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YAK 510.5+004.046

I.C. MinTiin
KprBOpiabKnin aepKaBHUIt NegaroriuHUi yHiBepcutet

MATEMATUYHI OCHOBU $YHKUIOHAJ/IbHOIO MNPOrTPAMYBAHHA

Y emammi ecmaHosneHo 8idnogidHicms Mid hopManbHOKW cUCMemolo A-4ucieHHA
ma  PYHKYIOHANBHUM  Npo2pamMyeaHHAM,  NPOAHAMNI308QHO, WO  30CMOCYBAHHA
PYHKUIOHONBHO20 MAMEMAMUYHO20 NPozpamMyeaHHs do3eonse onucamu obuucmoeansHul
npouec vy euznadi abempaxyid ynkyill ma ix annikauili, dosedero, wo npocmoma ma
nezkicme nNpozpam A03eosd€ po32nAdamu MOX/IUGICMb BUKOPUCMAHHA YHKYIOHANBHO20
MamemMamu4HO20 NPozpamyeaHHa Yy NPoueci Ha8YaHHA OCHOB NPozPamMyeaHHA.

Kmiovosi cnoea: ocHosu npospamysaHHs, abcmpaxkmruli mamepian, gopmansHa
cucmema, cmydeHm, KoHCmaHma, esnemMmeHm, cumaon.

MocraHoBKa npobaemu. MatemaTyHa NOriKa — 4OCUTL CKAAAHWUI NPeaMET.
0OcobamnBo Le CTOCYeThCA Takux il posginie, ak «Popmanbhi Teopii» («dpopmancHi
cuctemn»). Lie NOACHIOETLCA BUCOKMM piBHEM abCTPaKTHOCTI maTepiany. Lii posainn
YacTO BMBYAKOTLCA MOBEPXOBO: Yepes MEpPeposnoain rovH B Mexax Kypey Ha
KOPUCTb TPaZuLiMHUX posdinie («4UcneHHs BUCAOBAEHb», «JIOriKa npeaukaris
neporo nopaaky», towo). Ocobameo roctpo ua npobsema NoCTae B NPOUEC
HaBYaHHA CTyAeHTIB iHGOPMaTUYHKMX Ta GI3UYHMX CreLjanbHOCTEN, B AKMX PO3AIN
«DopmasibHi Teopii» yepes Bpak ayAUTOPHOrO Yacy MOXKe BYTM HaBiTb NOBHICTIO
BUHECEHWI Ha CamOCTilHE ONpPaLOBaHHA.

CUTYaLLit0 MOXHA MOKPALLMTU, BUKOPUCTOBYHOHM MiXKNPEeaMETHI 3B'A3KM
MaTeMaTHYHOI foTikKu. Tak, y BCTAHOB/AEHO BiANOBIAHICTL MiXK GOpManbHUMK
YACNEHHAMM Ta yHAAMEHTA/IbHUMM  PO34inamu  Kypcy iHGOpMaTMKM
(tabnuus 1) [2, 168].

Tabnmya 1
BignosigHicTb mMixk GopManbHUMU YNCNEHHAMMU Ta GyHA@MEHTaIbHUMK
po3ainamm Kypcy iHpopmMaTUKK

PopmanoHe YucneHHa Po3din kypcy iHhopmamuku

A-4ucneHHs PyHKLioHaNbHe NporpamyBaHHA
YucneHHs kombiHaTopis

YucneHHa perynapHux BUpPaziB Ta| PopmanbHUI CUHTAKCUC MOB MPOrpamyBaHHA
peryaspHux pisHocTel

MpamoniniinHi  rpamatnkn, KB-rpamatimkm,
K3-rpamatukun

Cuctemu i HaniBcuctemmn Tye MpoayKuiive nporpamyBaHHs

KaHOHIUHI i HopmanbHi cuctemu Mocta

KiHueei asTomaTh PabiHa-CroTTa DopManbHUIA CUHTAKCUC MOB MPOrpPamyBaHHA
MrM-asTomatin OnepaujiitHa ceMaHTUKa MOB NPOrpamyBaHHs
MawwuHn TolopiHra ApxiTeKTypa 0BUMCIOBaNbHWNX CUCTEM
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DopmansvHe yucneHHA Po3din Kypcy iHpopmamuku

