaMUL:
Eciu 60xoBbIe pEOpa MUPaMUIBI C TIIOCKOCTHIO OCHOBAHUS 00pa3yIOT paBHEIE yIIlbl, TO pEOpa
MUPAaMUJIbI PABHBI, U BEPIIMHA TUPAMUJIBI IPOCKTUPYETCS B IIEHTP OKPY)KHOCTH, OIMCAHHON OKOJIO
MHOTOYTOJIbHUKA OCHOBaHHUSI.

YroObl OBLIO JIETYE 3alIOMHHUTH, MOYKHO
MPEACTaBUTh BHUJI NMUPAMHUIBI CBEPXY (CM.
puc.l).

0>

[Ipoekuuu pédep paBHBI, Yepe3 UX KOHIIBI
MO>KHO MPOBECTH OKPYKHOCTb. S\

puc.l

Yy nupaMmuabl MOTI'yT OBITH PaBHBI OOKOBEIE pe6pa TOrJa, KOoraa OKOJIO MHOI'OYroJIbHHKa
OCHOBAHUA MOXHO OITMCATh OKPYKHOCTD.

Puc. 2 Puc. 3

I'naBHbIE 3aBUCMMOCTH /1JI51 MHOTOYT0JIbHUKOB, 0K0J10 KOTOPbIX MOKHO ONUCATH
OKPY’KHOCTh

MHOroyroJibHuK, .
LenTp onucanHoM
0K0J10 KOTOPOI'0 MOKHO DopMmy.Jibl
OKPY’KHOCTH
OIMCATh OKPYKHOCTh
MIPOU3BOJILHBIN abc a
TOYKA [IEPECEUCHUS R=—— ——=2R
TPEYroJIbHUK 45 sina
CEepPEIMHHBIX NIEPICHANKYIISIPOB
(puc.2) rze a,b,c - CTOpOHBI TPEYTOIbHHUKA
TOYKA [IEPECEUCHUS
. CepEeIMHHBIX abc a
paBHOOEIPEHHBIN R=—— ——=2R
MEPIEHIUKYIISIPOB, HAXOIUTCSA 4S  sina
TPEYTOJIbHUK .
Ha BBICOTE, MPOBEAECHHOM K
OCHOBAHUIO
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MPSAMOYTOJIbHBIN

cepeInHa TUTIOTEHY3bI R - monoBruHA rUTIOTEHY3HI
TpEyroJibHUK (puc.3)

TOYKa IICPECCUCHUA

IIPSIMOYTOJIBHUK R - nmosoBuHa 1uaroHanu

JuaroHaneu

Ecnu ocHOBaHMeE - MpaBUIIbHBIM MHOTOYIOJIbHUK M BCE OOKOBBIE I'PaHU paBHBI, TO IMHpaMKIA
SIBJISIETCS TIPABUIIBHOM.
2. Tlupamuoa c pagnvlmu 08y2paHHbIMU Y21amu NPU OCHOBAHUU:
Ecnu 60koBBIE TpaHu MUPaMUABI C €€ OCHOBAaHHEM 00pa3yloT paBHbBIC IBYTPAHHbIC YTJIb,
TO BCE BBICOTHI OOKOBBIX I'paHell MUpaMuAbl paBHBI (Y MPAaBUIIBHOM MUPAMUIBI 3TO artoembl), 1
BEpIIMHA NHUPAaMUABI NPOCKTUPYETCS B LEHTP OKPY)KHOCTH, BIMCAaHHOW B MHOIOYTOJIBHUK
OCHOBAHUS.

YroOBl JieTde JTO 3allOMHHTH, MOKHO
MPEACTaBUTh, UTO CMOTPUTE HA MUPaAMUILY
CBEpXY »
(cM. pUCYHOK). (s
[Ipoekuuu  BbICOT  OOKOBBIX  IpaHeil " [
MAPaMU/Ibl PABHBI, Y€PE3 UX KOHLIBI MOXKHO

BIIUCATb OKPYKHOCTD.

VY nupamMuabpl MOTYT OBITH paBHBIE IBYIpaHHBIC YIJIbl TPH OCHOBAaHMM TOTJA, KOTAa B
MHOI'OYT'OJIbHUK OCHOBAaHHSI MOYKHO BIIUCAaTh OKPY’KHOCTb.

Puc. 2 Puc. 3
OTMmeyass pamuyc r Ha pPHUCYHKE, HYXHO OBITh OYeHb BHHUMaTelbHbIM! Pannyc BhnucaHHOMN
OKpPY>KHOCTH TEpHEeHIUKYJsIpeH cTopoHe. Hampumep, B HpPOM3BOJIBHOM TpPEYroJbHUKE OH HE
HaXo/uTCs Ha buccekTpuce (puc.2) u B poMmOe He mapajuieseH cCTopoHe (puc.3).
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I'maBHbIE 3aBUCHMMOCTH AJIs1 MHOI'0yroJibHUKOB, B KOTOPbI€ MOKHO BIIMCATH OKPY’KHOCTH

enTp BIIUCAHHOM
MHOroyroJibHuK DopMyJibl
OKPYKHOCTH
y Sa
J000M TPEYTrONIbHUK TOYKa repeceyeHust r=—
(puc.2) OuCCceKTpuC p
1€ p - MOJIYIIEpUMETP
Sp0M6a
pomO TOYKa repeceyeHust r=—
(puc.3) JTuaroHajnen p

I' - MOJIOBUHA BBICOTHI poMOa

3agauu 1719 CaMOCTOSITEJILHOIO PelleHus :

1.BbicoTa npaBUiIbHON TPEYTOJIbHON NUPaMUIbl paBHA a\3; paauyc OKpY»KHOCTH, OIIMCAHHOU
OKOJIO ee OCHOBaHHus, 2a. Haiinute: a) anopemy nupamuel; 6) yroa Mexay OOKOBOM I'paHblO U
OCHOBAHUEM; B) IJIOCKUI Yo MpU BEPIINHE TUPAMUJIBL.

2. Anoema npaBUIILHON YETHIPEXYTrOIbHOM MUpaMubl paBHa 2a. BeicoTa mupaMuasl paBHa
aV3. HaiiguTe: a) CTOPOHY OCHOBAHHS TUPAMUIBL; 0) YroJ MEXIy GOKOBOM IPAaHbIO ¥ OCHOBAHHEM;
B) pacCTOsIHME OT LIEHTPa OCHOBAHMsI MUPAMUBI J10 IIIOCKOCTH OOKOBOM IPaHU.

3. OcHoBaHue NHUpPaMUIbI - IPSIMOYTOJIBHUK CO CTOpoHamMH 6 u 8 cM. BeicoTa nmupamusl
paBHa 12 CM W MPOXOAMT Yepe3 TOUKY IEepecedeHHs NuaroHajieil ocHoBaHus. Haiinute GOKOBBIC
peOpa mupaMuIb.

4. OcHoBanue nupamuipl - pom06 ¢ quaroHansimu 10 u 18 cM. Beicota nupamuibl IpoXoauT
yepe3 TOUKY MepeceueHus nuaroHaneit pomba. Mensbiiee 60koBoe peOpo mupaMuibl paBHoO 13 cM.
Haiinute Gonbiee 00koBOE peOpO MUpPaAMHIBL.

5. B mpaBuJIbHON 4YETHIPEXYrOJbHOW NHpaMHUIE CTOPOHA OCHOBAHMs paBHA 6 CM, a Yroi
HakJI0Ha OOKOBOI IpaHU K MJIOCKOCTH OCHOBaHMA paBeH 60°. Halinure 60koBoe pedpo mupaMubl.

6. OcnoBanuem nupamusl DABC sBisiercs mpsimoyronbHbli TpeyronbHUK ABC, y koToporo
runoteny3a AB paBna 29 cwm, kateT AC paBen 21 cM. Pe6po DA nepneHAuKyISIpHO K TIIOCKOCTH
ocHoBaHus U paBHO 20 cM. Haiiaure mioniaabs 60KOBON MOBEPXHOCTU MUPAMUJIBL.

IMPAKTUYECKAS PABOTA Ne 69
HazBanue npakrudeckoi padorsl: Vccrnedosanue cummempuu 6 mro2oepannukax. Ilocmpoenue
npasusibHblx MHO2COCPAHHUKOG.
Ieab padoThl: HAYYUTHCS CTPOUTH TPABUIIBHBIE MHOTOTPAHHUKH U UCCIIE0BATh B HUX CUMMETPUIO.
Pe3yabTarsi:

Dopmupyemoie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensaTs amnmapaTHO-IPOTPAMMHBIE CpPEICTBA Jis PACUYETOB M COCTABIICHMS
TOMOTpaUUECKUX, MEKEBBIX TUIAHOB
memanpeomemnsie: MPIT 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02
npeomemnsie: 11P6 09, I1P6 10, TTP6 11, I1P6 12, [1Py 14, [1Py 15, ITPy 16.
3HAHUA:
— TloHATHe 0 MHOTOTPAaHHUKAX U UX OCHOBHBIX JIEMEHTaX.
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— IlonsTHe 0 cuMMETpUM.
yMeHus: OnpeeneHue CAMMETPUYHBIX JIEMEHTOB B MHOIOTPaHHUKAX.
Xox padoThI:

1. 3anucarh onpezeeHue IPaBUIbHOTO MHOIOIPaHHUKA.

MHOI‘OFpaHHI/IK HAa3bIBACTCA MPABUIIBHBIM, CCIM CTO TPAHHM - .......iiiit ciiiiiiiiiiiiiiiiiiiaeenennienans

MHOT'OYT'OJIbHUKH U B Kaﬁ(ﬂOﬁ BCPIIMHE CXOAUTCA JHO U TO KC UUCIIO .....coovvnnninnnn,

2. IlepeuncinTh CBOWCTBA MPABUIBHOIO MHOTOTPAHHUKA:

A) BCE pedpa MIPABHJILHOTO MHOTOTPAHHHMKA ~ eeeenienieinianeanneanennn

b) Bce oByrpaHHble  YIUIBI, COJEpXKallMe JIB€ TpaHH C  OOUIMM

3. Ilepeunciuth NpaBUIbHbIE MHOTOIPAHHUKU

) e e e
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Vron IIPAaBHJIBHOTO N-yroJIbHUKA PaBCH a =

[IpaBHUIIBHBIN N-yTrOJIBHUK
n=3 n=4 n=>5 n=6

I'panycHas mepa yria
IIPaBUIIBHOTO
N-yrojJpHUKa

[TycTs mpu BepmmHe cxoguTcs N pedep, Torjaa IIOCKUX YIJIOB MPH 3TOH BEpIIMHE .....,
IIPUYEM OHU BCE ....uvennennnen. MEX1y COOOH.

HYCTI) OAWH M3 YIJIOB M3 3TUX IUIOCKHX YIJIOB PABCH X, TOI'Ja CyMMa IIJIOCKHUX YIJIOB IIPU
BEpIIUHE ......... , ¥ TIO CBOMCTBY MHOTOTPAHHOTO yIJIa IONydnM Nx..... 360°, oTkyma x .........

KonnuecTBo MI0CKUX yIiioB IIPU OAHON BEPILINHE
3 4 5 6 7

I'panycHas
Mepa  OJHOIO

yrja MEHbIe

3apanme 1: Jloka3zaTh, YTO HE CYILIECTBYET IMPaBUIBHOIO MHOIOTPaHHUKA, TPAHSIMU KOTOPOIO
SIBJISIFOTCS TPABUJIbHBIE IECTUYTOJIbHUKH, CEMUYTOJIBHUKU U N-YTOJIBHUKU MTpU N>6.
Jloka3arenbCcTBO:

Yroa mpaBWIBHOTO N-yrojibHWKa MpuU N>6 HE MEHBIIE ....... 0. C mpyroit cTOpOHEI, TIpH
Ka)KJI0W BEpIIMHE MHOTOI'PaHHUKA JIOJKHO ObITh HE MEHEE ...... IUI0CKUX yrioB. [loaTomy eciu Obl
CYIIECTBOBAJI NPABHJIBHBI MHOTOTPAHHUK, Y KOTOPOTO TPAHM = ...eeuvenrenenennennnnn. N-yroJbHUKU

npu N>6, To cymMMa IUIOCKMX YIJIOB MPH KaXKJIO0W BEpIIMHE TaKOTO MHOTOTpaHHHMKa Oblia Obl HE
1Y (535153 11 (I

I1o cBOICTBY MHOTOTPAHHOTO yIila: CyMMa BCEX MIOCKUX YIII0B IPH KaXJA0W BEepLUINHE
BBIITYKJIOTO MHOTOTPAHHHUKA .. ..enveeeneeenneennnennnens
33503171
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3ananme 2: J/[okazarh, 4TO CYIIECTBYET BCETO 5 MPaBUIbHBIX MHOTOIPAHHUKOB

JlokazaTenbCcTBO:
®opma rpaneit | I'pagycn | Yucno | Cymma | IIporuBopeun | Uucino rpaneii | HazBanue
as mepa | pedep IJIOCKU | T JIX TEOPEME | TAKOTO IIPaBUIIBHOT
IUIOCKOIO | IpH X YIJIOB | O CyMMe€ MHOT'OTPaHHH | O
yria OIHOM | mpu IJIOCKHUX Ka MHOT'OTPaHH
BEPILMH | OJHOW | yIJIOB uKa
e BEPIIHMH | MHOTOTPAHHO
e ro yria
[TpaBuibHBIHI 3
TPEYrOJIbHUK 4
5
6
[TpaBuBHEBIHI 3
YETBIPEXYTOJIbH
1719 (O ) 4
[TpaBuIbHBII 3
ISATUYTOJILHUK
4
BBIBOI: ...

ITPAKTHYECKAS PABOTA Ne 70
HazBanue npakTuueckoii padorsi: [locmpoenue yceyeHHol nupamuobl U bl14UCTEHUE ee OCHOBHbIX
9N1eMeHMO8.
Ienb padoThI: : HAYYUTHCS CTPOUTH YCEUEHHYIO MUPAMUY U BBIYHMCIIATE €€ OCHOBHBIE DJIEMEHTHI.

Pe3yabTarsl:

Dopmupyemvie 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumensaTs amnmapaTHO-IPOrPAMMHBIE CpPEICTBA JIs PACUETOB M COCTABIICHMS
TonorpaduuecKux, MeKEBbIX MIAHOB
memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02

npeomemnsie: 11P6 09, I1P6 10, TTIP6 11, I1P6 12, [1Py 14, [1Py 15, IIPy 16.
3Hanus: [oHATHE O YCEUEHHBIX MMPAMUIAX U UX OCHOBHBIX DJIEMEHTAX.
yMeHus1: BerariciieHre OCHOBHBIX 2JIEMEHTOB YCEUEHHOW MTUPAMHUIBI.

181



Xox pabdoThI:

1.1306pa3um npoun3BosbHYI0 TUpamMuay SA1 Ao...
An.
2. [IpoBeniéM cexylyro INIOCKOCTh MapaljIeIbHO

OCHOBaHMIO, TIEPECEKAIOIIYI0 OOKOBBIE pEOpa
nupamMusl B Toukax Bi Ba... Bn.

3.Cekymas IJIOCKOCTh pa30uiia mupaMuly Ha JABa

MHOI'OTPaHHUKA, OJIUH U3 KOTOPBIX TaK K€
SIBJISICTCS] TUPAMUJION., @ APYTOMl HA3bIBAETCS
yCe4EéHHOM MUpaMuUI0i.

Nrak, yceuéHHOM MUPAMHI0H HA3bIBACTCS
MHOT'OTPaHHUK, 'PaHsIMH KOTOPOTO SIBJISIOTCS
MHOTOYTOJIBHUKUA A1 A2... Anu B1Ba...
Bn(BepxHee 1 HUKHEe OCHOBAHHA),
PacIoyIoKEHHBIX Ha MMapajuleIbHbIX INIOCKOCTAX U
4yeThIpEXYyroibHUKOB A1 A2 B1 B2, A2 A3 B2
Bs,...An-1 An Bn-1 Bn(00koBBIE Tpanm).

OTpe3ku, COeANHSIONINE BEPIINHBI OCHOBaHUM
Ha3bIBAIOTCSl 0OKOBBIMM pPEOpamMM yceuEHHOMN
TTUPAMUJIBI. ABCDA B: C1 Di1-yceuénnas nupamua.

Ha ueptexe nzobpaxena yceu€HHas mupaMuia ABCD u A1 B1 C1 D1-ocHoBanust
ABCDA: B; C; Ds. A A1B;1 B-6okoBast rpaib
A A1-GokoBoe pedpo

OO1-BBICOTA

BreicoToil nupamMuabl Ha3bIBAECTCS MEPIIEHIUKYJISP,
MPOBEIEHHBIN U3 000N TOYKH OCHOBAHUSA K
IIJIOCKOCTH APYTOTO.

Paccmotpum 6okoByto rpans A1 A2 B1 B2
YCEYEHHOU MUPAMHUJIBI .

Croponsl A1 A2 1 B1 B2 mapannenbsHbl, Tak Kak

NPUHAIEXKAT MapajuIeIbHBIM MPSIMBIM, 110
KOTOPBIM IIJIOCKOCTh S A1 A2 nepecekaeTcs ¢

napaJiiCJIbHBIMHA IINIOCKOCTAMU anL(ba u Oera.

Croponsl A1 B1 u A2 B2 He nmapaiienbHbl, Tak Kak
WX TIPOJIOIDKEHHS TIEPECEKAIOTCS B TOUKE S.

Taxum 00pa3oM MbI JI0Ka3aiu, 4T0 GOKOBAs IPaHb | (;KeaTebHO COMOCTABIISTh OOBEKTHI
NPAaBHJIbHON YCCYEHHON MHUPAMHUIBI YepTeka Co CJIOBaMHU, MOKHO aHUMaIHen
A1 A2 B1 B -aBisercsa Tpanenuei. 1160 TIPOCTO BBIAEIATH)

OueBHIHO, UTO BCE OOKOBBIE IPAHU YCEUEHHOM
MHUPaMUIBI ABJISIOTCS TPATIEIUSAMH.

Ecnu yceu€nnas nupamMua nojiydeHa myTémM
CCYEHUS NTapAJUIEIbHO OCHOBAHMIO NTPAaBUIBHON
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MUPaMUJIbI, TO YCEUCHHAs HpamMuia OyeT Tak xe
NPaBHJIBLHOI.

OcHoBaHUs NTpaBUIIBHON YCEUEHHON TUPaMUIbl —
3TO MpPaBWJIbHbIE MHOTOYTOJIbHUKH, & OOKOBbIE
IpaHK- paBHOOEAPEHHbIE TPalleHH.

BricoTa 60Kk0BOM I'paHK Ha3bIBACTCS anmo(eMoi.

A A1B1 B- paBHoOepeHHas Tpamenus.

BiE-anodewma.

[IpuMenuM cBOM 3HAHUS MPU PELICHUU 33/4a4:
3agaua 1.

CTOpOHBI OCHOBaHMM MPABUIILHON TPEYTOJIbHOU
yceu€HHOM nupamuibl paBHbl 4 1M U 2 1m. Touku
O u O1-ueHTpbl OCHOBaHUM upamuibl. Halitu
BBICOTY M anodeMy MmupaMubl, eciim O0KOBOE
pedpo paBHO 2 M.

JIns Havana npoBenéM KpaTKUM aHaIu3 3a1a4u:
TaK KaK yce4€HHas IMpaMua [IpaBUIbHALA, TO
OOKOBBIC pEOpa-paBHbIC paBHOOCIPCHHBIC
Tpaneuuy. B ocHOBaHUU JIeXkKaT NpaBUIIbHBIE
TPEYroJIbHUKHU, 3HAYUT BCE YIJIbl ITUX
TPEYroJIbHUKOB OyAyT o 60 rpagycos.
Pemenne:

1. HomnonHuTenbHOE ocTpoeHue: nocrpoum CM
nepneHukyisapHo AB, C1Mi1 nepneHuKynsapHo
A1B1 1 coenuanM Touku M1 u M.

ITo Teopeme o Tpéx nepnenaukysapax MiM
neprneHaukynsiped AB(ogHoBpemenno MiM
nepnenukynsapHa Ai1B1), 3Haunt MiM-anodema.

2. [Nockonbky Touku O U O1-LIEHTPHI OCHOBAHUI
nupamupl, To OO1-BbIcOTA h.

JlononHuTenbHOe nocrpoenue: nocrpoum Cil
nepreHaukyisippo CM u M1 N Tak xe
nepneHauKkyisspao CM.

Torma CiL= 001= M1 N=h(kak paccTOsHHs MEXLy
napajieIbHbIMU TPSMBIMA).

3.Tpeyronsauku ABC u A1 B1 Ci-nipaBuiibHbIE,
3Ha4uT OC n O1C1-pagnychl ONUCAHHBIX
OoKpykHOCTeH TpeyroiapHukoB ABC u A1 B1 Ci.
Haiinem OC u O1Cimo dopMyie 715t HaXOKISHUS
paanyca OIMCaHHOW OKPYKHOCTH

[Jano: ABCA1 B1 Ci-yceuénnast nupamua,
AB=BC=AC=4 1M, A1B1=B1C1=A1C1=2
M, AA1=2 1M

Haiitu: BeicoTy, anodemy
Pewrenue:

1.J1.m. CMLAB, CiMi+ A1B1— MM+
ABu

MiM-L A1Bi( o T.1.11.)

MiM-anogema.

2. O01-BeIcOTA h.

Jlm. CilL e, My NL em.
C1L=001= M1 N=h(kak paccrosiHus
MEKTy TapajuIeIbHBIMUA TPSIMbIMH ).

3.A ABC u A A1 B1 Ci-npaBunsasie— OC
n O1C1-paanycel ONMCAHHBIX

OKPY>KHOCTEH.
OC=AB =4 =4
25in60° 2% 3
01C1=A1B1 =2 =2 mm
25in60° 242 3
4,
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4.Haiinem nnuny otpeska CL xak pasHOCTb MeXny
mHaMu otpe3koB OC u O1Ca:

5.3 mpsmoyrosbHOTo Tpeyroabauka CCiL
HalnéM
Ci1 L mo teopeme Iudaropa:

6. I1o onpenenennto cuHyca U3 NpsMOYroJbHOTO
TpeyroiabHuka A1 C1 M HaiiiéM JUIMHY OTpe3Ka
CiMuz:

Jnuny otpeska O1M1 HalijieM Kak pa3HOCTb JJIUH
oTpe3koB CiM1 u C101:

7.13 npsimoyronsHoro tpeyronsauka ACM no
OTIpeJICIICHUIO CUHYCa HalAEM JuHy oTpe3ka CM:
N3 paznoctu orpesko CM u CO Haiinem JIMHY
OM:

8. PaccMoTpuM IIpSIMOYTOJIBHBIN TPEYTrOIBHUK
M1NM wu naiinem nnuny otpeska MiM no Teopeme
[Tudaropa:

3neck Hen3BecTHA AnuHa otpe3ska MN. E€ moxHo
HaWTH KakK pa3HOCThb AyinH oTpe3koB OM u ON:
MN= OM - ON.

B cBoro ouepenr ON= O1 M1=1 nam, Tak Kak

\3

O1 M1 NO-nipssiMOYTOJIbHUK.

CL=0C- 0:C1=4
\3

5.A CCiL-nipsimoyrosibHBIN, TIO TEOpEME
[Tudaropa:
Tak kak C1L= OO1=h, caegoBareisHo
BbIcoTa h paBHa 2V6 1M
C1 L=V CC1?- CL%=\22-(2)>=V8 =26 nm
(32 V3 3
6. C1M1=A1C1*sin60°=2*V3 =V3 im
2
O1M1= CiM1- C101=\3-2 =1 am
V3 3

1.
CM=AC*sin60°=4*\3 =23 nm
2
CO=2V3-4 =2 mm
V3 3
8.A MiNM-npsimoyronbHbIi, 10 TEOpEME
[Mudaropa:
M:M=vh?+MN?
MN= OM - ON.
ON= 01 M1=1 1M, TaK Kak
V3
O1 M1 NO-nipssMOYyTroJIbHUK.
MN= OM — ON= OM- O1 M= 2

OM=CM -

&
2
[98)

S|

MiM=v\h2+MN?

=8 +1=V9=3
3 3 3

MiM==V(2¥3)> +1
(3 (V37

Otser: MiIM=V3 1M, 010=2V6 1M
3

Sanaqn AJI CaMOCTOATEC/IBHOI'O peICHUA

1. OcHoBaHMEe THpaMHJIBI - MPSMOYTOJIBHUK co cTopoHamMu 6 cMm u 8 cMm. Kaxmoe pebpo
nupaMuibl paBHO 13 cM. Beruncnure BHICOTY MUpaMUIbIL.

2. OcHOBaHME NUPAMHUJIBI - MPSMOYTOJBHBIN TPEYTOJbHUK ¢ KareramMu 6 ¢cM u 8 cMm. Bcee
JBYTpaHHBIE YITIbI IPU OCHOBAHUM MUpPaMKIbl paBHbl 60°. HaliquTe BBICOTY MMpaMHUIbIL.

3. Y 4eThIpexyroiabHON yCEUEHHON MUpaMUbl CTOPOHBI OJTHOIO OCHOBAHUS paBHEI 6, 7, 8, 9
CM, @ MEHbIIIasg CTOPOHA JPYroro OCHOBaHUA paBHa 5 cM. Haiinure ocTalbHBIE CTOPOHBI 3TOTO
OCHOBAaHHUSI.
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4. B mpaBuibHOW TpPEYroJIbHOW NHpPaMHAE C BBICOTOM h Yepe3 CTOPOHY OCHOBaHHS a
IpoBe/ieHa IUIOCKOCTh, MepeceKaromas MpoTHBOIekKAalas MpoTUBoJIeKaliee O0KoBoe pedpo mon
psAMBIM yriioMm. Haiinure mromans ceyeHusl.

5. IocTpolite ceyeHre nupaMubl IIOCKOCTBIO, IPOXOALICH Yepe3 BEPIIUHY UPAMUIBI U
JIB€ JaHHBIE TOUKH Ha €€ OCHOBAHUH.

6. B mpaBUJIbHOM YETHIPEXYTOJIBLHON YCEUEHHON MUpaMHJI€ BHICOTA paBHA 2 CM, a CTOPOHBI
ocHOBaHM# 3 cM u 5 cMm. Haliiure nuaroHanab 3TOM MUpPaMUJIbI.

