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BBenenune

B tperheM ToOMe IIpuBEACHBI UCCIEIOBAHMS aBTOPA 110 HHTYUIIMOHUCT-
CKOMY JIBOMHOMY (DOpCHHTY, CO3JJaHHOMY B paMKax aKCMOMAaTHYECKOU
cucteMbl K HMHTYMIITMOHHUCTCKON TEOPUM MHOXKECTB, MPEIIOKEHHOMN
aBTOpoM B mepBoM ToMe ( [1], ¢. 444), u mpuBeIcHHON Aanee BO BTOPOM
toMme ([2], c. 4). DT0 caMbIii CIIOKHBIM 3TAll 15 — JIeTHETO UCCIIET0BaHUS
aBTOpA MO UHTYUIITMOHUCTCKOM TEOPUHN MHOYKECTB.

OcHOBHas 0COOEHHOCTH MPE/IJIaraeMoro aBTOPOM HHTYHITMOHHUCTCKOTO
JBOMHOTO (POPCUHTA COCTOUT B TOM, YTO B HEM HE UCITOJIB3YIOTCS MOACITH
MHTYMIUOHUCTCKOW Teopun MHOXecTB K. CyiectBoBanue mojaenei
MHTYUIIMOHUCTCKON Teoprun MHOKeCTB K He MOkeT ObITh JTI0Ka3aHO B
akcuomatnueckon cucreme K. IloaToMy , MBI HE MOXKEM HUCTOJIB30BAThH
MOJIE€JIM UHTYHUIITMOHUCTCKON T€OpUH MHOXKeCTB K, MOCKOIbKY HCITOJB30-
BaHHE MHOKECTB, CYIIECTBOBAHHME KOTOPBIX HE MOXKET OBITh JI0Ka3aHoO,
MIPOTUBOPEYHUT MPUHITUTIAM UHTYUIIMOHU3MA. NHTYUIIMOHUCTKUI METO/T
dbopcuHra OCHOBaH MCKIIOYUTEIHLHO Ha MPSIMOM BBIYMCICHUU OIIEHOK
dbopmyn K B MOJHBIX TEUTHHTOBBIX aireoOpax, KaKOBBHIMH SIBJISIOTCS
MHOKE€CTBA OTKPBITHIX MHOXXECTB YACTUYHO YIOPSAOYCHHBIX OTHOIIIE-
HUM.

B HacTosIIel KHUTe UCTIONB3YETCS WHTYUIIMOHUCTCKOE HCYHUCIICHUE
cekBeHlMi GI' reHIieHOBCKOro THIa 03 aKCMOMBI U MpaBUjia PaBEHCT-
Ba. BOJIBIIMHCTBO JOKA3aTEILCTB HACTOSIIETO TOMA IIPHUBOJISITCS B BUIE
nepeBbeB hopManbHOM cucteMbl GI' renieHoBckoro Tuna 0e3 akCUuOMBI
Y TIpaBUJia PaBEHCTBA, TOCTPOEHHBIX B aKkCHOMaTH4YecKor cucteme K.

B HacTosmelt KHUre NpUHATHI  CIEAYIONTMe 0003HAUYCHHS JJOTHUYECKUX
CHUMBOJIOB: "&" — KOHBIOHKIMS, ' — " — UMIUTUKALMA, '—1" — OTpHUIIaHKE,
" ~ " — HKBHMBAJICHTHOCTD.

B TpetheM ToOME MBI IPO0JKAEM UCIIOIB30BaTh 0003HAUYCHUS OIepa-

11050787 OIIpCACIICHUA IIPCAUKATOB, IIPUHATBIC BO BTOPOM TOMC.



ABTOp BbIpaxkaeT 0co0yro OiarogapHocts akagaemuky PAH FOpuro
JleonngoBuuy EpiioBy 3a 25 — J€THIOW MOJJECPKKY CBOMX MCCIIEI0BaA-
Hui. IMenHo Onaroiapsi €ro mojAAepkKKe CTajio BO3MOXKHBIM MPOBEICHHE
15 — neTHero wuccienOBaHUsI aBTOpa IO WHTYUIIMOHUCTCKOM TEOpUU
MHOECTB.

ABTOp BbIpaxkaer IIyOOKYIo 0JIaroJJapHOCTh OM3HECMeHY JIMutpuro
INonpabepry 3a cosieiicTBHE U TOMOIIb B MPOBEJACHUN 3aKIIFOUUTEIBHOTO
JTarna Mucciae0BaHUi 1 MOATOTOBKE K MyOIMKAIIUA HACTOSIIEH KHUTH.

Moti anekTpoHHbIN afpec : vladimir.kuznetsov6l@gmail.com .



I'maBa 1. I'eHepuyeckre MHOKECTBA U OPJIUHAIIBI

BO BHYTPEHHEM YHUBEpPCYME

§ 1. IInoTHBIE MHOXECTBA YACTUYHO YHOPSIAOYEHHBIX

OTHOINIEHUH

OnpenenuM clieayromnme NpeIuKaThL:
Y+ Dn(D,R)~ Vre|R|(r].nD # 0)
(D mnotHo B R);
Y+ Dn(D,u,R)~Vreu(r],nD # 0)
(D u—nmotHo B R).

[Tpennoxenne 1 (K)

TV(R)Fun—-u=20.

JlokazatenbcTBO. Ilpemnoxkenne 1 mokasano Ha cxeme 1.1.1 (cexBeH-
mus (1)).

[Tpennoxenne 2 (K)

Tv(R)F Dn(uU—-u,R).

JlokazatenbcTBO. Ilpemnoxkenne 2 mokasano Ha cxeme 1.1.1 (cexBeH-
st (2)).

ITpennoxenne 3 (K)

u € O(R), Tv(R), Dn(DU+u,R) - Dn(D,u,R) .

JlokazatenbcTBO. Ilpemnoxkenne 3 nokaszaHo Ha cxeme 1.1.2 (cekBeH-
st (3)).

[Tpenmoxenne 4 (K)

Dn(D,u,R), Tv(R) F Dn(DU—-u,R).

HoxkazarenbcTBO. Ilpemnoxkenne 4 nokazano Ha cxemax 1.1.2u1.1.3

(cexBenmmsa (6)cxembr 1.1.3).



§ 2. 'eHepuyecKkre MHOKECTBA YACTUYHO YIOPSJOUYECHHBIX

OTHOIIIEHUH

OnpeaenuM CHEAYIOIIAN TPEIUKAT:
YFGn(G,RX)~GC |R|&

&VreGVvv(v,r)eR-1mveiG)&

&Vu,ve GIre G((u,r)e R&{(v,r)e R) &

& VD € X (Dn(D,R)—- GND # 0)

(G ectp X — reHepuueckoe HaJg R MHOXECTBO ).

BBengem o0Oo3HaueHHe clieqyroliel omneparuu:

en(R) = {(r.[r].)| r€|RI}.

[Tpemnoxenne 5 (K)

Dn(v,u,R)Fun¢v=20.

JlokazaTennscTBo. Ilpemnoxenne 5 mokazano Ha cxeme 1.2.1 (cexBeH-
st (1)).

[Tpennoxenne 6 (K)

Dn(v,u,R),u € O(R)Fuc' w=v.

JlokazaTennscTBOo. Ilpemnoxkenne 6 mokaszano Ha cxeme 1.2.1 (cekBeH-
st (2)) ¢ UCIIOIB30BAHMEM MPEIIOKCHHS S.

[Tpennoxenne 7 (K)

Dn(v,u,R),u € O(R),vC'|R|, TV(R)F u ' z=|J [r],-

rev

HoxkazarenbcTBo. Ilpemnoxkenune 7 nokasano Ha cxemax 1.2.1u1.2.2
(cexBeHmms (4) cxemsl 1.2.2) ¢ UCITONMB30BaHUEM IIPEIOKECHHS 6.

B HacrosiimeM naparpade npuHuMaeTcs cieayroiiee 0003HaueHue:

G = gn(R).

[Tpennoxenne 8 (K)

re|RIF[FeqG],=]r],-

JlokazaTennscTBo. Ilpemnoxenne 8 mokazaHo Ha cxeme 1.2.2 (cekBeH-
uust (5)).



B HacrosiieM naparpade npuHIMaeTcs cieayroliee 0003HaYCHHE
G = gn(R).

ITpemnoxenne 9 (K)

D' |RIFIGND # 0L, == [r]..

reD

JlokazatenbcTBO. Ilpemnoxkenne 9 mokazaHo Ha cxeme 1.2.2 (cekBeH-
s (6)) ¢ UCTIOIB30BaHUEM TPEIOKCHHS 8.

ITpemnoxenne 10 (K)
Dn(D,R), D C'|R|, Tv(R)F|R|C' [GND # 0];.

JlokazatenbcTBO. Ilpemnoxkenne 10 mokazano Ha cxeme 1.2.2 (CeKBeH-
s (7)) ¢ UCnoJIb30BaHUEM TIpeIoKeHnid 7 u 9.

[Tpemnoxenne 11 (K)

Tv(R)F|R|c [vD e P(R|)(Dn(D,R) —~ GND # 0)l,.

JlokazatenbcTBO. Ilpemmoxkenne 11 nokazano Ha cxeme 1.2.3 (cekBeH-
s (8)) ¢ ucrosb30BaHUEM IpeiokeHus 10.

JloKa3aTeNnbCTBO CACAYIOMIECTO MPEAI0KESHHS OCTABIIICTCS YHTATEITIO.

[Tpennoxenne 12 (K)

Tv(R)FIR|C[IR] , =|R]],.

[Tpepnoxenne 13 (K)

TV(R)F|R|C [Vt€e G Vv ({v,t)ER - v EG),.

HoxkazarensctBO. IIpennmoxenue 13 nokazano Ha cxemax 1.2.4 —1.2.6
(cexBenmms (13) cxemsl 1.2.6) ¢ uCIONB30BaHUEM TIPS IOKCHIHN 8 11 12.

[Ipemnoxenne 14 (K)

TV(R)F|R|C [VwveGVre G--3te G({v,t)e R&{r,t)E R)],.

HoxkazarenbctBO. [Ipemnoxenue 14 nokazano Ha cxemax 1.2.6 —1.2.8
(cexBeHmms (16) cxemsl 1.2.8) ¢ UCITONB30BaHUEM IIPEIOKCHHS 8.

N3 npensioxkenuid 11, 13 u 14 crnenyer.

Teopema 1 (K)

Tv(R) F|R|C [Gn(gn(R),R,P( R))],

( TeopemMa 0 TeHEPUYECKOM MHOKECTBE BO BHYTPEHHEM YHUBEPCYME ).



§ 3. OpauHanbl BO BHYTPEHHEM YHUBEPCYME

BBenem o0o3HaueHUs CICAYIOIMIMX OIEPaIlUA:

Re(u)={J {Sc.(r)Ir €Rg, (W)},
Rf, (1) = {(h, [rf[ A, u]], )] h € Dom(Py (Vigw,,,))} 5

Re() = UL Ru(£1v)) | fERE (M)}, |V ETC, ()},
gR(u) = 81%( MR)

(rg,(#) ecTb BHYTpeHHssI R — omepanusi paHra MHOXECTBa U B

O(R) — yHHBEpCYME ).
Teopema 2 (K)
VE(u) FI R | C [rf(R, (u),u)],
(Teopema 06 ouenke popmyust rf(R, (u),u)).
Teopema 3 (K)
Q) V() F [r € Se, (g, (r)], Nlr € ul, €' 5lr € rg, ()],
6) V(tu)k [t € re, ()], € 7= (Ir € ul, Nl € Se, (12, (M)],).

VE(r)
( TeOpeMa O BHYTPEHHEM paHI€ MHOXKECTBA ).

Teopembl 2 W 3 n0Ka3bIBalOTCS AHAJIOTMYHO TeopemMaMm 35 u 36
§ 6 rmaBel 3 BTOporo Toma ( [2],c.232).
W3 yrBepxkaenus 0) TeopeMbl 3 ciemyer

[Ipennoxenne 15 (K)
Ve(tu) bt erg, ()], C =% U (u(r)nft € Scy(rg,(r))])-

r&Dom(u)

Caepyrolee MpeaIoKeHHe JOKa3bIBA€TCS aHAJIOTHYHO ITPEII0KEHHIO
83 § 7 rnaBel 3 BTOporo Toma ( [2],c.233).

[Ipennoxenne 16 (K)

Ve(t,v)F

Flr € 81D, NIOR(0)], NOR(rED, € %=1t € Se, (B,



Teopema 4 (K)

VAZ)FIR|C [rg,(2) C rglZ]],

( TeopemMa 00 OrpaHMYEHWM BHYTPEHHETO paHra MHOXKECTBA ).

JlokazatenbCcTBO. B X04€ f0Ka3aTenbCcTBa TEOpEMBbl 4 HUCIOIB3YETCS
cieayroliee 0003HaAYCHUE :

Y={reTC(Z)U{Z}||R|C [rg,(r)C rglrl].} -

Crnenyromiasi CEeKBeHIMS JoKa3aHa Ha cxemax 1.3.1 — 1.3.3 (cexkBeHIus
(7) cxemsrl 1.3.3) ¢ ucmons30BaHueM MpeIoKeHuii 16 u 15, oTMeueHHBIX
Ha cxemax 1.2.2 u 1.2.3 cumonamu " u ?

V(u), Dom(u) C" Y+|R|C [rg,(u) C rglul], -

[IpuMmeHeHne npuHIUIA < — UHIYKIHMHU 3aBEPIIAET JOKa3aTEIbCTBO

COOTBCTCTBCHHO :

TeopeMbl 4.
Teopema 5 (K)
VA(Z)F[OR(Z)], C [re,(2) = Z]

( TeOopeMa O BHYTpEHHEM paHIe OpJHMHAjA ).

R

JlokazaTensCTBO. B X07€ moKka3aTenbcTBa TEOPEMBI S HCIOIB3YETCS
cieayroliee 0003HaAYCHUE :

X ={re TC.(2)U{Z} | [OR(r)], ' [re,(r) = r],} .

Crenyromiasi CEKBEHITUS JoKa3aHa Ha cxeMax 1.3.4 — 1.3.6 (cexkBeHIUs
(12) cxemsr 1.3.6 ) ¢ UCIIOIB30BAHUEM TEOPEMEI 3 , CIIEICTBUE YTBEPIK/IE-

3)

HUSA a) KOTOpOM OTMEe4eHO Ha cxeme 1.2.4 cuMBOJIOM ~, W TIPEIOKEHUS

15, ormeueHoro Ha cxeme 1.2.6 cumBosiom * :

V° (), Dom(u) € X + [OR ()], ' [re, () = u],.

[IpuMeHeHHE MPUHIUIA < — UHAYKIUN 3aBEPIIAET JOKA3aTeIbCTBO
TEOpPEMBI 3.

Teopema 6 (K)

V(u)F[OR(u)], C" ==]u € Sc(rglul)],

( Teopema 00 orpanumdeHun orneHku (opmynsr OR(u)).

JlokazaTenbcTBO. Teopema 6 nokazaHa Ha cxeme 1.3.6 (CekBeHIHS



(13)) c ucrmons3zoBanmeM TeopeM 59 u 58, oTMedeHHBIX Ha cxeme 1.2.6
cuMBOJIaMU ~ M ® COOTBETCTBEHHO.

N3 Teopembr 6 crenyer

Teopema 7

Ecmu ¢(u,v,...,r) — orpunarensias popmyna K, rme u,v,..,r —
CIIMCOK BCEX CBOOOJHBIX MEpPEeMEHHBIX GopMyibl ¢ (i, ...,v),To B K
J0Ka3zyeMa CICAYIoIIas CeKBEHIINA

Ve(v,..,t) F [73u(OR(u) & ¢(u,v, ...,1))], =

S U le(F,v,...,0)],.

OR(r)

10



Cxewma 1.1.1

7’€|R|,TV(R)|——|—|I’E[}”]R;
_l_li"E[l’]R,I"EI/t,[}"]Rﬂu:OI—
re|R|,Tv(R),reu[r],nu=0F
anre|R|&[r],Nu=0,Tv(R),rcut
rezut-re|R|&[r],nu=0;
re—-u, Tv(R), reut
—|—|rEu,—|—|r€?u,Tv(R)I-
mreu&re<u, Tv(R)

reunNzubnreu&re—u;
reun—u, Tv(R) F
Tv(R)F ~3r(reun—xu);
—dr(reunzu)Funzu=0
TV(R)Fun-u=20 (1)

[r].nu=0,re|R|F re—u;
Tregur €[rfp.[r]NFu=0F
[r];nu=0,r€[R|,re[r],,[r];Nzu=0F
[rl.nu=0&[r],Nzu=0,r€|R|, re[r],t+
[rliN(uUzu)=0F[r],nu=0&[r],Nngu=0;
[rl.N(@U=u)=0,r€|R|,r[r],F
[r].N(uUwu)=0,r€|R|,~~re[r],+
re|lR|, Tv(R)F —|—|FE[F]R;
[rl.N(uU—zu)=0,r|R|, TV(R)F
re|R|, TV(R)F[r],N(uUzu)#0
Tv(R)
FvrelR|([r].n(uUzu)#0);
vre|R|([r],N(uUxu) # 0)F Dn(uUxu,R)
Tv(R) F Dn(uU+u,R) (2)

11



Cxema 1.1.2
TV(R)Fun—-u=20;
un-u=0,[r],cut[r],nzu=0
R),[r],C ut[r],nzu=0
[7].C u, TV(R)F[r],Nnzu=0
reu,uc O(R)F[r], C u;
reu,uc O(R), Tv(R)F[r],Nnwu=0;
[r]l.Nzu=0,[r],nD=0F][r],n(DUzu)=0
reu,uc O(R), Tv(R),[r],nD=0F][r],Nn(DUzu)=0
reu,uc O(R), Tv(R),[r],NnD = 0,[r],N(DUzu)#0F
re|R|, Dn(DU u,RYF[r],n(DU-u)#0;
reu,uc O(R), Tv(R),[r],nD =0,r€|R|,Dn(DUSu,R) +
rEu,uEO(R),Tv(R),[r]RﬂDzO,—|—|re|R|,Dn(DU?u,R)I-
reu,uc O(R)F nnrelR]|;
reu,uec O(R), Tv(R),[r],nD = 0,Dn(DU+u,R)F
reu,uec O(R), Tv(R), Dn(DU<u,R),[r],nD=0F
reu,uc O(R), Tv(R), Dn(DU-u,R)F[r],ND # 0
u € O(R), Tv(R), Dn(D U~ u,R) -
Fvreu([r],.NnD # 0);
vreu([r],nD # 0)F Dn(D,u,R)
u € O(R), Tv(R), Dn(D U~ u,R)  Dn(D,u,R) (3)

q€[r]e. Tv(R)Fq]. ' [r]is
[¢].C [r]:Flal.nDC [r],ND
gel[r],, Tv(R)F[q].nD " [r],NnD;
[¢].nD [r],nD,[r],nD=0F[q],nD =0
ge[r],, Tv(R),[r],nD=0F[gq],nD =0
[¢],ND #0,q9€][r],, TV(R),[r],nD=0F
q € u,Dn(D,u,R)}F[ql.NnD # 0;
q € u,Dn(D,u,R),q €[r],, TV(R),[r],nD=0F (4)

12



Cxewma 1.1.3

(4)= g€ u,Dn(D,u,R),q<[r],, TV(R),[r],nD=0F
11qg € u,Dn(D,u,R), g €[r],, TV(R),[r],nD=0F
nqgelr], &g € u,Dn(D,u,R), Tv(R),[r],NnD =0+
gelrl,nut-qgelr], & gecu;
ge[r],Nnu,Dn(D,u,R), Tv( »[r],nD=0F
Dn(D,u,R), Tv(R),[r],ND =0+ =3q (g €[r],Nu);
—Elq (gelr],nu)k[r],Nnu=0
Dn(D,u,R), Tv(R),[r],nD =0F+[r],Nnu=0;
[r],Nnu=0,re|R|F ~re<u
Dn(D,u,R), TV(R),[r],nD = 0,r €|R|F =~ r E—u;
re|R|, Tv(R )I——|—|r€[r]R
Dn(D,u,R), Tv(R),[r],ND =0,r€|R|F nre-u&re(r],;
re—u&re[r]R,[r]Rﬂ—u—Ol—
Dn(D,u,R), TV(R),[r],nD = 0,r €| R|,[r],N—wu=0F
[r]RﬂDzO&[r]R —u = 0,Dn(D,u,R), Tv(R),r €| R|F (5)

[r]l.N(DU=u)=0F
F[r],.nD=0&[r],Nnzu=0;
[r]l.NnD=0&][r],Nnwu =0,Dn(D,u,R), TVv(R),r €| R|F = (5)
[r].N(DU+u)=0,Dn(D,u,R), TV(R),r €| R|F
Dn(D,u,R), TV(R), r €| R|F
Flr].n(DU=u)#0
Dn(D,u,R), Tv(R) F
Fvre|R|([r].N(DUzu)# 0);
vre|R|([r].N(DUzu)# 0)F
- Dn(DU—u,R)

Dn(D,u,R), Tv(R) + Dn(D U—u,R) (6)

13



Cxewma 1.2.1

rezvk[r],nv=0

a[r],nv=0,re=vtk
reu, Dn(v,u,R)F ~[r],nv=20;
reu, Dn(v,u,R),re-vt

T reu,r e, Dn(v,u,R) .

mreu&re=v,Dn(v,u,R) +
reunNzvk1mreu&mrexv;
reun—-v,Dn(v,u,R)+
Dn(v,u,R)F —3r (reun<v);
Ar(reungv)Fungv =0
Dn(v,u,R)F unzv =20

(1)= Dn(v,u,R)Funvc 0;
uNzvC 0,ue O(R)Fuc (zv20) D
Dn(v,u,R),u € O(R)F uc’ (zv 20)
Dn(v,u,R),u € O(R)F u ' w=v

pev,vC'|R|F 1 p€E|R];
mpe|R|, Tv(R)F 1~ pe|p],
peVv, v |R|,TV(R)F = p€[pls;
pevkpl,c Ul

rev

pev,vC R, TV(R)F npe[pl, &[pl, € U [rli;

reyv

apelpli&[pl,c Ulrle.p U]k

reyv rev

pEv,vC'|R|,TV(R),p§EU [r]. F

rev

v |R|,Tv(R) F=Fpev(peJ[r])

v IR|,Tv(R) Fvc | [r]s

rev

14



Cxewma 1.2.2

(3)= vC'|R|, TV(R)FvC U[r]R

VCU[F]R RRVC U[r]R

vC'|R], TV( )FzzvC % U[”]R
(2)= Dn(v,u,R),uc O(R)Fuc w=v;

Dn(v,u,R),u € O(R),v C' | R|, Tv(

R)Fu C’??g [r]. (4)

—U ([ule N7 = dl) ;

UE|R|

relRIF U ([ul.nlF = al,) =[rl;

UE|R|

re|RIF][Fe |, =]r].

(5)
FlGNnD # 0l =[--3ueDueq), =
= 7R [[FEGH
DC|R|I—U [¥ € G], U[r]R
DC|R|I—[[GnD7éO U[r]R (6)
F==|R|€ O(R); (4)=
= Dn(D,|R|,R),~|R|€O(R),DC |R|, TV(R)F|R|C ~ U[r]R

Dn(D,|R|,R),DC'|R|, TV(R)FIR|C % RU [r];
Dn(D,R)F Dn(D,|R|,R);

Dn(D,R),DC'|R|, TV(R)FIR|C w = [r]s;

(6)
Dn(D,R), D C’'|R|, Tv(R)F|R|C [GND # 0],

15



Cxewma 1.2.3

Tv(R) + [Dn(

D,R).C'|R|;
Dn(D,R), D ' | R|, Tv(R)
)
),

FIR|IC' [GND # 0], = (7)
Dn(D,R), D C'|R|, Tv(R) + [Dn(D,R)], <’ [Gn D # 0],
Dn(D,R), D C'|R|, Tv(R), 7 [Dn(D,R)], <’ [GND # 0], +
D C'|R|, Tv(R), = [Dn(D,R)], <’ [GND # 0], +
- = Dn(D,R);
-~ Dn(D,R) +[Dn(D,R)], = 0
DC'|R|, Tv(R), = [Dn(D,R)], <’ [GND # 0], +
F[Dn(D,R)], = 0
[Dn(D,R)], = 0,0 ' [GND # 0],

= [Dn(D,R). <’ [GND # 0l F
D C'|R|, Tv(R), =[Dn(D,R)], <’ [GN D # 0],,
0c' [GND # 0l +
FOC' [GND # 0],;
DC'|R|, Tv(R ) [Dn(D,R)], c’
)

DC'|R|,Tv(R)
D eP(RJ), Tv(R
D eP(RJ), Tv(R

(
(

HDH(DE)HR
|R|C’ ([Dn
|R|c'[D (D,iebGnD# 0l

I_

I_

I_
DeP(R]|), Tv(R)F
Tv(R

vDeP(R|)(|R|C [Dn(D,R) ~ GnD # 0,)
Tv(R)F|R|C” () [Dn(D,R) -~ GNnD # 0l

DeP(R)

=[vD e P(R|)(Dn(D,R) - GNnD # 0)l,
Tv(R)F|R|C [vD e P(R|) (Dn(D,R) -~ GnD #0)],  (8)

)
)
)
)k
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Cxewma 1.24

rel[v],t —{v,r)eRr;

1 {v,r)eR, 11 {r,t)ER, TV(R)F == (v, t)ER
re[v],, m{(rnt)eR, Tv(R)F == {(v,t)ER
refv],.telr],, TV(R)F =t €[v],;

atev], t&[v].
relv],,te[r],, TV(R), t &[v], F
re[v]e, Tv(R)F "3t e[r], (t&[v],)
revle, TZv(iR)F[r]. " [v]
H[r] NI, 7 YE RL C [ 1],
re[v]e, Tv(R) F[r], N[V, F)e R, ' [v],
re[v],, Tv(R), a[r] . N[, FYe R], < [v], F
Tv(R), [r], NV, FYER] C [V] Frelv],  (9)

ré&[v],F{v,r)yerR;
(v, rYER, TV(R)F|R|C [~{V,F)eR],
r&[v]e, TV(R) FIR|C [~ (V, F)E Rl,;
|R|C [-{v,7)ER],, TV(R)F[{V,7YeR],C" 0
ré&[vl],, Tv(R)F[(¥,7)ER],C 0;
[(v.7Ye Rl O F[r] N[V, FYe Rl C [v],
ré& vl Tv(R) F[r], N[y, 7)€ R], C [v],
ré& vl TV(R), 7 [r].n[(V, FYe Rl ' [v], F
(9);
TV(R), [ r] N[V, FYe R], C [v]. }
Tv(R) F =~ [r], N[{V, 7 Ye R], < [v],
TV(R) F[r],. NIV, FYe R, € [v], (10)
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Cxewma 1.2.5

(10) = Tv(R)F[r].n[¥, 7 YeR], C [v],

(5)=v> ve|R|F[ve G|, =[v],

vE|R|, TV(R)F[r],n[{v,7)eR], C [V € G,
veE|R|, Tv(R ( &

veE|R]|, Tv(R IKS

ve|R|, Tv(R)F[r],C ([{v,

(

vE|R]|

(R)
TV(R)F[r], < ) [[(ﬁ,f)e]é—»—mﬁeG]]R
Tv(R)F[r], ' [vveE|R|({(v,FYeER—~veEQ)], =
=" [ve|R|&{(v,FYeR——veG], =

= (Vv elRIL ALY 7)€ Rl 5[y € Gl,) =
= V(v el RN, ye Rl 2=l € Gl,) =
= () Cealv €l RTLAKw 7Y€ RL 222y € Gl,) =

=pR<u|ie|R=|1V5(|)ﬂ,enﬁﬂve|fe|ﬂ AKv. 7)€ Rl 25 +lv € Gl =
= (VR =IR 1L Apelv €1R1 LK 7)€ Rl 251y € Gl,) =
= (Y (ealv €l R1 LI F)e Rl 25y € GL) =
=VH)R([[W,”E]?HR%??HVEGHR)=
= (Vv F)e Rl 2 [mve Gl =
—:C(j [{v,FYeR—-ved], =

=[vv({v,FYe R - veqG),
TV(R)F[r], < [Vv ({v,7)ER - ~~v € G)], (11)
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Cxewma 1.2.6

(11)= Tv(R)F[r],C [vv({v,FYER - v EG)|,
TV(R)F|R|C ([r]R Slvv({v,FYeR - velG)],)

Tv(R)
Fvre|R|(CIRIC ([r],2[vv (v, FYeR——vel),))
TV(R)F|R|C
c’ ﬂ([r]RR v((n,FYER—vEG)],) =
= ﬂ(G %3 v((v,FYER—-mVEG)],) =
m (G(t)D[Vvv ({v, t>ER—>—|—|v€G)]]
=[[WmeGVv((v,t)ERa—mveG)]]R
TV(R)F|R|C [Vte G Vv ({v,t)ER— v eEG), (13)

——{u,tYe R, TV(R)F|R|C [-~{u,i)eR],
——t€fu],, TV(R)F|R|C' ==, 7 YE R], ;
——t€[v],, TV(R) F|R|C +<[(v,i )€ R],
—|—|t€[u]R,—|—|tE[v]R,TV(R) F
FIRIC w5l i )R], & |R|C =[(V.7 )€ R],
_l_le[M]R&_l_le[V]R,TV(R) F
FIR|C z<ld, )€ RN <IV, 7 YER],
_l_le[u]Rn[V]R,TV(R) F

te[u]Rﬂ[v]R,TV(R) |‘
|—ﬁﬁfE;;ﬂ(ﬁ,f)Efé&(ﬁ,f)EéﬂR (14)
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Cxewma 1.2.7

telu]l,Nn[v],, TV(R)F 7t e(t],; (14)
telu],N[v],, Tv(R) F

F jth[t]R&jth??ﬂ<ﬁ,Z>6é&<‘\/;,Z>EEHR
teu],N[v],, Tv(R) F

Famrelt],Nne=l{i,i)eR&(V,i)ER], C
' z=([t].n[ i, i )eR&(V,i)ER],)
<=z U ([r1.n e, 7Y€ R & (¥, Y€ R],)
tE[u]Rﬂ[v]R,TV(R)I-rER
Famtesw U ([rFlni 7 )E R& (7,7 YE R],)

nRF
Fvieul,n[v],(ntewzs U (rl.nld 7 )e R& (V,7)E R],))

NRF
Flul,N[v]. € %= LJR([”]RH[W,WEE&(VV,FV)E Rl,)
NG FYe R & (¥.7)e R],)

==z U (G(F)
)

=<2z |J (G(1

teDom(G)

= [-—3r € G({u, l‘>€]v3&<v [)e fé)]]R

N[{ia,tYe R&(v,tYeR],)

Tv(R) F[u],n[v], C [-3r e G4, I>ER&<V t>€R)H
Tv(R I-[M]RC([V]RR [=—3r € G({u, t>€R&<vt>ER)HR)
Tv(R) +
FvvelR|([u], C ([v],2[~-3re G({(i, 1) e R&(V,1)ER)],))
Tv(R) +

Flu], C ﬂR([V]R D [-—-3r e G({u, t>€fv3&<\7t>€]é)ﬂ ) =

VE|R|

= ﬂ (G(V) 2 [~ e G, 1)eR&(V,1)ER)],) =
ﬂ (G(r)2[~3re G, 1)eR&(r,1)ER)],) =
B =[[VreG—|—|EItEG((u,t>ER&<r,t>ER)R

TV(R) F[u],C [Vre G--3te G({i,t)eER&{r,t)ER)],(15)
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Cxewma 1.2.8

(15) = Tv(R) F[u], C [Vre G—3te G({i, t ye R& (r,tYe R)],
Tv(R) F

FIR|C ([u], 2 [vre G-3re G((4, tYeR&{(r,tYeR)|,)
TV(R)I—Vu€|R|(|R|C

c ([u], 2 Slvre Ga-3re G, t)e R&{r,tYeR)],))

Tv(R)
FIRIC (N ([u],2lvre G-3re G((i.t)eR&(r t)ER)],)
I

UEe|R|

= N (Gl V):R> [Vvre Gan3te G, tYe R&{r,t)ER)],) =
Ue|R|

= [* (G(v D [vre Ga-3te G((y, tYeR&(r,tYER)

veDom(G)|

[l
=[[WeGVreG—|—|3teG(<v,t>eR&<r,l‘>€R)R

Tv(R) b
FIR|C [vwweGvreG-aAte G{v,t)eR&{r,t)eR)], (16)
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Cxewma 1.3.1

Ve(v)F tr(rglv]); tr(rg[v) FI R | C [tr(rg[v])],
VEW) FIRIC [tr(rglv])],
Ve(t,v) k|t erglvl], C
c [t e g, R|C [t € rglvI], N[tr(rgvD)], ' [z €’ rglv]],

Ve(t,v)F[tergvl], C [[t c rglvll,

Ve(t,v) Fxlr c rgvl], < =l € rgvl], s

Ve(tv) Fzlterglvl], N[t € rg, W], N[rg,(v) < rglvl], " 0

Ve(t,v) bt < rgvl], Nt € rge W], N[rg,(v) € rg[v]], " 0
Ve(t,v) Fxle C rgvl],Nfre, () C rgv]], € <[ € 12, (V)] (1)

VE(1,v) [t € S, (rg,(W)], C [t & rg,(v) — ¢
= [t &€ rg, (V)] 2 [[f = $R<V>I]R =
——[[t € rg, (W], 2 [t = rg, )],
Ve(t,v) k[t € Se, (rg, ()], € %[t € rg, W], 2 [t = rg, O],
(1); Vo(tv)Fz[t € rg, (W], N[t € Se, (rg, (W)], € [t = 18, W],
Ve(t,v) Fxle C rglvll, Nfre,(v) < rglvl], N
N[t € Sc,(rg, )], ' [t = rg, ], (2)

Ve v) bt = reg, W], Nfrg, () € gV, " [z " rglvl,
Vet Ft = rg, ], Nre, () <" rgvI], N[t <" rgvl], <’ O
VE(t,v) ke C rg[v], Nfre,(v) € r8[v]], N[t € Sc,(rg, ()], € O
[re
|1

L
I,

Ve(t,v) Frg,(v) < 1gvl], N[t € Sc, (rg, ()], € = =lr < rglvl], =
= [t " rglvl],
Ve(t,v)k[rg,(v) C rglvl] N[t € Sc, (g, (W)], C [t < rglv]],
ve Dom(u)C YFHIR|C [rg,(v) C" rg[vl],;
)
)

v € Dom(u) C' Y, VE(t,v) F| R N[t € Sc,(rg, ()], C [t  rg[v]],

C YV (tv) € Se g, 0D, < 1< g, (3)

v € Dom(u
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Cxewma 1.3.2

(3): Ve(t,v) [t € Sc, (rg, (v)], € [OR(7)],
ve Dom(u) " Y, Ve(t,v)F
[t € Sc, (g, )], " [t " rglvl], N[OR(2)], (4)

Ve(v)FOR(rg[vl);  OR(rg[vl)F|R|C[OR(rg[v])],
(4); Ve(v) FIRIC [OR(rg[v])],
ve Dom(u) " Y, V(t,v)F
[t € Sc,(rg, )], € [ 1V, N[OR()], NI R |C
C [z < rglvl], N[OR ()], N[OR(xg[v])],
ve Dom(u)C" Y, V(t,v)F
It € Se, (g, 0], < [ < &L, N[OR(1)], N[OR(r&[vI)], :
Ve, V) - [[fC rg[vl], N[OR(#)], N[OR(rg[v])], C
<7t € Sc,glvD], "
ve Dom(u)C' Y, VC(t,v)
F [z € Sc,(rg, ()], € = =t € Sc,(rg[vD], ;
FIR|C [Sc,(rg[v]) = SclrglvD],
v e Dom(u)C" Y,V (t,v)F
F [z € S (rg, ()], € = =l € Sc,gvD], NI R I
C’ <[t € Se, (gD, N[Sc, (rg[v]) = SclrgvD], C
' w5t € SclgvDl,
v e Dom(u)C" Y,V (t,v)F
F [t € Sc, (rg, ()], € ==t € ScrglvDl, (5)