JTiHiMHO-0BMeXKeHi aBToMaTH
KiHuesi nepeteopeHHs PabiHa-CkoTTa
AstomaTt Mini i Mypa

Jlori4yHe YncneHHs JloriyHe nNporpamyBaHHs

YucnerHs nporpam Xoapa i Jenkerpum JeayKTMBHa ceMaHTMKa MOB NPorpamyBaHHA

MeTa cTaTTi — BCTAHOB/IEHHA BIANOBIAHOCTI MixK GOPMANBHOK CUCTEMOHD
A-4ncneHHs Ta GyHKLIOHANBbHMM NPOrpamyBaHHAM.

AHani3 aKTyanbHUX pocnipKeHb. MuTaHHA [OCNiAXKEHHS
dyHAAMEHTANbHUX OCHOB IHPOPMATUKM (a pasom 3 TMM, | Npobaem BUBYEHHS
dopmanbHOi  MaTemaTMKM)  po3rnagaeTecd B npauax  B. B. JlanTesa,
H. I. Puxkosoi, M. B. LLiBeubKoro.

BUBYEHHIO OYHKLIOHaNbHUX MOB nporpamyBaHHs (PMM) npucesveHo
npaui  X. AbenbcoHa, I|.[.Kocosoi, C.M.Manapyyka, [x. MakKapri,
10. I. Mawbuug, A. A. Caccmana, k. Caccmad, P.Y. Cebecta, M. CennsaHeHa,
I. O. Tennnubkroro, A. Pinga, b. Xapsi, M. XappicoHa, E. XtoBbOHEHA Ta iH.

Buknag OCHOBHOro martepiany. [na novaTky pPO3rAAHEMO O3HaveHHA
dopmanbHOi cucTemm.

dopmanbHa cucTema (YKMCIEHHA) — Le MaTemaTU4yHa MOZENb, AKa 3aJa€
MHOMMHY AWCKPETHUX OB'EKTIB LUASXOM OMMCY MOYaTKOBMX OB'eKTiB i npasBwn
YTBOPEHHSA HOBUX OB’€EKTIB 3 NOYATKOBMX Ta BKe yTBopeHux. O6'ekTU dopmanbHOi
CUCTEMM CKNAJAK0TLCA 3 HEMOAIIbHUX eNeMeHTIB PisHKUX Buais [2, 93].

[na nobyaosu dopmanbHOl MOBU HEOBXIAHO CKOPUCTAaTUCh AKOKCH YiKe
BiZOMOI0 MOBOI Ta B TepMiHax Uiei moeu cTBopuTu andasiT i chopmyniosatu
npaeuna ¢opmanbHoi mMmosu [2, 48]. AndasiT yTBOPIOETLCA LUAAXOM 334aHHA
CUMBONIB, LLO HA3UBAOTHCA NOYATKOBMMWU CMMBOAAMMU MOBU i € HENOAITBHU MM
33 TaKUX YMOB:

a) Npv yTBOPEHHI MOBM HIKOJIM HE BUKOPUCTOBYIOTLCA TX YAaCTUHU;

6) 6yab-AKy CKiHYEHHY MNOCAIAOBHICTb MNOYATKOBUX CUMBONIB MOMHA
YTBOPUTU EAUHUM CMOCOBOM 3 /1eMEHTIB MHOKUHK NMOYaTKOBUX CUMBOJIIB.

CKiHYeHHa nNOCNIAOBHICTL NOYATKOBMX CMMBO/IB  HA3MBAETLCA
dopmynot. Popmynu yTBOPKOOTLCA BiANOBIAHO 40 BU3HAYEHMX MpPaBUI.
Jesaki 3 dopmyn oronowyoTbCA akciomamu. |, HapewTi, BCTAHOBAKOTHCA
npasusia BuBeaeHHa (abo npaeuna aii, abo npaBuna NepeTBOPEHHA), 3rifHO
3 AkMMM 3 ¢opmyn bHesnocepesHbO BUBOAMTBCA AK BUCHOBOK JeAKa
dopmyna. CKiIHYEHHa NOCAIAOBHICTb, AKA CKNAJAETLCA 3 OAHIE UM Binbworo
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uncna Gopmysn Ha3UBAETLCA [AOBEAEHHAM, AKLWLO KOXHA ¢dopmyna B
nocnigoBHOCTI € abo akciomor abo BUBOAMUTLCA HBe3nocepesHbo 3rigHO 3
ofHUM i3 npasun BUBELEHHSA 3 nonepegHbL0  YTBOPEHUX
dopmyn nocnifoBHOCTI.

