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ITpu ocBOEHUM a30B MPOrpaMMMPOBAHUS IOILIKOJbHUKAMM CEPbE3HbIC TPYAHOCTU CO3MAeT HEOOXOMU-
MOCTbh JUATrHOCTUKHU Y UCIIPABIIEHUSI CHHTaAKCUUECKUX OIInOoK. ITpu TpaguLiMOHHO# MeTOAUKE “IKpaH-
HOro” pedakKTUpPOBaHUS IMPOrpaMMbl 3TUX TPYAHOCTEM MOXHO MU30eXaTh, OJOKMpPYs AeCTBUS peOeHKa,
MPUBOMMIINE K CUHTAaKCUYECKUM HapyiieHusIM. CeromHsi HabupaeT MOIMyISIPHOCTh METOIMKA COCTABIIE-
HUSI IporpaMM U3 MaTepuaibHbIX 00BEeKTOB (tangible objects) ¢ HAaHeCeHHBIMU HA HUX IMMUMKTOTpaMMaMU
koMaH. [Tpu UCIioab30BaHUM TAKOM METOAUKH OJIOKMPOBKA OIIMOOUYHBIX AEHCTBUI MTOIb30BaTE/IsI HEBO3-
MOXHa. B 3T0ii cuTyaunu aBTopbl MpeajiaraloT orpaauTh peOeHKa OT CHHTAKCUYECKUX OLIMOOK, IMTOCTYJIM -
pOBaB ABYMEPHOCTh MPOrPaMMBI U OIIPENEIUB C ITOMOIIBIO OTCTYIIOB CMHTAKCUC U CEMAHTUKY ITMKTO-
rPaMMHOTO SI3bIKa IIPOrpaMMUPOBaHUs /11 HAUMHAIOIIKUX TaK, YTOOKI J1I000€ pa3MellleHUe MUKTOTPaMM B
KJIETKax ABYMEPHOI TaOIMILIbI JAaBaJ0 CUMHTAKCUYECKU KOPPEKTHYIO U BBIMOJIHUMYIO IIPOTpaMMy. DTOT
MOOXOJ, peau30BaH U OIPOOOBaH B OTeYeCTBEeHHOI yueOHoii cpeae “IIukroMup” MUKTOrpaMMHOIO IPo-
rpaMMKPOBaHMSI IJIsI JOLIKOJILHUKOB.

Karuesbvie crosa: iporpaMMa, TUKTOrpaMMa, 0€CTeKCTOBasI cpeia MpOoTpaMMUpPOBaHMsI, 6€33KpaHHOE CO-
craBjeHue nporpamMm, [TukroMup, JOIIKOJIBLHUK, pOOOT, CTPYKTYpHOE ITIpOrpaMMUpPOBaHe
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1. BBEAEHHUE

B nocnenHue roapl BO BceM MUPE BEAYTCS pabOThI
M0 MOHMXEHUIO BO3pacTa O3HAKOMJIEHUS JeTeil c
3JIEeMEHTaMU IMPOrpaMMUPOBAHUS U PA3BUTHIO Yy Jie-
Teil aJIrOpUTMUYECKOTO (BBIUMCIUTENIHLHOTO) MBbIIII-
nenns [1—10]. Bemyrcst momo6HBIe padoTHl 1 B Poc-
cun. B cratbe [11] onmrcaHa cucteMa HaydyHBIX (IO
Bbirorckomy) MoHSTUI TpOrpaMMUPOBaHUs, TIpe-
Ha3HAUYEHHBbIX IS OCBOEHMSI MOIIKOJbHUKAMU, a
TaK>Ke€ METOAMKA O3HAKOMJIEHUSI AeTel C 3TUMU T10-
HSITUSIMU B TOJJOBOM CHUCTEMATUUYECKOM Kypce Mpo-
rpaMMMpPOBaHUS IS JOLIKOJbHUKOB TTOATOTOBU-
TEJIbHBIX TPYMI AeTCKUX caaoB [12], KOTopklii B TO-
cllefHUe TpU ToJa YCIEIIHO TPOULIA ThICIUU
JIOITKOABHMKOB ropoga Cypryra. B Kypce ncrons3y-
eTcsl cpela MUKTOrpaMMHOIO MPOTrpaMMUPOBAHUS
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IMukroMup [13] paspaborku ®I'Y ®HI HUNCHU
PAH.

ITuktoMup mno3BOJSET AETSIM COCTABIISTH U3
MUKTOTPaMM IIpOTPaMMBbI YIIPaBJICHUS IBUKCHUEM
pealbHBIX pOOOTOB-UTPYIIEK MO MOJY WU BUPTYaJlb-
HBIX pOOOTOB Ha 3KpaHe Iu1aHIIeTa (puc. 1).

ITporpamMMmbl mis1 yripaBiAe€HUSI 3TUMUA poOOTaMU
MOTYT COCTaBJISITbCS KaK M3 KapTUHOK Ha 3KpaHe
TUIaHIIIETa, TAaK U B peajibHOM MUPE U3 KAPTUHOK, Ha-
PUCOBaHHbBIX Ha MaTepUaAIbHbBIX OObEKTAaX.