IMMPAKTUYECKAS PABOTA Ne 71
Ha3sBanue npakTuueckoi padorsl: //ocmpoenue yununopa u e2o cevyeHuil.

Ieap padoThl: HAYYUTHCS CTPOUTH LUIMHAPBI U UX CEUEHHUS
PesyabTarsl:

Dopmupyemovie 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumensTh anmapaTHO-NPOTPAMMHBIE CpPEICTBA Ui PacyeTOB M COCTaBJICHUS
TONOrpapUUECKUX, MEKEBBIX IJIAHOB
memanpeomemnsie. MPIT 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09.
npeomemnoste: 11P6 09, I1P6 10, ITP6 11, ITP6 12, [1Py 14, [1Py 15, I1Py 16.
3Hanus: [ToHsTHE O HMIMHIPAX U UX OCHOBHBIX JIEMEHTAX.
YMEHHUA:
— Bbluncnenne OCHOBHBIX 3JIEMEHTOB LIUIUHIPA.
— IlocTtpoeHue cedeHnuil TUIUHIPA.
Xon padorhl:
nauHAPOM Ha3BIBAETCS TEJIO, KOTOPOE COCTOUT U3 JABYX KPYrOB, COBMEIIAEMbIX MApAJIEIbHBIM
MEPEHOCOM U BCEX OTPE3KOB, COCTUHSIONTUX COOTBETCTBYIONINE TOUKH 3THX KPYTOB.
Kpyru Ha3bIBalOT OCHOBAHMSIMH IWIMHAPA, a OTPE3KHU, COCAUHSIONINE COOTBETCTBYIOIINE TOUKH
OKPY>KHOCTEH 3TUX KPYTOB — 00pa3yronumMu HuiuHapa (puc. 1)

Ca D
OCHOBAHITT- K])}-’I”II

puc. 1 puc. 2 puc. 3

odpasyroman

l

BEBEICOTA

puc. 4

Csouicmea yununopa:
1) OcHOoBaHMsI HMJIMHIPA PABHBI U JISKAT B MApaJUIEIbHBIX IIOCKOCTSX.
2) O6pa3yrolye HWIMHIPA PaBHBI U MapajlIeIbHbI.
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PaanycoM nyimHIpa Ha3bIBACTCS PaANyC €70 OCHOBAHMUS.

BricoToi uMHApPa HAa3bIBACTCS PACCTOSIHUE MEXAY IIJIOCKOCTSIMU €r0 OCHOBaHUM.

Ceuenne LMIMHApPA IUIOCKOCTBIO, MIPOXOASAIIEN dYepe3 OCh IMIMHJIPA, HA3bIBAETCS OCEBBIM
ceyeHHneM.

OceBoe cedyeHue IIIMHIPA — IPIMOYTOJIbHUK co ctopoHaMu 2R u | (B mpsmom mmmuape | = H)
puc. 2

CedeHue UMIMHJPA, TapaJUIEIbHbBIE €0 OCH, SIBIIAIOTCS MPAMOYTOJIbHUKAMU (pUc. 3).

CedeHune HMIMH]PA IUNIOCKOCTBIO, ApaUIEIbHON OCHOBAaHUSIM — KPYT, paBHbI OCHOBAaHUAM (pHC. 4)

3agauu AJ19 CaMOCTOSITEILHOIO PeLIeHHs:
1. Panguyc nunnnapa paseH 3¢M, a ero BeicoTa- Scm. Haiinure miomaabs 0ceBOoro ceueHus U miola b
MMOJTHOM MOBCPXHOCTHU HUIIMH/IpPA.
2. Pamuyc mmnmuHApa paBeH 2cM, a €ro BbicoTa- 3cMm. HaiinuTe AwaroHalb OCEBOTO CEUCHUS
LWIMHIPA.
3. JluameTp OKpYKHOCTHM OCHOBAaHHs ILWIMHApA paBeH 26, oOpasyrouias LMIMHIApa paBHa 21.
IInockocTe mepecekaer ero ocHoBaHMs 1o xopaaM JuiMHbL 24 n 10. PaccrosHue mexny sTumMu
xopnamu pasHo V730.
a) Jlokaxkute, 4TO LIEHTPbl OCHOBAHUM MJIMH]PA JIEXKAT 10 pa3HbIe CTOPOHBI OT ITON MIIOCKOCTH.
0) HaiimuTe yron Mexay 3TOH IUIOCKOCTBIO M IMJIOCKOCTBIO OCHOBAHHMS IIMIIMH/IPA.
4. BeicoTa nuiIMHApa paBHa 3, a paJuyc OCHOBaHUS paBeH 13.
a) [ToctpoiiTe ceueHne HMIMHAPA IUIOCKOCThIO, MPOXOJIAIIEH NapayIeIbHO OCH LIMIMHIPA, TaK,
YTOOBI MJIOIA/(b 3TOT0 CEYEHUS paBHsIAChH 72.
0) Haiigute paccTosiHuE OT MJIOCKOCTH CEUEHHsI 1O IEHTpa OCHOBAHMS LIMJIMHAPA.

MPAKTUYECKAS PABOTA Ne 72
Ha3Banue npakTu4yeckoii padorbl: BuiuucieHue 0CHOBHbIX 21eMEeHmMO8 YUTUHODA.

He.]'lb paﬁoTbl: HAaYYUTBHCA BbIYUCIIATE OCHOBHBIC 3JICMCHTBI HUJIMHAPA.
Pesyabrarnl:

@opmupyemoie Inemenmsl IIK (npogheccuonansno opuenmuposannoe cooepcanue):

— IIK 1.6. IlpumensTs anmapaTHO-NPOTPAMMHBIE CpPEICTBA U PacyeTOB M COCTaBJICHUS
TONOrpapUUECKUX, MEKEBBIX MIIAHOB

memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,
MPK 11, MPP 02, MPP 09.
npeomemnosie: 11P6 09, I1P6 10, TTP6 11, I1P6 12, [1Py 14, [1Py 15, ITPy 16.
3HaHus: [loHsTHE O IUIMHIPAX U X OCHOBHBIX AJIEMEHTAX.
yMeHusi: BerauciieHne 0CHOBHBIX DJIEMEHTOB IHJIUH/IPA.
Xox pa0doThI:
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? Linnunap.

O¢b 3neMeHTbI ULUNMHAPA:

H — BbicoTa yunuHgpa

T R — paguyc ocHoBaHus
CeyeHne uunuHppa 1 ______/'/

MrocKoCThIO, L — oBpasyiolyas yunuHapa
napannenbHon ocu -
MPAMOYronbHUK

OceBoe cevyeHne —

NPAMOYTronbHUK

CeveHune umnmHapa rnnocKocThblo,

nepreHaKyNAPHON ocu - Kpyr
3agaum AJ15l CAaMOCTOSITEILHOTO PellleH s :
1. OceBoe ceueHue MUIMHAPA — KBaApaT, AUaroHaib Kotoporo paBHa 20 cm. Haitaure: BeicoTy
HUAJTUHIPA.
2. Beicota mununapa 6 am, paguyc ocHoBanus 5 1M . Konusl otpe3ka AB, paBHoro 10 am,
JIeKaT HA OKPYKHOCTSIX 000ux ocHoBaHuM. Haiinure kpaTuaiiiiee paccTosiHue OT HEro 10 OCH.
3. BricoTta nnnunpa pasHa 16 cm. Ha pacctosauu 6 cM OT ocH IMJIMHJIpa MPOBEAEHO CEYEHUE,

napajuieJIbHOE OCH LIMJIMHApa U uMerolee popMy kBaapara. Haliiure paguyc quinHapa.
4, JlnaroHanb OCEBOro CeYeHHs HWIMHIApPA paBHA 48 cM. Yrosl MEXAy 3TOW JAHAroHaidbio U
obpasyromeii mumuHapa pasen 60°. Haiimure: a) BBICOTY IMIMHAPA; 0) pajdyc IMIMHIPA; B)
IJIOIAa/1b OCHOBAHUS LUJIMH]IPA.
5. OceBoe cedeHne MWIMHpA — KBAApaT, THaroHanb Kotoporo pasHa 20 cMm. Haitnure BbICOTY
LWIMHJpPA U IJI0OUIalb €r0 OCHOBAHUS.
6. Tnoma/s 0ceBoro ceyenus MWIMHApPa paBHa 10 M2, a momans ocHoBanus — 5 M2, Haitute
BBICOTY LIMJIMHPA.
[InockocTs, mpoxoasias 4epe3 HEHTP HUKHETO OCHOBAHMSI LIMJIMH/PA MO YIVIOM 0. K OCHOBaHMUIO,
IIepeceKaeT BepXHee OCHOBAHME 10 XOp/ie, paBHOM b u cTsaruBatomieit ayry . Haiiaure BoicoTy
HWIMHIpA.

MPAKTUYECKAS PABOTA Ne 73
HasBanue npakru4eckoi padorsl: /locmpoenue Konyca u e2o ce4yeHui.

Ilenb padoThI: HAYUYUTHCS CTPOUTH KOHYC U €I0 OCHOBHBIE 2JIEMEHTHI.
Pesyabrarnl:

Dopmupyemoie 3nemenmol IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumeHnsaTs anmapaTHO-IPOTPAMMHBIE CpPEACTBA Ui PacdeTOB M COCTaBJICHHUS
TOMOrpapuUecKuX, MEKEBBIX MJIAHOB
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memanpeomemnuwie: MPI1 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09.

npeomemnosie: 11P6 09, I1P6 10, ITP6 11, I1P6 12, [1Py 14, [1Py 15, ITPy 16.

SHAHUA:

— Ilonsrue o KOHYCaxX 1 WX OCHOBHBLIX 3JICMCHTAaX.

— Tlonsartue o ceyeHHsIX KOHYcA.
YMEHHs:

1. BeiunciaeHue OCHOBHBIX 3JIEMEHTOB KOHYCA.

Konyc

Bepwuna Konyca

Oﬂpaaymwue
Konyca

OcnoBanue

OCHOBaHHMHI.

Xon padoTsi:

Konycom Ha3bIBAIOT TENO, KOTOPOE COCTOUT U3
Kpyra (OCHOBaHMS), TOYKH, HE JeXallel B
IJIOCKOCTH OCHOBAaHMS (BEpIIMHBI) U BCEX
OTPE3KOB, COCTUHSIONIUX BEPIIUHY C TOUYKAMU
OCHOBaHHUSI.

OTpe3ku, COeNMHSIONME BEPUIMHY KOHyca C
TOYKaMH OKPY>KHOCTH OCHOBaHUS1, Ha3bIBAIOTCS
obpazyrouiumu, KoOnyca.

Konyc Ha3biBaercs mpamwvim, eciu npsmas,
COCJIMHSAIONIAs BEPIIMHY KOHYCa C LIEHTPOM
OCHOBaHHUS, NEPIEHIUKYJIspHa IJIOCKOCTU

Buvicomonu KOHYCa HAa3bIBACTCA IICPICHIAUKYIIAP, OHYIHCHHLIﬁ U3 €ro BCPHIMHBI Ha IINIOCKOCTb
OCHOBaHHUS. Y IpsAMOIro KOHyCa OCHOBAHNE BBICOTHI COBIIAAACT C ICHTPOM OCHOBAHUS.

G

BBICOTY.

KakK OCH.

Bapmanr 1.

N Ocbi1o IpsaAMOro KpyroBoro KOHYCa HAa3bIBACTCA IpsMadA, coACpzkalias cro

Harnsagno npsiMoii KpyroBoil KOHYC MOXHO TpEACTaBIATh cebe Kak Tello,
MOJIy4€HHOE IIPH BPAILLIEHUH IIPSIMOYTOJIbHOI0 TPEYrOJIbHUKA BOKPYT €r0 KaTeTa

33}13‘!1/[ JIA CaAaMOCTOATEC/ILHOI'O PCIICHUA

1. Kakas ¢urypa nonydaercst B c€4€HUN KOHYCa MIIOCKOCTBIO, TPOXOASIIEH Yepe3 och KoHyca?
2. Yto npezacraBisieT co00i ceyeHne KOHyca MI0CKOCThIO, MPOXOAAIIeH yepe3 BepIInHYy KoHyca?

3. UeMy paBHa IIOMAJb OCEBOIO CEUYCHHUS KOHYCa, €CIM €ro BhICOTa B 2 pas3a OoJblle paamyca

OCHOBaHUs U paBHaS cM?

4. OceBoe ceueHHe KOHyca MPEICTABISAET COO0M MPSMOYTOJIBHBIA TPEYTOJbHUK ¢ KaTeToM a. Uemy

paBHa BbICOTA KOHYyca?

5. Bricora koHyca paBHa 8 M. Ha kakoM paccTOsIHHH OT BEpUINHBI KOHYCa HAJ0 TPOBECTH
IJIOCKOCTh, MapaJlIeIbHYI0 OCHOBAHHUIO, YTOOBI TUIONIA b CEUCHUS ObllIa paBHA: a) MOJIOBUHE
TIJIOIA I OCHOBAHUS; 0) YETBEPTH TUIONIAAN OCHOBAHUS.

Bapmuanr 2.

1. Kakas ¢urypa nosyyaeTcsi B CEUEHUU KOHYCa TIOCKOCThIO, MPOXOASIEH NepeHANKYIIPHO OCH

KOoHyca?
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2. Uto mpexactaBisieT co00il CedeHHE KOHYCa IIJIOCKOCTBIO, MapajuiebHON JBYM OO0OpPa3yOIMNUM
KOoHyca?

3. Uemy paBHa IUIOIIAAb OCEBOTO CEUEHHS KOHYCA, €CIIM OCEBBIM CEYCHHEM KOHYCa SBISETCS, a
paanyc OCHOBaHUs KoHyca 3 cM?

4. OceBoe cedyeHHE KOHYyca MPEACTaBIsAeT cO00M PaBHOCTOPOHHHI TPEYTOJIBHHUK CO CTOPOHOH a.
Uemy paBHa BrICOTa KOHYyCa?

5. OceBoe cedeHHE KOHyCa — MPSMOYTOJIBHBIN TPEYTOJbHHUK CO CTOpOHOM 2r. HalimuTe rmomaab

CedeHNs, MPOBEICHHOTO Yepe3 JBe 00pa3yolIie KOHyca, yrol Mekay KOTOphIMH paseH: a) 30°; 6)
459 B) 60°.

MMPAKTUYECKAS PABOTA Ne 74
Ha3Banue npakTu4deckoi padoTbl: BuiuucieHue 0CHOBHBIX 21eMeHmMO08 KOHYCA.

eap padoThl: HAYYUTHCS BBIYUCIIATH OCHOBHBIE 3JIEMEHTHI KOHYCA.
PesyabTarsl:

Dopmupyemvie 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepircanue):

— TIK 1.6. IlpumeHsaTh amnmapaTHO-NPOrPAMMHBIC CpPEACTBA JUIS PAacyeTOB M COCTABJICHHS
TonorpaMuIecKux, MEKEBhIX TIAHOB
memanpeomemnsie. MPIT 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09.
npeomemnoste: 11P6 09, I1P6 10, ITP6 11, I1P6 12, [1Py 14, I1Py 15, ITPy 16.
3HaHus: [ToHsITHE O KOHYCaX U MX OCHOBHBIX JICMEHTAX.
yMeHHs1: BeruriciieHre OCHOBHBIX 3JIEMEHTOB KOHYCOB.
Xoa padoTbI:
1. Tenmo, cocrosiiee W3 TOYKHU, Kpyra M OTPE3KOB, COSAMHSIONIMX 3Ty TOYKY C TOYKAMH Ha
OKPY’KHOCTH Ha3bIBaeTCA
a) Hunuuaapom
0) Konycom

B) [Tnpamunoi

r) Her npaBunbHOrO OTBETA

2. Teno, moydeHHOE B pe3yNibTaTe BpaIIeHHsI MPSIMOYTOJIBHOTO TPEYTOIbHIKA, HA3bIBACTCS:
a) [Munusapom

0) Konycom

B) IMupamunoi

r) Her npaBuibsHOrO oTBETa

3. OceBoe ceueHne KOHyca paBHOCTOPOHHUH TpeyroyibHUK. YeMy paBHaA 00pa3yroIiasi, eClii paJanyc
paseH 10 cm.?

a) 10 cm
0) 15 cm
B) 20 cMm
r) Her npaBunsHOTO OTBETa

4. Pamnyc xonyca 8 cm. Uemy paBHa ero o0pasyromiasi, €Clid yroJl MeXay panycoM U o0pa3yrolen
60 rpaxycos?
a) 12 cm
0) 16 cm
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B) 4 cm

r) Her npaBunbHOrO 0TBETA

5. BepHo 11, uTO eciM y KOHycCa CEUYEHUE - PaBHOCTOPOHHHUIN TPEYrOJIbHHMK, TO JHaMETp paBeH
oOpa3yromeii?

a) na

0) HET

B) HE Bcerja

r) HET MPaBUIILHOTO OTBETA

6. Pannyc xonyca 3 cMm, oOpasyromas 5 cm. UeMy paBHa IUIOIaab OCEBOT0 ceUeHUs?
a) 15 xB.cM.

0) 14 kB.cMm.

B) 12 kB.CM.

r) HET IIPaBUIILHOTO OTBETA

7. B xoHyCe napajuiebHO OCHOBAHHUIO ITPOBEJCHO ceueHue. Onpeaenure ero paanyc, €Cliv miolaau
OCHOBAHMS U C€YEHUsI paBHBI 64 1 256 cM. KB?

a) 4

0) 2

B) 1

r) Her npaBunbHOrO OTBETA

8. Ceuenue KoHyca, MPOXOIAIIEE Y€PE3 BEPIINHY U IBE TOYKH OCHOBAHUS ...
a) [Tpon3BOIBHBIN TPEYTOJIBHUK

0) PaBHOOEIpeHHBIN TPEYTrOJIbHUK

B) IIpAMOYTOJIBHBIN TPEYTOJIBHUK

r) PaBHOCTOpPOHHUH TPEyroJbHUK

9. Ocb BpalleHHsI IPSIMOYTOJIBHOTO TPEYTOJIbHUKA B KOHYCE SIBIISIETCA ...
a) pannycoM

0) JIMaMeTpOM

B) oOpa3zyroreit

T) BBICOTOM

10. 3. Pannyc ocHoBanus konyca paBeH 10 cm, a BeicoTa 15 cm. HaliauTe muiomnaapr ceueHust KoHyca
MJIOCKOCTHIO, TapaiieIbHOW OCHOBAHHUIO U HAXOAAIIEHCS Ha PACCTOSHUU 2CM OT BEPIIMHBI KOHYCa
1611
a)
9

6) 2 ou
16

cM

1711
B)
10
r) 562511 cm
)91 cMm

cM

MMPAKTUYECKAS PABOTA Ne 75
Ha3panue npaktu4yeckoii padorsi: /locmpoenue u eviuucieHue 0CHO8HbIX 1eMEHMO8E YCeUeHHO20
KoHyca.

]_leJIl) paﬁoTbl: HAaY4YUTBCA CTPOUTH YCequHLIﬁ KOHYC U BBIYUCIIATE €0 OCHOBHBIC 3JICMCHThI

Pe3yabTarsi:
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Dopmupyemuie 3nemenmout IK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpuMeHsTh anmapaTHO-NIPOTPAMMHBIE CpPEICTBA MJid PAacyeTOB M COCTABJICHUSA
TonorpauuecKux, MeKEBbIX MIaHOB
emanpeomemnsie: MPI1 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09.
npeomemnsie. 11P6 09, I1P6 10, ITP6 11, ITP6 12, TPy 14, I1Py 15, I1Py 16.
3HAHHUSA:
— TloHsiTHe 0 yCEUEeHHOM KOHYCE M €r0 OCHOBHBIX 3JIEMEHTAX.
— IloHsiTHE O CEYEHHUSIX YCEUEHHOr0 KOHYCA.
yMeHusi: BerunciieHue OCHOBHBIX JIEMEHTOB YCEUEHHOTO KOHYCA
Xoa padoThI:
YceuéHHbBIIT KOHYC — TEJIO BpAIllEHUS, KOTOPOE MOJy4aeTCs MPHU BpalICHUU MPSIMOYTOJIbHON
Tpamnenuu BOKPYT MEHbIIIEH OOKOBON CTOPOHBI.

R2> — paamyc MEHbBIIIEr0 OCHOBaHUS;
R1 — paamyc 6oJbIero OCHOBaHUS;
L — oOpasyromas;

H — BrICcOTA

[Ipu permenun 3amay daie BCErO JOCTATOYHO HAPHCOBATH TOJIBKO OCEBOE CEUYCHHE YCEUEHHOTO
KOHYCa, KOTOPOE SIBIISIETCS] paBHOOEIPEHHOM Tparenuei.

R2

H

R,

3apauva:
OO6pazyromias yced€HHOTO KOHYca paBHa 2a M HAKJIOHEHAa K OCHOBaHMIO moj yriom 60°. Paamyc
OJIHOTO OCHOBAHUs B JIBa pa3a 0oJIblIIe paguyca BTOPOro ocHoBaHus. Haliaure kaxplil u3 paguycos.

ITycts oOpasytomas yceu€éHHoro konyca AB = 2a, a yros HakioHa oOpasyromied K IJIOCKOCTH
ocHOBaHMs KoHyca £ BAOI = 60°.
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| VuuteiBas, yto AO1= 2BO, onyctuM u3 Touku B Ha MmiIockocTh

HIKHEro ocHoBaHus neprnenaukyisip BK L AO1 rorga BO = KOs
= AK.

B A ABK: AK = AB cosz BAK = AK = 2a cos 60° = a.

Torma AK =KO1=BO =a, AO1 = 2a.

OTtBer: a, 2a.

A

3asauu 1J1sl CAMOCTOSATEILHOTO PeleHus :
1. Haiinure 00pa3yromyto yceueHHOTo KOHYca, €CITU PaJIyChl OCHOBAHUH PaBHBI 3 CM U
6¢cM, a BbICOTa paBHa 4 CM.

2. Pamuychkl ocHOBaHMI yCEYEHHOTO KOHYca paBHBI 5 cM 1 11 cM, a oOpasyromias paBHa
10 cMm. Haiigure:

a) BrIcoTy yceueHHOro KoHyca;

0) [Tnommane 0ceBOro ce4eHus yCeueHHOTo KOHYca.

3. JlnaroHanb 0CeBOTO CeueHUs yceu€HHOro Konyca paBHa 40 cM U neprneHAuKYIsIpHa K
oOpa3ymoiei konyca, papaoit 30 cm. HaliauTe miomaap ce4eHus U MOJIHOM MOBEPXHOCTH KOHYCA.

4. O6pa3yrolias yceueHHOro KOHyca paBHa 6 CM M HaKJIOHEHA K IIOCKOCTH OCHOBAHUS

nox yriioMm 60°. JlnaroHanss 0CEBOro CEYCHHUS JACIUT 3TOT yroJl momoJiaM. HaiiiuTe rmiomnaas 0CeBOro
CEYCHHS KOHYCA.

5. BricoTa yceueHHOro KoHyca paBHa 24/3 owm. Jlnaronanb OCeBOro CEYeHHsI KOHyca
o0pa3yeT ¢ MI0CKOCThI0 OcHOBaHus yroi 30° u nepneHaAuKysipHa oOpa3zyromieii. Haiinure miomans
OCEBOI'0 CEUYEHHUS KOHYCA.

IMPAKTHYECKAS PABOTA Ne 76
Ha3zBanue npakTuueckoii padorsl: [locmpoenue wapa u cghepwvi, ux cewenuti. Ypasnenue cgepeoi.
Leanb padoThl: HAYYUTHCS CTPOUTH IIAP, CEYCHUS MIapa U CPepbl M BHIYHCIATH WX OCHOBHBIC
JJIEMEHTHI.

Pesyabrarni:

Dopmupyemote 3n1emenmul IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensTh anmapaTHO-NPOTPAMMHBIE CpPEICTBA Ui PacyeTOB M COCTaBJICHUS
TONOrpapUUECKUX, MEKEBBIX MIIAHOB

memanpeomemnsie:. MPII 01, MPIIT 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,
MPK 11, MPP 02, MPP 09.
npeomemnsie: 11P6 09, I1P6 10, TTP6 11, I1P6 12, [1Py 14, [1Py 15, ITPy 16.
3HAHUSA:
— Tlondarue o mape, cdepe u UX OCHOBHBIX AIEMEHTaX.
— Ilonstue 06 ypaBHeHuu chepsl.
YMEHHs:
— Cocrapnenue ypaBHEHHS Cephl.
— IlocTpoeHue ceuenuii mapa.
Xon paborsr:
192



Cdepa (moBepxHOCTHh ImIApPa) — 3TO COBOKYIHOCTh BCEX TOYEK B TPEXMEPHOM MPOCTPAHCTBE,
KOTOpBIC HAXOAATCS Ha OJJMHAKOBOM PACCTOSTHUU OT OJJHOM TOYKH, Ha3biBaeMo# 1ieHTpoM cdepsl (O).
Cdepy MoxHO ommcarh, Kak 00bEMHYIO (UTYpPY, KOTOpask oOpa3yercsi BpallleHHEM OKPYXKHOCTH
BOKPYT cBoero nuamerpa Ha 180° uiu mosryokpy>KHOCTH BOKPYT CBOEro auamerpa Ha 360°.

Ilap — 3TO COBOKYITHOCTh BCEX TOUYEK B TPEXMEPHOM MPOCTPAHCTBE, PACCTOSIHHE OT KOTOPBIX HE
MPEBBIIIAET OMPEJIEJICHHOTO pPAcCTOSHUS [0 TOYKH,
HazpiBaeMoi 1eHTpoMm mapa (O) (COBOKYMHOCTH BCEX
TOYEK TPEXMEPHOrO MPOCTPAHCTBA  OTPaAHHMUEHHBIX
chepoii).

[Ilap MOXHO ommcaTh Kak 00BbEMHYIO GUTYDPY, KOTOpas
o0pasyeTcs BpalleHHeM Kpyra BOKPYI CBOETo AMaMeTpa
Ha 180° uiam noiayoKpy’HOCTH BOKPYI' CBOEIO JAHaMeTpa
Ha 360°.

