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MaremaTuka SBIIIETCSI HE TOJIBKO MOIIHBIM CPEACTBOM PELICHMS
IIPUKJIAIHBIX 33/1a4 U YHUBEPCAIBHBIM SI3bIKOM HAayKH, HO TAKXKE U DJIEMEHTOM
obmeit  KynbTypbl. [losTomy MmaremaTuueckoe oOpa3zoBaHME — SIBISIETCS
BaXHEHIIEH CcocCTaBisiomell B cuUCTeMe (PYyHIAMEHTAIbHOM IOATOTOBKH
COBPEMEHHOIO CIICLIUAIIACTA.

B 1aHHBIX METONMYECKMX YKa3aHHWAX Bbl HaWJIeTe M3JI0KEHUE
TEOPETHUYECKOr0 MaTepHualla, CIIPaBOYHbIM MaTepHUall, IPUMEPBI PEIICHU 3a/]1a4,
3alaHnsl JUIsL CaMOCTOSITENIBHBIX 3aHATHM, Uil MOATOTOBKH K KOHTPOJIBHBIM
paboTam, 3a4eTy, FIK3aMEHY.

Metoauueckie ykazaHusS HE SIBISIFOTCS YY€OHUKOM, I[O3TOMY HE BCE
U3y4aeMble MOHATUS PACCMOTPEHbI OAMHAKOBO M0ApoOHO. [1o 370l npuunHe B
HEKOTOPBIX CIIy4asX HEOOXOIMMO MPWIOKUTh JUIsl OCBOCHMS MaTepualia
OonplIe yCWIMWA, YeM B Jpyrux. B 1aHHOM mocoOuM paccMaTpUBarOTCA
DJIEMEHTHl MATEMaTUKH, OTHOCSIIMECS K IEPUOAY MATEMATHKHA NEPEMEHHBIX
BEJIMYMH U COBPEMEHHOMY MEPHOJYy, HMEIoUMe OOJIbIIOe 3HAYEHUE B
COBPEMEHHOW (pyHIaMEHTaIbHOU U MPUKIIATHON MaTEeMaTHKE.

PabGotas Hajg KaxaoW TEMOHM, JIydllle BCEro CcHadajlla HW3Y4YUTh
TEOPETHUYECKUI MaTepuall, MIOBTOPUTh PAHEE HU3yYEHHbIE (POPMYIIbI, TEOPEMBI,
pa3zoOpaThCsi B MpPHUBEACHHBIX INpuMmepax. Ecium Bce MOHATHO, TO MOXHO
IIEPEXOUTH K BBIIIOJIHEHUIO IPAKTUYECKUX 3aJaHUMN.

Vuebnvle u 6ocnumameinvHbie yeau npaKkmuiecKux 3aHamull

B pamkax TpaaAuIIMOHHOTO MOAX0/a:

1) akTyanu3upoBaTh 3HAHMS CTYJCHTOB M3 Kypca MAaTeMaTHKH IO TeMe
3aHSITHUS,

2) co3maTh  yCJIOBUSL JUISL  Pa3BUTHSL TBOPYECKOW  aKTUBHOCTH,
CaMOCTOSITETLHOCTAY W KPUTHUYHOCTH MBIIUIEHUS, YyMEHUs paboTaTh B
KOJIJIEKTHBE.

B pamkax KOMIETEHTHOCTHOTO MOAX0/1a:

1) conelicTBOBaTh Pa3BUTHIO Y CTYACHTOB OOIICHAYUYHBIX KOMIICTCHIUN
(aHAJIUTUKO-CUHTETUYECKOM, MPOTHOCTUYECKON, IPOEKTUPOBOYHOM );

2) co3nath YCJIOBHS JJIs Pa3BUTHS KOMMYHUKATUBHOW, aJaNTUBHON M
UHOOPMAITMOHHOM KOMITETSHIIH.

JlaHHbIE yKa3aHUs MpeAHAa3HA4YeHbl JUIS HCIOJIb30BAHUS B CPEIHHUX
npoecCHOHANIBHBIX YYEOHBIX 3aBEACHHUSIX, B YyUEOHBIX IUIAHAX KOTOPBIX

IpeTyCMOTPEHA JUCLUIIIINHA «Marematukay, COOTBETCTBYIOILAS
JNEUCTBYOIMM mporpammaM. [IpencrtaBieHHblE B yKa3aHHUSIX OCHOBHBIE
MaTeMaTUYeCKHe CTPYKTYPBI UMEIOT HAaCTOJIbKO 00JIBIIYIO

00111e00pa30BaTEeIbHYI0 M MAaTeMaTUYECKYI) 3HAYUMOCTb, YTO SIBIISIOTCS
00s13aTEIBPHBIMHU TSI PACCMOTPEHUS CTYJIEHTaMH BCEX CICIIUATBLHOCTEH.



Tpebosanusn k oghopmnenuro npaKkmuyecKkux paoom

[locne w3yyeHUsT COOTBETCTBYIOIIEH TEMBI CTYIAEHTBHI BBITOJHSIOT
npakTHueckyro pabory. ConepkaHue MpaKkTHYECKHX paboOT MOJHOCTHIO
COOTBETCTBYET paboyeil mporpaMMe 1o MaTeMaTHUKeE.

K BBINOJHEHUIO MPAKTHYECKOW PadOThI MOKHO MIPUCTYIATh TOJIBKO MOCIE
U3Y4YEHHUSI COOTBETCTBYIOLICH TEMBbI W IIOJIYYCHHUS HABBIKOB PEIICHHS 3a1ad.
[IpenycMOTpeHHBIE 3aaHUsl HOCAT PENPOAYKTUBHBIN, YACTUYHO-IIOMCKOBBINA U
IOUCKOBBIM XapakTep. Bce 3amaun m pacderbl 00s3aTENIBHO JOJIKHBI OBIThH
JOBEZECHBI O OKOHYATEJIBHOIO YUCIIOBOIO Pe3yJibTaTa. BapuaHT MpakTUYECKON
paboThl omnpeaenseTcs Mno nocieaHe nuppe nopsaKoBOro HoMepa CIUCOYHOTIO
COCTaBa B )KypHaJIe yUEOHBIX 3aHITHM.

Bce mnpaktuueckue paOOThl, CHaBaeMble YYallUMHUCS Ha IPOBEPKY,
JOJDKHBI  OBITH  BBINIOJIHEHBI B OOBIYHOW TeTpagu B KieTky. OOpasen
o OpMIIEHUS TUTYJBHOIO JUCTA MPUBEJIECH B MPUIOKEHUH 1.

[Ipu BBINOJHEHUHU TPAKTUYECKON pabOThI CTYIEHTAM PEKOMEHTyETCSI:

~ UCTIOJIB30BaTh yUeOHbIC MOCOOUS, CIPABOYHUKH;

— IPOBOJUTH HECJIOXKHBIE IEYKTUBHBIE PACCYKICHUS;

~ 00OCHOBBIBATH IIATM PELIECHUS 33]1a4;

— (opMyIMpPOBaTh ONpeAEICHUS] MAaTEMATUYECKUX TTOHSATH;

— II0JIb30BATHCSI MATEMATUYECKON TEPMUHOJIOTUEN U CUMBOJIMKOM;

~ MUCbMEHHO 0()OPMJISTh PELICHUS 33/1a4;

— TI0JIB30BaThCS KAJIBKYJISATOPOM;

— CaMOCTOSITENIHO U3y4aTh y4eOHBIM MaTepual.

Bce npencraBieHHble BapuaHThl IPAKTUUECKUX pabOT JaHbl OJIMHAKOBOM
CTENEHU TPYAHOCTH.

[IpakTuueckass paboTa BBINOJIHSAETCS B CPOKU, YCTAHOBJIICHHBIE B
COOTBETCTBUM  C  KAJICHOAPHO-TEMAaTHYECKUM  IUIAHOM. 32  KaxAylo
MPaKTUYECKYIO PA0OTy CTYJAEHT AOJKEH MOJYYUTh MOJOKUTENbHYIO OLIEHKY.

HroroBoii ¢opMoil M3ydeHHs] TUCUUILIMHBI SBIISAETCS 3K3aMEH ISl BCEX
cnenuanbHocTed. CTyIEHThI, HE BBINOJHUBIINE BCE MPAKTUUECKUE PAOOTHI, HE
aTTECTYIOTCS U K OK3aMEHY HE JIOITYCKAKOTCH.

Nckpenne xenaro ycrexos!



TemaTu4eckni MJIaH NPAKTHYECKUX 3aHATHI y4eOHOU TUCHUIINHBI «MaTeMaTHKa

HaumenoBaunue tem

[TpakTyeckue pabOThI

1

2

Tema 1.1. [Ipaktuueckas padora Nel «/lefictBurensHbie uncia. [I[pubnmkeHHbIe BHIYUCICHUS
Llenbre n
palHOHAJIBHBIC YUCTIA
Tema 1.5. [TpakTuyeckas padorta Ne2 «/lelicTBUS HaJl KOMIUIEKCHBIMUA YHCIIAMI)
KomniekcHble yncna
Tema 2.1-2.2. [IpakTuyeckas padora Ne3 «Crernenu ¢ 1eCTBUTEIbHBIMU IMOKA3aTEIISIMU, UX CBOMCTBa»
CreneHu u ux
CBOMCTBaA
Tema 2.3. [Ipaktuueckas pabora Ne4 «JleficTBUS CO CTETIEHIMUIY
JeuctBus co
CTENEHIMU
Tema 2.10-2.14. [Ipaktuueckas padota Ne5 «IIpeobpazoBanue torapuMUUECKUX BHIPAKEHU
Jlorapudmbl
Tema 2.1-2.14 [Ipaktuueckas pabora Ne6 «PelmieHne MpocTeMIIMX MOKAa3aTeIbHBIX W JIOrapUPMUUYECKUX
[IpeoOpazoBanue YpaBHEHUI»
BBIpaKEHUI [Ipaktuueckas pabora Ne7 «IIpeobpa3oBaHue BbIpaKEHUN
Tema 3.1-3.10 [Ipaktuueckas padora Ne§ «Pannannas mepa yria. BpamatenbHoe JBUKEHUE
OcHOBHBIE
[Ipaktuueckass pabora No9 «OCHOBHBICE TPUTOHOMETPUUYECKHE TOXAeCTBA. Dopmyibl
TPUTOHOMETPUUECKHUE R ——
TOXKICCTBA, GOpMyIbI [Tpaktnueckas pabora Nel( «CuHyc, KOCHHYC JTBOMHOIO yria»
MIpUBEICHUS

[Ipaktuueckas padora Nell «IIpeoOpazoBaHre TPUTOHOMETPUUECKUX BBIPAXKEHHI €
UCI0JIb30BAHUEM TPUTOHOMETPUUYECKUX TOXKIECTBY




Tema 3.14-3.15

[Ipaktrnueckas padora Nel2 «Pemenne TpHroHOMETPUYECKUX YPaBHEHHIN

Tpuronomerpuueckue
YpaBHEHHUSI
Tema 4.1 [Tpaktuueckas padora Nel3 «Iloctpoenue rpadukoB 3J1IeMEHTAPHBIX QYHKIHID)
OyHKINH, [Ipaktuueckas padora Nel4 «I[IpomexxyTku Bo3pacTtanusi, yObIBaHUs, HAMOOJIbIIIEE,
UX CBOMCTBA HauMeHblee 3HaueHus QyHkimu. Touku sIKCTpeMymay
Tema 4.8-4.9. [Ipaktrueckas padora Nel5 «IlapamienbHblil IEpeHOC, PACTKEHUE, CHKATHEY
[IpeobpazoBanus
rpapuKoB
Tema 5.1-5.5 [TpakTudeckas padora Nel6 «PemieHne ypaBHEHHU: paslioKeHHE HAa MHOXKHMTEIIM, BBEICHHUE
YpaBHeHus HOBBIX MIEPEMEHHBIX, MOJICTAHOBKA»
[Ipaktuueckas padora Nel7 «Pemenue ypaBHeHH# rpaduyeckuMm MmetoioM. HecranmaptHbie
CIOCOOBI peIeHUs] YPAaBHEHUI)
Tema 5.6-5.10 [Ipaktruueckas padora Nel8 «Pemenue HepaBeHCTB METOI0M MHTEPBAIOBY
Hepasencrsa
Tema 6.1,6.7-6.8 [Ipaktuueckass padora Nel9 «PaccrosHue Mexay IByMs TOYKaMH. BeluncieHue KOOpAuWHAT
KoopauHnatsr CEpPEANHBI OTPE3KA»
ITpakTuyeckas pabora Ne2( «Pemenue 3a1a4 KOOPAMHATHBIM METOJOM
Tema 6.2-6.6 [Tpaktuueckas pabota Ne21 «IlpaBusa ciioKeHUs BEKTOPOBY
BekTropsl ITpakTrdeckas padora Ne22 «YMHOKEHHE BEKTOpA HA YHCIIO
[Tpaktuueckas pabora No23 «CkansipHOE TPOU3BEICHUE BEKTOPOBY
[Tpaktuueckass pabora Ne24 «lcnonb3oBaHWE BEKTOPOB MPHU PEIICHUA MaTEMaTUYECKUX M
OPUKJIAJHBIX 33729
Tema 7.3-7.4 [Ipaktuueckas padora Ne25 «llapamienbHOCTh NPAMON U TIIOCKOCTH

[TapannenbHOCTH B
IIPOCTPAHCTBE




Tema 7.5-7.8 [Ipaktnueckas  pabora  Ne26  «['eomerpuueckue  mnpeoOpa3oBaHUs  MNPOCTPAHCTBA!
[lepneHANKYISIPHOCT | MApAJUIEIbHBIA IEPEHOC, CHMMETPHUS OTHOCUTENIBHO TIIOCKOCTH
B IIPOCTPAHCTBE [Tpaktruueckas padbota Ne27 «llapamienpHoe NPOEKTUPOBAHUEY
Tema 8.1-8.7 [Tpaktuueckas pabora Ne28 «Bepuiunsl, pedpa, rpaHd MHOTOTPAHHHUKA
MHoOrorpaHHuKU [TpakTnueckas padbora Ne29 «llapamnenenunen. Kyoy
[Tpaktuueckas pabora Ne30 «Ceuenus KyOa, IpU3Mbl, TUPAMHUJIBI
Tema 8.8-8.9 IIpaktrueckas padota Ne31 «OceBble CeUeHHS U CEUCHUS MapaJlJIeIbHbIE OCHOBAHUIO)
Tena u noBepxHoctu | [Ipaktrueckas padota Ne32 «Illap u cdepa, ux ceueHus»
BpalleHUs

Tema 8.10-8.13
®opmyibl 00bEMa U

[Ipaktruueckas padota Ne33 «Beruncienne 00bEMOB Tel U TOBEPXHOCTEN BpAILIEHUSD)

IJI0IIAEH
ITOBEPXHOCTH TEJ
Tema 9.8 [Ipaktuueckas pabora Ne34 «Boruncienne nponu3BOHBIX CIOXKHON (PYHKIIUM»
[IpousBonHas
CJIOHOUM (PYHKITUU
Tema 9.9-9.10 [Ipaktuueckas padota Ne35«HaxoxkneHne HaMMEHBIIET0, HAUOOJBIIEr0 3HAYEHUS (PYHKIUU
[Ipunoxenus Ha OTPE3KE»
ITPOU3BOTHOU
ITpakTuyeckas pabora Ne36 «Iloctpoenue rpadhukoB QyHKITUN»
Tema 10.2 [Ipaktuueckass padora Ne37 «BbluucieHre HEONpEETIEHHbBIX MHTErpajoB METOJOM 3aMEHbI
HHuTerpan IIEPEMEHHON
Tema 10.6. [Tpaktuueckas padota Ne38 «IIpunoxeHust onpeneaeHHbIX HHTETPAIOB)
OnpeneneHHbIN
MHTErpaj
Tema 11.1-11.6 [Tpaktuueckas pabora Ne39 «Pemienue 3ama4 Ha mepedop BapuaHTOBY
DneMeHTbI

KOMOMHATOPUKHU




Tema 12.1-12.2
DneMEeHThI TEOPUH
Y BEPOSATHOCTEN

ITpaktrueckas pabora Ne40 «CrioxxeHre 1 YMHOKEHUE BEPOSATHOCTEN»

[Tpaktuueckas padota Ne41 «IloHsiTHE O HE3aBUCUMOCTHU COOBITHII

IIpakTrueckas padbota Ne4?2 «JluckpeTHas ciydaiiHas BEIMYMHA, 3aKOH €€ pacIpeIeICHUS

Tema 12.3-12.6
DeMEHTBI
MaTeMaTHYCCKOU
CTATUCTUKH

[Ipaktrueckas padora Ne43 «PemieHure npakTHUECKUX 3a/1ad C IPUMEHEHHEM BEPOSTHOCTHBIX
METOJ0B»




IIpakTuyeckas pabora Ne 1
HeiictBuTe/ibHBbIC yncia. [IpudianxeHHbIe BEIYUCICHUS

Lenv pabomuwi:

CMYOeHm QO0JIHCEH:

3Hamo:

- (opMynbl s BBIYMCICHHSI TpaHUIl a0CONIOTHOM W OTHOCHUTEIHHOMN
NOTPEIIHOCTA  CYMMbI,  pPa3HOCTH, TPOU3BEACHUS U  YAaCTHOIO
NPUOJIMKEHHBIX 3HAUCHUN YHUCET,

ymems.

- BBIYUCISATH  CYMMY,  pa3HOCTb, TPOM3BEACHHE W  YaCTHOE
MPUOTMKEHHBIX 3HAYCHUIA YUCE.

Ceedenusn uz meopuu:

CroorceHue npubIUNCEHHbIX 3HAYEHUU Yuce]l

['pannia abCOMIOTHOW MOTPENIHOCTH CYMMbl NMPUOJIMKEHHBIX 3HAYEHUI
YyyCcell paBHA CyMMeE IpaHull a0COTIOTHBIX MOTPEIIHOCTEN dTUX YUCENT:

A(a+b)=Aa+Ab,
rje a u b — npubawKeHHbIe 3HaUeHUs yncen; Aa 1 Ab — rpaHUIbl aOCOTFOTHBIX
MOTPEIIHOCTEH COOTBETCTBYIOITUX MPUOIMKCHUI.
['paruIia OTHOCUTEIHFHOM MOTPENTHOCTH CYMBI BRIYUCIISIETCS 10 hopMyJIe:
_A(a+D)
Ea+b ath

Ilpumep 1.

Haittu cymmy S mpubnkeHHbIX 3HadueHud uucen 6,8+0,05; 4,3+0,05 u
3,575+0,0005.

Pemienue:

BBIYMCIIUM CYMMY 33/IaHHBIX YMCEl U CYMMY UX MOTPEUTHOCTEH:

S=6,8+4,3+3,575=14,675;
AS=0,05+0,05+0,0005=0,1005.

['panunia  aOCONIOTHOM  MOTPENMIHOCTH  3aKj4eHa B Mpejaesiax
0,05<0,1005<0,5. B mpubOimkeHHOM 3HAYEHUU CYMMBI BEPHBIMH SIBJISIFOTCS
Ui Be udpel (B paspsaax AecATKOB W eauHUI]). [lomydeHHBI pe3ynbrart
OKpyrauM 110 eauHun S=14,675<15.

Bviuumanue npubaudicennwvix 3nauenutl yucer
['panuna abCOMIOTHON MOTrPEUIHOCTH PA3HOCTH ABYX MNPUOIMKEHHBIX
3HAYEHUN YMCEN paBHA CyMME I'PaHHUIl UX aOCOTIOTHBIX MOTPELIHOCTEM:
A(a-b)y=Aa+Ab.
['panuiia OTHOCUTENHHOM MOTPEIIHOCTH Pa3HOCTU BBIYUCIISIETCS MO (popmyIie:
Aa+ Ab

Ea-b—
¢ a—>b



Ilpumep 2.

Beraucnuth  pa3sHOCTh  ABYX — NPUOMIDKCHHBIX — 3HAYCHWH — YHCET
a=5,863%0,0005 u H=2,746+0,0005. Haiitu A(a-b) u €,..

Pemenne:

BBIYKCIIIEM TPAHUILy a0COJIFOTHON MOTPEUTHOCTH PA3HOCTH a-b:

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

B npubnmkeHHOM 3HauYe€HUU pa3HOCTU Iudpa B pa3psiie THICSYHBIX HE
MOXeT ObITh BepHOHM, Tak kak A(a-b)>0,0005. Wrak, a-b6=3,117=3,12.
AobcomotHas norpentHocts pazHoctu 0,001. B mpubmmkennom uucie 3,12 Bce
uudpsl BepHbie. HaxoquM 0OTHOCUTENBHYIO NOTPEIIHOCTh PA3HOCTH:

0,001

=" _  _ = ~ o
€a-b 3.12 0,00032~0,03%.

Ymnoorcenue npubnuscennvix 3nauenuu yucen

@®opMyJIbl 1711 OLIEHKH TpaHUL] a0COJIFOTHON MOTPEIIHOCTH MPOU3BEACHHUS
(4acTHOTO) CIIOKHBI, IOATOMY Ha MPAKTUKE CHAayala HaXoAAT OTHOCHUTEIbHYIO
HOTPEIIHOCTh TPOU3BEACHHUSI (YAaCTHOrO), a 3aTeM TIpaHully aOCOJIIOTHON
HOTPEIIHOCTH TPOU3BEIEHUS (UACTHOTO).

@opMynbl ISl TpaHUL] aO0COJIOTHOM M OTHOCUTEIBHOM IOTIPEIIHOCTH
HEKOTOPbIX PYHKIMI NpHUBEACHBI B TaOHIIE 1.

Tabmuma 1. Dopmynbl Jyisi TpaHUI] aOCONIOTHOW M OTHOCHUTEIIHLHOU
ITOTPEIIHOCTEN.

Ne | Oynknusa ['panuna abcomoTHOM ['pannuia oTHOCUTENBHOM
n/m MOTPEIIHOCTH MOTPEIIHOCTH
1 y=ab Ay=|b|-Aa+|a|-Ab o _Qa Ab
" a b
2 y=abc Ay=|bc|-Aa+|ac|- Ab+|ab|-Ac _Aa_ Ab Ac
' a b ¢
— N — n-1,
3 y=a Ay=n a""-Aa e =n Aa
i a
_ 2 =
4 y=a Ay=2a-Aa £ =2 Aa
a
— 3 32,
5 y=a Ay=3a’-Aa £, =3 Aa
a
6 y:\/; . Aa , = %
Y 2Ja a
7 ~3a Aa _Aa
Ay= 3,2 Y




_‘b‘AaHa‘-Ab o _Qa Ab
= o

>

Ay

Ilpumep 3.

Haiitu BepHbie mudpsl npousBeaeHUs] NPUOIMKEHHBIX 3HAYCHUN YHCEN
a=0,3862 u b=0,8.

Pemenue:

umeem 0,3862-0,8=0,30896. ['panurbl aOCONIOTHOM IMOTPEIIHOCTH

comHoxureneit pasusl 0,00005 u 0,05. ITlo dopmyrne ga,,:%jLA—b HaxO0JIMM

OTHOCHUTENBHYIO ITOIPEIIHOCTD POU3BEICHHUS:
0,00005 0,05
Ep = +
03862 0,8
Haxonum rpanuily abCoJIFOTHOW MOTPETHOCTH MPOU3BEICHUS:
A(ab)=0,30896-0,063=0,0195;
0,005<0,0195<2 0,05.
[lonydeHHBI pe3yJbTAT O3HAYAET, YTO B IIPOU3BEACHUM OJHA BEpHAasd
uudpa (B pazpsae aecatoix): 0,30896<0,3.

=0,063 .

Ilpumep 4.
Brranciouts 06beM nuuHapa V= nR*H, eciu R=45,8 cm, H=78,6 cM.
Pewenue:
no popmyne oobeMa MIUHIPA, UMEEM
V=m-45,8%-78,6=517000 (cm?).
Hcnonesys ¢dopmyny &, = % + %b + % u nonaras m=3,14, HaxoauMm
OTHOCUTEJIbHYIO IOTPEIIHOCTD:

Ar  2AR AH 0,005 2-0,05 0,05
=—+ + = + + =
V4 R H 3,14 45,8 78,6

Haxonum rpanuily abCoIFOTHON MOTPEIIHOCTH:
AV=V-ey=517 000-0,0044 = 2270 (cM?).
Bepubimu nudpamu sBiusitorest S u 1.

0,0044 .

&y

,ZZereHue I’lpI/I6Jlu9fC€HHle 3HAYEeHUl yuce

Ipumep 5.

Haiitu rpanuily aOCONIOTHOW MOTPEIIHOCTH YacTHOTO MPUOIMKEHHBIX
3HauyeHui uncen a=38,36+0,005 u h=3,72+0,004.

Pewrenue:

nmeem 8,36:3,72=2,25.
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Aa Ab
Ilo dopmyne &,=—+— HaxoAUM OTHOCHTEIbHYIO IOIPEHIHOCTh
a b

HaCTHOI'O.

Aa Ab 0,005 0,004
£, =—+—= -
< a b 836 3,72

b
Haxoauwm rpanuily abcoI0THOM MOTPEITHOCTH YaCTHOTO:
A(a/b)=2,25-0,002=0,0045.
[TomyueHHBI pe3ydbTaT O3HAYAET, YTO B YACTHOM BCE TpU LUDPHI
BEpHBIE.

=0,002 = 0,2%

Ilpumep 6.
Brerauciauth X:b%’ ecnu m3BecTHO, uto a=7,2+0,05, b=3,46+0,03,
c
¢c=5,09+0,04.
Pemienue:

a_ _ 7,2 0,844 -
b+c 3,46 +5,09 ’
AX Aa Ab+Ac 0,05 0,03+0,04
Ey=—T=—+ = +
X a b+c 7,2 8,55
AX=X-£x=0,844-0,015=0,0127; X=0,844+0,0127 nau X~*0,84+0,01.

HaXOJUM X =

=0,015 ;

3aoanusn 014 CAamMOCmMOAMENbHO20 PEULeHU:
Brruucnure cymMmy, pa3HOCTh, POU3BEEHUE U YACTHOE MPUOTUKEHHBIX
3HAUYEHUN YMCEIT:

1 BapuaHT 2 BapuaHT 3 BapuaHT

J13.4/5 ¢ geTbppMs 0,456%0,0005 u V3,7/5,4/7 ¢ uetpipbMsa
sHauamumu nudpamu. | 3,35+0,005. 3HAYaIUMU U dpamu.
4 BapuaHT S BapuaHT 6 BapuaHT

8,72 u 2,6532, rpanuisl | 6,54+0,005; J5, V7 B3sB
a0COIIOTHOM 16,022+0,0005 u HpI/I6J'H/I)KeHHB]e
MOrpemHocT  Kotopbix | 1,9646+0,00005. 3HAYEHHUS] KOPHEH ¢
COOTBCTCTBCHHO pPaBHEI ToyHOCTRIO J10 0,001.
0,005 u 0,00005.

7 BapuaHT 8 BapuaHT 9 BapuaHT

V243,411 ¢ yereippMst | a=19,8+0,05 n a=68,4+0,02 U
spavammmy udpamu. | b=48,440,03. b=72,8+0,4.

Konumponwvuwvie éonpocwi:

1. Tlepeuucnure nedcTBUs HaL MPUOJIMKEHHBIMU 3HAYEHUSIMU YUCEI.

2. llepeuncnure (opmysbl A BBIYUCICHHUS TpaHUL aOCOJIOTHOM U
OTHOCUTEIBHOU MOTPEIHOCTEN HEKOTOPBIX (QYHKILIUM.
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IIpakTuyeckas padora Ne 2
JeiicTBUA HAX KOMILVIEKCHBIMH YHCJIAMU

Lenv padomui:

CMYOeHm OO0JIHCEH:

3Hamo:

- anrebpanyeckyro (GopMy KOMIUIEKCHOTO YMCIIa;

- TPUTOHOMETPHUYECKYIO (OPMY KOMILJIEKCHOTO YHUCIIA;

ymems.

- BBINOJHSATH JeNCTBUSA HaJ KOMIUJIEKCHBIMU YHCIIaMH,
MPEICTABICHHBIMU B Pa3IMYHBIX hopmax.

Ceedenun uz meopuu:
Aneebpauueckas ¢oopma KOMNIEKCHO20 YUCIA

OGosHaunM -1=i W Ha30BéM MHHMOIL emunuteii, (i =-1). Torxa
ypcnno Buga z=a+bi, rne aub - moOble AEHCTBUTENILHBIE YUCIIA, HA30BEM
KOMIUIEKCHBIM YHCJIOM.

311eCh a - Ha3BIBAIOT JCHCTBUTEILHON YaCThI0 KOMIIJICKCHOTO YHCIIa, bi -

Ha3bIBAIOT MHUMOM 4acThlO, b - KOA(H(OUIHMEHTOM MHUMOM 4acTh KOMIUIEKCHOTO
qHCIIa.

leiicmeuss  HA0  KOMWIEKCHbLIMU  YUCIAMU, NPEOCMABNEHHbLIMU 8
aneebpauyeckoll popme

[TycTts mansl ABa yucna z, =a, +bji, u z, =a, +b,i .

JIJist 5TUX 4Yrces MOHATUSI PABEHCTBO M JIEUCTBUS CIIOKECHHS, YMHOKCHUS
OTpeIeIEHbI CIIETYIOIIUM 00pa3oM:

1) JIBa KOMIUIEKCHBIX YHCJa HA3bIBAIOTCS PABHBIMHU, €CIM PaBHBI WX
JIeiCTBUTENbLHAA U MHUMAs YacTH, T. €. a;=a,, b;=b;.

2) CyMMO# JBYX KOMIUIEKCHBIX YHCEIl Z| U z; Ha3bIBA€TCS KOMILIEKCHOE
yucio z, +z, =(a, +a,)+ (b, +b,)i

3) IlpousBeneHueM JBYX KOMIUIEKCHBIX YHCEI Zz; W Z; Ha3bIBaeTCs
KOMIUJIEKCHOE YUCIIO z,z, =(a,a, -bb,)+(ab, + a,b))i

4) MopayneM KOMIUIEKCHOTO 4KCJIa Ha3bIBaeTCs [JIMHA BEKTOpa
COOTBETCTBYIOILIETO 3TOMY KOMIUIEKCHOMY YMCIY Ha TJIOCKOCTH M BBIYUCIISIETCS

no dopmyie: |Z|=r=+a’ +b*.
5) AprymMeHTOM KOMIUIEKCHOTO YHCIIa HA3BIBAETCS YroJl, 00pa30BaHHbIN

BEKTOPOM C TIOJIOKMTEIbHBIM HaIpaBJICHUEM JEHCTBUTEIIBHON OCH W
BbIUHCIACTCST 10 dopmyne: argz=arg(a+bi)=¢+27. T. 0. mns Kaxaoro

KOMIUIEKCHOI'O YHMCJIa MOYKHO YKa3aTh OECKOHEUHOE MHOKECTBO apTyMEHTOB.
JJist HAXOXKIEHUs ApTYMEHTa HE0OXO0ANMMO:
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1. Onpenenuts B Kakod  KOOPJAWHATHOM  YETBEPTH  HAXOIUTCS
KOMIUIEKCHOE YHUCJIO.
2. HailTu B 3TOM 4ETBEPTH YrOJ PEIIUB YPABHEHHE:

tg¢=é; ¢=arctgé=¢+7zk, k€ Z.

a a
Ilpumep 7.
Pemmure kBagpaTHOE ypaBHEHHUE: x° -6x+13=0.
Pemenne:

BBIYMCIIUM KOPHH KBAJIPATHOTO YPaBHEHUS YEPE3 TUCKPUMUHAHT:
X, = 6++36-4-13 _ 6++/36-52 _ 6+~-16 _ 6+,/16-(-1) _ 6i4i.
’ 2 2 2 2 2
X, = 0+4i = 2(3+20) =3+2i; x,=3-2i.
2 2
[Tonyuena mapa B3aUMHO - CONPSIKEHHBIX KOMIUIEKCHBIX ymucen 3+ 27,
rae a=3;b=2.
3aMeTuM, 4YTO BCSKOE alreOpanvyeckoe ypaBHEHUE CTEIEHH 7 HMEET
POBHO 7 KOPHEH, CPeI KOTOPBIX MOTYT OBITh KaK JIEWUCTBUTEIIbHBIE (pa3IMuHbIC
WIM paBHBIE), TaK W KOMIUIEKCHbIC (00s13aTE€IbHO TIOMAPHO B3aUMHO —
CONPSKEHHBIE) KOPHHU.

Tpu20HOMempuquKaﬂ gbopma KOMNJIEeKCHO2O0 Hucna

3anuce KOMIUIEKCHOTO YHCjIa B BUJIE a+bi=r(cosg+isin @) yasppaercs
TPUTOHOMETPUUECKON (POPMOIT KOMIUIEKCHOTO YHCIa.

eticmeus  Hao0  KOMAWJIEKCHbIMU  YUCIAMU, NPEOCMABIEHHLIMU 8
MPULOHOMEMPULECKOU hopme

Han xoMmjieKCHBIMH — 4YHMClIaMd B TPUTOHOMETpHUYECKoi  (opme
BBITIOJIHSIFOTCSL JICMICTBUS YMHOKEHUSI, JCJICHUS, BO3BEACHUA B CTEIEHb H
U3BJICYEHUE KOPHS 71-OM CTENEHHU.

[Tycts manbl gBa uucna z, =#(cosg +ising) u z,=r(cosd +ising,),
TOrzAa:

1) Ilpou3BeneHHeM KOMIUIEKCHBIX YHCEJ HAa3bIBAETCS KOMIUIEKCHOE
YHCJI0, KOTOPOE BBIYUCISACTCS TI0 PopMmyIie: z,z, =71 (cos(@ + @,) +isin( @ + ¢,))

2) YacTHBIM KOMIIJICKCHBIX YMCEJI Ha3bIBACTCSI KOMILICKCHOE qucCiIo,

y4 4 ..
KOTOpPO€ BeIUUCIISIETCS 110 hopmytie: —- =-L(cos(g - @,) +isin( g - ,))
L n

3) Jliist BO3BeZICHUS B CTEIICHb: z" =r"(cos(ng) +isin( ng))

Ilpumep 8.
.5
Yupocrure:

+3i0

13



Penienue:

YOPOCTUM Jpo0b (TIOHM3UM CTENEHb YHUCIHTENs W 3HAMEHaTelss),
UCONB3YH (i* =-1):

P =it =) i = (-1 =i;

[ToacTaBuM Moy4YeHHBIE BHIPAXKEHUSI B UCXOJHYIO IpoOb U Mpeodpaszyem

e€:
1427 1420 (1+2)(1-3) 1-3i+2i-6° 1-i+6 _7-i 7 i
1+3:% 1+3i  (1+3i)(1-30) 149 10 10 10 10
Ilpumep 9.

Borunciure: (v/2(cos10° +isin 10°))> - 2(cos40° +isin 40°)

Penienue:

JUISL TIEPBOTO KOMIUIEKCHOTO YHCJIa HUCIOJb3yeM (PopMyily BO3BEJEHUS B
CTEIIeHb, a 3aTeM BOCHOJIb3yeMcsS (HOPMYJIOM TPOM3BEACHUS KOMILIEKCHBIX
YUCeI;

2(c0s20° +isin 20°)-2(cos40° +isin 40°) = 4(cos60° +isin 60°) = 4(% + i73) =2+24/3i.

s uzeneuenuss KopHsA n-ul  cmeneHu W3 KOMIUIEKCHOTO 4YHUCIa
r(cosp+isin @) ucrone3yercst hopmya:

zZ, =4 r(cosqp+isinq0):’{/;(cosq)+2ﬂk+isin (p+27zkj)

n n
rjae /7 - apuMETHIECKHI KOpeHb, k=0,1,2,...n—1.

Ilpumep 10.
Pemure ypaBaenue: x>-2x+10=0

Penienue:

JUISL pelIeHUs] BOCHOJIb3yeMCsl OOBIMHBIMU (OpMYyJIaMu BBIUKUCIEHUS
KOpPHEW KBAJIPAaTHBIX YPABHEHUN:

a=1, b=-2, c=10,
D=b>—4ac=(-2)"—4-1-10 =4 — 40 =—36.
—b+JD  2+-36 2+,36-(-1) 2++36-i° 246/ 2(1+3i)
2a 2 2 2 2 2
[Tomy4ymnnu nmapy KOMIIJIEKCHBIX B3aUMHO CONPSIKEHHBIX KOPHEU.

X, = 1+3i.

3aoanusn 014 CAMOCMOAMENbHO20 PEULEHUA:
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1 Bapuant 2 BapuaHT
Nel. Bremonnute nevictBus, | Nel. Bremonnute JICHCTBUS,
BBIUMCJIIUTE AapPryMEHT MW MOJYJb | BBIUUCIUTE apryMeHT ¢W  MOJYJb
KOMHJIGKCHOFO 4yHcia; KOMILJIEKCHOT'O YMCJIa:
.15
_ l\/_ 1 1+2i :
) 1+3i%
. , 2) (1-i)'";
2) 4+(1+i) -(1-0); . .
. 4{ cos—+isin —
3) (2+3i) . 3) ( 3 3)
.2 *
\/E(cosﬂﬂ'sinﬂ 1=
4 4 No2. Pemute ypaBHeHue:
No2. Pemute ypaBHEeHUE: X+3x+4=0.
x2-6x+13=0.
4 BapuaHT 3 BapHaHT
Nel. Brinmoaxute neiictBus, | Nel. Brinonnurte JIeHCTBUS,
BBIUMCJIIUTE AapPryMEHT MW MOJYJb | BBIUUCIUTE apryMeHT ¢  MOJYJb
KOMILJIEKCHOI'O YHCJIA; KOMILJIEKCHOI'O YHCJIA;
1—2;% 3+3i
1) —2 1) —%;
1-3i 1+i
2) 5+Q2+i) —(1-i); 2)4+(1+i)3—(1—i)3;
3 2(cos400 +isin 400) 3) 4(cos 10° +isin 10 ) 5 (cos 20° +isin 20 )
(V3(cos10° +isin 10%))
Ned. P No2. Pemnre ypaBHEHUE:
29 . FCIINTC YPAaBHCHHUC! 9X2+12X+29:0.
x~-4x+16=0.
5 BapuanT 6 BapuaHT
Nel. Breimonnute neiictBus, | Nel. Breimonnute JICUCTBUS,
BBIUHUCIIUTE APryMEHT W  MOAYJIb | BBIYUCIUTE apryMeHT U  MOAYJIb
KOMILJIEKCHOI'O YHCJIA; KOMILJIEKCHOI'O YHCJIA;
1+2i" 1+ 21
1) Y 1)
2) _\/__'_15’ 2) ( X2+Z)
i+i’ 33—

4(cos 360° +isin 360°)
2(cos 60° +isin 60°)

Neo2. Pemure ypaBHeHue:

3) 3(cos7z+z'sin 7z)-2(cos§+isin %).

No2. Pemure ypaBHeHue:

2,5x+x+1=0. x*-2x+4=0.

7 BapHaHT 8 BapuanT

Nel. Breimmonnute neiicTBus, | Nel. Brinmonnute JICHUCTBUS,
BBIYMCIIUTE aApPryMEHT ¢  MOIYJb | BBIYUCIUTE apPryMEHT H  MOIYyJb
KOMIIJICKCHOT'O YHCJIA: KOMIIJICKCHOT'O YHCJIA;

1) 2+3i+(1-i)’; 1) 1+z\/_

2) (1+1)";
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3z .. 3« 1-i
3) 2(cos2+ls1n2j- 2) YD :
PEZ) | 3) (1-2i) '
No2. Pemnre ypaBHEHUE: pu p
2-4x+13=0. 2(cos+isin j
Ne2. Pemure ypaBHeHue:
4x>-20x+26=0.
9 BapuaHT

Nel. Brinonnure I[GﬁCTBI/IH, BBIYUCIIMTC apryMCHT U MOAYJIb KOMIIJIICKCHOTO
qucia:

1+2i 1-iv2
1) l.”l; 2)11—.\1/2_; 3) \/E(cos1200+ism120°)~g(cos60°+isin60°)-

No2. Pemute ypaBHeHuUe:
x2-2x+26=0.

Konmponwsnuvie éonpocwi:

1. MaiiTe onpenenenue anredpandeckoi popmMe KOMIJIEKCHOTO YHUCIIA.

2. Ilepeuncnure JNENUCTBHUSA Haj KOMIUIEKCHBIMU qHClIaMH,
IIPEICTABICHHBIMU B ajreOpandeckoi popme.

3. [aiiTte omnpenelieHHEe TPUTOHOMETPUYECKOM (POpME KOMIUIEKCHOTO
qHCIIa.

4. [lepeuncnure JIEUCTBUA Hajg KOMIUJIEKCHBIMA YHUCJIaMH,
MPECTaBICHHBIMU B TPUTOHOMETPUUYECKOU popMme.

IpakTnueckast padora Ne 3
Crenenn ¢ 1eiicTBUTEIbHBIMHU MOKA3aTEJISAMH, UX CBOICTBA

ILlenv pabomor:

CMYOeHm O0JICEH:

3HAMBb:

- OCHOBHBIE ITOKa3aTeIbHEBIC TOXKIECTBA,

- CBOMCTBA CTEIICHEH C JCHCTBUTEILHLIMHU MOKA3aTCIISIMU;
ymemn:

- BBIYHUCIIITH CTCIICHU C ,Z[GI‘/JICTBI/ITGJ'IBHBIMI/I II0Ka3aTcJIsIMU.

Ceedenusn uz meopuu:
[ToBTOpUM ONIpENEaEHUs NOHAMUS CMeneHy C HaTypalbHbIM, HYJIEBBIM,
LEJIBIM OTPULIATENBHBIM U PAIIMOHATBHBIM MTOKA3aTEISIMU:
a”=w; a"=1/(a"); a"=1, a#0; a™"=%a" ,
n pa3

m€EZ, nEN, n>2.
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[ToBTOpUM CBOMCTBA CTENEHEN C PALIMOHATBHBIM ITOKA3aTEIIEM:
MIpU JTIOOBIX X U J CTIPAaBE /MBI pABEHCTBA!

_ +1.
aad=a"”;
a’/d=a"”;
(a*y=a",

(ab)y=a*b%;

(a/by=a*/b".

Cmenennb ¢ OeticmeumenbHblM NoOKazamesem

CBolicTBa CTENIEHEH C ACHCTBUTEIIBHBIM ITOKA3aTCICM:

1. a¥=a™M' >0, y, kKEN, x€EZ.

2. a>0, a>0, x€R (mobasg CTeNeHb IMOJOXUTEIHHOTO 4YHCIIA
MIOJIOKUTEIIbHA).

3. a>1 npu a>1, x>0.

4. a*<1 npu a>1, x<0.

5. I'=1 (;mr00ast cTeneHb €IMHULIBI PAaBHA CAUHUIIE).

6. a*<I mpu 0<a<I, x>0.

7. a>1 npu 0<a<l1, x<0.

8. Eciiu a>1, a#1, To s 1F000TO MOJOKUTEIBHOTO YHCIa b CYIIECTBYET
€IMHCTBEHHOE JICMCTBUTEIILHOE YHCIIO X TaKoe, 4To a*=b nipu b>0.

9. JIro6as moyioxuTeIbHAs CTEIICHb HYJIS paBHA HYIIIO.

Kpome mnepednciieHHBIX CBOWCTB BaXKHO OTMETUTh TPH CBOMCTBA, Ha
KOTOPBIX OCHOBAaHO PEHIEHUE MPOCTEHIINX TIOKA3aTeNbHBIX YPAaBHEHHH H
HEPaBEHCTB:

10. Ecu a=¢”, T0 x=y tipu a>0, x, y#1.

11. Ecnn a*<a”, To x<y npu a>0.

12. Ecnn a*<a”, To x>y nipu 0<a<1.

[IpaBuna neucTBUSL HaJ CTENEHSMHU C JIEMCTBUTEIBHBIM ITOKA3aTEIEM
BbIpaKatOTCs (hopMyaamMu (TOXKIECTBAMU):

13. a“aP=a""®.

14. a*:aP=a""P.

15. (a%)P=a*.

16. (ab)*=a"b* ipu a>0, b>0.

17. |ab|*=|a|* |b|* mpu ab>0.

18. (a/b)*=a® /b ipu a>0, b>0.

19. |a/b|*=|a|*/|b|* pu ab>0.

®opMmyibl, oOpaTHbIe (hopmynam 1-7, Tak xe BEPHBHI.

Ilpumep 11.
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Breruucnure:

Penienue:

YIIPOCTUM 3a1aHHOC BBIPAKCHHUC, NCITIOJIB3YIO CBOMCTBA CTCIICHEM:

1
9 _

N 1 | 1 2
7—1,(1]2—642.3‘2 1-492—(1j2'(1j 1\/_ 1/ L _l
49 7 64) \3 -1 S8
0 B - !
s [1)° ;9 s
9 3 5
oz 1 7
_2f _E _E 72 14 1008
5 5 5
Ipumep 12.
2 1
I
Breruucnure: 8 02255 052
64%2.2%
Pemenue:

YIIPOCTUM 3a1aHHOC BBIPAKCHHC, NCIIOJIB3YIO CBOMCTBA CTCIICHEH:

2 1
RIS P00 ROV BRI SO G NS S L 0 U B BN
8§3.252-2" 25) 2 25 2 \2) 5 2 2 2_
64025 . 905 o (26 )0,25 .0 o L5, 905 o 92 - 4 o
_9
__20__9
4 80
3adanusn 014 CamMoCmoAmMebHO20 PeUleHus:
1 BapuaHT 2 BapuaHT 3 BapuaHT
Nel. Beruucnure: Nel. Beruucnure: Nel. Beruucnure:
1) 2.27; 1)572.5; 1)(1j2
2y 2 2 W 2 - >
2)(3)27. 2)(2 )316. 4
3 2 2) 33/-27 +0,14/81 /1.
N912. YlnpOCTHTe: N921. YHpOCTI/ITeZ Ne2. VrpocTure:
- - - = 31
b3 b °. a’a*. X Ax?
4 BapuaHT S BapuaHnT 6 BapuaHT

Nel. Beruucnure:

1) (V5)"

1

1) 5-8%;

Nel. Beruucnure:

Nel. Beruucnure:
1

1) 362 -2
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2) @

Ne2. Ymopocrure:

2) (¥5)".

Ne2. Ympocrure:

2 1

3

2

V324
ik
Ne2. Ymopocrure:

2)

Ne2. Ynopocrure:

Ne2. Vmpocrure:

RN c’c e o2
y 4 y2 i 1 (X3} x3.
o6
7 BapuaHT 8 BapuanT 9 BapuaHT
Nel. Beruuciure: Nel. Beruuciure: Nel. Beruuciure:
L L 1) 4 6 -
1163 1y 275 ) 4/0,0001-16 ;
4
2) 5416 -0,23/-0,027 + V1. | 2) 3/32-0,00001. 2) Vjﬂ3 .
4
3

5 No2. Vnpocrure:

;
: ;
a’a. vy, Aa - Yab 45

Konmponwsnuvie éonpocwi:
1. Tlepeuncnure OCHOBHBIE MOKA3aTEIbHBIE TOXKIECTBA.
2. Ilepeuncnure CBOKCTBA CTENEHEN C IEUCTBUTEIBHBIMU ITIOKA3ATEISIMU.

IIpakTnyeckas padora Ne 4
JleicTBHSI CO CTeNEHAMM

ILlenwv pabomor:

CMYOeHm O0JIHCEH:

3HAMb.!