Hanpuwmep, B penepryape podorosB IInkroMupa
€CTbh BUPTYaJIbHbI pOoOOT BepmyH, iepeMenatoniuii-
cs 110 KJIeTYaTOM IiaTdopMe U YMEIOIIUMA BBHITIOJN-
HTh KoMaHabI-TIpuKa3el: [IOBEPHYTBCA HAJIE-
BO, IIOBEPHYTBHCS HAITPABO, BIIEPE], 3A-
KPACHUTD (cM. puc. 2). B TekcTe cTathyl MbI Oyaem
o6o3HavaTh 3T 4 nukTorpammel Kaxk (L) (R) (F) (P).

2. BOSMOXHOCTH CPEADBI
[MUKTOI'PAMMHOTI'O
ITPOTPAMMUWPOBAHMA ITMKTOMUNP

Hcnons3oBaHue MMKTOrPAMMHOTO CTHIISI ITPOrpaM-
MUPOBaHMS IJIsT pabOTHI ¢ IEThMH BO3pacTa 5—7 J1eT n
HCIOJb30BaHEe MaTepUaJIbHBIX OOBEKTOB IJIsSI CO-
CTaBJICHUS IPOrpaMM WJIM MPAKTUKYMOB 10 UHGOP-
MaTHUKe U MaTeMaTUKe B HAYaIbHOI IIIKOJIE CeTOMHS
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Puc. 1. PeasibHbIe 1 BUPTYaJbHbIe pOOOTHI cpeabl [TnkroMup.

S

Puc. 2. [Tukrorpammbl KoMaHI-NpUKa30B BepTyHa, pa3MellieHHbIe Ha OKpaHe IJIaHIleTa, Ha MArHUTHBIX KapTOYKax 1 Ha Jie-

PEBSIHHBIX KYOMKaXx.

JIOCTaTOYHO paciipocTtpaHeHsl [ 14—20]. Hara meto-
KA OTIINYAETCs TEM, YTO 00eCTIeYnBaET NETSIM BO3-
pacta 6—7 JIeT BO3MOXKXHOCTb COCTABJICHHST B TOTOBOM
IUKIIe 3aHATUI Gojiee COTHU IIPOTrpamMM ITOCTATOYHO
CJIOXKHOM CTPYKTYpPHI C IIEJIbI0 OCBOEHUSI BCEX KOH-
CTPYKLWI CTPYKTYPHOTO MPOrpaMMMUPOBAHUSI, BKITIO-
Jasi KOHCTPYKIIMIO TTOATIPOTpaMMBI 6e3 TTapaMeTpOB.
A3wIK [Tukmo [21], ncrions3yemsblit B cucteme IIuk-
TOMuUp, TO3BOJISIET COCTABJSATH B MUKTOIpaMMHOI
¢opMe IporpaMMbl YIIpaBieHUs pealbHBIMU POOO-
TaMU-UTPYIIKAMU U BUPTYJIbHBIMU SKPaHHBIMU PO-
6oramu. [TociaenHue MOryT ObITh TOABUKHBIMU, MO~
I0O0HO BepmyHy, Uiy HETIOABVXKHBIMU, ITOJ00HO BHI-
MOJIHAIOIEMY POJIb cueTuuka Boawedbnomy Kysuiuny
C KaMHSIMH, M300paxkeHHOMY Ha puc. 1 cripaBa.

OTU poOOTHI CIOCOOHBI BBHIIIOJIHATH UMIIEPATUB-
HBbI€ TIPUKa3bl (KOMaHIbI-TIPUKA3bl), a TaKXe CIIO-
COOHBI OTBEYaTh Ha 3aIpoChl, BO3Bpallasi Joruye-
CKO€ WIM LIEJTOYMCIIEHHOE 3HaUeHUe (KOMaHIbI-BO-
MPOCHI), YTO IIO3BOJISIET BKJIIOYUTH B SI3bIK IIMKTO
YIIpaBJISolIMe KOHCTPYKIIMY UK MOKa <yCJIOBHE>
BBIIOJHATh 1 ecJu <yCJIOBHE> BBINOJHATb, TIIE
<ycJIOBHE> — 3TO pe3yJbTaT OTBETa HEKOTOPOIO PO-
00Ta Ha HEKOTOPYIO KOMaHIy-BOMPOC, HAIIpUMep, Ha
KoMmaHny-Bonpoc Bepmyna MOXKHO CIEJIATH
HIAI'? unu xoMaHay-Bonpoc Boawebnozo kysuiuna

NOKJIAIBI POCCUMCKON AKAIIEMUU HAVK. MATEMATUKA, MHOOPMATUKA, TTPOLIECCHI VITPABJIEHUWSA

KYBIIHWH IIYCT? {3k mommepXuUBaeT TakKe
YOPaBJISIOILYI0 KOHCTPYKILIWIO MUK <ITOBTOPUTEIb>
pa3, rae <IIOBTOPUTEIIb> MOXKET OBbITh 3alaH IMKTO-
rpaMMOM KOMaHIbI-BOIIPOCa HEKOTOPOTo pobdoTa, Ha-
npumep, komanpoii-pornpocom CKOJIBKO KAM-
HEMW B KYBIIMHE? po6orta Boawebnuviii Kysuiun.
TToBTOpUTENH TAKXKE MOXKET OBITh 3a/IaH SIBHO, ITMKTO-
rpaMMO ¢ N300pakeHUEeM I'paHu UTPATTBLHOTO KyOu-
Ka (puc. 3). B TekcTe ctaTtbu MBI OyaeM 0003HaYaTh
otu nukrorpaMmmel cumBoiamu (1) (2) (3) (4) (5) (6).

