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PA3BUTUE HABbIKOB PABOTbI C HACJZIOBbIMU CTPYKTYPAMU
C NOMOLbIO KOMIMbIOTEPHbLIX TPEHAXXEPOB

Heo6x0quMoCTh Pa3BUTHA HABBIKOB PA0OTHI C UKMCJOBBIMU CTPYKTypaMu 00OCHOBaHa HE TOJBKO TPebo-
BAHUSIMHU I'OCYJAPCTBEHHBIX dK3aMEHOB, HO U JAHHBIMU, IIOJYUEHHBIMU B KOrHUTUBHOU Hayke. Chopmyiin-
poBaHa ujesd TpeHa)KepoB paboueil MaMaTHU Ha I€JIEBOM KOHTEHTE, B YaCTHOCTU, HA UMCJIOBBIX CTPYKTypax.
Wcnonp3oBaHMEe KOMIBIOTEPHBIX TPEHAYKEPOB PAOOTHI C YUCIOBBIMU CTPYKTYPaAMU II03BOJIAET PeaN30BaATh
MeTOJ NHTEePBAJIbHBIX IIOBTOPEHUIT; B COBEPIIIEHCTBE OTPA00TATh HABBIKY PA0OTHI C UMCJIOBBIMU CTPYKTYDPAMMU;
HAaTPeHUPOBaTh pabouyio maMATh. [IpoaHaIN3UPOBaHBI SMOUPUUECKNE JaHHbIe BIUAHUSI TPEHUPOBKU pabo-
yell TaMATHY Ha pPelleHne 3a/1au, NCI0Jb3YIOINX ee pecypchl. OCHOBHBIE BBIBOIBI: 1) MMeIOTCA 3HAUNTEIbHBIE
UHAUBUAYAJIbHBIE PA3JINUNA B CIIOCOOHOCTH BBITIOJHATD YIIPAYKHEHUA HA pa00UyIio IaMAaTh Y JI0el IpUuMepHO
OJTHOT'O U TOTO JKe Bo3pacTa; 2) IJIUTeJbHbIe U CUCTeMaTUYeCKNe TPDEHUPOBKY paboueil maMATH MTO3BOJIAIOT He
TOJILKO TIOAAEPIKUBATE ee (hYHKIIMOHUPOBAHE B AaKTYaJIbHOM COCTOSIHUIY, HO M HECKOJIBKO PACIIIUPUTD IIPeIebl

ee ()U3UOJIOTUYECKOT0 PA3BUTHUA.

Karouessle cioBa: pabouasi IaMsATh, KOMIIBIOTEPHBIN TPEeHAMKeD, YUCJI0BasA CTPYKTYpA.

Iloxg umc0BO¥ CTPYKTYPON KaK AUAAKTUUYECKUM
TMIOHATHEM ITOHUMAaeTCA J060e UCJI0BOe MHOMKECTBO,
IPOM3BOJIBHO PacipeneeHHoe B mpocTpancTee [1].
K umc/I0BBIM CTPYKTYypPaM MOYKHO OTHECTH YKCJIOBYIO
IPSAMYIO, TPUTOHOMETPUYECKYIO OKPYIKHOCTD, MHOMKE-
CTBO PAITMOHAIBHBIX UHCEJI, KOOPANHATHYIO IIJIOCKOCTD
u T.11. Pelrenue 3a1a4 ¢ YMCIOBBIMU CTPYKTYPAMY IIPO-
HUCXOIUT B pabouei maMATu. YUamiuecs, y KOTOPbIX Ha-
oaromaeTcs neuIUT paboueil mMaMaTH, UCITLITHIBAIOT
00'beKTUBHBIE TPYIHOCTU B PEIIIeHUH TAKUX 38144, UTO
JIesaeT HeBO3MOJKHBIM YCBOEHUE Kypca MaTeMaTUKHU
u yecnemayio cgauy EI'S. Hanpumep, A1 perrenus
samad Ne 9 u 13 B EI'O mo maremaTuke o6pasia 2017 r.
OBLTI0 HEOOXOAMMO BJIAETh HABLIKAMMU PAOOTHI C TPU-
TOHOMETPHUUYECKOUN OKPYIKHOCTHIO U IIPABUJIAMU IIPU-
BeZleHU A TPUTOHOMETPUYECKUX (PYHKITHH.

