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Kupuu.

Maskyp ‘“MasbaymorHoma” Oinnii TeXHHKa YKyB opTiaapuaa  Hkrucon
HyHamummaa TabauM onaéTrad Tajgabanapra MyJbKajulaHTaH Oyiau0, yHIaH 1Ty
HyHanmumgarn ypra maxcyc kacO — XyHap KOJUISKJIApUHHUHT Tajabaliapu Xam
doitnananuIapu MyMKHH.

PecnyOnukamuzaa Oy kaOu MabiiyMOTHOMAajap Kym OViauIIMra kKapamai,
y30eKk TwiMAa HAIIPIApHUHT  KAMUWJIMTUHU  XHcoOra oJraH  XoJjija
MabJIyMOTHOMa PYyC THIHWJAArd MabIyMOTHOMalapAa OepuiiraH aipuMMyXHM
KUXATJIap MabJIyM KeTMa — KETJIMK OWJIaH >KOMJIAIITHPUIITaH.

MasbnymotHomanuar II — XI 6o6mapuna “Onuit  MaTeMaTHKa HUHT
acocuil Oynmumiapura TETHIUIM MaB3yjJap HHcCOAaTaH KEHIPOK Ba aMajuid
KUXaTIaH TyIIyHapiau 0aéH STUITaH.

byryHru kxyHja TabauM =~ MyaccacaJlapuHUHT Oapya OVFuHIIapuaa
TajaballapHUHT ~ MYCTaKWJI  WMII  OWiaH  UIYFyJJIAaHUIIUTA  aCOCHM
»bTHOOPKapaTWwiiran Oup JaBpAa Ma3Kyp KyJUlaHMa TajlabalapHU 3apypuid
MaTeMaTUK MabIyMOTJIap OujaH KypOJUIAHTHpHUINTa KYMakud BasudacuHu
Oaxapaau.



| 600. — YMymuii MabiyMoT12p

1 — §. Y3rapmac Mukaopap

Mukaop CoH KuiiMaTH Mukaop CoH KuiimaTu
r 3,141 592 654 e 2,218 281 828
z? 9,869 604 401 Je 1,648 721 271
N 1,772 453 851 1/e 0, 367 879 441
J2r 2,506 628 275 1/ e 0,606 530 660
1/ 7 0,318 309 886 e” 23,140 692 633
Inz 1,144 729 886 M=lge 0,434 294 482
g~ 0,495 149 872 1/M=In10 2,302 585 093
J2 1,414 213 562 z® 22,459 157 724
J3 1,732 050 808
1 paguan 57°17'44 8"
1° 0,017 453 293
paauaH
2 —§. Acocuii anredpuk ¢opmy.iaaap
1. (a£b)*=a*+2ab+b’ ;
2. (axb)®=a’+ 3a’b+3ab* +b°
3. (axb)* =a’ +4a’b+6a’b® + 4ab® +b*
4. a*-b*=(a-b)(a+b)
5. a-B=(a-vb )(Ha++b)
6. a®+b®=(a+ b)(a*F ab+Db?)
7. a"—b"=(a-b) @+ a"? b + a"3b%+...+a b"? +b "Y);
8. (&1 +a,+ ... + an)2 = 8.12+8.22 + .. .an2+ 2(a1a2+a1a3+. ..tajaptasast...fan.

1+an);
xycyeuii xonga (a+b+c)? = a®+b?+c?+2ab+2ac+2bc;
+ + T —a ... b

Oy epma nl=1-2-3..n, 3=1.2-3=6, f=1.2.3-4=24



3-§. Kacpaap ycruaa amangap

AmaJiap
HOMM

AMaJuIapHu
OakapuJanul TAPpTUON

Mucoa

Ky

Kacp connapuu Ky
y4yH YHra yMyMHH
Maxpax TOMUJIA]IH,
TOIMJITaH YMYMUI
Maxpax cypaTaaru xap
Oup coH ycTura E3umaam,
CYHIpa yiap
KYauTUpUINO
KYILIWJIaI1, KACDHUHT
Maxpakura TONUJITaH
yMyMuii Mmaxpax (y.M)
€3UI1a]Iu.

25,25, % 2024123037
3 5 20 60
60436421 117

60 60

Aitupuin

Kacp connapuu aitupuii
YAYH Xy KYIIUIIIaru
Kabu (y.M)ra
KEeJITUPUIIAJIU Ba
KaMarOBYMHUHT
cyparujaaH
alpUITyBUMHUHT CypaTH
alpuJIaJin.

733 2 7.3-52 2110 11
5 7 35 35 35

Kymantupum

Kacp connu xacp conra
KYNaWTUPHUIL YIYH
CypatH cypaTtura,
Maxpaxu Maxpaxura
KYalTUpmInO, HATHXa
MOC paBHILJa CypaTH Ba
Maxpakura €3uiaam.

bynum

Kacpnu xacpra
KYTIAaUTUPUII YUYH
OMpPHUHYM KACPHU
MKKWHYU KaCPHUHT
TECKapucura
KYyNauTUPHWIIAJIN.

7.9_7 2
137 26 13




4-§. Ilponopumsiiap

Wkkura a:¢ Ba c:d HUICOATHUHT TCHIVIMTHra MPOMNOpIHMs Ieinianm, a, b, c,
d coHyap MPOMOPLMSHUHT XajapH, a Ba d MPONOPIMSIHUHT YETKH Xaauapu, b
Ba ¢ ypTa XaIapu JCUUIIaIn.

[IponopUMSAHUHT acCOCHI XOcCcCacu: MPONOPUHUSHUHT YETKH XaJJIapyuHU
KyIaiTMacH YpTa XaJIAPHUHT KyIauTMacura TEHT.

Arap a:b=c:d €xu %:% MPOTIOPIINS YPUHIM OYIica, y Xoiaa Kyduaard

NpONOpUMSUIAp XaM YpUHIM Oylangd Ba yjapra XOCHJIaBUU MPONOpIUsIap

JeuIaIn:
a b d ¢ a+b c¢c+d a+b c+d a-b c-d )
—_=—, —=—, = , = f == (a>b),
c d b a b d a c b d
a ¢ ; a+b=c+d Arap Bzzac6}7ﬂca, a—bzg; a—bzg
a-b c-d a-b c-d c-d d b-d d
a a
Arap 2-2_ _&  gynea:
b b, "Th
1) & +a,+..+a, _a, 2) um +a,m, +...+a,m, _a
b +b, +..+b, b’ bm, +b,m, +..+bm b’
5 - §. Ypraua kniimaTaap
X, X,,...X, N-Ta coHaap Oepuiran 0yica, A= XXttt g X %.x,  (Xe>0)

n
MOC paBHUIlJ]a Iy COHJAPHUHT YpTa apudMeTuru Ba YpTa TECOMETPUTH
JNeUnIIaau.

1 o .
H= 11y COHJIAPHUHT ypTa FTapMOHUTH JEHUTIAIN.

111 1 1
e et s
nix X, X,

1 2 2
K:\/Xl + X, +o X,
n

11y COHJIAPHUHT ypTada KBaJpaTH JCUHIIIN.

L aX +aX, +..+agX,
a, +a,+..+a,

Vv

Iy COHJIADHUHI BAa3HU ypTadya KuUKWMaTu

JNeUnIaau.



6-§. Yuam kacpaap

YHIM Kacp oJAuil KaCpHUHT XyCYCUM XOJU OYNIMO, YHUHTHT MaXpaxku

10"  xypuHHIIHIA

69

Oynranga Xocwsi — OYimaju.

38543

—— ~-=38543 €xu
100

57@ =57,69. YHIM Kacp CoH oMl KacpiaH dapKiu Gup KaTopa E3miany Ba

Maxpaxjaa He4dTa HOJ OYlica, COHHUHT OXHUPTd paKamyIapuiaH INIyH4Ya COH

o 7 91 113
XpaTuauo, ONIUIaH BEPTYI Ky HUIau; 0 0,7; 00" 0,091, 1000 0113
AMaJIap HOMH Kouagacu Muco.J
Xynaau OyTyH COHJIApHH KYIITUII Ba
altmpui kabu Gaxapuiaau, gpakart 418,583 588,12
K¥urum Ba COHJIapHU €3uI11a OyTYH Ba Kacp 4 4212 _114,6834
anupuIl KMCMU KaTbUM YHIIMK XOHA YHIIUK 460,703’ 473,4366
XOHA OCTUIa, FO3JIMK XOHA OCTUTA
FO3JIMK XOHA €3WJIMIIMU KEPaK.
VHm kacpnap Xyum OyTyH COH Kabu 4.07
KYTIAaUTUPWIAIA, KaCPp KUCMUAATH x_1.026
Kynaditupum | Xaanap caHanu0, KaH4a COH OyJca, +2§1i 24

IIyHYa YHIJaH Yyarra Kapad pakamiap
caHainunO, CYyHTpa Bepryi KyHuiaiu.

\l

441%582_

VHnu kacpHu
OyTyH cOHTa
Oy

ByTyH connu OyTyH coHra Oynuiil
Kabu Oakapunaau, Gpakat Beprysaa
KeWMMHTY OMPUHYN COHU
TyIIypMacaaH OJJIMH BepryJl
QXPATHII Kepak.

Arap OYynyBuM yHIIM Kacp OyJica, YHUHT BEPryJIMHU Tauuiad rooopuo ,
OYIMHYBUMHUHT BEpryJIMHU YHITA OYIIyBUMAa KaH4Ya XOHA OyJica, IyHYa CypHIl

Kepakx:

M: 1336,8: 0,12 6ynca,

Oy kabu OaXkapuay.
N30x: YHIM Kacp BepryJuHU YHITa (4amra) N Ta XOHara cypuica, YHIM Kacp
10" mapTa kynasau (kamasan).

o . . . _n 4 :
YHnu KacpaaH ojiui Kacpra Kyhuaaruda yrunanu; 3,4=3 0 3 R

37.448=37 %8 _37 5 0,578
1000

56 _ 578 289,

25’ 71000 500

13,368: 12 neb €3unaau Ba YHIU KaCpHU OYTYH COHTA

2

Opauii KacpHU YHIIM Kacpra aiJlaHTUPUII YUyH YHIIM KacpHU OyTyH COHra
OynMII Kouaacura acoca JaBOM 3TTUPHIL KEpak:




36. 11 o
KaCpHHM YHJIM Kacpra KEJITHPUHT

25’18
36 |25 : §:1,44; 110 | 18
25 |1,44 25 108 |0,611...
_100 2
100 18
B 100 2
100
0

Oxupru MHUCOIAAH KYPUHAJAUKU OJJIMNA KAacpJaH YHIIM Kacpra YTraH/a 4eKCH3
VHIIN Kacp XOCHJI OYJIHIIIM MyMKHUH 3KaH.

bupop >xoliman Oomnwiabd, aiHW OWp XWJI pakamjaap TaKpopJaHAJAUTaH
YEeKCU3 YHJIM Kacp JaBpuid YHIM Kacp JCHUNJIaIu. M: 0,333...,
3,555...,1,63111..., 2,183131..., 2,71361361... Ba Kyiumaruua 0,(3); 3, (5);
1,63 (1) Genrunanaay.

Arap naBp OeBocuTa BepryijaH kedWumH Oomnutanca (M: 8,66...) cod
naBpuit VHIM Kacp (1.Y.K), arap BepryJjijaH KeHuH JaBp oJiauja Typaaura
consap 0yica (3,5082626...) apana A.Y.K JeHnIaau.

Arap 1. ¥. k cod Oyinca, maBpuuil OJIMii KaCpHU CypaTHUra, Maxpaxura
sca 9 HM KaCpHUHT JaBpU HeYa XOHalW Oyica, mryHya mapra €3u0 ojyauii
Kacpra KeJaTUpUIIaIu:

0,3)=>=1 118=11%_12,
99

9 3 11

Arap n. y. x apanam Oyiica, cypatura BepryjjaH KEWMHTH COHIaH
JTABPHUHT OJIIMJA TYpPTaH COH aWpwIaay, Maxpakura 3ca JaBpy Heua XOHAJIH
Oysca, mryH4a Mapta 9 Ba OyTyH KMCMHM OWJIaH BEpryJl opacujiard COH Heua
XOHaNM OyJica, IyH4Ya HOJ €3UJIa I,
31112-31 1027 43124 4308 _ 2154,

1,31(12)=1 =122 7,4(312) =7 =7 = :
9900 3300 9990 9990 = 4445

7-§. Ilpouentaap (pousiap)

a COHHMHT 103/1aH Oup Kucmura mpoieHT (%) aeitunau.
M: 35 wuar 20% yHUHTHT % KUCMUHU TalIKWJI dATaau, SHHU

35-%:35%:727 TeHr. Mucon ydyH, a coHHUHT 35%WHM TOMHIN Y4IyH
yauHT 0,35 ra kynatupuin kudos sKaH.

M: bankka oinga P% nmapoman Gepaauran a cym Kyimica, t oinan

kelinH Oy omoHat a(l+ %) CYMHU TaIKWI KUJIaIu.

Arap KyWwiraH oMoOHaTra XMCOOOT OWM OXHpHAA TMPOICHT JapoMajl
Kymb, OyHJaH KEWWH Iy OpPTTUPWITAaH OMOHAT FO3aCHUJIaH IPOIICHT



xucobmanca, Oy X0Jijla OMOHATra Mypakkad MpOIEHT (MPOIEHTTa MPOIEHT)
KYIIUJIaau JEHUIaan.
M: a=10 000 cym 3% xap oima mapomaja OepaauraH OaHkKkKa KyHusica, y

BakTma 15 oWpgaH KeWuH A:10000(1+%) 15 cymaan ubopar Oynaau.

YMymuit XoJijja OMOHAT Kaccara Kyuwiran a cym oiura P% mapoman Gepca,

t
Mypakka0 mpoleHT xucoouaa U — oigaH KeluH A:a(l+ %) CYM XOCHJI

oynasu.
8-§. IIporpeccusiiap

a) Apugpmemux npozpeccus.

ai, ap,...ap COHJIAP KETMA-KCTIUTH apu(PMETHK MPOTPECCUSHH TAIIKUI
KWdaau AeWniaaad, arap xap OMp KEHHHTH Xaad, OJIMHTHA xaaura oOwumpop d
y3rapMac COHHHU KYIIHIIAAH XOCHI OYiica, SbHH a1, ax=a;+d, az=a+d,...a=
an1+d éxm a;, a;+d, a;+2d,...,a;+(n-1)d.

Apudmeruk mporpeccuss +  CHMBOJ OwinaH OenrwiaHagud.  Arap
o a,,+a
a1,dy,...an COHJIAP KETMa-KeTJIUTH + O¥Jica, %:an; an=a; +(n-1)d;

a, +a
Sn=a;+a,+...+tak>+—".

n

M: 1+3+5+...+ (2n-1)= n 1+2+...+n:1+7”.n;

0) I'eomempuk npozpeccus.
ai, dp,..., dn COHIIAD KETMA-KETIIMTH TECOMETPHUK MIPOrpeccusHu (=)

TAIKWI KAJaau AeHuIaau, arap Xxap Oup KeWUHIU Xaau OJIMHTH XaIUHU OUpOp
(J CoOHra KynaWTUpHUIIIaH XOCHI OVica, IbHU a8, &=ai(, as=axJ, ..., ap=an-1q

éku ay, 410, 2102 ...a1,d"%; J COHM - HUHT MaxXpaku JAeHUIa 1.

Arap aiap,...an = Oyica
e a(@" -1 _al-q")
a . -a. ., =a’, an=a10"; S =a +a, +..+a =1 _% g1
n—k n+k n 1q n a'.L 2 n q—l 1_q q
Arap = na |g/<1l Gymca, Oy BakTia IimSn:lal : szlal YeKCH3
n—o0 _q _q

KaMarOBYU T'€OMETPUK IIPOTPECCUSHUHT WUTUHINCHU ICUUIIA/IN.
Amanuérna KyJIaHWIaguraH KyWHaard 4YeKiu WuruHawiap wucoot
KMJIMHTaH.
1. 12422432+ +(n-1y2+n2= M0+DEN+

6




n*(n+1)>
—
n(4n’ -1)

3

N

. 1342%43%+ . H(n-1)%+n’=

w

. 1243%45%+.. +(2n-1)*=

. 13433+, 4+(2n-1)3=n?(2n?-1)
1 1 1 1

: + 4.t =
1.2 2.3 (n=Dn n

| 1442443 41tk n(n+1)(2n+1)(3n* +3n-1)
30
. (n+1)(n+2)...(n+n)=2" (2n-1)!!
. 1.442.7+3:10+...+n(Bn+1) =n(n+1)*
(n=Dn(n+1)
3

I

6
7
8
9

. 1-242.3+...+(n=-Yn=

10.1-2-3+2-3-4+...+n(n+1)(n+2)=”(””)(”:2)(”*3)
11 1+%+%+ PRI _n+2
2 22 2 o %

1 1 L 1 L 1
'1.2.3 2:3-4 7 nn+D)(+2) 2\2 (n+D)(n+2)
1 2 3 1 n(n+1)
. + + +...+ =
1.2.3 3.5.7 5.7.9 (2n-)(@2n+1)(2n+3) 2(2n+1)(2n+3)

9-§. dakTopuasiap

n
ai, az,...,an Jap kymaiirmacu [ Ja, xypunummna oenrunanaau. Xycycuit
k=1

xonna a, =k 0ynca, [[k=1-2-..n=n! kypunmIIMaa OCATUIMHAIM Ba N
k=1
daxTopuain ne6 ykunaau. Jlemak, 3=1-2-3=6, 5=1.2-3-4.5=60,.. 0'=1 neb
KaOyJ1 KMJIMHTaH.
DaKTOPUATHUHT XOCCAIAPH:
| ! !
. nt_ n: (2n)! _ (2n-1)2n; (2n+1)!
(n—1)! (2n—2)! (2n—1)!
2. nycca, n! kxyma te3 yeaam;, M: 10!=3628800; 20!=2432902.10"
50!=3,0414093-10%,

=2n(2n+1)

k n

691=17112245.10%, ... LIyHUHTHIAEK Iim%:o, (ke N), Iim%:o, (a>0)

3. Karra connapauHr akTopuain Kyiuaaru
[

nl~ /270 (Ej e, popmyna Bunan =uconbnanagu 6y epra 0<6<1
e

by dopmyna Crupaunr (1692-1770) popmynacu nedunaam.



Amanma (2n)!!, (2n+1)!! Genrunapu Xam MIUIATHIIAAHA, YHHHT WIILIATHIIIQ
OXUPTH pakaMm Kyt €ku TOK coHnurura Kkapad 2 Ba 1 man 6onuiad )xydT Ba TOK
COHJIap KymanTMacuHu udoaanaim.

M: 711=1.3.5.7=105, 101=2-4.5-6-8-10=19200, 9!1=1.3.5.7-9 =945,
121=2.4....12 = 230400

10-§. bupaammanap (KOMOMHATOPHKA)

Typau  Hapcanmap  (OpeaMETNIap)HU  JJIEMEHTIap  1e0  aTailmus.
bupnammanap (komOWHaTOpHKAa) MaTeMaTUKaHUHT Oup OYViammu 0ynn0, acocaH
YEeKJIHM 3JIEMEHTIIH TYIUIaMiiap OWiIaH Uil Kypaiu.

bupnamma (b)) nap Oepuwiummra  kypa  TakpopJjaHaJuraH — Ba
TaKpoOpJIaHMAWIUraH: VPUHIAIITUPUIL, YPUH alIMallITHUPHUIL, TypyXJanuiapra
oymuuaau. Typnu sneMeHTaap/aH rpymnmnanap €k Oupliammanap XOCHl KAITUII
MyMKHUH. Xap Oup OupiamMara 3JI€MEHTJIAPHUHT XaMMacu €KU YJIapHUHT
MabJIyM COHJAruCH KUPHUIIUTa Kapad Ba JJIEMEHTJIAPHUHT TapTUOU  pOJIb
yiiHaIM €Ku yiHaMaclurura Kapab, ynap y4 Typra akpaTuiaau:

1) YpunmamTupuIIIap; 2) YpUH aJMallTHPHUILIAp; 3) TypyXJamuiap.
a) Takpopianmaiiuran oupJammManap:

|. Vpunnawmupuwnap:;

N aJIeMEHTIAaH M TajaH oMud Ty3WIraH YpuHmamtupunuiap aed (n>m)
HIyHJai OuprammManapra aiTuiaauky, Oy OupiamManapHUHT Xap Oupuaa m Tta
aleMeHT OYynanu; Oup OupnaimiMa MKKHUHYUCHUIIAH € SJIEMEHTIIAPHUHT TapKUOU
€KU DIIEMEHTIApHUHT TapTuOW OunaH gapk KWwiaad. N 3JIeMEeHTJaH M TajaH
om0 Ty3wiraH Oapyua YpUHJIAIITUPUIIUIAD COHM AT CHUMBOJ OujaH
Genrunanagy Ba A" =n-(n-1)(n-2)..[n—-(m-1)];

Al'=n-(n-1)-(n-2)..[n—(m-1)] ;
M: A} :n(n—31)(n—2), A =n(n-1)-(n-2)-(n-3); A :5%1;3:60;
—0a 4-0a -ma

4-5.4.3.2=120: 2 _19.11=132 3_0.9.7 _EOA-"
Al =5-4-3-2=120;, A,=12-11=132; A =9-8-7=504;

4-ma 2-ma 3-ma

Il. Ypun anmawmupuwnap.

