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§1. TEKCTOBbIE 3AJAYMN

TexcToBBIE 3aJa4H ABNAIOTCA TPAJHLIHOHHBIM pa3/iesIoM 3K3aMeHa 110
MaTeMaTHke. BXOJAT OHM M B CTPYKTYPY KOHTPOJIBHBIX W3MEPHTEIbHBIX
MaTtepuanoB no mMareMatike EI'3 u OI'D. Pemenne takux 3agad no3po-
J€T IPOBEPHTh Pa3BHTOCTh JOrHYECKOr0 MbILUICHHsA abuTypHeHTa, ero
c000pa3uTeNbHOCTh M HAOMI0JaTeIbHOCTh, YMEHHE NPOBOJAHTEL UCCIENO0-
BaHHA.

Penienue TekcToBBIX 3aja4 OOBIYHO OCYILECTBJAETCS B HECKOJIBKO

JTaIoB:

1) BBeneHHE HEHM3BECTHOM BEIHUYHHEL

2) coCTaBIEHHE C MOMOLIBbIO BBEJEHHBIX HEH3BECTHBIX W W3BECTHBIX M3
YCJIOBHS 3a/layl BEJIMYMH YpaBHEHWH (MM OJHOTO ypaBHEHHMs), HEpa-
BEHCTB,;

3) pelleHHe NOTyYEHHBIX YpaBHEHUH (HEpaBEHCTR);

4) ot10op pelIeHHit Mo CMBICITY 3aJauH.

YMeHHe peliaTh Ty WM MHYIO 3alady 3aBHCHT OT MHOIHX (aKTOpOB.
OnHako npex/je Bcero HeoOXOAUMO HAYYUThCA Pa3MyaTh OCHOBHBIE TH-
0Bl 3ala4 U YMETh pellath NpocTeiilliie U3 HUX. B CBA3M ¢ 3THM Ueneco-
00pa3HO pacCMOTPETH THIIOBBIE 33Ja4H Y UX PELLECHUS.

Pa3bueHue 3aj1a4y Ha THIBI YCJIOBHO. MBI OyzneM mpHiaep UBaThCs 00-

HICMPUHATOTO pa3OUeHHs:

1) 3a;aud Ha JBHXKEHHE;

2) 3ajayd Ha COBMECTHYIO paboTy;

3) 3agauyM Ha NPOLEHTHI;

4) 3aga4yd Ha CMECH H CIIJIaBblI,

5) 3azaud Ha NPOTPecCHIO;

6) 3ama4M Ha YHCIIOBBIE 3aBUCHMOCTH;

7) 3amaud Ha COCTaBJICHHE HEPABEHCTB;

8) 3amaud Ha ONTHMAIBHOE PELICHHE, T.€. HA HAXOKICHHE SKCTpEMyMa
dyHKLIMH;

9) npyrue BUIBI 3a7ad.
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3anauH Ha ABHKEHHE

3asauy Ha JIBHXKEHHE — KJIACCHYECKHH THI TEKCTOBBIX 3afad. PasHo-
obpasHble OOBEKTH ABHKYTCSA B OJHOM HJIH Pa3sHBIX HAaNpaBJICHHsX, B yC-
JIOBMH TIEPEYHUCIICH PAJl JaHHBIX, 10 KOTOPBIM TpebyeTcs HaWTH HEKOTO-
PYIO BENHYHHY, HAIPUMEDP CKOPOCTh, PACCTOSHHE, BPEMS], 38 KOTOPOE 3TO
paccTosiHHE MPOMIEHO. .. 3a4acTyio 3HaHHA OJHOH popMyNEl S = Vi OKa-
3bIBA€TCA HEIOCTATOYHO, HEOOXOUMO TIPOBECTH CAMOCTOSATENBHOE HCCIIE-
JOBaHHE 3a1a4H.

HemHoro Teopun

TpH peleHnH 3aaa4 Ha JBHKEHHUE MPHHUMAIOT CIEMYIOIIHE JOMYIIEHHS.

1. Ecuu HeT cnenMalbHBIX OrOBOPOK, TO ABH)KEHHE CYMTAIOT PaBHOMED-
HBIM.

2. CkopocTb CUHTAETCS BEIUUHHON MOT0KUTENBHOM.

3. JIio6o# nepexol C OJHOrO pexHMa JBIKEHHMA Ha HOBBIH CUMTAETCA
MPOUCXOASALINM MIHOBEHHO.

4. Ecau Teno c coOCTBEHHOH CKOPOCTHIO X KM/4 JIBHXKETCS MO pEKe, CKO-
POCTb KOTOpPOH paBHA ¥ KM/4, TO CKOPOCTb JBHJKCHHsA Te€ja IO Teue-
HHIO CUHTAIOT PaBHOM (x + J) KM/4, IPOTHB TEYEHHA — PaBHOH (X — )
kM/4. Eciii B 3aauax roBopHTCs O JABMXKEHHH IUIOTA, TO MOJATAlOT,
YTO OH JABHXETCA CO CKOPOCTHIO TEUCHHUA.

5. Ecnu 1Ba Tena OTHOBPEMEHHO HAYMHAIOT JIBUFaThCs HABCTpPEUY ApPYT
JPYTy CO CKOPOCTSIMH V| U V,, 2 HAYaJIbHOE PacCTOSHHE MEXAY HUMH

vty
6. EciH ofHO TesI0 JOTOHSET APYTOe, TO BpeMs, depe3 KOTOpOE NepBoe

paBHO S, TO BpEMs, Yepe3 KOTOPOE OHU BCTPETATCS, PABHO

T€JI0 OJOTOHHT BTOPOE€, paBHO

S , TIE V| H Vv, — CKOpPOCTH Tel,
-V,
1 2

V| > V3, § — HauaJlbHOE PaCCTOSHHE MEXY TEIaMH.
7. OcCHOBHBIMM NapaMeTpaMM 3aJay Ha JABIDKEHHE SBJAIOTCA: a) NpOH-

JeHHbIH nyTh (S); 6) ckopocts (v); B) BpeMms (£).

3aBHCHMOCTb MEXIY YKa3aHHBIMH BEIHYHHAMH BBIPAXKAaeTCSA H3BECT-
HbIMH (OPMYyJIaMH:

S S
S=vt, v=", ==, 1
,v=3, =3 (M
ITpu BBIYHCIIEHUAX 0c00O0€ BHUMAHHUE CIEHyeT YAEIUTh NEPEBOLY Be-

JIMYMH B OJHY CHCTeMy eauMHHL. Harnpumep, eciti nyTh 3aaH B KHIIOMET-
' 5



pax, a BpeMs B yacax, TO CKOPOCTb JOJDKHA OBITh MPHBEIEHA B KHJIOMET-
pax B 4ac (a He B MeTpax B 4ac, B KHJIOMETpax B CEKYHAIY H T.IL.).

3ajayH Ha ABHIKEHHE MO NPAMOH

HauneMm c 3ana4, B KOTOpBIX 00BEKTHI ([EMIEX0/1bl, aBBTOMOOMIIH, 110€3-
Ja ¥ T.1.) ABIDKyTcs no npsMoil. Cioza jxe BKIKOYHM M T€ 3a1a4H, B KOTO-
PBIX TPAEKTOPHS JBWKCHUS 3HAYEHHS HE UMEET, BAXKHO JIMILE HarpaBlie-
HHE JBHKEHMS MO J0pore — JpYr 3a APYTrOM HIIM B pa3Hbl€ CTOPOHBI.
K Takum 3agauam otHOCHTCS npumep 1.

IIpumep 1. 13 nyHkTa A BbiLIen ToBapHbIit noe3n. Crycts 3 4 Benen
3a HHM B TOM >XE HanpaBJI€HUH BBIIET MACCHKHUPCKUH Moe3l, CKOpOCTh
xotoporo Ha 30 kM/4 6Goiblue ckopocTH ToBapHOro. Yepes 15 y mocne
CBOETO BBIXOJa MAcCAXHPCKHH MOe3]l OKaszajics BIEpE]d TOBAapHOTO Ha
300 kM. OnpeneauTs CKOPOCTh TOBAPHOTO MOE3/a.

Pemenue. [lycTh CKOPOCTH TOBAPHOTO MOE3/a X KM/Y, TOTa CKO-
POCTB MaCCAKUPCKOro noesaa (x + 30) kM/u.

B ycnoBHH 3anavd cKa3zaHO, 4TO TOBapHBIA noe3a Obul B myTtH 18 u,
NO3TOMY OH Npojenat nytb 18x kM. [Taccaxupckuii noesn 3a 15 4 npowen
15(x +30) k™.

Tak kaK MaccaXMPCKHH IMoe3l oOKa3ajiCs BMEpeAUd TOBAPHOTO Ha
300 kM, To MBI IONYYUM creayroiiee ypaBaenue: 15(x + 30) — 18x = 300.

Pemmnm ero: 3x = 150; x = 50.

[To cMbIcny 3amauu CKOPOCTH JODKHA OBITH YHCIIOM T10JIOXHTENIBHBIM.
HaiinenHnoe 3HaueHHe ynoBIETBOPSIET TOMY YCJIOBHIO.

OTrBeT: 50 kM/u. '

IIpumeuanue. PeweHue 3anaud Moxetr ObITh 0OpMIIEHO HHAaYe — B
BHJIE TaOIMLIBI.

v (kM/4) t(4) S (kM)
ToBapHblIii noesx x 18 18x
HMaccaxpexiit x+30 15 15(x + 30)
noesn

" Tak KaK naccaXMpCKuii noe3 npoexai Ha 300 kM GoJiblie TOBApHOTO,
TO COCTaBHM ypaBHeHHe: 15(x + 30) — 18x = 300.
[TonyueHHOe ypaBHEHHE HMeeT pelieHHe x = 50.
OreeT: 50KkM/4.



IIpumep 2. Tpu Tena ABHXKYTCA MO NPAMO# JTHHHH OT TOYKH A K TOY-
ke B. Bropoe Tejlo Hayao ABHraThes Ha 5 ¢, a TpeThe Ha 8 ¢ Mozxe nep-
Boro. CKOpOCTb MEPBOrO TeNa MEHbIIE CKOPOCTH BToporo Ha 6 M/c. Cko-
pocTs TpeThero Tena pasHa 30 m/c. Halinure paccrosnue AB U CKOpOCTh
IIEPBOrO Teja, eCJIM M3BECTHO, YTO BCe TPH Tela JOCTHralT TOYKH B B
OJIMH M TOT KE MOMEHT.

Pemenwue. Ilycrs paccrosnue 4B paBHO S M, CKOPOCTb BTOPOTO
Tena x M/c. Toraa ckopocTs nepBoro Tena (x — 6) M/c, a CKOPOCTb TPETHETO
Tena 30 M/c.

CnenoBaTebHO, c, C — BpeM3, 3aTPayeHHOE COOT-

5 5.8
-6 x 30
BETCTBEHHO MEPBHIM, BTOPHIM, TPETHHM TEJIOM HAa NPOXOXKHACHHE BCETO
PaccTOSHHA.
Tak kax nepBoe TeJIo 3aTPaTUJIO Ha IyTh Ha 5 ¢ Gonblue, YeM BTOPOE, a
TpeThe — Ha 8 ¢ MEHbIIIE, YEM TIEPBOE, TO Mbl MOXKEM COCTABHTHL CHCTEMY

M3 IBYX YPaBHCHHM:

S S _
x~6 x_5’
S —i=8
x—-6 30
6S
0 5
x(x-6)
Penium ee: S(36—x)_
30(x-6)
Pa3spenuB nepBoe ypaBHEHHE Ha BTOPOE, NOXyIHM
180 5. 2
—_—= X~ +288=0.
x(36—x) i 36x 8§=0

H3 3T0ro ypaBHeHHs HaxoauM x = 12 unu x = 24,

IIpoBepuM, YIOBJIETBOPSIOT JIH MOJYYEHHBIE 3HAUEHHS X YCIIOBHIO 3a-
Jauu. .

W3 ycnoBus 3anauu ciaeayer, 4ro 6 < x < 30. IlepBoe HepaBEHCTBO Bbl-
TEKaeT U3 TOro, YTO CKOPOCTh BTOPOTro Tena Ha 6 m/c Hosbie nepBoro, HO
NPU 3HA4YEHHUAX X, MEHBIIKX 6, MOTYYHUM OTPHIATENBHYIO CKOPOCTb, YEro
ObITh HE MOXET.

B TO ke BpeMs CKOpOCTb BTOPOTo Teja JokHA ObITh MeHbie 30 M/c,
TaK Kak TpeTrbe Teno (co ckopocThio 30 M/c) Hayano ABIKCHHE Ha 3 ¢
N03e BTOPOT'o, @ IOCTUIJIH OHH TOYKH B 0HOBPEMEHHO.



HepaBeHctBy 6 < x < 30 ynoBneTBOpsioT 002 3HaueHus: x = 12 1 x = 24.
Ecmnx=12, Tox—6=6uS=60.

Eciux=24,Tox-6=18 u S =360.

OtBeT: 1)6M/cu60M2)18M/cu360mMm.

Ipumeuanue. Pelienne 3T0# 331244 MOKHO TaKoke 0pOpMHTH B Tabime:

v (M/c) t(c) S (M)
I Teno x—6 S S
x—6
IT Teno X S S
x
S
III Teno 30 30 S

B panpHeiieM Mbl GyneM 3anuchIBaTh BCE PELLECHHS UMEHHO TaK —
B popMe TabnuLe.

KcTaTH, y UHTaTens Mo>xeT BO3HHKHYTb BOIPOC: 3a4€M IPOBEPATD I10-
JIyYeHHBIE 3HAYEHHS Ha COOTBETCTBHE YCIOBHIO 33Ja4H, Belb ypaBHEHHE
MBI COCTaBJISIEM MCXOJS U3 JIaHHBIX ycloBUs. Ha Bompoc MOHO OTBETHTH
TOJILKO YTBEPJHUTENBHO: a, KOHEYHO.

OnHako NP COCTaBIEHHUH ypaBHEHHA (MM CHCTEMBl YPaBHEHHUIT) Mbl
MOXEM HE Y4ECTh 8ce JaHHbie. M nonyueHHble 3HauUeHHs IEPeMEHHON MO-
I'YT UM HE YAOBJIETBOPATH, KaK 3TO IPOMCXOAMT B CleAytomei 3anade. Tak
YTO IPOBEPKA B KOHLE PELICHUS HUKOra He ObIBaeT JIUIIHEH.

IIpumep 3. 13 nyHkTa 4 B MyHKT B 0XHOBpEMEHHO BBILILIY [1Ba TIEIliC-
xoza. Koraa nepBeiii mpoiien moJloBUHY MyTH, BTOPOMY OCTaJIoCh MPOHTH
24 kM, a KOTrZia BTOpPOH NpoLIeln NONOBUHY IYTH, IEPBOMY OCTaJIOCh MPOi-
T4 15 kM. Halimute paccTosiHie Mexxay NyHKTaMu A U B.

Pemenue. Ilycth CkOpOCTh MEPBOroO MEIIEX0JA X KM/4, CKOPOCTb
BTOpOTO MEMmeXoa y KM/4, BeCh MYTh PaBEH Z KM. 3all0JIHUM J[Be TaOIHLIbI,
0XapakTepH30BaB JABMKEHHE MENIEX0/I0B.

Tabnuya 1
v (kM/4) t(v) S (kM)
z z
I mewexon X Ix 3
II memexon y z;yZﬂ_ z-24




Tabauya 2

v (KkM/4) t(q) S (kM)

I newexoxn x z —xlS z-15
11 nemexon y = Z
2y 2

ITo YCIOBHIO 3ala44 B NIEPBOM H BO BTOPOM ClIyHyasiX BpEMs OOHO H TO.
XK€, NTIO3TOMY:

z _z-24
2x oy
z-15_ z

x 2y

PaznenuB nepBoe ypaBHEHHE Ha BTOPOE, HOIY4HM

z _2(z-24)
2(z-15)

Bropoe 3HaueHHe He YHOBIETBOPAET YCIOBHIO, U3 KOTOPOTO ClEAyeT,
YTO paccTOsHHE MeXIy A U B 6osnbiue 24 kM.

HTtak, paccTosHHE MeX Ay NYHKTaMH paBHO 40 kM.

OteerT: 40 xm.

, OTKyz(azz—52z+480=0uz=4O w z = 12.

IIpumep 4. [IBa noesna, BHIAOS OZHOBPEMEHHO M3 pa3HbIX TOPOXOB,
BCTpeTUIHCh Yepe3 20 yacoB. 3a kakoe BpeMs Kax bl M3 110€3J0B POX0-
JIUT PacCTOAHHME MEXTY STHMH TOPOJAMH, ECITH OJTHOMY M3 HHX Tpebyercs
Juis 3TOrO Ha 9 yacoB Ooblie, yeM Jpyromy?

Pemenue. I[lycTs ckopocTh MepBOro Moe3ja x KM/4, CKOPOCTb
BTOPOT0 N0€31a y KM/4, BeCh IIyTh paBeH z kM. COCTaBUM JiBe TaOIHLIbL.

[lepBas TabnMua xapakTepH3yeT MABIKEHHE HOE3N0B 10 MeECTa
BCTPEYH.

Tabnuya 1
v (kM/u4) t(4) S (kM)
I noesn X 20 20x
1T moe3n y 20 20y

ITo ycnosuto 3amaun 20x + 20y = z.



byaem cuHTaTh, 4TO CKOPOCTB NEPBOTO MOE3/a GOMbILIE CKOPOCTH BTO-
poro (x > y). 3anoJHHM BTOpPYIO TabIHLly, XapaKTepH3YIOLLYyl0 IPOXO0XKIe-
HHE PaCCTOSHUA MEXIY FOPOAAMH KaXIbIM 1T0€3J0M.

Tabnuya 2
v (kM/4) t (9) S (kM)
I moe3n x % z
II noe3n y i z

CocTaBuM BTOpOC YPaBHCHHE HA OCHOBAHHHM TOrO, YTO BTOPOMY I1O€3-

Ay notpedyercs Ha 9 yacoB GoblIEe BpeMEHH, YEM TICPBOMY: %—% =9,

TaxuMm 06pazoM, monmydaeM CUCTEMY ypaBHEHHIA:

20x+20y =z, 20x+20y =z, .
z_z_y 20x+20y_20x+20y_9
y x 7 y x

Bropoe ypaBHeHHe cHcTeMBI IpeobpasyeM K BUAY 20—:7— 20% =9.

0O603HauuB i =t, norydyum: 20z — % =9,

207 - 9120 =0,
OTKYyJa tzi— WIH t= —%. BTopoi#i kopeHb OTpHLATENbHBIA, TO €CTh HE
YJIOBJIETBOPSAET [0 CMBICIY.

W3 nepBoro ypaBHEHHS CHCTEMBI CIEAYET, YTO

2

Z_2042% 36 (u); Z=20+29%_45 (u).
x x y y

OrBeT: 36undSu.

CieayroLuii IpUMep XOPOILO WILTHOCTPHPYET BAKHOCTb PABHIIBHOTO
BpIOOpa 0003HAYECHHI BETHYHH 3a1a4H.

IlIpumep S. Tpu nioBua KOMKHBI NPOIVIBITE B BacceilHe OOPOKKY
JAnmuHOM 50 M, HEMEUIEHHO TIOBEPHYTh Ha3aJ M BEPHYTHCA K MECTY CTapTa.
CHayana crapTyeT HepBbIii, Yepe3 5 CeKyHI — BTOpOH, ele 4yepe3 5 ce-
KYHI.— TpeTHii. B HeKoTOpbIii MOMEHT BpeMeHH, elle HE JOCTHIHYB KOH-
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Lia JOPOXXKH, OHH OKa3aJIHCh Ha OJIHOM PAacCTOSHUH OT MecTa cTapTa. Tpe-
THH TUIOBEL, JOIUIBIB A0 KOHLA JOPOXKH W IOBEPHYB Ha3al, BCTPETHJ
BTOpPOTO B 4 M OT KOHLIAa JOPOKKH M TIEPBOTO B 7 M OT KOHILA JOPOXKKH.
Hailinute ckopoCTh TpeThero MiIoBLA.

Pemenue. Ha pucynke 1 Toukoit B 0603Ha4€HO MECTO BCTpEUH
écex IUIOBLOB (B 3aa4e€ CKa3aHO, YTO B HEKOTOPBIf MOMEHT BPEMEHH, €1le
HE JOCTUTHYB KOHIa AOPOXXKH, OHH OKa3aJIUCh HAa OJHOM PacCTOSHHUH OT
MECTa CTapTa); B TOUKe D BCTpeyaloTcs TPETHH H BTOPOH ILIOBLBI; B Touke C
BCTPEYAIOTCS TPETHH H NEPBBIii. '

7™
x 4™
4. B C D,
Crapr ' ' ' ' '
~N— —— S
50 M
Puc. 1

Hrak, B 3agaue Tpebyercad HaHTH CKOPOCTh OAHOTO M3 IUIOBLIOB, MO-
3TOMY MOXET MOKA3aThCA, YTO OyHeT yAOOHO B KauecTBe HEM3BECTHOM
paccMaTpHBaTh CKOPOCTh TPEThero mioBLa. [IockonbKy B 3ajaye HET SB-
HOTO YKa3aHHs HA CBS3H MEXAY CKOPOCTAMH TpeX IUIOBLOB, TO, CKOpee
BCETO, BO3HHKHET XeJaHHe 0D03HaYMTh UX CKOPOCTH, HAarpumep, X Mm/c,
¥ M/C, z M/C, TO €ECTh BBECTH TPH TIEpEMEHHBIE.

Janee MOXHO NepeiTH K COCTaBIEHHIO ypaBHeHuit. Bpems, 3a koTo-
poe TpeTHH NoBel Nporibul 54 M (rporuisli 50 M, MOBEPHYIT H MPOILIBLT
emie 4 M), Ha 5 c MeHbIIIE BpeMEHH, 3a KOTOPOE BTOPOH MpOIUIbLT 46 M.
TTosTomy:

24 +5= ﬂé.
z y

AHaJIOrH4HO COCTaBHM YpaBHEHHE OTHOCHTENIBHO CKOPOCTEH TpeThero

U NEPBOTO ILIOBLOB:

37 10=8.
z X

U nocnennee, U3 TOro, YTo B KAKOH-TO MOMEHT BpeMeHH (IpHYeM 10
NIEPBOro KacaHHs GOPTHKA) IUIOBLBI BCTPETHUIIMCh, MOXKHO CAENaTh Npo-
CTOM BBIBOA: TIEPBBIH ILIOBEL] 3aTpaTHI Ha NPEOJONEHHE HEKOTOPOro pac-
CTOsiHMS Ha 5 ¢ bonblie BTOPOro, a BTOPOil — Ha 5 ¢ OONbIIe TPETHETO.

11



IMockonbKy pacCTOSHHMS MBI HE 3HaEM, TO IIOJY4YaeM €Il OAHY MepeMeH-
HYIO (HarpUMep, ) U IBa ypaBHEHHUS:

=345, S-5y4s

Xy y

Wrak, nony4nnu 4eTbIpe ypaBHEHHS C YETHIPbMS TepeMeHHbIMH. Pe-
IIWB MX, MBI, GE3YCIIOBHO, MOJIyYUM OTBET, OQHAKO HE CaMbIM JIETKHM ITy-
TEM.

[TonpoGyeM BBeCTH Apyrue 0fo3HaueHUs, a MMEHHO 0003HauuM Oyk-
BOHM X M pacCTOsIHHe, NPOIEHHOE Ka)KAbIM IJIOBLIOM IO MECTa HX MEpBO#
BCTpeuH, a OykBOH y ¢ — BpeMs, KOTOpOe MpOILIO GO HEE C MOMEHTa
cTapTa IepBoro MIIOBIIA.

CoctaBuM Tabuily, U3 KOTOpOH OyAeT BUAHO, KAKHE HEM3BECTHHIE Be-
JIMYMHEE MBI IPUHAJH 32 X M Y, KaKOe BPeMs [UIBUIH [UIOBIBI 10 MECTa Iep-
BO# BCTPEYH M KaKOBa CKOPOCTh Ka)XIOro IJIOBLA. * '

IlepBas TabiaMua XapakTepH3yeT ABHIKEHHE IUIOBLIOB OT CTapra 10
MecTa NepBOi BCTPeYH.

Tabruya 1
v (M/c) t(c) S (M)
I % y x
1l yiS y-5 x
il 5 5 y-10 x

3anoJHUM BTOPYIO TabJHITy, OMUCHIBAIOLIYIO ABHWKEHHE TPETBETO H
BTOPOTO IUIOBLOB OT CTapTa 0 MECTA HX BTOPOH BCTPEYH B TO4KE D.

Tabauya 2
v (M/c) t(c) S (M)
1l % 46(r-5) 46
y-3 x
1 = 54(r-10) 54
y-10 x

12



CocTaBHM ypaBHEHHE Ha OCHOBaHMH TOTO, YTO BTOPOH ILIOBEIl CTap-
54(y—10) 46(y—5)
+5= .
x x
3anoJIHMM TPeTbIO TabIULy, XapaKTEepU3YIOLIyIO ABHKEHHE TPETHETO
H MEPBOTO IUIOBLIOB OT CTapTa JI0 MeCTa HX BTOpo# BcTpeur B Touke C.

TOBaJI Ha 5 C paHblle TPETHEro MIOBLA:

Tabnuya 3
v (M/c) t(c) S (M)
I X 43y 43
y x
x 57 ( y- 10)
111 7-10 — 57
CocTaBUM ypaBHEHHE Ha OCHOBaHMH TOTO, YTO MEPBBIH IUIOBEL] CTap-
. 57 ( y-10) 43y
ToBaj1 Ha 10 C paHbIlie TPETHETO MJIOBLIA: — +10= -

TaxuM 06pa3oM, MoIy4aeM CHCTEMY YPaBHEHHH:

54(y—10)+5___46(y—5),
x x
57(y-10)
x

043
x
npuyeM x > 0,a y > 10.
PemuB ee, noayuum x =22, y = 25.

Haiinem ckopoCTb TPETHErO MIIOBLIA: V, = }f_l() = —%—52— (m/c).

-
OrBeT: 115 (M/c).

B npuMepe 4, B OTIMYHE OT NpEIBIAYLIEro, yA0OHO B KauecTBe Iepe-
MEHHBIX pacCMaTpHBATh CKOPOCTH 00bekToB. Iloaymaiite, nouemy.

Ilpumep 6. Ilemexon, BeOCHNEIHUCT H MOTOLMKJIHCT JBHXYTCS IIO
IIOCCE B ONHY CTOPOHY C IOCTOSIHHBIMH CKOPOCTSIMH. B TOT MOMEHT BpeMe-
HH, KOT'/Jla TIe1IeX0/1 H BEJIOCUIIEJUCT HaXOAMIIUCh B OTHOH TOYKE, MOTOLIMK-
JHCT OBLT Ha PacCTOSHUM 9 kM mo3anu Hux (puc. 2.1). A B TOT MOMEHT, KO-
ra MOTOLMKIHMCT JOTHAT MNELIEX0/a, BEIOCHIEANCT 000rHaI Nemexoaa Ha
3 kv (puc. 2.2). Ha ckonbpko KHIOMETPOB MeLIeX0 OTCTaN OT BENOCHIIEIH-
CTa B TOT MOMEHT, KOT1a MOTOLMKJIMCT JOTHaJ Benocuneaucta? (puc. 2.3).

13



M (B)

Puc. 2

Peweunne. Ha pucynke 2 ¢naxkamu oTME4eHbl BCTpPEYH Mellie-
X0[a U BEJIOCHIIEAMCTA, MEIeX04a H MOTOLMKINCTA, MOTOLIMKJIUCTA U Be-
JIOCHUIETUCTA.

HTtak, paccMOTpUM NeEpBYIO CHTYaLHIO: MOTOLMKIIKCT, JIOTHaB Heuie-
X0[a, TEM CaMbIM JIMKBHAMUPOBAJ CBOE OTCTaBaHUE OT HETO Ha 9 KM B Ha-
qaabHBI MOMEHT JBHKEeHHS (puc. 2.1 1 2.2). B 3TOM Ccilyuae Bpems, 3a KO-

TOPOE€ MOTOUMKIHCT JOTHA NEIIEX0Aa, paBHO —9—
v

M n

3anosiHMM NepByIO Tabauny.

Tabnuya |
v (kM/4) t (9) S (kM)

M ] 9 9x
OTOLHMKIHCT x x—y - ¥
TTewexon y 2 %y

xX=y xX—y

B 9 9z

€NOCHINIEAUCT z > -y

PaccmoTpuM BTOpYIO cHTyauuo. Ha pucynke 2.2 Mexay MOTOLIMKIIM-
CTOM U BenocuneaucToM 3 kM. Toraa BpeMs, 3a KOTOPOE€ MOTOLMKIHCT

14



JOFOHHT BEJIOCHIIEIUCTA, PaBHO — 3 3asmo BpeMs U MEeUIeXOH Mpoki-
v

M B

JIeT HeKOTopoe paccTosHue (Tabn. 2).

Tabauya 2
v (kM/u) t(v) S (kM)
MoToHKIHCT X o i Z x3—xz
IMewexon y T i 2 x3—y p
3 3z
Benocuneauct z P Y-z
3
<‘1ﬁ434 . r.»
’\—\'—3-; ‘ M (B)
Sn =
x-z

Puc.3

ITo pucyHky 3 BUAHO, 4TO B 3ajaye TpedyeTcss HAHTH PacCTORHHE Me-

KAy nNemexXoa0M H BEJIOCHIIEAHCTOM YEPE3 % 4, TO €CTb Pa3HOCThb
X —

x-z x-z
K MOMEHTY BCTpEYH MOTOLMKIHCTa H BENOCHIIEIUCTa MOTOLMKIHCT
npoexaj Ha 9 kM GoJibllie, YeM BEIOCHIIENHUCT.
B3as AaHHbIC H3 ABYX TaGJ’IHH, HaﬁﬂeM paBHOCTL BCECro IIyrTH MOTO-
LIMKJIMCTA M BCETO MYTH BEJIOCHIIEUCTA:

(9x +3x)_( 9z +3zj=
xX—y x—-z xX-y x-z
ITocnenoBaresibHO HMeEM:
9(x—z)+3(x—z)=9; 9(x—z)
x—y x—z x—y

=6; x——yz—g—(x—z). '
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Hcnonp3ys 3T0 COOTHOLIEHHE, HAlEM 3HAYEHHE BHIpaKeHHs (*):

3
w3y 3(=y) 339079 9 o

X—z XxX—-2 X—z xX—z 2
OTtBeT: 4,5KM.

3apauu Ha IBHXKEHHE 1O OKPY’KHOCTH

IIpamep 7. ABTOOYC W MOTOLMKIIMCT BBIE3XKAIOT OJHOBPEMEHHO W3
HOCeNIKa, pacHoIOKEHHOTO Ha KOJIbLEBOIH nopore. Bpems, kotopoe 3aTpa-
YMBA€T MOTOLMKJIHMCT Ha TO, 4ToObl 00OrHaTh aBTOOYC NMPH JABH)XEHHHU B
OJHOM HamlpaBJICHWH, B TPU pa3a OoJibllie BPEMEHH, KOTOpPOE HYXHO [ULA
TOro, YTOGBl OHH BCTPETHIMCH TIPH ABHXKEHHH B Pa3HbIX HANPABIEHHSX.
Hadigure ckopocTh aBroOyca, €CiiM CKOPOCTh MOTOLMKIMCTa paBHa
80 kM/u.

Pemenue. Ilycrb x kM/4 — CKOPOCTH MOTOLIMKIHCTA, a Y KM/4 —
cKopocTh aBroOyca. M306pa3uM Ha pHcyHKax 4 U 5 pa3Hble BHABI ABHXKE-
HUAL

/ \
r/ /
1y :|
\
\ /
\ /
\ 7/
N\ 7
So -
_ 2nR P
Bcrpelm_x_y’ Bcrpequ_x+y'
Puc. 4 Puc. 5
ITo ycnoButo 3ana4du
2R =327:R
x—y “x+y’
1 3
=— +y=3x-3y, 4y=2x,
Iy T xey XTYy=3x—25y, 4y

X =2y, TO €CThb Vyy = 2V,.
16



Tak kak Mo ycioBMIO 3a7a4H CKOPOCTH MOTOLIMKIMCTA paBHa 80 kM/u,
TO CKOPOCTB aBTO6YCa — 40 KM/4.

OTBeT: 40 kM/u,

[Ipn pemienuy npeablAyLIeH 3a1a4d MPOHAEHHOE PACCTOSHHE MOMXKHO
6b110 0003HAUUTH JI0OOH OykBoii. OGo3Ha4as ero kak 27mR, MBI MPOCTO
HOAYEPKHY/IH, YTO ABUXKEHHE UIET 10 KPYTY.

IIpumep 8. /IBe TOUKH ABHXYTCS MO OKPYXKHOCTH JIHHOM 1,2 M ¢ mo-
CTOSIHHBIMH CKOPOCTAMH. [IpH IBIDKEHMH B Pa3sHBIX HANpPaBJICHHSX OHH
BCTpeYaroTcq 4yepes Kaxable 15 c. Ilpy ABHKEHHMH B OHOM HAaIpaBIEHHH
OJlHa TOYKa JIOTOHSET APYTYIO Yepe3 kaxayro MuHyTy. Halinure ckopocts
JBHXKEHHA KX 0N TOUYKH. ‘

- Pemenue. [Ipu IBIMKEHHH TOYEK B PA3HBIX HAMPABIEHUSX (PHUC. 6)
OHH 3a 15 ¢ 00e NpOXOAT JUTMHY OKPYXKHOCTH, TO €CTh 1,2 M, TaK KaK Hauu-
HaIOT ABI)KEHHE OHOBPEMEHHO U BCTPEYAIOTCS Yepe3 Kaxapie 15 c.

vy=xMlc _ 4 v, =y M/c

\

Puc. 6
Tabauya 1
v (M/c) t(c) S (M)
I x 15 15x
I y 15 15y

CocTaBum nepBoC ypaBHCHHC Ha OCHOBaHHH TOrO, 41O -00€ TOYKH 3a
15 ¢ npouumn nyts 1,2 M, TOo ecth 15x + 15y =1,2.

IIpu #ABWKEHHMH TOYEK B OJHOM HaMpaBJICHUM NepBas TOYKA JOTOHSAET
BTOPYIO Y€PEe3 KXY MHUHYTY (TO €CTb VI ONPEAETIEHHOCTH OyAeM cuu-
TaTh X > y). OTO 03HAYAET, YTO 3a | MUHYTY HepBas TOUKA JOJDKHA MPOATH
HONHBIA KPYT 1,2 M H €lle CTO/IBbKO, CKOJIBKO ycIieeT MpoHTH 3a 1 MUHYTY
BTOpas TOYKa.

17



v = x M/c

Tabnuya 2
v (M/c) t(c) S (M)
I x 60 60x
I y 60 60y

CocTaBUM BTOpOE ypaBHEHHE Ha OCHOBaHHH TOI'O, YTO MEPBas TOUKA 32
yKa3aHHOe BpeMs mpotia Ha 1,2 M Goablie, yeM Bropast: 60x = 60y + 1,2.

Takum 0Opa3oM, MBI OJYYHM CHCTEMY YPaBHEHHIA:

15x+15y=1,2,
60x =60y +1,2.

Pewmus ee, nonyuum x = 0,05; y = 0,03.

OrBerT: 0,05m/cu0,03mc.

IIpumep 9. Ilo curHany TpeHepa Ba OeryHa noGexasu o KpyropoMy
MapllpyTy B IIPOTHBONOJIMKHBIX HarnpasieHusX. [lepssiit 6eryH npobeska
K MecTy ux BcTpedyd Ha 500 M 6onbuie, ueM BTOpoi. [Ipogomkas Gexats
IO KPYTY B TOM € HanpaBJIeHWH, NEPBbIH MpHILEN K MECTY CTapTa Yepe3
9 MHHYT 10CJI€ BCTPEYH CO BTOPBIM OEryHOM, a BTOpoil — uepe3 16 MHHYT
nocje BcTpeyd. KakoBa AnuHa KpYroBoro Mapiipyta?

Pemenue. INockonbky Mbl 3HaeM Gomblile 0 JBIDKEHUH GEryHOB To-
clie BCTpeuH B Touke 4 (puc. 8), TO HMeeT CMBICH CHayana pacCMOTPETh €ro.

Mecro crapra

Uy = X M/MHH

xA
S~ Uy =y M/MHH

Puc. 8
18



Tabnuya 1

v (M/MHH) t (MHH) S (M)
[ Geryn x 9 Ox
I 6eryn y 16 16y

Tocne BecTpeun BTOpoH crioprecMeH npobexkan MyTh, YXKe NpPOAEIaH-
HBIi 1epBbIM OEryHOM. A 3TOT myTh ObII IO YCJIOBHIO 3aiaud Ha 500 M
IUTHHHEe, TO ecTh 16y — 9x = 500.

Teneps nepeiiaeM K cHTyalyu 10 BCTPEYH B TOUKE A.

v, =y M/MiH/ * X M/MHH

Puc. 9

Jo BcTpeun nepBuI#l ciopTCMeH NpoOeraeT ToT MyTh, KOTOPBIH BTOPOH
npoOexxan nocjie BCTpeud, H HaoOopoT. [loaToMy BeIpasuM BpeMs depes
paccTosiHHE H CKOPOCTH.

Tabnuya 2
v (M/MHH) t (MUH) S (M)
[ 6eryn b 1—2)—) 16y
11 6eryH y 97x 9x

BpeMs Kax/0ro CIIOPTCMEHa OT CTapTa IO MECTa BCTPEYH OOHO M TO
xKe, MO3TOMY '

16y _9x
x yo
.- [Honmyuninu cucTeMy ypaBHEHHIA:
16y —9x =500,

162=9X
x Ty



_ 500
Ee pemieHueM sABIAIOTCA YMCIa 3
y=125.

)

JUIMHa KpyroBOTO MapLIpyTa paBHa
16y+9x=16-125+9-—5%=3500 (M).
OTtBeT: 3500 M.

Ipumep 10. IIpu BpameHuH ABYX KOJEC, COSNHHEHHBIX PEMEHHOH
nepenayed, MEHblICe U3 HUX JenaeT B MUHYTY Ha 400 06opoToB 6obiie
ApYroro, a BpeMs, 3a KOTOPOE OHO J€NAeT OauH 060poT, Ha 0,2 ceKyHIBl
MEHbIlIE, YeM Bpems obopota apyroro kosneca. Ckoapko 000pOTOB B MH-
HYTY J€JaeT Kaxaoe Kkoneco? - i

Pemenune. Ilycrs Oonbuioe koneco menaer x 06/MUH, a MaJieHb-
koe — y 06/MuH. CocTaBUM TabHLLy, XapaKTEPHUIYIOLIYIO JBHKEHHE KaXK-

" ROTO KoJIeca B T€YEHHE OAHOH MUHYTHI.

Tabnuya 1
v (06/MuH) t (MHH) S (06)
bonwwoe koseco X 1 X
Maneunskoe :
KOJIeCco Y Y

ITo ycaoBHio 3agaun y — x = 400.
CocraBHM TabuuLly, XapaKTEpU3YIOLLYIO OBOPOT KaXIOro Kojeca Ha
oJHH 060pOT.

Tabauya 2
v (06/MuH) t (MMH) S (06)
bonbmoe koneco x % 1
ManeHskoe koneco y % 1

ITo YCJIOBHIO 3a1a4H MaJIO€ KOJIECO A€IA€T OAUH 060p0T Ha 0,2 CCKYH-

Jibl OBICTpEe, YeM GOJIBIIoE KOJIeCO:
1 1 1

x y:ﬁ'
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y—x =400, ,
. x =200,
PeumB cucteMy ypaBHenuii <1 1 1 monydum
———=g, y =600.
x y 300

OrtBert: 200 06/MuH; 600 06/MHH.

Ipumep 11. Yacsl co cTpenkamu mokaspiBaroT 7 yacoB 00 MuHyT. Ye-
pe3 CKOJbKO MUHYT MUHYTHasl CTpelKa B NATHIH pa3 MOPaBHAETCA C 4aco-
BO#?

P e w e H U e. CKOpPOCTh ABHXEHHUS MUHYTHOH cTpenkH 360 rpagycos
B yac, a yacoBoi — 30 rpamycoB B yac. 3amoJHUM TabiHIly, XapaKTepH-
3YIOLLYIO JBIDKEHHE KOKIOH CTPEnKy 10 MOMEHTa NEPBOi BCTpeyH ().

Ckopoctb IyTs
Bpems (u
(rpan/4) pems (1) (rpan)
Munyrias 360 no 360 1,
CTpesKa :
Yacosas 30 f 301,
CTpeJiKa

CocTaBHM ypaBHEHHE Ha OCHOBaHHH TOTO, YTO MHHYTHas CTpelKa 3a
BpeMsl #; mpouuia yTk Ha 210 rpagycos 6osbliie, 4emM 4acoBasi.

360 ¢, — 30 1, = 210; 1, = %

To ectb yepes % 4aca CTpE/KH B NEPBEIH pa3 BCTPETATCA.

0O603Ha4YMM £, 4 BpeMst BTOpOH BCTPEYH M 3aMOJIHMM Tabiumiy:

Ckopocrtb MyTs
Bpems (u
(tpan/a) pemst () (rpan)
Munyrsas 360 f 360 1,
CTpeIKa
Yacosas 30 " 301
CTpeJIKa

Tenepp 3a Bpemsa #, MHHYTHas cTpeika mpoimer Ha 360 rpanycos
6oupilie, YeM YacoBasi.
IMonyuum ypaBHenue: 360z, — 30¢, = 360; 1, = i—% y,

AHaJIOTHYHO HalaeM

—
(38

B=W=1= Y,

—

1
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CrienoBaTeNibHO, MHHYTHAs CTpPEJIKa B NATBIH pa3 HopaBHsAETCA € 4aco-

7. %.4:51;:300}»4"1{.

BoH uepes )+ +ty+ gt 15= ﬁ*

O 1B e 1: 300 MuH.

Ipumep 12. Yackl co cTpenkamu ToKa3bIBatoT 2 yaca 25 MuHyT. Uepes
CKOJIBKO MHHYT MHHYTHAsl CTPENKA B JIEBATHIM pa3 NOPaBHSAETCS ¢ 4aCOBOH?

Pemenue.

CKopoCTb ABHXEHHsS MHHYTHO#M cTpenku 360 rpam/u = 6 rpaa/MuH, a
uacoBod — 30 rpan/u = 0,5 rpag/MuH. k

3anosiHuM TabnuLy, XapakTepU3yoLyIO ABIKEHHE CTPeJIOK 3a 2 Jaca
25 MMHYT, cuMTas OT Hayana CyTok (B 24 yaca 00 MHHYT CTpesKH co-
LIJIKCB).

v (rpag/mun) | ¢t (MaH) Ilyts (rpan)
MunyTHas cTpenka 6 145 72,5
Yacosas cTpesika | 0,5 145 870=2-360+ 150

Cnenyromas Tabnuua XapakTepHu3yeT ABIKEHHE KaxJOH CTPENKH J0
MOMEHTa MepBoH BCTpeUH (7).

v (rpaa/mun) | ¢t (MHH) Ilyrs (rpan)
MunyTHas cTpenka 6 4 61
YacoBas cTpeska 0,5 h 0,5t

CocTaBHM ypaBHEHHE Ha OCHOBAHHM TOTO, YTO MHHYTHas CTpeJaKa 3a
BpeMs f; MUHYT HpOHIET myTh Ha 282,5° 6onbLie:
61, —0,5¢)=282,5; 4, = ﬁ
11
ITycTe BO BTOpO#H pa3 CTPENKH BCTPETATCA 4YEpe3 f, MUHYT Iocie nep-
BOH BCTpEUH, TOraa
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6t, - 0,54, =360; t, = %

AHaJIOTHYHO HaiaeM

L=l=..lg= —.

3 4 9 1 1

TaxuM 0Opa3zoM, HCKOMOe BpeMsi
hththt+t.. == -51‘;154-%8:575

OTBeT: 575 MHH.

IIpsiMmosinHeHHOe IBHKeHHE He N0 OAHOH npamoii

Hpumep 13. JIsa Tena ABHXYTCA MO JABYM CTOPOHAM MPAMOro yria.
B HavasbHbI MOMEHT TENa OTCTOAT OT BEpIIHHEI Ha 60 M 80 cM cOOTBET-
cTBeHHO. Uepe3 2 ceKkyHAB Mocie Havajla JBMXKEHHA PacCTOAHHE MEXIY
TEaMH CTajo paBHO 25 cM. OnpenenuTh CKOPOCTh K&KIOro Teja, €Cld
H3BECTHO, YTO OZIHO TENO ABHXKETCA Ha 7,5 CM/C MeIEHHee IpyToro.

Pemenue. Ilpexae yeM NpUCTYNHTh K PELIEHHIO 3ajlayH, ONpe-
JENNM, B KAKOM HaNpaBjCHHM JBHXKYTCSA Telia: OT BEpUIMHbI HIAM K HEH.
Tak kak 25 cm Menbiie 60 cM, 80 ¢cM H yx TeM Oosiee MeHbIE

\60? +80% cM, TO IOHSTHO, YTO Te/Ia ABHXYTCS K BEPIIHHE,

Janee B 3ajiaye He CKa3aHO, KaKOe M3 JBYX TeJ JBIKETCS OwICTpee,
MO3TOMY PaCCMOTPHM JIBa CITyyvas.

I cayuai. Tlycth iepBoOE TEIO0 ABMXKETCA MeJIEHHee BToporo Tena. Eciu
CKOpPOCTh BTOPOTO TeJla X CM/C, TO CKOPOCTh NEPBOro Texna (x — 7,5) cM/c.

I Teno

(2x-15)cem
A

60 cM

O~

T II reno
80 cM

Puc. 10

OxapaKTepu3yeM JBHXXEHHE Tel 32 2 CEeKyH/BL
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Tabnuya 1

v (eM/c) t(c) S (cm)
I Teno x—17,5 2 2(x-1,5)
II Teno X 2 2x
B tpeyronsauke OAB (puc. 10) O4 = 60 — (2x — 15) = 75 — 2x,

OB =80 - 2x.
Bocnonbayemcs teopeMoii [Tudraropa, CocTaBUM H pELIMM ypaBHEHHE:

(75 — 2x)* + (80 — 2x)* = 625,
2x* — 155x + 2850 = 0,

x =475 umu x = 30.

Takum oOpaszoMm, vi = 40 cm/c, vy = 47,5 cM/c wm v = 22,5 cM/c,

vii = 30 cM/c.
II cayyau. ITycts nepBoe Teno ABWXETCs ObicTpee BTOporo Tena. Eciau
CKOPOCTB IIEPBOFO TeNa ) CM/C, TO CKOPOCTH BTOpOro Tena (y — 7,5) cM/c.
OxapakTepH3yeM JBIKEHHE Tel 33 2 CEKyHBI.
Tabauya 2
v (cM/c) t(c) S (cMm)
I Teno y 2 2y
II Teno y-=15 2 20v-1795)

B tpeyronsunke OAB (puc. 11) O4 =60 -2y, OB =95 - 2y.

[ teno

[

B(Zy—lS)CM
0 SN——
T~ II Teno
80 cm
Puc. 11

Bocnonb3yemcs TeopeMoii [Tudaropa u cocTaBuM ypaBHEHHE

(60 — 2y)* + (95 - 2y)* = 625.

24




PemnB 310 ypaBHeHue, nonyuum y = 40 unu y = 37,5. CnenoBaTensHo,
B aToM cinyyae v = 40 cMm/c, vy = 32,5 cM/c mmm v = 37,5 cm/c,
vn = 30 em/c.

OTeeT: 1)40 cMm/c; 47,5 eMm/c; 2) 22,5 em/c; 30 em/c; 3) 40 cm/c;
32,5 cM/c; 4) 37,5 em/c; 30 em/c.

Crenylomas 3ajada ClioXHee, ee AJIMHHAs (GOpMYIHpOBKa CrocoOHa
HammyraTb MHOTHX HIKOJIBHHUKOB. Mbl Cn€uHaJIbHO IIPUBOAHUM ce pemeHHe,
JUISL TOTO YTOOBI BBl YBHIEIH, YTO JJIs COCTaBICHHS MAaTEMaTHIECKOH Mojie-
1M He TpeOyeTcs HHKaKHX JOMOJHHUTENbHBIX 3HaHHH, a HY)KHO TOJIBKO BHH-
MaTeNbHO MPOAHATM3HPOBATh YCIOBHE H IPAaMOTHO BbIOpATh NEpEeMEHHbIE.

Ipumep 14. U3 18yx pa3nu4HbIX NYHKTOB OZHOBPEMEHHO B HallpaB-
JEHHH NyHKTa 4 1O NpPsAMOJHHEHHBIM AOPOraM OTIIPABIAIOTCS aBTOMO-
6uwib C W BenOCHNEAMCT B, KOTOpble ABHXKYTCS C MOCTOSHHBIMH CKOpO-
cTaMH. VIcXOmHblE TOYKHM OTHpPABEHHS PAaClOJOKEHBl TaK, YTO B
HayaJlbHbI MOMEHT BpeMeHH TOYkH A, B m C 3amaioT npsaMOYroJIbHbIA
TpeyronbHuK ABC (yron B — npsamo#).

IMocne Toro kak aBToMOGHB Mpoexaln 25 kKM, aBTOMOOWIIb, BEJIOCHIIE-
IHUCT U MYHKT A NEepEMECTHIMCH B BEPLIHHBI PABHOCTOPOHHETO TPEYTOJlb-
HHKa (TpeyrojbHUK ABC cran paBHOCTOpOHHMM). HalinuTte paccrosHHe
MEXIly NYHKTaMH OTIIPABJIEHHUS, €CIM B MOMEHT NPHOBITHS aBTOMOOHIS B
MYHKT A BEJIOCHIIEOUCTY OCTANOCH NpoeXaTth eie 12 kM.

PemeHue. CHavyana Ha pucyHke 12 u306pasuM pacrioyiokeHHe
00BEKTOB B MOMEHTHI BPEMEHH, OMHCAHHBIE B YCJIOBHH 3afayH. O603Ha-
YHM NIEPBOHAYAIBHOE PaCIOJIOKEHHE MYHKTOB OTIPABJICHUA aBTOMOOWIIS,
BEJOCHNEANCTA U MYHKTAa A TOYKaMH, HaXOJALMMHUCA B BEpIIHHAX IPsAMO-
yrosnsHoro TpeyroisHuka ABC. Touku B, u C| COOTBEICTBYIOT NMyHKTaM
HAaXOXXIEHUs BEJOCHIIENNCTa H aBTOMOOHIIS NOCE TOr0, KaK aBTOMOOHIIb

npoexain 25 kM.
A

B,

Puc. 12
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H3 ycnoBus cieayer, 4to B IPIMOYTONBHOM TpeyroibHuke ABC yron C
paseH 30°, a 3nauut, AC = 24 B (CBOWCTBO KaTeTa, JEXALIEro NIPOTHB Yria
B 30°).

IlycTh CKOpOCTH aBTOMOOMNIA X KM/4, a BEJIOCUNEAHCTa )y KM/4, pac-
CTOSIHHE OT IYHKTa OTMPABJICHUA Belocunenucra (B) 1o nynkra 4 — z KM.
Bbi6Op nepeMeHHBIX OOBACHAETCS TEM, YTO CKOPOCTH BEJIOCHIENHCTA W
aBTOMOOHJIS HEU3MEHHBI, 3 PACCTOSHHE BHIOPAHO B KAYECTBE TPEThEH Ile-
peMeHHOH (monpobyiite 060HTUCE MIOOBIMU IBYMS H YOE€AHTECH, 9TO 3TO
HEBO3MOXHO). K TOMy Xe, kak mokas3an npeblAylIMi aHaIu3, eCTh HEKO-
TOpblE COOTHOIIEHHA MEXIy paccTosHHAMH (AC = 24B, AB, = AC)), n,
KpPOME 3TOTO, B YCIOBMH IPHBEAEHBI CBEICHHA O DPACCTOSHHAX MEXIY
obsekTaMu. O BpeMeHH ke HUKakoH HHpOopMaluH HeT.

3anmoaHuM TabGnuumy |, ONMMCHIBAIOIIYH0 MNEpBYIO. (a3zy ABIDKEHHA
(10 paBHOCTOPOHHETO TPEYTOJBHHKA).

Tabruya 1
v (kM/4) t(49) S (kM)
Aptomobuns (C) x 2_x5 25
Benocunenucr (B) y % 2i—y
Tak kak tpeyronsHuk AB|C; — paBHOCTOpOHHHH, T0 AB| = AC|,

TO €cTh AB — BB, = AC - CC,.
25y
CocTaBHiM nepBOE ypaBHEHHE: Z — -~ = 2z-25.
3a Bech IMyTh 10 NYHKTa A aBTOMOOWIEL Npoexa 2z KM CO CKOPOCTBIO
X KM/4, 3aTpatiB BpeMs 2—; 4. 3a 5TO e BpEeMs BENOCHIEAUCTY YAAIOCH

npoexaTthb (z — 12) kM.

12 kM

(z—12) kM

Puc. 13
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Tabauya 2

v (kM/4) t (4) S (xM)
ABTOMOOHITB x 2x—z 2z
Benocunenuct y Z—_yﬂ z—-12
CocTaBHM BTOpPOE YpaBHEHHE: 2z _ 5_712
ITony4uM cucteMy ypaBHEHHI:
2_25_y=22_25, Z_25x-—25y Z_25x—25y
x =, T
2z_z-12, z(x—2y)3=12x' (25x—235c )(x-2y)=12x*
x y : ’ y y .

2
Bropoe ypaBHeHHe cHcTeMbl TpeobpadyeM k Buay 13x° — 75xy +
+50)” = 0 ¥ pelIM €ro KaK KBagpaTHOE OTHOCHTENBHO X:

D= (‘75)’)2 -4-13- 50y2 = 3025y2 = (55y)2, x = 5y unu x:%y

(BTOpO# KOpEHb He TIO/IXOIUT, TAaK KaK W3 YCIIOBHS CIEAYET, 4TO X > V).
IToactaBuM x = Sy B IepBO€ YpaBHEHHE CUCTEMBI U [IOJTy4HM

L 25:5y-25y .
5y

W3 tpeyronbHuka ABC HaXonuM:
BC =JAC? — AB* =/40% —20? =20/3.
OTBeT: 2043 kM.

I[BH)KCHHB ¢ «IOMOJTHATEJIbHOH» CKOpPOCThIO
Ecnn kakoe-To Teno ABHXKETCS 10 PEeKe, TO MpH ABHXCHHUH MPOTHUB TEC-
YCHHs €ro CKOpPOCTb YMCHBIIACTCA, a 1O TCUCHUIO — YBCJIMYHUBACTCA. To
KE CaMO€ TNPOUCXOAMUT NPH ABHKCHUHU MPOTHB BETpA HIIM IO BETPY, TO
€CTh y T€J1a NOABBIETCA «JONOJHHUTEIbHAA» CKOPOCTh, KOTOpasi B 3aBUCH-
MOCTH OT HalNpaBJICHHs ABHXXCHUSA YBCIIUUYUBACT UJIH YMCHBIIACT CKOPOCTH
JBWOKCHHA.

IIpumep 15. Ecny napoxoz U kaTep UAYT MO TEYEHHUIO, TO PACCTOSHUE
OT NMyHKTa A 10 MyHKTa B mapoxon npoxoJMT B NojTOpa pa3a OnICcTpee,
YeM KaTep; NpH ITOM KaTep KaKAbld 4yac OTCTaeT OT Iapoxoja Ha 8 KM.
Ecau >xe OHM NMIBIBYT NPOTHB TEYCHHS, TO MAPOXOA MPOXOAUT NyTh OT B
10 A B ABa pa3za OpicTpee kaTepa. HalTH ckopocTs mapoxoaa M KaTepa B
CTOAYEHN BOJE.
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Pewewnue. IlycTh CKOpOCTH Mapoxona B CTOSUEH BOJE X KM/4, TO-
ria coOCTBEHHasi CKOPOCTh KaTepa paBHa (x — 8) kM/d.

OG603Ha4uB MyTh OT MYHKTa A 10 MyHKTa B uepe3 a KM U CKOpOCTb Te-
YeHHs PEKH y KM/Y, 3allOIHUM MepBYI0 TabIHIly, OTPaXkalollylo ABHXEHHE
KaTepa ¥ napoxo/ia Mo TEYEHHIO.

Tabruya 1
v (kM/9) t(4) S (kM)
IMapoxon x+y X i 3 a
a
Karep x+y-8 xry_8 a

Tak kak no YCJIOBHIO 3aJa494 BPEMsS ABH)KECHHUS IMapoxoJa 1o TCUECHHKO
B MOJITOpa pa3a MCHBILEC, YEM BPEMA ABHKCHHA KaTepa, NMOJyYHM YypaBHE-

—4 . 9 __1,5 um Xty

Hue x+y~8:x+y x+y-8

=1,5.

JIBIKeHHe Mapoxofia H KaTepa NPOTHB TEUEHHS OXapaKTepH3yeM, 3a-
NoJIHUB Tabmuity 2.

Tabnuya 2
v (km/9) t(9) S (km)
[Mapoxon x-=y . f ¥ a
a
Katep x-8) -y m a

ITo ycnoBuio 3aaun BpeMs MapoXoja, 3aTpayeHHOE Ha MYTh MPOTHB
TEe4YeHHUs, B IBA pa3a MEHbILE, YeM BPEMS KaTepa:

-——————~a M a = ——————-———x—y =
X8y x—y 2 HIH prauy-yup 2.

ITony4rM cHcTEMY YpaBHEHHMH:

Y s

x+y-8 7 [x+y=15x+1,5y-12,
xX-y x—y=2x-2y-16;

x—-y-8

0,5x+0,5y =12, [x+y=24, |x=20,
x—-y=16; x-y=16; |y=4.

OrBert: 20 kM/1; 12 kM/4.
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Ilpumep 16. Cryckasch 1Mo OBHXKYIHEMYCS ICKaJaTopy, Maccaxup
npoxoauT 10 ero xoHua 40 ctyneeii. [Ipn IBIDKEHUH NPOTHB X0Ja ICKa-
JlaTopa eMy npuxoautcs npeogoneBath 120 crymeHek. Ckoibko Ovl OH

TIpOLLIEJI CTYTIEHEK, €CITH OBl CITyCKaJICs 110 HEMOABWKHOMY 3cKanaTopy?

Pemenue. OcobeHHOCTBIO 3aJa4Y4 SBJIACTCA HAXOXICHHE ITYTH

naccaxupa, ToO €CTh JJIHHBI 3CKaJlaTOpa, HO HE B METPax, a B CTYIICHbKAX.

MycTs:

K cTyneHek — IMMHa 3cKanaTopa;

x (cT./MHUH) — coOCcTBEHHas CKOPOCTh MAcCaXHpa,

¥ (CT./MHH) — CKOPOCTb 3CKaNaTopa.

CocraBuM TabmHLy, B KOTOPYIO 3aHECEM CKOPOCTb H BpEMS ABIKEHHUS
naccaxkipa o Xo[y 3cKajaTopa U NPOTHB XOJa.

v (CT./MHH) ¢ (MHH) S (cT.)
o xony x+y K K
JcKanaTopa x+y
IMporus xona x—y K K
JcKajiaTopa x=y

ITpon3BeieHHEe BPEMEHH Ha CKOPOCTD AAeT MyTh.
IMaccaxup no xoay ABUkeHHs npoJenan nyTs B 40 cTyneHek, TO eCTb

Kx
x+y

=40.

AHaNOrHyHO — MPOTHB X0/a 3CKAIaTopa;

Kx
x-y

=120.

HMeeM cucremy

PaznenuB NEpBOC YPaBHCHHE HAa BTOPOEC, INMOTYyYHM

-1
y=35x.

IToacraBum y =

YPaBHEHHH:

2
K
I

X+=Xx
2

=40;

OTBeT: 60 cryneHeii.

Kx

K _ 40,
x+y
K _120.
x—y

2K

3

1
<X B IIEPBOE YPaBHEHHE CHCTEMBI:

=40, K =60.

xX-y
x+y

1
3

; OTKyJa
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30

3aga4yn 118 CaMOCTOATENBLHOTO pellleHHs

U3 nyHkra A B OAHOM W TOM >K€ HampaBJIECHUH BBILUIK [Ba JBDKHHKA,
[pHYEM BTOPOi cTapToBall Ha 6 MHHYT I03)K€ MEPBOIO H JOTHA Mep-
BOro B 2 KM OT crapra. Ecd Obl, f0ias A0 OTMETKH 5 KM, BTOpOH
JLDKHUK TOBEpHYN 00paTHO, TO OH BCTpETH] Obl IEpBOro uepes
24 muHyTHI MOCTIE €10 cTapTa. HaliTH CKOPOCTh BTOPOI'o JIBBKHHKA.
OrBeT: 20 KM/4.

JlBa BenocumeqMcTa CTapTOBAJIM OJHH 3a JAPYTHM C HMHTEPBAIOM B
2 MHH, IPHYEM BTOPOH BEJOCHIIEAUCT JOTHAJ IEPBOr0 Ha PacCTOSHUH
1 kM ot crapra. IIpoexaB Bcero 5 kM, OH MOBEPHY/ 00paTHO U BCTpe-
TWI NepBoro B 4 kM oT crapta. HaliTH cKOpOCTh KaXJ0To BEJIOCHTIE-
JHCTa.

OTtBeT: 12 kM/y; 20 kM/u.

JIBa mnoBua Ha aucraHuMd 100 METPOB CTapTOBaIM OAMH 3a APYTHM C
HHTepBaIOM | ¢ B naTuaecaTuMeTpoBoM Oacceline. Bropoii cnoprcMmen
JIOTHAJ MEpBOro Ha oTMeTke 21 M, 3aTeM, JOMUIBIB [0 NPOTHBOMOJIONK-
HOi1 cTeHKH OacceliHa, MoBepHyYJ1 0OpaTHO H BCTPETHII MEPBOTO ILIOBLA

2 .
q€pe3 § C 1ocJjie MOMEHTa IIOBOpPOTA. Haiitn CKOPOCTH IJIOBLIOB.

OTtserT: 1,4M/c;1,5M/c.

[IxkonbHHK nOMmKeH ObUT BHIMTH U3 qoMa B 7:30, cecTh B 0XXMIABLIYIO
€ro MaUIMHY H A0€XaTh HA HEM 10 LIKOJIbI K ONPEACICHHOMY MOMEHTY.
Opnnako oH Beiuien u3 goma B 7:00 u nmobexan B NpOTHBOMOIOKHOM
HanpapieHHHd. MauiuHa B 7:30 oTnpaBuiach BCIEA 3a HUM H, HarHaB
€ro, JOCTaBHJIa B IIKOJIY C ono3naHueM Ha 10 MuHyT. Bo ckoibko pas
CKOPOCTB MallHHbI MPEBOCXOAUT CKOPOCTDH Oerymiero ukonpH1Ka?
OTtBeT: B7 pas. '

Paccrosnue Mexay ropoaamu 4 u B paBHo 24 kM. [IBa newexona Bel-
XOIAT OJHOBPEMEHHO HaBCTpeuy Apyr ApYTy U3 A M B, ABUrasch c 1o-
CTOSTHHBIMH CKOpOCTAMH. [locne BCTpeuH MepBbIH MELIEXOA JOXOIUT
1o B gepes 2 yaca, a Bropoi moxomut a0 A depes 8 yaco. Omnpene-
JIUTb CKOPOCTH MEPBOTO Melexoa.

OTBeT: 4KM/u.

Paccrosuue mexny 4 u B paBHo 156 kM. U3 4 B B Bbie3kaeT BelOCH-
neauct. Yepes 2 yacd U3 B eMy HaBCTpeuy OTNpaBiSeTCs IPyroi Be-
JIOCHIIEOUCT CO CKOPOCTHIO HAa 4 KM/4 GoJiblIeH, YeM CKOPOCTh TE€PBO-
ro Bejlocuneaucra. Berpeya nmpousolia Ha pacCTOSHUHM 72 KM OT B.
Haiiti cymMy ckopocTeli 060MX BEJOCHIEAHCTOB.

OTrBeT: 32KM/M.



7. JlBe TOYKH ABHXKYTCS MO OKPYXHOCTH AJIMHOH 27 CM C OCTOAHHBIMH

10

1)
2)

3)

4

ckopocTsiMH. Ecni oHU OBHXKYTCS B pa3sHBIX HanpaBJICHHSX, TO BCTPe-
qajorcs kaxasie 9 c. [Ipu aBHkeHHH B OJHOM HaIpaBlIE€HHH OHA TOY-
Ka JIOTOHSET APYTYIo Kaxasie 45 c¢. HaliTH ckopocTH ToYek.
OtrBert: 0,018 M/c; 0,012 M/c.
N3 nyHkTa A B MyHKT B NpoTUB TeYEHHs BbleXada MOTOpHas JIOAKa.
B nyTH cnoMaics MOTOp, H, MoKa ero 15 MHHYT YHHHIIH, JIOJAKY CHEC-
J10 BHH3 0 peke. OnpeaenuTb, Ha CKONBKO MO3AHEE NPUILTLLIA JIOAKA
B MYHKT B, ecnu W3BECTHO, YTO MyTh U3 MyHKTa A B MyHKT B jojKa
NpPOXOJMT B 2,5 pasa joJiblie, YeM NyTh U3 B B 4.

.7
OTBeEeT: T
Topona A u B pacrionoxeHbl Ha Oepery peky, Ipu4eM B pacrosioxeH
HIDKe 1Mo TeueHuo. B 9 u yrpa u3 4 B B oTnpasnseTcs mioT, IUIbIBY-
LMH OTHOCHTENILHO GEperoB peku co CKOPOCTBIO TeYeHHs pexkH. B Tot
e MOMEHT U3 B B A oTmpaBiisieTcst JOAKA, KOTOpas BCTpedyaercs ¢
IIOTOM 4epe3 5 yacoB. JomisiB 10 A, 10JKa MTHOBEHHO MOBEPHYJa
00paTHO M MPUIINBUIA B TOPOA B OHOBPEMEHHO C IJIOTOM. Y CIenu Jiu
J0JKa M IUIOT NPUOBITH B TOPOA K 9 yacaM Beyepa TOro xe AHA?
OTBeT: Her.
TMaccaxup MeTpO CIycKaeTcs BHU3 MO ABHIKYILEMYCA 3CKalaTopy 3a
24 cexkyHAbl, CTOS Ha CTyMeHbKE IBHXYINErocs jCKalaTopa — 32
56 cekyH. 3a CKOJIBKO CEKYH[ CIIYCTHTCS MacCCa)KHp, €CIH OH HIET MO
HETOABIXKHOMY 3CKanaTopy? '
OTBeT: 3a42c.

3agaum Ha NPOUEHTHI

Tlpu peuieHHH 3aJa4 HA POLEHTH HEOOXOIUMO TIOMHHTD CJIEAYIOLIEE:
1% — 3TO coTas 4acTh YKCNa.

TIpouEeHT OT YKcIa HaXoAUTC yMHOXKeHneM. Hanpumep, utoGe! HailT
35% ot 410, Hamo yucno 410 yMHOXHUTb Ha Apodb 0,35:
410+ 0,35 = 143,5. 3naunrt, 35% ot 410 cocraBnsieT 143,5.

Yucio mo ero NpOLEHTY HaxoAauTcs neneHHeM. Tak, HampuMep, YToObl
HaifTH wmciio, 18% kotoporo pasHb 27, Hajo 27 pasaenuts Ha 0,18, To
ects 27 : 0,18 = 150. 3uauur, uucno, 18% kotoporo pasHs! 27, ectb 150.
Yrobbl y3HATh, CKOJIbKO MPOLIEHTOB MEPBOE YHCIIO COCTAB/IET OT BTO-
poOro, HaJoO NEPBOE YUCIIO pa3JeHTb HA BTOPOE H PE3yJbTaT YMHO-
#uTh Ha 100%. Hanpumep, HailieM, CKOJIBbKO MPOLIEHTOB OT uKcia 200
COCTaBJIAeT 4ncio 125: '

125

122 100% = 0
200 100% = 62,5%.
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5) B 3agauax Ha OpOLEHTHI YaCTO BO3HHKAET CHTyalis, KOT/ia Hajlo Haii-
TH MPOLIEHT OT NPOLIEHTA!
KOT/Ia HEKOTOpasi BENMYHHA Ag H3MeHseTC Ha p% 3a HEKOTOPHIH Npo-
MEXYTOK BpEMEHH. 3aTeM €€ HOBOE 3Ha4€HME ONATh M3MEHAETCA Ha
p%. EClli 3TOT IpoLiecc CONEPXKHUT # ITANOB, TO TOrJa OKOHYATEIBHOE
3HaYeHHE pacCMaTPUBAEMOH BEJIHUHHBI

4, A0(1+m—6j 0]

6) Ecnu BenuumHa A4 W3MEHsAETCA Ha NEPBOM 3Tame Ha p;%, Ha BTO-
poM — Ha p>% M T.A. 80 p,% Ha MOCIEAHEM 3Tare, TO OKOHYATEIbHOE
3HaYEHHE ITOH BETUYHHBI BEIYUCISIETCA 1O PopMyJie:

P,
4 Aﬂ[” 100)(“100}[“100] (” 100)' )

7) CpenHuii npoLeHT MpUpocTa g% onpeaesiercs o popmyJe:
P P P Pn | _ 9 5
AO[” 100)(1+ 100][1+ 100] (“ 100]”4"(1+ 100) - O
8) Ilycts cocyn obbeMoM Vy conepkut p% pacTBop, H U3 COCY/a BBUIH-
BAIOT @ JI CMECH M JIOJMBAIOT @ JI BOJBI, II0C/IE YETO pacTBOp HepeMe-

IIMBAIOT. DTy NPOLEAYPY NOBTOPSIOT » pa3. KoHueHTpauus pactsopa
1ocjie 1 MpoLeayp onpeaensercs GopMyoi:

9) Ecnu B mpeisiiylleM ciyyae B COCyJ KaXIblif pa3 JONHUBaeTcs He
BOJA, a PaCTBOP TOTO € BEUIECTBA C MOCTOAHHOM KOHLEHTpauMei
q%, TO KOHLCHTpALHUsA pacTBOpa MOCHE n NpPOUEAYP OINpEACIACTCS
dbopmyoii

n
P _P-qif_a) _
C,,— 00" 100 (1 Vo) 1|

Hpumep 1

Ceexue GpykTnl conepxat 72% Boabl, a cyxue — 20% Boabl. Ckoib-
KO CyXHX (PpYKTOB MoMy4uTcs U3 30 Kr CBeXHX GpyKTOB?

PemeHnue.
1) Tax kak cBexue QpykThl comepxat 72% Bojsl, T0 28% B HHX — Cy-

xoe BerectBo. HaineMm 28% ot 30 kr:

300,28 = 8,4 (xr).

TakuM o6pa3oM, B 30 kr-cBexux QpyKkToB comepxutca 8,4 Kr Cyxoro
BEHIECTBA (371€Ch HalIeH NPOLIEHT OT YMCIIA).

32



2) Tak kax 8,4 kr cyxoro BeiectBa coctaisitoT 80% B cyxux ¢ppykTax, TO
HalJeM KOIMYECTBO CYXUX QpykToB, pazaenus 8,4 Ha 0,8 (HaxoxneHue
YHCIIA 110 IPOLEHTY).
8,4:0,8=10,5 (xr).

Takum obGpasom, u3 30 kr cBexux GppykroB noryuyurcs 10,5 xr cyxux
bpyxToB. '

OTtBerT: 10,5kr.

IIpumep 2

U3 22 kr cBexxux rpuboB moaydeHo 2,5 Kr cyxux IpHOoB, colepia-
wux 12% Boast. Kako# nponeHT Boabl coxepxkar cBexxue rpuost?

Pemenwue.

1) Cyxue rpubsl noMumo 12% Boap! conepxar 88% cyxoro BelecTsa.
HaiineM KonMYecTBO CyXOro BellecTBa B 2,5 KT CyXUX IpuOoB (Haxo-
JKI€HHE TIPOIIEHTA OT YUCIIA):
2,5-0,88 =22 (kr).

2) DTO KOJUYECTBO CYXOro BELIECTBA COAEPIKHUTCS U B 22 KI' CBEXKHUX I'PH-
60B. HaiineM, kakyro 4acTb OT 22 KT COCTaBJAOT 2,2 KT
2,2-100% —10%.

22
Takum o6pazom, 10% u3 22 Kr cocTaBIsgET CYXO€ BELIECTBO, @ OCTallb-
Hele 90% — Boga.
OrBert: 90%.
Ilpnmep 3
Lleny ToBapa cHu3wiId Ha 20%, 3aTeM HOBYK) LieHY CHM3HJIM €llc Ha

15% u HaKoHel Mocye mepepacyeTa IPOU3BENHN CHHXeHHe ellle Ha 10%.

Ha cKoJ/ibKO ITPOLIEHTOB BCEro CHU3MJIM NIEPBOHaYanbHyIo LIEHY TOBapa?
Pemenwue.

BocnonesyeMcs dopmynoit (2): py = 20%, p, = 15%, p3 = 10%, 4o —

nepBoHavyajibHas LeHa, A4, — LeHa TIociae Tpex YUEHOK: A,
=Ay(1-0,2)(1-0,15)(1 -0,1);
A,=A4,°0,612.

TakuMm o6pa3oM, HoBasi LieHa cocTtaBiser 61,2% nepBoHayaJIbHOH Lie-
el (100%), To ecTh LieHa cHUXeHa Ha 38,8%.

OTtBeT: 38,8%.

[TpumeuaHnue B dopmyne (2) Mbl H3MEHHIH 3HAK «+» HA «»,
TaK KaK pedb HIET HE 00 yBEIHUEHHH, @ O CHHXKEHHH 1IEHBI.

IMpumep 4

Mopckas Boga coaepHuT 5% conu. CkOJbKO KHWJIOrpAMMOB NPECHOH
BOJBI He06x0auMO 106aBHTh K 180 KT MOPCKOH BOABI, YTOOBI COAEPKAHUE
COJIH B NOCNEHEN cocTaBUno 4%?
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Pemenue.

5% conu
180 kr

+ - 4%
- (180 + x) kr

Puc. 14

1) Haiinem konuuecTBO nmpecHoii Boabl B 180 kr Mopckoii Boasl. J[is aTo-
ro Hy»XHO HalTH 95% ot 180 kr:
180 - 0,95 =171 (kr).

2) HaiigeM xonudecTBo npecHoil Boasl B (180 + x) kr MOpcko# BOABI €
coaepxaHueM cond 4%. s atoro HyxHO HaiTi 96% ot (180 + x) kr,
TO €CTh
(180 +x)- 0,96 = 172,8 + 0,96x (xr).

3) CocraBuM ypapHenue: 171 +x = 172,8 + 0,96x.
PeunB ypaBHeHue, HaliaeM x = 45.
OTBerT: 45«r.

IIpumep 5

B nepBom cocyne Haxoautcs 500 Mma 70%-HOro pactBOpa KHCJIOTHI, BO
BTOpoM — 200 Ma1 90%-Horo pactBopa kucioThl, CKOIBKO MHJLTHIHTPOB
PacTBOpa HYXHO MEPENIHTH U3 BTOPOTO COCY/la B NEPBLIH, YTOGBI B MEPBOM
cocyae nony4mncs 74%-Hplii pacTBOP KHCIIOTHI?

PeweHnue:
X MJI

70% 90%
500 ma 200 M

Puc. 15

1) TIlycTts nepemat x MJI pacTBOpa M3 BTOPOIO COCYAa B MepBbii. B x M ato-
ro pactopa cofepautcs 0,9x M1 KHCIIOTBI, TaK Kak pacTBop 90%-HbIH.

2) B nepBoM cocyzae coaepxutcs 70% KucIOTEI, To ecTh 0,7 * 500 Mn =
=350 mn.

3) Tlocne TOro Kak M3 BTOPOr'O COCYAa IEPETHIH X MJ pacTBopa B Iep-
BbIH COCy/, B IepBOM cocyze crano (350 + 0,9x) M1 KHCIOTHL.

4) HaiineM HOBYIO KOHLEHTPALMIO PacTBOpa KHCIIOTHI B [IEPBOM COCYIE,
COCTaBHB MPOMOPLHIO:
(350 + 0,9x) M kuca0THL — 0%
(500 + x) M kucnorsr — 100%.
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W3 nponopuuu HaiaeMm o

. (350+ 0,9x)-100% 0 eCTh ol = 35000 +90x %
500+ x ’ 500+x '
5) Tlo ycaosuio 3agauu o = 74%.
35000+ 90x

=74; 35000+ 90x =37 000 + 74x; 16x = 2000; x = 125.
500+ x

OrserT: 125Mn.

Ilpumep 6

Beinyck npoaykuuu 3a roa paborsl npeanpusaTus Bospoc Ha 8%. Ha
crenytouuii ron oH ypenuuuics Ha. 10%. Onpenenuts CpeHHA NPUPOCT
NPOJYKUHH 32 3TOT NMEPHOJL.

PeweHnune.

O603HaUUM CpeTHHH €XKEroaHblii MPUPOCT MPOAYKUHH uepes g%.
Toraa no ¢opmyae (3):

2
B0 (14 9
(”100)(”100) (”100)'
Orcrona HaxonuM g =+/108:110 —-100 =~ 8,99.
OrBerT: 899%.

Tlpumep 7

B cocyne 6bu10 16 1 kucaoTel. YacTb KHCIOTHI OTIHIM U COCYA J0-
JUIM BOJOH. 3aTe€M OTJIHMIIH CTOJBKO XK€ U ONATb A0JaUIH BoAoH. Ckojbko
OTJIMBAJIM Kbl pa3, €cii B COCyA€ OKa3ancsi 25%-Hbli pacTBOp Ku-
cnoTel?

Pewenue.

ity c =l f1_a).
Bocnoaszyemes dopmynoii (4): C, = 100(1 Voj ;

C,,=25%=12750; p=100%; a=x, Vo=16 ;,n="2;

25 _100(,_x\. (_L)z_ﬁ. _x 1o
100‘100(l 16)’ I-16) =700° "6 %%
OrBeT: 85

IIpumep 8

U3 cocyna, 10 KpacB HaMOJHEHHOrO YHCTHIM IIMUEPHHOM, OTIHIH 2 1
IITHLUEPHHA U B cocya AonwIM 2 1 Boabl. Ilocne nepeMeiiMBaHus U3 HETO
CHOBa OTJIMIIH 2 J1 CMECH U 10AUnH 2 1 Boabl. B pe3ynbrate 06beM BOAbI
cTan B 26 pa3 Gonbiue o6bema rauuepuna. Halitu o6beM cocyna.
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Pemenmue.
Tak xak B pe3ynbrate 06beM BOABI cTal B 26 pa3s Gosiblie o6beMa -

LepHHa, TO 06beMHas KOHLEH C, = Vo 1
s Tpauus rimuuepusa C, = 7 =2
0

2
Bocnone3zyemcs popmyioii (4): 27 }gg( _VAJ
0

Pemus 370 ypaBHeHue, Hallnem V, = 27+ 3\/—‘

OTBeT: 27+ 3‘/—

13

ITpumep 9

JIBa cocyna oiMHaKOBOr0 06beMa HAIOJIHEHBl PaCTBOPOM COJH ONH-
HaKoBOH KoHHeHTpauuH. U3 nepBoro cocyna OTJIMIM 2a J1 pacTBOpa U J10-
JMIH 2a 1 BoApl. M3 BTOpOro cocyna oTiuid 3a J1 pacTBOpa U JOJNKIH 3a 1T
BoAbl. IloToM 3Ty mpoueaypy MOBTOPMIM elle ABa pa3za. B pesyibraTe

2
KOHLIEHTpalUMs KUCJIOTH! B [EPBOM COCYZAE OKa3ajlach B 27 a3 Gosblle,
P Y. g

YeM KOHLEHTPALUs KHUCIOThl BO BTOPOM cocyne. Kakyio yacte oT o6beMa
COCYZia COCTaBJIAIOT @ JINTPOB?

Pemenune.

Hcnonb3ys popmyiy (4), umeem

3
Py _2a) _27 p[|_3a 2a) _27(_3a
100[1 Voj 8 100( VOJ MH[ Vo) 8[ Vo)

W3BnedeM u3 06eHx yacTel ypaBHEHHS KyOUUECKHH KOPEHb:
;2_0_3(1_3_0), 1_2a_3 Ya.

Vo 200 W, Ve 2 20
S.a_1 a_1 ’
2V, 22V 5
1
OTtBeT: 5

Mo3KHO 3amaud, B YCIOBUH KOTOPBIX MPUCYTCTBYIOT HECKONBKO pac-
TBOPOB (CIJIABOB), pelIaTh U He MpUMeHsAs GopMyiny (4). PaccMoTpuM He-
CKOJIBKO MPUMEPOB,

IIpumep 10

B cocyne 6bu10 20 51 yncToro cnupra. YacTb 3T0ro CMpTa OTIMIH, a
COCYA JOJIHIH BOAOH. 3aTeM OTAMIHM CTONBKO XK€ JHTPOB CMECH H COCYH
OMATh AOJMIH BoxoH. [Tocne 3TOro B cocyle 0Ka3alnoCh YHUCTOIO CIIMpTa
BTPOE MEHbIIE, YeM BOAbI. CKOJIBKO CITUPTA OTJIHMIIH B NEPBBIH pa3?
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PemeHnue.
Bynem 3aHOCHTDH B TaONHIy AaHHBIE O KOJIHYECTBE PaCTBOPOB, 00BEME
CIHpPTa B 3THX PacTBOpaX M MPOLIEHTHOM COJACPXAHHUH CIIUPTA B KaXIOM

pacTBOpE.
Konuuectro Obbem Conepxanue Konuenrpanus
pacTBOpOB pacTBopa cnupra pacTBopa
I pactBOp 200 200 100%
(20-x)-100 \
I pactBop | (20 —x +x) =20 1 (20— x) n o =A%
11l pactBop | (20— x +x) =20 (20—x—%)n=3n 521)00% C%

TMosiCHUM, YTO X J1 — KOJHYECTBO XHAKOCTH, OTIMBAEMOE KXKJIbIH pa3.
Tak kak aus monmydenus Il pacTBopa OTIMAM X 11 YHCTOrO CIHpPTa
(xoHuenTpaius I pactBopa — 100%), To coaepxaHue cnupTa Bo II pac-
TBOpe cTano (20 — x) 1. COOTBETCTBEHHO, H3MEHHMIIACh M KOHLICHTPALMA
Il pactBOopa. HOBY10 KOHLEHTpALUIO MOXKHO HAWTH, PELUHB [IPONOPLKIO:
20 1 — 100%

(20 - x) 1 — A%,
(20-x)100
20

Tpetuii pacTBop 00 00bEMyY paBeH ABYM NPEABLAYLIHM, TaK KaK OTIIH-
BaJIH M JOJTHBATTH OJUHAKOBOE KOJMUECTBO JKHAKOCTH.

Conepxanue cnupTa B 111 pacTBOpe yMEHBILAETCSA MO CPABHEHHUIO CO
Il pactBopom. HaiineM 310 ymenbmienue. M3 II pactBopa oTiwim x 1

otkyna A= %.

¢ koHneHTpanueit 4%, To ectb ¢ x 1 Il pacTBopa ymao - Ax o cnupta. To-

100

x_ﬂ)
100

0603Ha4uB 3TO KOIH4ECTBO B 11, HalneM koHueHTpauuto III pactsopa,
pELIMB NPONOPLHIO:

20 1 — 100%

B a1— C%,

raa conepxkanue cnupta B 111 pactBope crano (20

B-100,
20 %

Tak kak uncroro cnupta B 11l pacTBOpe 0Oka3ajoCch BTPOEC MEHBLIIE, YEM

1 -
5-20=5 (a).

otrkyaa C =

BOJBI, TO B =
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Pemum ypaBHeHHE.

Ax 20-x)x
20— x—m—S; 20—x———( 20 )
400 — 20x — 20x + x> — 100 = 0;
x= 10w x = 30.
x = 30 He yIOBJIETBOPSET YCJIOBHIO 3a[adH, Tak KaK B cocyle Oblno

20 51 cnupTa.

OrserT: 105

=35

Ipumep 11

VmeroTcs Ba crijiaBa ¢ pasiM4HBIM IPOLEHTHBIM CONAEPXKAHHEM CBHH-
na. Macca oaHoro 6 kr, apyroro 12 kr. OT KaxI0ro U3 HUX OTpe3ajH 1o
KYCKY paBHOH Macchl, MOCJI€ 4ero CIIaBHIH OTPE3aHHBIE KYCKH C OCTar-
KOM Jpyroro Kycka. B pe3ynbTaTe MpOLIEHTHOE COZEpKaHHE CBHHLA B M10-
Jy4yeHHBIX CIJIaBax CTano oavHakoBbiM. KakoBa Macca OTpe3aHHOrO Kyc-
ka?

Pemenmne.

Cmna- BeiectBo Mpouextiioe
Macca COZIEp)KaHue
BbI (cBuHeL)
BEIlleCTBa
1 : 6a 0
cruiaB 6 kr 100 " a%
I 128 \
CriaB 12 xr 100 <" ‘ p%

11 B 60 ox  PBx A4-100,, _. o
cnap | E¥ YR =6kT (100 100*100) A ) S h=r%
v _ 128 Bx C- 100o 0
. (12-x+x)=12kr [100 100+100) C xr % =v%

X KT
6 kr
| 12 kr
X KT .
Puc. 16

HOS[CHHM, 4TO X KI' — Macca, KOTOPYIO OTPE3aloT OT KaXJ0ro Kycka.
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0O603Ha4uB INPOLUCHTHOEC COACPIKAHHUE CBHHIIA B I cnnaBe 3a 0.%, a BO

BTOPOM CILIaBe 3a %, Haiiiem kojiMuecTBO cBHHIA B | cntaBe ( 160 0

)KFI/I

128)
Bo Il criase (l 0 OJ KI.