I—[[tESchg[v])]] c’ U t:f]]R;

reSc(rg[vl)

veDom(u)r |J lt=7.<c U U =71,
reSc(rglv]) yED om () r&Sc(rglyl)
v € Dom(u) F [t € Sc(rg[vD)], U U =71, (6)

y€&Dom(u) r&Sc(rglyl)
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Cxema 1.3.3

~mrerglul bt =7, | [t=V]: Flreld]l,= U [r=7],
verglul verglul

rerglul bt =7], C [t € rglul],

r e Sc(rglyl), y € Dom(u) b =—r e rglul;

r € Sc(rglyl), y € Dom(u) F [t = 7], C [t € rglul],
y € Dom(u) F Vr e Sc(rg[y]) ( [[t =7], C [t € rglul],)
y€Dom(u)F |J [r=7], tErg[u]l]

r€Sc(rglyl)

F Vy € Dom(u) ( U [t € rglul],)
r€Sc(rglyl)
(6); F U U [t = 7], C [t € rglul],

y€Dom(u) reSc(rglyl)

v € Dom(u) k[t € Sc(rg[vD], < [r € rglull,

(5); veDom(u)t—==lt e SchelvDl, c ==[r € rglull,

ve Dom(u)C" Y,V (t,v) k[t € Sc,(rg,(v)], € ==t € rglul],
ve Dom(u), V- (u)F V(v);

ve Dom(u) C" Y,V (t,u) [t € Sc,(rg, ()], € ==t € rglull,
Dom(u) C" Y,V (t,u)
)
(

F Vv € Dom(u) (|t € Sc,(rg, ()], C" = =lt € r&lully,)
Dom(u)C' Y, V- (t,u)F |J [t € Scrg,(W)], C = =lt € relull,

Dom(u) C' Y,V (t,u)bz% |J [t € Sc,(rg, ()], C ==lt € rglull,

om (1)

Vc(t’u) F [[t = I;gR(u)]]R =y R'R U [[t = SCR(gR(V))]]R Y

veDom(u)

V(). Dom{u) € YT 1 € re, ()], € =l € rélull,
Ve(t,u),Dom(u) " Yk [t erg,(u)], C [0t e rglull,
V(t,u),Dom(u)C" YFH|R|C ([t €rg,(u) — 1t erglul],)

V(u), Dom(u)C" Y+
FVt(V(u)—|R|C ([terg,(u)—terglul],)
VE(u), Dom(u) " YH|R|C () ([t € rg,(u) - =t € rglul],)
VS (u), Dom(u)C" YF|R|C [Y;(g)R(u) c’ rglul], (7)
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Cxewma 1.34

Ve(r,u)Fre u],n[OR(u)], <" [OR(7)],;
r € Dom(u) C" X+ [OR(r)], C [rg,(r) =],
Ve(r,u),r € Dom(u) " X+ [reu],n[OR(u)], C [rg.(r)=r], (8)

(8);  Vi(r)F[re,(r) =r], & z=lr € Sc,(rg, ()],
Ve (r,u),r € Dom(u)C" X F
I € ul, N[ORW)], < 7 [ € Se,(rg, (], :
VE () b 55l € Se,(rg, ()], Nl € ul, € 5l € e, ()],
Ve(r,u),r € Dom(u) C" X+ [r € ul,n[OR(u)], €' = =[r € rg, (u)],
reDom(u), V- (u) b u(r)c [reul,;
Ve(r,u),r € Dom(u) " X+ u(r)Nn[OR(u)], C" <z =[r € rg, (u)],
r € Dom(u), V< (u) F Vo (r);
V(u),r € Dom(u) C" X F u(r)N[OR(u)], € %z =[r € rg,(u)],
Ve (u),r € Dom(u) C" X + [OR(u)], € (u(r) Dz z[r € rg,(w)],)
V(u), Dom(u) C" X+
- Vr & Dom(w) (JOR@)], < (u(r) 25 [ € re, (W], )
V(u), Dom(u) C" X+
FIOR@L € () (u(r) 25lr € g, ()], (9)

reDom(u)

Ve(r o) Frg.(r) = rl,nfr € rg, (w)], < = =lt € rl;

Ve(r,tu) b ==t er].nlreu],Nnftr(u)],Nn=t € uf, 0

Ve(r,t,u) b

Flre.(r) = r], N[t € rg, (W], Nr € uf . Ntr(w)], Nz € u], " 0
Ve(r,t,u) b

Fre,(r) = r] . 0lr € ul, N ltr(u)]. N z[r € ul, <" [t € rg, (w)], (10)
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Cxema 1.3.5

Fz[r € g, ()], N[t € Sc(rg, (M), ' [t =

Vet r) Fft = g, (Nl N[rg. (r) = r], ' [t = r],
I_?[[tegle( )H [[tESC (rgR(r))]]Rm[[ﬁ ( ]]
clr=rl;

rg, (1)l

Ve(t,ru) bt =r],Nnlreu],n<lt€u],c’ 0
Ve(t,rou) bt € rg, ()], N[t € S, (rg, (M], Nrg,(r) = r],N
N[reul,n=teu],c’ 0
(10);
V() [re, (r) = rl, Nl € ul, 0ltr()], 02l € ], 0
[t € Se, g, ()], € 0
(8);
Ve(r,t,u),r € Dom(u) C" X F[re u], N[OR(u)],N=[t € u],N
N[z € Sc,(rg, ("], < 0
re Dom(u), V-(u)t Ve(r);
Ve(t,u),r € Dom(u) C" X+ [re u],n[OR(u)], N+
N[t € Sc,(rg, ()], <" 0
reDom(u), V- (u) b u(r)c [reul,;
Ve(t,u),r € Dom(u) C" X+ u(r)N[OR(u)], N [[tEu]] N
N[t € Sc,(rg,(r)], c’
V(t,u), Dom(u)C" X+
F vre Dom(u) (u(r)N[OR(u)],N=[t € u],N
[t € Se, (g, (], € 0)
Ve(t,u), Dom(u) ' X+ | (u(r)n[re Sc,(rg,(m)],)N

reDom(u)

N[OR(u)],N%[r € u], <" O
Ve (t,). Dom(u) € X b U (u(r)ne € Se,(rg, ()], )N

reDom(u)

N[OR ()], N[t € u], <’ 0 (11)

[t € u],.n
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Cxema 1.3.6

Vc(t’u) F [[Z‘E gR(u)l]R C,?? U (u(r)ﬂ[[te &R(QR(F))HR) 4);

re&Dom(u)

(11);

Ve (1,u), Dom() € X F [ € re, ()], N[OR ()], Nl € u], ' 0
Ve(t,u), Dom(u) C" X+ [OR(u)], " ([r € rg, (u)], 2= =7 € u,)
Ve(t,u), Dom(u) C" X+ [OR(u)], C" [t € rg,(u) — t€u]]
Ve(u), Dom(u) C" X+ Vet (V(t)—
—[OR(u)], C' [t € 1g,(u) = "t € u,)
V<(u), Dom(u) C" X F [OR(u)], <’ ﬂR [t € rg, (u —>—|—|t€u]]R=
=[[Vt€gR(u)—|—|tEu]]R— ﬂ (rge(u)(r) 2z =lr€ul,)

V(u), Dom(u) C" X+
FOR(u)], & rGDOQ R(u»( rg, (u)(r) 2= zlreul);  (9)

V(u), Dom(u) C" X F
FIORW). <" " (rge(u)(r) 2z =zlreul)n

”EDFI(W@’?(?M r) 2wzl € 12, (W],
VE(u), Dom(u) " X+ [OR(u)], " [rg, (u) = u], (12)

Ve (u) F[OR(u)], " [rg, (u )=M]]R Vs
V() I RIC [rg, (u) C rglul], °

V() F [OR()], N[ R € [re, () = u], N[re, () C rélul],

C' uc rglul],
V@FIOR@LC i il V()
[ < rglull, N[OR ()], N[OR(rglul)], < 5= € Se, (g LuD], =

== ?[[ueSc(rg[u])]]
Ve (u) F[OR(u)], N[OR(rglul)], € % =lu € Sc(rgluD)],
Vo(u) FIR|C [OR(rg[ul)], ;

V(u)F[OR(u)], C" ==[u € Sc(rglul)], (13)

<
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['maBa 2 JIBoitHOU (opcunr
§ 1. 'omeomopdHbIE OTHOIICHUS

OnpenenuM clieayronun npeauKar :
YFhm(Z,R,Q)~ZC |RIX|Q|&
&Vue O(R)~Z7ue 0(Q)&
&Vu,ve OR)(u#v—-2Z"u#72"v)
&Vu,vEO(R)(Z”(u:R)v) =Z”u:Q)Z”v)
( Z ectb ToMeomMopdHOE oTHOImEeHHe 3 R B ()
Jemmal (K)
ucO(R), hm(Z,RO)FZ” zu=5Z"u
JlokazarenbcTBO. Jlemma 1 cienyer u3 onpeneneHuil.
MBI MOXXEM OmpeaeauTh omneparuio Z u Takyr, 4yto B K Oyuer
J0Ka3yeMa CIeAyrolasi CEKBEHIIHS:
FanteZ u~-Ivr{vryceu&t=(Z"v,Z7r)).
Jemma 2 (K)
Vo®(u), hm(Z,R,Q), TV(R), TVv(Q) F V°9(Z " u)
[oxka3zarenbcTBo. Jlemma 2 crieayer U3 OnpenesieHUi.
[Tpennoxenne 1 (K)
VOR(X), VOO U), hm(Z,R,Q), Tv(R), Tv(Q) F
FZ7X=Ul,=2"X=2"U],.
JokazaTenbcTBO. B X0/1€ 1OKa3aTenbCcTBA NPEIIOKEHHUS | HCIIONIB3Y-
IOTCS CIIEAYIOIINE 0003HAYCHUS :
A=TC(X, UNU{X,U)};
R=A-
(omeparunn TC<(u) u A< ompenerieHbl B § 2 TaBbl 3 BTOPOro TOMA);
Y={teTC:(X, UN)U{X, U} Z"[t' =t"], =27t =Z"t"],}
(omepamun u' u u' ompeneneHs B § 2 riaBbl 3 BTOPOro Toma ).

Crnenyrommasi CEKBeHIMS JoKa3aHa Ha cxemax 2.1.1 — 2.1.4 (cekBeH-
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must (1) cxempr 2.1.4):
VOoR (u), VO®(v), hm(Z,R,Q), Tv(R), Tv(Q), O({u,v),R)C" Y+
FZ7u=v],=1Z"u=2"v],.

Hcmoap30BaHue MpUHIKMNA < — UHAYKIIMH 3aBEPINAcT JTOKA3aTEIIbCT-
BO IIpeyioxkeHus 1.

ITpennoxenne 2 (K)

VO (u), VO®(v), hm(Z,R,Q), Tv(R), Tv(Q) F

FZ7uév],=1Z"uegzZv|,.

JlokazatenbcTBOo. IIpemnnoxkenue 2 nokazano Ha cxeme 2.1.4 (cekBeH-
s (2)) ¢ UCTIOJIb30BaHUEM IpeIoKeHnuss 1. PaBeHCTBO, OTMEUCHHOE
Ha cxeme 2.1.4 cuMmBoioM ", clemyeT u3 mpeoKeHus 1.

ITpennoxenne 3 (K)

Ecnu ¢(t,r) sBusercs popmynoit K, comepkarieii mepemeHHbie ¢
U r CBOOOJHO, U HE cojaeprKallel rnmepeMeHHbiX Z u v, To B K nmokasy-
eMa CJIeIYIomast CCKBEHITUS
VO®(u), VP (v), hm(Z,R,Q), Tv(R), Tv(Q),

Vi, r (VOO () &V (r)—=Z" et =le(Z"t,Zr)],) F
FZ7[Fteup(tv)],="3IrezZu o(r,Z7v)|,.
HoxkazarenbcTBo. [Ipemnoxkenue 3 qokaszano Ha cxemax 2.1.5u 2.1.6
(cexBenimsa (3) cxemsl 2.1.6).

AHaJNOTMYHO NPEJIOKEHUIO 3 TOKa3bIBAETCA

[Tpenmoxenne 4 (K)

Ecnu ¢(¢,...,r) sBusercs popmynoit K , He comepxariei nepeMeH-
HBIX Z U V,a {,...,F — CIIHCOK BCEX CBOOOHBIX MEPEMEHHBIX (hOPMYJIBI
@(t,..,r), ToB K nokasyema cieayromas CCKBCHIIUS:

VO (u), Vo (v), hm(Z,R,Q), Tv(R), Tv(Q),
vi,r (VOO ()& VO (r)—=Z " [o(t, ... )], =le(Z7t, ..., Z7r)],) F
FZ7[Ateue(t, .. V), ="3FreZ7u o(r,..,.Z7v)],.
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Teopema 8

Eciu ¢(t, ..., r) sBusercs orpunarenbuoin A, — popmymnoit K |, a
U,..,V CIHUCOK BCEX CBOOOIHBIX MEPEMEHHBIX (opmynsl (i, ..., V),
HE coaepxkailed nepemeHHon Z, To B K pokaszyema cienyromas
CEKBEHIIHS:
Vo®(u,...,v), hm(Z,R,Q), Tv(R), Tv(Q) F
FZ7 [e(u, ... )], =le(Z7u, ..., Z7v)], .

JlokazarenbcTBO. Teopema 8 MOKa3bIBACTCS C MOMONIBIO WHIYKIWH
10 JUTMHE oTpunaTeasHoit A, — popmynsl K ¢ ucmons3oBannem mpe-

aoxenuit 1, 2 u 4.

§ 2. Teopema 0 MpOEKIIMN KAHOHUYECKOTO TEHEPUIECKOTO

MHO>KECTBa BEPXHETO YHUBEPCyMa

OnpeaenumM CIeyrOIIHi MpeIuKaT :
YHRULO.R)~ 101~ |R|&
&vrelpl,(p.q)ef— Iy elql,(r.y)Ef)&
&vrelql,({p.q)ef— It e[pl,(tLr)Ef)&
( f ectbperpakmusi uz Q B R)
[Tpeqnoxenne 5 (K)
Rt(f,Q,R)I—f‘“’u%f‘“’vC'f‘“’(u:R)v).
HokazarenbcTBO. Ilpemnoxkenue 5 mokazaHo Ha cxemax 2.2.1m 2.2.2
(cexBenimsa (3) cxemsr 2.2.2).
[Tpennoxenne 6 (K)
RU((LOR)Ef T (uDv) ' f™ ”u%f‘l V.
HokazatenbcTBO. Ilpemnoxkenue 7 noka3zaHo Ha cxemax 2.2.3u 2.2.4
(cexBeHimsa (5) cxeMmbl 2.2.4).

N3 ipennioxxkenud S u 6 cienyer
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ITpennoxenne 7 (K)

RELQ.R)Ff ™" (uv) =f " uaf ="y,

[Tpemnoxenne 8 (K)

a) ue Sec(Q), Rt(f,O,R)F =1 fuec Sec(R);
0) u€Sec(R),Rt(f,O,R)F 7~ f " "uecSec(Q).

JlokazaTenbCTBO. YTBEpXKIACHHUE a) IPEIIOKCEHUS 8 JOKa3aHO Ha
cxeme 2.2.4 (cexBeHmus (6)). YTBepxkaeHue 0) J0Ka3aHO HA CXEMe
2.2.5 (cexBenuusa (7)).

[Tpepnoxenne 9 (K)

a) ue O(Q),Rt(f,O,R), TV(R)F =1 f "u € O(R);
0) ue O(R),Rt(f,O,R), TV(Q)F 7~ f " "uec O(Q).

HoxkazarenbcTBo. [Ipemnoxkenne 9 crepyer u3 npemyiokeHus 8 u
nokazyemMoctu B K cexBeHIuu:

Tv(R)F O(R) = Sec(R)

(Ttom2,rnaBa 3, §1).

Beenem 0003HAYCHHE CIICAYIOIICH ONEpaIyH :

R®\S =
—{re(tv($) &|S|= Al,x A)x(ITv(S) & | S |= Al,x A) |
| 2=3r,p €[Tv(S) &| S| = A]]R dn.oceA(relpl. &
&rel-7elsld. &
&t=((r,n),(p.o)))}
(R®AS ects A —mpoussenenne R u S).

[Tpemmoxenne 10 (K)

Tv(R), V°®(S)F TV(R®, S).

HoxazarenbcTBo. [Ipemnoxkenune 10 cregyer w3 omnpenesneHHil.

[Tpemmoxenne 11 (K)
f={re(rvs)&|s)= Al xA)x[Tv($) &| S |= Al,|

|73 elTvS) &|S|= Al, 30 € At ={{p, o), p))},
Tv(R), V°®(S)F Rt(f, R®4 S, R).

HoxazarenbcTBo. [Ipemnoxkenue 11 crnegyer u3 omnpenencHHil.
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[Tpennoxenne 12 (K)
= {re(rv() &|S|= Al,xA)xITv($) & 5| = Al |
I-—3p elTv(®) &1 5= Al 3o € A(r ={p, o), p))} .
Tv(R),V°®(S)F hm(f ", R,R®, S).

JoxkazarenbcTBo. IIpemnoxenune 12 cnegyer u3 mpemyioxeHus 7,
yTBepXkaAcHHUs 0) mpemnoxkeHus 9 u mpemmoxkenus 11.

B nacrosiell KHUTre IpuHUMAaeTCs Clieyroliee 0003HaueHue:

C = O(R).

B nanpHeiieM, B eTSAX YIPOIICHUS 3alICH U3 aHTEIICICHTOB CEKBEH-
uuit, cogepxamux oneparmu una [¢],, [¢],,rme ¢ u ¥ — dopmymnsr
K, Oynem omyckatb popmyny Tv(R).

[Tpepnoxenne 13 (K)
f={redrv &|s|= Al x ) xITvs) &| s |= Al

|=~3p elvS) &IS1= Al 3o e A =(p,o), p))},
Tv(R),V (t,S),0 =R®, S+
FIDn(f =8 £, = £ 7 [Dae,S),

HoxkazarenbcTBo. [Ipemnoxkenune 13 cruenyer u3 npemyioxenus 12 u
TeOpeMbI 8.

Jlo OKOHYAHUS TOKA3aTeIbCTBA TEOPEMBI 9 MPUHUMAIOTCSI CIEAYIOIITHIE
0003HAYCHUS:

G =gn(Q);
f={relrv© &= Al,xA)xITv(s) &| S |= Al
|==3p elvS) &IS|= Al 3o e At =((p,a), p))}.
BBenem o0Oo3HaueHHE CIEAYIONICH oOmeparuu:
RE(4,R.A) = {ve (Tv($) &|S|= A Al,x A) |
| ——3r e [Tv(S) &| S| = Al, InelA(renet],&v :(r,77>)}.

HenocpencTBeHHO U3 onpe/ieiieHul cieyer

Jemmal (K)

aatef " u, (L, v)ES,Fn(f)FvEU.
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[Tpemnoxenne 14 (K)

pe[Dn(t,S)], NITv(S) & | S|= Al,, 0 € A, VE(2,8) F
F-—3re(pl,IneA(reliet].nl-—7elsll).

HoxazarenbctBO. [Ipemnoxenune 14 cnepyer u3 mokazyemoctu B K
cekBennuu (1) cxemsr 2.2.6.

[Tpepnoxenne 15 (K)

V(tS),D=R®xSF

FDn(f "t f )L, C 55 U lalk-

gERI(L,R,A)
HoxazarenbcTBo. [Ipennoxenue 15 nokasano Ha cxemax 2.2.7 — 2.2.9

(cexBeHmms (4) cxeMbl 2.2.9) ¢ HWCHob30BaHUEM MpeIoKeHHs 13,

? W JIeMMBI

1

npeainoxenus 14, orMedeHHOro Ha cxeme 2.2.8 CHUMBOJIOM
1, cneacTtBue KOTOpOM OTMEYEHO Ha cxeme 2.2.7 CUMBOJIOM
[Tpennoxenne 16 (K)
V(t,S),0=R®,sSF[Rg, (G)Nf "t # O]]Q =
=27 U U ([(p,§>]gﬂ[[é:€f_lhfﬂg)-

peltvs) &|S|1=Al, ¢eA
JlokazaTenbCTBO MPEITIOKEHUA 16 HECT0XKHO U OCTABIIACTCA YATATE-

JIIO.

[Tpennoxenne 17 (K)

Dn(Rf(2,R,A),[Dn(f ~'7¢t, f 7' 7S)],,0), V(£,5),0 =R®a S+
FDn(f "t f "9, <55 U lal-

gERI(L,R,A)
HoxkazarenbcTBo. [Ipemnoxkenue 17 crnenyer u3 npemyioxenus 7 § 2

r1aBel 1 u npennoxenus 10 Hactosiero maparpada.

[Tpepnoxenne 18 (K)

V(t,S),0=R®xS,A#0F

FH[Dn(f =76, f 7 78)], € [Re, (G)Nf =7t # 0], -

HoxkazatenbcTBo. [Ipegnoxenne 18 mokazano Ha cxemax 2.2.9 — 2.2.11
(cexBenmms (7) cxembl 2.2.11) ¢ ucnosib30BaHUEM IIpeAIOXKeHNH 15, 16
ul7.

N3 npennioxkenusa 18 cnepyer
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Teopema 9 (K)

VA(S),O=R®,S,A#0F

F101c | Gn(Re, (G), £ 75, f PR D) |,

( TeopemMa 0 MPOCKIMKM KAaHOHUIECKOT'O TCHEPUISCKOTr0 MHOKECTBA

BEPXHETO YHHBEPCYMA ).

[Tpu BBIOTHEHUH YCIIOBHS

[R|c [Tv(s) &| S |= Al,
J0Ka3aTeIbCTBO TEOPEMBI 9 yIIpoImaeTcs W CTAHOBHTCI Oojee Ipo-
3pavyHbIM.

BBengem o0Oo3HaveHHe cClieqyrONIeH omneparuu:
R® sS=
={te(|RIXA)X(R|XxA)|7~3r,pe|R|Tn,c € A(re[pl. &

&rel-7eldl. &
&t=r,n),{p,d)))};

[Tpennoxenne 19 (K)
Tv(R), VO®(S),| R|C [Tv(S) & |S|= Al, F TV(R®' 4 S).

[Tpepnoxenne 20 (K)
f={te(RIXA)X|R[|7-3p€|R|Fo€A(1=(p,0),p))},
TV(R), VO®(S),|R|C [Tv(S) & | S|= Al, + Rt(f, R® + S, R).

[Tpennoxenne 21 (K)
f={te(RIXA)X|R||7=Fp €[R|Fo €A (1 =(p,0),p))},
Tv(R), VO®(S),|R| ' [Tv(S) & | S|= Al + hm(f ~,R,R®" 4 S).

[Tpepnoxenne 22 (K)
f={te(RIXA)X|R||7=Fp €[R|Fo €A (1 =(p,0),p))},
TV(R), VE(£,8),|R|C [Tv(S) & |S|=Al,, 0 =R® .+ S+
FIDn(f =t £ S), = £ 77 [Dn(s,$),

[Ipemnoxenus 19, 20, 21 u 22 noka3pIBalOTCs aHAJTOTUYHO MPEIITO0AKE-
ausMm 10, 11,12 m 13.

Jlo OKOHYaHHS HACTOSIIETro Iaparpada MPUHUMAIOTCS CIICTYIOIINC

0003HAYECHUS:
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G=gn(R® ,S);
~{te(RIXA)X|R|[~=3Fpe|R|FoeA(r={p,c), p))}.
[Tpennoxenne 23 (K)
pe[Dn(,S)],, V(S IRIC[|S|=Al,,0eAF
F-—3re(pl,IneA(reliet].nl-~75eloll).
HoxkazatensctBO. llpenmoxenue 23 cieayer u3 gokazyemMoctd B K

cekBennuu (1) cxemsr 2.2.6.

[Ipepnoxenne 24 (K)
VeS),|RIC ITv(S) &|S|=Al,,0=R® ,SF
FRg, (G)Nf "t #£ 0], =55 U U (Kp,$)],n nlEer--d,).

pEIR| (A
JlokazaTenbCTBO NPEATIOKEHUST 24 HECIO0XKHO M OCTABJISICTCS] YUTATE-

JT1O.
BBengem o0Oo3HaveHue clieqyroNIel omneparuu:

Rf'(t,R,A) =

={ve(R|xA)|--3re|R|ImeA(rejet],&v=(r,n))}
[Ipennoxenne 25 (K)
Dn(RE'(4,R,A), [Dn(f =1, £ =), .0), V(1,5),

IR|C [TvS)&|S|=Al,,0=R® +SF

FDn(f "t f 9, <55 U gl

gER' (LR, A)
HoxkazarenbctBo. [Ipemnoxkenune 25 creayer u3 npemyioxenus 7 § 2

r1aBel 1 u npennoxenus 19 wmacrosmiero naparpada.
[Ipennoxenne 26 (K)
Ves),|RICl|S|=A ]] ,O=R® ,St
F[Dn(f ="t f S, € 55 U

gERF( RA)

[Tpepnoxenne 27 (K)
ves)IRIClIS|=Al,,0=R® 1St
FH[Dn(f ="t f 78], € [Re, (G)Nf =7t # 0], -
[Tpennoxenne 28 (K)
VerS),|IRIC ITvS) &|S|=Al,,0=R® 1S+

FIDn(f =7t f 7S], C [Re, (G)Nf T # 0], -
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IIpennoxenust 26, 27 m 28 nokaszanbl Ha cxemax 2.2.12 —2.2.16
C UCIIOJB30BAaHUEM MpeoxkeHund 22, 23 u 24.

N3 nipensioxkenus 28 cueayer

Teopema 10 (K)

VES),IRIC ITvS) &|S|=Al,,0 =R® St

F101c [Gn(Re,(G). 0, f PR,

§ 3 TeopeMma 0 pa3OHMEHUH OTKPLITOTO B R® 4 S

MHOXCCTBA

BBesieM 0003HayeHHs CIENYIOIIUX ONEepPAIHiA:
Slu] = {I’EUU S|—|—|<u ryeSt;
S={r, U (un U v(irp)lrelJ<Re(S

u€Dom(S) veSlul,
reDom(v)

ITpennoxenne 29 (K)
Fleesli= U (un U [tev])

u€Dom(S) veSlu

JlokazatenbcTBO. Ilpemnoxkenne 29 nmokaszano Ha cxeme 2.3.1(cek-
Bennusa (1)).

Beenem o0Oo3HaueHHE CleAyIONIEH omeparuu:

Z-s=(Z-J(Dom(S)-Z).

[Tpennoxenne 30 (K)

FZosnltesl.c | lteyl.

yesS”’z
HoxkazatensctBO. IIpenmoxenue 30 nokazano Ha cxemax 2.3.1u 2.3.2

(cexBeHmms (3) cxembl 2.3.2 ) ¢ HCIOJB30BaHUEM IIPESIIOKEHUS 29.
[Tpepnoxenne 31 (K)
Z ' Dom(S)F(zn U [t e v, c [t e sl

ves”Z
HokazarenscTBo. [Ipennoxkenne 31 mokaszaHo Ha cxemax 2.3.3 (cek-

BeHIMA (4)) ¢ UCIIONB30BAHHUEM IPEIOKESHHS 29.
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[Tpennoxenne 32 (K)
Zc O(R), Z< Dom(S)F(Znw+ J [t €], < 7=l € Sl

ves”’z
HoxkazatenscTBO. Ilpennmoxenue 32 nokazaHo Ha cxemax 2.3.3u 2.3.4

(cexBeHmms (6) cxembl 2.3.4 ) C HCIOJIB30BaHUEM IPEIIOKEHUS 31.
BBenem 0003Ha4YCHUS CACAYIOMINUX OICpaIUid:
Dom(u,r,R) = {p € Dom(u) |"re][pl.};
(Z) ={[p).| p € 2}.
Jemmal (K)
Dom(u,r,R) # 0 + =—1r €( ) [Dom(u,r,R)]".
JlokazatenbcTBO. Jlemma 1 qokasana Ha cxeme 2.3.4 (cexBenius (7)).

ITpennoxenne 33 (K)
re |J [plt —re() [Dom(u,r,R)]".

p €Dom(u)
JlokazatenbcTBo. Ilpemnoxkenne 33 mokazaHo Ha cxeme 2.3.4 (cek-

BeHIUSA (8)) € UCIIOJIL30BAaHUEM JIEMMBI 1.
Beenem 0003HaYCHHE CIICAYIOIICH ONepariyu:
Sh(,R, $) = {t € {[p], | p € Dom(u)} x{[6],, | o € Re(u)}
| ==3p,0 ((p,o)eu&t={[pl..lo]))}
Jemma 2 (K)
F——t€ Sh(u,R,S) ~ —~—3p,0 {p,oYeu&t={pl..lol,)).

JlokazatenbCcTBO. JlemMma 2 criegyeT W3 ONpeeseHHs] Onepauuu
Sh(u,R,S).

[Ipennoxenne 34 (K)

Fr & J(Dom(Sh(u,R,S)) — [Dom(u,r,R)]") .

JlokazarenscTBo. IIpennoxxenne 34 mokazano Ha cxeme 2.3.5 (cek-
BeHusa (9)).

[Tpennoxenne 35 (K)

re | [plit ~—re[Dom(u,r,R)[

p€Dom(u)

~Sh(u,R.S) *
JlokazarenscTBO. [Ipennoxkenune 35 nokaszano Ha cxeme 2.3.5 (cek-

BeHnus (10)) c mcnonp3oBanueM npemioxenuid 33 u 34.
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[Tpennoxenne 36 (K)

(p,o)Eure[pl,V(S),
reﬂﬁﬁée[o‘]sﬂ,el-ﬁﬁre?? U ﬂéev]]R.

veSh(u,R,S)”[Dom(u,r,R)]R
JlokazarenscTBO. IIpennoxxenne 36 mokaszaHo Ha cxeme 2.3.6 (cek-

Beunusa (11)).

Jemma 2 (K)

(p,oyeure[pl,tre()[Dom(urR).

JlokazatenbcTBO. Jlemma 2 moka3ana Ha cxeme 2.3.6 (cexBeHus (12))
C UCHOJIB30BAHUEM JIEMMBI 1.

B niensax ynpormieHus 3anucy, U3 aHTEICJICHTOB BCEX CCKBCHITUMH Ha-
crosimiero nmaparpada 10 10Ka3aTeIbCTBA MPEIIOKEHUS 42 OMyCKaTCs
cienyrone GopMyIbL:

O=R® ,\S;

IR [Tv(S) &|S|= Al,.

[Tpennoxenne 37 (K)

(r,0)e{p,0)],.{p,o)eu,V(S)F r E??ﬂg e Sh(u,R.9)], .

HokazatensctBo. IIpenmoxxenne 37 mokaszaHo Ha cxeme 2.3.7 (cek-
BeHMA (13)) ¢ ucrons3oBaHueM npeioxkeHnii 32, 35 u qeMMbl 2.

[Tpennoxenne 38 (K)

uC'|RIXAVE(S)F

FUDLS U U g n)l,ns<li € shwR 9], xA).

YEu geE|IR| neA
JlokazatennscTBo. Ilpemnoxenne 38 nokaszaHo Ha cxeme 2.3.8 (cek-

BeHIMA (14)) c mcmoab30BaHUEM IPEIOKEHUT 37.
Beenem o0003HAYCHHE CIICAYIOMICH ONEparyu:
R={(r[rl)IrelRl}.
[Tpennoxenne 39 (K)
ve Sh(u,R,S)’Z,u C'|R| XAt
F-3p e R7Z o € ulpl (v =10ls,).
HoxkazatenscTtBO. Ilpennmoxenue 39 nokazaHo Ha cxeMax 2.3.9 u
2.3.10 (cexBeumus (16) cxemsr 2.3.10).
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IIpennoxenne 40 (K)

pERVZre(\Z+relpl..

HoxkazatensctBo. Ilpenmoxenue 40 mokazano Ha cxemax 2.3.10 u
2.3.11 (cexBennus (18) cxemsr 2.3.11).

ITpennoxenne 41 (K)
-nre |J [aev),.ucIRIXA re()Zz

veSh(u,R,S)"Z

re[[ﬁﬁée[ﬁ]sﬂR,Vc(S),éeA,t=<r,5>,t§£U [v], F

YEuU

HoxkazatensctBo. Ilpennmoxenue 41 nokazaHo Ha cxemax 2.3.11—
2.3.13 (cexBenmus (21) cxemsl 2.3.13 ) ¢ UCITOIB30BaHMEM MPEITI0KCHHS
39.

IIpennoxenne 42 (K)

uC' |RIXAVE(S)F
F U [plexA n U U (Kg. 21,0l € Sh(u,R, )l xA)

p€Dom(u) ge|R| neA

< Uy

YEuU

HoxazatensctBO. IIpennmoxenune 42 nokaszaHo Ha cxemax 2.3.13 —
2.3.15 (cexBenmus (24) cxemsl 2.3.15 ) ¢ HCTIOIB30BaHUEM IIPEIIOKCHUN
30, 35 u 41.

N3 npegnnoxkennn 38 u 42 cienyer

Teopema 11 (K)

e 0(0),VE(S),0=R® +S,|R|C [Tv(S)&|S|= Al, +

Fegu=57 U [plixA n

p€Dom(u)

QQU U(<Q977> WESh(MRS)]]XA)

q€|R| neA ,
( TeopeMa 0 pa3OMEHUH OTKPBHITOTO B R ® 5, S MHOXKECTBA ).

Teopema 12 (K)
L€ O(0),VE(S),0 = R®s SF
FosUu =357 [pl. XA N

p € Dom(u)

sz U U (Kg.2)],n nl7 € Shiu,R, S, x A)

qeltv(s) &|s|=Al, n€A
( Teopema 0 pa30MEHNU OTKPHITOrO B R ® , S MHOXKECTBA ).

N
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Teopema 12 pokaspiBaeTCs aHAIOTUYHO Teopeme 11.

Teopema 13 (K)
ue 0(0),V(S),G=gn(0),0=R® 48,
[RIC [Tv($) &S |=AlL,
f={te(RIXA)X|R|I"~Fpe[RITo €At =(p,c), p))}F
Fosu =55(Dom(u) X A)N
No5|Re,(G)N £~ "Sh{u.R.S) # 0] .

HoxazarenbcTBO. Teopema 13 cnenyer u3 teopemsl 11 u npepnoxenus
24.

Teopema 14 (K)
ue 0(Q),V(S),G=gn(Q),0 =R®, S,
f={re(rv©)&|s|= Al x2)x[Tv(s) &S |= Al

|73 elTvS) &IS|= Al 3o e At =(p, o), p))}+

Fssu =535(Dom(u) X A)N
No5|Re,(G)N £~ "Sh{u.R.S) # 0] .

JlokazarenbcTBO. Teopema 14 cienyer u3 Teopemsl 12 u npenyioxeHus
16.

[Tpennoxenne 43 (K)
A O(0),VE(u),VE(v),0 =R® 4+ S,|R|C [Tv(S) &S |= Al,,
If "Tu=f""v],nAC S,
f={te(RIXA)X|R||-~Fp €|R|Fo€A(t = p,0),p))}F
Flz e sh@Q,R, S, n[u = v], ' I € Sh(S,R,S)], .

HoxkazatenbcTBo. Ilpemnoxkenne 43 gokazaHo Ha cxemax 2.3.16 —
2.3.20 (cexBenuusa (29) cxemsr 2.3.20).

B niensix ynporieHust 3anicy, U3 aHTEIeICHTOB BCEX CEKBEHITHM CXeM
2.3.16 — 2.3.20 omnyieHsl ciaeayromye GopMybl:
0=R® ,S,|R|IC [Tv(S)&|S|= Al,,
f={te(RIXA)X|R||==Fp €|R|Fo€A(t =(p,0),p))}.

