
1. OElqhE CBEAEH]49 O g3btKE,
nEPEBO4E U CTPyKTPE TPAHCTT9TOPA

Maccosoe [pou3BoAcrno 3BM, 6srcrpo Bo3pacraloqar ponb MaJrbrx lr oco6es-
HO nepcoHaJrbHbrx 3BM npurenlr n seo6xoAHMocrH ;l^aitru HoBble MeroAbr r.r cpeA-
CTBA NPOTPAMMIIPOBAHH' TIPI,IKNAAHbIX H CHCTEMHbIX 3AAAII. B grOU BONPOCC

AocrHrHyr orlpeAeneHllfi nporpecc, oAHaKo HI{ HoBbre rrHcrpyMeHTaJrbHEre cHcre-
MbI, HIr nosefimue rexHoJloruu u nosefimue crvtrrvt nporpaMMHpoBaHr,rr (noruuec-
rcHfr, roHrlenryalruufi u gpyrue), He Hapyrrrunu ocHoBonoJrararcuero 3HarreHnt
aJIropIIrMI.IqecKI{x q3bIKoB n pa:pa6orre xax 6agosoro [porpaMMHoro o6ecne'{e-
Hrar 3BM, TaK rr pa3Jrr{qHbrx nporpaMMHbrx cpeAcrB AJrr HerrporpaMMr,rcroB.

B nocneAuee BpeM.f, nce 6omurylo nonynrpHocrb 3aBoeBbrBaror zurropaTMuqec-
Kue r3brKr{, rrof,B}rBrrluecg s 80-x roAax, TaKHe xax llacral:.',Cu, AAauAp. Ycnex r
paclpocTpaHeHl,Ill 3TrIx t3bIKoB cB{3aH He TOJTbKO C BKJrK)qqHHeM B .rr3blKu HOBbIX
cpeAcrB orrvca}j'vs. n o6pa6orrll cJIoxHbIx crpyKTyp .qaHHbrx, Ho r{ c paspa6orrofi
Ha.4exHblx r.r s$QexrunHblx TpaHcntropoB c 3Trrx r3brKoB. floclelnee o6ssano e
nepBya oqepeAb rrpaKruqecKr4M u HayqHbrM pe3ynbraraM, nonylreHHbrM B Teoplru
cuHTaKcuqecKr{-yflpaBnreMoro [epeBoAa r.r MeroAax rpaHcrsrlr.rH.

1.1.  Gxeua pa6orbt  rpaHcneropa

Kaxraq BbIqucJIureJIbHa.s MamprHa r{Meer csofi co6crseunslfi r3brK rrporpaMMr{-
poBaHrrs - r3brK KoMaHA r.tJlr,r MarrruHHrrfr s:rrx - u Mo)r(er LrcnonH.srb nporpaMMbl,
3a[r{caHHbre roJrbKo Ha 3ToM s3brKe. c nououltro Ma[ruHHoro r3brKa, B npuHrlune,
MoxHo onucarb mo6ofi aJrropHTM, Ho 3arparbr Ha nporpaMMupoBaHr{e 6ylyr upesnu-
qafiHo BeJIuKIr. 3ro o6ycnoBneHo reM, lrro l*aaurunHufi s3brK no3Bonter orrrrcbrBarb lr
o6pa6atrnarb Jrrlrrb npuMr{TrrBHbre crpyKTypbr AaHHbrx - 6ur,6afir, cnoro. IIpo-
r-paMMHpoBaHr{e B MatrrHHHbrx Kolax rpe6yer upe:uepHofi AerarH3arlur4 rrporpaMMbr
H AocrynHo nr{rlb nporpaMMHcraM, xopouo 3Ha}oxlrrM ycrpoiicroo n SyunrluoHlrpo-



O6u1ue ceedenun o fl3tilKe, nepecodc u cnprlKn1)pe npeHctnnopo

BaHHe 3BM. llpcoro;rerb 3ry rpyAHocrb H tro3BoJrlrJrrr r3r,rKrr BbrcoKofo ypoBHr (@op-
rpaH, fIJVl, flacKaJrb, cu, Aga, H Ap.) c pa3Br.rrbrMn crpyKTypaNrll AaHHbrx H cpe.q-
crBaMrr llx o6pa6orxu, He 3aBHcrrqHMH or r3brKa rourperHoii 3BM.

AlropuruuuecKue t3sIKH BbIcoKoro ypoBH{ o6la4arcr AocrarorlHo nrrcorcofi
u:o6pasuremsofi cHJrofi, oHH Aaror Bo3rvroxHocrb nporpaMMHcry AocraroqHo IIpo-
cro n yAo6uo olltcblBarb aJIropHTN{[,I peIUeHHr MHornx npr{KnaArrbrx 3aAarr. Taxoe
orlrcaHHe Ha3bIBaIoT ttcxoduoii npozpturt,ttotT, a R3ux BbrcoKoro ypoBHr - exodHdrt
n3bIKO 4.

flswxoett.tt npo4eccopdt't Ha3[,IBaror nporpaMMy Ha rlraurrrHHoM {3brKe, fro-
3BoJl{lorlyrc BLIqHcnHTeJIrsofi trlauruHc floHr.rMarb pr BbrnonHrrb rrporpaMMbr Ha
BXoAHoM r3brKe. Pa:ru.Iarcr ABa ocHoBHbrx rLI[a r3blKoBb]x npolleccopoB: HHTep-
nperaropbr H rpaHcnflropu [2].

?Iuntepnpeman op - 3To rrporpaN{ilra, Koropar B Kar{ccrBe BXoAa rofiycKaer
nporpaMMy Ha BXoAHOM r3LrKe H rIO Mepe pacno3HaBaHr{s KOHcrpyr<qnil BXoAHoro
r3brKa peaJrr{3yer Hx, BbrAaBa.rr Ha BbrxoAe pe3ynbrarbr Br,rr{HcreHHfr, npegnucauHtre
ucxoAuofi nporpalruofi.

Tpaucnnmop nporpaMMa, Koropar AonycKaer Ha BXoAe r{cxoAHyro
rlporpaMMy H nopo)rqaer Ha cBoeM BbrxoAe IIporpaMMy, QyurquonaJrbHo-3KBr{Ba-
neHTHylo ucxoAHoii, Ha3bIBaeMyIo o6terctnuoit. O6rexrsa.s nporpaMMa 3anr{cbrBa-
erct Ha o6rerrsolr r3brKe. B qacrgou cJryrlae, o6texrntru r3brKoM Moxer cJryxcuTb
uaruuunuii f3brK, H B STOM Cnyqae nonyrreHHylo Ha BbrxoAe rpaHcJuropa [po-
rpaMMy MoxHo cpa3y xe BbrrroirHnrb Ha 3BM (npouHrepnperlrpoBarb). IIpu eroivr
3BM xergercq uHrep[peraropoM o6r'enrsofi [porpaMMLr B N{aur.rHHbrx ro4ax. B
o6Iueu cryr{ae o6terrHufi sgrrx Heo6.s3arerbHo AonxeH 6srrr, lrauruHHbrM HJIH
6ru:xurtr K rreMy (anroxo4ou). B ravecrse o6rexruoro r3brKa Mo)Ker cny)Knrb
ueroroprrfr npo.LreJtymoquu.i nsatx - '3LIK, lexarqrrii Mcx.qy BXOAHbTM r.r Ma-
IIII,IHH6IM '3bIKAMH.

Ecru s KaqecrBe o6rexrnoro t3brKa r{cnonb3yercs rrpoMexyro.rnr,rfr t3brK, To
BO3MO)r(Hbr ABa Bapr{aHTa nocTpoeHHr TpaHcnrTopa.

flepeufi BapHaHr - Anr npoMexyrorrHoro r3brKa HMeercr (unlr pa:pa6aru-
naercx) apyrofi TpaHclqrop - c npgMe)KyroqHoro r3brKa Ha Ma[rHHHtrii, n on uc-
loJrb3yercr B KairecrBe rrocreAHero 6lora npoeKrr.rpyeMofo rpaHcJrrropa.

Bropofi BapI-IaHT rlocrpoeHHt rpaHcrrfl ropa c rrcrroJrb3oBaHr.reM npoMe)Ky-
TOqHOTO t3brKa - nocrpoHTb HHTeprrperarop KoMaHA npoMexyrolrHoro r3blKa H
ucloJrb3oBarb ero B KaqecrBe nocneAHero 6lora rpaHcnrropa. flpeuuyqecrno
HHTepnperaropoB npo.f,Bnterct B orJlaAoqHbrx H AHanoroBbrx rpaHcJrf,Topax, o6ec-
netlllBaloulux pa6ory nonb3oBareJlr B AuarroroBoM pexrdMe, BnJrorb Ao sHeceHLrfi
r.rsMeHeur,rfi B nporpaMMy 6e: ee uorroprtofi nonnofi reperpaHcnrrlur.r.



Cxev a pa6om at nrpailcrtmopd

I4urepnperaropbr lrcnonb3ylorcr raKxe u nprr 3Mynsqnn nporpaMM
rroJrHerJHH Ha TexHoJrofHrrecKofr Ma[IHHe rrpofpaMM, cocTaBJreHFrr,rx Ant Apyfofi
(o6rerruofi) uauruHrr. flaHnsrii BapHaH! B qacrHocru, HcnoJrb3yercr npu orJraAKe
Ha yHHBepcalsHofi 38M nporparvlM, Koropble 6yayr BbrrroirHrrbcq Ha cnerlnanlr3u-
poBaHHofi 3BM.