TpeTHii CIUIaB MOJy4aeTcsi, eCld OT 6 KI MepBOro CiulaBa OTpe3arh
X KT M CIUIaBUTh OCTaBINYIOCS 4acThb C X KI-BToporo criasa. HailneM koiu-
yectBo cBuHua B Il cryase. Ceunuma B 1l cnnaBe  Oyner

6o _ox | Px 6a
[100 100 + IOO) KT, Tak Kak B | criaBe Gbu1o (100) KI' CBHHLIA, C X KT

ox
NIEpPBOro CIUIaBa YIIO (1 00
Bx
100

O603HauuB 3T0 KOMHMYecTBO cBUHIA B III crinaBe 3a 4 kr, Hailnem npo-
ueHTHoe coaepxanue I cnaa:

) Kr (Tak Kak I craB a%-Hbilif), ¢ X KT BTOpO-

IO CILIaBa NOCTYIUT ( ] Kkr (Tak kak Il cnnas B%-HbIi).

6 kr — 100%
A kr — Y%,
OTKyAa Yy = ATM%.

AHaJIOTHYHO 3anojiHseM Tabnuity cBeaeHusamMH o IV crinase.
ITo ycnoeuwo 3agaum B III u IV crmaBax mpoueHTHOe coaepxaHHe
CBHHIIA CTAJIO OJIHHAKOBBIM:

A-100 _C-100. 1 .
Y=V, ToecTs S =0 6(60L ax+[3x) (12B—ﬁx+o.x),

120 — 20x + 2Bx = 12B — Bx + ax; 12((1—[3)—3x((x—[3)=0;

(a—P) (12 - 3x) = 0; Tak kak a # B, To x = 4.

OrtBeT: 4Kr.

Ilpumep 12

Bxuan, Haxoasiuuiics B 6aHKe ¢ Hayana roja, BO3pactaeT K KOHLY ro-
Jla Ha ompeeNeHHbIN IpoueHT (cBoi s Kaxaoro 6aHka). B Hauane roga

% HEKOTOpPOH CyMMBI MojoxkmiaM B I 6aHK, a ocTanbHyl0 4acTb — BO
II 6ank. K xoHny roaa cymMma 3THX BKIAIOB coctaBuia 590 1. e., K KOHIY

cnenytomero roga — 701 a. e. Ecid Obl nepBoHaYaIbHO % HCXOJHOTO

KOJIHYECTBA JeHer noJoxuiH Bo II 6ank, a ocraBuyrocs 4actb — B | GaHK,
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TO 4epe3 roj cymMma BKIajfoB 6buta Obl 610 1. e. KakoBa B 3TOM ciayyae
6bu1a 651 CyMMa BKJI1aJI0B B 3TH 6aHKH K KOHLy BTOpOro roja?

Pemenne.

1) Iycts a,. — Bcsa cymma; k% — npoueHT nepsoro 6aHka; n% — npo-
LEHT BTOpOro 6aHka.
k _p 1
0603HaYuM 100 = b; T00=¢
2) Ecnu B nepblii 6aHK MOTOKHIH %a I. €., TO Yepe3 roj TaM Oyzaer
éa(l + L) = éa(l +b) 1. e. (o nepoii Gopmye).
5 100/ 5
2
3 (14 k)23 2
Uepes niBa rona — a(1+ 100) =% a(1+b)".
3) AHaJIOTHYHO, €CJIH BO BTOPOi OaHK MOJIOKHTH %a I. €., TO Yepes3 rox
Tam Gyner %a(l +¢) a. e. (no nepsoii popmyire).
Yepes apa roga — —52—a(1 + c)2 )
CocraBuM TabnuILy [Jis IEPBOrO CJIyydasi pa3MeILeHHUs.
I 6ank Il 6ank Bcero
Bxuan éa a.e. Za I.e. al.e.
5 : 5
3 2
Iron ga(1+b) I e. ga(1+c) R e. 590 . e.
3 2 2 2
II rog ga(1+b) a. €. ga(1+c) I. €. 701 1. e.
JLis BTOpOTO Ciiydasi pa3MeIIeHHs:
I 6aHK II 6ank Bcero
Bxnang %a a. e. %a I. €. apn.e.
Iron za(l+b) I e 3a(l+c) ne. 610 1. ¢
3 . €. 5 . €.
2 2 3 2 :
II rox ga(l +b) ae ga(l +c) n.e. VA
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ToxyunM CrefyroIIy 0 CHCTEMY YpaBHEHHIA:

Sa(b+1)+Za(c+1)=590; (1)
<%a(b'+1)2+%a(c+l)2=701; )
2a(e+1)+Za(b+1)=610; (3)
3 2 2 2

ga C+1) +§a(b+l) =Z. (4)

YMHO)HUM ypaBHeHHe (1) Ha ( —% ) ¥ CJIOXKHM C ypaBHeHHeM (3):

1 . _ 550
—Ea(b+ 1)=-275, otkyna nosnyyaem: b+1 ===

YMHOxHM ypaBHeHHe (3) Ha ( —% ) U CJIOXHUM C ypaBHeHHeM (1):

—%a(c +1)=-325, otkysa nomydaem c+1= % )

ToactaBum b+1= %Q Hc+l= %5;9 BO BTOPOE€ YPaBHEHHE CUCTEMBI:

) : %a(%'o)z + %a(%—o)z =701, pemiuM 3TO ypaBHEHHE, HaHIeM
a=500.

Toraa b+1=%=1,1 H c+1=%=1,3.

“ICTBepTOC YpPaBHCHHE CHCTCMBI NPAMET BUJ:
2:500-1,3 + 2500 1,1 =2 , 10 ecms 2= 749,
OtBeT: 749 1. ¢.

IIpumep 13

Kpr «rnporajika» B TCUCHHE ABYX MCCALCB YMCHBIHAICS Ha OOHO H
TO e He IpeBblilaoniee 22 4ucio npoueHToB. B Hayane nepBoro Mecsua
rocnoguH K. uMen HEKOTOpyI0 CyMMY B «HEMHKaX», KOTOPYIO OH TOTa Xe
KOHBEPTHPOBAJ B «IIPOrajvKi». J[Ba APYyrHMX rocHoAWHAa, MMes KaxKObli
CYMMBI B «IporajiHkax» B 6,25 pasza Goiblie, 4eM Ta, KOTOPYIO HONy4YHII
rocriogvH K. OoT coBepIIeHHOH UM BaJIlOTHOH Omepaly, KOHBEPTHPOBAJIH
HX B «YEMHKH»: OJHH — B KOHLE IEPBOrO MecsLa, a APYroil — B KOHIIE
BTOporo. IIpy 3TOM y OIHOr0 M3 HHX «YEIIHKOB)» OKa3aJIoCh 0OJIbINE POBHO
Ha CTOJIBKO, CKOJIBKO I'OCIIOJAHH K. umen B Hauane NEPBOro Mecsua. Ha
CKOJIBKO NIPOLIEHTOB 32 [IBa MecsLa BBIPOC KypC «4emHKa»?

41



Pemenue.
1) Tlyctb 1 «mporaivk» = k «4eUKOB» (Kypc).

2) «lIporamuk» nagan Ha 0% < 22% kaxabIli MecALl U3 JBYX.

I Mecsy (koHew)

IT Mecsn (koHer)

1 «mporamuky = k(l—%) «UETTUKOB»

2
=kl
1 «@poramik» = k (1 100 ) «HETIHKOBY

1

1 «demK» = S S «@IpOTaTHKOBy || «enHK» = 3 <TIPOra/MKOB»
k(l—i) il1—0
100 100
3)
I Mecsan II mecsan
HaAYaJIo KOHEIl Hayanio KOHeIl
ObL0:
X «HEMHKOB» =
rocnoauH K. x — — _
= = «mpora-
k
JIHKOB»
6,25x 9
6,25x k
I rocionux k y k(l—i) — _
: «IpOTAIMKOB)Y 100
«YETNHKOB»
6,25x ,
6,25x k
Il rocnogux k s — oV
x k{l-—
«IPOTaJMKOB» 100
«UETTHKOB»

4) Tak kak Kypc «nporaivka» najai, 1o y Il rocnoauHa «4enmukKoB»

MECHBLIC!
6,25x,(y__a )\ _625x, (, a \_
K k(l 100) k k(l 100) =%
. 2
_al)_ _a)
6,25(1 100) 6,25(1 100) I

o> ~100a. +1600 = 0,

o = 80% —- He yIOBNETBOPSAET YCIOBHIO 3a/1auH;

oL = 20% — exeMecs4HOE MajIeHHE KYpCca «IIPOrajinKay.
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5) Ys3HaeM, Ha CKONBKO BBIPOC «HEMHK 3a IBa MecAla.

Hauyano I mecsua Koneun II mecsaua
1 «uenuk» = ——1-———2=
o
k(l 100)
1 «genuk» = 715 «@IPOraJIMKOB» _ 1 _ 1 25
-y ki
100 25
«IPOTATUKOB»

6) CocTaBHM NpPONOPLHIO:

1 «yenuk» — % «rnporanukoB» — 100%,

I «uenuk» — 126—5k «IpOTraMKoBy — y%.

Pemus 3ty nponopuuto, nonyuum 156,25%.
7) 156,25% — 100% = 56,25%.
OTBerT: Ha56,25%.

IIpumep 14
4,
Kypc «nporannka» no OTHOUIEHHIO K «YEMHKY» MaJaeT Ha 287/0 B

KBapTai. YTo BhIrOAHEE:

a) cAeiaTh BKIAX B «4ETHKaX» Ha rojJ ¢ HauuciaeHHeM 60% roaoBbIx
HIH

6) KOHBEPTHPOBATH «YCTIHKH» B «MPOTAIHKH» H CACIATH BKJIaad B «Ipo-
raivkax» ¢ HauuciaeHueM 510% ronoBbix?
Pemenue.

1)

Hauano rona Konen rona

2\* 5\
1 «aiporajgHk» = 1 «poramuk» = k(1—7) «YEMHUKOB» = k(7)
= k «aenukoB» (Kypc)
«4EMTHKOBY

1 «wiermmk» = 1 «uemuk» = 1 o= 1 - «IPOTaIHKOBY
=-}; «IIPOTATHKOBY k( —%) k(%)
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2)

Hauano roga Konen roaa
x +0,6x = 1,6x «uenuKoB» =
1,6x 1,6x
= 4 «TPOTaMKOB»
a) 6bLIO X «HETTHKOBY 28% k(%)
K100
6) OBLIO X «YETIHKOB» =
x X_61-%
- % «IPOTATHKOBY ;+5,1-;— 6,1 7 «TpOraMKoB
3) CpaBHHM CyMMBI B «IIpOrajiMKax» B KOHLE roja:
LOx 6y.%,
SO
7
Coxkpatum 06e 4acTH cpaBHEHMA Ha %
4
TTonyunm 1’65'47' v 6,1;
1,6-7* v 6,1-5; 3841, 6 > 3812,5.

CrneoBaTenbHo, ﬁx_“ >6,1- X
5

p k
7
O T B e T: mepBbiil BADUAHT BHITOJHEE.

IIpumep 15

31 nexabps 2015 roga ITetp B3sa B 6anke 3 310 000 py6ieit B kpeaut
nox 10% romoBeix. CxeMa BoimUiaTsl caenyiomas: 31 mekabps kaxmoro
CIeNyoLero roga 0aHK HAYMCSET MPOLIEHTHI Ha OCTaBIUYIOCH CYyMMY
Jonra (To ecTe Jonr yBeanuuBaetcs Ha 10%), 3atem Iletp nepeBomut B
6aHK ONpeneneHHYI0 CyMMY exeroaHoro miarexa. Kakoit nomkna 6bITh
CyMMa €XXeroHoro miarexxa, yro6bl [leTp BHITIATHI ZOJT TpeMsi PaBHbI-

MH €XETOAHBIMH TUIaTeXamu?
Pewmenue.
HMycts 3 100 000 pybaeii = A pybrneil — cyMMa KpeauTa,

n% = ﬁ =0,01n — ronoBoH NPOUEHT OaHKa.

3anosHHM TabnHILy, cocTaBss (TIpH HEOOXOAUMOCTH) MPONOPLIHH.
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Heusrn| Jlonr Ha OcraTtok

\ Jloar Ha koHen rozia | Buinaue- (0y6.)

HayJaJio oJsra .
(py6.) Ho (py6.) |01 PY

T'onsr roza (py6.)

A+0,01n4 = _
Iron A = A(140,01n) = B X B-x=C
C+0,01nC=
’ —x=E
IIroxg C — (1 +001m) =D X D—x
1l rox g |ETO0InE= x  |M-x=0

=E(1+0,0ln) =M

W3 ycnoBus 3agauu creayert, uto M — x = O, To ectb M = x. 3aMeHUM
M na 35auenne u3 Tabmuue: £(1 + 0,017) = x.
3aMeHHM E Ha 3HAYEHHE H3 TAOJIHLIBI:
(D-x)(1+0,0ln)=x.
Takkakn=10,T01 +0,0ln=1,1u(D-x) 1,1 =x.
3amenuM C 1 B 3HaUYEHHAMH U3 TaOJIHLIBL:
C-1,1-x)-1,1=x;
(B-x-11-x)-1,1=x
A-1,1-x)-1,1-x):1,1=x
4-121-Llx—x)- 1,1=x;(1,214-2,1x) - 1,1 =x;
1,3314 - 2,31x=x; 1,3314 = 3,31x;

1,331-4 _1,331-3310000 _

=331 331 =1331000.

Otset: 1331000 py6reii.

IIpumep 16

15-ro siHBaps UIAHHpYeTCs B3ATh KpeIMT B GaHke Ha 18 Mecsues. Yc-
JIOBH €T0 BO3BpAaTa TaKOBBI:

— 1-ro yKca KXIOro MecsLa 0T Bo3pacTaeT Ha 2% 1o CpaBHEHHIO
€ KOHLIOM HPEbINYIIEro MECALA;

— €0 2-ro no 14-e yHCIO KAXKAOTO Mecsla HEOOXOAUMO BBIILIATHTD
4acTh A0JTa; ‘

— 15-ro yKcna KaxA0ro MecsLa JONr JOKeH GBITh Ha OJHY H TY e
BeIIJI;ltIPIHy MEHbLUE 10/ra Ha 15-€ YKCIo MpeABIAYILEro MecsLa.

CKOJIBKO IIPOLEHTOB OT CYMMBI KPEIMTAa COCTaBIsfeT obllias cyMMa
JICHET, KOTOPYIO HY)KHO BBIIUIATHTH OaHKY 32 BECh CPOK KPEIHTOBaHHS?

PemeHnue.

ITycte cymMMa, B3siTast B KpeAMT, paBHa S pyOuseid. 3anonuum tabnuny,
OTpa)KalOULYIO YCIOBHE 3aJa4H.
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Mecsiupl 1 2 3 4 17 18 19
Jlonr Gex npo- | 185 | 175 | 165 | 155 s s |
LICHTOB 18 18 18 |18 18 |718 ly

7 Z 7 77
'HO'HF @t LE[ 1_6£t @it gt gt O
¢ npoueHTamd | 18 18 18 18 18 18

ITosicHUM HanMuue MHOXHTENS ! Ha TpUMeEpe BTOporo Mecsua. Jonr
Ha BTOPOH MecsL KpeAWTOBaHHs COCTABIISI
178 2 17§ 17§ (] 2 j‘ns

——— T —— +__ —_— 5
18 100 18 18 100 18
2
rner=1+ —,
100
Haiinem Bbinaarh:
185t 178
niepBast Bbirjara Si=———
18 18
175t 168t
BTOpas BblIjIaTa S = — — ———
18 18
st 1St
T8 18
15t
AT

Hroro: S, + S, + ... Sis = %-(18+l7+...+1)—TS§~(17+16+...+1)=

S (1+18)18 S (1417)-17 198 175 _195:1,02-17S _

18 2 18 2 2 2 2
= 1,195 (py6.) — cyMMa Bcex BbIILIAT,
o 0
S pyd — 100% c=119%.

L19 py6 — x%
OtseT: 119%.

[pumep 17 )

15-ro sHBaps MIaHUPYeTCs B3ATH KPeauT B Ganke Ha 24 Mecsua. Ye-
JIOBHS €0 BO3BPaTa TAKOBbI:

— 1-ro uKcia Kaxoro mMecsua A0Ir Bo3pactaeT Ha 1% no cpaBHEHHIO
C KOHLIOM TNpPEIbIAYIIEro Mecsina;

— €0 2-r0 N0 14-¢ 4uCIO KaXA0ro Mecsiua HeOOXOAUMO BBHITUIATHTH
4acTh J0JTa;
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— 15-ro yncna KOXAOTO Mecsua AOJT AOJDKEH OBITh Ha OMHY M Ty Xe
BEJIMYHHY MEHBILE J0JIra Ha 15-e 4nucIo NpensiayLero Mecsua.

H3BecTHO, uTO 3a nepBble 12 MeCALEB HYXHO BBIIATHTH OaHKY
177,75 ThIc. pybnei. Kakyro cyMMy MIaHHpyeTCS B3ATh B KPEAUT?

PemeHnue.

ITycte cymMMa, B3siTast B KpeauT paBHa S ThIC. pyOneii. 3anoiaHum Tad-
JIHILY, HCXO/I5 M3 YCIIOBHS 3a]a4H.

Mecsupi 1 2 3 (.. 11 12 13 |...] 23 | 24 |25
Jlonr 6 245 | 23S | 228 145 | 13§ | 12§ 28 | 1S jo
onr 6e3 npoteHToB | 57 | 54 | 51 |1 52 | 32 1 51 |1 52 | 31

24 424 /1!24 24 L 24 |24 24 ! 24 Ly
7 7 7 7 7 7
24St 238 22St 14St 13St IZSt 28 Et 0
Joar ¢ npoueHTaMu 2\ 2 2a 2a s 24 | 2

Haiinem niepsbie 12 Bbiruiat:

245t 23S | Hrtoro: S+ 8;+...+ 8, =
S=0F T St Ry

238t 228 =ﬁ'(24+23+"'+13)_EE'(23+22+'"+12):
TU24 24 | s (13+24)-12 S (12+423).12 _
- 24 2 24 2

148t 13§ | 378t 35§ _37-S-1,01-355 _
YY) 4 4 4
5, =135 125 | 50258, t=14+——=1,01.

24 24 100

Mo ycnoBwro 3afauy 3a nepBbie 12 MeCALEB HY)KHO BBIIATUTL 177,75
ThIC. pybuieii, T.e. 0,5925 - §=177,75; § = 300.
O T B e T: 300 TBIC. pYONICH.

38&8‘!" AJIs CAMOCTOATE/IBHOI'0 PCILICHHU A

1. KwunorpamMm ToBapa ctomn 640 py6neil. [locne CHUKEHHS LieHBI OH
ctan ctouTh 570 pyOaei. Ha ckonbko npoueHToB cHHkeHa neHa? Ot-
BET OKPYTJIMTD JI0 AECATHIX AOJIeH NpOLEHTa.

OtBeT: 10,9%

2. Ileny ToBapa noebicuaM Ha 20%, 3aTeM HOBYIO LiHY MOBBICHIH Ha
35%. Ha ckonpKO NpOLIEHTOB MOBBICHIIH NIEPBOHAYAIbHYIO LIEHY?
OTBeT: Ha62%.

3. Csexue rpu0bl conepxat 90% Boabl, a cyxHe comepxaTr 13% Bogpl.
CKOJIBKO NOMyYHTCS CYyXHX rpuOoB H3 17,4 KT cBexHX rpuboB?
OTBeT: 2K
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HmeroTtcs ABa CIMTKa, coAepaliue Meab. Macca BTOPOTO CIMTKA Ha
3 xr 6onb1Ie Macchl NIEpBOro cauTka. [TpoLieHTHOE coaepKaHHe MeaH
B nepBoM ciautke 10%, Bo BTOpoM — 40%. Tlocne criaBieHHs 3TUX
IBYX CJIMTKOB TOJYYHJICS CIHTOK, B KOTOPOM IMpPOLIEHTHOE COAEPXKa-
HHe Menx paBHO 30%. OnpeaennTs Maccy NOJy4E€HHOrO CIHTKA.
OtrBeT: 9kr.

B Hayase roga B 6aHk Obu10 BHEceHO 1680 1. €., a B KOHLIE rOJa B34TO
obpatHo 880 n.e. Eme yepe3 rox obuias cymMa BKIaga oKa3anachk
paBHo# 928,2 5. e. CkoIbKO NPOLIEHTOB TOJIOBOTO I0X0Aa AaeT 6aHk?
OtrBeT: 5%.

Hmeercs noM cTanu AByX COPTOB € coaepkaHueM Hukens 5% u 40%.
CKOJIbKO HYXHO B3ATh CTaJld TOTO M JPYTOro COpTa, YTOOBI MOTYYHTh
140 T ctanu ¢ cogepxxanueM Hukens 30%? '
OTtBeT: 40T 5%-H0ro U 100 T 40%-HoroO.

MMerorcs 1Ba ciuiaBa, COCTOSILIME M3 IIMHKA, MeIM U onosa. M3BecTHO, YTO
I criaB copepskut 40% onosa, a I — 26% meau. IpouenTHoe conepxa-
Hve mpHKa B | ¥ Bo Il criaBax ommHakoBo. CruiaBuB 150 kr Icrnasa
u 250 xr Il crnaBa, nomy4uIM HOBbLIA CIUIAB, B KOTOPOM oKazanock 30%
1MHKa. OnpenesnuTh, CKOJIBKO KI' 0JI0Ba COIEPKUTCS B HOBOM CILIABE.
OtrBeT: 170 kr.

Cocyn eMKOCTBIO 8 J1 HaMoNHEH BO3AYXOM, coaepxamuM 16% Kucio-
pona. U3 3Toro cocyzna BHIYCKalOT HEKOTOPOE KOJIHYECTBO BO3AYXA M
BIIYCKAIOT TAKOE€ € KOJUYECTBO a30Ta. Ilociie 3TOro omsTh BBIMyCKa-
10T TaKO€ K€, KaK B MEPBbIH pa3, KOJIHYECTBO CMECH H ONAThH JAOMOJI-

- HAIOT TaKHM K€ KOJIMYECTBOM a30Ta. B HOBOH cMecH okaszanoch 9%

kuciopoaa. OnpenenuTts, CKOIbKO JHTPOB BHIMYCKANOCh KaX bl pa3s
U3 cocyna.

OTrBeT: 21

Bo 4to npeBpatunacek Ob1 yepes 4 rona cymma B 100 pybiei, eciu Gbl
6ank HauHcs exeroaHo 10%?

OTBeT: 146,41 pyo.

3a Bpems XxpaHeHHs B GaHKe BKIaJa MPOLEHTH! NPHOABIAINCE eXeMe-

CAYHO, CHauana B pa3Mepe 5% B Mecsll, 3aTeM l8—0% , IOTOM —579% H,

HakoHel, 12% B MecsaL. M3BecTHO, 4TO 1Mo A€HCTBHEM KaXJ0# HOBOM
MPOLIEHTHOM CTaBKH BKJIAJ HAXOAMIICS LIEJIOE YHCIIO MECSLIEB, a MO HC-
TEYEHHH CPOKa XpaHeHHs NEPBOHAYAIbHAS CyMMa BKJIAJa YBE/IHUH-
nach Ha 180%. OnpenenuTs cpok XpaHeHHs BKJIaJa.

OTBerT: 12 Mecsues.



11.

12.

13.

14.

15.

16

17

18

19.

JnuHY KUpIHYa YMEHBUIMIH Ha 26%, MHPHHY YMEHbLIKWIH Ha 30%,
BBICOTY YBEJIMUUIH Ha 65%. YBEIHUYWICS HIH YMEHBLIWICA OT 3TOro
006beM KHpIHYa U Ha CKOJILKO MPOLEHTOB?

O 1B eT: yMeHbIIHICSH Ha 14,53%.

B Hauase roga B 6aHk Ob110 BHeceHO 1640 1. e., a B KOHLIE I'ojia B3SATO 00-
patHo 882 n.e. Eme 4epe3 rox oOmas cyMMa BKIaga CHOBAa OKa3anach
paBHOH 882 py0ssaM. CkobKO NPOLIEHTOB I'OA0OBOTO I0X0Aa AAeT OaHK?
OTrBeT: 5%.

ITocne nBoiHOrO CHHXEHHA UeHbl Ha 10% KHHra B OYKHHUCTHYECKOM
MarasuHe crana cTouTb 283 py6. 50 komn. Kakopa nepBOHaYabHas Le-
Ha KHUrH?

OTeerT: 350 pyb.

Hmeercst 10M OBYX COPTOB CTalH ¢ coaepxaHueM HHkeas 10% u 80%.
CKONBKO HY)XHO B3STh CTaJH TOT'O H JPYTOro copTa, 4YToOBl NONYyYHTh
140 1 cTanu c conepxaHueM Hukens 60%?

OTBeT: 40 T 10%-n0ro u 100 T 80%-Horo copra.

N3 22 kr cBexux rpubos moaydeHo 2,5 kr cyxux rpubon. Ckonabko
NPOLEHTOB BOJbI COAEPKAT CyXHE FpHﬁbI €CIIH CBeXHe IpHObI cozep-
xat 90% Bonp1?

OTrtBeT: 12%.

B cocyne 6s110 18 1 kuCAOTEL. YacTh KHCIOTHI OTIHIHN H COCYA AOJH-
JIH BOJIOH. 3aTeM OTJIMIIH CTOJIBKO XK€ H ONATh JOJHIH BOJ0OH. CKOJIBKO
JKUIIKOCTH OTJIHBAJIH KaXIBIH pa3, €CIM B cocyne okazaicsa 25%-Hbli
PacTBOp KHUCIOTHI?

OTBeT: 9.

Cnnas 30mo0ta ¢ cepebpom, coneprkalunii 80 T 30/m0Ta, CNIaBWIN CO
100 r yucroro 3onora. B pe3ynbrare coxep>kaHHE 30110Ta B CIUIaBe
noBsicHioch Ha 20%. Ckonbko cepebpa B criase?

OTrBeT: 120T. ’

Yucno 256 TpHK/bl YBETHYHBAIH Ha OAHO U TO € YHCIO MPOLIEHTOB,
a 3aTeM TPHXK/IB YMEHBILAIH Ha TO e CamM0e YUCJIO MPOLEHTOB. B pe-
3yJbTate MOJy4YHIoce yucio 108. Ha ckoapko NMPOLEHTOB YBEIHYHBA-
JIH, @ 3aT€M YMEHBIIAIH YHC/IO?

OreeT: 50%.

HmeroTcs 1Ba BOAHBIX pacTBOpa CEPHOM KHCIOTHI, MNEPBBIA —
40%-Hb1#, BTOpoit — 60%-Hbiil. DTH 1Ba pacTBOpa CMEIMIAH, I0CE
yero 106aBHIK 5 Kr YHCTOM BOABI H moay4miin 20%-Heiii pactBop. Ec-
71 Obl BMECTO 5 Kr 4HMCTOMH Boabl 100aBumH 5 kr 80%-HOro pactsopa,
T0 mony4duics 6b1 70%-Hblit pactBop. Ckonbko 6buto 40%-Horo u
60%-HOro pacTBOpOB? /

OtBeT: 1kr40%-noro u 2 kr 60%-Horo.
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20. Bxnaguuky Ha ero cOepexxeHust 6aHK uepe3 roJl HAUHCIHII IPOLIEHTHI B
pasMepe 6 1. e. JlobaBuB 44 1. e., BINIATYUK OCTAaBUI NEHBIH €lIEe Ha
roz. [1o ucreyeHHH rosa BHOBL OBUIO MPOU3BENEHO HAYHCIEHHE TIPO-
LICHTOB, M TEMeph BKJIAJ BMECTE C MPOLEHTaMM cocTaBuil 257,5 n.e.
Kakas cymma nepBoHa4yaibHO Obla MoJjioxeHa B OaHk?

OTteeT: 200 1. ¢ ‘

31 nexaGps 2015 rona Meau INetposuy B3sa 13 240 000 pyOaeH B kpe-
aut nox 10% ronoseix. Cxema BHILIATHI KpeAUTa crieaytomas: 31 me-
kaOpsi xaxporo roja OdaHK HAuucIsgeT IPOLEHTBI Ha OCTAaBUIYIOCH
cyMMy Joira (to ects yBeanuuBaer gour Ha 10%), 3atem HBan Iler-
POBHY MEPEBOAUT B GaHK ONpeleNeHHYl0 CYMMY €XErofHoro ruare-
xa. Kakoii nomkHa GbITh CyMMa €XEroJIHOro miatexa, 4yrobsl MBan
IMeTpoBHY BBIMIATHI AOJT TPEMSA PaBHBIMU €XKETOHBIMH II1aTeKaMHu?
OTBerT: 5324000 pyb.

21

3agayu Ha NMporpeccHH

Onpejenenne u cBoiicTBa apuMeTHIECKOH MPOrpeccHH

TocneI0BaTENLHOCTD (a,), KaXIblid Y€ KOTOPOH, HAYHHas CO BTOPO-
ro, paBeH NpeAblAYLIEMY, CIOXEHHOMY C OIHHM H TEM )K€ 9HCJIOM d, Ha-
3bIBaeTCsA apudMeTHUeCKOi porpeccHe.

Yucno d — pa3HOCTb MIPOrpecCHH.

®opmyna n-ro wieHa apu(pMETHIECKON NMPOTPECCHHU:

a,=a;+dn-1).

®dopmynia cyMMBbI /1 IEPBBIX YJIEHOB apH(METHIECKOH MPOrpecCHH:

g _ata g _2a,+d(n-1)

n = ———2— . n’ n = _—-.——-2————-—- .

XapaKTepHCTHYECKOE CBOMCTBO apHMETHUECKON NMPOTPECCHH — Ka-
KIbIH wieH apudMeTH4eckoi NPOTpecCHH, HayMHas CO BTOPOro, €CTh
o |

2

n.

cpeaHee apHYMETHIECKOE COCEHHX C HMM YIIEHOB: g, =

OnpejiejieHne u CBOICTBA reOMEeTPHYECKOM NPOrPECCHH

ITocnenoBatensHOCTH (b,), MEPBBIA 4J€H KOTOPOH OTJIHYEH OT HYJA H
Ka)KZbIH 4JICH, HAYMHAs CO BTOPOro, PaBeH MPEAbIIYHIEMY, YMHOXEHHOMY
Ha OJTHO M TO )K€, OTIMYHOE OT HYJIS, YUCIIO ¢, HA3bIBAETCA reOMETPHYE-
CKOH IpOrpeccHe. ,

Yucno g — 3HaMeHaTellb NPOrpeECCHH. i

®dopMyJia #-ro 4ieHa reoMeTpHYecKoi mporpeccuu: b, = b g™,

®opMyiia CyMMBbI 4 TIEPBBIX 41€HOB Fr€OMETPHIECKOH MPOrPECCHH:
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n
_ Al)
S = bnq b] -8 = bl (q
n > n -
q-1 g-1
XapaKkTepUCTHUECKOE CBOHMCTBO TN€OMETPHUYECKOH IpOrpeccHH: Kax-
JbIH 4JIEH TEOMETPHYECKOM NPOrpeccHH, HaUHHask CO BTOPOrO, €CTb Cpe-

2
HEEe reOMETPHYECKOE COCEAHHX C HUM WIEHOB: b, =b, | -b, ;.

FeoMmeTpuyeckas nporpeccus, y KOTOpOH |q|<1, Ha3biBaeTcs Oecko-

b

He4YHo yObIBaroOLIEH, a ee cymma onpegeiiercs no popmyiae S = -z '
-9
IMpumep 1
[Ipou3BeieHHE NIEPBOTO M MATOrO 4IE€HOB yObiBalowieH apudmerHye-
CKOH Mporpeccu Ha 75 MeHblIe MPOU3BEAECHHS BTOPOTO H YETBEPTOTO €€
yieHoB. HaliTH cyMMy MepBBIX NMSTH 4YIEHOB NPOTPECCHH, €CHH CyMMa
MEPBOTO H BTOPOT'O €€ 4IEHOB paBHa 7.
Pemenue.
a-as+75=a,-a
Io ycnoBHIo 3a1a4l q | ° 2%
a+a,=7.
Bhipasum no gopmyse a, = a, +d(n—1) BTopoi, 4eTBEpTHIi H NATHIH
4JIeHEl IPOTPECCHH: a, =a) +d; a,=a, +3d; as=a +4d.

CucreMa puMeT BU: | (o +4d) +75 = (a +d)(a +3d),

a+(a+d)=T;
al +4ad +75=al +4ad +3d*, |d* =25,
2a,+d =T, 2q+d =1,
{d =5, {d =-5,
oTCroaa HIIN
a =1 a =6.
= —5,
ITporpeccus no ycnosuio yobiBatouias. Cie10BaTebHO, -6
1 - .
Haiinem cymMy nepBBIX MATH 4JIEHOB IIPOTPECCHH:
_2ay+4d . (12-20)-5
S5 = 3 5= > =-20.
OTrBeT: -20.
IIpumep 2

Pa3HocTh nepBoro u nATOro 4JieHOB yObIBalOileH reOMETPHYECKOMH
nporpeccud paBHa 240, a pa3sHOCTb BTOPOTO M YeTBEPTOrO paBHa 72.
Haiitu cyMMy BOCBMH NEPBBIX YJIEHOB F€OMETPHYECKOM MPOTPECCHH.
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Pemenue.
Tak  kak b5=b1-q4; b, =b-q; b4=b,-q3 (mo  ¢dopmyne

b,=b-q""), T0 yci0BHE 3aKauN IPHBEAET K CHCTEME ypaBHeHMH C ABY-

—be = h
M3 [IepEMEHHBIMH b H g {bl bs =240, o l0-bg 3240,
by =bi =72, bg-b-q =72
b (1-4*)="240,
HUmeem nanee 5
brq(l—q )=72.

Tak xak g#1 u b #0 (nporpeccus yObiBaouias), To, pa3ieiuB Iep-

BOC ypaBHCHHC CUCTEMBI Ha BTOPOEC, ITOJYIHUM

4 2
=g q2 =%; I+g” =¥; 3q2—10q+3=0; q =3 um q=%,
a(1-¢’) ‘

(g = 3 He ynoBneTBOpAET YCIOBHIO 3a1ayn). Toraa
b = 240

a0y

1 8
243((3) —1j
_3280 5,4

b, =243. HaiineM cyMMy BOCbMH MEPBBIX YIEHOB:

S = l—] 9 —.
3 ,
. 4

OTBerT: 3645.

IIpumep 3

1 1

6 -
log;2° logg2’ log,2 obpasyloT apugmeTH

Jokaxwute, 4To yHCIa

YeCKY10 IIPOrpPeCCHIO.
Pemenune.
Hcnone3yeM xapakTepUCTHUECKOE CBOHCTBO apH(PMeTHYECKOH Mpo-
1 1

a+a 1 log 2+ log,, 2
., A ta _ log, 12
IPECCHH: a, 7> TO ECTh log.2 3 .

YnpocTuMm JaHHOE paBEHCTBO, TaK Kak logl =log,b.

»a
_log,3+1log,12

> ; log, 6= llog2 36; log, 6 =log,6.

log, 6 >
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1 1 1
log;2’ logg2’ log,2
THYECKYI0 nporpeccuio. Yto U TpeboBanoCh 10Ka3aTh.

CrenoBaTtesbHO, YHCIA 00pa3ytoT apupme-

Ipumep 4

CyMMa Tpex TNOJOXKHTEIBHBIX YHCEJl, COCTABJAIONINX apHU(MeTHYe-
CKYI0 mporpeccuio, paBHa 15. Eciu nepBoe U3 HHX OCTaBHTh 0e3 H3MeHe-
HMsA, KO BTOPOMY M3 HUX NpUOaBHTH 1, a K TpeTbeMy MPHOAaBHTD 5, TO HO-
Ay4dTCS ~ BO3pacTalolias ~ reoMeTpuueckas — nporpeccus.  Haiitu
NpOU3BEAEHHE HCXOJHBIX TPEX YHCEIL. '

PemeHnne.

O603Ha4uM HCXOIHBIE TPH YHCIA dy, dy, a;. Ucrionb3ys s apudme-

~ [ ] .
THYECKOH NIPOTPEeCCHH 0003HaYeHHE . H U1 TCOMETPHUYCCKOH IPOTpeC-
! [ X J
CHH 1—. » 3alUIIEM YCJIOBHE 3aJa4H CICAYIOLINM o6pa30M:

[

’ ° X
1) :al,az,a3l/la1+az+a3=15; 2) .—.al,a2+1,a3+5.
Bocnonp3oBaBmmchk (opMynoif #-ro 4iaeHa apHGMETHYECKOH mpo-

rpeccHd a, =a,+d(n—1) 1 XapaKTEePHCTHYECKHM CBOFMCTBOM T€OMETPH-
4eCKOH NPOTPECCHH, MOMYYHM COOTBETCTBEHHO!
1) a +(a +d)+(a +2d)=15;
2 +1)° = 5 =a,+d, ay=a,+2d

) (a =a (a;+5), rae a, =a,+d, a;=gq, .

TaknM 00pa3oM, MbI IPUXOJUM K CHCTEME JBYX YPaBHEHHH € JByMs
HEH3BECTHBIMH a; U d

34, +3d =15,
(ay +d+1)’ =a,(a +2d +5).
a +d=35,
(a+d+1) =a(a +2d+5).
BeipasuBs a, uepe3 d M3 NIEpPBOTO ypaBHEHHS M MOJCTABHB 3TO BbIpae-
HHE BMECTO @; BO BTOPOE ypaBHeHHe, noiyunm: 36 =(5-d)-(10+d), ot-

HmMeem npanee:

KyZa HaxomuM d =-7 unu d = 2,

CnenoBatensHo, a, = 12 npu d=-7 wi a; =3 npu d = 2.

IMapa uucen a; = 12 u d = —7 He YIOBIETBOPAET YCIOBHIO, TaK KakK
apH(METHYECKYIO MPOrPECCHIO COCTABJIAIOT TPH MOJOXHTEIBHBIX YHCIIA.
3HAYUT, YCIOBHUIO YAOBIETBOPAOT TPH yHcha: 3; 5; 7. [IpousBeneHue 3THX
yucen paBHO 105.

OrBerT: 105.
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IIpuMmep 5

CyMMa TpeTbero, CeabMOoro, 4eThIPHAUATOrO H BOCEMHA/IIIATOTO YJIe-
HOB apudmMeTHueckoii nporpeccuu paBHa 20. HaiiT cyMmy mepBbIX ABa-
ALATH YWIEHOB 3TOH NPOIPECCHH.

Pemenue.

Tak kak a; =a,+2d, a, =a,+6d, a, =a +13d, ag=a +17d, 10

a; +a; +ay, +ajg =4a, +38d =2(2a, +19d).

To ycnosuio 2(2a; +19d) =20, To ecth 24, +19d =10.

Bropoe ypaBHeHHe C HEM3BECTHBIMH d; M d NONY4YHTb HE YOacCTCAL.
CyMMa nepBbIX IBafLATH YIEHOB:

2a, +19d
el B i _ 10=10.10 =
Sy = > 20—(2a1+19d) 10=10-10=100,
Tak Kak 2a, +19d =10.

OTtBerT: 100.

IlpuMmep 6

TpH uKcIa COCTaBIAIOT reOMeTpHUecKyto nporpeccHio. Eciu Bropoii
4jleH YMEHBIUMTh Ha 4, TO MOJYYEHHbIE YHC/IA B TOM ¢ MOPS/IKE ONATh
COCTaBAT FeOMETPHUECKYIO nporpeccuio. Eciu B HOBOH NpOrpeccuy Tpe-
THil uleH yMEHBbLINTL Ha 9, TO MOAY4HTCS apHMETHYECKAs NPOTPECCHS.
HaiiTi nepBoHa4anbHO AaHHBIE YHCIA.

PemeHnue.

OG603HAUYMM HCKOMBIE TPH uucia by, by, by. Ucnone3ys ob6o3HaueHHs

E JU1S apU(pMETHIECKON MPOrPECCHH U 1St TreOMETPHYECKOHN MPOrPECCHH
. .
:—. , 3allMIIEM YCJIOBHE 3aJ]a4H CAEAYIOHIHM obpasom:
[ X ]
1) :bl, b, bs;
[ X ]
hihd — 4. b
2) oo bla b2 s b3’

3) fbl,br4,b3-9.

BoCnoJb30BaBIIMCh  XapAaKTEPUCTHYECKHM CBOWCTBOM Te€OMETpHYE-
cKoii ¥ apuhMETHUYECKO# TPOrpecCHi, MOTyYUM COOTBETCTBEHHO:
2 _pop- 2_ . _bh+b-9
1) by =bby; 2) (b,—4) =b-by; 3) by-4= >
Tak kak b, =b, -g, a by = b -g*, 1o

1) biq*=b b g%
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2) (b-qg-4) =b-b-q%
_b+bh-g" -9
3) brg-d4=2T—

TMepBoe ycnoBHE Kak TOXAESCTBEHHOE PABEHCTBO MOXHO ONYCTHUTS.
MBI NpUXOJIMM K CUCTEME IBYX YPaBHEHHH C IByMA HEH3BECTHEIMH:

bi-q* —8b -q+16=b7 g%
2b -q-8=hb +b -q* 9.
HmeeM nanee:

b-q=2
b(q* ~2q+1)=1.
o2
BrIpasum b, yepes g U3 NepBOro ypaBHEHHS CUCTEMBI: by = 7 1 noj-

CTaBHM 3TO BBIPAXKEHHE BMECTO b; BO BTOPOE YPaBHEHHE CHCTEMBI:
2(q* -2+ 1)

7 =1, OoTKyZa HaxoauMm g =2 WIH g = %

IMpug=2 b,=1unpu q:% b =4.

3HA4MT, YCJOBHIO 3a[]a41 YOBJIETBOPSIOT ABE TPOUKH YHCEI:

1)1,2,4;2)4,2, 1.

OrBeT: 1,2,4u4,2,1.

Hpamep 7

CymMa nATHaLATH NEepBbIX YWIEHOB FEéOMETPHUYECKOH OPOrPECCHH COo-
ctaBseT 30% cyMMBI ee OC/IeAyIOUIMX NATHAALATH YwieHOB. Bo ckonbko
" pa3 4YeTBEPThIH WieH [IPOrpecCHH MEHBILIE ee JEBATHAALATOrO WieHa?

Pemenue.

1) Haiigem cyMMy nepBBIX NATHaALATH WICHOB T€OMETPHYECKOM
NpPOrpeCCHU:
b -(ql5 - 1)

g-1 =

2) Ha#pem cymMy nocieiyrol#x NATHAALATH WICHOB F€OMETPHYE-
CKOMH MPOTpeccHH:

b '(qso _1) b '(q15 —l) b -(q30 _qlS)

S30_SIS_ q_l - q_l - q_l .

3) CocraBum ypaBHEHHE Ha OCHOBAaHHMH TOTO, YTO CyMMa MEpPBEIX
NATHAJILATH WICHOB cocTaBjsgeT 30% CyMMBI ee NOCIEAYIOIMX NATHAAHA-
TH UJIEHOB:

S5 =
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bl-(qls-l) bl(qm—qls)
=0,3-
q-1 q-1
Hmeem manee 1 =0,3 + ¢'° win q" =IT.
4 by=b-q% by=b-q" byib =g =12
. 10
OrBerT: 3
Ilpumep 8

Bansg, Muwa, Annk 1 Bagum noBunu peidy. Okasanock, uTo KOaHde-
CTBO phHI0, NOHMAHHEIX KaXAbIM W3 HUX, 00pa3yeT B YKAa3aHHOM IOPAIKE
apuMeTHYecKylo nporpeccuio. Ecinu Gbl ANHK DOWMan CTONBKO pHIO,
cKkojIbKO Bagnm, a Bagum noiimMain 6b1 Ha 12 peib Gosiblite, TO KOJHYECTBO
pbi6, MOHMaHHBIX IOHOLIAMH, 00pa3oBaio Obl B TOM K¢ MOPSAKE IeOMET-
pHYeCKyI0 nporpeccHio. Cxonbko pbIO noimMan Muwia?

PemeHue.

O0603HauHM KOJIMYECTBO phIO, MoiiMaHHBIX BaHel, Mulueii, AHKkoM u

[ ]
BaaumoM, ay, ay, as, a4 cootBeTcTBeHHO. Mcnonb3ys 0603HaYeHHs P

v LA ~
apudMeTHUYECKo# nporpeccuu H < 1A TCOMETPHYECKOH NPOrPeCCHH,
3allHIIEM YCIIOBHE 3a1auk CEAYIOLNM 0Opa3oM:

L .
1) : ai, ap, as, da,

2) %01,02, as,as+ 12 (*)

Bocrnosnib3oBaBIinch  GOpMyIoit #-ro 4ieHa apHMETHYECKOH Ipo-
TPECCHH, MOTY4HM:!

a,=a, +d, a,=a; +3d.
Torna ycrnoBue ( * ) 3anuiercs B Buae
[ X ]

poRLE a +d, a +3d, a +3d+12.

Hcnonb3yeM XapakTepUCTHYECKOE CBOMCTBO IE€OMETPHYECKOH Ipo-
TPECCHHU 1 €€ BTOPOTrO M TPEeThHEro WICHOB H ITOJIYYHM CHCTCMY ypaBHC-
HHii C IBYMS HEU3BECTHBIMHU gy U d-

(a +d)2 =a,-(a, +3d),
(@ +3d)’ =(a, +d)-(a, +3d +12).
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W3 nepBoro ypaBHEHHS CUCTEMBI CJIEAYET, YTO & = aidwm d= a, Tak
Kak (d # 0). Torma u3 Broporo ypaBHeHHs cHcTeMbl d = 3. CrneaoBaTens-
-HO, a; = 3 u d= 3. Konuuectso pri0, noiiMaHHbIX MuILei, paBHo 6.
OTBeT: 6.
IIpumep 9
CyMMa ulleHOB O€CKOHEYHO yOBIBAIOILEH T€OMETPHYECKOH Nporpec-

CUH paBHa 3, a cymMMa KyOOB BceX ee WICHOB paBHa @. Haiiti nepBblit

13
YJIEH MPOTrPECCHH.
PemeHnue.
Iycts 4, by, bs,...h,, ... — GecKOHEYHO yObIBaKOLIAsA TEOMETPHYE-
oo, . . 2. n-1,
CKas MPOrpeCCHs, TO ECTh :bp bg; bg*s .. .bg" 5 ..M 'q|<1.
ITo ycnosuio ee cymMMa paBHa 3, TO €CTb lbl—q =3.
PaccMOTpHM IOCNIEAOBATENBHOCTE b?, b3, b3, ... b,3,, ..., TO €CThb
3 333 136 3 3n-3
by, big’, biq®, ... by, ... ™

Kaxnpiii ee uneH nmogydaercs U3 NMpEeAbIAyLIEr0 YMHOXEHHEM Ha q,

TO €CTh 3TO reoMmeTpHyeckas nporpeccus. Tak kak |g|<1, To|g°|<1 u no-
q » T0|q

clenoBarenbHOCTh (*¥) — OeckoHeuHO yOBIBalOIIas reoMeTpHyecKas mpo-

. , 3
rpeccus. [To ycnoBuio ee cymma paBHa @, TO €CTh i = @.
13 -4 13
3HaYuT, B UTOTE€ MBIl IPHXOHUM K CHUCTEME [IBYX YPaBHEHHH C ABYMs
h oy
1-¢
HCHU3BCCTHBIMU! 3
bi__108
1-¢4° 137

Bsipasus b, u3 nepeoro ypasuenus b, = 3(1 — g) 1 noaCTaBHB BO BTO-

27(1-9)’ _108
1-4° 13°

poe YpaBHEHHE, HOTYyYUM OTKyJa

2
(1-9)° a4 _3 _1r _3
7 =13 97° WM g=3. lakkaK |q|<l,T0q— HE YAOBJIETBO-
l+g+gqg
psiet ycrosHio. Torzaa b =3-(1—q)=3.(1_%)=2.
OrBerT: 2.
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3agaun JJIf1 CAMOCTOATEJIBHOI'0 PCIICHHA

CymMMma 6eCKOHEYHOH reOMETPUYECKOH NPOrpeccu npu |q| <1 paBHa

7, a cyMMa KBaJpaTOB ee WICHOB paBHa 24,5. HallTH cymMy mepBHIX
IIECTH YWIEHOB [POrPECCHH.
6122

729
Tpu uncia 06pa3yroT KOHEUHYIO BO3PACTAIOLIYIO N€OMETPHYECKYIO MpO-
rpeccuio. Eciu BTOpoe YMCIIO yBEMMYMTE Ha 2, TO HOBas TPOMKA YHCEN
OyzeT npeactaBmATb CO0OH KOHEUHYI0 apH()METHUECKYIO HPOrpecCHIO.
Ecmm TpeTbe yMciio 3Tol HOBOH TPOHKH yBETHYHTB Ha 9, TO CHOBA MOMY-
YHMTCA FEOMETpHYECKast Iiporpeccus. HallTu cyMMy Tpex JaHHbBIX YUCEN.
OTBerT: 28
Ipu nenennu 14-ro wieHa apupMerHueckod MporpeccHd Ha ee S-H
YjleH B YaCTHOM MNoJTyyaercs 3, a npH aeneHuH 18-ro unena Ha 7-i unex
B YaCTHOM nourydaercst 2 u B octaTke 4. Haiitu 23-if unen nporpeccum.
OTBerT: 20.
Haiitn Tpex3HauHoe 4Hcio, UHGPEI KOTOpOro obpasyloT reoMeTpHye-
CKYI0 MPOIPECCHIO, €CNIH M3BECTHO, YTO MOCIE BBIYUTAHUA M3 HEro
4pcia 297 nosy4aeTcs YUCIO C TEMH ke LHppaMH, YTO U JAHHOE YHC-
J10, HO B 0OpaTHOM MOPSKE, €CITH e LU(PBI UCXOAHOrO YHCIIA, HAYH-
Has ¢ UHQPBI COTEH, yBEITHYHMTH COOTBETCTBEHHO Ha 8, S u 1, To nosy-
YeHHBIE YHCIIa COCTAaBAT apH(METHUECKYIO IPOTPECCHIO.
OtBeT: 421.
Y HEKOTOpOH reoMeTPHYECKOH NPOrpeccHd CyMMa WIEHOB Ha HEYeT-

OTBeT:

1
HbIX MECTax paBHa 12—6, a CyMMa YWICHOB Ha YE€THBIX MECTax paBHaA

21
32°
NPOrPECCHH YETHOE.

OrBerT: 05.

Halitu Bce Tpex3HauHble 4Kcina, KpaTHble 45, LHpbl KOTOPBIX 00pa-
3yI0T apUPMETHYECKYIO IPOTPECCHIO.

OTBerT: 630,135, 765.

HaiiTu HaTypanpHOe Tpex3HauYHOE YHCIO, €CIH ero UHGpPbI 06pasyloT
reoOMeTpPHYECKYI0 MPOIPeccHIo, a UMpphl YHciIa, MeHblero Ha 400,
00pa3yroT apu(HMETHYECKYIO TPOTPECCHIO.

OTBeT: 931.

Haiiti BO3pacrarolyio apuMETHIECKYIO POrPECCHIO, Y KOTOPOH CyM-
Ma MepBbIX TPeX WIeHOB paBHa 27, a CyMMa X KBaApaToB paBHa 275.
OrBeT: 59,13,...

Haiitu 3HaMeHaTenb 3TO# NMPOrpeccHH, €ClIM YHCIO YICHOB B



9. CyMMa 1Toro, JeBsTOro, WIECTHAALATOrO ¥ ABaaUaTh BTOPOrO ujie-
HOB apudmeTHyeckoil mporpeccud paBHa 20. Haiith cymmy mnepBbix
25 uneHOB 3TOH MPOTPECCHH.
OTtBerT: 125.
10. Tpu uncna cos6a, sin4a, cos2a, B3ATHIE B yKa3aHHOM MNopsiake, 06-
Ppa3yroT reoOMeTpHyecKyto nporpeccuto. Haiitu a.
1_: 3. n T ’
OTrBeT: *—arccos=>+—n, neZ;,; —(1+2k), kelZ.
garccosytom neZs g1+ 2),
32112‘“‘[ HA YHUCJI0OBbLIC 3aBHCHMOCTH
[1pu peuieHHH 3a1a4 Ha YKHCIIOBEIE 3aBHCHMOCTH J10JIE3HO TOMHHUTH
CleayIollIHe CBEACHHUS.
1) Ecnu HatypanbHOe YMCIO A UMEET 1 3HAKOB, TO

A=a,10" 4 a,-10"% +...+a, - 10+a,,

rne a,, a,_, d,_5, -..d — COOTBETCTBEHHO KOIHYECTBO EAMHHLL, AECAT-
3 2
KOB, COTeH, ... B uucie 4. Hanpumep: 2364=2-10"+3-10°+6 - 10 + 4,
a, 4y, ... a, |, @ — uUdpsI 4ucaa 4.

2) HyxHO MOHMMaTh pa3HUIY MEXIy TEPMHHAMH «UHCIO» U «UHbpar.
B necsTuyHoit cucTeMe cunciienus necsath uudp: 0, 1,2, 3,4,5,6, 7,
8, 9. Ilpu noMowM 3THX uMPpP MOXKHO 3anucaTh Modoe ducno. Ha-
npuMep: YHCI0 2996 =2-10°+9 - 10*+9 - 10+ 6.

3) Ecnu k HaTypaabHOMY HMCIY A CHpaBa MPHITMCATh 1-3HAUYHOE YMCIIO
B, T0 monyunm uncio A-10" + B.

4) Ecuu K n-3Ha4HOMY 4HCHy A mpunucaTh cleBa YMcio B, TO MOTydyuM
yucno B - 10" + A.

5) Ecmm naHo uyucno, 3anucaHuoe uubpamu a, a,, ...d,_;, a, (ero

0OBIYHO 3aNUCHIBAIOT B BUIE d,d,d;...4, ), TO OHO PABHO
4aya5...a, =a, 10" +a, 10" % + ... +a, - 10+a,.

6) Ecuu npu aeneHMH HaTypajpHOrO yKcna 4 Ha HaTypajlbHOE YHcio B
B 4AaCTHOM IONY4HTCs ¢, a B ocTtatke r (r < B),T0A=B-q +r.

IIpumep 1

HaiiTu nBy3HaYyHOE YHMCIO0, 3Hast, YTO YHUCIIO €r0 €IUHHUIL Ha 4 MEHbLIe
YHCNa ero JeCATKOB, a IPOU3BEACHHE HCKOMOT'O YHUCIIa H CYMMBI ero nudp
paBHo 1330.

PemeHnue.

ITycte xy — HMCKOMOE ABY3HaYHOE YHCIIO, TO €CTh Xy =10x + y.
Mo ycnoBuro yncno eauHuL Ha 4 MEHbLIE YHCITa AECSTKOB.
CnenoBarenbHo, x —y =4,
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ITpou3sBeneHHe HCKOMOrO YHCNIa U CyMMBI ero nudp pasHo 1330,
TO €CThb
(10x+y) - (x +y)=1330.
x-y=4,
M3 cHeTeml {(IOx + y) . (x + y) =1330

HaxoouM: x; = 9 unu Xy = —%;1‘!‘. X7 HE YOOBJIETBOPSCT YC/IIOBHIO, TAK KaK

x — uudpa.

Taxum oOpazoM, x =9, y = 5. Hckomoe uucio 95.

OtrBeT: 95.

IIpumep 2

Cymma nudp aBy3HayHOro ykcia pasHa 15. EciH K HCKOMOMY 4HCITy
npubaBuTh 27, TO MOTYYHM YHCIIO, 3aIIHCAHHOE TEMH ke LH(paMH, HO B
obpaTtHoM nopsake. Haiiti uuncno.

Pemenne.

ITycts E — HCKOMO€ 4YHCIIO; X — HH}pa AecITKOB, y — Hubpa eau-
uuu. Toraoa E =10x+ y.

N3 ycnoBus 3apauu cneayer, utox + y=15u 10x +y + 27 =10y + x.
[MTonyuuM cucTEMY YpaBHEHHIA:

x+y=1§, x+y=15, x=6,
9x -9y =-27, x—y=-3 y=9.
OTtBeT: 69.

IIpumep 3

Ecnu nBy3HauHOe YHC0 pa3aenuTh Ha CyMMY €ro LH}p, TO NOdy4HT-
cs B 4acTHOM 6 W B ocrtatke 11. Ecnu ke 3T0 4MCI0 pa3feuTh Ha MPOH3-
BeJICHUE €ro Ludp, TO MOJYYUTCA B YAaCTHOM 2 U B ocTaTke 5. HalTh 310
4HCJIO.

PemeHnne.

[Tycts xy — HMCKOMOE YHCNO; x — Hudpa NecsITKOB, y — uudpa eau-

Huu. Toroa E =10x+y.
Mo ycnoBuio 3agaum 10x + y=6(x+y)+ 11 u 10x + y=2xy + 5.
Pewmas cucremy ypaBHeHHH
10x+y=6(x+y)+11,
10x+y=2xy+5, °
HoayuuM x; = 9; y1 = 55 x, =%; y, =—1,8. YcnoBHo 3a1a4n yI0BIETBO-
pseT TOJIbKO NepBas napa.
OTrBeT: 95.
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Hpumep 4

3anuch IWEeCTH3HAYHOTO YKCia HaunHaercs uudpoit 1. Ecnu oty nud-
Py TIEPEHECTH C NMEPBOTO MECTA Ha MOCIEIHEE, COXPAHUB MOPSIOK OCTallb-
HBIX IATH LUQP, TO BHOBL IOdy4eHHOE YHCIO OyneT BTpoe Gonslie mep-
BOHayalbHOro. Haitu nepBoHayanbHOE YHCIIO.

Pemenue.

O6o3HauuB 4epe3 X MATU3HAYHOE YUCIO, cleAyrollee 3a nudpoi 1,
TOJYYMM, YTO HCKOMOe 4uciio pasro 100 000 + x. Ecnu uudpy 1 nepene-
CTH Ha TIOCJIE[IHEE MECTO, TO HOBoe uucio Oyaet pasHo 10x + 1. ITo ycno-
BHIO 3aaauu 10x + 1 =3(100 000 + x).

Ortcrona nonyyaem: x =42 857.

O TB e T: nmepBOHAaYaJIBHOE YUCIO paBHO 142 857.

Ipumep 5

VYyeHHK J0JDKEH Obll NIEpeMHOXKHTDh ABA TpeX3HayHbIX uKcaa. Ho on
He 3aMeTHI 3HaKa YMHOXKEHHUS U NPHHAN 00a PAJOM CTOALIHE MHOXHTEIH
3a OJIHO IIECTH3HAYHOE YHCNO. [T03TOMY NOMyYEHHOE MPOU3BEACHHE OKa-
3aJ10ch B CeMb pa3 Oonblie uCTHHHOro. Haiit oba Mnommenx

Pemenmne.

O003Ha4uM nepBbId MHOXHUTEND g, a BTopoi b. Toraa ucrurHOe npo-

u3BeJleHHe OyleT paBHBIM a * b, a mecTH3HayHoe yucno ab, roe a u b
TPEX3HauHbIE YHCIIA. ab =1000a + b.

ITo ycnoButo 3anauu ab=7ab, 1o ects 1000 a+ b = Tab. BpraBPlM U3
3TOro ypaBHEHHS a uepe3 b:

b
7b-1000°

Tak xak 7b — 1000 > 0, To b > 142,8. Kpome Toro, a > 100 kak Tpex-
3HaYHOE YHCIIO.

a=

b
7 > . > _ -
TakuM o6pazowm, 75-1000 >100; 5>700b-100000; b<143,06. Ho
b — uenoe uucio u 142,8 < b < 143,06.
CnenoBatensHo, b= 143; a TI43-1000 ~ 1 143.
OTrBeT: 143 u 143.
Hpumep 6

Ecny x HaTypaneHOMY JBY3HaYHOMY YHCIY X, CyMMa LHdp KOTOporo
paBHa 10, npH6aBuTE 44, TO NONYYHTCH TAKOE YUCIIO Y, YTO NMPOU3BEACHHUE
ero uu¢p pasuo 12, Haiitu uncno x.

Pemenune.

Uucno x — nBy3HayHoe, To ecth 10 <x <99,
nosToMy 54 <y=x+44 < 143.
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H3BecTHO Takoke, YTO Npou3BeieHHE LMGP YKCTa y paBHO 12,

YyuTeiBas orpaHuueHue 54 < y < 143, Halinem BO3MOXHblE YHCla
y1=143,y, =126, y; = 134, y, = 62. Haiins uncna x; = 99, x> = 82, x3 = 90,
x3 = 18, BUIMM, YTO YCIOBHIO YJOBIETBOpSET X; = 82, Tak Kak CymMMa
uubp pasHa 10.

OTBerT: 82

3amaun njisi CaMOCTOSATEILHOIO PCLUICHHSA

1. Ecnu ABy3Ha4yHOE YHCIO pa3leudTh Ha CYMMY ero Ludp, TO MoIydmT-
csi B 4acTHOM 3, a B octatke 5. HaliTu 3710 umcIio.
OTtBeT: 38

2. PasHocTb uMbp IBY3HaYHOTrO HATYPAILHOTO 4HC/Ia HE NPEBOCXOIMT 3,
a cymMa uup JaHHOro yhcna pasHa 9. Haliti 310 umcro.
OTBeT: 36,45, 54,63.

3. B ueTelpex3HayHOM 4YHClle CyMMa LU(]p ThICSY M IECATKOB paBHa 4,
cymMMma LHdp coTeH M eauHHl paBHa 15, a uudpa enuHuu Oonblie
uHdpsl Teicsy Ha 7. M3 Bcex yucern, yAOBIETBOPAIOLIMX YKa3aHHBIM
YCJIOBHSIM, HalTH Takoe, y KOTOpOro cymMMa DpOHM3BEIEHHS LHQPLI
ThICSAY Ha UMpY €AUHHUL U Ipou3BeaeHHe UHdpbl coTeH Ha LUdpy ne-
CATKOB NIPUHUMAET HaUMEHbLIEEe 3HAUeHHE.

OrBerT: 1738

4. 3amuch WIECTH3HAYHOrO 4YMc/a HauuHaercs uudpoi 2. Ecau sty nud-
Py IIEPEHECTH C NEPBOTO MECTA Ha MOC/eIHEe, COXPaHHUB NOPALOK OC-
TaJIbHBIX OATH UUGP, TO BHOBb 10JyYeHHOE YHUCIIO OyaeT BTpoe 60i1b-
1e nepBoHayabHoro. HaliTy nepsoHavanibHo€E YHCIIO.

OTBerT: 285714.

5. Ilpu yMHOXXEHHMH ABYX HATypaJIbHBIX YHCEJN, CyMMa KOTOPHIX paBHa
701, abutypuenTom Oblia nonyiieHa omuOka: uudpa Thicsy Oblia
yBeIH4YeHa Ha 2, a uudpa equHU yMeHbuieHa Ha 2. [Ipu nenenuu He-
BEPHOTr0 NPOU3BEAEHHS Ha MEHbllee U3 JAHHBIX YHCEJ MOJYYHJIOCh B
yacTHOM 587, a B octatke 63. Kakue umcia nepeMHoXan abUTYpHEHT?
OtBerT: 129u572.

6. Ilocie JeneHus HEKOTOPOTO JBY3HAYHOTO YHC/IA HA CyMMY ero LHp B
4acTHOM mosy4aercs 7 U B octaTke 6. [locne aeneHus 31oro yucna Ha
MpoU3BeleHHE €ro UMdp B YacTHOM nony4aercd 3 u B ocratke 11.

Haiitu 3T0 yncro.
OTBerT: 83.
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7.

10

4H,

B BY3HaYyHOM T[IOJIOKHTEILHOM YHUCJIE CyMMa KBaapaTtoB IMop B
2,5 pa3a Goibliie CyMMBI ero 1u$p 1 Ha eIMHULY OoJIbile YTPOEHHOTO
npou3BeieHus 3TUX uUdp. Haiit HauMeHblLee 3HaueHHe 3TOTo Yucha.
OrBerT: 13.

CyMMma KBaapaToB HHUGP MONOKHTENBHOTO ABY3HaYHOIO YHCJIA PaBHA
13. Ecaiu U3 3TOro YMcina BeIYeCTh 9, TO MOJYYUTCS YHCIIO, 3aIHCaHHOE
3THMH e LUHPPaMH, HO B 0OpaTHoM nopsiake. Haitu 3to yncino.
OTtBeT: 32.

3HaMeHaTelNib HECOKPAaTHMOii apoOu Ha 2 Gonblue, yeM YdcauTens. Ec-
4 y npoOu, oOpaTHOH NaHHOH, yMEHBLUWTH YHCIIMTENb Ha 3 H BbI-

YeCTb U3 NMONYYECHHOH ApoOH JaHHYIO ApOOb, TO MONYYHTCH L . Haii-

15
TH JAHHYIO JpOOE.
.3
OTBeT: 5

Hekro poauncs B nesstHaguaroM Beke. B 1901 romy cymma uudgp
YKCNA, BBIPKAIOILETO TOJ €ro POXICHHUS, paBHANACh CyMMe 1U(p
YHCJIa, BHIPAXKAIOILETO KOJTMUYECTBO MPOXKHUTHIX jieT. OnpeaeuTh, B Ka-
KOM TOJly POJIUNICS 3TOT YEJOBEK.

OrseT: 1810.

3anaum Ha Temy «PabGora» ,
3anaqn, B KOTOPBIX KTO-TO BBINOJIHACT HEKOTOPYIO pa60Ty, HJIH 3a1a-
CBA3aHHBIE C HAMOJHEHHEM WM ONMOPOXXKHEHHEM pE3epBYapoB, Harlo-

MHHAKT 3a]a4d Ha IBHXXCHHE.

B 3agayax Takoro THna Bcs paGoTa MM MONHBIA 00beM pesepByapa

aHAJIOTHYHBI POJIK PacCTOSHHA B 3aJayaxX Ha IBHXCHHE, a NMPOHM3BOIHU-
TCJIBHOCTH BBbINTOJTHAOLIHX pa60Ty OOBEKTOB aHAJIOTHYHBI CKOpPOCTAM
JABHXCHHA,

Yacto B 3THX 3agayax oOneM paGOTbI HC YKa3bIBACTCA U HE ABIACTCA

HUCKOMBIM. B Takux ciydasx obbeMm Bceil paboThl ya0OHO MpHHMMATE 32
CIUHHILY.

Brenem 6}’KBCHHI>IC O603Ha‘lCHHﬂ, €AHNHHULBl HM3MEPECHHA H 3aBHCH-

MOCTb TPEX BEJIUYHH.

1.
2.

W

b . .
Pabota 4 (M’, ra, 1, MaluuH, AeTaleH 4 T.14.).

3
IMpoussogurtenbHocTe P — pabota B eauHHLly BpeMeHn (M A ,

ra AET,
Ameﬂa ’ AH HT.A.).

Bpems paboTsl ¢ (4, MMH, CMEHA U T.1L.).
3aBucuMocTh: A = P ¢.
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IIpumep 1

Tpu KaMeHmMKa pa3HOH KBanM(UKAUMH BBUIOKKWIN KHPIHYHYIO CTe-
Hy, npuyeM l-i kaMeHuwk npopaboran 6 4, 2-if — 4 4, 3-if — 7 u. Ecau
Obl 1-if KaMEHIIHK pabotan 4 4, 2-i — 2 4, 3-ii — 5 4, T0 ObUIO OBl BHI-
TIOJIHEHO 2/3 Beel paboThl. 3a CKOMBKO YacOB KAMEHUIMKH 3aKOHYMIIH Obl
KKy, €C/iH Ol OHH paboTal BCe BMECTE OAHO H TO XK€ BpeMs?

Pemenue. '

IMycte Bca pabota paBHa 1. O603HAYMM X, ¥ H z IPOU3BOJAUTENLHOCTh
TIEPBOTO, BTOPOTO H TPEThET0 KaMEHIIHKOB, T.€. TY YacTh paboThl, KOTO-
PYIO Ka)XXIbIH H3 HUX BBHINOJIHAET 32 4ac. :

P (gactb P (4acts
pabotei3a | £ () A pabotbr3a | f(u) A
1 gac) 1 gac)

1 x 6 6x I x 4 4x
nn y 4 4 I y 2 2y
i z 7 7z m z 5 5z

) B v 5
6x+4y+7z=1 4x+2y+52=§
TakuM 06pa3oM, MBI IIOJIYYHM CHCTEMY YpaBHEHHi

6x+4y+7z=1,
4x+2y+5z= %
BeiuteM H3 nepBoro ypaBHeHHs cucteMbl Bropoe. [lomyuum 2x + 2y +

+ 2z = %, xty+tz= l. B 3apaye Hy»xHO HalTH BpeMsd, 3a KOTOpOE

6
KaMEHLIMKH 3aKOHYaT BCIO KJIAJKy CTEHbl, paboTas OJHOBPEMEHHO, T. €.
BEIHYHHY _1 1. 6 u.
x+y+z 1
6

OTrBeT: 6u.

IIpumep 2

MaiunHHCTKa paccyMTana, 4ro eciav oHa OyJeT MeyaTarh eXeJHEBHO
Ha 2 nMcTa 6osiee YCTaHOBNEHHOH AJi HEE€ HOPMBI, TO 3aKOHYHUT paboTy
paHee HaMEYEeHHOro Cpoka Ha 3 JHs; eciu ke Oyner medyaraTs 1o 4 nMcTa
CBEpX HOPMBI, TO OKOHYHMT paboTy Ha S nuel panblue cpoka. CKOJIBKO
JIHCTOB OHa JI0JDKHA ObLIa MmepeneyaTaTh H B KaKOH Cpok?
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Pemenwue.

3arnonHuM TabJIHILY, HCIIO/IB3YH YCIOBHE 3aJJayH.

P (muct/nam) t (oHH) A (UcTHI)
Hopma x y xy
IInax 1 x+2 y-3 x+t2)(y-3)
Ilnan 2 x+4 y—5 x+4)(y-5)

CocTaBHM [[Ba yPaBHEHHs, HCXO/s M3 TOTO, YTO paboTa HE M3MEHHIIACH:
{(x+2)(y—3)=xy,

(x+4)(y-5)=xy.
PacKpbiB B KaXIOM yYpaBHEHHH CKOOKH H IIpHBEs NONOOHBIE, MONTYIMM

2y-3x=6,
4y —5x =20,

x=8,

WIH y=15.

CrnenoBarenbHO, MAIIMHUCTKA HODKHA Oblla epeneyaTats 3a 15 aHei

120 nucros.

O TBeT: 120 ucTOB, 15 OHEH.

IIpumep 3

bacceiiH HanosHAeTCS BOoH U3 ABYX KpaHoB. CHavaia 1-H KpaH Obu1
OTKpBIT 1/3 TOro BpeMeHH, KoTopoe TpedyeTcs UId HaNoMHeHHsa Oacceiina
TOJBKO 4epe3 OAMH 2-H kpaH. 3atem Haoboport. Ilocne 3toro oxa3sanock

HaIllOJIHCHHBIM

13/18 ©Gacceiina.

CKOJIBKO

BpEMEHH

HYXHO s

HanoiHeHHs 6acceiiHa KaKOpIM KpaHOM B OTAENBHOCTH, €Ciid 00a KpaHa,
OTKpBITbIE BMECTE, HAaoIHAOT bacceiiH 3a 3 4 36 MuH?

PemeHnue.

1) P (yactp H6acceiina B 1 u) t (9) A
1
I = 1
KpaH p x
IT xpan 1 1
y y
2) P (dactb Gacceiina B 1 1) t(v) A
1 1 y
I ES ES 2
KpaH . 37 5
1 I x
II kpaun 5 3% 3
Yy ,x_13
3x 3,18
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3) 3u36mMuua=31y +-31 y= 18 q,

5 5
P (uactp Gacceiina B 1 4) t (4) A
| 1 18 18
Tkpan X 5 5x
1I xpan 1 13 18
P y 5 Sy
18
5x Sy
HmMeeM cucteMy ypaBHeHMIA:
Fyx_ B
3% 73 5y 18
5x Sy
O603HaunB %: {, 3aMUIIEM ]-¢ ypaBHEHHE CHCTEMBI B BUE:
1,,1_13 2,23
3l t3;=1g> OTKYAR t—3 Wi £ =3
ry_2 r_3
Taxum 06pazom, o3 Wm =3
_2
Yy=3%
3 y=6
B neppom cyuae 418 . 18 { ’
—t—=1, x=9.
x mx
3
y=3x,
2 y=9
Bo BTOpoM ciyyae <18 | 18 _ { ’
—+—=1, x=6.
Sx 15,
2

OTrBeT: 64,94,

IIpumep 4 ’

bacceitH HanonHsercs 4yeTsipbMa Tpybamu 3a 4 yaca. [lepBas, BTopas
U 4yeTBepTas TpyOsl, paboTas OXHOBPEMEHHO, HanoNHAOT 6acceii 3a 6 4a-
COB; BTOpasi, TPETbs M YeTBEepTasi — 3a 5 4acoB. 3a CKOJBLKO BPEMEHH Ha-
HOJHAT 6acceiiH nepBas U TpeTbsA TPyOnI?

Pemenue.

ITycte V' — obwvem Oacceitna (i), x, y, z, ¥ — MNPOU3BOAUTENBHOCTH
L 11, 111, IV tpy6 coorsercTBeHHO (i1/4). Toraa MMeeM CIIEAYIOLIYHO CHC-
TEMY YDaBHEHHH:
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(x+y+z+u)4=V,
(x+y+u)-6=V,
(v+z+u)-5=V.
CHcTeMa CONEPKHT TPH YPAaBHEHMS M MATh HEW3BECTHBIX. HeT Heob-

XOOUMOCTH ONpenec/iaTh BCEC NATb HECU3BCCTHBIX BCJIH4YHH, HYXKHO HaWTH

JIMLIBb HCKOMYIO BEJIHYHHY: % 9
X+Zz

+
+
+
= = XY=

|
H)—

+
+

A RN RN

HepennmeM CHCTEMY B BHA!

-

< <= Xw
<IN =P S

+
+

BbIuTeM M3 MEPBOTO YpaBHEHUS BTOPOE, MIOJYYHM % = —1—12—
=1 ‘

Briutem u3 NEPBOro YpaBHCHHS TPETHE!:

X _
V=20

x,z2_1,1_2 vo_1s
Torma 3+ =565+ 13 =15 vz 2

OTtBeT: 7,5u.

3agau AJisl CAMOCTOATEILHOTO pPECLICHUSA

JBoe pabounx, paboTas BMecTe, BHIIOIHAIOT BCO paboTy 3a 8 yacos.
IMepBbIit M3 HUX, paboTas OTAENBHO, MOXET BBIMOJHUTH BCIO pabory
Ha 12 yacoB ckopee, 4eM BTOpO#l pabouui, eCiH 3TOT rocneqHUi Oy-
Jer paboTaTh OTAENBHO. 3a CKONBKO YacoB KaX(IbIH M3 HHX, paboTas
OTHEIBHO, MOXKET BBITIOIHUTH pa60Ty‘?

OTrseT: 124,244

Jns 3anonHeHus OacceiiHa OBUIM OTKPBHITHI JBE TPYOBI, O KOTOPHIM
NI0AaBaJId BOAY %
HyT 6acceliH ObLIT 3aMOJIHEH, a BCe TPU TPYOHBI 3aKpHITHL [IpousBonu-
TEJBHOCTh BTOPOH TpyObl B 1,2 pasa Gosblile NPOU3BOIUTENBHOCTH
nepBoi. Hepes BTOPYIO M TPeTbIO TPYOBI, OTKPBITbIE OXHOBPEMEHHO,

jaca, 3aTeM OTKPBLIH TPETHIO TPYOY, U uepe3 S Mu-

bacceliH 3aIMo/IHIETCH 3a 1_96

3allOTHEHHA €T0 Yepe3 MePBYIO M TPEThIO TPYOBI IPH MX COBMECTHON
pabore. 3a kakoe BpeMs 3alONHHUTCA OaccelH, €cld OXHOBPEMEHHO
OTKpBITB BCE TPH TPYObI?

OTBeT: 3a16MuH.

TOTrO BPEMEHH, KOTOpoe TpeGyeTcs utsi
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ABT03aBOJ H3rOTABJIHBAET JIETKOBBIE H TPY30Bbie aBTOMOOWIN. B mep-
BLIi JI€Hb OBLIO U3TOTOBIICHO TPY30BHIX aBTOMOOHMEH Ha 100 mMamun
Gobllie, YeM JIErKOBBIX. Bo BTOpPOil AeHb GBUIO M3rOTOBJIEHO JIErKO-
BbIX aBTOMOOMIEH Ha 150 wTyk Gonblie, YeM B NEpBbId JeHb, a rpy-
30BbIX MamwuH Ha S0 wryk Gonblie, yeM B nepBblii JeHb. CKONBKO
JETKOBBIX M CKOJIBKO TPY30BBIX aBTOMOOMIEH ObUIO H3rOTOBIEHO B
HEPBBIH A€Hb, €CIH BO BTOPOH JEHb OBLIO M3TOTOBJEHO MaHIMH B
1,2 pa3a Gosbliie, YeM B NepBoIi?

OTBeT: 450 u 550.

JBoe pabouux, paboTas OZHOBPEMEHHO, BHINOIHHIM BCIO paboTy 3a
5 nneit. Ecnu 651 nepBbIii pabotan Basoe ObicTpee, a BTOpOiH — BIBOE
MeJieHHee, TO paboTa 3aHsna O6bl y HUX 4 [HSA. 32 CKOJBKO BPEMEHH
BBINOIHKI OBl BCIO paboTy nepBeIit pabouuit, paboTas oquH?
OT1BeT: 3210 gueil

Ha rpy3zoBoM aBTOMoOHie niaaHupoBanoch nepeBe3Td 60 T rpysa 3a
HECKOJIBKO PEHCOB MpH MOJIHOM 3arpy3Ke MamuHbl. B cBA3M ¢ TeM yTo
MauiMHy Kax[bIH pa3 Hegorpyxaiu Ha 0,5 T, IpHILIOCH cAenaTh Ha
4 peiica 6onbuie nnanupyemoro. CKonbko peicoB 6110 caenano?
OTBeT: 24 peiica.

JlBa Hacoca pa3nH4HOH MOIIHOCTH, paboTas BMecCTe, HamoJaHAIOT Hac-
ceHH 3a 4 gaca. JIng HanonHeHus OacceliHa HANOJOBHHY C MOMOLIBIO
OIIHOTO MEPBOTO Hacoca TpebyeTcs BpeMeHU Ha 4 yaca Oosbliie, ueM ¢
MOMOIIBIO OJHOTO BTOPOr0 Hacoca Juls HanonHeHus OacceifHa Ha TpH
4YeTBEPTH. 3a KaKoe BPEMs MOKHO HaMOJHHUTh 0ACCEeHH KaXKIbIM U3 Ha-
COCOB B OTIAECNBHOCTH? '

OtBeT: 164;5 420 MHUH.

JlBoe pabouux 3a cMeHy M3roToBUIIM BMecte 72 metanu. Ilocne Toro
Kak nepBblii paGoyHd yBENUYHN NMPOM3BOAMTENBHOCTE B 1,15 pasa, a
BTOpOii B 1,25 pa3a, oHM cTanu M3roTaBAMBaTh 3a CMeHy 86 neranei.
Cxonbko aetanell M3roTaBiIMBaeT mepBbiii padounii 3a cMeHy mocne
MOBBILLIEHHS IPOU3BOAUTENBHOCTH Tpyaa?

O TBeT: 46 neraneil.

I1aTe yenoBek BBIMOAHAIOT HekoTopylo paboty. IlepBblii, BTOpOll H
TpeTuii, paboTas BMecTe, BBHINOJIHAIOT BClO padoTy 3a 7,5 vaca; mep-
BBIii, TPEeTHH U NATHI — 3a 5 YacoB; NEPBHIiA, TPETHH U YETBEPTHIA —
3a 6 YacoB; YETBEPTHIH, BTOPOH M MATHIH — 3a 4 Yaca. 3a Kakoil po-
MEXYTOK BpEMEHH BHIONHAT BCIO paboTy mATh 4enoBeK, paboTas .
BMecTe? '
OTBeT: 3uaca.



9. JiByM MauIMHHCTKaM ObLIO MOPYYEHO BBINOIHHTH HEKOTOPYIO paboTy.
Bropas u3 HuxX npucTynuia k pabore Ha | yac nozaHee nepsoi. Yepes
3 gaca mocjie TOro, Kak neppas Hayaia paGoTy, HM OCTaBajOCh BbI-
nonHuTh eme 9/20 Bceil paborel. Ilo okoHuaHuH paGoTHI 0Ka3anoCh,
YTO KaXKJas MAaIIMHHCTKA BBINIOJNHWIA MONOBHHY BceH paboThl. 3a
CKOJIBKO 4acOB IepBasi, paboTas OTJENbHO, MOria bl BHIIOJIHHTEL BCIO
paboty? ‘
OtrBerT: 32104
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§2. IOTAPU®MbI. IOTAPUOMUNYECKUE
YPABHEHUA N HEPABEHCTBA

KpaTtkoe u3/10:xeHHe TeOpHH

Onpegenenne. Jlozapugpmom TOJOKUTEIHHOIO YHCIa b 1o OCHOBa-
HHIO a (@ > 0 u a # 1) Ha3BIBAIOT TaKoE YMCIO ¢, 4TO a° = b. Jlorapudm
yucia b 1o ocHoBaHuUIO a 0003HaYa0T TakK: log, b.

IIpumepbi:

1) log,16=4, Tak Kak 24= 16;
2) logs125=3, Tak kak 5° = 125;

12
3) =2, TaK Kak (——) =—;

10 100°
4) logov1 0,00001=5, Tak Kak (0,1)5 =0,00001;

1.
64’

1
log | T4
100

5) log261—4=—6, Tak Kak 2% =
6) log,1=0, Tak kak 7°=1.

CpoiicTBa Jorapu¢pmon

1) a'%a®=p rneb>0,a>0,a=1;

2) logaa=1,a>0,a#1;

3) log,1=0,a>0,a=1;

4) Eciu Yuciio b 1 OCHOBaHHE g JIEXKAT 110 OAHY CTOPOHY OT €AHHHIIBI, TO
norapudm log, b > 0, ecitu o pasHsie cTOpoHBL, TO log, b < 0.

Hanpumep, logp3 < 0; logﬁ 17>0, logm% >0, log,0,25<0.

5) log,b+log,c=log,(bc), b>0,c>0,a>0,a%1;

6) log,(bc)=log,|b|+log,|c|, a>0,a# 1, bc>0;

7 logab—logaczloga%, b>0,c>0,a>0,a%1;

cl, a>0,a#1, %>O;

8) log, % =log, || -log,
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9) klog,b=log,b*, a>0,a#1,b>0;
10) logabk =klog, b, k — HeueTHOe uncno,a>0,a#1,5>0;

11) log, b* =klog,

12) logabzl()gcb, a>0,c>0,b>0,a=1,c#1;
log,a
1

13) log, b= log, a

,a>0,b>0,a1,b#1,;

14) loga,,, b" =%- log, b, num— uedernsie yucna, a>0,a# 1, 5> 0;

15) log,,,b”=— , nUm—uderHple yucna, a# 1,a=0,b=1;b£0;
16) 18c0 10840 4 i 0 gkl c>0,m>0,c l,mel;
log, a logm

17) log,a-log.b=log,b-log.a, a>0,b>0,d>0,c>0,d#1,c#1;
Hanpumep, log; 7-log, 81=1log, 7-log; 81 = 4.
7 7
18) @%® =p'%? 450,b>0,¢>0,c#1.

1
Hanpumep, 2198425 = 2510842 — 252 — 5,

OcHoBHbIE CBOHCTBA
Jorapupmuveckoil QyHKIUHH
Jana pyaxnus y =log, x, a>0,a# 1.
) D(y)=(0;+x).
2) E(y)=R.
3) Ecaua> 1, To yHKIHS BO3pacTaeT Ha (0; + oo);
ecn 0 < a < 1, To ynums yGriBaer Ha (0; +0).
4) Ecoux=1,Toy=0;
eciux>1lua>1,10y>0;
eciux>1ul<a<l,Toy<0;

ecnti0<x<lua>1,10y<0;
ecmn0<x<lul<a<l,toy>0.
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I'padnk norapupmuyeckoii pyHKIHU

VA
y=log,x

1T a>1

y=log,x

0<ax<l

Puc. 17 Puc. 18

IIpeo6pazoBanue JorapupmMuuecKuX BbIPaXeHH H

PaccMOTpHUM HECKONIBKO XapaKTEPHBIX IPUMEPOB.

1. YOpocTHTh BeIpaXKeHHE:!

1 1 2 2 V
a) \/zslogﬁs +49[0g87 :\/510%5 +7logg7 _ [5210g56+7210g78 _
2 2
=J(51°g56) +(7°07%) =V6* +82 =10.

OtrserT: 10.
1 1 4 3 2
6) 8110g53 +27l0g63 +9lu;wg-,3 :3log53 +3log63+3log73 -

4 3 2
_ 34log35 n 3310g36 + 3210g37 - (3log35) + (3log36) 4 (3log37) _

=516 +77 =625+216+49=890.
OrBeT: 890.

B) —log;, (log3 { %) =—log; (log3 2/5) =
5 1 1
= —log; [log3 39 ] =-log; (5 -log, 3) =—log, 3 2.

