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KEUPHII

Japcauk SHTUJIAaHTaH TAabJINM JACTyPUTa MOC PABUINIA YMYyMTa'bJIUM MaKTa-
OsapuHUHT Tabunii-MaTeMaTuk WyHaaumuaaru 11-cuHGu yuyyH MyJKaJIaHTaH.
BakTman ymymiau doigamaHUIN MaKcagula OHJAWH pecypciapra (oHJIAH Tpa-
(UK KaJIbKyJIATOP, TABJIUM JaCTypJapu) XaBoJjajaap OGepuimn.

YykypaamTupuiaubd YKATUIAAUTaH cuHdaap yuyyH marepuasiap (*) Oenru-
cu 6unan Oenrmiaanrad. Iy ouaam 6up Karopaa C rypyxXMHUHT TOIIITHUPUKJIAPK
XaM acOoCaH MaTeMAaTHKAaHU YYKYPJAUITUPUO YKUTWIaZUTaH cuHGIAp yUIyH
MyJDKaIIaHTaH. DBuHOOAapwH, MaTeMaTHKaHU YYKYyp Va3JalTupud, KUSUKUIIL
Omguprad YKyBUMJIAp YYYH Xam Oy MarepuasaapHunr doiigacu xarra. UyH-
Ku Oepmiaérrad C TypyXMHUHT MaTepUAJIADVHUHT MAaTeMaTUK OJIMMIINaZa-
Jap Ba 6oIrka Myco0akajgapra KaTHAIIUO OpraH YKYBUMJIAPHUHT OMJIMMUHUI
yyKypJaaruira goiijacu Karra.

Yoy papcauinas (oiigalaHUII JaBOMUAA KyHumaru Kougajapra pUos
KUJIraH MabKyJI: Xap Oup OYJIMMHUHT OXUPUAA YTUJITAaH MaB3YHA MyCTaXKaMJIalll
MakKcaguaa OepuwiraH TONIIUPUKJIAPDHU Oaskapmb Oopuin JjgosuM. Xap Oup
VKyBUM A Typyxd MaTepuajiapyu OWJIaH aMaJuil TONIIUPUKJIAPHU TYIUK,
ysmamruprangas Keinaruaa B Ba C rypyXJIapuHUHT MUCOJLIAPUTA YTUIIIN MYM-
KMH. YHIAH TalllKapu Xap Oup OYIuM oxXupugard Hasapuii caBoJiiapra xaBoO
0epUIIHYU KYHUKMara aijJaHTUPraH MabKYJI.

Kyn usnamuin, mexuar Omiad Tanad ¥3 HATHMKACUHU OepPUILN Ccy3cus!

Onnaii rpaduK KaJIBKYJIATOP OHIaH
(https://www.desmos.com/calculator) ummamnn

Desmos onnaiia rpauK KaJbKyJIATOPH — QYHKIIUAHUHT (hopMyaacunad Goi-
IanaHm0® rpad@UKJIaApHU fcalra MMKOHUAT OepyBUM OHJIAWH cepBUC. DPyHKIUA-
HUHT rpadUTUHU ACAIl YUYH Yall YCTYHTra MOC (DYHKIIUAHYU €3acus. ¥ xoJuga hyHK-
UUAHUHT rpauru aBTOMATUK PaBUIIA YHT TOMOH/A sCAaJIalu.

+- - 8« 5 P
"Vy=x3 +
= 4 -
Qy=kx+b -
. b=0,5 3
T E— 3
ohstt
z 1
T2 03 45
(= %

I'padpux KanpKyJgATOp €pAaMmuga UILJIAITHUHT TYJIa KYpcaTMAcUHU YHIOY
XaBoJIafaH OerryJ I0KJIa6 OJMIIT MYMKWH:
https://desmos.s3.amazonaws.com/Desmos_User Guide RU.pdf
[=] 45 [m]
vy

s ;




KYPCATKUYIIN BA TOTAPUOMUK ®YHKLUANAP

VI 6§aum. KYPCATKHYJIN
BA JIOTAPU®MHUK ®YHKIITUAJIAP

Muanauii ukmuco0uém MUHUCMPAUZUHUHZ CMAMUCMUKACUZA CYAHCAK,
Kosoeucmon axoaucunune conu 2016 ituanune 6owuda 17669896 kuwu,
2017 tiunnune oxupuda 17918214 kuwu 6yjnzan.
Jlozapupmur 6a kjpcamruiiu QyHryusdan goidanranuod,
mamaaKamumusdazu axoiu COHU MAXMUHAH Kailcu eakmaoa
20 muanauondan opmuwuHy yuoy ojaumoa 6ax01AUHUL YP2aHACUS.

Cus mry KyHra kKajgap XaM KYITruHa QYHKIUAJIApHU YPraHgUuHTHUS.
IHAU PaH Ba KYHIAJUK XaE€TJa KEeHT KYJIaHWJIaIUuTraH KYPCaTKUUIN Ba
JorapudmMuk GyHKIIUAIap OnIaH TaHUIIUIITHY Ootaaticusd. By QyHKIHI-
Ajap MOJUA coXacuja, MeIuUIIMHANA, Tadumil pansapaa KyaIaHUIagu.
TabuaTmaru KynruHa :KapaéHJIapHUHT MaTeMaTUK MOJEJN 1Ty PYKITU-
Jlap Ba YJIADHUHT XOCUJIACU Ba MHTETrpPaIu OpKaju udogaaHaALN.

Byaumpaa ypraHuiamguraH MaB3yJap:

6.1. KypcaTtkuunm doyHKLMS, YHWHM XxOccanapu Ba rpadouri
6.2. CoHHMHI norapmdmu Ba YHMHI Xxoccanapm

6.3. JlorapmdoMrK cpyHKLMS, YHUHI XOccanapm Ba rpadomru
6.4. Kypcatkmunu doyHKLMSHUHI XOCMIacK Ba MHTErpanm
6.5. Jlorapmdpmuk dpyHKLMSHMHT xocHnach

6.1 Kypcatknuau (pyHKIUA,
YHHUHT XoccaJjapu Ba rpaduru

By maBayma KypcaTKuuau QpyHKIUSI, YHUHT XOccajlapyd Ba rpauru
OMJIaH TAHUIINO, OXUPHUIA:

4



6-6YN1UM

o Kypcatkuunm doyHKUMSHUHI TabpudomHu BUnacms Ba YHUHr rpadomriHm
sicam onacms;

® e COHWMHM, acoCH e ra TeHr BynraH KypcaTKuunm doyHKLMSIHMHI XOCca-
napuHu 6unacus, ynapaaH amarnum macananaphu euwmwpa dpompana-
Hacus;

®  KypCaTKMunm pyHKLMSHMHI XOCcanapuaaH MUCONTap eumwpa pompa-
naHacms.

6.1.1. KypcaTkuuau (pyHKIUSIHUHT Tabpudu

Busra 6am3uma Oup Heua Mapra KymalTUPUIAAUTAH COHJAp OmMaaH
UILIamira Tyrpu Keaanu. ByHpgain mdomanmapHu OejruiIail yuyH gapa-
sKa Kypcarkuunman doitganmanamus. Macanau, 5 - 5 - 5 = 53, Jlapaka
KYpcaTKUUJIapu MOJUS, MYXaHIUCIUK, (GU3UKa, 9JeKTPOHUKA, OMOJIO-
rus Ba uH(GOpPMATHKA Kabu coxajapia KyJIaHuiaagu. Yoy coxaaapaa
KYypuIaguraH MacaJjajapia fapaska KypcaTKUdul BAKTHUHT Y3TapuIlInra
MOC PaBHUIIa YCUIIN 6KM KaMaluiny MyMKuH O0yaanu. Byunait macaa-
Jlapra 9KCIOHEHT YCHUIN €KUM IIapYaJaHUIIHY MUCOJI KeJITUPUII MyMKMH.

ITaxmar yinauHUHT acocurcu CeTa MCMJIM UXTUPOUM OYJraH.
Kamumpa xuHA mommrocura YHWH JKyaa éKub Kosaau. YHU TaKIUpJIall
makcanuga Ceranu darupub
00, KaHIail COBFa OJITUCHU KeJI- "
ragunu cypaugu. Illymma Cera e
maxmar Taxrtacugaru 64 Ksa- :
IpaTHUHT OumpuHumcura 1 [0H,
UKKUHYNCHATra 2 Ta [OOH, YYWH-
yycura 4 Ta I0H, TYPTUHUYUCUTA
8 Ta mOH Ba XO0Kas0, SIBHU Xap
OMp KBaApaTra OJAUHTUCUIAH
UKKM MapTa KyO JOH OEpUIITHU
cypanu. Iactnab moxmio Cera-
HUHr Oy <«XKyZa coama» THJa-
rura XampoH KoJub, yHH Oarka-
puimira Oy#pyK Oepranu O0mMjaaH KeWUHPOK Oy THIAKHU Oakapuiira y3
Xa3WHACUHUHT eTMAaCJUTUra UITOHY XOCUJ KUInb, KaTTUK adcycaaHgn.

Tonwupmk:

1. Xap 6up KBagpaTaaru LOHNAP COHMHU TAaBCUAPIIOBUM CPYHKLMSA MABXKYLMH?

2. 40-kBappaTtra KenraHaa JOHNapHUHN COHM HeuTa Bbynagmn?

3. [MporpeccuspaH doraanaHib, NOALLIOHUHN CoBFa cudatnaa beprucu KenraH
AOHNAP COHMHU TOMUHT .

Hapaskanu (GYHKIUA MaB3yCHHU y3JaIlITUPraHga MycOaT COHHUHT

HCTaJITaH XaKUKUHU KYpPCATKUYJIM JapaskacuHu Tomnaunauk. MacasaH,
1

1
2 3; Z'ﬁ; 20, 2 4, 2% Ba XO0KAa30 COHJIAap Ma'hbHOra sra. ¥ XOoJiAa 2 HUHT
¥3rapyBum; X, X€ (—oo; +oo) mapaskacuHu Kypub uyukmo, y = 2 GyHKIUA-

5



KYPCATKUYIN BA NOTAPUOMUK GYHKLIUATAP

HU osamMus3. ByHU acocu 2 ra TeHT OyiuraH Kjpcamruiau pyrnkyus ned
arajgaiu.

Tawspud. Azap a > 0, a # 1 6jaca, y xonda y = a* QyHrkyus
acocu a za menz Oynzan kKiypcamruunu Qpynrkyus 0ed amanadu.
Bynda xe(—oo; +oo).

1 x
Macanaun, y = 3% y = 105 y = 0,25 y =2—x; y= \/5 Ba XO0Kas0-

Kypcatkuuau Qpyarnuanap. Taspudmaru a > 0, a # 1 mapraap xyzna
MyxXuM. BupuHUYngaH, XaKUKU KypcaTKUUIN qapaskagap paxkar mycoar
COHJIAP YUYYH aHUKJAHTAHJIUTUAAH, a > 0 6yauinu Kepak. UKKUHYNIAH,
arap a=1 neb oicak, xap Oup xe(—oo; +oo) KUitMaTza y = a* = 1* =1,
AbHU QYyHKOUA x ra 6orauk 6ynanm. Bawsuga 06y xonma GyHKnug y=1
ysrapmac QyHKIUA cudaTuga Kypubd YNKUIALI.

6.1.2 Kypcatknuan (pyHKIIMSTHUHT XO0cCcajiapu

Tyspatt kuaubd, sHAM KYypcaTKUUian y = a* GyHKnua a > 0Baa # 1
Oyaramma anukJgaHrad neb xmcobmaiimus. Kypcarkuuian QyHKIIUSHUHT
Kyliugaru xoccajapu 6op:

1°. kpcamkuuiy PYHKYUAHUHE AHUKAAQHUWL coxacu: (—eo; ~+oo),

2°. (0; +o0) mynaam-Kypcamruuiu QYHKUYUSHUHZ KULMAMILAD
coxacu, ssHu a* > 0, XE(—oo; +o0) meHzcuduk 6axcapuradu.

3" 1) Azap a > 1 6a x > 0 6jaca, y xonda a* > 1;

2) azap a > 1 6a x < 0 6jaca, y xonda a* < 1;

3) azap a <1 8a x > 0 6yaca, y xonda a* < 1;

4) azap a <1 ea x < 0 6jaca, y xonda a* > 1;

5) azap a > 0 8a x = 0 6yaca, y xonda a’ = 1.

4°. Azap a >1 6jaca, 6faca, y xonda y = a* Kpcamruiiy QYHKYUS
yeyeuu, asHu X, < X, MEH2CU3NUKHU KAHOAMLAHMUPYEYU Xap Oup X,

2

84 X, XAKUKUIlL COHAAp YuyH a’ < a™® meHzcusiuk Gancapunaiu.

5°. Azap 0 < a < 1 6yaca, y xonda y = a* KYpcamrxudau QYHKUUS

Kamarnseiu, AseHU xl < x2 MEeHZCU3NIUKHU KaHoamJaaHmupysiu xap 6up

X, 64 X, XAKUKUIL COHLAP YuyH 4" > a’™’ meHzcusnuk 6axrapuiadu.

A Vcooru. 1°. By xoccanuHT nc6oTr TabpudaaH Keaud YUKALH.

2°. MycOaT COHHMHI pAIUOHAJ KYPCATKUWIN Japaskacu MycoOar
Oy IUITMHY OMIaMu3, SHHU X PaIlluoHAJ COH Oyaranma a* > 0 TeHrcusIuK
Gasxapuiagu. Ouau a* > 0 TEHICUBJIWK MCTaJIraH MPPAIUOHAI X YYyH Oa-

2
2 x
SKAPWINIIMHE KypcaTamMus: Y = a” =a? = [azj 20, an a # 0 sxanIUru-
x

maH, a? # 0.V xoama KypcarKuwin (PyHKIMA XaMMa BaKT MycOaT KUiMaT
KalyJI KUIamu.

3°. 1) Arap a > 1 Ba x > 0 0yica, XaKUKU KYypPCaTKUUIN Hgapaska-
HUHT Xoccacura Kypa a* > 1* = 1.
6
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2) Arap a > 1 Ba x < 0 6yica, a* < 1* = 1.
3) Ba 4) MyHKTJIAp XaM XYAAU 1Ty Kabu ucOoTIaHamu. 5) IYHKTIAD

XaM XyAAu Iy Kabu nMcOOTIaHaIN.
4’.a>1Bax <x,6yncun. ¥ xonga a’—a'=a" (a’”z_x‘ —1) >0,

9yHKE X, — X, > 0 skammmrugas, a™’ ' —1>0. Y XonKa TEHICUBIUK-

1

HUHT Tabpudura Kypa a *>a’' .
5.0<a<lBax <x,0yacun.Yxoagaa'—a'=a" (axrx1 - 1) <0.
Yyskn o™ >0.x,-x, >0Ba0<a<1,6ynman a™* "' <1.
Xoccamnap Tyauk ucboriaangu. M
6.1.3 Kypcarknuan GyHKIUAHUHT rpaduru

1 x
Agsau xagBasiap épgamMuna y = 2* Ba y = (—) GYHKIIUATAPHUHT
rpaduraapunn sicab Kypamus: 2

x -3 -2 -1 0 1 2 3

2% 1 1 1 1 2 4 8
8 4 2

(lj 8 4 2 1 : 1 1

2 2 4 8

Tomunran HyKTaJIapHU KoopAuMHaTajJap TEeKUCINTruga TaCBI/IpJIaﬁ,

1 x
YMBUKJApHU OupJamtupcak, y = 2* (6.1-pacm) Ba y = (5] (6.2-pacm)
OYHKIUAJIAPHUHT IpapUKIAPUHN OJIAaMUS3.

B

=Y
A

4
2
1
> X ' M > X
-3-2-10 1 2 3 -3-2-10 1 2 3
6.1-pacm 6.2-pacm

Hapakaunuur xoccacura Kypa 1 < a < b xosga arap x > 0 6yica, a”
< b* TeHrcusauk; arap x < 0 6ysca, a* > b* TeHrCU3JUK OarKapuUIagu.

AKcuHua
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Ay O0<a<b<l1
a=04|,-3 xoama, arap x > 0 Oymaca, a* < b*
a=2 TeHrcusaukK; arap x < 0 Oymca, a* > b~
9 TEHICU3JINK Oakapuaagu. ¥ XO0Jia, a aco-

cu 1 maH KaHyYaJuK KaTTa OYyJaran caiiu
Y = a* KYypcaTKM4Jau (QPYHKIUA ITYHUYAJIUK
«T€3POK» ycamaum. a acoc 1 maH KaHUYaJIUK
KMYUK OyJarad caive y = a® KYypcaTKUUJIHN

& GYHKIUA IMIYHYATUK «Te3POK» KaMasIu.
6.3-pacmaa acociaapu a = 0,8; a = 0,4;
a=0,8 N . o o
a = 3; a = 2 0yaran KypcaTKuuau (PyHK-
> UAJaPHUHT rpaduKIapu KypcaTuaras.
35101 ¢ 3 > 0 p pad pu Kyp
6.3-pacm

6.1.4. e coun. Acocu e ra TeHr 0yJaraH
KYypCaTKU4JIU (PyHKIIHI

danga, MyXaHIUCINK COXACHOA Ba aMaJMi Macajajgapia acocu
e = 2,7183 coum Oyaras KypcaTKUUIN (PYHKIINA KeHT (poimalauuIagu.
e — MaTeMaTHKaja y3ura XoC COH, y T COHM Ka0Ou mppamnuoHaJ COH.
T COHMHUHT MabHOCH-aliaHa Y3YHIUTUHUHT YHUHT AUaMeTPUra HUC-
0aTy SKaHMHUN OujaaMmu3. XyIAU IIYHAAH e COHMHUHT XaM MaTeMaTUK
MabHOCH 00p.

g YA anuuTO NI AR
3IIYKCHU3 dous Outau IIETIO3UT-
ra COJWHTaH MyJara YCUMW OwiaaH Oup-

ra XucOoOJaHraH NOYJHUHT MUKIOPUA YIIIOY v ¥ ; |

Gbopmyna Ounam xucobmamamm: u, = ul(l + ﬁ)

garTnaru @omsnapuarn SJICI/IM, n — Myannat CoOHHU. BI/Ip HeuTa MyagnaTiaH Kell-

+ i)", OyHAa u, — OXMpTU CyMMa, U, — JacTiad
[EIIO3UTTa COJMHIaH CyMMa, i — YeKJIAHTaH M-

WH TYIUIAHTaH OXUPTU CYMMaHU 0aXOJIallInK.

ABBaJj ymi0y coama MHUCOJHU €UMHT:

Wunmuk dousmapgaru yeumu 10% Ta TeHT IemosuTITa OUp Huara
100000 Tenre conmuau. KanapkynasaropmaH oiiganrannd, OXUPru CyMMAaHHU
XUCOOJIAHT Ba yKaBOOJAPUHIUS3HU ACOCIAHT:

1) #innura (n = 1, i = 10% = 0,1);

10%

2) yopak caiivu (n = 4, i = = 0,025);

3) oiiura; 4) Xxap KyHH; 5) Xap CeKyHAaa; 6) xap MUJLINCEKYHIIA.
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Arap i — #naauk dQoumsnapmaru YCuM, ¢ — OMOHATHHUHT CAKJIAHUII
BaKkTH (fimsappa), N — xamMMmMa Huiara KYIIAJAZUTaH YCUM MUKIOPU

.t .
Oyica, i = N Ba n = Nt. Byagan jcran cymma:

¢ Nt
u, =u, (1 1 —)
N 6.4-xcadsan
N
dopmyia Oouian xucobsanagu. Arap a = — 0el- 1)*
IUJIaIl KMPUTCAK, t a (1 + Zj

1\ it 10
u, =uy||1+— -
a 100
Kanbkynaropgas (oinananu6, 6.4-axsan- | 1000

HYU TYJIOUPUHT. @ KATTAJIUK OPTraHaa 10 000

100 000

(1+l) = 2,71828182 ...
a

OyIUIIIUra UIMOHY XOCUJ KUJIWHT.

1 [

a
lim (1 + —j JUMUATHUHT KUAMAaTH € COHU JIe0 aTajagu.
a—oo a

e=2,71.

Ilyunait kxuaubd, y3aykcus (ous OMJIAH COJUHTAH HNYJHUHT YCUMU
Omyman xmcobjaraHfa OXWPrd MHUKJIOPUHHU u = ue’ ¢gopmyna Guian
Xucobnam MyMKHUH, OyHIa u, — AacTiaal Nelo3WTra COJMWHTAH CyMMa,
r — AnaauK (oumsiu ycrama Iryi, ¢t — HUIaap COHMU.

Yoy dopmynagan ¢origananub, 10000 Tenrenu HWuAIuUK (Qous-
au ycrama nynau 10% ra TeHr Aemo3wUTra TYPT HWJIra COJMHTAHAA
TYILIAHTAH CYMMAHU TOIIMHT.

1

x3+ ——xt + ...
2-3 2:-3-4

f(x)=1+x+%x2+

KATOPHUHT YeKCHU3 KYII Xaau 0op. YIIdy KaToOpHU
f(x) = e
GyHKIIUSA opKaau udomagan MyMKUH dKAaHJIUTH MCOOTJIaHTaH.
Iy mymaoxasanum x = 1 me0 oanb, KaTOPHUHT JacTJaabKu Oelra
xagunas Gougananub, f(1) xucobsab TEKIITUPUHT.
Yy = e* acocu e 2a meHe OJean KJpcamKuiau QYHKUUA.
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Kypcarknunn QyHKIUIHUHT aMaaga KyJIJIaHUIIH

1) Kynait mapout Oyaranma (xaBd-xarap HYK, O3UK-OBKAT eTap-
J) TUPUK OpPraHM3MJIAD COHUHUHT KYIAUWINU KYPCATKUUIN (DYHKITHI-
HUHI' KOHyHmra OyicyHazu. Macasau, 6urra umBuH €3 Oyiim 8 - 10* as-

JIoA KOJIIUpa OJafy. YJIAPHUHI Maccacu Oup Heda
. MIULIMOH TOHHa Oysinmmy MyMKUH oau. Bupoxk,
/ UYMBMHHUHI KyIajnImmra OOIIKA KOHUBODJAD Ba
YCUMIMKJIAD XaJIaKUT Oepramjurd yJYyH YJIapHUHT
COHU IOKOpHZA KYypcaTwmiraH KaTTaJIMKKa eTa OJI-
Maigu. Xap Xuji OaKTepusiap Ba MUKPOOPTaHU3M-
Jap COHWUHUWHT YCHUIN KOHYHUATU YIIOy (Qopmysa OmiaaH TaBcUIaHAIN:
N = N*, 6yana N, — sKOHMBODJIADHUHT NacTIabKu COHHU, k — yarapmac
Koa(p(purimeHT, ¢ — BaKT.

t

1\r
2) PaguoakTus mojma m = m, (5) KOHYH Oyiinua ImapuajaHami.

Bynna m — MopJaHMHUHT ¢ BAKT MOMEHTHJATW MAacCacH, nm, — MOAMa-
"HuHT Oomnumanrud (¢ = 0) maccacu, T — ApUM IIapyaJaHUII JaBPU. Y IOy
KOHYHUATHAH (Qoiigananmb, omumaap EpHUHT éIMIMHN aHUKJIAIITaH.

3) XaJK COHMHMHT 03 BaKT nuuaa yeumu N = N e* dopmyna 6u-
nan taBcurananu. Bynga N, — xaakHuHT mactaabku comu (¢ = 0),
N — XaJaKHUHT { BaKTIaru COHU, kK — y3rapMac KaTTaJauK.

4) Tarbukuii MaTeMaTHKaZa TypJu Macajgajap yupaigu. YJapaaH
OMpU — paKeTAHWHT TEe3JUTUHU U Ta eTKAa3WIl YYYH yYHra capgamHagu-
raH éKuJIFruHUHT M MaccacHMHU TOIUII Macajacu. By mMacca paKkeTaHWHT
m Y3UHUHT Maccacura Ba U, EKWIFUHUHT DaKeTa NBUTATeIWIaH YHKUII
Te3JUTura OOFJIUK. Arap epHUHT TOPTUJIUIN Kydu Xucobra oJuHMAaca,
KepakJu 6KUJIFU Maccacu yIiioy opmysa OGuIaH TOMMIALMA:

M = m(e'* — 1)
(K.3. IMmankosckuii dopmymacu). Macaman, maccacu 1,5 T parera
8000 M/c Te3IUK OJUIIHN YUYH EKUJFUHUHT IBUTATEIJAH UNKUII Te3JIU-
ru 2000 m/c 6yca, TaxmuHau 80 T éKUIFU Kepak Oyianm.

5) Kaiimaran yoiiHaKJaru CyYBHU TOKJAH asKpaTud OoJIraHma y macT-
a0 Te3 COBUIIAM, BAKT YTUINHN OMJIaH YHUHT COBUII TE3JUTU KaMasIu.
YHUHT COBHUIII TeMIepaTypacu yinoy ¢gopmyJia 6muaaH XucobJaaHALNI:

T =(T, - Tye"+T,.

1. Kypcarxkuunu GyHKIUA 066 KaHgail GyHKIuAra antTuaagu?
" 2. Huwma yuyH Kypcatkuuiau QyHKIUS acocu a > 0, a # 1 mapriaapHu
KAHOATJAHTUPUIIN Kepak?
3. Kypcarkuunay QYHKIUAHUHT XOCCAJAPUHU KeJTUPuO uukapuo,
yJiapHU UCOOTJIAHT.

1 x
4. y=4~, y= (Zj GYHKIUAJIAPHUHT rpapUKIapUHN Acad KYpPUHT.

10



6.1.

6.2.

6.3.

6-6YN1UM

Mucoanap
A

X HUHT KaHgall KuiMariaapuga 3*° uogaHuHTr KUUMAaTH:
1) 1 gau xarTa; 2) 1 nam KUYUK; 3) 1 ra Tenr?

X HUHT KaHgah xuiimatiaapuzna 0,3 udogaHuHT KUAMATH:
1) 1 gau xarTa; 2) 1 nam KUYUK; 3) 1 ra Tenr?

DYHKIUAHUHT TPpa@UTUHU SCAHT Ba YHUHI aHUKJAHUII COXAaCH
OmJyiaH KUUMaTaap TYIJIAMUHA aHUKJIAHT:

1 x
D) f(x) =3 2) f(x) =(§) ;0 3)flx) =54  4)f(x) = 0,3

6.4. CDyHI{L'LI/IHHI/IHI‘ AHUKJIAHUIII COXaCHUHU TOIINHI':

6.5.

x-1

1) y= ex7+3; 2) y= e\/xz—3x+2 .

DYHKIUAHIHT YCYBUN €KUM KaMalOBUM OVJIMINNHN KYPCATUHT Ba
rpauruHu ACAHT:

1)y=e3fx; 2)y=62x75.

1

d
ANEITE TOMMTIIEYED (BG-GB

6.6. Yuruprragap KoILIarad SKWH MaWJOHWHU YIIOYy KOHYHUSAT OU-

6.7.

naH apumKjgaHagu: A = 1000 - 2°°" ra, Gyrga n — xadTa COHH.
YVioy MabayMOTJIapHU aHUKJIAHT:

1) yuruprrasap KOIjaraH JAacTJa0KU S9KWH MaUJOHUHUHT I03M-
HU;

2) 10 xadramaH KelWH UYUTUPTKAJAP BUEH KeJTUPraH SKUH
MaWIOHUHT IO3UHMU.

Bakrepusamap Kyaaii MyXuUTAa Tes Kymadan. ¥ JapHUHT Maccacu
W, =100 - 2°" (rpaMM) KOHYHHAT OMJIAH JCHUIIM AHIKJAHTAH.
Bynga t — BaxT (coar).

1) BakTepuamapHUHT gacTjadKu mMaccacuHmu; 2) 4 coaT yTraH-
IaH KeMUHTU MacCcaHW TONHWHT; J) 0aKTepusaaap MacCACUHUHT
BaKTra OOFJIUK YCUINI TPaUTHUHU SICAHT.

11



KYPCATKUYIN BA NOTAPUOMUK GYHKLIUATAP

I
6.8.

o |

L
Banxam arpopuma #HYKogamd KeTraH Hyadapc MDOMYJIAINA-

cuHN (KymadwuimmHW) VypHUTa Keatupuin wMaxcagmga 2018
nuan 6 KypT Hyadapc oand KeauHmb, OYIaTud 000pUIILH.
Ny n6apcauar kjnainmmm N , =N, 2°"¥ gonynra 6ycynany, Gyana
N, - nmacrnabku #ynabapcnap coHu, ¢ — Bawkr (im).
1) 2030 i#mam KyTwiaaguraH #Wysabapciap COHWHU TOIIMHT;
2) 2018 #imnman 2030 fimarauva dousgapaaru YCUITHU TOIHWHT. |

6.9.

B

CoHJapHU TaKKOCJIAHT:
1
1) 215 Ba Zﬁ; 2) 23 a 203; 3) 3%! Ba 3%
1
4) 3701 Ba 39 5) 27142 gg 272, ) 27 pa 20143,

1

d n IAManaltenuyprrcnap:A(6X10=6%11):

6.10. PagnoaxTus monma M = 250 - 0,998’ KouyHn Oyiinua mapuaJjia-

6.11. CyOKJIUK My3JIaTrA4ra COJUHIN. Y HUHT T€MIIePATYPACUHUHT

"Hagu (M — macca rpaMmiapnaa, ¢ — BaKT WMIIapaa yadaHaam).
1) PagmoakTB MOAZAHUHT AacTJa0KW MacCaCMHU TOIIUWHT;

2) 400 #imy yrraHgaH KeWWH PAagUOAaKTUB MOATAHWHT Maccacwu
KaHmai 6ymaamnu?

3) 'paduk KaIBKYJIATOP EpAaMUa PAAUOAKTUB MOATAHUHT Mac-
cacu 125 rpamMrava KaHua BaKTHa IIapUaIaHUIIIUHUA TOIIMHT.

yarapumr KouyHu T(t) = 100 - 27092 Gymma T — Temmeparypa
(°C), t — BaKT (MUH).

1) CyIOKJINKHUHT NAacTJIa0KU TeMIIepaTypPacuHU;

2) KaJabpKyJadaTOp épaaMuaa 15 MUHYTAAaH KEMUHTU TeMIleparTy-
pacuHu’;

3) 20 MUHYTIaH KeHWHTU TeMIOepaTypaHu aHuKJIaHT.

P

6.12.

6.13.

12

DyHRIUAHUHT I'pa@UTNHN SCAHT Ba YHUHT aHUKJAHUII COXAaCU
OunaH KuiMaTiIap TYIJIaMUHU TONWHT:

) flx) = 8+ 1; 2) f(x) = 3% 3) flx) = 35 4) fx) = 37

DYHKIUAHUHT YCYBUM €KUM KaMalOBUM OYIUINIMHU aHUKJAHT:

1) f(x) =5% ; 2) f(x)=%; 3) ,«(x)=(g_@j :

(2 Y, _(m) _(3)".

4)f(x)—(3_2\/§j ;0 9) f(x) (3) ; 6) f(x) (n) ;
4+ﬁ )

3

DA =(4-V7)5 8 f(x) =(



6.14.

6.15.

6.16%.

6.17.

6.18.

6.19.

6.20.

6.21%.

6-6YNUM

TeHraamMmaHUHT MIAU3U MaBKyaAMu? Arap MaB:Ky[ 0yjica, uiiopa-
cu KaHmau:

1) 5 = 6; 2) 5% =—; 3) 5 = 0,01;

[ NN

4) 5* = 100; 5) 5% = -1?

a HUHT KaHOall KuiMmarjapuga a™ > a" TEeHICUBJIUKIAaH m < n
TEHICU3JIUK KeJin0 dyuKamm?

DYHKIIUAHUHT IrPpa@UrunHy SCaHT:

1)y=e—|x|; 2)y=e\x—1|;

3 y=ey 4 y=lel-1-1].
C

[-1; 1] opanuknga y = (2 - \/§)x GYHKIUAHUHT 9HT KaTTa Ba DHT

KNYNUK KHﬁMaTJIapHHH TOIINHT.

[0; 1] opanukma y = (\/17 —3)x GYHKIUAHUHT 9HT KaTTa Ba 9HT

KHUYUK KPIfIMaTJIapPIHI/I TOIINHT.

Onnaiia rpadui KaiapKyasaTop épaamuma y =+vV2° Ba y=+3"
GyHKIUATAPHUHT rpadUKJIAPUHN OUTTA KOODAMHATAJIAD TEKUC-

Jauruna sicao,

TEHI'CU3JINKHU €4YMHTI.

1 1
1) v3* =427 renrmamanm; 2) — <
’3.76' '236

flx) = \/x +2x -1+ \/x —2Jx -1 GYHKOUAHUHT TpapuUruHU

fdACaHr.

1\7
PagunoakTus monma m = m, (5) KOHYH Oyiinua mapuaJjiaHamu.
Bynna m — mopgaHWHT ¢ BAaKT MOMEHTH/JAr¥ Maccacw, 1, — MOJ-
ma"HuHT mactaabku (¢ = 0) maccacu, T — gapuMIIapyaJlaHUII TaB-
pu. Upuinra moc pasuiiga maccaaapu 50 r Ba 20 r 6yiaran paguo-
aKTUB MOAJAJAPHUHT MKKUTaA Oymaru 6op. BupuHum MoamaHWHT

sSpuUMIIapyYaJaHuIn gaspu 1 coaT, MKKUHUYNCUHUKY 3ca 2 coart.

13



KYPCATKUYIN BA NOTAPUOMUK GYHKLIUATAP

1) Xap 6up Moama MacCAaCMHUHT y3rapuil rpaUTruHy SCaHT.
2) MoagamapHUHT HUFUHAN MacCAJIAPUHUHT y3TrapuIll rpaduruau
sICamr.

TakpopJamra JOUP MAIIKJIAp
6.22. TeHrCcUBIUKJIAP CUCTEMACUHU €UUHT:

) {4(x—1)—2(x+1)>0, 9) [3x+8-(2x-5)<0,
3x~1-4(x-10)<0; 2(6x —4)-3(x+1) > 0.

6.23. XucobisaHr:

o=

1
a2-9-a

DO | =

a—-4-a

1) = oyuma a = 81; 2) , OyHIa a = 64.

3 1 1
1 +2a2 a®—-3a’

a

6.24. ApudMeTVK TPOTPECCUAHUHT OUPUHYM Xaau OWJIaH aiupPMAaCUHU

TOIWHT:
1) (a, +a,, =0,2, 2) {az +a, =18,
a, —a; =2,4; a;-a; =144.

6.2 Connunr sorapudgmu Ba
YHHHT XOcCcajiapu

By maBsyga jgorapudm TyIIyHYACH OMJIAH TAaHUIINO, OXUPUIA:

COHHMHI NOraPU(PMMHUHI TabPUUHM;

YHIM Ba HaTypan norapMdmMnapHu;

norapuMgMHMHI Xxoccanapuhm bunacus;

norapuMmK MpoaanapHM LLIAKM anMaLlTMpPULLAA YNAPHMHN xoccana-
pvaaH dpompanaHacms.

6.2.1. JlorapudmHUHT TaBpudu

a*=b(a >0, a#1) rearnamanu Kypub unKammus. By TeHTIaMa-
HUHT WIAU3U Y=a* KypcaTKUuwiIu (PYHKIUAHUHT rpaduru OuiaH y=b
TYFPU YMBUKHUHT KECUIIUIN HYKTaJapuHUHT abciuccacura TeHr (6.4,
6.5-pacmitap). Yoy pacmiaapmas arap b>0 6yica, y = a* QyHKIIUAHUHT
rpaduru OuiaH y = b TYFpU YUBUK OUTTA HYKTAJa KECUIIUIITNHU, arap
b < 0 6¥uca, y = a* QyHKOUAHUHT rpaduru 6uaan y = b, TYFrpu YU3UK



6-6YN1UM

KeCHIIMaCJIUTUHN KypaMus. ¥ xojana, b > 0 6yaranga a* = b TeHrjaama-
HUHT ATOHA WIAU3U MaBXKy[ (X = ¢), b < 0 6yica, TeHTJIaMaHUHT WJIIU-
3u MaBxKyz smac. Ilyagait kuaub, b > 0 0yaragga a® = b TeHrJIaMaHUHT
WIAWSYU ACcOoCU a 2a meHz b COHHUHZ nozapugmu 1ed aramagu.

\Y Ay
y=a* y=a*
O<a<1
y=»b |a>1 y=">

| 1
_——"//// ' | \\\\\‘-~
—_— X ; »
o c c 0 L
b, b,
6.4-pacm 6.5-pacm

Taspud. Bepunzan mycébam cOHHUHZ OepujzaH AcCOCLU N02a-
pugpmu 0eb Wy acocHuHz Oepunizan COHza meHz Olnzan Odapaxca
Kpcamkuyuza aiimuaadu, ssHu b > 0 connune a (@ > 0, a # 1)
acocau nozapu@mu 0ed

ac=b 1)
MeHZAUKHU KAHOAMAAHMUDPYELU € COHUza allmunadu. Y Kyiiudazuua
benzunanadu: log b 6a 6y «a acocea xypa rozapupm b» ea 0y «a za
mene nozapugm b» 0eb jruaadu.

Bynpau Tabpudra kypa (1) TeHMIIUKIAH
b=a"" (2)

TEHIVIMKHU oJiaMu3. (2) TEeHIJIUK J02apU@MIAPHUHZ ACOCUl AllHUAMU
nebd arajmamu.

1-mucomn. 1) log,81; 2) log,0,125 udoamapHuHTr KUEMaTHHA TOIMII
Kepax.

A 1) 81 = 3%, raspudra kjpa log,81 = 4;

1
2) 0,125 == = 2, y xonza, log,0,125 = ~3. W
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KYPCATKUYIN BA NOTAPUOMUK GYHKLIUATAP

6.2.2. JlorapudMIapHUHT aCOCUN XOccaiapu

duau jJorapu@MIaPHUHT aCOCUUA XOCCAJaAPUHU KeJITUPaAMU3.
Hemanzan a > 0 (a # 1) 6a b, ¢ connap yuyH

1. logal = 0; 2. logaa =1;
b
3.log (b c)=logpb + log,c. 4. logaz= log b — log c;
1
5. logab’" = mlogab, m € R; 6. loganb = ; logab, ne R, n#0;
log b
7.logb= ,c#1;
“  log.a
8. log, b=—,a,b>0;a#1,b#1;

log, a
9.log a-logb=1oga-logb, a,b>0;a#1,b#1
menzauKLap 6axcapuniadu.

XoccaJapHUHT HCOOTIAPH

A 1 Ba 2-xoccamapHuHT 1c60TH TabpUbAAH Keanb YUKagd.
3 -xocca. Papas Kunainuk, log b = u, log c = v 6yncun. (2)-ren-
TIuK Oyiinua
b=a% c=a’ (3)
TEHTVIMKJapHU oJaMui. (3)-TeHraukgapaas b + ¢ = a**'. Byngan jora-
pudMHUHT Tabpudura Kypa

log bc = u + v = log b + log c.

b
4 -xocca. (3)-TeHIIUKIaH —= a* "’ TEeHIVINK KeJaub umkagu. ¥ XoJga
Tabpudra Kypa ¢
log,—=u — v = log,b — log c.
c

5 -xocca. Arap log b = u 6§uca, b = a*. Byrgan b™ = a™ TeHIJHUK
OmJyiaH Jorapu(@MHUHT TabpuduiaH (oiigalaHcaK,

log b™ = m - u = mlogb.
6 -xocca. (2)-TeHrauk Oyiinua

1 ]log.b 1
(an)loganb_ b aloganb_ |:(an)”:| _ (an);bgab
= U = - .

Y xonpa, log b= llogab.
“ n

log,b o o
%"=} TEHIJIMKHHU ¢ acocra Kypa Jorapu(pMiaiMus:

log b
log.a

7 -xoceca. a

.

log b - log.a = log,b. Bynnan log b =

— 16



6-6YN1UM

8 -xocca. log, b = TEHTJINKHUHT OAKapUINIIUHE KypcaTaMus:

log, a

logb=c=a"=b,loga=d=0b'=a;

1
b)Y =b=b*=b=dc=1=c===log, b= :
d log, a

[ g VPSR MnGEm
rapudpmeEuEr 7, 8 -xXoccamapuman (Qoigasanub, 9 -xoccaHU
KeJTUPUO YMKAPUHT:
log a - log b = log a - log b, a,b>0;a#1,b=#1.
log b COHHMHT WIIIOPACWHU Te3 aHUKJAII Hyiu:
arapa > 1, b > éxu 0 < a, b < 1 6yxca, log b > 0;

arapa >1,0<b<1én 0 <a<1,b>1ynca, logb <O0.
1 r

2-vmcoa. 1) log,16; 2) log,2; 3) log , 27 uogaHuHT KUAMATAHY TOIHUIII
Kepak. 3

A 1) log,16 = log,2* = 4 - log,2 = 4;

1 1
2) log,2 =log ,2 = Elog22 = 5 ;

3) log,27= 10g37133 =-8log,8=-8. Bymma 6ms 2, 5 Ba

3
6 -xoccamapaan doiigamanguk. M
3-MHCOJI. loga27 = b pme6 onub, log ﬁQ/a_ uGOJaHUHT KUNMaTUHU
TOIIAMMU3.

log,3 b 1 b
Alog 27=b=1log,3 =b=3-log,3 =b=—o2" = 7 =25
¢ ¢ ¢ log,a 3  log,a 3
3 2 13 1
= log,a = >. Byunau log .Ya = Zloga==->==.
Eall = DYHAAH (08 5YA = 5 l080 =5 YT
1
. /g —
1 Hapo6: 1ogJ§JE_Z. _
d-mucor. —Bar _ 14 log, b aliHMATHN MCOOTIAII Kepak.
log ,x

A 9 -xoccara kypa
log ,x = log x - log,a = log a - log x = log x = log ,a - log x. dunn

OyHUM TEeHTJIMKIATHM KaCPHUHI MaxpaskKura KyJJjaacak,
log,x 1 log,x 1
log, x log,a log,x log,a

17



KYPCATKUYIN BA NOTAPUOMUK GYHKLIUATAP

8 -xoccara Kypa

log,x 1

=log, ab =
log

ab

log, x B log,, a

=log,ab=1+log,b. W

Tawspud. Acocu 10 2a menez Oyazan Lozapudm JHaU nozapudm

0e6 amanadu, y 1g kabu 6enzunanadu: log,a = lga.

Acocu e za menez Oljrean aozapupm Hamypan nozapugpm 0ed

amanadu, y In xabu 6enzuranadu, asnu log,a = Ina.

6.25.

6.26.

6.27.

18

1. a*=b(a >0, a+#1)rearmamarunr 1) b > 0; 2) b < 0 6yiranga He-
uTa UIOU3U MaBKy[d?

