denepaibHOE areHTCTBO 110 06Pa30BAHUIO
YpasbecKuil rocy1apcTBEHHbIH SKOHOMHUECKHUI YHHBEPCUTET

@&

0. b. Me/qbHUKOB

Hﬂeaﬂbl noayrpyni n KoJen

Pasnen 31eKTpOHHOT0 yueOHUKaA
JIJ1s1 COTTPOBOKIEHUS JIEKLIMH

H30. 2-e, ucnp. u don.

melnikov@k66.ru,
melnikov@r66.ru
caThi: EkaTtepun6ypr
http://melnikov.k66.ru, 2009
http://melnikov.web.ur.ru

e-mail:




I. Moayrpynna
[L1.Wpean . . . . .. ...
[.2. Teopema 06 uaeasie moJgyrpynmnbl . . . . . . . . . . . . . .
[.3. Anrebpa uaeasioB MOJYrPynbl . . . . . . v v v v v v o
[.3.1. TIpousBenenue uaeanoB nogayrpynnsl . . . . . . .
[.3.2. [1epeceuenue upeasoB noayrpynmnbl . . . . . . . .
[.3.3. O6benrHenue uaeasnon noJayrpynnbl . . . . . . . .

Il. Koabo
[I.1. Onpenenenne KOJbLUA . . . . . v v v v v v v v e e
[1.2. DnemenTapHbie TeOpeMbl TEOPUM KOJIELL . . . . . . . . . .
[1.2.1. Teopema 06 ymHokenuu Ha O B KoJiblle . . . . . .
[1.2.2. Teopema 06 yMHOXKEHHH Ha TMPOTUBOIOJOKHbIK
NMEMEHT &« v v v v e e e e e e



[[.3. HacTHbIE BUIBI KOJCIL . . + + v v v v e e e e e 80

[1.3.1. Koneunble Koatbia . . . . . . ... ... ..... 81
[1.3.2. Kosbuo ¢ euuuedt . . . . . . . . ... ... .. 82
[1.3.3. KoMmmyTaTuBHbIe KOJIBIA . . . . . v o o v v ' .. 95
[[.3.4. LlesioCcTHBIE KOJMBLA . . « « v v v v v e e oo 97
[1.3.5. EBKAMAOBBI KOJIBLIA . . . . v o v v v e 106
[1.4. Upeankoablia . . . . . . . o oo oo 114
[1.4.1. Teopema 06 upeanax kKonbua . . . . . . . . . .. 118
[1.4.2. Teopema 06 ujeasax u KOHTpyeHUHUsIX Kosbua . . 123
[1.4.3. ®akTOp-KOJbLIO MO UALANTY . . . . v o v v o . . . 159
[1.5. Anrebpa uaeasoB KOMbLA . . . . . . v v v v v v e 160
[1.5.1. [TpousBenenue nuaeasoB Koabua . . . . . . . . . . 161
[1.5.2. [Tepeceuenue upeasoB Koablia . . . . . . . . . . 176
[1.5.3. Cymma ugeasioB KOJbLA . . . . . . . . . . . . .. 192

[1.6. [J1aBHBIE UACAJIBI KOJBLIA » .« .« o v v v e e e e 205



[1.6.1. Teopema o ryiaBHBIX Hjeanax Kojablia . . . . . . . 233

[1.6.2. Onpenenenue raaBHoro uaeasa Kojablia . . . . . . 235

[1.7. EBK/IMIOBBI KOJIbLIA U KOJIbLIA [VIABHBIX HIEAJ0OB . . . . . 238
[1.7.1. Teopema 0 €BKJIMIOBBIX KOJIbLAX H KOJIbLAX TJIaB-

HBIX MICAJIOB . v v v v v v e e e e e e e 240

[1.7.2. CnencTBue U3 1okasate/ibcTBa Teopembl 14 . . . . 208
[1.7.3. CnenctBue o cylllecTBOBaHMH 1 B €BKJIMJI0OBOM

KOJTBLIE  + « v v v e e e e e e e e 259

[1.8. Anre6pa naeanoB eBKJAMIOBA KOJbLA . . . . . . . . . . . 268
[1.8.1. Teopema o npou3BeNEeHHUH HJECAJIOB EBKJIHI0BA

KOJBLA + v v v v v e e e e e e e 269

[1.8.2. Teopema o nepeceueHuu naeasoB eBKIAWI0BA KOJIbLa281

[1.8.3. Teopema o cymme uaeasioB eBKJIKAOBA KoJiblla . . 289

[1.8.4. Cnenctsue o npencrasiaenun H.OJI. . . . . . .. 300

[1.9. Teopema 0 KoJIbLI€ BBIUETOB . . . . . . . v v v v v v v . 302



[1.10. Onpenenenre KoJbLA BBIUETOB . . . . . . . . . . . . . .
[I.11. CpaBHeHUSI MO UA€ANY . . . « . v v v v v o e e e e e
[1.12. CroiicTBa CpaBHEHUH MO UJLANTY . . . . o + « . . . . . .

I11. Koaibo ueabix uucea
[II.1. [Ipocthieuncna . . . . . . . . . ... .. ... .....
[11.2. PasnoxkeHue HaTypasbHOrO UyMcJ/ia B IPOU3BEJIEHHE MTPO-
CTBIX UHCEIL .+ v v v e v e e e e e e e e e e e e
[11.3. beckoHeUHOCTb MHOKECTBA MPOCTHIX UMCET . . . . . . .



I. [Tonyrpynna

Onpenenenue 1. [pynnoud (A, {x}) Hazvisaemcs noayrpynnou, ec-
ML * — ACCOUUAMUBHASL ONepayus, mo ecmo 8blNOAHACMCA MONC-

decmso (x xy) x z = x * (y % 2).

MHorna ropopsit, uto A — MoJiyrpyrnna OTHOCUTEJbHO ONepaluu .
[Tpu 3TOM paBeHCTBO ( * ) * 2 = x * (Y * z) HA3bIBAIOT AKCMOMOW TMO-

JYTPYMIIbI.
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B kakux HallpaBJICHHUAX HaAM CJIEAYET PAa3BUBATH UCCJIEAOBAHUE T10JIY -
rpynmn?
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Mrtak, Hajo BbIOpATh MOANOJYIPYyMIbl, HaUOOJIee NMepPCreKTUBHbIE J/151
M3yUECHHUSI.



I.1. Upean noayrpynnbi
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Ae8blm udeanrom, ecai 044 11006020 x U3 P 8blnOAHIem s 8KAIOYe-
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x € P,
= xxy € I. |
{oe] ’ (1)
Onpeneaenue 3. [loomnoncecmso I noayepynnoe. P na3eisaemcs
npasoim udearom, ecau 0 1106020 x us P soinoansemces 8Kkao-
yenue [ xx C I, m.e.

x e P,
{yE[ = y*xx € 1. (2)
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Onpepeaenue 4. [loomnomwecmso I noayepynnot P Ha3vieaemcs
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B uacTHoCTH, uaeas moJayrpynibl ABJASIETCS OJHOBPEMEHHO €€ JIEBbIM U
MPAaBbIM UJICAJIOM.
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acl,
{bEI = axbel.

Teopema nokazana.



[.3. Anre6pa naeanoB noayrpynibl

B cootBeTcTBHHU CO CTpaTeFl/leﬁ nepexoiga or U3yd€Husd OTaA€JbHOTO
00beKTa K NUCCJIHEJOBAHUIKD CUCTEMDbI 00BbEKTOB HallpalllUBA€TCsl BBE-
CTH ollepallMd U OTHOLIEHHUSI Ha MHO2KECTBE U caJlOB.
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a€ 1,
[*J:{a*b{bEJ} (4)

asasemcs udearom noayepynnot P, npuuwem I x J C 1N J.
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ael,
[*J—{a*b{bej} (4)

asaaemcs udearom noayepynnot P, npuuem I x J C 1N J.

Jloka3ateabcTBO. ECTeCTBEHHO, BOCMOIB3YyEMCS
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. {x*(a*b)—

(a*xb)*x =
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asasemcs udearom noayepynnot P, npuwen I x J C 1IN J.

Joka3areabcTBO. EcTecTBeHHO, BocnoJib3yeMcst hopmyaaoi (3):

ra:EP,
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\y:a*b

rx(axb)=(rxa)xb=adxbelxJ
=
(a*xb)*xx =



[.3.1. [IpousBeneHune uaeanoB NoJyrpynibl

Teopema 2 (0o npousBeneHuu uaeanos noayrpynnol). Ecau I u J —
udeanol noayepynnol P, mo mroxicecmso

I*J—{a*b{zgﬁ’} (4)

asasemcs udearom noayepynnot P, npuwen I x J C 1IN J.

Joka3areabcTBO. EcTecTBeHHO, BocnoJib3yeMcst hopmyaaoi (3):

ra:EP,
x € P, no (4) a€l,
Lyeres = w3 0E]

\y:a*b

N rx(axb)=(rxa)xb=adxbelxJ
(axb)xxz=ax(bxx)=



[.3.1. [IpousBeneHune uaeanoB NoJyrpynibl

Teopema 2 (0o npousBeaeHuun uaeanos noayrpynnol). Ecau I u J —
udeanol noayepynnol P, mo mHoxicecmso

a€cl,
I*J{a*b{bej} (4)

asasemcs udearom noayepynnot P, npuuem I x J C 1IN J.

Jloka3aTeabcTBO. EcTecTBeHHO, Bocnoib3yeMcsi hopmyJaoi (3):
(

x € P,
x € P, 1o (4) a€l,
{yEI*J = 3a3b<beJ,

\y:a*b

N rx(axb)=(rxa)xb=adxbelxJ
(axb)xx=axbxx)=axb €lxJ

Teopema nokasana.
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[.3.2. [lepeceueHune uaeanoB NoJyrpyniol

Teopema 3 (o0 nepeceuenuu uaeanos noayrpynnsit). Ecau I u J —
udeanol noayepynnol P, mo ux nepeceuenue (I NJ) a6aaemcs ude-

arom noayepynnol P.

Joka3zareabctBo. CorsnacHo hopmyaie (3):

x € P,

{xeP, = yel, =
InJg ’
v < y € J,



[.3.2. [lepeceueHune uaeanoB NoJyrpyniol

Teopema 3 (o0 nepeceuenuu uaeanos noayrpynnsit). Ecau I u J —
udeanol noayepynnol P, mo ux nepeceuenue (I NJ) a6aaemcs ude-

arom noayepynnol P.

Joka3zareabctBo. CorsnacHo hopmyaie (3):

(x*yel

x € P ze b :U>|<y€J7
’ = < yel, = « ’
{yGIﬂJ yeJ yxzx €l
’ \y*xEJ



[.3.2. [lepeceueHune uaeanoB NoJyrpyniol

Teopema 3 (o0 nepeceuenuu uaeanos noayrpynnsit). Ecau I u J —
udeanol noayepynnol P, mo ux nepeceuenue (I NJ) a6aaemcs ude-

arom noayepynnol P.

Joka3zareabctBo. CorsnacHo hopmyaie (3):

(
xxy €1,
r € P, ze b rxy € rxyelnd
= < yel, = | =
yelndJ cJ yxx €I, yxx e lnd.
4 ’ \y*xEJ



[.3.2. [lepeceueHune uaeanoB NoJyrpyniol

Teopema 3 (o0 nepeceuenuu uaeanos noayrpynnsit). Ecau I u J —
udeanol noayepynnol P, mo ux nepeceuenue (I NJ) a6aaemcs ude-
arom noayepynnol P.

Joka3zareabctBo. CorsnacHo hopmyaie (3):

(
xxy €1,
r € P, ze b rxy € rxyelnd
= < yel, = | =
yelndJ cJ yxx €I, yxx e lnd.
4 ’ \y*xEJ

TeopeMa JOKa3adHa.



[.3.3. O0benuHeHHe UaeanoB NOJYrpynibl

Teopema 4 (00 o6 benMHeHUH UaeasoB noayrpynnni). Ecau I u J —
udeanol noayepynnol P, mo ux o6ovedunenue (I U J) asaaemces ude-

arom noayepynnol P.



[.3.3. O0benuHeHHe UaeanoB NOJYrpynibl

Teopema 4 (00 o6 benMHeHUH UaeasoB noayrpynnni). Ecau I u J —
udeanol noayepynnol P, mo ux o6ovedunenue (I U J) asaaemces ude-

arom noayepynnol P.

Joka3zareabcTBo. CorsnacHo hopmyaie (3):



[.3.3. O0benuHeHHe UaeanoB NOJYrpynibl

Teopema 4 (00 o6 benMHeHUH UaeasoB noayrpynnni). Ecau I u J —
udeanol noayepynnol P, mo ux o6ovedunenue (I U J) asaaemces ude-

arom noayepynnol P.

Joka3zareabcTBo. CorsnacHo hopmyaie (3):

N N
yelUJ



[.3.3. O0beauHeHHe UaeanoB NOJYrpynibl

Teopema 4 (00 o6 benMHeHUH UaeasoB noayrpynnni). Ecau I u J —
udeanol noayepynnol P, mo ux o6ovedunenue (I U J) asaaemces ude-

arom noayepynnol P.

Joka3zareabcTBo. CorsnacHo hopmyaie (3):

[ x e P,

x € P, y e 1,
=

yelUJ x € P,

yeJ




[.3.3. O0benuHeHHe UaeanoB NOJYrpynibl

Teopema 4 (00 o6 benMHeHUH UaeasoB noayrpynnni). Ecau I u J —
udeanol noayepynnol P, mo ux o6ovedunenue (I U J) asaaemces ude-

arom noayepynnol P.

Joka3zareabcTBo. CorsnacHo hopmyaie (3):

x e P, rxy€el,

{xEP, N {yel, N {y*xel,
yelUJ x e P, Txy € J,

{yGJ {y*er




[.3.3. O0benuHeHHe UaeanoB NOJYrpynibl

Teopema 4 (00 o6 benMHeHUH UaeasoB noayrpynnni). Ecau I u J —
udeanol noayepynnol P, mo ux o6ovedunenue (I U J) asaaemces ude-

arom noayepynnol P.

Joka3zareabcTBo. CorsnacHo hopmyaie (3):

x e P, rxy€el,

{xEP, N {yel, N {y*xel, N
yelUJ x e P, Txy € J,
{yGJ {y*er

N xxy e lUJ
yxx e lUJ.



II. Koabuo
[IpumMepom mnepeHoca TOHATHUSA HA YCJOXKHEHHBIH MaTeMAaTHUYECKHH
06”beKT ABJIACTCA BBCIACHHUEC [TOHATHUA udeafza K?O/LbL{Cl.



[1.1. OnpeneneHune Koabua

Onpenenenue 5. KobloM 111 acCOUMATUBHBIM KOJbIOM HA3blBA-
emcsa areebpa (K, {+,-,0}) 019 komopoil 8b1noAHsI0MCs cCAeDY10-
wue ymsepocoerus (AaKCMOMbl KOJIbLA )

l.x4+y=y+x (KOMMYMmamusHoCmob «CAOHCEHUAY);



[1.1. OnpeneneHune KoJgabla

Onpenenenue 5. KobloM 111 acCOUMATUBHBIM KOJbIOM HA3blBA-
emcsa areebpa (K, {+,-,0}) 019 komopoil 8b1noAHsI0MCs cCAeDY10-
wue ymsepocoerus (AaKCMOMbl KOJIbLA )

l.x4+y=y+x (KOMMYMmamusHoCmob «CAOHCEHUAY);

2.2+ (y+2) = (r+y)+ 2z (accouuamusrocnb <CAOHCHURY );

3Hauurt, (K, {+}) — noayrpynna.



[1.1. OnpeneneHune Koabua

Onpenenenue 5. KobloM 111 acCOUMATUBHBIM KOJbIOM HA3blBA-
emcsa areebpa (K, {+,-,0}) 019 komopoil 8b1noAHsI0MCs cCAeDY10-
wue ymsepocoerus (AaKCMOMbl KOJIbLA )

l.2+y=y+x (KOMMYMAMUBHOCHb CAONCCHUSLS );
2.2+ (y+2)=(r+y)+ 2z (accoyuamusHrocmo «CAONEHULY );

3. 8 K cyuecmsyem asremenm, komopolti mol 06o3nauum 0, maxotl,
umo 045 11060eo x u3 K soinoansemcs coomuouterue x + 0= x
(Haauuue Hyresoeo 3nemernma);



[1.1. OnpeneneHune KoJgabla

Onpenenenue 5. KobloM 111 acCOUMATUBHBIM KOJbIOM HA3blBA-
emcsa areebpa (K, {+,-,0}) 019 komopoil 8b1noAHsI0MCs cCAeDY10-
wue ymsepocoerus (AaKCMOMbl KOJIbLA )

l.2+y=y+x (KOMMYMAMUBHOCHb CAONCCHUSLS );
2.2+ (y+2)=(r+y)+ 2z (accoyuamusHrocmo «CAONEHULY );

3. 8 K cyuecmsyem asremenm, komopolti mol 06o3nauum 0, maxotl,
umo oaa at0boeo x u3 K seinoangaenca coomuouierHue r+0 = x
(Haauvue HYres020 3NemMeHma);

3uHauut, (K,{+}) — noayrpynna ¢ HedTpajbHbIM 3J€MEHTOM (C
«eJUHULeU»).



[1.1. OnpeneneHune KoJgabla

OH])CILGJIBHPIC D. Koabuom u.iu accouMaTUBHbIM KOJbLOM HA3bl80-

emcsa areebpa (K, {+,-,0}) 019 komopoil 8b1noAHsI0MCs cCAeDY10-
wue ymsepocoerus (AaKCMOMbl KOJIbLA )

l.2+y=y+x (KOMMYMAMUBHOCHb CAONCCHUSLS );
2.2+ (y+2)=(r+y)+ 2z (accoyuamusHrocmo «CAONEHULY );

3. 8 K cyuecmsyem asremenm, komopolti mol 06o3nauum 0, maxotl,
umo oaa at0boeo x u3 K seinoangaenca coomuouierHue r+0 = x
(Haauvue HYres020 3NemMeHma);

4. 0aa amoboeo r us K cyuecmsyem maxotl asemenm (—x), 4mo
(—z)+x =0 (9nemenm, obpammuolll OMHOCUMENLHO +);

3uauur, (K, {+}) — rpynna.



[1.1. OnpeneneHune KoJgabla

OH])CILGJIBHPIC D. Koabuom u.iu accouMaTUBHbIM KOJbLOM HA3bl80-

emcsa areebpa (K, {+,-,0}) 019 komopoil 8b1noAHsI0MCs cCAeDY10-
wue ymsepocoerus (AaKCMOMbl KOJIbLA )

l. v+ y=y—+<x (I{OMMymCZIﬁLLBHOCMb <<C/l09fC€HLLﬂ»);
2.2+ (y+2) = (r+y)+ 2z (accouuamusrocnb <CAOHCHURY );

3. 8 K cyuecmsyem asremenm, komopolti mol 06o3nauum 0, maxotl,
umo oaa at0boeo x u3 K seinoangaenca coomuouierHue r+0 = x
(Haauvue HYres020 3NemMeHma);

4. 0aa amoboeo r us K cyuecmsyem maxotl asemenm (—x), 4mo
(—z)+x =0 (9nemenm, obpammuolll OMHOCUMENLHO +);



[1.1. OnpeneneHune KoJgabla

OH])CILGJIBHPIC D. Koabuom u.iu accouMaTUBHbIM KOJbLOM HA3bl80-

emcsa areebpa (K, {+,-,0}) 019 komopoil 8b1noAHsI0MCs cCAeDY10-
wue ymsepocoerus (AaKCMOMbl KOJIbLA )

l. v+ y=y—+<x (I{OMMymCZIﬁLLBHOCMb <<C/l09fC€HLLﬂ»);
2.2+ (y+2) = (r+y)+ 2z (accouuamusrocnb <CAOHCHURY );

3. 8 K cyuecmsyem asremenm, komopolti mol 06o3nauum 0, maxotl,
umo oaa at0boeo x u3 K seinoangaenca coomuouierHue r+0 = x
(Haauvue HYres020 3NemMeHma);

4. 0aa amoboeo r us K cyuecmsyem maxotl asemenm (—x), 4mo
(—z)+x =0 (9nemenm, obpammuolll OMHOCUMENLHO +);

3Hauur, (K, {+}) — abeseBa (KOMMyTaTUBHas) rpynna — aaiau-
TUBHas IPYMNMa KoJblia.



[1.1. OnpeneneHune KoJgabla

Onpenenenue 5. KobloM 111 acCOUMATUBHBIM KOJbIOM HA3blBA-
emcsa areebpa (K, {+,-,0}) 019 komopoil 8b1noAHsI0MCs cCAeDY10-
wue ymsepocoerus (AaKCMOMbl KOJIbLA )

l.2+y=y+x (KOMMYMAMUBHOCHb CAONCCHUSLS );
2.2+ (y+2)=(r+y)+ 2z (accoyuamusHrocmo «CAONEHULY );

3. 8 K cywecmsyem saemenm, komopoiii moL 06o3nauum 0, maxoi,
umo 044 11060eo0 x u3 K soinoanaemces coomuouwernue r +0 = x
(Haauvue HYres020 3NemMeHma);

4. 0aa amoboeo r us K cyuecmsyem maxotl asemenm (—x), 4mo
(—z)+x =0 (9nemenm, obpammuolll OMHOCUMENLHO +);

b.x-(y-2)=(xr-y)- 2z (accoyuamusrocmo « yMHONEHUY );



[1.1. OnpeneneHune KoJgabla

Onpepnenenue 5. KoabLOM 111 acCOLMATUBHBIM KOJbLOM HA3bl80-
emcs areebpa (K, {+,-,0}) 049 komopoil 8binoiHsiomes ciedyro-
wue ymeepucderus (aKCUOMbI KOJbLA):

[.x+y=y+x (KOMMYMamusHoCmMb «CAOHCEHUSY );
2. 04 (y+2) =(x+y)+ 2z (accoyuamusrocmo «CAOMECHUSLY);

3. 8 K cywecmsyem aaemenm, komopoitl moL 0603Ha4um 0, maxod,
umo 044 1106020 x u3 K soinoansemces coomuowenue r +0 = x
(Haaudue HYyreso2o sNemenma);

4. 0aa moboeo x u3 K cywecmsyem makoi 3semenm (—x), 4mo
(—x) +x =0 (3aemenm, 0bpammoLll OMHOCUMENbHO +);

S.x-(y-z)=(x-y)- 2z (accoyuamusrocmo «YMHONEHUY );

3uauur, (K, {-}) — noayrpynna.



[1.1. OnpeneneHune Koabua

Onpenenenue 5. KoabloM .11 accOUMATUBHBIM KOJbIOM HA3blBA-
emcs areebpa (K, {+,-,0}) 049 komopoil 86.noAHAI0MCs CACOYI0-
wue ymeepucderus (aKCUOMbI KOJbLA):

[.x+y=y+x (KOMMYyMamusHoCmo «CAOHCEHUSLY );
2.04 (y+2) =(x+y)+ 2z (accoyuamusrocmo «CAOMEHUSY);

3. 8 K cywecmsyem snemenm, komopoiii moL 06o3nauum 0, maxoi,
ymo 0aa a0b6oeo x u3 K soinoansemcess coomuouwerue x + 0 = x;

4. 0aa moboeo x us K cyuecmsyem maxotl asemenm (—x), 4mo
(—z) + x =0 (9nemenm, obpammuoLll OMHOCUMENLHO +);

b.x-(y-z)=(x-y)- 2z (accoyuamusHocnio KYMHONCEHUSS );

6.x-(y+z2)=x-y+zx-2 (yY+z)-x=y-x+z2- -z (1esasunpa-
sas ducmpubymusHocmu).



I1.1. OnpeneneHune KoJablia

YHacto 310 onpeneseHde GopMyJaUPYIOT CJAEAYIOLIUM  006pPa3oMm:
KOAbYOM HA3blBACMCA Henycrmoe MHOoMecmso K ¢ onepayuiamnu,
Komopbole Mol 0003HAYUUM + u -, 8 KOmopom umeemcs INeMeHm,
KOmOprLZ MbL 0O03HAYUUM CUMBONLOM 0, npudem 8olIIOAHAOMCA nNPU-
gedeHHbLe 8blule AKCUOMbL Koabud.