OTBerT: 2.
r) 361865 | 11182 _ 3logs 36 _ glogg36 lgz _ 36893 _

1
:52+%—362 =25+5-6=24. OTBeT: 24.
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1 1 1 1
{27109 3 + 5]0g49 25 ] i (8110g49 _ 8Iog94 J
)

1
3 + 510g1625 '5l0g53

(33Iog3 2, glogas 49)(92 logg4 _ glogy 9)

345016 3
((3log3 2 )3 + 510g5 7 )((910@ 4 )2 _ (2log2 3 )3 ]
) 3458573 )

_27)#-F) 15 _

3743 =5 =-11.0TtBeT: -1
e) (logy2+log,81+4)-(log;2-2logs2)xlog,3—log;2=

log, 81 1
=(10g32+i'+4]-(10g32 2-L32)-—1-—10g32=

a

log; 2 log,18 ) log,2
4 2log, 2 1
log; 2 . - . - .
( 083" 0g, 2 log, 2 j (log3 2 log;9+1log;2 ) log;2 log; 2

Mycts log; 2 =a, Toraa:

2+al a a
2
2a+a” -2a =(a+2)a a=a+2-a=2.0TtBeT: 2
a(2+a) a*(2+a)
) log 514 +log,14-log, 7 - 2log2
log,14+2log, 7

_(10g2(7-2))2+log2(7-2)~log27—210g§7_
- log,(7-2)+2log, 7 -
(log27+l) +(log, 7+1)-log, 7 - 210g27
log, 7+1+2log, 7
(b+1) +(b+1)-5-26* _
3b+1 B

ycts log, 7 =5, Torna:

b% +2b+1)+(b% +b)—2b*
MUl ) e S AP




lﬁ

2. Beraucnuts log J— J_ +— 1 log J~ b\/; €CJIM U3BECTHO, YTO

a
log,b=14.
Pemenwune.
[lpuBeneM norapuMbpl K OCHOBAHHIO a;

[
1) IOg\/—\/_ ‘ \/5 10g,,x/;—loga(‘/§=
X’ a(\ﬁ;) log, Vb —log, a

2

a
1l p L1y, 1.7
_2 480 3731 375 3
1 1 7-2 ’
log,b-2 5-14-2
2 llogJ—b\/__—l- loga(b\/Z)zl. logab+loga\/; _
4 _ 2
2 l°ga£‘\/2§) logax/g log, a
a
1
_1 log, b+ _ %5 a5 145 _29
4 L1og,b-2 4(%.14_2) 4-(7-2) 20 40
—3.29_5 _1
Y ST w0®
1
OTBeT: g

3. Cpasnurte: log,3 u log, 4.

Pemenue.
I<log,3<2, Tak Kak 2' <3 <22

‘YMHOXHM HEpaBEeHCTBO Ha 2:
2<2log,3<4; 2<log,9<4.

OueBHIHO, N1€BYIO IPaHHIYY MOXKHO 3aMEHHTH Ha 3:
3<log,9 <4, Tax kak 2’ <9 < 2%

1<log;4<2, tak kak 3' <4 < 3%

YMHOXHM HEPaBEHCTBO Ha 2:
2<2logy4<4;
2<logy16<4.

74



OueBHIHO, NPaBYIO rPaHHILY MOXKHO 3aMEHUTH Ha 3:
2 <log;16 <3, Tak Kak 3° < 16 < 3°.

Taxum obpasoM, 3<log,9<4 u 2<log;16<3.
CnenosareneHo, log, 9> log, 16,

log, 3% > log; 4%, 2log, 3>2log; 4,

log, 3> log; 4.

OTrBerT: log,3>log;4.

4. CpasHuts log17 u log;718.
Pemenune.
Beiytem 1o 1 oT KaXI0ro U3 cpaBHHBAEMBIX YHCE:

log1617 - 1; logy718 — 1;
10g1517 - 10g|616; 10g1718 - 10g1717;
17 18
10816‘1‘6; log, 17
17 18 18
Ho logwﬁ > 1og16ﬁ > log;, 17

Taxum oOpazom, loglé% > log;, }—8, orkyna logigl7 — 1 > log 718 — 1,

TO ecTh log;617 > log;,18.

2)

3)
4)
5)
6)

7)

OtBert: logl7 >log,18.

ana)lmenuﬂ AJIA CAMOCTOATC/IBbHOI'O PCIICHHA

1. YripocTuTh:
1
1

2+L =% 2
2 10g32+25210g35+1 .

logﬁ%

27 1+ 4.5%e52 _gles2 100 16,

LJogz4 1
3 logs 3 _9'4log43 +4l+10g425;

(logs2+log,5+2)-(logs2—1g2)-log, 5—logs 2;
(log,5+16logs2+8)-(log, S —4logg, 5)-logs 2 - log, 5;
(logs 7 +9log; 5+6)-(logs 7—3loggs 7)-log; 5 - logs 7;

2log 52 - log 318 —(log, 2)(log, 18)
2log; 2 +1og;18 ’
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log 525 —2(logss 5)-(logss 7) - 3log 327'

8 ;
) 3(logs15)(logs9) - 2log 215-1og 29
logs 9 —logs15 '
2. BBIYHCIHTS:
b
1) log%$+ logm y -‘bl, eciu log,b = 3;
2) o Vb tog — b+ log, V5, ecm logsh =2
Lab a g\/lE La » CCJIH 108, ’
3) log% (%) + logﬁ (a%/l;), eciu logya=9.
3. CpaBHuTs:

1) 2973401 g 39872, gy Toes2 4 6381 JhoesT | e

2) log,7 - log;9 - logyl6 u w; 5) logs4 u log,5;

3) 584 4 cost u 4'98° 4 cos2; 6) log;718 u log;g19.
OtrBetTr:1.1)4; 2)3; 3)100; 4)1; 5)4; 6)3; 7)-2; 8) —;—; 9)2.
2.1)2; 2)2; 3) 16.

JlorapupmMuyeckue ypaBHeHHA
PaccMOTpHM 4acTO BCTpeYalolHecs THIIbI JOTapH(MHIECKHX ypaBHe-
HHHL.

YpaBHeHHs, peliaeMble
¢ MOMOIIBIO onpee/ieHHs Jorapugma

log, f(x)=be f(x)=a’, a>0,a=1.
PaccMOTpHM HECKOJIBKO IPHMEPOB.
IlIpumep 1. Pemnts ypaBHenue log, (x2 - 1) =1.

Pemenmne. ‘
Crnenys onpenenenuio jorapudma, 3aMeHsAeM TaHHOE YpaBHEHHE PaB-

HOCHJIBHBIM: log3(x2 - l)zl; x?—1=3" x2=4; x=42.
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IIpumep 2. Peunts ypaBHeHHe logg (0052 x+ 2,5) =0,5.
Pemenue.
log, (0052 x+ 2,5) =0,5; cos®x+2,5=9";

2 2 1 1 1
cos“x=3-2,5; cos" x=—=; COSX=—= MU COSX=——F,
2 NG NG

x=+Z +2ntn, neZ; x= + T ok, keZ.

4 4
O0a oTBeTa MOXXHO 0OBEIHHHTD:
_n.n
=7 + 2l, leZ.

. x=I_ T
OTrBeT: x—4+21, lel.

Ilpumep 3. Peunte ypaBHeuue log;slogslogslogy x = 0.

Pemenue. Ilycts logslog.log,x = ¢, Toraa log; ¢t = 0, oTkyna
t=7°t=1, 10 ectp

logslogylogy x = 1.

ITycts log,log, x = u, Torna logsu = 1, otxysma u = 3, To ectb logylog, x =3.

IMycts log, x = v, Torpa logyv =3, v =2} v=38.

HNmMmeem: log, x =8, x = 28 = 256.

OtrBeT: 256.

Ilpumep 4.

O P Iy E B E DR
Pemnte ypaBHEHHE logmx—(\/;+\/;+4\/;+l6\/;+...) ¢

PemeHue. YnpocTuM npaBylo 4acThb.

4. 3.3/3.9 /3. __ .
\/;, \/; ; 4\/; ' 16 \/; Do 6eCKOHCqHO yOBIBaroLas reoMeTpuye

CKas IIporpeccHs, y KOTOpoH & = g, q= %

£ 6
Haiinem ee cymmy: S =—3= 4( T BOCIIOJIE30BaBILKCh
1-3

FqIe]
m»—|

s g b
¢dopmynoit S = =g
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10.

YpaBHeHHe PUMET BHA:

_8 3. 4.
Ry Y= 5 6 ¢ OB T 3
4
x:(\4/1331)3; x=31331; x=11.

OTtBerT: 11.

Ipumep 5. Pewnts ypaBrenue Ig(arcsinx)=0.

Pemenue. lg(arcsinx)zO; arcsinx =1; x=%.

. . I
OTBeT: 5

YrpakHeHHs ISl CAMOCTOATE/IBHOIO PeIlCH Hsl
log4(\/;—3)=2; |
log, (x"3 + 1) =1
log, (sin2 2x+ 3,5) =0,5;
logg log; log; log, (‘%) =0;

log4(210g3 (l +log, (1+3log, x))) 2%;

1084;n (cOsx)=1;

2-V2 2-\2

log, x=4| 2-~/2+ + +...;

arccos(rtlog3 tgx) =0

logs (5"+l - 20) =x;

10g3 92x—3 - 310g9 4.

Otsetn: 1)361; 2) -0 3)E+%n nez; 4)-L; 52
k] %’ 8 4 b 3 ]6’ >

1
6) :175+27cn, neZ; 7)256; arctg3™ +nn, ne Z; 8) %+nn, neZ; 91,

10) 2.
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YpaBHeHH, peliaeMble MOTEHIHPOBaHHEM

TToTeHUHPOBaHHEM HA3BIBAIOT MEPEXOA OT PAaBEHCTBA, COAEPXALLIETo
norapudMBbl, K paBEHCTBY, HE COAEPHKALLEMY HX.

- ont = [0

HpH 5TOM cHavana HyXHO pewTh ypaBHenue cuctemsl f(x)=o(x),
a 110 HEPABEHCTBY CHCTEMBI IIPOBOJMTCS OTOOP KOPHEH.
PaccMOTPHM HECKOJIBKO IPHMEPOB.
IIpumep 1. Pemnts ypaBHenue log, (3" -x- 1) = logz'(3x +x— 7).
PemeHnue.
{3*—x—1=3x +x=7, {x=3,
¥ —x-1>0; 3*-3-1>0.
OTrBeT: 3.
IIpumep 2. Pewnts ypaBHenue log, (3’r - 4) =log, (2 —9’).
Pemenue.
3¥-4=2-9%,
{3‘ -4>0.

PemM ypaBHEHHE CHCTEMBI
9" +3*-6=0;3 =t,tornaf +t-6=0,D =25,
=-3wmt=2.

Tonyaum 3" = -3 (xopHeit HeT) um 3* = 2, oTkyaa x = logs2.

IIposepuM HalAEHHBIH KOPEHD 110 YCJIOBHUIO
3*-4>0: 382 _4=2-4<0.

CnenoBaTenbHO, X = 10832 — MOCTOPOHHHUIH KOPEHB.

OTBEeT: KOpHEH HerT.

HHoraa npoile cenaTh NpOBEPKY HaHAEHHOr0 KOPHSA [OACTaHOBKOI B
MEPBOHAYAIEHOE YPAaBHEHHE,

Tpumep 3. Pewnts ypapuenue 21g(x—1)=1g(1,5x +1).

Pemenune. :

21g(x-1)=1g(1,5x +1); l1g(x —l)'2 =Ig(1,5x+1);

(x- 1)2= 1,5x + 1;x2—2x+ 1 -1,5x—1=0; x(x—3,5)=0; x =0 unu
x=3,5.

Ilpoeepxka.

Ecmu x = 0, To 2 1g(0 — 1) = 2 Ig(-1) — He uMeeT cMbIcia, ClieAOBa-
TeJIbHO, X = 0 — HOCTOPOHHHUIT KOPEHb.

[y
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Ecmu x = 3,5, to 21g(3,5 — 1) = Ig(1,5 - 3,5 + 1); 126,25 = 1g 6,25
(BepHO).
OTrBeT: 35.

IIpumep 4. Peints ypaBuenue 2log, % +log, f—;—} =1.

Pemenue.
Haiinem obnacTb DOmycTHMBIX 3HAUEHHH:

Ol13: x & (-o0; —1)U(7; + ).

ITpeo6GpaszyeM HCXOIHOE YpaBHEHHE:

(x—7)2 ~log 2(x+1) (x—7)2 _2(x+1)
(x—1)2 2 x-1" (x—1)2 x—1
(x=7P =20~ 1);x° — 14x + 49 = 2% - 2;
x*+14x-51=0;D=400,x=3 wmx=—17.
Kopens x = 3 He ynosaerBopser O/13.

Kopens x = —17 ynosnersopsier O/13.
OTtBeT: -17.

log, ; X # 1 10 ycnoswuro.

IIpumep S.
Pemmts ypasnenue log, (—sinx)-log, cosx +% =log, V3.

Pemenue.
IpeobpasyeM ypaBHEHHUE K BULY

2log, (—sinx) - log, cos x = 2log, V3 1.
YrnpoctuM npaeyto yacte: 2log, B-1= log, 3 -log, 2 =log, %

. \2
(-sinx)” 3
Hanee pemnM ypaBHEHHE osr —o W BbIOEPEM MHOXECTBO 3Ha-
; cosx
YEHHH X, JUI KOTOPBIX BBIMIONHAIOTCS YCIOBH sin x < 0, cos x > 0.
2 sin® x = 3cos x; 2 — 2cos’ x = 3¢os x; 2cos’ x + 3cos x — 2 = 0. IMycth
cos x = 1, Torna 28 + 3t -2 = 0;

D=9+16=251==23;

1
=2 ==
HIH ¢ 2
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BepaeMcs k nepeMeHHOH x: cos x = —2 (ypaBHEHHE HE UMEET pelie-

-1
- {cosx =5 >0,

sinx <0;

=——;5+21tn, neZ (puc. 19).
Y

N —

7

_I
3 -

Puc. 19

OTtBerT: ——g+27tn,neZ.

YIlpa)Kllelmﬂ AJA CAMOCTOATE/ILHOr0 PCHICHHANA
1. log,(x+3)-log,(x-1)=1; »
logys(x+2)+logys (x+3) =logys3-1;

L

log; (—cosx)—log, sinx + =-logy2;
lgsinx =1gcos x;
log (sin3x +sinx) =log, (—sin2x);

AN S

lgS—Ig(x~3)=1-2lg(3x+1);

Igv2x—4 —lgJx+1-1gdx+5-1g2=0;
8. 0,(3)-Ig(36+ 2\5)- lg2=1g312,5;
9. Ig2x-3|-lgj3x~2|=1;

10. lg(0,2- 3*+2 —50)—lg[37+715J=—

OtrBeTn: 1) 5; 2) 0; 3) +211:n neZ; 4) E+21tn,neZ;

5) 2 2L+ 2nn, ne Z; 6) S; 7) wer kopueii; 8) 36; 9) %Z; g;_ 10) 10.
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YpaBHeHHS, peliaeMble NOACTAHOBKOH

Ilpu peuleHHH ypaBHEHHMii 3TOro THIa HYXHO OOpaTHTh BHHMaHHE Ha

HpHUMephi TONOOHBIX CTAHIAPTHBIX NpeoOpa3oBaHHUI:

1.

2.
3.

log; x=1 umn log3x=2’—

oTKyzAa ! =] unu t:—l.

82

1g? x° =(1gx3)2 =(31gx)’ =91g’ x;

g3 x* = (lgx“ )3 = (4lg|x|)3 =641g} ’x

Ig”x* =k"1g"|x
3
Ig’ Jx =(lg\/;)3 =(%lgx) =%lg3 x;

4
lg“%/; = (%lgx) =—1-lg4 x.

PaccMoTpuM psia ypaBHEHHIA.

, k— deTHoe;

IIpumep 1. Pemiute ypaBHeHHE 2log§ x—5log; x+3=0.
Pemenue.

Iycts logy x=t, Torma 20 -5t+3=0;¢t=1wm t=%. Hmeem:
> OTKyJa x = 3 Wi x=33.
OrBeT: 3 343.

IIpumep 2. Pemints ypaBHeHHE 310g§ x? - 8log;(—x)-4=0.
Pemenue.
log3 x* = 4log3 |x|, Ho Tak kak no ycnosmo x < 0, To |x|=—x.

Taxum obpasom, 12log] (—x)—8log; (—x)—-4=0.
TMycts log;(—x)=1, Toraa ypaBHeHHe NPHMET BHA 127 - 81— 4=0,

3

Hmeem: log;(-x)=1 wmn log3(—x):_l’

3

—x=3"um —x=3_% X=-3 HIH x=—e.
’ B

L

B

Ipumep 3. Pemnts ypaBHEHHE log% x+ (x - l)log2 x=6-2x.

OrBeT: -3; -



PemeHnne.
IMycts log, x =t, Toraa £+ (x—1)t—(6-2x)=0.
PewnM 310 YPaBHEHHE KaK KBaJIpaTHOE OTHOCHTENLHO t
D=(x-1 +46-2x)=x*-2x+1+24-8x=x"—10x + 25 =
=(x-5)’,
_1-x#(x-5)
A —
Orciopat=-2umm ¢t =-x +3.
Hmeem: log, x =-2 unu log, x =—x+3.

-2 1
PemmM nepBoe ypaBHeHHe: x =27°; x = e

t

B neBo# wacTu BTOpOro ypaBHEHHS HaXOJMTCA Bo3pacTaromas QpyHk-
LMA; B MPaBOH YacTH — YyOriBatomas. CnenoBaTenbHo, €Cd 3TO yYpaBHeE-
HHE UMEET KOPEHb, TO OH OyAeT eJHHCTBEHHBIM. JTOT KOPEHb PaBeH 2.

.1
OTrBeT: T 2.
-1
IIpumep 4. Peruts ypaBHEHHE l_og_zx_x__ =2log, Vx -1+ log% x.

log, =
g2 2
Pemenue.
log, x -1 1 2
—=——=2.=-log, x—1+log; x.
log, x—1 2 B2 &2
3HaueHue x = 2 He IBJISETCS KOPHEM YPABHEHH, TaK KaK 3HAMEHAaTelb
IpoOH HCXOJHOIO ypaBHEHMs mpH x = 2 oOpamaercs B Honb. Ilpu
log, x =¢ ypaBHeHHE IPHMET BHJ;
F+1-2=0,
t=-2 win ¢ = | (MOCTOPOHHHI KOPEHB).

N

s ypasrenus log, x = —2 Haxomnm x =272, x =

1
O -
TBET 2

Ilpumep S. Pemnts ypaBHenne log, X’ + logxﬁ 64 =2.

Pemenue.
JanHoe ypaBHEHME PaBHOCHJIBHO ypaBHEeHHIO log, |x| + IOglIf 2=2.

Iycts log,|x|=¢, Torna log|x|2=%; t+%=2; -2+1=0; 1=
log|x|2=l; {x[=2; x=12,
OrBerT: *2.
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Ipumep 6.
8
Pemmts ypaBHenue \/logz (x2 —14x+ 49) +6log,V14~-2x=17.

Pemenue.
B nannom ypaBHeHnu x < 7, tak kxak 14 — 2x > 0. Ilpeo6pasyem noa-
KOPEHHOE BBIPAKEHHE CIIEAYIOMINM 00pazom:

log, (x° _14x+49)8 =16log,|x~7|=16log, (7 -x).

CnenoatenbHO, ypaBHEHHE IIPUMET BUJL:

4,flog, (7-x) +6%-%(log2 2+log,(7-x))=7,
8,/log, (7-x) +3log, (7-x)~11=0.

O603nauns /log, (7 —x) uepes y, nomyuum 3y” + 8y — 11 = 0, orkyna

y = 1. anee umeem ,flog,(7-x) =1, x=5.

OTBerT: 5.
PaccMOTpeHHBIE PUMEPHI IOKA3aTH, YTO IPHMEHEHHE PABEHCTB

log, (f(x))™ =2klog, |/ (x)|(k e Z, k=0)

=L ' .
U log ((p(x))z,( f (x)'— T log| o) f (x) MIPUBOJUT K PaBHOCHIIEHOMY YpaBHE

HHIO, TaK Kak JI€Bas W I1paBasi YaCTH paB€HCTB ONMPEACICHBI NPH OOHUX H
TEX K€ 3HAYCHHUIAX X.

ITpumep 7. Pemuts ypaBHenue log,, x = logg x.

Pemenue. Ilpu nepexone kx HOBOMY OCHOBaHHIO Jiorapuma, co-
JepIKallieMy MEePEeMEHHYI0, MOIYT OBITh Kak NMPHOOPETEHBI MOCTOPOHHHE
KOPHH, TaK M OTEPAHBI.

Eciu  npu  pewenuM  ypaBHeHMs — mpuMeHseTcs  (opmyna

log, ) f (%)
logg(x)f(x)ZW,
peIX A(x)<0 wm h(x)=1.

ITo aToii NPHYHUHE €CJIH MBI B HCXOOHOM YpaBHEHHH nepeifmeM K OCHO-

1 1

TO MOTYT OBITh MOTEPSHBI KOPHH, MPH KOTO-

BaHHIO X, TO TOJYYHM YPaBHEHHE = IS KOTOPOTO
’ P log,(2x) oo 8’
Zx
x
x = 1 — nocroponHuii kopeHb. [IpousolLia MoTeps KOPHA HCXOIHOrO
ypaBHEHMUS.
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[MepeiineM K OCHOBaHHUIO 2 U MOJNYYHM YpaBHEHHE
log,x _ log,x log,x  log,x
log, (2x) logz(%)’ 1+log, x  3-logyx’

1

Iycts log, x = y, Torna y(l+y 3=y

) 0; orkyna y =0 unu
11
l+y 3-y’
IIpuy =0 log,x=0, x=1. MMpuy=1 log, x=1, To ectb x=2.
OTtBeT: I;2.

3—y=1+y,y#3,y#-1;y=1.

anaslmemm AJIF CAMOCTOATCIbHOIO PCIICHUSA

1. logXSJ_S--l,ZS:logi\/g; 6. Ig2x—lgx*=1g’5-4;
19242
2. 1—1—%=lgx4+5; 7. 1gtx+1gx+1= 7 ;
x- x
g g lglo
Ig(6—x) 1 2.3
3. = ; 8. | —-10lgx+1=0;
2 3lg(6-x)-1 gy e
4. (lgx)2-1gx3+2=0; 9. 271g’/5x =1g(5x);
1+lg(x—l) 1

+ =— 10. 13 36x2 =8l1g(6x).
e (1) TTe(xm) 365" =8lg(65)

Orsetn: 1)5; ¥5. 2) 0. 3)6—3 01; 4. 4)10n100.5)1010.

- 6) 20 1 500. 7) 100. 8) 310 u 10. 9)% 10) L

: 50 3°60°

YpaBHenns, pemaembie JJOrapupmMupoBaHuemM

Ypaeuenus Buga x'%* =100; x°8* =9; e =(3/;)X M T.I. pelua-

I0TCA, KaK MpaBWiIo, JorapudpmupoBanveM obeux dacreil. Ecim B

NOKa3aresie CTEMEHH CONCPKHUTCA JlorapugM, To 00e 4HacTH ypaBHEHHS

JorapuMHpYIOTCA [0 TOMY OCHOBaHHIO, KOTOpPOE COIEpXHTICA B

OCHOBaHUH JIoTapH(Ma, HaXOAALIEMCS B [10KA3aTENIE CTENICHH.
PaccMOTpuM npuMepsl.

3
Ipumep 1. Peiunts ypaBHeHHe K& = slex — f10,
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Pemwenune.

O6nacTh NONYCTHMBIX 3HA4YEHHH HEM3BECTHOTO OINpeJensercs Hepa-
BeHCTBOM x > (. CuHTad, 4TO x NPHHAMIEKHT ITOH OONACTH, MOXHO
obe wuacTH Jorapu¢MHpOBaTh, HampuMmep, MO OcHoBaHuio 10:
(21g3x—1,51gx)-1gx=%.

O603HaunB Igx =1, monyunm: 4' — 3£ — 1 = 0. Pemuns GuKBagpaTHOE
ypaBHeHMe, HaiineM 3HaueHus f ¢==*1. Takum obpazom, lgx=1 wmwm
lgx=-1;x=10 umnx =0,1.

OtBerT:10; 0,1.

~lg(20-2
Ipumep 2. Peunts ypapHenue 0,1 8(20-2x) _ 5

Pemenue.

061acTb JOMYCTHMBIX 3HAUEHMI HEH3BECTHOTO X OMpeAeNseTcs Hepa-

BEHCTBOM x < 10.
lg(O,l_ lg(2()—2x) ) - lg 2’

—-lg(20 - 2x) -1g0,1=1g2;
1g(20-2x)=1g2; 20-2x=2; x=9.
IpoBepka NoATBEPKAAET, 4TO 3HAUEHHE 9 €CTh KOPEHb JaHHOTO ypaB-

HEHHS.
OTrtBeT: 9.

IMpumep 3. Peumts ypapHenue x'°%2 £-logh 43 _ y-1

PemweHnue.

OOnacTh JOMYCTUMBIX 3HAYEHUH HEM3BECTHOTO X OMNpeAenseTcs Hepa-
BeHCTBOM X > (. CyuTas, Yyro X MPUHAJIEKUT 3ITOH 00JaCTH, BBITIONHHUM

cienyoiye npeobpazoBaHus:

log, x3flog§ x+3 -1
log, | x 2 =log,x";

(3log2 x— log% x+ 3) -log, x =—log, x.

Iycty log, x=t¢, Torga £ =32 —4r=0; orkyaa t = 0, wm ¢t = -1,

Wi t =4.
IMonyunm
log, x =0, x= 11’
log, x =-1, WA x==,
2
logy x =4 x=16.
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[IpoBepka moaTBepXKAAET, 4TO 1, % d 16 ecTh KOPHU JaHHOTO YypaB-

HCHHA.

OTBerT: 1; 16.

1.

—2' s
N ) X

IIpumep 4. Peuts ypaBHEHHE x‘/; = (\/)_c ) .

Pemenue.

O6nacTh JOMYCTHMBIX 3HAYCHHH OMpeNeNseTcss HEPaBeHCTBOM x > 0.

Cuuras, 4YTO X TPUHALIEKHUT 3TOH 00NacTH, MOXKHO 00e YacTH HpoJora-
pudMHPOBATE:

\/;lgx =%xlgx; %\/;(Z—x/;)lgx =0.

Otkyna
lgx=0,
Jx =0, U 0,
2-Vx =0; 4.
3HayeHHe HEU3BECTHOrO x = () HE YIOBJIETBOPAET YPABHEHHIO, TaK Kak
0° He uMeeT cMbicia. [IpoBepKa MOATBEPHKAAET, YTO 3HAYCHUS HEH3BECT-

HOro 1 4 SBJIAIOTCA KOPHAMH YpaBHECHHS.
OrBeT: 1u4d

1,

% =% %
i

YHpa)Kllelnm A/ CAMOCTOATE/IBHOIO peIICHHN S
1 -3
x OgJ;(x ) — 4;

xlog\/;(x—Z) = 9:

4log%x — 1+log2x;
lg(25x) =16;

xlogﬁx =3. 2310g6x~2;

lgx
J})g = J100x:

1
logy x
x2

N VAW N =

.
——

log2 X

=24

4 ]0g2 x .
8. (;) =X, YKasaTb MEHBbIIHA KOpEHb,

)log2 (x+1) _

9. =2, yKa3aThb MEHBLIHH KOPEHb;

Ig x+5
10. x 3 =10°""8*
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OtseTn: 1)5.2)5.3)1;2; ——. 4)0,01;4.5) 2. 6. 6) 0,1; 100.

NG)
7)) 4“5; 42, 8) 1.9)-0,5. 10) 1000; 0,00001.
YpaBuenust B2 logqy a=b
1
3T0 ypaBHEHHE PaBHOCH/ILHO YPaBHEHHIO [ (x) =a’ npua=l.

Tipumep 1. Peuns ypasrenue log, 34 = 0,1(6).

Pemenune. OOnacts J0NycTHMBIX 3HadeHHH ‘omnpesensercs

. (x>0,
CHCTEMOIA
#1.
Ipeobpasyem npaBylo dactb ypaBHeHus: 0,1666... = o. YMHOXHM
obe gyacT 3Toro paseHcTBa Ha 100 u Ha 10:
16,666... = 100c; (1)
1,666... = 10c. 2)

Boiutem u3 paBeHcTBa (1) paBeHcTBO (2):

15 =90a, oTkyna o :%.
' 6

Takum obpazom, log, ¥4 =%, x=(3f4{ ) ; x=16 — ynmoBneTBOpseET

o13.
OTBerT: l6.
IIpumep 2. Pewnts ypasaenue log, 830,25 = 1?
Pemenune. OOnmacte OONYCTHMBIX 3HauY€HHH OMNpeaeNseTCs

>0,

. |x
CHCTEMO}H
{x #1.

fef O

3 2\
x=(8-50,25)‘3, x=(23-2 5] ; x=2 — ynosnerBopset O/13.

OrBerT: 2
IIpumep 3. Pente ypaBHEHHE Ing2+6x 1=3.

Pemenune. VYpaBHEHHEe HE HMMeeT KOpHeH, Tak Kak Jiorapupm
€IAMHHMIBI IOKEH OBITh PaBEH HYIIIO.
OTBeET: KOpHEH HET.
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Ipumep 4. Peumnts ypaBuenue log , 1=0.

PemeHnue.
PenleHMeM JaHHOTO ypaBHeHus OyzerT nioGoe 3Hauenue x uz O/I3
YpaBHEHUS.

X2 +6x>0, [x(x+6)>0,
x2+6x¢1; x> +6x-1%0.

X +6x-1%0,
x¢—3i\/m.

OTrBeET:

(—oo;—3—@)&)(—3—@;—6)u(0;—3+«/ﬁ)u(—3+\/5;+oo). .

ana»cﬂemm AJi CAMOCTOATE/ILHOI'0 PCIIEHHA

1. 2log,, 2=1; 6. 1ogx(‘\‘/ﬁ)3=%;

2. log,36336=2,(6); 7. 1ogx256:4.(2_ﬁ+2:/5*5+2‘2‘/5+..j
3. log,2401=4; 8. log,.s5=3;

4. logx225=%; 9. log,, 1=0;

5. log,0125=1,25  10. log, ,1=0.

Otreserni: 1)2;2.2)6.3)7.4)3375.5)16. 6) 500. 7) 2. 8) pewennii
HeT. 9) (—00;—3—\/§)U(—3—\/§;—5)U(—1;—3+\/E)U(—3+\/§;+(D).
10) (2;3)u(3; + ).

YpaBHeHHs, pelllaeMble ¢ HCII0JIb30BAHHEM Pa3IHYHbIX
cBolicTB Jorapugmos

Mpumep 1. Peunts ypapuenne 9'°8"8* =1gx - 21g? x + 4.

PemeHnue. IIpumenum popmyny
a'%8c? = plogca (@>0,6>0,c¢>0,c#1). Honydum

(1gx)°®° =1gx—21g% x +4;
lg?x=lgx—-2lg’x+4; 3lg’x-1gx—4=0;
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lgx=-1, x=0,];
{lgx=%, [x:l()m.
IloncTaBHB 3TH 3Ha4€HHA X B HCXOJHOE YPAaBHEHHE, YBHIUM, YTO
10410 — KOpEHb ypaBHeHHs, a 0,1 — Her.
Orser: 10310.

IIpamep 2. Pemnth ypaBHeHue 3log,, x = 2log,, x2.
Pemenue. Hcnonssys popmyny

log,a

log, a= og. b (a>0,6>0,c¢>0,b#1,c#1), npusepem norapud-
C

MBI K OCHOBAHHIO 3:
log;x ). 2log; x

T+logyx ~ 2+logyx
[Iycte log, x =y, Toraa 3—y=—iy——;
+y 2+y
6y + 3y =4y + 4% ' ~2y=0;
[y:O, [log3x=0, {x:l,
y=2, log;x=2, x=9.

IIpoBepka noaTBepxAaET, YTO 3HAYEHHA X = 1 M X, =9 — KOPHH HaH-
HOTO ypaBHEHHA. ’
OrBeT: 1;9.
Ipumep 3. Peurnts ypaBHeHHE log g (2x2 +x- 5) +log,; (1+x)=0.
7
Peuwenue. Ucnonssys popmyny

log,, a= %logb a(a>0,b>0,b+1), nonyunm

S1og; (257 +x-5) - log, (1+x)=0;

log7(2x2+x—5)=210g7(1+x);

10g7(2x2 +x—5) =log;, (1 +x)2;
sz+x~5=]+2x+x2;x2—x—6=0;

Bz'}z X = —2 — [NOCTODOHHHH KODEHb, TAaK KaK BBIDDKCHHE

log, (1+x) Tepsier cMbic npu x =—2.
7

[IpoBepka MOATBEPHKAAET, YTO YHCIIO 3 — KOPEHb YPaBHEHHA.
OrBerT: 3.
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)
Tpumep 4. Pents ypaHeHue 6°86% + x'°86% =12,

Pemwenue. Obnacts NOMycTUMBIX 3HAYEHHH ONpEJENAETCs Hepa-

BEHCTBOM X > 0.

C‘lHTaﬂ, YTO X NMPHHAIICIKHT 3TOI 06ﬂaCTPI, BBINOJIHHM CIIE€OYIOILHUE

TIpeoOpa3oBaHuUA:

10.

(6l°g6‘)log6x +x19B6% =12, loBe¥ | yloBex — 9. yloBe¥ — ¢

logg x =logg 6; logé x=1; oTkyna

[Iog6x=1, |:x:61;
loggx=-1, x=c.

O6a 3Ha4eHHA BXOJAT B 00JaCTh ONpeNeNeHHs.

IIpoBepka NOATBEPKAAET, UTO 6 U % KOPHH JaHHOT'O YPaBHEHHS.

OtrBeT: —;6.

N~

anaalmemm AJIA CAMOCTOATC/ABHOIO PCICHHSA

log, Yo+ 2log, (xé/g) + (logx Q/ﬁ)z 2
logy x* +log 427=2,5;

logy(x* ~2x) ~logy * 2 = 2;

log, (x2 +9) —loggx =6x—x> —8;

log, 2-log,, 2 =log,, 2;

logg (2\/;+1 - 3) =logglogy; 9% —ﬁ/ég—logé 4,

log, x+log, x +log? x =%logx x;
2

log s Sin x +logg, . cosx —2=0;
3log 4+2log,, 4+3log,,4=0;

log, (x+2)* +log, (x+ 10)2 =4log, 3.
1 _4
OrsetTn: 1)33;315 2)+3;+427.
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3) (~o3-1)U(=L0) U(2+w). 4) 3. 5) 272,272 6) 1. 7) % ul

8) Z+2nk, keZ. 9) %% 10)-11;-1; -6+ /7.

JlorapupmMuuecKkHe HepaBeHCTBa

HepaseHncTtBa Buaa log, f{x) > log, g(x)

Pemenne Takux HEPABCHCTB CBOJAHUTCA K PEIICHHIO OJIHOM M3 CHCTEM,

paBHOCHJIbHOﬁ JAAHHOMY HEPABEHCTBY B obnactu JAOMYCTHMBIX 3HaYEHHH
”,

HEM3BECTHOTO:
a>l, O<ax<l,
f(x)>g(x), mmu < f(x)<g(x),
g(x)>0, f(x)>o0.

PaccMOTPHM HECKOJIBKO [IPUMEPOB.

Ipumep 1. Pemuts HepaBeHCTBO logg 4(2x —5) > logy 4 (x +1).

Pemenue.
JlaHHOE HEpaBEHCTBO PABHOCHIIBHO CHCTEME

0<0,4<1, 6
2x-5<x+1, {x<2’5 WIH 2,5 <x<6.
2x-5>0. x>20

OTtBeT: (2,5;6).
Mpumep 2. Pemmts HepasencTBo logs (3x —1) > logs (2x +3).
Pewenwue.
JIaHHOE HEPAaBEHCTBO PABHOCHIIBHO CHCTEME
5>1,
<3x—-1>2x+3, {
2x+3>0.
OtmeT: (4+).

x>4,

oTkyna x > 4.
x>-1,5;

anamneﬂuﬂ JAJiA CAMOCTOATEIBHOI0 peHICHHNA

1. log,,(2x—5)>logg 4(x+1). 4. logy3(2x—4)>logg3(x+1).
log,(3x—1)>log,(2x +3). 5. logysx>log,(3-2x).
lg(2x —3) > lg(x +1). 6. log,(4x-7)>log,(x+2).
3 3
Otsern: 1)(25; 6); 2) (4 +x); 3) (4; +x); 4) (25 5); 5) (05 1);
3.
6) (1733).
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HepasencTBa Buza log, f{x) < log, g(x)

OTH HepaBeHCTBA PABHOCKIIbHBI OIHOM H3 CHCTEM:

a>l1, O<ax<l,
f(x)<g(x), wm § f(x)>g(x),
f(x)>0, g(x)>0.

Perium HECKONBKO IIPHMEPOB.

Tipumep 1. PelnTh HepaBeHCTBO logy, (x2 +x— 2) <logg, (x+3).

Pemenue.
JlaHHOE HEpaBEHCTBO PABHOCHIILHO CHCTEME
0<0,1<1, '
x2 | -3<x<—/5
x> +x=2>x+3, {x >3, orxyna{ ¥s,

x>5.

x+3>0; x>-3,

OTtBeT: (-3; -\/E)u(ﬁ;mo).

IIpumep 2.
PeiinTh HEPaBEHCTBO logm (x + 4) < log\ﬁa (x2 -x- 20).

Pemenue.
JlaHHOE HEpaBEHCTBO PABHOCHIIBHO CHCTEME

\/E>1, "
x> —x-20>x+4, {x —2x-24>0,
x+4>0; x>-4.

Pemum ypaBHeHHe -
x*—2x—24=0;
x=1=%5.

MosTomy {9:;44)@ -6)>0,

OteeT: (6;+).



ana)xnelmn IJif CAMOCTOATC/IBHOI'O PCLLICHHSA

log,(3x-1)<log,(2x+3). 4. lg(B3x-7)<lg(x+1).
logy s (x +4) < log s (x* — x - 20). 5. log, fz 12; <log, x.

log 4 (x +1) <log 4(2x - 5).

Otpern: 1) (%;4); 2) (5: 6); 3) (2,5 6); 4) (2%;4] 5) (iz

J

NI'—‘

HepagencrBa BHaa logyf(x) > a BaH logeflx) <a

Peiwenne kaxxaoro us HEPABCHCTB CBOAHUTCH K PCHICHHIO ABYX CHCTEM,

PaBHOCHJIBHBIX JaHHOMY HEPAaBCHCTBY B obnactu OOITYCTHMBIX 3HaYCHHIt
HEHU3BCCTHOIO.

94

Hon HepasencTBa log,, ( )>a uMeem:

{g(x)>l, - {0<g(x)<1,
/(x)>(g(x) 0</(x)<(g(x))".

Ans nepapenctsa log,(,) f (x)<a umeem:

{g(x)>1, . {0<g(x)<1,
0</(x)<(g()" " |1 (x)>(e(®)".

Peuninm nanee Heckonbko HECPABCHCTB.

ITIpumep 1. Pemnts HepaBeHCTBO log, 4 (x2 —-4x+ 3) <0.

Pemenue.

JlaHHOE HEpaBEHCTBO PaBHOCHIIBHO COBOKYITHOCTH JBYX CHCTEM:
x=3>1,

a) {x? —4x+3>0, wn 6)

{0<x-3<1,
x?-4x+3<1;

w2 —4x+3>1.

Pemnm nepByio cucremy:

LY

x> 4, 4 X

2 LU QU

x2 4x+3>0, 1 3 ~
x°—4x+2<0. LY .



¥ —dx+3= 0,

x;1=1 v x;=3.

X —4x+2=0;

X, ,=2% V2.

Cucrema pellicHHH He UMeeT.
Pewnm BTOpYIO cHcTeMy:

3<x<4, 3 4 X
x?—4x+2>0. Ul

Ortxyna 242 <x<4.
OtseT: (2+2;4).

IIpumep 2. Peniuth HEpaBeHCTBO IngZ—x— s (x + 2) >0.

Pemenue.
310 HEPAaBEHCTBO PABHOCHUIBHO COBOKYITHOCTH JIBYX CHCTEM:
2 2
x —x-5>1, — O0<x"-x-5«I1,
x+2>1 O<x+2<l1.

Pemum nepByo cucremy:

x2—x—6>0,
x>-1;
xz—x—6=0;
D =25,

x=3umx=-2.
CnenoBatensHo, x > 3.
PewuuM BTOpYIO CHCTEMY:
) x?-x-5>0,
O<x“—-x-5<I1, xz—x—5<l,
O<x+2<]; D<x<—l:

2 rosso (x_l_sz(x_Hzm}o,
x2—x—6<0,
-2<x<-l; (x=3)(x+2)<0,

—2<x<-1.



CrenoBaTensHo, —2 < x < 1;‘/—_2—1 )

2
OTBeT: (—2; 1—\/2_1})(3; +00).
2

Ynpaxkuenus 1Jis1 CaMOCTOATEIBLHOIO pellieHus

1. log,(2+x)<l. 4. logy,, (x* —8x+16)>0.
2x+0,4 8—12x

. . . ——F25.
2. log, S0-x) > 5. log, -6 5

3. log, ,(1+2x* —x%)>0.

Orpern: 1. (=2, -DU=1; 0)(0; 1DUA2; +o); 2. (0;%);

W

C(5N2); 40135 4)ud; S)u(s; +x); S. (%;l)u[2;6).

HepaBencTBa, pelaeMbie ¢ IOMOLIbI0
BBeJICHHS HOBOH nepeMeHHOMH

Ipumep 1. Pemnts HepasescTso Ig? (—x) +lgx? -3<0.
Pemenue. :

Ig® (—x) +21g|x]- 3 < 0. Tak kak 1o ycnosuo x < 0, 10 |x|=~x.
CrenosatensHo, lg” (-x)+2lg(-x)-3<0.

IMycTe Ig(-x)=1, Torna HEPaBEHCTBO IPUMET BHA!
?+26-3<0, 2 +21-3=0,

t=1, 77777777777/ BN
L=—3, 3<t<]. 3 1 f

BepHeMcs K iepeMeHHOH Xx:
-3<lg(-x)<1,
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1072 <~x<10', 0,001 <—x < 10.
OTtBeT: (-10;-0,001).

IIpumep 2. Pemints HepaBeHcTBO log, log, ;T—)lc >-1.

Pemenue. Ilycrs logz% =y, TOrga HEPaBEHCTBO IPHUMET

Bux: log, y > -1, otkyza y > 2‘1, y> %

x—1
2—-x

X—l >J§’ x__l_\/i>0’
2—-x 2—x

— + [
77777)77777/ B
3-42 2 x

PemieHusAMH 3TOro HepaBeHCTBa OyayT BCE 3HAYEHHA X U3 IPOMEXKYTKa
1+ 242
1+ \/5

VYIpoCcTHM BbIpaXKeHHe
1422 _(1+22)1-V2) _1-V2+22-4 _;_f5
1442 (1+2)1-2) 1-2 '

OTBET: (3—\/5;2).

x-—1 >2%
2—-x ’

x(1+J§)—1-2J§
5 >0.

- X

Taxum obpaszom, log, >%, OTKyna

<x<2.

2 -— —_—
ITpumep 3. Peiinth HepaBeHCTBO E—Jlfé—;—lgi—f—‘l >1.

PemeHnue.
ITycts Ig x = a, Torna HepaBeHCTBO PHUMET BHA
a*—a-4 a*-2a-3 (a+1)(a-3)
-1>0, >0, >0.
a-1 a—-1 a-1

a*—a-4
a-1
Taxum obpasom, -1 <a< 1w a > 3.
Bosgpaiance k nepeMEHHOH X, MOJyYHM:
—I<lgx <l umm 1gx > 3;
0,1 <x < 10 miu x > 1000.
PemenveM mannoro HepaseHcTBa OyJyT BCE 3HaUE€HHMS X M3 IpoMe-
xyTka (0,1; 10) 1 Bce 3HaYEHHS X M3 NPOMEXKYTKA (1000; + oo).

Oreet: (0,1;10)U(1000; +0).

>1,

97



anaxmemm AJI CAMOCTOATEC/IBHOIO PCLICHH A

1. Ig2(~x)+1gx? —3<0. 4. 10g1x>10gx3—%.
: 3
log x*
2. log,x-2log,2+120. S. logx8+10gx8<—22—.
2 s log,x" -4
1—10g4x<l :
l+log, x ~ 2°

OTBeTs: 1)(-10;-0,001); 2) [0,25; 1)[2; +ox);
3) (05 0,500 [ V23+0); 4) (03 DU(3:9) 5) (03 2)U(d; +<).

Hepanencrna, pemacMbi¢ METOAOM MHTCPBAJIOB

ITpumep 1. Pewints HepaBeHCTBO 2x-3 >0.

log, x
Pemenue. PemwnM 1aHHOE HEPaBEHCTBO Ha 00JaCTH JOIMYCTHMBIX
>0,

- X
3HAYEHHIA:
21.

3anper:::r::::+::::::m " !:!!!+!!!!!
0 115 o
Oreet: (0;1)U(L,5; +x). ‘

log,, (x+2)
V5-4x-x*

Pemenue. Haiinem o6nacts 1onyCTHMBIX 3HAYCHHUIA:

IIpumep 2. Pemints HepaBeHCTBO <0.

x+2>0,
{5 —4x-x2>0;
—_—
x>-2, -2 x
{xz +4x-5<0; e, .
_5 1 x

Ob6nacTei0 JOMYCTHMBIX 3HaYE€HHMH ABJIAIOTCA BCE 3HAYECHHA X M3 HH-
TepBana (-2; 1).

Yucnutens apobu obOpamaercs B HoMb npH x = —1, Tak Kak
logg, (—1+2)=logy,1=0.
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——o— UM
-2 -1 1 x
log(,,1 2

Ecau x =0, To <0.
J5
OtBerT: [-1;1).

V2x+1 >0

IIpumep 3. Peniuts HepaBeHCTBO W 20.

Pemenne. Halinem o6nacTh HOIyCTUMBIX 3HAYEHHI:

LI

1 1
2x+120, X2 -7, -2 *
x+1>0, WM $ x> =1,  —JLLLUL YL,
2+logys(x+1)#0; x#3. -1 x
LU LI Y Iy
3 X
-1 .
on3: [—5, 3)u(3, +o).
Pewnm HepaBeHCTBO MeTOOM HHTepBasoB Ha OJ13.
+ —
SAMPET /110101144
-1 3 x
2
Ecmu x =7, 10 log, s8=-3. .
.1
OTBerT: [ 2,3).
YnpaxHeHHs AJI5 CAMOCTOSITEJILHOTO pellieHHs
1. ——~“x+3220. 4. — 21 <o
log, x log;(9-3%)-3
2x-3 ' x-5
2, &=—>0. . ——————2>0.
log2x> 5 log ;(x-4)-1
3. 3x=2
logo,5 x

OTB eTH: 1) [3; =1)u(1; +o0); 2) (0; 1) (1,5; +c);
3) (O:2)U (5 +); 4) [log; 0,9;2); 5) (4++/2;+20) U{S).



a)
0)

100

KonTpoabHbie padoThl

Bapuant Ne 1

1. Pemuts ypaBHEHHE:

21082);—__Z +log, ﬁ—i—% =1;
2logg(2x)+ logg (xz +1- 2x) = %;

1 .
log, (3 —4x? ) ’
2+lg(4+x2 +4x)—lg(36+x2) =21g(2+x);

8x 2x
4+2log,[1-—X — | =log +210g —
\/ 2[ (1+2x)° ] ?2x— J_

logs, .7 (9 +12x+ 4x2)+ log,,.s (6x2 +23x+ 21) =4,
x21gx - 10x2;

(J;)logsx—l s

2. PeninTh HEPaBEHCTBO:

log, 5 (2(x2 —10x+ 24)) > log, o) (3% -9);

1¥log,(x=3)
log(,1)3

log, (2x+5)< log1 (x+2)-1
3 1

log, , - (9 - 16x4) =2+

<log;(2x-3);

x+4|- |x|
lo 08,2,953 x—1
Bapuant Ne 2

1. Peluuth ypaBHEeHHE:
lg(x+1,5)=-lgx;

-1

Ig(5-x)+2lgV3-x=— loggxx >
lgz x+logg = —

gS g88 10g§8




B)
r)

n)

e)

x)

6)

B)

a)
6)

logx+2 3= 2

log, (3x—1)—log, (2x- 1)—log2(5x+3) log, (3x+1);

4log (—x)+2log, (x ) =-1;

2
x2ET 21047,

o (VR

2. PemiuTs HEpPaBEHCTRO:
logy 5 (x +3) <logg s (x+15);

logx(—x2 +x+2)+1<10i)-c—————1-;

log; 3

log, (x-3)- logl(x+3) log,,32>0;
2

x-3

(x—Z)IOgJE(x —5x)>2x—4.

Bapuaur Ne 3

1. Pemiuthb ypaBHeHHe:
log, (2x2 —4x+ 3) =2

lg(\/m+ 6) =‘10_j_"1_0‘§

Ig8-lgVx+6 =1gl6—lg(x-2);
log, x +log, x+logg x=11;

Ig x+5
x 3

=105,

2log, 27-3logy; x=1;

log, (4’r + 4) =x+log, (2”1 - 3);
30837 4 ylowsr _ 162,

2. PelunTh HEPABEHCTBO:

logoj2 x+logysx—-2<0;

log}___l 0,3>0;

x+5

B) log,(x+7)>log,(x+1);
r) logy(4*+1)+log,. 3>25.
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a)

6)

0)

B)

r)

)

€)

102

Bapuant Ne 4
1. Pewiuthb ypaBHEHHUE:
2log, x+log, (3-x)=1;
log, (6x~8) =1;
2
log, Yo + 2log, (x%/g) + (logx 3/8—1) =22;
2|10g2 x| -3
2x- 2x-3
(2x-3)77 =(V2x=3)
logx2+6x 1= 3;
log, xlog, xlogs x =log, xlog, x + log, xlogs x + logs xlog, x;

(x2 log, 27)-log9 x=x+4.

2. PeluTh HEpaBeHCTRO:

log, (|x-2|-3)>0; B) logx_3(x2—4x+3)<0;
T2
(x-3) 2
log, 31 <l r) lg“x+3lgx-420.
Bapuant Ne §

1. Pemuts ypaBHeHHE:

log; (\/x—2 +1)+(x+ x> —logs(vx -2 +1))x
><(x2 —9x+7+\/x2 —log, (\/x—2 +1))=0;

Jlogz (2% log, (16x) = log, ';

(l+logx4]_—0x)-lgx=1glg103 -1
2-4log,2 | _ logg(8-x)
log,(x+2) " logg (x+2)’

x? log6\/5x2—2x—3 —xlogl(sz —2x-—3)=x2 +2x;

6

X
5% .8%+ =100;



x)

3)

3)

1083~ 1og, Vx +log2x=3;
X
log, 3
O,I—Ig(20—2x) -2

2. PemuTh HEpaBEHCTBO:

log; log, log, ;—;; >0,

2* ~2|~[log, x~1|<2* + logy x - 2;

10g2_sinm (x3 + 2x2) < 210g0,(6) 25x - 10g2 ZIOX;
3

log,, (x3 + l)logm x>2.

Bapnant Ne 6

1. Pemnuts ypaBHEHHE:
log, 2, (x2 - 4) =log, 2 (x2 - 4);
log, (log0,52 x—3logysx+ 5) =2;
x2lg3 x-15lgx _ «/]_0;
log2 x* —2log, x — gloes22 _ 0;
log,, ,5=3;
logy (3—x)—2log; 2=1-log; (4—x);
log,2+log, 2=log , 2;

16 64

log, (1 + logb(l +log, (1 +log, x))) =0,

a>0,b>0,c>0,p>0,a=L, b=, c=], p=l.

a)
6)
B)
r)

2. PemiMTh HEPaBEHCTBO:
x+3>log, (26 +37% );

log, x—2log,2+120;
log, 5 (x2 —4x+ 3) <log, 3 1;
log,,(5-x)>1.
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6)

a)
6)

104

Bapuaunt Ne 7

1. Peuruts ypaBHEHHE:

log, log, logz(l—f;):O; - 1 (log,3+1)-logix=2;

. 2 2_ 1+%log54'
lOg(longs_)3_l’ €) 510g3(10g2x —1) =5 ;
log _, %:0,1(6); x) el =10x>;

Ig(x* —6x+9)-2lg(x-2)=2lg3; 3) 3.xB* =9,
2. PenimnTth HEPABEHCTBO:
(x-3)-log, (x+5)20; B) 4x-10g5x>(x2+3)10g5x;

7
log, =L <1, log 5 (4x+5)<I

85— <k r) ngz( x+5)<1.
Bapuant Ne 8

1. Pemiute ypaBHeHue:

1y_2.
8,53 )=3:

1 p—3,
x2+log3x =27;
log,(x+3)—log,(x—1)=2-log,8;
log x +2log, Vx —2=0;
log, (4I+l +4)~log2 (4‘+1)=10g | l;
5 V8
2
log, ;3=2;
x28x 1052,
2. PeLunTh HEPABEHCTBO:
2

2 . lg”x—lgx—-4 .
logz,x(Sx 4x)>0, B) Tgx-1 >1;
log(xz_3x+2)(x2 —7x+12)> L r) 10g% (x+1)>logs(2-x).



6)

’ Bapuant Ne 9
1. Pemuts ypaBHeHHE:
log, (x2 =7x-1 1) =log, (x2 —8x+ 7);
Ig(x-3)-lg(x+7)=1g(x-9)-1g(x+10);
log, (25 ~1)=2+log, (5" +1);
logs_, (x2 —2x+65) =2; x) xEFETF_q;
3.4logx2 —46. 210g_‘.2—1 — 8;
7lgx _5lgx+1 — 3'51gx—1 _13_7lgx—1,
3log) x—71log, x—19=0.

2. Petuth HEpaBEeHCTBO:

log; (2x—8)>1; B) log;,.s(9x” +8x+8)>2;
log, 5 (x2 ~Tx+ 6) <0; r) 3—log, x| <2.
Bapuant Ne 10

1. PEumTL YpaBHEHHE:!

log2§=1—log2 (x+3);

logs(zlog3 (1+1og, (1+3log, x)))=%;
log, (x—1)-log, (%x—2) =—log,(x+1);
2log? /5 —3log, V5'+1=0;

log, (x—1)=log(, 4

3lgx” —1g*(-x)=9;

lg(5—-x)+21g\/3—x =]

log, x+log,x=1.
5
2. PelIuTh HEPABEHCTBO:

log2£:—1>l; B) logl(4xx+6)20;
5

log,, (x2 —Sx+ 6) <L r) loggsx+logysx—2<0.
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Bapuant Ne 11
1. Peminth ypaBHEeHHE:
a) lg(2x)= %lg(x -1 5)4 ;
6) logy(2—x)—log;(2+x)—logyx=—1;

B) log;x=1+log,9;

log; 2
r) 4esl=) =(2x2 + 2x—5)0g3 ;
0 x°8a*=g%x >0, axl;

e) log, 1=0;

x“+3x-4
)K) log12+3x—4 1=5;
3) Ing2+5x 36=2.

2. PemuTh HEpaBEHCTBO:

sin 3T

a) log, (3-x)-log, s
2 2

4

—-X

>log, (x+7)—%;
2

6) log, (x— 5Jx + 4) >2;
B) xlog, (x+3)<0;
2

2
+log3x+2

Tog, x > log; x.

Bapuant Ne 12

1. Peniutsh ypaBHEHHe:
a) log, (8" -2x— 4) =log, (8" +3x— 9);
6) log(672+10)=x;
B) log,(2x—1)~log,(x—3)=log,(6x+4)—log,(2x+1);
) x%3er Z10p;
B (V) =@
e) logﬁx— Tlog, x+10=0;
K) 108357 (9+12x +4x7 )+ logy, (637 +23x + 21)=4;
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6)

6)

1 (3 _5)log 1 (2+5x—x )

Bx-5

2. PeLiMTh HEPABEHCTBO:

log3(x2_4x—5)<2; B) log, 5(x _4)>0

logl(2x—3)>—1; r) log, ;(x+5)<0.
2

Bapuant Ne 13

1. Pemtuts ypaBHeHHE:

3 2
log, x2+1 =log, 3x_—_6—;

3log; x—logyx=35; v
2 -
logg(x2 _5x+6) =2 .1ogﬁx71+log3|x~3];

i(log3(5x—6)3) (log3 (5x-6) )10g3x _ (10&%)2;

og2 f—‘ (x —-2x- 2) = log2 J—(x -2x- 3),
4]og9x -6 2log9x + 210g3 27 _ 0;

X85 = 625;

log3 x—9log, x +8=0.
2. PemMTh HEpaBEHCTBO:
2x+ 2
log —=_
%8 5(1=x)

log; (1+x—\/x2 —4)SO;
2

>0; B) log2—1$ -1

Bapunant Ne 14

1. Pemuts ypaBHEeHue:

1
'21g2+(1+-1—) g3 —Ig(3* +27) =0;

lg x+lgx +3 _ 2 .
* T
Jx+1-1 Jx+1+1

r) log, 4(x* - 4x+3)<0
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Ig(35-x°)
TG

r) \ﬁoga ox +log, Yox + \/loga(+log \/7 o; a>0, azl;

) lg(x—%) ZIgEi
e) 3log,; x+2loggx—3log;x=0;
x)) logxé/Zx:%;

3) logix+logyx+1=

log, %
2. PetunThb HepaBeHCTBO:
a) log,log,; (2" —%) <2 B) log% (3 + %) - log% 4<0;
6) log, p _11 <-1; r) 1g2*7 —1g2"*2 <1g4.
e \
OTBETHI

Bapunant Ne 1

1.2)-17;6) 2; }3)_2;1“)8;;()1,5;e)—%;)1()102 nl10 2 ;3)%
u 25.
2.2) [10—\/5; 4)u [10+J_ +); 6) (3; 4); ) (-2 -1);

r) (—1—\/5;—3)\)(\/3—1; 5).

BapuanTt Ne 2

1. a) 0,5; 6) 4-\11; B) —2+43; r) 1; n) ——;—; €) %; 10(11‘/5)/2;

x) 1; 4.
2.2) (I, +); 6) (0;1)v (”f;z]; B) (3; 9% 1) (=1 0) U (6; +0).
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Bapuanr Ne 3
1.2) 3; 6) 10; B) 10; ) 64; 1) 10 1 0,001;€) 9 1 ==
2.2) [0,5;4];6) (1; +); B) (-1 2);
r) (—oo; log4(x/§—l))u(l,5; +o0).

27, x) 2; 3)91{—.

BapnaHTN°4
4
1l.a) 1; 1+\/_ 6) 2; B) 33 315; 1) 3 ;3; m) 2; 3,5; €) pelieHuit Her;

x) 1; 60; 3) 2.
2.2) (=2 -1)U(5;6); 6) (1,3)u(311);
B) (2+2:4); 1) (0107 |U[10; + ).

Bapunant Ne 5

1.a)7;0) 16, 8) 3; 1) 7; 1) —2; 3; -2,6; €) 2; logs 0,1; x) —:1;; 9; 3)9.
3

2.2) (-7;-5); 6) (10g2§§ +oo);

B) (_2;_%)u(_%; _1;\/5},[—1; O)U(O E) (% _\/___2__]
r) (2 +).

BapnaHT Ne 6

2;8) 0,1; 10; 1) 2; ) 3/§+1; e) 0;

1. a) +V5;42V2; 6) %; ay ¥
)K) 4315; 3) 1. .

2. a) (0; +); 6) [%; 1)u[2; +); B) (2+J§;4); r) (0; 2).

16’

BapuanTt Ne 7

1. a) %; 6) 21%; B) i%; r) 2,25; a) 23 e) _2,¢4 %) 0,1
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2.9 (-4:356) (L 1); m) 0 01 3)

r (—%; l)u(—l; 0)U(0;1)U(5; +).

Bapuant Ne 8

&

I+

1.2) 10 2 ; 6) 1,25, ) 2L7;3 r) 5: 1) 2;%; e) 0; %) 1+3;

59
1#J5
3)10 2 .

2.3) (-oo;-%); 6) (—w;ﬁ)u(z,s; 3*‘/5);

2 2

B) (ll;lo)u(1000;+oo); r) (—1; l‘ﬁ)u[l +2‘/§;2)‘

0 2

Bapuant Ne 9

1. a) 18; 6) pewtenwuii Het; B) —2; 1) —5; 1) %;1; e) 3/5; %) 100;

714/5269
3)2 6
22 (.5 400 6 (5 81 ) (-3 17 1y 2
@) (15:40,6) (75 85 m) (-35- 12 23 32),
Bapuant Ne 10

1.2)1:6) 2;8) 2; 1) ¥/5;5: 1) 14252 ; €) ~1000; %) 4 —V11;
3) (0,2)"808*,

2,a)(0; 1);6) (1, 2) W (3; 6) w (0; 0,5); B) [-2; ~1,5); 1) B 4].

BapnanTt Ne 11
1.2)5,6) 1; B) %;9; ) -2 - 10 ; 1) & -‘1;;

—3—2@)U(—3 ‘2@;—4)\41; -3 +2\/E)U(—3+2\/5;+w);

e) (-~
) pelieHHit Her; 3) —6; 1.
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2. a) (1; 3); 6) (25; +oc); B) (-3; -2) L (0; +c);
r) (0; %);u(l; + o0).

Bapuant Ne 12

7
+
1. a) 1; 6) pewenwuii Het; B) 7+2\/7_1; r) 10 2 . ml;e)16; 1024;
x) —%; 3) 2; 5+£/B.

2.3) 2 - 3V2; 1) U (5; 2 + 342 ); 6) (1,5; 2,5); B) (6; +xc);
r)(3;4).

Bapuant Ne 13
1.2)4;6)9;8) 2 ) g ;‘;’ 1) 1£11+443; €) 9; 81; %) 25;
3) 2; 256.
2. a)( ) 6) [2; +o0); B) [-1; 0); ) (4; 5).

s 25’

Bapuant Ne 14

1.a2) 0,251 0,5; 6) 1, 0,1; 0,01; B) 2; 3; 1) a* ; ; n) 12, e)l;
x) 16;3) 9.

2. a) [0; log, 31-4); 6) [—‘/- %] ( 3*‘/‘]; B) (=6; 2);

r) (—00%)
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§3. NOKA3ATEJIbHbIE YPABHEHMA
N HEPABEHCTBA

Iloka3zaTenbLHBIE yPABHEHHS

YpaBHEHHE, colepkalllee HEM3BECTHOE TOJIBKO B M0Ka3aTelle CTENEHH,
Ha3bIBAaETCA MOKA3aTEe/IbHBIM,
PaccMoTpuM npocTeiiniine BRI I0Ka3aTeNbHBIX YPABHEHHI.

I Bua. Ilpocreiimmne.

¥ =0 rrea>0mnazl.

Tak kak GyHKUHMS y = G’ MOHOTOHHA, TO M3 PaBEHCTBA a'' = a’? cruemy-
€T, YTO 1) = b».
f(x)

3HauuT, YypaBHEHHE a =a* PaBHOCHJIBHO  ypaBHEHHIO

S (x)=0(x)-

IIpumep.
Pemute ypaBHeHus:

3
a) 3 = 9; 6) 7x=z‘/—Z—; B) ,6‘:—%; r) (cos10°)" =sin80°;

x2+3x x x x
o) 5 =25%,¢e)5=4;%)2"=3.

PemeHnue.
a) 3'=9;3=3%x=2

3 YA
2 7x=_:{__g_; 773 x=12;

B) 6"= —% — KOpHeH Her;

r) (c0510°)x =sin80°; Tak kak cos 10° = sin 80°, To (sin80°)" = sin 80°;
x=1;

m) 57T =255 59 252 2 4 3x = 2 x(x+ 1) = 0 x = 0 o x = —1;

e) 5 =4;x=logs4;
x) 2°=3;x=log,3.

OTtseT: a)2; 6) _12; B) KopHe#l HeT; 1) 1; 1) 0; —1; e) logs4;
x) log,3.
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3amaun 1Jisi CAaMOCTOATEIBLHOTO peHICHHSA

Penmvth ypaBHEHHMS:
2
) V25 =873;
3
2) V¥ =9
3
3) 53T =8
4 4%.571=0,2.207%
5) 4=g;
6) 4-2°°°% =f8.

OrseT: 1) 4, 2) -6, 3) -=;

g, 4 1, 5 25 05

6) i%’% 2mn, ne Z.

II BuA. YpaBHeHHA, cBOAAIIHECH K MPOCTEHIIMM BbhiHECEHHEM 3a
cKk00Ky OCHOBaHMS ¢ HAHMEHBIWIMM NOKa3aTeaeM. TakHe ypaBHEHHA
COZIEPKAT OXHO H TO )K€ OCHOBAHHE, H KOG (HUILHEHTHI IIPH X OJHHAKOBBI.

Ipumep.
Penvth ypaBHeHHS:
)3 +3"*2=30; 2)3%+3¥ ' +7.3% =1,
Pemenue.
1) 3°+ 3" ? = 30. B neBoii yactu YpaBHEHHs BBIHECEM 3a CKOOKH 3™
3*(1 + 3% =30,
3*-10=30;3"=3;x=1.
2) 3% +3%"'+7.3%"3=11. B nesoit yactu YpPaBHEHHS BBIHECEM 3a
ckobku 3772,
2x-3(23 , 22 -3 . 2x-3 _ 11,
(P43 47) =1L 3 43211 3 =g
%10&%.
11
43’
B Takux ypaBHEHHsX JIydille BBIHOCHTB 3a CKOOKM CTENEHb C MeHb-
WHM 0Ka3aTesieM: Toraa B ckoOkax He OyIeT cTeneHeH C OTpHLaTelib-
HbIM [IOKa3aTeneM.

2x—3¥log3%; x=1,5+

Otser: 1)1;2) 15+1log,
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1)
2)
3)
4)
5)
6)

3axauu 1Jisi CAMOCTOATEILHOTO PEeIICHHAS

Pemuts ypaBHeHHA:

51 _3.571=122;

4-3 1+ 3 =117;

4-3-471=13;

2+ 527" 2=104;

3 _4.3"2=69;

514+ 5572=630.

OtrBer: 1)2;2)3;3)2;4)5;5)3;6)3.

III Bua. YpaBHeHHs, peliaeMble cocTaBaeHHeM nponopuri. Takue

YPaBHEHHs COJepXaT JBa Pa3HbIX ocHoBaHMsA. Kosdduuments npu x oau-
HakoBbl. TIpH peLIeHHH HYXKHO CTENEeHH C OJHHAKOBBHIMH OCHOBaHHAMH
coOpaTh B OIHOH YaCTH ypaBHEHHs W BRIHECTH 32 CKOOKH B 00eux HacTax
ypaBHEHH: CTENeHb ¢ [OKa3aTe]eM — HAHMEHBIIHM BO BCEM YPaBHEHHH.

a)
6)

a)

TIpumep.

Pemnts ypaBHEHHA:

2x2—l _3x2—1 - 3x2 _ 2x2+2’

2x-l +3 _2x_2x—1:3x+3x+1.
Pemenue.

2124 _312—1 — 3x2 _ 2x2+2.

[lepeHeceM CTeneHH ¢ OCHOBAaHHEM 2 B JIEBYIO 4acTh ypaBHEHHS, a C

OCHOBaHHEM 3 — B MPaBYIO.

2 2 2 2
25142542 = 3% 1 3571 Campiit ManeHbKHii 110Ka3aTeNb CTENEHH BO

2
BCEM YpaBHEHHH — X — 1.

6)
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277 (1+2°) =37 (3+1),

293" .4,
271 4
COCTaBPlM rIporlopquo: > ==
3X -1 9
x*-1 2
B e e

- —_ 1 ~
2"14+3.2°_2""2=3"+ 3*" | HaumenbLunii nokasarens creneHH —
x—2.



1
2)

3)
4

5)

6)

6)

a)

6)

22(2+43:2°-1) =32 (34 F);

"7.13=3"2.36;
x-2
2y " _36, _ 36. 36
(3) =3 2= log2 3 x= 2+log213
. . 36
OTBeTHI: a) i\/g, 6) 2+log2ﬁ.
3

3axaun A8 CaMOCTOATEILHOI0 peuicHust

PeluTh ypaBHEHHSA:
2x2——l _3):2 =3x2—l _2x2+2,

X _3x2+1 ___2(5X2—] _312—2).
7x—1_5x»2_5x—~3+7x—2+7x—3=5x—1;
3x_2x+2:3x—l_2x~l_2x~3.

1 1-x 1 1-x
(m) (@) +11773 41327 =0,

1 1
2 _

4* _3 2 _.3 22x—l.
Orsers: 1)+/3;2)%3;3) 3+__183_11 1857,
IV Bui. YpaBHeHns, pemaeMbie NOACTAHOBKOH a’® ¢
Iipamep 1.
Pemuth ypaBHEHHS:
4-3-2+1=0;
Tx%-x
_3—2 37)( “* —16.
37x -X 8
PemeHue.

Mycts 2° = t. Torna ypaBHeHMe NpHMET BH £ — 3t + 1

=== 10g23+J_

31\/_ o 3+J_
2

2

7x*-x
3 -8

IMycte =¢. Torna ypaBHeHHE PUMET BUL g =2

npeoOpa3oBaHMi MOMYYHM KBaJPAaTHOE YpaBHEHHE t2 —23t+126 =0,

4)4;5)1,5;6) 1,5.

+¢t=16. ITocne



a)
0)

»

+ 2

t # 8, KOpHH KoToporo ¢ = 14 unu £ =9. Eca ¢t = 14, 10 37"2"‘ =14, 10
ecth 7x% —x= log,14. '

Pemus 310 KBaJpaTHOE ypaBHEHHE, IOTYYHM

1+/1+28log, 14
_—Og3. Ecau =9, 10 37"2_" =9y Txt-x=2.

.2 = 14

1

H+
2
~

[locnennee ypaBHeHHe JACT elle JBA KOPHA: X3 4 =

14
OTper: 3+45. o, 1£y1+28log;14 11./57
eT: a)log, 5 ; 6) T2 S

IIpumep 2.
Peunte ypaBHeHHS:

4\J3x2—2x+1 +2=9. 2\/3x2—2x;

2+x

43x2+x_8=2_8x 3
Pemenue.

[lepenuieM ypaBHEHHE B BHIE

Vaxlozx

(2 o )2 4+42=9.2¥3 2,

=t. OTHOCHTENLHO ¢ ypaBHEHHE NpUMeT BUA 47 — 9t +

2, 1o 2V =2

= 0, oTKyZa HaxomuM f; = 2; ¢, =%. Ecaum ¢t = 2, =2,

IMycts 2

V32 —2x =1, 3% -2x - 1=0ux =1, x, =—%.

0)
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Ecim 1=%, 1o 2V3¥ 2% =%; 3x2—2x = -2.

\J3x2—2x _ 1

CnenoBarenbHO, ypaBHEHHE 2 =4 He umeer KOpHEii.

.
2 2
[lepenuiueM ypaBHEHHE B BHIE (23’ *") —8=2-2%"*_ Ilycms
3xex
2 ={, TOrJa [OJY4HM KBAJPATHOE YPABHEHHE OTHOCHTEIBLHO I:
£-2t-8=0c KOpHSIMH #) = 4, 1, =-2.

Eonn 1=4,70 2% =4, 3¢ +x=2,3¢ +x-2= 0y =-1; x, =2,

2
= —2 He yJI0BIETBOPSET YCIOBHIO 33]a4H, TaK Kak 2°* ** =1 > 0.

OtrBeT: a) —%;1; 6)-1; %



3a11a‘m AJA CAMOCTOATCJILHOI'0 PCLLICHHA
1) 473 _32=4.23,
- 2) 3.4H 7.0 g0,
3) 4sinx _ 22+si.nx +3 = O

—
4) 477 7.0 —4=q;
5) 3Wr _4.3%% 30,
6) 4X+VX2—2 _5 . 2x—]+\1x2—2 - 6.

QreeT: 1)6;2)+2;3) nn, neZ; 4)-2;5)0; =; 6) 1,5.

2 4 ’
V BHA. YPaBHBHHﬂ C 3aByaJIHPOBaHHBIM OﬁpaTHblM YHCJIOM.

IIpamep 1.
PewnTs ypaBHEHHUA:

o G-
6) (3.2 + 2.(%)x =3.

Pemenue.

5 11 _
a) 3ameTuM, 9TO TG =1.

S5Y_ 1) _1
‘HyCTb (11) =t>0, Torna(s) =7

HcxonHoe ypaBHeHMe npuMeT BHA: ¢ +% =5 12-5t+4=0,
L=t =4

Ecmmt=1, 10 (151) =1, x=0.
Ecint=4, 1o (151) =4, x=logs4
11

5_16.5 _
=3,2 =3 1.

6 16

6) HamxeM npousBeseHue 3,2 - — 1 1%

_ 51
Iycts (3,2)° =t > 0, Torna (16) =7
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TakuM 00pa3oM, HCXOIHOE YpPAaBHEHHE PAaBHOCHIBHO YPABHEHHIO

t+%=3,‘ TO €CTh

a)
6)

a)

F=3t+2=0.

Ortcrona HaxoquM ¢t = 1; 1, = 2.

Ecniut=1,10(3,2) =1 ux=0.

Ecau t=2,710 (3,2 =2 v x = logs 52.

Otrsert: 1)0; logs 4; 2)0;log;)2.
11

Ipumep 2.

Pewnte ypaBueHus:

({/6+\/§)x+(%/6—\/3_5)x=12;

8+87-5-(2"+2H+8=0.
Pemenwue.
Tak xak

Y6+35 Y635 ={/(6+\/§)(6—\/3_5)=\3/36—35 =1, To, BBCAN

X
HOBYIO  IIEPEMEHHYIO, (3 6+/35 ) =t>0, TNOIyYdM YypaBHEHHE

t +% =12, xOoTOpOe UMEET [IBa MOJIOKHTENBHBIX KOPHS £ =6 ++/35.

P

Ecu 1= 6++/35, 10 (\3/6+\/§) =6+35 ux=3.
X

Ecnu t=6—\/§, TO (36+\/§) =6-+/35 nx=-3.

6)

118

JleHcTBHTENBHO,

6-4/35

(36+\/§)‘3: 1 1

(forais) 6+ (6-V3)(6+53)

=@=6—\/§.

[ycrs 2°+ 27 =1,

B03BCIICM 06e YaCTH NOCJICOHET O paBeHCTBa B Kyﬁ:
(2")3 +3-(2)‘)2 -(2-*)+3.2x ~(2‘*)2 +(2"‘)3 =1

8% +3.22 .27 3.2 .27 487 =1,



8 +3-2+3.277 487 =

(8 +87)+3-(27+27)=

8 +87 =1 =31,

HcxomHoe ypaBHeHHE NIPUMET BHA:

£—3t-5t+8=0; F—4t-41+8=0;

- 4)-4(t-2)=0; (t-2)(F+2t-4)=0;

OTKYa /i =2 WM 1, 3 = -1 +/5.

Tax kak 2° 1 27 — B3auMOOGPATHBIE U MOJIOKUTENbHbIE BETHIHHEL, TO
2+2722.

CrnenoBartensHo, £ 3 He yIOBJIETBOPAIOT 3ToMy TpeGoBaHHI0. MMeeM
2"+27 =2, otkyma x =0.

OTrBeT: 1)-3;3;2)0.

38;18‘“! AJIA CAMOCTOATE/IBbHOI'0 PCHICHHSA
PeumnTh ypaBHeHHs:

(‘{/7+4J§) (J7 4J‘)
2) (\/5+2J€)x ( JE)
3) (\/5+2\/3)5m +( 5—2\/3)“”:?;

4) 444 _10=0;

tgx ctg(§+x) _29.

5y 7% +7 ==
6) Ssinnx +51—sinn:x =6

OTtBeT: 1)-2;2;2)-2;2; 3) iarcsin(logﬁ+\/3-3)+nn, nelZ,

1 =4;

N’

4)-0,5;0,5;5) i%-#rtn, neZ, 6) 2n+%, nelZ; k,keZ.

VI Bua. YpaBHeHHsI, codepikalliHe TPH Pa3IH4YHbIX OCHOBAHHS B
O/THOMH M TOH e CTeNleHH H PelI2I0LIMECH KAK OJHOPOXHbIE,
ITpumep.
Pemmre ypaBHeHHsA:
a) 4-3-6'+2-9"=0;
6) 471 -6°=2-3>"2,
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Pemenwue.

2 2
a) llpuBenem ypaBHeHHE K BHIY (2") —3.2%.3% 4 2.(3.7() —0.
2
Paznenns o6e yacTH ypaBHeHHs Ha (3X) #0, MOMy4YuM ypaBHEHHE,

2
PaBHOCHJIBHOE HCXOAHOMY: [(%) ] —3-(%) +2=0.

X
[Mycts (%—) =¢>0, Torna u3 ypaBHeHus £ — 3t + 2 = 0 HaxoauM
Hh=106=2.
2\" 2\
TaxuMm o6pazoM, (?) =1 unu (3) =2,

Orcrona HaxomuM: x; = 0; x, =log, 2.
3

2 2
6) IlpuBeneM ypaBHEHHE K BUJLY: 4-(2") -2%.3%-2 -9~(3’) =0.

2
Paznenus obe yacTH ypaBHEHHs Ha (3") # (0, nomyyuM ypaBHEHHE,

) 2y
paBHOCHJIBHOE JaHHOMY: 4 (3) —(3) -18=0.

ITyctp (%) =¢>0, Torma u3 ypaBHeHm 4 —t-18=0 TIONYYHUM

KODHH: | ==2; I, :%. t; = —2 He yIOBIETBOPAET YCI0BHIO ¢ > 0.

29 o f2) 20 (2 o(2)7 =t
Ecnut—4, (3) 7 (3) —(3) P x=-2,
Otrsert: 1)0; log,2; 2)-2.

3

3anauM 1Jisl CAMOCTOATEILHOTO pellleHHs
Pemnte ypaBHEHHS:
1) 4x+l —65=2 _32x+2.
2) 5-3%+15.5%71 =8.15%;
3) ¥9+¥6=44,

4) 2-25-5-10°+2-4"=0;
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5)
6)

32x2—6x+3 + 6x2—3x+1 — 22x2—6x+3

32x+4 +45 .65 =9. 221+2 =0
Otrper: 1) -2; 2) 0; 1; 3) xopue# Het; 4) log,,2; log,s2;

5)1;2; 6) 2.

VII BHA. YpaBHeHusl, peuiaeMbie ¢ y4€TOM MOHOTOHHOCTH.
CnpaBeIuBbI YTBEPXK/IEHHA, KOTOPbIE MOXKHO HCIIONB30BaTh TIPH pe-

IIEHHUH YPaBHEHHUH (M HEPABEHCTB).

a)

6)

6)

a)

6)

Ecnu dynkuus f Bo3pacraer (yObIBaeT) Ha MHOXECTBE X, TO YpaBHEHHE
f(x) = b He MOXXeT UMETH Ha 3TOM MHOXeCTBe GoJiee OJHOrO KOpHA.
Ecnu Ha MHOXecTBe X QyHKUMA [ Bo3pacTaeT, a GyHKIUA ¢ yObIBaer,
TO ypaBHeHHeE f(x) = @ (x) He MOXeT UMETh Ha MHOXecTBe X Gonee
OJHOTO KOPHSI. :

Hpnmep.
Pewuuts ypaBHEHuU::
F+4 =7,

(\/4+x/g)x+(\/4—\/ﬁ)

Pemenue.

X

(2~/5)x;

Ipu a > 1 dyHkuus y = @ asnsetcs Bo3pactarowei. Jlerko yragates u
MPOBEPHUTD, YTO X = | — KOpeHb AaHHOTO ypaBHEHHA. IlokaxkeM, 4TO
JpYTHX KOpHeH ypaBHeHHE HMeTh He Moxer. Ilpu x > 1 umeem:
3+ 4°>7, anpux < | umeem: 3° + 4 < 7, TO eCTh ypaBHEHHE HMEET
€AMHCTBEHHBIN KOPEHb X = 1.

. :
Pa3nenuB o6e yacTH ypaBHEeHHs Ha (2\/5 ) # 0, monyyuM ypaBHEHHE,

a5 | (a5 |
22 2 )

PaBHOCHJIBHOC J@aHHOMY: {

\]4+\/E _ 4+415
22 8

Jia- 15 _ [a—i5

<l. CHe}IOBaTeJ'lBHO, JieBas 4YacThb ypaBHe-
22 8

<1, Tak Kak \/E <4

HHUsl — yObIBaromas GyHKIMSA KaKk CyMMa JBYX yOBIBalOLIMX (YHKIIHH.
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Takum 006pa3oM, ypaBHEHHE HE MOXKeT UMETh Oosiee oaHoro kopHs. He-
CJIOKHO yraiaaTh H MPOBEPHTH, YTO X = 2 — KOPEHb JAAHHOIO ypaBHe-
HHA.

OTtBeT: 2a)l;6)2.

3aga4um 1S CaMOCTOSITEILHOIO PEUICHHA

Pemuts YDPaBHCHHA: -
1) 3+4°=25 5)3 +4° =57

2 €+5=11; 6) (\/2+~/5)x+(\/2—~/§)x=2";

3) 65 =11; : 7) 1432 =2%
2481 17 x
4) 3 ¥ =_6-6x-x 8) 3,7’+(%) =2sinx.

OtseT: 1)2;2)1;3) log;y11; 4)-3;5)2;6)2;7) 2; 8) KOpHeif Her.

Iloka3aTe/bHBIE HepaBeHCTBA

I Baa. Ilpocrefimue.
PemeHne mnpocTeHIIMX NOKa3aTeNbHBIX HEPABEHCTB OCHOBAaHO Ha
CBOMCTBaX MOHOTOHHOCTH CTEIIEHHOH (yHKLIMH: ‘
a’®) s o)
eciiag> 1, Tof(x)>@(x), ectul0<a<l,10f(x)<e(x)
YuHuTBIBast 3TO CBOMCTBO, MHOT'HE NPOCTEHINHE INOKA3aTENbHBIE HEpa-
' BEHCTBA PEINAIOTCS METOJOM MPHBEIECHHS OOEHX YacTeil HepaBeHCTBa K

OJHOMY OCHOBaHHIO.

IIpumep.
Pewuts HepaBeHCTBA:
a) 25 >125%7%

6) (0’3)4x2—2x—2 S(0,3)2;:-3.;

B) \/2x2+5x—10 _\/3x2+5x—10 > 36,
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Pemenue.

a) Tlockoneky 25" =(52)” =5%% 12572 = (5‘3)3"-2

=50 1o naunoe
HEPABEHCTBO PaBHOCHJILHO HEPABEHCTBY 52 > 5957, pelias KOTopoe
MBI NIOJY4YHM

2x>9x — 6, TO ecTh x<g.

6
CJICZIOBaTCJIbHO, TIIPOMEXYTOK (—CD; —;7— €CTh MHOXECTBO BCEX pECHIC-

HUH UCKOMOI'O HEPABEHCTBA.
6) HcxonHoe HEpaBEHCTBO PAaBHOCHIBHO HEPABEHCTBaM
4’ - 2x-222x-3;
47 —4x +120;
(2x—1)*20.
HcxonHOMY HEpaBEHCTBY YAOBIETBOPAIOT BCE JEHCTBUTENbHbIC YHCIIA.

m
B) Tak kak Vn a”' =q", TO JaHHOE HEPABCHCTBO PaBHOCHJIBHO HEPABCH-
CTBaM
x245x-10  x2+5x-10

2 2 .3 2 >36,
x2+5x-10 2
6 2 262, X +52x—1022,
X’ +5x—1420.
Jns peleHus MOCIEIHET0 HEPAaBEHCTBA HaMIeM KOPHH COOTBETCT-
BYIOLICTO €EMY KBaJpaTHOI'O YPaBHCHHA:
+ - +
X1 = -‘7, X2 = 2.
=7 2

MHOX€CTBO peLieHHi HCXOAHOro HepaBeHCTBa: (—oo; —7|U[2; + ).
OtBer: a) (—wo; %); 6) x — moboe nmeHCTBHTENBHOE YHCIIO,

B) (~o0; —7]U[2; +00).

33,@12'!" AJiA CAMOCTOATE/ILHOI'0O PCIICHHSA

PemuTs HEpaBeHCTBA!

) 22-%s4 3) 2 <a
2 cCOoSx
2) 5 gy 4) (%) >3
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1

5)( ); 52 » 7 (%)isz;
6) 372-(%)x~(%)&>1; : 8) \/2)‘"-\3/4*-(0,125)§ >4gg.

Orser: 1) (m; l); 2) [1; 2]; 3) [0; 41;

4) 2 +2ﬂ:n<x<T+2n:n,neZ 5) (1; 0); 6) [0; 64);
7 (—oo;—l]u(O; +); 8) (—%; 0)u(3;+oo).

II Bua. HepaBseHcTBa, pemaemsblie HOACTAHOBKOMH a’™ =t

IIpumep.
Pemite HepaBeHcTBa:
a) £-3:-2°+2<0;
S N
R 2* -1 1-2%1"
B) 10" '+6-10"""-5<0.
Pemenue.

a) Tak xak 4% = (2") , TO, 0003HauuB 2° = f, MOJYyYHM HEPABEHCTBO

F-3t+2<0,1<1<2.

CnenoBarensHO, MCXOIHOE HEPABEHCTBO PaBHOCHILHO HEPABEHCTBY
1<2"<2,0<x<]1.
6) OGo3HauuB 2 = ¢, MONYYHM

>0, t>0 0 g
] 1 2-1,5¢
. : >0
t=171-0,5¢ | (1-1)(2-1) ~ _ +
v
1 4 2 !
3
4
<
1'<t_3,
t>2.

Taknm 06pa3oM, HCXOZHOE HEPABEHCTBO PaBHOCHIBHO COBOKYITHOCTH
HEPaBEHCTB
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<3
25 >2;

CJIClIOBaTCJIBHO, MHOXECTBO BCEX pCIJ.lCHHﬁ HCXOOHOTO HEPABCHCTBA

<27 <2 [0<xslog2§—,

x>1.

€CTh MHOXECTBO (O; log, %} U(1; +0).
B) Hcronb3ys CBOMCTBA CTelleHH, 3aHIIEM AaHHOE HEPABEHCTBO B BHIE

7x-1 6
107" + PN T -5<0.

O603Hauus 107! =¢, HOJIY4UM

SULLLLLLI L UL
>0, >0, 0 -
6 2 -5t+6
t+=-5<50;, |——2"T2<:
. ; <0, - . _ .
UL NNz, -
0 2 3 4

2<1<3, 2<10% <3,
oTcroaa HaxoauM 1g2 < 7x — 1 < g3,

1 i 1 1
7(1+1g2)sx<5(1+1g3), Ig20<x<igd0.