2. Mpyc6at counuHr jgorapuhpmu ne6 HuMara auTuaagu?
3. JlorapudmaapHUHT acocuil alHUATUHU €3u0 KYpCaTUHT.
4. JlorapudMaapHUHT acocuil xoccajapumHu aiTub, ynaapHu wucOOT-
JIQHT.
5. Huma yuyH mau®uii CONHUHT JorapudMu aHUKJIaHMaNII?
6. JlorapudmuuHr acocu 1 ra TeHr OYIUININ MyMKUHMK?
7. Harypan jgorapudm KaHgal aHUKJIAHAIN?
8. Kawupgaii jorapudm yHIAU Jorapudm merinmanu?
Mucoanap
A
Bepunras couHUHT acocu 2 ra TEHT OyJraH Jorapu(MUHU TOIIMHT':
1 1
1) 25 2)5; 3) 4; 4)1;
1 1
5) g; 6) 32; 7) 64; 8) E .
CoHHUHT acocu 3 ra TeHT OYJrad Jorapu(pMUHN TOIIUHT:
1 1
1) 3; 2) 3 3)9; 4) 9’
1 1
5) —; 6)27; 7)243; 8) —.
27 81

Bepuaran TeHrIUKJIAPDHUHT TYFPUJIUTUHU TYITYHTUPUHT (OF3aKU
basKapuaaguTaH TOIIINPUK):

1) 1g10000 = 4; 2) 1g0,1 = ~1; ) 1gvi0 = 2 ;

1
3) log,8 = 3; 4) log, = -2; 6) log,v27 = 1,5.



6-5YNIUM
6.28. XwucobisaHr:

1) 1g100 000;  2) 1g0,01; 3) log,V3;  4)log,128;

5) log,25; 6) log 125; 7) log,3; 8) log2§/§ ;

9) log a™; 10) log,2; 11) logal; 12) log, 66 ;
a

13) log,1; 14) log,9.

6.29. Kambkynsaropma XxucoOaaHT:
1) 1g152; 2) 1g25; 3) 1g74; 4) 1g0,8.

6.30. Acocuii sorapupmuk aiiHuaTAaH (oiinananub, X HA TONUHT:
1) log,x = 2; 2) log,x = 2; 3) log,x = —3;

1
4) logx =3;  5)logd =2 6)log3=-_.

6.31. Xucobgaur:
1) log,32; 2) log ;81;  3) log,.Va; 4) log Ya*;

5) log .15 6) 1og5%; 7) log,343;  8)1g0,01.

6.32. Vuian norapudMIapHU XUCOOJIAHT:

1) 1g0,001; 2) 1g1; 3) 1g810 ;
1
4) lg—; 5) 1g104/10 ; 6) 12100010 .
o

6.33. Bepunrau corsapau 10 HUHT gapakacu KYPUHUIINIA €3WHT:

1) 6; 2) 60; 3) 6000; 4) 0,6; 5) 0,006.
6.34. CommamamiTUpuUHT:

1) 1g8 + 1g2; 2) In8 — 1n2; 3) 1g40 — 1g5;

4) In4 + Inb5; 5) 1g2 + 1g3 + 1g4; 6) 1 + In3;

7)1gda — 1; 8) In6 — In2 — In3; 9) Igh + 1g4 — 1g2;

10) lnz + In3 + In7.

6.35. CommamamTUpUHT:
1) 51g2 + 1g3; 2) 2In3 + 31n2; 3) 3lg4 — 1n8;
1

1
4) 2In5 — 3In2; 5) —In4 + In3; 6) 1 In—;
2 3 8

1
7) 3 —1g2 — 21gh; 8) 2 - Elg4 - 1g5.
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6.36.

6.37.

6.38.

6.39.

6.40.

6.41.

CopmanallTUPUHT:
g4 In27 1g3 In25
1) —; 2) —; 3) —; 4 .
) 1g2 ) In9 ) 1g9 ) In0, 2

Y10y TeHTJIMKJIaPHUHT TYFPUJINTUHU KYPCATHUHT:
1) 1g300 = 1g3 + 2; 2) 1g0,05 = 1g5 — 2;
3) 1g5000 = 4 - 1g2; 4) 1gb =1 — 1g2.

Xwucobsanr:
1) 200 2) 37, 3) log,5%;
4) 5'Ess 5) 4275 6) log ;427.

p = log,2, ¢ = log,3 Ba r = log,5 Gyuca, ymly COHJapHU P, ¢, I
OpKaJM €3WHT:

1) log,6; 2) log,108; 3) log,45.
CoHJIapHU TAKKOCJIAHT':
1 1
1) log,2 Ba log 25 2) log,3 Ba log, 2’
1

1 .
3) log ;3 Ba og .2
Conynapman xKaticu OUpHU KaTTa:
1) 1g%10 Ba log,v/2; 2) log,2 Ba log, ,,,,0,25;
3) lo iBalo 1. 4)123a;‘?

€525 o0 8o 82 P2 10g.1000 °

1

o n AVanATO NI P

6.42. Omonatun inanauk yecumu 12% 6yaran gemosurra 10000 TeH-

re coagu. Heua Hmnagad KeWWH YHUHT IIyJHM HKKK Oapodap
opramu?

A Mypaxkab dousiap dopmytacumaH doiimanranamma:
P n
S = A(l + m) , OyHIa A — mactyiab COJIMHTaH ITyJ MUKJIODH,

P — WuAIUK YCUIN, n — OMOHATHUHT CAKJIAHUIN BaKTHU (HUJI-
Japna), S — TYIJIaHTaH myJa MUKIOpY. BusHuHT Xoama 0y Gop-

mysna S = =10000(1+£) . Busra n Hu aHUKJAII Kepakx.
00

Urrnnanrang myna muggopu 20000 6yaranm yuyyH, yIIOy TEHT-
JaMaH! OJIaMU3: r
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20000 = 10000 (1 + E) , KHCKAPTUPUIIAAH KENNH 2 = (1 + E]
100 100

TeHIVIAMaHU e4UIll KepaK.

By TeHrslamanu euwuIn yuyH JOrapuMHUHT Tabpudumas Goi-

mnamamamms: 2 = 1,12" > n = log1,122. JlorapumMHUHT 7°-X0CcCa-

cuma (oigamaHud, YHIU JorapudMaap OpKaJIyd TOIIaMU3.
lg2  0,3010 ...
lg(1,12) 0,0492 ...

Ilyumait kuanb, 6 HuagaH caja OpTHUK BaKTAa €Ky 73,5 oigaHn
CYHI OMOHAT ITyJI MUKIOPYU MKKmiaanagu. M

n= 10g1’122 = =6,11.

1 I
JlorapudmaaH MoJius coxXacugaru MyTaxaccucjap, MyXaHauciap,
MeauIIMHA XoaummJapu xam Gonganranagu. Kyiugaru mumcosama
JorapuMHUHT OHMOJOTUAAA KYIJIAHUIIINHA KYpub YNKaMU3.

J\ n YA anHUTO NI AR |.

1

6.43. BakTepusjap COHUHUHT BaKTra OOFJIHK, YCUITH yIIIOy (opmysa

OmJIaH XMUCcoOIaHaALM:

t(lgB-1gq)
e
b
q
nabKku OakTepusiaap COHU, p — t
BaKT yTraHgaH KeHWHTU OaKTepusd-
Jap coHu, B — Oepuiran 0axTepms-
Jap coHHW, X — OaxkTepusagap coHu B
ra TeHr OYJIHIIN YUYyH Kepak Oyarax
BaKT.
Hactimab 6 Ta GakTepusa 6op saum. O3MKHU yprara Kyuranmad
KeliuH 2 coatr yrraH cyHr yaapHuHT coHu 100 ra erqu. Kanua
BaKTAaH KeiimH OaxkTepusaaap couu 500 ra eragmu?
A Macasa mapTuHUHET GOpMyJIara KyHIIaguTaH Y3rapyBUMIaAPUHI
aHWKJacak, ¢ = 8, t = 2, p = 100/8, B = 500. Iy conmapan
dopmyaara Kyinod xmcoomanmmus:
2~(1g500—1g8) _2-1,7959 ...

100 -
lg 1,0970 ...
8

éxu 3 coar 15 MuH mau cyHr 6axTepusaap coun 500 ra eramgu. l|-

, OyHma ¢ — macr-
lg

=3,27. Taxmumuan 3,27 coar
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B
6.44. XucobisaHr:

1) 31+log33; 2) 24+log25; 3) ,25%%10%36; 4) 2105455+410g0,55‘

6.45. Arap log x = n; log,x = m; log x = k 6ynca, y xonza log , x Hu
TOIMHT.

6.46. XucobaaHr:
1) log,log,log,16; 2) log log,log,81;

3) log ;3 - log,36 + log ;8 - log,81;
4) log,2 - log,3 - log,4 - log,5 - log 6 - log,7.
6.47%, Ucranrand mycbat a (a#l) coOH yuyH
1 1 1 1

1 + + + = 10lna;
) log,e log .e log e log ,e Olna
2) log ,.ae" = Ina + n
¢ 1+n

TEeHTJIUKHUHT 0aKapUJINIINHN UCOOTJIAHT.

6.48. Bepusrau connu ac a (a > 0, a # 1) 6yaran jJorapud™M KypuHU-
muga €31MHI:

1
D2 25 3L 4)§; 51; 6)0; 7)-

| w

6.49. Hcranran 1 nan hapkau mycbaT a Ba b connap yuyH log b =
AMHUATHUHT OasKapUINIINHU KYpPCATUHT.

log,a
6.50. 10g62 = m ne6 onub, log, 72 HM TONHHT.

6.51. log,.8 = m ne6 onub, log,9 HU TomMHT.

6.52.* log, 3 = m Ba log, 2 = n ne6 onu6, log 6 Hu TomMHT.

6.53. AmannapHu O0asKapuHr:

1) log,a-¥a¥a ; 2) —logzlogzx/%.

6.54. CogmanalITUPUHT:

b

1 1 \3 1 _1
b [2510%5-’_4910%7}2. 2) Q110w  glogrd +2710g936;

2+11g16

3) V10 2 4) 4911082 | 5 -logst
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6.55%. log,12 = log,8 - log,5 - log,4 + 1 TeHTIMKHWHT 6aKapUINIINHA
KypcaTuHr.

6.56. Nomanm commaaaliTUPUHT:
logyg0a logigob 2log gy (a+t) \/ L o
31 92
1) |b #* -q ¢ 3 2) Va 8¢ + 87 11,

Inlna

6.57. g m« = 1na (a > 0) TeHTTUKHU UCOOTJIAHT.

C
6.58. 1gb = a, 1g7 = b ne6 onud, 1g122,5 npogaurur KUNMAaTHHNA TOIIXHT.

1
6.59. b = log 0,25 + 3log 4, u = 27, ¢ =— neb onub, 3b HUHT KHiiMa-
TUHU TOIIMHT. 9

6.60. 1 < a < b ne6 onub, \/\/logja +logib+2 - 2 udonanu connanari-
THUPUHT.

6.61% log A - log,A + log,A - log,A + log, A - log, A udomanu

KymaiTyBunjaapra aXpaTuHr.

6.62. log,12 = log,7 - log,5 - log.4 + 1 TeHrMUKHWHT GaKapUIUIITUHI
KypcaTuHr.

6.63*. AlilHuATHY UCOOTJIAHT:

1 1 1 n(n+1)
1) + +..t = ;
log,x log .x log ,x  2log,x
1
2) log , x = 1 1 1
+

log,x log,x log.x

6.64*%. 1 ra renr 6ysmaram mycbar a, b, ¢, x, y, 2 cCoOHIApP OepuUITaH.
Arap log a, logyb, log ¢ commap apuMeTuK NITPOTPECCUAHUHT
KeTMa-KeT Xajmapu Oyica, log,y(log x + log z) = 2log x - log 2z
TEeHIJIMKHUHT OaKapUINIINHEA KYPCATHHT.

+ log.a +1log.b
6.65. Arap 4a? + 9b*> = 4ab(a > 0) 6§uca, log, 2a+3b _ 08, €3

4 2
TeHTVIMKHUHT OaKapUIUINUHNA UCOOTIIaHT.
6.66. AiHuATHN MCOOTJIAHT:
log z-log, 2 1
1)log 2 =—"———; 2)1+logy=%.
y log,z +log, 2z * log, 2z
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3
6.67. x =1g—5’ y = (log,6)™" ne6 onub, 5x + 6y ubomanuur Kuiima-
08,

TUHU TOITMHI.
6.68. Npomanm commaaaliTUPUHT:

1 _ 1 2(q —
(lga'2lcgzlga)2 lga’ ) 1 logé (a - b)z + loga(a b)
1

) ; .
lga +1 0,51glga 2 2
f 2lga +1-10%%¢ (1—logﬁ(a—b)ﬂoga(a—b))2

TakpopJaiira JOUP MALIKJIAP

6.69. TenrnamMaHmHT HEUTA €UUMU MaBXKYI:
D(x-3)2+Ey+1)2=0; 2) x2 4+ 6x + y? - 10y + 34 = 0?

6.70. x + 7y = 50 Tyrpu umsuk x? + y? = 50 aiisamara ypUHUIIIAHA
Kypcatub, YPUHUIN HYKTACHMHUHI KOOPAMHATAJAPUHNA TOIIMHT.

6.71. x ysrapyBummmuar —2, —1, 0, 1, 2 ra TeHr KuiiMaTjiapura MoC
KeayBunu 2 u(oJaHUHT KUIMATIapU FeOMETPUK IPOTrPEeCCUIHUHT
KeTMa-KeT Xaanapu oyaumubau Kypcatusr. Iy mporpeccusHUHT
MaxXpasKUHU TOIMHT.

6.3. Jlorapudmur pyHKIUA, YHHHT X0ccajJapu Ba rpaduru
By maBsyga jsorapmpmMuk GyHKIUSA, YHUHT XOoccajiapu Ba rpaduru

OmJyaH TaHUIINO, OXUPUIA:

® norapupmmuK OYHKLMSHUHT TabPUdIUHM;

® norapummK PYHKUMSIHUHT FPadoUrHK1 sican onacmanap;

® norapuMHK PYHKUMSHUHI XOccanapuHu 6unacus Ba ynapgaH doom-
JanaHacus.

6.3.1. Jlorapudmur GyHKIUA Ba YHHHT X0CCAJAPH

Taspud. y = log x (a > 0, a # 1) kypunuwda Gepunrzar QyHk-
yusa acocu a O6yfnzan nozapupmur Qynryus OJdeliunadu, O6yHOa
x € (0; +o0).

Macanan, y = log,x — acocu 2 ra Tenr 6yiran sorapudMux GyHK-

nud, y =log,x — acocu N ra TeHr JorapudMuK QYHKIUA Ba X0Kaso.
2

JlorapudMuKk QyHKIUAHUHT acOCUM Xoccajlapura TYXTaJlaMus.



6-6YNUM

1°. Jlozapuppmuk QYHKYUAHUHZ AHUKJIGHUW coxacu-6apya myc-
oam conaap mynramu R+: D(log x) = (0; +e). XaxkukaTas, jorapupm
darar mycbaT coHJIAp YUYYHTMHA aHUKJIAHTAH.

2°. Jloeapugpmurk QUHKUUAHUHZ Kullmamaap myniamu-6apua
XaKuKuili conaap mynaamu R: (—oo; +oo),

A XaxukaraH, ucrairaH Y, € R xakukuii con yuyn a > 0
Ooyaramga a” wudoma amuKJgaHanu. JlorapudMHUHT Tabpudura Kypa
log, a” = y, renrnuk Gaxkapunanu. ¥ xojja JorapudMUK QYHKIUA 1Ty
Y, Ta TeHT KuiimatHH X, =a” HyKraga KaOym Kumagu. [lemax, jora-
puUOMUK QYHKIIMA HCTANTaH XaKUKUN KuiiMaTHY KaOysn Kuinazau. M

3". Aeap a > 1 6ynca, y xonda y = log x nozapupmur Pyrnryus
yeysuu.

A ®apas Kunaituk, X, Ba X, COHJIAp 0 < x, < X, TEHTCU3JIUKHU

log, x

KaHOATJaHTUPYBYM HCTAIraH MycOaT cOHJAap OYIcuH. X, =a ,

log, x, log, x, log, x5

x,=a SKAHJIUTULAH, 4 <a TEHTCU3JIUKHU oJaMus. a > 1
SKAHJIUTULAH KYPCATKUUIN J = a* QPYHKIUA YCYyBUU. Y XO0JIIa OXUPTHU
TeHrcusaukaan log x, < log x, Tenrcusnuk Keau6 uymkanu. llynu wmc-
6ot sTuin Kepak sau. M

4°. Aeap 0 < a <1 6yrca, y = log x nozapudpmur QYHKYUL KAMAT0E-
yu. Hebomu 3°-xoccara yXImar.

5. Bup xun acociu nozapupmur y = log x ea kiypcamruuiu
y = a* pyukryuaraprune zpapuraapu I ea I11 koopduramanap woparaa-
PUHUHZ Ouccekmpucacu iy = X mijzpu YU3UKKA HUCOAGMAH CUMMEMPUK.

A Teomerpus Kypcuzan A(n; m) Ba A’(m; n) HyKTagap y = x TYFpu
YM3UKKA HUCOATAH CUMMETPUK JKOUJIAIMUINUHU OmmamMus. Dapas Ku-
Jannuk, A(n; m) HyKTa Yy = a* QyHKIUAHUHT rpaduruga éTcuH. m = a"
< logm =loga"=n < n=Ilogm e A'(m, n) aykra y = log x GyHK-
nuAHUHT rpaduruzna éragu. M

1-mucon. 1) log,3 Ba log,5; 2) log,3 Ba 10g15; 3) log,17 Ba log 23
COHJIAPHU TAKKOCJAIIl KepaK. ? ’

A 1) 2 > 1 sramaUrUAaH, y = log,x GyEKIUA JCcyBUM.

¥ xonga 8 < 5 TeHrcusiaukgaH log,3 < log,5 TeHrcusiuk Kenuod
UYNKALU.

2) log ,x pyHKIuA KaMalOBUYM SKaHJIUTHUAAH, log 3 > log 5 Tenr-

2 2 2

CUBJINK OakapuIamgu.

3) log,17 > log,16 = 2 Ba log,23 < log,25 = 2 skrammurujas,
log,17 > log 23. M

6.3.2. Jlorapudmurg GyHKUUAHUHT Tpaduru

y = log x morapupmuk GyHKIMAHWHT rpaduruEu 5-xocca Gyitmua
Y = a* QyHKIUAHUHT rpadUruHy sicab, YHU J = X TYFpU YUBUKKA HIUC-
faTaH CUMMETPUK KYUHPHUII OPKAJIU AcCAIll MYMKHUH.
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Bus 6yuga jJorapu@MuK QyHKIUAHUHT IpaUTMHU YHUHT X0occaJia-
pura cysHub scaiiMus.

WUcranran norapudmMur QyHrmuaauHr rpapuru Ox yruau (1; 0)
HyKTaza Kecub yranu, uynku log 1 = 0. Oy yKu Ounan sca KecummMainiy.

a > 1 oynrranga y = log x Qymknua ycysum Ba x € (1; +o)
TymaaMmaa mycoart KuiimMmariaap, x € (0; 1) opanukga mauuii KuiiMmataap
KalbyJs KuJIagu.

Arap 0 < a < 1 O6ynca, y = log x (yHKIMA KamMalOBYM Ba
x € (1; +o0) TYymmamma mauduit Kuiimatiaap, x € (0; 1) opanukga mycoar
KuiiMaTaap Kadya Kuiamau.

Wansan éppamuna y = log,x, y =log,x Ba y = log,x, y =log x

2 3
(GQYHKIIUATADHUHT IpapuKIaApUHU ACaliMU3.

x 1 1 1 1 2 4 8
8 4 2
log,x -3 -2 -1 0 1 2 3
log , x 3 2 1 0 -1 -2 -3
2
X
1 1 1 3 9
9 3
log,x -2 -1 0 1 2
log, x 2 1 0 -1 -2
3
6.6-pacmpga y = log,x Ba y = log,x OQyHKIUATADHUHT,

6.7-pacmaa y =log,x Ba y =log,x GyHKNUATApHUHT rpadUKIAPU TaC-

2 3
BUpJIAHTaH.

Yy
Yy

3 y = log,x

2

1 y = log,x
Q1234567 809x
-2
-3

6.6-pacm 6.7-pacm
26



6-BYNUM

Byugan a > 1 6yaragma acocu a KaHYaJUK KaTTa OyJarad caiinH
Moc JorapupMuK GYHKIUSHAHT IPa(Urd MIYHYAIUK «CeKUH Ycaam».
Axcunua 0 < a < 1 6yiaranma acocu a KaHUAJIUK KUUYUK OYIran canmu
JOorapuUPMUK PYHKIUAHUHT TpaUTrUd IMTYHYAJIUK «CeKHMH KaMasIn».
6.8 Ba 6.9-pacmiapman y = a*Ba y = log x QOYHKIUATADHUHT rpa-
burgapum y = x TYFpu UYM3UMKKA HucOATaH CUMMETPUK SKAHJIUTUHU
Kypamuas.

_A !
T T T T T » X T T T T T » X
/6[1 /6‘ ];wglx
2

6.8-pacm 6.9-pacm

2-mucomn. 1) log,5; 2) log,5; 3) log

1 1
—; 4) log,— COHIapHUHT WIIIO-
5 2 5

W=

PacCUHM aHUWKJIAII Kepak.

A1) 5>1, 2> 1 skaunurugan, log,5 > 0; 2) 5 > 1, % <1
1 1 1

Byumam log,5 < 0; 3) - < 1, — < 1, y xonga log, - > 0;
5 2 3 32

1
4) g <1, 3> l,yxonnaloggé <0.m

Acocu e za memne Ojnzan nozapug-
MUK QUYHKUUSL HamMYypan n0zapudmur
¢pyuryusn neb aramazu Ba y y = Inx
OpKanu GeirmiaaHAgU. YHIU JOTapud-
MUK GYHKIUA OWJaH HATypaJ Jora-
pudMUK QYHKIUAJIAPHUHT acocjapu
1 man karra Oynaranaurugad 0y QyHK-
nuanap ycysum (6.10-pacm).

Mynpait kumuob, y = logx = Inx, 6.10-pacm
apEU y = Ilnx (x > 0). 6.11-pacmza
y =e* Bay = Ilnx, 6.12-pacmzpa y = 10*Ba y = lgx QyHKIUAIAPHUHT
rpadukIapyu TacBupJaHraH. By QyHKIuAmMapHUHT rpaduKIapu y = X
TYFpU YUBUKKA HUCOATAH CUMMETPUK.
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AY A |y=10"
y=ey y=x y=x
— - _/1 - lgx
1 (0] lf_t
—] < > x =X
i/
6.11-pacm 6.12-pacm

r‘ 1. Kaupgait pyuxnusanap jJorapudMuK QyHKIUS 1e6 aTtagsagm?
2. Hwuwma yuyH sorapudMuk QyHKIUAHUHT aHUKJIAHUII coxacu (0; +eo)

TYIIaM, KuAMaTiaap TYmiaaMu (—eoo; +oo) Tymiaam O0yiaamsu?

3. Jlorapud@Muk QyHKIUAHUHT acocu a > 1 6yaranga yeysum, 0 <a <1
Oyaranga KamMamBUMd OYJIUITUHN UCOOTJIAHT.

4. y = log,x Ba y = a* QYHKIUATADHUHT rpapuKIapu y = X THrpu
Yu3UKKa HucOaTaH CUMMETPUK OYJIUINNHUA KYPCATHHT.

5. DBurra KoopauHaTajiap TEKUCAUTHIA OHJAWH TrpaduK KaJbKyJs-
TopnaH Goiifananub éxu cxemaTwk pasumpa 1) y = log,x Ba y =

= log,x; 2) y =log,x Ba y = log, x; 3) y = log,x Ba y = 2%

1 x
4) y =log,x Ba y =r§j byHKIUATAPDHUHT TrpaduKIapUHU scabd
2

KYpPUHT.
» Kymmmua 3JeKTPOH pecypciaap =] =]
i :
https://www.desmos.com/calculator — omgaiin rpa- 2
(PUK KaJIbKYJIATOD [=]
Mucoamap
A
6.72. Bepuaran GyHKOuAIapIaH Jorapud@Muk (GyHKIUAHU Kypca-
THUHT:
1) y = 4x; 2) y = log,25 + x% 3) y = In(x + 2);
4) y = 2,5%; 5) y = log, 125 + x.
6.73. NpomgaHUHT UIIOPACUHN AHUKJIAHT: 1
1) log,3; 2) log, 3; 3) log, —; 4) log, 2;
2 3 2 3
5) log . 4; 6) log . 4; 7) log,m; 8) log 1.

3 4 3



6.74.

6.75.

6.76.

6.77.

6.78.
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DYHKIUAHIHT aHUKJIAHUII COXACUHN TOIMNHTI:

1) y = log,(x - 1) 2) y =log? (x - 1);

x-1
3)y=1lo ; 4) y = log.(x* + 2x — 3).
)y g%2x+3 )y g,( )

flx) = x + 1 Ba g(x)=21°g2(“1) (DYHKIIUATAPHUHT rpadUKIapu
yerma-yer tymagumu? JKaBoGMHIMBHY TYIIYHTHPUHT.

CoHJapHU TaKKOCJIAHT:

1) log.4 Ba log,5; 2) log,4 Ba log, 5;
2 2
4 9
3) log ;V/65 Ba log,8; 4) log, — Ba log, —.
2 2 30 ;14

Ouyaiid rpa@UK KAJILKYJIATOPAAH (poiiganmanub, OMTTa KOOPAUHA-
TaJIap TeKUCJUTUIA YII0y PYHKIUIJIAPHUHT rpapUKIANHA SICAHT
Ba XyJioCa UMKAPUHT:

1)y =1gx Bay = lg(x + 2); 2)y =lgx Bay = lg(x — 2);
3) y = lgx, y = log,x Ba y = log,x;
4) y = log,x Ba y = —log,x.

A1)y =1gx Ba y = lg(x + 2) yHKIMATAPHUHT rpadUKIAPU
6.13-pacmpa acanras. By rpadurknan y = 1g(x + 2) pyHKIUAHUHT
rpapuru y = lgx QyHKIUAHUHT rpaUrUHU Yall TOMOHIAa UKKU
OUPJIUKKA mapaJes

CUJIZKUTHIII OpKaJIu 2
onuHra". ByHpmam y = 1.5
lg(x + a) yHRIIUAHUHT
rpaUruHn fAcall y4yH 1y y=lgx+2)
y = lgx QyEKIMAHUHET 0,5 //
rpaduruHEu a4 OUPJIUK- Yy =lgx
Ka dYalm TOMOHTa Ma- ~2 1,521 050| 051 1.5 2 25 3«
pajies CUJIKUTHUIN Ke- / ~0,5 //
pax. ®

6.13-pacm

DOYyHKIUAHUHT rpa@UTIUHU SCAHT Ba HATW/KAHU OHJIAWH rpadui
KaJbKYJIATOP €pJaMua TeKITUPUHT:

1) y = log,x; 2) y =log,x; 3) log, (x — 1);
3 3

3

4) log,x - 1; 5) y = log,(x + 3); 6) y = log,x + 3.
2
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6.79.

6.80.

6.81.

6.82.

6.83.

6.84.

6.85.
6.86.

30

Bepusnran HyKTasmap y = lgx QyHKIIUAHUHT rpadurura TeTUIInMm?
1) A(100; 2); 2) B(0,001; -3);

3) c(i’/mo; éj . 4) D(é/ﬁ; é)

OYHKIMAHUHT aHUKJIAHUII COXACUHY TOIIHT:
x*(2x - 4)

D)y = In(x(x — 1)(x - 2)); 2)y=In w16

1
Yy-—— o
Inv6 — x — x2

DYHKIUAHUHT JCYyBUM €KUM KaMaloBUM OYJIWININHU aHUKJIa0,
VHUHT aHUKJIQHUII COXACUHU KYPCATHHT:

1) y = In(x + 5); 2) y = In(3 — x).
B
DYHKIUAHUHT aHUKJIAHUII COXACUHU TOIIVHT:
1) y = log,(x* — 6x + 8); 2)y = log, (4 — x — 3x%;
2
3)y = log, 55— By=log, 52
CoHJIapHU TAKKOCJIAHT':
1) lgm Ba logzx@; 2) log,5 Ba log,5;
3) log ;46 Ba log,7; 4) log,2 Ba log,3;
5) log,2 Ba log0‘090,3; 6) log,m Ba log 3.

ConynapmaH Kavicu OUpu KaTTa:

1) log, J3 éen log1 \/5; 2) log,7 éxn 3log.2;

2 3

3) log,15 éxu 4log,1; 4) log,48 éxu 2log,7?
5 5

1g3 = p, 1g2 = q ne6 oaud, log 6 Hu TonmHr.

Xwucobsanr:

1) i/log& [Zsing) + logﬁ (cos g) ;

log [cos d +sin n)Hog (cos d sin d )
NG) 3 3 V2 8 '8
2) 3 8 8 8 8,




6.87.

6.88.

6.89%.

6.90.

6.91.

6.92%.
6.93.

6.94.

6.95.

6.96.
6.97.
6.98.
6.99.
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DOYyHKIUAHAHT IPaQUrUHA ACAHT:
1)y =log,(x +1) - 2; 2) y = log,(x — 3) + 4.
2

y = 2log,x Ba y = log,x* dynknuanap aiinan rtenrmu? Haso-
OMHTU3HU ACOCJIAHT.

DYyHKIUAHUHT I'PAa@UTUHU ACAHT:

1)y =log,(x —1);  2)y=log,lx — 1f; 3) y = Inlxf;
4) y = [Inx]; 5) y =|In|x] ; 6) y = In’x.
XwucobJiaur:

2
1) (log%\/g) - log%5\/5 +log 5 | (4 + 2\/5) ;
2) 2610,«;rw2 (5—\/5)+810g0'25 (\57\@) .

CoHylapHU TaKKOCJAHT:
1
1) 2log, = Ba 3log,26; 2) 38log.4 Ba 3log, 17;

2

3) log ,.675 Ba log, 75.

C
log 15 = a, log,,18 = b ne6 oaud, log, 24 Hu TONMHT.

CoHJIapHU TAKKOCJIAHT':

0,510g; [ 1+1 |+ 2105 2
1 Vi1 a9 g( 9) 2% ; 2) 2'°¢°_0,1 Ba 5'&?;
1 1

3) \/g Ba 221og25+1og0,59; 4) \/ﬁ s 8510g2(1+3—2)+2log273.
Xwucobaaur:

log-§ lJrloglsi
4J3+5 5152 5,
XwucobJiaur:

490,510g7 9-log; 6 + 5*10&@ 4

dDyurnuaaapauar rpaduruamn scaur (6.96—6.99):
y = log,(x — 3).

y = |10g2(x - 3)"

y = log,|Jx — 3.

y = [log,}x - 3.
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6.100. Hdoma mabHOra sraMmu:

1) \/log21,4 +10g,0,7; 2) 1g15+1g0,07; 3) lglglgl1?
6.101*. Arap a®> + b?> = 11ab Ba a - b # 0 Gyuca,

a-b 1
log, % = §|log2 |a| + log, |b||

TeHTJINKHUHT 0aKapUJIUIITUHY NCOOTIaHT.

6.102*, Arap 1g2 - 1gb = k 6yiuca, 1g2 Ba 1gh Hu TommHTr.

6.103%, Arap m? = a® — b? 6yica,
log, ,m + log, ,m — 2log ,m - log _,m
udomanu comgagallTAPUHT.

Takpopaamra Toup MalIKJaap
6.104. TenriamMaHu €eYUHI:

1) 6x +2:x+3; 2) x N x
x+3 x x—-1 x-9

6.105. 10% uum xuciaoTamumHr xaskmu 4 . YHra cys Kymwo, 4% Jju
Kucyora onuHau. Kucioorara Heda JUTp CYB KYIIMJITaH?

6.106. tgx = 3 meb6 oauo,

3sinx —4cosx 2sinx — 3cosx
) ——; 2) —
5cosx —sinx 4sinx + 5cosx

npOTAHUHT KUNMATUHU TOIUHT.

6.4. Kypcatknuau GyHKIUSHUHT X0CUJIACH
Ba MHTErpajun

By maBsygma kypcaTKuduiu (QYHKIUAHUHT XOCHJIAacu Ba WHTerpa-
JWHU, YJApHUHD €éplaMuaa aMajiiii MacajajlapHu euYuIlnHu yprauuob,
oxmupuga:

®  KypPCaTKMUNM PyHKLMSHUHI XOCHMAacHHM;

®  KYpPCAaTKMYNK QPYHKLMSHWHI MHTErpanmMHu Torna onacusnap;

®  KYPCaTKMUnM PYHKLMSHUHI XOCMINacK Ba MHTerpanmaaH dponpanaHmé,
amarnum macananapHu eyvacms.

6.4.1 Kypcarkuuan GyHKIUSHUHT XOCUIACH

Kypcarknunryu GyHKIUAHAHT XOCUJIACUHY TOMUIN Ba MHTeTPAaJIIAIl
dopmyaaapuHu acocJaiinK. ABBaj
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log, (1+ x

lin(}M ~log,e, (1)
lim &~ ! =lna (2)
x—0 x

TeHTIHKJIAp 0aKapUINIINHENA KYPCATaMuI3.
1 1+x 1
A lm(}M = limlog, (1+x)x=log,e.
X x x>

(2) popmymanm ncboraamn yuyH a* — 1 = y Gesqruiamnt Kupuramus. ¥y
xonga x = log (1 + y) Ba x — 0 unTuaranga y — 0. Byngan

) a*-1=y,
.a*=1 | o Yy _
lim i log,(1+y) |= lylll(')l oz, (17 7)

x—>0=>y—>0

1 1
log e

=1lim =lna. W

- 1
v loga(l +y)y

IHaU yuIoy (GopMyaaJapHUHT OaKapUIUIIIUHY NCOOTIaNINK:
(a¥)’ = a*lna; (e*)’ = €~
Ay=a,a>1,a#1, x € (—o; +oo) QyHKIUA GepUICUH. YHUHT X
HYKTaJaru OPTTUPMACUHU aHUKJANIUK: Ay = a* "4 — a* = a*(a® — 1).
Byugan xocuiaHuHT Tabpudura Kypa

A -1
y’=(ax)’=lim—yzlima"-a =a’lna.
2x-0 Ax 2x—>0 Ax

lyupatt kuauo, (a*)’ = a* - Ina. Arap a = e 6yica, y xoama
() =€ -lne=¢. N

KypcaTknuin GyHKIUAHUHT XOCHUIACH
yp y:
(a®)' = a*lna;
(e¥)' = e~.

1-mucomn. y = 2°~ % QYyHKIUAHUHT XOCUJIACUHU TOIUII KepPakK.

A XocunaEu TONMIN KouAacura cysHu6, y’ = (2°-3)’ = 2¢~3 - In2
oyaumuun Kypamus. M

2-mucoin. y = €% — 2x QYHKIUAHUHT Kalicu HYKTacura yTKasujiran
ypunma Ox yKu 6unan 45° Oypuak sicaiigu?

A Busra xepak 0yaran ypuHMAaHHUHT Oypuak Koaddumuentu 1 ra
TeHr, yyHKU tg45" = 1. ¥V xonma y’ = 3e3* — 2 = 1 6yaumu Kepak. Ile-
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Mak, x = 0, apuun x = 0 HyKTaga QyHKIUATa yTKasuarad ypuama Ox
VKu Omian 45° Oypuak scaiau. y(0) = 1 skaHAWTUIaH YPUHMAHUHT
reurmamacu y — 1 =1+ (x — 0) = y = x + 1 kypunumzga ésunaau. W

6.4.2. KypcaTkuuau (PyHKIMSIHUHT MHTETPAIU

(@*) = a*lna; (e¥) = e*

dbopmynamapeEu y = a* Ba Yy = €* QYHKIUAJAPDHUHT OONMLIAHFUY (DYHK-

x

a
qUuAIapy MOC paBUIIIA Y = I Ba y = e* OynummHU Kypamus. Arap

myHgau oyiica,

(e¥) = e = Je"dx =e"+C,

(a®)' = a*lna = jaxdx = la

na
3-mucoa. 1) I - 5" dx, 2) J. dx WHTEerpajJHu XucoOsart
Kepakx.
A1) [(2%-5)dx =[10%dx _i+ C.
In10

Bas3u O0up QUHKUUALAPHUHZ UHMEZPAAUHU TONUUWL YYYH AB8aJ
YyHU coddanawmupub onuul rceparc

2) Jxe;_ Y dx =J x(e"

X

dx J dx—
=Jexdx—de=ex—x+C- u

r‘ 1. Kyjpcatkuwin GyHKITUAHIHT XOCUJIACUHN TOIUII (hOPMYJIaCUHU E3UHT.
2. Kypcarkuuiu GYyHKIUAHUHT WHTErPAJUHMU XHco0Jaln (opMyaacu-

HU E€3UHT.
. log,(1+x) .
3. lxlfgf =log e TEeHrIMKHUHT TYFPUJIUTHHYA UCOOTIIAHT.
a’—
4. lxl_r}(} - =1lna TEHIIMKHUHT TYFPUIUTUHUA UCOOTJIAHT.
Mucoamnap
A
6.107. DPYHKIUAHUHT XOCUJIACUHU TOIUHT:
Dy=e>5  2yy=e*> 3y=a"5 4Hy=3""

6.108. y = 57 2* QyHKUUAHUHT OONLIAHFUY QYHKIIUSICUHU KYPCATUHT.

1
A) -2 - 572 In5 + C; B) -5 -5 ¥ In5 + C;
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6.109.

6.110.

6.111.

6.112.

6.113.

6.114.

6.115.

6.116.

6-BYNUM

2 . 57—2x 57—236
-——F—+C; D) -
In5 ) 21n5

E) (7 — 2x)57 2 In5 + C.

9)

+ C;

y = 2% "1 QyHKIuSHUHT GoNLTaHFY QYHKIUACUHNA KYPCATHHT.

1
A) -3+ 2% +11n2 + C; B) -5 2% 12 + G
3 . 2—3x+1 —-3x+1
C) -2 —+¢; D) - + G
) In2 ) 3In2

E) (-2x + 1)22+11n2 + C.

WMuTerpanau xucobJiaHT:
1) [8*dx; 2) [e™dux; 3) [e™ 'dx;
4) je"“dx; 5) J22"’1dx.

Wurerpanau 6yiaakjad MHTerpajaail ycyaunaH doiigaaanub
XMCOOJIaHT:

1) jxe"dx; 2) J(2x+1)ex_1dx; 3) jxeg"dx.
AHUK nHTEerpaaHu XucobJaHT:

1) j(5e"+x3—4)dx; 2) | (e +x)dx;
0

x
eddx.

Cl— W O —

1
3) jezxdx; 4)
0

y = ¢* GyHKunuaHuHr rpaduru 6miaad Ba x = 0, x = 1 1yrpu
yu3uKJap OmjaaH, aOcmucca VKU OWJaH uerapajaHraln 3STpu
YUBUKJU TPANeUusauu fcad, I03WHU TOIUWHT.

Yy = e* QyHKIuAHUHT rpaduru Ba x = —1, x = 1 TYFpu yusukIap
6uyaH, abciucca VKU OMJIaH yerapajiaHTaH ST'PU YHUBUKJINU Tpa-
menusHy sgcabd, I03MHU TOIIMHT.

B

f(x) = e* + sinx pyarnuauaunar M(0; J2 ) HyKTa OpKaJiu YTyBUN
GomanFuy (PYHKIIUACUHU TOIIWHT.

XocuyjiaHU TOIWHT:
1) y = e*(4x — 1); 2)y=e*(1 - x);
3)y=(x*—-2x + 2) - 2% 4) y = 3,5x'e*.
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6.117.

6.118.

6.119.

6.120.
6.121.

6.122.

6.123.
6.124.

6.125.

6.126.

6.127.

6.128%*.

6.129.

6.130.

36

Yy = e* (pyHKRnua rpadpurura ypuHyBUu Ba Yy = ex + 1 Tyrpum
YM3UKKA HapaJjie] TYFPU YN3UKHUHT TeHIJIaMaCUHU E3UHT.

Yy = e* GyHKIuA rpadurura ypuHyBUHU Ba iy = —2X TYFPU YUSUKKA
MEePIEeHAUKYJIAD TYFPU YUBUKHUHT TeHIJIaMaCUHU €3UWHT.

KoopaunaTtasap 601u opKaJu YTyBUM Ba I = € * 9TPU UUBUKKA
YPUHAIUTAH TYFPU UNSUKHUHT TeHTJIaMaCUHU €3MHT.

y = e?* arpu unsuk Oy YKy OwaaH KaHmail Oypuak scangu?

x
y=1-e? arpu unsukka Oy yKu OMJIaH KECUIIUII HYKTacuiga
YTKA3WIral yYpUHMAHWHI TEHIVIAMACHUHHN E3MHI. OrPU YU3UK-
HUHT IpapUIVHA SICAHT.

(I)yHKIII/IﬂHI/IHI‘I NKKUHYN TapTI/IGJII/I XOCHUJIaCMHU TOIIMHI:
Dy=e"+e* 2)y=(x+1e* 3)y=(x*—-2x—-3) e 2

Yy = x%e* QYHKIUAHYN TeKImupub, rpad)uruHu SCAHT.

VsapyBunnm anmamTupuin yeyaunas Goinansanub xucobamHr:

1) Jxexzdx; 2) Jxe”‘zdx;
3) jsijx dx; 4) Je“"s"sinxdx.
C

DYHKIUAHUHT OepUJITaH TapTUOIM XOCUJIAaJapUHU TOIMHT:

x

1) y = e?sin2x, y¥ - ?; 2) y = e*(cos2x — 3sin2x), y”’ — ?;

Pey 3
V3apyBunHN aJIMAaIITHPUII KOUAacugaH (Goiigaianuo, _[xze" dx
WHTEerpaJHNU XUCOOJIAHT.

1 1 e”
j 5 dx = arctgx + C pKaHJIUTH MABIYM. 5-dx uHTe-
1+x 01+e

TpajHN y3rapyBUMHU AJIMAIITUPUII KougacuigaH Goiigamanub
XMCOOJIAHT.

Wurerpanmnapun 6yaaxiaad MHTerpaIail KOWAACH OMJIaH XU-
cobJaHT:

1) je"-cosxdx; 2) Je"-sinxdx.

Takpopaamra ToUp MaIIKJIap

11 ra 6yimHagUTaH 6apya Y4 XOHAJIY COHJIAPHUHT HUFUHINCUHUA
TOIIMHT.

y = 0,5x — 5 tyrpu unsukK y = 2x — 8 Ba 3y + Tx = 2 1yrpu
YUBUKJAPHUHT KECUIITUII HYKTACU OPKAJIU YTaguMu?