C110COOHOCTH K YCTHOMY CUETY BasKHA He TOJIbKO
[ YCIIeIITHOM cIau ToCyJapCTBEHHBIX 9K3aMEeHOB.
YCTHBIN CUET JIEJKUT B OCHOBE BaXKHEHUIITUX BBICIITUX
ncuxnyeckux GyHKINHN, Kak yreeps;xaaer A.III. Txo-
croB (MI'Y) [2]. OTcyTcTBUE HABBIKA YCTHOTO CUETA
MOJKeT IIPUBECTHU K YTPATe CIIOCOOHOCTH K PEKYPCUB-
HOMY MBIIILJIEHIIO, YTO XapaKTePHO AJIA KYJIbTYPbI
napoja Pirahas, :xusyirero B 1edpsax Amasouku [3].
Y HUX HeT HU YHCeJ, HU CUeTa, HU PEeKYPCUBHBIX
CTPYKTYP B S3BIKE.

TpenupoBKa paboueil MaMATH C IIOMOIIIBIO KJIac-
CUYECKUX TPEHAaKepOB BBLI3LIBAET OTTOPIKEHUE Yy
HEKOTOPBIX cJ1ab00 MOTHBUPOBAHHBIX yUaIll[UXCS,
TIOCKOJIbKY He CBA3aHa HEIIOCPEICTBEHHO C COZEPIKa-
HueM 3azau EI'D. IlosToMy He0O6X0aMMO CO3aBaTh

TpeHasKepbl paboueil maMATH HA CAMOM Il€JI€BOM
KOHTEHTE — YHNCJIOBBIX CTPYKTYPax B YUaCTHOCTH.

OcHoBHaA umes Co3TaHUA TPEeHaKepoB paboueit
IaMATH Ha IeJIEBOM KOHTEHTE 3aKJIIYAEeTCA B TOM,
YTOOBI HAWTU Y3JIOBble MOMEHTHI B IIPAKTHUUYECKOI
IeATeJIbHOCTH, B KOTOPBIX MPOUCXOIUT MHTEHCUBHAA
Harpyska Ha pabouyro maMsaTh, CMOAEINPOBATH UX HA
KOMIIBIOTEDE U IIOCTPOUTH Ha OCHOBE MOJEJIU TPeHa-
sKep. Vea peasm3oBaHa IIOKA HA IPUMEPE YCTHOTO
cueTa M OCHOBHBIX IMOHSATUN TPUTOHOMETPUH.

ABTOpOM OBLIM CO3LAHBLI TPU TPeHaKepa Ta-
KOro BUJa, HOCTYIHBIEe IO azpecy: http://www.
workingmemory.ru/htmls/trainers.php: Tpenaxep
YCTHOTO cUeTa U [Ba TpeHasKepa Ha Pa3BUTHE HABBI-
KOB PaboThI ¢ TPUTOHOMETPUYECKOI OKPYKHOCTHIO
(Traba. 1).

Hcnonp3oBaHMEe KOMIBIOTEPHBIX TPEHAXKEPOB
PaboTHI C YNCIOBLIMU CTPYKTYPaAMU ITO03BOJISET:

1) peanu3oBaTh METOA NHTEPBAJIbHBIX IIOBTOPE-
HU [4] 114 yIaImxcs, NCIBITHIBAIOINX TPYAHOCTH
C YCBOEHMEM MeTOI0B PabOThI C UMCJIOBBIMU CTPYK-
TypaMu, HOCKOJIbKY aBTOMaTUYeCKas reHepalus
3aaHUM He OTPAaHMYMBAET MX UMCJIO0 U He TpedyeT
PaspaboTKU HOBBIX YIIPaKHEHUU AJIS MHTEPBAJIb-
HOT'0O TIOBTOPEHUS MaTepuaa;

