KOHTPOJIBHASA PABOTA 110 JUCHUIIJIMHE
«INCKPETHASA MATEMATHUKA»

BbInoJHUTH Bee 32/1aHNsI KOHTPOJIbHOI padoThl B 0T€JILHOM TETPAAU AKKYPATHO
U pykonucHo (ot pyku). Terpaab ¢ KOHTPOJBLHOH Pad0TOil MPUHECTH HA IEPBOE
3aHATHE 3UMHEHN CeCCHM.

3aganme 1.
Hns normuyeckux ¢ynkmwmii fi, fo, f3 moctpouts coBepmieHHBIE (GOpPMBI. BBISCHUTH

CYIIIECTBEHHOCTh IMEPEMEHHBIX i Jjormueckux ¢Gynkuuii fi, f,. B ciyuae
HECYIIECTBEHHOCTH, UCKJIIOUYUTh 3TH MEPEMEHHBIC M3 €€ COBEPIICHHOW KOHBIOHKTHBHOM
HopMasibHOM (opMmbl. TToctpouts cymepnosunmio (X, Y, z) = fo(fi, 3, f2). IIpu momoru
METO/Ia HEOIPEACICHHBIX KO3()(UIIMEHTOB MOCTPOUTH IS JIOTHYecKoi GyHKimu fs
nosymHoM XKerankuHa.

3aganmue 2.
Jns  nmanebix  jormveckux  ¢GyHkmmid  fi, f, f3  BeISICHUTE WX  JMHEHHOCTH,

CaMOIBOMCTBEHHOCTh, MOHOTOHHOCTh M UX MPHHAISKHOCTh K 3aMKHYTBIM KJlaccaM 1o,
T1. [IpoBeputs NOTHOTY cucTeMbl torudeckux ¢pynkmmid {fi, f2, f3 }.

3aganue 3.

Jlnsa noruueckor GyHKIMK fi MOCTPOUTH KOMOMHAIIMOHHYIO U MEPEKIIIOYATEIbHYIO
cxemy Ha osiaeMeHTHOW 0aze { ,A,v}. Mg norudeckoin ¢yukumm f; mocTpouTsh
VOPOILIEHHYI0  KOMOMHAIlMOHHYIO M  MepekiIovaTeapbHylo  cxemy.  [loctpouts
MUHUMU3UPOBAHHYI0 KOMOMHAIIMOHHYIO U TEPEKIIOYATEIIbHYI0 CXEeMY JUIsl JIOTHYECKOU
byHKIUY f3

[To 3amaHHBIM TEXHUYECKUM YCIIOBHUSM, OMNPEICISIONIMM HEKOTOPhIe 3HAYCHUS
(GYHKIIMU TMPOBOJUMOCTH (, TMOCTPOUTH Hamboyiee HKOHOMUYHYIO (ONTUMAJIBHYIO)
NEPEKITIOYATENBHYIO CXEMY.

3ananmue 4.
B ycnoBusix 3a1au KOMMUBOSI)KEpA CTOMMOCTH MAapIIPYTOB 3aJ1aHbl B BUJIE MaTPHIIbI

A. OnpenenuTs MapuIpyThl MUHUMAQJIBHOW CTOMMOCTH M CTOMMOCTH 9THUX MapuipyToB. Ha
AJITOPUTMUYECKOM SI3BIKE COCTABUTH IIPOIPAMMY PELIEHUS 3aJadyd KOMMHUBOSDKEpA U
pPELINTB 3aa4y JUIA 3aJaHHBIX CTOMMOCTEW MapIIpyTOB.

3ajganmue 5.
PazpaboTtarh mporpaMMmy Ha aJiITOPUTMUYECKOM SI3bIKE JJISI IEPSUMCIICHUS] BCEX Pa3TMUYHBIX

CIIOB, TOJIyYE€HHBIX MEPECTAHOBKON OYKB JAHHOTO CloBa. IlepedyrcianTh BCE pa3ndHbBIC
NepPECTaHOBKHU OYKB.

JI71 JaHHBIX MHOKECTB COCTaBUTH MPOMU3BOIAIIYIO (DYHKIIMIO COYETAHHM 3JIEMEHTOB
U TepedyrciuTh 3TH coueranus. Jlns mHoxectBa A ={a, b, ¢, d, e, f, g}- mepeunciuthb
coueTaHus 1o YeThipe aaementa. J{ins muoxkectra B ={a, b, ¢, d}- mepeunciuth coueranus
C TOBTOPEHHUSIMH TI0 YETHIPE JJIEMEHTa, B KOTOPHIX 3JEMEHT & MOXET BCTPEUAThCS HE
Oostee Tpex pas, aneMeHT b — He OoJiee ABYX pas, 2JIEMEHT C — He OoJiee Tpex pas, dJIeMEHT
d — He OoJtee YeThIpex pas.



KPATKASA TEOPHUS U TIPUMEPHI BBITIOJTHEHUS 3AJTAHUI

Hekoropsbie jJjornyeckue GyHKUUM OT ABYX APIryYMEHTOB.

X |y | XAy | X®y | xvy [xdy | xoy | x>y | x|y
0 0 0 0 0 1 1 1 1
0 1 0 1 1 0 0 1 1
1 0 0 1 1 0 0 0 1
1 1 1 0 1 0 1 1 0
Ocnoegnble ceoiicmea 102uueckux yHkyuil

1. X-y=y-x; 18. Xvy =YyvX;

2. (X+y) z=x-(y-2); 19. (Xvy) v z=xv (Yv2);

3. X (yvz)=(xX-y)v(x-2); 20.xv (y-2)=(xvy) - (xv2);

4, X-(Xvy) =x; 21. xv (X-Yy) =X;

5 X-(X vy)=x-y; 22. Xv (X -y) =Xvy;

6. X-Yy=XvVY; 23. XVYy=X&Y;

7. x - X =0; 24. xv X =1

8. x-1=x; 25.xv1=1

9. X-Xx=Xx; 26. Xv X =X

10.X=x ; 27.X—>y =X vV;

11. xoy=X->Y)&Y—X); 28.x-y=YyY >X;

12. X® y=y®X; 29.x® (y®2) = (x@y) @z

13.x: (y®2) =(X-y)®(X-2); 30.Xvy=X-y®Xe®y;

14. x®x =0; 31. x®0=x;

15. xdy= XV Y; 32.xly=X-Y;

16. x-y = (xIy)I(x]y); 33. xvy = (xp)I(yly);

17. X =x|x; 34. X=xo&1.

OBPA3EIl BBIIIOJIHEHUA 3ATAHUA 1

Jnsa nornyeckux ¢yukumid fi, 2, f3 moctpouts cosepiienHbie GopMbl. BhIACHUTDH
CYIIIECTBEHHOCTh  MEPEMEHHBIX Uit  Jjormdeckux ¢yukmuid f;, f,. B cioyuae
HECYIIECTBEHHOCTH, MCKIIIOUUTh 3TH MEPEMEHHBIE U3 €€ COBEPIICHHOW KOHBbIOHKTUBHOW
HopMasibHOU (opmbl. [Toctpouts cynepnosutiuio g(X, Y, z) = fo(f1, fs, f2). IIpu momormu
METO/a HEOMPEICICHHBIX KOA(P(PHUIIMEHTOB MOCTPOUTh s JIOTHYECKOH (yHKimu f3
noauHoM JKerajakuHa.

f; =(1,0,0,0,0,1,0,1), f, = (1,0,1,0,0,0,0,1), f; = (1,0,0,1,0,1,0,1).

Pewenue. 1loctpoum CIH® u CKH® nns panabix GyHKuuid. Jljis 3TOr0 MOKHO
NPUMEHHUTh TIpaBWJa T[OCTPOEHUS COBEPIICHHBIX (opMm g  dopMyn  aireOpsl
BbICKa3bIBaHUM. TaOnauIlbl UCTUHHOCTH (DYHKIMI MpEeICTaBICHbl B BEKTOPHOU (dopme.
3anuiieM COOTBETCTBYIOIIUE UM apryMEHTHI B CIIEAYIOIIeH Tabnuie 2:

Tabmwna 2.
Tab6anubl 3HaYeHHI Joruyeckux pynkumii f1, o, f3.
X y Z f1 f2 f3
0 0 0 1 1 1



Il = ==)
S == =)
ol |o|r|lo|-
o|lr|o|lolo|lo
ol |r|lolo-
o|lr|o|r|lolo

1 1 1 1 0 1
Cornacuo npasuiny noctpoenust CIH®, Beibepem enuHuYHbIC 3HaUeHUS GyHKIMU f1 1
MIOCTPOUM COOTBETCTBYIOIIME MM DJIEMCHTAPHBIC KOHBIOHKIMH: X-Y-Z, X-Y-Z, X-Y-Z.

Torma, coemuHsist 3TH 3JIEMEHTAPHbIC KOHBIOHKIIMU ONEPaliei JTU3BIOHKIHS, MOJyYHM
CAH® nns pyuxnuy fi:

f1= )_(.y.zvx.y.z v X y-Z.

BriOupas HyneBble 3HaueHUsT QyHKIWH f; , aHATOTHYHBIM 00pa30M MOCTPOUM CHadaia
DJIEMEHTApHbIE MU3BIOHKIMH: XV YV Z, XVYvZ, XVvyvZ, Xvyvi, XvyvzZ,
CoenuHss 9TH dJIEMEHTapHbIE NU3BIOHKIMHM omnepauuerd KOHBbIOHKIMA, nmonyunm CKHO
i Gysknun fi:

fi=(XvyvZ) - (Xvyvi) - (XvyvZ)-(Xvyvz) -(Xvyvz).

AHaNOrnuHO coBepmeHHBIM hopmam [yt f1, mocTporm coBepieHHbIE HOPMBI IS
bynkrwmii f; u fs:
f,=X-V-ZvX-Y-ZvX-Y-ZvX-Y-7-CIHD;
fpb=(XvyvZ) (Xvyvz) (XvyvZ) (Xvyvz)-CKH;
f3: )‘(VZV)_(yZ v/ X'V'Z v X-y-Z -CHH@,
fa=(XvyvzZ) (Xvyvz) (Xvyvz) - (Xvyvz)-CKHOD.

BBIsICHM CyIIIECTBEHHOCTh apryMEHTOB Jisl Joruueckux Qynkuuit fi, fo. [IpoBepum
CYIIECTBEHHOCTh TEPEeMEHHOW X. s 3Toro, cOriacHO OIpeneleHHIo, HEOOXOIUMO
CPaBHHUTH T€ Mapbl CTPOK B TaOJUIE, I/I€ NEpPEMEHHas X MPUHUMAET MPOTUBOIOJIOKHBIE
3HAYEHUS, a COOTBETCTBYIOUIME UM 3HAUEHHUs JPYTrUX AapryMEeHTOB — OJMHAKOBBIC
3HadeHus. CpaBHuBas Takue cTpoku, 3ameruM, uyto fi(0, 0, 0) = 1= fi(1, 0, 0) = O.
CrenoBaTenbHO, TIEpeMeHHast X sIBISIETCSl CylIecTBeHHOU ais ¢pyHkuuu fi. AHanormdso,
BBUJY TOTO, YTO

f1(0,0,0) =1« 1(0,1,0) =0, f,(0,0,0) =1« f1(1,0,0)=0
NEpEeMEHHbIE Y, Z TakXke SBISAIOTCA CYyLIECTBEHHbIMU. [IpoBepuM CyIIECTBEHHOCTh
aprymMeHToB Jsorndeckod ¢ynkuuu f,. CpaBHHBas mapbl CTPOK, B COOTBETCTBUH C
OTIpeNIeIICHNEM, 3aMETHM, YTO apryMEHTHI X, Z pyHKiuu f; He SABISIOTCS CyNIECTBEHHBIMHU.
CrnenoBaTenbHO, OTH MEPEMEHHBIE MOXKHO HCKIIOYHUTH W3 BBIPAKECHUS 3TOW (PYHKIHH B
BUJC (GOpMYJIbl. APryMeHT Y SBIISETCS CYIISCTBEHHOW mepeMenHoi, Tak kak f(0, 0, 0) =
0= (0, 1, 0) = 1. s uckmouenus: nepemeHHbix X u Z u3 CKH® ¢ynknuun f, MoxHO
PUMEHUTH OCHOBHBIE CBOMCTBA Jorndeckux GpyHkuuil. [lpumenss stu cBoiictea k CKH®
bynkuuu fo, momydanm
fb=(XvyvZ) - (Xvyvz) - (XvyvZ)- -(Xvyvz)=
=[(Xvy)v (z-z)] - [(Xvy) v (Z-2)]=
= (Xvy)-(Xvy)=(X-X)vy=y.



[Toctponm cymneprozunuio g(X, Y, z) = fo(fy, fs, f2). st aTOro Bocmonb3yemcst JaHHBIMA
B Ta0uuie COOTBETCTBHSIMH aprymeHToB ¢yHkuuid fi, f, f; wux 3Hauenmsm w,
TIOCJIEIOBATEIBHO BBIYHCIISS, TOTYIUM
g(0, 0, 0) = f5(f1(0, 0, 0), f3(0, 0, 0), f»(0, 0, 0)) =f»(1, 1, 1) =0,
g(0, 0, 1) =f,(f1(0, 0, 1), f3(0, 0, 1), f»(0, O, 1)) =1»(0, 0, 1) =1,
g(0, 1, 0) = f5(f1(0, 1, 0), f3(0, 1, 0), f»(0, 1, 0)) =1»(0, 0, 0) =1,
g(0, 1, 1) =f5(f1(0, 1, 1), f3(0, 1, 1), f»(0, 1, 1)) =1»(0, 1, 0) = 0.

AHAaJIOTUYHO HAWIEM OCTaIbHBIC YETHIPE 3HAUCHUS NCKOMOMN (YYHKITHH:

09(1,0,0)=1,9(1,0,1) =0,9(1,1,0)=1, 9(1,1,1) =0.

Taxkum 00pa3oM, UCKOMOW CYyNEePIIO3HUITNeH OyAeT PyHKITUS:
a(x,y,z) ="1(f, f3,f)=(0,1,1,0,1,0,1, 0).

[Toctpoum st morudeckoit pynkmnuu f; mommuaom JXKerankuaa. 9T0 MOXKHO ClIENaTh
npeoOpa3oBaHUEM COBEPIIEHHBIX (OPM K BHAY IMOJIMHOMA M HCIOJb3ys CBOWCTBA
Jornyeckux (QyHKIUA. MOXHO TakkKe TMpU MOMOIIM METOJa HEOIpPEAEICHHbBIX
ko3¢ durento. Paccmorpum BTOpoil cmoco0. CoriiacHO OIpeAesieHuI0 MOJIMHOMA
XKerankuHna, 111 QyHKIIUN OT TpeX apryMEHTOB MOJIMHOM OYyJI€T UMETh CIEAYIOIIUNA BU/I:

f3(x,y,2) =a®b-x®c-yed-zoe-x yof:-x-ze&g-y-zeh-x-y-z
[loacraBnsiss B 3TO BBIPAKEHHE APTYMEHTBI, W MPUPABHUBAS COOTBETCTBYIOLIUM
3HAYEHUSIM, COTJIACHO OTpe/ieeHUI0 QyHKIMH f3, momydnM cucteMmy U3 BOCbMU JIMHEWHBIX
YPaBHEHUM:
f3(0,0,0)=a =1, f5(0,0,1)=a®d =0, f3(0,1,0)=a®c =0,
f3(1,0,0) =a®@b=1, f3(1,0,1) =a®bed &f=0,
f3(1,1,0) =a®@bece®e=1, f3(0,1,1) =a®@cedeg =0,
f3(1,1,1) =a@becedeeafegeh=1.

B xome pemenus 3TOW CHCTEMBI, HalACHHBIE YK€ KOIPOUIIMEHTH HEOOXOIUMO
MOJICTaBUTh B OCTalIbHbIC ypaBHEHUs. Bce ypaBHEHHS HEOOXOAMMO PEUIUTh B JBOUYHOU
cucteMe cuucieHusi. B pesynbrare BBIUMCICHUN MOMyYMM CHadaida a = 1, 3atem u3
ypaBueHus 1 ®d = 0 mosyunm, d = 1. 13 ypaBHenuii 1®c =0, 1®@b=1 nonyuum ¢ =1, b =
0. Ananornyno, u3 ypaBaenuii 1 ®0@1@f=0,19001 ®e=1,1®1®1®g= 0 nonxyuum
f=0,e=1, g=I1. Torna u3 nocieauero paperctea 1 @00 101®1e®0®1®h =1 nomyunm
ko3pdunment h = 0. Tloxacraensis HaljeHHBIE KOA((GUIMEHTH B 00IIEe BBIPAKCHUEC
noauHoMa JKerankuHa, mojry4YuM UCKOMBIN TOJTMHOM:
fsx,y,2) =leyozex-yey-z.

OBPA3EII BBIIIOJIHEHUA 3AJJAHUS 2

Jus  pmaHHbBIX  stormueckux  ¢yHkmumi  fi, f;, f3 BeIACHUT, WX JUHEHHOCTS,
CaMOJIBOMCTBEHHOCTh, MOHOTOHHOCTh M WX TMPHHAJICKHOCTh K 3aMKHYTHIM Kilaccam o,
T1. I[TpoBepuTh MOTHOTY CHCTEMBI Torndeckux ¢yukuuii {fi, fz, f3 }.

f, =(1,1,0,0,0,1,0,1), f, = (1,0,1,0,0,1,0,1), fs = (0,0,1,1,1,1,0,1).

Pewenue. JInneitHOCTH TOTUUECKON (DYHKIIMM MOYKHO TIPOBEPUTH ABYMS CIIOCOOAMHU:



1.Bo-nepBBIX, IpU MOMOIIM MOCTPOEHUS ISl JIOTHUECKOW (PYHKIMM €€ TMOJIMHOMA
XKerankuna. Ecnu nonunom XKerankuHa OyaeT coaepkKaTh TOJIBKO JIMHEHHBIE CliaraeMble,
TO, COTJIACHO OTPEAETICHUIO CBOMCTBA TMHEMHOCTH, (PyHKIIMA OyIeT TUHEHHOM.

2.B0-BTOPBIX, TMHENHOCTh MOYKHO IIPOBEPUTH TAKKE M HEMOCPEICTBEHHO HCIIOIb3YS
ONPENEIICHUE CBOMCTBA JIMHEWHOCTH, NIPU TMOMOIIA METOJAA HEONPEAEIICHHBIX
ko3 durmenToB. Bocnonbslyemcss BTopsiM criocoOoM. Ilpemnomnoxum, dro (yskmms fi
ABJIIETCS JIMHEWHOU. Torja, corjJacHO OIMpeAeNIeHUI0 JIMHEMHOCTU JIOTUUECKOW (PYHKIUH,
OHa JI0OJKHA UMETh CIEAYIOIHUA BU:

f,(x,y,2)=a,PaxPa,yda,z.

CornacHo MeTOIy HEOoIpeeIeHHBIX KO3(P(UITMEHTOB, COCTABUM CJICIYIOIIYIO CUCTEMY:
f,(0,0,0)=a,=1, f,(0,0,)=a,®a,=1, f,(0,10)=a,Pa, =0,
f,(0,11)=a,®a,®a, =0, f,(1,00)=a,®a =0, f(1,01)=a,Pa @a, =1,
f,1L10)=a,®a ®a,=0, (L L) =a,Pa Da,Da, =1.

N3 IIEPBOr0 paBCHCTBA CUCTCMbI IIOJIyYUM 4a, =1. Ilocne 9TOI'0, pciiass BTOPOC, TPCThC U

ITO€ PABEHCTBO B JIBOMYHOM CHUCTEME CUMCIEHUS, MOJYyYUM 3HaYeHUs KO3()PUIIMEHTOB
a, =1 a,=1 a,=0. IlonctaBum HaiiieHHbIE KO3(PPUUMEHTH B OCTAJbHBIE PABEHCTBA U

BBIYHCIIUM CYMMBI B I[BOPI‘-IHOﬁ CUCTEMC:
£,(0,1)=1@1®0=0, f,(101)=1®180=0=1, f,(110)=1®1®1=1=0.

W3 3TuX BBIUMCIECHUN CIEAYET, UTO CHUCTEMa JUIs onpeiesieHus: Kod(hUINeHToB
IPOTUBOPEUUBAs H, CIEAOBATEIbHO, He UMeeT perreHus. Torma ¢yHkuus fi He Moxer
ObITh MpEACTaBiI€Ha B BHJE JIMHEWHOM KOMOWHAIMM CBOMX apryMEHTOB M HE SIBISIETCS
JTMHEHHOW. AHAJIOTUYHO HAWIEM COOTBETCTBYIomMEe KodhduimeHTsl ans ¢yHkuuu fo
a,=1 a =1a,=0 a,=1 u qua ¢pyukuu f3: a,=0, a =1, a,=1 a,=0. Beruuciaum
sHauenne ¢pynkmmu f;(1,11)=a,®Pa @a,Pa,= 001®1D0 = 0=1. To ecTh, cucrema

ypaBHeHMI a1 ko3 duimentoB (ynkiuu f; mporuBopeunBa. CrenoBarenbHo, f3 He
ABIsiCTCS JIMHEHHON (yHkmen. Cucrema ais koddduirentoB ¢pynkuuu f, He sBisercs
npotuBopeurBoii. CienoBarenbHo, f, saBsieTcs nuHelHoN (yHkuuei. Ee npeacrabineHue B
BU/JIC JIMHEWHOM KoMOuHauuu Oyaet ciaeayrommm: f,(X, y,z)=1&xDz.
Jlns Toro 4toOBI MPOBEPUTH CaMOABOMCTBEHHOCTh (pyukuumii fi, f,, fi, cocraBum
Ta0JIMIy COOTBETCTBUI apryMEHTOB U 3HAYCHUI (PYHKITUH.
Tab6mumna 3.
Jlornueckne 3Havenus pynkumii fi, f, fa.