Ortpesok [%lg 20; —;—lg30} €CTh MHOMKECTBO PEIIEHHI JaHHOTO Hepa-

BCHCTBA.

OrtBer: a)(0;1);6) (0; log:,_%}u(l; +00);

B) ngzo; llgw].

3agaun as caMOCTOATEILHOIO PEIMICHHs
Pemiuts HEPaBCHCTBA.
1) 573 -2.55253;
2) 2 _5.205%% 94, .
3) 51+xZ _ Sl—xZ < (lzlogm 4+log,, 2 ) . (7log7 3+log,, 4 )
4) 2% —50-4% —896 > 0;
5) 16%7° % 416" * <10;

125



) 4 +5

2x+1 _1

7) 4% ~9.2% 4 gesToers <,
8) 9V'-3 4 3.4 28.3Vx" 3.

9) 4x+\lx2~2 -5. 2x—1+\lx2—2 >6.

>3;

OTrBerT:
1) (2+0];
2) [0;36);
3) L)
4) (3;+oo);
S)l %+%Sx$—§—+%,nel;
6) (=1;1]U[2;+);
7 (0;3);

8) (—f;—«/?]u[«/?_;ﬁ); 9) [L5; +).

III Bun. HepaBencTBa, peniaeMbie METOAOM HHTEPBAJIOB.

MeTton HHTEpBaIOB OCHOBaH Ha CIEAYIOLIEM YTBEPXKICHUH.

Ecnu dyukuus f Ha uHTepBane (a; b) HempepriBHA H He ofpalaeTcs B
HOJIb, TO OHAa Ha 3TOM HHTEPBAJIE COXPAHAET MOCTOSHHbIH 3HAK.

IMpumep.
Pemiuts HepaBeHcTBA:
a) (2°-3)3 -9)<0;
6) 4-6-27+9(3" -9 =20;

2
B) u<o;
2" -3
x+3 x+3
r) ﬁ__—5_<1"
5.-3*-3.5"

Pemenwue.
a) OOnacTh onpeaeneHns HEPaBEeHCTBA — BCE ACHCTBUTENBHBIC YHCIIA.

PaccmotpuM  dyHkumio  f(x)= (2" —-3)(3" -—9). PemuB ypaBHeHMe
f (x) =0, Haxoaum Hymu QyHkuuu: log; 3; 2. Ha xaxxnoM U3 mpoMexyT-
koB (—o; log,3); (log,3;2), (2;+) dyHkums f HenpeprBHa U HE 06-
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pawaerca B Hoib. ClIEIOBAaTENBHO, HA KAXIOM H3 HHX OHa COXpaHSET Io-
CTOSIHHBIH 3HaK.
+ - +
—_— My
log,3 2 x
MHOeCTBO peIIeHHI HCXOHOTO HEPABEHCTBA €CTh MHOXECTBO (log, 3; 2).
6) OGnacts onpeneneHus HEpaBEHCTBA — BCE JEHCTBUTCIBbHBIE YHCIA.

Haiinem Hymn Qynxuun f(x) :(4‘ -6-27 +9)(3" —9), PELIMB ypaB-
HEHHE (2" - 3)2 ~(3" —9) =0: x5, =log,3; x3=2.

OtMeTHM HynM QYHKIMM Ha 0ONacTH ONpEAENeHHs HEpaBeHCTBAa U
OIpeAenUM 3HaKH GYHKIMH Ha KOKIOM U3 MOTy4UBIINXCS HHTEPBAJIOB.

+
. LI
log, 3 2 x

MHOXECTBO pElleHHIi HCXOIHOTO HepaBeHCTBa: {log, 3} U[2; + ).

B) O6nactb onpéneneuml HepasenctBa: 2* —3=0, x = log,3.
2
Hynu pynkunn f(x) =)2‘x——§: x=12.
CpaBHUM V2 u log, 3.
\/§<l,5; log,3>1,5, Tak xax 3>22.
CrenoBaTenbHO, \/5 <log, 3.

O1MeTHB HyNH QYHKIHHM Ha 00IaCTH ONpEEICHHS HEPAaBEHCTBA U OII-
peleuB 3HaKH QYHKIMH Ha KaX]OM M3 MONYyYHBLIMXCS MHTEPBAJIOB, MO-
Jy4MM MHOECTBO pellieHHI HEpaBeHCTBA.

— + - +
W77777777717777 B | 1 1T 11TV T
-2 N log, 3 X
(-oo; —\/E)u(\/i; log, 3).

r) IlpeobpasyeMm HCXOAHOE HEPABEHCTBO:
5% 54-(3) ~125
2.33.3x_-53_5x<1' 5

.3¥ _3.5% ’ x
5.3 -3.5 5(5(%) _3]
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54t -125 <1, 49t —122

5.3 53 < 0. Pemum no-

X
ITyctsb (—g-) =¢. [Nomyuum

Clle[iHEe HEPABEHCTBO METONOM WHTepBaioB. DyHkuus f (t):ﬁ%—:l%

OINpPEACICHA I BCEX !, KpOME [ = %, HENPEpBIBHA HA obnactu onpeneie-

HWs ¥ paBHA HYJIO B TOYKE 1=122 Touy 3 4 122 pa3buBarOT 4MCNO-

49 5 49
BYIO TIpAMYIO Ha TPH NPOMEXYTKa, B KaXIOM M3 KOTOPHIX (YHKLMA CO-
XpaHAeT 3HaK:
+ - +
R V1T VT 71T 171177/
3 122 t

5 49

X
Taxum o6pazom, 3 <t< 122 TO €CTh 3 < (é) < 122 U

5 49° 5°\5 49
122 '
log; <= <x<l.
3 49

122

3HauyHT, BCe xe[log3 (——
3 49

); lj .ABJIAIOTCA PCLICHHAMH HCXOIHOIO

HEPaBEHCTBA.
OtBeT: a)(log,3;2); 6) {log,3

}
B) (—w;—\/f)u(\/f; log, 3); r) [log%(%); 1].

u[2; +oo);

3agauu A9 CAaMOCTOATEILHOIO pelicHHUA

Peuruts HEPaBEHCTBA:

2 x
-3 2-3 -1
=250 5) =<3,
)35 )34
2) (¢ —2x - 3)(2" - 8) < 0; 6) (2* -3)(2log, x~1)log} x <0.
X
3 =2 <o
x‘—4x+4
_4F
4 A=y,
4x° +12x+9
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OtseT: 1) (—\/g;log35)u(\/§;+oo); 2) (=05 -1]u{3};

3) (—o0;2)U(2;3]; 4) (~o0; —1,5)w(-1,5;3]; 5) (03 1] (logy 4; +);

6) [ V2; log, 3],

a)
6)

IV sua. HepaBelersa (f(x))q’(x) >1n (f(x))q’(x) <1.

HepaseHcTBO ( f (x))‘p(x) >1 paBHOCHJIBHO COBOKYITHOCTH JBYX CHCTEM:

{f(x)>1, . {0<f(x)<1,

¢(x)>0; o(x)<0.

Hepasencto ( f (x))(p(x) <1 paBHOCHJIBHO COBOKYIIHOCTH JBYX CHCTEM:
f(x)>1, 0< f(x)<1,

{(p(x) <o; "™ o(x)>0.

Ipumep.

Peminte HepaBeHCTBA:

(x _ 2)X2—6x+8 > 1’

(#* -8r+15) " <.

Pemenmne.
HcxonHoe HEpaBEHCTBO PaBHOCHIBHO COBOKYTTHOCTH JBYX CHCTEM:

x—2>1, O0<x-2<I1,
a) | 2 _)z
x“—6x+8>0; x“-6x+8<0

Pewinm nepBylo cucTeMy:

x>3,
x
(x_z)(x_4)>o; ////4/-//1 - J .
x>4. 2 4 ¥
PemumM BTOpYIO CHCTEMY:
!///////‘1r -
2<x<3, 2 3 *
(x—2)(x—4)<0; + - +
2 4 .
2<x<3.

MHoxecTBO pewermi HepapeHeTa: (2;3)U(4; + ).
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6) HcxonHoe HepaBEHCTBO PaBHOCHIIBHO COBOKYITHOCTH JBYX CHCTEM:

a) x2—8x+15>1, 6) 0<x2—8xv+15<1,
x—6<0; x—6>0.

Pewuum nepByto cucremy:

///7///{

42

x2—8x+14>0,
x<6;

x<4-2 mm 4+2<x<6.
PemnM BTOpYy!O cucTeMy:

770777777 R 7/711777/7%

x* —8x+15>0, 3 5 x
x? —8x+14<0, ——iiiiiiillly
x>6; 4-2 4+2 ¥
ULy

6 X

PELICHHHA HET.
MHoecTBO peiiieHHH HCXOJHOTO HEPaBEHCTBA:

(—00;4—\/5)U(4+\/5; 6).
OrBert: 1) (2;3)U(4+x); 2) (—00;4—\/5)u(4+\5; 6).

3anaum 1J8 CAMOCTOATEILHOIO pPCLICHHMA

Pemutn HEPABCHCTBA!

) (x2-6x+8)" < (2 +1) " 2 (< +1),
3x-5 2
2) (3-x)3 <y 5) T <y
3) (P AxtlY<l; 6) (2377 +3%) > 1.
OteeT: 1) (—00;3—\/5)u(4;3+\/5); 2) (—oo;l%)u(Z;?:);

3) (=0 —1); 4) {0} U[L; +); 5) (1; 3); 6) (—; log,1,5) U(L; 2).
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§4. TPUTOHOMETPUYECKMUE

KPATKOE H3JI0)KEHUE TEOPHHA

Omnpenenenne CHHYCA, KOCHHYCa,
TaHreHca, KOTAaHreHca yriaa

KoopaMHaTHOH OKpY)KHOCTBIO HAa3bpIBAalOT OKPY)KHOCTH €JMHHYHOTO
paadyca, Ha KOTOpOH BBIOpaHbI Hayalo OTCYeTa M HanpasieHHe ob6xoxa
(00BIYHO B KayecTBE MOJNOXHTENLHOTO BLIOMpAIOT HamlpaBieHHe o6xoxa
[POTHB YaCOBOH CTPENKH).

3anmuck M (f) mokaspBaeT MOJIOKEHHE TOYKH HAa KOOPAMHATHOH OK-
PY’KHOCTH.

Puc. 20

[NonoxxeHHe TOYKH Ha KOOPAMHATHOH OKPYXHOCTH MOXHO 33/1aBaTh €€
AE€KAPTOBBIMH KOOpPJAHHATaMH Ha IUIOCKOCTH Tak, 4yT1o0BI HAYaa0 >TOH
CHCTEMBI KOOPAMHAT HaXOAWIOCh B LIeHTpe O KOOPIUHATHOH OKPY>KHOCTH,
HOJIOKHTEJBHBIH JIyd oCH abcLHuce MpoXxoami yepe3 Hadaio otcyera 4 (0)
Ha 3TOH OKPYXHOCTH, a MOJOXKHTENbHBIN JIyd OCH OpJHHAT — Yepe3 TOUKY

B[g) TOH e OKPYHOCTH (cM. puc. 20 a). Panuyc okpyHOCTH NpHHH-

maeM 3a 1.
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b7 .
B3
M(r)

sint

—

0] cost A(O)

Puc.20a

B 3TOM cilyyae KOOpAMHaTHas OKPY)KHOCTh Ha3bIBACTCH €IHHHYHOMH
OKPYXHOCTBIO.

JlekapTOBEI KOOPAMHATHI TOYKH M (f) KOOpAMHATHOH OKPYXHOCTH Ha-
3BIBalOT KOCHHYCOM H CHHYCOM 4YHCJIa /.

M ()= M(cos t; sin f)

3anuck M (f) noka3siBaeT NOJOKEHHE TOYKH M Ha KOOPAHHATHOMW OK-
PY)KHOCTH, a 3anuchk M (cos ¢, sin f) — MOJI0XEHHE TO# e TOUKH Ha KOop-
JHHATHOMH MJIOCKOCTH.

YucJio, paBHOe OpIHHATE TOYKH eAHHHYHOH OKPYXKHOCTH, COOTBET-
CTBYIOIIEH YIJTIy O, HA3bIBAIOT CHHYCOM YIJia o H 0603HaualoT sin o.

Yuciio, paBHOe afcuucce TOYKH €JHHUMHON OKPYXKHOCTH, COOTBET-
CTBYIOINEH YTJIy O, HA3bIBAIOT KOCHHYCOM YIJIa 0. H 0603Ha4AaI0T coS O

IIpumep. Boruncauts sin 0 u cos 0, sin3—n H cosi;.

Pemenne. Yray 0 pamuan coorBerctByer Touka A (1; 0), cnemosa-

. 3n
TeapHO, sin0 = 0, cos 0 = 1, yray > pazMaH COOTBETCTBYET TOYKA

B (0; 1), cnenoBarensHo, sin'%[ =-1; cos§2£ =0 (cM. puc. 2006).

v

/'-\ A(l,O) -

B(0;-1)
Puc. 206
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TaHreHcoM yrza o Ha3BIBaeTCS YHCJO, PaBHOE OTHOLICHHIO CHHYyca
yria o K KOCHHYCY 3Toro yria (puc. 21).

KoTtaHreHcoM yriia o Ha3sIBaeTCs YHCIIO, PABHOE OTHOMEHHIO KOCHHY-
ca yria o K CHHyCY 3Toro yria (puc. 22).

. sina cosa
coOsSOL=1x,; sina=y,, tga= ; ctgo=———.
0 Yo> 18 ’ sina

y“ A ctg o A y
o]
20
g <
0 X 0 X
Puc. 21 Puc. 22

HexoTopble 3HaYeHRS TPUTOHOMETPHYECKHX PYHKIHI

o 0° 30° | 45° | 60° | 90° | 120° | 135° | 150° | 180°
o 0 T | | ¢ | m |2 3n | Smo|
6 4 3 2 3 4 6
: 1 |2 |43 V3l A2 | 1
sSin o 0 ) T T 1 T -—2— ) 0
cosaf 1 g g % 0 -1 ——"/22 —12—3— -1
1 1
tga | 0 | 5| 1 G| — | B3] -1 | 5|0
1 1
cga| — | 3 1 Nel 0 5 -1 | -3 —

OCHOBHBIE TPHTOHOMETPHYECKHE GOPMYJIbI

OcHOBHBIE TPHTOHOMETPHUECKHE (OPMYIIBL, MMEIOMHE MECTO MpH
BCEX JIOMYCTHMBIX 3HAYECHUAX apryMeHTOB o M 3.
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CoOTHOMIEHHS MeXKAY TPHTOHOMETPHYECKHMH PYHKUHAMH
O/THOTO M TOT'0 e apryMeHTa

sin o +cos’a =1 (1.1)
_sina
a=2n2 (1.2)
_cosa
ctga——sina (1.3)
tga-ctga =1 (1.4)
1
1+tg’a=—0: (1.5)
CoS o
1+ctg’o =—- (1.6)
sin” a

DopMyJIBI CJI0MKEHHSA

sin(o +B) =sina-cosp +cosa-sinf 2.1
sin(a—p) =sina-cosB—cosa-sinf 2.2)
cos(a+B)=cosa-cosPp—sina-sinf (2.3)
cos(a—B)=cosa-cosB+sina-sinp 2.4

_ tga+tgp
tg(a+B) —m (25)

‘ _ tga—tgP
tg((l —B) = m (2.6)

@opmyJibl KPATHBIX APryMEHTOB

sin2a = 2sina - cosa 3B.D
cos2a = cos? o —sin® o = 2cos’ a—1=1-2sin’ 3.2)
2tga
tglo = —=-— (3.3)
£ l—tgza
cos3a =4cos® o —3cosa (34
sin30 = 3sina —4sin’ 3.5)
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PopMyabl npeobpa3oBaHHs CyMM HJIH PasHOCTEH
B IPOH3BENACHHE

sinmsinﬁ=2sin°‘;‘3.cosl;—B @.1)
sina —sinf = 25inaT_ﬁ . cosg;—B 4.2)
COS(I+COS[3=ZCOSE'—-—2’-—E-COSE—;-E “4.3)
,cosot—-cos[i:—25in0L;B-sinm;ﬁ (4.4)
tgorgp= S0P 45)
tga —-tgP = Es(i)—rsl%c?(—)% (4.6)

IIpeobpa3zoBanue npou3BeJeHHIl B CyMMY HJIH Pa3HOCTh

sin(x-sinB=%[cos(a—|3)—cos(o.+|3):| R
cosa -cosf =%[cos(a—ﬁ)+cos(a+ﬁ):| (5.2)
sina-cosB=%[sin(a—ﬁ)+sin(a+ﬁ)] (5.3)

PopMyabl NOHHKEHHS CTeNeHH

2 1+ cos2a

cos” o === (6.1)
sin? o= 1:—“2’5& (62)
c0830"=cos30t‘—"3cosot (6.3)
sind o= 3sinazsin3a (6.4)
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BhipajkeHHe TPUTOHOMETPHYECKHX PYHKIHH
yepe3 TAHIeHC NOJJOBHHHOIO yrja

sinog=——2— (7.1
cosa=—2 (7.2)

tg=——2— (7.3)

®opMy.Ibl NPpUBEICHHSA

Ecnu TpuronoMerpuueckas GyHKLUMS OT apryMeHTa %’it 3aMeHseT-

cs hyHKUHEH OT apryMeHTa £, To:
a) nepej MONMy4yaeMbIM PE3yIbTaTOM CTABUTCA TOT 3HAK, KOTOPBIH HMEIIO

6Bl 321aHHOE BBIPDKEHHE NPH YCIIOBHH, 4TO 0 < f <=

2 b

6) npu 3aMeHe M7 unu 2mt¢ Ha ! Ha3BaHHE PYHKIHH COXPaHSIOT;

B) TpH 3aMeHe = 2 Tt wm lT£+t Ha { Ha3BaHHUE CHHYC MCHSAIOT Ha KOCH-
HYC, KOCHHYC — Ha CHHYC, TAHT€HC — Ha KOTAHT€HC, KOTAHT€HC — Ha
TaHIreHC.

T T 3n 3n
= - =+a T—-a nt+a =-a | Z=+a
B 2 2 2 2
sin 3 cos a cos a sin oL —sina | —cosa | —cosa
cos 3 sin a —sina | —cosa | —cosa | -sina sina
tg B ctga —ctg a —tga tga ctg a —ctg o
ctg B tga —tga —ctg a ctga tga —tga

TpuroHoMeTpHyeckHe ypaBHEHMSA

He cymectByer eaMHOro MeToaa, cienys KOTOpOMY MOXKHO ObUTo OBl
peIUTh T000e TPUTOHOMETPHYECKOE YpaBHEHHE. Ycnex obecrnedynBaeTcs
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XOpOIIMM 3HaHHeM (OpMyn H yMeHHeM NpeoOpa3oBLIBATL BXOIsLIEE B
TPUTOHOMETPHUECKOE YPaBHEHHE BBIPOKECHHE K TAKOMY BHAY, YTOOBI KOp-
HH HaXOAMJIMCh M3 TaK Ha3bIBAEMbIX IPOCTEHLIHX YPaBHEHHH.

B npouecce pelieHHs HAlO CleAUTh 33 TeM, YTOOb! HE JOMYCTHTD IO-
TepH KOpHEH (Hampumep, MPH COKpallleHHH Ha OOLMH MHOXHTENb) HIH
npHoOpeTeHNs NOCTOPOHHUX KOpHEH (HampHMep, NpH BO3BENEHHH 00eHXx
yacTeH B kBaapat). Hy)kHO Taxxe KOHTPOJIHPOBaTb, IPUHAIEKAT JIH MO-
Jy4arollHecs KOPHH K 00JaCTH JOMYyCTHMbIX 3HAUEHHH pacCMaTPUBAEMOro
YpaBHEHHS, WM JIE€NaTh IPOBEPKY.

IIpocreHine TPUroHOMeTpHYECKHE YPABHEHHS

1. sin x = @ — nmeer pewenre npu —1 <a < 1.
Mpna==x1una=0>53T0 ypaBHEHHE PELIAIOT MO YACTHBHIM GOpMYyaMm.

sinx=1;x=§+2nn,nel.

sinx=—1;x=—%+21tn,nel.

sinx=0, x=nn,ne Z.
B ocTanbHbIX Cay4asx ypaBHEHHE Sin x = @ pelIaeTcs 1o obwet popmyne

Xx= (—1)" arcsina+nn,ne Z.

3Ha4eHHs arc sin 4, KoTopbie He00X0AMMO 3HATH:

. 1 n
+—]=+==430°
arcsm(_z) te +30°;
arCSin(i£J=i£=i6oo;
2 3
(A2 n
+ 1= =4+ =+ o,
arcsm(_ 5 s +45°,

arcsin(£1) = i% =490°;
arc sinQ = 0 =0Q°.

IIpumep 1. Pemnts ypaBHEHHE:!
a) sin3x=1;

6) sin(x-2)= g;
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B)

a)

6)

B)

138

sin(8x+%)=%.
Pemenne.

VpaBHeHHE pemiaeTcs Mo 4acTHoH ¢opmyre.

sin3x=1; 3x="42mn,neZ;

2
_R, 2nmn
x—6+ 3 ,helZ
. W, 2mn
OTBeT: 6+ 3 ,nelZ.

VpaBHenue peiuaercs no obuei gopmyie.
. 2
sin(x~2)= %;

2=(-1)
2=(- ) = +mn, neZ,
x= (——1)" %

Orset: (-1) -Z+2+nn, neZ.

V2

arcsm—+1tn nelZz,

2+7n, neZ.

sin(8x+—f/5) =%;

8x+%=(—1)n ~arcsin%+nn, neZz;

8x=(—1)" ~arcsinl—£+1tn, neZ;

3 7
x—( 1) 8arcsm3 56+ ,neZ
n 1 1
: f— —_— — — — —
OrBerT ( 1) 8arcsm3 56+8,nEZ

2. cos x = @ — uMeeT peleHHe npu —1 <a < 1.
cosx=1;x=2nn,nc Z.
cosx=-l;x=n+2nn,n e Z.

n
cos x=0; x=5+nn, nelZ.

x =ztarccosa+2nn, nc Z — obuwian hopmyna.



0)

3HaveHHsn arc cos a, KOTopbie He06X01HMMO 3HATD:

18
arccos— = 3= 60°;

)

arccos——=

\/5 _ 3n _ o.
arccos(—T ——4——135 ;

arccos 1 =0=0°
arccos0 = % =90°;
arc cos (-1) =m = 180°.

IIpumep 2. PemuTte ypaBHEHUE:

cos2x =1;
my_ .
cos(3x 13)—0,2,
cosl=0.
x

Pemenue.

YpaBHEHHeE peraeTcs 10 YacTHOH GopMyIe:
2x=2nn,n e Z x=nn,neZ
OTrBeT: Mn,nel.

T‘: —
c_os(3x 1—3) =0,2.

Pemaem ypaBHeHHe 1o 06meii popmyite.

3x—%=iarccosO,2+2nn, nelZ,

3x:iarcc050,2+%+2nn, nelZ,

1 T, 2%
= _— —— —
X _+3arccoso,2+39+ 3 nel.
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B)

6)

140

1 T 2n
. —+==-n, Z.
OTBeT‘ 3arccosO,2+39 3 n, ne
cosl=0; -7—=£+1tn,neZ;
X x 2
X i "4
OTBeT: 14 ,hez
T+27n

3. tg x = @ — Bcera UMeeT pellieHHe U pelaeTcs no GopMyne
x=arctga+nn,n e Z

3HaveHHd arctg a, KOTOpble He06X0IHMO 3HATH:

arc tg(iL) = i% =130°;

V3

arctg(#3) =+ X = £60%

arctg(+1) =+ = +45°;

H

arctg (0) =0=0°.

IIpumep 3. Pemmnte ypaBHeHHE:
tg 2x = 100,

tg(x+%) = \/5;

tg—;%zl.

Pemenue.
tg 2x = 100;

2x =arctgl00+ ntn, ne Z;
T

2

‘n, neZ.

xzéarctg 100+

OTBerT: %arctg100+%-n, nelZ.
tg(x+§)=\/§; x+%=arctg\/§+nn, neZ,
T_T ,
x+5—3+‘n:n,neZ,
_T_T .
x—3 5+1'cn,neZ,



B)

a)

27

xX===+mn, ne’Z.
15
OrBerT: %th,neZ.
x x
tg==1; = =arctgl+7mn, ne’Z,
gn > p g
X_T .
E:ZHW’”EZ; x_=7+nn,neZ.
i’ 2 )
OTBeT: T+nn,neZ.

4. ctg x = a — Bcer/ia UMeeT pellieHMe U pelaeTcs 1o Gpopmyie
x=arcctga+nn,ne Z.

3HaveHusn arc ctg a, KOTOpbie HEOOXOAMMO 3HATD:

T _120°- _l.=£= °
arcctg\/§—6 30°; a.rcctg\/5 3 60
arcctgl=§—=45°; a(cctg0=g290°;

_51 _ 500
arcctg(—\/g)—?—150°,
arcctg(—%j = 23_1t =120%

—1)=3% =1350
arcctg(-1) = 2 135°.
IIpumep 4. Peinuth ypaBHeHue:
ctgs?n=—-\/§;
ctg 2x=0,7;

1

b4
ctg—F==——r.
5B
Pemenmune.

ctg F=_3; —;t—=arcctg(—x/3_')+7w, nez,
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__5 . .__30
x—5 , heZ; x——5+6n,neZ.
= +n
6
.30
OtrBeT: 5+6n,neZ.
6) ctg2x=0,7;
2x=arcetg 0,7 +mn, n € Z;
x=%arcctg0,7+%~n, nelZ.
OTBeT: larc:ctg0,7+£-n, neZ.

2 2

T T 1
tg-te=——x ctg—==——=|;

IR NN (%)
T 1
—— =arcctg| ——= |+ nm;

Jx g[ ﬁ)

T _ 21
——===4+mn, n=0,1,2,3,..;
J; 3
1
x

\/§=2‘ n=01,2, ..
Z+n
3
\/§=2+33n, n=0,1,2,...;
2 \
x=(2+3ﬁ) N n=0, 1,2,....

3 2
OrBerT: (m),’l:(),l,z,....

Ypalmemm JJIS1 CAMOCTOATEIbHOTO PECIICHHA

inld, 3. in 3T 1.
1) sin 5 X="5 4) sm\/;—l,
in3n _ 1. . m N2,
2) Smx+1_2’ 5) sm\/:- 5
3) sin3L=_y; 6) sin(7-3x)=~Y2;
x 2
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N 3n_43,
7 sm3x—3, 11) cosx 5
inx=T-: =T
8) sinx =2 12) cosx 3
9) cos2x=%; : 13) tg%zx/i;
=L = ol
10)c0s5x- 3 . 14) ctg x tg6.
OTBeTH :
1) 57r+_51t_n 5—n+5ﬂ,nel;
42 7 21 7
2) 17_12n,neZ; 13_12n,neZ;
1+12n 5+12n
3y + |10 no12,3,.
4n -
4) ———2L2-,n=0,1,2,...;
1+8n+16n
5 —15 _a=01,2,. —& w012,
n(1+8n) (3 +8n)

6) 7+4+2nn,neZ 7+%+2nn neZ,

7) KopHeH Her;
8) xopHe# Her;

9) i—165+n:n,neZ;

10) +5)£+—lﬂ ‘n,ne’Z,
1) +

,n=0,12,. ’ n=1,273,.
—1+ 2n’
12) xopHeii HeT;

13) n+3nn, n € Z;

14) §+nn,nez.

TpuroHoMeTpH4ecKkHe ypaBHEHHA, CBOAALIHEEH
K KBaJipaTHbLIM
ypaBHeHHH, CBOOAIINECA K KBaApaTHbIM, — YPaBHEHHA, KOTOPBIC I10-
CJIC 3aMCHBbI HCKOTOPOI'0O BBIDAXKCHHA HOBO# nepeme}moifl ABJIAKOTCA KBaId-
PaTHBIMH,
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Mpumep 1. Pemnts ypasHenne 3 cos’x — cos x —2 = 0.

Pemenne.

Crenas 3aMeHy 7 = cos X, —1 < ¢ < |, IPUXOAUM K KBaAPaTHOMY ypaB-
HEHHIO OTHOCHTENIBHO HOBO#H IIEpEMEHHOM: 3 —1-2=0, KOPHH KOTOpOro

—3 —-—z
t=1wmt= 3

Hmeem: cos x = 1 unu cosx = —%, OTKyaa x = 2nn,n € Z,

X =zarc cos(—%) +2nk, ke Z.

OTBeT: 2nn,ne Z; i-arccos(—%)+27rk, keZ.

Tpumep 2. Penints ypaBHenue 2 cos” x —sinx + 1 =0.

Pemenue.

Bocnonb3oBaBIKHCE OCHOBHBIM TpPHTOHOMETPHYECKHM TOXKIECTBOM
(1.1) monyyaem ypaBHeHHe

2(1 - sin’ x)—sinx+1=0,

2sin’x+sinx—3=0.

CnenaB 3aMeHy sin x = £, —1 < ¢ < |, IpUXOJNM K KBaJpaTHOMY ypaB-
HEHHIO OTHOCHTENIBHO HOBOM NIEPEMEHHOM: 28 +1-3=0, KOPHH KOTOPOTo
t=1wmt= —%. Bropo# kopeHb HE yAOBIETBOPSAET ycloBHIO —1 < ¢ < 1.
CrenoBaTenbHO, HCXOHOE YPAaBHEHHE PaBHOCHIILHO YPaBHEHHIO sin x = 1,
s

2+21rn,'neZ.

OTKyHAa X =

s
2
IIpumep 3. Pemntsb ypaBHeHHe 3 tg x + 5 ctg x = 8.
Pemenwue.

OTrBeT: =+21n, nel.

1 5
Tak kak ctg x =——, TO ypaBHEHHE NPHMET BHI: 3tg x + —— =38,
g e x Yp p HI: 518 B x

oncy,ua3tg2x—8tgx+5=0,tgx¢0.
Iycrs tg x = u, Torna 3u” ~ 8 u+5=0.

D=64-60=4; u=3%2;
BepHeMcs kK IEpEMEHHOM X.

u=1Humm u=%.

tgx=1wnmu tgx=§;

z

4+1tn, neZ,

x=arctgl+nn,ne Z, x=
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x=arctg%+nk, keZ.

z

OTBerT: 2

+7n, neZ; arctg%+n:k, keZ.
VnpaxHeHHs il CAMOCTOSITEILHOT0 PelIeHHs]

1) 4 sinx—cosx—1=0;

2) 6 sin® x —cos x + 6 = 0;

3) Stgx—ctgx=4

4) cos2x—T7cosx+1=0;

5) cos4x+ cos’ x = %;

6) 3 cos2x+ 5cosx+ a=0, ecid U3BECTHO, UTO X =§ — OMHO H3 pe-

[HEHHI;
T__

7) cosdx+ cos® x = a, eciu 6

OJIHO M3 PElICHHUH.
OTBEeTH:

1) n+2nn,neZ, iarccos%+ 2nk, keZ,

2) KoOpHEH Her;

3) §+nn,neZ; —arctg%+nk,keZ;
4) %th,neZ;
1 9 1 11 )
5) *—arccos—+2nn, ne Z, +t—arccos| —— |+ 2nk, k € Z;
16 2 16

6) iE+2nn, neZz,

a w

7 t=+mn,neZ; t%arccos(—-i—)w“ﬂk, keZ.

(=)}

OaHopoAHble TPHIOHOMETPHYeCKHE YPAaBHEHHUA
H CBOASIIHMECH K HHM

VYpaBHeHHs BHIa a sin x + b cos x = 0;

asin’x+bsinxcosx+c cos? x = 0;

asin’ x + b sin® x cos x + ¢ sin x cos x + d cos’ x =0
U T.Il. Ha3bIBAIOT OJAHOPOJHBIMH OTHOCHTEIBHO Sin x U cos x. Cymma roka-
3aTenei CTENeHeH IpH Sin X U COS X Yy BCEX WIECHOB TAKOrO YPaBHEHHA
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OIMHAKOBa, a CROOOHEII WieH paBeH HyJM0. JTa CyMMa Ha3hlBaeTCs CTe-

TNIEHBIO OXHOPOLHOTO ypaBHeHus. [eneHueM oOeux yacTed Ha cos* x#0,
rie k — creneHs OXHOPONHOTO YPaBHEHNS, YPaBHEHHE CBOJMTCA K anre6-
paH4ecKOMY OTHOCHTENBHO (PYHKIIHH tg X.

Mpumep 1. Peunts ypaBHenue 2sin x — 3 cos x =0.

PemeHnue.

310 OFHOpOAHOE YpaBHEeHHe | CTENEHH OTHOCHTENBHO Sin X M COS X.
PaspgenuB obe yactu ypaBHeHus Ha cosx # 0 (eciu cos x = 0, To U3 ypas-
HEHHUS MONY4YHM, 4TO sin X = (), YTO NMPOTHBOPEHUT TOKAECTBY sin® x +
+ cos’ x = 1), NOIy4HM ypaBHEHHE

2tgx-3=0; tgx=3 x=arctg%+n:k, keZ.

5;
OTrBeT: arctg%ﬂtk, keZ.

Hpumep 2. Peunts ypaBHeHHE cos” x — sin x cos x — 2 sin® x = 0.

PemeHnue. ‘

3r0 ogHoponHoe ypasHeHue I crenenu. PasnenuB obe yactu ypaBHe-
HHA Ha cos” x # (), momydum

1 —tgx—2tg2x=0;2tg2x+tgx— 1=0.

0603HauMB tg x = 1, NOTY4YUM 20 +u—-1=0.

Kopuu nocneauero ypaBueHus: u = —1 win u = %
Orcropatgx=—1 wm tgx= %; x=arctg (-1)+nn,n e Z;
x=—%+nn, neZ wmx =arctg —;— +nk, ke Z
OTBerT: —%+ﬂ:n, neZ, arctg —;- +nk, ke Z

Hpumep 3. Pemuts ypaBHEHHE cos® x +sin x - cos x =0.

PemeHue.

D10 HEMOJIHOE ONHOPOAHOE ypaBHeHHe I cTeneHu (OTCYTCTBYET WIEH,
CoAepKalHi sin’ x). B aToM ciyuae, Bo u30exaHnue noTepu KOpHEH, pe-
KOMEHAYETCS JIEBYI 4YaCTh PA3NOXKHUTh HA MHOXHTENH, a HE NEIHTh Ha
COS™ X, TAK KaK JJIsI 3TOTO YPABHEHHS COS X MOXeT OBITE PpaBHBIM HYJIXO.

cos x (cos x +sinx)=0.

Ortcrona cos x = 0 wiH cos x + sinx = 0.

[lepsoe u3 ITHX ypaBHeHHi — mpocTeiimee. OHO pellaeTcs Mo YacT-
s

> +nn, ne Z. Bropoe — ogHopoaHoe I cre-

HoH ¢popmyne: cos x =0, x =
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neHd: cos x + sin x = (. PasgenuB 00e 4acTH Ha cosx (0, mOTyduM

tgx+1=0,tgx=-1, x=—%+nk, keZ.

OTBerT: §+nn, nelZ, —%+nk, keZ.

Ipumep 4. Pemnts ypaBHenue 2 sin” 2x + 3 cos” 2x = 2,5 sin 4x.

PemeHue.

JlaHHOE ypaBHEHHE MOXHO NpeoOpa3oBaTh K OJHOPOJHOMY YpaBHe-
Huo 11 CTCI]CHPI pa3noxcpm sin 4x o ¢opmyane (3.1).

2sin® 2x + 3 cos? 2x - 5 sm2xcos2x 0.

Pasnenus 06e yacT Ha cos” 2x # 0, IOMTyduM

21" 2x—5tg2x +3=0.

CnenaeM 3aMeHy tg 2x = k:

2K -5k+3=0k=1wm k=

[\S1[o%}

Homyunm:

tg2x=1 HJmthx-g, 2x=—}+1rn, neZ,

x= neZ wia 2x = arctg;+1tk keZ

25
arctg2 nk , keZ.

N-—-OolFl

OTBeET: §+—2—,neZ arctg2 ﬂék kel

IIpumep 5. Peunts ypaBHeHue 3 sin 2x + 8 sin®x=7.

Pemenue.

3T0 ypaBHEHHE HE OJHOPOJHOE, HO OHO JIETKO K HEMY CBOJHMTCH C I1O-
Mowbo Gopmya (3.1) u (1.1):

6 sin x cos x + 8 sin’ x =7 - (sin” x + cos’ x);

7 cos® x —sin’ x — 6 sin x cos x = 0 — oxHopozHoe ypaBhenue Il cte-
nenu. Jlenmum o6e gacTH Ha cos’ x # 0:

tg2x+6tgx—7=0.

CuaenaB 3aMeHy tg x = k, ONyYHM B+ 6k—7=0, oTkynma k = 1 uiu
k =-7. CnenoBarenbHo, tg x = | wim tg x = —7.

x=—}+nn, neZ wvmx=arctg(-7)+nl,le Z
x=-arctg7+mnlleZ

OrBerT: %th, neZ;-arctg7+mnlleZ
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ynpa)lﬂleﬂﬂﬁ AJist CAMOCTOATE/IBHOIO pememm
1) 3 cos®x -5 sin? x — sin 2x = 0;
2) 6sin®2x —% sin 4x — 5 cos® 2x = 2;

3) sinx—cosx=0;

4) 4sin’x+sin 2x=3;

5) sin® x + 14 sin x cos x = 15 cos’ x;
6) 13 sin® x + 12 sin x cos x = cos’ x;

7) sinx-— \/3 cosx =0;

8) V3 cos 3x +sin3x=0.
OTBeTH :

1) —%th,nez;—arctg%wtk,kez;
2) —£+E-n,né‘Z;larctgz+E-n,n€Z;
8§ 2 2 4 2
3) Zinmnez;
4
4) %+nn,neZ;—arctg3+Tck,keZ;
5) %+1tn,neZ;—arctg15+nk,keZ;
6) -Z+mn nez; arctg—l—+7tk,k62;
4 13
7 §+7tn,neZ;

8) —E+E-n,neZ.
9 3

Pemienne ypaBHenui BHAa a cos x + bsinx=c

¢ IOMONIbI0 BBEACHHS BCIOMOTATE/ILHOIO YIJIa
VpaBHEHHUs BHJa a cos x + b sin x = ¢ pemaloTca JejJeHHeM O0eHX

yacTeii Ha \a’ +b% #0.

a b . c
CoSX + sinx = .
\,/az+b2 \/a2+b2 \/az+b2
Iycrs { V4 b+ b (yrou y cylecTByeT, TaK KaKk
=siny
a’ + b?
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2 2
sin?y+cos?y= 2a 5+ 2b > =1),
a+b” a +b

. . c
TOTJA COS Y * COS X + siny * sin x = -
a +b

Ipeobpazosar neByro yacts mo popmyne (2.4), moNy4uM mpocreiiiee

ypaBHEHHE
c

cos(x—y) = —=Er.
va? +b?
IIpumep 1. Penmrs ypaBHeHue 3cos x — 4 sinx =2,5 3nece a=3; b=4)

Pemenne.
Pasjtenum o6e uacth Ha va® + b’ =\/32 +4%* =25 =5.

cosy=—§—,

%cosx—%sinx=5, OTKyJla
siny=3.
COSY*COSX—Siny-*sinx= %,

cos(x+y)=%, x;i-y=i—37£+27tn, neZ, W3 CHCTEMBl IOJY4HM
tgy:%, OTKyJa y = arctg g

IoacTaByuM 3HaueHHE ¥ U HAMIEM X: X = :t% —arc tg§ +2nn, neZ

OTBeT: i—g—arctgi+2nn, neZ.

.

ITpumep 2. Pemnts ypaBHeHHe V2 cos% -2 sin% =1.

Pemenune.
a=~2; b=v2; Ja? +p* =4 =2; cos(’zc 2) ;,
X, n_,n X_4n_m .
5+4 3+21tn nelZ, 2 13 4+27tn,neZ,

28 W

&t I

3 2+4ﬂ:n neZ

OTrBerT: +2§E—5+4nn neZ
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YHpaskaeHHS ISl CAMOCTOATEILHOI0 PelIeH s
1) 2sinS5x+2cosS5x= \/5;

2) 23 cos 7x + 6 sin Tx = \/1—2;
3) 9cos (3-2x)— V27 sin (2x—3)= -6v/3;
4) 3sin%—\/§cos§=3; '

5) 3sinx—4cosx=35;

6) Ssin2x+ 12 cos 2x=-13;

7) 3cos3x+5sin3x= @—;

8) Ilpu kakux 3HaYeHHAX a ypaBHeHHe S sin 2x — 6 cos 2x = g HMeeT pe-
meHune?

9) Ilpu KakuX 3HAYECHHAX d yPaBHEHHE acos(i —E) + 5sin (B - l) =6

3 8 g8 3

HMeeT pelieHue?
OTBeTH:
1 _£+2_n.n,neZ;l7—r+£7£-k,keZ;

60 5 60 5

2) 2y 2020 g ke z;

7 21 7
-3) §+7—nA+nn,neZ;

2 12

4) %—HOnn, neZ, Sn+10nk, ke Z;

5) g+arctg§+2nn, neZz,

6) —g —arctg% +2nn,ne’Z,

7 l—larctgé+2—n-n,nez; on_1 arctgé+—2—7t-k,keZ;
18 3 5 3 18 3 5 3

8) [—x/a; ~/6_1];
9) |a|2VIL
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TpHroHOMeTpHYeCKHe YPAaBHEHHH, PelliaeMble METOAOM
Pa3ioxKeHHs HA MHOKHTEIH

[Ipn pelieHUH ypaBHEHHH 3TOro THMA HYXKHO IOJb30BATHCH BCEMH
cnoco6aMH paszIoKEeHHA Ha MHOXHTEIH. D10 (GOpMYJBl COKpAMIEHHOTO
YMHOXXEHHSA, BBIHECEHHE 33 CKOOKM OOIIEro MHOMKHTENs, IPyNIHPOBKA,
dopmyisl (4.1) — (4.4) 1 HCKyCCTBEHHbIE IPHEMB.

IIpumep 1. Peunith ypaBHeHHe sin x + cos x + 1 + cos x * sinx = 0.
PemeHnue.

BhHInosHUM rpynnupoBKy:

(cos x + 1) + (sin x + cos x * sin x) = 0;
(cosx+1)+sinx-(l+cosx)=0;

(cosx+1)-(sinx+1)=0,

oTcro4a cos X = —1 wim sin x = —1;

x=n+2nn,neZ x=—%+2nm, melZ.
OtBeT: n+2nn,ne Z ——72£+21tm, meZ.

Ipumep 2. Pemuth ypaBHeHHUE €O X + cos 2x + cos 3x = 0.
PemeHue.

BBINOIHUM IPYTIIIHPOBKY:

(cos x + cos 3x) + cos 2x = 0,

BBIDAXXEHHE B CKOOKe Mpeodpasyem no dhopmyie (4.3):

2 cos 2x * cos x + cos 2x = 0;

cos2x (2cosx+1)=0;

cos2x=0mm2cosx+1=0.

2x= % +nn,n ez, x=i—23ﬂ+21tm, melZ.
x=%+%, nelZ.
OTrBeEeT: E+M, neZ; irz—n+21tm, melZ.

4 2 3

Ipumep 3. Pemunts ypasHenue sin 3x —sin x + 2cos’ x = 1.
PemeHnue.

BBINOSHNM rpynTIMPOBKY:

(sin 3x —sin x) + (2 cos’ x - 1) = 0,

BLID@KEHHE B CKOOKax nmpeobpasyeM no dhopmynam (4.2) u (3.2):
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2sinx*cos 2x + cos 2x=0;
cos2x+(2sinx+1)=0;

cos 2x = 0;
2x = % +7an,ne Z
=%+—, nez,

wim2sinx +1=0; sinx:—%-

>

x=(-1)" Bk, kez
’ . M, 7n k+1 U
OTBET: Z+7,neZ, (-1) -€+nk,keZ

IIpumep 4. Pennth ypaBHeHHe sin x + sin Sx + cos x + cos 5x = 0.
PemeHue.
CrpynnupyeM (sin x + sin 5x) + (cos x + cos 5x) = 0,
no dopmynam (4.1) u (4.3) JeBy10 4aCTh IPUBENEM K BHIY:
2sin 3x*cos 2x + 2 cos 3x - cos 2x = 0;
cos 2x (sin 3x + cos 3x) =0,
oTciona

__+ -1 .
cos 2x=0; 2x 2 mm,ne’Z,x 4+2,neZ,

WM sin 3x + cos 3x =0 — ozmopo;moe ypaBHeHue | crenenu; nenum
o0e uacth Ha cos 3x = 0, tg 3x =

__ T __T nl ,
3x= 4+1tl leZ;, x 12+ ,leZ,
T 1t ._m . =l
OTrBerT 4+2,neZ, 12+3,leZ.

anamlemm AJIA CAMOCTOATE/IABHOIO PCIICHHSA

1) 1+ sin3x cos x = sin 3x + cos x;
2) cos 7x +cos x + sin 7x + sin x = 0;
3) (1 + cos 6x) - sin Sx = /3 cos® 3x;
4) (1 —cos 8x) - cos 3x = sin’ 4x;

5)- cosx—sinx=1-sin 2x;

6) cosx + sinx = cos 2x;

7 2t x-2tg*x+3tgx—3=0;
8) cos 2x = sin’ x — cos’ x.
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OTBeEeTH:

1) 2rn,neZ; §+?‘k,keZ;

2) ——1+£-n,neZ; %+§-n,neZ;

16

D Ealnez; Ba2ppez; 22 ke
6 3 15 5 15 5

4) E.n,nez;iﬁ+ﬁ-n,ne2;
4 9 3

5) %+1cn,neZ; 2nm,meZ;§-+2nl,l€Z;

6) —%Hrn,neZ; 27tm,meZ;—%+21tl,leZ;
7) —7£+1tn,neZ;
4

8) %+nn,neZ; 2nm, meZ; %+2nl,leZ.

YHHBepcATLHAS TPHFOHOMETPHYECKAs HOACTAHOBKA
JTOT METON IpeanoiaraeT UCIoJIb30BaTh HOPMYIIbI

2tg% 1~tg2%
—=; cosa=—=%;, a#En+2nn,n € Z.
1+tgz% 1+tg2%

BriOpaB ykaszaHHbIH cocob perueHus, HyKHO IPOBEPATh, HE ABJAIOT-
sl JIM YHCJIA U3 MHOXECTBA T + 271, n € Z pElICHUsIMH YPaBHEHHs1.

sino =

Ipumep 1. Peuruts ypasrenue 10 cos 2x + 8 = tg x.
Pemenue.

[TpoBepum, OyayT Jin uucia x=%+nn, neZ pelweHnsIMH JaHHOTO
ypaBHEHHUS:

10cos(m+2mn)+8 = tg(g- + nn) — npaBas 4acTh PABEHCTBA HE HMEET

cmeicna.  CnenoBaTelibHO, X # % +mn, neZ. CpenaB NOJCTaHOBKY

1- tgzx

l+tg°x

cos2x = , TIOJIy4UM ypaBHEHHE:
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tgx
1+tg x
10—10tg x+8+8tg2x=tgx+tg3x.
HYCTBtgx=t,T0FIIat3+212+t—-18=0',
(£ -8)+ Q2 +1-10)=0;
2 5
(r-2)(r +2t+4)+2(t—2)(t+—2—)=0;

10 +8=tgx;

(t-2)(P+2+4+2t+5)=0;
(1=2) (P +4t+9)=0;

t=2nm +4t+9=0;D=16—36 <0, kopHeii Her.
Umeem: tgx=2,x=arctg2+nn,n € Z.

OTBerT: arctg2 +7n,n € Z

IIpnmep 2. Penuthb ypaBHeHHe sinx + Scosx + 5 =0.
Pemwmenue.
IIpuMeHHM YHHBEPCAJIBHYIO NOACTAHOBKY:
ney o)
+ +5=0, x#n+2nn,n e Z,
1+1g? 2 1+ tg2 %

2tg X +5[1-t +5 ;
g > ( g 2) +5 tg 2 =0;
—2—=—5 x==2arctgS+2nk, ke Z.
Teneps HEOOXOAUMO NPOBEPHTD, SBASIOTCS JIH YHCIA W3 MHOXECTBa
7+ 21N, n € Z KOPHAMH HCXOJJHOTO YPaBHEHHS:
sin(n+2nn)+5cos(n+2nm)+5=0,ne Z
sint+5cosnt+5=0,0-5+5=0;0=0.
CnenoBarensHo, BCce Ynucna BHAA T + 27tn, n € Z ABIAIOTCA KOPHAMH
HCXOOHOrO YpaBHEHHA. '
OrBeT: n+2nn,ne Z,-2arctg5+2nk, ke Z.

ana)lmenml VI CAMOCTOATE/IBHOIO PCINCHHSA

1) 3sin2x+cos2x=2+tgux;
2) 2sin’x+cosx—3sinx+1=0;
3) 6cosx+12sinx+25sinx-cosx+6=0;
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4)

5)
6)

7
8)

9)

1-tgx
1+tgx
sin 2x + tg x = 2;

2 (1 —cos 2x) =tg x;

2+sinx=3tg %;

=1-sin2x;

l+cosx+tg %zO;—

15 ctg x+ 130 sin 2x = 5—53 tg x.

OTBETH :

1y
2)
3)
4)
5)
6)

7

§+nn, neZz, arctg(—Zi\/g)i-nk, keZ,

12t-+2nn,neZ; n+2nk,keZ,

10 +61
13

n+2nn, ne Z; 2arctg2 + 2nm, m € Z; 2arctg— +2nl,leZ;

§+nn;nk, neZ,keZz,
£+nn,neZ;

4

nn, neZ; arctg(2i\/§)+nm,meZ;

—E+2nn, neZ.
2

YpaBHeHHus, peliaeMble NOACTAHOBKAMH Sin x + €Os x = ¢
Higxtetgx=¢

31U ypaBHEHUS OOBIYHO COAEPIKAT Sin X + COS X H Sin X * COS X;
tgxtctgxu tgzx + ctg2 X,

IIpumep 1. Peumte ypaBHeHue 6 sin x — sin x cos x = 6 - (1 + cos x).
PemeHue.
6sinx—-6cosx=6+sinx-cosx ™
6 (sinx—cosx)=6+sinx*cosx
Ilycts $in x — cos x = ¢, Torxa (sin x — cos x)2 =7

2

sin® x + cos’ x — 2 sin x cos x = £, OTKyJa sinx-cosx:I_Tt.
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YpaBHen#e (*) npuMeT B

2
6t=6+l‘2—’; 2 +126-13=0;
t=1wmwmit=-13.
Tomyqum:

sinx—-cosx=1; Lsinx—-——l—cosx=i'

"2 V2 V2’
in(x—E) =2, (BT
sm(x 4)— 5 ; x=(-1) 4+4+7|:n,nEZ
W
sin x — cos x =—13; sin(x—£)=11—3;
4] 2

HET pelIeHu .

OTBeT: (—1)"-%+%+7m, neZ.
Ilpumep 2. Pernts ypaBHeHHE tg2 x-3tgx+4=3ctgx- ctg2 x.
PemeHnune.
(tg2 + ctg2 x)-3(tgxtctgx)+4=0 **
ITycTs tg x + ctg x = u, Toraa (tg x + ctg x)* = o,
tg2x+2tgx “ctgx+ ctg2x= u
tg2x+ctg2x= ut-2.
VpaBHenHe (**) npUMeT BUI:
W-2-3u+4=0wm u2~3u+2=0,
oTkyAa ¥ =1wmu=2,
IMonyqum tg x + ctg x = 1
HIH
tgx+cetgx=2,
[lepBoe U3 3THX ypaBHEHHH HE MMEET PELICHHH, Tak KaK CyMMa JIByX
B3aMMOOODATHEIX YHCENl HE MOXKET PaBHATLCS CMHHIIE.
Bropoe ypaBHeHue uMeeT pelleHHe tg x = 1, Tak Kak CyMMa JIBYX
B3aMMOOOpPaTHEIX YHCEd paBHA ABYM TOTAa, KOrjJa OHH OJHOBPEMEHHO
PaBHBI €IUHULIE.

v

Ortcrona x=%+nn, nelZ.
OTrBerT: §+1tn, nelZ.
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1)
2)
3)
4
5)
6)
7)
8)
9

ana)lmemm AJISt CAMOCTOATECJILHOI'O PCIICHUSA
sin 2x =2 (1 + sin x + cos x);
2cosx—sin2x=2+2sinx;
sin 2x + 342 (sinx —cos x) = 5;
4t x+ctg’x+6tgx—3ctgx—8=0;
7 +sin2x =7 sinx + 7 cos x;
tgzx—3tgx+4=3ctgx—ctg2x;
ctg2x+ctgx=4—tg2x+tgx;
sin 2x -4 sinx =4 + 4 cos x;
2(tgx—ctgx)= NE) (tg2x+ctg?x)— 243.

OTBeTH :

)
2)
3)
4)
5)
6)
7)
o

9

-—§+2nn,nel; -n+2nk, keZ,

2nn,ne’Z; —§+21tk, keZ,

3T“-%Z‘rtn,neZ;

+nl,leZ,

2+J6
2

Iimn nez, —arctgl+nk; arctg
4 2
2nn,ne’Z, §+2nk,keZ;

T
Z+nn’n62;

1245
2

arctg(]iﬁ)+nn,neZ; arctg[ ]+nk,keZ;
~%+2nn,neZ; —n+2nk, keZ,

i£+nn,neZ; E+nm,meZ; —£+1rk,keZ.
4 3 6

YPaBHeHHﬁ, peliaeMbie ¢ NOMOILIO YCJIOBHAI PABCHCTBA

OJHOMMEHHBbIX TPHTOHOMETPHYECKHX GyHKIHH

YCI0BHA paBEeHCTBA OAHOMMEHHEBIX TPHIOHOMETPHYECKHX (QYHKIIHH

sin f(x) = sin y (x), ecnn
f(x)-y(x)=2rn, neZ;
f(x)+y(x)=n+2nn, neZ.
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(x

cos f(x) = cos y (x), eciu [;(x;+7(x) 2nn, neZ,

Y(X) 2nn, ne Z.
f(x)-y(x)=mn, neZ,

g/ () =tgy (), ecnn {| [ (x) =5 +7k, keZ,
v(x)# 5 +nl, leZ.

IIpumep 1. Pemnth ypaBHeHue sin8x = sin(3x-+%).
Pemenue.

_8x—3x—%=2nn, nelZz,

8x+3x+%=n+2nk, keZ.

2T|:

x= 30 5n,neZ,
St 2.
_x_66+ k, keZ.
. m, 2n . 5m_ 2
OTrBerT: 30+ n, nelZ, 66+ k,keZ.

IIpuMep 2. Peumts ypaBHeHHE cos(3x —-%) =cos7x.

Pemenue.

T_ —__n_ Tn
Tx 3x+-‘-‘-_21tn,neZ, X 16+ 2,neZ,
Tx+3x-R=omk, keZ. x= 4—’5+ﬁ keZ.
OtBer: -2+ nez; —+’—t£ keZ.

16 2° > 40

IIpumep 3. Petinth ypaBHeHue tg 4x = tg x.

dx—x=7n, neZ, x=%’1, nelZz,

{”%*“” lez. x#%-ﬁ-nl, lez.

Cpenu uucen = 3 , N€ Z He COIAEPKUTCS YUCEJI BUAA E+1tl leZ.
OTBerT: T,neZ.
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anazlcuemm AJIf CAMOCTOATC/ILHOTO PCLICHHS
1) cos5x=cos(2x+%);
2) sin3x=sin (% - 4x);

3) tgdx=tg (Sx 11)

4) 3sinx -4 sin’ x = sin 5x;
5) cos6x=1-2sin’x;
6) cos x = sin 5x;

7 tg( > cosx) ctg(mnsinx);
8 2- \/3 cost+sin2.x=4cosz3x;
9) 2sin? (%cos2 x) =1-cos(msin2x).

OTBEeTH:

) Z+2 ez -2 g kez;
21 3 49" 7

) B2 ynez Aok kez;
35 7 5

3) —+nn,neZ;
11
4) mmoneZ; 2+l kkez;
8 4
5) £~n,neZ;
4
6) I, n,nez, r,r ‘kkeZ,
12 3 8 2
1
7) 2arccos—=+mn, neZ,
) NG
8) %4+l pnez - IE Tk keZ:
24 2 48 4
9 —+1rn neZ, tarcsin—=+mnk, ke Z.
) > \/g
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YPRBHCHHH, IIPpH PEHICHHH KOTOPBLIX HCIOJb3YETCH
OrpaHHYCHHOCTb CHHYCA H KOCHHYCa

IIpumep 1. Pemnts ypaBHeHue sin x + cos 4x = 2.

PemeHnmune.
JleBast yacTh paBHa NMpaBoif TOTAA U TOJILKO TOTA, KOTAA BHINOJIHACTCS

YCJIOBHE:
sinx=1 x=%+2nn, nelZz,
cosdx =1, cos(4 : (% + 21tn)) =1.
x=£+21tn,neZ, x=g+2nn,nel,
cos(2n+8nn)=1. 1=1.

OTBeT: g+2nn,neZ.

IIpumep 2. Peunthb ypaBHeHue sin 3x * cosx = 1.
Pemenue.
JlaHHO€E ypaBHEHHe PaBHOCHIILHO COBOKYIIHOCTH CHCTEM:
T 27 n
. . x==+=—=,ne’Z
{sm 3x=1, - {sm 3x=-1, 6 3
= =-1. n 27N
cosx =1 cosx=-1. | fm -1
6 3
Ha pucyHke 23 oTMeueHBI TOHKH, KOTOpBIE COOTBETCTBYIOT yTJIaM BHJia
x= % + 2—§E, ne Z. Hu Juis ogHOrO U3 HUX KOCHHYC He paBeH 1. Crne-
ZOBaTeNIbHO, IIepBas CHCTEMA He MMEET PELLCHHUA,
YA

Puc. 23
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Ha pucynke 24 oTMe4YeHbl TOYKH, KOTOPbIE COOTBETCTBYIOT YI1aM BH-

aa x=—%+2%, keZ. Hu mis onHOro w3 HUX KOCHHYC He paBeH —l.

CnenoBaTtenbHO, BTOpas CHCTEMA HE HMEET PEMIECHHIA.
yh

Puc. 24
OTBeEeT: peleHH HeT.

YnpaxHeHnus AJ18 CaMOCTOATEJIbHOI0 PellieHHs

1) sinx+cosdx=2; 6) sin 3x + cos 2x = -2;
2) sinx-cos3x=1; 7) sin(x+§)~sin3x=1;
3) sin%—cos6x=2; 8) sinzx-sin(x+§)=1;
4) sin%+cosx=2; 9) \/cosx+\/§-sinx—2—cos§=—\£—3_i.
5) sin2x+sin(x+%)=2; ‘
OTBeEeTH: 1)g+2nn,ne2; 6) §+2nn,neZ;
2) KOpHEH HeT; 7 g+1tn,neZ;
3) 34 6mn; 8) Z42mn, nez;
2 4
4) 2n+8an,neZ, 9) 7—3n+41rn,neZ.

5) %+2nn, neZz,
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TPUHT'OHOMETPHYECKHE
HEPABEHCTBA

Ilpn pemieHHH TPUrOHOMETPHYECKHX HEPABEHCTB HCIIOJIB3YIOTCS
CBOMCTBa TPHTOHOMETPHYECKHX (PYHKUHMH, B NEPBYIO OYEpEIb UX MEPHO-
JHYHOCTE H MOHOTOHHOCTb Ha COOTBETCTBYIOIHX MPOMEXYTKAX, a TAKKe
MPOMEKYTKH HX 3HAKONOCTOAHCTBA.

Jis peleHHst HEPAaBEHCTBA, COAEPMKAILETO TOJBKO Sin X HJIM TOJILKO
COS X, IOCTATOYHO PEIHTh 3TO HEPABEHCTBO Ha KaKOM-THOO OTpe3ke AJIH-
HBl 27. MHOXECTBO BCEX pElleHHH MONy4YHM, NPHOABHB K KaXKIOMy M3
HaWJEHHBIX Ha 3TOM OTpe3Ke pellieHHH yucna Buaa 2nn, n € Z.

JUIA HEpaBeHCTB, COAEPXKAILUX tg X M Ctg X, PELIEHHA HaXoAATCd Ha
NPOMEKYTKE JUIHHOH 7T, 8 MHOXECTBO BCEX PEILEHHH MOIYYHM, MPHOAaBHB K
KaXXIOMY H3 Hal{ICHHBIX Ha 3TOM OTpE3KE PELICHHH YHCIa BUIa n, 1 € Z.

IIpocreiimne HepaBeHCTBa

BbyneM pelars NpocTeHIIME HEPAaBEHCTBA, MOJB3YACh OKPYKHOCTBHIO
€IMHHYHOTO pajHyca ¢ HEHTPOM B Hayajle CHCTEMEI KOOPJMHAT.

IIpumep 1. Pemmth HepaBeHCTBO Sin? > %

PemeHnwue.

o
TITT >

[T

Puc. 25
Tak kak arcsin%=%, TO TOYKH OKPYXHOCTH, OPJHHaTa KOTOPBIX
Gouiple %, nexar Ha nyre AFB, tne A= A(%) H B=B(n—§], TOYKH
A 1 B uckouarorcs.
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WueiMu  crioBaMH, Ha otpeske [0; 27m] pelleHHeM HepaBeHCTBa

sinf > 1 CIIY)KHUT HHTEPBAJ (%, SFE

> ) Y4uTBIBAaA NEPHOIHYHOCTD Sin £, MO-

+2nn<t<5—“+21rn, nelZ.

6
4 OTBET: (%+2nn; —567£+21tn), nelZ.

r

JIyJacM OTBET B BHAC 6

IIpumep 2. Pentnth HepaBeHcTBO sin3x <

W |

PemeHnue.

YA

=Y

<
ALMRNI MY W

F
Puc. 26

ITpu 3x = t HepaBeHCTBO NPUMET BUJ Sinf <

W |—

3TO HEpPaBEHCTBO 03HAYAET, YTO BCE TOYKH OKPYKHOCTH TpHU 3HAUEHH-
AX !, yAOBIECTBOPAIOIIMX JaHHOMY HEPaBEHCTBY, HMEIOT OPAMHATY, MEHb-

LIYIO WIH PaBHYIO % MHoxecTBO Bcex TakMX Toyek — Jyra AFB, Belne-

JICHHasl Ha PUCYHKe 26.
Yrobbl HaliTH yCIOBHE, PH KOTOPOM Touka P (f) NpHHALIEXKHUT yKa-
3aHHOMY MHOXECTBY, HAHIEM | U f), COOTBETCTBYIOIIHE TOUKaM A = A(tl)

u B=B(1).
Bo3bMmeM ¢ =arcsiné.

PaCCMOTpPIM ob6xo/ AYTH OT TOYKH A x Touke B B HampaBJ/ICHHH 10 4a-

COBOM CTpEJIKE: I, <t H t, =—T— arcsiné.
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3n

Bce peinenns HepaBeHCTBA U3 MPOMEKYTKA [—7; g—} JUIMHOM 27 Ta-

1 .1
KOBBI: —m—arcsin—<¢< arcsmg. YuuthiBas MEPHOAHYHOCTb CHHYCA,

MOJIy4acM BCE PCLICHHUA HEPABCHCTBA:

-n— arcsin% +2nn<t< arcsin% +2nn, neZ

1 .
—n—arcs1n§+ 2nn<3x < arcsm%+ 2nn, neZ.

OTtBerT: [—E—larcsinl+ﬂ~n; larcsin%+2—31't~n}, nel.

3 5 3 3
ITIpamep 3. Pemuts HEPaBEHCTBO COS X > —g.

PemeHnue.
Ha pucynke 27 BbiIe/ieHa COOTBETCTBYIoWas ayra AFB, rae A= A(y)
u B=B(t,).

V3)_2n

Haxonnm ¢ = arccos| —— |=—,
2 3

= —%’—t-, OTKyJa

—2—;+2nnSng§t~+27tn, nelZ.

Puc. 27

OTrBerT: [—-‘?+2nn; %+2nn} neZ.
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IIpamep 4. Pemuth HepaBeHCTBO €OS3x < —%.

Pemenue. ‘

O0603Ha4uB 3x yepes ¢, NOTYIHUM COS! < —%. Ha pucyske 28 BbieneHa
cooTBeTCTBYIOWas nyra AFB, rne A= A(t) u B=B(t,).

1
Haxonum t] = arccos(—ij; L =mn+ arccos(arccosz), OTKYyJa

arccos(—%) +2nn<t<m+ arccos% +2nn,ne”Z.

Tlepexons k nEpeMEHHOM X, MoNydaeM:

arccos(—%) +2mn<3x<n+ arccosl

4+21tn, neZz,

lar‘ccos(—l)+2—n-n< % ;arccos—+2—n n, nelZ.

3 4 3 4 3
Y
A
FIIIIIIIIII l\\ o
_INAO X
B
Puc. 28
.11 2 . 1 1, 2n,
OTBeT: [3arccos( 4)+ 3 n; 3+3arccos4+ 3 n], nelZ.

TIpumep 5. PemnTs HepaBeHCTBO tg £ < /3.
Pemenue.
Ilepron Tanrenca pasen m. T103TOMy HalieM cHayana BCE PElICHHsA

JaHHOrO HEPABEHCTBA, IPHUHAJICKAIHUE ITPOMEXKYTKY ( 12t 5), a 3aTeM

BOCIIOJIb3yEMCS TIEPHOAMYHOCTBIO TaHreHca. JUIs BBiIENEHHS BCEX TOYEK
P (f) npaBoii NOJIyOKPY>KHOCTH, 3Ha4€HHUS ! KOTOPHIX YOBIETBOPAIOT JaH-
HOMY HEPaBEHCTBY, oOpaTHMcs K JIHHHH TaHreHcoB. Ecnu ¢ sBisteTcs pe-
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IIEHHEM HEpaBEHCTBA, TO OpAHHATA TOYKH 7, paBHas tgf, ZO/DKHA OBITH

MEHbIlIEe UM paBHa J3.
MHoxecTBO Takux Touek 7 — nyu FT (pnc 29). MHOXeCTBO TOYEK
P (#), cooTBETCTBYIOIHUX TOYKAM 3TOrO Jy4ya, — Ayra BC, BbleNieHHas Ha

pucyHke (oOpaTtuTte BHMMaHue: Touka B (#)) npuHamnexar, a C (—g) HE
NPUHAJIENKAT PACCMATPUBAEMOMY MHOXKECTBY).
Haxogum ycmoBue, npu KoropoMm P (f) npunamiexut ayre BC.

tle(-%;g) U tg tl=\/§, CJIEI0BATENLHO, t,=arctgx/_ :g. 3Haumr, ¢

i
JOJDKHO YAOBJIETBOPATH YCIOBHIO ——725 <t< 3

Bcee PCIICHHAA RAHHOIO HEpPAaBCHCTBA, NPHHAJIEKAIHE IIPOMEXKYTKY

m, T T, T
(-—; E)’ TAKOBBI: (—E; 5} YuuTeIBas IIEPUOAHYHOCTh TAHTE€HCA, II0-

2
Jy4aeM OTBET:

I ian<t<l +7rn nez.

2 3
YA
Fi3
5 5
0 3
=
T
Puc. 29

OTrBeT: (——723+7tn; %+nn}, neZz.
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IIpumep 6. Pemts HepaBeHCTBO ctg £ > 1.

PemeHnue.

Ilepuon xoTanreHca paseH m. [To3ToMy HaiiieM CHayana Bce pelIeHUs
JaHHOTO HEPABEHCTBA, IPUHAUIEKalMe NpoMexXyTKy (0; m), a 3aTeM Boc-
HOJIb3YEMCS NEPHOAMYHOCTBIO KOTaHreHca. JUis BBHINEICHHA BCEX TOYEK
P () BepxHe#l MONYyOKPY)KHOCTH, 3HAYECHHS ! KOTOPbIX YIOBJIETBOPANOT
JIAHHOMY HEPaBEHCTBY, 0OpaTUMCS K IMHHH KOTaHTreHcoB. Eciy ¢ aBiaercs
pelIeHreM HepaBeHCTBa, To abcuucca Touku T, paBHas ctg ¢, JOKHA OBITh
Gosbie wid paBHa —1. MHoxecTBO Takux Toyek T — ayd DT (puc. 30).
MHuoxecTBO Touek P (f), COOTBETCTBYIOIMX TOYKaM 3TOTo Jyda, — Oyra
BC, BriieneHHas Ha pUCYHKE. :

HaxoauM yciioBue, pu KoTopoM Touka P (f,) npuHamnexuT nyre BC.

C= C(n); he(0;m) u ctgs, =—1, cnenoBatenbHo, f =arctg(—1)=§f—.

T
3HayuT, ¢ DOMKHO YAOBJIETBOPATH YCJOBHIO: O<t$37. Bce peuienus

JaHHOTO HEPABEHCTBA, NpHHaJJIeXaulde NpoMexyTky (0; m), TakoBbL

3n
0‘ -— 1. qu/ITbIBaSI NEPUHOAHIHOCTD KOTAaHI'€HCa, nonyqaeM OTBCT.
4

nn<ts37n+ﬂ:n, nelr.

OTrBerT: (nn; 3—n+nn}, nelZ.

4
D y T
C,
A 0 B X
Puc. 30

V3

IIpumep 7. Pemuts HEPaBEHCTBO |cos 2x| < <5
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Pemenwue.

———‘/2:<cos2x —\'/2: Ayt AB v CD cUMMETPHYHBI OTHOCHTEIIBHO

oce koopAaMHar (pyuc. 31), O3ITOMY JOCTATOYHO HAHTU OTBET Ha OXHOM U3
JyT, HalIpUMeED Ha ayre AB, yMeHbIIMB NIEpHO] B [Ba pa3a:

i Sn
g+nn52xs?+1rn, nelZz,

5w
—+—=.p<x<22
12+2 n<x 2 2 ‘n, nel.
VA
__\3 VB
x~——2— x—2
B A
0 X
4 N
-Puc. 31
5w
0] : 4L g2, T .
TBET |:12 2 n, 12+2 n:| neZz

TIpumep 8. Penute HepaBeHCTBO [sin x| > %
PemeHnue.

. 1 . 1
M3 ycnosus cneayert, uro sinx < =7 WM sinx > .

X
O / =_l
v i’ 2
Puc. 32
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JyrH CHMMETpHYHBI OTHOCHTEJIBHO Oceli koopauHaT (pHc. 32), caeno-
BaTe/IbHO, JOCTaTOYHO HAHTH OTBET HA OJHOHM M3 YT, HApUMEP Ha Jyre

a5} ()

7t St
-6—+7tn<x<?+nn, nelr.

OTBerT: (%+nn; §6£+1m), nelZ.

anaalcueuml AJIfl CAMOCTOATE/IbHOTO PEILICHHUSA

Pemnts HEpaBeHCTBA:

1) sin(5x-8)>7; 2) sin5xs—§;
3) cos3x$——\/—§; 4) costZ—l;
2 4
5) tgx=+/3; 6) ctg % -1
. J2 LA
3x| < —; e
7) |sin3x| 5 ( 7)
OTBCTH
1) 8+27t -m; 1t—+§+z—7E ni|, neZz,
L30 5 5 6 5 5
2) —2—n+2—n-n; I ion. n:l, nelZ,
L 15 5 15
3) mL2m o, 7n+2n n},neZ;
' 118 3 18 3
1 1y, 1 1) - ,
4) |——arccos| —— |+ nn; —arccos| —— |+ nn |, ne Z;
L 2 4 2 4
5) E.-+—1tn;£+1\:n),nez;
L3 2
6) [3n+4mn;4n+4nn), neZ,
7) LI -n; LS nil neZ,
L 12 3 12 3
8) —13—Tt+nn,£+7tn},nez
42 42
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TpHroHoMeTpHYecKHe HepaBEHCTBA,
CBOAMALIMECH K KBa/iPaTHLIM

TIpumep. PewiuTs HepaBeHCTBO —€OS X < —1 — cos 2x.
Peuwenue.

—cosx+cos 2x + 1 <0;
—cosx+2cos’x—1+1<0;cosx(2cosx—1)<0.
O0603HauuB cos x = ¢, mofyuum ¢ (21— 1) <0.

+ - +

A4

2

~

X 1
CnenosarenpHo, 0 <t < 7 TO ecTh 0 <cosx < —é—

%+27rn<x<—725+2nn, neZ wim —%+2nk<x<~%+2nk, keZ:

v
B 4

Puc. 33

iwdg) el endg) oo

. 1 . _r .
OTBeT: (3+27rn, 2+21rn)u( 2+2Tl:k, 3+27tk)k,neZ.

YHpaxmemm AJI CAMOCTOATC/IBHOIO PCHICHHA

1) sinx%coslx>1; 6) 2cos’x—sinx+1>0;
2) cos2x+5cosx+32=0; 7) sinx sin7x >sin3x sinS5x
3) sin’ x + \/3 sinx—3>0; 8) cos4x+coszx2~l;

4) tgx+2-B)tgx— 23 <0; 9) 3tg?3x—2<0.

5) 3cos’x—cosx—2<0;
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OTBeEeTH :

1

3)
4)
. 3)
6)

7
8)

9

[0; %] Haxonum xopuu ypashenus f(x) = 0 Ha [0; %} %5

(2nn; §+2nn)u(5—6n+2nk; ‘It+2‘n‘.k), neZ, kel

——+21tn —+2nn}, neZz,

—arctg2 + mn, I, nnj neZz,

arccos —— +21tn arccos[——g—)+2nnj| nelZz,

>[4
(§+2nn —+21tn) neZz;
(
-

x¢5+2nn, neZz,

( +7n; 3—n+nn), neZ,
4 4

X€ER,

—larctg\]i+ﬂ1— —l-arctg\/i = ,neZ.
3 3 3°3 3 3

TpuroHoMeTpHYecKHe HepaBEHCTBA,
peliaeMble METOOM HHTEPBAJIOB

IIpumep. Pewnts HepaBeHCTBO cos 2x — cos 8x > 0.
PemeHnue.

IMycts f{x) = cos 2x — cos 8x.

@yHKIus f (X) — YeTHas, ee HepHoJl PaBeH T, TaK Kak

cos 2x = cos (2x + 21) = cos 2 (x + w), T} = n (T — nepuox);

cos 8x = cos(&x+2n)—c058(x+ )T2—4

Toow = T (0OLMit mepuo).

JHoctaTouHo HaliTH pelleHHs HepaBeHcTBa f(x) > 0 Ha l'lpOMe)KyTKe
2n

'5 _3"’ 5

T T 2n
0<x<5 HIH 3<x< 5

171



+ - + -

0n = 2Zn n X
5 3 5 2
Puc. 34

Tak kak f(x) — uerHas, TO peiieHus HepaBeHcTBa f(x) > 0 Ha
(-—%;0} OynyT: —2%<x<—§;—%<x<0. g

OTBeT:

2n, .. m . J— I i 4
( T+nn, 3 +T|:n)U( 5 + mn, TEn)U(‘iUI, 5 +1tn)u(3 +7n; 5 +7tn),
nelZ.

YnpaxHenus AJISl CAMOCTOATENLHOI0 pellcHUs

1) sin 2x —sin 3x > 0; 3) cos3x—cos2x<0;

2) tg%—tg-§>0; 4) sin 2x + cos 4x 2 0.

OTBeTH :

D (§+21m; 3—;t—+21rn)u(7t+ 2mn; -75—n+27mju

u(g—n+2nn; 2n+ 21tn], nelZ,

2) (6nmm+ 6nn)u(%n+ 6mn; 3n+ 61th w

u(%n+6nn; 51r+61tn), nelz,

3) —E+2nn$xsz7-t—+27rn; iE+271:n£x$ﬂ+21m,nez;
5 5 5 ‘ 5 :

4) 1tn.<_xs§+nn; §+7rn$x$£31£+1m,nez.

Pemenune TPHTOHOMETPHYECCKHX HEPABCHCTB, CBA3AHHBIX
¢ HPPALHOHAJIBHOCTBHIO

IIpumep. Pewuuth HepaBeHCTBO +/14c0osx —2 > —3sinx.
Pemenue.
HepaBeHCTBO paBHOCHIBHO COBOKYMTHOCTH JIBYX CHCTEM:

a) {14 -cosx—22 (—\Bsinx)2 ' 6) {Sin‘x >0,

sinx <0, l14cosx—-220.
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PemuM cuctemy a):

2) {14-cosx—22(—\/§sinx)2,

sinx <0.

PemnM nepBoe HepaBeHCTBO:

14 cosx—2>3sin’x; 14 cosx—2 > 3(1 - coszx);
3cos’x+14cosx—520.

ycTts cos x = ¢, Torna 3P +14t-52> 0;

37+ 14r-5=0;
D=196+60=256=16%
t=—_-l—‘%; t=% HIH = -5,
cosx <-5; + +
Hrax, I:COSZ%. -5 % d

YuuTthiBas 310, pa3o0seM CHCTEMY (2) Ha COBOKYTTHOCTD ABYX CHCTEM:

cosx < -5, cosle;
WIH 3

sinx <0 sinx <0.
yi
—
Ll 0:
ONJI[L X
3
—arccos:
3
Puc. 35

IlepBas U3 9THX CHCTEM HE UMeEET pelIeHui, Tak kak —1 <cos x < 1.
BTopyio cHCTEMy HEpaBEHCTB PEHIHM C NOMOILBIO TPHTOHOMETpHYE-
CKOH OKpPY)KHOCTH:

—arccos%+ 2nin<x<2nn, ne”Z.

sinx >0,

6) Petunm cucremy (6): {cosx 1
25
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Puc. 36

2nn < x < arc cos% +2nn,ne Z. ObpenuHAs pelieHHs COBOKYIHOCTE
1 1 .
cucrteM (a) u (6), nomyynm —arc cos§ +2nn < x <arc cos—7- +2nn, ne’Z.

OTtBeT: [—arcéos%+21tn; arccos%+2nn:], nelZ.

YnpaxxHeHus! 1151 CAMOCTOATENbHOI0 pelleH st

1) «1+3cosx >sinux; 3) x/'l—sin2x2—cosx;
2) +1-2sinx >cosx; 4) /1+sin2x <-—sinx.

OTrBeTH: 1) |:—n+arccos%+21rn;%+21tn}, neZ;

2) [—%+2nn;2nn}, neZ; 3) [-n+arctg2 +2nn; n+2mn), neZ;

4) (-% +27n; —arctg(—%)+ 2nn], nelZ.

KonrtpoabHbie pa6oThl

Bapuanrt Ne 1

1) 2sinx+3cosx=4;

2) 3+2sin2x=tgx+ctgx;

3) 2sin’x+cosx—3sinx+1=0;

4) sinx+cos4x=2;

5) 15 (sin® 2x + sin x + cos’ 2x)* = 17 + 31 sin x;
6) tgzx—3tgx+4=3ctgx—ctg2x;

7) cosx-:cos2x:cosdx= %
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1)
2)
3)
4)
5)
6)

7)

1
2)

3)

4)
5)

6)

7

1)
2)
3)

4)
5)

6)
7)

1
2)
3)

4)

Bapuant Ne 2

5sinx+cos2.x—4cos2x=0;

J2cosx-sin2x =~/Ssinx + 4sin 2x;

2- \/5 cos 2x + sin2x=4cosz3x;
sin2x=1+ /2 cos x + cos 2x;

4 sin” x — 2 sin 2x — cos 2x=4;

cos (87 (6x — 5)%) + sin (2n (6x — 5)%) = 2;

2 X

2 sin x —sin 2x = 4 cos 3

Bapuanrt Ne 3

sin 8x — cos 6x = /3 - (sin 6x + cos 8x);
cos x — sin 5x = sin 7x — cos 3x;
sin x +sin3x +sin5x
cos x +cos3x + cosSx
3 cos® x —sin® x — sin 2x = 0;
(1-tgx)(1+sin2x)=1+tgx;
sin x + sin 2x = cos x;
cos® x + sin® x = 4 - sin® 2x.

+2tgx=0;

Bapuant Ne 4
2cos’x+5sinx—4=0; '
6sin2x+sinx-cosx—coszx=2;

5 sin® 2x — 4 sin® 2x cos’ 2x — cos” 2x + 4 cos 4x = 0;

cos 2x +cos%x =2;

V3 -sinx +cosx = v2;
cOoS x — cos 2x = sin 3x;
4 sin® 2x — 2 cos’ 2x = cos 8x.

Bapuanr Ne §

5sin’x + \/3 sinx - cos x + 6 cos’ x = 5;
Ssinx—12cosx+ 13 sin3x=0;
2 cos” (80° — x) + cos 2x = 1 + sin 20°;

sin%~ cos2x=1;
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5) 2 cos? x + 14cosx=3sin2x;
6) sin 3x = cos 2x;
7) 15—15cos2x+ 2 sin 2x - cos 2x — 15 sin 2x = 0.

Bapuant Ne 6
1) 3sinx=2(1-sin’ x);
2) sinx—5cosx=0;
3) sin’x+ 3 sinx-cosx+ 2 cos’ x=0;
4) sinx— /3 cosx=2;
5) sin 5x = sin 3x;
6) 2cosxctg3x—ctg3x=0;

7 tg(%cosx) =ctg(n-sinx).

Bapuanr Ne 7

S5 1 .
1) ,/5tgx+10—2smx+cosx,

. 4 .
2) 3sin*x—10sin’x cos?x + 3 cos* x = 0;
3) cos 3x sin 9x = cos 5x sin 7x;
3

4) sin(x + —Z—) =sin’ x +cos’ x;

5) 3sin7x+4cosTx=1;
6) 1+sin2x=2sinx+ 2 cosx;
7) sin2x+2ctgx=3.

Bapuanr Ne 8
1) 2sin’ x—cos’ x = 1;
2) sin2x+2sinxcosx=3—3sin2x;
3) 4cos3x—3cosx—coszg+sin2%=0;
4) Bcosx+ 15sinx=17;
5) 3sin2x+cos2x+1=0;
6) sin5x+sinx+2sin’x=1;
7) sinx+cos 10x =2,

Bapuant Ne 9
1) 5(1 +cosx)=2+sin*x— cos’ x;
2) 3sin5z-2cos 5z=3;
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3)
4)

5)
6)
7

)
2)
3)
4)

)
2)
3)

4)
5)
6)
7

1y
2)
3)
4)
5)

6)

7)

NE) sinx—cosx=1;

S 3X - 2X. X X 2X 3x

sin” = —sin“ < cos= —3sin=-cos” =+ 3cos” = = 0;
3 3 3 3 3 3 7

sinx—'sin2x=25in2%;

2sin4x+165in3x-cosx+30052x—5=0;

cos 3x =sin (% + x).

Bapuant Ne 10

2tgx—2ctgx=3; ) S) 10cos2x+ 8 =tgux;
4sin® x -2 sinxcos x = 1; 6) cos x — sin 5x = sin 7x;
sin 2x —cos x =0; 7) sinx+cosx=1.

cos 2x +sin 2x = 1;

Bapuaunt Ne 11

sin® x — \/3 sin Zxkcoszx=—2;0<x<4;
3+ 2sin2x =tgx + ctg x;
siny+cos3y=1-2 sin2y+ sin 2y;
sin3(x+-§)=sf2—sinx;

sin® x + sin® 2x = sinz 3x;

2 (1 —4sin® x - cos’ x) + 1 — cos 4x = 0;
2cos4x

—2+sin2x + ———=—=——=.
sin2x —cos2x

Bapuant Ne 12

cos 6x = cos 2x;

cos™ 3t—cos 3¢t=5 sin 3¢

sin x + \/5 cosx=1;

sin 2x + cos 3x = 2;

sin x + cosx=sin2x+c052x+25inx~cosx;

2
4cosx :(1+ cos x)+sin22x+l -0

sin x sin® x
sin3x  sin3x
cosxcos2x cos3x’

tgx+tg2x=
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OTBeTbl K KOHTPOJIbHLIM paboTam

Bapuant Ne 1

Q

1
2)

)

n
-1) §+5 n, neZ,

+2nn, neZ;, n+2nk, keZ,

—~—

3)

4) +27nn, ne Z;

N ja

5)

—~~

L
~—
3

+l-arcsin%Hm, neZ; (—l)k -arcsin%+nk, keZ,

6)

+
3
x
m

N

b

ENE

7 2;‘",n Z,§+£tﬂ keZ.

Bapuant Ne 2
D (-1)-Fenk keZ;

2) 7mn,n e Z 2Tﬂ:+21rk keZ,

3) M Az STy keZ

48 4 247
4 Mo nez Br , onk, ke z;
12 > 12
S) arctgS+7n,ne Z —Z+1tm, melZ,
5 lfl
e = .
6) 6t gt 0,1,2,...;
7 %+2nn,neZ;n+2nk,keZ.
Bapuanrt Ne 3
T . n.n .
1) nn+4,neZ, 5t k,keZ,
—_— Ttn —
2) 2+11:m meZ; 16 neZ 8+ ‘k,keZ,

3) nk, keZ, arccos(i\/%J+2nm, meZ,

178



4
5)
6)

7

1)

2)

3)
4)
5)

6)

7

1y
2)

3)
4)
S)
6)

7

%+nn, neZ;,—arctg3+nk,keZ,

nn,neZ;—%Htk,keZ;

1-+/5

-1)" -arcsin—¥> +E+nn,neZ;

n 1 2 nk
-1 -—arcsm——+— keZ.
(-1)"-5 s €

Bapuant Ne 4

(-1 -%+nn, neZ,

T . 3
Z+nk’ keZ, arcctg4

n 1 . 4R Tk .
8+4,neZ,_6+2,keZ,

8nl,l e Z,

Tf+2nn neZz, 12+27tk keZz,

2n _T .
3 -n,neZ, 4+1rl leZ, 2+2Ttk, keZ,
4T T
1272

+mn,ne’z,

-n, nel.