A3k [TuKTO TIpemycMaTpuBaeT TakKe BIOKEHIE
YIPaBJISIIOIINX KOHCTPYKIUI U pa3dreHre mporpam-
MBI Ha CeKIIUM C TIpeaoITpeaeIeHHBIMU OTHOOYKBEH-
HbBIMU UMeHaMu (puc. 4). B TekcTe ctatbu Mbl OyaeM
0003HavyaTh 3TU MUKTOrpaMMmbl cuMBojiamu (A) (B)

(B) () (D).

3. [TPOBJIEMA HEJOITYIIEHWA
CUHTAKCHUYECKHUX OLIMBOK
TP COCTABJIEHHUHU ITPOT'PAMM
N3 MATEPHUAJIBHBIX OBBEKTOB

Cpena IluxtroMup, Hapsay ¢ TpagUuLIMOHHBIM
MOAXOOOM, MHPH KOTOPOM AETH COCTaBJISIIOT IIPO-
rpaMMy Ha 9KpaHe IJIaHIIeTe, MOAIepKUBAET IO/~
XOII, TIPYU KOTOPOM JIETH COCTABJISIOT ITPOTrpaMMBbl 13
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Puc. 3. TlukTorpaMMbl IMIOBTOPUTEIC Ha 9KpaHe IUIaH-
11IeTa ¥ Ha TPaHsIX KyOMKOB.

TeX WJIN WHBIX MaTepUATbHBIX OOBEKTOB, Ha IpaHU
KOTOPBIX HAHECEHBI TMKTOrPaMMBbI KOMaH/I, 1 YIIpaB-
JISTIOIIUX KOHCTpyKuuit (cM. puc. 2—4). YdeHuK
BPYYHYIO, MEXaHMYECKM, pa3MellaeT 3TU Hecyllue
NUKTOTpaMMBbI IIPEAMETHI B KJIETKaX BOOOpaxkacMoii
IByMepHOit Tabiumbl. YToOB MOMOYb peOEHKY pac-
CTaBJISITh KyOMKU POBHO, TAOJMILy MOXHO HapuCO-
BaTh Ha KapTOHE MJIM Ha MAarHUTHOM JIOCKE.

WccnengoBanus mociaeqHUX JIET ITOKa3kIBAIOT [22],
YTO a3bl IIPOrpaMMUPOBAHUS YCIEIITHES OCBAUBAIOT -
Cd B MHCTPYMEHTAJIbHBIX CpeAax, Orpaxkaalolux pe-
OGeHKa OT BO3MOXHOCTH JOMYCTUTh CHHTAKCUYECKYIO
OIMOKY MyTeM HEIOIyLIeHUS ASCTBUIA, IPUBOMISI-
I1X K TAKUM OILIIMOKAaM.

IIpu cocraBjieHUM mporpaMM ITIyTeM MaHMITYJIsI-
LUii ¢ MaTepuaJbHBIMU IIPEAMETAMM, KOHTPOJb 3a
paboToit pebeHKa M HeooNylleHNne KaKNuX-JI100 Oeii-
CTBUIT peObeHKa IMpakKTUIeCK HeBO3MOXHEI. IToTomMy
HY>KHO MCKATh APYTroii METOI HEeIOITyILIEHMUSI CHHTAK-
cuyeckux ommbok. Huske mpemraraercst Takoit Me-
TOd, OCHOBAHHBIN Ha CJeAyIollIeil MPOCTOM naee:

onpedenum A3bIK NUKMOZPAMMHO20 NPOSPAMMUPO-
eanus mak, ymobwl A100ble NPOSPAMMbL, COCMABACHHbIE
U3 3a40aHH020 HAOOPA NUKMO2PAMM ¢ KOMAHOAMU pobo-
MO6 U 3a20106KAMU YRPABAAIOUUX KOHCMPYKUULL, ObiaU
CUHMAKCUYECKU NPABUAbHYL U 8bINOAHUMBL.

Jist peanuzanyuy 3TOM UACHU MBI, CIICAYS IIPUMEDPY
sa3bika [IuToH, “HamenuM” TIporpamMMmy IBYMEPHOI
CTPYKTYpPOIi, a ISl 3aJaHus OJI0YHOIM CTPYKTYPhI MC-
MOIb3yeM OTCTYIIhI.

Takmm o6pa3zoM, MBI TpeOyeM, YTOOBI COCTABIICH-
HbIE U3 TUKTOTPaMM MPOrpaMMBbl OBLITU a priori opra-
HU30BaHbl B BUe NByMepHoit Tabauubl. [1pu mate-
pUaIbHOM CHOCOOE COCTaBJIEHUS MPOrpaMM Hapy-
IIIEHWE D3TOTO TMOCTyJlaTa OIMMUCHIBAETCS TOHSITHOMN
netsaM (hpazoit NUKmMOoepamMmbl paccmasnerbl HeposHo,
a py COCTaBJIEHUU TTPOTPpaMM Ha CEHCOPHOM DKpaHe
HEBO3MOXHOCTb MOJOOHOTO HAapyIIEHUS MOXET
ObITh OOecreyeHa aBToMaThuYecK. Takum obpa3om,
MPU COCTABJIEHNUU NTPOrpamMM U3 MaTePUATbHBIX 00b-
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Puc. 4. [TukrorpaMMbl OMTHOOYKBEHHBIX UMEH CEKIIUi1 Ha
9KpaHe IUJIaHIlIeTa U Ha TPaHsIX KyOUKOB.