2) oTpaboTaTh HABBIKM PA0OTHI ¢ YMCIOBBIMU
CTPYKTypPaMHU HACTOJLKO, UTO B IIPOIlECCe PeIlleHus
3amauu 1o MaTeMaTUKe pecypchl paboueil maMaTu
OyIyT cOCpemoTOUEeHbI Ha IIOMCKE PellleHns caMo 3a-
Iavyu 1 He OYAYT OTBJIEKAThCs HA BLITOJHEHUE CTAH-
IapTHBIX OIePAIINH C YUMCJIOBBIMU CTPYKTYPAMU;
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Tab6auia 1

KpaTtkoe onucaHWe KOMMbIOTEpPHbIX TPEHAXXEPOB, HanpaB/leHHbIX HA pa3BUTHE HABbIKOB paboTbl
c uncnoBbiMU cTpykTypamu (http://www.workingmemory.ru/htmls/trainers.php)

Mpumep Ne 1
6 2 Tekywee Bpemsi: 13 ¢
X CpeaHee Bpemsi:

nasHoe MeHio

Beegute otBeT
W HaXxmute
kHonky "ENTER"

TpeHaxkep «YCTHbIM cYeT» NO3BONSET B COBEP-
LIEHCTBE OBJ/IAZETb HaBblKaMW YCTHOMO cuyeTa.
CpenHee BpeMsi NPOU3BELEHWUS ABY3HAYHOIO
uucna Ha OfHO3HaYHOE, LeNeHUs TPEX3HAYHOro
yucsia Ha OAHO3HAYHOE W BbIUMTAHWS U3 TPEX-
3HAYHOrO UMC/Ia LBYX3HAUHOrO JOMKHO ObiTb
He 6onee 7 c. CpefHee BpeMsi YMHOXKEHHS
[BYX3HauHbIX uMcen — B npegenax 15 ¢

Boi6op TpeHaxepa /

Q© Kpamnwe w2

® Npowseonsee

—-15n/2

Konwuuectso ynpaxHennit: 1

Cpenvee Bpems: 6 ¢

Yacrora ownbok: 0 %

© Murapes A.I0.

TpeHaxep «TpUroHoMeTpUyecKas OKpPY-
HOCTb» no3sonseT oTpaboTaTb HaBbIK Ha-
XOXK/EHWA TOUKU Ha YUC/IOBOM OKPY>KHOCTH,
COOTBETCTBYIOLLEH 3aaHHOMY 3Ha4YeHUIO nepe-
MeHHOM. Heobxoanmo [obutbea 6e3owmnboyHo-
ro BbINOJIHEHUS YNPAXKHEHUS HA MaKCUMasbHOM
CKOpOCTH

Bbibop Tpenaxepa

Bbibepute yeTsepTs:

ctg (-5n/2+0)

a1 -

p @
Cpennee spems: 7 ¢ sina cosa tga  ctga

Yacrora owwbok: 0 %

-sina -cosa -tga -ctga

@ T

Tpenaxep «DopMy/ibl NPUBELEHUS» NO3BONAET
B COBEpLUEHCTBE OBMAfi€Tb HABbIKOM MCMOJIb30-
BaHWA (hOPMY/N NPUBELEHUS B PELUEHWH TPUro-
HOMeTpHueckux 3agay. Heobxoaumo pobutbes
6e30LMOOYHOrO BbINOJIHEHUS YNIPaXKHEHHUS! Ha
MaKCHMaJsIbHOW CKOPOCTH

3) TpeHUpPOBATH PA0OUYI0 MAMATH, IOCKOJIBKY
IIporpamMMa pacCUMTHIBAET CpeHee BpeMs BbIIIOIHE-
HUSA OJJHOTO YIIPAKHEHNUA, K KOTOPOMY CHOPMYIHUPO-
BaHBI TPeOOBaHUA. ITO MOJKET IIOOYAUTDH YUAIIEeTOCa
HarpysKaTh pabouyIo TaMATh B IPeAeIbHOM PerKuMe,
YTO BeJIET K €e TPDEHUPOBKE.