N3 npennoxenus 43 cieayer
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IIpennoxenne 44 (K)
Ae0(Q),V (1), VE(v),0 =R® »S,|R|C [Tv(S) &| S| = Al,,
If " "u=f""v],nAC S,
f={te(RIXA)X|R||=~Fp €|R|Fo€A(t =(p,0),p))}F
Fu = v], < [Sh(W,R,S) c’ Sh(S,R, )], .
AHaTOrnyHO peIoKEeHNI0 43 JT0Ka3bIBaeTCA
[Ipemnoxenne 45 (K)
AeO(Q),V(u),V-(v),0 =R®.,S,
If " "u=f""v],nAC S,
F={re(rv©) &|s|= Al x2)x[Tv(s) &|S|= Al
|73 elTv®) &|S|= Al 30 € A1 =((p,a), p))}F
iz e sh(@,R, S, n[u = v], c I € Sh(S,R,S)], .
N3 npemgnoxkenuss 45 crnenyer
[Tpennoxenne 46 (K)
AeO0(0),Vi(u),V(v),0=R®,S,
[f "Tu=f"v,nAC S,
F={re(rv) &|s|= Al x2)xITv(s) &|S|= Al
a3 elvS) &IS|= Al 3o e At =(p,o), p))}+
Fu = v], < [Sh(W,R,S) c’ Sh(S,R, )], .

§ 4 TeopeMbl 0 KAHOHHYECKOM UMEHU AJIEMEHTA

BEPXHET0 YHHBEPCYMa

AHAJOTMYHO ONPENCIICHUIO omepanuu rglu], MOXHO omnpeaeauTh
oneparmto In(u, H), Takyro, uro B K mokasyema ciiemyrorias CCKBeH-
U

Fa=teIn(u, H) ~ 7173v € Dom(u)(u(v)NH # 0 &t = In(v, H)).

Oneparuro In(u, H) Oynem Ha3piBaTh H — UHTEpIIpeTalIUeH 1.

AHaJIOTUYHO OINPEIENCHUIO Olepaluu Ig, (1), MOXKHO ONPEICITUTh
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oneparmto In, (u,H), Takyto, uto B K 10ka3zyema ciemyromiasi CCKBEH-
M
VE(tu, H) b5l € In, (1w, H)], =

= ??VLC(J) (Iv &€ Dom, ()], Nu(v), N H # 0], N

N[t = In, (v, H)[,)-

AHAJIOTUYHO ONIPEEIEHUIO ONepauu V., ,

MOJKHO OIIPEJEIUTh OIepa-

o Vi, Takyto, uro B K 1nokasyema ciemyromias CeKBEHIHS:

VE(u) bl € Vil =57 U (Iv € ulunlr € P (VE X, O)l,).
AHaJIOTHYHO OTIPE/IENICHUIO (‘;I;Ve)paHHH rg, (4) MOXHO ompenennuTh

onepanuio i **°

~ R,S,
nte =

={(r, |J (Dom(Jve u]]Q)ﬂHr =( 7" Sh([v e ul, ,R,S) )HR )| re
veDom(u)
& Dom(V L, %,0,(S)-

rgfu] R

, Takyto, uto B K mokasyema cieayromas CeKBEHITUSA

Hertanu onpenenenus onepauuii In(u, H), In,(u,H), Vi, n 1"
OCTABJIAIOTCS YUTATEIIO.

Jlnst ynpoinenus 3amnucu, OykBel R, S u Q Bonepanuu i "’ Gynem
OIyCKATh.

B Hacrostiiem naparpade npuHAMAOTCS CIIEAYIONHe 0003HAYEHUS:

O=R® ,S;

f={te(RIXA)X|R||7~3p€|R|To€A(t=(p.0).P))};

D= O(R ® 2 S);

G=gn(R® +S).

Ecin u € O(R), To mpuMmaercs clieayroniee 0003HaYeHHeE:

hu = f~u.

Ecimm V% (u), To mpumaercs cieayromiee 0003HaYeHHE:

hu=f""u.

Taxoke, JUIs YIPOILECHUS 3aIlUCH, W3 aHTEIIEJAECHTOB BCEX CEKBEHIIUMI
HacTosIiero naparpada omnymiena gpopmysa:

IR ITv(S) &|S|= Al,.
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N3 teopembr 13 cnepyer
[Ipennoxenne 47 (K)
ucO0(Q),V(S)Fgzu=535f"""Dom(u)N
No5IRe, (G)N £~ "Sh{u.R.S) # 0] .
N3 npennioxkenus 44 ciuenyer
[Tpennoxenne 48 (K)
VL), V2 (u), V(S F[f =], C
c [sh{[In, (hi, Re,(G)) € u] ,R.S) = Sh([In, (h¥, Rg,(G)) € u].R.S)] -
IIpennoxenne 49 (K)
Ve(t),V:(u), V(S te ], =
= |J (Dom([v € ul,)n]t =( ¥, Sh{[v € u],,R,9 )] N

ve Dom(u)

n Y le=rl)

re&Dom (i)

JlokazatenscTBO. Ilpemnoxkenne 49 nokazano Ha cxeme 2.4.1 (CekBeH-

s (1)).
ITpennoxenne 50 (K)
Vr € Dom(u) (|R|C w%[F € Vaml.)

Vv sclielr) g

v e Dom(u), VE(S)HR|C =[P € VI ]. .

rglul

JlokazarenbcTBO. Ilpemnoxkenne 50 qokazano Ha cxeme 2.4.1 (cekBeH-

s (2)).
ITpemnoxenne 51 (K)
vr € Dom(u) (|R|C w%[F € Vi) Vc(f,y,S),VD(u)

V scliglr) g

I_
- vy € Dom(u)([t = 9], N[y €0, € vx U [ty =rl).

reDom (i)

HoxkazarenbcTBO. IIpennmoxenue 51 qokazano Ha cxemax 2.4.1u 2.4.2

(cexBenmnus (4) cxemsl 2.4.2 ).

[Tpennoxenne 52 (K)
Vc(t’y’S)’ VD(”) I_??[[<t’ y > R E IZ]]R =
=zx J (Dom([v € u],) Nt = V], Ny € O, (5)].N

veDom(u)

ﬂﬂy— E[[vEu]] RS)HRH
Nz U Key) e =rl)

re&Dom(i)
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HoxkazatenbcTBo. Ilpennoxkenue 52 nokaszaHo Ha cxemax 2.4.2 —2.4.3
(cexBeHmus (6) cxeMbl 2.4.3 ) ¢ HICIOJIBb30BaHUEM IIPEIOKEHUS 49,
[Ipennoxenne 53 (K)
Ve(t,y.8), V" (u),
Vvr € Dom(u) (|R|C w<[F € V) F
Fexly) €l =
=z=% U (Dom([v € u],)n[t = v],N

veDom(x)
ﬂﬂy = Shz v e ul, ,R,S)HR ).
HokazaTtenscTBO. Ilpemnoxkenne 53 moka3zano Ha cxeme 2.4.4 (CeKBEH-
s (7)) ¢ ICoJIb30BaHUEM IIpeIoKeHU 51 1 52.
IIpennoxenne 54 (K)
|R|C [Fn(id)],,VE(S), V(i) t € Dom(u), V> (u), V(i)F
vr e Dom(u) (|R|C" z<[r € ngfrz[rm]] )k
- Dom([t € ul,) < [a(7) = shi[r € ul,,R.S))] .
HoxkazarenbcTBo. [Ipeqnoxenne 54 nokazano Ha cxemax 2.4.4 u 2.4.5
(cexBeHIMA (9) cxeMsbl 2.4.5) ¢ HCIOJIBb30BaHUEM IIPEIOKCHUS 53,
[Ipennoxenne 55 (K)
V(S), V2 (tu),
vr € Dom(u) (|R|C z%[r € Vsﬁéi[r),e]],e)
Vv € Dom(u) (|Q|C [In,(hv,Rg,(G)) = V], ) F
g glt € In, (hit, Rg, (G))]]Q =

- |J (hDom([v € u],

veDom(u)

N[Rg,(G)Nhu
Nt =v],).

HoxkazatenbcTBo. I[lpemnoxkenne 55 nokazano Ha cxemax 2.4.6 —2.4.8

N
v), # 0],

(cexBenmus (10) cxemsl 2.4.8 ) ¢ HICTIOJIB30BaHUEM IIPEIOKEHUS 53.
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[Ipennoxenne 56 (K )
Ve(s), v (u),IRIC [Fn@@)l;,
vre Dom(u) (| R|C 5 %[F € Vi)
Vv € Dom(u) (|Q|C [In, (hv,Rg,(G)) = v] ) F
FVi(V7(t) -5 5[t € In,(hi, Rg, (G))], =55l € ul,)-
HoxkazarenbcTBo. [Ipegnoxenne 56 nokaszano Ha cxemax 2.4.8 —2.4.10
(cexBenmus (12) cxemsl 2.4.10 ) ¢ ucnosib30BaHUEM IIPEIIOKEHUM 54, 55
u npenoxenns 47, ormedeHHoro Ha cxeme 2.4.10 cumBomom V.

[Ipennoxenne 57 (K)
vr€Dom(Z) (1R|C 7 %[F € Viiam ) VE(S), V2 (Z) F
 vr € Dom(Z ) (191" [In, (b7, Rg,(G)) =r],)-

JlokazaTenbCcTBO. B X071€ M0Ka3aTenbCcTBa MpeIIoKeHus 57 UCIONIb3Y-
eTCs caeayroIiee 0003HaAUCHUE :

Y = {u € Dom(Z)||Q|C [In, (hit, Rg,(G)) = ul,}.

[Ipennoxenne 57 mokazano Ha cxemax 2.4.11 um 2.4.12 (cexkBeHIuUs
(15) cxembl 2.4.12) ¢ UCIIOIB30BAaHMEM MPEIOKCHUS 56 M MPUHIIMIIA
~< — HHAYKIIHH.

Teopema 15 (K)

V2(U),VES)HIRIC 551U € Vi,

(mepBast TeopeMa 0 KAHOHUYECKOM MMEHH DJIEMEHTa BEPXHETO

YHUBEpPCYMa).

JlokazatenbCcTBO. B X04€ n0Ka3aTenbcTBa TEOpEeMBbl 15 HCHONb3yeTCst
crieayroiiee 0003HaAYCHUE :

X={ueTC.({UHU{U}|R|C w=[i € Vil }-

Cnenyromiasi CEKBEHITUS

V2(U),V(S),VP(G)F TC.{UHU{U} T X
nokasaHa Ha cxemax 3.4.12 — 3.4.17 (cexkBennusa (25) cxemnl 2.4.17)
C UCIIONIL30BaHUEM NpeIoKenuii 49, 50, 52, 57, npudnmna < — UHIyK-
UK ¥ IpeAIoxKeHus 48, ormedennoro Ha cxeme 2.4.13 cumsonom ”.

Teopema 15 crenyer u3 nokazyeMocTu B K cienyrommx CeKBEHITUM:
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VPU),V(S),VP(G)F TC.({U)U{U} C' X ;
F-—~UeTC.({U})U{U}.
CnenctBue Teopemsr 15 (K)
VPWU),VE(S) QT 55[hU € hVeiGin,l, -
Teopema 16 (K)
V2(U)F|Q|C [In, (WU, Re,(G)) = U],
(BTOpas TeopeMa 0 KAHOHMYECKOM UMEHH JIEMEHTA BEPXHETO
YHHUBEPCYMa).
HokazaTenbcTBO. I3 TeopeMsl 15 u ipeanoxenus 57 cieayer qoKasy-
nokazyemocth B K cexBeHuu:
Ve(s),ve(Z)r
FvreDom(Z)(|Q1C [In,(h7, Rg,(G)) =r],).
CraenoBaTelIbHO, CEKBEHITHS
Ve(s),ve(U)t+
- vreDom({(U.|Q1)}) (10| [In, (b7, Re,(G)) = r],)
Takxke qokazyema B K .
Teopema 16 cienyet u3 nokazyemMoctd B K clienyronux CeKBEHIIMI:
Ve(s),veU)k
- vr € Dom({{U,101)}) (101 [Iny (b7, Rg, (G)) = r],);
F == U € Dom({{U,|01])}).
Ecnu BBIMOMHSIOTCS YCIOBUS
VE(u), VE(v),
101C 55 U [hwehvi? ],

OR(r)
’
|Q1C" [Ing (hv, Rg, (G)) = u],,
TO Oy/IEM TOBOPHUTD, YTO V SIBIIICTCS UMEHEM U.
Nsteopem 15 u 16 cremyer, uto eciu BeimoHseTcs yeimosue V2 (u)
TO Ui SIBISICTCSI UMEHEM i. MHOKECTBO U Oy/eM Ha3bIBaTh KAHOHHYEC-

KM UMCHEM U.
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§ 5 Teopema 00 UCTUHHOCTU B BEpXHEM YHHUBEPCYME

B nmepBom maparpade rimaBel 3 BTOPOro Toma OBUIM OIpeeeHbI
CJIeIyIOITUE TPEAUKATHI:
YRtLu~3rvu=_(rv)&

& t € (Dom(r) X Dom(v))U(Dom(v)X Dom(r)));

YEfiu=X,v~Fn(f)&Dom(f)= Sc(Sc(n)) &

&11(0,v)ef&

& (Sc(n),u)ef &

&vieSc(n)vrt({l,ryef&{Sc(l),t)yef—-1t=r);
YEFuX,v~3F(fu=x.v);
PEy<v~dncwu=x,v);

TC<(Z)={t€TC(Z)XTC(Z|)| " ~Fuec Z(tXu)}.

B nepBom naparpade riaBbel 3 BTOpOro TomMa OBUIA MPUHSITHI 000-
3HAYEHUS CIICTYIONINX OTepaIuii:

ju‘:'{IEUUUU MXUUUU ult=u};

wu=TC<({u});

u' =) Dom({u});

u” =\ Re({u}):

Ev(f,u,v)=

={reP(|J Re(v)) | 773r € Dom(v) (t = v(r)nflu,r))};

Ev[f,u,v, R] =

={te€P(|R|)| 7~3Ir € Dom(u) (t = u(r)NzEv(f,r,v))};

Ev(f,u, v, R) =;UEv[f, u,v, R] ﬂ;UEv[f, v,u, R].

B nepBoM maparpade riiaBel 3 BTOPOro TOMa OBUIM OMpPEIENICHbI
CIICYIONINE TIPEIUKATHI:
Fev(fiu,R)~Fn(f)&Vrewu - {r,Ev(f|«r,r',r",R))ESf

( f ecTb u — omeHoOYHass (PYHKIIMS MHOXKECTBA U B R );
"Fevl ffu,R]1~ev(f,u,R) & Dom(f)C zu.

B nepBoM naparpade rinaBsl 3 BTOporo TomMa ObUIM HPHUHSTHI 000-
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3HAYECHUS CIICIYIOUIUX OTECPAIUN:
Ev(u,R) ={t € :uxP(|R|)| ~~3r € :u3If (ev(fu,R) & t =
=(r, Ev(f]<r,r',r",R)))}
(EV(M,R) €CTh OIICHOYHAsI (DYHKIMS MHOXKECTBa U B R);
[ = V], = Bv(Ev({u,v ), R) | < (v ) v, R)

([u = v], ectp ouenka ¢opmynsr u =v B R);

[uevl,= U v@r)nfu=r],)

([u e v], erf:ioz(vi)ueHKa bopMynel uEV B R).
Ev-(u,v,R) =
={reP(|J Re(v)) | 773reDom(v) (t = v(r)nfu = r,)};
Eve (u,v,R) =
={teP(|R|)|—3reDom(u)(t =u(r)Nzlrev],)};
Ev_[u,v,R] =< Eve (u,v,R) N J Eve(v,u,R).
OrnpejienieHre BHYTpEHHUX R — omneparuii
Ev, (f.u.v), Bv [ fiw,v, ST, Ev(fiwv,S), Ev,(u.5),
lu=v],,, [uevl,, Ev-,(u,v,S), Eve,(u,v,S), Ev-,[u,v,S]

npeaOCTAaBIIACTCS YUTATCIIO.

SR ?

IIpennoxenne 58 (K)
V(u), VE(S)F [V (u —?;U [u e Ve .
JlokazatenbCTBO. R
V(u), VE(S)F Ve (u)], = [7-3r(OR(r) & u € Vo)), =
= ??[[Elr(OR( ) &ue V), =
— Y& ue V], =

Ve

=== U I/l = VOR(S)]]R)
)

OR(r )H ??ﬂu SRV )
OR(F)]]R n??[[u S ng(S)R]]R) ="

=

Ve

[
Ve

RR [[
VE(r)

0

—=lue V¥, =

TR [[u e V&l -

48



PaBeHCTBO, OTMEUEHHOE Ha BHIIICIIPHUBEICHHOM JIEPEBE CUMBOJIOM

CIEeNYyeT U3 TEOPEMBI 7
B Hacrosem naparpade npuHAMAIOTCS CIICAYIONIHE 0003HAYCHUS:
QO=R® ,S;
f={t€(RIXA)X|R||=~Fp |R|FoEA (1 =(p,0), p))};
D=0(R® ,S).
Ecnu u € O(R), To npumaetcs clienyroiiee 0003HauYCHHUE:
hu=f""u.
Ecimm V% (u), To mpumaercs cieayromiee 0003HaYeHHE:
hu=f""u.
Taroke, A1 yIPOIISHUS 3aIIMCH, W3 aHTEILECJCHTOB BCEX CEKBEHIIUH
HacTosIiero naparpada omnymiena gpopmysa:
IR [Tv(S) &|S|= Al,.
[Tpennoxenne 59 (K)
VL VES) VOO ), =55 U IF 7 mues Ve ],
( B COKpaIIeHHOM BHU/IE

V(u), VE(S)F h Ve (u —55U [hu € h V. ],).
OR(r

JlokazatenbCTBO.

V). VASIHF IVl =, 77 5w U lue VIl =

OR(r)

o2 e Ve, =

OR(r)

ool U e Vi), =

OR(r)

=55 f 7 ue Vil =

OR(r)

— oz Ul rues Ve,

OR(r)
[lepBO€ paBEeHCTBO B BBIMICITPUBEICHHOM IS PABEHCTB CIIEAYET W3

npeaoxeHus S8.

BBenem 0003HaueHHE CIEAYIOIUX OIEPALIMIA:
b VR,S,Q(M) =57 U [[I/t Ef _IAV%R(SRHQ ;

OR(r)

il VR,S,Q (I/l, V) = VR,S,Q (M) N VR,s,Q (V) ;
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IIpennoxenne 60 (K)
V), VS F Veso(f = u) = f 77 [V (w)],.
HoxkazatenscTBo. Ilpenmoxenue 60 cremayet u3 npeajoxeHus S59.
[Tpemnoxenne 61 (K)

Vi(u), V-(u)t

FIRIC [u = v, —9RUEV¢Rqu RSRUEngvuS)]]
JlokazatenbcTBO. CeKBEHLMS

Flu = v], UEV¢uvRﬂ UEV¢vuR)

SABIACTCA I[OK&SyeMOI/I B K, a IIpHu €€ J0Ka3aTCIIbCTBC UCIIOJIB3YIOTCA

TOJBKO Ta 4acThb akcuoM K , OIIEHKHM KOTOPBIX paBHBI | R |.
N3 npepnoxenus 61 cienyer
IIpepnoxenne 62 (K)
Vi(u), V-(u)t
FQ|C [h [[u—v]]SR—hSRUEngqu RgRUEVg;RvuS)]].
[Ipennoxenne 63 (K)
Vi(u),V-(u)t
FIRIC [[u € v, UEV_RMVS)]]
I[0Ka3aTeJILCTBo CexBeHIMs
Fu € v], = | JEv-(u,v,R)

SABJCTCA I[OK&SyeMOI/I B K, a IIpHu €€ JOKA3aTCIIbCTBC UCIIOJIB3YIOTCA

TOJIBKO Ta 4acTh akcuoM K , O1leHKH KOTOpBIX paBHBI | R |.
N3 nipensiosxkenuss 63 cieayer
IIpennoxenne 64 (K)
Vi(u), V-(u)t
F1OIC [h[u€v], =h{JEv-,(u,v,5),], -
B nacrosieM naparpade npuHUMaeTcs cienyromiee 0003HaueHue:
a=[Gn(G,hs,h PRI, .
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Teopema 17 (K)
VP(G),V(X,Y,S)F
FGn (G, hS, h P( R, N Viso (hX,hY)N[GNh[X = Y], # 0], =
= [Gn (G, hS, h P( RN, N Viso (hX,hY) N [In, (hX,G) = In, (hY,G)], .
( TeopeMa 00 NICTUHHOCTH B BEPXHEM YHUBEPCYME IS IPEIUKaTa
PaBEHCTBA) .
JlokazatenbCcTBO. B X01€ A0Ka3aTenbCcTBa TEOPEMBI 1 7 MCIIONMB3YIOTCS
cleAyroIe 0003HAYCHHUS :
A=TC:((X, Y))U{(X,Y)};
RN=A
(omepanun TC<(#) u A< ompeneneHbl B § 2 TJaBbl 3 BTOPOTO TOMA);
Y={teTC:((X,Y))U{{X,Y)}|
|anViso(ht',ht")n[Gh[t" = ¢"], # 0], =
= aNViso(ht',ht")N[In, (ht',G) = In, (ht",G)],}
(omepammu ' u u’ onpeneneHsl B § 2 TiaBbl 3 BTOPOIro TOMa ).
Crenyroriasi CEKBEHITUS JoKa3aHa Ha cxeMax 2.5.1 — 2.5.14 (cexBeH-
s (7) cxemsl 2.5.14 ) ¢ uCnoyb30BaHUEM IIPEUIOKEHU 62 U 64 :
V2(G),V(u,v,S),0(u,v),R)C' Yt
FanVese(hu,hv)N[GNhlu = v, # 0], =
= a N Veso(hu,hv) N[In, (hu,G) = In, (hv,G)], .
Hcmonp30BaHue MPUHITUIIA =X — WHIYKIIUU 3aBEPIIACT TOKA3ATEIbHCT-
BO TeopeMbl 17.
Teopema 18 (K)
V2(G), Ve (X,Y,S)k
FIGn(G, hS,h P( R )], N Veso (WX, hY)N[GNR[X & Y], # 0], =
= [Gn (G, hS, h P(| R|)], N Vise (hX,hY) N [In, (hX, G) & In, (hY,G)], -
( TeopeMa 00 UICTUHHOCTU B BEPXHEM YHHUBEPCYME TSI OTPHUITAHHSI
npeauKaTa IPUHAIJICKHOCTH ).
JoxkazarenbcTBO. Teopema 18 mokaszana Ha cxemax 2.5.15u 2.5.16

cexkBeHIUA (9) cxembl 2.5.16) ¢ ucHmoap30BaHUEM Teopembl 17 u
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cekBeHnuu (3) cxemsl 2.5.3 . PaBeHCTBO, OTMEUEeHHOE Ha cxeme 2.5.15

CHMBOJIOM "

, clienyeT u3 Teopemnl 17.

[Ipennoxenne 65

Ecnu ¢(u,v) — orpuniatensuas gopmyna K ¢ nByms cBoOOIHBIMU
TIEpEMEHHBIMU U U V , HE COJIeprKaIlias mepeMeHHoi , 1o B K qokasyema
CIIeyIOIIasl CEKBEHIINS
Vo(r), Veu,S)H QI [h]e, )], " h[3ve(u,v)l,], -

JlokazatenbcTBO. Ilpemnoxkenne 65 mokazaHo Ha cxeme 2.5.17 (cek-

BeHIMA (1)) ¢ MCmonp30BaHKEM TeOpeMbI 15.

[Ipennoxenue 66

Ecnu ¢(u,r) — orpuniarensHas ¢popmyna K ¢ aByms cBOOOJHBIMU
MIEPEMEHHBIMU U U I , HE cojiepkamas nepeMeHHon G , To B K mokazyema
CJIeJIyIOIasi CEKBEHITHU :

V2 (ru), Ve(S),G = gn(R® s S) F [¢(In, (hu, Rg, (G)), )], €
C' [ (In, (hu, Rg, (G)), Iny (b7, Re, (G))],

JlokazatenbcTBO. Ilpemnoxkenne 66 mokazaHo Ha cxeme 2.5.17 (cek-
BEeHIMA (2)) C MCHOJb30BaHUEM TEOpPeMbI 16.

Jlist otpunatenbHoi popmynsl ¢(u,v) cuctemsl K ¢ aByms cBo6o-
HbIMU TEPEMEHHBIMU U WU V, NPUHUMAEM O0O3HAYEHUE CIEAYIOIIEH
omeparyi :

| o(u, )| ={reP(S])| "3 (OR(a)Iv € VI (r = [o(u,v)],))} -
B K nokaszyema cienyroiiasi CEKBEHIIHS :
F——re || o(u,.) ||S ~132(OR(@) Iv € V2 (r = [e(u,v)];)) -
Jliis onepanum || o(u ||g MBI MOXKE€M OMPEIEIUTh BHYTPCHHIOIO
R — onepanuto || o(u ||

[Ipennoxenue 67

Ecnu ¢(u,v) — orpuniatensruas gopmyna K ¢ nByms cBoOOIHBIMU
nepeMeHHbIMU 1 1 v, TO B K JIOKa3yema CIIe/lylonas CeKBEHIIHS :

V(u,r,S)F—= RHrE"q) || H

= 7[32(OR(@) Iv(=v e VI & r = [o(u,v)],))]

R

52



[Ipennoxenne 68
Eciu ¢(u,v) — orpuniarensias Gopmyna K ¢ aBymst cBOOOIHBIME
NepeMEHHbIMU U U v , TO B K J1oKka3zyema ciieqryronias CEKBEHIUS :
Ve (urS)I-??Hre"go || H
=z7 U U ve Ve l.nlr=le@v)l,) -

OR(@) VE()
HoxkazatenbcTBO. Ilpenmoxenue 68 nokaszaHo Ha cxemax 2.5.17 u

2.5.18 (cexBenmus (3) cxemsl 2.5.18 ) ¢ HCIOIB30BaHUEM TIPEIITOKCHUS
67.

N3 npennoxenust 68 cienyer

IIpennoxenne 69

Ecnu ¢(u,v) — orpuniatensuas gopmyna K ¢ nByms cBoOOIHBIMU

MepeMEHHBIMU U U V , TO B K 10Ka3yema cienyromniasi CEKBEHIIU :

VE(ur,S)Fzglren]ow )| ] =
QQU U [hv € h VT, [, N ﬂhr:hMRHQ)‘
OR(a) V©(v)

IIpennoxenune 70

Ecnu @(u,v) — orpuniatenbras opmyna K ¢ aByms cBOOOTHBIME
HEpEMEHHBIMU U M V , TO B K JToKa3yema cieqyromias CEKBEHIIN :
V2(G),V(u,S)k
HRg, (G)Nnh[3v gD(u,v)]]SR F O]] =
=73 (Veso(hv)N[Re, (G)Nh[e(u,v)];, # 0],)-

VEew)
HoxkazatensctBo. Ilpenmoxenue 70 nokazaHo Ha cxemax 2.5.18 u

2.5.19 (cexBenmus (5) cxemsl 2.5.19 ) ¢ UCIIOIB30BaHMEM MPEITI0KCHUS

69. PaBeHCTBO, 0OTMeUeHHOe Ha cxeMe 2.5.18 cumBonom "

, CIIEAYeT U3
npeajaoxenus 69 .

[Ipennoxenue 71

Ecnu ¢(u,v) — orpuniatensuas gopmyna K ¢ nByms cBoOOIHBIMU
IEPEMEHHBIMA I/ M V, U HE COIepKalas IepeMeHHBIX Vy, [, ¥ u G,

toB K 1okazyema cienyroiias CCKBEHIIHS :
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V(u,S),G=gn(R® 4 S),Vy,t (V- (y,t) —
— Viso(hy, ht) Ne(In, (hy, Rg, (G)), In, (h, Rg, (G)))], =
= Viso(hy, ht) N[Rg, (G)Nhe(y.1)];, # 0],) F
F Viso (hu) 0 [3r ¢ (In, (hu, Re, (G)), )], <

C' [Rg, (G)Nh[Iv o(u,v)];, # 0], -
HoxkazatenbcTBO. lIpenmoxenue 71 gokazano Ha cxemax 2.5.19 u

2.5.20 (cexBenmus (7) cxemsl 2.5.20 ) ¢ HCIOIB30BAaHUEM IPEIIOKCHUS
66.

IIpennoxenune 72
Ecnu ¢(u,v) — orpuniatensuas gopmyna K ¢ nByms cBoOOIHBIMU
HEpEMEHHBIMA 1 U V, M HE CoJepKaliasi HepeMeHHbXx y, f, 7 u G,
toB K moKasyema cieqyromias CEKBEHIIHA :
VE(u), V2(G), Vy,t (V(y,1) —
— Veso(hy, ht) N e (In, (hy, Re, (G)), In, (ht, Rg, (G)))], =
= Viso(hy, ht)N[Re, (G)Nhe(y, )], # 0],) F
F Veso (hu)N [[RgQ( )N h [Fv o(u,v)];, # 0], C
7 5l3r ¢(In, (hu, Rg, (G)), r)], -
JI0Ka3aTenbCTBO. HpeILHOH(GHHC 72 noka3zano Ha cxeme 2.5.21 (cek-

BeHIMA (8)) ¢ UCIoIb30BaHueM IpeuiokeHust 70.
N3 npeqnoxkenun 71 u 72 cnenyer
IIpennoxenue 73
Eciu ¢(u,v) — orpuniarensias Gopmyna K ¢ aBymst cBOOOIHBIME
MIEPEMEHHBIMU U M V , M HE COJIeprKaIas nepeMeHnslx y, ¢ u G, 10 B K
JI0Ka3yema CaeAyroIas CeKBEHITHS :
V(u,S),G=gn(R® 4 S),Vy,t (V- (y,t) —
— Viso (hy, ht) Ne(In, (hy, Rg, (G)), In, (hz, RgQ(G)))]]Q =
= Veso(hy, ht) N[Rg, (G) Nh[e(y, 1), # 0],) F
F Viso (hu)N[=3v ¢(In, (hu, RgQ( ) v)]]
= Viso(hu)N[Rg, (G )Nh [3v o(u,v)], ]]
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AHaNOrM4YHO MPEUIOKEHUIO 73 TOKa3bIBAECTCS

IIpennoxenue 74

Ecnu ¢(u, ...,v) — orpuniatrenbnas gopmyna K, raeu, ...,v — crmcok
BCEX CBOOOJHBIX MEepPeMEHHBIX GopMynbl @ (i, ...,V), HE copepiKalieit
nepeMeHHBIX y, I U G, 0B K [g0Kasyema cienyromias CEKBEHIIN :

V(u,..,5),G=gn(R® 48),Vy,t (V(y,t)—

= Veso(hy, ..., hr) Ne(In, (hy, Rg, (G)), ..., In, (ht, Rg, (G)))], =
= Viso (hy, ---,ht) [Rg, (G)Nh[e(y, ..., # 0],) F
F Viso (hu, ...) N [=3v ¢(In, (hu, RgQ(G)) V), =
= Veso (hu, ..)N[Rg, (G)Nh[=3v o(u, ... v)];, # 0], .
Teopema 19

Ecnu ¢(u, ...,v) — orpuniarenbnas popmyna K, raeu, ...,v — crmcok
BCEX CBOOOJHBIX MEepPeMEHHBIX GopMyibl @ (i, ...,V), HE copepKalieit
nepemeHHol G, To B K nokazyema cieayromiasi CEKBEHIUA :

V(u,..,v,S),G=gn(R® »S)F

F Viso(hu, ..., hv) N[e(In, (hu, Rg,(G)), ..., In, (hv, Rg, G, =

= Veso(hu, ..., hv)N[Rg, (G)Nh[e(u, ...,v)];, # 0])
( TeopeMa 00 UCTHHHOCTU B BEPXHEM YHHUBEPCYME IS OTPUIIATENLHEIX

dopmyn K).

JokazarenbcTBO. Teopema 19 pokaspiBaeTcss MHAYKIMEH IO JJIMHE
oTpunateabHot ¢opmyasl K ¢ ucmnons3oBanuem teopem 17, 18, u
npeajaoxeHus /4.

N3 teopembr 19 crnepyer

Teopema 20

Ecnmu ¢ — orpunarensHas popmyna K, He coaepikaias cBoOOIHBIX
CBOOOIHBIX TIEPEMEHHBIX, TO U3 I0Ka3yeMOoCTH B K cekBeHImm

FIRIC [0 #]S], < lel], -
cienyer, yto B K J10kazyema CeKBEHIUS :

HoIC [e], -
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§ 6 Onepanuu "MPOMEKYTOUHOTO" YHUBEPCYyMa

Ecam BeIOIHSAIOTCS yCJI0BUA :
V) IRIC zz U [ve Vi,

OR(r)
TO OyJAeM TOBOpPUTH, YTO U SIBISIETCA DJIEMEHTOM 'MPOMEKYTOYHOTrO"

YHHBEpCyMa.

Ecnu st onepanuu F(u) cuctembr K MOXHO omnpesenTs BHYyTPEH-
HIoR0 S — onepanuio F, (#)(BO3MOKHOCTb TAKOTO ONPE/ICIICHHS 3aBUCHUT
OT camoii oreparii F(#) u OT KOHKPETHOTO OTHOLICHUsT S ), TO pac-
cMmatpuBas onepauuro F (u) kak omepammio K, MOXHO ompenenuTsb
BHYTpPEHHIOI0 R — onepauuio F (u).

Oneparuu mogo0HOTO poaa OyaeM Ha3biBaTh R,S — oneparusMu Win
omnepanusiMid "'MPOMEKYTOUHOT0" YHUBEPCYMA.

B §3 rnaBsl 3 BTOporo Toma ObLI0 BBEIEHO 0003HAUEHUE CIIEIYIOIICH
oreparu

P, (u) = {(r, I " ul, )| r € PF(Dom(u) x O(S))}

(P,(u) ectp BHyTpeHHsisi R — omepanusi MHOXECTBA-CTEIICHH U

B O(S) — yHUBEpcyME ).

BBenem 0003HaueHUsT CICIYIOIIEH OMepaiuu:

P,, () = {{r, [n=3y € PF(Dom(u) x O($))(r =(», Iy < ul, )),)|

| r € Dom(PE, (Dom, (1) X, 0, (8)) X, P, (1S ] )}

[Ipennoxenne 75 (K)

V(t),Viu)Ve(S) k== [t € P, (u)], =

= —=I3y € PF(Dom(u) x O($))(t =( 3.1y < ul, )],

HoxazarenbctBOo. [Ipemnoxenne 75 noka3zano Ha cxemax 2.6.1 —2.6.3
(cexBennus (1) cxemsr 2.6.3).

[Ipennoxenne 76 (K)
V(t),Ve(v),Vi(u)V(S)
TR U (PE(

y€Dom(PF z(Dom (1) X g O (S5)))

?[K ’V>R€§R(M)HR:

R
om




JlokazaTtenbcTBO. Ilpemnoxkenne 76 nokazano Ha cxeme 2.6.3 (CEKBeH-
(cexBeHIMS (2) cXeMbl 2.6.3 ) ¢ HCIIOIB30BAaHUEM PEITIOKCHUS 75.

N3 npepnoxenuss 76 crnenyer

IIpennoxenne 77 (K)
V() VE(S) FIRIC [Dom, (Py, (1)) = PF, (Dom, () X,0,(S))], -

2R R

U3 nipensiosxkenus 76 cuenyer
ITpennoxenne 78 (K)
VE(u) FIR|C [V (u) - Ve (P, (u))]
[Ipennoxenne 79 (K)

Vi(u),Ve(t)k

FIVOY (1) & VS (1) & TV(S) = | S|C [t € Py, (u) ~t " ul ], .
JHoxazarenbcTBO. [Ipennoxenue 79 cienyer u3 Toro, YTo CEKBEHIIUS
VOOl (u) &V (t) & Tv(S)—|S|C [t € Py(u) ~ t C ul,

A0Ka3ycMa B K c ucnonbp3oBaHHEM TOIBKO TE€X aKCHOM K, OLICHKH

R

KOTOPBIX paBHbBI | S |.
[Ipennoxenue 79 MOXKeT OBITH JOKA3aHO M IPSMBIM BBIYUCICHUEM
OLICHKHU
[V (u) & VS (1) & TV(S) = |S|C [t € Py, (1) ~t " ul ],
C HCIIOJB30BaHUEM TipejyiokeHus 75. Takoi cmoco0® JokazaTeabCTBa
SIBJISICTCS BEJIUKOJICITHBIM YIIPAXKHEHUEM JIJII YATATEN.
B HacrosmeM naparpade npuHUMAarOTCS CIIeIyIoNe 0003HaUYCHUS:
Q=R ® 2 S;
f={te(RIXA)X|R||-~Fp€lR|FocA(t=(p,0),p))};
D=0(R® ,S);
G=gn(R® ,S).
Ecimu u € O(R), To mpumaercs clieayromiee 0003HaueHHE:
hu=f""u.
Ecimm V% (u), To mpumaercs cieayromiee 0003HaYeHHE:
hu=f""u.