Xap Oupura OepuiraH N Ta DOIEMEHTHUHT XaMMacH KHUpaJUraH
Oupnammanap N 3JeMEHTAAH TY3WIraH YpuH alMallTUpUUuIap Aeiunanu; oup
VpuH anmamrupunuiap Oomkacuaan gakar >JIeMEHTIApUHUHT TapTUOu OuiaH
dapk kumaau; M: a,b,c anementinapunan abc, ach, bac, bca, cab, cba 6 Ta ypun
AIMAIITUPUII TY3HIII MyMKHH.

N sneMeHTAaH Oapya MyMKHH OYJTraH YpuH ajdMaIlTHPUIILIAp COHUHU Pn
Owan Oenrumant KaObysl KUJIMHTaH, SbHU

Pn=A"=n-(n-1)(n-2)..(n-1)-[n—(n-1)]=n!
P,=1-2-3-4=24; P,=1-2-3-4-5-6-7-8-9-10 = 3628800

10



I11. C'ypynnajgamuiap.
DNeMEeHTIapHUHT TapTuOura O0FIUK OyiIMaran OupiammMaliap rpymnmaiap
neinnanay, OyHna Oup rpynmna MKKMHYUCHIAH Xed OyIMaranjaa OuTra 3JIeMEeHTH

Ownad ¢apK KUIUIIH JIO3UM.
N sJeMeHTnaH M TajgaH KUauO Ty3wiraH Tpynnaianuiap coHu C

n

KYpUHHUILIN]IA OeNTHIIaHAIN;

Cr:n :Anm . Pm _ n! _ n(n—l)(n—Z)_._[n_(m_l)]
m!(n—m) ml
bupnammanap yayH Kyiuaaru ¢popmysanap YpUHIIA:
m n! o i . i .
A, “n-m) A=A +kAD, Al =mICY,; CM=C™;

Clr,=CM"+Cl; Cr+2C2+..+nC!=n2""; C?+C!}+..+C})=2"

0) TakpopianyB4YM OupammManap.

Il. TakpopsiaHyBYM YpUH alMallITUPHUIL.

N Ta »iaeMeHTIM A TYyIUlaM 3JeMEHTJIapu M Ta Typxra axxpaTwiraH
O0ynm0, xap Oup rypyxra kupran 3nemertiaap couu Cn(Ki,Ka,...Kn) kypuHuImmma
OelrmiIaHagy Ba

n!
kK, k!

M: Nkkuta kYK Ba 4 Ta KM3UJI EpUTTUY (JJaMIIOYKAa)HU HEuYa XWJI YCyJl OujaH
6 _ 456,
241 412
2. Heuta ertn XoHanu coHaa 6 pakamu 3 Mapra Ba 5 pakaMu TYpT MapTa
yapaiau?

| 45.6.7

7
C,34)=——=—22""
134) 3 1.2.3-4

|. Takpopwuit YpuHIamTupumuIap.
N Ta 3JIIEMEHTIW A TYIJIaMHUA UXTUEPUI M Ta AIEMEHTHIAH COHM M JaH

KarTa OyJMaraH Takpopwil YpuHJIAIITUpUIUIAp COHM A" (n) KYpUHHUIIIA

Co(Ky Ky )

EERAY

Oup Karopra Tepuil MyMKuH. C(2,4) =

=5.7 =35Ta €TTU XOHAJIM COHJA yUpalau.

Oenrmnanaau Ba A'(T)=n"  abHU N DJIEMEHTIAH TaKpOPHUil KWJINO MyMKHH

OYATyHYa Ty3WJIraH TaKpOpui YpUHIAMITHPUIILTIAP COHU N™ Tra TeHT.
M: 1. Cakkuszra HWyJIOBYMHM y4 BaroHra Heda XWI yCyl  OwWiaH
KOMITAIITUPHIL MYMKHH?
AS(T)=3=(3%)*=9-9-9.9=81-81=6561
2. ABTOMOOWMJIb 1aBJIaT HOMEPH TYPT XOHAJIHU COH OYyica, MablIyM Cepusra HeuTa
JIaBJIaT HOMEPHU Tal€pant MyMKHH?
AL°(T) = 4 =1048576

I1l. Takpopuii rpynmnanamuiap.

N Ta 2JIEeMEHTIAH Oup XWJlI KWIMO M TajgaH Ty3wiraH, SbHA M.N
JMIEMEHTAaH M TaJaH Ty3WiraH Takpopui rpynnaiammgap  COHU
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(m-n-1) .,

ml(n—1)! = “min-1 (bopMyJ'Ia omtan

cr () =

C.(T) kypuHHIIIa OenruaaHaay Ba

XUCOOJIaHaIN.
M: Marazungan Oemita xap Xuj HaBJId TOPT Oop. 4 Ta TOPT OJIMOKYM OYraH

Xapuaop YHMHI Heda XWil ycyn Ownan cotu® onumm mymkun? by 5 Ta

ANeMEeHTAaH 4 TaJaH KWIAO Ty3WIraH TaKpOpHUl CHHOBIIUD:
| 5.6-7- .6-7-

Ciry=c 8 45678 _567-8_

YL a4 234 "0

11-§. HeroTOH OMHOMM

X — a WKKAXag OmHoMm 1e0 aramagu. VKKMXagHMHT KBaJpaTH Ba KyOH
(x+a)*> =x*+2xa+a’, (x+a)® =x*+3x’a+3xa’+a’ra TEHI OKAHJIMIUHU

onsiaMus.

[ynra yxmam GopmynagapHi UKKUXQTHAHT FOKOPU Japakajapd YIyH
XaM XOCHJI KAJIUIIT MyMKHH:
(x+a)" =x"+Cix""a+C2x"%a* +C>x"a® +Cx""a’ +...+(-)"a",
(x+a)> =x*+2xa+a’
by dbopmynanu 2 - § naru 8 — hopmyna OuiiaH CONMUIITUPUHT, YOy dhopmymara
Heroton 6unomu Qopmynacu nerdunaam.

12-§. Jlorapudgmiap

bepunran b conmHuHT @ acocra xypa norapudmu ne6, b coHHm XocH
KWIMII YYyH & aCOCHU KYTapuIll Kepak OyiraH gapaxka KypcaTKUuura auTuiaaau
Ba log,b=c kypunumuaa émnaan. log, b=cé&yB a acocra kypa b COHHHUHT

norapudmu C ra tenr neb yxkumaau. (xama BakT az0, b>0)

TeHrIUKIaH IKAHH KeJIHO0 TeHrJIuKIaH IKAHHU KeJuod
YUKATH YHKAIH
23=8 log,8=3 73=343 log 7343=3
10%=1000 log,,1000 = 3 1) log, 8=-3
3 -8
52=25 log, 25 =2 a‘=b log ab=c

JlorapudmMuuHT Tabpuduaan
a“%" =b oKaHU KeTUO YNKAIH.
JlorapuMHUHT acOCHi XOCcallapH :

1.

log,1=0, log,a=1

2. a"%N=N
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3. log,(N,-N,)=log, N, +log, N, 4. Ioga%:logaNl—logaN2

2

5. logaN*=alog, N ; 6. IogaNzI ! (N #1)
0 N
7. log aN=M; 8. log_, N =1Ioga N
log, a 2 2

Arap xycycuit xomma a=10 Oynca, VyHam JsorapudM JedusIaad  Ba
log,, N =lg N kypunwuIga OeIruiIaHaIu.

10'=10  6ymrammma 1g10=1; 101=0,1; 1g0,1=-1
10=100 6ymrammma Ig 100=2; 102=0,01; Ig0,01=-2

10" =100....0 OYynranuman 1g100....0 = n; 10™ =0,00....0%; lg 0,00...01=-n
— — Y —

n-ma N—ma n-m n—ma

a=l 0OVyica, log, N =log, N morapudmra Hatypain jorapudm acinnand Ba INN
Kypunummaa  Oenrmnanamu. (Jlorapudm TymryHYacwra acoc COJTaHiap:
Motnanausuink Matematuk K.Hemep 1614 i1, unarnus matematuru W.bropru
1620 i, morapudmM acocwii TyIIYHYaCMHH PyC OJIMMH acCiHl IIBEHAPHUSITHK
Jleonapy Ditnep (1707-1783) xupurran). YHmu Ba HaTypan Jorapupm opacuia
KyHugaru OOTJIaHUIIT MaBXKY/I:

INN~23-IgN; IgN=0,43InN

13-§. lapaska Ba niaau3

373ap0 TeHT OYiran Oup HeuTa KYNaWTyBUMJIAPHUHT KyManTMacu aapaxa
nennanu:
a-a-a.a=a"
niagoa
TakpopnanyBuM KynauTyBYM a — Aapaka acOCH, aCOCHUHI KyNauTyBYH
cudarya Heya MapTra TaKpPOPJAHUIIMHU KYpcaTyBuM COH N-Japa’kaHuHT
KypcaTKuuu Jevnnagu. M: a COHHMHT MKKAHYM Japa)Xacu 11y COHHUHT
KBaJpaTH, YYUHYHU Jlapa)kacu 3ca KyOu Aehumaiu.
Wmopanap kougacu:  (+a)*" =a* (a>0)
(xa)*"* =xa”™" (a>0)
OyHaa 2n — ky(dT COHHUHT YMYMUH E3WIMIIHN, 2N+1 3ca TOK COHHUHT YMYMHA
E3WITUIIAUD.
Hapaxa yctuaa amajuiap:

n
am,anzamm; am:anzam—n; (a-b~c)"=a”b”c”; (_) 2.
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()" =a™  a’=1 (ax0); a'=_-(az0); (@")"=_r; (a")"=a"
a a

Jlapakara KyTapHIll amaliura TeCKapu aMajl WIIW3 YUKaApUIl aernnaay; 0y
aman ¢&pnamujia OepwiraH Japaka Ba YHUHTHI KYpcaTKMYMra Kypa Jgapaxka
acocu  M3JIaHaJlu; M: a*=27 Oyaca a=%27=3 a°= -32 6¥ica
a=3-32=-2

Wnpus uukapum amand ./  (Winu3 Oenrucd EKd pajukan OesrucH)
Oenrm OmiaH OenruiaHagu, OeNryu Tenacura Wijan3 KypcaTkuud €3uiIaid, sS’bHU
x" =a 6ynca, x="%a.

Nmopanap konnacu:

1. MycbaT coHJlaH YHUKApWiIraH Xy(dT Japakald WIAU3 HUKKUTa Kapama-
Kaplid XaKUKWW KUKAMAaTra ora: J25 =15 YYHKH (15)2 =25, 4/81 =13, YyHKH
(£3)* =81

2. Toxk pnmapaxand WIJAM3HUHT  MWIIOpaCH  WIJAU3 OCTUJArd  COHHHUHT
uIIopacy Ounan Oup Xuiaup: 364 =4, uyHku 4°=4.4.4=64.

3. Manuit CORHUHT Ky(pT napaxkaau WIAN3K MaBKya OyaMainu, ~—9 = +3,
9yHKH (+3)* =9

ApudmeTuk WiIau3: MycOaT COHHHUHT MycOaT WiIau3ura apu@MeTHUK WIIIu3
JennIaau.

Nnau3HuHT acocuil Xoccallapu:

Wa)" =%a" =a; Va-b-c=Va Vb ¥c; n\/%:%;
Vam —am; YU ="Ya; ar =¥a";

N30x: Xo3upryu BakTIa MXTUEPUM COHJAH Xap KaHJad Japakalaud WIau3
YUKAPUIIHU KOMI'BIOTEpAA Oa)kapHill KUITMH 3Mac.

M: Conpan KBaapaT WIIU3HU OepuiraH aHuKIuKAa Xxucobiam ycyiu ([11], 87
0er) OepuiraH.

14-§. Takpuduii xucodaamiap. Xarosaap

Kynnanuk wHCOH daonusthia aHUK COHap OujaH Owupra TakpuOuii
COHJIap OmijaH XaM HII Kypullra TYFpu Keinaau. Macanad, Oupop Yia4oB
uniapu ojub 6opuiarasaa yJIdoB XaTOCH o3ara Kejiajau, HaThxKajaa yirdaHaéTrad
MUKJIOPHUHI aHUK KUWMAaTWh YpHHUra YHUHTHI TaKpuOWM KuiiMaTu OWJiaH W
KYpHILTra TYFpy KeJIaau.

MukaopHuHHT A aHWK  KudMatu OwiaH a Takpuouit — KuiMaTu
opacujard aWMpMaHUHT aOCOJIOT KMMMaTH a TaKpuOWil COHHHUHT a0COJIOT
XaToCH AeUUIaau:
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a=|A-d
TakpuOuii coH aOCOJNIOT XaTOCHHUHI Iy COHHUHT  y3ura OVirad
HUCOATU 1Ty COHHUHT HHMCOMWM XaTocu Jeruiiaau, SbHU
5 -2 A4
a a
0. — HUCOMI xaTo % napaa Oepuiaay.
M: Arap mw~3,14 ne6 onuHca, T TaKpUOUN COHHUHI HHCOHWI XaTOCHHH
TOIMHT. T HUHT OWp MyH4Ya aHUKpOK Kuiimatu 3,141592.... bBynranunan

o =(3,141592 - 3,14/ = 0,001592 < 0,002
0002 1

Sypy = o = —— =0,000637 ~ 0,064%
7314 1570

15-§. Kynxapaap

X ra HucOaTaH a,Xx"+ax"" +..+a,,X+a, upoma N-mapaxaim Kymxa
nedinnamy, 6y epaa a (k=1n) X ommuaard Ko>(QQUIUEHTIAp, an 0307 Xal,
KYIXaQAHUHT  KOd(PUIMEeHTIapu Ba 0304 Xaau  Jedunaau.  Onauparu
kodhduieHT  HOJAaH bapkau  OYnAraH KYNXaJHUHT  J3HT FOKOPH
JapaKaTMCUHUHT Iapa)kacura KYMXaJHUHT JapakacH JeUnsaiau.

WNkkuta xynxaa TeHT newnnand, arap X HUHT OUp XWiI Japaxkaiapu
onauaaru ko3@duuumentnap TeHr Oyica. Kymxaguu  Kymumi, ailupuin Ba
KYNMaWTUPUII MYMKHWH Ba YHMHI KyWHJIard CXEMaTHK KYpUHHUIIZA OakapuIil
Kymai: M: f(x)=5x"+3x*-x+3, ¢(x)=3x*-x*+5 0YyIica,

+ f () 5x4  + 3x® —x +
) @(X) 3
X3 - Xx? +
5

f(X)+o(x) | 5x* + 3x3+2 X2 X
f(X)—p(x) | +8
5x* — 3x3+4 X% + X
-2

f (X)-@(x) HU TOTHMIN Kepak OyJiica, KylHuaaru CXeMaTHK KaJaBajl Ty3aMH3:

@(X) f (x)= 5x* +3 x2 - x+3

3x3 15x" + 9x° - 3x* + 9x°
-x2 -5x6 - 3x4 + x8 - 3x?
5 5x4 -15x%2 15

f(X)-o(x) | 15x7 - 5x5+9x5-x*+10x3 +12x%+15
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K¥ynxanuu kymxaara 6ynui 3ca OyTyH COHHM OYTyH COHTa OYiui kabu
OaXkapuIIaIn:

_364‘1_3 3-10° +6-10+4 | 10+3 B6x*+7x* -1 3x-1
26 |28 3-102+9-10  |3.10-3+1=28 6x3 + 2x2 2x2 +3x +1
_%83 —3.10+ 4 T ox’-1
=5 —3-10;[%39 3x2% —3x
-13 _3x-1
5 3x-1
0

SIBbHU (6X3+7X2-1)2(3X-1):2X2+3X+1; KYIIXQIHU KyTnXajara Oynaranma OyIMHyBYH
Ba OYIyBUM KYMXaJIHU CTaHIAPT IIAKIUIA, S’bHU X HUHT IOKOPHU JapakajapuHu
nacaui TapTuouma €3ud onub, Xyaau OyTYH COHHHM OyTyH cCOHra OViui
KOUJIacura acocaH OYIuIl amanu Oaxxapuiiaiu.

16 - §. Kommiekc connap

Z=a+bi xypuHummMaary connap KOMIUIEKC COHJIap Aekniamy, Oy epaa a,b e R
XaKUKUI COHJIAp, | alloXU1a TypIard SsHTH COH OYIHO, YHHHTHT KBaJpaTH MHHYC
OMpra TeHT, sbHH i2=-1.
Byngan i3=ii?=i, i*= i2ei2=(-1)s(-1)=1, i®k=isi*=i, i°= i%i3=-1,...
Z=a+bi xommiekc coH (K.c.)1a a-yHUHTHT Xakukuid kucmu (a=Rez), b-conu
yHuHTHT MaBxyM (b=Imz) xumcmum netimimanu. Komiuieke COHJIapHW KYIIUII,
alupuil, KynauTUpUIL Ba OYIMII KyHuaard popMynanap Ouian Oepuiaiu:
(aHib)(xHy)=(ax ) Hi(bHy);
(at+ib)s(xtiy)= (ax-by)+(ay+bx)i;

a+bi _ax+by . bx-—ay

X+iy_x2+y2 x2+y2
Arap Rez=0 6ynca komrIuiekc coH cod MaBXyM COH Aeimnanu. Jm=k0 Oyca,
Z=a Oynaau, S’bHU XaKUKUWA COH KOMIUIEKC COHHUHT Xycycuil Xonu skaH. XVI
acpyia KyO TeHTJIaMajlapHU e4uIl, MaH(Uil COHIAH KBaApaT WIIU3 YMKAPHUII
Macajaacu KOMIUIEKC COH TYITYHUYACHHU KPUTHUIITA OJIUO KEJJIH.

M: Z3+8=0, 6¥uca, Zi=-2; Zos=1+3i; Z2+4=0; Zi,=42i

z=a+bi OYaca z=a—hi conra a+bi
KOMIUIEKC COH HHUCOaTaH KyIiMa KOMILUIEKC COH
JennIaau.
|z| b  va’+b® coHra Z KOMIUIEKC COHHUHT MOIYJIH
JeWnIIaan Ba | z| KYpUHUIIIA OeITUiIaHa I, STbHH

| |2}=v/a? +Db?

4

y z=a+bi

a>0 0ynranna p=arctg Ba a<0 6ynaranna ¢=r+arctg?,
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a=0 oynranma b>0 6yica, ¢ = %, b<0 6ynca o= —% Oynanm.

@ KOMIUIEKC COHHUHT apryMeHTH Achuiaau Ba ¢=alJZ kypuHUIIIa

OenruiIaHaan.

Komruiekc COHHUHT MOTyJIM Ba apTyMEHTH TyIIyHYacuaaH ¢oiigananuo,
YHUHT KOMIUIEKC COHHUHT TPUTOHOMETPHUK IAKIUAA E3UIT MYMKHH:

z=a+bigz|(cose+isin @)

Komruiekc connap TpUTOHOMETPHUK IIaKiIIa Oepuiica, yaapHu
KYIaWTUPUII Ba OYJIMII XKy/1a OCOH Oa)kapuiiau:

z, =a, +bidz |(cosg, +ising,), z, =a, +b,i=z,|(cosp, +isingp,) OYyica
2, -2, F 7, ||z, | (cos(ep, + ¢,) +isin(g + @) :_z :% -(cos(p, —¢,) +isin(g _(02))

Kommieke connapHuHT KymanTupuin GopMmysacuaad Kyiuugara Myasp

dbopmyrnacu n1eb aTaayBuu
(cosp +ising)" =cosng +isinng

dbopmyra keaud YuKaIu.

