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BBenenune. Muoroobpasue CyIiecTBYIOINUX SI3bIKOB ITPOrPAMMUPOBAHNS €CTECTBEHHBIM 00pa-
30M IPUBOJUT K BOSHUKHOBEHUIO BOIIPOCA O BO3SMOXKHOCTH IIOCTPOCHUA YHUGCEPCANbHO20 A3bIKA, T.C.
TaKOTO $3BIKA MPOrPAMMUPOBAHUS, KOTOPBIN MOAXOAM OBl [IJId Peanu3amuu JF000ro mpoekTa, He
YCTYTIast TIPU 9TOM JAPYTUM SI3bIKAM HU 110 KAKUM ITapaMerpam (T.e. He OCTaB/IsAs TEXHUIECKUX PHU-
YHMH JIJIS TIPEJNOYTEHUsT IPYTOTO A3BIKA ).

WNnadge roBopst, BOIPOC B TOM, MOYKHO JIA CO3/IaTh TAKOH $3bIK TPOrPAMMUPOBAHNSA, UTOOBI JIJIst
POTPAMMMUCTA, 3HAIOIIET0 3TOT A3bIK U JI0D0E KOJIMYECTBO JIPYTUX fA3BIKOB MPOIPAMMUPOBAHUS,
npu pereHnn J000# BOBHUKAIONIEH TPOTPAMMUCTCKON 3a/a9n BHIOOD sA3BIKA MPOrPAMMUPOBAHUS
ObLT ObI OYEBU/IEH U BCEI/IA OKA3BIBAJICA B MOJIB3Y YHUBEPCAJIBLHOIO SI3BIKA.

H3bIKI/I OPOrpaMMUPOBAHUA TPAJUIIMOHHO JIC/IUJINCH Ha BBICOKOYPOBHEBbLIC M HU3KOYPOBHEBDLIC.
Cnemyer 3aMeTUTh, UTO CMBICJ TUX TEPMHUHOB C TEUYEHHEM BPEMEHU MeEHsSICA. Kcaum m3Havab-
HO TIOJT A3BIKOM HM3KOTO yYPOBHS MOHUMAJICA MCKJIIOUUTEBHO sI3bIK acceMbJiepa, a BCE OCTaJbHbBIE
A3BIKU TTPOTPAMMUPOBAHUA CHUTAJINUCH A3BIKAMU BBICOKOT'O YPOBHHA, MpUYeM O CPpaBHEHUN OTHOCH-
TEJIBHOM <«BBICOTHI YPOBHA» ABYX BBICOKOYPOBHEBBIX A3BIKOB D€Yb HE IIljia, TO CO BPEMEHEM KOH-
LEMIUsl yPOBHS s3blKa CTaja 0osiee rrbkoit. C 0HOM CTOPOHBI, 3TOMY CIIOCOOCTBOBAJIO TOSIBJIEHUE
si3bIKa, TporpamMupoBanus C, KOTOPHIii, He sIBJIASICH S3BIKOM acceMbiiepa, O3B0, TeM HE MeHee,
OMKCHIBATH MPOrpaMMy B TepMHUHAX, O/in3kux K MamwuHHbIM. C Ipyroit CTOPOHBI, C MOsBJIEHUEM
BCE OOJIBITIEr0 KOJIMYECTBA, A3BIKOB MPOTPAMMUPOBAHUST CTAHOBUIACH 0OJiee SICHO¥M HEIOCTATOYHAS
BBIDA3UTE/IBHOCTHL TEPMUHA «A3BIK BBICOKOT'O YPOBHA», T.K. A3BIKN, ABJIAIONINECA TAKOBBIMU, OKA3bI-
BaJIUCb OY€BU/IHO IMO-PA3HOMY Y/IaJICHBI OT MAIIMHHOI'O A3bIKa U BO3MO>KHOCTEI MaIIWHBI; TaK, A3bIK
Pascal umeer ¢ BO3MOKHOCTAME MAIIUHBI TOPA310 HOIBINE 00IIero, eM, cKkaxeM, a3bik Prolog wim
s3bIK Lisp. 9T0 BUAHO XOTs OB U3 TOTO (PaKTa, 9TO JUHAMUYECKNE CTPYKTYPHI JTAHHBIX B S3bIKAX
Lisp u Prolog BxomaT B 4nC/i0 MepBUYHBIX MOHATUN dA3bIKa, TOrJA KaK B g3bike Pascal ux cieyer
CTPOUTH B SBHOM BHjE; Takke si3biku Lisp um Prolog mMeror mexanm3mbl aBTOMATHIECKONH COOPKU
MyCOpa, KAKOBbl€ B HUBKOYPOBHEBBIX TEPMUHAX PEAJIUIYIOTCH JOCTATOYHO CJIOXKHBIM 00pa30M; Ha-
KOHEII, U CAMU MOJeJI BHIYUCTIEHUS, T.6. COOCTBEHHO PAOOThI TPOTPAMMBI, B 3TUX S3BIKAX HE UMEIOT
HUYEro oOIMero ¢ HU3KOYPOBHEBBIMHU BbI30BaAMHU (DYHKIINN U MANIUHHBIMA KOMaHIAMM, TOT/IA KakK
B a3bike Pascal mgocraTodno o4ueBuIHBI MpaBUJia, O KOTOPBIM KOHCTPYKIIUAM $3bIKA CTABATCH B
COOTBETCTBHUE q)paFMeHTbI MaIlTMHHOT'O KO/a.

Haxowner, B mocieguane 10-15 et w3 mporpaMMUCTCKON TMTPAKTUKNA OKA3AJICA TTOYTH TTOJTHOCTHIO
BBITECHEH $3bIK acceMOJ/iepa, BMECTO KOTOPOro daile Bcero ucnojbsyercs sa3bik C. Cregyer 3ame-
TUTh, IYTO B 33Jla9aX, paHee PEIIABIINXCS Ha acceMOjepe, OOBITHO MPAKTUYECKH HEBO3MOXKHO HC-
[I0JTb30BATH OOJIBIINHCTBO SI3IKOB BHICOKOTO ypoBHS; C B 9TOM CMBIC/IE IBHO OTJIUYAETCS OT MHOTUX
APYTrux A3BIKOB.

BCQ 9TO CAEJIAJIO TEPMUH «A3bIK BHICOKOT'O YPOBHA» HEAJCKBATHBIM JIJI KHaCCH@I/IKaHI/II/I A3BIKOB
nporpamMmMupoBanus. B pe3ysibrare KOHIENINS YPOBHS S3bIKA TPAHCHOPMUPOBAIACH U3 OUHAPHOM
(HUBKMiT-BBICOKHIT) B OTHOCHTEIBHYIO (I3bIK L1 MMeeT ypoBeHb OoJiee BHICOKHIA, HesKen si3bIK Lo ).

YPpOBEHD S3bIKA SBJISIETCS BayKHBIM, a B HEKOTOPBIX CAyYasxX U OIMPEIe/IIIONIUM KPUTepUeM Ipu
BeIbope. Tak, cyrecTByoT mpobieMHbIe 00/1aCTH, B KOTOPBIX TPUMEHEHHUE T3BIKOB JOCTATOTHO BBICO-
KOTO YPOBH# (B 9aCTHOCTH, I3BIKOB, NMEIOIINX BCTPOEHHBIH MeXaHn3M CO0PKHU MyCOPa) OKa3bIBAeTC s
HEBO3MOXKHBIM. K TaknM 1mpobJieMHBIM 001aCTSIM OTHOCSITCS, B 9aCTHOCTH, CO3IaHNE CUCTEM Peasib-
HOTO BpEMEHU, PA3pabOTKa fA/Iep OMEPAIMOHHBIX CUCTEeM, MPOTPAMMUPOBAHNE MUKPOKOHTPOJLIEPOB
U T.II.
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B 10 2Ke Bpems CyIecTBYIOT U Takue Mpob/eMHbIe 00IACTH, B KOTOPBIX OKA3bIBAETCS HEOIIPaB-
JAHHBIM (XOTST M BO3MOYKHBIM) MPUMEHEHWE S3BIKOB NMPOTPAMMHUPOBAHUS CPABHUTEJIHHO HU3KOTO
ypoBas. K TaKOBBIM OTHOCSTCsI caMble Pa3HOOOpa3Hbie 00/1aCTH, OT 33/a9 OPraHW3ANNN JOKYMEH-
T0060POTA HA MPEIIPUATUN J0 33349 UCKYCCTBEHHOI'0 MHTE/LJIEKTA.

HpI/I O6Cy)K,Z[eHI/H/I JOCTOMHCTB M HEJOCTATKOB TeX MJIN MHBIX A3BIKOB IIPOTPaAMMHUPOBAHUA TaCTO
YIOMUHAIOTCS Napaduzmvs npoepammuposanus. OTMETUM, 9TO CaM TEPMUH «TAPaIATMa MPOrPaM-
MUPOBAHUA» HEJIb3d CHUTATH YCTOABIIMUMCHA]; PA3HbIE aBTOPbI BKJ/IQ/JIbIBAIOT B 9TOT TEPMHUH BE€CbMa
Pa3JInYHbIA CMBICII.

MozKHO 3aMeTUTh, YTO HAPAJUTMbI IPOTPAMMUPOBAHUS OOBIYHO HE ABJSIOTCS MPUHAIEKHO-
CTHIO KOHKDPETHOrO #3bIKa. PaccMoTpuM, K mpuMepy, mapajurMy (pyHKIIMOHATEHOTO IPOTPAMMUPO-
BaHUsI, T.€. TAPAJIUTMYy, B paMKaxX KOTOPOI MporpaMma BOCIPUHUMAETCS KaK HabOp B3aNMO3aBUCH-
MBIX DYHKITUN, HE IMEIONUX M000YHBIX 3(PDEKTOB, & BHIIIOJTHEHUE ITPOTPAMMBI [IPE/ICTABIIETCI KaK
BBIYUC/IEHNE HEKOTOPOU (DYHKIMU 1IPU 33/[AHHOM 3HAYEHUHU aPIyMEHTOB.

Hexkoropeie s3piku (manpumep, Hope [3]) TpebyioT paboThl nMEHHO B TaKUX pamMKax. BuIxom 3a
pamMKu (QYyHKITHOHAIHLHOTO MPOrPaMMUPOBaHus B g3bike Hope HeBO3MOXKEH.

Hpyrue sa3eiku, Takue Kak Lisp win Haskell, crumynupytor npumenenne GpyHKIIMOHATBHOTO TPO-
rPaMMUPOBAHUS, OJTHAKO JIONYCKAIOT ¥ OTCTYILJIEHUS OT HEro B Bue m0O09HbIX 3(pdeKToB DyHKITHI,
TTPUMEHECHNUA NMIIEPATUBHBIX KOHCprKHI/Iﬁ n T.II.

Ecin paccmorpers Takune s3piku, Kak C min Pascal, MOXKHO 3aMeTUTh, 9TO 9TH A3BIKA QONYC-
Katom npuMenerne GYHKIMOHAJIHHOTO MPOrPAMMUPOBAHNS, TOCKOJIBKY, BOOOIE rOBOPS, HUKTO HE
3ampeIaeT B 3TUX I3bIKAX MUCATHL PYHKIUN 663 m0O0IHBIX 3(DPEKTOB.

