MATEMATUYHE MOJIEJIIOBAHHA TA YHMCEJIBHI METO/JI

KIBEPHETMKA
a KOMM'IOTEPHI
TEXHONOTi

Ha ocnosi nymepayiii cxinuenHux OUCKpemHux
nocuioogHocmeti  noOy008aro Hymepayii  0is
YOMUPLOX KOMAHO MAWUHU 3 HeOOMedHCeHumu
pecicmpamu (MHP). 3a oonomozor yux biexyii
susHaueno Hymepayii 015 ycix npoepam MHP.

Kniouogi cnosa: mymepayis, cedenes Ko0o8uil
HoMep, Oia2OHANbHUL MemOoo.
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METOAU HYMEPALLII 5
AUCKPETHUX NOCNIAOBHOCTEU

Beryn. Hymepariis, abo xomyBaHHS, AMCKPETHUX TTOCIHI-
JIOBHOCTEH BImirparoTh (yHIAMEHTAJIbHY POJb Yy Teopii
pO3ITi3HABaHHSA Ta OOYHCIIOBAHOCTI. 3a IOTIOMOTOI0
KOJyBaHHSI OTPUMYIOTh Koau abo iHIEKCH mporpam Ta
obOuncmoBaHnx (yHKIiH. BcraHOBIEHO, 1O iCHYIOTH
YHiBepcanbHiI MporpaMu, TOOTO MPOTpaMH, sSKi peanizy-
I0Th yci iHmi nporpamu. Lle oguH 3 OCHOBHUX pe3yibTa-
TiB y Teopii oOuncmoBaHocTi. Ha ocHOBI Hymeparii muc-
KpeT-HUX TochifoBHOCTEeH [emenms IOBIB Teopemy Ipo
HETIOBHOTY apH(pPMETHKH.

Teopema 1. HacTymHi MHOXWHH SBISIOTHCA €()EKTHUB-
HO 34HCIICHHUMHU:

(a) NxN,

(b) N*xN*xN™,

(€) Ukso N K, MHOXHHA YCiX CKiHUCHHX MOCIiZOBHO-

CTEl HaTypaJbHUX YUCEIL.
llosedennsi.
(@). Biekmis o: NxN — N Bu3HavaeThcsi PiBHICTIO:

a(m,n)=2"(2n+1)-1. OueBuaHo, MO (GyHKIiA O 00-
yrciaroBana. EdexkTuBHa 0OYHCIEHHICTH 3BOPOTHOI (PYHK-
Lii BUTIKA€ 3 TOro, O 0L © MOKHA 331aTH TAKAM YHHOM:
gy =
o (%)= (0y (%), 02(X)) 4

ae oy,0, — oOuucieHi (yHKUi, sSKi BH3HAYAIOTHCH
Ha ocHOBI piBHOocTell  oy(X)=(X+1);, oa,(X)=
=1/2((x+1)/ (2“1()() —1)). (X)y = nokasHuK P, y pO3K-
JajeHHl X Ha IpocTi MHOXKHUKM ansa X,Yy >0, py=0,
P =2, p, =3 Tomo.

(b). dns siBHOTO 3amanns Oiekiii & :

N*xN*xN" — N BuxopuctoByeMo QyHKIIiIO O 3 (a):
g&(m,n,q) =a(a(m-L,n-1),qg-1).

Tomi & 7(X) = (o (o (X)) +1, o (0 (X)) + 1 ap (X) +1) .
Ockinbku QyHKIii o, 04,0, €hEeKTUBHO OOUMCIIEH], TO
i pyHKuii & ta gt — rakox e(eKTUBHO OOYHCIIEHI.

(). Biexuist B: Uy.g N¥ — N sagaerscs ToTo)HiCTIO

B(ay,...,a, ) = 2% + 2%+ o

g dutay +a3+2 28+t 8y +k-1 1.

+... +
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OueBuaHo, mo ¢yHKUisA B edexkTuBHO oOuucneHa. [ng ycranosneHHs OieKTHBHOCTI [ Ta oOumc-

JIEHHOCTI B_l(x) BHKOPHCTOBYEMO (PaKT TOTO, IO Y KOKHOTO HATYpPAIBHOTO YHCJA € PIBHO OJHE MPEJ-
CTaBJICHHS y JIBIAKOBIN MO3UIIIHHIN cucTeMi. TakuMm 4MHOM, JJIS1 JAHOTO X MOXKHA €()eKTUBHO Ta €NUHUM

4MHOM BKaszaT yucia K>1, ta 0<b <b, <...<by, Taxi, mo x+1=2% +2% 1 4+ 2% roxi orprumyemo