Takum 00pasoM, KOMIIbIOTEPHBIE TPEHAaKePhI,
HallpaBJeHHbIE Ha Pa3BUTHE HABLIKOB PabOTHI C
YHCJIOBBIMU CTPYKTYPAMHU, ITI03BOJISIFOT PEIITUTH IIPO-
0JIeMbI, He pelllaeMble ¢ IIOMOIIBIO TPAAUIIMOHHBIX
OyMasKHBIX yU4eOHBIX ITOco0OMii: 1) rapaHTUPOBaHHOE
pas3BUTHE HABLIKOB PA0OTHI C YMCJIOBBIMU CTPYKTY-

pamu, 2) TpEHUPOBKA paboueli mamMATH. BO3MOKHBI
IngaKkTudecKuil 9 GeKT He MOMKET ObITh JOCTUTHYT
IasKe IPU WHINBUIYAJIbHOM OOYUEHUU C PeleTu-
TopoMm. Vcnosb3oBaHMEe MHPOPMAITUOHHBIX TEXHO-
JOTUi B 00pasoBaHUU B TaKOU (popme, BOBMOIKHO,
IIO03BOJISET HAeATHCA B IE€PCIEKTUBE Ha pellleHue
«IpobaeMbI IBYX curMm» [5].

Tpenaxepbl «TpuromHomerpuueckas OKpykK-
HOCTb» U «@POpPMYJIbI IPUBEAEHUA» OMYOJINKOBAHBI
1 aBrycrta 2016 r. 1 ABIAIOTCS IIPOIOJIKEHIEM IIPO-
eKkTa «KoMIbioTepHBIE TpeHAaKePhl paboueil mamsi-
tu» (http://workingmemory.ru), sanyiiessHoro B
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Konuwecmeo npumepos 3a 1 Munymy

1/L

O6wee epemsn

1/B mpenuposku (0nu)

7 OHeli t

Puc. 1. XapakTep 3aBUCUMOCTYA CKOPOCTH BBIMTOJHEHUSA YIIPaXK-
HEHU# Ha pabouyIo MaMsaTh OT O0IIero BpeMeH! TPEHUPOBKU

2008 r. 3a BoceMb JieT paboThI IPOEKTa KOJIMNUECTBO
moJsib3oBaTesieil caiita mpesbicuiio 200 uesoBek, a
OoCTaBJIeHHbIe UMY B 0ase JaHHBIX Pe3yJIbTaThl BbI-
TIOJIHEHHBIX YIPakKHEeHUH COCTABJAIOT HOPAIKA
IByxXcoT Thicau 3amnuceii. B 2008 r. KouuecTBO Tpe-
Ha’KePOB Ha caiiTe ObLIO CEMb, B TOM YHCJIE TPEHAKED
«¥Ycrubiil cuer». Ceiiuac Ha caiiTe onmyOJIMKOBAHO
IBEHAAIIATh TPEHAKEePOB, B TOM UHCJe TPU Halpas-
JIEHHBIX HEIIOCPEACTBEHHO HA PA3BUTUE HABBIKOB
PaboThI C YUCJIOBBIMU CTPYKTYPAMHU.

AHanus 9TUX JaHHBIX T03BOJISIET CAEJIaTh BHIBO-
OBl OTHOCUTEJbHO BIUSHUS TPEHUPOBKU paboueit
IMaMsATU Ha CKOPOCTD PEIlleHusA 3aa4, CBA3aHHBIX C
HUCTIOJIL30BaHUEM ee pecypcos (puc. 1).

3aMeTHBIN POCT CKOPOCTH Ha IIePBOM dTalle Ipe-
TOJIOKUTEJIBHO UAET 32 CUET COBEPIIeHCTBOBAHUA
CTpaTeruu UCIOJb30BAHUSA PEecypcoB paboueii ma-
MATH. ITOT ITAI 3aHUMAET IOPALKA HeleJin. 3aTeM,
KOrJla cTpaTerus ysKe oTpaboTaHa, POCT IIPOU3BO-
IUTEeIbHOCTH IPOUCXOIUT yiKe 3a CUeT YIAYUIIIeHU T
caMoii paboueii TaMsATH.

