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Bia penakiiiinol koJierii

IMTamnoBHI unTayi!

Bu Tpumaere B pykax Tperiii BuIlyCK «30ipHUKa HAYKOBHUX Ipallb (Hi3HMKO-
MATEMATUIHOTO PaKyIbTETY» JEPXKABHOTO BUIOTO HABYAJILHOTO 3aKIaay «/loH-
bachbKMil Jep:KaBHUI e aroriqHuil yHiBepcuTeTs. BujiaHHs HayKOBUX Ipallb BU-
KJIJa4iB, CTYJEHTIB Ta MOJIOJINX HAYKOBIIB (PI3MKO-MATEMATUIHOTO (PaKyIbTETY
JITY 3anoyarkoBano y 2010 porii, Ko pe3y/ibraTi HayKOBUX JOCJIiI2KeHb Oy-
JI0 o11y0JIIKOBaHO OKpeMolo cepieto «Dizuko-MaTeMaTudHl HayK» B 30ipHUKY Ha-
YKOBUX TIpallb «lIomyku i 3Haxijiku» 3a MaTepiajaMi HayKOBO-TPAKTUIHOT KOH-
depentii CAITY «Akryanbhi muransst cydacHol Hayku i ocsituy (CAITY, 20-22
kBiTHs 2010p.).

Metoro 30ipHIKa € IiATPUMKa HAyKOBOI aKTUBHOCTI SIK cepejl CTYIEHTIB, Tak
i cepenr Mmostonux Bukaagadis JIITY Ta inmumx BHS3.

OcHoBy 30ipHIKA, CKJIa/1al0Th IOBHOTEKCTOBI CTATTI JOIOBiIeil Ha IHOrOPIdHiik
BeeykpalucbKiit HayKOBO-IIpaKTUUHI KOH(epeHIil «AKTyabHI MUTAHHSA Cyda-
cuol Hayku i ocBitny (Cios’staenk, JIJIITY, 23-25 kBitHsa 2013p.). OcHoBHI pe3yiib-
TaTU JIONOBIIAJINCh Ha CEKIIITHUX 3acilaHHgX Ta Oy PeKOMEHJIOBaHI JI0 APYKY
roJIOBaMIU CeKIIiif, 3aBiIyBayaMi BUITYCKOBUX Kadep Ta HayKOBUMU KEPiBHIKAMI
BUITYCKOBUX POOIT.

3acHOBHUKN 30ipHUKa MaiOTh HaMip 3p0OUTH HOro MakKCUMAaJIbHO BiJIKPUTUM
sIK JIJISI aBTOPIB, Tak 1 JUIsd 9uTadiB. BiH BUXOIUTL OJIMH pa3 Ha PiK y IPYKOBAHOMY
Ta eJISKTPOHHOMY BHUIVIsIII. EJieKTpoHHa Bepcisd »KypHaJy Ta iHdopMallis o0
CHiBIIpalll 3 aBTOpaMu JIOCTYIIHA Ha CTOPiHKax odimiiiHoro caiity 30ipHHKa 3a
ajipecoto http://slavdpu.dn.ua/fizmatzbirnyk/begin.htm.

Bamnpoinyemo g0 croiBnpairli. HacHaru Ta TBopYmnx ycIixiB!
YneHnn peaakiiiiiHol KoJierii.



Jlo 75-pluus
IIypuriuo1 JIigili CemeHiBHU

My COHAYHUMU BECHAHUMU JTHAMU CB-
TKye cBiif oBineit Jligiss CemeniBua [lypurina
— KaH/JuJIaT [eJaroridyiux HaykK, JOIeHT Kade-
Jnpu (DisUKK JIep?KaBHOIO BUIINOI'O HABYAJBHO-
ro 3akjaany «/lonbacbKuil JiepyKaBHUI I1e/1aro-
IYHUN YHIBEPCUTET», BIAMIHHUK OCBITH YKpa-
THU.

@axiBerpb y raJjiy3i TeopeTuaHol (hizuku, Me-
TOJUMKH BHUKJAJaHHS (PI3UKU, BOHA € aBTOPOM
IIOHA/JI CEMU/JIECATH HayKOBUX IIpallb, NPHUCBS-
YEeHUX aKTyaJJbHUM IUTaHHAM T'yMaHITapus3a-
il Ta rymMaHizalilli npupoHUY0-HAYKOBOI OCBI-
TH, BJIOCKOHAJICHHsI 3MICTy OCBITH Ta Hpode-
CifiHOT HiJrOTOBKM BUHMTE sl (DI3UKM, BIIPOBAa-
JIZKEHHIO 1J1efl CUHepreTUKM B IJAIOTOBKY Maii-

Oyrhix BunrtesniB. Bee cBoe xurts Jligig Ce-
MEHIBHa TIOB’si3a/ia, 3 HAyKOIO 1 BUKJIQIAHHSIM.
Y1pomosxk BocbMu pokis (1997-2005 pp.) Jligis Cemenisaa Gyita gekanom (hiznko-
MaTeMaTHIHOrO (haKyJIbTeTy.

Jlinis CemeniBua naBuasiach B Kabapauno-BasikapcbkoMy jieprKaBHOMY yHi-
BepcuTeTi Ha (hi3UKO-MaTeMaTuIHOMY (aky/abreTi. Camve TaM Oy/u 3podJeHi Tep-
Il KPOKM Ha HAyKOBiil HUBI, Ha 3aHATTIX CTY/JIEHTCHKOI'O HAYKOBOT'O I'YPTKa I
KepiBHUITBOM BHaTHOrO (disnka Ppanxng O.1.1

[Ticnsa sakingenns yuiBepcurery B 1959 poni Jligis CemeniBua 4 poku 1po-
npaioBa/a BuuTeseM ¢izuku B MicTi CJIOB'IHCBKY, a MOTIM OyJia HpuitHsATa Ha
nocaty acucrenta Kadeapu dizuku CJoB’STHCHKOrO JePrKaBHOTO I1€1aroriaHoro
iHCTUTYTY, & Ie Yepe3 JiBa POKU ojieprKaJia M0Cay CTapIIoro BHK/Ia1ada.

L ®PAHKJIb ®EJIKC ICUIOPOBUY [28.02(12.03).1905, M. Bena (Ascrpis) — 7.04.1961, m. Habuux]
— crenjiajicT B rajgysi MaTeMaTHKU, MEXaHIKM, MaTeMaTudHOl 1 Teoperndnol dbizuku, qokTop dhimocodii (1927),
JnokTop Texuiunux Hayk (1934), mokrop dizuko-maremarnunux nayk (1936), wien-kopecrnongent Axaemil ap-
tusepificekux nayk (1947-1953). Hapomuses B Ascrpii, B 1929 npuixas qo CPCP. Asrop dynnamenTanbaux
JIOCJI/PKEeHb 110 TPAHC3BYKOBIil ra3oBiil 1uHaMIIl, METO/IB PO3B’A3yBaHHS IIMPOKOIO KJIACY I'a30JMHAMIYHAX 3a-
nada romo. B 1950 pori 3a monituani norssiam 6ys sukirodennii i3 BKII(6) i ucnanuii go M. @pyH3se, a norim
y 1957 p. 3a cranoM 370poB’st mepeixas 10 M. Hajpauk, Jie 710 KiHIH KATTS KepyBaB Kadeapor eKCIIepUMeH-
TaabHOI i mpukiaaaaol dizuku B Kabapanuo-BagkapcbkoMmy mep2kaBHOMY yHIBEPCHUTETI.
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Jlinis CemeniBHa 1O€IHYBaJIa BUKIAIAIBKY POOOTY 3 HAYKOBUMU JOC/ILIZKe-
nusgvu. Kypen migBuinenns kpastidikarii 3 3araabiol dizukn na GIIK Mockos-
CHKOI'O JIEPyKABHOI'O YHIBEPCUTETY JaJi HOBUIl MOIITOBX B HAYKOBIiil JI1SIJIbHOCTI.
[lix KepiBHUIITBOM JOKTOpa Tejaroriqanx Hayk llincekoro A.A.2 Jlinia Ceme-
HIBHA 3aHsJIaCh JIOC/IJIZKEHHSIMU POJII Ta MICIS PEeJISITUBICTCHKUX, KBAHTOBUX 1
CTATUCTUIHUX 1Jiell y BUKJIaJaHHI (PI3UKN B cepejniil Ta Buiit mkoi. B 1979
poIli B HAYKOBO-JIOCJIIHOMY iHCTUTYTI 3MicTy Ta MeTo/1iB Hapdanus AITH CPCP
(M. MockBa) BiIOyBCst 3aXUCT KaHINIATCHKOI ucepTaliil Ha Temy «Passutue cra-
TUCTUYECKUX IPEJICTABICHUN MKOJIBHUKOB ITPU U3YyYEeHUN MOJIEKYJISIPHOI, aToM-
HOI U siIepHOIT (PUBUKIS.

Y 1986 poui Hlypuriniit JI.C. npucya:keHo BueHe 3BaHHs JI0IeHTa 110 Kadeipi
disukn. Bupojosxk bararbox pokis Jligis CemeniBHa unTasia JeKIiiiHi Kypcu Ha
Jizuko-MaTeMaTHIHOMY (QaKyIbTETI: METO/IN MATEMATUYIHOI (PI3UKHU, TEOPETHIHA
disnKa, OCHOBU CHHEPreTUKH, aKTyaJIbHi IpOOJIeMH cydacHO! (hi3uKu.

Yupomaosxk 1997-2005 poxkis llypurina JI.C. obiiimaJia moca iy jJekana pizsnko-
maremarnaHoro daxyasrery CUITY. BunsTtkosa mpale3naTHicTb 1 Jist/IbHUN Xa-
paxTep, IO CIOHYKA€ JI0 TMOCTITHOTO TBOPYOrO TOIIYKY, 3HAXOJXKEHHS HOBUX
HEeCTaH/IAPTHUX PIillleHb, JI0 3aCTOCYBaHHs palllOHAJBHOIO IIJIXOJly Y BUPIIIEH-
Hi Oy/Ib-AKOI MMpoOJIeMH, JoroMarajan IMO€JHYyBaTH aMIHICTPATUBHY 1 HayKOBO-
1eJIaroriany poooTy.

Bucoka pe3yabTaTuBHICTE HayKOBO-TIegarorianol faisabnocti JIigil CemeniBan
oIliHeHa 1 Blj3HAYEHa Psg0M HaropoI;

e MeJlasLTio «Berepan mpariis,

® TI0YEeCHUM 3HAKOM «BIiIMIHHUK OCBITH YKpainmy,

e 11ouecHNM JuILIoMoM Bij JloHernbKol 00/iepzKaiMiHIcTpalIlil 3a BaroMuii BHECOK
y CTBOPEHHsT «30JI0TOr0 iHTesIeKTyabHoro dony» Jlonbacy,

e 1ovecnnmu rpaMoramu MinicTepcTBa OCBITH 1 HAyKn Y KpaiHu.

Y denw 10614€10 HAW0i Koae2u KodHCeH 13 HAC TOUE 3GCEIIYUMU WaHY MG 60A-
YHICTND.

I[upocepdno simaemo Bac, warosha JIidis Cemeniero, 3i 3HaAMEHHOM damoto
y Bawomy orcummi! Baswcaemo Bam miynozo 30opos’s wa doezi poku, wacms,
d0bpobymy, ME0PU020 HAMIHEHHA Ma NAOHOT NPayl Ha HAYKosI Hust!

2 TIIHCBKUI APKAIT APOHOBUY (1922, Peunns Mincbkoi ry6. — 1997, Mocksa), JIOKTOp Tiejia-
roriuanx Hayk (1977), nmpodecop (1983), unen-kopecnongent PAO (1995). 3 1971 upamosas 8 AIIH CPCP,
rOJIOBHUM HayKoBuM criBpobiTHukoMm H/II 3micTy 1 MerosiB HaBYaHHs. ABTOpP HaBYAJBHUX IOCIOHUKIB: 3aja-
qu 110 dusuke. M., 1977; Ocuosbr busuku, 1. 1-2. 3-e¢ uzg. M., 1981 (B cuiBasropersi 3 B.M. dBopcbkum);
Meronuka npemnogaBanns pusuku B cpemueii mkose. M., 1989.
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OcHoBHi Ta Halbiabpm Baromi npami JI.C. Ilypwurinoi

. HIypvieuna JI.C. 3uadenne cTpyKTYypbl cojiep:KaHusl yaeOHOro MaTepuaJa B

opMupoBaHn MeTOJIOB Ho3HaBarebHON jesreabroctn / JI.C. Ilypbiru-
Ha // @opMupoBaHWe yMEHWH 1 HABBIKOB B 00JIACTH IO3HABATEILHOI Jie-
SITeJIbHOCTU B IIPOllecce M3ydeHns OCHOB HaykK: Bcecorosnast KoHepeHIus:
Te3uchl MaTepuajoB. — Mus. npocsemennst YCCP, 1974.

Hlypvieuna JI.C. O jerko HaOIIOIAEMOM DPETATHBUCTCKOM 3ddekre /
JI.C. llypeiruna // @usuka B mkose, 1975, — Ne 3.

HTypvieuna JI.C. BeposgtHOCTHO-CTaTHCTHYECKHE U B Kypce (husnkn /
JI.C. Illypsiruna // Iporpamma BeecowosHoro copernatusi 1o mpobJieMam
npenojaBannsl GU3NKI B HeJUHCTUTyTe. — HepHuron, 1975.

. Hlypvieuna JI.C. CraTtuctudeckne ujaen B IMIKOJBHOM Kypce (DU3UKNI U 11PO-

Os1emMbl OpMUPOBaHUS KOMMYyHHCTHUIeCKOTO MupoBo3spenus: / JI.C. Ily-
pbiruHa // Bocruranne ydaimuxesi B mporecce 00y9eHrsi OCHOB HayK: cOOp-
nuk. — HUM CuMO AITH CCCP, 1977.

HTypvieura JI.C. MopebHbIIl SKCIIEPUMEHT 110 MOJIEKYJISAPHON U sjIepHOit
dbusuke / JI.C. Ulypoiruna, A.A. Tuuckuit // @usuka B mkose. — [legaro-
ruka, 1977. — Ne 5.

HTypvieuna JI.C. O pa3zBuTUN CTATUCTUYUECKOTO MBIILIEHUS KOJBHUKOB B
kypce dusuku / JI.C. llypeiruna, A.A. [uuckuit // Hosble ucciegoBammst
B Iejlarornyiecknx Haykax. — [legarormka, 1978. — Ne 1.

HTypwieuna JI.C. K metonuke usydenus siiernst poroadpdexra / JI.C. [ly-
peiruna // UcenenoBanust mo merojuke mpenogasanus dusnku. — HUU Cu-
MO AITH CCCP, 1978.

IITypvieuna JI.C. K Bopocy 0 B3aUMOCBSA3U KYPCOB TEOPUHU BEPOSITHOCTU U
dusukn / JI.C. lypsiruna // TIpobieMbl MeXKIPEIMETHBIX CBsI3eil B 110-
JICOTOBKE yuuTesell MaTeMaTuKu 1 (PU3NKK B e MHCTUTYyTaX: Beecoiosnas
HayJIHasi KOH(epeHIus: Te3nchbl MarepuaioB. — ymanoe, 1978,
HTypwizuna JI.C. Heobparumocts Teriosbix mporieccos / JI.C. [ypbiruua //
Yuebnbiit auaduiabM st GakyjabT. Kypca B 9 kimacce. — Crynusa «/na-
dubmy» T'ockuno CCCP, 1979.

HTypvieuna JI.C. CraTtucrudeckue ujen B Kypce busuku u GopMUPOBaHIe

vuposozspernst / JI.C. ypeiruna // Pagsgnebka mkosa. — PajgHebka mmko-
jga, 1979. — Ne 3.

36ipHUK HayKOBHUX IIpalb (izuko-mareMarudHoro ¢akyaprery JIJIITY
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16.

17.

18.

19.

20.

21.

22.

HTypvieuna JI.C. PasBuTne cTaTUCTUYECKUX PEICTABICHUN ITKOJIBHUKOB
[PU U3YYEHUN MOJICKYJISIPHON, aTOMHON U sijiepHOit pusuku: aBroped. Juc.
Ha 3700y TTS HayK. cTyleHs Kauid. ne. Hayk: crerl. 13.00.02 «Meronnka Ha-
suantst dizukuy / JI.C. [lypeiruna. — 1979.

HTypwieuna JI.C. Usydenue neobparumocTi TeiioBbix mporeccos / JI.C. ly-
poiruia /) @usnka B mkose. — [legarornka, 1983, — Ne 5.

HTypvieuna JI.C. MeTonmaeckne ykazanus K m3y4deHnio pasjena « Kpanrosas
dbusnka» B cpejHeil mKkose (st cTyIeHToB creruaibaoctei 2105, 2104) /
JI.C. Ulypsirnna. — Mun. npocs. YCCP, Cnapstackuii rociieiuactutyT, 1987.
Hlypvieuna JI.C. K usyuenuto sadpdexra Komnrona / JI.C. Hlypeiruna //
@uzuka B mkoJe. — Ilemarornka, 1987. — Ne 2.