BusHauatoum ¢opmanbHy cucTemy, HeobxiHO [04aTU Lie BUMOTU
edektusHocTi [2, 50]:

1) 3aaHHA NOYATKOBUX CUMBOIB MOBUHHO ByTH ePEeKTUBHUM B TOMY CEHCI,
LLIO NMOBUHEH iCHYBaTU METOA, AKUM 3aBXK AU A03BO/AE €PEKTUBHO BUSHAUUTH, UM €
AEAKUI CUMBO/T OAHMM 3 NMOYATKOBUX CUMBOJIIB MOCAIA0BHOCTI;

2) BU3Ha4YeHHsA GopmMy/n MOBUHHO 6yTM edeKTUBHUM B TOMY CEHCi, L0
NOBMHEH iCHYBAaTU METOZ, AKWI 3aBXKAWM A03BOMIAE BU3HAYUTU, UM € JedAKa
dopmyna npaBuIbHO YTBOPEHA;

3) 3a4aHHA aKCioM MOBUHHO 6yTM epeKTMBHUM B TOMY CEHCi, Lo
MOBUHEH iCHYBaTU METOZ, AKUI 3aBXKAU A03BOAE ePEKTUBHO BUIHAUUTHU, UM €
dopmyna akciomoto;

4) npaBuna BUBEAEHHA MOBUHHI 6yTM ePEeKTUBHUMU B TOMY CTPOrOMy
CEeHCi, WO MOBUHEH iCHYBaTU METOA, AKWUI 3aBXAU [03BONAE ePEeKTUBHO
BU3HAYUTU, YM BUBOAUTLCA Be3nocepeaHbo 3rigHO 3 NPaBUIaMu BUBELEHHS.

IpadiuHe nogaHHA cknamoBux dopmanbHOi cuctemn [2, 168] nokasaHo
Ha puc. 1:

dopmanpHa
cucrema

Akciomu.

Mosa dpopmansHoi Bumoru
cucTemu Mpasuna

BUBEAEHHA

edpexkTusHoCTi

Movarkosi

Dopmynu
CUMBOAU i

Puc. 1. Cknagosi ¢popmanbHoi cuctemu (B. B. J/lanTes, H. I. PuskoBa,
M. B. LLIBeLbKuit)

Ha Hawy AymKy, Take MOJaHHA He BiAobpa)kae B3aEMO3B'A30K MiXK
enemeHTamu GopmasibHOI CUCTEMM | BUMArae nepepobru:
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IMpasuna

BUBCIACHHA

Axciomu

/ Anasit \

Puc. 2. B3aemo03B’A30K CKNagoBux GopmanbHOi cucTemm

Onvwemo ¢opmanbHy CUCTEMY A-YMCAEHHA 3rigHO 3 Ha3BaHUMU
npaeuaamu Ta napanesnbHo 3 uMm Byaemo BCTaHOB/IOBATM BiAMNOBIAHICTL MiXK
A-unucneHnam i ®MI Scheme. Lo moBy mMu 06panu BUKAOYHO 3aBAAKM i
NPOCTMM CUHTAKCUCY Ta CEMAHTUIL,.

Angagim A-YMCNeHHA MICTUTb TaKi eflemeHTuU:

— KOHCTaHTU Ta 3MiHHI (NO3HaAuYalOTLCA Manumm GyKBamM NaTUHCLKOTO
andasiTy, MOXAUBE BUKOPUCTAHHA iHAEKCIB, Hanpuknag, cl, c2, X, y...);

-Bupasn abo odopmynam (abo, iHakwe, — Tepmu) (NO3HAYAKOTLCA
BE/AUKUMMU NiTepamMu NaTUHCLKOrO andasiTy, MOXK/MBE BUKOPUCTAHHA iHAEKCIB,
Hanpuknaa, M, N, ...);

— cneujanbHi cUmBoK («(», «)», «.»).