- OCHOBHBIC MOKa3aTeJIbHBIC TOXK/IECTBA;

- CBOMCTBA CTEIICHEH C JCHCTBUTEILHBIMHU OKA3aTCIISIMU;
ymems:

- BBIYMCJIATH CTCIICHU C JICHCTBUTEILHBIMU ITOKA3aTCIISIMHU.

Ceedenusn u3z meopuu:
CBolicTBa CTENEHEHN C ICUCTBUTEIBHBIM ITOKA3aTEIIEM:
1. a¥=a™M'®_ g>0, y, kCN, x€Z.
2. a>0, a0, x€R (mobas
MOJIOKUTEIIbHA).
.a>1 opu a>1, x>0.
. a<l mpu a>1, x<0.
. I"*=1 (imro0ast cTerneHp eMMHUIIBI paBHA CIUHHUIIE).
. @<l mpu 0<a<lI, x>0.
. a>1 npu 0<a<l, x<0.
. Eciu a>1, a#1, To ayist 11060T0 TOJIOKHUTEIBHOTO YKCIa b CyIIECTBYET
CIMHCTBEHHOE JICMCTBUTEIILHOE YHCJIO X TaKoe, 4To a*=b nipu b>0.

CTCIICHb IIOJOXHUTCIIBHOT'O  4YHCJIa

01NNk~ W
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9. JIro6as mosioxKUTENbHASI CTENIEHb HYJISI paBHA HYIIO.

Tak ke Ipu yIpoOIIEHUN BBIPAKEHNUM, CONEPKANX CTEIEHU IMOJIB3YIOTCS

dopmynamu: a’=1, a#0; a™'=%/a" , m€Z, nEN, n>2.

Ilpumep 13.
Pemuth ypaBHeHHE: x° =11.
Pemenue:

T.K. CTCIICHb YPABHCHUA 5 — HeUeTHOe 4quCJIo, TO YpaBHCHHUC UMCCT OJUH

KopeHb: x =3/11.

Ilpumep 14.
Yaopocture: w
p * 6a4b_305 °

Pemenue:

UCIIOJIb3Ysl CBOMCTBA CTEIICHEH, MMeeM:
2a3b8C4 a3—4b8—(—3)c4—5 a—lbllc—l bll
6a‘b>c’ 3 3 3ac’

Ilpumep 15.

Brrauciure: {717 -Y7+17 .

Pemenue:

HCIIOJIb3YS CBOMCTBA CTENEHEH, NMEEM:

7-17 7417 =37 =17 J7+¥17) =3/7 = (17)? =49 -17 =

—{32=42° =2,

3aoanusn 011 camoCmoAmenabHO20 PeuleHus:

1 Bapuant 2 BapuaHT
1) Boruucnure: 1) Boruucnure:

5\/7Q+4\/£_45i, L3227 4 54/0.0081 + 341 .
32 V625 16 2
2) Pemuth ypaBHEHUE:

X =11.

3) Yopocture:

2) Peminth ypaBHEHUE:
X +24=0.
3) Ynpocrure:

3 BapuaHT
1) Beruucnure:
2,564 +103/- 0,125 +841.

2) Pemuth ypaBHEHHE:
x*=16.

3) Ynpocrure:

3a2 —a
NVab | [~ Y3++5 4345
+2a . !
/b 3—-a?
4 BapuaHT S BapuaHT 6 BapuaHT

1) Beruucnure:
%4\@ +43/—1-93/0,008 .

2) Pemnth ypaBHEHHUE:

1) Beruucnure:
2 3 2 2

273 —814 + 643 —325.
2) Peminth ypaBHEHUE:

1) Beruucnure:
1

1607 44 L)
25
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x* =80.
3) Ynpocrure:

x® =-18.
3) Yopocrure:

2) Pemnth ypaBHEHUE:
2x’ —128=0.

1) Beraucnure:

E 1 0,5
83 —3-(-) .
49

1) Beruucnure:

81°% 4. (0,25)%.

2) Pemuth ypaBHEHUE:

b+7b" Y2-43-32+43. 3) Ynopocrure:
7+6% a-2a""b" +b
a+b
7 BapuaHT 8 Bapuanr 9 BapuaHT

1) Beraucnure:
1

- 1
1253 —5-(0,16)2.
2) Pemnth ypaBHEHUE:

2) Pemuth ypaBHEHHE: ¥ 132=0. P 48=0
64x” =1. 3) Yupocrure: 3) Ymupocrure:
3) Vupocture: 301
)3 p 3 x4x? 4{/64‘\/%4{/6—\/%

(az)"‘a_i. !

x4

Konmponwsnuvie éonpocwi:
1. Tlepeuncnure OCHOBHBIE IOKA3aTEIbHBIE TOXKIECTBA.
2. Ilepeuncnure CBOMCTBA CTENEHEN C NEUCTBUTEIBHBIMHA ITOKA3ATEISIMHU.

IIpakTnuyeckas padora Ne S
IIpeoOpa3zoBanue JorapupMuueCKuX BbIPaKEHUH

Ilenv pabomor:

CMYOeHm O0JICEH.:

3Hamo.:

- ompeneNieHue Joraprudpma 4ucia;

- (opMysbI OCHOBHOTO JOTapU(PMUYECKOTO TOXKIECTBA, Jorapupma

MPOU3BEJEHUS, YACTHOIO, CTENEHH, NepexoAa OT OJHOW CHUCTEMBI
jgorapudMoB K Ipyroi;
ymemy:

- BBIYHUCIIITHh 3HAYCHHUA HECIIOXKHBIX HOFapI/I(l)MI/I‘IGCKI/IX BBIpa)I(CHI/Iﬁ.

Ceedenusn uz meopuu:

Jlorapudmom uucia b Mo OCHOBAHUIO @ HA3bIBAETCS MOKA3aTENb CTENEHU
(X), B KOTOPYIO HYKHO BO3BECTH OCHOBAHHE «, YTOOBI MOITYYUTh YUCIO D, T.e.
log.b=x — a*=b.

[Ipu pabGore ¢ morapupmMamu TPUMEHSIOTCS CIEIYIONINE WX CBOMCTB,
BBITEKAIOIINE U3 CBOMCTB MOKA3aTeIbHON (DYHKITUU:

1. a"84=p (rne b>0, a>0 u a#0) HA3BIBAIOT OCHOBHBIM 102APUPMUYECKUM
MOMCOeCmBEoM.
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ITpu nmob6om a>0 (a#0) 1 NOOBIX MOJOKUTEIBHBIX X U V BBIOJHSIIOTCS
paBeHCTBA:

2. log,1=0.

3. log.a=1.

4.  Jlorapudm  mpousBeAcHHS ~ paBeH ~ CymMMe  JIOrapu(pMOB:
log.xy=log.x+log,y.

5. Jlorapudm 4YacTHOrO paBeH pa3HOCTU JOrapupmoB: log.(x/y)=log.x-
log,y.

6. Jlorapudm crermeHn paBeH NPOU3BEICHUIO IMOKAa3aTessl CTCICHH Ha
norapuM OCHOBAHUS dTOM crenenu: log.x*=klog,x.

OcHOBHBIE CBOWCTBA JIOTAPU(MOB IIUPOKO TPUMEHSIIOTCS B XOJE
npeoOpa3oBaHus BRIpAXKEHUH, coaepxkammx jJorapudmel. Cpean HUX GopMyia
nepexo/ia K HOBOMy OocHoBaHuIO: logx=logpx/logpa. dTa popmyna BepHa, eciu
00e ee YacTh UMEIOT CMBICH, T.€. ipu x>0, a>0 u a#0, b>0 u b#l1).

[To  mpaBuiny  jmorapuMHpOBAHHUS  CTEICHH W OCHOBHOMY
J0TapuhMUIECKOMY TOXKIACCTBY MOTYyIaAEM:

logx=logy(a'é~), otkyna logp=log.x-logya. DTy GOpMyIly TaK ke MOKHO
MCITIOJIB30BATh JJI YIIPOILIEHUS BHIPAKECHUIA.

IlIpumep 16.
Boruncnure, UCTIOJb3YsI olpezesieHue jorapudpma qucia
loglﬂ/@ﬂog”ﬁ.
Pewenue:
BBIYHCIIUM OTACIBHO KaXK bl Jorapudm:
log ;3169 =x, log, V121 =x,

13* =3/169, 11" =121,
13* =132, 11 =112,

2 2
13" =13°, 1" =113,
2 2

— X =—.
5 3
2 2 6410 16 1
Bepuemcs B mpumep: log, ;3169 +log,, V121 =3+3= ——=1

X =

15 15 15

Ilpumep 17.

Beruucnure, wuCHons3ys OCHOBHOE JIOTapU(PMHUYECKOE TOXKIECTBO:
1031g2—l.

Pemenue:

UCIIONIb3Ysl CBOMCTBO CTEMEHH, pA3JIOKUM JIaHHOE BBIPAKECHHE Ha
MHOKHUTEITH:
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1031g27l — 1031g2 . 1071.
Hcrnonp3ys 6 cBOWCTBO jorapudmMa CTENEHU, HMEEM:

1031g271 — 1031g2 .1071 — 101g23 i
10

HCHOJ’IBBY&I OCHOBHOC JIOFapI/I(I)MI/I‘-IGCKOC TOXICCTBO, HUMCCM:

10921 =102 107 = 0% . Lo 2. L -8 _ g
10 0 10
3adanun ona camocmoamenbHo20 peuleHuA:
Beruucnure:

1 BapuanT 2 BapuaHT 3 BapuaHT

1) logi60,5; 1) logea(1/16); 1) logs87;

2) 100 lg\/g; 2) 5—61085 2 : 2) 360,5—10g6 \/g;

lg4 3 lg4 lg3+1g27

3) lg64—1g8" ) lgl6-lg8 3) g9

4 BapuaHT S BapuanT 6 BapuanT

1) logo20,08; 1) 1g0,01; 1) logs0,04;

5 49;+10g7 ) 2) 410g2 3+210g4x/§; 2) 0’0 11g\/§;

) 71 ’ 3) 1-1g°3 log , 64

3 — ' '

) 2 70 Ig 30 log , \/E

7 BapMaHT 8 BapuaHT 9 BapuaHT

1) log 38; 1) log\F27; 1) log,

2) 2510g5 3-logys27, 3 243
lg8+1g18 2) 100'€V3+1e10. 2) 1000 '8'0¥5 .
2lg2+1g3" 3) log,16 3) log,8  log, 27

log, 4 log,16  log,9

Konmponwvuwie éonpocwi:
1. JlaitTe onpenenenue gorapudma yucha.
2. Ilepeuuncnute cBOMCTBA JIOrapuPMOB.

IpakTnueckast padora Ne 6
Pemrenue npocrednx noka3arejabHbIX U JJOrapupMuyecKux
YPaBHEHUH
Yacrs 1.
Ilenv pabomor:
CMYOeHm O0JIHCEH.
3HamMb!

23




- CBOMCTBA CTEIICHEH;

- CIOCOOBI PEIICHUs MOKA3aTEHHBIX YPABHCHHI;

yMemy:

- peliath ypaBHEHUS, COAECPIKAIINE IEPEMEHHYIO B MIOKA3aTese CTEIIEHHU.

Ceéeodenusn u3z meopuu:

VpaBHeHHE, COIEpKallee IEPEMEHHYI0O B IOKA3aTesle, Ha3bIBAeTCS
NOKA3aMeNbHbIM.

[Ipy pemeHUM MOKa3aTeNbHBIX ypaBHEHUH BUaa @/W=a"™ (roe a>0, a#0)
MCIIONB3YETCS CIEAyIonee CBOMCTBO: (@/YW=a")—(Ax)=k(x)).

[IpeobpazoBaHue IIOKA3aTEIBHOIO ypaBHEHUS K Bupy a/W=gt®
BBINOJIHAETCS MHOTUMH CII0CO0aMH. PaccMOTpHM HEKOTOPEIE CIIOCOOBL.

Ilpumep 18.

2 —Tx+12
Pemmre ypaBnenme: 2° 7 =1.

Pemenne:
TI0 ONIPEAEIEHHIO HyJIEBOTO MoKasaTens crenenu: 1=2°, moayumnm:

2x2—7x+12 -0
ITo cBoiictBy (d=a"")—(f(x)=k(x)), momydyaeM OOBIYHOE KBaIpaTHOE

YpaBHEHHE, KOPHU KOTOPOTO BBIYHUCIISIEM Yepe3 AUCKPUMHUHAHT:
x*=Tx+12=0,

X 1:3, XQ:4.

OrtBer: 3, 4.

Ilpumep 19.
2x
1
Pemnre ypaBHeHue: (—j =128
0,125

Penienue:
MpUBeEIeM 00€ YaCTU YPaBHEHHS K OCHOBAHUIO 2:

1 2x
— | =128,
0,125

1000 _
125 ’

82x — 27

(23 )2x — 27 ,

200 =27,
ITo cBoiicTBY (@W=a*)—(f{x)=k(x)), momyuaem 6x=7 u x=7/6.
OtBer: 7/6.
Ilpumep 20.

24



Pemute ypasHeHue: 2> =57,

Pemenne:
pasnenus 00e YaCTH yPaBHEHHMS HA OJHO U TO K€ YHCIIO 572, TIOIydnM:
2x—2 5x—2
5x—2 = 5x—2 ’
2x—2
5 2
2 x=2

(5 ( )
-2=0,
=2.

Otser: 2.

Ilpumep 21.

Pemmre ypaBHeHue: 27 -2 =112,

Pemenne:

BbIHECEM OOIIMI MHOKUTEIb 2* 32 CKOOKY, MOJTYUUM:
27 2" =112,
2°(2° -1 =112,
2°-7=112,

2" =112/17,
2" =16,

2)6 — 24,
x=4.

Otser: 4.

3aoanusn 01 cAamMoCmoAmMeabHO20 PEUleHUs:
Pemure ypaBHeHus:

1 BapuaHT 2 BapuaHT 3 BapuaHT
1 x 1 x 1) 23x=5x; 1) 3x=7x/2;

1 — = —1 - x+ x _

)(Sj (J , ” 35 g _ 2) 3" +3* =108.
2) 27 . 32(x+1) _ 3x+2 — 2 ) 71 +1

=4 232

4 BapuaHT S BapuauT 6 BapuanT
1) 5%3=2%~, %3 o 1) 3%5=81;
2) ys* =7 2)0,013/0,1 =10,

7‘3x+1 _5x+2 :16‘3x+1 _5X+3. 2) 52x+1 =5"+4.
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7 BapuaHT 8 BapuanT 9 BapuaHT

1) 07 277, 1) (ETH ZTH LD L8 =583,
x=2 x—,4 7 3 ,
2) 47 -17-2""+1=0. 2) 1000%/0,1 =100~

2) 0,57 =1.

Konmponwvuwvie gonpocwi:

1. Uto Ha3bIBaeTCs MOKa3aTeIbHbIM YpaBHEHUEM?

2. 3anuiuTe  CBOMCTBO, KOTOPOE  HCIOJIB3YIOT TMpPU  pEUICHUU
MOKAa3aTeJIbHbIX YPaBHEHUH.

Yacrs 2.

ILlenv pabomowr:

CMYOeHm OO0JIHCEH:

3Hamb:

- ompeaeneHue Jorapudma;

- CBOIiCTBa Jiorapu(pmos;

ymemn.

- pemaTh ypaBHEHUS, COJIEPKAIINe TIEPEMEHHYIO 10T 3HAKOM Jiorapudma.

Ceedenusn uz meopuu:

VYpaBHeHue, cojeprkaliee MEepeMEHHYI0 IMOJ] 3HaKOM JiorapudmMa wid B
OCHOBaHMH JioTapudMa, Ha3bIBACTCS 102apUPMUUECKUM.

PaccmoTpum nipocreiiniee orapudmMudeckoe ypaBHeHue: log,x=b.

Jlorapudmuyeckast GyHKIMs Bo3pacTaeT (MM yObIBAET) Ha MPOMEKYTKE
(0; +o0) ¥ MpUHUMAET Ha 3TOM IIPOMEKYTKE BCE JIEHCTBUTEIHHBIC 3HAUCHUS.

Teopema o kopHe: mycTh GyHKIUS f Bo3pactaeT (yObIBaeT) Ha
IPOMEXYTKE [, 4uciao a — J000e U3 3HAYCHHM, MPUHUMAEMBIX f Ha 3TOM
npoMexxyTke. Torma ypaBHeHWE f(x)=a WMeEET €IWHCTBEHHBIH KOpPEHb B
IIPOMEXYTKE /.

[To BbIIIECKa3aHHOW TeopeMe CIIeyeT, 4TO [Jisi J00ro b JaHHOE
ypaBHEHHUE UMEET, ¥ PUTOM TOJBKO OJTHO, PEIICHNE.

N3 onpenenenus norapudma yucia cieayer, YTO TAKUM YHUCIIOM SIBIISIETCS

al.

Ilpumep 22.

Pemnre ypasaenue: log)(x*+4x+3)=3.

Pewenue:

JIAHHOMY YPAaBHEHHMIO YIOBJIETBOPAIOT T€ 3HAYEHHMS X, IS KOTOPBIX
BBITIOJTHEHO PABEHCTBO: X +4x+3=23,

[TonyuaeM 0ObIYHOE KBaApaTHOE ypaBHeHHE x*+4x+3=8 wmim x*+4x-5=0,
KOPHH KOTOPOT'O BEIYUCIISEM C IIOMOIIBIO IUCKPUMHUHAHTA: X1=1; x,=-5.
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Ilpumep 23.

Pemte ypaBHenue: logs(2x+3)=logs(x+1).

Pewenue:

JAHHOE YpaBHEHHE OMNPENENICHO [JIsi TE€X 3HAYEHUW X, MPU KOTOPHIX
BBITIOJTHEHBI HepaBeHCTBA: 2x1+3>0 u x+1>0 (9T0 cienyeTr U3 omnpeneiacHus
jorapudma).

JInst 3TUX X TaHHOE ypaBHEHUE PABHOCWJIBHO YpaBHEHMIO: 2x+3=x+1, u3
KOTOPOT0 HaXOJUM X=-2.

Boimonusst mpoBepky, yOexIaemcs, 4YTO Xx=-2 HE YJOBJIETBOPSECT
HepaBeHCTBY x+1>0. CnegoBaTenbHO, JAHHOE YPABHEHUE KOPHEN HE UMEET.

Ilpumep 24.

Pemure ypasuenue: log’sx-logsx*-3=0.

Pewenue:

JAHHOE YpaBHEHHUE, BOCIOJb30BABIINCH CBOMCTBOM CTENEHH Jlorapugma,
MOKHO Iiepenucats B Buje: (logsx)*-2logsx-3=0.

CnenaeM 3aMeHy TMEepeMEHHOH: f=logsx, TOr/Ja Halle ypaBHEHUE
nepenumercs B Bujge: (>-2(-3=0, KOpHH KOTOPOTO BBIUMCIUM YEPE3
JTUCKPUMMHAHT: #1=3, t,=-1.

BepHemcst k ucxoHoi nepeMeHHou: logsx=3 wnu logsx=-1.

Hcnone3yss omnpeneneHue jorapudma mojaydyaeM KOPHU HCXOJHOTO
ypaBHeHHus: x1=5°=125, x,=5"1=1/5=0,2.

3aoanus 01 cAamMoCmoAmMeIbHO20 PEULeHU:
Pemnite ypaBHEeHUE:

1 Bapuant 2 BapuaHT 3 BapuaHT
1) log,(5x+6)=0; B 1gx_—5:2. 1) log,x+log 3=25;
2) lg(x-9)+ xX— ’ 2) 4lg’x—-2=lgx’.
+2lg2x—1=2. 2) lg(2x)+1g(x+3) =

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

1) log1(7x+%j:2; 1) log, (S—logyx)==2; | 1) loga(2x-1)=4;
E

2 2) 1+log,(3x+1) =
2) 4lg” x+1g x*2=0. Dlog  (x=Vx*-16)=—1.| _ 155 (2 _5)

2
7 BapMaHT 8 BapuaHnT 9 BapuaHT
1) logs(x-12)=2; 1) log,16-log,2=1/2; 1) logs(x+8)=-2;

2) log,(4—x)+

2) Lig(x? +2x0) = 2) lg(x=3)+
+1log,(1-2x)=2log,3. 2

+lg(x—-2)=1-1g5.
=lgx+2.
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Konumponwvuwvie éonpocwi:

1. Yro Ha3piBaeTcs JorapuMUUECKUM ypaBHEHUEM?

2. Ilepeuncnure  crmocoObl  pEIMICHHUS  YpPaBHEHUW,  COACPIKAIIUX
MEPEeMEHHYIO TI0]1 3HAKOM JIoTapr(ma Wi B OCHOBaHUY Jiorapudma.

IIpakTuuyeckas padora Ne 7
IIpeoGpa3zoBaHue BhIpaKeHUM

Ilenv padomuwi:

CMYOeHm OO0JIHCEH:

3Ham».

- mpaBwia  TnpeoOpa3oBaHMsI  PAMOHAIBHBIX,  HPPANMOHAIHHBIX,
CTETICHHBIX BBIPAKCHHUIA;

ymemy:

- BBINIOJHATH TPEOOpPA30OBAaHUS  PAIMOHAIBHBIX, HPPANMOHATLHBIX,
CTETICHHBIX BBIPAKCHHM.

Ceedenusn uz meopuu:
lIpeobpaszosanue ancebpauueckux 6vipasjiceHull, UCTIONIb3Ys TPUBEIACHUE
npobeit k 00111eMy 3HaMeHaTeNt0, GOPMYJITbl COKPAIIEHHOTO YMHOKEHUS.
Dopmyibl COKPAUECHHO20 YMHONCEHUSL:
a’-b’ =(a—b)(a+b);

(a+b)’ =a® +2ab+b*.

;
(a£b) =a® +3a’h + 3ab’ ib3;
a’+b’ =(aib)(a2 ?ab+b2);
rae a, b, ¢ — moOble AeHCTBUTENBHBIE YUCIIA;

ax” +bx+c=alx—x, fx—x,)

b

2
rae a#0, X ¥ X — KOpHH ypaBHeHus X~ +bx+c=0

OcHosHoe c8olicmBo 0poodu U Oelcmeust Hao OpooAMU
a-c a a.c

b-c b b:ic, e b0, c0;
a+b_aib

c c c
gié:adibc
c d cd -
a ¢ _ac
b d bd-

b
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Ilpumep 25.

+b’ 2b b
Yupocrure: [a - J+(a2—b2)+ S
a+b

Pemenue:

pemaeMm 1o aeiictBusM: 1) neneHue; 2) ClIoKeHHUE; 3) BEIYUTAHHE.

1) HWcmonb3ys (GoOpMyabl COKDAIIEHHOTO YMHOXEHHS Pa3HOCTH
KBajpaToB: a’ —b’ =(a—b)(a+b), cymmbl KyboB a’ +b’ =(a+b)(a’ —ab+b?),
IOy YHM:

(a3+b3j+(a2_b2):(a+b)(a2—ab+b2). 1 _(a’—ab+b’)
a+b a+b (a—=b)a+b) (a—b)a+b)’

2) [ns chnokeHWs TpuBeneM Jpobu K - oOlieMy 3HaMeHaTeslro
(a—b)a+Db):

(a® —ab+b2)+ 20 a* —ab+b* +2b(a—b) B

(a-b)a+b) a+b (a—b)a+b)
B a’ —ab+b* +2ab-2b* B a’+ab-b’
- (a—b)a+b) &P -p
3) BBIHOJ'IHI/IM BBIYUTAHUC z[po6eﬁ C OAMHAKOBBIMU 3HAMCHATCIIAAMMA .
a’* +ab-b* ab a*+ab-b*—ab a*-b*
a’ —b* _az—b2: a’ —b* :az—b2:1'

lIpeobpaszosanue svipasxiceHutl, cO0epAHCAUUX PAOUKaibL

UYT0oOBI 0CBOOOIUTHCS OT UPPAMOHATBFHOCTH B 3HAMEHATE e HE00X0IUMO
U YUCIHTENIb W 3HAMEHATeIh JIPOOM TMOMHOXXHTH HAa OJHO W TO XK€ YHCIIO,
COTIPSDKEHHOE K 3HAMEHATEIIO.

IIpumep 26.

J2

OcBOOOIUTECH OT UPPANMOHATILHOCTH B 3HAMEHATEJIC: +ds

Pemenue:

9TOOBI OCBOOOANTHCSA OT UPPALMOHAIIBHOCTH B 3HAMEHATENIe HE0OX0IUMO
Y YHUCIHTENIb U 3HAMEHATelb JpOOM MOMHOXKHUTh HA OJHO U TO € YHCIIO,

COIIPSIZKECHHOC K 3BHAMCHATCIIIO! (\/g - \/g), TOraa moJydruM:

V2 2WB-V5) Vo410 Je-+10 Je-+i10
V35 (V3+VsW3-5) (Bf () 3-s 0 -2

Pewenue uppayuonanvuvix ypagnenuu
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Hanbosiee dYacto HCHONAB3YyEMBIM MpPU PELHIEHUA HPPALUOHATBHBIX
ypaBHEHUN CMOCOOOB SIBISIETCA BO3BEACHHE O0OEUX 4YacTel ypaBHEHHUS B
KBaJpar.

Ilpumep 27.

Pemute ypaBHeHue: vx—3 =x-9.

Pemnienue:

BO3BeJIeM 00€ YacTh ypaBHEHHUsS B KBajJpaT, NMPU ATOM B YpaBHEHHUU
MOSABATCS  NOCTOPOHHHME  KOPHHM, TI0O3TOMY TMpPOBEpKa MPU  PEIICHUU
UppalMoHaIbHBIX YPaBHEHUI 00s3aTelbHA:

(Vx=3f =(x-9):
x—3=x"—-18x+8l;
x*—18x+81—-x+3=0;
x*—19x+84 =0.
[Tonyuunock 0OBIYHOE KBaJgpaTHOE YypaBHEHHUE, KOPHHU KOTOPOTO

BBIYMCIISIEM Y€pe3 TUCKPUMHUHAHT: X1=12, x,=7.
BelnonHuM  TpOBEpKY, I 3TOr0 MOACTaBUM B HAIllE HCXOIHOE

YpaBHEHUE ITOJIyUYUBIIINECS KOPHU:
V12-3=12-9;

x1=12:
3 =3 (sepHo).
NT1-3=T7-9;
X2:7'

2=22 (He 6epHO).
Otger: 12.

3aoanusa 011 camoCmoAmeabHO20 PeuleHus:

1 BapuaHT 2 BapuMaHT

Nel. Yopocrure: Nel. Ymopocrure:

(m+n— 4mnj+( m_on Emnzj ( 2x _ 28 ).(xz—ZxJ+x+8.
m+n m+n n—m m —n x°—4 x"+2x 4—x x+2

No2. OcBoGoauTech OT Ne2. OcBOBOINTECH OT

HUPPAIMOHATFHOCTH B 3HAMCHATEJIE: HPPAIMOHATEHOCTH B

3 243
\/E-I-ﬁ 3HaMCHATCJIC: \/g_ﬁ .

Ne3. Peumite nppariionanbroe Ne3. Pemnte uppaluoHaIbHOE

ypasienue: VX =x—6. ypaBHenne: VX —5=+/3—x .

3 BapuaHT 4 BapuaHT

Nel. Ynopocrure: Nel. Yopocrure:

( 3. 21 J; 4y’ 3a’ +3ab+3b* 2a’ =21’
2x—y 2x+y 2x=5y) 4x*—y* 4a+4b 947 —9p°
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No2. OcBoboaurecs OT No2. OcBoboauTecs OT
UPPAIMOHAILHOCTH B 3HAMCHATEJIC: UPPAIMOHATILHOCTH B

_ B T
W2 -7 sHaMeHaTeNe! e

Ne3. Pemmre uppanmonanbHoe Ne3. Pemure uppanmonaibHoe
ypaBHeHue: VX +2 =x—4, ypasHenue: vVx’ —12 =+/x.
S BapuanT 6 BapuaHT
Nel. Ympocrure: Nel. Ympocrure:
2x_[2x—3_ x+1 x> +3 j.x3+1' (x3—8+2x} 1 _x—l.

x+1 2-2x 2x*-2) x*-x x—2 4-x7) 2-x
No2. OcBoGoauTech OT Ne2. OcBoboaurecs 0T
HPppaAMOHAJIBLHOCTHU B 3HAMCHATCIIC: HppanruoHaJIbHOCTH B

V3-42

5
3HaAMEHATeNe: = = .
o V2 -7
Ne3. Pemure upparmonaibHoe

YpPaBHEHHUE: Jx+1+/x+3=0.

Ne3. Pemmmre uppanumonansHoe
YpaBHEHHUE: Jx=x-2.

7 BapuaHT 8 BapuanT
Nel. Ymopocrure: Nel. Ymopocrure:
3 4 2a \ 2a+1 a-12 X2 9—x%  274x° x2
T + ' - . . + + 3+ .
a-3 a*-5a+6 a-2) 3  3(3-a) 3+x x2—3x 33—y 3y

No2. OcBoOoauTECH OT
HUPPAIMOHATILHOCTH B 3HAMCHATEJIE: HPPALHOHATEHOCTH B

5 543
J13 =7 SHAMEHaTene: — .

Ne3. Pemmte uppanmonanbHoe

No2. OcBoboaurecs OT

No3. Pemmre nppannonaibHoe

ypaBHEHHUE: VI—x+1+x=1.

ypaBHEHHUE: V2x—1-+/x-1=1.

9 BapuaHT
Nel. Ympocrure:

( 1 2¢ 1 JQ_(C—3)2+12C

2 + 2 + 2
¢ +3¢c+2 ¢ +4c+3 ¢ +5¢+6 2

1
No2. OcBoGoaAUTECH OT UPPALIMOHAIBHOCTH B 3HaMEHATEJE: m

Ne3. Pemmre nppaiimoHaibHOE ypaBHEHUE: Vx—1+2x-1=5,

Konumponwvuwvie gonpocwi:

1. Kakue QopmMynbl MOXHO UCHOJB30BaTh TMPU MPEOOpa3oBaHUU
anre0pandecKnuX BhIPaKCHU?

2. Kak MOXHO 0CBOOOIUTHCS OT UPPAMOHATBHOCTH B 3HAMEHaTee?
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3. CdopmynupyiiTe paBuia peuieHUS HPPAMMOHATIBHBIX YPABHCHHM.

IIpakTuyeckas padbora Ne 8
Pagunannas mepa yria. BpamarejibHoe JBH:KeHHE

Ilenv padomuwr:

CMYOeHm O0JIHCEH:

3HamMb:

- OIpeneNieHUs pajJuaHa, CUHyca, KOCHHYCa, TaHT€HCAa U KOTaHTeHca
YHICJIOBOTO apTyMEHTA;

- 3HAYCHHS TPUTOHOMETPUUICCKUX (QYHKIIUNA HEKOTOPHIX apTyMEHTOB;

- 3HaKd 3HAYCHUN TPUTOHOMETPUYECKUX (PYHKIMM MO KOOPAMHATHBIM
YETBEPTSIM;

ymemn:

- TEPEeBOAUTH 3HAUCHHUS YIJIOB U3 PaJUaHHOU MEphI yriia B TPalyCHYIO
Mepy ¥ Ha000poT;

- BBIYMCJISITH IPOCTEHIIINE TPUTOHOMETPUUYECKUE BBIPAKEHUS.

Ceedenusn u3z meopuu:

Paouannas mepa

VYron B 1 paguan — 3To TakoM HEHTPAIBHBIN yToj, JUIMHA JyTH KOTOPOTO
paBHA PaJNyCy OKPYKHOCTH.

Panmuannas w  TpagycHas ~— Mephl  CBSI3aHBI  MEXIy — coOou
m

180°
3HaueHHs TPUTOHOMETPHIECKUX (PyHKLUHA MOTYT OBITh HalIeHBI TAK, KaK

5TO JeNajoch B Kypce TEOMETPHH, M3 MPIMOYTOJILHOTO TPEYrONbHHKA C

TUIIOTEHY30M paBHOM 1 M 1o ouepenu 3agaBaeMbix yrios: 30°, 45°, 60°.

3aBucuMOcThi0 1 80°=n pamuan; yron B n'= pasnaH.

3HaKU TPUTOHOMETPUYECKHUX (DYHKLMMA 110 KOOPJAMHATHBIM YETBEPTSM:

Homep koopannaTHOM I I I v
YETBEPTH

sina + + — —

cosa, + — — +

tgo + — + —

ctga + — + —

EnuncTBeHHAs yeTHAs QYHKIHS — KOCHHYC
cos(-0)=cosd.
Bce ocranpHbIE OCHOBHBIC TPUTOHOMETPUYCCKUE (DYHKIIUA HEUCTHBIC:
sin(-0)= -sina,;
1g(-a)= -1ga;
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ctg(-a)= -ctgo.

Tabauia 2. 3HaueHHns OCHOBHBIX TPUTOHOMETPHUECKUX (DYHKITHIMA

Pannannas 0 T T T T 2 RY/4 57
Mepa yria 6 |4 |3 |2 |3 | a4 6 i
Ppanycuas | g0 | 300 | 450 | 600 | 900 | 1200 | 135° | 150° | 180°
Mepa yria
. 1 | V2| 3 V3|2 1
sina, 0 — _—— | = 1 = = — 0
2 2 2 2 2 2
32| 1 1 2| B
cosa 1 _— | == — 0 —— | 2= | 2= -1
2 2 2 2 2 2
tga 0 ﬁ 1 |3 - | =3 1 |- ﬁ 0
3 3
ctgo, _ \@ 1 ﬁ 0o | — ﬁ -1 _ \/g _
3 3
Papnanuas | 7z | Sz |4z |3z |5z | Tz |1z )
wepayria | 6 | 4 |3 |2 |3 |4 | 6 i
Ppanycnas | 100 | 2350 | 2400 | 2700 | 300° | 315° | 330° | 360°
Mepa yria
. 1 V2| 3 V3|2 1
Sina, - | = | = -1 N2 _NA 2 0
2 2 2 2 2 2
V32 1 1 V2 | V3
cosa. _ | - | == 0 — - - -1
2 2 2 2 2 2
teu ? 1 J3 R T S ? 0
ctga V3 1 ﬁ 0o | — ﬁ -1 3| -
3 3
Ilpumep 28.
Beruuciure: sin4d05°.
Pemenue:

HOJHBIA KpyT — 360° MOXKHO «OTOPOCHTHY:

V2
sin405°%=sin(405°-360°%)=sin45%= -

33




Ilpumep 29.

Bripasute B pajnanHON Mepe 3HaueHue yria 36°.

Penienue:

9TOOBI «IIEPEBECTH» TPATYyCHYIO MEpy yria B paauaHHy0, HEOOXOIUMO

3aJaHHOC 3HAYCHHUC YMHOXHUTH Ha

Ilpumep 30.

T
1800 , T.0. IIOJIY4YUM
360= 36° T
- 180° 5

Bripa3ute B rpagycHON Mepe 3HAaUEHUE yTJia =

Penienue:

YTOOBI «IIEPEBECTH» PAJMAHHYIO MEPY yria B TpaJyCHYyI0, HEOOXOJIUMO

3aJaHHOC 3HAYCHHUC YMHOXHUTH Ha

180°

27 180" _ 360"
5 &« 5

3adanus 014 cCamoCmoAmMebHO20 PeUleHus:

, T. 0. IIOJIYy4YUM

=72°

1 Bapuant

Nel.  Bsipazute B
palaHHOMN
(rpamgycHO#t) Mepe
3Hauenume yraa: 600
/4

6"

No2. Beruucnure:
sin 2010 ° + 4£g(—-855%) +

2 BapuaHT
Nel. Bripazure B
paguaHHOW  (TpaayCcHOM)

Mepe 3Hadenue yria: 180°;
kY2

S
No2. Beruncnure:

\/E sin(— 577[) -6 cos(— zzT”j +

3 BapuaHT
Nel.  Beipazute B
paraHHON
(rpamycHO¥) Mepe

snauenne yraa: 270%
St

36 °

No2. Beruucnure:

sin (~390° )+ 41g(~405°) +

++/3 cos(~1590°). Y ”T”—ﬁctgz%”. 3 cos? (—420°).
4 BapuaHT 5 BapuaHnT 6 BapuaHT
Nel.  Beipazute B | Nel. Bripazure B | Nel.  Bripazute B
paaiuaHHON paauaHHOW  (TpaaycHOM) | pauaHHOM
(rpamycHoit) mepe | Mepe 3Hadenue yria: 310% | (rpamycHoit) Mepe
sHauenne yrma: 120% | 7 sHayenne yraa: 360°;
37 3 57

4 - Ne2. Berumciure: 4 -
No2. Beruncnure: No2. Brruncnure:

c0s 2160° + ctg(855%) +

++/3sin(—1590°).
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sin 1500 ° + £g(=765°) +

\/ESiH(— 377[) — 6005(— HTEJ +

V3 0
+ 7005(1845 ). . 2tg9—” B \/gctg(— 23_7,)
4 6
7 BapuaHT 8 BapuanT 9 BapuaHT
Nel.  Beipazute B | Nel. Bripazure B | Nel.  BeIpazute B
pauaHHON paguaHHOW  (TpaayCHOM) | paluaHHOM
(rpamycHoit) Mepe | Mepe 3Hadenue yria: 216%; | (rpamycHoit) Mepe
sHagenue yrma: 1500% | 77 sgauenne yrma:  90°;
RY/4 1 O
18 Ne2. Beraucnure: 5°
No2. Beruuciure: s (_ Mj_ 2( 227;) Ne2. Beryucnure:
sinf ——— [—6cos”| — |+ o o
<0 2190° + 1 122 (~405") + 4 3 c0s405” ++/31g(750°) +
2 + 2tg(— 15—”) — ﬁ ctgl?,—ﬂ \/g 2 0
++/3 cos(—420°). 4 2 3 =5 cos (—=1590").

Koumponvuwvie gonpocwi:

1. Yro Ha3biBaeTcs yrioM B 1 paguan?

2. B Kakux eIUHUIAX U3MEPSIOTCS YIJIbI?
3. Tlepeuuncnute 3HaYCHHUS HEKOTOPHIX TPUTOHOMETPUUECKUX (DYHKIIHIA.

Ilenv padomuwi:
CMYOeHm QO0JIHCEH:
3Hamo:

- OCHOBHBIC TPUT'OHOMCTPHUYCCKUC TOXKIACCTBA,

IIpakTnyeckas padora Ne 9
OcHOBHBIE TPUTOHOMETPUYECKHE TOxAecTBA. POpMYyJIbl NPUBeEAeHUS

- (opMyIbl TpUBEACHUS;

yMemy:

- BBINOJHATH  MPeoOpa3OBaHUS

TPUTOHOMETPUUECKUX  BBIPAKECHUN,

HCII0JIB3Ys OCHOBHBIC TPUT'OHOMCTPUYCCKUC TOXKIACCTBA, (I)OpMYJ'II)I IMPUBCACHU:.

Ceedenusn uz meopuu:

OcHosHvle ghopmynbl mpuecoHomempuu

W3 onpenenenuil cuHyca, KOCMHYCa, TaHT€HCA M KOTAaHI€HCA CIEAYIOT
OCHOBHblE MPULOHOMEMPUYECKUE TNOHCOeCEa:

sin‘a+cos’o=1;

sin o
1ga = ; Clgor=—
cos sin &

tgo-ctgo=1;

_cosa

2
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—; cgla+l=—5—.
cos’ o sin’ &

|
gla+1=—>—
OCHOBO# /151 OCTaTIBHBIX POPMYJI SIBISTFOTCS (DOPMYJIbl CLOHNCEHUSL:
cos(a-B)=cosacosP+sinasinf;
cos(o+p)=cosacosp-sinasinf;
sin(a-P)=sinacosp-cosasinf;
sin(a+f)=sinacosP+cosasing;
tga + tg,B tgatgfp
igla+p)=——""7"7"— oa—p)=—=>—""—.
ga+p)= P 1g(a—p) TR

13 dopmyi cnoxenus, monaras S =—, tae n € Z, nonydaeM gopmybl

2
npugedeHusi TpeoOpa3oBaHUs BRIPAKCHUN BUIA:

m m m
n —t o —+t« —+ —+t«
sin T COs T t T ct T n€Z.
2 9 2 9 g 2 2 g 2 9
Jlns 3anoMuHaHus 3TUX GopMyJl yI0OHO MOJIH30BATHCS MHEMOHHYECKUM

IIPABUJIOM:

1. Ilepen npuBeneHHOW (DYHKIMEN CTaBUTCA TOT 3HAK, KOTOPHIA MMEET
UCXOJHasA (PYHKIMS B COOTBETCTBYIOIIEH KOOPAUHATHON YETBEPTH:

2. OyHKIUS MEHSETCS Ha «KOPYHKIUIO», €CIU 7 HEYETHO; (DYHKLHS He
MeHsercs, ecnu n 4eTHo. (KodyHKuusmu cuHyca, KOCHHYCA, TaHI€HCa H
KOTaHI€HCA HAa3bIBAIOTCA COOTBETCTBEHHO KOCHHYC, CHHYC, KOTaHIEHC,
TAHTE€HC).

Ilpumep 31.

MoryT 11 CMHYC U KOCHHYC OJHOTO M TOTO K€ 4Yhcja ObITh PaBHBIMU
cootBeTcTBeHHO: 0,4 11 0,7.

Pemenue:

UCIIONE3ys OCHOBHOE TPUTOHOMETPUYECKOE TOXKIECTBO sin’otcos’a=1,
UMEEM:

0,4°+0,7*=0,16+0,49=0,65.

T.x. 0,65#1 3HaueHUa cMHyCa W KOCHHYCa OJHOTO M TOTO € YuCJa He

MOTYT OBbITh paBHBIMHU cOOTBeTCTBeHHO: 0,4 1 0,7.

Ilpumep 32.
Haliqure 3HAYeHUs OPYTUX TPEX OCHOBHBIX TPHIOHOMETPHYECKHX
bynaknuii, ecnu: sino=-0,8 u t<a<l,5x.
Pemienue:
UCIIONE3ys OCHOBHOE TPUTOHOMETPUYECKOE TOXKIECTBO sin’ortcos’a=l1,
MeeM:
cos’a=1-sin’a, Tormga cos’o=1-(-0,8)>=1-0,64=0,36.

36



T. k. n<o<1,5n (IIT koopaArHATHAsA YE€TBEPTH), TO cOS0=-0,6.

I roa sin o oo = 08 8 4
o o e = cisie = =—=_—.
bopmyne g cos o PPTTHCIAEM ga =— 06 6 3
ITo dbopmyne tga-ctga=1 BeramcsieM ctgo=1. % =§ :
3adanun ona camocmoamenbHo20 peuteHuA:
1 Bapuant 2 BapuaHT 3 BapuaHT

1) Moryr nu cuHyc u
KOCHUHYC OJHOTO M TOTO
xKe yucia OBITH
PaBHBIMHU
cootrBeTcTBeHHO: 0,5 M
0,5.

2) Haiigute 3HaYeHHs
JIPYTHUX TPEX OCHOBHBIX
TPUTOHOMETPHUUIECKHIX
(yHKUUH, €CIH:

6 T
cosog=—— " —<a<r,
4 2

1) MoryTr 11 cuHyCc u
KOCHUHYC OJTHOTO M TOTO
xe qyucia OBITH
paBHBIMU
cooTBeTCTBeHHO: 0,2 M -
0,8.

2) Hailigute 3HaveHUs
JIPYTUX TPEX OCHOBHBIX
TPUTOHOMETPHICCKUX
(GyHKUHN, eciu:

sin(x:—2 n0<a<—,
3 2

1) Moryr nmu cuHyc u
KOCHHYC OJTHOTO U TOTO
xKe Yyucia OBITH
PaBHBIMH
cooTBeTCTBeHHO: 0,6 U -
0,8.

2) Haiigute 3HaYeHHS
JIPYTUX TPEX OCHOBHBIX
TPUTOHOMETPHIECKUX
GyHKUHNA, eciu:

15 3
COSO=— U —<a<2r.
17 2

4 BapuaHT
1) Moryr nu cuHyC U
KOCHHYC OJTHOTO M TOTO

xKe qucia OBITH
PaBHBIMHU
7
COOTBETCTBEHHO: —— U
25
24
25°

2) Haliqure 3Ha4YeHUS
JIPYTUX TPEX OCHOBHBIX
TPUTOHOMETPHYCCKHX
byHKINHN, €CIH:

_ V4
sino=0,5 u E <a<r,

S BapuaHT
1) MoryTr nu cunyc u
KOCHUHYC OJTHOTO U TOTO

XKe qucia OBITH
PaBHBIMH
J6
COOTBETCTBEHHO: _T
NG
u—.
3

2) Hailigute 3HaYeHUS
JIPYTUX TPEX OCHOBHBIX
TPUTOHOMETPUUECKHUX
byHKUMN, eciu:

3
cos0=0,4 u 77[ <a<2r.

6 BapuaHTt
1) MoryTr nu cuHyc u
KOCHHYC OJTHOTO M TOTO

xKe qucia OBITH
PaBHBIMH
2
COOTBETCTBEHHO: T U
5

1

NE
2) Haiigute 3HaYeHHs
JIPYTUX TPEX OCHOBHBIX
TPUTOHOMETPHICCKUX
byHKIUH, ecru:

sin(xz—3 n0<a<—,
5 2

7 BapuaHT
1) MoryT nu TaHreHc u
KOTaHI€HC OJHOI0 U

TOr0 K€ 4ucjia OBITh
paBHBIMHU

8 BapuaHT
1) MoryT nu TaHreHc u
KOTAHT'€HC OJHOr0 H
TOrO JK€ 4YHClIa OBITh
PaBHBIMH
COOTBETCTBEHHO: 2.4 H

9 BapuaHT
1) MoryT nu TaHreHc u
KOTaHI€HC OJHOI0 U

TOrO K€ 4Yuciaa ObITh
paBHBIMH
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COOTBECTCTBCHHO: —g u

5

3
2) Haiigute 3HaYeHHs
IPYTHUX TPEX OCHOBHBIX
TPUTOHOMETPHUICCKUX
(GYHKIHA, eciu:

_\/5 RY/4
cosa—? 158 7<oc<27z.

5

12°
2) Hailigute 3HavYeHUS
JIPYTUX TPEX OCHOBHBIX
TPUTOHOMETPUYECKUX
byHKIUH, eciu:

, T
sino=0,7 u E< a<r,

COOTBCTCTBCHHO:

2.5

5 -
2) Hailigute 3HaYeHUS
JIPYTUX TPEX OCHOBHBIX
TPUTOHOMETPUYECKUX
byHKIUH, eciu:

coso=0,9u O0<« <%.

Konumponwsnwvie 6onpocwi:
1. Ilepeuncnure OCHOBHBIE TPUTOHOMETPUUYECKHUE TOKIECTBA.

2. CohopmynupyiiTe MHEMOHHYECKOE MTPABUIIO.

ILlenv pabomor:
CMYOeHm OO0JIHCEH:
3HAMb.

IIpakTnuyeckast padora Ne 10

CuHyc, KOCMHYC ABOMHOIO yIJja

- (opMyIbI ABOMHOTO yTila TPUTOHOMETPUUECKUX (PYHKITHI;
- (opMyIIbI TOJIOBUHHOTO apTyMEHTa TPUTOHOMETPUUECKUX (DYHKIIHIA,

ymemsy:
- BBITIOJTHATH

npeodpa3oBaHUs

UCIIOJIB3Ys (POPMYIIbI JBOMHOTO YIJIA.

