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Cy3 6o

Arap o3pTHOOp Oepcak I-cundpan  Oownab CcoHMM  cucTeManapHH
yKyBuMsIapra ypratau 60wnanany. YkyBuuiap onanH HATypal COHNap TYIIaMHy,
yJlap ycTvaru amauiap 6unaH taHMIaaunap, cyurpa OyTyH COHNap CHUCTEMacH,
palMoHall COHap CHCTEMACH, XaKHKHMH COHJIap CUCTEMAacH Ba HUXOST, aKaleMHK
nuvuel, Kach-XyHap KoJuiexnapy YKYBUMNApH KOMIUIEKC COHJIAp CHCTEMacCHHH
yxu6 ypranagunap. LLyHuHr yuyH Oy kurtobma Mmakrtab, nuueit, kac6-xyHap
KOJUIEXKNapHIa YKUTHNaAMIaH MaTEMaTHKAHUHT 3HT MyXUM MaB3ysapHaaH Gupu
6ynran COHNMM cMTEManap XO3UPru 3aMOH MaTeMaTHKacK HyKTau HasapuaaH GaéH
KWJIHHIaH.

Japcnvkioa YpraHuiuuiM avbaHa OYnub KojaraH COHNM CHCTEMaapaad
TamKapu p-alMK COHJap CUCTEMAacH, KBaTEpHUOHMAp anrebpack Xakupa Xam
acocuil MabIyMoTiap bepunran.

Connu cucTeManapHM KypHil »kapa&Huia Ttanabanap MaTeMaTHK aHaiu3,
reomeTpus, anredpa, MaTeMaTHK MAHTHK (paHNapuIa TAHULITaH YYKYP MaTEMAaTHK
FOSUIAPHMHT TarOUKJIApUHH KYpanuiap.

Hapcnuk acocaH ¥kyB pexacura «COHNH cHcTeManapy ¢aHd KUPHTHAraH
onuil YkyB roptnapH tanabanapu, yMyMuii ¥pra TapliuM MakTabliapu, akaaeMHK
nuuei, kach-XyHap KONIexnapH YKHTYBUMIApH YUYH MYIhKanaHTaH.

Japciukna  yxysumnaap MycTakuil  HMIUNApUHHM  TAWKWI  3THW  YYYyH
MYJKaIIaHraH TOMIUMPUKIAp Xap Oup naparpadaaH CYHr odMHrad SWIMMIIApHU
TEKWHUPHILl yYyH CaBOJIap, MYCTAaKHJ HUIJIAll YYYH MHCOJUIap KYPHHHMLIMZA
KEJITHPWIITaH.

Jlapcnukaa acocMi MarepHaliHM Y3laliTHPKLI €HMWIPOK OYIHMINM yuyH
anrebpanadH, MaTeMaTHK  aHaNM3JaH, MaTeMaTHK MaHTUKEAH  KepakH
marepudasiap Oepunra.

~
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I BOB. TYILUIAMJUIAP HA3APUSICU BA MATEMATHUK MAHTHUK
SJEMEHTJIAPU

I.1-§. T¥nnam. Tynaamnap yetuaa amajaap

Tyriam MareMaTHKaHWMHT GOUUTaHFUY TylIyHYanapuZaH Oupu Oyiub y
MHCOJUIap €pJaMKIa TYLUYHTUPHIIANH.

Tynnam mantym 6up xocca €ku Xycycusrtra sra 6yaraH npeamerniap €ku
obnexTap Maxxmyacuaan ubopar 6ynaau. Macanaun, Adgpuxanarn 6apua napénap
€xu Oup dakynpreTnarn Oapya rypyxjiap MaxMmyacd TymiaMm Oyna onagu.
TyrmnamHH TaWkul KWIYBYM mpeaMemyiap €k o0beKkTaap TYNAaMHUHT
anemennuiapu Achivnany. Tynnam jnotvH anud6ocuHUHr 6o xapgnapu A, B,
C.,... nap opkanu benarunaHany.

Muconnap: bapua Harypan connap TYIwiamu N ={1,2,3,.. }, 6yTyH coHnap

TYymnam Z={..,-3,-2,~-1,0,1,2,3,.. } KypuHuwaa benrunanani. Q opkanu Gapua
pauHOHAN COHNAap TYMNAMHUHH, SBHHU ﬁ, q#0, p,geZ xacp KYpUHHMIIKHAA
q

€341 MYMKHH Oyarad coHnapHu OenrmnaiiMus. R opkanu aca 6apya XakWMKMH
COHNAp TYIIaMMHKU OenrunaitMus.
a obbekT A TYIUNIaMHUHT 37IeMeHTH 6ynca, ae 4 , akCHH4a a 00bekT A

TYTUIAMHHMHT 3/1IeMeHTH Oy¥nmaca, a € A €ku a €A opKainu benrvnanaau. Arap 4
TYINAMHUHT Xap OMp 3NMeMeRTU B TYNNaMHUHI XaMm 3feMeHTd O¥nca, AcB
opkau 6enrwiadagy Ba A TYiviaM B TYIUIaMHUHT mynramocmucu feiunany.

Bup xun sneMeHTNapiaH TalIKW/ TOIFaH TYIUIAMNAp mMeHZ MynIaMaap
neitwnany. A Ba B Tynnamiap teHr 6ynca A=B kypunuuiga 6enrunaiiMus. 4 sa B
TYTNaMIIapHHHT TeHr 6Ynuumy yuyH 4 ¢ B Ba B € A 6ynuiuu 3apyp Ba erapid
JKAHIMIMHHM Kypuil KHiiMH 3Mac. buTra XaM aneMeHTH HYK TYIuiaMHU 6yw
myrnnam peb ataitmns Ba (J €k A opkanu Oenruaaimus.

L1.l-taspud. 4 ea B mymaamnaprunz xamuda bupuza mezuwnu Oynean
bapua 3nemenmnapoan mawxun monzau A éa B myniamnaprunz 6upraumacu éxu
uusuHOUCYU dedunadu.

A Ba B T¥nnamnaphuHr AuruHaMcd AU B opKaiH OelrunaHaau.

I.1.2-mucon. A={1,2,0,A,0} B={1,0,A,89} tyniamnapHuHr
6upnammacu  AUB={1,2,0, A, 9, 8,9} 6Ynuin pasiaH

L.1.3-Ttavpud. 4 6éa B mynramnaprunz kecuwmacu éxu kynaummacu deb, A
éa B mynmnamnaprunz bapua ymymui, avwu A 2a xam, B za xam mezuwnu
INEMEHMAAPOAH MAWKUA MON2AH MYNAAM2a AUMUNAOU.

A Ba B T¥nnamnapHUHT kecumMac A N B KYpUHHIIKAA OearuiaHaau.

[.1.2-mucongaru 4 8a B nap yuyu A1 B = {1, 0, A} 6¥naau.

L1.4-taspud. 4 6a B mpnramnapuunz aiiupmacu deb, A myniamuunz B
mynmiamea mezuuiy  6yamazan  6ap4a  SAeMEHMAAPUOAH MAWIKUR  MOneaH
mynramea atimuwiaou.

A4 Ba B T¥rnamnapuusr aitupMacu A | B kypunHinnaa oenrunaHagu.

4
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I.1.2-muconparu 4 Ba B tynaamnap yuys 4\8= {2,0}, B Ba A T¥ynaamnap
yuyH 3ca Bi4= {8, 9}.

(A\BYU(B4) tynnam A Ba B TYnnaMnapHUHL CumMMempux aiupmMacu
neiunaad Ba A A B opkanu Genrunadagn. 4 A B=(AU BN AN B) 6yaummnnu
MCcOOT KAHILIHK YKyBYHIapra XaBosa 3TaMHK3.

L.L.S-rabpud. Aecap Ac B 6yica, B4 mymian A mypmiamnune B
myniameasa mynoupyguu myniam 0euaaou.

TyanupyBun Tynnam < A4 €xu A’ opkanu Oenrumnanagu. Lllynnaii kunub,
c A =BU

MatemartukaHuHr 6ab3u coXanapuaa dakarrdHa GUPOpPTA TYILUIaM BAa YHUHI
6apua Tymamoctunapd OunaH UMW Kypuiura TYFpM kenagu. Macanau,
NJIaHUMETPUA TEKUCIIMK Ba YHMHT Oapua TynnamocTuiapu 6uiaH, crepeoMeTpus
aca ¢a3o Ba yHUHr H6apua Tyriamoctuiapy 6unas uu kypaau.

Arap 6upop E 1¥nnam Ba dakar yHHHr TYIiaMoCTUIapH Ounan uill Kypeax,
OyHpail E Tynnamuu yHusepcan tynnam aeb artaiimu3. YHHBepcan TYIUITAMHHMHIT
6apua Tyrulamoctunapu tyriiamuHu B (E) opkanu 6enrunaiimus.

Tynnamnap ycTHA2 aManlapHUHI X0CCaaapH.
Tymiamnap ycruaa Oaxapunaavrad anrebpamk  amamnap  Kyduzaru
xXoccanapra ara.
_ANB=BN4
" AUB=BUA4
“UNBNC=4NBNC)
“uUBUC=4UBUC)
ACCOLMATHBIIUTH;
3°. Kecummanuur 6upnaiimara uucbatad qucTpuOYTHBINIH:
ANBUC)=4ANBUMUNC);
4° . bupnamMaHuHr kecuuiMara HMcbaTaH IMCTPUOYTHBIIMIH:
AUBNCY=1UBNUUO);
5. (AVBNC =ANCINB=ANCONBNCY;
6. A\B=A\(4N B);
7. (ANBUU\B)= 4
AUAU..4 U... bupnawmanu U 4, ANAN...4 ... KecHuMaHH N A

i=l

KeCHIIMa Ba OHPIAIMAHMHT KOMMYTaTHBIIHUIH;

KE€CHIIMa Ba GHPHaUIMaHHHF

ne6 6enrunab oacak, sHa KyHuparM Xxoccanapra oara Oymamus. A4,,i=1,..
Tynnamnap Oupopta X TYNIaAMHUHF TYIIaMOCcTHIapu OYICHH, Y Xonaa.

g x\U4 =N\ 4);
o x\N4 =0 4).
i=) i=l

By TeHrnuknapiu ucOOTNAll y4yyH, TEHIJIMKJIAPHUHI Yal TOMOHMZAru
TYIIaMra TerHuuTd UXTHEPUI JNIEMEHT, TEHIJIHKHUHT YHT TOMOHHAArk Tymiamra

th
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TErMULIY BA TYIUIAMHHHI ¥HI TOMOHHAArH TYIIJIAMIa TETMILIH UXTHEPHUH dJIEMEHT
yan TOMOHUAArY TYIUIAaMra XaM Teruiiuim OYIMIuHY KYpCaTvil eTapiu.

HOkopuaaru xoccalapHHHT OMp HEYTACUHU UCOOT KUITHO KYpaniuK.

3%muur  ucboru: wmxtuépuit xe(ANBUC) 6yacun, y xonma
KeCHIIMaHMHr Tabpudura acocan, x€ 4 Ba xe(BUC) 6Gynamu. Tynnamnap
6HpnaiIMacHHUHT TabpHdura acocaH x € B &ku x € C 6ynanu. lemak, x € 4 Ba
x€ B &kn x € A Ba x € C 6ynaagu. By 3ca xe€ (4 B) éxu xe (41 C) pmeranm.
Oxupru MmyHocabar x€((ANBYUANC) 6ynuunan Gunaupand. Llywzait
Kb, xap Kaupaii x € (AN (B UC)) yuyn, x e (AN BUANC)) Ikan.

Oum x€ (AN BUUNC) 6yncun, y xonna Tyramnap 6upnaiimacu
aMaNHHHAT TabpUdura kypa x (4 N B) éku xe (4N C) 6ynagu. Tynnamiap
KECHILIMACHHHHI TabpH(ura kypa x€ 4 Ba x€ B &€wu x € C 6ynanyu, y xonna

xe(4NBUC).

8°- xoccaHuHT ueboTH: HXTUEPHH X € (X \ G A,) 6Yncun, y xonga x € X Ba
i=l
erA,. Hemak, x¢ A4 Ba x¢ A, Ba... Ba x¢ 4,,.... Y xonza xe(X\4,),
i=}
xe€(X\A4,), .., xe (X \A4,) Baxokazo, 1bHH xeﬁ(X\A,.).

Axcunua, xe[WX\4,) Oyacun, y Xonma Tymiamyiap KECHIUMacHHHHT
i=l

Tabpudura kypa xe(X\4,) Ba xe(X \4,) sa..Ba xe(X\4,)) Ba xoxazo.
Tyrnamnap afiupmacd aManuHHHT TabpHQHUra Kypa x€ X' Ba x ¢ 4 Ba x ¢ A, Ba
.Ba xg A, Ba .. OYynamu. Tyrnamnap OupnaliMacHHUHI Tabpudura kypa

xéL:JA,.. Jlemak xe(X\GA,).
i=l i=1

By xXoccanapmaH TalikapH TyIulamiap ycTHla OakapuiaauraH amajulap
ucboTH paBluan 6¥nraH Kyiinaari xoccanapra ara:

100, AUA=4

1r. ANA=4

127 Ac B o6ynca, c(c 4)=4.

13 AcCeraBcC 6¥nca, (AUB) =4 NB sa(NB)=4UB".

14, AND=0

15. AUg=4

Tymnamnap  ycruna  6akapunagurad amanapiy  DJiinep-Benn
AuarpaMmanapu ae6 aranaguran wakouiap paaMunaa udoaa KWimi MyMKUH.

VYuusepcan TYIuiaM TYFpU TYpT Oypyak makiIniga, YHHH TYIIAMOCTUIAPH
TYFpH TYpTOYpYaK WYKOard foupanap opkaiu udoja KMIHHAIM. Y Xonga, HKKH
TynnaMm OMpJaliMacH, KecHLIMacH, alupMacu, TYIIypyB4YM TYMiamiap, HKKH
TYNIaMHHHT CHMMETPHUK aiiMpMacH MOC paBHIja Kyiuaaruda ugonanaHamu:

6
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I.1.6-misol. (A\B)'UC' to’plamni Eyler-Venn diagrammalari yordamida
tasvirlang.

A\

A\B

(A\BY

N

(A\BY u C'

Takpopnaws yuys caBoanap

. Tynnam TylyHYacHra MUCOJUIAP KENTUPHHT.

2. Tynnam anemenTn 16 HUMara adTunanu?

3. Kucm TymnaM tabpuuHi aifTHHT.

4. TeHr Tynnamnap TyulyH4acura Tabpud GepuHr.

5. Byw TynnamM, yHusepcan tyruiamnap TabpuduHy alTUHT.

6. Tynnamnap 6Gupnammacu, kecuuMacura Tabpud Gepuwr.

7. Tynnamnap aiupMacy, CUMMETPHK aliupMacura Tabpud GepHHr.

8. Tynnamnap 6MpralIMacMHUHT KaHgal xoccanapuuu dbunacus?

9. Tynnamnap KeCHIIMaCHHUHI KaHIal xoccanapuHu Ounacus?

10. Tynnamnap yctuaa 6axxapuinaaurad aMajulapHUHT X0CCaiapy KaHaai
TywyHyanap €paaMuaa ucbornadanu?

11. Ditnep-BeHH aMarpaMManapuH# TyLIYHTHPHHI,

12. Oi#nep-Benn auarpammanapu €paamMuia TV UIAMIAPHUHT TEHIIMTHHK
ucboTnam MyMKHHEMU?

7
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Mamkaap

1. Kyitugary afiHMaTnapH1 HCOOT KUITUHT:

a) A\(BUC)=(4\B)U(4\C)

by A\(BNCND)=(A\B)U(A\CO)U(4\ D)

c¢) BU(4\B)=A4UB

d) A\(4A\B)=ANB

2. Ky#unarn TacaukiapHi HCOOT KUITHHT:

a) arap A c B 6ynca, y xonga (4\ BYU 4 = A 6ynany;

b) Ac B 6ynuuu yuyn AU B = 4 6¥uwu 3apyp Ba eTapiu;

c¢) arap A c B 6ynca, y xonma A\C < B\C;

d) arap A < B 6yaca, AUC < BUC 6¥nanu.

3. Arap n (X)— X 4ewIM TYIUIaMHHHT 3JIeMEHTIap# COHUHU OUNIUPCHH. Y
xomaa A , B Ba C yexnu tymnamnap yuyH , n (BNC)=n(B)+n(C)-n(BNC)
TEHITIUKHH KCOOTIaHT.

4. DneMenTiiapu coHu n Ta Oynrad TymiamHyHr Oapua TYmnamoctunapu
coHH 2" Ta 6YIHIIHHA UCOOT KWITHHT.

1.2-§. Myaoxasa. MyJjioxasajiap ycruga amaiap

PocT €xu ENFORTHIMHU OMp KMAMATAH aHUKIall MyMKHMH GynraH napak rarn
Mynoxaza neb TylyHWwIaau.

«Kaiiun — npapaxty, «TOMIKEHT — MOHTAaXT waxap», «5 > 2», «9 — Mait -
Gaitpam» kabu ramnap mynoxasanapra Mucon 6yna onanu. JlekuH Xap Kasdmai ram
XaM Mynoxasa 6yna onmaiinu, Macanad, «SiacHH V3bexucron &unaput», «Cen
HEeYaH4H Kypcaa ykuiicaH?» kabu raminap Mynoxasajgap 3Mac, YyyHKH yiap Japak
raruiap 3Mac.

Hemak, 6upop 6up ranm Mynoxasa O6ynuiuu yuyH, y anbaTTa fJapak ran
6ynuiin Ba pocT EkM ENFOHIUIH OUp KUAMATNH aHUKIAHKILY IApT.

V36ex Tunmmaru 6apua MyNoxasanap TYIIaMUHH M OpKanH Genrunaiiux.
M TynnaMHMHr SNEMEHTIIapHHU NOTHH amupOOCHHMHT 6ocMmaua, HHOEKCAH EKM
HHAeKccH3 6o xapdsapu 6unaH Genrunamra kenuwub onamus, AvHu A , B, C
»eos A A, ., Ay - MynIOXasanapaup. A Mysioxasa poct 6¥ica, yHra 1 Hu,
&rroH 6yica, 0 HH Moc KYiMH3, AbHH M TYruiamra KyHHOard akcHaHTUPHLIHU
KHMPHTAMH3:

u(A) =1, arap A- poct Mynoxasa 6yica;

{ W(A) =0, arap A-&rroH MyJioxasa 6yica.

H(A) KkuAMaTra A MyNOXa3aHWHr MaHTHKHIl KWiiMaTu gedimmanu. Poctiauk
XaNBAUIAPHHH TYJAAMPraHMMHU3fa €3yBHM HMX4YaMIAIUTHpUIN Makcaguna p(A)
ypHHra A €3uiHM Kenumub onamus.

1.2.1 — Tavpud. 4 6a B mynoxasanaprunz rxoHwlonxkyuacu 0eb, A ea B
Mynoxasanap pocm 6ynzandazuna pocm, Konzan Xonaapoa énzon 6yraduzan A &B
MYyn0xa3aza aumuaaou.

.8
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Mynoxasanap KOHbIOHKUMACH MaHTUKHI Kynaitupuw ned xam arananu sa
A - B ékn A A B kabu GenrunaHuiuim MyMKHH.

[.2.2 - Tavpud. A sa B amyroxazarap ousvionkyuacu 0eb, A ea B
MYNOXA3ANAPHUHS UKKAAACU XaM EnzoH 6Yean0azuHa €120H, KOA2AaH X0mAapod
pocin 6ynaduzan A v B mynoxaszaza aimuiraou.

Mynoxazanap JM3bIOHKLUMACH MaHTHUKHH KYLIHLL 1ed XaM IOpUTHIIaaH Ba
A + B xabu Gejirnnanuiiy XaM MyMKHH.

1.2.3 - tawpud. 4 mynroxaza pocm 6ynzanoa éneox, éngon byrzanda pocm
bynaduean /4 MyA0xaza A Myro0xazaHune uHKopu Oetunaou.

A MyNOXa3aHMHI UHKOPH A OpKaJi 6erHIaHHILHN XaM MYMKHH.

Mynoxazanap yctuna OaxapunaluraH aMalnap poCTIMK XaaBaid neb
aTajlafirad  kasaunap é€paamuaa  xam  Oepunumy  MyMKuH.  IOxopuza
TabpUbNaHrad aMauiap pocTIHK »KaaBaIM KyiHaaru Kypunuwia 6ynau

A B AAB AVB 1A
1 ] 1 1 0
1 0 0 1 0
0 1 0 1 l
0 0 0 0 1

ByHpaaH Talikapu sHa OUp KaH4ya aMannap, SbHH |

= - UMITJIMKaUMa €K MAHTUKUH XyJioca,

&> €KUM = - IKBUBAJICHUMA €KM MAHTHKHUHI TEHI KYWIWIHK,

[ - Ledep wrpuxu,

|- [NMupc cTpenkacu,

@ - KaTbMH JM3IDIOHKLHA, ABHM 2 Moayab O¥ivua Kywulu amajapu
KyHAHOAry xanasaj opkany 6epuiaau:

A B A=>B |AoB |AlB |alB |aeB
1 1 1 1 0 0 0
1 0 0 0 1 0 1
0 i 1 0 1 0 1
0 0 1 1 1 1 0

Takpopunaw y4yH caBoanap

1. Kanpnaii rannap mynoxasa 6ynanu ?

2. Mynoxazanap  KOHBIOHKUHMACH,  OM3IBIOHKLUMACH,  HMIUIMKALHACH,
3KBUBAJIEHUUACH XaMla HHKOPHU TabpH(IapHHKU AHTHHT.

3. Poctnuk )kansand HhuMa ?

4. BupM MKKMHYMCUHUHT WHKOpH OYJraH MaHTHK aMallflapHHH KEITTUPHHT.

9
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Mawkaap

1. Ky#upary ramiap d4MAaH MyJI0XasajlapHH aXpaTHHF Ba YJIapHUHT poCT
€KH EIFOH 3KaHJIMIMHH aHUKJIAHT :

1). Cupnapé Opos neHrusura Kyiunaau.

2). Cu3 kaiicu onmiiroxaa ykuicus ?

3). V36exucton MyCTakuiiuruauar 15 fwumru Mmy6opak Gyncun!

4). Xap kaHzaait coH Mycbar.

5). 0 xap kaHpaa# xakukuil coHra 6ynuHagu.

6).3x’ =5y + 9.

2. Kyiinzgaru xyQTnuiIapHuHr Kaiicd Gupuaa Mynoxasanap Oup—GUpHHUHT
HHKOpH :

1) 2<0, 2 >0.

2) 6<9, 629,

3) «ABC tyrpu Gypuakiiu yubypuak», «ABC yTmac Gypuaxnu yubypuak».

4) «f- dynxuus — Toxy , «f — dyukuus — xydm» ?

3. Kyitunaru MyaoxasanapH{HT POCTIIMK KHMMATHHH aHHUKIIAHT:

1). Arap 12 6 ra 6¥nuHca, y xonga 12 3 ra 6ynuHanu.

2). Arap 11 4 rab6ynunca, y xonma 11 2 ra 6ynunanu.

3). Arap 15 3ra6ynuuca,y xonna 15 6 ra 6ynunany.

4). 12 6 ra 6ynuHanoM, ¢akar Ba (akart Wy xosnga-ku, arap 12 3 ra
6ynuHca.

5). 15 6 ra 6ynuHanu, dakat Ba dakar ury xonna-ku, arap 15 3 ra 6ynuuca.

4. Arap A opkanu «9 - Mypakkab coH», B opkann «8 - Ty6 con» gmerad
Mynoxaszanap Oenrunanrau Oynca, y xonga KyHugard MyjoxasalapHd cysnap
opKanu udoanaHr Ba pOCTIMK KUAMATHHH aHHKJIaHT

A:B,B:A,WA:»B,WB:>A,—|A:>]B,1B:>1A,

A=1B,B=>1A,AoB, A< |B,1A<B,A= IB.

- 1.3 -§. Mynoxasanap anre6pacu., Mysoxasanap anreGpacu andasuru,
¢dopmyna TymyH4acy

Mynoxazanap anrebpacu TyuwyHYacCHHH KHPMTHIL Y4yH aire0pa
TYIIyHYacHHu dcnatub yramus. A= tymnam Ba Q - A TYIwiamia aHHWKIAHTaH
anrebpadk amauiap Tynnamu Gepwirad 6yncud. Y xonpa (A,Q)- xyQTIMKHH
anzebpa ned aralimus.

L3.1 - tabpud. < M, {1, A, Vv ,>,< } > - yuusepcar arzebpa
Mynoxazanap anzebpacu detiunacu.

Mynoxazanap anrebpaculu Kuckaya MA n1e6 Genrunaiimus.

MA HuHr andasuTH Kyfnaarunapgad ubopar :

A,B,C,... — mynoxasanapHu benrmwiail yuyH HlUmatHiagurad xapdnap;

1,A,v, =, - MaHTHK amannapusy Genruiau yuyH WULIATHIA4UraH
6enrunap;
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(,) -vam Ba YHr KaBcaap .

Mynoxazanap aareOpacMHWUHI acocHi TyluyHuanapupad Oupu Qopmyna
TYLIYHYacHAMUP. YHra HHAYKTHB TabpHd Gepamus.

1.3.2 - Tawpud. 1). Nap kanoaii myaoxaza ¢hopmynadup.

2). Aeap I sa 9 nap gopayranap 6yaca, y xonoa

(7;’7) ATAT) (TvI) (T 9), (T W) nap xam popmyranapoup.

3). 1) 6a 2) nap époamuda xocun Kununzan ugpooanapauna opmyaarapoup.

Macanau, A, B, C nap 1) ra acocan gopmynanap; ( 1B), (A=(1B M,
(((A = (I1B)) = A)AC ) nap 2) ra acocat dopmynanapaup.

dopMyaNapHUHT TapKUOWAATH KaBCAaPHH KaMaiTHPULL MaKcaauaa MAHTHK
aMAIapUHUAT 6axcapuiiMil TapTUOUHN ] LA LV, =, < neb benrnnab onaMus.
ByHaaH TallikapH TalllKi KaBCIIapHH XaM 3XTHEXK 6ynmaranaa taumab obopamus.
ByHpail 3rapTupuiinapaaH keitud ((A A B) v ( (1A)=C)) dbopmynanu
AABv(IA=C) KYpHHUILAA E3ULIMMU3 MYMKUH OYNaau.

1.3.3-tavpud. Qopmysada Kamuawean MAHMUK ~ AMAMAAPU  COHU
dopmynanune panzu oevtunaou.

FOxopupa kenTUpuiIrad GopMyJIaHHHT PaHTH 4 ra TEHT.

1.3.4- Tavpud. /. T gopmyna - A oan ubopam 6yaca, yuune gopmynraocmu
gaxam ynunz y3udan ubopam.

2. Aeap gopmynanune kypunuwu 3 * 9 0aw ubopam 6yaca, y xoada
yHunz gopmynaocmunapu 3, K, T+ I, yamoa T ea H napuunz bapua
@opmynaocmunapudan ubopam 6ynadu. by epoa *- A, v, =, < amaniapudan
bupu.

3. Aeap ¢opmynanunz kypuruuu /! 3 6paca, YHUHZ Qopmyraocmurapu I
gopmyna, T gopmyranunz bapua opmyaaocmuaapu ea ] 3 nune Yy3uoau
ubopam.

4. bowxa popmyraocmunapu iyx.

1.3.5-mucon. (AAB)= |A ¢dhopmynaHuHT GOpMyIA0CTUNAPH TabpUdra
K¥pa Kyiuzarunapaad ubopar: A, B, lA, AAB, (A/\B):>‘|A.

Arap 3 ¢opmyna Tapkubura @akat A |, A 5, . .., A, —MyJ0OXa3anap Kuprax
6ynca, 6y MynoxasanapHu nponosuyuonan yszapyewuaap neb6 artaimMus Ba
dopmynany sxTuéx 6ynranga I (A, A, ..., A, ) kKYpUHHLIIA E3aMuU3.

Koopaunaranapu 0 &xu 1 nappas ubopar (iy,i,,...,1,) Bekrop (Oy epaa
i sap 0 &xu | napman ubopat) MpoONO3UIMOHAT Y3rapyBUUIIAPHHHT Kuimamaapu
musumu NeHNIaau. )

A, A, ..., A, Npono3vUMOHan ¥3rapyBuMapHUHT Gapya KuAMaTaapu
TH3UMH 2" Ta SKaHNWUIHHM KYpHIl KuiuH dmac. Jlemak, arap MyJjoxasanap
anrebpacuHuHr 6upop J dopMysacu Tapkubura n ta MyJoxasa Kuprad 6yica,
Oy opMmynaHMHI poCTIIHK xamsanu 2" Ta KHAMATIap TH3UMMAAH TALIKHMJI TONTaH
6ynanu.
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1.3.6 - mucon . AAB=|AVC (OPMYNAHMHT POCTIIMK XKaABaJIMHHU TY3HUHT.

>
>
w

-|AvC A/\B:>-|A\/C

oloo|o|—tm— =~

Ofm|ol=|o|=lo|—=In

-—-.—-—-»—AOOOO>

[t [t s { S | e | D |
DY DY U (U SV JUDN e SN

olo|oclo|olo |~

Qo =~=lc|O|——|m

Takpopnaw yuyH cagonnap

Mynoxa3zanap anre6pacu ne6 Humara adtunagy ?

Mynoxasanap anrebpacHHMAT alIaBUTHHH KENTHPHHT.
Mynoxasanap anre6pacuruHr Gopmyinacu ned Humara aiftunanu ?
MaHTHK aManiapMHUHT OaKapHIMLL TapTHOMHY allTHHT.
DOopMyNaHKHT paHTyd Huma?

dopmynaocTu HUMa?

dopmya y9yH POCTNHK KaABaNU KaHIail Ty3unanu ?

Nouewh =

Mawmknap

1. Ky#unnaru ndoganapaan kaficunapu ¢opMysa SKaHIUIHHE aHUKJIAHT :

) AVBAlA®C=1B;

2) A©BCIlA;

3) laviBe1lc;

4) (AAB)V(1AABSC)A(AB).

2AvBaAlAsC ¢dopMynanaH KaBciap EpaaMMaa XOCHI KMIMLI
MyMKHH 6yaran 6apya ¢upMysaiapHi TONHHT.

3. Ky#iunaru ¢popmys-anapHuHr 6apya GopMyna OCTHIAPHHH aHUKJIAHT :

) A@BvCa 1A

2) (A®B)YAIC):>((AVvB)=A)= 1B);

3) (A=>B)=>((A<¢> IB)=>(AAB));

H A= IBve=1a=]cC.

4. IOkopumary MHcomlapaa KenTUpWiArad ¢opMynanap pasriapuHi
AHHUKJIAHT.

5. YOxopunaru Mucomiapaa KenTupuiraH Qopmynagap y4yH pOCTIHK
KaIBAIIapH Ty3UHT.

12
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I.4 - § . Tenr kyunu dopmynanap. TaBToJ0OrHsa — MAHTHK KOHYHH.

L4.1-tavpud. MA nune T ea W dopmyranapu 6epunean 6ynub, 6y

Gopsmynanap mapkubuea kupean 6apua smynoxasanap A;,. . ., A, - napdan ubopam
oyncun. Aeap Ay, . .., A,y Myaoxazanaprune 6apya KUtMamaap mu3umiapy
(in..., in ) 7ap yuyn T ea 9 popaynanap bup xun xuumamaap kabya Kuacasap,
vy xon0a, 6y gpopmyrarap meHz Kywau @oprayraiap oetiunaou.

3 Ba N dopMmynanapHuHr TeHr kyunuauru 3 = R kypuHumga
udonanaHagH.

1.4.2 - Tavpud. Myroxasarap anzebpacunune J( A,. . ., A,) ¢opmyracu
Ar,. . ., Ay Myroxazaraprune bapya Kuimanuiapu musumu (i, . . ., igoa I

Kutimam Kabyn xwica, auvan pocm Gopmyna éxu magmonocus €xku MaHmux,
KOHYHU Oetiunaou.
AltHaH pocT ¢hopmynanu Kuckada AP ne6 Genrunaiimua.

1.4.3-tavpud. MA nunz 3 (A, .., A.,) dopmyracu A;,. .., A,
MyRoxazanaprHuuz bapua xuumamaapu muzumu (iy, . .., i,) 0a 0 xuiimam xabyn
Kwica, ainHax €n2on éxu 3u00uam oeliunaou

1.4.4-tavpud. Aecap myaoxasarap ancebpacuwune 3 (A; , . . . , A)
dopmynacu A;, ..., A, aapuune kamuoa 6umma (i, ..., i, ) Kuimamiapu
musumuda 1 2a mewe Kuimam Kabya Kuiaca, y xon0a 6y gpopmyaa baxapuiyeuu
@dopmyna oeliunaou.

1.4.5-teopema. Mynoxazarap anzebpacununz J ea 9 ¢hopmyrarapu mewz
Kyuau gopmynanap 6ynuwu yuyn, I < 9 gopmyra aiinan pocm gopmyna
by 3apyp ea emapau.

Hebom. 3 = N 6ynacun. Y xonma I sa N dopmynanapra kuprad Gapua
NpPONO3ULMOHAN Y3rapyBUHIapHUHI Oapua KuiiMaTaapu tu3umiapund 3 Ba R
dopmynanap 6up xun Kuitmarnap kabyn kunagwnap. feHH, I < RN = 1
oynanu. o

AxcuHya, 3 < R =1 0Oynca, I =1 Oynranma N =18a T =0 Oynranna
N =0 Oynamm.

1.4.6. Acocuii TeHr Ky4au popmy.aanap.

1. AAA = A (KOHBIOHKLIMAHHUHT MIEMIIOTEHTIMK KOHYHH).

2. Av A = A (AM3bIOHKUUAHUHT UAEMIOTEHTINK KOHYHH).
3. AAl=A

4. Avli=sl.

5. An0=0.

6. Av0=A.

7. AvI]A=s1- YUHHYUCHHH HHKOD KWJIMLU KOHYHH.

8. AA |A=0 -3unaustra KEJITHPHLL KOHYHH.

9. l(1a)=A- KL MHKOD KOHYHHU.

10. A A(BVA )_

1ILAVv(BAA)=

13
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12A©B=(A=>B)A(B=>A).

13A=>B=|AVvB.

14.7(AAB)=]AaVvIB.

15.1(AvB)=1AAIB.

16.AAB=]1(]1AA1B).

17.AvB=T1(1AA1B).

18.A AB =B A A — KOHBIOHKLUHSHUHT KOMMYTATHBIKUK KOHYHMU.

19.A v B =B v A — IH3bIOHKUHSHHHT KOMMYTaTHBIIHK KOHYHH.

20.AA(BVC)=(A A B)v (AAC) - A HHHI V ra HucOaTaH AUCTPUOYTHBIHMK
KOHYHH.

21.Av(BAC)=(AVB)A(AVC) - v HHHr A ra HucbataH IUCTPUOYTHBIIMK
KOHYHHU.

22. AA(BAC)=(AAB)AC — KOHBIOHKUMAHUHT aCCOLIMATUBIIUK KOHYHH.

23. Av(BvC)=(AvVB)vC — AM3bIOHKLMAHUHT aCCOLMATHRITMK KOHYHH.

By TeHTKy4WIMNHKIAp pOCTIMK JKagsaulapu éEpaamuia ucOOTIaHHIIM
MyMKHH. Macanas, 20 - TEHrKYWIWIHKHHHT HCOOTH Y4YYH POCTIMK >KaJBalH

TY3aMH3 :
A [B]CTAAB[AAC]BVC] AABVC) | (AAB)V(AAC)
1 |11 1 1 1 1 I
1 1 ] 1 0 1 1 1
1 o]1] o 1 1 1 ]
1 (o0[0] o 0 0 0 0
0 [1]1] o 0 1 0 0
0 |10 o0 0 1 0 0
0 lo| 1] o 0 1 0 0
0 0|0 0 0 0 0 0

Poctiuk >xagBanupmard OXMPrd MKKM YCTYHJIAp MOC KaTopiapuaary
KuAMaTiap TeHrnurugad kypudaaukn : AA(BvC)=(AAB)V(AAC).

Takpopaai y4yH casosiap

1. Myrnoxazanap anrebpacCMHHHr TEHr Kywid GopMynanapura Tabpud
GepHHr.

2. MaHTHK KOHYHH 1€ HuMara aiituinagu 7

3. Mynoxasanap anrebpacuia 3uaauat ge6 HUMara aftunanu?

4. Baxapunysuu popmyna TabpuPUHH aHTHHT.

5. Mynoxazanap anrebpacHHUHT (opMynanapH TE€HT Ky4iH GYIMLIMHHHD
3apyp Ba €TapJyii WAPTIapPUHH KEJITHPHHT.

6. YUMHYMCHHM WHKOD KHJMIL, HOTHIAL, KYII MHKOp Ba 3MAOUATTa
KEJITHPHULI KOHYHJIapHHH HoaaNaHr.

14
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Mamkaap

1. Ky#nnaru dopmynanapHuHr alHaH poCT IKAHIMTHHU UCOOTIAHT :

) (AeB)e (A IB);

D (AB)2(A=(B=2C)=(AC));

3) (A=>B)>({(B=>A)=>(A<B));

4 (A=2C)Y=2>(AvB)Y=>(CVvB)).

2. Ky#inparu dopMynanapHHHT aiiHaH &IFOH YKaHIUIMHH HCBOTNIaHT :

A A(BA(TAVIB));

2) H1(AVvB)= (A AB)):

3) (A= (B=A));

4) (A=C)=(B>C)=>(AVB=C)).

3.  Kyliunaru QopMmynanapHuHr Kadcuiaapu OamapuiTyBYd -IKaHIUTHHU
AHKKJIAHT

H 1A= 1A);

2 (A=B)=>(B=>A);

3 (B(AACHAI(AVC)=B);

4 (A= 1B)vC)AB.

4. 14.6 pa KeNTHPWIraH TEHTKYWIHJIMKIAPHH PpOCTIMK >KaJBajIapH
&paamuja UcOOTIIaHT.

I.5- §. llpeauxaT rywyHuacu. [Ipequxaraap yeruaa amannap.

INpenuxaiap anrebpacH Mynoxasanap anreOpacMHH  KEHralTHpHLI
HaTmKacHIa XOCH KWMHraH 6ynub, Mynoxasanap anrebpacHHM §3 vUuMra onajmu.
[penukatiap anrebpacMHHHI acoCHi TYyUIyHYacH — NMpeAWKaT TyLyH4acH OunaH
Tannum® umkaitnuk. Busra 6upopra uxTHEpMH 6Ym OynmaraH npenMernap
Tynnamu /1 Gepunran 6yicuu. [1 TYNnNaMHUHT UXTHEPUIL « @ » SNIEMEHTH XaKuaa
aiftunran Mynoxasaiu P(a) xypuHuwnpa GenrwnaiiMu. P(a) poct €kmu &nroH
MyJsioxaza Oynuiiv MymxuH. Macanas, [7 — HaTypan connap TyniamuzaH ubopar
6yncun, P(a)- «a—Tyb con» - neran aapak ran 6yncud. ¥ xonpa P (1) -« 1-
Ty0 coH » - €1FoH MyJ0xasa, P (2) -« 2 —1y6 coH » - poct Mynoxa3a, P(3)—-«3
—Ty0 coH» - pocT Mynoxasa, P(4 ) — «4 - Ty6 con» - EnFoH MyJI0Xa3a Ba X. K.

Kypunu® typubmuxu, P(a) - a Hudr ¥puura [I TYnNaMHHHT aHMK
INEMEHTIAPUHU KYHraHUMKU3a POCT €Ky EnFOH MysioXasasnapra afinanap JKaH.

Xyonu wyHpai, [l TYIUIaMMHUHT MKKUTa JJIEMEHTH XakKWAa aifTHIraH

mynoxasa P (a, b) kypuHUwKAa OeNrHIaHUIIH MyMKHH Ba X.K.

1.5.1 - Tavpud. byw 6ynmazan Il mynnam bepurzan 6yacun.
P:IN" = {01} n=01 .. xJpunuwoazu xap xanoai ynkyus n ypumau
apeduram oetiuraou.

n=0 6yaranna I°={ @ } 6ynu6, P( D )= 0 éu P( )= | KypuHULIary
aXpaTWITaH 3JIEMEHTNAp Xocuil Oynaau. By amp Far fIeMEHTTAPHI ERron
€ku pocT Mysoxasa €6 TywlyHWHMu3 mymkdH} Hymaait: Kidnibo & §punnm
npeanKar — MyJjoxazaamp. :

. 13 .
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Hkxy ypuHnM npeankatra Mucon KenThpaiiuk. HaTypan connap tynnamu
Naa 6epunran P(a,b) — «a coH b coHura konaukcus OYynuHaau» - nera
NpeaHKaTHU KYpHO YHKaHIHK. Y HMHT KMiiMaTiiapy KyHuaaruya :

P(1,1)=1, P(1,2)=0,...,P(2,1)=1

P(2,2)=1,P(2,3)=0,...,P(3,1)=1Baxk.

Bup ypuHny npeaukariap Ounad TYIMKPOK TaHUIKG YHKaMu3,

INpenukarnap ycTMaa xam Myjnoxasarap yCTHaa OaxapwiraH amaulapHH
KMPHTHIINMH3 MYMKHH. |, A, V , = , < amasutapu 6up YpuHIM Npeaukariap
YUYH KyHuJardya aHMKNnaHaau :

11 Tyrnamaa anuknanrad P Ba Q npenukatnap 6epunran 6ysicud. Y xonjga :

(1P )—P unnr VHKODH ;

(P AQ)-PBa Q HHUHI KOHBIOHKLHACH ;

(PvQ)—P Ba Q HUHIr AUZBIOHKLHACH ;

(P = Q)~-PBa Q HUHI UMIUTMKAUUACH ;

(P < Q) —P Ba Q HUHI IKBUBAICHUMACH KyHHAAry4a aHUKIaHaau

(P) () =1(P(x)),(P*Q)(a)=P(x)*Q(x),

6yepaa *-A,v,=, <> amanmnapaad 6upu.

L.5.2 - mucon. N — Harypan connap Tyriamuaa 6epunrad P ( X ) —«x — Ty6
COHR, Q ( X ) — « X — TOK COH » - peAUKaTIapu Oepunran 6yicuH. Y xonaa
( Ip Y(x) =1 (P (x))— «x~Tyb coH 3Mac » geraH npeauKaTaup. X HUHr OHp
HeYTa xuﬁMaTnapyula] P npeavikatHHUHr KMiMaTIIAPHHM TONAMH3 :

(1P 3)=T1(P(3)=11=0,(1P)4)=1(P(4)=l0=1

(QAP)(x)~ «x—ToK Ba TyD COH » - eraH npeguKaTHMA XaM X HUHT GHp
HeYTa KMHMAaTIapuja pocT €kU ENFoH OVNUUIMHU KYpaMu3

(QAPX1)=Q(1)AP(1)=1A0=0,
(QAPX2)=Q(2)AP(2)=0A1=0,
(QAPY3)=Q(3)AP(3)=1A1=1.

lyxra yxwaw P v Q, P = Q, P < Q npeaukaTnapHUHI MOXHATHHH
TYLWYHHO OJIMIL KHITHH SMac.

[penukarnap ycTvzna 6askapuianurad sHa UKKMTa aMajl KHpUTaMu3 :

L5.3 - ravpud. [I myniamoa anuxnanzan P(x) npedukam bepunzan 6yacun.
Azap x nunz IT mynnamoazu 6apua xuimamnapuoa P (x ) =1 6ynca, y xyonda v,
P (x ) —ugpooa pocm mynoxaza, axc xonda, svnu Il mynramuunz kamuda Gumma
Xo anemenmu yuyu P (xp) =0 6ynca, énzon mynoxazadup.

1.5.4 - tavpud. Ix P (x ) — ugpoda x wuue Il mymramoazu kamuda bumma
Xo onemenmu ywyH P(xo) = [ 6ynzanoa pocm, konzan xonrapda énzow
Myaoxazaoup.

V - 6esnrH, YMyMHMHANMK KBAaHTODHHMHT GeNTHCH, 3 - OeNr, MaBxyMLTHK
KBAHTOPUHHUHT OenrucH. VX P(x) — «Bapya x nap yuyH P(x) 6ynanu », 3x P(x) -
«uyHpal X Tomunaau-kM, P(x) 6ymamu» neb ykumamu.

Vx P(x) Ba 3xP(x) udopanapmarn x ysrapysuu V Ekd I Keawmopaapu

opkanu 6oznanzan, € 6¥nmaca, x y3rapyBuura V €kM 3 Keawmopu ocuieau
nennagy.
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4.

Takpopjamw yyyH caBoaiap

[Mpeaukar ne6 uumara arunany ?

[1penvkarnap ycTvaa MaHTHK amajuiapy KaHzaai Oaxapunanu ?
[IpeaMKaTHUHT POCTIMK coXacura Tabpud GepHHTr.

IlpenukatnapaaH KeaHTOpjap €paaMHia MyJioxa3za XOCHJ KHJIMIUHH

TYLIYHTHPHHT.

S.

MaexyIMK Ba YMYMHHIWK KBaHTOpjlapu &pAaamMuia xocun Oyirad

MYJIOXa3aJIJaDHHHT POCTIMK KUMMaTiapy KaHaal aHukiaHaou ?

Mawmknap

1. Kyiiunaru ndonanap uuunan npeauKaTiapHi aXKpaTHHT ;

W N —

4.

«X Srabynuuamu » (x € N);

«X2+2x+4» (xeR);

«ctgds®=1»;

«X Ba y Jap Z HHHT Typiu TOMOHNApuza &raou» (X Ba y nap

TEKMC/IMKIArM HYKTanap TYIUlaMura, z 3¢a TEKUCIHKIArd TYFpH YH3MKIap
TYynaamMuUra TETHILJIN). -

2.

Ky#iupard mynoxazanapiu VYKUHI Ba YNAPHUHT POCTIMK KUHAMATHHM

AHUKIAHT

1)
2)
3)
4)
5)
6)
3.

VxAy(x+y=7);

IyVx(x+y=7);

IxIy(x+y=7);

VxVy(x+y=7);

Ux((xX*>x)e (x> 1 Ivi(x<0));

3aVbh3Ix (X +ax+b=0).