Tpauclxrop, Hcfrorlb3yrorquii s KarrecrBe BXoAHoro t3blra x:rrr, 6nu3Kufi r
Marrrr.rHHoMy (arroro4 urH accelr6,rep), rpa4uuuoHHo Ha3brBaror accen1nepo.rr,t.
Tpauclarop Arq r3brKa BbrcoKoro ypoBHr Ha3brBaror Kortnunnmopo.Lt.

B nocrpoeuur.r KoMnEJItropoB 3a rrocrreAHue roAbr AocrrlrHyrbr 3Haarr{TeJrl-
Hbre ycnexu. flepnue KoMrrnnrropbr HcnoJrb3oBaJrr4 TaK Ha3brBaeMbre npr.Ltbte ile-
modu mpaHcrnquu - oro npeuMylqecrBcHHo oBpncrnqecKlre MeroAbr, B Koropbrx
Ha ocHoBe o6qefi v1ev l\s, raxAofi KoHcrpyxurrr{ r3brKa paspa6arrrnarcs csofi ar-
roprrrM nepeBoAa B MarxllHHbtfi ersusareHr [2]. 3ru ueroAsr 6srru ue4leHHbre H
He lrocr.rJrn crpyKTypHoro xapaKTepa. B ocnosc Nrero.qr{Kr{ [poeKTupoBaHrrr coBpe-
MeHHbrx KoMnr{tl{TopoB JIe)KI{T KoMrIo3rIuHourl,rfr cuumaKcwtecKu-ynpaennetrctil
uemod o6pa6orrlr r3brKoB. KoN{nosuquonnrrfr B roM cMbrcire, qro npoqecc nepeBo-

Aa rrcxoAHofi nporpalrurt s o6lerrHylo peann3yercr KoMno3uquefi $yHxquouam-
HO He3aBrrCUUUX OrO6paNeUUfi C 'BHO BbrAeJIeHHbrMH BXOAHbIMTT rr BbIXOAHbIMI,I
crpyKTypaMu AaHHbrx. Oro6paNeuus, iru crporrcfi H3 paccMorpeHu.s ucxoAnor"r
nporpaMM;r, i(aK KoMrro3vrrJrru ocHoBHblx acneKToB (ypoeHefi) onucaHrrr BXoAHoro

t3blKa: JIeKCT{KII, CHHTaKCITCa, CeMaHTLIKI,I H [pafNIaTHKH, II BbItBJIeHnt 3TI,IX acneK-

ToB H3 rlcxogHofi [porpaMMbl B xoAe ee KoMnHirrr]nu. PaccuorpuM orlr acneKTbr c
qenbro nonyqeuur y[poqeHHofi uo.ueru KoMnunrropa.

Octtosofi nrc6oro ecrecrBeHHoro HJrlr r.rcKyccrBeHHoro r3brKa sBrs.ercfr

anSaeum - ua6op AonycrnMbrx B r3brKe 3JreMeHrapHbrx 3HaKoB (6yxn, un$p u

clyxe6Hsrx :Harcor). 3uarclr Moryr o6reglrHrrr cfl B crosa - oJIeMeHTapHbre KoH-

crpyKrIHH.rr3brKa, paccMarpr.{BaeMbre B Texcre (nporpauue) ran HegerHMbre crrM-
BOJrbr, LTMeIOITIHe O[peAeneHHblfi CMr,rCn. c,rOSOV MOXeT 6Urr H OAttHO.tHrIfi
crrMBoJr. Hanpuuep, B .f,3brKe flacxam crroBarvru rBrrrrorct lr4enrn$urcaropbl, KJIro-
qeBbre cJIoBa, KoHcraHTbr r{ pa3.qenuTeJru, B rracruocrr.r 3HaKH apuQueruvecKHx

r.r roruqecKHX o[eparruil, cro6ru, 3arrrrbre H Apyrue cr{MBoJrBr. CronapHsrfi co-

cTaB 13brKa BMeCTe c oIrI{caHrreNa cnoco6os HX npeAcTaBneHrrt cocTaBrrf,roT /€K-

cuKy fl3rtKa.

Crosa B r3brKe o6reAnssrorc.s s 6oree cJloN$bre KoHcrpyKIrHH - npeAJroxe-

uuq. B .s3brKax ilporpaMMr4poBaHr,rr npocrefrurulr npeAnoxeuueM rBJrrercr oneparop.
llpegroxenu.n crporrcs r{3 cJroB u 6o-nee npocrblx [peAnoxeHufi no [paBr.{naM cuHraK-

cvca. CuHmaKcuc fl3brna rrpeAcraBrl-ser co6ofi o[ncaHlte npaBHJrbHbIX npegloxeuufi.

Orntcanne cMbrcna npepoxeHuii, t.e. :na.reHufr croe H HX BHyrpeHnux ce.a3efi, co-

CTaBJUICT CAuAHmUky fl3blKa. B AOrrOnHeHHe OTMeTITM, rrro KOHKperHar [pofpaMMa He-
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ceT B ce6e HeKoTopoe Bo3AeI"IcrBLIe Ha'rpaHcnrTop - [parvaT[r3M. B conoxynHocrn
CHHTaKCITC, CeMaHTITKa U npazuamll3,1., fl3blKa o6pa3ylor cavlromuKy r3r,IKa.

l lepeno4 nporpaMMbr c oAHoro fi3r,rKa Ha Apyrofi, B o6rucNr clyqae, cocrour B
u3MeHeHI'IlI alQanura, JIeKcTIKH t{ cHHTaxcuca 13brKa nporpaN{r\,rbr c coxpaHeHr{-
eM ee ceMaHTlrKH. IlpOqecc rpaHcnrur.tH ucxorHofi nporpaMMbr r o6rerrnyro
o6hrrHo pa:6unaercr Ha HecKoJrbKo He3aBrlcr{Mr,rx floAilpoqeccoe (Sa: rpaHcnr-
quu), roropbre peanH3yrorcq coorBercrByroxIuun 6:roxaulr rpaHcnrropa. yao6-
HO CqHTarb  ocHoBHbrv l r  sa :a rn lH  TpaHcnru r rH  neKcH. {ec ru f r  a ]F 'a i l v3 ,
cI{HTaKcHqecxHfr ananu3, ceMaHTHtIecxufi aHaJrrr3 rr cHHTe3 o6texrHofi lporpaM-
llbt. Teu He MeHee, Bo MHoTHX peaJlbHbrx KoMrrr.rJrrropax 3TH rlasrr pas6nBarorct
Ha HecKoJrbxo uo4sas, Mofyr raKxe 6urr u Apyrue sa:u (HanprrMep, orrrr{Mu-
3auuq o6rexrnoro KoAa) [5]. Ha puc. I . 1. noxasaga ylpoueHHax Synxunoua,rr-
Har MoAeJrb rpaHcnrropa.

B coorsercrBnvt c grofi uoAerbro BXoAHar [porpaMMa npe]KAe Bcero rroABep-
raerc.fi JleKclrqecKofi o6pa6orxe. Ifenr JleKcr{rrecKoro aHaJrH3a - nepeBoA HcxoA-
Hofr nporpaMMbl Ha nHyrpeunufi t3bIK KoMrrun{Topa, B KoropoM KnrorleBbre cJroBa,
ugeHruQHraropbr, MerKr{ tr KoHcraHTbr npHBe.qeHbr K oAHoMy rfopruary rr 3aMeHe-
HbI yCJIOBHbIMLI KOAaMLI: r{HCTOBbIMH HnH C}IMBOJIbHbIMH, KOTOpbre Ha3blBatorct
AecKpnnropauu. Kaxrufi Aecrpunrop cocror,rr rr3 AByx qacrefi: KJracca (runa)
JreKceMbr r.r yKa3arent Ha aApec B naMrrH, rAe xpaHr.rrcx uHsoprnlarlHr o KoHKper-
nofi nexcelre. O6n.*ro era uH6opnraqnr opraHrr3yercr B BuAe ra6luu. Ognonpe-
MeHHo c [epeBoAoM r.rcxoAHofi nporpauMbr Ha BHyrpeHHHfi ssrlx Ha 3Tane
JIeKcHiIecKoro aHanl{3a trpoBoAlrrcs ]reKcutrecKuil xoumpona - Bbt.rrBJreHHe B npo-
rpaMMe HeAolycTuMbrx cJroB.

Cnpaeovnux o6pasoa o6uerroe
axoAxoi r,r o6uerrno[ nporpaMM

Ceiraxru.{ecrui
aHarh3 t4 ct4HTe3

o6terrxoi
nporpaMMbl

Puc. I . 1. VnpoulenHal rlynxqlrouanrnaff Mojlerrb rpancnrropa



C x e.t r a paSo nt at n pailc.,ttnt o pq

CuHraxcnqccKHfi aHanrr3arop BocrrprrrrHMaer BbrxoA JreKcHsecKoro aHaJur3aro-
pa H repeBo.qflr nocneAoBareJrbHocrr o6paros JreKceM s Qopuy npouexyrouuofi
npofpaMMbr. flpouexyroqHas flporpar\{Ma flBnflercfl) no cy[recrBy, rrpeAcraBJreHH-
erlr cHHTaKcHrrecKoro AepeBa nporpaMMbt. floc:reguee orpaxaer crpyKrypy HcxoA-
uori nporpauMbr, T.e. noprAoK r{ cBfl3rr NrexAy ee oneparopatrlr. B xoAe rrocrpoeHHt
CIIHTaKCIIqeCKOfO ,AepeBa BLIIIOJIHxeTCfl. Cl.tHnlaKCttqecxUti KOHwpOtTb - BbItBJIeHHe
clrHTaKcuqecxlrx ourrr6oK B nporpaMMe .