Ceedenusn uz meopuu:
Dopmynsbl 080UHO20 Yela MPUSOHOMEMPUYECKUX (DYHKYULL:

[Moxcrapnss B hopmyinl cos2t=1-2sin’f u cos2t=2cos’t-1 3nayenue ! = X

cos2a =cos’ @ —sin’ «,

sin 2¢ = 2sin o cos «,

1g2a = 2tg025
l-tg°a
2 —
ctgda = ctga—1
2ctga

noJsrydaeM (GOpMYIIbl HOJIOBUHHO20 ap2yMeHma:

TPUTOHOMETPHUUECKUX

BBIPAKEHUU,

(94
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. ,a l-cosa
sin” — = ,
2 2
,a l+cosa
cos” —=
2 2
.,a l—-cosa ,a l+cosa
Pa3znenuB sin°- —=—— Ha cos” —=———
2 2 2 2

Ilpumep 33.

»a l—cosa
2 l+cosa

nosryqaemM hopMyiy

Boipazure ¢yHkuMM gaHHOro yria udepe3 (YHKIHMH BJIBO€ MEHBIIETO

. 0
yria, sin42°.
Pemenue:

MCTIONB3Ys (popMyty SN 2a =2sin & oS & | yyeem
sin42%=sin(2-21°%)=2sin21%0s21°.

Ilpumep 34.

Borauciure 2sinl5%o0s15°.

Penienue:

MCIoNB3yst hopMyty S 20 =2sin acos & | yyeem
2sin15%o0s15%=sin(2-15%)=sin30°=0,5.

Ilpumep 335.

Beruucnure sin(n/12).

Pewenue:

., l—-cosa
o gopmye sin 5=, o uMeeM
l-cos® 1- ﬁ
sin > = 6 __ 2 =2_‘/§zo,068.
12 2 2 4

3adanus 011 CamMoCmoAmMebHO20 PEUleHUs:
1 Bapuant 2 BapuaHT 3 BapuaHT
1) Beoipazute ¢ynkuuu | 1) Beipazute @ysknuu | 1) Beipazute QyHKuum
JAHHOTO  yIJla 4epe3 | JaHHOro yIyia 4epe3 | JaHHOro  yrjia  4epes
byHKIIMN BJIBOE | hyHKIINH BJIBOE | GDYHKIINH BJIBOE

MeHbIIEro yria: sin54°.
2) Beruucnure:

1-1g%75°
2tg75°

T
MEHBIIETO yTIJa: th.
2) Beruucnure:
2192230
1-1g222°30""

MeHbI1Eero yria: cosl6’,
2) Beruucnure:

2tg15°
1-1g°15° "
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4 BapuaHT S BapuaHT 6 BapuanT
1) Beipasure ¢ynkuuu | 1) Beipasute ¢ynkuuu | 1) Beipasure QyHkumnn
JAHHOTO  yIJIa 4epe3 | JaHHOrOo  yIVIa 4Yepe3 | JaHHOro  yIyia  4epe3
byHKIIAN BJIBOC | HDYHKIINH BJIBOC | HDYHKIIHH BIIBOC
: : 0
MEHBIIIEro yria: ctg S . | MCHbIIEro yIja: | MEHBIIETO yrﬂa..tg68 :
2 .7 2) Boruucnure sin 2c ,
sin—r .
2) Beraucnute cosa, 12 )
a 24 o eciu Sma:gﬂ
ecu S —=— ¢ 2) Beruucaure sm —
2 25 2 V4
—<a<r,.
V4 TS 2
—<a<r, eciu Sha@=—=y
2 5
3
7 ca<2n .
2
7 BapMaHT 8 BapuaHT 9 BapuaHT
1) Beoipazute ¢ynkiuu | 1) Beipazute ¢yskiuu | 1) Beipazute QyHKIun
JAHHOTO yIJla 4Yepe3 | JaHHOTO yIVla 4Yepe3 | JaHHOrO  yIyla  4Yepes
byHKIIUN B/IBOE | GYHKIIUU BJIBOE | GYHKIINH BIIBOE
: : 0
MEHBIIIEr0 YIJIa: COS % - 1;48;01:11161“0 yria:  ctg | MeHblero yria: tg 162°.

a
2) Beruucnute g o

€Cciu SirlOC:? u

T
“<a<r.
2

o
2) Beruucnure g 5

1
€CIIn COSQZ—E u

/4
—<a<r,
2

a
2) Beraucnute €os o

€Ccau Sina:j u

T
“<a<r,
2

Koumponwonwvie éonpocot:
1. 3anummTe GopMysbl JBOWHOTO yIila TPUTOHOMETPUYECKUX (QYHKITUM.
2. 3anummte GOpMyIbl MTOJOBUHHOTO apryMEHTa TPUTOHOMETPUUYECKUX

byHKIMA.

Ilenv padomuwr:
CMYOeHmM O0JINHCEH:
3Ham».

IIpakTnueckast padora Ne 11
IIpeoOpazoBaHre TPUTOHOMETPHYECKHX BbHIPAKEHUN C
HCIO0JIb30BAHMEM TPUTOHOMETPHYECKHUX TOKAECTB

- (opmynbl mpeobpa3oBaHUs CyMMBbI TPUTOHOMETPHUECKUX (PYHKITHI B

MIPOU3BEICHUE;
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- Qopmynbl  mpeoOpa3oBaHUS TPOW3BEACHUS TPUTOHOMETPUUYECKHUX
byHKIHI B cymMmy;;
ymemy:

- BBINONHATH MpPEeoOpa3oBaHWs TPUTOHOMETPHUUECKUX  BBIPAXKECHUIA,
WCIIOJIB3Ysl TPUTOHOMETPUYECKHUE TOKIECTBA.

Ceeodenus u3z meopuu:

®opMynbl TpeoOpa3zoBaHUs CyMMbl TPUTOHOMETPUYECKUX (PYHKIUN B
IPOU3BEICHUE:!

. . . a+ o—
sin & +sin f = 2sin 'Bcos ﬂ,

2
sina—sinﬁ:2sina_ﬂcosa;ﬂ,
cosa+cos,8:2cosa;’gcosa;8,
cosa—cos,B:—ZsinOH_'Bsina;’B.

tga+tgﬂ=w, a¢£+7zk, ﬁ;«tzwzk,
cosacos ff 2 2
sin(a — ) P4 z

tga—tgf=———""=%, a#—+7k, p+—+7k.
cosa cos f 2 2

Jlnst ipeoOpa3oBaHus MPOU3BECHUS TPUTOHOMETPUUYECKUX (PYHKIUN B
CYMMY MIPUMEHSIOTCSI (DOPMYJIbI:

sin @ cos ff = %(sin(a+ﬂ)+sin(0! —ﬁ))a
cosacos ff = %(cos(a +ﬂ)+ cos(a —,B)),
sin asin = %(cos(a — B)—cos(a+ p))

Ilpumep 36.

[IpeobpazyiiTe B anredpanveckyro cyMmy sindSxsin3x.
Peurenue:

o ¢opmysie sin asin = %(cos(a - ,b’)— cos(a + ﬂ)) MeEEM

sin Sxsin 3x = %(cos(Sx —3x)—cos(5x +3x))= % (cos 2x —cos 8x) = 1 COS 2X — 1 cos 8x.

Ilpumep 37.
Boraucnure: sind0%+sin20°.
Pemenne:
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o hopmyie sin o +sin f=2sin

sin 40° + sin 20° = 2sin

40° +20°

a+ﬁcosa—ﬁ

40° —20°

3aoanus 013 camoCmosAmenabHozo peuiernun’

HMEEM

cos 5 =2sin 30° cos 10° =2-0,5-0,98 = 0,98.

1 BapuanT

1) Yopocrure:
2cosa —sin 2a

sin>a—sina+cos’a
2) Beraucnure:
sin75%+sin15°.

3) Brruucnure:
5in52°30’-cos7°30’.

2 BapuaHT
1) Yopocrure:

1—sin£2a +37[j
2

sin( 7 — 3a) —sin(—r)
2) Beruucnure:
sin75%+sin105°.

3) Beruucnure:
sin37°30-s5in7°30".

3 BapuaHT

1) Yopocrure:

cos(2§z —2a) sin o
ctga—1

2) Beruucnure:

c0s75%+cos15°,

3) Beruncnure:

8 cosTa cos3a.

4 BapuaHT

1) Yopocrure:
2sin’ a

1+cos(7—2a)

2) Beruucnure:

Sx T
COS— —COS—.
12

2
—Smn «.

3) Boruucnure:
cos75° cos105°.

S BapuaHT

1) Yopocrure:
2sin o —sin 2

2) Beruucnure:

V4 T
COS— +COS —.
12
3) Beruncinure:
2 sin(x+a)-cos(x-a).

cosa—cos’a—sin’a

6 BapuaHT
1) Yopocrure:

2cos’ & s

- —cos” .
1—sin(1,57 + 2cx)

2) Beruucnure:

3) Beruncnure:
12 sin(-9a)-sin4a.

7 BapMaHT
1) Yopocrture:
sin o —0,5sin( 7 + 2¢x)

. T
l+sm| —+«
(2 j

2) Beruucnure:
1g22°30°-tg67°30°.
3) Boruucnure:
4 sinl6a-sin4a.

8 BapuaHT
1) Yopocrure:

T
cos(—+ 2«
(2 )

5 ~cos’a.
l-tg’a

2) Beraucnure:
tg13930°+1g76°30°.
3) Beruucnure:

4 cos(a+p)-cos(a-p).

9 BapuaHT
1) Yopocrure:
2cosa —sin 2a

sina—sina+cos’a
2) Beruucnure:
1g30%+1g60°.

3) Beruucnure:

4 cos15°in20%in40°.

Konumponvuwvie gonpocwi:
1. IlepeuncinuTe OCHOBHbIE TPUTOHOMETPUUYECKHUE TOXKIECTBA.

2. Ilepeuncnute

GyHKITHA.

3. Kakwne eCTh

dbopMyTBI

dbopmyIbl TUISt

TPUTOHOMETPUUECKUX (PYHKIUI?

JIBOMHOT'O

npeodpa3oBaHUs

yIila TPUTOHOMETPUUYECKUX

CYMMBI
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IIpakTnuyeckas padora Ne 12
Pemienne TpUroHOMETPUYECKUX YPABHEHHU I

Lenv pabomui:

CMYyOeHn QO0JIHCEH:

3Hamo:

- (opMynbl A1 pelieHus TPUTOHOMETPUUECKUX YpaBHEHUU B 0O0IIeM
BU/JIC U YACTHBIE CIIy4Yau PelICHUs;

ymems.

- pemaTh NPOCTEHIINE TPUTOHOMETPUYECKUE YPABHEHHS.

Ceéedenusn uz meopuu:
Pewenue npocmeriwiux mpueonomempuueckux ypagHeHuti

VYpaenenue cos t=a

OueBuaHO, YTO €ciu |a|>1, To ypaBHEHHE cos f=a HE UMEET PELICHUH, T.K.
|cos t|<1 mns nrob6oro t.

[lycth |a|<l. Hanmo HaiiTm Bce Takue 4yMcia f, 4to cos t=a. Ha oTpeske
[0; ] cyllecTBYyeT TOJIbKO OJHO PEIICHHE YPABHEHUSA COS f=a — 3TO YHUCIO
arccos a.

Kocunyc — detrnast ¢pyHkius, u, 3Ha4UT Ha oTpe3ke [-m; 0] ypaBHeHuUe
TaKX€ UMEET €IMHCTBEHHOE PEIIEHUE — 3TO YUCIIO —arccos d.

Wrtak, ypaBHEHHE coS f=a Ha OTpe3Ke [-m; 7| JIMHOM 271 MMeEeT JBa
peleHus —tarccos a (coBnaaaromue npu a=1).

BcenencrBue neproinuyHOCTH (QYHKIIMM KOCUHYC BCE OCTaIbHBIE PEIICHUS

OTIIMYAIOTCA OT HaWJEHHbIX Ha 2mn, (n€Z), T.e. hopmyna KOpHEH ypaBHEHUs
COS =a UMEET BUI.

t=txarccos a+2nn, (n € Z).

Ilpumep 38.

Pemure ypaBHenue: cos =1/2.

Pewenue:

o dopmyine t=+arccos (1/2)+2nn, (n € Z).

[Tockonbky arccos (1/2)=n/3 npuxoaum k otBety =+ n/3+2nn, (n € Z).

Ilpumep 39.

Pemnre ypaBHenue: cos =-0,2756.

Pemenne:

o dhopmyie t=*arccos (-0,2756)+2nn, (n € Z).

3nauenue arccos (-0,2756) HaX0AUM C OMOILBIO KaJbKYJSTOPa WU IO
tabauiie B.M. bpaauca, oHo npumepHo paBHo 1,85.

Wrak, npuxoauMm k otBetry =*1,85+2nn, (n € Z).
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Ilpumep 40.

Pemmmre ypaBuenue: cos (2x-m/4)=1/2.

Pewenue:

o ¢popmyiie

2x-n/4=*arccos (1/2)+2nn, (n € Z).

[Tockonbky arccos (1/2)=n/3 nomydaem

2x-m/4=+ w/3+2nn, (n € Z)

2x=mn/4+ /3+2nn, (n € Z).

PaznenuB o0e yacTu ypaBHEHHS Ha 2 TIOJYYUM OTBET: X=m/8+m/6+nn,

(n€Z).

Ypaeuenue sin t=a

O4eBuaHO, YTO €CNH |a[>1, TO ypaBHEHHUE Sin f=a HE UMEET PEUICHUH, T.K.
|sin ¢<1 mmsa moGoro ¢.

ITpu |a|<I Ha oTpe3ke [-n/2; m/2] ypaBHEHUE Sin (=a UMEET OJHO PEIICHUE
ti=arcsin a. Ha otpe3ke [n/2; 3n/2] pyHKUMA CUHYC yOBIBAET U MPUHUMAET BCE
3HaueHus oT -1 1o 1. [1o Teopeme 0 KOpHE ypaBHEHUE U HA ITOM OTPE3KE UMEET
OJTHO pEIICHUE.

DTO pelieHne eCcTh YUCIIO L=T-arcsin a, T.X. sin t,=sin (n-t,)=sin t;=a.

Kpome Toro, mockomnbky -m/2< t,<m/2,

umeeM -m/2<-t,<m/2

U T-1t/2<n-t;<n+m/2,

T.€. W/2< 6,3n/2, 6E[n/2; 3n/2].

Urak, ypaBHeHue sin f=a Ha otpeske [n/2; 3m/2] umeeT ABa perieHus
ti=arcsin a n t=m-arcsin a ( coBmagaronye npu a=1). YUuTeiBas, 4T0 NEPHOA
CHHYCa paBeH 27, oiay4daeM GopMyiTy JUTsl pelIeHus YpaBHEHUS Sin t=a:

t=(-D*arcsin a+nk, k€Z.

Ilpumep 41.
V2

Pemmre ypaBHeHue: sin t=7 .
Pewenue:

o popmyne t=(-1)arcsin (g Y+rk, (k € Z).

[TockonbKy arcsin (% Y=n/4 npuxoaum k oteety =(-1)} n/d+nk, (k € Z).

Ilpumep 42.

Pemnre ypaBuenue: sin =0,3714.

Pemenue:

no popmyne =(-1)arcsin (0,3714)+nk, (k € Z).

3nauenue arcsin (0,3714) HaX0IUM C MOMOIIBI KAJIBKYJISTOpA WIH IO
tabauie B.M. bpaauca, ono npumepso paBao 0,3805.
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Urak, mpuxoaum = (-1)¥0,3805+nk, (k € Z).

Ilpumep 43.
Pemnre ypaBHeHnue: sin Z 2= Q .
10 2 2
Pewenue:
(GYHKIIMS CHHYC HEYeTHasl, I03TOMY Sin (1 - fj =-sin (f - zj . Q .
10 2 2 10 2

Torna o dhopmyie: (E——J =(-1) arcsm(— g]‘f‘ Tk, (k € Z).
. ( 2}_ T
T.k. arcsin| - — |=—=, UMeeM
2 4

35 eV ke 2)

2
1501041
’2‘ +(=1) (——j+ﬂk (k € Z).

YMHOkHUB 00€ 4aCTH ypaBHEHHUS HA 2, MOJTYyYUM OTBET:

x= % + (—1)"“(%) + 27k, (k € Z).

Ypasuenue tg x=a
[Tpu nmro6om a Ha uHTepBasie (-m/2; m/2) cymecTByeT OJAHO YUCIHO ¢ , YTO
tgt=a, — 310 arctg a. [loaToMy ypaBHEHHE g X=a WMeeT Ha uHrepBane (-m/2;
7/2) IIMHOM 7T € IMHCTBEHHBIN KOPEHb.
OyHKIMA TaHTeHC umeeT nepuona m. ClaeaoBaTeabHO, OCTABHBIE KOPHU
yYpaBHEHMUS [g (=a OTJIMYAIOTCA OT HalJeHHOro Ha 1n, (n € Z), T.¢.
t=arctg atnn, (n € Z).

Ilpumep 44.

Pemure ypaBHeHue: (g = \/5 .
Pemenne:

o dopmyie t=arctg( V3 )+7m, n€2).

T
[Tockonbky arctg( J3 )— NPUXOAUM K OTBETY 1= 3 +nn, (n € Z).
Ilpumep 45.
Pewmnite ypaBuenue: tg =5,177.
Pewenue:

o ¢opmyne t=arctg(5,177)+nn, (n € Z).
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3nauenue arctg(5,177) HaxonuM C TMOMOIIBI KAJIBKYJIATOpAa WU IO
tabnune B.M. bpanuca, oHo npumepHo pasHo 1,38.
Urak, npuxoaum =1,38+nn, (n € Z).

Ceoonass mabauya peweHus

npocmedmux mpucoHomempudeCcKux

ypasHeHuu
YpaBHeHUE Pemienne
sinx=a x=(=1)"arcsina+ k., keZ
cosx=a x =zxarccosa+ 27k, k € Z
tgx=a x =arctga+nk,k € Z
ctgx=a X = arcctga+ 7k, k € Z.
Yacmuvie cayuau  pewieHus  nNpoCmMeumiux  mpuecoHOMempuiecKux
ypasHeHuu
YacTtHble ciryyan
YpaBHeHHE =1 =0 1
: 7 V4
sinx=a x:—5+272k,keZ x=nk,keZ x:5+27zk,keZ
cosx=a xX=rx+2m,ke’ x=%+7zk,kez x=2mk,keZ
T V4
tgx=a x:—z+ﬂk,keZ x=nk,keZ x=Z+7zk,keZ
ctgx=a x:37”+ﬂk,kez x=§+7ﬂc,kez x:%+7zk,kez
3aoanusn 01 cAamMoCmoOAMEIbHO20 PEULeHUA:
Pemnre ypaBHeHUS:
1 Bapuant 2 BapuaHT 3 BapuaHT
X . 1
nf ———|=0; oy — 2x=—":
1) Sm(z 4j > 1) smx-T; 1) Sm 2x ok
T _ 3 2) 2cosx = V2 ;
2) cos(x+§]—1; 2) cos3x:£; N
2 3) tg(3x+—j=—,
3) g2x =3, 3) tg2x = 3. 6) 3
4 BapuaHT S BapuaHnT 6 BapuaHT
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ol e Sn x =— . 1) sin| 2x+—|=1;
1) sm(z) 5 1) 5 ) 3
2) cos% :g; 2) cos(1—x) :%; 2) Cos[2x—%)=—1;
3) tg(Zx 10) 0. ) 3 3) g2 _
7 BAapHaHT 8 BapuanT 9 BapuaHT
1) 2sinx=—/2 1) 2sm 2x =—1; N ZSm(fj:ﬁ-
\/g 2) CcOS f_z :_l. 2 ’
2) COS3x=—7; 2 4 23
X \/» 2) COSX:—T;
V4 _
Zl=c 3) ctg— =3
3) 3tg(3x+ 6) V3. |3) i85 3) crglox+45")= 1.

Konmponwvnwvie éonpocwi:
1. Ilepeuncnure dbopmyIibl TSt pelIeHus MPOCTEUIIINX
TPUTOHOMETPUYECKUX YPABHEHUM B 0OILIEM BHUJIE.

2. lIlepeuncnute (HOpMyJibl YACTHBIX CIy4aeB PEIICHHS MPOCTEHIINX
TPUTOHOMETPUUECKUX YPABHEHHUM.

IIpakTnueckas padora Ne 13
IHocTpoenue rpagukoB 3JjieMeHTAPHBIX GyHKIMH

Ilenv padomuwi:

CMYOeHm QO0JIHCEH:

3Hamo:

- JJeMeHTapHbIe (PYHKIMH, U4TO SIBIISETCS UX rpaduKaMu;
ymemn.

- CTpOUTH rpadUKH dIEMEHTAPHBIX (DYHKIIHIA.

Ceedenusn u3z meopuu:

Yucnosas ¢yuxkyus

YucnoBoit ¢yHkImerd ¢ o0nacTeio ompeaeneHus [ Ha3bIBaeTCA
COOTBETCTBHE, TMPU KOTOPOM KaXJIOMY UHCIy X U3 MHOXecTtBa D
COIIOCTABIICTCS 110 HEKOTOPOMY MPABHITY YHCIIO ), 3aBUCSAIIEE OT X.

OyHKIIMKU O00BIYHO 0003HAYAIOT JAaTMHCKMUMU OykBamu. Paccmorpum
npou3BOJIbHYI0 GyHKUMIO f. He3aBucHMyl0 MEpEeMEHHYIO X Ha3bIBAIOT
aprymeHToM (QyHKIMH. YuCIO ), COOTBETCTBYIOIIEE YHCIY X, Ha3bIBAIOT

47




3HaueHWeM (YHKIMU f B TOYKEe X M o0Oo3Ha4aroT f(x). O0macTh onpeacieHus
bynkun f o6o3zHavdarotr D(f). MHOXecTBO, cocTosiiee U3 BceX uucen f(x),
TaKUX, YTO X MPUHAAJCKUT OOJIaCTH ompeneieHus (QyHKIUU f, HA3BIBAIOT
o0nacThio 3HaYeHU PyHKITMU 1 0003Ha4aroT E(f).

I'padpukom ¢yHkuMM f Ha3BIBAIOT MHOXECTBO BCEX TOUYEK (X; V)
KOOpPJAMHATHON TIUIOCKOCTH, TAe )=f(x), a x «mpoOeraet» BClO 00JacTh
onpeneseHus GyHKIUH f.

I'pagpux nunetinoti hynkyuu
JIuneitnas pyHkIuUs 3anaercs ypaBHeHueM y=ax+b. I'padukom IuHeHON
byHkuuii apisiercs npamasi. YToObl MOCTPOUTH MPSMYIO JOCTATOYHO JIBE TOUKHU.

Ilpumep 46.

[TocTpouts rpaduk pyHkuun y=2x+1.

Pemenue:

HaiijieM JIBe TOYKU. B KaduecTBe OJIHOM M3 TOYEK BHITOJHO BHIOpATh HYIIb.
Ecmu x=0, To y=2-0+1=1.

bepewm eme kakyro-HHMOyAb TOUKY, Hanpumep, 1. Ecou x=1, To y=2-1+1=3.

[Ipu odopmieHnr 3agaHuil KOOPJIWHATHI TOYEK OOBIYHO CBOJATCS B
Ta0uILy:

X 0 1

y 1
JIBe TOUKH HAWJEHBI, BHIIIOJHUM YEPTEK:

V-

||||||||||

Pucynoxk 2. Fpa(l)I/;K ¢yaxumn y=2x+1

[Ipu oopmieHun yepTexa BCeraa MoAnUCbIBaeM rpadukH.
Yacmuvie cnyyau 1uHeuHol QyHKyuu

,,,,, \

Pucynok 3. Yacthble cinyyau rpaduika 1TuHeHOW QyHKIIUN

1) Jluneitnas ¢ynkmus Buga y=ax (a#0) Ha3bpIBaeTCS MNPSAMOI

X
[IPOIOPIIUOHAIBHOCTBIO. Hanpuwmep, y= R I'padux IPAMOMN
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MIPOTIOPITMOHAILHOCTH BCET/Ia TPOXOJIUT UYepe3 Hadalo KOOpAWHAT. Takum
00pa3oM, MOCTPOCHUE MPSIMOM YIMPOIIAETCS — JOCTaTOYHO HAWTHU BCEro OJHY
TOYKY.

2) VYpaBHeHue Buja y=b 3amaeT NpsAMylo, mapameiabHyio ocu Ox, B
4acTHOCTH, caMa ocb Ox 3amaetcs ypaBHeHueM y=0.

3) VYpaBHenue BuAa x=b 3amaeT mNpsMylo, mapamieinbHyio ocu Oy, B
yacTHOCTH, caMa ochk Oy 3amaeTcst ypaBHeHHEM x=().

I'pagpux keadpamuunoti, Kyouueckou hyHkyuu

Ilapabona. Tpapuk ksagpatwunod QyHKIMH y=ax*+bx+c (a0
npeacTaBiasgeT coOoi mapaboay. PaccMOTpMM KaHOHMYECKHMI clydail: y=x°.
O6nacte ompemeneHuss — Io0oe AelcTBUTENbHOE umceno. Dynkius y=x’
aBigercs 4€THOU. Eciu pyHKIMs siBIsieTca 4€THOM, TO ee rpapk CUMMETPUYEH

OTHOCUTEINIBHO ocH Oy.

-4

E 11

Pucynok 4. l'paduk GyHKIMH y=x2

Ilpumep 47.
[Toctpouts rpaduk GyHKIHA y=-x>+2x.
Pemenue:
b 2
CHayaja HaxoJuM BEpLIMHY mapaboybl: X, = x,=———=1.

22> " =2
PaccunThIBaEM COOTBETCTBYIOIIEE 3HAUEHUE «HMIPEK». y=-12+2-1=-1+2=1.
Takum 00pa3om, BepiinHa HaxoauTces B Touke (1; 1).
Tenepp  HaxoguM  JIpyrue  TOYKHA, MPU  BTOM  MOJIb3yeMCs
CUMMETPUYHOCTBIO MapadoJIbl.
x| 2|-1]0 1 |2]|3 |4
y | 8/-3101]11]0|-3]-8

Brimonnum ueprex:

----------

PucyHOK 5. Fpaq)nk GynKmu y=-x>+2x
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JUia  KBajpaTHuHOil  QyHKUMH y=ax*+bxtc (a#0)  cOpaBemTHMBO
cienytomee: Ecnu ¢>0, To BeTBM napabosnsl HanpaieHbl BBepX. Eciau a<0, To
BETBU NapaloJibl HAIIPABJICHBI BHU3.

Kybuueckas napabona
KyOuueckas mapabona 3agaercs Gpynkuueii y=x°. O01acTh ONpeneIeHus,

o0nacTh 3HAYECHUU — J000e JAeHCTBUTENbHOE uucio. DYyHKIUS SABISETCS
Heu€THOH. ['paduk cTpouM 1o ToUKaM:

X -2 -1 0 | 2

y -8 -1 0 1 8

...............

Pucynok 6. I' pa(l;HK GynkMn y=x°

I'padux hpynkumm y = Jx

Oo6nactp onpenenenusi: D(y): [0; +o0). O6nacts 3HaueHuit: E(y): [0; +oo).
To ectb, rpaduk (QyHKIIMU MOTHOCTHIO HAXOAMUTCS B TMEPBON KOOPAUMHATHOU
yeTBepTH. [Ipy mocTpoeHNM moadOupaeM Takue 3HAYCHHS «UKC)», YTOOBI KOPCHb
U3BIICKAJICS HAIIETIO:

X 0 1 4 9
y 0 1 2 3

Crtpoum rpaduxk:

1 1 ] ] 1 v [

Pucynok 7. I'padux pyHkimm y = Jx

T'unepbona
1
OO6uuit BUI y=;. O6nacte ompeaenenusi: D(y): (-o0; 0) u (0; +o0).

O6nactp 3nauenuii: E(y): (-o; 0) u (0; +oo). OyHKIUA SBISIETCS HEUYETHOM,
runep0oia CHMMETPUYHA OTHOCUTEIFHO Havajaa KOOpUHAT.
BreimomauMm geprex:
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1
Pucynoxk 8. I'paduk pyskiuun ¥V = <

a
I'paduk ¢yHkiuu Buma Y =; (a#0) mpencraBnsaioT co0o0il 1BE BETBU

TUIIEepOOJIBI.

Ecmu @>0, 1o rumepOosia pacrmosioxkeHa B TEpBOH U  TpeThei
KOOpJIMHATHBIX YeTBepTax. Eciau a<0, To runepboia pacnoyioxkeHa BO BTOPOH U
YETBEPTON KOOPJIAUHATHBIX YETBEPTSIX.

Ilpumep 48.
[TocTpouTk npaByro BETBb rUINEPOOIBI V = <

Pemienue:
3HAQYCHUS X BBITOIHO MOJOMPAEM TaK, YTOOBI JICTUIOCH HAIIEIIO:
X 1 2 3 6
y 6 3 2 1

Brinmonnum ueprex:

-------

6
Pucynox 9. I'paduk pynkmum )y = <

3aoanusn 01 cAamMoCmoAMeENbHO20 PEULeHUA:
[TocTpouts rpaduku GyHKIIHIA:

1 BapuaHT 2 BapuaHT 3 BapuaHT

1) y=x*+2x+3; 1) y=x>-4x; 1) y=-x*+2x-1;

2) y=2x; 2) y=+2x; 2) y=—x;
6 4 3

3)y——;. 3))’—;. 3))’—5.

4 BapuaHT 5 BapuanT 6 BapuaHT

1) y=- 2+%x; 1) y=-2x"+3x; 1) y=x2+%x+3;
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2)y:—\/§, 2))7:\/2 2)y:3\/;,
3) y= 2 > 3)y= °
=—— 9 S
3x 3) y=—. Sx
X
7 BapuaHT 8 BapuanT 9 BapuaHT
1) y=x2-6x; 1) y=-x*+8x+1; 1) y=-2x+x-3;
1\/— 1\/— Jx
= — X - = —— X - I
3y y=2 3y y=—> >
)Y v )Y Y 3)y=—;.

Koumponwvuwvie gonpocwi:
1. Yto Ha3biBaeTCs GyHKIIUEH?
2. Yo sBusieTcs rpaduKoM JTMHEHHOM, KBaIpaTUUHON (HYyHKIIHIA?

IIpakTnueckas padora Ne 14
IIpomexkyTkH Bo3pacTanus, yObIBaHUS, HAHOOJIbIIICE, HAMMEHbIIIEEe
3HaueHus1 PyHkuuu. Touku 3kcTpemMyma

Lenv pabomui:

CMYOeHm QO0JIHCEH:

3Hamo:

- omnpeaeneHus Bo3pacTaronieit (yobiBarorieit) GyHKIuu;

- OIpe/eNieHUus TOYKHM MaKCUMyMa (MUHUMYMa) (QYHKIIHNH;
ymemny:

- HaXOJWTh MPOMEKYTKH MOHOTOHHOCTU (DYHKIIHH;

- BBIYUCIATH TOYKH dKCTpeMyMa (QyHKIIHH.

Ceedenusn u3z meopuu:

Bospacmanue u yovisanue ghynkyuii

OyHKIMA f BO3pacTaeT Ha MHOXECTBE P, eciu Jjid JOObIX X U Xz W3
MHOECTBa P, TaKuX, 4TO X2>X|, BBITIOJTHEHO HEPABEHCTBO f(x2)>1(x1).

OyHkuus f yObIBaeT Ha MHOXECTBE P, eciau s JIIOObIX X; U X; W3
MHOECTBa P, TaKUX, 4TO X2>X|, BBITIOJTHEHO HEPABEHCTBO f{x2)<f(x1).

NubiMu cnoBamu, GyHKIMS f Ha3bIBAa€TCSl BO3PACTAIOLIEH HAa MHOMXECTBE
P, ecnu OosbllieMy 3HAQYEHHIO apryMEHTa M3 3TOT0 MHOXECTBAa COOTBETCTBYET
Oonbiiee 3HaueHue QyHkiuu. DOyHkuug [ Ha3piBaeTcd yObIBarome Ha
MHOXeCTBe P, eciu OoJiblIeMy 3HAUEHHUIO apryMeHTa U3 3TOr0 MHOXECTBa
COOTBETCTBYET MEHbIIIEE 3HaUYCHHE (PYHKIIUU.

IIpumep 49.
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Hokaxwute, uTo PyHKIUs f(x)=1/x siBNseTCS yOBIBAIOIICH.

Pewenue:

obnmacte ompenenenus ¢yaknun: (-o; 0) m (0; +o0). Paccmorpum
noBeieHue QYHKIIUU HA KKIOM UHTEpBaJIC:

(-o0; 0): x1=-8, x,=4, T.e. xp>x;, Torma f(-8)=-0,125, f(-4)=-0,25, T.e
f(x2)<f(x1), a 3HaunuT QpyHKums f{x)=1/x aBnseTcs yoObIBaroIIe Ha HHTEpBaJe (-o0;
0).

(0; +o0): x1=4, x,=8, T.e. xo>x1, Torma f(4)=0, 25, f(8)=0,125, T.c. T.¢
fx2)<f(x1), a 3HaunT QyHKuMs f(x)=1/x saBugercs yowiBaromieit Ha uaTepBaje (0;
+00).

Opnako 3Ta QyHKIMS HE SBISETCS YOBIBAalOIIEeH Ha OOBETUHEHUH ITHUX
npomexyTkoB. Hanmpumep, 1>-1, vo f{1)<f(-1).

[Ipu uccnemoBanuu (QPyHKUMM Ha BO3pacTaHUE U YOBIBAaHUE MPHUHATO
YKa3bIBaTh IMPOMEXKYTKH BO3pAaCTaHUsl U YOBIBAHUS MaKCHUMAaJbHOMN JJIMHBI,
BKJIIOYAsl KOHIIBI (€CJIM, KOHEYHO, OHU BXOJIAT B 3TH MPOMEXYTKH). Tak, MOKHO
ObUTO CKazaTh, 4TO (yHKIUA f(x)=1/x sBisieTcss yObIBaloIIe Ha oTpeske [2;
500]. DT0 BEpHO, HO TaKOM OTBET HEIOJIOH.

[Ipu wuccnenoBanuu moBeAeHUS (YHKIMM BOJU3M HEKOTOPOW TOYKHU
yI00HO MOJIb30BATHCS MOHATUEM OKPECTHOCTH.

OxpecmHOCmbl0o MOYKU @ HAa3bIBACTCS JIIOOOW WHTEPBAJ, COJEPIKAIIHMA
3Ty Touky. Hampumep, untepBan (2; 6) — oJHa U3 OKPECTHOCTEH Touku 3,
untepBai (-3,3; -2,7) — OKpECTHOCTh TOYKH -3.

Ixcmpemymol

Touka xo Ha3BIBaETCS MOUKOU MUHUMyMa HYHKIUY f, €CITU TSI BCEX X U3
HEKOTOPOI OKPECTHOCTH X( BBITTOJIHEHO HEPABEHCTBO f{X)>f(X0).

Touka x( Ha3bIBae€TCA MOUKOU Makcumyma QyHKINH f, €CIH IS BCEX X U3
HEKOTOPOI OKPECTHOCTH X( BBITTOJIHEHO HEPABEHCTBO f{x)<f(Xo).

ITo onpenenenusiM 3HaueHue (PyHKIUHU f B TOUKE MaKCUMyMa X SBJISETCS
HAauOOJBIIUM Cpelr 3HAYeHUH (QYHKIUA W3 HEKOTOPOM OKPECTHOCTH ATOU
TOUYKH, MO3TOMY I'padUK (YHKIHH B OKPECTHOCTH X(, KaK MMPaBUIIO, UMEET BUJ
INIAJKOIO «XOJMa» WJIA 3a0CTPEHHOTO «IHKa». B OKpPEeCTHOCTH TOYKH
MUHUMYMa TpadUKH, KaK MpaBUiIo, U300pakaroTcsl B BHUJIIE «BIAJIUHBDY, TOXKE
WJIH TJIAJKOW WJIK 3a0CTPEHHOM.

JIjist Touek MakcuMyMa U MUHUMYMa (YHKIMHM TPUHATO oOllee Ha3BaHue
— WX Ha3bIBAIOT MOUYKAMU IKCIMPEMYMA.

3HaueHne (YHKIMM B OTUX TOYKaxX HA3bIBAIOT COOTBETCTBEHHO
MaKCUMyMaMHl M MHUHUMyMaMH QyHKIUM (0Olllee Ha3BaHHE — HKCTPEMYM
¢bynkuun). Toukun MakcumMyma OO0O3HAYAIOT Xmax, @ TOUYKHM MHHUMYMA Xmin-
3HadyeHus] PYHKIUU B 3TUX TOYKAX 0003HAYAIOTCSI COOTBETCTBEHHO Vmax, Vmin-
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Ilpumep 50.
Haueptute 3cku3 rpaduka QyHKINU f, €CIM U3BECTHO, UTO f BO3pacTaeT
Ha IpOMEXyTKe (-00; 2] 1 yObIBaeT Ha MpoMexyTKe [2; +o0). Kakoit Oyaer Touka

x=27?
Penienue:

CXCMAaTHU4YHO rpa<1)1/n< MOJKHO I/I306paSI/ITI) B BUJC:

VAN
[

Pucynox 10. Dcku3 rpaduka

I'padux mmeeT BUJ IMAAKOro «XOJMa», a 3HAYUT TOYKA X=2 — TOYKa

MaKCHUMYyMa.

3aoanusn 014 CAMOCMOAMENbHO20 PEULEHU:
Hauepture 3cku3 rpaduka GyHKINH £, ONpeIeauTe BUI TOUYEK, ECIH:

1 BapuanT 2 BapuaHT 3 BapuaHT

f BO3pACTACT Ha | f BO3pPACTACT Ha | f BO3pACTAET Ha

npoMexxyTke (-00; 2] u | mpoMmexyTtkax (-oo; -2] u | npomexytke [1; 4] wu

yOBIBaeT Ha | [0; 3], yOsiBaeT Ha | yObIBacT Ha

IPOMEXKYTKE [2; +00). npoMexytke [2; 0]. npomMexyTkax (-o; 1] u
[4; +o0).

4 BapuaHT S BapuanT 6 BapuanT

f BO3pacTaeT Ha | f BO3pacTaeT Ha | f BO3pacTacT Ha

npomMexyTkax (-o; -5] u | npomexytke (-00; 5] u | npomexytke (-00; 0] u

[I; 5], yObiBaeT Ha |yObIBaeT Ha | yObIBaeT Ha

npomMexyTkax [-5; 1] [5; | mpomexyTke [5; +00). npomexyTtke [0; +o0).

+00).

7 BapuaHT 8 BapuaHT 9 BapuaHT

f BO3pACTACT Ha | f BO3pACTAET Ha | [ BO3pACTAET Ha

npomexytke [-1; 2] u | mpoMmexyTkax (-oo0; -4] u | mpoMexyTkax (-oo; -3] u

yOBIBaeT Ha | [2; 4], yOsBaer Ha|[2; 5], yObBaeT Ha

npomMexyTkax (-oo; -1] u | npomexytkax [-4; 2] [4; | npomexyTkax [-3; 2] [5;

[2; +0). +00). +00).

Konmponwnuie eonpocwi:
1. Kakas QyHkuusi Ha3pIBaeTcsi Bo3pacraroileid (yObiBaromiei) Ha

HEKOTOPOM MPOMEKYTKE?

2. [aiite onpeneneHne ToUke MakCUMyMa (MUHUMYMa) (PyHKIIHH.
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IIpakTnuyeckas padora Ne 15
IHapanneabHblii IEpeHOC, PACTIKEHUE, CKATHE

Lenv pabomui:

CMYyOeHm QO0JIHCEH:

3Hamo:

- rpaduku dIEeMEeHTapHBIX (YHKIUHT;

- ¢opmyiel mpeoOpa3oBaHus rpad)uKoB;

ymems.

- BBINOJHATH  TOCTpOeHHE  TpadUKOB  (PYHKIUHA €  MOMOIIBIO
napajieIbHOTO MePEeHOCa, PACTSIKEHUS, CKATHUSL.

Ceedenusn uz meopuu:
Pacmsowcenue 6oonv ocu Oy ¢ xosdpduuuentom k, KoTOopoe 3amaeTcs

dbopmynamu:
{ x'=x
Y =ky’

st moctpoenus rpaduka GyHKIUU y=kf(X) HaI0 «pacTIHYTH» Tpauk
bynkuuu y=f(x) B k pa3 Bosib ocu opauHar (|k>1).
Ecnu 0<|k|<1, To pactsxkenue ¢ koaQPuIUeHTOM k Ha3bIBAIOT CHKATHUEM.
Ilpumep 51.
1
[TocTpouts rpaduku GyHKIMIL: a) y=7€os X; 0) y=-2x°.
Pewenue:

1
a) B COOTBETCTBUHU C MPABHIIOM rpapuk PyHKUIUU y=7 €0S X TIONy4aeTcs

U3 Y=COS X C’)KaTHEeM BJI0JIb OCH OpJUHAT ¢ K03 duinenTom 3;
0) rpadux GyHKIHMA y=-2x> MOJTyIAETCA U3 y=x> PACTHKEHUEM BJIOJb OCH
OpAUHAT ¢ KO3PPUIUEHTOM 2.

Pacmsocenue 6oonv ocu Ox ¢ xospduuueHTom k, KoTOpoe 3amaeTcs

dbopmynamu:
{x' = kx
yi=y’

Jlnst moctpoenust rpaduka dbyHkuuu y=f(x/k) Hamo MOABEPTHYTH TpauK
byHKUMK y=f(X) pacTsKeHUIO ¢ KO3 PUIIMEHTOM k BI0JIb OCH a0CIUCC.

Ilpumep 52.

[ToctpouTts rpaduku pyHkuit: a) y=sin(x/3); 6) y=cos(2x).
Pemenne:
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a) B COOTBETCTBUHU C MpaBUIOM rpaduk GyHKIUH y=sin(x/3) modydaeTcs
U3 y=sin X pacTsbkeHrueM Bioib ocu Ox ¢ koaddumuenTom 3;

0) rpaduk QyHKIMU y=cos(2X) MOTYIaETCA W3 y=coS X CKATHEM BIOJb
ocu Ox ¢ ko3pPurenTom 2.

3aoanus 01a camocmoamenbHo20 peueHun:

[TocTpouts B OfHON cucTemMe KoopauHaT Tpaduku GyHKIMM (3amucaTh
LEMOYKY JBUKEHHUS):

1 BapuanT 2 BapuMaHT 3 BapuaHT
s y=cosy, y=-x,

X y=2cosx-3, .
y:;+2, y:lcos(x+£), 3

1 2 4 y=—(2x-2)".

YT x3
4 BapuaHT S BapuanT 6 BapuaHT

: P
y=snx, y:_l y=snx,

1. x’ y=sin3x-1,
y=—sinx+2

3 ’ 3 1

y=2--, = —sin(x— =)
y—2sin(x+£) * g 2 37
= 7 3
2x+4°
7 BapMaHT 8 BapuanT 9 BapuaHT
y=x, y=qx, Y =COSX,
y_x3+2 y=4-2x y=1+cos2x,
=42, 1

2 y=1+l\/;. y=1-=cosx,

y=—(x-1), 2 3

Konmponsnwie 6éonpocwi:
1. Kakumu ¢popMynamu 3agaeTcsi pacTsbkeHue (cxaTtue)?

IpakTnueckas padora Ne 16
Pelienue ypaBHeHUIi: pa3jioxkeHne HA MHOKUTEJIN, BBeJleHHE HOBBIX
nepeMeHHbIX, MOICTAHOBKA

Ilenv padomuwi:

CMYOeHm Q0JIHCEH:

3Hamo:

- CIOCOObI PelIeHUs YPaBHEHU;

56



ymemy:
- pelath ypaBHEHUS pa3IMYHBIMU CIIOCOOAMHU.

Ceeoenus u3z meopuu:

Memoo pasznoscenus Ha MHOMCUMENU

CyTb JaHHOrO MeToJa B TOM, UTOOBI IyTeM PaBHOCHJIBHBIX
npeoOpa3oBaHUM  TMPEACTABUTh  JIEBYIHO  YacTh  HMCXOJIHOTO  ypaBHEHUS,
COJIEPIKAIIlYI0O HEHM3BECTHYIO BEJIMYHMHY B KaKOW-TMOO CTENEeHU, B BHJIC
MIPOU3BEACHUS JBYX BBIPQXKEHUN, COACPKAIIMX HEU3BECTHYIO BEJIWYHUHY B
MEHbIIIeH cteneHu. [Ipu 3ToM cmpaBa OT 3HaKa PaBEHCTBA JOJKEH OKa3aThCs
HOJIb. [Ipolie Bcero ysICHUTh 3Ty UJEI0 Ha KOHKPETHOM IPUMEDE.

Ilpumep 53.

Pemmre ypaBHEHHE METOIOM PA3I0KEHUS HA MHOKHUTENH: 2,5x° +4x=0.
Pewenue:

OCYIIECTBUM PAa3J0KEHHWE Ha MHOXKHUTENU (MPEICTaBUM HCXOJIHOE

BBIpaXXEHHE B BHUJEC NMPOU3BeAcHUA). 71 3TOro BBIHECEM IEPEMEHHYI0 X 3a
CKOOKH:

x(2,5x+4)=0.
[IpousBeeHre paBHO HYJIO TOT/Ia U TOJIBKO TOTJIa, KOrJa XOTs Obl OJIUH
13 MHOXKUTEJEN paBEH HYIIIO.

CrnenoBaTtesbHO,

x=0 umm 2,5x+4=0.
N3 nocnenHero ypaBHEHUsI MOJIy4aeM:

25x=—4 i x=-1,6.
Otser: x=0 1 x=-16.

3aoaua ona camocmoamenvHo2o pewienus Nel. Peuinte ypaBHEHUE
METOJIOM PA3JIOKEHUS HA MHOXKUTEIIN 3x*+1,5x=0.

Memoo 3amenvl nepemeHHOU

CyTh JaHHOTO METOJa B TOM, YTOOBI yJauHBIM O0pa3oM 3aMEHUTH
CI0KHOE€  BBIPAXEHHE, COJEpP)KAIIEEC HEHU3BECTHYIO  BEJIWYMHY, HOBOWU
MEPEMEHHOM, B pe3ysbTaTe Yero ypaBHEHHUE MPUHUMAET 0oJiee MPOCTON BH/I.
Jlamee 1moOnydeHHOE YpaBHEHHUE PEIIAETCS OTHOCUTEIBHO HOBOM MEPEMEHHOM,
MOCJIE 4Y€TO IMPOUCXOAUT BO3BpaT K HCXOJHOM IepeMeHHOW. Bce »tm muaem
IIPOLIE OCO3HATh HA KOHKPETHOM MPUMEPE.

Ilpumep 54.

Peniure ypaBHEHHE METOIOM 3aMEHBI IEPEMEHHOM: X" +4x” —5=0.
Pemenue:

TaKHUC YPABHCHH HA3bIBAKOTCA 6I/IKBaI[paTHI)IMI/I. HepennmeM €ro B BUAC:

57



(x2)2+4x2—5=0.

Bgenem HOByIO IepeMEHHYIO § = x” . Toraa HCXOHOE YPaBHEHUE IIPUMET
CIEIYIOIIHAM ITPOCTON BHU:
£’ +4t—-5=0.
Pemras nosryueHHOE KBaApATUYHOE YPAaBHEHUE, MOJIYYaEM, YTO:
t=-5umt=1.