BapuanTt Ne 5

n ._T )
2+7tn,neZ, 6+7tk,keZ,
1 12  mn

Zarctg?+ > nelZ, = 2 2arctg

1

5+7tk keZ,

Z+nn neZ: 36+11:n neZ,
n+dnn, neZ,;

iarccos% +2nn, ne Z,

2nn .= .
10 5 =, neZz, 2+21tk,keZ,

nn,ne’z, %+1tk, keZ,
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1)
2)
3)

4)
5)

6)

2)
3)
4)
5)
6)

7)

1)

2)

3)

180

Bapuanr Ne 6

(-1) -—g+nn, neZ,
arctg5+mn, neZ,;

I imn,neZ —arctg2+mk, ke Z;

4
56n+2nn neZz,
T nk .
nn, ne’Z, § 4,keZ,
€+T’ nEZ;
1
2 arccos—=+T7n, neZ.
J5
Bapuant Ne 7
1 1
tarccos—=+2nn, ne Z;, arccos| —— |+ 2wk, ke Z,
* %)
i%-ﬂtn,nel; iE+nk,keZ;
k
2 ,neZ 8+ ,keZ,
k1 . k .
—Z+nn,neZ; (-1 -5arcsm(2—x/5)+—5-,ke2,

n 1 .1 1 .4 7n X
(-1 Zarcsing - Zarcsing + = ,neZ;
—%+nn, neZ,

E+nn, nelZ.

4

Bapuant Ne 8
n+2nn, ne”Z, 5+2nk keZ,
—arctg 3+mn, ne Z; %+T[k, keZ,
n—zk,keZ;



4

5)

6)

7

1))
2)
3)
4)
5)
6)

7

D
2)
3)

4)
5)
6)

7

T .8 .
2 arcsm17 +2nn,neZ,

—arctg %+nn, nel, E+7t}’c, keZ,

' nk
+15211_’ neZ, (— )k E+ 3 keZ,

INIFNE

Bapuaunt Ne 9

2n

3 ==+2nn, ne’Z,

2k 2 2. .
ﬁ+ 5 keZ,Sarctg5+5nn,neZ,

3+21tn neZ, n+2nk, ke Z;

T
4+‘rtn nelZ, 3+7tk keZ,

—Z+1tn,neZ; 2nk, %+2n1,leZ;

arc tg —;—+nn,neZ;

2 ,neZ

Bapuant Ne 10
arctg2 +nn, ne Z ; -arctg %+nk,keZ;
X inn neZ —arctg %+1tk,kEZ;

4

m n_ 2nk .
2+ﬂ:n,neZ 6+ 3 ,keZ,
nn,neZ;%+1m,neZ;
arctg2+mn, neZ,

%+nn, neZ; (—1)" 3—6+?’ neZ;

%+2nn, neZ,2nk, keZ.
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b
2)
3)
4)

5)
6)
7

1))
2)

3)
4)
5)

6)

7

182

Bapuant Ne 11

lg
6’ 6°
(-1)"- 12 2,neZ
2nn, nelZ,; nk keZ, ——+21rm meZ,
8 27 2
%+nn,neZ;
T, T . .
¢t 3 neZ, nk, ke Z,
;
Zt—+11:n,neZ; —arcsin—2—+rtk,keZ.
2 NG

Bapuant Ne 12

b17] .

T,neZ,

TH

3 ~—=,ne’z, 3arc:tg5+ keZ,;
2+27tn nelZz, ——6+2nn nelZz,

R

T . .= )
5+nn,neZ, 2nl,leZ; —Z+nk,keZ;
—Z+Ttn,neZ;

%,neZ.



§5. IPPALLUOHAJIbHBIE YPABHEHMA
N HEPABEHCTBA

HppanHoHa/ibHble ypaBHEeHHS

VpaBHeHne A(x) = B(x) Ha3biBaeTCs MPPALMOHANHHBIM, €CIIH XOTA OBl
OJHO M3 BhIpa)KeHHH HppaLoHansHo. OJHH M3 OCHOBHBIX METOIOB pellie-
HHS MPpalMOHANBHBIX YpaBHEHHH — MeETol BO3BelNeHUs o0eux vacreii
YPaBHEHHS B OJHY M Ty e CTeleHb. HyXHO MOMHHTH HPH 3TOM, YTO

ypaBHehne A”(x)=B"(x) npu 4eTHOM n SBASETCA CIEICTBHEM YpaBHe-

Hus A(x) = B(x), a npu HeYeTHOM PaBHOCH/IBHO YpaBHEHHIO A(x) = B(x).
CrieoBaTelibHO, TIPH BO3BEJCHMH 00eMX 4acTell ypaBHEHHS B YETHYIO
cTeneHb BO3MOXHO NOABIEHHE NOCTOPOHHUX KOPHEH, U 1103TOMy HeobXo-
J1Ma MPOBEpKa KOpHEi.

HppanroHanbHOe ypaBHEHHE ZQ;ITx) =E (x) PaBHOCHIILHO CHCTEME
{E(x) >0, 0
f(x)=E"(x). 2
Hanumue tpeboBats, yToObl f (x)z 0, BHINONHEHHE 3TOTO HEpaBeH-
CTBa ClleAyeT U3 ypaBHeHHA (2).

IIpumep 1.

PemuTh ypaBHeHue Vx> —3x+1=x-1.

PemeHnune.
Y paBHEHHE paBHOCHIIBHO CHCTEME

x21, x21,
X =3r+l=(x-1); x(x* —x-1)=0;
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IIpumep 2.
V3x+7-Vx+1=2.

PemeHnue.

VYenuHuM OIMH U3 KOPHEH: 3x+7=2+x+1.

,
Bo3seneM ofe uyacTM ypaBHEHHs B KBaapar 3x+7:(2+\/x+1) ;

x+1=2vx+1.

IMocne BTOPHYHOTO BO3BENCHHS B KBaJpaT o0EUX HacTeH ypaBHEHMs
MOJTY4UM YpPaBHEHUE X*-2x-3=0c KOpHsAMH x = -1, x =3,

[MpoBepka moka3eiBaeT, 4T0 —1 H 3 SABASIOTCS KOPHAMM HCXOJHOTO
ypaBHEHMS.

OrBeT: —-1;3.

HekoTopble MppallHOHAJIbHBIE YPaBHEHHS YAAETCS PEILUTh, UCIIONb3YS
CBOHCTBO MOHOTOHHOCTH (PYHKUHIA. ’

Ipumep 3.
Pewnts ypaBHenue 2x -3 ++4x+1=4.

Pemenue. _

Qynkuus V2x -3 ++/4x+1 — Bo3spacrawiuas Ha BCelf 06JIacTH om-
peaenenus. Jlerko BHAETh, YTO Xg = 2 — KOPEHb ypaBHEHHA. Jpyrux kop-
HEHl ypaBHEHHME MMETh HE MOXET (B NMPaBOM YacTH MCXOJHOTO YpaBHe-
HHSl — KOHCTaHTAa).

OrBeT: 2.

Hpumep 4.

Pewnts ypaBHeHue m =5-x.

PemeHnue.

OyHKIMA -3 — Bo3pacTaomas, GyHKIHa 5 — x — yObIBaloLIas
(Ha ofweit 00NacTH oNpeaeacHUs ).

VYpaBHeHHe (MCXOIHOE) HE MOKET UMEThH GoJiee OIHOro KopHs. Jlerko
yTaaaTh, 4T0 Xy = 4 — eIUHCTBEHHBIH KOPEHB.

OTBeT: 4.

TIpumep 5.

Pemuth ypaBHeHHe 3/2x —1 + %/: =1.

Pemenune.

Oynkuus 2x -1+ -1 — BO3pacTalomas Ha BceH obnacTu onpe-
neneHus. B mpaBoi uwacTh ypaBHEHHMs — KoHcTaHTa. (CleaoBaTenbHO,
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YPaBHEHHE HE MOXET UMETh 0oJiee OXHOrO KOPHS, KOTOPBIi JErKO yraibi-
Baercs: xo = 1.

OrBeT: 1.

IIpumep 6. ‘
Pemnts ypaBHeHHE V5—x —J7T-x+/2x-15=2.
Pemenue.

HaiineM o6sacth ompenesenusi GYHKIMH, CTOSLICH B JEBOH 9acTH
HCXOJIHOTO YPaBHEHHS:
5-x20, x<5,
7-x20, x27, O6nactp onpelcieHUuss — MyCTO€ MHOXeE-
2x-1520, x217,5.
CTBO. YpaBHEHHE KODHEH HE HMEET.
OTBeET: KOpHEH HET.

IMpumep 7.

Pewmrs ypaBHeﬁne \/x_2+_4 +yx?+1=3-5x%

PemwmeHnue.

Hcnonszyem MeTO OLIEHKH: Vxt+4+ m >3, 3-5x*<3.

\/x2+4+\ x?+1=3,

YpaBHEHHE PaBHOCHIIBHO CHCTEME ,
3-5x"=3,

peuieHueM

KOTOpoii siBnsgercs uncno 0.

OrBert: O,

HekoTopbie HppalMoOHaIbHbIE YPABHEHUS MOKHO PELIHTE ¢ TIOMOLIBI0
BBeeHHsI HOBOH MepeMeHHOH.

Ipumep 8.

Pewnts ypaBHeHue 2x2 +3x + 2x2 +3x+9 =33.
Pemennue.

Mycrs V2x? +3x+9 =1, Torma 22 +3x=7-9.
HcxoaHoe ypaBHEHHE MPHMET BHJL P+t—42=0,t,=-T7,5,=6.

UmeeM V2x% +3x+9 =-7 un v2x2 +3x+9 =6.

(peureHuit Het) 2x% + 3x + 9 = 36;
x=3,x=-4,5.
OTtBeT: —4,5;3.
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IIpumep 9.
Pemuts ypaBHeHHe \/x+3—4\/x—1 +\/x+8—6\/x-1 =1.

Pemenune.
Mycts Vx—1=¢, t20. Tornax = £+ 1, ¥ HCXO/IHOE YpaBHEHHE IIPH-

wer Bun: V£ —4t+4 +12 —61+9=1;

JE =2 +(e=3) =1 =2 +}-3=1
OnpeneniM 3HaKH BRIPAKEHHH, CTOAIMX IO MOJYJIEM!

(-2<0 1-2>0  1-2>0

1-3<0Qt-3<0@ t-3>0
{tsz, {2<t$3, t>3,
—t+2—-t+3=1, +t—-2—-t+3=1, t—=2+t-3=1,
=2 Bee 1e(2; 3] t=3.
Taxum o6pasom, 2 < <3, 2<+/x—1<3, 4<x-1<9,5<x<10.
OTrBerT: [5;10].

HIN {

IIpumep 10.
Pewmts ypasuenue 63/x -3 +3x—2 = SQ/(x -2)(x-3).

PemeHnue.
ITpaBas yacTs ypaBHeHHs onpeaeneHa npH (x —2) (x—3) 20,
+ - +
W77777077771777 ] | 11T TITV 11117
2 3 u
Ilpu x < 2 neBas yacTh ypaBHEHHs OTPULATENIbHA, a IPABag — MONO-
skuTenpHa. CnenoBatensHo, x 2 3.

IIpeo6pa3yeM ucxoaHOe ypaBHEHHE K BHAY

6(6 x—3)2 (\/T ) -58/x—2.8x=3=0 — ypasHenue ognopox-

HOe BTOpO# cremenn oTHocutenbHo ¥x—2 mmm ¢x—3. Pasnenum obe

2
4aCTH YPaBHCHHSA Ha (6 x—3) #0, Tak KaKk x = 3 He ABNAETCHE KOPHEM
YDPaBHEHHS.

2

6 Xx—2 2 _ 6/)c—2= P

6+( X—3J 3 0. Ilycts 3 t,Tor,zlat'2 5t+6=0,
D=1,41=2,,=3.
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3HauHT, Qfx =2 ,ﬁfx =3 3—‘ L
HIH =3 HXx= HIH X = 3728

1 1
OTrBerT: 363 3728

IIpumep 11.
Pemnte ypaBHeHHe 3/2 x+3T+x=3.

Pemenue.
I cnoco6. Iycts 32 ~x =u, 37+x=v, Toraa

u+v=3, u=3-v, u=3-v,
{u3+v3 =9, {(3—v)3 +v3 =9, {vz ~3v+2=0,
u=2, P2-x=2,
{V 1 {%/7:;:1, x=-6,
{u=1, P—x =1, [le.

{mﬂ,

OrBeT: —6; 1.
II cnioco6. IIpumenum popmyny (a + by =d® + b’ + 3ab(a + b) u BO3-
BeneM o06e YacTH HCXOIHOTO ypaBHeHHA B Ky0:

2-x+7+x+3(2-x)(7+x) (Y2 -x +¥T+x)=27,

3

9‘3/(2—x)(7+x)=18, ¥+5x-6=0,x=1,x=—6.

OrBeT: —6;1.

Ipumep 12.

Pemnts ypasenue v11x+3 —v2-x ~V9x+7 +Vx—-2=0.
PemeHnue.

Haiinem o6aacTb onpenesieHust GyHKIMH B JICBOH YacTH:

=3 X
S 3 11
11x+320, *2-17 JETTITEIERRRRRRRRRR N
2-x20, x<2, 2 x
Ix+720, x>-L L L
x-220, 9 -7 X
x22. 9 .

1/////////5

2 x
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x=2.

O61acTh OIpeeeHHs COCTOMT U3 OJHOTO YHcia — x = 2. TIposepka
MIOKA3bIBAET, YTO X = 2 — KOPEHb YPAaBHEHHMS.

OTBeT: 2.

anmlmemm AJIf CAMOCTOATEIBHOI0O pellICcHUS

1) V2x-3+J4x+1=4;
2) V3+x=3-x
3) \/2x+1_2 Vx—1 -1

-1 2x+l

4 J(x-1)(x-4) =[x-1]V16-5*;
5) x+\[7+\lx2--6x+9=4;

6) \/3x2 —7x+3—\/x2—2 =\/3x2 —Sx—l—\/x2—3x+4;

T) NS+x—adx+1+104x—6vx+1 =1.
OrtBeThi:

1) 2

2) 0;

3) 25

4) 1;4;

5) 1

6)

7 [3;8].

HppannoHanbHbIe HEPABEHCTBA

HppaunoHaisHBIMH HEPaBEHCTBaMH Ha3bIBAalOTCS HEPaBEHCTBA, B KO-
TOPBIX HEHM3BECTHOE WM pallMOHajbHAas (YHKLHS OT HEH3BECTHOIO CO-
JepxaTcs Noj 3HaKaMH pamukalioB. IIpH pelieHHH HppalMOHAJTILHEIX He-
PaBEHCTB CleIyeT NOMHUTb, YTO HEPaBEHCTBO MOXHO BO3BOAHTH B
KBaZIpaT JHMIIb B TOM CIydae, Koraa obe JactH HeoTpuuaTensHsl. Heobxo-
JMMO YYHMTHIBAaTh AONYCTUMBIE 3HaUeHHS MEPEMEHHOM, TaK KaKk MmpoBepKa
NIOJICTAHOBKOH B HEPAaBEHCTBAaX HEBO3MOXKHA H3-32 6ECKOHEYHOr0 MHOXe-
cTBa pemeHuid. PaccMoTpuM HeKkoTopbie BHIBI HppalMOHAILHHIX Hepa-
BEHCTB H METOIIBI HX PEIICHHA.
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COBOKYTITHOCTH CHCTEM {

Tlonesno momuuTs, 9TO HepaBeHCTBO %Y f(x)2@(x) paBHOCHTBHO
o(x)20, {(p(x) 0,
1 ()2 (0(x)” -
Hepasenctso % 1 (x) < ¢(x)

o(x)=20,

PaBHOCHIBHO cucTeMe 3 f(x) < ((p(x))zn ,

6)

B)

r)

f(x)ZO.

PaccMOTpUM HEKOTOpBIE BB HPPAIIMOHANBHBIX HEPABEHCTB.

I. IIpocrefimine HppaHOHAJIbHbIC HEPABEHCTBA

IIpumep.
PewmnTs HepaBeHCTBA:
a)Vx—-2>3;6) vx-2<3; B) Vx-2>-3; 1) Vx-2<-3.

Pemenwune.
2
Jx-2>3; ( x-2) >3% x—2>9; x> 11.

\/;c~_2<3;

{( x—2)2<32,
x—=22>0,
{x<11,

x22;
2<x<1l.
x/'x_:E>—~3;
x-220;
x22.
x/x_——5<—3,

PElIEHUH HET, TO €CTh HEOTPHIATEIBHAS JIEBas YAaCTh HE MOXET OBITh
MeHbLIE OTPHLATEILHOTO YHCIA.
OTBeT: a)x>11;6)2<x<11;8)x>2;r) pemennii Her.
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anaxmemm AJISt CAMOCTOATE/ILHOTO PCHICHHSA

Pemuts HEpaBCHCTBA:

) Vx+325; S)Vad—-x>7; 9) Vx*+8x-5<2;

2) Jx+3<5; 6) Va—x <7, 10) Vx2+8x-5>2;

3 Vx+32-5 ) JA-x>-7; 11) Vx* +8x-5>-2;

4) Jx+3<-5  8) VA-x<-7; 12) Vx* +8x—5<-2.

Oteert: 1)[22;+0); 2) [-3; 22]; 3) [-3;+x); 4) peutenuii Her;
5) (—oo;—45);

6) (—45; 4]; 7) (—oo; 4]; 8) pewenuii Her;

9) (-9 —4-21|u[-4+2151);

10) (—o0; —9)U(L; +00); 11) (—00;-—4—\/2_1:'U|:—4+\/2_1;+00);

12) peluenuii Her.

I1. HepaBencTBa Buja 27 f (x)20(x)

0 <0
F)2(em)" {f<x)zo-

Ipumep.

PeluTh HepaBeHCTBO Vx° —3x+2—3—x>0.

Pemenue.

Vx?-3x+2>3+x. JlaHHOEe HepaBEHCTBO PaBHOCHJIBHO COBOKYITHO-
CTH CHCTEM

3+x20, 6 3+x<0,
2) Jc2—3x+2>(3+x)2 ik 6) x2-3x+2>0.

Pemum nepByto cHCTEMY COBOKYITHOCTH.

x=-3, BN 77 7717777117777777777 S
-3 X

—9x>7, UL
7 X

9
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1
2)

3)
4)

31
xe[ 3; 9)

Peminm BTOpYIO CHCTEMY:

77777778 -
x<-3, -3 x
(x-1)(x-2)=0, LU, Jiitl,

x € (—o0; —3).

. A
OTBeTt (-—oo, 9).

anasmlemm AJIA CAMOCTOATC/IBHOI0 PEIICHUSA

PemnTe HepaBeHCTBA:

V1+4x—x? >x—-2;

L frae 2.
Js 5’

Vx2 —10x +16 > 2x +4;

\/x2+2x—8>12—2x.

Otset: 1) [2—\5;2+./2,5);
4

2) [0; g}; 3) (—o; 0];

4) (4 +).

ITII. HepaBencTBa BHIA 2{/ f(x)<o(x)

HepasencTo paHocuibHO cucteme %) f(x) < @(x).
o(x)20,

£(x)<(o(x))",
f(x) >0.

Hpumep.

Pemuth HepaBeHCTBO Vx° —5x+6 < x—1.

lIaHHOC HEPaBCHCTBO PABHOCHIIBHO CHCTEME
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x—lZO, le,
X2 -5x+6<(x-1)°, {3x>5,

x*—5x+620; (x=2)(x-3)20.
JLLULLINL L LN
1 X
LN
5 X
LIl L1111y
2 3 X

0 .3 2 3
TBET: |3; U[3; +o0).

anaxcnemm AJA CAMOCTOATEC/IBHOTO PEIICHUSA

Pemuts HepaBeHCcTBa:

1) Vx?—10x+16 <2x+4;
2) Vx?+2x-8<12-2x;
3) VxP-5x+6<x-2;
4) \/x——3<5—x;
5) Vx*—5x+4 <4-x.
Otset: 1)(0;2]U[8;+x); 2) (—o0;—4][2;4);
3) [3; +)U{2}; 4)[3;4)5) (0; 1.

IV. HppaunoHaabHbIe HEPABEHCTBA,
pellaeMblie METOI0OM HHTEPBAJIOB

[Ipy pelleHHH HppPaLMOHABHBIX HEPaBEHCTB MOMKHO TakokKe MpHMe-
HATH METOJl HHTEPBAJIOB. JTOT METOJ OCHOBAH Ha CJIEIYIOLIEM YTBEPXKIE-
HHH.

Ecmu dyHxuus f Ha unTepBane (a; b) HenpepriBHA H He oOpamaeTcs B
HOJIb, TO OHA Ha 3TOM HHTEpBaJle COXPaHAET MOCTOSAHHBIN 3HAK.

Ipumep 1.
4x* —8x—5 _2x+1
3i-6x 3

Pemnts BepaBeHCTBO
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Pemenue.
O6nacTh OMpenencHUsl HEPABEHCTBA: 3x% — 6x > 0, x (x-2)>0,

x<0,
x>2.
Ha o6mactu ornpeseneHust HCXOQHOE HEPABEHCTBO PaBHOCHIILHO Clie-
OYIOLIEMY:

(2x+1)(6x-15-\f3x(x-2)) <0,

Jlist peuleHus 3TOro HepaBeHCTBA NIPHMMEHMM METOJ MHTepBaioB. Pac-
cMotpuM Qyskumio f(x)=(2x+ 1)(6x -15-/3x(x- 2)) Pemus ypas-
HeHue f(x) = 0, HaxoauM Hynu ¢yHkuuu: —0,5; 3.

Ha kaxaom 13 npomexyrtkos (—o; —0,5), (<0,5; 0), (2; 3), (3; +=)
yHKUMSA f HerpeprIBHA U He obpaiiaetcs B HOJb. Clieq0BaTeNbHO, Ha Ka-
XKJIOM M3 HUX OHA COXPAHSAET MIOCTOAHHBIH 3HaK.

- - +
ity 33UDPCT yrp/10404 .
-0,5 0 2 3 x

Otset: [-0,50)u(23].

IIpumep 2.

Pemiuts HepaBeHCTBO (3x2 -4x+ l) V25x* —20x+3 <0.

Pemenue.
Haiinem obnacte onpeaeneHus 1aHHOTO HEPABEHCTBA.

IA

x 3

1
258~ 20x+3 >0 , 3
g.

v

X

wn|—

Hymn o¢ynkuun f(x)= (3x2 —4x+ 1)\/ 25x2 -20x+3 maiizem u3

1 3

ypaBHeHus f(x)=0:x=1; x= 3 =5 OTMETHM Ha 4YHCJI0BOH MPAMOH
HyNH (YHKLHUH, YIUTBIBas 00JacTh ONPEIEICHHS HEPaBEHCTBA.
3anper
1 3 Pt
5 5
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Ha KaXaoM H3 INpOMEXYTKOB (—oo; %), (%, 1), (I; +) dyskuus f

HETpephIBHA U He obpaiaeTcs B HONb. ClieJOBaTENbHO, Ha KOXKAOM M3 HUX
OHA COXPaHAET MOCTOAHHbIH 3HaK. ’ '

+ 3amper gt
1 3 1 ¥
5 5

3 1
| =t
OTBerT [5, ]U{S}
IIpumep 3. PerunTs HepaBeHCTBO |

(x=D(x=2)*(x = 5)J2x - 3)(x - 3)(x - 6) 2 0.

Pemeunune. Haitnem obnacts OIpe/icIEHUS HEpaBeHCTBa:
(2x-3)(x-3)(x-6)=0.

+ — +
JLULLILILL, JLULI L,
1,5 3 6 x

Hymt oyskumn  f(x)=(x—1)(x-2)*(x - 5)\/(2x =-3)(x-3)(x-6)
HalzieM, pemiuB ypaBHende f(x)=0:x=2;x=1,5x=3;x=6.

3anper - —  3amper +
— ULy
1,5 2 3 6 *

Oteet: [6+%0)U{lL5;2;3}.

Ipumep 4.

V2-x+4x-3 >9
X

Peniuts HepaBeHCTBO

PemeHnue.

O6acTb onpeeieHus HEPaBEHCTBA: 2-x20, x<0,
per p ' * 09 0 <x< 2
[IpeoGpasyeM HCXONHOE HEPABEHCTBO K BHAY: =~ =% _= 2-x ; 2x—3 >0.

V2-x+2x-3
x

Oynkumus  f(x) = UMeeT HymH: +2-x=3-2x,

2-x=9-12x+4x%
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) x=1,
4x - 11x+7=0; 7
x==
4
OrmeTuM HynH QYHKUMH Ha OOJAacTH ONpeleseHHs HEPaBeHCTBA W
OIpEeIE/THM 3HAKHM QYHKIMH f Ha MOTYYHBILIMXCH HHTEPBalax:
+ -+
LY LU, >
o 1 2 .
OtBeT: (—0;0)U[L2].

(mocroponHuii KopeHS ).

anper

TIpamep S.

Pewnrs HepagenctBo (x—3)Vx’ —4 <x*-9.
PemeHnue.

(x=3)Vx* -4 -(x-3)(x+3)<0;
(x—3)(\/x2 -4 —x—3)s0.

Haiinem oOnacte onpeeneHus HepaBeHCTBA!

2 45 x22,
‘x 420, [xS—Z.

Haiinem mymn ynkumy, f(x) =(x—3)(\/x2 -4 *x—3):

x =3,
ya (x) =0npu | ]
x=-2—
6
OTMeTHM Ha 4HCIOBOH mpsimoit (Ha oOJacTH omnpeneneHHs) HyJH
(YHKUMH / ¥ onpenenuM 3HaKH (YHKIMH Ha MOJYUYeHHBIX MPOMEKYTKaX:

3anper

Ll 2 2 3 x
%

S N .
OTBeT: (—w,—Zg}u[3,+oo)u{—2,2}.

Ipumep 6.
Pemuts HepaBeHCTBO

D e
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Pemenne.
O6nacThb onpeneneHHs HepaBeHCTBa:

x_420 + .+ - + l<x<2,
x=2" 7 x<l1,
x#l; 1 2 4 X x4,

Hynu pysxuun f(x)= (x=3)(x-5) ‘L fi:; Ha 06J1acTH onpesiene-

1-x
HHL x = 5,x=4.
OTMETHM Ha YHCIOBOH mpsMoit (Ha oOnmacTd onpeneneHHs) HyNH
byHKIMH f ¥ onpesiesTMM 3HaKH (PYHKIIHH Ha NOMYy4YEeHHBIX MPOMEXKYTKaX:

- 3anper -

1 2 4 5 F*
Orsert: (;2)U[5+w)uU{4].

3agaun AJI51 CAMOCTOATEILHOTO pelICHHSA

Peumnth HepaBeHCTBa:
) (x=3)(x=5)Vx* -10x+24 <0

OTtBeT: 3<x<4,x=6.
2
2 X223 0940
x“=6x+5
OrBeT: 1<x<5x=-9.
3) (x2—7x+10)(\/7—2x—x—4)>0
OTrBeT: x<-1;2<x<3,5.
4) x2—3-\/x—230
x* —6x-27 ’
OrBeT: 2<x<3;6<x<9.

5) \/4+3x—x2 N \/4+3x—x2
2x+3 x+3
OrBer: -1<x<0;x=4,

6) (|x]-1)V-x*+x+6<0

Orser: [-1;1]U{-2;3]}.
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V Bua. HppausoHaibHbie HEPABEHCTBA,
pemaeMbie METOAOM NOACTAHOBKH

Ilpumep 1.

PeIMTL HEPaBEHCTBO \/ 2x+1 4 5 \/ ; ++21.

Pemenune.

Iycrts ,4/ 2x+ 21 =1, TOTJ]a HEPAaBEHCTBO IIPUMET BHL:

s Prm-5 o (1=1)(z +5)

t+4<= <0.
t’ t t
- + - +
LU, QUL »
-5 0 1 *
CnenoBatebHO, 1 <—-S i 0 <t < 1.
2x+1
II 1 == < -5
oy4uMM HepaBeHCTBa (1) 5 <

2x+1
um (2) 0<4x+2 <l1.

Hepasenctso (1) He umeeT pemienui. PemnM HepaBeHCTBO (2):

2x+1 2x+1
>0, >0,
0<4(2x+1<1’ 0<2x+1<1’ lx+2 x+2
x+2 x+2 2x+1 x—1
<1 <0.
x+2 x+2
+ - +
mnie
2 _1 .
2
+ - +
-2 1 o

OTrBerT: (——;l).

Ipumep 2.

PeIHTh HEPaBEHCTBO % ’2xx+1 >3,

Pemenune.

ITycts 4/2xx+1 =1, TOTJa HEPaBEeHCTBO IIPUMET BU: £-2t-320.
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: ; t
1 3

t<-1wumut2>3.

2xx+1 < -1 He uMeeT pelieHUH.
— + -
‘/2x+123’ 2x+129’ 1—7x20 NNNY/7777777777
X X x 0 *

1

7
- o L

OrBerT: (0,7i|.

IIpumep 3.

Pemnts HepasencTBo 2x” —3x+7 <7,{(2x—1)(x 1),

PemeHnue.
J@x-1)(x-1)=Vv2x* -3x+1. Oycrs 2x’-3x+1=¢f, Torna

2
2x* —3x+ 1 = £ M HCXO/IHOE HEPABEHCTBO NpHUMET BH

F-Tt+6<0
1 6 !
Takum obpazom, 1 < t < 6, To ecTb 1<\/2x2—3x+1<6, OTKyHa
1<2x*-3x+1<36.

2x? —3x-35<0,

HNmeem 2
2x° -3x>0.

Otmer: (-3,50)uU(L5;5).

ITpumep 4.
Pemuts HepaBeHCTBO 4/7 —log, (x - 1)2 +log, (x- 1)* >4,

Pemenue.
Iycts 7 -log, (x~1)2 =t, torga log, (x—l)2 =7-1%
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2log, (x—1)* =14-272, 10 ects log, (x—1)* =14-2/

HcxonHoe HEPaBEHCTBO MPHMET BH! 212 -£-10<0.

%E

=2 >

3HauMuT, —2<t<%, T0 ecth  —2<47-log, (x—l)2 <%,

7:log2(x—l)2 <%,

7-log,(x- 1)2 20,
log, (x— 1)2 >3,
log, (x-1)* <7.

Takum  obpasom, %< log, (x —1)2 <7, %< 2log, |x-1|<7;

1 1

92 <x_1<22

s , 3 7 ]x—l|32%, 22 <x 3132 R
§<log2|x—1|35; 28 <|x-1|<22; 3 x—1>28,
|x—1]>28; 3
x—1<-28

Sx<1+2%, (182 <x<1+8V2,

1
x>1+2%, x>1+ %8,
x<1-48.

1-48 1+¥8

OrBeT: [I—Sﬁ;l—%)u(H%;HSﬁ].
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IIpumep 5.

PemmnTh HepaBeHCTBO \/1 —logs (x2 —4x+ 5) <logs (sz —20x+ 25).

Pemenwue.

ITycts \/1—10g5 (x2 -—4x+5) =t, Torga log; (x2 +4x+5)=l—t2 7}
logs (Sx2 -20x + 25) = log; S(x2 —4x+ 5) =
=1+log,(x* —4x+5)=2-1.

HcxonHoe HEpaBEeHCTBO NMPUMET BHI: £ < 2 — Pumr+t-2<0.

-2 1 4

Takum obpaszoM, -2 < ¢ < 1w -2 < \/1— log;s (x2 —4x+5) <1
TocnenHee HepaBEHCTBO PaBHOCHJIBHO CHCTEME

1-logs (x2 —4x+5)< 1 logs(x2 —4x+5)>0,

1-logs (x2 —4x+5)20; log; (x2 —4x+5)sl.
Takum ob6pazom, 0 < logs (x2 —4x+5)<1,

x> —4x<0,
x* —4x+4>0.

1<x2—4x+555wm{

Orser: [0;2) U(2;4]

3agaum ISl CaMOCTOATENbHOIO PELUICHHUA
Pemuts HepaBeHCTBa:
1) x*-5x+6<3(x-1)(x-4)

OTBeT: 0<x<5_5/1_3; 5+213

2) 3¥F-1<v9"-3*-2 OrBer: x>1

kl

<x<5.
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3)

4)

5)

log4(—4+8x—2x2) > 1og2(—2+4x—x2)

OTrBeT: 2—0,5\/5Sx<2; 2<x£2+0,5\/€.

25 124 4251 3

OrBeT: x=0.

logZ%—Z\/logQ\/)_c +2<0

OTrBeTr: x>4.

VI. TpHronoMeTpHsa M HPPAIHOHAJILHOCTD

Hpumep 1. :
PemvTs HEpPaBEHCTBO /1 — 25sin x > COS .

- PemeHHeE.

HepaBeHCTBO paBHOCWIBHO COBOKYITHOCTH [BYX CHCTEM:
2) {cosx >0, . 6 {cosx <0,

1-2sinx > cos” x; 1-2sinx>0.
PewunM cuctemy (a):

{cosx 20, {cosx >0,

2 . . .
(l—cos x)—ZSmeO; sin® x—2sinx > 0;

cosx 20,
sinx(sinx—2)20.
Tak Kak sin x — 2 < 0 Bcerna, To cos x >0,
sinx <0.
Ay
A(0)
x
Bl-T
(3)
Puc. 37

—% +2nn < x<2mn, n€ Z — pelIEHUs CHCTEMBI (a).
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Pemum cuctemy (6):

{cosx<0,
. 1
<t
smx_2.
y
5t
(%)
2 -
0 x
3n
5(%)
Puc. 38
5?7':+21tnSx<377t+21tn, neZ — peuieHus CUcTeMHl (6).
OTBeT:

—%+21tn$x$21rn, neZz,

56—7r+27rnSx<§2£+21tn, neZ.

Ilpumep 2.
Pemuthb HepaBeHcTBO +10sinx —5 > — V3cosx.
Pemenne.
HepaBeHCTBO paBHOCHIBHO COBOKYITHOCTH HABYX CHCTEM:
cosx <0, cosx >0,
) {IOsinx— 5>3cos’ x; ) {IOsinx—S =0.

PemnM cucremy (a):

; cosx <0,

{cosxSO, {cosxSO, sinx2—§—;
. 22 2 . .

10sinx—52>3-3sin” x; 3sin“x+10sinx—-82>0; cosx <0,

sinx <-4,

Bropas cucteMa M3 nocneaHeR COBOKYIIHOCTH HE MMeeT pelueHui. C mo-
MOIIbIO TPHTOHOMETPHYECKOH OKDPYXXHOCTH HaiieM pellleHHE CHCTEMBI

{cosx <0,

. 2
> %
sSinx 2 —.
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.2 .2
Bin- = <
(n arcsin 3) A(arcsm 3)
Puc. 39
PerieHne cucteMsli a): %+ 2nn<x<n— arcsin% +2nn, neZ.
Pewuum cuctemy 6):
{cosx >0,
. 1
>4
sinx 2.
- Puc. 40
Peenue cucremsi 6): %+ 2nmn<x < % +2nn, neZ.
OTtBeT: g—+2nn SxSn—arcsin%+21rn.

3agauu IJisi CAMOCTOATEILHOIO PCLUCHHSA
Pemntes HepaBeHCTBA:

1) “4cosx-22=—3sinx.
OTBerT: —‘arccos\/ﬁ_2+2nn5xs%+2nn,neZ.

3
2) 1+cosx <sinx.

OTBerT: g+2nn5xsﬂ:+2nn, nel.
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3) V1+3cosx 2sinx.

OTtBeT: 27tn$x$%+21tn; —arccos(—%)+2nn5x<2nn,neZ.

4) +J1-2sinx >cosx.
n

OrBerT: ——725+21tn3x52nn; —?+2nn3xs—_§"£+2nn,ne2.

VII. HppausoHa/IbHble HEPABEHCTBA, CoAepKalHe
HEeCK0JIbKO PaJiHKAJIOB

Hpumep 1.

PeluTh HEPABEHCTBO X+ 6 >/x+1++/2x 5.
Pemenue.

O6usacTb onpeieNieHHUs HEPaBEHCTBA ONPEASIACTCA CUCTEMOH

x+620,
x+120, orkymax=>2}5.
2x-520,
O6e 4acTH HEPABEHCTBA HEOTPHULIATENbHBI, MOITOMY OHO PABHOCHJIBHO
cHcTeMe { 22,5,
X+6>x+1+2Jx+1-4/2x-5+2x-5,
{X >2.5 X2 2,5,
TO €CTh CUCTEME 7 5-x20
[5.2 . >
23S <SmE 0 ge-5<(5-x)
x>2,5, x2>2,5, x22,5,
x<5, x<5, x<5,

2x2 —3x-5<25-10x+x%; |x*+7x-30<0; {-10<x<3.
—__WZMM
2,5 X

B 7777007700707770077777)
-10 3 X

OTBer: [2,5:3).
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Ipumep 2.

PewmnTh HepaBeHCTBO \/x2 —8x+15 +\/x2 +2x-15 >\/4x2 —18x +18.

Pemenne.
HaiineM obnacTh onpeaeneHus JaHHOTO HEPABEHCTBA:

x> —8x+1520, (x=3)(x-5)20,.
x> +2x-1520, (x+5)(x-3)=0,

4x* -18x+1820;

4(x-3)(x-1,5)>0.

1,5 3 x

OoGnacTs onpeaeneHus cOCTOMT M3 x = 3, x <-Sux 2 5. IIpu x = 3 obe
YaCTH MCXOQHOI'0 HEPABEHCTBA PAaBHbI HYJIO, HO3TOMY YHCIIO X = 3 He sIB-
JSeTcs €ro pemeHHeM. TakuM o0pa3oM, HCXOAHOE HEPAaBEHCTBO PAaBHO-

CHIIBHO CHCTEME

x<=5,
x5,

Jx? —8x+15+Vx? +2x—15 > Jax? —18x +18.

O0e yacTH HPpaLHMOHATBHOTO HEPABEHCTBA HEOTPHLATENBHEI, ITO3TO-
My [OCJIe BO3BEAEHHS B KBajpaT M YIIPOILEHHI MONYyYUM PaBHOCHIBHYIO

CUCTEMY

|x|>5
x -8x+15- \/x +2x-15>(x- 3)

25,

(x=3)(x+5)-J(x=3)(x—5) > (x-3)*;

25,

K
wsizs) (+-3)'
{

(x-3)"(x*-25) > (x-3)".
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Takum 96p330M, HCXOJHOE€ HEPABCHCTBO PABHOCHJIBHO CHCTEME

,X’ZS, |X[25,
x2—25>(x—3v)2; x>l3z.

OTBeT: (ll;+oo)‘
3

IIpumep 3.

PeluTh HepaBEHCTBO +/2x —3 ++/3x -5 </4x -7 +/5x - 9.

Pemenune. OOnacts onpeneicHUs HepaBeHCTBa x > 1,8.

[NepenuieM HEpaBEHCTBO B BUZIE
V2x-3-V5x-9<\ax-7-3x-5  (*)

Mockonbky 2x —3 2 5x -9 mpu x < 2,4x—7 > 3x — 5 npu x > 2, 10 00-
JIaCTh ONpeJENeHHs HCXOMHOTO HEPABEHCTBA LiEIeCO00pa3HO pa3buTh Ha
nBa MHOXecTBa: 1,8 <x <2 u x > 2, M HAa KaXJIOM H3 HHUX PELIMTh Hepa-
BeHCcTBO (*). Ecm 1,8 < x < 2, 10 cnpaBemnuBBl HEPaBEHCTBA

V2x-3-5x-920 u V4x -7 —/3x -5 <0, 103TOMy HEPABEHCTBO (*),

a CJI€A0BATEJIbHO, H HCXOJHOE HEPABCHCTBO pemeHm‘fl HE HMCIOT.

Ecmu x > 2, 10 v2x-3-/5x-9<0 n +4x-7-+/3x-5>0, no-

3ToMy Jr000€ 3HaUeHHe X > 2 ABIETCA pEelIEHUEM HEPAaBEHCTBA (*), a clie-
JOBATEIbHO, H HCXOIHOTO HEPaBEHCTBA.
OrBeT: x>2.

3anauM AJ1s CAMOCTOATEABLHOIO pPeUICHHA

Pemnte HEPABCHCTBA:
1) V9-3x+v4-x>/2x+25
OTrBeT: -12,5<x<0.

2) x+1-Vax-3>x

OTBerT: %£x<1.

3) V2x-1+3x-2<+4x-3+/5x-4
OrBeT: x>1.

4) Y2x-4+Yx+622-2-x
OTrBeT: x=2.

5) Jx+8-vx+3 >Jx

OTrBeT: 0<x<l.
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§6. YPABHEHUA U HEPABEHCTBA
C NAPAMETPOM

Yro Takoe napamerp?

Jn4 Havasia pacCMOTPHUM HECKOJIBKO YPaBHEHHH H HEPaBEHCTB:
ax’’ +3x—4= 0, .

bx>2, (m+2x=m’+3m+2,x*+c<0.

Bce 3TH ypaBHEHMs M HEPAaBEHCTBA CXOXH TeM, YTO KPOME MepeMeH-
HbIX, 0003HaYEHHBIX TPaJHLMOHHOH OyKBOH X, Mbl BUIHM U ApyrHe Oyk-
BBl a, b, m, . '

EciH, HaTpUMep, B YpaBHEHHH ax’ + 3x — 4 = 0 GyKBY @ 3aMEHHTb YHC-
JIOM 1, TO MOJTyYHM ypaBHEHHE x*+3x—4=0,uucna-4u 1 —ero KOPHH.

Eciu xe a = 2,5, To mosryyuM ypaBHEHHE 2,5x*+3x-4=0c¢ KOPHAMH
-2u0,8.

Takum oOpasoM, ecid U3 MHOXECTBa BCeX IEHCTBUTENbHBIX YHCEI
BbIOpaTh H 3adUKCHPOBATH Kakoe-1ubO 3Hauenue a (b, m, c), u mojcra-
BUTb €T0 B JAHHBIE YPaBHEHUS U HEPAaBEHCTBA, TO MOJY4aTCs yPaBHEHHSA H
HEpaBEHCTBA OTHOCHTEJIBHO X, TO €CTh C OJHUM HEU3BECTHBIM.

Tak kak OyKBYy @ MOXXHO 3aMEHHTEH JIIOOBIM YHCIIOM, TO MBI HMEEM Jie-
JIO C LENBIM CEMEHCTBOM (MJIH K/1acCOM) YPaBHEHHH.

ByxBeHHBIH kK03QGUUHEHT a B YypaBHEHHH ax’ +3x-4=0 NPHHATO Ha-
3bIBaTh NAPaMETPOM, 2 CaMO ypaBHEHHE — YPaBHEHHeEM C IapaMeTpoMm.

B ypaBueHuu (m + 2)x = m* + 3m + 2 napameTp 0603HaueH GyKBoii m.

AHanoruyHeIM 00pa3oM 0OCTOHT elI0 C HepaBeHCTBaMH. Hamnpumep, B
HEpaBEHCTBE BTOPO# CTENEHH x> +¢<0ectp OykBeHHBIH K03QUIIHEHT c,
KOTOpBIH Ha3bIBAIOT MAPaMeTPOM, a CaMO HEPaBEHCTBO SABIAETCS Hepa-
BEHCTBOM C MIapaMeTPOM.

B HepaseHcTBe bx > 2 napaMerp 0603HaueH OYKBOH b.

Hrak, BCskas 3a1a4a ¢ mapaMeTpoM — 3TO 1ieasi CepUst OZHOTHUITHBIX
3a/1a4, KOTOPEIE COOTBETCTBYIOT BCEM 3HAUEHHUSM IlapaMeTpa.

PewnTs ypaBHEHHE HIIH HEPaBEHCTBO C [IapaMETPOM — 3HAUMUT:

1) yxasate, IpH KaKuX 3HAYEHHAX MapaMeTpa ecTh PelleHus;
2) HaHTH HX; k
3) BBIACHMTB, NIPH KAKHX 3HAYEHHAX MapaMeTpa pelieHH# HeT.
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To ecTh AN KOKAOTO 3HAYEHHs TAPAMETPa HYXKHO YKa3aTb MHOXECT-
BO BCEX pELIEHHH JaHHOTO YPaBHEHHs HIIH HEPABEHCTBA.

Ora 3aga4a MOXeT (HOpPMYIHPOBAaTHCA HE TOIbKO MPSAMBIM YKa3aHHEM
«LIs Ka)Ioro 3Ha4YeHus napaMerpa HaHTH Bce PELICHHs ypaBHEHHA (He-
PaBEHCTBA)», HO U HECKOJIBKO 3aKaMy(IHpOBaHHO, HAaTIpUMED: «HANTH BCE
3HA4YEHHS 1IapaMeTpa, NPH Ka)XIOM M3 KOTOPHIX PEILEHHE YpaBHEHHs (He-
PaBEHCTBA) YIOBIETBOPSET 3aJaHHBIM YCIOBHAM.

3ajaya HccledOBaHHS ypaBHEHHMS WM HEPaBEHCTBAa C MapaMeTpoM,
KaK MpaBHJI0, JOBOJBLHO TpyAHa. OHa BCera NpeanoiaraeT pacCMOTPEHHE
HECKOJIBKHX CJIy4aeB, HH OJUH H3 KOTOPBIX HElb3s MOTEPATh.

K ToMy xe Ipu pereHHH MOXKHO «TIpHOOPECTH» TaK Ha3bIBaeMBbIE MO-
CTOPOHHHE KODHH, POBEpKAa KOTOPBIX Ul ypaBHEHHH C mapaMeTrpoM —
3ajlaya BECbMa HEMpocTas.

IMosTOoMy NpH pelieHUH KpaiiHe BaKHO MOHHUMATh, KakHe Mpeodpaso-
BaHHS IIPOMCXOAT — PABHOCHIILHBIE WIIH HET, U MPUMEHSATH 110 BO3MOX-
HOCTH PaBHOCHJIbHbIE.

PaBHOCHAIBHOCTL YpaBHEHHH

IMoBTOpHM TMOHATHE pPaBHOCHIBHOCTH YypaBHEHHH M HEpaBEHCTB.
H nepBoe, uTo caenaeM, — AaauM ONpejeleHHe PAaBHOCHIBHBIX ypaBHe-
HHH. .

Iyctb uMeloTcs aBa ypaBHenus: fi(x)=g (x) u fz’(.lc)=g2 (x).
Ecyin BeKHi KOpeHb NEPBOT0 YPaBHEHHsl ABJISETCA KOPHEM BTOPOro
H, Ha060poOT, BCSIKHH KOpeHb BTOPOr0 ypaBHEeHHsl €CTh KOpeHb NepBo-
ro, To ypasHenns f,(x)=g (x) u f,(x)=g,(x) nHaseiBaror paBHo-
CHJILHBIMH. YPaBHeHHs, He HMeIOIHe KOpPHei, TaK:ke CYHTAOT paB-
HOCHJILHBIMH.

Hrak, ypaBHEHHS, HMEIOIHE OJHO U TO € MHOXECTBO KOPHEH, Ha3bl-
BAIOTCH PABHOCUTLHBIMU.

Hanpumep, ypaBHenust 3x = 9 u +/3x+7 =4 aBIAIOTCS PaBHOCHIIb-
HBIMH, 3HAUYEHHE X = 3 — UX KOPEHb.

Vpasherus x* + 7 = 0 u 3x* + 8 = 0 ToXe PaBHOCHIBHBI, TAK KaK HH
OJHO M3 HHUX HE MMEET KOpHEH, TO eCTh MHOXKECTBO KOPHEH Kak NepBoro,
TaK ¥ BTOPOFO YPaBHEHHS ITyCTO.
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IIpeoGpa3oBaHus, Npu KOTOPHIX J1aHHOE YPABHEHHUE
NEepPeXoauT B PABHOCHJIbHOE YPABHCHHE

1. CaaraeMble MOXHO NepeHOCHTb H3 OJHOH YaCTH YPaBHEHHH
B APYIYI0, H3MEHSIA 3HAK Mepel 3THM CJ1araeMbiM Ha MPOTHBOMOI0XK-
HbIH:

f(x)+p(x)=g(x)+a(x) = /(x)+p(x)-q(x)=2(x)

Hanpumep, ypaBHeHue xX*+7=3x PaBHOCHJIBHO YPaBHEHHUIO
X +7-3x=0.

OO0paTrHTe BHHMAaHHe, YTO peyb HUAET O NMEPEHOCE CIaraeMbiX, a He
NPHBENEHHH MONOOHBIX WIEHOB (3TO OOBIYHO AE€NAETCA OXHOBPEMEHHO).
[IpuBeneHue MOJOOHBIX KaK pa3 MOXKET ObITh HEPABHOCWIBHBIM NMpeobpa-
30BaHHEM. :

HanpuMep, €ciM B ypaBHEHHH X’ +Vl-x=V1-x+4 MIEpEHECTH B
JIEBYIO YacCTh, BHIpAXKEHHE JI-x, a satem NpUBECTH MOAOOHbIE ciarae-
MBI€, TO MBI TIOMy4HM ypaBHEHHE X~ = 4, KOPHAMH KOTOPOro 6yIyT yncia
—2 1 2. O1HaKO YHCIIO 2 He SBASETCA KOPHEM HCXOJHOTO YPaBHEHHs, TaK
KaK IpH MOACTaHOBKE 3TOr0 3HaY€HHs MBI ITOJIYYHM OTPHLATEILHOE YHCIIO
MO/ 3HAKOM KOPHS.

OTMeTHM, 4TO PaBHOCHJIBHOCTH MNEPEHOCA CIAaracéMbIX BHITEKACT M3
JIPyroro paBHOCHJIBHOTO TIpeoGpa3oBaHMsl.

2. Ecau Kk o6eHM 4acTAM ypaBHEHHS NMPHOABHTH OXHO M TO XKe
4YHCI0, TO TMOJYYHTCH yPaBHEHHE, PABHOCHJIbHOE JAaHHOMY:
f(x)=g(x)= f(x)+a=g(x)+a, Tne acRh.

[pubaBnsaTe kK 06eHM YacTIM ypaBHEHHS MOXKHO J1060€ YHCO0, a yM-
HOXAaTh — TOJBKO Ha YHCJO, HE paBHOE HYIIO.

3. Ecau o6e 4yacTH ypaBHeHHS] YMHOXHTb HJ/IH Pa3e/IHTb Ha Ofi-
HO H TO e OTJHYHOE OT HYJH YHCJIO, TO MOJYYHTCA ypaBHEHHe, paB-
HOCHJIbHOE JAHHOMY: :

f(x)=g(x)=a f(x)=a-g(x), rae a=0.

OTo npeobpa3oBaHUE UCNIONb3YETCA TaK K€ YaCTO, KaK ¥ MpEAbIIyLIEE.
x> —13

12

O6e yacTH ypaBHEHHS MOXHO YMHOXAaTh HE TOJIBKO Ha YHCNIA, HO H Ha
BBIpPOKEHHS, COJEpIKale nepeMeHHy 0. [ 1aBHOe, YTOOBI 3TO Bhipa:KeHHE
HMeJIo cMBbICA Ha Bcel 00JacTH onpelneneHns ypaBHEHHUS M HU TTPU KaKoM
3HA4Y€HHUH X OHO HE PaBHAIOCH HYII0.

Hanpumep, ypaBHeHuUs =3 ux’-13=36— PaBHOCHUJIbHBI.
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4. Ecnu obe uacTH ypaBHenuss f(x)=g(x) yMHOXHTH HIH pa3-
AeTHTh Ha GyHKuHio y =k(x) (aas Beex x Bomoansercs k(x)=0),

onpelesieHHyl0 Ha Bceii - o0JlacTH  ompeleneHHs  ypaBHEHHs
Sf(x)=g(x), To nosyunTcs ypaHenue, paBHOCHILHOE AAHHOMY:

f(x)=g(x)=k(x)- f(x)=k(x) g(x), rne k(x)=0.
Hanpumep, ypaeneHue x(sin2x+3)=4(sin2x+3) PaBHOCHJIBHO

YPAaBHEHHIO X = 4,

M&1 paccMoTpenu oCHOBHbIE «apu(PMETHYECKUE ACHCTBHA» HaA ypaB-
HEHHAMH, KOTJ1a OHM PaBHOCHIIbHBI UM HEpaBHOCHIBHLIL. [IpuBeneM euie
HECKOJIBKO IIPUMEPOB PaBHOCWIBHBIX TPe0Opa3oBaHHM.

5. Vpaswenne a’*)=4%*)  pasmocuarmo YPaBHEHHIO
f(x)=g(x) npua>0,a+1.

Jis paccMoTpeHHst npeoOpa3oBaHuil 6 W 7 HY)KHO BBECTH MOHATHE
PaBHOCHIIBHOCTH YPaBHEHHUI Ha MHOXKECTBE.

JIBa ypaBHEHHs Ha3bIBalOTCS PaBHOCUIIBHBIMH Ha MHOXECTBE M, ecCiii
COBMAJalOT MHOXECTBA MX KOpHEH, NMpHHAIeKaHe MHOXKECTBY M, unu
ke 00a ypaBHEHHS Ha 9TOM MHOXKECTBE KOPHEH He HMEIOT.

HanpuMmep, ypaBHeHus x° = 4 0 x = 2 PaBHOCHJIbHBI HA MHO>KECTBE
(0; +0).

6. Ecan dynxuun y=f(x) n yzg(x) HeompuyamenbHbl HA
HEKOTOpPOM MHoOXecTBe M, TO Ha 3TOM MHOXKECTBE YPaBHEHHs
f(x)=g(x) n f"(x)=g"(x) paBHOCHILHBI NpH Beex n € N.

7. Ecau dpyuxuun y= f(x) u y=g(x) nonoscumensust ua ne-
KOTOPOM MHOXecTBe M, To Ha 3TOM MHOXKeCTBe YpaBHeHHA
log, f(x)=log,g(x) n f(x)=g(x) paBHocHabHBI MpH a>0, a=1.

OGpaTuTe BHHMAHHE HA OTPaHHYCHUA — (QYHKLUHHM AOKHBI GBITH
WM NIOJIOKHUTENBHBI, WIH HEOTPHLATENbHBI. Eciu 3TH YCNoBH He BBINON-
HAIOTCSH, TO YPaBHEHHS PAaBHOCHIBHBIMH He OYayT.

Ilepeuncn¥B OCHOBHBIE pPaBHOCHIbHBIE TPeOoOpa3OBaHMA, Ha30BEM
Haubosee 4acTo BCTpeyalonyecs npeodpa3oBaHMs, NPHBOAIINE K YpaB-
HEHHUIO-CIIEACTBHIO.

Eciau BesikuH KopeHb OJHOTO YpaBHEHHSl AIBJSIETCS KOPHeM BTO-
poro, To BTOpPOe ypaBHeHHe HA3bIBAIOT C1eCTBHEM MEPBOro.

(U3 omnpenenenus cienyeT, YTO €CIH JIBa YPaBHEHHS HE SABJISIOTCA
CICACTBHAMH ApYyT ApyTra, TO OHH paBHOCHJ’lebl.)
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Hrak, K ypaBHEHHIO-CIIEACTBUIO IPHBOJAT:
— OCBOOOX/ICHHE OT 3HAMEHATEIA:

f(x) _ - :
oN h(x)= f(x)=h(x)-g(x);

— BO3BefieHHe 00EHX 4acTelt YpaBHEHHS B YETHYHO CTETIEHb!
f(x)=g(x)= f7(x)=g>(x),neN;
— 3ameHa  ypaBHeHus  log, f(x)=log,g(x)  ypaBHeHuem

f(x)=g(2):

log, f(x)=log, g‘(x) = f(x)=g(x),a>0,a=1.
Jlna Toro 4ro6bl JTydiie pa3o0paThCs B PaBHOCHIIBbHBIX npeoOpa3oBa-

HHSIX, HMECT CMBICJI PCHIUTh CICAYIOIHUEC 3aJaHUA.

3anamm AJISA CAMOCTOATECIbHOIO PCIICHHUA
1. Kakue M3 map ypaBHEHHWiH fABIAIOTCA paBHOCHIBbHBIMH? Kakoe 3

ypaBHeHHﬁ B Mapax ABJIICTCA CICACTBHEM llpy’l‘OI‘O?

1)
2)
3)
4)

5)
6)

1)
2)

3)
4)
5)

6)

5x+6=4-—2x
x-1 x—-1
c+3)P=(@A-xPulx+3]=]4-x|;

m5x+6=4-2x

2
9=X _ou9-x=0
x+3
6 —11x+5=0u x—%zO;

(x=5)(x+1)=0 u Vx-5-Vx+1=0;
3x-2=xu@Bx-2)  vyx—-4=x-vx—-4.

2. IIpu KakOM 3HaYECHHH NTapaMeTpPa a YPaBHEHNA PaBHOCHIIBHBI?

sinx=aH x=%+2nn,nez;

1 = _l.
arcsmx=dau x—2,
arctgx=% H x.—_\/i;
5x—101 =0 u (5x - 101) (x* + @) = 0;

1 1
2x-7+ =3x—a+—_n2_x_7:3x_a;
Nx-2 Vx-2

2

16x" =9 o yax+3=0

X—a
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Ykazanua. Ecnu B IepBoM 3aJJaHHiU HY)KHO NMPOCTO HAHTH KOPHHU KaX-
JIOTO YpaBHEHHMs YyKa3aHHOW Mapbl M CPaBHHTh HX, TO BTOpOE 3aJaHHE
CJIOXHEE — 3TO MepBas TPEHHPOBKa PaboThi C MapaMeTpaMH.

ITepBbie Tpu ImpUMepa BTOPOTO 3aJaHHMs JOCTaTOYHO MPOCTHI: HY)KHO
peunTh 00a ypaBHEHHA, IPHYEM B YPaBHEHUH C IIapaMETPOM HaJI0 MPOCTO
BBIPa3sHTb MEepeMeHHYI0 X uepe3 a. [IpupaBHAB MOydeHHbIE BBIPAXKCHHA
JUISL X, MOXKHO JIETKO YCTAaHOBHUTD 3HAYEHHE a.

B derBepTOoM mpHMepe HYKHO YCTAHOBHTDH, MPH KAKUX 3HAUYEHHAX a
ypaBHeHHue (5x — 101) (x4 + a) = 0 UMeeT OAUH KOPEHb, a B MATOM H ILIec-
TOM HYXHO 0OpaTHTh BHUMaHHE Ha OTPaHHYEHHs, KOTOpPBIE AT BbIpa-

)KeHue Vx—2 Hu BBIPAXXCHHUE X — 4, CTOALIME B 3HAMCHATEJIE.

OrBetsI:
1. H () & (2);
2) ()= (2);
H M) =)
4) (2) = (1);
5@ =) :
6) HHKaKOe U3 YPaBHEHHH He SBJIAETCA CIEICTBHEM APYroro.
2.)nopua=1,

L
2)npu a= 3
3) npu a = 3m;
4)npua>0;
S)npua>09;

6) npu a =%.

JIMHelHbIe yPABHEHUNA

JIMHEHHBIM ypaBHEHHEM C MapaMeTPOM OTHOCHTENBbHO X Ha3bIBalOT
YpaBHEHHE BHAA

px-q=0,
€ p 1 ¢ — HEKOTOpbIC BBIDAXXCHHS, 3aBUCALIAE TOJIBKO OT IMapaMeTpa, a
X — HEH3BECTHOe.

JIuHelHOE ypaBHEHHe C mapaMeTpoM NMpPUBOIAT K BHAY px = q. Ilpu

p#0 OHO MMEET eIHHCTBEHHOE peLIeHHe xz%, npu p=0wu g =0 ero
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pellieHHeM SBIseTCs Mo6oe Yncio; ecan xe p = 0,a g # 0, To ypaBHEHHE
pElICHUH HE HMEET.

IIpumep 1. Penuts ypaBHeuue ax — 4 = 6a — 3x.

Pewenne. IlepeHeceM uneHsl, coaepxaliue NepeMEeHHYIO X, Bie-
BO, a OCTANbHBIE YWICHBI — BIPaBo: ax + 3x = 6a + 4.

CrneBa MBI BBIHECEM 3a CKOOKH OOIIHIT MHOXHTEND x. DTO Mpeodpa3o-
BaHHE BO3MOXKHO NMPH J1000M 3HAYEHHH a:

x(@+3)=6a+4. *

Craenylomiee neHCTBHe — JejeHHe oOeuX uacTedl ypaBHEHHSA Ha
a+ 3 — BO3MOJKHO JIMIIb NpH a # —3. A 4rto Xke Oyzer, eciu a =—3? Beap
napameTp a NpHHHMAET J00ble 3HaYeHHs U3 MHOXKECTBA ACHCTBHTENBHbIX
YHCeN, B TOM YHCie H —3.

IIpn a = -3 ypaBHenue (*) craner Takum: 0 - x = -14.

OueBHIHO, YTO OHO PELICHHI HEe HMEET.

6a+4
a+3’
Takum o0pa3oM, I K&KIOTO 3HAUYEHHA MapaMeTpa a pellieHHs Haii-

IIpn a # -3 Mbl noTyYuM x =

JeHbl. B uactHOCTH, x=% npu a = 0; x:% npua=1;x=-8 npua=-2

UT.A.
IMokaxeM Ha 4yucaOBO# npaMoi (puc. 41), YTO MBI HE MPONMYCTHIN HU
OJHOTO 3HAa4YEHHS NapaMeTpa a, He YKa3aB NPH 3TOM 3HAYEHHA X, KOTOPOE
€My COOTBETCTBYeT. (JTO BOBce He 00S3aTeNbHBIH ITal PElICHHH, a 10-

MOJTHUTENNbHAA HIUTIOCTPALIMAL.)
x=6a+4 ? x=6a+4

a+3 a+3
-3 a
Puc. 41
OTBeT: mnpHa=-3KopHei HeT; pH a # -3 xz%.

IIpamep 2. Pemnts ypaBHenue (a—4) (a+ T)x=(a + 3) (a-4).
Pemenune. Cpa3y BelaenuM ciydad, Korga Kod(pQUUHEHT NpH X
paBeH HyJI0 H M3 ypaBHEHHS HeNib3s HaHTH pelleHHe JeieHHeM o0enx
4acTei Ha 3TOT KO3 (HLMEHT, BElb HA HOIb ACIHTEL HEJb3S.
1) Ilpu a = 4 ypaBHeHne npumer BUA 0 - x = 0, TO eCTh €ro peureHHEM
sBsAeTCs Moboe NeficTBUTENbHOE YHCJIO;
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2) npu a = -7 ypaBHenue npuMmet BUJ 0 + x = 44, TO €CTh B 3TOM ClIy4ac
KOpHEH HeT;

3) npwu mobom a u3 00beaNHEHNS MPOMEKYTKOB
(—o0; =7)U(=7;4)U(4; +0) ypaBHEHHE HMEET EMHCTBEHHOE pe-

IIeHHe
xz(a+3)(a—4)’ s x=4at3
(a—4)(a+7) a+7
Hanpumep, x = 0 npu a = -3, sl —_— ='1; x:\/'5_+3 npu
2 J5+7

a=+5 ur.n.
[MokaxxeM, 4TO Mbl yKa3ali, KaKk HalTH x JU1s JI060ro 3HaueHus napa-
Metpa a (puc. 42).
: % x i R

-7 4 a

Puc. 42
OTBeT: npHa=4x— moboe JeHCTBUTENBHOE YHCIIO; TP a = —7
KOpHEH HET; NPH BCEX 3HAUEHUAX a U3 MHOXKECTBA
. . ) _a+3
(—o0s=7)U(-7;4)U(4; + ) x ==
Tipumep 3. Pents ypaBHeHH e
(c+2)3-x72(c+6)(c+2)-x=8~8(c+5).
PeweHnue. B neBoil yactu ypaBHEHHs BBHIHECEM 3a CKOOKH MHO-
KHTENH ¢ + 2 K X:
(c+2)(*+4dc+4-2c—12)x=-8 (c +4),
(c+2)(*+2c—-8)x=-8(c+4);
(c+2)(c-2)(c+4)x=-8(c+4).
1) Ilpu ¢ =2 ypaBHeHue npuMer BUA 0 - x = —16 1 KOpHEH He HMeeT;
2) npu c = 2 ypaBHeHue npumeT Buz 0 * x = —48 11 KOpHEH HE HMEET;
3) npu c =—4 ypaBHenue npumeT Bua 0 - x = 0 u moboe JeHCTBUTENBHOE
YHCIIO ABJISETCS €r0 KOPHEM;
4) npu mobom ce(-oo;—4)U(—4;-2)U(-2;2)U(2;+®) KopHeMm

YPaBHEHHSI ABSETCH X = ———.
c” -4
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Ha gucnoBoii npsAMoii Hokaxkem, 4To JUis JIFDOOro 3HaYeHHs NapaMeTpa
C MBI YKa3aJIH, KaK HalTH x.

x<+sR % %]

Puc. 43

OTBeT: npHc=-2uMc=2 KopHeH HeT; IpH ¢ = — 4 x — 0boe
JIEHCTBHTENBEHOE YHCIIO; TIPH BCEX

¢ € (~o0; —4) U(~4; —2) U (=2; 2) U(2; + ) x=—628_4.

3agaHus JJIA CAMOCTOSTEILHOI'O pelICHHSA

HJU! KaXI0ro 3HauCHMA napaMeTpa pelIuTh YpaBHCHHE!
1) bx+6=5b-2x;
2) (=25 —(*+4c—-5)=0;
3) (@a+2y’x-15=5(a+2)-3(a+2)x;
4) (n-2)x-2(n+2)(n-2)x=-8(n+3)+24;
5) (k=1 -x—4x-(k-1)=0;
6) (@a-3Vx+4a-1)=8+(a—1)a-3.

OtBerbI:
1) npu b =—2 — pelIeHHH HeT;
npu moboM b e (—0; —2)U(-2; +0) — x= Sbb+_26’

2) npuc=-5 — x moboe 4ucio;

IIpH ¢ = 5 — pELICHHH HET;
c-1,
c-5

npu moboM ¢ €(—o0; —5)U(=5; 5)U(5; +®) — x=

3) mnpHu a=-2 — peuieHHH HeT;
npu a=-5 — x n0boe 9UCIo;

5

npu mobom a € (—oo; —5)U(-5; —2)U(-2; + ) —x ==

4) npun=0 — x moboe 4yucIO;
NpH 17 =2 WIH n = 6 — peLIeHHH HeT;
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-8 )

nt-8n+12°

5) mpuk=1,umm k=—1, unu k =3 — x moboe YncI0; NpH TTO6OM
ke(—0; =) U(=L1)u(1;3)U(3; +o) x=0;

6) npua=3 x— moboe 4ucio; MPH a = 2 UIH a = 5 — pelliecHUH HeT;

4

-a*+7a-10

npu mobom 7 & (—0; 0)U(0; 2)U(2; 6)U(6; +0)—x =

npu moboM a € (—o0; 2)U(2;3)U(3; 5)u(5; +o0)—x =

YpaBHeHHusl, NPUBOAHMbIE K JTHHEHHbIM

Cpa3zy ckaxeM, YBUIETh [PH MEPBOM B3IJIsL1€ HA MHOTHE YPaBHEHHS, U3
KOTOPBIX NOTOM «I1OJTY4AIOTCSD» THHEHHBIE, YTO UX MOXHO IPHBECTH K 3TO-
My Buny, Henb3s. [Ipocto mocne Bcex mpeoOpa3oBaHUi BAPYT MOXKHO 3aMe-
THTb, YTO B YPaBHEHHH HET X, CTOSIIUX B cTerneHH, Oonpirelt 1. Jlake ecrnu u
ObLIM KBa/IpaThl, KYObl, IEpEMEHHbIE B 3HAMEHATENE, TO OHH «HUCUEITH»,

N Hamo mnOMHUTH, dYTO €ciAM, HanpuMmep, B  YpaBHEHHUH
k=6_3k+4_2(k-1)x-5
x+1 a-2 2—x=2

Mbl YMHOXHJIIH €r0 obe wuyacTH Ha

(x2)x+1)a-2),Tox#-1,x#2,a#2. To ectb CHOBa He 3a0bIBaTh O
PaBHOCHJIBHOCTH.

X Sa+x _ 1004*

IIpumep 1. Pemnre ypaBHeHue Satx x—5a 5% — 12

Pemenue. Ilo cmeicny 3agaun (Sa + x)(x — Sa) # 0, T0 ecthb
Xx # *5a. )
YMHOXHB 00e 4acTH ypaBHEHHs Ha mpousseAcHue (Sa + x) - (x — Sa),
MOJIyYMM YPaBHEHHE x* = 5ax — x* — 10ax — 25a* = —1004*, wnn —15ax =
= —75a2; ax =5a".
1) Ilpu a = 0 ypaBHeHue npumeT Bua 0 - x = 0, pemieHHeM KoToporo 6y-
JeT moboe 4ucno, KpoMe Hys (Tak Kak x # 15a).
2) Ilpu a # 0 uMeeM x = 5a. DTOT KOpeHb MONAAAET MOA OrpaHHUYCHHE
x#15a.

[=¥ 20 2518

[y

PELICHHH HET

Puc. 44
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OTBeT: npua=0 ypaBHeHHE HMEET GECKOHEYHO MHOTO PEILICHHUIA:
BCE JICHCTBUTEIIBHBIE YHCIIA, KPOME HYJIA; IPH NH000M
ae(—o0;0)U(0; + ) pewenuii Her.

IIpumep 2. Peiunte ypaBHeHHe 3a+Dx=3 43a-8_2x+7

a(x+3) a x+3
Pemenue. Io cMeIcy 3agaun a # 0, x # —3. YMHOXUB 00¢ yac-
TH ypaBHEHHUsA Ha
a(x + 3) # 0, nomyuuM ypasuende 3(a + 1)x — 5+ (3a — 8)(x + 3) =
= (2x + T)a, unu ’
(4a—-5)x=29-2a.

29-2a
4a-5
4yuTCs ypaBHeHHe Ox = 26,5, He uMerollee KOpHEH.

Tenepp HeOOXOAUMO NPOBEPHTH, HET JIM TaKUX 3HAYCHHUH a, IPH KOTO-
PbIX HalileHHOE 3HaYEHHE X PABHO —3.

Otcrona, ecnu a # 1,25, 10 x = . Ecnu xe a = 1,25, To nmony-

2493__25‘1 =-3 mpu 29 — 2a=-12a + 15, To ectb NIpU @ = —1,4.
Taxum obpasoM, npu a # 0, a # 1,25, a # —1,4 ypaBHeHUE UMEET €IHH-
.. _29-2a
CTBEHHOE pElliCHHE: X = 425"
IMpua=0,a= 1,25, a=-1,4 pelieHnii HeT.
g g %)

vooor

Puc. 45

OTtBeT: mpua=0, umua= 1,25 umu a = —1,4 kopHeH HeT; NpU
JII0O0OM

29-2
ae(—oo; ~1,4)U(-1,4;0)U(0;1,25)U(1,25; +o0) x =Taf5£.

217



38,[[8][]!5] AJA CAMOCTOATE/IbHOI'O PCIICHHA
Pewtnte ypaBHeHHs AN kaXXAOTO 3HAYECHHUS [TapaMeTpa:
(b+2)x-3
A S AA——— 0’
x-1

1)

x x _4c?-16c+15.

2) c—3+c—2—(c—3)(c—2)’

3) 3(0_3)x—5 _ 2c-5 5 .
e )(e9) ()3 73

5) k=6_3k+4_2(k-1)x-5
X+l x-2 P2 _y_2
1 _1_3 .
3) 1+bx,+x_x b+1’
-4 2 1
6) = .
) x+1 a+l (a+1)(x+1)

OrBerhI:
1) npu b=-2unu b = 1 peleHuit HeT;
3
npu 11060M b e (—0; —2)U(-2;1)U(l; +0) x= L
2) npH c=2 W ¢ =3 peuieHui HeT; npu ¢ = 2,5 x — M060oe YKo,
npu ¢ €(-o0; 2)U(2;2,5)U(2,53)U(3;+®) x=2c-3;

3) mnpu c=1%, HIIH c=—%, HIIH c=1%, UM ¢ = 1 pellieHHit HeT;
TIPH JIIOOBIX .
_2)of=2 ) ol 1) ok 1) O 1L o) 5o 2le=25,
ce(—oo, 3)u( 3,1)u(1,13)u(13,12)u(12,+oo)x 6c=9 >
4) npuk=-2,umm k=—1—3§, WM k = 21 penieHu# HeT, npH
e 3V O[3 : _13-5k.
k & (—eo; 2)u( 2; 13)u( 13,21)\.}(21,+c>o)x k8
5) npub=-4,unu b=—1, unu b = 0 peniennii Her; ‘
. . . . __b .
npu be(—w,—4)u(4,—1)y(—1, 0)u(0; +) A=A
6) npua=-3, wi a=-1,2, uiu a = -1 penieHHii Her;
MPH JHOOBIX )
. . . . _4a+3
ae(-w; -3)u(-3;-1,2)U(-1,2-1)U(-1; +) x= o
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KBaJpaTHble ypaBHeHHs H yPaBHeHHS,
NPUBOAHUMBIC K KBaJAPAaTHbIM

VI3BeCTHO, UTO ypaBHeHHe ax” + bx + ¢ = () Ha3bIBAETCA KBAAPATHBIM
TOINBKO B ciydae a # 0.

OnHako pellleHVe TaKHX YPaBHEHHH OYEHb YaCTO HAYMHAIOT ¢ HaXO0X-
JeHus TUCKpUMHHaHTa. DTO HeBepHO. B kadectBe koadduLMeHTa npu X
MOXET ObITh BBIPRXKEHHE C ApaMeTPOM. A OHO BIOJNHE MOXET OBITh paB-
HBIM HYIIO, U JaHHOE ypaBHEHHME KBaJpPaTHBIM He OyIeT — MOMy4HTCS
JIMHEHHOE YpaBHEHHUE.

[TosToMy, pelllas KBaJpaTHOE ypaBHEHHE C IapaMETPOM, COBETYEM
TIEPBBIM JEJIOM CMOTPETh Ha K03 GHIUMEHT NMPH x%. Ecant 310T K03b¢ULH-
€HT — BBIPAXEHHE C NTAPAMETPOM, TO HYXHO OTIEIBHO BRIACIHTE ClIyYai,
KOT/1a OH paBeH HYJIIO, H PEILINTh MMOMY4HBLICECS IMHEHHOE YPAaBHEHHE.

PaccMOTpHM HECKOIIBKO YpaBHEHHH.

IIpumep 1. Pemnte ypaBHenue (a + 3+ 2x(@a+5)+2a+7=0.

Pemenue. HauHem peuieHHe JaHHOTO YPaBHEHHMS C «BBIPOXK-
OEHHOTO ciyyas» a = —3: ypaBHeHWe npuMeT BHI 4x = —1, ero kopeHs

1

xX= —Z.

Ipu a # —3 naHHOe ypaBHEHHUE ABIAETCA KBajpaTHbIM. Halinem nuc-
KPUMMHAHT YPaBHEHHA: ,

D=4(a+5F —4(a+3)2a+7)=4(a" + 10a+25)—
—(8a” +24a + 28a + 84) = -4d’ — 12a + 16 =—4(a— 1)(a + 4).

Ha pucyHke 46 mokasaHpl YMCIOBbIE HHTEPBAIIBI, B KOTOPBIX JUCKPH-
MHHAHT COXpaHsA€eT CBOH 3HaK.

- + + -

Qy

—4 -3 1
Puc. 46
Tlpn Beex ae(—m; ~4)U(l; +o) D <0, 1 ypaBHeHHEe HE HMEET KOp-

Hell.
Tpn Boex ae[-4;-3)U(-3;1] D20, n ypaBHeHue uMeeT jiBa Jeii-

—(a+5)i\/—az—3a+4

a+3

CTBHTEJIBHBIX KOPHS X, 5, = , NIpHYEM IIpH G = 1—
=x,=—3; mpua=—-4-—x =x,= |
xl—xz——E, npua= — X =X2= 1.
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OtrBerT: mpua=-3 x=—%;
npu BeeX a € (—o0; —4)U(1; + ) — KopHeii HeT;

npH Beex ae[—4;-3)U(-3;1]—

—(a+5)i\}—a2 -3a+4

a+3

X2 =

2x 1 x> +8
IIpumep 2. Perunre ypaBHeHHE - = .
P P P a*+3a 3a-a* a*-9

Pemwmenune. Ilpua=#0wua=13 1anHHoe ypaBHEHHE paBHOCHJIBHO
YPaBHEHHIO
(a-3)-2x+a+3=a(x’+8),
wi ax’ +2(3 — a)x + (7Ta—3) = 0.
1) Ilpua =0, a=13 — xopHe# HerT;
2) Hpua=#0,a# 13 Haitnem nuéKpHMnHaHTz
D=4 -a)*—4a(la-3)=4((9 — 6a + a*) - 7d* + 3a) =
=4(~64" — 3a+9) = -24(a- 1)a+ 1,5).
OTMeTHM Ha YHCIIOBOH NMPAMOH 3HAKH IMCKPUMHHAHTA.

- - + + — —
—o - .

-3 -L5 0 1 3
Puc. 47
Iipu Beex ae(—o;-3)u(-3;-15)u(l;3)u(3;+) D<O, u
YpaBHEHHE HE HMEET KOpHEHL.

Ipu Beex ae[-1,50)U(0;1] —

_a-3+y-6a"-3a+9

Sy

1,2 a .

Ha pucynke 48 mokaxkeM Bce pellicHHSA YPaBHEHHS.

% %) %
45 \ 45
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OtBeT: npuecex ae(—w; ~1,5)U{0} U(L; +00) — KopHeii Her;

npu Beex a €[-1,5,0)u(0;1] —

_a-3+V-6a®-3a+9
X = P .

4-x
Tpumep 3. Pemnte ypaBHenue 2 = .
pumep M 4x a-6
Pemenue. Ilpua=6ux=0 1aHHoe ypaBHEHHE PaBHOCHILHO

ypaBHeHHI0 4x° — 16x + (a* — 6a) = 0.

" D .
Haiinem i
D 2 _
i 64 —4a"+24a=-4(a-8)(at+2).
OTMeTHM Ha YHMCIIOBOH NpAMO# 3HaAKH JMCKPUMHHAHTA.
- + + -
-2 6 8 a

1) TlpuBcex a <-2 wnu a > 8, D < 0, U ypaBHEHHE HE UMEET KOPHEH.

_4+~-a*+6a+16

2) Npu-2<a<6um6<a<8,D20,u x,= 3 .

3) Temneps HeOOXOAMMO NPOBEPHTH, HET JIM TAKHX 3HAUYE€HUH Napamerpa,
IOpH KOTOpBIX X; M X, (wid oxud u3 Hux) paBeH 0. Kopens

_4+V-a’+6a+16

2

x HE paBeH HYJI0 HU MPH KaKWX 3HaYECHHAX Ma-

pamerpa a.

4-—-a? +6a+16

2

paBeH HYJIIO npH

a=0,
a=6.
IIpu 3TOM a = 6 He ABJNAETCA JOMYCTUMBIM 3HAaUEHMEM MapaMmeTpa, a
ecit a =0, To x =4,
OTBET: Npua=6— ypaBHEHHE HE HMEET CMBICIA;
npH BeeX a € (—0;—2) U (8; +0) — KxopHeii Her;

Kopens Xy =

—a* +6a+16 =4, 1o ecTb, ecu —a’ + 6a + 16 = 16, nm [

npu Beex a €(-2; 0)U(0; 6)U(6; 8) — ypaBHeHHE HMEET [1Ba PasiHuHbIX

_4+-a*+6a+16

KOpHA Xj 5 = 3 ;

npua=0,x=4;npua=-2,a=8—x;=x;=2.
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3agaHus I CAMOCTOATEILHOI0 pelieHnsA

Pemme YpaBHCHHA IJIA KaXXAO0r0o 3Ha4YCHHUA napaMeTpa:
1) b +2x(b+2)+2b+1=0;
2) 23 m+5)+2x(m-7)+3=0;
3) Qb -b-6)*=4(b+ 1)x—2;

X 2 _3x-2a+6,
R PR R T Uy
5) x+3 + a _ 1

W2 +6x+5 x+8x+15 x*+4x+3 B

6) 2x _x2+48a2=x+4a
x+4a y2_164°2 4a-x’

OTBEeTH :
) nipub=0 x=-025;opub=-1 x=1;
npub=4 x=-1,5; npu Bcex be(-1;0)U(0; 4)

~(b+2)tV-b+3b+4

X2 = b ;

npu b e (—0; —1)U(4; + o) KopHeii Her;

2) npum=-5 x=0,125; npu Bcex m e (1; 19) KOpHeH Her;

T—m+tVm? -20m+19

2(m+5) ’

IIpH BCEX

me (=) (-5 JUN% ) x5 =

3) npub=2 x==;npub=-1,5 x=-1;

1.
6 b
IIpH BCEX

2(b+1)£10b+16

be|-1,6;-1,5)u(-1,5;2)U(2; + = ;
e[ )o( )U(2Z+) xi, B —b_6

npu Beex b e (—0; —1,6)  KopHeit Her;
4) mpua#4,a+#3 x=2a-6,x,=a-1;
npua=4 x=3; 0pu a =3 ypaBHEHHE He UMEET CMBICJIA;
S) npua*-3,az-l,a#1 x=-4-a;
OpH a =-3; a=-1, a= 1 kopHeii HeT;
6) ypaBHEHHE HE UMEET KODHEH MpH JI0ObIX AOIMYCTHMBIX 3HAUEHHUAX Ma-
paMeTpa a.
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PacnosioskeHne HyJieli KBapaTHUHO#H QYHKIHH
HA YHCJIOBOH NMpAMOH

PaccMoTpuM KBaapatHbtii Tpexwien f(x)=ax’ +bx+c, a#0.
Uucna x; 4 x; — HYJIH d)yHKunuy = f(x), npuueM x; < x3;

Xy =—2—b— — abcimcca BeplUMHBI nMapabouibl, sABisiolleiics ee rpadu-
a

KOM.

Beens 3TH cTannapTHble 0003HaueHUs, nepelieM K pelleHUI0 TaKHX
3aja4, ric KBaJpaTHbIH TpexwieH 3aiaH sBHbIM oOpa3zoM. [loguepkHeM,
YTO MPEIOKEHHBIE AITOPHTMBI pELIEHUS YHHUBEPCAIBHEI, a 3HaYUT (00-
paTHas CTOpOHa 000H YHHBEPCAILHOCTH), ECTh KOHKPETHBIE CJIy4aH, KO-
2 33124y MOXHO PELIHTH HECKOIBKO IIPOLLE.

B 3Tux 3amauax, Kak NpaBuAO, TPEGYETCA ONpEENHTh T€ 3HAYEHHS
napaMeTpa, IpH KOTOPBIX BBIMOJHAETCS HEKOTOPOE YCIOBHE IS Pacro-
JIO’KEHHUS KOpHEH.

[epeurcnuM OCHOBHBIE YCIIOBHS:

1) o6a xOpHs MeHbIlIe HEKOTOPOro YHCHa O.: X| < X7 < O}

2) oba kopHs 00bILIE HEKOTOPOIO YHCIA & O < X < Xp;

3) 3amaHHOE YHCIIO O JIEXKUT MEKAY KOPHAMH: X < O < X3}
4) o6a KOpHS NPUHAJJIEKAT 3aJaHHOMY MPOMEXYTKY (a; B):

a<x;<x3< B, .

S) TOJIBKO MEHBIUUI KOpEHb MPHHAIEKUT MPOMEXKYTKY (a; B):
a<x <P <xy;
6) TONbKO OONBIIMA KOPEHb NPHHAANEKHUT MPOMEXYTKY (a; B):

X <a<x;<P;

7) oba KopHs exaT Mo 00e CTOPOHbI OT NpoMexyTka (a; B):

X <a<P<x. N

PaccMmaTpHBaTh OT/ENBHO 3a1a4i, Koraa o0a KOpHS JIEXAT CrpaBa HIH
ClEBa OT MPOMEKYTKA, CMbICIIAa HE UMEET, TaK KaK 3TH CJIy4ad B YHCTOM
BHUJE COOTBETCTBYIOT IyHKTaM | U 2.

B tabnuue TNPHUBEACHB] YCIIOBHA, He0OXOAMMBIE H AOCTATOYHEIE piRIb ¢
BBITIOJTHCHHS MEPEUYUCTICHHBIX yCJIOBHﬁ.
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Tabnuya

Pacno.ioxkenue HyJieli KBaIpaTHIHOMH
(yHKUHH Ha YHCIOBOI NPAMOH

» Heo0xoaumbie
H 10CTATOYHbIE YCJIOBHS

X Xy a

=y

D=0,
a-f((x)>0,

Xy <O

=Y

D>0,
a-f(ot)>0,

Xy > .

=y

a f(a)<0

D>0,
af(a)>0a
a-f{B)>0,

o <x <P

Q

x

=™ ¢

e
=Y

a f(a)>0,
a- f(B)<0.

™= ¢
=y

x o X,

a- f(a)<0,
a-f(B)>0.

X

X a B X2

a-f(a)<0,
a-f(B)<0.

Hrak, Mbl 3anucaiid Bce YCJIOBHA. TloHsATHO, YTO 3aMIOMHHTHL HX BCEC —
3aja4ya B€CbMa HENpocTasd, HO 3TO U HE Ipe6yeTc;1. HOKa)KeM, YTO O3Ha4a-
€T TO HJIH HHOC HEPABEHCTBO B YCJIOBHAX, Ha4YaB € NMEPBOro Cliy4yas:

D=0,

a-f(a)>0,

Xp <.

Camoe npocTtoe TpeOOBaHHE — HEOTPHLATEIBHOCTh AUCKPUMHHAHTA
KBaJIpaTHOTO TPEX4JICHa: KOPHH JO/DKHBI CYIIECTBOBaTb. A BOT BTOPOE

HEPaBECHCTBO CHCTEMbI COBCEM HE OYEBHIHO. .

Kaszanoce Obl, Hy)KHO MpPOCTO 3aMHCaTh BHIPAKEHHE M1 OOnbIIEro

KOpHSL:

_—b+\b* - 4ac

2 2a
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H notpeGoBaTh, YTOOB OHO ObLIO MeHblue yHcna o.. Ho npH 3TOM 1pHxo-
aurcs paboTath ¢ KOPHEM M3 JUCKPUMHHAHTA, YTO 3a4acTylO CYIIECTBEH-
HO YCJIOXKHSET PEILECHHE.