€KTOB €IMHCTBEHHO BO3MOXHBIM CHUHTaKCUYECKUM
(unu, ckopee, 2D-cCHMHTaKCMYECKUM) HapyllIeHUEM
OKa3bIBA€TCSl HEPOBHOCMb, HapylleHUE IBYMEPHOI
CTPYKTYpPBI. DTa HEpOGHOCMb JIETKO OCO3HAETCS U MC-
mpasJsieTcsl 1eThMU, HauuHasl ¢ Bo3pacta 3—4 roaa, u
MOTOMY B JajibHEe1lIeM Mbl MPEArnoaaraeM, 4To nukK-
moepammsl paccmaesaenvl poeHo, T.e. TIporpamma Ha-
JieJieHa IBYMEPHOM CTPYKTYPOW.

ITpu 1r060M crocobe cocTaBIEHUS TIPOTPaAMMBI
HEOOXOOMMO TIpEIBAPUTEIBHO OOBSICHUTL IETSIM,
KaK KOMITBIOTEp OyAeT IMporpaMMy BBITTOJIHSTh U Ka-
KUe CUHTaKCHUYecKue TpaBuia COCTaBIEHUSI MpPO-
TpaMMBI HY:KHO OyIIeT COOJIIoIaTh, YTOOBI KOMIThIO-
Tep MOHSLI IporpamMmy. Yem mpoiie OyayT CUHTaKCH-
yeckude TIpaBWia, TeM Jerde OyaeT IOeTsIM UuX
NMOHMMAaTh M coOiomaTbk. MmeasoM B IBYyMEpHOM
MUKTOTPAMMHOM  TIPOTPAaMMHUPOBAHUM  SIBJISIETCSI
MOJTHAs OTMEHA KaKUX-JIM0OO CUHTAaKCUYECKUX orpa-
HUYEHUIi, KpOME HapylIeHUs] ABYMEPHOCTH.

B HacrogIeil cratbe 3TOT MIOean pealn3oBaH U
TEOPETUYECKU, ¥ IPAKTUYECKU. A UMEHHO:

— cghopmyaupogarnsl npaguaa Uunmepnpemayuy aro-
6020 pacnonoxcenuss NUKMOSPamMM 8 KAemKax oeymep-
HOUl mabauybl KaK CUHMAKCUHeCKU NPAGUAbHOU NpPO-
2PAMMbL, KOMOPAsi MOJcem Oblmb 8bINOAHEHA;

— 3mu npasuaa peanus0eéansl 8 Asvike Ilukmo cu-
cmemvt [luxkmoMup.