Takxe, I yOpOIICHUS 3alIUCH, W3 AaHTELIEACHTOB BCEX CEKBEHIIMHU
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HacTosIiero naparpada onyiiena gpopmysa:
IR [Tv(S) &|S|= Al .
ITpennoxenne 80 (K)

Vi(u,S), VP (t)k

F5 5[t € Ing(h Py, (u), Rg, (G))], =

=535 (J ([hr €hDom, (P, (u))],N

Ve
i N[Reg, (G)Nh[rc uf, # 0],N
N[t = In, (br, Rg, (G))],)

JlokazatenbcTBo. IIpemmoxenue 80 moka3aHo Ha cxeme 2.6.4 (CEKBEH-
uus (1)).

ITpennoxenne 81 (K)

Vi(u,S)+

F Vieso (hu) [Ing (h Py, (1), Rg, (G>) - P, (In, (hu, Rg, (G)))]]Q '

JoxkazarenbcTBO. [Ipennoxenue 81 nokazano Ha cxemax 2.6.5 —2.6.8
(cexBeHmmsA (5) cxembl 2.6.8 ) ¢ MCIOIB30BaHUEM NpeaaokeHus 80 u
TEOPEMEI 00 MCTHMHHOCTH B BEPXHEM YHHBEpCYME (GOpMyIbl u C v
(dacTHOTO ciydass TeopeMbl 19), M3 KOTOpO# ciieayeT paBeHCTBO, OT-
MeueHHOE Ha cxeMe 2.6.5 cumBoiiom .
Brenem oOo3HaueHHe cleayrolield oreparuu:

Unzrs.06 = {< 7, U ([[V - MR(M)]]SO

A4 O(R)(V)

N Dom([In, (hv,Rg,(G)) € Z]]Q) N
N H” =(v,u(v), QRShZ [In, (hv, Rg,(G)) € ZHQ ’R’S)HR )|
r € Dom( Dom, (i) X,P, (| R, (1),))}

s ynpoienus 3anucu OykBol R,S,0,G B 0003HAaYE€HUH OIepariuu
Unzrsoc OYIEM OITYyCKaTh.

IIpennoxenne 82 (K)
V(t),Vi(u),V(S)F |t € u], =
= J ([v € Dom, (u)], " Dom([In, (hv, Rg, (G)) € Z] )N

VEw)

nfe =Cv,uv),n Shiin, (hv, Re, (6)) € Z], . R.5))] ).
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HoxkazatenbcTBo. [Ipegnoxenne 82 qokazano Ha cxemax 2.6.9 —2.6.11
(cexBenimsa (3) cxemsl 2.6.11)

ITpennoxenne 83 (K)
VE(r,e), VE(u), VE(S) F[(r.1) , € us], =
= U ([v € Dom, (u)], " Dom([In, (hv, Rg, (G)) € Z]]Q) n

VEw)

nfr = vl,n[t = u(v),n,Sh{[in, (hv, Re, (G)) € Z], .R.5)] )

JlokazatenbcTBO. IIpemmoxenue 83 qokazano Ha cxeme 2.6.11 (cekBeH-
s (4)) ¢ UCIOIB30BAaHUEM MPEIIOKCHUS 82.

[Tpennoxenne 84 (K)

Ve (r,u, S) VP(Z)E Vv ([r=v],C
' || u(r), 0, Sh([In, (hr, Rg, (G)) € Z], .R.S)

= QR QRSh( [In, (hv, Ig@( ) € Z[IQ ’R’S)"R ).

JlokazaTenbcTBO. IIpemmoxenue 84 moka3aHo Ha cxeme 2.6.12 (cexkBeH-
11 (5)) ¢ UICIOJIB30BAaHUEM CJICACTBUS IIPEIIOKEHUS 44, OTMEUCHHOIO
Ha cxeme 2.6.12 cumBosom .

ITpennoxenne 85 (K)

Ve(rtu,S), V(Z)F[{r,t) . € ux|, =
= [r € Dom, (u)], ﬂDom([[In (hr,Rg,(G)) € Z] )N
n|t = u(r),n,Sh([In, (hr, Rg,(G)) € Z],.R.9)] .

HoxkazatensctBo. Ilpennoxenue 85 mokazaHo Ha cxemax 2.6.12 u
2.6.13 (cexBenmus (6) cxeMbl 2.6.13 ) ¢ UCIIOIB30BAaHUEM MPEITI0KCHUI
83 u 84.

[Ipennoxenne 86 (K)

Ve(r,u,S),V°(Z)F
F[r € Dom, (u)], ﬂDom([[In (hr,Rg,(G)) € Z],) C
c’ [(r,u(r), N Sh([ln, (br, Rg, (G)) € Z],.R.9)) € uxs] -

JHokazaTenbcTBO. Ilpennoxkenue 86 nokazaHo Ha cxeMax 2.6.13 u

2.6.14 (cexBenmus (7) cxemsl 2.6.14 ) ¢ UCTIOIB30BaHUEM IIPETOKCHHUS
82.
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ITpennoxenne 87 (K)
Ve(r,u,S),V°(Z)F
- [r € Dom, ()], N Dom([In, (hr, Rg,(G)) € Z] ) ’
c s (r), = u(r),n,Sh{[In, (br, Rg, (G)) € Z], .R.S)|

JlokazaTenbcTBO. IIpemmoxenue 87 gqokazaHo Ha cxeMe 2.6.14 (cekBeH-

. .

1y (8)) ¢ ucroib30BaHUEM IpeIoKeHu 85 u 86.
[Tpennoxenne 88 (K)

Vi(u,S), VP (t,Z)F

F5 5[t €In, (huz, Rg, (G))]]Q =

=453 U ([hr € h Dom, (u)], N

Ve

Nh Dom([In, (hr, Rg,(G)) € Z]]Q) N
N[Re,(G)Nhues(r), # O], 0
N[t = In, (b, Rg, (G))],)
HoxkazatenbcTBo. Ilpennoxkenue 88 mokazaHo Ha cxemax 2.6.14 u
2.6.15 (cexBenmms (10) cxembl 2.6.15 ) ¢ HCTIOIB30BaHUEM TIPETOKECHHUS
85.
Teopema 21 (K)
Vi(u,S),V°(Z)k
F101C [Ing (h e, Re, (G)) = ZN, In, (hu, Re, (G))]

( TeopemMa 00 MHTEpIIPETAIIUN Uz ).

0"

HoxkazatensctBo. Teopema 21 nmokazana Ha cxemax 2.6.16 — 2.6.18
(cexBenmms (11) cxemsr 2.6.18 ) ¢ ncmoap30BaHUEM NpeIIokeHui 87, 88
u npetoxenns 47 (§ 4), ormeuenHoro Ha cxeme 2.6.17 cumBoiom .

[Tpennoxenne 89 (K)

Veu,S),V(Z)FH QO|C 55[huz€h DoimR(iR(u))]]Q :

JlokazatenbcTBo. [Ipemmoxkenne 89 nokazano Ha cxeme 2.6.19 (cekBeH-
s (12)).

ITpennoxenne 90 (K)

V(u,S), VI(Z) & Veso(hu) ' [Re, (G)Nh [unz € ufs, # 0],

JlokazaTenbcTBo. [Ipemmoxenue 90 nokazano Ha cxeme 2.6.19 (cexBeH-
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s (13)) ¢ ucroap3oBaHuEeM TeopeMbl 19, oTMeueHHOH Ha cxeme 2.6.19
CUMBOJIOM .
[Tpemnoxenne 91 (K)
V(u,S),V°(Z)F|Ze€P,(In,(hu, IgQ(G)))]]Q c’
C' [|Z = In, (h Uz, IgQ(G))]]Q :

JlokazaTenbcTBO. IIpemmoxkenue 91 mokazano Ha cxeme 2.6.20 (cekBeH-
s (14)) ¢ ucnonp3oBanueM TeopemMbl 21, oTMedeHHOM Ha cxeme 2.6.19
CHMBOJIOM .

[Ipepnoxenne 92 (K)

V(u,S),V(Z) F Veso(hu)N|Z € P, (In, (hu, IgQ(G)))]]Q c’
' 55l2 € In, (h Py, (1), Rg, (G))], -

JlokazarenscTBo. [Ipemmoxenue 92 nokazano Ha cxeme 2.6.20 (cekBeH-
s (15)) ¢ ucnons3oBanueM npeioxeruit 89, 90, 91 u npemmoxeHus
80, orMeueHHOro Ha cxeme 2.6.20 cuMBOJIOM .

[Ipennoxenne 93 (K)

Vi(u,S)+
F Vaso (hu) €' [Py (In, (hit, R, (G))) €' In, (h Py, (1), Re, (G))],

JlokazaTenbcTBO. IIpemnoxenue 93 mokazano Ha cxeme 2.6.20 (cekBeH-
s (22)) ¢ ICIOJIb30BaHUEM IPEIOKEHUT 92.

N3 npegnoxenunt 81 u 93 crnenyer

Teopema 22 (K)

Vi(u,S)+
F Vaso (hu) €' [P, (Ing (hut, Rg, (G)) = In, (h Py, (), Re, (G))]
( Teopema 00 nnTepnperanuu R, S — onepamun P (1) ).

0"

Mpg1 MmoxkeM onpenenuts R,S — onepauuto V., mid S — onepauuu

SR

V., . Jletanu onpeneseHus OCTaBIsI0TCS YNTATEIIO.
Crenyrommue 1Ba IPEUIOKEHUSA CIEAYIOT M3 ONpeNeeHus Vi, .
IIpennoxenne 94 (K)

VE(r),VE(u), V(S) F[r € Dom, ()], N[V (u)], <

C" [PE, (Dom, (V: ) X0, (S)) € Dom, (Vi )], -
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[Ipennoxenne 95 (K)
Vi(u), Ve(r),Ve(v),V(S)k
F Vo (), N[ € Dom, ()]

C ur)e N[V € Vel © Ve (W), -

[Ipennoxenne 96 (K)

VE(u), Ve(S),
Vv € Dom(Dom, (#))( Vkso (hv) C’
c [[VIEQ(”&Q(G”Q c LHQ (h Vo s &Q (G))HQ )k
F Vieso(hu) C’
C Vit € Ing(h Vi, Re, (G))],
HoxkazarenbcTBO. llpenmoxenue 95 nokazaHo Ha cxemax 2.6.22 —

R

2.6.30 (cexBennusa (7) cxembl 2.6.30) ¢ UCITOIB30BAHUEM TCOPEMBI 22
U npemioxkenud 94 u 95. BxiroueHne, oTMeueHHOE Ha cxeMe 2.6.24
CHMBOJIOM ' CIIEIYeT U3 TEOPEMBI 22.
N3 npensioxxkenus 96 cuemyer
[Tpennoxenne 97 (K )
Vi(u), VE(S) F Vaso(hu) C’
C [Vinseyon, € 10y (h Vi R,y (GY)],
AHQJIOTUYHO NPEMIOKEHUI0 97 T0Ka3bIBAETCS
[Ipennoxenne 98 (K)
Vi(u), VE(S) F Vaso(hu) C’
C' [Ing (b Va5 Re, (G)) € Visgumisyong], -
N3 npeqnnoxenun 97 u 98 cienyer
Teopema 23 (K)
Vi(u), VE(S) F Vaso(hu) C’
c [[VLanM&Q@»Q = LnQ (h LR’ &Q (G))HQ :
( Teopema 06 uHTEpHpeTanuu R, S — omepamuu V., ).
Jlnsa npyrux  R,S — omepanuii MOTyT OBITh JIOKa3aHbI TEOPEMBbI

aHaJIOTUYHbIE TeopeMaM 22 u 23.
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Cxewma 2.1.2
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¢ reDom(v) t€Dom(u)
=5(z U 2(Z7u(r 227 =lr=103
r&Dom(u) teDom(v)
o5 U s(Z27v(n o U s(Z27uw(t) 227 lr=1],)) =
0 reDom(v) t€Dom(u) Q
=3z U 2 ”u(’” s U 2(Z7v(0)25Z27r=1,) 2
reDom(u) teDom(v)
32770 U v(r) D4 U 7(Z u(t):QDEZ = t1.)
reDom(v) teDom(u)
VOR (u), VO (v), hm(Z,R,Q), Tv(R), TV(Q) F Z 7 [u = v], =
=5(z U 2(Z7u(r)25 U H(Z7v()2527[r=1]) 2
re&Dom(u) teDom(v)
297 U 3(Z7v(r)25 U 2(Z7u(t)25Z7[r=1],));

r&Dom(v) teDom(u)

O(u,v),R)C' Yt

Vo (u,v), hm(Z,R,Q), TV(R 0),0(u,v), M YHZ  [u=v],=

=3z U 5(Z2%u(r) 3z U (Z2"(0)25l27r=2"1,) 2
reDom(u) teDom(v)

:Q)EE U E(Z”V(F>DE U E(Z”I/l(t>:Q)5[[ZAr:ZAt]]Q)))_

reDom(v) t€Dom(u)

reDom(u)

27 U a<Z”v<r>gaﬂZAr=ZAruQ>>:Q>

te Dom(v)

r&Dom(v)

o5 U 5(Z7u(n) 241z r=271,)) =

t€Dom(u)
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37070 U

yeDom(Z ~v)

=5z U

yeDom(Z ~u)

3770 U

yeDom(Z " v)

=5z U

yeDom(Z " u)

37070 U

yeDom(Z " v)

yeDom(Z " u)
37070 U
yeDom(Z " v)
=5z U
yeDom(Z " u)
37070 U
yeDom(Z ~v)
=5(z U
yeDom(Z ~u)
27070 U
yeDom(Z ~v)
=5(z U
yeDom(Z ~u)
37070 U
yeDom(Z ~v)

27 U s(Z7u(r)25ly=rl,)) =

reDom(Z " u)

E(ZAM(Y)ZQ)
27 U ee(Zv(n)nly=rl,)2

reDom(Z " v)

E(ZAV()’):Q)

reDom(Z " u)

u
(Z7u(y) 27 U (Z7v(r)nfy=

Cxema 2.1.3

(Z7u(y) gategma(Z”V(t) 2ly
7(Z7v(y) gategwa(?’u(ﬂ 23ly
7(Z7u(y)2

ggtegmg( Zv(Z7t) 25ly=2"1],) 2
7(Z7v(y)2

ggtegmg( Zu(z7t) 25ly =271, =
7(Z7u(y)2

garenga(ZAV(f’) osly =702
7(Z7v(y)2



Cxema 2.14

= U (Z7u@)nlyez vlyn

yeDom(Z " u)
Ny U (Zvy)nlyezZ uly) =12"u=2"],

yeDom(Z ™ v)
VOoR (u), VO®(v), hm(Z,R,Q), Tv(R), Tv(Q), O({u,v ), R)C" Y+
FZ7u=v],=[Z"u=2"v], (1)

VOO (u), VO (v), hm(Z,R,Q), Tv(R), TV(Q) F Z 7 |u & v], =

=Z" %[uev],=

=7 wregm(v(”)ﬂ [u = r[) =

=7 Fregw)??(v(}ﬁ)mﬂu =rl) =

=35Z regn(v)ww(v(”)ﬂﬂu =rly) =
=5Z" remm(y)?("(”) Dzlu=rly) =
=5r€gmz Tw(v(r) 2wlu =rly) =
Zaregmaz (v(r) Dxlu=rl,) =

=z U o(Z7v(r)2Z" zlu=r],) =
Zaretoj(wa(z v(r)25Z fu=rl) ="
— U (27w 25lzu=2r],) =
Zar:::::E(ZAV(Z“”) 25lZ7u=27r],) =
=z U 2(Zv()25l27u=1],) =
=3 EDOZ V)EE(Z“v(t)m[[ZAu =t],) =

reDom(Z " v)

=z U Zwv()n[Z7u=1],) =
reDom(Z " v)

=5z uez v, =1Z"u¢ 27|,

VR (u), VOP(v), m(Z,R,Q), Tv(R), Tv(Q) F

FZ7uégv], =1Z"uegZv], (2)
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Cxewma 2.1.5

VO(R)( ) Vo(ze)( ) hm(Z,R,Q), TV(R), TV(Q) F

FZ7 3t e ue(t,y)], =
=5 U E(Z”u(t)ZQDE 7
)_>

teDom(u)

Vt,r(VO(R)( )&VO(R)(

Vl‘,l’ (VO(R)( )& VO(R)(
FZ7 A3t e ue(t,v)],

)—
=3 DLJ( 5(Z7 u(t )ZQ) le (ZﬁtZAVﬂ]Q):

=- U 55(2”u( )Nle(Z~t,Z7v)],) =

teDom(u)

== U (Z7u(t)nle(z"t,27V)],) =
teDom(u)
=3 U (Zu@0nle(z 127w, =
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Cxewma 2.1.6

=z U (Z7u(r)nfe(r,Z27v)],) =

reDom(Z " u)

=z3rezu o(r,Z7v)|,
=[-FIreZu o(r,Z7v)],
VO (), VOO (v), hm(Z,R,Q), Tv(R), Tv(Q),

Vi,r (VOO () & VO (r)—Z7 [o(t, )], =le(Z"t,Z27r)],) F
FZ7[Fteup(t )], =1"3FreZu o(r,Z7v)], (3)
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Cxema 2.2.1

(tryeflty)efiFn(f)Fr=y;
r=y,yevkrev
(t,ryef,(t,y)ef,Fn(f),yevktreyv
(t,ryef{t,y)ef,Fn(f),yev,ré& vk
—dyevt,y)ef).(tryef,Fn(f),ré&vt
tef"vEnIyev({ty)erf)
tef v (t,ryef,Fn(f), ré& vk
(t,ryef,Fn(f),ré&vEteEf "7y (1)

(t,ryef,reur-tef"u;

—atef ! ”u,tE[p]Ql- —|—|t€[p]Qﬂf 7y
(t,ryefireutelpl,Ftelpl,nf " "u; (1)
(t,ryefireute[pl,,Fn(f),ré& vk

F-mrelpl,nf " Tu&tESf T Y
_|_|f€[p]an_1 "u&tEf ! ”v,[p]Qﬁf_1 “ul fTvE
(t,ryefireutelpl,,Fn(f),r&v,[pl,nf " "uc f'7vE
P uRf Tk Ipln s U 7 s
(t,r)ef,reu,te[p]Q,Fn(f),MEv,pEf‘“’u:Q)f‘“’vI-
——dte(pl,(t,r)ef),reuFn(f),rév,pef " u :Q)f‘1 v
relql,. (p.a)Ef,R(LOR)F 2Tt epl, (L, r)ES);
r€lqle.{p,a)ELRULOR), r €Eu,Fn(f),r&v,
pef‘“’u:Q)f‘“’vI-
arelql, & reu(p, q)ef,Rt(f,O,R), r&v,
pef‘“’u:Q)f‘“’vI-
relql.nu,(p,q)ELRULOR), T &,
pEf‘“’u:Q)f‘“’vI-
(P, q)E L. RU(f,O.R),
pef T uf T vEAdrelql,nu(r&v) (2)
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Cxema 2.2.2

(2)
(p,q)EL,RULOR),
pEf‘“’u:Q)f‘“’vI-[q]RﬂuC'v;
l[gl.nuc v,qEIR|IF1g€EUDY

(P, q)EL,RULOR),
pEf‘“’u:Q)f v, EIR|IFmg€eudv;

Mg EuUIV(p.q)ES

pESf T 7 (udv)k

—1 9

(p,a)ELRULOR),
PEFTUDF v qEIR pES T (W V)

g €| R,

(p,q)Ef,Rt(f,O.R),
pEf U VP ES T (WD vk
(p,q)Ef,R(f,O,R)F 7ng €|R|;

(P.q)E/.RUL.O.R),
pEST U f T v pES T (w2 v)E

—=39({p, q )€ f), Rt(f,O,R),

pEf‘“’u:Q)f‘l”v,p%f‘“’(u:R)v)I—

-1 p € Dom( f), Rt(f,O,R),

pEf‘“’u:Q)f‘l”v,p%f‘“’(u:R)v)I—

——pel|Q|,Rt(f,O,R)F 7= p € Dom(f);

1 p €| Q1L R(f,0.R),

pEf‘“’u:Q)f‘l”v,p%f‘“’(u:R)v)I—

Rt(£,O,R),

PEST U vipEf T (U vk

Rt(f,Q,R) I

Fodpef T T u D f T V(P ES T (w2 )

Rt(f,Q,R) H

I-f‘“’u:Q)f‘l”vC'f‘“’(u:R)v) (3)
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Cxema 2.2.3

(roy)eflrt)efFn(f)Fy=t;
y=4Lteukryecu
(r,yyefi{rt)ef,Fn(f),t€euty€u;
yeuy€lgl.t nmyeuniq],
(ry)efl{rt)ef,Fn(f).t€uy€<lql,F ye€un(qly;
“my€eunqly,
unfql,c vk nyevw
(ryVef(riyes Fa(f)teu yelgl,unlgl,C vF—yev;
—myewl{rny)ef,r&f '"vk
(r,y)efi{rt)ef,En(f).t€uy€Elql, unlgl.c v.r&f " v
-3y elql. ry)yef).{rt)ef,Fn(f),t€u,unlq], v,
r&f T vk
relply,.(p.a)€f.RULO.R)F Ty €lq], (r.y)ES);
relpl,.{p.q)ELRULOR).(r 1)ELFn(f), 1 Eu,
unlgl. < v,r&f vk
a3t eu((rt)ef). relpl,.(p,a)Ef,RU(LOR),
unlgl.c vir&f vk
ref " ukrAteu rt)ef);
ref " urelpl,.(p,a)ELRU(LOR) un[ql, C v,r&f " 7vE
q€udvtunlgl,c v;
ref " "u,relpl,.(p,q)ELRULOR), gEUDV,r Ef " "y
m3geudv(p,q)Ef),ref " u,relpl,, RULOR), r&f v E
pESf T (uv)kmdgeuldv((p.q)ESf);
pef7(udv)ref"urepl, , RULOR),r&f " "vE
“mrelpl,&mref T u,pef T 7 (ud V), RULOR),rEf T IV E

( ),
relpl,nf " "u,pef 7 (udv), RULOR)r &f = "vE
pESf " (uDv),R(£,0,R)F
F-3relpl,nf " u (re&f~"7v)  (4)
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Cxema 2.24

(4)
pef T (uv), RULOQ.R)Fpl,nf ™ uc f™ 7
lpl,nf " uc f T v, p e[ QfF
I——|—|p€f_l”lzt:Q)f_1 1%
pEf‘“’(u:R)v),Rt(f,Q,R),—|—|p€|Q|I-—|—|p€f‘1”u:Q)f‘1”v
pEST (U V), R(AQ.R)Eampef ™ uf™ "
pefT (U V), RULOR), p&ES ™ "ul f T v E
Rt(f,O,R) F
Fodpef T (uv)(pES T U YY)
RU((LORFS T (u2v) T f 7 7ud f =7y (5)

geu{qgryycfr-nref’u
mgeul{qgrycf,réf’uk
pEu,qelpl,,u€Sec(Q)F mg€u;

pEu,q€Elpl,,ucSec(Q)(q,r)Efir&f ut
—3dg €lpl, g, r)ESf), pEuUucSec(Q), r&f ukt

reltl., (p,t)Ef,RULOR)F 1-3g €[p], (g, r)ES);

relt],.{p.t)ef,Rt(/,O,R), p €Eu,u € Sec(Q),r&f ut

—Idpeu(p.t)yef),relt],, Rt(/,O.R),uc Sec(Q),r&f ut

Q).

(Q)F

tef’u,relt],, Rt(f,O,R), u € Sec ré&futk
tef’u,relt],, Rt(f,O,R), u € Sec
Faaref’u
Rt(f,O,R), u € Sec(Q) +
Fvirefuvrelt],(mnref’u)
Rt(f,O.R)Ff uc’|R|;
Rt(f,O,R),u € Sec(Q) F
FfPuC | R|&VEES uvre[t], (nnrefu)
Rt(f,O,R),u € Sec(Q)F =1 f "u € Sec(R) (6)

Q
Q

12



Cxewma 2.2.5

geu,(gryef ' taaref " u
(g, rYefgEur&f " "uk
(r,g)eft (g r)ef™
(r.q)ef,g€ur&f ™ "uk
g Eurg)EfirEf T uk
peu,qgelpl,,ucSec(R)F ngeu;
peu,CIE[p]R,MESec(R),(r,q>ef,r¢f—1 3 |
3g €[pl((r.g)Ef) pEuu €Sec(R),r & f ~ "ut
relrl, (. p)EfRULQ.R)F 3g ElpL (r.g)Ef):
relt],.(tp)EL,RU(LO.R), pEuue Sec(R),r &f ™ "uk
~(t,p)Efir€[t], . RULO.R). p € u,u € Sec(R).r & f = "uk
(p,tYef'"F{t,p)ES;
(p.tyef ", re[t],,Rt(f,O,R), p € u,u € Sec(R),r & f ' "ut
—Ipeculp,t)ef ) relt],,Rt(f,O,R),u e Sec(R),r &f ' "ut
tef " "u,relt],,R(f£,O,R),u € Sec(R),r &f ' "ut
tef " "u,ret],, RULO.R), u € Sec(R) F
Faaref " u
Rt(f,O,R),u € Sec(R) +
Fvief " "uvrelt],(-mref =" "u)
Rt(LORFf ™ "uc|Q];
Rt(f,O,R),u € Sec(R) +
Ff T uC Q& VEES T uVr €] (amr € T u)
Rt(f,0,R),u € Sec(R)F == f ' "u € Sec(Q)  (7)

13



Cxema 2.2.6

Ve, S)kloe|S|l.n[Dbn(,S)], < [lolsnt # 0],
Ve(t,S)Fz=zlo el SIl,n[Dn(z,5)], < [lolsne # 0],
VES)Fzzlo €lS] . =z=lo€lSlk;
V(S Fw=[o€lS],].N[Dn(zS)], < llelnt # o],
ve(s)klo e Alnl|s|= Al, < w+[6 €51 ],
ve,S)klg e Alknl|S|= Al,n[Dn(z,9)],  [[5];n¢ # 0],
Ve(t,S)F——lg e Alknl|S|= Al,n[Dn(z,9)],  [[5];n¢ # 0],

ceAF|R|C RR[[O‘EAH

ce N, ve(,S)FlS|=Al,n[Dn(9)], c [[6]nt # 0], =
=[lol.nt# 0], =[lo] ]RﬂRt;ﬁOH [-—I(velol,n.1)], =
=zzUJ lvelol.n ], === (velsl,l.nlve],)

Ve V()

cel, Ve (t,S)I—[[|S|: Al,n[Dn(z,5)],
Cmmi ([[VE[O:] denve )

VEw)
< == (Iveldl; uveruRnu@RcuRuRnH| =4/
VEw)

< +=U (velslld.nlved,nl--veAln

VEw)

n[[[(}LRC,'S'

=
N’
I

== (Ivelskl.nlv e .,nl=~v e Al

VEew)

=zwl) (== VEAH nlvelsl,n.,) =

VEew)

=== (beAlinvelsl,n,1],) =

VEw)

HTTHVEA(VE[O‘]SR Rt)“ =% [[ E[U]SRme]]

=%% A([[WE[G]SRH [[77€t r D RR ﬁE[GSR]] [[7761‘]]13):
:??LJA(?_[ME[U]H [[ﬁEf —?? _|_|77€[G H ﬂﬁEtHR)
cEN V(LS

F1IS|= Al,n[Dn(z,S)], C ﬁUA([[ﬁﬂﬁE[(ﬂs]]Rﬂ[[ﬁetHR) (1)
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Cxewma 2.2.7

VE(1,8),0 = R®, SH[Dn(f "1, f 7S], =/ 7 [Dn(z,9)],
(p,oye[Dn(f""t,f "8, V(£.S),0 = R®4 S+
= {(p,oyef” [Dn(z,9)], ;

i (p,0)Ef 7 [Dn(,S)],, 1 ((p,a). pYES,Fn(f)F
H ﬁﬁpE[[Dn(t,S)]]R —

atef " "u, (L, vyef,Fn(f)Fveu ’
(p,o)e[Dn(f""t,f~"S9)],.V(,S),0 =R®. S,
T (p.0), p)ES Fn(f)F 7 p €[Dn(z,9)],
(p,o)e[Dn(f""t,f "9,V (,S),0 =R®. S,
pE|IR|,0€ At == pe[Dn(t,9)], (1)

P
(p,o) [Dn(tS)z P

eltvis)&|S|=Al,,relie,,ne At == (r,p)ERE(tRA);
17 < r, 7 >€ Rf(t,R,A),
(r,m)ellp.o)],.[{p.o)],NRE(1,R,A) =

e[[Tv(S)&|S|=AI]R,re[[ﬁetl]R,ﬁeA,
(7”,37>€[(P,0>]Q,[<P,0>]QﬂRf(f,R,A)=OF
reltvs) &|S|=Al,,reliet],.neA,
(r.m)ellp,0)],,[{p,0)],NRI(LR,A) = O F
“apeltvS) &|S|= Al relpl,. V(S
FaarelTvs) &S |= Al ;
—peltve)&|S|=Al,,repl,,Vi(S),relie,,n<€A,
(7’,77>€[(p,0>]g,[<l?,U>]QﬂRf(f,R,A)=VOF
(r,n)e[p,0)], . QO=R®.x SI-—|—|p€[[Tv(S)&|S|— Al,;
(r.n)e[p,0)],,0=R®sS,re[pl,,V(S),relnet],,
€7

nel,[{p,o)],NRE(L,R,A)=0F

)
i (r7)E[P,0)],,Q=R®:S,re[pl,,V(S).relnet,,
nel,[(p,o)],NRE(t,R,A) = 0F(2)
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Cxema 2.2.8

relpl.,rel-—7e€lokl., 7.0€A,0=R®,SF+
F-=(rn)E[p,0)],; (2)
relpl..rel-—7€lokl., n.oeAQ=R®,S,re[jet],,
Ve(s), [{p, d)]Qan(t,R,A) =0F
_l_ll"E[[ﬁEl‘]]R&_l_ll"E[[_l_lﬁE[(}]SHR,I"E[p]R,
Q=R®4:S,V(S),[{p,o)],NRE(t,R,A) = O
relget],nl-~7e€lokl..r€lpl., 7.0€A,
Q=R®4sS,V(S),[{p,o)],NRE(t,R,A) = O F
——3re[pl.ImeA(reliet,nl-—7elsll), oeA,
Q=R®4sS,V(S),[{p,o)],NRE(t,R,A) = O F
p e [Dn(,9)], NITv(S) & | S|= Al,,0 € A, V(1,5 F
Foadrelpl,meA(relied.nl~5eléld)
pe[Dn(1,9)], NITv(S) & |S|= Al,, 0 € A, VE(s,S),
Q0=R®.S,[{p.o)],NRI(tL,RA)=0F
—|—|pE[[Dn(t,S)]]R,—ﬁpE[[TV(S)&|S|= AHR,GEA,VC(Z,S),
Q0=R®.S,[{p,o)],NnRI(tL,RA)=0F
(1)= (p,o)eDdn(f""t, f""8)],,V(t,S),0 =R®s St
== pe[Dn(t,S)],;
(p.o)EDn(f 776, f 78], . VE(.5).0 = R®4 S,
pellviS) &|S|=Al,,o0e A, [(p,o)],NRE(RA)=0F
(p,oye[Dn(f "t f "8, V(£.S),0 = R®4 S+
—peltve) &|S|= Al
(p,oye[Dn(f "t f "8, V(£,5),0 = R®4 S,
celN,[(p,o)],NRE(,R,A)=0F
u=(p,o),uc[bDn(f"'7t,f' S, V(t.S),0=R®.S,
o€ A, [u],RE(L,R,A) = 0 F
—JpIoeA(u={p,o)),uc[Dn(f "¢t f"9)],,V(t5S),
0 =R®.S,[u],NRE(L,R,A)=0F (3)

7,0 € A,
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Cxema 2.29

weDn(f " t, f°S)],, VE(£5),0 = R® s SF
Fa-3pIdoeAu=_p,o)); (3)
ueDn(f "t fS),, VE(1.5),0 = R®.4 S,
[u],"RE(#t,R,A) =0 F
VE(1,S),0 = R®4s St
- vu e [Dn(f "t £ 7 S)], ([u], NRE(LR,A) # 0)
VE(£,S),0 = R®,SF
F Dn(RE(#,R,A), [Dn(f =7, f 779)],,0);
Dn(Rf(t,R,A), [Dn(f =1, = ~8)],,0), VE(£,5),0 = R®4 S F
FDn(f "t f 9, <55 U lalk

GERI(LRA)

Ve(1,5),0 = R®a St

FDn(f 't f =S, <57 U lalk (4)
GERI(LRA)

geltv$)&|S|= AL, neAr-{{qn).q9)ef;
—g.n).9)efqeloed .t (g n)ef " "o e,
TmgelTvis) &|S|=Al,,n e geloet],t
F=m(g.n)ef " "oet,;
V(t),0=R®sStf "ot f " oef "1, =
] =loef "4,

geltv) &|S|=Al,,neA geloet],,V(t),Q=R®x St

Fom(g.n)eloef "],

—(q.n)Eloef"1,,

(g.n)e{r,0)],F —{qg.n)e[r,o)],nloef "1,
—geltvs)&|S|=Al,,neA gel6et],,VE(t),0=R®.,S,

(g.m)€(r.o)],F = (g n)e[{r.a)],nloef ",

(q,m)€[(r,0)],,0=R®xSF ——gelTv(s) &|S|= Al,;

(g.m)€[(r,0)],,0=R®.S,neA geloect],,V(t)F
(g n)e(r,o)],nloef 1], (5)
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Cxema 2.2.10

(5)

mg€loet],.(qg.n)e[{r,0)],,0=R®.S,n €A,
Ve(t)F (g n)el{r,o)],nloef "1,

qgelrl,,.reloet],rqeloet];
gelrl,.reloet],.(a.n)e[{r,0)],,0=R®sS,n €A,
V(t)F=(qgn)el(r,o)],nloef ",
mgelr),reloet],.(g.n)e[{r,0)],,0=R®sS,n €A,
V(t)F=(qgn)el{r,o)],nloef ",

(g.n)€[{r,0)],,0=R®sS,F ~qelr]:

reloet],.(q.n)el(r,0)],,0=R®S,neEA,
V()b =g, n)el{r.o)],nloes "1, <
< U U IpoLnlger i, c

peltvis) &|s|=Al, €A

' [Re,(G)nf 1 £ 0],

reloed, (a.n)elro)],.0=RO.S, €A,
Ve(t)k —|—|<q,77>€[[ng(G)ﬂf_1”t7é O]]Q
p=Cq.n).pellr.o)],.reloet],.0=R®.S,7€A,
Ve(t)k = p €[Rg, (G)Nf Tt £ O]]Q
——dgIneA(p=Cq.n)),pelr,o)],reloet],,0=R®.S,
neA,Ve(t)F ﬁﬁpE[[ng(G)ﬂf_lﬁt;ﬁ O]]Q
pel(r,0)],,0=R®:\St-ndganeA(p=(q,7));
pel{r,o)],,reloet],,0=R®.S,
neEAN,V(t)F mpE[Re,(G)Nf "t # O]]Q
pel{r,o)],,reloet],,0=R®.S,
nel,V(r),p&[Rg,(G)nf "t # 0], F
mpe[(ro)],.reloet],,0 =R®.S,
n€AN, V(1) peE[Re,(G)Nf "1 #0],F
mpe[(ro)],.reloet],,0 =R®.S,
—|—EI77(77EA),VC(t),p§E[[IgQ(G)ﬂf —L5p O]]QI- (6)
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Cxema 2.2.11

pelql,.q=(r,o)rmpel(r,o)],;
(6)= ——pe[{r,o)],.reloect],,0 =R®.S,
A#0,V(1), p&[Re, (G)Nf ™"t # 0], +
pelql,.qg=(r.o),reloet],,0=R®.S,
A#0.VE(1). p £[Re,(G)Nf "1 # 0],
——IreltviR)&|S|=Al,3ceA(relsetl, & q=(r,0))
P€Elgl,. O=R®aS,A#0,V (1), p&[Re,(G)Nf "t # 0], F
g €RI(tL,RAVF—FoeATFrefoet],(qg=(r,0));
q €ERE(t,R,A), p€lq],, O =R®+S,A#0,V(1),
pE[Reg,(G)Nf ™"t # 0], F
-3¢ € RE(L,RA) (p €[q],), 0 = R®+ S, A # 0,V (1),
p&[Re, (G)Nf ="t # 0], F
re U [4l,,0=R®sS,A+0,V(1),
qERE(LR,A) pgﬂ}gQ( )nf 4“;;,5()]] ]
O=R®\S,A+0,V(1)F
F-dpe U ) [q], (P €[Re, (G)Nf ~' "t #0],)
o O=R®,8,A+0,V(t)F
FU ) [q], €' [Re,(G)Nf ="t # 0],
o O=R®,8A+0,V(1)F
I_aneRgtJRm [q], € [Re (G)Nf =71 # 0],
(4)= V(£,5),0 =R®.SF
F[Dn(f "t f 9, <55 U A[CI]R;
VE(t,S),0 =R®. S, A£OF
F[Dn(f =7t f 7)), € [Re, (G)Nf "t £ 0], (7)
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Cxema 2.2.12