TToMO4b MOXKET O4EHb MPOCTast «XHTPOCTB»: €CIH Mbl 3HAEM 3HAK BbI-
paxenus a- f(a), To BCEr/ia MOXKeEM OMNPE/IEIHTb, TA€ NEKHT GHCIO O
MEXy KOPHAMH HJIH HET.

O6bsicHsAeTCs 3TO HecnoxHo. Ecau a > 0, To BeTBH napabobl Hanmpas-
neHsl BBepX. Toraa f(a), a BMeCTe C HMM U BbIpaXKeHHe a- f ((x), MEHbLIE
HyJIs, KOTA@ YHCIO O HAXOAMTCA MEXIY KODHSAMH TpexwieHa, H OoJblle
HYJIfl, KOTJa O He IPUHAUIKHT HHTEPBATY (X|; X2).

Ecmu a < 0, To rpadMk KBagpaTHOTO TpexuieHa «pacTeT» BHM3. Ilpu
3TOM 3Hau€HHE f (a), Hao0opoT, Gonble Hys, KOrJa YHCaIO O HaXOIHT-

cs1 Mexy KopHaMH. OnHako BelpaxeHHe a- f(0L) CHOBa OTPHUATENBHO.
AHaIOrH4HO, 3TO BBIPaXEHHE [0J0KHTEBHO NPH a & (X;; X, ).
Urak, ecn a- f(a) <0, 1o ae(x; x,),
ecad a- f(a)>0,10 0 g (x5 x,).
D=0,

BepHeMcs k ycoBusaM < a- f(a)>0,
X <L
HeoTpHUATENBHOCTh THCKPHMHHAHTA Ja€T CyLIECTBOBaHHE KOpHEIA,
TOJIOKHTENBHOCTE  BbIp@kKEHHs a- f(Q) COOTBETCTBYeT TOMYy, WTO
a¢(x;x,), a mocregHee HEPaBEHCTBO YCTAHABIMBACT PACIONOKEHHE

00oHX KOpHEH clieBa OT d, BeAb abCLHCcCca BEPUIMHBI Mapabonibl — cepe-
JIUHA OTpe3Ka [Xy; X;] — HaXOAMTCA CleBa.
Bri6op abcuucchl BepIIHHBL 0OBACHAETCSA OHATh TEM, YTO paboTath ¢

B of0meM ciydae npouie, 4eM ¢ Qopmynoit

. b
topmynoH  x, = ~5a

_ —b+Vb* —4ac
27 2a
JIBA NPOCTHIX YPaBHEHHSA, YEM OJHO CIOXKHOE. )
VYciaoBus BO BTOPOM ClIy4Ya€ aHAJIOTHYHBI NIPEAbIAYLIHM,
IIJ‘lﬂ CYLICCTBOBAHHS TPETHErO0 pacnoJOXCHHS KOpHei"l OTHOCHTCJILHO
JAaHHOroO 4YHCjla o J0CTaTO4YHO, YTOOBI BLIHOJ‘IHSIHOCL HEPABCHCTBO
a-f (a)<0. DTO K€ HEepaBeHCTBO JaeT HaM YCJIOBHE CYIECTBOBAaHHS

. (HpaKTm(a NOKa3bIBa€T, YTO BCErAa JIETYC PCLIHUTH

KOpHEH — €CJIH HX HET, TO BbIpaxKenue a- f (OL) BCEr/a [OJI0KUTENBHO.
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Ycnosue ans ciydaeB 4—7 ciefyeT M3 yke PacCMOTPEHHBIX HaMH
YCIIOBHH.

IlepeiineM k KOHKPETHBIM TIPUMEPaM.

IIpumep 1. HaiiTu Bce 3HaueHUs mapaMeTpa g, MPU KOTOPBIX KOPHH

YpaBHEHHS
(a—2)x2—3(a+3)x+a+ 1=0
HMEIOT pa3HbIe 3HAKH.

Pemenne. Iycms f(x)=(a-2)x*-3(a+3)x+a+1=0,
X1, X — KOPHH f (x), mpuyeM x; < x,.

Ycnosue Toro, uTo ypaBHeHHE f(x) = 0 HMeeT KOPHH pa3HbIX 3HAKOB,
PaBHO3HAYHO YCIOBHMIO pacrloloxeHHs uyucna () MexIy HyAsMH KBajpa-
THYHOH (yHKLHH ¥ = f(X).

HeobxoauMbIM U 1OCTaTOYHBIM YCIIOBHEM 3TOTO ABJIAETCA ClEAyIOIIEe
HEpaBEeHCTBO (CM. TpeTHii cnydyaii B Tabnuue): (a — 2) (a + 1) < 0, roe
a — 2 — Ko3(bULHEnT NpH X° KBAJPATHOTO TpeXuleHa; f (0)2a+l —
3HaYEHHE KBafipaTHOro TpexuneHa npH x = 0. ’

PewmnB HepaBeHcTBO (g —2) (a + 1) < 0, nonyvaem —1 <a < 2.

OtBeT: (-1;2).

OG6paTuTe BHHMaHHE, YTO B IEPBOM MNpPUMEPE HE pacCMaTpHUBACTCA
ciy4aii, korjaa ko3¢ GpHUHEHT NpH x* paBen HYJIF0. 3TO He HYXHO, TaK KaK
U3 YCIIOBHS 3amayH ((ppasza «KOpHH... HMEIOT pasHbiE 3HAKH») SCHO, YTO
KOpHeii HOMKHO ObITH 1Ba.

B cnenyroweii 3agaue u3 ¢pa3sl «<KOPHH YpaBHEHHS... MeHbLIE 1» co-
BCEM HE CIIEAYET, YTO UX AODKHO OBITH ABa, H MEPBOE, YTO HAmoO Cle-
J1aTh, — PacCMOTPETh, KOTAA ypaBHEHHE ABISETCA JMHEHHBIM, Belb BCE
TPEBINYIHE PACCYXACHUA KacaJIMCh KBaJIPpaTHOTO TPEXYIIEHA.

IIpumep 2. Haiitu Bce 3HaueHus mapamerpa b, IpH KOTOPBIX KOPHH
YPaBHEHHA »
(b+1)x*+2x—3b—1=0 menswe 1.

PemeHue.

1) Hockonbky ko3¢ dHIHEHT PH X COJIEPXKHT IapaMeTp, TO HYXKHO pac-

CMOTpETh, KOrJa OH MOXET ObITh paBeH HYIIO.

Ipu b = -1 nomy4aem KopeHs x = —1, KOTOpBIH MEHBIIIE YHCIa 1.

2) Ecmm b # —1, 1o BBIpaxenue f(x) = (b + 1) x>+ 2x — 3b — 1 sBsiercs

KBaJIpaTHbIM TPEXYIEHOM, €ro KOpHH 0003Ha4YUM KaK X; U X, Tloylaras

X1 € x5,
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AbciMcca BepIIHHbI apabosibl HaXOAUTCA 1o GopMyie x, = —ﬁ.

3HaueHHE KBAPAaTHOrO TPEX4JieHa B TOHKe x = 1:
fOH=G+1)+2-3b-1=2-2b.
Huckpumunanr: D = 4(3b> + 4b +2).
HTak, ZOMKHBI BHINMOJIHATECS TPU YCIIOBHS:

a) JIMCKpPMMHHAHT (OJIbLIC WIH PaBeH HYJIO;

6) Boipaxkenue (b + 1) (2 — 2b) moNOKUTENBHO;

B) abcuucca BeplIMHEbI napaboibl MEHbIIIE Uhcia 1.
IMonyuyaeM cucTeMy HEpaBEHCTB:

4(3b2+4b+2)20,
{(b+1)(2-2b)>0,
-1

IpeobpasyeM ee:

(
3b% +4b+220,
(b + 1)(2 -2b)>0,
-b-2
pe1 0
1 1300pa3sHM pellICHHE KaXI0ro HEpaBeHCTBA Ha pUCYHKE 49.

Puc. 49

Takum obpa3oM, pelIEHHeM 3TOi CHCTeMbl OyAyT Bce 3Ha4YeHHs b,
MIpHHaAJIeKalHe HHTepBay (—1; 1).

B urore kopHH ypaBHeHus (b + l)x2 + 2x -3b — 1 = 0 menbwe 1 npu
BCeX 3HauYeHusx [—1; 1). '

OTteseT: [-1; 1)

IIpumep 3. Haiit Bce 3HaYeHHUs a, NPH KOTOPHIX KOPHH yPaBHEHHS
(a+ l)ac2 - (a2 +2a)x —a— | = 0 npuHamexar oTpe3ky [-2; 2].
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PemeHnue.
1) Tlpm a = -1 ypaBHeHHe npuMeT BUI X = 0 M ero pelieHHe NpHHAIIE-
XHT OTpe3Ky [-2; 2].
2) Ilpu a # —1 BeoOXooHMBbIC M JOCTaTOYHbIE YCIOBHS TOTO, YTO HYJH
GYHKUIMH
F(x)=(a+1)x* - (a* + 2a)x — a — | npuHamIexKar oTpe3ky [-2; 2], 3a-
JAIOTCA CIEAYIOMIEH CHCTEMOI:

(a+1)-f(-2)20,
(a+1)-7(2)=20,
D20,
-2<xy<2.

. B aToii cucreme x, = ;( ++28

f(2)=(@+1)-4—(a"+2a) (-2)—a-1=2d"+Ta+3;

fQ@)=@+1)-4-(a*+2a):(2)-a-1=-2d"-a+3;

D=(a*+2a’ +4a+1)Y>=(@+2a+2)*=(1+(a+1))*>0.

Hrak,

2(a+1)(a+3)(a+0,5)20,

-2(a+1)(a-1)(a+1,5)20;

(a—l—\/g)(a—l+\/§)

, 2(a+1)

+2

(a+{‘) <2, (a+3——\/§)(a+3+\/§)
| 2(a+1)

- + - +

7777777777, 7777777777777 %

-3 -1 -0,5 a

(a+1)(2a* +7a+3)20,

a+1 (—2a2—a+3)20; HJTH < <0,

2<4 *<a

> 0.

-1,5 -1 1 a

- + - +

1-5 -1 1+/5 ¢

- + - +

e I (UL

BT T VoY S

Puc. 50
Orsert: [-3-15]U[-0,51].
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3ananusn AJIA CAMOCTOATC/IBbHOTO PCIICHHA

1) Tlpu kakuX 3HaYEHUAX MapaMeTpa d KOPHH YpaBHEHUS
(a+4) X - 2(a+2) x + 3a + 6 =0 nonoxurenbHsI?

2) Haiitu Bce 3HaueHHUs b, IpH KOTOPHIX OIMH U3 KOPHEH ypaBHEHUS
B =b+1)x*+(b-2)x+(B-1=0
6osblle 3, a Apyrod MeHsie 3.

3) Ilpu Kakux m KOpHH ypaBHEHHUA
X=2m+4)x+2m+11=0
HMEIOT Pa3HBIC 3HAKH U KaXAbIi 10 MOYIIO MEHbIE 47

4) TIlpu xakux b KOpPHH ypaBHEHHS
(b-30 - (b-2x+2=0
110 MO0 MeHblie 1?7

S) Ilpu xakux 3Ha4YeHUsX b oba KOpHS ypaBHEHHsA
(b-3" —3(b-4)x+4b-16=0
NpHHAIeXAT UHTEpBAIyY (2; 5)?

6) Ilpu kakux m BCe peLICHHUS HEPaBEHCTBA
(m=2)"+@m-m*-3)x-m+2>0
NpUHAUIEXKAT OTpe3Ky [—2; 2]?

OtBersl:
1) [-5:-4]; 4) [6+2v2;+o0);
2) HH IIpH KaKHX; 5) (1%;2);
3) (-5,9;-5,5); 6) (0;1,5).

HepaBeHcTBa ¢ mapaMeTpoM

Pannpcnnwocn HCPaBCHCTB

JlBa HEpaBEeHCTBA Ha3bIBAKOTCS PABHOCHIBHBIMH, €CIIH MX DEIICHHSA
COBMAIAIOT. ' .

EcM MHOXECTBO pElICHHH HEKOTOporo HepapeHcTBa (1) comepxut
MHOXECTBO DELIEHHH APYTrOro HepaBeHCTBa (2), TO NEPBOE HEPABEHCTBO
HA3BIBAETCA CIIEACTBHEM BTOPOTO.

IIpumep 1.
1)x>4u2+x>6 — paBHOCHIbHBIE HEPABEHCTBA, TAK Kak MHOXECT-
Ba UX PELICHHH COBMAJaIOT.
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TIpumep 2. HepaBeHctBo x > 1 sBIIsSieTCs CleICTBHEM HepaBeHCTBa X > 3,
TaK KaK MHOXKECTBO PEILIECHHH HepaBeHCTBA X > | COAECPKHT MHOXKECTBO
pElIeHH# HepaBeHCTBa X > 3.

IpeoGpasoBaHus, NPH KOTOPLIX AAHHOE HEPABEHCTBO NMEPEXOIHT
B PABHOCH/ILHOE HEepaBeHCTBO:

1. Ecmu kakoii-nu6o 4jieH HepaBeHCTBA C OJHOHM NEpEMEHHOMN NEPEHECTH
W3 OJTHOH YacTH HEPaBEHCTBA B APYTYIO C MPOTHBOMOJIOXKHBIM 3HAKOM,
OCTaBUB IIpH 3TOM 0e3 M3MEHEHHs 3HAK HEPaBEHCTBA, TO IMOJYIHTCS
HEPaBEHCTBO, PABHOCUJIBHOE IaHHOMY.

2. Ecnu ofe yacTH HEpaBEHCTBA C OJHOH NEPEMEHHON YMHOXHTH HIIH
pa3feUTh Ha OAHO H TO XK€ TOJI0KHUTENLHOE YHCIIO, OCTaBHB MPH 3TOM
6e3 M3MEHEeHHs 3HaK HEePaBEHCTBA, TO MOJYYEHHOE HEpaBEHCTBO paB-
HOCHJIBHO JaHHOMY.

3. Ecnu obe yacTH HepaBEHCTBa C OJHOH MEPEMEHHOH YMHOXHTH WJIH
Pa3/IeNMTh Ha OMHO H TO € OTPUIIATEILHOE YHCJIO, 3aMEHUB TIPH 3TOM
3HaK HEPAaBEHCTBA Ha MPOTHBOMOIOXKHBIH, TO TIONYIHTCS HEPABEHCTBO,
PaBHOCHJILHOE JAHHOMY. '

anaxmemm AJIAA CAMOCTOATCIABHOIO PCHICHHSA

1. Kakue M3 nap HepaBeHCTB SIBISIOTCS paBHOCHIbHBIMH? Kakoe U3 He-
PaBEHCTB B I1apax SIBJSETCS CIEICTBHEM APYTOro?
1) x>3ux>100,
2) #<lulx|<1;
3) ¥>9u x| >3;
4) |x-8>|x+1l u@x-8°>@x+ 1%
5) x| <2ux <8
6) x+1D(x-3)<0ux-3<0;

6 :
7 x—1<0 Hx<1;

4 .
8) x+2>4 Hx<-l;

9) V2x-321ux>5;
1 b1 3
<—ul <xy<2& :
10) cosx_2 H 2+2Trn_x_ > +27n, neZ,
11) log; x <3 nx<8;
12) logos x <2 u x> 0,09;

13) Vx+4<-1ulx] <=2;
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14) arcsinx<% H-1<x< 5

15) arcsinx>l6t— H0<x<2;

n, V3

— _ <1
16)' arccosx<6 n -3 <x<l

17) arccosx>g— H —23x<%;

18) arctgx>§— ul<x<Z;

19) arctgx<% Hx<l1;

20) arctgx>% Hx>1.

Ilpu KaKHX 3HAYEHHAX NAPaMETPa @ HEPABEHCTBA PABHOCHIIbHBI?

1) vx-92-3ux2gq;
2) 2x+v-x <v-x +2a Hx<a,
3) Vx+2<-3 Hcosx>a;

X 2 .
4 42 “x+2 H-2<x<a;

5) Jx+l<au0<x+1<d’
6) 2x—-3<0u(x—a) (2x-3)<0;
7 VJ3-x<a u3-x<as

8) logx<3ua<x<§;

9) arcsin(x——a)S% H —ISxS%;

>I <x<3.
10) arccos(x+a)_3 nO0<x<3;
11) logosx>1ul<x<a;

12) logs(x +6)>2ux>a;
13) logos (x—8)<2ux>a;

14) arccos x < % Ha<x<l;

15) arcsinxz% Ha<x<l;

16) cosx<awu %+2nn£x£57n+2nn, neZ,
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17) sinx>awu %+2nn5xs%+2nn, neZ,

18) tgx<awm —%+1rn<x$§+7rn, nel,

19) ctgx2amu nn<xs%+nn, neZz,
20) 2" *>aux21.

OTBeThI:

L DQ)=0x2)N)=2x3) (1)< @);4 1)< (2);5) (1) =(2);
6)(H=>2)xD(1) <28 (1)=12)9 2= 1);10) (2)= (1)
11) (1) = (2); 12) (1) & (2); 13) (1) < (2); 14) (1) < (2)
15) (1) = (2);16) (1) < (2); 17) (1) = (2); 18) 2) = (1); 19) (1) < (2);
200 (H=>(2).

2. Vropua=9;2)npua<0;3)npua>1;4)npua=2;5) npua>0;
6) pu a < 1,5; 7) Hu Npu KakuX 3HaveHusX a; 8) npH a = 0; 9) npu
a=0; 10) npu a = -1; 11) npu a = 0,3; 12) npu a = 10; 13) npu

a = 8,09; 14) npun a:%; 15) npu az%; 16) npu a=%; 17) npu
a:%; 18) iput a=~/3; 19) nipu a = 1; 20) ipu azé.

Ilpocreiiline HepaBeHCTBA C MapaMeTPOM

IIpumep 1. [Tns kaxaoro 3HaueHHs napameTpa a peliHTh HEpaBEHCT-
Bo(a—1x>d 1.
Pewmenue.
1) Ilpu a =1 HepaBenctBo npuMet BUA 0 * x > 0 U HE UMeEET peLICHUH;
a’ -1
a-1’
2

a “11, wmx<a+l.

Hmx>a+1;

2) npua>1 a-1>0u x>

3) mpua<l a-1<0mu x<

OTBeT: mnpda=1 pemeHui Het; npu a > | x>a+ 1; npu
a<l x<a+l.

IIpumep 2. Peruts HEpaBEHCTBO (@ — MapaMeTp) ax’® ~2x—1>0.

Pemenne.

1) IIpu a =0 HepaBeHCTBO npnMeT BUA: —2x~1>0, x< —%;

2) npu a # 0 HepaBEHCTBO ABIAETCA KBaAPATHBIM.
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s pelenns KBaapaTHOTO HEPaBeHCTBA HaiIeM KOPHH KBAIPATHOIO
TpeXwieHa

ax’ - 2x—1mn, H300pa3uB CXeMaTHYHO rpaduK KBaAPaTHOro Tpexue-
Ha, BEIOEPEM HHTEPBalIbl, B KOTOPHIX KBAIPATHBIM TPEXWIEH MOJIOXKHTE-
nen: ax® —2x — 1 =0;

D=4+ 4a=4(1 + a). OTMeTUM Ha YHCIOBOH NPAMOI TOUKH a = ~1 U
a =0 ¥ onpezeauM 3HaKH JMCKPUMHHAHTA B NI0JTyY€HHbIX HHTEPBAJIaX:

- + +

-1 0 a

IIpu a < -1 D <0 1 BerBU napaboJisl HarpaBJiIe€Hbl BHU3:

X

B sToM ciyyae kBazparHbli Tpex4ieH HE MOXXET OBITb MOJOXHUTENb-
HBIM. ClIeI0BaTeNbHO, IPH @ < —1 HEPAaBEHCTBO HE HMEET PElICHHH.
Ipu a=-1 D=0 u BeTBH napaboibl HAPABJIEHb! BHU3!

U B 310M CiTydae perieHuH Her.
Mpu-1<a<0 D > 0 u BerBH nMapabobl HallpaB/IeHbI BHHU3:
X1 X2 X

KBanpaTHBIi TpexuieH NON0XKHUTENEH MPH X < X < X;.

1+Vl+a
a

Ero kopHd x, ; = . B nannom ciydae meHbmium 6yner Ko-

peHb
l+vl+a “;’La I-yl+a v;+a' (Hanpumep, ipu a = —0,99:
l+vJl+a _ 110, 1-vl+a __90, _110

a

90
99° a4 " 99 99 <"g9)

, a 60JIBIUHM
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Takum o6pazom, npu —1 < a < 0 peleHHeM HepaBeHCTBa OynyT Bce

(1+\/1+a, 1—\/1+a)
a ’ a ’

3HA4YCHHA X U3 HHTEpBaJia

Ipu a>0 D > 0 u BerBu napaboiiel HaNpaBJIEHbI BBEPX:

X1 X2 X

KBagpaTHslii TpexuieH MoJ0KUTENeH IPH II000M 3HaYeHHH X U3 00b-

l_‘/l+a)u(l+\“+a~+wj
a a ’

. B 3TOM cny-

€IHHCHHA HHTCPBAJIOB (-—00;
1-Vl+a _1+l+a
qyac < .
a a

OTrBeT: npua=0 x<-0,5; npu a < -1 pelLieHH# HeT;

npu-1<a<0
. 1-Jl+a
1+1+a <x<1—\/1+a_ X< ’
a

;apa a>0 a
a P ‘x>l+\/1+a -
a

IIpumep 3.
Pewints HEpaBEeHCTBO ax’*+1>0.
Pemenue.

1) Tlpu a = 0 vepapencTBo npumerT BuA 0 - x° + 1 > 0, €ro peleHHEM SB-
JseTca Moboe AeliCTBUTENLHOE YHCIIO, TaK Kak 1 > 0 — Bcerna.

2) Ecina>0, 10 at+1>0 IpH JI000M IEHCTBHTENLHOM 3HAYEHHH X,
TaK Kak B 3TOM Cllyyae JieBas YacTh BCeTrAa MON0KUTEIbHA.

3) Ilpu a < 0 pa3noxuM JEBYIO 4aCTh HEPAaBEHCTBA HA MHOXHTEIH

a’+1= (l - —ax)(1+ —ax) M PELIMM HEPaBEHCTBO METOJOM HH-
TEPBAJIOB:
+
. | <x< 1 Sy 7777777 7777777 S

—a

kl
y
-
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OtrBeT: x — moboe aelicTBUTENRHOE uHMCIO OpH a > 0
1 1

—|——<x<,—-= mpua<0,
a a

IIpamep 4. Pewuntsb HepaBeHCTBO ax < %

2
PemeHnue. ax<2 9<O,9"x——9<0.

=, ax—=
X X

1) Tlpu a < 0 gucourens apobu orpuuateneH. CienoBaTeNbHO, 3HAMEHa-
TeNb APOOH NODKEH OHITh NMOJOKHTEIBLHBIM, TO €CTh X > (.
2) Ilpu a > 0 pasnoxkuM UYHCIMTENb JApPOOM HAa MHOMXHTENH:

(Vax-3)(Vax+3)

X

<0n PEIIUM HEPABEHCTBO METOAOM HHTEPBAJIOB!

PemienneM OyneT ABIATbCA 1000e 3HAUYEHHE X U3 OOBEAUHEHHS MH-
TEPBAJIOB:

<M

OTtBeT: nmpua<0 x>0;mpua>0 3
' : O<x<—=.

Ja

IIpumep 5. Pemints HepaBeHCTBO X —ax<0.

Pemenune. Pa3noxuM neByio 4acTh HEPaBEHCTBA HA MHOXHTENH
M BOCHOJIB3YEMCS METOAOM HHTEPBANOB: X(x —a) < 0.

Ha uncnoBoii npsaMoil Hy>XHO OTJIOKHTH TOYKH X =0 M x = a.

ITpy pa3snTHYHBIX 3HAYEHHAX a B3aUMHOE PACHOJOKEHHE ITUX Todek Oy-
JET pa3IMIHbIM. PaccMOTPHM Bee city4aH MX B3aMMHOI'O PacHoJIOKEHHS.

+ - +

1) Mpua<0 a<x<0. LY

) Tlp . o o
+ +

2) Mlpua=0 x=0. -

0 x
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3) Mpua>0 O<x<a. — iy
0 a x

OtBeT: mpua<0 a<x<0;mpua=0 x=0;mpua>0 0<x<a

ITpumep 6. IIpu Kakux 3HaUEHHUSX [TAPAMETPA d BRIPAKEHUE (a2 - I)Jc2 +
+2(a— 1)x + 2 nonoxuTeIbHO NpH 11060M AeHCTBUTENBHOM 3HAUYEHUH X7
Pemenue. Hrak, HaM Hy)KHO HAHTH TaKHe 3HAUEHHUS IapaMeTpa
a, IpH KOTOPLIX pelcHueM HepaBeHcTsa (a° — 1)x> + 2(a — 1)x + 2 > 0 6y-
AYT BCce NEHCTBHTEIbHBIE 3HAUEHHUA X.
1) Tlpu a =1 HepaBeHcTBO NpuMeT BHA 2 > 0 U BBINONHSETCS OPH J1:060M
JEeHCTBHTENIBHOM 3HAYESHHH X.

2) Ilpu a = —1 HepaBeHCTBO NpHUMET BUA — 4x + 2 > 0, x<% —
He moboe 3Hadyenue x. CienoBarensHo, a = —1 He yIOBIETBOPSET YC-
JIOBHIO.

3) Ilpu a#=*l HepaBeHCTBO OyaeT KBafApaTHBIM. YCIOBHIO 3a1auu Oyaer
COOTBETCTBOBATh TOJIBKO OJJHO PAcClONOXeHHE rpaduka KBaApaTHOro
TpeXuiIeHa:

=y

Heobxoaumble n 1OCTaTOYHBIE YCIOBHSA TAKOIO PAcHOIOKEHHA: BETBU
napa6oJibl HanpaBJIeHbl BBEPX, AUCKPUMHHAHT OTPHLIATENIEH, TO €CTh

{a2—1>0, (a-1)(a+1)>0, (a-1)(a+1)>0,
D<0; —4a* -8a+12<0; |—4(a-1)(a+3)<0.
+ -+
977777777777 BN )7 1
-1 1 4
- + -
/77 SR /77N
-3 1 a

PemrenreM cucreMsl ABIsIOTC @ < —3 Wik a > 1. Utak, ycioBuio 3a-
Jlau yIOBJIETBOPAIOT 3HaUeHHA a < -3 win a 2 1.
OtBer: (—o0;—3)U[l;+).
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)]
2)
3)
4

5)

1)

2)

3)

4

5)

6)

YnpakneHHsl 11 CAMOCTOATEIbLHOTO PelIeHUA
Pemuts HepaBeHncTBO (b — nepuMmerp):

(b-4)x>b*—6b+8; 6) b+4)x*—2x-1>0;
b+ +x+1>0; 7 ¥-(b+2)x<0;
PHb+1)x+1>0; 8) bx’+bx-5<0;
B+8)x*+1>0; 9) X~ bx+b-120;
(b—5)x<;9c—; 10) x> — 2bx + 1> 0.
OTBerbI:

x<b—2npu b < 4; npu b =4 pemennii HeT; x > b — 2 ipu b > 4;

_1+J=4b-3 . —1—\/—4b—3j, np b= 1

2b+2 ’ 2b+2

mpu b<-1 x e(

xe(~1; +w); npu —1<bS—%

xe(_oo; —1- —4b—3)u[—1+\/—4b—3;+wj;

2b+2 2b+2

npu b > _3 x — mo0oe AeHCTBUTEILHOE YHCIIO,

4
npu-3<b<l x — moboe NeHCTBUTENBHOE YUCIO; NpH b < -3
win b > 1 .

L =b=1-b*+2b-3 | [=b-1+vb*+2b-3 |
x €| —o; > v 3 ;400 [

npu b > -8 x — moboe neHCTBHTENBHOE YUCTIO;

’ | , |
npu b<-8 _b_8<x< ‘—b_—’
3

x<— s

npub<5 x>0;mpu b>5 b-5
O<x< 3 ;

vb-5

npu b=—4 x <—0,5, npu b <—5 peuieHuit HeT;

1+\/b+5<x<1—\/b+5,
b+4 b+4 °
x<1—\/b+5

npu b>—4 b+4 °
P x>1+\/b+5,

b+4 °

npu—-5S<b<—4
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7) nmpub<-2 b+2<x<0;mpub=-2 x=0;
mpub>-2 0<x<b+2
8) mpu-20<bH<0 x-— moboe ACHCTBUTENBLHOE YHCIIO;

[12 2
.=b++b +20bJU[—b—— b +20b'+ooJ'

npu b < -20 xe[—oo,

2b 2b TP
mpu b >0
. e(—b—\/' b2 +20b . —b + B> +20b],
2b : 2b ’

9) mpub=2 x— moboe NEHCTBUTENLHOE YUCIIO;
nmpub<2 xe(-owo;b-1]U[l; +x); npub>2
xe(—o0; 1JU[b-1; +);

10)mpu—-1<b<1 x — mo6oe AeHCTBUTENILHOE YUCIIO;
npub=-1 x#-1;, npub=1 x#1;

npub< -1 wn b > 1 xe(—oo;b— b2—1)u(b+\/b2—1;+°°)-

Ypamiemm H HEPABECHCTBA, PCLICHHEC KOTOPLIX CBA3AHO
€ HCCJICAOBAHHEM KBAJPAaTHOIO TPpeX4/JeHa

Hpumep 1. Pelnts ypaBHeHHe v x —3 = x—a (a — napaMerp).
Pemenue. Jannoe  ypaBHEHHWE  PaBHOCHIBHO  CHCTEME
2
x-3=(x-a), -
X2 a,
x? —(2a+1)x+(a2 +3)= 0,
xza.

Taxum obpa3oM, 3ajaya CBOAMTCA K HCCIIEIOBAHHIO PACIIOJIOXKECHHUA
KOPHEH KBaJpaTHOTO TpeX4IeHa OTHOCHTEIBHO YHCiaa g. J{is KBaapaTHOro
TpeX4wieHa

f(x)=x*-(2a+1)x +(a2 + 3) HaiineM auckpumuHaHT (D), abcuuc-
Cy BepIIMHBI Mapabobl (xo) U 3HaYeHHUE KBAaApaTHOIO TpexuieHa f (x) mpH
x=a.

D=4a-11, x0=202+1; f(a)=3—a.
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1) HeobxoauMBIM H JOCTATOYHBIM YCIOBHEM TOTO, YTOOHI X; < @ < X;, AB-
JIAIOTCH CIIEAYIOLIME HepaBeHCTBa (CM. Tabnuiy Ha cTp. 224, ciyyaii 3):
f(@<£0,Toectb3-a<0unna3.

Takum obpasoM, npH a > 3 ypaBHeHHE VXx—3=x—a HMeET OJHO

PelLeHHeE:
= 2a+1++4a—11
B S
2) Heob6xonuMble H 10CTATOYHBIE YCJIOBHSA TOTO, YTOOBI a < x; < X, 3a/a-
HBI CHCTEMOH (CM. cirydait 2 TaGiunpl Ha CTp. 224).

f(a)=0, 3-a20, as<3,
D20, W  4a—-1120, az%, otkyaa2,75<a <3,
Xy >a; 2a+1 . 1>0:

2 ’ ’

Taxum o6pa3oM, npH 2,75 < a < 3 ypaBHeHHe Vx—-3 =x—a HMeeT
JIBa peLLEHHA '

_2a+1£+4a-11

xl’z ‘-—2'—".

x=£t_li.—_____ M’ MpH 2,755as3

OtrBeT: mpua23 >

_2a+1t+da-11

X =5 —; mpnac< 2,75 peliieHHi HET.

Ipumep 2. PewnTs HepaBeHCTBO Va—x >2x +1.
Pewmenune. J[lanHoe HepaBEHCTBO PAaBHOCHJIBHO COBOKYMHOCTH
CHCTEM

2x+120, 2x+1<0,
a—x>(2)c+1)2 i a—-x20.

Peurnm nepByio u3 cucrem:

X2 —-=, xX2—=,
{a—x>4x2+4x+1; 4x2+5x+(1——a)<0.
Jia xBaIpaTHOro TpexuieHa f(x) = 4x* + 5x + (1 — a) naitnem auc-
KpUMHUHAHT, f (~%) H X!
D=25-16(1-a)=16a+9; f(—l)=—l—a; -
2 2 8
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Peinenue cHCTEMBI OYIET 3aBHCETh OT B3aHMHOIO PACIIONOKEHHS KO-

o 1 . o
Hel KBaJpaTHOIo Tpex4wieHa (X; U X2) U 4Kcia —% Ha YHCIOBOH MPAMOK:
IpH X <Xz < —% cucTeMa He OyleT MMETh PEILCHHH;

npH x; < —-% < X, pelIeHHAMH CHCTEMEI OyayT BCE 3HAYEHHS X M3 NPOMe-

2

YEHHS X U3 IPOMEXYTKA (X; X7).

KYTKa [—%; xz); npH -1 <X <X, PCIICHHAMH CHUCTEMEI Oy1yT BCE 3Ha-

C noMouipio TabaHLBl Ha cTp. 224 COCTABUM HEOOXOAHUMBIE M JOCTa-

TOYHBIC YCJIOBHA Ui pCAJTH3ALHUH CICOYIOLUX CIIyJacB:

1) x< —% <X,. OTO BO3MOXHO [IpH f(—%) <0, TO ecTh

1 1
> a<0, a>—§.

Takum obpasom, npu a > —% —% <x<

—5++/16a+9 .

8 ’

2) —% <X, <X, . OTOT cilydal BO3MOXEH NpH COOII0IEHHH YCIOBHH

1
f(—5)>0, —%—a>0,
D>0, 16a+9>0,
_1. 5.1
X > =73 :> "7

M3 TpeThero HepaBeHCTBAa CHCTEMBI CIEAYET, YTO JAHHBIH Cy4ad He

1
HMeET MecTa. TakuM 06p830M, nepsas CUCTEMa MIPpH a > ——= HUMECT pelie-

2
1. -5++16a+9

HHAMH BCE 3HAYECHHA X H3 HHTEPBajia |:-§; ——"8—‘—J

IIpy ocTanbHBIX 3HAYEHHAX MapaMeTpa a NepBas CUCTEMAa HE HMeEeT
PpeILCeHHUH.

PewnM BTOpYIO CHCTEMY: {2x F1<0, gx< _%’
a-x20; x<a.
Ipu az—l x<—l' TIpH a<—l x<a.
2 2’ 2
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CobpaB B Tabnuiy naHHble o pemieHHH I u II cucteM, nomyyum cie-

. myroljee:

1 =-1 -1

a<-z a=-3 a>~3
I peLeHui peleHuH 1. -5+416a+9

HET HeT 2’ 8

T [0
1 . L1 .5+ 16a+‘9
b |l [y | [t

OTtrBeT: mnpu a<—% BCE X M3 MPOMEXyTKa (—o0; a]; npu aZ——;—

-5+\/16a+9)

BCE X H3 IPOMEXYTKA (-—oo; g

IIpumep 3. Haiith Bce 3HaueHUs mapaMeTpa a, s KOTOPBIX ypaBHe-
nue logs (9" + a) = x uMeeT /1Ba JEHCTBHTENLHBIX M PA3IMUHBIX KOPHS.

PemeHune. J]aHHOoe ypaBHEHHE paBHOCHIBHO YPaBHEHHIO
9 +qg =3, 10ectb " —3 +a=0.Ilycts 3*=1>0, Torma # —t + a= 0.
TaxuM 00pa3oM, JaHHOE B YCIOBHH YpaBHEHHE MMEET 1Ba AEHCTBUTEINb-
HBIX W Pa3IMYHBIX KODHS, €CJIH YpaBHEHHE £ —t+ a="0 uMeeT KODHH,
YAOBETBOPAOLIKE YCIOBHIO 0 < £ < £,

Bocnons3osaBikck TabaHuei Ha cTp. 224 COCTaBHM CHCTEMY:

f(0)>0, a>0,  (a>0, |
<D>0, Toecth<l—4a>0, 1 O<a<-.
0 1 <Z’ 4

*o > U, —2->0,

. {o. L
OTtBeEeT: (0,4).

Ilpnmep 4. Hailith Bce 3HaueHUs NapaMeTpa a, IPH KaXJO0M H3 KOTO-

2
pbIX HMeET pelieHue HepaBeHCTBo 1 + log, (2x” + 2x +3,5) 2 log, (ax2 + a).
PemeHnue. JlaHHO€  HEpaBEHCTBO  PaBHOCHJIBHO  CHCTEME

(4—zz)x2 +4x+(7—a)20, W (4—a)x2+4x+(7—a)20,
ax* +a>0, a>0.
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Ilpu a = 4 nepBoe HepaBeHCTBO CHCTEMbI NpUMET BHA 4x + 3 > 0,
3

X2 —Z.
Ilpu a # 4 vepaBeHcTBO (4 — a)ur2 + 4x + (7 — a) = 0 sBnsercs xBaapar-

. 4-a<0
HbIM. OHO HE UMeEeT peLIeHHI TOJBKO B ClIy4ae

I
TO €CTh
D<0;

a>4, a>4,
16-4(4-a)(7-a)<0; ~4(a-8)(a-3)<0;
U3 MOCNEIHEH CUCTEMBI CIIEMYET, YTO g > 8.
CnenosarensHo, npH a < 8 HepaBeHCTBO (4 — a)x2 t+t4x+ (T -a)=20
HMEET pellieHHd. YUHTHIBas TpeOOBaHHA CUCTEMBI a > 0, IMOJydHM OKOH-

yarenabHbli oTBeT 0 < g < 8.
OTeeT: (0;8].

anazlcﬂenuﬂ AJIsl CAMOCTOATECIbHOI'O PEILICHU A

© PemuTs ypaBHEHHs U HEPABEHCTBA (a M b apaMeTphi).
1) ~3x-5b=5b-2x;

2) P -(b+1)x+3b+3=2-x,

3) 28 —(2b-2)x+1=x-2;

4) P +(b+3)x-2=x+1;

5) V2x-3<9-b;

6) Vva+l-x>2x+1;

7 (a—2)\/x+1<1;

8) V2x—-4+Jx+7>b-3;

9) logi+o(2x+a+3)=1;

10) logo(x* ~ b) = 1;

1)GB+2)-3-b-1=0;

12) HaiiTH Bce 3HayeHHs MapaMeTpa g, NIpH KaKAOM H3 KOTOPHIX ypaBHe-

nne a-4% - J2-2% + a+1=0 umeer enuncTBeHHOE peienHe;
13) logy+ 1 (1-x) 21 (b>-1; b=0);
14) x5+ 5 2 x (b<0, b%-1);

15) b2 +2b+1-2-4"" —(b+1)- 27" > ;

242



16) 1g(b4 x) < lg(4b2 x=b=2), b= 0;
17) HaiiTi Bce 3HaueHUs NapaMeTpa a, IPH KOTOPBIX CUCTEMa ypaBHEHHH
(x+a+2)2 +y2 =1,
5 HMEET OJJHO pELICHHCE;
y©=2ax
18) HaiiTn Bce 3Hau€HUs NapaMeTpa g, IIPH KOTOPLIX CUCTEMAa YPaBHEHHIA

{logx y=1,

y=a+ Sy x2 HMECT Ba PA3JIMYHBIX PCIICHUS,

19) Ipu kakux 3HaYEHUAX NApaMeTpa d CHCTEMa ypaBHEHHH

{6-2"2 +2=4a-siny,
, HMEET pemeHHe?

5sin y+10=q+ 2%~
20) HaiiTu Bce 3HaYeHUs NapaMeTpa da, IpU KOTOPhIX CHCTEMa YpPaBHEHUH
y= X2 +2x+2,
. 5 ) UMeeT pelieHUe.
x“+2x+y —2(a+1)y+a +2a+1=0

OTBEeTH:

1) mpu 520 x =%(20b+3 ~/40b+5); npu b < 0 pemenii Her;

2) apu-5<b<3 x= 3bb 3> TPH [b ; PeLICHHHA HeT;

3) mpu b>— x=b- 3+\/b2—6b+12 TIpH b<% PELIECHHH HET;
b<—4 3 | B Lo

4) npu [b>—1 X=3"7 npu —4 < b < —1 peleHHH HeT;

3 b2—18b+84]

5) npubz9pemeHHﬁHeT;npu b<9 xe[Z, 2

6) mpua<-1,5xe(—o0;a+l1], npu

415 xe(  =5+16a+25 J186a+25)

8) mpub>6 xe(3b2 ~18b+38-2(b-3)-v2b? —12b+36;+oo);

mpu b<6  xe[2;+);

7) npua>2 xe[—l;—ly—lj, mpua<2  x g[-1+o);
a-2
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9) npua<lua#0 x=-a— 1; NIpH OCTAIBHBIX 3HAYECHHAX a pellle-

HHUH HET;
3
-=<b<0
10) mpu 4 3 x=1xV1+b; npu b>0 x=1++1+b; npu
-1<b<-=
4

b= _% x=1,5; npu b < —1 peleHuii HeT;

b<-2 b+1 -
= g . <h< .
11) IpH [E > -1 X 10g3 2, HpH 2 < b<-1 PELICHHH HET,

12)mpu—-1<a<0, a:_l%ﬁ;

13) npu b > 0 pewenuii Het; npu—1 < b <0

—l<x<—J-b
\/rg$x<l;
2 .

O<x<(-b ;
* (ﬁ) " mpu—1<b<0 (-b
x>(—b)_ ;
15) opu b <-1 x<log, (b —1)—1; npu b =—1 peuienuii uer;
apub>-1 x<logy(b+1)-2;
16) ipu b>2n b=-2 pewennit HeT, npu 0 < b <2 wmm -2 < b <0
1 -,

14) mpu b < -1 )‘/E <x'<(—b)—‘/§;

mpub<-2 0<x<— 1

> -
b*(2-b) b2 (2-b)
17) -1;-3;
18) (4; -3)uU(-3;0);
19) [2; 3];
20) [—1; %]

I'paduyeckne MeToabI pellieHHs 32724 C IAPaAaMETPOM

IlepBblii rpaduuecknii MeTOA peleHHs 3a1a4 ¢ NapaMeTPOM

DTOT MEeToJ 3aKIIYaeTcsi K CBEAEHHMIO HMCXOJHOH 33Ja4yd K ypaBHe-
HHUIO, HEPAaBEHCTBY WJIM CHCTEME, COACpXKALUEH TOJbLKO OAHY HeH3BeCT-
HYI0 BeJIMYUHY (Hampumep, x) U TOJbKO OJHH MapaMeTp (HampuMep, a).
VYcnoBue Ha pellieHHe HCXOHOH 3aJa4d Takke GOpMYyJHUpYeEM B TEPMHUHAX
X H4a.
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Honyunm &)

Janee B 1ekapToBo# cucteMe koopauHaT Oxa u300paxaeM MHOXKECTBO
TouYeK B, KOOPAHMHATHI KOTOPHIX YIOBJICTBOPAIOT BCEM IOJYYEHHBIM YypaB-
HEeHHsAM U HepaBeHcTBaM (*). Ilpu xaxa0M (UKCHPOBaHHOM 3HAYEHHH Ma-
paMeTpa a = ay HCKOMOe pellleHHe CHCTeMEI (*) ecTh nmpoeKimsa Ha ock OX
nepeceyeHHs MHOXECTBa B ¢ npaMoi a = ay. ['padudecku jerko yBHIeTh H
YHCTO U PacIioNOKeHHe KOpHel ypaBHeHus f(x, @) = 0 mpH pa3iiM4HbIX 3Ha-
9eHHsAX NapaMetpa a. Hanpumep, ypasHenue f(x, a) = 0, rpa¢uk koToporo
U300pa>keH Ha pHCYHKe 51, MMeeT npH a = gy YeThIpe pelleHHs.

ak
fx;a)=0
a=ay
X1 X2 |0 X3 X4 X
Puc. 51
aa
a=dqap
X1 X2 X3 X4 x
Puc. 52

HepasencTBo f(x, @) 2 0, rpapuuyecku H3o0pakeHHOE B BUAIE 001aCTH
B Ha pUCYHKe 52, BBINONHAETCS JUIS a = do IPH X € X3 X, | U[x3; x4 ]-
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IIpumep 1. Haiigute BCe OeHCTBHTENbHBIE 3HAYEHHA IapaMeTpa a,
TIPH KOTOPBIX YPABHEHHE HMEET PEIICHHS.

Haiiaute 3111 pelueHwus.

a) sin’x—3sinx+a=0;
6) cos'x—(a+ 1) cos’x—(a+2)=0;
B) sin2x—(a+2)(sinx+cosx)+2a+1=0.

PemeHnue.

a) sinx—3sinx+a=0.

IMycts sin x = ¢, Torna a=-7F+3-1<t<1.
a=—1+3t
-1<t<1.

N306pazum Ha mnockoct (Ofa) MHOXECTBO TOYEK, KOOPAUHATHI KO-
TOPBIX YJOBIETBOPSAIOT cucTeMe. ['opn3oHTanbHBIE NIpAMBIE (a = ag) Nepe-
CEKalOT NMOJy4YeHHOe MHOMXECTBO To4ek npu —4 < gg < 2. Takum o6pazom,
yPaBHEHHE UMEET pelleHus pu — 4 <a < 2.

[TosnyyuM cucremy {

Aa
AN
"____,l\ \[2
e AN
| \
[ \ Ir
[ \
i Lo \
b \
|
¢ 3 } ! t Voo,
10 152 3t
\
| |
1 Va=a,
I Y
| \
| 1 \
| \
| \
1 \
! T \
| \
\
——— 4 \
r]

HaiineM 5TH pelueHus.

F-3t+a=0;
_3-v9-4a. _3++9-4a
2 2

f b= (He ynonersopsier ycnopio —1 << 1),
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sinx=§—:—9_—4@; x=(-1)" arcsin>—Y2 =44 ‘

2
OTBeT: 11p1r1—4$a,<.2;x=(—1)"arcsm3 “ 2 v mn, neZ.

+nn nel.

6) cos*x—(a+ l)coszx—(a+2)=0.
Hycrbcoszxr-t, Torma  —(a+ 1)t —(@+2)=0mn
g2 _(1r1)(t-2)

P i+ =t-2, t#-1.

-2

> H3o6pa3uM Ha miockoctd (Ofa) MHoO-
0<t<1 p (Ora)

IMomyauM cucreMy

KECTBO TOYCK, KOOPIHHATEI KOTOPBIX YOOBJIECTBOPAKOT CHCTEME.

Aa
/!
Ve
//a=t—2
o) ¢+ 1 7 .
P t
l/
/
“14--
_2,
7
7
/7
7
1]
Puc. 53,6

VYpaBHeHHe HMeeT peleHns npH —2 < g < —1. HalizeM 3TH pelenns:
t=a+?2, coszx=a+2, 1+cos2x=2a+4,cos2x=2a+3,

x=i%arccos(2a+3)+nn, neZ.

1

OTBCTI‘HpH—ZﬁaS—l; x=i5arccos(2a+3)+nn, neZ.

B) sin2x — (a+ 2)(sinx + cosx) +2a+1=0.
ITycTh sin x + cos x =t, Toraa, Bo3sead 00€ 4aCTH JaHHOM [10JICTAHOB-
KM B KBaJpaT, NOTyuuM sin 2x = £'— 1. McX0HOE TPHIOHOMETPHIECKOE
YPaBHCHHE IPUMET BHI: - (a+ 2)t+ 2a =0, orkyna a = t. Haiinem orpa-
HUYEHMsA 3HayeHHuH . PasnennuM obe 4acTH paBEHCTBA Sin X + COS X = f Ha
T t

\/E,no HM Lsinx+icosx=i, sin(x+—)=—,
AV, N SN 4]~ 12
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OoTKy#a —2 Stsx/z, Tak kak —1< <1

t
V2

Honyunm cucTeMy {a =4
_ ~2<1<2.

Puc. 54
TakuM o00pa3oM, HCXOJHOE ypaBHEHHE HWMeEET pelIeHHS IMIpU

~J2<a<2 sin (x +%) =%, BCE pELICHHA HAXOMMM MO (opMyle

—f(_ n . L_E
x—( 1) arcstE 4+7cn, nelZ.

OtBeT: —V2<as<+2; x=(—1)"arcsini—%+1tn, nelZ.

NG)
IIpamep 2. PemiuTh ypaBHeHHE (HEPaBEHCTRO) (@ — mapaMeTp).
x| 2-|x~| 0
a) 4 -2 —-a=0;

6) log, (4" +a)+(x+1)logs2=0;
5

B) ,/a(z" —2)+1 =1-2%
N 4—(@+1)2"+a<0;
1) Ilpu kakux 3Ha4eHHIX mapaMerpa QyHKIHUs

x
y=ln[(p—1)-2" -4.22 +(p+2)) ornpeneseHa npH Beex x € R ?

Pemenue.
a) g7l 2, MycTs 27—y rorma YPaBHEHHE MPUMET
Bun’ —4t—a=0,rne0<z<1.
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B cucreme koopauHaT Ota H300pa3HM MHOXECTBO TOYEK, KOOPAHHATHE

_ 42 _
KOTOpBIX YIOBJIETBOPSIOT CHCTEME a=1"-4t,
0<r<Ll.
\ Aa |
\ !
\ [}
\\ + / a= t2 - 4[
\ )
0of & . . , Db II >
T T T t s »>
11 2 3 [ 14 !
Iy I v
\ T\! ! I "o
| ] y 4=
| I /
+ | | /
| I //
| : /
34-- ;
\ ! /
N B2
g4l ___ >
Puc. 55

Ilpu a < -3, a > 0 peleHui HeT.

Mpu—-3<a<0 H=2 —J4+a, (MeHbIIMH KOpEHb YpaBHEHHA
F—4t—a=0).

2Pl o2 avta,

-[x -1 =log, (2 —Jm), x—1=-log, (2 —Ja+a),

-1l =logys(2-V4+a), x=1%logys(2-4+a).

OrBeT:mpu-3<a<0 x=1ilog0’5(2—\/4+a);
0pH a <=3, a 2 0 perneHuit Her.
6) log, (4" +a)+(x+1)log5 2=0,
5

—log; (4" + a) +logs 2™ =0,
logs 2**! = log;, (4* + a),

2 =4% 1 g,
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IMycts 2* =1, Torga a=—r +2t.
IMomygaum cucremy

a=~t*+2,

t>0.

U306pa3uM Ha mnockoctd Ofa MHOXECTBO TOHYEK, KOOPJMHATE KOTO-
PBIX YAOBIETBOPAIOT 3TOH CHCTEME. '

IIpu a > 1 xopHe# HeT, Tak KaKk TOPU3OHTANbHBIE NIPAMBIE HE IEpece-
KaloT MHOXECTBO TOYEK, KOOPAUHATH! KOTOPBIX YIOBIETBOPAIOT CHCTEME.

Mpu 0 < g < 1 u3 ypaBHeHns a = — + 2t NONIyYUM YpaBHEHHE

F-2t+a=0, KOTOpOE MMEET ABa KOPHA t=1£1 —a. Bossparnmcs k
nepeMeHHoOH x: 2* =1+ +/1-a, leogz(iixll—a).
Mpua<0 x=log2(1+V1—a).
a

_a=~t2+2t

v

Puc. 56
OtBerT: npHa> | KopHeil Her;

mpud<a<l x=log2(lim);
npua<0 x=log2(1+\/l———a).
B) a(2*—2)+1=1—2’.

Mpu 2* =t ypaBHeHue npumet BUI (Ja(t —2)+1=1-1.

a(t-2)+1=(1-1),

CeezieM 3TO ypaBHEHHE K CHCTEME
0<t<;
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a@t-2)=t(t-2), la=t¢,
0<t<l, 0<t<l1.

H3o06pa3umM Ha miockoctH Ofa MHOXECTBO TOYEK, KOOPIHHATH! KOTO-
PBIX YJOBJCTBOPAIOT MOJIYYEHHOH CHCTEME.

Puc. 57

pu0<a<l t=a,2"=a,x=loga.

IIpyu ocTaNBHBIX 3HAUYEHUAX @ YpaBHEHHE HE UIMEET KOPHEH.

OtrBeT: mpuO<a<l x = logya; NpH OCTANBHBIX 3HAYECHHAX a
KOpHeH HeT.
r) -@+1)2"+a<0

Iycts 2°=1,¢> 0.

HepaBeHCTBO NpUMET BHI: - (a+1)t+a<0,

Ht—1)<a(t-1).

3uavenue ¢ = | ABIAETCA pelLICHUEM [IPH JHOOOM 3HAUYEHHH MapaMeTpa a.

MpuO<t<l a<t; mput>1 axt.

0<2<l (puc. 58) mm (2) ;ilt (puc. 59).

Takum o6pasom: (1) a<t

Puc. 58 Puc. 59
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MHoxecTBO Todyek MIOCkocTH (Ofa), KOOPAHHATHI KOTOPHIX YAOBIE-
TBOPAIOT COBOKYITHOCTHU cHcTeM (1) u (2), umeer BUA (puc. 60):

mpul<a<l tefa;1], x €[log, a; 0];.

npua>1 re[l;al, x€[0; log, a;.

npua=1 t=1; x=0

npua <0

0<r<1l, x<0.

p—
Puc. 60
OTtsetr: mpul<a<l log,a<x<0;

npu a > 1
0<x<log,a; npua=1 x=0;
-apua<0 x<0.
1) Ilpu kakux 3HaUeHHsAX mapaMeTpa GyHKIUA

y=ln((p—l)-2" -4.22 +(p+2)) OIpeneNieHa MpH Beex x € R?
JlanHast GyHKIMsS onpeneneHa MpH BCeX X € R, €CIH HEpaBEHCTBO

(p—1)-2"-4-22 +(p+2) >0 BHINONHSETCA BCETAA.

Ilycte 2%=t, Torga {(p_l)’12—41+(p+2)>0,
t>0.

3 V x
Mpup=1 —4+3>0, <% 0<r<3, 0<2Z<3.
t>0, >0 4 : 4

ITocnennee HepaBEHCTBO BHINOIHAETCSA HE NPH BceX x € R.
Ilpup#1 '
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t24+4r-2

2 2 2 2
{pt —t°—-4t+p+2>0, {p(l +D)>t"+4-2, [p> Tl

t>0, t>0, t>0.

2
Jns nocrpoenus rpapuxa QyHKUHH p :5%4’.1_3 HCCIeayeM ee Ha
"+

MOHOTOHHOCTB, Hal’lﬂeM OKCTPEMYMBI, aCHMIITOTBI.
_ —4(r- 2)(t +%)
(12 + 1)2
P - . + -
P\ —71 TN

t= —% — TOYKa MHHHUMYMa; ¢ = 2 — TOYKa MaKCHMyMa, p = 1 — ro-

P

s

> {

PH3OHTAJIbHAA aCUMIITOTA.

Puc. 61
Ha pucyske 61 3al0TpHXOBaHO MHOMXECTBO TOYEK, KOOPJHHATHI KOTO-
P42

p>
2 +1

t>0.

b

PBIX YOAOBJICTBOPAKT CHCTEME

253



Npup>2
>0,
x
22 >0, x — mo6Goe AeHCTBUTENHLHOE YHCIIO.

OrBetT: (2;+).

IIpumep 3.
e =1s{1-)
gy=lg{l-—|,

IIpu xakux 3HAYEHHUAX NapaMeTpa g CUCTeMa x]’ umeer
( y- x)a =1

€JUHCTBEHHOE pelieHue?

Haiiaure 310 pemenue.

Pemenue.

ITpeobpa3yeM cuctemMy:

4 4
x=e——, X ==,
y=1- i, -y 1-y
x y>0, y>0,
”0’) R y#1,
—Xx)a=1 —_
Y y=y -4 _. a=_ 177
— 4 2
1-y -y +y—-4
Hns noctpoenns rpaduxa Gynkupn a=—; —Y 2 HaiizeM acuM-
ITOTHI, HHTEPBAJIBI MOHOTOHHOCTH, TOYKH SKCTPEMYyMa.
1im2;y =0, a=0 — ropusoHTasbHasd aCHMIITOTA;
yoo—y +y—4

¥y’ —y+4#0 — BepTHKATLHBIX ACHMITOT HET;
) )
- 2
(- +y-4)
a - + -

a1 5 3N

=—] — ToYKa MHHUMYM3; y = 3 — TOYKa MaKCHMyMa.
HHTepBaibl 3HAKONIOCTORHCTBA!

a - +

y

—
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Puc. 62
EnuHCTBEHHOE pelieHHe MOMydHM TpU ——}4- <a<0, a= —;— Haiinem
pelIeHHe CHUCTEMBI NIPH YKa3aHHBIX 3HAUEHUX [TapaMeTpa a.
Tak  kak- a:-%y—-, TO ay2—(a+l)y+(4a+1)=0,
-y +y-4 .

D=(a+1)? -4a(da+1)=-15a> -2a+1;
=a+1+\/—15a2—2a+1_
Y 2a i
4 8a

x=1 = .
=Y a—1-v-15a*-2a+1

. 1. 1
OTBeT: mpH ae( 4,0)u{5}

8a
a-1-v-154* =2a+1

y=a+1+\l—15a2—2a+1

2a

xX=

Ipumep 4.
IIp1 KaKuX 3HAYEHHSX TapaMeTpa a CHCTEMa
{1 +logy(a-2-y)=log,(a—x)

UMeEeT penieHye?
y+2Jx =1
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Pemenue..
CucreMa npUMeT BHL:

2
I~y
zama=2y=a=(152] asd 25,008

2a-4-2y=a-x, 4 4
a-2-y>0, y<a-2, qa>y+2,
y+2Jx =1; (1=yY. _(1=yY
X = T 5 X= T .
2,5 15
Yy rRrty
y
OTrBeT: (1;10].
IIpumep S.
{x—2y+1=0,
IIpy kakux 3Ha4YeHHAX MapamMerpa a CHCTEMa HMEET
y=vax-2
eIMHCTBEHHOE pelieHne?
Pemenmune.
2
y +2
Beipazum M3 BTOpOro ypaBHEHHS CHCTEMBI X: X = . Cucrema
2 242
Yy +2 - P
Z——=-2y+1=0, a -1
npuMeT BU: 4y 20, y20,
2 2
=2 +2; 2 +2.
a a
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(a1 .
(0;5 HE SBJIETCA pemeHueM HCXOAHOH CHCTEMBbI HH HpH KaKoOM

3Ha4YCHHH napamerpa.

a' + - - +
+ “ >y
- 1
a'=s———"———=
(2y-1)
y2 42
y =—1 — Touka MakCHMyMa QYHKLHH a = 1>
y 42 1.1
y = 2 — TO4Ka MHHUMYyMa QyHKLUH a = -1 a=5y+y — Ha

KJIOHHAag aCUMIITOTA, y= % — BepTHKaJ]LHaﬂ ACHUMIITOTA.

+.0

i [\®)

3 N1TRI AR R RN R R R R R R RS
) A MR

1
4
Al /l/
AL Pl
L 22 e
a 2y+4///// \\ |
/// \ |
s _ .
Ry 2 —le
7 il
|
|
|
Puc. 64

OrBerT: (—oo;—Z]u{2}.
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Hpumep 6.
Ilpn xakMx 3HAYEHHAX MapaMeTpa -@ HMEET pellieHHe CHCTeMa
x*+ y=2x,
2, .2, 2
X +y +a =2x+2y?
PemeHnne.
IMpeobpa3yeM HCXOMHYIO CUCTEMY:

x2_2x=_y’ . x2~2X="y, x2"’2x+y=0’
(x2—2x)+y2—2y+az=0; ¥ =3y+a*=0; |y*-3y+a*=0.

Jnst Toro 4ro0el cuCTEMa MMeNa pellieHHe, HEAOCTaTOYHO HOoTpe6o-
BaTh, YTOObI JUCKPUMHHAHT BTOPOro ypaBHeHHS D, ObLU1 HEOTpHLIATENEH.
Mgl cMOXEM HaliTH 3HAYEHHE X U3 NIEPBOTO YPaBHEHMS, €CIIH €r0 AHCKPH-
MHHaHT D)1 =4-4y >0, Toectb y < 1.

Taxum obpa3oM, cucTeMa HCXOQHAst HMEET PELICHHE, ECITH HMEET pe-
y2 -3y+ a’ =0
y<1.

TOYHBIE YCIIOBHA [UIA peajlM3alliH HY)KHOFO pacloioKeHHA KOpHei KBal-
paTHOro ypaBHEHHA M3 TabIHLBI Ha CTp. 224.

" \_/ \
A '

IICHHE CHCTEMA { ? HCI’IOJ’IBB}’CM HeoOXoAHMBIE H JIOCTa-

N2 y

» 1(»2)
£(1)2()0, f(»)=y*-3y+a%
22 s rae
Yo <1, D,=9-4a% y,=15.

ITepBblit cnydait He HMeeT MecTa, Tak Kak yp = 1,5; 1,5>1.

PN/

» 1 Y2
f(1)<0; f(1)=1-3-1+a% a® -2<0;ae(—2;2).

PN/

1on) Y2

y

y
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f()=o0, [a’-2=0,
D, 20, 19-4a*>0, a=+2.
Yo >l ,5>1,

OrBerT: [—\fi,\fi]

3anayn AJ15 CaMOCTONATEILHOTO pelllcHHA

1. Petunts ypaBHEHHS:

a) Jx-a=2x-1;

6) V2x+3-vVx-3=g

((a2 ~7a+10)x-a? +25)\/2x ~0,125

B) =
x—6

B (a=3)-97—6"1 +(a+5) 47 =0

YPaBHCHHE HMECT PCILICHHE,

0

1) log?cosx—2a-log,cosx+2—a*=0.

2. Peruuth HepaBeHCTBa:
a) log,(x-2)+log,x>1, a>0, a=l;

6) V2x—-4+Jx+7>a;

B) 4" —(a+1)-2"+a<q;
r) loga(l—xz)ZI, (a>0, a=l);

1 8+log, x 1 logazx
(1_6) >(3) , (a>0, a=1).

—

A

3. Haiitu 3HaYeHHs napamerpa a, IPH KOTOPHIX CHCTEMA UMEET pellie-
HHE!

y:x2—2x+a’ logz(l—x)+10g2(1-Y):2,
a) 2 2 F) _ .
x*=2x+y =0 y=a-x;
6 x2+2y=4x, ) log, (y+a—-2)=log,(a+x)-1,
2 +y? +a® =4x + 2ay; y=2J1-x;
y=2~/x—2, 1+log2(a—2—y)=log2(a—x),
B) e)
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4. TIpH KaKoM 3HAYEHHM NIApaMeTpa p ypaBHeHue p + 2° + 27 = 5 umeer
€AMHCTBEHHOE pelieHue?

5. TIlpu KakMX  3HAYEHHAX  IapamMeTpa a  YpaBHEHHE

|x2 -x— 2| x + l) MMEET B2 PasTMYHbIX kopHsi? Halinure 3t xopHHU.

—1el1-4
lgy—lg(l x),
(y-x)a=1

6. Ilpy Kakux 3HAYCHHAX MapaMeTpa @ CHCTEMa

HMeeT 1Ba Pa3IUYHbIX pelleHns?

7. HalizuTe BCe 3Ha4YEHHUA MapaMeTpa a, IPH KOTOPBIX KaXAOe pellie-
HME HepaBeHCTBa log, x? Slogz(x+l)—1 SBISETCA PCWECHHEM HEPaBEH-
ctBa 16x* —a* < 0.

8. Haiinure Bce 3HaYEHHUA g, IPH KOTOPHIX YpPaBHEHHUE
4+ 47— (a+ 1)2°+27) + a+ 2 = 0 AIMeET ENMHCTBEHHOE PELLICHHE.

9. Haiiaure Bce 3HaY€HUs g, IPH KOTOPBIX YPAaBHEHHE

2cos?3x + (4a2 - 7)cos 3x+2a*-4=0 uMeer Ha OTpe3KE [—E' E}

6’2
POBHO IISITH KOpHEM.

x2+4x+3+a<0,

10. Pe
IIUTH CHCTEMY { PN

OTBeTHhH:

1) a)npu a> 196 pemeHml HET;

5+49-16a .
8 9
_5+£49-16a.

pH 05<a<ﬁ X = g ;

npua<0,5 x=

_9 5.
HpH a—l6 x—8,

3«/_

6) mpu |a|< peleHHi HeT;

‘/— x=175;
npu |a|>%, X2 =3a’ -6+ 2a\24* -9,
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2)

3)

4)
5)

1 17. 17 a+s.

B) npH a<-, 2<a<—5,—5 <a<s5; a>5x=a_2,x=—3;
1. 17
=< < T e = _3

npu4_a_2, a 5 x=-3;

npua=5 xe[-3;6)U(6; +o);
r) opu-5<asé;

a- 2(02 —1)

@) TpH a<—V/2, a>2 x=zarccos2 +2nn, neZ,

. at 2(a2—1)
npu —v2 <a<-1 x=xtarccos2

+2nn, neZ;
npu—1 <a< NG pELEeHHI HeT;
aynpul0<axl xe(2;1+~/1+a);
npnd>1 xe(1+\/1+a;+oo);
6) mpua<3 x22;
npuaz3 xe(3a2—2axj2a2+18+ll;+oo);
B) mnpua> 1l 0<x<log,q;

npua=1 x=0; mpuO<a<l
log,a<x<0; mppa<0 x<0;

r) 1pH a> | peleHusi HeT;

npu0<a<1 —l<x<—Vl-a; Vl-a<x<l;

o) mpua>1 0<x<—lz;x>a8;
a
mpuO<ax<l 0<x<d x>—17;
a
[_1.,]. . .
a) -_Za }3 r) (_w’_z],
6 |-L:4; %) 0; 5};
[_1.1], 1
B) ] 2,2], e) (-1; 5).
npup <0; p=2745;

261



6) npu ae(O; %),

7 lal 22;

8) a=2;

9) ix/i;

10) npu a < -8 unu a > 1 peleHui HeT;

npu—-8<a<0 —a"2L6<x<—2+\/1—a;

npul<ac<l -2-Vl-a<x<-2+vl-a.

Bropoii rpadpuyecknii MeToa pelieHHN 3a1a4 ¢ NapaMeTpoM

Hznoxum cyte BTOporo rpaduueckoro Meroma. McxonmHas cucrema
YPAaBHEHHH C MapaMeTPOM H (MJIH) HEPABEHCTB ¢ ABYMs H Oojiee NepeMeH-
HBIMH CBOJIMTCS K CHCTEME YpaBHEHHMH (HEPaBEHCTB) TOABKO C IBYMs Iie-
PEMEHHBIMH, NPHYEM €JHHCTBEHHBIH NapaMeTp BXOIUT TOJNBKO B OJHO
YPaBHEHHE HJIH HEPABEHCTBO CHCTEMBI: ’

f(xy,p)20,
g(x »)20, ™
&(x y)20.
Janee Ha nnockocty XOY cTpostcs:
(1) cemeiictBo nuHui unu obnacteit M|(p), 3aAaHHBIX YPaBHEHHEM
(HEPaBEHCTBOM) CHCTEMBI (*), CONEpHKALIAM NTApaMeTp p;
(2) muHUA ny obnacte Ms, 3a1aHHAs OCTAJIBHBIMM YpaBHEHHAMH (He-
PABEHCTBAMH) CHCTEMEI (*), He COZEPXKAIIMMH TTApaMeTp p.

AHalM3upys NepeceueH e ABYX MOIY4EHHbIX MHOXECTB M, (p)N M,
MpH Pa3NUYHBIX 3HAYEHHSX APAMETPa p, IETIAeM BbIBOJBI O BUJIE M XapaK-

Tepe pEelIeHHH CHCTEMBI.
IIpumep 1.
HccnenoBats YMCio0 pelieHHH CHCTEMBI

2 -
y+\/2p—5—x +px=(p+2)y =1 TIPM Pa3HYHbIX 3HAYEHHUSIX .
x+y+6-p=0

Pemenue.
Bo3BeneM mepBoe ypaBHEHHE B KBaapaT U OCTaBUM IapameTp JIMIIb B
OJIHOM ypaBHEHHH:
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’2p—5—x2 +px—(p+2)y=(l—y)2,

11-y 20,

p=x+y+6;

p(x—y+2)=x2+y2+6, Y=<l

y<l, (x+y+6)(x—p+2)=x"+y* +6,
p=x+y+6; y=p—6—x;

y=p-6-x,

Sy<l,

-1 2_

Lx—4(y+l) 1

Ileproe ypaBHeHuUe ndnyqeﬂﬂoﬁ CHCTEMBI 3aa€T CEMEHCTBO Mapall-
JIENIBHBIX JPYT APYTY HNPAMBIX C YIIOBBIM Ko3d@HuiHeHToM k = —1 u nepe-
cekaomux ock OY B Touke (0; p — 6), a ocTanbHbIe (ypaBHEHHE H Hepa-
BEHCTBO) — 4acThb Mapaboiibl ¢ BepluuHOi B Touke A (—1; —1) c BeTBAMM,
HanpaBJeHHBIMH BIIPaBO, nepecekaromeii ocb OY B Ttoukax B (0; —3) u
C (0; 1) ¥ pacnionOXEHHOH B IOMYTUIOCKOCTH y < 1.

N |
7

Puc. 65

263



HaiizeM 3Ha4YeHHs p, MPH KOTOpBIX MpsAMasg y = p — 6 — x KacaeTcs

napabonsl x = %( y+ 1)2 —1, pemiuB cHCTEMY YpaBHEHHH NpsaMoi U napa-

OO0JIBI:

{x=%(y+l)2—l,

x=p—6-y.

17—6—y=i(y+1)2 -1,

y2+6y+21—4p=0,

D=36—4(21—4p)=0,

p=3.

- IlpsimMas y = p — 6 — x npoxoaut depe3 Touky C (0; 1) npu p = 7, (Tak
Kak 1 =p-6-0,p=7).

3HauMT, IpH p > 7 ¥ IpH p = 3 mpsiMast 1 4acTh Napaboibl UMEIOT OJIHY
001IY10 TOUKY, a pu 3 < p < 7 — siBe.

O TBeT: npHp < 3 pellicHHH HET;

npu p =3 u p > 7 OAHO pellieHHe;

npu 3 < p <7 OBa peLeHHU.

Mpumep 2.

HccnenoBats KONH4ECTBO peLIEHHH ypaBHEHHUS g * e +(2-3a)- e+
+ 2 =0 B 3aBHCHMOCTH OT I1apaMeTpa q. '

Pemenue.

[lycts €" = t, ¢ > 0. UcxoaHOE ypaBHEHHE IPUMET BH/L af’ + (2-3ay+
+2=0,

2t+2=3at—ar.

O6o3Hayum 27+ 2 =y.

y=2t+2, ‘
ITonyuuM cucremy < y = a(?:t ~ ),
t>0.

Bropoe ypaBHeHHE CHCTEMBI 3a/1aeT ceMeiicTBo napabon (npu a=0),
nepecekaroiux ock Ot 1ipu ¢ = 0 u ¢ = 3. BeTBu napabos HanpaBaeHbl BHU3
(npu a > 0) unu BBepx (npu a < 0). IIpy a = 0 nomydaem nHpAMYIO
y =0. Tak kak ¢ > 0, To npsMas y = 2t + 2 4 ceMeiicTBO napabon uHTEpE-
CYIOT Hac B IOJIYIUIOCKOCTH ¢ > 0.
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Puc. 66

HaiigeM 3HadeHHe mapameTpa, IpH KOTOPOM mpsiMast y = 2t + 2 Kaca-

eTcs mapabonnl y = a(3t — tz). JIMCKPUMHHAHT KBaJpaTHOTO YPaBHEHUS

af + (2 —3a)t + 2 = 0 nprpaBHAEM K HYJIIO.
D=(2-3a)’ -4-a-2=9a" ~20a +4,

D=0npua, =2; a2=%.
3a-2

5 =1>0.

[Tpu a = 2 abcumncca ToUKH KacaHHs paBHa # =

[lpu a =% ty=-3 < 0 (He moxxomuT).

TMonynpsiMas y = 2¢t + 2, t > 0 u napabona y = a(3¢ - ) MIMEIOT IIpH

a > 2 naBe o0muMe TOYKHM; NPU g = 2 — OAgHy obmyo TOYKY; NpH
0 < a <2 — Hu oxHO# o61weli ToYkH; U a < 0 — 0AHY OBIIYIO TOYKY.

OtBeT: npu0<a<?2 peumeHui HeT;
npH a < 0 U a = 2 0JHO pellieHHE;
TIpY @ > 2 1B pELEHHS.

IIpumep 3.
Haiinure Bce 3HaUYEHHs TapaMeTpa @, IPH KOTOPBIX YPaBHEHHE

2(|x| - x) =l+a- (x - 6) HUMeEET ¢JAMHCTBEHHBII KOpeHb. BuimuiiuTte

3TOT KOPEHBb MPH KAXKXIOM H3 HaWJCHHBIX Q.
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Pemenue.
HcxonHoe ypaBuenne uMeer Bux f(x)=1+a(x-6), rze

f (x) =./2(|x| —x). YpaBHenue y = 1 + a(x — 6) 3amaer ceMelcTBO Mps-
MBIX, IPOXOJALIMX Yepe3 TOUYKY A4 (6; 1) U HMeromuUX yrioBoi ko duiu-
€HT a.

[octpoum Ha nockoctH Oxy rpaduk

0, ecnmu x 20,
f(x) = \/2(|x| -Xx) =|:2\/:;, ecid x < 0.
Ay

)
| -
I ———
|
1

lae(—=: I

|ae( 3’ |

1 ] 1
: :

. Puc. 67

Yepes Touky 4 (6; 1) nposoaum:
1) npamywo /i, napamuiensHyio ocu Oy;
2) xacaTenbHyIO /; K rpadHKy y = 2J-x, x<0.

CooTBeTcTByWOLICEe 3HAUEHHEe MapaMeTpa A NpAMOH [, HIUEM H3
YpaBHEHHA

ZJ—_x=1+ax~6a, x<0;

ax*+ (4+2a-12d") x+ (1 + 364" — 12a) = 0;

D=-16(6a*~a—1)=0;D =0 npu a=—%(x$0), WiH a =+ (cooT-

1
2
BETCTBYIOILEE 3HAYECHHE X HE YIOBIETBOPAET YCI0BHIO X < 0).

Mpsamas 5,: y = 3 —%x Kacaerca rpapuka y =2+-x, x<0 B TOuke
K(-9;6).
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3) npamyro, mapauiensHylo ocH Ox (#Basiouieics Ocbio MapaGosbl
2

_r
4 *
4) npaMywo Iy, COEIUHAIOMIYIO TOYKY A € TOUKOH cThlka y = fx). Droit

x= BETBBIO KOTOPOH siBsieTC y =2+/—x );

NPAMOH COOTBETCTBYET 3HAUEHHE d = %

Oty npsAMble pa3bMBalOT ILIOCKOCTH Ha 00OJIACTH, TaKHe, YTO B Ipeenax
K&KHAOH M3 HHX KOJMYECTBO TOYEK IeEpecedeHus mpaMoi y = 1 + ax — 6a
c rpapukomM y = 0 (x 2 0) u y=2vV-x (x<0) ocraercs HEM3IMEHHBIM.
OnpenensieM YHCIO PELICHHWH YpaBHEHHS B KaKIOH o01acTH, y4MThIBad,
4TO MpsAMas, He NapajuiesbHas OcH MapaboJbl, epecekaeT napaboiy crpo-
ro B OZHOH TOYKE B TOM H TOJBKO B TOM CIIy4ae, KOra OHa sBJIIETCS Kaca-
TEJNBHOH K 3TOH mapaboue.

' VpaBHEHHE UMEET €IMHCTBEHHOE PEILEHHE TIPH:

1) ae(—oo; —l), yTo onpexaenseT x u3 ypaBuenusa 0 = 1 + a(x — 6);

3
x= _6_5%1—_1 (o6nacts 1).
2
2) ae (0; %) — obnacts (3), x onpeaenseTcs Kak x = _yT’
2
rie y — OoJbIunit KOpeHb ypaBHeHHs y =1+ a(—yT -6,

ay’ +4y +(24a-4)=0

D =16 —4a(24a—4) =964 + 16a + 16 = 16(—64° + a + 1);
_—4+4V-6a’+a+l _2+2V-6a’ +a+l.

Y 2a a 7

2
iz_{—1+x/—6a2+a+lJ

x=-
4 . a

3) ae [%, + oo) — 0061acTh (4); x onpeAenseTcsa U3 ypaBHEHUA

0=1+a(x-06).
OTrBerT:

ae(—oo; —%)U[O; +00).

267



Ilpn ae(—m;—%)u[%;+w); x___6aa-1.
2
2
6 a
pua=0 x=—_l.
7

Ilpumep 4.
HaliTH Bce 3HaueHHs MapaMeTpa p, TOPH KOTOPBIX YypaBHEHHE
(2p—-1)cosx+(p—2)sinx =3p umeer 1Ba pemenns Ha otpeske [0; 7).
Pemenue.
ycTh ¢os x = y, sin x = z, TorAa cos’ + sin’x = 1 u y2 +72=1—
okpyxHocTh ¢ ueHtpom (0; 0) u R = 1, a ycnoBue xe[O; 7t] "03Ha49a€eT
Z > 0 (BepXHIOI0 HONOBHHY MIOCKOCTH YOZ).
HcxonHoe ypaBHEHHE NPMHUMAET BUJI CHCTEMBI:
(2p-1)y+(p-2)z=3p,
y2 +z% =1,
z20.

CHcTeMa J0/KHA UMETh €MHCTBEHHOE PELEHHE.
TlpuMenuM BTOpOil rpaduueckuii meroa. Ypashenue (2p—1)y+

+(p- 2)z =3p 3anaer ceMeicTBO npaMbIX. IIpH p = 2 noTyyaeM IpaMyIo

2p-1 3p .
2-p7 -2 ¢

y = 2, napamensHyto OZ, ipu p #2 — OpAMYIO z =

YTIOBBIM KOG GHIMEHTOM k = 22—p = =-2+ 2—3;, KOTOpbIH NpHHH-

MaeT Jo0ble 3HaYeHus, KpoMe k& = —2. [lepenuiieM ypaBHEHHeE NPAMOH B
Bupe p(2y +z—3)=y+2z.
2y+z-3=0, {y=2,

Pewus cucremy {y+22=0, z=-1,

MOJYy4YacM, 4TO 4E€EPE3 TOUKY

A (2; —1) npoxoaMT BCE CEMEHCTBO MPSIMBIX.

2,2 _1 . ‘
Cucrema {y ;(')Z =1, 3a/1a€T TMOJYOKPYXXHOCTb C LIEHTPOM B TOYKE
z2

(0; 0) u R = 1, pacnionoXkeHHYIO B BEPXHEH NONYTUIOCKOCTH.
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Puc. 68
Haiinem yrnosoi#t ko3 duument npsmoi AB:

by =% (m ABAM : tgABAM=§-M——l).

3 MA 3
Vrnosoii koaddunmenT npsaMoii AK: k, = -1 (u3 AKOC).
Yrnosoi ko3dduuMeHT npsMoit AE:

1
2.1
ky =—tgZDAE =~tg(2- LDAO)=——28<P40 ____ "2 __ 4
1-tg’£DA0 1_(;) 3
2

Haiinem 3Ha4yeHHs mapameTpa, COOTBETCTBYIOINHME HAHICHHBIM KO3Gd-
dunmreHTaM:

—_l 2__1_._1- —3="2+p: —l'
sk 3 21 3 6p—-3=-22+p; p 55

= — M—_ . —l1=p-=-2: =]
i k. 1 > I; 2p—-1=p-2; p=-1;

=_— u—___- — 3= — 8 —_i
ans ky 3| / 3|, 6p-3=4p-8;, p >

2—
OTrBerT: pe(——s—'—l}.
27
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Ipumep 5. Ilpu Kakux 3HaYCHHAX NMapaMeTpa @ CHCTEMAa YPaBHEHHH

f 2
{y =V16-6x-X", yveer apa pa3NHYHBIX pelIeHus?

x=ay—4a

Peweunue. Hcxoanas cucrema PpaBHOCHJIbHA CHCTEME:

y20, y20, (1)
¥ =16-6x-x", Vi +(x+3)7=25 (2)
x=a(y-4); x=a(y-4). (3)

VYpaBrenne x = a (y — 4) 3a5aeT CeMeHCTBO MPAMBIX Ha IUI0CKOCTH Oyx
(Oy — ocp aberice, Ox — OCh OpAMHAT), MPOXOIALIMX Yepe3 TOYKY
A (4; 0) c yrnoBeiM ko3 duLeHTOM a.

[Tpn n3MeHeHuH yrinoBoro ko3(¢HUHEHTa @ IPOHCXOAHT BpallieHHE
NpAMOH BOKPYT TOUKH A. ’

VYpaBhenue (2) 3a1aer OKpY>KHOCTB paauyca R = 5 ¢ UEHTPOM B TOYKe
K (0; —3). Tak kak B cHCTeMe NPHUCYTCTBYeT orpaHuyeHue (1), To noacHuc-
TeMa (1)~(2) onuceiBaeT HOTYOKPYKHOCTB, JIeXaluylo rpasee ocH Ox, H ee
rpaHnuHbie TOYkd B 1 C Ha ocu Ox. KonuuecTBo nepeceyennii npsamoii (3)
C MOJYOKPY)KHOCTBIO PaBHO YHCIy PELIEHHH HCXOTHOH CHCTEMBI IPH Ka-
AKJIOM 3Ha4YeHHH a.

Touka A nexur Ha okpyxHOCTH. ClieOBaTeNbHO, OJHO peELIEHHE
x =0,y =4 ecTb Bcerja. ‘
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IpoBeneM mpsaMyto /;, coenunstoiyio A ¢ Touxoi B (0; 2): a; = —%.
TposeneM npamyio I, coemuustomyio 104Ky A ¢ Toukor C (0; —8):
a = 2. ’
TlpoBefieM mpsamyio 5, KacaTeIbHYI0 K OKPYXHOCTH B TO4Ke A:
.
a3 - 3 . v
Ha pucynke 69 nokasansl 4 obaactu. Ilpu BpameHun npsamoii (3) Bo-
KpYyr TOYKH A B TIpeAenax Kaxaoi u3 noiaydeHHpix obnacreit I, IL, I u IV
KONTHYECTBO NEPECEYEHHH NMPAMOIi C TIONIYOKPYKHOCTBIO HE MEHSAETCL.

Takum o6pa3oM, HCXOAHAS CHCTEMa HMEET PEILEHU:

Bobractul: ae (—oo; - %) — [IBa pa3IMYHBIX PELIECHHUS;

g—; - %) — JiBa pa3IMYHbIX pELICHHS;
BoGimactu IV: ae (2; + oo) — JIBa Pa3jIMuHBIX PELICHHUS;

B o6:;acm II: ae (—

Ha rpauuue II u Il obnacreit: a = —% — JIBa pa3JH4HbIX PELICHHS; '

Ha rpanunge I u IV obracreii: a = 2 — 1Ba pa3snHYHBIX pEILEHHUA.
. ._4 4. 1 .

OTBeT: (—oo, _E)U(_E’ —E}U[Z +0).

IIpumep 6.

Haiinure Bce 3HaueHUs mapamMeTpa p, IPH KOTOPHIX HEPABEHCTBO

(x—p+3)-|x- p|+1<log, x umeer pemenne.

Pemenue.

ITycts x — p = ¢, TOrAa x = p + t U HICXOHOE HEPABEHCTBO IIPUMET BHJ

y=log,(t+ p),
t+3) (t| +1<]log, (¢ +

t+3)- |4 g (t+p). {yz(t+3).|t|+1.

Ha mnockoctu tOY ypashenue y = log, (¢ + p) 3a1aetr ceMeHcTBO JH-
HHUH, nonydarowmuxcs U3 rpaduka y = log, f caBurom Ha (—p) BIOJb OCH f
(puc. 70).

HepasenctBo y 2 (¢ + 3) - |t| + 1 3amaer yacTh IUIOCKOCTH, JieXKalle
2 +3t+1, npu 120,

H caM rpaduk
12 =3t +1, npu <0, R

Bemue rpaduka y = (r+3)-|¢f +1 ={

y=(@+3): | + 1, Tak KaK HEpaBEHCTBO HECTPOTOE.
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72
S
1

wn

T

*

3
1

Puc. 70
OTrBeT: p22.

Ilpumep 7.

TIpM Kakux 3HAuCHHAX [apaMeTpa a ypasHewne (x + 3)° =
=3a(2 x| - 3) uMeeT OBa pa3NUuHBIX pellleHHA? BrimimuTe 3TH pelle-
HHA NIPH HaHJICHHBIX 4. )

Pemenwue.

OO6patuM BHHMaHHE Ha npeoOpazoBaHHE: X = | x
x=—|xl, ecH x < 0.

Hcxoasoe ypaBHEHHE PaBHOCHIBHO COBOKYITHOCTH JIBYX CHCTEM:

x=0 x<0 ,
o R

ITycto l X | =t, TOrja

, ecd x 2 0

) ;62:(; H.II‘PI (2) | f;()_t
%(t+3)2 =a(t—%) %(t—3)2 =a(t—%).