Kommieke coHHM KOMIUIEKC COHra Oyiui popMmyacuian

Wz = '{/ﬂ(cosLﬁ"”Hsin 227y - neN; k=0,1,2,..., n-1, KOMILIEKC COHIapaaH

n

WIJIN3 YUKapHIl (opMyJiacu KeIu0O YMKaIu.
TpUroHOMETPUK MIAKIJArd KOMIUIEKC COH MaBXyM apryMEHTIN
KypcaTKAWwik PyHKIUS OWJIaH Kyluarunya OOfJIaHTaH:

el =cosp+ising, e =cosp—ising (*)
STHHU
z=a+bidz|(cosp+ising) 5 z|e'
(*) dopmymnamapra Ditnep (Jleonapa Ditnep 1707-1783, mBenapust MaTeMaTHTH )
dbopmynanapu aenunaau,

17-§. PanmonaJj kacpJap

gm_gg KypuHHUIIKIara udomaa, 0y epaa

"t ta,, Q,(x)=b,x"+bx""+..+b,

P,(x)=a,x" +a,
panroHai Kacp Aeuiaau.
HNkkuTa panonan kacp TEHr ACHUIIaIA, arap yJlapHu cypar Ba

Maxpakjiapu TeHT OyJica, sS’bHU
P, (%) _ Pu(¥)

Q) Q%)

WNkku kynxan TeHr aeduiianu, arap X HUHT OUp Japaxanapy OJIAuaaru
koa(duienTnap TeHr 0yica, SbHU Py(x) =5x° +4x+5 Ba Q;(x) = Ax® + Bx* +Cx+D

6ynca P, (x)Q,(X)=Q,(X)P,(x)

Kynxajiap TeHr O0yica, sbHU Py(x) =Q,(x) 0ynca A=3, B=0, C=4 Ba D=5 xenub
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yukaau. Panuonan kacpmap yctuaa Typrra apudmeruk aman Oaxkapuin
MYMKHH.

Panmonan xacp TYFpu palyoHan Kacp Aeduiaau, arap M<n, Ba M>n
OyJica, HOTYFpHU palioHall Kacp JeHuIau.

Arap HOTYFpU palMoHall Kacp OepwiraH OyJjica CypaTHHHU Maxpaxkura
KYMIXaJHU Kymxaara OYiauIn Koujaacura acocaH OykuO, sroHa ycyn Owiiad

KYTIXaJl Ba TYFPU KaCPHUHT WUFUHIUCH cudaTuia udoaananaam:
3

Macanan: > +3 =x+1+i
x-1 x-1

Kyﬁn,uarn , A 5 2Mx+ N , % KacpJjapra 3HT
X—4 (x—4) X+ px+q (X“+ px+0q)

coajia dJIeMeHTap Kacpiap aedunamu, Oy epaa A, B, M, N nHOomMabiym
xodduimentnap, D=P?-4q <0, k>0, KkeN.

Xap KaHjaW KaHAad TYFpU KacpHU KEJITUPWITaH TYpPTTa 3HC COJJA
JIEMEHTap KacpJIapHUHT HWuruHAucH cudatuaa wudoaanam MYMKAHIUTH
P (X)
Q,(x)
Maxpaxku Q, (x) XaKMKUN Ba KOMILJIEKC WIU3Iapra sra oyca:

Macanan: Q,(x) = (x—a)" (x—c)**(x2+ p,x+a,)"...* + p, X+, )"

ucOotTinanrad. Arap TVFpu kacp (M<n) Oepwiran OYnuO, YHUHTHT

P (X) _ A " A, Aa B, N B, . By, n M, X+ N,
Q,(x) x-a (x-a)’ (x—a)* x-c (x—c)? (x—a)*?  x*+ px+0q,
M,x+N, M X+ N, M1 x+ Ny Mk X+ Nk
5 — ot — =t +ot— -

(X* + p;x+0,) (X* + px+0q,) X"+ PpX+Qp (X° + pyX+0y)

KypuHaaa udonananagu, 0y epna A, Bj, My, Nk map HOMabiym y3rapmac
KodduimeHTIap 0ynuo6, ymapHu Tonuin Tanad xkuauHamd, Kitko+li+...+l=n.
KacpHuHr yHT TOMOHMHM yMyMHH Maxpaxu Q,(x) OVymanu. Ukku kacpHH

TEHIJIMK IIapTUra acocaH P, (x)= Pn(X) TEHIJIIHK XOCHI Ooynanu, Oy epaa

P,(x) OepunraH, SpHU KOA(DQPHUIIMCHTIIApU aHUK KYIIXa, |5m(x) 3ca HOMAabJIyM,
AbHUA KO3 PUIMEeHTIapu HOMabJIyM Kynxaa. Oxupru TeHraukaa X HUHT Oup
XU Japaxaiapu oiaauaard KodQPUIMEHTIapHU TEHIJIAIITUPUO, HOMABIyM
kod(pdunmreHTIapra HucOaTaH N HOMABJIYMIU N Ta YU3UKIU OUP KUHCIUMAC
TEHrjJaMajap CHCTEeMacu XOCWJI KWJIWHAIU. by cHCTeMaHM €YMMHUHHM TOMUO,
HOMAbJIyM Kod(duimeHTnap ypHura KyWWiIaau, HaTWKala TYFpPU palMoHaT
KaCPHUHT SHT COJJa DJIEMEHTAp Kacpiap OpKaiu uQojajaHraH WUFUHIANCH
xocui Oynaau.

3x%+8
(x—2)(x? —4x+13)
KacpJiapHu WuFUHIUCH cudatuia udoaanaHr.

3x° +8 A B Mx + N

= + +

(x=2)2(x?2 —4x+13) x-2 (x-2)%2 x%*—4x+13

Macanan: TYFPU PALIMOHAJI KACPHM 3HI COJJIA BJIEMEHTAp

Euwnin;
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AX—2)(x? —4x+13) + B(x? —4x+13) + (x—2)*(Mx+ N) =3x* +8
X HUHT OMp XU AapaxaaapH oiauaard Ko3pGuuueHTIapHu TEHIIATHpuo, A,
B, M, N napuu Torncak

A:§ y B:g ’ M :7_31 =£’
18 36 12
TeMax 3x°+8 35 32 —aX+37

(x—2)2(x2—4x113) 18(x=2)  9(x—2)2 ' X2 —4x+13
18-§. Anredpauk TeHryjamMaJiap

Hxkura TeHmMK (=) wmopacu OwiaH OUpPIAIITUPWITAH MaTeMaTHK
ndona TeHT AcHwIamu. Arap TEHTIMKAA 0ab3u xapduap HoOMawbiayMm O¥ica,
OyHJall TEHIVIMK TEHIJIama jaevniaau. HomabiyMHUHT GepuiiraH TeHrJIaMaHUuHT
KUiiMaTUra, TEHIJIaMaHUHTHT €4uMH JAevwianu. TeHrnamaHuHr euuin Oy,
TEHTJIMKHU KAHOATJIAaHTUPYBYM HOMABIYMHUHI Oapya KuUHMaTIapyHU
TONUILAAH HOOpaT.

Tenrnama anreOpavk Jaeiwiagu, arap HOMAabJIyM YCTHAA anreOpauk
amayiap Oaxxapuil HaTHXKacuJa Xocui Oyiran Oyiica, akc X01/1a TPAaHCLIEHAEHT
TEHIJIaMa JeUNIIaIu.

AnreOpauk TeHIVIaManmap XaM Y3 HaBOatuaa; OyTyH anreOpauk
TEeHrjJaManap; Kacp (pauuoHas) aiareOpamk Ba HppaldoHal TEHIJIaMaliapra
Ooymuuanu. Tenrnamana KaTHamaETraH HOMAabIYMHUHT SHT IOKOPHU Japakacura
TEHTJIAMAaHUHTHT Japa)xacll JAeWuinaau. ODHAW €YuMIIapyd TEHIJIAMaHWHTHT
kKodpdunreHTIapu opKayii udoaaiaHaaurad 0ab3u anreOpauk TeHIJIaMalapHU
CYUIIIHU YpraHaAMM3.

1. Yn3ukiu Tedriiama:

ax+b=0, abeR, x=—9, a=0
a

2. KBaapar TeHrnama:
~b++/b® —4ac
2a
Arap b® —4ac>00yca KBajpaT TEHIJaMa UKKUTa Xap XU XaKUKUH €4HMra;
b? —4ac=0 O¥Yica ukkuTa OMp Xua (Kappaiau) eunmra; b? —4ac<0 Oyica KyIma
KOMIUIEKC WJIU3ra 3ra Oynaau.
Xycycmii xonma b=0 Oynca, kBaapar TeHIJIama dYajia KBaJapaT TEHIJIama

o / c
JIevnnagu Ba X,, =+ [——
' a

x* + px+q=0 TEHrjaMara KeJTHUPWITaH KBajpaT TeHIJIama Jelmiaau Ba Oy

ax*+bx+c=0, a=#0, abceR, X;,=

TEHIJIamMa ax’ +bx+c =0 TEHTJIAMAHUHT @ Ta OYIUIIIAaH XOCHI Oy iaau.
Kenrupuiran kBagpaT TSHINIAMAHUHTHT €YMMU
P P)? —P+.b*-4
Xip=—54% -

> q= fq Gopmyna épramuaa TONKUIAIH.

2
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KBagpar tenrimama yuyH Kyiiunaru Buera (1540-1603 ¢paniy3 maremaTuru)
TEOPEMACHU YPUHIIU
b
Xl + X2 = —g

c
Xl'xzzg

Kentupuiiran kBagpar TeHIJIama yuyH

{xl+x2=—p
XX, =(

Arap x1  Ba X2 ax’*+bx+c=0  TEHIMIaMaHUHT  WIAW3H  Oyica
ax® +bx+c=a(x—x,)(X—X,)
x? + px+q =0 TEHIJIAMaHUHTHT WIAN3U OYIIca x* + px+q = (X— X, )(X—X,)

3. YuayHuu napaxaiu TeHIJIama.

ax® +bx®> +cx+d =0, a=0, a,b,c,deR, x=y—3£ AIMAIITHPHUIIT  OPKAJIH
a
2
y>+py+q=0 TEHIJaMa XOCHJ KWIWHagu, Oy epra p =—;—2+E;
a’ a
_2°  be
27a® 3a’?

Kentupunran y®+py+q KyO TEHIJIaMaHMHTHT e4uMu Kyuuaarun Koprano
dbopmynacu OUIIaH TONUIIAIH;

2 3 2 3
y=3—3+ L ) Y B = R I y=A+B 1e0 Oenruiami KUpUTCAK,
2 2 3 2 2 3
ax® +bx* +cx+d =0 TEHIVIAMAaHWHTHT WIIK3JIapyu KyHuaarnda XucoOaHaIu:
2 2
a) [gj +(§j >0 Oynca x,=A+B
J3 J3

X, :—%(A+ B)+73(A—B)i, x3:—%(A+ B)—;(A—B)i

3
j =0 Oynca A=B OVnaam Ba x, =2A, X, =X, =—A

Pl 4P
q 3
2 3
B) (gj +[§J <0 Oymca x, =2rcos?, X, =2rcosZ2, X, =2rcosZy”

3
Oy epna r = —(g) , COsp=—%
Xycycuit xoima ax® +bx® +bx+a=0 Oyiaca (x+ 1)[ax2 +(bFa)x+ a]: 0 OVmo,
KyOMK TEHTJaMaHWHT €YHUII YM3WKJIM Ba KBaJApaT TEHIJIAMAHWHT CUMINTa

KEeNTUPWIAIN. ax’ +bx® +cx+d =0 TEHIJIaMa Y4yH Buer Teopemacu KyWmmaruda
Eé3MIaau:

X+ X, + X3 = b
1 2 3T T
a
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C
X1 Xy + X X3 + X5 X3 =—
a

d
Xy Xp X ==

4. TypTuHYM Japakajid TEHIJIaMa.

TypTuHUM Hapaxany anredpauk TEHrJIaMaHUHT YMYMUN KYPUHULIN

a,x* +bx®+cx? +d,x+ f, =0, a0

Tenrnamanusr a; ra 0yicax

x* +bx® +cx® +dx+ f =0 OynmmbO, Oy TeHriaamMa KyWHjJaru HWKKHTa KBaJpar

TEHTJIaMara TeHT Ky4in Oynanu;
X2 +(b—A)g+(y_ by_djzoi

A
x2+(b+A)g+[y+byA_d]:0, Oy epna A=,8y+b®-4c, y »nca
8y® —4cy? +(2bd —8f)y+ f(4c—b?)—d? =0 Ky0 TEHIJIAMAaHUHTHT KaHIauaup

XaKUKHU €YUMHU.
Arap Xi, X2, X3, X4 TYPTHHYH Japakajyd TCHIJIAMaHWHTHT €YUMIIAPU
oymnca, a,x* +b,x> +¢;x* +d;x+ f; =a; (X — X ) (X — X, ) (X — X3)(X — X,)

TypTrHUM napa)kanu TeHrinama yayH Buetr Teopemacu

by
X, + Xy +Xg + Xy =——2
a
C
Xy Xy + Xy Xg + X Xy + XoXg + XXy + XgX, = —=
1
d;
X XpXg + XXXy + XpXgX, = ——%
1

fl
X1'X2'X3'X4:_
1

5. bukBagpat TeHrnama.

Typrunum gapaxanu trenrinamana b;=d;=0 6yica
ax* +bx? +¢c=0 a=0 TeHriIamara OWKBaJpaT TEHIVIaMa JEeUMIau. x° =y
AIMAIITUPHUII OPKAJU KBaApaT TCHTJIaMara KeITHPHINO CUnIaIu:

—b++b? —4ac
Xi234 =% 2
a
N3ox. YMymuii kypuHuIga Aapaxacud OenigaH OKopu Oyiran anreOpaunk
TEHTJIAMAHWHT WIINU3HM, YHUHTHT KO3 GUIUCHTIApH OpKaIu ndogaIaHMacIuTu
AGenn (1802-1829 Hopserust maTeMaTury) TOMaHuaH UCOOTIAraH.
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19-§. Tpuronomerpust

Tpuronomerpusa-yuOypuak TOMOHJIapU OujaH Oypyakiapud OpacHuaaru
OOFJIAHMIIIHU YpraHyBYM MaTeMaTUK (HaHaup

. b . a. b. a.
" b Slna=E ; Cosazg, tgazg, ctgazg,
1 c. 1 C
SeCa = =—, coseca=—=—
o cosa a sinae a
a
|. TpuronomeTpuk GyHKIMSIAPHUHT YOpaKaapAard UIopajlapu:
ur. Q- _
sina cosa [(s]27 Clga sec coseca
Yopaxkna
I + + + + + +
1 + - - - _ n
Il - - + + - -
v - - - - + -

I. TpuronomeTpuk pyHKUMSIIap Opacuaaru acocuii MyHocadatiap.
1. sina+cos’a=1;

2. tga -ctga =1,
3. g _sina 1

Cosa Ciga

4. 1+tg%a = =sec’ a;

cos? a

1
5. ctgazc9sa =
Sina  tga

180° T
=cosec? 1pad = 010 = - pad
“ ( P = 180° " j

6. 1+ctg’a =

sin? «

I1l. TpuronomeTpuk GyHKIUIAPHUHT 0ab3u OypUakiiapaard KuiMaTiapu.
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ur.d-s

Bypuari sina | COSx | lga Clgox
0 0 1 0 o0
15° (7 /12) f—g ‘2@\/%1 2_3 2443
18°(e10) | Y51 4B | 51 | Jio+2)6
4 242 10+ 245 J5-1
30°(7/6) % g % V3
s0(rrs) | ¥5+YB | B+l | J10-26 | 5+l
242 4 J5+1 | V10-245
45° (1 4) %:% %:% 1 1
60°(/3) ? % V3 %
72°(3715) V55 | YB-1 | J10+2/5 | J5-1
242 4 J5-1 10+25
75° (57 /12) fj; ‘2@—\/; 2443 2-3
90°(z/2) 1 0 o0 0
120°(2713) ? % -3 %
180° () 0 -1 0 00
240° (47 13) ? % J3 %
270°(37/2) -1 0 o0 0
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IV. Bup xun apryMeHTIn TPUTOHOMETPHUK (QYHKIUSIAPHUHT ¥3apo OOFITaHUIIN

DyHKuus sina cosa tga Clgx seca coseca
. 1 cos? Qo 1 ++/sec? o —1 1
. 1+ 1+tg%a | £l+ctg’a seca coseca
cos | + 1 sin? 1 clga 1 ++/cosec?a —1
T — (94
+J1+t9°a | £1+ctg’a seca coSeca
sina ++/1-cos® « 1
ga - _— ++/sec’ a -1
++y1-sin’« Cos & Clga ++Jcosec’a -1
) +1—sinqg cosa 1 1 :
ctga il S - —r——— | £4cosec’a -1
sina ++1-cos’ o 9o ++sec’ -1
1 1 . +,/1+ctg °a coseca
seca | T ., tyl+9°a | — 5
tVl-sina cosa ctga t+coseca -1
1 1 +.1+19°a 5 seca
coseca - B tyl+ct9ta | T
sina ++/1-cos? 9o ++seca—1
(*) Keampar wnmusnap onaauaard umopa 19-§. | garu xanaBangan o Oypuak
KaiCu 4OopaKKa TeTUIIIN YKAHJIUTUTa Kapad aHUKJIaHAH.
20-§. TpuronoMeTpuk GyHKUMSJIAPHUHT TABPUHIUTH.
Kearupum ¢popmy.ianapu
sin(—a) =—sina sin(a +2zn) =sina
t9(—a) =—tga tox  Sla+2m) =cosa
ctg(—a) =—Clga sec(a + 27n) =seca
cosec(—a) = —coseca cosec(a + 27n) = coseca n=0+L+2;...
cos(—a) = —cosa o+ m) =tga
sec(—a) = —seca KT (4 n) = clger
puak| —o 90— | 90°+a | 180°—a | 180°+a | 270°-a | 270°+q | 300 K-a| 3607 -k+a
DO yHKI
ust
sin -sina cosa Cosa sin o -sina -Cosa -CoSsa -sina sin o
cos Ccosa sin -sina -Cosa -cosa | -sina sin o cosa Ccosa
tg -tga Clga - Clga -tga tga Clga - Ctga -tga [(]%
ctg - Ctga tga -tga -ctga ctga tga -tga -Cctgar ctga
sec seca coseCa |—CoseCa | -SeCa | -seCa | —coseca | coseca | Seca seca
COSec | —coseca sec o seCa | coseca | —Coseca | -SeCa | -SeCa | —Coseca | COSeca
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21-§. Ukku Oypuak iMFUHIUCU BA alMPMACUHUHT
CHHYCH, KOCHHYCH, TAHT€HCH Ba KOTAHT€HCH

1.sin(a + B) =sinacos B +sin fcosa |
2t

1+tg%a

sin3a = 3sina —4sin’ a.

sin2a =2sinacosa =

2. cos(a + ) =cosacos BFsinasin B
C0S2¢ = c0s” o —sin’ o = 2cos’ ¢ —1;
cos3a = 4cos’ o —3cosc .
tgattgf  ctgaxctgp .

3. i9(axtpB)= = ;
9(@=p) 1¥tgatgf ctgactgf+1
tg2a = 2tgo; = 2 ;
l1-1g°a ctga—-tgo
4~ 3
g3 :3tga tgzy a .
1-3tg°«x
4. Ctg(O[J_rﬁ):ctgoz-ctgﬂ+1:1+tgoz-tg,[3’;
ctga £ ctgps tgattgp
2 —
ctha:Ctg a—lzctga tga;
2ctg o 2
3 f—
ctg3a = ctg’a : 3cga .
3ctg ‘ar —1

5. sinda = cos a(4sin o —8sin® a);
cos4a =8cos* o —8cos’ a +1;
Mgo — 49
1-ctg’a+tg'a’

tgda =

4 2
ctg dar = ctg a3 6ctg a+1.
4ctga —4ctlg o

22-§. TpuroHoMeTpuk (PyHKUUSJIAPHUHT OMPUHH
OOIIKACMHUHT APUM Oypuaru opkKaju udoaaam

. . 2tqg ¢
Sina =2sin4cos§ = g§ :
1+t9° %
. 1-tg22 2tg <
cosa = cos” §—sin’ § =20 tga= =l
1+t9° % 1-tg°«

sing¢==+,/2(l-cosar); cos¢=+,3(1+cosa);
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1-cosa sina 1-cosa .
tg%: - = =+ ,
Sinax 1+cosa 1+cosa

sina l+cosa l+cosa .
ctg ¢ = Sullih =+ , KBagpaT WIAW3 OJIIMJAru +uiiopa %
1-cosa Sinax 1-cosa

Oypdak Kalicu YopaKKa TETHIILIN OYIuImmra Kapad TaHiad oJuHaIH.