Ne X y Z fl f2 fg
1 0 0 0 1 1 0
2 0 0 1 1 0 0
3 0 1 0 0 1 1
4 0 1 1 0 0 1
5 1 0 0 0 0 1
6 1 0 1 1 1 1
7 1 1 0 0 0 0
8 1 1 1 1 1 1




CorymacHO TPHW3HAKy CaMOJBONCTBEHHOCTH, JOCTATOYHO CPABHUTH MEXAYy COOOM
TaKue Mapbl aprymeHToB (X, Y, Z), KOTOpblE UMEIOT MPOTUBOIIOIOKHBIE KOOpauHaTa. B
Tabnuie 3 Takue mapbl apryMeHToB umeroT Homepa | m 8, 2 mu 7, 3 u 6, 4 u 5.
COOTBETCTBYIOIIIME JTHUM TapaM apryMEHTOB 3HAYCHUS (PYHKIUNA TOJDKHBI OBITh
IPOTUBOMOJIOKHBIMUA. B 3ToM cnydae ¢yHkius OyneT camoaBoicTBeHHON. OHAKO
cormacuo Tabmune 3 f,(0,0,0)=1=f (1, 1,1)=1, f,(0,0,0)=1=f,(1,1,1) =1, f,(0,0,1)=0
=f,(1,14,0)=0.

CrnenoBatenbHO, BCE TPU (PYHKIIMU HE SBISIOTCS] CAMOJIBOMCTBEHHBIMU.

[IpoBeprM MOHOTOHHOCTH ATUX (yHKIMI. JJis 3TOro, COrjacHO OIpeeTeHUIO,
BBIOEpPEM Bce Taphl apryMeHToB (X, Y, Z), JUII KOTOPBIX BBITOJIHEHO HEOOXOIMMOE YCIIOBHE
MOHOTOHHOCTH, TO €CThb YCIOBHUE (&, a,,a5) < (B, 3., ;). OcranbHble Tapel HE
paccMarpuBaroTcs. Eciii HeoO0X0auMOe YCIIOBHE BBINMOJIHEHO, TO JUIsi MOHOTOHHOCTH
JIOJDKHO OBITh TaK)K€ BBITIOJIHEHO JocTarodHoe ycioBue f(oy, a,,a5)< f(6,, B, 0;). s
napbl apryMEHTOB, PACTIONIOKEHHBIX Ha cTpokax | u 3 Tabmuipl 3 HE0OX0IUMOE yCIOBHE
BBITIOJTHEHO, HO  JIOCTaTOYHOE  YCJIOBHUE HE  BBINOJIHSETCA, Tak  Kak
f,(0,0,0)=1>f(0,1,0)=0. Touyno Takke IO CcTpokaM | u 2 yCTaHAaBIMBAaEM, YTO
noruueckas ¢pyukuus f; He sBseTcs MoHOTOHHON. DyHKIMS f3 HE MOHOTOHHA TI0 CTPOKaM
3 u 7 Tabmunbl 3, TaKk KaKk HEOOXOJUMOE YCJIOBHE MOHOTOHHOCTH BBIMIOJHEHO, a
JIOCTATOYHOE YCJIIOBHE HE BBIITOJIHEHO

f,(0,1,0)=1>f,(1,1,0)=0.

Coxpanenue kKoHCTaHT 0 M 1 Jerko ycTaHAaBIMBAETCS MO NMEPBOM M BOCBMOM CTPOKE
ta0bymiel 3. Tak kak f,(0,0,0)=1 u f,(0,0,0)=1, o ¢yukmuu f;, f, He coxpansroT
koHctauTy 0. Tak kak f4(0,0,0) =0, To f; coxpanser koncranty 0. Kpome Toro, Tak kak
f,LLY)=1, f,4L)=1 u f;(LL1) =1, o Bce Tpu ¢yukuuu f;, f,, f3 coxpansror

KOHCTaHTY 1.
Tab6mumna 4.
CaoiicTBa Joruveckux pynkumii fi, f2, fs.

L S M To T,
i | -] - - - +
fs + - - - +
fa - - - + +

Jlnist TOoro, 4TOOBI MIPOBEPUTH TMOJIHOTY CUCTEMBI Jormdeckux ¢yHkmuid {fi, fp, fs},
MOCTPOUM TabuIly 4, B KOTOPOl OTMETUM BCE OCHOBHBIE CBOMCTBA JIOTUUECKUX (DYHKIIUN
3TOW CHUCTEMBI, TUHEMHOCTh, CAMOIBOMCTBEHHOCTh, MOHOTOHHOCTb, COXPAHEHNE KOHCTAHT
0 u 1. ITo Tabnuiie 4 ompeaeiuM BBITOJHEHUE HEOOXOAUMBIX U JIOCTATOYHBIX YCJIOBHUI
teopembl [locta. U3 Becex normyeckux (GyHKIMI JaHHOW CUCTEMbI TOJIBKO OJHA JIMHEWHAS,
a umeHHo, f,. OTmernMm B Tabmwuie 6 TMPUHAICKHOCTh QYHKIUH f; Kimaccy TUHEHHBIX
byakuuii 3HakoMm (+). Jns aByx apyrux QyHKiuid (-). AHAJIOTUYHO, YYHUTHIBAS
BBISIBJICHHBIC paHee aApyrue cBoictBa ¢yHkmui fi, f;, fs, 3amomamm Ttabmumy 4
COOTBETCTBYIOIIMMH 3HAKaMH. B 3TUX CHMBOJIMYECKUX 00O3HAUYCHHSIX, COTIIACHO TEOpEME
[TocTa, 7St TOTHOTBI CUCTEMBI JIOTHYECKUX (PYHKITUH HEOOXOIUMO U JOCTATOYHO, YTOOBI
KOKIBIA cTOoa0er] TaObmuipl 6 coiepkai, Mo MEHbIIeH Mepe, oawH 3HaK (-). OmHako,
MOCJEAHUN CTOJIOEI] HE COACPXKUT HHM ojHoro 3Haka (-). CnemoBaTenbHO, CHUCTEMa
norudeckux ¢ynkuit {fi, f;, f3} He sABAsSCTCS MONMHOM.



Kparkas Teopus

Jlocuueckum  ycmpoticmeom  HA3bIBAETCA  TAKOE  YCTPOMCTBO,  KOTOPOE
(GYHKIIMOHUPYET COTIACHO 3aKOHaM JIOTHKH. K TakuM yCcTpOMCTBaM OTHOCATCS, TPEXKIE
BCETO, KOMIBIOTEPHI U OCHOBHBIC Y3JIbI OOJBIIMHCTBA COBPEMEHHOTO OOOpYIOBaHMS.
Jlocuueckumu cxemamu Ha3bIBAIOTCA YCJIOBHBIE M300pa)K€HUsI JIOTMYECKHX YCTPOWCTB B
Bujie cxeMm. Hanbonee OIM3KMMU MO COAEPHKAHUIO K JIOTUUECKUM YCTPOUCTBAM SIBJISIOTCS
KOMOUHAYUOHHbIE CXEMBbl, KOTOPBIE€ COCTABJISIIOTCS W3 DSJIEMEHTOB, H300pa)karoumx
AJIIEMEHTHYI0 0a3y JIOTMYECKUX YCTpOoWCTB. HekoTopble M3 CTaHAAPTHBIX H300pakeHUi
npuBeACHBI Ha pUCcyHKe 1.

a) o) c)

— o— — o—

r) ) e)
M2 I — 1

Puc.1. O003HaYeHNST OCHOBHBIX AJIEMEHTOB JIOTUHUYECKHUX CXEM.

Ha pucynke 1 a) u300pakeH 3J€MEHT, COOTBETCTBYIOIIMI JIOTMYECKOH (DYHKIIUU
oTpullaHue, Ha pucyHkax 10 6) — €) COOTBETCTBEHHO H300pa)K€HHSI KOHBIOHKIIHH,
oTpunianus KoHbIoHKIMH (GhyHkuus eddepa), cnoxenre mo Moayiio 18a, TU3BIOHKITUS,
orpunianue Au3bIoHKIMU (pyHkius [lupca). [lpakTtuyeckas 3amaya BeIOOpa AJIEMEHTHOU
0a3bl HEMOCPEACTBEHHO CBSI3aHA C TEOPETHUUECKOM 3a7a4eil MOTHOTHI CUCTEMBI JIOTUYECKHUX
byHKMA. B crily TOMTHOTHI CUCTEMBI JIOTHYECKUX (DYHKITUNA, COCTABICHHON U3 OTPHUIIAHUS,
KOHBIOHKIIMU W JTU3BIOHKIUH, JOCTATOYHO HMMETh JJIEMEHTHYIO 0a3zy M Tpex OTHX
byakuuii. MOXHO OrpaHUYUTh 0a3y U BCETO OJIHUM DJIEMEHTOM, HampuMmep, QyHKInen
[leddepa nnu pynkuuent ITupca. OqHako Takoe OrpaHUUECHHUE MOMKET YCIO0XHUTH CXEMY
U, TO3TOMY, HE BCETJla TAKOE OTPaHUYEHHE MPUBOJUT K ONTUMHU3AIMN YCTPOUCTBRA.

llepexniouamenvHvle CXeMbl JOTMYECKUX YCTPOMCTB, MPUMEHSIOTCS ISl PEIICHHS
ONTUMHU3AIMOHHBIX 3a7a4. OCHOBHBIMH 3JIEMEHTAMU MEPEKITIOYATEIbHBIX CXEM SIBIISIFOTCS
nepeMeHHbIe (MepeKiaouaren) U ux orpuianus. [Ipu 3ToM 3HaueHHE TEPEMEHHOM,
paBHOE | COOTBETCTBYET BKJIIOYEHHOMY COCTOSIHUIO MEPEKIIoUaTeNsl, a 3HAaUeHHE, PaBHOE
0 - COOTBETCTBYET BBIKIIFOYCHHOMY COCTOSHUIO. OTpHUIIaHUS TIEPEMEHHBIX COOTBETCTBYIOT
o0OpaTHBIM COCTOSIHUAM. KOHBIOHKIMS JBYX IEPEMEHHBIX M300pakaeTcsi B BHIE
MOCJIE0BATENBHO COCIMHEHHBIX JBYX WJIM HECKOJIbKUX MEPEMEHHBIX WM X OTPUIAHUU.
JIN3BIOHKIIMSA JBYX WM HECKOJBKHX TEPEMEHHBIX HM300pa)kacTcsi B BHUJE MapajuieabHO
COCIMHEHHBIX TIEPEMEHHBIX (271eMeHTOB). Ha pucyHke 2 a) u 0) 1Be 3JIeMEHTApHBIE CXEMBI,
P TIOMOIITM KOTOPBIX MOXKHO COCTaBUTh JIFOOBIC MEPEKITI0UATETHHBIC CXEMBI.

a) 6 [

O X _}" O oO—

-y

Puc.2. 3006paxeHusi OCHOBHBIX DJIEMEHTOB MEPEKITIOUATEITHHBIX CXEM.



OCHOBHOM LENpI0 aHanM3a JIOTHYECKUX YCTPOWMCTB SBISETCS ONTHMH3ALUS
YCTPOMCTB, TO €CTh 3aMEHa YCTPOICTB Ha TakuWe, KOTOpbhle (PYHKIMOHAIbHO HE
OTVIMYAIOTCA OT MCXOJHBIX, HO COJEpXAaT MEHbIIEE 4YUCI0 diaeMeHTOB. DyHKuueu
npogoouMocmu  TIEPEKIIOYATEeIbHOW  CXEMbl  Ha3bIBaeTCsl  Jiorudeckas  (yHKIuS,
XapakTepusymoomas padoTy JaHHOrO JIOTMYECKoro ycTtpoidcra. OOmas cxema
ONTUMHU3ALMNA JIOTUYECKUX YCTPOMCTB 3aKJIIOYAeTCsl B TIOCTPOCHMM JUIsl  HHUX
NEPEKIIIOYATENBHBIX CXEM, B IOCTPOECHUH (QYHKIUU IPOBOAUMOCTH, YIIPOIEHUU (QYHKLIUU
OPOBOJAMMOCTH W B IOCTPOEHMHM I YHPOUICHHOM (YHKUMH IPOBOJAUMOCTH
NIEPEKIIIOYATEIBHON CXEMBI.

OnTuMu3anuilo  JIOTMYECKMX  YCTPOMCTB  MOJKHO IIPOBECTM B PE3yNbTaTe
PaBHOCUJIBHBIX NpeoOpa3oBaHUil PYHKIMH MPOBOAMMOCTH 3TOTO YCTpoicTBa. EcTh emie
OJIMH BaXXHBIM CHOCOO ONTUMHU3ALMK, & UMEHHO, MUHHUMU3ALHUS JIOTUYECKUX (DYHKLUH.
OTOT crnocod OCHOBaH Ha NPUMEHEHUU METOJa HEOIpPENeIeHHbIX K03()PUIMEHTOB.
OnpenenuM  cHayana TOHATUE JleKcukozpaguueckoeo  nopsaoka  PacrtoJOKEHUS
AJIEMEHTApHBIX KOHBIOHKIMKA B JAU3IBIOHKTUBHONW HOPMaJbHON (Qopme Jorudeckon
¢yHkuud. bynem cuuTaTth, 4TO 3JI€MEHTAapHAs KOHBIOHKIMS HMMEET OOJBIINI MOPSIOK,
€CJIM B HE€ BXOAUT OOJBIIEE YUCIO COMHOMKHUTENEH WIHM K€ COAEPKUT OOJbIIEe YUCIIO
JIOTUYECKHUX ONEPALUI.

OOuiee  BbIpaeHUe IS JAU3BLIOHKTHBHOW HOPMAJILHOW _(OPMBI  JTOTUYECKOU
(YHKIMH, B KOTOPOM 3JIEMEHTapHbIE KOHBIOHKIIMH PACIIOJIOKEHBI B IOPSIIKE BO3pacTaHUs,
VUMEET CIICYIOIINN BUL:

f(x,y,2)=axva,yvazva,xvayva,Zva,xyVvagXzva,yzv

VXY VA XY VA, XV 8gX2 Y A, YZV Ay YZ V &g XY VA XZV agYZ v
V QoXYZ V Ay0XYZV 8y XYZ V 0, XYZ V Ay XYZ V A, XYZ V Ay XYZ V A X YT .

[Tpu momomu 3TOro BBIPAXKEHUSI M ONpeaeneHus (QyHKIUHU, KOTOpas MUHUMH3UPYETCS,
HEOOXOJMMO COCTaBUTh CHUCTEMY JIOTMUECKUX YpPaBHEHUI Jisi BBIUUCICHUS HEM3BECTHBIX
ko3 duienToB. BbIOMpas pelieHrs noJlydeHHOW CUCTEMbl HEOOXOJMMO YYHMTHIBATH TO,
yTo 0OoOJiee NPEeANOYTUTENbHBIMA PEIICHUS MU SBJISIOTCS T€, B KOTOPBIX HEHYJIEBbIE
KO3((PUIIMEHTHI COOTBETCTBYIOT 3JIEMEHTAPHBIM KOHBIOHKIMSIM HAMMEHBIIETO MOPSIKA.
[Tpu Takom BeIOOpe Oynet HaiiieHo MuHuManbHas JIHO.

KoHcTpynpoBaHue JIOTMUECKMX YCTPOMCTB, MpPEANOJaraerT Haluuyue B OSTOM
mpoIlecce 7JJIEMEHTOB ONTUMHU3AIMU, TakK Kak HaubOosiee d>(PGEKTUBHBIM MPOIECe
KOHCTPYUPOBAHUSI JIOTUYECKUX YCTPOMCTB OyJeT Torja, Koraa onTUMHU3auus Oyaer
BBIIIOJIHEHA YK€ Ha dTalle KOHCTPYUPOBAHUS.

OTanbl KOHCTPYUPOBAHUS JIOTHUECKUX YCTPONCTB, BKIKOYAIOT B CEO0sI:

1) aHanM3 TEXHUYECKHX YCJIOBUW KOHCTPYHPOBAHHMS U BHIOOpP ONTUMAJIbHOTO
npeacTaBieHus I QYHKIUM TPOBOAUMOCTH, UCXOJA U3 YCIOBHM (PYHKIIMOHUPOBAHUS
JIOTUYECKOTO YCTPOUCTBA;

2) ympolieHue, Mpu MOMOIIY 3aKOHOB JIOTUKH, (PYHKLIUK TPOBOAUMOCTH;

3) nmocTpoeHue nepeKIrovaTeIbHON 1 KOMOMHAIIMOHHOM CXEMBbI;

4) moCTpOEHUE JIOTUYECKOTO YCTPOMCTRA.

[Ipencrapienue OynaeBor QyHKIMYU GOPMYITON JIOTUKHU BBICKA3bIBAHUMA
Bynesoit pynxuueir f(x1, Xo, ..., Xo) Hazvlieaemcs N-mecmuas GyHKyus, apeymeHnmol
KOMOpOU npuHumalom 3Hadenusi 6o muodxcecmee {0, 1} u cama ynkyus npunumaem
3HAYEHUS 6 IMOM Jce MHOICECMEE.




Besikyro OyneBy (pyHKIIMIO OT N MEpeMEHHBIX MOXHO 3ajaTh Tabnwiei u3 2" CTpok, B
KOTOPOW B KaXIOM CTPOKE 3alUCBhIBAIOT OJHY W3 OLEHOK CHHCKa IEePEMEHHBIX,
npuHUMaromux 3Hayenue 0 nm 1.

Jlist n=3 OyneBy GYHKIMIO MOYKHO 33]1aTh TAOJIAIICH:

Ne | X1 | X2 | X3 (X1, X2, X3)
0 0 0 0 f(0, 0, 0)
1 0 0 1 f(0,0, 1)
2 0 1 0 f(0, 1, 0)
3 0 1 1 (0,1, 1)
4 1 0 0 f(1, 0, 0)
5 1 0 1 f(1,0, 1)
6 1 1 0 f(1, 1, 0)
7 1 1 1 f(1,1,1)

Hcnone3yeTrcst Takxke 3amaHue OyneBod (YHKIMHM B BHJAE JBOMYHOTO CJIOBa, IJIMHA
KOTOPOI'0 3aBHCHT OT 4MCla IepeMeHHbIX. CyIIeCTBYET POBHO 2° PasjIMuYHBIX OyJIEBBIX
¢yskuuid oT N nepeMeHHbIX. KoHcTanTel 0 ¥ 1 CUMTAIOT HYJIb-MECTHBIMH OYyJIEBBIMU
(YHKIUAMMU.
Ymeeporcoenue. Kadsxxcoou ¢hopmyne nocuxu 6viCKa3vl@anuti coomeemcmeyem HeKomopas
oynesa yHxkyus.

Ilpumep
[Toctpouts Bce OyneBbl (PYHKIMU, 3aBUCSIINE OT IBYX IEPEMEHHBIX.

[TockonbKy N=2, pa3au4HbIX OyJeBbIX (YHKIIMA OT ABYX MMEPEMEHHBIX CYIIECTBYET POBHO
16.

3uauenue Dopmyna, coomeemcmeyouast
Ne pyricyuu Gdynryuu o dyukyuu o
1 f=0000 f=0
2 f=0001 f:X1/\X2
3 f=0010 f=x, > x,
4 f=0011 f=x;
5 f=0100 f= x_1 A X,
6 f=0101 f=xz
7 f=0110 f=x1 @X,
8 f=0111 f=x1 VX2
9 f=1000 f=x, A X%,
10 f=1001 f= X, = X,
11 f=1010 f=x,
12 f=1011 f= )clvx_2
13 f=1100 f=x,
14 f=1101 f=X1 %,
15 f=1110 f=x v X,
16 f=1111 f=1
Teopema 1. Ilycmo f(X1, X2, ..., X) K-mecmmuas 6ynesa ¢pynxyus. Ecau f ne pasna

MOMNCOeCMBEHHO HYII0, Mo cyuwecmeyem makas gopmyna F, 3asucawas om cnucka
nepemennvix Xi, X2, ..., Xn U Haxooswasca 6 CIIH® omnocumenvrho 3mozo cnucka, umo F



svipaxcaem cooou ynxyuio f. @opmyna F onpedenena oonosnauno ¢ mounocmoro 00
nepecmano8Ku OU3LIOHKIMUBHBIX YTIEHO8.

Teopema 2. Ilycmo f(X1, X2, ..., X) K-mecmmas oynesa ¢ynxyus. Ecau f ne pasna
ModHCOeCmeeHHo eduHuye, mo cywecmeyem maxasa opmyra F, 3asucsawas om cnucka
nepemennvix X1, X2, ..., Xk u Haxooawascsi 6 CKH® omnocumenvro smozo cnucka, umo F
svipadicaem cobou gyukyuio f. @opmyna F onpedenena oonosnauno ¢ mounocmvio 00
nepecmano8KU KOHbIOHKIMUBHBIX UJIeHO8.

[Tockonbky kaxpaas OyneBa GyHKUMS TMpeACTaBUMa B  BHUAEC (QOPMYJIBI  JIOTHKU
BbICKa3bIBaHUH, TO npuHIMN nocrpoeHuss CAH® u CKH® coxpaHsieTca Takoil ke, Kak U
JUTst (POPMYJT JIOTUKH BBICKA3BIBAHU.