HTypvieuna JI.C. O npodeccnoHa bHOM CTAHOBJICHUN OYJIYIIEro yIuTes s /
JI.C. Hlypeiruna // [enxosornaeckue yeaoBust podecCHOHATLHONO CTaHOB-
JIEHUsI JIMIHOCTHU B cBeTe pedpopMbl 00111e00pa3oBaTe/1bHO 1 IIPOMECcCHOHA b
Hoil 1mKoJibl: Beecorosnast kondepentusi: Tesuckl. — CiiapsiHck, 1988.
HTypvieuna JI.C. Meroanueckue ykazanusi K Kypcy «KBaHToBas MexaHumKa»
(mist crymentoB crenmasabrocteit 2105, 2104) / JI.C. Ulypoiruna. — Munm.
npocs. YCCP, CnaBsinckuii rocre mHCTUTYT, 1988.

HTypvieuna JI.C. Bompocbl ryMaHUTapuU3alluil IpernojaBanns (Gu3nku /
JI.C. Ilypsiruna // HaydHO-METOANYECKAs KOH(MEPEHIUsl: Te3UChI JIOKJIa-
noB. — Jonenk, 1990.

HTypvieuna JI.C. Tyt peanmsannu mpobJeMHOrO 0OydeHusT Ha JIEKIUsIX /
JI.C. Hlypeiruna // Meroaudaeckue, IUIAKTUYECKAE W CHXOJOTMIECKUE
acCIIeKThI 11POoOJIeMHOT0 00yuenus dpusnke: Beecorosnast KondepeHIus: Te3u-
¢l JokanoB. — Jorenk, 1990.

HTypvieuna JI.C. IIpobiiemuoe obydeHne KaK yCI0BUE PA3BUTHS TBOPYECKOTO
mbiiennst /| JI.C. Ilypeiruna // Beecotosnast komdepenius: Te3nChl. —
Honernxk, 1990.

HTypwieuna JI.C. Tpobaembr rymanurapusaiun npenojgasanns / JI.C. Ily-
pbiruda // Vaureab u o6iectBo. OmbIT, TpOOIEeMbI, TTOUCKN: COOPHUK. —
W3mant, 1990.

HTypvizuna JI.C. O rymanurapusannu npenojasanust dhusukn / JI.C. [ly-
poiruia // JlnaHocTs w mO3HABaTEbHBIE TIpoIecchl: cOopHnK. — MockBa,
1991.

Hlypvieuna JI.C. TIpobiemuble cuTyanuy MpH U3yYeHHH HEOOPATUMOCTH /
JI.C. lllypeiruna // Beecorosnast kondepeninsa. — lonerk, 1991.
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Typvieuna JI.C. Tlcuxosorndeckie OCHOBBI TBOPUYECTBA U IIPOOJIEMHOE 00Y-
genue / JI.C. lllypoiruna, B.A. Hagrouuit // Merogonoruueckue, uiakTi-
JecKue U MCUXO0JIOMMIeCKNe aCleKThl IIPO0JIEMHOI0 00YIeHMS: Te3UCHI JOKIa-
JIOB 2-i1 BCECOIO3HOI HayYHO-MEeTO0JI0rn4deckoii kondepennun. — 1991,
HTypvieuna JI.C. O6 ojHOM cr0cO0OE IOJATOTOBKU MPOOJIEMHBIX CHUTYya-
muit / JI.C. Ilypbiruna, B.H. Tkadenko // MexiyHnapoaaasi Hay<IHO-
MeTojinueckasl Kondepennusi: Tesucol. — Jonenk, 1993. — C. 38 — 39.
ITypvieuna JI. C. ITpobaemubie cutyanun mpu GOPMUPOBAHIN TOHSITHS TEM-
neparypset / JI.C. Hlypsiruna, M.K. Heusosoy // 3-s1 Mex qynapo/isast KOH-
depennus: Tesucol. — onenk, 1993. — C. 70 — 80.

HTypvizuna JI. C. YncienHoe MoJie TMpOBaHUE MPOTIECCOB CAMOOPTaHU3AINE /
JI.C. Ulypeiruna, H.H. Tonogenko, FO.H. I'purienko // Kommbrorepubie mpo-
rpaMMbl yaeOHoro HazHadeHust: 1-s Mex ryHapoiHast KOH(EepeHInsi: Te31Chl
nokaaioB. — Honenk, 1993. — C. 293 — 294,

HTypvieuna JI.C. ABToMaTusnpoBaHHasi ycTaHOBKa Ha, Oaze MUKPoDBM s
ompejiesieHus KoHIeHTpaln npumMeceii B mosynposoaaukax / JI.C. [lypsiru-
wa, B.H. Tkauenko, B.A. Hajgrounit // Komnbiorepablie mporpaMmbl yaebHO-
ro HazHaueHus:: 1-g MexKayHapojHas KOH(MEPEHIINs: Te3UChl JOKJIAI0B. —
Honenk, 1993. — C. 270 — 271.

Hlypueina JI.C. 3Bamaua stk crocid cTBOpeHHsT MpOOJIEMHOT cuTyarii /
JI.C. lypurina // IIpobsemu BuKOpHCTaHHS 3a7ad y MPOIECI BUKJIAIa-
HHsI TIPUPOJHUYIO-MATEeMAaTUIHUX JIUCIUILIH: 30ipHUK cTaTeil. — YepHiris,
1993. — C. 134 — 135.

HTypuzina JI.C. 1nel inrerpanii B migrorosni yanress dbisukn / JI.C. Hlypn-
rina // PerionajibHa HayKOBO-TIpAKTHYHA KOH(MDEPEHI[sA: Te3n JONoBiaeil. —
Sarnopixkxks, 1993. — C. 28 — 29.

Hlypueina JI.C. o npobiemu possutky tBopuoro mucjientsi / JI.C. Illy-
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ITpodecopchbKo-BuKIa ALK CKJIAT,
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ITPEJICTABJIEHNE IIOBTOPHUNX METO/0B BAJIJIE
ITVCCEHA B BUJIE \-METO/10B

[Tosry4uennbl 3/1eMEHTBI CYyMMUPYIOIINX TPEYTOJbHBIX MATPHUIL OIIEPATOPOB HMOBTOPHBIX METOJ/OB

Base Ilyccena.
KumoueBbie cioBa: padu Qypve, nosmoprvie cymmo, Baane Iyccena

BBenenue
[Iyctb L — MHOXKECTBO CYMMUPYEMBIX 27 —Ilepuojnieckux pyHkuuii, f € L

Slf] = % + Z(ak(f) cos kx + by (f) sinkx) = ZAk(f;a:) (1)

— psan Dypwe dyukiun f,

1 m
ak(f):;/f(t)cosktdt, k=0,1,2,...,

1 s
bk(f):;/f(t)sinktdt, k=1,2,...,

— Koapdunnentol Pypbe GpyHxmum f.
O6osnaunm depe3 S, (f; ) dactudarbie cymMMmbl psga Oypbe

Sp(f;x) = Zak cos kx + by sin kz. (2)
k=0

© Hosukos O.A., Posenckas O.I'., Hlymuk T.B., Ilanosasos M.C., 2013
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MaTremaruka

Cymmbr Baste Ilyccena dyuxmun f € L (em. [1, ¢. 47]) moryT ObITh 3ajambl
COOTHOIIEHUEM

Vop(f.z) = Zskfx (3)

k: n—p
IIycTb p1, po — NPOM3BOJILHBIE HATYPAJIbHBIE YNCIa TAKKE, 9TO P +po < 1. [To-
BropubiMu cymMamu Bajute [Tyccena [2| HaspiBarorcst TpuroHOMeTpuvIecKne MHO-
ro4JjieHnbl, KOTOPbIE 3aJat0TCAd CJICAYIOIIUM COOTHOIICHUEM

Vi () = V. (fa Z Z (4)

knp1 mkp2+1

[1s1 IpuMeHeHsT MeTO/I0B M3YUeHHsI HHTerPpaJIbHIX IPeJACTaBIeHNN [IPH 1C-
CJIeJIOBAHIH CBOMCTB IIPUOJIMZKAIOIINX OIIEPATOPOB TH OIIEPATOPHI CJIELYeT IIPe/I-
CTABUTH B BIJIE TaK HA3BIBAEMBIX A —METOJI0B, KOTOPbIE IOPOZKIAIOTCSI OECKOHEU-
HBIMI TPEYTOJIbHBIMI MATPUIIAMU CJIEIYIONIAM 00pPa30M.

[Ipu momomn OeCKOHEYHON TpPeyroJbHOW Marpuibl dmces A = {A,g”)},
k.n=20,12 ..., /\(()n) =1, Vn € N, )\](:“) = 0 npu k > n, Kaxjaoil PyHK-
mun f , nmetorieit psj @ypoe (1), mocTaBIM B COOTBETCTBHUE MOC/IEI0BATEILHOCTD
TPUTOHOMETPUIECKUX ITOJTNHOMOB:

n—1
Un(f;z;N) = %)\én) + Z A,in)(ak(f) cos kx + bi(f) sin kx). (5)

B Buze tpuronomerpudeckux mnosnHoMoB (5) cymmbr Baste Ilyccena V,, ,(f; @)
dbyuxiun f(x), 3a1aBaeMbie COOTHOMIEHIEM (3), MOYKHO 3a/aTh IIPU ITOMOIIN MaT-

n o
punnl A = {)\,(C )}) 3JIEMEHTBI KOTOPOIT 3a/Iaf0TCS CJIEYIOINUM COOTHOIIIEHUEM

)\(n):{la I<k<n—p;

k 1_%’n_p<k<n,n,p€N,p<”-

Bajiaua MpeJcTaBIeHns MOBTOPHBIX MeTojoB Basuie Ilyccena B Buge A—
n,p
METOJIOB COCTOUT B TOM, YTOOBI IOCTPOUTH MaTpuiyy A = {)\](€ b )}, IIPH TIOMOIIH
KOTOPOit cyMMBI V), . 1, (f, %) 3a7a10TCa coornomenneMm (5).

OcHoBHA 9acTh
Teopema 1. ITycmov p1,p2 € N, p1 < po < n. Toeda ecau

(1, I1<kE<n—p —p+1;
. (k_n+p1—|—p2)(k‘—n+p1+p2_1)’ n—p—pr+1<k<n—p;
n —
n —

)\/({3 7 = 1 — Qk*2n+2p2+22§)11£21 (6)
2 )
1— 2p1p2—(7fik)(n—k+1)

\ 2p1p2 !

D2 <
<

P1

14 36ipHUK HayKOBHUX IIpalb (izuko-mareMarudHoro ¢akyaprery JIJIITY



Hosukos O.A., Posenckasa O.I'., ... IIpencrasiierne B Bujje A —MeTOI0B

mo noemopHbsle memoov, Baane HycceHa 3adaromes coomroueruem

n—1

9, )\](:"@(ak(f) cos kx + by (f) sin kx).

Vn,pl,pz(fa 113) -

Jloka3aTebCTBO.
[Iyctb p1 < po. Torpa Tpebyemble duca )\,(C”’p ) VJIOBJIETBOPSIIOT YCJIOBUE

n—1 k
LYY sufw)=

pip2 k=n—p1 m=k—ps+1

Sn_pl_p2+1+ Sn—Pl—P2+2+ Sn—Pl—P2+3+ SH—P2+ Sn—p1+
1 Sﬂ—pl—p2+2+ Sn—pl—p2+3+ Sn—p1—p2+4+ Sn—p2+1+ Sn—pﬁ-l—l_
— | Snpipist Snpipptat Snopipptst o Snopprat o Shopipat

p1p2
Sn—p2+ Sn—p2+1+ Sn—p2+2+ Sn—p2+p1+ Sn—l
=1 Sn—Pl—PTH +2- Sn—Pl—P2+2 +3- Sn—Pl—p2+3 +..t+pre Sn—p2 +p1e Sn—p2+1 .
n—1
-+ pre Sﬂ—pl + (pl - 1) ) Sﬂ—pH—l +..+ 18,1 = Z)\Eﬂn)Ak(f7x>
k=0

lapmonuku Ay (f;x), vy koropbix 0 < k < n — p; — po + 1, comepxarcs
10 OJIHOM B KazKJ0it u3 cyMmm S,,, n—p1 —p2+ 1 <m < n— 1. I[losromy s

0 < k< n—p;—ps+1 BeIOTHEHO )\kn) = 1. l'apmonnka A, _p,12(f;x) ne co-
(n) — mp—l 1

JepzKUTCe B OJIHOM cymme 15,y —p, 41, II09TOMY A

n—p1—p2+2 " pips pip2

lapmonuka A,y —p,+3(f; ) He comepxxures B Tpex cymMMax B 1+ .S, 11 1
(n) _ pipe—(142) _ (1+2)

B 2 Spopi—pyt2, HOITOMY A0 19 = S o= = 1 — == TIpojiomkast 110

aHaJIOrny 1oJiydaeM, 9To Jid 1 < ¢ < p; BBINOJIHSAETCS

A\ _pmy—u+2+3+nww—4)_pmy—ﬁyﬁ_l (i — 1)i
n—p1—p2+i = =1

P12 P12 2p1ps

[TosTomy, npumensist 3aMeny ¢ = k—n+pi+ps, Wid n—p1—po+1 < k< n—ps
1I0JIy 9aeM

(k—n+pi+p)(k—n+p+p—1)
2p1p2 '
l'apmonnka A,_p,+1 COICPKUTCA B CyMMax

AP =1 -

P1-Snpprt F oo+ P Sup (01— 1) - Supyr + oo 15,0
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(n) o (Pz-m)pﬁ-%

n—pz+l 7 Pip2
lapmonuka A,_,,1o(f; %) comepKuTcs 10 OJ[HOI B KaXK/JI0N U3 CyMM

b1 Sn—p2—|—2 + ..o+ pre Sn—p1 + (pl - 1) ’ Sn—p1—|—1 +..+1- Sn—l

(p1=1)p1
2

[Tosromy A

(np)  _ (pe=pri—Dpit
n—pat+2 P1P2
A, p,+i(f; ) comepxures B cymMmax

P1L-Snpgti T oo D1 Snep, F(P1—1) - Spepipr + o 150

= . (p1—1)p1
(n,p)  _ (p2—pi—i+l)pi+--5
[TosTomy /\n_p2 = b .

CieioBaTeIbHO, IPUMEHSs 3aMeHY ¢ = k—n+py, 119 n—po+1 < k < n—p;
1OJIy IaeM

IIO9TOMY A Mg 0 < @ < py — pi rapMOHHUKA,

A (pa—p1—hFn—patDp1+ P50 9(npy ket Dpit(pi—Dpr _
k p1p2 2p1p2
_2n—=pr—k+1)+(p1—1) _1_2p2+p1—1—2(n—k)
2p2 2p2
i 20k —n+p2) +p1 —1
2p>

lapmonnxa A,_p +1(f;x) comepzkurcs B cymmax

(p1—1) - Spps1+ (1 —2) - Sppryo.. + 15,1

(1)
(n) S

A =
MOITOMY A~ 1 = —2-

lapmonuka A, +o(f; ) comeprkarcs B cymmax

(p1—2) - Sppyr2+ (1 —3) - Sn—pra3--- + 15,1

_ —2)(p1—1 _ —i)(p1—(i—1
(n,p) _ (P1—2)(p1—1) (n.p) (1 )(P21( )

[HOITOMY ' — —2  y [0 aHaJIOTUH A = ——2  Crueno-
y n—pi+2 D1P2 n—pi+t D1D2 ’ &

BaTeJIbHO, MPUMEHAS 3aMeHy ¢ = k —n+p1, g n —ps +1 < k< n—p;

ITOJIy TaeM
\op) _ (pr—ktn—p)p—ktn—p+l) (n-kn-k+1)
" D1p2 D1p2 .
Takum o6pazom, st ciaydas p; < Pz SJIEMEHTBI CYMMUDYIOMEH MaTPUIbI
noBTOpHBIX MeTo10B Basute Ilyccena 3amaores coornomenuenm (2). O]
JIuteparypa

[1] Cmenaney A.U. Knaccudurarnus u npub/iukeHne Mepuojndeckux (HyHK-
muit / A.W. Crenaner. — K.: Hayk. mymka, 1987. — 268 c.
12| Posercran O.1" Ipubuzkenne unrerpasios [lyaccona MoBTOPHBIMEI CyMMaMU

Basiie [lyccena / O.I'. Posenckasi, O.A. Houkos // Heminiitni KosmBanms. —
2010. — T. 13, Ne 1. — C. 96 — 99.
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HoBukos O.A., Kouapammua I"M., Boasbar I.A., Mapaxa O.C.,
JIamenosa A.A.

U kamammar (pusnko-MaTeMaTHIeCKHX HayK, JONeHT Kapeapel Matemaruxu, IBY3 «JII'IIY»

2=5 crynentsl 5 Kypca ¢puznko-maremarnieckoro ¢axyasrera, I'BY3 «JITTY »

e-mail: sgpi@slav.dn.ua

I[MPUBJIN>KEHUE IMEPNOANYECKIX ®YHKIINIT MHOT X
INTEPEMEHHBIX

[Tosry4uenbl 3/1eMEHTHI CYMMUPYIOIIUX TPEYTOJbHBIX MATPHIL OIIEPATOPOB TMOBTOPHBIX METOJ/IOB
Bausute Ilyccena.
Kunrouessbie ciioBa: padu QPypve, acumnmomuveckue Gopmyaol

BBenenue

Hocrarouno obmas KJjaccudukalus HemepepbiBHBIX MEPUOINIECKIX (DYHK-
[l 10 IPU3HAKY UX AllIPOKCUMATUBHBIX CBOIICTB HA OCHOBE y4eTa CBOWCTB TPU-
FOHOMETPUUIECKUX PsIJIOB, IOJYyUYeHHBIX IIpeodpa3oBaHneM ux psijioB Oypbe mnpu
MIOMOIIN MYJIBTUILIMKATPOB U CJIBUTOB 10 apryMeHTY, Oblia IoCTpoeHa B paboTax
AU. Crenanna B 1983 roxy [1].