Haxkomerr, sa3pixk @oprpan genaer npuMmenenne (pyHKIMOHAJLHOTO MPOTPAMMUPOBAHUS HEBO3-
MOKHBIM.

Boobirie, HEKOTODBI S3bIK TPOrPAMMUPOBAHUS MOXKET HAXOIUTHCS C OIIPEIeIEHHON TapaurMoit
B OJIHOM W3 CJIEJYIOIINX BAPUAHTOB B3aMMOOTHOIIEHUI:

1. a3pIK HABA3BIBAET NpUMEHEHEeHWe mapaaurMbl. [IporpamMmupoBanue Ha JAHHOM si3bike 6e3
[PUMEHEHUsI JAHHOM MapaJurMbl KATEropudeku HeBo3MOXKHO. [Ipumepsr: a3pik Smalltalk u
00bEKTHO-OPUEHTHPOBAHHOE TTPOTPAMMUpOBaHUe; 136K Fortran u mpucBamBaHms.

2. s3bIK MOHY2KJIAeT K MPUMEHEHHUIO MapaaurMbl. IIporpaMMmupoBamne Ha JTaHHOM SI3bIKe 0e3
NpUMEHEHUsT JAHHOW TAapaJIuTrMbl BO3MOYKHO, HO O4eHb Heymnobuo. IIpumeps: a3wik Lisp u
pexypcus; si3bik Pascal u npucBamBanmsi.

3. g3bIK TTOOMIPAET IpuMeHeHue napajurmol. [[porpaMmupoBanue Ha JaHHOM si3blike 6e3 mpu-
MEHEHUsI TAaHHON MapaJurMbl BO3MOXKHO U JOCTATOYHO yIOOHO, OJTHAKO TIPU OCBOGHUU JAHHOM
MapaUrMbl TPOTPAMMUCT MOyYaeT BO3HATPAKIEHNE B BUJie PE3KO BO3PACTAIOIIEro ya00CcTBa
paborel. [Ipumepsr: a3pik C++ ¥ MEeXaHU3M MCKJIIOYEHUN; A3bIK LiSp U QYHKINNA BBHICOKOTO
nopsiika (byHKIMOHAIIBI).

4. g3bIK IOAJEP>KUBAET IPUMEHEHNE TapaurMbl. 3bIK BKIIOUAET B cebst ClennaibHbIE CPeJI-
CTBa JIIA MIPUMEHEHUS JaHHON MapaJurMbl, PACIUTAHHBIE HA TPOTPAMMUCTOB, TPUBBIKIITUX K
€€ IPUMEHEHMIO, OHAKO JOIYCKAET W JAPYrHue, B HEKOTOPBLIX CIydasx 0ojee ymoOHbLIE BapH-
AHTBHI PEIeHus aHAJOTHIHBIX 3a1a4. [IpuMepsr: a3biKk C++ 1 MakKpOIPOIECCUPOBAHNE; A3BIK
Lisp u mukiier; s36ik C u pekypcust.

5. A3BIK AOHchaeT OpUMEHEHNE IIapaJulrMbl. H3I)IK He BKJIIOYaeT HUKAKOM CHeHHaHbHOﬁ 1101~
JIEPYKKU JIJTsT TAHHON MapaJuTMbl, OTHAKO TIPU OTIPEIeJIEHHBIX HABBIKAX TTPOTPAMMUCT BCE eIlle
MoOxkKeT ee mpuMeHdTh. [Ipumepsr: s3bik Pascal u dyHKIIMOHAIBHOE TPOTPAMMUPOBAHUE; SI3BIK
C u obobrennoe mporpaMMmupoBanue; 3ok Pascal u 00beKTHO-OpUEeHTHPOBAHHOE IIPOrPaM-
MUPOBAHUE.

6. g3bIKk OPENSATCTBYET IIPUMEHEHUIO mapajaurmMol. [Ipuvenenune qaHHONl mapaurMbl B JaHHOM
A3bIKE TEOPETUYEeCKM BO3MOYKHO, OJHAKO CBA3aHO C 3aTpaTaMu, JeJalolUMUu e€ MpUMeHe-
Hre HeompasaanHbiM. [Ipumepst: s36ik C 1 06pabOTKA UCK/IIOUEHU (BO3ZMOYKHO € TOMOIITHIO
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setjmp() /longjmp(), HO Tpebyer cepbe3HBIX TpyA03aTpar); a3blK Pascal u BupTyasbHBIE
byHKINN.

7. S3BIK 3alpeliaeT TpUMeHeHre MapaanTMbl. B JTaHHOM sI3bIKe HEIOCTATOYHO CPEACTB st
npumenenus: panaoit napamurmbl. [Ipumepsr: Fortran m dyrkimonassnoe mporpaMMupoBa-
une; Hope u nvmneparusaoe nporpamyuposanue; Bourne Shell u 06beKTHO-0pHEHTHPOBAHHOE
MPOTPAMMUPOBAHUE.

Crenyer 0cob0 OTMETUTH, UTO OMPEAENAONNM (PAKTOPOM MpU OOCYKIEHUN ST3BIKOB IIPOrpaM-
MUPOBAHUA U HAPAIUTM OKA3bIBAETCH HE TEXHUYECKAsl CTOPOHA MPOOJIEMBI, & MBIIIIEHUE IIPOrpaM-
MUCTa, T.e. ICUXOJOTUIECKAsT COCTABJIAIONIAS.

ITocranoBka 3aga4uu. Cdopmynupyem KOpOTKO TpeboBaHuUsi, 6€3 BBITOJHEHUsT KOTOPBIX S3BIK
3aBEIOMO HE MOXKET TIPETEeHI0OBATH Ha CTATYC YHUBEPCATHHOTO.

e 3wk J0/KEH OBITH TOJTHOCTBIO KOMIUIUPYEeMbIM. 2KemaTebHo, 9TOObBI MUHUMATBHBIN BO3-
MOXKHBIN [IJIsi JAHHOTO $3bIKa 00beM Oub/IMOTEKN BPEMEHU BBINOTHEHNS ObLT CTPOrO pPaBeH
Hy/II0 (MMEHHO Tak 00CTOSAT Je/1a JIIs acCeMOIEPOR).

o 3Bk Jo/IKEH OBITH MPUTOJIEH JIJIsST HI3KOYPOBHEBOTO MPOTPAMMUPOBAHUSI. DTO O3HATAET, UTO

— HEe JIOJZKHO OBITh TAKMX BO3MOXKHOCTEH 6A30BOTO BBIUUCIUTE/SA (AImapaTHOro obecrnede-
HUs1), KOTOPBIE IPOrPAMMa Ha, JAHHOM $3BIKE HE MOIJIA Obl MCIIO/Ib30BATH U

— AP0 A3bIKa JOJI?KHO BKJIIOYATH B Ce6H TOJIBKO TaKWe CpeIaCTBa, pean3alind KOTOPHhIX
OYEeBUIHA W HE BBI3LIBAET COMHEHWiT; 60jiee CJI0KHBIE CPEJCTBA, [IOIMYyCKAIONINe Pa3HO-
obpa3Hble CIIOCOOBI Pean3alu, J10JKHBI ObITh BHIHECEHBI B OMOJIMOTEKY C TeMm, 9TO0bI
TO3BOJINTH IPOTPAMMUCTY HCIOJIB30BATH COOCTBEHHYIO PEATH3AIINIO.

o SI3BIK J0/IZKEH KAK MUHUMYM donyckams (B CMBICTIe, TPUBEIEHHOM B IIPE/IBIIYINEM maparpade)
[IpUMeHeHNe BCeX IapaJurM IPOrpaMMUPOBAHN, U3BECTHBIX Ha MOMEHT CO3JAaHUM S3BIKA; C
JIPYTOI CTOPOHBI, SI3BIK HE JOJKEH IO BO3MOYKHOCTH HaA6A3bi864Mb NCIOIb30BAHNE TEX WJIN
WHBIX TTAPaUrM.

e H3BIK JOJKEH BKJIIOYATH CPEJICTBA, reHeparuu abCTpakiuil JJOCTATOYHO BBICOKOTO YPOBHS,
9TOOBI YIOBJIETBOPUTE 3AMTPOCHI TPOTPAMMUCTOB-TIPAKTUKOB (B HIease J0JIKHA ObIThH MpeIo-
CTaBJIeHa BO3MOXKHOCTH TeHepaIun abCTPaKIuii CKOJIb YTOJIHO BBICOKOTO YPOBHSI).

ITosicaum ckazamnoe. MaTeprnperupyemMoe UCIOJHEHUE HEIOMYCTUMO DU MPOrPAMMUPOBAHUT
MUKDPOKOHTPOJIJIEPOB, B CUCTEMAX PeaJbHOTO BPEMEHU U HEKOTOPBIX Apyrux objactax. Ecin s3wik
HETPUTOJIeEH K HU3KOYPOBHEBOMY IPOTPAMMUPOBAHUIO, HAM MPUXOAUTCA WCKJIIOUUTH €0 M3 pac-
CMOTPEHUS TP PEAJTU3ANNN TAKUX IPOEKTOB, KaK S7pa OMEPAITMOHHBIX CICTEM, CUCTEMBI PEAJTHEHOTO
BpeMeHu U T.1. EC/n si3bIK BK/IIOYAET CPEJCTBA, MOMYyCKAIOIINE PA3IUIHbBIE PEAJTH3AINN, 3TO TPAKTHU-
YEeCKU 3aB€JOMO O3HAQYACT, 9TO B TOM HJIM MHOM KOHKPETHOM ITPOEKTE Pean3alud, IIPEeII02KCHHAA
pa3paboTINKaM¥U KOMIHUISITOPA, OKAYKETCS HETTPUTOTHOIM.

B cnyuae, eciin s3bIK He J0MyCKaeT TpUMEHEHUE KAKOH-Tru00 mapaJurMbl MpOrpaMMUPOBAHUS,
BO3MOKHO, YTO MMEHHO dTa Iapajurma OyaeT mpu3Hana Haubojiee yJ00HOU Mpu peajn3aliuu KOH-
erTHOfI 3ala91 U A3bIK OKa2KETCA OTBEPTHYT.

Hakowner, npu orpanndeHHbIX BO3MOYXKHOCTSX T'eHepainu abCTPaKIuil BBICOKOTO YPOBHS PeaJiv-
3anud TON WW WHON 3a7a9d HA JTaHHOM sI3bIKE MOXKET OKa3aThCs 3aBeJOMO MHOTOKDPATHO OoJiee
TPY0EMKOIi, HEYKeJii Ha si3bIKe D0jiee BHICOKOTO YPOBHSI.