Panuyc cdepsnl (mapa) (R) - 3To paccTosiHue OT LIEHTpa
coepsl (mapa) O k 060K TOUuKe cdepbl (IOBEPXHOCTU
mapa).

HOuamerp chepot  (mapa) (D) - 5310 oTpe3ok,
COCIMHSIONINI JBE TOUYKH CQephl (IOBEPXHOCTH IIapa) U

MPOXOISIIMI Yepe3 €€ LUEHTP.
YpaBHenue cepbl
1. YpaBuenue cdepsl ¢ pagrmycoM R i eHTpoM B Hadase AeKapTOBOM CUCTEME KOOPIWHAT:
x? + y*+ z2 = R?
2. YpaBHenue cdepsl ¢ paanycoMm R u ieHTpoM B TOUKe ¢ KOOpAUHATAMU (X, Yo, Zg) B AEKAPTOBOM
CUCTEME KOOPJMHAT:
(x —x0)> + W —y0)* + (z—2))*> = R?
JAuaMeTpajbHO MPOTUBOMOJI0KHBIMH TOYKaMH Ha3bIBAIOTCS JIOOBIE IBE€ TOUKH HA TIOBEPXHOCTH
mapa (chepe), KOTOpble COeTUHEHBI THAMETPOM.
OcHoenvle ceoiicmea cghepul u wapa
1. Bce Touku cepbl 0IMHAKOBO YJaJIEHbI OT LIEHTpa.
2. JIro6oe ceuenne cepsl MIOCKOCTHIO SBISIETCS OKPYKHOCTHIO.
3. JIro6oe ceueHue mapa MmIoCKOCTbIO €CTh KPYTOM.
4. Coepa umeer HambonbUil 00BEM Cpeau BCeX MHPOCTPAHCTBEHHBIX (UIYp € OAMHAKOBOU
IUIOIIA/bIO TTOBEPXHOCTH.
5. Yepe3 no0ble JBE AHAMETPAIBHO NPOTHUBOMOJIOKHBIE TOUYKM MOKHO IPOBECTH MHOXECTBO
OOJBIINUX OKPYKHOCTEH /It chephl WiIH KPYTOB AJIA I1apa.
6. Uepe3 moObie 1BE TOYKH, KPOME THAMETPAILHO MPOTUBOMOIOKHBIX TOYEK, MOXHO MPOBECTH
TOJIBKO OJIHY OOJBITYIO0 OKPYKHOCTb JIJIs1 C(hephl WK OOJIBIIION KPYT JIS Iapa.
7. JIroObIe 1Ba OOJBIIMX Kpyra OJHOTO Iapa MepeceKaroTcs 10 MPSMOM, MPOXOISAIIeH Yepe3 IeHTP
apa, a OKPYXHOCTH MEPECEKAIOTCs B IBYX THAMETPAITEHO MTPOTHBOITOIOKHBIX TOUKAX.
8. Ecnu paccTossHEE MKy LIEHTPaMU JIIOOBIX JIBYX IIapOB MEHbBILIE CYMMBI UX PaIUyCOB U OOJIbIIe
MOJyJIsl Pa3HOCTH MX PaJWYCOB, TO TaKWE€ IIApbl MEPECEKaloTCs, a B IUIOCKOCTH IEpecedeHus
oOpa3yercst Kpyr.
Cexymas, Xop/a, CeKyIas IoCKOCTh Chephl U UX CBOHCTBA
Cexkymas cdepsbl - 3T0 npsiMas, KOTopas nepecekaer chepy B IBYX TOYKaX. TOUKH mepecedeHus
Ha3bIBAIOTCSI TOYKAMH MTPOTHIKAHUS TIOBEPXHOCTH MIIH TOYKAMH BXOJIa M BBIX0JIa HA TTIOBEPXHOCTH.
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Xopaa chepsl (apa) - 3T0 0OTPE30K, COSAUHSIONINN 1BE TOUYKHU chephl (MOBEPXHOCTH I1apa).
Cekymasi IJI0CKOCTb - 3TO TNIOCKOCTh, KOTOpast epecekaet chepy.
JlnameTpaibHasi IJIOCKOCTh - 3TO CEKYyIas IUIOCKOCTh, MPOXOASIIAs Yepe3 LEHTP cdepbl Win
mapa, B CeUeHHH 00pa3yeT COOTBETCTBEHHO OOJBINYI0O OKPY)KHOCTb M OOJNBIION Kpyr. bosbmas
OKPY>KHOCTb M OOJIBIIION KPYT UMEIOT LIEHTP, KOTOPHI COBMATAIOT C IEHTPOM cepsl (11apa).
JIrob6as xopna, mpoxoasimas yepe3 HeHTp cdepsl (11apa) ABIsSETCS THAMETPOM.
Xopza SIBJISIETCSL OTPE3KOM CEKYIIEeH MpsiIMOM.
Paccrosinue d ot nieHTpa cdepsl 10 cekylei Bcerja MeHbIIe YeM paanyc chepsr:

d <R
PaccrosiHre m Mexay ceKylien MiIoCKOCThIO U LIEHTPOM cepbl Bceraa MeHsblie paguyca R:m < R
MecToM ceyeHHs CeKylled IIOCKOCTH Ha cdepe Bceraa OyaeT majnasi OKPYKHOCTh, a Ha IIape
MECTOM Ce€YeHHUs OyJeT Majblidi Kpyr. Manasi OKpy»KHOCTb U MaJIblii Kpyr UMEIOT CBOU IIEHTPHI, HE
COBMAJIAIOLIUX C EeHTpoM cdepsl (mmapa). Paguyc r Takoro kpyra MOKHO HalTH 1o dopmyie: 7 =
VRZ =2,
rae R - paguyc cdepsl (1mapa), m - pacCTosIHEE OT LIEHTpa MIapa JO CEeKYIIeH MI0CKOCTH.
IMoaycdepa (mosymap) - 310 nmosoBuHa cdepsl (m1apa), KoTopas oOpasyercss MpH €€ CEUYEeHUU
JIaMeTpalbHOMN TIOCKOCTHIO.
KacarenbHas, kacaTe/ibHas MJIOCKOCTh K cdepe M UX CBOHCTBa
KacareabHas Kk cdepe - 5T0 mpsiMasi, KOTOpasi KacaeTcsi Cepsl TOIBKO B OJTHON TOUKE.
KacaTebHasi IJIOCKOCTH K cdepe - 3TO TUIOCKOCTh, KOTOPAasi COMPUKAcAETCsl CO CPepoii TOIBKO B
OJTHOH TOUYKE.
KacarenbHast mpsimasi (IJIOCKOCTh) BCerja MEpPHEHAUKYISIPHA paanycy cgepbl, IPOBEACHHOMY K
TOYKE COMPUKOCHOBEHUS
Paccrosinue ot nieHTpa cepsl 10 KacaTenbHOU IPSIMOH (TTOCKOCTH) paBHO pagnycy cepsl.
3aoaua 1: otpezok AB — xopna cdepsl, He mpoxonsiias uyepe3 eHTp cdepbl O. Brrumcnute
paccTostHuE OT 1ieHTpa chepsl 10 cepeanHsl Xxopasl AB, ecnu panuyc chepsl pasen 10 cm, a yrHa
xopasl AB paBna 16 cm.
A Pewenue: 06031aunM cepeary xopasl AB Touxoit M.
Paccmotpum AAOB. On paBHoGenpennsiif, T.e. OA=-OB, Tak

kak OA=0OB=R. A kak Mbl 3HaeM, Bce pajnychl OAHOI chepbl

O WY paBHbI Mexkay coboit. Otcrona, OA=-OB=R=10 (cm).
-~ \:\\ ~ Teneps paccmorpuM AOBM. OH npsMOyroibHbIN, Tak Kak
10 b ons? *‘0 p \\ orpe3ok OM  sBnsieTcss cepeAMHHBIM NEPHEHIUKYISIPOM

npoBeI€HHBIM K xopzae AB. Ero karer MB = %AB = 8 (cm).
Bocnonp3oasuuce Teopemoit [udaropa, naitném karer OM,
KOTOPBIN Kak pa3 Taku U €CTh PACCTOSIHUE OT LIEHTpa cepsl 10
cepenunbl xopas! AB. ITonyaaem, uto OM = VOB? — MB? =
V102 — 82 = 6 (cm).

Omeem: 6 cm.

3aoaua 2: Bce croponsl TpeyroabHuka ABC kacatorcs cheprl paauyca 5. Halitu paccrosHue ot
1eHTpa chepsl A0 TUNIOCKOCTH TpeyroiabHuka, ecniu AB=13, BC=14, CA=15
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Pewenue:

OKpy>XHOCTb, BIIMICAHHASI B TPEYT'OJILHUK, SIBJISIETCSI CEYCHUEM C(EpPHI.

Haiinem ee paauyc.

[Tnomane TpeyroibHUKA C U3BECTHBIMH CTOPOHAMH MOKHO BBIUUCIUTH 110 hopmyrie ['epona:
S=\plp—a)lp-b)p—-0)

p=0,5(AB+BC+AC) =21

§=.21(21 -13)(21 —14)(21-15)=+21-8-7-6 =7-3-4

S=84.

C npyroii cTOpoHbl, S=p-T.

Orcrona r=4.

Tenepp HailneM paccTosiHUE OT IIEHTpa Iapa J0 CEKYIIeH MI0CKOCTH.
Hcnonb3yeM cOOTHONIEHHUE:
R? = h% +r?

B2 — RZ —p2
h?=25-16=19
h=3.

Omeem: 3.

3aoaua 3. CocraBbTe ypaBHEHHE c(epbl C HEHTPOM A, mpoxosmien yepe3 Touky N, ecnu A(-2; 2;
0), N(0; 0; 0).
Pewenue: Bocnionbzyemcsi ypaBHEHHEM c(ephI:
(x—x0)* + (¥ —yo)* + (z—2)* = R?
IToncraBum BMecTo (Xg,Yo,Zo) KOOPIMHATHI TOUKU A, a BMecTO (X,Y,Z) KoopauHaThl Touku N,
TOT/AA MOYYHM:
(0+2) + (0—2)2+ (0—0)2 = R?

4+4=R*’=>R*=8
OxonuarensHo, nomyunm: (x +2)? + (y —2)?> + z? = 8
3agaum AJ15 CAMOCTOSITEJILHOTO PeleHMs:
1. Hanumure ypaBHenue cdepsl paguyca R ¢ nenrpom A, ecnmm A (2;-4,7), R=3

2. Haiizure KOOpAMHATHI LEHTpa M pamuyc cepbl, 3amaHHOM ypaBHenneM (x — 3)% + y? +
(z+1)2=25
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3. Hammmure ypaBuenue chepsl ¢ meHTpoM A, mpoxoasmiei yepe3 touky N, ecnmu A(-2;2;0),
N(0;0;0).

4, Illap pagmyca 41 1M mepeceyeH MIOCKOCThIO, HAXOAIIEHCS Ha PACCTOSIHUU 9 M OT IIEHTpA.
Haitaure nomans ceyeHus.

5. Touka M — cepennna otpe3ka AB, KoHIIBI KOTOpOro JiexkaT Ha cepe paguyca R ¢ earpom O.
Harigute OM, eciu R=15 cm, AB=18 cm.

6. Cekyas II0CKOCTh MPOXOAMT Yepe3 KOHEI[ JuamMeTpa cepbl paauyca R Tak, 4To yroi Mexmy
JMAMETPOM U TUIOCKOCTBIO paBeH a. HalauTe JUIMHY OKPY)KHOCTH, TIOJTYYHUBIICHCS B CCYCHHUH, CCITH:
a) R=2 cm, a=30"; 6) R=5 ™, a=45".

7. Pamnyc chepsl paBen 112 cm. Touka, nexamias Ha IJIOCKOCTH, KacaTeabHOH K cdepe, ynaneHa
OT TOYKH Kacanus Ha 15 cMm. HaliquTe paccTostHUE OT ATOM TOYKH 10 OJIMKAKMIIIeH K He TOUKe Chephl.

IMPAKTUYECKAS PABOTA Ne 77
Ha3Banue mpakTuueckoii padoTbi: Bwiuucienue niowadu noGepxXHOCMU U 00bEMA NPusMbl U
nUpamuobl.
Leab padoThl: UCTIONB3YsI paHee H3YYCHHBIA MaTepUal, HAYYUTHCS PEIIATh 334 HA BRIYUCIICHUC
TUTOIIA/IM TOBEPXHOCTU ¥ 00BEMA MTPU3MbI M TUPAMUJIBI.

PesyabTarsl:

Dopmupyemvie 3nemenmul IIK (npogheccuonanvno opuenmuposannoe cooeprcanue):

— TIK 1.6. IlpumeHsTh amnmapaTHO-NPOrPAMMHBIC CpPEJACTBA JUIS PAacyeTOB M COCTABJICHHS
TonorpauIecKux, MeKEBhIX TIAHOB
memanpeomemnste. MPIT 01, MPII 02, MPIT 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemnsie: 11P6 09, I1P6 10, [TP6 11, I[TP6 12, TPy 14, [1Py 15, [1Py 16.

3HaHus: [ToHsITHE O IPU3MeE, TUPAMUJIC U UX OCHOBHBIX 3JICMCHTAX.

yMeHusi: Beruuciienre miomaam NoBepXHOCTH U 00bEMa IPU3MBI U TUPAMU/IBL.
Xoa padoThi:

Mpou3BonbHan npuama Mpaman npuama

w sﬁox = Pae: é’
4 V=Sech=Sucrl) i
~ S,.c— nnowaas
‘. NepneHAVKyNsipHOro CeHeHus

Seox = Pocw.* )|V = Socus h

YacTtHble cnyyau

| |
7 : c ;
L----‘-’--- al !

V=8h =Sh =Shy vV =abc v=ad
S=2(ab + be + ac) S =6a?
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Ipumep 1. B cocyn, nmeromuii popMy IpaBUILHON TPEYTroIbHOM MPU3MBI, HAJTWIH BOy. Y POBEHb

ITo cBoiicTBY nmuaronaneit pomoa:

Bosbl nocturaer 80 cMm. Ha kxakoif BricoTe OyneT HaXOIUThCS YPOBEHb
BOJIbl, €CIIU €€ IIEPENIUTh B IPYrOM TaKOH 7K€ COCY[l, Y KOTOPOro CTOPOHa
ocHOBaHHUSA B 4 pa3a OoJbiie, yeM y nepBoro? OTBET BBIPa3UTE B CM.

Pemienne: OObeM mpU3MBI

V3a? 4v
OCHOBaHUs Ha BbICOTY V = TH . [loatromy H = Faz

YBEJIMYEHUHU CTOPOHBI @ B 4 pa3a 3HaAMEHaTeNb yBeIU4YUTCs B 16 pas, To
€CTh BBICOTA YMEHBIIUTCA B 16 pa3 u Oyzmer paBHa 5 cMm.

paB€H IMPOU3BCACHUIO IUIOINAAU €€

d 3HA4YUT, IIpU

IMpumep 2. HaiiguTe miomaas MNOBEPXHOCTH MPSIMOM MPU3MBI, B

OCHOBAaHUMU KOTOPOH JEXKUT poMO C IUAroHalsIMH, paBHbIMU 6 U 8, U

060KOBBIM pedpoM, paBHEIM 10.
Pemenne: [liomans pom6a BeraucisieTcs Mo hopmyiie:

1

Sp = ;dﬂf} = 24.

1
a:;\k,-"d? f ffi =35

Torpa niomanb ITOJIHOM IMOBCPXHOCTHU ITPHU3MBbI BLIYUCIIACTCA 110 (I)OpMy.]'ICZ

S =28, +Seox = 25p+ 4aH — 48 +4-5-10 = 248.

A

ILflrn:rlrj = E'-‘;nuphnup = 3

)

Ipumep 3. Haiingure 00beM MHOTOTPaHHUKA, BEPIIMHAMEI KOTOPOTO SBIISIOTCS

touku A, B, C, A1 npaBuibHOU TpeyronabHoil pu3mbl ABCA1B1C1, miiomanp

OCHOBaHUS KOTOPOH paBHa 2, a 00OKOBOE peOpo paBHO 3.

Pemenne: TpeOyercs HaiiTH 00bEM MHpPaMUJIbl, OCHOBAHUE U BBICOTA KOTOPOH
5 COBIAJAIOT C OCHOBAaHUEM U BBICOTOM JaHHOMW TPEyroyibHOM npu3Mmsl. [loaToMy

1 1

Sophnp =

—.2.3=2

3
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MJIOIAJH MOBEPXHOCTHU U OFBEM IMPOU3BOJILHOM

TMTHPAMMH B
IIupamuaa YeeueHHAn NHPAMHIA
BokoBas no- Soox = ZS,- , Seox = ZS; .
BEPKHD‘GTL i=l i=1
rae S, — naouwank oAHoMH raoe S; — nollanbk oaHOA
GokoBoii rpaHH OokoBoii rpanu
Smnn = Sﬂut + 8+ 8y
[Tonuax no- Snomm = 6ok T Seck rae § — nnowans HHKHEro
BEPXHOCTH OCHOBAHHA,
§ — MOWAab BepXHero
OCHOBaHH#
|
DEFBEM V:%H'Sm;" V=§HH.*[S+S+JHS_‘S-}

IJIOIA/lb TOBEPXHOCTH H OBbEM
MNPABHJILHOH MUPAMHKIBI

lNupamuna Yceuennan nupamMuia
1
Sﬁuu=EP'fﬁ Sﬁcuz%(P*‘P)'L
bokosaa no-
rae P — nepHMeTp HH¥KHEero
pepxHocTb | FAe P — nepHMeTp OcHOBa- mﬁnaaﬁ "
HMH, )
I — anodema P — TIepHUMET]p BepXHero
OCHOBaHHH,
| — anodema
Snnnﬂzsﬁoﬂ+5+5*
Monnasa no- Spoan = Seox + Socn rae S — IIoWaAs HUKHEro
BEPXHOCTH OCHOBaHMH,
§ — MIOWAAL BEPXHEr0
OCHOBaHHA
ObneMm V=%H.-SD¢,. V=%H..‘*[S+5+J§]
ITpumep 1.

[Jano: SABC/] — mupamuna, ABCJ] —npsmoyronsauk. AB=3cm, BC= 6¢cm, H=10cMm, £1=10,5¢cm.,

£2=10,2cm , £- amopema. Haiitu: S Sun.
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Pemrenmne:

T.K. IMpaMUa HENPaBUIIbHAS, TO Sen HAXOAAT KAaK CyMMY ILUIOLIAAEH ee
OOKOBBIX TpaHEd, T.e. IUIOIIAJACH TPEYroJIHbHUKOB. S1 = 1/2
'El'AB=1/2'10,5'3215,75(CM2) - 9TO IUIOWIAJIb OJHOM TpPaHH, a UX JBE

OAMHAaKOBbIX, T.C

it
S12=15,752=31,5(cM?)
IIpumep 2. Jlana TpeyronbHas yceueHHas nupamuaa. Ee Boicora paBHa 10 cM, CTOpOHBI OHOTO U3

OCHOBaHHUU paBHBI @ =27 ¢cM, b =2 c¢M u € = 52 cM. mepuMeTp BTOPOTr0 OCHOBAHUS PaBHSIETCS p2 =
72 cM. Ha#aUTE 0O0BEM TUPAMUIBI.
Pemenue:

1
V=§-h-(51+w/51-52+52)

ITo dopmysie I'epona S = /p(p — a) - (p — b) - (p — ¢), paccunraem mwiomans Si.

Haﬁ,[[eM MOJIYIICPUMETP OCHOBAHU:

p1= 27+29+52 =108 cm;

p1= 108/2 = 54 cm;

Sy =+/54(54 — 27) - (54 — 29) - (54 — 52) = V/54 - 27 - 25 - 2 = 270 cM?;

3Ha}I, 4qTO IMUupamMuJia yCCHYCHHAas1, OCJIAaCM BBIBOA, YTO TPCYT'OJIbHUKU, JICKAIINEC B OCHOBAHUAX —

no700Hbl.  Koa(hdunueHT mnoaodus 3THX TPEYrOJbHHUKOB MOXHO HAHTH W3 COOTHOIICHHS
nepuMeTpoB. OTHOIICHHUE IIONIAIEH TPEYTOJIbHUKOB OyJIET paBHO KBaJpaTy 3TOr0 Ko UIIMCHTA.
Si_pi
S, p3
S, 1082 32 9

S, 722 22 4
45, 4-270 1080
27 9 7 9 T 9
Teneps, koraa HaIM S; ¥ Sy, MOKHO PacCUUTaTh 0ObEM:

1
V=3 10- (270 ++/270 - 120 + 120)

=120

(U

V==-10-(270 + V3240 + 120)

_ W

V=2-10-(270 + 180 + 120)

w

1
V=§-10-570=1900

3aga4u 1719 CaMOCTOSITEILHOIO PeLIeHHS:

IIpusma:

1. CropoHa ocHOBaHMsI PAaBUIIBHOM TPEYroJbHON MPU3MBI paBHA 6 CM, a JMaroHaiab OOKOBOM IpaHH
10 cm. HaiiguTe niomaabs O0OKOBOM U OTHOW MOBEPXHOCTU IPU3MBI.

2. BokoBoe peOpo npaBmIILHON TPEYTOIBHOM MPU3MBI paBHO 9 CM, a ITMaroHaIh OOKOBOM I'paHU paBHA
15 cm. Haiinute niomaabs O0OKOBOM M OTHOW MOBEPXHOCTU IPU3MBI.

3.0cHOBaHMEe MPSIMOI MPHU3MBI — MPSMOYTOJIBHBIA TPEYTONBHUK ¢ Katetamu 15 u 20 cM. Bosnbimas
OoKoBasl I'paHb M OCHOBAaHME TNPU3MBI paBHOBeNuKW. Haiiaure miomanes OOKOBOW M TMOJTHOM

MOBEPXHOCTHU MPU3MBI.
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4. Haiinure momans OOKOBOW TMOBEPXHOCTH NPABHIHBHOM IIECTHYTOJBHOW MPHU3MBI, CTOPOHA
OCHOBAHUs KOTOPOii paBHa 6, a BeicoTa — 8.
5. Haiigure muomaab 60KOBOW MOBEPXHOCTH MPSIMOi MTPU3MBI, B OCHOBAaHHH KOTOPOI1 JISKUT POMO ¢

JMATOHATAMH, paBHEIMU 4V/5 1 8, 1 GOKOBBIM PeOPOM, PAaBHBIM 5.

6. Ilnomans TONHOM MOBEPXHOCTH MPABUIBHOM YETHIPEXYTOMbHON TpH3MbI Ha 32 cM? Gomblie
wionaau e€ 00KoBoi nmoBepxHocTu. Haiiaure AyimHy CTOPOHBI OCHOBAHUS PU3MBI.

7. Haiinure 60koBOE pedpo MpaBUIILHON YETHIPEXYTOJIBHOM MPHU3MBI, €CJIM CTOPOHA €€ OCHOBaHUS
paBHa 20, a mmoniaas nmoBepxuoctu 1760.

8. Haiimure muomaas OOKOBOM MOBEPXHOCTH IMPABHJIBHOW IIECTHYTOJBbHOW MPHU3MBI, CTOpOHA
OCHOBaHUs KOTOpOU paBHa 5, a BeicoTa — 10.

9. Uepes cpeqHIOO JIMHUIO OCHOBAHHUS TPEYrOJIbHON MPU3MBI, 00bEM KOTOPOH paBeH 32, mpoBeieHa
IJIOCKOCTh, MapajiesibHas 0okoBoMy pedpy. Halinute 00beM 0TCedEHHON TPEyroJIbHON MPU3MBI.
10. Yepe3 cpenHIO0 JIMHUIO OCHOBAHUS TPEYroJIbHON MPU3MBbI IPOBE/ICHA IIIOCKOCTb, IapalieIbHas
0okoBoMy pebpy. OOBeM OTCEUEHHON TPEYTroabHOW MpHU3MbI paBeH 5. Haiimure o0beM MCXOMHON
MIPU3MBI.

11. OcHoBaHueM IPSIMON TPEYTOIBHON MPU3MBI CITY>KUT MPSIMOYTOJIBHBIN TPEYTrOJIbHUK C KaTeTaMH
6 u 8, BeicoTa npu3Mbl paBHa 10. Halinure miiomaas €€ moBepXHOCTH.

12. B ocHoBaHMM NPSMOW MPHU3MBI JIEKUT POMO C auaroHansMu, paBHbIMU 6 u 8. [lnomane e€
noBepxHocTu paBHa 248. Haligute O0koBOE peOpo 3TOM MPU3MBI.

13. OcHoBaHWEM TIPSIMOM TPEYTOIBHON MPU3MBI CITYKUT MPSIMOYTOJIBHBIN TPEYTOJIbHHUK C KaTCTaAMH
6 u 8. [Inomanp e€ noBepxHocTH paBHa 288. Haliaute BHICOTY PU3MBI.

14. Haiigute 06beM MHOTOIPaHHUKA, BEPIIMHAME KOTOPOTo siBisirorcs Touku A, B, C, D E F A
npaBunbHON mectuyrombHoit npmsmel ABCDEFA|B\C\D\E\F|| nnomans ocHOBaHHS KOTOPOt
paBHa 4, a 6okoBOe pedpo paBHO 3.

15. Tlnomanp MOBEPXHOCTU MPABUIBLHON TpPEyrosbHOM mpu3Mbl paBHa 6. Kakoil Oymer ruiomaib
MOBEPXHOCTH MIPU3MBI, €ClTU Bce e€ pebpa yBeTU4HTh B TpH paza’?

16. ITnomaapr moBepxHOCTH KyOa paBHa 18. HaiinuTe ero nuaroHanisb.

17. Ecnu kaxxnoe pebpo kyba yBeTHMYUTh Ha 1, TO €ro mioimiajab MOBEPXHOCTH YBETUUHUTCSA Ha 54.
Haiigure pebpo kyoda.

18. Bo ckoybKO pa3 yBeIWIUTCSI 00beM Ky0a, eciii ero pedpa yBeIHuuTh B TPU pas3a?

19. O6bem onmHOTO KyOa B 8 pa3 Oonbime o0bEMa apyroro kyba. Bo ckonbko pa3 muomans Imo-
BEPXHOCTH NEPBOro Kyba O0JIbllie TUIOIIA 1M TOBEPXHOCTH BTOPOro Kyba?