Kpantopnap &€pnammupa Kyiugard rpeadKaTiapaaH XoOCHI —KHAMLI

MYMKHH 6¥aran 6apya MyJ10Xas3allapHH KyPHHT Ba yJIapHUHI POCT/AMK KHIAMaTHHH
aHUKJIaHT :

1)
2)
3)
4)

XH2x+ 1= (x+1)%

=y = x=y.

sinx = siny .

(x<0)v{(x=0)v(x>0).

Ky#inzaru npeamkaTiaapHUHT pOCTIMK COXIApHHU aHUKJIAHT

«x*+4>0», M=R.

X< X2 9, Ml M, =R.

«Sinx>1»,M=R.

«X 3rakappamu » ,M={1,2,3,4,5,6,7,8,9}.

Ky#uaary npeauxatnap TeHr Ky4id 6yiaauras TYIaMHK aHUKIAHT :

«X 3 rakappanu », « X 7 ra Kappajiu ».

« X — MapanyenorpamMmMm » , « X T)'lpT6ypanHn_H£ JMaroHansnapy TeHr » .
—TyO COH », « X — mydrr@on » .

«x’ —->\72 O»,«x +1 —iO'»

1T
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1.6-§. [lpeankarnap anreépacuHUHT GpopmyJiaiapHu

IMpeaukatnap yuyH Ky#naa KMpUTHIAAUrad 0apya TyluyH4anap uxXTuépuit
II tynnam 6unan 6ornuk. By TynnamuM npeomemnap mymaamu ned araimus.
Jloru anupOOCHHUHT OXMPPOFUNATH X, J, =, U, V, X;, X; , . . . - JIap ¥3rapyBuu
npeaMeTaapHu, Somuaaru xapdnap a, b, ¢, a,, a;, . . . - nap II TYnIaMHUHT aHHK
IneMeRTapHHy 6unaupanu. Jlotun anudbocunundr 6ow xapgnapu A ,B,C, ..
. - OpK&IH ¥3rapyBud €kH y3rapMac myjioxasanap OenruniaHaiu.
Fx),G(x,y),P(x,x5...,x,),...—uboganap opkanu npeavkaTiapHu
6enrunaiimMus.
Arap a, b — poumuii npeamernap, G — UKku y3rapyBuMnu npeaukar 6yica,
G (a, b)) mynoxa3a GynuIIM paBiuaH.
A,B,C,... BaF(a),G(aqa b),...KypuHuaary MyJoxazaiap
IneMeHmap Mynoxazanap Jenunaau.
JHAY npenukaTiaap anredbpacuHuHr GopMyJIacy TyLIyHYaCUHU KHPHTaAMMU3.
Ipenukatnap anrebpacupa Kyinaars CHMBOJUIAP MILTATHIIANN:
1. x4 x5, . .., X, — IPEAMET Y3rapyBUHIap.
2. R, R",..., R",...—npeavkatnap (R" - n — ypUHIIK NpeanKaT).
3. I,A,v,=, & - ManTHk aMaJiapu.
4. V¥V, 3 - kBauTOpMNAap.
5

. (,) - kaBcnap.
1.6.1 - tavpud. /. Xap kandaii snemenmap mynoxasza — popmynaoup.
2. Azap R" - n — ypunnu npeduxkam, X,. ..., X, - Y320pyeuu npedmemiap

éxu doumuil npeomemaap 6yncun. Y xonoa R™(x,,...,x, }- popmyraoup.

IOxopudazu  1,2-nynkmnapoa awnuxnanzan  gopmynarap — InemeHmap
¢opmynanap deiivradu.

3. [Ipeduxamnap aneebpacununz bupuda 6ozrux 6yn1zan npedmem yzzapysuu
uxKuH4ucuoa spkun byamaiiouzan I ea R popmyranap bepunean Gyacun. Y
0100 SAR FvR IT=>H TR, ]I upodarap yam npeduxamnap
anzebpacununz gopmyrarapuoup.

4. lIpedukamnap anzebpacununz x 3pKun y3zapyeuu kamuawzas A (x )
@opmynacu bepunzan 6yacun, y xon0aVvx A (x ), Ix A (x ) ugpodarap xam
npeduxanuap aneebpacurunz gopmyaacuoup.

S.0Mlpedukamnap anzebpacununz 1 - 4 nyukmrapoa canab vuxuneaw
dopmyranapoan 6owka gpopmyranapu ujK.

L62 - mucon PF'(9), Q/(xy), R(xy.:), YXQ(x,y),3x0(x),
Vx R} (x,y) - uponanap npeaukatiap anreGpacuHuar GopMyaiapuaup.

IpemukaT cUMBOMMAATH UHIEKCIApHU Kepak OynMaraH xomnnapAa Tauab
EaumwHy Kenuuub onamus. Macanad, P’(x,y,z) ypuura P( x, y, = ) ne6 &muw
MYMKHH.

6.3 -mucon. VxQ(x,y)vP(x) udona dopmyna 6yamaitau, yyHky,
1.6.1 - rabpudnaru 3 - MyHKT WapTaapH HaxkapUIMaraH.

1.6.4 - mucoa . No={0,1,2,...} t¥nnam Ba NoxN, 1a aHUKIaHraH
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P(x,y)i«x<y», Q(x,y):« +y = 5» npeauxarnap Gepunran 6icHH.
Ix(P(x,y ) A Q(X,y))— NpeaMKaTHHUHT KUIMaTIapHHK Tonainuk. By dopmyna
6up y3rapyBumnu npenukar Oyaub, yHMHr Kuimamiapu ¢akat y ra GOFnHK.
MacanaH, arap

y=0 6ynca, IX((«Xx<y») A («x*+0*=35»)=0;

y=1 6ynca, Ix ((«x < I »MA(«x*+ 1P=5»))=0;

y=2 6ynca, Ix ((« x <2 ») A (« xX*+2'=5») =1 Baxk

( 6y epna «:» Oenru « aHaH LWy » MaBHOCUHU OHILAHPALH ).

Takpopaau yuyH caBoinap

1. Tlpenukatiap anreOpacHHUHT CUMBOJUIAPUHH QI THHT.
2. Tipenukatnap anredpacuHUHT dopmynacura Tabpud GepuHr.
3. TlpenukaTHUHI NpeaMeTiap coxacu Huma ?

Mawmkaap

1. Kyiiuparun ¢opmynanapnard 3pkid  Ba  OOFIMK  Y3rapyB4MIapHU
aHWKJIaNT:

1) VxA(X).

2) A(y)=>3xB(x).

3)3xVy(A(x)AB(y)=>VyC(ty).

4) Vx(Ay(A(x,y)=B(t,t z).

2. Kyitunaru mynoxasanapHu npeaukatiap anreGpacu tinnaa uomananr :

1) « bapua pauuoHan coHnap Xakukui ».

2) « AipuUM paLMOHaN COHJIap XaKUKUIi 3Mac ».

3) « 12 ra OynuHyBYM Xap KaHaad HaTypan coH 2,4 Ba 6 ra 6YnuHagu ».

4) « AApUM HIIOHNIAp 3aXapJi ».

5) « bup TYFpu uM3uKda €TMaraH 3 Ta HYKTa OpKallM ArOHa TEKHCIIMK
YTKa3n MYMKHH ».

6) « AroHa x masxynxH, P ( x ) ».

3. A(X):«X~Tybo coH», B (X):«X—KyPT coH »,
C(x):«Xx—ToKCOH», D (X):«X yHu OYmanu » kabu xoccanapHu ounanpca
KyAuaaruiapHy YKUHT

D A(7).

2) B(2)AA(2).

3) Vx(B(x)=Vy(D(x,y)=B(y)).

4) VX (C(x)=>Yy(A(y)= ID(xy))

1.7-§. JexapT k¥naittma. n-ap myHoca6at. JKBUBaNEeHTAHK MyHocabaTn

HxTuépwuit a,b npenmernap yuyH {4, {a.b}} tyrnam asab
NpeAMETNapHUHT mapmubnanean cygmauzu 1ed afitunanu sa (a,b) opkau
Oenrunadany.
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bab3u apnabuérnapna (a,b) ypHura <a.b> OGenrunail xaM HLUUIATHIIANM.
TapTubnaHrau (a,b) KydTnuxaa a yHUHT 6upunyu koopounamacu, b 3ca yHUHT
UKKUKYU KoopOunamacu Jeb atanamu. bab3aH “koopauHaTa” TEpMUHM YpHHra
“koMnaHeHTa” cy3M XaM MUUIaTHNAAHU. (a,b)=(c,d) TeHrnuk ypunmm 6yica, a=c,
b=d 6ynuwuHH kypum KuMMH 3mac. AkcuH4Ya a=c, b=d Gynca, (a,b)=(c,d)
6§ nuiuM paBiuaH.

Arap a = b 6ynca, (a,b) = (b,a) 6ynm6, { a,b }= { b,a }6ynamu.

L7.1-tavpud. (a,b) nu mapmubnanzan xcypmaux de6 amaiimus.

@apaz xurainuk (4,,4,,...4,)  MaApmubAAHZaH JHCYPMAUK  AHUKAAHZAH
6yncun. Y xonda ((4,,4,,...4,)a,,,) nu mapmubnanzan (k+1) nuk de6 amaiimus a
(a,,4,,...4,,4,, ) opkanru berzuraimus.

1.7.2-teopema. Adzap (a,,a,,...a,)=(b.b,,....b,) 6yrca, y xorda
a,=b,a,=0b,,...a, =5, 6ynaou.

Hcbor. VcbortHu n 6yiiMua MareMaTHK WHAYKLHS ycynu OunaH onub
6opamus.

n=2 6yiaranaa teopemMa TYFPHUIMIH PaBLLUAH.

n=k 6ynranga Teopema Tyrpu OyncuH, abHM (4,.4,,...4,)=(b,b,,....b,)
6yaca, y xomma a,=b,a,=0,,...a =b,. (a,4,,..a,,4,,)=(b,b,,....b,.,b, )
6yncun, y xonaa tavpudra kypa ((4,,4,,...4;,),4q,,,.)=(b,b,,...,b,),b,, ) 6ynub,
(a,,a,,...a,)=(b,,b,,...,b,) Ba a,, =05, .Y Xonaa HHIYKUHA (apasura acocaH

a =b,a,=b,,...a, =b Baa,_ =b,.
TeopeMaHWHT  TeCcKapucH, SbHH a, =b,,a, =b,,...a,=b, 6¥ica,
(ay,a,,...a,)=(b,b,,...,},) 6¥nuwm paBLIaH. 1HyHnnai KHITHO,

[(a,a,,...a,)=(b,b,,....6,)] <> {(a, =b)A(a, =b,) A...A(a, =85,)].

L7.3-tanpud. bupunwu  koopounamacu A  mymiamea, — UKKUHYU
Koopounamacu B mynaamza mezuwu  6yneaw  6apua  (ab) kypunuwodazu
mapmubnanzan ocypmauknap mymiamu A ea B mynaamnapuunz dexapm
Kynatimmacu Oetiunaou ea A x B kypunuwuda benzunanadu.

Iiynnait kuaub, Ax B={a,b)lac Anbe B}. "AxB pexapr kynaitma
6an3aH myspu Kpnaimma EKU Kynaiimma Xam aed atanagu.

Arap AxB= 6ynca, A=C &ku B= 6ymuum Ba akcuH4a A={J Eku
B=0 6ynca, Ax B=( GynuunHyu KYpUIL KUHUH 3Mac.

L.7.4-mucou. A={1,2,3}, B={1,0,A,0} 6yca,
AxB={(11),(1,0),(1,A),(1,0)},(2,1),(2,0),(2,A),(2,0),(3,1),(3,0),(3,A),(3,0)}
6Ynu paBias.

L7.5-vavpud. A4,4,,....,4, mymamaap 6Gepurzan 6yncun, y xonoa
A x Ay x...x A, | x A, =(A4 x4, x...x A, | )x A, cudpamuda anuxranaou.

Tapudnan kypuramnku A, x A, X A; = (4, x A,)x A; 6§mub, A4 x A, x A4;
TyIuiaM 6apya TapTubaaHrad ywimkiap TynjamMuaad ubopatamp.

Hemax, 4, x 4, x 4, ={(a,,a,,a,)|a, € 4,,i=123}.
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1.7.6-tavpud.  Fxmuépuu A= D mymiav  yuyn A" ={D},
A=4,4"=AxA,..., A" = Ax Ax...x 4 mynramnap A  myniamMHuHz Moc
PasUWOa HOTUHYY, BUPUHYN, UKKUHYY 64 X.K H-0apaxcaiapu 0euuaaoi.

L7.7-tavpud. Uxmuépuic A=S  mynnas yuyn A" nunz wxmuépui 6yu
6ynmazan mynnasmocmucu A mynaasoa bepuazcan n ypunau éku n-ap myHocabam
detiunaou.

1.7.8- Mucos. n=0 6ynca, 4° = &} 6ynub, Hon Ypurnu MyHocabar & Ba A°
JaH ubopar OYnuwMHM Kypamu3. bup YpuHnum MyHocabat 4 TYNNaMHUHT
UXTHEPHH TYIUIamMocTUCK 6YuILY, 2 YpuHiM MyHocabar uXTUEpHit TapTubnanrau
wydrmknap TynnamupaH ubopar 6Yynumiu kYpuHuO Typubmu. n YpuHIM
MyHocabaT HMXTUEpMA TapTHOnaHraH (q4,.4,.....q,) KYPHHHMULAATH D-JHKIAp
Tyiamuaad uboparaup. v

TapTubnaHran n-TUKHU A aemenmau kopmexc 1ed arahpunap. Arap R n
YpuHnu MyHocabat 6yJica, n YHUHT paneu e aTananu.

L7.9-tabpud. 4 x4, x...... X A, myntaMHuHz uxmuéputi myniamMocmucu u

YpuHau (éxu n- ap Mynocabamy) detiunaou.

[.7.10-tavpud. Hxmuépuii n snemenmau Kopmexcaap myniamu n-ap
Myrnocabam oetiunaou.

L.7.11-teopema. [7.7, [79  [7.10- mavpugnap menz Kywiu
mavpugnapoup.

Hxtuépuit w < A x A, x...x A, x A4,,, OYNCUH, a € A, a,€ 4,,...,a, € 4,

a,, )€ @ WapTHU KAaHOATNaHTUpaauraH 6Gapua
a,., 3NeMeHTap TYIUIaMHHH (4.4, ... .. a,) €k @ opkanu benrunaiimus.

n+l

3NieMEHTIap YYYH (@,.d,,....d

"z

Arap w(a,,qa,,...,a,) OHp  aneMeHTIM  TYrUiaM  6ynca,  ABHM
w(a,.a,,....a,)=1{, . } 6Yica, w@,.4q,...., aj=a,

| KypuHUMwzary GenrunaimHu

KeJIMK6 onamus.

A=A, =A;=...=4,=4 6ym6, wcd"™ (+1) Ypuumm
MyHocabar 6epuiiran 6¥ica, y Xxonna xap 6up 4,.d,,...,d, € A nEMEHTIAp yuyH
w(a,,a,,....a,) Kynu Ounan Oup 3mMeMeHTIM TynnampaH ubopar 6ynuo,
w—(n+1) YpuHnu myHocabar n ypunau EkM n-ap Kucman anzebpaux aman
JefUIafu. n 3ca @ amarHuxz pavzu Jedunamu. Arap OKOpHIard Xojatia
w(a,,a,,...,a,) takar O6up 3neMeHTIM TyrnamaaH ubopar 6ynca, y Xonga
@—(n+1) YpunaM MyHocabarT A TYIJiamAa aHMKIAHTaH 1 ypuwniu anizebpaux
aman neAwnanu. }

Hlynpait kunnb tapudra xypa Hon Ypurnu anrebpaux aman A Tyniaamaard

6uTTa anemenTaaH uGopaT, 6Gup YpuHIM aman we A 6GuHap MyHocabardaH
ubopar 6y1u6, Vae A yuyn sroHa w(a) moc Kenamu. Bup ypuHmu anreGpank
aman onepamop €xku ywap anzebpauxk aman Aedunand. Arap n=2 6¥ica,
anrebpauk aman oOuwap areebpaux avar aednnam. Arap o -3 YpuHan
MyHocabat Oynca, y Ounap anreGpanmx aman Oy yuyH Va,,a, €A
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3INEMEHTIAp Ky(QTNUrura sroHa w(aq,,a,)e€ A masxyn 6ynub, OyHnai sneMeHT
6an3an a,wa, kypunuuiga xam OGenrwiananu. ByHna#t xonga xap Ovp (a,a,)
Ky($TNHKKa sroHa w(a,,a,) 3EMEHT Moc Kyinnanu neb aliTHUIMMHU3 MyMKHH.

Yy ypuniu anrebpank aMai mepnap arzebpaux aman eRUIaIH.

Kenrycuna 6uHap MyHocabatnap =,=,>,>,<,< Ba Oowka CcHMBOJUIAp
opkaiid 6enrunaHan.

1.7.12- mucon. o= {(n,n+1)|Vne N} Obunap wmyHocabar ©Oynub, yHap
anrebpanik aman cudaruia KapaavuiM MyMKHH. By yHap anrebpauk aman xap oup
n ra n+! HK MOC KYyaIuraH orneparopiaH uboparaup.

L7.13-mucon. o= {m,n,m+n)|Vm,ne N} TtepHap MyHocabar OuHap
anrebpauk aman 6ynub, xap 6up (m,n) xydTNHMKKA YNAPHWUHT HHUFUHAHCH
(m + n)HK MOC KYAIH.

1.7.14-tapud. A c B6ynub, @ B Tynnamparu n-ap myHocabat 6¥ncuH, y

xonga o =wn A"~ A garu n-ap MyHocabar GysumM agH. @' HU @ n-ap
MyHoOcabaTHHHr A Jaru u3u, @ HU 3ca @ HuHr B naru dasomu nedunany.

1.7.15-mucon. w={abc)lc=a+bnrabceZ} MyHocabar
@ = {m,n,m+ n)|VYm,ne N} TepHap MyHocabaTHu Z Aaru AaBoMu, & 3ca @
HHUHT N 1aru u3uamp.

1.7.16-mucon. bytyn COHJap Tyriamuja aHUKJIaHTraH
w= {a,b,a-b)|Va,be Z} tepHap myHocabar Z pna OuHap anreOpavk amarn
6ynmu6, yuuur N garu u3d TepHap MyHocabGataup, JekuH OuHap anredpauk aman
6yna onmaitnu.

Bunap MyHocabaTHHHI TypJaapH.

Arap w A Tynnamaa Gepwirad Ounap mynocabar 6ynub (a,b)e w 6ynca, a
Ba b aneMenTnap @  mywocabamoa émaou €ku a Ba b 3nemeHTNap ©
MyHOcabamoa Aeiwialny Ba dwb opkany benruwnadany.

1.7.17-tabpud. A mynramoa @ 6unap mynocabam bepunzan 6YaCuH.

1. Azap Ya e A yuyn (a,a)€ o bysca @ pedaexcug;

2. Aezap Vae A yuyu (a,a)¢ © 6yrca @ anmuperexcus;

3. Aeap Ja € A yuyu (a,a)¢ w 6yaca o apeghnexcus;

4. Aeap Va,be A yuyn a# b= (a,b)e o v (b,a)e w 6ynca, @ 6021ux;

3. Azap Va,be A yuwyn (a,b) € o = (b,a)e w 6yaca, @ cummempux;

6.Azap Vabed ywyn (ab)eownb,a)ev=>a=b byica o
AHMUCUMMEMPUK,

7. Azap Va,be A yuyu (a,b) e @ :>-|((b,a)e W) byaca, @ acummempux;

8 Aeap Vabce A ywyn (ab)ewnb,c)ean=(ac)ew 6yica o
mpanzumus;

9. Azap @ 6up saxmoa pednexcue, cummempux, mpaxsumue 6yaca, y xonda
IKEUSANEHMAUK MYHOcabamu Oetunadu.

1.7.18-tavpud. 4 mymiamoa * 6bunap ancebpaux aman 6a R 6Gunap
MyHocabam  bepurzaw Gyncun. Azap Na,b,ce A yuwn (a,b)eR  dan
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(@*c,b*c)(c*a.c*b)e R 6ymuuu kenub yukca, y xonoa R mynocabam * amanea
Hucbaman MOHOMOH 0enuaaou.

1.7.19-mucon. N- Hatypan coHnap Tynnamuaa < MyHocabar + amanura
HUCOATaH MOHOTOH. XaKUKaTAaH XaM, (a<h)=>(a+c<b+c)Aa(c+a<c+b).

Takpopiaau yuyH caBoanap

. Taptubnanran xydTn1k HuMa?

. TaptubnaHran xybTauKap KauoH TeHr 6¥1anu?

. T¥nnamnapHuHr TYFpH (OekapT) kynaiT™Macy HuUMa?
. Taptubnanran n MUK KaHAAH XOCKJ KWIHHAAK?

. bunap myHoca6atra Tabpu OepHHr.

. Pednekcup 6unap MyHocabatHu Tabpudnanr.

. CumMmerpuk GMHap MyHocabaTHU TabpudnaHr.

. Tpanautue 61Hap MyHocabaTHH Tabpudnaur.

. DKBUBWIECHTIHK 6MHAp MyHOCabaTUHH TabpHUdIaHT.

O 001 OVl N —

Mawknap

1. Ky#uparunapHu ucbotnaHr:
a{A\B)xC=(AxC)\(BxC(C).
b. Ax(B\C)=(AxB)\(AxQ).
cCAUB)xC=(AxC)u(BxQ).
d AxBnNC)=(AxB)yn(AxQC).
e(ANB)x(CND)=(AxC)n (B xD).
2. R, S — 6unap mynocabaTnap yuyH KyiiugarunapHy ucbotnaur:
R, S - Tpan3utue = R U S, R M S Tpausutus.
R, S —pednekcus = R U S, R N S - pednekcus.
R, S - cummerpuk = R U S, R N S - cuMMeTpHK.
R, S - 3ksuBaneHT = R U S, R M S -~ 3KkBUBAIEHT.

3. M = {1, 2, . . ., 20} tYynnampa OcpunraH Kydumaru OGunap
MyHocabaTnapHUHT XOCCAJIaPUHH TEKIIUPUHT:

3. R={<xy>|xyeMax<y+1}

32, R={<xy>|xyeMax’=y*}.

33. R={<xy>ixye Malx =y}

34, R={<xy>|xyeMAax:y}l

35, R={<xy>|Ix,ye Max<y}.

36 R={<xy>|xye MAax=y}.

37. R={<xy>|xyeMaxiyvx<y }.

3. R={xy>|xyeMa(x-y)i2}.

39 R={<xy>|x,ye Max+y=12}.

310, R={<xy>|x,ye MAx+y<7}.

3.1 R={<xy>|x,ye MAx+y>20}.

312, R={<xy>|xyeMna(x+y):5l

oo o

23
www.ziyouz.com kufﬁbxonasi



1.8-§. AkcnanTupuun (pyHkuusa). Taprub myHocadaTu

L.8.1-tanpud. [ - A mynramoa bepunecan 6unap mynocabam 6yacun. Azap
Vx, y,z€ A aap yuyn (x, y)€ f ea (x,z)€ f Oyaumudan ¥ = Z kenub uuxca, y
x010a f 6unap mywocabam axcaawmupuut (pyrkyus) Oetiunadu.

bokaua kunub afircak, f OuHap MyHOCAOGATHMHI aHMKMAHMUI COXACHra
Terumwin 6ynraH Xxap OMp x JJE€MEHT YYyH, ATOHa ) 3JIeMEHT TONUIHO,
(x, y)e f 6ynca, y xonma f MyHocabar QyHkuuA Aeiunand. Arap f Oumap
myHocabar ¢pyHkuus 6ynub, (x, y)€ f 6ynca, y xonma y = f(x) ne6 &mm kabyn
KunuHrad. bavsan X — f(x) éku f:x— y neb xam &mnagu x snemeHTra [
GYHKUHS Y JMEMEHTHH MOC Kysau ne6 Ba Y 3NeMEHT X HHUHr obpasu
(maceupu), X 3ca Y HMHT npoobpazu (acnu) JNeduIany.
Dom =% /3y, y)e f} TynnaMm  QYHKUMSHHUHT  aHHKJIAHWII  COXacH,
Imf={/3x(x,y)e f} 1ynniam QyHKUMAHHHT Y3rapHil COXacH OeHMIalM.
Busra ukkuta f Ba g dyukuuanap Gepunran 6ynca, yIApHUHT TEHTIMrMHY [
Ba g£- Xypmiuwiap TYILIAaMHHHUHI TeHMIMrd  cudaTuaa TYILYHWIAAH.
Tlpenukamnap anmrebpacu THura yreak, (f = 2) & (Vx,y)e [l V(x,»)e g)
¢opMyIa TaBTONOTHAAUP.

Xap kaunait pyukuus Vx € Dom f snementra srona ¥ € Im f snementu
MOC Kyirannuru cababnu, f Hu axcrawmupuw ne6 ataul Makcaara MyBOdHK.

Arap Dom fc A, Im f < B 6ynca, y xonaa / A mypnramoan B myniamza
axcranmupuw NCHUNIaNHU.

Arap A=Dom f B=Im f 6ynca, y xonga f GyHKUMAHU A TYILIaMHH
B TynmaMra akciaHTUpuw [fe6 araiiMus. A Tymnamud B tynnamra
AKCNAHTHpaauraH 6apua dyHKuuMsiap Tymiamuuu B? opkanu Genrunam xabyn
Kununrad, Qapas xwiadinuk, f A TYwiamzan B Tyutamra akCaaHTHpMIL
6yncuH.

ByHnan keiuH arap f A TymiamHM B Tymnamra akcnuutepuin 6¥ica,
f:A— B 1e6 GenrunaiiMus. Arap A TywiaM TapTUONaHraH xyQTIuKap
TynaMuaaH ubopar 6ynca, y xonma f : A — B akcnaHTHpHUIL MKKM Y3rapyB4YuIn
byHkuHa, n y3rapysunnu ¢yHkuus cudarupa X # & Y #J Tynnammap yuys
f:X" =Y akcnautupum Tywysuaand, 6y epaa n = 0, 1, ... . n y3rapysumnu
byukuusay ¥y = f(x,, ..., X,) KYpHHMIIKAA 6enrunaiMus.

1.8.2-tavpud. f e6a & yuxyuanap bGepunzan byacum, y xonoa
feg={x,2)[3ux,t)egea(t,z)e [} mpmam [ eéa & yuxyusnaprune
KOMNO3UYUACU Oetiunadu.

1.83-mucon. f={1,3)2,3)1G,6)} g={,312,1)3,4)} O6yaca, y
xonna fog={1,6) (2,3}

1.8.4-Treopema. Qywkyusnap KoMROUYUACU Kyliudazlt Xoccanapea 32a:
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I'. Dom fog=1{/g(x)e Dom f}

2°. Vxe Dom fog yuyn (f e ghx)= f(gx))

3. fog=ix fEN/g&)e Dom [}

4", Dom fogc Dom g.

5 Im(fog)cim f

6°. Aeap Im g = Dom f 6yaca, Dom fog=Domgealm(feg)=Im f

1°- xoccanunz ucbomu. Vx € Dom fog 6yncu, y xomma fog HMHT
Tabpudura kypa (x, y)€ fog 6ynub, urynail ! Tonunaauky, HaTWKana (x,t) € g
Ba (,z)€f OyYynaam, znemak ! =g(x) okanwmwrugan g&)e Dom f 6ynamu.
Axcunua, arap g(x)e Dom f 6&ynca, wiynpait z Tonwnanukd, (g(x) )€ f, y
xonga (x, g(x))€ g 6ynrann yuyH (x,z) € f o g Gynanm, sbHu x € Domf o g .

Kosnran xoccasapHMHr HCOOTH MycTakun Oaxkapull ydyH YKyBYMmapra
XaBOJIa KUJIMHAH.

1.8.5-teopema. @yukyusanap KOMROIULUACU GCCOYUAMUBSOUD.

By TeopemaHuHr ucbotu OMHap  MyHocabaTnap — KOMIO3ZHLMSCH
aCCOLIMAaTHBJIUTMHUHT GEBOCHTA HATHXKACH/IMP.

1.8.6-Tabpud. Az mpnramuune xap Oup snemeHmunu  J3unu ysuea
AKCIAHMUPAOUZAH  AKCAQGHMUpMW — QUHUL  aKCAaumupuud — éxku Gupaux

arcaanwmupuu oeitunadu. Byunait akcnantvprinnm E, opkann 6enrunafimus.
1.8.7-teopema. Aeap f- axcrammupuw A mymramwu B mymnamza

axcaunmupuw 6yaca feo f° = E, 6ynaou.

Hcbom. Im f = B 6ynranunan £, < f o f* xenu6 uukuwu pasian. dapa3
xunaiink (x, y)e fo f7, awun mynaai z €V tonunub (x, z)e f¥ sa(z, y)e f
GyackH. Y xonna uHBEpCUSHHHI Tabpudura kypa (s, x)€ f suau [ GuHap
MyHocabat GyHKUMsIIMIuHY 3THOOpra oncak X =y . Jlemak, fo f c E,.

1.8.8-Tavpud. f: 4> B axcranmupuw A mynnamuu B mpmramza
axcaanmupuw 6yacun. Y xonoa, azap Vx, x, € A éa x| # X, semeHmaap yuyu
f&)# f(x,) 6ynca, [ -uwvexmus, Im f=B 6yrca, f- clopvexmus
axcnaimupuw  Oetiwiaou. Azap [ xam  clopvexmus, xam UHbEKMUg
axcranmupuw 6yaca, y xonda [ Guexmus akcranmupuui 0edunaou.

1.8.9-mucon. Xakukuit coHnap Tymnamu R HM y3uHM  y3ura
akcmaHTHpaguran f(x)=x’ QYHKUMS HHDEKTHB XaM 3Mac, GUEKTHB XaM 3Mac.
Xakukarnad xam, +2# —2.

Jexuu (-2 =2'=4; Imf=R"UP}r R UL} maH¢uit  6ynmaran
XaKUKHUA coHnap Tynnamu.

1.8.10-mucon. f(x)=x" dyHKLHs Gapyua XaKMKHH COHAP TYNIAMHHH
R" U {0} t¥nnamra akcnautupeun. Y xonaa Im f = R" U 3. Jemak, f -
CIOPBEKTHB aKCNAHTHPHUIL, NEKHH HHBEKTUB aKCTAHTHPHIL IMAC.
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1.8.11-mucon. y = x oynkuua R U O} t¥mnamun R - xakukuil conap
TYIUlaMura akciaaHTupaau. by yHKUMsA MHBEKTHR, NEKUH CIOPBEKTHUB 3MAC.

1.8.12-mMucon. y=x" ¢yHKuMs R- XaKukuil COHNAp TYNIAMMHH Y3HHM
¥3ura akciaHTHpaaurad OMekTuB QYHKUHAIMP.

1.8.13-mucon. x=1{a,b} Tynnam Gepunrad OyncuH, y  Xonza
f@=b; f®)=a; gla)=a; gb)=a waprnap 6unaH aHuknauran [ sa g
byukuusnapuu Kapacak, (f e gXa))= f(g@)= fla)=>.

U og)b)=/(@gb)= f@)=b,(@ge[Xa)=g(f@)=g®)=a E°/Xb)=g(f®)=g@)=a
6ynanu.

By Muconaan kypuHanuky, f o g # go f | abHU QYHKUMSIAP KOMIO3MLHSCH
Xap IOHM XaM KOMMYTaTHuB O¥1aBepmac KaH.

1.8.14-tavpud. f:4—> B, g:B—> A akcranmupuwnap Gepwizan
6yncun, y xonda azap fog=Eg 6yaca f axcranmupuw g axcaawmupuwza
wandan meckapu, £ axcaanmupuw sca f axcranmupuwza yuzdan meckapu
detunadu. Azap fog=E; ea g° f = E, wapmnap 6axcapunca, y xonda [ ea
8 axcranmupuwnap 6up bupuza meckapu akCAQHMUPUIAD OERUNAOU.

1.8.15-reopema. Azcap f:A— B; g:B—> A axcaaumupuwnap 6epunzan
byaub, g-e° f=E 4 wapm 6axcapunca, y xonoa f -unvekmus, § sca cropvekmue
AKCAQHMUPUWLOUD. '

Hc6om. Teopema wapmiapu 6axapunrad ne6 dapas kunaitnuk. Y xonaa,
Vae A yuyn go f@)= g(f(a))=a. dapa3z Kunaiiuk g, # a, 3NEMEHTIAp YUyH
f@)=f@,) 6yncun, y xonna a, =(gefXa)=g((@N=g(f@,)=a,. by
aca aq, # a, dhapazumusra 3uj.

Ouan yuys wyupaih be B tonunn6, g®)=a GyauimuHM KypcaTaiinuk.
XakukaraaH, Teopema luaptura kypa Vae 4 yuyn (g fXa)=g(f@)=a
6ynany. f@) um b opxanu Genrunacak g(®)=a. JleMak, & -CIOPBEKTHB
aKCJIAHTUPHIL SKaH

1.8.16-Teopema. [ :A-—> B axkcraumupuwiza meckapu aKkCAQHMUDUUL
MaBXHCYO Oynumu yuyH yHunz 6uexmue Gyruwu 3apyp 6a emapau.

Hc6om. Arap f- Guektus 6ynca, Vbe B yuyH wynmail sroHa a € 4
romunub, f(a)=>b 6ynamn. Y xomga VbeB yayn gb)=a waptau
KaHOZTJaHTHpaguraH g  aKchawTtupuil  f  aKCHaHTHpHIira TecKapu
aKCNaHTUPHMII GYJIMILM paBLuaH.

dapa3 KMNaiiuK f aKCHaHTHpULU YYYH £ - TeCKapy akciIaHTHpHII 6YJICHH,
y XOnIa, TECKapH AKCNaHTHpUIl Taspudura kypa gof =E,, fog=E, .y
xonzaa 1.8.15-teopemara kypa f Ba £ nap GHEKTHB aKCHAHTUPHILLTAPAMD.

Kenrycuma f akcnauTupHiura TeCKapd akCIaHTHPHLI MaBxyX Oynca, yHu
f ! opxanu Genrunaimus.
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1.8.17-HaTHKa. Viapo meckap AKCAQHMUPUUAAD buexms
AKCAUAHMUPUWAAPOUPD.

TYOIaMHK Y3dHK Y3UTa aKCTAHTUPUW dIMAuumupuue NERUNAanu.

1.8.18-Teopema. Yerxnu mynaamuu arsawmupuud Ouexmus Oyauuiu yuyH,
CHOPYLEKIMUG EKU UHbeKmuUa bynuwn 3apyp 6a emapauoup.

Hebom. X - vexnin tyniam Oepunrad 6YacuH. [ anMaluTHpUll GHEKTHB
6ynca, XxaM CIODBEKTHB, XaM HHbEKTHB Oynuiuin paButad. dapa3z KuUnaiiuk
S 1 X = X ciopbextuB 6ynub, HHBEKTHB GYnMacuH. Y xoi1da X 4ewIM Tyuiam
6YNraH yuyH YHHMHT D3JIEMEHTAApH X, X,,..,X, napnad ubopar pecak,
f& ) ), f(x,) anementnap #—1 TagaH kyn amac. Jlemak, kamuna GHTTa
X, OfEMEHT Y4YyH npooOpas Ttonwnmalimu. by 3ca f -ClopbekTHB geraH
dapasumusra 3un. f 1 X = X cioprekTHBMMrUAan [ HUHI WHBEKTHBJIUTMHU
KeJITUPUO YUKapHILI YKYBUMIApra XaBosa KWIHHANH.

1.8.19-tavpud. Adeap wuxxuma A ea B mynaamnapuunz  6upunu
UKKUH4ucuza y3apo Oup KuliMamau  akcaaimupaouear Kamuoa bumma
QKCAAHMUpUW MABCyd Gyaca, myniamiap merne Kyeeamiau oeuunadu éa A = B
kypuniwuoa éxu |A = 13] KYPUHUUUOA GERZUAAHAOU.

1.8.20-rabpud. A myniamoa bepuncan R C Ax A anmucummempur ea
mpanzumue mynocabam A mynaramoazu mapmub myHocabamu detiunadu.

1.8.21-tavpud. A mynramoazu  mapmub mywocabamu  pecnexcus

smynocabam 6ynca, 6ynoaii mynocabam A mynaamoazu Hokamwvui mapmub
MyHOCcabam detiunaou.

A Ttynnamparu TaptHO MyHocabaT anTupediekcHs MyHocalar GYncuH,
O6yHaait MmyHocabaT 4 Tyruiamaaru kamueuit mapmub myrnocabam neiunanu.

1.8.22-mucon. B(A)— A TynnaMHUHr Oapya TYMNamOCTHIAApH TYILUIaMU
oyncun. B(A) Tynnampga Tymnamoctu OVl MyHocabard HOKAaTbUi TapTHO
MyHocabTuanp.

1.8.23-mucon. A= #,12,36,72} 1yrnampa OynuHMm  MyHocabatu
HOKaTbHH TapTH6 MyHOCabaTHaMp.

1.8.24-rabpud. A mymiamoa R mapmub mynocabam bepunzawn Gyncun. ¥
xonda, azap Va,be A osnemennunap ywn xRy éxu x=y éxu yRx
MmyHocabamaapoan kamuda bummacu arbamma 6axcapuica, bynoat mynocabam
A mynaamdau wusukau mapmub mysocabam oeiuradu.

Yusuknu O6ynmaraH TaptH6 MyHocabar, xucmaw mapmub myHocabam
nevniany. .

1.8.25-mMucoa. N -Harypan connap Tymiamugaz R = {x,»)|Vx,ye N xiy}
MyHocabar KMCMaH TapTH6 MyHocabar 6ynanu.
"<"'={x,y)|Vx,ye NIke N y=x+k} MyHocabaT 9ca YM3HKIM TapTHO
MyHoCabaTaup.

1.8.26-tavpud. A myniamoa R mapmué mynocabam Gepunzan Gyacus,
(4, R) scypmaux mapmuénanzar mynnas oetwnadu. Aeap R - xucsan mapmué
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mynocabamu 6yaca, (4, R) xucman mapmubnanzan mynaam, R wusuxnu mapmué
MyHocabamu 6ynca, (A, R) yusuxnu mapmubnanzan mynaam dedunaou.
1.8.27-mucosn. (N, <)-xydTnMK YM3IMKIM TApTUONAHTaH  TYIIAMAMP.
Kesrucuna a <b €sypuu opatmarupex @ <b, a<b &ysuu 3ca d KUUYMK EKH
TeHr b neb yxuitmpz Ba a<b wu (@<b)v(a=b) mynoxaza MabHOCHIA
TymyHamu3. Xycycad 4 <4, 3 < 4 mynoxasanap aifHaH pocT MyJioXa3anapamp.

(4,<)- taprubaanrad Tymnam OepwiraH OYacuH, y Xxonma 4a€ A
3JIEMEHTAAH KHYHK 3/1eMEHT MaBxy[ OYnMaca a- Munuman snemenm, arap a naH
KaTTa 3leMEHT MaBxyl OynMmaca a-maxcuman snemenm paehiunamu. A jaru
y3unaH 6ouika 6apya sneMeHTNAapUIaH KWK OYNran a sNeMeHT A mymiamHiinz
3H2 Kuuuk nemenmu, A narn Y3ugaH OGowka Oapua 3neMeHTIapUIAH Karra
6ynraH b aneMeHT A mymramuunz 3n2 Kamma snemenmu NeAUIann.

1.8.28-mucon. A= {,2,3,4,12} rynnamuaa, arap a:b 6y1ca, b < a peinuk, y
Xonza 1 3Hr KMYHUK 3MeMeHT, 12 3Hr KaTTa aneMedT O¥nanu.

1.8.29-mucon. A={,234} tynnampa xam  1.8.28-mucongaru Kabu
aHMKIaHraH < —TapTub MyHocabatHM Kapainuk.V xonnma | MUHMMAI 3J1eMeHT, 3,
4 MakcHMaI ieMeHTIap 6YIUIIM paBmaH.

Hlynpaif kunub, MakcHMan 3eMeHTIapd Oup Heura OynraH Tynnamnap
MaBXyJ dKaH. MuHMMan sneMeHTNapH XaM Oup Heuta Gynaaurad Tymiamra
MHCOJI KEITHPHIUHH YKyBYMWIapra XaBojia 3TaMH3.

1.830-rabpud. Xap xawoai 6yw Oyrimazan mMyrniamocmucu MuHUMAn

INeMenmzaa 32a YU3UKAU mapmubniaHean myniaM myaux mapmubaawzan mymiam
denunaou.

Yu3uknM TapTUONaHraH Tyninamliapia MHHMMAI BJIEMEHT TYLIyHYacH 3HT
KHUMK 3JIEMEHT TyllyH4YacH OWIaH, MaKCHMaJl 3JIeMEHT TYLIyHYacH 3ca 3HI KaTTa
UIEMEHT TyulyHYacH Ouiad GUp Xui OYIMLIM paBLIaH.

1.8.31-mucon. N -Harypan counap TymiamMuia < - Tabuuii TapTHO
MyHocabaru OyncuuH. SInHu arap Va,6 € N yuyH wyHgaid R tonunub, a =6+«
6ynca, ¢ <a npefimuz. Y xonga (N,<) TYmwiaM TyMK TapTUONaHTaH TYIUIaMAHD.

1.8.32-mucon. R -xakukuii cownap Tymnamu Tabuuii taptub MyHocabartra

HucOataH TYIMK TapTubnaxrad 6yaa onMaiau. YyHkr R TYIUIAMHUHT 9HT KMYHK
IEMEHTH HYK.

Taxpopnaw y4yH capoanap

ot

. AKCJIQHTHpHIL Karzail MyHocabat?

. AKCJIaHTHPHLIHMHT aHUKJIaHKILI COXaCUHH TabpUQIaHT.

. AKCNMaHTUPULIHUHT KHMaThap TYNIMHU Kannal Tyrnnam?

. AKCJIAaHTHPHLUIAD KOMIO3HUMSICHHH TYLUYHTHDPHHT.

. AKCJIAaHTUDHILIAD KOMMO3ULMACH XOCCATapUHU aiTHHT.

. UHpeKTHB akcnaHTHpHiLra MakTab MaTeMaTHKacHaaH MHCOJ KEITUPHHT.

ESRR VRN S ]

fo R
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7. CIOpBEKTHB  aKCNAHTHPMWITa  MakTab  MaTeMaTMKacCHIaH  MHCOn
KENTUPHHT.

8. BUeKTUB akCIaHTHUpULLI MakTabna KaHaal HoMJaHraH?

9. AitHHI1 aKCIAaHTUPHULIHK TYLWYHTUPHHT.

10. Taptub MyHocabaT TypiapvHH MakTad MaTeMaTHKacHAaH OJIMHraH
muconnap épaaMuaa TyWyHTHPHHT.

11. TaprubnadraH Tyruiamyapra MKHCOJUIap KEJITUPHHL.

12. ByTyH coHnap Ty1uiamu TyJia TapTHONaHraH TymiaM O0ynanu-mu?

Mawmknap

1. R, S, T — 6unap myHocabarnap yuyH KyHuaarunapHu TeKIIMPHHT:
) (RNS)”=RYNS"™,
2) RuS)”"=R~"uUS"Y.
3) Ro(SoeT)=(RoS)oT.
4) (ReS)“=SYoR".
S) RuS)eT=RoeTuUS-T.
6) Ro(SUT)=(RS)U(RT).
7Y (RNS)eTcReoTNSoT.
8 Re(SNT)cReSNR-T.
9) Dom(R~)=ImR ..
10) Im(R"Y)=DomR..
11) Dom (R ¢ S)c Dom S.
12) Im(ReS)c ImR.
13) (R\S)¥=R“\S".
14) R, S - xarbuii TapT6 = RUS, RN S, R, S - karbuii TapTud.
15) R, S - kucman Tapth6 = RUS, RN S, R™, S - knucmad tapTub.
16) R, S - umsukin tTaptid = RU S, RN S, RY, S Y — uuzuknu taptub.
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11 BOB. AJITEBPAJIAP BA AJITEBPAUK CHCTEMAJIAP

I1.1-§. bunap aareGpauk amannap. HeifTpan, cuMMeTpHK djieMeHTIAD.

IL1.1-tabpud. A" mymiamnu A e2a akcaawmupaduzan xap Kawoaii
akcaanmupuw A mymiamoa bepunean n-ap éxu n YpuHau anzebpaux aman
detiunaou.

By epna n-mandwuii 6ynMaran 6yTyH coH 6¥nub, arcebpauxk amarnune panzu
neimnanu. n=0 6ynca, A° =0 6yaranu yuyn, O-ap aman [ :§J}— 4
KYPMHHWKIArH akchaautupun 6yiamb, & uu A  TYwiamuuur Oupopra
3NIeMEHTHIra yTKaszanu. Bouwkaya kuinul aiftradga, 0-ap aman A TYJIaMHUHT
aKpaTwirad eMeHTHaaH ubopar. bup ypuunu aman f : 4 — A xypuHuwaru
dyHkuusaaH ubopar O6ynMIun paBuiad. bup Ypuniau anrebpauk aman KUCKamMK
yuyH 6ab3aH ynap aman neiunany.

n=2 Oynranga MKkM ypuHnu  anreGpauk  aman  f i AxA—> A
aKCIaHTHpULLIAH Hbopar 6ynub, bunap arzebpaux aman nefunany. Yu YpuHnm
anrebpavk aMan mepwap anzebpaux aman Aelinnagu. Arap @ A Tynnamaa
6epuran n-ap anrebpauk aman 6ynca, 4 mymiamnu ©- n-ap arzebpaux amanea
Hucbaman anzebpaux énux NSRAWIanq.

IL1.2-Tavpud. A" mpnaamoan A mymramuza axcianmupuw A Oa
QHUKAAHZAH N YPUHAU KUCMAH AMAai Oetiunaou.

11.1.3-mucom. B(A) -4 TynnaMuHuHr 6apua TYIIaMOCTHIapMAaH Ty3WIraH
Tymiam Gepwiran GyncuH, y xomma f :B(A) > B(A),VX € B(4) yuyn
J(X)=A\X renrnuk é€pmaMuia aHUKIAHaAMraH amaln yHap anreSpauk
amasaup.

II.1.4-mucon. Q- pauuHOan coHMap Tyriamuga O6Ynumr amanu OGuHap
KMCMaH aManiup.

I1.1.5-mMucon. Hatypan connap TynnamMuMaa MXTHEPUH yuTa COHra yJapHUHT
3Hr KaTTa YMyMHit OYIyBYMCHMHM MOC KYAOWraH aman, HaTypan COHJap
TYIUIaMU/Ia aHHK/IZHTAH TEPHAp anrebpayik aManaup.