Anajiornunbie Kiaccudukainun GyHKIUNT JBYyX ¥ MHOIUX II€PEMEHHBIX Obl-
qu nocrpoerbl B paborax I1.B. Banepest 2|, A.U. Crenanna, H.JI. [Maaynua [3],
P.A. Jlacypunu [4], B.U. Pykacosa, O.A. Hosukosa, B.U. Bojpoit [5]. B srux pa6o-
Tax N3y9aloTcs BOMPOCHI MPUOMKEHNs MPIMOYTOTHLHBIMI JTNHEHHBIMU METOIAMI
Ky1accoB (1, 3) -muddepeHnnpyeMbIx mepuogndeckux (pyHKINi MHOTIX TTepeMeH-
ubix. Kiacest (v, 3) -nuddepernnpyembix hpyHKIUI MHOIEX [TEPEMEHHbIX, B 9THX
paboTrax ompeie s/ INCh ABYMs HabopaMu (DyHKIUH-MYILTHILITKATOPOB U CJIBUTOB
10 ApryMeHTY.

B nanmnoit crarhe m3ydarorcs aHaJOTHIHBIE BOIPOCHI Ha Kjaccax (i, 3)-
nuddepeHupyeMbIX PYHKIUH m MepeMeHHbIX, OnpeaeasdeMblx m HabopaMmu
MYJIBTUILTIKATOPOB JIJIA KayKJIOTO YHucjIa TepeMeHHbIX. [loydensl acuMmToTu-
qeckre (hOPMYJIbI JIJIsT BEPXHUX I'paHell YKJIOHEHWUH Pas/IMdHbIX HPSIMOYTOJIbHBIX
JIMHEHHBIX cpejiHuX psijioB Pypbe, B3ATHIX 110 KjaccaM (DyHKIU MHOIUX Iepe-
MEHHBIX MaJION IJIQJIKOCTH B CUTYaIlUsIX, KOIJIa JOMUHUPYIONUMI B OMPEICICHIN
IJIAJIKIX CBOMCTB (DYHKIINIT MOTYT OKa3aThCsAd UX CMeIIaHHnble TTPON3BOJIHbIE.

B gacTtHOCTH, B TaKUX CJIydasx HaiiJleHbl aCUMIITOTUYECKNE PABEHCTBA, KOTO-
pble obecriednBaloT pererue 3ajaqu Kosmoroposa—Hukosbekoro [1, ¢. 8] Ha atux

© Hosukos O.A., Kongpammua I"M., Boasbar 1.A., Mapaxka O.C., Jlamenosa A.A., 2013
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KJ1accax JijIsi IPSMOYTOJIbHBIX orepaTopoB Pypbe, KIacCUIeCKUX U 0000IIeHHBIX
orrepaTopoB 3urmyHia, metooB Basure [lyccena.
Jls1 naabHeRIero n3Io0KeHnsl BBeIeM Psijl 0003HAUEHMIT 1 Olpe e IeHUIA.

[Iyctb  R™ — mpoCTPAHCTBO M -MEPHBIX BEKTOPOB T = (1, X2, ..., Tpy),
m

T = [[[—m; 7] — m-mepHbIil Ky ¢ pebpom 2T,
i=1
N"={Zfe R"z; € N, i=1,2,...,m},
N'={Ze R"|z; € No=NU{0}, i=1,2,...,m},
N"={Ze R"™x; € N, z; € N, i # j}.

Yepez K™ 0603HAYNM MHOXKECTBO TOUeK U3 R™ | KOOPIMHATHI KOTOPBIX TPH-
HUMAIOT OJIHO U3 JABYX 3Hadenuii: 0 mwim 1.

Yepes L(T™) 00603HAMNM MHOYKECTBO 27 -TIEPUOJIMYECKUX 110 KazKJION Iepe-
MEHHOI, cyMMUpyeMbIX Ha Kybe nepuojos 1" | dyukuuit f(Z) = f(x1, 2, ..., Tpy).

Mycrs f € L(T™). Cuenys [1], kasoii nape touck § € E™, k € N™,
1I0CTaBUM B cooTBeTCcTBIE KOdduimenT Oypbe dyHKIum f

a

]

1 N - S; T
(f) = om Tmf(x) ECOS <kz$z D ) dx;.

7. m
Kaxknomy BekTopy k € N]* mocraBUM B COOTBETCTBHE rapMOHUKY psjga Dy-

pbe by f(7)
(f) ﬁcos <I<:Za;'z — S;W) :

Aff; D)= a
SeE™

Crenyst [3], psim @ypbe dbyuximn f(Z) omnpeaenmM cie iy oM COOTHOIEHN-

eM

E i

Sl = 3 o Anlfid). (1)

—

keNT

riae ¢(k) — KOMMIeCcTBO HyJIEBBIX KOODIMHAT BeKTOpa k .

[Iycre m = {1,2,...,m} u pu — Kakoe-1uOO TOIMHONKECTBO U3 T2, 0OO3HA~
UM Yepe3 |[i| KOJMYecTBO 2JIEMEHTOB MHOXKeCTBa f U depe3 pu(r) — BesKoe
7 -3IeMEHTHOE MoaMHOKecTBO 13 M (|u(r)| =71).

Io anaorun ¢ oJIHOMEPHBIM CJIyYaeM, FADMOHUKOIL, conpsizKenHoit ¢ Ax(f; 7)
110 [IePEMEHHOI X, , OyJ1eM HA3LIBATL BEJUYHHY

Gl f. ) 5 SiT (s + )7
AE (f; %) —%ﬂa%(f)el—\[{ fos (k’ZiEZ — 7) cos (kra:r — T) ,
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Onpegermum nonsitie (1, ) -pousBOAHBIX (DYHKINIT MHOTUX MEPEMEeHHbBIX,
HCIOJIb3Yd CXEMbl BBEJICHUSI (w, 6) -IIPOM3BOJIHBIX (PYHKIUI OJIHON TepeMeHHOIt
(eM. [1]) 1 OOBIKHOBEHHBIX YACTHBIX TIPOM3BOJIHBIX (DYHKIHH MHOTUX TI€PEMEHHBIX.

[Tycrs ¢ (ki),i = 1,2,...,m,r = 1,2,....,m, k; € N, — duxcuposanusie
cucTeMbl umces, f, = (Birs Bory ey Bmy) — bukcmpoBanmblii HAOOD BEKTOPOB
(Bir € R, i = 1,2,...,m). Ilycrb nas1 GUKCHPOBAHHOIO 7 € T CYIIECTBYET
dbyHKIMS goql) € L(T™) rakas, 910

7

1 Biam Biim

S = X s [Arrs cos 24T - A7) s )
EezN:m 20R) (k) L 2 2

Torpa 1y yHKINIO go(l)

. /(Z) Oynem naspiBaTh YacTHOM (1;1; B;1) —1IPOU3BOHOIL

dbyuxiun () mo nepementoit x; u Oyjuem ee 0603HAYATD fgill (7).
Jyist pukenpoBaHHOTO T —3j1eMeHTHOrO MHOXKecTBa, (1) C T, = {i1, ..., %},
CMeITanHoi (1, (; 6) ~IIPOU3BO/THON 110 MIEPEMEeHHBIM Z;, © € (), Oy/aeM Ha3bI-

BaTh (PYHKINIO f v “(Z), pstnom Dypbe KOTOPOil ABJIAETCA Pe3yJIbTaT HOCJIeI0-
BATEJILHOTO MPUMEHeHHst (bOPMYJIbI (2), TOJBKO € MCIOJIH30BAHIEM JIJIsT OIIPEIe-
JIEHNsT [IPOM3BOJIHOf 110 TepeMenHoii x; BMecto dyukimit ¥;1(k;) u aucen B,
cooTBeTcTBenno, Gyukuuit ;. (k;) u aucen B, , i € p(r),r =2,3,...,m

d)Z r 1/}1 r
awlr T@ r—1> a 1
f'(/)u(r ( ) ir,T ﬂlr 1,7 ﬂll r f( )

8.%1'1“5'.%2*%1...81'@'1

MuozkecTBo HenpepbBHbIX dynknuii [ € C' Takmx, 9T0 IId BeeX ¢ € T Cy-
IIECTBYIOT HPOU3BO/HBIE fg“(f) u st = 2,3,...,m,u(r) C M CymecTByOT

Vu(r) (7)),

cmeranmbie (¢,(-); 8) -nponssojubie fj 6y;LeM 0003HATATD C’ ™ Muozxe-

crBo pyukiuit uz C' 5 1/), VIIOBJETBOPAIONINX YCJIOBUSM
esssup|f5, (7)] < 1, esssup|f§)”(” (©)| <1, iem, pCm,

OyzeM 00603HAYATH Cmfo
Crenys [1], BBestem muo)kectBa M, M, M. Bynem nosmarars, aro dbyHK-
nun Y (v), 4,7 =1,2,...,m; ABisoTCA QYHKINAME HEIPEPBIBHOIO apryMeHTa
v =2 0, coBnajiatronumu 1pu v € N, ¢ 3jIeMeHTaM1 OJHOMMEHHBIX CUCTEM YHCeI
Vi »(k), KOTOpbIE NCIOJIB30BAJIICH BBIIIE JIJIsl OLPEJIEJICHIs KJIACCOB C’mgo
Yepes M obo3HATM MHOKECTBO (DYHKIWI 1)(x) , HenpepbIBHBIX ipn & 2= 0,
MOHOTOHHO YOBIBAIONINX, BBIIYK/IbIX BHU3 IPU & > 1 1 ucYe3alomnux Ha 0ecKo-

meynoctu: lim ¢(z) =
T—00

Bunyck Ne3, 2013 19



MaTremaruka

Kazx noit dyuknun ¢ (z) nocraBum B coorBercrsue dhyukimo n(x) = n(Y, ),
cestzannyo npu « > 1 ¢ ¢ (z) coornomennem ¥ (n(z)) = 5¢(z).
[Tojiozkum

n(t) = p(,t) = M

Yepes MY, obozHauNM MHOZKeCTBO dyHKIHNA ¢ € I | 111 KOTOPBIX BeIUINHA
p(),t) orpannmuena cBepxy U BBIIOJHEHO YCJIOBUE
T(x)
/=
Crenys 7] (cm. Takzxke [2-6]), npsiMoyroJibHbBIE JIMHEHHbIe cpejitie psiioB Dy-
Pbe OLPEIEJIUM CJIELYIOMUM 0OPa30M.
[Iycte A = {Ay, As, ..., Ay} — dukcupoBanubIii HAOOP CYMMEDYIONIX OECKO-

dx < o0.

HEYHBIX TPEYTOJILHBIX UNCIOBBIX MaTpui, A; = {/\](;”)}, 1=1,2,...m, neN™,

k NI, )\éni) =1mu )\,(;Zi) =0 s k; > n;. Ilycrs nanee )\I(_f) = H)\,(fn)
i=1

m

u Gz = [[[0;n; — 1] — npsaMoyrosbHBIi MapaJie enue1, coO0TBeTCTBY NI
i=1

— n —
BekTOopy 17 € N™. Bamerum, 4To A — Jist J100bIX k & Gi.
Oyukiuu f € L(T™), nmetorneit psjg @ypee (1), moctaBuM B COOTBETCTBUE
CeMeiiCTBO TPUTOHOMETPUIECKIX TTOJIMHOMOB

Us(f:350) = > 271N Ax(f; 7). (3)
EEG;{
Ecin )\,(s") = 1, k € Gy, TO cooTHOlIEHNE (3) 3amaeT MpsAMOYTOJIbHbBIE YaCT-

nbie cymmpt pata Pypee Uz(f; @A) = Sz(f; 7). Ilyere p= (p1,p2, ..., pm) , T2€
pi € Ny, p; < ng, © = 1,2,....m. Ecin Besmunnbl )\%n), ke Gz ne N,
3a1a10TCsI COOTHOIICHUAMU

o ki—ni+p; )
ki 1— Zier’ ni—pi <ki<ni—1,p; €N, p; <ny i€ {l,m},

—

df R

to muorowtensl Uz(f; @5 A) = Viz(f; %) asnsmores cymmamu Basute Ilyccena
HOPSIJIKA, ).

[Tpn )\,(;:i) = k'/n]', si > 0, i = 1,2,..,m, kK € Gy, MHOIOWIEHbI
Un(f; 2, N) = Zz(f; ) 6yaem Ha3bIBATH NPAMOYTOJBHBIME CyMMaMU SUTMYH/IA.

[Iycrs @;(x),i = 1,2,...,m — HempepbIBHbIE, MOHOTOHHO BO3PACTAOIIIE MIPH
z € [0;+00) Takme, ato ©;(0) = 0. Ecim Beamanmbl )‘;(;‘n)’ ke Gp, 1mne N™,
3a1a10TCSI COOTHONICHUSAMU
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to muorousensl Ug(f; @A) = ZZ(f;Z) npunsito HaspiBaTh 0G0OIEHHBIME IIPSI-
MOYTOJILHBIMU CyMMaMi 3UTMYH/IA.

Bemmaunnt 0z(f; %) = f(£) — Up(f; &) aBasiiorcsa yKIOHEHUSMEI TPUTOHOMET-
pudeckux muorowrenos Uz(f; @), n € N™, or dyukuuu f(Z).

[lesbio JaHHOT PabOTHI ABJIAETCS U3YyUeHHe AaCUMITOTHYECKOrO P 1; — 00,
1= 1,2,...,m, 1oBeJleHNsd BeJIUINH

E(C5:Un) = sup |[0a(f: )l
fecyy.
npu n; — 0o, ¢ = 1,2,....,m, rje metoasl Uy 3a7a10TCs IPU TOMOIIM PA3HOTHII-

HBIX CYMMUPYIOIIUX MaTPUII.

OcHoOBHA 49acCTb

Teopema 1. IIycmo ;i ; € My, Bij € R, i,j = 1,2,...m, wuJpe = m,
pi (o = 2. Ilycmo dasa i € py,

BT 1Ry —p <k < — 1, pi € N, pi <mg i € {T,m},
lim 2 = adas i € po, )\Xl =k /nl', s;>0,i=1,2,....,m, k€ Ga, dynx-

n;—oo

yuu P ()T, MOHOMONHO 603PACAIOM U COTPAHAIOM TAPAKMED 6BINYKAOCTIU
npu x = 1.

Tozda npu n; — oo, 1 =1,2,...,m, cnpasediusa acumMnmomu1eckas Gopmyia

Bi, 17r i
£ (Cﬁ 00" ) szl nz hl_ + = Z s /¢21 " 1d£13—f—

US 2€M2

2 e Biim Oo%‘,l(x) .

SID I | IR LR EROR L A

r=2 p(r)cm jep(r) N\ m

ep(r) N pe

' . . ﬁj,rﬂ- 7 @Dj’r(.%')xsj—l oo@bj’r(l')
H Y;r(n;) + sin 5 L/ . dx +T! " d:v] > (4)
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HokazarenbcTtBo. Yepes {)\ni(v)}, n = (ny,ng,...ny,) € N™ obo-
SHAYNM CEMEHCTBO 3aJaHHbIX ¥ HelpepbiBHBIX Ha |0;1] dyHKIWmMIA Takmx, 9T0
A =M (b), ke Ga.