BL(X) =(ay,...a), e & =hy, &, =b,, —b -1, 1<i<k).
Hymepauis nporpam. B po0Oori [1] Oyno oOpaHo ifeanizoBaHuii KOMII'I0TEp — MallnHa 3 HEoOMe-
keHumu pericrpamu (MHP). MHP mictuth HeoOMexeHe uucio perictpis Ry, Ry, Rs,..., KOXHUI 3 SKnX

y OyIb-sIKMif MOMEHT Yacy MICTUTb NI€BHE HaTypajbHe Yuciio I,. MHP Moxe 3MiHUTH BMICT PericTpiB Ha

BiNOBib esikoi koManau. CKiHYeHUH CITUCOK KOMaH] YTBOPIOE Mporpamy. ICHye YoTHpH BUAM KOMaH/I.
Komanau oonyainns. /s koxxHoro n=12,3,... Mae micue komanaa oonyinenus Z(n). Komanna

Z(n) npumymye MHP 3aminutu BMicT R, Ha 0, He TOpKalO4H iHII PEricTpH.

Komanau nonaBanus oqunumi. [ koxxHoro n=1,2,3,... icHytorh komauau S(n). [Tix BrmmBom
xomanau S(n) MHP 36inbiye BMicT perictpa R, Ha 1, 3anumarouu 6e3 3MiH BMICT {HIIHX pETicTpiB.

Komanau nepeaapecanii. /s xoxxkaoro m=12,3,... Ta n=12,3,... iCHyl0OTh KOMaH/I1 IIepeajipeca-
nii T(m,n). Komanga T(m,n) 3amiHioe BMicT R, u4ucioM Iy, iK€ 3HaXOAUThCA B R, iHIII pericTpu
3aJIMIIA0THCS 0e3 3MiH.

Komanau ymoBHoro nepexoay. /s ycix m=1,2,3,..., n=12,3,... Ta 4=12,3,... iCHyIOTb KOMaH-
ma J(m,n,q) . [pumyctumo, mo ug KomaHaa 3yctpinack y nporpami P . [lopiBHIOEMO BMICT pericTpiB
R, Ta R,. Haui, sxmo I, =r,, To MHP nepexoaurs 10 BUKOHaHHA (| -i KOMaHau nporpamu P, aKmo
I, # I, , To MHP nepexoauTs 10 BUKOHAHHS HACTyNHOi KoMaHu nporpamu P . fIxmo ymoBHuMH nepexin
HEMOXKJIUBHUH 3aBISIKK TOTO, 110 B P MeHmie HbX ( komann, To MHP npumnunse pobory.

ITo3naunmo mMHOXHKHY ycix komang MHP K, a muoxwuny ycix nporpam I1. Koxna mporpama ckia-
JIA€THCSI 3 CKIHYEHOTO CIMCKY KOMaH]I.

Teopema 2. Muoxnaa K edeKkTHBHO 3UMCIICHHA.

Josedenns. Buznauumo Oiekniro A: K — N, sika BimoOpakae KOMaHAW YOTHUPHOX THITB y HATY-
panpHi uncna Bugy 4u, 4u+1, 4u+2, 4u+3 BignosigHo. BukopucroByemo ¢ynkuii o ta &, ski

BHU3HAYCHO IIpU ILOBG,Z[CHHi TECOpEMU 1.
AMZ(M)=4(n-1), A(S(n)=4(n-1) +1,
AT (mn)=4a(m-L,n-1)+2,
AJI(m,n,q) =4&(m,n,q) +3.

Take BH3HAYCHHS MMOKa3ye eeKTHBHY oOuHCcIeHHICTh QyHKil A . s oGunciieHHs k_l(x) 3Haxo-
JITh CIIOYaTKy Taki uncina U ta r, mo X=4u+r g1 0<r<4. 3HaueHHs I BKa3y€ THUIl KOMaHIU

A 7H(X), a u gosBose 3HaiiTH KOHKPETHY KOMaH/ly JaHOT'O THIIa, a CaMe:
skmo =0, 10 A (X)=Z(U+1),
sxmo r=1, 1o A7H(X)=SU+1),
skmo F=2,710 A +(X) =T (o (U) +1), at, (U) +1),
skmo =3, 1o A71(X)=J(m,n,q), ze (M,n,q)=E"(u).

Orxe, GyHKIis A ~1(X) eeKTHBHO 3unCICHHA.
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Teopema 3. Muoxuna I1 epeKTHBHO 3UnCIICHHA.