Bunap anrcbpauk amainapHu *+,*,© xypuHuIapaa Genrumam kabyn
KHJIHHT2H.

IL1.6-mucon. +:Z*—>Z swHH +(a,b)=a+b Tewrnuk Epaamupa
aHHKMaHTaH aMan - OyTyH CoHap TYaMuaa Ky aMani 6¥nub, (a,b) 6ytyu
CoHNap KyQTaMrura Moc KenamuraH OYTyH COHHHM a+b Kypunumuaa &sun
KabyJi KWIMHIaH.

IlyHra yxuwam 4 Tyruamupna * 6uHap anrebpauk aman GepunraH 6yiica,
*(a,b) ypuura a*b &mmnu kenUWKUG OIAMHU3.

IL1.7-rabpud. 4+ 0 mynram ea ynoa anuxranzan * bunap anzebpaux aman
bepunzan 6yacun. Y xon0a (A% scygpmuuk zpynnoud deb amanaou.

I1.1.8-mucoa. N -HaTypan cOHNap TYIUIaMY «*»- N Jarv Kyna#TupuLl amanu
6¥1ica, y xonna (N,e) -rpynnouaamp.
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1L1.9-Tavpud. (4.%)-epynnoud bepuican 6yacun, y x010a

a) azap Va,be A yuyn axb=bx*a Gyaca, y yonoa * - areebpauk aman A
mynnamoa KOMMymamug 0eunaaou;

6) acap Va,b,ce A yyyu ax(bxc)=(c*b)*c wapm 6Gaxapuica, * -4
myniamoa accoyuamue anzebpalx aman 0euuIaou,

8) Aeap Va e A yuyn wynoaii e € A momuub, e*a =a wapm 6adxcapwica,
e dNeMeHm ¥ amanza wucbaman yan Heldmpan 3emenm, azap a*e =a wapm
baxcapunca, yne Helmpan sfeMedni, Aa2ap UKKala wapm xam Oaxcapurca
Heumpan 3nemeHn Oeltiunaou.

11.1.8-tanpud. (A.*)-epynnoud bepunean 6yncun. Azap e € A s3neMenm * -
amanza Hucbamaun Heumpan snemenm Oyaca, y X010a € 2pUnNOUOHuUK2 Hetimpan
neMeHmu 0euunaou.

I1.1.9-Teopema. Acap (A4,*)-2pynnoudoa weiimpan snemeHm magxcyd 6yica,
Y AcoHaoup.

Hcbom. ®apa3 kunahnuk (A4,*)-rpynnoMana UKKWTa e, Ba e, Helitpan
JMIeMEHTIAp MaBxXyl OFJICHH, y Xonjaa Hefitpan 3/eMEHTHHHI Tabpudura kypa
e, =e *e, =¢,, SbHU ¢|—=e¢,

I1.1.10-HaTHKa. Azap (A*)-2pynnoudoa veitmpan 3aemenm masxcyo 6yica,
YHUHZ O6apua 4an , YH2 HeUmpan 31eMeHmAQPU HeUMpPan d1eMeHmea meHe.

IL1.11-tanpud. Azap (A*)-epynnoudda * aman Kpwuw amarudan ubopam
bynca, epynnoud aooumue cpynnoud; azap * amal, Kynaumupuiu amaru 6yica,
2PYRNOUO MYTbMUNAUKAMUG 2DYRAOUC Qetiunaou.

Oparna Kywdw amany «+» OpKaid, KynalTUpMII aMajli «*» OpKalH
6enrunananu. K§wum amanura HucOaTaH HelTpan sneMeHTHH Hoia geb ataiiMu3
Ba «O» opkanu 6enrunaiiMus. Kynalitupum amanura Hucbatan HeATpan sneMeHT
GUPANK 2TEMEHT NeAnnnb «1» opkanu GenrnnaHany.

II.1.12-mucon. (R,+) rpynnouguuur Heiitpan sneMentd 0; (R.e)-
TPYNIIOMAHUHT HelTpan 3neMenTd 1. By epna R -xakukuit connap tymnamu, +, *-
R paru KYIUII Ba KYNaATUPHIL aMaUTapUaHp.

IL.1.13-mucon. B(A) -4 tynnamHuHr Gapya Tymiamoctunapu O¥iacuu, y
xonpa B(A) TynnamyiapHM KywMil amanura nucbarad rpynnoun 6ynub, yHuHr
HelfTpan aneMeHTH @ TYnnamaup. B(A) - TYIUIaMIapHUHT KeCHLIMacy amajura
HucbaraH Xam rpynnoun 6¥nub, yHUHr HelTpan snemeHTH A TYniamaaH ubopar.

IL1.14-Tranpud. (A4,*)-epynnoud 6epuncan 6yncus, y xonoa a € A anemenm 6a
Vb,c € A anemenmaap yuyn a*xb=ax*c menznuxdan b =c xeaub yuxca, y xon0a
a onemenm (A*) zpynnoudnunz wan pezyasp nemenmu, bxa=c*a wapmoan
b=c xenub wuxca, a saemenm (A¥) ZDYRNOUOHUHZ YHZ PeZYAAp IReMeHmu
0enunaou. Xam Yan, xam YHz pecyiap neMeHm pecyaap sneMenm oetunaou.

IL1.18-mucon. (R,+) rpynnouaHuur Gapya 3NIEMEHTIAPH  pErynsp
JNEMEHTIIAPAHP.

11.1.19 -ravpud. (A4.%)-epynnoud weimpan snemenmea sea 6yacun. ¥ yonda
a€ 4 saemenm yuyn wynoau d'€ A saesenm nomwiub, a'*a =e 6yaca, d

o
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MEMeHm A dleMeHm2a Nan CuMMmempux oSiaemenm, a*a'=e 6Gynca yHe
CUMMEMPUK, UKKQNA Wapm 3am baxcapunca, CuMMempuK 3JiemMesm oeuunaou.

II.1.20-mucon. (R,+) rpynnouana Vae€ R 3NEMEHT Y4yH 4 3JI€MEHT
CHMMETPUK IEMEHTIHP.

II.1.21-mucon. (R,*)- rpynmonpna Va€ R, a#0 s1emeHT yuyH a'
3JIEMEHT CUMMETPHK 3JIEMEHTAHP.

Arap (4,*)-TpynmoMana *-aMan KyWHm Oynca, «CUMMETPUK» TepMHUHH,
«KapaMa-Kapuwu» TEpMUHH OunaH; arap *-amanu kynaftupuul 6yaca, «reckapu»
TepMHHH OWNaH aNMalITHPHIALH.

IL1.22-tabpud. (4,*)-epynnoud, R sca A mynramoazu 3KEUGANEHNIUK
MyHocabamu 6yacun. Azap a,,a,,b.b, € A snemenmnap yuynw aRb, sa a,Rb,
wapmaapoan (a, *a, )R, *b,) keaub wuxca, y xonda R -skeusanenmnux
MyHocabamu(A,*) epynrnoud0a KoHepysHyus oetiunadu.

IL1.23-mucon. (Z;+) rpymnoumpna Vz,,z,€Z  dneMeHTIap  YuyH
CR)e s, —2,)3) KOHYH 6unas aHUKJIaHTaH JKBUBAJICHTIIMK
KOHIPY3HUMAAMP. XaKUKaTaaH xaM, x, Ry, Ba X, Ry, 6Yncun, sehu x, — 3,13 Ba

X, =Y, 3 y xonja (x, +x,)- O+ y,)= , —-y+ (x, _yz) xam 3 ra 6ynuHuILK
paBliaH.

.

Takpopnrawm y4yH caBoJj1ap

1. Bunap anrebpaux amanra MakTal MareMaTHKacufaH MHCONIap
KENTHPHHT.

. n-ap anrebpauk aMan TabpUQUHU alTHHT.
. YHap anrebpanK amanra MHCOJI KeITHPHHT.
. I'pynnounn uuma?
. I'pynnouaHUHr HeHTpan 3NEMEHTH XOCCaNlapUHU alTHHT.
. I'pynnOHIHUHT perysp 31eMEHTH TAbPUQUHH aAHTHHT.
. I'pynnoHaHUHT CHMMETPHK 3IEMEHTH HUMa?
8. Heiirpan, perynasp, CHMMETPHK 3JEMEHTNIapra ypra MaxcyC TabJIHM
MareMaTHKaCHAaH MUCOJLTAp KEITUPUHT.
9. KOHrpyaHUMsAHH MUCOIIap EpAaMUIa TYLIYHTHPHUHT.

NN A WN

Mamknaap

1. TymnamnapHUHT KECHIIMACH acCOLMATHB, KOMMYTATHB aMall 6YIUIIHU
ucboTaaur.

2. TynnamnapHuUHTr OHpfraLIMacH KOMMYTATHB, aCCOLUATHB aMall GVIIHILHHM
ucboTnanr.

3. TynnamnapHHHT allUpMacH KOMMYTAaTHB 3MaCIUTUHHA UCOOTIIAHT.

4. MarpuuanapHy KyIHII KOMMYTATHB B2 aCCOLMATHUB aMall 3KaHJIMIHHH
ucbotnaur.
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5. Marpuuanapiu kynakTHMpuil acCOUMATHB, KOMMYTAaTHR OYnMaraH GuHap
aman 3KaHJIMIHHH UCOPOTAHT.

6. Marpuuanapiy kynadTvpuil KylUMI aManura HucbaraH AucTpubyTHUB
3KaHJUTMHU KCOOTNANT.

7. TynnamnapHUHr KECHUIMACH 6upnammMacura HucbataH
JUCTPUOYTHUBITUIMHU UCOOTIAHT.

8. Mxtuépuit a,b,c KapaMHal COHAAp Y4yH KyHMOaruiaapHd McOOTHaHr:
Da+b=b+a;
2Q)a+b)+c=a+(b+c);
Na-b=b-aq;
4¥a-b)y-c=a-(b-c);
Sa+b)y-c=a-c+b-c

6)ab+< - a.

I1.2-§. AnreGpa. Anre6panap romomopusMu.
Anrebpaoctu. Pakrop-anredpa

IL.2.1-tavpud. (4,%)-epynnoudda *accoyuamue aman 6yaca, 6yHoai
2pynnouo Apumzpynna oetiunacu.

Heiitpan snementra sra 6yaran spuMrpynna Moxoud neiunagu.

I1.2.2-mucon. Hatypan connap Tynnamm kymuw amanura Hucbarau
apumrpynnanup. Kenrycuna 6y sipuMrpynna (N,+) opkaiu GearunaHaam.

11.2.3-mucon. Harypan connap Tyiamu xymalTHpuinl amanura HucOataH
MoHouaaup. By Monommma (N;,l1) TapTMONaHraH YWIHK KYpUHHIUMAA
6enrunanany.

I1.2.4-teopema. Monoudda uxmuépuir snemenm kynu 6Gunan 6Gumma
CUMMEMPUK dNeEMeHmeea 324.

Hcbom. Qapas kunalnuk (4,%)- ApUMIPYINNafa @ 3>A€MEHT YYYH HKKHUTA a,
Ba @, CHMMETPHK dJIEMeHTIap MaBxyn OVicun. ¥ xonna

a =a*e=aq *(axa,)=(a, *a)xa, =e*a, =a,.

I1.2.5-HaTuxa. Mownoudoa a snemeHm yuyH CuMMEmpPUK 31eMeHm. MAexcyo
bynca, a snemeHmM2a Han, YH2 CUMMEMPUK DAEMEHMAAP A 2a CUMMempuK Gynzan
IqeMenmea mene oynaou.

I1.2.6-Teopema. (A4,*,e)- monounna a € A snementra a',b € A anemeHTra
3ca b'- CUMMETpHK 3JIeMeHT BYIIcuH, Y Xonaa a*b anementra b*a' cumMeTpuk
3JIEMEHT OV nany.

Hcbom. Xakukarjad Xaum,
(axb)x(b*a')=(a*x(b*b')*xad')=(a*e)*ad=a*a'=e Ba
(b'*a'Ya*b) = (b*(a*a))*b=(b*e)*xb=b*b=¢

11.2.7-reopema. (A4,*,€) - monoud bepunzan 6yncun, azap a € A snemenm

VUVH  CUMMEMPUK  3AeMenm  Magxcyo 6ynca, 6yHoai 3nemenm  pezynsp
INeMEHMOUP.
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Hcbom. XaxkukataaH xaM, a€ A anemeHtra a'€e A 3/1eMeHT CHMMETPHK
6yncun, y xonaa Vb,ce A snementnap yuyH a*b=a*c wapt 6axapunca,
a's(a*b) = a'*(a=*c) éu(a*a)*c = (a'*a)*c 6ynamu. Arap a'*a = e 6YIUIIKMHM
xucobra oncak, b = ¢ 6ynaau.

11.2.8-taupud. (4% -zpynnoud ea Bc A 6yacun. Azap Vb .b,eB
nemenmaap yuyn b *b, € B Gynca, B mymiam + anzebpaux amanrca Hucbaman
anzebpaux énux Oetwnadu. (B,*) xcygpmaux sca (A*) epynnoudnunz Kucm
2pynnoudu €Ku 2pynnouoocmu Oeiiunaou.

11.2.9-mucon (Z,+) rpynnoua (R,+) rpynnoMAHUHT KUCM FPYINIOHINIHUD.

11.2.10-ravpud. A# QD mynram éa A da 6Gaxcapunaduzam anzebpaux
amanrap mynaamu ) bepunzan 6yncun. (4,Q) - xacypmaux anzebpa detiunadu.

A - tynnam anrebpaHuHr 60w mynramu, S2-anreOGpaHUHT 6ow amariapu
mynramu NEHUNand.

(4,Q) Tynnam Gepunran 6ynca, 4 Tyam Q parm Gapuya amamiapra
HucOataH anrebpauk €nuk 6ynuwn paswal. Anrebpagaru ) -amMannap Tyniamu
Yewnd, SAbHH Q = {a) Loees @, } 6ynca, (4, ,,..w,) YpHura &3yBHU
MX4aMJTALUTHPMII MaKCaauia (A, ) - 1eb €3uiura Kenuimub onamus.

I1.2.11-mucon. Xap KaHga# rpynnous anrebpaaup.

11.2.12-mucon. XakKUKHi COHNAp TYIUIaMK Ba yHAA Oaxapuiagural «*», «+»
amannapu O-ypunnu amauiap 0, 1 jap Ounan Oupra, spuu (R,+,9,0,1)-
anreGpanup. By anreGpaHuHr 6ow amannapu tyuiamu (+,4,0,1) 6¥nu6, napaxara
KyTapHil, aiiupyll aMaLIapMHU XOCHIIaBUi aMayiap e KapalluMu3 MyMKHH.

IL.2.13-tanvpud. (4,Q) sa (B,Q') anzebparapnune amanrapu mynramaapu
Q sa Q' nap opacuoa 6uexkmue mocaux ypuamunzan 6yaub, Q0 mynramoazu xap
6up ® n-ap amanza nucbaman S oan @' n-ap aman moc Kytuuean 6yaca, Gy
anzebpanap 6up xun mypau ancebpanap oeduradu.

Arap (A4,Q) amrebpa Gepuaran 6ynca, € -Tynuampars amaUIapHHHT
paHrnapuzaH ubopar TymwiaM aneebpanunz  mypu geimnanu. Xycycad
(4;0,,..,0,) anrebpauunr Typu (@, )...r®,)} Tyampan ubopar. bup xun
Typpary anrebpanapHdHr 6Mp-6upHra MOC KenaiuraH aMaJUTApUHHHI PAHINIapd
6up xun 6ynuLIM pasLIaH.

11.2.14-mucon. (4,*)-rpynnonanudr typu 2} Tymiamgan, (4,%,e)-
MOHOMZHMHT TypH 3ca £2,0} TYnnamuan ubopar.

Anrebpagary aMajuiap Tymnamu 4ewid 6ynranpa, Oy anrebGpaHuHI TYpHUHH
KeTMa-KeTJIMK cudarupa &€uw  Makcagra MyBodHK, AbHH (A4;0,,...,@,)
anrebpaHuHr Typu (r(@,)....r(@,)) KeTMa-KeTJIMK KYpHHUIIMAA UbOoaa KUITHHAMIH.

IL.2.15-mucon. (R,+,9,0,1) anrebpauunr typu (2,2,0,0) xerma-keTaukaaH
ubopar.

(4,Q) Ba (B,Q") 6up xun Typau anrebpanap Gepwiran 6yncuH. Vo e Q
amanra w'e Q' aman Moc kyiwnrad ne6 dapas kunaitiwk. Arap @14 — B,

~
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AKCIIAaHTHPHLU Ba Va,,..,a, €4 3JIEMEHTap yuyH

plefa,,...,a,)) = o'(¢(a,),...,¢(a,)) Tenrnuk 6axapunca, ¢ axkcraHmupuw @
amMarny cakaaidu. @ aman A Tyramaard axpaThiaraH 3JIEMEHT, S’bHH HOJ
YpuHaM aman Oynca, y Xojna @ ra MoOC KelaguraH o' XaM B TYIIaMHHHT
AKPATUITAH dMeMenTH 6ynamm, @(@) = ',

11.2.16-rabpud. (4,Q2), (B,QY') ancebpanap Gepuneaw 6yacun. € dazu
bapua amainapnu caxraiiouzan @ A — B akcranmupiw (4,)) azebpanune
(B,Q) aneebpaza comomopgusmu dediurau.

11.2.17-tavpud. ¢:4 - B axcranmupuw (A,Q) azebpanunz (B,Q')
anzebpaza 2omomopusmu bjrcun. V yonda azap @ - uHbeKmug akCAGHMuUpUu
6ynca, MOHOMOPQPUIM, @ - CIOPBEKMUG AKCAAHMUPUWL GYACA, INUMODPUIM, @ -
buexmus  axcraumupuw  Oyaca  uzomopgusm  Oetunadu.  Mownomopgh
AKCAAHMUPUULHU UZOMOPG HCOUNAUMUPUIL 02 XAM I0PUMUIAOU.

11.2.18-Ttavpud. Anreebpanu ysunu y3uzea 2omomop axcranmupuud
SHOOMOp@Qu3M;  anzebpanu  Y3uwu  J3uea  uoMOpd) — axcaaHmupuw  3ca
agmomopghusm oetiunaou.

IL.2.19-travpud. (4,QQ) aneebpanu (B,S)') arcebpaza axcranmupaduzan
kamuda umma uzoMopusm magxcyo 6ynca, y xonda (A4,Q) ancebpa (B,')
anzebpaza uzomopg detiunaou.

11.2.20-mucon. R - xakukuit corap tymiamu R* Myc6at xakukuii connap
Tymnamu 6yacun (R7,8,1) Ba (R,+,0) anrebpanap (2,0) Tumm anre6panap
oy, ¢ R* > R, @(x)=Ilgx akcnaHTMpull GUPHHUM anrebpaHH HKKUHYM
anrebpara  U30MOpd  aKCAAHTUpUIUAMP. XaKUKaTAaH XaM, - OGUEKTHB
akcrnanTupuil 6ynu6 plaeb)=lg(asb)=Iga+lgb=p(a)+ p(b).

[1.2.21-reopema. (4,Q)), (8,9Q,), (C,Q;) anzebparap 6epunzan 6y1ub, g
A mynnamnu B mymiamea, ¢ sca B mymiamnu C myniamea axcaanmupuu,
Qo g sca by akcranmupuwaapHune Komnosuyuacu 6yacun. Y xonda ¢ ea g aap
2omomoppusm Oynumudan Qo g Hunz 2omomopusm byauwu; ¢ eéa g nap
snumopgusm Gynuwudan @Yo g  HuHe humop@usm byruwu; @ ea £ aap
MOHOMOpDU3IM bBYnuwucan @ © 8§ Huihz MoOHOMOPGusM bynuwu; ¢ 6a £ AAPHUHZ
u30MopghusM Gynuuuoan Yo g Hunz u3oMopghusm 6ynuiuu keaub yukaou.

Hc6om. o, €, n-ap anrebpavk amanra €2, maH @, n-ap anreGpauk
aman Moc Kyiunran, @, raasca $); pan @; M-ap anrebpauk aman MOC KyHurau
OyncuH, y xonma Va,,..a, €A ydyH Teopema luapTra kypa ¢ Ba g
aKCIIAHTHpHLLIAPp roMoMopdu3Miap 6y numnHyu uHobaTra oJcax,

(@og)way,a,)) =o(glwla,. .a,)) = p(w,(ga),...8(a,) =
= o,(p(g(a)),.p(g(a,)) = o; (9o g)a),..(9og)a,))
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lynznait kb @ Ba & sap romomopdusmiaap GVnuiunaan @ © g HUHT
roMoMopdH3M OYNMIIMHH HUCOOT KWIIOMK. TeopeMaHWHI KOJraH TacAUKJapH
GyHKUMANAD KOMMO3KUMACHHUHT X0occanapuiad 6eBOCUTa KesTMb YUKazH.

11.2.22-reopema. Azap (A4.Q))  anzebpanunz (B,Q,)  anzebpaza
usomopepusmu 6ynca, y xonda ¢ 2a meckapu 6ynean ¢~ axcaanmupuw (B,Q2,)
anzebpanunz (A,Q,) anzebpaza uzomopgusmudup.

Hcbom. @ -6uexTHB akcnaHTUpuiu Oynrawnuru caGabiu @' XaM 6HeKTuB
aKCJIAHTHPHIL 6Y/UIIM 'oKOpHAa HCOOT KunuHradek. LIyHUHT y4yH TeopeMaHu

-1
HCOOT KMIHII Y4YyH @ aKCHaHTUpHII anreOpaMk aMajulapHM CakKNaHHIUMHM
Kypcartui Kugos.

dapa3z kwiaiinuk, @, € n-ap anrebpamk amanra Q, TYmIaMMpaH o,
aman moc kencud. Vb,,....b, € B anementnap yuyn @(a,)=b,,....p(a,)=b, neb
oncak, y xonga ¢ ' (8,)=a,,....9 ' (a,) =b,.

Onm ¢ (@,(by,5,)) = @, (97 (b)) 0 (b,)) GyNMWIKHM  KYpcaTAMM3.
XaKMKATAaH arap ¢ -akCIaHTHPHIL aMaUTapHH CaKTalMHY XUCoBra ocakx,

@ @,(b,),-, @,(5,)) = 97 (0,(9(a)),.... (0(a, ) = 0 (p(w,(a,.-...a,))) =

=(p” o p)Nw(a,, a,)) = @, () sers @,) = @ (@7 () 07 (5,))

I1.2.23-HaTuxka. Anzebpanap usoMopusmu IKGUGANEHINAUK
MyHOcabamuoup.

I1.2.24-tavpud. (4,Q)) ea (4,Q,) 6up xun muniu anzebparap bepunzan
6ynub, Bc A 6yacun. Azap Ve, €Q RN-ap anzebpaux amanza €2, oan moc
Kenaduean N-ap aneebpaux amarnu @, opkaw Gerzunaimus. Azap
Vb,..b, € B yuyn w,(b,,....,0,) =@, (b,,....b,) meuznux 6axcapunca, y xonda
@, n-ap anzebpaux amanr @, MN-ap arzebpaux amarnunz B mynnamu 6ytuua

wexnanzanu (B,Q,) anzebpa sca (4,Q,) aneebpanunz Kucm anzebpacu éxu
anzeépaocmu detiunaou.
I1.2.25-mucon. (Q,+,2,0,1) a.nrera (R,+,2,0,]) anreGpanunr anrebpaoctu
6ynu6, O naru amainap R paru amannapan O Tyiuiam 6¥iinda YeKIaHraHumup.
I1.2.26-teopema.  Ancebpaocmu  6ynuw  myHocabamu  pegnexcus,

AHMUCUMMEMPUK, — Mpan3umue Mywocabam, AbHU  HOKamwuli — mapmub
MyHocabamoup.

Hcbom. XaxkukariaH XaM, xap Kaugail (4;Q,) anrebpa (4;Q,) anrebpaHuHr
anrebpaoctumup. Arap (4,Q;) amre6pa (B,Q,) aireGpanunr anrebpaoctu
6ynca sa akcunda (B,Q,) amrebpa (4,9Q,) anrebpanunr anrebpaoctu 6yica,
Ac E Ba Bc A 6ynanu, 6ynnan A = B kenub uukagu. Y xonaa, arap Q, naru
@, n-ap anrebpaux amanra , nad @, H-ap aman Moc keica, Va....a, € 4
yuyH su(by,...b,) = w,(b,.....b,) 6ynamu.
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AnrebpaocTi MyHocadaTH TpaH3UTHB OYAHIIM XaM OeBOCHTa TEKLIMPpHIANH.
byuu mycTakus ucbotnaiu yuyH tanabanapra Konaupamus.

UlyHpait xkunaub, anrebpaoctu 6ynuin MyHocabatv pedseKCHB, aHTH-
CUMMETPHK Ba TPaH3UTHB MYHOcabaT. A'bHM, HOKAThUH TapTUD MyHOCA0aT 3KaH.

{4,.Q)-~aeM} rtynnam (B,Q) anrebpanuHr anrebpaocTunapu
TYrutamMu GYJicHH. AnreGpaocTuHunHr Tabpudura kypa xap oup (4,,Q,) anreGpa
(B,Q) anrebpa 6unan 6up xun Typau Ba Vo, h-ap anreGpauk aman Q0 naru
KaHOanIup @ -ap anrebpauk aMaNHHUHT YeKJIaHIaHUIHP.

®apas kunaimmuk [ |4, 2@ 6yncum, y xonma Va,,...a, €A, yuyu

aeM

w,(a,,...a,)=a(a,,..a,) €A, 6¥namu. [emax, ﬂAa- Tyiam @ -ap
aeM

anreOpank amaltHUHT ﬂAa Jard ueknaHraHnapuHu Oejrunacak: (ﬂA.,,Q')
aeM aeM

anrebpa (B,Q2) amrebpanuHr anrebpaoctd 6ynmumu paswan. By anreGpanu
(A4,,Q, ) -a1rebpaoCTHIAPHHUHT KecuILMacH 1eb aTaiiMu3s. '

11.2.27-reopema. Azap (A,Q) anzebpaoa xew 6Gyamazanda 6umma HOM
Ppunau anzebpaux aman 6yaca, 8y anzebpanune ancebpaocmuadpu uxmuépuii
mynramuoazy  arzebpaocmunap kecuumacy ana (A,Q) wunz  anzebpaocmu
6yaaou.

Hcbom. Hon §JpuHNM aMan aXxpaTHAraH 3J€MEHT JKaHJIMIMHM Xucobra
oncak, Oy aneMeHt (A4,Q0) anreOGpaHMHI Xap KaHZafl aireGPaoCTHHHHI XaM
WKpaTUIran 3jeMeHTH OVnumu xenmub uukanu. Iemak, (4,Q) anreGpanuur
anrebpaocTunapu UXTUEPUH TYnnamMunaru anrebpaoctunapu kecuumacu Gy
amac. Hatuxana Oy keculuma rokopuia ucboTiaraHMMmMira kypa anreSpaoctu
O6ynanu. o

[1.2.28-natima. (4.Q) ancebpa ca B+ mynram A nunz myniamocmu
Gepunean 6yacun. {A4,.Q,)|~a e M} myniam sca (A,Q) anzebpanunz B c A,
wapmuu KanoamaaHmupaouzax bapua anzebpaocmuaapu yacun. ¥ ‘x‘onOa bapua
(4,,Q,)-arzebpaocmunapnunz xecuumacu (A,Q) anzebpanunz anzebpaocmu
6ynacu. by ancebpaocmu B mynaam apamaan aneebpaocmu detduraou.

A TynnaM Ba yHJa Gaxapunrad n-ap anredSpadk amai, ~-3KBHBANEHTIIAK
MyHocabatu Gepunrad Oyicun. Arap Va,..,a,€A4 Ba Vb,..,b, €4
3NieMeHTnap yuyH a,~b,i=1..n wapraan o(a,,..,a,)~o(b,,...b,) xeaud
YHKCa, ~-3KBUBAICHTIMK MyHocabaTH @-n-ap aicebpaux amanza wucbamau
KoHzpysnyusa Heiimnand. A/ ~ t¥nnaMm A HMHT DKBUBAICHTIIMK MyHocabaTura
HucGataH Qakrop Tywiamu 6yncud. [a]...[la,] nap A/~ uwmHr uxTHEpnit
snementiapu 6yacud. Y xonma V([al...lq,]1)n nuxra [@(a,...q,)]
SKBUBWIEHTIIMK CHHQUHM Moc Kysmurad akcnantupuit A/~ Tynnamaa
aHuKnaHraH #n-ap anrebpauk amanaup. Xakukatiah [w(a,,...a,)] cuHd

[a,],-..[a,] sxBuBaneHTIUK CHH(IAPUAAH ONHHIAH 4, BakusUlapra GOFIMK JMac.
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UYyHky, arap i=1,...,nnap yuyH b, €(a;), svHu b, ~ @, 6ynca ~-3KBUBAIEHTIIMK
MYHOCA0aTH KOHrpy3HuUMs OVirawu yuyH, o(a,.....a,)~ ao(b,,...b,) OVnamu, y
xonna [@(a,,...,a,)] ~{w(b,,....5,)] .

A/~ dakrop Tynnamaa aHukIaHran 0y aManHUHT ~-KOHTPYIHLHS OpKau
@ - n-ap anrebpark aman OUNIaH accolUpianrad aman aeb ataiiMuz Ba @ * opkaiu
6enrunaiimus. lynnait KHIHMO vla,],....{a,]€ A/ ~ yqyH
o*([a]....[a,]) = ([o(a,,....a,)]).

11.2.29-tanpud. (4,Q) anzebpa éa ~ Q@ dazu xap bup amanza nucbaman
KOHZpY3HYua 6yncun. Q* mynaam 3ca Al ~ ¢axkmop-mynaamoa anukianzan éa
Q Jdazu amamiap bunan accoyupranzan bapya amamiap mynramu 6yacun. Y
xonoa (Al ~,Q*)- anzebpa (A,Q) ancebpanunz ~- KoHzpy3Hyus Oyuuya gpaxmop-
anzebpacu detiunadu.

I1.2.30-mucon. Z- 6yTyH connap tymiaamu 6yiacuH. Z ga a~b JedMus Ba
a ra a-bxydrt con 6ynca, ~- MyHocabar KOHrpy3HUMs OYynuuiM pasiiad. By
MyHocabaT 6¥inya SKBHBaJICHTIMK CHH(}NapH ¢akar ukkuTta 6ynu6, ynap [0] [1]
cuHnapaaH ubopar. By curdaap TYymnamuHu Z/~ opKanu Oenruiaiinuk,

Vial,[ble Z/~ yuyn @, © amamnapunu [a]®D[b]=[a+b]. [a)O[b]l=[aeb]
TeHrMKap opkand anuknacak, ({[0],[1]}®,®,[0},[1]) anreGpa (Z+,,0,1)
anreOpaHuHr ¢akTop anrebpacu 6ynanu.

IL.2.31-Teopema. ¢:A—> B axcranmupuw (4,Q,) anzebparunz (B,Q,)
anzebpaza Inumopduzmu  6yacun. 'V xonda A myniamoa anuxaanzau
R={(x'x")| Vx',x"€ 4, p(x') = ¢(x")} - mynocabam Q, myniamoazu xap 6up
amanza nucbaman koHzpyanyua 6ynub, A/R mymram Q; amannap myniamuza
nucbaman (A,QY)) anzebpanunz Qaxmop anzebpacu 6ynadu. By anzebpanu
(A/ R,Q*) opxanu 6enzuaaumus.

Hcbom. Teopemanu HCOOT KUMMWI ydyH R-Q, nmaru Xap 6up @, n-ap
amanra HHcOaTaH KOHIPY HLUMS GYIMILMHY KYpCATHIL eTapid. R - IKBUBAIEHTIIHK
MyHocabatn 6ynumn ucbotnadraH 3au. UlyHudr yuyH Va,,..,a,€ 4 Ba
byyb, € 4 JIEMEHTIAp YUYH aRb,i=1,..,n MyHocabaTaaH
o(a,,....a,) Rw,(b,,....b,) OYNUIIHHYN KYpCaTHIIUMH3 €TAPJIH.

aptra x¥pa ¢(a,) = ¢(b,),i =1,...n, y xonzua ¢ -roMmomopdusm 6yauiu yuyH

w(@,(a,....a,)) = @,(9(a)....9(a,)) = ©,(¢(B)).....p(0,)) = p(@,(b,.....5,)) .

JleMak, w,(a,,...a,)Ro,(b,....,b,).

I1.2.32-Teopema. ¢:4 > B axcianmupuw (A4,Q,) aneebpanunz (B,Q,)
anzebpaza snumoppuimu, R={(x'x")|Vx",x"e A4, ¢(x')=@(x")}-3ca A Oa
AHUKIAHZAH 3KGUBAIEHMAUK MyHocabamu 6yncun. Y xonoa (A/R,¥*) ¢gaxmop
anzebpa (B,Q,) arzebpaza usomopdoup.

Hcbom. Xap 6up [a]e A/R cundra ¢(a) Hu Moc Kysauran @:A/R— B
akciaHTupuil  (A/R,Q]) anrebpanu (B.Q,) anrebpara akciaHTUpaauraH
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u3omopdumanp. YHaan Tawkapu  V(a,l, .la,l€ A/R 3nemeHTnap Ba
Vw, € Q, n-ap anreGpavik aman yuyH O(wl'([&, l...la, D)=
=0([0,(d,-+a,)) = 9(@,(4,,..-,,)) = @,(¢(a, ). 0(a,)) = @ (O([a, }...,0(la, D)
11.2.33-teopema. (A.*) epynnouo, ~-sca, A Oazu  KOHeDYIHWus
MyHocabamu Al ~-A  mymiamHuHZ ~-3KGUEATEHMAUK MyHocabamu 6yiuua
daxmop-mynnamu 6yacun. Y xonda Vla }la, 1€ A/ ~ sxeusanenmnux cuxgrapu
yuyH a1.la,1=1a, *a,] mewzaux bunan awuxnanaouzan mywocabam AlN
mynnamoa anzebpaux aman 6yraou.

Hcbom. Teopemanu ncbor kwmmm yuyH Vg, ]la,] cunduapra teopema
LapTHaa KYPCaTUIITaH TEHTJIMK ATOHa CHHQHU MOC KYHHIIMHH KYPCATHII €Tapiiu.

dapa3 kunaitnuk, Vb, € [a,] A Vb, €[a,] 6yicun, y xonga b~ a, Ba b, ~a,.
Teopema waptura kypa ~- KoHrpysHuus. Jlemak, b, *b, ~a *a, sSbHH,
la,*a,1=1b,*b,]. Hemak, la]*[a,] udona fa,] Ba [a,] IKBUBANEHTIIMK
cuHapuaaH oNMHraH Bakuinapra OOrMK O¥nMaraH sroHa 3KBHBAIEHTIIMK
CHHGU IKaH.

Ulynpait kummb, A/~ TynnaMm *- amanra HucbataH rpynnoua OYaumIMHU
ucboT Kunauk. By rpymnouiaHu (A4,*) rpynnoMAHUHT QAakTop rpynnouau neb
aTaiiMu3 Ba (4/~,®) opkanu bearunanmus.

I1.2.34-mucon. (Z+)-rpynnounna Vz,,z, € 4 yuyH (z, ~ z,) & ((z, - 2,)3)
KOHYHHAT OWNIaH aHMKNAHTaH MyHOCabaT KOHIpyIHuus OYNUIIMHK 0KopHaa
KYpAOMK. Z HMHT ~ MyHocabaT 6yitnua 3KkBUBaNEHTNMK cuHbIapu Z, = {0111 BB-
TynnamaaH ubopatr. Y xoiaga Z,,Vigllble Z, yuyH [al® Pl=]a+b] TeHrnuk
€pAamuia aHWKNAHraH amanra Hucbatan rpynnoun Oynub, Z Huur dakrop
TPYTIOUARAUD. )

11.2.35-teopema. (G,,Q,) (G,.Q,). (G.Q)- 6up xun mypau arcebparap
b6epunearn 6yaub, G, = G,, (G,,Q,)- areebpa G,Q)- areebpanune arcebpaocmucu
6yacun. Y xon0a G,,Q,)- Kucm anzebpadan ubopam xucm arzebpaza sza bynzan
(G, Q) anzebpaza usomopd G,,Q,) arcebpa magxcyo.

Hcbom. dapas kunaitnk Vo, € Q, n-ap anrebpauk aMaira o, € Q, n-ap
anrebpauk aman, w, € Q, anrebpauk amanra oca @ € 2 n-ap anrebpaux aman
MOC KeJCuH Ba ¢ : G, € G, u30oMOopd aKCIaHTHpHLI OYICHH.

G, =(G/G)UG, Tynnamna xap 6up. @ € £ n-ap anredpauk amaira Moc
kb @, n-ap airebpaMk amanad  Va,..,a, € G\G,,Va,,,....a, € G,
3aneMeHTnap yuyH, arap @(4a,,....a,,9(a,, ),¢(a,)) € G, 6ynca,

O3 (@) seers @y, By 50 @,) = 97 (@(A) e € 0( ) s (@, )

Arap ) .

w(a,,....a,,ola, ).ela, ) e G\,
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6ynca, wy(a,,....a,,a.,,....a,)= o(a,,...a,,9(a,, ).p(a,)) Tenrnuknap Epna-
MHJa aHWKIainuk. Arap wysnai ycynna G; na aHuknaHran 6Gapuya amamiap
TyRaamuuu 2, opkanu Senrunacax (G, Q;)- anrebpa xocun 6ynanu. By anre6pa
TeopeMaHuHr 0apua MWApTAAPYMHU KAHOATHAHTUPYRUM anredpannp. AnreOpanuur
Tysunuiura acocad (G,€),) anrebpa 6y anreOGpaHuHr anreGpaocTucH GyiHG,
(G;5,Q;) Ba (G, Q) anrebpanap Gup Xul TypIHaup.

Va, €G, yays W(a‘):{al,agar a, G /G,

’ @(a,),agar a, €G,

akcimantupull (G,,Q,) anrebpann (G,Q2) anrebpara u3omopd akcraHTHPAIH.

XakuKaToaH XaM, - TY3WIHLIMIa acocaH OHEKTHB aKC/IAHTHPHULL O¥uiuy
paBwad. LIyHHHr yuyH  €); fard aManiapHu CakNawMHM Kypcatuur kHos
Vo, €Q,a,,..,a, € G\G,,a,,,,...a, € G, ydyH
viw(a,,...a,,a,,,..4,)) = oy(a),..y(a,)v(a,., ). -v(a,))  TeHrnukHu
HCOOT KuNaMu3 Ba y Jap ®; HUHT AHUKIaHMWIAra Kypa arap
w(an---, a, ,(D(Ghl )’¢(an Ne GT /Gz 6ynca, W(ws (al e Ay rak+l""’an) =
v(o(a,,...a,,0(a,,).0(a,) = o(a,....a,,90(a,.,). 9(a,))
=o(y(a,),..v(a,)v(a,).-v(a,)), arap o(a,..q,,0(q,,)¢a,)eq,
6ynca fHa W, B2 v JIApHUHT aHUKJIAHULINTA Ba
o ' (@, rr 3, , 9(a, )sen @(a,))) € G, 6ynuimra K¥pa
W (w;(ayses Ay, a5 a,) = w97 (@(a) s a,,0(a,, ) 0(a,))) =
o™ (2(ay ey 0, 0(a, ) (@, ) = @(Gy 5, A, 0(a, ) 0(a,)
=y (a,),y(a,).¥ (@) y(a,))

Takpopaaw y4yH capoanap

I1. SIpumrpynna ne6 HuMara afituinanu?

III.  MoHouara Tabpud GEpHHT Ba MUCOI KEJITHPHHT.

IV.  Anrebpa TywyHuyacura makrab MaTeMaTHKacHIaH MHCOJLIAp Kell-
THPHHT.

V. AnrebpaHuHr TypH KaHzalk aHuKIaHagu?

VI.  Anrebpanap roMoMOpGU3MHHH TYILYHTHPHHT.

VII. Hsomopduim, asToMopdusM Taspuduparu ymMymuii, Gpapiu mapt-
JIADHH AHMKJIAHT. '

VIII. buexTHB akcnaHTHpHUUIap U3oMopdu3M 6¥na onagumu?
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Mawmknap
1. A={e,a} Tynnamaa GuHap anrebpavk aman KyHuaaru xaaBal OpKaiu
AHUKJIAHTaH:

e a
4 5 a |
a a a

A Tynnam ywby amanra HucOaTtaH KuckapTUpuil Oaxapub 6ynmaiauran
APUMIPYIIa SKAHIUIHHK UCOOTNIaHT.

2. Hatypan connap tynnamy Kyna#THpHil aMaiura HucbataH spuMrpynna
TalKKWI ITHILHHYA UCOOTNAHT.

3. HaTypan connap TymnamMu Kymuul amanurad HucbaTaH spuMrpynna
TAIUKWIA 3THILUHY UucOoTAaHT.

4. bapya MycbaT pauuoHan coHmap Tynmnamu 6yiMi amanuraH HucOartaH
rpynnous 6ynanu, feKUH ApUMIpyIna TaWKui atMaiou. Ucbotnaur.

6. FoMoMopdu3MIap KOMIO3MUMACH SHA TOMOMOPOHU3M  DKAHJIMIHHH
ncOOoTIaHT.

7. Anrebpanap H30MOpGU3MM IKBHBAIEHTIMK MYHOCabaTH 3KaHIMIHHH
McOOTAAHT.

8. AnrebpaocTuiap KecHIIMacH siHa anrebpa OYIHMLIMHY HCOOTNAHT.

I1.3-§. I'pynna. Xanka. [pynnanap, xaakaaap romomopguzmu

1L.3.1-taspud. buzza Q,)) mypau (GrY) arcebpa bepucan 6yrub Kyiuoazu
wapmaap 6ax’Capuicun:

1. *-6unap ancebpaux amar accoyuamus, savnu Va,b,ce G yuyn
@*b)xc=a*(bx*c) 6yrcun.

2. G 9a uetumpan nemenm maexcyo, Avhu Ya€G yuyn wyHoai e€ G
monwaub, e*a =da wapm 6axcapuicus.

3. Xap xanoait a € G yyyn a*a=e 6yacun.

Y xonda G *,")- anzebpa epynna oetiunau.

I'pynmagary aman KOMMYTaTus, fsHu Va,be G yuyn a*b=b*a wapr
baxapuica, Oynmalt rpynmna abeav epymnacu Aeitunagu. Byspaid rpynnanap,
Tpynnanap HasapHACHAard IOKOpPM [Hapaxalid TeHIJIaManapHH eHHITHIIH
myamonapunu kyiiran K. I'. A6ens wapadura aben rpynnanapu 1e6 HOM/IaHIaH.

Xap Oup aeG 3neMeHT YuyH da'€ G a/eMeHT a DJJieMEHTra yvangaH
cummempux jetunand. [ypnnajgard 3/eMeHTIIap COHM YHMHT mapmubu
Aefiunamd. Arap rpynna Taptubu Hatypan conpas ubopar 6ynca, OyHnali rpynna
weru mapmubnu zpynna, akC XoIla yekcus mapmubau zpynna Reinaau.

pynnaga *- Ounap anrebpauk aman "+"- KYMLMW amanu &xku "s"-
KyNalTHpUIL aMany 6N MUMKHH.

bBupnuk 3nemenTy KynuHYa € €K 1 OpKaH, HOJHH "0"- OpKaH, a ra
TeCKapH MEMEHTHH @', @ ra Kapama-Kapluu 3IEMEHTHH — d OPKaJH GeNrunall
KabyJ KWJIMHIaH.
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[pynnanaru Ounap anrebpank aman "e' O6ynca, OyuHaaih rpynmnasHu
Myasmuniukamue zpynna, “+" Oynca adoumue zpynna pnevimus. [pynnanaru
amMatHM KynadTupuin ne® Kapawl €3yBHM MX4amilaliTupagd, uwy cabaf,
MYJIbTUIUTHKATHB IPYNNaHUHT TepMUHIapuaaH dolinanaHamus.

I1.3.2-Teopema. [ pynnadazu uxmuéputi 3neMeHmea 4an meckapu nemexm,
wy 31eMeHmea YH20an xam meckapu 6ynaou.

Hcbom. ['pynnara teruiind Va sneMeHTTa YanjgaH TeckapH a”' anemenr,
yHraad xaMm Teckapy O6ynummuHM kypcaramus. [laprra xypa a'lea=e yHIaH

RC| - . 1yt -1
TaWKapu @) 3JIeMEHT a”' ra YanJaH TecKapH JJleMeHT 6ynca @) ea  =e

6ynuM XaM paBLIaH y XOJAa, rpynna TabpuUHUHT 2 Ba 3 mIapTiapura kypa
ae a'] =elg oa‘l ): (a'l )_l O a‘l :o @e a"' ): (a’] )71 «a" L] a)z_) ): q;’l )_] . @a" ]: (a’I )71 o g !

lynnait kunud ae a'=e, sbHM @' DNEMEHT a 3NeMeHTra yHraax
TeCKapH 3JIEMEHT JKaH.

I1.3.3-Teopema. Ipynnada ywz bupaux saemeHm, 4an OUPIUK SNEMEHM
6ynaou.

Hc6om. T'pynna Tabpudu Ba I1.3.2-Teopemara kypa

aee=ae@@' ea)=@ea i=ea=a.

11.3.4-Teapema. [ pynnada 6upnux snemenm A20HA0UP.

Hcbom. I1.3.3- Teopemana 4an OMpPIMK IJEMEHT YHr OHMpIHK 3JIEMEHTra
TCHITIMIMHU Kypcatiuk. By asnemeHTHH epynnawune 6Gupnux saemenmu Oed
araimMu3. DHOM MKKUTa €, Ba e, OMpNMK dneMeHTiap Mamxyad ned dapas
KWiaitik. Y Xofia €, = ¢, *¢e, =e, %¢ =e,

IL.3.5-teopema. [pynnada uxmuépuii 3neMeHm YYYH A20HA MecKapu
INEMEeHM MAaBIHCYO.

Hcbom. XaKHKaTOaH q, JJIEMEHTra a;' Ba a;' TECKApH 3JIEeMEHTIIap MaBxy.l
Gyncun, y xonga a;' =a;' ee=a'@ea;' )=@;' ea)ea; =eea;" =a;'.