MuHUMU3aIMs HOpMaJIbHBIX (hOopM

Brime Ob1710 cka3aHO, YTO MPOM3BOJIbHAS OyJjieBa (DYHKIIHMS MOXKET OBITh IIpE/CTaBJIcHA
dbopMyIoil B AM3BIOHKTUBHON M KOHBIOHKTHUBHOW HOpManbHOU (opme. PaBHOCHIBHBIMU
peoOpa3oBaHUSAMH MOXKHO TONYYUTH (HOPMYITy, COASPIKAIIYI0 MEHbBIIIEE, YeM HCXOJIHAs,
YUCJIO MEPEMEHHBIX.
Munumanvnoit TH® (MITH®) @pynxyuu f(X1, Xo, ..., Xn) Hazwieaemces [J[HD, peanrusyrowasi
@yuxyuio f u cooeporcawas munumanvroe YUCIO CUMBONIO8 NEPEMEHHBIX NO CPABHEHUIO CO
scemu Opyeumu J[H®, peanuzyrowumu ¢hynxyuio f.
Munumanenyto JIH® panHoit ¢dopMmynabl MOXHO HaiTH, mepeOpaB KOHEYHOE YHCIIO
paBHOCWIBHBIX i [IH® u BbIOpaB cpelid HUX Ty, KOTOpasi COACPKUT MUHUMAIILHOE YHUCIIO
nepeMeHHbIX. OHAKO MpU OOJIBIIOM YHCIIe TMEPEMEHHBIX Takod mepedop MpakTUYECKU
HeBbIOJMHUM. CytiecTBYIOT 3G (EKTUBHbBIE CIIOCOObI HAaXOXJeHUS MUHUMaIbHOU JIHO.
PaccmoTpum aBa u3 HUX.
Kaxxnplii U3 pacCCMOTPEHHBIX HUKE METOJIOB COCTOUT U3 JIBYX ATAIOB:

e 10CcTpocHUE cokpameHHon [JTHD;

e [0CTpoeHUE MaTpulbl MOKpbITUHA. [locTpoenne M/IHO.
Ecnu onsa ecaxoeo nabopa a = (ai, aa, ..., @n) sHauenuil nepemennvix yciosue g(@a) = 1
enreuem f(@) = 1, mo Qynxkyus Q nasvieaemcs uacmoio Qyukyuu t (ui Gynxyus f
Hakpovleaem @yukyuro (). Eciu npu smom ons nexomopoeo mabopa ¢ = (ci, cz, ...,
cn)pynryus 9(C)=1, mo 2osopsam, umo @yuxkyus Q nakpvieaem eounuyy @yukyuu t na
Habope ¢ (unu ymo g HaKpvleaem KOHCMUMYEeHmy eOuHuybl X ... X: gynxyuu f).

Koncturyenra enuuuiel pynkinuu f ecth yacTh GpyHKkIuu f, HaKpbIBaIomas ¢IMHCTBEHHYIO
enuHUIy QyHKIuy f.

Onemenmapnas kowvionkyus K nazvieaemcess umnauxaumom Qyuxyuu f, ecau ons ecaxoeo
Habopa a = (ai, ay, ..., ay) uz 0 u 1 ycrosue K(a)=1 eneuem f(a)=1.

HUmnnuxanm K gynxyuu f nazvisaemes npocmoim, eciu svipasicenue, noayuaioujeecs us
He20 8blOPACHIBAHUEM TI0OBIX MHOMCUMENel, Yoce He UMNIuKanm gyuxyuu f.

Besikuit mmmumnkanT ¢yakiuu f ectb yacts Gynknumu f.

Teopema 3. Bcakasa @yukyus peanuzyemcs OU3bIOHKYUel 6cex C8OUX MNpPOCMbIX
UMNIUKAHM.

Coxkpawennan TH® ¢ynxyuu f ecmo ouzvionkyus ecex npocmoix umnauxaum @yuxyuu f.
VYmeepowcoenue. Besxas ¢hynxyus t peanusyemes ceoeii  coxpawennou JJHD. J{nsa scsakoi
@YHKYUU, He PABHOU MONCOeCMBEHHO HYII0, CYUecmeyem eOUHCMEEeHHAsT COKPAUJeHHAs
JHD.




Teopema (Kyauina). Ecnu ¢ C/H® ¢ynkyuu f nposecmu ece onepayuu nenonnoco
CKIeUBAHUS, 4 3ameM 8ce Onepayuu noloweHus: u yoaieHus 0yoIupyiouux uieHos, mo 8
pesynbmame noayuumcs coxkpawennas JJH® ¢ynxyuu f.

Aneopumm Kyauna nocmpoenus cokpawennou /[HD
1. Tonyuuts CAH® dpynkumu.
2. IIpoBectu Bce omnepaivy HETIOJIHOTO CKICHUBAHUS.

3. HpOBCCTI/I BCC OIICpally ITOIJIOIICHUA.

Ilpumep

Munumusuposats ¢pyskiuio f=1111010010101111.

Pewenue.

1. Crpoum Tabnuity 3HaueHus g JanHoi ¢pynkuuu (tadin 1.). Crpoum CAHD
¢yukuuu. [Ipu 3TOM citaraeMbie HyMepyeM U 3amuchiBacM B cTosoerr (tadm 2.).

Tabauyal
No | X1 | X2 | X3 | Xa f(Xl, X2, X3, X4)
0,0/ 000 1
110,001 1
2100 (1]0 1
31]0]0 1|1 1
410100 0
510101 1
6 01 (1|0 0
71011 (1] 1 0
811000 1
911001 0
1010 (1] 0 1
11110 (1] 1 0
1211 10| 0 1
13|11 )01 1
1411 1|0 1
15111 (1] 1 1

CAH®D (1): Ne 0, 1,2,3,5,8,10, 12, 13, 14, 15.

Tabnuya 2

Ne ciraraemoro

cj1aracMoc
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2. TIpoBoauM Bce OIepanyy HEMOIHOTO CKIACHBAHUA.
[TepBsIii aTan ckienBanus (Tad. 3):

Tabnuya 3

Cnazaemvie | Cxneusanue no | Pesynomam | Hosvie ciazaemvie
1,2 Xa X, X, X 1
1,3 X3 X, X, X, 2
1,6 X1 X, X5 X, 3
2,4 X3 X, X, X, 4
2,5 X X XX, 5
3,4 X4 X, Xy X 6
3,7 X1 X_2X3X_4 7
5,9 X1 X, X;X, 8
6,7 X3 X, Xy X, 9




6, 8 X2 X, X X, 10
7,10 X2 X, X3 X, 11
8,9 X4 X X, Xg 12
8,10 X3 X, X, X, 13
9,11 X3 X X Xy 14
10,11 X4 X X5 Xg 15

B nmepBom stane ckneuBaHus ydactBoBaiM Bce cinaraemble CIIH®, 3HauuT, HU OJHO U3
WCXOJHBIX CJlaraéMbIX HE BOMAYT B cokpameHHyro JH®. Ilocme mnepBoro stama
CKJICMBaHMS (M BO3MO>KHBIX MOTJIONICHUI ) MOTy4YaeM, 4TO

F(X,) Xy s Xa Xy ) = Xy X X v Xy X Xy V Xy X Xy V X XXy V X XX V Xy XX V Xp Xg X V Xy Xy Xy V

V Xy XX, VX X Xy V X X Xy V XXy X V X, X Xy VX Xp X, VX X X
[Iponymepyem IM3bIOHKTUBHBIE WICHBI B MoJiydueHHOU [TH® B mopsigike nux ciaenoBaHUsl OT
1 no 15 (taba. 4).

Bropoi sTan ckiieuBaHus:

Tabnuya 4
Cnaecaemvie | Ckneusanue no | Pezynomam
1,6 X3 X X,
2,4 X XX,
2,9 X1 X X4
3,7 X3 XX,
9,13 X2 X X,
10,11 X3 X, X,
12,15 X3 XX,
13, 14 X4 XX

B npouenype ckienBaHusi Ha BTOPOM 3Tare HE MPUHUMAIU ydacTue ciaraeMbie Ne 5, 8 ¢
NPEABIIYLIErO IIara, IMOATOMY MOCJIE€ BTOPOrO 3Tana CKICHBAHHUS M IOCIEAYOIINX
MOIJIONICHUH MOJIyYaeM, 4TO

f (Xl’ Xy1 X35 X4): X X5 VX Xy VX—2X_4V X1X_4VX_1X_3X4 Vv X2X_3X4-
[TockonbKy AanbHEiIIee CKIEUBaHUSI HEBO3MOXKHBI, TO 3TO M OyneT cokpamienHas JJHD
UCXOJTHOM (PYHKITUU.

ITocTpoenme cokpanreHnon JJH® B kiracce TM3bIOHKTUBHBIX HOPMAaJbHBIX (hOPM
OTOT METOJT HE OTJIMYAETCSl OOJBIION 3PPEKTUBHOCTHIO, HO OH TIPOCT ISl U3JI0KEHUS U HE
TpeOyeT BBEICHHS JOMOJHUTEILHBIX TTOHATHH.

[TycTte OyneBa dyHkIus 3agana Tadnuied uctuaaoctu uin CJIHO.

MunuMu3Hupyoias Kapra 0yJIeBol (GyHKIMHU MPEICTaBIseT COOONM KBaJIpPaTHYIO MATPUILY
2"x2", tme N — uyucno mnepeMeHHbIX. [lepBble CTOJIOIBI OTBOJAT ISl ApTyMEHTOB,
JManbHEUIIE — JIJISI MX BCEBO3MOXKHBIX KOHBIOHKIIMH 10 2, 10 3 M T. J. COMHOXKHUTEICH,
MPEAINOCIECIHUN - U1 KOHBIOHKIHWHM BCEX APryMEHTOB, MOCIEAHUNA — JJUISI 3HAYEHUU
byHKIUH.

Illaz 1. CTonOusl Ajis apryMEHTOB, KaK OOBIYHO B TAOJIMIIAX UCTUHHOCTH, 3aTOJHSIOTCS
BCEBO3MOKHBIMH Habopamu 0 m 1. B crombmax miss KOHBIOHKIIUKA ITPOCTABIISIOTCS
JEeCATUYHbIC 3HAYEHWs JIBOMYHBIX YHCEJI, COOTBETCTBYIOIIMX HabOpaM 3Ha4YeHUM
apryMeHToB. [lociennuii cTosoer 3anoHsIeTCsi COOTBETCTBEHHO 3HAUYCHUIO (DYHKITUH.




Hanee paboma uepedyemcs no cmpokam, no cmoaoyam.
[llaz 2. BpluepKuBalOTCS CTPOKH, B KOTOPBIX (PYHKITUS OOpaIIaeTCs B HYIb.
llaz 3. B xaxa0M cTon011e U3 COXPAHUBIIUXCS YHCEN BRIYEPKUBAIOT TE€, PaBHBIE KOTOPHIM
y’K€ BBIUEPKHYTHI B 3TOM CTOJIOIIE HA MPEbITYIIEM IIIare.
lllaz 4. B coxpaHHMBIIHUXCS CTPOKaxX BBIOMPAIOT «3HAUCHUS» HAUMEHBUIUX IO YUCITY
MHOKUTENEH KOHBIOHKIMKA (BKJIIOYasT M KOHBIOHKIIMM C OJHUM MHOXHUTEIEM —
HIepEMEHHBIE) U OOBOJAT UX KPY>KOUKAMHU.
Hlae 5. Ecnu B onmHOM cTONOIE OOBENEHO HECKOJIBKO OJMHAKOBBIX YHCEN, TO
BBIUEPKHUBAIOT BCE, KPOME OJIHOTO.
Illaz 6. C nOMOILBIO OCTAaBIIMXCSI OOBEEHHBIX YHCEN 00pa3ylOT KOHBIOHKIMHU. [[71s1 3TOTO
HEePEeBOJIAT KaXJ10€ YUCIIO B TBOMYHYIO cucTeMy. [lepeMeHHy10, KOTOpOi COOTBETCTBYET 1,
OepyT coMHOXHTENeM 0e3 OTpULIaHUsl, KOTOPO COOTBETCTBYET O — ¢ OTpPHUIIAHUEM.
gz 8. CocTaBisIIOT AU3BIOHKIMIO MOJYYEHHBIX KOHBIOHKIMHA. B pesynbrate mnomydaem
cokpaieHayto JJH® pynkuuu.

Ilpumep
[Moctpouts cokpamiennyro JJH® mis ¢pynknun f=11100101.
Pewenue.
1.CTpouM MHUHUMU3AIMOHHYIO KapTy (Tadd. 5):
Tabnuya 5
MNo | Xq | X2 | X3 | XaX2 | X1X3 | XoX3 | X1XoX3 f(x1, X2, X3)
0]0[{0]0]| O 0 0 0 1
1/0/0]1] O 1 1 1 1
210/1]0] 1 0 2 2 1
310(1]1] 1 1 3 3 0
41100 2 2 0 4 0
511(0|1] 2 3 1 5 1
61]1/1]0]| 3 2 2 6 0
711/1]1] 3 3 3 7 1
2. BeiuepKkrBaeM CTPOKH, B KOTOPBIX (DYHKIUS oOpaiaeTcst B HyJib (Tadu. 6):
Tabnuya 6
No | X1 | Xo | X3 | X1Xo | X1X3 | XoX3 | X1X2X3 f(Xl, Xo, X3)
0/]0]0|0] O 0 0 0 1
17]0(0]1] 0 1 1 1 1
210(1]0] 1 0 2 2 1
310]1(1] 1 1 3 3 0
411[0]0| 2 2 0 4 0
5]1]1]0(1] 2 3 1 5 1
6|1(1]0]| 3 2 2 6 0
/7]1]1]1] 3 3 3 7 1

3. B xaxx0M cToJIOIe U3 COXPAHUBIITNXCS YUCET BEIYEPKUBAEM T€, PaBHBIE KOTOPBIM YyKe

BBIYCPKHYTHI B 3TOM CTOJIOIIE HA MPEabIIyIeM mare (Tadi. 7):
Tabnuya 7

No X3 | X1X2 | X1X3 | XoX3 | X1XoX3 | f(X1, X2, X3)

0 f / 0 | 0 0 /7 0 1

WINPF-

0 1 1
0 7///%/// ﬂ%// 2 1
3 0




2 0 4 0
ﬂ 2 6 0
4. B COXPaHUBHINXCA CTpOKaX BBI6I/IpaeM (GHAYCHUA» HAUMCHBIIUX II0 YHCITY

MHOXXUTEIICH KOHT)I-OHKHI/If/'I (BKJII-O‘L’:UI N KOHBIOHKIIMKM C OJHHM MHOXHUTCICM

IIepeMEeHHbIC) U 00BOAMM HX (TadI. 8):

Tabauya 8

, X2 X1X3 | XoX3 | X1X2X3 f(Xl, X2, X3)
/4/// 10 0 1
0 1 0 0 1
3 1 3 0
4 2 0 0

e

511 /%/// o [ 1
6 2 2 0
7 L % 3 1

5. Eciiu B oyHOM €T01011€ 00BEJIEHO HECKOJIBKO OJMHAKOBBIX YHCEI, TO BHIYEPKUBAEM BCE,

Kpome ojHOoTrO (Tadm. 9):

Tabnuya 9
X1X3 | XoX3 | X1XoX3 | f(X1, X2, X3)
0 1
0|l 1
3 1 3 0
4 2 0 0
' 5 3 1 1
6]1]1/0]| 3 2 2 0
7 . 3 1

6. C MoMONIbIO OCTaBIIUXCS OOBEJACHHBIX 4uceNd 00pasyeM KOHBIOHKIHH. JlJig 3TOro
NEePEeBOIUM KaXXJ[0€ YMCJIO B JABOMUYHYIO cucTteMmy. [lepeMeHHy10, KOTOpOH COOTBETCTBYET
1, 6epem comuoxuTenem 0e3 orpuranusi, 0 — ¢ orpumianueM. CocTaBiisieM AU3bIOHKIIUIO

IMOJIYYCHHBIX KOH’BIOHKI.[PIIZ.

Cokpamennas [JH® umeet Bun:
F (X0, Xy, Xg )= X, Xy V Xy X V X Xg V X X

Ilpumep.
[Toctpouts cokpamennyro JH® ¢yaknun f=1111010010101111 ¢ wmcmosib30BaHUEM
MUHHAMM3AITUOHHON KapTHI.

Pewenue.
CtporM MUHUMU3AIMOHHYIO KapTy (Ta0i. 10) 1 momaroBo BHITIOIHSEM aJTOPUTM.

Llac 1.
Tabruya 10



No X1 | Xo | X3 | Xa | X1X2 | X1X3 | X1Xa | XoX3 | XoXa | X3Xa | XiXoX3 | XiXoXa | X1X3Xa | XoX3Xa | XiXoX3Xa f
0 0j]0|0]0] O 0 0 0 0 0 0 0 0 0 0 1
1 0|]0|0]1 0 0 1 0 1 1 0 1 1 1 1 1
2 0/]0]1]0 0 1 0 1 0 2 1 0 2 2 2 1
3 0|]0|1]1 0 1 1 1 1 3 1 1 3 3 3 1
4 0]1]0]0 1 0 0 2 2 0 2 2 0 4 4 0
5 0]1]0]1 1 0 1 2 3 1 2 3 1 5 5 1
6 0]1]1]0 1 1 0 3 2 2 3 2 2 6 6 0
7 0j1(1]|1 1 1 1 3 3 3 3 3 3 7 7 0
8 10|00 2 2 2 0 0 0 4 4 4 0 8 1
9 110]0]1 2 2 3 0 1 1 4 5 5 1 9 0
10 J]1]0|1]0]| 2 3 2 1 0 2 5 4 6 2 10 1
11 j1]0]1]1 2 3 3 1 1 3 5 5 7 3 11 0
12 ]1]1]0]0]| 3 2 2 2 2 0 6 6 4 4 12 1
13 )11(1]0]1| 3 2 3 2 3 1 6 7 5 5 13 1
14 111|110 3 3 2 3 2 2 7 6 6 6 14 1
15 11111 3 3 3 3 3 3 7 7 7 7 15 1
[llae 2. BeraepkuBaeM CTPOKH, B KOTOPBIX (PYHKIUS oOpariaercst B Hyb (Tadi. 11):
Tabnuya 11
No X1 | Xo | X3 | Xa | XaXo | XaX3 | X1Xg | XoX3 | XoXa | X3Xa | XaXoX3 | X1XoXa | X1X3Xq | XoX3Xa | X1XoX3Xa f
0 0]l]0]0]O 0 0 0 0 0 0 0 0 0 0 0 1
1 00|01 0 0 1 0 1 1 0 1 1 1 1 1
2 0|0|1]0 0 1 0 1 0 2 1 0 2 2 2 1
3 00|11 0 1 1 1 1 3 1 1 3 3 3 1
4 0]1]0]0 1 0 0 2 2 0 2 2 0 4 4 0
5 0j]1(0]1 1 0 1 2 3 1 2 3 1 5 5 1
6 0|]1]1]0 1 1 0 3 2 2 3 2 2 6 6 0
7 0|]1|1]|1 1 1 1 3 3 3 3 3 3 7 7 0
8 1/0]07]0 2 2 2 0 0 0 4 4 4 0 8 1
9 1,100 1] 2 2 3 0 1 1 4 5 5 1 9 0
10 1 ]0]1]0 2 3 2 1 0 2 5 4 6 2 10 1
11 |1 (0|11 2 3 3 1 1 3 5 5 7 3 11 0
12 1111010 3 2 2 2 2 0 6 6 4 4 12 1
13 J1]1]0]1 3 2 3 2 3 1 6 7 5 5 13 1
14 |1]1(1]0 3 3 2 3 2 2 7 6 6 6 14 1
15 |1 ]1(1]1 3 3 3 3 3 3 7 7 7 7 15 1

Illaz 3. B xaxxq0M CTOJIOIE U3 COXPAaHUBIINXCS YHCENl BRIYEPKHUBAEM TE, PABHBIE KOTOPHIM
y)Ke BBIYEPKHYTHI B 3TOM CTOJIOIIE HA IpeabIAyIeM miare (tadi. 12):

Tabauya 12

M X1 Xa | X1X2 | X1X3 | X1Xa | XoX3 | XoX4 | X3Xa X1X2X3 X1XoX4 X1X3X4 XoX3X4 X1X2X3X4 f
0 0 0 0 0 0 0 1
1 0 0 1 1 1 1
2 0 0 1 0 2 2 1
3 0 1 1 3 1
410|1]0(0 1 0 0 2 2 0 2 2 0 4 4 0
5 1 5 5 1
6 |0|1]1]|0 1 1 0 3 2 2 3 2 2 6 6 0
I8N R T A A
8|1 0 0702 //%-//// n///%///%//// : 4 0 8 1
110]0]1 -/-/-“-—-// 5 5 1 9 0
1 0 110 ////4%-//,/“/4%/////// 4 6 2 10 |1
iTilo]1] N R /////////% 6 | 7 5 | 13 | 1
Mwé-M-WW%7e 6 4|1
114 17 ///-/%/%%/ 3 8 38| 7 7 15 1




lllaz 4. B coxpaHUBHIMXCA CTPOKax BBHIOMpAaeM <«3HAUEHHUS» HAUMEHBUIMX 0 YUCITY
MHOXXHUTEJIEH KOHBIOHKUMK (BKJIIOYAsT M KOHBIOHKIIMM C OJHUM MHOXHUTEIEM —
IepeMeHHbIC) U 00BOAMM UX (Tabdi. 13):

Tabauya 13
M X1 | X2 | X3 | Xa | X1X2 X1X3 X1Xa Xo2X3 XoXa X3Xa X1X2X3 X1XoX4 X1X3X4 X2X3Xa X1X2X3X4 L
0 0 [ 0 0 | 1
1 0 | 1
2 0 | 0 | 1
3 0] 1
4lol1loJol 1 [o]o]l2]21]o0o 2 2 0 4 4 10|
5 1 5 1
6 J]0]1]1]0 1 1 0 3 2 2 3 2 2 6 6 0
7]0]1]1]1 1 1 1 3 3 3 3 3 3 7 7 0
8 l2]o] 0] 1
91110011 2 2 3 0 1 1 4 5 5 1 9 0
10 2721 ]0] 1
11)1/]0]1 |1 2 3 3 1 1 3 5 5 7 3 11 0
12 3 E 1
13 7 1
14 | 2 | 1
15 . - 1

Hlae 5. Ecnim B ogHOM CTOJOLIE OOBEIEHO HECKOJIBKO OJUHAKOBBIX YHCEI, TO
BbIUCPKHBAEM Bce, KpoMe oiHOTO (Tadu. 14):

Tabruya 14
Mo | X1 | Xo X3 | X4 X1X2 X1X3 X1Xa X2X3 XoXa X3Xa X1X2X3 X1X2X4 X1X3X4 X2X3X4 X1X2X3X4 f

0 0 | "o | 1
1 [0 | N
2 0 | "o | 1
3 o | .
4 0O|10]|0 1 0 0 2 2 0 2 2 0 4 4 0
5 1 5 1
6 0|1 110 1 1 O 3 2 2 3 2 2 6 6 0
7 0 1 1 1 3 3 7 7 0
010 /%/%-/%-//// 5| 1
11 - 7 - L [ 1 ]3| 5 | 0
1211 | /%/ 2 0 1
13 /%/ 2 /// / /;/ / 1
14 /%/ ,, s //% , //%// 1
151 ]1]1] v / A .

l[[ae 6. COKpaHIGHHaﬂ I[H(I) MMEET BUJ
f =X X,V XXy VX Xy VX X VX Xg Xy V Xy XX,

IIocTpoenue Bcex TYnUKOBBIX JIH®D
Tynuxosou /ITH® (TAH®) ¢ynurxyuu f nazvieaemes maxas JJH® ee npocmulx umniuxanm,
U3 KOMOPbIX Hellb3sl BblOPOCUMb HU 0OHO20 UMNAUKAHMA, He usmeHus gynxyuu f.
Teopema 4. Bceakas munumanvhas [JH® nexomopoti (hymkyuu s6nsemcs ee mynukosoll
JIHD.
Jiis monyuernst MJIH® dynakiuu f mHeooxomumo noctpouts Bce TAH® dynkmuu f u
BBIOPATH T€ U3 HUX, KOTOPBIE COEPKaT MUHUMAIILHOE YHUCIIO OYKB.