BosBpariaemcs Teneps K ctapoit mepeMeHHoM (0OpaTHas 3aMeHa):

2 2
X" =-5num x" =1.

Peuenuit y nepBoro ypaBHEHMs HET, IIOCKOJIbKY HE CYIIECTBYET TAKOI'O
JNEHCTBUTENBHOTO 4YMciia, KBaJapaT KOTOporo Obul Obl oTpuuareneH. Bropoe
YPaBHCHHUC UMECT ABA KOPHA +1.

Ortser: 1.

3aoaua ona camocmoamenvHo2o pewienua Ne2. Pemurte ypaBHEeHHE
METOJIOM 3aMEHbI IIEpEMEHHOM: 9x* —24x” +7=0.

Ilpumep 55.
Pemmute YpaBHEHUE METOI0M 3aMEHEI MIEPEMEHHOM
4x 3x B
2 + 2 -
4x- —8x+7 4x —10x+7
Pemenue:

oOpamaeM BHHMaHue Ha TO, uTo X =0 He sBISETCS KOPHEM TaHHOTO
ypaBHeHus. CienoBarenbHo, 0€3 MOTEpPH MM MPUOOPETEHUS JUIIHUX KOpPHEH
MOKHO pa3leIuTh YUCIUTENb W 3HAMEHaTenb oOeux napodeit HaXx. Torma
ypaBHEHUE PUHUMAET BUJIL:

4 3
+ 7—1.

4x—8+z 4x—-10 +—
X X

7
Beenem HOBYIO nepeMennyo: ¢ =4x+— . Toraa ypaBHEHHE IPUMET B
X

4 3
—t—=1
t—8 t—-10
BrinonHuB 251eMeHTapHbIe TpeoOpa3oBaHus: MIPUBEIEM APOOH K 00IIeMy
3HaMEHATEJTI0, MPUBEECM MOA00HbBIC ClIaraeMble, TOIYIUM:
1*—25t+144
(t—8)(t—10)
JlpoOb paBHA HYIIIO, €CJIM HYJIIO PaBCH €€ YHCIUTEIb, a 3HAMEHATEIh MTPH
9TOM HeE paBeH HYJ0. To eCTh ypaBHEHUE PAaBHOCHIILHO CIICAYIOICH cHcTeMe:
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12 —25t+144=0
t#8
t#10

PemuB nepBoe ypaBHeHHE cUCTEMBI, UMeeM: =16 mim =9.
[Tepexonas k 0OpaTHOM MOJICTAHOBKE, MOTYYaEM:

7
1. 4x+—=16, yto npu x #0 PaBHOCHIBLHO ypaBHEHHUIO 4x” —16x+7=0,
x

1 7
pelias KoTopoe, IMoJIydaeM X = 5 WA X = 5

7
2. 4x+—=9 yro npu x#0 paBHOCHWILHO ypaBHEHHIO 4x” —9x+7=0,y

X
KOTOPOTO PEIICHUI HET, TOCKOJbKY €ro JUCKPUMHUHAHT OTPUIIATEIICH.
1 7
OtBeT: —, —.
272

3aoaua ona camocmoamenvHo2o pewienus Ne3. Peumnte ypaBHEHUE

1 1
2
METOZOM PA3JI0KEHUA HA MHOKUTENN: X +—+x+—=0.

X X

KOHmpafleble eéonpocwsl:

I.B d4em cyTp pemeHuss YypaBHEHHs METOAOM pa3JIOKEHHS Ha
MHOXHWTENN?

2. B yeM cyTb penieHns ypaBHEHUS METOJIOM 3aMEHBI IEPEMEHHOM ?

IIpakTnueckas padora Ne 17
Pemenune ypaBuennii rpagpuyeckum Mmerogom. Hecrangaprubie
Croco0bl penieHusi ypaBHeHUil

ILlenwv pabomor:

CMYOeHm QO0JIHCEH:

3Hamo:

- 9Tallbl peleHusl ypaBHEHUH TpayuuecKUM METOJIOM;
ymemsn.

- CTPOUTH rpaduKH dIEMEHTAPHBIX QYHKIINIA;

- peuiaTh YpaBHEHHUS pa3IMYHBIMU CIIOCOOaMHU.

Ceéedenusn u3z meopuu:

Memoo oyenxu obracmu 3navenul

CyTh JaHHOTO METOJIa B CPAaBHEHHMHM O0JIACTeH 3HAYCHHI BBIPAKEHUH,
BXOASIIMX B ypaBHeHME. YacTo TakoW aHalW3 MO3BOJIAET JIETKO pEeIIaTh
CJIOKHBIE YPaBHEHMS, COJEpKAIlle pPa3JIMYHbIE BbIpaXKEHUs (pallOHAJIbHbBIE,
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TPUTOHOMETPHUUECKHUE, JIOTapu(pMUIECKE, MoKa3aTeabHbIe U Ap.). Pazdepem 310
Ha KOHKPETHOM MPUMEpE.

Ilpumep 56.

Pemite ypaBHEHUE, HUCIONB3YysS METOJIa OLEHKH OO0JIaCTM 3HAYEHUN:
cos’ x=x"+1.

Pemenne:

paccMotpuM  pyHKIMIO f(x)=cos’x. M3BectHo, yro —1<cosx<l1,

nostomy O0<cos’x<1. Wrak, d¢ymkmus f(x)=cos’x MOXKET IPHHUMATE
3HAQ4YEHUS TOJILKO M3 nmpoMexyTka [0; 1].

Paccmorpum teneps GyHKIu0 g(x) = x’ +1. ['paduxom nansoi GpyHKIMN
aBisgeTcss Tmapaboia, BETBM KOTOPOWM HAmpaBlIieHbBl BBEpX, a BepIIMHA
pacmonoxxena B Touke (0; 1).

T.e. 00yacTh 3HAYEHUI JAHHON (PYHKUUU (T€ 3HAUEHUS, KOTOPHIE MOKET
IPUHUMATh IEPEMEHHAS )) MPEACTABISIET COO0M MPOMEKYTOK [ 1; +00).

T.o. BbIpakeHHUs, CTOSIIME CIpaBa M CJeBa OT 3HAKa pPaBEHCTBA B
UCXOAHOM YpaBHEHHH, MOTYT OKa3aThCSl PAaBHBIMH, TOJBKO €CIM WX 3HAYCHHS
OKaXYyTCS paBHBIMH 1, TpUYeM TPU OJHOM ¥ TOM >K€ 3HAYCHUH X.
HemnocpencTBeHHOM MOICTaHOBKON yO€KAaEMCS, YTO TO YCIOBUE BBITIOTHACTCS
npu x =0,

JeiictBurensHo, f(0)=cos’0=1 u g(0)=0’+1=1. IIpu Bcex OCTAIBLHBIX
3HayeHnax x Gynkousa g(x)=x"+106ompme 1. 3maunt X =0 — eqMHCTBEHHBIH

KOpPEHb YpaBHCHHS.
Ortser: 0.

3adaua 0na camocmoamenbno2o peuwienusa Nel. Pemnte ypaBHEHHE C

o 2 T
UCITI0JIb30BAaHUEM METO/Ia OIIEHKH 00JIaCTU 3HAUYCHMIA: SN~ X =|X — 5 +1.
Ilpumep 57.
Pemure ypaBHeHue: Vox—x? +8 ++4/x* —dx =/—x—2 +1.
Pemenue:

OoIpecacinmm 00J1aCTh AOIIYCTHUMBIX 3HAUYCHUM (Te 3HAYCHUA, KOTOPBIC
MOJKCT IPUHUMATD IICPCMCHHAA X B JTAHHOM ypaBHCHI/II/I). HCXOI[I/IM U3 TOI'0, 4YTO
IMOAKOPCHHOC BBIPAKCHUC HC MOXKCT OBITH OTPpHULIATCIIbHBIM:

2x—x>+8>0,
x*—4x>0,
-x-220

Pemas CUCTEMY MCTOJOM MHTCPBAJIOB, IIOJIYy4aCM:
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[ X ]

—I5 i.] '5 1III]
Pucynok 24. N3o0pakeHne peieHnii CUCTEMbI HEPaBEHCTB Ha YMCIIOBOM
PAMOU

T.o. oOnacTh AOMYCTUMBIX 3HAYEHUU COJEPKUT OJIHO E€IUHCTBEHHOE
3HAYEHHE X=-2. SBJISIETCS JIU 3TO 3HAYEHUE KOPHEM YPABHEHMS, MPOIIE BCETO
MIPOBEPUTH MPAMOM MTOACTAHOBKOM:

V2(=2) = (<2 +8 +/(-2) —4(=2) = \[-(-2) -2 +1,
\/E #1.

T.e. x=-2 He ABIISIETCA KOPHEM YPaBHEHUSI.
OTBeT: KOpHEN HET.

3aoaua Ona camocmoamenvHo2o peuwieHus Ne2. Pemure ypaBHEHHE:

\/x2—x +\/2—x—x2 =\/;—1.

Ilpumep 58.

Pemmire ypaBHeHue: Jx? +3x -2 X +2x =2—x.
Pewmennue:

[OMHOKHM ypaBHEHHe Ha vx° +3x —2 +/x° +2x .

Boo061ie roopsi, 310 npeodpa3zoBaHue HE SIBISETCS PABHOCWIBHBIM, JaXe
B 00JIaCTH JOMYCTUMBIX 3HaUYeHUU. Benb MOTYT HAaWTUCh TaKUe 3HAYEHUS X TIPU
KOTOPBIX 3TO BBIpaXXEHUE OOpaTtUTCs B HYyJb. [lpn TakoMm mnpeoOpazoBaHUU
MOTYT TMOSIBUTHCS MOCTOPOHHUE KOPHHU, TTOITOMY IMOJIYYEHHBIE OTBETHI HYKHO
OyJIeT NpoBEepUTh HEMOCPEACTBEHHOM mojcTaHoBkoi. Ho riaBHOe, uyTOo B
pe3ysbTaTe TaKoro MpeoOpa3oBaHus HE MPOU30UIET MOTEPU KOPHEH.

Hrak,

X +3x-2-x"-2x= (2—x)(\/x2 +3x—2 +/x° +2x)
(x=2)+(x—2)(Wx? +3x—2 +/x +2x) =0,
(x—2)(1+\/x2 +3x—2 +/x° +2x)=0.
BripaxkeHne BO BTOpPBIX CKOOKax HE MOXKET OBITh paBHO HYIJIIO.
JleticTBUTENHEHO, 00 KOPHSI, IO KpallHel Mepe, HEOTPUIIATETbHBI, TIOATOMY €CITH

K UX CyMMe TpuOaBUTH |, MOMYyYUTCS TOJOXKHUTEIbHOE BBIpaKeHHE. 1O ecTh
OCTaeTCsl, 4TO

x—2=0wumm x=2.
HemnocpencrBeHHoil MOACTAaHOBKOM  yOekaaemcs, YTO O3TO KOPEHb
JTAHHOTO YPaBHEHUS:

N2243.2-2-+2242.2=2-2,0=0.

OtBer: 2.
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3aoaua ona camocmoamenvHo2o pewienus Ne3. Pemnte ypaBHEHHE:

X \/—
— =+x+10 -4.
Nx+1+1

Koumponwvnwie gonpocul:

1. TlosicHuTe CyTh METO/JA OLEHKH OOJACTH 3HAUECHUU TMPHU PEIICHUU
YPaBHCHUU.

2. Kakue HecTaHIapTHBIE CTIOCOOBI PEIlIeHUs YpaBHEHUHN BbI 3HaeTe?

IpakTnueckas padora Ne 18
PelieHue HepaBeHCTB METO/I0M HHTEPBAJIOB

Lenv pabomowi:

CMYOeHm QO0JIHCEH:

3Hamo:

- IpaBWia PEIICHHUS MPOCTHIX, APOOHO-PALMOHAIBHBIX HEPABEHCTB C
OJIHOU NEPEMEHHOM;

ymems.

- peumarbh HEPaBEHCTBA METOIOM MHTEPBAJIOB.

Ceedenusn u3z meopuu:
X
[lycTh 3amaHHOE HEPABEHCTBO MUMEET BU: %v 0. [Ins pemenus 3Toro
g\X
HEPAaBEHCTBA MCIIOJNb3YETCS TaK HA3bIBAEMbBIH Memoo UuHmepeanos, KOTOPbIN
COCTOUT B CJEIYIOLIEM.
1. Ha uucnoByr0 OCh HAHOCAT TOYKHU Xi, , X, pa3dOHUBaronIye ee Ha

PAC))
X

MPOMEXKYTKH, B KOTOPBIX BBIPAKECHHE ONpENEIEHO U COXpaHSET 3HaK

(«ITIOC» UM «MUHYC»). TakKMMU TOYKAMH MOTYT OBITh KOPHU YpaBHEHUM
f(x)=0 u g(x)=0. CooTBETCTBYIOIINE PTHUM KOPHSIM TOYKH OTMEYAIOT Ha
YUCJIOBOM OCH: 3aKpall€HHbIMH KpPYKKaMU — TOYKH, YIAOBJICTBOPSIOIINE
3aJJaHHOMY HEPaBEHCTBY, a CBETJBIMU KPY>KKaMU — HE YJIOBJICTBOPSIOIIUE EMY.
S
g(x)
JUIl 3HAYEHUM, TPUHALICKAIIUX KaXKIOMY M3 TOJYYEHHBIX ITPOMEKYTKOB.

S ()

JlocTaTo4HO onpeAeauTh 3HaK (PYHKIIUN ? B JIIOOOM TaKOM MIPOMEXKYTKE, a B
g\X

2. OnpenensitoT ¥ OTMEUAKOT Ha YUCJIOBOM OCHU 3HAK BBIPAKECHUSA

OCTaJIbHBIX MMPOMEKYTKAX 3HAKH «IUTFOC» U «MUHYC» OYIyT 4epe0BaThCSI.
WN3menenne  3HakKoB  yA0OHO  WIIIOCTPUPOBaTH C  TIOMOIIBIO
BOJTHOOOpA3HOM KpHUBOU (Kpusoil 3HaKos), MPOBEICHHOW Yepe3 OTMEUYCHHBIC
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TOUYKHU U nexcameﬁ BBIIIIC NJIN HUIKC I-II/ICJ'IOBOI‘/II OCHh B COOTBCTCTBHUHU CO 3HAKOM
J(x)
g(x)
CoacpiKar TOYKH, YAOBJICTBOPATOIINC JaHHOMY HCPaBCHCTBY, HHOT'1a
IMOKPBLIBAOT IOTPUXAMH. 3aHITpI/IXOBaHHaH 06JIaCTI> B COBOKYIIHOCTH C
HOJ'Iy‘—IeHHBIMI/I TOYKaAMH 6YI[GT SABJIATHCS OTBETOM K HepaBeHCTBy:

xlm-\'z Xsﬁ'-
__)' 7 —

Pucynok 25. KpuBast 3HaKoB

Ipobu B paccMaTpuBaeMoM TpoMexyTke. I[IpomMexyTku, KOTopbie

> X
7

Ilpumep 59.

PemuTe HepaBEeHCTBO: 2; < l.
x —5x+6 2

Pemenue:

yIpoIllaéM HEPABEHCTBO IYyTEM PAaBHOCWIBHBIX MPE0oOpa3oBaHUil: TpHU
YMHOXEHUM WM JCJCHUU OO0enX dYacTed HEepaBeHCTBA Ha OTPUIATEIbLHOE
YHCJI0, 3HAK HEPABEHCTBA MEHAETCS] HA MTPOTUBOIOJIOKHBIN:

R P

x*-5x+6 2
[IpuBenem apobu K 00IIEMy 3HAMEHATEIIO:
2— (x> =5x+6) <0

X’ =5x+6 ’
2

—); +5x_4£0

x°=5x+6 ’
2

X —5x+420

x> —5x+6

BripakeHusi, crosiue B YUCIUTENEC U 3HAMEHATeNle, MOKHO Pa3JIOKHUTh
Ha MHOXXHTEJIH, TOTJa HEPAaBEHCTBO MPUMET BU/I:
(x—4)(x-1) 50
(x—2)(x-3) '
Jlanee HaxoauM KopHH ypaBHeHHH (X —4)(x—1)=0 n (x—-2)(x—3)=0.
N3 nepBoro nonyudaem x;=4, x,=1. I3 Broporo noiy4yaem x3=2, x4=3.
HaHocuM Ha YHCITOBYIO TPSIMYIO TOJYYHBIIHECS TOYKH, TIPHYEM TOYKH
X1, X, 00O3Ha4YaeM 3aKpallcHHBIMH KpYKOUKaMH (11 HUX HEpPaBEHCTBO
BBITIOJTHSCTCSI), @ TOYKH X3, X4 CBETIBIMH (TIPH 3THX 3HAYCHHSIX, BBIPAKCHHE,
CTOsIIIIEE CICBA OT 3HAKa HEPaBEHCTBA, HE UMEET CMBICIIA).
(x-4Hx-1)
(x—=2)(x—-3)
MPOMEXKYTKax (MOACTaBIsAEM JIF000€ 3HAYEHHUE X M3 KaXJAO0ro IMOJYYCHHOTO

Onpez[enﬂeM TCIICPb 3HAKKW BBIPAKCHUA Ha IIOJIYUYCHHBIX
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MpPOMEXYTKa B JIAHHOE BBIPAXKEHHE), U300pakaeM KPUBYIO 3HAKOB,
3aIITPUXOBBIBAEM T€ TMPOMEKYTKH, HA KOTOPHIX MCXOJHOE HEPABEHCTBO
BBITIOTHSICTCSL:

+ — + — .

7 A = K

1 2 3 4 X
p 6. K G=Hx-1
HCYHOK 26. KpuBas 3HAaKOB BBIPAKCHUS (x—2)(x—3)

Nrtak, UCXOMHOMY HEPaBEHCTBY YJOBJIETBOPSIOT CICAYIOIINE 3HAYCHMUS:
x€(-00; 11U(2; 3)U[4; +0).

3aoaua ona camocmosamenvHozo peutenus Nel. Peliute HEpaBEHCTBO:
x+17

——20.
x’—x-6
IIpumep 60.
Pemure HepaBEHCTRBO: Jx _23 >0.
_

Pewenue:

INOJKOPEHHOE BBIPAXKEHUE, KaK W3BECTHO, HE MOXKET NIPUHUMATh
OTPULIATEIbHBIX 3HAYEHUH, TAK)KE HE JIOIYCKAETCsl HAXO0XJACHUE B 3HAMEHATEIIE
npobu Hyns. CrnepoBarenbHO, 00JACTh JOMYCTUMBIX 3HAYEHMH JTaHHOTO
HEPaBEHCTBA ONPEIEAETCS HEPABEHCTBOM X = 0 U TeM yCJIOBHEM, UTO X # 2.

Pemaem ypaBHeHUs Jx-3=0u x-2=0.

N3 nepBoro ypaBHEeHHs NOJIy4aeM, 4To X;=9.

N3 BTOpOro ypaBHEHU MOTyYaeM, 4TO Xr=2.

HanocuMm o6nactb MOMyCTUMBIX 3HAYEHUW HEPABEHCTBA M TOJYYCHHBIC
TOYKU Ha YUCJIOBYIO MPSIMYIO, IPUYEM ATH TOUKH OYIyT CBETIBIMHU, MTOCKOJIBKY
HU OJHO W3 3HAYEHUU HE YJOBJIETBOpsAET HepaBeHCTBY. Cpaszy ormpezaensem

SHAKH BBIPAKCHUA B KAXKXIAOM M3 IOJYUYCHHBIX IMPOMCIKYTKOB U PHUCYEM

x—=2
KPUBYIO 3HAKOB:
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Bepxneli ctpenkoit Ha pHUCYHKE o0O0O3HaueHa o00JacTh JOMYCTUMBIX
3Ha4YeHUN HepaBeHcTBa. OTBETOM K HEPABEHCTBY OYJIET SBISTHCS IIPOMEXKYTOK,
COOTBETCTBYIOIIUI Ha PUCYHKE 3aIITPUXOBAHHOM 00JIacTH.

OtBet: x€[0; 2)U(9; +0).

3adaua ona camocmoamenvho2o peuieHus Ne2. Pemmrte HEpaBEHCTBO:
V17 -15x - 25

>0,
x+3
Ilpumep 61.
1-v1-8x
Pemure HepaBeHCTBO: ————— < 2.
X
Pemenue:

IIOAKOPCHHOC BBbIPAKCHHUC HC MOXCT IIPUHHUMATb OTPHUIOATCIIBHBIX
3H3‘-IGHHﬁ, da B 3HAMCHATCIIC I[pO6I/I HC OOJIXKHO OBITH HYJIA. CJIGI[OB&TGHBHO,

0o0J1IacTh JOMYCTHUMBIX 3HAYCHUH HEPaBEHCTBA OIpeeseTcs Claeayromnien
CHUCTEMOM:;

1 1
1-8x* >0, |——<x<—,
{ 0 << /8 J8 -

r# x#0
1-+1-8x"

Pemraem ypaBHeHue 2=0.

X

[Tonygaem, uyto x=0 m X, =§. Hanocum mnosrydeHHBIE TOYKM Ha

YHUCJIOBYIO TMPSIMYIO, HE 3a0bIBasi O TOM, KaKMe€ M3 HUX CJIEIYET 3aKpacHuTh, a
Kakue ocBeTINTh. M300paxkaem Takke Ha HEW 00JACTh JOMYCTUMBIX 3HAUCHHIMA
U U300pa’kaeM KPUBYIO 3HAKOB:

1-V1-8x"

X

Pucynok 28. KpuBasi 3HaKOB BBIPaKEHHS 2

[lyHKTUpHBIE JTHHW HA PUCYHKE OTPAHUYMBAIOT OOJIACTH JIOMYCTUMBIX

3HAUCHUN HEPABEHCTBA. 3alITPUXOBAHHAS OOJACTh COOTBETCTBYET PEIICHUIO
HEpPABEHCTBA.

RN B 1
OTBeT: xe{ Nk OJU(O’ 3].
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3aoaua ona camocmoamenvHo2o peutenus Ne3. Pemmre HEpaBEHCTBO:

1< 2L

2—x

Koumponwvnwie gonpocul:
1. JlaliTe onpeneneHne HEPABEHCTBA C OJTHOW EPEMEHHOM.
2. B dem cyTh Me€TO/a UHTEPBATIOB?

IIpakTnueckas padora Nel9
Paccrosinue Mexxay AByMsl TOUKaMu. BolunciieHne KOOpAUHAT
cepeUHbI 0TPe3Ka

Lenv padomoi:

CMYOeHm OO0JIHCEH:

3Hamo:

- (hopMyITBI AJIST BBIYUCIICHUS PACCTOSHUS MEKITY IBYMS TOUKAMHU;

- (popMyJIBI 1JI BBIYUCIICHUS] KOOPJUHAT CEPEIMHBI OTPE3Ka;

ymems.

- BBIYUCJISATH PACCTOSHHE MEXAYy JBYMS TOYKaMH, KOOPJAMHATHI
CEpEIMHBI OTPE3Ka.

Ceedenusn u3z meopuu:
J[nunou ompesxa AB Ha3pIBaeTCs PaCCTOSHUE MEXIy TOUKaMu A U B nipu
3aJlaHHOM MaciuTade (0Tpe3ke eIMHUYHOW JiMHBI). JnuHy otpeska AB Oyaem

0603HauaTh KaK |AB|.

Paccmosinue wmeocoy oeyma mouxamu  Ai(xi; yi) u Ax(xz; y2) B
MPSAMOYTOJIBHON CUCTEME KOOPIMHAT BBIpaskaeTcst POopMyIIOi:

2 2

|A1A2| =\/(x2 —x) +(-n).
Touka C Ha3bIBaeTCs cepeduHoli ompe3ka AB, ecam oHa JEXUT Ha
oTpe3ke AB W HaxOAWTCS HAa OJAMHAKOBOM PACCTOSIHUM OT €ro KOHIIOB, T. €.

premer

Koopounamui cepedunvl ompesxka na niockocmu

BBenem mnpsAMOyrojbHyr J€KapTOBy cHUCTeEMy KoopauHart Oxy Ha
miockocTu. [lycTs HaM naHbl 1Be TOUKU A(x4; V4) U B(Xp; yp) U U3BECTHO, UTO
touka C — cepenuna otpeska 4AB. Halinem koopauHatsl x¢ v yc Touku C.

PaccmoTtpum ciywaii, korna Touku 4 U B HE COBNAJAIOT U HE JEXKaT
OJHOBPEMEHHO Ha OJHOM U3 KOOPAMHATHBIX OCEM WIM Ha MNPSMOU,
MEPIIEHAUKYJISIPHON OJHOM U3 KOOPAUHATHBIX OCEM.
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Pucynok 78. KoopauHaTel cepeMHbl OTpE3Ka

ITo moctpoenwuto:
_ Xy T X _Vat Vs
Xe = »YeT T

2
T. 0., cepenuna orpeska AB Ha MIOCKOCTH C KOHIIAMU B TOUKaX A(X4; V4)

yA+yBj

+
u B(xp; y5) UMEET KOOPJIUHATHI (x/‘ 5 s 5

Ilpumep 62.

Ha mockoctu 3amanbl koopauHaThl AByX Touek A(-7; 3), B(2; 4).
Haiinnte KoOpIMHATHI CEPEUHBI OTpE3Ka AB.

Pewenue:

nycte Touka C — cepeauHa otpe3ka AB. Ee koopauHaThl paBHBI

IIOJIyCYMMAaM COOTBETCTBYIOIIMX KOOPJANHAT TOYEK 4 U B:

X, +tx, =T7+2 5
xC: = :——,

2 2 2
Y tyg 344 7
c< 2 2 2
5 7
T. 0., cepeauna orpe3ka AB UMEET KOOPAUHATHI (—5, Ej'

YacTo ¢ HaX0XKIEHUEM KOOPJAMHAT CEPEIMHBI OTPE3KA CBSI3aHbI 33Ja4u, B
KOTOPBIX PUTYPUPYET TEPMHUH «METUAHAY.

Ilpumep 63.

Haiinute anuny meauansl AM B TpeyronbHuke ABC, eciii U3BECTHBI
koopauHatel ero BepinH A(-1; 0), B(3; 2), C(9; -8).

Pemenue:

T. K. AM — Menuana, To Touka M daBisieTcs cepeauHon cTopoHbl BC.
Haiinem KoopauHaThl CEpeIUHBI 3TOTO0 OTpe3Ka IO HM3BECTHBIM KOOpAWMHATAM
€ro KOHIIOB:
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XX, _3+9:

X, = 5 = 5 6,
:yB+yC:2_8_3
M 2 2

T. 0., M(6; -3).
OcTanochk BOCITOJIB30BATHCSA (OpMyYNOH Ul BHIYUCICHUS PACCTOSHHS MEKILY
toukamu A 1 M:

|AM] = /(6 - (=1))* +(-3-0)? =38,

CyliecTByIOT pa3iM4YHbIE 3a/la4d, B KOTOPBIX HM3BECTHBI KOOPIWHATHI
CepeIMHbl OTPe3Ka U OAHOTO M3 €ro KOHIIOB, a TpeOyeTcss HATH KOOPAWHATHI
JIpyroro koHa. PaccMorpuM pernienre oqHol U3 HUX.

Ilpumep 64.

B npsiMoyToJIbHOM cUCTEME KOOPAMHAT TPEXMEPHOTO MPOCTPAHCTBA JaH
napamienenunen ABCDA,B,C,D,. U3BectHo, uto Ci(1; 1; 0), a M(4; 2; -4) —
cepenvHa auaronanu BD,. Halinute KoopAMHATHI TOYKH A.

Pemenue:

JMaroHaJIM MapajijiejiorpaMMa IepeceKaroTcsl B OAHON TOUKE, U 3Ta TOUKa
SIBJISIETCS CEPEMHON KaXKJI0M U3 ATUX auaroHaneil. Takum oOpa3oM, Mbl MOKEM
yTBEPXKIaTh, YTO Touka M siBnsgetcs cepeauHoit orpeska AC, . U3 dopmyn mis
HaxXO0XJICHUSI KOOPAUHAT CEPEANHBI OTPE3Ka UMEEM:

X, + X

Xy :T‘:xA =2x,, —x, =8-1=7,
Yatlhg

Yu =%:>J/A =2y — Ve =4-1=3,
zZ,+z.

Zy =T‘:>ZA =2z -z, =-8-0=-8.

Urak, Touka A umeet koopauHartsl (7; 3; -8).

3aoanusn 01 cAamMoCmoAMeENbHO20 PEULeHUA:

1) Beruucnure nepumerp tpeyroiabuuka ABC, ecou A(4; 0), B(12; -2),
C(5; -9).

2) Bpruucnure nnuHy meauanbl AM TpeyronbHuka ABC, BepUIMHBI
Kotoporo umeroT koopaunatsl 4(0; 1), B(1; -4), C(5; 2).

3) Hdokaxute, 4To TpeyroibHUK ABC — paBHOOEAPEHHBIN U BBHIYUCIUTE
€ro IUIoNIa/ib, €CIM BEPIIMHBI KOTOPOTo UMEIOT KoopauHatel A(-4; 1), B(-2; 4),

C(0; 1).
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4) Jlokaxwure, 4TO YETBIPEXYTOJIbHUK ABCD ABJISIETCS
napasuiesiorpaMMoOM, U BBIUUCIUTE €ro auaroHanu, eciau A(1; 1), B(6; 1), C(7;
4), D(2; 4).

5) Jlokaxwure, 4TO YETBIPEXYTOJIbHUK ABCD ABJISIETCS
NPSIMOYTOJILHUKOM, M BBIUYMCIIUTE €ro Iiomanb, eciau A(-3; -1), B(1; -1), C(1; -
3), D(-3; -3).

Konmponwvuwvie éonpocwi:

1. 3anummTe hopMyIty JUisl BRIUMCIECHUSI KOOPIUHAT CEPEAMHBI OTPE3Ka.

2. 3anumute GOpMYTy I BBIYKMCICHUS PACCTOSHUS MEXAY IBYMS
TOYKAMHU.

IIpakTnueckas padora Ne2(
Pemienue 3a1a4 KOOPAUHATHBIM METOI0M

ILlenv pabomuwr:

CMYOeHm O0JIHCEH.

3Ham».

- (hopMyITBI AJIST BBIYUCIICHUS PACCTOSHUS MEKITY IBYMS TOUKAMHU;

- (popMyIIBI AJTST BBIYUCIICHHS KOOPIUHAT CEPEIUHBI OTPE3Ka,

ymemy:

- HWCTOJB30BaTh (HOPMYJIBI PACCTOSHHS MEXKIYy JBYMS TOYKAMH U
dbopMyTy Ul BBIYMCICHUS KOOPJIMHAT CEPEIUHBI OTPE3Ka MPU PEIICHUH 3a7ad
KOOPJIMHATHBIM METOJIOM.

Ceedenusn u3z meopuu:
Buvluucnenue xoopounam mouku, pasHoyOaieHHOU om 3A0AHHLIX MOYeK
paccmompum Ha npumepe 137

Ilpumep 65.

Haiitu koopaunatel Touku O, KOTOpas paBHOYajaeHa oT Tpex Touek A(7;
-1)u B(-2; 2) u C(-1; -5).

Pemenne:

13 GopMyIMPOBKH YCIOBHS 3a1a4n cienyet, uto O14=0,8=0,C.

ITycTh nckomas Touka O uMmeeT koopauHatsl (a; b). [lo popmyne:

d=(x,~x, )+, =)

HaWJIEM:

04=\(a=7F +(b+1) |

QB:J@+2Y+@—@i
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0C=(a+17 +(b+5) '

CocrtaBuM cucTemMy U3 ABYX YPABHEHUM:

Ja=7P +(p+17 = (a+2) +(p-2)

Ja—7 +@+1) =Jla+ 1P +(b+5)
[Tociie BO3BeneHHWST B KBaApaT JIEBOM W MPABOM 4YacTel YpaBHEHUU

3anuIIeM:
(a=7Y +(b+1) =(a+2) +(b-2)

{(a—7)2 +(b+1P =(a+1P +(b+5)

YnOpocTuB, 3aluIlIeM:

-3a+b+7=0
—-2a-b+3=0

PemuB cucremy, nonyuum: a=2; b=-1.

Touka O)(2; -1) paBHOyJaneHa OT TpeX 3aJaHHBIX B YCIOBUU TOYEK,
KOTOpBIC HE JIEkKAT HAa OJHOM MPSIMOW. DTa TOYKA — €CTh LIEHTP OKPY>KHOCTH,
MIPOXOISIIIEN Yepe3 TP 3aJaHHbIC TOUYKH.

Buiuucnenue abcyuccor (opounamoel) mouku, Komopas nedxicum Ha ocu
abcyucc (opounam) u HAxX0OUMcs Ha 3A0AHHOM PACCMOSIHUU OM OAHHOU MOYKU,
paccmompum Ha npumepe 138

IIpumep 66.

Paccrosinue ot Touku B(-5; 6) no Touku A4, nexamend Ha ocu Ox pasHo 10.
Haiit koopIUHATHI TOUYKU A.

Pemenue:

13 (GOPMYJIMPOBKH YCIIOBHSI 3aJladyd CIEAYyeT, YTO OpJAWHATa TOYKH A
paBHa HyJ0 1 AB = 10.

O603HauuB abciuccy Touku A4 uepes a, 3anuiiem A(a; 0).

ITo dhopmymne

d :\/(XA _xB)2 +(J/A _)’B)2 ,
HAXOJIUM:

AB=\/(a+5) +(0-6) =(a+5) +36

J(@+5y +36=10.

a*+10a-39=0.
Kopnu storo ypaBuenus a;=-13; a,=3.
ITomygaem nBe Touku A1(-13; 0) u A»(3; 0) — puc. 79.

[Tonyyaem ypaBHEHUE

YrpocTtus ero, umMeeM
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B(-5; 6)

| X
As(ay,0) 0| Aa(az0)

Pucynox 79.

Buiuucnenue abcyuccovr (opounamel) mouku, Komopas J1edxicum Ha ocu
abcyucc (opounam) u HAXO0UMCA HA OOUHAKOBOM PACCMOSHUU OM O08YX

3A0AHHBIX MOYEK, PACCMOMpUM Ha npumepe 139

IlIpumep 67.

Haiitu Ha ocu Oy TOYKY, KOTOpasd HaAXOOUTCSA Ha OAUMHAKOBOM PACCTOAHHUU

ot Touek A(6; 12) u B(-8; 10).
Pemenne:

MyCTh KOOPJIMHATHI HY>KHOH T10 YCIIOBUIO 3aJIa4l TOYKH, JIXKAIEH Ha OCH
Oy, oynyt O:(0; b) (y Touku, nexarnieit Ha ocu Oy, abcicca paBHa HyI0). 13

ycioBus cieayet, yto O14A=0,B.
[To dhopmyie

d= \/ _xB yB) ,
HaxXoAIuM:

0A=(0-6) +(b-12) =+36+(p- 12

OB=+8 +(b-10 =64+ (b—10)"

Nmeem ypaBHeHHE

V36+(b—12) = /64+(b-10f

Brimomnasas AJIEMEHTAPHBIE npeoOpa3zoBaHus npu
UPpALMOHATIBHBIX YPABHEHUH, MOTyYuM b=4.

Heobxonnmas no ycnosuto 3agauun touka O1(0; 4) — puc. 80.

Y1 _A@12)
B(-8:100 *

O+(0; b

) 0

Pucynox 80.

,ZZereHue ompes3Ka 6 OAHHOM OMHOWEHUU

pelIeHun

Koopnunater x, y, z Toukm M, xKoropas nenutr oTpe3ok MM,
OrpaHUYeHHBIA ToukamMu Mi(x;, yi, z1) U M>x(x2, V2, z2), B OTHOUIICHUH A4,

ompesensieTcs no Gpopmynam:
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x:x1+ﬂ.x2’ y:y,+/1y2’ Z:zlJrﬂz2 -
1+4 1+ 1+ 4

IlIpumep 68.

Jlaubl koHIBI oTpe3ka AB: A(-2; 5) u B(4; 17). Ha stom oTpeske
pacnosioxkeHa Touka C, pacCTOsHUE OT KOTOPOM 0 TOYKU A B JIBa pa3a 0oJibliie
paccTosiHUS OT TOUKHU B. Berunciauth koopauHatel TOUKH C.

Pewenue:
no ycioButo 3anaun AC=2BC, torga A=2.

ITo bopmymam:

:x1+ﬂx2 =y1+ﬂ~y2
1+4 1+4
BBIYHCIIMM KOOpJAUHATHI TOUKHU C:
_ -2+2-4 _ -2+8 _»
1+2 3 ’
_ 54+2-17 _ 5+3413.
1+2 3
T.o., C(2; 13).
IIpumep 69.
Jloxazath, uto TpeyroabHuk ABC: A(-3; -3), B(-1; 3), C(11; -1) —
MPSAMOYTOJIbHBIN.
Pewenue:

BBIUMCIIMM JTHHBI CTOPOH TPEYTOJIbHHUKA 10 (hopMyJIe:
d= \/(XA _xB)2 +(y,4 _y3)2 ,
AB=(-1+3) +(3+3) =40

b

BC=(11+2) +(~1-3) =+/160

AC=J(11+3) +(=1+3) =~200

T.x. AB*=40, BC*=160, AC*>=200, T0 AB*+BC*=AC".

T.o0., cyMMa KBagpaToB JUIMH ABYX CTOPOH TPEYTOJbHHUKA PAaBHA KBAAPATY
JUIMHBL TPEeThed CTOpOHBL. M3 »3TOro cnemyer, uro TtpeyroabHuk ABC
PSAMOYTOJIbHBIN U cTOpOHA A C ABISETCA €r0 TUIOTEHY30M.

3aoanus 01 cAamMoCmMoAMENbHO20 PEULeHUA:

1) Jloka3ate, uto TpeyroapHuk ¢ BepmmHamu A(3; -1; 2), B(0; -2; 2),
C(-3; 2; 1) paBHOOCAPCHHBIMN.

2) Ha ocu alcrucc HailTH TOYKY, paCCTOSTHUE OT KOTOPOM 10 TOUku A(-3;

4; 8) paBHoO 12.
3) Ha ocu opauHaT HailTH TOUYKY, paBHOYAAJIEHHYIO OT Touek A(1; -3; 7) u

B(5;7;-5).
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4) Jlanwl Bepumnbl A(2; -1; 4), B(3; 2; -6), C(-5; 0; 2) TpeyroiabHUKAa.
BpancnauTe 1IMHY €ro MeIMaHbl, IPOBEICHHOM U3 BEPIIUHBI A.

5) Hansl nBe Bepiunbl A(2; -3; -5), B(-1; 3; 2) napamnenorpamma ABCD
U TOYKa mepeceueHus ero auaroHaneu E(4; -1; 7). OnpenenuTs ABE JIpyrue
BEPIIMHBI ATOTO Mapajiesiorpamma.

6) Bbluuciuth KOOpAMHATHI KOHIIOB OTpPE3Ka, KOTOPBIA pas3jeseH
toukamu C(2; 0; 2) u D(5; -2; 0) Ha Tpu paBHbBIE YaCTH.

Konmponwvuwvie éonpocwi:

1. 3anummre GOpMyibl JUIsi BBIYUCICHUS PACCTOSHUS MEXKAY ABYMSI
TOYKAMHU.

2. 3anummTte GOPMYIIBI IS BEIYUCICHHUS KOOPAUHAT CEPEINHBI OTPE3Ka.

3. 3anumure GopMyJIbl I€JICHHS OTPE3Ka B JAHHOM OTHOILICHHH.

IIpakTnueckas padora Ne2l
IIpaBuia c/10:KeHUS BEKTOPOB

ILlenv pabomor:

CMYOeHm OO0JIHCEH:

3Ham».

- MpaBWJIa CII0KEHUS BEKTOPOB;

ymemy:

- CTPOMTH  CyYMMYy  BEKTOPOB  TI0  TpaBWIy  TPEyTrOJIbHUKA,
napajiesorpamMma;

- BBIYUCIIATH KOOPJUHATHI CYMMBI BEKTOPOB.

Ceedenusn u3z meopuu:
Jluneiinvie onepayuu Hao eekmopamu

Cymmoti IBYX BEKTOPOB d+b Ha3BIBaeTCS BEKTOpP, KOTOPHIH HJAET W3

HayaJia BEKTOpa d B KOHEIl BEKTOpa b TIPH YCIOBUH, UTO BEKTOP b MPHIIOKEH K
KOHITY BEKTOpa d (npasuno mpeyeoibHUuKa).

Pucynok 81. IIpaBuiio TpeyronbHuKa

Hapsinmy ¢ mpaBuioM TpeyrosibHMKA 9acTO IMOJIB3YIOTCS (PaBHOCHIBHBIM
eMY) Npasuiom napaiieioepamma; €CIIm BEKTOpbl d U b TMpUBEIEHBI K 00IIeMY

Haualy U Ha HUX IIOCTPOEH Mapajuielorpamm, To cymma d+b ecth BekTOp,
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COBIAIAIONINA C JUArOHAJBI0 3TOrO MapayuiesiorpamMma, Waymied u3 00mero
Hayana a u b . Orcrona cpasy ciuenyer,uto a+b =b +a.
v

a

Pucynox 82. [IpaBuio napasienorpamma

CnoxxeHrMe  MHOTMX ~ BEKTOPOB  IIPOM3BOAMUTCS  IIPU  IIOMOUIU
IIOCJIEA0BATENBPHOTO NPUMEHEHUS INPaBUja TPEYrOJIbHUKA, MOCTPOUM CyMMY

YCThIPCX BCKTOPOB a, b , C, d .

Pucynok 83. [IpaBniio MHOTOYTroJIbHUKA

Pasnocms nByx BEKTOpOB d —b Ha3bIBa€TCS BEKTOP, KOTOPHIA B CyMME C
BexkTopoM b cocraBnser Bextop d. Ecam nBa Bektopa d u b mpuBeneHsl k

o0IIeMy Hadaly, TO pPa3HOCTh HX €CTh BEKTOp, WAyIMid U3 KoHuma b
(«BBIYUTAEMOrO») K KOHILy d («yMEHBIIAEMOTO).

JIBa BekTOpa paBHOM [JIMHBI, JEXKallU€ HA OJHOM NOpPSIMOU U
HalpaBJICHHbIE B  IPOTUBOMOJIOKHBIE CTOPOHBI, HA3BIBAIOTCS  B83AUMHO
obpamubiMu: €Ci OJWH M3 HHMX OO0O3HAUYeH CHMBOJIOM d, TO JAPYroi

0003HauaeTcs CUMBOJNOM -d . Jlerko Buaerb, uto d—b=d+(-b). T. o.,

NOCTPOEHUE PA3HOCTU PABHOCWIBHO NPHOABICHUIO K «YMEHbBIIAEMOMY»
BEKTOpa, OOPaTHOTO «BBIYUTAEMOTO.
Tpu BekTOpa B MPOCTPAHCTBE MOXKHO CKJIAABIBATH IO  NPABUTY

-

napannenenuneda: cii Ha Tpex BekTopax d, b , ¢ xak Ha pebpax, MOCTPOUTh
napaJuieenuIea, TO ero AuaroHadb, BRIXOMISIIAs W3 OOIIero Hayana JTaHHBIX

-

BEKTOPOB, ¥ OyzeT ux cymmoit d =d +b +c:

o

Pucynok 84. [IpaBuiio napamienenunena
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3aoanus 013 camMoCmoaAmenbHo20 pewienun;

—

1) Ilo nanHBIM BekTOopaM d M D HOCTPOUTH KaXKIbIA U3 CIEMYIOMIUX
BekTopoB: 1) a+b,2)ya—b,3) —a+b,4) —a-b.

HpI/I CIOKCHHHM  BCKTOPOB CKJIAJABIBAIOTCA HX COOTBCTCTBYIOIIHC
KOOpAWHATLI, IMPHW BbBIYUTAHUW BBIYHUTAKOTCA COOTBCTCTBYIOIIHMC KOOPJIWHATHI,

T.€. €CJIU JaHbl KOOPJMHATHI BEKTOpPOB d U D , a=(x1, y1, 21), b =(x2, y2, z) m

c=da+b; d=d-b, to xoopauHaTBl BEKTOPOB C 5 @ BBIUMCIAIOTCA IO
dbopmymnam:

¢ =(x1+x2; y1+yo; z1+z2),

d =(x1-x2; y1-V2; 21-22).

Ilpumep 70.

Sy
(@)
(@)
=
S
Q
I
o
\.UJ
}J‘l

BLIYMCIUTL KOOPAMHATHL BeKTOpoB C=d+b ; d =a -

1), b=4;-2;9).
Pemenue:
o gopmyiam

-

C =(x1+x2; yityo; Z1t22),

d =(x1-x2; y1-v2; 21-22),
uMeeM

C=(-3+4; 5H(-2); 148)=(1; 3; 9),
d =(-3-4; 5-(-2); 1-8)=(-7: 7; -7).

3aoanus 014 camMoCmoAmMeabHO20 PEUleHUs:

—

BBIYMCIIUTE KOOPAMHATH BekTOpoB C=d—b+h; d=a+b—h ocy

d=(4; -3; 10, b =(-4; 12; -1), h=(3; -7; -11).

Konmponwvuwvie éonpocwi:

1. ChopmynupyiiTe IpaBuiIO TPEYTOJbHUKA TSl CII0KEHUSI BEKTOPOB.

2. Cdhopmynupyiite mpaBWiIo TMapajiejorpaMMa Ui CJIOXKEHHS
BEKTOPOB.

3. 3anumure GopMyIibl CIOKEHUS (pa3HOCTH) BEKTOPOB B KOOPIMHATAX.

IpakTnueckas padora Ne22
YMHOKEeHHE BEKTOPAa HA YUCJI0
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Llenv pabomuwi:

CMYyOeHm OO0JIHCEH:

3Hamb:

- MPAaBWJIO YMHOXEHUS BEKTOPOB;

ymems.

- CTPOUTH MPOU3BEICHUE BEKTOPA HA YUCJIO;

- BBIUHCIETH KOOPAWMHATBI BEKTOpPA ka .

Ceéeodenus u3z meopuu:
[poussenenre kd Bextopa d Ha uuclIo K Ha3bIBAaeTCsA BEKTOP, MOLYIb

—

KOTOPOTO PaBeH IPOU3BEIEHUIO MO/ BeKTopa d Ha MOIyIb uucia K ; oH
napaJienieH BEKTOpy d WM JIEKHT ¢ HUM Ha OJHOM MPSMO# M HampaBlieH TaK
e, Kak BEKTOp d, eciu kK — 4nMCIO MONOKHUTENBHOE, ¥ TPOTHBOINOIOKHO
BeKTOpYy d , eciu K — 4mcio OTPHLATENLHOE.

Ecmu k=0, nns moboro BekTopa d mpousBesieHHe kd paBHO HYIb-
BekTopy: 0 - d -0,

Ecm k=1,10 1-a=a.

Ecim k=—1, 70 (-1)- d =-d — BeKTOp, IPOTHBOTIONOKHBII BEKTOPY d

Ilpumep 71.
JlaHbl BEKTOpBI, COBMNAAAIOIIME CO CTOpOHamMu TpeyroabHuka ABC:

CB=a, CA=b. Bepasuts uepes Bextopsl d u b Bextop AO, rae O —
TOYKA [IEPECEUCHUS MEIMaH TPEYTOJIbHUKA. BBINOIHNUTE PUCYHOK.