IL.3.6-Teopema. [pynnanunz uxmuépuii a eéa b snemennuapu yyyn ax =b
6a ya=b menznamanaprunz xap bupu azona evumza s2a.

- -1

Hcbom. x=a'eb Ba y=bea' onemenTnap Moc paBua Oy
TEHCNAMANAPHUHT ednuMu OYnuum agd. Qapas Kunaluk ax = b TeHriamanusr
UKKHTA X, Ba X, eyumiiapu OyncuH. ¥V xomma ax, =b=ax, éku ax, =ax,. by

TEHFAKKHHHT MKKWUIIA TOMOHHHM a™'

ra kymaftupcak a ' e(ax,)=a"' ¢ (ax,) Eku
@'ax, =@ak, y xonga ex, =ex, nemak x, =x, O6Ynanu. UKxkMHYH TeHrnama
eyuMy AroHa 6ynuuy wyHra YXuwau HcGoT KUITHHAIM.

11.3.7-HaTvxa. [ pynnanunz uxmuépui a,b,c snemennuiap yuyn asb=aec
éxu bea=cea gyrca A = C Gynaou.

11.3.8-HaTHxka. [pynnada uxmuépuii a,b,c snemenmaap yuyn aeb=e éxu
ceb=e Gyaca, b=e=c Gyraou.

11.3.9-HaThxa. [ pynnada uxmuépuii e snemenm yuyn @'Y =a, svnu a”'
INEMEHMHUHZ MECKAPUCU A SAEMEHMOUP.
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[1.3.10-naTmxa. [ pynnarnune wuxmuépuin a,b snemenmaap yuyn aeb=e
6yrca a ea b anemenmaap bup-bupuza meckapi anemenmaapoup.

By HartwxanapHMHr McOOTH OKOpHAard TeopeMaslapiaH OeBocuta kKenub
YUKAOM, IIYHUHE YYyH YRapHuHr ucOOTHHM VYKyBuunapra mailk cudariia
KONANpaMH3.

Cpynnanap Hasapuicuza romMoMopduaMm, HM30MOpGH3M, TIpYMNaoCTH
TyluyHYanapH anrebpajgary Moc TyWYHYaNapHHHT XycycHit Xosapu 6ynub6, ynap
Kyluparnya kuputuiagn: (G.e,™') Ba (H,e,”') rpynnanap Gepuaran 6ymu6,
h:G—>H,G Hu Hra akchantupuw O6yYncuH. Y xonma Va,beG  yuyH
h(asby=h(a)s h(b) Ba h(a™')=(h(a))” waprnap Gaxapunca, h- comomopgh
AKCNAHTUPpUW Aefunanu. Arap k-unvexkTuB 6Ynca, sonomopg; ClOPBEKTHUB
6¥nca, snumopg; buexTus 6Ynca, uzomopgh akcIaHTUPULL ASHUIAIH.

IL.3.9-tawpud. (G, '), (H,s,"") epynnanap bepunzan 6yacun. Azap G wu H
2a akcraHmupaouzan Kkamuoa bumma usomopd axcranmupuw masxcyo 6ynca 6y
2pynnanap usomopg oetiunaou éa G = H opxanu bereunanaou.

I1.3.10-tawpud. [pynnanu ysunu y3uea 2omMomopgd axcranmupuu
SHOOMOD@U3IM, P3uza Y3unu usomMopg akcranmupuw agpmomopgusm oedunaou.

I1.3.11-Teopema. (G.,o,”'),(H,»,”') zpynnanap bepurcan Gyacun. G Hu H 2a
akcaaumupaouean @G — H -akcaanmupuut 20MOMOpQ akcaanmupuw Gyruuu
yuyn G Oazu 6unap amaiHu caxiaw  emapau, AvHu  Va,be G yuyn
plaeb) = p(a)e p(b) 6ynuwu emapru.

Hc6om. bepunran rpynnanapH1Hr GUPIHK 3JIEMEHTIApU MOC PaBULLJA € Ba
e' 6yicun, y xonna @(e) = e'. Xaxukataan xam, @(e) = p(ese) = p(e) e p(e) .

Tlemak, e'= p(e) e p(e)™' = (p(e) e p(e)p(e) ! = p(e) s (p(e) e p(e) ') = ple) VaeG

Y4yH pE)=gpasa)=gp(a)e pla™) y Xonja
pla)=gle)spla)' =eop(a)” =p(a)”, sbhu p(a ') = pla)™.

11.3.12-Teopema. Tpynnanapuune UsoOMOp@usmu IKGUBANEHMAUK
MyHOCabamuoup.

I1.3.13-mucon. R’ -myc6at XakMKUil COHIap TYmIaMu 6yncuu. R* Xakukuit
COHJIAPHH  KYMaWTHpPULI Ba TECKapMCHHM ONMIN  aMajlapura HucOaraH
MYJBTUIUTUKATHB IPYIINa TAIKHUI KAJIA0H.

R - XakuKMi cOHNap TYINamu 3ca KYUIMII Ba Kapama- KapWUCHHW ONMII
amannapura HucbaTaH aJJMTUB rpynna XOcHn Kuiaau. By rpynmanapuun moc
pasuiina (R*,,—1) Ba (R,+,~) opkaim Genrmnaiivk. ¢:R—> R* ¢(x)=ex-
OuexTUB aKCIaHTHPHL 6ynub Vx,x,€R 3JIEMEHTNIAp YUyH
P(x, +x,) =€ =e™ 0™ —p(x,) 0 p(x, ).

1L.3.14-tavpud. / pynnanunz epynnadazu amarnapuza nucbaman énux, 6yu
6yamazan myniamocmuCcy Zpynnaocmu oeduradu.

(G, )-rpynna Gepunran Gymcud. Y xonga tampudra kypa H = Ba
H c G TynnamocTy rpynnaocti OYmuwM yuyyH Va.be H asneMeHTnapu yuyH
aesheH Ba a'ecH O6ynumm etapnu. Y xonza aea =eeH. Swuu
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rPYNNAHUHT HEATpan 3JIeMeHTH TPYMAOCTH YyUYH XaMm HelTpan 3/eMEHT JKaH.
H c G 6ynranaurd ydyyH rpynnaoctuaa xaMm "e' OuHap anrebpauk aman
accouuatusamp. LllyHnait kunub, rpynnaoctud Xam ¥3 HaBOarujaa rpyrmna XOCHI
KHJIap JKaH.

IL3.15-Teopema. (Go.”') opynna 6Gepurzcan 6yncun H+#@ HcG
mynaamocmu  2pynnaocmu  Oynuwu  ywn Va,be fl snemenmnapu  yuyn
aeb™ € H 6ynuwu sapyp ea emapau.

Hc6om. Arap (H,,') rpynnaoctu 6¥nca, Va,be H yuyH asb' e H
6¥nmiv paswan. dapas kunaiinuk Va,be H yuyn aeb™' € H 6yncun. Y xonna
Xycycan a=b 6Ynca aea =ee H 6ynub, Gynnan Ve,b dnemewtnap yuyw
eeb' € H, apun Vb yuyn b™' € H 6ynumm kenu6 uukamu. Arap Va,be H
yayn aeb' € H waptna b uu b 6unan anmawrupcak, Va,be H yuym
aebe H Gynuwu kenub yukanu. Ieru H - rppynnaoctv sxa.

I1.3.16-Teopema. [pynnaocmu 6ymuw myHocabamu wnoxamvuii mapmub
MyHocabamoup.

I1.3.17-reopema. (G,»,”') rpynnauuHr rpynmaocTuiapuzaH ubopar 6y
6ynmarad B TymnaMHUHT Gap4a 3JIEMEHTIapUHUHT KHCHIUMACH SHA TPYINIAoCTH
6ynanu.

(G,»,”") rpynna Ba G HuHTr 6yw 6ynaMarad Tymmamoctcd M Gupunras
6yncun. M cG, waptin kawoTnautupaiuran  (G,e,”')  wmer Gapua
(G, e, ) rpyNNaocTUNApHUAT KUCHWIMAcH M mynnam Apamean epynnaocmu
neftunanu Ba 6y rpynnaoctu (<M >7'.e) opkamu Genrmnawagu. Arap M -Gup
aneMeHTH TYnaMm 6¥nca, 6y rpynna yuxnux epynna nefiunany.

I1.3.18-mucon. M = {,2,..,h} Tynnam Gepunran 6¥ncuH. M uu Mra
aKCNAHTHPAIMraH Xap KaHnail OMeKTHB akciaHTHpull M Tynnamaa aHukaara
ypunza Kyinau pevivnagy. M Tyruiamza aduknadrad 6apua ypHura kyiumoap
Tymnamuud S, opKanu OGenrwiaiimui. S,Ha MKKMTa @ Ba ¥  YpHura
KYAHULIApHKHT KOMIO3HUMACHHY VX € M yuyH @ oy (x) = ¢(y (X)) kypuHHuIga
aHHKIacak, S, TYIUIaM « °© j aMaira HUcOaTaH rpyrnma Tauk1i 3TaIH.

XakuKkaTgaH XaM, UKKUT2 OHEKTHUB (YHKUMANAPHUHT KOMIO3WLHMACH STHA
6uexTuB QyHkuMa 6ynub, accoumarmaup. Xap KaHmail OuekTHB QyHKUMAra
TecKapH QYHKUMA MaBxyHd, ¢(x)= X TeHrnuKk OWIaH aHUKIaHraH YpHUra KyAuL
3Ca KOMIIO3MIMA aMaliura HUCOaTaH HeifTpas 3JIeMEHTIHP.

By mMuconuu 1 =3 yuyH kKypub YMKHLIHK YKyBYMIapra Xasosia KHIaMu3.

1L.3.19-mucon. Mynrazam Kk-Gypuaknu [MaroHamiapd KECHIUIraH HyKTa

2
aTpoduna —E'mk =3,4,.,n-1 bypuaxnapra Oypuuuap Tyrnamu, 6ypuunapHu

KEeTMa-KeT baxkapHiil aManura HucbaTaH rpynna XoCu KHiamgu.
I1.3.20-mucon. G -TekUCAMKAArH BeKTOpiap TYyiamu 6yacuH. Y xonma G
BEKTOPJIapHHU KYIUHIL aMaiura HUchaTaH rpyna XoCu Kuaiu.
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11.3.21-mucont.  (£,+,-)-0yTyH counap anauTMs rpynnacd {Q,+,-)
paUHOHAN COHJIAp alMTHB IPYITACHHUHT TPYNIa0CTHCUAND.
11.3.22-mucon. (O.+.®, ' )-Myc6ar pauHOHAn COHJap MYJBTHIUTHKATHB

-1 -~
rpynnacn  (R',®, ) mychar XaKuKHil COHJIAp MYJIBTUIUIMKATHB TPYININaCUHHHT
rpyNnaoCTUCUAHD.

(K;+,

I1.3.23-tawpud. Aeap xyiudasu wapmaap 6axcapuica *) arzebpaca

APUMEATKG Oeliuaou:

(HV(a,b,ce K)a+b)+c=a+(b+0),

2)V(a,be K)at+tb=b+agq;

GXVa,b,xeK)a+x=b+x=a=bya(x+a=x+b=a=b)

(4)V(a,b,ce K)(aeb)ec=as(bec);

(5)V{(a,b,c € K}a+b)ec=aii+bc)n(ce(a+b)=ca+ch).

11.3.24-tavpud. Acap (K.+.-9) (212) mypau ancebpa yuyw Kytiudazu
wapmaap 6axcapuaca o . :

(1) (K,+~,) abeav epynnacu;

(2) (K o)-apum 2pynna;

(3) Va,b,ce K yuyu a-(b+c)—a-b+a-c sa (b+c)ea=bea+ceay
yonoa (K. +,—)- ancebpa yara detunadu.

(K,+,—,) anmMTHB TpPYNNaHUHT HeHTpan 3MeMEHTH XYaNKaHuHZ HOAU
Jerunany sa 0 opkanu GenrunaHanu.

Z Xxanka yHaa OaxapwiraH "e"-aMaJIHHHI XOcCCalapura Moc paByLLaa
HOMJIAaHaIU. Arap KymalTUpuml aMany accouMatHB Oyica, xalika accoyuamue
xanka, KYna#Tupull amanura HucbaraH OUpIIMK 3neMeHT MaBxkyn Oyica, Xanka
bupnux Inemenmau xanka 1einanm.

Arap xankanaa # 0 sa b # 0 snementiiap yuyH a*b =0 6ynca, @ HONHUHT
yan 6ynysyucu, b 3ca HOMHUHT YHr 6YayBuMcH aeiivnanu. HonHuHT xaM dar,
xaM YHr OymysurcH O¥Ynrad 3feMeHT wonnune 6yaysuucu pedvnagu. Bus acocau
OMpJIMK 27eMeHTra 3ra 6yraH accoUMaTHB XalKajlapHH ypraHamus. XankaHuHT
OUpIIUK 3JIEMEHTHHH ofataa | opkanu OenrunaiMus.

IL.3.25-rappud. HonHunr 6¥myBumnapura sra 6yiMaraH accolHaTUB, KOMMY-
TaruB Xajikana 1 # O wapr Saxapuica, Gynnail Xanka 6ymywaux coxacu AeinIam.

I1.3.26-muconn. Z -6yTyH cOHNap TymiaMH +,- amaapura HucOarad
Xanka 6ynub, (Z,+,—,») opkanu 6enrunananu. By Xanka 0yTyHIHK caxacuaup.

I1.3.27-mucon. K ={0,e,a,b} Tynnamuaa +-. amannapu Kyhugaru
XaaBasuiap opKasii bepunran 6yacuH:

fo llolle lla II_I
lo llolle I
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(K, ©, O, ®) anrebpa KOMMYTaTHB, aCCOLMAaTHB, OUPJIMK 3EMEHTra 3ra
oynran xankanup. JleknH ae a =0, 6y1ub Q@ HOJHUHC GYIMBUUCHAMD.

IL.3.28-teopema. (K,+,—*) yarka Gepurzan Oyaub a,b,c nap xamxanune
uxmuéputi snemenmnapu 6yacus, y xonoa

() azap a+b =a 6yaca, b=0.

(1) azap a+b =0 6yaca, a=-b.

(i) —(-a)=a.

(V) Oea=ae(=0.

(V) (ma)(-b)=aeb.

VD) (a-b)ec=ca-bc.

Vi) cla-b)=ca-cbh.

Hcbom. 1, 11, 111, IV Tacauknap (K,+,—,)-KOMMYTaTHB rpynnanturuaad
6eBocura kemub yukaau. (VI)- XoccaHUHT HCOOTHHHM KeITHPaMu3,

ae0=a(0+0)=ael0+ae0=>ge0=agel+ae0=>ae0=0

Oea=0 TeHrnuK wiyHra yxwam ucboT KUTHHAIH.

(V) TcanuKHUHT UCOOTH.

(—a)eb+aeb=((-a)+a)eb=0eb=0_Jlemak. (—a)eb=—-(a*b),

Y xonpa ab = —(—-a)e b . Bugu
(—a)e(=b)+(—a)e b= (~a)~b+b)=(-a)e0=0uu xucobra oncak
(—a)(-b)=—(~a)eb=ab.

(VII) Tacauk (VI) ra yxwawm ucbotnaHagu.

11.3.29-tawpud. (K,+,-,°) sa (K',+,—,*) yarganrap bepunzan byacun. K nu
K' ea axcnanmupaduzan ea (K,+,~,%) xyawikanunz xamma amainiapuxu
cagnatiouzan ¢ 1 K = K' axkcranmupuw zomomopg axcranmupuw dettunadu.

Opnatoaruaex @ -UHbEKTHB 6YIIca, Monomopdh,; CrOpbeKTUB 6¥rica snumopd,
6uekTuB 6ynca wuzomMopg axkcnaHTHUpMII Jeliwnany. XalKaHH ¥3HMHU-Y3ura
roMomMop)  aKcnmaHTHpHI — 3HOOMOpguim; W30oMopd  aKCIaHTHpHIl  3ca
agmomopuam JeHUNaty.

Xyanu anrebpajaruick XafiKanapHUHT H30MOp(GH3MHM  3KBUBANIEHTIIMK
myHocabath  6Ynub, wm3oMopd  xankamap(K,+,—e)= (K'.+,~9) opKam
6enrunadany.

I1.3.30-mucon (Z,+,—9) OytyH counap xankacu (K, @, ©, ®) I11.3.27-
MHCOJAary Xanka 6yncus, y xonna ¢ : Z = K|

0,agar z =4k;
e,agar z=4k +1;
p(z)= i
a,agar z =4k +2;
b,agar z=4k+3
AKCNAHTUPUII roMoMopdUaMaup.
XankaocT# TylIyHYacH XaM, ajirebpaocTH TyIyHYacH KabH KUPHTHIaAH.
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11.3.31-tanpud. (K.+.~.®) yarka oOepuncan Gyacun. L sca K nune 6yw
byamazan mynramocmuct 6yacus.

Aeap L mymnan K oazu +-» amaniapuea wucGaman anzebpaux énuk
oyaca, savnu  Va,bel yyyu a+bel, aebel, —-ael wapmnap
baxcapuica (L.+,—9)-anzebpa (K +,-.¢) XAIKAHUNE XQIKAOCMUCU 0etuaadu.

Xankaoctu y3 HaBbatMOa Xanka OYAMIOM  paBliaH, YYHKM Xanka
TabpUQUHUHT KONTaH mapTiapu L ¢ K MyHocabaTaaH kenub unkanu.

11.3.32-Teopema. Xarkanune Homu xaikaocmununz xam Hoau 6ynaou. Azap
yarkaoa kynaumupuwea Hucbaman wetumpan saemenm Magxcyo 6yaca, 6y
atesenm L yuyn xam kynaimupuwea Hucbaman Hetumpas snemeHm 6ynaou.

Takpopaai y4yH caBoJiap

6. I'pynna tabpudHHM KEATUPUHT. Y HUHT acOCHit XOccanapUHU aiTHHT.

7. AAOMTUB, MYIbTHIUIMKATHB Tpyfnanapra anrebpa, reoMeTpUs KypcuaaH
MHCOJLIAp KENITUPHHT.

8. pynnanap roMmoMopu3MUHUHT KaHAaaii TypiaapuHu Gunacus?

9. Xap KaHaalt romomopdu3M uszomopdusm 6¥na onaguMu, EkM akcHHYA?

10. ['pynnanap aBTomopdu3mMu Huma?

1. [pynnaocTy TyulyHuacHra MACOIAp KEATUPHHY.

12. XaJlkaHWHT KaHzal Typnapuuu 6unacus?

13. Xankanap romoMopduamH, uzoMopd3MHra MUCOIUIAP KENTHPUHT.
14. Xankanap aBToMopdH3MHy TabpudUHH OaEH KUITHHT.

15. XankaocTunap kecuuiMacy ssHa XaikKaocTu 6ynumuun ucboTnanr.
Mamkmaap

Ky#ungard TynnamaapHi MyJabTUILTMKATHB FPYIINA TAWKHI STULIHHH
“cOOT/IaHT:

G={a+bv2]a,beQ,a+b*>0}.

G={a+biv3|a,beQ,a’+b’>0}.

G:{{“ —b}la,beR,aZ+b2>O}.
b a

sing —sing

G:{{, }}weR}.
sing  cosg

G={2%zeZ}.

2. Ky#ingaru TynnamnapHyi ajiuTHE TPYNNa TAWKI ITHILHHKE HCOOTIIaHT:
G={a+biv2fa,beZ}.
G={a+bV3|la,beZ}.

G:{%laez,keN}.

G={a-bypla,beZ;p-1ybcon}
Ky#uaaru TyniamMaapHy Xajnka TaukHa STUILHHK HCOOTIIaHT:
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K ={{: _alea,be3Z}.

G={a+bypla,beZ;p-Ty6con};
< Zg;+, >,

Ky#inaaru anrebpanap opacuaa H3oMOpPH3M YPHATUHI:
<{2%zeZ} *,"\1 > A <Z+-,0>
<Z;+,-,0> A <2Z;+-,0>,
<{a+bijla,be RAi’=-1};+,-,0 >A<R%L+-,0>
<{atbyJpla,beQ};+ +>a<{a-bypla,beQ};+ >

11.4-§. AnreGpauk cucremanap. Anre6pauk cucremalap romomopduimu

1L.4.1-tavpud. 4+ mymiam yuyn Q- 4 mynnamoa anuxraweaw amaniap
mymiamu, Q'-A mymriamoa awuknawean mywocabamaap myraamu 6yacuu. 'V
xo0n0a (4,Q,Q")- mapmubnanzan yuruk- arzebpaux cucmema oetiunaou.

A-TYynnaM areebpaux cucmemanune acocui  mynaamu, -arzebpaux
cucmemanune bow amamrapu myniamu, Q'- aneebpaux cucmemanunz 60w
MyHocabamaapu mynaamu Befunagu.

Xap kauzai n-ypuHnu anrebpadk aManHu (n+1)- YpuHaH anrebpauk
MyHocabar cHdarHaa KapawlHMM3 MYMKHHJIUTH agH. XakvKaTaaH Xam,
@w:A" > A n-ap anrebpank aMaiHu

R, ={(a,,...a,);0(a,,....a,} | Va,,...a, € Ay n+1  Ypuunu mynocabar
nednuuMus MyMkud. Arap (4,Q,Q") anreGpank cuctema Gepunrad 6¥nca, yHu
A Ttynnam Ba ynma Gepwiran QUQY- mynocabatnap Tyriamunan uGopar
(4,QUQ")- xydmuk cupaTuia KapamluMU3 MyMKHH. ARTHITaHIapHH XMcobra
ojicak KyHuparuniapra sra 6ynamus.

IL4.2-Tavpud. A+ D mynaam, ynda awuxnanzaw Q- mywocabamaap
mynnamudan ubopam (A,Q) ocypmaux anzebpaux cucmema detiunadu.

11.4.3-Tanpud. (4,Q,) ea (B,Q,) arcebpaux cucmemanap bepunzan 6yacun.
Azap Q, sa Q, - mMynocabamnap mynaiamu opacuda buexmus MOCAUK YPHAMURZAH
6ynub, namuxcaoa , 0azu xap bup n- ypunau @, mynocabamza Q, da xam w,

k-ypunnu mynocabam moc kenca, 6y anzebpaux cucmemanap bup xun mypau
cucmemanap dedunaou.

I1.4.4-mucon. Z- 6yTyH coHnmap Tymnamu, yHaa Oaxapunran +,0,01
amannap Ba > MyHocabatra HucbartaH anrebpauk cucremagup. YHu (Z,+,9,0,1,>)
opKau GenarwialiMus Ba 6ymyn connap cucmemacu neb araiimus.

I1.4.5-mmcon. Z- 6yTyn comnap tymnamu, 2 Z aca xydT OyTyn connap
TYamMu 6yncus, y xonma (Z,+,0,2) Ba 2 Z,+,0,2) anrebpauk cucremanap 6up
XWi Typiu asrebpauk cucTeManapaup.

(4,Q)) Ba (B,Q,) 6up xun Typnu anrebpauk cucremanap cepunran 6yuo,

@, € Q, n- ap MyHocabatra w, € Q, n- ap anrebpauk MyHocabaT Moc Kyiiunra
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6yncuH. Arap, A4 TYyrulamMHM B TYriamra  akcnaHTMpamuMraH ¢: 4 — B
aKcrmaHTupuw 6epunrar 6ynub, Va,...,q, € A sMeMeHT™ap yuyH (a,,...,a,) € @,

o6ynumupan (@(a,),....e(a,)) € w, OYmMILIM kenUbd uuKCA, ¢ aKCHaHTUpul, R,
MyHocabamnu  cakaatiou  ned  araimus. 4 TYmamHM B TyniaMra
akciaHTupagurad ¢ A — B akcnaHtupuil Q, mard xap 6up o, MyHocabaTHH
caknaca, OyHnah akcnaHtupuw (4,€Q,) anredpank cucreManu (B8,Q,) anrebpauk
cucTemara eomomopeh akcaawmupuw pedvnaau. Xyanu anrebpanapaardiidk ¢ -
CIOPBEKTHB OYJica, snumophusm, UHBLEKTUB OYiica MoHomopgusm,; OUEKTHB 6ynca
uzomoppuszm neRunanu.

CHCTeMAOCTH TyllyHYacH Xxam anrebpaocTu TyllyHuYacura yxwawr ycynna
kuputuaanu (A4,Q,;) sa (B,Q,) 6up xun Typau anrebpauk cucreManap 6epHiaraH.

Ac B,sa w, € Q, n-ap mynocabarra o, €, n- ap anrebpank MyHocabaT Moc
Ky#dunran OyncuH. Arap Va,...a,€d4d yuyH (a,,....qa,)€w,, OYynumnaan
(a,,....a,)€ w, 6ymummn xenub uyukca @, MyHocabar @, asywocabamwuuz A
myniam 6unan wexnavzawu peitunamu. Arap (4,9Q,) cucremanaru xap 6up
w, € Q MmyHocar 6y MyHocabatra €2, Tyniamaan Moc 6¥araH @, MyHOCaGaTHHHT

yeknauranu 6ynca, y xonma (4,Q,) amrebpauk cucrema (B,Q,) aneebpaux
CUCMEMAaHUHZ CUCTEMAOCMUCH IEAWIANH.

AnreGpaunk cucremara xoc 6ynran fouika TyuyH4anap sa 6ap3u Teopemanap
anreGpamarunapra Moc pasuuina udonanaHanu. Anrebpauk CUCTEMANAp XaKuia
TYIMKPOK MablyMOT/Iap OJIMIUHM MCTaraH YKyBUMJIapra aTOK/IM MaTeMaTHK
AN .ManbueBHUHT «ANreGpanyecKue CHCTEMbI» HOMJIM pHCONAcHra MypoKaaT
KWIHIIHH TaBCHS KMTaMHK3.

Taxpopaau yuyH caBoanap

6. Anrebpauk cucremara Tabpud OGepHHT.

7. AxkageMuk nuueit, makTab MaTemMaTHKacuaaH anrebpauvk cucTeMara AOMp
MHUCOJITAp KENTUPUHT.

8. Aurebpauk cucreManap roMOMOpQU3MUHY TYILYHTHPHHT.

9. Anrebpauk cuctemanap apToMopdusmu 1e6 Humara anTunagu?

10. Anre6park CUCTEMA CUCTEMAOCTH TYIUIYHYacura Taspud Sepusr.

Mamwkaap

6. A=(A4+,),B=(B;P,Q) anrebpauk cucremanap OGepwirad 6Ymub, f
OnpuHuM anrebpavk CHCTEMaHHM MKKHHYM anrebpalk cucreMara 3muMopd
aKCIaHTHUPHIL OYICHH. ¥V Xosa Ky iHAArMIapHH HCOOT KUITUHT:

1. arap OupuHuK anreOpank cucTeMaary¥ KynauTUpMLI amanu KYiui
amanura HucbaTtad AUCTpHOYTHUB 6¥ica, y Xo/iAa HKKHHUYM anrebpauk cucteMana
XaM KynaHTHpPHLLI aMaJii Kyl aManura Hucbartad auctpubyTs 6ysanu;
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2. arap 6upuHuyn anrebpaumk cucremazard OuMpopra aman p xoccara sra
6yica, y Xonaa MKKMHYH anrebpauk cHCTEMaZard yHra Moc amai Xam Ly xoccara
3ra 6¥naau (p-acCOLUMATHBIMK, KOMMYTATHBIIMK Ba X.K.);

3. arap OupuHuM anrebpamk cHcTeMa Xanka Oynca ukkuHuW anrebpauk
CHCTEMA XaM XaiKa 6ynaau;

4. arap 6upuHuUM anrebpauk cucrema MaligoH 6ysica MKKUHUM anrebpaux
cHcTeMa XaM MaiioH 6ynanu;

5. arap OGupuHuM anrebpavk cucTeMa sxucMm O¥iaca MKKMHUM anrebpank
cHcTeMa XaM xucM 6ynany;

7. Xap kaHpait A4,B,C anrebpauk cucTeManap ydyH Ky#umaru xoccanap
YPHHIIN SKaHIUTHHH HCOOTTAHT"

DA = 4

2)A=B= B= 4;

NA=BAB=C=> A4=C.

8. Arap A4 =(4;+,,P) P mailioH ycTHIa KypuiraH e OUpIMK 3/IEMEHTTa 3ra
yu3KKIH anrebpa 6ynca, y xonna 6y anredpaHuur P maiinonra usomopd Gyaran
KHCM arebpacy MaBXyUTHTHHH HCOOTIAHT.

9. a,fnap x’=2 TeHINIaMaHHHT HKKMTA TYPIH KOMIUIEKC WIAM3IIADH
O6YncuH. Y xonma pauvoHaN COHJIAp MaWJOHUHHMHT «, S COHNIAp OpKalx
aHMKJIAHTaH anrebpauk keHraTManapu usomopd OYnHIIMHM HCOOTIAHT.

10.Bup 6upura uzomopd Oynub, SupHMHUMCHIA KHCKapTUpulu Oaxapunub
HKKHHYMCHAAQ KHCKAPTHPHLI OaxapuiMaiiaurad spUMrpynnanapra MHCOJ
KENITUPHHT.

1L.5-§. TapTuGnanran aareGpaiap

TapTubsanras ipuM rpynnajiap.

ILS.1-tabpud. (4,+,>) aneebpaux cucmema yuyw Kyuudazu wiapmaap
baxcapunean 6yacun:

1. (4,+)-cucmema apumzpynna.

2. (4, > )-mapmubnanzan myniam.

3. Apumzpynnadazu amannapea vucbaman > GuHap mMyHocabam MoHOMOH,
avnu YVa,bie A yuyn a-b=>a+c>-b+cactarc+b. Y xonoa (4,+,>)
mapmubaan2an ApUMEPYNna Oeiunaou.

I1.5.2-tabpud. A2ap (A,+,>) mapmubnanzan apumzpynna 6y1ub, (A.+)-
arzebpa zpynna 6yica, y xoaoa (A,+,»>) cucmema mapmubnanean epynna
deuunaou.

> -TaptTu® MyHOcabaT MOC paBULIZa > - UM3MIJIM TapTub MyHocabar
6ynca, (4,+,>) 4YM3HKIH TapTUONaHraH rpynna, arap KyWuil aMaud YpHUOA
Kynaiitupuiu amManu 6¥nca, y xonga TapTubriaHraH spUMrpynna — tapTubianray
MYJBTHUIIMKATHB IPynna AeHHIanH.
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IL.5.3-muconn. (N,+,, 1) Harypan coHnap cucremacupa Va,be N yuyH
WyHAai g RaTypan cod Tonunnd, a = b- g Teurnuk Ypuunu 6ynca, a namypan con
b namypan conea Gyrunadu nedmMu3 Ba a:b opkanu Genrunanmus.

By MyHocafar HaTypan COHap TYrulaMHMIa aHTUCHUMMETPHK, pedJieKCHs,
TpaH3UTHB MyHocabat Oynu6, kynahtupuiura HucbaraH MoHoTOHAMpP. [emax
(N,-,}) HOKaTbHil TapTHOaHTaH APUM rpynna 6ynanu.

IL.5.4-mucon. Arap Va,be N Harypan coHnap yuyH HIyHZAall ¢ HaTypan
COH TONMIMO, a =b +q TeHmuk baxapuica, a namypar con b namypan condan
kamma ne#Mu3 Ba a > bopkand benrunaimus.

(@>b)v(a=b)oynca, a=2b ned xucobmaiimMuz. (N,+,2) anrebpauk
cHCTeMa HOKaTbUH YM3UKAM TapTuONaHraH spumrpynna; (N,+,>) KaTbuit
YU3HKIIK TapTHOMAHTaH ApUMIpYINagup.

TapTubnaHraH spHMrpynnaHHHT X0CCATAPH.

10.(A,+,>) TapTHOnaHran spuMmrpynna 6yncud, Va,b,a',b’€ A yuyn
a>brd >b'=a+a>b+b'.

2°. (A4,+,>) TapTubnaHrad APUMIpynna n HaTypan cOH 6ynca, Va,be A

yYUYH a>b=n-a>n-b [n~c=ﬁ+...+ﬁj.

3°. Arap (A4.+,> ) KaThuil YM3UKIN TapTHONAHraH spuUMIpynna 6yca

l.Va,b,ce A yayH (a+c=b+c)> @=b)=>(c+a=c+b).

2. Va,bce AyuyH (@+c>b+c)o (@>b)S c+a>c+b).

Hemak, xap KaHaail KaTbWH 4M3WUKIM TapTHONAHraH spUMIpynmna
KUCKapTHUpHLITa 3ra G¥nran spumrpynna 6ynap skaH.

4 Arap (A,+,>) KarTbuil YH3UKIK TapTHOnaHran spuMrpynna 6ynca, y xosnna

1. Va,xe A (@+x=x)@+a=a)eox+a=x).

2.Va,xe A (@+x>x)@+a>a)e (+a>x).

3.Va,xe 4 (@>a+x)a@>a+a) (x>x+a).

By xoccanapHMHr ucborn OeBocura Tabpudaan kenub uyukagd. Mucon
cudatuna 6up HeuTa XOCCaHUHI HCOOTHHH KYPUO YMKaMM3.

1°. xoccaHHHT HCBOTH:

(A,+,>) TapTubnanran spiumrpynna 6ynu6, a > bea o' >b' 6yncun, y xonna
Tabpudra acocan a+a’'>a’'+b Ba a'+b>b +b. Byugan > MmynocabaTHHHTD
TPaH3UTHBIIMK Xoccacura kypa @' +a>b"+b .

2°. xoccanuHr HeBOTH:

a>b TEHrCU3NIMKHU ¥3MHHU-Y3Mra n MapTa Kylcak n-a>n-b 6ynamu.

(4,+,>) TapTubnaHraH APUMIPYMIAHMHT da+dad>da LWIapTHU KaHoar-
JIaHTHPAOUraH a 3JIEMEHTH Mychar 3NeMeHT neiiunaian. Arap a>a+a wapr
6axcapuiica, a ApUMIpyNNaHUHT MaHGHH INEMEHTH AeHHUNaIH.

(4+.>) KarbMii YM3MKIM TapTubyaHraH spuMrpynna OymcuH. Arap
a+ a0 wapt Oaxkapunca, OyHu rpynnanvsr a,2a,3a,...,n- a,... KATOPHUHT Gup
XWI XaAjlapy Mapxkyn amac. a =2a 6ynca, a=a+ a waptra 3sua. lemak a #2a.
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TapTubaanran apumMxajiKa

11.5.5-tawpud. (4;+,,>) arzebpa yuyu:

1. (4;+,") apumxanka.

2. (4;+,>) mapmubaarean apumepynna.

3. (A;+,>) mapmubnavzan  Apumepynnawune Mycbam  saemeHmaapu
mynaamMuoa kamuoa bumma 3neMeHn Mauxcyo.

4. Vabe A ea (4;+,>) Apumepynnanuxe ¢ mycbam >SReMeHmMU YUVH
a>b= ac>bcnca>ch wapmrap b6axcapunca, (4;+,,>) areebpaux cucmema
mapmubnanzan apumxarka; (A;+,>) apumepynna mycbam snemenmu  (A;+,,>)
Apumxankanunz Mycbam snemenmu oedunaou.

TapTubGnanraH sApuMxanka, TapTHOJaHraH ApPUMMANIOH TyLIyHYanapu
KENTHpWIraH Tabpud épaamupa kuputunamy. Macanau, (4;+,.,0,1;>) anrebpaux
cHcTeMa TapTHOnaHraH spuMMaimoH Oymumu yuyH 1- waptHu (4;+,,0,1)
anmrebpa MailioH OYyncMH ne6 Y3raprupub, KONraH 1apTnapHU Y3 Xonuua
KOJAMPHUII eTapiu.

Arap (4;+,,>) apumxankaga Va,be A sneMeHTnap yuyH n-a>b wapr
Gaxcapunazurad n HaTypad COH MamxkyA Oynca, OyHnail Apumxanka apxumeouq
mapmubnanzan Apumxanka feAunanm.

(N;+,,0,1,>) Hatypan cowiap spuMxankachiga Va,be N yuyn ke N
Tonwnub, a = b + k waprt Gaxapunca, a karra b neimus, y xonna (N;+,,0,1,>)
anrebpauk cucreMa KaTbuUH TaprTuOnaHraH stumxaika Oynagu. By spumxanka
Hamypan cOHAAp mapmubaan2aH Apumxarkacy NeAunanu.

I1.5.6-Teopema. Aeap (As+,,>) mapmubnanzan spumxarka 6yica,
Va,b,a',b'€ A anemennuiap ywyn a>b ea a'>b wapmrapoan a-a' >b-b'
Keaub wuxaou.

Hcbom. Arap a>b 6ynca, ae A" 6ynraHu yuyyH a-a'>b-b'. Y xonna
a>b' Ba beA"6yarann yuyn a-da'>b-b'. > MyHocabar TpaHIUTHB
6ynrannurupad a- a’ > b- b’ Gynanu.

(A;+,,>) TapTHOnaHraH spHMXanka, (B,B,®) sca (4;+,) ApuUMXaiKara
usomopd 6ynran spuMxaika 6ViacuH. ¢: 4 — B uzomopd akcraHTHpHLI 6YICHH.
VY xonna Vb,b, € B yuyn a € A bHuHr a,€ A b, HUHr npoobpasu OYnCcHH.
Arap a, >a,06¥nca, b, anemeHt b, 3nemeHT 6unaH p MyHocabaTaa neimus.

IL5.7-reopema. Azap (4;+,,>) mapmubnanean apumxarka Gyaca,
(B,®,,p) xam mapmubnanzan spumxarka 6ynadu. [lywunz 6unan 6upza >
MyHocabamuunz 6apya xoccanapu p yuyH xam ypunau 6ynaou.

Hcbom. ®apa3 gunaitnuk > A Tymiampa pedrexcuB GuHap MyHocabar
6yncun. Vbe B yuyH wiyHIak ae A MaBxkyn 6yiub, a>a 6¥nagu. Hemak,
f@)pfla,) é&u bpb Oynamu. [lemak, Ounap MmyHocabaT B Tymnmamua
pedniekcuaup. > OuHap Mmyrocabatr 4 Tymnamaa 4YM3MKIM TapTub MyHocabar
6yncuH, y xomma p Xxam B Tymiampa 4usukad Taptub MyHocabar Oynanu.
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XaKuKaTnaH xam Vb.b, € B nsiemcHTaap yuyn fa)=b, ra fla,)=b, 6yncun.
Y xonaa a, =a, 6ynca, f-Ouektus Oynranu b, = b, 6ynaam. Arap a, >a, 6ynca,
fla)p f(a,) €ku b pb,6ynanu. Arap a, >a, 6ynca f(a,)p f(a)) éku b, pb,
6ynann. Xynonu wyHaad > myHocabaTHUHT Goluka Xxoccanapu xam B T¥nnamaa
OaxcapUIHIIKHY TEKWUUPUO YMUKHMLI MYMKHH.

YU3uKJIH TAPTHONAHTAH XAIKAAAD.

11.5.8-rawvpud. deap (4:+,0,>) vusuxnu mapmubnanzan zpynna (4;+,0,)
aneebpa yanka 6yaca, y xonoa (4;+,0,,>) arzebpaux cucmema yusukiu
mapmubaanean XarKa Oetinadaou.

I1.5.9-mucon. BytyH connap xankacH, OyTyH COHNap XajKacuia
aHUKjaHraH Tabuui TapTHO MyHocabatra HucOaTaH YM3MKIM TapTuONaHraH
APUMXANKanup.

ByTyH counap xaikacupa a—b>00ynca, a>b nmeiimus. by myHocabar
OyTyH COHJIap XaJIKacuaa YU3UKIH TapTHO MyHocabatTaup.

Ynsukau taptubnadran Xajikaga > Taptub myHocabar anuknaHrad Gynca,
Va,be 4 yuyn (a>b)< ((a> b)A (a#b)) xkarbuil TapTH6 MyHocabaraup. Arap
< karbuii TapTMO MyHocabar 6ynca, (@2b)< ((a>b)v (a=5b)) myHocabar
HOKaTbUil TapTHO MyHocabaT 6¥nanu.

11.5.10-Teopema. Yusuxnu mapmubnanzan (4;+,0,,>) yarkaoa Kyuudazurap

Ypurau:
I wed )o@>0)

* (Yae A) yuyn (@>0)v @=0)v (-a>0)

@be A )y a-be 4.

4° Vabed ywu (@ -b=0)=@=0)v $>0)

5° VYaeAdna#0yyn a*>0. Py

(3]

6° VYa,,a,,a;,...a, € 4 yuwH

@ +a'+a' +.+a =00 @,=0ra,=0A...Aq, =0).

Hebom. 1° -xoccaumur ucbotu. a € A 6ynca, Tanpugra kypa a+a>0,y
Xonaa @+a)ta)y>a+a)>a+@+a)>0=2a+0>0=>a>0.
Akcunya, a>0 6¥Ynca, a+a>0+a=>a+a>a.

4° * xoccaHuHr ucOoTH. a-b=0 6yncun a=0 Ba b= 06yiacHH, y Xonna
Kyinparu xonamiap 103 6epHILIKE MyMKHH:!

D @>0)A@G>0) 2YEa>0OAB>0) ) (Ea>0Ab>0)

4) @>0AEb>0). .

Arap a>0 8a b>0 6¥nca, ab>0;

Arap —a>0Ab>0 6ynca, —ab>0 & ab<0;

Arap (~a>0)A(=b>0) 6ynca, ab>0; ‘

Arap(a > 0)A (- b>0) 6ynca, ab <0 6yaud, Tacauk waprra 3uA.

Kounran xoccanapHiHr HCOOTH MYCTaKiJl MLLTAL YUYH KOJAMPUIAAH.

n
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Yu3HKIM TapTUOIaHIaH XKUCMIIAP.

11.5.11-tavpud. Aeap (T;+,,0,>) ancebpaux cucmema  wusuKiu
mapmubnanzan xanka, (I;+,,0,1) arzebpa sxcucm 6yaca, y xondoa (T;+,,0;>)
anzebpuk cucmema Yu3uUKAU mapmubaanzan xcucm oetunaou.

(T;+,,0,e,>) &MCM Y4yH KydHuzaru OenruialljiapH  KHPHTaMM3:

a# 0aneMeHT yYyH a' 37IEeMEHTHH g; (Va,beT)A (b#0) aneMedTnap yuyH
a

ab”' ypuura a-% Ba b™'a ypuura %-a ne6 &3amus. Arap eel Oysca,

e +...+ e = ne 1e6 benrunaimus.
€r..7¢€

L]

I1.5.12-reopema. (T;+,,0,e,>) 4u3uiim TaptubiaHraH XucM OyacHH. Y
Xonaa KyHuaard Taciukiap YpUHIu:
1° e>0.

2° Va,beT,a>0/\b>0:>(a-§>0)/\(§~a>0].
3° Va,beT,a>b>0= [a>(a+b)-2i>0)/\(a>2i(a+b)>0).
e e

4° VaeT A VneN,n>1, (a>0):>a>a~i>0/\a>i-a>0.

n-e n-e
Hcbom.

1° -xoccanuur uc6otu. T YU3MKIM TAPTHGIAHTAH XUCM GYTaHIMIH yuyH
e=0.Y xonpa daxar e > 0 €xu daxar -e>0.

-e>0 6yncun, y xonaa -e >0 6yarauu yuyH (-e) >0 éku e > 0. demax
- e> 0 6ynumy MyMKHH dMac. Y xXonna e > 0.

2° -xoccanunr ucbotu. a>0 6ynca, a’ >0. Xakuxkatiau xam, a>a’
6yncun. ¥ xonma a-02aa” = 0> e sumnuar xocun 6ynanu. Nemak a”’ >0 éxu

e . e . . e - -
—>0. a>0 H4 yurpay _I; ra kynaitupub, a- Z >0 HY XOCHJ KUTaMu3.
a

e "
3 a >0 HH ucboTH WyHra yxuau.

0 "
3" - xoccanuHr ucbot. a>0, b>0 nad a+a>a+b>0 éxku

Qe)-a>a' +b>0 kenub uMkagu. By TEHrCHINIUKHUHT y4yana KUCMHHH (2e)7'

ra JaniaH xynaiTupcak, a > §a~(a +5)>0,@+b) Q-e)' >0 xocun 6§namm.
e

e
a>@+ b)2— >0 TEHICH3NMKHM UCOOTH IOKOpHAAruaek Oaxapunanu.
e

0 -
4" -xoccaHHHT HCOOTH. a> 0, a+a>a. Xocun Gynran TeHrcusnmkka # — 1
MaptTa a>{0 TEHICH3NUKHM XagMa-xan Kkywub, na>a &u (n-e)a>a
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TCHICHU3NTUKHHY  XOCHIT KHUNIaMH3. HaTMmaua, TEHICU3NIMKHU MKKalla KHCMWHH

— i - -
(n-e¢) rayanpad kynatupub, a >

-a >0 HMA XOCHUJT KHJIaMU3.
(n-e

4° -XOCCAHMHT HKKHHYHM KHCMH (n-€)-a = a(n - a) naH kenub yukanu.

I1.5.13-Teopema. Aeap  (T;+,,0,e,>) apxemedua vusuxiu mapmubnanzan
ocucm 6yaca, y xoaoa VabeT yuyw wynoaii nme N masxyd 6yaub,
(a>b20):>(a>£>b).

m-e

Hebom. a>b>20nman a-b>0Ba geMak (a—b)">0 EKH

e
>0 xocun
b

6ynanu. ApxeMea akCMOMAacura acocaH WyHaal ne N tonunud, me >

.Y

a-b
xonaa, ((me)-(a—b)>e)=>(a2a-b>(me)".

Apxemen akcuomacura acocad WyHna# ke N Ttonunub k-(m ~e)"' 2a.
Anbarra, k=1 Oymmwumn aén. Y xomma (n+1)-(m- e)'l 2a. UapTHH
KaHOATJIAHTHPAMUIaH 3HI KHYMK HAaTypal COH #  HM TaHnab  oOJcak,
n-a>n-(m~e)‘l.

Hemak. (n+1)-(m-e)' 2a>n-(me)".

ILS5.14-Ttaspud. (4,+,.0,>) unsum Taptubnanrad xanka 6yncun.Vae 4
YUYYH a,—a DBIEMEHTIAPHUHT KATTaCHHH a 2MeMeHInHUHZ abConom KuamMamu
neb arananu.

(A4,+,-,0,>) - yn3uknu TapTubnadrad xankana Va € 4 yuyH abcosoT kuitMat
Ky#upoaru xoccanapra ara:

1° la|=0 < a=0.