I1.1. OnpeneneHune KoJablia

HMHorna B onpeneseHnn KoJbla 0TKa3bIBAlOTCS OT AKCMOMbI O (acco-
LIMATUBHOCTb KYMHOXEHUSI») U 3aMeHSIIOT ee KakoH-HUOYb Apyroi. B
9TOM CJiydyae ropopsT 0 HEACCOUUATHUBHbIX KOJIbLAX.

BbinosiHenue akcuom 2-4 roBOPUT 0 TOM, UTO K SBJSIETCS TPyIMnon
OTHOCHUTEJIbHO CJIO2KEHHUS, 4 BBIITOJITHEHHE TIPU 9TOM dKCHOMBI | FOBOPHT O
TOM, UTO 9TO abeJsieBa WJIM, HHBIMH CJIOBAMH, KOMMYTATHBHAA I'pyIilia.



[1.2. dnemeHTapHbIE TEOpPEMbl TEOPHUH KOJIELL
PaccMOTpUM HECKOJIBLKO CJIEICTBUH U3 OTIPEICJICHUH.



[1.2.1. Teopema 06 ymHOxeHuM Ha 0 B KoJiblLie

Teopema 5 (06 ymMHOXeHuu Ha 0 B Koable). /[1a 1100020 dremen-
ma x kKoavya K umerom mecmo pagerncmsa x-0=0=0-z.

JloKa3aTeJbCTBO.



[1.2.1. Teopema 06 ymHOxeHuM Ha 0 B KoJiblLie

Teopema 5 (06 ymMHOXeHuu Ha 0 B Koable). /[1a 1100020 dremen-
ma x kKoavya K umerom mecmo pagerncmsa x-0=0=0-z.

Jloka3aTteabcTBo. CorjlacHO aKcMoMaM KOJblia

=z-(y+0)=



[1.2.1. Teopema 06 ymHOxeHuM Ha 0 B KoJiblLie

Teopema 5 (06 ymMHOXeHuu Ha 0 B Koable). /[1a 1100020 dremen-
ma x kKoavya K umerom mecmo pagerncmsa x-0=0=0-z.

Jloka3aTteabcTBo. CorjlacHO aKcMoMaM KOJblia

zoy=z-(y+0)=



[1.2.1. Teopema 06 ymHOxeHuM Ha 0 B KoJiblLie

Teopema 5 (06 ymMHOXeHuu Ha 0 B Koable). /[1a 1100020 dremen-
ma x kKoavya K umerom mecmo pagerncmsa x-0=0=0-z.

Jloka3aTteabcTBo. CorjlacHO aKcMoMaM KOJblia

r-y=z-(y+0)=x-y+x-0.



[1.2.1. Teopema 06 ymHOxeHuM Ha 0 B KoJiblLie

Teopema 5 (06 ymMHOXeHuu Ha 0 B Koable). /[1a 1100020 dremen-
ma x kKoavya K umerom mecmo pagerncmsa x-0=0=0-z.

JlokasareabcTBo. COrIacHO aKCHOMAaM KO.JbLia
r-y=x-(y+0)=x-y+z-0.

[To kpurepuio HeUTpadbHOTO 27eMeHTa T - 0 ABJASETCS HEUTPAJIbHBIM
3JIEMEHTOM aJIMTUBHOM TPYIIIbI KOJIbLIA, T.€.



[1.2.1. Teopema 06 ymHOxeHuM Ha 0 B KoJiblLie

Teopema 5 (06 ymMHOXeHuu Ha 0 B Koable). /[1a 1100020 dremen-
ma x kKoavya K umerom mecmo pagerncmsa x-0=0=0-z.

JlokasareabcTBo. COrIacHO aKCHOMAaM KO.JbLia
r-y=x-(y+0)=x-y+z-0.

[To kpurepuio HeUTpadbHOTO 27eMeHTa T - 0 ABJASETCS HEUTPAJIbHBIM
3JIEMEHTOM aJIMTUBHOM TPYIIIbI KOJIbLIA, T.€.

x-0=0.



[1.2.1. Teopema 06 ymHOxeHuM Ha 0 B KoJiblLie

Teopema 5 (06 ymMHOXeHuu Ha 0 B Koable). /[1a 1100020 dremen-
ma x kKoavya K umerom mecmo pagerncmsa x-0=0=0-z.

JlokasareabcTBo. COrIacHO aKCHOMAaM KO.JbLia
r-y=x-(y+0)=x-y+z-0.

[To kpurepuio HeUTpadbHOTO 27eMeHTa T - 0 ABJASETCS HEUTPAJIbHBIM
3JIEMEHTOM aJIMTUBHOM TPYIIIbI KOJIbLIA, T.€.

x-0=0.

yTBep}Kﬂ,eHHe 0 - x = 0 noKa3bIBaeTCs aHAJOrHUHO. TeopeMa JOKd3dHa.



[1.2.2. Teopema 00 YMHOXX€HUHU HA MPOTHUBOMOJNOXKHBIN
2JIeMEHT

Teopema 6 (06 yMHOKEHUU HA MPOTUBOMNOJOXKHbINA 3J€MeHT). /11
M00bLx dnemenmos x u y Koavya K umeem mecmo paseHcmso

(—z)-y=z-(~y)=—(z-y).

Jloka3aTeJbCTBO.



[1.2.2. Teopema 00 YMHOXX€HUHU HA MPOTHUBOMOJNOXKHBIN
2JIeMEHT

Teopema 6 (06 yMHOKEHUU HA MPOTUBOMNOJOXKHbINA 3J€MeHT). /11
M00bLx dnemenmos x u y Koavya K umeem mecmo paseHcmso

(—2)-y=z-(~y)=—(x-y).
ILOKaSaTe.HbCTBO. COI‘JIEICHO dKCUOMaM KOJibla

(—2) y+a-y=



[1.2.2. Teopema 00 YMHOXX€HUHU HA MPOTHUBOMOJNOXKHBIN
2JIeMEHT

Teopema 6 (06 yMHOKEHUU HA MPOTUBOMNOJOXKHbINA 3J€MeHT). /11
M00bLx dnemenmos x u y Koavya K umeem mecmo paseHcmso

(—2)-y=z-(~y)=—(x-y).
ILOKaSaTe.HbCTBO. COI‘JIEICHO dKCUOMaM KOJibla

(—z)-y+z-y=((~2)+x) y=



[1.2.2. Teopema 00 YMHOXX€HUHU HA MPOTHUBOMOJNOXKHBIN
2JIeMEHT

Teopema 6 (06 yMHOKEHUU HA MPOTUBOMNOJOXKHbINA 3J€MeHT). /11
M00bLx dnemenmos x u y Koavya K umeem mecmo paseHcmso

(—2)-y=z-(~y)=—(x-y).
ILOKaSaTe.HbCTBO. COI‘JIEICHO dKCUOMaM KOJibla

(—z) y+z-y=((-2)+z) y=0-y=



[1.2.2. Teopema 00 YMHOXX€HUHU HA MPOTHUBOMOJNOXKHBIN
2JIeMEHT

Teopema 6 (06 yMHOKEHUU HA MPOTUBOMNOJOXKHbINA 3J€MeHT). /11
M00bLx dnemenmos x u y Koavya K umeem mecmo paseHcmso

(—2)-y=z-(~y)=—(x-y).
ILOKaSaTe.HbCTBO. COI‘JIEICHO dKCUOMaM KOJibla

(—z) y+z-y=(-z)+z) y=0-y=0.



[1.2.2. Teopema 00 YMHOXX€HUHU HA MPOTHUBOMOJNOXKHBIN
2JIeMEHT

Teopema 6 (06 yMHOKEHUU HA MPOTUBOMNOJOXKHbINA 3J€MeHT). /11
M00bLx dnemenmos x u y Koavya K umeem mecmo paseHcmso

(—2)-y=2-(-y)=—(z y).
ILOKaSaTe.HbCTBO. COI‘JIEICHO dKCUOMaM KOJibla
(—z)-y+az-y=((-z)+z)-y=0-y=0.
[To Teopeme 06 onHo3HauHOCTH ¢'  3JeMeHT (—x) - y ABJSIETCS MPO-

THBOTIOJIOXKHbBIM K 3JIEMEHTY (—(:c : y)), T.€.



[1.2.2. Teopema 00 YMHOXX€HUHU HA MPOTHUBOMOJNOXKHBIN
2JIeMEHT

Teopema 6 (06 yMHOKEHUU HA MPOTUBOMNOJOXKHbINA 3J€MeHT). /11
M00bLx dnemenmos x u y Koavya K umeem mecmo paseHcmso

(—2)-y=2-(-y)=—(z y).
ILOKaSaTe.HbCTBO. COI‘JIEICHO dKCUOMaM KOJibla
(—z)-y+az-y=((-z)+z)-y=0-y=0.
[To Teopeme 06 onHo3HauHOCTH ¢'  3JeMeHT (—x) - y ABJSIETCS MPO-

THBOTIOJIOXKHbBIM K 3JIEMEHTY (—(:c : y)), T.€.

(—z)-y=—(z-y).



[1.2.2. Teopema 00 YMHOXX€HUHU HA MPOTHUBOMOJNOXKHBIN
2JIeMEHT

Teopema 6 (06 yMHOKEHUU HA MPOTUBOMNOJOXKHbINA 3J€MeHT). /11
M00bLx dnemenmos x u y Koavya K umeem mecmo paseHcmso

(—z)-y=z-(~y)=—(z-y).

ILOKaSaTe.HbCTBO. HaKOHeLI, COIVIACHO dKCHOMAaM KOJIbLa

o (—y)t+x-y=



[1.2.2. Teopema 00 YMHOXX€HUHU HA MPOTHUBOMOJNOXKHBIN
2JIeMEHT

Teopema 6 (06 yMHOKEHUU HA MPOTUBOMNOJOXKHbINA 3J€MeHT). /11
M00bLx dnemenmos x u y Koavya K umeem mecmo paseHcmso

(—z)-y=z-(~y)=—(z-y).

ILOKaSaTe.HbCTBO. HaKOHeLI, COIVIACHO dKCHOMAaM KOJIbLa

v-(~y)tr-y=z-((~y) +y) =



[1.2.2. Teopema 00 YMHOXX€HUHU HA MPOTHUBOMOJNOXKHBIN
2JIeMEHT

Teopema 6 (06 yMHOKEHUU HA MPOTUBOMNOJOXKHbINA 3J€MeHT). /11
M00bLx dnemenmos x u y Koavya K umeem mecmo paseHcmso

(—z)-y=z-(~y)=—(z-y).

ILOKaSaTe.HbCTBO. HaKOHeLI, COIVIACHO dKCHOMAaM KOJIbLa

v (-y)t+tz-y=z-((-y)+y =z-0=



[1.2.2. Teopema 00 YMHOXX€HUHU HA MPOTHUBOMOJNOXKHBIN
2JIeMEHT

Teopema 6 (06 yMHOKEHUU HA MPOTUBOMNOJOXKHbINA 3J€MeHT). /11
M00bLx dnemenmos x u y Koavya K umeem mecmo paseHcmso

(—z)-y=z-(~y)=—(z-y).

ILOKaSaTe.HbCTBO. HaKOHeLI, COIVIACHO dKCHOMAaM KOJIbLa

v (-y)+z-y=z-((-y)+y)=2-0=0.



[1.2.2. Teopema 00 YMHOXX€HUHU HA MPOTHUBOMOJNOXKHBIN
2JIeMEHT

Teopema 6 (06 yMHOKEHUU HA MPOTUBOMNOJOXKHbINA 3J€MeHT). /11
M00bLx dnemenmos x u y Koavya K umeem mecmo paseHcmso

(—z) y=z-(-y)=—(z y)
ILOKaSaTe.HbCTBO. HaKOHeLI, COIJIACHO dKCHUOMAaM KOJibla
v (—y)tz-y=z-((-y)+y) =z-0=0.
[To Teopeme 06 onHo3HAuUHOCTH ¢'  3J1eMEHT x - (—y) ABJSIETCS MPO-

THBOTIOJIOXKHbBIM K 3JIEMEHTY (—(:c : y)), T.€.



[1.2.2. Teopema 00 YMHOXX€HUHU HA MPOTHUBOMOJNOXKHBIN
2JIeMEHT

Teopema 6 (06 yMHOKEHUU HA MPOTUBOMNOJOXKHbINA 3J€MeHT). /11
M00bLx dnemenmos x u y Koavya K umeem mecmo paseHcmso

(—z) y=z-(-y)=—(z y)
Jloka3areqbcTBO. HakoHell, corsiacHo akcuomam KoJiblia
v (—y)tz-y=z-((-y)+y) =z-0=0.
[To reopeme 00 onHO3HAUHOCTH ¢/ BJI€MEHT & - (—Y) SIBJISIETCST TPO-
THBOTIOJIOXKHbBIM K 3JIEMEHTY (—(:c : y)), T.€.
z-(—y)=—(z-y)

Teopema nokasana.



I1.3. YacTHbie BUIBI KOJiElL
Ilns pasBuTHs TeopuH caelyeT 00OraTUTh MOHATHHHBIM annapart. B

HYAaCTHOCTH, CJACAYET BbIACJIUTH HEKOTOPbIE HaCTHBIE BUAbI KOJIELIL. ILJIH Bbl-
JACJEHUS 9TUX TUIIOB IIPUMEHHUM CTPATETUIO NPUOPUTETHOTO U3YUEHUS

IKCTPEMAJbHDbIX CMTyauMﬁ.



I1.3.1. KoHeuHble KoJblIa

OH])CB,GJICHPIC 6. KO/LbL;O K nasvisaemcs KOHEYHbIM KOJbLOM, €CAl
MHOIMCecmeo K asasemcsi KOHeuHbiM.



11.3.2. Koabuo c enuHuien

Onpenenenue 7. Koayo K = (K, {+,-,0}) Hageieaemcsa KoJabLOM
eMHULIEN, ecal 8 MYAbMUNAUKAMUBHOL NOAYzpYynne Korbua
umeemcs INemMeHrm e maxotl, 4mo 0As 106020 HeHYAe8020 INEMEH-
ma x 8blNOAHAIOMCA PABEHCMBA T - € = € + T = T.



11.3.2. Koabuo c enuHuien

Onpenenenue 7. Koayo K = (K, {+,-,0}) Hageieaemcsa KoJabLOM
eMHULIEN, ecal 8 MYAbMUNAUKAMUBHOL NOAYzpYnne KoAblyd
umeemcs INemMeHrm e maxotl, 4mo 0As 106020 HeHYAe8020 INEMEH-
ma x 8blNOAHAIOMCA PABEHCMBA T - € = € + T = T.

Kosbliamu ¢ einHuLIEN SIBJASIOTCS KOJbIO LEJbIX UUCET H KOJIbIIO MaT-
pHLL Pa3MEPHOCTH 1. X N (MPHU (PUKCUPOBAHHOM 7).



11.3.2. Koabuo c enuHuien

Onpenenenue 7. Koayo K = (K, {+,-,0}) Hageieaemcsa KoJabLOM
eAMHUIEH, ecal 8 MYAbMUNAUKAMUBHO NoAYyepYnne KoabUa
umeemcs INemMeHrm e maxotl, 4mo 0As 106020 HeHYAe8020 INEMEH-
ma x 8blNOAHAIOMCA PABEHCMBA T - € = € + T = T.

KoJibllaMu ¢ eJIMHULIEH ABJSAIOTCH KOJILIIO LEJbIX UUCeJ U KOJILIIO MaT-
pHLL Pa3MEPHOCTH 1. X N (MPHU (PUKCUPOBAHHOM 7).
KoJib110 BCeX UeTHBIX LeJIbIX UHMCeJ ABJASETCa KOJIbLoM 6e3 1.



11.3.2. Koabuo c enuHuien

Teopema 7 (00 ymHoxkeHuun Ha 0 B Koable ¢ 1). Ecau 68 xoavye K
umeemcs eOuHUUHbLL anremerm I, mo 0ia 1106020 aremeHma x u3 K

umeem rx0)=0*xx = 0.

JloKa3aTeJbCTBO.



11.3.2. Koabuo c enuHuien

Teopema 7 (00 ymHoxkeHuun Ha 0 B Koable ¢ 1). Ecau 68 xoavye K
umeemcs eOuHUUHbLL anremerm I, mo 0ia 1106020 aremeHma x u3 K

umeem x x 0 =0xx = 0.
JloKa3aTeJbCTBO.

r=x%x]1=



11.3.2. Koabuo c enuHuien

Teopema 7 (00 ymHoxkeHuun Ha 0 B Koable ¢ 1). Ecau 68 xoavye K
umeemcs eOuHUUHbLL anremerm I, mo 0ia 1106020 aremeHma x u3 K

umeem x x 0 =0xx = 0.
JloKa3aTeJbCTBO.

r=xxl=xx%x(140)=



11.3.2. Koabuo c enuHuien

Teopema 7 (00 ymHoxkeHuun Ha 0 B Koable ¢ 1). Ecau 68 xoavye K
umeemcs eOuHUUHbLL anremerm I, mo 0ia 1106020 aremeHma x u3 K

umeem x x 0 =0xx = 0.
JloKa3aTeJbCTBO.

r=zx]l=xx(1+0)=x*x14+zx0=



11.3.2. Koabuo c enuHuien

Teopema 7 (00 ymHoxkeHuun Ha 0 B Koable ¢ 1). Ecau 68 xoavye K
umeemcs eOuHUUHbLL anremerm I, mo 0ia 1106020 aremeHma x u3 K

umeem x x 0 =0xx = 0.
JloKa3aTeJbCTBO.

r=zrx]l=x%x(1+0)=xx1+axx0=z+2xx*0.



11.3.2. Koabuo c enuHuien

Teopema 7 (00 ymHoxkeHuun Ha 0 B Koable ¢ 1). Ecau 68 xoavye K
umeemcs eOuHUUHbLL anremerm I, mo 0ia 1106020 aremeHma x u3 K
umeem rx 0 =0x*xx = 0.

JloKa3aTeJbCTBO.
r=zxl=x*x(1+0)=zxl4+zx0=x+z%0.
CJieoBaTebLHO,

(—zx)+z=(—2)+(z+x%x0) =



11.3.2. Koabuo c enuHuien

Teopema 7 (00 ymHoxkeHuun Ha 0 B Koable ¢ 1). Ecau 68 xoavye K
umeemcs eOuHUUHbLL anremerm I, mo 0ia 1106020 aremeHma x u3 K
umeem rx 0 =0x*xx = 0.

JloKa3aTeJbCTBO.
r=zxl=x*x(1+0)=zxl4+zx0=x+z%0.
CJieoBaTebLHO,

(—x)+zx=(—2)+(z+2%0) = 0=(—x+2z)+zx0 =



11.3.2. Koabuo c enuHuien

Teopema 7 (00 ymHoxkeHuun Ha 0 B Koable ¢ 1). Ecau 68 xoavye K
umeemcs eOuHUUHbLL anremerm I, mo 0ia 1106020 aremeHma x u3 K
umeem rx 0 =0x*xx = 0.

JloKa3aTeJbCTBO.
r=zrx]l=x%x(1+0)=xx1+axx0=z+2xx*0.
CJieoBaTebLHO,
(—x)+zx=(—2)+(z+2%0) = 0=(—x+2z)+zx0 =

= 0=0+2%x0 =



11.3.2. Koabuo c enuHuien

Teopema 7 (00 ymHoxkeHuun Ha 0 B Koable ¢ 1). Ecau 68 xoavye K
umeemcs eOuHUUHbLL anremerm I, mo 0ia 1106020 aremeHma x u3 K
umeem rx 0 =0x*xx = 0.

JloKa3aTeJbCTBO.
r=zrx]l=x%x(1+0)=xx1+axx0=z+2xx*0.
CJieoBaTebLHO,
(—x)+zx=(—2)+(z+2%0) = 0=(—x+2z)+zx0 =

= 0=04+2%0 = 0=2x%0.



11.3.2. Koabuo c enuHuien

Teopema 7 (00 ymHoxkeHuun Ha 0 B Koable ¢ 1). Ecau 68 xoavye K
umeemcs eOuHUUHbLL anremerm I, mo 0ia 1106020 aremeHma x u3 K
umeem rx 0 =0x*xx = 0.

JloKa3aTeJbCTBO.
r=zrx]l=x%x(1+0)=xx1+axx0=z+2xx*0.
CJieoBaTebLHO,
(—x)+zx=(—2)+(z+2%0) = 0=(—x+2z)+zx0 =
= 0=04+2%0 = 0=2*0.

Teopema nokazana.



[1.3.3. KommyTaTuBHbIE KOJbLIA

Onpenenenue 8. Koavyo K Has3visaemcs KOMMYTAaTUBHbIM KOJb-
oM, ecau onepayusl * ABAALEMCA KOMMYMaAmusHol, n.e.

x*xy =1yxx0ramoboix x,yus K.



[1.3.3. KommyTaTuBHbIE KOJbLIA

Onpepenenue 8. Koavyo K Has3vieaemcsi KOMMYTATUBHBIM KOJb-
LOM, ecau onepayus * ABALEMCA KOMMYmMamusHot, mn.e.
x*xy =1yxx0ramoboix x,yus K.

HpI/IMepaMI/I KOMMYTATHUBHBIX KOJIEL[ SBJAKOTCH KOJbLHO LEJAbIX YHUCEJI,

KOJIbLIO MHOTOUJICHOB, T0JIE.
[IpyMepOM HEKOMMYTATUBHOTO KOJIbLA SABJASETCS KOJbILIO MATPHUIL PA3-

MEPHOCTH 1 X N.



[1.3.4. LleaocTHbIE KOJbLIA

OH])CB,GJIQHHC 9. KO/LbL{O K naszeblBaemcs ueJloCTHbIM KOJdbLOM 1Al
o06JilacTblO HEJOCTHOCTH, eCAllU 8 KOable K nem neautenen HYJId, rm.e.

a =0,

rxy=0 = bh— 0

ubiMu CJIOBAMH, B I€JIOCTHOM KOJIbIIE ITPOU3BEACHUE HEHYJIEBbBIX 2J1€-
MEHTOB He MOXKeT ObITb PaBHO 0.



[1.3.4. LleaocTHbIE KOJbLIA

OH])CILGJIQHHC 9. KO/LbL{O K naszeblBaemcs ueJloCTHbIM KOJdbLOM 1Al
o06JilacTblO HEJOCTHOCTH, eCAllU 8 KOable K nem neautenen HYJId, rm.e.

a =0,

rxy=0 = [b:O

[IpuMepaMu LeJIOCTHBIX KOJIEL SIBJISIIOTCS KOJIBLO LEJbIX UHCEN, KOJIb-
110 MHOTOUWJIEHOB, noJie. He fIBJSIeTCS 1eNOCTHBIM KOJIbLIO MATPHLL pa3-
MEPHOCTH N X 1 i i > 1.

Hanpuwme b b2y
PUMER: A\ 9 9 )\ 21 2 ) 7



[1.3.4. LleaocTHbIE KOJbLIA

OH])CILGJIQHHC 9. KO/LbL{O K naszeblBaemcs ueJloCTHbIM KOJdbLOM 1Al
o06JilacTblO HEJOCTHOCTH, eCAllU 8 KOable K nem neautenen HYJId, rm.e.

a =0,

rxy=0 = [b:O

[IpuMepaMu LeJIOCTHBIX KOJIEL SIBJISIIOTCS KOJIBLO LEJbIX UHCEN, KOJIb-
110 MHOTOUWJIEHOB, noJie. He fIBJSIeTCS 1eNOCTHBIM KOJIbLIO MATPHLL pa3-
MEPHOCTH N X 1 i i > 1.

Hanpuwme b b2y
PUMER: A9 9 )\ 21 2 ) 7

\ 7\ 7

£0 £0




[1.3.4. LleaocTHbIE KOJbLIA

OH])CILGJIQHHC 9. KO/LbL{O K naszeblBaemcs ueJloCTHbIM KOJdbLOM 1Al
o06JilacTblO HEJOCTHOCTH, eCAllU 8 KOable K nem neautenen HYJId, rm.e.

a =0,

rxy=0 = [b:O

[IpuMepaMu LeJIOCTHBIX KOJIEL SIBJISIIOTCS KOJIBLO LEJbIX UHCEN, KOJIb-
110 MHOTOUWJIEHOB, noJie. He fIBJSIeTCS 1eNOCTHBIM KOJIbLIO MATPHLL pa3-
MEPHOCTH N X 1 i i > 1.

e (11 12\ (00
PMED, {9 o N 21 2 ) T 00 )

\ 7\

£0 £0




[1.3.4. LleaocTHbIE KOJbLIA

OH])CILGJIQHHC 9. KO/LbL{O K naszeblBaemcs ueJloCTHbIM KOJdbLOM 1Al
o06JilacTblO HEJOCTHOCTH, eCAllU 8 KOable K nem neautenen HYJId, rm.e.

a =0,

rxy=0 = [b:O

[IpuMepaMu LeJIOCTHBIX KOJIEL SIBJISIIOTCS KOJIBLO LEJbIX UHCEN, KOJIb-
110 MHOTOUWJIEHOB, noJie. He fIBJSIeTCS 1eNOCTHBIM KOJIbLIO MATPHLL pa3-
MEPHOCTH N X 1 i i > 1.