Hoeeoenns. Buznaunmo 6Oiexnito y: I1 — N HacTynmHUM 4MHOM Ha OCHOBI Ol€KLIA o Ta A TeopeM
1 ta2: akmo P=1y,l,,..., 15, T0 y(P)=B(A(l1),....A(I5)). Ockinbku o Ta A — Oiexuii, To i y € Oiekui-
€10, a epekTUBHA 00YMCICHHICTh QYHKIIA O, A Ta 00epHEHMX A0 HUX 3abe3neuye eQeKTHBHY OOUHC-
JIEHHICTb y Ta v

Biexuis y Bimirpae BaxIUBY poiib y Teopil pekypcuBHUX (yHKIii. Yncno y(P) HasuBaeThcs Ko10-
BUM HOMEpOM, abo rezieneBUM HomMepoM nporpamMu P . Beaxkaemo, mo P, = nporpama 3 K0g0BUM HOMe-
pom n=y7%(n). 3aBmsiku noOya0Bl y HEPIBHICTH M # N CIPUYMHAE BIAMIHHICTE nporpam B, ta B,
X04a BOHH MOXXYThb OOYHCIIOBATH OIHY 1 Ty X (QyHKUito. BaximBo, mo ¢ysnkuii y ta y_l e(eKTUBHO

obumcieni, To0TO:
(a). Mo mawniii mporpami P moxHa edexTrBHO 3HaWTH 1T KoH0oBHiA HOMEp Y(P) .

(b) . ITo nanomy HOMeEpY N MOkHa €(EKTHBHO 3HAUTH Mporpamy P, = vy (n).

Hymepauis o0uuciaenux ¢ynkuin. Ha ocHoBi Hymepamii mporpam MokKHa HepeHyMEpOBYBAaTH
obumcieHi (QyHKIIT a Tako 00JacTi BU3HAYCHHsS I MHOXKMHY 3HadyeHb. Hexaii f wactkoBa ¢yHKIis

N" — N . Ipumnyctumo, mo P — nporpama, a a,...,a,,b e N . O6uncnenus P(a,,a,,...,a,) 30iraerbcs
no b, axmo P(a,ay,...,a,) d Ta B 3axumouHii KoHiryparii y perictpi R, 3Haxomutecsa b. Lleit daxr
sa3Havaetbest K P(ay ,8y,...,a,) ¥ b. Iporpama P MHP-o6uucmioe f , skmo ams ycix a,...,a,,b mae
micue P(a,ay,..., ay) b Toxi i Tinbku Toxi, KoM ay,...,a,,beDomf Ta f(a,a,,...,a,)=b. Oynkuis

f — MHP-o6uncnena, skiio icHye nporpama, ska MHP o6unciroe f .

Knac MHP-o6uucnennx QyHKiiii Bu3HadaeTbes uepe3 ¢, a kmac N-mictHux MHP-o0umcnennx
GbyHKiil — uepes ¢, .

Jns koxxHOi mporpamu P pe3ynbraToM 3acTocyBaHHS mporpamu P 1o HawanbHOI KOHQiryparii
BUIY & ,3p,...,8,0,... € euHa N-MiCTHA QYHKIs, AKa OOYMCIIOETHCS POrpamMor0 P i BU3HAYAETHCS

SIK fp(n). Lle Bu3HAUCHHS O3HAYAE, IO fén) (ay,.,8,) — emne b, Take, mo P(ay,a,,...,a,) Vb, saxmo
P(a,a;,...,a,) | He BU3HAYEHA, AKIIIO P(a,,ap,..ay) T

Jnst xoxxHoro a€ N, n>1 no3HaunMo (pgn) =n-MicTHa (yHKIs, KA OOUHCIIOETHCS MIPOrPAMOI0
P,= féan). Hexaii f — omHomicHa oOumciena ¢ynkuis. Toxi noBuHHA 3HaiTUCH nporpama P, Taka, mo

f =¢,, ne a=y(P). Ockinbknu ju1st KoXkHOT QyHKIIT icHye 6araTo pi3HHX OOUHMCIEHHX IPOTrpaMm, y Jikc-
HOCTI B KOKHOI (D)YHKIIIi € HECKIHYEHHO 0arato iHJIeKCiB. AHAIOTIYHO TeopeMaM | — 3 MHOKHUHU QYHKITiH
¢ Ta ¢, 3UMCICHHI.

