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@OpMaﬂbHI)Ie A3bIKN

Omnpengesrenue
AJjichaBUT — IPOU3BOJIBHOE MHOYKECTBO CHMBOJIOB.

CJroBo B ajidaBure Y — KOHEYHAS IIOCJIEI0BATEIHHOCTD
CHMBOJIOB U3 Y.

ITycToe cioBo € — CJIOBO, HE COJIEPIKAIIEE CUMBOJIOB
(csroBo jytuHEL 0).

KonkareHalius cjioB T U y — CJIOBO, IIOJIyIaeMOe
LPUIKCHIBAHUEM Y B KOHeI & (0003HAYAETCSl T - Y WIH TY).

> — MHOXKECTBO BCEX CJIOB B aJi(paBUTE Y.

A3pIk B andaBuTe Y — IPOU3BOJILHOE MHOXKECTBO CJIOB B
andasuTe X.
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Onepaum/l Ha A3bIKaX

Omnpengestenue

Ob6bemuHenue:
LiULy={w:wé€ Ly wmw € Ly }
Koukarenammusi:
Li-Ly={xy:x€Li,y€ Ly}

Ureparus:

L*={wwy... w, :n=20,w; € Lunai=12...,n}
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Perynspubie BbipakeHusd

Onpenesieane

Perymnsapaoe BbIpa>keHue — GHopMyJia, IOCTPOSHHAST U3
CHUMBOJIOB C HCIIOJIb30BaHUEM OIEeparuii +, -, * u 3ajaorast

HEKOTOPBIN A3BIK.
Bazwuc nHayKuu.

L(v)=o
L(e) ={¢e}
La)={a} nsaecX
UnayKIimoHHbBIE IIIar.
L(p+q) = L(p) U L(q)
L(pq) = L(p)L(q)
L(p*) = L(p)* )
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Perynspubie BbipakeHusd

IIpumepsr, ¥ = {a,b}

MHozkecTBO BCEeX CJIOB:

(a+b)*

MHOK€eCTBO BCEX CJIOB, COMEPIKAIMNX TPU A TTOAPSII:

(a+b)*aaa(a + b)*

MHOKeCTBO BCEX CJIOB, COAEPXKAIIMX YETHOE UUCTIO
CHUMBOJIOB b:
(a+ ba™b)*
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AropurmMmdeckue 1mpoodJieMbl

IIpumepsr npobiiem

[Tpobyiema mpuHAIIEIKHOCTH.

Bxom: peryasipHoe BbIpaykeHue 7, CJIOBO W.

Bompoc: w € L(r)?

[Tpobiema 3KBUBAJIEHTHOCTH.

Bxo: perysipHble BBIDaXKEHUS 71, T2.

Bompoc: L(r1) = L(r2)?

[IpobiieMa MEHIMUBALINHN.

Bxoa: peryasipHoe BbIPasKeHUe .

HaiiTu: perynsipnoe BbIpazkeHue 1’ HaMMEHbIICH JIJIMHBI
takoe, uro L(r') = L(r).
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Teopust anred6pbl

Omnpengesrenue

CurHaTypa — MHOXKECTBO (DYyHKITHOHAJIBHBIX CUMBOJIOB C
VKa3aHUEM YHUCJIa, apTyMEHTOB:

0= (fl(nl)af2(n2)77flgnk))

Aurebpa 2 curaarypsl ) — MHOXKeCTBO A, Ha KOTOPOM
ompeesieHbl onepanyun f1, fo, ..., fk.

Teopust anre6pol A — MHOXKECTBO (POPMYJI IEPBOTO
nopsiika, ncTuHHbIX B A. O6o3nadenne: Th(A).
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Teopust anred6pbl

IIpumep
A = (Z;+) — anrebpa 1eabIx duces
B = (Q;+) — anrebpa panUOHAILHBIX THCEJT
o= (Vz)(Vy) @)z +y=2+2

p oxkHA B 2A:

¢ & Th(A)
( UCcTUHHA B ‘B:
¢ € Th(B)
(@] TeOpUuAX MOJMHOXKECTB HEKOTOPBIX aﬂr‘e6p ITocTanoska 3aga4du
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Teopusi peryasspHbIX A3bIKOB

Onpeaesienue
Badukcuposan andasur ¥ = { a1, az,...,ay, }.

OCHOBHOE MHO>KECTBO — MHOXKECTBO PEryJIAPHBIX A3BIKOB B
andasuTe X.

Curnarypa — (&,€,a1,a02,...,0n, +,, ).

Bynem paccmarpuBaTth Teopuio 1’ 3T0it aaredphi.