(Daxruqecxutu BbIXoAoM cuHTaKcuqecKofo aHaJrrr3aropa Mo)Ker 6r,rrr noc:re4o-
BareJlbHocrb KoMaHA, Heo6xognuslx .{nr roro, qrofibr crpoqTb [poMexyrorrHyto
ilporpaMMy, o6paularrcr x ra6rlrqau cnpaBoqHnKa, BbrAaBarb, KofAa:ro rpe6yer-
cr, AuarHocruqecKue coo6rqeHr.rr [5].

cuHres o6r,exrsofi [porpaMMbr Har]14Haerct, KaK npaBr{Jro, c paclpeAenelvs.rr
BblAereHu.fl naM-xrl{ AJI"a ocHotsHbrx nporpaMnansrx o6r,erroe. 3arel,r nporr3BoAr.rr-
cr lrccJreroBaHHe Ka)KAoro [peAnoxeHHr ncxoAuoii nporpaMMbr H feHepr.rpyrorc.s
ceMaHTIrqecKH 3KBUBaJIeHTHbIe rlpeAno)KcHllr o6rexrnoro r3brKa. B xauecrne exo4-
Hofi uHQopuarrHr{ 3Aecb r.rcIIonb3yercr c]rHraKcHqecKoe AepeBo nporpaMMbr H Bbr-
xoAHr,re ra6lnqsr reKcuqecKoro aHaJrx3aropa - ra6luqa u4eHruSuxaropoB,
ra6luua KoHcraHT H Apyrue. Asalu: AepeBa rro3Boirrer BbrrBr{Tb rrocneAoBarenb-
Hocrb reHeprrpyeM;rx KoMaHA o6rerruori ilporpaMMbr, a no ra6luqe u4eurusu-
KaTOpOB OnpelensrcTcr Turrbr Kor\,raHA, KoTopbre AorrycTuMbr Arq gHaqeHufr

orrepaHAoB B reHepr{pyeMbrx KoMaH.4ax (uanpuMep, KaKHe rpe6yercr nopoAurb
KoMaHAsr: c Suncuponassoii r.rJrn rrnaBaloqefi rovxofi r.r r.a.).

Henocpe4crBeHHo reHepaqur.r o6rexruofi [porpaMMbr qacro [peAruecrBy-
eT c e-M aHmltv e crcuir aH ar Lt3, roroprtfi BKJlIoqaeT pa3nrlqHble BITALI c eMaHruqe crofi
o6pa6ornu. OAlrs zt BnAoB - rrpoBepKa ceMaHrtrqecKux coruraureuuil s nporpaM-
ue. flpnruepbl TaKHX corJlatu cH HI"I : eAH HcrBeHHo crb orruc aHu;r KaxAoro rr.{eHTrr-

Ql l r<aropa B nporpaMMe, onpeAc.r reHt{e nepeMeHHof i  npou:nog.urcf l ,  Ao ee
uc[ojlb3oBaH:'1,s, v r.4. CelraurNqecxuii aHaJrH3 Mo)rccr BbrrroJlHrrbc fl v Ha 6olee
[o3AHrrx Qa:ax rpaHcnrqurr, HanpuMep, ua $a:e orrTuMn3arluu nporpaMMbr, Ko-
Topaf, Toxe Moxer BKrrroqarr,cr B TpaHcnrrop. I_{enr orrruMu3arl coKpalle-
HHe BpeMeHHbrx pecypcoB rrJur pecypcoB oneparnBHofi rtauxrlr, rpe6yeuux glr
BbI[oirHeHI{x o6r,exrnofi nporpa*rurr.

Taxoerr ocHoBHbre acrrexTbr npouecca rpaHcnruuu c r3brKoB BbrcoKoro
ypoBHr. l lo4po6Hee opraHrr3auur pa3JrrrqHbrx $a: rpaHcnflrluH rr cBf,3aHHbre c
H uMrr Irp aKTI{qe c KlI e c n o c o 6 st HX Nl aTe MaTaqe c Koro onrrc aHr.r-s p ac c MaTpr{BaroT-
ct HI{xe.
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O6uyue ceedeuun o t3btKe, nepeeode u cnlpyKntype tnpaHcrnmopa

1.2. OnncaH[e Bxo4Horo e3brKa rpaHcneropa

flepaoe, qro orJrr.rqaer oAHH r3brK nporpaMMupoBaHru or rpyroro - 3To HX
cfiHTaKcrrc. ocHosHoe Ha3HaireHlre cHHTaKcuca - npeAocraBHTb cncreuy o6oaHa-
'{eHnfi 4lx o6ueua unSopuaqueii uexry nporpaMMucrorvr }r rpaHcnrropou. o4Ha-
Ko' Irpu paspa6orxe geranefi cIIHTaKcHca qa[]e ]rcxo.qrr rr3 BTopocrerreHHblx
KpI{TepI,IeB, Ha3Har{eHHe Koropbrx: c4enarb rrpofpaMl,ry yao6nofi AJrr irreHur, Hanr{-
cauug. I.{ TpaHcnsql4l{, a raK)I(e cAenarb ee oAHo3Har{Hofi. Ecma yAo6crro sre1g'ufl rr
3ailvcl| nporpaMM Heo6XOAUl,lU An{ nonb3oBarer.f, r3brKa rrporpaMMHpoBaHHfl, TO
npocrora rpaHcntqull I{ orcyrcrBne pa3HorrreHnfr e s:trxe r{Melor orHoureH}re K
Hyx.4aM TpaHcnrTopa. 3rlr rIeJrH, B o6Uertr cnyqae , npoTrrBopeqr4Br>r)rr Haxox.{eHrre
nplleMneMoro KoMrrpoMucca upu ux peueHntr rBirrercfl o:Isoi.r H3 ueHTpuulbHbrx
3aAatr npu pa:pa6orxe fl 3brKa nporpaMMr.{po BaHrrr.

Paepa6orxa HoBoro t3blKa rlporpaMMnpoBaHHr HaqrrHaercr c orrpeAeneHr{.fi ero
cHHTaKcilca. [nx onucaHufl c]rHTaKcnca r3brKa rrpofparurrnpoBa:avfl., B cBoro oqe-
peAb, Hy)KeH TaKx(e nercoropslfr KJracc. fl:trr, [pellHa3HaqeHHtrfi Anr orrucaHHfl Epy-
foro g3blKa,  Ha3bIBator  i lemQnshrKo.r r .  9 : t rx .  Hcno. ' Ib3yeMsrf i  A lg oI IHcaHHt
cHHTaKcvca .fi36lKa, Hzl3blBalor i4enlecuHntoKcuqecKulr f,3brKoM. B veracnnraxcpl-
!IecKI,IX t3brKax Ucnonb3yercr cfieuHanbHafl coBoKyrrHocrb ycnoBHbrx 3HaKoB, Ko-
ropar o6pa:yer Horaquro groro r3brKa.

I'Icropz.recKI{ nepBIIM MeracuHTaKcHqecKHM t3bIKoM, Koropbrr"r HcnoJIb3oBaJI-
Cf Ha [paKTnKe Ant OIIuCaHIIt CuHTaKcllca f,3bIKOB npolpaMlv{I{poBaH[q (r vacr-
HOCTr,r  Al ro la-60) ,  xurrorcf l  Hop,Manbuue Qopnat  Eexvcct .  coKparr leHHo
o6osHa.rarcr EHO - 6erycora HopManbHar $opvra nnu 6exyco-HaypoBcKar $op-
Nra. ocnosHoe Ha3HaqeHze rfopvr Feryca cocror4r B rrpeAcraBrreHr.ru B cxaroM H
KoMnaKTHoM BHAe cTporo SoprtlansHblx n oAHo3HarrHbrx npaBr{Jr HarrucaHr,r.s oc-
HoBHbrx KoncrpyKqr.{fr ouucunaeMoro 13btKa rrporpaMMvpoBaHr{r.

OopnralrHoe o[peAeneHlre cr{HTaKcHca r3brKa nporpaMMHpoBaHHr o6rr.rHo Ha-
3blBaercr zp a.u"vamurcoii.

B Qoprrae Eexyca orulcbrBarorcr ABa KJIacca o6rer<roe: 3To, Bo-lepBbrx, ocHoB-
HLIC CHMBONbI ,'I3bIKA IPOIPAMMI4POBAHH' I,I, BO-BTOPbIX, HMCHA KOHCTPYKIIHfi ONU.
cblBaeMoro t3blKa, I'IJIIT TaK Ha3bIBaeMbIg, t\t€ftxa,uLtHz9ucmLtlrecKue nepeileHHue.

KaNAas MeranlrHrBr{clrrrecKar $oprr.ryra (Sopua) o[rrcbrBaer [paBr{na ilocr-
poeHHs KoHcrpyKrllril ssrrxa u cocrour H3 AByx qacreri. B resofi HaxoArrrcr Mera-
irrrHrBtrcrHqecKar nepeMeHHar, o6osHd.{arcIllar coorBercrByrouyrc KoHcrpyKllr4}o.