Andasit PMI Scheme:

— KOHCTaHTU Ta 3MiHHI (MOMYTb CK/NaAaTUCA 3 BEJMKUX Ta Manux ByKs,
umdp Ta cneuiaNbHUX CUMBOAIB (3@ BUKIKOYEHHAM AYXKOK), HE MOBWHHI
nounHatuca 3 undpn Ta mictuti npobinu; Hanpuknaga, cl, c2, x, y, 4...);

- efleMeHTapHi  QYHKUiT ANA BUKOHAHHA OCHOBHMX apudMETUHHNX
onepauin: +, —, ¥, / (GyHKUT «+» | «*» MOXYTb MICTUTH A€eKisibKa napameTpis (y
TOMY auchi i Ginbwe 2); Aakwo ¢yHKUia «*» 3apaHa 6e3 napameTpie, BOHA
noseptae 1, ¢yHKkuia «+» 6e3 napamerpis noseprae 0; NpyM BMKOPUCTaHHI
OYHKUji «—» BCi napameTpu, OKpimM NepLoro, BiAHIMAKTLCA Big Nepworo;
AiNEHHA CXOMKe Ha BigHIMaHHA);

- cneuianbHi cumBoam: «(», «)», «'», «.» Ta ENeMEHTAPHI NPeauKaTh «=»,
«>N, €N, «>=n, <=0,

Y ®MN Scheme BuKOpUCTOBYETLCA nNpedikCHA HOTauia (npamwil

nosbCbkni 3anuc). TobTo, iHdikcHWit 3anuc 3 + 4 B npedikcHin HOTaUiT maTume
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Burnaa (+ 3 4). Scheme, ak i 6inbwicte ®MIM, npauloe 3i cnUCKamu, WO
NO3HAYAKTLCA KPYTIMMK Ay:KKamu. KpaliHill 3/1iBa enemeHT cnucky — GyHKLiA,
iHWi enemeHTU — aprymeHTu dyHKLji. To6To, 3BUMYHMI ana Hac 3anuc f(x, y) mae
surnag (f x y). Nepesaru npedikcHol HoTaw|l:

—npedikcHa ¢opma 3anucy BUpasy MoXe MicTUTU 6Binblue, HixK 2
aprymeHTuH:

(+234);(*569);

—BOHAa NPUPOAHO POSLUMPIOETHCA, B PE3Y/bTATi YOFO OTPUMYHOTBLCA
BKAAEHI CMUCKU (KOMMO3ULLT PYHKLLIA), eneMeHTamMmn AKUX TAKOXK € CMINCKU:

(+(-634)

(*452)).

Ha popayy 00 enemeHTapHMX NpeauKkaTiB iCHYHOTb onepawii AorivyHol
KOMNO3WLi, AIKi 403BONAIOTb YTBOPKOBATU CKNALEHI NpeavKaTh:

—(and (npeaukatl) ... (npeavkatn));

— (or (npeamkarl) ... (npeamnkatn));

— (not (npeaukar)).

Tak, HanpuKkaaa, yMmoBa NPUHaNEHOCTI YMcaa X Biapisky [a, b] (x € [a, b])
BUIAAATUME TaK:

(and (>=x a)

(<=xb)).

PosrnsHemo npaausia yTBopeHHa dopmyn (abo, iHakwe, — A-BUpasiB):

A-TepMK YTBOPHKTHCA TAKUM YUHOM:

— ByAb-AKa 3MiHHA abo KOHCTaHTa € A-Tepmom;

—aKWwo M, N — L0BiNbHI A-Tepmu i X — L,OBIbHA 3MiHHA, TO BIpHO, LWO:

1) Bupas (Ax.M) € A\-Tepmom;

2) Bupas (MN) € A-Tepmom.

A-Bupas (Ax.M) — o3Havae onepaujto abcTpakuji (BU3HaYeHHA dyHKUji M 3
aprymeHTom x), a A-Bupa3s (MN) osHauae onepauito annikauii (3acTocyBaHHA
dyHKUiT M a0 aprymeHTy N).

Y &M Scheme 3aranbHa popma 3anucy abecTpakLil 418 CTBOPEeHHA GyHKLA:

(lambda (¢popmanbHi napamertpu) Tino).