VeS)|RIC [TvS) &|S|=Al,,0 =R® 1S+
F[Dn(f ="t f 7S], =f = 7 [Dn(z,9)],
(p.ayelDn(f "1, f =, . V(t.S).IRIC [Tv($) &| S |= Al
O=R® ,SF
|——|—|<p,0‘>€f_1”[[Dn
—|—|<p,0‘>€f_1”[[Dn
F-—pe [[Dn(l‘,S)]]R —

(8] s
(t.5)]e, " p,o), pYEf,En(f)tH

—|—|t€f_1”u,—|—|<t,v>€f,Fn(f)|——|—|VEM "

(p,o) [Dn(tS)z P
(p.ayelDn(f "1, f =, . V(t.S).IRIC [Tv($) &| S |= Al,
O=R® +S,~{{p, o), p)ef Fn(f)F == p €[Dn(z,9)],

(p.oYelDn(f "t f S, . VE(t.S)IRIC [Tv(S) & | S|= Al
Q=R® sS,pe|R|,0€ AF 11 p&[Dn(s,9)], (1)

relnet],,nelAr - {r,n)eR'(t,R,A);
1 ( r, 7 >€ Rf'(l‘,R,A),
(r.n)elp,o)],.[{p,o)],NRf'(£,R,A) =0
relnetl,.neA(r,n)elp.0)],.(p.0)|,"NRF(t,R,A) =0 F
~(r,n)el{p.o)],.relned,.n €A [p.o)],nRI"(tRA)=0F
relpl.,rel-—7€lokl,, n,o€A,Q=R® S+
Faa(rn)ellp.o)],:
re[pl.,rel-—7€lokl., 7,0 AN Q=R S, reljet],,
[(p,o)],NRE(L,RA) =0 F
_|_|r€[[7\7/Et]]R&_|_|FE[[_|_|77E[O\:]S]]R,FE[p]R, n,0€ A,
Q=R® 45,[{p,o)],nRE(tR,A) =0 F
relpet).nl-—7eloll,r€[pl.,, n.0€A,
Q=R® +S,[(p,a)],nRf(t,R,A)=0F
~—3re[pl,IneA(reljet],nl-~7eldl) oeA,
Q=R® +S,[{p,a)],nRf(t,R,A)=0F (2)
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Cxema 2.2.13

pe[Dn(,S)],, V(S IRIC[S|=Al,,0eAr

Fa-3re[pl,aneArelied.nl--7eldll) ?; (2)

pe[Dn(,9)],,VeS),IRIc' 11S|=Al,,0e€A,

Q=R®.sS,[{p,o)],NRf"(t,R,A)=0F
—=pe[Dn(,9)],,VE(S),IRIC [1S|=Al,,0€A,

O=R® ,S,[{p,o)],NRI"(t,R,A) =0 F (1)=
= (p.o)eDn(f 1, 9], VE(LS) IR ITv(S) &S| = Al,,

Q=R® sS,pe|R|,0€AF 1 pe[Dn(t,9)],;

S
S

(p.oYelDn(f 't f 79, . V(LS |RIC [Tv(S) &| S| = Al
Q=R® sS,pE|R|,0€A,[{p,0)],NRI(,RA)=0F

u=(p,o),uc[bdn(f""t,f"S),,V(tS), pe|R|, o€,

|R|C [Tv($) & |S|=Al,,0 = R® 48, [u],NRF'(1,R,A) = 0 F
1—Ipe|R|FoeA(u=(p,0))uec[Dn(f""t, f~'"9)],,V(sS),

|R|C [Tv(S) & |S|=Al,,0 = R® 48, [u],NRF'(1,R,A) = 0 +
Tmu€|R|XAue[Dn(f "7, f79)],, V(tS),

|R|C [Tv(S) & |S|=Al,,0 = R® 48, [u],NRF'(,R,A) = 0 F
ue[Dn(f~'"t, f79)],, V(tS),

|R|C [Tv(S) & |S|=Al,,0 = R® 48, [u], NRF'(,R,A) = 0 F

Vet,S),IRICITvS) &|S|=Al,,0=R® .S+
|

Fvue[Dn(f 7t £ )], ([u], NRE(4,R,A) # 0)

VerS),|RIC ITvS) &|S|=Al,,0=R® 1St

F Dn(Rf'(#,R,A), [Dn(f =71, f 7' 79)],.0);
Dn(Rf'(¢,R,A), [Dn(f =71, f 779)],.0). VE(1.5),
IR|C [Tv(S)&|S|=Al,,0=R® +SF

I_HDn(f_lﬁt,f_lﬁS)HQCIEE U [Q]R

gERE (tL,R,A)

VE(S),IRIC ITv(S) &|S|= Al,,Q = R® 1S+
FDn(f "t =S, <55 U lal (3)

gERE (t,R,A)
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Cxema 2.2.14

—q€|R|,n€AF{{(q.n),q9)ES;
—{(¢q.n).9)ef.q€loet],F —({qg.n)ef " "|oe],
mg€|R|,neN ge|oet],Fr{qgn)ef " "ot
nel.qeloetr = (qn)ef "o
VE(t),0 =R® 4 S,|R|C [Tv(S) &|S|= Al,+
Ff M loed ol =loes T,
nelgeloet],,V(t),0=R® +S,|R|C [Tv(S) &|S|=Al, +
Fam(g.n)eloef "],
—(q.n)Eloef"1,,
(q,77>€[<r,0>]QF71(61,77>€[<r,0>lgﬂﬂ5€f‘i“t]]g
nel gelset],, V- (1), 0=R® ,S,|R|C [Tv(S)&|S|= Al,,
(q,77>€[<r,0>]QFﬂﬂ(q,77>€[<r,0>]gﬂﬂ5€f‘“tﬂg
——geloet],,V(t),0=R® +S|R|C[Tv(S) &|S|= Al,,
nel,(q, 77>€[<r o),k (q.n)elr.o)],nloef "1,
qgelr], re[[aet]] Vi(t)F ng€eloet],;
gelrl,.releet],,Ve(t), Q=R +S,|R|C [Tv(S) &|S|= Al,,
|,

m
~
=
=

77€A (q.n)e[{r 0> F-=(gq.n)E[(r,0)],nloef "1,
g e(r],.reloet],,V(t),0 =R® , S,
IR [Tv(S) &|S|= Al,,
nel.(q.n)(r.o)],F(q.n)(r.a)],nloef ",

eloet],,Vi(t),0=R® +S,|R|IC [Tv(S) &|S|= Al,,
nen, (q nelr,o)l,F (g nellr.o)],nloef ",
U U WpOlnlger—d,)c

pEIR| LeA

C'[Rg, (G)nf ~' "t # 0],
relser],,Ve(r),0=R® S, |R|C [Tv(S)&|S|= Al,,
n€N, (g n)Er,0)],F (g, n)E[Rg,(G)Nf "t # 0], (4)

|

(q n)€Elro)]l,F g elr]:
I,
|
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Cxewma 2.2.15

(4)= relsei],,V(t),0=R® +5S,|R|C [Tv(S) &|S|= Al,,
n€N, (g n)E[(r,a)],F " (q.n)E[Rg,(G)Nf "t # 0],
p=Cq,n),reloet],,V(t),0 =R® , S,
IRIC [Tv($) &|S|= Al,,
n€N,pe[(r,a)],Fmp€E[Rg,(G)Nf "t # 0],
a~dgIneA(p=(q,n)).reloet],,V(t),0 =R® 4 S,
IR [Tv(S) &|S|= Al,,
pel(r,o)],F p€E[Rg,(G)nf "t # 0],
pel(r,0)],,0=R® sStamdganecA(p=(q,7));
relloet],,Ve(t),Q =R® 4 S,
IR [Tv(S) &|S|= Al,,
pelr,o)],F p€E[Rg,(G)Nf "t # 0],
reloet],,Ve(t),Q =R® 4 S,
IR [Tv($) &|S|= Al,,
pe(r,o)],, p&€[Re,(G)Nf "t #0],F
reloet],,Ve(t),Q =R® 4 S,

IR [Tv(S) &|S|= Al,,
—|—|pE[(r,0‘>]Q,p§§[[IgQ(G)ﬂf_lﬁt75 O]]QI—
pelql,,g=(r.o)Fmpe[{r,o)],;
pe€lql,.q=(ro),reloet],,V(t),0=R® 45,

IR [Tv($) &|S|= Al,,

pE[Re (G)Nf "t # 0], F
—mdoeAIrefoet],(g=(r,0)),p<lq],.V(t),0O=R® 45,
IR [Tv(s) &|S|=Al,,
p&[Rg,(G)nf ="t #0],F
geRI'(t,RA)F~—FoeATFre(oet],(qg=(r0));
g ERF(L,R,A), pElql,,VE(1),0 = R® 4 S,
IRIC ITv(S) &|S|= Al p & [Re, (G)Nf ~ "t # 0], (5)
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Cxema 2.2.16

(5)= q €RF(LRD). pE[ql, .V (1),0 =R
IRIC ITv(S) &|S|= Al p & [Re, (G)nf "t £ 0], F
-3¢ ERF(LRA) (p €[q],). V()0 = R® » 5,
|RIC [Tv(S) & |S|= Al,, p &[Rg, (G )ﬁf‘“HéOl]QF
re U lgl,.Vi(1),0=R® .5,
gERL' (1,R,A)
|RIC ITv(S) &|S|= Al p &[Re, (G )nf-“r#ouQ
Ve(t),0=R® 45,
IRIC [Tv($) &S| = Al F
e U lal,(p€I[Reg,(G)nf ="t #0])
gERF' (1,R,A)
VE(t),0=R® 4 S,|R|C [Tv(S) & |S|= Al F
FoU gl € [Re, (G)nf "t # 0],
gERF' (1R, A)
V(t),0=R® +S,|R|C [Tv(S) &|S|= A, +
52 RQRA) [q], € [Re (G)Nf =71 # 0],
(3)= V(&S)|R|IC ITv(S)&|S|=Al,,0 =R® , St
FDn(f "6, f 79, <55 U lak:
gERF' (1,R,A)
VeS),|RIC ITv(S) &|S|=Al,,0=R® 1S+
FIDn(f =76 f 7)), € [Re, (G)Nf 7t # 0], (6)
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Cxewma 2.3.1

Fleesl.= U (§(r)n[[z=r]]R)=

rGDom(S)

U U Gun v =rl,) =

rEDom(S) u€Dom(S) veSlul,
reDom(v)
= U U (un | v =r],) =
reDom(S) u€Dom(S) ves(ul,
reDom(v)
= U U wn Uo)nle=rl)) =
reDom(S) u€Dom(S) veShul,
reDom(v)
= U U n Uo)nle=rl)) =
u e Dom(S) reDom(S') veS[ul,
reDom(v)
= U n UJ Uo)nle=rl)) =
u € Dom(S) reDom(s) VESlul,
reDom(v)
= U n U Uo)nle=rl)) =
u€Dom(S) veSlu] reDom(v)
= U (un U [t ev],)
u€Dom(S) veS[u]
Fleeslkk= U (un U [rev]) (1)
u e Dom(S) veSlu]

ueZ{uvyeSk-mvesS’z
ueZ{uv)yeS,veS’ZFk
—(u,vyeS,ueZ,ve&ES’ZF
veSlul,ueZ,ve&S’ZF
ueZveSul,v&S’ZF
veSul,v&eS’Z-ru & Z;
ué¢Z,uec Dom(S)F 1ueDom(S)—Z
veSlul,v¢ S”’Z,u e Dom(S)F 1—u € Dom(S) — Z ;
~—u € Dom(S)—Z reut arel J(Dom(S)—Z)
veSul,véS”Z ueDom(S),reut -—rel J(Dom(S) - Z)
veSul,veéS”Z ueDom(S),reu,r¢| J(Dom(S)—Z)+
veSlul,v&S’Z,ue Dom(S),reu,re Z st
v S7Z,veSlul,u e Dom(S),reureZ st
veSlul,u e Dom(S),reu,reZst1veS’Z (2)
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Cxema 2.3.2

(2)= veSlul,ueDom(S),reu,reZsk-veS’Z;
—veS’Zreltev),tare | [reyl,

yes’zZ

veSul,ueDom(S),reu,reZsreftev],tre |J[treyl

yeS’zZ

veSul,ueDom(S),reu,reZsreltev],,r¢ |Jlteylt

yeS’zZ

v e Slul(reftev],),ucDom(S),reurecZsr¢ ..+
re |Jltev],,ueDom(S),reureZsr¢. ..+

veSlu]

~reu&re | J[rev],,ueDom(S),reZ-sré¢..+

veSlu]

reun |J[tev],,ueDom(S),reZsré&..+

veSlu]

~—3Ju € Dom(S) (reun | J[tev],),reZ-sré&..+
[

veSlu]

re |J (unlrevli).reZsré..+

u€Dom(S) veSlu]

aare U (un U

|
ueDom(S) veS[ul
[

[[tESﬂR— U (un U

D, relre Skt
ueDom(S) veSu]
Fore U (uﬂU [tev].);

ueDom(S) veS[u]

[[te§]]R= U (uﬂU [t € V] ),re[[t€§]]R,

u e Dom(S) veSlu]

rel-s,r&..F
()= tltesli= U (unYlrevl)

u€Dom(S) veS[u]

E[[ZESO']]R,I’EZq,I’f U[[tEy]]Rl'

yeS’Z

—|—|reZﬁs&—|—|r€ﬂt€§Hm”¢ U[[tey]]Rl_

yES”Z

rEZﬁsﬂﬂtESO”HR,F@E U [[nyHRl'

yesS’zZ

F-3rezsnltesl(re Jlreyl,)

yeES”Z

FZsnleesl.c | lteyl. (3)

yeS’zZ

tEv]]R),I’EZﬁs,I’QE...I—
l

tev
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Cxema 2.33

Fzn U [t e vl

veES”Z

=NznlY Ulre vl

ueZ veSlu]

=J (Nzn Y ze v,

uez veS[u]

Fzn U [t e vl U(ﬂZnUtEV

vES”Z ucszZ veSlu]

VvueZ((\ZC u)t

FU (Nzn Yleevl) c U (un | e v,

UuezZ veSlu] uezZ veSlu]

vueZ((\ZC u)t

FzZn Ulrevl.c U (un e ev],)

veES”Z uezZ veSlu]

FvueZ((ZC u);

Fzn Ulrevl.c U (un e v],)

vesS’Z uezZ veSlul
Z ' Dom(S) +
FU (unUlrevlioe U unJlrev])
ue’zZ veS[u] u€Dom(S) veS[u]
Z " Dom(S) +
Fzn Ulrevl.e U (un Y lrev],
veES”Z u € Dom(S) veSu]
(1)= tlresk= U unJlrev])
1€ Dom(S) veSlul
Z c’ Dom(S I—ﬂZmU [t ev], c [t e sl (4)
es”
(4); FHr e S]] lreslc o

zc Dom(S)FzZn | [rev].n<lre sl o;

veS”Z

Nzn Ultev].nxlresl.c o,

veS”Z

N2z wltesleoR) FNznzltesl.c = e vl.

vGS”Z

(2 e €Sl eO(R),Zc’ Dom(S) F
FNzn=leesl.c = U ltevl, (5)

vGS”Z
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Cxema 234
+ ﬁﬁ?ﬂt€§HREO(R);
=2, #lt € sl EO(R),ZC’ Dom(S) F
FNZnleesl.c+ U ltevl, =(5)
»69

°Z

+~(Z€O(R), ZC Dom(S)F(Znlt e Sl. <’ U [t € V],

=1 )Z € O(R), ZC' Dom(S) F (ZN++ U [t € v]]@ Zﬁ[[tesﬂ
Zc O(R)F ~()Z€O(R); o
Zc O(R), Z< Dom(S)F(ZNnw+ J [t € vl € 5+t € Sli (6)

veS”Z

p € Dom(u,r,R)F 7re|pl,; -nrelpl,.rév,v=[pl.F
p € Dom(u,r,R),r € v,v =|[p], F
——3p € Dom(u,r,R) (v =[pl,).r &€ v
v € [Dom(u,r,R)|,r & vk
v € [Dom(u,r,R)|"F ~nrev
Fvv e [Dom(u,r,R)|* -nrev;
Vv € [Dom(u,r,R)|* 7rev,
[Dom(u,r,R)]* # 0 F ==1r €() [Dom(u,r,R)]"
[Dom(u,r,R)]* # 0 F ==r () [Dom(u,r,R)]"
Dom(u,r,R) # 0 F [Dom(u,r,R)]|* # 0;
Dom(u,r,R) # 0 + =—r €( ) [Dom(u,r,R)]" (7)

relpl., p € Dom(u)tF =1 p € Dom(u,r,R);
——1 p € Dom(u,r,R), Dom(u,r,R) = 0 +
relpl.. p € Dom(u), Dom(u,r,R) = 0+
——3p € Dom(u) (r € [p],), Dom(u,r,R) = 0 +
re |J [pli. Dom(u,r,R)=0F

pEDom(u)

re | I

p]
p€Dom(u)
]

re U [p

p€Dom(u)

. F Dom(u,r,R) # 0; (7)

. Fre() [Dom(u,r,R)]" (8)
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Cxema 235

relpl., p € Dom(u)tF =1 p € Dom(u,r,R);
-1 p € Dom(u,r,R),t =[p]. F
F ==t €[Dom(u,r,R)|"
relpl., p € Dom(u),t =|[p],F -t €[Dom(u,r,R)[*
relpl., p € Dom(u),t =|[pl,,t & [Dom(u,r,R)|*F
p € Dom(u), ¢ = [pl,. t & [Dom(u,r, R) F r & [ p],
rélpl.rett=[plt
p € Dom(u),t =|[p],,t & [Dom(u,r,R)|*, rett
——3p € Dom(u) (t =[p],), t € [Dom(u,r,R)|", rett
t € Dom(Sh(u,R,S)) + =—=3p € Dom(u) (t =[p],):
t € Dom(Sh(u,R,S)), t & [Dom(u,r,R)|,re tF
-1t € Dom(Sh(u,R,S)), t & [Dom(u,r,R)|*,rett
-1t € Dom(Sh(u,R,S)) & t & [Dom(u,r,R)|*, rett+
t € Dom(Sh(u,R,S)) — [Dom(u,r,R)|*, rett
-3¢t € Dom(Sh(«,R,S)) — [Dom(u,r,R)|* (ret)F
r € J(Dom(Sh(u,R,S)) — [Dom(u,r,R)]")
F r & J(Dom(Sh(u,R,S)) — [Dom(u,r,R)]") (9)

),
),

P i

(8)= re Gp( )[p]R F==re() [Dom(u,r,R)]";
(9)
re | [plit 7re() [Dom(u,r,R)] &

p€Dom(u)

&ré& U(Dom(Sh(u,R,S)) — [Dom(u,r,R)[")

re U [pkt
Famare) [pDom(u,r,R)]R — | J(Dom(Sh(«,R,S)) — [Dom(u,r,R)]")
re U [p]R Foare [Dom(u’r’R)]R~Sh<u,R,s) (10)

p€Dom(u)
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CxeMma 2.3.6

(p,o)Eulr 11 p € Dom(u);
-1 p € Dom(u), r €[p],F 7 p € Dom(u,r,R)

(p,oyeurelpl,t 7 p € Dom(u,r,R);

-1 p € Dom(u,r,R)F =~ [p], € [Dom(u,r,R)]"
(p,oyeurelpl,t 7[pl, €[Dom(u,r,R)|*;

-1 p]. € [Dom(u,r,R)]",
- {[pl.., o). )€ Sh(u,R,S) + =[5, € Sh(u,R,S) ”[Dom(u,r,R)]*

(p,0)€u,relpl,
== {[pl..lo)k, )€ Sh(w,R,S) - == [, € Sh(u,R,S) ’[Dom(u,r,R)]*
(p,oYeut - {[pl..lo),)€ Sh(u,R,S);
(p,oYeure[pl,t lol, € Sh,R,S)”[Dom(u,r,R)]";
—=1lols, € Sh(u,R,S) ”[Dom(u,r,R)]* F
Foelslkl.c U lbevl

veSh(u,R,S) ”[Dom(u,r,R)]R

(p,odeure[pl,F6e<lsll c U [6 vl

veSh(u,R,S) ”[Dom(u,r,R)]R

(p,0)eE U, relpl, F??ﬂ [U]SR]]R - U ﬂéevﬂk;

veSh(u,R,S) ”[Dom(u,r,R)|®
(S)F??[[ [V]SR]]R=[[—I—I(§E[OV‘]SHR
(p,o)eurelpl,,Vi(S)t
[[—|—|5€[ ]]] C'?? U ﬂéevﬂR

vE Sh(u,R,S) ”[Dom(u,r,R)|*

(p,0)Eure[pl,V(S),
I’E[[—|—|(§E[OV‘]S]]R|——|—|}’E;; U ﬂéEVﬂR (11)

vE Sh(u,R,S) ”[Dom(u,r,R)|*

(p,o)eure]|pl,F -1 p€Dom(u,rR);
——1 p € Dom(u,r,R) + Dom(u,r,R) # 0
(p,oyeu,relp],F Dom(u,r,R) # 0;
(7)= Dom(u,r,R) # 0+ ==1r (") [Dom(u,r,R)]*
(p,oyeure|pl,Fre ﬂ [Dom(u,r,R)]* (12)
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Cxema 2.3.7

(12); (10)
(p.oYeurelpl, . Vi(S).rel-delsllt
F=are() [Dom(u,r,R) & —r e+ U 16 € vl

veSh(u,R,S) ”[Dom(u,r,R)|"
(p,oYeurec[pl,,V(S),rel--oclollF
F—-re ﬂ [Dom(u,r,R)[*N—= U 16 € vle;

vE Sh(u,R,S) ”[Dom(u,r,R)|*
[Dom(u,r,R)]* " O(R), [Dom(u,r,R)]|* C" Dom(Sh(u,R,S)) +
F () [Dom(u,r,R)|* N+~ U [6ev]c

veSh(u,R,S) ”[Dom(u,r,R)]R
Z t S

c’ ——[6 € Sh(u,R,5)], — (6)

[Dom(u,r,R)I* § Sh(u,R.S)
(p,oYeurelpl,,V(S),rel-—beclsll,
[Dom(u,r,R)]* C" O(R), [Dom(u,r,R)|* C" Dom(Sh(u,R,S)) +
F 2 re==16 € Shu,R,9)l,
F[Dom(u,r,R)[* " O(R);
(p,oYeurelpl,,V(S),rel-—6eclsll,
[Dom(u,r,R)[* C" Dom(Sh(u,R,S))F 17 E?;ﬂg S ShZu,R, I,
F[Dom(u,r,R)|* €" Dom(Sh(u,R,S));
(p,oYeure[pl,,V(S),rel-—eclsllt
F = re==16 € Shu,R,9)l,
nrelpl, & re [-~éelll.(p,o)eun Ve(S)k
-~ r €516 € Sh(u,R.9)],
(r,0)e [(p,0>]Q F-—relpl, & re [[—|—|5€ (o]l
(r,0)€[(p,a}],.(p,o)EUV(S)F
F = r €16 € Sh(u,R, 9], (13)
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Cxema 238

(13); (r0)e[{p,o)],F o€

(r,0)€[(p,0)],,{p,o)EUV(S)F

F = (r,0)e—==[6 € Sh(u,R,S)], x A
(r,0)e[{p,o)],F = (ro)e[(r,d)],;
(r,0)e{p,0)],.{p.o)cu,V(S)F

F 1 (r,0)e[(r,0)],n (7710 € Sh(w,R, 9] x A)
(r0)el(p.0), (p.o)E 1V (S)F |

F—=(r,0)e U U ([(Cl,77>]gn(??[[77ESh(”’R’S)HRXA))

g€|R| neA

(r.0)e{p,o)],.{p.o)euV(S),t=(r,0)F
Famre | U (g 2)1,n (5513 € Sh(u,R, )l x A))

t=(r,0),tel{p,o)],F{r.0)e[{p.o)],;
t=(r,0),tel{p,0)],.{(p,o)cu, V(s )F—|—|te
t=(r,0),te[{p,0)],,(p,0)EUV(S)1
—=3r,0(t =(r,0)),t€[{p,0)],.{p,o)cu,V(S)t 92
tE[(p,O‘)]QI—ﬁ—Elré(t (l’5>)
te[{p,0)],,(p,0)EUV(S)t&.
~mrel{p, o)), &{(p.oyeu, V(S ),t@é...l—
y=(p,o).t€lyl,,yeutr-tel(p,o)], &{(p.o)Eu;
y=(p,o),tE€[yl,, yEUV(S),t & ..F
—=3p,o(y =(p. o)) tely],,yeu V(S),t & ..F
yEu,uC|R|XAFa-3p,0(y=(p,0));
yeEu,uC|RIXA, tely],,V(S)t& ...k
—mdyeu(telyl,) ul|RIXA,V(S),t& ...k
telJ [y, . uC|RIXA,V(S),t & ..+

(
uC' |RIXA V(S
7

FUDLS U U WUgn)],ne=l7

ge|R| n€A

) F
e Sh(u,R, ), xA) (14)
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Cxema 2.39

re|R|F = (r[r],)ER;
—|—|(r,[r]R)€@|- —|—|<[F]R,F>E@‘1
re|lRIF = ([r],,r)ER;
—|—|<[F]R,r>€]g‘1,[r]REZ|— —|—|I’€fv€‘1”Z
re|R|,[rl,€Zt ~reRrR""Z
[rl,€Z re|R|F7~reR""Z
tezZt=|r).tlr].€Z;
teZt=|[r],,r€|R|IFmreR"’Z;
(r,p)euk 1y € ulr]
teZt=|[rl,,re|R|.(r,n)eut reR'""Z&11nculrl;
—|—|r€@‘1”Z&—|—|77€u[r],
v =[7],F —3Ip €R'"Z Fo € ulpl(v =5l,)
teZt=|rl,,relR|.{rn)cuv=[7],F
F--3Fp eR'Z o€ ulpl(v=I[dl,)
teZt=[rl,,relR|,(r,n)euv=[7]
~IpeR'"Z Jo€ulpl(v=I[5l,)F
—re|R|,t€Zt=[r],.{r.n)Euv=1[7l,,
—~Ip €R'"Z o € ulpl(v =lol,) F
(r,p)eu,uC’ |RIXAF-—re|R|;
teZt=|[rl,.{r,n)Eu,uc’ |R|xA,v=][7]
~IpeR'"Z Jo€ulpl(v=I[5l;,)F
t=[rl.&v=I[n)..{r,n)euteZuc |R|XA,
—~Ip €R'"Z o €ulpl(v =lols,) F
(tv)y=(rl.lal)Ft=[rl.&v=1[il,;
(t,v)y=(rl,,[7k.).{rn)euteZ uc |R|xXA,
~IpeR'"Z o€ ulpl (v =[cl,)F
—Irnp((r,n)eu&{t,v)=([rl.[7k,))t€Z uc’ |R| XA,
Ip €RZ o culpl (v =15l F (15)

L7 ISR

LY ASR »

LY ISR »
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Cxewma 2.3.10
(15)
(t,v)e Sh(u,R,S),t€Z,u’ |R|XA,
~IpeR'"Z Jo€ulpl(v=I[5l;,)F
(t,v)e Sh(u,R,S),t€ Z,uc |R|XAF
F—=3peR-"Z o € ulpl(v =[ol;,)
(t,v)e Sh(u,R,S),t€Z,u | R|XA,
~Ip €R'"Z o € ulpl(v =lol,)F
-—3te Z v ({t,v)e Sh(u,R,S)), u C'| R| XA,
~Ip €R'"Z o € ulpl(v =lol,)F
ve Sh(u,R,S)’Z,u C'|R| XA,
—~Ip €R'"Z o € ulpl(v =lols,) F
ve Sh(u,R,S)’Z,uC’|R| XAt
F——3peR'"Z o € ulpl(v =lol,) (16)

(pou)y=(r,[rl)rp=r&u=[r];
p=r&u=|[rltu=][p]
(pyu)=(r,[r])Fu=[pl;
u=|pl,ueZt|pl, ez
(pu)=(r,[rl.) ., uczZkt[pl,€Z
(pu)=(r[rl) . uezZlpl. €2+t
a3 €| RI(pou)=(r,[r]))ueZlpl, €ZF
(p,u)ERF-3re|R|(p,u)=(r[rl));
(pu)eRucZlpl,&Z+
W (p,u)ERUEZ[p|,EZF
(u,p)ER'F = (p,u)ER;
(u,p)E@‘l,ueZ,[p]RgéZl—
——3ueZu,p)ER"),[pl;€ZF
PER'VZ|pl.EZt
pE@‘l”ZI— -—[pl.€Z (17)
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Cxema 2.3.11

re(JZFVYveZ(anrev)
[pl.€Z re(\ZF—repl.
ﬁﬁ[p]REZ,rEﬂZF —|—|7’E[p]R
(17)= peRZF[pl,eZ
pERZ re(Z+ - relpl, (18)

FIRICIVS)L:
Ve(s) kv, nl==6 €[l n[-~3 elgll, < [-=6 e [5],
Ve(

Ve(S) k6 eli)l.nl=7 elsll, ¢ [--6 elsll

VeS) ki elol,). ' a7 €lokle:

ve(s) ko elall.nli €6, < -6 el
—|—|r€[[77€ ]SR]]R,FE[[—|—|5€[] () —|—|I’E[[—|—|(§E[GV]S]]R

l., V¢
v=I|ok,,reliev],t —relielsll;
v=I[6l,.relievl.rel~~oelill. . ve(s)r

I——|—|re[[—|—|5€[ov‘]sﬂ,e
(18)= peR'Zre(\Z+arelpl.;

pERZre(Zv=Isk,.relievl,,

rEﬂﬁﬁge[ﬁ]SﬂR,Vc(S)l-

|——|—|r€[p]R&—|—|r€[[—|—|(§E[GV]S]]R;

—|—|r€[p]R&—|—|r€[[—|—|(§€[OV‘]S]]R, 0,0 € A+

I——|—|<}’,5>€[<p,0‘>]g

pERZre(zZv=I[5l,.relrevl,,

re[[ﬁﬁée[ﬁ]sﬂR,Vc(S), 6,0 At (r,0)e[{p,0)],:

a(r0)E[(p,0)],,

l‘=<l’,5>|——|—|l‘€[<p,0‘>]g

pERZre(Zv=Isk,.relievl,,

rel-—6eill,,ve(s), o, A t={r,d)F

F -t e[(p, 0‘>]Q (19)
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Cxewma 2.3.12

(19);
—|—|t€[<p,(7>]Q,<p,O‘>€u|-—|—|t€U [y]Q

pERZre(zZv=I[sl,, relievl,,
rel-—6elill,,ve(s), o, t=(r,0),(p,o)eut
Famrel [y,
pE@‘l”yZGTreﬂZ,v=[0V‘]SR,rE[[77€v]]R,
rel-—6elill,,ve(s), o, t=(r,d),(p,o)eut
t&J Dl F
ﬁﬁaeA,péveé-l”Z,reﬂZ,v=[6]SR,re[[776v]]R,
rel-—6elill,,ve(s),oeA t=(r,0),{(p,o)cut
t&J Dl
(p,d)Eu,bfé'|R|XA|-—l—|0‘€A;
(p,oYeuuc |RIXA, peR'Zre(\Zv=Idl,,relievl,,
relmoelll,. ves)oenr=(ro)regJ b+
- {p,0)Euuc ...,pe@-l”z,reﬂZ,v=[(}y]1,re[[776v]]R,
relmoelill. ve(s)oed t=(r.0).t¢|J[y],*
O‘Eu[p],uC'|R|XA,pE@‘1”Z,rEﬂZ,v:E(ﬂsR,re[[ﬁEV]]R,
rel-=oelill, ves)oent=(ro),t¢J[y],+

yEuU

_1”

—=3p € R"Z Jo € ulpl (v = dls,),
ucC'|RIXA re(\zrrelievl,,
rel-—oeill,ves), e t=(rd),t¢|J[y],+
(16)= veSh(u,R,S)"Z,uc’ |R|xAF o
Fom3peR"Z o€ ulpl (v =1[0l);
v € Sh(u,R,S)"Z,u C'|R|X A, re(\Z,r €7 € v],,
rel-—delill,, ves),oeA t=(ro),t¢ ], (20)
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Cxema 2.3.13

(20)
——3v € Sh(u,R,S)"Z (re[nev]),uc |RIxXA re()Zz,
re[[ﬁﬁée[ﬁ]sﬂR,Vc(S),éeA,t=(r,6>,t$U [y],+

YEU

——re U [[77€v]]R,uC'|R|><A,r€ﬂZ,

veSh(u,R,S)"Z

rel-—oeill,ves), e t=(rd),t¢J[yl,+ (21)

yeu

o ) S ¢
(3)= Z-snlte S“RC U [z e VHR SheRS) 7

veS”Z

Z-swrs Nl € Shw, RO, | |7 evl,

veSh(u,R,S)"Z

¥ € Z-swurs) , I € [[77 & ShEM,R, S)]]R Fomre U [[7? = V]]R ;

veSh(u,R,S)"Z
(21)
F € Z-swurs) , ¥ € [[77 = ShEM,R,S)]]R , u c’ | R | X A, re ﬂZ,
re[[ﬁﬁée[ﬁ]sﬂR,Vc(S),(SeA,t=(r,5>,t§£U [v], F

YEU

r€Z~Sh<u,R,s),7'e[[77 & ShZu,R,S)]]R,u C’|R|XA, —|—|reﬂZ,
re[[ﬁﬁge[ﬁ]S]]R,Vc(S),éeA,t=(r,5),t$U[y] F

YEuU

re€ Z -swrs €15 € Shu,R, S|, ,u | R|X A,
re[[ﬁﬁée[ﬁ]sﬂR,Vc(S),(SeA,t=(r,5>,t§£U [y],+

YEU

S t

—
Sh(u,R,S) 7

—=3Z (r € Zsurs) r €177 € Sh(u,R, )], u ' | R| X A,
rel-—oeill,ves), e t=(rd),t¢J[y],+

(10)=>re U [pl. F 73Z (r € Z-swurs) ;

p€Dom(u)
re U T E ﬁESh(uRS)]]R,uC|R|><A
p€Dom(u)
re[[ﬁﬁée[ﬁ]S]]R,Vc(S),é\eA,t:(r,5>,t€_5U [y, F (22)

YEU
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Cxewma 2.3.14

(22)

r e U [p]R&—|—|5€A,—|—|r€[[77€ShZu,R,S)HR,uC'|R|XA,

p€Dom(u)

“arelmo il ves),e=(ro)teJ [yl +
(r,00e U [plex A (r,0)eli e Shw,RIx A uc | RIxA,
p €Dom(u)

—|—|r€[[—|—|(§€[7§],]] VC(S)t=<I” 5) t%U[y]QI-
(r,5>€[<q,77>] |——|—|7’E[[—|—|5E[ ]]]R,

(r,o)e U Ipr] RXA,(r,5>€[[77ESh(u,R,S)]]RXA,uC'|R|><A,

p€Dom(u)