6-6YN1UM

6.131. AlHusaTHU MCOOTJIAHT:
1+2costsint  tgt+1
sin’t —cos®t  tgt—1

6.5. Jlorapudvmur GyHKIIMTHUHT
XOCHUJIACH

By maBsyza jJorapudMuK QYHKIIUAHUHT XOCUJACUHU TOMUIIHU Ba
VHUHT épJaMua aMaJni Macajajap eunIlHy Yprauuo, oXupuaa:

® norapudPMHUK PYHKLMSHUHI XOCMNACKHM Tomna onacusnap;
® norapuPMHK PYHKLMSHUHI XOocunacmMpaH dpongananmb, amanum maca-
nanapHu evacums.

JlorapudMuK QYHKIUSHAHT XOCHJIACHUHHN TOIHUII (POpMyJIaCUHUI
acocaaiauk. Oaguary OyauMaa

lim log, (1+x)

=log e
x—0 X

TEHTVINK GaKapUINIINHE KYpCaTTaHMU3.
1 1
Yunu (log,x) = o (Inx)’ = — (opMyJalapHUHT TYFPUIMTAHY
xlna x

ncooTIANINK.

A Aspany = log x,a>0,a#1, x € (0; +o°) QyHKIUAHWHT OPTTUD-
MacHUHU Kypubd YMKaAMU3:

Ay = log (x + Ax) — log x =log, *— Ax _ loga(l + A—x).
X

x
Y xonma
log, 1+& log, 1+&
;. Y . X 1 x 1 1
y'=lim—=lim ———=lim—————%=="log e = .
Ax—0 A X Ax—0 Ax Ax—>0 x & X xlna
) x
(log,x)’ = ——. Arap a = e 6yaca, y = Inx, x > 0 GyHKIUAHUHT

xlna

1
xocunacu (Inx)’ == kypunmmga anuxiasazsy. M
x

Jozapupmux GYHKUUAHURZ XOCULACU
log x) =
( o ) xlna
1
Inx)’ ==
(1nx) =1
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I-vucon. 1) y = In(x + 1); 2) y = In(1 + sinx) GyHKIuUAHUHT
XOCHJIACUHY TOIHUII KePakK.

AD1 Mypakkab GyHKIIUSIAH XOCHUJIA OJHUII Koumacu Oyiinua
1 1 1
" =(1 +1) =——(x+1Yy="—-1= .
y = (nlx ) x+1 (x ) x+1 x+1
2) vy’ = (In(sinx + 1)) _ (sinx + 1) 1 x
= (In(sin = - (sin = . =
Y S sinx +1 S sinx +1 cos
_ cosx
sin+1° )
(lnx)’ = l SKaHJUTUAAH, f(x) =— QYHKIUAHUHT OOIIJIAHFUY
x x
dyurmusacu F(x) = Inx + C 6ynagu. Y xoama
Iﬁ =In|x[+C.
x
2-mucoi. 1) Jctgxdx; 2) J 5 1 5 dX VHTerpajHu XucobJaiuK.
x“—a
y3rapyBUMHUI
AJIMAIITHPAIIL
Kouaacu
_ [cosx _ sinx = Y _ l _ _
Al _[ctgxdx—_[sinxdx— cosxdax — dy —jydy_ln|y|+C_

= In|sinx| + C.

2) ABBas aHUKJaHMarad Koa(duiineHTaap ycyau ouian
1 1 ( 1 1
x*—a® 2a\x-a x+a
ojgamMu3. Y XoJma

1 1 1 1
.[ T dx = — ( - de=
x" —a 2a\x—a x+a

= i(1n|x—a|—1n|x+a|)+C = iln
2a 2a

x—a
+C.m

xXx+a

3-MuCOJI. Jlnxdx WHTerpaJHU XucoO0Jall Kepak.

A Bynaxnab mHTerpaaam ycyaugas doiizananamMus:

u =lnx, dx = dv d
jlnxdx = dx =xlnx—jx—x=x1nx—x+C. |
du=—,x=v x

X

u



6.132.

6.133.

6.134.

6-BYNUM

Jlorapu(pmMuk GyHKIUAHUHT XOCUJACUHU TOMUII (hOPMYJIACUHU KC-
OoTnaHr.

Harypan jgorapudMuk GYHKIUAHUHT XOCHUJIACUHU TOIHUII (PopMmMy-
JlaCUHM E3WHT.
Mucoanap
A
XocuyjiaHU TOIIMHT:
1) y = In(3x — 2); 2) y =lnvx ;
3) y = In(1 — x)% 4) y = log (2x — 3).
y = log,2x QyHKIMAHWHT XOCHTACHHH TOIMHT.
2x’ x1n3’ 2xIn3’ xIn3’ x

y = 3lgx QYHKIUAHUHT XOCUJIACUHU TOIIMHT.

N3 Bl o2 3 p_ L.
xlgx x x xInl0 3xlgx
6.135. Nurerpanau XxucobJIaHr:
b [ dx_. | x_. 3 Jx—_sdx' 4) J.;dx
2x-1’ 5x-1’ x-1"" x(x+1)
Wurerpasnu 6yaaxaad nHTeTpasall yCcyau OMIaH XUCOOJIaHT:

6.136.

6.137.

6.138.

Inx

1) j1n4xdx; 2) Jxlnxdx; 3) Jx1n2xdx; 4) J dx.

YN\

x2

6.14-pacmma TacBUpJIaHTAH 3TPU
YMBUKJM TPANENUAHUHT I03aJapu
a HUHT KaHAal KuiMartjapuga TeHT
OYIUIIIUHN aHUKJIAHT.

O x
AHUK MHTerpaJHU XUCOOJIaHT:
. 3 59 6.14-pacm
1) JO (e —m)dx; 2) Jl ;dx;
2 1 2( 5 11
3 - —|dx; 4 — |dx; 5 dx.
)L[x xj * )Jo(x+1j 8 )J0x+2

1
6.139. y =— oyuRuuasuwHr rpaduru Ba x = 1, x = 3 TYFpu UU3UKJIAD

6usaH, abciuccanap YKu OuJIaH derapaJjlaHTaH STPU YUBUKJIIU

TpanenmuaHnmn Hca6, IO3WHU TOIIUHT.
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4
6.140. y =— O(yHRIuUSHUHT rpaduru Ba x = 1, x = e TYFpU YUBUKJIAD
x

6uaH, abcruccanap YKU OMJIaH uerapajaHTaH STPU UNBUKJIU
TpanmerusaHu sicad, I03WHU TOIIUHT.

B
6.141. XocuaaHu TOIIMHT:
Inx -1
1) y= nx ; 2) y = log,sin3x; 3) y = Intg2x.
Inx +1

6.142.

6.143.

6.144.

6.145.

Koopauuarap GoIiu OpKaiu §TyBUW Ba Yy = Inx srpu YmM3UKKaA
YPUHYBYM TYFPU YNSUKHUHT TEHIJIAMACUHU E3UHT.

DYHKIUAHUHT UKKUHYYA TapPTUOIN XOCUJIACUHU TOIIMHT:
Dy=InBx —-2); 2)y=(x+ 1ln(x + 1); 3) y= xlnx .

1
f(x) =— @dyaxnuaauar M(e?; 3) HyKTa OpPKaJIXd YTyBUHd
x

OomnIaHFuy QYHKIUSACUHYU TOIIMHT.

WuTerpajHu XuCOOJIAHT:

)J-2x+3 x: 2) sz_’_:

6.146. duru ysrapyBur KUPUTHUII yeyauman goiganranud Xnuco0Ianr:

1 jlnx 2) jzlnzT“zdx; 3) [tgxdx;
x . cosx
4 jx2—4dx’ %) J-smx 4
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J‘ AN annARTONLIAR A
6.147.

L

Munnwmit UKTOCUIMET MUHUCTPJIUTUHUHT CTATUCTUKACUTA CY-
AHcaK, KosorucToH axoaucuHUHT coHU 2016 HuaIHUHT O0IIIN-
ma 17669896 xkumnm, 2017 imaauHr 6omuga 17918214 kuinn
6yaran. JlorapuMHUK Ba KYpcaTKUUJIN QYHKIUATaH doiiga-
JaHn0, MaMJIAKATUMU3TATH aXO0JIX COHM TaxMuHAH KadoH 20
MUWJIJINOHAAH OPTUINWHU aHUKJIAII Kepak.

A Axonm COHUHUHT KaHTaugup BaKT OpPAJUFUAA YCUIIU
N(t) = N, ¢opmyna Ounan aHuKIaHagu, OyHma N,
aXOJUHUHT JacTiaadKu couu (1 = 0), N — aXOJIUHUHT ¢ BaKTIaru
COHM, k£ — ax0Jl1 COHUHHUHT YCHUII CyPBHATUHU TABCUMIOBUMN
ysrapMac KaTTaJuK. JHAU kB HUHT KuiMaTuHU Tomamus. N(f)




1

6-6YNUM

— axX0JU COHMHUHT BaKTra OOFJMK Y3rapUIIMHU TaBCUMIIOB-
uyn QyHKIHUA. YHUHT Xocumaacu N'(t) QYHKIUMAHUHT Y3rapuiil
TE3JIUTUHU TaBCcUDIANAU. AXOJIN COHUHUHT Y3TapUIIl T€3JIUTA
YHUHT COHHUTA IPOIIOPIINOHAT (aX0JX COHU KYII OYITaHu caliuny
VHUHT YCUIIN XaM Te3 oprasu) . Byagau N'(¢) = k- N(t). Terrua-

MaHUu quddepeHIIan OpKaInu €3caK, % =k'N= % = kdt .

1
TeHrTUKHUHT UKKaJia TOMOHUTA I—dx =Inx + C dopmynanu
x

KyJ11a0 MHTeTrpaiIaiMus:
jiszjkdt:mN=kt+clz>N=Ce’”.
N

t = 0 6ymca, C = N, = N(t) = N".

2016 timnHM macjaabKu BaKT ge0 oJicak, Macaja IIapTU YIIoy
KypuHmImTa Keaagu: ¢ = 0 = N, = 17669896.

1 tinnman xenmu 2017 fimaum 17918214 xummwu Oyagu, SbHU
t=1=N = 17918214. Ym0y Gepuaranaapgan Goiigamrannbd
k ysrapmacHu Tomamm3: 17918214 = 17669896¢ ! = ¢! =

17918214
- %z 1,014053. Harypan maorapudmzan ¢oii-

manamcak, k = Inl1,014053 = 0,01396. Illymmait xKuauod,
N(t) = 17669896¢%°13%¢ pyHKIma OmIaH MaMJIaAKATUMASHIHT
axO0JI1 COHUHWHI YCUIITHUHU TaBCU(JIAII MYMKUH. OHIN KaHda
BakTaa 20 MUIIMOHIAH OPTUIIMHY TaXMUHAH XMUCOOJANINK.
ByHuHr yuyH aHUKJIaHTaH QYHKIUAMASIa COH KUNMATIapHA
Ky¥in0, Kyiugaru TeHTJIaMaHU OJIaMU3:

20 000 000 = 17 669 896001395 — 001396 —
~1,1 318 66.
0,01396¢ = In1,131866 ~ 0,12387 = ¢ ~ 9. 2016 iiminan Gom-

aab xucobgaranga 9 inaga axoaMHUHT coHU 20 MHJIJIHMOHTA
eragu, y 2016 + 9 = 2025 vina. W

20000000
17669896

6.148.

6.149.

y = xlog,x GyHKIUAHYN TeKIupuoO, TpadUruHU ACAHT.

C
DOYyHKIUAHUHT GepPUJIral TapTUOIArY XOCUJIAJaPUHN TOIMHI':
log.x
1) y= L;, yV -2 2)y=(5x - Dln%x, y”" -?
x
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6.150. 9rpu YMBMKJAPHUHI YMYMHUH HYKTAJIapUa YTKa3WJITaH YPUH-

MajJapu XaM ymyMmuit 6yica, 0y arpu YM3UKJApP y3apo YpUHAAU
2
x
menimyianu. y = %0 napa6osa y = Inx srpu YMBWMKKA YPUHUIIU-
e

HU KypcaTub® YPUHUII HyKTAJapPUHU TOIUHT.

6.151. y = Inx pyHKIUAHUHT rpaduru OUIaH, X = e TYFPU YU3UK, OU-
JaH Ba abciuccanap VKU OMJIaH uerapajiauraH STPU UYNSUKJIHI
TpanenusaHy Yn3nub, I03UHU TOIMUHT.

6.152%, MuTerpay octumaru ndomany aHuKJaEMarad Koa(QUIlneHTIap
ycyau OmyaH askpaTtud oamb XmcobJaHT:

1 7x+8
-4 )J 1)(2x + 3)

.
I

Ta}cpop.namra JOUDP MaIlIKJaapP

6.153. 3x + 0,6y = 3,5 Tyrpu uusuK y = 2x — 8 Ba 3y + Tx = 2 Tyrpu
YNBUKJAPHUHT KEeCUIIUII HYKTACU OPKAJIU YTaTuMU?

6.154. AiliHuaTHU UCOOTIAHT:
1+tgt +tg’t b
1+ ctgt + ctg’t ’

«KYPCATKUYJIA BA JIOTAPUOMUK ®GYHKITUA»

OYIMMUHUHT XYJI0CACH

a>0,a#1yuyH y = a° QyHKIUAHUHT acocu a ra TeHT Oyiran
Kypcamruyau @Qyurkyus ned aramamu. KypcaTKuunm QyHKIUAHUHT
AHUKJAHUII coxXacu — (—oo; +oo) Tymaam. KypcaTkuunu QyHKIUAHUHT
Kuiimataap tymaamu — (0; +eo), abHU 0apua x € (—oo; +oo) yuym a*> 0
TEHTCU3JIUK OasKapujanu.

Arap a > 1 6ynca, y = a* Kypcarkuuiu (GYHKIUA yCyBUU, arap
0 <a <1 6ynca, y = a* KypcaTKUUIN QPyHKIIUA KaMalOBYU.

1)
1a1_>IE (1 + ;j = e = 2,7183. Yuiby JUMATHUHT KUIAMATH e COHU Nied
aTajganu.

Bepunran mycbar COHHMHT OepUJIraH acoCau Jozapu@mu ned iry
aCOCHUHT OepMJITaH COHra TeHT OYJraH gapaska KypcaTKuUUWra amnTu-
adagu, spHU b > 0 conmuuHr a (@ > 0, a # 1) acocau jgorapudmu ned

= b TEHIIMKHU KAaHOATJAHTUPYBYU C COHTa aiiTuaagu. Y Kyhdugarmua
Genrunananu: log b.
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b = a'°¢ TeHrNIUK — Jorapu@MIAPHUHT ACOCUll AlHUAMU.
WUcranram a > 0 (a # 1) Ba b, ¢ mycbaT coHsap yuyH:
1.log 1= 0; 2.loga=1;

3.log(b-c)=1logb+loge; 4. log, < =1log,b-log,c;
C

1

5. logub’"=mlogab,meR; 6. loganbz—logab, neR, nz0;
n

b= log.b

a ’

7. log Tog.

#1.

Acocu 10 ra TeHr 6yaran jorapudm yHIU Jorapudm ned aTranaud, y
lg xabu Genrunananu, awHU log a = lga.

Acocu e ra TeHr 6yiran sorapudm Hamypa.a jrozapugm ned araniuod,
y In kabu Gearmnananu: log a = Ina.

y = logx (a > 0, a # 1) kypunumpga 6epuiran QyHKIUA acocu a
o6ynraf ozapugmur pynkyus ned arananu. JlorapudMuk QyHKIIUAHUHT
aHUKJIaHWII coXacu-0apua mycbat connap tymiamu R+, abuau D(log x) =
= (0; +o0). JlorapuhpmMuk GYHKIUAHUHT KUAMAaTIap TYyIjiamMu-d6apua

XaKUKHUI coHJap TymaMu R, SbHU (—oo; +oo).
Arap a > 1 6ynaca, y = log x sorapudmuk GyHKnuA jcysun. Arap
0 < a <1 6yuca, y = log x morapudpmMux GyHKIUA KaMarOBYH.

Bup =xun acocam mnorapudpmMux y =

log x Ba KypcaTKUUIU

y = a* pyurnuanapauHr rpadukaapu I Ba III koopauHaTazap yopakja-
PUHUHT OuccexkTpucanrapu 0ynamb, y = x yKuUra HucOATAH CHUMMETPUK

JKOMIaIagm.

(MY=fMa;wW=f;j&m=f+c;

X

e, Qa
Ja dx_lna

+C,a>0, a#1; (log, x) =

TepMuH cysaap JyrFaTu

xlna

(nxy = 1.
X

V36ex Tnmga Kozok Tunnma Pyc Tuauga Nuraus tuanga
Jlorapudpm Jlorapupm Jlorapupm Logarithm
Kypcarkuuan Kepcerkimrik ITokasarenbHas Exponential func-
(YHKIIUA (DYHKIIUA (DyHKIIUA tion
Vuau norapudm | OHgbk morapudm | JecaTndnbIH Decimal loga-

Jorapudm rithm
Harypan snora- Harypan snora- Harypanbublit Natural loga-
pudm pudpm Jorapudm rithm
Veysun pyrrnus |Ocneni pyrrunus | Bospacraromas Increasing func-
(DyHKIIUA tion
KamaroBuu pyuk- | Kemimeni pyuk- |YObiBatoras Decreasing func-
g nusg byHRIUIA tion
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VII 6§aym. KYPCATKHUYJIN BA JIOTAPH®MUK
TEHTJIAMAJIAP BA TEHTCU3JIUKJIAP

b CHINA
[] Saiga population

Overall direction of migrations
(North in summer, South in winter)

[ Terrestrial protected areas

TURKMENISTAN

2014 dunu Ko3ox danacuda awazan caizogaap conu 257 mune,

2015 dunu 295470 63jadu, bupor wy Uuau nacmepenned Kacaiiuzu
cababau ¢paxam Bemnagdana nonynayuicunune judanzuna 130000
catizox, Kupuaub kemou. 2016 dunzu canox 6yliuva yrapuunz ymymui
conu 108300 6jjndu. Bjjaum oxupuda nozapugmur 6a Kjpcamruiniu
menzaamanapoan goidananubd, mamnaxamumuidazu calizoKiap conu
Katcu duau 2015 dunzu cOHUOAH OWUULUHU AHUKAATLCU3NAP.
Mawsrymomaap 0LUHZAH pecypc:
https://www.inform.kz/ru/msh-rk-chislennost-saygakov-v-kazahstane-sostavly-
aet-bolee-108-tys-osobey a2914497

Onpuuru OyaMMAa KypcaTHjraHu Kabu KYpCAaTKUUJIMN Ba JIOTapud-
MUK QYHKOuAJAp (aHga Ba KYHIAJIUK XaéTaa KeHr (oigaaHUIamN.
Iy dyarmuanap épgaMuja XOAWCAJAPHUHT MAaTEeMaTHUK MOJEeJNHU
Kypub, Texkimupa ojaMui. KypcaTkuuiam Ba JorapupMHUK TeHIJIaMa-
Jap Ba TeHICU3JIWKJIap (GaHHHUHT 0apua coxajapupga yupaiiau. Pusu-
Ka, XUMUsd, 01oJIoTusA Ba OOMIKA (haHJIAPDHUHT KYITMHA MacajaapuHU
eyuIIga aTajiral TeHIJIaMaJapjaH doigasaHuaagy.

Bynumpa ypraEmiaguraH MaB3yJap:

7.1. KypcaTtknunm TeHrnamanap Ba TEHrnamarnap cMctemacu

7.2. JlorapmMdpmmrK TEHrNaManap Ba TEHrNaManap cMcTemacu

7.3. Kypcatknunu TeHrcmMsnmknap

7.4. JlorapndpMHK TEHICHM3NUKIIAP Ba TEHMCU3MNMKNAP CMCTEMAaNapH

7.1 KypcaTknwiu TeHr;iaamMajgap Ba yJIapHUHT CHUCTEMAaJiapu

By maBsyza KypcaTKUUIM TeHIJIaMaslap Ba YJIApHUHT CHUCTeMaJsapu-
HU ypranubd, oxupumga:

® Ccoppfa KypCaTKMUMM TEHMNAaMaHMH TabpHdouHM Bunacus;
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®  KYPCATKMUNU TEHINaMarnapHU EUULLHUHI YCYINIapMHU Y3NalTMpacus;
® KYPCAaTKMUNM TEHrNamanap CMCTEMACHHM EYMLLIHM YPraHacKus.

Hapaka KypcaTkuuu y3rapyBuu OyJaraH TeHrJaMaJjaap KypcaTKUuUJIn
TeHTIaMaJsiap neb6 aramagu. MacasaH,

2 =32; 7"+ 371 *=6; 5* — 13* + 8* = 0.

Taspud. Azap a > 0, a #1 6a b > 0 6jjaca, y xonda a* = b mene-
aama codda Kjpcamruiiu menzaama 0ed amanadu.

Onpuuru 6yaumzaa b > 0 Oyaramma OMTTA WAAU3W MAaBXKYI SKaH-
auruau, b < 0 OyJaragga YHUHT WJIAU3JapPU MaBAKYZ OYIMACIUTHHUI
K¥ypcarraumMus. Yiby MmabaymoTaapgan b > 0 6yaramma a* = b TeHrJa-
MAHWHT ATOHA WJIIU3U

x = log b (1)
TeHIVINK OMJIaH aHUKJIAHUIIN Kejaud YuKaIu.
1-mucon. 2~ 2 = 16 TeHIJIaMaHU e4aMU3.
A (1) popmynara xypa
x—2=1og,16 © x=2+log,2' & x =2+ 4log,2 & x = 6.
MaBob6: x =6. 0

Opmarma KypcaTKMuian TeHriaamManaapau a’® = af® (a > 0, a # 1)
KypuHUIra Keatrupub eumnanu. By Tenriama y = f(x) Ba y = g(x)
GYHKIMAIAPHUHT YMyMUN aHUKJIAHUII coxacuna f(x) = g(x) TeHriama
OMJIaH TEHTKYYJau OYJaam.

KypcaTknuiu TeHrJIaMaJapHU EUYHITHUHT OWUp HeuTa yCyJaapu
MaBXKYA-TEeHTJIaMaHUHT acacuHU OWpP XUJ acocra KeJTUPHUI YCyJu,
KYImaiTyBunjgapra aXpaTuil OPKAJIN Ba SHIY Y3rapyBUYU KUPUTHUIIL yCY-
au. Y0y ycyJJIapHU MHCOJIJIAP OPKaJIU KYpud YMKaMu3.

TeHrJIaMaHUHI MKKAJia TOMOHMHHN OHpP XMJI aCOCra KeJTHPHUII yCyJIn

a* = b cogma TeHrJIaMaHU €UUIIl YUYYH MYMKHUH 0yJica, VHI TOMOHHIA-
ru udomanu (b H1) acocu a OYAraH Aapaka KYPUHUIIINUTA KeJITUPUJIATA.
Macasan, kypunaérran mucosga 16 = 24 skauguruuau sbTudbopra 0auo,
OGepuirad TeHrjaamManu 2* -2 = 24 kypuHuIIga €3mica, eTrapau. ByHgax

x—2=4< x=0.
HKapob: x =6. W
1)’ **~6x-2,5 2)" (9)
2-mucom. 1) 5* = 125; 2) 3 =81;3) 2 ' :16x/§;4) 3 : 3 =
= 27 TeHTJIaMaJIaDHU €YaMu3.

A 1) 125 = 53 srarauTHHEN 9BTHGOPra OJNCAK, b* = 5% & x = 3.

WHasob: x = 3.
x 1 —4
2) (g) = 81 TeHrsamMaHu eumuIn yauyH 81 = (g) SKAHJIUTUHU 9b-

1 x 1 -4
Tubopra oJcax, (5) =(§j = x=-4; HKago6: x = —-4. W
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3) 2°°0+25_-16J2. AsBan 1642 COHHM panMOHAJI K{PCATKUUIH
JapasKaHUHI XoccacumaH (oiimananub, acocu 2 Oyarad mapaska-
1
ra KeJaTUpaMus: 1642 =2*-22=2%_ y XoJga OepujaraH TeHIJIama
2% 76x25 _ 945 puhymumra Kemanu. Bymnam, x2 — 6x — 2,5 = 4,5 éxu
x2 — 6x — 7 = 0. Teursamanuur uagusaapu —1 Ba 7.

x x Hasob: x=-1,x=7. 10
2 9 27
4) |=| '|=| ==—. ABBam TeHIJITaMaHUHT dYall TOMOHHUTA Ja-
3 8 64 2 9y 97
paskaHuHr a* *© b* = (ab)* xoccacuHU KYJJIaNiMuU3: (—'—j =—
x 3 3 8 64
3 27 3
=Sl —|=—=|-|=>x=3,
4 64 4

1

Haso6: x=3. 0
_1 1 x
3-mucomn. 2V 1.0,5V* = 4*+* penrmamanu euamus.

A Tenrnamasuar KKMBKT u x > 0, x # 1 TeHrcusiIukaap O0uias
anmkaanagu. KKMBKT na Gepuiran TeHriaama Kyhdugaruda €3myaamgu:

1 1 2Jx 11 2
oVx-1 .9 Vr+l = — 9atdr — 9 V-1 Vx+l — 9Vl

1 2 1

LI = = __ 3 =2Jx=4=
-1 Jx+1 Jx+1 " Jx-1 Jx+1

Bynnaun

=>x=4.
HKapob: x=4. 0
YMyMaH, TeHTVIaMaJIapHU eUUINAa AHTH Y3TapyBUM KUPUTHUII Ba
KyHauTyBUMJIapra asKpaTulll yCyJulapu KYyI KYyJJIaHWIagu. DBy HKKH
ycya xaM OepuiraH Mypakkab TeHTJIaMaHuM OWp HeuTa coifa TeHTJia-
Majyap Tymaamura xKeatupub eumnanu. Illyrpgait xKmamnb, KypcaTKUUIN
Ba JIoTapu(MUK TeHTJIaMAJapHU IIaKJ aJIMAIITHPUIILA YJIaPHUHT TEHT
KUAMATJINIATUATA 9THI00D 6eprb, KYPCaTKUUJIN Ba JOTapUPMUK (PYHKITH-
Ajapra Terumnuim 0yarad xoccajmapAaH QoHgaIaHUI Kepak. OHIN Mypak-
Kab KypcaTKUUJIM TeHIJIaMaJapHU €UUIll YCYJLIapUHU KYpud YMKaMU3.

KynmaiiryBunnapra amparuu ycyiau

Aranran ycynma KypcaTKUUIN (QYHKIUS yMyMHU# KyoanTyBun
cuarusa KaBCHUHT OJIAUra UYNKapPWUaInb, Oepuarad TeHIJaMa coama
KypcaTKUUIN TeHTJIaMara KeJTupajaamu.

4-MUCOJI. 1) 6x+2 — 6% = 210; 2) 33cosx71 + 33cosx72 + 33003x73 =13
TeHIJlaMaJIapHUu edyaMua.

A1) 6*2 — 6 = 210 TeHTJIAaMaHU ITAKJI aTMAIITIPAMUS:
6°-36-6"=210=235-6"=210=26"=6 = x = 1.
HKaso6: x=1. 1
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2) ZBcosx —1 4 Zdcosx —2 . Fdeosx =8 = 13, YMyMUil KYIaUTyBUNHU KAaBC
CHUpPTUTa YHKApcakK, 3%%% 3 (32 + 3 + 1) = 13 = 3%s* -3 =1 = 30 =
= 3cosx — 3 = 0 = cosx = 1 TPUrOHOMETPUK TEHIJIAMAHU €UaMMK3:
x=2nn,ne Z.

HKasob: x=2nn,ne Z. A

S5-vmcom. x% - 274 x + 2 =2" 4 x2 4 x . 2% remrmamamm
KymaiTyBumiapra askpaTuiln yeyaugaH oiigamanub eqaMus.

A Tenrnamanmar KEMBKT x > 0 TeHrcu3JMK OWJIaH AaHUK-
JaHaIu. T'ypyxaam  ycyam  Oujam  Oepujrad  TeHIJIaMaHU
2 (27 -1)-x(25-1)-2(27-1)=0 exn («*-x-2)(27-1)=0 xy-
pUHHINTA KeJTupaMus. ¥ XoJujga Oepusran tearjaama x2 — x — 2 = 0
Ba 2%-1=0 TeHTJIaMaJap TYIJaMura TeHTKydJau Oyaanu. BupuHum
TeHTJIAMAHWHT Uiagusigapu x, = —1, x, = 2 6yJca, MKKUHYM TEHIJIaMa-
HuHr eunmu x, = 0. Bynga (1) ¢ [0; +e) Ba 0 € [0; +o0); 2 € [0; +o0)
SKAHJUTAIAH MHUCOJHUHT ;KaBoou: 0; 2.

Haso6: x=0,x=2. 10

SAHru ysrapyBum KMPUTHUII yCYIH

6-mucon. 81* — 2 - 9* — 3 = (0 TeHIrIaMaHU SHTH y3rapyBUu KHPU-
TUII YCYJIU OUJIaH edaMus.
A Bynza 9% = y Gesiruiaii KUPUTCaK, OepUITaH TeHTJIaMaHu y2 — 2y —
— 3 =0 xypunumpa ésamus. Byanan y, = -1, y, = 3. y = 9* KypcarKudin
GysKIuA QaxkaT MycbaT KuiiMaTaap Kabysnl KWJITaHIUTHAaH, y, = —1
WIAU3HU KYpub umkMainimMms. ¥ xoama 9° = 3 reumraamazad x = 0,5
TEHTJINKHU OJIAMU3.
HKasob6: 0,56. W

7-mucomn. 6 - 9* — 13 - 6* + 6 - 4* = 0 TeHIIaMaHU €UYUII Kepak.
A Terrsmamanm 6 + 32 — 18 - 2° - 3* + 6 - 22 = (0 KypuHHIIAA 6316,

3 2x 3 x
yaE 2% (22* # 0) udopmara 6yramus: 6 * [5) -13 (5) + 6 = 0. Byazga

3 X
(5) = y Gearmnam Kuputub, yau 6y> — 13y + 6 = 0 Tenrsama Guian

aJMalmITupaMmnuas. By TEeHIJIaMaHUHI' UJIIAU3JIapu:

2z .3
Y1 3’ Y, 9 .
3\ 2 3\*
—| ==, | =| == TeHrmamanapzay Oepuiarad MUCOJHUHT MaBO-
2 3 2 2
Ounm onamus: x, = —1, x, = 1.

HaBob6: x=-1,x=1. 10

Iy 6umnan 6up Karopzaa [a(x)]® = [a(x)]®) kypuHumgaru Kypcar-
KMYJIM TeHTJIamMajap xam yupaiau. Byuga f(x) Ba g(x) udomamrapHUHT
aHUKJAHUII coxXajsapu 6uiaaH a(x) > 0 TeHICU3IUKHY KAaHOATJIaHTUPYB-
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Yy X Y3TapyBUMHUHT KUUMAaTJIap TYILJIaMJIAPUHUAHT KeCUIIIMAacHu TeHTJIa-
manuar KKMEKKT vy annkaaiiau. Arap m > 0, m # 1 6yica, 0y TeHraama
f(x)log a(x) = g(x)log a(x) Tenrmama Ounan TeHrKyuau. By renriama
YMYMHHU X0JIIa YII0y UKKUTa TeHIJIaMajap TYIJIaMu OUJIaH TeHTKYUJIn:

log, a(x) = 0, f(x) = g(x).

KKMBKT ga sca f(x) > 0, g(x) > 0 6yaca, KypcaTujaran Tyijiam
rapkuoura a(x) = 0 TeHrIaMaHM KYIIUII Kepak.

8-mucox. |x—3| s (x —8)" TeHrnaManu eumm Kepak.

A x HUHT MCTAaNraH XAKUKWH KUIMAaTHAa TeHIJIaMa MabHOTa ora,
abpau KKMBKT u (—eo; +o0). K¥pcaTunrau sciatma 6yiinua 0y TeHIJIamMma
x—8=0¢éku|x — 3| =138ax?— x =2 TeHryamajnap TYILIaMHU OUIAH
TeHrkywin. Byagan x, = 3; [x —3|=1=>x, =2 x, =4 x? ~x =2 =

==-1,x =2
HKapob6: x, =3, x,=2,x,=4,x,=-1,x,=2. 0

OHAM KYpCATKUUJIU TeHTJaMajlap CHUCTEeMACUHU eYHuINra MHCOJI
KYpub 4nKaMus.
x x+2y+1
3% +2 =5,

9-MucoJ. {3“1 9w _q CUCTEeMaH! eYyaMMU3.

3°4+2:2%% =5,
A Bepuiran cucreMaHH KYpUHUIIZA €3aMU3.
3'3x_2x+2y =1
¥ =y, 2*T% = p GearmianLIap KUPUTCAK,
u+2v=>5,
3u—-v=1.

Bywpanu=1,v=2=3"=1,2""%=2= x =0, x + 2y = 1. Byugau
x=0,y=0,5.  KaBo6: x=0,y=0,5. 0

1. Coapma KypcaTKM4JIM TeHTrJIamMa Ae0 HuMara antunamgu?

2. Kypcarkuunu QyHKIUAHUHT XOCCAJaPUHU AlTUHT.

3. Kypcarkuunam TeHIJIaMaHU €UUITHUHT aCOCHUI YCYJLIAPUHUHT aJiro-
m pPUTMU KaHzaai?

4. PamnuoHan KypcaTKUUIMN AapakaHUHT (OPMYyJIaCUHU E3UWHT.

Mucoanap
A
7.1. Copma KypcaTKuUuJIu TEHrJIaMaJapHU €UUHT:
1) 5 = 625; 2) 2* = 1024; 3) 3* = 729;
4) 7T =——; 5) 273 = 64; 6) 32 = 2T;
) 343 ) )

7) V2537 = 216;  8) Y17 =343, 9) 65+ = 216;
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10) 8* = 4%5; 11) 3* = T; 12) (0,2)**! = 5.

7.2. TeurmamaumHr HMKKaJia TOMOHMHK OMpP XHJ acocra KeJTupuo,
KYpCaTKUUWIN TEeHIJIAMAJAPHU €UNHI:

1 .
1) 23 =5128+; 2) 0,5% 25 =/2;
. 2x-3 —| 1T . p— .
3)0,125 - 4 [8 ; 4) 0125 128;
2 1 x2-9x+17,5 8
) I R p— 6) (0,5 T2
) 125 ) (0.5) J2

7.3. @epMep XaINIapoOTIAPHUHT S9KUHTA 3UEH eTKA3UII KapaéHUHU KY-
satau. Kysaruin HatmKacuga XalrapoTJIapHUHT 3UEH eTKasTaH
xyaymu A = 1000 - 2°7 ra (6yaga n — xadTa COHM) KOHYHUATTa
Oyitcynunu aHuKJIaHau. A TpaduKHU scab, XarapoTaap Heda
KyazpaH KeiimH 5000 ra epra 3uéH KeJTUPUNIN MYMKUH 9KaHIIU-
TMHU TOIMII KepakK.

A n — BaKT BKAHUTMHU 5BTH60TA 0JCAK, BUEH KEJITHUPHUII 2Ka-
paéHu

y = 1000 - 207

KypcaTKuuanu (PyHKIUA OmaaH TaBcudaHagu. YHUHT rpaduru
ycyBunm (QyHKITUA.

https://www.desmos.com/calculator omaaiin rpadur KaJabKy-
JATOP épaamMuna rpauKHA AcaniMus.

duau 5000 ra epra 3uméH eTKa-

3UIII BAaKTHUHU TOIINIIT YUyH Rf}p- An. | /
CaTKHUYJIU TeHIJIaMaHUu euyaMuas3: 6000 /
A, = 5000 = 1000 - 2% = _ 4
= 5000; 2°™ = 5; 0,7n = log,5; 4000 -
10 g5 S

n = 710g25 = log,5 = 122’ 2000 =38

_ 101g5 /
n= E = 3,3. 0o 1 2 3 4on

3,3 xadrama éxu 3 xapra 2 KyH, ApHH 23 KYHJIa XallapoTJap
5000 ra epra suén Kearupasu. H

i n AMEOTTY TEIMTIONEIED (7-L=7-10)8
Ilonynayuanune jecuwu (kamaiiuwu)

7.4. Bakrepusiap KyJjgali MyXUTra COJUHTaH. YJIAPHUHI Maccacu
(rpammyIapsa) BaKT YTraH caiuH ycaau Ba YHUHT BaKTra (coart-
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1

7.5.

7.6.

7.1.

napaa) 6ormuKauru W, = 20 - 2% pyHKIusa OuaH aHUKJIaHATN.
Bakrepusnapauar maccacu 1) 30 r; 2) 100 r O6yaumm yuyH
KaHYa BaKT Kepak?

Baktepusmap KyJaii MyxXuUTra COJHUHTAaH. YJapHUHT Mac-
cacu (rpammiaapma) BakTra(coaraapga) OOFIMKJINK KOHYHU
M, = 25 - ™' dynKnUMs 6uTaH aHUKJIaHAAU. BakTepusanrapHUHT
maccacu 1) 50 r; 2) 100 r 6yaummm yuyH KaHUa BaKT Kepak?

Buojior yyMOJIMHUHT SHIMU XYAYALArd TAPKAJUIINHUHT MOHU-
TOPUHTUHU Acagu. KysaTumiap HaTHKacuga 4yMOJNJIAPHUIHT
raprayum xyayau A = 2000 - %" ra KomyHra GyicyHuIIN
aHUWKJaHTaH, OyHZa n — xadra coHm. An rpa)UruHU ACAHT Ba
yymosuaapEuHT 10000 ra epra TapKaJauInyd YIYH Kepak Oyarad
BaKTHM TOIMHT.

Monusaeuil jcuuw

U, myn XaxXMu MabJiyM 6up myzagatra r Gpous OuIaH MHBECTUII-
sira COIMHCA, N MyANaTAaH KeUWH TYIIaHrad myJa Mukgopu U =
=U, " (1 + r)" popmysa 6unan xucobJaaHaL¥. NI HA TONUII yIyH
snorapudmaan doiigansanné KypcaTKUUIN TEHIJIaMa eYnIau.

Maxkcan 200000 Tenre myaunu wniaauk gousu 10% Oyaran me-
mosuta conpu. YHuHT nmysau 1000000 Tenre Oynummu yuyH y
KaHYa BaKT KYTUIIN Kepak?

A U ,=U, -1+ r)" dopmynanan poiinanancax,
U, = 1000 000, U, = 200 000, r = 0,1;
1 000 000 = 200 000 - (1 +0,1)"= 5 =1,17%
lgh
1g1,1
16,89 iimn éxu rtaxmumuHan 203 oigaH KeMWMH MUJLIJIMOHTA
eraru. W

n= 10g115 = = 16,89. MaxkcagHUHT IEIMO3UTIAATH ITYJIU

7.8.

7.9.

7.10. Tavmup 15000 Tenrenu ok cative 4,8% Mypakkab ¢ous OuIaH yeyBun

VilHUHT HapxX¥W BaKT yTraH cavuH nwmaura 7,5% ra KuMMar-
Jangu. Arap yiuHuHT Xo3upru Hapxu 16 000 000 tenre 6y.ca,
KaHua BaKTHaH KeiimH yHuHT Hapxu 25 000 000 temrera etu-
MINHY aHUKJIAHT.

Temyp 100000 Teurenu finaank yeumu 12,8% O6§araH qemo3uT-
ra congu. Kamua BaxTmaH KetimH yHuHT nyau 150 000 Tenre
oymamu?

xmcod parkavmra coimu. Heua ofimam KeiimH mya mukzopu 25 000
TeHTera etangu? |'
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7.11. KypcaTkuuam TeHTJIaMaJlapHU KYHalTyBUMJIapTa asKpaTHuIln ycy-
Ju OUJIaH eYnHT:

1) 52 — 5* = 120; 2) 3+2 — 3% = 72;
3) 2+ — 24 = 15; 4) 33 + 32 + 31 = 3159;

5)2- 8% — 5372 =1443;  6) 31 4+371=270.
7.12. KypcaTKuuam TeHTJIaMaJIlapHU €YUHT:

1) 47 — =05 = w105 — g2l gy gx'l_gai_ gail gz,

3) 2121 — 46x-1 4 gx-1 _ 1631 = 1280;

4) 10* — 5+1 - 252 = 950,

7.13. KypcaTkuuiau TeHTJaMaJapHU AHTU y3TapyBUM KUPUTHUII YCYJIU
0miaH euuHr:

1) 9x+3 + 3x+2 — 10; 2) 4x72 — 17 . 2x74 + 1 — 0;
3) 4% +16=10-2"72; 4) 5" —14-5%_275=0.

7.14. TenrsamagapHU €UUHT:

1) 52x2—x — 62x2—x; 2) 8- 7x2—5x+7 =7- 8x2—5x+7 ;

x*-12 3 x+1 *?+2x-11 3
oS (E] o (52
9 125 3 25 27

7.15. Teurnamangap cuCcTeMaCUHU €UMHT:

3% _2¥ =725, 3°+3Y=12,
1 2
) {3* - 2%% = 25; ) {3“y =27.
B
) n AR TOMMTIREER (716=7A9)8 L

7.16. Pannoaktue wmojmaHuHr M, wmaccacu (rpammiappa) ¢
BaKT (xadrTa) VyTram caimH nOapuyajanmb, KaMaAgu Ba
M, = 1000 - e % komynaTra 6yiicynagu. Mojgma MacCaCHHUHT
ApUMIAPUYANaHUII BaKTHUHU TONWHr. KaHua BakTHaH KeluH

MOITaHUHT Maccacu 25 r 6ymagm?

7.17. AspomytaHaH cakparaH MapalliOTYNHUHT IAacTra TYIINUII Te3JIN-
ru V =50(1 — e %) m/c. Kanua BaKTAaH KeWNH YHUHT TE3JIUTU
40 kM/coat 6ymagmu?

7.18. MyasnaTruura COJIMHTaH CYIOKTMKHUHT TEMITEPATyPACH
T =4+ 96 - ¢ %% °C gouyuusarra oyiicynanu, OyHga ¢ — MUHYT-
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Japgaa OepuiaraH BaKT. CylooKJIUKHUHT Temnepatypacu 1) 25 C;
2) 5 C oynumu yuyH KaHuya BaKT KeTUIIMIWHU TomuHr. Mysiar-
TUYHUHT Y3UHUHT TeMIepaTypacu KaHmam?

7.19. Paguoaktus moimaHuHr M, Mmaccacu (rpammiapna) t yTrax
caiimn mapuananu6, Kamaagu sa M, = 1000 - 27% xomynaTra

oyiicymamu. Moama MacCaCHMHUHT APUMIIAPUYAJAHUIINA YUYH

KaHYa BaKT KETUINWHK TONMHT. KaHua BaKTAaH KeHWH MOja-
-” HUHT MAacCacCH JAacCTJIAOKM MaccacMHUHT 1% WHU TaIIKNWJI 3Taun?|-
7.20. TeurnamasapHU €UUHT:

1) 22x275x—1 — 0,53[42x ; 2) 4x+m -5 2x—1+m — 6;

3) 25x—1 — 92x—2 + 8 . 52x—3 — 4 . 92x—3;
4) 81x — 52x — 4 . 92x—1 — 4 . 52x—1‘
7.21.