.{anee cne.qyer .M em atntHzructnuqe cKctfl csfl 3Ka .'.' =, o3Haqarcurat (o[peAeJlterct
KaK) HJIII ((ecrb). B npanofi qacrll $oprtaynrr yKa3brBaercr oArrH r{JrH HecKoirrro
BapI.raHToB nocTpoeHr.rt KoHcTpyKrILru, o[peAenrervrol] s resofi iracTr{. .{la nocr-
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poenHr onpeAenreMoil sopuynoii roucrpyrur.rH Hy)KHo Bbr6parb ueroroptrfi ra-
pHaHT ee rrocrpoe]1.Ig,fl vt3 npaBofi qacrrr soprr.rylu H norcraBHTb Brrecro raxAofi
MeranuHrBrlcrllqecKofi nepeueuuoti HeKoropble qe[ortKH ocH0BHbIX c]rMBorIoB.
BapuaHru [paBol"r qacrl,t $oprraynu pa3Aen{}orcr Merilfir.rHfBncrnrrcKoil cBr3Kofi l,
HMCIOUCfr CMbICJI ((IIJII{)).

Carrrpt tueralHHrBI,IcrHqecKI.Ie nepeMeHHbre o6o:Ha.Iarcrct cJIoBaMH, norcHtlo-
ulnMH cMbrcJr onr{cbrBaeMofr rconcrpyxqHu, H 3aKJtloqarorcs B yDloBbre cKo6Ku < >.

B r<aqecrse ilprlMepa EHQ npneereM onpeAeJreHue AecrrrrrrHoro qenoro qvcr1.

. l  
.  (  4ecnruvHoe qenoe qHcno > ;:= < q14clo 6ea eHara ) |

+ < qrcno 6ee gHaxa > | -  < qi lcno 6eg 3HaKa >
2. 1 y,acno6es sHara > ::= < urQpa > | < sr,rcno 6eg gHara > < qhQpa >
3 .  < r 1 r a @ p a > : : = 0  |  1  |  2 l  3 l 4 l 5  l 6  |  7 1 8  |  e .

Hanpuuep, qucJro +294 sstso[rrrcr no $oprvrynarta cne.qyrcrrluM o6pasou:

< AecRTl4qHOe Llenoe gucro >,
+ < qrlcno 6eg guaxa ),
+ < .{r4cno 6eg gHaxa > < qilOpa >,
+ < Ltr/cno 6eg sFtaxa ) 4,
+ < qrcno 6es sHara > < ura0pa > 4,
+ < rri lcno 6es eHara ) 94.
+ < q u Q p a > 9 4 ,
+ 294.

Oco6eunocrblo MHorHx MertulrrHrBllcrrrqecKHx Sopuy:r rentercq HzuIHirHe B HHx
percypcuti, T.e. HcIIoJIb3oBaHLIe AJI' oilucaHHt KoHcrpyxunfi calrux onprcbrBaeMbrx
KoHcrpyKrlHfi. Pexypcur Moxer 6slrt rnuofi r{ HerBHofi. .feusn peKypcufl rrMeer
MecTo, HanplrMep, B npaBHne 2 r npunegeHHoM BbIIIre crrHcKe rrpaBHn o[]rcaHl,It
Aecrrr{iruoro lrHcJra. Heneuan peKypcufl rrpucyrcrByer B cnyqae, KorAa npu nocrpo-
eHLII{ KOHCTpyKIIUH Ha HeKOTOpOM [Iare UCnOnB3yeTcr MeTuuprHfBlrcTr{rlecKar IIe-
peMeHrr.u, o6osHaqarcu at c avty 3ry KoHcrpyKrlHro.

HarH'IHe peKypcufi 3arpyAHter lITeHue H noHHMaHrIe MeriurnHrBucrurrecKrlx

Qopuyn, oAHaKo 3ro eABa nH He eAllHctseHHufi cloco6, no3BoJrsroulufi c nolroulrrc
KOHelrHOfO qrrcJra rlpaBr{n, o[rrcaTb g3r,IK, KoToprtfi nroNer coAepxaTb 6ecxoHequoe
qlIcJIo IlcrroqeK ocHoBHbIX cHMBoJroB. fl:rrxu xe nporpaMMupoBaHur f,ssKoHsqHsl-
Ha Hrrx NroxHo 3anucarb 6ecnoseqnoe qucno flpaBtulbHbrx npofpaMM, H rrpu on]rca-
F^Hl1' vx cHHraKctrca c noMoulbro EHO ncerla 6yayr flpprcyrcrBoBarb .rrBHble ]rnH
He.flBHbre peKypctlH.

I3
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Ha lpar<ruxe AJrr olucaHur cnHTaKcr{ca r3brKoB rrporpaMMupoBaHur npHMeHq-
IoTCt H .{pylne MeTaJIIIHIBHcTI{qecKue t3bIKIr. OAHa ue qeneii rrx Hcnonb3oBaHvr -

ycrpaHllTb HeKoropylo HeecrecrBeHHocrb rrpeAcraBJreHrr[ B EHO oSurlrx cnHTaKcr.{-
qecKlrx KoHcTpyKrlr{fi g.n.r Heo6r3aTeJrbHbrx, anbTepHaTHBHbrx r{ noBToprrcuuxc.fl 3re-
MeHroB rrpaBrrn. Tar, 4rr olrucaHur cuHraKcrrca raKilx r3brKoB, nax KOEOI u[Illl,
I{CIIOJIb3OBZUIaCb CneAyloqat HOTaIIns, tB'Itloula.flc.fi paclxupeHHernr EHO:

E Heo6q:arenrHldi 3neMeHr BHyrprr npaBnna 3axJrroqaercr B KBaApar-
Hbre cKo6Krr [. . .].

E AnrrepuaruBHble .?JIeMeHTbI o6osHa.ramcr Bepruxa.qbHr,rNr cnrrcKoM
BapHaHroB, 3aKJrroireHHbrrr.r n QurypHbre cKo6KH {. . .}.

f] Heo6srareJlbHble aJlbrepHaruBHbre Bapr{aHTbr 0603HaqitK)rcr Bepru-
KaJrbHbIM cnHcKoM BapHaHToB, 3aKJIIoqeHHbrM B KBaAparulre cxo6xll [. . .].

E llonropxrorqufic.s 3JIeMeHT o6o:Haqaerc.r{ crrrrcKoM H3 o:IHoro sJreMcH-
Ta (3aKrloqeHnoro, ecJIIr 3To Heo6xoAr.{M, n Qr.rrypHrre trrrt KBalparHbre
cKo6Ku) co cneAyloqrrM 3a HrrM o6br.rHbrM MHororoLrrreNr . ...

D O6q:arerbHble KJrroiteBble cnoBa [oArrepKuBarorcr, a scoSs ;arclrnsre
rxyMoBbre cnoBa

flpueo4uuoe paHee o[]IcaHI,Ie EHO aecqruqHoro qHcJra B lalrHor"r Horaunn 6y-
.IICT HMCTb BH.II:

<AecFTilgHOe Llenoe > ::= <qi lopa > . . .

( qu$pa ) : :=

Taxoe onlacaHue 6oree KoMrraKTHo H ecrecrBeHHo. Olsaxo o6a onlrcanus 3KBu-

BaJreHTHbr, te. mo6oe [paBI4JIo,3arlr4caHHoe Ha SToM r3brKe. Nroxer 6srrr oAuo-

3HaqHo rrpeAcraBneHo B BHAe oAHofi LrJrlr HecKoinxux $oprr F:xyca, u uao6opor.

(Dopurr Eexyca flpeAcraBnrror 6onee Qopruanruoe onucaHne r3brKa r{ oH}r, no

cyqecrBy, HaronKHynu HccneAoBareneii na sue.{peHr{e MareMarHqccKux cpeAcrB Ant
CI{CTeMHOIO OnIICaHI.IS I{ IICCJIeAOBaHLI' t3bIKOB IIpOrpaI{MupoBaHHt, HCIIOJIT'3OBaHHe
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N'laTeNIaTilr{ecKOIO afiilapaTa KaK OCHOBI'I Ant CUHTaKCfiqCCKOIO aHaJIII3a B TDaHCJITTO-
pax, qTo no3AHee nonyquno pa3BHTlIe B pa3Hoo6pa3Hbrx Mcro.qax cHHTaK;HqecKofo
aHaryBa, ocHoBaHHLIX Ha 0OpManbHbIX cHHTaKCUTIeCKUX OnpcAeneHutx.

Heo6xorlltnlo orr\IcrllTb, t{To EHO He no3BoJrrer onrrcbrBarb KoHTeKcrHbre
3aBrrcHMocrrr B r3brKe rrpofpaMMHpoBaHHr. Hanpuuep, raKoe orpaHrrqeHr4e flac-
KANb IIPOIPAMM, KAK (I,IAC}IT}ISTIKATOP HC MOXET 6ITTS ONHCA}I ABAXAbI B OAHOM H
roM xe 6roxe>, HeJrb3r onucarb cpeAcrBaMH EHo. orpaHuqeHrrr raKofo po4a 6nu-
x(e yxe x '[pyroii xapaKrepucrllKe t3blKa - ceMaHrlrxe. floerorry 3Aecb lrclonb3y-
Iorc.s .4pyfue €peAcrBa, e o6.Jrleu cnyqae Ha3blBaer\{bre )temecouqHtnuqecKu.yu
n3brKo.\tu. OgHaxo, KaK IIpaBI4no, trpoM 3THX t3bIKoB tBrterc.g ra xe EHO.