(r.0)el{q.n)],.V(S).t=(r.0),t&J [y],F
t=(r,0),te |J [pl.xA, teﬂﬁeShZu,R,S)ﬂRXA,uC’|R|><A,

pED m( )

tel{q,n)],.V* f55U
3,0 (1 =(r, 5>)tE U [ ]XA an I

peDom(u)

te ><Aze[[ﬁeShEu,R,S)I]RxA,uc'|R|><A,
U [rl

p€&Do m( )

el{g.n)],.V* teEU
-mre [p 1. X A, —|—|te[[77eShEu,R,S)]]RxA,uc’|R|><A,

p €Dom(u)

—tel{q.n)],.V* téU
Ot E U [p ]RXA,—|—|tEKq,77>]Q&—|—|tE[[ﬁEShEu,R,S)]]RXA

p€Dom(u)

uC' |RIXAVE(S)t & [yl F

——te | [plox A re[{g,n)],nl7 € Sh(u,R, )], x A

p€Dom(u)

uC |RIxAVES), el ]+

yEU

——3ge|R|FIn e A(te[(gn)],nli e Shu,R9],xA),
—nte | [plLixAuc|RIXAVS), t&l [y],F (23)

p€Dom(u)
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Cxema 2.3.15

—|—|3qe|R|377eA(te[<q,77>]Qn[[7§eShEu,R,S)]]RxA),
—mte | [pLixAuc|RIXAVS), t&l [y],F= (23)

p€Dom(u)

——te |J U (Kg2)1,nl7 € Shw,R,$)lx A),

g€IR| ne€A

It E U [p]RXA,MC’|R|XA’VC(S>J$U [y]Ql_

p€Dom(u)

tre U [plexAn Y U ([(q,ﬁ)]Qﬂ[[ﬁEShEu,R,S)]]RXA),

p €Dom(u) qge|R| neA

uC |RIxAVES), gl ]+
ucC |RIxAVES)F=-3re | [plexA n

p€Dom(u)

nU U Eamlnlieshiwrs)lxa) eyl

g€|R| 7€l

uC |RIXA,VE(S)FH
F U [plexA n U U (Kg. 2)1,nl7 € Sh(u,R,$)l xA)

p€Dom(u) ge|R| nel

< U bl (24)

yEuU
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Cxema 2.3.16

(r,o)e &+ ([r],.lo)s, )€ Sh(S,R,S)
(r,0)eSF = @R e Sh(@,R,S)[[r]R] ;
—=1[d]s, € Sh(S,R,9[[r].]. 7 €[t € o],
Faare U [t € v],

veSh(S,R,9)[r ]

(rroye&,refteloly),r—re | ltevl

vESh(S,R.)[[]z]

reftelol,].F —relrl;
(rroye,refteloly),rrelrl,n U lrev]:

veSh(S,R,9[r k]

[r], € Dom(Sh(&, R F[r],n |J [rev].c

veSh(S,R,9[[7]z]

< U un U lrev])

u€Dom(Sh(S,R,S)) veSh(S,R,9)[u]

(r,oye &, reftelol,].,[r], € Dom(Sh(&,R,S))
F-onre U (un U [t e v],)

1€ Dom(Sh(S,R,S)) veSh(S,R,9)[u]

—-1[r], € Dom(Sh(&,R,9)),{r, o) &, retelol,]. F
F-mre | (un |J [rev))

u€Dom(Sh(S,R,S)) veSh(S,R,S)[u]

(r,o)e &+ a[r], € Dom(Sh(&,R,S));
(r,oyes, reftelol,]. F
F-—re U (un |J [rev]);

. ueDom(Sh(&,R,S)) veSh(&,R,S)[u]
Ft € sh(&,R,9)]; = MEDom(LSh)(@m( N g“ [tevl) &, (1)
(r,oYe&,retelol,], F ~—reltesh(s,R, 9l
(r,o)€ S, re[[te[a]gR]]R,rgé[[te Sh(&,R,S)],
elrelsl,].,r¢li e Sh(®,R ) F(r )¢S (25)
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Cxema 2.3.17

refu=v],,0eAr(r,o)elu=v],xXA;

V@), VWb lu=v]xA =f""u=vl,=1f""u=f""v],

refu=v],, o€ A, Vi(u),V(v)F (ro)elf""u=f""v],:

i (ro)elf " Tu=f""v|,,

(r,o)e At (ro)elf " "u=f""v],nA

refu=v],,ce A, V(u),V-(v),(ro)e At

I——|—|(r,(7>€[[f‘1"u =f_1ﬁV]]Qﬂ?I;

(ro)eElfTu=Ff""v],NnAC S, (r,o)ESt
re[[u—v]] oA, Vi(u),V-(v),(ro)e,

If "Tu=f"v,nAC S (r,0)E St
<r0>§é@re[[u V],, o€ A, Vi(u),Ve(v),(r,o)ye,
If "Tu=f""v[,nAC St

(25)= refrelsl],.r¢lre Sh(s,R ) H(ro)¢ S:;
reltelsl,],.reltesh(®R S, refu=v],,0€A,
Vi(u),Ve)(r,o)e W [f ""u=f""v],nAC St
——(r,o)e W, reltelsl),.relieShiS,R S, refu="y],,
oe A Vi(u),Vew)f"Tu=Ff""v[,nAC Sk
(r,oYe[(p.o)),.{p.o)YEAEOQ)F 1 (r,o)EA;
(r,o)e{p.o)],.{p.o)eAe0(Q),rereldll,,
reliesh(S,R S, refu=v],,0€A,V (u),V(v),
If "Tu=f""v[,nAC Stk
i (r,o)e{p.o)],.(p.o)eUe0(Q),relteloll,.
relre ShE@,R,S)]]R,rE[[u =v],,0€A,Vi(u),V(v),
If ""u=f""v[,nAC St
relpl,.o€AF - (r,o)e[(p,o)],;
rel[pl.,c€A,{(p,o)yeNe0(Q),retelsls],.
reltesh(S,RS.., refu=v],,Vu), V- (),
If ""u=f""v[,nAC Stk (26)
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Cxema 2.3.18
(26)

TTGEA,FE[p]R,<p,(7>eQIEO(Q)’FE[[tE@RHR’

relre ShE@,R,S)HR,rE [u=v],,V(u),V-(v),
If ""u=f""v[,nAC St
(p,0)eNeO(Q)F1oe;

re[pl..{(p,o)eNe0(Q),reltelsll]..
reliesh(S,RS., refu=v],,Vu), V()
[f "u=f"v],nAC St

——re(pl.{p,o)yeAe0(Q),reltelall,.

reliesh(S,R S, refu=v],, V),V (),
If "' u =f‘“v]]Q091C' St
y=|pl.,reytnrelpl;

=[pl..r€y.{p,o)eNc0(Q) reltecloll.,
reltesh(S,R S, refu=v],,Vu), V),
[f "Tu=f""v],nAC Sk

amrefteldll..y=[rl.rey(p. 0>€91€O(Q>

reltesh(S,RS.., refu=v],,Vu), V()
[f""u=f""v],nAC St
z=lolk,,.reftez],r —reftelol],:

o), reltez,,y=I[pl,.r€y.{(p,o)eWAc0(Q),

reltesh(S,R S, refu=v],, V),V (),
Lf "Cu=f"v],nAC St

=[pli&z=Ilol,.reltez],, rey.(p,o)eWAec0(Q),

relre ShE@,R,S)HR o Eu=v],, V- (u),V-(v),
If ""u=f""v[,nAC St

(v, 2)=([plelol )y =[pl. & 2 =10,

(v.2)=([plolol).rltez],. rey (p,o)eA€0(Q),

relre ShE@,R,S)HR o Eu=v],, V- (u),V-(v),
[[f_lﬁu=f_1“v]]Q091C'@l— (27)
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Cxema 2.3.19

(27)
3p,0 ((p,0)eN&(y, z)=([pl. L)) relrezl,.rey,
A e 0(0),re&lesh(S,RS).,refu=v],,V (), V),
If ""u=f""v[,nAC Stk
11 (y,z)e Sh(A,R,S), reftez],,rey,
AWe O(Q),r ¢ = ShZ@,R,S)HR o Eu=v],,V-(u),V-(v),
[f "Cu=f""v],nAC Sk
ze€ Sh(A,R,S)[y], reltez,.rey,
Aeo(Q),reliesh(@SRS)., refu=v],,Vu),V- (),
If "Tu=f""v[,nAC Stk
——3z € Sh(W,R,S)[y](reltez],). rey,
Aeo(Q),reliesh(@S,RS., refu=v],,Vu),V- (),
[f "Cu=f"v],nAC Sk
re |J lre,.rey,

z&€Sh(A,R,9)[y]

A e0(Q),rgliesh(S,RS), relu=y]
If ""u=f""v[,nAC St
mrey&re U [[tEZ]]R,

z€Sh(ALR,S)[y]

R?

R ?

R?

LV E(u), Ve(v),

R

A e 0(Q).rglesh(S,RI),,refu=y]
lf "Tu=f""v[,nAC St
reyn |J ez,

zeSh(U,R,S)[y]

Vi(u), Ve(v),

V(u), Ve(v),

R?

A e 0(Q),r &l e Sh(S,R ), refu=yv]
If ""u=f""v[,nAC St
—~—3dy € Dom(Sh(,R,S)) (reyn |J [rez,),

zeSh(U,R,9)[y]

R?

Aeo(Q),reliesh(@S,RS)., refu=v],, V),V (),
Lf "Cu=f"v],nAC SH (28)
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Cxema 2.3.20

(28)
I r e U (yﬂ U [[tEZ]]R),

. yeDom(Sh(,R,S)) zeSh(*II,R,S)[y]
AecO(Q),regltesh(S,R ), refu=v],,V(u),V(v),
[f " "u=f""v],nAC Sk
ltesh@r9.= U (yn U ez,

yeDom(Sh(,R,S)) zeSh(A,R,9)[y]
reltesh@QR)iF-—re U (yn U ltez)
yeDom(Sh(,R,S)) zeSh(A,R.9)[y]
l[resh@r .= U yn U ez,
yeDom(Sh(,R,S)) zeSh(A,R,9)[y]

reltesh@R )., A e0(Q),reliesh(&SR )., refu="y],,
Ve(u),Vew)lf "u=f""v[,nA Sk
ltesh@rol.= U n U lrezd);

Sh(Y,R,S) ’
y€Dom(Sh(2,R,S)) ze€Sh(UR,y]

reltesh@R )., A e0(Q),reliesh(@SR )., refu="y],,
V@), VeW)LIf "u=f""v],nAC St
—reltesh@ RS, & ~—refu=v],ré&lreSh(®,R,5),,

AeO(Q), Ve (u),VW)[f Tu=f""v],nA SF
relte sh,R, )l n u_v]]R,mE[[teSh(@RS)]]R,
AeO(Q),V(u),Vw)[f Tu=f""v],nA SF
AeO(Q), Vi(u), Ve(v)[f "u=f""v],nAc St

F=3relte Sh@Q RSl N [u = v], (rgz[[reSh(@RS)]] )
A€ OQ), Vi (u), V- (v)[f "Tu=f""v[,nA St
Flz € sh(¥,R, )], N [u c’ [[teSh(@RS)]] (29)

=,
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Cxema 24.1
V() Vi), veS)Flredl, = (U @(r)nfe=rl,) =

r&Dom (i)
=4 Uy (Dom([[veu]]Q)ﬂHrz(\?,ShE[[veu]]Q,R,S)>HR)ﬂ
reDom(i)  veDom(u)
N[t=r],) =
=4 U (Dom([[veu]]Q)ﬂHF:(\;,ShE[[VE”ﬂQaR’S)>HRm
reDom(ii) veDom(u)
N[t=r],) =
= J U Dom([veul)n]e =( 5, shilv e ul,,R9)] n
reDom(ii) veDom(u)
N[t=r],) =
= U (Dom([[veu]]Q)ﬂ”tz(ﬁ,ShE[[veu]]Q,R,S)>HRﬂ
v&Dom(u)
n Y lt=rl.
r&€Dom(i)

Vc(f),V (u), VE(S)F [[ €ul, =
= |J (Dom([v € u], th vSh( [v e ul, R,S))HRO

ve Dom(u)

n Y le=rl) (1)

re&Dom (i)

t € Sc(rg[vl),v € Dom(u) F =t € rglu]
t € Sc(rg[vl),v € Dom(u), t & rglu] -
(
(

F =3¢ € Sc(rglv]) (¢ & rglul)
v € Dom(u) F Sc(rg[v]) C’ rglul;
Sc(rglv]) C’ rglu] F
FIR|C [Sc(relv]) C refull,
ve Dom(u)F|R|C [[Sc(rg[v]) c’ rgfu]]]R z
VE(S)FIScrgv)) C refull, c
C Vo, € Vo ]
v € Dom(u), VE(S)F|R|C [V élff;[v],e ' Vol
|RIC 2=V € ViGamgls »
vEDom( VS FIRIC [P e Vi,
vr e Dom(u) (| R|C +=[F € VEw.lL):
v € Dom(u), VE(S)F|R|C w=[F € VY | (2)

u

R

R




Cxewma 24.2

Ve, Ly, S) Fxzlv € Vi J.nlt = v].n[y € 0,(9)], €
C szt eV J.N[y € 0,(9], C
C w7 l{t,¥) ¢ € Vi X:0: )], C
C?? U Kt.y) =],

re&Dom (i)

VeO,4,y,S) F==[v e Vo l.nlt = v],Nn[y €O

rg[u

=z U Key),=rl,

rEDom(u)

(2)= WEDOHI(M)(IRIC =77 € Vil
v € Dom(u) VE(S)F|R|C <[V € Vel

rglul

VreDom(u) (|R|C z%[feV S I.) VE(,8,y,S),

V ScliglrD) g

v € Dom(u) k1 = 7, N[y € 0,9, € w7 U Kty) =7l (3)

re&Dom (i)

v & Dom(u), V> (u)F V> (v);

v € Dom(u), V> (u)F V°(V); (3)
VreDom(u) (| R|C w=[F € V%ﬁff;[r])R]]R), Ve(t,y,S), V" (u),
v € Dom(u) F [t =v],N[y € 0,(9], " =% [Kt,y) . =7l
r&Dom (i)
Vr € Dom(u) (|R|C w<[F € Vi)V (6,5), VP’ (u) F
F Vv € Dom(u)([t = v],N[y € 0,9],C =% U [{t,y) . =] (4)
reDom (i)

(1) = VLYY L Vo) VES)F[(ty) €, =

(ty)r

|
= U (Dom([lv € uﬂg)n[kt’ y)

ve Dom(u)

N U Key)e=rl) (5)

reDom (i)
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Cxema 24.3

VEty) F V(L y) ) (5)

Ve(t,y), VP (u), VE(S)F[(t,y) , €], =

= egn( )(Dom([[vEu]]Q)ﬂH Ly) . =(", Sh([[vEu]] R S))H
N H»[Kt y)e=rl,

ve Dom(u)




Cxema 244

(6); (4)

Vc(t3y3S)3 VD( )’
vre Dom(u) (|R|C 5%[F € V¥l F

ve Dom(u)

N y=ShE[[vEu
=%7F U (Dom([[VEM]]Q)ﬂ

ve Dom(u)

N|y = Sh(veu],.R,
VE(t,y,S), V2 (u),
vre Dom(u) (|R|C 5%[F € V¥l F

=7 | J (Dom([v € ul)n[t = V], N

ve Dom(u)

nly = shilveul,.R.9)] ) (7)

VC(ShE[[vEu]] R.S)),VE(F ), t € Dom(u) F

F Dom([t € u],) € Dom([t € u],)N|R|=
= Dom([t € u],)n[7 = 7],N
n|shilr € ul, R, = Sh[t € ul, ,R.S)|
< |J (Dom([v e u],)n[i = v],n

veDom(u)

n|sh{l € ul, R, = Shi[v € ul, ,R.S9)] )
VC(ShE[[VEI/t]] ,R,8)),V(f),t € Dom(u)F
F Dom([r € u],) " |J (Dom([v e u],)n[i = V], N

ve Dom(u)

nlshilr € ul,,R,9) = shilve ul, ,RS)],)  (8)
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Cxema 24.5

(8)= V(Sh([ve ul, RS)) Ve(7),t € Dom(u)+
F Dom([r € u],)” |J (Dom([v e u],)n[i = V], N

ve Dom(u)

mHSh([[te ul, .R.8) = Shilv € ul, .R.9)],):
Ve, sh([v e ul,,R,S),S), V> (u),
Vr € Dom(u) (|R|C w<[F € Vi) F
Pl shilr e ul, R9) €], =
=x% U (Dom([v € u],) N[t = v[,n

ve Dom(u)

n[snifteul, . R.$) =Shi[veul,.R]) — (7)

i sh([reuly.R.S)

ve(sh([veul,,R,9), V() t € Dom(u), V(S), V> (u),
Vvr€Dom(u) (|R|C w<[F € V) F
- Dom([t € ul,) €' = =[(7. Sh([t € ul, .R.S)) €l =
— (%, Shf[[te ul, .R,S))e LZHR;
ve(sh([veu],,R,9), V(i) ve@a)+
-z, sh([t € ul, ,R.S) Ye il nIFn(@)], c
c |a(7) = shilr € ul, .9
ve(sh([v e ul,,R,), V() r € Dom(u), VE(S), V7 (u), V(i) F
Vr € Dom(u) (|R|C w<[F € Viiam.l) F
- Dom([t € ul,) N[Fn(@)l, ' [a(7) = shi[t € ul,,R.S) )],
VE(S)FVE(Sh([v e u],,R,9));
VE(S),Ve(F), t € Dom(u), V> (u), V(i) +
vr € Dom(u) (|R|C % %[7 € Vsimmgle) F
- Dom([t € ul,) N[Fn(@)l, ' [a(7) = shi[t € ul,,R.S) )]
|R|C [Fa(@)l,,VE(S),VE(7),t € Dom(u), V" (u), V(i)
vr € Dom(u) (|R|C w%[F € Vi) F
- Dom([t € ul,) ' [@(7) = Shi[t € ul,,R.S))], (9)
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Cxema 24.6

AN

7)

V(t,S), VP (u),

Vr e Dom(u)( |R|C’??ﬂf€ ng((rz[r),g]] )I_

-7l € Dom, ()], =5+ U (Dom(ly € ul,)nlt = 7],)
Vc(t’S),VD( )’ ve Dom(u)

vre Dom(u) (|R|C w=[F € V¥l F

5 5[ht € h Dom, (4)], = wyggﬂ(m( h Dom([v € u],)N[ht = hy],)
V(S), V2 (u),

Vr € Dom(u) (| R|C % =%[F € Vi) F VE(V (1)~

ele)
—+55[ht €hDom, ()], =575 |J (hDom([v e u],)n[ht = hv],))

ve Dom(u)
VC(S)’ VD(M)’
Vr & Dom(u) (|R|C w%[F € VI, ])F Vr (VE(r)—
(i

Sc(rglrD) p
—55[hr€hDom, (4)], =55 (J (hDom([ve€ uf,)Nn[hr = hv],));

veDom(u)

N[Rg,(G)Nhu(r), # 0],N
N[t = In, (hr, &Q (G))]]Q)
Ve(s), Vo(t,u),
vr € Dom(u) (|R|C w<[F € V) F

-5 5[t € In, (hit, R, (G))], =
=57 (55 U (hDom([v € u],)Nn[hr = hv],) N

VEr) veDom(u)

(
N[Rg, (G)nha(r), # 0],N
N[z = In, (hr, Rg, (G))],) =
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Cxewma 24.7

s (U (hDom([v € u],)n[br = hi],)n

VE@r)  veDom(u)

N[Re,(G)Nhi(r), # 0],N

N[z =1In,(hr,Rg,(G))],) =
=== U U (h Dom([[v € u],)n[hr = hv], N

N[t = In, (hr,Rg,(G))
=57 U (hDom([v € u],)n[hr = hv],N

|
VE(r) vEDom(u)
|

0
ﬂﬂ&Q(GmhMR 7 0],n
0

N[Rg, (C)Nh (D), #
N[t =1In,(hr,Rg,(G))],) =
=57 U (hDom([v € u],)n[hr = hv],N

VE(r) veDom(u)

N[Rg, (G)Nh (), # 0], N
N[z = In, (hv,Rg,(G))],) =
=57 U U (hDom([v € u],)n[hr = hi], N

veDom(u) VE(r)

N[Re, (G)Nhi(%), # 0],
N[t = In, (h#, Re, (G))],) =
=357 |J (hDom([v€u],)n [hr = hv]

ve Dom(u) vev

[Re, (G)Nh (s), # O],
N[z = In, (h¥,Rg,(G))],) =
79 U (hDom(veul)n | [br=hi]

veDom(%[[RgQ( )mhu( ) 7:\2)
N[t = In, (hv, Rg, (G))],

=57 U (hDom(lv€ul,)n

N[Rg, (G)Nh (), # 0], N
N [r = In, (%, Re, (G))],) =
VE(s), Vo (tu),
vr € Dom(u) (|R|C w%[F € V) F =

)
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Cxema 24.8

— F5 5[t € In,(hi, RgQ(G))HQ =

=57 p( )(hDom([[vE ul,)n
N[Rg, (G)Nha(v), # 0], N
N[t = In, (hv, Rg, (G))],)
VE(S), Vo(tu),
vre Dom(u) (|R|C +=[F € VEw.lL):
Vv € Dom(u) (| Q| [In, (hv, Rg,(G)) = v],) F
-5l € Ing (hit, Rg, (G ))HQ:
=57 U (h Dom([v € u],)n
v Dom() nﬂ}gg (G)nhi ﬁ)R 4 O]]Qﬂ
Nz =v],) (10)

|R|C [Fn(i)],,VE(S), VE(V),v € Dom(u), V>(u), V(i)
Vr € Dom(u) (| R|C 7
F Dom([v € u],) C’ |u
|R|C [Fn(i)],,V*

Vr € Dom(u) (|R|C %
- h Dom([v € ul,) < [h (v
V()& V(i) |R|C [Fn(u )]] ,VC(S),veDom(u),VD(u)I-
Vvr€Dom(u) (|R|C w%[F € Vi) F
Fh Dom([v € uf,) C H i(v) = hShZﬂVEMﬂQ,R,S»HQ

v € Dom(u), V2 (u)F V() &V (ii);

v € Dom(u), V”(u),|R|C [Fn(i)l,,VE(S),
vr € Dom(u) (|R|C w%[F € V) F
- h Dom([v € ul,) €' [h (%) = hsh([v € u],.R.5) )], (11)

[
= sh{[veul,,R.9)] —(9)
,VE), v e Dom(u), V> (u), V(i)
fe\/?fsg[ )R]] ) F
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(11)

VZ(u),IR|C [Fn(@)];, V(S),
vr € Dom(u)(|R|C RR[[rEV?fZ[ Jo) F
F Vv € Dom(u)(h Dom([v € u],) C’

' [ha(v) = nsnily e ul, .R.5))]):
(10)
VE(S), V2 (tu),| R|C [Fn(@)],,
vre Dom(u) (| R|C +=[F € VEw.lL):
Vv € Dom(u) (|Q|C [In,(hv,Rg,(G)) = v],)F
55l € In, (hit, Rg, (G))], =

=357 |J (hDom([v € ul,)n

veDom(u)

n[ha(#) = hshifveul,.R.9)] n
N[Re, (G)Nha(v), # 0], N
N[t =v],) =
57 UJ (hDom([v e u],)n
n[ha(#) = hshifveul,.R.9)] n
n[Rre, (©)
N[t =v],) =
=357 |J (hDom([v € ul,)n

veDom(u)
HRgQ(

G)n
Nz =v],)

nhSh{[v € ul,.R.8))# 0]

hsh([v € u],.R.5))# 0] n

Cxewma 249



Cxema 2.4.10

= Vv € Dom(u) (|Q|C [In,(hv, Rg,(G)) = V] )+
k5[t € In,y (hi, Rg, (G))], =

00

S
n[Re, (G)nhshi[v e ul,.R.5))# 0] n
Nt =v],);
VP(u)k
F Vv € Dom(u) (5 5h Dom([[v € uf,)N
n[Re,(G)nhShi[v e ul,.R.9))# 0] =

R [Fn(d)]e,



Cxema 24.11

(12)
Ve(s), Ve (u) I RIC [Fn(@)]s.

),
Vr e Dom(u)( |R|C el = V%?((:;[I‘)R]]R)’
)(|Q|C [[ (hV Rg,(G)) =v],)F
hii, .

|Q|C[[ , )= u]]Q,uEDEm(Z)I-—mueY
VE(S), V2 (u), |R|C [En(a)], ,

Vr € Dom(u) (| R|C w%[F € Vaml.):

Vv € Dom(u) (|Q|C" [In, (hv, Rg,(G)) = v],).
ue€Dom(Z)F ~—uecy

VE(s), V2 (u),| R [Fn(i)],,

vre Dom(u) (|R|C +=[F € VEw.lL):

Dom(u) C' Y,u € Dom(Z)F ~—u €Y

| R|C [Fn(it)l; & Vr € Dom(u) (| R|C" =[F € Vi)
VE(S), V?(u), Dom(u) C" Y, u € DOHI(Z) FamueY

r € Dom(u), u € Dom(Z) + =—1r € Dom

)

(13)

u € Dom(Z), Vr € Dom(Z

)(IR|C ??ﬂrevicfg)[r ele)
F vr € Dom(u)
)

(Z

(

(|R|C ??HFEVSCR((;)U ]]R)
u € Dom(Z), vr € Dom(Z) (| R|C % %[F € Veiun.)
VS)FIRIC [Fn(d)]s;

u € Dom(Z), vr € Dom(Z) (| R|C % =[F € Veiun.)

VES)FIR|C [Fn(i)]; & Vr € Dom(u) (| R|C +<[F € V.l ;

(13)
u € Dom(Z), vr € Dom(Z) (| R|C % =%[F € Veiun.)
Ve(s),V?(u),Dom(u)C' Yk nueyY (14)

115



Cxema 2.4.12

u € Dom(Z), V> (Z)F V> (u);

u € Dom(Z), vr € Dom(Z) (| R|C % =%[F € Veiun )
VE(S), V2 (u), Dom(u)C' Y+ —uey —(14)
u € Dom(Z), vr € Dom(Z) (| R|C % =%[F € Veiun.)
Ve(s),VvV?(Z),Dom(u)C Yk 1ueyY

u € Dom(Z), vr € Dom(Z) (| R|C % =%[F € Veiun.)
Ves),V?(Z)F Dom(u)C' Y > ~nuey

vreDom(Z)(|R|C +=[F € V¥ ).

VE(S),V?(Z)F Yu € Dom(Z) (Dom(u) C' Y - ——u € Y);

Vu € Dom(Z) (Dom( )T Y- —uey)

V?(Z)F Dom(Z) C

Vvr€Dom(Z)(|R|C w=[F € VL((IS;WRHR),
Ve(S),V®(Z)F Dom(Z )C'Y
vreDom(Z) (| R|C w%[F € Viiun.)
Ves),vi(z)r

FVre Dom(Z)( |0 [In, (b7, Rg,(G)) =

Dom(u) C’ XI— vre Dom(u) (| R|C w5[F € Vo,
(15) => vr e Dom(u) (| R|C w%[F € Viiun )
I_

VE(S), V2 (u)
I-VreDom(u)(|Q|C[[ ,(h",Rg (G)) =

rl,) (15)

Dom(u) C’ X, V(S), V" (u)F
- vr € Dom(u) (|Q|C’ [In, (b7, Rg,(G))

[In
t € Dom(u), Dom(u) C" X, VE(S), V> (u)F
F1Q1C [In, (hi, Rg, (G)) = 1],
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Cxema 2.4.13

(16)
t € Dom(u), Dom(u) C" X, VE(S), V?(u)F
Q1 [In, (hi, Rg,(G)) = 1],
t € Dom(u), Dom(u) C" X, VE(S), V°(u)F
- [In, (h7, Re, (G)) € u], = [t € u], (17)

(17);
(17) = v € Dom(u), Dom(u) C X, VE(S), V° (u) F
F[In, (hv, Rg (G)) € u], = [v € ul,;
VEE D), VP (u), VES) 7 =],
' [sh{[in, (7, RgQ(G)) € u],.R.S) = Sh{[In, (h?, Rg,(G)) € u] .R.9)|

t,v € Dom(u), Dom(u) C" X, VE(S), V?(u), V°(£,V) F

Ff = v], H ([t €u],R,S) = Sh([[vEu]]Q,R,S)HR
V(tvr)l—[[rzt]] ﬂ[[r—v]] c' [t =],

V(t,9,r), t,v € Dom(u), Dom(u) C" X,V (S), V> (u)F
I—[[r—t]]Rﬂ[[ =v], HSh([[l‘Euﬂ R,S)=Shf[[v€u]]Q,R,S)|]R

V(E,v,r,y,2), t,v € Dom(u), Dom(u)C X, V(S), V>(u)F
Hlr = il.nr = 3,0 ]y = shilr € ul,,R.S)] N
ﬂ”z =Sh([ve u]]Q,R,S)HR C [y =z,
t,v € Dom(u), V" (u)F V°(7,9);
V(r,y,z), t,v € Dom(u), Dom(u) ' X,V(S),V(u)F
Hlr = l.n[r = 3,0 ]y = shilr € ul,,R.S)] N
ﬂ”z =Sh([ve u]]Q,R,S)HR C [y =z,
VE(r,y,z),Dom(u) C" X, V°(S),V"(u)F
F vt,v € Dom(u) ([r =], N[r = v”]]Rnﬂy = Sh([t e u]]Q,R,S)HRﬂ
n|z=snllv e ul,R9)] c Iy = zl,) (18)
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Cxema 2.4.14

VE(r,y,z), Dom(u)C’ X,V(S),V"(u)F
F Vt,v € Dom(u) (

o

|
n U ([r=9l,n]z=shilveul,.R.9)] ) Iy =,

VE(r,y,z), Dom(u) C’ X,V(S), V" (u)F
Fe= U (Ir=il.n]y = shifr € ul,, R.9)] )n

t€Dom(u)

nez U (Ir = il,n]z=shilve ul,R9] ) < [y = 2, (19)

veDom(u)

= U (Ir="7L.n]y =snllveul,.R9] ) (20)

(19)
V(r,y,z,S),V’(u), Dom(u) C" X,V(S)F
FIKr )], nKr, z) € dl, [y = ], (21)



Cxewma 2.4.15

(21)
V(r,y,z,8), V" (u), Dom(u) C’ X F
FIRIC (K, y) € al n[(r z)€ ], 2 [y = 2l,)
V(r,y,z,5), V" (u), Dom(u) C" X F
HR|IC [(r,y)yeu&{r,z)eu—y=7],
VE(S), V?(u), Dom(u) C' X F
FVry,z(VE(ry,z)—|R|C [{r,y)eu&{r,z)eli—y=1Z],)
VE(S), V?(u), Dom(u) C’ X F
FIR|C [Vry,z({r,y)Eu &{r,z)Eli—Yy =72)], (22)

(1)
C(f)V (), VE(S)Flreu], <

& U b=tnsillved k], U Ulr=(nol.-

= [Tz (t=(y, 2, € = 5[,z (¢ =(y. )],
= [zt =y, 2)l,

(S)Ftea], C [Ty,z(t =y, 2))],
(S)FIR|C ([[tEIZ]]R:R)[[ﬁ—Ely,Z(t:(y,Z))]]R)
(S)FIRIC [t € i —~Fy,z (1 =(y, 2))],

(S)F vt (Ve(t)—

- |R|C [[tEI/?—>—|—E|y,2(t:<y,z>)]]R)

(S)
VS FIRIC [RI@)] 5 (22)
,VE(S), Dom(u) ' X+
()
()

c' [RIG)]. N[ Vr,y,z ({r,y >€b2&(r z)eﬁ—»y—z)]]

VP (u), VE(S), Dom(u) C’ X F|R|C [Fn(id)], (23)
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Cxema 24.16
(2)

v € Dom(u), Dom(u) C" X,V (S)F|R|C <[V € Vo .
VE(S)FIRIC z=|Shi[v € ul,,R.S) € 0,(5)] :
V@), VES), V(t) Frld € VaialN

Nz z|Sh{[v € ul, ,R,9) € 0,(5)] N

H =( 7, Sh(] [v € ul, RS))HRC

C ==t € Vi . X0, (9],

vEDom(u),Dom()CXV() VEW),Ve(r)F

Fle=¢vshilv e ul,,R.S))| < wxlr € VI, X0,
v e Dom(u), V"’ (u )I—V (v);

v € Dom(u), Dom(u) C" X,V(S),V(t),V’(u)t

Fle=¢oshilv e ul,,R.S))| < w=lr € VI, X0,

Dom(u) C" X, V(S ) (¢),V°(u)t Vv(v € Dom(u) —
~[e=¢oshllveul, . R <zl e VIS x,0.)],)
Dom(u) C" X, V(S), VC( ), V2(u)F
U [r=nshilveul, . RS)| < wxlr e Vi, x,0.)],
(

veEDom(u)

)= V), V?(u),V(S)F|ted],
< U [r=¢osnilveu,.r5)]
Ve (), Vo (w), VE(S), Dom(u) €’ X+
Flee€il, C w5t € Vo . X.0.(9)],
Ve(r), Vo(u),v ()Dom()CXF
Ft € ], N+t € Ve X:0,5)], C
V(t),V°(u),V(S), Dom(u) C" X+
Flted &~te Vi X,0.(9)]. C
V2 (), VE(S), Dom(u) €’ X F W(Vc(t)a
~[t€ei&te Vi X,0,(5],C 0)
VP(u), V°(S), Dom(u)C" X+

FU [teia&te Vi x,0,9)], C (24)
VE(r)
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Cxewma 2.4.17

(24)
V2 (u), Ve(S), Dom(u) C" X+
3t € i (nt € Vi, X.0,.8))], C
V2(u),Ve(S), Dom(u) C" X+
FIR|C %[3t€ i (nte VY X,0.,())], =
=[~3red (e Vun, X.0.6)], =
= [u

rg[u

i C Vo X,0,.5)],
V2(u),Ve(S), Dom(u) C" X+
FIR|C [d C Vo X,0.(5)],

(23) = V"(u), V°(S), Dom(u) " X F|R|C [Fn(id)],;
VP (u), Ve(S), Dom(u)C X F
FIR|C [Fn(d)].N[i C Vo . X:0.,)], =

== =i € PR (Vo . X,0,(SN)]., =
=l € VSl
VP (u), Ve(S), Dom(u) C' X F
FIR|C w=ld € Ve, ;

vV Sc(rglul) g

|R|C =i € Vitml, 4 € TC.{UNU{U}F 1ueX

VP (u), Ve(S), Dom(u)C X F

ue TC.{UHU{U}F r—ueX

we TC.({UYULUL, VP (U) F VP (u);

ue TC.({UY)U{U}, v?(U),V°(S), Dom(u) C X F
Fa—uelX

=]

V2(U),VE(S)F
Fvu e TC.({U})U{U} (Dom(u) ' X - 1nueX);
Vu € TC.({U})U{U} (Dom(u) ' X - —ueX)F
FTC.({U})u{U}C' X
V2(U),VE(S)F TC.{UN)u{U} ' X (25)
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Cxema 2.5.1

V2(G), VE(u,v,S)F
[GAh e L, # 0], =
=[GNnh(JEv-, (u,v,S) # 0], =

= [3t € h Ev- (u,v,S)(GNt # 0)],N

wU sl € h Ev,, (u,v.9)], N
[[Gm;éol])

=27, (Q U([[hrehDom ], N
N[t = hv(r),n, [[u_rHSR]]Q)n
n[Gnt #0],) =

=77\ (U([[hrehDom ()],N
[[: ()nﬂu_rﬂsze]]g)n
[Gnt#0],) =

N
—_ U ([hr € h Dom, (v)], N
[[t—hV( ) N [[u:rHSR]]Q)n
Nn[Gnt #0],) =
=27 U (Ir hDom, (v)],n

ﬂt>[[t =h V(T’)R Ny [[I/l - rHSR]]Q )N
N[GNnt#0],) =
=== U (€ hDom, ()],
N[t =hv(r),0gfu = rf],)N
N[GNhv(r),n,Ju=r], #0],) =
=53 ([br €hDom,(v)],N
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n GNhv(r),Nlu =rl, # 0],) =