TeHI‘JIaMaJIapHI/IHI‘ AroHa WJIJU3WHNW TOIIMHT:

7.22.

1) 7 + 24% = 257
3) 2% +5% = 2 — tgx;

TeHPJIaMaJIapHI/I [SRE 07050 AN

1 .
16V2°
4% = 0,25 - 12%+1;

1) 2 x2—6x+0,5 —

3) 3x+1 .

2) 12* + 5* = 13%

4) 3°7 45" = 4 — sin’x .

2) 16385 =128 ;

4) 27757 = 0,01 - (10°7)°,

Teurnmamanapuu edurr (7.23—7.29):

7.23. 1) 551 = 2; 2) 16%*1 = 8v%;
1 2x-1
3) (5) =3; 4) 231 = (0,25)>.
7.24. 1) /375 7.3 =162;  2) 521 4 4% = 5 — 4¥4,
3) 6x + 6x+1 — 2x + 2x+1 + 2x+2; 4) 9x — 2x+0,5 — 2x+3,5 — 32x—1‘
7.25. 1) 4% — 305 = =105 — 9201, 9) 5xd _ 5rd = 16 - 55 + 4;
3) 2x2—1 _ 3x2: 3x2—1_ 2x2+2 A
7.26. 1) 3% +45-6*—-9-2%2=0; 2)3>* 2% -7.2v=2- 3%,

52



7-6YNUM

7.27. 1) ¥3-%3-2=0; 2) 6-39-13-96+6-¥4=0.
7.28. 1) 4x7m+2x7m=6; 2) 31*36_ 31+x+ 9x_|_ g—x — O.

7.29%. 1) (4+V15) +(4-VI5) =2; 2) (\/2—\/5) +(\/2+\/§) _4.
7.30. KypcaTKuuiam TeHrjiaMajgap CUCTEMACHUHU €UMHT:

27 4+2Y =5, =1,5+y",
1) 2) y y
2x+y=4‘ y2,5+x:64.
7.31. 'papur ycynam OumjaH TeHIJIaMAHUHT HeuTa WJIAU3U MaBKY
SKAHJIUTUHU TOIIMHT:

)2+ x-2=0; 2)3*=x+ 2.

Teurnmamanapuu euunsr (7.32—7.33):

x-1
7.32. 1) 2% = %512 ; 2) (§) L
4 316
3) T2 — T = 6+ 2, 4) T4 — 49,
4o x 1o x 5
Nrwes
7.33. 1) 47 -9-2% 1 42-0; 2) (§) ’ (E) :5lo(i) :
2 5 10
2 s
3) 87 -2 * +12=0; 4) 57381 =500

5) 27— 13 -9+ 13 - 311 - 27 = 0.

C

7.34%, @ mapaMeTPHUHI KaHAall KuiMaT/apuga TeHIVIAMAaHUHT UKKUTA
WIAN3U MaBKyI Oyaamm:
1) 2505 — (5a + 2) - 10* + a - 4705 = 0;
2)2:-9*—(2a+ 3) 6%+ 3a-4*=0?
Mucostapaa GepuJrad TeHIJIaMaJiap Ba YJIAPHUHT CHCTEMaJapu-
"y eunur (7.35—7.37):

y
. . 3x.4y:12; !/11024:(2%) .
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7.36. 1) B2+ ..+ 220 = 0’04—45; 2) 2|x+2\ _ |2x+1 _ 1| = 9x+l 4 1 |

3x%2-10x+3

7.37. 1) [x -3 =1; 2) (x?-x-1)" ' =1.

7.38%, g HUHT Xap OUp XaKUKWH KuliMaTiaapuna 9 *2 —4 - 32 — g =0
TeHTJaAMaHU €YMHT.

TakpopJaimra JOUP MAIIKJIap

7.39. Udomanu commanaliTUPUHT:
1
241 1 3 3 2 1
1y 22 .9y (224275 |: (1j2+3y5 .
> x” 2
x+x2+1

7.40. y = 23 — 5 QyHKIUAHUHET rPAQUIMHY SCAHT.

7.41. 1g2 = m, 1g3 = n ne6 onuo, log 6 vy TommHTr.

7.2. Jlorapu(pMuK TeHTrJIaMajiap Ba YJIAPHUHI CHCTEeMAJapu

By maBaypma jJorapudmMuk TeHrJaamaJiap Ba TeHIJIaMaJjap cucTeMaJia-
pUHU euuIn Hyagapu OUIaH TaHUIIUO, OXUPUIA:

®  norapMOMUK TEHrMaMarnapH1 UULLIHMHE YCYMNapMHA ypraHacus;
®  NorapMMMK TEHrnaManap CMCTeMacHHM edva oracusnap.

Teopema. Azap a > 0, a # 1 6yaca, y xon0a log x = p KypuHuw-
Odazu meneaama codda nozapupmukx menzanama Oeliuradu.

9HAY p HUHT UCTAJITAH KUAMAaTHIa JJOrapuPMUK TeHTJIaMaHUHT ST0-
Ha WIAWBU MaBXKY[ SKAHJIUTMHHU KypcaTamMms3. XaKuKaTaH, logax =p
TeHTJIAMaHWHT WIAu3u y = log x QyHKnuAHUHT rpaduru Ouian y = p
TYFPU UMBUKHUHI KECHUINUIN HYKTAaCHHUHT alOcIluccacura TeHT
OyiuimmHM aximu ouiaamus. 7.1 Ba 7.2-pacmiapiaH p HUHT HUCTaJraH
KuiimaTjapuga 0y MKKUTa rpa@UKHUHT OUTTA HYKTajla KEeCUIITUIITUHUI
KypamMus. ¥ Xo0Ja, p HUHT HCTaJTaH KUMaTuia logax = p TeHTJaMa-
HUHT ATOHA WJIAN3U MaBKyZ. Jlorapu(dMHUHT acocuUil afHUATHUra Kypa
X = a'°%* TeHrIMK Ga)KAPWJINIIUHE 5HTHOODPTa OJICAK, TEHTJAMAHUHT
sAToHA euynuMu X = af ¢opmyJia OuIaH aHUKJIaHAIN.

JlorapuMuUK TeHTJIaMaH! €UUITHUHT YCYJJIapUHU KYypub YynKaMuma.

Jlozapugpmuune maspuguoan goildaranuul ycyau

1-mucom: log (x* — 5x + 10) = 3 TeHrTaMaHU euyaMU3.
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AY
y = log x
a? -
y=-—pr
-p
7.1-pacm 7.2-pacm
A JlorapubmemET Tabpupura Kypa x* — Hx + 10 = x® =

= 5x = 10, x = 2. Texmmupamnus: log,(2° — 5 - 2 + 10) = log,8 = 3. W
Jlozapupmur menenamanu log f(x) = log g(x) kypuHuwea Keamupuw.
2-mucon. 1g(x + 5) — lg(x? — 25) = 0 TeHrIaMaHN eyaMus.
x+5>0,
A Tenrnamanuar KKMBKT u )
6y am. x°-25>0,

lg(x +5) —1g(x* - 25) = x+5=x*-26=2x*-x—-30=0=x, =
=6, x, = —5 ungus KKMBKT ura xupmaiinu.

abHu (5; +o0) OpasmK,

Hao6: x =6. 0
Aneu jzeapysuu Kupumuul ycyau

3-mucoun. logix —log,x —2 =0 TeHrJIaMaHV eYWII Kepak.

A log,x = y ysrapypunmHn KupurtamMus. ¥ xomga y> —y — 2 =0 =
=y, = 2,y,=—1. OHIU X Y3rapyBUMHUHT KUAMATIaPUHU TOTAMUS:

1 .
log,x =2 = x, = 4; log,x =-1= x, =3 VY3rapyBuMHUHT UKKaJIa
KuUMaT! XaM TeHTJIaMaHU KaHOATJaHTUPAIW.
1
HKasob6: 4; —. W
2
Jlozapupmnu mapaw ycyau

log,x—2

4-MMCOI. X = 8 TeHIJIaMaHU eYUIIl Kepak.

log,x—2 1 - 1
A x"8"? =8 = x8%. x % = 8 = x %" = 84 TeHrnamMaHu acocu 2 ra
TeHr OyJjagurad Kujaub Jiorapu@MiIaiMus:

log,x - log,x = log,8 + log,x? =log;x — 2log,x — 3 = 0.
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log,x = y AHrM y3rapyBuu KHPUTCAK,
y¥»-2y-383=0=y, =3, y,=-1. Byanan

log,x =3 = x, = 8;

log,x = -1 = x, =3 1
WHaBob6: 8; 5" [ |
5-mucoun. log,(x + 3) + log,(x + 1) = 1 Terrnamanu e4amus.

A log b + log,c = log (b - ¢) popmysa Oyiinua GepuiraH TeHIJIaMma-
HUHT 4yal ToMoHuHH log (x + 3)(x + 1) éxnm log,(x* + 4x + 3) KypunHuUIITa
KeJaTupud, YHU Kyiugarmua €3aMus:

log (x* + 4x + 3) = 1.

Bymgam x* + 4x +3=38'o x>+ 4x=0=x, =0, x, = 4.

JlorapudmMuk QyHKINA OYTYH COHJIAP YKUAA aHUKJAaHMaraHu yUyH
TONWUJITAH €UNMJIAPHUHT O€PUJITaH TEHIJIAMAHU KAHOATJIAHTUPUIIN EKU
KAHOATJAHTUPMACIUTUHY TEKITUPHUII Kepak.

Texmupumi. Arap x = 0 6yca,

log,(3 + 0) + log,(1 + 0) = log,3 =1
eurM TeHTJIaMaHU KaHoaTJauTupagu. Arap x = —4 6¥ca,

log,(3 — 4) + log,(1 - 4)

udoma Ma’bHOTa dTra Oy IMaIN.
WKasob6: x=0.
Bepuiran TeHriaMaHUHI KaBOOMHM TONUINHUHI SHA OUpP yCyJIu
maBxKyn. ¥ Tearmamanapauar KKMBKT uau (Kabysa KUJIUIIN MYMKUH
OysraH KuiiMaTaap TYIJIaMu) aHUKJIAII yCyJiu. bepuirad TeHrJIaMaHuHT
x+1>0,

KKMBKT u { 320 TEHICUBJIUKJIAP cucTeMacu OuJIaH aHUKJIaHa N,
x+3>

Y xonga KKMBKT x > —1 Tenrcusauk OuaH aHUKJaHAAU 6KU (—1; +oo)
rymiaam 6yaagu. 0 € (—=1; +e), =4 ¢ (—1; +o0) SKAHIUTUIAH MUCOJTHUHT
sxaBobu: x = 0. W
Jlorapubmuk tenriamanap log f(x) = logg(x), (@ > 1, a # 1)
KYpuHHUINTra KeaTupub eunaagu. By TeHriama Kyiumaru cucrema Ou-
JIaH TeHTKYUJIN:
f(x) = g(x),

f(x)> 0,

g(x)>0.

Cucremazaru oXUpru UKKUTa TEHTCU3JIUK OEPUJITaH TeHIJIaMaHUHT
KKMBKT wnam amuraanau. Opatrna KKMBKT wu sgorapudpmux
TeHTJIaMaHU edMachaH OJAUH TOTMUJIaIU.

Acocu y3rapyBuu OyaraH JorapudMuUK TeHrJIaMajgap XaM ydupaunmnm:

log, . f(x) = log,,8(x).

By renrmamanmar KKMBKT wu Kyiiugaru TeHTCU3JIUKJIAD CHCTEMAaCH
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OMJIaH aHUKJIAHAI:
f(x) >0,
g(x) >0,
a(x) > 1,
a(x) #1.
Anurganran KKMBKT una Gepunran renrimama f(x) = g(x) Tenriama
O0MJIaH TEHTKYUIN.
6-mucou. In(x + 4) + In(2x + 3) = In(1 — 2x) TeHrjIamMaHu euamMu3.
A Aspain tenrnamasuar KKMBKT unu anuKIaiMus:
x+4>0,
2x+3>0,=2-1,5<x<0,5,
1-2x>0.

KKMBKT - (-1,5; 0,5) uurepsa.
Ymoy KKMBKT una Gepuiran TeHrJIaMaHU
Inx +4)2x +3)=In(1 - 2x) = (x +4)2x + 3) =1 - 2x
& 2x%2 4+ 13x + 11 = 0 xkypunniga ésamus. Byngan x, =—5,5; x,=—1.

Tonuaran eunmiaapaasd nkkuauncurnaa KKMBKT uzna éranu.
HKasob6: -1. W

3x* —x+ 1) =log x—xt—x+ 1) TeHTJIA-

7-mucou. log 2x% -3x+1 ( 22°-3x+1 (

MaHU €UUII Kepak.
A Bepuiran TeHriama KyHujaru cucTeMma OUJIAH TeHTKYUJII:

2x° - 3x+1>0, x € (=03 0,5)U(1; +o0),
2¢-3x+1=#1, x#0,x#1,5,
3x*—x+1>0, =< x € (—o0; +o0)
xX*—x*-x+1>0, (x—l)z'(x+1)>0,
83xl-x+1l=x-x*-x+1, 2 —4x® = 0.

x € (=03 0)U(0; 0,5)U(1;1,5)U(L, 55 +o0),
x € (-1 1)U(1; +o),
x, =0, x, =4.
R {x € (-1;0)U(0; 0,5)U(1;1,5)U(1, 55 +oo),
x = 4.
HKaob: x =4. 0

DHANM KYPCATKUYIN Ba JOrapudMHK TeHTJIAMAJap CHCTEMACHHHI
€UUIIITa MUCOJLJIAP KYpub YMKaMu3.
21 12
3773 _ 4343 —
S-vucom: {X°Y? —X°Y? =2, cucremanu eumm xepak.

log,x +log,y =1 57
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A KKMBKT x > 0, y > 0 TeHrcusIuKJIap OuIaH aHUKJIaHATH. YIIOY

rymaamaa log,x + log,y = log,xy = 1 = xy = 3 renriuk Gaskapuiaanu.
21 12 2112
Ouau x3yd =u, x3y?® = v Gearmaanuiap KUPUTCaK, u - v =x3ysx3ys =

u-v=2, |

=xy =3 TeHrMuKHU oJamMu3. Bepuiran cucreManmu { 3 KYpUHUIIIA
uv =

€3WIll MyMKHH. YHUHT ednmiapu u, = 3, v, = 1 Ba u, = -1, v, = —3.

2 1 1

21 2
Arap u = 3, v = 1 neb6 omcar, x%y®= 3, x3y®= 1. xy = 3 srauau-

1
rufaH, x, = 9, y, =§ .
1
Xynnu myngai, u =—1, v = -3 6yaranga x, = — 3’ y,=—9. Cucrema-
Huar KKMBKT u x > 0, y > 0 skaHIUTUIaH MUCOJTHUHT })KaBoOu: x =9,

1

1. Copgna sorapu(pMuUK TeHIrJIaMaHUHT TabPU(GUHU aNTUHT.

2. JlorapmdMuK TeHTJIAaMaHWUHT aHUKJAHWUII COXAacU KaHIall aHWUK-
JaHagu?

3. Tenrnamanu euramja KyJIIaHUJIAAUTAH SHTH Y3rapyBUu KUPUTUIL
yCyJIMHU TaBcUdJIaHT.

Mucoamap
A

7.42. Comna sorapudMuK TeHTJIaMaJapHU €UWHT:
1) log, 2x +3) = 0; 2)log,(x + 1) = 3; 3) In(8x — 5) = 0;
2
4) log, (5 —x) = -1; 5) loglx= log,(8 — x); 6)1g(2x — 1) =Ig3.

2

Teurmamanapuu edurr (7.43—7.44):

7.43. 1) 1g(3 — x) = 1g(x + 2); 2) Igx + 1g(x — 1) = 1g2;

3) log.(x + 1) = log,(4x — 5);  4) log,(4 — x) = log,(1 — 2x).
7.44. 1) 1g(5 — x) + lgx = 1g4; 2)lg(x + 1) + 1g(x — 1) = 1g8;

3) In(6 — x) + Inx = Inb; 4) Igx + 1g(x — 3) = 10.
7.45. Jlorapu(@MUK TeHTJIaMaJIapHU €UNHT:

1) log,x = 3 — log,5; 2) log,(2x — 1) = —210g3i;

3) log,x=2" log, T; 4) log, (x -~ 1) =4

3 3
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7.46.

7.47.

7.48.

7.49.

7.50.

7.51.

7.52.

7.53.

7-BYNIUM
5) log log,log,(x* + 7) = 0; 6) log,log,x = 0,5.

TenrnamMaHUHT UIAU3UTA TeCKapu OYJIraH COHHM TOIIMHT:
log,(2x + 33) — log,13 = log,x.

Tenrnama UIAU3JIaPUHUHT K?HaﬁTMaCHHH TOIINHTI:

10 +3x—x2+1g(7 — x — x?) = 0.

TeHryiamagapHy €4YNHT":
1) log, (x* + 1) = log, (2x — 5); 2)0,1-1gx — 1gx + 0,9 = 0.

2 2
3) lg(x? — x) =1 — 1gh; 4) log,(2x* — x) = 1 — log,2.

Jlorapu@MuK TeHIIaMaJapHU AHIUA Y3rapyBul KUPUTUII YCYJIA
OMJIaH €YUHI:

1 1 1 23
1) —Inx==--=Inx; 2) log2 x* — 20 log,Vx + 1 =0;
)12 3 1 ) 2 g,

3) 2log; x— Tlog,.x +3=0;  4) log2x— 3log,x + 2 = 0.

TeHI‘JIaMaJIap CUCTeMaCHuHU €YMHI':

x+y="7, g x+y =34,
lgx +1gy =1; log,x + log,y = 6;
logl(x+y):2, x+y=20,
3 3
) 1 _o. log, x +log,y = log, 36.
Ogg(x_y) =2;

TeHI‘JIaMaJIap CUCTEeMaCuHU eUUuHI.
{x2+y2 =80, 2) {Jc2+y2 =5,
log,x +log,y =5; lgx +1gy =1g2;
{logmx =1-log,;y, {x +y =20,

log,(x+y)=3; log, x + log,y = log, 36.

B
Tenrmamanapuu edurr (7.52—7.58):
1) log,v2x+1=1; 2) log, ¥2x-1=-2;
2
2x+3 1
3) 1 —=1; 4) log .————=0.
) logs” 5 ) o8s 5 5
1) 2log 3 + log, 3 + 3log, 3 = 0; 2) log,(x + 1)* + log,Jx + 1| = 6;
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3) Iglnx + 1g(lnx? — 1) = 1; 4) log 8 - log, 3+log 3= 0.

3 81

7.54. 1) lg\/3x +1 +1gJx +4 =1g12;

2) lg(x — 2) —lgx = 1g3;
3) (x* — 4)log,(1 — x* — 3x) =
4) (x* — x — 2)log,(x* —4x + 4) =

7.55. 1) lgx + lgx? + 1gx® = 6; 2) _lgx =
1-1gx
3) log,log,log,x = 0; 4) 107152 = 20,

7.56. 1) log,(5% — 2 - 57) = 2log,15; 2) log,(2%=*D + 24x) = 2log,5;

3) log,(3* — 8) = 2 — x; 4) log (6 + 7)) =1+ x.
1
7.57. 1) “28:% | 1og 9y = 2; 2) 283X 150 &
log, 2 log .3
1 1 6
3) + =2,

5-log,x 1+log,x 5’

4) InVx— —%(ln(x—l)Z ~In(x +2)) = 0.

logs x—2 l—llgx
7.58. 1) x"&*? = 125; 2)x =10 *
3) 318 4 plonsr = 162; 4) 0,1 - x'#=2 = 100;
5) x'e2 - 2er = 1; 6) log (9x?) - logl x = 4;

7) log(logx) + log(logx® — 2) = 0; 8) xlogxz(xz_l) - 5;

9) log(\/6+x +6) 1og2 S 10) 2'°s* . 5lssr — 40Q.
Jx

7.59. JlorapudMukx TeHrjaaMaaap CACTEeMACHUHMN €UMHTI:

1g(x2+y2)=1—1g8, {logx(3x+2y):2,
lg(x+y)-lg(x-y)=1g3; log, (2x+3y) = 2
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7.60. Tenrsiamanap CUCTEMAaCUHU €UMHT:

3" -2 =576, ) 47 =2v77,
log ;(y - x) =4 407 = y'—5;
x!=3", 3Y-9"=181,
) 4) 2
y—log,x =11; lg(x+y) —1gx = 21g3.

7.61. I'paduk ycyau OmIaH TeHTJIAMaHUHT HeUTA €UNMHU MAaBXKY[ dKaH-
JINTUHYU aHWKJIAHT:

1)1gx—§+4=0; 2) log,(x + 8) = 3 — x.

7.62. Teurnamagap cucTeMacCUHU €UMHT:

logg (x +y) +1og, (7 —y) =1+ log,b;
posae0) _ 4.

310g3 (By—x+24) — 27;
) {logz(Zx - 2y) - 10g2(5 - y2) =1.

C

7.63—7.64-Muconnapaa OepujraH TeHTJIaMaJapHU €UWHT:

7.63. 1) log, x +logi x +...+logh x +... = %;

2) 3ler = 18 — x'¢3;
3) log_,(2x — 9) = log_,(23 — 6x);
4) log, ,2 + 2-log, ,x=1log, ,(x+ 1).

7.64. 1) 10gx+l(x — %) = log 1 (x + 1); 2) O’ 41g2x+1 — 6, 252—lgx3;
2
lg|x4 +2x%+ 2x — 1|
3) log (2x*2 — 1) + 4 = 2x; 4) -2
1g|x2 +x- 1|

5) |1 = |x -1 .

Tenrsmamasiap cucremacuuu euuHr (7.65—7.66):
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4 logay +2 ylogax 27,
7.65. ) 2)
( &)t b@ﬁ 3y) = Hos,y 7 log,x =1;
4) ’
x - ylogxy_y ; xy:40.
log, x + lo =4; log.x + lo =5;
7.66. 1) |, 52" 084Y g) | 08B: ¥ T I08:Y
log, x +log,y=>5; 2logy,x —log,y = -1.

7.67. a HUHT KaHZAl Kuiimatiaapuga x2 — 4x — log,a = 0 TenrTamMaHUHT
XaKUKUN WIOU3JIapu MaB:Kyn: Oyramu?

7.68. a munHr Kamgai kuimaraapuzga lg(x? + 2ax) — 1g(8x — 6a — 3) =
TeHTJIAMAaHUHT SITOHA eUMMU MaBXKyn Oyaamu?
Takpopaamra JOUpP MalIKJIap
7.69. Udpomaum commaaaiITUPUHT:
3 3 8
az+b* a? \/3 a-b

1 : ;
: (a2 - ab)g s

6

(a+%):(x+@)—l 1

2)

7.70. y = |3*! — 5| yHKIUAHUHT rpadUTUHK ACAHT.

7.71%. Arap log 27 = b 6yica, logﬁ% HUMAara TeHr?

7.3. KypcaTKU4Iu TEHTCU3IUKIAP

By maBsyna KypcaTKHUUJIN TEHTCU3JIUKJIAp OWIaH UIIad, yJaapHU
eunII nyamapu OmaIad TaHUIINO, OXUPHLA:

® KYPCATKMUNU TEHICM3IMKMAPHU €YULLHKM YPraHacus;
® KYPCATKMUNM TEHICU3MUKNAP CUCTEMACHHM eya onacmsnap.

Kypcarknunu QyHKIUAJIAPHUHT Xoccagapugan 1) arap a > 1 6yica,
y Xoama u > v < a* > a’; 2) arap 0 < a < 1 6yaca, y Xonga u > v < a* > a’
TEeHTCU3JIUKHUHT Oakapuauiinu Keanb unragu. Ilyagait kuaub, a* > b
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KYpUHUIILA GepMIraH COLNa TeHTCUBIUKIAPHU g > ¢'°¢® KypuHHIIra
KeJaTupud edymyaanu. DHIAM MHUCOJAP KYpub dnKaMus.

x

1-mucom. 1) 5%°2 < 5*3; 2) 32 < Q TeHICU3IUKJIAPHU edaMU3.

A 1) 53*2 < 5%"3 TeHTCUBIMKHUHT UKKaIa TOMOHMHHN XaM acocHu b Ba
5> 1 sKaHIUTHUIAH TEHTCU3JINKHUHT OeJiTucu ysraprupmaimus. Byngan,

3x —2<x+3=2>2x<bh=x<2,5.

2) 32 <9 TEHICH3IMKHM eUHII yYyH aBBajJ MKKAJIa TOMOHWHHU GUp

x

XUJI acocra KeJTupuir Kepak: 9 = 32 = 32 < 3% Ba 3 > 1 sKaHIUTHAAH

o o x
TEHTCU3JIUK OeJIrMCUHMN y3raptupmanmus. ByHaaH, 3 <2=ox<4. 10

2-mucomn. 9% — 10 - 3* + 9 < 0 TeHrCUsJINKHNA e4aMus.
A 3* = y 6enrunam KupuTHO, GePUITAH TEeHTCU3INKHH
y?-10y +9<0
KypuHHUIIga é3amMus. By TeHrcusnuKHUHAT eunmu 1 < y < 9 6ynranujgag,
x ysrapyBuu yuyH 1 < 3* < 9. Byugaun
<=0 x< 2.
HKapob6: [0; 2]. W
1

1\ N
3-MuCoII. (Z < 237 + 25"%° TeHICUBIHMKHN €YU KepaK.

1
1 -
A in 22 Ba 25"°%°= O praHIUTUIAH OepPUJraH TEHTCUBIUKHI

(22 < 28"+ 9= 2% - 8- 27— 9 <0 kypunumga é3ub, 2 = y Gesarunaii

KUPHUTCAK, y*> — 8y — 9 <0= -1 <y <9 renrcusnuruu oxamus. 2=y >0
SKaHIUTrUAaH, 2 < 9 = —x < log,9 = —log,9 < x.

WHapob: (—log,9; +). W

x

4-mucoia. 3*! > TEHICU3JINKHU eUNIl Kepak.

3'-4
A 3" = y Genrmnam KUpuTCaK,
- _y-— 2)(y—-3
1y>2 Y94 6>0@—(y+ )(y )>O.
37 y-4 3(y-4) 3(y-4)

Yauur eunmu: y € (—2; 3)U(4; +oo). 3* = y >0 sxaHIUTUHU HHOOATTa
0JICaK, X y¥3rapyBuM yUyH

{8* <38 ékm4 <3} & {x <1 éxu log,4 < x}.
HKasob: x € (—=; 1) U (log,4; +c). W
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1. KypcaTKuujim TEHTCUI3JUKHU EUYUIITHUHT ACOCUIl YCYJUHUHT aJiro-
PUTMUHA afiTHO OEPUHT.

2. KypcaTKuuiu TEHTCUBJIUKJIAPDHUHT eunmMura GyHKIUISHUHT acoCHU-
HUHT Tabcupu 6opmu? HKaBoOMHIM3HU TYIIYHTUPUHT.

Mucoaxap
A
7.72. TeHrcU3IUKJIAPHUHT MKKaJa TOMOHMHU OMP XUJ acocra KeJaTHu-
pul, comma KYypCAaTKWYJIN TEHTCUSJIUKJIAPHU €UUHT:
1) 4* < 256; 2) 57%2 > 125; 3) 3¥1 < 243;
x-3 2x+5
4) 32w+l > gowtd, 5) \/57 > g/% ; 6) (g) < (%j ;
256
7) (0,25)%>=* > PR
7.73. TeHrCU3INKHN €UUHT:
1 1 2 x+2 2 -1
1) 3* < — 2) 2" < =5 3) | = > =1
g TG (3) (3]
1 x2-x 1 1 3-x (1jx+3
4) | = <— 5) | = < 25; 6) | = < 9.
) (4) 16 ) (5) ) 3
7.74. TeHTrCU3IMKHNA KAHOATJIAHTUPYBUM X HUHT SHT KaTra OyTyH
KUAMaTUHU TOIIMHI: 1
1) 551 < 25; 2) 33* > 9; 3) 62 < —;
36
1 2x-2 1 5-3x 1 2x-3 1 2
4) | = > 4, 5) | = < 81; 6) | — > = .
)(3) (3) () - (3)
J‘n JAM AN ARTONLIAPRIAK -
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7.75. 2014 tinau MaMJIaKaTUMHU3AArd KUWUKJIAp coHM 257 MUHT,

2015 #imnmm 295 mMuHT Oyaam, OWPOK Iy MUJIM TacTepesies
KacaJJIMTMHUHT HAaTUKACUAa YJIApPHUHT COHM KEeCKWH KaMmaii-
nu (bakar Bermakmana nmpuynaanuacuHuHr ysumad 130 MuHT
KUinK Kupuanbd xerau). 2016 fuaru caHok Oyiinua yJIapHUHT
ymymuii coru 108300 6yamu. JlorapudmMuk Ba KYpCATKUUIN
TeHTJIaMaJiapfaH Qoigananmb, KyJall MyXuUTAa MaMJaKaTH-
MU3Iaru KUUuKaap conu Kauou 2015 Auarm cCOHUAAH OPTUIIIU-
HU TOIUII Kepak.

A Tlonynanusa COHMHWHI OPTUINNM KM KaMafWIy y = Y0
KypcaTkuuiu (QyHKIUsa Owmaad TtaBcuduanagu. Jactiad
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(2014 finnan) yaapHUHT coHu 257 MuHT O0yaau ne6 xucobaacak,
y=257000 - a* pyrrnuara sra 6ysramMus. Bup ina BakT yTrangas
KelimH ymapHuHr coHu 295 mwmurra erau, oyaman 295 000 =
= 257 000 - a', apau a = 1,149. Bupok, 2015 iiniaru Kacaaiuk
rypaiian 108300 runa xuiink xoJuanu. Iy cacadam 2016 inma
KYOaUITHUHT AAacTiaa0Ky BaKTu neb Xmco0s1ab, yJIapHUHT CO-
HUHU yi0y QyHKIMS OuaaH TaBcudai MyMKAH:

y = 108 300 - 1,149~

Kuitnkaap coun 295 MUHIZAH OPTHUINM YUYYH KaHYa BaKT Kepa-
KJINTUHU XUCOOIAMINK:

108 300 - 1,149* > 295 000 = 1,149* > 2,724,
x > log, 2,724,
_lg2,724

- 7,215 =~ 7.
1g1,149

2015 #inam gkuiinkaap coum 295000 ra erurnu yuys 2016 iini-
maH O0orrmad xucobsarauma ( WuJa Kepak sKaH. Jlemak,

2016 + 7 = 2023
nnan gactaabKu coummra eragu. M |'

7.76.

7.77.

7.78.

Suru ysrapyBum KUPUTHUII OPKAJW Oepujrad TeHTCU3JIUKHU
€UUHT:

2x-1

1) m* — n®* > 0y 2)[5) -10-3*+ 3 <0;
1 x

3) 4% — 2*"1 — 8 > 0; 4)(%j—5-6"‘—5<0.

KynadiTyBuniapra ampaTuill OpKaJu OepUIraH TeHICU3INKIIAPDHNA
€UUHT:

2 x x-1
1) (g) +(§) > 2,5; 2) 2271 4 2272 4 22073 < 448;
4 x+1 4 x 3
3) | = = >—; 4) 3v2 + 31 < 28.
) (3) (3) 16 )

SAHru ysrapyBuM KUPUTHUII OPKAJM Oepuarad TeHTCUIJIUKHU
€UUHT:

1) 6% — 651 + 5 > 0; 2)3-2°+ 18 - 2= < 29;
3) 9% — 6 - 3% < 2T; 4) 5% 45 < 5V L5
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7.79. OYHKIUAHUHT aHUKJIAHUII COXACUHU TOIIMHT:

X+ 1 x x+
1)y=1[2 1—8; 2)y=m; 3)y=\¢x2-4 -4 1.

7.80. TeHrcuUsIMKJIAP CUCTEMACUHU €UUHT:

5> 25, (1)“
8> = ,
1) 1% 1 2) 2
(5) <97’ 3% > 81.
7.81. TenrcusnaukJIapHu rpad@uK yCyJjga euuHr:
1) 2* < 3 — x; 2)(%)<2x+5;
1 x
3)(Z)>2x+1; 4) 3* < 4 — x.
B

7.82. TeHrcu3IMKJIAPHU WKKAaja TOMOHMHU OMp XWJ acocra KeJTupud

€YUHI
2x

1) 3% < 43 2) (1)_3> 25; 3) (%) >3 ;

5
4
=3
; 6) (gj >
3 4
7.83. TeHrCcU3IUKJIAPHU €UUHT:

@ 2 X x+1,5
b e
5 7 49
22 +4x x+2
1 \x+
3) 2 >(ﬁj ; 4) (—) f <y
3 27 2
1 ﬁ 1 2241 1 —x2+8x
5) | = > 49; 6) | — >| = .
)(7j )(27) (9)

7.84. KypcaTKUUJIM TEHTCU3JIUKJIAPHU €UUHT:

x+1

3x x+1
4) 227 < 16; 5)5° >

5 -

—|ac+2| » .
Y (%) -8 2) (0,(4))" > (0,(6)) 5
N e
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7.86.

7.87.

7.88.

7.89.
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KypcaTkuuiaum TeHTCU3IWKJIAPHU SHTU V3rapyBuUM KHUPUTUO
€UUHT:

1) 36— 2- 18— 8- 9% > 0; 2) 45115 4 9 < 9+il;
3) 22x+2 + 6x — 2 . 32x+2 > O-

Teurcusnuraapuu euunr (7.86—7.87):

1) 22x2+5x—1 < 0,53,(0’25)23: : 2) l346—x -7 l342—x >162;
3) (2-8) >7-443.

2x—1 _ 1 2 _ 3x
1) =<9 92) 3+1 > :
) 2x+1 + 1 ) 3x _ 4
3) 3k+2 4 g+l > 4, 4) 10 - 45 < 3 - 2Vrrr g1
TeHrcU3IUKHY KaHOATJIAHTHUPYBUM X HUHI 9DHT KaTTta OyTyH

KHﬁMaTHHH TOIIUHT:
1) 9x+1 — 3x+3 < 3x73; 2) 13 . 2x+4 — 208 . 272x73 < 0;

41 440
; 4
3 x-2 ) 6x

3)7-3"%+20- 3% < ~2-6°>8- 6"

TeHrCU3IUKHY KAHOATJAHTUPYBUM X HHUHT SHT KWYUK OYTYyH
KUAMaTUHN TOIIMHT:

1) 72x71 — 7x+1 < 7x71 — 7; 2) 32x+2 — 3x+4 < 3x — 9;
3) 22x+1 — 2x+3 < 2x+1 — 8; 4) 52x — 5x+2 > 5x — 25.
C

Teurcusnuraapuu euur (7.90—7.92):

7.90. 1) (\/5—2)">9—4\/§; 2) (V5+2) <9-4V5; 3) ;ii§<o;
4) x - 2% > 8; 5) (2+V8) <7-43;5 6) gi:§<o;
7) x% - 3* > g

7.91% 1) (x+1)" P <1; 2) (x-8)" °>1;
3) (x-2)" "> 1; 4) (x—1)71 >1.
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7.92.

7.93.

68

A1) (x+1)" <1,

KjpcaTknunu QyHKIUAHUHT Tabpudura Kypa TeHICU3IUKHUHT
yan TOMOHHuAAru udomaHu acocu MycbaT Ba JapasKaHUHT acoCHU

oupmaH (apkam OyiaramgarmHa MabHOTa sra. byHman x > —1
mrapt 6askapuauiiu Kepak. x + 1 >18a 0 < x + 1 < 1 xomnapHu

Kypub unKammus.
1) x+1>1, apuu x > 0 6yica,

{(x +1)T <1, {(x +1)"7° < (x+1)°,

x>0 x> 0.

Acocu ¥ + 1> 1 g4 ypamy yuyn TeHICH3IMKHUHT GeITHcH 3rap-

. x* -36<0,
matigu. [y cababau 0 cucTeMa 0asKapuInuIy Kepak.
x>

{(x ~6)(x+6)<0, _ {H‘; “))’ = (0:6).

x>0 (0;+o0

2)0<x+1<1, apuu —1 < x < 0 6yyca, yimbdy TeHTCU3IUKJIAP
cucTeMacura Kyuyamms:

{xz ~36>0, {(x ~6)(x+6)>0, _ {(—w; —6) U (6;+0),

= d.
-1<x<0, -1<x<0, (-1;0)

3)Arapx + 1 =1, asau x = 0 6yaca, 1 <1 = J.

Kapob6: (0; 6). W

1) (x-2)" " > 2) [27 - 5|<3;

x+5

3) (x2 +x+ 1)@ >(x2 +x+ 1)3 ; )Zlogzx_logZ(x_G)

4) (2°+8-27 >1.

TeHrcnstmIap CHUCTEeMaCHMHU €eUnHI:

2)(8) .27 272 0,752 > 1,
y3)lo) "6 2)

* g x*,
gx'-6x-35 8\/5; 0,27<0,04";
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)23:2 ~11x+9 <1

(x-2
3 ey
) 0,3 4x"-3x+2 > O, 3\/;‘

$d
7.94*, g HUHT KaHgail KuiMataapuza x2— x - 2972 - 293+ 12 > 0 Tenr-
CHU3JIMK MCTAJAraH X yYyH Oarkapuaanu?

TaRpoleamra JOUDP MAaIIKJaAP

7.95. Npomanm coamaaaliTUPUHT:

-3
-2 4a - 9a™ -4 -
1 [(\/a_+1)2 2a - 2Jax 1] . 2) a—9a +a +3a

2a% - 3a”

o | =
S
o
|
S
o

7.96. y= 1n|x + 2| GYHKIUAHUHT TPaQUIUHA SCAHT.

l—lloggzi
7.97. Xucobanr: | 814 2 + 251088 |, gQlo8: 8,

7.4 Jlorapu)MUK TEHTCH3JIUKJIAP

By maBsynma sorapm(MUK TEHTCHUBJIUKJIAD, YIapPHU €YU HyJaapu
O0ujaH TaHUINO, OXUPUIA:

®  rIorapMOMUK TEHMCU3MMKNAPHA €UYULLHM YPraHacKs;
®  +noraprdPMMK TEHICU3IIMKIAP CMCTEMACHHM €4a OMnacKs.

Jlorapudpmuk renrcusnuknaapau log u(x) < log v(x) KypuHUIIZATT
cola TeHTCUBJUKJapra Keiatupub euwmnanu. JlorapudmMuk GyHKIIUSA-
HUHT Xoccayiapura Kypa log u(x) < log v(x) TeHrcusInK

u(x)>0,
1) arap a>1 6§mca, y xonma ¢ v(x)> 0, 1)
u(x)<v(x)
TeHTCU3JINKJIAD CHCTeMACHUTa;
u(x)>0
2) arap 0<a<1 6¥aca, y xouaaa (x)>0, (2)

u(x)>v(x)

TEeHTCUBJIUKJIAP CUCTEeMacura TeHTKYUJIN.
log u(x) < b KypuHHIIZATU TeHTCU3NUKJIAp Xam log u(x) < log.a’
KYypUHUINTa KeaTupub eunaagu. ¥ mymas, amaina (1) Ba (2) kypusnii-
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Iaru cucTeMajapHU €3u0, eUHIMHUHT YpPHUra OepuUraH TeHTCU3JINK-
auar KKMBKT uwuur {u>0, v>0, a>0, a#1} mapriaapugas doiigananuo,
aHMUKJA0 oJrad MabKyJl. By €3yB HIILIapUHYU aHYa KaMauTupamgu. OHIU
Iy aiTuIraHJapHu 9bTubopra oamb, MucoJaap Kypub duKamus.

1-mucou. log, (2x +5) < -2 TeHICH3IUKHU e4aMU3.
3

1
A JlorapudMHUHT acocu @ = 3 <1 6ynranu yuyyH TEHTCH3JIUK OeJ-

rucunu y3raprupamu3 Ba KKMBKT Hu sbrumbopra onubd, ymdy cucre-
MaHU OJIaMU3:

2x+5>9 O

2x+5>0, | x>-2,5,
x> 2.

WHKaBob: (2; +). H
2-mucon. lg(x + 1) < 1 — 1g(2x — 6) TeHTCUBIMKHYU eUaMus.
Alg(x + 1) +1g(2x — 6) < 1 = Ig((x + 1)(2x — 6)) < 1g10.
JlorapudmuuHr acocu a = 10 > 1 O6yaraHm yuyH TEHTCUSJIUKHUHT
6enrucu y3rapmaiinu Ba KKMBKT uHu swTubopra onmb, ymody cucrema-
HU OJIaMU3:

x+1>0, x>-1,
2x -6 >0, 6rm { x >3,
(x+1)(2x —6)<10 [-2;4].
Kasob6: (3; 4]. W
2 -— —
3-mmucon. log, w< —1 TEeHrCU3IMKHU e4aMus3.
5 4x-11
2 _4x- 2 1 -
22" —4x -6 _ (x+1)(x 3)>O
A Tenrcusnmuxkanar KKMBKT  4x-11 4(x B 11]
4
TEHTCU3JIUK OUJIaH aHUKJIAaHALU.
- + Yuaurr eunmu (KKMBKT):
! 11 3 X 11
4 -1;= |U(3;+) (7.3-pacm).
7.3 4
.3-pacm
Tonunaran KKMBKT na Gepusirad TeHr-
2x" —4x -6

cusaukHEu log,

1
<log,2 «xypunnmpa ésub6 Ba 0< 3 <1
! 1

2

4x-11

2 2
2x —4x—6>2 2x —12x+16>

SKAHJIUTUHU 3BTUOOPra 0JICaK, >92 o
4x-11 4x-11

0 &

— 70



7-6YNUM

2(x—2)(3c—4)>
4(x—141)

TEHICU3JIUKHU 0JIAMU3. Y HUHT €UUMU: X € [2;%Ju [4;+oo) (7.4-pacm).

(=4

Tonunran tTymramau KKMBKT u 6unan kecumrupcax (7.5-pacm), Mmu-

COJITHUHT XaBOOU UMKAIN:

€ [2;%ju[4;+w). [ |

4
7.4-pacm

7. 5 -pacm

9
4-mucon. log, (7 X) log —+log, .9 TeHrcuUsIMKHM euwnIn

e
Kepak. 16 "4
A MEET 7T—x>0, x <"1,
KEMBKT: T-x#1 x # 6.
Byagan KKMBKT: x € (—; 6) U (6; 7).
1 4 ' 16 2
g0 4 ( 3 g J 9 g7 x 87 x 10g3 (7_x)

SKAHJINTUHU 9bTUOOPra 0JICaK, OepUIraH TeHICU3INK Kylugaruda é3u-
Janm:

2
log, (7-x) "
log,(7 — x) = y Genruiam KUPUTCAK,

1)(y -2
2 _ wr)y-2)
Yy Yy

X ¥3rapyBuYM yUYyH KyHHAaru TEHTCU3JIUKJIAD TYILJIaMU YUKAIU:

log, (T—-x) <1+

y<1l+ <0 = y e (—o;-1]U(0;2].