OTMeTI/IM, Y9TO B HACTOLAIIIEE BPpEMA aBTOPY HE M3BECTEH HU OJIUH YA3bIK, yﬂ;OB.}IeTBOpSIIOH_[I/Iﬁ BCEM
nepevdnCJIeHHBIM Tpe6OBaHI/IHM OJHOBPEMEHHO. I/I3 NU3BECTHBIX A3BIKOB 6.HI/I)K€ BCEX K CBOﬁCTBy YHU-
BepCabHOCTU 110j01es w36k C-+ 4, OJHAKO BKJIFOYEHUE B ITOT S3bIK BCTPOEHHBIX CPEJICTB WJIE€H-
tudukarnuu tunos Bo Bpems ucnoirerus: (RTTI, runtime type identification), mMHO)KecTBEHHOTO
HaCJIeIOBaHWs B OOIIEM BU/IE, & TAKXKE CJI0KHBIX U HEOUEBUJIHBIX 110 CIOCODY peaiM3aliuu CPEJ/ICTB
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00PabOTKM UCKIIOYUTEIbHBIX CUTYAIU C/IEIAN 9TOT SI3bIK CJIUIIIKOM BBICOKOYpPOBHEBBIM. JloBeEp-
IITUJIO JIeJIO BBEJIEHNE B CTAHIaPT si3biKa, Oubanoreku mabioHHbIX KiaaccoB STL, koTropast coBpemen-
HBIMU TIPOIPAMMUCTAMU 3a9aCTYI0 BOCIPUHUMAETCS KAK 9aCTh A3bIKA (XOTS U HE SIBIAETCS TaKO-
Boit). B urore paszpaborumnku onepanpuoHubix cucrem ot a3bika C+4+ OTBEPHY/INCH; B COBPEMEHHOM
coobrrecTBe mpeobsagaer Bocupustue C-++ Kak 0HOTO U3 MHOTUX S3BIKOB BBICOKOT'O yYPOBHSI.

MeToa HemocpeaCcTBEHHOUN mHTerpanuu. Mero HernocpeICTBeHHOH HHTerpalii BIIEPBbIE
IpeJIJIoZKeH B cTaThe [1| B KayecTBe moxo1a K HHTErPAIN PA3HOPOTHBIX SI3BIKOBBIX H300Pa3UTe b
HBIX CPEJICTB B ofiHOM mpoekTe. CyTh METO/Ia B TOM, 9TO CUHTAKCUYECKHE BO3MOYKHOCTH 0a30BOTO
s3piKa (Takoro kak C++) MCHOMB3YIOTC /I MOCTPOEHUS BBIPAYKEHUI, CHHTAKCHICCKH OJIM3KUX
KOHCTPYKIIWSIM $I3bIKa aJbTEPHATUBHOTO, TaKOro Kak Lisp. B mpumenennn K si3bikam Lisp u C++
Meroj; peasm3oBan B Oubsmoreke InteLib. Bubiuoreka mo3Bosisier, HanpuMmep, 3aluChIBATH TaAKHE
BBIPAYKEHMS:

(L|DEFUN, ISOMORPHIC, (L|TREE1, TREE2),
(L|COND,
(L1 (LIATOM, TREE1), (L|ATOM, TREE2)),
(L] (L|ATOM, TREE2), NIL),
(LIT, (L|AND,
(L| ISOMORPHIC,
(L|CAR, TREE1),
(LICAR, TREE2)),
(L] ISOMORPHIC,
(LICDR, TREE1),
(LICDR, TREE2)))))
) .Evaluate();

IpUYeM CEeMAHTUKA TAKOTO BIPAXKEHUS MTOJTHOCTHIO0 COOTBETCTBYET CEMAHTUKE aHAJIOTUIHOTO TEKCTA,
3alMCAHHOr0 Ha g3biKe Lisp:

(defun isomorphic (treel tree2)
(cond
((atom treel) (atom tree2))
((atom tree2) NIL)
(t (and
(isomorphic
(car treel)
(car tree2))
(isomorphic
(cdr treel)
(cdr tree2))))))

Takast BO3MOXKHOCTB JIOCTUTAETCSI 33 CUET MEPEOIpe/Ie/IeHns CHMBOJIOB CTAHIAPTHBIX oneparuii (B
JAHHOM CJIyYae — 3ansATOW M BEPTHKAJIBHONW 9epThl). BasKHO MOMUEPKHYTH, 9TO ¢ TOYKU 3PEHUST
KoMTIIATOpa, si3bika C-++ BBIIENpUBEIEHHBIN (DparMeHT mpejcTaBisger coboit 0bbraHoe apudme-
TUYECKOE BbIParKeHue.

[IpuBeséunbiii npuMep OKA3bIBAET, HACKOJJIBKO CYIIECTBEHHO MOXKHO PACIIUPUTH M300pa3uTe/ib-
HYIO MOIIb sI3bIKA TIPOrpaMMupoBanus (B JaHHOM ciydae C-+-+) 3a CYeT UCIOIB30BAHUS IEPETrpPY3KH
CUMBOJIOB CTaHJAPTHBIX OIEPALUA.

Bwmecre ¢ Tem, C+-+ HCXOIHO He IpemHA3HATAJICS [ MOMOOHBIX MpUMeHeHn. Bo3MoKHOCTH
MTEPEKPBITHST OTTEPALIH «3aTsITasi», Mo cioBaMm aBTopa sizbika C++ B. CTpaycrpyma, B €ro ncxoIHbIe
HAMEPEeHUsI He BXO/M/Ia BOBCE U HUKAKOI'O CMBICJIA B TAKON BO3BMOXKHOCTH OH He BUJUT [4].

N3 ckazaHHOTO MOXKHO CJIeIaTh OWH YPE3BBIYANHO BaKHBIN BBIBOJ: €CJIM MOCTPOUTH S3bIK
NporpaMMuUPOBaHNS HU3KOT0 yPOBHH, UMEIOMINI IIPXU 3TOM CPEICTBA JJisi OIUCaHus ab-
CTPAKTHBIX TUIMOB JIAHHBIX M HPEIO0CTABJISIONIAN BO3MOXKHOCTb II€PEKPLITUA CUMBOJIOB
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onepaiuii, TO IIpU OIIPEAEJIEHHOM yPOBHE rubKOCTU 3TOI BO3MO2KHOCTU MO2KHO HAIIU-
caTbh OUOJIMOTEKN, MOJEJINPYIOIINE BHIYUCIUTEIbHbIE MOOEJN A3BIKOB-HOCUTEJIEH aJTbh-
TEPHATUBHBIX MapaJiuT™M TPOTPAaMMUPOBAaHUs, B PE3YJIbTaTe€ Yero 3aJaava NOCTPOEHUS
YHUBEPCAJBHOTO fA3bIKa ITPOTPAMMUPOBAHUA OyJEeT pelieHa.

KntoueBbiMu 3/1ech SIBJISTIOTCST TPEOOBAHUS O HUBKOYPOBHEBOI CYIITHOCTU TUITOTETUIECKOTO SI3bIKA
U O BBICOKOM YPOBHE I'MOKOCTHU CPEJICTB MOCTPOEHUS abCTPaKIUil BHICOKOIO yPOBHS.

[Tomerraemcst cchopmMyTUpPOBATH CBOWCTBA SI3BIKA, KOTOPBIN MPEATIOIAraeTCsl CO31aTh B KAIEeCTBE
YHUBEPCAJIBHOTO.

Hacienue sizpika C. Ilpexme Bcero, cam mo cebe 3TOT SI3BIK HEOOXOAUMO CIAE/IaTh sI3BIKOM
HI3KOTO ypoBHs, mogo6H0 ANSI C. Cremyer orMeTnTh, 9T0 maxe 9361k C B TOM ero BepCuu, KOTOpast
onmchiBaeTcsa crangaprom C99, sBiistercst si3bIKOM YPE3MepPHO BBICOKOTO ypoBHs. Tak, Hampumep,
C99 gomyckaer ciemyronmit KoL

void f(int n) {
int aln];
int b[2*n];
int c[3*n];
/* ... %/

}

Ecau mpu oTcyTCTBHE BO3MOXKHOCTH 33IaHNAs pa3MEpPHOCTE MACCHBOB IMOJTOOHBIM 00pa30M BCeria
MOZKHO OBLJIO CKa3aTh, UTO JII060€ UMs JIOKATBHOI IIepeMeHHOIl Ipe/IcTaB/isteT coboil (¢ HU3KOypOBHE-
BOM TOUKM 3PEHMsI) HU 9TO NHOE KAK KOHCTAHTHOE CMEIIEHNEe OTHOCUTETHLHO Ga3bl CTEKOBOTO (bpeiiva,
TO B IPUBEIEHHOM BBIIIE IPUMEDPE UMsI C — ITO CJIOKHOE 3IPECHOE BBIPAXKEHNE, 3aBUCSIIIIEE OT Iie-
PEMEHHO N, U CIIOCODOB Pea/n3aly TAKOTO KO/1a, BO3MOXKHO HECKOJIBKO, IPUYEM HANTH CPEU HUX
Hambo/Iee ONTUMAIBHBIN HE IPEeACTABIAETCI BO3MOXKHBIM.

[Ipencrasisiercs 1esiecoobpa3ubiM BO n3bekKaHue MOSIB/IEHUs JUITHUX TPOOJIEM Clie/IaTh HOBBII
si3b1K  C-110T00OHBIM, HO JIWINB [0 ONMPENeJEHHOTO Tpejesia. B Cuily HEKOTOPBIX MPUUNH, KOTOPHIE
Oy/yT pacCMOTPEHBI MO3/IHEE, COBMECTHUMOCTE C si3biIKOM C Ha, ypPOBHE CHHTAKCHUCA HEBO3MOXKHO CO-
XpaHuTh 6€3 CePbE3HBIX KOMIIPOMUCCOB HA IIyTH JIOCTUKEHUS OCHOBHBIX 33/1a4.

C napyroit cTOpOHBI, 3a/1a4a, CO3AHUS CTAHIAPTHON OUOJIUOTEKN SBJSIETCS KpaifHe TPYI0EMKOi
n OECCMBICIEHHOIl, MOCKOIBbKY s sa3bika C oHa yzKe pelneHa. B cBsg3m ¢ 9TUM IIpeacTaB/IgeTCd
1e1ecobpasHbIM, YOPaB B I3bIKE HEKOTOPbIE CHHTAKCHUIeCKHe HecooOpas3HocT si3bika C, TeM He MeHee
COXPAHUTH MOJIE/Th BBI30BOB si3bika C, a TaK»Ke ero CUCTeMY THUIIOB; 3TO TO3BOJUT BOCIOIB30BATHCS
dyHKIUsIMU cTangapTHOM Oubyinoreku si3bika C.