AJIropuT™M IOCTPOEHUS BCEX TYNMHUKOBBIX JIHD.
[Tyctb f(X1, X2, ..., Xn) €CTH OyJIeBa (PYHKITHS.
llaz 1. Tloctpoum CJIH® ¢yskmuum f u mycte Pi, Py, ...,Pn €cTh €e KOHCTHUTYCHTHI
(€ IUHHUIIBI).
Illaz 2. Tloctpoum cokpanieanyio JTH® dyaknuu f u mycte Ki, Ky, ..., Kn — ee mpocThie
MMIUTUKAHTEI.
Illaz 3. TlocTpoMM MAaTpHIly MOKPBITHH NPOCTBIX MMIUIMKAaHT ¢QyHKIun f  ee
KOCTUTYEHTaMU euHUIIbI (Tabu. 15), monaras, 4To

a _{1, anee eaxalé Iifee0dél  a K, yayeyaofy iileeodédi a P (P; afol +afiou K;);
! 0, a ioioeaii néo+aa
Tabauya 15
NP [P | .. [P | .. [P,
Ky di1 dio dij din
K> doq doo doj don
Ki di1 dio dijj din
Km dm1 dm? a-mj cee Amn

Llaz 4. Mns xaxgoro cronbma j (1 <'j < n)naiinem mHOkecTBO E; Bcex Tex HOMepoB |
CTPOK, U1 KOTOPBIX ajj=1.

n
ITycts E; =i€j1,ej2,ej”}. CocraBuM BBIpaKECHHE A=j/:\l(ejlvej2v...vej,rj) HazoseM ero

PEIIETOYHBIM BBIPRKEHUEM. OTO BBIPRXEHHE MOXHO paccMaTpuBaTh Kak (GopMmyiy,
MIOCTPOCHHYIO B CBOOOJHON NUCTPUOYTUBHOM peIIeTKe ¢ oOpasyrommmu [, 2, ..., MU ¢
OIepalusIMU KOHBIOHKIIUHA U JU3BIOHKIINH.

Illaz 5. B BblpaxkeHUH A pacKkpoeM CKOOKHU TMpHUBEIs BbIpakeHUE 4 K PaBHOCHIBHOMY
BEIPAKCHUIO B=\i/(ei1/\ei2/\.../\ein), e IEPEUYUCIICHBI BCE KOHBIOHKIHUU €, A€, A...AE,

JIIEMEHTHI €i1, €2, ..., €in KOTOPOH B3SATHI M3 CKOOOK [, 2, ..., N COOTBETCTBEHHO B
BBIpaXEHUU A.
[llaz 6. B BelpaxkeHnu B npoBenieM Bce onepanuu yiaaeHus 1yOaupyromuX YIeHOB U BCE
omepanuy IMOIVIOLIEHHs. B pe3ynapTrare mnojiyduM paBHOCHIIBHOE BbIpaxkeHune C,
IPEICTaBIIAIONIEe COOOM TU3BIOHKLINIO 3JIEMEHTAPHBIX KOHBIOHKIUH.
Ipumep.

[Moctpouts Bce MmuanManbhbie JJH® s ¢pynknmum f=1111010010101111.
Pewenue.
Coxkpamennas JJH® nns nanHoN QyHKIIMM UMEET BUJ

f(X1’X2!X3'X4):X1X2 VZX_ZVX_2X_4VX1X_4VX_1X_3X4 VX2X_3X4-
Ctpoum MaTpuity mokpbITuii (Tadi. 16).

Tabnuya 16

o IIpocmyie umnauxkanmoi Konemumyenmul eounuywvl ghynrxyuu

X1 X2 X3 X4 | 0000 | 0001 | 0010 | 0011 | 0101 | 1000 | 1010 | 1100 | 1101 | 1110 | 1111
1 1 1 - - + + + +
2 0 0 - - + + + +
3 - 0 - 0 + + + +
4 1 - - 0 + + + +
5 0 - 0 1 + +
6 - 1 1 + +




[TomaroBo Oyaem BpIOMpaTh ciaraeMble, KOTOpble BOMIYT B MUHUMaibHYyI0 JIHO.
Ecnu ciiaraemoe HamMu BBIOpAHO, TO MBI TIOMEYaeM KOHCTUTYEHTBI eqUHHIBI (yHKIuu f,
KOTOpbIe OyayT MOKpPHITEI (10 cTpoke). Ilpu 3TOM aBTOMATMYECKH HCKIIOYaeM W3
pPacCMOTpPEHHUs KOHCTUTYEHTBI €IMHUILIBI, KOTOPBIE YK€ MOKPBIThL, HO OTHOCATCA K APYTUM
ciaraeMbIM cokpamennon JIHO.

Illaz 1. Beibupaewm cinaraemoe 1 (ta6:. 17):

Tabnuya 17
o Ilpocmule umnaukaumot Koncmumyenmot eunuyvt hynkyuu f
T xa X2 X3 X4 | 0000 | 0001 | 0010 | 0011 | 0101 | 1000 | 1010 | 1100 | 1101 | 1110 | 1111
1 1 1 - - + + + +
2 0 0 - + + + +
3 - 0 0 + + + +
41 1 - - 0 + + | +
51 0 - 0 1 + +
6] - | 1 ]0 71 + |
Illaz 2. BeiObupaem cinaraemoe 2 (ta6:1. 18):
Tabnuya 18
o Ilpocmoie umniuxarmel Konemumyenmol eounuywl ¢hynxyuu
T oxa X2 X3 X4 | 0000 | 0001 | 0010 | 0011 | 0101 | 1000 | 1010 | 1100 | 1101 | 1110 | 1111
1 1 1 - - + + + +
2 0 0 - - + + + +
a1 ] -]-10 ] + |+ P o
5/ 0] -0 1 o +
6 - 1 0 1 + -

[llaz 3. Beibupaem ciaraemoe 4 (tabi. 19):

Illaz 4. Beibupaem cinaraemoe 5 (ta6:1. 20):

Tabnuya 19
Ao Ilpocmoie umnaukanmol Koncmumyenmor eounuyor pynrxyuu f
T X1 X2 X3 X4 | 0000 | 0001 | 0010 | 0011 | 0101 | 1000 | 1010 | 1100 | 1101 | 1110 | 1111
1 1 1 - - + 1F + +
2 0 0 - - + + + +
a1 [ -1 -To — + |+ T .
5] 0] -[of1 L + __
6] - | 1| 0| 1 - L

Tabauya 20
o Ilpocmobie umnaukaumol Koncmumyenmor eounuyst pynxyuu f
T xa X2 X3 X4 | 0000 | 0001 | 0010 | 0011 | 0101 | 1000 | 1010 | 1100 | 1101 | 1110 | 1111
1 1 1 - - + + + +
2 0 0 - - + + + +
41 1] -1-10 | Ll %////%-%///ff/%
5] 0] -[]0]1 : //
6] - | 1] 01 Lt L £

[TockoJIbKY BCE KOHCTUTYEHTBI €IMHULIBI TTOKPBITHI, TO oaHa u3 TJIH®D umeer Bua

F(Xy0 X0 Xg0 X, )= XX v X X V Xy Xy V Xy Xg X,y

[TockonbKy BBIOOpP BKIIFOUAEMBIX CIIaraeéMbIX MPOU3BOJIEH, TO (PYHKITUS MOXKET UMETh
Heckoabko TJITH®. [l paccmatpuBaemoit hyHKIMH CyIIeCTBYeT emle Heckoiabko T/ HD:

F(Xy) Xg s Xg Xy ) = XXy V X X V Xy Xy V Xy Xg X,

F (X0 X0 Xg0 X, )= X Xo V Xy Xo v Xy X, V Xy Xg Xy



f (X)) Xy X0 X, ) = XX V X X V Xy Xy V Xy Xg X,
Bcee naiinennasie TITH® saBasitorcss MunnMaiibHbiMu JIHO.

Ilpumep
[Moctpouts onny u3 MIH® ¢yuxiuu f=11100101.
Pewenue.
CoxkpatieHHas JAHD IS JTaHHOU byHKIIIN UMeeT BUJT

F (X0 Xpr Xg )= Xy Xy v Xy Xg V Xy Xg V Xy X
CTtpoum MaTpuIly MOKpeITHH (Tadi. 21):

Tabnuya 21
o IIpocmwie umnauxanmol Koncmumyenmor eounuywt ¢hynxyuu
B X1 X2 X3 000 001 010 101 111
1 0 0 - + +
2 - 0 + +
3 1 - 1 + +
4 - 0 1 + +
[llaz 1. Beibupaem ciiaraemoe 3 (tadi. 22):
Tabruya 22
Ao IIpocmuie umnauxanmol | Koncmumyenmot eounuyst pynxyuu
) X1 X2 X3 000 001 010 101 111
1 0 0 - + +
2 0 - 0 + +
3 1 - 1 + +
4 - 0 1 + |+

Illaz 2. Beibupaem cinaraemoe 2 (tab:. 23):

Tabauya 23
Ao IIpocmwie umnauxanmor | Koncmumyenmol eounuywl pynxyuu f
i} X1 X2 Xs | 000 | 001 | 010 | 101 | 111
- + +
3 1 - 1 + +
v
4 - 0 1 + o+
[llaz 3. Beibupaem ciaraemoe 1(tabdu. 24):
Tabnuya 24
Ao IIpocmoie umnauxanmol | Koncmumyenmor eounuywt pynxyuu f
B X1 X2 xs | 000 001 010 101 111
- + +
3 1 - 1 + +
4 - 0 1

B pesynbrare nonyyaem MJITHO:
f(X, Xo0 X3 )= X, Xo V X X5 V X X

AjroputMm MmuauMmnsanui GyHKInK B kiacce JJTHD
1. Ctpoum CJIH® dynxium f.
2. Ctpoum cokpamiernyto JJH® dynkiuu f.




3. C nomoup0 MaTpulibl MNOKPBITUHA M PELIETOYHOIO BbIpakeHHs ctpouM Bce TIHD
¢ynkuy f.
4. Cpemn mnoctpoerHbix TJ/IH® BwriOMpaecM Bce MHUHUMAIbHBIC JIU3BIOHKTHUBHBIC
HOpMaJTbHBIE GOpMBI PyHKINH .
Ilpumep

B knacce HopmanbHbIX popm MuHUME3HpoBaTh (yHKImo f=01011110.
Pewenue.
s moctpoenus cokpaniennon JIH® ucnonb3zyem anroputm Kyaiina.

1. Crpoum CAH® nns ¢pyukuuu f. Tabmuia 3Hauenuii umeer Buj (tadm. 25):

Tabnuya 25
No X1 X2 X3 f COH® (1): Ne 1, 3,4, 5, 6 (Tabn1.26):
0 0 0 0 0 Tabruya 26
1 0 0 1 1 Ne cnazaemoco | Cnacaemoe C/[[HD
2 0 1 0 0 1 X, Xy X
3 0 1 1 1 2 X, Xy X
4 1 0 0 1 3 XX
51110 1 |1 —
6 | 1 1 0 | 1 4 X% %5
7111170 5 X, X; Xy
2. IIpoBoauM BCe orepalyy HEMOJIHOTO cKieuBaHus (Tabi. 27):
Tabnuya 27
Cnacaemvie | Crkreusanue no | Pesynomam

1,2 X2 X %,

1,4 X1 X X,

3,4 X3 X X,

3,5 X2 X X

JlanpHeliee CKiIenBaHUE HEBO3MOXKHO. Bee cimaraeMble npepIayIIero mara y4acTBOBaJIN
B OIIEpalliX CKJIEUBAHMS, NOITOMY cokpaieHHas JIH® umeer Bua:

F=X X3 VX, X3 VX X, VX[ X
3. CtpouM MaTpuIly MOKpbITHH (Ta0. 28).

Tabnuya 28
Ao Ipocmoie umnauxanmot | Koncmumyenmol eounuyvl gpynxyuu f
} X1 X2 X3 001 | 011 | 100 | 101 | 110
1 0 - 1 + +
2 - 0 1 + +
3 1 0 - + +
4 1 - 0 + +
[TocienoBarenbHO BeIOMpaeM ciaaraembie: Ne 4, 1, 2 (tadu. 29).
Tabnuya 29
o IIpocmoie umnauxanmol | Koncmumyenmor eounuywt ¢pynrxyuu f
B X1 X2 X3 001 011 100 101 110
1 0 - S +
2 - 0 1 %///%%///% V . 7
- + +




B pesynbsrate MJIH® nmeer Bua:

f=X X VX, X3 VX X -

Ilpumep.
[Moctpouts MJIH® ¢dynkiuu f=11011011.

Tabauya 30

Tabnuya 31

Pewenue.
Jiis moctpoenus cokpareHHoi JIH® ncmoiib3yeM MUHUMHU3AITMOHHYIO KapTy (Tab:. 30).
Llae 1.
No | X1 | Xo | X3 | X1Xo X1X3 XoX3 X1X2X3 f(Xl, X2, X3)
0]0[0]0 0 0 0 0 1
1]10]0 |1 0 1 1 1 1
2 101110 1 0 2 2 0
31011 1 1 3 3 1
411]0]0 2 2 0 4 1
5101 2 3 1 5 0
6 1|10 3 2 2 6 1
711111 3 3 3 7 1
[llae 2. BeraepkuBaeM CTPOKH, B KOTOPBIX (PyHKIUS oOpariaercst B Hyb (Tadi. 31):
No | X1 | Xo | X3 | XaXo | XaX3 | XoX3 | XaXoXs | (X1, X2, X3)
0,0/0[{0] O 0 0 0 1
110(011| 0 1 1 1 1
210[1]0]| 1 0 2 2 0
3]0(1]1] 1 1 3 3 1
411100 2 2 0 4 1
S|1|]0|1] 2 3 1 5 0
6|]1|1]0]| 3 2 2 6 1
/7]11]1]1] 3 3 3 7 1

Illaz 3. B xaxxq0oM CTOJIOIE U3 COXPAHUBIINXCS YHCENl BRIYEPKUBAEM TE, PABHBIE KOTOPHIM

YK€ BBIUCPKHYTHI B 3TOM CTOJIOIIC Ha TpeabIayIeM Inare (tadu. 32):

2 | X3

0
U

0
] 3
2

Mo | X1 | X X1X2 | X1X3

XoX3 | X1XoX3 f(XI’ = X3)
0 0 l
2 2 :
3 S .
0 4 ;
3 ! 1

Tabauya 32

lllaz 4. B coxpaHMBIIMXCS CTpPOKaxX BBIOMpAEM «3HAYCHHs» HAWMEHBIIUX TO YHCITY
MHOXXHUTEJIEH KOHBIOHKIMKA (BKJIIOYAasi W KOHBIOHKIIMM C OJHAM MHOXHUTEIEM —
nepeMeHHbIe) U 00BoUM uX (Tadm. 33):



Tabauya 33

X1 | X2 | X3 | X1X2 | X1X3 | XoX3 | X1X2X3 ‘ f(X1, X2, X3)

]
0 [oJo]o] 1
1 E
2
3
4
5
6
7
B

j
| 0 |

1 S

2

Nww‘p I
w
i =

_ /- | 3 ] 1
Illac 5. Ecmm OJHOM CTOJOILIE OOBEIEHO HECKOJBbKO OJWHAKOBBIX YHCEI, TO
BbIUEPKHBAEM Bce, KpoMe 0HOro (Tadir. 34):

Tabnuya 34

EE
1

NI[W|IN[F]O

CJOI\.) =
\

Mo | xa [ xe [ Xa | XaXe | XaXs | XoXs | Xoxoxs | f(Xa, Xo, Xa)
0
1
2
3
4
5
6
7

|HHOHHOHH

SEVIENEEEN

Illaz 6. Coxpamennas JJH® umeer Bug: T =X X, VX X, V X X3V X, Xq vX X V X, X
Ctpoum MaTpuiry MOKpbeITHi (Tadi. 35).

Tabauya 35
o IIpocmoie umnauxanmol | Koncmumyenmol eounuywvl pyuxyuu f
B X1 X2 X3 000 | 001 | 011 | 100 | 110 | 111
1 0 0 - + +
2 1 1 - + +
3 0 - 1 + +
4 1 - 0 + +
5 - 0 0 + +
6 - 1 1 + +
[TocnenoBarensHO BEIOMpaeM ciaraembie: Ne 1,2, 5, 6 (tadir. 36).
Tabauya 36
Ao IIpocmoie umnauxanmol | Koncmumyenmol eounuyol gpynxyuu f
B X1 X2 X3 000 | 001 | O11 | 100 | 110 | 111
1 0 0 - + W
2 1 1 - + +
3 0 - 1
4 1 - 0
5 - 0 0 +
6 - 1 1 +




B pesynbsrate MJIH® nmeer Bua:
f =X X VX X, VX, X3V X, X5

[Tomable cucTEMBI OVIIEBBIX QYHKIIMN
Cucmema oynesvix gynuxyui 1,5, ..., nasvieaemes nonnon, ecnu nobas 6ynesa ghynxyus
Mmodcem dvimsb gvipadicena uepes gyuxyuu f1,5, ..., T c nomowwro cynepnosuyuil.
Ilpumep

Hcxons u3 ornpeesieHust MOTHOW CUCTEMbI OYJIEBbIX (DYHKITUH, ClIEyeT, YTO CUCTEMA

{A, Vv, 4} sBIgeTcs MOJHOH, TaKk Kak Jrobas OyjaeBa (GYHKIUS MOXKET OBITh
npencrasuma B Buae C/IH® u/mu6o CKHO.
Jlagum omnipeeieHne Cynepro3uiuu GyHKITAHN.
K° :{fl(xl,xz,...,xkl), f, Xy, Xg ey X ) fm(xl,xz,...,ka)}— KOHeuHas cucmema 0ynesvix (yHKYULL.

Dynxyus f nazvieaemces cynepnosuyueii panea 1 (unu snremenmapuoil cynepnosuyueti)

@ynuxyui t1, T, ..., T, eciu f moorcem 6v1mo nonyuena oonum uz cnedyrowux cnocobos:
1. nepeumenosanuem Hekomopou nepemenHol Xj kakou-Huoyoo gyuxyuu fi, m. e. f=fi(X,
vy X1y Yy Xj#, -oe, Xk1), 20€ Y MOJMCEM COBRACMb C MH0O0U NEPEMEHHOU,

2. noocmanogxou Hekomopou ¢yuxyuu fi (11 m) emecmo xaxoti-nubo nepemennoii X
noboii uz gynxyuii fi eK®, m. e. F=fi(Xa, ..., Xj-1, fi(X1, X2, -.., Xk1)y Xj1, -oey Xii)-

Cynepnosuyuu panza 1 ob6pasyiom xknacc pynxyuti K. Knace @yuxyuii, noryuaiowuxcs
us gynkyuti knacca K™ cynepnosuyuii pamea r-1 ¢ nomowwio snemenmapvix
cynepnozuyutl, Hazvlieaemcs kaaccom @yuxkyui  K'  cynepnosuyuit  pamnza V.
Cynepnosuyusmu ¢ynxyuii uz K° nasviearomes pynxyuu, éxooswue € xaxou-aubo uz
knaccos K",
Knacc (mnoowcecmeo) K Oynegvix ynkyuii nasviéaemcs: YYHKUUOHATLHO 3AMKHYHIbIM,
eciu emecme ¢ QYHKYUAMU U3 91020 KIAACCA OH COOEPAHCUM U 8Ce UX CYNEPNO3UYUL.

Ilpumep

1. Yetsipe OyieBsl GyHkiuu oxnou mepemennou (f; = 00, f, = 11, f3 = 01, f, = 10)
00pa3yroT 3aMKHYTBIH Kiacc.
2. Bynessl pynkuun f; = X u f, = x 00pa3yroT 3aMKHYTBII Kiacc.