1.3. OopMaflbHoe onpe.qeneHue c3brKoB
nporpaMMnpoBaHne

CtrcreNtaru.IecKoe rtcrIoJIb3oBaHIIe NlareMarnqecKI{x MeroAoB Ant onHcaHufl fl3br-
KoB rrporpaMMr{poBaHrrr BocxoAur r 1960 rogy. Torga 6uno o6HapyxeHo, vro Sop-
rr.rlt Eoxyca, Koropble IrcrIoJIb3oBanvrc:- /.ilx orrHcaHrrr cHHTaKcr{ca r3brKa A'I|OJI-60,
lIMeIor crpofoe Qopualrnoe o6ocHosaHile c roMorrlbrc cpeAcrB MareMaruqecrofi
Jrr{HrBrrcrHKu. c sroro BpeMeHH rr Halraracb HcropHq pa3Brrrrlfl u rrpr{MeHeHux Qop-
MaJrbHoro MareMarrrqecKoro anlapara - TeopHr.r Qopvanrnux r3brKoB u rpaMMa-
rr.rK - AJr.s [poeKrupoBaHHr n KoHcrpyHpoBaHr.rr rpaHcnqropoB.

1.3.1. CDOPMNT6H6IE NSHKU U TPAMMATNKN

flepnona.ralbHo HayKa o q3brKax - .ituHeaucnt cBoA[nacb K u3yqeHn]o
KoHKperHbIX ecrecrBeHHblx t3bIKoB, ux rraccur[HKarllrll, BbrtcHeHr,rrc cxoAcrB Ir
pa3llurlul"t Me)KAy HHMII. Bo:nrixnoseHne I,I pa3BHTHe MeraNrareMarnKrr, u3yqa]o-
ilrefi r3brK MareMarHKrr, rrpoBeAeHHe-pa6or no H3yrreHHro cpeAcrB KoMMyHlrKaqr{H
XHBOTHbTX rr npyrHe r{ccneAoBaHHs rrpr.rBenu e 30-x foAax K cyilIecrBeHHo 6olee
IXIIpOKOMy npeACTaBneHIIIO O q3bl{€e, npu KOrOpoM nol r3brKoM noHuMaercr BcrKoe
cpeAcrBo obuleHHr, cocrorrqee u: [1]:

E :naxoeoii cilcreMbl, T.c. MHoxecrBa .qonycrr{Mbrx nocrreAoBareJrbHoc-
refr gnar<oe;

E uHoxecrBa cMbrcrroB aroii cucreulr;

D coorsercrBllfl Me)Kry nocneroBareilbHocrtMl{ 3HaKoB r{ cMr,IcJIaMu, Ae-
,rIarc[Iero (ocMbIcIeHHbIMIl) AOnyCTHMbIe IIOCnCIOBareJlbHocru 3HaKoB.
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3uqrcqMu Moryr 6lnr 6yxnu an(baBura, MareMarrrqecKue o6o3HarreHus,,3Bytkr H
T.A. MareMarnqecKat nI'IHrBIrcrHKa paccMarpuBaer roJrbKo raKrre 3HaKoBbre cucre-
MbI, B KOTOpT,IX 3HaKaMIr 'BJIqIOTC.S CI4MBOJIbI HeKOTOpOTO al$aaura, a nocneAoBa-
TeJIbHOCT'MIT 3HaKOB - TeKCTbI, T.e. q3bIKU paccMaTpuBaroTct KaK IIpoIr3BOJIbHbIe
rrocJleAoBareJrbHocrH ocMbrcJreHHbrx reKcroB. llpu orou rpaBlrna, onpeAenflroque
MHoxecrBo reKcroB, o6pa3ylor cutilnaKcLtc tr3blKa, a ollucaHue MHo)KecrBa cMbIcJIoB
I,I COOTBeTCTBIT' MeNUy CMbICJIaMH It TeKCTaMU - ce 4QHmuKy n3bma. CeuaHrr.Irca
t3blKa 3aBIIclIT oT xapaKTepa o6lextoa, onLIcbIBaeMbIx t3LIKoM, H cpeAcTBa ee v3yrle-
HI'I' pa3nlrqHbl Ant pa3nHqHblx TLIIroB.g36rKoB. Cunraxcuc xe r3blKa, KaK oKa3aJroct,,
s r4eHruefi crerleHl{ 3aBIrcr{T or Haguaqenut q3LIKa LI Moxer Ll3yqarbcr MeroAaMH, He
3aBHctIqHMIr or coAepxaHvs, H H€BHarreHLrfl fl3brKa. Marelraruqecrufi annapar AJIg
v3yqenr4r cHHTaKcHca {3bIKoB rlonyqun Ha3BaHr{e meopln cpopua;auatx zpail.ivramuK.
c roqxu 3peHr{r cHHTaKcHca, s3brK 3recb noHuMaerct yxe He KaK cpeAcrBo o6rqe-
HvI8, a KaK MHo)Kecrno Qoprr.ranr'Hsrx o6rerroB - nocJreAoBarenbHocrefi cuMBonoB
arQarura. TepnlrH <<QopnarsHufi> no4.repxr.rBae! qro o6t errrr r.r onepaqnu HaA HHMrr
paccMarpHBarorc-rr qr{cro QopualrHo, 6e: xaHnx-lu6o cogepxareJrbHbrx HHTep[pe-
liaquir o6rerros. BocnpouseeAeM ocHoBHr,re repMrrHr,r u olpeAeneHuxerofiTeopHH.

Eyrcea (unu cutteon) - sro npocrofi negeluirasrfi 3HaK; MHo)Kecrro 6yxn o6pa-
:yer altoanur. AlQanurbr rBJrfrorc.fl MHoxecrBaMrr, H fro3ToMy K HrlM MO)KHO npfi-
MeHrrb reoperr,rKo-MHolKeCTBeHHrre O6OgHaqenu.s. B qacrHocrH, eclu A u B raxue
alSannnr, uro AcB, ro 6yrenr foBoprrrb, .rro A flBrrflercfr no4a.nsawrrolr B.

I{enouxa - ynopflAoqeHHzur nocneAoBareJlbHocrs 6yxr a:rSanr,rra. llycrs A -

anQarnr, TorAa IIeIoiIKLI oAr{HaKosofi lrunrl flBrrsrorcfl 3JreMeHTaM}r MHox(ecrBa:
A " : A x A  x . . . x A u : a n u c t l B a l o r c t  B  B u A e :  a t a 2 . . . a n ,  a u e  ( a , ,  d r , . . . , a n ) , K a K g r o
npHHqro Arq o6osHa.reHHr SJIeMeHTOB AeKaprOBOro [por.r3BeAeHu.s lrHoxecrr. Eyx-
BbI TaruKe qBJr.rIIOTCs rlenoqKaMlr rng. c[ry.c.ag. n : 1. [enovxa Mo)r(er u He HMerb
6yrce, rorla 3To - nyanafl LlenolrKa,6y4ernr o6o:na.{ars gry rle[oqKy cnMeorol{ },.
flpu erou l, ne ser.sercx 6yrnofi, r.e. l,e A.

I{enounu 6yaernl Ha3blBarb raKxe cnolailu. MHoxecreo Bcex Bo3Mo)r(Hbrx rle11o-
'lex (cnor) nag al0arurou A Ha3blBaror 3a tbrKeHuenr A H o6o:Ha.raror A*, TaK r{To

Ax=AoUArU. . . , 3Aecb A" = {tr}, Ar : A.

MHoxecrso A* nagsrgarcr umepa\ueil ar0anura A. MnoxecrBo Henycrbrx qe[o-
ver (cnoe) na4 ar0aeurou A S,,ceueuuan umepa\un an$anvra A) onpegelarc.rr KaK:

A - : A x \ { ) , t  :  I  l a "
\ J ^ '
n= l

I
I
I
t

- l  l , r '
LJ^
n=0



Kaxgaa qenoqKa cre A* uMeer KoHeqHyro AIrvrHy, Koropar o6o:naqaerc, qepe3
lul N panHa qr4cny 6yxn u,, npr.r 3roM lll = O.

I{enouxl't Moryr o6pasorunarb rlocJreAoBareJrbHocrr4 rlenoqeK. lrr erux qe-
lefr ucno.nr3yercr 6uuapnar onepaqur HaA rIe[oqKaMH, KOTOpar Ha3brBaerc, KoH-
rcameuat1ueil. onepaqur KoHKareHarIHl,r o6o:saqaercr 3HaKou o, oupege rfl.ercfl Ha
MHoxecrBe A* cre.{yroulurr,r o6pasou: ecJllr c[, F e A*, ro 0 0 F. a0, r.e. pe3ynbra-
roM BbrnoJrHeHr4r o[epaquu .sBJrf,ercr uenoqKa cL I,I cpa3y xe :a Hefi 3a[HCaHHa.s
qenotrxa p. onepaqux @ accoquaruBHa, Ho He KoMMyHHKaTHBHa. flpz srou l,@cr =
: cr@),: cr Arrs lro6nx qenoq€K a n loBl = lcxl + lpl.