Beejem dyHKImm

07 O < < anPz)
() = ¢ By, (), TR o < (5)
,@bzr(nz ) 1<U,i:1,2, , TN,
200 Wim,;, 0<v< L
) (v) = gttt L <y <1 (6)
wi,r(niv)7 1 < U7i = 17 27 , T

[IycTn

Ti,/;“LQ) (U)a NS H2-

B pabore [5] mokazano, 9T0O Jjisi BEPXHUX I'DaHeil yKJIOHEHU MHOTOWICHOB
) ) =12,

27“ ’ Ti,r )

3ajlaHHbIX cooTHommennemn (5), (6) nmpu n; — oo, i = 1,2, ...,m, MOXKHO 3alli-

Tz‘,r(v) = { Ti(l;l)(v), 1€ JU1;

Un(f, ) na ximacax Cﬁ ™ 1pu nomony byHKIHi T

caThb:
" sin 22T ﬁ”ﬂ
€(CBOO,U~> = Z - / /1&21 n;x) sin xtdx |dt+
=1 It|<1
+§m:l / / ) cos( :z:t+6 Ydx|dt+O(1 Z / / x) cos wtdx|dt+
T
=gz o <1 o
1
—I—Zsmﬁl / / x) sin xtdx dt—|—z a(Ti1) —G—Z Z HA T]r)
<110 =2 p(r)Cm jeu(r
rje
1 0170
7_11 = . / /7’@1(1‘) ( 5’21 )dl‘ dt.
=55t 0
[TosTomy
sin 5“” T
5( BOO,U) = Z / /%1(7%36) sin ztdx |dt+
1=1

<1 11
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Hosuxkor O.A., Kongparmmaa ['M.; ...
i 8
1T
(xt + 22 ) da|dt
+Z / / ) cos(xt + 5 )dx|dt+
iem lt|>1"'0
i Tz'OfQ) (z) Bim i )
+Z/ / ’ cos( 2 Ydx dt+0(1)<2/ /Ti/fl (x) cos xtdx|dt+
, T . :
H2>1 10 "SHyg<a o
00 1
/ / x) cos xtdx dt+z sin 5” / / x) sin xtdz|dt+
ZG“2|t\<1 0 1€ <110

dt-{-z 7'21

=1

+Zsmﬁuﬂ /

1
/ sm xtdx

3 I e I1 Ae). ™

(r) N JEu(r) ) pz

r=2 p(r)cm jep
[Ipumensist paccyzkjieHust paboThl (8], mojiydaeM acUMITOTHIECKUE (DOPMYJIbI
o0

L1 [ s sttt = 2 [ 91 A
- / /zp%l(nzx) sin xtdzr|dt = 7r/ dx + O(1); 1(ni),

x
lt|<1 '1

JUISL & € 4

6i’17r)dx
2

/Ti(ﬁ“)(:c) cos(xt +
0

)=0(1) | sin ﬁgw / %’;(x)dx + i r(n;) In i + ir(ng) |,

n;

G(Ti(,lf )) ( %1 n@ / / cos vtdv| dt = O(l)wm(m)a
0

[t]<1

1
/Tzﬁ” x)sinxtdr = O(1)v; 1(n;),
0

/

It)>1

[ 78 @) cosatdz = O(1)ua (),
0 <1
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I & € o

1 () Piam el 51

- i1 (x) cos( 2 Ydx|dt = = Yi1(z)x® dr+O(1)i1(ng),
=110 B

. = . : ﬁi,rﬂ- i
AR = 0(1) [ sin 27 / Pirld) g 5 / i (w)e e+ iy (ny) | |
i :/U nll
; 1

/ /Té’fz)(v) cosvtdv| dt = O(1)y;1(n;), a(7‘£’f2)) = O(1);1(ni),
[t|]<1 10

o

//Tl(ff)(x)cosxtdx— O(1)v;1(ny), /

t}=1 "0

1
/ )sinxtdx = O(1)1; 1(n;).
0

<1
[Togcrassist 5T coorHotenust B hopmyiy (7), moydaeM aCUMITOTHYECKY O
dbopmyy (4). ]
[TpuMeHsast aHAJIOTMYHBIE PACCYKICHUS, IOy IaeM CJICAYIOINE YTBePZK ICHNs.
/ - J—
Teopema 2. IIyemov ;, € My, Bir € R, 4,7 = 1,2,....m, muJp = m,
pr (e = 9, dynryuu ;. (x)x®, i € py, MONOMONHO 603PACTNAIOM U COTPANA-
0Mm Tapaxmep eunyKA0CMU, a4 OAf 1 € o, j = 1,2, ..., m; MOHOMOHHO YOVIEAIOM

U 6LINYKAL, 6HU3 NPpU T = 1.
Tozda npu n; — oo, 1 =1,2,...,m, cnpasediusa acumMnmomu1eckas Gopmyra

. Biam s
2 sin —
e (pniz) = 3~ s +2 5 / _y
ez =Y s s [ 4 2 [ e
1

P
icuy v fe Cgllloo USI

+% ; sin 52921” / wi’lx(x)dx +0(1) (2 i (na)+
i
+ I [ b (2)ay e+ | 2 d+wr(n)]
cm jep(r) N m /J / o

r=2 pu(r)
—sj+/¢” )

2de f5)(x) npouseodnas dynruyuu f(x) 6 cmwicae Beting nopsadka s; > 0.

X

Jeu(r ﬂuz
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Teopema 3. Ilyemv 1, € My, Bi, € R, 4,7 = 1,2,...om, piJpe = m,
pi( e = @, 0aa @ € [y 6uNOANEHO Ycaosue limy, o ? =0, a 0aa 1 € o,
pi = Ny .

Tozda npu n; — oo, 1 =1,2,...,m, cnpasediusa acumMnmomueckas Gopmyra

£ <Cﬁoo,vﬁ,ﬁ> = Z%l n; 111—+Z sup || f'lle +

= 1€ 1o fEC’leloo
2N B [ () i
— ’ ’ d O(1 i i
+”; ; —du+0(1) ;wnw

r=2 p(r)ycm jep(r) ) m P ;
X i +/wj’r(x)da:]>
n; T
Jen(r) M pa N

Teopema 4. IIyemv ;, € My, Bir € R, 4,5 = 1,2,...m, muJpe = m,
p1 (Ve =D dynryuu ;. (x)x*, i € (1, MOHOMOHKO B03PACTAIOM U COTPAHA-

10Mm TaApaxmep 6vinYKA0CMU, 6 OAA T € o, ] = 1,2, ..., m; MOHOMONNO YOBLIEAIOM,
U 6uINYKABL 6HU3 NpUu T = 1.

Tozda npu n; — oo, 1 =1,2,...,m, cnpasediusa acumMnmomueckas Hopmyia

1

5<0m¢,zw>— — s H )
8,00 E:nz » f!

1€ U2 fc/gloo

dx+

wi(n; x

3 [ 13) /Wx)w(m)m /w,;cc)dx+ %(nj)lx

J

1 Oow’,r(x)
W‘f—/ ]ZU d:l?]),

JEU(r) M p2 J n;

Bunyck Ne3, 2013 25



MaTremaruka

2de

f%]_zgpz Akfx

Jluteparypa

[1] Cmenaney A.U. Knaccuduxanus u npub/iizkeHne nepuojndeckux (yHK-
nuit / AWM. Crenanen. — K.: Hayk. mymka, 1987. — 268 c.

2] Badepedi II. B. UnrerpasbHbie MpeCTaBIeHNsT YKIOHEHHUI JINHEHBIX CPEeTHIX
psaaoB Dypbe Ha Kiaaccax JIuM@EepeHITupyeMbIX MepUOANIeCKUX (QYHKITHIT
aByx nepemennbix / [1.B. Bazepeit // HekoTopbie BOIIPOCH! TEOPUH AIITPOK-
cumarun gyukiuit: Co. may4an. Tpyaos. — K.: Un-1 maremaruku AH YCCP,
1985. — C. 16 — 28.

3] Cmenaney A.M. Kparabie cymmvbr Dypbe Ha MHOXKecTBax (1), B)-
muddepentnupyembix dyukiwit /| AU, Cremanen, H.JI. Tlaayaua // Ykp.
Mat. »KypHaja. — 1991. — 43, Ne 4. — C. 545 — 555.

4] Jlacypus P.A.  Kparuele cymmel  ®ypbe  Ha  MHOKECTBAX -
muddepernupyembrx byukimit /| P.A. Jlacypus // Vkp. mar. xKypHaia —
2003. — 55, Ne 7. — C. 911 — 918.

[5] Pyxacos B.H. Ilpubnnzxkenue KiaccoB 1) -IHTErPAJIOB IEPUOINIECKIX (DYHK-
Ul MHOTUX [IEPEMEHHBIX ITPSIMOYTOJIBHBIMU JINHEHHBIMU CPEJTHIME X PSIJIOB
Dypre / B.I. Pykacos, O.A. Hosukos, B.I1. Boxpas // Ykp. Mar. kypHas. —
2005. — 57, Ne 4. — C. 564 — 570.

6] Pyxacos B.H. Ilpubnnxkenue KiaccoB 1) ~-IHTErPaJIoB IEPUOINIECKIX (DYHK-
Uil JIByX TepeMeHHbIx JjnHeiinbivn Metogamu / B.M. Pykacos, O.A. HoBu-
koB, B.I1. Bompas // [TpoGsemu reopii nabimkerHst QyHKINH Ta CyMizKHI
nuTanad: 30. npaip [a-Ty maremarnkn HAH Vkpaiaun. — T. 1, Ne 1. — Kuis:
[a-1 maremarukn HAH Vkpainn, 2004. — C. 250 — 269.

7] Cmenaney A.H. PaBHomepHbie NpUO/IUKEHNST TPUTOHOMETPUIECKUMU OJTU-
womamu / A.M. Crenanen. — K.: Hayk. gymka, 1981. — 340 c.

18] Pyxacos B.H. Ilpubmimzkenne dbyHKINii ¢ HeOOJIBINOf TUTaIKOCTBIO N3 KJIACCOB
CY nuneitnpivn metogamu / B Pykacos, O.A. Hosukos // Teopis na6i-
JKeHb Ta TapMOHIYHUI aHaJII3: mpalll Y KPalHCHbKOro MaTeMaTUuIHOTO KOHTpe-
cy. — 2001. — Kuis: Ia-1 maremarukn HAH Vkpainu, 2002. — C. 184 — 193.

9] Bodpas B.U. ITpubimxkenne KaaccoB MEPHOANIECKUX (PYHKIUH MHOIUX Iie-
PEMEHHBIX ¢ MaJIOl IVIaJIKOCTBIO MIPSIMOYTOJILHBIMU JIMHEHHBIMU CPEIHIUMUI UX
psiioB @ypoe / B.U. Boapast // Ilpobiemu teopii Habimkenus: DyHKILIH
Ta CyMIXKHI muTaHHs: 30. npanb [H-Ty martemarukn HAH Vkpainn. — T. 2,
Ne 2. — Kuis: In-T maremaruku HAH Vkpainu, 2005. — C. 7 — 26.

26 36ipHUK HayKOBHUX Ipalb (izuko-mareMaTudHoro dakyaprery LJIITY



YIK 517.5

Boapas B.I., HoBukoB O.A., ITpokommuyk A.I'., Kyneako A.A.,
Kymmup T.B.
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3=5 crynentsr 5 Kypca ¢pusuko-maremarmieckoro gaxyiprera, I'BY3 «JITITY s

e-mail: sgpi@slav.dn.ua

I[MPUBJIN>KEHUE IIEPUOANYECKUX ®YHKIINUN
CYMMAMUI ®ABAPA 11 ®EVEPA

[Tosry4gennbl 3/1eMEHTBI CYMMUPYIONIUX TPEYTOJIbHBIX MATPHIL OIIEPATOPOB TMOBTOPHBIX METOJ/IOB
Bausure Ilyccena.
Kunrouessbie ciioBa: padu QPypve, acumnmomuveckue Gopmyao

BBenenue

Kitaccudukalius HerepepbIBHBIX MMEPUOINIeCKUX (DYHKIMI 110 MPU3HAKY HX
AMMIPOKCUMATHUBHBIX CBOMCTB HA OCHOBE yUeTa CBOHCTB TPUTOHOMETPUIECKUX Psi-
JIOB, TOJIYYeHHbIX MpeoOpazoBanneM nX psajioB Pypbe TpU MOMONT MYJIHTUILIN-
KaTPOB U CJABUIOB 10 apr'yMeHTY, Oblia 1pejiozkeHa B padborax A.ll. Crenanna B
1983 romy [1].

Anajiornunbie Kiaccudpukanuu GyHKIUNE MHOITX TePEMEHHBIX ObLIN TTOCTPO-
eHbl 1 npuMeHeHbl B paborax [1.B. Bagepes [2|, A.M. Crenanna, H.JI. TTauy-
ma 3], P.A. Jlacypuu [4], B.M. Pykacosa, O.A. Hosukosa, B.I1. Bomxpoii [5]. B
9TUX paboTax MU3ydaloTCs BOIMPOCHI MPUOIMKEHNUS PA3TUIHBIMU TPIMOYTOJIHHBI-
MU JIMHEHHBIME METOJIAMU KJIaccoB (1), B) -muddepeHimpyeMbx MepuoinIecKnx
dbyuknuit Mmuaornx mepemenubix. Kiacewt (1, 8)-nmuddepenimpyembx hyHKImit
MHOTHX [TePEMEHHBIX, B 9TUX paboTax ONpeIe/IsiInch AByMs HabopaMu Dy HKITHIT-
MYJIBTUILIIKATOPOB U CJIBUTOB 110 apI'yMEHTY.

B pabore [6] BBeieHbI Kitaccnt (1), §) -auddepernupyeMbix hyHKINi m mnepe-
MEHHBIX, OIPEJIeNsieMbIX M HabOopaMu MYJIBTUILIHKATOPOB (CBOUM JIJIsl KazKJ0TO
qHC/IA TIEPEMEHHBIX ).

B nanmnoit ctarbe n3yvdaioTcs BOMPOCHI TPUOJIMZKEHUS 9JIEMEHTOB TAKNX KJI1AC-
COB IIpsiMOyTOJIbHBIME oniepaTopamu Pasapa u Deiiepa.

© Bomapas B.U., Hosukos O.A., IIpokomuayk A.I'., Kymenko A.A., Kymmuup T.B., 2013
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[Iycte  R™ — mpocTpaHCTBO M -MEPHBIX BEKTOPOB T = (1, X2, ..., Tp),
m

T = [[[—m; 7| — m-mepubIit Ky ¢ pebpom 27,
i=1

N"={Ze R"™x; €N, i=1,2,...,m},
N'={Z € R"|z; € N, = NU{O}2—12 m},
N'={Zf € R"z; € N, z; € N,, i #j},

E"™ ={Ze N™z; € N, z; € {0;1}}.

Yepes L(T™) 00603HAUNM MHOYKECTBO 27 -TIEPUOJANIECKUX 110 KazKJION Tepe-
MEeHHOI, cymmupyembix Ha kybe T | dyukunit f(Z) = f(x1, 22, ..., Tp).

Crenyst [1], kaxioit mape Touek § € E™, ke N moctaBuM B COOTBETCTBHE
koddunment Pypre dynuknun f € L(T™)

wm/f l_Icos(kxl—SZ >dxZ

Kaxkgomy BekTOpy k € N]' 1OCTaBUM B COOTBETCTBUE BEJTUINHY

E(f;f) = Z a%(f) HCOS (kzxz - sgr) :

sepm =1

Wl !

Torna, crenyst 3], psn @ypoe byaknun f(F) 3amaeTcs COOTHOMEHTEM

1
S = 2 S A @), (1)
keN™

—

rje q(E) ~ KOJINYECTBO HYJIEBBIX KOOPJAMHAT BEKTOpa K .
[Iycre m = {1,2,...,m} u p — Kakoe-JuOO TOJMHOXKECTBO U3 777, 0OO3HA~
9UM 9epe3 |f| KOoJMYIecTBO 9JIEMEHTOB MHOXKECTBa f U depe3 pu(r) — Beskoe
7 -3JIeMeHTHOe MojMHOKecTBO U3 T (|u(r)| =1).
['apMOHUKOI1, CONpPsI?KEeHHOII ¢ AE( fi f) 110 IIepEMEeHHOI X, , OyJIeM Ha3bIBATb
BEJIMUNHY

Aer(f T) Z Hcos(k::r:z— >cos(k: xr—w>.
seEm iem\{r} 2

Crenyst pabore [6] BBesem nonsitue (1), B)-mpousBoHbIX (DYHKIUH MHOTUX
HePEeMEHHBIX CJIeIYIONIUM 00Pa30M.

Iycrs ¢ (ki),i = 1,2,...,m,r = 1,2,...,m, k; € N, — duxcuposanusie
CUCTEMBI YNCEI, Er = (Bir. B2y s Bmyr) — uKCHpOBaHHBI HAOOD BEKTOPOB
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(Bir € R, i = 1,2,...,m). Ilycrb jis puxcupoBaHHoro r € M CyIECTBYeT
dbyuxims @; € L(T™) takast, 910
Biam Biam

1 = ) €i g :
Slei] :EXN: m {Ag(f;x)cosT—AE(f,x)sm 5
eNy ’

Torga Oymem cuntars, uro f(7) nmeer uwactuyo (¢;1;5i1) HpOI/ISBO,ZI;Hy}O 110

nepeMeHHoOl x; , GyHKIWO ¢;(Z), KoTopyio Oyaem 0003HAYATD fﬁ (D).

st purcupoBanuoro MuOXKecTBa (1) C MM, 1 = {i1,i2, ... zr} CMeIIaHHOI
(Yu(r); B) —TIpOUsBOHOI 1O TIepeMenHbIM Ty, 4 € ju(r), Oyjaem nasbiBaTh DyHK-
IO

i Vip_1.r Viq -
a’lplr,f‘a r—1s a 15
f"/}u(r ( ) ir,T ﬂirfl r 511 r f( )

6£U¢T6$ipl...a:[}i1

MuozkecTBo HenpepblBHbIX dynkiuit [ € C' Takmux, 9T0 JId Beex ¢ € T Cy-
IECTBYIOT IIPOM3BOJIHLIC fgl(f) u it 7= 2,3, ....m, u(r) C M, CymecTBYOT

%(v)( 7)),

CMelllaHHble (@%(r); f) —tpoussojtbie f KOTOPBIE YJIOBJIETBOPSAIOT YCJIOBU-

AM

esssup| f5, (Z)] < 1, esssup|fw”(7 (@) <1, iem, pCm,

my
Oyzem obosnadars Cpg
Yepes M obozHATNM MHOXKECTBO QYHKIMI 1)(x) , HempepbIBHBIX pu = = 0,
MOHOTOHHO yOBIBAIOIINX, BBIMYKJIBIX BHU3 IpH T > 1 U HcYe3aonux Ha O6eCKO-
meanoctn: lim ¢(x) =
Tr—r0Q0
Yepes M oboznaunm noamuozkecTso GyHkuui ¢ € 9, 1j1d KOTOPLIX BbI-

nonneno [ (z)/xdr < oo.
1

Kaxkoit pysxiun  t(x) moctaBuM B cooTBeTCTBHE (DYHKIUIO 7)(T), CBsI-
sannyto upu x = 1 ¢ ¥(x) coornomenuem ¥(n(z)) = 3¢ ().