23-§. TpuronoMeTpuK PYHKUMAHUHT KYNAHTMAaCUHI
HMFUHANIA KeJITHPHUII (popMyJiajiapu

sina-cos B = L[sin(a + B) +sin(a - p)];
cosa-c0s B = L[sin(a + B) +cos(a — B)];
sine-sin 4 = 1[cos(a — B) —cos(a + B)];
sina=1(1-cos2a); cos’a=1%(1+cos2a);
sin*a =1(3sina—sin3a); cos®a=1(3cosa +cos3a)
g8 = tga+1t9p _ tga —tgp : ctga-ctg,B:Ctga+Ctg'B=—Ctga_Ctgﬂ
ctga +ctgp ctga —ctgp tga +tgps tga —tgps
tga_ctgﬁ:tgwrctgﬂ:_tga—ctgﬁ
clga+19p ctga—tgps

ga

24-§. Murunan Ba ailMPMAaHN TPUTOHOMETPHK (pyHKIUSIAPH

H H _ A atf aFpf - _ a+p a—p
sing £sin B =2sIin5~00s>; COSa +C0S = 2C0S =" C0S =~ ;

cosa —cos 8 = 2sin“sin 2%, cosa +sina =+/2sin(2 +a)=2cos(z - )

cosa —sina =~/2 cos(2 + &)= /2sin(z - ); tgaitgﬂzw-

cosa-cos 3’
sin(exp) . g +oigp=8@=h) cos(a—p3) . . ciga—tgf = cos(a + f3)

ctg o = ct
J 9p= sina -sin g cosa-sin sina -cos

25-§. Teckapu TPUTOHOMETPHUK (PYHKIUSLIIAP

sinx, cosx, tgx, ctgx, Secx, cosecx (pyHKUMsIapra TecKapu (QpyHKUIUsIIap
Arcsinx, Arccosx, Arctgx, Arcctgx, Arcsecx, Arccosecx —KypUHHIIIA
OenrmwiaHaad Ba IOKOpUIArd TPUTOHOMETPUK (PyHKIuUsIapra HUCOATTaH
TeCKapu TPUTOHOMETPUK PYHKITUSIIAD TCUNTIAIH.

Arap Arcsinx=a Oyica, sinag=x OynaraHnugax

sin(Arcsin x) = X

cos(Arccos x) = X

tg (Arctgx) = x

ctg (Arcctgx) = x
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TpuroHomeTpuk  QYHKIMSUIADHUHT  Y3rapuill  COXacu TECKapH
TPUTOHOMETPUK (PYHKIMSUIAPHUHT aHUKJIAHUIL COXAaCUIa MOC KeJIraHU1aH

DyHKUMA: AHMKJIAHHUII COXACH:
Arcsin x -1<x<1
Arccos X -1<x<1
Arctgx — 00 < X <00
Arcctgx —0< X <®

TpuronoMmerpuk GyHKIUSJIAPHUHT  JaBpUAIMTH  cababiu  Teckapu
TPUTOHOMETPUK (DYHKITHSIIAp YEKCHU3 KYTT KHAMATIUIND.

M: Arcsing =238 [lly ca6abnu TecKapd TPUTOHOMETPHK
GyHKIUATApHUHT OOl KUWMaTH (KUCMH) axXpaTwiaau, OOl KUMaTh Xam

aBBAJITUCU OWJIaH OMp XWJI aHMKJIAHUII coxacura sra Oynanu, JEKuH Oup
KUMaTiau Oyanu Ba arcsin X KYpUHHIIKMAA OeNTrriIaHaIu.

DyHKUMUA: AHHUKJaHUII SJ’3rap1/1m coxacu:
coxacu:

y =arcsin x -1<x<1 —-Z<y<Zz

y = arccos x —1<x<1 0<y<rx

y = arctgx —00< X <0 —-Z2<y<%

y = arcctgx —0< X <00 O<y<rm

Teckapu TpuroHoMeTpHK QyHKIUSIAP YUyH OOl KUWMAT TYIITyHYACHUaH
dolinananu0, ynap opacuaaru OOFIaHUIIHU Kydugarnya €31l MyMKHH:

Arcsinx = (-1)"arcsin X+ nr,
Arccos X = tarccos X+ 2nr ,
Arctgx = arctgx + nr,

Arcctgx = arcctgx +nr,

Teckapu TpUrOHOMETPUK PYHKIMSIIAP OpacKHia acOCU MyHOcabaTiap:

arcsin X 4+ arccos x = R arctgx + arcctgx = 7
S

arcsin X = 7 —arccos X = arctg = arccos X = —arcsin X = arcctg ﬁ

1-x2

— T __ — 1 X . — 7 _ — X
arctgx = % —arcctgx =arcsin - arcctgx = 4 —arctgx = arccos =

sin(arcsin X) = x;  tg(arcsinx) = Jﬁ? ;  sin(arccos X) = v1— x?
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/ 2
tg (arccos x) = 1-x ; sin(arcctgx) = ! tg(arcctgx)=1'

X N X’
V1-x% .

cos(arcsin x) = v1-x* ;  ctg(arcsin x) = v cos(arccos x) =X ;
X . . 1.
ctg (arccos x) = ;  cos(arctgx) = >, ctg(arctgx) =—,
1—x2 1+X X

cos(arcctgx) =

X
; Cctg(arcctgx) =X ;
V1+x?

arcsin(—x) = —arcsin x ;  arccos(—X) = 7 —arccos X ;

arctg(—x) =—arctgx; arcctg(—x) = —arcctgx ;

arcsin x £arccos y = arcsin(x\/l— y? £ yJ1- X2 ); x* +y?<1;

arctgx +arctgy =arctg ~— Y : xy<1; arcigx—arcigy =arctg > : xy>-1;
1-xy 1+ xy
Xy+y. _

arcctgx + arcctgy = arcctg X#FY.

+X+y'

26-§. TpUrOHOMETPHUK TEeHIJIaMaJiap

Kyitugarn TpUTOHOMETPUK TEHIJIaMajlapra 3HT COJiJla TPUTOHOMETPUK
TEHTJIamMasap JCHUUJIa N,

Tenrmamanap niapTiap e4uMJIIap
sinx=a la| <1 x=(-D"arcsina+nx
cosX=a la| <1 X =*arccosa+ 2nsz
tgx = a Uy X = arctga+nz

ctgx =a Uy X = arcctga + Nz

Xycycuit XxoJuap:

sinx=0; Xx=nz; sinx=1; x:4n2+17z; sinx=—1; X:4n2—17[
: 2n+1 . : : :
cosx=0,; x= m, cosx=1, x=2nz, cosx=-1; X=(2n+x
tgx=0; x=nz; WOx=1; x=%+n7r; ctgx =0, x=2n+17r; ctgx=1;
T
X=—+Nrx
4
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27-§. TpuroHoMeTpuK Ba TeCKAPHU TPUTOHOMETPHUK
GyHKUMsAIAPHUHT TpaduKIaApu

b v

y =arcsin x

¥
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11-000. Yn3ukiu anredpa 3jieMeHTIapPH.
28-§. MaTpuuajap

M Ta KaTop Ba N Ta yCTyHJIaH UOOpaT TYFpu Oypuyakiid COHJIap >KaJBajura
mxn YIHOBIHM (pa3Mepiin) MaTpulia Aeiniaam Ba

a, a, .. a,
A=| 81 82 - | gxp A=(y;) 1=12,..m j=12,.,n KypuHAIITA
a, a a

ml m2

Oenrunanany, a; A MaTpULIaHW dJIEMEHTIIApH Jeknnaan. Arap m=n 0yiaca nxn

mn

VadoBiIM  KBaApaT MaTpuma Achuiagu. A KBagpaT Marpuiia  Oyica
a5, 8y oy Ay, 3JIEMEHTIIap oo IMaroHait AJIEMEHTIIapH,

&, Ay, - &y UKKMHYH JUATOHAJ 3JIEMEHTIIAPH JECHNIIaIHN.

HNxku A=(a;) Ba B=(b;) Marpuuagap TEHI AeWMIagu arap YyJIapHH
caTpiap Ba YCTYHJAp COHH TeHT O0ynub Oapua | Ba j nap y4dyH a; =b; TEHITIHK
Oaxkapuica.

Nkxurta Oup XU YI4OBIM MaTpULIAHU KYIIUII (allMpuIll) MyMKUH, OyHIa
MOC dIeMeHTIap Kymwnanu (aiiupunanu), seau A+B=C 6ym6 C=(c;),
c; =ai; +b; Oymanm.

Martpuiianu coHra KynauTHpHUIL YYyH 3Ca, YHUHT Xap OHUp 3JIEMEHTHUHU
A = 0 COHra KynaiTupuO YMKUII KEPAK.

M: A:(_24 _31 g), B:(g _43 _12j oyca,

(6 01 (6 9 0
A+B—(—4 3 3} 3A—(—12 -3 15)

Matpurnanapuu Kymui (aWMpuIln) Ba COHTa KYMauTHUPUII aMmasliapura,
MaTpuUagap yCTUaa YA3UKIN aMajulap JeUUIaau.

29-§. MaTpuuajapHu KynaiTupuin

Arap mxn ymuoBiu A Matpuiia Ba nx| ymuoBnu B matpuiia Oepunran Oyica,
yIIapHU KYyMalTHUpUIl MyMKHH, OyHAa A-B Marpuua mx| Yi4oBra sra Oymaau
Ba C=AB MaTpuiianu 3JIeMEHTIIapH

Cij = (@1, @2, @5 ) Oy, by, by ) =25, by +@5,0,; +...+ &by

dbopmya OuiiaH TomUIagu.

0 -1 2 3 1
M: A= % (1) % , B:[z 1} oynca A-B TomwmiicuH.
3 7 1 10

A 4x3 ymuoBnu, B 3x2 ym4yoBnu OYnraHuaaH yaapHU KYalTUPUIL MyMKHH
Ba CKAB 4x2 ymyoBnu 6ynaau.
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0-3+(-)-2+2-1 0-1+(-1-1+2-0 0 -1
XaKukaTaH A-B= 2.3+ 1.2 +1-1 21+ 1.1 +1.0| |9 3
3.3+ 0.2 +1.1 3.1+ 0-1 +1.0| |10 3

3-3+ 7-2 +1-1 31+ 71 +1-0 2410

Iy muconga B-A HU TOmMI MyMKHH 5Mac; YyHKH 3x2 4x3 MaTpHUIAJIapHUA
KYTIANTUPHIIIA KyHUAaru Kougara puos KUiuil Kepak.

1. A marpunanu B Marpuiara KynmauTUpUIl MyMKHH OYIWIIM ydyH A
MAaTpULIAHUHT YCTYHJAp COHM B MaTpHUIIaHUHT caTpiap COHWUra TEHT
OYJIUIIN KEepax.

2. Vkku MaTpULIaHUHT KymalTUpranaa, KynaiTMa MaTpuiaaa carpiap COHU
OMpPUHYM MATPUIIAHUHT caTpJiap COHUTa, YCTYHJAp COHU 3Ca UKKUHYU
MaTpULIaHU YCTYHJIAp COHUTA TEHT OYnaju.

Vmyman aittranga A-B#B-A Ba A.(B-C)=(A-B)-C, (A+B)C=AC+BC

xoccaliap YpUHIIN.

Connap yuyH YpuHJIM OYJIraH MKKH HOJJIaH (apKJId COHHHMHI KymanWTMacu

HOJIJIaH (apKJIu JeTaH Xocca MaTpuliaiap yuyH YpUHIIU dMac.

SR

30-§. MaTpuUaHUHT JeTEPMUHAHTH

A:(aﬂ alz] 2x2 YI4YOBIM KBaJapaT wMmaTpuua OepwiraH OyiacuH. A
Ay Ay

MaTpHUIIAHUHT UKKUHYU TapTUOJIU JNETEePMUHAHTU (AaHUKJIOBYM) N1€0 ai1az-ainar:

. a, a
COHra AaWTWIagd Ba CHMBOJUK paBumga detA=| ' | K apaz-ajgan

dy; ay

KYpUHHUIIIA OSITHIIaHAIH.
a; &y A3
B=|a, a, a,| 3x3 YIUOBIU KBaJapaT MaTpulla Oepuiran OyiaCcuH.
A3 dzp ds3
B marpunaHuHr 1eTepMUHAHTH 1e0 Kyiuaaru conra auTuiaaam.
det A=a11a22a33FA21431A13TA12023031-A13A22031-A12021033-A11d23032 Ba  CUMBOJIHK
paBuIlia Kyluaarnda OenruiaHaim.
a; a, a3
det A=la,; a,, a,
A3 a3, dgg
YyuHuM TapTHONM JETEPMUHAHTHU XHUcoOjamijia Kyhuaard ydoypuax
Koujacu 1e0 atamyBuu ycyianan €éku Cappyc ycyiauaaH QoigalaHuIl MyMKUH.
JlerepMUHAHTHU XUCOOJIAIIHUHAT y4OypUaK yCyJId KyHujaaruya:
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JlerepMuHaHTHH ydOypyak ycynud OwiaH xucoOmamga ydra mycOaT
UIIOpai XaJ OOl JAMaroHaj >JeMEHTJIapu Ba OUp TOMOHH OOIl JuaroHaira
napajuien OynraH ydOypyak yduJard SJIEMEHTIAPHU KYHNAUTHPHUIN OpKalu
xocws1 Oymamm, yuyrta MaHGUU HIIOpaTyd Xaa 93ca HWKKUHYM JUaroHaj
3JIEMEHTJIApU Ba OMp TOMOHM MKKMHYM JUaroHaira napajien 0yiraH yudypuak
YUUJAry JIEMEHTIapHU KYNauTUPHUILIAH XOCHII OYIaiu.

Cappyc ycyauHu KOM1acu Ba XMCOOJIall cxemMacu Kylnjaaruya:

A & A3 CE A

=ajjagpazztajpazzads;taizadrdsz-adizdds-adj1dzadss-
dipdp1ds3

=ajdzrazztazidzpdiztazidpdys-ajzayeas-dpzdzdi1-Azzd2ar:

JleTepMUHAHTHU XucOOJala Ba YHUHI amMalui MacajajlapHU €4yuliia
KyJianjaa KyJdaiiuk TyFAUpaauraH Oab3u XOCCAIAPUHM KYJNAMIMK Yy4yH
WKKUHYA TapTUOJM JACTEPMUHAHTIAP MHCOJUJA KeIThpaMu3, aciujga Oy
xoccanap UXTUEPUM TapTHOIN JETePMUHAHTIIAD YIYH YPUHIIM:

(S T s O V O (O O [ P N TS
Ay Ayl (8, Ay 3 4 5 4
9 |1 82| a1 8z : A2 Qx| _|d1 A ; ‘ 3 7‘:_‘_5 4‘:_(_35_12):47
ay; ay i Q| |81p Qgy| |81 Ay -5 4 3 7
. kiai; @, _|% ki, _ kia; Kiag, ; ‘3 9 ‘:3‘1 3 :3(_5_12):_51‘
kidy @y |2 Kidy| [ay Ay 4 -5 |4 -5
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4. JleTepMHUHAHT HOJTra TEHr Oynanu, arap Oup carp €EKU YCTYH
anemeHTiiapu 0; UWKKM carp €KM YCTyH OJJIEeMEHTJIAapU TEHr EKU
MPOTOPIIMOHAT Oy Jica.

5. (Acocuit) JlerepMUHAHTHUHT OMpOp caTp €KW YCTYH 3JIEMEHTIIAPUHU
UXTHEPUA A1 =0 coHra kynmadtupu® Oomika carp €KU YCTYH
AJIEMEHTJIApUTa KyIIMUIIAAH YHUHTHT KUMMaTH y3rapManu.

Arap JIEeTepMHUHAHTHU aCOCHI AWArOHAIIMHU TNACTUAaru €KW YCTHUIaru
Oapua osnemeHTIap HON Oynca, OyHmall JAeTepMUHAHT ydOypdyak
JIETEPMUHAHT JACHUIIA]IA.

6. VYuOypuak  JAE€TepMHHAHTHUHT  KWiiMath  Ooml  JguaroHal
AIIEMEHTIAPUHUHT KYITaTMACHra TEHT:

a, a, a3 |, 0 O 4 00

0 a,, ayl=la, a, 0|=a,a,3a;;, 9 3 0[=4-3-2=24

0 0 agl |ag a3 ag -8 5 2

31-§. JlerepMHHAHT 3JIeMeHTJIAPUHA MHUHOPJIAPHU
Ba aJre0pamMk TYJIHPYBYHJIAPH

a; a, ... a

a,, a, .. a L — o
D2 82 1n =|aij|’ i,j=Ln, OYicuH

Ay 8y - Any

D ACTCPMUHAHTHHUHT aij QJICMCHTH MHHOPH I[€6, aij OJICMCHT CaKJlaraH

caTp Ba YCTYHJIApHU VUUPHUIIIAH XOCUJ OYJraH JAeTEpMUHAHTra alTUIagy Ba
Mij xypuHHIIMIA OENTHIIaHATN.

A &y Q3 a;; p A3

Euwnin:

a a a a
M:A=a21 8y Ay |An — My = R Mj; = How
a3, dg ay; ap
Q31 43 dgg A3; Q3p Ay
4 0 3
M: A=|5 1 -2/ IeTepMMHAHTHUHI 6apya MHUHODPJIAPUHH TOIHHI.
34 0
O P - R I TPPRRN - I
B < T e < T o T e < T | N 7 N o N 1 T o
4 0

. 0 3 : 4 3 . 4 0
. 4‘:12, M31:‘4 ol =-12; M32:‘5 _2‘:—8—15:—23, M%:‘S =4

D neTrepMUHAHTHUHT &jj SJIEMEHTUHUHT aldreOpavk TYIIupyBYUCH J1€0

(-1)"IM;
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udonara aitmiany Ba Alj KypuHUIIAA OeNTHiIaHa i,

M: A11=|V|11, A12=-M12, A13=M13, A32=M32 Ba X.K. AbpHN |+j — )qu)T 65'/.]103
Aij:Mij; I+j —TOK 6S'IJ'IC& AijZ-Mij,

Teopema. D perepmunant uxtuépuit carp (yCTyH) 3JIEMEHTIAPUHUHT  MOC
anredpank TYJIIUPYBUMIAPH KYTAaHTMACUHUHT UMFUHIMCUTA TEHT, ’hHU
D=a,A, +a,A, +..+a, A, Eku

D :alelj +a2jA2j +...+anjAnj

2 Ba 3-TapTUOIM JETEPMHUHAHTIAPHU TYFPUIAH TYFPU XUCOOJAIl MYMKHH AU
(30-§). JlerepMHUHAHTHHUHT TApTUOM yuaaH Ky OYJIraHaa, YHUHT XUCOOIalIHUHT

OyHzail xucobOnam Kouaanapu MaBxy smac. Ly cababau TapTubu yunan kym
OynraH aeTepMUHAHTIApP OUpOp caTp €KUM YCTYH dJIEMEHTIapu Oyitmda Eino

XUCOOJIaHaIN.
30 2 O

M: D=(2) 2 :% gxnco6ﬂchnH.
52 0 1

Eunmi: By nerepMuHaHTHUHT OMPUHYM caTpua MKKUTA HOJ OYITaHUIaH YHUHT
OMpUHYM caTp dJIEeMEHTIapu Oyinua Einb xucoobmam Kysai.

Dx3-A11+10-A12+2. A13+0. A14=3A11+2A13=2M11+2M 3

3 -1 4
My, =4 -2 3=3(-2+(-1):3-2-4-(-2)-2-1-4(-1)-1=—6-6+16+4=8
2 0 1
2 3 4
M,,=/0 4 3=2-4.1+3.3.5-4.4.5-2.2.3=8+45-80-12 =39
5 2 1

D=3.8+2.(-39)=24-78=-54
32-§. Teckapu MaTpUIa Ba YHHHT TONHII

A Ba B Oup xunm Ym4yoBiau KBajgpaT Matpunanap OViacuH. Arap
A-B=E Oynca, B marpunia A ra HucOaTan Teckapu Matpuiia Kyinnaau Ba B=A"
! kxypunumpga OGenrunanagum, Oy epma E — Martpumara GupaMk MaTpuia
JIennIaau.

A matpuia xocMmac (aifHUTaH) MaTpuila Aeimnanu, arap det A=0 Oynca
Xoc (afHMMaraH) MaTpuiia fenuaaan, arap det A=0 Oyica.

AnbGatTa Xap KaHmal uXTUEpuil A MaTpuIia yayH Al TECKapyu MaTpula
MaBKyJ OViaauMu eraH caBoJI TyFynaau?

Teopema. A Marpuliara TeCKapu MaTpuila MaBXyJl OVJIUIIN Y9yH Y XOC
(aitHuMaran) matpuiia (det A = 0) OYIUIIN 3apyp Ba eTapiaugup.

Arap

34



a11 a12 aln All A12 Aln

A=|B G2 o G Oyica det A=0 Gyica ato_ L [P B A
. S det A S
anl anZ " ann Aﬂl An2 o Ann

Xycycwuit xonma N=2 Ba =3 Gyiica

A Ay Ay
N IS [
P As Ay Ag

Amanga Oepunran A Martpunara Teckapu Al MaTpULIAaHU TONMIIHK
Kyhnaaru cxema Oyinua Oaxkapuin KyJiau:

1. A marpuna nerepMHHaHTH A =det A XucoOIaHaau;

2. a; >JIEMEHTIAPHUHT Oap4a anreOpauk TYJIAUPYBYUIAPH TOMUINO SHIHU

MaTpuIia Ty3WJIaju.
3. Ty3unrad ssHTU MaTpuUlla TPAHCTIOHUPJIAHAIH;

o 1 o
4. Xocun 6ynaran Matpuia - Ta KynauTHpAnazm.