EcrN rleno.rKr{ cocrorr ti3 rroBToprrcuuxcr 6yxn, ro npr{MeHrrcTcr coKpau{eH-
HSre o6ogHa'{ennl, vro6u noKa3arb, qro rle[oqKy HyxGo paccMaTpr,rBarb KaK IIpo-
rr3BeAeHHe 6yxr alQanzra. llosroN4y, HanpHMep, c rroMorrlbro 6yreu xel uoNno
o6paaonats qeloqKrr )": f,, xx: x2, xxn'. : xn ur.g.3ro xe Hcnonmyerafl Anfl,
o6o:naqenns noBTopf,rorqrxcs qeloqer: HarrprrMep r{e[oqKy xyxyx vro)K:rro 3arrpr-
carb KaK x(yx)2 ulla (xy)tr, trpu oroM cr,rMBojrrr (,)e A.

flpn npeo6puuoBaHr{r,r oAHr.rx qenorreK B Apyrue Ecrrorrb3yerc.s noHqrIle nodt4e-
noqKu.rlycrr cr, B e A, A - arSanur. I-{enouxa B na:rrnaerc x nod7enoarcoil u, ecjnu
ct = yF6; 1, 6e A*.

AnsrepnarnnHrru ua6opoM TepMHHon 4rx 6yrnsr, ansanura uru qelorrKr,r (cro-
ra) ren.rercr Ha6op: cto6o, croqapb u npednocrceHue coorlercrBeHHo. Conoxyn-
HOCTb rleloqeK (luu npegnoxeHufi) Ha3brBaercr t:)btKow. @opnaalruo nsam L :Hal
ar$anurou A - ero MHox(ecrBo rle[oqeK Ax, noeroMy LcA*. CneAosaremHo
oflepar{nE HaA rleflorrKaMr{ HHAyrlnpyror orrepawru Ha r36rKax. orcrcAa noJryqaeM:

U={},};L':Il '- 'L,n€ N,L* :UL" , Ij : Ut'
n=l n=0

Tarnu o6pa:ou, ucnonr:yr rrpuBeAenHyro BBrrue repMr,rHonorvro, r3brK rrporpaM-
MHpoBaHI4.g AJrt 3aAauHoro arQaeura A xsrsercr raKHM noAMHo)KecrBoM MHo)Ke-
crBa A*, Koropoe BKrroqaer s ce6.f, ToJrbKo re [peAno)KeHr4t, Koropue 6narogapa
sHeurHefi un$opuaquu o6 nx ceMaHTHKe cqr.rrarorcr ocMbrcJreHHbrMtr, T.e. yAoBner-
BOprroT cr{HTaKcr.rcy r3brKa nporpaMMr.rpoBaHr.rf, .

llpunegeuuoe onpe.qeJleHue SoprraalbHoro .n3hrKa nar mo6oro [o,[MHoxecrBa
A* ssr.fiercq qepecqyp o6qnir,t: oHo He no3Borqer BbrAeJrrrb cpeAr.r MHoxecrBa ff3br-
KOB OTAeJrbHSre HX KJraCCbr, Koropbre uc[onb3yrorcr Ha nparoure. Bu4enrrb raKr{e
KJIaCCII MOrxHO, I,IClOJIb3yr coomHolueHun Tye (ua:raHHrtur.r raK B rrecrb HopBexc_
Koro MareMaruKa, BrrepBbre Hx Hcnonbsonanruero).

Coomuoweuunuu Tye HuI3bIBaIor rIpaBHJra, corJracHo KoropbrM nro6ofi qenorrKe
a = TBi6 us A* craBrrrcr B coorBercrBlre qeroqKa F : yn,6 H3 roro xe MgoxecrBa
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A*(i: 1,2,..., n) u uao6opor. CoorHoilreHnr Ty3 rrpHBoArr K raK Ha3brBaeMbrr\{
acco\uamugHbtlv ucqucreHun.u [7]. OguaKo n cooTHorueHHq Ty3 cJrrirrrKoM o6I]Iv,
r{To6br 6rtrr ocgonofi riccneAoBanufl. TaKr,rx cBoficrB, KaK cHHTaKcuc r3brKoB [po-
rpaMMl{poBaHus. HaroxeHlre orpaHrrqeHnfi Ha rrpaBr{Jla Ty3ToBcKr.rx cucTeM

AeHI{e OAHOCTOpOHHI{X ilpaBun, B 3TOM Crryqae r4X Ha3bIBarOT nonycoot?tHoweHunilu
ilnv npodyKqut\M (o6o:uavaror rrx (Ei-+I;), trprrBeno K co3AaHuro $opvalsHoro
MaTeMaTuqecKofo a[flapaTa - Qop.uanouatil zparu4amuKa.M) KoTopr,re qBJrrroTcr,

no-cyxlecTBy, noJIycHcTeMaMu Ty3, rI KoTopbre oKa3aJrrrcb uau6olee rrpHeMneMbrM
MexaHrr3MoM onr{caHrrr r3brKoB nporpaMMrrpoBaHur.

Teopux Qopuamuux rpaMMarHK 3aHHMaerct orrucaHr,reM, pacno3HaBaHrreM Ii
nepepa6orKofi ssrmos. Ona noseorrer orBeruTb Ha prA rrpr.rKira.qHbrx BonpocoB.
Hanpuuep, Moryr irr.I r3brKu H3 HeKoroporo KJracca Z pacnoanBarbc.fi 6ucrpo u
rrpocro; rrpHHaAnexHT rru.{aHHbrfi r3brK KJraccy Z; cyryecrByror Jrrr airropurMbr,
KOTOpbre AABATM 6H OrSer Ha BOnpOCbr rUna: <llpuHa.qnexrrT l{Jrrr HeT r x:srxy L

uenoqKa c[?)) r.r r.a.

B o6qervr cnyqae cyulecrByr.or ABa ocHoBHbrx cnoco6a oIIucaHHr orAeJrbHbrx
KJIACCOB fl3bIKOB:

E c nouorqbro ropoxqaroqeii [poueAypbr:

E c nouorqbn pacno3Haroqefi rporleAypbr.

lleprax Ir3 Hux 3aAaerct c noMolqblo KoHeirHoro MHox(ecrBa rrpaBun, Ha3brBae-
r.lr;rx zpa.uuamurcoil r{ uopoxAaroruux B ToqHocrrl Te uenorrKu, Koropbre fipr.rHaAne-
)Kar.r3brKy L. Bropaa - c rroMorubro HeKoroporo a6crpaxrHoro pacno3Haroulero
ycrpoficrBa (aorouara). flpn nocrpoeHulr rpaHcrrqropoB rrcnonb3yrorcs o6a eru
cnoco6a: rpaMMaTHKa KaK cpeAcrBo onucaHur cuHmeKcuca n3blKa npozpatv.ttltpo-
BaHun, a a*mohrqm rcarc aodena arzopumrta pocno3Hqsauun npedtocrceuuil nsarrca,
roropufi r.r KJIaAercr B ocHoBy rrocrpoeHr,rr rpaHcn.flropa. TIpu 3roM MeroAr{qecKu
(u rexnorornuecxn) cHaqana KoHcrpyrrpyerc.q rpaMMarr{Ka, a 3areM yxe no Hefi,
KaK IrO UCTOqHHKy, CTpOHTC.S anrOpHTM paC[O3HaBaHr.rq.

flepefigervr rerrepb rc $oprvra-uuroMy H3noxeHrrro paccMorpeHHbrx ssrure uoHsrnfi.

1 . 3, 2. nOPOXMtOL4Afl TPAMMATUKA

O np ed en e nu e 1. 3. 2. 1 . @ opuanwroil nop o crc d anu4 e ii zp auaam uxo il Ha3blBaerct
qerBepKa G = (N, I P, S>, rae

T - xoHeqHoe Herrycroe MHoxecrBo cr4MBonoB, Ha3brBaeMoe repMr{HanbHbrur (ocHoe-

nlrlr) c:rorapeM rpaMMarlrxrl G; ::remeHTbr MuoxecrBa T Hasrrsaror repMr.rHarrbHbtMn c[M-

BoJraMr,{ (mepauuanauu) ;
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N - xone'{Hoe Heliycroe r{HoxecrBo crI\ IBOjroB, Ha3brBaeMoe Hereprl lrHaJrbHbrM (Bcno-
Mo|arerbHl'nl) cnoBaper.r fpaMNrarrjKtl  G, TnN : a,v = TuN _ o6r,eAr.rHeuunii  c,ronaps
rpa\IllallKII G; :.uel'teHrr,l rlHoxecrBa N Ha:brBarQr HerepvHHanLHbtN{H cflt{Bo.ltar't (u;t'
t t ent ep.tt ttt tct:ttt.uu);

S - naqa,tlsbll"t cuI'lBoJ'l \ctKcrto,rla) rpa,\rMarrrxu G; Se N rr o6o:saqaer ruaeubrii Here6-
nrrHaJr (qe,rr) r'par.marrrxrr G;

P - xoueqHoe r'tHoxecrBo ilpaBl{-rr rparrrrarnK', T.e. qenoqeK Br{Aa q-+\y H Ha3blBaeMbrx'taK>Ke npI6tt-;to.trtt.ttodt-tttttHoGKtt rrJrtl npodyx4ua-vtl, nptr 3ToM g, \U - uenoqKr{ B cJroBape
V:T U N u ge (T U N)*N(T U N)*, V€ (N U T)*. KoHeu'oe AByr,tecr*ro. or"ou.,.rru" ]
l r  HTeplrpe l  i lp\ercr KaK (( 3a\rer r i lTrJr- g Ha v, (( n-tH l to. lcraBHTb v BMeC ro g)).