BaxxHo, 4TO 3TU mpaBUiIa METOOAUYECKU OKA3aI1Ch
JIOCTaTOYHO €CTECTBEHHBIMU U 3(P(PEKTUBHBIMU ITPU
OCBOCHUU HOIIKOJIbHUKAMM YW MJIaAlleKIaCCHUKAMU
a30B MPOrpaMMHUPOBaHYs. XOTS UCIIOIb30BaHUE TIpa-
BUJI CUHTAaKCUYECKM HEOTPaHWYECHHOTO MUKTOIPaAMM-
HOTO IIPOTrpaMMMpPOBaHMSI U30aBJIsIeT OT HEOOXOIM-
MOCTH OOBSICHSATH IETSIM CUHTAKCUYECKUE OTpaHU-
YyeHUsI, OHO HE OTMEHSIET HEOOXOANMOCTU OOBSICHSTH
JIETSIM TIpaBUJIa pa30MeHUsI IpOTpaMMbl Ha BIOXKEH-
HBI€ KOHCTPYKLIMU, KOTOPhIE U OINPEAEISIOT CEMaH-
TUKY TIpOTpaMMBbl, TIpaBWja €€ BBHITIOJHEHUS. BbInr-
PBILI B CMEIIEHUH aKIIEHTa C CHHTAKCHCA Ha CEMaH-
TUKYy B TOM, 4YTO B OTIMYME OT CHUHTAaKCHCa,
CeMaHTHUKa HaIIsITHA U €€ OCBOCHME BO3MOXKHO Ha
npakThKe, B 3KcIriepuMeHTe. IlociaemoBaTebHO Ha-
JKMMasl KHOMKY IMOIIArOBOTO BBIMOJIHEHUS IPOrpaM-
MBI, pe0eHOK BUAWT HAIJISIAHO, KAKYI0O MUKTOTpaMMy
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MMPOrpaMMBI KOMIBIOTEP BBHITIOIHSET U K YeMy MpU-
BOOUT 3TO BbINOJAHeHUE. HamisgagHOCTh 0COOEHHO
BaxKHa JJIsl YCKOPEHMS IIEPBBIX I1aroB B IIPOrpaMMU-
poBanuu. [lo Halleit MeTOIUKEe STU TEPBbIe IIAru
OpraHm3yloTcsl cienymoiuMm obpa3oM. CocTaBuUB
IIporpaMmy 13 MaTepUaIbHBIX OOBEKTOB, CKaXKeM 13
KyOMKOB Ha CToJIe, peOEHOK ITOKAa3bIBAeT IIPOrpaMmy
KoMmbloTepy (rutaHinety). KommbloTep pacrio3Haer
MOJIy4YeHHOE M300pakeHre, MpeBpallaeT ero B Mpo-
rpamMMy B CBOEIA TTAMSITU Y BBITIOIHSIET 3Ty IIPOTPaMMY.
Kak 0bI peObeHOK He pacHoNoXWI KyOUKH B KJIETKaX
JIByMEPHOI TaOJIUIIBI, 3TO PACIIOIOXEHNE PACTIO3HACT-
Csl KOMITBIOTEPOM KaK HEKOTOpasl IpaBUJIbHAS MPO-
rpamMma, 1 pe6eHOK I10JIy4acT BO3MOXHOCTb YBUACTh
IIPOLIECC BBIMOJIHEHUSI 3TOIl MpOTrpaMMbl, YBUICTD,
OTBeYaeT JIU IOBeAecHNEe poOOTa MPU BBLITIOJHEHUUN
BTOM TIPOrpaMMBbl 3aMbICJIaM, KOTOphIE PeOSHOK IThbI-
TaJICs peajin30BaTh IIPU ee cocTraBieHun. Eciu noBene-
HHE HE COOTBETCTBYET I€pBOHAYAIBHBIM 3alyMKaM,
pebGEeHOK U3MEHSIET TPOrpaMMy U MMeeT BO3MOXKHOCTh
IMOCMOTPETh, KAaK BBIMOTHIAETCSI U3BMEHEHHAsI IIPOrpaM-
Ma. Takum oOpa3oM, B JTIOOO0M CUTyallnn pedeHOK MO-
KeT 3KCNEepUMEHTUPOBATh U HE TONagaeT B CUTYya-
UM, B KOTOPBIX OH HO/KEH BCIOMUHATH IpaBUJIa
COCTaBJICHUSI TPOTPAMM M TIBITATHLCS YMO3PUTEIBHO
MOHSTh, KaKKe U3 3TUX TIpaBWJI OH HApYyIIWII.

4. PEAJINBAIUA NAEU TIMKTOI'PAMMHOI'O
ITPOTPAMMUWPOBAHUA
BE3 CUHTAKCHUYECKHWX OTPAHUYEHUN
B CPEJE ITMKTOMUP

IlepeMeHHBIX M KOHCTaHT, a CTaJIo ObITh, apud-
METHUYECKHUX WJIU JIOTUYECKUX BbipaxkeHUil B [TukTo-
Mupe HeT. 3HauuT, 00 OLIMOKAX B BBIPAXKEHMUSIX
MOXHO He 6ecniokouThesd. CUHTaKCUUYECKU Helomy-
CTUMBIE PparMeHThI porpaMMbl B [TukroMupe 110-
TeHILIMAJILHO MOTJIY Obl BOBHUKATD B IBYX CUTYalIUSIX:

— Opu pa3dbMeHUU IIPOTPaMMbl Ha CEKLIMU-TOI-
MIPOTrpPaMMBI.

— IIPU BJIOKCHUWU YITPpaABIAIOLINX KOHCTPYKHHﬁ.

IlepByro cuTyaliio MBI paspemiaeM CIeTyIOIIIM
00pa3oM: MTHOPUPYEM BO3MOXKHBIC HECOTTIacCOBaH-
HOCTH, TIO3BOJISISI UM TaK VIV MHAYe MPOSIBUTHCS TP
BBITIOJTHEHUH TIPOTPAMMBIL. A UIMEHHO,

— BbBI3OB MNoAnporpaMmbl C HCOIIPCACICHHBIM
MMCHEM CUHMTACM JOITYCTMMBIM U BbIIIOJIHAEM 3TOT
BbI3OB KaK OTHOTAKTOBYIO KOMAaHIy Hem onepayuu,

— KOJ, KOTOPBIiA MOXXHO OBIJIO ObI MHTEPITPETUPO-
BaTh KaK IIOBTOPHOE OIpeacaecHrue UMEHU ITOAIPO-
rpaMMBbI, ITOCKOJIBKY BBIIIIE IO IpOrpaMme JaHHOE
UMS YK€ 3alaHO, U BECh KO, CJIECOYIOIINil 32 HUM,
CUMTaeM IIPOAOJKEHUEM KOJIa IIPEAbIAYIICH CEKIINN.