1
log, (7 - x)<-1, <L
00g13( ’;C) <2:> 7—x< 3 :>xe[26) I:@;_f_ooj_
<log, (7-x)< 1<7-x<9

Byunma 3>1 6yauinu maobarra onuuran. Tonwmiaran eunmaun KKMBKT

20
OUIAH KeCUIITHPUO, MICOIHIHT KaBOGHHY oamMus: ¥ € [~26) U [ 3 7] |
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KYPCATKMUYINW BA NOTAPU®MUK TEHTTIAMATIAP BA TEHITCU3NUKITAP

5-MUCOI. x'°%* + 16 . x°%* < 17 TEHICU3JINKHU €UUIl Kepak.

A KKMBKT: xe(0; +o). Arap x"&* = ned omicak, Oepuiarax
Yy
217y +16 y-1)(y-16
rerrcusaukau Y 16— <17 & Y= W*D e M<O
Yy Yy Y
KypuHHIga é3amMus. y € (—o0; 0) U (1; 16). x > 0 6yaranga x°=* >0,

log, x

Y xoama, 1<x <16 TeHrcHU3JINKHU eUYUIIl Kepaxk. By TeHrcus-
JUKHU 2 acoc Oyiinua sorapudmiaacak,
0 < log,x - log,x < log,16 < 0 <|log,d < 2.

Byunpau

0 <log, x <2, l<x<4,

=1
—2<log,x<0 Z<x<1.

1
KaBob6: x€ (Z;lju(lﬂ). ]

JlorapuMUK TEHTCUIJIUKJIAPHU €UHUNIHUHT KYNTWHA OCOH yCyJLIa-
pu 6op. Ilymapmas 6upu JoTapuPMUK TEHTCUIIUKJIAPHU PAI[MOHAJU-
3amusAIaIl yCyau OMIaH eunin. By ycyaHu yii0y MHTePHET pecypcuaan
yprasa ojacua:

> Kymmmua 5IeKTpoH pecypc E- E

=]

r‘ 1. Jlorapupmuk GyHKIUAHUHT XOCCACUHU ariTu6G OEpUHT.
2. TeHrcusIUKHUHT O€JITHUCUHU JOrapu(MHUHI acocura OOFJIUK, pa-
BUIIJA Y3TapPTUPUII KePaKMu?

https://youtu.be/JljecryzkFg8

Mucoamnap
A
7.98. Coaga jmorapu(MuUK TEHTCU3JINKHU €UNHT:
1) log.(3 + 8x) > 0; 2) log, (7T—x)>-2;
3
3) log, (x—3)<3; 4) lg(4x — 1) < 1.

7.99. Cogna jgorapu(pMUK TEHICU3JINKHN €UMHI:
1) log,(5 + 2x) > log,(x — 7);  2) log,(3x — 2) > log,(x + 6);
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7.100.

7.101.

7.102.

7.103.

7.104.

7.105.

7.106.

7-6YNUM

3) log,(3x — 1) < log,(2x + 3); 4) log, (4x—3)>log, (¥ +3).
9

9
Conpa norapudmuk Terrcusaukuu eunar (7.100—7.101):
1) log,(2x — 1) > log,(x + 1); 2) log (3x + 1) > log (x — 2);
3) log, (x — 2) < log, (3 - x); 4) log, (12-x)>-2.
7
1) log,(5x — 2) > 1; 2) log, ;(5x — 2) > 1;

3) log |5x — 2| < 1; 4) log, (x* — bx + 7) > 05
5) log (x* — 11x + 43) > 2;  6) log,(x* — 8x) < 2.

Bepuiran TeHrcu3IMKJIAPHU €UUHT:
1) log,(8x — 2) < log,(2x — 3);

2) log, (x —2)-log, (2x —4) > 0;

2 2
3) log (x — 1) + log (x — 2) < log (x + 7);
4) Inx — In(2x — 5) < In2 — In(x — 3).

TeHrcU3IUKIAPDHU €UNHT:

1) log? x +log, x — 2<0; 2) log;, x —5log,, x < —6;
3) log, x +3log,, x > 0; 4) 2 - 1g%x > lgx.

y = f(x) QYHKIUAHUHT aHUKJAHUII COXACUHU TOIUHT:
2x x—1
1 x)= [log, ——; 2 = s -,
) £(x) ,/ S ) f(x) ,/log0,3x+5

B

Jlorapudmuk TerrcudnukHu eunHr (7.105—7.107):

1) lg(x® + 2x + 2) < 1; 2) log, (x* —x-2) > -2
2
3) log,(x* + 10) < 4; 4) log, (x* +3x-1) < -1.
3
x-1 o L—I
1) 2%ses <L, 2) 3" < 1
4 9
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KYPCATKMUYINW BA NOTAPU®MUK TEHTTIAMATIAP BA TEHITCU3NUKITAP

3) (5x + Dlg(4 —x) < 0;  4) (3 - x)lg(2x — 1) > 0.
7.107. 1) log, (log,V6-x)>0;  2) log, (mgg x—+1j>o;
6 3 X =

3) log, (logs * 2)>log1 1, 6) log§ (log3 (9" - 6))>0.
E x+ 2 E )

7.108. y=f(x) GYHKOIUAHUHT aHUKJAHUII COXACUHU TOIUHT:

1) f(x)= /logl1 35x—_x1 +x —4;

2) f(x)= \/logﬁ (x+x%)+ J-x% +3x - 2.

7.109. JlorapupMuK TEHICU3JIUKJIAPHU SHIU Y3rapyBuM KHPUTHIIL
ycysiu OWJIaH €UMHT:

2
1) Inx—2 Inx —3<0; 2) [logl(x—z)] >4
2
3) log’ x —log, x > 2; 4) 2 >1
8 3 ’ lgx+1

Jlorapudmuk Tenrcusaukigapau eunsr (7.100—7.111):

7.110. 1) (log, x—4)(5x° + x—6)>0; 2) (log, x + 3)(x* + 2x — 8)>0.

7.111. 1) log, (2x + 3) > 1; 2) log_ (x — 8) < 1;

3) log, (2,5x + 1) > 0.

1
7112, y = N TR (GYHKIIUAHUHT AHUKJIAHUII COXACWUHU TO-
Vxlnx —-Inx

IINHT:

7.113. Jlorapu(pMUK TEHTCUIJIUKJIAPHU €UMHT:

log,, (x+1)
log,, 100 — log, , 9

<1;

1)
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2
2) 2-logg (x—2)—logy (x—3)> 3

3) 0,5+log, x —log, 5x > log, (x +3);

3

4) (log,, (x - 1))2 > 4.

Teurcusnaukaapuau eunsr (7.114—7.115):

7.114. 1)log (x — 1) > 2; 2) log ~21-4x >1;
3) log, ~ “; o1 4) log (16 — 6x — x?) < 1.
o

7.115. 1) log, [1 +log, x —log, xJ< 1

9
2) log?(x —1)" ~log,, (¥ —1) > 5;

3) logovs(logzlogHQ) > 0;

4) log, [log1 log, x]> 0.

3 3

7.116. Arapa>1,b>1,c> 06§nca, (1 +log,b) (log}, c+1)>2log, c

TEHICU3JINKHU NCOOTJIAHT.

7.117. TeHTCUBIUKIAPHY €UUHT:

1) log, (27 -1)-log, (27" -2) > -2 2) gosix 4 ylous L g,

2
3) 2log2,x(x2+8x+15) <1 4) logx (logg (3x _ 9)) <1.
7.118. TeurcusiaukjIap CUCTEMAaCUHU €UWHT:

(x-1)In2+In(2"" +1) <In(7-2" +12),
log, (x+2)>2.
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KYPCATKWYIIN BA TIOTAPU®MUK TEHTTTAMATIAP BA TEHTCU3NUKIAP

7.119. 2 < log,2 + log,3 < 8 TEHICU3IMKHUHT OaKapUIUIIUHI
KypcaTuHT.

7.120. log,, (vx +5—x+ 1) >0  rTeHrcHM3IUKHUHI OGapda OyTyH

eynMJIapMHM aHUKJIAQHT.

7121. Y= /log 1 log, |x —3| GYHKIUAHUHT aHUKJAQHUII COXACUHU TO-
3

IINHT.

7.122%, lnn;-l - Inl1+In2+1In3+...1nn
n

TEHICU3JINKHU NCOOTJIAHT.

1 1
+

7.123.
log,n log,m

> 2 TeHrCHM3JMKHU UCOOTJIAHT.

Takpopaamra JoUp MalIKJaap
7.124. Upomauu commaianiTUPUHT:

" (*/a__afj%j:%_ﬁ;

a->b

2) (a+bz :ﬁjg-(ﬁ}Jﬂ IJ—EJET'

7.125. y=3-log 1 x° GYHKIUAHUHT KUAMAaTIap TYIJIaMUHA aHUKJIAHT.
3

7.126. XwucobiaHr: (271%2 + 58 49) : (811%4 - 81°g‘g)-

«KYPCATKUYJIN BA JIOTAPUO®MUK TEHTJIAMAJIAP BA
TEHI'CUSJINKJIAP» 6yIMMUHUHT XyJI0CACH

a>0,a+#1Bab>0 yuyH a* = b TeHrIama codda Kpcamruiiu
meneaama neb atamanu.

a*=b= x =logb.
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7-6YNUM

TeHraaMaHN €UUNIIHUHT KYI yupaligurad ycyJLIapu-TeHTJIaMaHUHT
WKKaJla TOMOHUHU OMP XUJ acocra KeJTHUPHUII, KymalTyBumjapra axK-

paTuIll Ba AHTU Y3rapyBYW KUPUTHUII YCYJIIU.

a>0,a#1yuyn log x = p KypuHHMIIAAarU TeHrIaMa codda sozapudg-

MUK menzaama ned aTajgagu.

JlorapuMUK TeHTJIaMaHU €UYHIll yCyJIapu: Jorapu(MHUHT TabPU-
dunman poigadaHUII YCYIU, SHI'U Y3rapyBuUd KUPUTHUII YCYJIH, Xaaaad
Jorapudmiam ycynu Ba Jjorapubmuk tenriamanu log f(x) = log g(x)

KYPUHUIITA KeJTUPUIIL:

f(x) = g(x),
log, f(x) =1log, g(x) (a>1,a=1)=<f(x)>0,
g(x) > 0.

log u(x) < log v(x) Tenrcusauk
u(x) >0,
v(x) > 0,

u(x) < v(x)

1) arap a > 1 6yuca,

u(x) > 0,
v(x) >0,
u(x) > v(x)

2) arap 0 < a < 1 6yca,

TEHT'KYy4JIu.

TeHI'CU3JIMKJIap CucCTeMacura,

TEHI'CU3JINKJIap CucTeMacura

log u(x) < b xkypunumgaru Tearcusauk log u(x) <log a’ kypunumira

KeJTupud euniamu.

TepMuH cy3ap Jyratu

V36ex Tnanna Kosox Tuauma Pyc Tuauga Huraus tuauga
Jlorapupmux Jlorapudpmmix Jlorapupmuueckoe | Logarithmic
TeHrJIaMa TeHIey ypaBHeHUEe equation
Jlorapupmur Jlorapupmaik Jlorapupmuueckoe | Logarithmic
TEHTCUBJIUK TeHCI3OiK HEepPaBEHCTBO inequality
Kypcarkuuin Kepcerkimrik IToxkasarenbHOE Exponential
TeHTJIaMa TeHIey ypaBHEHUE equation
Kypcarkuuin Kepcerkimrik ITokasaTenbHOE Exponential
TEHTCUBJIUK TeHCi3OiK HepaBeHCTBO inequality
OKCIOHEeHITA OKCIOHEHTTIiK OKCIOHEHIINAb- Exponential
Yeurnn (Kamaiui) | ecy (kemy) HbBII pocT (pacman) | growth(decay)
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ONOOEPEHUMAN TEHTMAMATNAP

VIII 6yaum. JUPDPEPEHIINAJ TEHTJIAMAJAP

Temnepamypacu 20° C xonada woithunz memnepamypacu 100° C dan 90° C za
5 munymaoa cosuildu. Kanua eaxmoa woitnune memnepamypacu 50° C zaua
COBUWURY Ywby Oaum 0a8omuda AHUKAAUWHY [JP2AHACUS.

Cus mMaTeMaTUK aHAJU3HUHT 9HT KU3UKAPJU MaB3yJapuUmIaH Oupu
nuddepeHIIIag TEeHTJIaMaap OUjIaH TaHUIMUINTHYU Oorrnaiicus. dudde-
peHIIUaJ TeHTJaMaJapHUHT (aHgaru KYJJIAHUII COXaCWH JKyJa KarTa,
YyHKHU TabuaTmaru KynruHa sKapaéHJapHUHT MaTeMaTUK MOJeJIN-UHTe-
rpaJsi-nuddepeHuan TeHrIamManap omian udogagaHaIu.

AXOJIM COHMHUHT, JKOHUBOPJIAP, OaKTepusAJap COHUHHUHT YCUIIHU
éKU KaMaluInu, Kaugauaup Oup MHPEKIUSHUHT TapKAJUIIN Ba COAmA
TapMOHUK XapakaT Ka0u KynruHa QUK sKapaéuaapHu guddepeHIin-
aJ TeHTJIaMajap OPKAJIU MOJeJIalll MyMKWH. XyOnu IIYHAAN TeMIie-
paTypaHUWHT y3rapuIluHu XaMm nuddepeHuas TeHraamMma OugIan Moge-
Jarn MyMKWH.

Bynaumpaa ypraEuiaguraH MaB3yJap:

8.1. OudbdpepeHuman TeHrnamanap xakmaa acocum TyLLyH4a

8.2. Ysrapysuunapu 6ynuHysum GuprHIM TapTHEIM ardbdbepeHuman TeH-
rrnamanap

8.3. KoadpdpmumeHTnapu y3rapmMac MKKMHUM TaPTMOIM YM3UKITU BUPIKMH-
cnu pudpcpepeHuman TeHrnamanap

8.1 Inddepennmuan TeHraamMmaiap xaKumga
acocuil TynryHua

By maBsyma guddepeHIag TeHIIaMaJapHUHT acOCHH TYHIIyHYAaJIa-
pu OuyaH TAaHUIINO, OXUPUAA:
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® pudpdpepeHuman TEHrnaManapH1Hr TabpudonHn bunacms;

® pudpdpepeHuMan TEHrNaManapHUHT amangaa KynnaHuwm 6unaH TaHu-
LIacus;

e nudpcbepeHLMan TEHrNMaManapHUHN YMYMMH €4MMU Ba XY CYCHM €UUMM-
HUHI TabpurdpriapuHn bunacus.

Tabuarma yupayigurad KyruHa xogucanap nuddepeHiiraa TeHrJa-
Majap feb aTajqyBum ysraua TeHIJIamajap OuiaH taBcudiananu. Jug-
@epenyuan menenamanap ned TaprubULa 9PKIU Y3rapyBUU, HOMABIYM
(GyHKIMSA OMJaH YHUHT XocuJjajiapu OyJraH TeHrjaaMaaapra aiTuaaau.
Macauan, f(x) + 5 f(x) = 0, f”(x) = x - f 3(x) Ba X0Ka30.

Xocuia ronuilt du@geperyuaniaus neiinnanu. [uddeperuan Teu-
ruamMaJiap 0yaumMu aca QYHKIUAHUHT guddepeHraiy TyIryHyacu ou-
JaH yambapuac OOFIUK.

|

Taspud. y = f(x) pynrkyuanunz x Hyxmadazu aucpcpepenuua—l'
au 0e6 PYHKUUAHUHZ X0CULACU OULAH apzymerRmu OPpMMUPMACU-
HUHZ Kynaummacuza aiimunadu:

dy = f'(x) - Ax. (1)

Azap y = x pyHKyuAHU Kpub wurkcak, dx =x"Ax,amr x'=1=

= dx = Ax. IlTynu ssmuodopza oruod, (1) menzaiamanu

dy = f'(x) - dx.

éxu

df(x) = f'(x) - dx.
df(x
Kijpurnuwda ésamus. Byndan f'(x) = a7 . (2)
1 dx r
Huddepennuman TeHrJIaMajlapra KeJTUPWJIAAWUTAH OuUp HeuTa
MHUCOJIJIap KYpubd dmKaMus.

1-Mucon (ax0aW COHUHWHT yCUINW). AXOJW COHMHUHT YCUIINHU
Yprammiin JaBOMUAA YHUHI YCHUIN TE3JUTW aXO0JUd COHHUra IIPOIIOPIU-
oHaJ Oynuinm aHukJganrad. ®Papas KUiIaljuk, ¢ BaKTAA aXO0JU COHU
N(t) ra TeHr GYyjcHH. ¥ XO0JIa aXOJWHUHT { BAKTAATW YCUII TE3JIUTU
N’(t) xocuimara TeHr. ByHmaH OKOpHAa aWTHJITaH MPOMOPIIUOHAINK
KOHYHUTa Kypa

N'(t)=Fk "N(t)

TEeHTJIUKHYU oJaMus3. ByHzaa k — XaJKHUHT YCUIII CyPBAaTUHU OUIIUDYB-
uy y3rapMac KaTTajJuk. By TeHTIaMaHu

N
N(t)
KypuHHIITA €3ub mHTerpaJjacak Ba J'L(t)dt = jkdt N N’(t) _ dN(t)
N(¢) dt

SKAHJIUTUHU 3BTHUOOPra oo,
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dN (t)
[=75 = kt+C = InN(t)=kt + C = N(t) = Ce*.
N(t)

Byuna e¢ = C opraiu Karta Oenrunanuk. Byamaa N'(f) = k - N(t)
muddepesnuan TeHrIaMaHuET 0apua eunmuapu N(t) = Ce* Kypunumga
E3UIUMMUHN KypaMu3. AXOJU COHWHHHT YCHUII TE3JUTH axoJu Co-
HHUra IIPOHOPIIMOHAJ Oyiaranma Oy Qopmyjaa axoJu COHUHUHT YCHIII
KOHYHUATUHU aHUKJANIN.

2-mucos. (PagroakTwB mapuajaHUII). JKCIEPEeMEHT OPKAaJIU MO/I-
OaHWUHT PAAUOAKTUB TMAapUYaJAHUII TEe3JUTUHUHT YHUHT JacTJIa0Ku
MUKJIOPUra IPOIOPINOHAIINIY AaHUKJIAHTAH. YIIOYy KOHYHHUATIa Cy-
HU10, pafNoaKTHUB ITapUaJaHUIIl Macajajlapu eunaanu. Papas KUIaiiauk,
m(t) opkaau t BaKTAa PagroaKTUB MOAIAaHUHT MaccacuHu (rpamm) OeJ-
TUJIAAINK. Y X0JIga

m'(t) = — Am(t).

Bynzga A > 0 — IpomopruoHa/LINK KO3(PPUIMEHTH. «—» HUIIOPa BaKT
yTuiny OujaaH PaguoaKTUB MOALA MACCACHHUHT KaMaWWUIIWNHU OWJIIN-
pagu, aeHE m'(t) Xocuaacu MaH(U OYJIUIIN Kepak. PaginoakTUB map-
YyaJaHUIIl KOHYHU

m(t) = Ce™
dyurIUa OwaaH anukiaaHagu. [actiabku BakT momenTtuzga (¢ = 0) pa-
TUOAKTUB MOATAHWHT Maccacu m, I' Iecak, 0y KOHyHUAT

m(t) = moe*M
kypunnmga ésunanu (m, = m(0) = Ce™ = ().

3-mucon. Papasd KUJIAWINK, Maccacu M MOIAUN KucMm F Kyu-
HUHT TabCUPHUAA TYFPU UMBHUKJIN XapakaT Kuiaanau. ByHga F KyYHUHT
WUYHAIUINN KUCM XapaKaTu OujaaH HYHAAUIIAOIT ne0 XucobJaguK.
Hruiorourunr II KoHyHuU 6yiinua ¢ BaKT MOMEHTHUIA JKUCM XapaKaTUHUHT
Te3JAHUIIN Iy BaKT UYKIA Y3UHU XOCUJI KUJAYBUM F Kydra TYFpuU IIpo-

F
IIOPIIHOHAJI Ba XUCMHHHI' MacCaCu m ra IIpoIopIuoHaa: a = —.
m
NrkuHYMI TapTI/I6JII/I XOCUJIaHNHI' MEXaHUK MabHOCHU 6y1/II/I‘-Ia Te3JIaHUIIL

JKUCMHUHT S(f) 6ocubO yTraH HYIMHUHT ¢ BaKTOATM MKKUHUYN TapTUOIN
xocunacura TeHr. IIlyHu abpTubGOpra 0JIcaK, KUCM XapaKaTJIaHUIIN YUyH
m - s”(t) = F(t).

4-vycosi. OTpU YM3UKHUHT Xap OMp HyKTacura YTKasuiIral ypuHMA-
HUHT KOOPAWHATAJNAP VKJapu OMJIaH uyerapajiaHTaH KeCMaJIJapUHUHT Y3YH-
JIUTU y3rapMac Ba @ Ta TeHT. YIIOy arpy YMBUKHUHT AuddepeHIInant TeH-
IJIaMacuHU €3aMU3.

A ®apasz Kunaitnuk, y = f(x) 6usra Kepak 0yaraH srpu UM3HKHUHT
TeHTJIaMacu OyJcuH. IArpu YmduKKa (x, f(x)) HyKTama YTKasujaran
YPUHMAHUHT TEeHTJIaMacu

Y - f(x) = f(x) (X — x).

Ypuamanuuar Ox Ba Oy yKJjapu OWJIaH KECUIIHUII HyKTAaJapUHU TO-

maMus.
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Ox: Y=0=>X=M
1 (x)

lyupait Kuanb, 5STpuM UYMSHK KOOPAWHATAJNAp YKJIapu OuWJIaH
xf’(x) - f(x)
A ’
f'(x)
ITaprra xypa AB = a, SbHU
2
xf’(x) 1 (x) 2 _
———— | +(f(x)-xf'(x)) =a”.
f'(x) =y, f (x) =y anmamrrupuIn 6akapcax,
, 2
[xy_’y) +(y-xy) =a’,
y
x*y)? +y? - 2xyy’ + YY) - 2xy(y)? + XY = @YY
Kypunumigaru guddepeHnuan Tearaamanu onamvus. M
By k{pub unKuaras MucoJLIapAaH TabuaTaa yupaiauras X0QuCaJapHIHT

muddepeHIIIal TeHIVIaMajap OwaaH TaBCU(DIAHUININHUA KypamMus. JHIU
nuddepeHIaa TeHIJIaMaaap TYIIyHUacura KucKaua TYyXTaanb yraMus.

;0y: X =0=Y = f(x) — xf'(x).

;0] Ba B(0; f(x) — xf’(x)) HyKramapma KeCHIIALu.

Tawpud. Homasaym y(x) QYHKYUAHU, YHUHZ XOCULALAPUHUL 8
X 9pPKAU [32apysuuHu 0602]1084U MeHzAAMA Oud@epeHyuan mex-
zaama 0eb6 amanadu.

Huddepentiran TeHrIaMagaru HOMabJIyM QYHKIIUAHUHT X0CUIaja-
pu TapTUOMHUHT HT KaTTacHu LIy MeHzAaMaHUHe mapmubu nebd arasa-
nu. Macanax,

Y+ 2y)
TeHTJIAMaHUHT TapTuOu 3 ra TeHT.
, _ sinx

_y+x

4 YRy apnaAluna

1-4-muconnapmaru guddepeHIan TeHIJIAMAJapHUHT TapTUOWMHUI
AQHUKJIAHT.

— UKKUHYU TapTudbau nuddepeHIInaa TeHTIaMa.

Taspud. Jupgepenuyuan menznamadazu HOMABIYM QYHKUUS
OUNAH YHUHZ XOCUNLANAPUHU JpHUZA Klillzanda 6y meHziaMAHU All-
Huamea ailaraumupaduzan xap oup y(x) pynrkyus ouddepenyuan
meHnziaMaHUHZ evumu 0e6 amanadu.

Macanau, y = Ce*™ dyHrmuArap y = ay TeHIJIAMAHUHT €UNMU
2
x 1
6ynamgu. Xynau myHzaii, y(x)=?+2—2+C (C = const) QyHKIuI
x
Cxt-1 1 x'-1

’
7 TeHIVIAMAHUHT edHM. Xakukaran, y'(x) = x - PO

’
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HuddepeHiiraa TeHrIaMa eYNMUHUHT rpaduru my TeHTJIaMaHWHT
unmeezpan dzpu uwuduzu neb6 arasanu. BupuHum TapTubau auddepeH-
nuaj TEeHIJIAMAHWHT 9HT commacu y = f(x) xypumwminga ésunamu. By
TeHTJIaMaHU €YUl YYYH Xocuyacu f(x) ra TeHr Oyaran HOMabiIyM y(x)
GYHKIUSAHN TOOUII KepaK. By MUCOMHUHT MHTETrpasjall OpKaJIud eUu-
JUIMUHA AXIITA OMJIaMu3:

y(x) = [f(x)dzx.

Arap F(x) ¢pysrnua f(x) HUHT Kagpmaigup Oup OomrmaHFud (DyHK-
nuacu 6yica, 6y eunm y(x) = F(x) + C xypuHuIga ésunanu. byngax
¥y = f(x) TeHrsIaMaHWUHI UYeKCHU3 KYJI €UNMHU MAaBKy[ SKAHIUTU-
HU Kypamuid. By GyHKIuanapHEuHT Trpadurgapm (MHTETrpasl >Srpu
Yu3UKJapu) Oup-OupiiapugaH mapajiel KYYUPUIIT OPKAJM XOCUJ
KuiunHagu. Iy 6unan Gupra, TeKucCaAuKgaru Xap 6up M (x,;y,) HyKTa
opKaau haKaT OMTTAarMHA WHTErpaJl 3rpu dYusuK, yragu (8.1-pacm).

AY y
/ M (x3Y,)
] \
/_\ » X » X
(@] \_ = =
| \E
8.1-pacm 8.2-pacm

MacanaH, y * y + x = 0 TeHrJIaMaHUHT WHTErPaj dIPU YUSUKJIAPU —
MapKasu KoopAuHaTayap Oormuaa 6YaraH KOHIIEHTPUK aiaHasiap.

Bepuniraun TenriamManu y © Yy’ = — X KypuHuiiga é3ub, TeHr gurypa-
JapHUHT nuddepeHInaANIIap XaM TeHT OYVJIUIUHU 9bTUOOpra OJICaK,
Yy y'dx = — xdx. Byugau y'dx = dy. ¥ xonga,

Yy dy = — xdx
TEeHTJIUKHYU oJaMus3. By TeHINIMKHU WHTeTpasiafiMus:
2 2

Yy X C 2 2
dy=—|xdex =>—=-—+—=x"+y =C,
Jyy I 9 95 y

. . C ..
Bynna HOMabayMm ysrapmac C HUHT ypHUTA 2 neb ésunanu. By HoO-

Ma'bJIyM y3rapmac yuyH C éKu g Oy IUIMMHWHT aXaMUATH UK. x2 + y? =
=C (C > 0) renrsiama 01JIaH KOHIIEHTPUK aliJlaHAJaAPHUHT aHUKJIAHUIII -
HEU aximu ouaamus (8.2-pacm). Yoy MucosiapiaH OupuHIN TapTuOIN
nuddepeHnuan TeHraamMagapHuHTr eunmiapu C ysrapmMac KaTTaauKKa
O0OFJIMK SKAHJIUTHHU KypaMmMus. By y3rapmac KaTTaJuK aHUKMAac HUHTe-
TPaJHU TOMUII faBoMuga naimo 6ymanu. Illy cababiu 6upuHUYM TapTHO-
au guddepeHIinas TeHTJIaMaHUHT YMYMHUH eumMuma OuTTa y3rapmac
KaTTajquk O0yianmu.
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» Kymumua 3JIeKTPOH pecypciaap E IE
https://www.youtube.com/watch?v=48vearVtLLs %I

&list=PLEOOwQomrpAggQM2ub3EW10EPEd36s9Jd E H

IIy rapuka y = ++/C — x° dyHKIuA KYypub yukuiras y -y +x =0
TeHIJIAMAaHUHT yMyMuili edyumMu 0yiaub xwmcobnananu. [uddepeHiiman
TeHIJIaMaJIADHUHT YMYMUH eduMJIapu OujaH 6upra yJapHUHT XyCYCUM
eunMJapy TyLUIyHJYacu xaM Kypub umkuaanu. Bunobapul, nuddepeH-
nyaJl TeHIJIAMaHUHT yMyMUN edyuMJapugaru ysrapmac karranuk C ra
MabJIyM OUD COH KMUMAaTHU OepUIIl OPKAJIU OJMHAJUTAH €YUM Iy TeH-
TJIaMaHUHT Xycycull ewumu ned araianm.

Macanan, y * y + x = 0 Temrmamanunr y(l) = — 2 TeHrIUKHUA

KAHOATJIAHTUPYBYHM eYNMUHY TOIMII Kepak. By Muconnu y = +/C — x°
TEeHTJINKKa IapTra Kypa x = 1, y = — 2 KaTTaJuKJapHU ypHUTA KYIiicaK,
C = 5.y <0 skamnurugas, y = —/b—x° (QyHKIUA — GepUIraH TeHTJIA-

MaHUHT 013ra KepakJu XyCyCUll eUrMU.

OHIN MKKWHYM TAapTuUOJIM TeHTJIaMaJlapHu Kypub ynkamus. Byiap-
HUHT WYUJAH 9HT COAIacH

) ) y" = f(x)

KypuUHHUIIIa €3UIaan.

By Tenrnamanu euwinn yuyH z = Yy mpeb6 Oeirmjail KUPUTaAMUS3.
Z = (Y)Y = y”, my cababuu TeHrmamMaHu 2 = f(x) KypuHUIIga E3aMu3.
Bynpan
z= ff(x)dx =F(x)+C,.

Byunma F(x) dyarunusa — f(x) HUHT OOomLIaHFUY (QYHKIUACUA. OHIU
Yy’ = z skannurujas, y’ = F(x) + C, Tenrnamanan

y = @) + €) dx = D) + Cx +C,

TEHIMVIMKHU oJaMuid. DyHzga @D(x) dyurmua — F(x) HuUHT GOILIaHFUY
dbyurnuacu, C,, C, — umHTerpas ysrapmac KaTTaJukjiaap. Ymly Mu-
COJITaH WKKWHYM TapTuoau auddepeHnuanl TeHTJIaMaHUHT YMyMUi
eunMiIapuia UKKKUTa ysrapmac karranuk (C,, C,) KjypamMus. n-raprudan
nuddepeHuan TeHTJIaMaHUHT YMYMUH €UYMMUHUHT TapKuOuga n Ho-
MabJIyM ¥y3rapMac KaTTaauk OYyaamu. By TacAMKHUHT TYJIUK uCOOTU
O0ujaH oMWl MaTeMaTUKa Kypcuaa TaHUIIACUS.

" 1. Kamupgaii rearnamanap guddepeHinan TeHraaMaaap ae6 atamagu?
2. uddepeHiiuana TeHrJaMatapra KeJTUPUJIaJUTaH MUCOJIapra MU-
COJI KeJITUPUHT.
Huddepeniiuan TeHrIaMaJapHUHT TapTUOU Ae0 HuMara aiTuiaagm?
4. JuddepeHnrag TeHTJIaMaJapPHUHT edynMu Aed HuMara aituaagu?
TeHrNIaMaHUHT YMYMU €UMMU JeTaHAa HUMAHU TYIIyHacus?

w
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8.1.

8.2,

8.3.

8.4.

8.5.

8.6.

Mucoanap
A

Kyiiugaru tenrsmamanap nuugad nuddepeHuag TeHraaMaJapHu
KypcaTtub, VHUHT TapTUOMHN aHUKJIAHT:

Dy - 2 = #% 2) =1
X +y
X+’
3) Iny=—; 4) x?+ 3xy? = 0.
2xy

f(x) dyuruuma Oepuiarad nuddepeHInanl TEeHTJIaAMAHUHT €UUMU
OV IUINTUHYN TEeKIITUPUHT:

1) f(x) = e*, Yy’ = 2y; 2 fx)y=e*+ 1,y +y=1;

1
x+1

3) f(x) = e3* + e*, y'+ 3y = 4e*;  4) f(x) = , Y +y?=0.

d
v = 20e? + 5 pyHRIIUA d_: = 10 — 2v guddepennuan TeHraa-

MaHUHTI xycycnﬁ €UNMH SKAHJIUTUHYA UCOOTJIAHT.

dv
CyroxkJauKkkKa 60Tr6 60paéTraH TOITHUHT TE3JaHUIINA —— =4 —

dt
TeHTJIaMa OuijaH TaBcuduaHanu. v(t) = Ae’ + 4 QyHKIUAHUHT

muddepeHnuan TeHTJIAMaHN KAHOATJAHTUPUIINHN KYPCATHHT.

TormHUHT ,E[aCTJIaﬁRI/I Te3auru 8 M/C. A KaTTaIMKHU TOIMHT.

d
y= Ae* — (x2+ 2x + 2) pyHKIUA d_y =y + x? nuddepeniuan
x
TEeHTJIAMaHUHT eUUMU OYJIUIIUHYU KYPCATUHT.

dv
dt
v = 20(1- ¢ %%) pyHKuIUa OYauIINHEN KypcaTunr. ¢ = 0 6yaragga
U KaTTAJIMKHYM TOIWHI. { HUHI KaTTa KUAMATIapUIa TEe3JUK U
KaHgaii ysrapaamu?

= 10 - 0,5v guddepeHIHAT TeHIJIAMAHUHT €UUMU

d
8.7. Kyiingaru pyHKIuAIapaan Kalicu oupu 9 __ 8y TeHrIIaMaHUHT
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8.8.

8.9.

8.10.

8.11.

8.12.

8.13.

8.14.

8.15.

8.16.

8-EYNUM
Hucvmunur T TeMIepaTypacu Y3rapUIMINHUHT MATEeMATHUK MO/IEJIN
dT
dt
= 20 + 60e %Y QpyHrnua guddepeHIna] TEHIIAMAHUHT €UNMU

= 2 — 0,1T oguddepeHuana TeHriama ouaan oepuarad. T =

OV IUIINHN KYPCATHHT.

dy
dx
HUHU WHTErpajjall OPKaJN YMyMUN €dUMUHU TOUUHT Ba X = 1
KaTTaJINKKa MoCc y = 4 0ymaguran XyCcycuil eduMHU TOIIWHT.

ds
dt
KaTTaJuk Moc S = 11 Oyagurad edunMHN aHUKJIAHT.

= 3x%2— x + 1 guddepeHnag TeHrIaMaHUHT UKKAJIa TOMO-

= 4 — 10¢ TeHrIaMaHUHT YMyMUil eduMuHU TonuHr Ba t = (0

B
v’y = 2Ba y(2) = 2 neb oaub, y(x) PyHKIUAHA TOIMHT.

Bepunran QyHKIuA KypcaTUJaraH TeHTJIAMaHUHT eduMHu Oyja-
OuraH Kuaub, B HUHT KUAMATHUHUA TOIUWHT:

Dy=kx+1,y =2; 2) x = kt?, x' = 12t;

3y =e"y =y; 4y =e" y = ky;

5)u = x% u = kx?% 6)y = 1 , ¥ = ky?.
x+1

y = Cx? napa6osnamnap tymaamuuaunar C = 0, C = = 1, C = * 2
Oyanranma rpa@uKJIapuHU fACAHT Ba Iy (QYHKIUAJAD TYIJIaMU
yMyMuii euuMu OyJaguran nuddepeHnuag TeHrjiaMa TY3UHT.

Bepunran guddepeHIiuan TeHTIaMaHUHT UHTETPAJ 3TPU YUBUFU-
ra (1; 2) myKrama yTKa3ujaraH ypUHMAHUHT Oypuak Koadduiu-
€HTUHU TOIUHT:

Dy =2x 2)y=-y; 3By=y+tx 4Dy +txy=1

Ymymuii eunmiapu 0yiinua 1-rapTubau guddepeHiirnans TeHTJIa-
Ma TYSHHT:

1)y*=2Cx; 2)y=Cx+C,; 3)y=Ce; 4)x*+ y?=C2
y" + xy = 1 reHrimamMaHuHr 6apuya WHTErpaj STpU UYMBUKJApUra

yaapauHr Oy YKy OUIaH KeCUIIUIN HyKTacuLa YTKasUIral ypuH-
MaJiapHu y3apo Imapajiaes OYInUIIINHNA MCOOTIAHT.
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8.17. MuddepeHIHAT TeHTIAMAHUHAT YMYMUN €UUMUHU TOITUHT:

Dy =e® 2y=75 +tax; 8 e’ =1; 4)cosy = 1.

N R

C

8.18. Ucranran ypuamManuHr Ox OuUJIaH KECUIIUINI OypUYATMHUHT TaH-

T'eHCH YPHMHHUII HYKTacu aGCI.[PICC&CI/IHI/IHI‘ 3 KucMura TeHr

OyJarad srpu UYMSUKJIAPHUHT YMYMUI TeHTJIAMACUHU €3WHT.

8.19. Kapmuiauk MaB:Kyn OYJIraHn MyXUTHA KUCMHUHT SPKUH TYIIIKIIT
XapakaTUHUHT gud@epeHIinag TeHrJIaMacuHu €3uHr. bBymmga
MYXUTHUHT KApPIIWJINK Ky4d TE3JUKHUHT KBajpaTura IIpPOIOp-
IAOHAJI.

TakpopJaira JOUP MAIIKJIap

8.20%., AuMKMac MHTEerpaJIHi TOIIMHT:

1) J-ln(x2 + 4)dx; 2) I(5x — 2) e**dx;
xdx
3 ; 4 in%xdx.
) -[sinzx ) J.xsm xdx

8.2 YsrapyBuniaapu a:kpaTHIaTurafH
oupuHYu TapTHOau mudepeHIuaT TeHTIaMaap

Massynu ypranumin gaBoMuga cuUsJiap:

® y3rapyBuMnapu akpartunaguraH 6upuHum TapTMbnM gudpdpepeHuman
TEHrNamanapH1 eYmLLIHM ypraHacus;

® u3mK, TaTOMKMIM macananapH eumwpa grudbdpepeHuman TeHrnama-
nappaaH dpomnpanaHacusnap.

V3arapysumiapu askpaTHIagMTaH TEHIJIAMAJAPHH €UHII

Bupunum Ttaptubsu puddepeHIUAT TeHTJIaMaJapHUHT yMyMUi

KYPUHUIIHT
F(x; y; y') = 0. (1)
Arap 6y Tenrsamanu y’ xocuyara HucOGaTaH €UMINT MyMKUH GyJca,
y = f(x; y) (2)

Kypunuiiga ésunaanu. (1) éxku (2) kypuHUInga 6epuirad TeHraaMaaapHu
(ymymuit TapTubu MCTaJIraH TeHTJIaMaJapHU) eUUITHUHT OJIUil MaTeMa-
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TUKa KyPCHUa TYPJIU yCyJIapaa Kypuod unKuiaany. bus (2) KypuHUIIIaru
TeHTJIAMAJAPHUHT 9HT COAJA KYPUHUIIN — Y3rapyBUMJIapU asKpaTinJa-
OUTaH TeHIJIaMaJapHu Kypub UYMKAMKW3. YHUHT YMYMUH KYPUHUIIN
Kydugarmya €3uiagu:

y = f(x) - gy). 3

By TeHrnaMaHUHT YHT TOMOHU X Ba Yy ra OOFJIUK OYJaraH MKKUTAa
GYHKIUAHUHT KynaliTMacu Kypunumiga ésuiras (f(x) Ba g(y) GyHKIuA-
Jap ysJykcus meb xucoOjiaHanun), Yall TOMOHUJA HOMA'BJIYM (PYHKIIUSI-
HUHT XOCHJIACU TYyPUOIH.

Arap Kaugaigup 6up y, conn yuyH g(y,) = 0 renrnmk Gaxxapuica,
Y = Yy, coHH (3) TEeHTJIaMaHUHT ednuMu Oymanu.

Xaxukarad, (y,) = 0 (y, — ¥ysrapmac CcOH) OKaHJIUTHUJAH,
W) = f(x) - g(y,) = 0 = f(x) - 0 atiHuaTHN ONAMUS.

Teur pyurmusaaapHuur guddepeHIalIapy XaM TeHT OYJIUINN KepakK.

Bynnan

y'dx = dy 6ynumuuam 9bTHGOPra 0Juo,

dy__ x)dx
2 e (4)

Kypunumpgaru ysrapyBumjaapm asKpaTuiaguraH auddepeHIirans TeH-

1
TJIUKHU OJIaMU3. (—) HUHT Oomwnauruu QyHKmusacu G(y), f(x) HuHT
gy

oonrtanruy Gpyurmusacu F(x) 6yiaca, (4) TEeHMNINKHN WHTErpaJLIaliMuU3:
dy
=|f(x)dx = G(y)=F(x)+C. (6))
I [r@ar=ew=r

Mympatt kuamb, 6us g(y) # 0 6ynaramma ysrapyBumiaapu askpaTHIagu-
rad (3) muddepeHnaa TeHTJIAMAJAPHUHT TYFPUAAH-TYFPU HHTErpaJi-
JIalll OPKAJIY eUYWJIUIIUHY Ba YHUHT eduMu (5) KYPUHUIILA E3UTUIITUHNA
KYpIUK.

Iy 6umam Oup KaTopma OM3 IOKOPHUAA y3rapyBUMJIapU asKpaTujia-
nuraH (3) rteurnamazas (4) xypuHuigaru nuddepeHran TEHIIUKKA
KYVUHUIITHY XaM acocJaguKk. AMajna aca, MucoJiap euuiira (3) reHraama-
naH (4) KYypuHHUMIIZAT TeHTJaMara YTUIITHUHT, ITPOIOPIINd KOHYHJIAPU
OmyaH OakapuaIagurad «dopMaa» yCyau KYIO KYJIJIaHWIamgn:

v =1fx)g), sgy)#0 = Z—fc= f(x) - gy) = %#(x)dx-
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Muconnap Kypub unKamMma.