33-§. Un3uku TeHrjiamMajaap CHCTeMacHHH
TecKapu MaTpuua épaaMuaa evymin

Yd HOMabAyMIM ydTa OHWp >KMHCIMMAC TEHTJaManap cHUcTeMacu OepuiraH
OYJICUH:

a;. X, + apX, t+ Xy = b1
Xy T 8K, AyXy = bz
3%+ X, t+ AgXy = bs

[y cucremaHuHr HOMABJIyMJIapu oJaugaru KodpduireHTapaa
TY3WIraH A MaTpUILIaHU KapaiMu3:

a, Q,
A= ay; Ay Ay

a31 a32 a33

Cucremanu 0301 XaAJ1apyu Ba HOMabJIyMJIapHuaaH
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B=|b,|, X=X, MaTpunagap Ty3aMus.

Martpuiianu maTpuiiara KYnaWTUpHII KOWJAcura acocaH Oepuiran
cCUCTEMaHu A-X =B MaTpuuaiy TEHIJIaMa KYpUHUIINUA €3UI MyMKUH, OyHIaH
aca

X=A"B
X, +2X, =7 . 1 2)(x 7
CUCTEMaHU €KU : = MaTpuLaIn
3X, +4x, =17 3 4) (X, 17

TCHIJIaMAaHHHT CYHUHI'.

1 2 1 2
E: A:3 =4-6=-2+0 , neMak A= 3 4 XOCMac MaTpulia Ba yHIra

TeCKapy MaTpHIla MaBxkya, A Hu 32-§ naru cxema Oyinda TOaMU3:

A,=4 A,=-3, Al = 1(4 _2).

A,=-2 A,=1""" 2\-3 1)

X=AtB= —%(_43 ﬂ@ - ‘%(: 3 ] @

X,=3; X,=2 €xu Oepuirad TeHIJIanajiap cucreMacunu euuun (3 ;2).

34-§. Un3nK/1u TeHIJ1amMajaap CHCTeMAaCHHU
Kpamep ¢popmynacu éppamMmuaa equun

N HOMABJIYMJIH N Ta YM3UKJIA OUP KUHCIUMAC TEHTJIaMajap CUCTeMAacH
Oepunran OYJICHH:
A%+ auX, +..+ a,X, = Db
X+ AynX, +..+ 84X, = b,

Il
o -
w

a X, + apX, +..+ QX

Teopema: Arap (1) TeHrnamanap CUCTEMAacCHHU ACTEPMUHAHTU A =0 OYica, Oy
Ay (k=12...n)

CUCTEMa srOHa euyumra sra Oynmagu Ba Oy euumiap X, =

dbopmyiia Ousian Tonuiaaay, 0y epaa
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Qi Ay - By CIPRC PRI YUY o PR

Ay Ay e Ay, 8,1 gy Ay 1 D, B -0,
A= ;A =

a, 4a,, .. a Ay AppeeeBpy g bn Apyig -y

X = AZK (k=12..,n) (2) opmynara Kpamep popmynanapu aeinnaum.

b %) X, + X :b a a
XYCYCI/II/I XoJiaa n=2 6y.ﬂca a1 X, +8,X, 1}’ A= 11 12 ” O’
a, X, +a,X, = b2 a,, a,,

b a a b
AXl — 1 12 ’ AXZ — 11 1

b, ay a, b,
N=3 6yca

a.]_lxl + alzxz + a13)(3 = bl 3-11 a]_g al3

Ay Xp T+ 8X, F AyX; = bz , A= Ay 8y Ayl F 0,
a31)(1 + a‘32)(2 + a‘33X3 = b3 a31 a32 33
bl alZ a‘lS all bl alS all a‘12 bl
Axl =0, @, Ay, sz =y bz Ays| s AX3 =l Ay 2
b3 a‘32 a33 aSl b3 a33 a31 a32 b3
N RV SR
A A A
M:
X +2X, =7
33-§. marm TeHrnamanap cucremacunn Kpamep dopmyrnacu
3x, +4x, =17
épaamMuia CHanJIuK:
1 2 7 2 1 7
A= =4-6=-2#0, Ax = =28-34=-6, Ax,= =17-21=-4,
3 4 17 4 3 17
xlz_—2:3; X, :_—2:2 , spHE (3 52).
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111 600. BexkTopaap anredpacu
35-§. Acocuii TymyH4uaaap

Kecmanunr 6011 Ba OXupru HyKTacu aHUKJIaHTaH Oyiica, yHalIran KkecMma
neuniIaan. ﬁyHaHraH KecMmara BEKTOp JACUMUIIaIH.

A Ba B TyTtamrupu6 BekTOp sicanca, y AB éku AB=a KYpUHHIIHIA
Oenrmwnananu, OyHaa A HYKTa BEKTOPHUHTHI Ooinu, B HykTa BEKTOPHUHTHT
OXUPTU HYKTaCUHU OWJIIUPATIH.

BEKTOPHUHTHI y3yHJIUTMIA YHHHIHI MOJYJIM Aeimnamd Ba | AB|= a|
Kypunumuaa Oenruiaanand. Moaynn Oupra TEHr BEKTOpra OMpPIUK BEKTOP
neitunamy, abHU |al=1 Ba a° KYpUHHIIINIA OeNTHIaHadu.

Bekropnap Oup-Oupura mapamien €ku Oup TYFpU YU3HK ycTuaa €Tca,
OyHJall BEKTOpJIap KOJUIMHEAp BEKTOpPJIAp JACHUIIaIu.

VIKKU BEKTOp TeHT a=b neliunanu, arap: 1) mogymnapu |al< b| Tenr; 2)
KoJuIMHeap; 3) MyHanunuiapu 6up xun Oyica.

BekTopHUHTHT 0OII HYKTacMHU OUp HYKTaJaH UWKKAHYMA HyKTara
KYYUpHI MYMKUH Oyica, OyHAaill BeKTopjapra 0301 BEKTOpJiap JeWuIIaau,
OM3 acocaH 0307 BEKTOPJIAPHU ypraHaMus3.

36-§. BekTopaap ycTuaa YM3UKJIN aMajliiap

Bekropnapau Kymmmi, aiupuin Ba A =0 y3rapmMac COHra KynauTHPHWII
amasnura, BEKTopJjap YCTH/Ia YA3UKIIM aMaiuiap AeHuaau.
a f a/ b
— > uxTuépuii BekTopiap OepwiraH OVyiica, yJIapHHUHT
r_1 0 OommHu xamMma BakT Oupop O Hykrara kearupu® (r-1) maxmna
tacBupiaml MyMKuH. IIyHUHTHrOek xap KaHAail a BEKTOPHHUHT
OOLIMHU KOOpAMHATA OOIIUTa KeATUPUO, YHUHT KOOpIUHATA OOIINIaH YUKYBYH
BEKTOp Ae0 Kapaill MyMKHH.
c—a+b Ukku a,b BekTOpiap iuruHaucu 1ed aBa b KymumyBuu
BEKTOpJIapra scajiraH NapajuieJorpaMHUHT ymymud O yuuaaH
/ YUKYBUM C=a+b BekTopra aifTunagy.
b bup Heua BEKTOPHUHT KYIIUII YYYH KYIIUITYBYH OUPUHYU
BEKTOPHUHTHT OXUPTHU y4YUra KYIIWJIYyBYM UKKWHYM BEKTOPHUHTHI OOIIJIAaHFUY
YUYUHHU KEJITUPaMU3, sICAIraH KYIIMJTyBYM UKKUHYM BEKTOPHUHTHI OXHUPTHU
y4Wra, yYMHYU BEKTOPHUHTHI OONUIAHTMY YYMHHU KEITHUPAMH3 Ba X.K., XOCHJ
OYNAraH CHHUK YM3UKHUHTHT OOIJIAHTMY HYKTACH OWJIAaH OXHUPTH HYKTACHHU
TYyTAIITUPYBYM BEKTOpP (EMyBUM BEKTOp) OEpwiiraH XxamMma BEKTOPJIAPHUHT
HuruHaucu Oyiaau.

0]

C

o @
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Vkkuta aBa b BEKTOPHUHTHT aiiupMacH 1e0, IyHJall yuuHuM ci1=a-b
BEKTOpra aiiTMIaj uKM, YHMHIHT afipuiyBunm b BekTop OuiaH iurueaucu a
BEKTOpra TeHI Oyiajm, OOllKaya aiTraHga a BEKTOPJAH b BEKTOPHUHTHI
allmpMacu yjapra KypwiraH mapamienorpaMHUHT O y4WjaaH YuKMara
MKKHHYM JMOTOHAIMJAH MOOpaT BEKTOpra TEHI OYamO, cTpelka a TOMOHIa
WYHaIaIu.

a BEKTOPHMHTHT A =0 cOHra KymaiiTmMacu ne0 myHjgail b=a Bekropra
alTUIanuKK, b Kyliugaru mapriapHu KaHoatnantupanu: 1) [bl=A|la  2) aBa
b xomnmHeap Gymaau;
3)arap >0 6¥nca b BekTOp HyHANMIIM a BEKTOp HyHaNIUIIM OGHIaH GUp XU
oynanu, arap A <0 Oyica iyHanuImm xap Xwi Oyiaau.

37-§. BeKTOPHMHTHI KOMIIOHEHTH Ba MPOEKUMUACH

- : AB=a BEKTOPHUHTHI YKIAard IPOEKIHACH
A / ne6, yHuHrHr Oomu A Ba oxupu B Oynran
. > HYKTQJIAPHUHT 1y YKKa Tymmpwirad Ai,Bi
MPOCKIUSIIApUHU TyTalITUPYBYH A B,

BEKTOpHUHTHT  AjiBi  Mukgopura, sbHH
WyHanran AB, KeCMaHUHI + €KM - WuIIOopa OWIaH OJMHTAH  Y3YHJIUTUTA

aiitunamu. AB, 6unan OX Yk iyHamumu 6up
xua Oynca (+) umopa, akc xonaa (-) uiopa
OJIMHA[IN.
np, ,AB = AB, = AB|cos g

Tyrpu 6ypanJ1H I[eKapT KOoOopauHaraiap
cuctemacuga a=OM  BekTOp Oepuiras
OysicuH Ba OM:,OM>,OM; a BEKTOPHHUHIHI
KOOpJIMHATAa  YKJIapujaru  NPOKIUsUIapu

M, OyacuH, Oy BaKkTAa BEKTOPIAPHM  KYIIMII

X Kopmacura acocan a=0M:+OM2 +0OM3;
Koopnunara Vkiapuaan Moc paBullia

j,k Gupmuk BekTOpnap TaHnab ogamu3, Oy BaKTaa
~OM ~{|OM. |+]/OM, | +k | O |
=OM =iX +jY +kZ

<V

— |

Oynanu.

SJJIQJI =
1
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X,Y,ZcoHlap a BEKTOPHUHIHI KOMIIOHEHTH (KOOpAMHATA)IApH JAeHuIaIn.
PaBmanku, UKKWUHYU  TOMOHIAH xX,Y,Z a BEKTOP OXUPHUHUHT
koopauHatanapumup. 1y ca6abmu a=iX + jY +kZ  BEKTOPHHHT scalll y4yH,
M(X,Y,Z) HykTanu TonuO, yauar O HykTa Ounad Oupiaamtupub  a=OM
BEKTOD sICaJa/IH.

U3ox: a BekTop iiyHamraH kecma Gyica, X =np,a, Y =np,a, Z=np,a
Oyaramuman, X,Y,Zaap a BEKTOPHUHTHT KOOpAWHATA YKJIapuaarua
IPOEKIUSIapU JeHnIaay, MEXaHUKada a BEKTOp KydHHU Ommmupea, iX, jY ke
Jap YHHHI TallKWiI 3TyBumiapu Oynaau. [y ca6abmu X,Y,Z ymymuil xonaa a
BEKTOPHUHTHI KOMIIOHEHTIApU Jeimnagd, Oab3aH a=iX + Y +kZ &3y
Ypuura a{X,Y,Z} é3yB XxaM Ky HILTATHIAIH.

Arap BeKTOpJjap KOMIOHEHTJIapu OuiaH  Oepuiiran Oyica, sS’bHU
a=ix, + jy, +kz,, b =ix, + jy, + kz,, 6y BakTIa yIap ycTHAa YM3UKIH aMasLiap.

Macana: A(x;y;;z;) Ba B(X,;Y,;z,) HyKrajmap Oepuiran Oyica, Oy
UKKH HYKTa OpacwIard KecMaHu AH#cOaTma OymyBunm C(X;y;z) HYKTaHHHT

KOOpJIMHATAJApUHA TOMUI Tajad KUIMHCA (é:é=ij Oy BakTaa X, y, Z, jJap

o X, + AX, Yy, + Ay, z,+ 1z,
Uugarn X =———, ===, Z=——"7"= (@QopMmyJnajap OpKaJH
A 1+4 y 1+2 1+2 Bopy b OPK

TOTWJIA/IN.
38-§. BexTopaapuu kynauTupuin

BekTopiiapau KynaWTUpuil amaiayd COHHU COHIa KyNaWTUPULI amaulaH
KECKUH (QapK Kuiaau. b3 UKKKW BEKTOPHUHT CKOJISIP Ba BEKTOPJIHM KYTTaWTUPUII
Ba y4 BEKTOPHUHI apajialll KYNaWTUpUII amauiapu OWilaH TaHUIIAMHU3 Ba
yJIapHU T€OMETPUS Macajanapura TaA0UKUHU KeNTUpuO yTamus.

1. IKKku BEKTOpPHUHTHI CKaJIsAp KyNakTMAcCH.

Nkku a Ba b BEKTOpJAapHUHI CKalsgp KymaitmMacu ge0 Oy
BEKTOPJIAPHUHT MOJYJUIapU KymaiTmacu OuiiaH ymap
opacujaru Oypuak KOCMHYCH KymalTMacura auTuiaaau
Ba ab &k  (ab)makima  E3uMNagM SBHU
a-b=(a,b)a|b|cose
BeKTOpHUHTHT YKKa TYIIMPUITaH NPOCKUUACH
Tapudura acoca
(a,b)=albfcosp=alnp.b=np.a

'

(a,F)=(OAF) ckansp KymaiiTMa MeXaHWKa HYKTaM Ha3apugaH F Ky4 TacHpH
octuga Oupop M Marepuan HyKTaHH MABEKTOpra Kajaap CHIDKUTIaHa
F Ky4HUHT Oa)kKapraH UIITUHU OUIAUPAIN.
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WNKKH BEKTOPHUHTHI CKAJISIP KYNIAWTMACH KyMUIaru Xoccajiapra Jra.
1. (a,b) = (b,a) YpuH aIMAIITUPHII KOUJACH
2 (5, 5)/1 = (525) = (/155) = /1(5, 5) , A Ta HUCOaTaH IrpyIajamn KOHYHUHT
3. (a+hb,c)=(ac)+(b,c) TAKCUMOT KOHYHHHT
4. (a,b)=0 6ymaam, arap BeKTOpIapAaH OUTTACH HOJ EKH yIIap
NepHeHIuKyIsIp Oyica
Arap a=ix + jy, +kz,, b=ix, + jy, +kz, KOMIOHEHTIapu OHJIaH
Oepwiran OVyica, yJlapHHM CKalsap KymahTMacu OWp HMCMIJIM KOMIIOHEHTaiap
KYNaWTMACUHUHT WMFUHIUCUTA TEHT, IbHU
(5, 5) =XX, +Y,Y, +2,Z,
Arap a=b Oyica, sbHU X, =X,, Y, =VY,, Z, =2, OVica,
(aa)dall=x’+y,’+z° 6Yymub, |al=yx +y, +2z° Oynagu
(5, 5) = a I b | OS¢ TEHTIIMKIAaH
0s¢p = (_5’6_) _ XX, * Y, 4,7,
lalbl  fx?+y2+22 %2 +Y,> +1,°

Arap alb 6¥yaca, cosZz=cos90° =0 6ymub, (a,b)=0 Oynagu, sbHU

X,X, +V,Y, +2,Z, =0 UKKH BEKTOPHUHTHT NEPIEHAUKYJISPIUK [IAPTUIUD.

2. VIkKku BEKTOPHUHTHT BEKTOPIIU KyHalTMacH.
UKkn a Ba b  BEKTOPJAPHMHT  BEKTOPIH
KyTmaiTMacu ne0 ITyHIau c BEKTOpTa aWTUJIAJIUKH,
4 Oy BEKTOp Kyimmaruua aHmkiaaHag: 1) a+b, 2)
¢ |cl=a|lb|sing, 3) iyHanumm 5ca ¢ BEKTOPHHHTHT
W OXUpHMIaH Kaparanaa (CTpesika KyMMJIraH KOiHu) ¢
BekTOp arpoduga a BEKTOpAaH b Bekroprada
a OynraH SHT KUYUK Oypuak coaT CTpeJIKachra TecKapu

OynuIIM Kepak. a Ba bBEKTOPHUHTHI BEKTOPJIU
Kynautmacu axb €xu [a,b] KYpUHUIIKIA OeNruaaHaIn.

ol

Bekrtop kymnaiitma KyHuaara xoccanapra ara:
1) [a.b]-p.a;
2) |rab|=a, 1b|= 2fa.b)
3) |a+b.c|]=[a.cl+|o.c|
4) VIKKk¥ BEKTOPHHMHI BEKTODPJIM KYIAWTMAcH HOJra TEHr OYJamu, arap a Ba b
BEKTOpJIapJilaH Oupu HoJIra TeHT OYJica €ku yiap KoJiieHeap Oyica.
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a Ba b BEKTOpIAPHUHI BEKTODPJIU KYNAWTMACUHUHI MEXAHUK MabHOCH a Kyd
TabCHP OTTaH HYKTAHUHT paJMyC BEKTOPH OWIaH F KyYHHHT BEKTOD
KynauTMacu Ky4HHHT HyKTara HUCOaTaH MOMEHTHUTA TEHT.

Arap a=ix + jy, +kz,, b=ix, + jy, +kz, BeKTOpIap KOMIIOHEHTIApH
Ownan Oepuiran OVyica, yJIapHUHT BEKTOPJIM KYMalTMach YYMHYM TapTUOHIA
JE€TEpPMUHAHTTa TEeHr OYynub, yHMHTHr l-catpupa i, j,k Oupmuk oprmap, 2-
caTpuga a BEKTOPHUHIHI KOMIIOHEHTJIAPU, 3-CaTpuga b BEKTOPHHHIHT
KOMI‘[OHCHTJIapI/I TypaJau, SbHU

k
- % x| =[x x
[b—X Y, le'yl yZ_jl I e
Xp_ yz 22 Zl ZZ Zl Z2 yl y2
= o = = X, X
Arap a Ba b kxoymHeap Oyiica [a, ]:O i Yo =0, Y=o,
Zl ZZ Zl Z2
X X . X Y1 I .
=0 éku —Lt="L=- Oynub, Oy MKKM BEKTOPHUHIHI KOJUIMHEApPJIUK
yl y2 X2 yZ 22
HIapTUIUDP.

Bekropnu xynaiitmMa TabpuUHUHT 2) OaHAWIa acoCaH a,b BEKTOpJIApra

KypwiraH mapajuieiorpaM  Ba  y4OypYaKHMHT  [o3ajlapu S \=‘[5,5

S, = %‘[5,61 (dopMmynanap OuIaH TOMUIAIN.

3. Y4 BEeKTOPHUHTHI apajaml KynaiuTMmacu.

Vura a,b,c Bekropmap Oepuiran OYIICHH. [5,5] BEKTOp OMJIaH c
BEKTOPHUHI CKAJKAP KYyHaWTUPUII €KW BEKTOPJIM KYNaWTUPUII MYMKHH,
OMpUHYM XOJJa KynmaWTMa apanaml KynaiTMma, UKKUHYM XOJiJa KYII BEKTOP
KymaiT™a neiinnany Ba ([5,5 ), (5-5-5) KYpUHHMIIIA, KYII BEKTOP KyIailTMa dca
[5[5,5 KYpHHUILA OEIITUIaHa .

W KK1 BEKTOPHUHTHI apayail KylnaunTMacu KyWuaaru Xxoccajaapura sra.

1. ([5,6]6):-([6,5]5), ([5,5 ):—([5,(_: ), Q5,6 ):—(l(_:,k_) ) , AbHM apaarl
K}”InaﬁTMana MKKM KYIIHUM BEKTOP YpPHHU apajaliTUpUIICa, apaJiall
KyNanTMAHWHT HILOPACcH TECKapHra ajMalliajiy.

2. ([ ):([ b,c ):Q c,a ) S’bHU Y4 BEKTOP YPHU JOMPABHM MaKiaa (IIMKIIA)
aIMallTUpUIICa, apajanl KymanTMa Mopacu y3rapManau.