2".|a|>0<:>a¢OA

3}~ d=|al

4" a<la|n-a<|d|

Va,be A yuyH

5. ]a +b|< ]al +B|.

6'lal<be -b<as<h.

7 la-bl=la-.

8”.Va,b,k,leA(ISask/\lsbsk)2>|a—b|sk—l.

Hcbom. XoccanapHMHT HcOOTH OepocuTa TabpUhAaH Kenubd YUKaIH.
Macana#,1°- HuHT HCBOTHHM KYPHG unKkamus. |a| = 0 6¥nca, Tabpudra acocan a
Ba — @ HHUHI KaTTacu HoJjira TeHr. Jlemak, a=0.

Axcunua, a=0 6ynca, a=0,~a=06yub, |a|=0 6ynamm.
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XankaHu Taprubnam.

(K+,0) xanka Oepunran ©OyncuH. M Tymnam K TYnnaMmHUHC
TY1u1aMocTHcH 6Yu0, kyiinaaru

l. VaeR yuyn (aeM)=>a#0An-a¢ M.

2. VaeK yasyn a»0=>aeMv-aeM.

3. Va,be M yuyH (a+b)e M v a-be M iuaptnap baxapuicut, y xonga M
mynram K mynnamuunz mycbam snemennunapu myniamu fefinnani. K xaakaHUHD
mycbat aneMeHTap TYiamunu K* opkanu Genrunaiimus.

dapa3 kwiaitiink, K’ =@ 6yncun. YV xonma Va,be K yuyn a-beK"
wapt 6axapwica, a>b nefiMus. “>” MyHocabar K TYIulamza KaTbUd YH3UKIIH
TapTH6 MyHocabaT 6yUMIIMHY KCBOT KunaMu3. XaKHKaTaaH:

1. VaeK yuyn a~-a=0¢ K*. Jemax VaeK yuyu la>a) Svhu, > -
aHTHpedeKCUB MyHOCabaTaup.

2. a>b 6yncun, y xomma a-beK'. K'uunr Ttavpudura xypa
—@-b)eK* éu b-aeK'. Jlemak, |(b>a). Ulynpaii kuwmb, > -
AHTHCUMMETPHK MyHOCabaTaup.

3. VabceK yuyH (a>bab>c)=a>c. XakukatiaH Xam,
a-beK' A b-ceK' 6Yymumpan (@-b)+(b—-c)=a~ceK”, avan, a>c
KeJIMO YHMKalH.

Va#b yuyd a-b#0. lemak, K" uunr Tavpudura kypa a—-be K+ &ku
—(@-b)e K,y xonna a>b &u a<b 6ynamu.

IOkopuparunapgan > MyHocabar K Xxajikaza KaTbHil 4YM3MKIM TapTub
MyHocabat 6ynanu neb xynoca yukapcak 6ynany.

Vabe K yuyH a>b=a+c>b+cAnc+a>c+b. XakukaroaH Xxam,

a>b=a-beK " =@+c)+G+c)eK” .Jlemak, a+c>b+c.

Va,be K Ba ce K* 6yncun, y xoiaa a>b=>a-c>b-c. XakukaTaaH xam,
@>b)=>a-beK )=a-c-b-c=@-b)ceK " =a-c>b-c.

[lyupait kunub, aHUdKIaHrad MyHocabar K HM KaTbUfl UM3UKIU TapTHO

MyHocabatu 6Ynu6, K Hu TapTubnaHraH Xxaikara aitTaHTUPHLIM MyMKHH 9KaH.

®apaz xunaitnuk (K,+,,0,>) karbsuil 4u3ukau TapTHOAaHTaH Xajika 6yicun,
y Xoma a> 0 WapTHH KaHOATJIAHTHpajuraH fapua s1eMeHTnap Tyamuau K
opkanu Oenrumafimus. By Tynmam K  Xankanuer wmycbar anemeHTnapu
T¥ruamMugan ubopar 6yaanu. (Mc60T kub kypuHr) Ba K™ # .

Xynoca kunub aitraguran 6yncak, Kyiunaru Teopema HcOOT KUAUHIM:

I1.5.15-Teopema. (K ,+,,0,>)-yarkanu xamoul wuzuxau mapmubranzai
xankaza ainanmupuw yuyn K =@ 6ynuwu 3apyp 6a emapnu.

IL.5.16-Teopema. (A+,,0,>) (B+,,0,>) wusuxau mb})mu6/1aH2aH xankanap
6yaub, (A+,:0) xarka (B+,,0) yanxanunz kucm xaikacu 6yncun. A* A nunz, B*
Buunz  mycbam snemenmuap mynaamu 6yicun. >, mamub > mapmubHune
daeomu 6yauwu yuyn A* < BT wapm 6axcapunuwiy 3apyp éa emapnu.
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Hc6om. A° < B" 6yncuH. VYa,be 4 yuyH a>b=>a-be 4’. Jewmaxk,
u-be B )= (>, b).

DHAH a> b Oyncun , y xonma a=b. Jlemak, a-be A" &ku
—(a-b)e A" . Arap a-be A" Gynca, a>b.

Arap —(a—-b)e A" 6ynca, —(a—b)e B’ .Bysca a>, b waptra 3ua.

Takpopnau yuyH caBojjap

Taptub myHocabat neb Humara airunanu?

TapTnb MyHocabaTHHUHT Typlap.

Yusuisin tapTHONaHrad TYniam ned HuMara airunagn?
Taptubnanrad spumrpynna ne6 Humara aktunagu?
TapTtubnanran rpynna n1e6 Humara aittunanu?
TapTubnanran spumxanka aed Humara aiitunanu?
TapTubnanrad xanka Ba TapTubaanrad Maitgod Huma?
Yusuknu taptubnanran anredpanap Aeb Humara aituinanu?

PN R

Mawknap

I. ByTyH COHNap MyJIbTUIUIMKATHB TIPYIMHIaCHHM YM3HKIH TapTHOiai
MYMKHH 3MaCITHIHHU UCOOTIIAHT.

2. Kuckaptupuwl OakapunlaguraH KOMMYTaTHB spHMIpynna Myc6ar
3NeMEHTIapUHHHT HUFUHAMCH MycOaT 6YNULMHN HCOOTNAHT.

3. Karseuit yu3ukiu rapTMbiaHraH spuMmrpynna mycbar sneMeHTIapHHHHT
HUFUHIMCH MycOat OV nuunHu HcboTnaHr.

4. Slpumrpynna 4M3UKIU TapTUONaHraH OYNHIIM yuyH. YHHHT HUXTHEDHIA
yexnd 6yw 6ynMaraH tynaaMocTucu ¢akat OWTTa 3Hr Karra OJJIeMEHTra 3ra
6ynuium 3apyp Ba €Tapiy SKaHIUTMHY UCOOTHaHT.

5. Taprtubnadran KOMMYTAaTHB, KHCKapTHPHLL 6axapwiaaurad
ApuMrpynnajga Mycoar ajeMeHTAaH KarTa OynraH aneMeHT Mycbar 6yiIMaciauru
MYMKUHJIMIHHH HCOOTIIAHT.

IL.6- §. HopmanaHraHn maiigonnap

(A+,,0,1) madinon Ba (P;+,,0,1;>) un3uknu TapTubnanrad MaigoH Gepunrau
6¥ncuH.

A A - P akcnantupuul y4yH Kyiunaru mwaptaap 6axapHincuH:
1. Vaed yuyn A(a)20.
2. Afa)=0<=a=0.
3. Vabe 4, A{a-b)<Aa)- A(b).
4. VYabe A J(a+by<Ala)+ Ab).
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Y xonga A akcnaHTHpHuW A4 MaidaoHaa P YM3MKIM TapTHONlaHraH MakiaoH
OpPKANtM aHUKJIAHTaH Hopma deiiunagm. (A, P, 1) yunuk 3ca Hopmananzan mMatiooH
nefnnanyd. A MaiaoH 3ca P uM3MKIM TapTuOnaHrad mafaoH opxanu 1 Hopma
b6unan Hopmananzan MaidoH neAnnanm.

Anabuérnapna A(a) Hu YpHura 6absan |a| €3ys nuutatinany.

I1.6.1-mucon. R TapTHOGnanraH XakMKuil COHMap MaiioHuaa ﬂ:a——)[al

aKCJIaHTHpHULI HopMa O¥nanu.
11.6.2-mucon. A uxtnépuii mainoH R xakukuil coHnap maizgouu OVIICHH.

. l,agar a+0;
Vae A yuyn u(@)=

Y xonga x4 HopMa OYNHIUMHM TEKUWIMPHII KMiMH dMac. (4,R,u) yunuk
TapTHbnaHrad MaifaoH 6Ynub, u mpusuan nopma nenunany.
IL.6.3-mucou1. P unsuinu TaprubnaHras Maition 6yncuy, y xonma a — [q|
akcnaHTdpHm P na Hopma 6ynanu.
I1.6.4-mucon. O paiHoHan coHnap MaiinoHu 6¥ncuH, P Ty6 coH, 6 3ca
(0,]) uHTepBanra Ttervuutm OupopTa pauMoHan coH OyncuH, fpHM 0<@ <1
6¥ncuH.

0, agar a=0.

HUxtuépuit «a pauMoHan CcoHHH a=p” -%, »,a)=1,(p,b)=1, neZ
WApPTNapHX KaHoamIaHTHpaiuraH KWiub €30 omMuw MyMKHH. Macanas,
7 7 7
p=l a -7 6yncun a=7"-—. Arap a=-—— 6yaca, @ =37~ kypunHmza
8 8 27 1
€341 MYMKHH.

4,(@)=0" aKCnauTHpHULI PaLMOHAN COHNIAp MaiAoHKHAa HOPMa OYAHILKMHK

TEKLWHPUO YMKAHTHK:
1. A(a)=6">0, A(O)=p" -0=0..

2. Arap a= P—ﬂ P75 (0,0)=(0,a,)= (p,b)=(p,b,)=1 6¥nca,

a-f=p" bb , (p,a,,a,)=(p,b,,b,)= 6ynanu. b xosja

Ma-B)=0""=0"-0" =2(a) AB).

J.a=p" :—', p=p" szi O6YNCHH aHUKIKMK Y4YH n>m OefIHK, y Xosda

1 2

A

~a -a m . a - D abk +ba,)
a+pB=p b—'+p b—2=p (p -+ p b—z)=p L‘b—b~‘—,
1 2 1 2 172

(p,p""ab, +ba,)=1, (P,bb,)=1.
Hemak, A(a-B)=0"<6"+6"=A(a)+A(f). By Hopma p-adux Hopma
newunany. by Hopmauu A opkand benrunab onamus.
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[1.6.5-Tteopema. A nopmaranzan maidon, Ha H sca a€ A daesenm Hopmacu

b6yncun, ¥ X010a Kytuuoazi xoccaidap ypuna:
1 y=1.

2% |F=1.

3¢ a¢0:>”a"”:”a|{' .
& Jal-lpl <l
Hebom.

v =y == = 1.

2 == g == =

3% =fa-a|=lal-Ja|= o~ =l -

11.6.6-HaTux)a. A Hopmananzan MABiOOH OYACUH, Y X0N0a KYUudazu xoccaiap
Ypunau:

" |- al =Jal.

2 fla-&"=lal - ol -

3 Yl > ] -6 - al

Hebom. 1. |-a|=|-1-a|=|-1|-|a|=1|a|=]a} xosran Tacauknapxu
HCOOTH LIyHra yX1lall I0KOpHAa HCOOT KMITMHTaH TeopeMaaH Kelnub YUKaau.

HopmanaHran mafiioH1a KeTMa-KeTIHKIAP.

Busra A maiinoH P yusukiu taptMOnanrad maigoH , 1- A garu P maiinoH
OpKaITH RHUKJIaHraH HopMma Gepunral 6YJICHH.

IL6.7-Tavpud. A maudonoa anuxranzan {a,}:, Kemma - Kemauxk y4yw
wynoati ¢ € P monumu6 , Vne Nyuwyn Aa,)Sc wapm baxcapuica, {a,}.,
Kemma — KemauK 4ecapaianzan Kemmd - Kenauxk oetuunaou.

11.6.8-teopema. {a }, kemma - Kemaux 4e2apananzaw Kemma — Kemaux
b6pnuwu yuyn wynoau ¢ € P* masocyo 6yaub, YN\ne N yuyn Ala, )< c wapm
badicapunuwiu 3apyp 6a emapau.

Hcbom. {a,} uerapananran kemma-xkemiuk 6yncuH, y xonga Vae N yuyH
3 ceP’ Mg )<cOynanu. Hamwxama A@,)<c+! AxcHHYa Vne N yuyH
JeceP ,Aa)<c= Aa )<c.

I1.6.9-rabpud. 4 nopmaranzan mawdondazu {a,}., Kemma — Kemaux yuyH
VeeP', @n,e N)A(WnkeNY n>n, A k>n), Aa,—a)<e  wapm
baxcapunca, {a,}T kemma - kemaux 1 Hopmaza Hucbamaw gyHOamenman
Kemma-Kemaux 0euunaou.

11.6.10-Teopema. 4 nopmananzan maioondazu {a )}, Kemma — Kemiux

QyHOamenman Kemma-kemauk Gyrual yuyH Kyuuoazu wapmuiap 6axcapunuuiu
3apyp 6a emapiu:
Veel ,3n eN,VYuleN, n>n  yuyd Aa,, —a)<e¢ ™)
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Hebom.  {a}., dynaamentan KeTMa-kemivk Oysicun, y  xonza
VeeP', dn,e N, Vnke N, n>n_, k>n, yuayn
A, -a)<e ., nzn, 6ynca, n+/2n,. Jemax, Aa,, —a, )<e. SbHu *)
mapT 6axapunaan. Akcunua (*) wapt Saxapunca, n>n, , k> n,, aHUKIUK
YYyH k>n ge6 dapas kuwicak A, ~a,)=> A@,.4_n —a,)<e. [Jemak, {a,}]
(yHIaMeHTaNl KeTMa-KETJIHK JKaH.

IL.6.11-Teopema. {a } , dyndoamenman remma-kemaux Gyauwu yuyH
VeeP', 3n,e N ,VneN, n>n, AMa, -a, )<& wapm Gaxcapunuuu 3apyp
éa emapnu.

Hcbom. FOkopyaaru TeopeMa ucbotura yxwaiu 6axapuinanu.

IL.6.11-tavpud. A nopmananzan maidondazu {a,}., xkemma — KemAux

- +
bepunzan  6yacun. Azap Vee P yuyn 3n,eN, 3ac 4, n>n, Oan
A@,—a)<e wapm baxcapunrca, {a,}., KemMa-kemauk a Inemenmaa
AKUHAQUIAOU Oetunaou.

Arap {a, }7, KeTMa-KeTIMK @ 3JEMEHTra AKMHIAUICA, a JMeMeHT {a,}’
KemMma-KemauKkHuHz Yeku éxu aumumu pedunagy Ba {a ). —a neb &xu

lima, =a ne6 &wunamu. Arap lima, =0 6ynca, {a,}’, KeTMa-KeTIUK wopma

nH—rx Hn—rx
6ytiuna Hon kemma-Kemauk neAunan.
IL.6.12-Tabpud. {a,}’ ea {b,} . xemma-kemauxrap yuyx lim(a, ~b,)=0
H—>x

EY

wapm 6axcapunca, {a,}> 6a {b,}", xemma-kemruxnap menz kywau Oetiunadu éa
{a,}z, ~{b.}:, xypunuwuoda berzunanadu.

I1.6.13-TeopeMa. ~ myHocabam 3K6UGANREHIMUIUK MYHOCABAMUOUD, AbHU

1. ~ — pechnexcus.

2. ~ — cumMmempux.

3. ~ — mpanzumuenux MyHocabamuoup.

I1.6.14-Teopema. (A4, P, A) Hopmananzan matioon 6epurzan 6yacun. ¥ xonoa

A maiidondazu A Hopma OYVluNa AKUHAQULYEUU KemMa-Kemaux QyHoamenman
Kemma-kemaux 6ynaou.

Hc6om. Dapa3 kunaiinuk lim a, = a 6yncun, y xonga VreN, n> n, yuyH

n—-x

Aa, —c)<%£ 6ynca, Vu,keN, n>n, n k>k, =

1
AMa, -a,)=Ma,—a+a—-a, )< Aa, —a)+/1(a—a,,)<5£+%g=e.
Hemak, A(a, —a,)<e.
I1.6.15-Teopema. (A, P,u) Hopmanakrad MalioH Gepunran GYICHH. Arap
1. {a,}.., {b,}., A maiinonna pyHnameHTan KeTMa-KeTIIMK Byca, y Xonaa,
{a,+b}:, Ba{a, — b} KeTMa-KeTIMKIAp XaM QyHOAMEHTAN KETMa-KETIUKIUD.
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2. Arap {a,}., —a 8a {b} , —b Oynca, y xonaa {a, +b,},., 2>a+b sa
{a, b}, —a-b 6ynamu.
3. Arap {a,};, —0 Ba {b }  — 0 uerapanaHrad ketma-keTNnHk Oyica, y

n=l n=t
xonna {a,-b,} —0.

4. Arap {a,} ~{b,} Ba {c,};, derapanaHraH keTMa-KeTmJIMK 6yica, y xonna
{a, c,} ~{b, -c,} 6¥nann.

5. Arap {a,} ~{b,} 6ynca,y xonna {a, +c, } ~{b, + ¢, } 6ynann.

6. Arap {a,} ~{b,} 6ynca, uxTuépuili GUPHHMHT OGyHOAMEHTaN KeTMa-
KETAMK OYNIMIIMIAH HKKMHYMCHHUHT XaM (yHJaMeHTal KeTMa-KeTIHK Gynuiiu
kenub umkagu. by keTMa-keTnMKnapiaH UXTUEPHH OHMPHHUHT SKHHIAULYBYH
OYyMILMAAH HKKHHYMCHHUMHT XaM SKHUHIAWYyBYH OV UK Keaub YuKaIy.

7. Arap {a,} Ba {b,} keTMa-keTAMKNAp yHIAMEHTAN KeTMa-KETAUKAAp
6ynca y xonma, {a, b,} KeTMa-KeTIMKAap XaM (yHIaMEHTan KETMa-KeTJMK
6ynagu. Arap {b,} KeTMa-KeTIHK HOJI KeTMA-KeTNUK 6Ynmaca Ba VaneN ydyu

n

a .
b, =0 6ynca ;} xaM dhyHAaMeHTan KeTMa-KeTIMK Oynanu.
n=l .

8. Arap {a,}.,, {b}., KeTMa-keTIHKIap sKkuHIawys4u, {a,}—>0 Ba

n=12

{b,} — b 6yaca, {a, -b,} > abCynanu; arap b= 0 Ba VneN yayn b, =0 6ynca,

Gy

y Xonza -2 6ynanu.
b b

Taxpopyaui y4yH casosuiap

1. Hopmananrax maiinoH TabpuHHU aliTUHT.

2. Hopma xoccanapuHu aiTHHT.

3. CrauMoHap keTMa-KeTIMk Jeb HuMmara ajfrunagu?

4. HopmanaHran MaliioH/a derapananrat KeTMa-keTivk aed HuMara aitrunanu?
5. Hopmananrax Maitnonza yerapanaHrad KeTMa-KeTnuk ned Humara adtunann?
6. Hopmananran malifonza GpyHaaMeHTan ketMa-KeTiMK 1e6 HuMara afrunaan?
7. Hopmananran MaiiioHAa SKHHJIAYBYM KeTMa-KeTAHK 1eb HuMara aikrunanm?
8. DOKBUBANEHT KeTMa-KeTIHKIAP TabPUPHHU aATUHT.

Mamkaap

1. PauunoHan coxnnap MaiioHHHH Ky HMIaru4a HopManaiMus:
¢ 0<c<| wapTHU KaHOATJIAHTUPUYBYH XAaKUKHUH COR OYJicHH. Y XoJma MXTHEpPHi
palLHOHAN COHHMHI HOpMacH cudatupa |¢f HM omammu3. PauuoHan cosnap

MalIoHM KMPUTHIraH HopMmara Kypa HOpMalaHraH MaiifoH OYJULWHHK
HCOOTRANT.
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2. Hopmananran wMmafinoHaa xap KaHAald SKUHAAUYBUKW KETMa-KeTNIHK
(yHIaMeHTaT KeTMa-KeTJIMK 0¥ THIIMHK UCOOTIAHT.

3. Hopmananran majlnonaa ¢yHIaMEHTal KETMa-KeTIHKIAp HUFUHIMCH siHA
dyHIaMeHTaT KeTMa-KeTIIHK 6YTHIIHHU ucBoTIaur,

4. HopmanaHnraH MmaiJoOHJa OJKBUBAIEHT KeTMa-KeTIMKIapaaH Oupu
dyHnameHTan KeTMa-KeTIMK OYica, MKKMHYHCH XaM ¢yHIaMeHTan Kerma-
KeTMK 6YnuiuuHY ncboTnaHr.

5. Hopmananran MaloHZa OJKBHBAICHT KeTMa-KeTJMKIapaaH OHpH
AKHHJIAIIYBYH KETMa-KeTIMK 6¥Nica, HKKMHUKCH XaM SIKMHJIALIYBYM KeTMa-
KeTNIUK O¥nuiuHu ucboTnar.

6. HopmanaHraH MaiJoHIAa KETMa-KeTAMKIAPHHHT  JKBUBAIEHT/IMK
MyHocabaTH pedneKcHB, CHMMETPUK, TPaH3UTHB OuHap MyHocabar
3KaHJIMTHHY HCOOTNAHT.
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111 BOb. AKCUOMATHK HA3APUSIJIAP
HI.1-§. MaremaTuk Hazapusiiap Xakuaa TymyH4a °

AKCHOMATHK Halapusa/lapHH ApaTHILAa KYJUTAaHWIAOUraH akCHOMaTHK METOA
Uly MaTeMaTHK Ha3apus 0OBeKT/Napu opacHiarv 3Hr COjia XoccanapHu Hdgona
KWIMILTA aCOCNAHTAHJINTH Y4yH MaTeMaTvK QaHiapHd aHuK HQona KHIIKIL
uMKoHuHM Oepanu. by comna xoccanap akcuomanap ne6 aranub, ynapra
acocnanub Teopemanap ucboTnanany.

Marematukaga 6Upop TywyHuYaHd TabpudiaranuMusga GomiKa COATAPOK
TyllyHuanapiat oinananunany. Jlekun ywa coana TywyHuanapud udoganaw
yd4yH sHa Oowka OMp TyuwryHuanap MUutaTHIMIUM Tabuuil Ba X.k. Ly Hykrau
Ha3apAaH Kapacak, 6u3 6ab3n OMp TyulynwanapHM Tabpudcusz kabyn Kunuiura
MaxOyp Oynamus. DBy TylwyHuanapHu akCHOMaTWK HA3apHSHUHT aCOCHH
TyuwyHuanapu aeb araiimus.

Xynnu myHpak, 6MupopTa MaTeMaTHK TACKMKHU HcOOT KMIranumMusia 6owka
1cOOT KWIMHIAH TacAMKnapaaH doligananamus, UcOOT KWIMHIAH TaCAHKNAp XaMm
¥3 HaB6aTHaa OOLIKa TacAMKIapra acocnanub ncbotianaau Ba X.K. LLyHHHr yuyH
Oab3u TYFpuIMrM 1yGxa TyrAuMpmaiiinrad TacAMknapHd ucborcus  Kabyn
KuMura Max6ypmus. By Tacaukiapiu akcuoManap aeb ataifmMus. AkcuoManapra
acocnaHud Teopemanap ucbor kunuHagu. By 3ca akCMOMaTHK Ha3apUSHMHT
Ma3MyHHMHU TALIKMII 3TalH.

AKCHOMAaTHK Hazapusanap ¢opman Ba MasMyHiu (HOOpMasn) akCHOMATHK
Hazapusap ne atajgafuraH UKK{ Typra 6yauHany.

MaaMyHIM akCHOMATHK Ha3apuafa KENTUpMO YMKapyill KOWAANapu aHuK
6enrunab kyiunmarad 6ynub, y KYNpoK MHTYUUHUAra acocfaHraH Ha3apusiup.
SAvau, Oy Hazapuana Teopemanap MHTYUIMATA - aCOCHAHTaH KOwJanapaax
thoinanaHub ncbornanaau.

Ma3MyHIYM  aKCHOMATHK Hazapuara - rpynnanap - HasapuscH, ' Xaukanap
Hazapusac Mucon 6yna onanu.

DopMan aKCHOMATUK HA3apHus 3ca KyHuaary cxema acocuaa Kypuiaau :

Haszapus tinu 6epunanu.

dopmyna TylyH4acH aHUKIaHaIY. . :
Axcuomanap ne6 aranapuras acocuit Gopmynanap pyiixatu 6epuna.un
Kentupub unkapuur koupanapu caHab 4ukunagm.

bus acocan 6upunuu mapmubau mamemamux Hazapusanap ned aralagurad
Hazapussap 6unan wyrynnaHamus. By nazapus Ouzra ManiyMm 6yarad acocuit
MaTeMaTHK Ha3apHsIapHY KypuW yuyH erapnuaup. ByHnait Hazapusnap 6an3aH
anemenmap wHazapuarap e xam  aTananu. -BupuHum . TapTHONM . THAZA
NPEIVKATHUHI  apryMeHTH, npeaukar &k . ¢yHkuug Oynrad  npeaukariap,
KBAaHTOp Ounau GOFnaHraH npeaukar kv GyHKUMANAp KapanMaiau.

B
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Takpopaauw y4yH caBoJuiap

AKCHOMAaTHK METOJ XaK1/a TyluyH4a OEepHHT.

AkcuoMa GuiiaH TeOpeMaHMHT GapKyHW alTHHT.

AKCHOMATHK Ha3apHsAHH KYPHUII CXEMaCHHH KETTUPHHT.

Ma3sMmyHnu akCHOMAaTHK Hasapus XaKuaa TydlyHua OepHHr Ba MHCON
KEJITHPHHT.

QopMan aKCHOMATHK Haszapus XakuAa TyUyH4Ya OEepHHI Ba MHCOJ
KEJITHPHHT.

II1.2-§. Bupunuu TapTubau Tua

VxTuépuit TabMaTinM CUMBOJUIAPHMHI Yewkid Tyramu - W Oepunrad
6yncus. By TynnamHu 6upHHYM TapTHONM TUNHUHT arugbocu ned ataimuz. W
anudbonary CUMBOJUTAPHUHI YEKIIM KeTMa — KETJIMTMHM OUpHHYM TapTubau
TUIHHHT cy3aapu aeiimus. Ukkuta a, ..., a, Ba b, ..., b, cyanapHuHr Moc
xapnapH TeHr, AbHH a,=b,, . . ., a, =b, 6¥nca, b6y cysrap menz pelinnanu.

®apa3z kunaitnuk, 6upop GHUp akcMOMAaTHK Haszapus Kapaiaérrad 6yncud. W
— my HazapusHUHT anudbocu, U — aca ury Hazapusparu cysnap Tynnamu 6YncuH.
Y xonpa, ( W, U ) xxydmInK Kapana€rraH Hazapuanuxe muny Jennanu.

BHpUHYH TapTHONM THUI oOpKand OMPUHYM TapTHONM HasapHaap
udonanaHany. BupuHYM TapTUOAM Hasapuanap, yMyMaH OJIraH[a, KOKOpUAA
aHTraHUMU3ICK MNpPeAUKaTIap XUcOoOMHM Kampad ojaau. SIbHH, NpeaMKaTnap
XMCOOMHHHI CUMBOJUTApH, akCHOMaNapy, GopMyJialiapH, KENTHPHO YMKapuiTyBuu
¢dopmynanapu GupuHuM TapTH6aH Hazapuara KMpagd. YHOAH TallKapu, OupuHun

TapTHONMH Haszapuaza f”( i,m; € N) -n ypuwn QyHKUMSHUHT CUMBOILIAPH
KaTHaWHMIIK MyMKUH. Llly MyHocabar 6unad 6upuHuM TapTubiau tinaa popmyna
TyLIyH4Yacd OMpo3 KeHraTHpHIaIH.
BupuHuM TapTvbn¥ Hasapusanapaa HMKKM XWi1 HGOAAnap HIUNaTUNAiu.
Bynap Tepm Ba popMmynanapaup.
1L.2.1-tavpud. [ V3zapyeuu npeomemnap, doumuii npedmemuap, AvHu
KOHCManmanap mepmoup.

2. Az2ap t,, ..., t,—nap mepmaap, A — n ypuuau arzebpaux aman éynca, y
xonoa A (ty, ..., 1t,)— mepmoup.
3.bowxa mepmaap iyx.

Taspudnan kypuHamukd, anrebpank aman OOFIOBYMIApH BOCHTACHAA
TepmiapHd 6oFnab xam y3rapyBuM NpeaMernap, KOHCTaHTalapiaH (apkiu
TEPMJIAPHH XOCHM KIWIHLIHMH3 MYMKUH 9KaH.

IIL.2.2-tabpud. (bupuHuu TapTHOau Hasapusaa GopMyia TyLIyHYaCcH).

A —n ypuuau npeduxam, t;, . . ., t, — mepmaap 6yacun, y xon0a
A(t, ..., t,)—@opmyradup.

Aeap 3 ea R nap gopmyaanap 6yaca, y xon0a
AR, IVvR, I=>N,/J - nap xam gopmynanapoup.
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Aeap I gpopmyna, y — sprun yzeapysqu 6yaca . y x0a0a Vy3 e¢a Iy 3T
ughooanap xam ¢opmynarapoup.

1, 2, 3 nywkmaapoa awnuknanean @opmyrarapoan mawkapu 6Gowka
dopyynarap Giyx.

[Mpenukatnap xucobuHuHr Oapua akcHoMalapu OWPHHYM TapTHOIH THI
yuyH Xam YpuHiu 6¥aub, Oy akcuomanap GUpHUHUH TapTUOU THIHHHI MaHTHKUI
akcuoManapu aekunani. Bynnan Tawkapu OMpuH4M TapTHOAM TN 6unan udoxaa
KWIIMHAETraH Xap OUp HalapUsHUHI ¥3ura XoC akcHOMaiapu xaM Oynamu. By
aKcHoOManap HazapusfaH Hazapusra yTranga ysrapu0® Typaau. [yHuur yuyn
yJapHH Maxcyc akcdomanap aeb artaimus.

Bupunuu Taptubnn Tun Ownad udona kunuHaouraH Aedpau 6apua
Hasapusapra TEHIVIMK aKcHoMalapy KUPHTWIamd. Yrnap KyHuaarwiapaad
ubopar:

I, x=x.

I, x=y=>(A(x)=>A(y))

Bupunun TapTHOIM THANA NpeAMKATNAp XUCOOMHUHI KeNTHPUO uukapuiu
KOUZANapuHUHT 6ab3uiiapura Y3rapTUpUIIAD KHPUTUNAAN.

I1L2.3. ( §’3rapyslm npeaMeTIapHH aIMallITHPHLI KOMJACH ).

Azap 3 kermupub uuxapunyguu Qopmyaa 6yaca, y xonda Joazu
V3eapysuu npeomemnu I oa G0NAHeAH Y32apy6HU RpeOMemaap KAMHAUMA2aH
mepm Guran anmaumupcax, xocun Gyrean uhooa sna xermupub yuxapunysuu
Gopmyna 63naou.

I11.2.4. ( 93rapyslm NpeAUKaTHU aIMAITUPULI KOMOACH ).

3 keamupub wuxapunyeuu ¢gopmynadazu n ypuwnu F (t;, .. t,) -
NPeOUKAmMHYU KOANU3UA Xoramu 103 bepmaiuduean Kumd RN (6, ..., 8,) —
dopmyna bunan armawmupcar, ocun 6ynzan ugoda ana keamupub YuKapuryeuu
popmyna 6ynaou. By epoa t;, .., t,; B, ..., 8, nap bupunvu mapmubau
Hazapusdazu mepmaapoup.

Bouika kenTrpub YMKapuil KOMJAIapy Y3rapUUIiCU3 KONMaau.

Bupundn  tapTHOnM TUA y4YyH TMNOTe3aNapiaH KenTUpud 4uKapuiyB4M
dopMynanap TylyH4acH, AENyKUMS TeopeMacd npelaukatTiap XHcoSumarunaH
awiad Qapk Kuamanau. JlekuH Ma3MyHaH KenTHpUO YMKapuiTyBYH (gopmynanap
XaKuga ranMpraHdMM3fia  IOKOpPHMAa  KEITHPWIraH  KenTHpuO  yuKapHi
KOMZANapUHH 3bTHOOpra OJIMIIMMH3 3apyp.:

I11.2.5. Hasapus THAMHHHT HHTEPIpeTAUHsSICH.

Hasapus TUNHHUHT MHTEPNPETALHMACH TYLIYHYACH OUNaH TaHUIKG YUKaMu3.

(apa3 kumaiinuk, W — T¥nnam HasapusHuHr anugbocu 6yacun. W' — aca
6omika 6MpOpTa aKCHOMATHK EKH HHTYHTHB HA3apHAHMHT CHUMBOJUIADH TYILTaMH
(anucbocu) 6¥ncun. W TYnnaMHUHr Xap GHp meMentHra W' HHHT aHHK 6uTTa
IEMEHTHHM LIyHIOAH MOC KYsIMH3 — KM HaTWxkana, W garu KoHcTaHtara W’
Jaru koHcTaHTa, W na ¥3rapysuM npeamerra W' naru y3rapyBud npeamer Eku
KOHCTaHTa MOC KejicMH, W 1a aHuknaHran xap 6up mnpeaukatrra W' na
AHMKJIAHTaH ATOHa npeaukar, W Aa aHMKIaHras xap 6up dyHKuMoOHan cumBsosira
W’ na aHMKNaHraH aHuk OMTTa (YHKUMOHAI CHMBOJI MOC KeJICHH. Y Xonja
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6MpHHYM HazapuAfia aHMKIaHraH Xap Owup wndomara MKKHHYM Hasapusna
aHUKJIAHTaH aHuK Wdopa Moc Kenaaud. AHMKPOK Kuaub adTtanuraH Oyscak,
OupHHYK HasapuaJaru xap OUp TepMra MKKMHUYM Ha3zapualaH aHWK OGUTTa TepM,
6MpUHYH Ha3apusaaru xap Oup dopMynara MKKMHYM Ha3apusard aHukK OuTTa
dopmyna Mmoc kemagu. Y XxonJa HMKKHHYH Ha3apus OMPUHYH Ha3apUAHHHT
udonacu Eku unmepnpemayuscu NeAnIaIH.

Arap OMp Ha3apHSHHHI Xap OHp KeNTHUPHO YMKapUIyB4HM (QOpMYynacH wy
Ha3apMAHHHI MHTEpIpeTaudAcHaa aiHaH pocT ¢opMyna Ekd  KeaTHpHO
YHKapwiIyBud ¢opmyna Oynca y xonna Oynpmalt uHrepnperauus Gepunrad
HA3apuAKUNZ Modeau JeHUNany.

I1.2.6-tavpud. Sepurzan nazapusnune ukkuma W,, W, — mynramnapuda
QHUKNAH2aH UKKuma unmepnpemayuacu bepunzan 6yacun. W, , W, mynramaap
opacuda wyHoai y3apo 6up KuiMamau MOCAUK, AbHU Ouexmu@ MOCAUK
yprwamunzan 6yacun. Hamusxcada, 6upuwwu unmepnpemayusdazu xap 6up
y32apyeuu npeoMemaa UKKUHYU UHMepnpemayuadazu y3zapysyu npeomem,
bupunyu unmepnpemayusddzu KOHCMAHMAZA UKKUHYU UHMepnpemayusoazy
KoHcmanma, OGupunyu uxmepnpemayusdoazu xap 6up n ((n = 0 ) ypuuiu
PyHKkyuoHan CUMGONZA UKKUHYU UHMEPADEMAyusoazu N Jpunau QyHryuonan
cumgon, bupunyu unmepnpemayusoazu xap 6up n (n 2 0 ) Ypunnu npeduxam
CUMBOAUZA UKKUHYU uHmepnpemayusoazu n ( n 20 ) ypuniu npeduxam cumeonu
Moc Kyuunean 6ynub, Hamuxcada O6upuwdu unmepnpemayusoazu xap 6up
Keamupub vuxapunyeuu (aiinan pocm) opmynaza uKKUHYU uHmepnpemayuaHunz
Keamupub wukapunyeuu (ativan pocm) ¢hopmynacu moc keica, y xonda bynoaii
UKKUMa unmepnpemayus uzomopgd deuunadu.

IIL.2.7-raspud. Acap mamemamux Hazapuawuxe xap Kauoau ukKuma
MoOeau usoMopgh 6yaca, OyHOQd MamemMamuxk HQA3GpUA KAmMvUd  HA3QpUA
deiiunaou.

EBkiun reoMerpuscd, Harypan COHNap HasapuacH, OyTyH coHnap
Ha3apHsCH, palMOHaJl CORIAap Ha3apUACH, XaKUKHHA COHJIAp HAa3apHACH, KOMILIEKC
COHJIap Ha3apHsAcH KaThHUil MaTEMaTHK Ha3apusnapra MUcON 6ynia onaau.

--I'pynnanap HasapuAcH 3ca HOKAaThH{i aKCHOMATUK HazapHsara MHcon 6yna
OonajH.

Takpopaau y4yH caBoJaap

1. MaTeMaTHK Ha3apHs TWIH HUMa ?
2. BupHHuM TapTHOIM THA XaK1Aa TylyH4a OEpHHT.
3. bupunuM TapTHOIM Ha3zapHsaza GopMyia TYHWIYHYAaCH TabpUPUHU
afTuHr.
4. BupuHuYY TapTHOIM THITHUHT MAHTHKHUI aKCHOMANIapUHH KEeJTHUPUHT.
5. BUpHHYY TapTUONH THWIHHHI KENTUPUO YUKapHLl KOMIANApHHH alTUHT,
6. iHTepnperauus xakuaa TyiyH4ya 6epuHr.
7. MateMaTHK Ha3apUsHUHT MOAeNH Huma?
8. pynnanap akCHOMaTHK Ha3apHiCH MOIENIMIa MUCOJUIAP KENTUPHHT.
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I11.3-§. MaTeMaTHK HA3aPUANAPHUHT 3HACH3NHMK, TYAUKIHK,
eYHJIMII MyaMMoJiapu

3UACH3NHK MyaMMOCH.

HL3.1-Ttabpud. deap mamesamux nazapusoa I ea /3 dopmynanap
Keamupub wukapuryeuu 6yncd, OyHOQU MAMEMamuk HA3apuatap 3udousmiu
MaAmeMamuK Ha3apuanap oewuaaou.

SUIIMATIIM HA3apHAHM KYPHUIIHHHT MabHOCH HYK, UyHKH OyHaal Hazapuama
Xap KaHaai Gopmyna xenTupub dnkapuiyBuM ¢popmyna 6¥nanu.

~

Xakukarnal Xam, - 3 Ba + 13 6ynca, y xonza + 3 A 13 6ynanu.

o~

BynnaH, uxtuépuit R dopmyna yuyn + I A 13 = R skaunurn xenu6

ypkaau. By dopmynara ( MP ) kounanu kynnacak, + R 6ynanu.
111.3.2—rawpud. Mamemamux nasapusdoa I éa ! dopmynarapoar
xkamuda bummacu keamupub yukapuimaiouzan opmyna oyaca, bynoai nazapus
3u0dCuU3 Ha3apus 0euunaou.
MareMaTUK Ha3apUAHUHT 3UIOCH3NUIUHY KYpPCATHLI YUYH, LIy HA3apUSAHHHT
KaMuJa OUTTa 3u/CHU3NTUIY MabTyM OYIIraH MOReMHH KYpCaTHL eTapiiu.
XaKkvKatoaH XaM, OepuiradH Haszapus 3MLIMATIM HazapHa 6¥nca, y xomnga

~ o~

wyHpait 3 Qopmyna Tonmmub, - 3 Ba H | 3 6ynap sau. Y xonma 3
¢dopmynara Mozenia Moc keiran 3, 13 ra momenma moc kenaguran | I’
dopmynanap xam kenTHpub unkapunyBun ¢popmynanap 6¥inb, Moaen IUATUATIH
6ynap anu.

I11.3.3-mucon. I'pynnanap HazapuscH 3MACU3 Ha3apUAAUp. XaKUKATAAH XaM,
Macanad, G = { -1, 1 } HKKM 37ME€MEHTIH MYJIbTHIJIMKATUB Ipynna rpynnanap
Ha3apHACH YUyH 3uICU3 Mozaen 6ynamu.

MaTtemaTHK Ha3apUAHUHT KEHr MabHOAa TYIHKJIMIH.

II1.3.4-Tavpud. Aeap mamemamux nasapusdazu uxmuépuii 3 gopmyna
yuyH 3 éxu /3 Gopmynarapoar kamuda bummacu Kenmupub vukapuryeuu
dopmyna 6ynca, 6yHOal axcuoMamux HA3APUA KeHZ MAbHOOAd MyauK HA3apus
dediunaou.

Arap MaTeMaTMK Ha3apus KeHr MabHOAa TYynuK Oynca, Oy HasapUAHHHT
uxtHépuil 3 ¢opMynacu Exu Oy HOpMYyJSTAHMHT MHKOPH HXTHEPHH Mojenia
KenTUpubd YuKapuIyBuu hopmyna 6ynanu.

MarteMaTHK Ha3apUSAHUHT TOP MabHOAA TYIHKIHIH.

H1.3.5-tavpud. Aeap mamemamux nazapua axcuomanapu cucmemacuza wy
Hazapusaza ucbom KuauHmMauouzan @opmynanu akcuoma cugamudd Kpuuo,
kenmupub uuxkapuW KOUOWIapUHU Y32apumicu3 KOoAOUPCAK, HAmMuxdCaoa Xocun
Oynean Hazapus 3udousamau Hasapua O6yrca, y x010a MAMeMamux Ha3apus mop
MavHoOa myaux dedunaou.
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TakpopJaam y4yH caBojjap

1. MaremaTuk Hazapusanapaa 3MIACH3ITMK MyaMMOCH.
2. MareMaTuk Ha3apHUsanapHUHT TYIHIVIATY JeraHaa HUMaH| TyluyHacus?
3. MareMaTHk Hazapusnapaa e4uIMI MyaMMOCH XaKu/1a HUMatapHu 6unacus?

II1.4-§. MaTemMaTHK Ha3apusjiapra HamyHanap

I11.4.1. Kucmal TapTubIaHULI Ha3apUsACH.
By Hasapuana uxku ¥punid P npeamkar katHawud P(xy) — « x <y »
MyHocabaTHH 6unaupany.
By HazapUAHHHI MaxcCyC aKCHOMaJIapH :
Lvxl(x<x ) — anTHpedIEKCUBIIMK MyHOCabaTH.
ILVX VX, V5 (( X1 < X2 ) A (X2 < X3) = ( X < X3 )) ~ TPaH3HUTHBIIHK
MyHocabatu.
by Ha3apusHMHT UXTHEPUA MOIENM KUCMaH TapTUONaHraH CTPYKTypa
AeHunagu.
II1.4.2. Fpynnanap HazapHscH.
Ipynnanap HazapuscuHu udojanamt yuyd OWTTa Npeaukar CUMBONM A Ba
6urra dyHKuMoHan cuMBon f Ba GUTTA @) — KOHCTAHTA eTapiH.
A(t,s),t=S NpelUKaATHH;
f(t,s), t+s -amanuu;
a; — 0 H1 GUIAMPCHH.
I'pynnanap HasapHsCHHHHI MaxCyC aKCMOMANapH Kylinaarunapaan ubopar:
VX VX VX3 (X+ (X2 + X3 ) = (X + X3 ) + X3 ) — ACCOUUATHBITHUK.
vx, (0 +x,=x;, =x;, +0)— 0 HUHT XOccacH.
VX 3xX; (X1+X=X+X,=0) — KapaMa-Kapiliy 3JIEMEHTHHUHT MABXYJIUTH.
By HaszapuAHMHT Xap KaHAai MOJeny rpynna aeitunaay. Macanas, ( Z; +, 0 )
— OYTYH COHJIap rpyNMacuIup.
II1.4.3. Hatypan coHaap Ha3apHscH.
Harypan connap HasapuscunM udoga Kwiull yuyyH koHcTaHta 0 ; yHK-

LIMOHAJI CUMBOJINAP: +, -,  (OMpHM Kymum); « = » NpeJHKaT CHMBOJIH €TapiIH.
By HasapHsSHUHT Maxcyc akcHOMaslapH Ky#iuaarunapiaal ubopar:
X) = X3.

X)=X2= X3=Xj.
X|=X2=>(X1=X3:>X2=X3).

(VE-S O

X1 =X = X =Xs.
X1+ 0=x,.

Xi+X' =(x1+X%X3)".
x;-0=0.

X]"X2'=X|'X2+X|.
A(0)=(YX(A(x)A(X )= VXA(X)),
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OyHna A { X ) — HATYpaJl COHJIAp HA3APUNCHHUHT UXTUEPHHA (OpPMYTACHIKD.
10--akcnoMa ¥3uaa 4ekcusz Ky akCHOMAllapHW My»KaccamslaraH cXemaaup.
YHu 0[aTaa MaTeMaTHK WHIYKUWS NPUHUKMIK 1e6 aTaiaunap.

11.4.4. Tynuxkeusauk xakuaa ['énen reopemacu.

1931- #un K. I'énen dpopman apudMeTHKaHUHT TYJIUK 3MACTUIHHU KYpcaTHO
6epnu. SAwHM xeu Oynamarania dopMan apudbMeTHKaHH Kampab onraH xap KaHzai
dopman Hazapuaaa WyHaai énuk 3 dopmyna Tonunubd, I HU XaM 13 nu xam
Oy Hazapusna ucbor kb 6ynMacnurunu kypcarnb Gepau. ByHnmau Tamkapu

e~

6ab3u wapTiap 6axapunranga I Qopmyna cudaTtiia Wy Ha3apus 3UACH3 AeraH
TacAMK OJIMHULIM MYMKHMHIMIMHHA McboT kunub 6epau.

Taxpopnam yuyH caBonnap
1. MaTemaTHK Ha3apuanapra MUCOIap KENTUPUHT.
2. T'énen TeopeMacyHK TYUIYHTUPHHT.