IMpaBUIBLHOCTE K€ CTPYKTYPBl  BIIOKEHHBIX
VIIPABJISIIONIUX KOHCTPYKUMIA, MBI, BIOXHOBJICHHBIC
IpuMepoM si3bika IIuToH, obecrieynBaeM TEM, YTO
3a71aeM GJIOYHYIO CTPYKTYPY HESIBHO, C TOMOIIBIO OT-
ctymnioB. B s3pike IlukTo ecTh yrpasisionine KOH-
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CTPYKIIMY IOBTOPEHMSI 1 BeTBJIeHMs (0e3 BeTBU else)
U paspeliaercss ux BJIOXeHHe. 3HAUYMT, BHYTPU OJ-
HOM CEeKILIMM MPpOTrpaMMbl JOJKEH OBITh MOIAEepKaH
OaylaHC OIepaTOPHBIX CKOOOK. SIBHOE HapyllleHue
OajaHca omnepaTopHBIX CKOOOK B s13bIKe IlMKTO He-
BO3MOXHO, TaK Kak B sI3bIKe [TMKTO eCTh MUKTOTpaM-
Mbl, HAUMHAIOIIME YIIPABJISIONIYI0 KOHCTPYKIIUIO, HO
HET IUKTOrpaMM, 3aBEepIUIAIOLIMX KOHCTPYKIIMIO.
Mudbopmanust o ToM, IIe 3aBeplLIACTCS YIIPaBIISIO-
1asi KOHCTPYKIMS, 3amaeTcs B si3bike [1MKTO HesB-
HO, INyTeM pa3MelleHus HadajJbHBbIX OTCTYIOB B
CTpoKax IporpamMmsbl. M mpaBuia 3TU yCTaHOBJICHBI
TaK, YTO KaKOBHI Obl HA ObLIM OTCTYIIBI B PA3JIMIHBIX
CTpOKaxX NMporpaMMbl, MOXHO OJHO3HAYHO OIpeJe-
JINTh, TAE 3aBepllacTcs Jodas yIpasisioliass KOH-
CTPYKIIMSI, He Hapyllast IIpy 3ToM OajiaHca yIpaBJIsi-
IOIIMX CKOOOK, U, 3HA4YUT, MOXHO OJHO3HA4YHO
OINpEelIe/NINTh, KaK CJAEAyEeT BBIIOJHSITH IPOTpaMMY.
PaccmoTpuMm mpumep IIporpamMmbl, COCTOSIIE U3
OJTHOM HEMMEHOBAHHOM CEKILIUU.

Ha puc. 5 koHcTpyKIus “umKi 3 pa3a” HaUMHAET-
cs IMKTorpaMMoii (3), pa3MeleHHOM B IEPBOIA ITO-
3ULIMU IEpBOM cTpoKM ¢ oTcTyrnoM 0. TeJio aToit KOH-
CTPYKIIMM HAaYMHAETCsI B 3TOI Xe CTpPOKe, HauMHasl
co BTopoii mo3unu. IIpu3HaKoM BKIIIOYEHHS B TEJO
KOHCTPYKIIMM OY€PEeTHOi CTPOKH MBI BCErIa CYNTAEM
OTCTYH, OOJbIIKA OTCTYNA HAYAJIA KOHCTPYKIMH (CM.
cienyrolnunii pasmeir). Bropast ctpoka HaumHaeTcs ¢
TaKOTO OTCTYIa, MO3TOMY BCS BTOPasi CTPOKA BXOAUT
B T€JI0 IUKJIa. B TpeTheil cTpoKe OTCTYH HYJIEBOIi1, 3TO
3HAYMUT, 9TO TEJIO IIMKJIAa 3aKOHYMJIOCHh BO BTOPOM
cTtpoke u koMaHaa (P), pacriosoxkeHHast B IepBOit
MO3ULIMH TPEThEH CTPOKM, B TEJIO IIMKJIA HE BXOIUT U
o0Opa3yeT HOBBIM OJIOK, KOTOPHEIT OyIeT BBIITOJTHEH
TocJie 3aBepIICHUS LIUKJIA.

AHaJIOTUYHO 3aJaI0TCs BJIOXKECHUST YIPABISIOLIX
KOHCTPYKIIMIA.

5. HABPOCOK AJITOPUTMA KOMITUJIA LI A
OJHOMU IMUKTO-CEKINU

Mpb1 paccmaTpuBaeM 3a1ayy KOMOWISILIUM OAHOM
CEeKIIMM TIporpamMmbl Ha s3bike ITuKTO, mpeacraBisi-
Io1Iei co00i MpsIMOYTOIbHYI0 Tabauy T ¢hukcupo-
BaHHOTO pa3Mepa, 3allOJHEHHYI0 MUKTOTpaMMaMu
u3 ajdaBuTa

{O}uA4u B,

rae ( ) — nmukTorpaMma ¢ox, o603Havalolasi He3a-
MMOTHEHHYIO (IIyCTYI0) KJIETKY Ta0auibl T,

A = {ay, a,, ..., 2, _ ;} — MHOXECTBO IUKTOTPaMM
JefcTBUiA (action), T.e. KOMaHI-TIPHUKa30B pOOOTOB U
BBI30BOB CEKIIMIA;

B ={by, by, ... b, _{} — MHOXECTBO MUKTOTPAMMBbI
Hayvan (begin) ynpaBiasomMX KOHCTpyKiuii. Kier-
KU, 3alI0JIHEHHbBIE 2JIeMeHTaMU MHOXeCTB A U B, Ha-
3BIBAEM HEenycmuiMu, CTPOKY TaOIUIIBI Ha3bIBaeM He-
nycmoii, €ClIi B HEll €CTh XOTs OBl OJHA HEIlycTas
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Puc. 5. [Iporpamma 3akpalmBaHysl 3aJIaBHOU pyccKoii 6yKBbI 1 1 pe3yibTaT BBIITOJHEHMS 9TOM MPpOrpaMMbl po6oToM Bep-