[TosoxxuM
t

n(t) —t
Yepes M, obozHaunM MHOZKECTBO QyHKIWI 1) € M | 119 KOTOPBIX BeIMINHA

p(,t) orpanmueHa cBepxy.
Caremyst [7], mpsMoyTosIbHBIE JTMHEHHBIE cpeTHue PsioB Pyphe Ompe e/ Ce-

() = (i, 1) =

JIVIOIIIM 00pa30M.
[Iyctre A = {A1, Ao, ..., m} — chKCMpOBaHHbH‘/’I HabOp OECKOHEYHBIX Tpe-

n;) ;o = m 7. m
YIOJILHBIX YUCJIOBBIX MaTpull, A {)\ boi=1,2,...m, n € N™ ke N",

Bunyck Ne3, 2013 29



MaTremaruka

A= 1y A,(;“) = 0 w ki = n;. llycrs nanee /\i(é'ﬁ) B H/\’(‘:i) !

H[O n; — 1]. Taxk, aro )\( M =0 gst mobbix k ¢ G

CDyHKImM f € L(T™), nmetomneit psij @ypoe (1), moctaBuM B COOTBETCTBUE
CEeMEHCTBO TPUrOHOMETPUIECKIX MOJTMHOMOB

Un(f; 3 A) = > 271 OND AL(f; 7). (2)

(ni) _ c_ I LAY —
[pu A" = kifni, i=1,2,...,m, k € Gz, muorounennt Uz (f;7;A) = 05(f; )
OyZeM Ha3bIBATh IIPAMOYTOILHbIME cyMMaMu Deiiepa.
Cymmvamu @apapa mopsiika 7 = (11,79, ..., Ty,) OyJIeM Ha3bIBATH TOJMHOMBI
Ui(f; 25 A) = ©z #(f; &), KoTOpBIE OLPEIEIISIOTCS TPEYTOABHBIMEI MaTpuiaMu A,
1 =1,2,...,m, c31eMeHTaMun

T o v 1 1 o
1—k; 231(_1) +1 ((QVTL@]%)” + (QVTL¢+7€¢)”) , r;,=2l, [ €N,

- & (3)
T 1 1 .
- kl Zl ((QVni—ki)ri o (21/ni—|—k:i)ri) ) ry =20 — L, [ €N.

V=

:\(”z‘)

T

Bemmuuunt 05(f; %) = f(Z) — Uz(f; &) aBagiorces yKIOHEHUSIMI TPHTOHOMET-
pudecknx muorowienos Uz(f; @), n € N™, or dyuknnn f(Z).

[lesibto JaHHOIT PAOOTHI ABJISIETCST U3YYEHNe aCUMITOTHYECKOro IIpu 1; — 00,
1= 1,2, ..., m, 1oBeJleHusI BeJIUINH

E(CTUz) = sup ||0a(f:3)]lc
fecyy.

npu n; — oo, ¢ =1,2,...,m, rae meroabl Uz 3a7ai0Tcs IPU IIOMOIIN CyMMUPY-
IOIIIX MaTPUI PA3HBIX THUIIOB.

OcHOBHA 49acCTb

Teopema 1. IIycmo ;; € My, Bij € R, pnUpe =m, w2 = . IHyemo

(ns)

ons t € Py, evnoanero T; = 1, seaununvl A" onpedeasromes coommoweruem
1

(3), dyrryuu ; j(x)T?, MOHOMONNO 603PACAIOM U COTPAHAIOM TAPAKMED Gbl-
nykaocmu npu x = 1, daa i € s, )\](C:“) = ki/n;, k€ Gr, dymryuu Vi j(x),
MOHOMOHHO 603PACTNAIOM, U COTPAHAIOM TAPaxmep evinykiocmu npu x > 1.

Tozda npu n; — 0o, ©=1,2,...,m, cnpasediusa aCuUMNMOMUYECKAL HOPMYAG

51 17 ﬂz 171— i
7T Sin —=— sin
g <Cgoo7U ) 6 /¢11 I'dZU‘f— Z /¢zl dx“r‘

Zeuz
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2 o= . Bur OO%, (z) -
+;Zzz;sm 21/ ; da}—l—O(l)(;wi,l(ni)_i‘

DIDIINI GRS = [/ Gl gy Md] '
r=2 1 b

(r)cm jep(r) N m J

X H wﬂ(nj)—l—smﬁ” [ /zpﬂ )dx —i—/wﬂ ] > (4)

JeEu(r) M pz

HoxkaszareabctBo. Uepes {\,,(v)}, @ = (ni,ng,....n,) € N™, obo-
3HAUNM ceMeicTBo HenpepbiBHbIX Ha [0;1] cymmupyromunx yHKImi Tak, 4ro
A = N5, ke Ga.

Beejem dyHKImm

) _ (1 - Ani(v))wi,r(niv), nl <v <l
Tz,r(v) o { wi,r(nﬂ}), 1< 1}72' — 1’2’ T (5)

kotopbie Ha [0 ni] 3a/IaHbl TAK, ITO T; (V) HEHPEPBIBHBI HA HOJIOXKHTEIbHOM
1

1oJiyocu 1 BbinoJHeno ycyiosue 7;,-(0) =0, ¢,r =1,2,...,m

NsBectno [5], aro dynkmuit 7;,, 4,7 = 1,2,...,m, 3aJaHHBIX COOTHOIIEHEM
(5) B KOTOPBIX 151 MeTosia Deitepa A, (v) = v u mig meroga Pasapa npu r; = 1
A, (V) = Brctgh? | TakoBbI, UTO

/Ti’r(fﬁ) cos(xt + %)daj
0

dt < oo,

unupu n; — oo, ¢ = 1,2,...,m, cupaBeJJInBO PaBEHCTBO:

m . B 17T
S111
2 (Cﬁ 0! Uﬁ) = Z = /

[t]<1

/ Vi1 (nx) sin wtdx |dt+

m 1 o0 m 7
+Z; / /7_21(33) cos Biam ) dt+0(1 (Z / /7’2-’1(1‘) cos rtdx|dt+
=z o < to
. 1
+Zsin5i’7ﬂ / / 1(x )Slnxtd:pdt—FZ a(7iq) +Z Z HA T]’I“)
i=1 <110 =2 p(r)Cm jepu(r
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rje

-/
Tzl - -
T

8>3t

/7’2-’1(:1:) cos(zt + Piam
0

Beejem dyHKImm

nvi (1) 2 gem; ™, 0< v < o

) = 4 et ne) SR g0, & <v<l )
’;ﬁi,r(nﬂ}), 1 <U,i: 1,2,...,m,
rje
L 1 _o(27 +1) i 2
J - | 2j+2°
(275 4+ 1)! — (2v)%
Allelon;, - <ok
7.;52)(@) — Wi(nii?z/;z,‘r)(niv), nl <o <l (6)
¢i7r(n@'7}), 1 < U7i - 17 27 , M
[TycTn

Torna

dt+

m 3 ﬁz 17
mi . Sln
8(057007 Uﬁ) o E : T /
1=1

|t]<1

/ Vi1 (nx) sinxtde

Biélﬂ)da:

+Z%/

1€ |t|21

/Té’fl)(x) cos(zt +
0

dt+

dt+
dt+0(1 Z /

0 (u2) x
/Ti’l (@) cos( /6 ) /Ti’l(x) cos wtdx
0 =Li<1 10

dt—l—ZaTzl —|—Z Z HATM)

T
1
/ 1(z) sin xtdz
0 r=2 p(r)Cm jeu(r)
(6)
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[Ipumensist paccyxaenust padbot 6], [8], momydaem acummrorudeckue dhopmy-

JIbI

1 2 i

~ [ | vty simstas e = [ YD) gy 4 Oy (),

[t]<1 "1 7
JUI & € 4
T Biam Wsinﬁi’—;r i
5 )dx dt = 3 Yia(z)zdr + O(1);1(n:),
|t|>1 0 1

Alrip)) =

o0 : 61'177— i
7,7 7,7 Sl —5—
= 0O(1) | sin 5,277 / v x(x)dx + % n22 /Qm,r(x)xdx + O (ni) |,
. t 1

a(Ti(,/f)) ( %17% / / Cosvtdv dt = (1)%,1(?’&@),
0

[t]<1
JUI & € [
> : Bilﬂ' s
Sin —
\t|>1 0 1

) o0 ] : ﬂi,rﬂ— i
AT = 0(1) | sin BZ’QTW / %’r(x)da: 42 /@/)z‘,r(x)da: + Yir(ni) |,
x 1
, 1

i,r

/ / 74 (0) cos vtdo| dt = O(1)ii1 (), a(r}?) = O(1)ei (ny),
0

It]<1
o0 1
/ /Ti71(x) cos xtdr = O(1)1;1(n;), / / x)sinxtdr = O(1)1; 1(n;).
t}>1 "0 lt|<1'0

[Toscrapisist 5T coorHorenust B (hopmy.ay (6), moydaeM aCHMITOTHIECKYTO
bopmyiy (4). []
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HABJINXKEHHSA KJIACIB ¢ JU®EPEHIIINMMOBAHIIX
®YHKIIIN BIMATPITYHIM METOJ0M

CraTTs npuCcBsYIeHa JOCIXKEHHIO TNTaHb HAOIMKEHH JIHITHUMI METOaMU I1iJICyMOBYBaHH

psiiB Oyp’e kaaciB 27 -nepioguauux PyHKILH, M0 33/ 1AI0THCA MYJIBTUILTIKATOPAMHE.
KumrouoBi cioBa:  pad Qyp’e, ainitnuid (Gimampuunui) memod nabausicenns, 3adaua

Koamozoposa-Hikorvcvrozo, acumnmomuuna preHicmy, @—noxi@ua, DIBHOMIPHA 30LHCHICTD.

Beryn

[IpupoHumM amapaToM HaOJIUXKEHHs MePIoAMIHNX (PYHKINH € JacTHHHI cyMu
DOyp’e. Aste, sik 100pe Bijomo, cymu Pyp’e He € piBHOMIPHO 301KHUME Ha BCHOMY
npocTopi HerepepBuHux dyukiiit. [leit dpaxkT, y cBiit yac, akTUBI3yBaB PO3POOKY
PISHOMAHITHUX TPUTIOHOMETPUYHUX CYyM, MOPOJIZKEHUX JIHINHUMU MeTOolaMU I1i/1-
cymoByBatHs psiyiiB Dyp’e 1 mo3baBeHNX BKa3aHOro HeMoMKy (cymu Porosm-
cokoro, CreknoBa, ®apapa, 3urmyniaa, Deitepa, Picca, Yesapo, Bepnireiina-
Porosuncbkoro Tomno). Brkasani meTon mopo/zKeHi 3acToCy BAHHIM, TaK 3BAHOIO,
MaTPUIHOIO ITiJICYMOBYBaHHS, 1110 BAKOPUCTOBYE iJ1€l 111/ICyMOBYBaHHS pO30iKHIX
YUCJIOBUX PSIJIIB.

CyTb Takoro IiJICyMOBYBaHHs IIOJISITA€ y BCTAHOBJIEHHI BIJIIIOBIIHOCTI MizK
f e L(0,2m) ipsmom Oyp’e

n—1
Uy (fiz ) = %A(()n) + > )\Ecn) (ay cos kx + by sin kx),
k=1

ne ar =ag (f) 1 b =bp (f), k=0,1, ..., — koedinientu Oyp’e byukiii f(z);
A= HA,@HTL —0.1,... k=0.1,....n,
— JIOBLJIbHA HECKIHYEHA TPUKYTHA MaTPUILT YUCE]
o onHiel 3 0cHOBHUX 3a1a4 B TEOPil HAOJIMKEHHs (PYHKITIH 1 11 1CyMOBYBaHHA
psaaiB @yp’e BiIHOCATH 3a/1a9y PO 3HAXOIKEHHS aCUMITOTUIHUX MPU N — OO
piBHOCTE! JIJII BEJIMINH

EMULAN))x = sup 1f() = Un (f; M)

e M — nesaxwnit pikcoBanmit Kjaac 27w -nepiognunnx dbyukmiin, N C X, X — ji-
Hiftauit HopMoBanwuit ipocrip, a U, (f; -; A) — TpuronoMerpudHuil mMOJIHOM, 110~
POJIZKEHWIT TEBHUM JIHITHIM METOJIOM ITiJIcyMOBYBaHHs psijiiB Oyp’e.
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[Is1 3aava Mae OaraTy icTOpiio, sika IIOB’s3aHa 3 iMEHAMHU TaKHUX BIJIOMUX
mareMaTnkis, K A.H. Koamoropos, C.M. Hikosbesknit, b. Hagn, B.K. 131k,
M.II. Kopneitayk, C.B. Creukin, O.I1. Timan, M.II. Timan, O.I. Crenanens, O.B.
€dimon, C.O. TensskoBCbKUiA, Ta 1HIIII.

Ao B gBHOMY B 3Haiineno dyukmio o(n) = ¢ (M U,(A);n) taky,
1110

E (M U(A))x = p(n) +0(p(n), o0

to, Hacigyoun O.1. Cremnanig OyaemMo Ka3zaTu, 110 po3B’si3aHa 3a/1a4da Komoro-
posa-Hikosbebkoro st merony U, (f; -3 A) na ximaci 90U B merpuni npocropy X .

Bimomo, 1o mBujkicTs Habmkenus 1o wysst Biaxmwienus |f(-) — U, (f; 5 A)]
3aJ1eKUTh Bij criocody modymosu U, (f; - A), Bubopy marpuii A. YV paMkax pos-
BUTKY iJiel y3araJibHeHHs JIHIHHUX MeTojiB mijcymoByBanis, B 1991 pori O.O.
HosikoBum OyB 3ampoBaKeHuil O1/IbII 3arajbHNI arperarT HaOJIMKeHHsI, TaK 3Ba-
Huil «y-eH-i-ed» Meron (Hamp. [3|), YacTHHHEM BHIIAJIKOM SIKOTO € yCi KJIacH4Hi
Meroju. [IpuHIun mody 0B TaKX METO/IIB OCHOBaHUIT Ha BBEJI€HI MYJILTUTLTIKA-
TOpa KOKHOI TaPMOHIKM TPUTOHOMETPUYHOTO PsiTy, aJle BILIUB ITapHOI YU HENlapPHO1
CKJIaJIOBOI TApPMOHIKHU Ha I1JICYMOBYBAHHS PsIJLy MOXKe PISHUTUCH.

B poboti po3B’szyeTbes 3ajiada KosmMoroposa-HikobChbKOro Jiisi MeTOJLy
Un (f;+ A172)7 1moOyI0BAHOTO Ha OCHOBI OIMATPUIlb, JJIs MEepIOTUIHNX (DYHKITIT
3 kiaacy C¥ B pisnomipniit merpumi. Knacu C¥ 6yan seegeni y 1996 pormi
O.I.Crenannem. i kiaacu npu dikcoBaHUX 3HAYEHHSX TapaMeTpiB, IO IX BH-
3HAYAIOTD, CIIBIAJAIOTH 3 BIIOMUMHI KJIacaMm pro.

Memoro nanoi poboTn € 3HaAXO/IZKEHHsT ACUMIITOTHIHIX PIBHOCTEN /)11 TOUHUX
BEPXHIX MeK BIJIXMJIEHb y3araJbHeHUX TPUTOHOMETPUUHUX TOJIHOMIB, MO TOPO-
J7KeHi HOBUM MeTonoM, Ha Kiaacax CY B piBHOMIpHifi MeTpuiii.

06’exmom TOCTIIZKEHHS € KJIac C;/’O.

[Ipedmemom IOCTIPKEeHH € IMBUJIKICTh HAOJIMZKEHHsT B PIBHOMIPHi#T MeTpuiii
dyukiit 3 K1acis Cgo y3araJlbHEHUMU TPUTOHOMETPUYHUMU I[OJIHOMAaMU, IO
HOPOJIZKEeH] JIHIAHUM OIMATPUIHIM METOIOM.

3adaui docaioncennA:

1) BBecTH JI0 PO3LJIsiy OLIbI 3arajbHuil, GiMaTpuaHuil, JiHIHHINE MeTOoL TijCy-
MOBYBaHHs psijiiB Dyp’e;

2) BCcTaHOBUTH HEOOXiTHI 1 JoCTATHI YMOBH PIBHOMIDHOT 30i12KHOCTI MOCJTI IOBHO-
CT1 IOJIITHOMIB, IO TTOPOJIZKEHI HOBUM METO/I0M;

3) OUIHUTHU 3HU3Y BIJIXUJIEHHSI TOJIHOMY, TOOYIOBAHOIO Ha OCHOBI HOBOTO METO-
21y, Biji PYHKILI, 1110 flOro MOPOIKYE;

4) oTpuMaTH acCHUMITOTHYHY PIiBHICTb JIJIsl BEPXHIX MEXK BIJIXWICHb y3arajbHe-
nux noginomis Uy, (f; 23 A1) na kinacax CY B merpuni npocropy C.
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OcHOBHA YaCTHHA
Hexait f e L(0,2m) i

%4—2(% (f)coskx + by (f) sin kx) (1)
k=1
— psn Pyp’e miel DyHKIII,
ar = ap (f) = [ f(t) cos ktdt,
E (2)
bp=0bx (f) =2 [ f()sinktdt, k=0,1,..,

— 11 koedinientu Pyp’e.