OfHnM 13 HEJOCTATKOB CHHTAKCHUCA A3bIKa C IBAIETCS Ype3MepHasd IeperpyKeHHOCTh CHMBOJIA
«3amngaTasgy. DTOT CHUMBOJ 0003HAYAET apr(pPMETHIECKYIO OIMEpAINio, OJHAKO OH K€ HCIIOJIb3yeTCsd
Ui paszeseHnss (popMaIbHBIX IIAPaMETPOB B 3arojoBKax (pyHKIHH, (PaKTUIECKHX apryMEHTOB B
BBIBOBaX d)yHKL[HfI, UMEH IEPEMEHHBIX B ONMMCAHUAX, IJIEMEHTOB B CJIO?KHBIX WHUIWAJIN3ATOPaX "
KOHCTAQHT B OIMMCAHUAX IMMEPEIUCTIUMBIX THUIIOB. EC.HI/I B KaKOM—.HI/I6O n3 NMepeInC/JICHHBIX KOHTEKCTOB
CHMBOJI 3aIISTON TpebyeTcs MUCIoIb30BATh /s 0003HAYEHUS OIEePAINH, IPUXOINTCA UCIOIb30BATE
JINIITHIE CKOOKIM.

3aMeTnM, 9TO BO BCeX CAyYasxX KpOMe OINCAHHS IMePEeMEHHBIX 3alATYI0 MOXKHO 3aMEHHTH Ha
TOYKY C 3aIsTO, CHAB, TAKUM 00pa3oMm, mpobsemy. UTo KacaeTcd onucanuii Bua

int a, b, c;

TO UX MPEJICTABJISIETCS 11E1eCO00PA3HBIM MOMPOCTY 3aMPETUTH. 3AMETUM, UTO JEHCTBYIOININI B S3bIKE
C coBeplileHHO aHAJOTUYHBIN 3alpeT HA ONUCAHWE HECKOJHKUX (POPMATHHBIX MApaMETPOB OJTHOTO
THUIIA B 3arojioBKe (pyHKIINU HUKOMY He MernaeT. B To ke Bpewms, TpeboBaHre BMECTO BbINIEIIPUBE-
JIEHHOT'O OTIMCAHWS MCIIOJb30BATH

int a;
int b;

int c;
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[I03BOJISIET YCTPAHUTD €IIE OJHY IIPO0JeMy, KOTOPYIO CTOPOHHUKM g3biKa C MOMPOCTy HE 3aMeYaloT,
HO KOTOpas YaCTO BO3HWKAET y HadWHAIONWMX. JlomycTnm, TpeOyercs OmmcaTh aBA yKa3aTess Ha
int. B s3bike C 310 MOXKHO ClesiaTh, HAIPUMED, TaK:

int *p, *q;

Jlnsa gemoBeka, MJIOX0 3HAKOMOTO cO crerudukoit s3pika C, Takas KOHCTPYKINUS BBITVIAIUT HEJTO-
TUYHO, MMOCKOJIBKY CHMBOJI * MMeeT B JAHHOM CJIydae OTHOIIEHNE K TUITY, & He K mepeMennoii. Haun-
HAFOIIe YaCTO IPEIIOYUTAIOT 3aIUCHIBATL 0ObIB/IEHNE yKa3aTeld, CTaBsd Mpobesi 1mocje CUMBOJIA
*, a He JI0 Hero, Kak ONbITHbIe MporpaMMucTsl Ha C:

int* p;
Ormernm, 910 a3k C BIIOJIHE TOTYCKAET TAKOE OMUCAHUE. YCJIOKHUB €ro, MOy InM
int* p, q;

LI HaYMHAIOIIEro MPOrPaMMUCTa €CTECTBEHHO BOCIPUATHE, DU KOTOPOM TepeMeHHas ¢ JOIKHA
UMeTh THI «yKa3arejgb Ha int», TOrJa Kak HA CaMOM Jeje 9Ta IepeMeHHas B JIAHHOM CJIydae
OKA3BIBAETCA THUMA int. 3amper OMMCAHWs HECKOJbBKUX MEPEMEHHBIX ONHOTO THMa 0e3 yKa3aHus
THIIA PelaeT 3Ty 1npobsemy.

A3pik u O6ubsinoreku. O HUM W3 BaKHEHIIUX YCIOBUl, HEOOXOIUMBIX JIjId HU3KOYPOBHE-
ro MPOrPAMMUPOBAHMUS, SIBJISETCS YE€TKOE OT/eaeHne Oubmmorekn (CKOIb YrOJHO CTaHIAPTHON) OT
COOCTBEHHO si3bIKa. B 9acTHOCTH, KOMIUJISITOP HU3KOYPOBHEBOTO sI3bIKA HE BIIPABE HUYETO 3HATH
06 nmenax (byHKIHIi, TEPEMEHHBIX U T.II.), OMUCHIBAEMBIX B OnOMmoTeKe. B mpoTuBHOM Ciiydae B
CHTyanusx, KOrJa MCIOJIb30BaHue (CTaHIAPTHOl) GUOIMOTEKHN MO0 TeM WJIM WHBIM MPUYHHAM Here-
J1eco0Opa3HO, sI3bIK U ero KOMIUIATODP OKA3bIBAIOTCS HEMOJHOIEHHBI. MeX 1y TeM, Takue CUTyalun
BO3BHWKAIOT TOPA3/0 Yalle, 9eM MOXKHO TOIyMaTh: CTaHAApTHAs OmbamoTeka TOro XKe s3bika C,
HECMOTPsI Ha €€ JIOTUHIHOCTH W BBICOKOE KQUeCTBO MPOEKTUPOBAHNS, TEM HE MeHee He UCIOJIb3yeTC st
[P HAIUMCAHUU sIJIEP ONEPAMOHHBIX CHCTEM, [IPU [POrPAMMUDOBAHUY BCEBO3MOXKHBIX MUKPOKOH-
TPOJLIEPOB U T.II.

OrMmeTuM, 9TO TPUHIWN PA3TPAHUYEHUs SI3bIKA U OUOJIMOTEKM YacTO HAPYIIMAETCS JayKe s
s3pika, C: B yacTHOCTH, 1pecioByThiil crangapt C99 ykaspiBaeT, 4To onepanus sizeof, BCTpoeHHas
B s13bIK, JOJ’)KHA BO3BpAIaTh 3HAUEHWE TUMA, Size_t, MpuM TOM YTO 3TOT THUIl B I3bIK HE BCTPOEH U
JIOJIZKEH OIHUCBIBATHLCA B OMOJIMOTEKE.

B kauecTBe BTOPOTO yCI0BUS CJIEAYET HA3BATE CAEMYIOIIEE TIPABUIO: BCE, ITO MOIICEM HbIMY BHI-
TECHEHO U3 s3bIKa B OUbIMOTEKY, doadcHo Obimb BhITeCHEHO B Oubymoreky. B kpaiinem ciiydae, eciu
B sI3bIK€ HEOOXOJUM HEKWU MeXaHW3M, TO JIYUIe MPEIyCMOTPETh B S3bIKE HE CAM 3TOT MEXaHWU3M,
a CpeJICTBa, IO3BOJILIONINE ero onucarh. Tak, B A3bIKaAX BBICOKOI'O YPOBHS OOBIYHO DPa3peIraeTcs
«CKJIAJIBIBATHY (KOHKATEHNPOBATH) CTPOKH C TIOMOIIBLIO Oneparun + (3To Tak, HAnpUMep, IS sA3bl-
koB Pascal, Java u T.n.). B srom mnane sa3pik C++ ciaemyer npusHars 6osiee yJadHbIM, T.K. OH,
HE MIPEJOCTABIIsIS MOJOOHBIX CPEICTB B CAMOM SI3BIKE, TIPH STOM TIO3BOJISIET ITEPEOIIPEIE/NTH Oepa-
[0 + JI7IsI IPOU3BOIBHBIX TOJIB30BATEIBCKUX TUIIOB, UTO, B CBOIO OYEPEIb, MO3BOJISIET OMUCHIBATH
CTPOKH, KOTOPbIE MOXKHO «CKJIAJbIBATH», HO HE TOJBLKO UX: C HEMEHBIIINM YCIIEXOM OTepaIus + uc-
MTOJTB3YETCsT JIsT CJIOYKEHUST KOMIIJIEKCHBIX THCEJT, MATPUIL UJIN, HATPUMED, MOJIMHOMOB, €CJIN TAaKOBHIE
ONUCaHBI B BUJE KJIACCOB.

Tperne ycrioBue KacaeTcs CKOpee He CaMoro pa3pabaThiBAEMOr0 S3bIKA, a TMPE/IT0IaraeMoii mo-
JINTUKY CTadgaprusanuu. Kak nokasbiBaer npumep sizbika, C+-+, cranjaprusaiiusi 0ubjinoTekn B
COCTaBe CTAaHIAPTA A3bIKA MOXKET HAHECTU HEMOMPABUMBIH YPOH KyJbType MPOrPAMMUPOBAHUS HA
9TOM s3bIKe, a TaKKe COODIIEeCTBY IMPOrPAMMUCTOB, MCIOJB3YIONINX JaHHBIN s3bIK. [IpucBoenue
oubamoreke STL craryca cocrapuoit wactu crangapra C++ mocraBuio Apyrue OUOINOTEKN aHa-
JIOTUYHOTO Ha3HAYEHWS B HEMATWBHBIE YCJIOBUSI, W, KPOME TOTO, JJIs TIOJABJISIIOIIEr0 OOIBITUHCTBA,
nporpamMmMmuctoB, uctojbsyonmx C++, Beejenne STL B craHgapT HMOCIYKHUIO CUTHAJIOM K TOMY,
uro npu pabote Ha s3biKe C++ caemyer gcezda ucnonb3oBarh STL; Mex 1y Tem, ncnosibzoanue STL
PE3KO CHUXKAET YUTAEMOCTh KOJ[a, MHOTOKPATHO YCJOXKHSIET OTJIAJKY U COMPOBOXK/JIEHUE TIPOTPAMM,
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JTaBasi IIPU 3TOM BECbMa COMHUTEIbLHBII BHIMTPHIII HA CTA AU KoaupoBamus. OO0y ueHne HATNHAOIINX
MPOTPAMMUCTOB C ucnoab3oBanreM STL mpuBoIUT K TOMY, 9TO CTYAEHTHI, 3aBEPIIUBIITE 00y IeHNUE,
HOHpOCTy HE IIOHUMaIOT IIPUHIUITNAJIBHBIX OTJINYNI C++ oT I[pyFI/IX A3BIKOB W HE IIPEJCTABJIAIOT
nporpammuposatue Ha C++ uHadye Kak ¢ ucuoJibzopanuem STL.

Bwmecre ¢ Tem, cranmapruzanysg nHTEP@EicoB OMOINOTEK UMeeT Psiji HECOMHEHHBIX JTOCTONHCTB,
IIPEXK e BCEro — IMOBBIIIEHNE IePEeHOCHMOCTH IIPOTPAMM.

B cBs13m ¢ aTUM mIpencTaBIsSIeTCs 1eIeCO0OPaAZHBIM MPOBOANTE CTAHIAPTU3AINI0 OMOINOTEK 6€3
NPUBAZKU K CMandapmy A3vika, He JaBasi TPU 3TOM HUKAKUM OUOMOTEKaM CTaTyCa «CTaHIapTHOM
OUbIMOTEKN A3bIKa». JTO MO3BOJIAT, ¢ OJHOW CTOPOHBI, UCIOJb30BATh MOJIOKUTEJIBHBIE CTOPOHBI
cranmapTu3anuu uHTepdeiicoB 6ubIMoTeK, u, ¢ APYroli CTOPOHBI, M30€KATh KATACTPO(PUIECKUX
IIOCJIeJICTBUN CTAHIAPTU3AINN OHON KOHKPETHOH OnOIn0oTeKN’.