3. Arap a,b,c BEKTOpIApJAH MCTANTaH MKKMTACU OMP-OMpUTa TEHr EKU
napasien (KoyutnHeap) 0yiica, yIapHUHT apajall KymaiTMacu HOJTa TEHT.

4. Arap a,b,c KoIIMHeap BEKTOpJIap OVIIca, yIapHUHT apajaml KyaTMacu

HOJTIa TCHI'.
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Arap a=ix +jy,+kz;, b=ix,+jy,+kz,, C=ix;+ jy,+kz, ABHM ydana

BEKTOpJIap KOMIIOHEHTanapu Ousian Oepuiran oyica,

- X Y1 4
([a,b )= X, Y, 7,
X3 Y3 I3

TbHM KOMIIOHEHTAJIapy OMJIaH OEpUIITaH yd BEKTOPHHMHIHI apajianl KyrnaiTMacu
YUUHYM TapTHOa A€TEPMUHAHTIA TEHT OYIM0, YHMHTHI MOC PaBUIIAd OUPUHYM
caTpujia OMPHHYM KYHaliTyBUM BEKTOp a HUHI KOMIIOHEHTAJapH, MKKHHYH
caTpuja b HHMHI Ba yYMHYM CAaTPUAA C BEKTOPHUHTHI KOMIIOHEHTAJIapH
Typam.

Arap ab,c BekTOpIap KOMILIAHAP Oymmaca, ymapra Kypuirad
napajenuIeHAHT XaKMHHH Iy y4 BEKTOP apajall KyIaiTMACHHUHT a0COMIOT
KUMMaTHura TeHr.

. . Xl yl Zl
Vyg = ‘[a, bH = i([a, b )= HX, Y, Z,
XS y3 23

- - - 1 o
a,b,c BeKTOpIapra Kypujiral nupaMujia Xaxxmua V, = EVH'H' 0ynud

Xl yl Zl
V, = i% X, Y, Z,| hbopmymna Ouian xucoOiaaHaIu.
X3 y3 Z3
Arap ab,c BEKTOpJIap KOMILIaHap Oyiica, ([5,5]5):0 EKH
Xl yl Zl
X, Yo Z,|=0
X3 y3 Z3

Y4 BEKTOPHUHTHI' KOMILTAHAPJIUK IIApTHINP.
Arap A (x1y1Z1) B (x2y222) C (x3ysz3) Ba D (X4ysZs) HyKTanmapaa Oyiras
nupamMua XaXXMUHU TOTHII Kepak Oyiica,
1 X=X Yo= Y1 4,74
Vi, :ig Xs=X Ys=Y1 Z43—%4
Xo=% Yo=Y 4474
dbopmyia OuniaH TonuiIagu.
Arap A, B, C, D nykranap 6up Texucinukaa €rca,
Xo=X Yo=Y 2,77
X;—X% Ys—VY, Z,—2|=0 Oymanu.
Xg=X Yo=Y 24474
By TeHruK TYPT HyKTaHUHT OUp TEKUCITUKA ETHUII MAPTHIUD.
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OHAM y4 BEKTOPHUHTHI KyIl Kymaitmacunu Ypranainmuk. HcoOot
KWIMHIAaHKHA, yd4Ta BEKTOp YYyH KyWHMJIard TEHIVIMK YPUHIMIHD,

e bel-[a.ch)-[s.oF]

V4 BeKTOp KOMIOHEHTanapu Owman Gepwiran 6ymca |[ab,c] mxxura

- . - - — 1y, z,| —Ix, z,| |x .
a=ix + jy, +kz, Ba [b,c iz % —j|? +k|? V2 Oyiranuman
y3 Z3 X3 23 X3 23
-~ i ] K| dopmyna 6unan xucobiaaHaIn.
[a, [b, C]] = X, Ya z,
Yo Zp) Xz Zp] X Y»
y3 Z3 X3 23 X3 23
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IV 600. Tekucankaa aHaATUTHK reOMeTpUsA
39-§. Uusuk

X Bay ¥y3rapyBuu MHUKIOpJApHU OOFJIOBUM Y = f(X) TEHIJIamMa OepuiraH
OyncuH. Ymly TeHrIaMaHUHT €duMu Oup KydT (X;y) XaKuKui coH OyimoO,
yMyMaH aiTragia Oy TeHIJIaMa 4eKCU3 KYIl e4umra sra. Arap KoopAuHaTaJlapu
y=f(X) TEHIrJaMaHUHI €YMMHJIAaH ubopaT HyKTajzapHu Oupop Jlekapt
KOOpAMHATAJlapu CUCTeMacujaa scaiuca, Oy BakKTJa TEKUCIHUKAA HyKTanaap
TYymiIaMu xocuia Oynanu Ba Oy HyKranap Tyrmuiamura y= f(x) TEHIVIAMAaHUHTHT
rpaduru 1enunaam.

Tabpud y= f(x) Tenrmama 6upop L YM3MKHUHTHT TEHIIaMacu JeHuIaay,
arap my L 4u3uk yctuaa TypraH xap OWp HyKTaHHMHT KOOpAMHATacu y = f(x)
TEHIVIAMAaHUHI KaHOATJIaHTHpCa Ba Iy YM3UK yCTHIA €TMaraH HyKTaJapHUHT
KoopAuHaTajzapu y = f(x) TEHIVIaMaHUHI KaHOATJIaHTHpMAaca.

M, (X3 y,) HYKTaHH  KOOpJHMHaTajJlapu y=f(x) TCHIJITaMaHUHT
KaHOATJIaHTUpaaW JenWmu3, arap Yy, = f(x)0ynca, M,(x,;y,) HYKTaHH
KOOpAMHATaJapyu Iy TEHINIAMAaHUHI KaHoaTIaHTUpMaca, SbHH Y, # f(X,)
Oynanu

M: y=2x*5 tenrmamanuar M; ( 2;3) KaHOATIAHTHpagM, YyHKH
3=2.2° -5 Ba M3(4;7) KaHOATIAHTUPMAK TN, IYHKU 7 # 2-4° -5

AHanuTuk reomeTpus GpaHu KyHugaru MKKATa MacajaHu €4a/iu;
1. Yu3ukHUHTHT Tabpudu Ba xoccalapuaaH (oigananu®, YHUHTHLD

TEHIJIAMACUHU TY3a]lU;
2. y=f(x) uM3uK TeHr1amacu OunaH Oepunran Oyica, YyHUHTHT TpadUTruHu
, sicaru.
T M) bupop YM3MKHUHT TEHIJIaMacHHU TY3WII YYyH
Kydnaara KoujanaH doiganaHuim MyMKdH: L
YU3UK yCTHUJIa KOOPJAMHATAJIAPU y3rapyBuu OYyiraH
M(X;y) HyKTa OJIMHAIW Ba YN3UKHUHT Tabpudu EKu
Ooupop xoccanapuaan doiigananud y3rapyBuu X Ba
y MUKJOpJIap opacujaru OOfIaHuIl Tonwiaau. M:
Mapkasu Mo(a;b) HykTaga Ba paauycu R Oynran
allJTaHAHWHT TEHIJIAMACH TY3WJICHH.

Eunm. Alinana tapudura acocan | M;M |=R €ku

J(x=a)2+(y—b)? =R &kn (x—a)? +(y—b)? =R? 1)
(1) renrnamara mapkasu Mo(a;b) Hykraga Ba paguycu R ra tenr O6ynran
alllIaHAaHWHT KAaHOHMK TEHTJIaMacu JeHUIa/Iu.

v

0
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Xycycuit xonma a*B*0 O6ynca x* +y? = R* (2) TeHriiamMa xocui 0ynaau. (2)
TEHIJIaMara Mapkas3u KoopJuHaTa Oomuaa Oyiran aijiaHaHUHT KAaHOHHUK
TEHIJIaMacH JIeUUIIaIN.

Arap LjiBa L, yusukiapu 6epwiran 0Vauo (/1(x,y)*0, /2(x,y)*0), ynapau
KECHILTaH HyKTapJIapuHU TONUII Tanal 3Tuica, Oy HyKTajiap xap MKku Lj Ba L
YU3UKJIapra TETULUIM OYNTaHIuTHIaH, YJApHUHT TEeHrJaMalapuHU CHCTeMa
KWIKO €UHIll Kepak.

40-§. TY¥pu YM3UK XaKHIa aCOCHI TylIyH4Ya

TYFpy 4M3HUK aHATUTUK TEOMETPUSHHUHT aCOCUM TylIyHUalapujaH O0yiuo,
y OeBocuta TabpudIaHMAWIM, JIGKHH OWJIBOCHTa TapUIaHUIIA MYMKHH;
MacajaH TEKUCIMKIA TYFpU YM3UK 1e0 OepuiraH WKKA HyKTajgaH OapoOap
Y30KJIUK/Ia TypraH HyKTaHUHT T€OMETPHUK YPHUHU TYIIYHUHTIII MyMKHH.
bu3 tekucnukga EBkima reoMerpusicuia aHAJIUTHK T€OMETPUSHUHT
OMpUHYM Ba UKKUHYM MacalajlapyHu  €UUIIHU  ypraHamus. EBkiaua
reomerpuscu Ae0, Kyluparu Oemr macTyjaT (akcuoma)ra acocaH KypuiraH
reOMETPUAra auTUIIAIN:
1. bepunran UKKA HYKTaJaH OMTTA TYFpU YM3UK YTKA3ZUII MYMKHUH.
2. TYFpu YM3MK KECMACUHU YEKCU3 JABOM STTHPHUII MyMKHH.
3. UxTuépuit mapka3 ae0 aTanyB4d HyKTaJlaH paguycH Xap KaHaai Oynran
alJaHa YTKAa3UII MyMKHH.
Xamma TyFpu Oypuakiap y3apo TEHT.
Arap Oup TeKHCIMKAa €TTaH UKKU TYFPU YU3HUK OWJIAH YYUHYH TYFpH
YU3MK KECHUINTaHa WIKK OMp TOMOHIHU Oypuaknap iuruaaucu 180° nan
KUYUK Oynca, Oy TYFpU YM3HKIAp WYUK OHp TOMOHJIM Oypyakiap
WUFUHIMCH T JaH KMYHUK OYJIraH TOMOH/A KECHUIIIa/IH.
TY¥pu 4M3UK KOOpAMHATANIAP CUCTEMACHU IaTu XOJaTHHU Xap XWI yCyJiap
OWTaH aHUKJIAIl MyYMKHH.

M: Tyrpu umsuk Oepwiran Oup HyKTajaH YTuO, OepwiiraH WyHaIUII
Oyiinua MyHanraH; OepwiraH HyKTagaH yTuO Oupop BEKTOpra mepreHaIuKysp,
UKKM HYKTaJaH yTaau, KOOpJAWMHATa YKjIapu OujaH KeculuO, axkpaTra
KecMayiapura kapad Ba X0Kaso.

S

41-§. Tyrpu YM3MKHMHI Xap XU/ KYPUHUIIMIATH TeHIJIaMaJlapu

1. Bepuiran M;(X1;¥Y1) Hykragan yTtub n=Ai+Bj
BEKTOpra  MEpHeHAUKYJsp OYNraHn TYFpU YHU3UK

1 (%5 Y1) TeHrmamMacu  A(x—x)+B(y-y,)=0 (1) kypunumina

Oynanu.
M(X;y) bepunran L Ty¥pu um3ukra nepHeHaAMKYJSp
Oynran xap KaHAall BeKTOpra YHHUHTHT HOpMall
0 X>  BEKTOpH Aeimnany.
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M: M;i(3;-4) mykraman yTtu6 n=5i+6] BeKkTOpra
_ HEPIIEHIUKYIISAP OYIIraH TYFPU YU3KMK TCHITIAMACH
M, (X ¥,) 5(x-3)+6(y+4)=0 éxu 5x+6y+9=0 Gymazmu.
\ M) (1) Tenrmamaza KaBciapHH oumb yukcak Ax+By+(-
S Ax1-By1)=0 éxu Ax+By+C=0 (2), 0y epna C=-Ax;-

0 x> By
(2) TenrnaMa TYFpU YM3MKHUHT YMYMHI TEHIJIamMacu

JNEUNIIaJIN.
2. TyFpu YM3NKHUHTHI KAHOHHUK TE€HIJIaMacCH.
Mi(x1;y1) HyKTagad YTuO S =mi+nj BEeKTOpra mapayjiea OYViaraH TYFPU YU3UK

_Xl

TeHrIaMacH. > A | (3) xypunHHIIIA OYIaTH.
n

Tyrpu um3uK mapawien OViraH Xap KaHmad S BeKTOpra YHHHTHT
HyHanTupyBun BekTopH aedmiaan. M: Mi(5;-3) HykTanan yTuO HyHaNTUPYBYH
BEKTOpM S =4i+7] OYiaran  TYFpH YM3HUKHHHTHT

VA
N M., (X, V,) X-5 y+3 o
1K Y, KaHOHUK  TEHIJlaMacu —— = — KypHUHHIIL1A

M, (X;;Y,) 65’/_]13;[1/1.
M(XY) 3. Bepunran WKKM HyKTagaH YTyBUM TYFPU UH3HK
0 \< TEHTJIaMAacCH.
bepunran Mi(x1;y1) Ba  Ma(Xo;y2) HyKTanapiad
—X _ Y-V
X=X Yo=Y
epaa S=(x,—x)i+(y,—Y,)j HYHANTUPYBUH BEKTOp OYIIaau.

YTYBUM TYFPHU YM3HUK TEHIJIAMacu (4) xypunumpga 6ymanu, Oy

VA Arap L Tyfpu uM3uK KoopauHata yKjiapu OwiiaH
N KecuIuo, yinapJaH MOC paBHIIga a Ba B KecMamap
X ¥y
b @Kparca, YHMHTHT —TEHIMaMacH — -+ = (5)
a

KypuHuiaa Oynaau. TYFpu UYMBUKHUHT sicaliia
0 a x( (5) Tenrnamanan dorgananum Kynai. [y cabadmu

TYFpU  UYMBUKHUHT  OOIIKa  TEHIJamMalapyuHU
KecMaJiap IIaKJIIard TeHrjamMara KeJITHpUO sicall MyMKHH.

Vi
4 M: AdB,+C=0, Ad+B,=-C (:C)
L+L: €xn Z+X:1
_ ¢ c a b
A B

0

M30x: TYFpU YM3MK TEHIJIaMacu OujiaH Oepuiirad OyJica, YHUHT ycTHa ETYBUU
UKKUTAa HyKTa TonuO (1 mocTynaT), YHMHI 4YU3fu4 EpJaMujia TyTaIITUPUO
sacanagu. M: 3x+4y-12=0 Ty¥pu YM3UKHUHT SCAHT.
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Eunmr: 1. 3x+4y=12 (:12) §+% =1, sspHU Oy TyFpu um3uk OX ykugan a=4 Ba

OV ykuaan B=3 OUpIMK a)xpaTap HKaH.

1. 3x+4y-12=0 Tyrpu UMUK KOOpJAWHATA VKJIapu OWJIaH KECHIITaH
HYKTQJJApUHUHT KOoOopAWHaTajdapuHu Toramu3: x=0 Oyica , 4y-12=0 €éxu y=3;
y=0 oynca 3x—12=0 €xu xk4, apHH Oy TYFpH YM3UK KOOpJAMHATA YKJIAPUHU
A(4;0) Ba B(0;3) nykTanmapaa kecap dKaH.

4. Ty¥py YM3UKHUHT MTAPAMETPUK TEHIJIAMACH.

X=mt—X .
‘1 (6) TeHriamara TYFpH YH3HKHMHTHI IapaMETPHK TEHIJIAMAacH
y=nt—y y¥p 1Y P
- 1
nenunanu, Oy epaa t- mapamerp. (6) TeHrTamanapaad mapaMmeTp t Hu iyKoTCcak
X—X - . .
X2% _Y=Hh (3) TYFpu YU3MKHUHTHT KAHOHUK TEHIJIAMAcH XOCHJI OYau.
m
\ 5. Tyfpu UYMBUKHUHTHI HOpMajl TEHIJIAMacCH.
y Hyxkranan Tyrpu un3ukkaya Oyiran macoda.
N n M. (X0 y.) xcosa+ysina—p=0 (7) TeHrnamara TYFpH
B 1% 1 YU3UKHUHTHT HOpMaJl TeHTJIaMacu ACHIIIaIu, o -0X
No 0 YKu OunaH n  HOpMasa BEKTOp opacuaard Oypuyax,
a dm, ofuil Oypyaru xam naevmmanu. Mi(X1;y1) HyKTajaH
0 x> (7) TVFpu YU3UKraya oynran Macoda
dy, =X, cosa +y,sina - p| bopmyna OunaH

xucobmanamu. Mi(x1;y1)=Mo(0;0) 6¥nca, d,,, =|- p| 6ymTanm.

Jlemak TYFpy YM3UKHUHTHT HOpMaJl TEHIJIaMacu Y3UHUHT KyWHIard UKKA
xoccacu Omitad OOIIKa TeHTJIaMallapuiaH axpaiil Typaju;
1. cos®’ a+sin*a=1; 2.p>00yn1ub, koopauHaTa OOLIMIAH [Ty TYFPHU YM3HKrada
oynran macodanu OunarpaIu.

TYrpu unM3uK HOpMaJ TEHTJIAMACUHU Ty UKKU XoccacuzaH ¢oiaananuo,
YHUHTHT OOIIIKA TeHIJIAMAJIApUHU HOpMaJl KYPUHUINTA KEJITUPUIIT MyMKUH;, M:

g +VA* +B?
KYNaUTUPCAK, HATHXKAJAa TYFPU YU3UKHUHTHI HOPMaJl TEHIJIAMAach XOCHII
oymaau:
AX+By+c
+yJA? +B®
TeCKapu KWJINO TaHJIaHAJIH.
YA M: 3x-4y-15=0 1yrpu umsukman M;(7;-8)
HyKTarada Oyyirad Macoda TOMMIICHH.

3x—4y-15= E: x=0; y:—%; y=0; x=5
1 1 1

»
»

/J: = =
X JAZiB?  f32i(-4)? 5

Ax+By+C=0 TtenrmamanuHr HOPMaJUIOBYM KYIAWTyBUWTa

=0 (8), 0y epna u HuHT unopacu 03011 xaaq C HUHT UIIOpacura

M, (7,-8)
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3x—4y-15 3 4

—X-=y-3=0
5 5 5
PRI PN O N
5] 5 5 5 5 5
A
y 6. Tyrpu uymsukHuHr  Oypyak Kod(h(UIIMEHTIN
TEHTJIAMACH.
y=kx+B (9) TeHriamara TYFpu YM3UKHUHTHT OypYak
b Kod(ppUIIMEHTIM TEHrjJaMacu Jewnnanud, Oy epraa
A » k=tgaOymub, y TYFpu YMBUKHUHTHT Oypdyax

N
o

kod(purmenTn aennaau.
y—y, =k(x—x,) (10) Ttenrmamara M;i(x1;y1)
HYKTaJIaH YTYBYM TYFPU YM3HMKJIAP JACTACHHUHT TEHTJIAaMacH JICHUIIa IH.

42-§. Uxkku TYFpH YU3UK opacuaaru Oypuaxk

WNkku 1YFpu 4uu3uK opacuparu Oypyak Jeo,
ylnap KeculinO XOCWi KWwiraH YTKup Oypuakka
anuTuiIagu.