3. MareMaTuK Ha3APHANAPHUHT MAHTUKWI Ba MaXcyc aKkcHoOManapH
opacunaru GapkiapHu aiThHr.
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IV bOBb. COHJIU CUCTEMAJIAP
IV.1-§. Hatypaa conyiap MasmMyH/IM aKCMOMAaTHK Ha3apHACH

BowiaHFuy TywyH4anap Ba Gejrunaap

Hartypan counap Tymiamu, GUpRMK DJIEMEHT HaTypal COHNIap aKCHOMAaTHK
Ha3apUACHHHKHI acOCHii TywyHYanapu 6¥aub, ynap taspudceuz Kabyn KUIHHaIHM.

Harypan connap tymnamMuHu — N, OUpNUK 3neMeHTHH — | cuMBoiap
Kypuuuiunaa 6enrunab onamus, yHaaH TalWKapu +, - CHMBOJLIApU OPKAJIM MOC
paBHuIAa N Ty¥ruiaMaard KUK Ba KyMakTHPHIL aMaiulapy OenruiaHaim.

by Gemrunapaan Ttamkapy 3lced — A ra TerdiwIM AroHa ¢ 3JIEMEHT
MAaBXXyUIMTHHH WdopanacuH; a+b opKaiu a Ba b IeMEHTAAp MUFUHAMUCHHY,
A+ B opkann aca {a+b|Vae AAVbe B} Tynnam Genrunadanu.

IV.1.1- mucoa. {1,3}+{7,8}={8,9,10,11}.

HaTtypaJ connap Ha3’apHsICHHHHI aKCHOMAaNapH.

1°. le NAVa,beN yuyn a+b#1 apun, 1 Hatypan coH Gynub, Gup xeu
KaHJal HaTypall CoHnap MMFMHAMCHra TEHT 3Mac.

2°. VaeN yuyu 3la'e N a'=a+1, 1bHH Xap KaHZall a HaTypajl COH y4yH,
6eBocta @ JaH KeHHH KETyBYH ArOHA a' HaTypajl COH MaBxy ..

3°. Va,be N yuyn a+1=>b+1 6ynca, a=b Gynamu.

4°. Va,be N yuyH a+b aHuknavran 6ynca, (a+b)+l=a+(b+1). by
akCHOMa + aMajiM¥ aCCOUMaTHBIMIMHMHI  EHTWUIALITHPUIraH KYpUHUILK
AeHunany.

5°.Vae N yuyn a-1=a.

6°. Va,be N yuyH ab+a Ba a(b+1) udponanap aHuknauwraH 6¥ica,
ab+a=a(b+1) 6ynanu. By akcuoma KYynmaWTHUpHIL aMaWHU KYwMil amaiura
HucGaTaH AUCTPUOYTUBIMIHHUHT €HMWUIAIITUPUIITaH KYPUHUINU AeiinIamu.

7°. Arap M Harypall COHNap TYINAMUHHUHT TYIIaMOCTHCH 6YHb, 1€ M Ba
VaeM 6ymmuupgan a+leM xenub uukca, y xonga M =N 6Ynamgun. By
aKCHOMa MHIYKLMS aKkCHOMAacH AeHunaiu.

Takpopnain y4yyH caBosjiap

1. Harypan connap acMomanap cucTeMacHiary acocuil TylIyHYalap Ba
GenrunauuiapHy alTHHT.

2. Harypan conyiap akCMOMaTHK Ha3apusACH aKCHOMaflapHHH alTHHT.

3. MHAYKUHA aKCHOMaCHHH TYIIYHTHPHHT.

4. MareMaTHK HHIYKLUUA METOOAMHUHT KaBAai TypJapuHy 6unacus?

5. MareMaTHK MHIyKUMA METOAM OMNaH HMHAYKUMS aKCMOMacCHHHUHI (apKUHM
TYLUIYHTHPHHT.

6. DOneMeHTap MareMaTyKaAaH MaTeMaTHK WHIYKUMs MeToau  Ouiad
UcOOTIaHaAMraH TaCAHK/IAPra MUCOJUIAP KEJITHPHUHT.
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Mamrkaap

Ky#ugarunapsu ncOoTnanr:
Arap M uxtuépuit tynnam 6yau6, (M daxar HaTypan coHnapaaH ubopat
Bynmacaury xamMm MyMKuH) Ky Auaard waptnap Saxapuncus:
lel ;
VaieNrnaeM>a+leM.
Y Xonga Hartypan coHnap TymiaMu M TYnnamMHUHT KHCM  TYruiamu
6y nuiwunKu ucbotnanr.
2. UcbotnaHr:
(4"+15n-1):9.
(x)+... X p) 1= X 24 ...+x,,2 F2(X; Xp + .. X o X ) -
n’(n+1)?
—
1 1 1 n+2
(1-a--a- -0 " mia
1 | 1 4
et — = ————
-5 5-9 (4n-3)4n+1) 4n+1
- 11+ 221+, 4+ n-n!=(n+t1)! - 1.
(63" +3" 243y 00,

xrﬂl _ l

1+2%+ . . +n’=

l+x+x%+ ... +x"= 1~(x¢1).
Y-
4" (2m)!
< > .
n+l  (n))”
I 2 n 1
—t =+ =]-— .
23 (n+ 1) (n+1)!
——l»—+ ! +...+—l>1~3—(n>1).
n+l n+2 2n 24
n n+l
A2, 2 — = ! +——2——"7(lx(¢l).
l+x l+x? T+x¥ x=1 [-x?
1 1 1
—t —t .+ >1
n n+l 3n-2
n(n+1)
1-22432- 47+ .+ (D" 'aP= (!
27 n? n(n+1)
— et o+ = .
1-3 3-5 Cn-D2n+1) 2Q2n+1)
1 1 1 n

—t——t ..+ = .
14 4.7 Bn=2Gn+1) 3n+l

www.ziyouz.com Kdtubxonasi



IV.2-§. Hatypan coHaap TynaamMuaa Kyimur aMaiH Ba YHHHT
xoccanapu

IV.2.1-Teopema. (KyWMIU aMaiMHU aHuKnaw). VYa,be N yuyw wynoai
azona ce N maeoicyo 6yaub, a+b=c 6yraou.

Hcbom. MaTteMaTHK HHAYKUMS akcHoMacHaaH ¢oiinananud ucbotnaimus.

Hcbor TymyHapnu 6ynuimM yuyH, aBBai, UCO0THH a =1 GYiraH xon yuyH
Kypub uukaMu3. 1 Ba b HaTypan CoOHNiap y4YyH SrOHa ¢ HaTypall COH MaBxyl
6yau6, 1+ b =c TeHrnuk Ypuunn 6ynanurau 6apua b nap TyruiaMMHH M| opkaiu
6enrunab omamus. Y xonma leM,. XakukariadH xam, 2°- akcuomara acocad
I'=1+1.

beM, 6ynaca, b+leM, OynmumHn ucGoTnaiimus. 4°-akcHomara acocad
1+(b+1)=(Q+b)+1, y xonna 2°-akcuomMara acocan 6esocuta (1+b) naH keliuH
KEJTyBUYH ATOHa 3NIeMEHT MaBxyA. (1+b)+1=(1+b). Hemak, b+1eM,. Y xonna
MHAYKUHA akcuomara acocaH. M, = N, AbHH | Ba uxTuépuil b Hatypan connap
Y4YYH yJapHUHT AHFUHIMCH OYiiran sroda 1+ b HaTypan coH MaBxKyx.

HcboTHu uxTHépnii a HaTypal COH y4yH TakpopyaiiMu3. M, OopkaId a Ba
b HaTypan coHnap y4yH yNapHUHr HHFHHIUCH OYnraH sroxa a+b HaTypan coH
Maexyn 6ynanuran 6apua b HaTypa/l COHNAp TymuaMHHH OeArMiaiiuk, sbHH,
M, ={b|3lce N a+b=c}. VY xonna,

1) N, akcuomara 3Jla'e N a+1=a'. lemak, le M .

2) be M, 6yncus b+ 1=0b'e M, 6¥nHIIMHN KYpcaTamMus.

be M, 6ynca 3lceN a+b=c. byrma a+(b+)=(a+b)+1=c+l=¢".
Unnykuus dapasura xypa firoHa ¢ Masxyn. 2°-akcuomara acocaH ica Arosa c'
maexyl. lemax, c+1leM .Y xonna, MHAYKIHMA akCHOMacura acocad M, = N.

IWynnait kumnb Va,beN yuyd dlce N a+b=c.

MHnyxuns akcMomacHMiaH MareMaTHK WHIAYKUMS MeToaM Ae aramanurat
KyHhugard tacauk Oesocuta kenub uvkanm:

IV.2.2-TeopeMa. x — wamypan cowea 6ozaux Oynzan P(x) npeduxam
6epunzan 6yncun. Azap P(l) - pocm 6ynub, wxmuépuii keN yuyn P(k)
pocmavzudan  P(k+1) pocmuueu wenub wuwuxaou. Avnu, VkeN yuyu
P(kY=1-P(k +1)=1 6juca, y xonda VneN yuyu P(k) pocm mynoxazadup.

Hlynpait kunub, P(x) npeauMKaTHUHT Xap KaHaail xeN yuyH POCTIHMIHMHU
UcOOT Kunum yuyH:

1) P(1) poct 6ynumu ucbor kwiMHanu. By kanamuu 6u3 undykyua 6azucu
ne6 arafimus. h '

2) k Harypanm coH yuyH P(k) poct neb ¢apas xunuHagu. By kamam
uHoykyus gpapazu neb aranany.

3) P(k) poct 6ynummpan P(k+1) poct 6ynuim ucbot KwinHaau. By kanam
uHOyKyus ucbomu neAnnany.
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1V.2.3-Tteopema. Hamypan counaap myniamuoa Kywai arianis accoyuamus
amanoup, avhu, ¥ a,b,ce N (a+by+ia=a+(b+c).

Hebomuu MaTeMaTHK MHOYKLMA MeToaAH OunaH Oaxapamus.

1. Unpgykuus 6azucH. Arap c=1 6ynca, (a+b)+1=a+(b+1) Teurnux
TYFpUInry 4°-akcuoma tacauruaaH ubopar.

2. Uapykuus dapazy. ¢ Hatypan coH yuys (a+b)+c=a+(b+c) TEHINUK
TYFpu e dapas Kuiaiux.

3. UcBor. 4°-axcuomara acocan (a+b)+(c+1) = (a+b)+c)+1. Unaykuns
dapasura acocad ((@+b)+c)+1=(a+(b+c))+1, abuy, 4°-akcHoManu xucobra
oincak (@a+(b+c)+l=a+(b+c)+1)=a+(b+(c+1)) TeHrnMkka 3ra 6ynamus,
yxomua (a+b)+(c+)=a+(b+(c+1)).

UlyHnatt kumub, VceN Ba QuKcUpnaHraH a,b HaTypan COHIap Y4yH
(a+b)+c=a+(b+c).

a,b Hatypai coHnap ¥pHura OolliKa HaTypan coHaap KyHuO, HcOOTHH cy3ma-
c¥3 Takpopnail MyMkuH. lemak, Va,b,ce N yuyn (a+b)+c=(a+b)+c.

IV.2.4-teopema. Vac N yuyw a+l=1+a.

Hcé6om. 1. UHaykuns 6asucH. a =1 6¥nca, 1+1=1+1.

2. Uunyxuus dapasu. a+1=1+a Oyncun.
3. Munykuus dapasrra Ba acCOUMATHBINK KOHYHHIA aCOCaH
(a+D+1=(0+a)+1=1+(a+1).

IV.2.5-teopema. Hxmuépuii a,b namypan connap yuyn a+b=>b+a, avuu,
HAMYPAn COHAAP MPYNAAMUOA KPULUUL AMANU AMATU KOMMYMAMUE amaioup.

IV.2.6-Treopema. Va,b,ce N yuyn a+c=b+c mewznuxoa a=5b keiub
YUKAOU.

Yiwby TeopemanapHHHT ucboTH YKyBYHMIApra XaBoa KUIMHAIM.

Takpopnau y4yH casonnap

1. BuHap anre6pauk aman TabpuduHY ARTUHT.

2. KommyTtaTus 61Hap anredpank aman ned Humara ajitunanu?
3. Accouyarur OuHap anreOpauk amMan TabpuduHy aliTUHT.

4. Hon §puHny anrebpank aMalHy TyUIYHTHPHHT.

Mawknap

I. Hatypan cownmap Tyrnamuaa MXTHEPHI HaTypan COH YUYYH YJ@pHHHT
AMFUHIMCH stHA SFOHA HATypas COHAaH ubopat 6¥nuMHN HcboTnaHr.

2. Xap kaHma#t a,b HaTypan coHnap yuyH (a+b)+l=a+(b+1) 3KaHIWTHHH
acoCaHr.

3. HaTtypan connap Tymnamuaa KYIUHLI aMajid acCoUMATHB aMATM SKAHJIUTHHM
ucboTinanr

4. IxTuépuit ¢ HaTypasl COH yuyH « + 1=1 + @ 3KaHIMrMHK UCOOTAAHT.

5
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5. Hatypan connap tynnamuaa KyLHIU aMajid KOMMYTAaTHBIIMIMHH HCOOTAHT.
Va,beN y4yH a+2 = b+2 3KaHJUTHHHK UCOOTNIAHT.
Va,beN Y4yH a+b'= b'+b = a = b IKAHJIIMI'HHH UCOOTIIAHT.
Va,b,ce N yuyH a+c=b+c = a=b IKAHIUTMHU UCOOTIAHT.

IV.3-§. Harypaa coHnapHu KynaiTupHi Ba YHUHT X0ccanapH

IV.3.1-teopema. Xap xanoai a,b namypan cownap yuyn wynoai szona c¢
Hamypan cox Magxcyo 6yaub, a-b=c menzaux ypunnu 6ynadu.

Hcbom. MaTteMaTHK HHIYKLHS METOOH OPKaIM UCOOT KHIaMK3.

1. Uuaykuus 6asucu. b =1 6yncus, y xonaa 5°-akcuomara acocan a-1=a.

2. Munykumns dapasd. b HaTypan COH yyyH liyHAa# sroHa p HaTypan CoH
MaBxyx 6¥nub, a-b= p 6yncun.

3. Hcbort. 6°-akcuomara acocau a-(b+1)=a-b+a, uuaykuns ¢apasura
acocaH WyHAall AroHa p HaTypas coH MaBxya 6Ynub, a-b+a= p+a. Wkkura

HATYpaNl COH YYYH YIApHUHT HUFMHAMCU OYnrad aroHa HaTypall COH MaBXKYX.

HcOoTHM sAKyHIMawl yuyyH HUXTHEPHH MKKUTA HATypaln COH YYYH YJIapHHHT

AuruHAMCH 6YIIraH AroHa HaTypasl COH MAaBXYJIMTHHU 3CNaLl €Tapiy.
IV.3.2-teopema. Va,b,ce N yun (a+b)-c=ac+bc, savnu, namypan

COHNApHU Kynatimupuwi amanu Hamypan COHAAPHU KPULUuL amanuza Hucbaman
4an momoKOaH oucmpubymug.

Hc6om. 1. Unnykuus baszucu. ¢ =1 6yncun, y xonga 5°-akcuomara acocas
Va,beN yuyd (a+b)-1=a+b=a-1+b-1.

2. Unnykuus dapasu .(a+b)-c=a-c+b-c 6yncun.

3. HUcbor. (a+b)-(c+)=alc+1)+b(c+1) TeHIIUK YpuUHIH OYIHUIAHU
KypcaTaMus.

Xakukaraas xam, 6°-akcuomara acocad (a+b)-(c+ ) =(a+b)-c+(a+b),
nekMH HHOykuus ¢apasura k¥pa (a+b)-c+(a+b)=(ac+bc)+(a+b).
K¥yumHMHr Xoccanapura acocal (ac +bc)+(a+b)=(ac+a)+ (bc+b). Oxpuru
udonara 6°-akcuoMaHu  Kyinaiimus, (ac+a)+(bc+b)=a(c+1)+b(c+1).
Iyugait kumub, (a+b)-(c+)=a(c+1)+b(c+1). lemak, Va,b,ce N yuyn
(a+b)-c=ac+bc.

IV.3.3-Tteopema. Vae N yuyn a-1=1-a=a.

Hc6om. 1. Unpykuus 6asucy. a =1 6¥ncun, y xonma 1-1=1-1=1.

2. Unpykuus dapasu . a-1=1-a=a 6¥ncuH ned dapas xunamus.

3. Ucbot. (a+1)-1=1-(a+1)=a+] 6¥nummHN Kypcaramus. XakuKaTaaH
xam, 5°-akcuomara acoca (a+1)-1=a+1=a-1+1. Unnykuus dapasura sa 6°-
akcHomara acocad a-l+1=1-a+1=1-(a+1). ldemak, (a+1)-1=1-(a+1)=a+1.
Hlynpait kwub,Vae N yuyn l-a=a-1=a.

IV.3.4-Tteopema. Va,be N yuwyn a-b=b-a savwu, namypar counapwu
Kynaumupuut KOMMymamue.
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Hcbom. 1. b=1 Oynacun, y xonna rokopuiaa McOOT KuaraHMMusra kypa
al=l-a.

2. b HaTypan coH yuyH a-b=b-a 6yncun.

3. atb+)=(b+1)-a Oynummuu ucboT Kuaamus. 6°-aKCHOMa, KKOpUAA
ucbor KHJTMHIaH Teopema Ba dapasra Kypa
alb+l)Y=ab+a=ba+a=ba+1la=(b+1a. lemak, a(b+1)=(b+1)a.

IV.3.5-Teopema. V a,b,ce N yuyn c{a+b)=ca+ch.

Hcbom. FOkopuaa ucbor KUIHHTaH Teopemanapra acocaH
cla+b)=(a+b)c=ac+bc=ca+ch

IV.3.6-Teopema. Va, b,ce N yuyu (a-b)-c=a-(b-c).

Hcbom. 1. (a-b)-1=ab=a(b-1)

2.(a-b)-c=a-(b-c) 6¥ncun.
3. (a-b)(c+1)=abc+ab=a(bc+b)=a(b(c+1)).

UlyHnait xunub, HaTypan CoOHNap TYMIaMH KYWHL Ba KynaTHpuin
amajTapura HUcOaT KOMMYTaTUB ApUMXaika 6yauwM Uc60T KunuHau. Bynpau
cYHr (N+,") — anreGpanu namypar conrap Apumyankacu ned ataiMus.

OHaM  Ky#iupard  OenrunaumiapHd  Kabyn  KWAMIOHMH3 — MYMKHH:
1={2},2=, @1 3=0., L} saxk L={0{J{D,.{J}..}}} 6¥ncun.

Arap uxTH€puit ne N yuyH n+lcubatuma {&-n} Tymnamad  Kabyn
KWiIcak, Xocun O¥nran tynnam yuyH [leaHo akcuomanapuHu OaXXapHJIMILMHH
TEKIUPUO YMKML KUHKH amac.

Arap xocun OynraH Oenrunawmapra kypa 1+1={J,{Jd}}=2. Xymau
wyHpat, 2+1={J2}={D{B{D}}} =3, wyHra VYxwaw, 3+1=4 Ba XK.
OYnuLMHY UcOOT KUAMLLI KUAMH IMac.

DHIM KopHUaaruiapra acocauub 2 -2 = 4 6ynuiMHY Kypcaramua:

2:2=2-(1+1)=2-1+2-1=2+2=2+(1+)=2+D+1=3+1=4,

Wy ycynpa 2-3=6, ..., 9-9=8] TeHrMMKIapHU XaM HCOOT KUIHLL
MYMKHH.

Takpopaai y4yH caBoJjap
1. Harypan coxnap tynnamuaa kynaiTupuil aMany Kauaai aHuknasanau?
2. Kynaittupui aMmanuHuHr KaHaai xoccanapusu 6unacus?
3. Kynaltupvil amanuHMHr Kywum amanura HdcbataH YHr Ba  yan
JAUCTPUOYTHBIMIY KOHYHNIAPUHU TYLUIYHTHPUHT.

Mawmkaap

1. Kyfinparunapuu ucbornaur:

1)25=10:
2)9-7 = 63:

PNI2-3=36.
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1V.4-§. Hatypan connap T¥naaMmnaa TapTub mysocadatu

IV.4.1-tabpud. Azap a 6a b namypan connap yuyn wywdai k namypan cow
monwiub a=b+k menzruk ypuuau 6yaca a wamypan cow b Hamypan coHoaw
xamma Oetimus 8a a > b 0eb berzunaimus.

I'=1+1 Oyarauu yuys 1'>1 ne® €3mUMMH3 MyMKHH. SIbHM < OuHap
MyHoca6at 6y 6ynmaraH Tynnam.

I1V.4.2-teopema. Hamypar counap mynaamuda aunuxiarean "<" 6uuap
MyHocabam mapmub mynocabamoup, avhu "<' — aqumUCUMMEMpPUK 6a
mapuumug myxHocabam.

Hcbom. Arap a>b 6ynca, y xonna b>a 6yna onmMacnurtHu kypcaramus.
a > b 6ynca, Tabpudra kypa Ik e N, a=b+k(1).

Qapa3 Kwaitnuk, b>a OYyncuH. Y xonga wyHpadh /e N Tonwnuo,
b=a+1(2) 6ynamu. (1) Ba (2) nan a=a+(I+4k) xocun 6ynanu, GyHuHr 3ca
6¥nuun MyMKHH 3Mac.

Xakukarnad xaM, 1. a=1 6ynca, 1=1+(k +b). By aca 2% akcuomara 3ug.

2. a#a+(k+1) 6yncu.

3. a+l#(a+1)+(k+]) OYnmmuuuu k¥pcaramus. TeckapucuHu (hapa3

Kunamu3. a+1=a+1+(k+1) 6yncun, y xomna a+1=(a+(k+1))+1. Duau 3°-
aKCHOMaHH Kymwnacak, a =a+ (k+1) xocun 6¥nanu, 6y sca unayxuus ¢apasura
3un. Hlynmait kunmb "<" MyHocabaT aHTUCUMMETPHUK MyHocabaT OYIHILKHY
ucbornaguk. OHaM "<" MyHocabaT TpaH3MTHB MyHocabar GYNMHIIMHEM ucBoT
kunamus. Papas kunaitnuk, (@ <b) A (b<c) 6yncun, y xonua wyHnah k sa [/
HaTypan coHnap maexyn 6yaub a=b+k, b=c+/! TeHrnuxnap ypuumu 6ynanu.
Y xonna, a=b+k=(c++k=c+(+k).SAvan a=c+ (I + k). llemak, a>c.
IV.4.3-teopema. Xap kawoaii a,b wHamypan couaap yuyn Kyhiudazu
macouxaapoan gaxam Gupuzuna ypuHau
1 a=b;
2. a>b;
3 b>a.
By Teopemany UcOOT KHIMII YYYH ONAMH KyHHJard JeMMaHu HcOoT KUIub
OJIaMHU3.
IV.i4.4-nemma. Yae N namypan con yyyw a#1 6yaca, y xonda 3ke N
6yaub a=1+k menzaux ypunau 6yradu.
Hc6om. Arap a=1 6¥nca, Teopema Lraptu 6axapunmaiiny. /lemak, xynoca
XaM BaxxapaniuIy MyMKiH 3Mac.
OQapaz  Kunafinuk, a yuyyH Teopema TYyrpu Oyncud. VY  Xonna
a+1=(1+k)+1=a+1=1+4(k+1). STpHU Teopema TYFpH.
Teopema ucbomu 1 b=1 6¥ncun. Y xonma a=1 6ynca, a=5b. Arap a#1
6ynca, nemmara acocad a =1+ k.Y xonma a>1.
2. b ydyH TeopcMa TYFpuU OYncun, AvHM, b=a, b>a, En a>b
WIAPTIApHHUHT ¢aKaT OUpH 6axapuaCHH.
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3. b+1 yuyH XaM Teopema YpHHIIM OYIuILIKMHK ncbothaiimMus.
Arap b=a Oynca, b+1=a+1 6ynub b+1>a. Arap b> a 6ynca, wyHnaii
k tonunud b=a+k €xu b+1=a(k +1) skannuruaan b+1>a 6ynagu. Arap
a>b 6ynca, wyHnait | Tonunub a=b+/. By xonaa, arap /=1 6ynca b+1=k,
arap /=1 6ynca, wyHpait &k Tonmnmd [=1+k Oynamu. ByHnan
a=b+(1+k)=(b+1)+k, apuu, a>b+1 O6ynuuu parwan. Jemak b+1 yuyn
XaM TeopeMa TYFPU 3KaH.
ByHpad kefiud a > b Oysnica, bCOHM a COHMIAH KH4UK ned TylyHMIIUMHU3 Ba
b < a €3yBHM HUUIATHIIHMU3 MYMKHH.
(a<b)v(a=b) Ypuura a<b; (a>b)v(a=b) ypHura a=2b &E3ys
vinarunaau. AbHu Tabpudra kypa
as<b=(a<b)v(a=b);
azb=(a>b)v(a=b).
LlyHuHraek,
a<bab<c=a<b<c;
a>bab>c=a>b>c.
IV.4.5-teopema. Hamypar connap myniasuoa
Kyuuoazu xoccanaped 32a:
1".Va,beN ywyn azb=>a>bvb>a.

"o_n

<" MyHocabamu AHa

2°.Yae N yuyn _|(a >a).

3°.Va,be N yuyn a>b=>(b> a).

4. Va,b,ce N ywwn a>brb>a

5°.Vae N yuyn a+ a> a, avnu xap kanoaii namypan cox Mycbam.

6°.Va,b,ce N ywyn a>b=>a-c>b-c, #pHH > MyHocabar KynanTUpHl
amanura Huc6aTaH MOHOTOH.

Takpopaa yuyH casoJiap

1. Taptu® myHocabar TabpudHHH aliTHHT.

2. Katbuii Taptib MyHocabaTu neb Humara aiitunann?

3. Hokarwuit TapTH6 MyHocabaTH neb HMMara alTunanu?

4. Yusukan tapTud MyHocabati aeb HuMara adtunaam?

5. Kannai tynnam TYnux Taptubnanrad TYmiam gefiniaau?

6. Hatypan connap tynnamura taptub MyHocadatH kaHaai KHpuTHnanu?

7. bunap myHocabaTra HucbaTaH MOHOTOH OuHap aman neb kaHpait GuHap amanra
afTunagu?

Mamknaap

1. Xap kannait a,b,c € N yuyn a+¢>b+c < a'> b IKaHIMIMHU UCOOTAHT.
2. Xap KaHpait a.b,c € N yuyH a-¢ = b ¢ <> a = b 3KaH;IMTHHHA HCOOTNAHT.
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3. Xap xaHnait a,b,c € N yuyH a-c > b-c <> a > b 3xkaHnMruHu ucboTnaHr.

4. Xap kaHgai a € N yuyH | < g 3KaHIUrMHM HCOOTNIaHT.

5. Xap kaHpai a,b € N yuyH a < ab 3KaHIUTHHH UCOOTNAHT.

6. Xap kauzaii a,b e N BautyHnail c € N yuyH b:c¢ > a dKaHIMIMHHU UCOOTIIAHT.
7. Xap KkaHpmait a,be N yuyn a+l2bab>a=b=a+| >KaHIUIHHU
ucboTnaur.

8. Xap xaHpait a,b € N yuyH a+1>bAb2a= b= a sxaHnuruHu ucboTNaHr.
9. Xap kaumait a,b € N yuyH 2a # 2b+1 axaHnuruny ucbornar.

10. Xap kannai a,b € N yuyH a’ = 2b* 3kaHnUrMHK HCOOTIAHT

IV.5-§. Hatypan coHiap aKCHOMATHK Ha3apUsiCH XOccalapu

AKCHOMANIap CHCTEMACHHUHT JPKHUHIMIH,

AKCHOMATHK Ha3apUAHUHT (4) aKCHOMacH KOJIraH akCHoMalapaaH KenTHpub
YMKAPMaCIIHIMHH HCOOT KWIIHHCA (4) KonraHnapupaad spriau Aed aranagu. Arap
aKCHOMATHK Ha3apuAHHHI Xap OMp aKkcMOMacu KOJTraHnapHiaH 3pkau Oysiica
6yHnait akcuomamux Hazapua spxkau DeRHIATH.

AKCHOMATHK Ha3apHsHHHT 6Hpop (4) akCMOMAacHHH KoJraHnapupaH Kenut
YMKMACIMIHHH KEATHpHII Y4YyH (A)- akcHoma Omxapuimai xosrad ©Oapya
akcHoManap 6axapunaanrad unmepnpemayus Kypuill eTapiu.

HHaykuMsa akCMOMAacHHHMHI OOlIKA akcHoManapAaH Kejlud YMKMacIMTHHH

Kypcarailnuk. Z, = 5,1} - 2 moayn Oyiinua yerMpMmanap Xalkacu Oepuiran
6yncud. N'=Nx Z, Tynnamaa

@0 6, y)=G+bx+y)

@,V G,y)>=a b,x-y)
Teurmuiap opkamd N Tynnampa @©- xywuw, ®- KynailTHpuu amaniapu
aHuknaHrad GyncuH. Xocun 6ynraH (N, ®,@) -anre6pa Hatypan coHsap
aKCHOMATHK Ha3apuaACH YYyH WMHTeprnperauus Oymaub, Oy uHTepnperauusna
HHIYKUUA aKCHOMacH OaxapuiMaiiny, KoiraH akcuoManap 3ca Oaxapuiay.

XakukaToaH xam,

1. (1,1) anemeHT OHpNUK 3NEMEHT 6YAMO, ([1,5]+ b, y)=a+ b,; + ;]= (L1)
6ynca, y xonnma a+b=1 6yHpaii 6ynuium MyMKHH 3Mac.

2. &,?’5+ @, D= (a+1,Xx +1) aroHa 3neMeHT OYNULIK paBIaH.

3. @o+AD=@G,7)+0])  Gepwmras  Gyncus, y  xomja
@+Lx+D=G+Ly+1) 6ynub, a+l=b+1, x+1=y+1 6ynranna
a=b, x =y kenub 1ukanu. Avhu (@,06)=(b,y) 6ynamu.

4. (@,0)+ (. y)+ GL1)=Ua, X))+ b,y N+ (LD).

5. @,0)-Q,D=(a-1,x-1)=(a,X) 6¥nuwM paBLIaH.

6. (a,X)- ((b,y)+ D= (a,x) (b,y)+ (a,x) 6ynuuu pasuiaH.

7. MHaykuus akcroMac 6axapUIMaciury paBLiaH.
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Xakukataad xam, M ={2aMjaeN}vi{2a-1L1)|ae N} tynaam yuyH
(De M. (@@e M 6ynmmaar (g,X)+ GD)=(@+ 1,x + De M . Jlekun, (1,0)e M .

Hartypan coHnap akCHOMATUK HA32PUSACHHNHT KATbHIIUrK.

IV.S.I-tavpud. Aeap axcuomamux uasapusrapuwuue wuxmuépuu 2ma
Modenu uzomoph 6yaca, Gyuoai aKCHOMAMUK HA3APUS KAMBUH QKCUOMAMUK
Hazapusa deuunaou.

IV.5.2-Teopema. Hamypanr cowiap axkcuomamux Hasapuscu Kamvuil
aKCUOMAMUK Ha3apuaoup.

Hcbom. N, Ba N, HaTypayn COHiap akCMOMaTHK HAa3apMiCH YYyH 2Ta
MHTEepIIpeTauus 6yacun, y xonma ¢@Q,)=1,., @@)=n, 6¥ca,
o +1)=n, +1 opxkann @(N,)—> N aKCNaHTHpHLI TeopeMa lapTIapuHH
KaHOATJIAHTUPYBYH aKCAAHTUPHILAND.

@ - buekTHB akcnaHTUpu 6¥nub, Vm,ne N yuyH o+ m)=@n)+ o(m) ,
@ -m)= @) e(m) waptnap baxapuianu.

TakpopJsiau y4yH casoJuiap

1. AkcHOMaTHK Ha3apus KauOH 3pKHH aerunagu?
2. Hatypas coHnap akcHOMaTHK Ha3apHUACHHUHT 3PKMHIUTMHU Ty1UYHTUPHHT.
3. Hatypan coHnap akCHOMaTHK Ha3apUACHHUHT KaTbUATMIHHY TYLIYHTHPHHT

1V.6-§. ByTyH connap xajkacu

IV.6.1-tawvpud. Hamypan conrap Apumxarkacununz MuHumMan Keﬂzazim/uacu
6ynean xarka Oymyn conaap Xaikacu oetiunraou.

Busra HaTypan coHnap spumxaikacH OepunraH OYJCHH. ByTyH COHTIap
XaNKaCHHU KYPHLU CXeMaCHHH KYpHO YUKaMH3.

N x N —nexapt KynaiT™Mana Y(a,b),(c,d) e NxN yuyH
(a,b)~(c,d))o>(a+b=b+¢) GHHap MyHocabar SKBHBAICHTIIMK
myHocabatunup. Xakukataan xaM, V(a,b)eNx N yuyu (a,b)~ (a,b) UyHkH,
at+tb=b+a 6ynub, ~ MyHocabar pedrnekcus MyHocabaTaup.
V(a,b),(c,d)eNx N  xybrmuxknap yuyn - (a,b)~(c;d) = (¢,d) = (a,b).
Xakukatnad xaM, a+d=b+c=>c+b=d +a. Jlemax, (¢,d)~(a,b), HUXOAT
(a,b) ~(c,d) Ba (c,d)~ (e, f) 6ynca, a+d=b+c Ba c+ f=d +c 6ynuuMaaH
a+d+c+f=b+c+d+e Eku - a+ f=b+e xenub uukamu, OyHnan
(a,b)~ (e, f). Jdemak, ~ TpaH3UTHB MyHOCabaTIHp.

Ulynnait kunud, N xN/~ dakrop Tynnam xakuaa ranupril MyMKHH. By
TYmnamMuu Z, opkanu O6enrunab onamus. N Ha aHMKIaHraH “+” amanuaad
dodinananran xomna Z, Tynmnamaa @ amManMHM KyMujaard TEHIIMK OpKasu
aHMK/IAL MYMKHH:
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Y(a,b), (c,d) € Z, yuyH (a,b)® (c,d)=(a+c, b+d). By Teurnuk (a,b) Ba

(¢,d) cundnapnad onuHrad Bakusuiapra 60FIKK amac. XakukatnaH, (a,y) € (;,Z)

(:,t)e(E,_a’) 6yncun, y xonga x+b=a+y Ba c-+d=c+t. byHnau,
(x+2)OB+d)=(b+d)D(y+1) Kenub YUKAIH. Jemak,
(x+z y+t)=(a+c b+d).

LlyHra yxmari, V(ZE), (c,—d) € Z, y4yH

(a,b6)® (c,d)=(ac + bd, ad + bc) N

V(ab)e Z, yayn © (a,b)=(b,a)  (2)

0=(LD, 1=2D (3)

TEHITIMKIIAp MOC paBHuja CUHGJApHM KynNalTupuil, cHH}ra kapama-kKapwu
CHHGHH TOMHIL, HOJI NEMEHT, OUP/IUK 3IeMEHTHU aHHMKIIaiau.

(Z2,;8,0, 0, 6,i) — anrebpa HaTypan COHJIAD APUMXAIKacura Miomopd
6ynran ApUM XaJIKaHHHI MHHHMaJ KeHraiTMmacu GysiradH xankauup. By anrebpa
Xaska 6y1uiLy 6eBOCHTa TEKLIMPUITAIH.

Nl=((Nx{1})/~)\{6} TYNnaM 3ca HaTypall COHJap sApHMXanKkacura
u3omopd 6ynraH spumxankaaup. Jemak, N =N, 6ymmb, Z, xanka N,HHHT
MHHHMaJl KeHraifTmacu G¥iraH xafka, y xojga anreGpank KeHraiitMa Xakuaaru

(Il r) TeopemanaH HaTypan COHNAp APUMKXANKACHHUHT MUHUMAN KeHraiTmacu
6¥ran xajnka MagXyUTMIH KelTM6 YUKaau.

Takpopiaw yqyH caBojjiap

1. sIpumxankara Tabpud 6epuHr.

2. Slpumxasika KkedraTMacH HuMa?

3. Xankara Tanpud Gepunr.

4. daxTop-TYIUIaM TabpU(UHH ICIAHT.

5. ByTyH coHnap xalkacH feb Humara aiitunanu?

6. Hatypan coHnap spMMXajikacH MHHMMan KEHradTMacHHHMHI MaBxyTMUTHHU
Hc6oTIaHT

Mawkaap

1. ByTyH coHnap TymiaMy XajiKa TalIKWI 3THIIHUHN UCOOTauT.

2. me N6yncud. m ra kappanu OyTyH COHNap Tymiamu Z, XajiKa TallKui
STHILKKRY UCOOTNAHT.

3. Xap xaunah meZ,m>0 coH yuyH yerupmanap cundmapu tynaamu 7/
XasKa TalKW ITUWIHHYU UCOOTNAHT.

4. K xanka yctuaa onuHraH kynxamnap tyrulamu K[x] yuyH kyiinparunapHu
ucbotnanr:
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K[x] — xanka;

K 6upnvik 3nemenTra sra 6ynca, K{x] xam Oupnuk sneMenTra 3ra;
K kommyTaTHB xanka 6ynca, K[x] xam koMMyTaTHB Xasika 6ynanu,
K OyTynauk coxacu 6¥1ca, K[x] xam 6y Tynnnk coxacu 6ynanu.

IV.7-§. BYTyH coHJIap CHCTEMACHHHHI AKCHOMATHK Ha3apusicu

Bomnanruy TyumyHuanap.

1. Z — 6yTyH coHnap TYniaamu.

2.4®@”“(” - Z paru KyNaiTHpUIL BA KYLIMLI aMalJIapH.

3. 0 — Z HUHr HaTypaJl 2N1eMEeHTH.

4. N - HaTypan CoHsap TYIJIaMH.

5.+, - — N paru kywuu Ba KYnanTHpHLI amasnapu.

Iv.7.1. (2,8,0, O, O,N,+,9) anzebpaux cucmema yuyH Kyuudaeu
axkcuomanap ypuxau 6yaca, yHu 6ynyH cOHAap cucmemacu 0euunaou:

. Va,beZ yyyw AceZa®b=c.

2. Ya,bceZ yuyu a® (b®c)=(a® b) D c-xyuwmununz accoyuamueiuzu

xoccacu.

3 VabeZ ywyn a®@b=bDa - KJuamunune KomMMmymamueauzu
akcuomacy.

4. YV zeZ ywn -@0=: HO 3I7eMEHNIHUHZ XOCCACUHU UPOOAN0o8HU
akcuoma.

5. VaeZ yuyyn Ja'e Z a+ a'=0 kapama-xapuiu snesmenm MagxHcyoORUSuHU
Kagonamnaiduzan akcuoma.

6. VabeZ yuyu NpeZ a-b=p xynaimupuwe amanunune baxcapunuuiu
axkcuomacu.

7. VabyeceZ yyn (a-b)-c=a-(b-c) - Kynaimupuw aMaiuHunz
accoyuUMuGUIU.

8 VYabceZ yuyn(a+b)-c=ac+bcac-(a+b)y=c-a+c-b.

9. (N +,-) — Hamypan courap ApUMEaIKacu.

10 NcZ.

1. Ya,be N ywyn a®@b=a+b.

12. Va,be N yuwn a®b=a-b.

13. Azap 6upop M mynnam yuyu

. McZ.

2). Va,be M ea b' snemenm b+ b'=0 wapmuu xanoamaanmupcun, y xonda
at+beM.

3. N M
wapmaap baxcapuica M =Z 6ynaou. By axcuoma munumanaux akcuomacu de6
amanaou.
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KefiH4anuk, TYINyHMOBYMIHK 103ara KejMaiauraH xosanapaa E3yBHU
HXYaMIAWTHpUIl y4yH © YpHura “+”, O ypuura sca “ - > Genrunap
vuuiatwian. ( Z;+,0) 6ymyu cownaprune addumus epannacu (Z;) anrebpa aca
OymyH COHNAPHUHZ MYALIMUNAUKAMUG Apumzpynnacy Neb aTtananu.

ByTYH cOHJIap aKCHOMATHK Ha3apHUACHHUHT 3UACH3TUTH,

IOkopuna kypunran (Z,;0, 0, ©, 0,1) anmreGpa GyTyH COHIap aKCHOMATHK
Ha3apusAcuaary 6apya 13 Ta akcMOMaHM KaHoaTNaHTHpanH. SbHH, OYyTYH cowap
AKCHOMaTHK Ha3lapuach yuyH Monenb Basudacunm baxapanu. Jemak, 6yTyu
COHJ1ap aKCHOMATHK Ha3apHACH 3HICH3IUP.

ByTyH consiap XajJKacHHHHT 6ab3H X0CCaIapu

(Z;+,-,0, N) 6yTyH coHnap cucreMacu 6Y/cHH.

5-akcumara acocaH VaeZ yuyyH wyHIa @' Maexyn 6ynub, a+a'=0.
BynnaH keiuH Vabe Z yuyH a+b' HU a—b kypunuuiaa €ub onaMus Ba a Ba
b wamypan connapnune aiiupmacu 1e6 ataiiMus.

IV.7.2-TeopeMa. Xap xanoaii 6ymyH coH, UKKUMA HAMYPA COH aiupmaciza
men2.

Hcbom. M opkan¥ HMKKMTa HaTypan cowiap afipmack cubaruga udona
KunMHagurad 6apya OyTyH connap TynnamuHY OenrwiaiMus. Y xonga, Vne N
yuyH n=(n+1)—-1 6Ynrauupas N < M . Byugan tawkapu Va,be M 6yica,
Amnk,le N a=m-nb=k-lsaa-b=(m-n)+k-)'=(m-m+(-k)=
=(m+1)—(n+k). Hemak a-be M. Y xonpa M =Z.

IV.7.3-Teopema. (Z;+,)— ancebpa 6upauk saemenmea 32a Oyieaw
KOMMymamue xanKaoup.

Hcbom. Xanka 6ynuIIY IOKOPHUAArY akcuoManapiaH Kenub yukand. VaeZ
yayH Amne N a=m—-n, a=m+n', a"1=(m+n')-l=m-1+n"l=m+n'=a.

VYa,beZ Y4yH AmnkilceZ a=m-n, b=k 1.
(m—n)-(k—-1)=(k—1)(m~-n) TeHrnuk 6eBOCHTA TEKLIUPHUIAOH.

ByTyH coHnap akcMoMaTHK HasapusacHard akcuomanapiaaH N c Z, Vne N
yuyH n'=-ne Z, 0 € Z 6ynumu keaub Yukanu.

Arap aeZ yuyH Amne N 6ynmb a=m—-n=m+n',

arap m=n 6yica, a=0;

arap m> n 6ynca, a Hatypan coH;

arap n>m 6ynca, n+ m'— Hatypan coH 6ynub, a=(n+m'), AbHU n+ m'—
HaTypaJl COHra KapaMa-Kapuy O¥raH COHIHP.

ByTyH connap xankacuaa TapTub myHocabar.

Arap Va,beZ,a-be N 6¥nca a>b neitmus. > myHocabaT KaTbUit TapTHO
MyHocabaraup. by MyHocabat aHTHpedJIeKCUB MyHocabataup.
VaeZ,a—a=0¢N.

By myHocafar aHTHCUMMETpUK MyHocabatoup. Va,be€Z yuyu a>b SbHYU,
a-be N 6¥nca b—a=-(a-b)e N. > myHocabaT TpaH3MTUB MyHocabaTaup.
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XakukarnaH xam, a—-be N, b—-ce N 0Oynca, (a—-b)+(b—c)e N sbuu,
a-ce N 6¥namm.

Va,beZ arap a=1 6ynca, a>b €k b>a. XakukaTaaH xam, a—b &ku
HaTypas coH €ku O kM HaTypas coHra kapama-kapuy conaup. LyHnai xunuo,
xap kaHzai 6yTyH con €kM Hatypan coH €kd 0 €xu HaTypas COHra Kapama-KapLiH
6¥nraH COH 3KaH.

ByTyH COHJIap aKCHOMETPHK HA3aPHUACHHUHT KaThUILIHIH.

MabyMKH, aKCUOMETPHK Ha3apDUAHMHT UXTUEPHH HKKMTA MOJETH H30MOp(d
6ynca, 6ynnait akcCHOMaTHK Ha3apHs KaTbuH aKCMOMATHK Ha3apus Nedunaiu.

IV.7.4-Teopema. Lymyn connap akcuomamuxk —HQA3ApuACU  Kamwvui
AKCUOMAMUK Hmapu}zdup,

Hebom. (Z,,+,,0,,N)); (Z,,9,0,0,, N,) OyTyH COHIap aKCHOMATHK
Ha3apUACHHUHT UXTUEPHIA UKKUTa Moaenu 6¥icuH. HaTypan coHnap akCHOMaTHK
Ha3apUACH KaTbull akCHOMATMK Hazapua OYnraunuru yuyw, N, sa N, opacuga
n3omMopdu3M YpHaTaaMraH akCIaHTHPHUIL MaBxXyl. Bu3 €3yBHM HXuaMIalITHPHLI
Makcaauga N, Aard Kyuwuw, KYynanTHpUUl aMajUlapMHU +,- OPKasiM, SBHH, Z
Jary amannap cumsonnapu Ounan; N, garu Kymui, KynadTHpUII aMainapulu
aca @, O opkaiu, AbHM Z, 4aru KyUIMLI Ba KYNalTHpULI Genrniairan CHMBOLIap
6unan 6enrunab onamus. @ :N,—> N, uzomMop¢ akcnaHTHpuul 6YACHH, AeMaK-KH

@ —ONEKTHB Ba Va,,b €N, YUYH pla, +b) =p(a)De(b);
pla,-b)=p(a) Op(b).
Vz, € Z, yuyd wyHnain my,n € Ny TomMnud -, = m, —n, OYnuuuM oKopuaa

vcbotanran »au. LHyHra acocflanub Vi, €Z, yiyH @(z)=¢(m)0 ¢(n)
TEHIJIMK OpKanu Z, H¥ Z, ra akcAaHTHpamHM3.

By akcnantupui 6Mp KUMaTIIH akCIaHTUPMWANP. XaKHKaTAAH XaM, arap
oy=m —m =k —1 6ynca o(m)O ¢(n)=0(k)0 (/). Yyskn m +] =k +n
6ynranu yuyH @(m, +1) =@k +n)=>p(m)® e(,)= (k) D p(n)=>p(m)0O
o(n)=e(k)O (). O - 6MeKTHB aKCTaHTUPHILANP.