IMupamuna:

1. Haiinute o0beM ycedeHHOM NMUpaMHbl, €CIM €€ BbICOTa paBHAa 6 CM, IUIOLIA/b HHMKHETO
OCHOBaHHS 8 CM?, a IJIONIA/b BEPXHET0 OCHOBAHHUSA PaBHA 2 CM2.,

2. Haiitu 006beM yceueHHOM MupamMHIbl, €CITU €€ BBICOTa paBHA 3 CM, HI)KHEE OCHOBAaHHE — 3TO

PAaBHOCTOPOHHMIA TPEYTOMBHUK CO CTOPOHAMHE 6v3 CM, a BepXHEe OCHOBAHHE — 3TO PABHOCTOPOHHHIA

TPEYrONBHHUK CO CTOPOHOIT 4v/3 cM.

3. Kpsima 6anau umeer BUA NPaBUIBHOM YeThIpEXyrojJbHOW MHUpaMHIbI, Y KOTOPOH CTOpOHA
OCHOBaHUs paBHA 12 M, a BbicoTa 18 M. CKOJIBKO MOHAO0UTCS MIIMTOK HA MOKPBITHE ATOM KPBIIIH,
€CJIN KaXKAasl INIMTKAa UMEET BUJI IPSIMOYTOJIBHUKA €O cTOpoHamu 22 cMm u 18 cm.
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4, Kpeimmia umeet hopmy nupamMuabl ¢ KBaIpaTHBIM OCHOBaHUEM 4,5 M X 4,5 M B BBICOTOH 4 M.
Ckomnpko ucToB xene3a pazmepoM 70 cm X 140 cM HYHO JUIsl HOKPBITHSI KPBIIIH, €CJIM HAa OTXO/IbI
HYXHO 1006aBuTh 10% momaau Kpbimu?

S. [Mupamuna CHodpy umeeT GpopMy mpaBUIBLHON YETHIPEXYTONBHON MUPAaMUIbI, CTOPOHA OC-
HOBaHMs KoTopou paBHa 220 M, a BeicoTa — 104 M. CTOpOHa OCHOBAaHHS TOYHON MY3€HHOM KOMHUU
3TOM nupamuabl paBHa 44 cM. Haitgute BoicOTy My3eiiHO#M konuu. OTBET JaiiTe B CAHTUMETpax.

6. JlaHbl 1Be IpaBUIIbHBIC YETHIPEXYTOIbHBIC TUpaMuIbl. O0BEM NIepBOI MUpaMuIbl paBeH 16.
VY BTOpO# mUpaMuabl BEICOTa B 2 pa3a OoJibllle, a CTOPOHAa OCHOBaHUA B 1,5 pa3a Oosble, yeM y
nepBoii. Haiigure 00BEM BTOpOH MUPaMU/IBI.

7. bokoBoe pedpo npaBUIIbHON YETHIPEXYTOJIbHON yCEUEHHONW NMUpaMubl paBHO 4, a yroi npu
ocHoBaHMU O0KOBOM rpanu 600. HalTi miomnia b MOIHOM MOBEPXHOCTH MTUPAMUJIBI.

8. [Inomans OCHOBaHMS IPABUIBHOW TPEYrOJIBHOW NMHUPAMUIBI V3. Vron Haxiona 60KoBoii
rpaHu K miockoctu ocHoBanus 450. Halinure anodemy nupamusI.

9. B ocnoBanuu nupamusl DABC nexut npsMoyroibHblil TpeyroiabHuk ABC, Z£C =900, £
A= 300, BC=10. bokoBbsle péOpa nmupaMu/ibl paBHOHAKJIOHEHbI K IJIOCKOCTH OCHOBaHuUA. Bricora
nupaMubl paBHa 5. Haiinure momans 60KOBOI MOBEPXHOCTH MUPAMUIBI.

10. OcnoBanuem nupamuasl MABCD sBasietrcst kBagpat ABCD, pebpo MD neprieHAuKyaspHO K
mIockocTy ocHoBanusi, AD = DM = a. HaliguTe mutomnaas MOBEPXHOCTH TTHUPAMHMIBI.

ITPAKTUYECKAS PABOTA Ne 78
Ha3panue npakTtudeckoii padorTbl: Boiuucienue niowaou nogepxHocmu u o0vbéma yurunopa u
KOHyCa.
Lean padoThI: UCTIONB3YS paHEe U3yUYEHHBIN MaTepuall, HAyYUThCS PeIaTh 3aJJa4l Ha BHIYUCIICHHE
IJIOLIA/IM TOBEPXHOCTU M 00bEMA HUIMHIPA.
PesyabTarnl:

@opmupyemoie Inemenmsl IIK (npogheccuonansno opuenmuposannoe cooeprcanue):

— IIK 1.6. IlpumensTh anmapaTHO-IPOTPAMMHBIE CpPEACTBA U PacyeTOB M COCTaBJICHUS
TONOrpaUUECKUX, MEKEBBIX MJIaHOB
memanpeomemnste. MPIT 01, MPII 02, MPIT 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemnsie: 11P6 09, I1P6 10, TTP6 11, ITP6 12, [1Py 14, [1Py 15, ITPy 16.
3HaHMsA: [ToHATHE O IMIMHIpPE U KOHYCE, UX OCHOBHBIX 3JIEMEHTAaX.
yMeHHus1: Brruricienue miomaam moBepXHoCTH U 00bEMa HIUIMHIPA U KOHYCa
Xox paborsr:
esab padoThi:
Coaep:xanue padoThbi:
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Mnouass NOBEPXHOCTA UMANHAPA
COCTOUT U3 MaowWaan BoKoBoH

_‘\\\ NOBEPXHOCTA 1 NIOLLAAN
____,,/ OCHOBaHWiA UMAMHApPa.

Mnowaas HokoBoli NoOBEpXHOCTA
h UMAMHApPa

S(6ok. ) = 2aRH,

rae B — pagnyc unnmHapa,

- T~ H — BbicoTa ymauHapa

OcHOBaHUsA UMMHApa — kpyru. S(kpyza) = mR2.

Mnoulaab NoNHOA NOBEPXHOCTY UWANHAPA paBHa:

S(noan.) = 2S(ocH. ) + S(6ok. ) = 2rR? + 27RH.
06béM umnmHapa V(umnuHgpa) = R . H.

Mnowaas 6OKOBOI NOBEPXHOCTM KOHYCa
BLIUNC/IAGTCA M0 GOpMyne:

S(60k.)= 7 RI,

rae R — paauyc koHyca,

[ — o6pasyioLan KoHyca.

MnoLaaL OCHOBAHWA KOHYCA BEIUNCASETCA MO
dopmyne S(kpyra) = TR2.

MnoLaAs NOMHOA MOBEPXHOCTI KOHYCa
BRIUMCAAETCA N0 GopMyne

S(nonn.) =S(60k.) + S(kpyra) =mRI + TR2.

O6BEM KOHyCa BbIUUCAAIOT Mo dopMyne

V= e - H- S(kpyra) = WRQ—H
3agaum AJ1sl CAMOCTOSITEILHOTO PellleHus :
uauuap:
1. O6BeM mepBoro MUIMHAPA paBeH 12 M°. YV BTOPOTO MHUIMHIPA BHICOTA B TPU pa3a Gomblle, a
paanyc OCHOBaHHS — B JIBa pa3a MEHbIIIE, UeM y nepBoro. Haiiaure 06beM BTOPOTo MUIUHAPA.
2. Panpnyc ocHOBaHUS LWJIMH]IpA PaBeH 2, BbicoTa paBHa 3. Haiinure miomaas O0KOBOM MOBEPXHOCTH
UIHHIIPA.
4. JInuHa OKpY>KHOCTH OCHOBAHHS IIMIUWHAPA paBHA 3, BeicoTa paBHA 2. HaliuTe miomanas O00KOBOM
MMOBEPXHOCTHU IUTUHPA.

e 5. [Tnomaaes oceBoro ceueHus MuMHApa paBHa 4. Halinure muiomnaas 60KoBOM

- 6 .

I3 0,
Ny «j IIOBECPXHOCTH LIUIIMHAPA.

- E 6. Haiinure 00beM JacTy MIIMHIPA, N300paKeHHON Ha PUCYHKE.

o 7. JIniHAa OKpPY>KHOCTH OCHOBaHUS LWIHHIpa paBHa 3. Ilnomans O0KOBOIA
'\ 0 MOBEPXHOCTU paBHa 6. Haiinute BHICOTY LUIUHIPA.

8. Ilmomagr OOKOBOW MOBEPXHOCTH LUIMHApPA pPaBHA 271', a JuamMerp
ocHoBaHMs — 1. HaiinuTe BBICOTY LIMUIMHIpA.
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Konyc:

1. Haligure miomaabs 60KOBOW MOBEPXHOCTH Tela, MOJYYCHHOTO TPU BPAIIEHUH IPSIMOYTOJIEHOTO

TPEYroJibHUKA C KaTeTaMu 4 ¢cM 1 7 cM, BOKpYT OOJIBIIETO KaTeTa.

2. BricoTa kKoHyca paBHa 5 ¢M, a yroJi py BepIIMHE 0ceBoro ceueHus paBeH 120°. Haiiagute o0bem

KOHYyca.

3. BricoTa xonyca paBHa 12 cm, a ero oopa3syromias pasHa 13 cm. HaliquTe momaas moiHoi

IMOBCPXHOCTU KOHYCA.

4. KBazgpat co cTOpoHO#1 3 cM BpalaeTcst BOKpYT cBoeil nuaronanu. Haiiaure momanb

IMOBCPXHOCTHU TCJIa BpallICHUS TCJIa BPpALLICHU .

MPAKTUYECKAS PABOTA Ne 79
Ha3panue npakTuyeckoii padoTbl: Boiuucienue niowaou chepol u 00véma wapa.

Heﬂb paﬁﬂTbI: HCIIOJIB3Yys paHEe H3y‘leHHBII>'I Marc€purajl, HAy4duThCA pE€IIaTh 3aJla4r Ha BbIYHUCIICHUEC

momaau chepsl 1 00bEMa 1mapa.
PesyabTarsl:

Dopmupyemoie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensTh anmapaTHO-IPOTPAMMHBIE CpPEICTBA JUIS PAacCYeTOB M COCTABJICHUS
TonorpaduuecKux, MeKEBbIX MIaHOB

memanpeomemnwie. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.

npeomemnoste: 11P6 09, I1P6 10, ITP6 11, ITP6 12, [1Py 14, [1Py 15, ITPy 16.
3Hanus: [lousrue o cdepe, 11ape ¥ ©X OCHOBHBIX DJIEMECHTAX.

yMenusi: Beraucienue miomnanu chepsl U 00bEMa mapa.

Xoa padoThI:

Duzypa Yepmésc |Beauuuna Dop.myna
Oxkpyarcrnocme I auna
OKpyJiCHOCIU C =2aR
C =aD
Kpyz Il aowade kpyza
2
S=1R
Cgpepa // \\\ Il rowade
! \ cghepul S =4aR*
A J
N b S
Illap 067vém wapa 4
\% —_—;Jﬂ%
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Yacru mapa
Hlaposvikcecmenm llIapoetlﬁ cexmop Ll ap®sviit cnoit
TEJO, MOJIYYEHHOE BPALLEHUEM l

KPYTOBOTO CEKTOpA C YIIIOM, YacTh LIapa, 3aKJI0YCHHAS

4acTh 11apa OTCeKaeMas OT MeHbIIMM 90°, BOKpYT IIPSIMOH, MEXAY ABYMS
HEro Kakoi-HuOy b coJieprKalieit oauH U3 NapaJuIeIbHBIMU CEKYIIIUMHU
IJIOCKOCTBIO OTrpaHUYMBAIOLIUX KPYTOBOI IUIOCKOCTSIMHU

Oobvem waposozo
cezuenma:

V= %nhz(SR — h),

rae V— 006beM mapoBoro
CerMEHTa;
R —paauyc mapa;
h —BBICOTa cerMeHTa.

ITnowaos c&zmeumoeozi

CEKTOp painycoB

Oobvem wmaposozo cekmopa:

V= %nRZh,

rae V— o0beM 1mapoBoro
CEKTOpa;
R —panuyc mapa;
h —BrBICcOTa cekTOpa

ITnowaos Yionnoii

Obvem waposozo cnoa:

V =cmh® + (R} + RD)h,

noeepxnocmu: noeéepxnocmu:
Ssox. = 2TRA, S.. = TR(2h + V2Rh — h?),

A€ g0 — MIOMIATH
CErMEHTOBOU ITOBEPXHOCTH
niapa;

R —pannyc mapa;

h —BrIcOTa cermMeHTa

rae S, ;. — IUiouaab MoJIHON
IIOBEPXHOCTHU LIaPOBOI0
CEKTOpa,;
R —pannyc mapa;
h —BrIcOTa cermeHTa

rae V — o6beM 1mapoBoro
cl1os;
Ru R, —panuycsl
OCHOBAHHUI CII04;
h —BrIcoTa cost

Inowaow loxoeoﬁ
noeepxmocmu:

SGOK. = ZﬂRh,
20e Sg,, — TIOMAIL OOKOBOM

MOBEPXHOCTH IIAPOBOIO CIIOS;
R —pannyc mapa;
h —BrIcOTa cerMeHTa.
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IIpumepsl pemenns 3aaa4:
1. HaiiguTte miomanb cdepsbl, ecjiv paanyc paBeH:

a) RZ%IIM; B) R =+2wm;
0) R=5cwm; r) R=2V/3cm
Jlano: Pewenue:
a) R= 1 M [Inomans chepsl pasHa: S = 4mR?. [oacrasnsem
6 b
6) R=5cm; ) L
B) R=vZwm a) S=dm-()? =4n-—=_-mam’?
) R=2V3cMm 6) S =4m-5%=4m-25= 1007 cm?
2
B) S=dm-(J2) =4n-2=8nwm?
-7 2
S~ r) S=4m-(2,/3) =4m-2-3 = 241w cM?
Omeem:

a) S= %Tl’ Jilve
6) S = 1007 cm?
B) S = 81 m?

r) S = 24mcm?

2. Inomaas cdepsr paBua 324 cm?. Haiizure paanyc R cdepsl.

Jlano: Pewenue:
S = 3241 cm? Dopmyna niowadu cepuvi: S = AmR2.
R? = >
A
R-—?
S 324n
R= |—= |—=+81=9cm?
4 41

Omeem: R = 9 cm?
3. Haiigure 00beM mapa, ecim paguyc R paBen 3 cm.

Hano: Peuwenue:
R=3cu Dopmyna 06véma wapa: V = % -1+ R3
‘ 4 4
V-2? V=§'7T'33=§'7T'27=4'7T'9=36T[CM2

Omsem: V = 361 cM?
4. HaiiguTe paamyc mapa, eciu odbeM mapa pasen 288m m3

Jlano: Pewenue:
V = 2881 m° Dopmyna oo6véma wapa: V = g -+ R3
3V=4-m-R3
) R3 — 3V
R-% C 4m
3-288m
R3=——=3-72=216
4n
R =13216 = 6 u

Omeem: R = 6m
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3agauu 1719 CAaMOCTOSITEILHOIO PeLIeHHS:

1. [Tnomans 6oapiIoro Kpyra mapa pasua 3. Haiiaure miomniaab MoBepXHOCTH LIapa.

2. Jlano nBa mapa. Pagmyc mepBoro mapa B 2 pasa Oousblie paguyca BToporo. Bo ckoibko pas
IJIOLIA/1b TIOBEPXHOCTH NEPBOIO 11apa OoJbllIe TUIONIA I IOBEPXHOCTH BTOPOro?

3. Bo ckonbko pa3 yBennuutcs o0beM 1apa, eciu ero pajinyc yBeJIHUUuTh B TpU pa3a?

4. Pagmychl Tpex mapoB paBHbI 6, 8 u 10. Haiinure paguyc mapa, 00beM KOTOPOTO PaBEH CyMME HX
00BEMOB.

5. O6bem nepBoro mapa B 27 pa3 Oosblie 00bema BTOporo. Bo ckoibKko pas mioniaab MOBEPXHOCTH
MEpBOTO mapa OOoJIbIIE TUIOIMAHN TIOBEPXHOCTH BTOPOT0?

6. Pagnycel aByx mapoB paBubl 6 u 8. Haiimute panmyc mapa, mioniaas HOBEPXHOCTH KOTOPOTO
paBHA CyMMe IIIOIIAJEH TOBEPXHOCTEN ABYX JaHHBIX IIAPOB.

7. B mape paauyca 15cMm npoBesieHO ceueHue, MIIONIalb KOTOPOro paBHa 817 cm 2 Haiinure o6beM
MEHBIIIETO IAPOBOT0 CETMEHTA, OTCEKAEMOTO MJIOCKOCTHIO CEUCHHS.

8. Ha paccrossHuu 9cMm OT 1IeHTpa miapa MpoBeIeHO CeUYeHUe, IJIMHA OKPYKHOCTH KOTOPOrO paBHA
247n cm. Halinute 06beM MEHBIIIETO IApOBOTO CErMEHTA, OTCEKAeMOT0 INIOCKOCTHIO CEUEHUS.

9. Jluamerp miapa paBeH BBICOTE KOHYyca, OOpa3yollas KOTOPOTO COCTaBIsieT C IUIOCKOCTHIO
ocHoBanus yroi 60. Haiinure oTHOIIEHHE 00BEMOB KOHYCA U 11apa.

10. B koHyc, oceBoe ceueHHuEe KOTOPOIo €CTh MPaBUIIbHBIA TPEYroJibHUK, BiucaH wap. Haiinure
OTHOIICHHE TUIOIAAN ChEPHI K IO OOKOBOM MOBEPXHOCTH KOHYCA.

11. O6bem nunauHIpa paBeH 96w oM’ IUIommab ero oceBoro cedenns - 48cm. ” Haitute miomans
cdepbl, OMCAaHHOW OKOJIO LIMIIMHIIPA.

12. JInameTp miapa paBeH BBICOTE IMJIMHJPA, OCEBOE CEYCHHE KOTOPOro eCcTh KBajpaT. Haiinute
OTHOIIEHHE 00BEMOB IIapa ¥ LMIUHIPA.

HPAKTHYECKAS PABOTA Ne 80
Ha3panue mpaxkTudeckoii padorbl: Bwiuucienue niowaou nosepxHocmu u o6véma yceuyeHHOU
NUPAMUObL U YCeUeHHO20 KOHYCA.
Heap padoThl: UCTIONB3Ys paHEe U3YUYEHHBIH MaTepual, Hay4YUThCs pellaTh 3a/1a4d Ha BEIYHCIICHHE
IJIOLIA/IM TOBEPXHOCTU M 00bEMaA yCEUEHHOTO KOHYCA U YCEUEHHOW MUPAMMU/IBI.

Pesyabrarnl:

@opmupyemoie Inemenmsl IIK (npogheccuonansno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensTh anmapaTHO-IPOTPAMMHBIE CpPEICTBA U PAacyeTOB M COCTaBJICHUS
TONOrpapUUECKUX, MEKEBBIX MIIAHOB
memanpeomemnwie: MPII 01, MPIT 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.

npeomemnsie: 11P6 09, I1P6 10, TTP6 11, I1P6 12, [1Py 14, [1Py 15, ITPy 16.
3HaHus: [loHATHE 0 yceueHHOW nMupamMuie, yce4eHHOM KOHYCE U X OCHOBHBIX JJIEMEHTaX.
yMeHusi: Boraucienue miom@aan MoBEpXHOCTH U 00bEMA yCEUEHHOTO KOHYCA M YCeUEHHOM
nupaMuJbl.

Xox pa0doThI:
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YceueHHass nmpamMuaa

[nockocTb, NapannenbHas 0CHOBaHUIO MUPaMUALI, OTCEKaeT
ee Ha Noj,06Hy0 MMpamMuAYy 1 yCEUEHHYIO NMUpaMUY.

M
/{\\ MHoroyronsHukun A,B,C,D; nABCD -
/' f"; \ OCHOBaHWSA Y CEYEHHON MUPaMUAbI.
/1 \ MepneHgukynap 0,0 — BbicoTa yceUYEHHON
fofh \\ MMpamMuzbl.
i

¥ [nowazab 60KkoBON NOBEPXHOCTM YCEYEHHOM
nupamMuabL:

Box

1
Sew = (B +P, )

rae P, P, —nepumeTpbl 0CHOBaHWW,
/1 — anochema yceyEHHoW Nupammap!.

¥ O6BEM yceUEHHON MMpamMuab!:

\% :%H(s1 L4488, 485,

rae Sy, S, — NnoLaamn 0CHOBaHMULA,
H — BblcOTa ycEYEHHON NUpaMUAbI.
IIpumep 1. Haiitu mnomaas 60KOBOM MOBEPXHOCTH YCEYCHHON TPEYTOJBHON MTUPAMHEIBI, €CITH OHA
IIoJIy4CHa U3 HpaBPIJIBHofI nupamMuabl C OCHOBAHUEM 6u anocbeMoﬁ 4 IIyTEM OTCCUCHUS IIJIOCKOCTHIO,
MIPOXOASAIICH Yepe3 CPEIHION JIMHUIO OOKOBBIX IpaHEi.

Pemenue. [To TeopeMe 0 Cpe/IHEl JIMHUM TOIYYUM, YTO BEPXHEE OCHOBAHME YCEUECHHON MUPAMHUIbI
paBHO 6 % = 3, a ano(ema paBHa 4 - % = 2. Torxaa, o popmyie: Sgo = % (Py+P,)-h,
nonyuM Sgo = 7+ (33 +3-6) -2 =27
OTtBert: 27.
YcedeHHBIN KOHYC

® dopmynbl:

V= %ﬂh(Rz +RR +R})

Sy = Z(R+R)
Snwm.nos. =”(R+R1)I+ﬂR2 +ﬂr2

3pecb h —BbicoTa
yCeyeHHOro KoHyca, R u
R1— paguychbl ero
BEPXHEIO U HUXHEro
OCHOBaHun; | — ero
o6pasytoLas

60K.noe.
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IIpumep 2. [Tnomaas 60KOBOM MOBEPXHOCTH KOHYCa paBHa 487, a Tutomaah
A OOKOBOI TOBEPXHOCTH YCEYEHHOTO0 KOHYCa C TAaKUMH K€ OCHOBaHHEM H
& YIJIOM HaKJIOHa 00pa3yrolie K MI0CKOCTH OCHOBaHUs paBHa 367. Haiinure
BBICOTY YCEUEHHOI'0 KOHYCa, €CJIM BBICOTAa HCXOHOr0 KOHYyca paBHa 10.
Pemenue:
[Tnomane 60KOBOI MOBEPXHOCTU MEHBIIETO KOHYCA, KOTOPBII JOMOIHIET
YCEUEHHBI KOHYC [JI0 TMIOJHOIO, paBHA pPa3HOCTH UX IUIOMIAJeH
MMOBEPXHOCTEM:
Sman=48n—-36m=12m.
OTtHomeHne TUIONIa el OOKOBBIX MOBEPXHOCTEH OONBIIOTO U
MaJIOTO KOHYCOB paBHO KBajapary koddduimeHta momooOus
MEXy HUMH:

56011 2 481
= =—=4=k=2
Soian 121
Tornma BBICOTBI KOHYCOB OTHOCSITCS IPYT K APYTY:
h 10
601 — — k=2

h'Mafl h'MaJ'I

Torma hMa.n:5$hyceq:h60n_hMan:1 0—5=5
OTtBeT: 5

3aga4u 1719 CaMOCTOSITEIBHOIO PELICHHS:

1. CTOpoHBI OCHOBAaHMI ITPABWIIBHON YCEYEHHOMN YEThIPEXYrOJIbHOW NMUpaMHAbl paBHBI 4 U 6.
HaiinuTe muomaap 1naroHaaIbHOIO ce4eHus, eciii 60KoBoe pedpo oOpa3yer ¢ 00JIbIINM OCHOBAaHHEM
yroJ, paBHbIi 45.

2. Haiinure BBICOTY NpPAaBUIBHOM YCEUYEHHOM 4YETBIPEXYTOJBHOW IHMPAMHUJIBI, CTOPOHBI
OCHOBaHM# KOTOpOi paBHbI 14 1 10, a Tuaronans pasHa 18.

3. B ocHoBaHMSX yceueHHOH NHpaMuibl MMPaBUIIbHBIE TPEYTrOJbHUKH CO CTOpOHamMH 2 u 6.
Ompenenure BHICOTY ATOM MUPAMHUJIBI, €CIIU €€ 00bEM paBeH 52.

4. OCHOBaHMSIMU MPABUIILHOM yCEUEHHOW MUPaMUAbI CIyXaT KBaJpaThl CO CTOPOHAMH a U b
(a>b). bokoBbie pebpa HAKJIOHEHBI K IIOCKOCTH OCHOBAHHS O yriioM o. OmpenennTe BEINYuHY
JBYTPAHHBIX YTJIOB IIPU CTOPOHAX OCHOBAHUU.

S. B tpeyronbHol yceuenHo# mupamuie Beicota paBHa 10. CTOPOHBI OJJHOTO OCHOBAHUS PABHBI
27,29 u 52, a mepuMeTp APyroro ocHoBaHus paBeH 72. Onpeaenure 00bEM yCEUSHHOM MUPaMU/IbI.
6. B ocHOBaHMAX yCEYEHHOM NUpPaMUJbl JE€KaT MPSAMOYTOJbHBIE TPEYTOJIbHUKU C OCTPHIM
yrioM 60. I'MIoTeHy3bl 3TUX TPEyroJbHUKOB paBHBI 6 U 4. BeicoTa naHHoil nupamuzasl. Haiinnre
00bEM YUEHHOM MUpaMuIbl.

7. CTopoHBl OCHOBAHMI MPABWIIBHOM YETBIPEXYTOJIBHON yCEUEHHOW MUPAMUJIbI paBHEI 4 U 4;
O0KOBast rpaHb HAKJIOHEHA K TUIOCKOCTH OCHOBaHHUSA 1o yrioMm 60. Hailiaure moiHyo MoBEepXHOCTb
MUPaMHIBI.