B nanpsMKy y3arajibHEeHHS JIHITHIX METO/IIB I11JICyMOBYBaHHs ITPOIIOHYETHCs
HOBa KOHCTPYKIIi MTOJIIHOMIB.

3a J0IIOMOI0I0 HECKIHUEHHUX YMCJIOBUX MaTpuilb A = {)\,(Cnl) }, Ny = {)\,(CHQ)}
rakux, mo Vn € N A\g, =1, k>n, AL, =0, =12 xoxuiit byuxuii f(z)
Ha 0CHOBI psaty (1) MocTaBUMO y BiNOBIAHICTD OC/TIIOBHICTH TPUTOHOMETPUTHUX
nosinomis U, (f;x; A12) Buiy

a n n .
Un (f;2;M12) = EO + (A;,l)ak (f)coskx + )\;,Q)bk (f)sin kx) (3)
1

3
—_

i

Hesakko nepexonarncs y jinifinocti metomny (3), sxuii HazuBaTuMeMo OiMa-
TPUYHIM METOJIOM, a OTKe, depe3 Bu3HadeHHs Aj, Ay MOXKHa oTpuMaTH Bigomi
JIIHIITHI MeToIu.

Axmo y (3) Busnauuru A; = Ay = 1, To BiANOBIHUIT MTOIHOM, OYEBH/IHO,
CIIBIAJAE 3 YaCTUHHUME cymamu Dyp’e

n—1
Un (fi2;M12) = Su(f,z) = % + Z (ar(f)coskx + bp(f)sinkzx).  (4)
k=1

Meton cepennix apudmernaanx (mero Peitepa) Oyie 3agano npu Ay = Ay =
= /\,(fn) =1- %, k=0,1,...,n—1,1(3), npu mpomy 3ajatrh cymu QPeticpa:

n—1

Un (0 M2) = o (f50) = =7 Sk (f). )

k=0
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. 1, k=0,1,...n—p
Axmo y (3) mpuitnan Ay = Ap = { 11— —k_Zer, k=n—-p+1,..,n—1,
TO OynyTh 3asaHi cymu Baane-IIyccena:
Uy (37 Ara) = Vi (f32) Z Sp1 () (6)
k n—p

Axmo y (3) npuitnarn Ay = Ay = cos g—”, k=0,1,...,n — 1, To 6yayTh

3aJlaHi, Tak 3BaHi cymu Pozosurckozo. Cymu 3uzmynda BU3HAIAIOTHCSA IPU
A=MN=1-(5)" 5>0,k=0,1,...,n— L

3po3yMiJio, M0 alpoKCHMAIiiiHi BJIACTHBOCTI TOJIHOMIB (3) BH3HAYAIOTHCS
matpurigmu Ay, Ao . Tluranuas piBHOMIpHOT 301KHOCTI MOJIHOMIB (3) y BHUIAI-
Ky A = A = Ay = )\Ecn) wa mpocropi C' (mpocTip HemepepBHUX Ha BCiii oci
21— nepioanunnx ¢yukuiit 3 nopmoio || f||, = méax\ f(t)]) poskpure y pobori [1].
BukopucroByooun BUKJIaJIeHY METOIMKY, BCTAHOBUMO YMOBH PIBHOMIPHOI 3012KHO-
cri mosliHoMiB (3) y 3arajqbHOMY Buniajky, mpu A # As.

[Ipunycrumo, mo U, (f;x; A12) piBHOMIpHO 30iraiorsest na mnpocropi C', To
BOHU IOBUHHI 30irarucs i Ha mignpocTopi C' yTBOPEHOIO TPUIOHOMETPUIHUMU
nosiiromamu P, () mopsiiKy He BHIIE 3a M, PIBHOMIPHO 110 BCiM = € [—m, 7] i

nosunno Bukonysaruca lim |U, (P2, A1) — Py = 0, mo MoxximBo, Jinie
n—oo
KOJIN
Im AW =1, i=1,2. 7
n—soo k1 ’ ’ ( )
OcKlIbKH

Un(Prs 0 A1) = P = 3 [ = Dar(f) coska + (A — 1)bi(f) sin ka]. (8)

TobTo cucrema (7) € HEOOXIJIHOIO YMOBOIO PIBHOMIPHOT 3012KHOCTI Ha TIPOCTOPI
C' nominomis U, (f;x;A1).

3rigao 3 Teopemoiro Beitepiirpacca jgoBiibHY dyHKINO 3 mpocTpy C MoKHA
HAOIN3UTH, 3 OY/1b-AKOIO TquiCTIo TPUrOHOMETPUIHUM I10JIiHOMOM. T00TO, SIKIIO

f(z) € C 10 Ye>0 3 PO(f,2) ﬂ@—R@wacgg
Otxe, V Aj 9

11(0) = U3 2l -
f(x) — ( ,x) + P, ( ) — (f'x.A”)HCg

e f,a:>H +||PR ) - (fomH
5+HP (@) (m,xAlgH mg)—f),:v,ALQ)HC

/N

3

oo
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Posriissaemo

U, <(P7$f) — f);x,ALQ) HC = max

%f”ﬁkx+ﬂ—:ﬂx+wﬂﬁkmAmyw+

-7

™

+L B =) — £t — ) U2 A1,2)dt' <

—T
T
< —[f

0
COS kt, U (t Al 2) = Z

Urgl)(t;/\m ‘ + [ |U t ;A1 2) ‘dt] :
0
)

(n) (n) (n)
AL, 1+)‘k 2

ae Uvgl)(t;Alﬂ) Z 2 cos kt .

SHAYNTH

Hf(x)—Un(f;x,Al,g)HC@(H /HU tAu)] Ug2><t;A1,2>(]dt>+

P - w2y -0, (pgf>;x,A1,2)()C. (9)

[TocuitoBHICTE UmMCE

tAlQ’dt 2—12

Ly (A1331) = sup| | U (Fr3 A0)| | = 2[ |V
| fl<1 C d

€ aHaJjioraMn KoHcTaHT Jlebera JaHoro MerTosa.
Obmexenicts Ly, (Aq9;4) Oy/emMo mo3HadaTi KJIACHYHO:

Ly(Ara;i) =0 (1), n— oo i=12 (10)

Orxke (9), (8), (10) csiguars mpo piBromipmy 30ixkuicTs U, (f;x;A12) 10
f(x) ma C zaBxau, ko BukoHauo (7).

Takum amnom, ymosu (7), (10) € gocrarHivMu ymMmoBaMut piBHOMIPHOT 3612KHOCTI
Un(f;2;MA12) no f(x) ma C. Heobxignicts (7) Bxke BeTaHOB/IEHA, HEOOXITHICTE
ymosu (10) ciiye 3 Teopemn Banaxa:

JUIsT TOTO, 100 MOoCIioBHICT JiiHiitHUX oneparopis U, (f), mo BigobpaxkamoTs
noBHUit JiHiftHKi HopMoBanuii mpoctip C y CBOIO YacTUHY, BOJIO/IiIA BJIACTHBICTIO
Tim || f = Un(NIl. =0,

HeoOXimHO 1 mocraTtHbo, mod V  f(z) € C' BuKoHyBaJach yMOBa,
sup {[|Un(N]]. - I/l <1} = O0(1), n — ooc.

Buxoygaun 3 (10) moxua crBepazkysarn, mo noiinomn U, (f;x,Aja) Oy-
JIyTh PIBHOMIpHO 30iraTucsi KOyKHOT'O pasy, KoJii OyayTh PiBHOMIpHO 30iraTucs
Un(f;2; A1) 1 Up(f;x; Ay), ane vHe HaBmaku.

B ymosi (10) moxkna Bumararu jmme L,(Aj9;1) = O(1), upu n — oo
ockimbkE Ly (A19;2) = O(1), upm n — oo BummBae i3 o3HaKH 301KHOCTI
psiaiB, o3Hakn upuxire:
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o0 0
psiit Y agby Oyje 36iraTucst, KO psiji Y by oOMeKeHuil, a MOC/II0BHICTD YnCe
k=1 k=1
{ag, k=1,2..} MOHOTOHHO HPAMYE A0 HYJIA.
nt n lt

. SIH*COS
OcKiIbKH Z coskt = —2——2—, ¢ # 2rk k € Z, e obmexKeHo10 11pn
k=1 2
() _ ()
n — 00, 4 MOHOTOHHE 3MEHIIEHHS J:Lo Hyﬂﬂ ap = —5—* 3a0e31euyeThCad MOHO-
/\(")
TOHHUM BHKOHAHHSM (7), TO —f =2 cos kt|dt = O(1), upn n — 0.

Teopema 1. /[ra pieromiproi 36wfcnacmz NOCAIO0EHOCTVE NONHOMIG
Un (f;2;A12) do pymwuii f(x) na scvomy npocmopi C', 1eobxiono i docmamrsbo
BUKOHAHHA YMOS:

1) lmAY =1, i=12

n—oo ’

2) L,(Mig)=2[|>
0

n )\gcnl)+>\§€n2)

coskt|dt = O(1), n— 0

k=1
BeranoBumo HIDKHIO MexKy Bigxuients noainomis (3) Big dyukiil f(z), mo
X HOpozKy€e. s 1bOro po3riIsiHeMO BEJINYUHY
T

I'=1 [ [f(x) = Un(fi2; Ar2)] €™dz, m < n, axy 5 ypaxysaunsu (1), (2), (3)
HO,ZLaMz)ﬂy BUIJISI]

T [ n—1
I=+ f L 1 { (1- )\,(gnl))ak(f) coskx + (1 — /\,(Cn;)bk(f) sin kx| +

+ i lar(f) cos kx + br(f) sin kx]] el
k=n

ma

BacrocoBytoun ¢opmyiay Eitnepa cosmax 4+ isinmx = e Ta BUKOHABIIIU

pAJ1 eJleMeHTapHUX [IepeTBOPEeHb, OTPUMAEMO
n—1

I = %Z {( k1)ak f) [ coska(cosmz + isinma)dx+

-7

+ (1—A§€7?2))bk(f) | Sinkx(cosmerisinmx)d:U]—F

-7

+ > [ak(f) [ cos kx(cos ma + i sinma)dr+

—T

™
+ bi(f) [ sinkxz(cos mz + isin mx)da:] :
—Tr
Buxo/isiau 3 opTOroHabHOCTI TPUTOHOMETPUYHOI CUCTEMMU
o . [ : 0, k#m
f coskrxsinmxdr =0 Vk,m, f sin kx sinmaxdr =<’ 7
e e T, k=m

{O, k#m

Ma€eMO
w, k=m,

i [ coskxcosmadr =

-7
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—ﬂf Un(f; 25 Ar2)] € de = (1= N"Dap(f) + (1 — \'Dbi(f).
O‘IeBI/I,ILHO
11 = [(1 = Al f) + i1 = \Dbi(F)| =

1 TOMY Mae€ MICL[e

71rf [f(x) = Up(f; 23 A1 2)] € da|

—T

Teopema 2. Illsudrxocmi 36iotcnocmi 6y0o-aK020 NOAHOMG N0OYI06aH020 AIHIT-
num Oimampuarum memodom (3), do dynkuii wo Goeo nopodocye, we moorce

S +[ (-]’

OYymu Kpawo1o 36 8eAUNUHY Min 5 , mobmo
keN
2 2
VIO =x) ]« [ )
min : < @) = Vo (s Aol (11)

Hocaianmo sesmuuny  sup || f(z) — Un(f;2; A12)||, a came acummrornumny ii

feck
MOBEJIIHKY TIpU 1. — 00

B poborax O.I. Crenanmg |1, 2| kmacu dyukniit f € C’?O BIU3HAYAIO-
Thest HacTynHuM duHoM. Hexait (1) psg @yp'e dywkuii f € L(0,27) i
Y(k) = (1(k),¥2(k)) mapa noBlibHIX (DIKCOBAHUX CHCTEM HUHCEI, MO 3a0BOJIb-

HAIOTH YMOBY
2

V7 (k) = ¢3(k) +3(k) #0, keEN.
Axio psij

Y1 (k) P2(k)
Z Ak( )_l_J?(k)Ak(fax): e

iz
Ap(f,x) = ar(f) coskx + bk(f) sinkz, Ap(f,z) = —ai(f)sinkz + by(f) cos kx
€ pagoMm Pyp’e gesxol GyHKHIl, TO Ha3BeMO 11 1) noxinnoo dyukiii f (x) i mo-
snaunmo fY(z).
Hexait CY kiac cbyHKuiﬁ f e C, axi MaroTh o6Mexkeny 1) Moxiamy.
HpeILCTaBI/IMO f(z)=U,(f;x;A12) BinrerpasbHOMy Buji. 3rijIHO O3HAYEHHS

Fola) = 3 BBAf.2) + BUA(f.x) =

= Ai(f,x) = liak( V) cos kx4 by(f?) sin k.,

ar(f") = == (n(k)ar(f) + Ya(k)oe(£)
bi(f) = =2— (1 (k)i () — Yo (k)ar(f)).
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Ar(f,x) = 1(k) {ak(fw) cos kx + b (f¥) sin kaz} —
— 9 (k) [bk(flp) cos kx — ap(f%) sin kaj} =
= 2 ] RO (k) cosk(t — ) — k) sin k(s — o)) =

= L[ £z — )by (k) cos kt + (k) sin kt]dt
Hesazxko He;)eKOHaTI/ICH B TOMY, 1110 (3) MOXKHA 3aIUCATH Y BUTISII
Sy |
Un(fix;M12) = > [ 5= (ap(f) cos kx — by(f) smkx)]—l—

k=1
n—1 [)\I(fn1)+)\’(€n2)

+“O+Z

Hexait moxxiuse npeacTaBJIC€HHA:

M) = 1 — 2280 ()

Ana(r) =1 — 208, ()
1e pn(), gn(x) mOCTIIOBHICTE HellepepBHIX, JOJATHIX, He crajandnX npu z > 0
dbyukii Taknx, mo ¢,(0) = ¢,(0) = 0; F,(z), H,(z) mocnigosricts asiui au-
depeniiiopannx 1 HeNlepepBHUX (DYHKIIINH, 00MEXKEHUX Pa3oM 13 JPyTolo MOXiTHOO
upu x € [0;1] Takux, mo F,(0) # 0, H,(0) #0 i F,(1) = Hy(1).
Toni BBazkarumemo U, (f;x,A1o) = Un(f;2;:{p, F};{g,H}), 1 Biaxurenus
3alliIeMo y BUTJIS/I

An(f7$7A1,2) :f(x)—Un(f,x,{go,F},{g,H}) -

(ag(f)coskx + by(f)sinkx)|.

A (B) =X, i=1,2,

n

T _ n—1
— % 1l fY(—z—1) <kzl <y,§ﬁ) (t) cos kt + V]in; (t) sin kt)) dt+
+=f oz —1t) (Z (r,iﬁ) (t) cos kt + 7,572) (t) sin kt)) dt,

¢l(k)7 k > n,
Bijomo, 110 3a ymoBu kostu 1)1 (v), 19(v) HenepepsHi, J0OJATHI | BUILYKJIN BHI3

o0
npu v > 1,1 lim¢;(v) =0, 7=1,2 1a f%“)dv < 00, TO MOKJIMBE 1HTEr-
V—00

paJjbHe Hpe,ZLCTaBJIeHHH

1
Ay (f 2, A1) = 5- f f¢( fl) [ (Vn1 (v) cos vt + vy, 9 (v) sinvt)dodt+
0

+%_f @ =1)

(T (v) cos vt + T, 9 (v) sinvt) dvdt = I + Iy,

0%8
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e Vi (V) = {2 (v) = Au1 (V)Y (nv), <o, i=1,2;

(1= Al ) (o),
Tni (V) =
,lvbi (TLU),
g unaaxis 0 < v < % byukiii v, ;(v) 1 7,
3 ypaxyBaHHSM HElepepBHOCTI.

ITpu BuBvenni acumnroruaanx noseinok A, (f, x, A1 2) = I1+1s nopanox Iy

3aBzKJIU IIPUCYTHII Ta ﬂOCTaTHbO BUBUYCHUII 1 onlinenuii. HoBuM € nepimii 101aHOK,
1
o 1/) _t :
BUBYNMO iforo, [} = 5~ f fP(—x )bf (Vn1(v) cos vt + vy, 9(v) sinvt)dvdt .
st fioro omiHku BI/IKOpI/ICTaGMO aemy Teasroscorozo.