GNhv(r),Nohu =rl;, # 0],)
V2(G),V(u,v,S)F
I_

[

[
([[hrehDom ()], N

|

D

%anhw )mhmr—4m¢0ﬂ)

(1)

V2(G),V(u,v,S)F
- [En(hv) & h Re, (v) €' h O,($)],N

[[Gﬂhv( )ﬂh[[u—r]]SRgéO]])
= [Fn(hv) & h Rg,(v) " h O, (S)],N
([[hrehDom ], N
N 5lh (), € h O, (S)],N
N[GNhv(r),N,hfu=rf, #0])

V2(G), VE (u,v,5) F
l_

i
=}
—~~
=
=
_— ~—
2"
=
.\w
0Q
=
—~~
~
N
=
@)
—~~
(0%
=

([hr € h Dom, (v)], N

N glhv(r), €00 (S)],N
[[Gﬂhv( r),Noh Ju =r|;, # 0],
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Cxema 2.5.2



CxeMma 253
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CxeMma 254
V2(G),V(u,v,S)F
Fan[Gnhlu=v], # 0], =
:aﬂ[[Gﬂh SRUEV¢R(UVS

=an[GNh s (JEve, (1,,5), QhERUEvggR(vuS) # 0], =

=an[GNh s, (JEve, (u,v.5) # 0],N
m[[GnhERU%R v,u,S), # 0], =

= aN[G Ny, h [ JEve, (1,v,5), # 0] N
N[GNw,h JEve, (v,u,5), # 0], =

=aﬂ[[GﬂhU%R(u,v,S)R=O]]Qﬂ
N[GNhJEve, (v.u,5), = 0], =

:aﬂHGﬂU hEv¢R(qu)0=OHQﬂ
ﬂHGﬂU h Eve, (v,u,S) = OHQ:

= an[-3t € h Bve, (u,v,5)(GNt# 0)],N

N[73 € h Bve, (v,u,S)(GNt# 0)], =

=ang|J (35lt € Eve, (u.v.5)],n[G N1 # 0],)N
V2
[t € h Eve, (v,u,S)],N[GN 1 # 0],) =

—

Q 55
)

ansJ (55U ([hr € h Dom, (u)],N
V2@ Ve
t=hu(r)

mR ) MRHQ) N

N /R

[

Al

N[Gnt#0],)N
Ns U ([br € h Dom, (v)], N

Al

all

0
VD(t) VE@r)
l‘—hV( ) Ne 5 MRHQ)H

GNt # O]]Q):‘
=ansJ( (Ibr € h Dom, ()], N
Vi Ve n[[l‘:hu(r)RQRER[[rEVHSRHQ)n
NjGnNt # O]]Q)n
Nz (U ([hr € h Dom, (v)],N
Ve ver n[[t=hV(r)




0

Cxema 255



Cxema 256
=aNny U [hr € h Dom,, (u)]]Qﬂ

GNhv(r), N, 5,[r € uly, # 0],) =

nl
[br € h Dom, (u)], N

[[Gﬂh MR QQh SR [[I" = VI]SR 5 O]]Q)n

N5 U ([br € h Dom, (v)], N
' (r)ﬂ [GNhyv(r),Nnh <, [r € u, # 0],)
V2 (G),V(u,v,S)k
Fan[GNhu=v], # 0], =
= any | J ([br € h Dom, (u)],N
V(r)m[[Gnhu( ) Noh 5 [r € v, # 0],)N
N+ (J ([br € h Dom, (v)],N
NG AR (), 5 Ir € ul,, # O],) (4)
(4)

FanVese(hu,hv)N[GNhlu = v # 0], =
—aﬂVRSQ huhvﬂ U hrEhDom( ]]

Ve

N[GNhu(r),N,h =< [r€v], # 0],)N
Nz (J ([br € h Dom, (v)], N

Ve

N[GNhv(r),Noh 5, [r € ul,, # 0]) =
= an Viso(hu,hv) N4 () ([hr € h Dom, ()], N

V()

Ngglhu(r),€h0,(S)],N
N[GNhu(r).n, hJ[[FEV]]R¢Ol]Q)”
N+ J ([br € h Dom, (v)],N
o Ngglhu(r), €h 0. (S),N
N[GNhv(r),Noh 5 [r € ul,, # 0]) =

o)
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= anVeso(hu,hv)n | ([br € h Dom, ()], N

ngolhutr), n0, ()0

N[GNhu(r), # 0],N
n[Gnh s, [revl, #0])n
05 (hrehDom ], N

Ngglhv(r), €h0,(5)],N

N[GNhv(r), # 0],N

N[GNnh 5, [reul,, # 0])
= a N Veso (hu,hv) N U(hrehImR(u)]]Qﬂ
N
N

<

Y GNhu(r), # 0],N

Cxema 2.5.7



Cxema 258

= anVeso(hu,hv)ny |  ([br € h Dom, (u)],N
reDommomR(u);w GAha(r), # 0],
N[GNh[rev], =0],)N
N3 ([hr € h Dom, (v)], N
re& Dom{Dom, (1)
N[GNh MR # 0],N
N[GNh[r € ul;, =0],)
V2(G),V(u,v,S)F
Fan Veso(hu,hv)N[GNhu =v],, # 0], =
= anVeso(hu,hv)ny |  ([br € h Dom, (u)],N
G (), # 0,
N[GNh[rev], =0],)N
N3 ([hr € h Dom, (v)], N
re& Dom{Dom,(»)
N[GNh MR # 0],N
N[GNh[r € ul;, =0],)
(5)
V2(G),V(u,v,S)F
Fan Veso(hu,hv)N[GNhu =v], # 0], =
= aNVeso(hu,hw)nz ) (aNViso(hu,hv)n
e N [hr € h Dom, («)],N
N[GNhu(r), # 0],N
A[GNhIre v, = 0])N
Ny U (anVise(hu,hv)n
re& Dom{Dom, (1)
N [hr € h Dom, (v)],N
N[GNhv(r), # 0],N

N[GNh[r € ul;, =0],)
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Cxema 259

V2(G), VE(r,v,S)t
FanVeso(hv)N[GNh[rev], # 0], =
=anVeso(hv)nz5  |J  ([br € h Dom,(v)],N

teDom(Dom(v))

N[GNhv(t), # 0],
N[GNh[r =], #0],) —=(3):

V2(G),V(r,u,S)t
FanVeso(hv)N[GNh[r € uf, # 0], =
=anVeso(hv)Nz5  |J  ([br € h Dom,(u)],N

teDom(Dom (u))

N[GNhu(t), # 0],
N[GNh[r =1, #0]) =(3): (6)

ru

V2(G),V(u,v,S)F
Fan Veso(hu,hv)N[GNhu =v],, # 0], =
= aNVeso(hu,hw)nz ) (aNVeso(hu,hv)n

r&Dom(Dom (u))

N [hr € h Dom, (u)]
NIGNhu(r), # 0]
Ny |J ([br€hDom,(v)],

2 R (V
teDom(Dom(v))
N[GNhv(z), # 0],
N[GNh[r =1, # 0],)N
Nz U (aﬂVRgQ(hu hv)ﬂ
reDom(Dom(v))

N[hr € h Dom, (v)],N
N[GNhv(r), # 0],N
N

ng U (Ihr€hDom, ()],

teDom(Dom (1))

N[GNhu(t), # 0],
n[Gnhlr=1, #0],) =

0

N
Qﬂ
N
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Cxema 2.5.10

=an VR,s,Q (hM,hV) 05 U (a N VR,s,Q (hu,hv) N VR,S,Q (hl") N

reDom(Dom (u))

N[hr € h Dom, ()], N
N[GNhu(r), # 0],N
Ny J ([br€hDom,(v)],N

0

teDom(Dom(v))

N[GNhv(z), # 0],
N[GNh[r =1, # 0],)N
N+ U (a N VR,S,Q (hl/l,hV) N VR,S,Q (hl") N

0

reDom(Dom(v))

N [hr € h Dom, (v)],
N[GNnhv(r), # 0]
Ny U ([hr € hDom,(u)],

0

teDom(Dom (1))

N[GNhu(z), # 0],
N[GNh[r =1, #0],) =
=an VR,S,Q (hu,hv) N ¥l U (a N VR,S,Q (hl/l,hV) N VR,S,Q (hl") N

reDom(Dom (u))

N [hr € h Dom, (u)],N

N[GNhu(r), # 0],N

>

Nz U (a N Vrso (hl", hV) N
teDom(Dom(v))
N[hz € h Dom, (v)],N
N[GNhv(z), # 0],
N[GNh[r =1, # 0],)N
05 U (Cl N VR,S,Q (hl/l,hV) N VR,S,Q (hr) N

reDom(Dom(v))
N [hr € h Dom, (v)],N

N[GNhv(r), # 0],N
N—= U (Cl N Vis.o (hr,hu) N

teDom(Dom (1))

N[hz € h Dom, ()], N
N[GNhu(t), # 0],
N[GNh]r =], # 0],)) =
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Cxema 2.5.11

=an VR,s,Q (hM,hV) 05 U (a N VR,s,Q (hu,hv) N VR,S,Q (hl") N

reDom(Dom (u))

N[hr € h Dom, ()], N
N[GNhu(r), # 0],N

N ¥l U (Cl N VR,S,Q (hr, hV) N VR,s,Q (hf) N
teDom(Dom(v))
N[hz € h Dom, (v)],N
N[GNhv(z), # 0],
N[GNh[r=1], # O]]Q))n
N ¥l U (a N VR,S,Q (hl/l,hV) N VR,S,Q (hl") N

reDom(Domy(v))

N [hr € h Dom, (v)],N
N[GNh¥(r), # 0],n
Ny U (anVise(hr,hu)N Veso(ht) N

teDom(Dom ,(u))

N[hz € h Dom, ()], N
N[GNhu(r), # 0],
NGNh]r =1, #0],)):

O(u,v),R)C' Yt
F Vr,t (r € Dom(Dom, (u
— a N Viso(hr,ht
= aN Viso (hr,ht
& Vr,t (r € Dom(Dom,(v)) &t € Dom(Dom (1))—
— aNVese(hr,ht)N[GNh|r = t]]gR # 0], =
= aN Veso(hr,ht) N[In, (hr,G) = In, (ht,G)] )
V2(G),V(u,v,S),0(u,v),R)C' Y+
FanVise(hu,hv)n [GN hiu=v|,, # O]]
= aNVeso(hu,hw)nz ) (aNVise(hu,hv) N Veso (hr)n

r&Dom(Dom (u))

N [br € h Dom, (u)], N
N[GNhu(r), # 0],N

\_/

)&tEDom( m,(v))—
Gﬂh[[r—t]] 0], =
In,(hr,G) = (ht G)] ) &

)N
)N :

\,==

N
N
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Cxema 2.5.12

mz U (Cl N VR,S,Q (hr,hV)n VR,S,Q (ht)ﬂ
teDom(Dom(v))
N [hz € h Dom, (v)], N
N[GNhv(z), # 0],
N[, (br,G) = In, (ht,G)],)) N
N il U (a N VR,S,Q (hl/l,hV) N VR,S,Q (hl") N
reDom(Dom(v))
N [hr € h Dom, (v)],N
NGB V(r), # 0],
N ¥l U an VR,s,Q (hl", hbl) N VR,S,Q (hf) N
teDom(Dom (1))

(
N [hz € h Dom, ()], N
N[GNhu(z), # 0],
N[In, (hr,G) = In, (ht,G)],)) =
=an Vrso (hu,hV) Ng U (a N Vkso (hu,hv) N Vrso (hl") N

r&Dom(Dom (u))

N [hr € h Dom, (u)],N
N[GNhu(r), # 0],N

N3 U (Cl N Vis.o (hl", hV)
teDom(Dom(v))
N[hz € h Dom, (v)],N
N[GNhv(z), # 0],
N [In, (br,G) = In, (ht,G)] )N
N il U (a N VR,S,Q (hl/l,hV) N VR,S,Q (hl") N

reDom(Dom(v))

N [hr € h Dom, (v)],N
N[GNhV(r), # 0],
Ny U (anVise(hr,hu)n

teDom(Dom (1))

N [hz € h Dom, ()], N
N[GNhu(t), # 0],
N{In, (hr,G) = In, (hz, G)] ) =
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Cxema 2.5.13

=an VR,s,Q (hM,hV) 05 U (a N VR,s,Q (hu,hv) N VR,S,Q (hl") N

reDom(Dom (u))

N [hr € h Dom, («)],N
N[GNhu(r), # 0],N
ng U ([hr€hDom,(v)],n

teDom(Dom(v))

NIGNh¥(1), # 0],
N, (br,G) = In, (b, G)],)) N
N+ U (a N VR,S,Q (hl/l,hV) N VR,S,Q (hl") N

¢ reDom(Dom(v))
N [hr € h Dom, (v)],N
NIGNh¥(r), # 0],

ne U  ([hr€hDom,(u)],N

¢ teDom(Dom (1))
NIGNhu(r), # 0],
N[In, (hr,G) = In, (ht,G)],)) =
=an VR,S,Q (hu,hv) 05 U (a N VR,s,Q (hl/l,hV) N

reDom(Dom (u))

N [hr € h Dom, («)],N

N[GNhu(r), # 0],N
ngz U (Iht€hDom,(v)],N

t&€ Dom(Dom,(v))
n[GAhv(r), # 0],
N {In, (b7,G) = In, (e, G)],)) N
N— U (Cl N Vrso (hl/l,hV) N

reDom(Dom(v))

N [hr € h Dom, (v)],N
NG v(r), # 0], N
ns U (I e€hDom, ()],n

1€ Dom(Dom(u))
N[GNhu(t), # O],
N[In, (hr,G) = In, (ht,G)],)) =
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Cxema 2.5.14

= anVeso(hu,hv)nz ()  ([br € h Dom, (u)

reDom(Dom (u))

Ny |J ([br€hDom,(v)],

teDom(Dom(v))

Ny U ([hr€hDom,(v)],

Ny U ([hr € hDom,(u)],

=an VR,s,Q (hM,hV) 05 U ([[hl" €h Dom ()]] N
reDom(Dom (u))
N[GNhu(r), # 0],N
N[In, (hr,G) & In, (hv,G)],)
ny U ([hr€hDom,(v)],n
r&€Dom(Dom g (v))
N[GNhv(r), # 0],N

A [in, (hr,G) & In, (hu, )],
= aN Veso(hu,hv) N[In, (hu,G) " In, (hv,G)], N
N[In,(hv,G) InQ(hu,G)]]Q =
= aN Veso(hu,hv) N[In, (hu,G) = In, (hv,G)],
O
|

)=
V2(G),V(u,v,S),0(u,v),R)C' Y+
FanVese(hu,hv)N[GNhu = v], # O]]
= aN Veso(hu,hv) N[In, (hu,G) = In, (hv,G)], (7)
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Cxema 2.5.15

V2 (G), V- (u,v,S)+
FanVeso(hv)N[GNhlu e v], # 0], =
=anVeso(v)Ng5 |J  ([br € h Dom,(v)

reDom(Dom(v))

V2(G),V(u,v,S)F
Fan VR,S,Q (hl/l,hV) N [[Gﬂ h [[I/l = VHSR 75 O]]Q =
= aNVeso(hu,hw)nz5  |J  (Jbr € h Dom,(v)],N

Q
reDom(Dom(v))

N[Gnhy(r), # 0],
n[Gnhju=r;, #0],) =
=57 U (anViso(hu,hv)n

reDom(Dom(v))

N[hr € h Dom, (v)],N

N[GNhv(r), # 0],

N[Gnhfu=rl, #0],) =
=53 U (anViso(hu,hv) N Veso (hr) 0

reDom(Dom(v))

N[hr € h Dom, (v)],N

N[GNhv(r), # 0],
n[Gnhju=r;, #0],) =
=57 U (Cl N VR,S,Q (hbl,hV) N VR,S,Q (hl") N

reDom(Dom(v))

N[hr € h Dom, (v )]]Qn
N[GNhv(r), # 0],
N [In, (hu,G) = In, (hr,G)] ) =

=57 U (anVise(hu,hv)n

reDom(Dom(v))

N[hr € h Dom, (v)],N
NIonR), £0)
Nin, (hu,G) =

In, (hr,G)],) =

Q
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Cxema 2.5.16

=an VR,s,Q (hM,hV) 055 U ([[hl" €h Dom ( )]]Q N

reDom(Dom(v))

N[GNhv(r), # 0]
N[In, (hu,G) =
= aN Veso(hu,hv) N5 5[In, (hu,G) € In, (hr, G)],
V2(G),V(u,v,S)F
Fan Viso(hu,hv)N[GNh[u € v, # 0], =
= aN Veso (hu,hv) N5 5[In, (hu,G) € In,, (hr,G)], (8)

In, (hr,G)],)

Q

V2 (G), Vi (u,v,S)k

Fan Vese(hu,hv)N[GNh{u & v], # 0], =

= anVeso(hu,hv)N[GNh 5u €], # 0], =

= aNVeso(hu,hv)N[GNhu € v], # 0], =

= an Veso(hu,hv)N[GNh{u € v], = 0], =

= aNVeso(hu,hv)N [~ GNhlu € v];,
(
(
“

|

N
N
N #0], =
= anVeso(hu,hv)N5[GNhlu €], # 0], =
= an Veso(hu,hv) N5 (anVese(hu,hv) N[GNhu € v];, # 0],)
I_
N
N—
I_

V2(G),V(u,v,S)
FanVese(hu,hv)N[GNhu & v],, # 0], =
= aN Viso(hu,hv)
V2(G),V(u,v,S)
Fan Veso(hu,hw)N[GNh[u & v], # 0], =
= a N Vizso(hu,hv)N
N5 (@ N Viso (hu,hv) N5 5[In, (hu,G) € In, (hr,G)] ) =
= a N Viso (hu,hv) N5 [In, (hu,G) € In, (hr,G)], =
= aN Veso(hu,hv)N[In, (hu,G) & In, (hr, G)HQ
V2(G),V(u,v,S)F
Fan Veso(hu,hv)N[GNh[u & v], # 0], =
= a N Veso(hu,hv)N[In, (hu,G) & In, (hr, G)]]Q )

(Cl N VR,S,Q (hM,hV) N [[Gﬂh [[I/t & VHSR 75 O]]Q) 3 (8)
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Cxema 2.5.17

VO (r). V() FIRIC 557 € V],
Vo(r), VE(S)FIQIC 557 € h VEG, ],
V(). VE(S) ko glh? € h VT, ], <
57U [0 €h VP ], = Veso(hF)

OR(a)

Vo(r), VE(S)FIQIC Viso(hF);

Vu,7) F Vs (h#) C " [e(u, 7]y, € h[Fv o(u,v)]; <o
Vo(r), Ve(u,S)FIQIC [h]e, )], € h[Fv o, v, (1)
V2 (r), VE(S) gn(R® s S)F|Q|C [In, (b7, Rg,(G)) = r]

) =1,
en(R® 4 )+ Q|N[e(In, (hu, Rg, (G)). r)], <

c [[LQ(hr Rg,(G)) = r], Nle(In, (hu, R, (G)), )],
)

)

V2(r),VE(S), G = gn(R® 4 S) F [p(In, (hu, Rg, (G)), r)], €
c’ [In (hr RgQ( ) = ]]Qﬂ[[ @ (In,, (hu, ng(G)), r)]]Q;
VP(ru),V(S),G=gn(R® »S)F
F[In, (hr, Rg, (G)) =
C' [¢(In, (hu, Rg, (G)
VP(r,u), VE(S),G=gn(R® ,S)F
' [¢(In, (hu, Rg,(G)

rl, Nle(Ing (hu, Rg, (G)), )], <
In, (h7, Rg, (G)))l,

l¢(In, (hu, Rg, (G)). )], <

In, (h7, Rg, (G)))], (2)

), In

), In

N
(%)

#lrelew )l ], =

@) Elv(—|—| veV¥ &r = [[gz) ,

)

I <
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Cxema 2.5.18

=77 U U veVa?lnlr =le(wvll,) (3)
(3)
VE(urS) Fgglbren| o )| ] =
=77l ([hv eh VE? I, n[hr = h[e(,v)];,],) (4)
V2(G),V(u,S)k

F[Rg, (G)Nh[3v o(u,v)];, # 0], =

=[Rg,(G)nh|J | o(u SRR7EOHQ=
= [Re, (G)n h o SRQ¢0|]Q=
=[--3ren| o, || (Rg,(G)Nnt #O)ﬂgz

=55 U (frenl o) I]Qﬂﬂ%wmmﬂﬂf

Ve

=37 <Qaﬂhr6h||<o I niRe, (G)nbr £ 0],) =

Ve

=75 (s U dwenver Lol = bl )0
T ARe @) £ 0],) =

=53 (U U v eh Ve L = hloG)l,J)n
NIRe, (G)hr # 0],) =

QQVLJ Op) U hVEhwRﬂRn[[hr_ [[ (u,v)] Je.N
e ﬂ[[RgQ( )ﬂhr;&O]])

- 55&% oE(Ja) VLC% ([[hv h MRHR [[hr ] [[ ( )H ]]
N[Re, (G)Nh{e(u,v)];, # 0],) =
ZEEL(J) Oya) hVEhV?f(S)R]]R”VLC(J> [hr =h JHRH
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Cxema 2.5.19

Il
@I
?

=

Mm

=

<
O

=
>
’;U
O‘Q
Q
—~~
Q
~
.’:T‘
©
—~
S
<
=
9

V2(r), VE(S)F|O|C Viso(hF); (2)
VP(r).Ve(u.5),G = gn(R® 4 5) F| O |Ne(In, (hu, Rg,(G)). )], C
C Veso(h7) N[e(In n, (hu, RgQ(G))I o (b7, RgQ(G)))]]
Vo(r),Vi(u,S),G = gn(R® s S) F[o(In, (hu, Rg, (G)), r)],
C' Veso(h7) N[o(In, (hu, Rg, (G)), In, (b7, Rg, (G)))],
Vo(r),Vi(u,S),G=gn(R® ,S)F
F Veso(hu)n le (Iﬂg(hu’ RgQ( )) )]]
C’ Veso (hu, h7) Ne(In, (hu, Rg, (G)), In, (h7, Rg, (G)))HQ;
VE(u,7), vy, t (VE(y,1) -
— Veso(hy, ht) N[e(In, (hy, Rg, (G)), In, (ht, Rg, (G)))], =
= Vrso(hy, ht)m[[]‘:gg (G)Nh[e(y, t)]]s;e 7 OH )b
F Viso (hu, h#) N e (In, (hu, Rg, (G)), In, (b7, Rg, (G)))], =
= Veso (hu, i) N[Re, (G) Nh{e(u, )], # 0],
Vo(r),V<(u,S),V(#),G=gn(R® 1 S),Vy,t (V°(y,t) -
— Viso (hy, ht) ne(In, (hy, Rg, (G)), In, (ht, Rg, (G)))], =
= Veso(hy, ht) N[Rg, (G)Nh[e(y,1)];, # OI] )F
F Viso (hu) Ne(In, (hu, Rg, (G)), )], C
C' Viso(hu, b7) N[Rg, (G) N h [e(u, )], # 0], (6)
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Cxema 2.5.20

(6);
Vo(r),Ve(u,S)FIQIC [h]e, )], € h[Fv v,
VP(r),V:(u,S),G=gn(R® 4S),Vy,t (V- (yt)—
— Viso (hy, ht) Ne(In, (hy, Rg, (G)), In, (ht, Rg, (G)))], =
= Viso(hy, ht) N[Rg, (G) Nhe(y.1)];, # 0],) F
F1Q 0 Veso (hu) N[ (In, (hu, R, (G)), r)], <
C' [Rg, (G)Nh [e(u,7)];, # 0],N
[hle(u, A, € b [Fv (u,v)];,], €
< [Re, (G)h By p(u, )], # O],
VP(r),V-(u,S),G=gn(R® sS),Vy,t (V- (y,t)—
— Veso(hy, ht) N[e(In, (hy, Rg, (G)), In, (ht, Rg, (G)))], =
= Vrso(hy, ht)m[[]‘:gg (G)Nh[e(y, t)]]s;e 7 OH )b
F Veso (hu) N [e(Ing (hu, Rg, (G)), )], €
C' [Re, (G)Nh [Ty o(u,v)];, # 0],
V(u,S),G=gn(R® +S),Vy,t (V- (y,t)—..)FVr(V°(r)—
— Veso (hu) Nfe (In, (hu, RgQ( ) r)]]Q
C' [Rg,(G)nh[Iv ¢(u,v)], # 0],)
Vi(u,S),G=gn(R® 4+ S),Vy,t (V- (y,t)—..)F
F Viso (hue) 0 | [e(In, (hu, Re, (G)), )], €

V2

C' [Reg,(G)Nh[3v o(u,v)];, # O],
V(u,S),G=gn(R® 4+ S),Vy,t (V- (y,t)—
— Veso(hy, ht) N[e(In, (hy, Rg, (G)), In, (ht, Rg, (G)))], =
= Veso(hy, ht)N [[RgQ(G) h e(y, t)]]s;e 7 OH )b
F Viso(hu) N[3r ¢o(In, (hu, Rg, (G)), N, c’
C [Rg, (G)nh [3v 9wV, # 0, (7)

N
N
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Cxema 2521
VE(u,v), vy, t (V< (y,1) -
— Veso(hy, ht) ne(In, (hy, Rg, (G)), In, (ht, Rg, (G)))], =
= Vieso(hy, ht)N [Re, (G)Nh[e(y, t)]]s;e 7 OH )k
F Viso (hu, hv) N[Rg, (G) Nhe(u,v)];, # 0], C
c’ [e(In, (hu, RgQ(G)) In, (hv, Rg, (G)))]]Q;
(G)F
(In, (h
(Iny (h

” u, Re, (G)). In, (hv, Rg, (G)))], €
< U [e(In, (hu, R, (G)), r)l, = [3r ¢(In, (hu, Rg, (G)), )],

V2(G), Ve ( )Vyt(V (¥, t) )
I_VRSQ hl/l ﬂU VRS‘Q hV)ﬂ

VEew)

C' [3r ¢(In, (hu, Rg,(G)), r |]
V2(G), VE(u), vy, t (V(y,t) = .. )
F Veso(hu)Ng 5 | (Veso hv) [Rg, (G)Nh[e(u,v)];, # 0],)

VEew)

55[[3}” gD(LHQ (hu, &Q (G))’ r)]]g
(5);
V2(G), VE(u), Vy,t (V(y,1) —
— Viso(hy, ht) Nfe(In, (hy, Rg, (G)), In, (h, Rg, (G)))], =
= Viso(hy, ht) N[Rg, (G)Nhe(y,1)];, # 0],) F
F Veso(hu)N|Rg,(G)Nh [3v e(u,v)l;, # O]]Q
C 55[[37’ gD(LHQ (h”’ &Q (G))’ r)[IQ (8)

Y%
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Cxewma 2.6.1

R w)(v)nle =vl,) =
=TT DL(JP ())([[ﬁ—EIyE PF(Dom(u) X O( N =y [y < ul )N
B Nl =v],) =
S L(J (I3 € PE(Dom(u) X O(S))(t ={ [y < s DN
h Nt =v],) =
= =+ ([-3y € PF(Dom(u) x O(S))(t ={ y,[y € u]; )], N
N U [t =v],) =
= — =[~~3y € PF(Dom(u) X O(S))(t = <y, [[y c uﬂs )N
T ) ks
[~—3y € PE(Dom(u) x O(S))(t ={ y,[y ' ul, )],
7T Sl
[~=3y € PE, (Dom, () X, 0, ($))(t ={y. [y € ul )],
m??L’GDOg(JP (u))[[t B VHR -
—er U (PR (Dom, (1) ,0,()()0
- Nt =y, Iy < ul )N
m??VGDO&(JP (u))[[t - VHR -
=z7 U (PF(Dom, (1) X,0,(8)(»)n

y € Dom(PF z(Dom (1) X g0 £(S)))

nuyewDom (u >>< 0,($)I.n

N R [[t = V]]R =

vE Dom(Ps (1))
= 7RTR U (ER(DomROt)KRQR( ) (y)ﬂ
y € Dom(PF(Dom () X g O £(S)))
[y € PF, (Dom, (1) X,,0,(S5))], N

Nt =y [y < ul 21N

Nz % [t =], =
€ Dom(Ps (1))
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Cxema 2.6.2

=75 U (PF(Dom, (1)x,0,(5)(»)N

y € Dom(PE(Dom () X g0 £(S)))
N[y € PE, (Dom, (1) X,0,(S5))[, N
Nzxly C uls, €P(ISI)N
Nt =y c uls,
R [t=v

ve&Dom(Py (1))

=+ U (PE(Dom,(u)%,0,(5)(y)N

y € Dom(PE(Dom () X g0 £(S)))
N[y € PE, (Dom, (1) X,0,(5))], N
[ )N

R
Nzzly < uls, €P(IS],)
Nt =yl
N ??ﬂt € ER(DomR(u)XR

[———

)N
l

>

R

o

veDom(Ps (1))

=%7 U (PE, (Dom, () X,0,(5))(y)N
y€Dom(PE(Dom () X g O £(S)))
N[y € PF, (Dom, (u) X,0,(S))],N

(
n[[t:<y’MR>]]Rm
(IS

7”?? U lt=vl=

vE Dom(Ps ()

—=5 U (ER(MR(“)KRQR(S))(};)”

y € Dom(PE(Dom () X g O £(S)))
Nt = [y < uls, )]0
N+ %[t € PE,(Dom,, (1) X, 0,(5)) XP, (1S ] )]) N

Nz U lr=vl.=
= el € PE (Dom, (1) x,0,(5) X, (1] JL,0
New U (PE(Dom, (1) X,0,(S)(3)N
- Nt =(y.[y < ul;, )0
Nx=x U [t =v], =

vE Dom(PFg(Dom (1) X g O r(S)) X gPr(| S | z))
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CxeMma 2.6.3

y€Dol m(Eg(Mg(”)ZRQR(S>))

=% U (PE,(Dom, () x,0,(S)

y€Dom(PF z(Dom (1) X g O (S5)))

v+ U (PE.(Dom,(u)x,0,(S)

»€ Dom(PE (Do (1) Xz O(S)) N

II < ||
9}
—~~
>o| ~ x| x|
_ T /= =
<<
9}
~~
<
S~
=
9
~~
9%)
~—"
-

Ve(t), Ve (v),VC(u)VC(S)I-?—[Kt,v)

- : v,y < ul ), =
= %13y € PF, (Dom, (u < )% 0x(SN(E6v) o =3Iy & b)), =

=vx U (PE,(Dom, (1)x,0,(8)()N

- NKEv) =y < ul) ;) =
~XE Dom(PE (DLJ() o<9>>(>PF (DomR(M)KRQR(S ) y)m

o NKEv) =0y € ulg,)],) =
BEE] € Dom(PF (DLOJ@ 0 <9>>(>PF (DomR(u)KRQR(S))(y)m

- ﬂ[[<l‘V>R:<y,[[yC, uH9R>RﬂR):
BEE € Dom(PF (DLOJ@ 0 <9>>(>PF (DomR(u)KRQR(S))(y)m

. ﬂ[[tzy]]Rﬂ[[V=[[}’C MHSRHR>_
Vc(f)’v ( ) Vc( )V (S)I_?? [[(t,v)REQR(M ]]R:
=R U (ER(DomR(u)XRQR S) (y N




Cxema 2.64

VE(u,S), Vo (t)k
ol n, (1P, (1) Re, (G)], =
=357 ([br € hDom, (P, ()],

. U ([hr Eih Dom, (P, (u)) ol
o N[Rg,(G)Nh[r u,
N[t = In,(hr, Rg, (G))]]Q
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Cxema 2.6.5

(1)

Vi(u,S),VP(t)k
F Veso(hu) N
Nzl € In,(h Py, (1), Rg, (G))],
= Veso(hu)N

Nsz U ([hr €hDom, (P, ())],N

0
Ve

=55 ([br €hDom, (P, (u
o N Veso (hu) N
N[Rg,(G)Nh|r C uf
Nt = In, (br, Re, (G))
0
" Viso (hi) O Vieso () 0
N[Re, (G)Nh[r < uly, # 0],
N[t = In, (hr, Rg, (G))],) = "
HEEVL% ([br € h Dom, (P, ()], N
N Viso(ht) N Vieso (hr)N

N[z =In, (hr,Rg,(G))],) =
NggJ ([br€hDom, (P, (u))],N
Y N Vrso (hu) N
N[In, (hr, Rg, (G)) <" In, (hu, R, (G))], N
N[t = In, (hr, &Q (G))HQ) =
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CxeMma 2.6.6

N ([[hrehDom (P (u))],N
n[[I , (b, Rg, (G)) €’ In, (hu, Rg, (G))], N
N[t = Iny (hr, Rg, (G))],)) =

5 Veso(hu)n
U ([hr € h Dom, (P, (u))], N
I

N[In, (hr,Rg,(G))
Nt = In, (b, Re, (G))
= Veso(hu)N
Ng5J ([hr €hDom, (P, (u))],N
I

Ve

= Viso (hbl) N
Ngz U ([hr € hDom, (P, (u))],
(

Ve

Aol € In, (hu, Re, (G))], N

NgzJ ([br €hDom, (P, (u))],N

N[t = LnQ (hr, &Q (G)>]]Q)) =

Ng3lt - In, (hu, &Q (G))]]Q n
hr € h Dom, (P, («))],N

N[t = In,(hr,Re, (G))],) =

D)
Q|
|
~~
— ==
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Cxema 2.6.7

Viso (hu) N

N5 glr € Py (In, (hu, R, (G)))], N
Ns5 U [br € h Dom, (Py, (u))],N

N[t = In, (hr, RgQ( )>]]Q)

Vi(u,S), VP (t)k

F Veso(hu) N

N5t € In,(h Py, (1), Rg, (G))], =

= Veso(hu)N

m??ﬂt < EQ (LnQ (hu, RgQ( )))H N

NszJ ([br €h Dom, (P, (ui)]]gﬂ
Al = Iny(br. Re, ()], ()
(3)

VE(u,S), V2 (1) F Viso (hu) N

N[t € Ing (h P, (), Re, (G))], ' 5 5t € Py (In, (hu, Re, (G)))]
Vi(u,S), VP (t)F Veso(hu)n

N[z €ln, (h Py, (1), Rg,(G))], N[ € P, (In, (hu, Rg, (G)))], <" 0
Vi(u,S), VP (t)F Viso(hu)n

N[t €ln, (h Py, (1), Re,(G)) &1 € P, (In, (hu, Rg,(G)))], <" 0
ViAu,S)F VvVt (VP(t)— Vrso(hu)N

N[t € Iny(h P, (), Re, (G)) & 11 € Py (In, (hu, Re, (G)))], € 0)
V(u,S) tF Veso(hu) N

NU [t € In,(h Py, (1), Re, (G)) & =t € Py (In, (hu, Rg, (G)))], €' 0

0
V2(1)

VA(u,S) tF Veso(hu) N
N[F € Ing (h Py, (u), Rg, (G)) (17 € Py (Ing (hu, R, (G))))]

Y%

c 0(4)

0
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Cxema 2.6.8

(4)= V(u,S)F Vaso(hu)n

N3t € In,(h Py, (1), Rg, (G)) (77 € Py (In, (hu, Rg, (G))))], < 0
V(u,S) b Viso(hu) C’

C' g3 €ln,(h Py, (1), Re,(G)) (nt € P, (In, (hu, Rg, (G))))],

=[~3r € In,(h Py, (1), Rg,(G)) (7 € P, (In, (hu, Rg, (G)>))HQ =

= [Ing (h Py, (), Rg, (G)) € Py (In, (hu, Rg, (G)))]
V(u,S) b Viso(hu) C’

< [Ing (h Py, (), Rg, (G)) & Py (In, (hu, Re, (G)))], (5)

Y%
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CxeMma 2.69

VE(£),VE (), VE(S)F [t € uncl, =
= U @e(r)nfr=rl)=

reDom(unz)