1-mucomn. x® + y' = 2y TeHrJIaMaHWHT YMYMUH eUNMUHY TOIIUII KEPaK.
A y = 0 TerrnamasuHT eunMu 6yaanu. Arap y # 0, x # 0 6§ca, Ge-
puUJITaH TeHIrJiaMajaru OuMp XWJ y3rapyBUMJApHU OuUP TOMOHTA TYILIab,

dy _ 2dx
- 3

y x
KYPUHHIILA €3aMI3 Ba YHU WHTETPaJIaiiMU3:

1
J‘@=J2d3x:>lny=—l2+clz>y=€e =
y x x

1

HaBob: y = Ce” .M

Tawspud. y = f(x; y) meneramanune y(x,) = y, meHnziuKHu
KAHOAMAAHMUPYEUU eiumMuny monuw macaracu Kowu macanacu
0e6 amanadu.

y (x,) = y, wapm Kowu macanracurnune dacmaabru wuimamu
(6ownaneuy wapmu) 0eb6 amanadu.

2-mucoin. y’ = xe”¥, y(1) = 0 Ko macasacuam euamus.

A Bepuiaras TeHTJIAMAaZaru ¥3TapyBUMIADHU asKpaTaMH3:
dy

—=xe’y:>dfy=xdx:>eydy=xdx.
dx e’

OHAM TeHTJIAMAHUHT MKKaJjJa TOMOHMHU MHTerpajjiacak,
, , xZ xZ
Je dyzjxdx:e :?+C=>y:1n ?+C .

y(1) = 0 maprgan doiinamauncak, 0 = In(0,5 + C) = C = 0,5.

2
x 1 o .
Koiu macasacCUHUHT e4uMu y = In (? + E] Kypunnmiga ésunanu. M

m 1 Bupunum taptubaun guddepeHuaa TeHIJIaMaHuHT YMYMUHR KYypu-
HUIIWHYA €3UHT.
2. Kampaii TeHrsiamanap ysrapyBumMJIapU a’KpaTHJIAIUTaH TeHTJIaMa-
nap meb artamagu?
3. Vsrapysumcu axkparuiaguras guddepeHIan TeHrIaMazap Kanmai
eunyagu?
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Mucoaaap
A

8.21. Kyiimgaru puddepeHnuana TeHrJIamMaaap HWYUAAH Y3rapyBUUCH
aKpaTUIagUuraH TeHTJIaMaJapHU akpaTud €3uHT:

1)y = xy? 2) u' + x’u = e
1 x*
)y =——; 4) y’ = .
VY = )V =T "
8.22. VsrapyBumiapu axpaTuiIagurad guddepeHnmran TeHraaMaiapaa
€YUHI':
)y =y; 2)y’ = 2x; 3) Yy = xy% )y =e— x.

8.23. [MuddepeHIHAT TeHTJIAMAJIAPHUHT YMYMUH €UUMUHET Y3TapyBUM-
JIADHU aXKPaTUII YCYJIU OUIaH TOIMHT:

dy dy dy sinx
1) — = xy; 2) —=x+tyx; 3) = ;
)dx xy )dxxyx )dx "
dy dy dy y
4) — =3x%e’¥; b) — = e 6) —=—"—+.
) dx ) dx ) dx  x(x-1)
8.24. Komu wMacajgacuHU Y3rapyBUMJIapHU aKpaTUIl yCyJu OuaaH
€UUHT:
1) xd—y =y?, x =1 6yaranga y = 10;
ax 7 Y ’
d 2
2) XL ya)-2
x x
dy . .
3) —— = e¥sin2x, x = 0 6ynrasgna y = 0;
dx
d
4) d—y= x2%¢¥, x = 0 6yarauma y = 10.
x

Huddepeniinaa TeHTIamMaJlapiaH TaTOMKUI MacaJaJapHU euuInga
KeHT KJITaHuJaau. Y HUHT Oup Mucoau — HbIOTOHHUHT COBHUII KOHYHU.
CoBullI :KapaéHUHUHT MaTeMAaTUK MOJENN — ¥3rapyBUMJIapyu askpaTua-
nuraH OupuHYM TapTuOau guddepeHIiuag TeHrJIaMa.

HvtomoHnnuHz co6uul KOHYHU
Tana xapopamuHnuHe j3zapuul mesnuzu mana xapopamu OULGH
ampog) Myxum xapopamuHuHz ailupmacuza mijepu nponopyuorHaL:

T = kT - T,

Ypra
Bynga TypTa — aTpod MyXUTHHUHT XapopaTHu.

) — HoIOTOHHUHT COBUII KOHYHMU.
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J\ ANRGTT) TOMITIONTS

8.25. Xapoparu 20° C 6yaran xouaza dyoHuHr xapopatu 100° C mau

90° C ra 5 munyTaa cosuiinu. Kanua BakTaa YOMHMHT XapopaTH
50° C raua COBUIIIMHMU AHUKJAHT.

A HpIoTOHHMHT COBMIN KoHYHU Oyiimua T’ = k(T — 20). Ymby
nuddepeHIIAT TEeHTJIaMaHU Yy3rapyBUmJapHu akpatuin (0Y-
JININ) yCYyJau OMJIaH edyaMus:

T’=k(T—2O)=>d—T = k(T — 20) = ar
dt T

= kdt.
0

TeHrsTaMaHUHT MKKAaJa TOMOHUHU XaM HHTePpaJIHaﬁMI/IBZ

aT

— [kat = m|T - 20/ = bt + C.
T-20

Xonaamar xapoparu 20° C Gyaranm yu4yH YOMHUHI XapOpaTH
yHIaH coByMaiinu, 6yagan T — 20 > 0, [T — 20| = T — 20. Tenr-
JIUKHUHT WKKajJa TOMOHMHU XaM 9KCIOHEHTAara KeJITHPaMu3:

T—-—20=¢e""¢C= T =20+ e**C,

By — nuddepeHniinas TeHrJIaMaHUHT YMYMUAN €UMMMU.
Yoituuuar xapopatu 100° C gam 90° C ra 5 MuHyTAa COBUNAM,
oyagan T(0) = 100, T'(5) = 90 mapraapgaun ¢oiiganranutd k, C
KUAMAaTJIapHU TOIaMU3:
T(0) = 100 = 20 + €¥#°%¢ =100 = ¢° = 80 = C = 1n8&0,
T(5) = 90 = 20 + €% + 180 = 90 = 80e’= 70.
1.7

7
5ho— — = “ln—
e 8=>k 51n8.

1 7
lyupait xuanbd, k = glng =~ —0,027. C = In80 = 4,382.

T = 20 + e 0,027t+4,382.
Kanua BakTza voiitauHr Temmneparypacu 50° C ra rauya COBUIIIN-
HI aHUKJIaNMMU3:
20 + e 0,027t + 4,382 — 50 = e 0,027t + 4,382 _— 30’
- 0,027t + 4,382 = 1n30 = 3,401,
e 3,401 —4,382

=36,3.
-0,027

K aBo06: voit Kyinaraugad KeiinH 36,3 MUHYTIAaH KeNUH YHUHT
xapoparu 50° C 6ynanu. M

L

[
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8.26.

8.27.

8.28.

8.29.

8.30.

8.31.

8.32.

8-BYNUM

T(t) = oo + Ae ™ pyHKIUSA % =— k(T — o), k> 0 (HoloTOHHUHT

COBUII KOHYHM) AuddepeHnaa TeHIJIaAMaHUHT eUUMU 9KaAHJIUTH-
Hu Kypcarur. 90°C xapoparzaru 1 nuéina yoii 25°C xapopargaru
XoHara oaub Kupuianu. Yoy sxkapaéuuu taBcudiosun HpOTOH-
HUHT COBUIII KOHYHUHU €3WHT Ba O OmiaH A KaTTaJuKJIapHU TO-
MIUHT.

Kaiinarau cys 10 munytna 100°C gan 60°C raua cosuiizu. ATpod
myxuTHUHT xapopatu 20°C me6 onmub, CYBHMHI' XapopaTu KaHua
BakTAaH KeiiuH 25°C OYIUININHENA TOIMHT.

20 Mm/c OGomuraruy Te3JUK OWMJIAH XapaKaTJaHaéTraH MOAIUN

dv v
HYKTA TEBTHIMHMED MOZENH — =~ TEHIIAMA 6unan Gepui-

ra. TeHrnaMaHUHT gacTaa0KM MIAPTJIAPUHU KAHOATIAHTUPYBUU
XYCyCUH €eUMMHUHU TONUHT. Te3JUKHUHT OOIJIaHFUY KaTTaJIUTU-
"z 10% ra Kamaiuinu yyyH KaHYa BaKT Kepak?

- d
Yy=—F—7 OyurIUuA Y _ xy? muddepeHIIHAN TEHTJIAMAHUHT
x°+2 dx
y(0) = — 1 mapTHM KaHOATJAHTHUPYBUM €UYUMHU OYJIUIIUHU
KypcaTuHr.
B
dv

Mopauiti HYKTAaHUHT CYHOKJUK WYUJard XapakaTtu E =

=-0,2 (v + v?) guddepeHuan TeHrIamMa OUJIAH TABCUDIAHAIN.
Yoy terraamaauHr v(0) = 40 mapTHU KaHOATJIAHTUPYBUU XY-
cycuil eUMMUHU TOIIUHT.

HuddepeHiian TeHTIaMaJapHU €UUHT:

DA+ yy =1+ 9 2)y’ = xye* Iny;

) ytgx =y + 1; 4) y’sinx = (1 — y)cosx.
Fomm macanacuam eynHr:

Dy +xy=x,y0)=2;

2) yy'N1+ " —xJ1+y" =0, y(0) = - 2;
8) (1 + ) yy’ = e, y(0) = 2.
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d AR TOMMTIRIEYED (B88=8-84)8

8.33. UAUIITHUHT OCTKM TOMOHUAATU TEIUKIaH cyB oKaamTu. CyB-
HUHT XaXKMHI KaMalTaH CaliH caTXUW XaM y3rapMokaa. CyBHUHT
. dh
caTXM Y3TapUIIIUHUHT MaTeMaTUK Mogean — 4 d_ = —20h mud-
t

(epenmuan TeHriama, OyHIA ¢ MUHYTIAPAA, I CAaHTHMETPIApAA
yauanagu. CyBHuHT Oomurarmu catxu 81 cm. Huddepenmuan
TEeHTJIAMAaHUHT Xycycuii euuMuHN TouumHr. CyBHUHT OyTyHJIai
OKu10 KeTuiu yuyH KaHua BakT Kepak? (CyBuuHr catxu 0,05 cm
OyJyiraHma YHUHT OyTYyHJIaW OK1MO KeTau ned XMcoOJaaHT).

A [TuddepeHninas TeHIIaMaHIHT y3rapyB-

YNJIApUHU aKpaTaMus: 4%=—\/20h = ‘

= 4d7h = —/20dt ;

4jd—: = —\/%jdt = 4lnh = —/20t + C ;

Inh = —?t +C; h=_Ce . By —ymymuii eurm. CyBHUHT OOIII-

gaaruy catxu 81 cm. Iy cababiu
By
h(0)=81=81=Ce > =C=381.
5

Hemak, h = 8le 2, By —xycycuii eunm. CyB caTxuHUHT Ga-

gaggauru 0,05 cm Oyaranga yHUHT OyTyHJIaW OKUO KeTnau neb
NG
-t

xucobmaiimus. 0,05 = 8le 2 TeHmMIamMazaH MYXaHIUCINK

KaJbKyJaATOPUIaH Goiigamancak, t = 6,61 Mmuu ogamMus.

LA

-

(=2}
/-

[

[}

(6,61; 0,05)
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1

8.34. Kusurau tomHuHr Gomuranruu xapoparu 100°C. Vum 20°C

8-BYNUM

XapopaTJu CyBra COJIUHAU. XapopaT Yy3TapUITUHUHT MaTeMa-

dT
TUK MOJeJIN ar = — 0,5(T — 20) nuddepeHIIagT TEHTJIA-

Ma OmJaaH aHWKJaHagW, OyHAA ¢ MUHYyTJIapaa OepuaraH BakKT.
1) NuddepeHiinan TeHrJIaMaHUHT YMYyMUl eUUMUHN TOIIMHT;
2) OominaHFuy IIapTiaapaaH Gougananmb, auddepeHIiIan
TEeHTJIAMAHUHT XYCYCUM €YMMWHU TOTHWHT; 3) KaHYa BaKTAaH

KeluH TOIHUHT Xapoparu 50°C GYIMINNHNA TOIIMHT. |'

8.35.

Xap 6up HyKTacuja YTKasUIraH YPUHMAHUHT Oypuak Koahhum-
€HTU YPUHUIN HYKTACUHUHT OPAMHATACMHUHT KBaJpaTUra TEHT
Ba A(—2;1) HyKTa OPKAJM YTYBUU STPU YNBUKHUHT TEHTJIAMAaCUHU
€3UHT.

J\ n AMETT TORMTIENS L

8.36. Kanamymmauuar payHéra xearamgaru maccacu 30 r. YV 3 oiiga

KaTTa KaJlaMyIlra aﬁnaHaun. YHUHT MacCacUHUHT ?CI/IIIII/I

d
d—’? = 120(¢ — 3)? muddepeHIIMA] TEHIJIaMa OWJIAH TaBCU-

naHagu. ByHZa m — KaJaMyIIHUHT Maccacu (rpamMmiapna),
t — BakT (oiimapza). 1) Huddepennuan TeHrIaMaHUHT YMYMUH
€UMMWHY TOIMHT; 2) XyCyCUll €eUNMUHYU TOIIMHT; 3) KaTTa KaJja-
MYIIHUHT MaCCaCUHU TOIIMHT.

C

J

1

n AWaNAARTO ML AR L

8.37. Maccacu 80 xr OyJraH mapairroTdyy caMoJeéTmaH cakpamu. Ca-

MOJIETHAH X Y30KJMUK/A MAcTra KyJaraujga YHUHT Te3JIUTH U M/C
oyanu. IlapamrroTumra TabCUp KUIAAUTAaH KydJaap: OFUPJIUK
Kyun OmjIaH aMILIMTygacu kv’ ra TeHr Gyarad XaBOHUHI Kap-

d
MUJIUTA. YHUHT oxupru Tesauru (0 m/c. vé = 9,8 — 0,0020v?

nu(ddepeHnIuag TeHIJIaMa XapaKTHUHI MaTeMaTHUK MOJeJan
Oy IUIIINHN UCOOTIAHT. |-

8.38.

Xap Oump HyKTacura YTKasUJATaH ypUHMA YPUHUII HYKTAacH Ou-
JIaH KoopAmHAaTajap OOIIMHU TYTAIITUPYBUM KecMara IepIleHIu-
KyJaap OYJarad srpu YMBWKHUHT TeHTJIaMacUHU €3WHT.
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TakpopJaiira JOUP MALIKJIAP

8.39%. XucobmaHr:

dx dx
DIy e

x+1)(1-x)
dx 210
3) -[(x+1)(x+2)(x+3)’ 4 Jx2+x—2dx’
dx d
2B et O [+

8.3. Koaddunmuenraapu ysrapmac
MKKWHYY TapTHOJIN YM3UKJIN OUPKUHCIU
aud@epeHag TeHrjIamMmajaap

MaB3yHu ¥praHuin gaBoOMuja CuU3:

BUPXKMHCTIM pudddpepeHLMan TeHrnaManapHUHr TabprdouHn bunacus;
ay” + by’ + cy = 0 kypunmwpgaru, 6yHpa a, b, ¢ - y3rapmacnap, K-
KMHUM TapPTMBIIM UM3MKM audpdbepeHLman TeHrNMamaHuHr TabpUdOuHU
6unacus Ba ynapHu eya onacus;

® TaPMOHMK TEOPAHULLHMHI TEHrNamacuHu Ty3ub, YHM €YMLLHM ypra-
Hacus;

®  u3mMK, TaTObMKMM macananapH1 eudwna gudpdpepeHuman TeHrnama-
nappaH dompanaHacmus.

8.3.1. UkkuHYHU TApTUOIU OMPIKMHCIN
TeHrJaMaJapHu €Ul

Taspud. ay” + by’ + cy = 0 kjpurnuwdazu dugppeperyuan men-
2/1AMA UWKKUHYU Mapmubiu 1uduKau Oupicuncau menzaama ned
arananu, 6yHma a, b, ¢ — KoaduiimeHTiap.

Arap y = f(x) Ba y = g(x) dyuruusanap ay” + by + cy = 0 ren-
rIaMaHUHT eunmiapu Oyica, ucranran C, Ba C, ysrapmac COHJAp YIyH
y=C, - f(x) +C, - g(x) pyHKnUsA XaM Iy TeHIJIAMAHUHT eYuMH Gymanm.

ay” + by’ + cy = 0 muddepeHnuag TeHrIaMAHUHT YMYyMHUN €du-

MUHUHT Tapkubura mkkurta C, Ba C, y3rapMac KaTTalWKJap KUDPaIu.
dHAM yuIdy TeHIJIaMaHW €YUl HyaIapuHu Kypamus. By TeHTIama-
HUHT eUMMJIAPUHUA y = €M KypcaTKuunm QYyHKIUA KYPUHUIIULA U3-

— 94



8-BYNUM

JamI Kepaxk. UyHKH YHUHT O0apua XOocuUIajJapu y3uAaH (paxkaT ysrapmac
KymanTyBunraruia (apkJjaaHaIu.

ay” +by’ +cy =0,
y — ekx’y/: kekx’yu :}\‘2ehx

=>a(e“) +b(e“) +ce™ =0= ale™ + b + ¢ =0 =
:(ak2+bk+c)e“ =0.

Byngna € > 0, my cababau al? + b + ¢ = 0 6yIuImy Kepak. OHINA
ymdy aA? + bA + ¢ = 0 KBagpaT TeHIJIaMaH! euynb, TeHIJIaMaHUHT XyCy-
CUil eYNMJIAPUHY Y = M KYPUHUIILA TOIUII MyMKUH.

Taspud. ar? + bA + ¢ = 0 meneaama ay’+ by'+ cy = 0 ukkun-
YU mapmubau LUSUKAU OUDHCUHCAU OUDPeperRyuanl meH2AaMAHUHE
maeécuguii menzaamacu nebd aramanu.

al? + bA + ¢ = 0 — kBazgpar TedriaamMa. Ksagpar TeHrJiaMaHUHT JHUC-
KPUMUHAHTHUTA OOFINK YU XWJI eYuMU OYJIagn.

1. D = b? — 4ac > 0. TeHrJIaMaHUHAT Xap XWJI UKKATA XaKUKUHA HJI-
IW3TapH MaBKYA: A, Ba A,. Y Xonma ay” + by’ + cy = 0 guddepenmuan

Ax

TeHIVIaMaHMHI UKKHTa Xap XWJI XYCYCI/IfI €4YrMU MaBXYO:. Y = € Ba

y= €™ . ByHaH TeHIJIaMaHUHT YMYMU e4uMy KyHugarnda ésuIafu:
y=2C, eM* + C, e,

2. D = b? — 4ac = 0. TaBcuduii TeHrIaMaHUHT ¥3ap0O TEHI UKKUTA
XaKWKMH WIAU3Iapu MaBxya: A, = A, = A. By xonzga ay” + by’ + cy = 0
muddepeHnuan TeHrJIAMAHUHT WUKKUTA OUP XUJ XYCYCHUN ednMJIapu
y = €™ Ba y = €M Kypunuga 6ya1ub, yHMHT yMyMUA e4uMU Kyiugarunaa
ésuamu:

— Ax Ax
) y=Ce*+Cyxe
6KU

y = (C, +C,x)e.

3. D =0b%> - 4ac < 0. TaBcuduii TeHrIaMaHUHT WIAU3JIAPU ¥3apO
KYIIMa KOMILTIEKC COHJIap: A, = m + in Ba A, = m — in. By xonza
ay” + by’ + cy = 0 nuddepeHIaAT TEHITIAMAHUHT UKKUTA Xap XUJI Xy-
cycuil eunMm y = e™fcosnx Ba Yy = e"sinnx KypuHHga 6yanbd, YHUHT
YMYyMUI edYuMU KyAugaruda é3ujiamgu:

y = C, e™cosnx + C, e™sinnx,
éKu
y = e"*(C,cosnx + C,sinnx).

denramaya. ByEIa KOMIJIEKC COHJIAPHUHT KYPCATKUUJIM Ba TPUTOHO-

MEeTPUK KYPUHUIILIAPUTA CYAHIUK:

elmtmx = em¥(cosnx + i - sinnx).
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> Kymumua 3JIeKTpOH pecypciap

https://www.youtube.com/watch?v=SPVqgkOZMAc

1-mucon. UKKUHYM TapTUOAM YUSUKJIN OUPKUHCIU AuddepeH-
[MaJ TEeHTJIaMaJIapHU eUuIll Kepak:

)y” +5y"+6y=0; 2)3y” -y’ =0msay0)=0,y'0)=3;

3)y” + 6y’ + 34y = 0.

A 1)y’ + 5y’ + 6y = 0 guddepeHnNAT TeHTJAMAHUHT TaBCHL-
(uii TerrmamacuHm é3cak, A2+ 5L+ 6 = 0 KBagpaT TeHIrIaMa OJIAMU3.
YHuHT ungusnapu: A, = — 3 BaA, = — 2. Byagan y = Cie” ¥+ Ce **
(DYHKIUSA TeHTJIaMAaHUHT YMYMUN eunMu OYIamau.

2)3y” —y’ =08ay(0)=0, y'(0) = 3 guddepeHIINAT TEHTIAMAHUHT
TaBCcU(UN TeHrJaMacy yiiby KBagpaT TeHTrJama Oyiamau:

3N—k=&$%=033%=%.

1 1

Bynman y = C e~ + C, e = C, +¢C, s (GYHKIIUA — TeHTJIaMaHUHT
YMYyMUH €UUMU.

9uau y(0) = 0, y’(0) = 3 mrapTaapHU KAHOATJAHTUPYBUM XYCYCHUI
€UNMHM aHUKJAUINK. BYHUHT yUYyH yMyMU# edumMmra OGepujral KaTTa-
JNUKJapHU Kyinb, C, 6unan C, y3rapMaclIapHU TOIUII KepakK:

L, 1 L ¢ L
y=C,+Ce*® =y =0+0C,- §e3 = fe3 ;
1
y(0)=0=C, +Ce’’ =C, +C,=0;
1
y(0)=3= ? ed - 3=C,=9= C, = — 9. Busra xepak 6yiran
1

xycycuii euum: y = — 9 + 963 .

3) y” + 6y’ + 34y = 0 renrsamaHuHr TaBcudwuii TeHriaamacu: A2 +
+ 6A + 34 = 0. MuckpuMuHAHTH MaH(GUNA COH OYJIraHU yYYH TEHIJIa-
MaHWHT MIAU3JIapH KOMILIEKC coHaap: A, = — 8 + 5i Ba A,= — 3 — 5i.
Bympan y = C,e *cosbx + C,e” **sinbx QyHKIuA — TeHIIaMaHUHT yMy-
muii eanvu. M

8.3.2. T'apMoHNK TeOpaHMILJIADHUHT MAaTeMaTHK MOJIeJHu OyJraH
muddepennual TeHraamMa

2-MuCOJI.
y = C,coswt + C,sinwt

dyurnusa ysrapmac C, 6unan C, HUHT UCTaJTal Kuitmariapuia y” + o -y =0
TEHIVIAMAHMHT €UMMHK OYJIMIINHE KypcaTaMus3 Ba 0y TeHIVIAMAHWHT
y(0) = a, y’(0) = b 6yaranma xycycuil eUMMJIaPUHN TOTIAMU3S.
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Ay =-C, -o-sinot + C, - ® - coswt;

4

y” = - C,0* - coswt — C,0* * sinwt = — 0?(C,cosnt + C,sinnt)
KuiimaTiaapau y” + o’y = 0 Tenraamara Kyinuo,

- 0?(C,cosnt + C,sinnt) + w?(C cosnt + C,sinnt) = 0
aiiHuATHA onamm3. y = C,coswt + C,sinwt QyHKnuanuHr ucranran C,
Ba C2 yuyH y”’ + 0w’y = 0 TeHIJIIaMaHUHT eUnMMHU Oyaaau. DHAW TEHIJIaMa-
HUHT XyCYCUH eUMMJIAPUHU aHuUKJaiauk. ¢t = 0 6yaramma:

y(0) = C,cos0 + C,5in0 = C, y(0) =a= C, = a;
b
y’(0) = — C,wsin0 + C,wcos0 = C,m, y'(0) =b = C, = e

ByHmaH TeHTJIaMaHUHT XYCYCUHM eUYNMHU yII0y KYPUHUIITA €3UIATN:
b .
Yy =a - coswt + Py - sinwt. W

y” + ®® - y = 0 renrnamanusar y = C cosot + C,sinwt ymymuit
eunMuHN Yy = A * sin(w¢ + o) KYypuHHIIAA €3UIl MYMKUH. XaKUKaTaH,
KymuMua Oypuak ycyaugas goiizaiaHcak,

y=+C +C;- coswt + sinwt

G G
JCi +C JCi +C

A= Cl+Cl; a= arcsinL Gesqruyam KUPUTCAK, HUFUH-
JCE +C:

IVHUHT cuHycu (opmysacura Kypa y = A - sin(wt + ) TeHIIHK-

HU oJlaMus. DByHzmalli KOHYHuATra OyiicyHaguran xapakar 2zapmo-

HuK mebpanuw ned aranazu. Bynma A — rtebpaHum amnaumydacu,

o — ywacmoma, 0. — 6oWAAHzUY Ga3acu.

m 1. DBupkusacau umsukjau auddepeHIINa] TEHTJIaMaHUHT TabpUDUHU

63UHT.

2. FKosdpdumuentu ysrapMac UKKUHUYM TapTUOIU OUpKUHCIU Audde-
peHIIMaJ TeHTJaMajaap KaHgah equngagm?

3. TaBcudwuili TeHrNIaMaHMHT €UNMJIAPA MKKUHYU TapTUOJIU OUPIKUH-
CJIV YMBWUKJYW TEeHIVIAMAHUHT YMYMHU eUMMHUTra KaHIAl TabCcuUp
Kypcaragu?

4. TapMOHHUK TeOpaHUIIHYN KaHAAN TyIIyHAacu3? YHUHI acoCuil TaBud-
JapyUHU aWTUHT.

Mucoamnap
A

8.40. Nkxuuuu TapTudbau auddepeHInaa TeHrIaMaJapHUHT TaBCuuit
TEHIJIAMACUHY €3MHT BA YHUHT WJIAUSJIAPUHYU TOIIMHT:
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8.41.

8.42.

8.43.

8.44.

8.45.

8.46.

8.47.

8.48.

98

1) y” -3y’ + 2y = 0; 2)6y” + by’ +y = 0;
32y +y —y=0; 4)y” +y’ -5y =0;
5)y” — 4y = 0; 6)y” -3y’ =0.

Bepuiran (gyHKOmuAIap MOC TEHIVIAMAJAPHUHT YMYMUH €UMMI
Oy IUIIUHYU TeKIITUPUHT:

1) y = C, - cos2t + C, - sin2t, y”+ 4y = 0;

2)y=C, +Ce*+ Cpe®,y”-9y" =0.

HuddepeHnuay TeHIJIaMaJapHUHT YMYMUNA €UMMHU Ba Oepujras

mrapTIapHu KaHOATJIAHTUPYBYU XYCYCUHM €UMMJIAPUHY TOIMHTI:
1)y” -5y’ +6y=0, x=006yaranmay =1Bay’ = 0;

2)y” -9y =0, y(0) = 0 a y(0)' = 1;
3) y//_ 5y/=0’ x=06§7ﬂPaHﬂay=OBa y,=4;
4)v” -v=0, v(-1)=-1Bav(l)=1.

T'apMoHVK TeOpaHUITHMHT aMILIUTYJACUHM, JYacTOTa Ba OOILIaH-
Fud (pasacuHU TOIMHT:

1) y = cos2x — sin2x; 2)y = 3sing + cosg;
. . X x
3)y=cos\/§x+s1n\/§x; 4)y=—3s1n§ +4cos§.

Bepunran guddepernnuan TeHIVIaMaJapHUHT YMYyMHH eduMa-
PUHU TOIMHT:

Dy” -2y’ +y=0; 2)9y” - 12y’ + 4y = 0;
3)4y” + 4y’ +y=0; 4) y” + 8y’ + 16y = 0;
5)9y” — 6y’ +y=0; 6) y” + 10y’ + 25x = 0.

Ymymuii eunmu 6yiinya auddepeHNaIHUHT OUPUHYN TapTUOIN
TeHTJIaMacCuHU TY3UHT:
1)y =Ce* + Cpe ™ 2)y=Ce~+Cpe™

OuddepeHiuan TeHrIaMaJapHUHT YMyMU# edumiapy ouiaH Ge-
PUJIraH IIapTJIapHN KAHOATJIAHTUPYBUM XYCYCUH €UNMJIAPUHU
AHUKJIAHT:

1) y” — 4y’ + 4y = 0; x =0 6yaranga y = 1 Bay’ = 0;
2)4y” + 4y’ +y=0;  y(0) =4 Ba y(2) = 0;

3)y” -6y’ + 9y =0; y(0) = 1 Ba y’(0) = 0;

4 y” +2 +y=0;  y(0)=0sayl) =2

5)y” + 2ky’ + E?’y = 0; y(0) = 0 Ba y'(0) = 2.

Bomtnanruu (asanapy HOJIb Ba YacTOTaJapW y3apo TeHT OyJran
UKKNUTA TADMOHUK TeOPaHUITHUHT HUFUHANCUA XaM TapMOHUK Te-
OpaHuIll OYJIUINUHA KYPCATUHT.

Huddepernuans  TeHrJIaMaJapHUHT  YMYMHH  eUMMJIapUHU
aHWKJIAHT:
1) y” — 4y’ + by = 0; 2)y” -2y’ + by = 0;
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3)y” + 2y’ + 4y = 0; 4) 4y” + 4y’ + by = 0;
5 y” + 3y’ + 6y = 0; 6)y” —4y’ + 8y = 0.
B
8.49. x(t) pyurnua yuyn Kolu mMacajacuHU €UMHT:
1) x” + 9x = 0; t =0 6oyaragga x = 0 Ba x’ = 1;
2) x” + 4x = 0; x(£)=13ax£ = 0;
4 2
3)x” +12x = 0; x(0) = 0 Ba x(1) = 3.
C

8.50. y = Acos(wt + @) pyurnusa y” + w? y = 0 TeHrJaMaHUHT €UUMU
oynumuu Kypcatuur. By 2-mucosra Teckapu o6ymagumu? sKaso-
OMHTM3HU aCOCJIaHT.

8.51. Muddepernuan TeHrIaMaJapHUHT XYCYCUM €UUMJIADWUHU TO-
IIUHT":
Dy”+2y"+2y=0; y0)=0zsBay’(0)=2
2)y” — 38y’ +4y =0; y(0)=18ay’(0)=0
3)4y” -8y’ +5y=0; y(0)=23Bay'(0)=0

.
’
2

TaxpopJamra Joup MaUIKJIap

8.52*%, XwucobJanr:
1) Jsin“xdx; 2) J-cos3xdx; 3) '|-x2e—2xdx.

8.53. f(x) = 3x% + 2x + 1 pyHKIuAHUHT rpadUru OPAUHATAIAD YKUHU
y = 2 HyKTajga Kecub YTyBUM GONLIAHFUY (PYHKIUSACUHN TOIIMHT.

«TUDPDPEPEHIINAJ TEHT'TIAMAJIAP»
OYIMMUHUHT XYJI0CACH

Huppepenyuan menenamanap nedb Tapkmbuma SpKJIN y3rapyBuH,
HOMabJAYM (GYHKIUSA Ba YHUHI XOCUJacu OyJagurad TeHTrJiamaJiap-
ra abitunanu. HuddepeHnuas TeHIJIamMajap HOMaBIYM QYHKIUA
XOCHUJaaJiapy TAPTUOMHUHT 9HT KaTTacHu Iy TeHTJIaMaHUHT TapTuou ned
aramagu. [MuddepeHnuan TeHTIaMagaru HOMA'BIYM (QYHKIUA OUIaH
VHUHT XOCUJAJAPUHUHT YPHUTra KyWranga Oy TeHIJIaMaHU alHUATra
alinaHTUpPaAuralH QyHKIuAIAp Ou@depenyuanr menziamailapHure evu-
mu ned aranagu. QuddepeHnuan TeHMIaMaHUHT €UUMUHUHT rpaduru
Iy TEeHTJIaMaHUHT UHmMezpaa dzpu wuduzu ned arananu. Juddepenu-
aJI TeHIJIaMaJIapHUHT YMYMUH euuMJIapugaru ysrapmac karraauk C ra
MabJIyM OUD COH KMUMAaT OepUIll OPKAJIU OJUHAAUTAH eUUM IITy TeHTJIa-
MaHUHT Xycycuil ewumu nebd aTamamu.
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y = f(x) - g(y) xypunumpgaru nuddepeHInans TeHraIaMagap yara-
pyBUMJIapU aKpaTUJIaJUTaH OMPUHUYU TapTUOIU Jud@epenyuan meHe-
aamanap nebd aranamu.

y’ = f(x; y) TearnamaHuHr y(x ) = Y, TEHTIUKHE KAHOATJIAHTUPYBYM
eunMuHN TommMII Macanacu Kowu macanacu pne6 aranagm. y(x,) = y,
mrapt KoIrn macajlacMHUHT OOMIIAHFUY KUNMAaTHU 1e0 aTajagu.

T = k(T — Ty ) — HoIOTOHHUHT COBUIN KOHYHU.

pra-

ay” + by’ + cy = 0 xypunumgaru guddepeHIran TeHraamMmaniap nK-
KWHYY TapTUOIN YUSUKAU OUPHCUHCAU meHzaama Nebd atananu, OyHIA
a, b, ¢ — KoshuueHTIAD.

a)\? + bh + ¢ = 0 Terrnama ay” + by’ + cy = 0 UKKUHYHT TApTUOIU
oupskuHCcaU nuddepeHIIaN TeHTJIaMaJapHUHT MABCUDUIL MmeHziamMa-
aapu neb atamamgu.

aAr? + bA + ¢ = 0 — kBagparT TeHriama. KBagpaT TeHIJIaMaHUHT IHC-
KPUMWHAHTUTA OOFJIUK PAaBUIILAA YU XUJ €UUMU OyIamm:

1. Arap D = b? — 4ac > 0 6yica, TaBcuuii TEHIJIaMaHUHT Xap XUJI
MKKWUTA XaKUKUH WIAU3YE MaBXKyA: A, Ba A,. ¥ xonga ay” + by’ + cy =0
puddepeHIIa] TeHIVIAMAHUHT UKKHTA Xap XWJI XyCyCcUU euummJiapu
MaBRyA: y = €4* Ba y = €*. ByHJaH TeHIVIaMaHUHT yMyMUH e4uMu
KyAugarnya €3uJiagu:

y = C,en*+ C,e"

2. Arap D = b? — 4ac = 0 6yiuca, TaBCU(pUIl TEHITIAMAHUHT ¥3apO
TeHI MKKWTa XaKUKWi WIAU3Iapu MaBxKyA: A, = A, = A. By xomnza ay”
+ by’ + cy = 0 qudepeHITHAT TEHTIIAMAHUHT UKKUTA OUP XU XYCYCHUH
eunMJIapu y = e Ba y = xe** KYypuHUIIAA 0Yanb, YHUHT YMYyMUNA eduMu
KyAugarnya €3uiamgu:

y = C e+ C,xe.

3. Arap D = b?® — 4ac = 0 Oynca, TraBcuduii TeHIIaMa-
HUHT WJAU3JIapU ¥3apo KYIIMa KOMILIEKC COHJap: A, = m + in Ba
A, =m —in.

By xonpma ay” + by’ + cy = 0 nuddepennuan TeHrIaMaHUHT UKKHA-
Ta Xap XWJ XYCyCUIl eUyuMHU y = e™“cosnx Ba Yy = e"*sinnx KypuHHUIIA
0yamb, YHUHT YMYMUNA eUUMU KyAugarunya €3uaagm:

y = C.e™cosnx + C,e™sinnx.

y = Ccosnt + C,sinwt pynrnua ysrapmac C, 6unan C, HUHT HC-
rajarad Kuiimaraapuga y” + o? - y = 0 TeHrIaMaHUHT ednuMu OYIaau.

y = A - sin(wt + o) KOEyHuUAT OmiaaH Gepuyrad xapaxaT FapMOHUK
mebparnuw ned aranagu. ByHma A — TebpaHUII aMILIUTYyAacu, (O — Ua-
cToTa, O, — OomIaHFru4 (asa.
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TepMuH cysaap JyrFaTu

8-6YNUM

V36ex Tnanga

Kosoxk, Tunuga

Pyc tnimna

HHrans tuaumga

Bupunun (k-
KUHYU) TapTUOIN

Bipinmri (ekinmri)
perti nuddepen-

HuddepeHniuanb-
HOEe ypaBHEHUEe

First (second)
order differential

nuddeperIIIa UAJIBIK TeHIey | mepBoro (BTOpPO- equation
TeHTJIaMa T0) MopAIKa

Varapysuniapuau | ARHBIMAJIBLIAD- Pasnenenue Separation of
K PaTUIIL IBI 3KBIPATY IepeMeHHBIX variables
(6ymm) (6eay)

Tascuduit TeH- CumnarraMabIK, Xapakrepucruue- | Auxiliary equa-
ryiama TeHJey CKOe ypaBHEHUE tion

T'apmoHuK Tebpa- | [apMOHUKAJBIK, T'apmonmueckoe Harmonic motion
HUIIT Tepbestic KoJiebaHUe

Bupuucan BiprekTi QpyHK- OpHoponHasa Homogenous
GYHKIIUA nus byHKIUA function

HbBIOTOHHUHT CO-
BUIII KOHYHU

Hb10TOHHBIH,
CaJIKbIHIAY 3aHBbI

3aKOH OXJaKe-
uusa HeroToHa

Newton’s low of
cooling
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IX 6yaum. YPTA MAKTAB KYPCUHHU
TAKPOPJIAIITA JOUP MUCOJIJIAP

Cus ypra MakTaOHUHT ajaredpa Ba MaTeMaTHUK aHAJAU3 TACTyPUHU
TYIUK TaMOMJIAAUHTY3. BUIMMUHIU3HA MyCTaXKaMJall MaKcaguma
TaKpopJIaIra JOUP MUCOJIAD TaKJIu( KUJIUHAIA.

9.1. Apudmernra. XaKuKHii cOHIAP

9.1.1. Harypan Ba GyTyH COHJIIAp

9.1. 5431a coum 1) 2 ra; 2) 3 ra; 3) 4 ra; 4) 5 ra; 5) 6 ra; 6) 9 ra;
7) 10 ra; 8) 11ra xKappaau OYIUINU YUYH ¢ HUHT YPHUTA KaHmal
pakam €3uIl Kepax?

9.2. ByryH comnuHr 1) 18 ra; 2) 25 ra 0yauHUII ajoMaTJIapuHU aii-
TUHT.

9.3. Arap a > c 6ynca, abc—cba comn 9 ra 6yaIMHUIIIHEN UCOOTIAHT.

9.4. Xap xkaugaii marypaJ n yuyH 1) n*— n? couu 12 ra; 2) n®— n? coun
504 ra; 3) 5"— 5 coum 20 ra; 4) 7" — 7 conu 42 ra OYIMHUIITUHNA
nCcOOTJIAHT.

9.5. Kerma-Ker Kofualrasd TYypTTa HaTypaJ COHHUHT KymaiTmacu 24
ra OYJIUHUNINHU UCOOTJIAHT.

9.6. Harypan coHHuUHT KyOu OwJaH Iy COHHHUHTI alimpmacu 6 ra
OYJIMHUIINHN NCOOTJIAHT.

9.7. Tok coHHuMHr KBagpaTu 1 ra KamMaTupuaramga 8 ra KappaJju
COH YMKUIIINHN MCOOTJIAHT.

9.8. Arap 3 maH xarra yuTa Ty0 COH apuPMeTUK TPOTPECCUAHUHHT
KeTMa-KeT Xajjapu 0yjca, 0y IPOrpecCUsiHUHI aiimpmacu 6 ra
KappaJu OVJIUIINHN NCOOTJIAHT.

99. 1)a:b=4:78Ba(a,d)=38;
2) [a, b] = 124 Ba (a, b) = 31;
3) ab = 375 Ba [a, b] = 75 neb onub, a Ba b COHIapPHU TOIMHT.
(a, b) — a Ba b COHJIAPHUHT SHT KaTTa YMYMUH OFIyBUKUCHU.

[a, b] — a Ba b cCOHIAPHUHT SHT KUYUK YMYMUI Kappaucu.
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9.1.2. Panuonan Ba uppanuoHai conaap. KBagpar nagusmaap

9.11. Xucobsanr:

159128 (L 1) 2y (2125115 1.7 ). 7,25,
7 "7 (10 15 17 712
12,8:0,64+3,05: 0,05 203,4:9 - (5,39 - 7,39)

3) o 4 ; 4)
82:1°-1 8. 7.1
3779 14 9 3

9.12. XwucobgaHr:
1) [1%-0,27—3%-0,15)—1500-(—0,1)3;

%) (64 %—%]: [_%)3 (s
3

3) (0,3) +(?T +(-0,5) §+ (-1)"-6;

—2 -1 0
0 (2) (L) 428 ) L o 95216
3] |9 46 8

9.13. Xucobaaur:

1) (\/5—1)2+1; 2) (\/3_3)2_3;
3)J J 5- 3) 4) (V5 -3)- 14 +615;
5) (\6—2)~ 9+4.5; 6) (v3+2) V5 - 2/6;

1 1 1 1
7 + + +...+ .
) o1 ez Bavd T e+ di00

9.14. ConnapHU TaKKOCJAHT:

1) /0,63 Ba /0,83 ; 2) /0,63 Ba /0,63 ;
3) V1,63 Ba 3/1,63; 4) /2 Ba 3.

9.15. 1) J2; 2) J3 ; 3) J5 COHJADHUHT WppPALMOHAN GYIUIIKHN
K{pcaTuHr.

2
9.16. 1) y = \/;; y= \/F; Y= (\/;) GYHKIUATAPHUHT rpadUKIaAPUHNA
sICaHT.
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9.2. Aareopauk ucgogasapan alHaH MIAKJI aJIMaIITHPUIIT
9.2.1. Kucka kynaitupuim opmyaagapu

9.17. Ky#iugaru dopmyiajapHu UCOOTIAHT:
1) a’?— b%>=(a — b) (a + b);
2) (a + b)? = a*+ 2ab + b%
3) (a — b)?> = a%— 2ab + b%
4) a®+ b®= (a + b) (a®>— ab + b?);
5) (a — b)® = a®— 3a?b + 3ab®— b3
6) a®— b3= (a — b) (a®>+ ab + b?);
7) (a + b)®= a®+ 3a’b + 3ab>+ b3;
8)(a+b+c)=a?+ b2+ 2+ 2ab + 2ac + 2bc;
Nar—b'=(a—-0b) (@ '+ a2+ ...+ ab" 2+ bl
10)a"-1=(@-1)(a"'+ a2+ ...+a+ 1)

11)a>+1=(@a+ 1) (a*—a* 1+ ... —a+ 1);

12) a?*"1 + b1 = (a + b) (a®>" — a®>" b+ ... — ab®>" ! +b?),
9.18. Upomaum KymaiTyBuMIapra aXKpaTuur:

1) 9(x + 5)* — (x — )% 2) 49(y - 4’ - 9y + 2)%

3) x® + y? + 2xy(x + y); 4) 5a% - 5 — 4(a — 1)%

5) 2(x + y)* + x* — y% 6) a®+ ab®— a®b — b

Nx-—y+4P-x*+2xy—y*% 8)(a— b+ (a + b
9) (x + 2y)® + (2x — y)°.