ITosscHMM 3aKOHOMEPHOCTh HA IMPUMEpPe MU3-
MeHeHUs CpeqHero BpeMeHU ITPOU3BeeHUA B yMe
IBYX3HAUHBIX UMCEJ B pPe3yJibTaTe TPEHUPOBKU. B
KavyecTBe UCILITYEeMbIX OBIIN CTAPIIEKJIACCHUKU B
BospacTe 14—18 ser Ha MOMEHT Hauaja 3aHATUMA.
TpeHupoBaJINCh C PA3HON MHTEHCUBHOCTHIO, HO
yIpasKHEeHUA BLITOJHAJNNCH CUCTEMATUUYECKH U 0e3
IJIATEJIbHBIX IePepPbIBOB. Pe3yabTaThl TPEHUPOBOK
IJIS TPUHAAIATY OTOOPAHHBIX IO TAKUM KPUTEPUIM
Yy4YacTHUKOB IpeJicTaBJIeHbI B TabI. 2.

C omHOT CTOPOHBI, BUAUM 3HAUUTENbHBIE MHIN-
BUAYAJIbHBIE PABIUYMUS B CIIOCOOHOCTHY BBIIOJIHSATD
yIpasKHeHUsa HAa pabouyio maMATh y JI0Jeil mpu-
MepHO OJHOTO U TOTO Ke BospacTta (ctomberr L). C
IOPYTro#l CTOPOHBI, HAabOJIIOAAaeTCa IPUMEPHO OJWHA-
KOBBIHI OTHOCUTENBbHBIN MPUPOCT CKOPOCTU ITPOU3-
BeIeHUS B yMe IBYX3HAUYHBLIX YKCEJ B Pe3yJIbTaTe
TPEHUPOBKHU.

Ja HarnsggHOCTU faHHBIE Tab. 1 TpecTaBIeHbL
u Ha rpaduke (puc. 2).

ITo ropusonTabHOM OCU — 00IIlee BPeMs TPEHU-
POBOK, a 10 BePTUKAJBHOI — BO CKOJIbBKO Pa3 YMEHb-

Tab6auia 2

M3meHeHHe cpefHero BpeMeHH NpPoU3BeAACHHUA B YMe ABYX3Ha4HbIX YHCEN B pe3y/bTate TPEHUPOBKHU y4a-
LMXCSA CTaplKMX KNaccos

Ne B L t D
CpepHee BpeMs npousse- OTHoLeHUs HauanbHOro H
. HauanbHoe cpepHee Bpems
YcnoBHbl Homep LEHWsi B yMe ABYX3HauHbIX Bpems TpeHupoBok, KOHEYHOro BPEeMeHW Npo-
NPOW3BELEHUS B YMe
nosib3oBaTenNs TpeHaepa yucen nocne TPEHUMPOBOK, LHW 13BeAeHUs B yMe
LBYX3HauHbIX YuCen, C
c LBYX3HAUHbIX YWCen

1 40 30 30 1,33
2 87 49 105 1,78
3 22 18 108 1,22
4 31 11 139 2,82
5 63 13 239 4,85
6 49 20 301 2,45
7 30 16 392 1,88
8 64 26 703 2,46
9 47 23 749 2,04
10 17 8 795 2,13
1 51 16 989 3,19
12 58 21 1195 2,76
13 50 9 1255 5,56
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Puc. 2. 3aBucuMOCTh N3MEHEHUA BPpEeMEHHU IIPON3BEAEHNA B YyMe
ABYX3HAUHBIX UHCeJ OT OGH.IeI‘O BPeMeHH! TPEeHUPOBOK

IITUJIOCH CPeJHEe BPeMs BBITIOJIHEHUA YIPaKHEHUA
Ha IPOM3BeIeHNe ABYX3HAUYHBIX UNCEJ B YMeE.