Pewenue:

M3BECTHO, 4YTO TOYKa () TMEpEeCeUYeHUs MEOUaH TPEYTrOJIbHUKA JEIIHUT
OTPE30K MeIHWaHbl B OTHOWEHMH 2:1, cumrtas oT BepmmHbL. lloaTomy

- 2 -
AO = 3 —AD | rae Touka D — cepenuna cropons! CB.
= 1= — -

Ho BEKTOP CD—ECB—ECZ DC_—E(J

_ — — 1 - >
B tpeyronsuuke CAD Bexrop DA=DC+CA= ) a+b.

-

2( 1~
W ckoMBblil BEKTOP 0——5(—561 bj ga——b,

3aoanusn 014 CAMOCmMOAMENbHO20 PEUIEHUA:
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—

1) Tlo I[aHHBIM BekTOpaM @ U D TOCTPOUTH KakKIBIA U3 CIETYIOIINX
_ o1 1. -
BEKTOPOB: 3d , ——b ,2d+=b, —a-3b.
P 2 32
2) B tpeyronpauke ABC BEKTOp AB=in u BEKTOP AC = 7 . ITocTpouth
. m+n m-n -m+n m+n
Kk /Ibl U3 CIEAYIOHX BEKTOPOB: ——  — 5, —
3) Touka O sABISIETCS TOYKOW MepecedeHusl MeauaH TpeyrojibHuka ABC.
Jlokazatk, uto O4A+OB+0OC =0.

4) B mpaBuiIbHOM MATAYTONLHUKE ABCDE 3aJiaHbl - BEKTOPBI,

[\

COBIIAJIAIOIIHME C €ro pedpaMu: AB = m BC = n, CD = p , DE = c] EA=17.
1- 1-
[TocTpouTh BEKTOPHI: m—n+p—q+r m+2p+2r 2m+2n 3p q+2r
5)B napajuiesnenumene ABCDA B C'D' 3a7laHbl BEKTOPHI, COBIAIAIOIINE
c ero pebpamu: AB = m, AD= n AA = p (puc. 85)

le

x

Br

----- am-JC

A B
PucyHnok 85.

- - 1=

6) [locTpouTh KaKbIi U3 CIAEAYIOLINUX BEKTOPOB: m+n+ p m+n+-— > p,

-

—m+—n+p, —m—n+—p
5 5 p, 219.

Konumponwsuwvie 6onpocoi:
CdopmynupyiiTe mpaBUjIo YMHOXKEHUSI BEKTOpA HA YHCIIO.

IpakTnueckasi padora Ne23
CkajisipHoe Npou3Be/JeHle BEKTOPOB

Ilenv padomuwi:

CMYOeHm 00JIHCEH:

3HAMb.

- popMyIIBI IS BBIYUCIICHUS CKAJIIPHOTO MPOU3BEICHHS BEKTOPOB;
ymemy:
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- BBIYUCIATH CKAJSIPHOE MPOU3BEIECHHWE BEKTOPOB, YroJl MEXIY
BEKTOpPaMHU.

Ceéedenusn uz meopuu:
CkanapHulm npousgedenuem 08yX 68eKmopo6 Ha3bIBAETCS YUCIIO, PaBHOE
MIPOU3BEJCHUIO MOAYJIEH ITUX BEKTOPOB HA KOCUHYC YIJia MEXKy HUMH.

CkanspHOe MPOHM3BEACHHE BEKTOPOB d W D 0003HA4YaeTcsi CHMBOJIOM
ab (TTIOPSIIOK 3aIUCH COMHOXKHUTEIEH 6e3pa3queH T0 ectb ab = ba)

Eciu yron mexay BekTopamMu a U b 0603HATHTH yepe3 ¢, TO HX
CKaJISIpHOE MPOU3BEICHUE MOKHO BBIpaBI/ITB dbopmynoii:

ab = |a|b|cos o

CkasipHOE TTPOM3BEICHHE BCKTOPOB @ W b MOXKHO BBIPa3sUTh TaKKe
bopmyoii:
ab = ‘a‘np;b
HITH

ab =

np;a
N3 Gpopmyibl ab= ‘a b

yron, ab <0, ecnu ¢ — Tymoit yrom; ab =0 B Tom u TonBKO B TOM Ciydae,

cos ¢ cnenyer, uto ab>0, eciu ¢ — ocrperii

KOI'JIa BEKTOPHI @ U b TepHeHIuKYISPHBI.

CkansipHO€ TNPOM3BENECHHE aa HAa3bIBACTCAd CKAJISPHBIM KBaJApaTOM
-2
BeKTOpa M 0003HauvaeTcs cUMBOJIOM a . CKaJIpHBIM KBaJpaT BEKTOpa paBeH

KBaJIpaTy €ro MOJIyJIs:

Eciu Bektopbl @ ¥ b 3amaHbl cBOMMH KoopauHartamu: d = (X,),Z;) U

b= (X3,)5,2,), TO HX CKaJSPHOE TPOHM3BEIECHHE MOXET OBITH BBIYUCIIEHO IO
bopmyie:
ab = XXy + V1Y, 212,
Otcroma  cimegyeT  HeoOXoAWMMOE W JIOCTaTOYHOE  YCIIOBHE
NEPIIEHIUKYISIPHOCTU ABYX BEKTOPOB:
XX, + Yy, + 22, =0.
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VYron ¢ Mexmy Bektopamu a=(x;,),,z) m b=(x,,¥,,z,) 3amaercs
_ab
dbopmynon cos ¢ ——‘a , WIn B KOOpAMHATAaX

b

a

X\ Xy * WV, + 2,2,

P > 2 [ > 2 ¢
\/'xl +) +Z \/xz +), +2,
[Ipoekuus MpOU3BOJILHOIO BEKTOpa S=(x, y, Z) Ha KaKylO-HHOYIb OCh U
onpezensercs GopMyJIoii:

cos@ =

np,S =Se,

rac € — GI[I/IHI/I‘-IHblf/'I BCKTOD, HaHpaBHeHHBIﬁ II0 OCH U.
Ecan JaHbI A, ﬁ, Y, KOTOPBIC OCH U COCTABJLIIOT COOTBCTCTBYIOIIUC YIJIBI C

KOODJIMHATHBIMH OCSIMH, TO € = (COS &, COs [3,C0S ) | I BBIYHCIIEHUS BEKTOpA
S MOKET CIyXHUTh (hopMyia:

np,S=xcosa+ycos f+zcosy.

Ilpumep 72.
- - 20T - -
BekTopel @ m b 00pasyior yroma §0=?, 3Has, 4TO ‘Cl‘=3, ‘b‘:4,
Bprauciuth: ab | |a| | b , (a+b)z, (3a+2b)2, (a—b)z, (3a—2b a+2b),
Pemenue:
ab — "Iz
13 opmyisl COS¢:‘~—Z;, pepasum @b = ‘aHb‘COS(D, Toraa
a

ab=12c0s2% -19 - L|- .
3 2 ’

—

2
, TO ‘a

-2 —
T.K. d = ‘Cl

T=3 =9 ‘5‘2:42:16;

110 GopMyJie COKPALIEHHOTO YMHOXKEHHS KBaApaTra CyMMbI, HIMEEM
@+5f =a" +2ab+b =9+2(-6)+16 =13 ;
AHAJIOTUYHO
(a+2b) =94 +12ab+4h" =81 +12(-6)+64 =73
110 opMyJie COKPAILIEHHOTO YMHOXKEHHS KBapara pasHOCTH, UMEEM
@-Bf =a —2ab+b =9-2(~6)+16=37;
pacKkpoeM CKOOKHU
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(3 —2b)a +2b)=3a" +6ab - 2ab—4b" =3a +4ab—4b =27 +4(~6)— 64 = —6L.

3aoauu 011 camoCmoAmenIbHO20 PeUeHUA:

-

1) Bektopbl ¢ u b B3aMMHO NMEPHCHIUKYJSPHBI; BEKTOP € 00pasyer ¢
=5
b

-

b

-

| = 8, BBIYHCIIUTH.

HUMHU YTJIbI, paBHbIC (pz%; 3Hasi, 4TO ‘a‘:3,
Ba—2b)p+3¢) (avb+ef, (a+26-3¢) .

2) Bextopst @, b u C momapHOo 06pasyloT Apyr ¢ ApyroM yIibl,
KaKIbIi M3 KOTOphIX paBed 60°. 3Has, uTo ‘Cl‘ =2, ‘b‘ =2, ‘C‘ =0 ompenenuts
Moxyib BekTopa P =a+b+c.

- . — [=2

3) Janbl Bektopsl a = (4;—2;4) u b = (6;-3;2) . BeIUUCINTS: ab, Va |,

[-2 A N A N
b (2a—3b a+2b), (a+b)z, (a—b)z_
Vag*

4) Hausr Touku A(-1; 3; -7), B(2; -1; 5), C(0; 1; -5). Beruucauts: VAB
VAC | (24B — CB)(2BC + BA)

KOHmPOJleble eonpocwsl:

1. 3anummre (GopmMynbl N7 BBIYMUCICHUS CKAISAPHOTO MPOU3BEACHUS
BEKTOPOB.

2. 3anummte GopMyITy IS BBIYUCICHUS YIiia MEX]y BEKTOpaMH.

IIpakTnyeckas padora Ne24
Hcnoab3oBanue BEKTOPOB NPH pellIeHUH MaTeMaTHYeCKUX H
NPUKJIAJIHBIX 32124

Ilenv padomuwr:

CMYOeHmM O0JIHCEH:

3HAMBb:

- BEKTOPBI U TPOCTEUIINE ACUCTBUS HAJ HUMU;

ymemy:

- TPUMEHSATH TIpaBWja JEUCTBUS HaJ BEKTOpaMH TIpU pEIICHUU
MaTeMaTHYECKUX M MPUKIIQJHBIX 3a]1a4.

Ceedenusn uz meopuu:
PaccmoTpum 3agaun TpE€X THUMOB, KOTOpBIE IieIecoo0pa3HO peuaTth ¢
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IMOMOIIBIO BEKTOPOB.
H€p6bll:i mun: 3610(1'1”, ces3amnHble ¢ 00KA3amelbCmeoM napajiieslibHocmu
NPAMbBIX U OMPE3KOE, NPAMDBIX U NJIOCKOCMU

Ilpumep 73.

JlokazaTh 4TO BEKTOpP, KOHIAMH KOTOPOTO SBJISIIOTCS CEPEIUHBI ABYX
MPOTUBOJICKAIIUX CTOPOH YETHIPEXYTOJIbHUKA, PaBEH IOJOBUHE BEKTOPHOM
CYMMBI JIBYX IPYTUX MPOTUBOJICKALTUX CTOPOH.

Pemenue:
nyctb ABCD — 4etrbipexyronbHuk, M — cepenuna AB, N— cepenuna CD.

Tor/a HeoGXOMMMO JJOKa3aTh, 4TO MN = %(ﬁf + AD).

ITycte O — npou3BoOIbHAA TOYKA ILUIOCKOCTH, COEUHUM €€ C BEpUIMHAMHU
U CepeIMHaMHU JIBYX CTOPOH YETHIPEXYTOJIbHUKA, BBITIOIHUM PUCYHOK (pHC. 86):

PucyHnok 86.

ITo npaBuity AenieHus OTpe3Ka B 3aJJaHHOM OTHOILIEHUH, UMEEM:

0_'M=%(0_A’+079),

o_z'vzé(&m_zj).

ITo mpaBuity TpeyroJbHUKA, UMEEM:

MN=ON—OM:%(OC+OD)—%(E4+073)=

| — — ] — — ] — —

:E(OC—OB)+E(OD—OA):E(BC+AD).

3aoaua ona camocmoamenvrnozo peuwienua Nel. JIokazatb, 4TO CpeaHss
JIMHUS Tpanelyy napajuielibHa OCHOBAaHUSM U PaBHA UX MOIYCyMME.

Bmopod mun: 3610&'{“, 6 Komopblx OOKLISbZGGBH’ZCﬂ, umo Hexkomopas
MouKa oeaum ompe30K 6 3a0AHHOM OMHOULEHUU
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Ilpumep 74.

b

Ha ctopone AC tpeyronbuuka ABC B3sita Touka M Tak, 4To ‘W‘ - %‘Iﬁ

a Ha NpoJoLKeHUH cTopoHbl BC Takas Touka N 4TO ‘ﬁv":‘lg_(f‘ B kakom

OTHOIIIEHUM TouKa P nepeceueHust AB 1 MN nenuT KaxXablil U3 3TUX OTPE3KOB.
Pemenue:

BBITIOJTHUM PUCYHOK (pHC. 87), COOTBETCTBYIOIIHNI YCIOBUIO 3a/1aUH:

A M C
Pucynok 87.
MP AP
[Mycren—=x, =—==y.
PN PB

—

Bribepem 0a3ucHbie BEKTOPHI CB = 5, CA=b.

Pa3znoxum BeKTOp 4P MO 0a3UCHBIM JABYMS Pa3IMUYHBIMU CIIOCOOAMH:

—_— _—

AP AP y —_ —
a) — =y, Torjga — =——, T.K. BEKTOpbl 4P U 4B COHAIIPABIICHBI,
PB AB  y+l
TO
AP=—2_4B=—2 (CB-CA)=—L(a-D).
y+1 y+1 y+1
T.e.
ap=—2Y_q- Y p.
y+1 y+1
WP .
6) = =x, Torma , AP =—— AM +—>— AN .
PN x+1 x+1
Ho, mno ycnoBuoo 3amauu ‘W‘:i‘ﬁ‘:ig, AN=CN—CA=2a—b>
IO3TOMY

AP - L(_lzs}i(z;_g) .
x+10 4 x+1
B monyueHHOM BBIpaKEHUH PaCKPOEeM CKOOKH, YITPOCTHM, TOT/Ia
TTOJTYIHM:
—  2x - 1+4x [;

AP = a—
x+1  4(x+1)
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YuuTeiBasi ~ €QUHCTBEHHOCTb  PA3JIOKEHHs  BEKTOpa 1O  JABYM
HEKOJJIMHEAPHBIM BEKTOPaM, ITOJIyYUM CUCTEMY:

y _ 2x
y+l x+l
y  l+4x
y+1  4(x+1)

Pemas cucremy JOObBIM  H3BECTHBIM  CHOCOOOM  (CIIOXKEHUEM,
MOJCTAHOBKOW ), MOTYYUM:

CnenoBatesibHO, TOUKAa P AEIUT OTPE30K AB B OTHOIIEHUM 2:3 U OTPE30K
MN B otHoO1IEeHNUH 1:4.

3adaua ona camocmosmensnozo pewenun Ne2. Ha nuarosamix 4B un
BC rpaneit AA1B1B u BB,C,C napannenenunena ABCDAB1C\D; B35Tbl TOUKU
cOOTBETCTBEHHO H u M Tak, uto otpe3ku MH n A,C napannensHbl. Haiinure
OTHOILIEHHUE JJIUH 3THX OTPE3KOB (Bl)ocnonwyl?gecr) PEJIOKEHHBIM pHC. §88).

/

afet

/l
B,/Iw

Pucynok 88.

Tpemuii mun: 3a0auu Ha OOKA3AMENLCMEO NPUHAOLEHCHOCIU Mpex U
bo/1ee mouex 00HOU NPAMOU

Ilpumep 75.

Touku M wu N nexar COOTBETCTBEHHO Ha ctopoHax AD u BC
yeTelpexyroiabauka ABCD, npuduem AM:MD=BN:NC=3:4. Jlokaxure, 4YTO
cepeauHsl 0Tpe3koB AB, MN n CD nexat Ha OTHOW MPSMOM.

Pemenne:

BBITIOJTHUM PUCYHOK (puc. 89), COBOTBGTCTBYIOHH/Iﬁ YCJIOBHIO 3aJ]a4u

N
K

&3



PucyHnok 89.

Ilyctes K| — cepenuna AB, K, — cepenuna MN, K3 — cepeguna CD.
Hcnone3yst hopMyIibl eJeHHs OTpe3Ka B 3aJaHHOM OTHOIICHUH, UMEEM:

] — —

KK, =—(AM +BN).

_— ] — —

K\K; =— (4D +BC).

N3 ycnosust AM:MD=BN:NC=3:4 cnenyer, 4TO

AM:%AD, BN:%R‘.

CnenoBartesbHO,

—— 31 = —= 3_——
KIKZZ;'E(AD_'_BC):;KIKS'

T.0., BEKTOPHI KK, ¥ K K, KOJUIMHCApHBI, H, 3HAYUT, TOYKHU K, K> u K;

JIekKaT Ha OAHOU MPSIMOM.

3a0aua Onn  camocmoamenvnozo pewenusn Ne3. B TpOCTpaHCTBE
pacmonoxxeHsl 0Tpe3ku AB u A1B;. Touka M ecth cepennHa oTpe3ka AB, Touka
M, — cepenuna AB;. Jlokaxure, 4TO cepeauHbl OTpe3KoB AA1, BB, u MM,
PACIIOJIOKEHBI Ha OJHON IIPSIMOM.

KOHmPOJleble eonpocasl:

1. IlpuBenute mnpuMepsl 3aaad, KOTOpbIE Ieeco00pa3Ho pemaTh C
ITOMOUIBIO BEKTOPOB.

IIpakTnyeckas padora Ne25
ITapaieJibHOCTH NPSAMOM M IJIOCKOCTH

ILlenv pabomor:

CMYOeHm O0JINHCEH:

3HAMb.

- MPU3HAKH NMapPAIICTIEHOCTH MPSMOW U TUIOCKOCTH;

- MPU3HAKH MapaJICIbHOCTH IJIOCKOCTEH;

- IPU3HAKH MapaICIbHOCTH MPSIMBIX B IIPOCTPAHCTBE;

ymemsp.

- CTPOUTH HapajuiebHbIC PSIMBIE, INIOCKOCTH B IIPOCTPAHCTBE.

Ceedenusn uz meopuu:
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lIpuznaku napannervHocmu NPAMOU U NIOCKOCMU

1) Ecom mpsimasi, ynexamiass BHE IUIOCKOCTH, MapajuieibHa KaKOW-Tr00
IPSAMOMU, JIEXKAIIEH B TOM IUIOCKOCTH, TO OHA ITapajulesibHa 3TOU INIOCKOCTH.

2) Ecnm mpsiMas ¥ IUIOCKOCTh NEPHEHIUKYJSPHBI OAHOM W TOU K€
IPSAMOM, TO OHM NapAJIJIEIbHBI.

IIpuznaku napannervHocmu niocKkocmetu

1) Eciu 1aBe mepecekalomuecss MpsMble  OJHOM  IUIOCKOCTH
COOTBETCTBEHHO NAapajUleJIbHbl [BYM IHEPECEKAIOIUMCS MPSMBIM JIPYTrOu
IJIOCKOCTH, TO 3TH MJIOCKOCTH NapalIeIIbHBbI.

2) Eciu 1Be TUIOCKOCTH MEPHEHAUKYIISIPHBI OJTHOW U TOM Ke MPSMOH, TO
OHM IapaJUICIIbHBI.

IIpuznaku napannervHocmu NPAMbIX 8 NPOCMPAHCIEE

1) Ecnu nBe nipsiMble TEPIICHIUKYIJISIPHBI OJHON M TOM e MJIOCKOCTH, TO
OHU TAPAJJICIIbHBI.

2) Ecniu B OIHOW M3 MEPECEKAIONIUXCS IUIOCKOCTEH JICKHUT MpsMas,
rapajulesibHasl JAPYyrou IUIOCKOCTH, TO OHA MNapajulelibHA JIMHUU IEPECECUYEHUs
IIJIOCKOCTEN.

llapannenvuvle npsmvie
Bo3bmém, Hampumep, nBe Takue npsmeie AB u DE, U3 KOTOpPBIX OJHA
[IEPECEKAET HEKOTOPYIO IIOCKOCTh P, a Apyras JIS)KUT Ha HEH, HO HE IIPOXOJUT

gyepes3 Touky (C) mepeceueHust mepBou MpsiMOi U TIIOCKOCTH P.
A

B

Pucynoxk 33. Henepecekarommecs npsiMbie

Uepes Takue ABE MPSMbIE HEIIb3sS MPOBECTU IJIOCKOCTh, IMTOTOMY 4YTO B
MPOTUBHOM Clly4yae uepe3 MpsmMyro u To4Ky C mpoXoAwiv Obl JBE pa3IuyHbIC
IJIOCKOCTHU: OJHA P, mepecekaroias npsMyro AB, u npyras, coaepsaiias e€, a
ATO HEBO3MOXKHO.

JIBe mpsiMble, HE JiekKalmME B OJHOM INIOCKOCTH, KOHEYHO, HE
MepPeCeKaroTCs, CKOJIBKO Obl WX HHM IPOJOJDKAIH; OJHAKO WX HE HAa3bIBAIOT
MapajuieIbHbIMU.

JIBe nmpsMble, HE JeXalmMe B OJHOM IUIOCKOCTH, Ha3bIBAKOTCS
CKPeuUuB8aouUMUCs.

IIpamas u niockocmo napannenvrvle mexcoy cooou
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IInockocth m IIpsAMas, HC JicKallasa B TOMU IIJIOCKOCTH, HAa3bIBAIOTCs
napauiCJibHbIMH, €CJIM OHU HC IICPCCCKAIOTCS, CKOJIBKO OBl UX HU IIPpOaO0JIZKAJIN.

Eciu npsmas (4B) mnapamienpHa Kakou-HuOyas mnpsmon (CD),
PaCIIOIOKEHHOU B TNIOCKOCTH (P), TO OHa mapajuielibHa CaMOU MIOCKOCTH.

Ecau mmockocts (R) mpoxomuT uepes mnpsamyro (AB), mapauielbHYyIO
npyroit miuockoct (P), U mepeceKkaeT 3Ty IUIOCKOCTh, TO JIMHUS TepeceyeHust
(CD) napannensbHa niepBoi npsiMmont (4AB).

Pucynox 34. [IpsiMas 1 I0CKOCTh MapajuielIbHbIE MEXITY cOO0M

Ecnu npsamas (4B) napaenbHa KaxAoW M3 JIBYX MEPECEKaroUXCs
riockocte (P u Q), To oHa napajiesibHa JUHUM ux nepecedenus (CD).

Pucynok 35. [1apamienbHOCTh IPSIMOM JIMHUU NIEPECEYEHNS TUIOCKOCTEN

Ecnmu nBe mpsimbie (AB u CD) mapasiensHbl TpeTbed npsimoit (EF), To

OHH TMapajuIeTbHbI MEXY COOOi.
c

N

B
Pucynok 36. [lapamienbHOCTh TpeX MPSMBIX

Iapannenvuvle niockocmu

JIBe  IUIOCKOCTM  HAa3bIBAOTCS  NAPAMNENbHbIMU, €CIM  OHU  HE
NEPECEKAIOTCS], CKOJIBKO ObI MX HU MPOI0JIKAIIH.

Ecnu nBe mepecekatomuecs npsmble (AB u AC) oaHo miockoctu (P)
COOTBETCTBEHHO MapajieJbHbl JBYM ImpsiMbiM (4181 u A,Cy) napyroit
mwiockoctu(()), TO OBTU IUIOCKOCTH mnapaiienbHbl. [lpsambele AB u AC
NapajuieNIbHbI INIOCKOCTH Q.
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Pucynok 37. [lapannenbHble INIOCKOCTH

3adanus ona camocmoamenbHo20 peuteHuA:

Pemure cnenyromue 3amayu  (BBINOMHUTH YEPTEX, JaTh MOJIPOOHBIE
MIOSICHCHH S ):

1) Cropona AC Ttpeyronbhuka ABC mnapajienbHa IJIOCKOCTH a, a
ctopoHbl AB u BC miepecekaroTcsi ¢ 3TOM IUIOCKOCThIO B Toukax M u N.
HoxaxwuTte, uto TpeyroabHuku ABC u MBN 110100HBI.

2) CKOJBKO CYIIECTBYET IUIOCKOCTEH, MPOXOMASIIUX 4Yepe3 JIaHHbIe
MPSIMYIO Y TOYKY B IPOCTPAHCTBE?

3) B npoctpanctBe AaHbl npsiMas @ U Touka M. CKOJBKO CYIIECTBYET
NPSIMBIX, TPOXOASIINX yepe3 M u napauiebHbIX TPSIMO a?

4) Jlansl TJIOCKOCTh U TOuka M BHE MIOCKOCTU. CKOJBKO CYIIECTBYET
MPSAMBIX, MPOXOAAIINX Yepe3 M u mapauiebHbIX IIIOCKOCTH?

5) B mpoctpaHcTBe AaHbl JIB€ MmapajuieiibHble NpsiMble @ U b. CKOJNBKO
CYIIECTBYET IUIOCKOCTEW, MPOXOIAIIMX YEPE3 NPSAMYI0 a W TMapauiebHbIX
npsimoit b?

6) Jansl 1Be ckpenuBaromuecs npsmbie a U b. CKOJIIBKO CYIIECTBYET Map
napajuieNIbHbIX TUIOCKOCTEH, OJJHA M3 KOTOPBIX MPOXOIUT 4yepe3 a, a apyras —
yepes b?

7) B mpoctpaHcTBe maHBI JBE IEpecEKaroIuecs MpsiMble a, b U He
nexamas Ha HUX Touyka M. CKOJBKO CYIIECTBYET IUIOCKOCTEH, MPOXOASIIUX
yepe3 M u napayieNibHbIX NPSIMbIM a U b?

Koumponwvnwie gonpocul:

1. Cdopmynupyiite npu3HaKU NapauieTIbHOCTH MPSIMOU U IIOCKOCTH.

2. Cdhopmynupyiite Npu3HaKU MapaieIbHOCTH MIIOCKOCTEH.

3. CdopmynupyiiTe  TpU3HAKKM  MOapaUICTbHOCTA  MPSMBIX B
IIPOCTPAHCTBE.

IpakTnueckasi padora Ne26
I'eomeTpuueckue npeodpa3oBaHus MPOCTPAHCTBA: NapaLIeIbHbII
NnepeHoc, CHMMETPHS OTHOCUTEJIBHO MJI0CKOCTH

Ilenv pabomor:
CMYOeHm Q0JIHCEH:
3HaMb.
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- OIIpe/IeJICHNE MapayIeIbHOrO EPEHOCA U €r0 CBOMCTBA;

- (hopmyBI U1 TApaIETBHOTO MEPEHOCA;

ymemsy:

- BBINIONHATH  TEOMETPUYECKHE  MpeoOpa3oBaHHsl  MPOCTPAHCTBA:
napauIeIbHbINA TEPEHOC, CHMMETPHS OTHOCUTEIHHO TIOCKOCTH.

Ceeodenus u3z meopuu:

llapannenvuwlii nepenoc u e2o ceoticmsa

Harnsano napannensmwiii nepenoc onpenensieTcsi Kak mpeoOpa3oBaHue,
IpU KOTOPOM TOYKH CMEUIAIOTCS B OJITHOM U TOM >K€ HANpaBJICHUH Ha OJTHO U TO
xKe paccrosiHue. Takoe ompeneneHue He SBISIETCS MaTEMaTHYECKU CTPOTHUM,
MOTOMY YTO B HEM YIOTPEOJSIETCS BBIPAKEHUE «B OJHOM U TOM K€
HaIpaBJICHUN», KOTOPOE CaMO HYXKIAeTCs B TOUHOM ompejacsicHuu. B cBs3u ¢
ATUM TapajuIeIbHOMY MEPEHOCY MBI JIaluM JPYroe, OTBEUAIOIIEe TOMY K€
HarJISiAHOMY MPEJICTABICHUIO, HO YK€ CTPOrO€ ONpeiesICHUE.

BBenem Ha MII0CKOCTH AEKapTOBBI KoopauHaThl X, ). [IpeoOGpa3zoBanue
burypsl F, npu KOTOpOM MPOHU3BOJIbHASL €€ TOYKa (X; )) MEPEXOAUT B TOUKY
(xta; ytb), tme a u b onHM M Te K€ IJA BCEX TOYEK (X; V), Ha3bIBACTCS
napajieibHbIM TiepeHocoM. [lapamnenbHbiii mepeHoc 3amaercs (popmyiamu
x'=x+a, y=y+b.

Ot QopMyIsibl BBIPAKAIOT KOOPAWHATHI X', )' TOYKH, B KOTOPYIO
MePEeXOAUT TOUKA (X; )) IPU NapaljIeIbHOM MEpEeHOCe.

{

Pucynok 38. [lapamienbHblid IEpEeHOC

IlapannenvHulii nepeHoc ecmv 08uUdiCEHUE
JleficTBUTEBHO, IBE MTPOU3BOJIBHBIE TOUKU A(X1; V1) K B(X2; 12) mepexoast
IpU MapajuieIbHOM TiepeHoce B ToUku A'(x1+a; y1+b), B'(xata; y2+b).
[Toatomy
AB*=(x2-x1 )+ (21’
A'B’2=(X2-X1)2+(y2-y1)2.
Otcrona AB=A'B'. T. 0., napayienbHbIi NIEPEHOC COXPAHSIET PACCTOSIHUS,
a 3HAUUT, SABJISICTCS JBHXKCHUEM, YTO U TPEOOBAJIOCH JOKA3aTh.
HaszBanue «napannenvuuiti nepenocy» ONpaBIbIBACTCS TEM, UYTO MPHU
napajuieIbHOM TEPEHOCE TOYKH CMEMHIAloTCs MO0  MapajulebHBIM (WM
COBIIA/IAIOIINM ) TIPSIMBIM Ha OJTHO U TO € PACCTOSTHUE.
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B L
Pucynok 39. [lapamienbHslii IEpeHOC

Cummempust omHocumenbHo nI0CKOCmu

CumMeTpuss OTHOCHUTENIBHO IUIOCKOCTH — 3TO TaKOE CBONCTBO
reOMeTpUYEeCcCKOl (urypsl, Korjga 000 TOUYKe, PACIOJOKEHHON IO OIHY
CTOPOHY IUIOCKOCTH, BCEr/ia OyJET COOTBETCTBOBATh TOUYKA, PACIIONIOKEHHAS 11O
JIPYTYI0 CTOPOHY IUIOCKOCTH, a OTPE3KU, COCIUHSAIONIME 3T TOYKHU, OYyIyT
MEPIEHIUKYJIAPHBI TIOCKOCTA CUMMETPHUU U ACIISTCS €10 MOIOJIaM.

Cnenyer OTMETUTh, 4YTO JBE€ CHMMETPUYHBIE QUIYpPHl WU JBE
CUMMETPUYHbIC YaCTH OJHOW (UTypbl MpPU BCEM HUX CXOJCTBE, PABEHCTBE
00bEMOB M IUIONIAICHi MOBEPXHOCTEM, B OOIIEM cCily4yae, HEpaBHbI, T.C. UX
HEJIb3s1 COBMECTUTH JAPYT C IPYTOM. DTO pa3Hble (GUTYpHI, UX HEIIb3s 3aMEHUTH
JIpyr NpyromM, HampuMmep, mpaBas INepyaTka, OOTUHOK W T.JA. HE TOASTCSA MJIs
JIEBOM pyKH, HOTU. [IpeaMeTsl MOTryT UMETh OJIHY, JIBE, TPU U T.J. MIIOCKOCTEU
CUMMETPHUH.

Hampumep, npsimas nupamuga (puc. 40a, 41a), ocHOBaHHMEM KOTOpPOM
SBJISIETCSI PAaBHOOEIPEHHBIN TPEYrOJIbHUK, CUMMETPUYHA OTHOCUTEIBHO OJIHOM
miockoctu P. Ilpusma ¢ Takum ke ocHoBanueMm (puc. 400, 410) umeer nBe
IJIOCKOCTH CHUMMETpUM. Y TPaBWIBHON MIECTUYTOJIbHOW mpu3Mbl (puc. 408,
416) ux cempb. Tema BpaimieHus: 1map, TOp, IWIMHIP, KOHYC U T.J. UMEIOT
0ECKOHEYHOE KOJIMYECTBO MJIOCKOCTEH CUMMETPUHU.

Pucynok 41. M3o00paxeHue miocKoCcTe CUMMETPUHU
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Ha d4eprexxax TIIJIOCKOCTH CUMMETPUM  H300paXarOTCs TOHKUMH
MITPUXTYHKTAPHBIMA ~ JIMHUSIMH, SBISIOIIMMHCS Kak OBl  CllefaMd  ATHX
IJIOCKOCTEN. Eciam TakoW cieq COBMAJAET € JAPYrod JMHUEH 4epTexa,
HalpuMep, ¢ KOHTYPHOH, TO OHa NPOBOAUTCS B BHUAE TOHKHX IITPUXOB,
BBIBOJAMMBIX 32 KOHTYp M300pakeHus Ha 5 — 8 mm. Ha yeprexxe HaHOCATCA
Clellbl TOJBKO TEX TIUIOCKOCTEH CHUMMETPHM, KOTOpbIE TEpIEeHIUKYISIPHBI
MJIOCKOCTH MPOEKIUN JAaHHOTO U300paxKeHUsI.

[Ipy HaMMUUM HECKOJBKUX TMOJOOHO PACHOJOKEHHBIX IIOCKOCTEH
CUMMETpPHH, Kak y npusMsl (puc. 406), Ha yepTexe U300pakaeTcsi TOJIbKO OJIHA
B3aMMHO TMEPHEHANKYJSIpHAs Tapa CIeJ0B, MO BO3MOXKHOCTU TEX, KOTOPBIC
napajieIbHbI MIIOCKOCTSIM MPOEKIIHH.

JUIsl TEOMETPUYECKHUX TENl C IIOCKOCTIMU CUMMETPHUH, MapajuieIbHbIMU
UX OCHOBAHUSM, HANpuUMep ISl MPU3M, CIEAbl IUIOCKOCTEH CHMMETpUU Ha
YyepTekax MOKa3bIBaTh HE IIPUHSTO.

3aoanus 0na camocmoamenbHo20 peuienua:

Pemnre 3agaun:

1) JlokaxuTe, 4TO IPU JBUKEHUU TMapajuiesibHbIC TIPSIMbIE 0TOOpaKarOTCs
Ha TapaJijie/IbHbIC TIPSIMBIE.

2) JlokaxkuTe, 4TO MpHU JABMKCHUU: a) MapauiesiorpaMM OTOOpa)kaeTcs Ha
napajienorpaMm; 0) Tpamenus OToOpa)kaeTcsi Ha Tpamelnuio; B) poMmo
oToOpakaeTcs Ha poMO; T') MPSMOYTOJILHUK OTOOpa)kaeTcsi Ha MPSAMOYTOJIbHUK,
a KBaJipaT — Ha KBaJpar.

3) Ha croponax AB u CD napannenorpamma ABCD nocTpoeHbl KBaJIpaThl
(TUIOCKOCTH  KBAJIpaTOB MEPHEHIUKYJSPHBI TUIOCKOCTH MapajiesiorpaMmMma).
Hcnonb3ysi mapaiienbHbI MEPEHOC, AOKAXUTE, YTO OTPE30K, COCIUHSIONINMA
LIEHTPBI 3TUX KBAJIPATOB, PABEH U MApAJIEIEH CTOPOHE AD.

Konmponwvuwvie éonpocwi:

1. [aiite ompeneneHue MapajuieIbHOTO NEPEHOCA W NEPEYUCITUTE Er0
CBONCTBA.

2. 3anummte GOpMYIIBI JJIS MapauIeIbHOTO TIEpeHoca.

IIpakTnueckas padora Ne27
[MapajieabHOE NPOEKTUPOBAHME

Ilenv padomuwr:

CMYOeHmM O0JIHCEH:

3Hamy.

- CBOMCTBA MapajuIeILHOTO MMPOSKTHPOBAHHSI,

ymemy:

- CTPOUTH GUTYPHI C IOMOIIBIO MAPAIICITEHOTO MPOCKTUPOBAHUS.
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Ceéedenusn uz meopuu:

llapannenvruoe npoexmupoganue

IlycTh maHBl MJIOCKOCTH O U TIpsiMas [/, mepecekaroniasi MIOCKOCTh d.
Bo3bMeM npou3BONIbHYIO TOUKY MPOCTPAHCTBA A U MPOBEJAEM YEPE3 Ty TOUKY
npsamyto [, napamiensuyto /. [psimas [, nmepecedeT MIOCKOCTh 00 B HEKOTOPOM
Touke A. [lomydennas Takum 00pa3oM Touka A Ha3bIBAETCS MPOCKIMENH TOUKU A
Ha IUIOCKOCTH O IPU MPOEKTUPOBAHUU NapaJIIeIbHO NpsMoid /. OOBIYHO KpaTKO
TOBOPST, UTO TOYKA A €CTh NapajieiabHasi IPOSKIUsS TOUKH 4.

L i
/ /Al/ /
“—

Pucynok 42. [TapanienbHoe NpOEKTUPOBAHUE

llapannenvroii npoexyuerl NMPOCTPAHCTBEHHON GuUTypsl @D Ha3bIBACTCS
MHO»XeCTBO O mapaliieIbHbIX MPOEKIUH BCeX TOUEK TaHHOU (PUTYPHI.

Ceoucmea napannienbHo2o npoeKmupo8aHusl

1) Ilpoekius npsAMoit ecTh mpsimasl.

2) IIpoexiuu napaienbHbIX NPSIMbIX apajlieIbHBbI.

3) OrtHomeHHe NPOEKIU [ABYX NapajUIelbHBIX OTPE3KOB PaBHO
OTHOILLIEHUIO ITPOEKTUPYEMBIX OTPE3KOB.

OpmozconanvrHoe npoekmuposarue

YacTHBIM  CllydaeM  NApaJUIENBbHOTO  IPOEKTHUPOBAaHUS  SIBISETCS
OpPMO2OHANIbLHOE NPOEKMUPOBAHUE

[lycTh gaHbl IUIOCKOCTH OO M MpsiMas /, mepneHAuKyJspHas o. Bo3pmem
IPOU3BOJIBHYIO TOYKY MPOCTPAHCTBA A; U MPOBEAEM uepe3 Hee MNpAMYIo [
napajuienpHylo [ (4, clIeaoBaTeiabHO, MEPHNEHAMKYJISPHYIO IUJIOCKOCTH ().
[Ipsimas /; mepeceyer mI0CKOCTh 0L B HEKOTOPOU TOUKE A.

L g
4

PucyHok 43. OpToroHaabHOE MPOEKTUPOBAHUE

[TonyuenHast Touka 4 HaA3bIBAETCA OPTOIOHAIBHOW MPOEKLUMEN TOYKH A
Ha IIJIOCKOCTB Q.
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Opmoconanvroti npoexyuei ¢ueypst ©; Ha IJIOCKOCTh 0 Ha3bIBACTCS
MHOKECTBO @ OpPTOTOHAJIBHBIX IPOCKIINHA BCeX TOYCK JaHHOU (urypsl @;. Kak
YaCTHBIM  Cllydyald  MapauieIbHOTO  INPOCKTHUPOBAHUSA,  OPTOrOHAJIBHOE
MIPOEKTUPOBAHUE oOamaer BCEMU CBOWCTBAMU MapAJLICIIBHOTO
MPOCKTUPOBAHMUSL.

Ce01icmBo opmocoHANbHOU NPOEKYUU NIOCKO20 MHO20Y20/IbHUKA

[nomanbk § OPTOTOHAJIBHOM MPOEKIMU TJIOCKOTO MHOTOYIOJIbHUKA Ha
IJIOCKOCTh 0 paBHA IUIOMIAAM S TMPOCKTUPYEMOrO MHOTOYTOJIbHUKA,
YMHOKEHHOM Ha KOCHMHYC YIJla Y MEXIY IUIOCKOCTbIO MHOTOYIOJIbHUKA H
IIJIOCKOCTBIO O

s=S-cos(y).

Ilpumep 76.

Uepes cTOpOHY OCHOBaHUS NMPABUIIBHON TPEYTOIBHOM ITPU3MBI IPOBEIECHA
wIockocTh mog yraom y=30° k mrockocTn ee ocHoBaHms. Halitm miomans
00pa3yIoLIEerocsi CeYEHus, €CIM CTOPOHA OCHOBAHUs paBHa 6 CM.

Pemenue:

T.K. IOpU3Ma MpaBWiIbHasi, TO €€ OOKOBbIE pedpa MNepHeHIUKYISIPHBI
IUIOCKOCTH OCHOBaHHUA. Clie10BaTEIbHO, TUNIOCKOCTh OCHOBAHUS €CTh IPOEKIIHS
IJIOCKOCTH CEYEHUS.

T.K. B OCHOBaHMM NPaBUIbHBIA TPEYTOJIBHUK, TO €T0 IJIOIA/Ib PABHA!

a*\3
1
Hcnonb3ys CBOMCTBO OPTOTOHAIBHOM ITPOEKIUN, UMEEM:
a*3

4cosy

S =

3Has, YTO CTOPOHA OCHOBaHWA paBHa 6 cM u yroa y=30°, BeIUMCIUM

IIomanb.
_ 683 36336
4cos30 4J§ 2

2

18

3aoanus 01 cAamMoCmoAmMebHO20 PEULeHUA:

Pemmre 3agaumn:

1) KakoBbl mpoeKknuu JIBYX HPSIMBIX Ha IJIOCKOCTb, €CIHU: a) MpsSMbIe
nepecekaroTcs; 0) MpsiMbie CKPEIUBAIOTCS; B) MPSIMbIE MapaJlICIbHBI.

2) Ha monenu kyba ABCDAB,CiD; ykaxxute MPOEKIUU Ha MIOCKOCTh
rpanu AA1B1B otpeskoB C\Dy, AD, CiD u DB, tpeyronsaukoB C,CD u ACD,
kBanpara BB,C,C.

3) I'unoTeny3a NpsAMOYroiabHOrO TpeyroyibHUKa paBHa 10 cM, a ocTphlii
yron 60°. Halimure miomanbs IPOEKIHMU TOTO TPEYrOJbHHKA Ha ILIOCKOCTD,
COCTABJISIONIYIO C INIOCKOCTEIO TpeyroabHuKa yroin 30°,
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4) CropoHbl TpeyrojibHHKa paBHbl 3,9 cm, 4,1 cm u 2,8 cm. Haligurte
IUIONIAb €ro MPOEKIUM Ha IUIOCKOCTb, COCTaBISAIONIYIO C IUIOCKOCTBIO
TpeyroibHuKa yroi 60°,

Koumponwvnwie gonpocol:

1. Yro Ha3bIBaeTCA MapajuieIbHON MPOEKIUECH?

2. Ilepeuncnute CBOMCTBA MAPAIIIETBHOTO MPOEKTUPOBAHMUS.
3. Uro Ha3bIBaeTCs OPTOrOHAILHOMN MpoeKkiuen Gurypni?

IpakTnueckast padora Ne28
Bepumnbl, pedpa, rpaHd MHOTOTPAHHUKA

Llenv pabomor:

CMYyOeHm OO0JIHCEH:

3HaMb.

- CBOWCTBO, CBS3BIBAIOLEE YHCIO BEpIIMH, pedep U rpaHeil
MHOTOIPAHHHKA;

ymemy:

- YCTaHaBIMBAaTh CBA3b MEXKAY YHMCIOM IUIOCKMX  yrioB [/
MHOTOTpaHHMKA U YUCIIOM ero pedep P.

Ceedenusn uz meopuu:

JIns  BBIOYKJIBIX ~ MHOTOTPAHHMKOB  WMEET  MECTO  CBOWCTBO,
CBSI3BIBAIONIEE YMCIIO €r0 BEPIIUH, pebep U rpaHei, gokazanHoe B 1752 romy
Jleonapaom Diinepom, U MOJy4YUBIIEE Ha3BaHUE TEOPEMBI Diliepa.

[Ipexxne uvem ero chOpMyIupOBaThb PACCMOTPUM HU3BECTHBIE Ham
MHOTOTPAHHUKH W 3alOJIHUM CIEAYIOUIyI0 TaOiHIly, B KOTOpOH B — 4ucio
BepuIH, P — pebep u I — rpaHeil JaHHOTO MHOTOT'paHHHUKa:

Ha3zanue MHOTOTpaHHuKa B P I
TpeyronpHasg nupamua 4 6 4
YerbIpexyrospHas nupamuia 5 8 5
TpeyronpHas npuzmMa 6 9 5
YerbIpexyroibHas nmpusMa 8 12 6
n-yroJyibHas MUpaMuaa n+l 2n +1
n-yrojpHas Mpu3Ma 2n 3n n+2
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n-yrojbHas yCE€UCHHasd | 2n 3n n+2
nMpamMujia

N3 3Toi1 TaGauIlkl HEMOCPEACTBEHHO BUIHO, YTO JJII BCEX BBHIOPAHHBIX
MHOTOTPAaHHUKOB MMEET MECTO pPaBeHCTBO B-P+/=2. Oxa3bpIBaeTCs, YTO 3TO
PaBEHCTBO CIPABEIMBO HE TOJILKO JJIA 3TUX MHOTOIPAaHHUKOB, HO U JJIS TIPO-
H3BOJIBHOTO BBHIMTYKJIOTO MHOTOTPAHHHKA.

3amMeTuM, 4YTO MHOT'OYTOJIbHUKH MOXHO Je(opMHUpOBaTh, YBEIUUHBATH,
YMEHBIIIATh WIM AK€ HUCKPUBISITH UX CTOPOHBI, JIMIIb Obl MPU HTOM HE
MPOUCXOJIAIIO PA3pPhIBOB CTOPOH. Yuco BepivH, pedep U TpaHeil pu 3TOM He
M3MEHUTCA.

JIisi  ToJlydeHHOTO pa30MeHus] MHOTOYTOJhHUKA Ha 0oJjiee MeNKue
MHOT'OYTOJIbHUKH UMEET MECTO PaBEHCTBO:

B-P+I'=1,

rae B — obmiee yuciao BepuiuH, P — oOmiee yncio pedep u I’ — 4ucio
MHOT'OYT'OJIbHUKOB, BXOJAIIMX B pazoueHue. ScHo, uro I'=/-1, roe I — uucio
rpaHel TaHHOTO MHOTOTpaHHUKA.

B ntobom svinykiom mMHO202panHuKe HAUOEmcs epanb C Yuciom pedep
MEHLUUM UL PABHBIM NMU
s 106020 MHo2o2panHuka umeem mecmo Hepasercmeo 3B <2P.

3aoanus 014 cAamMoCmoOAMEIbHO20 PEULeHUA:

1) MoxeT i1 9ucio BEpIIMH MHOTOTPAHHUKA PABHATHCS YUCITY €ro Tpa-
Hen?

2) YcTaHOBUTE CBA3b MEXKY YUCIOM TIJIOCKUX YIJIOB // MHOTOTpaHHUKA
W 9UCJIOM ero pebdep P.

3) TI'panssiMH  BBIMYKJIOIO  MHOTOTPAaHHUKA  SIBISIIOTCS  TOJIBKO
TpeyroiabHuKU. CKOJIBKO Y HEro BepIIUH B u rpaHeit I, eciv oH umeeT: a) 12
pebep; 6) 15 pedep? [IpuBenute npuMepbl TAKUX MHOTOTPAaHHUKOB.

4) W3 ka0l BEpPIIMHBI BBINYKJIOr0 MHOTOTPaHHUKA BBIXOAUT TPHU
pebpa. CkoJIbKO OH UMEET BepIIUH B u rpanelt I, eciau y Hero: a) 12 pedep; 0)
15 pebep? Hapucyiite 3TH MHOTOTpaHHUKH.