9.19. Udomaru KynanTyBUnIapra a’KpaTUHT:
1) 5xy3 + 30x2%22 — 6x3yz — 25y%z;
2) 15m3n?p — 35p%nq® + 25mn3q? — 21m?2piq;
3) 32¢° — 35; 4) (4a)® + (2b)% 5) (2x)¢ + (3y)°.

9.20. Npomanu MKKUXAL KYPUHUIINALA €3MHT:
1) (2x + 1) (16x* — 8x3 + 4x2— 2x + 1);

2) 2 e—3ab |- [ 22 + L x2ab + 6xa% + 27a%° .
3 27 3

9.21. 1) 143 — 81' comm 62 ra; 2) 123! + 283 couu 80 ra Kappaau
OYAUIINHN KYPCATUHT.

2.2. Aareopauk udogajapHu MAKJI aJMAIITUPUII

9.22—-9.28-mucosnapaa 6epusiran udomagapHU CONTATAITUPUHT:

920 [¥ -y 1 (x ¥\ x-y,
xy x+yly «x x



9.23.

9.24.

9.25.

9.26.

9.27.

9.28.

9.29.

9.30.

9.31.

TAKPOPMALL
1 1 a(b-a)

I Y P L |

(as b3)(a2—ab+b2 j

a’ +b° 2a® + 2ab 1 1
—_2 : ﬁ_l . + .
ab a” +2ab+b a+b a-b>b
a’® —38ab +ac + 2b* — 2bc |
a® —b*> —c? +2bc

xt+x?+1
xP—x+1

(xz—y2—22—2y2)(x+y—z) .
(x+y+z)(x2—y2+22—2x2)

ava +9a +27Ja + 27
a+6Ja+9

9.3. Conmap KeTMa-KeTJHNTH Ba Iporpeccusaiap.
Kom0unaropuka

9.3.1. Connap KeTMa-KeTJIUTH.
ApudmMeTUK Ba reOMEeTPHUK IIPOrpeccusaaap

KerMa-KeTIUKHUHT JacTaOKy OeliTa XaSuHM TOIIMHI:

1) x =2n+ 3; 2) x = (-1)'2;
3) xn=3n_1; 4) xnzﬂ.
2n+3 n—(-1)"

KerMa-KeTIUKHUHT yMyMUuil xagu (OPMYJIACUHU E3UHT:

1, L, L L 2) 3, 6, 12, 24, 48, ...;
4 9 16

91, 2, 4,8 ., g2, 4 8 16
101 201 301 3 9 21 81

Arap a,, a,, ...a, .... KeTMa-KeTJIUK aiiupmacu d Tra TeHT Oyiaran

nporpeccusa 6yaca, y xonga a = a, + (n — 1)d, 2a¢, =a, _, + a_,,,
2a, +(n-1)d

= #n (bopmynanapau wucborianr. Bynma S —

apuMeTHK TPOTPECCUAHUHT NAaCTIA0KM 1 XaJUHUHT UUFUHINCH.
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9.32.

9.33.

9.34.

9.35.

9.36.

9.37.

9.38.

9.39.

9.40.

9.41.
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b, b, ... b, ... KETMA-KETINK MaxPaku ¢ Ta TEHT OYJran reome-
n
b(1-q")

1-¢q
dopmynamapuu mcboriaaHr. ByHma Sn— reOMeTPUK IIPOTrpeccusd-
HUHT JACTJIAOK! n Ta XaIUHUHT AUFUHINICH.

TpUK mporpeccus 6yica, b, = b,q"", b =b,,b,, » S, =

b, b, ..b, ..deKcu3 KaMalOBYM TEOMETPUK IIPOTPECCHUA
. b,

(maxpaxu |q/<1) 6yuca, b +b, +...+b, +...= T-q dopmyiaHu

ucOOTIaHT.

Apupmerux mporpeccuaHMHr pgactiaabkm 10 Ta XaguHUHT
WUFUHANCUHYU TOIWHT:

Da,=7a,=11; 2) a, = 5; a, = 18; 3)a,+a,=11.
a, a, ...a, — apu(MeTMK  NPOTPECCUSHUHI  KeTMa-
KeT xamuapu, a, = a, a, = b (a> 0, b > 0 a # b) 6yica,

1 1

1 .
\/a_’_\/g+\/Z_'_\/Z+...+\/a+\/a UUFuHAUHN a, b Ba n

opkaau udomgagaHr.

=7; 11; 29; ... Ba —3; 11; 25; ... apu(MeTUK IIPOTPECCUATAPHUHT
yMyMuii xanu opMmyJiaJapuHA €3WHT.

PEOMeTpHK IIPOTrPECCUAHUHT IZ[aCT.TIa6I{I/I Xaau ouIaH MaxXpaKnHN1
TOIIMHTI':

1)b,=T; b, =-1; 2)b,=2;b,=8;
3) b, = ~131; b, = 243; 4) b, +b, =T, b, +b, = 49.

5 Ba 25 coHslapu opacura mry coujaap OmaaH reOMeTPUK IIPOTPECCUs
TAIIKWJ dTAAUTAaH KUJI1U0, eTTUTa XAl KOMJIAIITHPUHT.

a HUHT KaHgai xuiimataapuga x2— b5x + 4 =08a 2x —a =0
TeHIJIAMAJAPHUHT WIAU3JIaph TeOMEeTPUK MPOTPECCUAHUHT IacT-
Ja0KM yuTa XaIuHU aHUKJanmgm?

Arap b, b,, ... b, ... UeKCU3 KaMalOBUM I'€OMETPHUK IIPOTDECCUA
6yica,

. 2 2 2 . 3 3 3
Db, +b,+b,+...; 2)b>+b>+b2+ .5 3)b°+b>+ b7+ ...
KaTOpJapHUHT UUFUHAUIAPUHY b, Ba ¢ OpKasu udomaianr.
Yexcus KaMamoBUYl IeOMETPUK MNPOTPECCUSHUHT OUPUHUMN XaIu

0,3 ra, timruaaucu 0,9 ra Teur. IIporpecCUTHUHT MaXparKUHU
TOIIMHT.



9.42.

9.43.

9.44.

9.45.

9.46.

9.47.

9.48.

9.49.
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KaTopHUHT AMFUHIUCUHYU TOIUHT:
it b, D3I D S S
3 9 27 5 25 125

HaBpuit kacpHU ofAuii Kacpra aliJlaHTUPUHT:
1) 1,21(32); 2) 0,27(345); 3) 3,(31); 4) 2,1(4).

Bupununcu 1 ra TeHr 6yJrad reoMeTPUK IIPOTPECCUAHNHT KeTMa-
KeT yura xamnu Oyiaamu. Arap Oy yura COHIAH OMPUHN MKKUJIAH-
Tupub Gepuyrad TapTuO OMJIAH OJICAK, YV XOJAa apu(p)MeTHUK IIpPO-
rpeccus XOCHUJ Oyaanu. Y0y COHJIapHU TOIIMHT.

Apudmernr nporpeccuaHuHr 8-xanu 60 ra Tenr. Arap a, a, Ba
a,, Xajjapyu reOMeTPUK IIPOrPECCUsA TAIIKUJ dTafura 0yica, mry
TPOTPECCUAHUHT MaxPaKUHU TOIIUHT.

9.3.2. Kombunaropuxa

n(A) opkanu A TymiaaM sJeMeHTJapUHUHT COHUHU Oeruaaian.
AJIeMeHTJIapUHUHT COHM caHoOKJau Oyiaram mcraaran A, B Ba C
TYIIamMiap y4yH:

1) n(A U B) = n(A) + n(B) — n(A n B);
2Y)nAuBuUC)=nl)+nB)+nC)—n(AnB)—-n(AnC) -
—nBNC)+nAn BN C) TeHITUKHUHT 0aKapUIUIIIUHU KC-
OoTJaHT.

1) Bapua n maH k Oyiinua OJWHTaH TAaKPOPJAHYBUM YPUHJIAIII-

tupuniiap corun A. =n" gopmyna 6uian;
2) Gapua n gmaH k Oyiimua oJMHTaH TaKpopJaHMaiAuraH YpuH-
n!

JamTupuniap coun A; =n(n-1)...(n —k+1) éxu A’ = m
n—k)!

dopmyaa 6ugaH;

3) n siemeHTIapAaH 6apya anrMamTupuILiap couu P = n! dop-
MyJa Ouiam;

4) Gapua n pmaH k Oyiinua OJIMHTAH YPUHJIAIITUPUIILIADP COHU

n!
——k)' (popmyaa

(Ypurnamrupum Kospdunuentiaapu) C, = X (
I(n

OnJIaH aHUKJIAHUIINHN KUCOOTIAHT.

Hroioron 6unomu, abuu (a+b)" =Cla" +Cia"'b+C2a"°b” +...+

+Clab™! + C'b" dopmyna GaxKapUIMIIMHU UCGOTIAHT.

Xam 2 ra, xam 7 ra 6y IuHagUraH HEUTA UKKW XOHAJIU COH MaBXKya?
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9.50.

9.51.

9.52.

9.563.

9.54.

9.55.
9.56.

9.57.

9.58.

9.59.

9.60.

9.61.

108

Wrkkura yKyBumra 8 Ta JacJauKHU Heda ycysa OuiaH 1) TeHr
Takcumab; 2) Takcumaad Oepuir MyMKWH?

1, 2, 3, 4, 5 pakamaapmaH ¢oiigananub, Heura 1) y4 XOHAIHU;
2) pakamJapu TaKpOpJaHMaWAWTaH yd4 XOHAJW COHJAP TY3WUIII
MYMKUH?

n

Arap | X +— | OMHOMHUHT €MHJIMAcCUAArW OUPUHUYM Ba YUUHUU
x

KYIIMIyBuUMIap KoapunueHTIapUHUHT HuFuHAUCH 46 ra TeHr
0yyca, Oy EMMIMAHUHT X UM UK XaAWHU TOIUWHT.

1)@+ x+ %23 2) (1 + x% — x®)* kyuxagnaru x° HUHT Kodpdu-
IUEeHTUHU TOIWHT.

9.4. Anre6pauk TeHrJIamMaJjap
9.4.1. KBaapar Tenriaama. Buer Teopemacu

Arap k?— ac > 0 6yiuca, ax?+ 2kx + ¢ = 0 TeHIrNIaMaHUHT UJIAN3-

_—kEtNE -ac

=———7 7 ¢opmynasap OuiaH aHUKJIAHUIIUHUI
a

Japu xl/z

ncOOTJIAHT.

Buer TeopemacuHu mcOOTJIAHT.

Teursmamanyu eunmb, KBaApaT yUYXaAHU KYIalTyBUMJIapra akpa-
TUHT:

1) 2x2+ 5x — 7= 0; 2) 4x*— x — 14 = 0;

3) 3x2—8x + 5 = 0; 4) Tx2+x-8=0.
b Y -btb®-4dac )

a x+2— T — =ax’ +bx + ¢ TEeHIJIUKHU UCOOTJIAHT.
a a

a+b+c=0 6yuca, ax? + bx + ¢ = 0 TeHINIaMAHUHT WILU3JIAPA
c _. o
x, =1, x, = . OYIUINVHU KYPCATHUHT.
Arap a—b+c=0 6yca, ax? + bx + ¢ = 0 TeHIJIaMaHUHT WILU3IaPU
c
x, =-1, X, =—— GYIMIIUHEN KypCATHHT.
a

a HUHT KaHpay kuiimariaapuzaa (x2—a) (x%2+ 3ax + a) = 0 renria-
MaHUHT Xap XWJ UKKUTA WIAU3U MaBKynd Oyaagm?

a HUHT Kaagai kuimariaapuzga (x2—3x — 4) (x?—a) = 0 renraama-
HUHT POIIAa-poca yuTa WIANU3U MaBKynI Oymamm?



9.62.

9.63.

9.64.

9.65.

9.66.

9.67.

9.68.

9.69.

9.70.
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3x2— x — 1 = 0 TeHrIaMaHUHT WILU3JIAPUHN TOIMACLAH,
1) x12+ xz;2 2) xlgcz; ,
3) x?+ x,% 4) x*+ 2xx,+ x,%

3 2 2 3 4 4 ! 4 Xa
5) x°+ 3x*x,+ 3x,x,> + x,%  6) x*x,+ x,x,% 7)

x2 xl
ndogaNapHUHT KUHMAaTIapUHU TOINHT.

Wnpusnapu 6yiinua KBagpaT TeHIJIaMa TY3WHT:
1) x,=-3, x,= 5; 2) x,=x,=7T;

3)x,=8a+1,x,=5a—2  4) x,=6-5,x,=6+5;

5) x1=\/7—\/€,x2=\/7+\/6.

TeHrsIamManap CUCTEMAaCUHU €UUHT:
+ = 7, X+ 2 = 7,
1) x+y 2) y
xy = 6; xy =3;
x-3y="1, x+y+xy=11,
xy =-2; xy(x +y) =30.

9.4.2. Kynxagnap Ba yJapHUHT WITU3JIapPH

Kynxagam Kynxaara KOJTUKJIW OVJIMHT:
1) x*+ x>+ 1-1i  x+5-Ke; 2) x" — 1-mi x4+ x + 1l-re;
3) x% — 64-ri x—3-Ke.

a HUHT KaHgall KuiMaTtJaapuga KOJAWK HOJITa TeHT OyJiamum:
(x3 4+ 6x2 + ax + 12) : (x + 4)?

f(x) xyuxagau x—a Kyuxaara Oyaranma f(a) ra TeHT KOJIUK,
KonumuHYu ucbornanr (Besy Teopemacn).

o corm — f(x)=x"+ ax"'+ ... + a_,x + a KyuxagaUHT OyTYH
UJIIU3IAPU. 4, COHUHM O Ta KOJIUKCU3 OYTMHUITIHY KYpPCATHHT.
Bynpna a, a,, ..., a, — OyTyH coHIap.

KynxagauHar OyTyH MJIAMSJIapUHU TOOUO, YIAPHU KYIauTyBUM-
Japra asKpaTuHT:

1) x3-Tx — 6; 2) x3+9x% + 11x — 21;

3) x®—5x*+ 3x + 1; 4) x>+ 9x% + 23x + 15;

5) x*+3x® — 12x% — 38x — 24; 6) x*—6x% — 14x2— 11x — 4.

Xap Oup HaTypas n coHu yuyH n®— 5nd+ 4n udomaHuHr KuiiMaTn
120 ra KoaguKCcu3 OYIMHUIIIMHNA NCOOTJIAHT.
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Tenrmamanu euwmsr (9.71-9.72):

9.71. 1) x*-5x2+ 4 = 0; 2) Txt—x?—-6=0;
3) 3x*—5x2+ 2 =0; 4) (bx®+x + 12— (bx?+x+1)—- 2 =0;
5) (Bx2—x —1)2- 18x2+6x—-1=0.

1Y 1 ) 5 1
9.72. 1) |x+— | -5|x+= |[+6=0; 2) x" +5x+8+—+—5=0;
x x x x
3) x*—5x%+ 8x2-5x +1 = 0;
4) 10x*— 29x%+ 30x%2— 29x + 10 = 0.
9.4.3. PauoHaJ TeHrJIamMaJjiap
9.73—9.82-Mmuconnapaa 6epuiraH TeHTJIaMaJapHU €UUHT.
2
9.73. 1) X*1 _o, 9) 9¥°-1_,. g O¥FT
5x—-6 3x+1 49 - 25x
2 _ 2 _ _ _ _
9.74. 1) 2oc 3x :532c x 42; 2) x2+3x 1=16—1 3x‘
x"+7x-30 x"+7x-30 x+4 4+ x
3 2 12 x 2
. . 1 + = N 2 =+ = .
9.75. 1) 3x+2 bx+6 Tx+8 ) x*-9 x+3 x-3
2_ _ 2 _ _
9.76. 1) 2x 5x+4+ 125x 10 ~6; 2) x° +5x 1+ 22x 1 _5.9.
3x -2 2x" —bx+4 2x -1 x“+bx -1

9.4.4. NppanumoHaa TeHTJIaMaJaap

9.77. ) Vax+2+/4x -2 =4; 2) Jx+Jx+9=2.

9.78. 1) V2x+3 +VJx+1=3x+2V2x*> +5x+3 -16;
2) Vx+4 +Jx—4=2x+2Jx* 16 .

9.79. 1) V2x? +5x+2+/2x2 +5x -9 =1;

2) \/x+\/6x—9 —\/x—\/m =6 ;

3) x+17—x* +x17- 2% =9.
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9.80. 1) 4629 —x + Y77+ x = 8;

2) x-¥35-x° -(x+%/35—x3)=30.
9.81. 1) ¥54 + Jx + 54 —Jx = ¥18;
2) 49 Vx+1+y7+Jx+1=4.

9.82. 1) Y +/x =2-¥1-Vx;
2) 3+ x) —(\3/1+x—1)-31+\3/1+x =1.

%9.4.5. Moayas Gearucu 0yJraH mapaMeTp,u TeHrJIaMajap
9.83—9.86-Mmucotapaa Oepuiarad TeHrJIaMaJapHU €UMHT.

9.83. 1) x—2|+|x+4|=8; 2) |x—5|-|x-2[=-3.
9.84. 1) [x -3 +[x+2)-|x—4]=3; 2) [x" -3x-2/=2.
9.85. 1) x|x|—|x? +3x+8+8=0; 2) (x-2)|x+3[=5[x’ —x+2[-20.

9.86. 1) |2x—8|-x|=7—x; 2) ||2x—1|-5[+x=|6—x].

9.87. a mapaMeTpHMHT Xap OMp KUMMaTHUTra MOC PABUIINLA TeHIJIAMaHU

eUuHI:
1) a(a — 1)x = a; 2) x*+ ax + 36 = 0;
3)x—(2a+ x+a*+a=0; 4) X=%_p;
x—3
2 _ 2 2 3
5) 2 —o; 6) X 9 _
x—-3 x+4

9.88. a mapameTpHHUHT Xap Oup KUIMaTUra MOC PABUIIA TEHTJIAMaHU
€UUHT:

1) [x+3|- a(x — 1) = 4; 2) 8|lx—2|- al2x+3| = 10,5.

9.89. x — a = 2|2|x| — a? TeHrnamMaHWHr Xap XWJ y4YTa MAAM3U MAaB-
Ky OyiaamuraH Kuamb, a mapaMeTPHHUHT 6apua KuiMaTIapuHU
TOTIMHT.

9.90. x|x + 2a| + 1 = a TeHrJIaMaHWHT Xap XWJ y4YTa WIAU3U MABAKY]
Oysmamuran Kuamb, a IapaMeTPHUHT Oapua KUAMaTJIapUHU TO-
IIUHT.
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9.4.6. Tenraamanap cucreMacu

9.91-9.93-Mmucosnapaa 6epusraH TeHTJIaMalap CUCTEeMACUHY €YMHT.

3x +5y =11, 20x — 15y = 51, 3x + 5y = 20,
9.91. 1)
2x -3y =1T; 4x -3y =10,2; 6x+10y =1.
+2y =3, 3x +4y =12,
9.92. 1) , Y=° e
x® —3xy+5y° =3; x“ +y° =5,76;
5x —12y = 60, x =3y,
3) 2 2 _ 4. 4) 2 2 _
x“+y =4 x* +bxy+T7y” =31.
2x -3y =0, 2 _ 2 _ 0,
9.93. 1)) , Y~ g) ¥~y =0
x° +3xy + by* =4T; x° +3xy +by° =5.

9.94. ¢ HuUHT KaHIall KuiiMaTaapuma:
y® +2y(2 +x) + (x* + 2x)(4 - x°) = 0,
y—ax—-3a=0
CHCTeMaHUHT KaMUAa Xap XU yuTa WIAU3U MaBKynx Oyaamu?

Tenrsmamainap cucremacuuu eduuHr (9.95—9.97):

16
|x—1|+|y—5|:1, f_gz_’

9.95. 1) —5+|x 1|. 2) 1y x 15
v= ’ x* —y* = 16.
xy+x+y="=1, xy+xz=28,

996. 1)< yz+y+z=-3, 2) Jyz+xy =9,
xz+x+z=-b xz+yz=-"1.
Y8x+y +y—-x =T, x+y+x’-y* =12,

9.97. 1) 2)
2y — x +4x +15 = 10; Y —y® =12.

9.5. Aare6paMK TEHTCHU3JINKJIAP
*9.5.1. TeHrcu3IMKJIAPHHA HCOOTIIAII
Teurcusnukaapuau ucboraaur (9.98—9.99):
9.98. 1) (6u — 1)(u + 2) < (Bu + 4)(2u + 1);
2) (8v - 1)(2v + 1) > (2v — 1)(2 + 3v);



9.99.

9.100.

9.101.

9.102.

9.103.

9.104.

9.105.

TAKPOPNALL

3)“5”%/% ; 4) a+L2.450.
a

a+b+c

11
1) >¥abe ;5 2) (x+y)(;+;j>4,(x>0,y>0);

3) a +b+ c=Jab +Jac +Jbe,(a>0,b>0,¢>0) ;
4L -a)l-bl-c)>8abc,(@>0,b>0,c>0,a+b+c=1).

VubypuakHUHI Xap OUP TOMOHU YHUHI SPUMIIEPUMETPUILAH
KaM OYIuIIuHYT MCOOTJIaHT.

CounapHu TaKKOCJIAHT:

1)§Ba:;; 2) V23 — V11 ga V22 - V10,

3)%1351112; 4)\/%4—\/%3&1\/@4-\/5.
111

Moropau KalimKHUHT TypryH cyBaa 20 KM, gapé oKkuMu Oyiinya
10 kM Ba mapé oxkumura Kapmu 10 KM fopras uyaura capdJaii-
IUTaH BaKTJIApUHU TaKKOCJIAHT.

9.5.2. PanuoHaJ TEeHIrCU3JIUKJIAPHU €UHIII.
HuTepBanmap ycyau

TeHrcusJINKJIAPHU €UNHT:

1) 17 — x> 10 — 6x; 2) 30 + 5x < 18 — 17x;
3)6x—34>x+1; 4)3u—1<6u - 1;

5) 5x? — bx(x + 4) > 100; 6) p(p — 1) — p?> 12 - 6p.

TeHI‘CI/ISJII/IRJIap CHUCTEeMaCHuHHU €UYMHTI':

1 -3<2x-3<-1, 9 0<1-3x<1,
1-4x<0; 3—4x < 2
2x — 3<0, 3x — 2<bx — 8,
3 _ _
) | 2x 524; 4) \ 2x 1 4
x—2 2—x

TeHrcusJINKJIAPHY MHTEPBAJIAD YCYJIU OWJIaH €UMHT:
1) (2x + 7)(3x — 4)(x + 5) > 0;
2) (x — 6)(0,5x + 4)(5x + 10) < 0.
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Tenrcusnuraapuau ednHr (9.106—9.109):

2_
9.106. 1) X ~2*¥3_ 3. 92 1 .3,
x°—4x+3 x—-1 x+1
3) 1 + 2 S 3 : 1) x—2/2x—3'
x+1 x+3 x+2 x+2 4x-1
9.107. 1) x*—3x —4 > 0; 2) x2 — 5x — 60 < 0; 3) x? > 16.
9.108. 1) *t4. 2 | 9 1 < 1
x-2 x+1 x“+x 2x°+2x+3
2 2 2 2 2 60
9.109. 1) (x" —x)" =8(x" —x)+1220 ; 2) x" +(x+2) < 5———.
x°+2x+3

9.5.3. HppanmuoHaJ TEHICU3JIUKJIAP

9.110-9.116-Mmuconnapga 6epuiaral TeHTCU3IUKJIADHU €UMHT.

9.110. 1) Vx’ —3x+2>2-x; 2) V25— x% +x® +Tx > 3;
3) Va* —8x-10 <x -5, 4) Vi+x+41-x >1.

9.111. 1) (x+1)V9-x<0; 2) (x —1)+Vx? — x — 2>0;
3) xV10-x* >x* -6 4) Vx—2Jx-1<1,

9.112. 1) Vx +Vx —Jx—x >1,5/ *
x ++Jx

1220, (wog) [ X2 82
x—2 12-x 3

2) 12 - x)

9.5.4. Moayx Gearucu OYJaraH mapaMeTpN TEHTCU3IUKIAP

9.113. 1) |x — 1| + |x — 4] > 5 2) x— 2 +|x + 5 < 7.
2_3 2_

9.114. 1) |=——2|<1; 9y |X =8x*2l,
+3 x°+3x+2
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9.115. 1) [2x + 3| < 4x; 2) x2—|5x + 6| > 0.
9.116. 1) |x2— 7x + 5/ < 5; 2)|x? - 8x < x; 3) |x? — 3x| > x.

9.117. a HuHr KaHgail Kuiimatiaapuzna x> — 3ax + 1 > 0 TeHrcusiInK uc-
TajJraH X yuyH Oakapuaanu?

9.118. ¢ uuHr Kaugai Kuiimataapuzga x = 1 counu ax? + (3a?+ 1)x —3>0
TEeHICU3JIUKHUHT eYnMu Oyaamm?

9.119. g HuHr Kaggai Kuimaraapuga x2— 3x — 4 < 0 TeHrCU3JIMKHAHT
xap 6up eunmu x?— a? < 0 TEHICUBINKHUHT eunMU Oyaamu?

9.120. a HuHr Kangai kuimataapuga x> — 5x + 40 < 0 TeHrcU3INKHUHT
xap 6up eunmu x? — a?> 0 TeHICU3JIUKHUHT eduMU Oyaamm?

9.6. Tpuronomerpus
9.6.1. Acocuii popmynamap

Acocuil mpuzornomempuk aliHuamnap

sin?o + cos?a = 1;

sino T

tgo = ,00#—+Tn,ne€ Z;
cos O 2
cos .

ctgo = — ,OL# T+ Tn,ne Z;
sin o

tgoc~ctg0c=1,0c¢%,ne Z;

1+tg’o =

—; l+ctg’a=——.
cos™ o sin® a

Kjwuw ¢popmynanapu
sin(a=*p)=sinocosP *+ cosasinf;

cos(a*p)=cosacosp + sinasinf;

tgott
tg(+p) = —2 B e

17 tgo - tgP
ctg(aiﬁ)zctga-ctgﬁil

ctgo +ctgB
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Huzundunu kjnaimmaza waxn armauwmupaduzan Gopmyraiap:

. . . o+ o —
sino +sinf = 2sin B~cos 2[3;

o-p OtB.
; ;

sino —sinf} = 2sin

- oS
2

o+ o —
coso +cosP = 2cos ZB-cos ZB;

.o+ . o—
cosa —cosf =-2sin I3-smTB;

sin(o )

sin( + o)
cos o -cospP’

tga £ tgP = .
& gp sina -sinf

ctgo +ctgp =

Ejnaimmanu tuzunduza waxn anmawmupaduzan gopmyranap

coso.-cosf = %[cos((x +B) +cos(o.— B)];
sino-sinf = %[cos((x —B) —cos(a +B)];

sino. - cosP = %[sin((x +B) + sin(o - B)].

Hxkxunanzan apzymenm gopmynanapu
sin2o = 2sina * coso;
cos20, = cos?a — sinoy;

tg20c:2t—g02t-
1-tg a
Apumapzymenm gopmynanapu
. o0 l1l-—cosa s, 00 l+cosa
sin® —=———; CO0S" — = ———
2 2 2 2
tgg: s o :1_'cosa,(x¢7t+2nn,neZ;
2 1+cosa sino
2tg & 1-tg2 ¢ 2tg ¢
sin(x=—a; cosa=—a; tgoc=—2a.
1+tg” = 1+tg® — 1-tg” —
& 2 & 2 & 2
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Yunanzan apzymenm gopmynanapu
sin3o. = 3sino — 4sindo;

cos30. = 4cos?or — 3cosa;

Kenmupuw ¢popmynanapununz scadeanu

T o Tio 3n_ o 3n + 0o 2
o 9 ) 2 ) T O, T+ o, 9 ) 9 ) T — O,
90° - o [90°+ o | 180°— o [ 180°+ o | 270°— o | 270° + a | 360° — o
sina coso coso sina — sina — coso — cosa — sina
coso sina — sina — cosa — cosa — sina sina coso
tga ctga — ctga - tga tga ctga — ctga — tga
ctga tga - tga — ctga ctga tga — tga — ctga
9.6.2. TpuronomeTpur u(pogaJIapHU MIAKJI AJIMAIITHPUII
3 3n 12
9.121. 1) sinok=——, w<O<—; 2) coso=——, —<O<T;
) 5 2 ) 13 2
o 3n
3) tgoc:2\/§, 0<oc<§; 4) ctgoc:—zx/g, ?<0c<2n
n1e6 01116, 0L OYPUAKHUHT KOJITAH TPUTOHOMETPUK (PYHKIIUAIAPHN
TOIIMHT.
4
9.122. g HuUHT KaHJall KuiiMaTjapuma E COHU
3sinbx + 2sinbx + 5cosd4x — 3sindx + 2cos2x — sin’x = a
TeHTJIAMAHUHT WJIAU3U Oyaamm?
T
9.123. Arap 0 <o < 5 6¥yJyca, y XoJama OMpINK afimaHamza
b4 b4
l)x,n—x,n-l-x,E—x,E—i-x; 2) x + 2km, k € Z;
3) = x + 2km, k € Z; 4) x + kn, k€ Z;
5) (1) + krn, k € Z OGypuakjapra MoC KeJIyBUd HYKTAJIAPHU
TOIIMHT.
9.124. Wdopmanu commaaaliTUPUHT:

1) 1+sin(n—(p)cos[3—2n—(pj; 2) 1—tg[3§—¢j0tg(g—@j;
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9.125.

126.

3) 1 + tgPtg2p; 4) ctga — ctg2a.

AliHuSaTHU nCcOOTJIAHT:

1) (1 + ctg?o)(1 — sin’a) = ctg?oy

2) (1 + tg’P)(1 — cos’P) = tg?PB;
sin x + cos xtgx

3) - =2tgx;
cosx + sin xctgx

1 1
4) = 5— =C0s2y .
1+tgy 1+ctg’y

Udonaruur kuiiMaTty y ra O0FINK, OFIMacIUTHU KYPCATHHT:
1) cos(88" + y)cos (52" — y) — sin (38" + y)sin (52° — y);

2) sin l—y cos £+y + cos l—y sin l+y .
10 15 10 15

9.127-9.129-mucosnapga 6epuiarad ndogalapHA COALATAIITUPUHT.

9.127.

9.128.

9.129.

9.130.

9.131.

118

1 sinx +sin3x 2) sinx —3sin2x +sin 3x
cosx +cos3x’ cosx —3cos2x + cos3x

\/1+sin0c \/l—sinoc n
1) —<o<T;
1-sino l1+sino 2

1+cosoc 1-cosa T
2) ,0<a<=.
1- cosoc 1+ coso 2

1) sin® o — cos® o cos ol

sino —cosa N1+ ctg’ol

- 2tgactgo s

tga  tg(o+P) tgatg(a + B)

3) cos” o+ cos’ (g+ocj+ cos” (g—aj.

cos o = —%, T<o< 3_211: neb onub, tg (OL - g) HUHT KUIMaTUHA

TOIITUHT.

sin(g+§j=§,0<oc<g ne6 oiaub, V1-coso ++1+cosa

I/I(I)O,ZIaHI/IHI‘ KHﬁMaTHHH TOIINHT.
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9.132. 2coso + 2cos?0. = 1 ge6 oaub, cosS20, HUHT KUIMATUHY TOIMHT.

9.133. Xwucobusanr:
1) sin20° - sin40° - sin80°; 2) cos70° - cos50° - cos10’.

9.6.3. TpuroHomeTpuK TEeHTJIaMaJiap

Acocuit popmynanap:
sinx = a, |a| < 1 = x = (-1)"arcsina + nn, n € Z;
cosx = a, |a| < 1 = x = *arccosa + 2nn, n € Z;
tgx = a € (—90; +©) = x = arctga + nn, n € Z;
ctgx = a € (—°0; +©) = x = arcctga + nn, n € Z.
a =0, a=138aa=-106yaragga xycycui xoaurapma

sinx =0, > x=nmn, ne Z;

. T
smx=i1:x=i§ + 2nm, n € Z;

T
cosx=0=>x=§ + nm, ne Z;
cosx =1 = x=2nm, ne Z
cosx =—-1=x=mn+ 2nn, ne 7Z;

tgx=0=x=nm, n e Z;

ctgx=0=>x=g+nn,ne Z.

9.134-9.142-muconnapaa 6epujiran TeHrJaaMaJapHU €UUHT.

T 1 T

9.134. 1) sin|x—— |==; 2) tg|2x—— |=1.

o5 el
9.135. 1) 2sinx + 3cosx = 0; 2) sin?3x = cos?3x.

5n m .,
9.136. 1) sin(z—nsinx)=l; 2) COS(—+—sm2x)=1.
3 2 3 3
9.137. 1) 2cosx = 1 + cos2x; 2) 2sin?2x = 3cos?2x.
. . 4 4 1

9.138. 1) sin2x — 3cos’x = 4; 2) sin® x —cos® x = 3
9.139. 1) sinx + ctgg =2; 2) 3sindx = (cos2x — 1)tgx.
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9.140. 1) cosx = J3sinx +2cos3x ; 2) sin3x + sinx = 4sin®x.

9.141. 1) sinx—\ﬁcosx=\ﬁ; 2) J3sinx —\5cosx =3 .

9.142. 1) 2(sinx + cosx) + sin2x + 1 = 0;
2) 4 — sin2x = 4(cosx — sinx).

3r

9.143. \/1+sin2x = /2cos3x TeHrnamMaHUHT [n?] OPaJIMKKA TeTMIII-

Jau 6apya UIAIMU3JIaPUHU TOIUHT.

9.144. sinSx + cos®x = a(sin'x + cos*x) TeHIrJIaMaHUHT @ IapaMEeTPHUHT
Xap Oup XaKUKUM KUAMATIapyd YIYYH €UUHT.

9.6.4. Teckapu TPUTOHOMETPHUK TEHIJIAMAaJIAP

Acocuii popmymanap
s < T —
arcsinx = o, |of < = = x = sina
2
arccosx = o, 0 < o0 < T = x = cos0,

T
arctgx = a, |of < 5 =x= tga

arcctgx = o, 0 <o <1 = x = ctga

9.145-9.149-Mmuconnapga 6epujiran TeHrJaaMaJapHU €UUHT.

9.145. 1) arcsin(g— 3}=g ; 2) arccos(1 — 2x) =

’

N[

.

3) arctg(2 — 3x) = —g; 4) arcctg(3x + 2) =

~la

9.146. 1) arctg?(3x + 2) + 2arctg(3x + 2) = 0;

TCZ

. T
2) 2arcsinx = —+ ———,
9arcsinx

x 4x
9.147. 1) arccos, = 2arcctg(x — 1); 2) arccosx —m = arccosx? .

. X T .
9.148. 1) arcsinx — arccosﬁ = 2 ; 2) arccosx — arcsinx = arccos/3x .
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9.149. 1) arcsinx = arccosv1—x*; 2) arccosx = m — arcsin V1 - x .

2

a
9.150. 2arccosx = a+——— TeHIJIaMaHU @ MapaMeTPHUHT Xap Oup
arccosx

XaKUKUN KUUMaTH YYYH €UUHT.

9.6.5. TPUrOHOMETPHUK TEHTCU3JIUKJIAPD

Acocuii opmynasgap
sinx > a, |a] < 1 = x € (arcsina + 2nn; © — arcsina + 2nn), n € Z;
sinx < a, |a] <1 = x € (—n—arcsina + 2nn; arcsina + 2nn), n € Z;
cosx > a, |a| <1 = x € (—arccosa + 2nn; arccosa + 2nn), n € 7Z;

cosx < a, |a| <1 = x € (arccosa + 2mn; T — arccosa + 2nn), n € Z;
T
tgx > a, a € R = x € (arctga + nn; 3 + mn), n € Z;

T
tgx <a,ae€e R=> x¢€ (—5 + mn; arctga + mn), n € Z;

ctgx > a,a € R= x € (nn; arcctga + nn), n € Z;

+ o a P D s ae (o +
vigA U, U T I1Ir— A T alcuigu

| Araae £
R ZE T

7
[A=Ny Sy

a
+

7117}
i),

9.151-9.154-Mmuconnnapaa 6epuiraH TeHICUBIUKJIAPHU €UWHT.

) 1
9.151. 1) sin2x < 5 2) cos™ > ﬁ .
3 2
9.152. 1) v/2sin (g + g) >1; 2) J3tg (Sx + %) <1.
9.153. 1) \/§ctg [E - 2x) >1; 2) 4sin2xcos2x > \/5 .
9.154. 1) sinx > cosx; 2) cos?x + sinxcosx > 1;
3) 1 — sinx + cosx < 0; 4) 2cos2x + sin2x > tgx.

9.155. TeHrCcuU3JIUKHUHT OePMJITAaH OPAIUKAATY €UNMJIAPUHN TOIWHT:

V3

1) cos£>—,xe —E;O ;0 2) sin2x<£,xe[0;n].
2 2 2 2

9.156. PYHKIUAHUHT AaHUKJIAHUII COXACUHN TOIMNHT:
1) y = arcsin(1 + tg2?nx); 2) y = tgx—sinx
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9.157. TeHrCHM3IUKHU €YUHT:
1) sin8x > 4sinxcos2x; 2) 5 + 2cos2x < 8|2sinx — 1|.

9.7. lapaxaau, KypcaTKU4IN Ba JorapumMur (QPyHKIUAIAD
9.7.1. PanuoHaJs KypCcaTKMWIHN Japaska

9.158—-9.163-mucosnnapaa 6epuiran udogajapHU COAIAMAIIITUPUHT.

x+yt abt —a'b a’+a®+4d
9.158. 1) 2, gy B _—a b, 3 4 Ftata
) (x+ y)2 ) at-b" ) a’+a’+a”
a"+b" 1 1\ a?+b? (1 1\
9.159. 1) —p———:| — - Log @ o 1 .
) a—2n _ b—Zn (bn anj ) a,n _ b,n (bn an)

5 1/ 11\ 3 3
9.160. 1) a%b 6((1 3b3) ; 2) [c_7x0.4j cTx%?; 3) 10’6%/072 .

9.161. 1) v’ v, 9) Yx* :¥x;  3) Ym*m Umm

5 1 1 1)? 5 1 1 1)
mén 6 +m3n3 | +| mén ¢ —m3nd ,

.162. .
9-16 1 1Nz 2z 1 1 _2n+n—m
(n3—m3][n3+m3+n3+m3)
5 1 2 2)°
[agb*’—a*’b*’j +3(x/3a4—\/3a3b) B2
9.163. _la-b)  atb

S e

9.164. x OusaH y HUHT opacuJaru OOFJIAHUIIHN aHUKJIAHT:

1 1 1 1
1) x=t%y=t?; 2) x=t%y=1°;
1 1 1

1 1
3) x=3t%,y=2t 2; 4) x=0,5t 2,y =0,4¢t 2,

9.7.2. Kypcatknuiu Ba Jorapu(MuK u(omaaiapHU MAKI aJMaIITHAPUII

9.165. DPYHKIUSHUHT YCYBUM €KW KaMAalOBUU OYJIHUIIUHU AHUKJIAHT:

1)y=(%]; 2)y=(g);
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9.166.

9.167.

9.168.

9.169.

9.170.

TAKPOPNALL

3)y=(g—x/§)x; 4)y=(ﬁjx.

CoHJIapHU TaKKOCJAHT:

1
1) 215 ga 2% 2) 301 ga 3% 3) 97 Ba 20143,

XwucobJsaur:

CouapHu TaKKOCJIAHT:

1) log.2 xome log,.8; 2) logﬁé JKOHE log3i .
XwucobJaur:
1) glreitions? 2) log,log log,16.

log,2 = m ne6 onud, log,,72 Hu TonMHT.

9.171-9.173-mucosmapga 6epuiarad ndogaHu COOIATAIITUPHHET.

9.171.

9.172.

9.173.

9.174.

1) 12510g5\6 ; 2) 210g25 _ 51055 2; 3) 103—1g4 + 4910g7 15 .
2+11516 ! 4
1) V10 ? . 2) 81183 4 glose36 | glogr9
logyo0 m logygq 2\ 210€mn (meen) [ _r
1) (n lgm ‘m lIgn ] ; 2) a 2logy a + 83loga\@ + 1 X
1
log . x = 1 1 1 aHUATHU UCOOTJIAHT.

+
log,x log,x log, x

9.7.3. KypcaTKkuuau Ba JOoTapu(pMHUK TeHTJIaMaap

9.175-9.182-mucosmapga OepuraH TeHrJIaMaJapHU €UMHT.

9.175.

9.176.
9.177.

1

1) 23 = 5123, 2) (0,2)**+1 = 5.

3) log, (5 — x) = —1; 4) log,(2x + 3) = 0.

1) 3Bx -4 — g2« —2; 2) 920 -3 = 4x2—3x—1 .

1) log,logi(x—4)=0; 2) log,x + log,x + log, x = 5,

4

1) log, \/% s 2 log,Yas  8)log, Uet;  4) 5wl

5.
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9.178.

9.179.

9.180.

9.181.

9.182.

1) g2 Ay 2) (g/g)x +(1{)/§)x710 =84 .

1) 1g%(8x — 9) = 1g%(6x — 4);  2) log, > =2 —1=log, X =7 .
x-1 3x -1
1) 45715 + Qx = 67+ 1; 2)2- 4%+ 25 - 25* = 15 - 10~.

f 1
1) log, x = \/log, 5x —log, x ; 2) ,|log,, I +log,9=0.

1) 1g°x* -201gVx +1=0;  2) 2log,x + 9log, 3 = 10;

1lgx

3) xlog5 x-2 — 125 ; 4) x = 101_1

9.183—-9.186-mucosmapaa OepuralH CICTEMaHU €UUWHT.

9.183.

9.184.

9.185.

9.186.

9.187.

9.188.