IIpumepsr popmyir
(Vo) (Vy) (@ +y)* = (z*y) €T
Ve)(z =z y)y* =z)eT
(Vz)(Vy)zy = yx ¢ T
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3amaga

YTo MOXKHO CKa3aTh O CBOWCTBAX KJIACCA PEryISPHBIX
SI3BIKOB B I1€JIOM !

Pazpemmma 11 Teopusi MHOXKECTBA, PETYJISIPHBIX SI3BIKOB C
onepanusaMyu 00beJUHEHN, KOHKATCHAIIMY U UTEPAIHI !

PaBpeLHI/IMbI JIN aHAJIOTUYIHBIE TE€OPUU IJId APYI'UX KJIaCCOB
A3BIKOB (BCe A3bIKH, KOHTeKCTHO—CBO60,ZLHI)Ie ASBIKHA U T. H)7

[Ipu kakoM MHUHHMAJILHOM HAOOpE OIEPAIil Teopus
OKarKeTCsT HEPa3PeITuMOii !

Kaxkue cymiecrBytor paspernumbie (hparMeHThl TEOPUHU ]

KakoBa BuIumc/mresibHas CJI0XKHOCTD STUX Cl)paFMeHTOB?
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OO61mmit moaxo 1 K onpejieJIeHuI0 OoIleParuii

Mmuorue a3bIKOBBIE OIIepaluu BBIITOJIHAIOTCA ITO3JIEMEHTHO.

Konkarenamus:
Ll-ng{xy:$€L1,y€L2}

Ob6parenue:
L'={w':welL},

=i _
e (a1ag ... ap—1G,)"" = ApGp_1 ...a201.
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OO6mmit moaXo K onmpeieJIeHUI0 OTlepaItuii

Onpenesienne

Ha muoxkecTBe A onpejiesieHa n-MecTHas ONeparust
f: A" — A.

OHepaHHH f IIEPEHOCUTCHA Ha ITOIMHO2KECTBa MHOXKECTBa A:
f(Bl,BQ,... ,Bn) = {f(:El,.ZQ,... ,CL’n) LT € Bz}

IIpumepsbr

Ecan — — cmena 3Haka, TO
—{0,1,2}={0,-1,-2}
Ecmu + — cioxkenne, To

{L,2}+{1,3}={1+1,1+3,2+1,2+3} ={2,3,4,5}
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IIpsamoe npou3BegeHue ajaredp

Onpeaesienue
A u B — anredpbl ¢ OCHOBHBIMHU MHOXKecTBamMu A u B

IIpsimoe npomnsBenenne (npsimasi cymma) anrebp A u
B — asrebpa € =2A x B (€ = A+ B), B KOTOPOIi:
OCHOBHOE MHOXKECTBO — JIEKAPTOBO IIPOU3BEIEHIE
A x B;

oIepalmun OIIpeaeAI0TCA ITOKOMIIOHEHTHO:

f((ala bl)a (a27 b2)> cees (anv bn)) =
= (f(al, as, ... ,an), f(bl, bz, 0o ,bn))
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IIpsamoe npou3BegeHue ajaredp

IIpumep
3 — mesple 4ncia Z co CI0XKEHIEeM

3+ 3 — MHOXKECTBO IBYMEPHBIX IIEJIOUYNCIECHHBIX BEKTOPOB
C olepalyeil CJI0XKeHU4d:

(x1,22) + (y1,¥2) = (@1 + Y1, 22 + Y2)

3+3+---+ 3 — MHOXKECTBO N-MEPHBIX IEJI0YUCICHHLIX
-

n pa3
BEKTOPOB C ollepalueil CJIOKEeHUS:

(mlv"',xn)+(yla"‘ayn):(x1+y15"'7xn+yn)
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IIporpammMmucTckuii moaxosm

OCHOBHOE MHOXKECTBO aJreOpbl 2 — CKAJISPHBINA THII
JIAHHBIX.

VIopsiioueHHbI HA0Op — BEKTOP, CIUCOK, KOPTEXK, MACCUB
" T.1I.

[Tepexom oT mcxomHONM aareOpsl K IPIMOMY
MTPOU3BEICHUIO — MEPEXOJ], OT CKAISIPHBIX THIIOB K

cocTaBHBIM (YIOPSIIOYEHHBINH KOHTEHHED).
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AJreOpbI ITOJIMHOXKECTB

Onpenejienne
A — Mpom3BOIbHAS aaredpa ¢ OCHOBHBIM MHOXKECTBOM A
exp 2l — anrebpa ¢ OCHOBHBIM MHOXKecTBOM P(A)
expgp2 — anrebpa ¢ OCHOBHBIM MHOXKeCTBOM Pgy, (A)

OHepaHI/II/I Ha IIOAMHO2KECTBaX OIIPEIAC/IAIOTCA ITO3JIEMEHTHO!:

f(Bl,BQ,...,Bn) = {f(:cl,xg,...,a:n):xi EBZ‘}
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3amaga

Yro mosmyunTcs, eciin pacCMaTPUBATD HEYIIOPS I0U€HHbBIE
HaboOpbI?