8. CTOpOHBI OCHOBaHUS PaBUIIBHOM YETHIPEXYTOJIBHON YCEUYEHHON MUPAMUABI OTHOCSTCS, KaK
3:2. Beicota nupamuasl paBHa 3. bokoBoe pebpo COCTaBISET C MIOCKOCThIO OCHOBaHUSA yrod 60.
Haiinure 06b6M nmupaMuib.

9. BokoBoe pedpo npaBUIIbHOM YEeTHIPEXYroIbHON YCEUeHHON MUPaMUIbl pABHO M HAKJIOHEHO K
IUIOCKOCTH OCHOBaHUS moJ yriaoMm 60. Jlnaronans nupamuisl MepreHauKyIsipHa 00KOBOMY pedpy.
Haiigure nmiomaabs MEHBIIETO OCHOBAHMSI TUPaMUIBIL.
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10. Paanycel o0cCHOBaHMI yCEUEHHOTO KOHYCa paBHbI 3 cM U 6 cM, a BbIcoTa paBHa 4 cM. Haiiaure
00pa3yIIy0 yCeYeHHOT0 KOHYCa, TUTOMIalb OOKOBOM U MOJTHON MOBEPXHOCTH YCEYEHHOTO KOHYCA.
11. Hana tpanemuss ABCD, B kotopoii £ A=909 D =309BC = 3v3¢cm, CD = 6 cm.
Boruncnute miomans OOKOBON MOBEPXHOCTH YCEUEHHOTO KOHYCA, OOpa30BaHHOIO BpalleHHEM
JTAHHOW Tpareluu BOKpYr CTOpoHbl AB.

IMPAKTUYECKAS PABOTA Ne 81
Ha3Banune npakTu4yeckoi padorwl: Pacuem o0vema emMecmumocmit 6euecms.

Heap padorbl: Hayuntbcst IpUMEHATh paHee U3YyUYEHHBIH MaTepual, CBSI3aHHBIM C BBIYUCIEHUEM
00BEMOB MPOCTPAHCTBEHHBIX (DUTYP ISl pEIICHUS MPAKTHUECKUX 3a7ad.

Pe3yabTarhi:

Dopmupyemoie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensaTh anmapaTHO-NPOTPAMMHBIE CpPEICTBA U PacyeTOB M COCTaBJICHUS
TONOrpapUUECKUX, MEKEBBIX IIIIAHOB
memanpeomemnsie. MPII 01, MPII 04, MPI1 07, MPII 08, MPII 16, MPII 18, MPII 19, MPII 21,

MPK 08, MPK 11, MPP 02, MPP 09.
npeomemnsie: 11P6 01, I1P6 06, TTP6 09, I1P6 10, I1P6 11, ITP6 12, ITP6 14, ITPy 14, I1Py 15, 1Py
16, ITPy 19.
3HAHMSA: IOHATHUE O MPOCTPAHCTBEHHBIX PUTypax.
YMeHHUs1: IPUMEHEHNE POPMYII JJIsl BBIYUCICHUS 00BEMOB IIPOCTPAHCTBEHHBIX (DUTYD.
Xon padorhl:
Hcnonb3ys maTepuan NpeabAyIMX IPaKTHYECKUX padoT, PELIUTh IPAKTUUECKUE 3aJaUH:
1. Erunerckue nupamuapl — JpeBHEMIlIee M BMECTE C TEM
€IMHCTBEHHOE COXPAHUBIIEECS [0 HAIIMX JHEW Yylo CBeETa.
[Mupamuna Xeorica umeer GopMy MpaBUILHON YETHIPEXYTrOJbHON
nupamMuibl. BeicoTa mupamMuasl Ha CErOAHSAIIHAN JE€Hb COCTABISAET
138,75 m, ctopona ocHoBaHus 230M. Beraucnure 06beM nupamMu/Ibl.
2. Bpramcnure KomM4ecTBO HEe(TH B TOHHAX, HAXOMAUICHCS B IUCTEPHE HWJIMHIAPUYICCKON
(OpMBI, IMAMETpP KOTOPOii paBeH 22 M, a BbICOTa M, MIOTHOCTH HedTH 800 Kr/™°,
3. Tpu natyHHBIX KyOa ¢ pé€opamu 3cM, 4cM U ScM TieperiaBieHsl B ouH Ky0. Kakyto mmny
uMeeT pedbpo 3Toro kyda?
4. Kaxkoit 00beM MOJIOKa MOXKET BOWTH B TeTpamak B BHJE MUPAMHUIbI, OCHOBAaHUE KOTOPOH
PaBHOCTOPOHHUI TPEYTOJBHUK €O CTOPOHOU 20cM, BBICOTOM 24CM.
5. Haiitu nuamerp menHoOU npoBoJokH, ecinu 30M mpoBojokH BecAT 121,2r u IIOTHOCTh MEAH
8,9r/cM®.
6. CKOJBKO HIAPHKOB JUAMETPOM B 1CM MOXHO OTJIUTh M3 KYCKa CBHMHIIA BECOM B | Kr, eciu
wioTHOCTh cBuHIA 11,4 r/em>?
7. CKOJIBKO JIUTPOB BOJBI BMEIIIAET BOJIOEM, UMEIOMNN (POPMY MPaBHIIBHOM YETHIPEXyTOJIHHOU
yCEUEeHHOU MUpaMu/bl, €ClId ITyOMHA ero paBHa 1,2 M, a CTOPOHBI 1 en

ocHoBauuii — 10m u Sm?

8. Haiigute o0beM peranmu, HM300paKEHHOW HA PUCYHKE (Bce -
JIBYTPAHHBIE YTIIbI — IPSIMBIE).
9. ABTouuMCcTepHA A7 MEPEeBO3KU MOJOKAa uMeeT GopMy IMIMHAPA. | -

. 3 em

BuyTpeHHunii nuamerp, kotoporo paseH 1,4 M, a amuHa - 3,5 M. 3 on

s 1cem
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

CKOJIPKO TOHH MOJIOKa MOXHO HAJIUTh B TaKylO IIUCTEPHY, €CIU 3alOJHUTH €€ 0BepXy?
I[TnoTHOCTH MOOKA 1032 KI/M>.

B HMIHMHAPUYECKHUI COCY I, B KOTOPOM HAXOAUTCA 6 aM° BOJIBI, OMyCTHIIH JeTaib. [Ipu 3Tom
YPOBEHB KHJIKOCTU B cocyze nmoausuics B 1,5 pasa. Uemy paBen o0bem aeranu?

Kyua mebHs uMeeT KOHHYECKyIo (opMy, paJnyC OCHOBAaHHs KOTOpOW 2M U oOpasyromas
3,5M. CKOJBKO HA/J0 BO30B, YTOOBI MEPEBE3TU BeCh I1€OEHB, YIOKEHHBIN B JIECATH TaKUX
Kydax, eciu | M° meGHs BecHT 3 T ¥ Ha OMH BO3 TPpy3aT 0,5 T.

[IpsimoyronbHBIN 3010TOM JIUCT HMeET pa3Mepbl 4,7cM x 6,2cm u BecuT 6,3r. Haiinute
TOJIIMHY JHCTa (ILIOTHOCTH 3010Ta 19,31/cM°).

bak, nmerommii GopMy mpaBUIBHON YETHIPEXYTOJBHON YCEUEHHOW MUPAaMUIbI, BMELIAET
19001 Gensuna. Haiigure riyOuHy 3TOoro 6aka, eciu CTOPOHBI

ero ocHoBaHumii paBHbI 60cM 1 40cM. el

XenesHonopokHass Hachlllb JlaHa B pa3pe3e (CM. 4epTéx);

pa3sMEpbl yKazaHbl B MCTpax. HaﬁTI/I, CKOJIBKO KY6I/I‘ICCKI/IX

METPOB 3eMJIM MPUXOAUTCS HA 1 KM HACBIINH. rlf 14
BuyTpenHuii nuametrp 4yryHHOro mojioro mapa 8cM, a BHemHuid 10cm. Haiitu Bec mapa
(mnoTHOCTH uyryHa 7,3r/cMd).

CrakaH4uK JUII MOPOXKEHOTO KOHUYECKOH (popMbl nMeeT 12¢cM TiyOrHy B SCM 1o JuaMeTpy
BepxHel yacTh. Ha Hero cBepxy MoJIOKWINA JBE JIOKKH MOPOKEHHOTO B BHJIE NOJIYIIAPUI
nuamerpa ScM. IlepenosHuT 11 MOpOKEHOE CTaKaHUUK €CJIH I103BOJIUTh EMY PacTasiTh.
CBuHIIOBas Tpy0a ¢ TOIIKUHON CTEHOK B 4 MM UMeeT BHyTpeHHul nuametp 13 mm. CKobKo
BECAT 25 M 3T0i1 TpyOBI, €CJIM MIOTHOCTh CBUHIIA 11,4r/cm®?

Ha nosnke B Mara3uHe cTOST /B OaHKHM LMJIMHAPUYECKONW (HOPMBI 3eMIITHUUHOTO BAPEHbS
OJTHOTO U TOro ke copTa. OHa OaHKa B 2 pa3a BblIIE JPYroi, HO 3aTo €€ quaMeTp B 2 pasza
MeHblle. Boicokass Oanka crout 23 neHTa, a Hu3Kas 43 neHra. Kakyio u3 0aHOK KymHTb
BEITO/THEE?

Cror cena umeer popMmy HWIMHIpa ¢ KOHUYECKUM BepxoM. Paguyc ero ocHoBanus 2,5 M,
BbICOTa 4M, MPUYEM IWIMHIPUYECKAs: YacTh CTOra MMeEeT BbIcOTy 2,2 M. OmnpenenuTth Bec
ctora (m1oTHocTh cena 0,03r/cm®).

CranbHoit Bai, umeromuit 1,40 M muinnet u 0,083 M B Auamerpe, 060TaunBaeTCcsl HA TOKAPHOM
cTaHke, mpuuém ero nuamerp ymensiaetrcs Ha 0,003 M. CkonbKo OH TepsieT B Bece Onaroaps
06Touke? (MIOTHOCTH cTamu 7,4r/cmC)

ITPAKTHYECKAS PABOTA Ne 82

Ha3zBanue npaktuyeckoil padotbl: //pumvepst cummempuil 6 npogeccusx u cneyuanrbHOCmsx

MexXHol10cu4ecKoco I/lp()(i)l/l]l}l.

eab padoThI:

PesyabTarsl:

Dopmupyemoie 3nemenmol IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensaTs amnmapaTHO-IPOrpPaMMHBIE CpPEICTBA Ui PACUETOB M COCTABIICHMS
TONorpauuecKux, MeKEBbIX MIAHOB

memanpeomemnwie: MPII 01, MPIIT 04, MPII 07, MPII 08, MPII 16, MPII 18, MPII 19, MPII 21,
MPK 08, MPK 11, MPP 02, MPP 09.
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npeomemnuie: 11P6 01, ITP6 06, ITP6 09, I1P6 10, ITP6 11, I1IP6 12, ITP6 14, TIPy 14, ITPy 15, [Py
16, I1Py 19.

3HAHUS: TIOHATHE CUMMETPUU U €€ BUJaX.

YMeHHSI: TIOCTPOCHNE CHMMETPUYHBIX QUTYP.
Xopn padorhl:
B naubomnee obmem Bujae mox "cuMMerpuel' B MaTeMaTHKE MOHUMAETCS Takoe MpeoOpa3oBaHHE
IPOCTpaHCTBA (IUIOCKOCTH), MPH KOTOPOM Kak[as Toduka M mepexoIuT B Apyryro Touky M’
OTHOCHUTEJILHO HEKOTOPOM TUIOCKOCTH (MW TpsAMOM) a, Korga oOTpe3ok MM' sBisercs
HEePIEHAUKYJIPHBIM IIOCKOCTH (WM MpsIMOI) a U faenuTes ero nononaM. Ilnockocts (npsimast) a
HA3bIBAETCS MPHU 3TOM IUIOCKOCTHIO (MM OChl0) cummerpuu. K (yHIaMeHTanbHBIM MOHITUSM
CUMMETPUU OTHOCATCS IJIOCKOCTh CUMMETPHUM, OCh CUMMETPUHU, LIEHTP cUMMeTpuH. IlnockocTbio
cuMMeTpun P Ha3pIBaeTcs Takasl MJIOCKOCTb, KOTOpas ACTUT (PUTYPY Ha JBE 3€PKAIBHO paBHBIC
4acTH, PACIIOJIOKEHHBIE IPYT OTHOCUTEIBHO JpYyra TakK, Kak PEAMET U €ro 3epKaJIbHOE OTPAKEHUE.
Buapl cummerpum.
LenTpasbHasi cHMMeTpHSA
CuMMeTpHsi OTHOCUTENIBHO TOYKM WJIM LEHTpallbHas CHUMMETPUSI — 3TO TaKO€ CBOMCTBO
TE€OMETPHUECKON (HUTyphl, KOraa Jr000H TOYKE, pPACHONOKEHHOW IO OJHY CTOPOHY LEHTpa
CUMMETPHUH, COOTBETCTBYET APYrasi TOUKa, PAaCIOJIOKEHHAs 110 APYTyl0 CTOpOHY LeHTpa. IIpu 3Tom
TOYKHM HAXOIATCS Ha OTPE3KE NPSIMOM, IPOXOASILEH Yepe3 LEHTP, ACAIINNA OTPE30K MOMOIaM.
IIpakmuuyeckoe 3adanue.
Hanel Touku A, B u M. llocTpoiiTe TOUKY, CUMMETPUUHYIO TOYKE M OTHOCUTEIBHO CEPEIUHBI
oTpe3ka AB.
Kakwne u3 cnenyromux OykB UMeIOT IeHTp cummerpun: A, O, M, X, K?
VImMeroT 1 LeHTp CUMMETpPHUU: @) OTPE30K; 0) Jyd; B) Mapa MepeceKarouInxcs MPsIMbIX; T') KBaapat?
OceBasi cummerpust
CuMMeTpHsi OTHOCUTENLHO MPSMOH (MITM OceBasi CHAMMETPHSI) — 3TO TAKOE CBOMCTBO Fr€OMETPUUECKOM
¢burypel, korga 000N TOYKe, PACIOJOKEHHOH IO OJHY CTOpPOHY HpsAMOM, Bcerma Oyner
COOTBETCTBOBATh TOYKA, PACIIOJIOKEHHAs M0 JPYTYI0 CTOPOHY IPSIMOM, @ OTPE3KH, COSAMHSIOIINE
3T TOYKH, OyIyT NEPHEHIAUKYISAPHBI OCH CHMMETPHH U JAEIATCA €10 TOMOJaM.
IIpakmuuyeckoe 3adanue.
JlaHebl 1Be TOUKH 4 U B, CHMMETpHUYHbIE OTHOCUTEIBHO HEKOTOPOM NpsiMoi, 1 Touka M. IToctpoitte
TOYKY, CHAMMETPHYHYIO TOUYKE M OTHOCUTEIIBHO TOM 7K€ MPSMOM.
Kaxkue u3 cnenyronux 0ykB umeroT och cummetpun: A, b, I', E, O?
CKoJbKO Ocelt CUMMETPUH UMEET: a) OTPE30K; 0) mpsmas; B) 1yd?
CkonbKo oceil cuMMEeTpuH UMeeT PUCYHOK? (cM. puc. 1)

Puc. 1

211



3epkajibHasi CHMMeTPHUSA

Touku A u B Ha3pIBalOTCSI CAMMETPUYHBIMU OTHOCUTEIBHO INIOCKOCTH 0 (INIOCKOCTh CHMMETPHH),
€CJIN IUIOCKOCTb O IPOXOJUT Uepe3 CEpeANHY OTpe3Ka AB U NepneHAUKYIsIpHA K 3TOMY OTPE3KY.
Kaxxnast Touka MiaoCcKOCTH o CYMTACTCS CHMMETPHYHON cama cede.

IIpakmuyeckoe 3a0anue.

Haiinure koopauHaThl TOYeK, B KoTophie nepexonart Touku A (0; 1; 2), B (3; -1; 4), C (1; 0; -2) mipu:
a) LEHTPaJbHOM CHMMETPUU OTHOCUTEIIBHO Hadaja KOOpIuHaT; O) OCeBOW CHUMMETPHUH
OTHOCUTEJIBHO KOOPAMHATHBIX OCEH; B) 3€pKaJbHOH CHMMETPUM OTHOCHTEIBHO KOOPAMHATHBIX
IIJIOCKOCTEM.

B nipaByto uiu s1€ByI0 nepuaTKy NEepexXoquT MpaBas nepyaTKa Ipy 3epKajlbHOM CHMMETPHUH? OCEBOM
CUMMETpUU? LEHTPAIbHONH CUMMETPUN?

Ha pucynke nmoka3zaHo, kak nuugpa 4 orpaxkaercs B IByX 3epKanax. Uto OyaeT BUIHO Ha MECTe 3HaKa
BOIIPOCA, €CIIH TO e caMoe clienath ¢ uugpoit 5? (cm. puc. 2)

Ha pucynke nokasano, kak cinoso KEHI'VPY orpaxaercst B 1Byx 3epkanax. YTo moiaydurcs, eciu
TO K€ camoe TpojenaTh ¢ unciiom 20107 (cMm. puc. 3)

4|p 5]
Rk

Puc. 2

KEHTYPY|VIVTHI 2010
|KRdRIHI ?

Puc. 3

1. UnnuBuayansHoe: JOCTPOITe, MPUMEHHUB OCEBYIO CHMMETPHIO (CM. puc. 3).

o — qp oo
AN
I S A S SR
.

Puc. 3

2. [loctpoiite purypy, CHMMETPUYHYIO JAaHHOW OTHOCUTENIBHO: a) TOUKH; 0) mpsMoii (cM. puc. 4,
5).
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3.

4.

Puc. 4 Puc. 5

TBopueckoe 3ananue: «B Mupe )xuBoTHbIX». Hapucyiite npencraButens U3 MUpa >KUBOTHBIX U
ITOKaXXUTE OCb CHMMETPHH.

OTBeThTE Ha BOIIPOCHL:

1) Tlouemy xe B mpupoje Haput cummerpus? [loueMy CUMMETPUYHO BCE )KUBOE OT
MHUKpPOOPIaHNU3MOB JI0 YesloBeKa?

2) IlpuBenute npuMepbl CHMMETPUH B apXUTEKTYpPE, CKYJIBITYPE, )KUBOIIKUCH, JTUTEPATYpE,
MY3BbIKE, TAHIIAX.

3) T@'ne npumeHsieTcs cMMMETpHsE y Bac B ipodeccun?

MPAKTUYECKAS PABOTA Ne 83
Ha3zBanue npakTuueckoit padborsl: /loocuem yucna pazmewjenuil.

Heas padoThl: 3aKkpenuTh HABBIKK BBIYUCICHHUS 4YHCIa KOMOWHAIMA C MOMOIIBIO (HOpMYIIBI
pa3MelEHUM.

Pe3syabrarsi:

Dopmupyemuie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensaTh anmapaTHO-IPOTPAMMHBIE CpPEICTBA U PacyeTOB M COCTaBJICHUS
TONOrpapUUECKUX, MEKEBBIX MIJIAHOB
memanpeomemnste. MPIT 01, MPII 02, MPIT 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemnuie: 11PG 08, 1Py 02, ITPy 03, ITPy 04, ITPy 12, ITPy13, ITPy 18.

3HAHUS: TIOHATUE PAa3MEILIEHUM.

YMeHHUs1: IpUMEHEeHUe GOpMYJIbl pa3MELeHUH TPY BEIYUCICHUH YKcia KOMOMHAIUH.
Xoa padoThi:

Onpenenenue. Pazmewenuamu 13 N 3JIEMEHTOB IO M Ha3bIBalOTCS TaKHE COEIUHEHUS,
KOTOpBIE OTJIMYAIOTCS IPYT OT Apyra JINOO CaMUMU 3JIEMEHTaMH, TUO0 MOPSAKOM HUX CII€AOBAHHUS.

AT = n!
(n—m)

IIpumep. Ilpu paccnenoBaHuy XHILEHUS YCTAHOBJIEHO, YTO Y IPECTYIMHHKA CEMH3HAYHBIN
TeneOHHbII HOMep, B KOTOPOM HH 0J1Ha Lii(pa He oBTOpsieTcs U HeT Hy . CrenoBarenb, ojaras,
4TO nepedop ITUX HOMEPOB MOTPEOYET OJHOTO-/IBYX YaCOB, JOJOKHII O PACKPHITUH MPECTYIUICHHUS.
[IpaB n1u oH?

Pemenune. Ynciio HOMEpPOB paBHO YHCITY pa3MeElICHUN U3 9 3JIEMEHTOB 1O 7, T.€. paBHO A74 .
9l 1.2-3-4.5-6-7-8-9
-7y 1.2
Jlasxe ecnu Ha NMPOBEPKY OAHOIO HOMEpPA TpaTUTh | MUHYTY, TO Ha Bee yitaer 3024 yaca uin
126 cyrok. Takum 0O6pa3zom, ciieoBaTellb — HE MPaB.

ITo hopmyne nomyyaem Ag7 = =3-4-5-6-7-8-9=181440 HOMEPOB.

33[[3]-[1/151 MJIA CAMOCTOATEILHOIO PEIICHUSA
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1. Cxonpkumu cioco0aMu MOKET Pa3MECTHTBCSI CEMbSl U3 TPEX YEJIOBEK B UYETHIPEXMECTHOM
KyIIe, €CITU IPYTUX MMacCaKUPOB B KyIie HET?

2. U3 30 yuacTHMKOB coOpaHUs HaJo BBIOpaTh mpezcenarenss u cekperaps. CKOIBKUMHU
CIOCO0aMM 3TO MOXKHO CJIENaTh?

3. Ha cranmmm 7 3amacHbeix myredl. CKOJIBKUMH CIIOCOOAaMHM MOXHO pacCTaBUTh Ha HUX 4
noe3na?

4. CKOJBKHMMH crioco0aMu 6 CTYJIEHTOB, CAAIOIINX 9K3aMEeH, MOTYT 3aHSITh MECTa B AyJUTOPHH,
B KOTOpOU cTOUT 20 OTHOMECTHBIX CTOJIOB?

5. Ha ctpanwuie anbboma 6 cBOOOAHBIX MecT 1iist poTorpaduii. CKOJIBKUMHU CITOCOOAMU MOKHO
BJIOXHTB B CBOOOIHBIE MecTa: a) 2 ¢ororpaduu; 6) 4 hororpadum; B) 6 dpororpaduii?

IMPAKTUYECKAS PABOTA Ne 84
Ha3panune npaktuyeckoi padorel: [loocuem uucia couemaruil.

Heap paboTbl: 3aKpenuTh HABBIKK BBIYMCICHHUS YWCIAa KOMOMHAIMA C MOMOIIBIO (POpMyIbI
COUYETaHUH.

Pesyabrarsi:

Dopmupyemoie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumeHsTH amnmapaTHO-IPOrPAaMMHBIC CpPEJICTBAa I pPAcuyeTOB M COCTABJICHUS
TonorpaduIeCcKnx, MEKEBBIX IJIAHOB
memanpeomemnwie: MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemnsie: 11P6 08, [1Py 02, [1Py 03, TPy 04, ITPy 12, ITPy13, 1Py 18.

3HAHMA: IOHATHE COYETAHUH.

YMeHHUSs1: IPUMEHEHNE POPMYIIbI COUCTAaHUN TIPY BBIYMCIICHUN YMCIIa KOMOWHAITHHA.
Xon pa0doThI:

Onpenenenne. Couemanuamu 13 N BIEMEHTOB 110 M HA3BIBAIOTCS TAKUE COCAUHEHUS,

KOTOpBIE OTJIMYAIOTCS IPYT OT JApyra XoTs Obl ogHUM 31emMeHToM. ([lonMHOXecTBa, oTarYaromuecs
APYT OT Ipyra TOJIBKO MOPSAKOM CIIEZOBAHUS 3JIEMEHTOB, HE CUMTAIOTCS Pa3IMYHBIMHU. )

Yucao coueTaHUH U3 N 3JIEMEHTOB IO M 0003HAYaETCI CUMBOJIOM Cr:n 1 BBIYUCIIACTCA 110
dbopmyre:
m I
o A _ n!
" Im!
P (n—-m)im!

m

IIpumep. B mtare npokyparypsl 001acTHOTO IIeHTpa uMeeTcs 16 cienopareneii. CKOMbKUMU
criocob6aMu MO>KHO BbIOpaTh 2 U3 HUX JUISl IPOBEPKH ONEpaTUBHON WH(GOpPMAIMU O TOTOBSIIEMCS
MPECTYTUIEHNN?

Pemenne. Criocob0oB CTOJIBKO, CKOJIBKO CYIIECTBYET JIBYX3JIEMEHTHBIX MTOJAMHOKECTB Y
MHO’KECTBA, COCTOSIIIEr0 U3 16 3JIEMEHTOB, T.€. UX YHUCIIO PABHO

2 16! _16-15-14-13-..-1 = 15-16 =120, T.e. Bcero 120 cmoco6oB BeIOOpa

C16: =
(16-2)120  14-13-..-1-2-1 2

clieIoBaTelIeH.

3agaHus 1J1sl CAMOCTOSITEIbHOTO PellIeHus
1. Berperunuch 11 yT60aMCTOB M 6 XOKKEHCTOB, U KXKJIBIH CTAJI 110 OJJHOMY Pa3y UIpaTh C
KaX/IbIM B IIAIIKH.
a) CkosbKO BCTped ObII0 Mexxay GpyToonuctamu?
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0) CKOIBKO BCTpEY OBLIO MEXKTY XOKKEHCTaMH?

B) CKoJIbKO BCTpeu ObU10 Mex 1y (pyTOOIMCTaMU M XOKKEHUCTaMu?

r) CKOJIbKO BCTpeY OBLIO BCETO?

2. B otnene paboraror 5 Benymux u § CTaplInX HAYIHBIX COTPYAHHKOB. B KOMaHIUPOBKY Ha/I0
MOCIIATh JIBYX BEIYIIUX M TPEX CTAPIIUX HAYYHBIX COTPYTHUKOB. CKOJIBKUMHU CIIOCOOAMU MOKET
OBITh CclieJIaH BBIOOP COTPYAHUKOB, KOTOPBIX HAJ0 MOCIaTh B KOMAHIUPOBKY?