Va,b €Z, a#b yayn Im,n k. L eN a=m —n; b=k ~I 6Jncun.
b #a, 6Yyaranu yuyH m +h =k +n,, nemak o(m)@o(l)=ek)®e(n). Y
xonna @(m)@@(n)=@(k)Oe(l). SIeun P(a,)= d(b). Arap Va, € Z 6ynca,
dm,,n, e N, 6Yymub, a,=m,0On,. Y xonga ¢— OuektuB OYynraHu y4yH
3m,n eN,,p(m)=m,, p(n)=n,.

Hemax, O(m, —n))=p(m)ue(n)=m, ©On,=a, Sbuu, D -cClopbeKTHB
AKCJAaHTUPUILIUD, :

@ aKcHaHTUPMIL + Ba * amaiapuHu caknaiau. O apas kunainuk Va,,b € Z
yayn 3m,n .kl € N 6¥nca a, =m -n, b=k -1 6ycHn.

Y xonga ®(a, +a,)=@((m, —n)+k, —1)=P(m +k)—(n +1))=
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=@(m + k) O@(n +1)) = p(m)+ (k) O (@(n)+ () = (p(m) O (k) ©
@(n,) © o) =(o(m)Op(n))+(p(k)O@(l)) = D(a,)+ ®(b,). Llynnait kuamb,
Va,,b e Z, yuyn O(a, + b)) = O(a,) D d(qa,).

Va, beZ, yuyn ®(q,05h)= O(a;) O D(by) TeHrAMKHN WUCHOT KHIHLIHHM
YKyBYMIIapra MycTakui Bazuda cudaruna KoJAUpaMHs.

ByTyH coHnap xankacMHUHI GYTYHNHK coXacH OYaumiu

IV.7.5-Teopema: Vm,ne N yuyn xyiiudazu xoccanap ypunau:

I m-0=0.

2° m(-n)=-mn.

3° (-m)-n=-mn.

4°. (-m)-(-n)=mn.

Hebom: 1°. m-0=m(0+0)=m-0+m-0 6yunan m-0=0 kenub yuxany.

2°. m-0=m(n—n)=mn+m(-n)=0.

Hemax, m(~n)=-mn .

3°-, 4°- TacaMKnap mWyHra yXmam UeboT KUIHHIH.

IV.7.6-teopema: Va,be Z yuyu (a-b=0)=>(a=0)v (b=0).

Hcbom: Teckapucunu dapas Kunamus. a#0A b= 0 dyncun, y xonna a Ba
b nap MKKanacH XaM HATypal COHMAp €KH MKKalacH XaM HaTypasl COHyapra
Kapama-Kaplud COHJIap €kM OMpU HaTypas, MKKMHYMUCH HATypaJ COHra Kapama-

KapuM coH 6ynamu. ByHpaH roxopuia HCOOT KMIIMHTAH TeopeMara acocaH
a-b#0 kenub unkanu. by Teopema mapTHra 3ua.

Taxkpopiaul yuyH cagosiap

ByTyH coHNap akcCHOMATHK HA3apMACHHMHI OOUITaHFUY TyLIyHYalapHHH
aWTHHT.

ByTyH coHNlap akCHOMaTHK Ha3apUACHHUHI aKCUOMAIapUHH LUAPXJIaHT.

Xap xaHpaii ©OyTtyH COH HaTypal CcOHnap aiMpMacd KypHHUIIKAA
udonanaHUIKHK UCOOTNIaHT.

ByTyH connap Tynnamuzga taptub MyHocabaTUHH aHHKIAHT.

ByTyH coHNap akcCHOMaTUK Ha3apUACUHUHI KaTbUHITHUTMHU UCOOTIAHT,

Mawkiaap

ByTyH conmap xankacupa 2x=1 TeHrJaMa euMMra o3ra 3MaciUrHHH
ncbotnaxr.

Byryn comnap xankacuma x’ =2y’ Tenrnama ¢axar (0,0) euummra ora
IKAHJIUTHHU UCOOTIIAHT.

ByryH coHjap MyJAbTUNIMKATUB APUMIPYNIACHHU KaTbUH Ba YH3UKIIH
TapTbnab 6ynmacnurunm ucboTnaur.

Ky#unarunapsu ucboianr:
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1) (Z;+,,0,})- OyTyH coHnap xajkacuma «>»- YH3HKIM TapTHO MyHocabatu
KyHunary waptnap opkany aHUKIaHaau:

Ya,beZ yuyd a>b=>a=b;

Vab,ceZ yayh a>bnab>c > a >,

Va,beZ yuys a>b=>a+1>b+1;

VYa,beZ yayn a>b=>a-1>b-1;

1>0.
2) oKOpMIa KeNnTUpW/IraH IUapTiAapHUHT Xed OMpM KonraHnapu OpKanu
udonananmanau.

I'V.8-§. Paunonan connap maiiaoHu

IV.8.1-tabpud. bLymyn conaap XaiKacunumz MUHUMAA KeH2aummacu
b6ynean MAuiooH payuoHAN CoOHAAP MAtOOHU Oetiunaou.

PauuoHan coHnap MaiIOHWHH KypHll cXemacHHM Gepamus. Z =Z\{0}
6yncun. ZxZ TynnamHu P opkanu Genrumna6 onmamuz. P Tymnampa “~" —
3KBUBAJICHTIIMK MyHOCa0aTHHK Ky Aunaraua aHuKIaiMus:

(a,b) ~ (c,d) <=>(ad = bc). By MyHocabaT xakMKaTaaH XaM JKBUBANEHTIIMK
MyHocabaTuaup:

1. Y(a,b)e P yuyu ((a,b) ~ (a,b) <=>(a-b=b-a)

2. ¥(a,b)e P, (c,d) e P yuyH (a,b) ~ (¢,d)=>(a-d = bc) =>

=>(bc =ad)=> ((c,d)~ (a,b)).

3. V(a,bye P, (c,dye P, (mnye P, (a,b) ~(c,dyn(c,d) ~(m, n)=>ad =

=bc Ach=dm => adcn = bedm => an = bm => (a,b) ~ (m,n).

Hemax, ~ wMmyHocabar P Tynnamaa pedsiekTHB, CUMMETPUK, TpPaH3UTHB
MyHOCabaT, AbHU , ~ -3KBUBAIEHTIHK MyHOCabaTH JKaH.

P/~ ¢dakrop tynnamHu @, opkanu Genrunaibmus. V(a,b) € P yuyH (;;)
opkanu P/~ odaxrop-Tyrulampmaru (a,b) 37€MEHT sipatraH SKBUBANEHTIHK
CHUHQUHH Benrunaimus.

0, 1a ®, O amamapy Kyiingaraa aHMKIaHAIH:

V(a,b),(c.d) € O, yuyn (a,b) ® (c,d)=(ad + be,bd) (a,b) O(c,d)=

=(a-c,b-d). by &ysnapmaru +,- amannapu Z Tymiamard KyuHml Ba
KYTIafTHpHLI amaruiapuaup.

1V.8.2-teopema. Q mynaamoa

1°. @, O kpnaiimupuw amamapu cun@aapoan OnuNean 6aKuanapea 6oamux
IMAC, ALHU OUP KUUMAMAU AHUKAAHEAH.

2°. @, O amamrapu Q, mynaamda Kommymamug, accoyuamue Gyau6, O

amanu © amanuza nucbaman oucmpubymugoup. ,
3° (LD cungh O amanuea wucbaman metimpan nesenm, SvHu. OUpIuK
AeMEHMoup.
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4°. (O—,_i) cung ® amanuza Hucbamar Hedmpan AbHU HORb AEMEHMOUP.

5° .V(;,_b)e Q, cung) yuyu (—a—,Z) cung ® za nucbaman Kapama-xapuiu
InemeHm 6yaadu, AvHU (a,_b) + (T,b) = (m)

6°.V(a,b) e O, A(a#0), avau, (a,b)# (0,1) cung yuyn (b,a) cungp O
amanuza Hucbamarn meckapu anemenm 6ynaou.

7°. (L) #(O,D).

Hcbom. Teopemaparu tacauiiap 6esocuta Tekupub yuxunanu. Macana,
4°: (0,1)+(a,b) = (0-b+1-a,1-b) = (a,b).

6°- (a_b) # (m) 6ynca, y Xonaa (5&) €0, 6ynuo,
(a,)-(b,a) = (ab,a,b) = (L1).

KonraH TacaMKIapHH TEKIIHPHO YHKHIIHM YKYBUMIIAPpra XaBoJia KHIIAMH3.

[lynna# kKunub, (Q,,@,O,(i,—l)(f),—l)) anrebpa, kuckaua (Q,,®, O)-anrebpa
Mmaiinon 6ynmap skan. By mainoH OyTyH coHnap xankacura usomopd 6ynrad
XaNKaoCTHra 3ra. AHUKpord Z x{l}/~ dakrop-tymiam @, O amasapura
HucbaTaH €muk 6ynub, xanka xocun Kwnanu. By xanka 6yTyH coHnap xankacura
n3omopd 6ynran xankamup. Papa3 kunaitnuk, Q' MainoH yuyH Z x {1} —xaska,
xankaoctu 6Yncud, y xomma V(0,)e Zx{1},(b,l)e Zx {1} b+#0 3nemeHTnap
yuy (a,1)-(b,1)" =(a,1)-(1,b)=(a,b) e Q' Gynanu. Jlemak, O, c Q'. Svhu, Q,
Maitnon Z x{l}— XaikaHMHr MHHHUMan KeHralitmacd OynaraH maiigonmup. Y

Xojia areOpUK KeHraiiTMa Xakuzard teopeMara acocaH Z OyTyH coHnap
XaNKAaCHHUHT MHHHMMaN KeHraliTMacd OynraH MaitgoH Masxyn. By wmaiigon
pauxoRaN COHIap MaltioHU 11e6 FOpUTHIALH.

Takpopaaul y4yH caBoiap

XaJkaHuHr keHraiTMacu 1ed HUMara aiTHIIanu.
Maiiox TabpUGHHH aliTHHT.
PanuoHan cornap MalOHUHU KYPHHT.

Mamkaap

Bepuwnran  (P;+,,0) maligoHHuHT Xap Kaumait a,b,a',b'e PAb=0,b'=0
SNEMEHTIIApH YYyH KYHUIaruaapHy KeboTanr:
a, a _ab'+ba'

’

b bbb
a _d _ab-ba'
b bbb
aa _a-a
55
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a

a#0= ,Q': a_-f;ﬂ
a b-d
b

2. o ab=ab.

b b

Pauuounasn connap xydrauxnapugan ubopar 6yiran P Tynnamaa KyWdiy Ba
KYynaiTHpHII amauiapy Kyiuaaruya aHMKIaHraH:
(a,b)®(a',b)=(a+d,b+b")
(a,b)® (a',b') = (aa'+2bb',ab'+a'b).
(P;®,®) MaiiloH TAWIKWI 3TUIIMHK HCOOTIaHT.

Komnneke connap MalaoHn ycTaa KypunTaH MKKWHYM TapTHOJIM KBaapar
MaTpruaiap TYIUlaMd MaTpuLaiapHM KYWHW Ba KYnadTHpUII amaulapura
HUcOaTaH KOMMYTaTHB OyaMarad, HONMHWHT OYNyBYMIapHra 3ra Xaika TauiKui
TULIMHY UCOOTHAHT.

Arap £ coH x' =2 TeHIVIAaMaHMHT WXTUEDUH KOMIUIEKC WIIH3H Ba
Qe)={a, +ae+a,e’|a,,a,a, €@} 6ynca, y Xonna KOMIUIEKC COHJIapHH
KVt Ba kynadTupuin amannapura HucOaran (Q(g) TymnaM MaioH Talikun
3TMUIMHM UCOOTAHT.

[V.9-§. PaunoHan COHNAPHUHT aKCUOMATHK Ha3apusacu

Bowmaanrud TywyHuanap

1. O - paunonasi coHnap MaHaoHH.

2. @, MOC paBullAa pPaUMOH] COHJAAp MAaHAOHMJArH KYWHID Ba
KynanTupuil amalapH.

3. +, - amMaynapu Moc paBHlLAa Z- OyTyH coHnap Xajikacuaard Kywiu Ba
KynalTHpHULL amajuiapH.

AxcHomanap:

1. Va,be Q yuyn 3 C € Q 6¥nub, a® b =c 6ynaau.

2. Va,bceQ yuyH (a®b)®c=a®(b®c) avhu, Q pa + amaiu
accoLUaTHUB.

3.Va,beQ yuyd a®b = b D a Kywum aMany KOMMYTaTHB.
.0e@BaVaeQ yuyu 0@a=a.
. Va € Q yuyn wyHaai 3a'e Q 6ynub a® a'=0.
.Va,beQ yuyn I peQ 6ymu6 aOb=p.
Va,b,eeQ yuyn a©Q (b Oc)=(a®b)Oc.
.Va,beQ yuyn aOb=b0a.
9. Va,b,ceQ yuyh aQ(b®c)=aOb@®a0Oc.
10. Va,be Q yuynsca a=0 6¥nca Ixe Q aOx =b.
11, (Z+,-)- OYTYH COHMAp XallKacH.

0 3 N L A
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12. Zc< Q.

13. Va,be Z yuyn aOb=a-b.

14. Va,beZ yuyn a@b=a+b.

15. Munumannuk akcuomacu. Uxtuépuit M tynnam yuyH

1. M cQ;

2.Zc M;

3. Va,b, b= 0 yuyH arap bx = g 3kannurugad x € M waptnap 6axapuica,
yxomga M =Q .

Paumonan connapHuHr xoccanapu

E3yBHM MXYaMIaIITHPUII MaKcalMa, TyLIyHMOBYHIIHMK l03ara KenMaiaura-d

xowtapga ©, O cumBowlapu ypHHra MOC paBHWAA +, - CUMBOJUTapHHH
HIUTaTaMH3.

10-akcuomara acocan Va,be () a#0 pauuoHan coHmap y4yH ax=b
TeHrnama evummra sra. Xycycan a=»b Oymran xonma Vae(Q, a#0 yuyn
a-x=x-a<a. Y Xonga, tappudra xypa x kynaitupuiura HucbaraH HeHTpan
anemeHT O¥nanu ne6 Genrmwnaitmus. Jlemak 10-akcuomara HUcOaraH x palHoHan
COHOHP.

IV.9.1-teopema. QO myniamda * amanuea wucbaman Heumpan >3ReMeHm
A20HA.

Hcbom. ®apa3 kunaillMK MKKWTa HEATpan ajieMeHT MaBxya OYICHH, SbHH
VaeQ a#0 yuyH ax, =X, -a=a Ba ax, = x,a=a 6Yncun. Y xonna xycycas,
OMpHHYM TEHINIMKIArH @ HU x, OUNaH, MKKUHYM TEHrNMKIArd a HU x, Ounax
aNMAIITHPCaK X, - X; = X, - X, = X, Ba XX, = X,X, = X, TEHITIMKNap Xxocun 6ynanu.
Y Xxonma x; =x - x, =X, X, = X,.

ByHnaH kefiuH x, = x, HU e opkanu 6enrwiaiMus.

IV.9.2-Tteopema. Yac Q yuyn a-0=0.

HcGomm paBilaH.

Xycycal, e-0=0-¢=0.

10-akcHomara acocad Va#0, a€Q yuyH ay =e TeHIVIaMa €4HMra sra.
SIbHHU, a-y = y-a=e TCHIIMKHU KAHOATIAHTUpAOUraH palUHOHAl COH MaBxyn.
X HH a I'a meckapu payuoxan cox 1ed ataimus.

IV.9.3-teopema. VaeQ,a#0 payuonan con yuyw szoHa meckapu
DayuoHan cOH MAagxicyo.

Hc6om. ®apas xunaitiuk, ay, = ya=e Ba ay, = y,a =e 0yncuH. Y xonna
n=ye=y (@)= -a)y,=ey, =y,

o]
Kenrycuna a#0 paumoHan COHra TECKapu COHHH a ' &KM — OpKaIH
a

Genrunaimus.
IV.9.4-teopema. Va#0, aeQ ea Vbe(Q oaremenmaap yuyn ax=25b
meHz1amMa A20HA evuMza 32a.
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Hebom. Va,beQ a#0 pauuoHan COHNap Y4YyH ax =b TeHIIama eyuMu
Maexymuuru 10-akcuomana kadonaTnanrad. Eunm sironanaruuy mcGotnaitMus.
ax, =b, ax, =b 6yncun, y xonma ax, —ax, = 0=>(a(x, —x,)=0)A(a# 0)=>

=>x, =X, =0=>x = x,.

Va,beQ,b#0 pauvionan coHnap yuyw a-b ' counu % KypHHMLIIA

OenrunaiiMu3 Xamaa YHU a éa b payuonan connraprunz Hucbamu neimus.
IV.9.5-Teopema. Xap 6up payuowan con uxxuma Oymyw coH nucbamuea

mene. Aowu Yae Q yuyu Imne Z, n#0 6yaub, a =7
n

Aeap 3, ke Z, k=0 6yaub, a=é 6yaca, m-k=k-n.

Hcbom. Wxkuta OyTyH COH HUCOATH KYpUHULIMAA HQomanali MYMKHH
6ynran Gapua pauMoOHayl COHMNAp TYMAaMHMHH M opkatu OenrunaiimMus. V-e Z

YUYH :=:-1::-1":%eM.ﬂemaK,McQ.
Arapnl,ﬁeM,—:tO
n
m (E)’l _’ﬂ..l_:_’ﬂe M_yxonAaM:Q‘
/ nk nk
m k. m k k-n k-n
Buam — = — OyncuH, y xonna —-n=—-n=>m=—=ml=——-[ =>
n n ! / [
=> ml = kn.

VﬂeQ yuyH m-ne N 6yaca, 8y payuonas cow mycbam pedunamu.
n

Bapua MycGaT paunoHan connap tymaamuii Q° opkanu Geirunab onamus.
Va,beQ yuyn a-be Q' 6ynca, a>b nedmuz. By mysocabar @ na
Kamvull Yusukau mapmub mynocabam pennanu.
XakukaTaad xam, Va e O yuyn a—a=0¢ 0" nemak, Ya> a).

Va,be(Q yuyn a-be(Q' O6ynca, wyHman m,nk,leZ Tonunub,
a=ﬂ,b=-k— Ba a—b=m—'l——ili oynmu6, (m-l-n-k)-nle N. Y xonna
n / n-l
_nk-ml

b-a , (nk—ml)-nl ¢ N. SIpHn, > MyHocabaT aHTHCHMMETPHK

MyHocabaTaup. > MyHocabaT TpaH3WUTHB O¥NUIIHM XaM OEBOCHTA TCKILIMPHIIaAH.

a—b:ﬂlﬁlj'k yuyH (ml-n-k)-nle N 6¥ynca, b—a=’nk_m[
h

YUyH
n-

(n-k—mhnl =—~(ml—n-k)-n-legN.

Hemak a=b 6yaca a—beQ  éku b-aeQ'. Sbvuu, a>b &ku b>a
O6ynaan.
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By Ttaptu6 MmyHocabar () paudoHad COHJap MaHIOHMHH apxuMenda
TapTuOnaiiaM Ba OyTyH COHJIap XaJlkacMaaru TapTHG MyHOCaBaTHUHI NaBOMHU
6ynanu.

[lynnait kmnub Kyfinnaru TeopeMa YpuHiIM.

IV.9.6-teopema. (Q;+,-0,1;>) anzebpaux cucmema Kamvuii wuzuxy,
apxumeoya mapmubnranzan MauooH 6yaub, > mapmub myHocabam GymyH connrap

yankacudazu  mapmub  myHocabamuwu  0agomM  smmupaduean  mapmub
MyHocabamoup.

IV.9.7-tanpud. (a2 b) <=>(a>b)v(a=»5);

azap a>b 6yaca b < a deimus;

bLay<=b<a)v(b=a).

>,< taptub MyHocabatnap Q na Hokamwvui mapmub MyHocabamunp.

PauuoHan coHnap aKkCHOMATHK HA3aPUACHHHHT 3UACHIINIH

1V.9.8-Teopema. Payuoxar cownap akcuoMamux HA3ApuACU 3UOCU3
AKCUOMAMUK HA3ApUAOUP.

IOkopupa OyTyH cOHJAp XaJKaCMHMHI MHHHMall KeHraitmacu Oynras
MaifIOH KypHII YCYJIMHU KYpHO YMKKaH 31uK. XOCHJ 6YNraH MaiiIoHAa pauioHa
COHNAp aKCUOMAaTHK Ha3apUACHMHHHI 6apya akcHomanapy YpuHinu 6ynanu. SbHy,
MaiJIOH paliMOHall COHNIAap aKCHOMATHK HA3apUACHHUHT MOJIENH 6y nanu.

PausoHan coHIap aKCHOMAaTHK Ha3apHACHHUHT KaThHIlHIru

IV.9.9-Teopema. Payuonan CcoOHAQD GKCUOMAMUK HA3IAPUACU KAmMbui
AKCUOMAMUK HA3APUAOUPD.

Hc6om. (Q;+,1(Q0;®,0) wMaiinonnap pauuoHan COHIEp aKCHMOMATHK
Ha3apUsicH YUYH HKKUTA Typny Moaetap OYcHH.

(dapa3z kunalnuk,Z,,Z, nap OyTyH COHJap aKCHOMATHK Ha3apUACHHHUHT
WKKHTa Xap XWJI Mofeiutapu 6ynub, Z, < Q Ba Z, c Q, 6yncun. ¢:Z, > Z,

m3omopduzm  OyncuH.  VreQ, yuyn 3p,geZ,q#0,r= P 6ynca
q

O(r)=d(+ )_(o((p; akcnaHtapuml  (Q;+,) HU  (Q,;+,) ra usoMopd
q

aKCITaHTUPAIU.
1) ® — OuekTHB aKCIAHTUPUII OVIHLIM @ HHUHT OMEKTHR aKCAaHTHPHLL
6ynumupan GesocuTa Keaubd YUKaH.

/
2)Vn,r, € Q yayuidmnl ke Z, n#0, n, =-’£, n=v 6yncun.
n

YXOJmaQ(— _) (D(mk+nl) p(mk+nl) _ p(mk)+p(n- h_

p(nk) w(n)fp(k)
_9mek) +omjo) _ olm) , 0(0) _ ey | oLy,
p(n)e(k) p(n)  o(k) n k
O(r, - ry) = O(r) O(r,) 6ynMILIK XaM OKOPUAArKHAEK HCOOT KUITHHAIM.

90
www.ziyouz.com kutubxonasi



Takpopaaw yuyH caBossnap

PaunoHan coHnap akcMOMaTHK Ha3apUMACHMHUHT OOLTaHFUY TYLIYyHUYANapHHU
AWTHUHT.

PauuoHan coHnap akcuoMaTHK Ha3apUACKHUHT aKCUOManapuHy LapXIaur.

Panvonan connap TYnnaMMHUHT acocuit XoccaslapuHU 6a&H KUITHMHT.

Pauuonan consiap akcMOMaTHK Ha3apHACHHUHT3UACH3TMIUHYA HCOOTIAHT.

Paunonan connap akcHOMaTHK Ha3apUsACUHHUHTKATBHIIMIMHN HCOOTNAHT.

Mawmkaap

Pauuonan connap maiigonuaa x° =2 TeHrnama

Xap kaHaailt ¢ €(Q COH YuyH froHa a€Z COH MaBXydkd, as<a <a+1
SKAHJIUTMHY UCOOTIIAHT.

Ky#unarunapan ucbornanr:
1) pauvonan counap Mmaiinorupa «>»-TapTud Mynocabary Kyiuparu waptiap
OpKa/IM aHHKJIaHAH:

Va,beQ yuyn a>b=>a=#b;

Ya,bceQ yuynH a>bab>c>a>c;

Va,b,ceQ yayh a>b=a+c>b+¢;

Va,beQ yayn azb=>a>bvb> g,

1>0.

2) 1OKOpMAA KEJNTUPMAraH IUAPTIApHUHT Xeu OWpU KOJraHmapH OpKau
ndoaananmaiau.

IV.10-§. XaKuKHii cOHNap MailzoHH.

IV.10.1-Tabvpud. Xap kanoai ynoamenman ke mama-kemiuk SKUHAQULYEYU
6yraduean mapmubnanzan MauooH Myaux MauooH detiuaaou.

IV.10.2-tawpud. Apxumeduacuza mapmubianzan myaux MauoOOH XaKuKus
COHAQD MAUOOHU Oeliunaou.

XakuKu# COHNAp MalilOHMHU pauMoHad coHnap maljonuzaan dolnanaHud
Kypuil cxemachHu OepaMus. Q- panuoHan coHnap MaiaoHH, N-HaTypai COHNap
cucremacu 6yscud. QY TYIUIaM Xaanapu pauMOHan COHNapAaH mbopart Gynrad
a7, KypuHHMLIgary Gapya KeTMa-KeTIMKIAPIaH XOCHN KWJIMHI2H TYIIaMaHp.

o

. 371eMeHTIap Y4yH

TYIutaMaaru

. = 1 TEHINIMK OpKaIM MOC paBHlla KEeTMa-
KCTNHKIapHK  KYWHLW, KYNalTUpULI, KapMa-KapLMCUHM  ONMil,  BHpHK
SNEMEHTHHH @KPaTULl aMaJUapH aHUKJIaHaAH.
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P opkanu Q" Tynnamaaru 6apua (yHIaMeHTaN KETMa-KeTIHKIAP TYIIaMUHI
6enrunaiiMus. Q —mafimoHna HopMa cudaTuia COHHMHI abCOMIOT KMHMaTH
onnHagu. (P,®,8,0,1)-anrebpa koMMyTaTUB Xanka OynuwM  GesocuTa
TeKwHpunagy. P rynnamnan a,t~ ¥, D<= (g, — b,}— 0) KBUBANEHTIIHK
MyHocabatu opkanu P/ N dakTop-Tynnam XOCHN KHIIaMH3.

by T¥mnamun R, opkanu 6enrnaanMus. Via, };:1 115, }::1 Je R, JJIEMEHTAapH
yqu '{an }:=l }F l&’n }:,C=] ]= l{an + bn }::l ] Kan }:,Gz] ] l{bn }’le :]: Kaubn }:z] :

-k} FK-a,t.] 1={11 opkanu +, -, -, OHPAMK 3NEMEHTHH
WKpaTHLl aMaliapHHM aHuKIaimMu3. (R ;+,,—.1) anrebpa maitnou 6ynanu (mcGor
KHMJIHHT).

Arap ba,},. ) 10,3, )R 3feMeHTIap yuyH wyHnai "o € N ga LyHAal
Mmycbar £ paunoran coH tonunub, 6apua k>n,ke N HaTypan connap yvyH

% =b >¢ wapr Gaxapunca (b}, <{a ). Arap (b}, <{a};, 6¥rca,

x < 2 —Y .
H"n}n:]] 1, het - ne6 xucobnaitmus. < MyHocabaT R;na taptu6 MmyHocabar
6ynub, (R;+,,-,1;<) anrebpaux cucreMa apxuMmequa TapTHONIAHraH TYIMK
MaiinoH 6ymanu.

Takpopnaam y4yH caBoJLiap

QdyHaaMeHTal KeTMa-KETJIMK TabpU(PHHH alTHHT.
SIKMHNIAlYBYM KETMA-KETJIMK HUMa?

MaiigoH TabpudHUHH aHTHHT.

Tynuk MaiifnoH ne6 HuMara aiiTHIagu.

XaKuKHH coHnap MaliIoHMHH KyPHHT.

Mawkaap

Xakukuit conap xkybTnuiiapuaad ubopar 6ynran P Tymnamia Kywuu a
KyNaHTUpHUIL aMannapH KyHuaaruya aHMKIaHraH:
(a,b)®(a',b')=(a+a,b+bd);

(a,b)® (a',b') =(aa'-bb',ab'+a'b).
(P;9,®) MallIoH TalWKWI 3STUILHHHU UCOOT/AHT.

Jlenexuun ycyania Xakukdi CoOHlap MaiIOHWHH KyDHUHT.

Xaxkukuit connap MatiioHuaa TapTub MyHocabaTHHHY aHUKJIAHT.

Xap KaHOal XaKMKWH COH pallMOHall COHJAp KETMa-KeTJMIMHUHI JIMMMTH
JKAHJIMIMHH HCOOTIaHT.

Xap KaHpaii ¢yHIaMEeHTT KeTMa-KETIMK SKHHAAIIYBYH KeTMa-KeTIIHK
6ynuInMHM ucboTnaHr.

Skuunamysyy 6§MaraH QyHAaMeHTaNl KeTMa-KETJIMKKA MICOJ KENTUPHHT.
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IV.11-§. XaKuKHii COHAapHI AKCHOMATHK HA3apHUACH.

Acocuii TymiyHyanap, Gearmnamiap
R —XaKHUKUil COHnap TymaaMu.

+,- — R Tynnamaary 6unap anrebpaux amaniap.

0,1 - R Tynnamaaru axparwirad aJieMeHT/1ap.
< - R paru buHap myHocabart.

XaKHKHI COHIAp HA3aPUSICHHUHT aKCHOMANapu:

l. Va,peR yuyn I/ ye R a+f =y, apbHn R na kywuw amanu 6up
KUAMATITH aHUKJIAHTaH.

2.Va, B,y € R yuyd (@ + )+ y = a + ( + y)- KYluHlI amMaiy acCOLMATHUB.

3. Va,feR yuyn a+ f =+ a - KJUHLI aMaly KOMMYTaTHB.

4. 0eR VaeR yuyn a+0=0- HOHH AHUKNALL.

5. VaeR yuyn 3a'e R 6ynmb, a+a'=0 6ynanu, sAbHM HUXTHEDHiH
XAKHKHH COH yuyH yHra Kapama-Kaplli O¥nraH XakukKui COH MaBxya.

6. Va,feR yuyn FNyeR a f=y «ynaitupumr amanuHd Owup
KHIMaTIM aHHKJIALLL.

7. Va,B,yeR yuyn (a-f)y=a-(f-y) KynalTtupuil amMaladHHHT
aCCOLATHBIUTH.

8. Va,feR yuyn a-f =f-a- kynaiTHpuIl aManld KOMMYTaTHB.

9. Va,f.yeR yuH a-(B+y)=a-f+a- y- KyNaiTupHll aMaIHHHHT
KYLUHML amanura HucbaTaH AUCTpUOY THBIIUIH.

10. e R A 120 xaxkukuil coHnap MaiOHMIZA KaMHa HKKHTa Xap Xul
3JIEMEHT MaBXKYZ.

I11. @ € R yuyH a -1 = a-6upHuHr Xoccach.

12. aeRAra#0 yuydh 3a'e R a'-a =1 Honman dapknd xap KaHpaii
XaKHUKH COHra Teckapy 6Ynran XakMKui COH MaBxy 1.

13. Va,feRyuyn a#f2a<fvf<a- <- MyHocabaTHUHT
YH3UKJIITHIH.

14. Va € R yuyH W(a < @) < HHHT aHTUPEICKCUBIUTH,

I5. Va,fyeR yuwyn (@<BIA(B<y)=>a<y—< MyHOCAOATHUHT
TPaH3aTHBIIMIH. ' B -

16. Va,fyeRysyh a<ff=>a+y < ff+y —<- MyHOCaBaTHHUHI KYIUHIU
amasnura HucbataH MOHOTOHIUIH.

17. Va,fyeR yuyi a<fA0<y 6ynca, a-y<fB-y -—<-
MyHocabaTHuHT K)“/naﬁ'mpum amanura HUCGATaH MOHOTOHIHIY |

18. Va,B.yreR, 0<anlO<y yuyw Ine N6Ynud, a <nb.
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19. OnemeHTnapu XakukHit coHnapaaH ubopat 6ynrad xap kaumai {a,}

dyHIaMEHTAT KeTMa-KeT/IMK R [a SKUHIAllyBYM KeTMA-KeTIMK Oynaan. SbHu,
Jae R 6¥nub, lima, =a.

H->x

xaKHKHﬁ COHIapP aAKCHOMATHUK HA3aAPDUACHHHUHI 3UACHIJIUTH.

Pausonan connap MaiIOHH OPKanM XaKUKUH COHNap MaHIOHMHH KypHIL
CXEMacHHH oJAMHIH mnaparpaduapaa kypub umkkaH >auk. Hatmxkanma xocun
KuiHHraH (R ;+,,—1;<) anrebpank cucreMa XakMKUH COHMap Ha3apUACH YUyH
mozen Basudacunu 6axapanH. JeMmak, XakKUKHII COHap aKCHOMATHK Ha3apHsicH
3UACH3 AKCHOMATHK Ha3apUsaup.

XaKHKHil COHJIapHUHT X0CcaNapH.

Xap kaH#al XakHMKWIl COHMap CHCTEMAacH pal{OHall COHNap MaHAoHHra
u3oMopd OynraH MaigoHOCTHra 3ra 3KaHJIMIM MabiyM. By MaimonocTHna
palMOHANl COHNap MaHIOHMHHHT Oapya akcHoManapu Oaxapunamy. J[lemak,
XAKMKHH COHNap MaliOHMHH paLMOHaNl COHJIAp MalIOHMHMHT Xap KaHnaif
¢dyHIaMeHTan KEeTMa-KeTIMrH JIMMMTTa 3ra Oynanurad keHraifitmacu cudartuaa
KapalliMH3 MyMKHH.

IV.11.1-Teopema. Xap KanOad xaKukuili COH XAONAPU payuoHan COHAAPOaH
ubopam Kemma-KennuK AumMumudarn ubopamoup.

Hc6om. VreR yuyn &,}_,,YneN yuyH r,=r CTaUMOHap KeTMa-
KETJIMKHMA MOC KYAMHU3. Y XOJIa, XaWlapy palMoHal COHIapaaH ubopar iyHnaai
{o,} xerma-keTnMK MaBxyd 6¥yub, ,{Z’i fa,-rt =0 O6ynagu. J[lemax,

lim,¥,_ =lim§,}_ =r.
IV.11.2-Tteopema. VaeR,VneN ywn acap a20 6yica, wyxoai
B 20, B e R xakuxuii con magxcyd 6yaub, B" =a 6ynadu.

Hc6om. a -xakukHii COH y4yH XaJUlapu XakMKUil coHnapaaH ubopar Gynrau
wyHaait {o, ) QyHZaMeHTan KeTMa-KeTIuK MaBxyd. lim 5 3=a, y xonma

lim {a, }= B 6ynca, " = a 6ynamu.

IV.11.3-Teopema. Xaxuxuii cownap maiidoHunu pakam bumma ycynda
KANbull YUSUKAU mapmubaul MyMKUN.

MareMartuk aHanM3 Kypcuzia UCOOTIIaHraH KyHHIard TeopeMaHH
KEJITUpaMH3:

IV.11.4-Teopema. (KeCHM XakWIarH TeopeMa). XaxuKkuil COHaap myniamu
Kytiudazu wapmiapru Kanoamaanmupaduzan uxkuma A eéa B sxeusanewmaux
cun@napuza axcpanzas 6yacun:

1. A=OAB=0;
2. AUB=R,
3.ANnB=0;

4Vaed sa VEeB yuwn a<f. VY xorda éxu A cundpuoa 3ue kamma
SMeMeHm y MagxCyo éxu B cunghuoa sne Kuvuxk 3aemenm masxcyo.
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XAKMKHI AKCHOMATUK HA3APHACHHUHI KaTbhHIlIMru

IV.11.5-teopema.  Xakukuil coHnap akCUOMAMUK HA3APUACU  Kamvui
Hazapuaoup.

Hebom. (R+..0,>) (R©,®,0,>,) XaKUKIH COHIAp aKCHOMATHK Ha3apHUACH YUyH
uKKkuTa Moden 6yacud. O Ba O, nap Moc paBuuLAa Oy cHcTeManapiark pauudoHan
COHnap MainoHH O¥ncuH. PaunoHan coHNap aKCHMOMATUK Ha3apHUACH KaTbHil
aKCHMOMATHK Ha3apus 6yaraHu yuyH Q0 =Q,.

¢ : 0 — Q) aKcnaHTHpHMIL yjaap opacuaaru usomopgusm 6yncHH. Y xonna,
arap {g,}_, KkerMa-kemink O na QyHIaMeHTal KeTMa-KeTIMK OyJica, yHUHT
obpasu 6ynran ,} | KeTMa-KeTIHK XaM (yHIaMEHTAl KeTMma-KeTIHK 6ymub,

YHUHT JIUMHTH MaBXyd. {a,}_ HMHT jqumutdra §,}  HUHC TUMHTHHH MOC
Kyiran R Ba R, Mopemnap opacuza HioMop¢u3M YpHatraH Oynamus. By

AKCITAHTHPHIL XaKHKATAaH OMEKTHB akcNaHTUpULl OFnub, xamma aMaiapHu sa <
MyHocabaTHM cakafian (TeKWUpUO KYpUHT).

Takpopiaam y4yH caBoJuiap

XaKvKMi COHJIap AKCHOMATHK Ha3apUACHHHHT acocuil TyllyHYanapHHH
alTHHT.
XaKuKHH COHNap akCHOMATHK Ha3apUACHHMHI aKCHOManapHHU 6a&H KHIIMHT.
XaKUKUA COHJTADHUHT XOCCATAPUHU aHTHHT.
XaKuKuil COHNap akCMOMaTHK Ha3apUACHHHMHT XOocCanapHHu 6a€H KHIHHT.
Mamknap

Xap Kanpa#t a, B,r,g A a >0, >0 xakukuii connap yuyH Ky#HaarwiapHu
MCOOTIaHT:

Da >0
Da a'=a;
3 (@) =a™;

4) (af)y =a” - p".
VIKKH, TYpPT, CaKku3, TYKKH3 IEMEHTIM MailIoHra MHCOILIAp KEJITHPHHT.
HxTrépuit p TyO6 coH yuyH YIEMEHTNIAPH COHH P ra TeHr MaiIoH
MaBKy JJIMTHHY KCOOTIIAHT.

p Ty® Ba n HaTypan COH YUYH 3/IeMEHT/Iapid COHH p”ra TeHr OYJ/iraH MaiioH
MaRXy JJIMTMHY UcboTiar.

a,feR,a>0,5>0 corwnap Ba reQ,r>0 coH yuyh a>f < a’ > .
Hcbotnanr.

aeRa>lAr,ge( counap r>qg < a” >a’ 6yanwumMHn UCOOTIAHT.

a,bc,de Rana>0,b>0,ne N coHnap yuyH O<c<a"<d Ba
0 <e<b” <d b6ynca, y xonpa kyiuparunapru ucboTaHr:
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n_Al
1a" -b" <(a—b)nd " ;
2) a-p<3 =0

n={

nc”
IV.12-§. CucremaTuk connap

ByTyH cHcTeMaTHK coHiap

Bupnau katra g Hatypan connap yuyd 0,1,2,3,4,.....g-1 HaTypasn COHJIapHHU g
acocau Camok, cucmemacunune pakamaapu ned artaiiMus. Arap a HaTypal COH Ba
a,,4a,,4,,....a, € 0,1,2,3,....g -1} pakamJiiap Y4YYH

m-\

a=a,g" +a g™ +...... +a, g +a, TEHMNIHK YpuHau O¥ica, @ HaTypan COH g
acoCM CaHOK CHCTeMacuia €3uiraH IeiMu3 Ba a =(aq,,4q,,...,q,, )g KYpHHHUIIAA

6enrunaiiMus.
Macanan, a=(321), =3:102+2-10+1 - 10 acocnu caHOK cucTeMaza

éswiran. b=(011),=1-2°+0-2* +1-2+1=8+2+1=(1), coH 2 UK caHOK
CHCTEMacCHIa €3WIraH.

IV.12.1-teopema. Azap 0,1,2,3,4,....,.g-1 Gymyn connap g acocau caHox
cucmeMacununz  pakamaapu 6ynca, xap Kanoai Hamypan COH
a=ayg” +a,g"" +....+a, g+ a, kppunuwda bup Kutimamau ugodaranadu.

Hcbom. MaremaTHk UHIYKUMS 6Wian ucbornaiiMus.

Arap a<g 6¥nca, a g acocnM CaHOK CUCTEeMaCHHHMHT pakamu 6ymmb, Oy
udona 6up KuiiMaTny aHuknaHagu. dapas KunaiaMk, 6apua ¢ AaH KUMHK COHIAp
Y4YH TeopeMa YpHHIM OYJICHH, Y XOJIda KOJAUKIH OYaMLI XaKHIard Teopemara
acocaH WyHaad AroHa 6up Xy}t b Ba r Manduiimac OyTyH coHJiap MaBXKY[Q
6ynub, a=g-b+r, 0 <r < g waprt 6axkapunany. Muaykuus dapasura kjpa,

wyHpai dg,a,,...qa,_, pakamnap Tomumub, b=a,g™ +ag" > +...+a, ,g+a,

6ynagu. Y xonma a=a,g" +a g™ +..+a_g+a +r,r<g OyiraHd y4yH r
g 8 &t a, g oy yay

pakam. Jlemak, r HH a opkany benrunacax,

m
a=ayg" +a,g™ ' +..+a, g +a, .Byudona Gup KUIAMATIY AHUKIAHTAHIUTH
HHAYKUMA $apasH Ba KOJLIHKIN OYAMII XaKuAard TeopeMajiad Kenub dukaau.
Arap {a, }’::1 KETMa-KeT/IHK XaKMKUIA COHNap MaH[OHM 3/leMeHTNapH Oynca,

n ®©

S, = 20, OpKaNM a, +a, +..+a, #urnHoM Genrunanamn. Y a udoga sca
x=0 x=0

Kamop pediunamu. Arap {S,¥_ KeTMa-KeTIMK AKMHIawysuu 6Yub, lim S, = a

Hn—x
S

6ynca, a CoHu KamopHunz fueunducy NeAMNann Ba Y a, = 1e6 €3unanu.
x=0
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IV.12.2-teopema. deap g Oupoan kamma Oymyn con  6yaca,

1 1 1 . g
l+—+—+—+.=) g =—"—.
g & g Zo g-1
Hcbom. S = b =&
1— 1 g-1
4

[V.12.3-Teopema, Azap g-6upoan kamma 6ymyn con 6yaub, xaoarapu Gymys

condan ubopam 6ynean 4@, %, Kemma-kemaux yuyw 0<a, wapm éaxcapuica,

Kytuoacu macoukaap ypuHau:
L Z a,g”™" Kamop axunrautysuu Kamop 6ynaou.
x=0

2. Aeap a wxopuda aiimunean kamopnun2 uugunoucu 6ynca, a, <0< a, +1.

3. a=ay+1 Oymumu ywyn a,=g-1 n=0)23....menzaux ypunnu
6yauwu 3apyp 6a emapau.
Hcbom.
iang’" =a, +ﬁ+a—§+...+ aj" ... <a,+ g1, g:l g:l+ =
x=0 g g g g g g
g-1

(,+~—5T=a(,+l.
1_<ﬁ
g

x
Hemax, Za,,g”’ KaTop AKMHNaWyBuu Katopaup. Arap a Oy Katop
x=0
fvruBIMcK 6¥iica, a, <@ <a, +1 Oynuim aén.

IV.12.4-Teopema. Acap g bupoan kamma Gymyu con 6yaca, xap KaHoai o

Mycbam xaKukuti con a = g" Zar g™ KYPUHUIMOA A20HA yeya0a ughooa KUruHaou.

20
Hebom. Onaud 1cOOT KMAMHTaH TeopeMara acocaH
a, < Zaxg“ <a, +1.
x=0
dapas Kunalnnk a=g"y a,g”* 6yncun. Y xonna g" <a < g"!
x=0

XaKHKHii coH Oepunrad OYnca Oy TEHICH3IHK OpKaIM s OHp KHHMaTIM
aHUK1aHaly, ZeMak g, XxaM 6Hp KuiMaT/Iiv aHUKJIaHTaH.

. Arap «a

Arap g"'(g""a—Zaxg")zZa\_g""'" TEHIJIMK TYFPUIMTHHM 3BbTHOOpra

x=0 x=m

OJICakK

m-]

a,<g"(g"a~-y ag)<a,+l

¥=0
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kenu6 uMkand. bynnax sca a,,....a
KUAMaTn¥ aduKNaeviK kenud uukamu. dapaz kunaitnuk n,4q,,q,,... cCOHNap
aHUKJIaHraH 6yicuH. Y xonnaa

aHuknaHrad aeb dapas kuicak a,, xam 6up

m-|

m-l
—m+n

a,g"" <(a-g"yag)<a,+1.

x=0

Hemak,

a=g"yag

x=0

IV.12.5-HaTka. Aeap a — manguii con 6ynca, a =—g"y.a.g™, azap

a =0 bynca, n=0¢a a,=a,=a,=..=0.

Arap a#0,n Ba a, nap OyTyH coHnapnaH ubopar 6ynub, a, >0 Ba
Vx€{0,1,2,...} yuyn O0<a_ <g-1. Yupau Tauikapu, WyHaai n, Hatypan cOH
Tonuwiaub, xap KaHpgait x > n, yuyH a_ =g — 1 6ynanu.

Takpopaaw y4yH caBosinap

£ aCOCNHM CHCTEMATHK COH 1eb HuMara aiitunanu?
£ acoCM CMCTEMAaTHK COHHHU Mdoaanalja KaHaad pakamiap kaTHalanu?
Xap KaHOall HaTypan COH g acoClIM CHCTeMaTHK coH cudatupa 6up
KHHAMaTIU HoaaIaHUIIMHN HCOOTIIAHT.
KaropHuHr iuruiaucy ne6 Humara aittunagu?
Mamkanap

ETtnuk caHox cucreMacuaa KYIUMIN Ba KYNaWTUPMIL aMajUlapUHUHT
XaJBATMHU TY3HHT.

5378 counu 6 aCOCNM CAHOK CUCTEMACHAA E3UHT.

a HaTypaJl COHHH n acocgaH m Ba k acocra yTkasMHI:

a=124352 ; n=6; m=7; k=12,

a=675438; n=9; m=5; k=11.

a=8709546; n=11; m=3; k=13.

a=6738(10)4; n=12; m=2; k=14.