Hanpuknag, GyHKUjA iHKpemeHTy (36inblueHHA aprymeHTy Ha 1) mae surnsaa;

(lambda (x) (+ x 1)).

AIKWO MM XO4eMO HaseaTM QYHKLiO, AKY OMUCYE A-BUpa3, HeobXxiaHO
BMKOpPWCTATK creuianbHy dopmy define, wo nos’asye mixx coboto im’'a GyHKUjT
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Ta il A-Bupas. Hanpuknaa;

(defineinc

(lambda (x)

(+x 1))

Y uboMy BUNaZRy A-BUPa3 CKOPOUYETLCA: ¢10BO lambda Ta aAyKKu noyaTky i
KiHUA CNWCKY BMaanaotb. Y Takin ¢opmi dyHkuin define orpumye B sikocTi
napameTpis ABi YacTuHW. Mepa — NPOTOTUN BUKAUKY GYHKLLI, AKMIA CKNAJAETLCA 3
iMeHi PyHKUIT Ta cnucky ii popmanbHUX NapameTpiB, a apyra —Tino GyHKLi.

3acTocyBaHHA OYHKLIT (intocTpauia onepauii anaikauji):

(inc 5). Pesynbrar: 6.

ABO X (AKLLO MU BUKOPUCTOBYEMO Be3imeHHY GyHKL):

((lambda (x) (+ x 1)) 5). Peaynbtar: 6.

[na 6inbwol HaoO4YHOCTI NOKaXKeMO BiAMOBIAHICTE MiK NpaBuaamMM
yTBOpPEHHA GopMysl B A-4MC/IEHHI Ta NpaBuaamm CTBOpeHHA GyHKuin 8 OMI
Scheme (Tabnuug 2):

Tabnuusa 2

BianoBiaHICTL MiXk NpaBUaamu yTBOPEHHA Gopmyn B A-4MCNEHHI

Ta NpaBUnamu CTBopeHHs GyHKLi B PMIM Scheme

A-umncneHun ®dMIM Scheme
Onepauis abctpakyji | (MN) (M N)
onepauji anaikauii (Ax.M) (define M (lambda (x) ...)

AKCIOMU A-uuCneHHs:

1. Ax.a = Ay.[y/x]a;

2. (Ax.a)b = [b/x]a.

CumBON «=» B A-YNCAEHHI NO3HAYa€E BiAHOWEHHA KOHBEPTOBAHOCTI.
KoHBepTOBaHiCTb ABOX A-BUPa3iB O3Ha4ae€, WO OAMH A-BMpa3 moxe bytu
NepeTBOPEHWI B IHLLNIA.

Akcioma 1 03HaYaE MOXK/MBICTL NiACTAHOBKM TEPMA Y 3aMiCTb BCIX BXOAMKEHb
3MIHHOI X B A-BMpa3 a. CTOCOBHO MOBM MPOrpamyBaHHA AaHa aKCiOMa TPaKTYETbCA
Tak: pe3ynbTaT 3actocyBaHHA QyHKLUil He 3anexuTb Big imeH ¢opmanbHUX
napameTpis. Hanpuknag, pesyabTtat ¢pyHKuji doublel i double2:

(define (doublel x) (define (double2 y)

(*2x)); (*2vy)).

byae 04HAKOBMM, AKLLO X 3aCTOCYBATH A0 OAHOIO 1 TOTO X Yncna:

(doublel 4) = pesynbTat4; (double2 4) >pesynbtaTt 4
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AKcioma 2 03HAYaE MOX/IMBICTb peayKuii (CnpoLeHHa Burnagy) A-Bmpasy B
NiBii 4aCTUHI WAAXOM NiACTaHOBKK b 3amicTb BCiX BXOAXKEHb 3MIHHOI X B A-BUpas a.