Axmo: 1) v,,(v) abcomorno nenepepsui npu v > 0;  2) v,,(0) = 1,;(1) = 0;
3) JI/Is TOYOK, B SIKHX HE iCHY€ 1y, ;(v) i1 MOXKHA JIOBH3HAYUTU Tak, IO iHTErpaJl

1 oo |1
Jv( —=v)|dv, ;(v)] icnye, o 5= [ |[ (Vn1(v) cos vt + vy 2(v) sin vt )dv|dt =
0 —oo |0

<
vsho g0

S 3=
VoA

)

1
(V) mOBU3HAYAIOTHCS OBLIBHO

1 1 o 2 1
=1F 2w ’i@)‘dv + O(1) <b[ Y2y + Zlofv(l — v)‘dufm(v)o .
1=
Hns 17 mae Miciie HEPIBHICTD

oo |1
L] < 5= [ | (vn1(v) cos vt + vy, 5(v) sin vt)dv

—o0 10
y ¢Kii iHTerpaJs B mpaBiil yacTUHI 3a/I0BOJIbHSIE BCIM yMOBaM JieMu TeITKOBCHKO-

ro, IKIO Y, ;(v) joBu3HAdnTH Ha IPoMiKKy 0 < v < % AHAJIOTTYHO MTPOMIZKKY

1 .

S <o <1, 10610 pi(v) = {(An2(v) = Apa1(v)) ¥i(nv) 0<v <1, i=1,2.
IlepeBipka yMOB JieMn JJIsl TAKNX Yy, (V) He € CKIaaHo0. Bukonamns nepriol

1 TPeTHOT yMOBH CJlijiy€ 3 BU3HAUEHHS Uy, (V). 3 BU3HAYEHH: BUILJINBAE BUKOHAHHS

dt |

i pyrol yMOBH, 3ri/IHO HpeCTaBIEHHS Ay (V)

nilv) = { (2 Fu) - 200 (D¢Mw) 0<v<l, i=1,2%

ni(0) = { (28 F,(0) - 28 ,(0) ) :(0) =
= (3% Fa(0) = 5% - Ful0)) i(0) =0, 0<w <1, i=12;
vi(1) = { (28 F(1) = 20 H,(1)) (1) =
=1-F,0)=1-H,(1))¢i(n)=0, 0<v<1l, i=1,2.
Ile cBiguuTh Hpo Te, 1110 VM(O) = 1/,”(1) = 0. BuBunmo FOJIOBHy YACTUHY.

pn(nv) U) gn(nv)

: |[Vn,2(v)] [(An2( An1(v))ha (nv)| ‘( on(n) gn(n) Hi( )‘
f sy = | o= (o)l =
0

(%
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1

n(nV)gn(n) Fy(v)—g, (nv) e, (n)H, (v
g [ et B L L en I s () | o <

v

1

< S \(wn(nv)gn(n)(Fn(v)—Fn(O))—gn(nv)wn(n)(Hn(v)—Hn(0)))|Wz(m})‘dv+

v

o o,

[(n (70) 9 (1) F (0) =g (n0) o (1 |]¢2(nv)\dv — A, + As.

v

o ..

1
HEROrA)

1
)
)

Posristnemo nepmmit noganok A =
Xfl |(son(nv)gn(n)(Fn(v)—Fn(O)):jgn(nU) (n
BanOBng‘H/I BU3HAYEHHSA A, ;(v) 1 Teopemy Jlarpamxka F,(v) — F,(0) =
= Ful&p)(v = 0), Hu(v) = Ha(0) = Hal€n)(v = 0), e &r, & € (0;0), maento
A= mf | (2 (n0)gn(n) F(EF) — gn(nv)on(n) Hy (Em))|[92(nv)]dv =

- Wl}l() Orgagcl{lgon(nv)gn( n)a(nv)| + [gn(nv)en(n)ibe(nv)|}.

Y Bunagky spoctanisd  p(nv)Y;(nv) 1 g,(nv);(nv) orpumaemo, 1o

Ay =0(1)i(n), a orxe
1 n A
f vea(oll gy, — f ‘ (wn_?pn(o) _ %Hn(())) ‘Mdv +O(1)¥(n).
V 711+Vn2d

Unl)=HnlOD 4 () | o

ﬂﬂﬂ OHIHKH Iepumoro aoAaHKa O1JILIIIOrO HHOPAIAKY MaJIOCT1 f

0
f V n1+y712d

2 1
. \ \ J
BPaxyeMO HEPIBHICTD <O v Ta OTPUMAEMO
0

=1
1 wn(nv) gn(
g‘ lez:(v dv — Lof (5 n(Ui on L Ha () | i (nv)|dv <
1 |(¢n(nv) _ gn(nv) @n nv) _ gn(nv)
< f ( on(n) (Fn(v) 1i_vgn(”) (Ha )| ‘7/)2(,,,1/,0 ‘de + f ‘Pn(n) Qn(n) )‘ |¢Z(nv)|dv _
0

= D1+ By
Brigno Busnatenns A, ;(v) i teopemn Jlarpamxa 3ammiemo:
st By, Fy(v) — Fo(l) = F(&r)(v — 1),
2 Hy(v) — Hy(1) = By () (0 — 1) ne €r 6 € (051),
w1 By, pu(n0)ti(n0) — pa(n)ei(n) = (@a(n€)r(né,)) nlu—1); mpi i = 1,2
gn(m)%(m) - gn(”)%(n) - (gn(nfg)¢z(n€g))/n(v - 1) ne gg;&p S (nv; TL)

Toxi y Bunajky spocranis @, (nv);(nv) i gn(nv)y;(nv) orpumaemo, 1o
1
By = [ (205 Fa(er) = S5 HL 6 ) o)l <

< O(l)max{ %wi(nv)’ +

<<l

Ly (o)},
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a 3HaYUTL B = O(l)a(n) s npyroro inrerpany By = o (n)lg (n)

Ofl\ (en(nv)vi(nv) — @u(n)vi(n) gn(n) — (gu(nv)vhi(nv) — ga(n)vi(n)) en(n)|2;

1
() [ 1 Goat0)st)) nlo = 1))~
0

dv
1—w

= (gn(nv)thi(nv))e, n(v = 1)a(n)] S

<

(u (M) (n0) ), g (1) |dv+

son(n)lgn(n)o/

1

1
" ©n(n)gn(n) O/
. _
:m(lwn(nv)wi(m)!%( n) + |gn(n0) ¥ (nv)|0n(n))|g = O(1)d(n) .

BpaxoBytoun oninkn B Ta By oTpuMyeMo, IO
1 1

[Vn,i(0))] : 1 T Vo2 —
R dv = O(1)(n), i ax Hacmigok dv = O(1)y(n).
1—w 1—w
0 0
Jlist ONIHKY JPYTOTO JIojIaHKa OLIBINOTO MOPAJIKY MaJIOCTI, BABYUMO PIBHICTD
1

/v(l —v)|dv,,;(v)] =

0

(gn(n)ei(nv))e, npn(n)|dv =

0

©n(nv)

on(n)

Onirnmo Cf . Tloznatunmo Yi(nv) = Z;(nv) i posrustaemo

1

Cy = /v(l — v)‘d ((Zz(nv)Fn(v))')‘ :
ae  (Zi(nv)F,(v)) = nZ(nv)E,(v) + Zi(nv)F(v), i
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d ((Zi(nv)F,(v))') = (nZ/(nv) F(v) + Zi(nv) Fy(v)) dv =
= (n*Z] (nv)F,(v) + 2Z(nv) F,,(v) + Z;(nv) F}) (v)) dv.

Tomi Ch = /v(l —) ’d ((Zi(nU)Fn(U))l)‘ =

—0(1) (

0
1
/v(l —v)n?Z} (nv)dv| + 2 +
0

j (1 — v)nZl(nv)dv
0

+ /1?)(1 — ) Zi(nv)

— /(1 — 2u)dZ;(nv)| +

dv>

+ O(1) max {v(1 — v)Z(m})}) —

0«1l

v(1 —v)nZ(nv)

— /(1 — 2v)Z;(nv)dv
0

=0(1) ( /(1 — 2v)dZ;(nv)

0

+2max {[(1 - 2v)Zi(nv)|} + 0(1)5(?1)) =

0<v<l
+0(1 n)) =

O(l)((l—Qv —|—2/sz)dv

= 001) (Ziw) + 01 s (12,0} + OUITn) ) = 01T
gn(n) nv) = Z;j(nv), MOXKHa TOKa3aTH, IO
AHaJIOrivHO, TTO3HAYNBINNI () Yi(nv) Zi(nv), , 11

Cy = 0(1)d(n). 1

Bpaxosyioun oninkn Cy i Cy, orpumasu, mo [ v(1 —v)|dv), ;(v)| = O(1)i(n)
0

Teopema 3. fdrxuwo dynryii on(nv);(nv) i g,(nv);(nv) @ = 1,2 spocma-

10Mb, BUNYKAL 6620PY aDO 6HU3, MO NPU N — OO MGAE MICMO PIBHICND

1 (0] o
sup || f (z) — U, (f;2;A12)|| = = / /(Tn,l(v) cos vt + T 9(v) sin vt) dv| dt+
fECi W—a) 0

+/” |<§(<Z;F ”(0)—9"(U)Hn<0)) V20 4y 1 01)iEm).
0

gn(n)
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Bucaosku

YzarajabHEeHO JIHITHII MeToJ | mijicyMoByBaHHs psijiiB Dyp’e, MIISAXOM BBeje-
HHs1 6IMaTPUIlb, MATPUIL 1T KOXKHOT'O JIOJAHKY FapMOHIKIT;

Beranos/ieno HeoOXiHi 1 JJ0CTATHI YMOBU PiBHOMIPHOT 301KHOCTI TIOCJTiJOBHO-
CTI HOJIIHOMIB, IO ITOPOJIZKEHI HOBUM, OIMATPUTHIM, METOJOM,;

3HaiiIeHo OIMiHKY 3HW3Y BIIXWUJIEHHs TOJIHOMY, TTOOY0BAaHOTO Ha OCHOBI HO-
BOI'O METOJLy, BiJl (PYHKIIIT, 1110 #Or0 MTOPOJIZKYE;

OjiepKaHo acCUMITOTUYHY PIBHOCTI, B IHTErpajibHOMY BHJIi, JIJId TOYHUX
BEPXHIX MexK HaOJIMKEHb y3araJbHEeHUMH TPUTOHOMETPUYHUME TTOJIHOMAMM
Un (f;2;A12) B Merpuni npocropy C' nenepepBHux 27 -Hepiognanux QyHKIiii,
) -noxini SIKnx obMerKer.

Jlitepatypa

[1] Cmenaney A.U. Knaccudukanus u npubinKeHne HepHoMIecKuX (yH-
kit / A.U. Crenanen. — K.: Hayk. mymka, 1987. — 268 c.

2] Cmenaney A.M. PaBHomepHbIe TPUOIMKEHNST TPUTOHOMETPUIECKUMU TOJTH-
womamu / A.M. Crenanen. — Kues: Hayk. mymka, 1981. — 340 c.

3] Pyxacos B.H. Tlpubizkenne HenpepbiBHBIX MEPUOAMIECKUX (DYHKIHH TPU-
ronomerpudeckumu nojuaomamu / B.U. Pykacos, O.A. Hosukos // YuebHoe
ocobue s CTy/. pus. MaT. ClelNuaJbHOCTEl e/l HHCTUTYTOB U YHUBEPCH-
reroB. — CutaBsnck, 1995. — 80 c.
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VIK 512.552.3, 511.14
I'onyokoBa O.B., Ilammenko 3./I.

L crynentka 5 Kypey pizurko-maremarnanoro axyisrery, JIBH3 «JJIITY»

2 kammunar (pizuKo-MaTeMaTHIHHX HayK, JjoleHT Kapenpu aiarebpu, IBH3 «UIITY»

e-mail: olgolubko@mail.ru, pashchenko zd@mail.ru

APU®METUNKA HE®AKTOPIAJIBHUX OBJIACTEN
HOIJIICHOCTI 3 «IJEAJIBHVMNWNs MHO2KHUKAMU

B poboTi posriigaaerhesa nedakTopiaabie Kiabine Z[y/—5] Ta posKias #oro eeMenTis Ha mpo-
CTi MHOXKHUKHU. BiJIcyTHICTH OJIHO3HAYHOCTI TAKOTO PO3KJIAJLy IMOPYIIYE OKPEeMi BJIACTUBOCTI
MOJILTBHOCTI (paKTOpiaJbHUX KiJellb, 30KPeMa, BUABIAIOTHCA BiJICYTHIMU HAMOLIBITUN CIILTbHMI
JIUTBHUK Ta HaflMeHIIe CHiTbHe KpaTHe g okpemux unces. lana podoTa mokasye MUIAXU Bifl-
mykannsg HCJL ta HCK g Takux guces 3a JIONOMOTOIO «i/lealbHIX» MHOXKHUKIB, K1 3HaXO0-
JAThCA 3a Mexkamu Z[v/—5] .

KuroduoBi cjoBa: npocmuti esemenm, ckAGOEHUT eaemenm, pPe2yiaphutl eaemenm, 0iib-
nux odunuui, HC/[, HCK.

Beryn

OjHiero 13 3aj1a4, sika IIpU3BeJIa JI0 o0YI0BU Teopil Kijelk, OyJa 3ajia4da, mpo
PO3KJIaJ Ha IIPOCTI MHOXKHUKK. B JIegKUX KiJIbIAX KOXKHHUI CKJIaJICHUl eJIeMeHT
BOJIOJIIE OJIHO3HAYHUM PO3KJIQJIOM, B IHIINX KIJIbIEX PO3KJIaJ HA ITPOCTI MHOMKHU-
KU ICHYE, aJle He BUKOHY€ETbhCsl YMOBa OJIHO3HAYHOCTI, B TPETIX — ICHYIOTb CKJIaJIeH]
eJIeMEHTH, sK1 He MalOTh PO3KJIaJly Ha IIPOCTI MHOXKHUKHU.

O6.1acTi 1iIicHOCTI, IO BOJIOMIIOTH OJHO3HAYHUM PO3KJIAIOM Ha IIPOCTI MHO-
JKHUKHN HA3UBAIOTH (paKkTopiaJbHIMU. BOHE € I0CTaTHBO BIJOMUMU 1 TJINOOKO J10-
ciaijpkeanMu. B nmaHiil ctarTi posrisiiaoTbes HedaKTopiaiabHi Kiiblsg., HeomHo-
3HAYHICTH PO3KJIALY OKpEMUX 11 eJIeMeHTIB IPUBOJNUTD J0 TOTO, 110 BUHUKAIOTH CY-
MEPETHOCTI 3 BIJIOMUME BJIACTUBOCTAMU (DAKTOPIAJIHLHUX KiJIelb, BUHUKAIOTH ITPO-
OJ1eM1 13 BU3HAUYEHHAM HaMOIBIINX CIIBHIX AIILHIKIB Ta HAMEHIINX CIIJILHIX
KpPaTHUX JIEAKIX T1ap eJIeMeHTIiB HedaKTopiaJbHUX Kijlelb. /JaHa ctaTTs rmokasye,
SIKMM YMHOM MOKHA BUPIIIUTU OKPEMI 3 IIUX HPOOJIEM.

[TomroBxoM /10 BiIKPUTTSI Ta BHUBUYEHHS 00JacTell 3 HEOJHOZHATHUM PO3KJIa-
JIOM Ha, MPOCTI MHOXKHUKHU cTaju cripodu joBectn Beuky teopemy Pepma. B
1844 pomi mHimenbkuit MaremMaTnk Epncer Kymmep, BuBdatoun myoJiikarii B T'pymax
Opaniysbpkol Akajgemil, anaiizysas gopegennst Komii i Jlame. Ha gymky Kymme-
pa, OCHOBHa 1IpodJIeMa IoJisirajia B TOMY, 1110 joBegenHst Kol i Jlame crimpasiics

© lonyokora O.B., ITamenko 3./1., 2013
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lonybkosa O.B., [Tamenko 3./1. Apucmerura neparropiaabaux obacteit

Ha BUKOPUCTAHHS BJIACTMBOCTI IIJIMX YKCEJI, BIJOMOI 11 HA3BOIO €JIMHOCTI PO3-
KJ1aJ1y Ha mpocti mHoykHuKK. ObuiaBa npeacraBieHnx Akajiemil TOBeICHHSI CIIH-
paJincst Ha KOMILIEKCHI dmcsa. KyMmmep 3BepHYB yBary Ha Te, IO XO09a TEOpeMa
PO €IMHICTh PO3KJIALY Ha IIPOCTI MHOYKHUKN BUKOHYETHCSI JIJIsT IIINX YUCEJI, BO-
Ha He 000B’SI3KOBO ITOBUHHA, BUKOHYBATUCSI, SIKIIIO BUKOPUCTOBYIOTHCSI KOMILIEKCHI
qucia. [Jana mpobiema posrisiiaeThest Takoxk B |1, 2, 3.

B poGori posrisiaerses Kinsue Z[v/—5] = {a+bv/5i| a,b € Z}, oxpewi iio-
ro Ynca, Mo He BOJIOMIOTH OJHO3HAYHUM Po3KaajioM. Ilpuennyioun 10 Z[v/—5]
qncya, siKi Ha3BAHO <«ifeabHIMEI», BIAETHCS OJEPrKATH OJHO3HAYHI PO3KJIAJIM,
sikl 1 Bupimytorh 1npoosemu BusHadenHss HC ta HCK misg goBinbHEX ducesn,
XOua Il 3HAUEHHS 3HAXOIATHCS 3a MexKaMu Kinbia Z[y/—5]

OcHoBHI 03HaYeHHS Ta 3ayBarKeHHs

[IpescraBienus ejieMeHTa @ y BULIAI JT0OYTKY a = pipa...pnp (n = 1)
IIPOCTHUX €JIEMEHTIB 3 YMOBOIO, II[0 B KOyKHOMY TaKOMY IIpeJCTaBJICHHI eJIeMeHTa,
a 9ucj0 N OOMEXKEHO 3BepXy HaTypaJIbHUM UUCIOM, sKe 3aJIeyKUTh TIIbKU Bill
Kbl K 1 eleMeHTa @, Ha3WMBAETHCS PAKMOPU3AUIEID eAEMEHMA G .