3. CKONBKUMH CIIOCO0aMu Tpymmy U3 12 4emoBek MOXHO pa3OUTh HA JIBE TPYIIILL: a) 10 4 1 §
YeJoBeK; 0) 1Mo 5 u 7 4enoBek?

4. B npaBwiibHOM 17-yrojibHUKE IPOBEHM BCE TUATOHAIIH.

a) CKOJIbKO BCETO MOJMYUYUIIOCh OTPE3KOB?

6) CKoJIbKO MMeeTCst CTOPOH?

B) CKOJIBbKO MPOBENN AUAroHaIe?

r) CKOJBKO BCEro JMaroHajiel B BHITYKJIOM N-YTOJbHUKE?

5. Berpetunuck HECKONBKO YETIOBEK M CTaIH 3JI0POBATHCA APYT ¢ APpyrom. M3BECTHO, 4TO
pykomnoxatuii 661510 0T 60 10 70. CKOJIBKO YeNOBEK BCTPETHIINUCH, €CIIM U3BECTHO, YTO:

a) KKJbIH 3I0pPOBAJICS C KAXKIBIM;

0) TOJBKO OJTUH YEJIOBEK HE 3I0pPOBAJICS HU C KEM;

B) TOJIBKO JIBOE HE MMO3/IOPOBAIUCH MEXKTY COOOM;

T') 4Y€TBEPO MO3J0POBATHCH TOIBKO MEXTY COOOH.

INPAKTHYECKAS PABOTA Ne 85
Ha3Banue npakTuuyeckoii padboTwl: /loocuem yucia nepecmanoBox.

Leab padoThl: HAYYUTHCS pelIaTh 33a4l Ha BBIYUCICHHUE YUCIIa KOMOWHAIIUMH C UCIOIB30BaHUEM
(hopMyIIbI IEPECTAHOBOK.

Pe3yabTarsl:

@opmupyemoie Inemenmol IIK (npogheccuonansno opuenmuposannoe cooeprcanue):

— IIK 1.6. IlpumensaTs amnmapaTHO-IPOrPAMMHBIE CpPEICTBAa JIs PACUYETOB M COCTABJICHUS
TOMOTrpaUUECKUX, MEKEBBIX TIIAHOB
memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemnsie: 11P6 08, [1Py 02, ITPy 03, 1Py 04, ITPy 12, [1Py13, ITPy 18.
3HaHud: [loHsTHE O MEpecTaHOBKaX.
yMeHusi: Beruucienue yncna koMOMHAUHN € TOMOIIBIO (POPMYIIBI IEPECTaHOBOK.
Xox pa0doThI:
Ilepecmanogkamu 13 N 2IEMEHTOB HAa3bIBAIOTCS TAKUE COSAMHEHUS U3 N 2JIEMEHTOB, KOTOPBIE
OTJIMYAIOTCS APYT OT APYTra JIMIIb HOPSAKOM CileoBaHus anementos. P, =Nl

IIpumep 1. 3amoxk ceiida oTKpbIBaeTCs, €CIIM BBEACHA MpaBuiIbHas koMOuHanus. [IpecTynHuk
IBITAeTCA OTKPHITH cei, HaOupas kox Hayaauy. OH 3HaeT, YTO KO cCOCTOUT U3 uudp 1,2,3,4, 5,6
P YCIIOBHH, YTO BCE YHCIIA HE MOBTOPSIOTCSA W TocienHeil sisercss 5. CKOJIBKO TMOMBITOK eMy
HPUAETCS CAETATh.

Pemenne. Tak Kak 9nCIIO MSATH JOJDKHO CTOSITH Ha IMTOCIIEHEM MECTE, TO OCTAIILHBIE IIATH ITU(D
MOTYT CTOATh Ha OCTaBIIMXCSA MecTax B Jr000oM mopsiake. CiemoBaTenbHO, KOJHYECTBO KOJOB U3
[IECTU3HAYHBIX YHCEN, C MSATEPKON Ha KOHIIE, pPAaBHO YHCITY TIEPECTAaHOBOK M3 ISATH DJIEMEHTOB, T.C.

P,=5=5-4.3-2.1=120.
Ipumep 2. CkoNbKUMHU CIIOCOOAMU MOXXHO PacCTaBUTh JEBATh PAa3IMYHBIX KHUT Ha MOJIKE,
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YTOOBI ONpeieNIEHHbIE YEThIPE KHUTU CTOSIIN PAIOM?

Pemenne. bynem cunutath BBIJEICHHBIE KHUTH 3a OJIHY KHUTY. Torma yxe IJis IIECTH KHUT
cyuiectByeT Pe=6!=720 nepectanoBok. OHaKO YEThIPE ONPEAEICHHBIE KHUTYU MOKHO IIEPECTaBUTh
Mexay coboit P4=4!=24 ciocobamu. 1o mpaBmily yMHOKEHUSI IMEEM

Pg-P, = 720 -24 = 17280.
3agauu A9 CaMOCTOSITEILHOIO PellleHus :

3agaua 1: CKOJIBKO Pa3IMYHBIX YETHIPEX3HAYHBIX YHUCET MOXKHO COCTaBUTh U3 mudp 0, 1, 2, 3,
ecnu Kaxaas nudpa B n300pakeHUH 9rciia BCTpeYaeTcs OJUH pa3?

3agaua 2: CKOJIBKUMH CIIOCO0aMU MOXKHO OOHTH 6 CTYJIhEB TKaHBIO, €CIIM UMEIOTCS TKaHU 6
Pa3JIMYHBIX LBETOB U BCE CTYJIbs JIOJHKHBI OBITh pa3HOTO IIBETA.

3anava 3: JlauHUK BBIIETUII HA CBOEM YYaCTKE CEMb I'PSJIOK /Il BhIpAIlMBaHUSI OBOILEH, T.K.
XOYET UMETh CBOU IOMUJIOPHI, OTYPIIBL, IEPELL, JIYK, YECHOK, canar u kabauku. Kaxabiil BU1 10KeH
UMETh OTAENIbHYIO TPAAKY. CKOIBKHUMH CIIOCOOAMU OH MOKET PaCHONIOKUTh TPAIKU Ui OCAIKHU?

3agaua 4: [Taccaxxupckuii moe3; COCTOUT U3 TpexX Oara’kHbIX BArOHOB M BOCBbMH KYITHPOBaHHBIX.
CkonpkuMHU criocobamMu MOXXHO C(hOPMHUPOBATh COCTaB, €CIM OarakHble BaroOHBI JOJKHBI
HaxOJIUTHCS B €ro Havaiie?

3agaua 5: B nepBenctBe kpas mo ¢yroonmy ydacTByrOT 11 komann. CKOJTBKO CYIIECTBYET
Pa3IMYHBIX CIIOCOOOB paclpeiesiCHUss MECT B TaOJIMIIE PO3BITPHINIA, €CJIU Ha MEPBOE MECTO MOTYT
MPETEHA0BAaTh TOJBKO 4 ONpeAeIeHHbIE KOMaH/IbI?

3agaua 6: YeThlpe ManpyMKa M YETHIPE JAEBOYKU PACCAKHUBAIOTCS B P Ha BOCEMb MO
PaCMoJIOKEHHBIX MECT, MPUYEM MAaJbUUKHU CAASITCS HAa YETHbIE MECTa, a JICBOYKHU — HA HEUETHBHIE.
CKOIpKUMHU CTIOCOOAMH OHM MOTYT 3TO CJIenaTh?

3agaua 7: CKOJIBKUMHU CIIOCOOAMH MOXHO MOCAAMUTh 32 KPYIJIBI CTOJ TPeX MYXYHH U TPeX
YKEHIIUH TaK, YTOOBI HUKAKKUE JIBA JIUIA OJTHOTO T0JIa HE CUJIEIH PAIOM?

MPAKTUYECKASI PABOTA Ne 86
Ha3Banue npaktuueckoi padorsl: Pewenue 3a0au na nepedop 8apuanmos.

Heab paborhl: 3akpenuTh HaBBIKM TNPUMEHEHUS KOMOMHATOPHBIX (OPMYN MpU pelIeHUH
MIPUKJIAIHBIX 3a7ay.

Pesyabrarnl:

@opmupyemoie Inemenmol IIK (npogheccuonansno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensTs anmapaTHO-IPOTPAMMHBIE CpPEICTBA U PAacyeTOB M COCTaBJICHUS
TONOTpapUUECKUX, MEKEBBIX MJIAHOB

memanpeomemnsie:. MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,
MPP 02.

npeomemnsie: 11P6 08, [1Py 02, ITPy 03, 1Py 04, ITPy 12, [1Py13, ITPy 18.

3HaHud: [loHsTHE O MEpecTaHOBKaX.

yMeHusi: Beruucienue yncna KoMOWHAUM ¢ MOMOIIBI0 (POPMYIT U ITPaBHJI KOMOMHATOPUKHU.
Xox pa0doThI:
/[Ba OCHOBHBIX MPaBUJIa KOMOMHATOPHOW TEOPHH
Teopuss KOMOMHATOPUKM 3MXKAETCS HA JABYX OCHOBHBIX NMPHHLMIAX — 3TO MPABUJIO CIIOKEHUS U
MPaBUIIO yMHOXKEeHHs. PaccMoTpuM ux noapoOHee.
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IIpaBuio caoxkenus: [Tycte 00beKT A MBI MOXEM BBIOpATh U3 MHOXKECTBA M CIIOCO0aMH, a 0OBEKT
B mMoHO BBIOpaTh N cioco0amu, To 00BEKT «A+B» MOXKHO BBIOpaTh M+N crioco0amu.

PaccmoTpum npumep — nycms 6 00HOM Awuke ecmv M WAPUKOS, a 80 8MOPOM AuUKe — N UUAPUKOS.
CKObKUMU CNOCOOAMU MONCHO 8bIMAUUMb ULAPUK U3 00HO20 dmux aujukos. OueBuano, uro OJVUH
IIAPUK MOXHO JI0CTaTh M+N criocobamu.

IIpaBuno ymuoxkenusi: Ilyctb 00bekT A BbIOMpaeTcss M crocobamu, 00beKT B BbIOMpaeTcs N
criocobamu, TO o0a o0beKTa MO>XKHO BbIOpAThH mn Crocobamu.
Bce ouenp npocTo — Kaxablii 13 M crioco0oB BbIOOpa 00beKkTa A KOMOMHUPYETCS ¢ KaXKABIM U3 N
croco6oB BbIOOpa 00bekTa B, TO €cTh KOJIIMYECTBO CIIOCOOOB MPOCTO YMHOKAETCS APYT Ha JIpyra.
PaccmoTpum mpocToit mpuMep: ckoabko yucen ModxicHo cocmasums uz yugp 0,1,2,3,4,5,6,7,8,9, eciu
YUCTIO OONIHCHO OblMb 08Y3HAUHBIM?

MoxHo coctaBuTh 90 uncen — nepByto udpy uncia (00beKT A) MokeM BeIOpaTh 9 criocobamu, Tak
KaK YUCII0O HE MOXET HauMHaThCs ¢ Hyis. Bropyto mudpy uncna (00bext B) moxxem BbiOpats 10
criocobamu, Tak kKak y Hac ecth 10 mudp. Mroro moygaercs 9x10=90 gucenn.

3aa4u 151 CAMOCTOSTEILHOTO PEIICHHUS

3agaua 1. Y mamer 2 si610ka u 3 rpymm. Kaxaplii 1eHs B TeUCHHUE 5 THEH MOAPS OHA BBIACT 110
omHOMY (OpYKTYy. CKOJTBKUMH CIOCOOAMH 3TO MOXKET OBITh CIIEIaHO?

3anaua 2. [Ipeanpustrie MOXKET MPEJOCTABUTH pabOTy MO OJHON CHEIUATBLHOCTH 4 KEHIIMHAMH, TI0
Ipyroil - 6 MyX4uHaM, 110 TPeThell - 3 paboTHMKaM He3aBUCUMO OT noja. CKoJbKUMHU crioco0aMu
MO>KHO 3aMOJIHUTh BAaKaHTHBIE MECTa, €CIIM UMEI0TCA 14 MpeTeHIeHTOB: 6 KEHIINH U 8 MYKUnH?
3agaua 3. B nmaccaxupckom noesne 9 BaronoB. CKOIbKUMEU cIOCOOaMU MOKHO paccaiuTh B MOe3/1e
4 yenoBeka, MPH YCIOBUH, UTO BCE OHH JIOJKHBI €XaTh B Pa3IMUHBIX BaroHax?

3agaua 4. B rpymnme 9 yenoBek. CKoJIbKO MOKHO 00pa30BaTh Pa3HbIX MOATPYII HPU YCIOBUHU, YTO
B [TOJArPYIILY BXOJUT HE MEHEe 2 YelloBeK?

3agaua 5. ['pynny u3 20 CTyJEHTOB HYXKHO pa3fenuTh Ha 3 Opurajbl, IpuyYeM B MEPBYIO Opuraay
JTOJKHBI BXOJHUTH 3 4eJIOBEKa, BO BTOPYIO — 5 U B TpeThi0 — 12. CKOIBKUMH CITIOCOOAMHU 3TO MOKHO
C/IenaTh.

3anauva 6. [ns yuactus B KoMaHie TpeHep oToupaet 5 ManbuukoB 13 10. CKkoabKuMH crioco0amu OH
MOKeT chOpMUPOBATH KOMAHAY, €CIU 2 OMpeeNIeHHBIX MaIbUUKa JOJHKHBI BOUTH B KOMaHIY?
3agaua 7. B miaxmMaTHOM TypHUpPE MPUHUMANIH y4acThe 15 maxmMaTucToB, MpUYEM Kax bl U3 HUX
CBITPAJl TOJBKO OJHY MApTUIO C KKIBIM U3 OCTalbHBIX. CKOIBKO BCEro mapTuil OBLIO CHITPAHO B
3TOM TypHUpe?

3anaua 8. CKOJIbKO pa3au4HBIX APOOE MOKHO COCTaBUTh U3 uucen 3, 5, 7, 11, 13, 17 tak, 4To0sI B
KaKJIyI0 Ipo0b BXOAWIN 2 pa3nuyHbiX yucia? CKOJIbKO CpeIyd HUX OYyIeT MPaBMUIBHBIX APOOEii?
3agaua 9. CKosbKO CI0B MOXKHO TOJYYUTh, TepecTaBiisisd OykBol B ciose ['opa u Unctutyt?
3anpaua 10. Kakux gucen ot 1 7o 1 000 000 GombIrie: TeX, B 3aIUCH KOTOPBIX BCTPEUYALCTCS €ANHUIIA,
WM T€X, B KOTOPBIX OHA HE BCTpevaeTcs?

INNPAKTUYECKAS PABOTA Ne 87
Ha3panue npakTuyeckoi padoTbl: Buinonnenue onepayuii HA0 CIyYauHbIMU COObIMUAMU.

Heapb padoThl: 3aKpenuTh HABbIKK BHIMOJIHEHUS ONepalluii Hal CIIy4aliHBIMU COOBITUSIMU.
Pe3yabTarsi:

Dopmupyemote 3n1emenmut IIK (npogheccuonanvno opuenmuposanmoe cooepircanue):

— IIK 1.6. IlpumensaTs anmapaTHO-IPOTPAMMHBIE CpPEACTBA MAJII PacuyeToB U COCTAaBJICHHUS
TONorpauuecKux, MeKEBbIX MIaHOB
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memanpeomemnsvie: MPI1 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,
MPK 11, MPP 02, MPP 09.
npeomemnuie: 11PG 07, I1P6 08, ITPy 02, [Py 03, ITPy 04, I1Py 12, ITPy 13, [1Py 18.
3HAHMA: TIOHATHE CIYYalHOTO COOBITHS M OTIepaIMii Ha/l CITy4ailHBIMH COOBITUSAMU.
YMeHHs1: BBIITOJTHEHHUE OTIEpaLnii HaJ| CTyYalHbBIMUA COOBITHUSIMH.
Xox pabdoThI:
W3yuenne Kaxaoro sBJICHUA B MOpsAIKE HAOMIONEHHMS WM IPOU3BOACTBA OINbBITA CBA3AHO C
OCYILLIECTBJICHUEM HEKOTOPOro KOMIUIEKCA YCIOBUM (McnbITaHuil). Beskuil pe3ynbraT WM UCXOX
UCIIBITAHUS Ha3bIBACTCS COObIMUEM.
Ecnu coOpITHE MPH 331aHHBIX YCIOBUSX MOXKET MPOU30UTH HIIM HE TIPOU30MTH, TO OHO HA3bIBAETCS
CAYYAUHBIM.
B Tom ciyuae, koraa coObITHE JOIKHO HEIIPEMEHHO NIPOU30UTH, €r0 Ha3bIBAIOT 00CMOBEPHBIM, & B
TOM CJIy4ae, KOrZla OHO 3aBEJOMO HE MOXKET IIPOU30OUTH, HEBO3MOIICHBIM.
CoOBbITHSI HA3BIBAKOTCS HECOBMECMHBIMU, €CIIN KAXKIbIH pa3 BOZMOXKHO MOSBICHHUE TOJIBKO OJIHOTO U3
HuX. CoOBITUS HA3bIBAIOTCS CO8MECHMHbIMU, €CIIA B JAHHBIX YCIOBUSAX MOSBICHHE OJHOI'O M3 3THX
COOBITHI HE CKIIIOYAET MOSABICHHUE APYrOro MPU TOM K€ UCITIBITAHUH.
CoObITHSI HA3BIBAIOTCS MPOMUBONONONCHLIMU, €CIU B YCIOBUAX HWCHBITAaHUS OHHU, SIBIISSACH
€IMHCTBEHHBIMH €T0 UCX0JaMH, HECOBMECTHBI.
Cymmoii nByx cobbituii A u B (0o6o3Hauaercsi A+B) Ha3piBaeTcsi coObITHE, COCTOSIIEE M3 BCEX
HCXOJI0B, BXOAAIUX JnOo B A, 11bo B B . [pyrumu cnoBamu, nog A+B nonumarot cienyroiee
COOBITHE: TIPOU30ILIO UK cOObITHE A, MK cOOBITHE B, MO0 OHM MPOU30LLIA OJTHOBPEMEHHO, T.€.
IPOU30IILIO XOTs ObI OAHO U3 coObITU A niu B.
ITpousBenenuem 1Byx coObiTHl A 1 B (0603Hauaetcs AB) Ha3bIBaeTcsi COOBITHE, COCTOALIEE U3 TEX
HCXO0/I0B, KOTOpbIE BXOAAT Kak B A, Tak U B B. WubiMu crnoBamu, AB o3Havaer coObITHE, IIpU
KOTOpOM coObITHS A ¥ B HacTynaroT olHOBpEMEHHO.

A+B ARB

3agaHue /151 CAMOCTOSITEILHOTO PelleHHUs:

[Tycts A, B, C — Tpu ipou3BONIbHBIX COOBITUSI. HaliTh BeIpaXkeHUst 1711 COOBITHH, COCTOSIIINX B TOM,
yro u3 A, B, C:

. IIponzonuno Tonpko A.

. IIponzonuio A u B, Ho C He npou3zonuio.

. Bce Tpu coOBITHS TPOU3OIILTH.

. [Ipown3somino, mo kpaiiHeit Mepe, OAHO U3 COOBITHIA.
. [Iponzonuu, mo kpaitHeit Mepe, 1Ba COOBITHSI.

. [Ipon3onuio 01HO U TOJIBKO OTHO COOBITHE.

. [Ipon3onuin 1Ba ¥ TOIBKO J1Ba COOBITHSI.

. Hu oHO coOpITHE HE MPOM301ILIO.

O 00 3 N v A W N =

. [Iponzonuio He Oosiee IByX COOBITHH.

ITPAKTUYECKAS PABOTA Ne 88
HasBanue npakTu4eckoi padoTbl: Boiuucienue 6eposmHocmeri C NOMOUbI0 Meopembl CLOHCEHUSL.

218



eab padoThl: 3aKpenUTh HABBIKK BBIUYKCICHHS BEPOSTHOCTEN C MOMOIIBIO TEOPEMBI CIOKECHUS.
Pe3yabrarhi:

Dopmupyemuvie Inemenmut IK (npogpeccuonanvro opuenmuposannoe cooepicanue):

— IIK 1.6. IlpuMeHsTh anmapaTHO-NPOTPAMMHBIE CpPEICTBA MJi PacyeTOB M COCTABJICHUSA
TonorpaduuecKux, MeKEBbIX MIaHOB
memanpeomemnwie: MPI1 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09.
npeomemnsie. 11P6 07, ITP6 08, [TPy 02, I1Py 03, I1Py 04, I1Py 12, ITPy 13, ITPy 18.
3HAHUA:
— TOHSTHE COBMECTHBIX U HECOBMECTHOCTH COOBITH;
— TeopeMa CII0KEHUS BEPOSITHOCTEH.
YMEHHSI: BBIYMCIIEHUE BEPOATHOCTEN C IIOMOIIBIO TEOPEMBI CJI0KEHUSI BEPOATHOCTEM.

Xox padoThI:
Beposmnocmo necoemecmuuix cobvimuii
BeposTHOCTB MOSBIEHUS OHOTO U3 HECKOJIBKUX ITOIAapHO HECOBMECTHBIX COOBITHI paBHA CyMMe
BEPOATHOCTEM 3THX coObITHiL: P(A+B)=P(A)+P(B).
[Ipumep 1.
B samuke B ciydaiiHOM nopsiake pasiokenbl 20 netanei, NpuyeM MaTh U3 HUX CTaHJapTHBIE.
Pabounii 6eper Haygauy Tpu Aetanu. HailTu BEpOSITHOCTH TOTO, UTO, IO KpaliHEl Mepe, oHa U3
B3STBIX JICTAJICH OKaXKETCs CTaHAAPTHOM (COOBITHE A).
Pemenue:
OUYEBUIHO, YTO, I10 KpaliHEel Mepe, OJIHA U3 B3ATHIX JI€TaJIEl OKaXKEeTCs CTaHAAPTHOM, €CIIn
IPOU30UJET JTH000€ U3 TPEX HECOBMECTHBIX COOBITUM: B — O/Ha /1eTallb CTaHJapTHasl, ABeE
HecTa”aapTHsle; C — 1Be AeTalu CTaHJapTHBIE, OJIHA HECTaHAapTHasl; /[ — TpU AeTanu
CTaHJIapTHBHIE.
T.o., coObITHE A MOXKHO TPEJCTABUTH B BUJIE CYMMBI 3THUX TpeX coObITHil: A=B+C+/].
Torna P(4)=P(B)+P(C)+P(/]).
Boruncnum BEposSTHOCTD KayKOTO COOBITHS:
C.-C{ 5:15.14 35

c:i 112 76
C{-C; 5-4:151.2.3 5

C3  1.21-20-19-18 38

C: 54.31.2-3 1

P =75 _ -
V) C3 1.2.3.20-19-18 114

P(B) =

P(C) =

Hrak,
pay=22,3, 1 137 4601
76 38 114 228

Bepoamnocme coemecmubix coovimuii

BeposiTHOCTB MosIBIEHUS! XOTS ObI OJJTHOTO U3 IBYX COBMECTHBIX COOBITHI paBHA CyMMe

BEPOATHOCTEH ATUX COOBITHI 0€3 BEPOSITHOCTH UX COBMECTHOTO MOSIBJICHUS:
P(A+B)=P(A4)+P(B)-P(AB)

[Ipumep 2.
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HaiitTi BeposSTHOCTB TOTO, UTO HAayIady B3SITOE ABY3HAYHOE YHCIIO OKKETCS KPaTHBIM 00 3,
160 5, b0 TOMY U APYroMy OJTHOBPEMEHHO?

Pemenue:

ycTb A — 9ucio KpatHo 3, B — uucno kpatHo 5. Beero umeercs 90 nBy3Haunsix uncen: 10, 11, ...,
98, 99. U3 Hux 30 — xpatHble 3, 18 — kpaTHbIE 5 U IIECTh YMCET OJJHOBPEMEHHO KpaTHbI U 3 U 5,

[03TOMY:
Py=2-1 py=28_1 pup-0_-1
90 3 90 5 90 15
T.x. A u B cOBMECTHBIE COOBITHS, TO IO POPMYJIC IMECM:
P(a)=2+1-L_ T _0467
3 5 15 15 )

3aoanus 013 camocmoamenbHo20 peuleHus:

Pemmte 3aaun, UCIONB3Ysl TEOPEMBI CIIOKEHHSI, YMHOKEHUS BEPOSTHOCTEH:

1) B mepBoii ypue Haxozastes 10 6enbix U 4 4epHBIX IapOB, a BO BTOPOM 5 OembIX U 9 4epHBIX
mapoB. M3 kaxmoit ypHbI BEIHYIH 110 11apy. KakoBa BepoSATHOCTh TOTO, UTO 00a I1apa OKaKyTcs
YepHbIMU?

2) Tpoe yyamuxcs Ha SK3aMEHe HE3aBUCUMO JPYT OT Jpyra peliarT OJHY U Ty K€ 3a1auy.
BepositHocTH ee pemieHus aTumu ydauumucs passsl 0,8, 0,7 u 0,6 coorBercTBeHHO. Hailinure
BEPOATHOCTb TOT'O, UTO XOTs Obl OJIMH y4alllUKCs PELUT 3aauy.

3) Dkcnenuuus U30aTeNIbCTBA OTIIPABUIIA Fa3€Thl B TPU MIOYTOBBIX OTJENEHUs. BeposaTHOCTD
CBOEBPEMEHHOM TOCTaBKU raseT B nepBoe oraenenue pasHa 0,95, Bo Bropoe — 0,9, B Tpethe — 0,8.
HaiiTi BeposSTHOCTB CIEIYIOMNUX COOBITHI:

a) TOJIbKO OJIHO OTAENIEHUE MOJIYYHUT ra3eThl BOBPEMS;

0) X0Ts1 OBl OJTHO OT/ENCHHE MOTYUUT T'a3€Thl C OMO3AAHUEM.

4) BeposiTHOCTB XOTs1 ObI OZHOTO MOMAIaHuUs B 1I€JIb IPH YeThIpeX BbicTpenax pasHa 0,9984. Haiitu
BEPOSATHOCTb MONAJaHUS B LIEJIb IPU OJJHOM BBICTpEJE.