5) B xaxpaoll BeplIMHE BBITYKJIOr0O MHOTOIPAaHHHUKA CXOIUTCS IO
yeThipe pedpa. CKOIBKO OH MMEET BepIIMH B U rpaHei [, ecnu 4ucio pedep
paBHO 12? Hapucyiite 3TM MHOTOTpaHHUKH.

Konmponsuwvie éonpocwi:
1. 3anummre hopmyiy, CBSI3BIBAIOIIYIO YHCIIO BEPIIWH, pedep U rpaHei
MHOTOTPaHHHUKA.

IIpakTnuyeckas padora Ne29
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Hapajuenenunen. Kyo

Lenv padomuwi:

CMYOeHm QO0JIHCEH:

3Hamb:

- OlpejieNieHre napaienenumneaa, Kkyoa;

- CBOMCTBA NPSIMOYTOJIBHOTO MapaljIe/IeUIe 1a;

- popMyIibl 00bEMa MPSMOYTOJIBHOTO Mapajvieenunesaa, Kyoa;
ymems.

- CTPOUTH Mapajuiesienume, Kyo;

- BBIYUCIATH 00BEM MPSMOYTOJILHOTO Mapaviesenuneaa, kyoa.

Ceedenus uz meopuu:

llapannenenunedom Ha3bIBae€TCS MPU3Ma, OCHOBAHUSAMHU KOTOPOU CIIykaT
napasuiesniorpamMMel. Bee miects rpaHelt mapaienenureia — napauieorpaMMel.
OTpe3ku, COCAMHSIONIME BEPIIMHBI TMapajuiesienunea, He MNpUHAJICKAIINE
OJIHOW U TOM e TPaHM, HA3bIBAIOTCA OUACOHANAMU NApAJlieslenunedd.

Ceoticmea napannenenuneda

1) Cepenuna nuaroHanu Tmapajlielenuneaa sBISIETCS €ro IEHTPOM
CUMMETPHUH.

2) IlporuBosexamiye TpaHd MapaUiejenuneaa IONapHO paBHBI U
NapajuiesibHBI.

3) Bce ueTwhlpe nuaroHaliy mapajulielienuIie/ia MepeceKaroTcsi B OJIHON
TOYKE U JIETATCS €10 MOIMOoJIaMm.

Pucynok 46. [1apamenenunen

[Tapannenenunen, OOKoOBble pedpa KOTOPOTO  MEPHEHIUKYIISPHBI

IJIOCKOCTH OCHOBaHUS napasuleseurne/a, Ha3bIBACTCS NPSAMbIM
napannenenunedom (ABCDA,B,C,D; — ipssMoi mmapajijieienumnen).
l)l Iicl
4/ | B,
e e c

Pucynok 47. I[IpAMOyTOJIbHBIN MMapajIeNeTuIe
[Ipssmont rapajuieienuIe]n, OCHOBaHUEM KOTOPOTO CIIYKUT
IPSIMOYTOJIBHUK, Ha3bIBACTCS NPAMOY20JbHbIM napainenenunedom. Bee rpanu

MPSIMOYTOJILHOTO Tapajuiejienunena — MpsSMOYroJIbHUKHU. J[TuHBI Tpex pedep
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MPSIMOYTOJIBHOTO  MAPAJUICJICIINIEA, BBIXOASAIIAX W3 OJHOM  BEPIIMHBI,
Ha3bIBAIOTCS U3MEPEHUSIMU ITPSIMOYTOJILHOTO MapajuieenuIiea.

Cesoticmea npamoy20ibH020 napaiieienuneod
1) KBagpaTt nuaroHanau npsiMOyroJibHOTO MapaijieienuIie/ia paBeH CyMMe
KBaJIpaTOB TPEX €r0 H3MEPECHHUIA:
d*=a*+b*c?.
2) Bce nuaroHanu npsiMOyTOJIBHOTO TIapajuIeyIeUIe/1a PaBHBbI.
3) ns xkyba popmymna ynporaerces: 4d*=12a>.

Ipumep 77.
Haiitu nyiHy CTOpOHBI Ky0a, €CJIM €ro JMaroHaib paBHa 5 CM.
Pewmenue:
13 GOpMyIIbI AJI JUaroHaiu Kyoa BbIPAa3UM €ro CTOPOHY:
12
Torna,

44d* d 5

2 BB

T. k. mapamnenenurel €cTh YacTHBIM Ciydyaid MpPU3MBI, TO TUIOMIATh
MOBEPXHOCTH M O0BEM TMapajuieNieluIe/a BBIUYHUCIAIOTCA 10 (QopMyaaM 1is
IJIONIAM  TIOBEPXHOCTH M oO0bema nmpu3Mbl. Kpome Toro, oObem
MPSIMOYTOJILHOTO MapaJiICICITUIICT MOXKHO BBIYHCIISIT IO (hopMyJIe:

V=abc,
r7e a, b, c — Tpu U3MEpEHUS MPAMOYTOJILHOTO TTapajuIeeuIea.

Kyo
[TpssMOYTOJIBHBIN TTapasuIeTEUIe]] C PABHBIMU U3MEPCHUSIMHU Ha3bIBACTCS
KyOoMm. Bce rpanu ky0a — paBHbIE KBaJIpaThl.
O6beM kyOa BeIUUCIICTCS IO hOpMyJIe:
V=a’,
rJIe a — U3MEpeHue Kyoa.

Kaxk naiimu cymmy onun eécex pébep napannenenuneoa

Jlns ymoOcTBa BBeaeM oOo3HaueHUs: A W B CTOPOHBI OCHOBaHHS
napaenenunena; C — ero 00KoBas rpaHb.

T. 0., B OCHOBaHMM THapasUICCHIEIa JCKHUT IapaieiorpaMM CO
croponaMu A wu B. IlapammenorpaMM — 3TO  YETBIPEXYTOJIbHUK,
IIPOTUBOIOJIOXKHBIE CTOPOHBI KOTOPOTO paBHbI W MapajuieNbHbl. M3 3TOro
OTPECICHUS CICAYET, YTO IMPOTHB CTOPOHBI A JIGKHUT paBHas € cTopoHa A.
[TockosbKYy MPOTHBOJICIKAILIME TPaHHM MapajulelenuIea PaBHbl (BBITEKAET W3
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OMpEICNICHHs), TO BEPXHSISL €r0 IpaHb TOXKE UMEET 2 CTOPOHBI paBHbIE 4. Takum
o0pa3oM, CyMMa BCEX YEThIPEX 3TUX CTOPOH paBHA 4A4.

To ke, MOXXHO CKazaTh, U 0 CTOpoHE B. [IpoTHBOIIOIOXKHAs € CTOPOHA B
OCHOBaHUHU TMapajuienenunena paBHa B. Bepxusas (mpoTuBosiexaiiasi) rpaHb
napajuieienuneaa ToXe UMeeT 2 CTOpoHbI, paBHble B. CymMma BceX YEThIpeX
ATUX CTOPOH paBHA 45.

BokoBbIE TpaHu MapasuiesienuIea TOKE ABISIOTCS MapauieiorpaMMaMu
(BeITEKaeT U3 CBOWMCTB mapaienenunena). Pebpo C oAHOBpPEMEHHO SIBIISETCS
CTOPOHOM  JIBYyX COCEIHHMX TrpaHed  mnapamienenunena.  IIoCKOIbKy
MIPOTUBOIOJIOKHBIE TPaHW MapaJJICIENuIle/la MONapHO paBHBI, TO BCE €ro
O0KOBbIE pedpa paBHBI MKy co00it 1 paBHbI C. Cymma 00k0OBbIX pedep — 4C.

Taxkum oOpaszom, cymMa Bcex pebep mapamnenenumena: 44+4B+4C nnm
4(A+B+C).

UYacTHbll ciywail mpsiMoro mnapaiienenurena — kyo. Cymma Bcex ero
pebep paBHa 124.

Ilpumep 78.

Haiinure mmpuHy M BBICOTY NPSMOYTOJIBHOTO MApAIIENEHUIEa, €CIIH
mupuHa b Oosblie ero JUIMHbI a Ha 1 cM, BeIcOTa ¢ B 2 pa3a OoJiblie JJIMHEI 4, a
JnvaroHaib d B 3 pasza 00Jibliie JUTMHBI 4.

Pewenue:

3alUIIEM OCHOBHYIO (hOpMyIly KBajpara AMAroOHAIW MPSIMOYTOJbHOTO
napajuiesenunena:

dP=a’+b*+c.
BrIpa3zum Bce u3MepeHus uepes 3aJaHHyIo Auny a: b=a+1; c=2a; d=3a.
[ToncraBum B hopmyiy:
9a? =a*+(a+1)*+4a>.

PemnB kBagpaTHOE ypaBHEHHE, HalIeM JIJTMHBI BceX pedep:

3a*-2a—-1=0.
a=1; b=2; c=2.

IlIpumep 79.

JIBa peOpa MpsMOYroJbHOTO MapajuieJienumnesa, BhIXOIAIMe U3 OJIHOM
BepIINHBI, paBHbI 3 U 4. [Lo1aap NTOBEPXHOCTH ATOTO MapajuiesienuIe/ia paBHa
94. Haiinute TpeThe pedpo, BHIXOAIIEE U3 TOM K€ BEPIITUHBI.

Pemenne:

0003HaYMM H3BECTHBIC pebpa 3a a u b, a Hems3BecTHOE 3a c. Ilnomanp

TIOBEPXHOCTH TapalyIe/ICIHIe/a BRIPAXKACTCs KaK
S =2(ab+bc+ ac).

Bripazum c:
S_ ab
c=2
a+b
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HOI[CT&BJI?ISI 3aJaHHBbIC 3HAYCHUA, HMCCM.

%—12

c=2—:5.
7

Ortser: 5.

3adanun ona camocmoamenbHo20 peuteHuA:

Pemre 3anaumn:

1) Hamo mokpacuts mon B komHate. Pacxom kpacku Ha 1 »? — 120 2,
KOMHaTa uMeeT pazMepsl S m U 4 m. CKoIbKO MOTpedyeTcs: KpacKu?

2) Hago okiienTb KOMHATy C OJIHUM OKHOM M JIBEPBHIO 000SIMHU OT I10JIa J10
noToika. J{nmuHa koMHaTsl 5 v, mupuHa — 4 m, Beicota — 3 m. [Inomans okHa 3
Mm%, mnomans asepu 2 m*. O6ou MpoaaroTes LENbIME PyJIoHaMu, 1 pysioH Ha 10
m?. CkosbKO ToTpedyeTcs pyJI0HOB 000eB?

3) IBa pebpa mpsMOYroIbLHOIO Mapajuiesienuneaa, BhIXOASAIINE U3 OTHON
BEpIIMHBI, paBHbl 1, 2. [lmomaae moBepXHOCTH mapauienenunena pasHa 16.
Haiignte ero nuarosasis.

4) [1nomaas rpaHu NPSAMOYTOJIBHOTO Mapasuienenunena pasa 12. Pedpo,
NEPHEHANKYJIIPHOE 3TOM TpaHu, paBHO 4. Haiinure 00beM mapasienenumnena.

Koumponwvnwie gonpocul:

1. MHaiite ompeneneHue  mapajulelienunena, KyOa,  BBIIOJHUTE
COOTBETCTBYIOIIME YEPTEKHU.

2. lIlepeuncnute CBOMCTBA MPSIMOYTOJIBHOTO Napajuielienuneaa.

3. 3anummre (GopMynbl s BBIYHCICHUS OObeMa Mapajuielenuiesa,
KyoOa.

IpakTnueckasi padora Ne3(
Ceuenusi ky0a, npuU3Mbl, MUPAMHU/IbI

ILlenv pabomor:

CMYOeHm O0JICEH:

3Hamo.:

- METOJT «CIICTIOBY;

- MpaBWJIa TTIOCTPOCHUS CEYCHUIT MHOTOTPAaHHUKOB;
ymemn.

- CTPOWTH CCUCHHUS KyOa, IPU3MBbI, ITMPAMU/IBI.

Ceedenusn uz meopuu:

Ceuenus kyba niockocmuio

Ecnu mockocthe mepecekaeT Tpu pebpa Ky0Oa, BBIXOISIIUX W3 OJHOM
BEPILIUHBI, TO B CEUCHUM MOIy4YaeTcsl TpeyroyibHUK (puc. 48 cnesa). [Ipu sTom
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€CJIM OTCEKAEMBbIE MIJIOCKOCTBIO OTPE3KU PEOEp paBHBL, TO B CEUEHUH MOTy4aeTCs
PAaBHOCTOPOHHUM TPEYrOJIBHUK, €CIM PAaBHBl JBa OTpe3Ka U3 TpeX, TO
NOJIy4aeTcsl paBHOOEIPEHHBIM TPEYrOJbHUK, HAKOHEL, €CIH BCE TPU OTPE3Ka
Pa3JINYHBI, TO B CEYEHUU TOIYYAETCs] PA3HOCTOPOHHHUM TPEYTOJIbHUK.

2]

______ ¢ Y &/

Pucynok 48. Ceuenus Ky0a IIIOCKOCTBIO

B ceuenun xyba miaoCKOCTbIO HE MOTYT TMOJIY4YaThCs MPSIMOYTOJbHBIA WU
TYNOYTOJIBHBIN TPEYTOJIBLHUKH.

BoisicHuM, Kakve 4eThIPEeXyTOJbHUKNA MOTYT TOJIy4aThCsl B CEUCHUU KyOa
MJI0CKOCTBIO.

SIcHO, YTO €ciM IJIOCKOCTh MapajuieibHa OJHOW M3 rpaHed Kyba, To B
CEUCHHMM Toiy4yaeTcsi kBajupaT (puc. 48 mocepeaune). Ecim miockocTh
napajieibHa OAHOMY ©3 pebep Kyba, TO B CEUCHHHM IIOJIy4aeTcs
npsAMOYTroJdbHUK (puc. 48 cnopaBa). EciM IUIOCKOCTh MEPECEKAET YEThIPE
napajieibHBIX pedpa Kyba, TO B CEUCHHMH TOJIydaeTcs mapajuiesorpamm (puc.
49 cnesa).

Pucynox 49. Ceuenus kyba IIOCKOCTHIO

Ha puc. 49 nocepeanne noka3zaHo cedeHHE KyOa IJIOCKOCThIO B (popme
naruyronbHuka ABCDE. Ilpsmbie AB u DE, CD n AE napanieiibHbl, Kak JIUHUH
MEepPEeCeUEHNUs IBYX MapajuleIbHbIX IIOCKOCTEW TPEThEH MIIOCKOCTHIO.

Ha puc. 49 cnpaBa moka3aHO cedyeHHE Ky0Oa IUIOCKOCTBIO B (opme
mectuyronbanka ABCDEF. Ilpsmsie AB u DE, BC n EF, CD u AF
napajuielibHbl, KaK JIMHUM T[EPECEUCHUs] JBYX MapaJUIEIbHBIX IUIOCKOCTEH
TPEThEH IIIOCKOCTHIO.

ITockonbKy y Ky0a MMeEeTCsl TOJBKO IIECTh T'paHed, TO B CEUCHHH Kyda
IJIOCKOCTbI0 HE MOJKET TMOJYYUThCS MHOTOYTOJBHUK C YHCIOM CTOPOH,
OOJIBIIIMM IIIECTH.

Ilocmpoenue ceuenuit MHO202PAHHUKOB

JLost MOCTPOCHUS CEUCHUU HCTIOJIB3YIOT METO/ «CJIEJIOBY,
3aKJIIOYAIONIUKACS B HAXOXXICHUU TOYKHA MEPECEYCHUST MPSMON U IIJIOCKOCTH 10
3aJJaHHBIM JIBYM TOYKAaM 3TOM MPAMOMN U UX MPOEKIUAM Ha ILIOCKOCTb.
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IIpumep 80.

[IycTh mpsAMas k TpoXoauT 4epe3 TOUKU A, B U U3BECTHBI NapaJLJICIbHbIE
npoekuuu A’, B’ 3THX TOYEK Ha IUIOCKOCTh 7. Tpedyercs HaWTH TOUKY
IepeceueHust NpsIMON AB € TNIOCKOCTBIO Tt.

Pemenue:

yepes Touku A°, B’ mpoBeaeM npsamyto k’. Torna nepeceuenue npsaMon k
C mpsaMoOH &’ 1 OyJeT UCKOMBIM MEepeceYeHUuEeM MPSIMOU k C IIOCKOCTBIO T (CM.

puc. 50). ,
|
s
Pucynoxk 50.
IlIpumep 81.

Hanubl Toukn A, B, C u ux napamnenbHble npoekuuu A’, B’, C’ Ha
MI0CKOCTh 7. TpeOyeTcs MOCTpOUTh JUHUIO TepeceueHust Miockoctu ABC u
IJIOCKOCTH T.

Pemenue:

UCIIOJIb3YSl PELIEHUE MPEeAbIAyIIEHd 3aJadd, IMOCTPOUM TOYKH X U Y
nepecedeHust npsiMbix AB u AC ¢ mnockocteio 7. [Ipsamas XY Oyaer uckomoit
JMHUEHN TiepecedeHust miockoct ABC M TLTOCKOCTH 70 (cm. puc. 51).

Pucynoxk 51.

IlIpumep 82.

Uepe3 nannyro Touky C (C’) mpoBecTH MPSIMYI0, ApaUICIbHYI0 JaHHON
npsimoit AB (A’B’), u HailTH ee TOUKY MepecedeHusi ¢ TNIOCKOCTHIO .

Pewenue:

yepe3 Touky C MpoBOAUM MpsMYyI0, napamienbHyo AB. Uepe3 touky C’
MPOBOAUM TIpsiMyto, mapaienbHyto 4 ’'B’. Touka X nepecedeHus 3TUX MPSMBIX
u OyJeT UCKoMoit (cM. puc. 52).

Pucynok 52.

Hcnonvsys memoo, paccmompennsiii 8 npumepe 119, pewum 3a0auu Ha
nocmpoeHue cedenuti Kyoa, nupamuowvl U npusmbl
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Ilpumep 83.
[TocTpoutsb cevyenne Kyda MIOCKOCTHIO MPOXOISIICH Yepe3 TpU TOUKH A,

B, C, npunannexamme MOMapHO CKPEIIMBAIONIUMCS pedpam 3Toro Kyda (cm.
puc. 53).

By
‘ C

Pucynoxk 53.

Pewmennue:

HalJIeM NepeceueHue npsaMou AB, nexamed B INIOCKOCTA CEYEHHs, C
IUIOCKOCTBIO  OCHOBaHMs KyOa. [ljis 93TOro MOCTpPOMM  IapaljiesibHbIE
npoekiud ’, B’ Touek A, B Ha ocHOBaHME Ky0Oa B HalpaBJieHUH OOKOBOTO pedpa
Ky0Oa (cM. puc. 54).

=
~ N
LSRR P
v =
v
|
[
|
i
'
T

== D

Pucynoxk 54.

Ilepeceuenune mpsimbix AB u A’B’ Oynmer uckoMoil Toukoil P. OHa
NPUHAJIEKUT TUIOCKOCTH CEUEHHUS M IUIOCKOCTM  OCHOBaHHUS  KyoOa.
CrnenoBaTellbHO, MIOCKOCTh CEYEHMS MEpEeceKaeT OCHOBaHUE KyDa Mo mpsAMoun
CP. Touka mepecedeHus TOW MpsiMON ¢ peOpoM OCHOBaHMS KyOa IacT erle
onny Touky D ceuenus ky6a. Coenununum touku C u D, B u D otpeskamu. Yepes
TOYKY A MpOBEIEeM MOPSIMYI0, MapajuiebHyl0 BD, U TOUKy €€ MEepEeCcEeUeHHUs C
pebpom kyba o6o3nauuMm E. Coenunum Touku E u C oTpe3koM. Uepes Touky A
OpoBeJEM MpsMyto, napamienbHyto CD, U TOUKy ee IMepeceueHus ¢ pedpom
KyOa o0o3HauuM F. Coequaum Touku A u F, B u F oTpe3kamu. MHOTOYTroJIbHUK
AECDBF wn 6yaeT HCKOMBIM H300paKeHUEM CEYeHHS Ky0a MIOCKOCTHIO.

Ilpumep 84.
[TocTpouTh cedueHre TPEYroabHOU MUPAMUIBI TUIOCKOCTBIO, MPOXOAAIIEH
yepes Tpu Touku A, B, C, mpunajexariue ee peopam (cm. puc. 55).
E

Pucynoxk 55.
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Pemennue:

mpoBeaeM NpsMyl0o AB M ee TOUKy IepeceueHusi ¢ OOKOBBIM pedpom
nupamuasl  o0o3HauuM uepe3 FE. Ilposenem mnpsamyro EC u ee TOUKY
nepeceyeHust ¢ pedopoM OCHOBaHUS NUpaMuibl 0003HaunM vepe3 D. CoenuHum
orpe3kamu Touku B u C, A u D. Yerbipexyronbauk ABCD OyAeT MCKOMBIM
CEUCHHEM MUPAMU/IBI.

3aoanus 01a camocmoamenbHo20 peuenun:

Pemwute 3anaumn:

1) Kakoit durypoii sBiserca cedeHue KyOa A..D; TUIOCKOCTBIO,
MpOXOJsIEH uepe3 BepiuHbl By, D u cepeauny pedpa CC,?

2) Kakoit ¢urypoil sBusercs cedeHue Kyba A..D; IUIOCKOCTBIO,
npoxosien uepes cepeaunnl pedoep AB, BC u DD, ?

3) Uepes cepeauny pebpa kyOa, MEpHeHAUKYISIPHO CKPEIIUBAIOIICHUCS ¢
TUM peOpOM IMaroHaiv, IPOBEIeHO ceueHne. Onpeaenure ero BUa.

4) Kakoil ¢urypoil sBigeTcs cedeHHuEe KyOa IIJIOCKOCThIO, KOTOpas
MPOXOJUT 4Yepe3 JIB€ MNPOTUBOMOJIONKHBIC BEPIIMHBI HUKHETO OCHOBAHUSA H
CepearHy OJIHOTO U3 pedep BepxHero ocHoBaHus? Haiinurte ero nepumerp, eciu
JUTMHA pedpa kyOa paBHa 1.

5) Yepes Bepmmnbl 4, C, D xkyba A4...D; npoBeneHo cedyenue. B kakom
OTHOIIICHHH OHO JEIUT JuaroHaidb DB;, u Kakol o0pa3yeT yroia ¢ 3TOH
TUArOHAJIBIO?

6) Kakum siBisieTcst ceuenue terpadipa ABCD mII0CKOCTBIO, MPOXO SIS
yepe3 cepenunbl pedep AB, BC u CD?

7) Kakoil ¢urypoil sBisieTcsi cedeHHe NpaBUIIbHOrO Terpa’npa ABCD
IJIOCKOCTBIO, MPOXOJAIIECH 4Yepe3 BepmmHy B u Touku M, N — cepeauHbl
COOTBETCTBEHHO pedep AD, CD?

8) Iloctpoiite ceuenue kyba A...D; TIOCKOCTBIO, MPOXOJAIIEH 4Yepe3
BepiuHbl By, D u Touky H, npunaanexairyto peopy CC,.

9) IlocTtpoiiTe cedyeHMEe MPABUIBHOM YETHIPEXYTOJbHON MUPAMHUIBI
MJIOCKOCTBIO, IPOXO/SIIEH Yepe3 TOUKHU, YKa3aHHbIE HA PUCYHKE 56.

A

Pucynoxk 56.

10) IlocTtpoiiTe ceyeHHWE MPaBUIBHON IIECTHUYTOJbHONH MPU3MBbI
TUIOCKOCTBIO, ITPOXOAIIECH Yepe3 TOUKHU, YKa3aHHbIE HA PUCYHKE 57.
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Pucynox 57.

Konmponsnwie eéonpocwi:

1. Moxer i1 B CeYeHUH KyOa IJIOCKOCThIO MOTYUYUThCS: a) Tpanenus; 0)
paBHOOEIpeHHass  Tpamelnus; B)  HEpaBHOOEApEHHas  Tpamemnus; T)
IPSIMOYTOJIBHAS TPAMCIIHS; 1) TYHOYTOJIbHAS TPaTeIusi?

2. Kakue  MHOTOYrOJRHUKM  MOXKHO  TIOJYYHTh B  CEUYCHUU
YEeTBIPEXYTOJIbHON MUPaAMUIBI TNIOCKOCTHIO?

3. Kakue MoryT ObITh C€UeHHS IPABUIIBHOTO TETPa’Apa MIOCKOCThIO?

IIpakTnyeckas padora Ne31
OceBble ceyeHHs M CeYeHUsI Napajlie/ibHbIe OCHOBAHMIO

Ilenv padomuwi:

CMYOeHm OO0JIHCEH:

3Hamo:

- CBOMCTBA MPOCKIIUN;

ymemn.:

- CTPOUTH CEUCHUS TUIUHIpA.

Ceedenusn uz meopuu:

Ceuenus yununopa

Cedenuss MWIMHApPA TUIOCKOCTBIO  MOXHO  paccMaTpuBaTh  Kak
napasuiesibHbIe MPOEKIIMU OCHOBAHUS IWIMHAPA HA ATy IJIOCKOCTh. [losTomy,
€CJIM TJIOCKOCTh MapajijiebHa MIIOCKOCTH OCHOBAHUS, TO B CEYEHUU MOJY4aeTCs
KpPYT, paBHBII OCHOBAHUIO.

Ecnu miaockocTh cedueHusi COCTaBIISIET HEKOTOPBIM YIroJl ¢ IJIOCKOCTHIO
OCHOBAHUS IWIMH/PA U HE TIEPECEKAaeT OCHOBAaHUs, TO B ceUeHUU OyAeT durypa,
OTpaHUYCHHAS DJUTATICOM.
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Pucynok 61. Ceuenue nunuspa

Ha puc. 61 nmoka3zaHo MOCTpOEHHE TOUEK SJUIUIICA, MOJYYAIOIIErocs Kak
ceueHrne OOKOBOM MOBEPXHOCTH IUIUHIPA TIIIOCKOCTHIO.

J{nst aTOTO 3aMaAMM ABa CONPsDKEHHBIX nuamerpa AB u CD. Yepes TOUKy
A mpoBeneMm o0pa3ylollyl0 W BbIOEpEM Ha HEW KaKyr-HUOYIb TOYKYy A,
npuHajIekKamnyro cedeHuto. Ilpsmas A°0O  mepecedeT  oOpasyrolnylo,
MPOXOJIANLYIO0 YEPE3 TOYKY B B HEKOTOPOH TOUke B’, Takke MPUHAJICKAIIYIO
ceueHuto. Bo3zpMem Teneps Ha otpe3ke CD NMpOoU3BOJIBHYIO TOUYKY M MPOBEIEM
yepe3 Hee IMpsMyro, mnapamienbHylo A’B’. Ee TOYkM TiepecedyeHus C
o0pa3zyronMy HWINHIpA OyIyT IPUHAJJIEKATh CEUYECHUIO.

Bo3bMeM mpsAMOYrojibHbIM JIMCT OymMard M HapUCyeM Ha HEM OCH

koopauHat Ox n Oy napajijielbHO COOTBETCTBYIOIIMM CTOpOHaM (puc. 62).
y

PucyHok 62.

3areM CBEpHEM ATOT JUCT B OOKOBYIO NMOBEPXHOCTh MPSIMOr0 KPYroBOTO
HWJMHIpA, PaJdyC OCHOBAaHHS KOTOporo mnpumem 3a eaunuany. Ocp Ox
CBEpPHETCSI B OKPYKHOCTh paauyca 1, a ocb Oy cTaHeT o0pa3yrolieil uInHIpa

(puc. 63).
D

y_A4
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b< B
0
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.

~ _ |
PucyHnok 63.

UYepez muamerp OD mNOJNy4EHHOM OKPYKHOCTH TIIPOBENEM CEUYECHUE,
COCTABJIAIONIEE C ILUIOCKOCTBIO OKpykHoctd yronm B 30°. B osrom ciydae
cedeHueM OyeT AIJUIUIIC.
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3adanun ona camocmoamenbHo20 peuleHuA:

1) Hapucyiite HWIMHAP U TJIOCKOCTh, MEPECEKAIONIYI0 €ro OOKOBYIO
ITOBEPXHOCTH 10 3JUTUIICY.

2) HapucyiTe UMAMHAP W MOCTPOMTE HECKOJIBKO TOYEK 3JILIMUIICA,
MOJTYYaIOIIETOCsd B CEYEHUU €ro0 OOKOBOW MOBEPXHOCTH MJIOCKOCTHIO.

3) B ocHoBaHuu nmiaMHApa Kpyr paauyca 5 cM. bokoBasi moBepXHOCTh
HUJIMHIpa MepecedyeHa IUIOCKOCThI0. Haiinure Imiomans cedeHus LUIuHApa
ATOM IJIOCKOCTBIO, €CJIM OHA 00pa3yeT C MIIOCKOCThIO OCHOBaHHUA yroi: a) 30°;
0) 45°; B) 60°.

4) Bo3bMeM MNpsSMOYTOJIbHBIA JIUCT OyMard ¢ HApUCOBAHHBIMU Ha HEM
ocsiMu KoopauHat. CBepHEM ATOT JIUCT B OOKOBYIO MOBEPXHOCTh MPaBUIILHOM
YEeTBhIPEXYTroJibHON npu3Mbl (puc. 64). CTOpoHy OCHOBaHHUS MPU3MbI IPUMEM 3a
I cm. Yepes touku O u D mpoBeeM CEYEHUE IUIOCKOCTbIO, COCTABJISIONICH C
IJIOCKOCThIO OCHOBaHUS yroi 45°. Pa3BepHem nuct Oymaru. BeisicHute, kakas
MPU 3TOM TOJYYUTCS KpuBasg? UTO M3MEHUTCS, €CIM CEUCHHE MPOBOJUTH O]
JIPYTUMH yTiaaMu?

PucyHok 64.

Konmponwvuwvie éonpocwi:

1. B kakom cinydae CE4eHHEM LWIMHAPA IIIOCKOCTHIO SIBIISIETCA KPYT?

2. UYto Oynmet ceueHueM IUIMHIpA MIIOCKOCThIO, MMPOXO/IAIIEH Yepe3 OCh
HWIAHAPA?

3. Kakyio ¢QopMy mnpuHMMaer TOBEPXHOCTh BOJbl B KPYIJoM
HaKJIOHEHHOM CTakKaHe?

4. Moxer i B CCUCHUH ITUJIMH]IPA TJIOCKOCTHIO TTOYYUTHCS: a) KpyT; 0)
MPSIMOYTOJILHUK; B) TAPAJIJIEIOTPAMM; T') TPATEIus 1) TPEYTOJIbHUK?

5. MoryT a1 B CEYEHUSAX HMWIMHJIPA MIOCKOCTHIO MOJTY4YaThCs (UTYPHI,
OTJIMYHBIE OT Kpyra, MPSIMOYTOJIbHUKA U 3JUIHICa?

IIpakTnyeckasi padora Ne32
Ilap u cepa, ux ceuenust

Ilenv pabomor:

CMYOeHm O0JIHCEH.

3HAMb.

- onpeJieNieHre apa, cephl, UX JIEMEHTOB;
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ymemsy:
- CTPOUTbH CEUCHHUS IIapa.

Ceéedenusn u3z meopuu:

lllapom TpUHATO Ha3bIBaTh TEJO, OTPaHHMYEHHOE c(epoil, T.e. Imap u
cdepa — 3TO pa3Hble TEOMETPUUECKHUE Tea.

Cgepa — »10 (Durypa, cocrosimas H3 BCEX TOUYEK MPOCTPAHCTBA,

y,[[aJIéHHBIX OT JJAHHOM TOYKH Ha JJaHHOM pacCTOsAHHNU.
LHEeHT
cc])epEI
Cdepa nmonyuaerca npu

. C BpalleHHH OKPYAKHOCTH
’ G BOKPYT AHaMeTPa HJIH
NOJYOKPYAKHOCTH.
Pucynok 65. Cdepa

llosepxnocmo wapa Hazvieaiom c@epou. Ecau pacceubr chepy
IJIOCKOCTHIO, TIONYYUM B CEYCHHHM OKPYXXHOCTh. Takue OKPYKHOCTH HMEIOT
pa3Hble PaJANYChl: YeM Jaibllle TUIOCKOCTh OT IIEHTpa Cephl, TeM MEHBIIEC
paauyc cedenus. Cambie OOJBIHE OKPY)KHOCTH TIONYYArOTCS TPU CEUCHHH
chepsl MUIOCKOCTSAMHU, MPOXOMSAIMIMMH dYepe3 e IeHTp. TakumMu OOoJbIIUMU
OKPYXHOCTSIMU Ha 36MHOW MOBEPXHOCTH SABJISIIOTCS DKBATOP U MEPUAMAHBI. A
napajield — 93TO CEUYEHHUs 3EMHOM TOBEPXHOCTH IUJIOCKOCTSIMH, KOTOpHIE
napajieIbHbl SKBATOPUATHLHOM TIIOCKOCTH.

Cghepoti nHazpiBaeTcsi Gurypa, cocrosimas U3 BCEX TOUEK MPOCTPAHCTBA,
pPaBHOYNANEHHBIX OT JAHHOW TOYKH. DTa TOUKA HA3BIBACTCS YEHMPOM chepbl u
0oviuno obo3nauaemces O.

Paccrosinue ot Touek cdepsl 10 €€ IeHTpa Ha3bIBACTCS paouycom cghepwl
u o0bwviuHo obosznavaemcsi R. Paouycom Taxxke Ha3bIBaeTcs JIOOOH OTPE30K,
coeUHSIOMMI TOUKy cdeprl ¢ e€ ueHtpoM. Cghepa — 3TO rpaHulia IIapa.
[lenTp, pamguyc u guameTp cdepsl SBISIOTCS TaKXKe IEHTPOM, PaTuyCoOM H
JTUaMETPOM Iapa.

[llapom Ha3BIBaETCS TEIIO, KOTOPOE COCTOMT M3 BCEX TOUYEK IMPOCTPAHCTBA,
HaXOJAIIUXCS HA PACCTOSHUM HE OoJiee YeM Ha JaHHOEe paccTosHue. Jpyrumu
CJIOBaMH, uiap — 3T0 O0beAMHEHUE CPEephl U BCEX €€ BHYTPEHHUX TOYEK.

Besikoe ceuenue wapa ninockoctbio ecTh Kpyr. LleHTp aToro xpyra ectb
OCHOBAaHHE TMEPNEHANKYJISIpA, OIMYIICHHOTO W3 IIEHTpa Imapa Ha CEKYIIyIo
TIJIOCKOCTb.

OcHosHble 2ceomempuyeckue popmynsi
[Tnomans cdepsr:

S=4nr’=nd’.
O0bem 1iapa, OrpaHMuYE€HHOTO chepoil:
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Pucynok 66. Bzanmnoe pacnonoxenue chepsl U MIOCKOCTU

Kacamenvnas nnockocms k cghepe

[InockocTh, uMermas co cdepoll TOJbKO OJHY OOIIYyI TOYKY,
Ha3bIBACTCs KacaTeJIbHOU IUIOCKOCTHIO K cepe, a ux o0I1as Touka Ha3bIBaCTCs
TOUYKOM KacaHUs IUNIOCKOCTH U CepBbl.

Panuyc cdepsl, npoBen€HHBIM B TOUKY KacaHUsi CPEpbl U IUIOCKOCTH,
NEPIIEHIUKYIIPEH K KacaTeJIbHOM MITOCKOCTH.

Pucynok 67. KacaTenbHas miocKkocTh K chepe

Ecnu paguyc cdepsl nepneHIuKyIsIpeH K MIOCKOCTH, TPOXOASIIEH uepe3
€ro KOHeIl, JIeKalui Ha cdepe, TO 3Ta IUVIOCKOCTh SIBISETCS KacaTeIbHOM K

cepe.

Ceuenue wapa

Bcesikoe cedyenue mapa miocKocThio ecTh Kpyr. LleHTp 3Toro xpyra ecthb
OCHOBaHHWE TEPIICHIUKYJISIpa, OMYIICHHOTO M3 IIEHTpa Iapa Ha CEKYIIYIO
IIJIOCKOCTb.

Pucynok 68. Ceuenue mapa

Ilpumep 85.

JIBa ceuenus mapa paauyca 10 cM nmapamneabHbIMU MNIOCKOCTAMU UMEIOT
pamuycel, paBHble 6 cM U 8 cM. HailTu paccTosiHue MeEXay CeKyInuMHU
MJIOCKOCTSIMHU.
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Pemienue:
HAXOJIUM PACCTOSIHUE KAXKJIOW W3 MAPAIUICIBHBIX IJIOCKOCTEN JI0 LIEHTpa
mapa 3 MpsSMOYTOIBHBIX TPEYTOILHUKOB 10 Teopeme [Iudaropa:
d, =~100 -36 =8 cMm
WIH

d, =100 —64 =6 cwm.

B 3aBrCcHMOCTH OT TOTO, JISKUT JIU TIEHTP IIapa MEXIY IUTOCKOCTSIMU WU
HET, TI0JTyJaeM J[Ba Pa3IuIHBIX OTBETA K 3aja4e:
d=14 cm.

Ilpumep 86.

Yepes cepenuHy paauyca Iapa MPOBEACHA TNEPICHIUKYISAPHAS €My
IUTOCKOCTh. Kak OTHOCHTCS IIIOMAAbh TOJYYEHHOTO CEUEHHUS K IUIOIIAIH
OompIiioro kpyra (puc. 69)?

PucyHok 69.

Penienue:
OTHOIIIEHUE TUJIOIIAIA KPyra K IUIOMIAAH MTOJYYEHHOTO CEUYCHUS PaBHO:

32
7| R.|—
R

7R*

3aoanusn 011 CAaMOCmMOAMENbHO20 PEULEHU:

Pemnre 3agaun:

1) ap, pamguyc kotoporo paBeH 41 am, mepeceueH IUIOCKOCThIO Ha
paccTosiHUM 9 1M OT LIEHTpa. BerayucianTe miomaib noayYuBIIErOCs CEUEHUSI.

2) Yepes cepeanHy paauyca Iapa npoBeaeHa NepHeHAUKYIIpHas K HeMy
IJIOCKOCTh. Kak OTHOCMTCA IUIOIIAaab IIOJYYEHHOI'O CEYEHHs K IUIOLIAAH
007bI1I0TO KpyTa?

3) Pammyc mapa paBeH 63cMm. Touka HaAXOJWUTCS Ha KacaTelbHOU
IJIOCKOCTU Ha paccTosiHuu 16 cM oT Touku KacaHus. HaliTu ee kparuaiiiiee
pPacCTOSIHUE OT ITOBEPXHOCTH 11apa.

4) Pagumyc mapa R. Uepes KoHel paaudyca MpoOBeAeHA IJIOCKOCTh TOJ
yriom B 60° k Hemy. Haiitu muiomans ceueHus.

5) Ha noBepxHocTH 11apa AaHbl TpU TOUKH. [IpsimonnHeliHbIe pacCTOSHUS
Mexay Humu: 6 cMm, 8 cM u 10 cMm. Paguyc mapa pasen 13cm. Paguyc mapa
paBeH 13cm. Halitu paccrossHMEe OT IEHTpa Iapa JI0 MIOCKOCTH, MTPOXOISIIECH
Yepes3 3T TPU TOUKHU.
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Konmponvnwvie éonpocwi:

1. Maiite onpenenenue mapa, cepsl.

2. 3anumute GopMyIbl omanu chepsl, o0bema mapa.

3. TlpuBenuTe mpuMepbl B3aMMHOTO PACHONIOKEHUs C(hephl U MITOCKOCTH.

IIpakTuyeckas padora Ne33
BorunciieHue 00eMOB TeJI M IOBEPXHOCTEl BpallleHust

Lenv padomoi:
CMYOeHn QO0JIHCEH:
3Hamb:

- opmysibl 0OBEMOB TEN M IOBEPXHOCTEH BPAIIICHUS;
yMemb:

- BBIYHUCIIATH 00BEMEI TEII U HOBGpXHOCTeﬁ BpalllCHUA.

Ceedenusn u3z meopuu:
Obvem npsamoy20abHo20 napaieienuneod

V=abc,
r7e a, b, c — CTOpOHBI MapaJyIeIICITHIIC A,

Obvem kyba
V=a’,

r7e a — JJInHa TpaHu Kyoa.

Obvem npuzmol

\ A

Pucynok 70. [Ipuzma
OO0beM TpU3MbI paBeH MPOU3BEIACHUIO IOl OCHOBAHUS MPU3MBI, Ha
BBICOTY:
V=S,h,

rac So — ITI0IaJb OCHOBAHU IIPU3MEI, h — BBICOTA IIPU3MBI.

Obvem napannenenuneda
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Pucynok 71. [lapamnenenunen

O0BeM mapasienenurie/ia paBeH MPOU3BEACHHUIO TUIOIIAN OCHOBAHUS Ha
BBICOTY:
V=S,-h,
rae S, — IIONIaab OCHOBAHMSA, /1 — JJIMHA BHICOTHI.

Obvem npsamoy201bH020 napaiienienuneod

1——.._

h

’
+

’ a

Pucynok 72. [IpAMOYTOJIbHBIN MApaJIEIeTTUIIE

O06BbeM TPSAMOYTOJBLHOIO TMapajuie/ienuea PaBeH IPOU3BEACHUIO €ro
JUTUHBI, IIUPYUHBI U BBICOTHI:
V=a-'b-h,
rie a — JyinHa, b — mupuHa, & — BBICOTA.

Obvem nupamuovl

Pucynoxk 73. Ilupamuna

O06beM nupaMubl paBEH TPETHU OT MPOU3BEACHUS TJIOMIAJAN €€ OCHOBAHUS
Ha BBICOTY:

V=L,
3

rac So — I10IIalb OCHOBAHUA ITHPaMHU/IbI, h — JJIMHA BBICOTHI ITIMPAMHU L.

Obvem npasuibHo20 mempa’opa

Pucynok 74. Tetparap

, @i
12

110



r7ie a — JJIMHa pedpa NpaBUIBHOTO TETPA3IpA.

Obvem yununopa

Pucynok 75. Hunuaap

O6beM LUIMHIpPA PaBeH MPOM3BEICHHUIO IUIOMIA[M €ro OCHOBAaHHS Ha
BBICOTY:
V=nR’h
W
V=S,h,
rae S, — IIOUaab OCHOBAaHUSA LWIUHIpa, R — paauyc UWIMHApA, h —
BBICOTA HUIUHIpaA, 1=3,141592.

Obvem Konyca

Pucynok 76. Konyc

O0BbeM KOHYyCa paBeH TPETH OT MPOM3BEJACHUS IUIOMIAJAN €r0 OCHOBAHUS

Ha BBICOTY:

v =L
3

HNJIN

v=Lsn
3

rie S, — oAb OCHOBAHUS KOHYyca, R — paauyc OCHOBaHMsI KOHYyca, /1 —
BBICOTA KOHYca, 1=3,141592.

Obvem wapa

y=2
3 2
rae R —paguyc mapa, n=3,141592.

Ilpumep 87.
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Ecnmu kaxxmoe pebpo kyba yBenInuuTh Ha 2 CM, TO €r0 00BEM YBEITUIUTCS
Ha 98 cm®. Onpenenure pedpo Kyoda.
Pemenne:
0003HauMM pedpo Kyba 3a X ¥ COCTABUM YpaBHEHUE:
(x+2)*=x>+98,
X3+6x°+12x+8=x3+98,
6x>+12x-90=0,

x>+2x-15=0,
X1:-5, X2:3.
X1=-5 — HE yIOBJIETBOPSET YCIOBHUIO 3aa4H.
OrtseT: 3.
Ilpumep 88.

[IpsIMOYTOJTBHBIN JIUCT KeCTH, UMetomnil 1,6 M anuubl 1 0,8 M MUPHUHBI,
MOXHO COTHYTb B TPYOKYy JABOSIKUM 0Opa3oM: B MEPBOM Cilyyae JJIMHA TPYOKHU
oyner 1,6 m, Bo BTopoM 0,8 M. HailiTu oTHO1IEHNE 00BEMOB TPYOOK.

Pemenue:

TpyOKM O00pa3yloT IWIMHIAPB, OOBEM, KOTOPOrO BBIYHCIAETCS 110
bopmyiie:

V=nR’h.

VY mepBoro munuHApa BhIcOTa Oynmer 1,6 M, Ttorma pamuyc 0,4 M. Bo
BTOpOM IwiMHApe BbicoTa Oyaer 0,8 M, torma pammyc 0,8 M. Bwramcium
OTHOIIICHHE 00BEMOB JIBYX ITUJIMH/IPOB:

V704’6 1

v, 70808 2
Ortser: 1:2.

3aoanusn 011 CAMOCmMOAMENbHO20 PEULEHU:

Pemnre 3agaun:

1) U3mepenus npsiMoyroiapHOTO mapamienenumnena: 15 m, 50 m u 36 m.
Haiitu peOpo paBHOBETUKOIrO eMy KyoOa.

2) HW3amepenus mnpsmoyrosnbHoro Opyca: 3 cwm, 4 cuv u 5 cm. Ecin
YBEIMYUTH KaI0€ €ro pedpo Ha X cM, TO MOBEPXHOCTh YBEIMYHUTCS Ha 54 cm’.
Kak yBenunuutcs ero oobem?

3) OceBoe ceueHne MUIUMHAPA — KBaApaAT, TUArOHalb KOTOPOTO paBHa 4.
Haiitn 06beM nunmHapa.

4) OcHOBaHUEM MUPAMUJbI CITYKHUT MPSMOYTOJIBHUK CO CTOPOHAMHU 9 M 1
12 m, xaxxnoe u3 60KoBbIX pedep paBHO 12,5 m. Haitti 00beM nupaMuib.

5) OcHOBaHHMEM NTHUPAMUIBI CIYXKHUT PAaBHOOEIPEHHBIN TPEYrOJbHUK, Y
KOTOPOTO paBHbIE CTOPOHBI MO 6 cM, a OCHOBaHHUE 8 cm. bokoBbie pedpa paBHBI
MeX Ty coOol 1 paBHbI 9 cv. HaliTi 00beM nmupaMuibl.
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6) B npsimom mapasuienenuiieie CTOpOHbl OCHOBaHUsS paBHbI 8 cm U 15 cm
1 00pasyror yroi B 60°. MeHbIlas quaroHajib napajulesenuIena COCTaBIsIeM C
IIOCKOCTBIO oOcHOBanus yrou 30°, Haiitu 00beM napasienenumnesa.

7) Bricota m oOpa3yrormias KOHyca OTHOCATCS Kak 4:5, a o0beM KOHyca
paseH 967 cv’. HaliTu OJIHYI0 MOBEPXHOCTH KOHYCA.

Konmponwvuwvie éonpocwi:
1. 3anummre Gpopmysibl 00BEMOB TEN U MOBEPXHOCTEN BpaIICHHUS.

IIpakTnueckas padora Ne 34
BoryucieHue Npou3BOAHBIX CJ0KHOM (PYyHKIMU

Lenv pabomoi:

CMYOeHm 0O0JIHCEH:

3HamMb:!

- CHUCTEMY U OIPENCIICHUE MNPOU3BOJHOM, BTOPOM MPOU3BOJHOU U
MIPOU3BOJIHBIX BBICIIUX MOPSIKOB;

- TaOJUYHbIC PEHICHUS MPOU3BOIHBIX AJIEMEHTAPHBIX (DYHKIIHM, B TOM
quciie 00paTHBIX TPUTOHOMETPUUECKUX (DYHKITHI;

- TpaBUJia BEIYMCIICHUS MPOU3BOJHOM CIIOKHON (DYHKIIHH;

yMemy:

- HaxOJIUTh MPOU3BOJHYIO CIIOKHOW PYHKIUY;

- HAXOJUTh BTOPYIO MPOU3BOJAHYIO U IPOU3BOIHYIO BBICIINX MOPSIKOB.