11 1 2 0 0
Hanpumep, <2 2) (_1 _2) = (O O).BoneeToro,



[1.3.4. LleaocTHbIE KOJbLIA

OH])CILGJIQHHC 9. KO/LbL{O K naszeblBaemcs ueJloCTHbIM KOJdbLOM 1Al
o06JilacTblO HEJOCTHOCTH, eCAllU 8 KOable K nem neautenen HYJId, rm.e.

a =0,

rxy=0 = [b:O

[IpuMepaMu LeJIOCTHBIX KOJIEL SIBJISIIOTCS KOJIBLO LEJbIX UHCEN, KOJIb-
110 MHOTOUWJIEHOB, noJie. He fIBJSIeTCS 1eNOCTHBIM KOJIbLIO MATPHLL pa3-
MEPHOCTH N X 1 i i > 1.

11 1 2 0 0
Hanpumep, <2 2) (_1 _2) = (O O).BoneeToro,
1 —1 1 1Y
-1 1 11)



[1.3.4. LleaocTHbIE KOJbLIA

OH])CILGJIQHHC 9. KO/LbL{O K naszeblBaemcs ueJloCTHbIM KOJdbLOM 1Al
o06JilacTblO HEJOCTHOCTH, eCAllU 8 KOable K nem neautenen HYJId, rm.e.

a =0,

rxy=0 = [b:O

[IpuMepaMu LeJIOCTHBIX KOJIEL SIBJISIIOTCS KOJIBLO LEJbIX UHCEN, KOJIb-
110 MHOTOUWJIEHOB, noJie. He fIBJSIeTCS 1eNOCTHBIM KOJIbLIO MATPHLL pa3-
MEPHOCTH N X 1 i i > 1.

Hanpumep, <; ;) ( _1 _;) = (8 8) Bouee Toro,

()G

\ 7\
"~

£0 £0




[1.3.4. LleaocTHbIE KOJbLIA

OH])CILGJIQHHC 9. KO/LbL{O K naszeblBaemcs ueJloCTHbIM KOJdbLOM 1Al
o06JilacTblO HEJOCTHOCTH, eCAllU 8 KOable K nem neautenen HYJId, rm.e.

a =0,

rxy=0 = [b:O

[IpuMepaMu LeJIOCTHBIX KOJIEL SIBJISIIOTCS KOJIBLO LEJbIX UHCEN, KOJIb-
110 MHOTOUWJIEHOB, noJie. He fIBJSIeTCS 1eNOCTHBIM KOJIbLIO MATPHLL pa3-
MEPHOCTH N X 1 i i > 1.

11 1 2 0 0
Hanpumep, <2 2) (_1 _2) = (O O).BoneeToro,
1 —1 11y (00Y)
-1 1 11/ \0o0/)

7\

"~

£0 £0



[1.3.4. LleaocTHbIE KOJbLIA

OH])CILGJIQHHC 9. KO/LbL{O K naszeblBaemcs ueJloCTHbIM KOJdbLOM 1Al
o06JilacTblO HEJOCTHOCTH, eCAllU 8 KOable K nem neautenen HYJId, rm.e.

a =0,

rxy=0 = [b:O

[IpuMepaMu LeJIOCTHBIX KOJIEL SIBJISIIOTCS KOJIBLO LEJbIX UHCEN, KOJIb-
110 MHOTOUWJIEHOB, noJie. He fIBJSIeTCS 1eNOCTHBIM KOJIbLIO MATPHLL pa3-
MEPHOCTH N X 1 i i > 1.

11 1 2 0 0
Hanpumep, <2 2) (_1 _2) = (O O).BoneeToro,
1 —1 11y 00\ (11 1 —1
-1 1 11/ oo/ \11 -1 1)

7\

"~

£0 £0



11.3.5. EBKaMaoBbI KOJabLa
HOHHTI/IG €BKJIMJ10BA KOJIblLA O6YCJIOBJI€HO 2KeJIaHUEM BbIIEJIMTb OC-

HOBHbIE CBOﬁCTBa, [TO3BOJIAIOIIHE TAPAHTHPOBATL BbIITOJIHEHHE B KOJILLE
TE€OpeMbI O JIeJIEHHHU C OCTATKOM, JOKA3aHHYIO JIJIs1 LEeJIbIX YUCET U MHO -

ro4J€HOB.



11.3.5. EBKAM10BbI KOJIbLIA

Onpepnenaenue 10. Koavyo K nasvieaenicsi eBKJIAWAOBbIM KOJbLOM
moeoda u Mmoavko moeda, Koeoa,
B80-nepsuLx,



11.3.5. EBKAM10BbI KOJIbLIA

Onpenenenue 10. Koavyo K nHaszvisaemcs eBKJIUIOBbIM KOJbLOM

moeoda u Mmoavko moeda, Koeoa,
so-nepsvlx, K — Kommymamusroe KOAbYO,

B80-BMOPLLX,



11.3.5. EBKAM10BbI KOJIbLIA

Onpepnenaenue 10. Koavyo K nasvieaenicsi eBKJIAWAOBbIM KOJbLOM
moeoa u moavKo moeda, koeoa,

so-nepsvlx, K — Kommymamusroe KOAbYO,

80-8mopulx, K asaaemcs yenocmuoim KoOL6UOM,

8-mpemolx,



11.3.5. EBKAM10BbI KOJIbLIA

Onpepnenaenue 10. Koavyo K nasvieaenicsi eBKJIAWAOBbIM KOJbLOM
moeoa u moavKo moeda, koeoa,

so-nepsvlx, K — Kommymamusroe KOAbYO,

80-8mopulx, K asaaemcs yenocmuoim KoOL6UOM,

s-mpemoux, Ha K onpederena Qyukuus g, yoosaemsoparOulasl
YCAOBUAM:

)



11.3.5. EBKAM10BbI KOJIbLIA

Onpenenenune 10. Koavyo K Hasvieaenmcs €BKAWIOBbIM KOJbLOM
moeoa u moavKo moeda, koeoa,

s80-nepsulx, K — Kommymamusnoe Koibyo,

80-8MopoLX, K 1645emcs 4eN0CMHbLM KOAbUOM,

s-mpemoux Ha K onpederena ¢ynkuyus g, yoosiemsopsiou,as
YCAOBUAM:

1) ecau x — Henyresotl nemenm us K, mo g(x) asasemes neompu-
yamenvrolm yeavim yuciom, m.e. g(x) € NU{0};

2)



11.3.5. EBKAM10BbI KOJIbLIA

Onpenenenue 10. Koroyo K Hasvi8aemcs eBKJIAWAOBBIM KOJbIOM
moeoa u moavKo moeda, koeoa,

80-nepsoix, K — Kommymamusroe KoAblO0,

80-8Mmopolx, K 1645emcs 4enocmHublM KONLbUOM,

s-mpemoux Ha K onpedesena yuxyus g, yoosiemsoparou,as
Ycao8uUaM:

1) ecau x — Henyresoll aremenm uz K, mo g(x) aeaaemes Heompu-
yamenvrolm yeavim yuciom, m.e. g(x) € NU{0};
2)0aaa#0ubz#0umneem gla*b) > gla);

J)



11.3.5. EBKAM10BbI KOJIbLIA

Onpenenenue 10. Koroyo K Hasvi8aemcs eBKJIAWAOBBIM KOJbIOM
moeda u moavko moeoa, Koeoa,

80-nepsoix, K — Kommymamusroe KoAblO0,

80-8Mmopolx, K 1645emcs 4enocmHublM KONLbUOM,

s-mpemoux Ha K onpedesena yuxyus g, yoosiemsoparou,as
Ycao8uUaM:

1) ecau x — HeHyresoil sremenm u3 K, mo g(x) asiaemcsa neompu-
yamenvrolm yeavim yuciom, m.e. g(x) € NU{0};
2)0aaa#0ubz#0umneem gla*b) > gla);

3) ecau a # 0, mo 0aa moboeo b € K naudymca maxkue c,r u3 K,
umob=ca+r, ede g¢(r)<g(a)ur=>0.

Sﬂer 9JIEMEHT ¢ HA3bIBACTCHA YACTHbIM OT A€JC€HUSA b Ha a, da vJjie-
MEHT 7 — OCTAaTKOM OT JeJeHus b Ha a.



11.4. Unean KoJbua

Onpepneaenue 11. [lodepynna I addumusnoi epynnel Koavya K
Ha3b6l8aemcs NeBolM UQeANOM, ecal 0451 1100020 x u3 K 861n0AH -
emcsa skarouerue x x I C I, m.e.

x e K,
{yé[ = xxy € 1. (9)



11.4. Unean KoJbua

Onpepneaenue 11. [lodepynna I addumusnoi epynnel Koavya K
Ha3b6l8aemcs NeBolM UQeANOM, ecal 0451 1100020 x u3 K 861n0AH -
emcsa skarouerue x x I C I, m.e.

x e K,
= rxy€el. 5}
{oe] ’ (5)
Onpenenenue 12. [lodepynna I addumusnoii epynnel Koavuya K
Ha3bl8aemcs nPagovim udearom, ecau 041 1106020 r u3 K gotnoa-
Haemca skatouenue [ xx C I, m.e.

r e K,
{yel = y*xx €l (6)



11.4. Unean KoJbua

Onpepneaenue 13. [lodepynna I addumusnoi epynnel Koavya K
Haszovleaemcsa u0eaiom Uil O8YCMOPOHHUM udeanom, ecau O0Asl
206020 x u3 K soinoansemcs sxaouenue x x 1 C I, m.e.

xe K xxy el
Y Y 7
{yé] i{y*azel. (7)



11.4. Unean KoJbua

Onpepneaenue 13. [lodepynna I addumusnoi epynnel Koavya K
Haszovleaemcsa u0eaiom Uil O8YCMOPOHHUM udeanom, ecau O0Asl
206020 x u3 K soinoansemcs sxaouenue x x 1 C I, m.e.

xe K xxy el
Y Y 7
{yé] i{y*azel. (7)

B uyacTHoCTH, MIeas KoJiblla SIBJSIETCSI OJJHOBPEMEHHO €ro JieBbIM U
MPaBbIM UJICAJIOM.



[1.4.1. Teopema 00 naeasax KoJibla

Onpepneaenue 13. [lodepynna I addumusnoi epynnel Koavya K
Haszovleaemcsa u0eaiom Uil O8YCMOPOHHUM udeanom, ecau O0Asl
206020 x u3 K soinoansemcs sxaouenue x x 1 C I, m.e.

xe K xxy el
Y Y 7
{yé] i{y*azel. (7)

Teopema 8 (00 upeanax koabua). Hoear I koavya K asasemcs
nookoavyom Koavya K.



[1.4.1. Teopema 00 naeasax KoJibla

Onpepeaenue 13. [lodepynna [ addumusHoti epynnel koavya K
Haszovleaemcsa u0eaiom Uil O8YCMOPOHHUM udeanom, ecau O0Asl
206020 x u3 K soinoansemcs sxaouenue x x 1 C I, m.e.

r e K xxy el
? ? 7

{yé] i{y*azel. (7)
Teopema 8 (00 upeanax koabua). Hoear I koavya K asasemcs
nookoavyom Koavya K.

JlOKaSaTeJIbCTBO. 13 onpeaeJeHusa maeaJsa CJCAyeT, 4yTO OCTACTCH
J0Ka3aTb 3aMKHYTOCTb I OTHOCHUTEJILHO YMHO2KEHHUS.



[1.4.1. Teopema 00 naeasax KoJibla

Onpepneaenue 13. [lodepynna I addumusnoi epynnel Koavya K
Haszovleaemcsa u0eaiom Uil O8YCMOPOHHUM udeanom, ecau O0Asl
206020 x u3 K soinoansemcs sxaouenue x x 1 C I, m.e.

xe K xxy el
Y Y 7
{yé] i{y*azel. (7)

Teopema 8 (00 upeanax koabua). Hoear I koavya K asasemcs
nookoavyom Koavya K.

Joka3areabctBo. CoryiacHo hopmyae (7)



[1.4.1. Teopema 00 naeasax KoJibla

Onpepneaenue 13. [lodepynna I addumusnoi epynnel Koavya K
Haszovleaemcsa u0eaiom Uil O8YCMOPOHHUM udeanom, ecau O0Asl
206020 x u3 K soinoansemcs sxaouenue x x 1 C I, m.e.

xe K xxy el
Y Y 7
{yé] i{y*azel. (7)

Teopema 8 (00 upeanax koabua). Hoear I koavya K asasemcs
nookoavyom Koavya K.

Joka3areabctBo. CoryiacHo hopmyae (7)

x el
yel



[1.4.1. Teopema 00 naeasax KoJibla

Onpepneaenue 13. [lodepynna I addumusnoi epynnel Koavya K
Haszovleaemcsa u0eaiom Uil O8YCMOPOHHUM udeanom, ecau O0Asl
206020 x u3 K soinoansemcs sxaouenue x x 1 C I, m.e.

xe K xxy el
Y Y 7
{yé] i{y*azel. (7)

Teopema 8 (00 upeanax koabua). Hoear I koavya K asasemcs
nookoavyom Koavya K.

Joka3areabctBo. CoryiacHo hopmyae (7)

x e l, N xxyel,
yel yxx € 1.



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

ILO Ka3aTeEJdbCTBO.



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3zareabcTBo. [Tycth T'— koHrpyenuus koasiia K. Onpenese-
HUIO Meala KoJiblia HaJl0 POBEPHUTD,
BO-TIEPBbIX, UTO



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3zareabcTBo. [Tycth T'— koHrpyenuus koasiia K. Onpenese-
HUIO Meala KoJiblia HaJl0 POBEPHUTD,

BO-TIEPBbIX, UTO [ — MOArpyInmna ajiuTHBHON IPYMIbl KOJbLA;

BO-BTOPbIX, BbIMOJIHEHHE popmyJbl (7).



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3areabcTBo. CHauasa gokaxem, 4to I — MoArpynmna ajjiuTuB-
HOU TPYMIIbI KOJbLA K : 110 ONPEeAeSeHUI0 KOHTPYeHIU N

a€l,
bel



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3areabcTBo. CHauasa gokaxem, 4to I — MoArpynmna ajjiuTuB-
HOU TPYMIIbI KOJbLA K : 110 ONPEeAeSeHUI0 KOHTPYeHIU N

a€l, N (a; 0) € T,
bel (b; 0) eT



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3areabcTBo. CHauasa gokaxem, 4to I — MoArpynmna ajjiuTuB-
HOU TPYMIIbI KOJbLA K : 110 ONPEeAeSeHUI0 KOHTPYeHIU N

a€l, (a; 0) € T, _
{be] = {(b; 0)erT = (a+b0;0+0)eT =



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3areabcTBo. CHauasa gokaxem, 4to I — MoArpynmna ajjiuTuB-
HOU TPYMIIbI KOJbLA K : 110 ONPEeAeSeHUI0 KOHTPYeHIU N

a€l, (a; 0) € T, _
{be] = {<b; 0)erT = (a+b;0+0)eT = (a+0b) el



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3areabcTBo. CHauasa gokaxem, 4to I — MoArpynmna ajjiuTuB-
HOU rpynnbl KoJbla K. Ocranoch 10Ka3aTb, UTO MPOTUBOIOJOKHbBIH K
3JIEMEHTY U3 [ PUHAJICKHT 1.



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3areabcTBo. CHauasa gokaxem, 4to I — MoArpynmna ajjiuTuB-
HOU rpynnbl KoJbla K. Ocranoch 10Ka3aTb, UTO MPOTUBOIOJOKHbBIH K
sJieMeHTy U3 I npuHanexkurt 1. [1o onpenesieHuto KoHrpyeHimum

acl =



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3areabcTBo. CHauasa gokaxem, 4to I — MoArpynmna ajjiuTuB-
HOU rpynnbl KoJbla K. Ocranoch 10Ka3aTb, UTO MPOTUBOIOJOKHbBIH K
sJieMeHTy U3 I npuHanexkurt 1. [1o onpenesieHuto KoHrpyeHimum

(a; 0) €T,

I
cel = {(—a; —a)eT



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3areabcTBo. CHauasa gokaxem, 4to I — MoArpynmna ajjiuTuB-
HOU rpynnbl KoJbla K. Ocranoch 10Ka3aTb, UTO MPOTUBOIOJOKHbBIH K
sJieMeHTy U3 I npuHanexkurt 1. [1o onpenesieHuto KoHrpyeHimum

(a; 0) €T,

(—a; —a) €T = (a+(—a);0+(_a>) el =

aEI:>{



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3areabcTBo. CHauasa gokaxem, 4to I — MoArpynmna ajjiuTuB-
HOU rpynnbl KoJbla K. Ocranoch 10Ka3aTb, UTO MPOTUBOIOJOKHbBIH K
sJieMeHTy U3 I npuHanexkurt 1. [1o onpenesieHuto KoHrpyeHimum

(a; 0) €T,

(—a; —a) €T = (a+(—a);0+(_a>) el =

aEI:>{

= (O;(—a)) cT =



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3areabcTBo. CHauasa gokaxem, 4to I — MoArpynmna ajjiuTuB-
HOU rpynnbl KoJbla K. Ocranoch 10Ka3aTb, UTO MPOTUBOIOJOKHbBIH K
sJieMeHTy U3 I npuHanexkurt 1. [1o onpenesieHuto KoHrpyeHimum

(a; 0) €T,

(—a; —a) €T = (a+(—a);0+(_a>) el =

aEI:>{

= (O;(—a)) eT = (—a)el.



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3zareabcTBo. MTak, nokasano, uto I — noarpynna ajyIiTHBHOH
rpynnbl Koabua K. Octanoch NpoBepUTh BbiloJHeHHE hopmydbl (7).



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3zareabcTBo. MTak, nokasano, uto I — noarpynna ajyIiTHBHOH
rpynnbl Koabua K. Octanoch NpoBepUTh BbiloJHeHHE hopmydbl (7).
[To onpene/ieHHIo0 KOHTpYyeHIUK

x e K, N
a €l



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3zareabcTBo. MTak, nokasano, uto I — noarpynna ajyIiTHBHOH
rpynnbl Koabua K. Octanoch NpoBepUTh BbiloJHeHHE hopmydbl (7).
[To onpene/ieHHIo0 KOHTpYyeHIUK

{xeK, N {(az; r)eT,

a€cl (a; 0) €T ~



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3zareabcTBo. MTak, nokasano, uto I — noarpynna ajyIiTHBHOH
rpynnbl Koabua K. Octanoch NpoBepUTh BbiloJHeHHE hopmydbl (7).
[To onpene/ieHHIo0 KOHTpYyeHIUK

x € K, (x; ) €T, _
{ael i{(a;O)ET :>(:z: a; T O)ET:>



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3zareabcTBo. MTak, nokasano, uto I — noarpynna ajyIiTHBHOH
rpynnbl Koabua K. Octanoch NpoBepUTh BbiloJHeHHE hopmydbl (7).
[To onpene/ieHHIo0 KOHTpYyeHIUK

x € K, (x; ) €T, _
{ael i{(a;O)ET :>(:z: a; T O)ET:>

o TeopemMe 00 YMHOXKEHHUHU HA HOJIb B KOJIblie



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3zareabcTBo. MTak, nokasano, uto I — noarpynna ajyIiTHBHOH
rpynnbl Koabua K. Octanoch NpoBepUTh BbiloJHeHHE hopmydbl (7).
[To onpene/ieHHIo0 KOHTpYyeHIUK

x € K, (x; ) €T, _
{ael i{(a;O)ET :>(:z: a; T O)ET:>

o TeopemMe 00 YMHOXKEHHUHU HA HOJIb B KOJIblie

= (a:-a;O)ET =



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3zareabcTBo. MTak, nokasano, uto I — noarpynna ajyIiTHBHOH
rpynnbl Koabua K. Octanoch NpoBepUTh BbiloJHeHHE hopmydbl (7).
[To onpene/ieHHIo0 KOHTpYyeHIUK

x € K, (x; ) €T, _
{ael i{(a;O)ET :>(:z: a; T O)ET:>

o TeopemMe 00 YMHOXKEHHUHU HA HOJIb B KOJIblie

= (a:-a;O)ET = (x-a) € 1.



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Joka3zareabcTBo. MTak, nokasano, uto I — noarpynna ajyIiTHBHOH
rpynnbl Koabua K. Octanoch NpoBepUTh BbiloJHeHHE hopmydbl (7).
[To onpene/ieHHIo0 KOHTpYyeHIUK

r e K,
{ael = (z-a)€l.

JlokaszaHo, uyto ecyiu 1I'— KoHrpyeHuus, To I — uaean koabua K.



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Hoka3areabcTBo. OcTajioch 10Ka3aTh 0OpaTHOE YTBEPKIEHHE: eCJIn
I — npean Koabua K, 70 T'— KOHrpyeHUMS.



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Jdoka3zareabctBo. [Iycth [ — uaean koabua i,
T = {(a; b)|(a+(—b)) € I}. J1ns1 cyioxeHust B KoJiblle K MMeeM:



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Jdoka3zareabctBo. [Iycth [ — uaean koabua i,
T = {(a; b)|(a+(—b)) € I}. J1ns1 cyioxeHust B KoJiblle K MMeeM:

{ (x1; y1) €T,

(w9; yo) €T



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Jdoka3zareabctBo. [Iycth [ — uaean koabua i,
T = {(a; b)|(a+(—b)) € I}. J1ns1 cyioxeHust B KoJiblle K MMeeM:

(1; 1) €T, { (21 —wy1) €1,
= =
{ (w27 12) €T (2 —y0) €1



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Jdoka3zareabctBo. [Iycth [ — uaean koabua i,
T = {(a; b)|(a+(—b)) € I}. J1ns1 cyioxeHust B KoJiblle K MMeeM:

(1; 1) €T, { (21 —wy1) €1,
= =
{ (w27 12) €T (2 —y0) €1

= (t1—y1+ae—yp) el =



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Jdoka3zareabctBo. [Iycth [ — uaean koabua i,
T = {(a; b)|(a+(—b)) € I}. J1ns1 cyioxeHust B KoJiblle K MMeeM:

{(33’1; y) €T, N {(:vl—yl)e],

(w27 12) €T (2 —y0) €1
= (xl—y1—|—x2—y2)el = (x1+a:2—(y1+y2))€[ =



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Jdoka3zareabctBo. [Iycth [ — uaean koabua i,
T = {(a; b)|(a+(—b)) € I}. J1ns1 cyioxeHust B KoJiblle K MMeeM:

{ (1; 1) €T, { (21 —wy1) €1,
=
(w9; yo) €T (zg —yo) €1
= (xl—y1—|—x2—y2)el = (x1+a:2—(y1+y2))€[ =
= (x1+29 y1+y2) €T



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Jdoka3zareabctBo. [Iycth [ — uaean koabua i,
T = {(a; b)|(a+(—b)) € I}. J11s1 yMHOKeHUsI B KoJiblie K noJydaem:

{ (x1; y1) €T,

(w9; yo) €T



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Jdoka3zareabctBo. [Iycth [ — uaean koabua i,
T = {(a; b)|(a+(—b)) € I}. J11s1 yMHOKeHUsI B KoJiblie K noJydaem:

(1; 1) €T, { (21 —wy1) €1,
= =
{ (w27 12) €T (2 —y0) €1



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Jdoka3zareabctBo. [Iycth [ — uaean koabua i,
T = {(a; b)|(a+(—b)) € I}. J11s1 yMHOKeHUsI B KoJiblie K noJydaem:

(1; 1) €T, { (21 —wy1) €1,
= =
{ (w27 12) €T (2 —y0) €1

(1 —y1) -y €1,
=
{$1‘($2—y2)€1



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Jdoka3zareabctBo. [Iycth [ — uaean koabua i,
T = {(a; b)|(a+(—b)) € I}. J11s1 yMHOKeHUsI B KoJiblie K noJydaem:

(1; 1) €T, { (21 —wy1) €1,
= =
{ (w27 12) €T (2 —y0) €1

N {(:L’l—yl)-ygel, — {$1'y2—y1'y2€[,
x1 - (9 — o) €1 X1 Ty — X1 Y €1



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Jdoka3zareabctBo. [Iycth [ — uaean koabua i,
T = {(a; b)|(a+(—b)) € I}. J11s1 yMHOKeHUsI B KoJiblie K noJydaem:

(1; 1) €T, { (21 —wy1) €1,
= =
{ (w27 12) €T (2 —y0) €1

N {(:L’l—yl)-yzel, — {$1'y2—y1'y2€[,
x1 - (9 — o) €1 X1 Ty — X1 Y €1
= (r1-Ta—T1-p+T1-Yo—Yy1-y2) €I =



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Jdoka3zareabctBo. [Iycth [ — uaean koabua i,
T = {(a; b)|(a+(—b)) € I}. J11s1 yMHOKeHUsI B KoJiblie K noJydaem:

(1; 1) €T, { (21 —wy1) €1,
= =
{ (w27 12) €T (2 —y0) €1

N {(ﬂil—yﬂ'yzE], N {$1'y2—y1'y261,
x1 - (9 — o) €1 X1 Ty — X1 Y €1
= (v1-@o—21- Yo+ x1-Yo—v1-y2) €1 = (1 22—y1-p) €1 =



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax U KOHrpyeHUUsIX Koabla). Omuouienue
aksusanrenmuocmu T Ha Hocumeae kKoavya K asasemcs
KoHepyenyuer moeda u MOAbKO moeda, Ko20a MHOMEecmaso

I = {t (t,0) € T} asasemcs udearom Konoya K.