Buecre ¢ s3bIKOM MOXKHO (XOTsI # He 00s13aTe/IbHO) CTAHJAPTH30BATH T€ U TOJBKO T€ /IeMEH-
Thl OMOIMOTEKM, KOTOPBhIE HE MOTYT OBITH B CUJIy TE€X W/ WHBIX MPUYWH MEPEHOCUMBIM 00pa3oMm
peasm30BaHbl CPEJICTBAMU CAMOI0 s3bIKa. lIpmMepoM Takux 37€MEHTOB siBjseTcs uaTepdeiic i
IOCTYIIa K CHCTEMHBIM BBI30BAM OIIEPAIMOHHON CHCTEMEL.

ApudmMerndeckue BbIpa*KeHUsI KAaK OCHOBA CUHTAKCUYeCKOii rmOkocTu. Yrolwl cie-
JIATh BO3MOXKHBIM GUOTMOTETHOE MOJETNPOBAHNE AIBTePHATHBHBIX BBIYUCIUTETLHBIX MOIe el (ma-
PaJrM ), sI3bIK JIOIKEH 0013 IaTh OMPe/Ie/IEHHON CHHTAKCUIECKOi THOKOCThI0. B To ke BpeMst Heob-
XOJIUMO COXPaAHATH 9TY I‘I/I6KOCTB B OHpeﬂe.}IéHHbIX PaMKaX: TTOMBITKW CO3AaHUA A3BIKOB IIPOTPaMMH-
POBaHUA C ITOJTHOCTBIO IIPOTPAMMUDPYEMBIM CUHTAKCUCOM B NCTOPUU U3BECTHBI U K IMOJIO2KUTE/IbHBIM
pesyJsibTaTaM He IPUBOJIMIIN.

Kaxk mokaszeiBaer mpumep mnpoekTa Intelib, B geficTBuTebHOCTH [/TsT MOJEMPOBAHUS U300pa-
BUTETBLHBIX BO3MOXKHOCTEM MHOTHUX AJbTEPHATUBHBIX A3BIKOB MMPOTPAMMUPOBAHUS JOCTATOTYHO BBI-
pa3uUTeNHLHON MOITHOCTA APUPMETUIECKUX BBIPAYKEHUI, TPU YCJIOBUHU, 9TO B DA30BOM SA3BIKE TIPe-
JIYyCMOTPEH JOCTATOYHO IIUPOKUI CIIEKTP apudMEeTHIeCKUX ONePaIuii 1 MMEIOTCS BO3MOXKHOCTHU WX
TIEPEOTIPE/IENIEHNS I BBEAEHHBIX MMOJIb30BATEIEM THUIIOB.

OtmeTnM, 9TO CJIOBA «JOCTATOYHO IIUPOKUN» B TPEIBLIYIEM ab3alle MOTYT ObITh HCTOJTKOBAHBI
BeCbMa T0-PA3HOMY B 3aBUCHMOCTU OT KOHKDETHON mpeaMerHoit obsactu. Tak, /s Mo/eanpoBa-
HUs BBIpaKeHW g3bIKa LiSp 0Ka3a/0Ch JOCTATOYHO Olepaluii, umeronmxcs B a3bike C++; 6osiee
CJIOXKHBIHN s13bIK, Takoi kak Haskell, crosip ymauno B nmeromemcsa Habope omneparuii mpeiCTaBUTh HE
YJIACTCS.

Onepanus «npob6es». Kok ckopo cumBoiaM WHAUKCHBIX OMEPAITAil BBIIEISIETCS CTOIb BayK-
Hasg POJib, 1esaecoobpaszuo Oyzer cienars HAOOP Takux omnepamnuii BO3BMOKHO 0Oojiee mupokum. B
YACTHOCTH, BBEJEHHE «Omeparuu mpobes» (TO eCTh COTJIAIIeHUs, TPU KOTOPOM JIBA BBIPAKEHUS
IIPOW3BOJIBHBIX THUIIOB, CTOLAIINE JAPYT 3a JPYTOM W He pa3jejéHHble 3HAKOM OIePaIud, CUUTAIOT-
cs1 omepaHgaMu OMHAPHOI Oneparum, Ha3bIBAeMOil «omeparyst mpobesr» ) CrocoOHO PE3KO MOBBICHTH
BBIPA3UTEIBHYIO MOIIHOCTH apU(PMETUIECKUX BBIPAYKEHUI.

B wacraocTH, npu Hajumunum onepanuu «mnpobdesy 0003HAUUTH NPUMEHEHUE MATEeMATHIECKOTO
ommepaTropa K €ro apryMeHTy MOXKHO OymeT CIoco00M, HAMOMUHAIONINM TPAJIWITUOHHLIA [ MarTe-
matuku: D f.

IIpropuTeT Takoil omepanuu CjIeyeT, BUJIUMO, C/IeaTh HUXKE, YeM IIPHOPUTETH BCEX MMEOTTIX-
ca B ga3bike apudmerndeckux oneparwnii. /leiictBurenpHo, Bhipakenune atb c+d BoCHpuUHUMAETCs
CKOp€ee KaK /Ba BbIPDAYKEHUsI CJI0KEHUsI, 3aINCAHHBIE OHO 33 JAPYIUM, HEXKEJIM KaK CyMMa U3 TPEX
9JIEMEHTOB, BTOPBHIM M3 KOTOPBIX SIBISETCS BBI30B OMEPAIINN «IIPOOesy, B 0COOEHHOCTH €CIN BMECTO
mpobesia MCIOJIb30BaTh, CKAaXKeM, CHMBOJI IepeBofa CTpoku. To ke camoe MOXKHO CKa3aTh U 000
BCEX OCTAJBbHBIX ONEPAIAAX, UCKI0Yasd pa3Be UTO OIEpPAINIO «3alsdTas». Bompoc o cOOTHOIIEeHNN
[IPUOPUTETOB OLEPALMI «3aldTasiy U «IPobe/I» OCTABUM ITOKA OTKPBITHIM.

Tak>Ke OTKPBITHIM OCTAaBUM ¥ BOTIPOC 00 ACCOMMATHBHOCTH OMEPAInn «Ipobes», TO eCTh O TOM,
KaKOll 13 e€ apryMeHTOB BbIUNCJISIETCS [I€PBbIM, JIEBbIM MJIM IIPABbIi.

Coueranue ormepaiuu «mpobes» ¢ omepanueit «BbI30B (yHKmums». leiicrBrue «BbI30B
dyuxmuny B a3pikax C n C+-+ gBigerca omepaliyeil, 0603HaTaeMOl KaK BhIparKeHNne, ePBLIi oIre-
PaHJI KOTOPOTO MPEJCTaB/IgeT coO0il BhIpazkeHne Tuia «aapec pyHKnumy (nMst DYHKINN ABISIETCS
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IPUMEPOM TaKOTO BBIPAXKEHUs), & 3 IEPBBIM OIEPAH/IOM CJIEIYIOT KPYIJble CKOOKM, BOCIIPUHUMA-
eMble KaK CHUMBOJI OTEPAINH; BHYTPU KPYTJIBIX CKOOOK TEPEYNCTIIIOTCH (DAKTUIECKUE MapaMeTph
BBI3OBa.

Kpyribie ckobku, Takum 00pa30M, UIPAIOT B SI3bIKE JIBE COBEPIIEHHO pasjudabie posiu. C ojHOi
CTOPOHBI, OHU UCIOJIB3YIOTCS /I TPYNIUPOBKY TOABBIPAXKEHUN B BBIPAKEHUAX C IIEJIbI0 U3MEHe-
HUs TOpsKa npuMeHenus oneparuii. C aIpyroit CTOpoHbI, KPyTjible CKOOKKM 0003HAYAIOT OIEpPAaIUio
BBI30BA (DYHKIINH.

B gaspikax C u C++ 3710 He CO3Ma6T HUKAKUX TPOOJIEM, TTOCKOJIbKY CHHTAKCUIECKU ITU CUTYa-
AW TIOJTHOCTBIO PA3HECEHBI: €CJIU epeji KPYIJIOiH CKOOKON HAXOMUTCA 3aKOHIEHHOE BhIPAYKEHUE, TO
cKOOKa 0003HAYAET BBHIZOB (DYHKITUH, TOTIA KAK €CJIU TIepe/l CKOOKO HUKAKOTO BBIPAXKEHUs HEeT JTuO0
BBIpAyKeHIEe He 3aKOHYEHO U HEeOOXOJUM eIé OJUH Omepan (To eCTh CKOOKA HAXOIUTCS B MO3UIIUM,
I/Ie OXKU/TAeTCS BBIPDAYKEHNE), TO CKOOKA BOCIPUHUMAETCS KAaK IPYIIHUPYIONINil CHMBOJI.

IIpu BBeneHUN B s3bIK omepanuu «Ipobesy CUTyarus HECKOIBKO u3Mensiercs. Jlas ciaydast Bbi-
30Ba (DYHKIUU OT HYJIsi aPIyMEHTOB PO0OJ/IEM HE BOSHUKAET, ITOCKOJIBKY IIPU MCIOJIH30BAHUN CKODOK
B Ka4eCTBEe IPYNIUPYIONINX CUMBOJIOB 3aKPBIBAIOIAS CKOOKA HE MOXKET OKA3aThCs CPa3y 3a OTKPHI-
Batorrieit. Ilpu ycjaoBum ucrosb30BaHus Jjisd pa3jejieHns apryMeHTOB CUMBOJa “;”) a He 3amsaToit
(BoOOIIIE TOBOPS, TIOIPOCTY CHMBOJIA, HE SIBJISIONIET0CT N300pazkeHneM KaKoii-Tin00 omeparun), mpo-
O71eM He BO3HMKAET TaKyKe W B CIydae BbI30Ba (DYHKIMHU OT JBYX W 0Ojee apryMeHTOB (BBI30B
OTVIMYa€TCsA OT IPYHIIUPOBKU 110 HAJIMYINIO CUMBOJIA, PA3AEJIAIOIIETO a,pI‘yMeHTbI).

Yto Kacaercs caydas BbI30Ba (DYHKITUH OT POBHO OJHOTO TTApAMeTpa, TO Bbhipaxkenue Bujaa a(b)
OKAa3bIBAETCS MMEIONINM J[BA, PA3IUIHBIX TPAKTOBAHUSA: KAK OMEpallds BbI30Ba (DYHKIUU & OT apry-
MeHTa b, n60 KaK BBI30B ONMEPANNH «IPODET» JJIsi apryMEHTOB & U b (B 9TOM C/ydae apryMeHT b
TpeacTaB/IdeTCd 3aKJ/JII0OYEHHBIM B KpyTrJibie CKO6KI/I C IIEJIBIO TPYTIIIUPOBKHW, YTO BIIOJITHE UMEET CMBICJI,
CKaXkeM, ecJim b mpecTaBiisieT coboif, B CBOIO OUepeib, BhIPAaXKeHne, ¢ onepanneil, nMmeromei 6osee
HUBKUH IPUOPUTET, YeM BbI30B (DyHKIMHN).