Teopema. Knacc To={f | f(0, 0, ..., 0)=0} ¢yuxyuii, coxpansiowux Koncmanmy HoOIb HA
HY1e80M HAOOpe, 3AMKHYM OMHOCUMENbHO CYNEePRO3ULUILL.
Teopema. Knacc T1={ t| {(1, 1, ..., 1)=1} @pynxyuii, coxpausrowux KoHcmanmy oOuH Ha

€OUHUYHOM HAOOpe 3aMKHYM OMHOCUMENbHO CYNepno3UYULL.

JIBoMicTBEHHBIE (DYHKIINHU
Jleoitcmeennon ons pynxyuu f(X1, Xo, ..., Xn) Ha3I8a€MCA PYHKYUA

£ 5 (X, Xyreens X0 )= T (X0, X seens X, )

Ilpumep
[TocTpouTs (hyHKIIMIO, IBOWCTBEHHYIO TaHHOM:
1. f=xvy;
2. f=x-vy.
Pewenue.

1. f*=)_(v§/=)=(/\?/=X/\ y.

2. f*=X>yY=XVY=XAY=XAY.
Dyukyus, cosnaoarowas co ceoetl 080UCMEEHHOU, HA3bLBAEMC sl CAMOOBOUCH EEHHOU.



Vmeepowcoenue. Ecau ¢pynkyus f(X1, Xo, ..., Xo) camoosovicmseenna, mo ¢ynxyusi t mooice
CaMO0BOUCNEEHHA.

Ymeepoicoenue. Ymobwvl (pynxyus 6vi1a camoo8olucmeeHHol HeodX00UMo U 00CMAMOYHO,
YMoObL HA 8CAKUX 08YX NPOMUBONOJIONCHBIX HADOPAX OHA NPUHUMAILA PA3Hble 3HAYEHUS.

[TpOTHBONOIOKHBIMU HA3BIBAIOTCS T€ HAOOPBI, KOTOPHIC B CYMME JAlOT JBOHYHBIA KOJI
yucia (2"-1).

Ilpumep.
BbIssCHUTB SBISIOTCS JIM (YHKIUU CAaMOJBOMCTBEHHBIMHU:
1. f= ()_( ~ y)—> z]
2. f=01110010.
Pewenue.
1. CtpouM TabIUIly HCTUHHOCTH AJIsi JAaHHON QyHKIMH f = (>_< ~ y)—ﬁ (tabum. 37):
Tabauya 37
M|x|ylz|x]| key)|z] f=lxry)oz
0[0/0f0]1 0 1 1
110/0]1]1 0 0 1
2 10]1]0]1 1 1 1
3]10]1]1]1 1 0 0
4 11/0/0]|0 1 1 1
5|1]/0]1]0 1 0 0
611/1/0]0 0 1 1
711]1]1]0 0 0 1

Tax xak Habops (0, 0, 0) u (1, 1, 1) sBasrorcs npotuBononoxHeiMy, a f(0, 0, 0) = f(1,
1, 1), To naHHas GYHKIHS HE SBISETCS CaMOJIBOMCTBEHHOM.
2. Ctpoum tabmuiry 3Hauenuit s Gyakuu f = 01110001 (tads. 38).

Tabnuya 38
No | X y z f(x,y, 2)
0] 0 0 0 0 [lepeuncnum mapsl MPOTHBOIIOIOKHBIX
1 0 0 1 1 Habopos: (0, 7), (1, 6), (2, 5), (3, 4). Jlerko
2 0 1 0 1 y6eJJ;I/ITBC$I 1o TabJIMIle, YTO HA BCSIKHX JBYX
310 1 1 1 MPOTHUBOMOJIOKHBIX Habopax byHKIUA
4 | 1 0 0 0 MPUHUMAET pa3Hble 3HaueHus. CienoBaTesbHO,
5 1 0 1 0 (GYHKITUS SBISICTCS CaMOJIBOMCTBEHHOM.
6| 1 1 0 0
71 1 1 1

Teopema 5. Knacc S = {f | f = t*}camoosoticmeennvix pynkyuii 3amxnym omnocumenbHo
cynepno3uyuil.

Jlunetinvie ¢ynxyuu
Apupmemuueckue @ynkyuu 6 ancebpe jo2uKu 3mMoO CAOJNHCEHUE NO MOOYIO 084 U
VMHOMCEHUE (KOHBIOHKYUSL).
Muozounenom /Kezankuna Hazvigaemcs MHO20YACH, ABAAIOUWUUCT CYMMOU KoHcmanmbl ()
unu 1 u paznuyHvlx 0OHOUNIEHO8, 8 KOMOpble 8ce NepeMeHHble 8X005m He @blule, YeM 8

nepeoll CmeneHiu. thl“'xik +a;, npuuem Ha kasxcoom nabope <iy, ..., k> 6ce ajj (j = 1,

«.r, K) pasnuunwl, g € {0, 1}.



Teopema 6. Beakyio b6ynesy @yHKyuio MONCHO npedcmasums eOUHCMEEHHbIM NOJUHOMOM
Keeanxuna.
Muorowien JKeragkuHa MOXHO TMOJYYUTh pa3audHbIMH criocoOamu. OCTaHOBHMCS Ha
PacCMOTPEHUHU TIOCTPOCHHSI MHOTOWIeHA JKerajlkiHa ¢ MOMOIIbIO TpeyroibHuKa [lackans.
PaccmoTtpum anroputm Ha mpumepe.

Ilpumep.
[Toctpouts MuorouneH XKerankuna s pyuknuu f=10011110.
Pewenue.
AJTOPUTM NOCTpOEHUSI MHOTOWIeHA JKerankuHa:
laz 1. Ctpoum Tabmnuiry (Tadma. 39). [lepBsiii cToNOEI COAEPKUT BO3MOKHBIE CllaraeMble
nosvuHoMa JKerankuna. HyneBomy Habopy Bcerga COOTBETCTBYET ciaraemoe 1.
OcTanbHbIM HabOpaM COOTBETCTBYET cCjaraemoe, MpeJCTaBIsiioniee co00i KOHBIOHKIIUIO
NEePEeMEHHBIX, KOTOphIE Ha JaHHOM Habope mnpuHMMaroT 3HauyeHue 1. Cremyromue N
CTOJIOIOB — BCEBO3MOXKHBIE Habopwl n3 0 m 1, cCOOTBETCTByIOIME MepeMeHHBIM. Jlaee
cronoenr 3HadueHnd Gynknun f. OyHknms ¢ SBISETCS BCIIOMOTATEBHOH, IIOITOMY
W3HAYaIIbHO 3TOT CTOJIOEI] HE 3aIOJTHEH.

Tabruya 39
Crazaemeie nomunoma X1 | X2 | X3 | ]9 Tpeyeonvnux [ackans
Keeankuna

1 00|01

X3 0/0|1]0

X2 0[{1(0]0

X2X3 0O(1]1]1

X1 10|01

X1 X3 1011

X1 X2 1/1/0]1

X1 X2 X3 1117110

Llae 2. Tloctpoenue tpeyrojibHuka Ilackans. BepxHssi CTOpoHa TpEyrojbHHKA €CTh
¢byuknus f. JIroOo# Ipyroi 3JeMEHT TPEyrojibHUKa €CTh CyMMa 10 MOJIYJIIO JBa JBYX
COCEJIHUX JJIEMEHTOB MPEABIAYLIIEA CTPOKHU. JIeBass CTOpOHA TPEYroJIbHUKA MPEACTABIISIET
co0oli 3HaUeHue BcroMorareabHoi GyHkiuu g (tadu. 40).

Tabauya 40
Cnazaemvole nonunoma JKeeankuna | X1 | X2 | X3 | £19 | Tpeyeonvuux Ilackans
1 0/0|0J1]1jf=2 0011110
X3 0/0|1]0]1 1010001
X2 0/1/0j0]1 111001
XoX3 O|1]1]1]0 00101
X1 17/0{0]1/0 0111
X1 X3 1/0[1]1)1 100
X1 X2 1/1]0]1)1 10
X1 X2 X3 1/1]1]0]1 1

Llae 3. Tloctpoenne nonnHoma JKeraskuHa. B mONMMHOM BOWIYT TOJBKO TE€ ClIaraemele,
KOTOPBIM COOTBETCTBYET €AMHUIA BO BCIOMOTaTeIbHONU (PYHKIMH (.
Jlnst nanHo¥ ¢yHKIMKM MHOTOYsIeH JKerankuHa UMeeT BU:
f=14+ X3+ Xy + X1 X3+ X1 Xo + X1 X2 Xa.
Dynryus (X1, X2, ..., Xn) HazbI6ACMCS TUHEHHOU, eciu MHO2oYIeH JKezankuna Ons Hee
umeem ciedyowuil TUHetHbIl OMHOCUMENTbHO NePEMEHHBIX GUO!



f(X1, X2, ..., Xn) = @1X1 + ... + @nXn + An+1, 20€ Kadcooe ;i pasno O unu 1.
ByneBa QpyHkuus U3 pacCMOTPEHHOTO BhIIIIE TPUMEpa HE SBIJIACTCS TUHEUHOIA.
Teopema 7. Knacc L = {f | f = aptaxa+... +anXn, ai€{0, 1}} aunetinvix ynxyuii 3amxrym
OMHOCUMENbHO CYNEPROZUYUIL.

MoHOTOHHBIE DYHKITUH
Ecmua=(ay, ..., an) ub=(by, ..., by) - nabopwr onunvt Nuz O u 1, mo a < b, ecau a; <by,
wer, @n <y

Ilpumep
HaGopst (0, 1,0) u (1, 1, 0) cpaBaumsl, npuuem ( 0, 1, 0) <(1, 1, 0).
Ha6opsr1 (0, 1) u (1, 0) mHecpaBauMEL. Taxxe HecpaBHUMBI HaOO0pHI (0, 1) 1 (1, 1, 0).
Dynryus (X1, Xo, ..., Xn) HaA3bIBACMCA MOHOMOHHOU, ecu 071 6CAKUX HAOOpog & = (dy, ...,
an) ub = (b, ..., by ycrosue a < b ereuem f(a) <f(b).
Ymeepocoenue. Qynkyusi MOHOMOHHA MO20A U MOALKO MO020d, K020d ee COKpAWeHHas
JIH®D He codeporcum ompuyanuti.
Cneocmeue. @DyHKYus MOHOMOHHA MO20a U MOAbKO mo2oa, kozc0a ee MIH® ne
cooepcum ompuyanHuil.
Ipumep.
BBIICHUTD, SIBIISAFOTCS JT (PYHKITUM MOHOTOHHBIMH:
1. f=00100110;
2. f=00110111.

Pewenue.

1. Cokpamennas JIH® mma ¢ynxmum f = 00100110 mmeer Bum f =x,%, Vv X X,X,.
[Tockonbky cokpamenHas JIH® coxpepxuT orpunanus, TO (QYHKIHUS HE SBISETCS
MOHOTOHHOM.

2. Cokpamennas JJH® s pynkmun f = 00110111 umeer Bun f =X, v xX;. [lockosbky

cokpaiienHas JJH® ne conepxut orpunianuii, To GyHKIHS SBISETCS MOHOTOHHOM.
Teopema 8. Knacce M = {f | a< b = f(a)< f(b)} monomonnvix ynxyuii 3amxnym
OMHOCUMENILHO CYNEPROIULULL.

Teopema IlocTta 0 GyHKIMOHAIBHOW MOJHOTE
Teopema llocma (npushax noanomsel cucmemuvl Oyaesvix @ynkyuii). /na moeo umoowl
cucmema oynesvix @gyuxyuil {fi, ..., fn} O6vi1a nonoi, neobxooumo u docmamouno, umoodwl
OJ151 KAXNCO020 U3 NAMU PYHKYUOHAILHO 3aMKHYmubIX Kaaccos To, T1, L, M, S Hawnacey xoms
ovl 00na pyuxyus i uz cucmemol, ne npunaonedxcawas Smomy Kaccy.

Ilpumep.

BrisscHUTH K KakuM (QYHKIIMOHAIBHO 3aMKHYTBIM KJlaccaM MPUHAIJICKUT OyneBa QyHKITUS
f=01001110, ucnoas3ys Teopemy Ilocra.
Pewenue.
Ctpoum TabuIly 3Ha4eHui 1 TpeyroabHuk Ilackans (tadu. 41):

Tabnuya 41
Cnacaemvie nonunoma XKezankuna | X1 | X2 | X3 | g Tpeyzonvnux llackans
1 0/0{0]|0|0|f=0 1001110
X3 0/0j1(1]|1 1101001
X2 0/1{0(0]|0 011101
X2X3 0111|101 10011
X1 110{0|1|1 1010




X1 X3 1101111 111
X1 X2 111{0(1|0 0 0
X1 X2 X3 1/1(1/0]0 0
[TonmmaoM XKerankuna umeet Bu: f = Xz + XoX3 + X1 + X1 Xa.

1. 1(0,0,0) =0 =feTy;

2. f(1,1,1) =1 =feTy;

3. 1(0,0,0) =1(1, 1, 1), anadopsi (0, 0,0) u (1, 1, 1) ABIgrOTCS MPOTHBOIIOJIOKHBIMH,
of £8;

4. TaKk Kak B ojrHoMe JKerajakuHa IpUCYTCTBYIOT ClIaraeMbie, MPEICTABIISIONIIE
CO00H KOHBIOHKIIMIO HECKOJBKUX MepeMeHHbIX, TO f & L;

5. coxpamenHas JIH® GyHKmun uMeeT BUI: f =X, X,V X X, V X, X;, TAK KaK OHA
ConepKUT oTpuanus, To f ¢ M.

CBenieM MoTy4YeHHbIC JJAHHbIE:

To|T[S[L|M
fl+]-1-1-]-

Ipumep.
JlokaszaTh OJTHOTY CUCTeMHI {+, v, 1}.
Pewenue.
BBenem o6o3HaueHus: f1 = X1 + Xo, f2 = X1 v Xp, f3 = 1. [locTpouM euHyO TaOIHUILY JJIs
byHKIMi (Tad. 42).

Tabruya 42
Cnacaemvie | No | x1 | x2 f= 4 f2 4 fs 4
x1+x2 Ilackans =x1vxy | Ilackans = Ilackans
1 0100 0 0110 0 0111 1 1111

X2 1101 1 101 1 100 1 000

X1 2111]0 1 11 1 10 1 00

X1X2 3 1 1 0 0 1 1 1 O
ITommaoM Kerankuna:
f, =X +X,;

f, =%, + X +XX,;
f, =1.

f |To|To |L |M|S
fi |+ |- + |- |-
fol+ [+ |- |+ |-
fa |- |+ |+ |+ |-

[TockonbKy UIsl KaXJIOro M3 MNATH (YHKIMOHAJIBHO 3aMKHYTHIX KIJIACCOB HAIUIACh
byHKUHMS, HE TPUHAJIEXKAIIAs] 3TOMY KJlaccy (B KaXXIOM CTOJIOLE UMEETCS XOTs Obl OJIUH
MHUHYC), TO cucTemMa OyneBbIX GyHKIMM {+, v, 1} sSBisieTcs MOTHOIM.

CyIIeCTBEHHBIE U HECYIIIECTBEHHBIE TIEPEMEHHBIE.
ITpowusBoHas 0vyiaeBoil YVHKIIMH IIEPBOTO MOPSAKA. Bec mepeMeHHO’

bynesa gynxyus feP, cymecmeenno 3aeucum om nepemennoil Xi, eciu cyujecmeyem
maxkot Habop 3Ha4eHul ay, ..., di-1, Qi+, ..., An, YMO



f(a,...a.,,0a.,,...a, )% f(a, .., a,La,,..a,)
B smom cnyyae Xi nazviearom cyuwyecmeeHHOU NEPeMeHHOU, 8 NPOMusHoM ciaydae X;
HA3b16AI0M HECYULeCMEEHHOU NePEeMEeHHOU.

of . .
Ilpou3zeoonasn nepeozo nopaoka = O oynesou @yukyuu f no nepemennou Xi ecmo
Xi

CYMMa no MoOyio 2 COOmMEemcmayiouwux 0CmamoyHvlX QyHKYUL.

of
o F(Xys Xps eor Xigs Oy Xy oo X ) F (X0 Xy, ey Xigs Ly Xogs eomr X, )
i
2o0e f(X1, X2, ..., Xi1, 1, Xis1, ..., Xn) — eQunuunas ocmamounas @gyuxyus, f(X1, X2, ..., Xi1, 0,
Xi+1, ..., Xn) — HYA€8As ocmamoyunas pyukyus, @ - cymma no mooyiuio 2.

Enunandanast octatounas GyHKINS TMOJIY9aeTCsl B PE3yJIbTaTe IPUPABHUBAHUS TIEPEMEHHON
Xj eIUHUIIE, HyJIEBas — IPUPABHUBAHUEM X; HYJIIO.

Becom npouseoonoiut P(of /0x;) om Oynesoil (pyHKyuu HA36bI6AEMCA YUCLO KOHCIMUNYEHM
MO NPOU3B0OHOII.

Vmeepoicoenue. em bonvue eec npoussoonoti P(6f /0x,), mem 6onvwe ynxyus f sasucum

om nepemeHHou Xi.
Ilpumep
. of
OnpenenuTs NEPEMEHHYIO Xj, IO KOTOPOU ITPOU3BOIHAS o byHKIMH
X.

i
F(X), oonr X )= X, XoXg V X1 X3X, V X, X5 X5 V X, Xy X, V X2XgXg V X3 XaXe
UMeeT MHHUMAJbHBIA (MaKCUMaIbHBIN) Bec, T. €. GyHKIusA f(X1, X2, X3, X4, X5) 3aBUCHUT OT
Hee MeHee (0oJiee) CyIeCTBEHHO.
Pewenue.
OnpenenuM Bec KakJI0H IEPEeMEHHOM, HAls CHAaYalla COOTBETCTBYIOIIYIO IPOU3BOIHYIO.
Nmeem

—= (XzX3 \V X3 X5 VvV X2X4 \V X2X3X5 V X3 X4X5)@ <X3X4 \V X2X3X5 V X3 X4X5)
1

JI714 BBIUMCIICHUs BEca MPOU3BOJHOM % 3aBUCAIIEHA OT YETHIPEX MEPEMEHHBIX X2, X3,
1
X4, X5, TIPEACTaBUM 4-MEpHOE MPOCTPAHCTBO ¢ oOpasyrommmu {Xz, X3, Xs, Xs} B BHJIE
JICKapTOBa TPOM3BENCHUS JBYX JBYMEPHBIX MPOCTPAaHCTB {Xz, Xs}x {Xs, Xs} ¢
oOpasyromumu {Xz, X3} 1 {X4, Xs} coorBeTcTBeHHO. TOrMa MPOU3BOAHYIO % MOKHO 3a/1aTh
1
B BHJI€ IBYMEPHOW TaOJINILIBI.

X4XS Bec npousBoaHoOH a paBeH umCIy
X2X3 00 01 10 11 Xy
00 0 0 1 1 €IUHUI] B DTOI TaOJIHIIE.
01 1 0 1 0 Hrak, P(EJ =7.
10 0 0 0 0 %
11 1 0 1 1

AHaJIOTHYHO BBIYUCIUM BEC IIPOU3BOIHBIX g_f (1=2,3,4,5) (rabn. 43, 44, 45,46).
X.

Nwmeem:



Tabnuya 43 % = ()(_1x_3x4 Vi X1X3X_5 VX X, V X_3X_4X5)G-) (Xlx3 \Y4 )_(1)_(3X4 \Y4 X1X3)_(5 ),
2
X4X5 p[i} =5,
xws | 00 | 01 ] 10 | 11 oX,
00 0| 0|00
01 0| 1|01 Tat »
10 O] 01]1 ava a_ (Xl)_(z V X X5 V X, XX, V)_(2X5)@<)_(1X4 V XX, X, VX
11 O|1]0]0 OXq
X4X5
xx2 |00 | 01|10 | 11
0 | 0]0]1]0 p(ij _8
01 0 1 1 1 OXs
10 1 0 1 1
11 0 1 0 0
(?7 = (x1>_<zx3 V X1X3 V X Xg X5 V XX, )_(2X3X5)@<X1)_(2X3 V X, X3 X5 V X2XgXg V X3Xg )
4
Tabnuya 45
X3X5
xix2 00011011
0|1/0/0]0 p(ij _5.
oO1L(1/0|01]O0 OX,
10 0(12]01]0
11 |1]0(0 |1
ng = (xl)_(zx3 V)_(l)_(3X4 VX XX, vV )_(2X3 \Y4 X3)_(4)@ (Xl)_(2X3 V)_(l)_(3X4 VXX Vv X1X2X4)
5
Tabnuya 46
X3X4
xix2 |00]01(10|11
0 1]01]1 p(ij 7.
o1 (1/0|0]O0 OXs
101000
11 (1 (0110

: of
BpisicHuiM, 4T0 MUHHMAaJIbHOE 3HAYEHHUE Min P(a— NOJIy4eHO nipu nudepeHpoBaHun
X

of
¢yHknuu f Mo mepeMeHHBIM X2 U X4, MAKCUMAJIBHOE 3HAYCHHE Max P(a— MTOJIY4YEHO TNpHU
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OBPA3EI BBIITIOJIHEHUA 3AJIAHUA 3

Jlnst normueckoit pyHkImu fi MOCTpouTh KOMOWHAIIMOHHYIO U MIEPEKIIIOYATEIHHYIO
cxemy Ha osnmeMeHTHoW 0aze { ,A,v}. g norudeckodt ¢ynHkmum f; mocTpowTh
YIOPOIIEHHYI0 ~ KOMOMHAIlMOHHYIO M IepeKkiodarenpHyro  cxemy. lloctpouts
MUHUMHU3UPOBAHHYI0 KOMOMHAIIMOHHYI0 M IEPEKIIIOYATENbHYI0 CXEMY JI JIOTMYECKOM
byHkIwu f;

[lo 3amaHHBIM TEXHUYECKHUM YCIOBHUSM, OMNPEICISIONIMM HEKOTOphIe 3HAYCHUS
(GYHKIIMM TPOBOJMMOCTH (, TOCTPOUTH Hamboiee SKOHOMHYHYIO (ONTHUMAIBbHYIO)
NEPEKIIIOYATENBHYIO CXEMY.

f]_ = (X _) y) H )_( ’ f2 = (1a0111010111011)1 f3 = (010117111111011)1
9(0,1,1,0) =1, g(0,1,0,1) = 1, g(1,1,1,0) = 0, g(0,1,0,0) = 0.