Arap L; Ba L, Tyrpu umsuknap Oypuak
ko3P dunreHTn Y=K1X1B1, Y=K2X+B2 €KHU
A1x+B1y+C1=0, Aox+Boy+Cy=0 YMYMUH
TeHrjJaManapu Owusian Oepwiran Oyica, ynap
opacuaaru Oypuak TaHT€HCU Kyhuaaru gopmysa OuiaH TOMMIIAIN:

— kz _kl — A,B, —AB, (11)
1+kk, AA +BB,’

9o

Arap L||L,; O¥ynca a=0, tg0=0, 6yaud A, B; - A;B2=0 €éku %:%
2

(12) TeHINMK MKKU TYFPU YM3UKHUHTHT TapajieJUIMK MapTuaup; arap L, L L,
oynca «a =% oyuob tg % =0 €ku A1A2 +B1B,=0 (13) 6ynamu. (13) TeHrmuk

WKKHA BEKTOPHUHT NIEPIEHAUKYJIISAP IaAPTUAUD.
N30x: Arap UKKM TYFpU YM3UK YMYMUN TEHTJIaMacu OwiiaH OepuiiraHna yiap
opacuaard OypuakHM TONMII YpHHUra yJapHUHT HOpMal EKU HYHANTHUPYBUH
BEKTOpJIapH opacujaru OypuakHUHT KOCUHYCHHU TOMUII KyJaii:

M: A1x+Bly+C1:0}. cos _(nl,nz)_ AA, +BB,

Ax+B,y+C, =0 "’ B Hl‘ﬁz‘ _\/A12+|312 '\/A22+B§ :
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X_Xlzy_yl; X=X, :y_Y2 6}”1J1ca COSO{:(§1’§2)— m,m, +n;n,

m, n, m, n, ‘Slusz‘ \/mf +n12 \/m§ +n22

43-§. UKKHU TYFPH YMBUKHUHIHI KeCHIIYBU

Arap L; Ba L, T1Yyrpu umsukiap napawien O0ynmaca, EBkaumgHUHT 5-
MOCTYJIATUTA AaCOCAaH KECUINAW, KECHUIIWII HYKTacu 3Ca Xap HUKKH TYFpH
YU3WKKa TETUIUIA Oynanu, my cabadiu UMKKU TYFPU UYU3UKHUHTHT KECHUIIUII
HYKTACMHU TOMMII Y4YyH, YJIapHHM TEHIVIAMAJIApUHU CHCTEMa KWJIMO eyuIl
KEpaK:

M: 2)5(1881391% :_00} Exu ﬁlz);:BBl%lz_:Cl TEHrJIaMaiap cucremacuHu Kpamep
2 2 2 — 2

dbopmynacu OwiaH edcak, YJIApPHUHT KECUILIUII HYKTacu (Xi1;y1)HU KyWuaaru

dbopmyiia OusiaH TOMHUII MyMKUH;

—C Bl ‘Al -G

—C, Bz A& —C, A1 B

X =—, =———, Oyepma A= !
1 A Y1 A Yy €p A B,
TabkummaiMusku, A=0 OViaranma Oy HMKKH TYFPU YHM3UK KECHIIAIH,

A=0 Oynca ynap mapamien OynubO, yMyMaH KeCHUIIMalau €K yCTMa-yCT

TyIICca YeKCHU3 KYTI eurmMra sra Oyasu.

M: 3x-2y+3=0 Ty¥pu YU3UKIAPHUA KECUIIUII HYKTACHHU TOIIHUHT.

2x+y-5=0

Eunmr: {3x—2y:—3 A:‘?’ _2‘23—(—2)2:3+4:7¢0,

#0

2X+y=5 2 1

-3 -2 3 -3
5 1| -3+10 2 5| 15+6
Xl = = = 1; 1 = = =
7 7 7 7
Hemak, Oy ukku TYFpu 4n3uK (1;3) HyKTama Kecuiap KaH.

3
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V 000. UKknH4YH TapTHOJIN YM3HKJIAP

Ax?+2Bxy+Cy?+2Dx+2Ey+F=0 (1) Tenrnama 6unaH ndoaagaHaurad
umsukapra (A>+B2+C?« () uKkKkMHYM TApTUOIU STPH YM3HKIAp Aciunanu, Ous
acocad B=0 xoiHu, ssbHU

Ax? +Cy® +2Dx+2Ey +F =0 (2)
TEHTJIaMaHUHT ypraHamu3. A Ba B Ko3(pQUIIMEHTHUHT aHUK KuMaTiIapuaa
XocuJ OYaguran aTpy YN3UKJIapHHU YpraHaMus3.
A=C 0yca, AX® + Ay® +2Dx+2Ey+F =0 (3) ailmaHa TeHIJIaMacu
y D) EY D’ E? ,
DKaHJIMTUHU, aHUKPOK KWINO auTcax [x + KJ + (y + Kj = T + F -F=R",

SABbHHU

MapKazu (—%;—%) HyKTaJia Ba paauycH R ra TeHr ainaHa skanauruHu 39-§ na

Vpranran >auk. OHau A Ba C HUHT OOIIKAa KUMMAaTiapuaa XOCHJ OyiamuraH
ATPU YM3HUKJIAPHU YpraHaMu3.

44-§. Dauunc

Texucnukia UKKU HyKTaJaH UXTUEPUM HyKTacurada Oyiaran macodaniap

WUFUHAKMCH Y3rapMac OyiraH HyKTaJJApHUHT T€OMETPUK YpHUTA alTHIIAIH.
2 2

X

—+ ;’—2 =1 (4) TeHIyamara 3JUIAIICHUHT

a
KAaHOHMK TEHITaMacH Jeiimnanu, a,B Ba c jap a®-B’=c’ MyHocabar OuaH
Oornanran. PaBmanky, (3) Tenrnamana A =B 0ynu6, 6up xun umopanu 0yica
(4) Tenrnama xocun Oyiaaau.

buz  acocan  AMIMINICHUHT  KOOpJWHATa  VKiapura  HucOaraH

YKOWJIALIMIIUHUHT UKKU XOJIMHU YPraHaMH3:

2=
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y
A
________ B.M ____.
’// 0 b, ‘
N | B ]
32
DOKyCIapHUHT F;F, e OX F;F, eOY
JKOMJTAIIM TN F (-c;0), F,(c;0) F (0;c), F,(0;—c)
@oKyCIapHUHT
KOOpIWHATAJIapu a>b a<b
a Ba b opacugaru | AA |=2a | B,B, |=2b
MyHOcabaTiIap |B,B, |=2b | AA, |=2a
Karta yK |EF, |=2c |EF, |=2c
Kuunk YK c c
dokycnap opacuaary £=7 N
macopa a’—b*=c’ b?—a*=c?
OKCUEHTPUCHUTET 2 2 2 2
X—2 + E)/_Z =1 :—2 + k))/_z =1
a,b Ba ¢ opacumaru
MyHoca0atiaap
TEHTJIaMaTapu

OJUIMIICHU 4M3MILJA, aBBal X=za, y=1b TYFpU 4YHU3UKIApHU s5cad

napajiesiorpaMm XOCUJ KUIIMO, CYHTpa 3JUTHIIC YHUHTHT UYHUTa «UYKW» KAITUO
YU3UIIAIU.

45-§. 'unepooia

Texkucnukaa MKKU HyKTaJaH UXTUEPUNM HyKTacurada oynaraH macodaiap

allupmacu  y3rapmac OYyJraH HyKTaJApHUHT TE€OMETPUK YpHUTa TrumnepOosa
JNeUnIIaau.

X2 y2 y2 X2

—--5=1 €éu 5-—=1 (5) TeHrnamanapra TIunepOOJAHUHI KAHOHMK
a® b b?> a?

TeHryIaMacu aeimnamy, 0y epaa a,B,c kodpduuuentaap a>+?=c? myHocadat
OpKayu OOFJIaHTaH.

(3) rearnamama A= B 6ynub, A-B <0 Oynranaa runepO0JTaHUHT KAaHOHHUK
TEHTJIaMaJIapu XOCHIT OYJIa IH.
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Ouau (5) TeHrnamanap Ounad Oepuiirad runepOoJaTapHUHT KOOpAUHATA

VKJ1apura HucOaTaH KOUIAITUIITMHN YpraHaMu3:

y
A
Ll
Y ~| — F
/: ______ 0__ \ X
L2
a>b , ,
Xy
2 b
DOKyCIAPHUHT F;F, eOX F;F, eOY
JKOMJIAIITUIIIN F,(c;0), F,(-c;0) F.(0;c), F,(0;—c)
DOoKyCIApHUHT
KOOpJAuHaTaJapu | AA, |=2a | BB, |=2b
. |B,B, |- 2a | AA, = 2a
XaKuKuH YKI |FF, |=2¢ |FF, |=2c
Magxym yKu C C
dokycnap opacuaaru £ £=h
macoda c’—a’=b’ c?—a’=b?

DKCUEHTPUCHUTET

a,b Ba ¢ opacumaru
OOFJIaHUIII

L; Ba Ly Tyfpu um3ukiap runepOOJIAHUHT ACUMIITOTANIApU JEHUIaIN,

YJIApHUHT TEHIJIaMaJIapu Yy = ig X KYpuHHIIIA OYyIaau.
a

46-§. ITapa6oga

[TapabGona ne0, Texkucaukaa OepuiraH HyKTagad (pokyc) Ba Oepuiran
TYFpU 4YM3UKIAH (aupekTpuca) Oapobap y30KIMKAA TYpraH HyKTaJapHUHT
F€OMETPUK YPHUTa auTUIIAIU.

®okycnapu OX ykunan 6ynaran napabolaHUHT KAHOHUK TE€HTJIaMacH:

y?=2px Ba Yy*=-2px
KypuHHUIIIa 6ynanu. by HKKY XOHM KyWHIary KaiBayiia KeJITHPaAMU3.
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Ya Ya
I\/I y M H
0 (x,y) (x 5
A X | A s X
w__P O\ F F (=P
2 y? =2px y? =-2px 2
DOKyCHUHT OX yKu OX yKu
YKOUTAITUIITN E(Po =
2 2
DOKYyCHUHT (—_P (P
KOOpJIMHATAJIApH 2 )
Hupexrpuca
TEHIJIaMacH

®oxkycnapu OV Vkuman OyiraH napaOoJIAaHUHT TEHIVIAMacu Kyuujaru
KYpPUHHILAA Oyaau: y? =2px Ba y®=-2px
By ukku xon Kyiiuaaru »aaBaiaa KeITUPUIITaH.

XY a
Y
(x, )
\{ g (%) g
» X > X
0 y — _E O i
2 M (X,
2 . (xy)
X*=2
py X* = —2py
DOKYCHUHT OY yKu OY yku
YKOMTAIITUIIN F(O;Bj F(O;—Bj
2 2
DOKYCHUHT _p P
KOOpIMHATAJIApH =75 Y=5
Hupexrpuca
TEHTJIAMAaCH
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V1 606. ®a301a aHAJTUTHK reOMeTPUA
47-§. TekuCJIMK Ba YHMHTHI Xap XWJ KYPUHUIIIATH TeHIJIaMalapu

dazofgaru TEOMETPUSHUHI aCOCHM TyIIyHYalapuJaH OUpPU TEKHCIIHUK
TylryHYacuaup. TEeKUCIUKHUHT OeBocuTa Tabpudu wmaBxkyn smac. JlekuH
ownBocuta Tabpudu MaBxkyl;, (azoma OepuiraH WMKKM HYKTaJaH OapobOap
Y30KIHMKAAQ TypraH HYKTaJIapHUHT TeoMeTpuk ypHU. Onataa TEKUCITUKHU
dazoma mapanemorpam KypuHuiga sicamaau Ba P, Q, R xapdmapu Oumnan
OenrunaHaIu. Texkucnuk  TYNIyHYaCHMHHUHT  acOCHMl  aKCHOMaJapuHU
KENTHUPAMU3:
1. bup Tyfpu un3uKIa ETMarad y4 HyKTaJaH OUTTa TEKUCIUK YTaIH.
2. Arap TYFpW YM3WKHMHTHI WKKH HYKTAaCH TEKHCIHMKAa €Tca, OOIIKa
HYKTaJapy XaM Iy TEKUCIUKa ETaju.
[lly wkkM akcMoMa Ba YHJIAH YWKAQJWTaH HaTWKajgap/laH TEeKUCIUKHUHT
KyHUJard aHUKJIaHUI YCyJIIapy KeauO YuKaIu:
a) y4 HyKTaJlaH Oup TEKUCIIUK YTaJu;
0) Oup TYFpW YM3UKJAH Ba yHJA €TMaraH HyKTaJaH Oup TEKUCIIHUK yTaJu:
B) MKKHUTA KECUIITYBYM TYFPU YU3UKIAH OUP TEKUCITUK YTaaH
I') UKKUTA Mapajijies TYFpY YM3UKIaH OUTTa TEKUCITUK YTaIau.

48-§. TeKuCJIMKHUHT Xap XU KYPUHUILIATH TeHIJIaMaJapu

1. Bepunran  Moy(Xo;yo;Zo) HyKTagaH yTuO6 n=Ai+Bj+Ck Bekropra

MEePIEHIUKYJIISAp OVIraH TeKUCIUK TEHTJIaMacH:
A(X-Xo) + B(y-yo) + C(z-25)=0 (1)
KypuHuiaa 0ynanu. TekucIuKKa nepneHauKysp OYiaran n BeKTOpra, yHUHTHD
HOpMall BekTopu nevmnanu. (1) TEHMNMKIAa KaBCIApUHM OYHMO YHKCAK
Ax+By+Cz+D=0
D =-(AX,+tBy,tCz,) (2) TeHrinamara TEKUCIMKHA YMyMHH TCHIJIAMACH
nevinnaau. M HyKTaHU panyC BEKTOPUHU r Ba M, HYKTaCUHUKUHHU r, OWIan
Genrunacak (1) Ba (2) TeHrNIaMaHUHT BeKTop KypuHummza (n,r—r)=0 (1°),
(nr)+D=0 (2°) &mum MymkuH. (1°) éku (2°) TeHrMamMaga r OUPIHK BEKTOP
oynca, (1°), (2°) Tenrmamanap TEKUCIUKHUHT HOpMaj TEHIJIaMacu JeUHIIaJIu.
Arap 1 =r ° GUpIHK BEKTOp OYIca, YHHHT T = coSai+C0s ] +Cosyk KYpHHHLLIA
€311l MyMKUH OYIraHugan (X —X,)cosa +(y —Y,)cos B+ (z—z,)cosy =0 Eku
xcosa +Yycos f+zcosy —p=0 (3)

(3) ra TEKUCTUKHUHT KOOpJuHaTajmap Gopmacugaru HOpMall TeHTJIaMacu

o -0 a ~. R 1 o o
Jennnaad. XaMMaBakT N = ﬁ Ooynranuma, (2°)Hu + = Ta KyMmalTupcak
a q
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n - D
—,r |+
[

—=0 4)
£[n
(4) TEKUCIUKHUHT BEKTOpP KYpUHUIIMAArM HOpMajad  TEHIJIaMacuIup.

1 1 Ve .
u=t==+ COHIa HOPMAJUIOBYUM KymaTyBuu pgeimnanu. (2)

n JaA?+B?+C?
TEHTJIAMAHWHT TEKUCIIMKHUHT HOPMaJ TeHIJIaMacura KeITHpPCaK
Ax+By+Cz+D:O (5)
+VA? +B* +C?
KypuHHIaa Oynanu, Oy epaa x4 HUHT wuimopacd D HUHT wmmopacura Teckapwu.
Arap Tekucimkaa érmaraH Mi(X1;y1,Z1) HyKTa Oepwiran Oyica, 11y HyKTaJaaH
(2) €xu (3) Tekucnukkayda 6ynaradn macoda
q _|Axl+ By, +Cz, + D|_
M1 — -
| +JAZ+B2+C? |
dbopmyina Ounan xucoOmaHaIu.
M: M;i(5;-3;2) wnykraman 2x-y-2z+5=0 Ttekuciurada Oyiaran wmacoda
XUCOOJIAHCHH.

Euunmr: 2x-y-2z+5 =0 TeHr1aMaHnuHT HOpMaJl KYPUHHUIITA KENTHPAMU3;

H=— 1 _1; _Ex+ly+§y_1:0

\/22+(—1)2+(—2)2: 5 5 5

X, cosa + Yy, €os B+, cosy — | 5)

dMl:_g.5+1(_3)+g.2_ :_2_§+£_ :_3+ﬂ:__11:E'
5 5 5 5 5 5 5 5

49-§. TeKUCIMKHUHT YMYMM TEHIJIAMACHHM TeKIITUPUII

Texucnukau ymymuii Tearnamacuan Ax+By+Cz+D =0 (2) texmmpuinn
nerana A, B, C, D ko3ddulUeHTIapUHUHT Xap XU XyCyCHil KuiimaTiapuaa
TEKUCIUKHUHT (a3omard KOoopJMHATajgap CUCTEMacuja TyTraH Ba3HSATHHU
Vyprauum TymyHuitaan. g A,B,C,D kodpPuIueHTHUHT Xap XUl XyCycui
KuiiMaTiapuga (2) TEKUCIUKHUHT KOOpAMHATANAp CHUCTEeMacujaru TyTraH
BA3UATHHU ypraHaMH3.

1. A, B, Cx0, D=0; 6y Bakrma (2) Texuciuk n=Ai+Bj+Ck BekTopra
NepreHIuKyap 0Ynub, KoopauHaTa OOIMMIaH YTaIu.

Ymyman A, B, C napuunr 6omika kuiiMatiapuaa 0301 xaa D=0 6ymumy,

TEKUCIIMKHU KOOpAWHATa OONIMIaH YTUIITUHU OWIITUPAIH.

2. A=0, B,C,D#0, n=Bj+Ck, By+Cz+D=0, %+ > =1 éku ~+Z=1
b b b c
B C
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3.B=0, AC,D#0, n=Ai+Ck, Ax+Cz+D=0, X, 2 g

4. C=0, AB,D=0, n=Ai+Bj, X Y_g
a

OyIcuH

SbHA TEKUCIMKHUHT yMyMHUM TeHrnamacu (2) na x,y,Z Y3rapyBUWIapJaH
OupopTacu KaTHaIIMacuH. by Xo0Jijla TEeKHCIIMK 11y KaTHAIlIMaraH y3rapyBuura
MOC KeJIyBUM KOOpJMHATa YKUra napasien Oyiaau.

Mumucoin: 3x+4y—-12=0, x+22-8=0, 2y+z-6=0, TEKUCIUKJIAPHU SCAHT.

3x+4y =12 €Kku 1+X:1; X+2z =8 €KHn 5+5:1; 2y+12=6, €kn X+E:1;
4 3 8 4 3 6
A Z YA
A
3x+4y=12
~—
x+22—8=0,)
8 0 3 y
3 |
3 y X
il
X
D

5.AB=0, C,D=0, Cz+D=0, n=CKk, 2=-2=¢
6. AC=0, B,D#0, By+ D=0, n=Bj, y=—%=b

7.B,C=0, AD=#0, AXx+D=0, n=Ai, y:—%:a

SbHM (2) TeHrnmamana Xx,y,g, y3rapyBuwiapiaH MKKUTACH KaTHAIIIMACHH.
by =xomma mry KaTrHamMaraH y3rapyBuUMra MOC KEIYBUM KOOpAWHATa
TEKHUCJIMKJIapuTa Tapauien Oyiaau, sbHA X Ba y KaTHAIIMAca X0y TCKUCITUTHTA,
X Ba Z KaTHAIIMaca Xo07 TEKHCIUTUTa Ba ),7, KaTHAIIMaca yo7 TEKHUCIUTHUTA
napasen oyiaau.

M: x-3=0, y-5=0, 3z-14=0 TEKUCIUKIAP SICAJICHH.
Eunmi: By Tekucnukimap Moc paBuinjga ox YKAAaH 3 OUpIHMK axpaTuOd yoz
TEKUCIIUTUTA Tapayies; oy YKUAaH S5 OWpIUK aXpaTtud Xo0Z TEKUCIUTura

< 14 o
napasuiell Ba 0Z YKuJ1aH 3 OMPIUK aXKpaTHO X0y TEKUCITUTHTra Tapayuien Oyiran

TEKUCITIUKIUP.
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“,

14 4
e

0z=0 =y

X
8. AB,D=0 C#0, n=Ck, Cz=0, z
9. AC,D=0, B#0, n=Bj, By=0, y=
10. B,C,D=0, A#0, n=Ai, Ax=0, x=0

z=0 Xoy KoopanHaTta TCKUCJIIMI'MHHUHI, Y = 0 xoz KOOpAnHaTa TCKUCINTHHUHT
Ba X*=0 YoZ KOOpANHATa TCKUCIINKIAPUHUHT TCHIJIaMaJIapruaAnp.

50-§. Y4 HyKTaaaH YTYBYM TEKHCJIUK TEHIJIaMacH

Arap Oup TYFpu uM3MKAa €TMaral yura M,(x;y;;z;), M,(X,;Y,;Z,), Ba
M, (X5 Ys:25), HyKTanap Oepuiran Oyiica, Iy y4 HYKTaJaH YTYBUM TEKUCIHK
TEHrJIaMacH Kyuujaaru KypuHuiiga oynaau.