Jdoka3zareabctBo. [lycth [ — uaean koabua kK,
T = {(a; b)|(a+ (=b)) € I}. J171s1 yMHOXKEHUSI B KOJiblle K MoJrydaeM:

{ (z1; y1) €T, { (21 —yl) el
(227 y2) €T (29 —y2) € T

— {(xl—yl)'y2€]7 — {$1°y2—y1'92617
1 (g —y2) €1 X1 To— X1 Y €1
= (X1 vo—x-yo+x-yo—yi-yp) €L = (v1-va—y1 ) €1 =
= (2122 y1-y2) €T\



[1.4.2. Teopema 00 naeanax ¥ KOHrpyeHUHUSIX KOJblia

Teopema 9 (00 uaeanax u KOHrpyeHUUsIX Koabua). Omuourenue
aksusanrenmuocmu T Ha Hocumeae koavya K asasemcs
KoHepyenyuer moeda u MOAbKO mo20a, Ko20a MHOMEecmso

I = {t (t,0) € T} asasemcea udeanrom koavya K.

Jloka3areabcTBO. VTak, Mbl okasaJu, 4To ecau [ — ujaeal KoJb-
ua K, To oTHOLLIEHHE
T = {(a; b)|(a+(—b)) € I} SIBJISIETCS — KOHTPYeHLUeEN.

Teopema nokazana.



[1.4.3. PakTOp-KOaAbLO MO HAEATY

Onpenenenue 14. Ecau I — wudean koavuya K, mo, 8 cuay
meopemol 06 udearax U KOHePYEHUUAX KOAbUQA, OMHOULEHUE

T = {(a; b) | (a+(=D)) € I} A8A8emcs KOHepYyeHyuel, u haxmop-
anzeopa K/T naseieaemcs HpakKTop-KoJbLOM No uaeany / u o6o-
sHavaemcs wepes K/1I.



[1.5. Anre6pa uaeanoB KoJiblia

[lo anasoruu ¢ uacajsaMu 1noJyrpyriibl © B COOTBETCTBUHU CO CTpaTe-
rue nepexojaa oT M3yueHus OTAeJbHOro 00beKTa K UCCJIEe0BAHUIO
CUCTEMbl 00 HEKTOB HallpallluBa€TCsl BBECTH OllepaAllMH U OTHOLLUEHHUST Ha
MHO2KEeCTBE UJe€aJioB.



[1.5.1. [Ipou3BeneHue naeanoB KoJbla

Teopema 10 (o npousBeneHuu uaeanoB Koaoua). Fcau I u J —
udeanol Koavya K, mo mnoxecmso
a; € 1,
Z (8)
b, € J

asaaemces udearom koaoya K, npuwem I« J C 1IN J.

I*J:{al*bl+a2*bg+...+ap*bp



[1.5.1. [Ipou3BeneHue naeanoB KoJbla

Teopema 10 (o npousBeneHuu uaeanoB Koaoua). Fcau I u J —
udeanol Koavya K, mo mnoxecmso
a; € 1,
Z (8)
b, € J

asaaemces udearom koaoya K, npuwem I« J C 1IN J.

I*J:{al*bl+a2*bg+...+ap*bp

Joka3areabctBo. CHauasia npoBepuM, uto I x J sIBJsieTCs MOAPYIIIOH
aJUIMTUBHOM IPYMIbl KOJIbLA:



[1.5.1. [Ipou3BeneHue naeanoB KoJbla

Teopema 10 (o npousBeneHuu uaeanoB Koaoua). Fcau I u J —
udeanol Koavya K, mo mnoxecmso
a; € 1,
Z (8)
b, € J

asaaemces udearom koaoya K, npuwem I« J C 1IN J.

I*J:{al*bl+a2*bg+...+ap*bp

Joka3areabctBo. CHauasia npoBepuM, uto I x J sIBJsieTCs MOAPYIIIOH
aJUIMTUBHOM IPYMIbl KOJIbLA:

gal*b1+a2*bg+...+ap*bp)/+\(a’l*b’1+a’2*b’2+...+a;*b;)

7

clxJ clx]



[1.5.1. [Ipou3BeneHue naeanoB KoJbla

Teopema 10 (o npousBeneHuu uaeanoB Koaoua). Fcau I u J —
udeanol Koavya K, mo mnoxecmso
a; € 1,
Z (8)
b, € J

asaaemces udearom koaoya K, npuwem I« J C 1IN J.

I*J:{al*bl+a2*bg+...+ap*bp

Joka3areabctBo. CHauasia npoBepuM, uto I x J sIBJsieTCs MOAPYIIIOH
aJUIMTUBHOM IPYMIbl KOJIbLA:

(a1 % by +ag by + ... 4 a, b)) + (@) * by +ayx by + ... +ay * b))

7

clx] clx]

=apkby+agxbot .. Fayxb,+ayx b +ayxby+ .. +a;xb € 1xJ.



[1.5.1. [Ipou3BeneHue naeanoB KoJbla

Teopema 10 (o npousBeaeHuun uaeanoB Koaoua). Fcau I u J —
udeanol Koavya K, mo mHoaicecmaso
a; € 1,
Z (3)
b, € J

asasemces udearom koaoya K, npuwem I« J C 1IN J.

]*J—{al*bl+a2*bg—|—...—|—ap*bp

Joka3areabctBo. CHauaJsia npoBepuM, uto [ * J sIBJsIeTCs MOAPYIIIOH
aJUIMTUBHOK IPyMIbl KOJIbLIA:

(a1 % by +ag x by + ...+ a, * by) + (a) * Uy + ay x by + ... + a + by)

7

elxJ elxJ
=ay kb Fagxby+ ... Fayxb,+ayxby +ayxby+ ... Fa,xb, € I*J.

3HauuT, Npou3BejleHne uaeanoB I * J 3aMKHYTO OTHOCHUTEJbHO Orepa-
[IUU * KoJblla K .



[1.5.1. [Ipou3BeneHue naeanoB KoJbla

Teopema 10 (o npousBeneHuu uaeanoB Koaoua). Fcau I u J —
udeanol Koavya K, mo mnoxecmso
a; € 1,
Z (8)
b, € J

asaaemces udearom koaoya K, npuwem I« J C 1IN J.

I*J:{al*bl+a2*bg+...+ap*bp

Joka3areabctBo. [IpousBeneHue uaeasnos I * J 3aMKHYTO OTHOCH-
TeJIbHO OTepalui * Kosblia K. ACCOLMATUBHOCTD BbIMOJHSAETCS /151 JII0-
ObIX 37eMeHTOB U3 K, TeM 6oJiee paBeHCTBO (a * b) * ¢ = a * (b * ¢) BbI-
MoJIHsIeTCSl Ha NoAMHOXKecTBe [ * J MHOXkKecTBa K.



[1.5.1. [Ipou3BeneHue naeanoB KoJbla

Teopema 10 (o npousBeneHuu uaeanoB Koaoua). Fcau I u J —
udeanol Koavya K, mo mnoxecmso
a; € 1,
Z (8)
b, € J

asaaemces udearom koaoya K, npuwem I« J C 1IN J.

I*J:{al*bl+a2*bg+...+ap*bp

Hoka3zareabcTBo. [IponsBenerue uaeanoB I * J 3aMKHYTO OTHOCH-
TeJIbHO OTepaluu * KoJiblia K. AcCOMaTUBHOCTD BBIMOJIHAETCS J1JIs1 JIFO -
ObIX 37eMeHTOB U3 K, TeM 6oJiee paBeHCTBO (a * b) * ¢ = a * (b * ¢) BbI-
noJiHsieTcst Ha noaMHoxkectse [ * J MHoxKecTBa K .

OOpaTHbIM K 3JIeMeHTY aj * by +ag*by+ ...+ a,* b, sBjsdercs
eMeHT  (—ay) * by + (—ag) * by + ... + (—ay) * by,



[1.5.1. [Ipou3BeneHue naeanoB KoJbla

Teopema 10 (o npousBeneHuu uaeanoB Koaoua). Fcau I u J —
udeanol Koavya K, mo mnoxecmso
a; € 1,
Z (8)
b, € J

asaaemces udearom koaoya K, npuwem I« J C 1IN J.

I*J:{al*bl+a2*bg+...+ap*bp

Hoka3zareabcTBo. [IponsBenerue uaeanoB I * J 3aMKHYTO OTHOCH-
TeJIbHO OTepaluu * KoJiblia K. AcCOMaTUBHOCTD BBIMOJIHAETCS J1JIs1 JIFO -
ObIX 37eMeHTOB U3 K, TeM 6oJiee paBeHCTBO (a * b) * ¢ = a * (b * ¢) BbI-
MoJiHsieTcsl Ha rnojaMHoxKecTBe [ x J MHoXKecTBa K .

OOpaTHbIM K 3JIeMeHTY aj * by +ag*by+ ...+ a,* b, sBjsdercs
eMeHT  (—ay) * by + (—ag) * by + ... + (—ay) * by,

HediTpanbHbiM (HyJIEBbIM ) 3J1eMEHTOM siBJisieTcsl 3jieMeHT O * 0,



[1.5.1. [Ipou3BeneHue naeanoB KoJbla

Teopema 10 (o npousBeneHuu uaeanoB Koaoua). Fcau I u J —
udeanol Koavya K, mo mnoxecmso
a; € 1,
Z (8)
b, € J

asaaemces udearom koaoya K, npuwem I« J C 1IN J.

I*J:{al*bl+a2*bg+...+ap*bp

Joka3zareabcTBo. OcTasioch NpoBepuTh hopmyay (7):



[1.5.1. [Ipou3BeneHue naeanoB KoJbla

Teopema 10 (o npousBeneHuu uaeanoB Koaoua). Fcau I u J —
udeanol Koavya K, mo mnoxecmso
a; € 1,
Z (8)
b, € J

asaaemces udearom koaoya K, npuwem I« J C 1IN J.

I*J:{al*bl+a2*bg+...+ap*bp

Joka3zareabcTBo. OcTasioch NpoBepuTh hopmyay (7):

no (8
re K, :(>)
yelxJ



[1.5.1. [Ipou3BeneHue naeanoB KoJbla

Teopema 10 (o npousBeneHuu uaeanoB Koaoua). Fcau I u J —
udeanol Koavya K, mo mnoxecmso
a; € 1,
Z (8)
b, € J

asaaemces udearom koaoya K, npuwem I« J C 1IN J.

I*J:{al*bl+a2*bg+...+ap*bp

Joka3zareabcTBo. OcTasioch NpoBepuTh hopmyay (7):

r e K,
re K, 1o(8) a; € 1,
{yE]*J = Fai3bi oy =

y=ayxb+...4+a,*x0b,



[1.5.1. [Ipou3BeneHue naeanoB KoJbla

Teopema 10 (o npousBeneHuu uaeanoB Koaoua). Fcau I u J —
udeanol Koavya K, mo mnoxecmso
a; € 1,
Z (8)
b, € J

asaaemces udearom koaoya K, npuwem I« J C 1IN J.

I*J:{al*bl+a2*bg+...+ap*bp

Joka3zareabcTBo. OcTasioch NpoBepuTh hopmyay (7):

r e K,
re K, 1o(8) a; € 1,
{yE]*J = Fai3bi oy =

y=ayxb+...4+a,*x0b,

N rx(agxby+...+a,*by) =
(@%b 4+ ...+ ap,xby) xx =



[1.5.1. [Ipou3BeneHue naeanoB KoJbla

Teopema 10 (o npousBeneHuu uaeanoB Koaoua). Fcau I u J —
udeanol Koavya K, mo mnoxecmso
a; € 1,
Z (8)
b, € J

asaaemces udearom koaoya K, npuwem I« J C 1IN J.

I*J:{al*bl+a2*bg+...+ap*bp

Joka3zareabcTBo. OcTasioch NpoBepuTh hopmyay (7):

r e K,
re K, 1o(8) a; € 1,
{yE]*J = Fai3bi oy =

y=ayxb+...4+a,*x0b,

N rx(apxby+...+ay*xby) = (xxay)*xby+...+ (x*xay,) xb, € IxJ,
(@%b 4+ ...+ apxby) xx =



[1.5.1. [Ipou3BeneHue naeanoB KoJbla

Teopema 10 (o npousBeneHuu uaeanoB Koaoua). Fcau I u J —
udeanol Koavya K, mo mnoxecmso
a; € 1,
Z (8)
b, € J

asaaemces udearom koaoya K, npuwem I« J C 1IN J.

I*J:{al*bl+a2*bg+...+ap*bp

Joka3zareabcTBo. OcTasioch NpoBepuTh hopmyay (7):

r e K,
re K, 1o(8) a; € 1,
{yE]*J = Fai3bi oy =

y=ayxb+...4+a,*x0b,

N rx(apxby+...+ay*xby) = (xxay)*xby+...+ (x*xay,) xb, € IxJ,
(@%b +...+apxby)xx=arx(byxx)+...+ay*x(by*xx)elx*J



[1.5.1. [Ipou3BeneHue naeanoB KoJbla

Teopema 10 (o npousBeneHuun uaeanoB Koaoua). Fcau I u J —
udeanol Koavya K, mo mHoaicecmso
a; € 1,
Z (8)
b, € J

asasemcs uoearom koavya K, npuuem I x J C 1IN J.

I*Jz{al*b1+a2*bg+...+ap*bp

Joka3zareabcTBo. OcTajoch NpoBepuTh hopmyay (7):

r e K,
re K, 1no(8) a; €1,
{yeI*J =" da; b, b e J =

y:al*b1+...—|—ap*bp

N rx(apxby+...+ap*xby) =(xxa)xb+...+ (xxay) xb, € IxJ
(@ xb1+...+apxby)xx=ar*x(byxx)+...+ay*x(by*xx)elx*l

Teopema nokasana.



[1.5.2. [lepeceueHue naeanoB KoJibla

Teopema 11 (0 nepeceuennu uaeanos koaoua). Ecau I u J — ude-
anol Koavya K, mo ux nepeceuwenue (I N J) a6aaemces udearom Kono-
ua K.



[1.5.2. [lepeceueHue naeanoB KoJibla

Teopema 11 (0 nepeceuennu uaeanos koaoua). Ecau I u J — ude-
anol Koavya K, mo ux nepeceuwenue (I N J) a6aaemces udearom Kono-
ua K.

Joka3areabctBo. Tot dakr, uto (I N J) — 3To NoArpymnmna ajjiuTHB-
HOM rpynibl KoJblia K, OUeBU/IEH:



[1.5.2. [lepeceueHue naeanoB KoJibla

Teopema 11 (0 nepeceuennu uaeanos koaoua). Ecau I u J — ude-
anol Koavya K, mo ux nepeceuwenue (I N J) a6aaemces udearom Kono-
ua K.

Joka3areabctBo. Tot dakr, uto (I N J) — 3To NoArpymnmna ajjiuTHB-
HOM rpynibl KoJblia K, OUeBU/IEH:

xrelnd,
yelndJ



[1.5.2. [lepeceueHue naeanoB KoJibla

Teopema 11 (0 nepeceuennu uaeanos koaoua). Ecau I u J — ude-
anol Koavya K, mo ux nepeceuwenue (I N J) a6aaemces udearom Kono-
ua K.

Joka3areabctBo. Tot dakr, uto (I N J) — 3To NoArpymnmna ajjiuTHB-
HOM rpynibl KoJblia K, OUeBU/IEH:

erI,
{ermL N yel,

yelndJ x € J,
\yEJ




[1.5.2. [lepeceueHue naeanoB KoJibla

Teopema 11 (0 nepeceuennu uaeanos koaoua). Ecau I u J — ude-
anol Koavya K, mo ux nepeceuwenue (I N J) a6aaemces udearom Kono-
ua K.

Joka3areabctBo. Tot dakr, uto (I N J) — 3To NoArpymnmna ajjiuTHB-
HOM rpynibl KoJblia K, OUeBU/IEH:

erI,
{:UGIHJ, N y €1, N {m+y€],
yelndJ x € J, r+yeJ
\yEJ




[1.5.2. [lepeceueHue naeanoB KoJibla

Teopema 11 (0 nepeceuennu uaeanos koaoua). Ecau I u J — ude-
anol Koavya K, mo ux nepeceuwenue (I N J) a6aaemces udearom Kono-
ua K.

Joka3areabctBo. Tot dakr, uto (I N J) — 3To NoArpymnmna ajjiuTHB-
HOM rpynibl KoJblia K, OUeBU/IEH:

erL
xelnd yel r+yel
Y Y Y [ i
{ye]ﬂJ “ YzeJ :>{a:+yEJ = eryelnd
\yEJ




[1.5.2. [lepeceueHue naeanoB KoJibla

Teopema 11 (0 nepeceuennu uaeanos koaoua). Ecau I u J — ude-
anol Koavya K, mo ux nepeceuwenue (I N J) a6aaemces udearom Kono-
ua K.

JloKa3aTeJbCTBO.

0el
’ I
{OEJ = 0elnJ,



[1.5.2. [lepeceueHue naeanoB KoJibla

Teopema 11 (0 nepeceuennu uaeanos koaoua). Ecau I u J — ude-
anol Koavya K, mo ux nepeceuwenue (I N J) a6aaemces udearom Kono-
ua K.

JloKa3aTeJbCTBO.

0el
’ I
{OEJ = 0elnJ,

relnNJ =



[1.5.2. [lepeceueHue naeanoB KoJibla

Teopema 11 (0 nepeceuennu uaeanos koaoua). Ecau I u J — ude-
anol Koavya K, mo ux nepeceuwenue (I N J) a6aaemces udearom Kono-
ua K.

JloKa3aTeJbCTBO.

0el
’ I
{OEJ = 0elnJ,

x e,

relnNJ = {336]



[1.5.2. [lepeceueHue naeanoB KoJibla

Teopema 11 (0 nepeceuennu uaeanos koaoua). Ecau I u J — ude-
anol Koavya K, mo ux nepeceuwenue (I N J) a6aaemces udearom Kono-
ua K.

JloKa3aTeJbCTBO.

{OEI’ ~ 0elnJ

0eJ
x €1, (—x) €I,
aze[ﬂJ:>{x€J :>{(_x>€J =



[1.5.2. [lepeceueHue naeanoB KoJibla

Teopema 11 (0 nepeceuennu uaeanos koaoua). Ecau I u J — ude-
anol Koavya K, mo ux nepeceuwenue (I N J) a6aaemces udearom Kono-
ua K.

JloKa3aTeJbCTBO.

{OEI’ ~ 0elnJ

0eJ
x €1, (—x) €I,
xe[ﬂji{gjé] :>{(—:1:)€J = (—z)elnd



[1.5.2. [lepeceueHue naeanoB KoJibla

Teopema 11 (0 nepeceuennu uaeanos koaoua). Ecau I u J — ude-
anol Koavya K, mo ux nepeceuwenue (I N J) a6aaemces udearom Kono-
ua K.

Joka3zareabcTBo. OcTajoch NpoBepuTh hopmyay (7):

r e K, N
yelndJ



[1.5.2. [lepeceueHue naeanoB KoJibla

Teopema 11 (0 nepeceuennu uaeanos koaoua). Ecau I u J — ude-
anol Koavya K, mo ux nepeceuwenue (I N J) a6aaemces udearom Kono-
ua K.

Joka3zareabcTBo. OcTajoch NpoBepuTh hopmyay (7):

x e K,

{xEK’ = qyel, =
InJg ’
v < y € J,



[1.5.2. [lepeceueHue naeanoB KoJibla

Teopema 11 (0 nepeceuennu uaeanos koaoua). Ecau I u J — ude-
anol Koavya K, mo ux nepeceuwenue (I N J) a6aaemces udearom Kono-
ua K.

Joka3zareabcTBo. OcTajoch NpoBepuTh hopmyay (7):
(

I

v e K. r*xyecl,

x e K, N c 1 :><£U>l<y€J,
yelndJ yej yxx €1,
4 ’ \y*:l:EJ



[1.5.2. [lepeceueHue naeanoB KoJibla

Teopema 11 (0 nepeceuennu uaeanos koaoua). Ecau I u J — ude-
anol Koavya K, mo ux nepeceuwenue (I N J) a6aaemces udearom Kono-
ua K.

Joka3zareabcTBo. OcTajoch NpoBepuTh hopmyay (7):
(

re K. xxyel,
x e K, xxy € J, xxyelnd,
= yE[, = < =
yelndJ cJ yxx €I, yxx elnd.
J ’ \y*:l:EJ



[1.5.2. [lepeceueHue naeanoB KoJibla

Teopema 11 (0 nepeceuennu uaeanos koaoua). Ecau I u J — ude-
anol Koavya K, mo ux nepeceuwenue (I N J) a6aaemces udearom Kono-

ua K.

Joka3zareabcTBo. OcTajoch NpoBepuTh hopmyay (7):

x e K,
yel,
y € J,

r e K, N
yelndJ

TeopeMa JOKa3adHa.

= 9

(

xxyel,
xxy € J, N {x*yEIﬂJ,
yxx €I, yxx elnd.
\y*:l:‘EJ



[1.5.3. Cymma naeanoB KoJbla

Onpepnenenue 15. Cymmoit uneanoB I u J xoavya K Hasvieaemcs

MHOMCECTBO
a€l,
I+ J= a+b{be,] (9)




[1.5.3. Cymma naeanoB KoJbla

Teopema 12 (o cymme uaeanos koabua). Ecau [ u J — wudeano
koavya K, mo ux cymma (I + J) asaaemca udearom korvya K.
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Teopema 12 (o cymme uaeanos koabua). Ecau [ u J — wudeano
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Eal + b1)1-|—£a2 + bgz =
ae; Iy



[1.5.3. Cymma naeanoB KoJbla

Teopema 12 (o cymme uaeanos koabua). Ecau [ u J — wudeano
koavya K, mo ux cymma (I + J) asaaemca udearom korvya K.

Joka3areabctBo. OueBuHO, uto (I + J) gBJsieTcst MOArPYyNIou aj-
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£CL1 + b1)1-|—£&2 + bg) (CL1 + CLQ) + (bl + bg)
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I+J I+J



[1.5.3. Cymma naeanoB KoJbla

Teopema 12 (o cymme uaeanos koabua). Ecau [ u J — wudeano
koavya K, mo ux cymma (I + J) asaaemca udearom korvya K.

Joka3areabctBo. OueBuHO, uto (I + J) gBJsieTcst MOArPYyNIou aj-
JIMTHBHOM IPyNIbl KoJiblia K

£a1+b12+£a2+bg) (CL1—|-CL2)-|— (bl —|—bg) el+J
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I+J I+J
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r e K, N
yel+J



[1.5.3. Cymma naeanoB KoJbla

Teopema 12 (o cymme uaeanos koabua). Ecau [ u J — wudeano
koavya K, mo ux cymma (I + J) asaaemca udearom korvya K.