Pewenue. Jlornueckyro Gpyukuuio f; HeOOXOUMO BBIPAa3UTh, TP TOMOIIU
PaBHOCHJIBHBIX TIPe00pa3oBaHuil, yepe3 Te¢ (PyHKIINH, KOTOPBIC BXOIT B TAHHYIO
AIIEMEHTHYIO 0a3y { , A,v}:

fi=(X>y)eX=[(Xvy) >X]A[X > (XVvy)]=
=[(XVvYy)VvX]IA[(XvXVvy]l=[(XAV)VvX].

[loctpouM KOMOMHALIMOHHYIO M MEpEeKIYaTeNbHyl0 cxembl. Jlig  3Toro
HEOOXOJMMO OIpEACIUTh BHEIIHIO ONEpalrio B MoJdydyeHHoW ¢(opmyne. B nanHom
Cllydae BHEIIHEH SBISETCS MAU3BIOHKUMA. B KOMOMHAalMOHHOM CXeMe IOCTPOUM
COOTBETCTBYIOIIMN JIU3BIOHKIUHU 3JI€MEHT cxeMbl. [lociae 3Toro, Haiaem BHELIHUE
omepaiu B (QopMmynax, CBS3aHHBIX JU3IBIOHKIMEW, W TOCTPOMM JJIi  HHX
COOTBETCTBYIOIIME 3JeMeHThl. llpomomkas moOCTpoeHHE, TMOJYYUM  CIEAYIOLIYIO
KOMOMHAIIMOHHYIO CXEMYy, H300paXXeHHYI0O Ha pHCYHKEe 3. AHAJIOTUYHO CTPOUTCA
NepeKyIIouaTebHas CXeMa, TOJIBKO B JTOM ClOy4yae CTaHAapTHBIE DJEMEHTHI
KOMOMHAIIMOHHBIX CXEM HEOOXOJWMO 3aMEHHTh COOTBETCTBYIOIIMMHU JIIEMEHTAMHU
NEPEeKITI0YaTENbHOW CXeMbl, M300paX€eHHbIMM Ha pucyHke 1 a) u 0). B pesynbrare
MOJTyYUM CJICTYIOIIYIO IEPEKIIIOUATENbHYIO CXeMY, H300paKeHHYI0 Ha PUCYHKE 4.

@Oynkius f; 3amana HaOOpPOM CBOMX 3HAUYEHHM, TOTAA KAk JJIsi MMOCTPOCHUSI CXEM
HEOOXOMMMO BBIpaXeHue 5Tol (yHkMu B BUae Gopmyibl. Takyro (opmyiry MOXKHO
IOJyYUTh HAa OCHOBE TEOPEMbl O CYLIECTBOBAHUM, JJI JIOTMYECKUX (DYyHKUUH,
coBepuieHHBIX Qopm. [loctpoum mis ¢yHkuum f, cOBepHICHHYIO KOHBIOHKTHBHYIO
HopManibHyt0 (opmy. Beibop CKH® cBs3an ¢ HeoOXoaUMOCTHIO BbIOOpa (Hopmylbl,
coJieprKalleil MUHUMYM NEPEMEHHBIX U JIOTHYECKUX OTeparuil.

x &

Puc. 3. KomOunanmonnas cxema s GyHKIuH f.



Puc.4. TlepexmrouatenbHast cxema juist GyHKuu fi.

[Tpumenssa npasuiio nocrpoennss CKH®, nonyuum:
f,=(XvyvZI)AXVvYVI)AXVYVI).

KoMOuHaoOHHas ¥ MepeKIovaTebHas CXeMbl, MOCTpoeHHbIe s f, mo aToii dhopmyie,

He OyayT ONTHUMANbHBIMHM, TaK 3Ty (OpPMYyTy MOXKHO YHPOCTUTh MPH MOMOIIH

PaBHOCWIIBHBIX MPe00pa3oBaHuil. B pe3ynbrare ynpomeHus NoIyYum:
f,=(Xxvz)A(XvyvI),.

ITocne YIIPOUIICHUAA, KOM6I/IHaI_[I/IOHHaH U IICPCKIIIOYATCIIbHAA CXCMBI 6y,ZLYT CICAYIOIINMU:

a)

=T

Puc.5. KoMmOuHaImoHHas ¥ epekitodareabHas cxeMbl it GyHKimu f.

[loctpouM MUHUMAaJIbHYI0 KOMOWHAIMOHHYIO M MEPEKIIOYATEIbHYI0 CXEMY IS
¢ynkumu  f; . Ilpm momomm MerToAa HEONpEAeNeHHBIX KOd(QHIMEHTOB HaiaeMm
vuHuManbHyto JH® mis ¢yakomu f;. Jnst 3T0ro cocTaBUM CIEAYIONIYIO CHUCTEMY
JIOTMYECKHUX YPAaBHEHUN U ONPENEIUM HEN3BECTHBIE KOA(P(PUIMEHTHI B O0IIEM BBIPAKEHUN
st JJH® yHkmit oT Tpex apryMeHTOB:

f;(0,0,0)=a,vas;vas; vava,; va,va, =0,
f,(0,0)=a,va,va,va,va,va,va,,=0,
f,(0,1,0)=a,va,va,va,va;Vva, =1,
f,(0L) =a,va;va,vayva,Vva,Vay,
f3(10,0)=a, vas;vagva,va, vagvay,
f,10,)=a va;va, vagva,va,va, =1,
f,LL0)=a,va,vasva,va,va,va, =0,
f,1l)=a va,va,va,vagvayva,=1,

=1,
=1

W3 niepBoro, BTOpOro v C€AbMOTO ypaBHEHUM CIEAYET, UTO
a, =ad; =as :a16:a17:a18:a26:o; a, :alszal4za23:0,
a =a, =g :a11:a15:a22:o-
Y4auThiBas 3TH HAMJCHHBIE 3HAYCHUSI, IEPEMUIIIEM OCTAIBLHBIC PABECHCTBA:
a,Vva=1,ava,vay,=1, a,va,, =138 va,va, =1,ava va,=1.



HenyneBpix k03 PUIMeHTOB TOMKHO OBITh MHHUMAIHHOE KOJWYECTBO, U OHU JIOJDKHBI
COOTBETCTBOBATh DJIEMEHTAPHBIM KOHBIOHKIIUSIM HAMMEHBIIETO JIEKCHKOTPahUIeCKOro
nopsaka. Torma, HeHyneBbIMU OymyT 8 =a,, =a, =1. OcrambHble K03(QPUIHEHTEI
OynyT paBHbl Hy0. B pesynbrare, moayuyuMm clienayronlyro MuHnuMmanbhyto JJH® nns
Gynkun f3: f, =xzv xy v Xy. Munumansayto JJH® MoXHO, NpH IHOMOIIM CBOUCTB

JIOTUYECKUX (YHKIMH, COKPaTHTh U NPEACTaBUTH B clenyromeM Buzae: f, =x(zv ) v Xy.
KomOnHannoHHass ¥ nepexirovareabHas cXeMbl OyayT MMETh BUJ, W300pa)K€HHBIH Ha
pUCYHKax 6 u 7.

CornacHO TEXHUYECKHM YCIOBHUSM, OOSA3aTEIbHBIMM SIBISIOTCS TOJIBKO YEThIpE
COOTBETCTBUS apTyMEHTOB 3HaYEHUSAM (QYHKIIUU §, YACTHUHO OIpPEAETSIoNne (GyHKIIHIO J.
CrnenoBaTellbHO, OCTaJbHBIE COOTBETCTBHS MOXHO OINPEAEIUTh MPOU3BOJIBHO, HO MpHU
3TOM M3 BCEX BO3MOXKHBIX BapHAHTOB BHIOpAaTh ONTHUMANbHBIN BapuanT. Hampuwmep,
JIOTIONIHSST HEOOXOJUMBIE COOTBETCTBHSI, MOXHO MOCTpOUTH cieaytonie nmb6o CIHO,
6o CKH®:

9(X, ¥V,Z,P) =XAYAZAPVXAYAZAP - CIHD,
a(x,¥,z,p)=(XvyvZivpa(Xvyvzvp) - CKHOD.
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Puc.6. KomOunanmonHas cxema Jutst pyHkiu fs.
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Puc.7 IlepexirouarenbHas cxema it QyHKIwH fs.

N3 nByx 3Tux hopM BeIOEPEM TOT, KOTOPHII MOKHO TIPH IMOMOIIIM PABHOCHUIIBHBIX
npeoOpa3zoBaHuii BEIPa3uTh B Ooliee mpoctoit hopme. [Ipeodpazyem aTu hopmsl:

a)g(X,y,2,p)=(XAY)A@ZAPVZADP), 6) g(XY,2,p)=(YVv P) VXV Z)A(XVv2Z)].

[Tomy4yeHHBIC BRIpAKEHUS COACPIKAT OAMHAKOBOE YHCIIO TIEPEMEHHBIX U OJUHAKOBOE
YUCJIO JIOTMUYeCKuX ormeparnuid. CriemoBaTeabHO, B KAa4eCTBE ONTHUMAJIBHOTO PEIICHHSI
MOYHO BbIOpATH JIFOOYIO U3 3TUX (POpMYII.

IToctpouMm kKoMOUHAITMOHHYIO cxeMy il hopmyinl a) (Puc. 8).



Puc.8 KomOunanmonnas cxema asst GyHKIUH J.

3ajaua KOMMHBOSIZKEPA COCTOUT B CJIEAVIOIEM:

Typucmuueckoe acenmcmeo 05k nymeuieCmsuii 8bloupaem 20pooa 8 Koauvecmae N
u mapwpymel nymewecmsus. Ilpeononacaemcs, 4mo 6ce B03MOJNCHbIE MAPUIPYMbL
NnpoxX00sim uepe3 Kanicovlili 20po0 POBHO 0OUH PA3 U B036PAWAIOMCSL 8 UCXOOHDIU NYHKM.
Cmoumocmu 6cex mMapuipymos usgecmuvl. Aeenmcmey Heob6X00umo vlbpamsv Haubosee
8bI20O0HBILL NO CIOUMOCU MAPUWPYI NYMeuecmaeust.
CyliecTBYIOT pa3iuyHble METOJbl pPEIIeHUs 3TOW 3ajauM, Ha3bIBA€MbIE METOJaMHU
BeTBe W Tpanuil. OmHAKO, paccMaTpUBAEMBIM 3/1€Ch METOJ TMpEACTaBisieTcs Oosee
MPOCTHIM JJI1 KOMITBIOTEPHON pean3alliy alropuTMa perieHusl.

AHFODI/ITM PCIICHHKA 3a1a91 KOMMHUBOSAXKEPA COCTOUT B CICAVIOIICM.

1. IlpumeHsist anrOpUTM NEPEUUCIEHUS BCEX MOTHBIX MPOCTHIX, COCTABUTH MOJIHBIN

CIIHCOK BCEX BO3MOKHBIX MapUIPYTOB;

2. IlpucBouTth dneMeHTaM MaTpHIbl A(i, j) BECOBBIE KOI(PPHUIIMEHTHI
COOTBETCTBYIOIIMX pedep (i, j) (CTOMMOCTEN OTAEIBHBIX MAPIIPYTOB);
3. Omnpenenutb MUHUMYM cpefu cymM Buaa A(Li) + A, j) + A(j,K) +...+ A(s,1) 11 Bcex

MapIIpyTOB IMOJHOTO CIHUCKA;

4. Bce MUHUMAaIbHBIC CTOMMOCTH M COOTBETCTBYIOIINE UM MapIIPYThI MPEICTABISIOT
c000ii peleHust 3aJ1a4u KOMMHUBOSDKEPA.

OBPA3EII BBIIIOJIHEHUA 3ATAHU S 4

B ycnoBusx 3amauM KOMMUBOSDKEPAa CTOMMOCTH MApLIPYTOB 3aJaHbl B BHUJE
Matpuilel A. Omnpeaenutb MapmipyTbl MUHUMAJIbHOM CTOMMOCTH U CTOMMOCTH JTHX

MapuIpyToB.

Ha amropurmmueckom  s3bike

120
337
351
357
223

COCTaBUTh IMPOrpaMMy pELICHUA  3aJa4du
KOMMHUBOSIKEPA U PEIINTH 3a7a4y JISl 3aIaHHBIX CTOMMOCTEN MapIIPyTOB.

322
122
246
678
334

116
345
754
553
553

643 671
321 533
212 245
754 785
335 769

OHpC}IGJ’II/ITB MapmpyThbl MUHHUMAaJIbHOM CTOMMOCTU U CTOUMOCTH ITHX MapImpyToOB.



Pewenue. CornacHO alaropuTMy MEPEUYUCICHUS, YUCIO TOJHBIX MNPOCTHIX LIMKJIOB
nojsHOro rpadga u3 mATH BepnH paBHO 24. [lpu momoinu anroputMa MNepedrcIeHUs
NPOCTHIX IUKJIOB COCTaBHM Iporpammy Ha anroputMmudeckom sizbike (IIpmmokenue 1).
PesynpraramMu pacuera SBISIOTCS CIIMCOK BCEX MAapIIPYTOB, MNPEICTABISIOIIMX COOOM
MOJIHBIE TPOCThIE IHMKJIBI COOTBETCTBYIOIIEro rpada. MapmpyTsl HX CTOMMOCTH
npuBeAeHsbl B Tadmuie 1.

Tabnuya.l.
MapmpyTsl M UX CTOMMOCTH.
Ne | mapmpyT | cTouMoOCTb Ne MapupyT CTOMMOCTD
1 12345 1887 13 14235 2134
2 12354 1604 14 14253 2758
3 12435 1664 15 14325 2198
4 12453 2332 16 14352 2112
5 12534 1977 17 14523 2458
6 12543 2094 18 14532 2564
7 13245 1691 19 15234 1919
8 13254 1587 20 15243 2230
9 13425 1762 21 15324 2148
10 13452 1784 22 15342 2451
11 13524 1373 23 15423 2380
12 13542 1711 24 15432 2142

JI71st TOro 4TOOBI ONPEAEIUTh YUCIO MAPUIPYTOB, UMEIOIIUX MUHUMAJIBHYIO CTOUMOCTb,
noctpouM Trpaduk croumoctd MmapupytoB (Puc. 2). CormacHo 3TOoMy Trpaduky,
MUHUMAJIBbHYIO CTOUMOCTh HMEET TOJBKO ouH MapupyT (13524) u ero croumocts — 1373.
HaliieHHbI1 MapIIpyT U €ro CTOMMOCTD SIBJISIETCS] PEIICHUEM 3a/1a4d KOMMMBOSDKEPA.
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Puc.2. I'paduk cTouMOCTH MapIipyTOB.
IMpunoxenue 1 Pemenue 3amaum KOMMUBOSIKEDA.

Sub commiw()

Dim a(8, 8), b(8, 8)

a(1,1)=120:a(1, 2) =322: a(1, 3) = 116: a(1, 4) = 643: a(1,5) =671
a(2,1)=337:a(2,2) =122: a(2, 3) = 345: a(2, 4) = 321: a(2, 5) = 533
a(3, 1) = 351: a(3, 2) = 246: a(3, 3) = 754: a(3, 4) = 212: a(3, 5) = 245
a(4,1)=357:a(4,2)=678: a(4, 3) =553: a(4, 4) = 754: a(4,5) =785
a(5, 1) = 223: a(5, 2) = 334: a(5, 3) = 553: a(5, 4) = 335: a(5, 5) = 769
m=1

Fori=2To5



Forj=2To5

Fork=2To5

Forl=2To5

Ifi =] Then GoTo 10

If i =k Then GoTo 10

If i =1Then GoTo 10

If j =k Then GoTo 10

If j =1Then GoTo 10

If k=1Then GoTo 10

sl=a(l,1) +a(,j) +a(, k) +alk, ) +a(l, 1)
s2=10000+1000*i+100*j+10*k +1
Cells(m, 1) =sl1

Cells(m, 2) =s2

m=m+1

10 'stb

Next I, k, J, I

End Sub

AJII'OPUTMbBI HEPEYUCJIEHUS TEPECTAHOBOK U HEPECTAHOBOK C
IHOBTOPEHUSIMMU. TPOU3BOJSIINUE @YHKIIUY AJI51 COYETAHUU U
COYETAHUMU C ITIOBTOPEHUAMMU

B ocHoBe peleHus MHOTMX NPHUKIQJHBIX 3a7ad JIEKAT aIrOPUTMbI IMEPEUUCIICHUS
MEePEeCTaHOBOK M CcouyeTaHWW. DBOJBIIMHCTBO M3 HUX TPUBOJAUT K TPYAOEMKUM
BBIYHCIICHUSIM U HEOOXOAMMOCTU MPUMEHEHUs KOMITBIOTEPHBIX BBIUMCICHUN. B cBsi3u ¢
3TUM PaCCMOTPUM QITOPUTMbl TEPEUUCICHHS, TPHUCHOCOOJIEHHbIE K 3(()EKTUBHOMY
WCITOJIb30BAHUIO0 KOMITBIOTEPHBIX BHIYHCIICHHM.

PaccMoTpum  MHOXecTBO A,  comepkamiee N pa3iIMYHBIX ~ DJIEMEHTOB.
YropsimoueHHbIE MHOXKECTBA, COCTaBJIEHHBIE M3 BCEX DJJIEMEHTOB MHOXeCcTBa A U
OTIUYAIOIIKECS APYT OT JApyra TOJBKO TOPSAKOM CIEAOBAaHWS AJIEMEHTOB, HA3bIBAIOTCS
nepecmanogékamu JaHHoro MHoxkectBa A. HerpyaHo moka3aTh, 4YTO YHCIO TaKHX
nepecTaHoBok paBHO N!. Eciu He Bce aiemMeHTh MHOXKecTBa A OyAyT pa3iMYHBIMU H
HEKOTOpbIE U3 HUX OyAyT OJIMHAKOBBIMH, TO CPEIU MEPECTAHOBOK IJIEMEHTOB MHOXKECTBA
A Oynyt onuHakoBble. TO €CTh, B 3TOM CIydae YKCIIO Pa3IMYHBIX MEPECTAHOBOK OYIET
MeHbIe. boyiee KOHKPETHO, MPEIIONIOAKUM, UYTO YUCIO MOBTOPEHHUI 3JIEMEHTOB pPAaBHO
k,,K,,...,k . Torma 4uciio pa3iudHbIX NepecmaHoBoK, ¢ y4emom ux nosmopenus, Oynet
paBHO:

ni

k!k,!.K !

PaccMoTpuM MHOKECTBO A M3 N pas3auuHBIX 3JIeMeHTOB. [Ipou3BosbHOE K-351eMeHTHOE
MOJIMHOKECTBO MHOKECTBa A Ha3bIBACTCS couemanuem U3 N 3JIEMEHTOB MO K 3JIeMEHTOB.
CornacHo Teopeme, YUCIIO TaKUX COUYEeTaHUH pPaBHO:
v n!
C kl(n—k)!

C, (K. Kyoneak,)



CouemaHnusimu W3 N DIEMEHTOB 1O K 2JEMEHTOB ¢ nosmopenusmu Ha3bIBAIOTCS
MHOJKECTBA, COJEpKame K SJIEMEHTOB, CpeAd KOTOPBIX JOIYCKAIOTCS ITOBTOPSHUS
OJIMHAKOBBIX 3JEMEHTOB. UWCIIO pa3IMYHBIX COYETAaHUH W3 N 3JIeMEeHTOB 1o K ¢
MOBTOPEHUSIMH PABHO:

£k _c :(n+k—1)!-

"M KI(n =)

B mpuknagHpIX 3amadax dYacto ObIBaeT HEOOXOJWMO 3HATh HE TOJBKO YHCIIO
NIEPECTAaHOBOK M COYETAaHWH, HO W QJITOPUTMBI HUX SBHOTO mepedncieHus. [l
MIEPEUNCIICHUSI TIEPECTAHOBOK MOYXKHO HCIIOJB30BaTh CBOWMCTBA OMPEICIIUTENCH MaTpPHIL.
[lepeuncienne codeTaHW W COYETAaHWH C TIOBTOPCHUSMH MOXXHO BBITMIOJTHHUTH IPH
TIOMOIIIH MTPOU3BOIANINX (HYHKITHH.

IIpoussoosweri (ynxyueri OCIECIOBATEIPHOCTA {8y} HA3BIBACTCS CyMMa CTETICHHOTO
psna:

A(x)=>a x".
n=0
Hanpumep, npousBojsiie GpyHkuuei nocnenosarensuoctu a, = CrOyaer pyHkiums:

A(X) =Y CEx" = (L+X)".

OBPA3EI BBIIIOJIHEHUA 3ATAHUA S

Pa3paboTarte mporpaMMy Ha aJrOPUTMHUYCCKOM SI3BIKE U1 IEPEUYMCIACHHS BCEX
pa3IMYHBIX CJIOB, MOJYYCHHBIX MEPECTaHOBKOW OYKB JIaHHOTO cjoBa. IlepedncinuTts Bce
pa3IMYHbIC MIEPECTAaHOBKU OYKB: a) CIIOBA «COJHIIE», 0) CJI0Ba KKOJIECOY.