BoaMmoxkHO BBIOpATH 0/THO U3 3TUX TOJKOBAHUN HA OCHOBE KOHTEKCTHBIX YCJIOBUN U JOTIOTHUTETh-
ubix coryamnenuii. [lonobuo sromy B s3bike C+-+ mHUNMAIU3AINST KOHTPYKTOPOM [0 YMOJTYAHUIO,
OpUMeHEHHAS TPU OMUCAHWHU TIEPEMEHHOI, 0Ka3a/ach Obl HEOTIUYNMA OT OMUCAHUA (DYHKIINH OT
HYJId apTYMEHTOB, €CJIn 6]31 TOJIBKO IJIg 3TOTO IIPUMEHAINCH O6HLI/I€ CHHTAKCUYEeCKHEe IIpaBuJjIa:

A a(25,26);// obbvekT Kmacca A,

// KOHCTPYKTOp OT IBYX ApryMEeHTOB
A a2(77); // obwexT xmacca A,

// KOHCTPYKTOpP OT OZHOIO apryMeHTa

A a3(0); // mporoTun ¢yukmmu oT O apryMeHTOB,
// KoTopad Bo3BpamaeT o6bLEKT Kiacca A
A a4; // obbekT Kjacca A, HCIOIb30BaH

// KOHCTPYKTOp OT HyJis apryMeHTOB

3aMeTnM, 9TO ONUCAHWE OTJ/E/IbHO CTOSIIEl MEPEMEHHON — 9TO eIMHCTBEHHBIN C/Tyvaii, KOraa KOH-
CTPYKTOP OT HYJ/Isi apIyMEHTOB BBI3BIBAETCs 0€3 KpYIJIbiX CKOOOK. Tak, B BhIpaKeHUH

( A(27, 44) + AQ )

MMeeT MECTO CO3JaHWe ABYX aHOHMMHBIX 00BEKTOB Kjacca A, TIePBbIi W3 KOTOPBIX CO34AETCS KOH-
CTPYKTOPOM OT JIBYX apryMEHTOB, BTOPOW — KOHCTPYKTOPOM OT HYyJisl apryMeHTOB. 3aMETHM, 9TO
CKOOKMU B JIAHHOM CJIy9ae HA MECTE, & BbIPAKEHUE

( AC27, 44) + A )

ABJIFETCHd CUHTAKCUYECKON OMIMOKOM.

Craemyer orMeTuTh, 9TO pernerne, npuMenénnoe B C++, HapyImaeT KOHIENTYAJIbHYIO IET0CT-
HOCTH CHUHTAKCHUCA, SI3BIKA, (T.K. BBOJIUT OCOOBIi cnyqaﬁ), obJIaTaeT oTmpeIeIEHHON HEOIeBNIHOCTHIO
¥ 3aTPyIHAET BOCIPUSTHE CHHTAKCUCA, B OCOOEHHOCTH JIjIsI HAUWHAIOIIUX TPOrPAMMUCTOB. B cBA3M
C 9TUM JIjisd Perierus TPo0/IeMbl HEOHO3HATHOCTH MEXK/IY BBI30BOM (DYHKIIMH OT OJHOIO apryMEH-
Ta W BBI30BOM OIIEPAINN «IIPOOEJI» MPeIIaraeTcsa HeCKOJIbLKO MHOE PeIleHre, OCHOBAHHOE Ha 00IIeM
npaBuyie 6e3 0CcoOBIX CIydaeB n 00J1aaf0Inee TOMOTHATETLHBIMEA OJIE3HBIMI CBOMCTBAM.
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Koprexxu. Ilog koprexem Oy/eM MOHUMATh CUHTAKCHYECKUN KOHCTPYKT #A3bIKA, COCTOSIIIHI
W3 HECKOJIbKWX BBIPAYKEHWIT TTPOM3BOJIbHBIX THUIIOB, Pa3/IeJIEHHBIX CHMBOJIOM <«TOYKA C 3aMATOW» ¢
BaKJIOYEHHBIX B KPYTJIble CKOOKHU, HATTPUMED:

(25; "a string"; x+y)

Boigennm 1Ba 0COOBIX Ciydasi, & MMEHHO, KOPTEXK, COCTOSIIUI 13 HYJ/Is JIEMEHTOB 1 0003HATaeMbIi
(), a Takke KOPTEXK M3 OJIHOIO JIEMEHTA, KOTOPBIA MOJI0KUM CEMAHTUIECKN JKBUBAJIEHTHBIM Ca-
MOMY 9TOMY 3JIEMEHTY (TaKuM 00pa3oM, MPOU3BOIHHOE BBIPDAYKEHNE CTAHOBUTCS TACTHBIM CJIydIaeM
KOPTEXkKa, a UMEHHO, KOPTeXKeM U3 OJHOTO JeMeHTa). BBeJéM corjamienue, 9To MpH 3auchH KOp-
TexKa U3 OJIHOTO 3JIEMEHTa CKOOKM MOXKHO OIIyCTHUTh; TAKUM 00pa3oM, HAIIPUMED, BbIpaxKeHus 25 u
(25) ocraHyTCa KBUBAIEHTHBIMU, KAK W JI0 BBEJCHUS TMTOHATHAST KOPTEKA.

Bynem camrarh, 9TO0 KOPTEXK C yKA3aHWEM KOJMYECTBA U TUIIOB [IaPAMETPOB HABJISIETCs, B CBOIO
oYepesib, TUIOM JIAHHBIX C TOUKHU 3peHus npoduseii byHKIWiA (TO eCTh MOYKET, HATIPUMED, BBICTY-
maTh B KadecTBe mapamerpa (DYHKIUW), HO MPU ITOM HE SIBJISETCsI, BOOOIE TOBOPSI, CTPYKTYPOii
JAHHBIX, TO €CTh He MOXKET OBITh IPUCBOEH MEPEMEHHOM (KaK He MOXKET U OMHUCBIBATHCS TepeMeHHasT
TUTIA «KOPTEXK>» ). BbI30B hyHKIMM OT KOpTEXkKa U3 N 371eMEHTOB (DU3MIECKY PEATN3yeTcsl KakK BhI30B
dbyHKIIMT OT N MapamMerpos.

Jlornano paspemuTs NPUCBauBaHUE KOPTEXKA BHIPAKEHUN KOPTEXKY IIEPEMEHHBIX, HAIIPUMED:

int x;

const char *p;

float f;

(x; p; £) = (25, "string", 3.7);

DTO MO3BOJIUT O/IH30BATHCHA KOPTEXKAMU UMEH (POPMABHBIX [IAPAMETPOB IIPU OIUCAHUN U BHI30BE
dyuakmuit o Koprexeit. Hampumep:

void f((int a ; int b) ; int c)
{/« ... %/}

/* ... %/
£f((2 5 3) 5 4);

Haxkomer, ompeesnM TOHSITHE OMEpAIUU BbI30Ba (DYHKITMH KAK YACTHBIA CIydail omeparun
«pobesy or mMenn (byHKIUU (MU, €CId YIOAHO, yKaszaTeas Ha (DYyHKIHIO) U KOPTeXkKa MapaMeT-
poB. Kak ciiejicrBue, BbI30B (DYHKIUK OT O/IHOTO ITapaMeTpa CTaHeT BO3MOXKHO 3aIUCaTh 6e3 CKOOOK,
HampuMep, 3anuch sin(x) OKaXKeTCd CEMAHTUIECKU SKBUBAJICHTHA 3AMNCH Sin X.

IToguepkuém emé pa3, aro BeizoBbl £(1;2;3;4) uw £((1;2);(3;4)) MOXKHO pa3/indaTh C TOYKHU
sperusi npodueii GbyHKIWHA (T.e. KOMIUISTOD JIOJKEH BBI3BIBATH MPU ITOM pa3Hble (DYHKIINH),
HO C TOYKW 3PEHHs pean3allud HUIeM, KpOoMe aJIpeca BhI3bIBAeMOil (DyHKIMU, STH JTBA BHI30BA
pa3anvIaThCI He JOIKHEIL.

BBesienue HOBbIX cuMB0JIOB MH(PUKCHBIX orepanuii. Kak mokazas npumep 6ubjimoreku
InteLib, nmerornuxcst B s13bIKe CUMBOJIOB MH(MUKCHBIX OMEPAINii MOYXKET W HE XBATUTh, JTUOO MOYKET
OIILYIIATHCA UX HEJOCTATOK.

3BecTHBI SI3BIKY TIPOTPAMMUPOBAHIS, B KOTOPHIX JOMYCKAETCS BBEIEHNE HOBBIX (HE MPeIyCMOT-
PEHHBIX B sI3bIKE) CHMBOJIOB MH(MUKCHBIX OTEPAINii; TaK, 9TO BO3MOXKHO B s3bike Prolog.

Bwmecre ¢ Tem, BBesieHme onepaiun «podes» JaéT BO3MOXKHOCTb MOJEMPOBATH HOBbIE CUMBO,IBI
MHQUKCHBIX OMepPaInii, BBOIA WX KaK MIAeHTUMUKATOPHI 00BEKTOB, IJIsT KOTOPHIX TTepeorpeaeieHa
omeparus «pobesiy: Tak, HAIPUMED, BhIPaXKeHrne a in b MOXKHO paccMaTpUBaThH HE KaK OMEPAIUIO
in oT aprymMeHToB a W b, a KakK JBa BBI30BA OMEPANNN «IPOOES»; B TOM CAydae CJIOBO in JOIXK-
HO OBITH MMEHEM IEePEMEHHO, UMeoIIell HeKOTOPBIi Mo/Ib30BaTebCKull Tutl. B 3aBucumoctu ot
ACCONMATUBHOCTH OTIEPAIUHU «IIPOOe/» 3TO OyeT, COOTBETCTBEHHO, BhIpAKEHUE

operator space(a, operator space(in, b))

njiim
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operator space(operator space(a, in), b)

Bwmecte ¢ Tem, Takoit crmocod MomeanpoOBaHUsST HOBBIX WH(MPUKCHBIX Omeparnii ob1aIaeT cpaBHU-
TEJBbHO HU3KOW TUOKOCTHIO, T.K. OTpaHndeH (DUKCHPOBAHHBIM MPUOPUTETOM W HAITPABJIEHNEM ac-
COLMATUBHOCTH Oneparuu «ipobesrs. Kpome Toro, B KauecTBe CUMBOJIOB TaKUX ONEPAIUil MOXKHO
OyaeT MCIOIL30BATh UCKIIOUNTENIHHO HAEHTH(UKATOPHI S3BIKA.