Joka3zareabctBo. OcTajoch NpoBepuTh hopmyay (7):

x e K,
r € K, u € I,
{y€]+J = e =

Yy=u-+v
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Teopema 12 (o cymme uaeanos koabua). Ecau [ u J — wudeano
koavya K, mo ux cymma (I + J) asaaemca udearom korvya K.

Joka3zareabctBo. OcTajoch NpoBepuTh hopmyay (7):
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ek, og,g, Juel LU
yel+J YYvey !

o vk € J,

J \y=u+v
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Teopema 12 (o cymme uaeanos koabua). Ecau [ u J — wudeano
koavya K, mo ux cymma (I + J) asaaemca udearom korvya K.

Joka3zareabctBo. OcTajoch NpoBepuTh hopmyay (7):

reK (x*ueL
ek, og,g, Juel LU
yel+J YYvey !

o vk € J,

J \y=u+v

rxu+txzkv el J
= uxr+ovxrel+J =
y=u-+v



[1.5.3. Cymma naeanoB KoJbla

Teopema 12 (o cymme uaeanos koabua). Ecau [ u J — wudeano
koavya K, mo ux cymma (I + J) asaaemca udearom korvya K.

Joka3zareabctBo. OcTajoch NpoBepuTh hopmyay (7):

)
x € K, zru€l,
r e K uel LU EJ,
Y Y I
yelt] = du dy ve = L uxxcl, =
o vk € J,
J \y=u+v
rxutxxv €l +J rx(ut+wv)el+J,

= uxr+ovxrel+J = (ut+v)xxel+J =
y=u-+v Yy=u-+v



[1.5.3. Cymma naeanoB KoJbla

Teopema 12 (o cymme uaeanos koabua). Ecau [ u J — wudeano
koavya K, mo ux cymma (I + J) asaaemca udearom korvya K.

Joka3zareabctBo. OcTajoch NpoBepuTh hopmyay (7):

)
x € K, zxuel,
re kK uel Txv €,
Y Y I
yelt] = du Jy ve = { uxxel, =
ot vk € J,
J \y=u+v
rxut+xxv el +J rx(u+wv)el+J vxu eIt
= uxxt+vkxr €l +J = (ut+v)xzel+J = Y ’
yxx el+J
y=u-+v y=u-+v



[1.5.3. Cymma naeanoB KoJbla

Teopema 12 (o cymme uaeanos koabua). Ecau [ u J — wudeano
koavya K, mo ux cymma (I + J) asaaemca udearom korvya K.

Joka3zareabctBo. OcTajoch NpoBepuTh hopmyay (7):

)
x € K, zxuel,
re kK uel Txv €,
Y Y I
yelt] = du Jy ve = { uxxel, =
ot vk € J,
J \y=u+v
rxut+xxv el +J rx(u+wv)el+J vxu eIt
= uxxt+vkxr €l +J = (ut+v)xzel+J = Y ’
yxx el+J
y=u-+v y=u-+v

Téoper1ﬂ0KasaHa.
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a:*a+a>l<y+u1*a*vl+u2*a*vg+...+up*a*vp+maEI.
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ma+zxrat+axy+uka*xvFurka*xvyt+...Fu,*a*xv, €[,
C Jpyroit CTOPOHbI, OUEBUJIHO, UTO MHOXKECTBO 3JIEMEHTOB BU/JIa
ma+Txa+a*xy +U *a*xV +U kA XV + ...+ Uy*a*Vy
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C Jpyroit CTOPOHbI, OUEBUJIHO, UTO MHOXKECTBO 3JIEMEHTOB BU/JIa
ma+Txa+a*xy +U *a*xV +U kA XV + ...+ Uy*a*Vy

oOpasyeTr ujeas KoJsibla K, MOCKOJIbKY, BO-NEPBbIX, [ ABJACTCS MOJ-
TPYIIION aJIMTUBHOM Pyl KoJibla K

ma+x’*a+a*y'+u’1*a*vi+u’2*a*v§+...+u;>|<a>x<v;+
+na + 2’ *a+a*y”+u1*a*v1+u2*a*vQ+...+u£]’*a*v;’:
=(m+n)a+ (' +2")xa+ax(y +y")+
fuypka* v+ . Fuyka*v,Fupkaxv] + .. +ugkaxv] €1
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TPyNmnou ajiMTUBHON TpyMNIbl KoJbla K, U, BO-BTOPbIX, A/ JHOOOTro 2
us K
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[1.6.1. Teopema o riaaBHbIX Haeasax KoJblia
M&l 10Ka3aJii Teopemy:

Teopema 13 (o rmaBHom uaeasne koabua). [lodkoroyo I(a), cocmo-
aujee U3 3NemMeHmos 81oa

Mma—+T*A+a*xY + U *A*V T Uk A* V4 ...+ Up ¥ QA *Vp,

edem € NU{0}, {z, y, ui, v1, ..., uy, v,} C K, a849emcsa udea-
Aom Koavya K.



[1.6.1. Teopema o riaaBHbIX Haeasax KoJblia

Teopema 13 (o rmaBHoMm uaease Koabua). [lodxkoroyo I(a), cocmo-
aujee U3 3NemMerHmos 8uoa

Mma—+T* A+ a*xY + U *A*V T Uk A* V24 ...+ Uy ¥ QA *Vp,

edem € NU{0}, {z, y, ui, v1, ..., uy, v,} C K, a849emcsa udea-
Aom Koavya K.

Caencteue 1 (0 riaaBHbIX MaeasaXx KOMMYTaTUBHOIO KoJiblia). B
Kommymamusuom Koavue K ssemenmol erasroeo udeara I(a)
MOMCHO npedcmasume 8 sude ma + x x a, edem € NU{0}, =z € K.



[1.6.2. OnpeaeneHue raaBHOro ujaeaJsa KoJblia

Onpepneaenue 16. [maBubiM uaeanom xoavya K, nopoowcoerHHoim
anemenmom a u3 K, nasoeisaemcs nookoavyo I(a), cocmosauee us
NeMEHMOB BUIA
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11a IVIaBHBIN ujeas I (a) KOMMyTaTUBHOTO KOJblia /X COCTOUT U3 J1eMeH-
TOB BHA
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Onpepneaenue 16. [maBubiM uaeanom xoavya K, nopoowcoerHHoim
anemenmom a u3 K, nazovigaemcsa nodkoavyo I(a), cocmosujee u3
NeMEHMOB BUIA

ma—+T*a+a*xy +U *A*V +U*kA* V2 A+ ...+ Uy ¥ QA *Vp,
edem e NU{0}, {z, y, ui, vi, ..., up, v,} C K.

Cor/iacHoO cJaeACTBUIO O I1aBHbIX UA€aNaX KOMMYTaTUBHOTO KOJb-
11a IVIaBHBIN ujeas I (a) KOMMyTaTUBHOTO KOJblia /X COCTOUT U3 J1eMeH-
TOB BUJA Mma + X * a.



I1.7. EBKAMO0BBI KOJbLIA M KOJIbLIA INMIABHbIX UI€AJ0B
COCpGILOTOLIHM Halle BHUMAaHHE HA BBCJICHHBIX paHee CBKJUI0OBbIX
KOJiblax v KOJIbLIAX, BCE HU€aJIbl KOTOprX ABJIAKTCA I'NNIdBHBIMMU.
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Onpepenenue 17. Koavyo, sce udeanrol Komopoeo ABAAI0OMCA 2NAA6-
HblMu udeanramu, Ha3el8aemcsa KOJbLOM INIaBHbIX U1€aJ0B.



[1.7.1. Teopema 0 eBKIAUAOBbIX KOJIbLIAX U KOJIbLIAX I'J1aB-
HbIX MI€aJIOB

Teopema 14 (0 eBKAUI0BBIX KOJbLIAX U KOJbLAX MMIABHbIX U1€aJ0B).
Esxkaudoso konbuo a6815emces KOAbUYOM 2A1AB8H6LX LDeanos.
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<~ N~
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el I
JIOBaTeNbHO, 110 BbIGOPY a uMeeM g(a) < g(r), mostomy r = 0.

CaenoBartesbHO, T = C * @

J0Ba KoJgblla x =cx*a -+ T, rjae

I



[1.7.1. Teopema 0 eBKIAUAOBbIX KOJIbLIAX U KOJIbLIAX I'J1aB-
HbIX MI€aJIOB

Teopema 14 (0 eBKAUI0BBIX KOJbLIAX U KOJbLAX MMIABHbIX U1€aJ0B).
Esxkaudoso konbuo a6815emces KOAbUYOM 2A1AB8H6LX LDeanos.

Joka3zareabcTBo. [lycte I — upnean eBkaumoBa KoJblia K. O60-
3HAYMM uepe3 a TaKOH HeHyJIeBOH 3JieMeHT U3 I, uTo 3HaueHue g(a) Mu-
HUMAJIbHO.

[lycTh £ — npousBoJibHBIA 3JieMeHT U3 [. [1lo onpenenenuio eBKan-
r =0,
g9(r) < g(a).

[To onpenenenuio uaeanaa KoJblia umeeM r = _x , —c*q € I. Cue-
pen A 1L NI SR

el I
JIOBaTeNbHO, 110 BbIGOPY a uMeeM g(a) < g(r), mostomy r = 0.

CaenoBartenbHo, © = cx a € I(a).

J0Ba KoJgblla x =cx*a -+ T, rjae

I



[1.7.1. Teopema 0 eBKIAUAOBbIX KOJIbLIAX U KOJIbLIAX I'J1aB-
HbIX MI€aJIOB

Teopema 14 (0 eBKAUI0BBIX KOJbLIAX U KOJbLAX MMIABHbIX U1€aJ0B).
Esxkaudoso konbuo a6815emces KOAbUYOM 2A1AB8H6LX LDeanos.

Joka3zareabcTBo. [lycte I — upnean eBkaumoBa KoJblia K. O60-
3HAYMM uepe3 a TaKOH HeHyJIeBOH 3JieMeHT U3 I, uTo 3HaueHue g(a) Mu-
HUMAJIbHO.

[lycTh £ — npousBoJibHBIA 3JieMeHT U3 [. [1lo onpenenenuio eBKan-
r =0,
g9(r) < g(a).

[To onpenenenuio uaeanaa KoJblia umeeM r = _x , —c*q € I. Cue-
pen A 1L NI SR

el el
JIOBaTeNbHO, 110 BbIGOPY a uMeeM g(a) < g(r), mostomy r = 0.

CuienoBatesibHO, = ¢ * a € I(a). Teopema nokasaHa.

J0Ba KoJgblla x =cx*a -+ T, rjae



[1.7.1. Teopema 0 eBKIAUAOBbIX KOJIbLIAX U KOJIbLIAX I'J1aB-
HbIX MI€aJIOB

Teopema 14 (0 eBKAUI0BBIX KOJbLIAX U KOJbLAX MMIABHbIX U1€aJ0B).
Esxkaudoso konbuo a6815emces KOAbUYOM 2A1AB8H6LX LDeanos.

JlokazareabcTBo. Mbl nokaszaJjii, UTO €CJM a¢ — TAaKOW HEeHYJIEBOH
3JieMeHT U3 [, uTo 3HaueHue g(a) MUHUMaJIbHO, TO JJisi Jtlo6oro x € [ nuMe-
eT MecTo x = ¢ * a € I(a). Teopema nokasaHa.



[1.7.2. ChencTBUe U3 fokKa3aTeabCcTBa Teopembl 14

Teopema 14 (O €BKJIHNJO0BbLIX KOJIbLlAaX N KOJIbLHAX IN1aBHbIX l/lIleaJIOB).
Esxaudoso KOAbUO ABA1enca KOAbYOM 2/1ABHBLX udeanos.

Joka3areabcTBo. Mbl Mokasa/u, UTO €CJU a — TAKOH HEHYJEBOU
3JieMeHT U3 [, uTo 3HaueHue g(a) MUHUMaJbHO, TO JJis1 Jtlo6oro x € [ uMe-
eT MecTo x = c * a € I(a). Teopema nokasaHa.

CaencrBue 2 (43 n1oKa3artejbcTBa Teopembl 14). Beakuii  Hernyie-
80l 3nemenm uodeara esKAudos8a KOAbYUQ KPAMeEH 3NeMeHmy, no-
poacdaroujemy 3mom uoeaa.



[1.7.3. CheactBue o0 cyuiecTBOBaHMU 1 B €BKJIWIO0BOM
KOJIbll€e

Teopema 14 (0 eBKAUI0BBIX KOJbLIAX U KOJbLAX MMIABHbIX U1€aJ0B).
Esxkaudoso konbuo a6815emces KOAbUYOM 2A1AB8H6LX LDeanos.

CaenctBue 2 (43 noKa3artejbcTBa Teopembl 14). Beakuii  Hernyie-
8Ol dnemeHm udeanra eBKAUA08a KOAbYA KPAMEH IAeMeHMmY, no-
poacdaroujemy amom uoeaa.

CaencrtBue 3 (o cyuiectBoBaHUM | B €BKJIUJA0BOM KOJIbLE).
E8KA10080 KOAbYO cOOepacum eQuHUYHbLIL INeMEHT.



[1.7.3. CheactBue o0 cyuiecTBOBaHMU 1 B €BKJIWIO0BOM
KOJIbll€e

Teopema 14 (0 eBKAUI0BBIX KOJbLIAX U KOJbLAX MMIABHbIX U1€aJ0B).
Esxkaudoso konbuo a6815emces KOAbUYOM 2A1AB8H6LX LDeanos.

CaenctBue 2 (43 noKa3artejbcTBa Teopembl 14). Beakuii  Hernyie-
8Ol dnemeHm udeanra eBKAUA08a KOAbYA KPAMEH IAeMeHMmY, no-
poocdarouiemy 3mom uoeaa.

CaencrtBue 3 (o cyuiectBoBaHUM | B €BKJIUJA0BOM KOJIbLE).
E8KA10080 KOAbLO cOOepHcUm eOUHUUHbLL INeMEHIT.

Jloka3ateqabcTBo. CoryiacHo Teopeme 14 0 eBKJIMIO0BbIX KOJbLAX U
KOJIbIlaX TJaBHBIX WeanoB KoJbllo K Kak ujeas, siBJSETCs TJIaBHbIM
uneasom, T.e. K = I(a) 1y HEKOTOPOTO @.



[1.7.3. CheactBue o0 cyuiecTBOBaHMU 1 B €BKJIWIO0BOM
KOJIbll€e

Teopema 14 (O €BKJINJO0BbLIX KOJIbLlaX U KOJIbLHAX I'laBHbIX l/lIleaJIOB).
Esxaudoso KOAbUO ABAAENCA KOAbYOM 2/1ABHBLX udeanos.

CaenctBue 2 (43 nokasareqabcTBa Teopembl 14). Beakud — Henyae-
80U 3nremerm udeara esKAudo8a KOAbUQA KPAMEH IAeMEeHmy, no-
pooacdaroujemy 3mom uoeaa.

CaenctBue 3 (0 cyluecTBoOBaHUMU 1 B € BKJAUMA0BOM KOJIblie ).
E8KA10080 KOA6LO cOOepHcUm eOUHULHbLL INCMEHIT.

Jloka3zaTeabcTBo. CoryiacHo Teopeme 14 0 eBKJIUAOBbIX KOJbLIAX U
KOJIbLIAX TJIaBHbIX MA€aJd0B KOJIbLO /' KaK ujeal, sIBJSETCS IJIaBHbIM
uneasnom, T.e. K = I(a) 1/s1 HEKOTOPOTO a.

B cujy caenctBusi U3 n0KasaTteJbCcTBa Teopembl 14 a = a x e 14
HeKoToporo e € K.



[1.7.3. CheactBue o0 cyuiecTBOBaHMU 1 B €BKJIWIO0BOM
KOJIbll€e

Teopema 14 (0 eBKAUI0BBIX KOJbLIAX U KOJbLAX MMIABHbIX U1€aJ0B).
Esxkaudoso konbuo a6815emces KOAbUYOM 2A1AB8H6LX LDeanos.

CaenctBue 2 (43 noKa3artejbcTBa Teopembl 14). Beakuii  Hernyie-
8Ol dnemeHm udeanra eBKAUA08a KOAbYA KPAMEH IAeMeHMmY, no-
poocdarouiemy 3mom uoeaa.

CaencrtBue 3 (o cyuiectBoBaHUM | B €BKJIUJA0BOM KOJIbLE).
E8KA10080 KOAbLO cOOepHcUm eOUHUUHbLL INeMEHIT.

Hoka3areabctBo. Urak, K = I(a) mjisi HEKOTOpPOro a, MpHUEM
a = a * e. COrJIacHO CJIeICTBHUIO U3 JoKa3aTeJabcTBa Teopembl 14 Jito-
OOM HEHYJIEBOU 3JIeMEHT b u3 K npencTaBuM B BUAE b = d * a, OTKyaa



[1.7.3. CheactBue o0 cyuiecTBOBaHMU 1 B €BKJIWIO0BOM
KOJIbll€e

Teopema 14 (0 eBKIAMAOBBIX KOJbLAX U KOJIbLIAX MJIABHBIX UAEAJOB).
Esxkaudoso koavbuyo asinemes Koroyyom 2Aa8HbIX UOeAn08.

CaenctBue 2 (43 n1oKa3areqabcTBa Teopembl 14). Beakuii  Hernyae-
80U 3nremerm udeara esKaudosa KoAbUa KpameH IdAeMeHmy, no-
pooicdarouiemy 3mom uoeaa.

CaenctBue 3 (o cyuiectBOBaHUMU 1 B €BKJIUJA0BOM KOJIblie).
E8KA1u0080 KOAbLO cOOepHcum eOUHUUHbLU INeMEHIT.

Hoka3zareabctBo. Mrak, K = I(a) aad HEKOTOpPOro a, TMpUUEM
a = a * e. COIJIacHO CJIeICTBUIO U3 J0Ka3aTeJabCcTBa Teopembl 14 Jito-
OO¥ HEeHyJIEBOH 3JieMeHT b u3 K 1npeicTaBuM B BUAE b = d * a, OTKyaa

b=dx*a=



[1.7.3. CheactBue o0 cyuiecTBOBaHMU 1 B €BKJIWIO0BOM
KOJIbll€e

Teopema 14 (0 eBKIAMAOBBIX KOJbLAX U KOJIbLIAX MJIABHBIX UAEAJOB).
Esxkaudoso koavbuyo asinemes Koroyyom 2Aa8HbIX UOeAn08.

CaenctBue 2 (43 n1oKa3areqabcTBa Teopembl 14). Beakuii  Hernyae-
80U 3nremerm udeara esKaudosa KoAbUa KpameH IdAeMeHmy, no-
pooicdarouiemy 3mom uoeaa.

CaenctBue 3 (o cyuiectBOBaHUMU 1 B €BKJIUJA0BOM KOJIblie).
E8KA1u0080 KOAbLO cOOepHcum eOUHUUHbLU INeMEHIT.

Hoka3zareabctBo. Mrak, K = I(a) aad HEKOTOpPOro a, TMpUUEM
a = a * e. COIJIacHO CJIeICTBUIO U3 J0Ka3aTeJabCcTBa Teopembl 14 Jito-
OO¥ HEeHyJIEBOH 3JieMeHT b u3 K 1npeicTaBuM B BUAE b = d * a, OTKyaa

b=dxa=dx(axe)=



[1.7.3. CheactBue o0 cyuiecTBOBaHMU 1 B €BKJIWIO0BOM
KOJIbll€e

Teopema 14 (0 eBKIAMAOBBIX KOJbLAX U KOJIbLIAX MJIABHBIX UAEAJOB).
Esxkaudoso koavbuyo asinemes Koroyyom 2Aa8HbIX UOeAn08.

CaenctBue 2 (43 n1oKa3areqabcTBa Teopembl 14). Beakuii  Hernyae-
80U 3nremerm udeara esKaudosa KoAbUa KpameH IdAeMeHmy, no-
pooicdarouiemy 3mom uoeaa.

CaenctBue 3 (o cyuiectBOBaHUMU 1 B €BKJIUJA0BOM KOJIblie).
E8KA1u0080 KOAbLO cOOepHcum eOUHUUHbLU INeMEHIT.

Hoka3zareabctBo. Mrak, K = I(a) aad HEKOTOpPOro a, TMpUUEM
a = a * e. COIJIacHO CJIeICTBUIO U3 J0Ka3aTeJabCcTBa Teopembl 14 Jito-
OO¥ HEeHyJIEBOH 3JieMeHT b u3 K 1npeicTaBuM B BUAE b = d * a, OTKyaa

b=dxa=dx(axe)=(d*xa)*xe=



[1.7.3. CheactBue o0 cyuiecTBOBaHMU 1 B €BKJIWIO0BOM
KOJIbll€e

Teopema 14 (0 eBKIAMAOBBIX KOJbLAX U KOJIbLIAX MJIABHBIX UAEAJOB).
Esxkaudoso koavbuyo asinemes Koroyyom 2Aa8HbIX UOeAn08.

CaenctBue 2 (43 n1oKa3areqabcTBa Teopembl 14). Beakuii  Hernyae-
80U 3nremerm udeara esKaudosa KoAbUa KpameH IdAeMeHmy, no-
pooicdarouiemy 3mom uoeaa.

CaenctBue 3 (o cyuiectBOBaHUMU 1 B €BKJIUJA0BOM KOJIblie).
E8KA1u0080 KOAbLO cOOepHcum eOUHUUHbLU INeMEHIT.

Hoka3zareabctBo. Mrak, K = I(a) aad HEKOTOpPOro a, TMpUUEM
a = a * e. COIJIacHO CJIeICTBUIO U3 J0Ka3aTeJabCcTBa Teopembl 14 Jito-
OO¥ HEeHyJIEBOH 3JieMeHT b u3 K 1npeicTaBuM B BUAE b = d * a, OTKyaa

b=dxa=dx(axe)=(d*xa)xe=dxe.



[1.7.3. CheactBue o0 cyuiecTBOBaHMU 1 B €BKJIWIO0BOM
KOJIbll€e

Teopema 14 (0 eBKJIMAOBBIX KOJbLAX U KOJbLAX IVIABHbIX U/1€AJI0B ).
Esxkaudoso koa6u0 a815emces KOAbUOM 21AB8H6LX LDeanos.

CaenctBue 2 (43 noKasareqabcTBa Teopembl 14). Beakuu — Henyae-
80U 3nemerm udeara esKaudo8a KOAbUQ KPAMeH IAeMeHmy, no-
pooacdarouiemy 3mom uoeaa.

Caencteue 3 (o cyuiectBoBaHUM | B €BKJIUJA0BOM KOJIblie).
Eskau0do80 Koabyo codepicum eOuHUdHbLL 3INeMEH M.

Jloka3aTreabCTBO.
b=dxa=dx(axe)=(dxa)*xe=dx*e.

CrenoBaTesibHO, € — HeUTPaJbHbIH 3JIEeMEHT MYJIbTUIIJIMKATUBHOH MOJTYy-
rpynmnbl KoJblia, T.e. e = 1.



[1.8. Anre6pa uaeanoB eBKJHA0BA KOJiblia
PaccMOTpUM KOHKpETH3alLMIo onepauui aaredpbl UaeanoB eBKJIMU-
J0Ba KOJiblla.



[1.8.1. Teopema o npousBegeHUH HUAEAJOB €BKJUIOBA
KOJblla

Teopema 15 (0 npou3BeneHHHU U1€aN0B €BKJIUA0BA KOabLA). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a)* I(b) = I(axb) C I(a)NI(b).

Jloka3aTeJbCTBO.



[1.8.1. Teopema o npousBegeHUH HUAEAJOB €BKJUIOBA
KOJblla

Teopema 15 (0 npou3BeneHHHU U1€aN0B €BKJIUA0BA KOabLA). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a)* I(b) = I(axb) C I(a)NI(b).

Jloka3zateabcTBO. B cuay caeacteusa 2 M3 jokasarebCcTBa Teope-
MbI 14 imeem



[1.8.1. Teopema o npousBegeHUH HUAEAJOB €BKJUIOBA
KOJblla

Teopema 15 (0 npou3BeneHHHU U1€aN0B €BKJIUA0BA KOabLA). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a)* I(b) = I(axb) C I(a)NI(b).