J17s TaHHBIX MHOKECTB COCTaBUTh MPOU3BOIAINYIO (DYHKIIMIO COYCTAHUIN 3JIEMCHTOB
U IepedyrciuTh 3TH couetanus. Jlns muoxectBa A ={a, b, ¢, d, e, f, g}- mepeuncnutsb
coyeTaHus 1o YeThipe saemenTa. J{is muoxkectBa B ={a, b, ¢, d}- nepeunciuth coueranus
C TOBTOPEHUSIMH TI0 YETHIPE JJIEMEHTA, B KOTOPBHIX 3JIEMEHT & MOXET BCTPEUAThCS HE
Oosee Tpex pas, ajaeMeHT b — He OoJjiee IBYX pas, 3JIEMEHT C — He OoJiee TpeX pas, FJIEMEHT
d — He OoJjiee yeThIpex pas.

Peuwienue. CoryiacHO aIrOpuTMy BBIYUCIICHUS OMNPEACTUTENs MaTPHUIbl, IS
NEPEUNCIICHUs] BCEX MEPECTAaHOBOK OYKB JAHHOTO CJIOBA JIOCTATOYHO COCTABUTH MAaTPHILY
pa3sMepHOCTH 6X6, BCE CTPOKHM KOTOPOM OJIMHAKOBHI U COCTaBJIEHbI M3 OYKB CIIOBa
«conHue». Ilocnme »TOro, WCKiIOYass NOBTOPEHUS WHIEKCOB, COCTaBUM AJIEMEHTHI
onpenenuTes chopMUPOBAaHHOM MATPHUIIEI CHMBOJIOB.

AnropuTmMudeckas rnporpamma npusezeHa B [lpunoxenun 2.

PesynpTaTomM paboOThI MpOTpaMMbl SIBISIETCS TOJHBIA CIIUCOK BCEX CJIOB, KOTOPBIC
MOXHO COCTaBUTh W3 OYKB CJIOBa «COJHIE». B ciydae moBTOpeHUss OYKB B CJIOBE,
HEOOXOJMMO B TPEIBIAYIIYI0 MporpamMmy a00aBUTH OJIOK, B KOTOPOM BBITIOJNHSETCS
CpaBHEHHE CJIOB WM UCKIIOUCHHE OJIMHAKOBBIX CJIOB. B pe3ynbpTaTe MOJyduM Mporpammy
JUTSL IEPEYHCIICHUS TIEPECTaHOBOK ¢ oBTopeHusimu ([Ipuioxenue 2).

B TaGauie 7 mpuBeneH MOJHBIA CIHUCOK BCEX CJIOB, 00Opa30BaHHBIX M3 OYKB CJIOBa
«kosiecoy. YuCIo pazIMuHBIX CJIOB, TPUBEICHHBIX B Tabmuue 1 paBHo 360, dTO
COOTBETCTBYET 3HAUYEHHUIO, IMOJIYYEHHOMY MO QopMysie nsi T[EepecTaHOBOK C
MTOBTOPCHHUSIMH.



PaccMoTpuM Tenepb coueTaHusi U COYETaHUs C TOBTOPEHUSMHU.
[TpousBosmiyto GyHKIMIO Ul codeTaHuii anemeHToB MHOkectBa A ={a, b, c, d, e, f, g}
MO>KHO MPEACTABUTh B BUJIE IOJUHOMA:
(1+ax)(1+bx)(1+cx)(1+dx)(1+ex)(1+fx)(1+gx).
CornacHo onpeaeneHUI0 MPOU3BOASIIEH (PYHKIIMH, BCE COYETAHUS U3 YETHIPEX CHUMBOJIOB
JIAHHOTO MHOYKECTBA OYIyT IPEACTABIEHbI KaK KO3 (GUIUeHTs nepen X,

Jlji coueTaHuil ¢ MOBTOPEHUSIMH COCTaBUM CIIEAYIOLIYIO POU3BOASILYIO (PYHKIIUIO:
(1+ ax + a2 + a>) (1+bx + b2x?)(1+cx + ¢2 x? + ¢3 x3)(L+dx+d?x? +d3x3 +d*x*).
CornacHo pe3yJbTaTaM BBIYMCIIECHUS, YACIIO COUYETAaHUM B 3TOM ciay4ae Oyner paBHO 29.
Tabmura 1.
Ilo1HBI CIHCOK CJI0B, 00Pa30BAHHBIX M3 OYKB CJI0Ba «KOJIECO».

1 2 3 4 S) 6 7 8 9

OJIECOK | EOCOJIK | KCEO/1IO | EKCONO | CE/JIOKO | KOCOEN | EOKCOJ1 | OKCOJIE | COK/MOE

OJIEOCK | EOOJICK | KCOJIEO | EKOJZICO | CEOK/IO | KOOEC/T | EOKOC/1 | OKOJICE | COKOJE
OJICEOK | EOOC/IK | KCOE/IO | EKOC/NO | CEOJIKO | KOOCE/NT | EOCKOJ1 | OKOC/IE | COJIKOE
OJICOEK | EJIOCOK | KOJIECO | EJIKCOO | COK/NEO | KEOCOJT | EOCOK/1 | OZIKCOE | COJIOKE
OJIOECK | E/IOOCK | KOJICEO | E/IKOCO | COKE/IO | KEOOC/T | EOOKC/1 | ONNIKOCE | COOKNE
OJIOCEK | EJICOOK | KOE/ICO | E/ICKOO | COJIKEO | KECOOJT | EOOCK/ | OZICKOE | COOJIKE
OEJZICOK | ECOJIOK | KOEC/1O | EJICOKO | COJIEKO | KCOEOJ/1 | ECKOOJT | OJICOKE | C/IKOOE
OE/NNIOCK | ECOOJIK | KOCNEO | EJIOKCO | COEK/IO | KCOOEN | ECOKO/T | OJIOKCE | C/TIOKOE
OECJZIOK | ECJIOOK | KOCE/IO | EJIOCKO | COEJ/IKO | KCEOOJ1 | ECOOK/T | OJIOCKE | C/TOOKE
OECOJIK | COJIEOK | IKECOO | ECK/IOO | OKNECO | OKECOJ1 | CKOEOJT | OCK/IOE | KONEOC
OEOJICK | COJIOEK | IKEOCO | ECKO/IO | OKNCEO | OKEOC/1 | CKOOE/T | OCKOJIE | KOJNOEC
OEOC/IK | COEJIOK | IKCEOO | ECJ/IKOO | OKEJ/ICO | OKCEOJ1 | CKEOOJT | OCJ/IKOE | KOENOC
OC/IEOK | COEOJIK | IKCOEO | ECJ/IOKO | OKEC/1O | OKCOE/1 | COKEOJT | OCJ/IOKE | KOEOJIC
OC/IOEK | COOJIEK | NIKOECO | ECOK/NO | OKC/NIEO | OKOEC/1 | COKOE/T | OCOKJIE | KOOJIEC
OCEJIOK | COOEJIK | NKOCEO | ECOJIKO | OKCENO | OKOCE/1 | COEKOJT | OCOJIKE | KOOEJIC
OCEOJIK | C/IOEOK | JIEKCOO | EOKNCO | OJIKECO | OEKCOJ1 | COEOK/T | OOKNCE | K/IOEOC
OCOJIEK | CNIOOEK | JIEKOCO | EOKC/NO | OJIKCEO | OEKOC/1 | COOKE/T | OOKCJ/IE | K/TOOEC
OCOEJIK | C/IEOOK | NIECKOO | EOJIKCO | OJIEKCO | OECKOJ1 | COOEK/T | OOJIKCE | K/IEOOC
OOJIECK | CEOJIOK | JIECOKO | EOJICKO | OJIECKO | OECOK/1 | CEKOOJT | OOJICKE | KEO/10C
OOJICEK | CEOOJIK | IEOKCO | EOCKNO | OJICKEO | OEOKC/1 | CEOKOJT | OOCKJ/IE | KEOOJIC
OOEJICK | CEJIOOK | JIEOCKO | EOC/IKO | OJICEKO | OEOCK/1 | CEOOKJ/T | OOC/KE | KENOOC
OOEC/IK | K/IECOO | JICKEOO | CK/ZIEOO | OEK/ICO | OCKEOJ1 | KOJZICOE | IKOCOE | OKNEOC
OOC/IEK | KJ/IEOCO | JICKOEO | CKJ/IOEO | OEKC/10 | OCKOE/NT | KONOCE | IKOOCE | OK/IOEC
OOCEJIK | K/ICEOO | JICEKOO | CKE/I0OO | OEJ/IKCO | OCEKOJ/T | KOC/NIOE | IKCOOE | OKEJIOC
JTIOECOK | K/ZICOEO | JICEOKO | CKEOJIO | OEJICKO | OCEOK/1 | KOCOJIE | JIOKCOE | OKEOJIC
JTOEOCK | K/IOECO | JICOKEO | CKOJIEO | OECKNO | OCOKEJ1 | KOOJICE | IOKOCE | OKOJIEC
JTOCEOK | K/NIOCEO | JICOEKO | CKOE/IO | OEC/IKO | OCOEK/1 | KOOC/E | IOCKOE | OKOEJC
JTOCOEK | KE/ICOO | JIOKECO | C/IKEOO | OCK/IEO | OOKEC/1 | KNOCOE | IOCOKE | ONKEOC
JTOOECK | KE/IOCO | JIOKCEO | C/IKOEO | OCKE/NIO | OOKCEJ1 | KNOOCE | JIOOKCE | OJIKOEC
JTOOCEK | KEC/IOO | JIOEKCO | C/IEKOO | OCJ/IKEO | OOEKC/1 | KNCOOE | JIOOCKE | OJIEKOC
JIEOCOK | KECO/10 | JIOECKO | CJ/IEOKO | OCJIEKO | OOECK/T | KCOJIOE | JICKOOE | OJIEOKC
JIEOOCK | KEOJICO | JIOCKEO | CJIOKEO | OCEKJ/IO | OOCKE/T | KCOOJIE | JICOKOE | OJIOKEC
OOJIEKC | OOEK/IC | OOEJIKC | JIKOEOC | NIKOOEC | JIKEOOC | JIOKEOC | /IOKOEC | JIOEKOC
JTOEOKC | JIOOKEC | JIOOEKC | JIEKOOC | JIEOKOC | JIEOOKC | EKOJIOC | EKOOJIC | EK100C
EOK/IOC | EOKOJIC | EONIKOC | EOJIOKC | EOOKNC | EOOJIKC | EIKOOC | EJIOKOC | EIOOKC
EOJICOK | EOJIOCK | EOCJ/ZIOK | OE/IOKC | OEOKANC




Ipuaoxenne 2. [lepeunciienre nepecTaHOBOK C TOBTOPEHUSIMH.

Sub Combin2()

Dim A(10, 10), B(720)
Fori=1To6

A, 1) ="K": A(i, 2) ="0": A(i, 3) ="JI": A(i, 4) ="E": A(i, 5) ="C": A(i, 6) ="O"
Next i

d=1

Fori=1To6
Forj=1To6
Fork=1To6
Forl=1To6
Form=1To6
Forn=1To6

If i =] Then GoTo 10
If i =k Then GoTo 10
Ifi=1Then GoTo 10
If i=m Then GoTo 10
If i =n Then GoTo 10
If j =k Then GoTo 10
If j =1Then GoTo 10
If j = m Then GoTo 10
If j=n Then GoTo 10
If k=1Then GoTo 10
If k=m Then GoTo 10
If k =n Then GoTo 10
If | =m Then GoTo 10
If | =n Then GoTo 10
If m=n Then GoTo 10
‘Cells(d, 1) = A(i, j) + A(j, k) + Ak, D) + A(l, m) + A(m, n) + A(n, i)
B(d) = A, j) + A(j, k) + Ak, ) + A(l, m) + A(m, n) + A(n, i)
d=d+1

10 Ixk*%x

Nextn,m, |, Kk, j, i
d=1

Forj=1To 720
Fori=jTo719

If B(j) = B(i + 1) Then GoTo 20
GoTo 30

20 Celis(d, 2) = B(j)
d=d+1

30 k%%

Next i, j

End Sub



WHJIABUJYAJTBHBIE 3AJTAHUSA 1151 KOHTPOJbHOM PABOTHI

3AJIAHHUE 1
Hnsa normyeckux ¢Gynkumii fi, fo, f3 moctpouts coBepiieHHBIE (OpPMBI. BBISCHUTH
CYIIECTBEHHOCTh MEPEMEHHBIX Uil Jormdeckux ¢ynkmud f;, f,. B cioyuae
HECYIIECTBEHHOCTH, MCKJIIOUUTh TH NEPEMEHHBIC M3 €€ COBEPIICHHOW KOHBIOHKTHBHOM
HopMasibHOM (opMmbl. IToctpouts cymepnosunmio (X, Y, z) = fo(fi, 3, f2). IIpu momoru
METOMa HEOMpPEACICHHBIX KO3(P(PHUIUEHTOB MOCTPOUTh I JIOTHYeCKOoi (yHKIuu f3
noauHoM JKerajakuHa.

Bapuanr 1. f.=(1,0,1,0,0,1,0,1), f»=(0,1,1,0,1,0,0,1), 5= (0,1,0,1,0,1,0,0).
Bapuanr2.  f.=(0,1,0,1,0,1,1,1), f»=(1,0,1,1,0,0,0,1), fs = (1,0,0,1,1,1,0,0).
Bapuanr3.  f.=(0,0,1,1,0,1,0,1), f»=(0,1,1,0,1,0,0,0), 5= (1,1,1,1,0,0,0,0).
Bapuanr 4.  f,=(0,1,0,0,1,1,0,0), f=(0,1,0,0,1,0,1,0), fs = (1,0,0,1,0,1,0,0).
Bapuanr 5. f.=(1,0,0,1,0,0,0,1), f»=(0,0,1,0,0,1,0,1), 5= (0,1,1,0,1,0,1,0).
Bapmant 6.  f=(0,1,0,1,0,1,0,1), f,=(0,1,1,1,1,0,0,1), fs = (0,1,1,1,0,1,0,0).
Bapmant7. £ =(0,0,1,1,1,1,0,0), f,=(0,1,1,0,1,0,1,0), fs = (1,0,0,1,1,1,0,0).
Bapmant8.  f=(0,0,1,1,0,1,0,1), f,=(0,0,0,1,1,1,0,1), fs = (0,1,1,1,0,1,1,0).
Bapmant9.  f=(0,1,0,1,0,1,0,1), f,=(0,1,1,0,1,0,0,1), fs = (1,1,0,1,0,0,1,0).
Bapmant 10. = (1,1,0,0,0,1,1,1), f, =(1,1,1,0,0,0,0,1), fs = (1,0,0,0,1,1,0,1).
Bapmanr 11. £ =(0,0,0,1,0,1,0,1), f, =(0,0,1,0,1,0,0,1), fs = (1,1,0,1,0,1,0,0).
Bapuant 12.  f,=(0,0,0,1,1,1,0,1), f»=(1,0,1,0,0,1,0,0), fs = (0,1,0,1,0,1,0,1).
Bapuant 13.  f:=(0,0,1,0,0,1,1,1), f»=(1,0,1,0,0,0,0,1), 5 = (1,0,0,1,0,1,0,0).
Bapuant 14.  f,=(1,0,0,0,0,1,1,0), f»=(1,0,1,0,0,1,0,0), 5 = (1,0,1,0,0,1,0,0).
Bapuant 15. .= (1,0,0,0,0,1,0,1), f»=(1,0,1,0,0,0,0,1), 5 = (1,0,0,1,0,1,0,0).
Bapuanr 16.  f,=(0,0,0,1,0,1,0,1), f»=(1,0,1,0,1,0,0,1), 5 = (1,0,0,1,0,1,0,0).
Bapuant 17. .= (0,0,1,0,0,0,1,1), f»=(0,0,1,0,0,1,0,1), 5 = (0,1,0,0,0,1,0,1).
Bapuant 18.  f:=(1,0,0,1,0,1,0,0), f»=(0,1,1,0,0,0,0,1), 5 = (1,0,0,1,0,1,0,1).
Bapmant 19.  f=(1,1,1,0,0,1,0,1), f, =(1,0,0,1,0,0,1,1), fs = (1,1,0,0,0,1,0,1).
Bapmant 20. £ = (1,0,0,1,0,0,0,1), f, =(0,0,1,0,0,1,0,1), fs = (0,1,1,0,1,0,1,0).
Bapmant21.  f=(1,1,0,0,0,1,0,1), f,=(1,0,1,0,0,1,0,1), fs = (1,0,0,0,0,1,1,1).
Bapmant 22. £ = (1,0,0,0,0,1,0,1), f, =(0,1,1,0,0,0,0,1), fs = (1,0,0,1,1,1,0,1).
Bapmant 23. = (1,0,0,0,1,1,0,1), f,=(1,0,1,1,0,0,0,1), fs = (1,0,0,1,1,1,0,1).
Bapmant 24. = (1,0,0,1,0,1,0,1), f, =(1,0,0,0,1,0,0,1), fs = (1,0,0,1,0,1,1,1).
Bapuant 25. 1= (1,1,0,0,0,0,0,1), f»=(1,0,1,0,0,0,1,1), 5= (1,0,1,1,0,0,0,1).
3AJIAHUE 2

Hns  nanHbix  jgormdeckux Qynkumid  fi, f, f3 BBISICHUTE WX JTUHEWHOCTS,
CaMOJIBOMCTBEHHOCTh, MOHOTOHHOCTh M UX MPHHAJIC)KHOCTh K 3aMKHYTBIM Kjlaccam 1o,
T1. [IpoBeputs NOTHOTY cucTeMbl torudeckux ¢pynkumid {fi, f2, f3 }.

Bapuanr 1. f; = (1,0,1,0,0,1,1,1), f, = (0,1,1,0,1,0,0,1),
Bapuanr 2. f; = (0,1,1,1,0,1,1,1), f, = (1,0,1,1,0,0,0,1),
Bapuanr 3. f; = (0,0,1,1,0,1,0,1), , = (0,1,1,0,1,0,0,0),
Bapuanr 4. f; = (1,1,0,0,1,1,0,0), , = (0,1,1,0,1,0,1,0),
Bapuanr 5. f; = (1,0,0,1,0,1,0,1), = (0,0,1,1,0,1,0,1),
Bapuanr 6. f; = (0,1,0,1,0,1,1,1), f, = (0,1,1,1,0,0,0,1),
Bapuanr 7. f; = (1,0,1,0,1,1,0,0), f, = (0,1,1,0,0,0,1,0),

f;=(0,1,0,1,0,1,0,1).
f;=(1,0,0,0,1,1,1,0).
fs=(1,1,1,1,0,0,0,1).
fs=(1,0,0,1,0,1,0,0).
f,=(0,1,1,0,1,0,1,0).
f;=(0,1,0,1,0,1,0,0).
f=(1,0,0,1,1,1,0,1).



Bapuanr 8. f1 =

BapuanT 12. f

Bapwuanr 13. f1 =
Bapuanr 14. f; =
Bapuanr 15. f; =
Bapwuanr 16. f;
Bapuanrt 17. f; =
Bapuanr 18. f; =
Bapwuanr 19. f;
Bapuanrt 20. f; =
Bapuanr 21. f1 =
Bapwuant 22. f; =
Bapwuant 23. f; =
Bapuant 24. f;
Bapwuant 25. f; =

0,01,1,01,11), f, =
Bapwuant 9. f; = (0,1,0,1,0,1,0,1), f, =
Bapuanr 10. f1 =
Bapuanr 11. f1 =

(1,1,0,0,0,1,1,0),
(0,0,0,1,0,1,1,1),
=(0,0,1,1,1,1,0,1),

(1,1,0,0,1,0,0,1),
(0,0,1,1,0,1,1,1),
(1,0,1,0,0,1,1,0),
=(1,0,1,0,0,1,0,1),
(0,0,0,1,1,1,0,1),
(0,0,1,1,0,0,1,1),
=(1,0,0,1,0,1,0,0),
(0,1,1,0,0,1,0,1),
(1,1,0,0,0,1,0,1),
(1,0,0,0,0,1,0,1),
(1,0,0,1,1,1,0,1),
=(1,0,0,1,0,1,0,1),
0,1,1,1,0,1,0,0),

f,=(1,1,1,0,1,0,0,1),

f,=(0,0,1,0,1,0,1,1),
f,=(1,0,1,1,0,1,0,0),
f,=(1,0,1,1,0,0,1,1),
f,=(1,0,1,0,0,1,0,1),
f,=(1,0,1,0,0,1,1,0),
f,=(1,0,1,1,0,0,0,1),
f,=(1,0,1,0,1,1,0,1),
f,=(0,0,1,0,0,1,0,1),
f,=(0,1,1,0,0,0,1,1),
f,=(1,0,0,1,0,0,1,1),
f,=(1,0,1,0,0,1,0,1),
f,=(0,1,1,0,0,0,1,1),
f,=(1,0,1,1,0,0,0,1),
f,=(1,0,0,0,1,1,0,1),
f,=(1,0,1,1,1,0,0,1),

(0,0,0,1,1,1,0,1), fs=
(0,1,1,0,1,1,0,1), fs=

(0,1,0,1,0,1,1,0).

(1,1,0,1,1,0,1,0).

f,=(1,0,0,0,1,0,0,1).
fs=(1,1,0,1,0,1,0,0).
f;=(0,1,0,1,0,1,0,1).
fs=(1,0,1,1,0,0,0,1).
f;=(1,1,0,1,0,1,0,0).
f,=(1,0,1,0,0,1,0,0).
f;=(1,0,0,1,1,1,0,0).
f,=(1,0,0,1,0,1,0,0).
f,=(0,1,0,0,0,1,0,1).
f;=(1,1,0,1,0,1,0,1).
f;=(1,1,0,1,0,1,0,1).
fs=(1,0,0,0,0,1,1,1).
fs=(1,0,0,1,1,1,0,1).
fs=(1,0,0,1,1,1,0,1).
fs=(1,0,0,1,0,1,1,1).
fs=(0,0,1,1,0,1,0,1).