Ceedenusn uz meopuu:

llpouzeoonas cnooichoil hynkyuu

IMyctes ¢yukmus V= f(x), xe(a;b), WMeeT NPOM3BOIHYIO B TOYKE
xpe(a;b), a pynkuusa z = f(X) uMeer NpOM3BOAHYIO B Touke ¥, = g(x,) . Toraa
cnoxHass QyHkus z(x)= f(g(x)) uMeeT MPOU3BOIHYIO B TOYKE Xj, KOTOpas
BBIYHUCTISICTCS IO popMyie:

Z'(x) = (f(g(x)) = [' (o) - &'(xo).

Ilpumep 89.
Boruuciute npousBoanyo GpyHkiuu y = (x* +3x+10)°.

Pemenne:
MPEACTaBUM 3a/IaHHYI0 (QYHKIUIO KaK KOMIIO3HIIMIO KBaJIpPaTHUYHON
GYHKIIUY U CTETIEHHOMN

y=(x>+3x+10);
g(x)=x" +3x+10;
S =(g(x)*;
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S0 =((g(x)*) =2g(x) (g(x))';
Y =2(x* +3x+10)-(x*> +3x+10)’ = 2(x* + 3x +10)(2x + 3).

IIpouzeoonsie gvicuiux NopsiOKos

Bropass nmpousBoaHas 3TO NPOW3BOJAHAS OT MEPBOM MPOU3BOJHOM, T.€.

y'=0"),nr.n

[Tpon3BoAHBIC BBHICIINX MOPSAKOB 0003HAYAIOTCS PUMCKUMU TG pamMu.

IIpumep 90.

HaiiTi 4eTBEpPTYIO MPOU3BOAHYIO y = x° +4x+12.

Penienue:

BBIYHCIIEICM ITOCIICAOBATCIIBHO ITPOU3BO/IHEIC!

V' =6x" +4;
" =30x";

Y =120x;
" =360x".

3aoanus 01 cAamMoCmoAMeEIbHO20 PEULeHUA:

BpruuciauTe 3Ha4€HUE «CIIOXKHOM HpOHBBOILHOﬁ B YKa3aHHOﬁ TOYKC.

1 BapuanT

1) f(x)=sin’x; f'(z/4);

2) f(x)=Ilcosx; f'(-x/3);
3) f(x)=sin2x—cos’x; f'(0);
4) f(x)=I1gx; f'(z/4);

5) f(x)=e""; f1(0).

2 BapuaHT

1) f(x)=cos’x; f'(-7/4);

2) f(x)=hsinx; f(z/6);

3) f(x)=sin’x+cos2x; f'(0);
4) f(x)=Ictgx; f'(-m/4);
5) f(x)=e"*; f'(n]4).

3 BapuaHT

1) f(x)=Insin’x; f'(z/4);
2) f(x)=cos’x?; f'(\N7x/2);
3) f(x)=2sin’xcosx; f'(z/2);
4) f(x)=1g’3x; [(0);

5) f(x)= oS _380052)(;]('!(0).

4 papuaHT

1) f(x)==2sin’x; f'(-n/4);

2) f(x)=Incosx; f'(x/3),

3) f(x)=2sin 2x+3cos3x; f'(0);
4) f(x)=I1gx; f'(z/4);

5) f(x)=e"; f'(0).

S Bapuaur

1) f(x)=Incos*2x; f'(x/8);
2) f(x)=sin* x+cos’ x; f'(x/4);
3) f(x)=h~eos2x; f'(x/8);
4) f(x)=In1g2x; f'(x/8);

5) f(x)=e =2e""; f (] 4).

6 Bapuaunrt

1) f(x)=In1g*2x; f'(x/24);

2) f(x)=cos’ x; f'(n/4);

3) f(x)=sin*x—cos’x; f(x/4);
4) f(x) — efsinx _efcosx;f!(ﬂ_/z);
5) f(x)=Insinx; f'(z/4).

7 BapMaHT

8 BapuaHT
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1) f(x)=Icos’4x; f'(x/16); 1) f(x)=Insinx; f(x/8);
2) f(x)=4cos’ x; f'(x/4; 2) f(x)=cos*3x; f(x/6);

3) f(x)=4sin’2x; f'(7/8); 3) f(x)=In.tg3x; f'(x/12);

4) f(x)=Ing3x; ['(x/12); 4) f(x)=arcsin4x+e*; f'(0);
5) f(x)=e"" +e; f(m]2). 5) f(x)=5arccos \/;;f'(l/Z).
9 BapuaHT

1) f(x)=l~cos2x; f'(-x/8); 2) f(x)=sin*6x; f'(x/3);
3) S =l Jeigdx; ['(-x/12); 4) f(x)=arcigx; f'(1/4);
5) f(x)= 5arccosﬂ;f’(l/2).

Konmponwvusie éonpocwi:
1. ChopmynupyiiTe mnpaBuia BBIYHCICHUS TPOU3BOJHBIX  CJIOKHOMU

byHKINH.
2. Yto Ha3bIBaeTCs BTOPOH MPOU3BOIHOMN TaHHON (DYHKIIMH?

IIpakTnuyeckas padora Ne 35
Haxoxnenne HanMeHb11€r0, HAMOOJIbIIET0 3HAYeHUs] (PYHKIIUH HA
oTpe3Ke

Ilenv padomuwi:

CMYOeHm QO0JIHCEH:

3Hamb.

- OmpejesieHne TOYeK MaKkcuMyMa (MUHUMYMa) QyHKITUH;

- 3aBHCHUMOCTH MTOBeICHUS (DYHKIIMM OT 3HaKa MEepBON MPOU3BOIHOM;

ymemy:

- IPUMEHSTh TIEPBYI0 MPOU3BOAHYIO [JIsi HAXOXIEHUS TMPOMEXYTKOB
MOHOTOHHOCTH (DyHKITUU;

- HAXOJUTh HAaUMEHbBIIIee, HAaOOoIbIlIee 3HAaUeHNE (PYHKITUU Ha OTPE3KE.

Ceedenusn uz meopuu:

s HaxoocOeHus HaumeHvbUle20 U HAUOONbUIE20 3HAYEHUL @OYHKYUU,
HEenpepvl8HOU 8 HEKOMOPOM NPOMENCYMKe, He0OX0OUMO:

1) HaliTh KPUTHUYECKHUE TOUKH, TPUHAICKAIINE 3aJTAHHOMY MPOMEXKYTKY,
Y BBIYUCIIUTD 3HAYCHUSI (PYHKIIMU B 3TUX TOUYKAX;

2) HaiiTu 3Ha4YCeHUS (PYHKITUU HA KOHIAX MPOMEKYTKA;

3) CpaBHUTH MOJYYCHHBIC 3HAYEHUS, TOTJAa HAaUMEHbBIIIEE M HAaUOOJIbIIee
U3 HUX SBJISIIOTCS COOTBETCTBEHHO HAUMEHBIITUM M HaWOOJIBIIIMM 3HAYEHUSIMHU
GyHKIIUY B pacCMaTpUBAEMOM TTPOMEKYTKE.
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Ilpumep 91.
Haiigure  Haumbonpiiee ¥ = HAaWMEHbILIEE  3HAYCHHUS  (PYHKIUH

1
y=3x+2x"+ §x3 Ha mpoMexyTke [-2; 0].

Pemenue:
BBIYMCIIUM KPUTUUYECKUE TOUYKM (PYHKIUU, TPUHAJICKAIINE 3aJaHHOMY
MMPOMEKYTKY, C TOMOIIBIO ITIEPBOM TPOU3BOAHOM:
Y =3+4x+x’;

X +4x+3=0;

D=16-12 =4,
-4+2

Xip = 5 >

x, == X, =-3.

T.x. -3¢[-2; 0], x=-1 — kpuTHUECKas TOUKA.

1 1 1 1
D=3(=D+2(-D*+- (=)’ =342——=—1= y(—])=—1-
y(=D)=3(-=D+2( )+3( ) + 3 3,y( 1 13.

Bpruuciaum 3HaueHUS (bYHKIII/II/I Ha KOHIIAX IIPOMCIKYTKa:

1 8 2 2 2
~2)=3(-2)+2(-2)° +=(-2)’ =—6+8——-=2-2"=-2 j(2)=_=.
y()()()3() 3 3- 3 VD=3
0)=0.
CpaBHI/IM IMOJYYCHHBIC 3HAYCHUA: HAMMCHBIICC 3HAYCHHC (l)yHKLII/II/I

1 o
paBHO —15 U JIOCTUTAeTCAd €10 BO BHYTPEHHEW TOUYKE IMPOMEXKYTKA, a

HauOoJbLIee 3HaYeHue paBHO 0 U TOCTUTAETCsl HAa MPAaBOM KOHIIE MPOMEXYTKA.

3aoanusn 011 CAamMOCmMOAMENbHO20 PEULEHU:
Halinute HauMeHblllee U HanOoJbllee 3HAYEHUS (DYHKIMI B 3aJaHHBIX
MPOMEKYTKAX:
1) y=-6x+x’+13 nHa npomexytke [0; 6];
2) y=8-0,5x" Ha npomesxytke [-2; 2];
1 1

3) yZEX2 —gxz’ Ha npomexyTke [1; 3];

4) y=6x" —x’ na npomexytke [-1; 6];
5) y=x"—3x> —9x+35 na npomexyTke [-4; 4];
6) y=-24x+9x> —x’ +10 na npomexytke [0; 3];

1
7) y=x-2x"+ §x3 Ha poMexyTke [-4; -17;

3 2 1
8) yzgx—gxz —§x3 Ha IpomeskyTKe [-3; 1];
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1 1
9) y=-3x— Exz + §x3 Ha TIpoMexyTke [-5; 0].

KOHmPOJleble eonpocwol:

1. ChopmynupyiiTe npaBuia BbIUMCICHUS HAUMEHBIIIETO U HauOOJIBIIIETO
3HaYeHUs (PYHKIIMH HA TIPOMEXKYTKE.

IIpakTnueckas padora Ne 36
IHocTpoenue rpaguxoB GyHKIUI

ILlenv pabomowr:

CMYOeHm O0JIHCEH:

3Hamo:

- 00mIyro cxeMy nocTpoeHus rpaduKoB PYHKIUHI;

ymems.

- uccuenoBaTh QYHKIUIO C TOMOIIBIO IEPBOM, BTOPOM MPOU3BOHOM;
- CTpOUTH rpauku QyHKUIUH.

Ceedenun uz meopuu:

Obwas cxema nocmpoeHnus epagpuxkos QyHKyuiL:

1) naiitm oOnacTh onpeneneHus: GPyHKUUN;

2) HalTU TOYKH mepeceyeHus rpaguka PyHKIMU C OCIMH KOOPAHUHAT;

3) HaTH TPOMEXKYTKH MOHOTOHHOCTH (YHKIIMH ¥ IKCTPEMYMBI
byHKIUY;

4) HalTH MPOMEXKYTKH BBITYKIOCTH U TOUYKHU NIEperuoa;

5) moctpouth Tpaduk (YHKIHMH, UCTOIB3Ys IMOTYYEHHBIE PE3yJbTaTh
UCCJICIOBAHMUS.

Ilpumep 92.

UccnenoBath GyHKIIUIO Y = (x+1)-(x-2) u MOCTPOUTH €€ rpaduK.

Pemenue:

1) JlanHas QyHKIUs SABJISETCS MHOTOWICHOM (MOKHO PacKphITh CKOOKH,
MOJIyYMM  MHOTOUWJIEH TpPEThe CTENeHH), T0ITOMY OHa OMpe/esicHa,
HempeppiBHA W auddepennmpyema mnpu  00bix  x. [loatomy o06macth
onpeeneHus GyHKIIMN — BCS YUCIIOBAS PSMast.

2) BeluncnuMm Touku mepeceueHuss Tpaduka (QYHKIIUU C  OCSMU
KoopauHat: rpaduk GpyHkuun y=(x+1)(x—2)* mepecekaer ocy Ox mpu y=0, T. €.

(x+1)-(x-2)*=0;
x+1=0 nmm (x—2)*=0;
x=-1 nnu x=2.

I'paduk pynxuun y=(x+1)-(x—2)* nepecekaer ock Oy mpu x=0, T. €.

y=(0+1)-(0-2)*=1-4=4.
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T.o. Mbl monyuunu Tpu Touku: (—1; 0), (2; 0), (0; 4).
3) Haiigem mpomexyTKu MOHOTOHHOCTH (DYHKIIMM U €€ SKCTPEMYMBI C
ITIOMOIIBIO NIEPBOU MPOU3BOJHOM:
y'=((c+1) (x-2)%) =3x- (x-2).
N3 ypaBHeHus y =0 HalileM KpUTHUECKUE TOUKHU:

3x-(x—2)=0;
X 1:0, XQ:2.
Pe3ynbTathl pelieHus 3aHeceM B TaOJIUILY:
X (-0, 0) 0 (0; 2) 2 (2; +o0)
y’ + 0 - 0 +
/ 4 \ 0 /
y
BO3pacTaer max yObIBaeT min BO3pAacTaer

OyHKMA Bo3pacTtaeT Ha uHTepBajax (—oo, 0) u (2, +o0), yObIBaeT Ha
untepBaie (0; 2), uMeeT MaKCUMyM TpU X=0 U MUHUMYM TPU X=2: Ymax=1(0)=4;
Ymin=}(2)=0.

4) HaiimeM mpOMEXYTKH BBIMYKJIOCTH U TOYKUA Teperuda ¢ MOMOIIBIO
BTOPOU IPOU3BOIHOM:

y=0Bx(x-2))’=6-(x-1).
Kpusas Beimykina tam, e y”< 0, 1. €.
6:(x—1) <0,
x <.

KpuBas Boruyra tam, rae y > 0, T. e. x > 1.

Ha unrtepBane (—oo, 1) kpuBas BbllykJia; Ha uHTEpBajie (1, +oo) — Boruyra.

Touky neperuba Haiigem u3 ypaBHenus y’=0. T. o., x=1 — aOcuucca
TOYKM Tiepernda, T.K. OdTa TOUYKA pa3JeisieT HWHTEPBAIbl BBIMTYKIOCTH H
BOTHYTOCTH KpuBOil. OpauHaTa Touku neperuda: y(1)=2.

Pe3ynbTaThl penieHust 3aHeceM B TAOJIUILY:

X (=00, 1) 1 (1; +0)
y V44 _ 0 +
y / N\ 2 N4
BBITTYKJIA neperud BOTHYTA

5) 1o noay4YeHHbIM TOYKAM CTPOUM TpaduK:
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3aoanus 01a camocmoamenbHo20 peuenHun:

v

Pucynok 23. I'paduk dpyukimn y=(x+1)-(x—2)>

Uccnenyiite caeayromue PyHKIIMU U IOCTPOUTE UX TpadUKH:

1 BapuanT 2 BapuaHT 3 BapHaHT
y=—x"+8x"+9. y=x-3x. y=x"+6x" +9x+8.
4 BapuaHT S BapuanT 6 BapuanT
y=x*-5x*+4. y=x—6x"+9x-3. y=x"-12x+4.

7 BapMaHT 8 BapuanT 9 BapuaHT
y=-x"+x. y=%x4—%x2. y=%x3—2x2.

Konmponwsnwvie éonpocwi:
1. YUro Ha3piBaeTcsi 0OJACThIO OINpEACTCHUs M OO0JaCThI0 3HAYCHUU
byHKIUIN?

2. IlpuBeguTe mnOpuMEpbl NPUMEHEHUS TNEPBOM  MPOU3BOAHON K
UCCIIeNOBaHNUIO (DYHKIIUU.
3. IlpuBenute mnOpuMepbl MNPUMEHEHUS BTOPOM MPOU3BOJHOW K

UCCNeI0OBaHUI0 (DYHKITUH.
4. Pacckaxute OOIIyI0 CXEMy HCCIEIOBaHUS U TOCTPOECHHS Tpaduka
GyHKUIHU.

IIpakTnuyeckas padora Ne 37
BerunciieHue HeonpeaeJeHHbIX HHTErPAaJI0B METOA0OM 3aMEHbI
NnepeMeHHO

Ilenv pabomor:

CMYOeHmM O0JIHCEH.

3Hamb:

- Ta0JUIly 3HAYCHHUI HEOTPEICICHHBIX HHTETPAJIOB;

- CyTh METOJIa 3aMEHBI IEPEMECHHON B HEONPEICIICHHOM HHTETPAJIC;

ymemsy.

- BBIYUCIIATH
IIEPEMEHHON.

HCOIIPEACIICHHBIC HHTCTPAJIbl METOAOM 3aMCHBbI
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Ceéedenusn uz meopuu:

Tabauunvle 3Ha1eHUs HeonpeoeNeHHbIX UHMe2Panos
[ 7. _ . __ dx 1 X
.dx—x+c J.smxdx— cos x +c J‘ X aragT e
. ; _ a +x°  a a
. cos xdx =sin x + ¢
x"dx = +c I dx 1 =4
’ n+l1 _[ 2 2 A +tC
— fox + a —x 2a |x+a
e dx 7 gxTe
]+ cos” x
Y x

X

- a
a‘dx=—+c

. Ina

e'dx=e" +c

dx
I — — = —Cigx+c
sm- x

Humezpuposanue memooom 3amenvl nepemeHHoU
CylHOCTh MHTETPUPOBAHUS METOJOM 3aMEHbl MEPEMEHHON (criocoOoM

MOJICTAHOBKH) 3aKJII0YAETCs B TPeoOpa3oBaHUU UHTETpalia j S (x)dx B mHTErpa

IF (1)dt, xoTopelii 7erko  BHMHCISETCS O  TaOOMIE — 3HAYEHHIA

HCOIIPCACIICHHBIX NHTCTPAJIOB.

Jis HaXOKIEHHS MHTErpaia J. f(x)dx 3amenseM mepeMeHHYIO X HOBOM

nepemeHHoi ¢. [luddepenunpys paBeHCTBO, MMOTydaeM BhIpaKeHUE dX.
ITocne Toro kak WMHTErpaj OTHOCHUTEIBLHO HOBOW TEpeMEHHOW ¢ OyaeT
HaMJIeH, ¢ TIOMOIILI0 OOPaTHOM MOJICTAHOBKH OH IMPUBOJIUTCS K TIEPEMEHHOM X.

Ilpumep 93.

Beruucnaure uaTErpa METOAOM 3aMEHBI IEPEMEHHOM: Icos(Sx +3)dx .

Penienue:

C NOMOIIBI0 3aMEHBl YacCTU IOABIHTETPAIBHOTO BBIPAXKEHHUSI MPUBEIAEM
3aJIaHHbIN UHTErpai K TAOJUYHOMY BUY:

jcos(Sx +3)dx =

Ilpumep 94.

t=5x+3
(5x+3)dx=dt
Sdx = dt

dng

5

mnt sin( 5x +3)
tc= +c.

:ljcostdt =5
5 5

5

Brraucnure uHTErpas METO0OM 3aMEHBI ITIEPEMEHHOM: I(2x+ )"dx.

Pemenue:
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C IOMOIIBIO 3aMEHBl YaCTU IOABIHTETPAIBHOTO BBIPAKEHHUS NPUBEIAEM
3aJJaHHBIA UHTETpaJl K TAOJIMYHOMY BHUY:

j (2x+1)"°dx =

t=2x+1
2x+1)dx =
2dx = dt

dt

dx =—
2

11 11
i, _Q@xr)!

—%jz“’dz:

2*11 22

3aoanus 0na camocmoamenbHo20 peuleHun:
Boluucnure cieayooye HHTETpajibl METOJIOM 3aMEHbI IEPEMEHHOM

3) I(St—1)4dt;

3) [(2x* -3y’ ¥ dx;

1 Bapuant 2 BapuaHT 3 BapuaHT
1) J'(x2 +3)5)Cdx; 1) I4(_x4 _1)2x3dx; ) J’ 6X dx .
(1-2x")"’
sin \/_ xdx
2) j 2) [ 5
S 4x" +1
3) J-COS xax, 3) J‘ ) 3) J(7—2x)3dx;
4 I sin 3xdx (4_3x)2 ’ 3
4 BapnaHT S BapuanT 6 BapuanT
1) ; 1) S 2xdx 1) [(x® +Dx?dx;
I(5x+1)3 J.1—c0s2x’ J.
dx 2)_[ 1+]le
dx ; 2) | —:
2)‘[12—)6 x5 )'[\/4—9)62 xdx
3 j—
(5x*+1)°°

4) [§(-4x+1)’dx. x'dy 10
)I * g 4 J(5x4+3)5 4)Il—4xdx'
7 BapMaHT 8 BapuaHT 9 BapuaHT
1) Itgxdx; 1) J'x21/x3 +5dx ; 1) _[sin 3xdx ;
2 2 1.
2)_[ X dx ; 2)_’. cosx'dx : 2) J.qul_x dx
V1-x’ VI-smnx )I 12xdx
4 2.3 . s
3) ".3»362\/2x3 —ldx; 3) I(x —2) xdx; (5x° +1)°
[ x cos xdx
4) J.Zx\/(l—?axz)zdx, 4) Ism(gjdx J.\/1+3sinx'

Konmponwsuwvie éonpocwi:
1. Kakast ¢yHKIIMA Ha3bIBaeTCs MEpBOOOpa3HOM st GyHKIHMH f(X), TIpU

xe (a; b)?

2. Yto Ha3bIBaeTCs HEOIPEEIEHHBIM HHTETPAIOM?
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3. [lepeuncante OCHOBHBIE (POPMYITBI HHTETPUPOBAHUS.
4. ChopMynupyiTe CyTh METO/Ia HEMOCPEACTBEHHOTO HHTETPUPOBAHMSL.
5. ChopmynupyiTe CyTh METO/Ia 3aMEHBI TIEPEMEHHOM.

IIpakTnueckas padora Ne 38
IIpunoxenus onpenaesieHHbIX HHTETPAJIOB

Ilenv pabomuwr:

CMYOeHm O0JIHCEH:

3Ham».

- Ta0JMIly 3HAYCHHUI HEOIPEICIICHHBIX HHTETPAJIOB;

- CIOCOOBI BEIYHCIICHUS OMPEICIICHHBIX HHTETPAJIOB;

ymemy:

- pemaTth IpUKIATHBIC 33]]a41 C TIOMOIIBIO OMPEIeJICHHOTO HHTETpaa.

Ceedenusn uz meopuu:

Du3suuecKue nPuIoNceHUs: ONPeoesleHHbIX UHMe2Panos

Buviuucnenue nymu, npotioennoco mouxotui

IIyTh, IpOMAEHHBIN TOYKOMN ITPY HEPABHOMEPHOM JIBUKEHHUHU 110 IIPSMOM C
NepeMEHHON CKOpOCThI0 V=f (£)>( 3a NPOMEXKYTOK BPEMEHH OT ¢ OO0 0,

153
BBIUHCIISACTCS 10 hopmyie S = I St .

4

Ilpumep 95.

CKOpOCTh JBMIKEHHMs TOYKH M3MEHseTcsl 1o 3akony V=(3#+2t+1) m/c.
Haiitu nyTh, npoiaeHHbIN Touko# 32 10c OT Hauana JBUKEHHUS.

Pemenue:

COTJIACHO yCIoBHIO, /(1) =3°+2t+1, =0, 1,=10. ITo popmyne S = I S (t)dt

4

HaxXoJIUM

¢ 3 2 ) 10
S=j(3t2+2t+1)dt:(7+7+tj =+ +1) =10°+102 +10 =1110 (a0).
0 0

Buviuucnenue pabomet cunel
PaboTta, mpousBeaeHHas EpEMEHHON CHIION f (X) TpU MEpEeMEeIeHUN 110
ocu Ox MaTepuaibHOM TOYKU OT X=a 10 Xx=b, HaXoauTcs 1o Gopmyie:

Azjf(x)dx,
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[Ipu peuieHny 3a1a4 Ha BBIYMCIEHHE PA0OTHI CHIIBI YacTO HCIIOJIb3YETCS
3akoH ['yka: F=kx, rne F-cuna, H; x — aOCOMIOTHOE yIJIMHEHHUE MPYKUHBI, M,
BbI3BaHHOE cujion F, a k — koadHuLMeHT NponopIHOHaATBHOCTH, H/Mm.

IIpumep 96.

CixaTtue x BUHTOBOM MPYKUHBI, TPOIOPIIMOHATIEHO MTPUIIOKEHHOM cuite F.
Breraucnuth paboTy cuisl F 1ipu cxxatuu npy>kusl Ha 0,04 M, ecitu 1S CyKaTusl
ee Ha 0,01 M HyxHa cuna 10 H.

Pemenue:

T.K. x=0,0lm nmpu F=10H, TO, MOACTaBJIsIsI 3TU 3HAYEHUS B PABEHCTBO
F=kx, nomyaum 10=0,01%, otkyna k=1000 H/m.

[loacTaBuB Tenepp B 3TO K€ PABEHCTBO 3HaueHue k, Haxonum F=1000x,

b
T.€. f(x)=1000x. Mcrxomyro paboty Haiimem 1o dpopmyne A= j S (x)dx, momaras

a=0, b=0,04:

0,04

0

1000x2 )"
A= j 1000 xdx = (TXJ

0

3adanus 014 CAamMOCmMOAMENbHO20 PEULeHUs:

=5002° " =500-0,04> =08 (Lorc) .

1 BapuanT

CKopoCTb IBUKECHUS
TOYKH U3MEHSIETCS 110
3aKOHY

V=(-3*+12¢) m/c.
Havitu iyTs,
MPOMICHHBIN TOYKOW OT
Havaja JBWKEHHUS JI0 €€
OCTaHOBKH.

2 BapuaHT

[Ton neiicTBUEM CUIIBI
80H npyxuHa
pactaruBaetcs Ha 0,02m.
ITepBoHauanbHas 1JIMHA
npyxuHsl paBHa 0,15m.
Kaxkyto paboty Hago
COBEPIIUTH, YTOOBI
pactsHyTh €€ 10 0,2m?

3 BapuaHT

IIpyxvrHa B CHOKOMHOM
COCTOSIHUU UMEET
nnuny 0,2m. Cuna B
50H pacTtaruBaet
npyxuny Ha 0,0 Lw.
Kakyto paboty Hamo
COBEPIIUTH, YTOOBI
pactaHyTh €€ ot 0,22 1o
0,32 m?

4 BapuaHT

[Ipu coxxaTun npyKUHBI
Ha 0,05m 3aTpaunBaercs
pabota 25/[rc. Kakyto
paboTy He0OX0IMMO
COBEPIITUTD, YTOOBI

CKaTh IIPYKUHY HA
0,1m?

S BapuaHT

CKOpOCTb IBUKECHUS
Touku V=(6+4) m/c.
Haittu myTs,
MPOWUICHHBIN TOYKOM 3a
5 ¢ OT Havana ABUKCHUS.

6 BapuaHTt

CKOpOoCTb IBUKECHUS
touku V=(-3+18¢) m/c.
Haittu myTs,
MPOWJIEHHBIN TOYKON OT
HayaJia ABUKEHUS J10 €€
OCTaHOBKH.

7 BapuaHT

CxopoCTh IBUKECHUS
Touku V=(81?+2¢) m/c.
Haittu myTs,
IIPOMACHHBIN TOYKOH 3a

8 Bapuanr

IIpyxuHa pactaruBaercs
Ha 0,02 mox AelcTBHEM
cunbl 60H. Kakyto
paboTy MPOU3BOJIUT ITA

9 BapuaHT

CKOpOCTb IBUKEHUS
TOYKU U3MEHSIETCS T10
3aKOHY

V=(9£-8¢) m/c. Haiitu
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2-10 CEKVHIY. CUJIa, pacTIATuBas OYTh, IPONUAECHHBIN
9 y 9
npyxuny Ha 0,12u? TOYKOM 3a 4-10 CEKYH]Y.

Konmponwvuwvie éonpocwi:
1. IlpuBenute mpuMeEpHI MPUIOKEHUS ONPEICTCHHBIX HHTETPAJIOB.

IpakTnueckas padora Ne 39
Pemenne 3a1a4y Ha nepeGOp BaApUAHTOB

Lenv pabomui:

CMYOeHm OO0JIHCEH:

3Hamo:

- ONPEAEIIEHUE COCTMHECHU M, UX BUJIOB;

- OTIpeJICTICHUE BEPOSATHOCTH;

- TEOPEMBI CII0KEHUS, YMHOKEHUSI BEPOATHOCTEM;
ymems.

- IO YCJIOBHIO 33J]a4y pa3anyaTh BUIbl COCIUHEHUI;
- BBIYHCIIATH PA3HBIE BUJIBI COCTMHEHUN;

- BBIYUCIISITH BEPOSATHOCTH COOBITHH.

Ceedenusn uz meopuu:

Coeounenus, ux uowvl

['pynmel, cocTaBieHHBIE W3 KaKMX — JMOO JJIEMEHTOB, HAa3bIBAIOTCS
COeOUHEHUSMU.

Paznmnuaro Tpu OCHOBHBIX BUJA COCUHEHUN: pasmeuyeHus, nepecmarHosKu
U couemaHusl.

Pasmewenusamu m3 n 31EMEHTOB TIO M B KaXKJIOM HAa3bIBAIOTCS TaKHE
COCIMHEHUS, KOTOPhIE OTIMYAIOTCS JAPYT OT JApyra JUOO0 CaMHUMH DJIEMEHTaMH,
00 MOPSJIKOM MX PACIIOIOKCHHUS.

Yucno pasMmenieHuid U3 7 JIGMEHTOB 110 71 0003HAYAETCS M BBIUUCIISICTCS
o dopmyiie:

A" =n(n-1)(n-2)...[n—(m—-1)]

llepecmanogékamu W3 n 3JIEMEHTOB HA3bIBAIOTCS TAKHWE COCIUHEHHUs W3
BCEX M DJIEMEHTOB, KOTOPBIE OTIMYAKOTCS APYyr OT Jpyra MOPSAKOM
PACIIOJIOKEHUS FJIEMEHTOB.

IlepecTaHOBKM NPEACTABISIOT YaCTHBIA ClIydyald pa3MEIIEHUW U3 7
AJIEMEHTOB 10 71 B KaXKIOM.

Hucmo Bcex MEpEeCTaHOBOK M3 71 DJIEMEHTOB PABHO ITPOU3BEIICHUIO
MOCJIEA0BATEIbHBIX YMCEI OT 1 10 7 BKIIFOUUTEINIBHO:

P =n=1-2-3-...-(n—Dn
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n!-unraercs «n-pakropuany, npudem 0!=1 u 11=1.
Hcnonb3yst mpUBeIEHHBIE BHIIIE OMPECICHUS UMEEM (POPMYJIBI:
4" = b _ n
" P (n—m)!’

n—m

IIpu pCHICHUHN 3a/1a4 9aCTO HUCIIOJb3YCTCA PABCHCTBO!
m+l m
A" =(n-m)A,

Couemanusamu W3 n DIEMEHTOB IO 7 B KaXXIOM HAa3BIBAIOTCS TaKHE
COCIMHEHUS, KOTOPBIE OTIUYAIOTCS APYT OT APyra XOTs Obl OJTHUM DJIEMEHTOM.
Yucio coueTaHui U3 71 DJIEMEHTOB IO 7 0003HAYAETCS M BBIUYUCIISIETCS 10

dbopmye:

Am
m __ n
C' = o s
n
KOTOPYIO MOZKHO 3aIINCaTb TAKIKC B BUC
m_ Mmoo
" oml(n—m)!
i
n  nm=0D..[n—(m-1)]
Cn = *
m!

Kpome Toro, npu pemeHun 3ajiay UCHOJb3YIOTCS cienytomme GopMyIbl,
BBIPAKAIOIINE OCHOBHBIE CBOWCTBA COYETAHUI:

Cr=C'" (0<m<n), C"=1; C'=L; C"+C" =C""

n+l

Ilpumep 97.
Haiitu uncno pa3memienuit u3 10 a3memMeHToB 110 4.
Pemenue:

o popmyne A4, =n(n—1)(n-2)..[n—(m-1)].
Al =10-9-8-7 = 5040

Ilpumep 98.
Pemute ypaBHEeHue: A,f = 3014:_2.

Pemenue:

UCTIONB3Ys (POpMYJITy JJIs BBIUMCIICHUSI YUCIIa pa3MelIeHU UMEEM:
n(n—1)(n—2)(n—-3)n—-4)=30(n—-2)(n—-3)(n—-4)(n->5)

Pasnenum 00e yacTH Ha OJIMHAKOBBIC BHIPAKEHUS, TIOJTYUUM:
n(n—1)=30(n-5),

Y PEIINM ITOTyYHBIIICeCs KBaIpaTHOE ypaBHeHue: 1, =6, n, =25

Ilpumep 99.
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C’=C
Pemure CUCTEMY: C); _ 66x

Penienue:
peIIUM BTOPOE ypaBHEHUE:

Cj:66:>M:66;

1-2
x*—x—-132=0;
x =-11, x, =12

T. k. x>2, 10 —11 He ynoBneTBopseT ycinoButo 3agauu. [logctaBus x=12
B IIEPBOE YPAaBHEHUE CUCTEMBI, MOJIYIUM

y y+2

12 = CIZ .
I/ICHOHBBY}I OCHOBHOC CBOﬁCTBO CO‘-ICTaHI/If/'I, HNMCCM.

y _ 12y

12 — C12 ’

TOoraa
C;7=Cl’=>12-y=y+2=y=5.
Otser: x=12, y=5.

Ilpumep 100.
CKONMBKMMH CIIOCOOAMHU M3 BOCBMM KaHJIMJIATOB MOXHO BBIOpaTh TpH
JIMIla Ha TPU JOJHKHOCTH?
Pemenue:
YCJIOBHIO 3a7]a4i COOTBETCTBYIOT pa3MEIICHHS 3 U3 8, UMeeM:
A; =8-7-6=336

Cryuaiinble coobimus

N3yuenne Kaxaoro sSBICHUS B MOPSAKE HAOIIOJACHUS WA MIPOU3BOCTBA
ONbITa CBS3aHO C OCYIUECTBJICHHMEM HEKOTOPOIO0 KOMIUIEKCA YCJIOBUU
(ucnipiTanuii). Bceskuit  pe3ynpTaT WM MCXOJ] WCIBITAHUS  Ha3bIBaeTCA
coovimuem.

Ecnu coObiTve mpu 3aaHHBIX YCIOBUSX MOXET TPOWU3OUTH WU HE
MPOU30MTH, TO OHO HA3BIBAETCA C/1)YYAUHBIM.

B Tom cnyuae, korjga coOBbITHE JOJKHO HENPEMEHHO MPOU30MTH, €ro
Ha3bIBAIOT O0OCMOBEPHbIM, a B TOM Cllydae, KOrJa OHO 3aBEIOMO HE MOXKET
MIPOU30UTH, HEBOZMONCHBIM.

CoObITHSI HA3BIBAIOTCA HECOBMECHMHbIMU, €CIIA KaXKIbI pa3 BO3MOXKHO
MOSIBJICHUE TOJBKO OJTHOTO M3 HUX. COOBITHS HA3bIBAKOTCS COBMECHHbIMU, SCIH
B JIaHHBIX YCJIOBUSIX TOSIBJIGHUE OJHOTO M3 JITHUX COOBITUH HE HCKIIOYaeT
MOSIBJICHUE IPYTOTO MPU TOM K€ UCTIBITAHUU.
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CoObITHSI  HA3BIBAIOTCA  NPOMUBONONONCHBIMU, €CIIA B  YCIOBUAX
VICIIBITAHUSI OHH, SIBJISSCH €IMHCTBEHHBIMH €T0 MCXO1AMHU, HECOBMECTHBI.

BepositHOCT  cOOBITHS  paccMaTpuBaeTcsi Kak Mepa OOBEKTHUBHOM
BO3MOXKHOCTH TIOSIBJICHHSI CITy4aifHOTO COOBITHSI.

Knaccuueckoe onpedenenue eeposmuocmu.
BepositTHocThi0O  cOObITHST 4 Ha3blBaeTCs  OTHOIICHHE  YHCIIA
OJIarONPUATHBIX UCXOJ/IOB 71, K UACTY BCEX BO3MOKHBIX UCXOJIOB 71:

P(A)=%.

BepositTHOCTE 11F060T0 COOBITHS HE MOKET ObITh MEHBIIIE HYJS U OOJIbIIIe
enunaunsl, T. e. 0 < P(A4) <1.

HeBo3MOXHOMY COOBITHIO COOTBETCTBYET BeposiTHOCTE P(A)=0, a
JIOCTOBEPHOMY — BEpOSITHOCTh P(A)=1.

Ilpumep 101.

B notepee u3 1000 6uneroB 200 BBIMIPHILIHBIX. BRIHMMAIOT Hayra oquH
ower. KakoBa BEpOATHOCTD, UTO 3TOT OWJIET BHIMTPHIIIHBINA?

Pewenue:

KOJIMYECTBO OJIArONpPHUATHBIX COOBITHH, YIOBJIETBOPSIOIINX YCJIOBUIO
3agaau m=200.

Yucno Bcex BO3MOXKHBIX BapuaHToB 7=1000.

ITo onpenenennto BeposstHoctu: P(4)=200/1000=0,2.

Ilpumep 102.

N3 ypHBI, B KOTOpOIl HaxoAsTcss 5 OenbiX U 3 YepHBIX LIapa, BBIHUMAIOT
oIvH 1map. Halith BEpOSITHOCTB TOTO, UTO ATOT LIAP YEPHBIN?

Pewenue:

o01lee 4YMUCIIO IApOB m=8, U3 HUX YEPHBIX n=3, MO OMNpPEACICHUIO:
P(A)=3/8=0,375.

Ilpumep 103.

N3 ypHBI, B KOTOpOM HaxoAsaTcs 12 OenbIx B 8§ YepHBIX I1apa, BEBIHUMAIOT
Haymady JnBa mapa. HailTu BeposSITHOCTH TOTO, YTO 00a Imapa OKaxyTCs
YepHBIMU?

Pewennue:

oOllee Yucio BO3MOXKHBIX CIy4yaeB 7 pPaBHO 4YHCIy coueTtaHuid uz 20
(12+8) anemeHTOB 1O 11BA:

nzc;):%:mo

YUCJIO OJArompusTHBIX KCXOJOB 7 PaBHO YHUCITY COYeTaHUA H3 8
AJIEMEHTOB 10 JBA:
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[To onpenenennro: P(A4)=28/190=0,147.

Ilpumep 104.

B nmaptum u3 18 neraneit Haxonsatcs 4 OpakoBaHHbIX. Hayran BeiOuparoT
5 neraneil. KakoBa BEpOSATHOCTb TOTO, YTO M3 JTHUX 5 AeTalel ABE OKaXyTcCs
OpakOBaHHBIMH?

Pemenue:

YHUCJIO BCEX PABHOBO3MOXKHBIX HE3aBHCUMBIX HCXOJOB 71 PABHO YHUCIY
coueTanui u3 18 mo 5:

n=C5 = 18-17-16-15-14
1-2-3-4-5 )

[Toacuntaem 4ncio O6JaronpuATHBIX UCXOJA0B m. Cpean 5 B3SITHIX HAyTal
JeTanei MOJDKHO OBbITh 3 KaueCTBEHHBIX M 2 OpakoBaHHBIX. UHcIo crocoOoB
BBIOOPKH JBYX OpakOBaHHBIX JAeTalied U3 4 MMEIOMMXCA OpaKOBaHHBIX PABHO
YUCITy COYETaHu| U3 4 1o 2:

= 8568

4.3
—_— 6
1-2
Yucio cnocoOoB BBIOOPKM TpeX KadyeCTBEHHBIX JeTalied u3
MMEIOLIMXCSL PAaBHO YUCITy coyeTanuii u3 14 mo 3:

14-13-12
== =364
1-2-3

JIrobast Tpymnma KayeCTBEHHBIX JEeTale MOXXET KOMOMHHMPOBATBHCSA C
100011 Tpymnmnoi OpakoBaHHBIX, TOITOMY 00III€€ YHUCIO KOMOWHAIIUN 7 PABHO:

m=C;-C}, =6-364 =2184
o onpenenenuto: P(A4)=2184/8568=0,255.

C;

14

3aoanusn 014 CAMOCMOAMENbHO20 PEULEHU:
Pemmnts cnenpyromue 3agayd, UCMOJB3Yys ONPEAECTICHUE COYETAHUM, UX
BHJIOB:

1 BapuaHT 2 BapuaHT
1) Cxonbko  naBy3HauHBIX  yucedn | 1) CKOIbKMMH — cHocoO0amMu  MOTYT
MOHO cocTaBuTh U3 udp 1, 3, 5, 8, | pasMecTUThCST 5 YENOBEK BOKPYT

9 Tak, 4TOOBI B KaXJOM 4YHCIIE HE
OBLIO OIMHAKOBBIX ITUDP?

2) 13 6 OTKpBITOK Haao BBIOpaTh 3.
CkonbKUMHU CIIOCOOAMH 3TO MOYKHO
caenarp?

L 4*

3) Pemmre ypaBHeHHe: A, = 0%

KpyIJIoro croja?

2) CKOJIBKMMH CIOCO0aMH MOKHO
COCTaBUTH (pyiar, COCTOSIIIUN U3 TpeX
TOPU3OHTAIBHBIX TIOJIOC Pa3IUYHBIX
IBETOB, €CJIM UMEETCSI MaTeprall CeMHU
Pa3IMYHBIX [[BETOB?
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3) Pemmre ypaBnenue: 30x = A’

3 BapuaHT

1) I3 10 kaHAMAATOB  HYXHO
BBIOpaTh 3 YeJI0BeKa Ha
KOH(EPEHLUIO. CKoJbKuMHU

Pa3IMYHBIMA CIIOCOOAMH 3TO MOKHO
caenarn?

2) CkonbKo Pa3IUYHBIX
I TH3HAYHBIX YHCEI MOKHO
coctaButh u3 mudp 0, 1, 3, 5, 7 Tax,
9TOOBI B KaXXJIOM 4YHCIIE HE OBLIO
OJIMHAKOBBIX UGP?

3) Pemmre ypasrenne: 304, , = Af‘

4 BapuaHT

1) Bpuragup nOJKEH OTIpPaBUTh Ha
paboty Opuramy wu3 3 dYeIOBEK.
Ckonbko  Takux Opurag MOXHO
COCTaBUTH U3 § YEIIOBEK?

2) Ha coOpanuu AOJKHBI BBICTYIIUTH
5 uenoBex (A, b, B, I, /[). CKOIbKUMH
croco0aMu UX MOXHO Pa3MECTUTh B
CIIUCKE  BBICTYMAWOIMX, eciau A
JTOJDKEH BBICTYIIATh ITEPBHIM?

3) Pemute ypaBHEHUE: 2014;_2 = Af _

S BapuanT

1) CkoapkuMHu CIoco0amMu  MOKHO
paccTaBUTh HA MOJKE 6 KHUT?

2) CKOJNBKMUMH CIOcO0aMH  MOKHO

6 BapuaHT

1) CxkoapkuMH CHOcOOaMU  MOYKHO
COCTaBUTh CIIMCOK U3 6 4eTOBEK?

2) CkonpkuMH criocobamu cobpaHue,

BbIOpaTh TIJAaCHYI0 U COTJIACHYIO | cocTofiiee u3 18 denoBek, MOXKET H3
OYKBBI U3 CJIOBA «KypHAI»? CBOETO coCTaBa BBIOpATH
X | npejacenarens coOpanus u cekperapsi?
3) Pemmurte ypaBHEHHE: — 3 — T~ x—1 3
) M 4° 12 3) Pemure ypaBHEHHE: 4C;7 ., = A4;
7 BapMaHT 8 BapuaHT
1) Cpenu nepecranoBok u3 mudp 1, | 1) B 1aXMaTHOM TypHUpE
2, 3,4, 5 CKOJIbKO TakuX, KOTOpbIC HE | IPUHUMAIIU y4yacTue 15

HauynHatoTcs nudpamu 3 v 5?
2) U3 ropona A B ropox B Bemyt 6
nopor, a u3 ropoaga B B ropox C -3
noporu.  CkoIbKMMHU  crioco0aMu
MOJKHO TIOTIACTh U3 ropoaa A B ropoj
C?

A =94

3) Pemmre cucremy: 2CY 30!

IaXMAaTUCTOB, TMPUYEM KaXAbIA U3
HUX ChITpaj TOJIbKO OJHY MapTUIO C
KOKIbIM M3 OCTalbHBIX. CKOIBKO
BCETO IMAPTUHA CBITPAHO B  3TOM
TypHUpe?

2) Umeercs 8 map  mepyaTtok
paznuyHbIX pa3MepoB. CKOJIBKUMU
crocobaMu MOXKHO BBIOpaTh M3 HHUX
OJIHy TepyaTKy Ha JIEBYIO PYKy H
OJIHYy TIEpYaTKy Ha MPaBYIO PYKY Tak,
9TOOBI ATH TEpUYaTKU OBLIU Pa3HBIX
pa3MepoB?
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y _ y+2
Cx - Cx

3) Pemure cucremy:
) Y Cj =153

9 BapuaHT
1) I'pynma yyammxcsi W3y4aeT CeMb YYEOHBIX JUCUHUIUIUH. CKOJbKUMHU
croco0aMy MOKHO COCTaBUTbH pPaclUCaHUE 3aHATUM HA MOHEICIbHUK, €CIIH B
ATOT y4eOHBIN ACHB JTOKHO OBITH YETHIPE PA3IUYHBIX YpOoKa?
2) Ckonbko MaTueit OyJeT chirpaHo B (yTOOJHFHOM YEMITMOHATE C y4acTHUEM
16 xomaHA, ecii Kaxble JBE KOMAaHIbI BCTPEYAIOTCS MEXITy COOOW OIuH
paz?
A15 ot A260

3) Beruncnuts: 4

18

Koumponwvnwie gonpocul:

1. laliTe onpeneneHne COCANHEHUS, UX BUJIBI?

2. IlpuBenute GopMyIIbl AJ1 BBIYUCICHHS Pa3HBIX BUJOB COCTUHEHU.

3. Jlaifte ompeneneHue ciiydallHOro coObITHsI, WX BUIbl. [lpuBenure
pUMEPHI.

4. JlaitTe KJTaCCUYECKOE ONPEICTICHUE BEPOSITHOCTH.

IIpakTnueckas padora Ne 40
CioxeHne 1 YMHOKeHHE BEPOSITHOCTEH

Ilenv padomuwi:

CMYOeHm QO0JIHCEH:

3Hamo.:

- TEOPEMBI CIIOKCHHUSI, YMHOKCHHS BEPOSITHOCTEH;
ymemsn.

- BBIYUCJIATH BEPOSITHOCTH COOBITHH.

Ceedenusn u3z meopuu:

Beposamuocmuv necoemecmuuvix cobbimuil

BeposTHOCT TOSIBJICHUST OTHOTO M3 HECKOJIBKHX MOMAaPHO HECOBMECTHBIX
COOBITHI paBHa CyMMe BEpOSITHOCTEH 3TUX coObITHit: P(A+B)=P(A)+P(B).

Ilpumep 105.