IMPAKTUYECKAS PABOTA Ne 89
Ha3panme npakTudeckoil padoThl: Buwiuucienue eeposimHocmel ¢ NOMOWDBIO Meopembl
VMHONCEHUS.
Ienb padoThl: 3aKpeNNUTh HABBIKM BBIUMCIIEHNS BEPOATHOCTEN C IOMOIIBIO TEOPEMBI YMHOKEHHS.
Pe3yabTarsl:

@opmupyemoie 3nemenmol IIK (npogheccuonansno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumensaTs amnmapaTHO-IPOTPAMMHBIE CpPEICTBA JIs PACUYETOB M COCTABIICHMS
TOMOTrpaUUECKUX, MEKEBBIX TUIAHOB
memanpeomemnsie: MPII 01, MPIIT 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09.
npeomemnuie: 11PG 07, I1P6 08, ITPy 02, [Py 03, ITPy 04, I1Py 12, ITPy 13, [1Py 18.
3HAHHUSA:
— TIOHSTHE HE3aBUCUMOCTHU COOBITHIA;
— TeopeMa YMHOKEHUS BEPOSITHOCTEM.
YMEHHSI: BBIYMCIIEHUE BEPOATHOCTEN C TIOMOIIBIO TEOPEMBI YMHOKEHUSI BEPOATHOCTEM.
Xon paborsr:
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Cobvimue B Ha3bIBAIOT He3agucumbiM om codvimus A, €civ NosBIeHUE COObITUS A HE U3MEHSET
BEPOSITHOCTH COOBITUS B, T. €. €CIIM YCIIOBHAs BEPOSITHOCTb COOBITHS B paBHa ero 0e3yCIOBHOU
BEPOSTHOCTH:

PA(B) = P(B).

Hrak, eciu coObiTHEe B HE 3aBUCHT OT COObITHS A, TO coObITHE A HE 3aBUCUT OT COOBITHSA B; 3TO
O3HAYAET, YTO CEOUCME0 HE3ABUCUMOCTU COObIMULL 83AUMHO.

JU1sl He3aBUCUMBIX COOBITHM TeOpeMa YMHOKEHHsI UMEET BUJI:

P (AB) =P (4)-P (B),

T. €. BEPOSATHOCTb COBMECTHOI'O IOSIBICHUS ABYX HE3aBHCUMBIX COOBITMH paBHAa IPOM3BEACHUIO
BEPOSTHOCTEH ITUX COOBITHIA.

JIBa cOOBITHS HA3BIBAIOT HE3ABUCUMBIMU, €CITH BEPOSITHOCTh UX COBMEIIEHUS PaBHA MIPOU3BEICHUIO
BEPOSITHOCTEH ATHX COOBITUI; B IPOTUBHOM CIIy4ae COOBITHS HA3bIBAIOT 3A6UCUMbBIMU.

Ha mpakTuke 0 HE3aBUCHUMOCTH COOBITHH 3aKJIIOYAIOT 10 CMBICTY 3a7a4u. HanpumMep, BEpOsSTHOCTH
MOPaKEHUS LIEJIN KaKbIM U3 ABYX OPYIUI HE 3aBHUCST OT TOT0, IOPA3WIIO JIM LIEJIb JPYTOe€ OpyIue,
[IO3TOMY COOBITUSI «II€pBOE OpYAME MOpaswio LEIb» M «BTOPOE OPYAME IOPasHIIO LEIb»
HE3aBHCHMBI.

Heckonvko cobvimuil Ha3bIBalOT NONAPHO HE3ABUCUMbBIMU, €CIH KaXKAble BA U3 HUX HE3aBUCUMBI.
Hamnpumep, cobbitust 4, B, C nomnapHo HE3aBUCUMBI, €CJIM HE3aBUCUMBI cOObITUsI A u B, Au C, B n
C.

[Ipumep 1.

[Tyctpb B ypHE umeeTcs 4 mapa, OKpalleHHbIC: OJIMH — B KPACHBIi 1BET (A4), OMH — B CHHUH 1BET (B),
oauH — B yepHbIil 1BeT (C) u oauH — Bo Bce 3TH TpH 1iBeTa (4ABC). UeMy paBHaA BEpOSTHOCTH TOTO,
YTO U3BJICYCHHBIN U3 YPHBI 1Iap UMEET KPACHBINA LIBET?

Pemenue:

T.K. U3 YEThIPEX IIApOB JIBa UMEIOT KpacHbIil 1BeT, T0 P(A4)=2/4=1/2.

Paccyxnas ananoruuno, Haiinem P(B)=1/2, P(C)=1/2.

JlomycTuM Tenepsb, 4To B3SATHIN LIap UMEET CUHUH LBET, T. €. COObITHE B yxe npounsonuio. U3menurcs
JI BEPOSITHOCTh TOT'O, YTO U3BJICUEHHBIH I1ap UMEET KPACHBIH L[BET, T. €. U3MEHUTCS JIU BEPOSATHOCTD
coObITHst 4?

W3 nByx mapoB, UMEIOLIUX CUHHUM I[BET, OJIMH 1Iap UMEET U KPacHBIN 1IBET, IO3TOMY BEPOSTHOCTh
coObITHS A mo-TipexkHeMy paBHa 1/2. JIpyruMH cJIOBaMH, YCJIOBHas BEPOSTHOCTb COOBITHS A,
BBIUMCIICHHAs B MPEAIOJIOKEHUH, UTO HACTYIIUIIO cOObITHE B, paBHa ero 0e3ycI0BHOM BEPOSTHOCTH.
CrnenoBarenbHO, COOBITUS A U B HE3aBUCHMBI.

AHaAJIOTUYHO MPUJEM K BbIBOAY, 4To coObITHs A u C, B u C He3aBucuMsbl. Mrtak, coObitus 4, Bu C
MOTMapHO HE3aBUCHMBI.

HezaBucumsl 111 3TH cOOBITHS B COBOKYMTHOCTH? OKa3bIBAETCsl, HET.

JIeNCTBUTENBHO, ITYCTh M3BJICYEHHBIM IIap MMEET JBa LIBETA, HAIlpUMEp CHHHMIM M 4epHbId. YUemy
paBHa BEPOATHOCTH TOTO, YTO 3TOT IIap UMEET U KpacHbIN 1BeT? JIMIb OUH 1Iap OKpalleH BO BCe
TPH LIBETA, IO3TOMY B3SITHIH IIap UMEET U KPACHBIH LIBET.

T.o0., nonyctus, 4ro codbiTus B 1 C MpOU30LLUIH, TPUXOJUM K BBIBOY, YTO COOBITHE 4 00s3aTEIbHO
HacTynuT. ClieJ0BaTeNbHO, 3TO COOBITHE JOCTOBEPHOE U BEPOSTHOCTH €I0 PaBHA €TUHHUIIE.
Jlpyrumu cioBamu, ycioBHas BeposiTHOCTH Pgc (A)=1 coObitusi 4 He paBHa ero 0e3yCIIOBHOM
BeposTHOCTH P(A4)=1/2. tak, momapHo He3aBUCUMBIE COOBITHS A, B, C He ABJISIOTCS HE3aBUCUMBIMU
B COBOKYITHOCTH.
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Bepo;znmocmz; COBMECMHO20 NOABNEHUA HECKOJIbKUX CO6bll’I’lulZ, HE3A6UCUMDBIX 6 COBOKYNHOCMU,

paesrna np0u36€06Hu10 eepOﬂmHocmeﬁ amux coobimuiL:
P(A14> ... An) = P(A1) P(A2)"...-P(A4n).

[Tpumep 2.

Haiiti BepOsSTHOCTH COBMECTHOTO MOSIBJICHHUS repOa Mpu 0JHOM OPOCaHUH JIBYX MOHET.
Pewrenue:

BEPOSATHOCTH MMOSBJICHUS repOa rmepBoii MOHETHI (cobbiTue A): P(A4)=1/2.

BepositHOCTh MosiBIIeHUs repba BTopoit MoHETHI (coObiTHE B): P(B)=1/2.

CoObiTust A 1 B HEe3aBUCUMBIE, TO3TOMY UCKOMasi BEPOATHOCTH 10 TEOpEME YMHOKECHHUS PaBHA!
P(4B)=P(A4)-P(B)=1/2-1/2=1/4.

[Tpumep 3.

Nmeercsa 3 siuuka, conepskamux no 10 geraneid. B mepBom simuke 8, BO BTOpoM 7 U B TpeTheM 9
CTaHAApTHBIX JeTanei. M3 kaxgoro smumka Haynayy BBIHUMAKOT IO OAHOW neranu. Haiitu
BEPOSITHOCTb TOT'O, YTO BCE TPU BBIHYTHIE JETAIHN OKAXKYTCSl CTAaHJAPTHBIMH.

Pemenue:

BEPOSATHOCTH TOTO, YTO M3 IEPBOIO SIIMKA BRIHYTA CTAHIApTHAS AeTajb (CoObITHE A):
P(A)=8/10=0,8.

BeposTHOCTB TOTO, YTO M3 BTOPOTO SIIMKA BHIHYTAa CTaHAapTHAs JeTaib (coobiTre B):
P(B)=7/10=0,7.

BeposiTHOCTB TOTO, YTO M3 TPETHETO SIIUKA BEIHYTA CTaHIapTHAs aeTaib (coobitue C):
P(C)=9/10=0,9.

Tax xak coObiTus A, B u C He3aBUCUMBIE B COBOKYIHOCTH, TO UCKOMAasi BEPOSITHOCTH (110 TeopemMe
YMHOKEHHUSI) paBHA:

P(ABC)=P(A4)-P(B)-P(C)=0,8-0,7-0,9=0,504.

3aoanusn 01a camocmoamenbHo20 peuleHus:

Pemmte 3agaun:

1) BepositHOCTB TOTO, UTO B MarazuHe OyJeT MpojiaHa mapa My>kckoil o0yBu 44-To pazmepa, paBHa
0,12; 45-ro — 0,04; 46-ro u 6onbmiero — 0,01. Haiitu BepoATHOCTH TOTO, YTO OyAeT MpojaaHa mapa
MY>KCKOH 00yBH He MeHblIe 44-ro pa3mepa.

2) IIpu ycrnoBusix 3amayu 1 HATH BEPOSITHOCTH TOTO, YTO OUEpeNHOM OyaeT mpoaaHa mapa o0yBH
MeHblie 44-ro pa3mepa.

3) B smmke HaxXomsATCs S5 pe3loB: JBa HM3HONICHHBIX W TPHU HOBBIX. [Ipom3BomuTcs jBa
MOCIICIOBATEIBHBIX W3BJICUCHUS pe3noB. ONpeneiuTh YCIOBHYIO BEPOSTHOCTh IOSIBIICHUS
M3HOIICHHOTO Pe3Iia MPU BTOPOM HM3BJICUCHUH IPH YCIOBHH, YTO U3BIICUCHHBIN B TIEPBBIN pa3 pe3ell
B SIIUK HE BO3BPAMIACTCS.

4) B ypHe HaxonsaTcs 5 6enbIx mapoB, 4 4epHbIX U 3 cuHuX. Kakqoe ucnpITaHie COCTOUT B TOM, YTO
HayJa4y W3BIEKAIOT OJWH IIap, HE BO3Bpallas ero B ypHy. HaiiTu BEpOSTHOCTH TOTO, YTO TpPHU
MIEPBOM HCTIBITAHUH TOSABUTCA Oemblii map (coObITHE A), P BTOPOM - YEpHEIH (coObITHE B) U TIpH
TperbeM — cunauii (coobrtue C).

IMPAKTUYECKASI PABOTA Ne 90
Ha3panue npaktuyeckoii padorbi: Cocmasnenue 3aKoHa pacnpeoenenus OUCKPEemHOU Cy4atiHou
8eNUYUHBL U BLIYUCTIEHUE ee YUCTIOBbIX XAPAKMEPUCTUK.
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Ieanb padoTsi: HayunThes cocTaBisTh 3akoH pacnpenenenus CB.
Pe3yabrarhi:

Dopmupyemuvie Inemenmut IK (npogpeccuonanvro opuenmuposannoe cooepicanue):

— IIK 1.6. IlpuMeHsTh anmapaTHO-NPOTPAMMHBIE CpPEICTBA MJi PacyeTOB M COCTABJICHUSA
TonorpaduuecKux, MeKEBbIX MIaHOB
memanpeomemnwie: MPI1 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,

MPK 11, MPP 02, MPP 09.
npeomemnsie. 11P6 07, ITP6 08, [TPy 02, I1Py 03, I1Py 04, I1Py 12, ITPy 13, ITPy 18.
3HAHMSA:
— Ilonstue JJCB u e€ psina pacnpeneyeHus;
— Yucnossle xapakrepuctuku JICB.
YMEHHUA:

— Cocrasnenue psga pacupeneneHus CB;

— Bbriuucnenue uncnoBeix xapakrtepuctuk ICB.
Xon padorhl:
CrnydaiiHoe COOBITHE MOET COCTOSITh, B YACTHOCTH, B IMOSIBIICHUM HEKOTOPOIO YKCIIa, 3HAYCHUE
KOTOPOTO HE MOKET OBITh OJTHO3HAYHO OMPEICIICHO YCIOBUSAMH €r0 BOSHUKHOBCHHE. Takue COOBITHS
HA3bIBAIOT CIyYalHBIMU BEJIMYMHAMU. B 3TOIN TpaKTOBKE MbI COXPaHSAEM KJIACCHUYECKUU MOAXOM K
MOHATHIO CITy4aiiHOTO coObITHs. OTHAaKO TpeOOBaHUE KOPPEKTHOCTH B TOCTPOCHUU MaTEMaTHUECKUX
TEOpUH 3aCTaBJISET HAC BHOBb OOPATUTHCA K aKCHOMAaTHYECKOMY MOAXOAY, COXPaHUB KIIACCUYECKHE
MOJIETIM B KQUE€CTBE HATJISHBIX 00pa3IoB U3 chephl MPAKTUUECKUX MPUTOKEHUI.
MatemaTuuecky KOPPEKTHO ONPEISIUTD CIy4ailHyI0 BEIMUYUHY KaK YUCIOBYIO (DYHKIIMIO, 33/1aHHYIO
B [IPOCTPAHCTBE AIEMEHTAPHBIX COOBITUH.
[Ipeanonoxum BHayane, YTO MPOCTPAHCTBO JJIEMEHTAPHBIX COOBITUH SIBIAETCS KOHEYHBIM
MHOXeCTBOM. COOTBETCTBYIOIIYIO €My CIYYailiHYIO BEJIMUYUHY HA3bIBAIOT JTUCKPETHOW: OHA MOXKET
MPUHUMATH JIMIIIb KOHEYHOE YMCIIO 3HAYEHHM, KaKIOMY M3 KOTOPBIX MOXXET OBITH COIOCTaBJICHA
BEPOSITHOCTH €r0 MOSABJICHUS B OMbITE. [103TOMY qUCKpETHBIE CiydaiiHbIe BETUYMHBI MOXKHO 3371aTh
Tabnuiel BUaa:

X X1 X2 e Xn
P pl p2 e pn
3,[[60]: 6yKBOI>i X o0o3HaueHa CﬂyqaﬁHaﬂ BCJIMYHHA, X1, X2, ..., Xp — [NEPCUCHLb BCCX €€ BO3MOIKHBIX

3HAYEHHM, a P1,..., P — COOTBETCTBYIOIINE UM BEPOSTHOCTH. Takyro TaOIMIy HA3BIBAIOT 3aKOHOM
pacrnpeeneHus AMCKPETHOM CITy4YalHOW BEJIMYHHBI.

CoOwrtus X=xi, (i=1, 2, ,3, ..., N) ABJIAIOTCSA HECOBMECTHBIMHU U €THHCTBEHHO BO3MOXHBIMH, T. €. OHU
o0pa3yloT TONHYyI cuctemMy coObiTuid. [loaToMy cymMma WX BEpOSTHOCTEW paBHAa EIUHUIIE:
pitpatpst.. . +pa=L1.

ITpumep.

PaspIrpsIBatoTCs [BE BEIM CTOMMOCTBIO 1O 5 py0. n ojHa Beulb crouMocTbio 30 py06. CocTaBUThH
3aKOH paclpeeNieHus] BRIMTPBIIIEH Il yeloBeKa, KynuBIIero oauH ouier us 50.

Pemenue:

MCKOMas cilydaiiHas BeTU4MHa X MpeJICTaBiIsieT COO0M BBIMTPBIIT U MOKET IPUHUMATD 3HaueHus: 0,
5, 30 py6. IlepBomy pe3ynbrary OaronpusTCTBYET 47 ciydaeB, BTOPOMY Pe3yJIbTaTy — 2 ciaydas
TpeTbeMy — | ciyuaii. HaiiieM ux BEposITHOCTH:
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P(x1)=47/50=0,94,

P(x2)=2/50=0,04;

P(x3)=1/50=0,02.

Torna 3akoH pacrpeneseHus Clly4aliHON BEJIMYUHBI UMEET BU:

Xi 0 5 30
Pi 0,94 0,04 0,02
B kauecTBe npoBepku HaitneM p1+p2+p3=0,94+0,04+0,02=1.
3agaHus 1J151 CAMOCTOSITEILHOTO PellleHusl:
1 BapuanT 2 BapHMaHT
1) Iloctpouts MHOTOYroJdbHHMK (TosiuroH) | 1) IlocTpouTh MHOTOYTOJBHHMK (ITOJIMTOH)
pacmpeseneHuss JAUCKPEeTHOM  CIIy4ailHOH | pacmpeseNieHuss JAUCKPEeTHOM  Ciy4aiiHOMN
BEJINYNHBI X, 3aJaHHOU 3aKOHOM | BEJIMYHHEI X, 3aJaHHOU 3aKOHOM
pacmpeeneHus: pacmpeeeHus:
X 2 4 5 6 X 10 | 15 | 20
P 03 |01 |02 |04 P 0,1 10,7 |02

2) Crpenok pgemaeT IO MUIIEHU TPH
BbICTpena. BeposTHOCT, TomagaHus B
MUIIEHb TPU Ka)XJ0M BbIcTpese pasHa 0,3.

2) CocraButh TaOMUIYy pacHpeneiIcHUs
BEPOATHOCTEHM CIIy4ailHOrO 4YHCJIa OYKOB,
BBIMNABIIIETO0 Ha BEpXHEHW I'paHU HTPabHOTO

[TocTtpouth psigm  pacrpenesieHus Yucia | KyOWKa mpy OJTHOM NOJOpachIBaHHH.
onaJaaHuiu.
3 BapuaHT 4 BapuaHT

1) Ioctpouts MHOroyroiapHuk (rmosiuros) | 1) IlocTpouTh MHOrOYrojgbHUK (ITOJIUTOH)

pacupeneneHnss JIUCKPETHOM  CIy4YalHOM | paclpeiesieHHsl JUCKPETHOW — CIy4YalHOHN
BEJINYNHBI X, 3aJaHHOU 3aKOHOM | BEJIMYHUHEI X, 3aJaHHOU 3aKOHOM
pacnpezeneHus: pacnpeeneHus:

X 10 | 20 | 30 | 40 X 5 104 15 | 20

» |03 |01 [02 |04 » |01 |03 |02 |04

2) UrpanpHyr0 KOCTH OpOCarOT JIBaKIIbl.
CrnyuaiiHas BenuuuHa X — CyMMa OYKOB IpU
CocTaBuTb

oboux 0/10pachIBaHUSX.

TaOJIMILy pacrpeeIeHNs BEPOSITHOCTEH.

2) B xopoOke HaxoasTcs 7 KapaHjaiei, u3
KoTOphIX 4 — KpacHble. Haynauy Oepyt Tpu
kapaHpama. Kakoil 3akoH pacHpeneseHus
UMeeT CilydailHas BeJIMYMHA, O3Hauarolas

YHCJIO U3BJICYCHHBIX KPACHBIX KapaHnameﬁ?

HPAKTHYECKAS PABOTA Ne 91
Ha3panue npaxktuyeckoil padoTbl: Peuienue npakmuueckux 3adad Ha 00paOOmMKY YUCIOBbIX
OQHHBIX, BbIYUCTEHUE UX XAPAKMEPUCTUK.

Heap padorbl: 3akpenuTh HAaBBIKM BBIYMCICHHS YMCIOBBIX xapakTtepuctuk JICB mpu pemenun
MIPaKTUYECKHX 3a/]1a4.

Pesyabrarnl:

Dopmupyemoie 3n1emenmot IIK (npogheccuonanvno opuenmuposannoe cooepicanue):
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— IIK 1.6. IlpumensaTs anmapaTHO-IPOTPAMMHBIE CpPEACTBA [UI PacdeTOB M COCTaBJICHHUS
TONOrpapuUecKux, MEKEBBIX MJIAHOB

memanpeomemnsie: MPII 01, MPII 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 19, MPK 10,
MPK 11, MPP 02, MPP (9.
npeomemnste. 11P6 07, ITP6 08, [TPy 02, I1Py 03, I1Py 04, I1Py 12, ITPy 13, ITPy 18.
3HAHMA: HOPMYIBI Ui BBIYUCICHUS MAaTEMaTHYECKOTO OKUAAHUS, TUCIIEPCHUU, CPEIHETO
KBaJPaTUYHOIO OTKJIOHEHHUSI IUCKPETHON CIIy4yallHOM BEIVMYHHBIL;
YMEHHs: BBIUUCIATH MAaTEMAaTHYECKOE OXKUJAHUE, AUCIEPCHUI0, CPEIHEE KBaIpaTU4HOE
OTKJIOHEHUE TUCKPETHON CIIy4YalHON BEIUYHHBI.
Xox padoThI:
CityyaiiHble BEeTMUMHBI (JUCKPETHBIE U HEMPEPHIBHBIC) XapaKTEPU3YIOTCS] CBOUM 3aKOHOM PacCIIpe/IeTICHHSI.
3aMeTHM, YTO 3TO HCYEPIIBIBAIOLIAS XapaKTEPUCTHKA B TOM CMBICIE, YTO B 3aKOHE DPaCIIPENCIICHUS
coJiepyKuTCs Best MH(opmMarust o crydaifHon BermiurHe. Hukakoi CKoJb yroHO CIIOKHOM MaTeMaTHYeCKOM
00paboTKOM HAOJFOIAEMBIX 3HAYCHHH CITy9AHON BEJIMUYMHBI O HE HEBO3MOYKHO ITOTYYHThH CBEICHUS, HE
coziepKalllecs: B 3aKOHe pacrpeneneHus. OHaKoO 3TOT 3aKOH YacTO HEW3BECTEH U O HEM MPUXOIUTCS
CYJIUTh HA OCHOBE KaKHUX-TO IMPUOJMKEHHBIX OLIEHOK. C Ipyroil CTOPOHBI, AJ11 MHOTHUX IPAKTHUECKUX
3aja4  Takas uWHGQopMauus SABISETCS M30BITOYHOM: JOCTATOYHO 3HAaTh JIMIIb HEKOTOpbIE
KOJIMYECTBEHHBIE XaPAKTEPUCTUKHU 3aKOHA PacCIpeieNICHuUs.
[Ipocreiiiieii, HO OYE€Hb Ba)KHON XapaKTEPUCTUKOM SIBISIETCS MATEMAaTUUYECKOE OKUJIaHUE.
[Tyctb, HanpumMep, X - TUCKpETHAs cly4yaiiHas BEJIMYMHA paCIpe/eieHa Mo 3aKOHY:

X X1 X2 e Xn

P p1 p2 Dn

Torna ee mamemamuueckoe oxcuoanue M(X) onpenensieTcs paBeHCTBOM

M (X) =x1 p1+ x2 P2+...+ X5 pn.

O6paTI/IM BHUMAHHEC HA TO, YTO XOTA KOHKPCTHBIC 3HAUCHUA BCIMYUHBI X SIBIIAIOTCS CﬂyqaﬁHBIMH,
MaTeMaTHueckoe oxuganue M(X) ciaydaitHbIM He SBISETCS.

ITycTth, HampuMep, UCIBITAHUE COCTOUT B OpPOCAHMU UTpalibHOro KyOuka. [IockonbKy BbINajeHue
KaXI0i TrpaHH paBHOBO3MOXHO, Pi=1/6. CremoBarenbHO, MaTeMaTHYeCKOE OXHIAHWE YHCIIa
BBITABIINX OYKOB PaBHO

MX)=1/6(1+2+3+4+5+6)=21/6=35.

Yucno, 0a13K0€E K 3TOMY, ITOJIYYUTCS, €CIIU pealbHO OpocaTh KyOMK MHOTO pa3 U MOACYUTATh CYMMY
OYKOB, JICJICHHYIO Ha YHCJIO OPOCKOB.

Matematuueckoe OXHAAHME U CpelHee apUPMETHUECKOe CIIy4ailHON BEIMYUHBI - Ba)KHBIE
XapaKTEPUCTUKUA 3aKOHA pACIpECIICHNs, HO, 3Has TOJIBKO HUX, Mbl HMEEM €Ile BecbMa
OJTHOCTOpPOHHEE MpejcTaBlIeHrne o HeM. He sicHO, HanmpuMep, KaKk BEIUKH MOTYT OBITh OTKJIOHEHHS
3HAQYEHUM BEJIIMYMHBI OT DJTHUX XApaKTEpUCTUK. Benap OAHO M TO K€ 3HAYEHUE CPEIHEro
apu(pMETHYECKOro HaOII0JaeMbIX 3HAYCHUI MOXKET MOJYYUTHCS KaK B CIydae, KOrja Bce 3HaYCHUs
HaxXoJsTCs BOJM3U CPEIHETO, TaK U B CIIydae CKOJIb YTOAHO OOJIBIINX OTKJIOHEHUH OT HETO B CTOPOHY
0O0JIBIINX U MEHBIINX BEIHYHNH.

Jl51 TOrO YTOOBI XapaKTepU30BaTh B CPEHEM BEIMYMHBI TAKUX OTKJIOHEHWUH, BBOJAMUTCS €IIe OJIMH
BAJKHBIM ITapaMeTp 3aKOHA PACIIPEEICHUS, HA3bIBAEMbIN AUCIIEPCUEN.
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Jlucnepcueii (paccesHHEM) ITUCKPETHOM CIIy9allHOW BETWYMHBI HA3bIBAIOT MaTeMaTHYECKOE
OXKXWJAaHUC KBaJipaTa OTKIIOHCHUA cnyqaﬁHoﬁ BCIIMYHUHBI OT €€ MATEMAaTHUYCCKOT'O OKHUJaHUA:

D{X) = M[X- M(X)]*.