3AJIAHUE 3
Jliis norudeckoi GyHKIWH f; MOCTPOUTH KOMOMHAIIMOHHYIO U MEPEKITIOYATEIBHYIO CXEMY

Ha sneMeHTHOH Oaze { ,A,Vv}. g mormdeckoit (yHknuu f; MOCTpOUTH YHPOIICHHYIO

KOMOMHAIMOHHYIO U TMEepeKioyaTeabHyo cxemy. I[locTpouTh MUHUMHU3HPOBAHHYIO
KOMOMHAIIMOHHYI0 M TIEPEKIIOYATeIbHYI0 cXeMy s Jioruueckoi ¢ynkium fz  Ilo
3aIaHHBIM TEXHUYECKUM YCIIOBUSIM, OMNPEICISIONMM HEKOTOphle 3HAuYeHUS (QYHKIMH
MPOBOJANMOCTH g, MIOCTPOUTH HauOoJee SKOHOMHUYHYIO (O TUMAJTEHYIO)
MEPEKIII0YATEbHYIO CXEMY.

Bapuanr 1.
fi=X—>Yy)<Xx, f,=(10,1,000,1,1), f3=(0,1,1,1,0,1,0,1),
g(0,1,1,1)=1,9(1,1,0,1) =1, g(1,0,1,0) = 0, 9(0,0,0,0) = 0.
Bapuanrt 2.
fi=(x—>Yy)eX, £,=(1,11,001,0,), f;=(0,0,1,1,0,0,0,1),
g(1,1,1,0)=1,9(0,1,0,1) =1, g(1,1,0,0) =0, 9(0,1,0,1) = 0.
Bapuanrt 3.
fi=XAy)<>X, £,=(1,0,0,0,0,1,0,1), f;=(1,0,0,1,1,1,0,1),
g(0,1,0,0)=1,9(0,1,1,1) =1, g(1,1,0,0) = 0, 9(1,1,0,0) = 0.
Bapuanrt 4.
fi=(XAy) <X, ,=(1,01,0,1,1,0,1), f=(0,0,1,1,0,1,1,1),
g(0,0,1,0)=1,9(1,1,0,1) =1, g(1,0,1,0) =0, 9(0,1,0,1) = 0.
Bapwuanr 5.
fi=(Xx—>Yy)AX, f,=(1,0,0,0,0,1,0,0), f;=(0,0,1,0,1,1,0,1),
g(0,1,0,0)=1,9(0,1,0,1) =1, 9(1,1,0,0) =0, g(0,1,1,0) = 0.
Bapuanr 6.
fi=(x—>Yy)—>X, f,=(1,1,1,0,0,1,0,1), f;=(0,0,1,1,1,1,0,0),



g(1,1,1,0)=1,9(0,1,0,1) =1, 9(1,1,1,1) =0, g(0,1,0,0) = 0.
Bapuant 7.
fi=X—>y)vx, ,=(1,01,0,01,11), f=(0,0,0,1,1,1,0,1),
g(0,1,00)=1,9(1,1,0,1) =1, g(0,1,1,0) =0, 9(0,1,0,1) = 0.
Bapwuanr 8.
f=x—>Yy)AX, f,=(1,0,1,0,0,1,0,0), f;=(0,0,1,1,1,0,0,1),
g(0,1,1,1)=1,9(0,1,1,0)=1, g(1,1,1,0) =0, 9(0,1,0,0) = 0.
Bapuant 9.
fi=x<y) <X, £,=(0101,1,0,1), f3=(0,0,1,1,0,1,0,1),
g(0,1,0,0) =1, ¢(0,0,0,1) =1, g(1,0,1,0) =0, 9(1,1,0,0) = 0.
Bapuanr 10.
fi=x<Yy)AX, ,=(1,1,1,0,0,1,0,1), f=(0,0,1,1,1,1,0,0),
g(0,0,1,0)=1,9(0,0,0,1) =1, g(1,1,1,0) =0, 9(1,1,0,0) = 0.
Bapuant 11.
ff=X—>y)vy, ,=(0,01,001,0,1), f3=(0,0,0,0,1,1,0,1),
g(0,0,1,0)=1, 9(0,1,0,0)=1, g(0,1,1,0) =0, 9(1,1,0,0) = 0.
Bapuanr 12.
fi=X—>y)ax, f,=(1,0,0,0,0,1,0,0), f;=(0,0,1,1,0,0,0,1),
g(0,1,0,1)=1,9(0,0,0,1) =1, g(1,0,1,0) =0, 9(0,1,1,0) = 0.
Bapuanr 13.
fi=xvy)evy, ,=(1,000,01,0,1), f;=(0,0,1,1,0,1,0,0),
g(0,0,1,0)=1,9(0,0,0,1) =1, g(1,1,1,0) =0, 9(1,1,0,0) = 0.
Bapuanr 14.
f=(xvy)—>Yy, £=(1011,01,0,1), f3=(0,0,1,1,1,1,1,1),
g(1,1,1,0)=1,9(0,2,2,1) =1, g(1,0,1,0) = 0, 9(0,1,0,0) = 0.
Bapuanr 15.
fi=(Xx<y)AX, £,=(1,0,1,0,0,1,1,1), f=(0,0,0,1,1,1,0,1),
g0,1,11)=1,9(1,1,0,1)=1,9(1,1,1,1) =0, 9(0,1,0,1) = 0.
Bapuanrt 16.
ff=(x—>y)vy, £=(10101,1,0,1), f3=(0,0,1,0,1,1,0,1),
g(0,1,1,0)=1, 9(0,1,0,0) =1, g(1,0,1,0) = 0, 9(1,1,0,0) = 0.
Bapuant 17.
ff=xeoy)<X, f,=(1,01,01,1,0,1), f;=(0,0,1,1,0,0,0,1),
g(0,1,1,1)=1, 9(0,0,0,1) =1, g(1,0,1,0) = 0, 9(0,1,0,0) = 0.
Bapuanr 18.
fi=(x—>y)vXx, f,=(1,01,0,0,1,0,0), f;=(0,0,1,1,1,0,0,0),
g(0,1,0,0) =1, 9(0,0,0,0) =1, g(1,0,1,0) = 0, 9(1,1,0,0) = 0.
Bapuant 19.
f,=(x<y)—>X, £,=(1,0,0,0,0,1,0,0), f;=(0,0,1,0,0,1,0,1),
g(0,0,1,0)=1,9(0,1,0,1) =1, g(1,1,1,1) =0, 9(0,1,0,0) = 0.
Bapuant 20.
fi=x<Yy) <X, £,=(1,0,0,0,0,0,0,0), f3=(0,0,0,1,1,1,0,0),
g(0,1,1,0)=1,9(0,1,0,2) =1, g(1,1,1,0) = 0, 9(0,1,0,0) = 0.



Bapuanr 21.

fl = (X <~ y) 4 )_( ' f2 = (111111010111011)1 f3 = (0701111111111’0)’

9(0,1,1,0) = 1, g(0,1,0,1) = 1, g(1,1,1,0) = 0, g(0,1,0,0) = 0.

Bapuanr 22.

fl = (X Vv Y) X ' f2 = (110’0s01011’151)1 f3 = (01011s01011’051)5

9(0,0,1,1) =1, 9(1,1,0,1) = 1, g(1,0,1,1) = 0, g(0,1,1,0) = 0

Bapuant 23.

f=(x—>y)vy, £,=(101,00,11,1), fy=(0,1,1,1,1,1,0,1),

9(0,1,1,1) =1, 9(1,1,0,1) = 1, g(1,1,1,0) = 0, g(0,1,0,1) = 0.

Bapuanr 24.

f,=(XxAYy) X, f,=(1,0,1,0,1,1,1,1), f:=(0,0,1,1,0,1,0,0),

9(0,1,0,0) = 1, g(0,0,0,1) = 1, g(0,1,1,0) = 0, g(1,1,0,0) = 0.

Bapuanr 25.

f=(xAYy) <oV, f,=(1,0100,1,1,1), f;=(0,0,1,0,1,0,0,1),

g0,1,1,1)=1,9(0,0,0,1)=1,9(1,1,1,0)=0, g(0,1,0,1) = 0.

3AJIAHUE 4

B YCIOBHAX 3ala9 KOMMHUBOSKCPA CTOMMOCTH MApHIPYTOB 3addaHbl B BUJAC MATPHIIbI
A. OHpeIIeJII/ITB MapHaIpyTsbl MHUHHUMAaJIbHOM CTOUMOCTH U CTOMMOCTHU ITHUX MapHaipyToB.

Ha AJIrOPUTMHUYCCKOM SA3BIKC COCTaBUTH [nporpamMmy  pCHICHHUA

KOMMMUBOSKEPA U PCHINTD 3a4a1y AJI 3aIaHHBIX CTOMMOCTEH MapmpyToOB.

Bapuanr 1. Bapuanrt 2.
230 321 432 442 533 621 320 130 341 432 442 533 621 320
334 219 673 651 344 762 224 334 249 673 651 344 162 224
456 776 443 622 632 511 299 456 776 443 622 632 511 249
877 446 840 332 542 631 761 877 446 840 332 342 631 761
432 112 532 762 544 226 331 432 112 532 362 144 226 331
633 422 773 533 721 652 567 633 422 773 533 721 652 567
238 232 645 761 354 631 562 238 232 545 761 354 631 262
Bapuanrt 3. Bapuanrt 4.
430 351 432 142 533 421 320 270 621 432 642 533 221 120
334 219 673 651 344 762 224 234 219 773 651 344 762 224
456 776 643 522 632 511 299 456 706 443 622 332 511 299
877 346 240 332 542 631 761 877 446 840 302 542 631 761
432 112 532 562 504 226 331 432 112 532 462 544 226 331
633 422 773 533 421 652 567 533 422 770 533 721 652 467
238 232 745 361 354 631 762 238 232 645 761 354 631 362

3a1a4un



Bapuanrt 5.

130
334
456
877
432
633
238

321
219
776
446
112
422
232

432
173
443
840
532
773
645

442
651
622
132
762
533
761

Bapuant 7.

430
334
456
877
432
633
238

121
619
776
446
112
422
232

432
673
443
840
532
173
645

842
651
622
332
762
633
261

Bapuant 9.

530
434
556
377
332
633
438

621
219
776
446
112
422
232

432
673
443
840
532
173
645

442
651
622
332
762
533
761

Bapuant 11.

530
534
356
177
432
633
438

301
219
776
446
112
422
232

432
673
443
840
532
773
345

402
551
622
332
762
533
761

Bapuanr 13.
130 321

534 219
456 776
877 446
532 112
532 412
238 232

432
673
443
840
532
832
645

242
651
622
332
762
162
761

533
144
632
542

721
354

533

632
542

721

354

233

632
582

721
354

533

632
542

721
354

133
344
632

EEER

321
762
511
631
226
652
631

621
762
511
631
226
652

331

321
762
511
631
226
652
631

621
762
511
631
226
652
231

621
762
511
631
226
226
831

390
224
299
761
331
967
562

520
424
299
761
331
467
162

620
324
219
561
331
467
262

120
324
209
761
331
560
362

354
204
299
761
331
931
162

330
334
456
877
432
633
238

630
334
456
877
432
630
238

530
134
456
877
432
633
238

200
634
456
877
432
333
538

130
534
456
877
132
532

321
219
776
446
112
422
232

321
219
776
446
112
422
232

521
219
776
446
112
422
232

321
219
776
446
112
422
232

321
219
776
446
100
412
238 232 645

Bapuasnr 6.

432
673
443
840
532
773
645

442
651
622
302
762
533
761

533
344
632
542
o544
721
354

Bapuanr 8.

432
673
443
840
132
333
445

400
651
602
332
762
533
761

733
344
632
542
44
721
354

Bapuanrt 10.

402
673
443
840
532
773
645

542
651
622
300
762
533
761

133
544
632
542
544
721
354

Bapuant 12.

132
673
443
840
532
773
645

442
651
622
122
762
533
761

533
340
632
542
544
721
354

Bapuant 14.

432
673
443
840
532
832

242
651
622
332
162
162

133
344
632
542

621
762
511
631
226
652

631

621
762
011
631
226

652

631

621
762
011
631
226
652
631

221
562
511
631
226
652
631

320
224
299
761
331
567
562

120
224
290
761
331

167

262

420
224
299
461
331
507
162

520
224
200
761
331
467
262

621 354
762 204
511 299
631 761
530 226 301
544 226 931
761 354 831 162



388
434
156
107
600
103
238

200
334
456
877
432
603
208

Bapuanr 15.
230 321 432 442 533 621 320
334 219 673 651 344 762 224
456 776 443 622 632 511 299
877 446 840 332 542 631 761
432 112 532 762 544 226 331
633 422 773 533 721 652 567
238 232 645 761 354 631 562
Bapuanr 17.
330 321 432 542 500 121 420
234 219 673 451 344 762 424
456 776 443 622 632 511 299
107 406 140 132 342 601 261
632 112 532 762 544 226 331
633 422 773 533 721 652 117
438 732 645 761 304 631 760
Bapuanrt 19.
319 321 132 542 540 121 520
434 219 373 451 344 262 924
756 776 443 602 632 500 209
107 406 140 132 342 601 261
632 112 532 762 544 200 331
113 422 773 533 721 652 117
238 732 545 361 304 931 660
Bapuant 21.
321 102 242 530 101 420
219 373 451 344 262 924
770 403 112 132 560 289
406 140 132 342 601 261
112 532 762 544 200 331
722 773 533 721 652 117
702 545 361 304 131 760
Bapuant 23.
305 532 442 533 621 110
219 673 651 344 762 224
776 443 622 632 511 299
446 840 332 542 631 761
112 532 762 544 226 331
122 711 503 441 652 217
932 645 761 354 231 462

230
334
456
877
432
633
238

630
234
456
877
432
633
438

310
434
456
107
632
613
738

300
434
156
107
672
103
238

321
219
776
446
112
422
232

300
304
456
337
400
603
258

Bapuanr 16.

542 500
651 344
622 632
332 542
762 544
533 721
761 304

321
219
776
446
112
422
732

321
219
776
406
112
422
732

321
219
770
406
112
722
702

432
673

840
532
773

665
219
776
446
112
122
932

432
673
443
840
532
773
645

Bapuanr 18.
542 540

451 344
622 632
132 342
762 544
533 721
761 304

832
373
443
140
532
773
645

121
762
511
631
226
652
631

121
262
511
601
226
652
931

720
424
299
761
331
567
560

220
924
299
261
331
117
360

Bapuant 20.

102
373
403
140
532
773
545

242
451
112
132
762
533
361

530
344
132
342
544
721
304

Bapuant 22.

442 533
651 344
622 632
332 542
544
533 721
761 354

762

621
762
511
631
226
652

631

Bapuant 24.

532
673
443
840
532
711
145

442
651
622
332
762
503
761

453
344
632
542
504
441
354

121 820
262 924
560 289
601 261
200 331
652 117
431 160

320
224
299
761
331
567
562

621 190
762 250
511 209
631 161
226 181
652 217
631 162



Bapuanr 25.
370 611 532 402 453 621 190

304 219 673 651 344 762 250
556 716 443 102 632 511 269
330 446 840 332 542 631 161
400 112 532 700 504 226 180
303 122 211 503 441 652 207
203 932 145 761 754 631 102

3AJJAHUE 5

Pa3paboTath mporpaMmy Ha aarOpUTMHUYECKOM SI3BIKE JUIS IEPEUMCICHHS BCEX Pa3IMIHbBIX
CIIOB, TOJIyYEHHBIX MEPECTAHOBKOW OYKB JAaHHOTO ciioBa. IlepedyncianTh BCE pa3indHbIC
nepecTaHoBKH OykB. JIJIs JaHHBIX MHOXECTB COCTABUTh IPOM3BOIAIIYIO (DYHKIIHIO
COUYCTaHWH 3JIEMEHTOB M TMIEPEYNCINTh 3TH coueTanus. J{ins muoxxectsa A ={a, b, ¢, d, e, f,
g}- mepeuucnuTh codeTaHuWs MO 4eThipe 3nemeHTa. Jlns mHoxkectBa B ={a, b, c, d}-
ICPEYUCIINTD COYETAHHUS C IMOBTOPEHHUSAMH IO YETHIPE DJIEMEHTA, B KOTOPHIX JJCMCHT a
MOJKET BCTpeuaThCs He 0ojice TpeX pas, dJaeMeHT b — He Ooiiee ABYX pas, 3JIEMEHT C — He
Oosee Tpex pas, aneMmeHT d — He OoJiee YeThIpex pas.

Bapuanrt 1.
1) A= «OamiHs»; B= «ceccus».

2)A={a,b,c,d, e f g} k=3; B={a,b,c,d}, k=5, k; =2, ky =2, ks =3, ks=1.

Bapuant 2.
1) A= «my3bikay; B= «cTynmeHT».

2) A={a, b, c, d, e f} k=4; B={a,b,c d}, k=3, ki =2, k» =4, ks =4, k.=3.

Bapwuasnr 3.
1) A= «BecHa»; B= «rHOMOHY.

2) A={a, b, c,d,ef g} k=5 B={a,b,c,d}, k=6, k; =1, k, =3, ks =3, ks=4.
Bapuanrt 4.

1) A= «mecus»; B= «ropoay.

2) A={a, b, c,d,ef g} k=6;B={a,b,c,d}, k=4, ks =3, k, =3, ks =1, ks=3.

Bapuanrt 3.
1) A= «raneny; B= «obmako».

2)A={a, b,c,d, e f g h} k=4;B={a,b,c,d}, k=5, ki =3, ko =4, k3 =2, ks=2.
Bapuasr 6.

1) A= «ctpenay; B= «BopoTay.

2) A={a, b, c,d, e f} k=2;B={a,b,c,d}, k=6, ki =2, k, =3, ks =4, ks=2.
Bapuanr 7.

1) A= «ynunua»; B= «BopoHay.

2) A={a, b, c,d,ef g} k=3; B={a,b,c, d}, k=5, k; =3, ky =5, ks =1, ks=2.

Bapuasnr 8.
1) A= «cupom»; B= «mos0Kk0».

2)A={a,b,c,d e f} k=4;B={a,b,c,d}, k=6, ki =2, k, =3, ks =3, k;=4.

BapwuanT 9.
1) A= «xuuray; B= «romot.

2)A={a, b, c,d,ef g} k=5 B={a,b,c,d}, k=3, ks =3, ko =4, ks =4, ks;=1.
Bapuanr 10.



1) A= «psibuna»; B= «omoBo».

2) A={a, b, c,d, e g}, k=3; B={a, b, c, d}, k=5, k; =2, k, =3, k3 =3, k;=4.
BapuanT 11.

1) A= «crommuay; B= «oropomy.

2)A={a, b, d,ef g} k=4; B={a, b,c, e}, k=6, ks =3, k, =4, ks =2, ks=2.
BapuanT 12.

1) A= «aBopHuK»; B= «xocMocy.

2) A={a, b, c, e f g} k=5;B={a,b,c,f} k=4, ks =2, ky =2, ks =3, ks=4.

Bapuanrt 13.
1) A= «orypeny; B= «komaoHHa».

2) A={a,c,d, e f g} k=3;B={a, b, e d}, k=7, ki =4, k; =1, ks =2, ks=3.

Bapuant 14.
1) A= «meutay; B= «s10m0H».

2)A={a,b,c,d,ef g, h} k=6; B={a,b,c, d}, k=5, k; =3, ky =3, ks =3, ks=1.

Bapuanrt 15.
1) A= «1atok»; B= «koaokom».

2)A={a,b,c,d,ef g h} k=5B={ab,c, e} k=6, ki =2,k =3, ks =4, k=3.

Bapuanrt 16.
1) A= «mHTerpanm»; B= «3ano3a».

2)A={a, b, c def g} k=5 B={a b,c, f} k=7, ki =4, k=4, ks =2, ks=2.

Bapuanr 17.
1) A= «apsiuky; B= «rmarom».

2) A={a, b, c, e f g} k=6;B={a,b,c, h}, k=5, ks =3, k; =2, ks =3, ks=2.

Bapuasnr 18.
1) A= «commat»; B= «romosay.

2)A={a, b, c,d,ef g, h}, k=7, B={a, b,c, e}, k=3, ki =2, k, =3, ks =4, ks=1.

Bapuanrt 19.
1) A= «kpeimay; B= «ocHOBaHUMY.

2) A={a, b, c,d, e, g} k=5;B={a,b,c, h}, k=6, k; =3, ko =4, ks =2, ks=4.

Bapuanr 20.
1) A= «baner»; B= «6omotoy.

2) A={a,b,c,d e f g, h} k=6;B={ab,c, d} k=5, ki =2, k, =3, ks =4, ks=3.

BapuanT 21.
1) A= «uautkay»; B= «1omotoy.

2) A={a,c, d, e f g} k=5;B={a,b,c,d}, k=5, k; =3, k, =4, ks =4, k,=2.
Bapuant 22.

1) A= «3apeBo»; B= «aepeBoy.

2) A={a, b, c,d,ef g h} k=6;B={a,b,e h} k=7, ki =2, ky =3, k3 =3, ks=4.

BapuanT 23.
1) A= «cBeuay; B= «3o10TO».

2)A={a,b,c,d, e f g} k=3;B={a,ec,d}, k=8, ki =4, ky =3, ks =4, ks=2.
Bapuanr 24.

1) A= «uBeTok»; B= «3apuumna.

2) A={a, b, c,d,ef g, h} k=5;B={a,b,c, h}, k=6, ki =2, k, =2, ks =4, ks=3.
Bapuanr 25.

1) A= «dpyukuusny; B= «mamary.

2) A={a, b, c,d, e, g}, k=6; B={a,b,c, d}, k=5, k; =3, ky =5, ks =2, k,=2.