9.189.

x y _ 32 =576,
2 = 4, logﬁ (y—x)=4.
x _ —-x 3_1/_ gx = 81,
1) y L,5+y ™, 2) .
y2,5+x:64; 1g(x+y) —1gx=21g3,
31gx —_ 41gy, xy - 243,
1) 2) 2x )
(4)*" = (39)""; V1024 = [?x) '

1 1
log, y+log, x=2, —+—==0,
1){2 R N
xorys=as log ,x+log,y =-3.

a HUHT KaHfa# Kuiimariaapuga x* — 4x — log,a = 0 Tenrmama-
HUHT XaKUKWH WIAU3JIapu MaBXKyn Oyaagm?

Arap 32 - 35- 3% - ... - 3%~ 1 = 27° Gyznca, HATypaa n COHUHU
TOIMHT.

a COHUHU TONUHT 3 * 42+ 27 =a + a - 4* 2 TeHrJIaMaHUHT
XaKUKUN eunmMJIapyu MaB:KyZ Oyiaamm?

9.7.4. KypcaTKkuuau Ba Jorapu(MUK TEHTCUIUKIAD

9.190-9.194-Muconnapaa 6epuiaralH TEHTCU3IUKJIAPDHU €UUHT.

9.190.
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3) 63~ * > 216;

9.191.

9.192.
J3 3

9.193. 1) 1=l x 1.
l1+log,x 2
3) log, [log1 (log; x)] >0;

3

9.194. 1) log (2x — 0,75) > 2;

3) log 6x >0;

—6x-5x%

1) (§) —4°(§j -5>0;
4 4

3) log (x* — 11x + 43) < 0;

1) log , x <log, (5x +24) ;

TAKPOPNALL

—(x+2)
4) (1) >81.
3

4x
4* - 3%
3x -1
4) lo <1.
) log, x+2

3

2)

<4;

2) lg(x — 2) + 1g(27 — x) < 2.

1 N 1
1+1lgx 1-1gx

> 2;
4) log, (log, (x* -5))>0.
3

2) log
4) 22 5 4.

(7 —x) < 15

9.195. OYyHKIUAHUHT aHUKJAHUII COXACUHMN TOIIMHT:

lg(2° - 3)

1) Yy=—7———;
V11 -9x — 2x

9.196.

JIJapUHU TOIINHTI.

1
2 = .
'Y oig (3x-2)

log, 5 (\/x +5—-x+ 1) >0 TeHrCU3JIMKHUHT 6apuya OYTYyH e4uM-

9.8. Xocuaa Ba YHUHT KYJIJIAHUILIAPU

9.8.1. ®yHKIMUAHNHT XOCUJIACUHU TOIHIIL

9.197-9.206-muconnapaa Oepunrad (GyHKIUAJIAPHUHT XOCHUJIAJA-

PHUHU TOIIUHTI.

9.197. )y=x%-2x2+x - 1;
9.198. 1) y=x-3Jx;

9.199. 1) y = 9¥x —8Yx ;

2)y:x2—i2.
x

1 1

2) y=— .
)Y 2x*  3x°
6

10
2 y=—=+,—.
VY %
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9.200. 1) y = sin2x — tgx; 2) y = x% — ctgx.
. 2
9.201. 1) y=2%, 2) y=—5 .
x x"+1
cosx Jx
202, 1) y=—"""—"; 2) y= .
9.20 )Y 1-sinx )Y Jx+1
1 3
9.203. 1) y = (2 — 3x?)% 2y y=|1+——=|.
)y =( ) )Y ( 3/;]
9.204. 1)y = x% - 3% 2)y = x? - e,
9.205. 1) y = x — arctgx; 2) y = arccos(1l — 2x).
9.206. 1) (x* + 4)arctg§ - 2x; 2) y = x(coslnx + sinlnx).

9.207. dyHKIIUSA XOCUJIACUHUHT OepUaTaH KUAMATHUHU TOIUHT:
x
1 =——, 10, f'(2), f'(-2);
) F(x) = 5 170, 1), F'(-2)
2) f(x) = In(1 + a™*), f'(0);

3) 7(x)=+1+cos®x?, f’(%);
4) f(x)=Vx+x, /().

9.8.2. XocunaHUHT KYJIIaHUIIA

9.208. DPYHKIUAHUHT YCYBYM Ba KAMAIOBUYU OPAJTUKJIAPUHU TOIIMHT:

x* -2
Dy=x*2-2x; 2)y=x3 3y=Inx; 4 = .
)y )y )y VV=5.13
9.209. DPYHKIUSHUHT YCHUII OPATUKJIAPUHU TOIIUHT:
1)y = x*+ 4x + 5; 2)y=x—3—x2—3‘ 3) y=
y ’ 3 : 1+x°
9.210. DPYHKIUAHUHT KaMailuIl OpaJUKJIAPUHU TOIMHT:
2 x* 1+Ilnx
Hy=2+2, 2) y=dx-2; 3) y=——"o,
2 x 3
9.211. 9.209-mucosnza OepunaraH QYHKIUAHUHT Tpadurura x = 1

HYKTajJa YTKasWJIraH YPUHMAHUHT TEHIJIaMaCUHU €3MHT.

9.212. DPyHKIUAHUHT OepUITaH OpaJUKAa SHT KATTa Ba 9HT KUUYUK
KuUfMaT/JIapuHU TOIMHT:

— 126



9.213.

9.214.

9.215.

9.216.

9.217.

9.218.

9.219.

9.220.

9.221.

9.222.

TAKPOPHIALL

Dfx)=x—a3+x+2,[-1;1]; 2) f(x) = 3x* + 43 + 2, [-2; 1];
1 ) T T

3) f(x)==cos2x +sinx,|0; T 5 4) f(x) = tgx + ctgx, | =5 <.
2 2 6 3

9.210-muconma 6epuirad GyHKIUAHUHT 9KCTPEMYMJIAPUHU TO-

IINHT.

DYHKIUAHUHT 9KCTPEMYMJIAPUHU TOIUHT:
4 2

x

1) y == —2x7%; 2) y= ; 3) y = x —2Inx.

Vy=- -2 ) V=35 )y

DYHKIUAHNA TeKIINPU0, rpaUruHy ACaHT:

1 y= 2) y = x* — 6x> + 9x; 3)y=ﬂ-
3 ’ y ’ xP+1

In x =
4) y = 3x* — 8x® + 6x% 5)y=7; 6) y=xe 2.

9.209-mucosnma OepunraH (yHrkmua rpaduruauHr Oy YKu
OMJIaH KEeCHUINHUIN HYKTACHOa YTKa3WJIraH YPUHMAHUHT Oypuar
KO(p(pUITMEeHTUHU TOIIUHT.

x% bx?

x)=—-—+Tx—4 pysrnua rpauUrnHEUHT Kalicu HyKTa-
3 2

cura yrxasuaran ypuamacu Ox YKUHHUHT MycOaT HYHAJIUIIN
ounan 45° Oypuak acanmu?

Acocu a ra Ba GamaHgauru h ra Teur OyJaram yuOypuakKa osa-
CU 9HT KaTTa OyJraH TYFpu TYPTOYyPUYAK MUKW YUBUJITAH. Y IOy
TYFpU TYPTOYPUAKHUHT I03WHU TOIUHT.

HIapHUHEr XasKMM YHIa WYKKM UYMSWJITAH SHI KaTTa IHJIAHIP
XAKMUJAH Heua MapTa OPTUK,?

Houpamgan mapkasuit Oypuaru oL ra T€HT CeKTOp Kecub osmnHu0,
Iy CEKTOPAAH KOHYC fAcCaJAu. O HUHT KaHAall KuiMataapuua
sdcaJiTaH KOHYCHUHT XasKMU DHI KaTTa Oyaagm?

Kuem 10 M GamaHAIuKIAH BePTUKAJ IOKOPU, OACTIAa0OKHU Tes-
auru 20 m/c 6yaaguran Kuaubd yaoxktupuianu. dKucem ¢ cekyH -
Ia Kaugai x bamaHminkka Kyrapuiaanu? Heua ceKyHIIaH Keii-
WH JKUCM 9HT OajaHg HyKTara KyTapujaau Ba y HyKTa KaHmaii
SaslaHIJINKLa éTanm?

XUMUABUHA peakIus LAaBOMULA OJUHALUATAH MOZLLA MUKIOPU X
omnan t BaKT opacugaru oornmanua x = A(l — e *) TeHrauk 6u-
Jgad ndpogananagu. Peaknusa Te3IUrMHU aHUKJIAHT.
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9.9. Bomnanruy GyHKIMSA, HHTETPAJ Ba YHUHT KYJJIaHUIIN
9.9.1. bomranruy (pyHKIIMS Ba aHUKMAaC MHTETpaJ

9.223. Bepuirad QyHKIUAHUHT OONLIAHFUY PYHKIIUSHA aHUKJIAHT:
1) f(x) = 3x% + 2x; 2) f(x) = sinx;

2 1
3) f(x)=sin2x; 4) f(x)=x+;;
5) f(x):4x3+x2?:r4; 6) f(x) = cosx + e*.

9.224—9.229-Mmucosnapaa 6epuiaralH aHUKMAacC UHTErPAJIHUA TOIUHT.

1 2
9.224. 1) j(x2+2x—§)dx; 2) Jxx;rldx;

3) [(vx + ¥x)dx Y [T

2 3 —2ct
9.225. 1) [~y dx; 2) jﬂd :
sin® x - cos® x cos® x
3) e du; 4) [(3x —sin 4x)dx
9.226. 1) J.sin2 xcosxdx ; 2) jcoss xsinxdx .
9.227. 1) [sin® xda; 2) [cos® 2xdx .
dx dx
9.228. 1) | —; 2) | —.
".\/1—4362 '[\/1+4x2
9.229. 1) J-cos4 x-sin® xdx ; 2) Jsin3x-cos2xdx .

9.9.2. Anukmac unrerpaja. Heroron-Jleit6uun popmynacu

9.230—-9.232-mucossapaa 6epuiiraH MHTErpaajiapHu XUCOOJIaHT.

9.230. 1) [, (x* - 2x +3)dx; 2) If(xz +%)dx;
3) J‘4 dx
3 = L
9.231. 1) [ e*dx; 2) [#sindxda ;
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J-Ol lid;cz ; 4) '[Og sin x cos® xdx .
9.232. 1) jo“(xz —ax)dx; 2) -[ cos? 2x
3) J? sin® x; 4) chosz xdx .

9.9.3. UaTerpamuunr Kyanaaumu. Acocuii opmyiamap

f(x) (f(x) > 0) pyurmuanuur rpadpuru 6uiIaH, x = a, x = b Tyrpu
yudukJgap ouimad Ba Ox YKu OuiaH yerapajlaHTaH STPU YMBUKJIU TPaIle-
NUAHUHT 103UHU TOonuHT (9.1-pacm)

b

S = [f(x)dx
dbopmyna OuaH aHUKJIAHALU.
AY AY
y=1@ 4
N
1
1
: : x
1 1
) 1
1 1 > x
O a b
9.1-pacm 9.2-pacm

Moc pasuiga oxopugan Ba Kyhummaun f(x) Ba g(x) (f(x) = g(x))
dyHKIUAIap OMIaH YerapajaHTaH, UKKNATA 6H TOMOHUIAH X = a, X = b
TYFPU YMBUKJAP OMJIaH uerapajanrad (PUTYPaHUHT 031

S = [[f(x) - g(x)]dx

dbopmysa OuaH aHUKJIAHATU.
= f(x) pyurmus rpapuruau Ox YKu aTrpoduma aitaHTHpPraHIa
XOoCcmJI OyJIraH aitjaHMa KUCM XaKMUHU aHUKJAI (GOpMYJIacu:

b
V= nL f2(x)dx (9.2-pacm).
Moanuii mykrta Ox VKu Oyitnab F(x) Kyu Tabcupuga x = a,
HYKTamaH a = b HyKTarava CUJKUTaHIa OaKapuaaguraH WII
b
A= _[F(x)dx
dopmysia OMIaH aHUKJIaHAII.
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9.233—9.243-muconnapaa 6epusiral srpy YM3UKJAD OWJIaH yerapajaH-

9.233.
9.234.

9.235.

9.236.

9.237.
9.238.
9.239.
9.240.

9.241.

9.242.
9.243.

T'aH 3I'PU YU3UKJIN TPaAICIUAHWHI' IOSMHM TOIIMHI' Ba KepPaKJu

Yn3MaJapHU YM3UHT.

f(x)=38x2+2x, x=0; x=2; y=0.
f(x)=4x%, x=0; x=1; y = 0.

2
f(x)=;, x=1;x=4;y=0.

1
f(x)=m, x=0;x=1;y=0.
f(x):sian,ng;xzz;yzO.

f(x)=¢%, x=0; x=1n4; y = 0.
flx) = x>+ x, g(x) = x + 1.

f(x) =6 + 3x — 2x2, g(x) = x + 2.

f(x) = x?, g(x) = 1
x
f(x)=x+ 1, g(x) = (x — 1)2

,x = 2.

f(x) =3 — x2, g(x) = x® + 1.

9.244—9.247-Mmuconnapna Oepuarad srpu umdukKHu Ox KU atpoduma

alJIaHTHUpPraHga XOCUJI OYaraH ;KUCMHUHT XaKMHHU TOIIMHT.

3

9.244. y = % xe[0; 2].

9.245. y = 2x — 6, x € [3; 5].

9.246. y = e, x € [0; In3].

9.247. y =sinx, x € [%’ 3_75}

9.248.

9.249.

130
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Mopgauit HyKTara yHUHT 0ocub yTraH Hyaura YuM3uKJIU OOFJIUK,
OyJraH Kyd Taxcup oTagu. Arap XapKaTHUHI OoIluga Kyd-
HuHT Kartraauru 100 H 6§aca, ayKkra 10 M cuKUTraHIAaH Kei-
vH KyuHuHr xKarragurun 600 H 6yagu. KyunumHr tabcupumax
HYKTAHUHT O0asKapraH WUIMWHU TOIWHT.

MyBosanarga typrad npy:kuHaau 10 cm ujsranzma OaskapuJa-
guraH umrEm TonumHr. IlpyskmHanu 1 cm uysum yuyH S5H xkyu
Kepak Oyianmu.



9.250.

9.251.

9.252.

9.253.

9.254.

9.255.

9.256.

9.257.

9.258.

9.259.

TAKPOPIALL
9.10. Tenrnama Tysuiira JOMpP Macajiajgap

Ycra yu kyHna 48 ta meran acagu. BupuHuM, UKKUHYM, YUUH-
Yy KYHJapHU sfcaraH AeTaJJIapHUHT COHM MOC pasumiga 5, 4
Ba 3 COHJIApUTra IIPOMOPIIMOHAJ. YCTa JacTJa0KM MKKH KYHIa
HeuTa meTas dcaram?

60 T 0K TalIHWIIl yY4yH OWMp HeUYTa aBTOMAaIlllMHaJapra Oyiop-
™a Gepuagu. Xap 6up mamumuara 0,5 T 10K cUFMaraHu yuyH
Kymumua aHa 4 Ta aBTOMamnHa Kepak O0yanu. Iactiab HeuTa
MaminHara oyrmopma 6epujrau?

MoTopau Kaiiuk mgapé oxkuMu Oyiaad 14 KM Ba mapé oKuMMUra
Kapimu 9 KM #WyJa opraHura 5 coat BakT capdiamu. Arap ury
KaWUKHUHT TYpPFYH CYBAArW Te3JUru 5 KMm/coaT 6¥yJjca, mapé
OKUMUHUHT Te3JUTUHU TOIUHT?

IOsamapu 80 ra Ba 120 ra OyJjran MKKHUTA ep MaiigoHJIapuUIaH
kamu 7200 11 OyFmoil Murmaagy. BupuHUYM ep MaWJOHUHUHT
3 rekTtapumaH NUFUAraH OyFOOM MUKIOPY HKKMHYM ep Maii-
ODOHUHUHT 2 TeKTapuiaH Huruiarad Oyrmoit muxmopuzan 10 11
OpTUK, 1e6 osinbd, ep MaWJOHJAapPUHUHT Xap TeKTapumaH Heua
IeHTHepAaH OYFA0M MUFUJTAHUHU TOIUHT.

64 TeHre TypaguraH akKBapesb OYEFUHUHT HaApXW (2 TeHTe
oyanu. Byékuuuar Hapxu Heua gousra yeau?

Pyx OumiaH HUKEJILHMHT WMKKM XUJ apaJjaiivacu 6op. Burra
apajamiMazaru MeTAJJIapHUHT MUKIOPWHUHHT Hucbatm 2:3,
nkknauncuga 3:7. Tapkubuga pyx omiad HuKeab 5:11 Hucbart-
Ia O0yiaamurad Kuamb 8 Kr AHIMM apajaliiMa OJUII YUYH Xap Oup
apajamMagaH Heua KUIorpaMm Kepak?

Tomommabumnap 3anuma 320 ta ypun 6op. Xap 6up Karopra 4 ta
CTyJaH Ba siHA OMp KATOp KYIraHJaH KeWWH 3ajiIard Ypueiap
coum 420 Tara ernu. Ilactiab Heua KaTop YpuH Oyaram?

Bacceiinuu nkkura tTpyda 12 coarma tyanupanu. Bupununu Tpyba
UKKUHYNCHUra Kaparauga 6acceiinuu 10 coaT Te3poK TYaIaupaiin.
Bacceiinuu xap Oup TpyOa ajgoxuja HILJIaraHga Heda coaTna
Tyagupanu?

Baxocu 2,2 muHr Tenre 0yarau rosapzan gykon 10% doiiga To-
nagu. Arap 1y ToBap 6axocunu 1,8 MUHT TeHrera TyLIHMPUJICA,
y xoama AYKOH 43 MUHI TeHre 3uéH Kypanu. [[yKoHma xXyaau
IIyHgai Heua ToBap 60p?

VKKM XOHANIM COHHM Y3WHUHT PaKaMJIAPUHUHT HUFUHINCUTA
oyiacak, 0yauaMana 4 ra, KOJOUK 3 ra TeHr Oyiaamu. Arap mry
COHHH paKaMJIAPDWHHUHT KymnaiTMmacura Oyjicak, OyaimuMma 3 ra,
KOJIUK 5 ra TeHr Oymap sau. Iy coHHM TOIMHT.
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MHUCOJITAPHUHT ;KABOBJIAPU
VI 6yaum

61. 1) x >0; 2) x <0; 3) x =0.6.2.1) x <0; 2) x >0; 3) x = 0.
6.3. Pacvra kapasnr. 6.4. 1) x # — 3; 2) (-o0; 1] U [2; +00). 6.5. 1) kamaioBuu,
pacmra Kapasr.

6.3-pacmra 6.5,1-pacmra

25
(0;20,086
= 3* 20

15

flx) = e~

10

i

- -2 o 2 i

6.6. 1) 1000 ra; 2) 4000 ra. 6.7. 1) 100 rp; 2) = 132.
3)

150

W(t) = 100 - 201
100 { |

O] 50 100

1
6.8. 1) 27; 2) 450 %. 6.9. 1) 2"° > 27 ; 2) 25 > 203 ; 3) 301 > 30; 4) 301 < 39,
1

5) 27 < 27, 27 < 20143 g.10. 1) 250; 2) = 112; 3) = 346. 6.11. 1) 100C’;

2) = 81 °C; 3) = 76 °C.

6.12. 1) AnukJauuin coxacu — (—90; +00);  4) AHUKJAHUII coXacu — (—00; +00);
Kwuitmarnap tymmamu — (1; +90) Kuitmarnap tymmamu — (0; 1]

4

il

.

— Mr——

-1 o 1 2

-1 O] 1 2

6.13. 1) ycyBum; 2) xamaroBuu; 3) KamawoBuu; H) ycyBum. 6.14. 1) mas-
JKym, mycbar; 2) MaBiKynd, Manbwuii; 5) maBxKyn smac. 6.15. 0 < a < 1.
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6.17. 2 + \/g; 2 - J3. 6.18. J17 - 3; 1. 6.20. Tyma KBagpaTra KeJTHU-
pum Kepak. 6.22. 1) x > 39. 6.25. 1) 1; 2) — 1; 3) 2; 5) — 3. 6.26. 1) 1;

1 1
2)-1;5) - 3.6.28.1) 5 2) - 2;3) 0,5: 4) T; 8) 5. 6.30.1)4;2) 9; 3) 5 5) 2.
1
6.31.1) 5; 2) 8; 3) T3 4) 1,5 5) 0. 6.32. 2) 0; 5) 1,5. 6.33. 1) 10%; 2) 10",
3
6.34. 1) 1g16; 2) Ind; 3) 1g8. 6.35. 1) 1g96; 2) In72; 6) n0,5. 6.36. 1) 2; 2) _;

1
3) 5; 4) - 2. 6.38. 2) J5; 6) 1,5. 6.39. 1) p + ¢q; 2) 2p + 3q; 3) r + 2q.

1 1
6.40.1) log.2 = ——— ; 2) log,3 = :3) 1 -~ .6.41.1)1g%10 <
) log, o, 25 ) log,3=10533) og ;3 g2 ) lg
1 mnk
< log,/2 ; 2)log 2=1 0,25.6.44.1)9;2)80; 3)150;4) — .6.45. — "
08: log,2 =108 4525 )9:2) ) ) 25 mn + mk + kn
1 2+m
6.46. 2) 0,5; 4) 1/3. 6.48. 2) log a? 2) log,va; 3) log, —. 6.50. AT
a +zm
6.51. =" 652, % 6.53. 1) g; 2) 3. 6.54. 1)10; 2) 346; 3)20.
— an

6.55. log, b = ] 1 dbopmynanan doitgananuil Kepak. 6.56. 1) a + b; 2) a + 1.

og,

6.58. 2a + 2b — 1. 6.59. 8. 6.60. log b — log,a. 6.69. 1) 1; 2) 1. 6.70. Ksagpar
TeHIVIAMAHUHT OTUCKPUMHUHAHTU Hojira TeHr, (1; 7). 6.71. 2. 6.73. 1) myc6ar;

2) maudwuir; 3) mycbar. 6.74. 1) x # 1; 2) x > 1. 6.75. AHUKIaHUII COXaJIaPU TEHT

amac. 6.76. 1) log,4 <log,5; 2) log, 4 > log, 5 ; 3) log, V65 > log, 8 . 6.79. 1) xa;

2 2 2 2

2) xa; 3) fiyk. 6.80. 1) (0; 1) U (2; +00); 2) (003 — 6) U (2; +o0). 6.81. 1) x > — 5,

yeyBum; 2) x < 3, yeysuum. 6.82. 1) (—00; 2) U (4; +0); 3) (—2; 0,5) U (2; +0).

6.83.1) 1g 410 < log, V2 ; 2) log,5 > log,5; 3) log ; {6 < log, 7.6.84.1) log, \/3 <
2

+ 1
<log, V2 ; 2) log,7 < 3log,2. 6.85. %. 6.86.1)~1:2) 5.
: -

6.87.

3]

[uiy

iy
==

log, (x +1) =2

EmE=s
5 og,(k — 3) + 4
= 5 10
= \\
5 ENEE
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1
6.88. AnukjanuIn coxanapu TeHr smac. 6.90. 1) 3% ; 2) 25. 6.91. 1) 2log, : <
2

5-b

; 2) 2 - 0 Jda. T L T,
< 310g8 26 ) 10g34 < 310g2717 6.92 z(ab +a-2b+ ]_)

6.93. 1) J11<

AN
<9°’51"g3(1 i) 22, 3y fg > 920?694, 3/5. 6.100. 1) #yx; 2) xa.

3
6.104. 1) x=iﬁ. 6.105. 6 x. 6.106. 1) 2,5. 6.107. 1) 3e*; 2) 5e?*5

3x 2x-1
¢ Lc;5)

3) —a'*lna. 6.108. D. 6.109. D. 6.110. 2)
3 2In2

+C.6.111. 1) xe* —

1
—e 4+ C; 2) (2x + 1) el — 2e*1 + C. 6.112. 1) 5e—8%; 2) e 3

6.113. S=¢— 1. 6.114. S—¢_ 1.
e
7 Yy
3
2
2
0 1 2 x -1 0 1 x

6.115. ¢ —cosx ++/2 . 6.116. 1) e*(4x + 3); 4) Tx%e*(2 + x). 6.117. y = ex.
6.118. y = 0,5x + 0,5 (1 — In0,5). 6.119. y = —ex. 6.120. arctg2.

6.121. y 6.123 . a4y
Q
2
2
1
==0,5x+
ELaSS
L 2,x
s Emary EEEEE THE /‘—\'\xe
1 -2 (0] 2 x
y=1-—e%\

X

1 . x
6.124. I)Eex +C; 3) — es + C; 4) — e + C. 6.125. 1) —-15e? cos2x +

x 1 . 1
+10%e2 sin 2x. 6.126. 1) gex +C .6.127. arctge—g. 6.128. Eex(cosx+
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1 2
;2) —; 3) — )

+sinx) +C. 6.129. 44550. 6.130. Xa. 6.132. 1) H
3x—2 2x 1-x

1
6.133. B. 6.134. D. 6.135. 1) §1n|2x—1|+C; 3) x — 2In |x - 1] + C.

2 2 2 2

6.136. 1) xlndx - x + C; 2) %lnx—%+0; 3) JC?lnx—x—+C;

1 1 1 3
4) ——Ilnx-—+C. 6.137. 5 6.138. 1) e — In8 — 1; 2) 2In3; 3) E—an .

x x
6.139. S = 1n3 6.140. S =4
A \ Y
4 4
2 2
x=1
ol 19 2 i |x
2 3ctg3x 4
6.141. 1 ;2 ; 3) 2(etg2x + tg2x)= — . 6.142. y = —
) x(lnx+1)2 ) In2 ) 2cte g2z) sin4x v
9 1 1 13
6.143.1) — 732) .6.144.F(x)=Inx.6.145.1) —x + —In(4x - 7) + C;
(Bx —2) x+1 2 8
2 3
3 29 1 2(Inx
2) X _ 2 Bx+3)+C. 6.146. 1) (inx) +C; 2) u+21nx+c;
5 25 3
1 10 4 6
3) —In|cosx| + C; 4) Eln(xz -4)+C .6.149.2) —(—2 + —3) Inx + — . 6.150. Je .
x°  x x

1 -2 1 .
6.151. 1. 6.152. 1) Zlnx 5 +C; 2) 31n|x+1|+§1n(2x+3)+C. 6.153. Ijx.
X +

VII 6yaum

1
7.1. 1) 4; 2) 10; 3) 6; 4) —3; 5) 3; 6) 6; 7) 6; 8) 2,4; 9) 0; 10) g;
1
11)log,7;12)—-2.7.2.1)+1; 2) - 2; 1; 3) 6; 4) 25; 5)-2;1;6)4;5.7.4.1)=3,9;
2) = 15,5. 7.5. 1) = 6,9; 2) = 13,9. 7.6. 1) = 20 xkyn. 7.8. 1) = 6,2 iiuxn

éxku = 74 oit. 7.9. 1) = 3,4 #iun éxu = 41 oit. 7.10. 1) = 11 ait. 7.11. 1) 1;
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2) 2; 3) 4; 4) 8; 5) 3; 6) + 2. 7.12. 1) 1,5; 2) +/3; 3) 1; 4) 3. 7.13. 1) — 2; 2) 0;
4; 3) 3; 11; 4) 1. 7.14. 1) 0; %; 2) 2; 3; 3) — 2,5; 3; 4) — 3,5; 2. 7.15. 1) (3; 2);
2) (1; 2). 7.16. 1) = 17,3 xadra; 2) ~ 92,2 xadra. 7.17. 1) = 8 ¢. 7.18. 1) = 50,7;
2) =~ 152,1; 3) 4. 7.19. 1) 25; 2) = 166. 7.20. 1) 0; 3%; 2) g; 3) 2;
4) 1. 7.21. 1) 2; 2) 2; 3) 0; 4) 0. 7.22. 1) 1; 5; 2) -2; 5; 3) 1; 4) 1; 2.
7.23. 1) log,10; 2) — 0,4; 3) log, ,,1,5; 4) —3. 7.24. 1) 66; 2) 1; 3) 0; 4) 1%.
7.25. 1) 1,5; 2) 5; 3) /3. 7.26. 1) — 2; 2) 0. 7.27. 1) x =log,3;

1+\/g
2

.7.29.1)0; 2)+2.7.30.1) (0; 2);
3+ \/ﬁ

2)1.7.28.1) 15 2) log, (1 +v2); log,

(2;0); 2)(0,5; 4). 7.31. 1) arona eanmu MaBxy1. 7.32. 1) 1; 2) :13)-1;4)0.

7.33.1) 4; 2) - 7; 8; 3) 3; log,8; 4) 3.7.34. 1) a # 0,4; 2) a # 1,5. 7.35. 1) (1; 1);
m+n

. T42.1)-1;2) T3 3) 2.

2) (3:5). 7.36..1) 1; 2) { -3} U (- 1; +o0). 7.41. ]
3
7.43.1)0,5; 2) 2; 3) 2. 7.44. 1) 1; 4; 2) 2; 3) 1; 5. 7.45. 1) 13; 2) 8,5; 3) 49;
1
5) 1; —8; 7.46. 1) —. 7.47. — 3; — 2; 2. 7.48. 1) @; 2) 10; 3) 2. 7.49. 1) ¢;
3 41 40)

et 2) 25 Y2. 7.50. 1) (2; 5); (55 2); 2) (2; 32); (32; 2); 3) (? il

7.51. 1) (4; 8); (8' 4); 2) (2; 1); (15 2); 3) (55 3); (35 5). 7.52. 1) 4; 2) 32%;

3)—3.7.63. 1) —5;3;3)e*5; 2. 7.564. 1) 5; 2) 8; 5; 3) — 3; — 2;

J— J_
1
0.7.55.1) 10; 2) 10005 8) 4; 4) 1; 7.56. 1) 15 2) 0; 3) 2. 7.57. 1) 2 =
1 . 1 1 22
2) 85 3) 13 16. 7.58. 1) ;s 125 2) ¥100005 3) 5 95 4) —3 1000; 5) x > 0;

1 1 .1
x#1; 6)3; —.7.59.1) (1; 0,5); 2) &. 7.60. 1) (2; 6),2)( 2);3)(3;12).
7.61. 1) exi; 2) 6ip. 7.62. 1) (7; 3); (6; 2); 2) (3; 2). 7.63. 1) 2; 3) @. 7.64 1) 1;
11 1
2)10; 10°. 7.65. 1) (Z; EJ $2)(3:9).7.66.1) (4, 16). 7.67.a> — . 7.72. D) x < 4;

2) x < - 1; 3) x < 4; 5) x > 5.7.73.1)x<—3;2)x<—3;3)x<—3;
) x<-1;2>2.774.1)2; 2) 1;3) - 1.776. 1) x < 0; 2) -1 < x < 1.

2
7.77.1) x < 0; 2) x < 4,5. 778 1) x < 0; x > log:5; 2) log2§ < x <log,9

779.1)x>2;3)x<-1.780.1)x>11;2)(1;9). 7.81. 1) x < 1; 2) x > — 1.
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1 7
7.82.1) x > _Z; 2)x>3;5)x>-2.7.83.1) (g, 3); 2) (- 1;3); 3) [- 3; 2].
7.84. 1) (—0; — 6] U [2; +00); 2) ( —/8;+/8). 7.85. 1) x > 2; 2) x > O.
1
7.86. 1) (—35; 0); 2) x <34;3) x <2.7.87. 1) R; 2) x > log,2; ) x < — 2 U

Ux>-1.7.88.1)0; 2) - 2.7.89.1)0; 2) - 1;3) 0. 7.90. 1) x < 2; 2) x < — 2;

1 1
—00: — : . 7.92. . . 400): -1;,-— —;1|.
3) (—00; —N2) U (V2 log,3). 7.92. 1) (25 3) U (4; + ),2)[ _2]u[ 5 }

1
7.93.2)0<x<3;3)x<4,5.7.97.304. 7.98. 1) x > _Z; 2) (- 2; 7); 3) (3; 11].
7.99.1)x>T;2)x>4;4) (Z ; 2] .7.100.1) x> 2; 2) x> 2.7.101. 1) x > 1; 2) (0,4; 0,46);

3) (- 0,2; 0,4) U (0,4; 1). 7.102. 1) &; 2) x > 2; 3) (2; 5). 7.103. 1) E;z}
2) (5%;5); 3) (0; 1) U(1000;+0). 7.104. 1) [~ 1; 0); 2) x > 1. 7.105. 1) (- 4; 2);
2) (- 2; - 1) U (2; 3); 3) (-6 ; V6 ). 7.106 1) (1; 2]; 2) (1;12) .7.107. 1) (2; 5);

x = 2. 7.108. 1) [4; 5); 2) [1; 2]. 7.109. 1) (l;es); 2) (2;2iju(6;+oo) .
e

2

7.110. 1) (05 1] U [16; +00). 7411 1) —= < x <03 2) x> 8. 7.112.1) (0 1) U
1

U (2; 400). 7.118. 1) - 1 < x < 105 2) (3; 4) U (4; +0). 7.114. 1) @; 2) (1; 3).

1 1 5
7.115. 1) §< x < 3; 2) (1;1+4—)U(3;+<>o). 7.117. 1) (logzz;log2 3);

{32

2) (% ; 3) . 7.118. (1; 2). 7.120. 3. 7.121. 1) [0; 2) U (4; 6]. 7.124. 1) a¥/b(¥a +¥b).

VIII 6yum

8.1. 1) 3-raptubam; 2) 2-raprubau. 8.4. A = 4. 8.6. v(0) = 0. ¢ BakT
yTuiny OuJIaH Te3NIUKHUHT MakcuMyM Kuiimatu 20 ra askunnamanu. 8.7. A; E.

2
89. y= x? —x?+x+2,5. 8.10. s(t) = 4t — 5t + C — ymymuir euum; s(t) =

= 4¢ — 5¢2 + 11 — xycycuit eunm. 8.11. y =6x -4 .8.12. 1) k= 2; 2) k = 6;
3)k=1;4)k=R; 5) k=3.
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8.13. y = Cx. J\- N /

-2 2 4 x
yT - v+ B\
Z9
71 LN
814. )k =2;2)k=-2;3)k=3;4)k=-1.815.1) y = i;2)y’:C,
x
3) y =Ce5 4) yy = —x. 816. x, = 0; k =y =1 - xy = 1 — Gapua
—3x
YpUHMAaJapHUHT Oypuak Koabhduinumentaapu tenr. 8.17. 1) y=-— +C;
2 2

2) yzxz—ln|cosx|+C; 3) y=0C; 4) y = 2nkx + C. 8.18. y=%+C.

8.19. y' = 10m — k (v')*. 8.20. 1) xIn(x? + 4) — 2x + 4arctg§ +C.8.21.18a3

x2
;4)y=ex—?+C.

rerramanap. 8.22. 1)y =Ce* 2)y=x*+C;8) y = - —;
x"+C

2 2

823. 1) y=Ce?; 2) y=Ce? — 1; 38) y=3-3cosx+C; 4) y = In(x® +

3 cos2x
+0). 824 1) y=——3 2) y=——; 3) y=In|—- .
) i 0,1-Inx ) 0,5-1Inx )y (2 2 )
dT 10
8.26. T(t) = 25 + T5e™; — = —k(T - 25) . 8.27. =40 Mun. 8.28. v = ;
dt 0,5+1¢
40
= 0,056 c. 8.30. v="——5—. 83L 1) y =VCe ™ —1; 2) In(lny) =
e ’ —

2

1 .. =
= 5e" +C.832.1)y=1+e 2;2)Jl+y? =V1+x® +/5-1.8.34.1)T=20+
1
+ Ce™*%; 2) T = 20 + 80e7%%; 3) =20 munyr. 8.35. y = —1— .8.36. 1) m =40(t -
+ X
1 1
—3)*+C; 2) m = 40(¢t — 3)° + 1110; 3) 1110 r. 8.39. 1) Elnx—zln(xz +1)+-

+1 1
ad 1—2(1—x3)+C.8.40. DA-3AL+2=0; 4 =2;

1 1
+—arctgx +C; 2) —In
2arc gx 3

1 1 1
A, =15 2)6A% + 5A + 1 = 0; XI:—E; k2=—§;3)2k2+)»—1=0; 7»1:5;

138



A, = —1.842. 1) y = Ce*™ + C,e?; y = 3e* — 2e%; 2) y = Ce* + Ce™;

1 3x 1 -3x 5 4 4 5x
= e )y =C 4+ Ce y=——+—e7.843.1) A=+2;0=2;
"% 6 R 5 5
b4 3
— — Oomunamrny (asa; 2) A =+10; o = —; arcsin—— — Gomutanruu pasa;
4 V10

T
3) A=+2; 0=+2; 7~ Gommanriry (pasa. 8.44. 1) y = C,e* + Cxes

2) y= Clegx + szegx; 3) y= Cle_%x + Cer_%x; 4) y = Ce*™ + Cxe™
845.1)y" —y=0;2)y" + 2y + y=0.846.1) y = Ce* + Cxe™; y = > —
— 2xe*; 2) y = Cle%x + sze%x; y= 4e%x - 2xe7%x; 3)y =C,e* + Cyxe®; y =

—3xe*; 4)y = Ce™ + Cyxe™, y = 2xe™™. 8.48. 1) y = C e*cosx + C,e*sinx;

2) y = C,e*cos2x + C,e’sin2x; 3) y = C e *cos \/gx + C,e*sin \/gx. 8.49. 1)

1
x=Zsindts 2) ¥ = sin2t; 3) x = sin23t . 8.51. 1) y — 2esina;

3
sin2\/§
3 3
“x 7 SX 1 . 1 .
2) y=e? cos—x+—e? sin—x. 852. 1) —x——sin2x+—sindx+C;
2 2 2 8 4 32

1
2) sinx—gsin3x+C .8.53. F(x) = x® + x2 + x + 2.

IX 6§aum
9.1. 4) 0; 5; 6) 5; 7) 0; 8) 8. 9.9. 1) a = 32; b = 56. 9.11. 1) 1,36.
9.12. 1) V5; 2) —\5; 3) 2; 4) —-4; 5) 1; 6) 1; 7) 9. 9.17. 1) 8(x + 11)x
X (x —2); 4) (a — 1)(a + 9); 8) 2a(a? + 3b%). 9.18. 2) (bmn? — Tp%q) (3m?p + 5n ¢?).
9.24. % 9.27. 1. 9.30. 1) a, = nl—z; 2)a,=3-2""% 4) a, = (-1)"" (gjn

9.34. 2) 90. 9.35. .9.36.a,=18n—25;b, =14n—-17.9.37.1) b, = — 49;

N
1 1 3 1 b
q=—?;4)b1= g;q=7. 9.39. a = 32 éxkn a=§,a=i4. 9.40. 3) 1—q3

2 3 5
9.41. g .9.42.1) 1 3 2) 1 9.44.1;2(2+ /3); (2+ /3 )2.9.45.3.9.49.7.9.50. 1) 25;

2) CL=70.9.51.1) A® =125; 2) AP =

o 3)1_60 9.52. C3 = 252. 9.60.

a € (= O)U(O;gj .9.61.4=0.9.62.4) 5 3 7) —g .9.64. 2)(1;6),(6; 1); 4)(1; 5),

139



(5;1);(2;3)(3;2).965. 2)x" — 1 = (x®+ x + 1) (x* — 22— x + 1) + 2x% - 2.
9.66. a = — 11. 9.69. 3) (x — 1) (x? — 4x — 1); 6) (x + 1) (3 — Tx? — Tx — 4).

3++5
2

9.71.1) £ 1, + 2. 9.72. 2) [1; .9.73. 1) - = ) :3)2.9.74.1) - 3,5

2)4.9.75. 1)—1;—1%.9.77.@.9.78. 1)3.9.79.1) 3; 2) x > 3; 3) 1; 4. 9.80. 1) 4;
548; 2) 2; 3. 9.81. 2) 0. 9.82. 1) 0; 2) — 1; — 2; 0. 9.83. 1) — 5; 3; 2) [5; +0).
9.84. 1) — 6; 2; 2) — 1; 0; 3; 4. 9.85. 1) _5, 3, 9 -1. 9 986 1) L;
. . ’ ’ 9’ ’ b . . . 2 b 3 ’ 2 ’ . . . 2 b

15 1
—3 2) {5;3]9.87.3)116(—00:+00):>x1—a,x2—a+1;4)a¢3:>x—a;

4
1 118 29 15y + 51
a=3=>x€0.98%a=-2;-——.991. 1) | —;—|; 2) x = —,
19 19 20
5 5
y € R; 3) J. 9.92. 1) (2,2; 0,4), (1; 1); 4) (£ 3; £ 1) 9.93. 2) ii;i£ ;
R 5 3
f 3t _ . 9.94. Kypcarma: cucreMaHUHI OMPUHYM TEHIJIAMACUHU U Ta
1 11 3 11
GOFJII/IK KBaZpaT TeHrjaama cudaruga Kypud uyukuur. 9.95. 1) 2 2 E 5 ? ;

2)(5;3), (—5;-3).9.96.1)(3; 1;-2), (— 5; — 3;0); 2) (+4; % 3; 71). 9.97. 1)(—z ﬂj,

21 37 1 11
2)(5;4);(5;3).9.104.1 32) | —3— |;4)[3;+°0).9.107.2)[-1;6];
(44j)( ); (55 3). )())(43))[+) )| 1
3) (—o0; — 4] U [4; +0). 9.108. 1) (— 1; 2); 2) (— 1; 0). 9.109. 1) (—o0; — 2) U
U[-1; 2] U [3; +0); 2) (— 3; 1). 9.110. 1) (2; +20); 2) [0; 5]; 3) ;5 4) [- 1; 1].
9.111. 1) [- 3; —1] U {3}; 3) (—\/5; 3); 4) [1; 5]. 9.112. 1) [1;%); 2) (3; 11).

9.113. 1) (—o0; 0] U [5; +20); 2) [-5; 2]. 9.114. 1) [-2; —1] U [0; 3]; 2) (—o0; — 2) U
U(=2;-1)U (- 1;0]. 9.115. 1) [1,5; +0) 2) (— ©0; =3) U (— 2; — 1) U (6; +o0).

2 2
9.116. 3) (—0; 0) U (0; 2) U (4; +0). 9.117. ae(—g Ej 9.118.a € (-00; — 1) U

2 4 3 1
U (g;+00j . 9.119. a € [4; +0). 9.121. 1) cosa. = —g , tgo = Z; 4) sino. = —g ;

2J6 J6 15 1

coso. = —, tgoo = ——. 9.122. a = ——. 9.124. 2) 0; 3) .
5 12 4 cos 2B

9.127. 1) tg2x; 2) tg2x. 9.128. 1) —2tgo; 2)

- . 9.129.1) -1; 2) 0; 3) 1,5.
sin o

V3

31 T s T
9.130. 4—9 .9.131.1,6. 9.132. 1 -/3.9.133. 2) ? .9.134.1) g +(-1) E + 1k,

1
keZ.9.135.1) —arctg 1,5 + 1k, k € Z. 9.136. 1) (— 1)* arcsinz +nk, k€ Z;
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