= U (U (v & Dom,(u)],nDom([In, (hv, Rg,(G)) € Z],)n

r&Dom(unz)  VE(v)

n|r =(v.u(v),nSh{[In, (hv, Rg,(G)) € Z],,R.$)] )N
N[t=r],) =
= U U ([veDom,(u)], Dom([In, (hv, Rg,(G)) € Z],)N

r€Dom(unz) VE(v)

r=(v,u(v),NSh{[In, (hv, Rg,(G)) € Z],,R.S) )|, N

U U

r€Dom(unz) VE(v)

v), N Sh{[In, (hv, Rg,(G)) € Z],.R.5) )| n

|
|
[v € Dom, (u)], N Dom([In, (hv, Rg (G)) € Z] )N
[l
|

= ( [v € Dom,

VE(v) reDom(unz)

u)], N Dom([In, (hv, Rg, (G)) € Z],)N

)
|t =(v. u(v),n,Sh[In, (hv, Re, (G)) € Z], .R.5) )| N

I
= (ve MR(”)HRHDOHI(HLHQ (hv,Rg, (G)) € Z“Q)n

e =(v,u(v),n ShEﬂIQQ(hv, Re,(G)) € Z],.R.5))] n

n Y lr=rl,
r&Dom(unz)

), Vi(u),Ve(S)F|te I/an]]R =
[v € Dom, ()], N Dom([In, (hv, Rg,(G)) € Z] )N

Ve(t
= U
|t =(v. u(v), 0, Sh[In, (hv, Re, (G)) € Z], .R.5) )| n
JVIEES 2
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Cxema 2.6.10

[In, (hv, Rg,(G)) € Z],.R.$) < | JRg, (1),| <
[In, (hv, Rg,(G)) € Z], ,R,S) € P,(| JRg, (1))
(hv,Rg,(G)) € Z],.R.S) € P, (| JRg, ()] ;

)
hv, Rg, (G)) € Z], .R.9) € P,(|Rg, (1))] n

([In, (hv, RgQ(G))eZ]]Q,R,S)>ﬂRC

«(UJRg, ()
( ) F
|

VE(u), VE(t)F
- [t € Dom, () x P, (| JRg, () U [z = 7],
VEW), VE(u), VE(1), VE(S)k

=(v,u(v),n,Sh{[In, (hv, Rg,(G)) € Z],.R,9))|

=
a

W), VE(1),VE(S)F Vv (VE(v)—
[v € Dom, (u)],N

Nt =¢v,u(v),n,Sh([in, (hv, Re, (G)) € Z],,R.5))|,
< U =71 (2)

r€Dom(unz)

|
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Cxewma 26.11

(2)= V(u),V(t),V(S)F Vv (V(v)— [[vEDom( u)
Nt =(v,u(v),n,Sh([In, (hv, Re, (G RS
< U le=rl;

reDom(unz)

V(t),Vi(u),V(S)F |t € u], =
= |J ([v € Dom, ()], N Dom([In, (hv, Rg, (G)) € Z] ) N

VEw)

Ht (v,u
n U lr=

reDom(unz)

V(t),Vi(u),V(S)F |t € u], =
= |J ([v € Dom, ()], N Dom([In, (hv, Rg, (G)) € Z] ) N

VEw)

n[e =Cv,u),n Shifin, (hv, Re, (G)) € 7], ,R.9)], ) (3)

]]n
N| <

(
)HSMM%GMB&«mezhﬂﬂﬂLﬂ
r <=(1)

U v)RQRSh([[In (hV Rgg( )) ]] R’S)>HR)

ez, R )
G)) € Z],)n

(
L ={vu(v).n Sh([[In (hv, RgQ(G)
v € Dom,, ()], N Dom([In, (hv, Rg, (

ﬂ
)= (v, u(v),N,Sh{[In, (hv, Re, (G)) € Z], . R.))]. )
[ u)], N Dom([In, (hv, Re, (G)) € Z],)N

= N Sh([[In (hv,Rg,(G)) € Z], .R S)ﬂ )
Ve( t)V (u)v (S)F[(r.1) ; € U], =
u)], N Dom([In, (hv, Rg,(G)) € Z] )N

N Sh{[In, (hv, Rg, (G)) € Z],.R.9] ) (4)
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Cxema 2.6.12

Ve(r,v,u,S),V°(Z)F
- [hr = hv], N[In, (hr, R, (G))
[hr = hv], N[In, (hr, R, (G))
Ve(rovu,S),V?(Z)F|r=v],C
c' | sh[mn, (b, Re, (G)) € 7], ,R.S)
= Sh{[In, (hv, Rg,(G)) € Z], .R.S)| "
Ve(rovu,S),V?(Z)F|r=v],C
' || sh([n, (hr, Rg, (G)) € Z], . R,S)
= Sh{[In, (hv, Rg, (G)) € Z], .R.S)] :
Ve(rvu) b r=v],  Ju(r), = u(v),],
Ve(rovu,S),V?(Z)F|r=v],C

Z], € [Iny (hv, Rg, (G)

Z], < [In, (hv, Rg, (G)) € Z], ,

m
=

&
&

[l u(r), nSh([in, (hr, Re,(G)) € Z], . R,S)
= u(v),NSh([In, (hv, Rg, (G)) € ],.R.9),
Ve(r,u,S),V°(Z)F Yv([r=v], C
c || u(r), n,Sh([in, (hr, Re, (G)) € u R.S)
= u(v), QRShE[[LnQ(hV’ Rg,(G)) € Z, R’S)"R) (5)

(4)= V(r,t,u,S)F[{r,t) , € unz], =
= J (v € Dom, (u)], N Dom([In, (hv, Rg,(G)) € Z] )N

v)

n[r = v],n|r = w(v),n,Sh{[In, (hv,Re, (G)) € Z], .R.S)] )i (5)
Vc(l’,l‘ ) ( I_[[<r’t>R€u”ZHR:
= |J ([v € Dom, ()], N Dom([In, (hv, Rg, (G)) € Z] ) N

Vew)
Nlr=v],N|t=u(r),n Sh([[In (hr,Rg,(G)) € Z],.R,9)| ) =
= ([r € Dom, u)ﬂRﬂDom(ﬂIQQ(hv, IgQ(G))EZ]]Q)ﬂ

VEw)
N[r = v],N|t = u(r),n,Sh([In, (hr, Rg,(G)) € Z],.R.S)| ) =
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Cxema 2.6.13

= U ([r € Dom, (u)], N Dom([In, (hr, Rg, (G)) € Z] )N

<
=3

r = v],n[t = u(r),n,Sh{[In, (hr, Re, (G)) € 2], ,R.9)]. ) =

)
r=v].n|t=u(r),n Sh([[In (hr,Rg,(G)) € Z],.R.5)| =
u)], " Dom([In,, (hr, RgQ(G))EZ]]Q)
h([In, (hr, Rg, (G RS
(Z2)F[(r,2), Euz]] =
u)|, ﬂDom([[In (hr,Rg,(G)) € Z] )N
(Sh{[In, (hr, Rg,(G)) € Z],.R.9)|, (6)

VE(ru,S), V>(Z)F

- [ € Dom, ()], N Dom([In, (hr, Rg,(G)) € Z] )N

Nl (. u(r), N Sh([In, (hr, Re, (G)) € Z], ,R.S) ) =
|

]]
:(}" u ) m Sh([[Il’l (hl", &Q(G))EZ Q’R’S)>||RC
(hv, Rg, (G)) € Z] )N

v € Dom,, ()], N Dom([In,

[
r),N,Sh{[In, (hr, Rg, (G)
=(v,u(v),N Sh([[In (hv, IgQ(G
(3) =

(r,u(r) N gSh{ [Iny(hr, Rg, (G)€EZ],.R.) ,
— V((r,u(r),n,Sh([In, (hr, Rg, (G)) € Z],.R.S)) ),V (u,S)F
F[¢r, u(r), 0, Sh([In, (hr, Rg, (G)) € Z],,R.S) ) € uns] =
<" J (v € Dom, (u)], " Dom([In, (hv, Rg, (G)) € Z] )N

VEw)

Z],-R.9))
)€ Z] RS)>||)

Q

) €
)

Al (r.u(r), 0 Shi[in, (br Re, (G)) € Z], .R.9)) =

=( v, u(v),n,Sh{[In, (hv,Rg,(G)) € Z],.R.S) )| )
V(r,u,S),V"(Z)+

- [r € Dom, ()], N Dom([In, (hr, Rg,(G)) € Z] )N =
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Cxema 2.6.14

— ﬂ"(r u

r).NxSh([In, (hr, Re,(G)) € Z], .R.S)) =
=(r,u(r),n,Sh([In, (hr,Re,(G)) € Z], .R. )| C
c’ [(r,u(r),nSh([n, (br, Rg, (G)) € Z], ,R.S) ) € unc|
Ve(r,u,S)tk

FIRIC || (7, u(r), N Sh([In, (hr, Rg,(G) € Z],.R.9)) =

=(r,u(r),n,Sh([In, (hr, Rg,(G)) € Z],.R.9)) | ;
V(r,u,S),V°(Z)F
I [r € Dom u)]]RﬂDom([[In (hr,Rg,(G)) € Z],)

c [¢r,u(r), N Sh([n, (br, Rg, (G)) € Z], .R.9)) € uc|  (7)

R

0’

(6)
VEu,S),VH(Z) FIRIC [Fn(unz)s  (7)
Ve(r,u,S),V°(Z)F
- [r € Dom, ()], N Dom([In, (hr, Rg,(G)) € Z],) C" [Fn(uz)], N
n[(r u(r), N Sh([n, (br, Rg, (G)) € Z],,R.9)) € ux| C
< Jue (r), = u(r), 0, Sh{[In, (hr, Rg, (G)) € Z], .R.5)],
VE(r,u,S), V> (Z)F
- [r € Dom, ()], N Dom([In, (hr, Rg, (G)) € Z] ) <

Vo
Vo

< Jue (r), = u(r), 0, Sh{[In, (hr, Rg, (G)) € Z], .R.5)], (8)
(6)

Ve(r,u,S),V?(Z,G)t%%[r € Dom,(uz)], =

=z zlr € Dom, (u)], N %= Dom([In, (hr, Rg, (G)) € Z] )

Ve(r,u,S),V?(Z,G)F55[hr € h Dom, (u~2)], =

=5 5[hr € hDom,(u)],N5 3 7 h(Dom([In, (hr, RgQ(G))EZ]]Q))

V(u,S), VP (Z,G)YF vr(V(r ) - z[hr € h Dom, (unz)], =

=5 glhr & h Dom, ()], N5 5h(Dom([In, (hr, Rg, (G)) € Z]))) (9)
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Cxema 2.6.15

9)= V°(uS),V(Z)F Vr(V°(r)— 55[hr € h Dom, ()],

=g glhr € h Dom, ()], N5 zh(Dom([In, (hr, Rg,(G)) € Z])))

VC( ), V2 (4,Z,G) F

o1t € Iny (h i, Rg, (G))], =

Ve (M )]]Qm
[[RgQ( )N houez(r), # 0],N
NIt = In, (b, Re, (G)),)

), V2(t,Z) F

€ In, (huz Rg, (G))], =

EEU (55 [hr € h Dom, ()], N

00

Y%

7 7 h(Dom([In, (hr, Rg

N[Rg ( YN huz(r), #

N[z = Ingy (hr, Rg, (G))],

= ([[hr € h Dom, (u)],

’ Nh(Dom([In, (hr, Rg,(G)) € Z] )) N
N[Rg, (G) Nhuwz(r), # 0], N

NIt = In, (b, Re, (G))],)

(G)) € Z],)N
l

N

Q

£0
)

D

<

V(u,S), VP (,Z)F
5ol € In, (h urz, Rg, (G))], =
=wU [hr € h Dom, (u)], N

Nh Dom([In, (hr, Rg, (G)) € Z] )N
N[Re, (G)Nh s (r), # 0], 1
N[t = In, (hr, Rg, (G))],) (10)
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CxeMma 2.6.16

(8)

Ve(r,u,S),V°(Z)F

- [hr € Dom, ()], M h Dom([In, (hr, Rg, (G)) € Z] )

C' [h e (r), = hu(r),0,Sh{[In, (hr, Re, (G)) € Z],,R.9)],
Vi(u,S),V°(Z,G)F Vr(V(r)—

— [br € Dom, (u)], " h Dom([In, (hr, Re, (G)) € Z] ) <

' [h ez (r), = hu(r), 0, Sh{[In, (hr, Re, (G)) € Z], . R.9)], )

(10)— VE(,S),V*(L,Z)F

F5 5[t € In, (huz, Rg, (G))]]Q =

=27 U ([br € h Dom, (u)],N

Ve

Nh Dom([In, (hr, Rg, (G)) € Z] )N
ﬂﬂng(G)nh“”Zi(”)R 7 OHQm
N[t = In, (hr, Rg,(G))],)

V(u,S),V°(t,Z)F

In,, (h uz, R, (G))], =

NIRe, (G)Nh s (r), # 0],
N[t = In, (hr, Re, (G))],)
=753 U ([br € h Dom, ()], N
" Dom([In, (hr, Rg, (G)) € Z] )N
N[h e (r), = hu(r), 0,Sh{[In, (hr, Re, (G)) € Z], .R.9)], N
n[Re, (G)Nhu(r),n,Sh{[In, (hr, Re, (G)) € Z],,,R,8) # 0]
N[t = In (hr, Re, (G))],) =

0
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(Ibr € h Dom, ()], N
" Ah Dom([In, (hr, Rg, (G)) € Z],)N
n[Re, (G)nhu(r),n,Sh{[In, (hr, Re,(G))
N[t = LnQ (hr, &Q (G))]]Q) =
(Ir € h Dom, ()], N
N h Dom([In,, (hr, RgQ(G)
n|Re, (G)Nhu(r), n,h Sh{[In, (h
Nt = Ing (hr, IEQ(G))HQ) =
(I € h Dom, ()], "

Y Nh Dom([In, (hr, Rg,(G)) € Z] )N
N[Re,(G)Nhu(r), # 0],

00
Ve

00

n|Re,(G)Nh Sh{[In, (hr, Re,(G)) €

N[t = LnQ (hr, &Q (G))]]Q) -
=55U [hr € h Dom, (u)], N

H
n[Re, <>nhu<> 0,
|

t = 1In, (hr,Rg, (G))],) =
([br € h Dom, ()], N

159

h Dom([[In (hr,Rg,(G)) € Z] )N
ﬂhSh([[In (hr,Rg,(G)) €

Cxema 2.6.17

€Z],,R.S) # 0] n

€Z],,R.S) # 0] n

z],.R.9) # 0] n

z],.R.9) # 0] n



Cxema 2.6.18

N
rnu& (G)Nhu(r), # 0]
In, (hr, Rg, (G))],) =
[[te Z], N5 5]t € In, (hu, Re, (G))], =

Eﬂfezn In, (hu, Rg, (G))],
WS VD
F 551 € Ing (h s, Re, (G))], = 55t € Z0,In, (hu, Re, (G))]
VE(wS), V2 (Z) F vt (VP(t)—
—golt € Ing (h tnz, R, (G))], = 5 5t € ZN,In, (hu, Rg, (G))],)

VE(w,S), VP (Z)F
FIQ1C [In, (h uez, Rg, (G)) = ZN,In, (hu, Rg, (G))], (11)

‘Ql =
II

<

Y%
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Cxema 2.6.19

VE(,S). V(Z) FI RIC [Fn(ur) & s € Dom, (1) X,0
VE(,S). V(2 un<unz>&unzc' Dom, () ,,0,.(5)], <’

=
~~
%]
N—"
|———|
=

Vi(u,S),V°(Z)F|R]| '——[[ zEPFR(DomR
V< (u,S)F|R|C [Dom (5 (u))
Vc(u,S),VD(Z)I-|R| — nZ

( ) X
PE, (Dom, (u)
( ()

P ()],
Ve (u S),V? (Z)I—h??[[huzehDo 2 (Ps ()], =
7 7[h 4~z € h Dom,,
Vi(u,S),V°(Z)Fh|R|C EaﬂhquhDomR(
V(u,S),V°(Z)FH Q| 55[h uz € h Dom, (P

Ve (u,S), V> (Z)F

F1Q | [Ing (h unz, Re, (G)) = ZN,In, (hu, Rg, (G))],
VE(u,S), V> (Z)F

F1O1C [Ing (hunz, Rg, (G)) C In, (hu, Rg,, (G))],

Vi(u,v,S),V°(Z)+
F Viso (hu,h unz) N [Rg, (G)Nh Junz € ul, # 0], =
= Viuso (hi,h ) N [Ing (h e, Rg, (G)) € Ing (hu,Re, (G))], "
V(u,S), V°(Z) *F Viso(hu,h unz) C’ [Re, (G)Nhu, C’ u]]SR #* O]]Q
Vc(u S), VP(Z) & Viso(hu) C Veso(h unz) ;
ViAu,S),V°(Z) F Vrso(hu) C’ [Rg,(G)Nnh lunz C ul, # O]]Q (13)
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Cxema 2.6.20

VE(u,S), V(Z) b [Z € P,y (In, (hu, Rg, (G)))],
C'[ZC In, (hu, Rg, (G))], ;
VE(u,$), VIH(Z) F[Z C In, (hu, Rg, (G))], <
C'[Z = Z0n,In, (hu, Rg, (G))]
VE(u,S), V(Z) b [Z € P,y (In, (hu, Rg, (G)))],
c'|Z = ZN,In, (hu, RgQ( )]
Vi (u,S),V>(Z)+
F1O1C [In, (huez, Rg, (G)) = Z0,In, (hu, Rg, (G))], *
VE(u,S), V2 (Z) F[Z € P, (In, (hu, Rg, (G))], N1 Q|
c’ [Z=Z2 QQLHQ (hu, &Q (G))]]Q N
N[In, (huez, Rg, (G)) = Z0,Ing (hu, Re, (G))], <
C'[Z = Iny (h unz, R, (G))],
VE(u,8), V2 (Z) b [Z € Py(In, (hu, Re, (G)))], <
C'|Z = In, (h unz, Rg, (G))] (14)

0

0
c’

0’

(12): (13); (14)
V(u,S), V' (Z) F Viso(hu) N[Z € P, (In, (hu, Rg, (G)))],
C' 5 g[h unz € h Dom, (P, (u))],N
'A[Re, (G)nh s ul,, % 0],
N[Z = In,(huz Rg,(G))], <
EEL(J ([hr € h Dom, (P, (1))],N
[Re

@I

N[Rg,(G)Nh[r u]]SR;éO]]

[Z = In, (hr, RgQ(G))]]Q) ==
239lZ € Iny (h Py, (), Rg, (G))],
VE(u,S),V2(Z)F VR,S,Q(h ) [Z € P, (In, (hu, Rg, (G)))],

0

< gg[Z € In, (h Py, (1), Rg, (G))

N

(15)

0
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Cxema 2.6.21

(15) = V(u,S), V*(Z) F Viso (hu)N[Z & P, (In, (hu, Rg, (G)))], ©
aaﬂzem (h Py, (u), &Q(G))HQ
VE(u,S), V(2 )FVRSQ( u)N[Z € Py (In, (hu, Re, (G)))], N
Ng[Z € In, (h Py, (u), Rg, (G))], < O

VE(u,S)F VZ(V?(Z) -
Viso(hu) NZ € P, (In, (hu, Rg, (G)))], N
512 € In, (h Py, (1), Re, ()], € 0)
V(u,S)F Vrso(hu)N

n U (1Z € P, (In, (hu, Re, (G)))],n

N3[Z € Iny (h Py, (), R, (G)],) €' 0
VC(M,S) F Veso (hu) c’
'3 (IZ€P,(In, (hu, Rg, (G)))],N
Ng[Z & In, (h Py, (u), Rg, (G))],)
Vc(u’ S) F Veso (hu) c’
C' [P, (In, (hu, Rg, (G))) € Iny (h Py, (), Re, (G))]

(16)

0
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’

VEa(u), V(1) [t € Vi Vit reg00, ], ©
C’EEVLL% ([r € In, (hu, Rg, (G))], N[t " Vi, ],) C
sz (g5 ([bv € h Dom, ()], N
T ARe, (G)Nha(v), £ 0N
Al = In, (v, Rg, (G)],)"
Nt &Qﬂg) =
=77\ U ([hv € h Dom, ()], N
T ARe,(G)nhu(v), £ 0N
N[r = In, (hv,Rg,(G))],N
Nt &QHQ> =
=57 ([hv € h Dom, (u)], N
T ARe,(G)nhu(v), £ 0N
A [r = Iny (hv, Rg, (G))], N

N[t C Vi rsgong ], ) =
=37 ([hv € h Dom, (u)],N
VEw)

N[Reg,(G)Nhu(v), # 0],N
N [r=1In,(hv,Rg, (G Nl,N

V2
’
N[t C Vi), ) =

=57 U (Jhv € h Imk(u)ﬂQm
VEw)

N[Re,(G)nhu(v), # O],
Nt C Vingsgong,)

Cxema 2.6.22

1) F [t € Vi ragong ], ©

hv € h Dom,, ()], N

V)R 75 OHQ N
)

Rg,(G)Nhu
£ Vinytmrey(©)

_, /)= =/~

ollg
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Cxema 2.6.23

(1)
VE (), VP(1) b Viso(hu) N[t € Vinyrggon, ],
= Viso(hu) N5 (U ([hv € h Dom, (u)], N
0 [Re, (G) N h (v )750]]Qm
Al C" Vinyiw, Ving(, Reg (@), Q
wU([{hvehDom ]]QmVRSQ(hu)
"0 [Re, (G)Nh (v ]]Q
Al C" Vi, Ving(, Reg(@) Q
- U([[hvehDom ]]QnVRSQ(hv)
NIRe, (G)Nhu(v), # 0],
Nt Vinghw. Ry (@, 0 )
< 55U ([hv € h Dom, ()], N Viso (hv) N
0 U [we=brn
&€ Dom(Dom (1))
N[Rg, (G)Nhu(v), # 0],
N[t S Vinyimregon, ], ) ©
U U ([hvehDom,(u)],N Vese(hv)N
)

VE(v) reDom(Dom g(u)

N[hv = hr],N
N[Rg,(G)Nhu(v), # 0],
N[t C" Vi, Ving(iw, Rey(, )
C'53 U U ([br € hDom, ()], N Vese(hr)n
Ve reDom(DornR(uF)1 [[hv _ hr]]Q .
N[Re, (G)Nhu(r), # 0],
N[t C" Vi, Ving(ir,Re (@) |, ) C
C'53 U ([hr € h Dom,, (u)[, N Vese (hr)N
r&Dom(Dom (u))

n Y [hv =br],n
VEw)

N[Re, (G)Nhu(r), # 0],
N7 C Vi g0, ], ) €
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Cxema 2.6.24

37 U ([br€hDom,(u)],N Vese(hr)n
reDom(Dom z(u))
N[Rg,(G)Nhu(r), # 0],
Nt Vmg(hr,ggm»Q]]Q )

Vc(u), VD(Z‘) F Veso (hu) N [[l‘ = V@Q(hu,gQ(G»QHQ c’

N— N—"
o]

C,EE U ([[hl" €h DOH]R(M)HQn Vrs.o (hl")ﬂ
reDom(Dom z(u))
N[Rg,(G)Nhu(r), # 0],
Nt c’ V@er&Q(G»Q 0 ) (2)
(2)
VE(u), Vo(1),

Vv € Dom(Dom,, (#))( Vese(hv) C

c’ [ Vingt. ke, C' In,(h V., Rg, (G))]]Q )k

F Veso (hu) N[t € Vit reyo Q]]Q c’

357 U ([br€hDom,(u)],N Vese(hr)n

¢ e r&Dom(Dom (1))

N[Re, (G)Nhu(r), # 0],

Al c wQHQ 2

N [Varsaong © Ing (h Vi, Rg, (G))],) €
c’ U  ([hr € h Dom, ()], N Veso (hr) N

A [Re, (G)Nhu(r), # O],

N[t In,(h V.. Rg, (G))],) C

C'55 U ([hr€hDom, (u)],N Veso(hr)n
 N[Re,(G)Nhu(r), # 0],

ﬂ[[tC In,(h V., RgQ(G))]]Q)C'

U (Ihr € h Dom, (u)], N Viso (hr) N
N[Re, (G)Nhu(r), # 0],

N[t € P,(Iny (h Vi, Rg, (G)))],) <

N— =

Q|
Q|

!
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VE(u), Vo(1),
vv € Dom(Dom, ())( Vese (hv) €
C Voo, € Ing(h Vo, Rey(G))], )+
F Veso(hu) N[t € wgﬂg -
EELJLJ [br € h Dom, ()], N Vkse (hr) N
ver v [[RgQ( )yNhu(r), #OHQH
N[hv € h Dom, (P, (V.,)
N[Rg, (G)Nh Py, (Vi g, )(v
N[z = In, (hv,Rg,(G))],)
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Cxema 2.6.25



Cxema 2.6.26

Ve(r,v,S)F

F v € Dom, (Py, (Ve )l © [Psp (Ves)(V), = [V C Ve, [,
Ve(r,v,S)F

- [ € h Dom, (P, (Vo )], € [ Py (Ve )(v), = h [y € Vo ], ], 5 (3)
VE(u), Vo (1), V(S)

Vv e Dom(Do 2 (U))(Viso(hv)

C" [ Vingw.rson, € Ing (h Vo, Rg, (G))],) F
I‘VRSQ(hM) ﬂtewgﬂg '
C'gz U U [hr € h Dom, ()], N Vese (hr) N

Ver vEew)

VEa(u), Vo(1),V(S)

Vv € Dom(Dom,, (#))( Vrse(hv) C

c’ [[Vmg<hv&g(g>>g c’ In,(h Vi, Rg, (G))]]Q ) F

F Veso(hu) N[t € Vl,ngmu&()(G»Q]]Q c’

c'57 \J ([hr € h Dom,, (u)], N Viso(hr)N

Ve Ve
. N[Re, (G)Nhu(r), # 0], N

N[hv € h Dom, (P, (V. ,))], N
N[Rg, (G)Nh[v " V. g [, # 0] N
N[z =1In,(hv,Rg,(G))],)
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Cxema 2.6.27
V(r),Vi(u),Ve(S)F
FIR|C [Dom, (P, (Vr
V(r), Ve(u), V(S)
C" [PE, (Dom, (V. ,)
V(r), Ve(u), V(S)

—
~
m
)
E
=
/\
\_/
[
%
—
<
O
/(
\_/
=
=
N

VE(u), V2 (1), VE(S)

Vv € Dom(Dom, (#))( Vkso (hv) C’

€ Wiaitsion, € Ing (h Ve Rey (G)], ) F

F Veso(hu) N[t € Vingtu re60, ], C

< 57U U ([br € hDom, ()], N Vese (hr)n

VEer vEew)

55
Ve

<

‘)



Cxema 2.6.28

|

|
<
0
3
<
(9}
=

IgQ(G)nhu )mh[[vc Ve ol # 0], 0

Rg, (G))],) ©
hr € h Dom, (4)], N Vkse(hr)N

Q|
Q|

<
a
P
=
2
=
a
~
-
E

| ‘

[Reo (G)Nhu(r), N,hv T Vg [ # O]]Q N
|

|

Q|
|

<
9!
—~
=
Y
<
=
A
"
R

VE(u), VP (1), VE(S)
Vv € Dom(Dom,, (#))( Vese(hv) C
' [V,  Iny (h Vi Rg, (G))] ) F
F VRSQ(hu) [t € Viyursyo,],
< 5-U U hr € h Dom, (u)], N Viso(hr) N

Ve vEew)
"

N[hv € h Dom, (V.,,)
N[Rg, ( )Nhu(r),N.[vC Vigls, #0],n

N[z =1In,(hv,Rg,(G))],) (5)
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Cxema 2.6.29
V(u), Ve(r),Ve(v), Ve(S)F
Vo (w)l, N € Dom, ()], N [v € Dom, (Ve )], €
C [u(r),NevC V. c’ (V)R]]R
V(u), Ve(r),Ve(v),Ve(S)F
F Veso (hu) N[hr € h Dom, (u)], N [hv € h Dom, (V. )], €

[[hu( )R—RMRC hv”9R( )R]]Q;
(5)

e

<

=

SRHSR S

VEa(u), V2 (1), VE(S),

Vv € Dom(Dom,, (#))( Veso(hv) C

c’ [[Vlﬂg(hv&g(g»Q c’ In,(h Vi, Rg, (G))]]Q ) F
F Veso(hu) Nt € Vl,ngmu,gg(c»Q]]Q -

< 5zU U (Ihr € h Dom, (u)], N

A by € h Dom, (Vi )], 0

[Reo (G)Nhu(r), N [v T Vil # 0],N
[h u(r), Ng[vc V. ls. c’ hJSR(v)R]]Qﬂ
[# = In, (hv, Rg, (G))],) ©

[br € h Dom, (u)], N

<37

VEr vew)
[hv € h Dom, (V. g, )],
[Re,(G)Nh Vi, (v),
)

[ = In, (hv, R, (G))]

N
N
N
(
N N

N # 0]
N o) c’
(I N

o+

77U

VC(»)

[hv € h Dom,, (V. )]
N[Re,(G)Nh Vey, (v), # 0]
[ = In, (bv, Re, (G))]) =

= 5ol € In, (0 Vi, Re, (G)],

VE(u), Vo(1), V(S),

Vv € Dom(Dom,, (#))( Vese(hv) C

C' [Vingtmreon, € Iy (h Vg, Rg, (G ))]] ) F

F Viso(hu) N[t € Vlg9<hu,gg<c>>Q]]Q C' 5[t € In,(h V., Rg, (G))]]Q (6)

N
0
0
N
0
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Cxema 2.6.30

(6)

VE(u), VP (1), VE(S),

Vv € Dom(Dom, (#))( Vkso (hv) C

C’ [V sey0ng € Iny (h Vo Re, (G))] )

F Vieso (hu) C ([f € Vingureyon, |, 27 511 € Ing (h Viyn R, (G))],)
VE(u), VE(S),

Vv € Dom(Dom, (#))( Vkso (hv) C

c’ [[VLHQ(hv&Q(G»Q c’ In,(h Vi, Rg, (G))]]Q )k

Fve(VP(t)—

~ Viso (hu) € ([t € Vingrsyon, ], 2571 € Iny (h Vi R, (G))],,))
VE(u), VE(S),

Vv € Dom(Dom,, (#))( Vrse(hv) C

c’ [[Vljg(hv&gm))g c’ In,(h Vi, Rg, (G))]]Q ) F

F Vieso(hu) C

< () ([t € Visgomrsyon,], 25 5[t € Iny (h Vg, Rg, (G))],)

VP

VE(u), VE(S),

Vv € Dom(Dom,, (#))( Vese(hv) C

c’ [[Vlﬂg(hv&g(c»g c’ In,(h Vi, Rg, (G))]]Q ) F

F Viso (hu) C

C [ Vingregon, € Ing (h Vi, Rg, (G))] (7)
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3aKJIFOUEHUE

B oTnmume ot kaccuueckord MaTEMAaTHKHA, B UHTYUIIMOHU3ME HEBO3-
MOYHO MPOBO3TJIACUTH CYIIECTBOBAHUE MHOKECTBA AKCMOMATHYECKH.
CymiecTBOBaHNE MHOKECTBA B MHTYUIIMOHU3ME 03HAYA€T BO3MOKHOCTh
yKa3aHUsi TOYHOTO c11ocoda 3(hPEeKTUBHOTO MOCTPOCHUSI ’TOTO MHOYXKECT-
Ba ; 9TOT NPUHLHUN B IOJHOM MEpPE PEAIM30BAH B UHTYUIMOHUCTCKOMN
teopun MHOXkecTB K. IloaToMy, OOJBIIMHCTBO YTBEPIKICHHM, pac-
CMOTPEHHBIX B KJIACCHYECKOM MeTo/ie (DOpCUHTa, SIBJISIOTCA a0COIIOT-
HO HEMTPUEMJIEMBIMU C TOUKHU 3pEHUS UHTYUIMOHU3MA. K ynciay Takux
YTBEPKIAEHUN OTHOCUTCS U KOHTUHYYM — TUINOTE3a. Y HAC HET HUKAKUX
OCHOBAaHMH MOJIAraTh, YTO MHOKECTBO JECUCTBUTEIBHBIX YHCEN PAaBHO-
MOIITHO HEKOTOPOMY OpJIMHAIY, U YK TeM Oojiee NEPBOMY HECUETHOMY
KapauHay. ETMHCTBEHHOH, MprueMIIeMOH sl HHTYUIIMOHU3Ma, (hopMoit
KOHTUHYYM — THIOTE3bI SIBJISETCS CIEIYIOIIEE YTBEPKICHUE:

FVYueP(w)(nw=u——mu=x2),

ABJISFOIIEECS €CTECTBEHHBIM U OCMBICIIEHHBIM C TOYKH 3PEHHS] MaTeMaTH-
YECKOW PEaIbHOCTH, MOCKOIBKY OHO BBINIOJHAETCA I JOCTATOYHO
IIMPOKOT0 KJIACCa MHOXKECTB, 8 HUMEHHO aHAJIMTHYECKUX MHOXKECTB. Tak,
B UHTYMLIHOHHUCTCKOW TeopuHr MHOXkeCTB K okazyema cienyromas cex-
BEHIIUA:

AC,FVue ZinP(Pw)(nw=u—1u="2),

ABISIONIAACS claeAcTBHEM TeopeMbl CycCllMHA O COBEPIICHHOM SIApPE
AHAJINTUYECKUX MHOKECTB, I0KA3aTENBCTBO KOTOPOM B UHTYUILIUOHUCTC-
KOW Teopuu MHOKeCTB K aBTOp HamMepeH MPUBECTU B YETBEPTOM TOME
(" F AC, ~
~ VX uxP(u)(Dom(X)=u—--13IFeP(X)(f:u—-Pu))) ).
Takum 006pazom, ciabast popMa KOHTUHYYM — THUIIOTE3bI
FVueP(w)(nu=w--mu="2)

ABJICTCA KaHAWJAaTOM HOMCP OAMH Ha PAaCCMOTPCHHUEC B HMHTYUITMOHUCTC-
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KOM MeTojie popcuHra.

Crnenyromuii 3Tan NpUMEHEHUsI UHTYUIIMOHUCTCKOTO METo/1a POpPCHH-
ra — JECKpUNTUBHAs Teopus MHOkKeCTB. ClienyeT OTMETUTh, YTO BCE
TEOPEMBI KJIIACCUYECKOW IECKPUIITUBHOM TEOPUU MHOMKECTB HUMEIOT
aHaJIOTU B MHTYMIIMOHUCTCKOW Teopur MHOxkecTB K. Jloka3zartenncTBa
OCHOBHBIX T€OPEM JAECKPUIITUBHOU TEOPHUHU MHOKECTB B UHTYULIHOHUCT-
CKOW TEOpUH MHOKeCTB K aBTOp HaMEpeH NMPUBECTU B UETBEPTOM TOME.

3agauu, CTOSIBIIME TEpel KIIACCUYECKOW IECKPUNTUBHOU TeOpuen
MHOECTB, KOTOpbIE BIIOCJIECJACTBUU OBUTH YCIIEITHO PEIIEHBI, COXpaHs-
IOTCSI B MHTYMIIMOHUCTCKOM TeOpuM MHOXKeCTB K u Xayr cBoero
pemienust. bosbias yacts 3TUX 3a7a4 Obu1a nocrasiena H.H.JIy3unbim
B XOJI€ Pa3BUTHUS KJIACCUUECKON JECKPUNTUBHON TEOPUU MHOKECTB. DTH
3aJ1a4¥ UCXOJUJIA U3 CAMOM CYIITHOCTH JIECKPUIITUBHOU TEOPUU MHOMKE-
CTB, M ObLJIM TAaKUMU K€ €CTECTBEHHBIMHU, KaK M cama JECKPUITHUBHAs
TEOpHUSI MHOKECTB.

[IpencraBnsier 00bIION UHTEPEC TpaHCHOPMALIUS B HHTYUITMOHUCTC-
Kyto Teoputo MHOkecTB K wuccrnemoBanuit B.I'.KanoBes B oOsactu
KJIACCUYECKOU IECKPUNITUBHOW TEOPUU MHOXKECTB. OIHAKO, OCHOBHAas
TPYAHOCTh Ha 3TOM IIYTU — HEBO3MO>KHOCTb UCIIOJIb30BAHUS MOJEIIEH
MHTYULMOHUCTCKOW TEOpPUM MHOXKECTB K, 0 KOTOpoil TroBOPHIOCH

paHee.
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