Kax m3meHsITCST cBOMCTBA areOphbl P IEpexXoe K ajaredpe
IIOJIMHOXKECTB?

Eciu Teopust anrebpsr 2 paspemmmma, TO BCEraa, JIi
paspermmMa Teopusi anrebpsr exp A win expg, A7

Ecan pazpemmma, To KaK MEHSAETCST BRIUUCIUTEIbHAS

CJIO?KHOCTB !

[Ipu kakux ycaoBustx anredpsr 2 u exp A s71eMeHTapHOo
SKBUBAJIEHTHDI !
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2 AJireOphl SI3BIKOB
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DJieMeHTapHasa apudMeTuKa

Omnpengesrenue

DuteMeHTApHAsT apuMeTuKa — Teopusi ajarebpbl
(UJ, 07 17 +7 *)7 rae

w=1{0,1,2,3,...} — MHOXKECTBO HATYDPAJLHBIX YUCEJI
(Bkimrouasi 0);

0u 1 — xoucraatsr 0 u 1;

+ U * — CJIOXKEHUuE U YMHOXKEHHE.

Teopema
DaemeHTapHast apudMeTHKa Hepa3penuMa.

DreMeHTapHasT apudpMeTnKa PEKypPCUBHO H30MOP(MHA
wW-CKa4YKy MHOXKEeCTBa .
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Teopust I3pIKOB C 00beIMHEHNEM U
KOHKAaTeHallnei

Onpenaesienue
T1 — Teopust PEry/IsipHBIX SI3LIKOB B IIPOU3BOJILHOM ajidaBUTe .
C ouepanugMu + 4 -.

Teopema

Teopust T anropuTMUIECKN SKBUBAJEHTHA 3J€MEHTAPHON
apudMeTHKe U, CAeI0BATE/THHO, HEpa3PeIInMa.
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Teopus A3bIKOB ¢ 00beIMHEHNEM U UTEPaAITUEi

Omnpengesrenue
Ty — Teopusi PEry/IsipHBIX SI3LIKOB B IIPOM3BOJILHOM ajidaBuTe
¢ omeparusaMu + 1 *.

Teopema
Teopusa 15 anropuTMuYuecKy SKBUBAJECHTHA IJIEMEHTAPHOI
apudMeTHKe U, CJIEJ0BATEIHLHO, HEPA3PEITUMA.
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Teopusi g3bIKOB C UTepalnuei

Onpeaesienue
T3 — Teopust PEry/IsipHBIX SI3LIKOB B IMPOU3BOJILHOM ajiaBUTE X
¢ omeparueit *.

Teopema

Teopusi T3 nomyckaer 3pPEKTUBHYIO SIUMUHAINIO KBAHTOPOB
", CJIeOBATEHLHO, PA3PENTNMA.

Teopema

Teopus T3 asnsierca PSPACE-mosHoii.
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AxkcuomaTusanusi Teopuii

Onpeaesienue
MmuoxkectBo popmysnr X — MHO2KeCTBO aKCHOM Teopuu 1,
ecm 1" — MHOXKECTBO BCEX CJIEJICTBUNA X .

Teopus T' peKypcuBHO akcuoMaTusupyema, eciau s T’
CYIIIECTBYET PEKYPCUBHOE MHOXKECTBO AKCHOM.

Teopusa 1T' KoHeYHO akcrmoMarTru3upyema, eciau njs 1’
CYIIECTBYET KOHEYHOE MHOXKECTBO AKCHOM.
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Teopusi g3bIKOB C UTepalnuei

Teopema

Teopust T5 He IBIASIETCA KOHEIHO aKCHOMAaTHU3UPYEMOI, HO
AKCHOMATH3UPYETCA CJIEIYIOMNM OECKOHETHBIM MHOXKECTBOM

dbopmy.:
S1. (Vx)(z*)* = x*;
S2. @* £+ @;
S3. (Vx)(z*=0" > (r =0 Vz= @*));
S4y. (Fz1) ... (zy) (/\:L' —.TUZ/\/\ /\ xz¢x]>
i=1j=i+1
S5y, (V:c)((x* =z ANz #Q%) —