IV.13-§. p-aauk coHnap cucremacu

P-aauK COHJIAp MaiIOHH

WxTuépuit 6upnaH xarTa HaTypan n COH y4yH 0Oapua OMpAaH 4MKapHira
n— fapaxany KOMIUICKC WAAM3NAp TYMHamy MyJBTMIUIMKATHB Ipynna Oyniuiiu
anrebpa KypcunaH MabiayM. Arap SupopTa Ty® COH p yuyH OUpIaH UMKapHraH

2r .. 2%
p" JapLKaIn WINNINAp TYTUIaMU, SAPaTyBYH JIEMEHTH @, =COS— +iSin— niaH
p P

. 28 .
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ubopar UMKAMK rpynna 6ynamu. buz UMKAMK TpynmaHM <a, > OpKaM

fenrunacak u <a, > WUFMHOM XaM MYJIbTIUIMKATHB rpynna 6ynué, 6y epynna

n=1
p munda pewdunaaM. g, —COHJap cucremacd Oy TIPYNNaHUHT ApaTyBYM
1 2 n
37eMeHTIIapH cuctemack 6ymanu. Y xonpa af =1, af =1,..a’ =1 Ba pemak
p . 27z~p 2r 2r

+1SIn _COS—+ISIH'—;=GH,
P p" p P

T 2 2
al, —(COS——+lSln-—)I =COS
P’ P

spHU al, =a, (1)
by rpynnanu G . opkann 6enrunab onamus.

G . rpynuakusr Gapua 3HAOMOpGUIMIApH TYMJIAMUHM TONAMU3. Arap
(p:Gﬁ_ —)Gﬁ, snpomoppum3 6ynca, 6y 3HAOMOPGOUIM SApaTyBYH 3EMEHTNAp

obpaznapy opKanH TYJIMK aHUK/IaHaaW. XaKHKaTIaH XaM, (p(a,'f) = ko(a, )(2)
@, -ApaTyBYH JIEMEHTHUHI TapTHOH p" GYynAraHunaH ¢(g,) HUHT TapTHOH

xam p” —IdaH OLIMAacauru Kenu® uykamu. JlexkuH TapTubu p” maH owMaiigurad

3JIEMEHTNAp <4, > Ia TETHUUIM, Yy X0J4a, WyHAal &, OyTyH coH MaBxyn 6Yiub
pla)=ar, n=12., 0<k, <p" (3)

@ —3HpoMopdu3m 6y aranu yuyH (1) reHrnuknan ¢(a,,,)’ = @(a ) (4)
kenub unkagu. Y xonpa (a) )" =a' =a’. Bynpau oca (k,,, —k,): p" kenub
uukagu.  SuRu k,,, =k, mod(p") (5).

lyHmait kunub, xap Oup osHmomopdusM yuyH (3) Ba (5) wapTHu
KaHOATJIaHTHPYBuM Manui OYnmaraH (k,k, ....k,,...) (6)

KETMAa-KETIIMKHU MOC Ky MyMkHMH. By Mocnuk OuextuB Mociaukgup (ucGot
KHJIHO KYpHHT).

(3) Ba (5) wapTiapHu KaHOATAAHTUPYBUM OyHaal keTMa- heTnnK.nap TYIIaMH1
KETMa-KETJIMIJIAaDHH MOC 3JIEeMEHTIApMHHM XaMa-Xal KyLMUl Ba XaaMma-Xal
KYnaiTupHIl amaninapura HUCO6aTaH Xanka XOCHI KUnaau. .

Xakukatnan xam, wy Toudasarn ukkuta (K,Kk,,...K ,..) (m,..,.m,..)
KeTMa-KeTJIHKIap Oepunran  Oyncun. (k, +m, k, +m,,...k +m ,..) KeTMa-
KETAHK XaM (3) Ba (5) WapTnapHH KaHOATIaHTUPHUILUHU KYpcaTaMus.

0=k, +m, <p~*" k. =k, (modp") Ba m,, =m,(modp"), y xonna,

pa— n
kn+| tm,, = kn +m, (mOd P ) .
Hlynra  yxwaw  (k, -m,k,-m,,...k -m,.)  KETMa-KETIMK  YUyH
ko -m,. =k, -m,(mod p") ypuxnu.

(1, 1, ...) KeTMa-KkeTNUK XaNnKaHWUHr Gupnuk 3nementH, (0, 0, ..) ker™Ma-
KETJIMK 3Ca XalKaHUHI HonM O¥nanu. By xanka accoumarTiB, KOMMYTATHUE, OHpIHK
3JIEMEHTTA 3ra, HOJHUHT OY1yBUMIapH HYK OYnraH Xankaaup.
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p-aiMK COHJIapHM ¥y3umu3ra Kynai OynraH Oolika kypuHuuiga E3ub
ONMIUMMH3 MyMKHMH.

k, —k
Arap a, = ky,a, =" n=12,.(8)

p
neb oncak, 6apua a, nap p— Moxyn 6yiuda mycbaT yerupmanapaaH ubopar,
AbHH

0<a,<p,n=0,1..(9)
(8) ra acocau
k,=a,+a,p+a,p’ +..+a, ,p"\n=12,.(9)

Y xonna uxtuépuit @ p-aguk coura (8), (9) mapTnapHu KaHOATIAHTUPAZUTaH
a,+a,p+a,p*+..+a,p® +... YEKCH3 KATOPHH MOC KYHHMIIMMU3 MYMKHH. By
MOCHHK OuexkTuB Mocnuk 6Ynub, OyHpmait xaropnap ycrmpa + Ba- amaniapu
Ky HAars4ya aHuKJIaHUIIY MyMKHH.

Arap B=b,+bp+bp +..+ B p" +.. 6ynca, y xonaa
a+f=c,+ep+e,p’+..+c p +.. 6yica,

Co =ay +b, - pg,

c,=a,+b, +g,  —pg,, n=12,.

a-f=d, +dp+d,p'+.+d p" +..

dy=ayhy— psy, d,=>.ab +s,,—ps,,n=L2,.

k+l=n
P-aAMK COHJApHUHT OyHuai ubonananumuaa o-f=0=>a=0v =0
kenub unkKanu.

SIbHU p-aaMK COHJIAp XanKacuia HOJHHUHT OVNyBunnapy HyK. Jemak, p-aaux
COHJIap XaIKacH OYTYHJIMK coxacu 0¥nub, yHHHr HMcOaTnap MaiZoHMHY Ty3MI
MYMKMH. By MaiiioH p-aduk connap maiiooru neiivnanu.

By MaliloHHH KypHLI CXEMAaCHHH KENTHPaMH3
ap +a,,p"+..tap +..,keZ a,eZp (10)
KYpUHHUIIary Gapya KaTopiapHH Kapaiiuk, Oy KaTtopaa 4ekiM coHpark Mauduii
Japaxanu wiguanap O0ynuiuu MyMkuH. Arap (10) naru xamMa koad¢uuneHTnap
Hojra TeHr 6yinca, 6y aneMeHTHY MalIOHHHUHT HOJM fed XxucobnaitMus ake Xonna
a, # 0 ned xucobnaimus.

(10) xypunugard karopnap ycTHIa IOKOpPUAArMmeK + ,- aMallnapuH{
a”HuKnaiiMu3. Harwxkana xocun OynraH xatopnap TYIaMu + , - amaiapura
HucOaTaH MaliiOH XOCHA KuNand. By Maltion p-aduk connap maioonu neiwnanu.

ap +a,,p"™+..+ap +.. onemenrra b, pt+b, p*+. . +bp"
3JIeMEHT Teckapu 6¥ica

ab,-ps, =1,

@by tag b +s - ps =0,

ab +a,b +..+a, ,b,+s_ —ps =0
TeHITIMKNApAaH TomuIany. p tyb coH 6ynranu y4yH Oy TeHrnaManap euuMra ara.
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k>0 Oynran (10) kypuHUIIAArM kaTropnap TyIaaMM p-aaudK COHIap
MaHIOHHUHMHEI p-aJiMK COHjiap xankacura uzoMoptd 6ynran xankaoctu 6ynanu.

Takpopnaw y4yH caBojap

I"pynmiaHUHI ApaTyBYM j1eMeHTH Aeb HuMara afitunaan?
LIMKAMK rpynna TabpuduHu ailTUHT.

p~ TMNJAry rpynna Kkaigai rpynna? oL

p~ THIJAry rpynnasyHr apaTyByy JIEMEHTIAPHUHHM KYPCATHHT.
p* TUMIATH rPYMNAHUHT 3HAOMOPGU3MH KaHOal aHHKNaHaau?

p-3IKK COHNap KaHaak xocui KunuHaau?
p-aJIMK COHJIap MaiIOHHHH KyPUIU CXeMACHHH 6aEH DTHHT.

Mawknap

Bupnan uukapuirad 6apya KOMIUIEKC WIAM3NAD TYIUIAMH TPYNNa TauIKuil
3TULIMHU UCOOTNAHT.
AMaarapHHU Oa’KapHHT:

(351 - 144 - 1153, : 31, - 150;) : 205 ) : 25, :
(2155 + 532) - 16, - (11031, - 527,): 32, ) : 14775, ;
(3333, + 2222,) - 12, - (231020, + 3333333, ) : 23,;
3215, - 24, - 11461, :25, + 1532, - 115044, ;
120111, : 102, + (201,12, - 11220,)- 20110,;
232011, : 104, + 1234, - 322, - 122334, ;
11111101, : 10111, + 1100101, - 1011, - 1010101, ;
1141043, : 23, + 23411, - 32, - 34231, ;

51(10)3406,, : 548,, + 98(10)12,, - 1232,, - 234219, ;
(2032, : 22, + 33211, 3221, - 321121, 21,

1V.14-§. p-aguk cOHIap AKCMOMATHK HA3APHSACH

BoULIaHFUY TePMHHAAP

1. O,R, Qp — MOC PaBHILJA PAUKOHAN, XaKHKHH, P-aIfiK COHIAp TYILIaMH.
2.+ Ba - OuHap anrebpauk amannap.
3. > GuHap MyHocabar.
4. 0,e p*e—(Q HuHT aneMeHTAApH, p —TyO COH.
5. v,6 moc pasuwaa Q Ba (J, TYriamnapHu R ra akcnaHTHPULLIIAp.
AKcHomManap

1. (R+,-,0,1)— XakMKHii COHJIap CUCTEMACH.

2. (Q,+,.0,e) - paunoHa connap MaitaoHH p * e=( HUHT TY6 INEMEHTH.
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3. (O, R,v)— HopManaHraH MaiiIoH 6ynub, v— p-alik Hopma, {p" *e} -
KETMa-KeTJIMK v HOopMa OyiiHua HOJl KeTMa-KeTIIMKIAMD.

4. (Qp,+,~)— MaiJIoH.

5.(Q,,R,6)~ HopMmanaHrai MaiioH.

6. 0, Mailnon () HUHI KEHralTMacH.

7. 6@ HopMa v HOpDMaHHHF ITaBOMH, AbHU Va € Q yuyH v(a) = 6(a).

8. O nHunr v Hopma O¥iinua dynpamentan OynraH xap KaHmai kerma-
KeTauru ¢ HopMa 6¥iuua O, HUHI 31EMEHTHIa SKHHIIALIAIY.
9. MHRHMaJUTMK aKCHOMACH.

Arap M c Q, 6ynub, v Hopma 6yiinua O na dynaamentan 6ynras xap
KaHJall KeTMa-KeTIMK € HopMa Oyiuda (), HHHI eMEeHTHra AKMHiawca, y
xonna M =Q 6ynanu.

IV.14.1-TreopemMa. p-aduxk CoOHAQD AKCUOMAMUK HA3APUACU  3UOCU3
AKCUOMAMUK HA3GPUAOUPD.

Hc6omu. Onauury naparpaga p-aluK COHJIap MaiilOHMHH KyPHLI CXeMacH
kypcatwiad. JleMak, p-agMK COHNap aKCHOMATHK Ha3apusicH 3MACH3 Hazapus
IKaH.

IV.14.2-TeopeMa. p-adux COHAAD AQKCUOMAMUK HA3APUACU  Kamvuli
AKCUOMAMUK HA3ApUAOUp.

Takpopsai y4yyH caBoJjiap

p-all¥K COHJAD AKCHOMATHMK Ha3apHACHMHHMHI OOLITAHFHY TEPMHHIAPHHH
aWTHHT.

p-a¥K COHJIap aKCHOMATHK Ha3apUACUHUHT aKCHOMaJIapUHK allTHHT.
p-3IMK COHNAp aKCHOMATHK Ha3apUACHHMHI MHHHUMUUIHK aKCHOMacCHHH
Oa&H 3THHT.

P-aHK COHJIap aKCHOMATHK Ha3apMACHHMHT KaHJall XxoccanapuHu 6unacus?
Mawmknanap

P-alMK COHJIap aKCUOMAaTHK Ha3apHACHHUHT 3UJCU3TUIMHH HCOOTIIAHT.
P-aIMK COHJIap aKCHOMAaTHK Ha3apHACHHUHI KaTbUMIIMTMHY UCOOTIaHT.
P-alHK COHJIapHH KYLIHLI, KYTaHTHPHILI aMaJlJIapUHUY TYWYHTHPHHT.

IV.15-§. Komnnexc coHnap cucremacu

1. Kommekc connap MalIoOHHHK KypHLU
XaKkukHil coHNap MaitOHMHUHT x+ 1 =0 TeHrnama edumra sra Gynanurau
MHHUMAaN KEHIAHTMaCH KOMIIEKC COHAAp Maioonu €6 TylUyHUIaIH.
R XaKukui coHnap Ma#moHu 6YicuH, y xonma R> = R-R Tymnamaa + Ba -
amMannapvHu Kyiuaaruua anuiianmua:
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Y(a,b), (c,d)e R? yuyu (a.b) +{c,d)=(a+c.b+d),
(a,b)y-{c,d)=(a-c-b-d,ad + bc)
6y amanmapra Hucbarad R Tynnam MaRgoOH XOCHN KHAAmM. by wmaitoon
KOMIIJIEKC COHJIap Mal0HH.

(1, 0) Kommneke couyap MaiiloHMHMHT Gupauk nementH, (0,1)% = (~1,0).
R*(0) tyniam R-R malfoHHMHr MalizoHocTHcH 6Ynnb, R — XakKMKMH COHap
Mmaiiaonura usomopdamp. Xap kangai (a,b) € R- R yuyn (a,b) = a-(1,0)+ 6(0,1).

Arap (1,0) uu 1 6unan (0,1) uu i 6unan 6enrunacak (a,b) =a-1+bi=a+bi
O6ynanu.

Takpopaaw yuyH caBosiap

Kommekc con aeb HumMara aitunagu?
Maiinon Tabpridunu 3cianr.

Komnuieke connap MailIOHHHH XaKMKHH COHNAp MalMJOHUHHMHI KeHraTMacH
cudaTHa KypHHT.

Komnnekc connap wmainoHuna XakuMkuil connap Maliponura wusoMopd
MaifIoH MaBXyAJTMIMHH HCOOTNAHT.

Mamkaap

I. TeHrnamMaHHu €4HHr:

1.1.z=5-z.
1.2, ==-3z —1+42i.
13.2+=-=1.

14.2*-2z--3 =3i.

2. Kyiinaaru TEHrCH3NUKIApHU €4HHE Ba euuMIIap TyriaMuuyd ekapT
KOOpJMHAaTaNap TeKUCIMruaa udopanaur:

21.0z+2)2)z]|.

22, jz—-1+il<|z+1].

23|z-5+ij<4.

24, jz+1-i<]z-2].

3. Xucobnaur:

3.1 V5+12i,

3.2, J5-17i.

33.v4+1l,

3.4, J-22-15i.

4. UnansnapHu xucobnaur :

4.1_@)‘.

1
42 Y-1-2i.

www.ziyouz.corh(kitubxonasi



43, =

~V3+i
4.4. ‘/%((JEH)WL(\/S—D[).
4.5. Y4-5i.

1V.16-§. Komnexe consiap akcHOMaTHK Ha3apusich

BomsnaHFu4 TepMHHAap

1. C — xoMIUIEKC COHJIAp TYMIaMHu.

2. @, ©, C naru 6unap anreGpauk amasuiap.
3. 0,1,ieC.

4. +, - Ri- paru anrebpauk amannap.

KoMmuieke cOHIap aKCHOMATHK Ha3aPUSICHHHUHT aKCHOMANIAPH

1. Va,beC yuyn NceC 6ymub a®b=c, apHU KOMIUIEKC COHJap
Maiinonuna @ amanu 6axapunanu.

2. Va,b,ceC yuyH a®@ (b D c)=(a® b) D ¢ -kOMANEKC COHAAPHU K¥LIUII
amMany acCoLHaTHB aMagup.

3. Va,beC yuyH a®b=bDa - KOMIJIEKC COHJIAPHU KYLUMLU
KOMMYTAaTHB.

4. 0eC 6ynub, uxtuéput ae C yuyH a+0=0 - kywmiura HucbataH
HeTpan 3IEMEHTHUHT XOCCacH.

5. VaeC yuyn Ja'e C 6ynub, a+a'=0, sbHH UXTHEPUH KOMIUIEKC COH
yuyH KapaMa-KapluH KOMIUIEKC COH MaBXyll.

6. Va,beC yuyn wyHpat JlceC 6ymub, aOb= p, SHHU KOMIUIEKC

COHJIAp TYMJIaMHIa KOMIUIEKC COHMAPHHU KYNalTHPHIL aMasid aHUKJIaHTaH.

7. VabceC yuyn aO(bOc)=(a®b)Oc ~— KyNaNTHPULIHUHT
aCCOLIMATHBIIUIH.

8. Va,beC yuyH a-b=b-a — kKyNafiTHPHIIHUHT KOMMYTATUBIIUTH.

9. VabceC yuyn aOb®c)(aOb)HaOc) - xynaitupuw

amMalMHMHT © amanura HucOaTaH IUCTPHOYTHRITUIH.

10. 1eCAl#0 Ba VaeC a-l1=a kynaditupum amanura HucOGaran 1
HEHTpas 3NieMeHTaup.

I1. (R +, -, 0, 1) — XaKukuii coHnap MaliIoHH.

12. Va,be R yuyn a®b=a+b — C paru kywui aMai R jard KyIMIu
AMATMHUHT JAaBOMH.

13. Va,beR yuyn a Ob=a-b — C paru xynafiTupuws amanu R jaaru
KYNafATUPHLI aMATHHUHT JaBOMH.

14.ieCBai’=-1.

15. (MHHUMAILIUK akcHoMacH). Arap M < C yuyH

1) RcM; 2) ieM; 3) abe M yuyn a+beM Ba a-be M xenub
yukca, M =C.
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Komrutexe COHRAPHUHT Xoccanapu

Xap OouUMruiek, TYLWYHMOBYMIMK t03ara kesimailinurad xonnapaa C
Tyrlamja XaM Kyl Ba KynaiTUpull aMalllapUHK +.  CHMBOJIIAPH OpKasiH
Oenrunaitmus.

IV.16.1-teopema. Aap xanoan = xomnrexc con yuyn Iabe R, z=a+ bi
6ynaou, = yuyn 6y ughooa szona.

Hcbom.  MuHMManIuk  akcMoMmacuzaH  ¢oipanaHamus. M —a+ bi
KypuHMLLAA MPoJa KWIMHHIIK MyMKHH 6¥nraH 6apya KOMIUIEKC COHJIAp TYIUIaMH
Oyncvd. Y xonpa i =0+1-i 6ynranu yuyn Rc M .

Vz,,z, € M 6yncun, y xonna 3a,b,c,d € R 6Ymub, 2y =a+bi, -y =c+di
OYnanu,y xonga -, +z, €M, =

Hemak, M =C.

c=a+bi=c+di 6yncun  y  xodaa, (a=c)+(b-d)i=0 8KH
a-c=0Ab-d=0¢&ma=cBab=d.

Ounit anrebpa Kypcuaa Kyingaru TeopeMa ucboT KMJIMHIaH:

1V.16.2-Teopema. Komnnexc counap maudowuda n- Oapaxcaird Kynxao
PORNA-pOCA N MA KOMRAEKC UA0U32d 32d.

By Tacaukna me N, #bHM KOMIUIEKC COHNAp Maiijonu anreGpauk
ManJ1oHaNp.

1V.16.3-Teopema. Komniexc cownap Maiidowunu wusuxau mapmubnau
MYMKUH IMAC.

-2, € M OYIMLIMHY KYpCaTHIL KHiTHH Mac.

Hcbomu. KoMmnneke connap maiionuna i° >0 Gaxapunmaiioy.

1V.16.4-Teopema. Kommrexc cowrap MauOOHUHUHZ AOOUMUB 2PYRRACUHU
Kalﬂ'bul;, YUSUKTU mapmuéjlam MYMKUH.

Kommiexe coHap aKkCHOMATUK HA3APUACHHUHT 3HACH3NUIH

IV.16.5-reopema. Komnaexc COHAQD QKCUOMAMUK HA3APUACU  3UOCU3
Hazapusoup.

Hcbéom. OnauH KYPraHMMM3AEK, KOMIUIEKC COHJAp MaWOOHMHM KypHil
MyMKHH. By MaillloHza Kommnekc COHMap aKCMOMAaTHK Has3apuACUHHHT Gapua
axcuomanapy 6axapunanu. JleMak, KOMIUIEKC COHNap MallIOHH KOMIUIEKC COHJIap
AKCUOMAaTHK Ha3apUACHMHUHT MOIEIUAMP.

KoMmriekc COHNap aKkCHOMATHK HazapuacH YyuyH sHa OMTTa Momen
KypcaTamms.

ab
OneMeHTIapy XaKMKMH coHnapaaH wubopar OyaraH Gapua ( )
~-ba

KYpHHHAWIArM MaTpULaiap TyrmnaMMen K opkanu Genrunaimus.

K Tymyamia MaTpHLA@IapHM KYLUMII, MATpylara Kapama-kKapli¥ MaTpHua
TOTHMLI Ba KYMaUTHpULI aMaJulapyd aHUKJIaHTaH:
a b J{ c d [a +c b+d

-ba -d ¢ —(b+d)y a+c
a b c d B ac-bd, ad+be
~ba)\-dc) ~(ad + bc), ac - bd )’
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a b -a -b
-ba) \~(-b) -a)
Marpuuanapuu KY LML, KynaitHpuu amalinapH acCOUMAaTHB,

MaTpulaNapHd KyNa#TUpUIL aManM 3ca MaTpuualapHu KYluu amanura
HucbaTan nucTpubyTHB. YHIAH TauIKapu

o I T G P

a b a b s .2 2 2
Arap b # 0 6ynca, y xonzna =a”+b°#0; a” +b6° HUrMHIOMHU
-ba

L [a =&
A 6 R T VR s
OPKanHu oenrunacak, “ba = 2 ﬁ [ .
A A

Hlyuna#t kumub, K Tymnam +, - amajuiapura HHcOataH MaioH XOcuil
kunand. by maiinonna P ={aE| Vae R} TynnaM Xakukuil coHnap MalimoHura
H3oMop¢ 6ynraH MaiaoOHOCTUAMP.

10 10 a b 10 01
Arap E= s J= 6§nca, =g +b ,
01 -0 1 -b a 01 -10
10 -1 0
JP= = .

Xocun 6ynran MafiloH KOMIUIEKC COHNIAp aKCHOMATHK HA3apPUACHHUHL fiHA
6urtra Mmozenu 6¥naou.

Kommiexe coHtap akCHOMATHK Ha3apMSICHHUHI KaTbHIIHIH

IV.16.6-Teopema. Kommiekc cOHAGp AKCUOMAMUK HA3APUACU KAMbUU
AKCUOMAMUK HA3APUAOUP.

Hcbom. (K +,-,R) (P;®,0,e, R') KOMIJIEKC COHJIAP AKCMOMATHK
Ha3apUACHHUHT WKKUTAa MOJENH, R Ba R' nap 3ca XakMKMil COHNap akCUOMaTUK
HazapUsACHHMHT Mozeiulapy 6¥ncud. ¥ xonma R HM R' ra akclaHTUpajgurad ¢-
H30MOp(¢ aKCITAHTHPHILI MaBXKY.

Va,be R yuyn @(a+b)=p(a)® p(b), ¢(a-b)=p(a)Op(b) 6yncun. Y
xonpa Va+bie R yuyH f(a+bi)=p(a)® ¢(b)i TaHrMUK OWNaH aHMKIaHraH
aKCJIAHTUpHII R Hu P ra uzoMmopd akciaaHTHpadu. XakMKaTIaH XaM, ¢ — Ouerus
aKCIIAHTUPHULL 6ym6 Va+bi;c+diek y4yH
pa+ b))+ (c+d))=p(a+c)+(b+d))=pla+c)@ipb+d)=
= (@(a) @ 9(c))® (@(b) © p(d)) = (p(a) + p(b)i)+ (p(c) + p(c)i)=

=@(a+ bi)® p(c + di).

Hlynra yxwaw @(a+ bi)-(c + di))=p(a+ bi) O p(c + di) Teurnuk ypuum
6ynuiIn KypcaTUIaay.
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Takpopaau yuyH casosnap

Komrnnekc coHnap akCMOMarvK Ha3apHACHHHHI GOLTAHFUY TEPMHHIIAPHHU
ANTHHT.

KoMrinexc coHnap akCHOMaTHK Ha3apUsACHHUHT aKCHOMaJlapMHH H30XJ1aHT.

Komnnexkc coHsap akCHOMAaTHK Ha3apUACHIaH KOMIUIEKC COHJap TYymnamu
Mait/IOH TALIKUJT KWLM KeTHO YHKMLIMHU aCOCJIaHY.

KoMmnnekc coHnap akCMOMAaTHK Ha3zapHsCHOaH XAKHKHE COHNap MalmoHu
KOMIUIEKC COHJIap MalfIOHUHHHT KeHraiitMacu 6yauiy kenub yukaanumu?

Komriekc coniap akCHOMaTHK Ha3apUsCHHHUHT XOCCANlapUHHU alTHHT.

Mamknap

Xap KaHgall - KOMILIEKC COHHUHT a,b€ R coHnap opkald z=a+bi
KYpHHULIIA ArOHA ycynna UdoJanaHHIUMHU HCOOTIAHT.

Kommuexc counap Maiaodn anrebpamk ENUKAMIMHM  HMCOOT  KMIMII
CXEMAaCHHH KENTHPHHT.

Kommnnekc counap MaiiloOHHHH YM3MKIH TapTvOnawl MyMKHH 3MACIHTHHH
UCOOTIIAHT.

Kommnekc connap MalIOHWHHHT aJ[MTUB. IPYNMNACHHHM KaTbUH UH3MKIH
TapTHOna MyMKHHIMTUHY UCOOTNAHT.

Komruiexc coHlap akCHOMaTHK Ha3apUACUHHHT 3UICU3NHIUHY HCOOTNAHT.

Komrinekc coHnap akcCHOMaTHK Ha3apUsSCHHHHT KaTBUATUIrHHYA HCOOTNaHT.

IV.17-§. Yeknu panrau aaredpanap

IV.17.1-tavpud. F matioon ycmuda bepunzan V eexmop aszo yuyw
Kyiuocazu wapmaap 6ancapuicuH: )

1.V 0a eekmopaapru kynatimupuut amanu aHuKAaHzaH, svhu Ya,b el yyyn
a-bel.

2. Ya,b,ceV . eMenmaap YUYH
a-(b+cy=a-b+a-can(b+c)-a=ba+ca.

3. VAieF eaVabeV yuyn Ala-b)=(Aa)-b=a-(1b).
Y xonoa V wusuxnu anzebpa deiiunaou.

V' uu3uiiu GasoHHHT 6a3UCH YM3HKIN aNreOpaHuHr XaM basucy Jeiunany.
Yuzuxnu GasoHUHT §I40BH 3¢a vusukau anzeGpanune panzu Neinnanm.

IV.17.2-mucon. C={a+bi|Va,be R} xomunekc coHnap MaHmOHH R
MaiilOH yCTH/A aHMKJIaHTaH, PaHTH 2 ra TeHT YU3MKIH anrebpa 6ynaau.

IV.17.3-mucon. F™" - snemeHTnapu F maiigoHra Teruuind bapya kBaupar
MaTpuLanap TYNnamu 4yu3ukiu anredbpa 6ynanu, Oy anrebpa sampuyaru mynux
ancebpa neiivnany. By anre6paHuUHT paHry n° ra TEHT.

IV.17.4-mucon. dapas KWialiMk, y,y’ =2 WAPTHH KAHOATJIAHTHPYBUM
Oupopra KOMIIeKC COH OynacuH. y © Xonaa,
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O()={a, +ay +a,y’|Va,,a,,a, €O} TYNnaM paurut 3 ra TeHr OYraH YH3HKIH
anrebpanup.

IV.17.5-mucon. V- =a+bi KOMIUIEKC COH YYyH - opkany Oy KOMILIEeKC
COHra KyiiMa OynraH a-—bi KOMIJIEKC COHHM OenrunaiMus, y xoiaga =,z,

KOMIUIEKC ~ COHlAp Y4yH I, +I,=ZI,+Z,, -5, =2,-5,  XOCCalapHUHT
HaxXapUIHLIMHK TEKIIUPHO YUKULI KHIHH 3MaC.

K opkamu Oapua q-—-( 12) KYPHHUILAATM MATpUlanap TYMIaMHHU

2 A
6enrunafimus. K TYrutaMm paHru 4 ra Tedr 6ynraH anrebpagup. K ra uzomopd
6yaraH xap kaHa# anrebpa keamepruonaap arzebpacu peinnanu. bysaax keiun
q NapHd KGAMepHUOHAAD neb ataiimuz. Arap

10y (i O (01 0 i
e= , i= , Jj= , k= 6enrunapHu KHpUTCaK
01 0—i -10 i 0

e,i,j,k anemeHTNap uM3UKIM 3pm 6ynub, g =a,e+ai+a,j+ak TeHrIMK
6axcapunamu. Jlemak, {e,i,j,k} BexTopnap cuctemacu 6y anrebpaHuur 6asucu
6¥naau. basuc 3neMEHTNApUAaH i, j,k NapHH KynadTHpUW
-
L
‘]
cxeMa acocHia Gaxapuaviuy YpUHIM OYIMIIKUHN TSKIIMPUIU KUHKH 3Mac. STbHH,
ij=k, jk=i, ki=j, ik=—j, ki=—~i, ji=-k, i’ = j> =k’ = —e Gynummuu
TEKLIHPHII KUHMH 3Mac, YHIaH Tallkapy e HHU Kynadtupuura HucbaTaH GUpIHK
anerMeHT 6ynuumHy 3sTHbOpra oJcak,
q=a,+aji+ajrak, q,=b,+bi+b,j+bk
KBAaTEPHUOHJIAD Y4YYH KBaTCPHHOHJIADHM KYNAUTHPUIIHM AUCTPUOYTHRIIUK
xoccacuaad goiinanaHud xagMa-xan 6akapuil MyMKHH:!
-q,-q,=(ab, +abi+ab,j+abk)+(abi+abi’+abij+abik)+{(ab,j+
+ab ji+ab,j +ab jk)+ (abk+ abki+abki+abk’)=
=(ab,—ab —ab, —ab)+(ab, +ab,+ab —ab)i+(ab, —ab +ab +
+ab)j+(ab, +ab, —ab +ab,)k
q—1 =qe—ai—a,j—ak  KBaTEPHHOH ¢,  KBAaTepPHUOHra  KJuma
K6amepHUOH AeHUNaIu.
q, q—l— = ao2 + al2 + az2 + 5132 COH q, K6aMePHUOHHUKZ Hopmacy ACHUNa M.
Arap e Oupnuk 3emedTtra 3ra O6ynraH anrebpama Va #0 aseMeHT yuyH
WwyHaai 4' 3MeMeHT Tonwnb a-a'= a-a =e mapt baxapunca, OGyHaail anredbpa
oynuw amanu Gaxcapuraduzan anzebpa peivnamu. 1-3-.4- Muconnapaaru
anrebpanap 6yaui amany H6axapunaguras anredpanapaup.

Kearycuna cdakar 6y amanu GaxkapHnaiuraH accouuatus anrebpanap
Kapanaziu.
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Arap A anrebpa P wMaHaoH yctuaa, OYynuHuw aManu Oaxapuiiaaurad
accouunarus anredbpa 6ynca, P-maihnon A4 HUHT anreOpaoctv €ku A HUHT P ra
uzomopd anredpaoctu MaBxyz 6ynanu.

IV.17.6-teopema. Aecap A paneu n za menz 6yncan P maiidon ycmuoazu
ancebpa 6ynca, YaeP yuwn la,...a"'.@" wususiu 6oziux 6ynub, a -
snemenm koypQuyuenniapu P oaw oauncan bupopma n - oapaxcanu Kynxao
unouzudan ubopam.

Taxpopnaum yuys caBonnap

Maiinos TabpuduHYU aliTHHY.

Yuzuknu dazo aeb Humara aittunanu?

Yusukiu anrebpara tTaspud bepusr.

Uuzuxnu GazoHuHr 6azucu viuma?

Unzukau GbazoHUHT §A4OBH HUMA?

UYuzuku airedpaHuHT paHrd TabpudHHU alTHHT.

Mamkaap

Xakukuit COHmap Tymnamu paHrud 1 ra TeHr yu3vKkny anrebpa 6ynuiIHHMH
ucboTnanr. :

Komnnekc connap malnoHn paHru 2 ra TeHT YM3MKIH anrebpa 6¥anMmHHH
ucboTnaHr.

F MalinoH ycTuaa ofiMHrad 2-tapTu6iau KBagpar MaTpHUaiap TYNJaMH paHry
4 ra TeHr YM3UKIKM aredpa OYNIHIMHN HCOOTIAHT.

KBatepHuoHnap anrebpacusy KypHHr.

IV.18-§. ®pobennyc Teopemacu

IV.18.1-Teopema. (A'+,-,R) XAKUKUi connap MaudoHu ycmuoa 6yauw aman
Gancapuraduean paneu n 2a menz accoyuamue aizebpa 6y/1c11H Azap

n=1 6ynca, y xonoa A= R 6ynadu;

n=2 6ynca, y yonoa A=C 6yraou,

n#3;

n=4 6yaca, y xonda A=K 6yraou;

n<4.

Dy epoa R — yaxuxuii connap matioonu, C — komnaexc connap maioonu, K —
KeamepHuUoHAap anzebpacu.

Hc6om. 1. n=1 6ynub, {1} A Huur 6azucu Oyncun. Y xonna A=u-R.
Hemak, 4 = R (ucboT xunuur).

2. n=2 6yaub, {l,1} BexTopnap cuctemacu AHuHr 6azucu OYiacHH. Y Xonaa
Xap KaHma#h ae€Ad yuyH a=a,+aquna,.a, € RanueR, akc xonma A- Oup
ynuosan OYnu6 xonamu. Byupan Lu,u’  BexTOpnap CUCTEMACH YU3MKIH
OOFNMKIMIHAAH WYRIal a,.qa,.a, € R XaKukuil CoR/Map MaBxy Ba
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a,+au+au’ =0 (1)

TEHMNHUK JPHHIIM, ABHU u - KO3 dUUHEHTIIADH XaKHKHi COHsTapaaH ubopar
f(x)=a,+ax+a,x’ xsappar yuxai Wigu3d 6ynanu. u ¢ R GYnrannuru ydyu
ueC.Y Xonma u xaM (1) Tenrnamanusr uaausd 6ynany. dapas Kunaiiuk,
u=a+bi 6¥ncuH, y xoJa u=a-bi. BynnaH
a,+au+au’ =a,(x—(a+bi))(x—(a-bi))=a,((x—a)’ +b"). Jemak, u extop
R maiinonna kentupunmaiiouran (x —a)’ +b* kBaapar yuXalHHHI WIAH3M JKaH.
Y XoJsiia Xxap kaHnah a € 4 yyyH WwyHzAa# q,,qa, € R MaBxya 6yiuo,

a=a,+au.Arap u=a+bi 6ynca, y xonaa

a,+ala+bi)=a,+aa+abi=(a,+aa)+(ab)i Xap Kaujgak
a=a,+auc A yuyH :c=(a,+aa)+(ab)i KOMINEKC COHM Moc K¥iicak, y
xonpa Oy aKkCIAaHTUpUII AHM KOMIUIEKC COHJlap MaifiloHura u3oMopd
akcnaHTtupaau. DBy akcnaHTupuiieu ¢ opkanu Oenruwnacak, ¢:A4—>C Ba

o(a, +au)=(a, +aa)+(abli,u=a+bi. By aKCJTAaHTUPHLI 6HeKTHB
aKCJIAHTHPHILAMD. XAKMKATAAH XaM, arap a =aq, +au#a,+au=a' Gynca, y
xona (a, + a,a) + (ab)i # (a, + a,a) + (ab)i. Axkc Xonza
a,+aa=a,+aa a,—a)+a(a, ~a)=0 la =aq
o M (@, —a,) +al ! ) ={° V= a=a'  3upguaT
ab=ab a =a a =aq,

kenub ynukamgu.
Xap kaHgal c+dieC yuyH @(x+yu)=c+di OYncun. Y Xxonna

ad
) ) ) x+ya=c X=c——-
x+yla+b)=c+di=>(x+ ya)+ ybi=c+di= T >
ybi=di =1
b
Xap xaupmaik a=aqg,+au Ba a'=a,+au  nap  ydyH

ola+a')=p((a, + )+ (a, +a)u)=(a, + g, +(a, +a)a) + (a, + a)bi =

=((a, + a,a) + abi) + ((a, + a,bi) = p(a) + p(a’).

Iynra yxwam ¢@a-a')=@(a)-¢(a@') TeHTIUK YpUHIH SKAHIUTH
ucboTnaHaay.

A anreOpanuur 6asucn l,a Oynca, ¢ aKCNaHTUPHILHW wWyHAAH TaHiab
ONMLI MyMKHMH-KH, HATHKaa «” = —1 TeHrMK Ypurin 6¥nanu. XakuKkaTaaH XaM,
u=a+bi=>u’=~16ynca, u=i 6yIMILA KeNUO YUKATH.

3. dapa3 kwialiniMk A paHrd ydra TeHr Gymrau anreGpa 6ynub, Lu,v
BEKTOpRap cucremacu Oy amreGpanunr Gasucu O¥ncun. V xonma u’ =-1 neb
xucobnamuMu3 MyMKHH. Arap Lu,v cHCTeMa MU3MKIM DKM 6Yaca, lu,v,uv
CHCTEMA XaM YM3HKJIH 3P OYIHLIHHHM KYpcaTamu3s.

a,+au+ayv+au=0 (2)

6yncuy. TeHrNaMaHUHP WKKala TOMOHMHM Xam ¥  ra YHT TOMOHJaH
KynmalTHpcak,
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au-a+ay-av=0=-q +au+(a.~aWw=0=a'=0.a,=0.qa,=a,.

Y xonma (2)=ayv+awuv=0=a(v+uv)=0. byHnau A O6ynuHMmI amanu
faxapunaauran anrebpa 6ynraHu yuys a, =0v uv = —-v = 1 = -1 kenub yMKany,
NeKkuR, u ¢ R, nemak, a, =0.

Ulynpaii xunud, a, +au+ayv+auw=0=>a =a =a,=a,=0. Jemaxk,
OynMuML amany OaxapunaaMraH XakMKMi COHnap MailoHM YCTHAA aHUKJIaHTaH
accouUMaTHB anreGpa paHry > 4 JkaH.

4. A-XakuMKuH COHap MaioHu ycTHaa Oynunuuira sra 6ynraH paHru
n(n 2 4)ra Tenr anredpa 6yncun. KOkopuna kypranumusaek, Oy anrebpana kamuzaa
4 Ta YM3UKIM IPKIY BeKTOprap 6op. 1,u,v,uv -4U3UKIH IPKIIH deMeHTIap OYNICHH.
Lu 3emMeHTNap ApaTraH aarebpa KOMIUIEKC COHNap MainoHHra Hiomopd 6¥nuim
XaM McOomianrad 3au. XyLaM WwyHaai, 1,v anemeHwiap sparradH 4M3ukiu airedpa
XaM KOMIUIEKC COHNAp Maiaonura uzoMopd OYNMUILIMHM KYpcaTUl MYMKUH. VY
X0/lla  w,Vv OJIEMEHTJapHH IUyHJad TaHnal OAMII MYMKHH-KM, HarHxaia
u'=v'=-1 Gynagu. Jemak, u Ba v 3MEMEHTNIAP XaKHKMH COHIap MalfOHHMra
TErHUUTM 3Mac. Y XOMAa u + V A « — v 3JIEMEHTIIAP XaM XaKUKMH COHNap MaiIoHHra
ternuuid  amac.  Jlemak, 6y JfeMEHTNap XaKMKMA  COHNap  MaiJ0HWIa
KeITHpUnMaiamras, kodpduuMeHTnapy Xakukui codnapmaH ubopar 6ynraH
KBA[ApaT TEHITIAMAHMHI WIAM3Napy Oymanu. ByHIaH ynapHMHr KBaipaTjiapH MoC
PaBUILAA LIy 3JIEMEHTIAp Ba | HUHT YU3UKIM KOMOUHaUMACHZaH HOopaT:

(t+v) =a,+alu+v)a,,a €R;

s
(u—-v)Y =b,+b(u-v),b,,b €R;
€KH
=2+ (wv+vu)y=a, +a(u+v)
2= (uv+vu)y=b, + b u-v),
Xocun 6¥raH TEHIIMKIAPHY XaaMa-xal KyLicak, :
-4=(a, +b,)+(a, +b)u+(a —b)v rasra 6ynamus. Lu,v nap YM3UKIHK IPKIH
6ynrannury yuyd a +b =a, -b =0na,+b,=-4. Y xonma (3) maH wuv+vu
3MEMEHT XaKUKui con 6ynuviun kenud ynkana. Yuu 2r opkanu 6enrunacax,
w+vu=2r=a,+2=-(b,+2) (4)
TCHITIMKKA 3ra OyaaMu3. u+vAu-—v 3JeMEHTIap MOC paBullga WIAKU3
6ynanurad  MKKMTa KBaApaT  yuxadiap - XakHKMH coHiap  MaiinoHuga
keATUpunMaiouran kynxagnap Oysarannvrd yayn a, =b, =0 nan a, <OA b, <0
6¥nuun kenub ynkagu. V xonaa (4) TeHmm(Ka acocaH —l<r«<l.leMak,

p= \/— (5)
COH HoJlgaH QapKiH XakMKMi coH 6ynanu. Arap j=r-p-u+ p-v 6enmnamﬂu
KupnTcaK p#0 naH lu,j sneMeHTnap 4YM3MKIM 3pKiu 6Yaub (4), (5) [aH
Ji==1Auv+ ju=006ynumu kenub yuxaiu..
Arap wwuu iopkamu, ij=-jiun k opkanu Genrunacax, iz'='jz'=k2=—
oynub, i, j,knap YUIMKIM DPKIK CHCTEMA ,XOCHH; KWJIQM. XaKuKaTaaH XaM,
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arap ¢,.c,,c, € R counap maexyn O6yaub, k=c, +ci+c,j neb6 dapas kuicak,
TEHIMMKHHHIT  MKKajla TOMOHMHM YHr TOMOHAAaH | ra kynaitupud
j=ci-c —ck=ci-c -clc, +ci+e,j) TeHrMkka ora  6ynamus. By
TEHMTMKAATH j 3JeMeHT KOIQGUUMEHTIAPMHH TEHINIAITUPCaK — ¢, =1 kenub
yukand. by aca ¢, € R waprra 3un.

Hlynnan kunub, 1,4, j,k nap YnM3UKH pKIIH.

Xocun 6yraH YM3HKIIM 3PIJIH 3JIEMEHTIAp Apatrad anrebpa KBaTepHHOHNAD
anrebpacura uzomopd 6ynuiLM pasiuaH.

5. n>25 6yncun ne6 dapas kuncak, l,i,j,k,/ HH3UKIH IPKIIM BEKTOpJAp
cucremac Oyinca, i* = j* =k’ = -1 pneC roxopunaru yeynaa il +1i, jl+1j, kI + 1k
uojanap xakuxkui coHNap MaigoOHHra TerMiny OYNUUIMHY KYPCATHLI MYMKHH.
by udonanapsu Moc paBuwaa a,b,c € R Xakukuii coHnapra TeHr 6yicuH. SIpHH,
il+li=a, jl+lj=b, kKl +1lk=d 6yncun. Y xonna

ai +bj + ck =(aj — bi + c)k=(aj — bi+ kI + lk)k = (aj - bi + ijl + lk)k =

=(aj —i(b—- jOlkYk =(aj — ilj + Ik)(=k)=((a—il)j+ Ik)k =

=(lij + 1)k = (tk + lk)k = -21.

by aca 1,i, j,k,l BexTopnap YH3MKIH IPKJIH Jlerad gapazummsra 3uj.

Taxkpopaam y4yH casojjiap

Bynunuw amanu 6axapunagvral anredpa TabpudHHH aiiTHHT.

Accouuatss anredpa TabpuGHHH aHTHHT.

Xakukui coHnap MaHmOHM ycruaa O6Ynumn amanu GaxapunaIMraH Yeksu
paHr/IM accoLMaTvB anrebpaHuHr paHrd 1 ra TeHr 6¥nca, y Xakukuit connap
YH3UKIH anrebpacura uzomopd 6ynanumu?

XaKkukui coHnap MalAoHH yctupa O6ynuimn amanu OakapunaauraH 4ekiu
DAHIVIA aCCOLMATHB anreCpaHUHr paHrd 2 ra TeHr 6ynca, y KOMIUIEKC COHJsap
4YU3UKIHK anrebpacura usomopd 6ynagumu?

.~ XaKHKHMA COHJIap MaiiloHH ycTuAa O¥nuw .aMany GaxapHIaurad Yekiu .

paHr/Id acCOUMaTHB anrebpaHHHr paHrd 4 ra TeHr 6fnca, y KBaTepHHOHNAp
4M3UKIM anrebpacura usoMopd 6ynanumu?

Mamkmap

Panru 1,2,4ra TeHr YM3MKIM alrebpaiapra MUCOJUIAp KEJITUPHHT.

XaKHKHid COHJIap, KOMIUIEKC COHJIap MaliIoHH, KBaTepHHOHap ainrebpacu
6ynuHuI aManu OaxapwiaguraH XaKUKUH COHNAp MaJOHM yCTHOA YeKn
PaHIIY accouMaTHB anrebpa 6ynumuen UcboTnanr.

XaKkMKuil COHNMap MalifloHH ycTuaa OYiMII aManu OaXapHIadHraH YeKiu
PaHriM accouraTvs anrebpa paHru 3 ra TeHr 6¥aMacIMruHu UCOOTIIaHT.

XakuKuit CoHNap MalJOHM ycTuia Oynuil aManu Gaxapuiiaqurad 4exiu
PaHrM accouuaTus airebpa paHrd 41aH katra 6yIMacaurHy UCOOTNAHT.

Panry 3 ra TeHr 6ynirad YM3HKIM anrebpara MUCOST KENITHPHHT.
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