MHoxecrso flpaBun noAcraHoBKtt P Hasbrsa]or rarutte cxe:tctti zpat1tanntKrr. [e-
froqKal cro-flrIar B neBor.i lracrn rlpaBr{na fpaMMar}rK}r, o6.asarclr,Ho COTgpXHT XOT'
6sr oArrH r{ercpr\ruHaJrbnbrr"r cr.rMBo.rr. B npanol-r xe qacrx rrpaBuna n o6uleu cnyqac
MOXer CTOf,Tb IIpOIr3ROnbHa.q qenoilKa H3 TepN{uHaJIbHbrx u HeTepMHHaJILHbIX CUM-
BonoB. BKJrroqar u nycryrc uenouxy ), .

B .ualsHeiiureNl 3-[cMeHTr,I Ir3 HerepMuHaJrbHoro cnoBapr N 6yaeu o6osHaqarr
IPONI,TCHbIMI{ JIATUHCKIIMU 6YXNAUIT A, B, C, ..., SJICIVICHTbI II: T (TCPUUHAJI6HbIC C,IM-
nOlrl) - crporIHbIMH JIarHFICKnlrAn 6yxnalru a, b, c, ..., [poH3BOJIbHLIe Ueno.]xu -

fpeqecKrrMu 6yxeaun s, 0, y...

Ey.qeN{ roBopxrb, qro llenoqKa o'He.'ocpeAcrBeHHo BLrBo.qHMa u3 ue[or]Ku cD B
rpaMN{ar'Ke G (to=+ro'), ecJru o: 6,<p€,, (D, : €,V€.u B MHoxecrBe npaB'n no,qcra-
HoBKH P Hafinercr npaBnno g-+V.

fvagr roBoprrrb, arro rleroq^a cD' Br,ruoguN,ra rr3 qerroqKrr r,l B rpaMMarunc G
(01+ o'), ecnfi Ha]'t l lcrcr rlocJle;IoBarc.rlbHocrr, qeiloqeK 0):0)0, (l),, ..., On = 0,
TaKat' qTo UerloqKa 0) I HeIIocpcIcTBeHHO BbIBOnfiNIa B IpaNII\{aTHxe G ns qenOqxpl
OJi ,  r .e .  (co=ro, . , )  npr . r  i :0 ,  1,  . . .n- l , ln6o (D' :  o) .  Bcrc.uy t . r ) ,  _  upou3BonbHa,
uenorlKa, T.e. (D € (N u T)*. OrHourcHne 3 ,rurur"ra'tcfl tnpaHsuntu1Hbt.u sa.rbrKa-
Hlrc-l l, a [ocneAoBareJlbHocrb uenorleK o,,, o,, ..., (D. -- edeodo},t \enoqKLt a^ rr3
uenorrKu 0)0 B rpaMMarurce G.

O np edet e nue l. 3. 2. 2. MrtoNecreo Bcex ueiloqeK TcpMrrHa-qbHbrx crrMBoJIoB,
BbIBOIIIA'IbIX U3 aKCHOT{E'I rpaMMaruKlr, Ha3blBaercfi tI3btKo-Lt, nopocrcdae,uat-u embrt
zpct . \n tqtnuKoi , r .c .  L(G):  [x  lS+ x,  xe T*] .

f i pnuep  1 .3 .2 .1 .  [ 1 j .
Paccvorpnr,l rpaMMarilKy G = <N, T, p, S> y xoroporZ
ru = {l},
T =  {a ,  b ,  c ,  V  & , - ,  ( ,  ) } ,
S = { I } ,
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P = {  I - + ( I V I )
I - + ( l & I )
I - + - I
t - d

I - + b
I - + c )

3ra rpauuarnKa o[r{cbrBaer {3brK 6ylenux Soprrlyn c [epeMeHHbrM]r a, b, c u
IOIHqecKuMn clyuxrlu.nuHV, &, -. [IputrepOM BbrBOAa B 3Tofi rpar\{MaTuKe rBJrreT-
C,'I BbIBO.II:

I + (IVI) = ((I&I)VI) + (a & I)VD =r ((a&b)VI) =+ ((a & b)Vc).

[lpuuep 1.3.2.2. F3utr anbnan nopoxgaercn cneAypqeft rpauuaruroi G = (N, I P, S>,
y roropofr :  11 = { I ,  A,  B,  C,  D} ,  T = {a,  b,  c} ,  S = { I } ,

p = {  i + A B A
B -+ ABCA
B - + b
b C + b b
AC -+ DC
DC -+ DA
DA -+ CA
A - + a )

flpuuepolr BbrBoAa B AaHHoii rpaMMarr.{Ke rlefiorrKr,r a2b2a2 sstsercr BbrBo.q:

I =+ ABA = AABCAA + aABCAA = aaBCAA +

aabCAA + aabbAA + aabbaA + aabbaa

Heo6xoAutr,ro orMerr.rrL, qro xorr nopoxAaroqaq lpaMMarrrKa rr orrucblBaer npo-
qecc nopoxAeHr,r{ qefloqeK f3blKa L(G), uo ollucaHHe 3To He qBr'rrerct anropr4TMlt-
qecKr.IM - B rpaMMarr{Ke orcyrcrByer oAHo H3 rJraBHblx cBoricrB anfopnTMa -

dbntep,vuuuponaHHocmb, T.e. He $urcupyercr KoHKperHufi nopagor rprrMeHeHut

rrpaBrrn noAcTaHoBKr.r rpaMMaTr4xra. 3a crreT 3Tofo o6ecne.rueaeTct KoMnaKTHocTb

onlrcannff r3brKa. 3a$uxclrponarb raKofi ilepequcn.f,Iouluii arropurM B o6rqeM cny-
qae Mo)KHo pa3nuqHbrMu cnoco6auH, Ho AJrr roqHoro gnpeAencHHr s3brKa 3Toro He

rpe6yercn. Tarurrr o6pa3oM, Qoprrralurafl rpaMMarl{Ka G [olcHrlnaJrbHo 3aAaer

MHO)(eCTBO anrOpr{TMOB rrOpOXAeHr.{t r3brKa, rrpH STOM MOLTIHOCTb 3TOrO MHOXe-

crBa anropHrMoB coBraAaer c MorrlHocrbro lL(G)1.
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llopox4arolrla{ rpaMMarr.rKa B ToM BHAe, KaK oHa 6bua onpe.{enega Bbrrrre,
'BJI'CTC' MOIIIHbIM ONHCATEJIbHbIM CPCACTBOM, HO BCC )KC CUIC OqCHb O6ITICTO

xapaKTepa. llpaxru.recKoe [pvMeHeHue fpaMMarHK CBr3aHO C pe[reHr.reM npo-
6nelall pacno3HaeaHun.llpo6neua pacrro3HaBaHH.fi pa3perxuMa, ecJrH cynlecrByer
rarofi aJrropr,rrM, xoroptrfi 3a KoHeqHoe qHcJro rlaroB Aaer orBer Ha Bonpoc,
npHHaAnexvr lrvt npoH3BonbHar uelorrKa HaA ocHoBHbrM CnoBapeM rpaMMarr.r-
KH r3brKy, nopo)KAaeMouy :roft rpaMMarr.rKoft. EcnH rarofi anropr{TM cyrqecrBy-
er, To r3brK Ha3brBaerct pacno3Ha7aeMbr.tvr. Eclu r roMy x(e qHcro maroB
anropHTMa pacno3HaBaHu.a 3aBHcr,rr or AJIr4Hbr rlenoqKu u Moxer 6urt oqeneno
AO BbrnonHeHHr anropHTMa, s3brK Ha3brBaercr JrerKo pac[o3HaBaeMbrM t8]. B
nporr,rBHoM cnyqae He HMeer cMbrcJra Becrr.r perrb o nocrpoeHr{H rpaHcnrropa
An{ HepacIIo3HaBaeMoro.rr3brKa nporpaMMHpoBaHr.rr. flosrouy Ha npaKTr,rKe pac-
cMarpHBalorcfl TaKLIe llacrHhle KJIaccBI nopoxAaloqHx IpaMMarI,IK, Koropble co-
orBercrBy lo r  pacno3HaBaeMbrM,  o  B  6onrnruHcrBe c ryqaeB r r  J Ie rKo
pacrlo3HaBaeMblM ,I3bIKaM. Hau6onee BaxHble KJraccbr raKrrx r3brKoB nroryr 6rrrr
onpeAeJreHbr B paMKax rlaccnQuraqnH s3brKoB, npeAnoxennoft s 195g r. aMe-
pr{KaHcKr{M nHHrBncroM H.Xoucruu (xlaccuQnrarlHr no Xorracxorr,ry). on npeg-
noxr,rJr rlaccnsuqnpoBarb $ oprrlalrHtre .rr3brKn IIo rr.rIIy np aBr.{n rlopo)KAaroqux
ux rpaMMaTr,rK.

Knacc 0. frpanuna BbrBoAa rpaMMaruKr,r rrMeror Sopr"ry g -+ v 6es xaKr.rx ru6o
orpaHHqeHufr ua crporr I u v.-flsHxH 3roro KJracca Moryr cnyxr,rrb Mo,qeJrbro ec-
TECTBCHHbIX '3bIKOB.