—>(3w1)...(5|xn)</n\x2‘—a?/\/n\ /”\ x,#a&))

i=1 i=1j=1+1
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Kareropuynoctb

Onpeaesienue
Teopusi 1" kaTeropuvyHa B MOITHOCTH (v, €CJIA JIFOOBIE JIBE
€€ MOJIET MOITHOCTH ¢ M30MOPHBI.
Teopusa T' cuéTHO-KaTeropudHa, ecjii OHa KaTErOPUIHA B
CYETHOM MOIIHOCTH.
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Teopusi g3bIKOB C UTepalnuei

Teopema

Teopust T3 saBAsSIETCST CIETHO-KATETOPUIHON, HO HE STBJISIETCST
KaTEerOpUvIHON HU B KAKON HECUETHOU MOIIHOCTH.

CieacrBue

Asre6pbl curaTypser (&, ) €O CIeIyOMUME OCHOBHBIMU
MHO?KECTBAMHU M30MOPQHBI:

peryidapHble S3bIKU;
KOHTEKCTHO-CBOOOIHBIE S3bIKH;
KOHTEKCTHO-3aBUCUMBIE A3BIKH;

PEKYPCUBHBIE S3BIKU;

PEKYPCUBHO IIEPEINUC/IMMBIC A3bIKH.
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Teopusi s13bIKOB ¢ KOHKaTeHaInei

Onpeaesienue
Ty — Teopusi PEry/IsiPHBIX SI3bLIKOB B IIPOU3BOJILHOM ajiaBuUTE X
C ouepaluen -.

Teopema (C. M. /lynakoB)

Teopusa T, anropuTMudecKr SKBUBAJEHTHA 3JIEMEHTAPHON
apudMeTHKE U, CJIEJ0BATEIHHO, HEPA3PEITUMA.
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3 Anrebpbl MOAMHOXKECTB YHAPOB
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YHapsbl

Onpeaesienue
VYroux — anrebpa A = (A, f1,..., fn), ve f1, .., fn —
OJIHOMECTHBIE (DYHKITUH.
Yuap — anrebpa A = (A, f), rue f — oxHOMecTHast
dyHKIHSI.
Oyuknus f pa3HO3HAYHA, €CTA U3 T F Y CJIETyeT

f(x) # f(y)- )
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:9HGMEHTapHaﬂZ3KBHBaHeHTHOCTb

Onpeaesienue
Aurebpanveckue cucreMbl 2 1 B s1eMeHTapHO
skBuBaJieHTHBI (2 = B), ecin j1st 11060 3aMKHYTO
dopmyJIbl ©
AEp<—= By

O TeopusX MOIMHOXKECTB HEKOTOPBIX arebp Anre6Gpbl IMOIMHOXKECTB yHApPOB
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gﬂeMeHTapHaﬂ 9KBMNBAJIEHTHOCTD

IIpumep
3 = (Z,<) — neiuble yncia
9 = (Q, <) — panuoHaJbHbIE YHCIA
R = (R, <) — meficTBUTE/IbHBIE YUCIIA

Aure6pnl 3 1 ) He 3IeMEHTAPHO SKBUBAJICHTHLI, TAK KaK
dopmyaa

Vx)Vy)(x <y = (F2)(x < z2Az<y))

HCTHUHHA B £), HO JIOXKHA B J.

Aure6per  u SR 3JIeMEeHTapHO SKBUBAJIEHTHBI.
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CrpyKTypa yHapa c pa3sHO3Ha4YHOI yHKIHE

Kiaccbr

Koneunble kiacenr:
/ 17.\

Kiaccel Tuma 1ensix uncesn Z:

- —e ° ° *— -

Kiraccer Trma HaTyPaJIbHbIX 9UCEJT W:

[ @ @ o—> - -
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Kpurepuii a1eMeHTapHOI 3KBUBAJIEHTHOCTU

Onpeaesienue

C yuapom 2 = (A, f) cBs3biBaercst QyHKIUsT
xa: wU{w,Z} - wU{oo}:
k, ecim 2 comepKuT KoHEUHOE Iucyao k > 0

xa(n) = KJTACCOB MOIIIHOCTH 7
00, wuHaYe

k, eciu 2 comepKUT KOHEUHOE Iucyio k > 0
xa(w) = KJIACCOB THIIA W
00, WHAYE

1, ecmu ecim gys godoro n > 0 B A ecTh
xu(Z) = KJIACC, COAEPIKAIIIil OoJIee n 9JIEMEHTOB
0, wunHaue
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Kpurtepunii aieMeHTapHOI 3KBUBAJEHTHOCTU