PosrnaHemo, Hanpuknag, Taky 3agadvy: CTBOPMTM nNporpamy, fKa
noBepTae Cymy KBagpaTiB ABOX umcen. PoO3B’A30K MOXHa CTBOPMBLLM
6e3snocepearbo yHKuio sum_of_squares:

(define (sum_of_squares1 x y)

(+ (*xx)

(*yy)

A MOXHaA CTBOPUTM OYHKLjIO, AKa NOBepTaEe KBaapaT aprymeHTy, i,
BUKOPUCTOBYHOU M i, CTBOPUTU dyHKLjO sum_of_squares:

(define (square x)

(* x x))

(define (sum_of squares2 xy)

(+ (square x)

(squarey)))

Y ApyroMy BUMagKky Mu cnpoctuan eurnsg oyHkuii sum_of_squares
LINAXOM NiACTaHOBKM GYHKUIT square.

MNepesipka:
(sum_of_squares1 2 3) (sum_of_squares2 2 3)

13; 13
IHWMI NprKNaa: cTBOPUTH GYHKLIIO, ika noBepTae Hinblue 3 TPbOX YKUcen.

Mepwmid BapiaHT po3s’si3Ky (NOCNILOBHE MOPIBHAHHSA OAHOIO 4YMcia 3
ABOMA iHLUMMMK):
(define (max_three x y z)
(cond ((and (>=xy) (>=x2)) x)
((and (>=y x) (>=y z)) y)
((and (>=zx) (>=zy)) 2))).
Y nporpami BMKOpUCTaHa OYHKLIA posranysxeHHsa cond, 3aranbHui
BUTAAA, AIKOI:
(cond (npeamkar 1 dyHKuiA 1)
(npeaukat 2 dyHKuiA 2)
(npeaukaTtn dyHKLiAN)

(else dyHKuUiaA)).
BoHa cknadaeTsca 3 cMmBoaa cond, nicaa SKoro 3anucaHi ABoeeMeHTHI
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CMUCKM, Lo CKN3AAKTLCA 3 NPeauKaTy Ta GyHKLT. Mopagok 0BuncaeHHA Takuii:
CnoYaTky OBYMCNIOETHCS NpPeauKaTl, AKWO KHOoro 3HavyeHHs xubHe -
obuncnoeTbca npegukat 2. Tak NPOJOBKYETLCA AOTU, AOKM He 3HaWAeTbeA
NpeauKkar, AKMA Mae iCTUHHE 3HavYeHHsA. B LboMy BUNaAKY pe3yibTaToM PyHKLT
posrany:keHHa cond 6yae 3HaueHHA BignoOBiZHOI ¢yHKUii. AKWO »odeH 3
NpeauvKaTiB He MaTMMe iCTMHHOrO 3HA4Y€HHA, 3HAYeHHA cond He BU3HAYEHO;
else - cnewjanbHUA CUMBOA B 3aK/KOYHIN BiTUj cond, WO BiANOBIAAE TOTOXKHBLO
iCTUHHIN GyHKLIT. AKWO *KOAEH 3 MPEeAUKATIB HE MaTUME iICTUHHOIO 3HA4YEHHS,
cond 6yae mati 3HaUeHHA QYHKUJT, AKA 3HAX0AUTLCA ¥ BiTUI else.

Y Apyromy BapiaHTi PO3B’A3KY BUKOPUCTAHO GYHKLIIO Max, AKa NoBepTae
Ginblue 3 ABOX Yncen:

(define (max x y)

(cond (> x y) x)
(else y))).

Lle £03BONAE MOXHa OTPUMATM €NEeraHTHy, ane Big UbOro He meHW
edekTnBHy dopmy 3anucy GyHKLii max_three:

(define (max_three x y z)

(max (max x y) z)).

Mpasuna sugedeHHa TepMiB, AKI 334a10Tb XapaKTEPUCTMKMU BiAHOLWEHHA
KOHBEPTOBAHOCTI:

1) akwo a=b, To ca=cb.

MoBOIO NpOrpamyBaHHsA, Lie NPaBWUIO TPAKTYETLCA Tak: Pe3ynbTaT GYHKLi,
3aCTOCOBAHOI A0 OAHAKOBWX aprymeHTiB, Byae ogHakoBuid. Hanpuknag;

(define a 6).

(define b 6).

B pesynbTati Takux ain 6yno ctBopeHo Agi GyHKUji-KOHCTaHTWM a i b 3
0AHaKOBUM 3HAYEHHAM 6.

3acTtocyemo GyHKL;jIO iHKpeMeHTy 80 aprymeHTis a i b:

(inc a) > peaynbTat 7; {inc b) > pesynbTaT 7.