Knacc 1. Bce 3JreMeHrbr P nolyuarcr us tpoprr,ru q -+ V, rAe q : E,gE, V =

€,0€r; aEu\r€Vx, o,eN, Fe V-.flopox4arcrqa.f, rpaMMaruKa c raKuMunpaBuna-
MH Ha3blBaeTct rpaMMaruxofi ueno cp ed cm6 eHHo co cm a*rnplqux vrrrr KoHTeKcr-
uoil rpauuaruxofi (HC-rpauuaruxa)..flsrrxu, nopoxAaeMbre rpaMMaruKaMrr 3roro
KJracca, Ha3brBalor KoHmeKcmHo-3aruculrbutru. B HC-rpaurraarllKe KaXAOe npaBlr-
Jro BbrBoAa yKa3brBaer noAcraHoBKy HeKoropofi Uenycrofi qenorrKr,t p suecro ue-
TepMHHaJra c[ npH ycnoBHr.r, qro 3aMeHreuufi HerepMr,rHan o HaxoAHTcr B
oKpy)KeHr,ru \,^\r,r.e. crpoKn \r"\rpaccMarpnBarorcr KaK KoHreKcr, B KoropoM
0, MOXHO 3aMeHr.rrb Ha B. -flruxu KJracca 1 uoryr nopoxAarbcr raK)r(e rpaMMarH-
nofi, npanaa qacrb KaxAoro flpaBr.rJra roropofi He Kopoqe ero resoft qacr]r, T.e.
AnHHa rlenoqKr{ npu BbrBoAe s raroi rpaMMarHKe MOXer rOJrbKo eospacrart. Ta-
Kat rpaMMarlrKa Ha3bIBaercfl HeyKopavueanuleii. Klacc HC-rparrauarr.rx gKBlrBa-
neHreH KJraccy HeyKoparrnBarouryrx rpaMMaruK [8]. fparvrnrarrrKa rr3 ttpuilepa | .3 .2.2
rBr.qerc.s HC-rpauuaruroft, y roropofi €,6r: 1,.
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Knacc 2.Bce[opoxraroune npaBnna rpaMMaruKl{ IrMeror nu.4: A-+8, rAe A -

HerepMuHanbHblfi cuMBon, a B __ Henycrat lrenoqKa u3 Y r.e. 9.Vt 3aneHa ue-

TepMHHaJra A Ha crpoxy p nponcxoaur 6es yrrera KoHreKcra, [o3roN{y rpaMMarnKl{

3roro KJracca Ha3brBaror KoHTeKcrHo-ceo6oAHrIIull (KC-rpar"lltarnxaltu). Ec:rn Ao-
nycrrrrb, uro Be V*, T.e. Bo3MoxHa nycra.s IIoAcraHoBKa l, evecro uerepuuHala A,

To rpaMMarr.{Ka Ha3brBaercflyKopaqueant4eil KC-rparnruarurofi (VKC-rparr.rruaruxa).

,{oitasaHo, qro no nro6ofi YKC-rpair,ruarnKe Mo)KHo rrocrpor.{Tb rror{Tu ?KBHBaJIeHT-

nyro KC-rpaMMarI.IKy, T.e. nopo)I(Aalouya ror )Ke.a3bIK, rrro H HcxoAHat rpaMMarn-

Ka, 3a LrcKrroqeHr,reu nycr.ofi qenor{Ku. YKC-rparr,rMarHKH rlpelcraBntlor

npaKrl.{yecKltfi unrepec rroroMy, lITo HMeHHo oHI{ HcIIoJIb3yIorct An.s onIIcaHHt t3bl-

KoB nporpaMMr.rpo BaHn.f, . flo.{rH 3 KB HBaJIeHTHo cTL YKC u KC-rp avrvranl K rlo3Borlfl -

er cBecru r,r3yrreHne YKC-rpaurtaarlrK K r.r3yqeHnro coorBercrBytorlrHx csoficrs

KC-rpanuarnr. floarouy KC-rpar'rrnrarnKt{ Hrpalor rnaBHyro ponb npII Qopualr-
HOM U3yrIeHr4H CUHTaKCr.rCa r3brKOB nporpaMMr.rpoBaHrrfl H nocrpoeHuu 6nora cuu-

TaKcr{qecKoro aHaJII{3a TpaHcntTopa.

Knscc.l. Bce nopo)KAaloque npaBl{na l{Mercr snl: A-+bB u A-+b, rge A,Be N,

be I r.e. npaBaq qacrb npaBuJra flBilrercfl vtilv eAraHl,l.rHbIM TepN{IIHanoM, Hnu eAH-

HulIHbrM TepMHHanoM, 3a KoTopr,IM cneAyeT eAutrrlqnr,rfi HeTepr\{HHan . Azstxu rctac-

ca 3 Hagrlsalor fl3bIKaMH c KoHeqHLIM qI{cJIoM cocroqnuii vrv egnto.ttatfiHbli\llt

(perylrpusrlru) x:srxalrlr, a nopox(Aaroque ux rpalvlMarvrKLr- aBToNIatHIIMH rpaM-

MaTlrKaMu (A-rpaitlrtlarnxn). A-rpaMMaTHKH Hcnonb3yroTc.fl B ocHoBHot\I Ha STarIe

reKcHqecKoro aHaJIlI3a.

Css:r MexAy [pI.rBeAeHHbIMH KrIaccaN{H t3bIKoB u npo6leuofi pacnorHanauux

fl3brKoB Soprraynupyerct cJleAyloqeii reoperraoft .

Teope,rta 1.3.2.1. [8]. -5l:ux L(G), nopox.qaeltrtfi HeyKopaquBarculeir rpaMMaru-

rcofi G, JIerKo paclo3HaBaeM.

B:alrilaocgqsr (uepapxux) x:uron, B coorBercrBlllr c KJlaccltrlnxaqlteii Xot',tcxo-

ro, o[peAeJlf,ercfl Hl{x(ecne4yrcrqefi reopeuofi.

Teopeua 1.3.2.2. [4]. Ecnu rsnr L(G) perynxpHtrfi, ro oH KoHrcKcrHo-cso6oA-

nufi. Ecnu asur L(G) KoHreKcrHo-cso6o.qHslfi, ro q3bIK L(G)\)' - HC-gsrrr. Ecnu

rsur L(G) - HC-.fi:rtr, ro oH .sltrx rcracca 0.

C apyrofi cropour,r, ocHoBHbre KJraccbr .rr3brKoB Moryr 6urt onpe.[eJ]eHbr

KJraccaMIt a6ctparrHux pacrro3Harculnx ycrpoficrr (aerovaroe), r<oroprre rax-

xe o6pa:yror coorBercrBylotuylo uepapxnrc. Ha pnc.1.2 Ul rpI{BeAeHa Hepap-

xr.rf, r3brKoB H coorBeTcTByloque eil ltepapxuu rpaMMarLIK H aBToMaToB KaK
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pacno3Halouux ycrpor"rcTB, ocHoBHbre H3 KOTOpbrx 6yayt noApo6so o[HcaHbr
IIpu paccMorpcHl{I{ BOtIpOCOB J]eKCHqeCKOIO I{ cHHTaKCUrrccKofo aHaJrI.I3a.

Plrc. 1.2. trlepapxur r3brroB, r.paMMaruK t'r aBTo],raroB

I'I: uersrpex KlraccoB rpaMMarrrK KoHTeKcrHo-cBo6oAHbre rpaMMarrrKg Hau6o-
rree Ba)KHbr B npunoxeHuu K.rr3brKar.r npofpaMNrr{poBaHr{r. c ux nououlbro MoxHo
orlpeAenHTb 6oriruryro, xort pI He BcIo, qacrb cHHTaKcuqecKor-r crpyKTypbr .rr3brKa
nporpaMMrrpoBaHHr.

Pauee 6r,tro nonasaHo, KaK Arq onucaHut cI{HTaKcLIca t3blKa rrc[onb3yrorcr Hop-
MaJrr,Hbre QoprrGr E:ryca. Ora:rrsaercr, Mex(Ay BHO u KC-rpalmarrrKaMr{ ecrb
rrp"f,r\{ar cBr3b - oHr{, no cynrecrBy, SKBuBareHTHbI. pa3nl{qHt Kacarorc, TonbKo
o6o:Ha.reHriii. Tax cBf,3Ke (:::) u3 EHo coorsercrByer e KC-rpalrlrarr.rKe orlroue-
HUe -+, MeraJrHHfBHCTlrqeCKHM [epeNreHHbrrrl u: BHO coorBcrcrByrcr r KC_rparu_
MaTuKe  HcTepMuHaJ IbHb Ie  cuMBonb I ,  ocHoBHbIM cHMBo j l aM t3L IKa
NPOIPAMMHPOBAHII' r,r: EH@ COOTBCTCTBYIOT TCPMUHAJ]bHsIC CHMBOJIL,I KC-pPAU-
r\{aruK}r. B KC-r'parnlr\{aruKax Anfl coKpaueHr{r 3anHcr{ fipaBuna c oArrHaKoBbrML
JIOBI'II\{U qacrtMll Tarc(e co6uparor B oAHo, Hcnonb3y.rr B KaqecrBe pa3AeJIHTent aJrb-
repHarrrB :Har | (Hnlr).
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