TyHOM. HavanbHast mo3uiiusi BepTyHa oTMedeHa TOYKOIA.

kJeTtka. Omemynom HEMMYCTOU CTPOKU HA3bIBa€M KO-
JIMYECTBO TYCThIX ((POHOBBIX) KJIETOK, MPEAIIECTBY-
IOIMX IIePBOM HEMyCTOM KieTke. Omcmyn CTPOKMH,
COCTOSI11IE TOJTBKO U3 MYCThIX KJIETOK, CHUTAEM PaAB-
HbIM 0. Omcmynom mo0oit KIETKU CTPOKHU Ha3bIBacM
YUCIO KJIETOK CTPOKM, MPENIIecTBYIONIMX TaHHOM
KJIeTKe. MHOXecTBa A 1 B 3aBUCAT OT Habopa podo-
TOB, KOTOPBIMU JIOJKHA Oy/IeT yNpaBIsTh IporpaMMma,
M MEHSIIOTCS OT 3a/1a4M K 3amade. MexaHu3m (popMupo-
BaHUS 9TUX MHOXECTB HaM HE BaXK€H, K MOMEHTY KOM-
MWISILIMKA CEKLIMM 3TU MHOXECTBa MPEeAIoJiararoTcst
c(hOpMUPOBAHHBIMU.

Hampumep, mipu KOMITWISIIMA HEMMEHOBAaHHOM
CEKIIMHM TIpOTrpaMMBbI Ha PUC. 5 MpearoiiaraeTcs, 4To
MHOX€ECTBO A COCTOUT U3 9 MUKTOTpaMM

(L) (R)(F)(P)(A)(B)(B)(T) (1) (E),

T.€. B KOMITUJIUPYEMOI CeKIIMU UCTIOIB3YIOTCSI TOJb-
KO BBI30BBI KOMaHI-IeHCTBUI pobota BepTyHa 1
BBI3OBBI CEKIIUII C OTHOOYKBEHHBIMM MMEHAMH, a
MHOXECTBO B COCTOUT U3 6 MUKTOrpaMM

1)(2)(3)(4)(5)(6),
T.C. B KOMHH)II/IpyeMOﬁ CCKIIMHM B KAa4YCCTBEC yIIpaBJIs-

FOIINX KOHCTPYKLIMNI UCTONIB3YIOTCSI TOTBKO LIUKIIBI C
SIBHO 3aJaHHBIM YMCJIOM ITOBTOpeHuit ot 1 10 6.

Hamma 3apaga — creHepuposath o Tadauie T mo-
CJIeIOBATEILHOCTD S 2JIEMEHTOB B ajihaBuTe

{aosalv-"amfl} U{b05bla'-'bn71} U{(e)}

3nech (€) — OTCYTCTBYIOIIAsl B MCXOMHOII MpoO-
rpaMMme sIBHasl yHUBepcajibHasl 3aKpHBIBaloIIasi oIle-
paTopHas CKOOKa, HY>KHOE€ KOJIUYECTBO DK3ECMILIS-
POB KOTOPOIi TOJZKHO OBITh pa3MeIleHO B CKOMITMJIM -
pOBaHHOM IIporpaMme C 1LI€AbI0 OTHO3HAYHOIO
3amaHus OJIOYHOM CTPYKTYPHI 3TOM ITporpaMmEl. [1o-
cJie KOMOWISIIUY KaxKI0i CEKIIMM MHOTOCEKIIMOH-
Has mporpaMma, BKJIIOYalolasi BEI3OBBI (OBITH MO-
XKET, peKypCHUBHBIE) ITOAIIpOrpaMM 0e3 ImapaMeTpOB U
BBI3OBBl KOMAaHA-IEMCTBUII M KOMaH[I-BOIIPOCOB
BHEIIHUX HCIIOJIHUTEIIE, MOXET OBITh BBIIIOJHEHA
0 OOLIEHPUHSTHIM IIpaBUJIaM.

JOKJIAIBI POCCUVICKON AKAIIEMUU HAVK. MATEMATUKA, MTHO®OPMATUKA, TTPOLIECCHI VITPABIEHUS

ITocnenoBarenbHOCTh S cTpouTcs Tak. Co3maem
MYCTYIO MOCJIENOBATEIbHOCTh S 1 IIyCTOM CTEK HEOT-
pULIATENIBLHBIX LEIbIX YUCE, B KOTOPOM OyoyT Xpa-
HUTHCSI OTCTYNBI 3ar0JIOBKOB HE3AKPBITHIX YIIPaBIISI-
FOIIMX KOHCTPYKIMIA 1 HAUMHAEM IOCTPOYHO CKaHM -
poBath Tabauity T. I1pu aTom

— KaxXAylo BCTPEYEHHYIO MUKTOrpaMmy ( ) UTHO-
pupyem;

— KaXXIyIo BCTPEYEHHYIO MUKTOTpaMMy 13 A 110-
OaBJIsieM B KOHeIl S;

— KaXIylo BCTPEUEHHYIO MUKTOrpaMmy u3 B mo-
GaBisieM B KOHEIl S, OTKpBIBas, TEM CaMbIM, B IIPO-
rpaMMe S HOBYIO OIIepaTOPHYIO CKOOKY M, KpOME TO-
ro, 3alMChIBaeM B CT€K OTCTYI 3TOIM MUKTOTPaMMbI
OT Havajia CTPOKU;