HacrtynHa Teopema mokasye, IO ICHYHOTh HeoOuucieHi (yHKuii. Imes JOBeICHHS CIHUPAETHCS
Ha BiJIOMHUH JiaroHanbHuN MeToq Kantopa [2].
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Teopema 4. IcHye HeoOUnCIIeHa BCIOU BU3HAUYEHA (200 TOTaIbHA) QYHKILiS.
Hoeeoenns. 3HaxoaaTh TOTaNbHY pyHKLiO f , ika 0OJHOYACHO BIAPI3HAETHCS BiJ KOXKHOI QPyHKIIT y

HepeiueHti Qp, P, Qy,... kaacy ¢;. [lokmagemo f(n)=(¢,(n)+1, sxmo 3HaueHHs @,(n) BU3HaueHO, 0,
SKIIO 3HaYeHHA ¢,(N) He BH3HAuYeHO. TakuM 4YMHOM, Ui KOXkHOro N ¢yHkuia f Bigpi3HAeTbCA
Bil @, y Toumi n: skmo @,(n) Bu3HaueHo, To f BigpisHAeThCA Big ¢, TuM, mwo f(n)=e,(n),
AKIIO ¢, (N) He Bu3HaueHo, To f BimpisHAeThes Bix ¢, TuM, mo f(n) Bu3HAueHO.

Ockinbku f Bifgpi3HAeTbCS Bif KOXXKHOI omHOMICcHOT GyHKLIT ¢, , To f He mpexacraBieHa y mepeni-
YeHHi Kiacy ¢ 1, TAKMM YHHOM, He € o0uncieHoro. OueBuaHo, mo f — ToTansHa QyHKIIS.

Meroxn nobGynosu gynkuii f y Teopemi 4 — npukiaa giaroHanbHoi KoHCTpyKii Kantopa. s imes €

LEHTPABFHOIO Y IOBEICHHI 0araThoX pe3ynbTaTiB, SIKi HAJIEKATh 10 OOYMCICHHOCTI Ta PO3B’I3yBaHOCTI.
Hagenemo Teopemy, sika Mae Garato BayxJIMBHX 3actocyBaHb [2]. Hexait f(X,y) — oOunciena ¢pyHk-

mis. Toxi mist KoxkHOro (ikcoBaHOro 3Ha4yeHHs a 3MiHHOI X QyHkuia f — ogHomicha dyskuis g,
ne g,(y)=1f(ay). Ockinbkn @, oOyucieHa, To BoHa Mae iHaekc e, f(a,y)=¢.(y). Hactynna
S,m,n -reopema KiniHi mokasye, 1o iHACKC € MOXXHA 3HAWTH 3a 3HAYCHHAM a.

Teopema 5. s-m-n — Teopema. [Ipunyctumo, mo f(X,y) — oOumcnena ¢ynkuis. IcHye ToTansHa
obuucnena pyukuis K(X), taka, mo f(X,Y) =@y (Y):

BucnoBku. Ha ocHOBI HyMepariif CKIHYeHHUX AUCKPETHUX IMOCIiTOBHOCTEN OOy J0BaHO HyMeparlii
Uit 9oTuphox komann MHP B HatypansHi uncna Buay 4U, 4U + 1, 4u + 2, 4u + 3 BimnmoBigao. KoxxHa

mporpamMa CKIIAJaeThCs 3 CKIHUEHOTO CHMCKy KoMaHA. Ha ocHOBI Giekmiii st 4oTupbox komanny MHP
BU3HAYECHO B3aEMHO OJIHO3HAYHI HyMepaii 1y ycix nmporpam MHP.
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Introduction. Numeration, or code, discrete sequences act fundamental part in the theory of recognition
and estimation. By the code get codes or indexes of the programs and calculated functions. It is set that the
universal programs are that programs which will realize all other programs. This one of basic results in the the-
ory of estimation. On the basis of numeration of discrete sequences of Godel proved a famous theorem about
incompleteness of arithmetic.
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Purpose of the article. To develop synonymous numerations by the natural numbers of eventual discrete
sequences programs and calculable functions mutually.

Results. On the basis of numerations of eventual discrete sequences numerations are built for four
commands of machine with unlimited registers (MUR) in the natural numbers of type of 4u, 4u +1, 4u+2, 4u+3
accordingly. Every program consists of complete list of commands. On the basis of bijection for four
commands of MUR certainly mutually synonymous numerations for all programs of MUR. Thus, on the basis
of the set program it is possible effectively to find its code number, and vice versa, on the basis of the set
number it is possible effectively to find the program.

Conclusions. Synonymous numerations by the natural numbers of complete discrete sequences are devel-
oped mutually, programs for MUR and calculable functions. Leaning against numeration of the programs it is
set in the theory of calculable functions, that the universal programs are, that programs which will realize all
other programs. By application of the calculated functions and s-m-n theorem are got to operation on the calcu-
lated functions: combination ¢x and @y, giving work @@y, Operation of conversion of functions, effective opera-
tion of recursion. Thus, the index of function @@y is on the indexes of x and y [2].

Keywords: numeration, Godel code number, diagonal method.
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