Tak ke JUCTIepCUI0 MOKHO BBIYUCIIUTE U 110 (hOpMYyJIe:

D{X) = M(X?)- [M(X)]?

T. €. KaK pa3HOCTh MaTeMaTHYECKOTO OXKUAAHWS KBajJpara 3HAYCHWH CIy4ailHOW BEIMYMHBI U
KBajipaTa € MaTeMaTUYeCKOT0 OXKUIAHMUS.

Jlucriepcusi CyMMBbl JIBYX HE3aBHUCHMBIX CIyYalWHBIX BEJIMYUH paBHA CyMME IUCIEPCUH 3THUX
BEJIMYMH:

D(X+Y) = D(X) + D(Y).

MHorue ciaydaiiHble BEJIMYMHBI, BCTPEUAOLIMUECS HA MPAKTUKE, UMEIOT pazmMepHoCcTh. Hampumep,
BEJIMYMHBI, KOTOPBIE BCTPEYAIOTCS MPU PA3JIMYHBIX U3MEPEHUAX. Toraa, eciii, CKaxXeM, cirydyaiHas
BE/IMUMHA U3MEPSAETCS B METPax, TO JUCHepcHs OyaeT HMETh pasMepHocTh M2, [T03ToMy BBOAUTCS
ellle OJJHA XapaKTepUCTUKA, Ha3bIBaAEMasl CPEOHUM K8AOPAMuU4ecKumM OMmKIOHeHueM, 0003HAYaeTCs:

o =,/D(X) . ee pa3smMepHOCTb COBIAIAET C PA3MEPHOCTHIO CIYIAHHON BETHMUMHBI.

ITpumep.

[Tyctp X — 9rcI0 OYKOB, BBINAIAIONIMX MIPH OJHOM OpOCaHUU MTpaIbHOM KocTH. Haiitu qucnepcuio
CIIy4aiiHOU BEIUYUHBI X.

Pemenue:

cily4aiiHasi BenM4yuHa X — YUCJIO OYKOB IpUHUMAET 3HauyeHus 1, 2, 3, 4, 5, 6. CocraBuM 3aKOH €€

pacnpeﬂeneHHﬂ:
Xi 1 2 3 4 5 6
P, 1 1 1 1 1 1
' 6 6 6 6 6 6

Torna e€ MaTeMaTu4ecKoe OKUJAHUE:
M(X)= 1-1+2-1+3-l+4-1+5-l+6-l:3,5.
6 6 6 6 6 6
Hatinem oTKIIOHEHUS JUIA X1, X2, ..., X6.
x19=1-3,5; x2°=2-3,5; x3°=3-3,5; x4°=4-3,5; x5°=5-3,5; x6°=6-3,5.
Beruncnum nucnepcuto:
D(X) = %((1—3,5)2 +(2-35)°+(3-35)°+(4-35)*+(5-35)° +(6-35)%) = f—;’

3aoanus 013 camocmoamenbHo20 peuleHus:
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1 BapuanT
1) Monery nox6pacsiBatot 7 pa3. Haiitu
MaTEeMaTUYECKOe 0KHUJIaHHUE, TUCTIEPCHUIO
qrclia TOsIBIICHUH repoa.

2) Haiitn MatemaTrdeckoe OXXuaaHue u
JUCTIEPCHIO CITYYailHON BEJTMYMHBI,
3a/IaHHOU TAOJIMIICH pacrpeaeIICHUs:

X 1 (3|46 |7

»  |01[01[03[04]0,1

2 BapuaHT
1) UrpanpHyto KOCTh TOAOPOCHIIN 5 pa3s.
Haiitn MmaTemMaTnueckoe OKHIaHNE,
JUCTIEPCHUIO YUCIIa HEBBIMAICHUS] €IMHULIBIL.
2) Haiiti MmaTemMaTH4YeCKOE OKUJAaHUE U
JIUCTIEPCUIO CIIy4ailHOM BEJIMYUHBI,
3aJIaHHOMW TAOJIUIICH pacipeIesICHuUs:

X 21-1]0 (1] 2

p 01({02(03(03|0,1

3 BapuaHT
1) Haiitn MatemMaTuueckoe 0XKHIaHUE U
JUCIIEPCUIO CIIyYaliHON BEJIMYMHBI,
3aJlaHHOM TabynLEel pacipeeaeHus:

X 114 |7 |10 13

»  |01[01[03[04]0,1

2) Monery noaopaceiBaroT 6 pas. Haiitu

JUCIIEPCUIO U CPEHEE KBAAPAaTUIECKOE
OTKJIOHCHME CIIy4alHOW BEJIMYUHBI X —
BBINA/ICHUS «PEIIKN.

4 BapuaHT
1) Halitn MaTeMaTuueckoe 0KHIaHHE U
JUCIIEPCUIO CITyYallHON BEJTMYUHBI,
3aJJaHHOM TaONUIIeH pacipeIeTCHHIs:

X 112 |3(4]5

)% 0,15(0,17/0,35|0,21|0,12

2) Mosnety nmoaodpacsiBaroT 5 pa3. Haiitu

JUCIIEPCUIO U CPEIHEE KBAaAPAaTUYECKOE
OTKJIOHCHME CIIy4alHOW BEJIMYUHBI X —
BBINAJICHU repoa.

ITPAKTHYECKAS PABOTA Ne 92

Ha3zBanue npakTudeckoii padorbi: Onpedenenie KOMIIEKCHO20 Yucia. Beinonnenue onepayuii Hao

KOMNJIeKCHbIMU YUCTIAMU 8 alleedpauieckoti popme.

Hean padoTel: HayduThes BRIMOTHATD AEUCTBUS HAJl KOMIUIEKCHBIMHU YUCJIAMH B alreOpandeckoit

dbopwme.
PesyabTarnl:

@opmupyemoie Inemenmsl IIK (npogheccuonansno opuenmuposannoe cooepircanue):

— IIK 1.6. IlpumensTs anmapaTHO-IPOTPAMMHBIE CpPEICTBA U PAacyeTOB M COCTaBJICHUS

TONOrpapUUECKUX, MEKEBBIX IIIAHOB

memanpeomemnste. MPIT 01, MPII 02, MPIT 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemmnuie: [1Py 11.
3HAHUSA:
— IloHsTHE KOMIIJIEKCHOT'O YHCJIA.

— Omnepanuu HaJ KOMIUIEKCHBIMHU YHCIIaMH B alireOpandeckon popme.

yYmeHus: Brmaucnenme CYMMBI, Pa3HOCTH IMPOU3BEACHHNA U YaCTHOI'O KOMITIJIICKCHBIX YUCEIT B

anreOpanveckoit popme.
Xox padorbI:

KoMnieKcHBIMHE YHMCJIaMH Ha3bIBAIOTCA YHCiIa BHAA a+bi, rae a u b - neficTBUTENBHBIE YHCIa, a
YHCII0 |, OTpeesieMoe PaBEHCTBOM i2 = —1, Ha3bIBAETCS MHUMOM €IMHUIICH, €CITH IS ATHX YHCEIT
TIOHSTHS PABEHCTBA U JIEHCTBUSI CIIOKCHUS M YMHOKEHHUS OMIPEIETICHBI CIETYIOIINM 00pa3oM:

1) nBa KOMIUIEKCHBIX YUCIIA a, +bji H a,+hb,i Ha3bIBAIOTCS PAGHbIMU, €CIH a =a, U b =b,;
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2) cymmoti NBYX KOMIUICKCHBIX YHCEN a +bi H a,+b,i HAa3bIBACTCSI KOMIUICKCHOE YHCIIO
(a; +a,)+ (o, +b,i;

3) npouseedenuem MBYX KOMIUICKCHBIX YHCEIl a +bji H a,+b,i HA3bIBACTCS KOMIUIEKCHOE YHCIIO
(2,3, —byb, )+ (ash, +ab; )i -
3anuch KOMIUIEKCHOTO YHWcia B BHJE Z =a-+bi HaspiBaeTcs anreOpanueckoil GopMol 3amucu
KOMILJIEKCHOT'O YHUCIIA.
JIeCTBUTENHLHOE YMCIIO & HA3bIBAETCS IEUCTBUTEIBHON YacThIO KOMIUIEKCHOTO Uncia Z =a+bi, a
JEUCTBUTEIILHOE YUCII0 b - MHUMOI YacThio.
KomruiekcHoe 4mciao a—Dbi  HassiBacTCs KOMIUICKCHO COINPSDKEHHBIM ¢ 4uciaoM a+bi  wu

0003Ha4aeTcs 7, T.e. Z=a-+bi=a—Dbi.

KommiekcHbie yucna Buga a+bi u —a —bi Ha3bIBalOTCS NPOTUBOIOJIOKHBIMHU.

PaccmatpuBast @viuumanue W OeleHue KOMIUIGKCHBIX 4YHCET KakK JCUCTBHS, OOpaTHBIC
COOTBETCTBEHHO CIIOKEHUIO M YMHOXKEHHIO, IIOJIy4aeM IIpaBujia BBIYMTAHUS U JI€JIEHUs

KOMILJIEKCHBIX YHCEII:
(al +b1i)_(az + bzi) = (al _a2)+(b1 —bz)i ;

 +bi  aa, +bb, ab —ab, i
a+bi  aZ+b? as +b?

Mpumep 1.
Bemonuuts aeiictsus: 1) (4+2i)+(1+5i); 2) (3+5i)—(6+3i).
Pemenue. 1) [To npaBuity cioskeHusi KOMIUIEKCHBIX YMCEIT OIYYUM
(4+2i)+@+5)=(4+1)+(2+5)i =5+7i.
2) Ilo npaBuily BBIYMTAHUSI KOMIUIEKCHBIX YHCEIT OTYYUM
(3+5i)-(6+3i)=(3-6)+(5-3)i=—3+2i.
IIpumep 2.
Boinonsuts geiictsust: 1) 2i-3i;2) (2-3i)2+3i); 3) (5-4i)3+2i).
Pewenue. 1) 2i-3i =6i° =6
2) (2-3i)2+3i)=4-9°=4+9=13;
3) Ilo npaBuily YMHOXKEHHS KOMIUIEKCHBIX YMCET ITOJIy4YUM
(5-4i)3+2i)=[5-3—(~4)-2]+i[5-2+3(-4)|=23-2i.
MoOHO IPOU3BECTH YMHOKEHHE MO IPABUITY YMHOKEHHSI MHOTOUJIEHOB:
(5-4i)3+2i)=15+10i —12i +8 = 23 2i
IIpumep 3.
Beimonuuts geiictust: 1) 3 ; 2) 1 - 3) 1+ I ; 4) 2 _3i .
3i 1+i 1-i 4+ 5i

Perrenue. 1) YMHOXKHB JeTUMOE M JCTUTEIb Ha | , TOJIYYUM

2 2 2i 2.

3i 3i-i -3 3
2) YMHOXKaeM JeUMOE U JIETUTENIh HA MHOXHUTENb, COMPSKEHHBIN TeTUTEINIO:
1 1-i 1-i 1-i 1 1

1+i @+ifi-i) 1-i2 2 2 2
3 T+ @Q+i)l+i) 1+2i+i% 2

1-i (@-i)a+i)  1-i2 2
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4+5i (4+5i)4—5i) 16+25 a4 a
IMpumep 4.

) 2-3i _(2-3i)4-5i) 8-10i-12i+15° -7-2i 7 22

Boruncnuth (1+ i)8 .

Pemenne. Mcnomns3ys cootsomenue (1+ i)2 =2i, monyunm (L+ i)8 = [(1+ i)z]4 = (2i)4 =161 =16.
3aganus 1J151 CAMOCTOATEIbLHON padoThI

1. Bemonnure pedictBus: 1) (3+i)+(-3-8i); 2) (5-4i)+(7+4i); 3) (-6+2i)+(-6-2i); 4)
(02+01i)+(08-11i); 5) (2—3i)+(5+6i)+(~3—4i); 6) 1-i)-(7-3i)-(2+i)+(6-2i).

2. Boramcimre: 1) i®+i20+i%0+i% +i%; 2) i+i2+i®+i*+i%; 3) i+t +i%+i%t+i*; 4) i.i2.i° j4;5) 1 _+—
i°

) 1 1 1

3. Bemonnure neiictBus: 1) —iv5-4iv5; 2) (5-3i)-2i; 3) (3+4i)(3-4i); 4) (5+3i)2-5i); 5) (-2—i)1+i)

; 6) 4+2i+(-1+6i)6—i); 7) (3—2i)5+4i)-7i+1; 8) (__§'j(%+: j 6) (0,2-0,3i)0,5+0,4i).

4. BpinonHute aewctBus: 1) 1

. 1- 3-2i. (1-2i)2+i). 2+3i
) F 4 1+3i ) 3-2i ° @+iy2-2i)’

(3+2i)2-i)- g g) a+bi-g) a+b|)(b+a| - 10) J5 +i 11)1 3i 4i+l.q9y a+bi a-bi

(2+3i)1+i) ~ a-bi b-a J5-2i e a-bi a+bi

5. Pa3noxuTe Ha KOMIUIEKCHBIE MHOXKHTENU: 1) m?+n?; 2) 4m?+9n?; 3) 2 ?+_, 4) m+n; 5)
2+4/3; 6) 1+sin%a; 7) 3.
6. Bmmcnre: 1) @-if2: 2) @+if; 3) [#] 4) [_+2.] 5) (siy2: 6) (i) 7)

[\/EH\/E]_S
2

MNPAKTHYECKASA PABOTA Ne 93
Ha3panme mnpaxkTudeckoii padoTbl: Bwinonnenue onepayuti HA0 KOMWIEKCHLIMU YUCIAMU 8
mpu2oHoMempuyecKotl hopme.
Hear pabdorbl: HayuuTbcs BBINOJHATH JIEUCTBUS HAJA  KOMIUIEKCHBIMH — YHUCJIaMU B
TPUTOHOMETPUUECKOH (opMe.
PesyabTarnl:
Dopmupyemvie 3nemenmut I1K (npogheccuonanvno opuenmuposannoe cooepiricanue):

— IIK 1.6. IlpumensaTs amnmapaTHO-IPOrpaMMHBIE CpPEICTBA Ui PAaCUETOB M COCTABIICHMS

TonorpadUuecKnx, MEeKEBIX IJIAHOB
memanpeomemnwie: MPII 01, MPIT 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemmnuie: [1Py 11.
3HAHMSA:
— IloHsATHE KOMIUIEKCHOTO YnCa.
— Omnepanuu HaJ KOMITJIEKCHBIMU YHCJIAMH B TPUTOHOMETPUUYECKON (hopme.
YMEHUA: Brraucnenme CYMMBGI, Pa3HOCTH IMPOU3BEACHHUA U YaCTHOI'O KOMIIJICKCHBIX YHUCCIT B
TPUTOHOMETPHUUECKOH popMe.
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Xox pabdoThI:
Yucno Buna z = a + ifS, rae @, B- neiicTBUTEIbHBIC YNCIIA, al- MHAMAsI SMHUIIA, OnpeaessieMast

paBeHCTBOM: (2 = —1, Ha3bIBAETCSA KOMNIEKCHBIM YUCIOM.C(L- ISHCTBUTEIBHAS YaCTh KOMILIEKCHOTO
4ucia, - MHUMAas 4acTh KOMIUIEKCHOTO YKCIIA.

MoysieM KOMIUIEKCHOTO uncha z = a + if8 :|z| =/ a? + B2

3anuch KOMIDIEKCHOTO YMCiIa B BHIE Z = a + b Ha3pIBaeTCs anreOpanveckoil Gopmoii 3amucu
KOMILIEKCHOTO uncia. Yacto ObiBaeT yno6Ha apyras ¢popma 3amicd KOMILIEKCHOro yucina. I1ycThb

z =a+ bi,r = |z| = Va? + b?u¢ = argz. Toraa 1o onpeaeIeHUIO apryMEHTa HMEEM:
a a

N e
b b b =rsing
r

Sin@p = ———— sing =
SN ¢

cos @ =

Ortcrona nonyyaercst Z = a + bi = r(cos ¢ + ising)

Takast popma Has3bIBa€TCA TPHUTOHOMETPUYECKOM (HOPMOI 3alMCH KOMIUIEKCHOTO umcia. Kak
BUJIHO, JUIS TOTO, YTOOBI MEPEUTH OT anreOpamdyeckoil (OPMBI 3alKMCH KOMILIEKCHOTO YHCiIa K
TPUTOHOMETPHYECKOH (popMe, HYKHO HalWTH €ro MOJYJIb M OJJMH M3 apr'yMEHTOB.

Hpumep 1 : 3amucats uncio z = 1 — +/3i B TpuronoMerpudeckoii popme.

’ 2
Haiiném moayis sToro uncna:|z| = ([ 12 + V3 =2 ApPryMEeHT JaHHOTO YHCIia HAaXOAUTCS U3

1

cosp =<

CUCTEMBI 3
sing = — >

. T
3HAYMT, OJMH U3 apryMeHTOoB urcna z = 1 — v/3i paBen — s

[Tonyuaem: z = 2 (cos (— g) + isin (— g))

YMHO)KGHI/IG, JCJIICHHUEC, BO3BCIACHHE B HaTypaHBHyIO CTCIICHb MU M3BJIICUCHUC KOpHSI nu3
KOMIIJICKCHBIX YHUCCII B TpHFOHOMeTqueCKOﬁ q)OpMC OHpe)IeJ'I}IIOTCSI CJ'ICIIYIOH.II/IM o6pa30M:

ecn 23 = (COS@ +ising,), Z, =1,(COS@, +1SiN@Y,) . 1o

1) 32, =1, (Cos(py +@,) +isin(p, +@,)) ;

z, n .
2) = r—(cos((p1 —@,)+isin(p; —goz)), ecm 1, #0 -
2 2
ecu Z=Tr(Cosp+ising), ne N | 1o

3) 2" =r"(cosfip) +isin(ng));

o V2= W(COSM +isin Lz”kj, k=012..n-1
n n
B oTBeT 3anuchIBalOTCs TIaBHbIE 3HAUYEHHSI apTyMEHTa MOJYYEHHOTO Pe3y/IbTara, 3aKII0YeHHbBIC
B IIPOMEKYTKE (—7T ; 7Z'] .
[Tpumep 2. BoIMOSHUTE AHCTBUS HAT YUCIIaAMH B TPUTOHOMETPHUYECKON (hopMme:
a) Zy * Z;0) j—:; B) 2,°, ecr z; = 3(cos75° + isin75°) u z, = 2(cos15° + isin15°)
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a)z, * z, = 3(cos75° + isin75°) - 2(cos15° + isin15°) =
=6 (cos(75° + 15°) + isin(75° + 15°)) = 6(c0s90° + isin90°) = 6i
3(cos75°+isin75°)

62 = = = (cos(75° — 15°) + isin(75° — 15°)) =

2 2(c0s15°+isin15°)
3 31 3\ 3 3vV3.
_5(60560 +Lsm60)—z<§ 7l>_Z+Tl

B)z,°® = (2(cos15° + isin15°))6 = 2%(cos(6 - 15°) + isin(6 - 15°)) =
= 64(c0s90° + isin90°) = 64i

Hpuwmep 3. Haiitu V-16
[IpencraBum B TpUroHOMETpHUEcKoi hopme — 16:

Haiiném Moayis storo uncina:|z| = /(—16)? + 02 = 16 ApryMeHT JaHHOIO YKCIIa HAXOIUTCS U3
16

Cosp =——= -1
CUCTEMBI o
sing=—=0
? =1
3HAYMT, OAMH U3 APTYMEHTOB YKCia Z = —16paBeH 1.

[Monyuaem: z = 16(cos  + isinm).

T+27mk . . TL’+2TL’k)

Haiinem xopeHs: ‘{/—1621/16(cos T+ isinm) = 2 (cos + isin

Haiinem paznuyHbie KOpHU:

m+0 m+0 1 1 V2 2
k=0:>ZO=2(COS 2 + isin )=2(cosz+isin—)=2<7+' >=\/§+i\/z

4 4 '

=1 2< TL'+2T[+__T[+2T[> 2( 37r+,, 37T> 5 \/§+,\/§
= = = = R ] = —_—— —_—
Zq cos 2 isin—, cos 3 Tising > tis
=—V2+ V2
=2 2( T[+4T[+_. 7T+4Tl.') 2( 57T+., 571') 5 V2 W2
= = = = —_— — ) = —_—— ] ——
Z, cos isin— Cos— -+ isin— > Tl
= —V2-iv2
k=3 2( n+6rr+_,rr+6n) 2( 77T+., 77'[) V2 2
= —1 = = —_— — ) = _ ] —
Z3 cos isin— Cos— -+ isin— > Tl
=V2-iV2
3agaHus 1J151 CAMOCTOATEIbHOM padoThI:
Bapuanr 1 ‘ Bapwanr 2 ‘ Bapnanr 3

1. Haiitu cymMMy, pa3HOCTb, IPOM3BENECHHUE U YACTHOE KOMIUIEKCHBIX YUCEI

1. BeIMOTHUTE ASHUCTBUS HAJ YUCIIaMUA B TPUTOHOMETPUIECKOU opMme:

zZ
a) 1 * Zy; 0) i; B) Z,"

7z, = 2(cos5° + isin5°) z, = 2(cos15° + isin15°) 7z, = 5(cos160° + isin160°)
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7, = 3(cos40° + isin40°) 7z, = 10(cos105° + isin105°) | z, = 2(c0s20° + isin20°)
n=3 n=3 n=6

2.BbINONHUATE JACUCTBUA B TPUTOHOMETPUYECKOW (opMe U MpeACTaBUTH pe3yabTaT B
TPUTOHOMETPHUUECKOH U anredpanyeckoit popmax

1—i\* V3 —2i\° EEVEPEPNY
(—Z—Zi) (%) (B-D-1+0)

3. Haiitu 3HaueHus1 KOpHen

V-1 V81 V8i

IMPAKTUYECKAS PABOTA Ne 94
Ha3zBanue npaxkTudeckoil padoTbl: Pewenue KeaopamuviX YpasHeHuu ¢ OmMpUyamenbHbim
OUCKPUMUHAHIOM.
Ilens padomui: Hayuntbes pemiath KBaJpaTHbIE YPaBHEHUS C OTPULIATEIbHBIM JUCKPUMUHAHTOM
Pe3syabrarsi:

Dopmupyemoie 3n1emenmut IIK (npogheccuonanvno opuenmuposannoe cooepicanue):

— IIK 1.6. IlpumensaTh anmapaTHO-IPOTPAMMHBIE CpPEICTBA U PacyeTOB M COCTaBJICHUS
TONnorpapuuecKux, MeKEBbIX IJIAHOB
memanpeomemnwie. MPII 01, MPIT 02, MPII 03, MPII 05, MPII 12, MPII 13, MPII 21, MPK 11,

MPP 02.
npeomemnuie: 11Py 11.
3HAHMSA:
— TloHsATHE KOMIJIEKCHOTO YKCIIa M ONEepaIfii HaJ HUMH.
—  DopMyIsl JUIsl HAXO0XKACHUSA KOPHEN KBAIpaTHOTO YPAaBHEHHS.
yYmeHus: Pemenne KBaJApaTHBIX ypaBHeHI/If/'I C OTpULATCIIbHBIM IUCKPUMHUHAHTOM
Xox paborsr:
Coaep:xanue padoThI:
KBaJpaTHBIM ypaBHEHHEM Ha3bIBAacTCs ypaBHEHHWE Buaa: ax’ + bx + ¢ = 0, B obwmeM ciyyae s
€ro peneHyst He0OX0MMO BBIYMCIIUTH JUCKPUMUHAHT 1o Gpopmysie D = b? — 4ac v HaliTh KOpHH:
—b ++D
2a
Ecnu IMCKPUMHHAHT OTPHUIATEIBHEIHA, TO HEOOXOIMMO ydecTh, uTo V—1 = i.
[Tpumep 1.

X12 =

Ha MHOecTBe KOMIUIEKCHBIX YHCEI PEIIUTh KBAJpaTHbIE YPAaBHEHUS:
a)x?+1=0;6)5x>+3x+1=0.

Pemenue: @) x2 + 1 = 0, T.K. 3TO HEMOJHOE KBAPATHOE YpaBHEHHUE, TO
xP=—12x,=t/-12x,=+/-1>x, = +i.

6) 5x2 + 3x + 1 = 0. /ld peleHus 3TOro ypaBHEHHS BHIMUCIMM AUCKpUMHUHaHT D = b? — 4ac =

32-4-5-1=-11<0, Torma VD =+V/-11=V11-V-1=+V11i. A KOPHHM KBaJIpaTHOIO
—b+VD _ -3+V1Ti _ —3+Vili _ -3 n Viti

ypaBHEHUs HalaEM 110 popMmyIe x; , =

2a 25 10 10 — 10
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AHaNOrM4HbIM 00pa3oM, pearoTcs KBaJpaTHbIE YPAaBHEHUS ¢ KOMIUIEKCHBIMU KO3 PHUIIEHTAMHU.

ITpumep 2.
Ha MHOXeCTBe KOMIIIEKCHBIX YMCell PellIUTh KBajpaTHOe ypaBHeHue: z2 — 8iz — 15 = 0
Pemenue: Bemumem xosduruments: a = 1,b = —8i,¢ = —15, torna D = b? — 4ac = (—8i)? —
4:1-(—15)=—-64+60 = -4 <0, Torga VD =vV—-4=+V4-V-1=2i. A KOPHH KBaJpaTHOTO
o . -b+VD  8i+2i 8i+2i  10i .

ypaBHEHHs Hailniém mo Qopmyne: z;, = T CrnenoBaTellbHO, Z; = =5 = 51,

8i-2i 6l ;
ZZ - = - = 31-

2 2

3agaHusA 1J151 CAMOCTOAITEILHOMH padoThI
Pemnre ypaBHeHus:

~N O OB W DN

x2+16=0
x2—=2x+4=0
x2—6x+10=0
Ax? +4x+5=0
x*+16=0
.z2—iz+2=0
.z2—(B+2)z+6i=0
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