Kaxk y»Ke roBopmioch, K THOKOCTH CHHTAKCHUCA SI3BIKA CJIEIYEeT OTHOCUTCS C OIPEIeJEHHON 0CTO-
PO2KHOCTBIO, TIOITOMY CJIEYeT OCTABUTH OTKPBITHIM BOIIPOC O I1eecO00pa3HOCTU BBEIEHUS B A3BIK
BOBMOYKHOCTHU OIPEIeJIEHNST HOBBIX CHMBOJIOB OTepalwii, momo0Hoi mMmeromeiicst B s3bike Prolog.
BepuyTbca k 3TOMYy BOIpPOCY MOXKHO Oy/ieT mocjie TOro, Kak I3bIK Oy/aeT peaan30BaH u OyIAeT moJLy-
9eH ONPEETEHHBIN ONBIT PAOOTHI C HUM.

HacaenoBanume. HaciemoBanme Kak TaKOBOE STBIISIETCST BasKHEHTITNM CPEICTBOM CO3IAHNS BhI-
COKOYPOBHEBBIX abCTPAKIHil, TAK 9TO HEOOXOIUMOCTh HAJUYINSA HAC/IEIOBAHUS B I3bIKE KaK TaKOBas
HECOMHEHHA. BMeCTe C T€eM, BOIIDOCHI, CBA3aHHBIC C MHOXKECTBEHHBIM HACJ/JICJOBaAHUEM, OKA3bIBAIOTCA
IOCTATOYHO JUCKYCCHOHHBIMI; KPOME TOT'0, MEXAQHI3M BUPTYAJILHBIX (DYHKIHI OKA3BIBAETCS JOCTa~
TOYHO HETPUBUAJIEH, ITOOBI €r0 HeJb3sl ObLIO CINTATH CPEICTBOM HU3KOTO yPOBHI.

B wactHOCTH, peamm3anysa MHOHCECTIEEHH020 HACAC006AHUA B O0IIIEM BHUIE, TOJOOHO TOMY, KaK
970 caenano B si3bike C-+4, HECMOTPSI Ha KayKyIIYIOCsS MPOCTOTY, BAEYET MACCy HETPUBHAIBHBIX
mpobJieMm.

JeficTBuTebHO, TTIOKA BCE 6A30BBIE KIACCHI HEMOJUMOPMHBI (TO €CTh He CONEPIKAT BUPTYATLHBIX
bynkuuit) u He ABAAIOTCA CAMU UBUMU-TO HAC/JIEJIHUKAMY, DEAJIN3alus MHOKECTBEHHOIO HAC/IE/0-
BaHMSA OCTAETCS JOCTATOYHO IPOCTOil. EamucTBeHHas mpHBHOCHMASA IpoOIeMa — HeOOXOIMMOCTD
Iepecdéra UnCJIEHHOrO 3HAUEHNd YKAa3aTesld W CCHLIKKA IPH IpeoOpa30BaHUAX OT THUIIA <«IIOTO-
MOK» K THITY «TIPEJIOK» (1 0OPATHO), €CJIM COOTBETCTRYIOIIMI TIPEJIOK HE ABJISIETCS TIEPBBIM B CITUCKE
6a30BBIX KJIACCOB.

[TosByierne y 6a30BBIX KJIACCOB OOIIUX IIPEIKOB BIEYET MOIBICHNE MOHATUS BUPTYAJIHHOTO KJ1aC-
Ca 1 MHOKEeCTBa COMHUTE/IbHbIX CHTyaHHﬁ, KaK B CjIy4ae, eCJid OJJUH U TOT K€ KJIaCC ABJIAEeTCA BUDP-
TYaJbHBIM TIPEIKOM YaCTH 0A30BBIX KJAACCOB W HEBHPTYAJILHBIM IMPEIKOM IPYroil dacTu 6Aa30BBIX
KJIACCOB.

[Tosisnienue B AByX u 60j1€€ 6A30BBIX KJ1accax Tab/inil BUPTYaIbHBIX (DYHKITUI TPUBOIUT K PE3KO-
My YCJIOYKHEHWIO PEAJTM3ANNNA CAMOTO MEXaHU3Ma BUPTYAIbHBIX (DYHKIWI: IjIsT KaXK 0 BUPTYaIb-
HOIl (DYHKIIUW TEMEPh, TOMUMO aJpPeca, TPeOYIOTCs eIé, KAK MUHUMYM, CMEIIEHUs [JIs IepecaeéTa
ykazaress this u 1nosioxkeHus ykasaresis Ha TabJinily BUPTYaJbHBIX METOJ[OB, TAK 4TO BMECTO O/I-
HOTO TOJTst (a/ipeca (bYHKIWMN) CTPOKA TabJIMITbl BUPTYAJIbHBIX METOJ0B OKA3bIBAETCS COCTOAIIEH U3
TPEX OoJIel.

B 370i1 cBs131 mIpeicTaBIsIeTCs pa3yMHBIM KOMIIPOMIUCC, IPUHATRIA B sI3bIKe Java: cpean 6a30BhIX
KJIACCOB MOYKET OBITH He (0JIee OJHOTO KJ/IACCa, He SABJISIONErocst uhmepgeticom (TO eCTh KraccoMm,
COCTOSIIIIUM MCKJTIOYUTETHHO U3 YUCTO BUPTYATLHBIX (DYHKINMI).

B 10 ke Bpemsi crarmueckue mpeobpasoBaHUsl yKazareseil camu 1mo cebe He CI0XKHBI B pea-
JIN3all U BIIOJIHE YKJIQJAbIBAIOTCA B IPEACTABJACHUA O HU3KOYPDOBHEBOM IIDOI'DAMMUDPOBAHUU, TAK
9T0 (U YCJOBUY YCIIENTHOTO BHITECHEHUS MEXAHW3MOB BUDTYAIU3AINN B OUOIMOTEKY) B A3BIK 63
yiepba ero HM3KOYPOBHEBOCTH MOXKHO BHECTH 1 Oojiee oOIue BUIBI MHOYKECTBEHHOTO HAC/IEIO-
BaHus. KOHEUHO, IPU 3TOM CJIEIyeT TOCTYJINPOBATH, UYTO HACIEJOBAHNE OT HECKOJIBKUX KJIACCOR,
UMEOIUX 00Imit 6a30BbIN KJIACC, 6ce20a MPUBOIUT K HAJTUIUIO B OOBEKTE COOTBETCTBYIOIIETO KO-
JIMYECTBA 3K3EMILISIDOB 9TOr0 0a30BOr0O KJlacca, MOCKOJIBKY UMEoIuiics B a3bike C++ MexaHu3Mm
BUPTYAJILHBIX 0A30BBIX KJIACCOB 3aBEIOMO UPE3MEPHO CIOXKEH /I HI3KOYPOBHEBOIO SI3BIKA.

Bubnnoreunasa noamep>kka BUPTYAJIbHbIX MyHKINI. Kak orMedasocsh BbIe, MEXaHU3M
BUPTYaIbHbIX (DYyHKIMH (B 0COOEHHOCTH B CUTYyalluu MHOYKECTBEHHOTO HAC/IE0BAHNS) OKA3bIBAETCS
YpPE3MEPHO CJIOYKEH, UTOOBI CIUTATHCS CPEJCTBOM HU3KOTO YPOBHSI.

C npyroii cTOpoHbI, OUOJIMOTEUHAS PeATU3AINST BUPTYaIbHBIX BEI30BOB TPAKTUIECKY HEN3OEKHO
MOTSHET 33 c000it HE0OXOIUMOCTD JTOCTATOYHO PA3BUTHIX MAaKPOCPE/ICTB.
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Camo 1o cebe 310, BOBMOXKHO, U HE CTOJIb ILJI0X0. Jlesio B ToM, 4TO OOJIBITMHCTBO BO3PaKEeHMI
MPOTUB MPUMEHEHUsI MaKPOIPOIECCOPa, BBICKA3BIBAEMBIX OTHOCUTEIHLHO si3biKOB C u C+-+, ocHO-
BaHBbI Ha TOM, 9TO MaKPOHMMEHa HE IMOJINHAIOTCA O6quHbIM JJIA A3bIKa COTVIAIIIEHHUAM 06 NMEHaX.
Bwmecre ¢ tem, s3pik C++ BBOJAUT T.H. MIADJIOHBI, KOTOPHIE OTJIMYAIOTCS OT MAKPOCOB IPAKTUIECKH
JIWTITH B TOM, UTO SIBJASIOTCS TTOJTHOTIEHHOM YaCTHIO I3bIKA, MTOTINHSIIOTCS BCEM 3aKOHAM JIOKAJIM3AIIAN
UMEH ¥ [TOJIJIePKUBAIOT MPOBEPKY TUIOB MapaMeTpoB (OrpaHuYeHre Ha BO3ZMOYKHbIE TUIIBI TapaMeT-
pos, npucyrcreyiomee B C+-+, BBITIAIUT CKOPEe PEaTn3aTOPCKUM, 9€M KOHIENTYATbHBIM ).

MoxkHO mpwBeCTH W JAPYTHe MPUMEPHl MAaKPOCUCTEM, HUKOUM O0Pa30M HE HAPYIIAIONINX KOH-
LENTyaJbHYIO0 [EeJIOCTHOCTD sI3bIKa U HE CO3/1aionumx Hukakux npobsem. Takosa, nHanpumep, cucrema
MakpocpeacTB B st3bike Common Lisp.

OrmeTuM erre 0/ JUH MOMEHT, HEITOCPE/ICTBEHHO CBA3AHHBIN C BUPTYyaJJIbHBIME BbI3oBaMu. Boobiie
rOBOpS, BUPTYaJIbHBII BBI30B IIPejICTaB/isdeT coboil /IeliCTBIE COBEPIIIEHHO NHOE, HeXKe I OOBIKHOBEH-
HBIA BBI3OB. ]303MO)KHO7 nMeeT CMBICI 3ape3ePBUPOBATH JAJIAd 9TOTO ,Z[ef/'ICTBI/IH OTJEe/JIbHbIC CHHTAaKCH-
yecKue coramienust (Hanpumep, BBECTH TOT MU MHOW CUMBOJI OLEDAIHN ).

[Ipn HamwYUU B SI3bIKE MAKPOMOMOOHBIX MEXAHU3MOB, JTOTMYCKAIINX MEPErpy3Ky M0 TUTIAM Ta-
paMeTpoB, BO3MOKHO TaKKe BBECTH ¥ OTNHCaHne HH(MUKCHBIX Omepalyii He (WM He TOJIBKO) B BUJE
dbyuknumii, kak 370 cnesano B C++, HO u B Buje MakpocoB (Tak, B C++ MPUILIOCH BBOIUTH BECEMA
HETPUBHUAJIbHBIE TTPABUJIA TIEPEOIIPeIeIeHUs OepaIul -> KaK OJHOMECTHOI; OmpeseeHne eé Kak
MaKPOCa OKaYKeTCs 3aBEJOMO IIPOIIE JIJIs BOCHPUSATHUS, [TOCKOIbKY TaKOMl MaKpOC MOYKHO CJieJ1aTh
JBYMECTHBIM ). BBeIst BO3MOXKHOCTH onucanns nH(MUKCHO OMepaIiy B BUe MAKPOCA, MbI 0Ty IaeM
BO3MOYKHOCTD Pean30BaTh B BUE MAKPOCOB BCE CBA3AHHOE C MEXAHW3IMOM BUPTYATbHBIX BHI30BOB,
BBITECHUB, TAKUM 00pa30M, 9TH (3aBeJJOMO BBLICOKOYDOBHEBBIE) CPEJICTBA B OUOIHOTEKY.