X=X Y-y, -1,
=X Yo=Y Z,-17 =0 (6)
—X

X,
X 1 Ys— Y1 Z3— 7

3

Arap TEKHCIMK KOOpAMHATa YKJapu OWJIaH KecHIIUO yJapaaH MOC
paBuIIa a, B, ¢ Kecmaiap axparca (memak A(a;0;0), B(o;B;0), C(0;0;c)
HyKTajapJlaH yTaau), yHUHTHT TeHriamacu (6) dopmymnara acocan

X Yy z
s+l ==1 (7
a b c ()

kKypuHumaa Oymagu. (7) TeHramara TEKUCIUKHUHT KecMallap IaKjiIard
TeHTJIaMacu JIeUMnIIagau.

bepunran M, (x;;V,;7,), M, (X,;Y,;2,), HyKramapaan Yytu®  Oepuiran
Ax+By+Cz+D=0 (2) TekucOMKKAa TEPICHAMKYJSIp OVJIraH TEKHCIHK
TEHIJIaMacH
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X=X Y=Y Z—17
Xp =X Yo=Y Z,-73=0 (8)
A B C
KYpUHHUIINIA OYIaau.
M,(X;;Y,;2,),  HyKTagan YTuO HMKKATa  ¥y3apo  mapanen  Oyinmarad
A1x+B1y+Ci1z+D1=0, Axx+Boy+Coz+Dy=0 Tekucnukiapra MNepreHIuKyIsp
OyJIraH TEKUCJIUK TEHIJIaMacH

A B, C |=0 (9)
KYpUHUIIKIA OY1aau

bepunran M, (x;;Y,;2,), HyKTagaH YyTuO Ax+By+Cz+D=0 Ttekucnukka
napasuies OyiraH TeKUCIUK TEHIJIaMacu

A(x=x)+B(y—-y,)+C(z-2)=0 (10)
KypuHUIIIa 6ynanu

51-§. UkKku TekHCIMK opacuaaru Oyp4axk
Y4 TeKNUCIMKHUHT KeCHILYBH

WNkku Tekucnuk opacujaru Oypuak ned Oy
TEKUCIHUKIAp OpacuJard HKKU €EKIM Oypuakka
atunanu. by wukku €Exam  Oypyak Y3WHUHT
YM3UKM  Oypyarn o OunaH yiadaHaaud. by
TEKUCIUKIAPHUHT HOpMaJl BEKTOpJIapu
opacuiaru Oypuak »3ca UIy HKKH TEKUCIHK
opacugaru Oypuakka TeHr éku yHuHr = (180°)
rava TyJIIUpaIu.

[y cababnu MKKK TEKUCIUK Y3MHUHI YMyMHUU TE€HIJ1amayapu OuiaH Oepuiirad
oyica, sbHU

Ax+By+C;z+D, =0
AXx+B,y+C,z+D, =0

Oy UKKHU TEKUCIUK Oopacuaaru Oypyak KOCUHYCH

_(ng) _ AA, +B,B, + GG, (11) ¢opmyna Gunan
Inulin, | JA?+B2+C2 A +B,2+C,’
TOIIWJIadN.
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Arap P|Q 6¥xca, ni||n, 6ynu6 A_B_G (12)
AZ BZ CZ
(12) TeHIIMK MKKUA TEKUCITUKHU NapaluIeIUIUK apTUIUp.

Arap P 1 Q 6yica, n; Ln, 6ym6 AA,+BB,+CC,=0 (13)
(13) TEHIIMK UKKU TEKUCIUKHU MEPIICHIUKYISPIMK MAPTUIUD.

OHnu 3 Ta xydT-KyPT OMiIaH napanen OyaMaraH TEKUCIUKIap Oepuiiral
OyncuH. YIapHUHT Xap MKKUTacu y3apo mapajien OynMaraHuaaH, ynap Oup
HYKTaJa KECHUIIWIIaAW, Oy KECHUIIUII HYKTACH 3Ca Xap ydala TEKUCIMKKa
terunuin Oymaau. Jlemak Yy3apo mapajnen OyiIMmaraH yd TEKHCIHMK OepuiraH
Oynca, ylTapHUHT KECUIIUII HYKTAaCHHU TOMUII YYyH YJIApHU TEHIJamMalapyuHU
CUCTEMAa KUJIMO €YU KepaK dKaH, SbHU

Ax+B,y+C;z+D, =0
Ax+B,y+C,z+D,=0 (13)
Ax+By+C,z+D, =0

(13) yu HOMabIymJId YyyTa 4YH3MKIM Oup kuHciumac (D=0, k=123)

TEHIJIaMaJlap CUCTEMaCUIUP.
(13) cucremanunr Kpamep opmynacu 6ylinya e4MMUHHA TOIIAMHU3!
A A, AX,

= Xp =, Xy =2 Oy epna
A1 Bl Cl _Dl Bl Cl A1 _Dl Cl
A=|A, B, C,/#0, Ax,=|-D, B, C,|, Ax,=|A, -D, GC,|,
A3 Bs Ca _Ds Ba Cs A3 _Da Cs
A1 Bl _Dl
AX,=|A, B, -D,
A3 Bs _Ds

Arap A=0 6¥ynca, (13) cuctema eunmra sra Oyiamaiiau, 9yHKu Oepuiran
TEKUCJIUKJIAPHUHT KaMUJla UKKUTACH Tlapasiesn Oyiaam.

52-§. ®a3zona TYFpH YU3UK

da3zona TYFpU YM3UKHUHTHI Xap XWJ KYpPUHHUIIMJIArd TEHIJIAMaJlapy.
dazona TYFpu YM3UKHUHT OwWiiBocuTa Tapudiaad OYnMaiinu, JeKUH OeBOCHTa
Tabpuduaml MyMmMkuH. M: @dazona TYFpu YM3UKHUHT WKKU ¥y3apo mapajien
OynMaraH TEKUCITUKHM KECUIIUIAH XOCHUJ OyJraH 4u3uK ae0 Kapail MyMKHH.
dazona TYFpU YM3UK TEKUCIUKIA TYFPU YM3HUK XOCcalapuaaH acOCaH KyWHuaaru
xoccacu Owrad (apk kunanu; dazona TYFpu 4YM3HMK Mapajien OyiMaca y
KecHIIMacauru MyMkuH. @a3ona mapanen OyiIMaclaH KeCHIIMaWIuraH TYFpH
YU3MKJIapra alKail TYFpu Yu3ukiap aevmianu. dazona OuTTa HyKTagaH YeKCHU3
KYII TYFPU YA3UK, UKKH HYKTaJlaH dCa rOHA TYFPU YNU3UK YTaH.

OHu (pazona TYFpU YU3UKHUHT Xap XWJI KYPUHUIIJIATH TEHTJIaMallapuHU
ypranamus:
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1. M, (X;Yo;Z,), HYKTaman YyTuO S =mi+nj+ pk BEKTOpra mapajen Oyiran Tyrpu
YM3UK TEHIJIaMaCH

X=Xo _ Y=Y _2-1 (1)
m n p

kypunumga 6ymaau. (1) Tenrnmamara dazona TYFpU UYM3HUKHUHTHT KaHOHHUK
TeHrnamacu jediunanu. TYrpu uu3uMKKa Napaaien OYaraH xap KaHjaid S
BEKTOpPra YHUHTHT HWYHANTUPYBYH BEKTOPHU JCUUIIA]IN.
2. bepunran M, (X,;Y¥,:2,), Ba M,(X;;¥,;2,), HYKTaJJapJaH YTyBYU TYFPU YU3UK
TEHIJIaMaCH
(ByHIa S =M,;M ;= (X, —X,)i+ (Y, = Yo) J + (2, — 2)K

X=X, _ Y=Y _ -1, (2)

X=X Yi= Yo 24174

KYpUHUIIKIA OYiaau.
X=mt+X,
3. y:nt+y0} (3)  Ttenrnamara dazoma M,(X,;Y,;Z,), HyKTajgaH YTyBYM Ba
Z=pt+z,
YHAITHPYBYM BEKTOPM S=mi+nj+pk OYAran TYFpM YM3UKHUHTHL
napamMeTpuK TEeHrjamMacu Jeiwnand. PaBlIaHKM KaHOHUK —TEHIVIaMaJlaH
napamMeTpuK TeHrjiamara ytuiml yuyH (1) TeHrnmamanuHr t ra TeHrnamtTupuo
CYHTpa HUCOATaH €4MIA/IN.

[Tapamerpuk (3) TeHrJIaMaaaH TYFpU YM3UKHUHTHT KaHOHUK (1) TeHrnamara
Vtum  yuyH (3) Tenrmamagaru  t TomwumO, CYHIpa  TEHrjamMalap
TEeHIJIAIITUPUIAIN.

4. ®a3ona TYFpy YU3UKHUHT YMYMUM TEHTJIAMACH.

da3zona TYFpU YU3UKHUHT UKKUTA Y3apo mapajuies OyaMaraH TeKUCTUKIAPHUHT
KECHIIIUINUAAH XOCWJ OViraH HYKTaJIApHUHT TEOMETPUK VYpHH 1e0 Kapar
MYMKUH, ShHU

2 2

Blcl
B,C,

Ax+By+C;z+D, =0 AB,

2 AC
1
A2X+ Bzy+C22+D2 =0}(4), 6y epaa ‘AZBZ i

AC,

(4) Tenrnama OwinaH udoAaNaHaIUTaH TYFPU YU3UKHUHT sicalll y4yH, Y TYFpH
YU3UKHUHTHT KAaHOHMK TEHIJIAMAcUTa KeNTHUpUiaau. ByHUHTHT yuyH (4)

AB,
AB,

=0 Oyica X Ba Z ra HucOarTaH,

TEHIJIaMajlap CUCTEMAaCHHH arap #00ynca X Ba y HucOaraH, XyJIau

B,C,

AC
INYHUHTHTICK ! B,C,

AC,

HUCcOaTaH eUnJIaau.

#0 Oynca, y Ba Z ra
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. B o _ b ’
M: 2812 #0 Oynca (4) HM X Ba y ra HucOaTtaH edcak )3(/:21222: 62} (4"

TEeHrjaMajap cucreMacu Xocwi OViaau. (4°) Tenrnamara ¢aszona TYFpu
YU3UKHUHTHT ~ MPOEKUUsAJIap IIaKiIuAard TeHrjamacu Jedunanu. (4°)
TEHIJIaMaJlap CHUCTeMAacHuJard Xap Oup TEHIVIAMaHWHI Z ra HucOaraH eduo,
CYHIpa TeHIJIallTUPaMU3;
. X—b, - y-b, Sxu X—b, _ y-b, _2-0 5)
a a, a a, 1
(5) dazona My (X0:Yo:Zo), HYKTaQZaH YTraH Ba MWYHAITUPYBYM BEKTOPHU

S=a,i+a,]+k OYIraH TYFpu YN3MKHUHIHT KAHOHUK TE€HITIaMAaCH M.

. X+y-2z+3=0 o o
M: X+2y +32 5= 0} TYFpU 4YU3UKHUHTHI YMYMHUH TEHIVIaMacl KaHOHUK

KYPUHHUILTA KEJITUPUIICHH.

Euynr: ‘28812

= E’ %‘ =6-1=5=#0 OVynraHugaad TCHrjaMajap CUCTEMacCHHH X Ba

yra HHCOATaH eyaMu3:

X+y=2z2-3 83 1_

{x+2y=—32+5’ A“l 2‘—5?&0’
_12z-3 1| _ _ )

Ax__3z+5 2_4z—6+3z—5_7z—11,

Ay =E Eéfé‘ =-37+15-2z+3=-117+18

71 x + ot , B L1 18
X——Z—E 7 — 5 ’ . 5 5_ 5 _Z—lO
,_i1 18 7 R A PR
5 5 5 5 5 5
Xocunn OynaraH TYFpPU YU3UKHUHTHT KaHOHMK TEHTJIaMacu MO(—1—1;§;O),

HYKTaJaH YyTyBUM Ba MYHAITUPYBYU BEKTOPH §:%i+1—51]+ﬁ Oyaran TYrpu

YU3UKIUD.

53-§. ®a3oaa UKKM TYFPH YM3UK opacuaaru Oyp4yak

Nkkyn  Tyfpu  YMBUKHUHTHI  [APAUICIUIMK  Ba
NEPNEHINKYJSPIUK [apTIapH.

da3zona ukkura Lq Ba Ly TyFpu 4M3HUK Y3UHUHT
KaHOHUK TeHIrjamanapu Ounan Oepuiran OyJICcuH;
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Z—-17. X=X, Y=Y, -1
ml - nl - pl m2 - n2 - p2
Wkxuta TyFpu 4M3uK opacujparu Oypyak 1ed, Oy TYFpu YM3UKIAPHUHT
UYHANITUPYBYM BEKTOPJIApU opacuaaru Oypuyakka auTwiaau. Y xoiaa
_ (§1,S_2) _ mm, +nn, + P, P, (6)

[S1]S, | \/mlz +n’+p° \/m22 +n,’ +p,°

0S @

Arap L, || L, 6¥nca, S: ]S, 6ym6 —1="t-P1(7)
m2 n2 p2

(7) Ba (8) Tenrmukimap Moc paBumia (azoga MKKA TYFPU UYW3HUKHUHTHT
NapajuleJUIMK Ba MEPIICHANKYJIAPIIVK IapTIapUuaup.
Arap L; Ba Ly Tyfpu umsuknap Y3JapUHUHT YMyMHUH TEHIJIaMallapH

ounan Oepuiirad Oyica, IbHH

A1X+Bly+ClZ+Dl:0} 9 Ba A3X+B3y+C3Z+D3:0 10

AXx+By+C,z+D, =0 ©) Ax+B,y+C,z+D, =0 (10)
Oy BakTAa YIAPHUHI MHYHAITHPYyBYM  BEKTOPJIApUHM Si Ba S, Ouial
Oenrmiacak, yaapHU KOMIOHEHTAJIapU

C,| dopmynanap
4 C4

Oowman xucobnanaau. by xonma L Ba L, opacumaru Oypuak 005¢=M

511, |
(11)
o X=X Y=Y, z-z o
bepwiran M, (X,;Y,:2,), HYKTagaH = = TYFpHU YU3HK
ml nl pl
TYLIMPWITaH MEPIEHIUKYJIAP TYFPU YA3UK TEHIJIAMAacH
ml(x_ Xo) + nl(y_ yo) + pl(z - Zo)
X—X — z-1
o Y7V 0 (12) kypunHwumaa Oynaau.
X, =Xo Y1—=Yo Z;—Zy|=0
ml nl pl
o X=X Y=y, z-z . o
M, (Xo; Yo:Z,), HYKTaZaH == TYFpU 4u3MKraya Oyirax
1 1 1

Macoda

2
Yo= Y1 Zo—4
n P1

Ly =4 Xg—X
Py n

\/mf +n’+p°

X

dbopmyiia Ousian xyucoomaHaIu.
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Hkkuta y3apo napamien 6ynamaran Li Ba L, TyFpu unzukiap
X=X Y=Y z-z X—X - -1
L_ L L 2 _ Y=Y _ 2 TeHrJamalapu
ml r]l pl m2 n2 p2

Ownan 6epuinran O0yIica, yiap opacujaru 3HT Kucka Macoda
‘[(r2 - r1)81]§2‘

d= —‘[_—_]7 dbopmyra Ounan xucoOnaHaau,
S1,S2

Oy epaa
Si=mji+n j+pk, Sz=m,i+n,j+p,k,
Boxityj+nk  Taexi+y,j+zk
Arap L, || L, Oynca,
d - ‘[(rz —_n)&]
S

dbopmyra Ounan XxucoOIaHaIH.

54-§. ®da3zona TYFpM YU3UK Ba TEKUCJIUK

(Da?)OI[a L TS’/FpI/I YU3UK KaHOHHK TCHIJIaMaCHu
X=Xo Y=Yy Z-1, (14)

m n p
OunaH Ba P TeKMCIIMK yMyMuii TeHIIIaMacu
Ax+By+Cz+D=0 (15)

Owian 6epuirad OYIICHH.

Tabpud. Tyrpu un3uk OWslaH TEKUCIUK opacuparu Oypyak el TYFpu
YU3MK OWIAH YHHUHI 10y TEKUCIUKIArd NPOEKIUs opacujaard Oypyakka
auTHIIaIHN.

L Tyrpu un3uk 6unan P Tekuciauk opacuagaru Oypuak

(n,S) Am + Bn +Cp
InlIS| JA?+B?+C?Jm?+n®+p’

cos(900 —~ go) =sing = (16)

dbopmyIia OuiaH TOMUIAIH.

Arap L||P 6Ynaca nLlS 6ymm6, Am+Bn+Cp=0 6ynamu, arap LLP
. — T A A B C _.
0 S 6ymb, —=—=—0 .
yiica, nj| Yo, mTn o p yJiaau

By mapTiap Moc paBuiiga TYFpu YM3UK Ba TCKUCIUKHUHT TMapauICIIIHK
Ba MEPIEHANKYJISIPIUK MIAPTHIUP.

Arap L Ba P mapamnen OGynmaca, seHU Am+ Bn+Cp = 00Yiica, ynap oup
HYKTaJa KeCHUIIaaN Ba KECUIITUII HYKTac M HUHT KOOpAHHATAIapU
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X, =mt+X,
y,=nt+y,, Oyepma t=
Z, = pt+2z,

_ AX, +By,+Cz, +D
Am+Bn+Cp

dbopmyra OuiiaH TOMHIIATH.

55-§. ®a3zoaa TYFpU YHM3HUK Ba TEKUCJINKKA JOMP TeHIJIaMajap

1. M,(%:Ys:2,), Hykraman ymu6 ~—0-Y"Yo_27% yrpy uusukra
m n
IEPHEHIUKYISAp OYraH TEKUCIMK TEHIIaMACH:
M(X—Xy) +N(y = Yo) + P(2—2,) =0

2. M,(%y:Yo:2,), HyKTaman yTuo, Ax+By+Cz+D=0 Texucnukka neprneHauKysp

OYnraH TYFpy YM3UK TEHIJIaMacHu:
X=Xy — Y=Y 2%,
A B C

o X — X z-2, . o
3. My(X:Yo:Z,), HYKTamaH Ba = = TYFpU YMU3UKIAH YTraH

TEKHUCJIUK TeHIJIaMacCH:
X=Xo Y=Y 2-%
X, =Xo Yi—VYo Z—Z|=0
m n p
4. M,(X,;¥0:2,), HyKTaman YTuO, HKKHTa Yy3apo mnapaiien Oyiamarad
XZh _Y7N _27h 0 X7 _Y7Ye _Z7%  (yppy yusukiiapra  napasuien
m n Py m, n, P
OYnraH TEKHCIIUK TeHIJIaMacH:
X=Xo Y—=Yo 22—,
m, n p, |=0
m2 rl2 p2
5. L: Ba Ly ¢dazoma mapamien Oynmaran TYFpu yusukiaap  Oynca, Li:
X24 YN 278 gyspgpan Y Ly X e Y Y2 2%
m n P m, n, P2
napayuien OYiaH TYFpy YU3UK TEHTJIaMacH:
X=X Y=Y, Z2—-17,
m, n p, =0
m2 n2 p2

TYFPU YM3UKKA
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= _t7¢ TYFpu um3ukaad ytud, Ax+By+Cz+D=0
ml nl pl

TEKUCIIMKKA TEPIEHIUKYISAP OYIIraH TEKMCIUK TEHTJIAMACH:
X=X Y=Y -1

7. L YN 2Th g, Y7V 275 qexpcnuknapnu Gup
ml nl pl m2 n2 pZ

56-§. UKKHHYM TapTUOJIH CUPTJIap

WKkKkrHYM  TapTUONM  CUPTHUHT YMyMUH TEHIJIaMacu KyWHJIaru
KYPUHHUILA E3UITA/IN;

Ax? + By’ +Cz” + 2axy + 2bxz + 2cyz + 2a,x + 2,y + 2¢,z +d =0,
Oyepma A*+B*+C?=#0

bu3z acocan xycycuit xonga a =B = ¢ = () OynraH cupTJIapHU YpraHaMus.
NkxkuHYM TapTUOIW CUPTIApPHU YpraHUIIa acocaH aHAJUTUK T'€OMETPUSTHUHT
WKKUHYU Macajlacy, sS’ibHU Oepuirad TEHIJIaMa acoCHJla CUPTHH sicalll Macajlacu
YpraHuiajm.

CuptHn scamiga »3ca, acocaH «apajuie]l KECUIIUID»  YCYyJIWJIaH
doiinananunaau. by yCymHMHT MOXUATH KyWuparumad uoopat: F(x,y,z)=0
TEHrJIamMa OMJIaH OCpPHIITaH CUPT KOOPJMHATA TEKUCIUKIapu (x=0, y=0, z=0)
OwraH Ba yHra mnapamwien Oynaran texkuciukiaap (x=h, y=h, z=h) Owian
KeCWJIaJ Ba KECUIIUIIAA XOCWI OYJiraH 4Yu3uK aHukjiaaHaau. CYHrpa aHa mry
KECHIIHUIIAAH XOCWJI OYIIraH Yn3uKIapra kapad CUpTHH Y3H sicayiaJiu.

OHIM aManuéria KeHT KYJUIaHWJaJuraH Ba Te3-Te€3 y4dpald TypaauraH
WKKUHYY TAPTUOHUHT CUPTIAPUHH Ba YJIAPHUHT TEHIJIAMAJIADUHU KEITUPAMU3:

1. Cgpepa: (x—a)> +(y—b)* +(z—c)* =R? 2. dnauncouo:

AN AN

<‘V
<VV
o

/O
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3. bup nannanu zunnepbonoud.

4. Hxkku nannanu zunnep6oioud:. 5. dnaunmuk napabdonouo:.

X—2+y—2:22; (A>0,9>0)

67



(p>0,9>0)

6. l'unnepbonuk napabonouo

5

o

5
=
&
=
=
=
=

M

UAJTMH]IP

N..
e
A

7. Hununopuk cupmaap.

HUJIAHAP

9. Konyc cupm.

8. Ilapabonux yununop.
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