B simuke B cirydalilHOM nopsiike pasioxkensl 20 neranei, npudeM IsTh U3
HUX cTaHjaapTHbie. Pabounii Geper Hayaauy Tpu AeTtanu. HallTu BeposITHOCTD
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TOr0, 4TO, 10 KPaHEN Mepe, OJTHA U3 B3SATHIX JETAJIEH OKAXKETCS CTAaHJIAPTHOU
(coOwiTHE A).

Pewenue:

OYEBUIHO, YTO, [0 KpaHEW Mepe, OJHA U3 B3STBHIX JNETAICH OKaXKETCA
CTaHJApTHOM, €CIM TMPOU30UIET JIF000Ee U3 TPEX HECOBMECTHBIX COOBITHH: B —
OJIHA JIeTaJIb CTAHJAPTHAs, IB€ HECTaHAApPTHBIE; C — ABE NETadu CTaHIApPTHBIE,
OJIHA HECTaHJApTHAs; /[ — TpU AETaNu CTaHAAPTHBIE.

T.o., coObITHE A MOKHO MPECTABUTH B BUJIE CYMMBI 3THUX TPEX COOBITHI:
A=B+C+]].

Torna P(A)=P(B)+P(C)+P().

Boruucium BepOATHOCTh KaXKI0TO COOBITHS:

1 2
gy =C: 3c5 _5:15-14 35
c, 112 76

P(C)_Cg-cfs_ 5-4-15-1:2-3 5
Cy  1:2:1:20-19-18 38

PUT) = C;  5-4-3-1-2:3 1
Cjo 1-2-3-20-19-18 114

Hraxk,

py=B 5 LB
76 38 114 228

Beposamuocmuv coemecmmubix coobimuii
BeposiTHOCTh MOsIBIIEHUS XOTSI ObI OJTHOTO M3 JIBYX COBMECTHBIX COOBITHI
paBHa CyMM€ BEpOSITHOCTEM ATHX COOBITHI 0€3 BEPOSTHOCTH MX COBMECTHOTO
MOSIBJICHUSL:
P(4+B)=P(A)+P(B)-P(AB)

IIpumep 106.
HaiiTu BeposATHOCTH TOro, 4TO HayJdady B3SATOE [BY3HAYHOE YHCIIO
OKa)KETCsl KpaTHBIM J100 3, 1100 5, 1100 TOMY U IPyrOMY OJHOBPEMEHHO?

Pemenue:
nyctb 4 — yucno kpatHo 3, B — uamcio kpatHO 5. Bcero umeercs 90
nBy3HauHbIX uncen: 10, 11, ..., 98, 99. 3 uux 30 — kpatHbie 3, 18 — kpaTHbIE 5
Y LIECTh YUCEI OJIHOBpeMeHHO KpaTHBI U3 uS, 103TOMY:
30 1 6 1
P(A)=—= =— P(AB) = — = —
()0 ()905()9015.
T.x. A u B cOBMECTHBIE co6mms{, TO TI0 hopMyJie UMEEM:
P(A)—— l—i 7 =0,467
35 15 15 _

3aoanus 01a camoCmoaAmebHO20 PeuleHus:
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Pemnre 3agaumM, UCHONB3ys TEOPEMBI  CIOXKEHHUS, YMHOMXEHUS
BEPOSITHOCTEH:

1) B nepBoii ypue HaxoasaTcss 10 6enbix U 4 4epHBIX 1IapOB, a BO BTOPOM
5 Oenbix U 9 uyepHbIX mapoB. M3 kaxaoil ypHbl BBIHYJIM 1o Iapy. Kakosa
BEPOSITHOCTh TOTO, YTO 002 MIapa OKaKYTCS YEPHBIMU?

2) Tpoe ydamuxcs Ha 3K3aMEHE HE3aBUCHUMO JApPYr OT JApyra peuiaroT
OJIHY U Ty XK€ 3a/1ady. BeposTHOCTH ee peleHns 3TUMH ydauumucs passsl 0,8,
0,7 n 0,6 coorBercTBeHHO. Haiinure BEpOATHOCTH TOrO, YTO XOTS OBl OAMH
y4YalUKCcs pEenIuT 3a1a4y.

3) DOxcneauuus W3AaTEIbCTBA OTIPABWIIA Ta3eTbl B TPU IOYTOBBIX
OTIeeHUSA. BEpOATHOCTE CBOEBPEMEHHOM TOCTaBKH ra3eT B IIEPBOE OTACIICHUE
paBHa 0,95, Bo BTOpoe — 0,9, B Tpetbe — 0,8. HaliTu BEpOSITHOCTH CIEAYIOIINAX
COOBITHI:

a) TOJBKO OJTHO OTJEJIEHHUE IMOTYYUT Ta3€Thl BOBPEMSI;

0) XOTs1 ObI OJTHO OT/IEJICHUE MOJYUYUT Tra3eThl C ONMO3TaHUEM.

4) BeposTHOCTh XOTSI OBl OJHOrO MOMNAJAaHUSA B I€Jb MPU YETHIPEX
BbIcTpesax paBHa 0,9984. HaiiTu BEpOSITHOCTH MOIMAAAHUA B LIEJIb IPU OJTHOM
BBICTpEJIE.

Konumponwvuwvie gonpocwi:
1. ChopmynupyiiTe TEOPEMBI CI0KEHHUS, YMHOKEHUS BEPOSTHOCTEH.

IIpakTnueckas padora Ne 41
ITonsiTHE 0 HE3ABUCUMOCTH COOBITHI

Ilenv padomuwi:

CMYOeHm QO0JIHCEH:

3Hamo:

- OMpe/IeNIeHUe HE3aBUCUMBIX COOBITUH;

- TEOpEeMY YMHOXEHUS BEPOSITHOCTEH;

yMemy:

- BBIYUCIISATH BEPOSITHOCTD HE3aBUCHUMBIX COOBITHIA.

Ceedenusn u3z meopuu:

ITycTh BEpOSATHOCTH COOBITHS B HE 3aBHCHUT OT ITOSBICHUS COOBITHS A.

CobOvimue B Ha3BIBAIOT He3a8UCUMbIM Om cobbimus A, €CIU TOSIBICHUC
COObITUSI A HE HU3MEHSET BEpPOSITHOCTH COOBITHSI B, T. €. eciau yCIOBHas
BEPOSITHOCTh COOBITHS B paBHa ero 6€3yclIOBHON BEPOSITHOCTH:

P4(B) = P(B).

Hrak, ecau coObiTe B HE 3aBHUCHT OT cOOBITHUS A, TO coObltHe A HE
3aBUCHT OT COOBITHS B; 3TO 03HAYACT, YTO CBOUCHMBO HE3ABUCUMOCMU COObIMULL
B3AUMHO.
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J11s He3aBUCHMBIX COOBITHH TeopeMa YMHOKCHHS UMEET BU/I:
P(AB)=P (A)P (B),
T. €. BEPOSATHOCTh COBMECTHOTO MOSIBJICHUS ABYX HE3aBHCHUMBIX COOBITHH paBHA
IIPOM3BEICHUIO BEPOSTHOCTEH 3TUX COOBITHI.

JIBa COOBITHS HA3BIBAIOT HE3ABUCUMBIMU, €CIIH BEPOSATHOCTh WX
COBMEIIICHHS pPaBHA IIPOU3BEICHUIO BEPOSTHOCTEH ITUX COOBITUI; B IPOTUBHOM
ClTydae COOBITHS Ha3bIBAIOT 3A6UCUMBIMU.

Ha npaktuke 0 He3aBUCUMOCTU COOBITUIN 3aKJTFOYAIOT MO CMBICITY 3a/IauH.
Hanpumep, BEpOsSTHOCTH NOPAXKEHUSI 1IN KaXIbIM U3 JIBYX OPYJIUI HE 3aBUCAT
OT TOTO, MOPA3KIIO JIK IENb APYroe OpyIue, MOITOMY COOBITHS «IIEPBOE OPYIHE
MOPa3UIIO LEIb» U «BTOPOE OPYIHE MOPA3UIIO 11€JIbY» HE3aBUCUMBI.

Heckonvko cobvimuti Ha3bpIBAIOT NONAPHO HE3ABUCUMbBIMU, €CITH KaXKIbIe
JIBa U3 HUX He3aBUCHMMBI. Hampumep, coObitus 4, B, C monapHO HE3aBHCHUMBI,
eci He3aBUCHMEI COOBITHI A n B, Au C, Bu C.

Ilpumep 107.

Ilycte B ypHE mmMmeeTcs 4 mapa, OKpalleHHbIE: OUH — B KPAaCHBIA LBET
(4), omun — B cunwmii 1BeT (B), oquH — B uepHbId 1BeT (C) U OJJUH — BO BCE ITH
Tpu 1BeTa (ABC). UeMy paBHa BEpOSTHOCTb TOTO, YTO U3BJICUECHHBIN U3 YPHbI
iap UMEeT KpAacHbBIM LBET?

Pewenue:

T.K. U3 YETHIPEX I1apOB JIBa UMEIOT KPACHBIH 1BET, TO P(A4)=2/4=1/2.

Paccyxmas ananoruuno, Haitnem P(B)=1/2, P(C)=1/2.

JlomycTuM Temneph, YTO B3ATHIN IIap UMEET CUHUM ILIBET, T. €. cOObITHE B
yK€ MpOU301UI0. VMI3MEHUTCS 7 BEPOSITHOCTh TOTO, YTO M3BJICYEHHBIM IIap
MMEET KPACHBIH LIBET, T. €. U3MEHUTCS JIU BEPOSITHOCTh COOBITUSA A7

N3 nByx mapoB, UMEOIMX CUHUM LBET, OJAWH IIap UMEET U KPACHBIU
L[BET, TI0O3TOMY BEpOSITHOCTh COOBITUS A To-mpexHemy paBHa 1/2. J{pyrumu
CJIOBAMH, YCIIOBHAsA BEPOSITHOCTHh COOBITUSI A, BBIUUCIEHHAS B MPEAIOJI0KEHUH,
YTO HACTYNUJo coObiTHE B, paBHa ero 0€3yCIOBHOW BEPOATHOCTH.
CnenoBaTesibHO, COOBITHS A 1 B HEe3aBUCHMEL.

AHanorHuYHO TPUJIEM K BBIBOJY, uTO coObITUA A 1 C, B 1 C HE3aBUCUMBI.
Ntak, cobbitus 4, B u C nomapHO HE3aBUCHMBI.

He3zaBucumel i 3TH cOOBITHS B COBOKYNHOCTH? OKa3bIBaeTCs, HET.

JIeCTBUTENBHO, IyCTh WU3BJICUCHHBIM IIap UMEET JBA LIBETA, HAIIPUMEDP
CMHMM WU 4YepHbIM. YeMy paBHa BEpPOSATHOCTb TOrO, YTO ATOT WIAP HUMEET U
KpacHblid LBeT? JIWIb OJWMH map OKpalleH BO BCE TPU LBETA, TOATOMY B3ATHIN
11ap UMEET U KPacCHBIN LIBET.

T.o., nonyctus, 4to coObiTUs B 1 C MpOU30LUIH, TPUXOAUM K BBIBOAY,
9TO0 COOBITHE A 00s3aTenbHO HacTynuT. CremoBaTeNbHO, 3TO COOBITHE
JIOCTOBEPHOE U BEPOSITHOCTD €r0 paBHA €AUHULIE.
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Hpyrumu ciioBaMu, YCIOBHash BEpOSTHOCTh Ppc (A)=1 cobObituss A He
paBHa ero 0e3yciioBHOW BeposTHOCTH P(A)=1/2. Wtak, momapHO HE3aBUCHUMBIE
coonIiTus A, B, C He ABIAIOTCS HE3aBUCUMBIMHM B COBOKYITHOCTH.

Beposmnocmv  cosmecmnoco  nosenenuss  HeCKOAbKUX — COObImMuL,
He3A8UCUMBIX 8 COBOKYNHOCMU, PABHA NPOU3BCOCHUIO BePOSIMHOCMEl IMUX
cobbimuii:

Ilpumep 108.

Halitu BeposITHOCTb COBMECTHOTO TIOSIBJIEHMS repba TMpu  OJHOM
OpocaHHUM JIByX MOHET.

Pewmennue:

BEPOSATHOCTH MOSIBJICHUS repOa nepBoil MOHETHI (coObITHE A): P(A)=1/2.

BepositHOCTh MOsiBNIEHUS TepOa BTOpoil MOHETHI (coObiTue B): P(B)=1/2.

CoObiTust A u B He3aBUCHMBIC, TOITOMY HCKOMasi BEPOSITHOCTH TIO
TEOpeMEe YMHOXKEHHUS paBHa:

P(AB)=P(A)-P(B)=1/2-1/2=1/4.

Ilpumep 109.

Nmeerca 3 smuka, coaepxamux no 10 geranei. B nepBom siuke 8, BO
BTOPOM 7 U B TpEeTheM 9 CTaHIAPTHBIX JAeTajiel. M3 Kaxaoro simuka Hayaady
BBIHUMAIOT 110 OJIHOM neTanu. HallTu BEpOSATHOCTh TOTO, UTO BCE TPU BBIHYTHIE
JIETAJIN OKAKYTCSI CTAHIapTHBIMH.

Pemenue:

BEPOSATHOCTh TOTO, UTO M3 MEPBOTO SIIMKA BBIHYTa CTaHAApTHas JIETAlb
(coObiTHE A):

P(4)=8/10=0,8.

BeposiTHOCTH TOTO, YTO M3 BTOPOTO fAIIMKA BhIHYTa CTaHIAapTHas J€Tallb
(coObITHE B):

P(B)=17/10=0,7.

BeposTHOCTH TOTO, YTO M3 TPETHErO SAIIMKA BbIHYTA CTaHJApPTHAS ACTallb
(cobrrTue C):

P(C)=9/10=0,9.

Tak xak coOwbiTust 4, B u C He3aBHCHMbIC B COBOKYITHOCTH, TO HCKOMas
BEPOSATHOCTH (110 TEOPEME YMHOKEHUSI) PaBHA:

P(ABC)=P(A)-P(B)-P(C)=0,8-0,7-0,9=0,504.

3aoanusn 014 CAamMoOCmMOAMENbHO20 PEUIEHUA:

Pemwute 3agaumn:

1) BeposTHOCTh TOTO, YTO B Mara3uHe OyAeT MpojaHa Mapa MY>KCKOU
o0yBu 44-ro pasmepa, paBHa 0,12; 45-ro — 0,04; 46-ro u G6oawmero — 0,01.
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HaiiTi BeposiTHOCTH TOTO, YTO Oy/IET MPOAaHa Mapa My»CKOil 00yBH HE MEHBIIIE
44-ro pa3mMepa.

2) Ilpu ycnoBusx 3amaud | HalTH BEPOSITHOCTH TOTO, YTO OYEPEIHON
OyzneT mpoaaHa mapa 00yBu MeHbIIe 44-10 pa3mepa.

3) B sAmwmke HaxomsTcs 5 pe3UOB: JABAa HM3HOIICHHBIX M TPU HOBBIX.
[IpousBoauTCcs ABa IIOCIENOBATEIBHBIX W3BICYEHUS pe3noB. Onpenenurs
YCIOBHYIO BEPOSTHOCTH MOSBJICHHWS W3HOLIEHHOIO pe3la IIpU  BTOPOM
U3BJICUCHUN INIPY YCJIOBUH, YTO U3BJICYCHHBIA B IEPBBIM pa3 pe3el] B SIIMK HE
BO3BPAILAETCA.

4) B ypHe HaxoasaTcs S5 Oenbix mapoB, 4 dyepHbix U 3 cuHux. Kaxmoe
UCIIBITAHUE COCTOMT B TOM, YTO HayAady M3BJICKAIOT OJMH ILIAp, HE BO3BpAILas
ero B ypHy. HaiiTu BeposITHOCTb TOT0, UTO MPU NEPBOM HCHBITAHUHN MOSBUTCS
Oenblil wap (coObiTue 4), P BTOPOM - YEPHBIN (COOBITHE B) U NMPU TPETHEM —
cunuit (coowitue C).

Konumponwsuwvie 6onpocwi:
1. JlaifTe onpeneneHrue HE3aBUCUMBIX COOBITHH.
2. Kakue coObITHS Ha3bIBAIOTCA MOMAPHO HE3aBUCUMBIMU ?

IpakTnueckasi padora Ne42
JIucKkperHas cay4yaHasi BeJJUYUHA, 3AK0H ee pacnpeaeieHus

ILlenwv pabomor:

CMYOeHm QO0JIHCEH:

3HamMb.

- ONPEAEIICHNUE TUCKPETHOM CITy4allHOW BEIUYHUHBI;

ymemy:

- CTPOUTb MHOTOYTOJBHUK (TIOJUTOH) paclpeiesieHusl TUCKPETHOM
CIIyYailHOM BEJIMYMHBI;

- COCTAaBJATH 3aKOH PaCHpeAeseHUsI JUCKPETHOM CIIy4YalHOM BEJINYWHBI.

Ceedenusn u3z meopuu:

CnyuaiiHOoe COOBITHE MOXET COCTOSITh, B YAaCTHOCTH, B TOSIBJICHUU
HEKOTOPOTO YHCJIa, 3HAYEHHE KOTOPOrO HE MOXKET OBITh OJHO3HAYHO
OTIPEJICTICHO YCIIOBUSAMH €r0 BO3HHKHOBEHHE. Takue COOBITHS Ha3bIBAIOT
CIIy4YallHbIMH BEJIWYMHAMU. B 3TOM TPAaKTOBKE MBI COXPaHSIEM KIIACCUYECKUU
MOAXO/J] K IOHATHUIO CIIy4alHOro coObITHsA. OTHAKO TpeOOBaHNE KOPPEKTHOCTH B
MOCTPOCHUM MaTEMaTUUYECKUX TEOpUM 3acTaBisieT HAaC BHOBb OOpPATUThCS K
AKCMOMATUYECKOMY TIOAXOMY, COXPAaHUB KJIACCUYECKHUE MOJEIM B KAdyeCTBE
HarJISAHBIX 00pa31oB U3 chepbl MPAKTUUECCKUX TTPUITIOKESHUM.

MaremaTU4eck KOPPEKTHO OIpPEeJeInTh CIIy4yalHYyl0 BEJIMYMHY Kak
YUCJIOBYIO (DYHKIIHIO, 33JJAaHHYIO B IPOCTPAHCTBE AJIEMEHTAPHBIX COOBITUH.
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[IpeanonoxuM BHayane, 4YTO MPOCTPAHCTBO AJIEMEHTAPHBIX COOBITUI
ABJISIETCA KOHEYHBIM MHOXECTBOM. COOTBETCTBYIONIYI0 €My CIIy4alHYIO
BEJIMYMHY HA3bIBAIOT JUCKPETHOI: OHA MOKET MPUHUMATH JIMIIb KOHEYHOE
YUCJIO 3HAYEHUH, KaXIOMYy M3 KOTOPBIX MOXET OBbITh COIOCTaBJIEHA
BEPOSITHOCTh €r0 TMOsIBIIEHUS B ombiTe. [l03TOMY HAHMCKpeTHBIE Cily4dailHbIe
BEJTMYMHBI MOXKHO 33/1aTh TaOJIUIEH BUA:

X xr x2 | (X
P \p: |p2 |... |p»
3necy OykBoi X o0Oo3HaueHa ciydailHas BEIUYMHA, X/, X2, ..., Xy —

NIEpEUYEHb BCEX €€ BO3MOKHBIX 3HAYEHWH, a pj,..., P — COOTBETCTBYIOUIUE UM
BEpOSTHOCTU. Takyro TaONMIy Ha3bIBAIOT 3aKOHOM paCIpEACIICHUs JUCKPETHOM
CIIy4ailHOM BEJIMYMHBI.

Cobpitnss X=x;, (i=1, 2, ,3, ..., n) SBISAIOTCA HECOBMECTHBIMH U
€MHCTBEHHO BO3MOXXHBIMH, T. €. OHH OOpa3yloT IMOJHYIO CHCTEMY COOBITHM.
[TosTOMy CymMMa UX BEPOSITHOCTEN paBHA €IUHHULIE: p;tptpst...+p,=1.

Ilpumep 110.

PasbIrppiBatoTcsi ABE BEHIM CTOMMOCTBIO MO 5 pyO0. M OJHA Beulb
crouMoctbio 30 py6. CocTaBUTh 3aKOH pACIpeAeSeHUs] BBIMTPHIMIEH IS
4esI0BeKa, KyMuBILIEro oauH ounet u3 50.

Pewenue:

MCKOMasl cllydaifHasi BeIMYUHA X MPEACTABISIET COOOM BBIMTPHILI U MOKET
npuHumMath 3HaueHus: 0, 5, 30 py0. [lepBomMy pesynbTary OiaronpusitcTByet 47
CJIy4aeB, BTOPOMY pe3yJIbTaTy — 2 ciiy4as U TpetbeMy — | ciydaii. Halimem nx
BEPOSATHOCTH:

P(x;)=47/50=0,94;
P(x2)=2/50=0,04;
P(x3)=1/50=0,02.

Torna 3aK0H pacnpenesieHus CIIy4alHOU BEIMUNHBI UMEET BUL:

X; 0 5 30
Di 0,94 0,04 0,02

B xauectBe npoBepku Haiaem p;+prtp;=0,94+0,04+0,02=1.

3aoanusn 014 CAMOCMOAMENbHO20 PEULEHUA:
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1 BapuaHT
1) ITocTpouTh MHOTOYTOJILHUK
(monMroH) pacupeaeacHus
JACKPETHOW CIIy4allHOM BEJIMYMHBI X,
3aJJaHHOM 3aKOHOM PacCIpeIeIICHUSA:
X |2 |4 5 6

» 0310102704

2) Crpenok aenaer Mo MHILIEHH TpU
BBICTpena. BeposTHOCTh momnagaHus B

2 BapuaHT
1) ITocTpouTh MHOTOYTOJILHUK
(monMroH) pacupeaeacHus
JUCKPETHOW CIIy4aliHOM BEJIMYMHBI X,
3aJJaHHOM 3aKOHOM PacCIpeICIICHUSA:
X |10 15| 20

» 0,110,702

2) CocTaBUTh TaOJIHILY
pacnpeaeneHust BEpOITHOCTEN

MUILIEHb TPH KaXKIOM BBICTPEIIE | CIyYaHHOTO YHCIIa OYKOB,

paBHa 0,3. [TocTtpouts PSAI | BBIIIABLIETO HA BEPXHEW I'PaHU

pacnpeesieHus YUca nonagaHui. UTPATTBHOTO KyOUKa MPU OJTHOM
1o10pachIBaHMUH.

3 BapuaHT 4 BapuaHT

1) ITocTpouTh MHOTOYTOJIBHUK
(TOJUTOH) pacnpeaeIeHus
JUCKPETHOW CIIy4alHOW BEJIMYUHBI X,
3aJJaHHOM 3aKOHOM PacCIpeICIICHUSA:
X 10 | 20 | 30 | 40

p [031]0,11(0,2]0,4

2) UrpanbHyto KOCTh OpocaroT
nBaxabl. CiydaiiHas BeMunHa X —
CyMMa OYKOB IPU 000UX
nonopacsiBanusix. CoOCTaBUTh
TaOJIMILy pacTpeeeHus

1) [TocTpouTh MHOTOYTOJIBHUK
(OJUTOH) pactpeaeaeHus
JIUCKPETHOW CIIy4alHOW BEJIMYUHBI X,
3aJJaHHOM 3aKOHOM PacCIpeIeIICHUSA:
X 5 10| 15| 20

p 011]031(0,2]0,4

2) B xopobxe Haxoasrcs 7
KapaHalliei, u3 KOTOPbIX 4 —
kpacubie. Haynauy 6epyT Tpu
kapanaama. Kakou 3akoH
pacnpeesieHusl UMEET CIydanHast

BEPOSTHOCTEM. BEJINYMHA, 03HAYAIOLIAs YUCIIO
W3BJICYCHHBIX KPACHBIX KapaHAAIIen?
S BapuanT 6 BapuanT

1) ITocTpouTh MHOTOYTOJILHUK
(moyMroH) pacupeneyieHus
JACKPETHOW CIIy4aillHON BEJIMUYMHBI X,
3aIaHHOM 3aKOHOM paclpeIeIICHHUS:
X |2 | 4 S 6

p (011]0,21]0,510,2

2) CocTaBUTh TAOJIHILY
pacnpenesneHnss BEpOSTHOCTEN
CIIyYaWHOTO YMCJIa OYKOB,
BBINABILIETO HA BEPXHEHN IpaHu
UTPAJIBHOTO KyOUKa MPU OJHOM
noa0pachiBaHUU.

1) TTocTpouTh MHOTOYTOJIBHUK
(moJIUuroH) pacupenesieHus
JUCKPETHOM CIIy4aillHOM BEJIMYMHBI X,
3aIaHHOU 3aKOHOM paclpeIeIICHHUS:
X |1 2 3 4

» |02]0401703

2) CTpesnok Aenaet 1o MUIIeHH J1Ba
BbICTpesia. BeposTHOCTh monajgaHus B
MUIIEHb IPH KaKJ10M BBICTpEIie
paBHa 0,3. ITocTpouts psin
pacnpeesieHNs YMCIia TOTalaHuM.

7 BapHaHT

8 BapuanT
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1) ITocTpouTh MHOTOYTOJILHUK 1) ITocTpouTh MHOTOYTOJILHUK
(monuroH) pacupeaeacHus (monuroH) pacupeaeacHus
JACKPETHOW CIIy4ailiHOM BEJIMYMHBI X, | TUCKPETHOW CIIy4YallHOW BEJIMYMHBI X,
3aJIaHHOM 3aKOHOM pacipeleICHUs: 3aJIaHHOM 3aKOHOM paclpe/leIeHUs:
X |1 4 7 10 X | 10]30]5
p 103104102 0,1 p 1031(0,510,2
2) B kopoOke HaxoasTcs 9 2) UrpanbHyto KOCTh OpocatoT
KapaHJauiei, u3 KoTopbix 4 — cuHue. | Tprkabl. CayyaiiHas BeTMuuHa X —
Haynauy OepyT Tpu kapaHjamia. CyMMa OYKOB IPU TPEX
Kakoii 3akoH pacrnipeneneHus umeeT | nmogopacsiBanusx. CocTaBuTh
Clly4ailHasi BETMYMHA, O3HAYAOIIAs Ta0JIHILy pacupereneHus
YHUCJIO U3BJICUCHHBIX CUHUX BEPOSTHOCTEH.
KapaHJaeu?
9 BapuaHT

1) ITocTponTh MHOTOYTOJIBHUK (TIOJIMTOH) paclpeiesIeHus TUCKPETHON
CJIy4alHOM BEJIWYUHBI X, 3aJJTaHHOW 3aKOHOM PaCIpEACICHUA:
X 2 4 5 6

» 0310102704

2) CTpesok AenaeT 1o MUIIEHHU YeThIpe BhICTpena. BeposTHOCTh nonaianus B
MHILIEHb IIPU KaKI0M BbIcTpene paBHa 0,2. [loctpouTs psa pacupeneneHus
4ucia NonaJaHum.

Koumponwvnwvie éonpocot:

1. JlaiiTe onpenenaeHne CIy9aifHOTO COOBITHS.

2. Yto Ha3bIBaeTCA CIy4ailHON BETUYUHOM ?

3. TlosicHuTE 3aKOH pacupeAcneHuss JUCKPETHON CIIy4ailHOM BEJINYUHBI.

IIpakTnyeckas padora Ne43
PelmeHue npakTu4ecKUX 3a71a4 ¢ IpMMeHEeHNEM BepPOSTHOCTHBIX
MeTO0/10B

Ilenv pabomor:

CMYOeHm O0JIHCEH:

3HAMb!

- (popMyJbI I BBIYMCIICHUS] MAaTEMATHUYECKOTO OXHUIAAHUS, IHCIICPCHUH,
CPEOHEr0 KBaAPAaTUYHOIO OTKJIIOHEHUS TUCKPETHOU CIIy4ailHOM BEJIMYUHBI;

ymemn:

- BBIYUCIATH MaTE€MaTUYECKOE OXKHUAAaHWEe, JUCIEPCHUI0, CpEeIaHEe
KBaJIpaTUYHOE OTKJIOHEHUE JUCKPETHOM CIy4alHOU BEJIUYMHBI.

Ceedenusn uz meopuu:
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CrnyyaiiHple BEJIMYMHBI (TUCKPETHBIE W HETPEPHIBHBIC) XapaKTEPU3YIOTCS
CBOMM  33aKOHOM  paclpeleieHHs. 3aMeTUM, 4YTO 3TO  MCUYEpIIbIBaroLIast
XapaKTEPUCTUKA B TOM CMBICIIE, YTO B 3aKOHE PpaCHpENEIICHUs COIEPKUTCS BCS
uHpopMalsl O CiaydaiiHOW BermumHe. HUWKakoW CKOMb  YrOAHO — CIJIOKHOM
MaTreMaTuiecko oOpabOTKOM HAONIIOAAEMbIX 3HAYEHUN CIy4ailHON BEMYMHBI O
HEl HEBO3MOXKHO TOJYYHUTh CBEICHHUS, HE COJIEPKAILMECS B 3AKOHE PACIIPEICIICHHUSI.
OnHako 3TOT 3aKOH YacTO HEW3BECTEH M O HEM NPUXOAUTCS CYIOUTh HA OCHOBE
KaKUX-TO MPHUOJMKEHHBIX oOleHOK. C JApyrod CTOpPOHBI, JIi MHOTHX
MPaKTUYECKUX 3a/1ad Takas MH(opMaius sBISETCS U30BITOUHOM: TOCTATOYHO
3HaTh JIMIIb HEKOTOPbIE  KOJMYECTBEHHBIE  XAPAKTEPUCTUKU  3aKOHA
pacrpeeneHus.

[Ipocreimelr, HO OYEHb BAXKHOM  XAPAKTEPUCTUKOW  SBIACTCS
MaTEMaTUYECKOE 0KUJIaHuUE.

[TIycts, Hanpumep, X - TUCKpETHAS Cily4dailHas BEJIMYMHA paclpe/iesicHa
10 3aKOHY:

X | x| x2 | ... | xa

P |l pr | p2| ... | pn

Torna ee mamemamuuecroe oxxcudanue M(X) onpenensercs paBeHCTBOM
MOO =X p1+ X2p2+...+ Xn Pn.

OOpatuM BHUMaHHE Ha TO, YTO XOTSI KOHKPETHBIC 3HAUECHUS BEIMUUHBI X
SBJIAIOTCS CIIy4alHBIMHU, MaTeMmaThueckoe okujganue M(X) cinydaliHbIM He
SIBJISICTCSL.

[Tycth, HanpuMep, UCIIBITAHUE COCTOUT B OPOCAHUU UTPATBHOIO KyOHKa.
[Tockonbky  BBIMaJCHUE  KAXKJIOW  TpaHM  PaBHOBO3MOXHO,  Pi=1/6.
CrnenoBaTenbHO, MAaTEMAaTUIECKOE OKUIAHNE YHCIIA BBHITIABIINX OYKOB PABHO

MX)=1/6(1+2+3+4+5+6)=21/6=3.5.

Yucno, 61M3K0e K 3TOMY, MOJYYHUTCS, €CIM peajbHO OpocaTh KyOUK

MHOTO pa3 ¥ NOJICYUTaTh CYMMY OUYKOB, JIEIEHHYIO Ha YHCJIO OPOCKOB.

MaremaTudeckoe OXHJAaHHE U CpeaHee apudmeThyeckoe CiydyaHOU
BEJIMYMHBI - BAXKHBIC XapaKTEPUCTUKU 3aKOHA PACHPEAEIIEHUs], HO, 3Hasl TOJIBKO
MX, MBI UMEEM €Ill€ BECbMa OJHOCTOPOHHEE MpeacTaBiieHMe 0 HeM. He sicHo,
HaIrpuMep, KaKk BEJIIUKU MOTYT ObITh OTKJIOHEHHS! 3HAUYCHUN BEIMYUHBI OT ITUX
XapaKTEePUCTHK. Beap OMHO W TO K€ 3HAYEHUE CPEIHEr0 apu(PMeTHIecKoro
HaO0JIF0TaeMbIX 3HAYCHU MOJKET TMOJYYUTHCS KaK B CiIydae, KOTJa BCe 3HAUCHUS
HAXOJSTCS BOJIM3M CPENHET0, TaK WU B CIy4ae CKOJIb YrOAHO OOJBIITUX
OTKJIOHEHUH OT HEro B CTOPOHY OOJIBIINX U MEHBIIINX BEJIMUUH.

Jlns Toro 4ToOBl XapaKTEpU30BaTh B CPEIHEM BEIUYUHBI TaKHUX
OTKJIOHEHUM, BBOAUTCS €11€ OJAUH BAXKHBIM ITapaMeTp 3aKOHA pacHpeicsieHus,
Ha3bIBAEMbIN JTUCIIEPCUEN.
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Jlucnepcueti (paccesHUEM) TUCKPETHOM CIIy4yallHOM BEJWYHUHBI HA3bIBAIOT
MaTeMaTHICCKOE OKHMJIAHUEC KBAJApaTa OTKIOHCHUS CIyYalHOW BEIIMYHMHBI OT €€
MaTeMaTHYCCKOTO OXKHJIaHHS:

D{X) = M[X- M(X)]".
Taxk e aucTnepcruro MOYKHO BRIUUCIUTE U IO (hopmyIe:
D{X) = M(X*)- [M(X)T’,
T. €. KaK Pa3HOCTh MaTeMaTHYECKOTO OXKUJAHUS KBaJpaTa 3HAUCHUI CITydaitHOM
BEJIMYMHBI U KBaJIpaTa €€ MaTeMaTHICCKOTO OKUIaHH.
Jucnepcust CyMMBI JBYX HE3aBHCHMBIX CIIY4alHBIX BEJIIMYUH paBHA

CyYMMC I[I/ICHepCI/Iﬁ OTHUX BCIIMYHH:
D(X+Y) = D(X) + D(Y).

MHuorue crmyyaiiHple BEIMYWHBI, BCTPEYAIOIIMECS Ha MPAKTUKE, UMEIOT
pasmepHocTh. Hampumep, BeTMYUHBI, KOTOPHIE BCTPEUAIOTCSA MPHU Pa3TMIHBIX
u3MepeHusx. Torma, ecinu, CKakeM, CilydaiiHas BETUIMHA U3MEPSETCS B METpax,
TO mucnepcus OydeT MMETh pasMepHOCTh M%. I103TOMy BBOIMTCS €lIe OHA
XapaKTepUCTHKA, Ha3blBacMasi CPeoHUuUM Keaopamuiyeckum OMmKIOHEeHUeM,
o0o3Havaercss: o =,D(X). €€ pPa3MEepHOCTb COBNANAECT C Pa3MEPHOCTHIO

CIIy4YallHOM BEJIUYMHBI.

Ilpumep 111.

[Tycth X — uncno 04KOB, BBIIAAAIOIIUX IPU OJHOM OpOCAHUM UTPATIbHON
kocth. Hailtu aucnepcuto cirydailHOM BETMYMHBI X.

Pewenue:

CIy4daiiHasi BeIM4YrMHa X — YMCII0 OYKOB MPUHUMAET 3HaueHus 1, 2, 3,4, 5,
6. CocTaBuM 3aKOH €€ pacupeaeacHuUs:

Xi 1 2 3 4 5 6
1 1 1 1 1 1
lel sl e ls s | s

Torpa e€ maTeMaTHYECKOE OXKHJIAHHUEC:

M(X)= l-l+2-l+3-l+4-l+5-l+6-l:3,5.
6 6 6 6 6 6

Haiinem oTkinoHeHUs IS X;, X2, ..., X6:
XJ0=1-3,5; XQ0=2-3,5; X30=3-3,5; X40=4-3,5; X50=5-3,5; X50=6-3,5.
Beruncnum nucnepcuto:

D(X)= %((1—3,5)2 +(2-3,5°+(3-3,5"+(4-3,57+(5-3,5>+(6-3,5) = 35

E .

3aoanus 01 cAamMoCmoAmMebHO20 PeUleHUs:
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1 Bapuant
1) Monety moabpacsiBaioT 7 pas.
Haiitu MmaTeMaTHueCcKOE OXKHIaHHE,
JUCIIEPCUIO YHCIIa MOSIBJICHUN repoa.
2) HaliTn MatemMaTH4eCKOE OXKUIAHNE
Y TUCTIEPCHUIO CITYyYailHON BEJIMYMHBI,
3aJTaHHOM TabJIMIIeH pacnpeieIeHUs
X 113|467

P 0,1/0,1/0,3(0,4(0,1

2 BapuaHT
1) UrpasibHy10 KOCTh OAOPOCHIIH 5
pa3. Haiitu Mmatrematnueckoe
0’KUJAaHHE, TUCIIEPCHUIO YUCIIA
HEBBINA/ICHUS €IUHULIBIL.

2) Haiitu MaTemMaTH4eckoe OXKuIaHNE
Y JUCIIEPCUIO CIIyYallHOW BEJIMYUHBI,
3aJlaHHOM TabJIMLIeH pacnpeieNIeHus:
X 20-110(11 2

)% 0,1{0,2(0,3(0,3(0,1

3 BapuaHT
1) Haiitu MaTemMaTuueckoe 0>KHJIaHue
Y TUCTIEPCUIO CITyYalHOW BEJIUYUHBI,
3aJIaHHOM TabJIMLEel pacnpeieIeHus:
X 1{4]7]1013

)% 0,1{0,1{0,310,4{0,1

2) Mosety noaopacsiBaiot 6 pas.
Haitrtu nucnepcuro u cpennee
KBaJIpPAaTHYECKOE OTKJIOHEHHE
CIIy4allHOM BETMYMHBI X — BBINTAICHUS
«PELIKNY.

4 BapuaHT
1) Haittu MmaTemMaTu4eckoe OKugaHuE
Y IUCTIEPCUIO CITyYallHOW BEJIUYUHBI,
3a/IaHHOM Ta0JIMLIEeH pacnpeieIeHUs:
X 1|23 4]5

p 10,15/0,17/0,35/0,21{0,12

2) Mosety noaopacsIBaroT 5 pas.
Haiitn nucnepcuto u cpenxee
KBaJpaTUYECKOE OTKIOHEHHE
CIIy4ailHOM BEJIMYMHBI X — BBINIAICHUA
rep0Oa.

5 BapuaHnT
1) Haiitu MaTemMaTuueckoe 0>KH1aHue
Y JUCTIIEPCUIO CIIyYaliHOM BEJIMYUHBI,
3aJlaHHOM TabJuIIel pacipeieTIeHusI:
X 1030 |40 60| 70

)% 0,310,13/0,45{0,1{0,02

3) UrpanbHyto KOCTh TOAOpOCHIIHN 7
pa3. Haiitu Mmarematnueckoe
OXXHJIaHUE, TUCTIEPCHUIO YHCIia
HEBBINAICHUS €TMHUIIBI.

6 BapuaHT
1) Haitftu MmaTemMaTu4ecKkoe OKUAaHUE
Y JUCTIEPCUIO CIIyYaiiHOM BEJIMYUHBI,
3aJIaHHOM Ta0JIMIIeH pacnpeieNIeHus:
X 1|5 [10]15]20

p 0,110,11{0,210,22(0,37

3) UrpanpHyro KOCTh TOAOPOCHIIH 5
pa3. Haiitu Mmatematuueckoe
0’XKUJAHHE, TUCIICPCUIO YUCIIA
HEBBINAJICHUS] CIMHUIIBI.

7 BapuaHT
1) Haiitu MaTemMaTH4eCKOE OXKHUTAHNE
Y TUCTIIEPCUIO CIIyYalHON BEJIMYUHBI,
3aJIaHHOM TabJIMIIel pacipeieTICHusI:
X 10 | 20 |30

»  0,125(0,375[0,5

2) IlpaBunbHas TpeyroJjbHas
MApPaMHIa UMEET TPOHYMEPOBAHHBIE
rpaunu 1, 2, 3, 4. 3anuIInTe 3aKOH
pacrpeeneHus 1715 BbINAICHUS

8 Bapuanr

1) Halitm MmaTemMaTH4eCKOE OXKUIaHUE
Y JUCTIEPCUIO CIIyYaliHON BEJIMYUHBI,
3aJIaHHOM Ta0JIMIIeH pactpeieTIeHuUs:
X 10 { 30 | 50
p 10,175(0,35/0,475
2) UrpanbHblii KyOUK UMEET
MPOHYMEPOBaHHbIE Tpanu 1, 2, 3,4, 5,
6. 3anuinTe 3aKOH pacrpeaeaeHus
JUIs1 BBITIAJICHHS] HOMEpA I'PaHu, Ha
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HOMEpa I'paHu, Ha KOTOPOU CTOUT KOTOpPOH CTOHT KyOUK.
NUPAMUJA.

Koumponwvnwie gonpocwl:

I. Yro Ha3piBaeTcsi MaTEMaTUYECKUM  OKHUJIAHHEM JOUCKPETHOU
CIIy4ailHOW BEJIMYUHBI?

2. Yto Ha3pIBaeTCA AUCIEPCUEH JUCKPETHON CIyYalHOW BEJIMYHUHBI?
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[Ipunoxenus

[Ipunoxenue 1

OOpaszen TUTYJIBHOTO JINCTA TETPAAM JIJIS IPAKTUYECKUX 3aHATUN
MuHucrepcTBO 00pazoBaHus U Hayku Poccuiickoit @enepanuu
[IpodeccronanbHOE 0Opa30BaTEIHLHOE YaCTHOE YUPEIKICHUE
cpeaHero npodecCHoOHAIBHOTO 00pa30BaHuUs
«BpICIIAN IOPUINYECKUN KOJUIEIXK:

HPKOHOMMKA, (DUHAHCHI, CITy>k0a 6€301aCHOCTH»

HpaKTI/IKYM I10 MaTCMaTHKC

CrenuajbHOCTD

CTyneHT rpynsl

)50

20 1.
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[Tpunoxenue 2

[IpuMepHbIi BApUaHT SK3aMEHAMOHHOTO OnjieTa

MunucTepcTBO 0OpazoBaHus U Hayku Poccutickoit denepanuu
[IpodeccuonanbHoe 00pa3oBaTENLHOE YaCTHOE YUPEKICHUE
cpenHero mpohecCHOHATBHOTO 00pa30BaHUS
«BpIcmmi OpUINYECKUN KOJIIEIK:

IKOHOMHUKA, (DUHAHCHI, CITy>k0a OE30MacCHOCTI

SK3AMEHAILIMOHHBIN BUJIET Ne 1

JucuuniuHa: «MATEMATUKA»

Neo 3agaHue OTtBet
3a4aHunA
1 o 3 3
HaliguTe 3HaueHne BbipaxeHus: (—2; - ) -160
2 Ha anarpamme noKa3aHO M3MEHEHMe CTOMMOCTHM Aoanapa K pybato
3a nepuog c 6 no 12 ¢pespana 2011 roga. KakoBa pa3Huua B
KonerKkax mexay CamMbiM BbICOKMM N CAMbIM HU3KMM KYPCOM 33
AAHHbIV nepuoa?
dWHaMKKa Kypca gonnapa
30,3 -
303
30.1 A
g 30 4
299 -
§ 298 -
E' 29,7 A
2096 4
285 -
2594 T
W N N N N N a4 N N N oA N NN
g 88 8 8 8 8 8 8 § 8 8§ 8§ g 8
€ 5 g8 g ¢ £ & ¢© < ¥ @ K o o
3 Cembsa 13 Tpex yenosekK eaet n3 Mocksbl B Yebokcapbl. MoXHO

exaTb N0e340M, @ MOXHO — Ha CBOeW MmalunHe. bunet Ha noe3a Ha
oAHoOro yenoseka ctout 930 pybnein. ABTomobunb pacxoayet 11
nntpoB 6eH3nHa Ha 100 KWNOMETPOB NYTH, PACCTOAAHUE MO LWOCCe
paBHO 700 KMm, a LeHa 6eH3uHa paBHa 18,5 pybaei 3a anTtp. CKoNbKo
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pybnen npuaetca 3annatuTb 3a Hanboee aelleByo NOe3aKy Ha
Tpoux?

4 HaiauTe 3HaueHwue BbipaxkeHus 652 — 56?
o _ 1
5 HaiiauTe KOpeHb ypaBHeHus ¥ 12 = P
6 Haigute KopeHb ypaBHEHUA E0g3(12 —4x) = -3
4
o 1 3T
7 Haiiaute tga, ecnmcosa === na e (?; ZTE) .
N
8 Ha pucyHke nsobparkeH rpapumk pyHkumnm y=f(x), onpeageneHHom Ha
nHTepBane (-2; 12). Haliaute cymmy Touek akcTpemyma GyHKUMM
f(x).
d ) y = flr)
1
9 Hapgute pacctoaHmne mexay BepwmHamm A n C; MHOTOrpaHHMKa,
n306paxKeHHOoro Ha pucyHke. Bce aAByrpaHHbIe Yr/ibl MHOTOrpaHHMKA
npsamble.
10 Ha ak3ameHe 40 Bonpocos, Kons He Bblyuynn 4 us Hux. Hanagute
BEPOATHOCTb TOTO, YTO €My NOMAAETCA Bbly4E€HHbIA BONPOC.
11 B npaBuabHOM TpeyronbHoi nupammnae SABC meanaHbl OCHOBaHUA

ABC nepecekatotca B Touke O. MNnowaab TpeyronoHnka ABC paBHa 2;
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obbem Nnupamuapbl paseH 6. Hanaute gamHy otpeska OS.

&

A

12

4 5
HallauTe 3HaueHuMe BbipaskeHua 79 - 491s

13

Haigute TOUKY MUHUMYMa GYHKLUMKN Y = X3 — 48X + 17

14

2
BblumcanTe onpeaeneHHblin MHTerpan fl (3x3 + 2x% + 3)dx

15

a) Pewunte ypaBHeHMe cos2x+5 sinxcosx+5cos’x=0.
6) HallauTe KOpHU ypaBHEHUA, MPUHAANEXKALLNE MPOMENKYTKY

[rrErr

¥

2 2

KpuTepun oLeHKM BbINOAHEHWA 3a4aHnAa 15 :
B npeAcTaBNeHHOM pelleHMM 060CHOBAHHO NOYyYeH BEPHbIN OTBET 2

BepHo pelleHo ypaBHeHWE, HO He NpoBeaeH 0T6op KopHeN, UK BEPHO 1
HalAeHbl TONbKO KOPHU M3 3a4aHHOro OTpesKa
PelueHne He COOTBETCTBYET HM O4HOMY U3 KPUTEPMEB, NEPEUNCNEHHDbIX 0
Bbile

MaKkcumanbHbIM 6ann 2

16

B npamoyronbHom napannenenuneae ABCDA1B1C1D1 3agaHbl ANUHDI
pebep AD=12, AB=5, AA:=8. HaingnuTte o6bem nupamuabl MB1C1D,
ecnn M — Touka Ha pebpe AAj, npuyem AM=5.

KpuTepun oueHKM BbINOAHEHUSA 3a4aHuA 16:
B npeacTaBieHHOM pelleHM 060CHOBAHHO NOAYyYeH BEPHbIN OTBET 2

PeweHune coaepHuT 060CHOBaHHbIN nepexon K HﬂaHMMETpMHECKOVI 1
3aja4ye, HO noayyeH HEBeprIVI OTBET, NN NPU NPAaBUIbHOM OTBETE
peweHne HegOCTaTO4YHO obocHOBaHO

PeweHue He COOTBETCTBYET HM OAHOMY U3 KPpUTEPUEB, NepevYnCneHHbIX 0
Bbllle
MakcumanbHbIM 6ann 2
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