Ecsim BpeMsa TPeHUPOBKYU OT MecsAlla IO r'ojia, TO
CKOPOCTH IPOUBBENEeHNA IBYX3HAUHBIX UNCEJI B yMe
yBeJIMYUBaeTCA B CpefHeM B ABa pasa. Eciu Bpemsa
TPEHUPOBKHU OT ABYX JO YETHIPEX JIET, TO CKOPOCTH
BBITIOJIHEHUS YIIPAKHEHUsT YBEJIUUNBAETCS B CPEJ-
HeM y:Ke B TPH pasa.

ITo mamHEBIM PabOTHI C APYTUMU TPEHAKepaMu,
IpeJcTaBIeHHBIMY Ha caiiTe http: //workingmemory.
ru/, Tak:xe HaO/II0faeTcsa mof00HaA 3aKOHOMEPHOCTD
BIUAHUSA TPEHUPOBKU HA pellleHUe 3aJad, OKa3bl-
BAIOIIUX HATPY3KY Ha pabouyio maMATh.

ITycts MenieHHOE, HO HEIIPEPHIBHOE YIIYUIIIEHIIE
IIOKasaTeJjell YCTHOT'O cueTa IIPU JJINTEIbHON Tpe-
HUPOBKE He MOYKET OBITH 00'bSICHEHO BO3PACTHBIMU
U3MeHeHusAMHU pabouell maMATHU, TAaK KaK B Bo3pac-
Te 10—30 et pabouas mamMATh IPUPACTAET HA MATH
MIPOIEHTOB 3a [[Ba rojia ¥ CPegHeCTaATUCTUUECKOTO
yesoBeka [6]. Takum o6pa3oM, cucTeMaTUdecKue
TPEHUPOBKU paboueil maMATHU IO3BOJISAIOT HE TOJIb-
KO IOJJeP:KUBATh ee QYHKIMOHUPOBAHNUE B aKTy-
aJIBbHOM COCTOSHUM, HO U PACHINPAIOT IPEAEbI ee
(PU3UOJIOTUUECKOTO PA3BUTUA.
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NUMERIC STRUCTURE SKILLS

DEVELOPMENT VIA COMPUTER

SIMULATORS

Keywords: working memory, computer simulator,
numeric structure.

The necessity for development of skills to work
with numeric structures is justified both by the re-
quirements of state exams and by the data obtained
concerning cognitive science on interconnection
between capacity for mental calculation with the
development of higher mental functions (the recur-
sive thinking, in particular).

The idea has been formed and the necessity of
development of working memory simulators on base
of target content, particularly numeric structures
is proved. Their use for personality development
makes it possible not only to improve the working
memory capacity, but to implement the method of
interval repetitions, and to workout perfectly the
skills of working with numeric structures.

The simulators are available at the website ‘work-
ing-memory.ru’. There are twelve simulators pub-
lished. Three skills of working with numeric struc-
tures are directly developed: “Mental Calculation”,
“Trigonometric circle”, “Reduction formulas”. The
simulator “Mental Calculation” has been online
since 2008, the launch of the project. The trainers
“Trigonometric circle” and “Reduction formulas”
were published in August the 15, 2016.

Empirical data of the influence of working mem-
ory training on solving problem using its resources
are analyzed. The empirical data are about two hun-
dred thousand records of the results of the working
memory exercises by different users of the working-
memory.ru website in the period of 2008 - 2016. The
main conclusions are (1) there are large individual
differences in the ability to perform exercises on
working memory in people about the same age; (2)
long-term and systematic training of the working
memory makes it possible both to maintain its op-
eration and to extend its physiological limits. The
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increase in working memory performance in young
adults of 16-20 engaging in training is ahead the
average statistical growth of the working memory
capacity within a period of three-four years. If the
training duration is from a month to a year, the rate
of multiplying two-digit numbers in mind increases
to about two times. If the training duration is from
two to four years, the rate of the exercise increases
to three times.

An explanation for the patterns observed of the
rate of the working memory exercises depending
on the total training duration is given. Noticeable
growth of the rate in the first stage can be considered
by improving strategy of working memory resources
use. This stage takes about a week. Then when the
strategy has been trained, the rate growth becomes
slow and depends on improving working memory

itself. The use of information technologies in educa-
tion in such a way allows us to hope to resolve “the
two sigma problem” in future.
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