— TIpU TIepeXoe Ha HOBYIO CTPOKY BEIYUCIISIEM €€
orctyn I (Indent), 1, moka Ha BepllIMHE CTeKa OOHa-
PYXXUBaEeTCSI OTCTYII, OOJIBIINIT MJIN paBHEINA 1, N3bI-
MaeM 3TOT OTCTYIT U3 CTeKa W 3aIllMChIBaeM B S YHU-
BEPCAJIBHYIO 3aKPbIBAIOLLYIO CKOOKY (e), 3aKpbiBasi,
TeM CaMbIM, OOHY M3 paHee OTKPHBIThIX OIEPaTOPHBIX
CKOOOK;

— OKOHYaHME CeKIIMU 00pabaThiBaeM KaK CTPOKY
c orctyriom 0.

IMpumep 1. 3aganmum eTMHCTBEHHYIO CEKIINIO TIPO-
rpaMMBbI Ha puc. 5 Tabauueii 1

Ta6amma 1
)] P (F) P (F) O
O () (F) P) (¥ (R)
(P) O O O O O

Ta6auua 2
) O O O
O ©)) O O
O O A) @
O (P) @) O
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Puc. 6. 3anaHue BIOXESHHBIX IUKJIOB OTCTyNaMu. [TojTHast 1 KOMITakTHast hopMa IporpaMMbl 3aKpaninBanust 6ykBsl E.

Puc. 7. Pe3ynbraT paboThl IIporpaMMbl 3akpainnBaHus 6ykBel E. HayanbHast mo3uiiust po6ota oTMedeHa TOUKOM.

PesynpTaToM KOMNOMISIOUUA 3TOM CEKIIMM OydeT
MoCaea0BaTeIbHOCTh

(3)(P) (F) (P) (F) (P) (F) (P) (F)(R)(e) (P)

B KOTOPOIi OTKphIBatoiiiasi ckooka (3) B mepBoii mo3u-
LM COOTBETCTBYET 3aKphbiBalollieii CKoOke (e) B
TMPEANOC/IeAHENA TTO3ULINU.

Ipumep 2. 3agaguM HEMMEHOBAHHYIO CEKIIWIO
nporpaMMbl Ha puc. 6 (TojiHast hopMa) Tabiauieii 2.

BHelrHuii MK HEMMEHOBAHHON CEKIIUM HaYU-
HaeTcsl MUKTOrpaMMoii (2), MMeIoIIeil HyJleBOil OT-
cryn. Cienyiolye TpU CTPOKM HUMEIOT HEHYJIeBOM
OTCTYIT U IOTOMY MbI CUMTAEM UX BXOASIIVIMU B TEJIO
BHEIIHEro 1MKia. Bo BTopoii cTpoke 3Toro Tena ¢ or-
crynoM 1 pacnojioXeH 3arojoBokK (3) BHyTpEeHHETO
nukia. [To HalleMy aaropuTMy B TEJIO 3TOrO BHYT-
pEHHEro LIMKJIa T0JKHA BXOAUTh TPEThSI CTPOKA C OT-
CTYIIOM 2, HO He JOJIXKHA BXOIUTh YeTBEPTasi CTPOKA,
KOTOpast HaXOAUTCSI B TeJie BHEILIHEro LIMKJIa U OyaeT
BBITIOJIHSAITHCS ITPU KaXKIOM 3aBepIIEHUY BHYTPEHHE-

NOKJIAIBI POCCUMCKON AKAIIEMUU HAVK. MATEMATUKA, MHOOPMATUKA, TTPOLIECCHI VITPABJIEHUWSA

ro nukia. Pe3yjbTaToM KOMIIMJISLIMM 3TON CEKLIUU
OyIeT MmocJIefOBaTeIbHOCTh

(2)(3)(A) (L) (e) (P)(L)(e)
B kotopoii BHyTpeHHun muki (3) (A) (L) (e) BiioxeH
BO BHELIHUI LUK (2) ... (e).
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ERROR-FREE 2D PICTOGRAMMIC SYNTAX IN A PROGRAMMING
LEARNING ENVIRONMENT FOR PRESCHOOL CHILDREN
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Presented by Academician of the RAS A.L. Semenov

When mastering the basics of programming by preschoolers, serious difficulties are created by the need to di-
agnose and correct syntactic errors. With the traditional method of “on-screen” program editing, these dif-
ficulties can be avoided by blocking the child’s actions that lead to syntactic violations. Today, the technique
of compiling programs from material objects (tangible objects) with command icons printed on them is gain-
ing popularity. When using this technique, no blocking of user actions is possible. In this situation, the au-
thors propose to protect the child from syntactical errors by postulating the two-dimensionality of the pro-
gram and defining the syntax and semantics of the pictogram programming language for beginners using in-
dentation so that any placement of pictograms in the cells of a two-dimensional table gives a syntactically
correct and executable program. This approach has been implemented and tested in the domestic educational
environment “PictoMir” of pictogram programming for preschoolers.

Keywords: program, pictogram, textless programming environment, screenless programming, Piktomir, pre-
schooler, robot, structured programming
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