KonuyectBo pewenuid cucremsl (1) papHO YMCIy nepeceueHHH Ips-

MOH H3 CeMEHCTBa IIPAMBIX y=a(1~%) ¢ rpadpuxoM QyHKIHH

f(r)= %(t + 3)2 , KOTOpasi ofpejeneHa pu ¢ > 0.
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KonuuecTBo penieHui cucTeMsl (2) paBHO YHCIY TOYEK MepecedyeHHH
mpAMoH  cemedctBa  y=a(t-1,5 ¢  rpajukoM  ¢yHKUHH

g(t)= %(t - 3)2 , t>0. Takum 06pa3’oM, KOTHYECTBO PELIEHHH COBOKYTI-

HocTH cucTeM (1) 1 (2) paBHO 4HCTy nepecedeHuit npaMoii u3 cemeiitTBa
y=a(t—1,5) c rpapuxamu dpyukumii £ (1) =%(t +3)2 u g(?) =%(t—3)2,

t20.
Ipaduxn dymxumit y = f(¢), y=g(r), t20 He 3aBHcAT OT Napamer-

pa: OHH SABIAKOTCA YaCTAMH COOTBCTCTBYIOLUHX napaﬁo.rl.

v

La= 3)

Puc. 71

Bce npaMbie cemeiicTBa y=a(t—1,5) MPOXOJAT 4YEPE3 TOYKY

D (1,5; 0) 1 umer0T YriaoBoii Ko3pGULMEHT a.
IIpsimas [, 3TOrO CceMelicTBa MPOXOIUT Yepes TOUKY A IIpH a = —1.
IIpsimMas £, 3TOrO CeMelcTBa MPOXOMHUT uepe3s TOUKy B pu a = 0.
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[IpsiMas /3 3TOro0 cemercrBa MpoXoauT yepes Touky C; OHa Kacaercs
rpaduka y = f(f) mpu a = 3.

OTH NpsMBIE JENAT IUIOCKOCTh Ha 00JIAaCTH, B KAXJOH M3 KOTOPBIX
YHCJIO MEPECEUEHHH C KAXIOH M3 KPHBLIX f (f) U g (f) HEH3MEHHO.

‘KaxJioe nepeceveHue onpesieseT eqHHCTBEHHOE 3HaUeHHE X = £, eCITH
npsMas repecekaercs ¢ f(f), 1 x = —t, €ClIH OHa nepecexaercs ¢ g (7).

IToaTomy ucxoHOE ypaBHEHHE MMEET [Ba Pa3HUYHBIX pELICHUA B 00-
nact 1 v B obnactu 3, To ecth npu a€(—o0;—1) u ae(0;3). Mbl yxe

HalOMHHAIH CBOMCTBO mapaboiipl: MpsiMas, HE mapajulefibHas OCH CHM-
MeTpHH Mapabonbl, epecekaercs ¢ mapabonoi B €IHHCTBEHHOH TOYKE B
TOM H TOJBKO B TOM Cliyyae, KOrja 3Ta npsMas sBISeTCs KacaTelbHOH K
napaGoue. '

IToaToMy B obnactu 4 Touek mepeceveHHs NMpsMOH M mapabon — ue-
TBIpE, TaK KaK MpsAMEIE, JISKAIHKE B STOH 30He, nepecekaioT 00e mapaboiis
M HE ABJIAIOTCS KACaTEJIbHBIMH K HHUM.

AHanoruyHo npsamas /3, paznenswowas obnactu 3 U 4, kacaercs f () 1
nepecekaet g (f) B AByX TOYKaX, JIEKaIlHX Ha [O; +oo). 3HaYHT, YCIOBHIO

YAOBNETBOPAKOT Hub a & (—o0; —1)U(0; 3).
Haiinem 3naueHue x.
Tpa ae(—o0;-1):

1) (t+3)Y=6ar—9a; 7+ (6—6a)t+(9+9a)=0,

t=-3+3a+3Va’ -3a.

Takkak t 20 ux=1t, TO x=3(—1+a+\/a2—3a).

2) (t-3Y=6at—9a;f —(6+6a)+(9+9a)=0; t=3+3at\a* +a.
Tak kak t > 0 ¥ x = —f, TO x=—3(1+a+\/a2+a).

Tipu a <(0; 3) x=—3(a+1i\/a—2:).
OtBeT: ae(-w;-1)u(0;3).

x=3(a~1+ﬁ)
x=—3(a+l+m);

npu ae(0;3): x=—3(a+1ixja2+a).

L]
Tpu a e(—w; -1):
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1)

2)

3)

4

5)

3agauu A5 CAaMOCTOATEIbHOTO PCLICHHA

Ilpu kakux 3HAYECHMAX TApAMETPa d CUCTEMa YpaBHEHHH

-4
y=log;, 1+H+——|x |
X  x-4 | yMeeT eIMHCTBEHHOE pelIeHHE?

(y—a)2 -x*=9
OTBeT:
ae(-o; —5]u[—4;3)U(3;5)u(6; + ).

Ilpy kakKx 3HAaYEHHSX TAPaMETPa d CHCTEMA YPaBHEHHHM
|x—12]

b
y=log, 1+—| I+
x  x—12 ) ymeer enuHCTBEHHOE pellieHHE?

(y-a) -x*=25
OrBet: ae(-w;-13]u[-12;-5)U(513)U(14; + ).
Haiiure Bce 3HaYeHMss NapaMeTpa d, NPH KOTOPBIX yPaBHEHHE

2(‘x| - x) =1+a(x—2) HMeeT eIMHCTBEHHOE peuleHHe. Boimmmmute
3TO pellieHHE NpY HalWJICHHBIX d.

. ! . .
OTtBerT: ae(—w,—z)u(o,+oo),
TpH ae(—oo;—%)u(-;—ﬁoo) x=%

2
/ 2
npH a e(O; %] x :_[:Ltl;aa?z_a] :

- =-1
mpua=0 x= e

Ilpu xakux 3HaYeHWs X mnapaMerpa a CHCTEMa YpPaBHEHHH

x*+y?=9, )
HMEET PELICHHS?
ax+(a+1)y=15
OtBeT: (—0;~4]U[3; +).
y+l—]3x—y+4 1
HccneoBats YMCIIO pELICHUI CHCTEMBI ( 1);6 +1
y+ly
> P

B 3aBUCHMOCTH OT TIapamMeTpa p.
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OTBerT:

npu pe(—oo;—l)u(—l;—l)u(—%;o) 4eTHIpE peménux;

2
npu p= —% TPH PEUICHHS;
npu p e {0} U(24; +) 11Ba PEILECHHS;
npup=-1;p=24 OJIHO PELIECHHE;
npu 0 <p <24 HET PEeLICHHH.

Hcnoab3oBanue cBOHCTB PyHKIMH
NPH PelICHHH 3234 C NapamMeTpaMH

«CHMMeTpHﬂ» B 3aa4ax ¢ napamMmerpomM

OnpeaeneHHyio Tpynily 3a4ay ¢ MapaMeTpoOM COCTaBJIIOT 33JayH, B
(OpMYITHPOBKE KOTOPBIX KJIFOYEBLIM SBISAETCA CIOBO «EHUHCTBEHHOEN.
B 311X 3amadax TpeOyeTcs HalTH BCE 3HAYEHHA TapaMeTpa, IPH KOTOPBIX
YPaBHEHHE (HEPaBEHCTBO, CHCTEMAa) UMEET CAMHCTBEHHOE PELIEHHE. DTH
3agayH HMCIOT 0COOEHHOCTB: HX YCIOBHA HE HU3MCHSIOTCA NpPH 3aMCHE
3HAaKa OJHOM MJIM HECKOJBKUX NEPEMEHHBIX («CHMMETPHA» OTHOCHTEIIBHO
3HAaKa) WM TpPH MEPECTAHOBKE HECKOMBKMX MEPEMEHHBIX ((CHMMETPHS»
OTHOCHTENILHO MEPECTAHOBKY MEPEMEHHBIX). ITa 0COOEHHOCTh — KIIIOY K
PEIUEHHIO 3aJa4H.

IIpumep 1.

Halith Bce 3HaueHuss mnapameTpa a, NpPH KOTOPHIX YpaBHEHHE
x*—2a- sin(cosx) + a* = 0 UIMeeT eHHCTBEHHOE peleHue.

PemeHue. ‘

Ecnu uncno xo ABAseTCs PEIICHHEM JAHHOIO YPaBHEHHA, TO H YHCIIO
—x( TaKKe ABJAETCH €ro peeHueM. [103ToMy U1 €AMHCTBEHHOCTH pellie-
HHA HEOOXOAUMO, YTOOKI X = —X¢, TO €CTh Xo = 0.

[Mpu x = 0 ucxonHOE ypaBHEHHE NPUMET BU[L a* —2a-sinl =0, OTKyJAa
a =0 nnu a = 2sinl. Oty 35auenus 0 u 2 sinl ABIAIOTCA JOMYCTUMBIMU
3HaYeHUAMH mapamerpa. [IpoBepHM, sSBIAIOTCA JH YyclIoBHg a = 0
a = 2sinl JOCTaTOYHBIMHU [Tl € IMHCTBEHHOCTH PEILECHUS.

[Mycte a = 0. Toraa ucxoaHoe ypaBHEHHE NIPUMET BUI XF*=0,x=0—
€IMHCTBEHHBIH KopeHb. CnenoBaTensHo, a = (0 yAOBIETBOPSAET YCIOBHIO
3agayu.
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HyCTb a =2 sinl. Torga ucxonHoe ypaBHEHHE IPUMET BHL:

x’+4sin’l =4sinl - sin (cos x).

OueHum 06e YacTH MoMydeHHOro ypaBHenus. Tak xak cosx e [-1;1]
npH 1o00M x, a Ha otpe3ke [—1; 1] pyHKuua sin ¢ aBaseTcs Bo3pacraro-
wei, To 4 sin 1 - sin (cos x) <4 sin 1 - sin 1 =4 sin® 1 nipn mo6oM x.

JleBast yactb x° + 4 sin® 1 > 4 sin’ 1.

INoaToMy ypaBHEHHe x*+4sin®1=4sin1-sin (cos x) paBHOCUJIBHO
cucTeMe

x* +4sin®1=4sin’1, .
. . . EnMHCTBEHHBIM pellieHHeM 3TOH CHCTe-

{451[11-sm(cosx)=4sm2 1.
Mbl sBasiercst x = 0. 3HauuT, @ = 2 sin | Takke yJOBIETBOPSET YCIOBHIO
3a7ayH.

OTrBeT: a=0,a=2sint.

Mpumep 2.
HaiiTu Bce 3HAY€HMS NapameTpa a, TIpH KOTOpLIX cHcTeMa

(3—2\/5) +(3+2J§) ~3a=x>+6x+5,
yz—(az—5a+6)x2=0,
-6<x<0

HUMEET EIHHCTBEHHOE PEILiCHHE.
Pemenune.

1
3-2f7=—L _,
3+242

1 3-242 _3-22 .,
3+2V2 (3+242)(3-242) 9-B =3-22

-1
CrnenoBaTebHo, 3 — 22 = (3 + 2\/_5 )

ITostoMy ecnu napa (xo; yp) ABIACTCSA pEIlIEHHEM HCXOIHOM CHCTEMEI,
TO H Napa (Xo; —o) TAKXKe ABJSETCS €€ PEUICHHEM, 3HAYMUT, IS TOTO 4TOOBI
peleHHe GbUTO €AHHCTBEHHBIM, HEOOXOJUMO PAaBEHCTBO Yy = —Vo, TO €CTh

¥t +6x+3a+3=0,

TaK KakK

yo=0.IIpu y = 0 ucxoaHas cucTeMa IPUMET BHI: (a2 —-Sa+ 6)):2 =0,
—-6<x<0.
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U3 3To# CHCTEMBI HAXOIHUM JOMYCTHMBIE 3HAYEHHA TIapaMmeTpa: a = —1;
a=2,a=3.

[IpoBepHM, kakHe U3 3THX JOMYCTHMBIX 3HAYEHHH YIOBJIETBODAKOT
YCJIOBHIO 3a/1a4H.

IIpu a = -1 ucxonHas cucreMa NpHMeET BHI

(3—2ﬁ)y +(3+2J5)y =x2 1 6x+2,

y?—2x2 =0,
-6<x<0.

OueHum obe 4acTH MEPBOTO YPaBHECHHA CHCTEMBL.

(3 -2\2 )y + (3 +242 )y >2 Kak CyMMa [BYX B3aUMHO OOpaTHBIX MOJO-

KHTENBHBIX BENHYHH.
X +6x+2<2 ecnn—6<x<0.

A
2
'X//////'////// -
-6 -3 0 X
+ -7
Puc. 72

HOE)TOMy IOCJICAHAA CHCTEMA paBHOCPUILHa CJIClIy'!OlIICf;Il
(3—2\/5)" +(3+242) =2,
2 +6x+2=2,

y2—2x2 =0,
-6<x<0.
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—6<x<0, x=0.
y2 -2x* = ;
3HaqHT, npua= -1 HCXOOHasA CHCTEMA HMECT CANHCTBCHHOC PCIICHHE
(0; 0).

ITycte a = 2. Toraa ucxonHas cucTeMa IIPUMET BUA

(3—2«/'2-)y+(3+2\/—2-)y =x? +6x+11, x2+6x+9=0, {y=0

2 _ -
y* =0, y=0, x=-3.

-6<x<0, -6<x<0,

CnenoBarenbHo, IpH @ = 2 UCXOIHAs CHCTEMa MMEET €IHMHCTBEHHOE
pewenue (-3; 0).
IIpu a = 3 HcxonHas cucTeMa IpPUMET BUAL

(3-2v2) +(3+22) =X +6x+14, (2, 6 h g

y2=0, y=0’
—-6<x<0; —-6<x<0.

CucreMa He UMeEET pellECHH.
OrBer: a=-1,a=2.

IIpumep 3.
. X2+ y2 =4,
Haiiti 3HauyeHHs napaMertpa ¢, IpH KOTOPHIX CHCTEMa )
xy=t°-3
HMEET JBa pelIeHHUs.

PemeHue.

Ecau (xo, yo) — pelieHue CHCTeMBI, TO (Yo, Xo), (—X0, —0), (-0, —X0)
Taloke OyayT pelueHusMH cucteMsl. [IBa pewenus OyayT B cirydae xp = o
HIIH X = —)o.
2xt =4t
x*=£-3
Hus £ — 21 — 3 = 0 Haiizem JOMyCTUMBIE 3HAUYEHMs Napamerpa f; ¢ = —1;
t=3.

[Ipn x = y HcxonHas cHcTeMa NPUMET BHA: { N3 ypaeHe-
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x* + x? —4t

Ipu x = —y HcXoQHAA cUCTEMa MPUMET BHA: { 2 3’ H3 ypaBHe-
Hua £ + 2t — 3 =  HaiiZieM JONyCTHMBIE 3HAYEHHS napamerpa f, t = 1;
t=-3.

BrimonHuM npoBepky.

Ilpy nmpoBepke ¢ = —1 wucxomHas cHcTEMa NPHMET BHJ

2 _
{x +ty 2_'—4’ Cucrema He UMeeT pelieHus npu ¢ = —1. 3HaueHue ¢ = -1
Xy =—z.

HE YOOBJICTBOPACT YCIIOBHIO 3aJa4H.

2,2
Ilpu ¢ = 3 ucxoaHas cucTeMa NMPUMET BHIL: {x +z =12, Ipubasum
: xy=6.

NIEPBOMY YPaBHEHHIO CHCTEMbI BTOPOE ypaBHEHHE, YMHOXKEHHOE Ha 2. 3a-
TEM BbIYTEM U3 IEPBOTO YPaBHEHHS BTOPOE YPaBHEHHE, YMHOXEHHOE Ha 2.

(x+y) =24,

(x-»)' =0;

{4x2 =24, x=6 — x:—\/—é,
x=y y=6 y=—6.

Cuctema npumer B {

IIpu  t=3 cucrema (uUcxomHas) MMEET JBa  PELICHHSA:

(Vo Vo) (5= Ve),

2, 2
IIpu ¢ = -3 ucxoaHas cucTteMa MPHUMET BHI {x +yt=-12

xy =6.

> CHcTeMa

HE UMEET PEIIeHUH NpH ¢ = —3. 3HAUHUT, ¢ = —3 HE YAOBJIECTBOPSET YCIOBHIO
3afaqH.
ITpu ¢ = 1 ucxoaHas cUcTeMa IPUMET BUJ

{x2+y2=4, {(x+y)2=0, {x+y 0, {X+y=0,

xy=-2; (x—y)2=8; xX—y= 2f x-y:—Zﬁ;
x=42, x=—2
WiH
{y=—\/5; {y V2.
pelIeHHs: (\/5;—\/_2'); (—\/5; \/_2.)
OtrBeT: t=1,1=3.
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IIpumep 4. R
Haiitu 3HayeHus napaMerpa a, 0pH  KOTOPHIX  CHCTEMa

s

a(x4 +1)=y+1—|x
HMEET EUHCTBEHHOE PEILLEHHE.

X +yt=1
PemeHnue.
Iycte (xo, o) — pelIeHHe CHCTEMBI, TOTAA (—Xo; Vo) — TAKXKe peLie-
HHE CHCTEMBI.
CucreMa Oyaer UMeTh €MHCTBEHHOE PELleHHE NPH Xp = —Xg, TO €CTh
xo=0.

a=y+1, .
Y OTKyJa HailaeM

IMpu x = 0 ncxomHas cucTeMa NpUMET BHI! { 224
y s

JOMYCTHMBIE 3HaYEeHUs napaMerpa a =0, a = 2.

MMpoBepka.
IIpu a = 0 ucxoaHas cucTeMa npuMeT BHJI
eicplo [kl il e
x4+t =1, ’x|2+y2=1, (y+1)2+y2=1, y=0,
*=-1, HIH ¥=0, _ U pELICHHS
y=0, y=-1— PP )
3Haunt, a = 0 He yIOBIETBOPAET YCIOBHIO 3a/1a4H.
2x* +x|=y -1
IIpu a = 2 ucxomHas cUCTEMa MPUMET BHUI f |; I ly > Uz (1)
x+y =1

ypaBHEHHSI CUCTEMBI y 2> 1, u3 Broporo ypaBHeHus y < 1. CnenoBateinsHo,
y =1, toraa x = 0. Cucrema uMeer equncrseHnoe peuenue (0; 1).
OTrBeT: a=2.

IIpumep 5.

[Npu kakuX 3HaYEeHMIX apaMeTpa a ypaBHEHHE

x*=2x*+a (7 cos x — 2 x*) + 7a* = 0 HMeeT eAHHCTBEHHOE pelleHHE.

Pemenue.

Ecnu xo — pemeHue NaHHOrO YpaBHEHHS, TO M —Xo TAKXKE SABISETCA
€r0 pellleHHeM B CWIY YETHOCTH (YHKUUH B JE€BOH 4YacTH YpaBHEHHS.
CnenoBareabHo, xo = 0.

TTpu x = 0 ucxonHOe ypaBHeHue npuMet BHI 7a + 7a° = 0; a = 0 wn
a =—1. TakxuM o6pazoM, 0 u —1 — HONMyCcTUMBIE 3HAYEHHS TAPAMETPA.
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IMMporepka. Ilpu a=0 ypaBHeHHE NMPHUMET BHUA: xt-2x% =0,

x? (x2 -2)=0,x,=0, x;3= +2 (TpHu pemegm). CnepoBarensHo, a = 0

HE YAOBJIETBOPSAET YCIOBHIO 3aJa4H.
ITpu a = —1 ucxoxHOe ypaBHEHHE NPHMET BHIA: x*—2x*—Tcosx +
+2x*+7=0,
x* + 7 =17 cos x. JleBas 4actob YpaBHEHHUS 727, mpaBas 7 cos < 7.
CrnenoBaTenbHO, pelIEeHHEM YypaBHEHHs SABJACTCA peLIEHHEe CHCTEMBI
Tcosx=17,
{x4 +7=1,

OTrBeT: a=-1..

x = (0 — eIUHCTBEHHOE pellEHHE.

IIpumep 6.
Haift 3HaYeHHs mapaMeTpa a, IpH KOTOPHIX CHCTEMA
x> +y*=2(1+a),

(x+y)' =14
Pemenmue.
Ecan (xg; yo) — pelueHHe JaHHOH cHCTeMBI, TO (—xXo; —Vo), (Vo; Xo),

(—30; —x¢) TaKKe ABJIAIOTCSA PELIEHUSAMH 3TOH cuCTeMEl. J[Ba pelieHus Oy-

HMEET JABa PELICHHS,

AYT, €CIH Xo = Yo UIIH Xo = ).
2x* =2(1+a), {a =2,5

IIpu x = y cucTema npuMeT BHI:
p y p HI {4x2 14 12 =7.

JorycTiMoe 3Ha4Y€eHHe napaMeTpa a paBHoO 2,5.
x*=l+a

> ¥ HE HMEET PELICHHUA.
0=14 :

ITpu x = —y cucTema npuMeT BuUg {

IpoBsepka: npua=2,5 HCXOIHAA CHCTEMA IPHUMET BHIL:

Sern ey, el 2106 B
(x-y) =0, 2

(x+y)2=l4; 2xy=7, xX=y;

(—\/z; - \/%) — J1Ba peLieHHs.

OTrBeT: a=25.
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3anaun AJIf CAMOCTOATEJIBHOI0 pEeICHUA

1. Haiitu Bce 3HaueHHs mapaMeTpa g, MPH KKIOM U3 KOTOPBIX ypaBs-
HEHHE (CHCTEMA) HMECT €IMHCTBEHHOE PELICHHE:
5 ;
a) 2x’—a-tg(cosx)+a’=0;

(2—\/§)x+(2+\/§)x—5=a—2y+y2,
6) x2+(2—a—a2)y2=o,
0<y<2;

3.2 45 x| +4=3y+5x7 +3q,
x2+y2 =1.
OtrBer: a)0;tgl;
6)-3;-2;
ok |
z-cos(x—y)+(2+xy)sin(x+y)-z=0,
r) x2+(y—1)2+22=a+2x,
(x+y+a~sin2z)((l—a)ln(l—xy)+])=0.
OTrBeT: 1l

2. HaiitH Bce 3Ha4YeHHs MapaMeTpa d, IPH KKAOM U3 KOTOPBIX CHCTE-
Ma ypaBHEHHH UMEET JBa pEeILEeHHUA:

: 2
a) {x2+y2=2a, 8) {(X—}’) =6a-14,

xy=a-0,5; x2+y2=3(2+a);
2_2
(x-») =3 Pyt =l,
6) r)
xy=5a—%; x+y=a.

. .l_ l’ l' =+ =
OrBeT: a) 4,6) 30,3) 3,r)a V2, a=0.

3. Haiitu BCce 3Ha4eHHs mapameTpa d, PH K&KIOM U3 KOTOPBIX CHC-
TeMa

[T

49y% +x* +4a=2x-1

HMECT POBHO YCTHIPEC PA3IHYHBIX PCILICHHA.
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Vasanue: 0603HaunTs u = \||x 1| 1 v=4/7|)|.

L

OTrBerT: —32;

PN

3anayn, B KOTOpbIX
napamMeTp (niepeMeHHas) MOKeT NPHHHMATH
J100b1e 3HAYeHHs H3 IaHHOI0 MHOXKECTBA

N3 bopMynHpoBKH Takux 3anad cieayeT OCHOBHAS HAES HX PEIICHHMSA:
IIOCKOJIbKY [apameTp (MlepeMeHHas) MOXKeT PHHUMATh J1lo0ble 3HauYeHHs
U3 HEKOTOPOIr0 MHOXKECTBA, TO HYXHO 1oJ00paTh Takoe ero (ee) 3HaueHue
U3 3TOTO MHOXECTBA, YTO MPH NOACTAHOBKE ITOro 3HAYEHHS B HCXOOHOE
YPaBHEHHE, HEPABEHCTBO, CUCTEMY YAACTCs YIPOCTHTH 3a71ady.

IIpumep 1.

HaiitH Bce x, yaoBneTBopsio#e ypaBHEHHIO

log, (azx3 —-5a%x% +J6 - x) = loga2+2 (3 —Jx- 1) npH 1o0oM 3Ha-
YEHHH NapaMerpa da.

PemeHue.

Tak kak Hy>KHO HalTH Bce 3HaYEHHS X, KOTOpbIe OYIyT YIAOBIETBOPATH

JaHHOMY YPaBHEHHIO TpH io0OM 3HaY€HHH IapamMerpa a, TO TaKue X
JOJDKHBI YJIOBJIETBOPATH 3TOMY ypaBHEHHIO IIpH a = 0.

INpu a = 0 ypaBHeHue npumeT BUA log, V6 —x =log, (3 ~Vx —1);

6—-x=(3— X—l)z, {3\/;———sz+l,

» 13— [x__l>0. OSX‘1<9;
x> =7x+10=0, x=2,
1<x<10; x=5.

Taxum obpazom, npu @ = 0 UCXOAHOE YpaBHEHHE MOXKET UMETh /JBa
pewieHus: x = 2 u x = 5. CaenaeM NpoBEPKY: KaKMe M3 3THX 3HA4YEHHH x
SBJIAIOTCS PEIEHUAMH MCXOJHOTO YPaBHEHHS IPH JIIOOBIX 3HAUCHUAX M-

pamerpa a.
[Tycts x = 2. Torna ypaBHeHHE IPUMET BHA:

log, (2 -124* ) =log 2,5 2. OHO BBHITIOIHAETCA HE TPH TI0O0M 3HA4YECHHH 4,
a

HalpuMEp NpH a = 1 neBas yactp YpaBHCHHS TEPSAET CMBICII.
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I[Tycts x = 5. Toraa ucxoanoe ypaBHEHHE IPHMET BH:
log,1= lOga2+ s 1. TlocaenHee paBeHCTBO CIpaBeIMBO MPH JIOOLIX 3HaYe-

HHSAX Q.
OTBeT: x=5.

IIpumep 2.
Haiity Bce 3Ha4YeHHs napaMeTpa a, NPH KaXKIOM H3 KOTOPLIX JUIA JIIO-
foro b cHcTemMa wHMeeT O KpaWHEHd Mepe OJHO pELICHHE:
bx—y—-az* =0,
(b-6)x+2by=4z+4.
Pemenne.
PaccMOTpuM JaHHYIO CHCTEMY KaK TMHEHHYIO OTHOCHTENBHO X H )
bx—y=az’, .
(b-6)x+2by=4z+4.

b -1 az?
9ra CHCTEMA HE UMEECT PECUICHHUA, €CIIH ——=—# .
p ’ b—6 2b 4z+4

TaxuMm obpazom, b=-2ub=1,5
(26 +b-6=0; D=49;b=-2,b=15).

Ho no ycnosHio cucteMa 0DKHA HMETh PEIIEHHS IS MOOBIX 3Haye-
HuH b. HaliaeM Takue 3Ha4YeHHs a, U1 KOTOPBIX NpU HAHIEHHBIX «KPHTH-
4eCKHX» 3HaYeHHAX b = -2 u b = 1,5 cucreMa OyaeT HMeTh OECKOHEYHO
MHOro pemieHMdA. JUIs 3TOro JOMKHO BBUIONHATHCA  PaBEHCTBO
b _-1_ a
b-6 2b 4z+4

> 1

1) mpub=-2 %H:Z; 4ar’ —4z-4=0, (a#0), D, =1+4a.
2
2) mpub=15 ;Eo=-1; 3l +4z+4=0,
(a#0), D, =16-48a.
1+4a2=0, -1 1 5
{16— 4820, 4 <a< 3 Hcxonnas cucrema ypaBHEHMH Oyner

HMeEThb XOTA OBl OIHO peltieHHe s toboro b npu —Tl <a< %
1211
OTrBerT: [ 7 3}.
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2)

3)
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3anaun AJIsl CAMOCTOATEIbHOIO penicHHs

HaiiTH Bce 3HAaYeHHs NapaMeTpa g, JI KOTOPhIX IpH JT0GOM 3Have-
HMM mnapaMerpa b WMeeT XOTA OBl OJHO PEIICHHE CHCTEMA

{(x2+1)a+(b2+1)y=2,
a+bxy+x’y=1.
OTtBerT: 1.

HaifTi BCe X, yIOBNETBOpSIOLINE NPH TIOOOM 3HAYEHHH NapameTpa a
YPaBHEHHIO:

a) 2log , , (4 - \/"7——;—2;) =log, . (4-3x).

OtrBeT: 1.

6) 2log, » , (7 —m) =log, » ,(3-%).

OTBeT: 2.

HaifTh Bce 3HaY€HMs NMapaMeTpa a, MPH KOTOPBIX IS JIIOGLIX 3HAYe-

HMH napaMeTpa b HMeeT X0Ts Obl OJJHO pelliCHHE HEPABEHCTBO

log4%—Mg—a—_—ux2 — 49p? +21b—l|s

< 1og4%—wx2 +(14b—2)x +49b% —35b+3.

OTtBeT: a<l,}5.



§7. YPABHEHUSI U HEPABEHCTBA,
COAEP)ALLME 3HAK
ABCOJTIOTHOW BEJINYMHbDbI (MOAYIA)

Onpegenenne 1.
AGCOMOTHOH BEIMYHHON YHMCIA d, WIH €r0 MOJIYJIEM, Ha3bIBaeTCs Ca-
MO 4YHCJIO, €CJIH OHO HeOTpHL[aTCJILHOG, H €My IIPOTHBOIIOJIOXHOC, €CIIH
YHCJIO OTPHLATEIBHOE, TO €CTh
) lal =a,ectua>0,
|a| =-—qg,eciia<0.

IIpumep.
|7l =1 =7 113 =13; |o] =o0.

Onpenenenne 2.
Monyneum 4ucia g Ha3bIBAIOT PAacCTOAHHUE (B €MHUYHBIX OTPE3KAX) OT
HavaJla KOOpAMHAT [0 TOUkH A (a). )

Ipumep.

1) |5| = 5, Tak Kak To4ka B (§) yaaieHa oT Hayana oTcyeTa Ha AT €lH-
HHYHBIX OTPE3KOB. ‘

2) | 6| = 6, Tak kak Touka C (—6) ymajeHa oT Hayana oTc4yeTa Ha LIECTh
€IMHUYHBIX OTPE3KOB.

C B
s 01 5
CBoiicTBa MOAYJIA
) |al = |-l
2) lal’=d
3) |al 20
4) lal >a

5) lal 2-a
6) ful-]p|=lu-H

7 L=
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8) VrBepxkaeHHs, MO3BOSIOLINE EPEXOIUTH OT JII0OOTo HEPABEHCTBA K
PaBHOCHJIBHOMY YPABHEHHIO:

m<0©| |+1 0,

mSO<:>|m|+m=0,

m20©1m|—m=0,v

m>0& M -1=0.
m

[Ipu peurennu ypaBHeHMii (HepaBEeHCTB), COAEPXKALMX 3HAK MOIYJI,
crenyetT pa3OuTh oOnacTh ompeleneHHs ypaBHEHHs (HepaBEeHCTBa) Ha
MHOXECTBA, Ha KOKIOM M3 KOTOPBIX BBIPKEHHS, CTOSILHE IOJ 3HAKOM
MOJIyJIs, COXPaHSIOT 3HaK. Ha KaXk10M TakoM MHOXECTBE ypaBHEHHE (He-
PaBEHCTBO) HY)XHO 3amucath 0e3 3Haka MOIYJS U PElIMTh €ro Ha JTOM
MHOkecTBe. OObeIIHEHHE MHOXKECTB PEIIEHUH, HalICHHBIX Ha Bcex Yac-
X O/I3 ypaBHEHHMs (HEpaBEHCTBA), COCTaBIIIET MHOXKECTBO BCEX peule-
HHUH ypaBHEHHs (HEpaBEHCTBA).

Ipumep.

Peunts ypaBHeHue
| x | =x+x-3.
Pemenwue.

x20
VYpaBHEeHHE paBHOCHJIBHO COBOKYITHOCTH CHCTEM > HIIH
x=x"+x-3,
x<0,
—x=x2+x-3.
x>0, x20,
PemnM nepeyto cucremy § 2
x=x"+x-3, x° =3,
x>0,
x=+/3, x=4/3.
PetinmM BTOpYIO CHCTEMY
x<0
x<0, x<0, ’ 3
x= x=-3.
—x=x*+x-3, x*+2x-3=0, [ 7
x=-3,

OtBerT: —3;\/5.
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PaccMoTpuM ypaBHeHHUs (HepaBeHCTBa) BUa

|A @) +HAE| @)+ + [ (x)v g(x),
rre f,(x), f,(x),..., g(x) — nexoropere pyHxumm.

3Hak v — 3HaK CpaBHeHHUs (=, 2, <, >, <),

Ecnu nocnenoBaTenbHO pacKpbiBaTh MOIYJIH, TO HOJYYHTCS COBOKYII-
HOCTB GOJIBLIIOrO KONHYECTBA CUCTEM, pellieHHe Oyaer rpoMo3akim. Takue
YPaBHEHHs MPOILLE PELIaTh METOJOM HHTEpBAIOB. JUIA 3TOro HaXOAMM BCe
TOUKH, B KOTOPHIX XOTs Gbi ogna 3 Qymxumii fi(x), f5(x),..., f,(x)

MEHAET 3HaK. 3TH TOYKH JAENAT 00ONacTh ONpPEAENEHHUs ypaBHEHUs (Hepa-
BEHCTBA) HA INPOMEXYTKH, Ha KaXKIOM H3 KOTOpPHIX BCE (YHKUHH

fi(x), f2(x), ..., £,,(x) coxpansior 3Hak.

3areM, HCHONb3ys onpejeneH’e abCONMIOTHOH BEIHYHMHBI, NEPEXOAUM
OT YpaBHEHHS K COBOKYTIHOCTH CHCTEM, HE COAEPIKALIHX 3HAKOB MOMYJIA.

ITpumep 1.

Pewuts ypaBHeHHE |x— 1 | + Ix— 3 | =3,

Pemenue. '

OOnacTh onpeneieHHs JAHHOTO YPaBHEHHS — BCSI YHCJIOBAs IpsMasi.
MeTo0oM HHTEPBAJIOB HAXOOWM HMHTEPBATBl 3HAKOIOCTOAHCTBA BBIPaXKe-
HHit (x — 1), (x—3)

x=1<0 { x-1>0 {x-1>0

x-3<0 @ x~3<0®x—3>0 %

Takum 06p330M, HCXOMHOC YpaBHCHHE PaBHOCHJIBHO COBOKYITHOCTH
CHUCTEM!

i x<1’ _x<1’
_(x—l)—(x—3)=3, 2x=-1, x<l,

1<x<3, 1<x<3, X=% x=0,5,
(x—l)—(x—3)=3, 2=3, >3 x=3,5.
x23, {x23, {x_3:5,

I (x-D)+(x-3)=3, ||2x=7,

OTrBeT: 0,5;3,5.

IIpumep 2.

Pemmmts ypaBHeHHe |37x| + |x+2l - |x~4[ =3
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PemeHnue.

HalineM 3HayeHus x, IpH KOTOPHIX BHIPAXKEHHA, CTOALIHE MOJ] 3HAKOM
MOIYJIS, paBHBI HymO: X = —2; X = 3; x = 4. JTH TOYKH JeNAT 061acTh omn-
pedeneHHs YpaBHEHHS HA ITPOMEXYTKH, Ha KaXIOM M3 KOTODBIX BBIpaXKe-
HuA (3 — x), (x + 2), (x — 4) cOXpaHSIOT CBO#i 3HAK. 3aTEM, UCTIONB3YA Ol
peneneHne abcoMOTHOM BETHYHHBI, NEPEHAEM OT HCXOTHOIO YPaBHEHUS K
COBOKYITHOCTH CHCTEM, HE COACPXKAIIMX 3HAKOB MOMIYJs.

l/ + Il + I +
T

c+2) -7 " x
G-x) + + \, _ , .
-2 3N~ - x

ﬂ

1 4
T T

@€-4) =2 - 3 - /4 x
x<—2 {x<~2,
(3-x)—(x+2)+(x-4)=3 x=-6
—2<x<3 {—23x<3,

{(3 xX)+(x+2)+(x-4)=3 x=2 x=-6,
3<x<4 3<x<4, [x=2
+(x+2)+(x-4)=3 x=2%,

XZ“, x> 4,
| —(3—x)+(x+2)—(x—4)=3 x=0
OTrBeT: -6;2.

Iipumep 3.

Pemuts HepaBeHCTBO
|7-2x| < 13x=7] + |x+2].
Pemenue.

Toukn x =-2, x= 2%, x = 3,5 nensat 4UCIOBYIO ock (0bnacTs onpene-
NEHMst HEPAaBEHCTBA) HA WYETHIPE MPOMEXYTKA: X <—2; -2<x< 2%;
2% <x<3,5; x23,5. MerogoM HHTepBalOB ONpPEAEIUM HHTEPBAIBLI 3Ha-
KOTOCTOAHCTBA BhIpakeHHH (x + 2), 3x —7), (7 — 2x):
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7-2x>0 T7-2x>0 ) 7-2x>0 7-2x<0
3x—7<0 3x*7<0@3x7>0 ~\3x-7>0 x

x+2<0 x+2>0 x+2>0 x+2>0

Takum 06pa30M, HCXOIHOE HEPABEHCTBO PAaBHOCHJIBHO COBOKYIIHOCTH
CHUCTEM HEPABCHCTB:

x<—2

x<—2
7 2x<— (3x 7)-(x+2) x< -
—2<x<2— {2<x<2— x<-=2,
1
7-2x<~— 3x 7)+(x+2) Ox <2 —2<x<23, LR
%$x<35 {%Sx<35 21<x<35,
7-2x<(3x-7)+(x+2) x>2 x>3,5
x23,5, {x235
{ 7-2x)<(3x=7)+(x+2); Lx>-L
OrBet: (—o0;+).
IIpumep 4.
Penmuth HEpaBEHCTBO
|x—1|+rx+2l—|x—3f>4.

Pemenne.

Touku x = -2, x = 1, x = 3 menaT 4McnoByo ochk (0bnacTh onpeaene-
HMS ' HEPaBEHCTB2) Ha YETHIpE IPOMEXYTKA, HAa KOTOPBIX BBIPAKEHHA
(x— 1), (x + 2), (x— 3) coxpass10T CBOH 3HaK.

) S+ , +
x-1)- - /1 3 x

S+ + +
xt2) -4 1

Wt
=Y

: : A
«-3)-2 - 1 -3
Hcnone3ys ompeneneHre abCOMOTHOH BENMUYMHBL, NEpeiiieM OT Hc-

XOJHOTO HEPaBEHCTBA K COBOKYIIHOCTH CHCTEM, HE COIEpPXKalllMX 3HAK
MOJyJIA:

=V
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r)

n)

292

sx<&

r—’\—\r—"‘\f—"‘,—/\q

x<~2
x<-8

-2<x<1,

x>4,
1€x<3,
x>2
x23,
x>0

x< -8,
2<x<3,
x23.

3anaum AJs1 CAMOCTOATEILHOIO PCLICHHA

1. Pemure rpanﬂeﬂm:

|x—l| + x—Zl + |x—3| =
OTtBeT: 2.
|x—3| +2 ’x+1|=4.

OTrBeT: -Il.

|x|—2 |x+l| +3 |x+2l =
OTtBeT: -2

|7x 12| = | 7x—11] =1.

OTBerT: x<11

x| + [7-x| +2 |x=2] =4
OTtBeT: .

2. Penvte HepaBeHCTBa:
|x-2] + [x-3] + [2x-8] <9.
OtBeT: (1;5,5).

lx—1] = x|+ |2x+3] >2¢+ 4,

OrBetr: (—oo0;-L5).
lx—1]+x+2] - [x-3] >4
OtBer: (—o0;—8)U(2;+).
|x+2| + |x+11 + ‘x—4| ;9.
OTBeT: (—oo;—%:'ul2;+oo).
lx=1]+[2-x|>3+x
OtBeT: (—o0;0)U(6;+).



Hcnonb3oBaHHe HEKOTOPHIX PABHOCHJIbHbBIX
npeoOpa3oBaHUH
OCHOBHBIX HEPABEHCTB C MO1YyJIeM

[IpuBeneM TabaMily paBHOCHIBHBIX MPeoOpa3oBaHUil OCHOBHBIX HEpa-
BEHCTB C MOZAYJIEM H NIOKa)KEM NPUMEHECHHUE UX MPH PELICHHH HEPABEHCTB.

HepasencTBo lfl<g | |fl<g | |fl>g | |f]zg

PaBHOCHIIBHOE {

ng
-f<eg {—fﬁg, |:"f>g |:—f2g byHKLHH

eMynpeodpa- |\ ;0" | \f<g || f>g ||/f2g

30BaHHEC

IIpumeuanue.

JIro6oe ypaBHEHHE MIIM HEPaBEHCTBO OMpEAENAET MHOXKECTBO €ro0 pe-
weHuid. IlycTs maHB ABa HepaBEeHCTBA WM YpaBHEHHsA, MO0 U TO, U JApY-
roe. M| 1 M, — MHO)XeCTBa UX peLICHUH.

Pemnth cucTEMy — 3HAYMT HAMTH BCE OOILME 3JIEMEHTH MHOXECTB
M u M,, TO ecTh HalTH TIepeceueHue MHOXKECTB M| u M,.

PeluTh COBOKYNHOCTh — 3HAYMT HAWTH BCE BJIEMEHTHI, IIPUHAJJIE-

Jkallne XoTs OBl OIHOMY U3 MHOXECTB M| u M,, TO eCTh HalTH 00BEaHHE-
HHE MHOXECTB M| H M.

Ilpumep 1.
HaiiTu penleHne cHCTEMBI

x>-2, x<4, ’ x>3,
3) {xSS; 6) {xsl; B) {x<0.

Pemenue.
___.LZMLZZLZZL_ZZZMZZ,

2) {x >-2, _ -2 x

x<5 ‘
p————
. 5 X

OrseT: (-2; 5]

5) {x <4, 4 X
x<l UL .
X

1
Otsetr: (-1
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JLULLULLLL

SRR i P
x
LULLLLLLY .
0 X
O TBeT: peuleHHH HeT.
IMpumep 2.
Haiinure penieHre COBOKYITHOCTH
x>=2, x<4, x>3,
2) [xSS; 6) [xsl; B) i:x<0.
Pemenmue.
— NIl
x>=2, -2 x
2) [x <5
W2770777700T 1777 ITT70777T NN
5 pe
OtBeT: (—o0;+0).
V77777077 0T1177T17077777 S
6) {x <4, 4 7
x=<l L, -
1 b%
Otser: (—o0;4).
: SLUULLLIIL
X
5) {x >3, 3
x<0 LULILLLLLLL, -
0 x

OtBer: (—o0;0)u(3;+).

IIpumep 3.

2
Pewrute HepaBeHCTBO | —x -~ 8| <x.
Pewenmne.

‘f(x)| <g(x)e {}J(F)E;lsgifi), o3TOMYy

-x2+x+8Sx, xZ—SZO,
2 x?-2x-8<0,

x“—x—-8<x,
{(x—2\/§)(x+ 2\/5)20,
(x——4)(x+ 2)50,
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Ly L,
-2V2 22 x
JLLLLLLALLLLLLL *
2 4

+

=y

OTBerT: [2«/5;4].

ITpumep 4.

PeniuTs HepaBEeHCTBO 3%’ — lx -3 , >9x -2,

Pemenwue.

HpuﬁeneM HEPaBEHCTBO K BHIY |x -3 l < 3x* — 9x + 2 ¥ 3aMEHHM €ro
-f<q,
f<aq

PaBHOCHJIBHOH €My CHCTEMOI, Tak KaK HEPABEHCTBO | f |< g &

~x+3<3x?-9x+2, |3x*-8x-1>0,
x—3<3x’-9x+2, 3x% —10x+5>0,

J — !{//7}/////////5
4-\19  4+\19 x
3 3
+ - +

5-J10  5+410 x
3 3

OTBeT: (—oo; 4_3‘/EJU[4+;/E;+00].

Hpumep 5.

PemnTh HepaBeHCTRO X — Tx + 12 < lx-4].

Pemenue.

HepaBeHCTBO HMeET BUJ | f (x)| > g(x) M PaBHOCH/IBHO COBOKYITHOCTH

—x+4>x-7x+12, |x?-6x+8<0,

x—4>x*-Tx+12, x? -8x+16<0.
[MockonbKy BTOpOE HEPaBEHCTBO COBOKYITHOCTH pemenﬁﬁ HE HMEET, a
X —6x+8= (x — 2) (x — 4), TO MHOXECTBO PEILEHHH COBOKYTTHOCTH H

HCXOIHOTO HEPABEHCTBA €CTh HHTEpBaL (2; 4).
OtBet: (2;4)
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[Ipumep 6.

Penite HepaBeHCTBO

3x—1]+227.

Pemenwue.

JlaHHO€ HEpaBEHCTBO MO>KHO IIEpEIIUCATh B BHJE | 3x-3 | >7 - xz, H

CJIeJ0BaTeNbHO, OHO PABHOCHJIIBHO COBOKYITHOCTH HEPaBEHCTB

—3x+327-x%, x* -3x-420,
3x-3>7-x7, x* +3x-1020.

HOCKOJ‘Ibex2 —3x—-4=(x+1)(x-4), ax’+3x-10=(x+5) (x-2),
TO PEILECHHE MMOJIYYEHHOM COBOKYIHOCTH, a CJICJOBATENBHO, U HCXOIHOTO
HEpaBEeHCTBA  COCTOHT W3  OObEAHWHEHHMA  OBYX  MPOMEXYTKOB
(oo;—l]u[2; +oo). A

OtBet: (—0;—-1]U[2 +®).

IIpumep 7.
Peunte HepaBeHCTBO |3x - |x - 4” <2.

Pemenwue.

Tak Kak | f (x)l <g(x)e {}{i;)gsggix,)’ TO MCXOJHOE HEPABEHCTBO
PaBHOCHJIBHO CHCTEME
{—3x+|x—4|$2, {]x—4]$3x+2,
3x—|x—4|<2; Ir—4{23x-2.

IlepBoe HepaBeHCTBO B CHCTEME OTHOCHTEIBHO |x - 4‘ HMeEeT BH]L
If(x)l < g(x), a BTopoe nmeer BUx |f(x)| > g(x).
IpumeHss paBHOCHIBHBIE IPEOOPa30BaHUS, IOTyIHM:
1

—x+4<3x+2,  |4x22, X2,

x—4<3x+2, 2x 2> -6, x=-3,

—x+42>23x-2 4x<6 x<1,5
2x<-2, x<-1.

x—-42>23x-2,
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Otsert: [0,51,5]

Ipumep 8.
PemnTrs HepaBEeHCTBO |3x+5] + |2x—1] <11.
PemeHnne.
ITepenumiem HepaBeHCTBO B BULIE
|3x+5] <11-[2x-1].
-/ (x)<g(x),
Tak kak [f(x)|<g(x)< TO MCXOJHOE HEpaBEHCTBO
ol<sts {0 p
-3x-5<11-|2x~1],

aBHOCHJIBHO CHCTEMC [lepenumem II0CJIEAHIOIO
P {3x+5<11—|2x—1|. P

CHCTEMY B BHIEC

|2x—1]<3x+16, W TOpPUMEHHAM pPAaBHOCHIIBHEIE Npeobpa3oBaHUs
|2x—1|<6—3x P P pecop ’

—2x+1<3x+16, 5x>-15,
B pesy/IbTaTe nOMySHM: 2x—-1<3x+16, x>-17,
P TYHHM: -2x+1<6-3x, x<35,
2x-1<6-3x, S5x<7.
Ammmmmwz,
e} X
LLULLLLLALLI LA /////////////////;
-17 *
LU L Y >
5 X
Y7700707002: 70707771 -
1,4 *

OtBeT: (-3;1,4).
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.3ama4H AJA CAaMOCTOATEILHOIO PEILICHHA

1. Pemuts HepaBeHCTBA:
a) ’x2—6x+8‘s4—x.
Orser: [L;3]u{4}.
6) | -2x-3<3x-3.
OTrBeT: (2;5).
B) [3x+2|-7x<x?+4.
Orser: (%;—S—M)u[ﬁ—2;+w).
r) |x-6=x*-5x+9.
OrseT: [1;3]
1) [2x? -9x+15>20.

: 1 .
OTBeT: (—w,—z]u[5,+oo).

2. Peninth HepaBeHCTBA:
a) |2x —|x— 2” <3.

1.5
OT R D SR
BET [ 3 }

6) |5-x|<[2-x+]2x-7].
OtrBeT: (—0;2)U(3,5+m).
B) lx—2|>2+x—-'3—x|.‘
OrBer: (—o0;1)U(7;+x).
r) ||x|—1|<1—x.
Orset: (—0;0).
) ||x—1|—5|$2.
OtrBeT: [-6;-2]V[4;8].
PaccMOTpPHUM HECKOIBKO NPHMEPOB 33134 ¢ MOAYJIEM H NAPAMETPOM,

PEILICHHE KOTOPBIX YINPOLIAETCS C HCIOJIb30BaHHEM PaBHOCHIIBHOCTEH,
PacCMOTPEHHBIX BHILLIE.
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Ilpumep 1.

TIpH KaKMX 3HAYEHHSX TAPAMETPA d HEPAaBEHCTBO X  — lx - a| -
— |x=1] +3 = 0 Bomonnsercs TIIPH BCEX 3HAUYEHUAX X7

Pemwenwue.

[epenuieM HepaBEHCTBO B BHAE lx—1] <x* - |x-al +3.0no
HMEET BHA | f (x)l < g(x). Bocnonb3yemcsi paBHOCHIIBHBIM IEPEXOLOM

-f(x)<g(x),
f(x)<g(x).

[Tomyunm cHcTeMY, paBHOCHJIbHYIO HCXOTHOMY HEPAaBEHCTBY:

™

—x+1<x* —|x—a|+3,
x—1<x? —|x—a|+3. ‘
|x—a]$x2+x+2,
IMepenumem NoCNEAHIO CHCTEMY B BUAE )
Ix—aISx -x+4.

Bocrons30BaBIIMCh PaBHOCKIBHBIM NIEPEXOTOM (*) elle pas, nomy-

YHM
—x+a<x’+x+2, x2+2x+(2—a)20,
x—as<x®+x+2, x*+(2+a)20,
—x+a5x2—x+4, x2+(4—a)20,
x—anz—x+4; x2—2x+(4+a)20.

BrinonHeHue s BCeX X MCXOZHOTO HEpAaBCHCTBA PAaBHOCHJIIBHO BBI-
TMOJHEHHIO AJ1 BCEX X BCEX HEPABCHCTB MOCIe/IHEH CHCTEMBI. A 3TO paB-
HOCHWJIBPHO TOMY, YTO AHCKDHMHHAHTBI BCE€X YCTBIPEX KBAaAPATHBIX TPEX-
YICHOB HCMOJOXHTC/IBHEI!

D, <0, 4-4(2-a)<0,
D, <0, e —4(2+a)<0,
D, <0, -4(4-a)<0,
D, <0, 4-4(4+a)<0.

PewuB 31y cucteMy, noiyuum -2 <a < 1.
OrBeT: 2<axl,

Hpumep 2.
Harnure Bce 3HaueHHMA napaMeTpa g, I KOTOPbIX HaHMEHbIIee 3Ha-
v
yeHue QyHKIHH
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y=x2+ lx»al + |x—1| Gonbie 2.
Pemenwue.

IMo yCIIOBHIO 3a1a4H I BCEX X NOMKHO BBIIOTHATHCS HEPABEHCTBO
x2+|x-—a|+|x—1|>2. (**)
OtHocuTenbHO 060MX MOAyNeH MociefHee HEpPaBEeHCTBO MMEET BHI
lf(x)| > g(x).
Bocnonb3yeMcst paBHOCHABHBIM TEPEXQIOM
-f(x)>g(x),
|f(x)| >g(x)e {f(x) > g(x).
HepaseHcTBO | x—a | >2—x'— | x-1 l PaBHOCHJILHO COBOKYITHOCTH
—x+a>2-x* —|x—1|<:> [Jc—1|>—x2 +x+2-a,

x—a>2—x2—|x—l| ]x—l|>—x2—x+2+a
—x+1>-x+x+2-a, x2—2x+(a-1)>0,
x-1>-x*+x+2-a, x2+(a—3)>0,
—x+1>-x’—x+2+a, xz—(1+a)>0,
x-1>-x*-x+2+a x2+2x—(3+a)>0.

HCpaBeHCTBO (* "‘) JOJDKHO BBINIOJIHATBCA [JIA BCEX X. 310 PpaBHO-

CHJIBHO TOMY, YTO [JiA BCCX X BBIMOJHACTCA XOTA Obl OIHO KBaJIpaTHOC HE-
PaBEHCTBO NOCIEIHEH COBOKYIHOCTH. TO €cTh XOTA OBl ONIHH U3 YeThIpEX
JUCKPHMHHAHTOB OTPHUIIATEIbHBIH.
D <0, [4-4(a-1)<0, T2_g4<o,
D, <0, -4(a-3)<0, a-3>0,
= =

D, <0, 4(1+a)<0, a+1<0,
D, <0, 4+4(3+a)<0 a+4<0

LIy

2 a

JUIL

3 a

N -

-1 a

777 -

-4 a

OTtBert: Bee ae(—o; —1)U(2; +).
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Hpumep 3.

Haiinute Bce 3HaYeHHs nmapaMerTpa p, IIPH KaKIOM U3 KOTOPBIX YHCIIO
UENIOYHCIIEHHBIX pelIeHHH HepaBeHCTBa 4 x* =20 x-1D+3- | 4x - )4 | -
— p < 0 MaKCHMaJIBHO.

Pemenue.

ITepenuuieM HEPaBEHCTBO B BHAE [12x - 3p| <4xX+20x-1)+p
Y 3aMEHHM €ro paBHOCHILHOH CHCTEMOH.

—12x+3p<—4x? +20(x—1)+p, -
12x-3p < —4x* +20(x~1)+ p,

4x* -32x+2p+20<0, p<-2x* +16x-10,
4x* -8x-4p+20<0, p2x2~2x+5

& x* -2x+5< p<-2x* +16x-10. (**%)

Yro6BI MapaMeTp p CyLIECTBOBAJ, JODKHO BHIIOJIHATHCA HEPABEHCTBO

x? = 2x+5<-2x% +16x-10,

3x? -18x+15<0,

1<x<S5.

TaxuM 0Gpa3oM, pEIICHHAMH HCXONHOrO HEpaBEHCTBA XOTH Obl NPH
OHOM 3Ha4yeHHH napameTpa MoryT ObiTh Bce x K3 orpeska [1; 5]. Caeno-
BaTeNbHO, LEJOYHCICHHBIMH PEIllEHHSIMH HCXOJHOTO HEpaBEHCTBAa MOTYT
OnITh TONBKO uMcna 1, 2, 3, 4, 5 u3 orpeska [1; 5]. ITooyepenno noncraBum
BbIOPaHHbIE LieJIble YHCIIA B IBOHHOE HEPABEHCTBO (***) .

TTomryunm

x=1npud <p<4,

x=2mpu5<p<14,

x=3npu8<p<20,

x=4npu 13<p<22,

x=5npu20<p<20.

x=1 >
4 p

x=2 .I//////////é >
5 14 p

x=3 LLLLLLLLLLLL L >
8 20 p
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x=4 UL
13 22

Sy

20 p

Buaverns | b |s [@w| 8 [ | o anm| 14 0
napameTpa p }
1lenounc-
neHHbIC — 1] = J2| 2 |23 u3

pelleHuUst

(20; 22
22) +ax)

234 34 |75 4 | 4| —

KonuvectBo
LenoYmc-
eHHBIX
peleHH#

Ou€eBHAHO, YTO MaKCUMAJIBHOE KOJMYECTBO LIETOYHCIECHHBIX PEICHHH
PaBHO TPeM H 3To pocturaercs npH 13 < p < 14 wm p = 20.
OtrBeT: 13<p<14;p=20.

3ajgauu 1Jist CaMOCTONATEIbHOIO pelICHAsA

1. [lns Bcex a pemMTh HEPAaBEHCTBO |x —3a | - lx + al <2a.
OTBeT: npua<0x<2a, npu a = 0 pewieHu# Het; npu a > 0
x>0.
2. [1ns Bcex g peuIHTh HEPABEHCTBO |x -a I —-2a> lx -3a | .
OTrBeT: npua<0x<a;npua> 0 peleHHit HET.
3. lns Bcex a pelIuTh HEPABEHCTBO Ix +2a | + |x —-a | < 3x.
OTreeT: npua<0x>—anmpua>20x>a.
4. HaiiTu Bce 3HayeHHA MapaMeTpa g, IPH KOTOPbIX HAUMEHBILEE 3HAYE-

HHe QYHKIMU y :2|x—l|+|x+3|—2‘x—a2 —a| Gonbuie 1.

OrBerT: _l_\/g<a<_l+\/§.
2 2
5. na mo6oro 3HaueHHs MapaMeTpa p peliuTh HEPABEHCTBO
|2x+21p|-2-|2x - 21p| < x-21p.

Oreet: mpn p < 0 xe(-w;42p)u(6p;+®); npu p = 0

x €(—00;0)U(0;+00); npup >0 x e (—o0; 0)U(28p; + ).

302



Hcnoab3oBadue CeNHAIbBHBIX CXeM PABHOCHJILHOCTH

Cymma monyJiei

HHorga ypaBHEHHME C MOIYISAMH MOXHO peuIMTh ObICTpee, eciH
yIacTCs MCIONb30BaTh NPAaBUIIO: CyMMa MolyJeil paBHa ajrebpauue-
CKOH CyMMe MOAMOAYJLHBIX BEJMYHH TOrA M TOJLKO TOrAa, KOrAa
KaxIas BeJHYHHA HMeeT TOT 3HaK, C KOTOPbIM OHa BXOJHT B ajire6-
PaHYeCcKy10 CyMMy.

Ipumep 1.
Pewmnte ypaBHeHHe

| =3|+[x* - 7x+12]-7x +15=0.

Pemenne.

Brigenum cymmy Moayneit:

|2 = 3|+ [#* - 7x+12| = 7x-15.

BrIsAsCHUM, MOXHO Jiu 7x — 15 mpencraBuTh B BHjE anrebpanyeckoi

CYMMBEI MOAMOIYJBHBIX BETHYHH. :
Tak kak 7x — 15 = (x2 -3)- (x2 — 7x + 12), To HCXOIHOE YpaBHEHHE

x*-3>0, o (x—\/g)(x+\/§)20,

PaBHOCHJIbHO CHCTEME {
x*=7x+12<0 (x-3)(x-4)<0

///I//TI‘///& _ i //;'/-/I/ /////////////=
-3 NE) x

* b o,

3 4 X

OTBeT: 3<x<4

ITpumep 2.

Pewnts ypaBHeHHE |x2 —4l+|9—x2'=5.
Pemenwue.

Tak kak (x2 -4)+ (9 - xz) =5, TO HCXOIHOE YpaBHEHHE PaBHOCHJILHO
cUcTeMe

{x2—4zo,@{(x-2)(x+2)zo,

9-x2>0; (3-x)(3+x)=20
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+ i - J{ +
ya7i //////v Y/////// //I/////é
2 2 x
LN LA L >
-3 3 *

OTteeT: [-3;2]VU[2;3].

IIpumep 3.
Pewnts ypaBHeHue
[2x— 1+ |2x+ 1|+ [2x = 2| +|2x + 2| +... +[2x —100] + |2x + 100| = 400x.
PewmeHnue. -
Tak kak (2x— 1) + (2x + 1) + ... + (2x — 100) + (2x + 100) = 400x, TO
- 2x-120
2x+120

HCXOJHOE YPaBHEHHE PaBHOCHIIBHO cHcTeme 77 <> x250.

2x-1002>0
2x+1002=0.

OtrBeT: x2>50.

Chopmyanpyem eine 01HO CBOHCTBO CYMMBI MOAYJIEH.

CyMMma MonyJiell paBHa MOAYJII0 ajire6panieckoil CyMMBI MOIMO-
AyJbLHBIX BEIHYHH TOTAA H TOJBKO TOraa, KOria OOHOBPEMEHHO Bce
BeJIHYHHbI HMEKWT TOT 3HAK, ¢ KOTOPbIM OHH BXOIAT B ajrebpanve-
CKYI0 CyMMY, 1160 OJHOBpPEMEHHO BCe BeJIHYHHbI HMEIOT NPOTHBONO-
JIOKHbIH 3HAK.

a =0, a <0,
Hanpumep, |a|+|a,|+|as| =|a) —a, + a3] < Ja, <0, wm {a, 20,
a; 20 a; <0.

Hpumep 1.

Pewuts ypaBHeHue 2|x - 5| + |4 - x| - |2x - ]| + 5|x - 3| =0.

Pemenue.

BheceM koa¢p¢HUHeHTHI 2 H 5 [IOA 3HaK MOAYJIA H BBLICIHM CYMMY
Monyneu:

|2x = 10[+]4 — x|+ |5x 15| =|2x - 1|.

HaiineM KOMOHHALMIO 3HaKOB MOAMOAYNBHBIX BhIpaxkeHHH (2x —10),

(4 — x), (5x — 15), npu KoTOpO#t anrebpauyeckas CyMMa STHX BbIpaXKEHHH
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PaBHA TO/IMOZY/ILHOMY .BHIDAKEHHIO IPaBOH YacTH YPaBHEHHS, TO €CTh
2x—1.

B /1aHHOM TIPHMEPE 3TO Mpoille OGHAPYKHUTH 10 KOHCTAHTaM:

~(-10) + 4+ (-15) =1

Urak, (2x - 10) + (4 —x) + (5x - 15)=2x— 1.

To ecTb ypaBHeHHe HMeeT BUL || +|a, | +|as| =|-a, + a, + ay|.

JlaHHOe ypaBHEHHE PaBHOCHJILHO COBOKYTTHOCTH ABYX CHCTEM M0 Ipa-
BUJTY, IPUBEJIEHHOMY BBIILIE.

2x-10<0, 2x-1020,
MoayuynMm 14—-x20, wum{4-x<0,
5x-1520 Sx-15<0,
x<5, x5,
OTKyJa < x<4, unu {x>4, to ectb 3 <x <4,
x23 x<3,

OrBeT: 3<x<4

IIpumep 2.

Pewuth ypaBHeHHE |3x— 15| + |4—x| + IZx—6l = ]4x— 17|.
PemeHue. ‘

Tak kak (3x — 15) + (4 —x) + (2x— 6) = 4x — 17, TO ypaBHEHHE UMEET BUI
|a|+|a,|+|as| =|a; + a, + a;| u ucxonHoe yparHenne paBHOCHIBHO CO-

3x-1520, 3x-15<0,
BOKYITHOCTH ABYX cHCTeM: <4 —x2>0, wumu {4-x<0,
2x-62>0 2x-6<0,
x5, x<5, .
OTKyda X <4, HJH { X 24, TO €CTh PCILICHUH HET.
x23 x<3,

O TBeT: pelieHHH HET.
B HEKOTOpBIX CITydasix YIpOWIAIOT PEIEHHE YpaBHEHHH C MOayJieM
CIIEIYFOLIME YTBEPKICHHS.
1. PaBencrBO la + |b | = g + b nMeeT MeCTO TOrAa H TOJbLKO TOTa,
xkorjaa>0mnb>0.
2. PasencrBo |a+b|=|q| +|b| HMmeer mecTo Toraa M ToibKe TOrAa,

koraa ab > 0.
3. | a| + | bl = a — b HMeeT MecTO TOIAa H TOJIbLKO TOrAa, koraa g > 0
nb<0.
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Ipumep 1.

Pemuts ypaBHEeHHE lx—1 |+ {x-3] =2x—4.

Pemenue.

Tak kax |a| + |b| =a+ b, To 3aMenm nexoatoe YpaBHEHHE paBHO-

. . |x—-120,

CHUIbHOH €My CHCTEMOH | 4 o TNomyunm x 2 3.

OTrBeT: x23.

Ipamep 2.

X2
Peurmrs ypasuenue |+ |x|=
fd
Pemenne.
4x 4x+x’ —4x _ x°
INockomns, +x= = TO HCXOIHOE YpaBHEHHE
Y X3 x—4 x—-4’ M
I 4x | 4x
MOXeT OBITh IIEPEMUCAHO B BUJIE - + |x| 77
4x
JlaHHOe ypaBHEHHE DaBHOCHIBHO HEPABEHCTBY Y4 % 20, To ecTh
2
X _>0.
x-4
- - +
. QLU

OtBeT: (4+x)uU{0}.

Ilpumep 3.

Pemutep ypaBHeHue lx—3||x—1|+lx—4”x—5|—5x+17=0.

PemeHnue.

IpHBeneM ypaBHEHHE K BUITY

l(x—3)(x—1)1+‘(x—4)(x—5)|=5x—17,

[x? —4x+3+[x? - 9x+ 20 = 5x-17.

Tak Kkak (O — 4x + 3) — (& — 9x + 20) = Sx — 17, To ypaBHeHHe AMeeT BUJL

2

lal + | 5] = g — b ¥ paBHOCHJIBHO CHCTEME {x2—4x+320,

x“=9x+20<0
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1)

+ +
Ll 7777771 ////////1;
1 3 x
+ - +
779717}
4 5

x
OTrBeT: 4<x<5.

IoxkaxeM HCIIOJIb30BaAHHE
ellle OIHOH PaBHOCH/ILHOCTH

la|v |b| & a® v b* <> (a-b)(a+b)v 0.

IIpumep 4.

(=3l 1) (2x-8-fx+2) _,
-2

Pemute HEPABEHCTBO

Pemenue. ,
HcxonHoe HEPaBEHCTBO PaBHOCHIIBHO HEPABEHCTBY

(= 5F =be =1 ) J2x -8 =[x +2f')

8——x2- x—22
[8-x]

2
Tak xak |a| = az , TO HCPAaBCHCTBO IMPUMET BHJ

((x=5)" -~ (x=1)°)((22-8)" - (x+2)")

5 5 <0.
(8- -(x-2)

PackiaapiBasi Ha MHOYKHTEIIH BCE Pa3HOCTH KBaApaToB, HMEEC!

—4(2x - 6)(x -10)(3x-6)
6-(10-2x)
PelvM METOIOM MHTEPBAIOB MIOCIENHEE HEPABEHCTBO.
+ - + - +

— A, ML
2 3 5 10 X

OtrBeT: (2;3)V(5;10).

<0.

3ajgauu AJIs1 CAMOCTOATEIBHOTO pelIeHHA

Peluts ypaBHEHUS:
lx2+4x+1| +>|x2—3x+2| =Tx-1.
OrBeT: 1<x<2.



2) [P+2a-3]+|8-x-2x| =5.
OtrBet: [4-3]U[l;2]

3) [2-1]+[P2-5x+6] -5x+7=0.
OTtBer: 2<x<3.

4) 2 |x-4l+313-x|-|1+2¢| +5|x-2] =0.
OTBeT: 3.

5) lex—12] +[3-2¢| + [4x—4| = |8x—13].
OTBeT: pelieHHH HeT.

6) |3x+5|+|3x+3] =6x+8.
OrBeT: x2-1.

4x+4'
3

X -

22 +2x+1
=N

Oreer: (3;+o)u{-1}.
8) lx+2|-lx+4]+|x+1]|x| —5x-8=0.
OtrBeT: -1<x<0.

(|x2 —4}-—5)-(\x+5|'—8)
(=31~ =1])- |

Ormer: (—oo;—13)U(-3;0)u(0;2).

)

+x+1]=

9) >0.

HAcnoan3oBanue FeOMETPHYECKOI'0 CMBICJIA MOAY.JIAA

HamoMHuM, 9TO MOIyleM YHClIa @ HAa3BIBAIOT PAaCCTOAHHE (B €IHHHY-
HBIX OTpe3Kax) OT Hayayia KOOpJHHAT A0 To4kH 4 (a).

OTOMy YTBEPXIEHHIO PAaBHOCHIBHO YTBEPXKIECHHE, UTO la - ] —
paccTosiHue Mexay Toukamu 4 (a) u B (b).

Cymma |x - a| + ‘x - bl — CYMMa pacCTOsSHHH OT To4kd X (x) 10
Touek 4 (a) u B (b) Ha ynciioBOH npsiMoit Ox. JTa cyMMa He MOXeT ObITh
MEHBIIE pPacCTOSHUA Mexny ToukaMd A (@) . B (b), TOo ectb
|x—a|+|x—b|2|a-b|.

Ecmm |x—a|+|x—b|=|a—b|, To x — n106as Touka otpeska [a; b] wn
[b; — al.

U ecnu oTpe30K He BHIPOXKIEH B TOUKY, TO €CTh @ # b, TO TAKHX TOYEK X
6eCKOHEYHO MHOTO.
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Ecnun |x—a]+|x—b\>\a*b

, TO CYLIECCTBYIOT POBHO ABE€ pPa3H4HBIC

TOYKHM BHE OTpe3Ka, CHMMETPHYHO PACIIONOKEHHBIE OTHOCHTENIBHO Cepe-
IUHBI oTpe3Ka [a; b] wm [b; al.

Hrak, peniMTh ypaBHEHHE |x —a| = c(c > 0) — 3HaYMT HalWTH BCE TOY-
KH Ha YMCIIOBOM MpsaMoi Ox, KOTOpHIE OTCTOAT OT TOUKH C KOOPAHHATOH a
Ha paccTosiHHe ¢. Takux TOYeK JBe: TOUKA C KOOPAMHATOH (¢ + a) ¥ Touka
¢ KOOpAHHATOH (a — ¢).

ITpumep 1.
Peuwruts ypaBHeHHE |x-4]|=5.
5 5
-1 4 9 X
OrBer: 9;-1.
IIpumep 2.
Peumnts ypaBHeHHE |x -5 l + |x -6 ‘ = 18 — 3HAYHT HAHTH BCE Ta-

KHe TOYKH Ha YHCIOBOH npsMo Ox, A1s KaXIOH U3 KOTOPhIX CyMMa pac-
CTOSHHIl OT Hee 10 TOYEK ¢ KOOpAMHaTaMK 5 1 6 paBHa 18.

Tak kak |x—5| + |x—6l > |6 -5 | , TO CyIIIECTBYET POBHO JIBE pa3-
JIMYHBIE TOUKH BHE OTPE3Ka, CHMMETPHUYHO PaCIONIOKEHHBIE OTHOCHTEIb-
HO cepeJTMHbI 0Tpe3Ka [5; 6], KoOpIHHATHI KOTOPBIX SBISIOTCS PEIICHUAMU
HCXOIHOTO ypaBHeHHA. D10 x =35 u x = 14,5,

OrBerT: -3,5;145. ‘

Pewuts ypaBHeHHe lx—ai - Ix—b] =c(@>0,b>0,c>0)— 3Ha-
YUT HAWTH Ha YHCIOBOH mpsMoH Ox BCE TAKHE TOYKH, I KOKAOH M3 KO-
TOPbIX Pa3HOCTh PACCTOSIHHS OT Hee IO TOYKH C KOOpAMHATOH a M pac-
CTOSIHHA OT Hee 0 TOYKH C KOOpAMHATO#H b paBHa c.

ITpumep 1.

Peiints ypasHenune Ix—2] - |x-5]=3.

PemeHnmune.

Ha yncnoBoii npsiMoit Ox Hy»XHO HalTH BCE TaKUE TOYKH, AJs KaxIOH
M3 KOTOPBIX Pa3sHOCTb PacCTOSHUN OT HEe 10 TOYKH C KOOpAUHATOH (2) H
PaccTOAHHSA OT Hee 0 TOYKH C KOOPAHHATOH (5) paliHa 3. Tak kak AnMHA
otpeska [2; 5] paBHa 3, To siCHO, uTO M0Oas TOUKA ¢ KOOPAMHATOH X 2 S
YIOBJIETBOPSET, a JI00ass TOYKa ¢ KOOPAMHATOH X < 5 HE YIOBJIETBOpAET
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eMy. TakuM 06pa3oMm, pellleHHeM HCXOOHOTO YPABHEHHS SBIISETCA MHOXeE-
CTBO BCEX YHCEN U3 IPOMEXYTKA [5; +00).

OrBerT: [5;+oo).

Ipumep 2.

Hna mo6oro 3HaueHHs MapaMeTpa a PEUIHTh HEPABEHCTBO

lx—azl <5- |4a—x—9|.

Pemenue.

IIpuBenem HepaBEHCTBO K BHIY |x —a| + |x- (4a-9) | <5.

Takum o6pa3oM, Ha yuci0BOM mpsAaMoi Ox TpeOyeTcs HAMTH TOYKH X,
CYMMa pacCTOSIHUI OT KOTOPbIX A0 ABYX JaHHBIX TOYEK ¢ KOOPAMHATAMM
a’ u (4a — 9) ne Gonbwe 5. Haiimem PAcCTOAHHME MEXIY TOUKAMH a° H
(4a-9):

| ~(4a-9)|=|a* —4a+9|=|@-2) +5|=(a-2)" +525.

Tak kak cymMMa paccTosHHI 10 OBYX TOYEK HE MOXeET ObITh MEHBILE
PacCTOAHUS MEXIY ITUMU TOUKAMH, TO IIPH @ # 2 PELIEHHUH HeT.

Ecnu a = 2, To HCXO[HOE HEPaBEHCTBO MEPEXONHT B PaBEHCTBO, pelie-
HHAMH KOTOPOI'O SIBJIIOTCA BCE 3HAYEHHS X M3 IPOMEXYTKa [4a — 9; a°] =
=[-1;4].

OTBeT: MNpH a+#2 peUlcHHH HET;

mpua=2 -1<x<4,

IIpumep 3.

Pewnts ypaBHeHue ]xl + |x + 2| =2.

Pemenue.

lx| + |x+2] — CyMMa pacCTOSHHUH OT TOUKH C KOOPAHHATOH (X) Ha
4YHCI0BOH NpaMoi Ox 10 Touek ¢ koopauHatamu (0) u (=2).

Tax |xr +lx+2] = 2, T0 ecTb cyMma paccTtossHu# oT Touek (0) u
(-2) paBHa anuHe otpeska [-2; 0], To x — nr06as TouKa JAHHOrO OTpe3Ka,
TO ecTh —2 < x L 0.

OrBeT: 2<x<0.

IMpumep 4.
HccnenoBats k0aHYECTBO pelieHHH ypaBHEHHA B 3aBHCHMOCTH OT Ma-

pamerpa a.
|x—a| + |4a2—x| =3-a.
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Pemwenune..

JleBas yacTh ypaBHEHHSA |x —-a l + |x —4q | — CyMMa pacCTOAHHH OT
TOYKH ¢ KOOPIHHATOH (X) IO TOUEK C KOOpPAHHATaMH (a) (4a2) Ha YHCIO-
BO# npamoii Ox.

Paccmorpum 1-# cimyyaii, xoraa cyMMa pacCTOSHHA paBHa IJIMHE OT-
pe3Ka, TO €CTb HCXOAHOE YPaBHEHHE HMEET GECKOHEYHO MHOTO PELUCHHIA.
HckoMmble 3HaueHHS apaMeTpa HaliieM H3 CHCTEMBI

a<3, a<3, _ NE)
3-a>0, 5 5 )
2 &<lda“—a=3-a,< | 4a° =3, =
a-4a°|=3-a ) ) _
a-4a“=3-a 4a°~2a+3=0 a=———

2-# cydad. Ecin cyMMa paccTosHuM# MeHblIe IUIMHBI OTPe3Ka, TO €CTh
3—-a< |a —4a* )

TO ypaBHEHHE He GyaeT HMeTh PeLUCHHI.

Haiinem cooTBeTcTBYyIOLIME 3HAYCHNA .
2

4a°-a>3-a

|a—-4a2'>3—a® ) ’
a-4a°>3-a

4a* > 3, \/5 ﬁ

~a<——— WUIH a > .
4a* -2a+3<0 2 2 )

3-# cnoydail. Ecnu cymMa paccrosiHuii Gonbllie [UTHHBEI OTpE3Ka, T.e.

3-a> |a -44%|, 0 ypaBHEHHE OyIeT HMETh [Ba PEILICHHS.

HatligeM 3Ha4eHMs napameTpa, COOTBETCTBYIOLME 3TOMY CIIyYal0.
2

4a“ -a<3-a

la—4a2|<3—a<:> ) ’

a—-4a°<3-a

4a’ < 3, NE) ﬁ

——<a<-—
4a2—2a+3>0 2 27

3

OTrBeT: mpH a =iT YPaBHEHHE HMeeT GECKOHEYIHO MHOTO pe-

B,

IEHHUH; NpH T3 <@<-5" YpaBHCHMC HMCCT /Ba PEWICHWS;, Mpu

3 V3

a<-— 3 HIH a > T YPaBHCHHC HC HMCET pemeHHﬁ.
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1)

2)

3)

4)

312

3agauu AJIsl CAMOCTOATEILHOTO PELICHHSA

Pemnth HepaBeHCTBO ’x— 1| + lx+2| <3.
OrtBer: 2<x<1.

3
|5x+1|+|2-3x|> 2.
OrBerT: (—oo; —l)u(—l; +oo).
5 5
I3x+2| + [2-3] <11.
OtrBeT: 2<x<24.
TMpy KaKMX 3HAYEHHAX TAPAMETPA p yPaBHEHHE
.x— p2| +|2p - x|=6— p uMeeT GeckOHEUHO MHOTO pelIeHHi?

OrBetr: p=-2;p=3.



§8. METO/Z1 3AMEHbI MHOXXUTENEN

3aMEeHa MHOXHTEJIA OCYIHECTBISETCS TOJIBKO TPH YCJIOBHH IIpHBEC-

Uy Uy -... U
HHs HCPAaBCHCTBA K BHAY

VitXyt.. o,

v0, (*), rae cumBoI «v» 060-

3HAYaeT OAMH U3 YEThIPEX BO3MOXKHBIX 3HAKOB HEPABEHCTBA: <, <, 2, >.
OcHoOBHas 4acTh 3aMeH 00YCJIOBJE€Ha CAECAYIOIIUMHU YTBEPKICHHUSAMH.

1. ®ynkuus f(x) — cTporo Bo3pacrawoinas Toraa ¥ TOJbKO TOTAa, Koraa
Ju1st moOBIX ABYX 3HAUEHWH #; U ¢, U3 001acTH onpeneneHus GyHKIUH
Pa3HOCTb | — £, COBMIAaZaeT Mo 3HaKy ¢ pasHocteio f(#)~ f(1,).

2. ®yskums f(x) — cTporo yOwiBaiou@as Toria U TOJNLKO TOTAA, KOTAa
I8 oOBIX ABYX 3HAUEHHI f M £; U3 00aCTH OnpeneneHds GyHKUMH
Pa3sHOCTB #) — ¢, COBMNAJAET 10 3HAKY C pasHoCcTBiO [ (f,)— f(#f).

Ecau nmpu peueHnH HepaBeHcTBa (*) HaM HeyAOOHO paboOTaTh C Ka-
KHM-TTHO0 MHOMKHMTEJIEM, MBI MOX€EM 3aMEHHTBH €ro Ha APYroi 3HaKOCOB-
najalouiMi ¢ HUM B 00JIaCTH OMpejaesicHUS HEPABEHCTBA (M UMEIOLIHH ¢
HMM B 0071aCTH OTIpeJIeIEHHI HEPABEHCTBA Te KE KOPHH).

Hanbonee yacto Bcrpeuarouuecs 3ameHs! (0€3 ydera o6JacTu 1ao-
NYCTHMBbIX 3HAYEeHHH):

1) ||«>* (¢> o3nauaer 3HakocoBnanenue);
2) |b]-|n| e -4;

3) at2+bt+c(-—>anan=b2—4ac<0;
4) JZ—JZ L1y

5) |al-Vr o~

6) | ] —(at2+bt-!-c)4—>tz—(¢1t2+bt+c)2 npu D =b"—4ac<0;
7 a"-a” (4 -1)(a-1);

8) da-1e>t-(a-1);

9) f-gof - ipuf20ug>0;

10) logof <> (f= 1) (a-1);

11) log.f-g e (f-d) - (a-1);

12) log .f - logsg > (f—g) - (@ - 1);

13) Vi > 1 (va OJ13);

14) Jf +g & f+g (maOJ3).
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Tpamep.
Pemnts HepaBeHCTBO:

1) (x2+x—12)\/x2—2x—820;
x* —‘8|x|+15 <0:

2
) x2—8x+16

3) (s +3x+1)’2’2’

4) log.y(x+2)<log ; (1-x);

x+l

>1;

8 4
5) (2x2+x+1)”5 2(2x2+x+1) :

6) log, 4(2+" ~13x+15)>1;
(|x—4|—5—xz)(|x+6|—\lx2 —2x—3)
(12=x-6)-(jt+x|-}x-3)

(8=(x+1)’) (Vo 21 -v2x+32) (4 3|-4- (s +1)?)

(|x TS Y ) (108101 (12 =[x +1]) ~ log,.,5, (20~ 2Jx +1])) - logd (x +1)°

7

-

>0;

8)

<0.

Pemenne.

1) (x2 +x—12)\)x2 -2x-82>0.

\/x2 —2x-8 ¢>x?~2x~-8 na obnactu JIOTYCTHMBIX 3Ha4YeHHH (cM.
3ameHy 13).
HcxomHoe HEpaBEHCTBO PaBHOCHIILHO CHCTEME

{(x2 +x-12)(x2-2x-8) 20,
x?-2x-8>0.

PemnmM 31y cHcTeMY:

{(x+4)(x—3)(x+2)(x—4)20, M”#—M 3 3 o

(x+2)(x-4)=0. + - +

(—o0; —4]U{-2} U[4; + ) — MHOXECTBO PEUICHHH HCXOIHOTO He-
paBeHCTBA.
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2 f—&4+w<0
X2 —8x+16
‘xlz —8|xi+15 :
.——-2_._<
(x-4)
(1x[=3)(1x|-5)

(x-4)’

2

2
x* = |x|% Mcxomnoe HepaBeHCTBO mpHMeT BUI 0.

Pa30KHUB YHCIUTEND HA MHOXKUTEIH, NOJYYHM <0.

BBINOIHUM 3aMeHY MHOXHTENEH:

Ix| -3= |xl - \3| © x* — 3% (cM. 3ameny 2);
lx| -5=1x| - I5] &x*-25.
Ucxoanoe HepaBeHCTBO PaBHOCHIIBHO HEepaBeHCTBY

w232} —52
9 s)
(x-4)
PemumM sto HEPAaBCHCTBO MCTOIOM HHTEPBAJIOB.
(== o g g
(x-4) -5 334 5 X

(=5;-3)U(3;4)U(4;5) — MHOXKeECTBO pelleHHH HCXOXHOro Hepa-

BE€HCTBA.
x2—2x
3) (5% +3x+1) T >l

22
[Ipeobpa3zyeM HEpaBEHCTBO K BUAY (5x2+3x+1)x Jr—l>0 W BHI-

MIOJIHHM  3aMEHY (Sx2 +3x+ l)xzvzx -l (x2 - 2x)((5x2 +3x+ 1) - 1)

{cM. 3ameHYy 8).
HcxoaHoe HepaBEeHCTBO PaBHOCWIBHO HEPABEHCTBY
X (x—2)(5x+3)>0.

Pemum sto HEPaBEHCTBO METOA0OM HHTEPBAJIOB.

+ - - +
V7770777 SN 1 111717/
3 0 2 X
5
(—oo; —%)U(Z; +00) — MHOXECTBO pelIeHHH HCXOIHOrO HepaBeH-

CTBa,
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4) log,, (x+2)<log | (1-x). lpumennm k npaBoii yactn Gopmyry
x+1
_ n. _ 1
-~ loga=log,,a": logﬁ(l—x) =log, ., (E)
TlepeHeceM BCe B JIEBYIO YacTh HEPABEHCTBA:
log,, (x+2)-log,,, (I—_l—;) <0.
Beimonnum 3ameny log,, 1 —log, g <> (f -g)(a-1).

HcxonHoe HEPABCHCTBO PaBHOCHJIIBHO CHCTEME!

(x+2——ﬁ)((x+l)-1)<0,
1-x>0,
x+2>0,
x+1>0;
x+1#1.

Perunm nosy4eHHyI0 CHCTEMY.

() _(x_ﬁz_lJ(Hﬁ;ljxw,

1-x 1-x
x<l1, x<l1,
x>-1 x>-1.

T

fi1g 5-1 1

2 2

-1 x
oyuf 5=t "
(-1, 0)u = 1 | — MHOXeCTBO pellieHHIf MCXOHOTO HEPaBEHCTBA.
x+8
2 x+5 2 4
5) (2x +x+1) 2(2x +x+l) .
IlepeHeceM Bce B JIEBYIO 4aCTh HEPABEHCTBA H BBINIOIHAM 3aMEHY:
a"-a? & (4 -1)(a-1).
HcxoHOE HEPAaBEHCTBO PABHOCHIIBHO HEPABEHCTBY

(;‘—}%—4)((2x2+x+1)—1)20.

316



Pemnm TNOJTY4YCHHOC HEPABCHCTBO

(-3x-12)x(2x+1) 50 . )
x+5 ' -5 <4 1 0 x
2
(—5; - 4] ) [—%; O:I — MHOXECTBO pPELIEHHH HCXOZHOTO HEPaBEHCTBA.

6) log, y(2+" ~13x+15)>1.
HepeHeceM BC€ B JICBYIO YaCThb HepaBeHCTBa H BBINOJIHUM 3aMCHY
log, f-g (—)_(f—ag)(a—l).
HCXOI[HOC HEPAaBCHCTBO PaBHOCHJABHO CHCTEME
(2% ~13x+15-[x - 5])- (|x - 5| -1) > 0,
2x% -13x+15>0,
|x—5]=0;

[x—5]=1.
B NEPBOM HEPABCHCTBE HOHy‘{CHHOﬁ CHCTEMBI BBINIOJIHUM 3aMCHBI

f-go f1-g* (puf=0,g20)ufy|-|,| <> -13.
(2x2 —13x+15)—‘x—5| (—)((sz —13x+15)2 ——(x—5)2), TaK Kak
BTOpOE HEPABEHCTBO CHCTEMBI 2x” — 13x + 15 > 0;
lx-51-1=|x-5|-]1] & @x-52-12
IMomy4nM cHCTEMY, pABHOCWIBHYIO HCXOJHOMY HEPABEHCTBY:
((2;:2 ~13x+15) —(x—S)Zj((x—S)Z -1)>0,

42x2 -13x+15>0,
x #5.

PewnM nosmy4eHHy1o cHcTEMY:
(257 ~14x+20)(2x* 122 +10)(x = 6)(x - 4) >0,

{2x*-13x+15>0,
x#5;

(x=5)* (x=2)(x-1)(x~6)(x-4) >0,
(x=5)(x-1,5)>0,
x#5;
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+ - + - - J{ +
y777777) SLLLLLLLLLLL ¢ 7777
2 4 5 6 x

+ - +

LILLLLNLLL JLLLLN L
1,5 5 *

Y277707: TETTRITITITITT T I 0TI 1T NI 17740, 111974
5 X

(—oo; 1) v (6; + oo) — MHO)XECTBO peLICHHH HCXOIHOIO HEPaBEHCTBA.