2) aKkwo a=b, To ac=bc.

TobT10, pe3ynbTaTM 0AHAKOBUX GYHKL]M, 3aCTOCOBAHMX 40 OLHOTO i TOrO
X aprymeHTy, 6yayTb 04HAKOBI:

(define (a x) (+ x 1)); (define (b x) (+ x 1)).
B pesysbTari: cTBOpEHO ABi oAHaKoBi GyHKUiT PyHKUT a i b. Toai:
(a3) > pesynbrar 4; (b 3) > pesynbraT4.
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3) akwo a=b, To Ax.a= Ax.b:

(define a (define b

(lambda (x) (+ x 1))) (lambda (x) (+ x 1)))

OgHaKkoBi PyHKLT MaloTb 04HAKOBI Tina.

4) a=a (pedneKcHBHICTb);

5) akwo a=b, To b=a (cumeTpuyHicTb);

6) akwo a=b i b=c, To a=c (TpaH3UTUBHICTb).

BucHOBKMU.

1. ®yHKUjOHaNbHUI MigXig 40 NobyA0BM MOB MPOrpPaMyBaHHA A03BONAE
peaniayBaTv B HUX OCHOBHI NONOMKEHHA A-4MCNEHHS.

2. 3actocyBaHHa OMIT A03BONAE onNucaT 0BYUCAIOBANILHUI Npouec Y
BMrAAi aberpakuin GyHKLIN Ta ix anikaujin.

3. MpocToTa Ta nerkicte Nporpam AO3BOAAE PO3rNAAATU MOMAMBICTD
BUKOpMCTaHHA PMI y npoueci HaBY4aHHA OCHOBAM MPOrpamyBaHHA CTYAEHTIB
NPUPOAHNYO-MATEMATUYHWX CMELLiaIbHOCTEN.

JNITEPATYPA

1. WHdopmaTMKa: BSHUMKAONEAMYECKMA Cc/oBapb 448 HaumHaowmx /[ Cocr.
O. A. MNocnenoe. — M. : Meparoruka-Mpecc, 1994. - 352 c.

2. Nantes B.B. MeTtoguueckan Teopuss obydeHUs UHbopmaTHKe. AcCNeKTbl
dyHaameHTanbHOM noarotosku / NlanTes B. B., Penkosa H. W., Leeukuin M. B. - CM6. : Usa-
go C.-MeTepb. yH-Ta, 2003. - 352 c.

3. Yépu A. BeegeHue B maTemaTumueckylo aormky. T. 1. / Yépu A. =M. : Usg-Bo

WMHOCTpPaHHOMN uTepaTypbl, 1960, — 486 c.

PE3IOME
B cmamee ycmaHoeneHo coomegemcmeaue mexwdy gopmaneHoll cucmemoll A-
ucquCneHuUA U (PYHKUUOHGABHBIM  MPOZpaMMUPOBAHUEM, MPOAHANUSUPOBAHO, 4Mmo
npumMeHeHue YyHKUUOHANIBHO20 MameMamu4yeckozo npo2pamMmMupoeaHus nossonsem
onucame esiucaumensHeill npouecc e sude abcmpaxuyul gyHxyul u ux npunoxceHull;
dokazaHo, 4Ymo npocmoma U /Ae2KoCMb MPoZpaMM o038ondem paccmampueams
BO3MONCHOCMb UCMONb308AHUA (PYHKULUOHANBHOZO MAMEMAMUYECKO20 NPOZPAMMUPOBaHUS
8 npoyecce obyyeHUs 0CHOBAM NPO2PAMMUPOBAHUA.
Kniloueabie cnosa: ocHoes! npozpammuposaHus, abecmpaxkmeeill  mamepuan,
opManeHas cucmema, cmyodeHm, KOHCMaHma, s1eMeHMm, CUMBOS.
SUMMARY
The article established the correspondence between the formal system of A-calculus
and functional programming, analysis, the use of functional mathematical programming to
describe the calculated process as an abstraction functions and their applications, it is proved
that simplicity and ease of application to consider the use of mathematical operate
programming in teaching students the basics of programming
Key words: bases of programming, abstract material, formal system, student, a
constant element, the symbol.
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