Jloka3zateabcTBO. B cuay caeacteusa 2 M3 jokasarebCcTBa Teope-
MbI 14 imeem

I(a) =



[1.8.1. Teopema o npousBegeHUH HUAEAJOB €BKJUIOBA
KOJblla

Teopema 15 (0 npou3BeneHHHU U1€aN0B €BKJIUA0BA KOabLA). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a)* I(b) = I(axb) C I(a)NI(b).

Jloka3zateabcTBO. B cuay caeacteusa 2 M3 jokasarebCcTBa Teope-
MbI 14 imeem

](a):{a*xxEK},



[1.8.1. Teopema o npousBegeHUH HUAEAJOB €BKJUIOBA
KOJblla

Teopema 15 (0 npou3BeneHHHU U1€aN0B €BKJIUA0BA KOabLA). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a)* I(b) = I(axb) C I(a)NI(b).

Jloka3zateabcTBO. B cuay caeacteusa 2 M3 jokasarebCcTBa Teope-
MbI 14 imeem

](a):{a*xxEK}, I(b) =



[1.8.1. Teopema o npousBegeHUH HUAEAJOB €BKJUIOBA
KOJblla

Teopema 15 (0 npou3BeneHHHU U1€aN0B €BKJIUA0BA KOabLA). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a)* I(b) = I(axb) C I(a)NI(b).

Jloka3areabcTBO. B cuiy caenctBusa 2 U3 1okKkasatesibCTBa Teope-
mbl 14 umeem

](a):{a*xxEK}, [(b):{b*nyK}.



[1.8.1. Teopema o npousBegeHUH HUAEAJOB €BKJUIOBA
KOJblla

Teopema 15 (0 npou3BeneHHHU U1€aN0B €BKJIUA0BA KOabLA). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a)* I(b) = I(axb) C I(a)NI(b).

Jloka3areabcTBO. B cuiy caenctBusa 2 U3 1okKkasatesibCTBa Teope-
mbl 14 umeem

](a)z{a*xxEK}, [(b):{b*nyK}.

[Tostomy cornacio Teopeme 10 o mpou3BeneHUH MAEaTOB KOJIbLA
s7ieMeHTbl Kosblia I (a) * I(b) MOKHO MPE/ICTABUTh B BUJIE



[1.8.1. Teopema o npousBegeHUH HUAEAJOB €BKJUIOBA
KOJblla

Teopema 15 (0 npou3BeneHHHU U1€aN0B €BKJIUA0BA KOabLA). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a)* I(b) = I(axb) C I(a)NI(b).

Jloka3zateabcTBO. B cuay caeacteusa 2 M3 jokasarebCcTBa Teope-
MbI 14 imeem

](a)z{a*xxEK}, [(b):{b*nyK}.

[Tostomy cornacio Teopeme 10 o mpou3BeneHUH MAEaTOB KOJIbLA
s7ieMeHTbl Kosblia I (a) * I(b) MOKHO MPE/ICTABUTh B BUJIE

(a*xxy)* (bxyy)+ (a*xxo)* (bkyo)+ ...+ (a*xxy)* (b*yy) =



[1.8.1. Teopema o npousBegeHUH HUAEAJOB €BKJUIOBA
KOJblla

Teopema 15 (0o npou3BeneHUU Uaeal0B €BKJIUA0BA KoJbla). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; x; 0}), mo
I(a)* I(b) =I(axb) C I(a)NI(b).

Joka3areabcTBo. B cusy caencteusi 2 U3 10kKkas3artejbCcTBa Teope-
mbl 14 umeem

](a):{a*aszK}, I(b):{b*nyK}.

[Tostomy corsacHo Teopeme 10 o npou3BeaeHUH UOEATOB KOJiblia
s7eMeHTbl KoJibla I(a) * I(h) MOXKHO MPeJCTaBUTh B BUIE

(axxy)*x (bxyr)+ (a*xxe) % (bkya)+ ...+ (a*xxy)* (bxyy) =

=axb*x (X1 %y +ToxYo+ ...+ Ty *Ym) = a*xbx 2z,

rne z € K.



[1.8.1. Teopema o npousBegeHUH HUAEAJOB €BKJUIOBA
KOJblla

Teopema 15 (0 npou3BeneHUHU Uaean0B €BKJIAUA0BA KOablla). Ecau
I(a) u I(b) — udeasvt eskaudosa koaoya K = (K, {+; %, 0}), mo
I(a)* I(b) = I(axb) C I(a)NI(b).

Joka3areabcTBo. B cusy caencteusi 2 U3 1okKkas3artejbCcTBa Teope-
mbl 14 umeem

](a):{a*xaﬁEK}, I(b):{b*yyeK}.

[Tostomy corsacHo Teopeme 10 o nmpou3BeaeHUHU UOEATOB KOJiblia
s7ieMeHTbl Kosblia I (a) * I(b) MOXKHO NMPEACTABUTD B BUJIE

(axxzy)*x (bxy))+ (a*xxg) % (bkyo)+ ...+ (a*xxy)* (b*xyy) =

—a*xbx (T1*xy1 +Tok Yo+ ...+ Ty *Yy) =axbxz,

rie z € K. CnenoBarenbHo, I(a) * I(b) = I(a * b).



[1.8.1. Teopema o npousBegeHUH HUAEAJOB €BKJUIOBA
KOJblla

Teopema 15 (0 npou3BeneHHHU U1€aN0B €BKJIUA0BA KOabLA). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a)* I(b) = I(axb) C I(a)NI(b).

Joka3areabctBo. Mbl nokasanu paBeHcTBO [(a)* I(b) = I(a*D).
Brutouenue I(a) % I(b) = I(a xb) C I(a) N I(b) cienyet us



[1.8.1. Teopema o npousBegeHUH HUAEAJOB €BKJUIOBA
KOJblla

Teopema 15 (0 npou3BeneHHHU U1€aN0B €BKJIUA0BA KOabLA). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a)* I(b) = I(axb) C I(a)NI(b).

Jloka3ateabcTBo. Mbl jnokaszanu paBeHcTBO [(a)* I(b) = I(a*b).
Bxaiouenue I(a) x I[(b) = I(a*b) C I(a) N I(b) cnenyer uzd reopembl 10
0 NPOU3BEEHUH U€eaN0B KOJbLA.



[1.8.2. Teopema o0 nepeceueHuM HJeaJOB €BKJMUIOBA
KoJblia

Teopema 16 (0 nepeceueHnu uaeasoB eBKJIUA0BA KoJblia). Ecau
I(a) u I(b) — udearot esxkaudosa rkoavya K = (K, {+; *; 0}), mo
I(a) N I(b) = I(H.O.K.{a; b}).

Jloka3aTeJbCTBO.



[1.8.2. Teopema o0 nepeceueHuM HJeaJOB €BKJMUIOBA
KoJblia

Teopema 16 (0 nepeceueHnu uaeasoB eBKJIUA0BA KoJblia). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a) N I(b) = I(H.O.K.{a; b}).

Jloka3zateabcTBo. B cusny Teopembl 14 0 eBKJIUAOBBLIX KOJbLAX U
KOJIblaX rJaBHbIX uaeanos I(a) N I(b) = I(c) nist HekoTOporo ¢ us K.



[1.8.2. Teopema o0 nepeceueHuM HJeaJOB €BKJMUIOBA
KoJblia

Teopema 16 (0 nepeceueHnu uaeasoB eBKJIUA0BA KoJblia). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a) N I(b) = I(H.O.K.{a; b}).

Jloka3zateabcTBo. B cusny Teopembl 14 0 eBKJIUAOBBLIX KOJbLAX U
KOJIblaX rJaBHbIX uaeanos I(a) N I(b) = I(c) nist HekoTOporo ¢ us K.



[1.8.2. Teopema o0 nepeceueHuM HJeaJOB €BKJMUIOBA
KoJblia

Teopema 16 (0 nepeceueHnu uaeasoB eBKJIUA0BA KoJblia). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a) N I(b) = I(H.O.K.{a; b}).

Jloka3zateabcTBo. B cusny Teopembl 14 0 eBKJIUAOBBLIX KOJbLAX U
KOJIblaX rJaBHbIX uaeanos I(a) N I(b) = I(c) nist HekoTOporo ¢ us K.
CJiefloBaTesbHO, AJ1s1 J1tOOOro 3JeMeHTa 2 * ¢ U3 K HalayTcs Takue x,

y U3 K
rxa=yxb=zxc.



[1.8.2. Teopema o0 nepeceueHuM HJeaJOB €BKJMUIOBA
KoJblia

Teopema 16 (0 nepeceueHnu uaeasoB eBKJIUA0BA KoJblia). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a) N I(b) = I(H.O.K.{a; b}).

Hoka3areabctBo. Mrak, nokasano, uro I(a) N 1(b) = I(c) nist HeKo-

TOpOoro ¢ u3 K, npuuem Jist JIOOOTO 3JeMeHTa 2 * ¢ U3 K HalayTCs Takue

x,yns K
rxa=y*xb=zx*c.

[Tostoxkum z = 1, Torna x xa =y *x b = c.



[1.8.2. Teopema o0 nepeceueHuM HJeaJOB €BKJMUIOBA
KoJblia

Teopema 16 (0 nepeceueHnu uaeasoB eBKJIUA0BA KoJblia). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a) N I(b) = I(H.O.K.{a; b}).

Hoka3areabctBo. Mrak, nokasano, uro I(a) N 1(b) = I(c) nist HeKo-
TOPOro ¢ U3 K, mpuuem J/1s1 IoOOTo 3J1eMeHTa 2 * ¢ U3 K HalIyTCs Takue
x,y u3 K

rxa=y*xb=zx*c.

[Tonoxkum z = 1, Torga x * a = y * b = ¢. 3HAUUT, ¢ IeJIUTCS HALIEJIO Ha a
1 b. OcTasioch NMPOBEPUTb MAKCUMAaJIbHOCTb C.



[1.8.2. Teopema o0 nepeceueHuM HJeaJOB €BKJMUIOBA
KoJblia

Teopema 16 (0 nepeceueHnu uaeasoB eBKJIUA0BA KoJblia). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a) N I(b) = I(H.O.K.{a; b}).

Hoka3areabctBo. Mrak, nokasauo, uro I(a) N I(b) = I(c), npuuem
HaWyTCA Takue x, y U3 K

rxa=y*xb=c.

OcTaJjioch MPOBEPUTh MAKCUMaJIbHOCTb ¢. Ecnn d nesiuTces Halle o Ha a
b, tod=p*xa=q=*b.



[1.8.2. Teopema o0 nepeceueHuM HJeaJOB €BKJMUIOBA
KoJblia

Teopema 16 (0 nepeceueHnu uaeasoB eBKJIUA0BA KoJblia). Ecau
I(a) u I(b) — udeanvt eskaudosa koavya K = (K, {+; %, 0}), mo
I(a) N I(b) = I(H.O.K.{a; b}).

Hoka3areabctBo. Mrak, nokasauo, uro I(a) N I(b) = I(c), npuuem
HaWyTCA Takue x, y U3 K
rxa=yxb=c.

OcTaJjioch NPOBEPUTH MAKCUMAJIbHOCTD ¢. Ecau d nenurces Halleso Ha a
nb,tod=px*a=q=b.3nauur, d € I(a) N I(b), 3HAUUT, N0 CJAEACTBUIO
U3 N0KasaTteJbcTBa Teopembl 14, d nequtcsa nHaueso Ha c. Teopema J0-
Ka3aHa.



[1.8.3. Teopema 0 cymme uaeanoB eBKJIWA0BA KOJibLA

Teopema 17 (0 cymme uaeanoB eBKJIAMAOBA KoJablua). Ecau I(a)
u I(b) — wudeanrot esxkaudosa roavya K = (K, {+; *; 0}), mo

I(a) + I(b) = I(H.O.JL{a; b}).

JloKa3aTeJbCTBO.



[1.8.3. Teopema 0 cymme uaeanoB eBKJIWA0BA KOJibLA

Teopema 17 (0 cymme uaeanoB eBKJIAMAOBA KoJablua). Ecau I(a)
u I(b) — wudeanrot esxkaudosa roavya K = (K, {+; *; 0}), mo
I(a)+ I(b) = I(H.O.1.{a; b}).

Jloka3zareabcTBo. CoryiacHo TeopemMe 14 0 eBKJIUAOBbIX KOJbLIAX U
KoJbLiax raaBHbix uaeanos I(a) + 1(b) = I(c) nns Hekotoporo ¢ u3 K.



[1.8.3. Teopema 0 cymme uaeanoB eBKJIWA0BA KOJibLA

Teopema 17 (0 cymme uaeanoB eBKJIAMAOBA KoJablua). Ecau I(a)
u I(b) — wudeanrot esxkaudosa roavya K = (K, {+; *; 0}), mo

I(a) + I(b) = I(H.O.1.{a; b}).

Jloka3zareabcTBo. CoryiacHo TeopemMe 14 0 eBKJIUAOBbIX KOJbLIAX U
KoJbLiax raaBHbix uaeanos I(a) + 1(b) = I(c) nns Hekotoporo ¢ u3 K.

CorJjlacHO caeACcTBUIO 2 U3 J0Ka3aTeJbcTBa TeopeMbl 14 BCSKUH
saeMeHT u3 uaeana I(a) + 1(b) = I(c) npeactaBum B BUjie



[1.8.3. Teopema 0 cymme uaeanoB eBKJIWA0BA KOJibLA

Teopema 17 (0 cymme uaeanoB eBKJIAMAOBA KoJablua). Ecau I(a)
u I(b) — wudeanrot esxkaudosa roavya K = (K, {+; *; 0}), mo
I(a)+ I(b) = I(H.O.1.{a; b}).

Jloka3zareabcTBo. CoryiacHo TeopemMe 14 0 eBKJIUAOBbIX KOJbLIAX U
KoJbLiax raaBHbix uaeanos I(a) + 1(b) = I(c) nns Hekotoporo ¢ u3 K.

CorJjlacHO caeACcTBUIO 2 U3 J0Ka3aTeJbcTBa TeopeMbl 14 BCSKUH
saeMeHT u3 uaeana I(a) + 1(b) = I(c) npeactaBum B BUjie

rxa+y*xb=2zxc. (10)



[1.8.3. Teopema 0 cymme uaeanoB eBKJIWA0BA KOJibLA

Teopema 17 (0 cymme uaeanoB eBKJIAMAOBA KoJablua). Ecau I(a)
u I(b) — wudeanrot esxkaudosa roavya K = (K, {+; *; 0}), mo
I(a)+ I(b) = I(H.O.1.{a; b}).

Joka3areabctBo. Mtak, kaxnbiii snement uaeana I(a) + 1(b) = I(c)
MpeJICTaBUM B BU/JIE

rxa+yxb=zxc, {x, vy, 2} CK.

[Tonoxum y = 0. Tormax xa+ 0% b = 2 * c.



[1.8.3. Teopema 0 cymme uaeanoB eBKJIWA0BA KOJibLA

Teopema 17 (0 cymme uaeanoB eBKJIAMAOBA KoJablua). Ecau I(a)
u I(b) — wudeanrot esxkaudosa roavya K = (K, {+; *; 0}), mo
I(a)+ I(b) = I(H.O.1.{a; b}).

Joka3areabctBo. Mtak, kaxnbiii snement uaeana I(a) + 1(b) = I(c)
MpeJICTaBUM B BU/JIE

rxa+yxb=zxc, {x, vy, 2} CK.

[Tonoxxum x =1 u y=0. Torna 1 xa+ 0% b= zx*c. CorylacHo cae-
CTBUIO O CYylleCTBOBAHUM | B €BKJIMAOBOM KOJblie U TeopeMbl 7 00
yMHOKeHuu Ha 0 B Koaiblie ¢ 1 umeeM 0 x y = 0, 103TOMY

Il*xa+0xb=2z2%c = a=2z*c.



[1.8.3. Teopema 0 cymme uaeanoB eBKJIWA0BA KOJibLA

Teopema 17 (0 cymme uaeanoB eBKJIAMAOBA KoJablua). Ecau I(a)
u I(b) — wudeanrot esxkaudosa roavya K = (K, {+; *; 0}), mo
I(a)+ I(b) = I(H.O.1.{a; b}).

Joka3areabctBo. Mtak, kaxnbiii snement uaeana I(a) + 1(b) = I(c)
MpeJICTaBUM B BU/JIE

rxa+yxb=zxc, {x, vy, 2} CK.

[Tonoxxum x =1 u y=0. Torna 1 xa+ 0% b= zx*c. CorylacHo cae-
CTBUIO O CYylleCTBOBAHUM | B €BKJIMAOBOM KOJblie U TeopeMbl 7 00
yMHOKeHuu Ha 0 B Koaiblie ¢ 1 umeeM 0 x y = 0, 103TOMY

Il*xa+0xb=2z2%c = a=2z*c.

CJIQILOBaTeJIbHO, C AABJIFIETCH JeJIUTEJIEM 2JIEMEHTA a.



[1.8.3. Teopema 0 cymme uaeanoB eBKJIWA0BA KOJibLA

Teopema 17 (0 cymme uaeanoB eBKJIAMAOBA KoJablua). Ecau I(a)
u I(b) — wudeanrot esxkaudosa roavya K = (K, {+; *; 0}), mo
I(a)+ I(b) = I(H.O.1.{a; b}).

Jloka3areabcTBo. Kaxknbiil sanement uneana I(a) + I(b) = I(c) npen-
CTaBHM B BHJIE

rxa+yxb=zxc, {x, vy, z} CK,

U ¢ ABJsieTcs JenuTesieM sjeMmenta a. [Tonaras (z; y) = (0; 1) MoxHO
JI0Ka3aTh, UTO ¢ SABJISIETCS JeJIUTeIeM dJ1eMeHTa b.



[1.8.3. Teopema 0 cymme uaeanoB eBKJIWA0BA KOJibLA

Teopema 17 (0 cymme uaeanoB eBKJIAMAOBA KoJablua). Ecau I(a)
u I(b) — wudeanrot esxkaudosa roavya K = (K, {+; *; 0}), mo
I(a)+ I(b) = I(H.O.1.{a; b}).

Jloka3areabcTBo. Kaxknbiil sanement uneana I(a) + I(b) = I(c) npen-
CTaBHM B BHJIE

rxa+yxb=zxc, {x, vy, z} CK,

U C SIBJISIETCS JIeJINTEJIEM 3JIEMEHTOB a U .
OcTaJnochb [TOKa34daTb, 4UTO JII0O0M 0OLLIMH JCJIUTEJIb 2JIEMEHTOB a U b Je-
JIMT HALlEJIO 2JIEMEHT C.



[1.8.3. Teopema 0 cymme uaeanoB eBKJIWA0BA KOJibLA

Teopema 17 (0 cymme uaeanoB eBKJIAMAOBA KoJablua). Ecau I(a)
u I(b) — wudeanrot esxkaudosa roavya K = (K, {+; *; 0}), mo
I(a)+ I(b) = I(H.O.1.{a; b}).

Jloka3areabcTBo. Kaxknbiil sanement uneana I(a) + I(b) = I(c) npen-
CTaBHM B BHJIE

rxa+yxb=zxc, {x, vy, z} CK,

W C SIBJISIETCS IeJIUTEJIEM 3JIEMEHTOB a U b.

Ocranoch MoKasaTthb, UTo JitoO0H 001K JeTUTe/b JEMEHTOB a U b Jie-
JIUT HALLEJI0 3JIEMEHT C.

Ecmma =p*xdub=qx*d,tononaras B popmyae (10) z =1, nojy-
yaeM z* p*x d+y* q*d = c, OTKya (x x p+ y * q) * d = ¢, T.e. oOUIMH
MHOXKHTEJb d IEJIUT HALLEJIO SJIEMEHT C.



[1.8.3. Teopema 0 cymme uaeanoB eBKJIWA0BA KOJibLA

Teopema 17 (0 cymme uaeanoB eBKJIAMAOBA KoJablua). Ecau I(a)
u I(b) — wudeanrot esxkaudosa roavya K = (K, {+; *; 0}), mo
I(a)+ I(b) = I(H.O.1.{a; b}).

Jloka3areabcTBo. Kaxknbiil sanement uneana I(a) + I(b) = I(c) npen-
CTaBHM B BHJIE

rxa+yxb=zxc, {x, vy, z} CK,

W C SIBJISIETCS IeJIUTEJIEM 3JIEMEHTOB a U b.

Ocranoch MoKasaTthb, UTo JitoO0H 001K JeTUTe/b JEMEHTOB a U b Jie-
JIUT HALLEJI0 3JIEMEHT C.

Ecmma =p*xdub=qx*d,tononaras B popmyae (10) z =1, nojy-
yaeM z* p*x d+y* q*d = c, OTKya (x x p+ y * q) * d = ¢, T.e. oOUIMH
MHOXKHTEJNb d JIEJIUT HALEJIO 3JeMEHT c. TeopeMa JoKa3aHa.



[1.8.4. CneactrBue o npeacrasiediun H.O. 1.

Teopema 17 (0 cymme uaeanoB eBKJIAMAOBA KoJablua). Ecau I(a)
u I(b) — wudeanrot esxkaudosa roavya K = (K, {+; *; 0}), mo
I(a)+ I(b) = I(H.O.1.{a; b}).

CaenctBue 4 (o npeacraBiaenuv H.O.1L.). /{a1a awoboix HeHyresolx
anemernmos a u b eskaudosa koavya K = (K, {+; *, 0}) 0aa Heko-
mopolLx dnemenmos x uy us K umeem mecmo pagerncmaso

rxa+yxb=H.O.J{a; b}. (11)

Jloka3aTeJbCTBO.



[1.8.4. CneactrBue o npeacrasiediun H.O. 1.

Teopema 17 (0 cymme uaeanoB eBKJIAMAOBA KoJablua). Ecau I(a)
u I(b) — wudeanrot esxkaudosa roavya K = (K, {+; *; 0}), mo
I(a)+ I(b) = I(H.O.1.{a; b}).

CaenctBue 4 (o npeacraBiaenuv H.O.1L.). /{a1a awoboix HeHyresolx
anemernmos a u b eskaudosa koavya K = (K, {+; *, 0}) 0aa Heko-
mopolLx dnemenmos x uy us K umeem mecmo pagerncmaso

rxa+yxb=H.O.J{a; b}. (11)

Hoka3zareabcTBo. /locratouHo B dpopmydae (10) nosoxutbh z = 1.
CJieICTBHE 10KA3aHO.



[1.9. Teopema o0 Koablie BbIUE€TOB

Teopema 18 (0 Koabue BbiueToB). [Tycmo I — udean Koavya K =
(K, {+; *; 0}). Ha mroxcecmse
T € K}

xGK}:{{ernyI}

onepauuu & u O, UHOYYUPOBAHHbLE ONEPAUUAMU + U, COOMBeNt-
CMBEHHO, * onpedeium Gopmyiramu:

@+ D" +1)= " +2")+ 1, (12)
'+ D" +1)= (" *2")+ I (13)

Toeda K /I c onepayuamu © u @ u Hysresoim ssemenmon I aeisemces
KOAbUOM.