(Ix—4|—5—x2)(|x+6|—\,/x2 —2x—3)

G- A-F-3)

7

U Uy
HcxonHoe HepaBeHCTBO uMeeT B ——= > 0,
ALY
1" V2

Bce MHOXHTETH UMEKOT BHA 1 — I, The £ 2 0 U £, 2 0. 3aMeHHUM 3TH
MHO>HUTEJH Ha 3HaKOCOBNAJAKOIIHE C HUMH MHOXHTEIH: 1] — I, ¢> t12 - t%.

T[ToNy4nM HEPABEHCTBO, PABHOCHIBLHOE HCXOHOMY.
2
(]x—4!2 —(5+x2)2 )(|x+6|2 -(\/x2 —2x—3) ]
(2= +f -62)(jt+ 5 ~[x-3F)

2
Tak xax Ix—4|2=(x—4)2 % (\/xz—Zx—Zv) =x?~2x-3, T0 ¢ yde-

TOM HEOTPHLATEIBHOCTH MOAKOPEHHOIO BBIPAKEHHA, MONTYYHM CHCTEMY,
PaBHOCWIBHYIO HCXOIHOMY HEPABEHCTRY:

((x—4)2 —(5 +x° )2)((x+ 6)2 —(x2 —2x—3))
(2-x) -67)((1+x)* ~(x-3)

x* =2x-320.
PelinM 3Ty cHcTEMYy.

(x—4—5—x2)(x—4+5+x2)(x+6—x2 +2x+3)(x+6+x2—2x—3)
(2-x-6)(2-x+6)(1+x—x+3)(1+x+x-3)

sz -2x-320;

(x2 —x+9)(x2 +x+1)()c2—3x—9)()c2 —x+3)
—(x+4)(8-x)(2x~-2)

x? —2x-320.

> 0.

>0,

>0,

>0,
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KBampaTHbIe TpeX4ICHBI @ -x+9), (x2 +x+1), (6 —x+3)— 3na-
KOMOCTOAHHEL, TaK Kak ux D < 0.
[IpumeHuM 3ameHy at’ + bt +c <>a npn b> — 4ac < 0, NONyYHM CHC-
TEMY, PABHOCHJIbHYIO HCXOJHOMY HEpPaBEHCTBY:
. x*-3x-9
(x+4)(x-8)(x-1)

x?-2x-320;

>0,

+ - + - +
V277177 L1 LU >
4 3-3J5 1 3+3J/5 8 x
2 2
. LU LI
-1 3 x

(—4; 3 _;\/g] V] [3; 3 +§\/§j U(8; + ) — MHOXKECTBO peleHHi Hc-

XOJHOTrO HCPaBCHCTBA. v

(8-(x+1)°)(Var21 V2 +32)(jx + 3 -4~ (x +1)7)

(]x + 1|2”+l ~|x+ 1|4_x)~(log”2, (12-|x+ 1)-log,,2 (20-2[x+ II)) logd(x+ 1)2

8)

<0.

MHoXHTeNb (8 —(x+ 1)3) = (23 —(x+ 1)3) 3HAKOCOBMAJAET C Pa3HO-

CTBIO (2 —(x+ 1)) T103TOMY 3aMEHHM TEPBBIi MHOXKHTENb Ha (1 — x).

MHoxuTenn (x/vx+ 21 —\/2x+32) HMMEET BHUJ (\/Z—\/t:) KOTOPBIH

3HakocoBmamaer ¢ (4 —t,). Ilosromy ero  3aMeHMM  Ha
((x+21)—(2x+32))=(-x~11).
MHoXuTe b (|x+3|—4—(x+1)2) MMECT BHA h — b, TAC 1) 2 Oun=4

+(x+ l)2 > 0. TToatomy () — t;) 3HAKOCOBMANAET C (tl2 - t22 )

U tak kak |x+3|2= (x + 3)%, TO yKa3aHHBIH MHOXHTENb 3aMEHAEM Ha

((x+3)2 —(4+(x+1)2)2)=
=((x+3)—(4+(x+1)2))-((x+3)+(4+(x+1)2))=

=(x+3-4-X - -Dx+3+4+x7+2+1)=
=(=x* —x = 2)(x* + 3x + 8) = —(x* + x + 2)(x* + 3x + 8).
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2
KsampatHble TpexwieHs X + x + 2, x* + 3x + 8 3HAKONOCTOSHHbI, TaK

Kak ux D <0,
. - 2x+1 4-
B 3HaMeHaTese MepBbIii MHOXHTEND (|x+1’ x| X) MMeET BUI
4 13 ~

a" —a' , xoTophIH 3HakocoBmazaer ¢ (1, —1, )(a - l).

[0o3TOMy 3TOT MHOXHTENb 3HAKOCOBMAJAae€T C MNPOH3BEAECHHEM
((2x+1)=(4=x))-(Jx+1-1).

2

U Tak xak ([x+ |- 1) 3HAKOCOBIMAAAeT C (|x+1| —1)=x2 +2x, TO
OKOHYATENLHO TEpBhI MHOXHTENbL 3HAMEHATENs MOXHO 3aMEHHTh Ha
(3x—3) (" + 2x). .

Bropoii MHOXHTENb B 3HaMeHaTeNe umeeT Bua log, ¢ —log, ¢,, koTo-

phIii 3HaKocOBMafaet ¢ npomsseneHueM (1, —t,)(a—1).
TT03TOMY 3aMEHHM 3TOT MHOXUTEND Ha
((12-|x+1))=(20=2[x +1]))-(x +21-1) =[x +1]-8)-(x +20).
M rakkak [x+ 1| -8 3HAKOCOBMAJIAET C |x+ 1|2 —g? =(x+ 1)2 -8%, 10

OKOHYATENBHO NOJIY4YUM 3aMEHY BTOPOT'O MHOXKHTEIS B 3HAMEHATEJIC!
((x+1)7 -82)(x-+20) = (x+9)(x=7)(x + 20).

y 2
[TocnenHuii MHOXHTENL B 3HAMEHATENE logg (x+1) HMEET BUI 4,
. 2
KOTOpHI 3HakocoBnazaer ¢ a. U Tak kak a=logs(x+1)" —logsl, TO
2 2
log2 (x+1)" 3HaKocoBmaxaet ¢ ((x+1) —1).
Clle10BaTENbHO, TOCTEAHMA MHOXHMTENb 3HAMEHATENsS 3aMEHHM Ha
2
((x+1) —1)=x2+2x.

WiTak, MCXOHOE HEPAaBEHCTBO PABHOCHJILHO B CBOEH 0GJIaCTH OMpene-

(1 —x)(~x— 11)(-1) <0,

(3x— 3)()c2 + 2x)(x +9)(x=7)(x+ 20)(x2 + 2x)

~(x-1)(x+11) .
(x=1)x% (x+2)* (x +9)(x = 7) (x +20)

JIeHHs] HEPaBEHCTBY
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Takum 06pa30M, HCXOAHOE HEPpABECHCTBO PABHOCHJIBHO CHCTEME

—(x+11)(x-1) <0
(x=1)x% (x+2)° (x+9)(x=7)(x+20)
x+120,.
20-2{x+1|>0;
20-2|x+1|>0
lx+1] <10
-10<x+1<10
-11<x<9.
- + - - + + + + -
LU RIIIIIIIN ° JLULLUL,
=20 -11 -9 -2 0 1 7 X
LU LI L IO LI L UL L,
-1 x
N LI .
-11 9 x

(-11; -9)U(7;9) — MHOXeCTBO peLIeHHiT HCXOAHOFO HEPaBEHCTBA.
Orper: 1) (—o0;-4]u{-2}U[4 +x);

2)(-5;-3)U (3 4) U (4; 5); 3) (wo;—%)u(z;m);
4) (-1 O)u(i—%:l; 1); 5) (-5; —4]u[—%; 0}

6) (—o; 1)u(6; +00);

7 (—4; 3—3‘/—5-}{3; 3+§"/§Ju(8; +o);

8) (-11;-9) U (7; 9).

3agau# AJ19 CaMOCTOATEILHOIO PelIeHus
Peunts HEPABCHCTBA!
2
x“=7\x{+10
— ‘ I <0;
x“—6x+9

2) (x2+x—6)-\/x2—2x—320;

)
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3)
4

3)
6)

7

8)

1)
2)

3)
4)

5)
6)

7
8)
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2_
(4x?+2x+1) >
log, (x+1) <log, (2-x);

X

xt5 3
(x2+x+1)“2 2(x2+x+1) ;

10g|x_4|(2x2 —9x+4)>1;

(|x—2|-4—xz)-(|x+4|-—\/x2 —x—2)
(-2 (3 3)
(8-x)(27~1)-(Vx+20 -V2x+30)(jx 2| - 4-5)

>0

(lezx_l - |x|5_x ) . (log)ch20 (1 2- |x|) ~log,.20 (20 - 2|x|)) -log? x*
OrBerT:

(5-2)u(Z3)vE;5);

(—o0; =3]u{-1} L[3; +e0);

(—oo; —O,S)U(l; +oo);

(0; w(%;z}

(=2;-1]V [-0,5; 0];

(—oo; O)U(S; +oo);
(=3;-2)V[%5);

-8;-1) U (-1;0)U (8; 10).



§9. TEOPUSl BEPOSITHOCTEM
N KOMBUHATOPUKA

'

Cayuaiinoe co0bITHE, CBI3aHHOE C HEKOTOPBIM OMBITOM (UCTIBITaHH-
€M, SKCIIEPHMEHTOM), — 3TO BCAKOE COOBITHE, KOTOPOE MIPH OCYLUECTBIIE-
HHH 3TOrO OMbITA (MCIIBITAHHS, SKCIIEPUMEHTA) MOXKET MPOU30HTU WJIH HE
TIPOH3ONTH. .

Hanpumep, BbinaicHue opiia WM pELIKH NpH NoAOpackiBaHMH MOHE-
TBY; TOPaXKEHHE MHULUECHH WJIM IPOMax TPH BBICTPEIIE.

Curyqaiinsle coObiTHS 0603HaualT OykBamu 4, B, C, ...

ITycTh Mpyu #-KpaTHOM OCYILECTBJICHHH OMbITa HHTEPECYIOLIEE HAC CO-
ObiTHE A pOoHU30LLIO £ pas.

Uucno k Ha3BIBAIOT YaCTOTOMH COOBLITHSA, a OTHOLLIEHHE % — OTHOCH-

TeJbLHOH 4acTOTOH coObITHA A.

Hanpumep, no Teopun Menaens npu ckpeliBaHHHU KEJITOro ropoxa
C XEJITBHIM IPHUMEPHO B OJHOM CIydae M3 YETBIPEX IMOJYYAETCH 3eEHBIH
ropox. Jlis mpoBepku 3TOro mpoBesin onbiT 34 153 pasa. 3eneHbl ropox
nosiBuiica 8506 pa3. Uucno 8506 — vacToTa COOBITHS «MOABIEHHE 3€iIe-

8506
34153

HOTr'0 ropoxa», OTHOLIEHHE ~(,25 — OTHOCHMTE/IbHAs YaCTOTa 3TO-

ro COOBITHS.

Boo0iite, eciiit B ATHHHON CepHH OAMHAKOBBIX 3KCIIEPHMEHTORB CO CITy-
YaiHBIMH MCXOAaMH 3HAYEHHUS OTHOCHTEIBHBIX YaCTOT HOABJIEHHS OJHOrO
U TOrO K€ COOBITHst OIM3KH K HEKOTOPOMY ONPENeNIEHHOMY YHCITY, TO 3TO
YHCJIO MPHHUMAEKT 32 BEPOSTHOCTbL JAHHOTO CJAYYAHHOro COOBLITHSA.
B npuBeneHHOM BhIlIE IPUMEPE BEPOSTHOCTH MOSBICHHS 3€JIEHOr0 ropoxa

1
TNPH CKPELIHBaHHH eJITOro ropoxa ¢ xenTsM pasHa 0,25 niu e

Teopust BepoATHOCTeH H3ydaeT ciydaiiHble coOwITHS, oOnapawoume
CTaTHCTHYECKOH YCTOHYHBOCTHI) OTHOCHTENBHOMN YaCTOThI COOBITHS.

PaccMoTpuM cobpiTHE A, KOTOpOE 03HAYaeT BHIIAJAEHUE HAa UTPATbHOM
KyOHKe YHCJIa OYKOB, KpaTHOFO 2.

310 COOBITHE MPOUCXOIUT, KOrAa BbINaio 2 o4kKa, 4 ouka, 6 OYKOB, TO
€CTb JIMIIb B TPEX UCXOJaX UCMBITaHHUs. VICX0ABI, IPH KOTOPBIX NPOUCXO-
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JHUT HEKOTOPOE COOBITHE, HA3bIBAalOT (JArONPHATHLIMH HCXOAAMM IS
3TOr0 COOBITHS. .

Takum 06pasoM, Ans coObITHA 4 GNaronpUATHEIMHU SBJISOTCS TPH HC-
,X0Jla M3 IECTH PaBHOBO3MOXHBIX HCX010B. OTHOIIEHHE yncia Gnaronpu-
ATHBIX MCXOJIOB K YHCJY BCEX PaBHOBO3MOXHBIX HCXOIOB B pPaccMaTpH-

BAEMOM TIPMMEpe DPaBHO % OTO OTHOWIEHHE CYHTAIOT BEPOSTHOCTBIO

cobbirtus A u mamyr P(A) =3 0,5.

6 =
O6o3HaueHue P HcxodMT OT ¢paHIy3ckoro ciosa probabilite, uto
O3HAYyaeT BEPOATHOCTD.

Uro 03HaYaeT Ha MpaKTHKE, YTO BEPOATHOCTH PaCCMOTPEHHOro CoObI-

THS A paBHa %? 3TO 3HAYMT, YTO €CIIH NPOBECTH OOMNDILIOE YHUCIO UCIIbI-

TaHUH, TO OTHOCHTENIFHAS YAaCTOTA NMOSABJIEHHs COOBITHA A OyleT Malo oT-

JIMYaTbCA OT To ectp or 0,5. BooOme npu yBenHYeHHH 4YHCNA

3
&
UCIBITAHHH CO ClyyaHHBIMH MCXOJaMH OTHOCHTEJbHAs 4acToTa MosBIe-
HUA CTy4alHOro coObITHs NPUOMIDKAETCS K €r0 BEPOATHOCTH.

Ecnn Bce HCXOABI KAKOro-IH00 MCNBITAHHA PaBHOBO3MOXKHbLI, TO
BEpPOSITHOCTb COOBLITHS B 3TOM MCNBITAHHH PABHA OTHOLIEHHIO YHCJA
0JIarONPHATHBIX 1JA HEro MCX0A0B K YHCJAY BCeX PaBHOBO3MOMKHBIX
HCXO/I0B.

TakuM 00pa3oM, 4TOOBI HAHTH BEPOSATHOCTH HEKOTOPOro COOBITHSA, HE
Tpebyercs, 4Tobbl McnbITaHHe ObUIO MPOBEAEHO B AEHCTBHTENBHOCTH H
6onpmoe 4ynucao pa3. Hano npaBuiabHO ONMpEAENUTh YHCIO PABHOBO3MOXK-
HBIX HCXOJIOB MCIBITAHHS M YHCJIO OJIArONPUATHBIX IS 3TOTO COOLITHA
HCXOJI0B.

TIlpumep 1.

W3 25 6unetos no GHOIOHH YUEHHK ycTield MOATOTOBHTH 16 NMEPBBIX H
3 nmocnenHux Ouiera. KakoBa BEpOATHOCTh TOTO, YTO Ha 3K3aMEHE €MY
JoctaHeTcst GHieT, KOTOPEIH OH HE OATOTOBUIT?

Pemwmenmue.

Iycts B — cobwiTHE, 3aKiioyarolleecs B TOM, YTO YUEHHKY Ha 3K3a-
MeHe J0CTaHeTCst OuieT, K KOTOpOMY OH He noAarortoBuics. Uncino 6Gaaro-
NPHATHBIX I coObITHS B ncxomoB paBHO 25 — (16 + 3), To ectb 6. 3Ha-

6
T, P(B) =25 0,24.
OtrBeT: 0,24,
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IIpumep 2.

KakoBa BEpOATHOCTb TOTO, YTO NPH OPOCAHHH JBYX KyOMKOB CyMMa
BBINABLINX HA HUX OYKOB paBHa 7? 97

Pemenue. :

ITycte C — coObiTHE, cocTOsILEE B TOM, YTO PH OpOCaHHH ABYX Ky-
61KOB CyMMa BBHIMABIIMX Ha HUX OYKOB paBHa 7, K — cyMMa BhIIaBLIMX
OYKOB paBHa 9.

3anoaHUB TabAMIY CYMMBI OYKOB, BHINABIINX HAa ABYX KyOHkax, HaH-
JIeM HCKOMYIO BeposiTHOCTb coObITHi C; K.

%,
1'%0 CZO/*OG )
,,;’/%OQ w 6:":@0‘?00, 1123|456
et "y ¥
1 2131415617
2 314151617
3 41516171819
4 51617189110
5 6718191011
6 71819 ]10)11]12
P(C)=5=% P(K)=3x=7
OTrBerT: %,%
IIpumep 3.

Juist yaactus B urpe 30 yYeHHKOB JOJKHBI Pa3JieIUTLCA MPOH3BOJIb-
HbIM 00pa30M Ha TPH IPYNILI OAWHAKOBOH YHCIeHHOCTH. KakoBa BeposT-
HOCTB TOTO, 4To noapyrd Omus u Hpa okaxyrcs B oiHOH rpymne?

PemeHue.

B kaxx10it U3 Tpex rpynn n0yxHO 61Tk 10 10 uenoBek. O okaxercs
B OJHOHM M3 3THX rpynn. [Jns Hpw octanercs 9 61aronpHUsATHBIX HCXOIOB
(nonacTk B Ty ke rpymnny, 4to U Ouns). Beero HexonoB — 29, Tak Kak 0fHO
MecTo yxke 3aHaTo Onefi. BeposarHocts Toro, uto Ons u HUpa okaxyrcs B

. 9
OIHOH TPyMNe paBHa 5.

.9
OTBerT: TR
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Ipumep 4.

B ciyyaliHOM 3KCTIEPHMEHTE CHMMETPHYHYIO MOHETY OpOCaIOT ABaX-
Abl. HaiiaMTe BepoATHOCTB TOrO, YTO OJMH Pa3 BHINAAET pelika, a Apy-
roit — open.

PemeHnue.

IlepeGopom onpenenuM BO3MOXHBIE HcXoabl. WX uveThipe: open —
opel, pelliKa — peulka, pellka — opel, open — pelika. Bee 3T Hexoapt
PaBHOBO3MOXHbI. M3 HHX OnarompHsTHbIE HCXOMIBI: peuika — Oped,
opes — peLika.

BeposTHOCTB TOro, 4TO OJHH pa3 BhINAJET pellka, a APyrod — opel,

paBHa % unu 0,5.

OTrBeT: 0)5.

3agauM 118 CAMOCTOATEILHOIO PECIUCHHA

1. BpocaeM urpansHyto kocth. KakoBa BEpOATHOCTb TOrO, UTO: a) YHMCIIO
BBINIABIIMX OYKOB KpaTHO 3; 6) BbIMAJO NMPOCTOE YMCIO; B) BHINIAIO
7 OYKOB; T') UHCJIO BBINABUIMX OYKOB MeHbLIe 7? ’

2. B xopoOke 2 GenbIx ¢ 3 uepHbIX wapa. Hayran BeiHynu 2 wapa. KaKo-
Ba BEPOATHOCTb TOrO, YTO: a) BBIHYNH 2 Oenbix 1apa; ©) BBIHYNH
2 4epHBIX 1apa; B) BbIHYIH | Oenbii v 1 yepHBbIH iap?

3. bpouieHo 2 MrpaibHbIe KOCTH: 0JHa — Oenoro, Apyras — KpacHOro
ugera. 1) KakoBa BepoATHOCTB TOr0, YTO: a) Ha 010 KOCTH BhIMaaeT
5 oukoB; 6) Ha KpaCHOH KOCTH BbIIaAeT 4 0uKa; B) CyMMa BBIIABILMX
OYKOB Ha JIByX KOCTfX paBHa 7; I') HA OJJHOH KOCTH — 6 OYKOB, a Ha
JApPYrOol — HEYETHOE KOJIHUECTBO OUKOB; /1) Ha 6e10H KOCTH — 5 ou-
KOB, a HA KPaCHOH — YE€THOE KOJIMYECTBO OYKOB? 2) BeposTHOCTH BbI-
NIaJICHHUs KaKOH CyMMbl OUKOB HaubGonbLuas?
OrBeT:

1. ) ; 6) B)O;r) 1.

2’
2. a) 0,1; 6) 0,3; B) 0,6.
) PN RN B
3. Da) 6’ 6) ¢ B) 7; 1) 3 ) 7 2)7.
He Bcerna yaaetcs ObICTpO ¢ MOMOLIBIO nepebopa ONpeaeiuTh YHCIO0
0JarONpUATHBIX M BCEX BO3MOXHBIX HCXOHOB. COCTaBIATh pa3iH4vHbie
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KOMOHHAIMH H NMOJCYHTHIBATL YHCIO KOMOMHALUI noMoraeT KoMOHHaTO-
puka. ClIOBO «KOMGHHATOPHKA» MIPOUCXOIUT OT JIATHHCKOro clioBa combi-
nare, 4TO O3HAYACT «COCAUHATDH, COUETATDY.
IMpocTemiuMy KOMOMHAIUAMH, KOTOPBIE MOXHO COCTaBUTb M3 3Jl€-
MEHTOB KOHEYHOTO MHO>KECTBA SABJIAIOTCH MEPECTAHOBKH.
IMepecTaHOBKOM H3 1 3JIEMEHTOB HA3bIBAETCH KaXI0€ Pacioioxe-
HHe ITHX JIEMEHTOB B OMNpeaeJeHHOM NOPAAKe.

YHCIIO EPECTAHOBOK H3 71 3IEMEHTOB 0603HAYAIOT CHMBONIOM P,
B,=n'=n(n-1)(n-2)-...-3-2-1.

IIpumep.

CxobKHMH criocofaMH MOXXHO pa3MECTHTb 5 4€OBEK Ha NATHMECT-
HoM ckaMelke?

PeweHnue.

Yucno cmocoboB paBHO YHCIYy NMEPECTaHOBOK M3 5 aneMeHrtoB. Ilo
topMyne YHCIIa EpecCTaHOBOK HaXxoAuM, uto P =51=1-2-3-4.5=120.

OTrBeT: 120.

[lycts mansl 3 aneMenTa: a, b, c. BoibepeM u3 Hux 2 snemenTa. B pe-
3ynbTaTe Noay4uM ab, ba, ac, ca, bc, cb. ITH BHIOOPKH OTIHYAIOTCA APYT
OT Jpyra cocTaBoM H mopsakom. Kaxayio ynopsaoyeHHyIo napy, KOTo-
pPYI0 MOXKHO COCTaBHTh H3 TPEX 3JIEMEHTOB, Ha3bIBalOT Pa3MEILEHHEM U3
TpeX dJIEMEHTOB M0 JBa.

PazmemenuaMu u3 n 3neMeHToB no k (k < n) HasbiBaetcs Jioboe
MHOKECTBO, COCTOsILIEe U3 K JIEMEHTOB, B3ITHIX B ONpEIEIEHHOM MO-
PsiAKe U3 JAHHBIX X 3JIEMEHTOB.

To ecTb 1Ba pa3sMEILEHHS U3 1 DIEMEHTOB 10 k CYMTAIOTCA Pa3IHYHbI-
MH, €CIIM OHHM Pa3jTMYalOTCS CAMHMH 3JIEMEHTaMH WIH MOPAAKOM HX pac-
HOJIOXKEHHS.

YHCIIO pasMmelieHuit U3 1 31eMEHTOB 1o k 06o3HauaoT A' u Haxomsr

o gpopmyne:

A= (ecnnk=n,100!=1).
(n—k)
IIpumep 1.
B knacce 10 pa3nu4HEBIX y4yeOHBIX NpeIMETOB H S YPOKOB B JEHb.
CKONBKMMH €roco6aMH MOXXHO COCTaBHTb paclIHCaHHE Ha OJUH JCHb,
4T0GBI B HEM ObLI0 5 pa3NHYHBIX PeAMETOB?
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Pemenwue.

Me1 6ynem BeIOHpaTh U3 10 pa3nuyHbIX y4eOHBIX MPeIMETOB 5. 3ame-
THM, YTO BaXEH M COCTaB, U nopsnoK. CienoBaTebHO, Mbl HMEEM JIEJIO C
pasMeLleHusIMH u3 10 aneMeHToB 110 5:

A =10 _101_¢ 5 8.9.10=30240.

(1 0-5)r 5! ,

HUtak, pacniucanue MoXKHO coctaButhb 30 240 ciocob6amH.

OtBeT: 30240.

IIpumep 2.

Habupas HoMep TenedoHa, aboHeHT 3a6bL1 ABE nociaeaHHe HUQPHI H,
MOMHA JIMIIb TO, YTO 3TH UMGPHl pa3auyHbl, Habpan ux Hayraja. Kakosa
BEPOATHOCTB TOT0, YTO HOMep HabpaH NpaBUIIbHO? ’

Pemenue.

CobbiTie K — HOMep HabpaH mpaBHIbHO. YHCHO O1aronpHATHBIX HC-
xonoB — 1. HaiineM uucino BceBo3MOXHBIX HcxoxoB. U3 10 pazmuyHbIX
uudp OyayTt BeIOpaHs! 2, MpU4YeM BaXKHBI H COCTaB, U mopsaok. CrexoBa-
TEIBHO, KOJIMYECTBO BCEBO3MOMKHBIX MCXOIOB PaBHO YHCIY pa3MeILEHHH

_ 10!

u3 10 anemeHTOB TIO 2, TO €cTh A, ——87:9-10=90. Bce otH Mcxoasl

PaBHOBO3MOJKHHI, P( K ) =1

90"
1
%.

IMycTb UMeeTCs TPH 3MeMeHTa: a, b, ¢. HyHO U3 3THX TpexX 3JIEeMEHTOB
BBIOpATh JiBa TaK, 4TOOB! OHH OTIMYAIMCh JIHIIL COCTABOM, MOPANOK He Ba-
*eH (To ectb ab ¥ ba — oauH U TOT e BbiOop). [loxyuum ab, ac, be. T'oBo-
PAT, 4TO MBI COCTaBWJIM BCE BO3MOXKHEIE COMETAHHS M3 3 3IEMEHTOB 110 2.

Co4eTaHHEeM M3 1 3JIEMEHTOB IO k HA3ZBIBAETCH JIl060e MHOXKECTBO,
cocTodAlEee H3 k 3JIEMEHTOB, BblﬁpaHHle H3 JaHHbIX 71 3JICMEHTOB.

B otnnume ot paamel.ueﬂuﬁ B COYECTAaHUAX HC HUMCCT 3HAYCHHA, B Ka-
KOM MOPAAKE YKa3aHbl 3JIEMCHThI, BaXXCH JIHUIb COCTAB 3JIEMCHTOB.

OTrBerT:

YHCTO COYETaHHH M3 1 IeMeHTOB 110 k 0603HavaloT CX u BEIuHCHS-

k_ ~ n!
T 1o ¢popmyiae C, = —————.
opMyTe Co = i k),
ITpumep 1.
W3 necaTH KaHOMAATOB HA OJIHY U Ty € JODKHOCTh HYXXHO BBIOpPaTh

TpeX. CKOJIbKHMH CItocobaMH 3TO MOXKHO CAENATh?
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Pemenue.

M&i Oynem coctaBisaTh BbIOOpKH M3 10 351€MEHTOB MO 3, npHyeM Mo-
PANOK HE BaXEH, BaxeH cocraB. CJlel0BaTeNbHO, YHCIO CIOCOOOB PaBHO
yucy codetanui U3 10 anemeHToB 1o 3.

3 _ 10! _
Clo—ﬁ—IZO.
OrBerT: 120.
Iipumep 2.

Cpeau 100 anexrpryeckux namn 5 HernopyeHbix. Kakosa BEpOATHOCTE
TOTO, YTO BEIOpAHHBIE Ha yAady 3 JlamMIbl OKaKyTcs UcnmpaBHbIMH? OTBeT
OKpYTJIMTE [0 COTBIX.

PemeHnue.

CoO6riTHe K — BBIOpaHbIEC J1aMIbl HCIIPABHBI.

YuCIIo BCEeBOMOXKHBIX HCx0n0B — Ciy. Bce 3TH HCXOZBI paBHOBO3-

MOXHEL UHCTO 6MaronpuaTHbix HexoaoB — Cas.

3
P(K)= C;’S ~ 0,86.
Cioo
OrBerT: 0,86.

IIpumep 3.

B notepee «CrnopTinoTo» Ha cleUHAIBHON KapTOYKe OTMEYAIOT 6 HO-
MepoB U3 49. Bo Bpems THpaxka OTKPBIBAIOTCS 6 BBIMIPaBHIMX HOMEPOB.
KakoBa BEpOATHOCTb YTajaTh B 3TOM Hrpe 3 CYACTIMBBIX HOMepa?

PemeHnue. '

CobbiTHe A — yragath 3 c4acTIHMBBIX HOMEpA.

Yucrno BCeBO3MOXKHBIX HCXOJOB PaBHO YHCIY codeTaHWit u3 49 sne-
MEHTOB IO 6, TaK KaK BaXXCH COCTAB 3JIEMEHTOB, a MOPAAOK 3ariQJHEHUS
KapTOUYKH HE BakeH. Bce 3TH HCxobl pABHOBO3MOJKHEL

BJ'laI‘OHpHﬂTHBIe A5 cobbuiTua A HCXOABbI: Ha KapTOYKEC OTMCYCHBI

3 HoMepa U3 6 CYACTIMBBIX (KOJHMYECTBO TAKHUX CIIOCOOOB PaBHO Cg) H
3 Homepa U3 43 HecuaCTIHMBBIX (KOIMYECTBO THX CIOCOGOB paBHO Ciy ).

Kaxxzomy BEIOOpY 3 CHACTIHMBBIX HOMEPOB COOTBETCTBYET C433 BLIOOPOB
3 HeCYacTJIMBBIX HOMEPOB. 3HAYMT, YUCJIO MCXOJOB, ONAaronpUATHHIX Uil

cobbiTHs 4, paBHo C; - Cas.
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C6 C43

49

Taxum 06pa3oM, HCKOMas BEPOSTHOCTE P(A)= ~0,0176.

OrBeT: 0,0176.

Hpumep 4.

M3 18 cobpanHbIX BenocunenoB 3 okasaiuchk ¢ Aedexkramu. Kaxosa
BEPOATHOCTb TOro, 4TO 2 BHIOpaHHBIX Hayraja Bejocunena Oyayrt 6e3 ne-
texroB?

Pemenue.

Cob6riTHEe A — BBIOpaHHbIE HAayTa]| 2 BEJIOCHIIEAA HE HMEIOT Ae(EKTOB.

O61ee YHCIIO BCEX PaBHOBO3MOXHBIX MCXOIOB PaBHO YHCIY COYETa-
Huit u3 18 mo 2, To ects Cfy.

HcxonoM, 6aronpHaTHbIM [Uld COOBITUS A, sBis€TCs BLIOOp ABYX HC-
NpaBHBIX BEJIOCHUMNENOB M3 HUMelomuxcs 15 ucnpasHbix. CnenoBaTenbHO,

4HMCIIO GIaronpHATHEIX 1% coGbITHA A HcxonoB pasko Cs. Otciona mo-

Cls 150 18! _14-15
JIydaemM, 4To P(A)zc—ézz!m 3161 1718 - 6%

OrBeT: 0,69. °

Hpumep 5.

I'pynmna TypucToB, B KOTOpOii 8 0HOWEH U 3 JeBYIIKH, BHIOHpAIOT MO
KpeOHIo YeThipeX AexXypHBIX. KakoBa BepOSTHOCTH TOrO, YTO OyIyT BEHI-
OpaHbl 2 10HOUIEH M 2 OeBYILKU?

PemeHnwue.

CobbiTHE A — BbIOpaHbI 2 J0HOMH H 2 AeBylIKH. UHCIO BCEX HCXOI0B

npH BBIOOpE YeThIpex JeXYPHBIX PaBHO C141. Bce 3TH MCX0Ibl paBHOBO3-

MOXHBI.
Bui6path 2 ioHoueii u3 8 moxHo Cg = 2'—6' =28 cnocobamu.
BriGpath 2 feByliek H3 3 MOXKHO C3 23”' =3 crnocobamu.

Yucino GnaronpHATHBIX HCXOA0B!

2 2
C2-C?=283=84, P(A):%Ci:%‘l_o=lg%
11

14
OTrBerT: 55
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10.

3aaaun Aj1s caMOCTOATEILHOI0 pemeﬂﬁﬂ

Ckonbko MaTyel Oyner ceirpaHo B ¢yTOONIBHOM YEMIIHOHATE C y4a-
cTHeM 16 KOMaHZ, eclld KaxIble JBe KOMaHIbl BCTPEYAIOTCS MEXKIY
co6o#t oquH pas?

OTreeT: 120.

U3 16 TypuCcTOB Hazo BEIOpaTh AEXKYPHOIO H €ro noMomHuKa. CKob-
KHMH CIIOCOGaMH 3TO MOXHO C/eNaTh?

OTBeT: 240.

W3 9 xHur u 6 KypHanoB HyXHO BbIOpaThb 3 KHHMIHM M 2 XypHaja.
CKONBKHMH cIIOcOBaMH MOKHO CENIATh 3TOT BEIGOP?

OTrBeT: 1260.

W3 20 corpyaHukoB nabopaTopHH 5 4esOBEK JOJDKHEI BbIEXaTh B KO-
MaHIHPOBKY. CKOJIBKO MOXeET ObITh pa3lHYHBIX COCTABOB OTBHE3KAIO-
el Ipynmbl, €ClIM 3aBeXyOIMH JabopaTopyuel U JBa BEXyLIUX CIe-
L[MaHCTa OAHOBPEMEHHO Ye3KaTh HE HOKHbI?

OTrBeT: 15368

CkonpkuMH cnocobaMH MOryT OBITH NMPUCYXKAEHBI 1-1, 2-1, 3-1 npe-
MHH TPeM JIMLIAM, €CJIM YHCII0 COpeBHYIOKXCs paBHo 107

OTrseT: 720.

N3 mudp 1, 2, 3, 4, 5 cocTapasgi0TCA NATH3HAYHBIE YHUCIIA, HE KPATHBIE
NATH U HE COAepKaliye OAUHAKOBBIX LU(p. CKONBKO CyIIECTBYET Ta-
KHX yncen?

OTtBeT: 96.

JIBeHaauaTh 4yeaoBeKk pa3duiaM Ha TPH rpynnbl IO YETHIpe YeIOoBeKa B
Kax10#. CKOJIBKO MOXET OBITh Pa3JIMYHBIX COCTABOB Ipynm?
OTrBeT: 34650.

CKONBKO CyHIECTBYET CEMM3HAUHBIX TeNeOHHBIX HOMEPOB, B KOTO-
PBIX Bee UdpPBI pa3nuYHEl ¥ nepBas UKppa OTIHYHa OT Hy1si?
OTtBeT: 544 320. ]

Ha mnockoct otmernnu 6 touex. Mx Hano o603HAYUTH JATHHCKUMH
6ykBaMH. CKOJIBKHMH CII0CO0aMH 3TO MOXHO CIAeNarh (B JaTHHCKOM
andasute 26 6ykB)?

OTtBeT: 165765 600.

W3 kononst B 32 kaptel 6epyT 10 kapT. KakoBa BepOSTHOCTb TOFO, YTO
U3 10 BbIOpaHHBIX TaKUM 00pa3oM KapT 8 KapT OyayT oqHOM MacT?
OTrBeT: 0,000004.

331



11. B maxmaTtHOM TypHHpe yvactByroT 20 4yenoBeK, KOTOpHIE pacrpeie-
JIeHBI TI0 JKpebHIo [uIs HIpHl B. ABYX rpynnax mo 10 yemosek. Kakosa
BEPOATHOCTh TOTO, YTO BOE CHJBHBIX YYaCTHHKOB OyayT HUrpaTh B
oaHo# rpynmne? OTBET OKPYTJIMTE A0 COTHIX.

OTtBeT: 047.

12. B smuke umeerca 10 Genbix U 5 uepHbIx mapos. Haynauy BEIHUMAKOT
3 wapa. Kako#i coctaB mapoB 1o LBeTy H3Bje4b Haubosiee BEpoATHO?
OTtBeT: 206enbx 4 | YepHBIid.

13. Illects 6patbeB xuBYT BMecTe. OHH PEILIIIH TIHYTh Xpebuil, KoMy Ha-
TH B Mara3uH. M3 mecty oMHAaKOBBIX OyMa)keK Ha OJHOW CTOHT 3HaK
«X». KT0 3Ty 6yMakKy BBITSHET, TOT H IOJDKCH HATH 32 MOKyTKo#. [l
KOro K3 6paTheB, BBITATUBAIONIUX OyMakKy N€PBBIM, BTOPBIM, ..., HI€C-
TbIM, BEPOSITHOCTE BHITAHYTh 3HaK «X» Oyner HanbonbIeH?

OTBeT: U KOKIOTO BEPOATHOCTH OJHHAKOBA.

14. Habupas Homep TenedoHa, aGoHEHT 3abbu1 TPH NMocIeAHHE LUQPHI H,
HOMHS JIHIIB TO, YTO 3TH HMdpPH pa3nHyHbl, Habpan ux Hayran. Ka-
KOBa BEPOATHOCTH TOrO, YTO HOMep HabpaH npaBuwibHO? OTBET OKpYT-
JIUTE O THICAYHBIX. )

OrseT: 0,001.

/Ba OCHOBHBIX IPaBHJ12 KOMOHHATOPHKH

IIpaBHJI0 CyMMBI

Ecnu aneMeHT a MOXHO BBIOpaTh m pa3iMYHBIMH CIOCOOaMH H HE3a-
BHCHMO OT HEro 3JIEMEHT b MOXKHO BBIOpaTh # pa3IHYHBIMH cOCO0aMH, TO
BBIOpaTh BCE pa3H4Hbie KOMOMHAlMH JIEMEHTOB «a HMIM b» MOXHO
«m + n» cnocobamu, ’

IIpumep 1.

B 1Byx kopofkax nexat wapsl. B ognoit — 15, B apyroi — 26.
CKOJIEKHMH CIIOCOOAMH MOXHO B3ATh OJMH LIap U3 3THX KOPOOOK?

Pemenue.

O4YeBHIHO, YTO OHH LIAP MOXHO B3iTh 15 + 26 = 41 ciocoboM.
OTrBeT: 4l

IMpumep 2.
B rpynne 10 yenoBek. CKoIbKO pa3HbIX MOATPYI MOXHO 06pa3oBaTh
IPH YCIOBHH, YTO B TIOArPYIIY BXOJMT HE MeHee 3 4yenoBek?
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PemeHnue.

IMo ycmoBHIO 331244 MOXHO MOTYHYHTh KOMOHHALHHU: 3 + 7, uiau 4 + 6,
W 5+ 5(6+4,7+ 3 — e )e camble koMOHHauuK). I[Tockonbky B Kax-
Zo# BBIOOpKE Ba)KEH JIMIIb COCTaB, TaK KaK WIEHbI MOArPYNIbl HE pasjH-
YaroTCA MO POJISM, TO BCE BEIOOPKH — COYETAHHS.

!
Yucao BEIOOPOK U3 TPeEX YEOBEK C130 =% =120.

!
YHcI10 BEIGOPOK U3 YeThIpeX yenoBek Cip = 4L|05 =210.
YHCI10 BEIGOPOK W3 MATH YeroBek Cip = % =252,

[IpMeHHB NPaBUIIO CIOXKEHHS, TIOJXYIUM
Cly +Cy +Ciy =120+ 210 +252 = 582 cnocoba.
OTtpeT: 582.

HpaBHJ'lO MPOHU3BEC/ICHHA

Ecau 371€MEHT a MOXHO BBIOpaTh m pasiIMYHbIMU cocoOaMH M He3a-
BHCHMO OT HETO IEMEHT b MOXKHO BHIOpATh 7 Pa3IHYHBIMH CIIOCOOAMH, TO
BCE pa3iHYHble KOMOMHALMH 3JIEMEHTOB «@ W b» MOXHO BbIOpaTh m * n
cnocobamH.

ITpaBuia CyMMBI H MpoM3BeieHHs 0000mIaloTCa M Ha ciay4dail KomMOu-
HallMH MHOTHX 3JIEMEHTOB.

Ilpumep 1.

CkoIbKO Tpex3HayHbIX YHUCEN MOXHO cocTaBHTh M3 uudp 0, 1, 2, 3, 4,
5,6,7,8,9?

Pemenmune.

IMepByto nudpy (1eMeHT a) MOXKHO BBIOpaTh 9 crocobaMH, Tak Kak
YHCJIO HE MOKET HaYMHATECA ¢ Hyls. Bropyio mudpy (3nemeHT b) MOKHO
BbIOpaTh 10 cnocobamy, Tak kak y Hac 10 uudp. Tpersio 1udpy (31eMeHT ¢)
MOkHO BbIOpaTh 10 cnocobamu. I1o mpaBuily mpoM3BeneHHS KOJIHYECTBO
COCTaBJIEHHBIX TPEX3HAUHBIX uncen paBHo 9 - 10 - 10 = 900.

OTrBeT: 900.

Ipumep 2. .

XOKKeHHas KOMaHJa COCTOMT M3 JBYX BpaTapeii, CEMHU 3aIMTHUKOB H
Jecsaiti Hamagaromux. CKONbKMMH CriocobaMu TpCHep. MOXeT 00pa3oBaTh
CTapTOBYIO HIECTEPKY, COCTOAINYIO M3 Bparaps, AByX 3aLIMTHHKOB M TpEX
Harnagaroiux?
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Pemenwue.
Tlo ycnosuio 3anaum npu BeIGOpE BaKeH COCTaB, MOPAIOK BEIGOpA He
BA>XXCH.

Bparaps MosxHo BEIGpath C) =2 crocobaMmu.
JIByxX 3amutHiKOB — C? =21 cnocoGaMH.

Tpex Hananatommx — Cjy =120 cnocoGamu.

[To npaBuiy NMpouU3BeNCHUA HaiAeM, CKOJIBKMMH CIIOCOOAMH TpEHeEp
MOXeET 06pa3oBaTh CTapTOBYIO IecTepky: 2 - 21 + 120 = 5040.
OTrBeT: 5040, :

Bb160pKY ¢ TOBTOPEHHAMH

PaccMOTpUM BbIOOpKH C MOBTOPEHHAMH, TO €CTh TaKHE, B KOTODBIC
n1000# U3 7 311€eMEHTOB MOXKET BXOAUTH O0Jiee OJHOrO pasa.

Pasmemenust U3 » 31€MEHTOB, B KaX/J0€ U3 KOTOPBIX BXOAHT m dje-
MCHTOB, IIPHYEM OJUH H TOT XK€ 3JICMCHT MOXET MOBTOPATHCSA B K&)KJIOM
pa3MelleHuH loboe uuciIo pas, Ho He Gonee m pa3, Ha3BIBAIOT pa3melie-

HHSIMH M3 1 3JIEMEHTOB 110 7 C TIOBTOPEHHAMH 1 0003HAYaIOT TaK: A, .

KosnuectBo Takux BHIGOPOK BLIMUCISIOT 10 dopMyne A, =n™.
Ipumep 1.
13 nByx umdp 4 u 5 — cocraBbTe BCce BO3MOXKHBIE TPEX3HAUHBIE YHC-
Ja ¥ ONpenenuTe HX KOJIHYECTBO.
PemeHue.
Mbl n0mKHBI pazMecTuTh 1Udpsl 4 U 5 N0 TpeM MecTaM: 444, 455,

454, 554, 545, 544, 555, 445, 43 =2° =8.

IIpumep 2.

CKONbKMMH CIIOCOOaMH MOXXHO pa3MeCTHTh 9 maccaxupoB B 4 Baro-
Ha?

Pewmenue.

DTy 3a1ady MOXHO paccMaTpHBaTh Kak 3aJady O paclpelclicHHH 4e-
TBIPEX BaroHOB CPEJH AEBATH MaCCaXHUPOB C IOBTOPEHHAMH.

4] =4 =262144 cnocoba.
OTBeT: 262144,
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IlepecTaHOBKH U3 71 DIEMEHTOB, B KaXAYyI0 M3 KOTOPBIX BXOMAT h;
OJMHAKOBbIX 3JIEMEHTOB OZHOI'O THIIA, /7; OUHAKOBBIX JJIEMEHTOB JPYTOro
THOA U T.J. 10 My ONMHAKOBBIX 3JIEMEHTOB k-ro THNA, rae ny + m + ... +
+ n = n, Ha3bIBAIOT MEPECTAHOBKAMH H3 71 3IEMEHTOB C NOBTOPEHHAMHM
u oGosHasar F,(n; ny;...; m ). UKMCIO NEPECTAHOBOK C TIOBTOPEHHSMH

MOXET ObITh BBIYHCIIEHO 10 (popMyiie
n!

}"n(n],nZ,-.., nk)=—nl!n2!~,_,-nk!'

IIpumep.

CkonbKHMH CIIoco0aMH MOXKHO NIEPECTaBUTH OYKBBI B CJIOBE: a) MaTe-
Matuka; 6) abpakazabpa; B) cToJ, YTOOHI NOIYYHTH BCE BO3MOXHBIE Habo-
pbl 6ykB?

PemeHnue.

a) B cnoBe «maremarnka» 10 6ykB, U3 HUX JBe OYKBBI «M», TpH OYKBHI
«a», aBe OyKBbl «T», 0JHa OyKBa «e», oiHa OykBa «Kk», onHa OykBa
«n», KonuvecTBo Bcex BO3MOXHBIX HA0OpOB OyKB paBHO YHCITy Tepe-
cTaHoBOK U3 10 snemenToB ¢ moBTOpeHusamH 2, 3, 2, 1, 1, 1 pa3:

23211 1) = 10! =

By (2321 1)—m—151200.

6) B,(52;2;1;,1)=83160 Ha6opos Gyxs.

B) B cioBe «cTom» yersipe 6ykBhl. Bece oHH pasnnunel. IToaToMy MOXHO
nony4uts F, =4!=24 pa3nuuHbix Habopa 6yks.

OTBeT: a)l51200;6)83 160;B)24.

CodeTaHHAMH H3 7 JJIEMEHTOB IO 7 ¢ MOBTOPEHHAMH Ha3bIBAIOTCS
BHIGOPKH, COEpXalIie m JIeMeHToB (6€3 ydeTa MOpsAKa CleNOBaHHs),
npH4eM JI000H JIEMEHT MOXET BXOAUTH B BHIOODKY HEKOTOPOE HHCIIO

—m (m+n-1)!
pa3, He Gombiue m. VX uucno o6o3xavaior C,' = Q
mi(n—-1)!

IIpumep 1.

3anMuTe Bce COYETaHHA U3 TpexX UHdp: 6, 7, 8§ — mo IBa ¢ noBTOpe-
HHSIMH Y TIOAICYUHTANTE UX KOJIMYECTBO.

Pemenune.

66; 67; 68; 77; 78; 88.

(76; 86; 87 — onuHakoBsl ¢ 67; 68; 78, Tak KaK BaXEH COCTaB, MOpA-
JIOK CJICAOBAHHUSA HE BOXKEH).
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Taxum obpasom, 6 couetanwmii.
101 xe pe3yabTaT MBI MOJIYy4HUM o dopmyne

= _(3+2-1) 4

==—==6.

T a3-1y 202!
OTtBeT: 6.

IIpumep 2.
B xonauTepckoi MMeeTcst 6 pa3nMYHBIX BUAOB NHPOXKHBIX. CKOJNBKH-

MH CIIoco0aMH MOXHO COCTaBUTh HAOOp U3 5 MHPOXKHBIX?

Pemenue.
Ilo ycmoBuio 3agayd HaM TpUAETCAs BHIOUpaTh 1O 5 NHPOXKHBIX

C TIOBTOPEHHSAMH U3 6 pa3iHdYHBIX BHIOB.

- Halinem xonu4ecTBo BCcex BO3MOXHBIX HAOOPOB No popmyie:

o5 (6+5-1) 101 _
Co= 5!(6—1)! "5!5!-—252 Habopa.

OTrBeT: 252.

3aauH 115l CAaMOCTOSITEILHOTO PCIICHHS

U3 33 OykB pycckoro andaBHTa COCTABIAIOT CJIOBOCOYETAHHMA M3
4 OyKB Tak, 4TO cocenHHe OYKBBI pa3nuyHbl. CKOJIBKO TAKHX CJIOBOCO-
YeTaHHH MOXHO COCTaBUTH?

W3 ropona A B ropox b Benyr 3 nmoporu, a B ropoxr B — 5 nopor.
B ropon I' u3 ropona b Benyr 2 nopory, a u3 ropoga B — 4 mpoporu.
Topoana b u B noporamu He coexuHsoTCa. CKOIBKHMH criocobamu
MOXHO gobpatbcsa u3 A B I'?

CKONBKHMH CTIOCO6aMH MOXKHO pasMecTuTh 8 maccaxupoB B 3 Baro-
Ha?

Kaxnpiii TenedoHHbii HOMEP COCTOMT U3 ceMH Hudp. CKoAbKO cylie-
CTBYET HOMEPOB, HE COepXKalMX IPYTHX IMdp, kpome 2, 3, 5, 77
CKOJIBKUMH CIIOCO0aMH MOXHO PAacrioJIOKHTh B pAZl ABE 3€JICHBIC H
4eThIpe KPACHbIE JTaMIIOYKH?

3anuinute Bce coueTaHus u3 tpex uudp: 3, 4, 5 — no ABe ¢ NOBTOpE-
HHUSIMH U TIOJICYMTAHTE X KOJHYECTBO.

B xoHIMTEPCKOW HMeeTCs S pa3iHYHbIX COPTOB MHMPOXHBIX. CKOJb-
KMMH CIIOCOGaMH MOXHO COCTABHUTH HA0Op U3 YETBIPEX NMUPOXKHBIX?
Hmeetca 20 HauMmeHoBaHMi TOBapoB. CKONBKUMH CIIOCODaMHM HX
MOKHO pacripelieNIuTh M0 TPEM Mara3muHaMm, eCId H3BECTHO, YTO B Tep-
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BhIi MarasuH JOJDKHO OBITH JOCTaBjeHO 8 HaWMEHOBaHHWH, BO BTO-
poii — 7 HaMMEHOBAHHH, B TPETHIf — 5 HAaUMEHOBaHHH TOBapoB?

9. B mo4ToBOM OTAEIEHHH MpoAaroTcs OTKPHITKH 10 BuAOB. CKOILKHMH
cnoco6aMHu MOXHO KYMUTh B HEM 12 OTKpHITOK?

10. Umeetcs 5 pa3nu4HbIX CTYNbeB W 7 PyJIOHOB OOMBOYHOH TKaHH pas-
HbIX 1BeTOB. CKOJIBKMMM CIIOCOOaMH MOXXHO OCYLIECTBHTbH OOMBKY
CTynbeB?

Otser: 1)1081344;2)26; 3) 6561;4) 16 384; 5)'15; 6) 33; 34;

35; 44; 45; 55. Bcero 6 coueranuit. 7) 70; 8) 99 768 240; 9) 293 930;

10) 16807.

Ciio’keHHe H YMHOKeHHe BepOSITHOCTEH

Cymma co0biTHi 4 1 B — 3T0 Takoe COObITHe, KOTOPOE MPOHCXO-
OHT TOTAA H TOJBKO TOrJa, KOrAa NPOHCXOAHT X0TH 6bl 0IHO H3 COOBI-
TH#H A nau B.

CymMmy cobbiTHif 0603Ha4al0T 3HAKOM \: 4 U B.

Ilpumep 1.

CobbiTHe A — BBIMIPAIH MO GUJIETY OAHOH JOTepeH, CoObITHE B —
BBIUTpaJIH No Guiery Apyroi notepeu, codbiTHE (4 W B) — BBIMIpajH Xo-
Ts OBl 1O 6UIIETY OOHOM U3 NOTEPEH.

Ilpumep 2.

Hmeercs 25 sx3aMeHalMOHHBIX OWIETOB, IPOHYMEPOBAHHBIX OT 1 10 25.

CobbiTHE 4 — HOMep Ouneta okaHYMBaeTcs Ha 5, cobbiTHE B — Ho-
Mep 6uwiera okaHuuBaetrcs Ha 7. CobwitHe (4 W B) — Homep Ousera
OKaHYHBAeTCs Ha 5 WK Ha 7. ‘

IIpousBenenne codbiTHH A 1 B — 3T0 COOBITHE, KOTOPOE NPOHCXO-
JAHT TOTAA H TOJbKO TOraa, KOrAa NMPOHCXoaAT 06a cobbiThs A H B.

ITpousBenenue codbiTHii 4 H B 0603HavaioT Tak: A M B.

TIpumep.

JKk3aMeHalMOHHbIE OunieThl npoHyMepoBaHsl oT 1 1o 25. CobsitHe
A — Homep Ounera nenurcs Ha 2, cobbiTHEe B — HOMeEp OHileTa OETHTCH
Ha 3. CobbiTie 4 N B — HoMep OuiieTa aeauTcs Ha 6.

JlBa coObITHS Ha3bIBAIOTCS HECOBMECTHBIMM, €CJIH B OJJHOM H TOM XeE
UCTILITAHHH OHU HE MOTYT NPOM30WTH OTHOBPEMEHHO, TO €CTh HACTYILIE-
HHE OIHOTO M3 HUX HUCKJIIOYAET HACTYILICHUE PYTrOro.
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IIpumep.

Ilycte B kOpobGKke HaxomuTcs 5 mapoB: 3 Oenbx U 2 3eneHbix. U3 ko-
poOku HayraJ BBIHUMAIOT o1uH wap. CoObiTHe A — 1ap okasaics 6eibM,
cobpiTHe B — wap okasaics 3eineHbIM. CoObITHA A U B ABIAIOTCS Heco-
BMECTHBIMH, TaK KaK HE MOT'YT IIPOM30UTH OXHOBPEMEHHO.

JIBa cOOBITHA Ha3bIBAIOTCS HE3aBHCHMBIMH, €CIH HACTYIUIEHHE OJHO-
IO M3 HHX HE BIHAET Ha BO3MOXXHOCTD HACTYILICHHS APYTOro COOBITHA.

IIpamep.

B marasune crosar qBa ruiatexHsIx aBroMaTa. CoObiTHE A — MEPBHIi
aBTOMAT HeucnpaBeH, coObiTHe B — BTOpOii aBTOMAT HencnpaBeH. CoOt-
THsA A U B — He3aBUCHMBIE.

Teopema 1. ,
BeposTHOCTb CyMMBI IBYX HECOBMECTHBIX COOBITHH paBHa CyMME Be-
posiTHoCTeii 3THX coGbiThit. To ectb P(A4UB)=P(A)+ P(B), ecmu A

H B HeCOBMECTHbBIE COOBITHA.

Teopema 2,

BeposTHOCTL CyMMBI IBYX CIy4aiHbIX MPOH3BOBHBIX COOBITHIi paBHa
CYMMe BEPOSTHOCTEH 3THX COOBITHI1 6€3 BEPOATHOCTH MX TIPOH3BENEHHUS.

To ectb P(AUB)=P(A4)+P(B)-P(ANB), A u B He ABIAOTICA

HECOBMECTHBIMH COOLITHAMH.

TIpumep 1.

W3 maprun usnennit OTK (oTnen TeXHWYECKOro KOHTPOJIA) MpPOBEPSET
TIOJIOBHHY M3JI€HiA U NPU3HAET TOJHOH BCIO NAPTHIO, €CIIH H3 YHCJIA MPOBE-
peHHbIX OpakoBaHHBIX He Gonee oqHOro usznenus. Kakopa BepOATHOCTS TOIO,
yt0 napths u3 20 usnenuii mpu AByx 6pakoBaHHBIX OyJET IPU3HAHA IOJHOMH?

PemeHnwue.

CoObiTHE A — napTHs U3AENUI MpU3HaHA TOTHOM.

CobbiTie B — Het Gpaka cpeau 0TOOpaHHbBIX U3AETHH.

Cobbite C — cpeau oToOpaHHbIX H3fenud 1 6pakoBaHHOE.

Cobsitus B u C HecoBMecTHbL. CobbiTHE 4 =B L C.

ITo Teopeme 1:

Cls  C3-Ci 29
P(A4)=P(BuUC)=P(B)+P(C)=—18 4 =218 _ 22
()= ) Gy Cy 38

29

OTrBeT: 38
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Ipumep 2.

W3 xosoas! B 36 xapT Hayraa BeIHUMaeTcs ofHa. KakoBa BEpPOSTHOCTD,
yto OyaeT BBIHYTA IHKa WIH Ty3?

PemeHnue.

[Tycth cobhiTHE A — BBIHYTa NHKa, coObiTHE B — nossuics Ty3. Co-
ObiTHA A ¥ B COBMECTHBI, TaK KaK MOXET IOSBUTHCS MMHKOBBIH TY3.

[To Teopeme 2:

) 9 4 1 _1
P(AuB)=P(A)+P(B)—P(AmB)=§—6-+%_%=§_
OTrBeT: %

IIpnmep 3.

HaliTH BepoATHOCTb TOTO, YTO IIPH OPOCAHHH ABYX HIPATBHBIX KyOH-
KOB BBINaZET XOTA Obl Ha OHOM 6 OYKOB.

Pemenne.

CobriTHe A — BBIMajeHHE 6 OYKOB Ha MEpBOM KyOHKe, cOOBITHE
B — Bpinaaenre 6 oukoB Ha BTopoM Kybuke. CoObiTHA A 1 B COBMECTHBI,
TaK KaK 6 OY4KOB MOTYT BRIIIACTh Ha JBYX KyOHKax.

o Teopeme 2;

P(AUB)=P(4)+P(B)-P(ANB)=+-3c =3¢
1

OTBeT:

8!”‘

IMpumep 4.

B samuke 40 netaneit: 20 — neporo copra, 15 — BToporo copra, 5 —
TPETHETO COPTA.

HaiiTi BEpOATHOCTB TOTO, YTO Hayraj M3BJICYEHHAs JIETAJIb HE TPEThE-
ro copTa.

Pemenue.

CoObiTHE A — H3BlIeYeHHAs NETab HE TPEThEro CopTa, COOBITHE B —
H3BJIEYECHHAs JETalb NEPBOro copra, coGbitue C — M3BICYEHHas Ae-
TaJjlb — BTOPOT'0 COpTa.

Co6bbiTust B 1 C HECOBMECTHBIE.

15_35_7

Tlo teopeme 1: P(4)=P(BUC)=P(B)+P(C)= 26+4—0 2%

i
OT}?CT. 3"
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Teopema 3.
BepoATHOCTh NPOU3BEAEHHS [IBYX HE3aBHCHMBIX COOBITHI paBHa Mpo-
M3BEIEHHI0  BEPOATHOCTEH dTHX cobbrtuii. To ectb P(ANB)=

=P(A)-P(B), ecnu A u B — He3aBUCHMBIE COGBITHA.

Teopema 4.

BepoaTHoCTh NpoH3BENCHHS MPOH3BONBHBIX COOLITHII paBHA BEPOAT-
HOCTH OJIHOTO M3 HHX, YMHOXXEHHOH Ha YCJIOBHYIO BEPOSATHOCTH JIPYroro
NPH YCIOBHH TOT'0, YTO NEPBOE MPOU3OLLIIO.

To ectb P(ANB)=P(4)-P,(B)=P(B)-P3(A4), ecnu A u B ne sb-
JIAIOTCA HE3aBUCHMBIMH COOBITHAMH.

(P4 (B) — BeposTHOCTE COOBITHS B mpH YCI0BHH, 4TO coOBITHE A MpO-
u3o1Io,

Pg (A) — BepoaTHOCTb cOOBITHS A NPY YCIOBHH, YTO COOBITHE B npo-
H301L10.)

Ilpamep 1.

Ha crone nexxat 6 peBonbBEepOB, U3 HUX TOJNBKO 2 NMPUCTPEJISHHBIE.
Kos6o# [[)xoH momajaer B 1efb Ha cTeHe ¢ BeposTHocThlo 0,7, ecnu oH
CTpPENSET W3 MPUCTPEJISHHOTO peBoibBepa. Eciu e OH cTpenser U3 He-
HPUCTPENSHHOTO PEBOJIBBEPA, TO IOMNA/IAET B LIENb HA CTEHE C BEPOSTHO-
cteto 0,15. KoB6oii [[)koH Haynady XBaTaeT peBONBBEP U CTPEISET HO Lie-
1M Ha cteHe. Haiitu BeposaTHOCTB TOrO, 4yT0O JDKOH MOPA3UT LEIb.

Pemenue.

CobbiTe 4 — JDXOH CXBaTHJI NPUCTPEJISHHBIH peBOJIBBED, COOBITHE
B — JTxo0H nonazer M3 MPUCTPENSHHOTO peBoibBepa B uenb. CobbiTHs
A N B — JI)KOH CXBaTHJI MPUCTPEISHHBIH PEBOJBBED H MOPA3HII LICIIb.

CobbITHs 4 1 B He3aBHcHMBL. [To Teopeme 3:

2 7

P(AmB):P(A)-P(B):g-OJ =30

Co6siTe C — JIKOH CXBaTH/I HEMPUCTPEISIHHBIA PEBOJIbBED, COOBITHE
D — JTxoH mopakaeT U3 HENPUCTPEISIHHOrO peBoibBepa Lieib. CoObITHE
C m D — JI)x0H cXxBaTWJl HEPUCTPEISTHHBIA PEBOJIBBEP H NOPA3HI LIETIb.

Co6piTis C n D HezaBucumsl. I1o Teopeme 3:
P(CND)=P(C)-P(D)=2-015=-L

10°
CoObrTue K — J0H nopa3sui Leib.
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Io teopeme 1: P(K)=P(ANB)+P(CND)=

(ST

1
*10°

S~

1
OrBerT: 3
IIpumep 2.
HrpanbHblii KyOuk OpocatoT Tpu pa3a nojpsil. Kakosa BEposATHOCTS TOTO,
YTO KKABIH pa3s BHIIAAAET YMCIIO OYKOB: a) KpaTHOE ABYM; 6) kpaTHOE 37
PeumeHnue.
a) CoObiTHe 4 — KaXkAbIi pa3 BHINAJAET YACIO OYKOB, KPATHOE ABYM.
CobwiTs A, A>, A3 — BBITIaJEHUE YHCJIA OYKOB, KPaTHOTO ABYM, CO-
OTBETCTBEHHO TpH IIEPBOM, BTOPOM, TpeTbeM OpocaHuH. CobbiTud A, 4,
A3 — He3aBHCHMEIE.
ITo Teopeme 3
P(A)=P(4 0y )= P(4)- P(dy)-P(4) =222 =3
6) CobbiTHe B — KaXxablii pa3 BHINAAAET YHUCIO OYKOB, KPATHOE TPEM.
CobbiTus By, B, B; — BbIlIaIcHHE YHCJIA OYKOB, KPATHOTO TPEM, CO-
OTBETCTBEHHO IIPH MEPBOM, BTOpOM, TpeTheM Opocanuu. CobbiTus B), B,
B; — He3aBucuMeIe. ’
ITo Teopeme 3

P(B)=P(B,NB,NBy)=P(B,)-P(B,) P(By)=7"7"% -
OTBeT: a) %; 6) _217

Ipumep 3.

B MacTepckoi H3roTaBIMBaKOT AETANIH Ha ABYX CTaHKaxX. BeposTHOCTB
W3TOTOBJICHUA JAETAIH Ha NepBoM ctanke — (,7. BeposaTHOCTh H3rOTOBIIE-
HHs roZHOH neranu Ha nepBoM cranke — 0,8. Haiitu BeposTHOCTH TOTO,
YTO rofiHas AeTajb U3TOTOBJIEHA Ha NIEPBOM CTaHKeE.

PemeHnue.

CobriTHe A — pertans crenaHa Ha MepBOM CTaHKe; coOwiTHE B — Je-
TaJIb TOAHAA.

Ilo teopeme 4 P(A4-B)=P(A)-P,(B)=0,7-0,8=0,56.

IIpu pemieHHMH HEKOTOPBHIX 3aAay ObIBA€T yAOOHO BOCMHOJIB30BATHCA
CBOHCTBOM BEPOATHOCTEH MPOTHBOMOJIOKHBIX COOLITHIA.

ITycTe npoBOAMTCA HEKOTOpPOE HCMBITAaHME M paccMaTpHBAIOTCA [1Ba
COOBITHA: COOBITHE 4 W MPOTHBOIOJIOKHOE €My COOBITHE, KOTOPOE TIPHHS-
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T0 0603HauaTh A . Hanpumep, npu 6pocaHHH CHMMETPHYHOH MOHETBI CO-
ObiTHE A — BBINaEHHE OpJIa, COOBITHE A — BhINajeHHe PELIKH.

CyMMa BepoOATHOCTEH IMPOTHBOMOJOKHBIX COObITHH paBHa 1:
P(A)+P(4)=1.

IIpumep 4.

bpocatoT nBa wrpanpHbix KyOuka. KakoBa BepoOsSTHOCTH TOro, 4TO
CyMMa O4KOB, BBIIABLIMX Ha ABYX KyOukax, Menbuie 10?

PemeHnue. ‘

OO61wuee 4HCIO PaBHOBO3MOMKHBIX HCXOLOB ITOTO HCNBITAHHA paBHO 36.
[TycTth coObiTHE A O3HaYaeT, YTO CyMMa OYKOB, BHINMABUINX HA ABYX KyOu-
kax Menbue 10. Tak kak 61aronpuUATHBIX Ui COOBITHA A HCXONOB GOJIb-
1I0€ 4HCIIO, TO ynoOHO CHayana HaHTH BEPOSATHOCTb MPOTHBOIOJIOAKHOTO
eMy cobbiTHs A, KOTOpOE 03HA4aeT, YTO CyMMa BbINABIIMX OYKOB Ooublle
My paBHa 10.

BnaronpustHeIMH 115 cOOBITHSA A SABISIOTCS MCXOMIBI (6; 4); (5; 5); (6
5); (5; 6); (65 6); (4; 6). ‘

Tak Kkak coGbitHi 4 W A SBIAKOTCS TPOTHBOMONOXKHBIMH, TO
P(4)+P(4)=1.

Otcrona P(A):I—P(Z):l—g%z

ln

OTBerT:

N

Hpumep 5.

B nmaprtuu 10 neraneit, 8 u3 uux cranaaprueie. Haliti BepoATHOCTB TO-
ro, YTO CPEeIM B3ATBIX HayraJ JByX JAeTajel XxoTs Obl 0OJHA CTaHJapTHas.

Pemenue. 1-# cnocob®.

CobbiTHE B — cpeau B3ATHIX Hayraj ABYX AETajI€H TOJBKO OIHA CTaH-
JlapTHas.

Cobrite C — cpeay B3AThIX Hayraj AByX A€Tanei IBe CTaHIapTHbIC.

CobbiTiHe 4 — cpeau B3ATBIX Hayraj OBYX IeTalnel XoTs Obl OAHA
CTaHOapTHas.

Co6pbiTus B u C HECOBMECTHBI.

[Mpumennm teopemy 1.
GG G4

+ .
C120 Cl20 45

P(A4)=P(BuUC)=P(B)+P(C)
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2-#i cmoco0.

CobbitHe A — cpeld B3ATHIX Hayraj [OByX AeTajled HeT CTaHOapT-
HBIX.
- C; 44
Torna P(A)=1-p(A4)=1-—2 =22
orna P(A) P( ) c2 45
44
OtrBer 45

3anaum AJsl CaMOCTOSITEILHOTO PCLUCHHSA

B naptuu u3 30 nap o6yBu 10 nap Myxckoi, 8 map »eHCKOMH, ocTajb-
Hast 00yBb — peTckasi. Haiinure BEpOATHOCTH TOro, 4TO B3ATas Hayraj
Hapa OKaXeTCs He JEeTCKOM.

OtrBeT: 0,6.

WrpanbHelii KyOHK OGpocaioT Tpu pasza moapsa. KakoBa BeposTHOCTh
TOro, YTO KaXIbIH pa3 BhLINAZAEeT YHCJIO OYKOB: a) KPaTHOE IBYM;
6) KpaTHOE TpeM.

. 1. 1
OTBeT: a) g 6) 77"

B 3putensHOM 3ane KHHOTeaTpa UMeeTcs 9 psAIoB, MPOHYMEPOBaHHBIX
oT 1 10 9, a B kaxxaoM psany — 9 kpecei. 3puTenb Hayqadyy 3aHHMAET
MecTo. YTo BeposiTHee: CyMMa HOMEDOB PAla U MeCTa OKaKeTCs YeT-
HOH WJTH HEUETHOH?

OTBeT: YeTHOM.

Pemnte npeapiaymyro 3aaaqy co 3pHTEIBHBIM 3a10M 8 x 8.

OTBeT: HeyeTHas.

Bamiu npusTenH »UBYT B 0JHOM H3 50 1oOMOB ¢ HOMepaMHu oT 1 a0 50.
B xaxxaom u3 atux aqomoB 100 kBapTHp. B kakoM citydae BEpOSTHOCTh
MONAcTh B HY)KHYIO BaM KBapTHpY OoJblile, €CJIH BaM M3BECTHO, YTO:
a) HOMep KBapTHPhHI OKaHYMBaeTcs Ha 3; 6) HOMep JioMa JIeNTUTCS Ha S,
HOMEDP KBapTHPHI JEJIHTCA Ha 2; B) CyMMa HOMEPOB JIOMa U KBapTHPHI
paBHa 1007

OTBeEeT: BTpeTheM Clyuae.

B smyxe nexar 8 kpacHeix, 10 3eneHbiX U 12 CHHHX OJMHAKOBRIX Ha
omymnb mapoB. Hayran BeiHuMaioT Tpu mapa. KakoBa BeposATHOCTE
TOro, YTO HAa BBIHYTBIX LIapax OyleT OTCYTCTBOBaTh XOTs Obl OMUH
uBeT?

OTrBerT: 0,763.
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7. B macTepckoii paboTaloT TpH cTaHKa. 3a CMEHY MEPBbIN CTAHOK MOXKET
norpe6oBaTh HalaJKH ¢ BepOATHOCTHIO 0,15, BTOpOH CTaHOK — C Be-
posTHOCTBIO 0,1 U TpeTuii cranok — ¢ BeposTHOCTBIO 0,12, Cuuras,
YTO CTaHKHM He MOT'YT OJHOBPEMEHHO MOTPeOOBATh HAJIAJIKH, HAHTH Be-
POSITHOCTDb TOTO, 4TO 332 CMEHY XOTb OJIMH CTAHOK MOTpeOyeT HalaIKH.
OtrBetT: 0,3268.

8. JIBa OXOTHHKa CTPENAIOT OMHOBPEMEHHO W HE3aBUCHMO IPYT OT ApyTa
no 3afiy. 3as1 NOACTpENIeH, eClIU NoNal XOTh OOWH OXOTHHK. Beruuc-
JIMTH Eeposm-locn) TOTO, YTO 3as1] MOACTPENEH, EC/IH BEPOSTHOCTH MO-
najgaHHH a7t OXOTHUKOB paBHEI 0,8 u 0,75.

OTtBeT: 0,95.

9. Ilpu M3rOTOBJIEHHH JETAllM MPOBOAMTCS HEThIpe onepanuH. Bepost-

HOCTB Nony4eHus Gpaka nociie kaxaoi onepanuu pasia 0,01. Kakopa

BEPOSATHOCTh BBINYCKa JeTtanu 6e3 Opaka, €CliM ONEpallid HEe3aBHCH-

MBI? OTBET OKPYTJIMTE IO COTHIX.

OrBeT: 096.

Tpu cTpenka cTpenstot no ueinu. BeposTHOCTH NonagaHus s NepBo-

ro crpenaka pasHa 0,8, mng Broporo — 0,75, nng tpersero — 0,7.

a) KakoBa BeposATHOCTb XOTb OnHOro nomnajganus? 6) KakoBa BeposT-

HOCTbh POBHO OJHOTO momnanaHus? B) KakoBa BepOSTHOCTh POBHO JBYX

nonafaHuii? OTBET OKPYTIIUTE A0 COTHIX.

OTrBeT: a)0,99;6)0,14; B)0,43.

10

dopmyna Bepﬂyuhn

EC/H NpH NPOBEICHHHM HEKOTOPOTO OJHOKPATHOTO MCHBITaHHs BEPO-
ATHOCTb NOSIBNIEHHS COOBITHA A4 paBHa p, TO BEPOATHOCTH TOTO, YTO COOBI-
THe A He NpOoU30ineT, paBHa ¢ =1— p. Torma BEpOATHOCTb MOSBICHHS
coObITHS A B m ClIy4asix M3 1 IOBTOPHBIX MCIBITAHMI HAaxomuTes 1o Gop-
MyJe bepHyiu:

p(S,=m)=Cy-p"-q" " =Cy-p"(1-p)"".

TIpumep 1.

MoHerty noabpacsiBanu 9 pa3. KakoBa BepoSTHOCTb TPEXKPATHOIO I10-
ABIICHHA opJia?

PewmeHnue.

B nauHoti 3apaue n=9,m=3, p :%, q :—:l):.
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IMTo dopmyne BepHysuin HaiiieM HCKOMYIO BEPOSTHOCTb!
3 6
1 1
p(85=3)=C, (5) (5) ~0,164.
OTrBeT: 0,164
Mpumep 2.

; 1
BepOﬂTHOCTb nonagaHvsa B MULICHb OAHHM BBICTPEIIOM — g KakoBa

BEPOSTHOCTh TOT'0, YTO NpH 12 BLICTpe/iax He OyAeT HA O{HOTO NONAaHHs?

Pemenue.
B nanHo# 3anaue n =12, m=0, p:%, q=1—p=%.
ITo dopmyne Bepuynnn

0 0 12 1\ (7)\?
p($2=0)=C-p"q :1'(§) (g) =0,2514.
OTtBeT: 02514,

3anaum A/ CaMOCTOSTEJILHOIO peLieHH s
(1a ¢popmyay BepryJiu)

Ha ucneiTatenbHsbiil creny nocraeieno 100 koHaencaropos. M3sect-
HO, 4YTO BEPOATHOCTE Mpobosi KoHAeHcaTopa Ao uctedenus 10 000 ga-
coB pa6otsl pasHa 0,01. Yemy paBHBI BEPOATHOCTH TOTO, 4TO 3a 10 000
gacoB oTKaxyT 0, 1, 2, 3 kouaeHcatopa? OTBET OKPYTIIMTE A0 AECATH-
TBICAYHBIX.

OTrBeT: 0,3660;0,3697;0, 1848; 0,0611.

B cempe 10 pmerer. Cuutas, 4TO BEpPOATHOCTb POXKACHHS MasbuHKa
paeHa 0,5, HafiIUTE BEPOATHOCTH TOrO, YTO B CeMbe 4 ManpyHka. Ot-
BET OKPYTJIUTE JIO COTBIX. '

OrBerT: 0,21.

JBa maxmartHcTa ycnoBHIMCH chirpaTh 10 maptuii. BeposTHOCTE BEI-

UIPBILIA KOKIOH OTAeNBHOMN NapTHH: NEePBBIM HIPOKOM — z, BTOPEIM

1
HrpoKOM — = (HMYBH HE CHMUTAIOTCS, @ IEPEUTPHIBAIOTCS). '

Yemy paBHA BEPOATHOCTD BHIMIPHILIA BCEM UTPHL: @) MEPBBIM UTPOKOM;
6) BTOPBIM MI'DOKOM; B) CBeAeHHS €€ B HHYbIO? OTBET OKPYIJIMTE 0
JNECATHTBICAYHBIX.

OTBeT: a)0,7869;6)0,0765; B) 0,1366.
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4. KakoBa BeposTHOCTB TOro, uto npu 10 6pOCKax MIpajbHOH KOCTH
9HCII0 OYKOB, KPaTHOE TPEM, TIOSBHUTCS POBHO TPH pa3a; He Oolee Tpex
pa3; poBHO 4eThbipe pa3a? OTBET OKPYIJIHUTE A0 COTHIX.

OTrBeT: 0,26;0,54;0,23.

PopMy.ia NMOJHOH BEePOSATHOCTH

BeposaTHOCTh cOOBITHS 4, KOTOPOE MOMKET HACTYNIHTD JHLIb TIPH YCJIO-
BHMH IIOSABJIEHHA XOTA ObI OJHOrO H3 HECOBMECTHBIX coObITHMH H), H,, ...,
H,, obpasylolux MOJHYI0 TPymIy, paBHa CyMMe NpPOM3BEACHHH BepoAT-
HOCTEH 3THX COOBITHH Ha COOTBETCTBYIOILYIO YCIOBHYHO BEPOSITHOCTH CO-
ObiTHS A:

P(4)=P(H,)- Py, (4)+P(Hy): Py, (A)+...+ P(H,)- Py (A).

IIpumep.

B oxHoii KoMaHIe MaxMaTHCTOB 7 rpoccMeHCTepoB, 3 MacTepa Criop-
Ta. B npyro#i xomanzae 4 rpoccMmeiicTepa ¥ 6 MactepoB criopta. B c6opHyro
BOIILIH § HrpOKOB M3 MEPBOi KOMaHABI U 2 urpoka K3 BTopoii. KakoBa Be-
POSITHOCTb TOTO, YTO CIy4aiHO BBIOpaHHBIH HUIpOK M3 cOOpPHOH — rpocc-
MeiicTep?

PemeHnue.

CobbITHE A — Hayraj BHIOpaHHBIH IaxXMaTUCT cOOPHOI — rpoccMei-
cTep.

CobbITe H| — 11axMaTUCT U3 NIEPBOH KOMaH/IBI;

cobeiTHe H, — 1IaXMaTHCT U3 BTOPOH KOMaHIBI,

P(H}) — BeposATHOCTb TOTO, YTO CIY4aiHO BBIOpaHHBIH MIAXMATUCT
cOOpHOI — U3 NepBOH KOMaHIBI;

P(H,) — BepOSATHOCTb TOTO, YTO CAy4alHO BBIOPAHHBIH MaXMaTHCT
cOopHOH — U3 BTOpPOH KOMaH/IHI;

Py, (A) — clly4alHO BBIOpaHHBIM MIAXMATUCT U3 NIEPBOH KOMaHIbl —

rpoccMencTep.
« Py (A) — CIyyaiiHO BEIOpaHHbIHM IIAXMaTHUCT U3 BTOPOH KOMAaHJIBl —

rpoccMencTep.

P(A)=P(H,)- Py, (A)+ P(H,) Py, (4)= -%+i A _0,64.

10 10

Slee

OTrBeT: 0,64.
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3anaum 1718 CAMOCTONTEIbHOI0 PelIeHHs
(#a ¢popmy.1y N0JIHO# BEPOATHOCTH)

U3 50 neraneii 18 neraneit aenaror B nepsoM Lexe, 20 aeTanei aena-
I0T BO BTOPOM LiEXE, OCTalbHbIC AETaH JeJaloT B TpeTheM uexe. Ka-
KOBa BEPOATHOCTb TOTO, UTO B3fTas Hayraj AeTajlb OydeT OTJIHUYHOrO
KayeCTBa, €CIM NEepBBIA U TPETHH Liexa AaloT MPOAYKLHMIO OTIHYHOIo
Ka4yecTBa ¢ BeposaTHOCThIO 0,9, a BTOpo# 1ex — ¢ BeposaTHOCThEO 0,67
OrBer: 0,78

H3 10 BMHTOBOK, Cpely KOTOpBIX 6 CHaHMepCKHX W 4 OObIYHBIX, Ha-
yraJ BbiOMpaeTcs OJlHa W W3 Hee MPOM3BOAMTCS BbicTpen. Kakora Be-
POSITHOCTb NOMAJaHHs, €CJIM BEPOSITHOCTb MOMAajaHUs U3 CHaHIepcKoh
BHHTOBKH — 0,9, a U3 00b14HOM — 0,77

OrBertT: 082

ITo penn mMpou3BENEHO TPH MOCIENOBATENbHBIX BbiCTpena. Bepost-
HOCTB TIONAJIaHKsA TIPH nepBoM BeicTpene 0,5; npu BTopoM — 0,6; npu
tperbeM — 0,8. [Ipu onHOM nonagaHWM BEPOSTHOCTH MOPaXKEHUS Lie-
nu 0,4, npu ABYX nomajanusx — 0,7; Npu Tpex monagaHusax — 1.
HaiinuTe BepOoATHOCTb MOpaXKeHHs LieJH NPH TpeX BhICTpeiax.
OTrBeT: 0,666.

IToasoanas noaxa aTakyeT Kpeiicep, BBIMycCKas O HEMY MOCnE[oBa-

TENBHO 4 TOopneabl. BeposTHOCTH NoMafaHus KakAoH paBHa % JIro-

0asg U3 Topnea ¢ OMHAKOBOH BEPOATHOCTHIO MOKET NMPOOHTH OAMH M3
10 oTcexoB kpeiicepa, KOTOpbIe Mocje NPOOHBAHUS HAMOIHSAIOTCS BO-
noi. ITpu 3anonHeHuu xoTs OBl ABYX OTCEKOB Kpeiicep ToHer. Haiiau-
Te BEpOATHOCTb rHOENH Kpeiicepa.

OtrBeT: 0,66.

Hmeercs 4 0oQMHAKOBBIE YPHBI CO CIEAYIOIMM COCTABOM IIAPOB: B
nepBoi ypHe 5 Oenbix U 5 4uepHbIX; BO BTOpoi ypHe | Oesnblit u 2 uep-
HBIX; B TPETbeH ypHe 2 OenbIX U 5 4epHbIX; B 4ETBEPTOH ypHe 3 GenbIX
u 7 yepHpix. Haynauy BriOHpaeTcs ypHa U U3 Hee — OJHH 1uap. Yemy
paBHa, BEPOATHOCTb TOIO, YTO Iap okaxeTcs 4epHoM? OTBET OKpyr-
JMTE 0 COTHIX.

OrserT: 0,65.
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FeomeTpnqecKoe ONpPEACICHHE BCPOATHOCTH

ITycTh Ha MIIOCKOCTH MMeeTcs HekoTopas obnacte F U B He# nogob-
nacts f.

IIpeanonaras, 4YTo BepOATHOCTh MOMAJaHMA CIy4aiHOH TOYKH B 00-
JACThb f HE 3aBHCHT HH OT ¢ (JOPMBI, HH OT €€ PacIOJIOKEeHHs, a [Porop-
LIMOHANIBHA €€ TLIOWAH, ONPEeIiM BEPOSTHOCT MONAaHHs CIyyaiHOM
TOYKH M B 3amaHHyl0 nomobjacTe Kak OTHOLeHHe Mep obnactei

P(M ef)= :2 ; (mes — Mepa).

B .onHoMepHoi ob6nacTu Mepo#t ABIAETCA JUlMHA, B JBYXMEPHOH —
101, B TPEXMEPHOH — 00BeM.

Ilpumep.
[Ton BBUIOXKEH IUIMTKOH KBaapaTHoO# ¢opMel co cropoHoit 3 mm. Ha
noJ 6pocaeM Kpyr auHamerpa 1 am.
a) KakoBa BepOSTHOCTh MONafaHHs Kpyra Ha CTOPOHY XOTs Obl ofHOrO
KBajipaTa co CTOpOHO# 3 aM?
6) KakoBa BepOATHOCTB TOTO, YTO KpPYT 3aKpOET BEPILUHY YEThIPEX KBaJ-
patoB? ’
Pewenune.

a)

G

M7

3 1 I3
A]KI/D]
A D
3 3
3
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CoOGbiTHE A — KpYT NMONajeT Ha CTOPOHY XOTA OBl ONHOrO KBajpa-

Ta. BepoATHOCTh HemomagaHus Kpyra Ha CTOPOHY XOTA Obl OAHOTO
KBajpara,

= SAIBICIDI 1> _1
PG er =7 5"

torma P(4)=1-P(4)=1-1=3.
0)
3 3
3 3
AR5
(54
3 3

CobbiTe B — KpyT 3aKpoeT BEPLIMHY YETHIPEX KBaIpaTOB.

S, 12
ro-S -t -3

a8 T
OrtBer: a) 9 6) oR

3anauu A8 CAMOCTOSTEIBHOIO PCIICHHSA

B okpyxxHOCTH BRHCaH KBaapar. B kpyr Haynauy 6pocatoT Touky. Ka-
KOBa BEPOSATHOCTh TOTO, YTO 3Ta TOYKA TIOMANET B KBaApaT?

OrBeT: g.
s

B OKpY)XHOCTb Hayladyy BIHMCBHIBAIOT TpeyroipHUK. KakoBa BeposT-
HOCTB TOT'O, YTO OH OCTPOYTOJIbHBIH?

OrserT: 0,25.

MuHb! nocrasieHbl Ha NpsAMol yepe3 kaxabie 15 M. TaHk mMpUHOiH
3 M MIET NepnerHKyISIpHO 3TOH NpsaMoii. KakoBa BeposSTHOCTH TOTO,
4TO OH NOAOpPBETCA?

OtrBeT: 0,2.
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4.

350

B map Bniucan kxy6. Touka 6pocaerca Hayran B miap. KakoBa BeposT-
HOCTb TOTO, YTO OHa MonajeT B Ky0?
23

3n °
Ha otpe3ok AB mnusoit 5 cM bpocaror Hayaady Touky. KakoBa Bepo-
ATHOCTB TOTO, 4TO 3Ta TOYKa MomazeT Ha orpe3ok CD miuHOH 2 cM,
ABJIOIIMICS YacThbIO OTpe3ka AB?
OTtBeT: 04.

OTBerT:
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