O6paboTka nckaoueHnii. O6paboTKa UCKITIOIUTETHHBIX CUTYAI MPeICTaBaseT cob0i Kpaiine
BarKHBI MEXaHU3M, UCIIOJIB30BaHNE KOTOPOT'O IMOBHIMIACT LII/ITa6eJ'IbHOCTb n Haﬂé)KHOCTI) oporpaMm-
HOI'O KOJ[@ W CYIIECTBEHHO CHUKAET TPYA0EMKOCTH mporpaMmMupoBanus. B ocobennocru 310 cpej-
CTBO I0JIE3HO B COYETAHUU C ABTOMATHUYECKUM BBI30BOM JIECTPYKTOPOB JIOKATHHBIX 00BEKTOB, KaK
3TO caeaano B a3bike C++-.

C npyroit ctoponbl, 06paboTKa WCKJIIOYEHW B TOM BHUJE, B KOTOPOM OHa TPHUCYTCTBYET B CO-
BPEMEHHBIX A3bIKaxX MporpaMmmupoBanus (B Tom uncyae u B C+-+), SBASETCA CPEJACTBOM 3aBEI0MO
BBICOKOTO ypOBHs. Peasim3aiins UCKJIIOYEHUT HEOUEBUIHA U HEIPO3PAUHA.

[Ipobiema BbITECHEHUST MEXaHU3MOB 0OPAOOTKU MCKIIOUNTENHHBIX CUTYAIUuil U3 sipa S3bIKa B
H6ubIMOTEKY JTOCTATOYHO UHTEpecHa. KJTI0U K PeIeHnio BUUTCA B BRIPAOOTKE yI0OHOTO U JIOTUIHO-
ro uaTepdeiica K SBHOM MAHUIYJIAINNA CTEKOBBIMU (bpeiiMaMu; OTMETUM, 9TO 3TO CPEJCTBO JOJIZKHO
OBITH YACTHIO S3BIKA, T.K. JIOJIKHO TO3BOJISITH, HAITPUMED, TIPUA TPUHYIUTETHHOM YHUITOXKEHUH CTe-
KOBOTO bpeiima orpaboTaTh JECTPYKTOPHI y2KEe CKOHCTPYMPOBAHHBIX O0BEKTOB. Takum oOpasom,
MeXaHN3Ma, MOI00HOr0 O6UOIHOTeYHbIM QYyHKIMAM setjmp () u longjmp(), A7 9TOrO HE JOCTATOU-
HO.

Briojine BO3MOXKHO, YTO COOTBETCTBYIOIIEE CPEJICTBO SA3bIKA MOXKET OBITH MOXO0XKHUM Ha «aJbTep-
HATHBHOE TeT0%, momobHoe 610kam catch B si3pike C++; BMeCTO try-6J0Ka Cieyer, mo-BUIIMOMY,
IPEyCMOTPETh KOHCTPYKIIMIO, CEMaHTUKA KOTOPOI CBOAUTCs K «nomerke (bpeiimay (s Takoii mo-
METKHU MOYKHO MCIIOJIb30BATH, HATPUMED, HETUITH3NPOBAHHBI YKA3ATEb), U OTEPAINI0 «PACKPYTKH
cTeka Ha OJUH (peliMy, KOTOpasd BO3BpaIaia Obl Jjisd MOMEUYeHHBIX (DPEiMOB 3HAUEHNE METKH, a
Jtst (ppeiiMoB, He TOMEYEHHBIX METKOI — HYJIEBO yKa3aTeJib.

HaﬂI/IqI/Ie TaKUX CPEJCTB B A3bIKE MMO3BOJIUT ITPEAOCTABUTH TPOTPAMMUCTY BbI60p N3 HECKOJIBKUX
6ubimoTeK, 06C/IyKUBAIONUX 00PADOTKY MCKIIOUATEIbHBIX CATYAINN U TPEJOCTABISIONINX CEPBUC
Pa3JIMYHOIO YPOBHS CJOXKHOCTH. TaK, HE BO BCSIKOM IPOEKTE TPEOyeTcss BO3MOXKHOCTH UCIIOJIB30-
BAaHUS NPOU3BOALHO20 00HEKTA B KAUECTBE «HOCUTE/IsI» MUCKJIIOUNTETHHON CUTYAIud; B HEKOTOPHIX
Caydasgx MOYXKHO 0OOMTUCH MPOCTHIM KOOM OIUOKY Jinh0 (PUKCUPOBAHHON CTPYKTYPOil JaHHBIX s
xpanenust nadopmanuu 06 ormmbdKe, TOJIYIUB MPU ITOM BRIUTPHITT B 3(DHEKTUBHOCTH.

Cresyer 0OTMETHTD, 9TO aBTOPY U3BECTHBI CJIyYand CO3HATEIBHOIO 0TKa3a 0T PabOThI ¢ UCKJIIOUe-
HUSIMU, MOTHUBUPYEMBIE UPE3MEPHON CJI0XKHOCTBIO 3TOr0 MexanusMma B sizbike C+-+. Hanuaue npo-
CTO¥ U TMPO3PAYHON OCHOBBI JJIsI TAKOT'O MEXaHU3Ma, MOTEHITHATHHO CIIOCOOHO MCIPABUTEH CUTYAIIHIO.

3aksouenue. TpajuimoHHOE BOCIPUITHAE POJIN sI3bIKA TTPOIPAMMUPOBAHUS B BBIUYUC/IATE b
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HO¥I cucTeMe, COCTOLINEell 3 alaparypbl, OIEPAIMOHHON CUCTEMBI M CHCTEM MPOIPAMMUPOBAHUS,
MOXKHO OTHCATH TPUOIN3UTETHHO CIeAyIomuM oopaszom. Vveercs Heknit KOHIJIOMEPAT AIIapaTy-
PBI U OIEPAIMOHHOM cucTeMbl (b0 JazKe MOMPOCTy BUPTYyaJ/IbHAsI MAIIMHA), UMEHYEMbIi 00BITHO
nAGM@POPMOT WA ONEPatUOHHOl cpedol; B PAMKAX ITON CPEIbl NMEETC HECKOTBKO CUCMeM Npo-
2PAMMUPOBAHUA, KAZKTasT N3 KOTOPHIX TIOCTPOEHA BOKPYT TOT'O UJIN WHOTO ST3bIKA TPOTPAMMUPOBAHUS
WK JTayKe HEeKOTOPOil KOHKpeTHOil ero peasm3arnuu. Cpenn uMmeromuxcst (JOCTYIHBIX s TAHHOM
m1aTdOPMbI) CHCTEM TIPOrPAMMUPOBAHNS OOBIYHO JI/IsT KOHKPETHOTO MPOEKTA BRIONPAETCS KaKast-TO
onHa (pexKe — HECKOJIbKO), TIPUYeM BbIOOD MOKeT ObITh 00YCJIOBJIEH KAaK MOCTABJEHHON 3ajaqei,
TaK W JIMYHBIMU IIPEAIIOYTCHUAMN paBpaﬁOT“IHKOB.

Paszpaborka u peannzaiiusi yHUBEPCAJBHOTO SI3bIKA TPOTPAMMUPOBAHUS B COOTBETCTBUU C MTO/IXO-
JIOM, OIIUCHIBAEMOM B HACTOSINEN CTAThe, MOYXKET HECKOJIbKO M3MEHUTD IIPEJICTAB/IEHNE O B3aUMOOT-
HOIIIEHUSIX CHCTEMBI IIPOrPAMMUPOBAHUS U Onepaluonuoii njaardopmel. Eciu copmynupoBannbie
ey OyayT JOCTUTHYTHI, I 3aaHHON IaT(OPMbI MOXKET 0KA3aThCs PA3yMHBIM TO/IEPKUBATDH
00un (yHUBEDCAIbHBI) A3BIK NPOrPAMMMPOBAHUS, CHAOKEHHBIN MPU 3TOM MIMPOKOH KOJLIeKIueit
bubnorek. menno mHOroobpasme 3Tux OUOIMOTEK U 3AUMET B TOM CJIydae HUIINY HBIHEITHErO
MHOT000pPa3us I3bIKOB MIPOIPAMMUPOBAHNs; OT 0CODEHHOCTEH 33a/]a4n U JIMIHBIX TPEAIOUTEHII TPOo-
rpaMMHUCTOB OyJIeT TOTI/ia 3aBUCETh HE BHIOOD #A3bIKa, a BHIOOp Habopa 6ubmoTeK.

Heo6xoammo npusHaTh, 9TO JBE NPOrPAMMBI, HAITUCAHHBIE HA OJIHOM M TOM Ke (yHUBEPCATHHOM)
A3bIKE, HO C UCIIOJIB30BaHUEM ITPDUHIUIINAJIBHO PA3JIUIHBIX 6I/I6.HI/IOT8K, MOTYT pa3/indaTbCd IO CTU-
JTI0 TTPAKTUIECKN CTOJIb YK€ CUIBHO, KaK CevUac pa3audatoTcs MpOrpaMMbl, HATNCAHHBIE HA PA3HBIX
sI3BIKAX TMpOrpaMMupoBaHus. TeM He MeHee, UCIOIH30BAHNE UMEHHO OJHOTO si3bIKA C MHOYKECTBOM
H6ubIMOTEK BMECTO TPAJUITMOHHOTO MHOXKECTBA si3bIKOB MMeeT KaK MUHUMYM OJIHO BaXKHOE JO0CTO-
WHCTBO: TPYJIHOCTH UHTEIPAIMH MEXK Ty C000i (pparMeHTOB MPOrpaMMbl, HAITUCAHHBIX B PA3TATHOM
CTUJIe, OKazKyTCd Pa3 U HaBCErJa CHATbI UMEHHO B CUJIY MCIIOJIB30BAHUA OJHOI'O A3BIKA.
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B crarbe paccmaTpuBaeTcs pobjieMa IOCTPOeHUsT YHUBEPCAIBLHOIO sI3bIKa IIPOrPAMMUPOBAHUS.
[TpuBoaurcsa knaccudukanms A36IKOB nporpaMvuposanus 1m0 (1) yposuio abcrparuposanust u (2)
HO//IEPKMBAEMBIM ITAPAJIMrMaM IPOrPpaMMUPOBanust. IIpearaercs pemenne, Ipu KOTOPOM peaJin-
3yercs 3bIK MPOTPAMMUPOBAHUS HU3KOTO YPOBHSI (M0m00HbI a3b6IKy C), CHAOXKEHHBIN pa3BUTHIMU
CPEeJICTBAMU MOCTPOEHUsT abCTPaKIINil BBICOKOTO YPOBHS ¥ COOTBETCTBYIOIINMEU OUOJINOTEKAM.
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