K/]:{:U+I




[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3areabcTBo. CHauasia NpoBepUM, UTO G U (O ABJSIOTCS ONepa-
uMsiMH. JlocTaTouHo JI0Ka3aTh UX OJIHO3HAYHOCT:



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ D)o@ +1)= @ «2")+ I (13)

Joka3areabcTBo. CHauasia NpoBepUM, UTO G U (O ABJSIOTCS ONepa-
uMsiMH. JlocTaTouHo JI0Ka3aTh UX OJIHO3HAYHOCT:

{x’+lzy’+l,

:
Pl =y = WHDEWH)



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3areabcTBo. CHauasia NpoBepUM, UTO G U (O ABJSIOTCS ONepa-
uMsAMH. JlocTaToOuHO I0Ka3aTh UX OJIHO3HAYHOCTh:

o+1=y+1,
x//+]:y//+l



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ D)o@ +1)= @ «2")+ I (13)

Joka3areabcTBo. CHauasia NpoBepUM, UTO G U (O ABJSIOTCS ONepa-
uMsiMH. JlocTaTouHo JI0Ka3aTh UX OJIHO3HAYHOCT:

=y +p,
= a,/,//:y//_i_q, =

{:U’—I—]—y’+1,
{p,a} C I

x//+]:y//+l



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ D)o@ +1)= @ «2")+ I (13)

Joka3areabcTBo. CHauasia NpoBepUM, UTO G U (O ABJSIOTCS ONepa-
uMsiMH. JlocTaTouHo JI0Ka3aTh UX OJIHO3HAYHOCT:

7=+ 7
CU/—I—]:y’—|—], N ,,_y,,+p N
x”+[=y”+[ r =Y q,

{p,qy €1

= @+De@E"+1)=



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ D)o@ +1)= @ «2")+ I (13)

Joka3areabcTBo. CHauasia NpoBepUM, UTO G U (O ABJSIOTCS ONepa-
uMsiMH. JlocTaTouHo JI0Ka3aTh UX OJIHO3HAYHOCT:

7=+ 7
CU/—I—]:y’—|—], N ,,_y,,+p N
x”+[=y”+[ r =Y q,

{p,qy €1

= (a:’+1)€]9(35”+1):{x'+33”+7“TEI}:



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ D)o@ +1)= @ «2")+ I (13)

Joka3areabcTBo. CHauasia NpoBepUM, UTO G U (O ABJSIOTCS ONepa-
uMsiMH. JlocTaTouHo JI0Ka3aTh UX OJIHO3HAYHOCT:

7=+ 7
CE’—I—]:y’—|—L N ,,_y,,+p N
x”+[=y”+[ r =Y q,

{p,qy €1

= ($/+1>@($//—|—1>:{3§/+$”+TT‘EI}:

:{y'+p+y"+q+rfr€]}:



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ D)o@ +1)= @ «2")+ I (13)

Joka3areabcTBo. CHauasia NpoBepUM, UTO G U (O ABJSIOTCS ONepa-
uMsiMH. JlocTaTouHo JI0Ka3aTh UX OJIHO3HAYHOCT:

7=+ 7
CE’—I—]:y’—|—L N ,,_y,,+p N
x”+[=y”+[ r =Y q,

{p,qy €1

= ($/+1>@($//—|—1>:{3§/+$”+TT‘EI}:

:{y’+p+y”+q+rTEI}:{y’+y"+(p+q+r)TEI}:



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ D)o@ +1)= @ «2")+ I (13)

Joka3areabcTBo. CHauasia NpoBepUM, UTO G U (O ABJSIOTCS ONepa-
uMsiMH. JlocTaTouHo JI0Ka3aTh UX OJIHO3HAYHOCT:

7=+ 7
CE’—I—]:y’—|—L N ,,_y,,+p N
x”+[=y”+[ r =Y q,

{p,qy €1

= ($/+1>@($//—|—1>:{3§/+$”+TT‘EI}:

:{y’+p+y”+q+rTEI}:{y’+y"+(p+q+r)TEI}:
:y/+y//+[:



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ D)o@ +1)= @ «2")+ I (13)

Joka3areabcTBo. CHauasia NpoBepUM, UTO G U (O ABJSIOTCS ONepa-
uMsiMH. JlocTaTouHo JI0Ka3aTh UX OJIHO3HAYHOCT:

7=+ 7
CE’—I—]:y’—|—L N ,,_y,,+p N
x”+[=y”+[ r =Y q,

{p,qy €1

= ($/+1>@($//—|—1>:{3§/+$”+TT‘EI}:

:{y’+p+y”+q+rTEI}:{y’+y"+(p+q+r)TEI}:
=y +y'+tI=W+De Wy +1)



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Jloka3zaTeabcTBO. Tenepb A0KaXKeM 0/IHO3HAYHOCThH OTlepallu (:

33/+I:y/‘|']> ? / 7 o 7
{x”+1y”+l = @+ Do +)=w+1)o Yy +1).



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Jloka3zaTeabcTBO. Tenepb A0KaXKeM 0/IHO3HAYHOCThH OTlepallu (:

o+ 1=y +1,
37//+]:y//+l



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Jloka3zaTeabcTBO. Tenepb A0KaXKeM 0/IHO3HAYHOCThH OTlepallu (:
' =y +p,
= $//:y//+q, =

{f+1=y+L
{p,q} €1

$//+]:y/,+l



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Jloka3zaTeabcTBO. Tenepb A0KaXKeM 0/IHO3HAYHOCThH OTlepallu (:
=y +p
/ I | )
{ i”‘:[[—_?;”‘:]} = =y +q, =
{p.a} €1

= @+ D)o@ +1)=



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Jloka3zaTeabcTBO. Tenepb A0KaXKeM 0/IHO3HAYHOCThH OTlepallu (:
=y +p
/ I | )
{ i”‘:[[—_?;”‘:]} = =y +q, =
{p.a} €1

= (x'—i—l)@(x"—l—]):{:c’*x"+r7"6]}:



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Jloka3zaTeabcTBO. Tenepb A0KaXKeM 0/IHO3HAYHOCThH OTlepallu (:
=y +p
/ I | )
{ i//‘:[[—_?;”‘:]} = =y +q, =
{p.a} €1

= (x'—i—l)@(x"—l—]):{:c’*x"+r7"6]}:

:{(y’+p)*(y”+Q)+TT€l}:



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Jloka3zaTeabcTBO. Tenepb A0KaXKeM 0/IHO3HAYHOCThH OTlepallu (:
=y +p
/ I | )
{ i//‘:[[—_?;”‘:]} = =y +q, =
{p.a} €1

= @rne@E + 1) ={a"+r[rer}-
:{(y’+p)*(y”+Q)+TT€1}:

Z{y’*y”+(a¢’*p+y’*Q+T>7“61}:



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Jloka3zaTeabcTBO. Tenepb A0KaXKeM 0/IHO3HAYHOCThH OTlepallu (:
=y +p
/ I | )
{ i//‘:[[—_?;”‘:]} = =y +q, =
{p.a} €1

= @rne@E + 1) ={a"+r[rer}-
:{(y’+p)*(y”+Q)+TT€1}:

Z{y’*y”+(x’*p+y’*Q+7‘)TEI}:y’*y”Jrl:



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Jloka3zaTeabcTBO. Tenepb A0KaXKeM 0/IHO3HAYHOCThH OTlepallu (:
=y +p
/ I | )
{ i//‘:[[—_?;”‘:]} = =y +q, =
{p.a} €1

= @rne@E + 1) ={a"+r[rer}-
:{(y’+p)*(y”+Q)+TT€1}:

—{y "+ @ xpty r g [r e L) = ysy ] = DO ).



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Jloka3areabcTBO. J[oKaxkeM accoumMaTtMuBHOCTL onepauvi @ U ©.
J1J1s1 3TOTO Ha/10 MPOBEPUTH BbIMOJHEHHE



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Jloka3areabcTBO. J[oKaxkeM accoumMaTtMuBHOCTL onepauvi @ U ©.
J1J1s1 5TOTO HaJ10 MPOBEPUTH BbINOJIHEHHE PABEHCTBA.



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Jloka3areabcTBO. J[oKaxkeM accoumMaTtMuBHOCTL onepauvi @ U ©.

J1J151 5TOr0 Hajl0 MPOBEPHUTL BIMOJIHEHHE PABEHCTBA.
Kak jj0kasaTb paBeHCTBO?



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)

'+ D)o@ +1)= @ «2")+ I (13)

Jloka3areabcTBO. J[oKaxkeM accoumMaTtMuBHOCTL onepauvi @ U ©.
J1J1s1 5TOTO HaJ10 MPOBEPUTH BbINOJIHEHHE PABEHCTBA.

Kak jj0kasaTb paBeHCTBO?
OO6bIYHO TPUMEHSIETCS OJIMH U3 TPeX CMOCOOOB:



[1.9. Teopema o Ko/blle BbIUETOB

'+ & (" +1)= (2" +2") + I, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Jloka3zareabcTBO. JloKaXkeM accolUaTUBHOCTDb onepaunﬁ S u ©.
JI151 3TOro Hajlo NPOBEPHUTH BBINOJHEHHE PABEHCTBA.
Kak jj0kasaTb paBeHCTBO?
OO6bIYHO TPUMEHSIETCS OJIMH U3 TPeX CMOCOOOB:

— MPUBEJICHUE JICBOU U MPABOKM YaCTH PABEHCTBA K OJJMHAKOBOMY BUJLY
C MOMOLUIbIO PABHOCUJILHBIX MPe0Opa3OBaHUK;



[1.9. Teopema o Ko/blle BbIUETOB

'+ & (" +1)= (2" +2") + I, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Jloka3zareabcTBO. JloKaXkeM accolUaTUBHOCTDb onepaunﬁ S u ©.
JI151 3TOro Hajlo NPOBEPHUTH BBINOJHEHHE PABEHCTBA.
Kak jj0kasaTb paBeHCTBO?
OO6bIYHO TPUMEHSIETCS OJIMH U3 TPeX CMOCOOOB:
— IPUBEJICHHE JICBOW U MPABOK YACTH PABEHCTBA K OJMHAKOBOMY BH/LY

C MOMOLUIbIO PABHOCUJILHBIX MPe0Opa3OBaHUK;
— JI0Ka3aTeJIbCTBO JIBYX HepaBeHCTB < W > (MJM BKJOUeHUd C U D);



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Jloka3zareabcTBO. JloKaXkeM accolUaTUBHOCTDb onepaunﬁ S u ©.
J1J1s1 3TOTO Ha/l0 MPOBEPUTDH BBIMOJHEHHUE PABEHCTBA.
Kak jj0kasaTb paBeHCTBO?
OO6bIYHO TPUMEHSIETCS OJIMH U3 TPeX CMOCOOOB:
— MPUBEJICHUE JICBOU U MPABOKM YaCTH PABEHCTBA K OJJMHAKOBOMY BUJLY
C TIOMOLLIbIO PABHOCHJIbHBIX NTPE0Opa30BaAHUH;
— JI0Ka3aTeJIbCTBO JIBYX HepaBeHCTB < W > (MJM BKJOUeHUd C U D);
— MPUMEHEHHE METOJIa €OT MPOTUBHOTO».



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)
Jloka3zareabcTBO. JloKaXkeM accolUaTUBHOCTDb onepauHﬁ S u ©.
J1J1s1 3TOTO Ha/l0 MPOBEPUTDH BBIMOJHEHHUE PABEHCTBA.
Kak jj0kasaTb paBeHCTBO?
OO6bIYHO TPUMEHSIETCS OJIMH U3 TPeX CMOCOOOB:
— MPUBEJICHUE JICBOU U MPABOKM YaCTH PABEHCTBA K OJJMHAKOBOMY BUJLY
C MOMOLUIbIO PABHOCUJILHBIX MPe0Opa3OBaHUK;
— JI0Ka3aTeJIbCTBO JIBYX HepaBeHCTB < W > (MJM BKJOUeHUd C U D);
— MpUMEHEHHE MeTO/1a €OT MPOTHBHOIOY.
[IprMeHHUM nepBbIH METO/I.



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zareabcTBO. JloKakeM accoumaTUBHOCTh onepauri @ u ©.

L= ((x’+[) & (a:”+[)> ® (2" +1)=



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zareabcTBO. JloKakeM accoumaTUBHOCTh onepauri @ u ©.

L= (@+D& W +D) &6 +1) = @ +a"+ )@@ +1) -



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Joka3zareabcTBO. JloKakeM accoumaTUBHOCTh onepauri @ u ©.

L= (@+D& W +D) &6 +1) = @ +a"+ )@@ +1) -

— (ZC/ _|_x// _|_ZE/”) _|_ I



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zareabcTBO. JloKakeM accoumaTUBHOCTh onepauri @ u ©.
L — ((.’,El+[> @ (.CU//"_[)) @ (x///—|_[) — (x/+x//+x///> "‘[

R =



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zareabcTBO. JloKakeM accoumaTUBHOCTh onepauri @ u ©.

L: ((SIJ/+[>@($//+[>> @(x///+[) — (.CU/—I—SU”—I—CU”/)—I—[.

R=(@+Do (@ +0Ho@"+1) =



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zareabcTBO. JloKakeM accoumaTUBHOCTh onepauri @ u ©.

L: ((SIJ/+I>@($//+[>> @(x///+[) — (.CU/-I—SU”-l-CC”/)—I-[.

R='+1)& ((x”+[) O (:c”’+])) =@+ D@ @"+2"+1)=



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zareabcTBO. JloKakeM accoumaTUBHOCTh onepauri @ u ©.

L: ((SIJ/+I>@($//+[>> @(x///+[) — (.CU/-I—SU”-l-CC”/)—I-[.

R: (.CL'/—|—I) @ ((x//+j) @ (x”/‘i_[)) — (x/_i_[) @ (:l?”—l—:l?m—l—f) —
— (CU/—|—£U//+.T/”)+I.



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zareabcTBO. JloKakeM accoumaTUBHOCTh onepauri @ u ©.

L: ((SIJ/+I>@($//+[>> @(x///+[) — (.CU/-I—SU”-l-CC”/)—I-[.

R — (x/ + ]') EB ((x// + [> @ (ZU”/ _|_ I)> — (ZU/ —l—.fU// +I/N> _|_ ]‘

3HauHuT,



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zareabcTBO. JloKakeM accoumaTUBHOCTh onepauri @ u ©.

L: ((SIJ/+[>@($//+[>> ®(x///+[) — <£C/+JZ”+£IZM)+].

R — (Zl?/—l—[) EB ((:I;//‘i_[) @ (x///+l)> — <l’/—|—l‘//—|—l’///) ‘|‘ ]

3HauHuT,



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zareabcTBO. JloKakeM accoumaTUBHOCTh onepauri @ u ©.

L: ((.T/+[>@($//+[>> ®(x///+[) — <£C/+JZ”+£IZM)+].

R — (Zl?/—l—[) EB ((:I;//‘i_[) @ (x///+l)> — <x/+x//+$///) ‘|‘ ]

3HauHuT,
L=(x'4+2"+2")+1=R,



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zareabcTBO. JloKakeM accoumaTUBHOCTh onepauri @ u ©.

L: ((SIJ/+I>@($//+[>> @(x///+[) — <$/+x//+x///)+].

R — (Zl?/—l— ]') EB ((:C”—i—[) @ (x///+l)> — <x/+x//+x///) ‘|‘ ]

3HauHuT,
L=(x'4+2"+2")+1=R,

T.€.

((:1:’+[) P (:c”+[)) @+ =@+ @ ((:c”+l) ® (:c"’+])) .



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
JloKa3aTeabCTBO. ACCOUMATUBHOCTL ONepalii (O MOXKHO JI0Ka3aTh

dHAaJIOTHYHO.

((a:’ + 1o (2" + 1)) O @"+1)=



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
JloKa3aTeabCTBO. ACCOUMATUBHOCTL ONepalii (O MOXKHO JI0Ka3aTh

dHAaJIOTHYHO.

((:C/ _|_ [) @ (x// _|_ [>) @ (x/// _|_ ]') — (a,:/ * x// * x///) + [ —



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
JloKa3aTeabCTBO. ACCOUMATUBHOCTL ONepalii (O MOXKHO JI0Ka3aTh

dHAaJIOTHYHO.

((:C/ _|_ [) @ (x// _|_ [>) @ (x/// _|_ ]') — (a,:/ * x// * x///) + [ —

— @+ Do ((x” +1) o (" + 1)) |



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Jloka3aTtejbcTBO. HeliTpajibHbIM OTHOCUTEJLHO CJIOXKEHUS (& sIBJISI-
eTCsl 3JIeEMEHT



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Jloka3aTtejbcTBO. HeliTpajibHbIM OTHOCUTEJLHO CJIOXKEHUS (& sIBJISI-
ercs syiemeHT 0+ I = 1.



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zareabcTBo. OGpaTHbIM (OTHOCHTENBHO CJIOKEHUS ) K dJie-
MeHTY x + [ sBJsIeTCS 3JeMEeHT



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zareabcTBo. OGpaTHbIM (OTHOCHTENBHO CJIOKEHUS ) K dJie-
MeHTy x + [ siBJsieTcs sjeMeHT (—x) + 1.



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zareabcTBo. OcTasoch 10Ka3aTb AUCTPUOYTUBHOCTL:



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zareabcTBo. OcTasoch J0Ka3aTb AUCTPUOYTUBHOCTD.



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zateabcTBo. OcTasoch 10Ka3aTh AUCTPUOYTUBHOCT.
Hano nokasartb



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zareabcTBo. OcTasoch J0Ka3aTb AUCTPUOYTUBHOCTD.
Hano nokasarb pageHcmao.



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
JlokazareabcTBo. OCTajnoch J10Ka3aTh AMCTPUOYTUBHOCTD.

Hano nokasarb pageHcmao.
J1ns1 3TOro npuMeHsieTcst OJIUH U3



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
JlokazareabcTBo. OCTajnoch J10Ka3aTh AMCTPUOYTUBHOCTD.

Hano nokasarb pageHcmao.
J1ns1 3TOro npuMeHsieTcsl OJIMH U3 TPeX METOJIOB:



[1.9. Teopema o Ko/blle BbIUETOB

'+ & (" +1)= (2" +2") + I, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Joka3zareabcTBo. OcTasoch J0Ka3aTb AUCTPUOYTUBHOCTD.
Hano nokasarb pageHcmao.
Jl1s1 3TOTO NPUMEHSIETCS OJIMH U3 TPEX METO/0B:

— MPUBEJICHUE JIEBOK U MTPABOK YACTH PABEHCTBA K OJIMHAKOBOMY BHUJLY
C MOMOLUIBIO PABHOCUJIbHBIX MPe0OPa30BaHUK;



[1.9. Teopema o Ko/blle BbIUETOB

/ 1 / 7
'+ @@"+1)=("+2")+ 1, (12)
/ 7 / 2
4+ D" +1)=(z"«z")+ 1. (13)
Joka3aregabcTBo. OcTanoch 10Kas3aTh AUCTPUOYTUBHOCTD,
Hano nokasarb pageHcmao.
J1J151 5TOro NpuMeHsieTCst OJIMH U3 TPEX METO/IOB:
— TpHBeJieHHe JIEBOH U MIPABOK YaCTH PABEHCTBA K OJIMHAKOBOMY BHLY
C MOMOILIbIO PABHOCHJIbHBIX TPe0Opa30BaHU;
— JI0KA3aTeJIbCTBO JBYX HEPABEHCTB < M > (UJIM BKJIIOUeHHH C U D);



[1.9. Teopema o Ko/blle BbIUETOB

'+ & (" +1)= (2" +2") + I, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Joka3zareabcTBo. OcTasoch J0Ka3aTb AUCTPUOYTUBHOCTD.
Hano nokasarb pageHcmao.
Jl1s1 3TOTO NPUMEHSIETCS OJIMH U3 TPEX METO/0B:
— MNpUBEJICHUE JIEBOH U MPABOK YaCTH PABEHCTBA K OJJMHAKOBOMY BUJLY
C MOMOLUIbIO PABHOCHUJIbHBIX MPeoOpa3oBaHUK;

— JI0KA3aTeJIbCTBO JBYX HEPABEHCTB < M > (UJIM BKJIIOUeHHH C U D);
— NpUMEHEHHe MeTOoJ1a «OT MPOTHBHOTO».



[1.9. Teopema o Ko/blle BbIUETOB

/ 1 / 7
'+ @@"+1)=("+2")+ 1, (12)
/ 7 / 2
4+ D" +1)=(z"«z")+ 1. (13)
Joka3aregabcTBo. OcTanoch 10Kas3aTh AUCTPUOYTUBHOCTD,
Hano nokasarb pageHcmao.
J1J151 5TOro NpuMeHsieTCst OJIMH U3 TPEX METO/IOB:
— TpHBeJieHHe JIEBOH U MIPABOK YaCTH PABEHCTBA K OJIMHAKOBOMY BHLY
C MOMOILIbIO PABHOCHJIbHBIX TPe0Opa30BaHU;
— JI0KA3aTeJIbCTBO JBYX HEPABEHCTB < M > (UJIM BKJIIOUeHHH C U D);

— MPUMEHEHHE METO/Ia €OT IIPOTUBHOTO».
[IpuMeHnM nepBbIi METO/I.



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1,
'+ D)o@ +1)= @ «2")+ I

Joka3zareabcTBo. OcTasoch 10Ka3aTb AUCTPUOYTUBHOCTL:

((x' + 1) (2" + I)) O @"+1)=

(12)
(13)



[1.9. Teopema o Ko/blle BbIUETOB

'+ D" +1)= " +2")+ 1, (12)
'+ Do @E"+1)= (2" *2")+ 1. (13)

Joka3zareabcTBo. OcTasoch 10Ka3aTb AUCTPUOYTUBHOCTL:

((x/ _|_ ]') @ (ZU” _|_ ]')) @ (a,:/// _|_ ]) — (iEl—i— x// _|_ ]) @ (x/// _|_ [) —



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
JlokasareabcTBo. OcTanoch J0Ka3aTh AMCTPUOYTUBHOCTD:
((x/ _|_ ]') @ (ZU” _|_ ]')) @ (:U/// _|_ ]) — (x/ _|_ x// _|_ ]) @ (xlll _|_ [) —

— ((SU/—I—CE”)*SU/”)—I—] —



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
JlokasareabcTBo. OcTanoch J0Ka3aTh AMCTPUOYTUBHOCTD:
((x/ _|_ ]') @ (ZU” _|_ ]')) @ (CU/” _|_ ]) — (x/ _|_ x// _|_ ]) @ (xlll _|_ [) —

— ((SU/—I—CI?”)*SU/”)—I—] — ($/*£U///—I—£IJ//*ZC///)—|—] —



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
JlokasareabcTBo. OcTanoch J0Ka3aTh AMCTPUOYTUBHOCTD:
((x/ _|_ ]') @ (ZU” _|_ ]')) @ (CU/” _|_ ]) — (x/ _|_ x// _|_ ]) @ (xlll _|_ [) —

— ((x/+x//)*x/l/)+] — (xl*x///+x//*x///)+[ — (x/*m//l+])@(x//*x///+]> —



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Joka3areabcTBo. OcTanoch 10Ka3aTh IUCTPUOYTUBHOCTD:
((SL‘/ _|_ ]') @ (ZU” _|_ ]')) @ (CU/” _|_ ]) — (iEl—i— x// _|_ ]) @ (xlll _|_ [) —
— (<x1+x/l)*x/l1)+l — ($/*£C///+ZI3//*ZU///)+[ — (xl*x//l_l_])@(x//*x///_l_]) —
— ((xl_|_ ]) @ (xll/+l>> @ <(a,://+]) @ (513'/”—1— ])) .



[1.9. Teopema o Ko/blle BbIUETOB

'+ D@ +1) =" +2")+1, (12)
'+ D)o@ +1)= @ «2")+ I (13)
Joka3areabcTBo. OcTanoch 10Ka3aTh IUCTPUOYTUBHOCTD:
((ﬂf/ _|_ ]') @ (ZU” _|_ ]')) @ (CU/” _|_ ]) — (33/+ x// _|_ ]) @ (xlll _|_ [) —
— (<$/+x/l)*x/l1)+l — ($/*£C///+ZI3//*ZU///)+] — (xl*x//,‘l_])@(x//*x/”‘l_]) —
— ((xl_|_ ]) @ (x///_|_l>> @ <(fU”+I) @ (513'/”—1— ])) .

Teopema nokasana.



[1.10. OnpeneneHue KoJblia BLIYETOB
Koabuo K/I = (K/I,{®, ®,1}) 13 10Ka3aHHOI Bblllle T€OPeMbl Ha-
3bIBA€TCS1 KOJbLIOM BblYETOB.



[1.11. CpaBHeHus no uaeany

Onpepnenenue 18. [Tycmo I — aesoitl, npasoli Uil O0B8YCHOPOH-
nutl udeas koavya KK = (K, {+; *; 0}). [osopam, umo asremenmol x
u y kKoavya K cpaBHUMBI o moayaw [, ecau v+ 1 =y+ 1, m.e.
x—1yel

CpaBHUMOCTb 3JIEMEHTOB & M Yy Mo MoayJio I o6o3HauyaeTcss Kak
x =1y (mod I). Ecmul = I(a)— ryiaBHbI} Hjeas, MOPOKIAEHHBIH J1e-
MEHTOM @, To TuiyT x = y (mod a) BMecTo x = y (mod I(a)).



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany

Teopema 19 (o0 cymme u npou3Be1eHUU CPABHUMBIX 2J€MEHTOB).
Ecau I — aesoiii (npasoiii) udear roavya K = (K, {+; x; 0}),
neN, teK, a=b(modl) u z=vy(modlI), mo

BO-nmepBbiX, a+x=b+y(modl) u a—x=b—y (modI);

BO-BTOPbIX, ¢a+a+...+a=0+b+...+b(mod ), m.e.

n caaeaemolx  m caaeaemolx
na = nb (mod I);

B-TpeTbUX, ecau I — aesoiti udear, mo txa=txb(modI), aec-
au I — npasoiti udear, mo axt="bxt (modI).