Teopema

[ycts A = (A, f) u B = (B, f) — aBa yHapa, B KaXK/JIOM U3
KOTOpBIX MyHKIWS [ pasHo3Ha4uHA. /A U B 3/1eMEeHTapHO
SKBUBAJIEHTHBI TOTIA W TOJHKO TOT/IA, KOT/IA X9 = X% -
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DJieMeHTapHas 3KBUBAJEHTHOCTh yHapa W yHapa
BCEX IIOJIMHOYKECTB

Teopema |

[Tycrs A = (A, f), tae f — pasnosnaunas yHknus. YHapsl 2 u
exp 2 3/1eMEHTapHO 3KBUBAJEHTHLI TOLIA U TOJBLKO TOLIA, KOTIA
OJTHOBPEMEHHO BBITIOJTHAIOTCA Cﬂeﬂy}oﬂ[l/le yCJIOBI/IH:

1 xu(w) €{0,00};
2 xa(n) € {0,00} musa moboro varypaassoro n > 0;

3 ecan xg(n) # 0 st Hekoroporo n > 0, o xy(k) # 0 pst
JIFOO60T0 K, SIBISIFOIIETOCS TEJINTEIEM 1

4 ecmm xg(n) # 0 m xa(k) # 0, To xa(lem(n, k)) # 0;

5 ecau B %l ecThb KJacc TUIA Z, TO €CTh U KJIACCHI MOITHOCTH
n s JI000ro HarypaJsbHoro n > 0.
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DJieMeHTapHas 3KBUBAJEHTHOCTh yHapa W yHapa
KOHEYHbIX TOJMHO>KECTB

Teopema

[Tycts A = (A, f), tne f — pasnosHaunast HpyHKIus. YHAps A U
exXPgy 2 3JIEMEHTAPHO SKBUBAJEHTHBI TOIJIA U TOJBKO TOLJA,
KOTJIA OJTHOBPEMEHHO BBITIOJTHSIFOTCSI CJIEITYFOIIIE YCJIOBHUSL:

1 xa(w) € {0,00};

2 xa(n) € {0,00} mis a0boro Harypasabuoro n > 0;

3 eciu yg(n) # 0 mst Hekoroporo n > 0, To xg(k) # 0 ms
JIF060T0 K, SIBISIIOIIETOCS JEJINTEIEM 1

4 ecmu xg(n) # 0 u xa(k) # 0, To xo(lem(n, k)) # 0.

CieacrBue
Eciim 2 = exp ¥, To A = expg, 2.
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CoxpaHeHue 3J1eMEHTAPHOI YKBUBAJIEHTHOCTHU

Teopema

CymectBytoT yHapsr % u B Takue, ato A = B, HO
exp 2 # exp ‘B.

Teopema
Eciim 2l = B, 10 expg,A = expg,*B.

Teopema

CymiecrBytor yuapsl 2 u B Takue, a0 A Z B, HO TIPU STOM
exp R = exp’B = expg, A = expg,B.
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HOC.TIG,Z[OB&TGJII)HOCTI/I YHapoOB IIOAMHO2KECTB

Onpeaesienue
exp? A = A, exp T A = expexp’ U,
expg, A = 2, expf;ifllQl = eXPg, €XPh, A
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IIOCHGAOB&TGHBHOCTHZYHapOBZHOANHKDKGCTB

Teopema

Jns nocinenosarensroctu exp’ A, expl A, exp? A, ... BOZMOKHBI
CJIEIYIOINKE ISITh BAPUAHTOR:

1

2

3

exp’ A # exp’ A 11a Beex i # j;

exp’ 2 = exp’ A s Beex i, j;

exp? A # exp! A # exp? A, exp’ A = exp’ A 151 Beex
4,J 22

exp? A # exp! A, exp’ A = exp’ A m1a Beex 0,5 > 1;

exp? A = exp! A # exp? A, exp’ A = exp’ A st Beex
4,j = 2.
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HOC.TIG,Z[OB&TGJII)HOCTI/I YHapoOB IIOAMHO2KECTB

Teopema

JLitst TIOC/Ie I0BATEIHHOCTH expgnﬂ, exp%ian, exp%an, ..
BO3MOKHBI CJIEYIOIINE TPH BAPUAHTA:

1 expfng[ % expf;le JUTST BCEX 1 # j;

2 exph A = expl A s Beex 1, j;

3 exp’ A # exp' A, exp’ A = exp’ A nast Beex 0,5 > 1.
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Croacun6o 3a BHUMAaHue!
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