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany
,H,OKaEiaTe.HbCTBO YTBEP2KACHUSA <KBO-IIEPBLIX» TEOPEMbI O CYMME H
NpoOonU3BE€I€HUU CPABHUMBbBIX 3J€MEHTOB.

{azb(mod]),
r =y (mod I)



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany
,H,OKaEiaTe.HbCTBO YTBEP2KACHUSA <KBO-IIEPBLIX» TEOPEMbI O CYMME H
NpoOonU3BE€I€HUU CPABHUMBbBIX 3J€MEHTOB.

a=0b(mod I), N a+I=b+1,
r =y (mod I) r+1=y+1



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany
,H,OKaEiaTe.HbCTBO YTBEP2KACHUSA <KBO-IIEPBLIX» TEOPEMbI O CYMME H
NpoOonU3BE€I€HUU CPABHUMBbBIX 3J€MEHTOB.

a=>b-+p,
r=vy—+gq, =

{azb(mod[), N {a+[=b+[,
{p, gy C1I

r =y (mod I) r+1=y+1



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany
,H,OKaSaTe.HbCTBO YTBEP2KACHUSA <KBO-IIEPBLIX» TEOPEMbI O CYMME H
NpoOonU3BE€I€HUU CPABHUMBbBIX 3J€MEHTOB.

{azb(mod]), _ {a+l=b+[, Zi;iz _
xr=vy (mod I c+I=y+1 N ’
y ) i {p, ¢} C 1

{a+fc=(b+p)+(y+Q), N

{p, g} €1



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany
,H,OKaSaTe.HbCTBO yTBep}KILQHHH <<BO—HepBbIX>> TCOpeMbl (0) cymme 7|
nponsseﬂemm CpaBHI/lelX AJEMEHTOB.

{azb(mod]), _ {a+l=b+[, Zf;iz _
xr=vy (mod I c+I=y+1 - ’
y ) Y {p, ¢} C I

{a+x=(b+p)+(y+q), :>{a+fv=(b+y)+(p+Q)a N

{p, ¢} C1I {p, ¢} C1I



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany

,H,OKaSaTe.HbCTBO YTBEP2KACHUSA <KBO-IIEPBLIX» TEOPEMbI O CYMME H
NpoOonU3BE€I€HUU CPABHUMBbBIX 3J€MEHTOB.

{azb(mod]), :>{a+lzb+1, N Zi;i]; R
xr=1vy (mod I x+1=y+1 B ’

y( ) Y {p, gy C1I
a+z=0b+p) +y+q), {a+fv=(b+y)+(p+Q),
= = =

{{p,q}gl {p,q} €1

= at+x+I=(0b+y) +1.



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany
JloKa3aTeqbCTBO yTBEPXKIACHUSI «BO-BTOPbIX» TE€OPeMbl O CyMMe U
NpoOonU3BE€I€HUU CPABHUMBbBIX 3J€MEHTOB.

a=b(modl) = a+I=0+1 =



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany
JloKa3aTeqbCTBO yTBEPXKIACHUSI «BO-BTOPbIX» TE€OPeMbl O CyMMe U
NpoOonU3BE€I€HUU CPABHUMBbBIX 3J€MEHTOB.

a=>b+p,

a=b(modl) = a+I=0+1 = {
pel



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany
JloKa3aTeqbCTBO yTBEPXKIACHUSI «BO-BTOPbIX» TE€OPeMbl O CyMMe U
npousseﬂemm CpaBHI/lelX AJEMEHTOB.

a=0b+p,

a=b(modl) = a+I=0+1 = {
pel

atat+.. . +a=b+p+b+p+...+b+p,
= n cJaraembiX n CJIardeMbiX =
pel




[1.12. CBoiicTBa cpaBHEHUH NO Uaeany
JloKa3aTeqbCTBO yTBEPXKIACHUSI «BO-BTOPbIX» TE€OPeMbl O CyMMe U
npousBeneva CpaBHI/lelX AJEMEHTOB.

=b
Eb(mod]):>a+[—b—|—]:>{a iRs
pel
gta+...+a=b+p+b+p+...+b+p,
= n cJaraeMblx n cJaraeMbix =
pel

g+a+...+@—b+b+ +b+p+p+ .+ D,
= n cJlaraeMblX n CJAraeMblX 7, claraeMbix = =
pel




[1.12. CBoiicTBa cpaBHEHUH NO Uaeany
JloKa3aTeqbCTBO yTBEPXKIACHUSI «BO-BTOPbIX» TE€OPeMbl O CyMMe U
npousBeneva CpaBHI/lelX AJEMEHTOB.

=b
Eb(mod]):>a+[—b+]:>{a P
pel
gta+...+a=b+p+b+p+...+b+p,
= n cJaraeMblx n CJlaraeMbix =
pel
g+a+...+@—b+b+ +b+p+p+ .+ D,
= n cJlaraeMblX n CJAraeMblX 7, claraeMbix = =
pel

na = nb + np,
pel



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany
JloKa3aTeqbCTBO yTBEPXKIACHUSI «BO-BTOPbIX» TE€OPeMbl O CyMMe U
npousBeneva CpaBHI/lelX AJEMEHTOB.

=b
Eb(mod]):>a+[—b+]:>{a P
pel
gta+...+a=b+p+b+p+...+b+p,
= n cJaraeMblx n CJlaraeMbix =
pel
g+a+...+@—b+b+ +b+p+p+ .+ D,
= n cJlaraeMblX n CJAraeMblX 7, claraeMbix = =
pel

{na:nb+np, = na+1I=nb+1.

pel



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany

,Z],OKaEiaTe.HbCTBO YTBEPAKIACHUS <KB-TPETbUX>» TE€OPEMbI O CYMME U
NpoOonU3BE€I€HUU CPABHUMBbBIX 3J€MEHTOB.

[lycts I — sieBbId uaead.

a=b(mod I),
te K



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany

,Z],OKaEiaTe.HbCTBO YTBEPAKIACHUS <KB-TPETbUX>» TE€OPEMbI O CYMME U
NpoOonU3BE€I€HUU CPABHUMBbBIX 3J€MEHTOB.

[lycts I — sieBbId uaead.

a=b(mod I), N a+1=0+1,
te K te K



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany

,H,OKaSaTe.HbCTBO YTBEPAKIACHUS <KB-TPETbUX>» TE€OPEMbI O CYMME U
NpoOonU3BE€I€HUU CPABHUMBbBIX 3J€MEHTOB.

[lycts I — sieBbId uaead.

a=b(mod I), N a+1=0+1, a:?+p, N
te K te K b=
te K

= txa=t*xb+txp =



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany

,H,OKaSaTe.HbCTBO YTBEPAKIACHUS <KB-TPETbUX>» TE€OPEMbI O CYMME U
NpoOonU3BE€I€HUU CPABHUMBbBIX 3J€MEHTOB.

[lycts I — sieBbId uaead.

azb(mod[),:> a+1=0+1, a:?+p,:$
te K te K b=
te K

txa=txb+1tx*p,
= txa=t*xb+txp = tel, =
txpel



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany

,H,OKaSaTe.HbCTBO YTBEPAKIACHUS <KB-TPETbUX>» TE€OPEMbI O CYMME U
NpoOonU3BE€I€HUU CPABHUMBbBIX 3J€MEHTOB.

[lycts I — sieBbId uaead.

azb(mod[),:> a+1=0+1, a:?+p,:$
te K te K b=
te K

txa=txb+1tx*p,
= txa=t*xb+txp = tel, =
txpel

= txa+[=txb+1 =



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany

,H,OKaSaTe.HbCTBO YTBEPAKIACHUS <KB-TPETbUX>» TE€OPEMbI O CYMME U
NpoOonU3BE€I€HUU CPABHUMBbBIX 3J€MEHTOB.

[lycts I — sieBbId uaead.

azb(mod[),:> a+1=0+1, a:?+p,:$
te K te K b=
te K

txa=txb+1tx*p,
= txa=t*xb+txp = tel, =
txpel

= txa+I=txb+1 = txa=txb(modI)



[1.12. CBoiicTBa cpaBHEHUH NO Uaeany

,H,OKaEiaTe.HbCTBO YTBEPAKIACHUS <KB-TPETbUX>» TE€OPEMbI O CYMME U
NpoOonU3BE€I€HUU CPABHUMBbBIX 3J€MEHTOB.

JI1s1 mpaBoro ujaeasa paccy»KJaeHus: aHaJOTMUHBI.



II1. Koabuo ueJbix uuceda
yTOLIHI/IM HGKOTOprG HOJIyquHbIG BBIIIE pGSYJIbTaTbI JIJIA CJIyLIaH KOJIb-
Ha HeJibIX yuceJ.



II1. Koabuo ueJbix uuceda

yTOLIHI/IM HGKOTOprG HOJIyquHbIG BBIIIE pGSYJIbTaTbI JIJIA CJIyLIaH KOJIb-
Ha HeJibIX yuceJ.

KOJIbLIO HEeJIbIX UUCEJI ABJACTCA €BKJUIOBbIM KOJIbLIOM.



I11.1. IpocTbie uncaa

Onpepneaenue 19. [loroacumervroe vucio, noposcdarou,ee MaKcu-
ManoHbLl (N0 BKAOUEHUIO ) cOOCMBEeHHbLI udean Koavya 7, Ha3ul8a-

emcsAa NnpoCTbiM YHUCJTOM.



I11.1. IpocTbie uncaa

Onpepneaenue 19. [loroacumervroe vucio, noposcdarou,ee MaKcu-
ManoHbLll cobcmeenHblll udeas Koavya 7, Ha3ol8aenics MPOCTbIM
UM CIIOM.

ITo onpejieseHHe PABHOCUIIbHO TPAAULIMOHHOH «IIKOJIbHOW» TPAKTOB-
Ke 3Toro TepMuHa. MakcumaJsibHOCTb uaeana I 31ecb 03HavyaeT, uTo



I11.1. IpocTbie uncaa

Onpepneaenue 19. [loroacumervroe vucio, noposcdarou,ee MaKcu-
ManoHbLll cobcmeenHblll udeas Koavya 7, Ha3ol8aenics MPOCTbIM

YUCJAOM.

ITo onpejieseHHe PABHOCUIIbHO TPAAULIMOHHOH «IIKOJIbHOW» TPAKTOB-
Ke 3Toro TepMrHa. MakcuMaJsbHOCTb uaeaJda I 31ech 03HayaeT, uTo eCJiu
JU1s1 ujeadia J KoJibla Z uMeeT MeCcTo BKJtoueHue I C J, To



I11.1. IpocTbie uncaa

Onpepneaenue 19. [loroacumervroe vucio, noposcdarou,ee MaKcu-
ManoHbLll cobcmeenHblll udeas Koavya 7, Ha3ol8aenics MPOCTbIM

YUCJAOM.

ITo onpejieseHHe PABHOCUIIbHO TPAAULIMOHHOH «IIKOJIbHOW» TPAKTOB-
Ke 3Toro TepMrHa. MakcuMaJsbHOCTb uaeaJda I 31ech 03HayaeT, uTo eCJiu
IVl uaeaJdia J KodJiblia Z uMeeT MecTo BKJtouenue [ C J, 1o J = Z.



[11.2. Pa3noxeHue HaTypaJdbHOIrO uucJa B NpouU3Beje-
HUE MPOCTbIX UMCEJ

Teopema 20 (o0 pa3noxeHHU B NIpOU3BeeHUE MPOCTbIX YUCEJ ).
JI10boe noaoxnumenrvroe yeaoe (Mm.e. HAMYPaAIbHOE) 4UCAO Npeo-
cmasasemcs 8 sude npou3Be0eHus NPOCmolx 4 ce.l.



[11.2. Pa3noxeHue HaTypaJdbHOIrO uucJa B NpouU3Beje-
HUE MPOCTbIX UMCEJ

Teopema 20 (o0 pa3noxeHHU B NIpOU3BeeHUE MPOCTbIX YUCEJ ).
JI10boe noaoxnumenrvroe yeaoe (Mm.e. HAMYPaAIbHOE) 4UCAO Npeo-
cmasasemcs 8 sude npou3Be0eHus NPOCmolx 4 ce.l.

Jloka3aTeabCTBO NMPOBENEM, OPUEHTHPYSICh HA TEOPHIO KOJIELl U MX
uneanon. [lycTb n — HaTypaJsibHOE UHCIIO.



[11.2. Pa3noxeHue HaTypaJdbHOIrO uucJa B NpouU3Beje-
HUE MPOCTbIX UMCEJ

Teopema 20 (o0 pa3noxeHHU B NIpOU3BeeHUE MPOCTbIX YUCEJ ).
JI10boe noaoxnumenrvroe yeaoe (Mm.e. HAMYPaAIbHOE) 4UCAO Npeo-
cmasasemcs 8 sude npou3Be0eHus NPOCmolx 4 ce.l.

ILOKaSaTe.HbCTBO. HYCTI) N, — HaTypaJibHOE YHUCJIO. HpHMeHHM METO /L
MaTeMaTH4YeCKOU MHAYKLIHH. By,ZLGM BE€CTH HHAYKILHIO I10



[11.2. Pa3noxeHue HaTypaJdbHOIrO uucJa B NpouU3Beje-
HUE MPOCTbIX UMCEJ

Teopema 20 (o0 pa3noxeHHU B NIpOU3BeeHUE MPOCTbIX YUCEJ ).
JI10boe noaoxnumenrvroe yeaoe (Mm.e. HAMYPaAIbHOE) 4UCAO Npeo-
cmasasemcs 8 sude npou3Be0eHus NPOCmolx 4 ce.l.

ILOKaSaTe.HbCTBO. HYCTI) N, — HaTypaJibHOE YHUCJIO. HpHMeHHM METO /L
MaTeMaTH4YeCKOU MHAYKIHH. BYILGM BE€CTH MHAYKLHIO 11O KOJIMYECTBY HA-
TypaJiIbHbIX UUCEJI, HA KOTOPbIE ACJTHUTCH T1.



[11.2. Pa3noxeHue HaTypaJdbHOIrO uucJa B NpouU3Beje-
HUE MPOCTbIX UMCEJ

Teopema 20 (o0 pa3noxeHHU B NIpOU3BeeHUE MPOCTbIX YUCEJ ).
JI10boe noaoxnumenrvroe yeaoe (Mm.e. HAMYPaAIbHOE) 4UCAO Npeo-
cmasasemcs 8 sude npou3Be0eHus NPOCmolx 4 ce.l.

Joka3areabcTBO. [IycTh n — HaTypaJibHOE UHCJIO.
basa undykyuu. Ilyctb n — npocToe 4ucso, T.e. KOJUYECTBO MHO-

JKUTEJICH UKcJia n paBHO



[11.2. Pa3noxeHue HaTypaJdbHOIrO uucJa B NpouU3Beje-
HUE MPOCTbIX UMCEJ

Teopema 20 (o0 pa3noxeHHU B NIpOU3BeeHUE MPOCTbIX YUCEJ ).
JI10boe noaoxnumenrvroe yeaoe (Mm.e. HAMYPaAIbHOE) 4UCAO Npeo-
cmasasemcs 8 sude npou3Be0eHus NPOCmolx 4 ce.l.

Joka3areabcTBO. [IycTh n — HaTypaJibHOE UHCJIO.
basa undykyuu. Ilyctb n — npocToe 4ucso, T.e. KOJUYECTBO MHO-

XKUTeJied urcsia n paBHo 2. Torja yTBep:kjaeHHe TeOpPEMbl BBIMTOJHSETCS.



[11.2. Pa3noxeHue HaTypaJdbHOIrO uucJa B NpouU3Beje-
HUE MPOCTbIX UMCEJ

Teopema 20 (o0 pa3noxeHHU B NIpOU3BeeHUE MPOCTbIX YUCEJ ).
JI10boe noaoxnumenrvroe yeaoe (Mm.e. HAMYPaAIbHOE) 4UCAO Npeo-
cmasasemcs 8 sude npou3Be0eHus NPOCmolx 4 ce.l.

Hoka3zareabcTBo. [IycTh n — HaTypaJsibHOE UunCIO.
llae undykyuu. IlycTb n He ABJSAETCS MPOCTHIM YUCJIOM. Toraa



[11.2. Pa3noxeHue HaTypaJdbHOIrO uucJa B NpouU3Beje-
HUE MPOCTbIX UMCEJ

Teopema 20 (o0 pa3noxeHHU B NIpOU3BeeHUE MPOCTbIX YUCEJ ).
JI10boe noaoxnumenrvroe yeaoe (Mm.e. HAMYPaAIbHOE) 4UCAO Npeo-
cmasasemcs 8 sude npou3Be0eHus NPOCmolx 4 ce.l.

Joka3areabcTBO. [IycTh n — HaTypaJibHOE UHCJIO.
llae undyxyuu. ITycThb n He ABJSIETCS NPOCTHIM UKCJIOM. Toraa uueaJ
I(n) He AABAsIeTCS MAKCUMAJbHBIM 10 BKJIIOUEHHIO. BriGepem



[11.2. Pa3noxeHue HaTypaJdbHOIrO uucJa B NpouU3Beje-
HUE MPOCTbIX UMCEJ

Teopema 20 (o0 pa3noxeHHU B NIpOU3BeeHUE MPOCTbIX YUCEJ ).
JI10boe noaoxnumenrvroe yeaoe (Mm.e. HAMYPaAIbHOE) 4UCAO Npeo-
cmasasemcs 8 sude npou3Be0eHus NPOCmolx 4 ce.l.

Joka3areabcTBo. [lycTh n — HaTypasibHOE UUCJIO.

llae undyxkyuu. IlycTb n He sABJSIETCS MPOCTHIM YUCJIOM. Toryia ujie-
an I(n) He siBJIsIeTCS MAKCUMAJILHBIM 10 BKJtoUeHH0. Bribepem Makcu-
MaJibHbIH uiead I (p), Baouatoluii B cebs I(n) (T.e.



[11.2. Pa3noxeHue HaTypaJdbHOIrO uucJa B NpouU3Beje-
HUE MPOCTbIX UMCEJ

Teopema 20 (o0 pa3noxeHHU B NIpOU3BeeHUE MPOCTbIX YUCEJ ).
JI10boe noaoxnumenrvroe yeaoe (Mm.e. HAMYPaAIbHOE) 4UCAO Npeo-
cmasasemcs 8 sude npou3Be0eHus NPOCmolx 4 ce.l.

Joka3areabcTBo. [lycTh n — HaTypasibHOE UUCJIO.

llae undyxkyuu. IlycTb n He sABJSIETCS MPOCTHIM YUCJIOM. Toryia ujie-
an I(n) He siBJIsIeTCS MAKCUMAJILHBIM 10 BKJtoUeHH0. Bribepem Makcu-
MaJibHbIN uaeas I(p), BKaovatouuii B cebs I(n) (T.e. p aBJsieTcst aesu-
TeJIeM UhcJa n).



[11.2. Pa3noxeHue HaTypaJdbHOIrO uucJa B NpouU3Beje-
HUE MPOCTbIX UMCEJ

Teopema 20 (o0 pa3noxeHHU B NIpOU3BeeHUE MPOCTbIX YUCEJ ).
JI10boe noaoxnumenrvroe yeaoe (Mm.e. HAMYPaAIbHOE) 4UCAO Npeo-
cmasasemcs 8 sude npou3Be0eHus NPOCmolx 4 ce.l.

Joka3areabcTBo. [lycTh n — HaTypasibHOE UUCJIO.

llae undyxkyuu. IlycTb n He sABJSIETCS MPOCTHIM YUCJIOM. Toryia ujie-
an I(n) He siBJIsIeTCS MAKCUMAJILHBIM 10 BKJtoUeHH0. Bribepem Makcu-
MaJibHbIN uaeas I(p), BKaovatouuii B cebs I(n) (T.e. p aBJsieTcst aesu-
TeJIeM UhcJa n).

O603HauMM yepe3 m YacTHOE OT JieJIeHUsl 1 Ha .



[11.2. Pa3noxeHue HaTypaJdbHOIrO uucJa B NpouU3Beje-
HUE MPOCTbIX UMCEJ

Teopema 20 (o0 pa3noxeHHU B NIpOU3BeeHUE MPOCTbIX YUCEJ ).
JI10boe noaoxnumenrvroe yeaoe (Mm.e. HAMYPaAIbHOE) 4UCAO Npeo-
cmasasemcs 8 sude npou3Be0eHus NPOCmolx 4 ce.l.

Hoka3zareabcTBo. [IycTh n — HaTypaJsibHOE UunCIO.

llae undyxkyuu. Ilyctb n He gBJIETCS NPOCTHIM YUCJI0M. O603HAUUM
yepe3 m yacTHoe OT AeJeHHUs 1 Ha p.

Ecsn 370 yacTHoe paBHO 1, To m = p W WIAar UHAYKUUH JOKA3aH.



[11.2. Pa3noxeHue HaTypaJdbHOIrO uucJa B NpouU3Beje-
HUE MPOCTbIX UMCEJ

Teopema 20 (o0 pa3noxeHHU B NIpOU3BeeHUE MPOCTbIX YUCEJ ).
JI10boe noaoxnumenrvroe yeaoe (Mm.e. HAMYPaAIbHOE) 4UCAO Npeo-
cmasasemcs 8 sude npou3Be0eHus NPOCmolx 4 ce.l.

Hoka3zareabcTBo. [IycTh n — HaTypaJsibHOE UunCIO.

llae undyxkyuu. Ilyctb n He gBJIETCS NPOCTHIM YUCJI0M. O603HAUUM
yepe3 m yacTHoe OT AeJeHHUs 1 Ha p.

OcTaJjioch paccMOTpeTh cJyuai, koraa m > 1.



[11.2. Pa3noxeHue HaTypaJdbHOIrO uucJa B NpouU3Beje-
HUE MPOCTbIX UMCEJ

Teopema 20 (o0 pa3noxeHHU B NIpOU3BeeHUE MPOCTbIX YUCEJ ).
JI10boe noaoxnumenrvroe yeaoe (Mm.e. HAMYPaAIbHOE) 4UCAO Npeo-
cmasasemcs 8 sude npou3Be0eHus NPOCmolx 4 ce.l.

Hoka3zareabcTBo. [IycTh n — HaTypaJsibHOE UunCIO.
llae undyxkyuu. Ilyctb n He gBJIETCS NPOCTHIM YUCJI0M. O603HAUUM

yepe3 m yacTHoe OT AeJeHHUs 1 Ha p.
OcTtajioch paccMOTpeTh caydai, koraa m > 1. BesKui 1euresb yuc-

Jia Tm JCJIMT HAall€JI10 UHCJIO 7.



[11.2. Pa3noxeHue HaTypaJdbHOIrO uucJa B NpouU3Beje-
HUE MPOCTbIX UMCEJ

Teopema 20 (o0 pa3noxeHHU B NIpOU3BeeHUE MPOCTbIX YUCEJ ).
JI10boe noaoxnumenrvroe yeaoe (Mm.e. HAMYPaAIbHOE) 4UCAO Npeo-
cmasasemcs 8 sude npou3Be0eHus NPOCmolx 4 ce.l.
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ILOKaSaTe.HbCTBO. HOCKOJIbe JJOKA3adHbI 6asa W war MHAYKLHH, TEO-
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YUCJO Py * P2 * Pn + 1 NpeaACTaBUMO B BUJIE€ IIPOU3BEACHHUS ITPOCTLIX UHUCEJI.



[11.3. beckoHeUHOCTb MHOXK€CTBA NPOCThIX UKUCEJ
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Joka3areabcTBo. [lyCcTb MHOXKECTBO MPOCTBIX UYHMCEJ KOHEUYHO:
{p1, P2, ..., D}

Torpa mo reopeme o pa3joKeHHH B NPOU3BEAEHUE MPOCTbIX UMCEJ
UHCJIO Py - P2 + Pp + 1 IpeICTaBUMO B BHJIE POU3BEIEHUS IPOCThIX UHCEJ.

Ho wuwncno py-py-p,+1 He JeJutrcss HU Ha OJHO M3 UHCE

P1, P2, -..,Dn, IPOTHBOPEYUHE.
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e-mail: melnikov@k66.ru, melnikov@r66.ru
cauthbl: http://melnikov.k66.ru, http://melnikov.web.ur.ru
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