Harajiaemo, 1110 Bci HEHYJIBOBI €JIEMEHTH, sIKi He € JIJIbHUKAMI OJINHUIT, HA3H-
BAalOTbC PE2YAAPHUMU CTIEMEHTAMI.

EsiemenT d Hasupalorh HAUOIABWUM CNIABHUM OLABHUKOM a 1 b, SIKIIIO
BIH € CHUJIBHUM JIUIBHUKOM @ 1 b Ta IOBLIBLHUI IHINNA TX CHUIBHUN JIJILHUK JIi-
JINTE d .

Esementn a i b 83aemHo npocmumu, sIKIO BOHU MaIOTh TiJIbKH 000POTHI
crisibai giteauk ((a,b) = 1).

Teopema 1. (Kpurepiii kinbig 3 dpakropusariiero.) Obaacmo yinichocmi e
Kiavuem 3 haxmopudauicto modi i miAvKy modi, KOAU Ha MHOHCUHT 11 pe2yAip-
HUT CAEMEHMIB MONHCHA 6U3HAYUMU PyHKyto 0 13 3HaUeHHAM 6 MHOodCcUHL N,
Wo 604001€ HACTMYNHOIO BAGCTNUBLCINIO: ONA OYOb-AKUT DELYAAPHUL EACMENTIE G

i b 6(ab) > 0(a).

(Taxy dysKI0 6y/eMO HA3UBATH HOPMOTO.)
JoBeneHHs.

Heobxionicms. Hexait K — Kijiblle 3 pakTopusalli€io i a — oro peryaspHuii
ejieMenT. Posriisinemo Bel pisHi chakropusariii eiementa a i mokaajgemo 6(a) pis-
HUM MaKCHMAaJIbHOMY YHCJIY IPOCTHX, He 0D0B’SI3KOBO PI3HUX, CIIBMHOXKHIKIB B
(baxTOpH3aNiaxX eneMenTa a. fKImo a = pips. .. Py) — PakTOpU3AlIA eIeMeHTa
@ 3 MAKCHIMAJILHUM YUCJIOM IPOCTUX CIHIBMHOXKHUKIB1 b = q1qs . . . ¢, — Jlesika da-
KTOpHU3allisd eneMenta b, 10 ab = pipa ... Pea)q1G2 - - - ¢n € JesIKa bakTopusalis
eaementa ab i romy 6(ab) > 6(a).
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Zlocmamnuicms. MuoKuHY Beix 3Hadenb GpyHkIil € nosnadnmo gepe3 A . Tak
SIK A — He MMOPOXKHsT MHOYKIHA, HATYPAJIbHUX YNCeJI, TO BOHA MICTUTb MiHIMAJIbHII
eqement. Hexait ¢ — minimanbhuii eement muoxkuan A. dxmo A\{61} # 0,
TO MO3HAYUMO 11 MiHIMaJIbHUI ejleMeHT 4epe3 6. IIpojoBxKyrodn 11 MipKyBaH-
Hsl, OTPUMAEMO MOHOTOHHO 3POCTal0vy MOCTII0OBHICTD 01, ..., 0,, ... BCiX 3HAYEHD
dyukmil 6. Merogom MaTeMaTHIHOT 1HYKIII JI0BEIEMO, 1110 KOYKHII PeryJ/isipHuii
eJIeMeHT JIoIycKae (haKTopu3aliifo. [HIyKIo MpoBeaeMo 3a HOMEpaMH 3HAYEHDb
dyukii 4.

Axmmo pst gesikoro p o O(p) = 0, o p — npocruii enement. JlificHo, Hexai
p = pip2, 1€ p1,p2 - peryaspHi exementu, toai 6(p) = O(pipe) > O(p1) > b1,
To6To 6(p) > 61, Mo cynepednTs BHOOPY ejeMeHTy p. Tak sk mpoctuii ese-
MEHT JIOTyCKae (PaKTOPU3AIi, To OyIb-siKuil ejieMenT x, jijis sskoro (x) = 6y,
JI0IycKae (paKTOpHU3alliio.

[Ipumycrumo, mo Oyab-gxuii ejgemMent a 3 ymoBoio 6(a) < 60, nomyckae da-
kropusario. Hexait 0(b) = 0, . fkmo b — npoctuii ejieMeHT, TO BiH JIONYCKAE
dakTopusaliito, B IpOTUIEKHOMY BUIAJAKy b = cd, ne ¢ i d — peryJspHi eje-
mernTn. 13 osmadenust dbynknii § sumsmsae, mo 6(c) < 6, 1 0(d) < 0,, orxe,
c 1 d joryckaloTh aKTopu3alliio i eJleMeHT d MOYKHa IPEeJICTAaBUTU Y BUIJIsAI
CKIHYEHOI0 JIOOYTKY IPOCTUX MHOZKHUKIB. MeTo10M BiJI CYyIIPOTHBHOI'O TIOKAZKEMO,
IO JIJIsT BCIX MOXKJIMBUX IPeJICTaBIeHb ejeMeHTa b y BUIIAl [100yTKY MPOCTHX
eJIEMEHTIB YMCJIO CIIIBMHOXKHUKIB oOMexkene. Hexait

b=pwp2-..ps,  520(b)+1 (1)
Mae Miclie TOTOXKHICTD:

0(b) = (0(b) —O(p2. .. ps))+(O(p2-..) —0(p3-..ps)) + -
o+ (0(ps—1ps)—0(ps)) + 0(ps)

I3 o3nagenns GpyHkil 6 BUILINBaE, M0 KOYKHUM JOJAHOK B IIPaBiil YacTuHI TO-
TOXKHOCTI (2) He MeHIIe OJIMHNUII, TOMY i3 TOTOKHOCTI (2) BuLHBae, mo 0(b) > s,
1o cynepeants yMmosi (1).

(2)

O

OcHOBHA 4YaCTHUHA

Posrusnemo kinmbne Z[v—5] = {a+byv/—5 |a,b € Z} . HeBaxko nepesipurn,
mo Z[v/=5] = Z[x]/(x*> + 5) e obnactio uinicnocri. Buznaunmo dyukuio 0 na
Z[v/=5] nacrymmnm unnonm: 0(a + by/5i) = a® + 5b%. Jlerko 10BojuTLCA, 110

0((a + bV5i)(c + dv/5i)) = 0(a + bV/5i)0(c + dv/5i) (3)
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Ockinpku 6(1) = 1, To AiILHEKAMI OJMHMIN € Jmle uncaa € = z + yv/bi,
x,y € Z Taxi, mo O(e) =1, o610 2?2 +5y° =1 =0 =Fl,y=0= ¢ = £1.
Tax ax 6(8) € N VB € Z[\/=5],8 # 0, T0 15 peryasapHoro (3 Maemo, Mo
6(5) > 1. Toni, BpaxoBytoun (3) /i/ist JOBUIBHUX PErYJISIPHUX (v 1 [ BUKOHYETHCS
YMOBA:

0(c, B) = 0()0(5) > 0(r).
3a KpuTepieMm Kbl 3 (haKTOpHU3aIi€o, Oyab-sIKIil HeHYJIbOBUI eJIeMEeHT KiJIbIIsi
Z[\/=5], 1Mo He € JAiILHIKOM OJMHMUI, PO3KJIAJAEThC B J0OYTOK IPOCTUX eJle-
MEHTIB, ajie TaKuil PO3KJIaJL He € ejaunuM. Hanpukia,

21 = (1+2v/5i)(1 — 2v/5i) =3 - 7.

[Tokaxkemo, 110 I 9uca
a=1+2v5i, o =1—2V5i,

B8 =3, p=7
Heposkia i B Z[v/—5]. Cupasji, sikbu [ = 3 po3K/iajaioch B Jo0yTOK Y0, B
sSIKOMY O0OMJIBa MHOXKHUKHM BIJIMIHHI BiJl OJMHHII, TO MU MaJId O

9=10(3) =0(7)0(9).

Ane posknan unmciaa 9 Ha HATypasabHI MHOXKHUKHN, 13 SIKHX >KOJEH He J10-
PIBHIOE OJIMHUIN, MOXKJIMBHUI Jiniie y Burisdaai 9 = 3 - 3, Tak mo majgo 6 OyTu
0(7) =0(8) =3,1i g v = +yy/5i 3 HiIMMI paIiOHAJLHIME T,y MU Ml 6
2?2+ 5y =3, 22 <3, y? <3, mo, oueBuaHO, HeMozkinBo. OTike, B = 3 Hepos-
kaajne B Z[v/—5]. AHajoriuno BIEBHIOEMOCs B TOMY, 10 p = 7 HEPO3KJIajIHe.
Hapermri, sx6u « poskiajanocs B go0yTok yd 3 O(y) # 1 1 6(d) # 1, To Mu
masn 6 0()0(0) = 0(a) = 21, orxe, abo O(v) = 3,0(0) = 7, abo HaBmaxku. Ajie
MU BHIIE MTOKA3aJM, M0 He MoxKe OyTu Higkoro mizoro vy 3 #(y) = 3. OTxe, «,
a TOMYy 1 cupsizkene oMy o, HEpPO3KJIaJIHI.

Takum anHOM, dncio 21 JBOMa CyTTEBO PISHUMHU CIIOCOOAMN IIPEJICTABIIEHE Y
BUIJIA 100y TKY HepO3KJIaHuX B Z[v/—5] Hinux umcer:

21 = (14 2v/5i)(1 — 2v/5i) = 3 - 7.

(21 = ad’ = fp)

OrpumaJjn cynepedHicTb 3 TPaJUIiiHOI TEOPIE0 MO/IIILHOCTI, 60 HEPO3KJIa-
ame wmucno 3 e gimbankoM a06yTky (1 4 2v/54)(1 — 24/57), ane e BXOAUTDL B
xxogen 3 ioro MuozkHEKIB (1 4 2v/54) 1 (1 — 24/5i). 3 ychoro ckazanoro Maemo,
mo ancia o = 1+ 2v/5i 1 8 = 3 He MaOTH CHLILHIX ALTBHEKIB, KpiM £1, 60
KOKHE 3 HuX Heposkiajane, aff i B4 «. Tobro, (o, ) =1 3a o3HaICHHSIM.
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Mu mozkemo criocrepiraTu cyrnepednocti i mpu 3uaxopkenni HCJL i HCK. Ha-
npukiaj, (21, 7a). Herpusianbaumu giibaukamu dncia 21 € +o, +a/, £3,£7,
aancaa 7o — +£1,F+a,£7. 71 «a € cuipbnnvn JgiibnnkamMn 21 1 7o, mpudomy
(7T,a) =1. Ane Ta 21,60 2 =2 a (3,a) =1. Tomy (21,7a) # Ta. Takox
(21,7c) # 7, 60 iHmHUi COUIBHUI JAUIBHUK ¢ HE JALTUTH 7. 3 1€l XK MpUIHHU
(21,7a) # . He moxe Oyt (21, 7c) = 1, OCKIZIBKI B3a€MHO MTPOCTI €JIEMEHTH
e Ti, 9Kl He MaloTh IHINNX CILIBHAX JAIIBHUKIB, KPIM JIJILHUKIB OJUMHAIL.

Tak camo He MoxksmBO 3HaiiTn i [21,7a]. Ile MoxKHa MOKa3aTH JABOMA, CIIOCO-
OaM.

1) ®opmyna B3aemoss’szky HC/I i HCK ([a,b] = (5_%)) Mae MicCIe 3aBxK/IH,

gKIo icuye (a,b). B ganomy BUIAJKY MU He MOYKEMO HEHO CKOPHCTATHCS.

2) 3a oznadenusam HCK (a,b), ne crisibie KpathHe a i b, ske JAUIHTH JTOBLIbHE
inmre crisibae kpatHe a i b. Cepejy kparuux 147 = 21 - 7o, 147 =21-7,
21la — ne icaye HCK:

a) 4@ = 7o, U2 = 21 ¢ Z[/=5], ane 22 =1 & Z[\/=5]. Tobro
21, 7a] # 147«

6) 3¢ = o, %22 = 3 € Z[V-5|, are 2la { 147, ockinbku

=1 Z[\V/-5], romy [21,7a] # 21a

B) Amnastoriuno 147 i Bci inmi crinbai kparni He MoxkyTh Oyt HCK (21, 7o) .

Bijmitumo fasi, mo xoua Heposkiajui B Z[v/—5] uncna o = 14 2y/5i i
£ = 3,1 He MalOTh HETPUBIAJIBLHOIO CIIJIBHOIO MHOXKHHUKA, AKHUil Hajexkap Ou
Z[v/=5], aje MaloTh CHiJIbHUIT MHOKHUK (KUl He € OJUHUIEI0) B IHIIOMY KiJlb-
mi. Crpasi, kBagparn o = —19 4+ 4v/5i 1 82 = 9 niarses Ha [ijTe 9HCIIO
A\ =2+ V/5i, sKe HE € OIMHUIIEO:

o = (24+V5i) (=2 +3V5i), B2 =(2+V5i)(2 — V5i).

2 2
Orxe, 5 1 %

7=—-2—35i:

- mimi. Tax camo kBagparn o2 i p2 JIAThCd  Ha,

Q%= (2 V5i)(=2—3V5i), pP=T=(=2—3V5i) (=2 + 3v5i),

2, 2 .o
T00TO = 1 £ -11ii.
Tenep uncio VA (sxe e HanesKuTh Kitbio Z(y/—5)) Mae BIacTHBOCTI Haii-
O1/IBIIIOrO CINJIBHOIO JIJIbHUKA ducesa o 1 3.
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[Momsiiinuit poskian ac’ = Sp Ha Hepo3kaaHi B Z[y/—5| MHOKHUKHI BUsIB-
JISIETHCSA MOYKJIUBYM TOMY, 1110

0= VAT, o =T, B=VAWN.  p= T

/

i B 100yTKy 21 = VIV \/?\/7T YOTUPU <1JleasibHI» MHOKHUKHU, $K1 He HaJe-
XKaTb /4 [\/—_5], MOXKYTb JIEKIJIbKOMa criocobaMu OyTH 3’€/HaHl B NapH, sAKi 1Ipu
MHOZKEHH] Jal0Th 4ncia i3 Z[y/—5], Ipu4oMy BCi BOHM 1OMAPHO B3a€MHO IIPOCTA.

3aB/JSIKN BBEJICHHIO «ieaJIbHIX» MHOYKHUKIB BJIA€THCA BIIHOBUTH 3aKOH
OJIHO3HAYHOCTI PO3KJIa Iy Ha MPOCTI MHOXKHUKU 1 TOOY/lyBaTH apudMeTHKY, M0~
nioHy J10 3Buvaiinol. Tak, HaIpuK/Ial, OCKIJIbBKI

21 = VAVNVIVT  Ta =TV,
TO JIETKO 3HAXOSATLCS
(21,70) = VITVT = TV = a/T & Z[\V=5]
21,7a] = VAVNVTVT = 21V7 = Tav/N & Z[\/=5].

BucunoBkn

JocijizKytoun TeXHIKY BUJILJIEHHs «1Jea/JbHIX MHOYKHUKIBY Yy HedaKTopialb-
HUX 00/1aCTAX TLIICHOCTI, MU 3yCTplancs 3 hakTaMu, siki cymepedaTh BJIaCTUBO-
CTSIM TOJILIBHOCTI B paKTOpiaJibHUX Kiblsgx. Onuinemo I cyrnepedHoCTi.

st paxropianbaol obtacti migicnocti K, gxmo (a,b) =1 (a,b € K), 10
(a®,0?) = 1. B xinmemi Z[v/=5], axmo o = 1 + 2v/5i, 1o K 6yi0 3a3Hau€HO,
(,3) =1, ame o®> =7, 32 =2\, sBigku (a?,3%) =\ #1.

Hacrtynna cyrnepednicTb BUHUKAE 3 BJIACTUBICTIO TPOCTUX B K :

(a,b) =1, acib= cb,

Ockimbku (o, 3) = 1 i 21:3, To posraggaoun 21 = « - @ Ta BpaxoBy0OUH, IO
o/ — mpocre, orpumyemo, 1o 31 o

B kimpni K maemo Bractusicts HCI: (ac, be) = ¢(a, b) . B mamomy npukiai
(,3) =1, ame (21,7a) = (7-3,7-«a) # 7.

[Ipn BuKOpucTaHHI «iJleaJJbHUX» MHOXKHUKIB, BCl Il CYIepeYHOCTI 3HUKA-
10Th. Ta BUHUKAE NUTAHHSA, YU MOYKHA HOOYIyBaTH TaKe PO3IMIMPEHHS KiJIbIs
Z[v/=5], sike 6yno 6 daxropiambuum. [Ipocta mepeBipka I0Kasye, MO PO3IIHN-
penns Z[v/=5|[VA, VN, /T,VT'] He po3s’sizye 1poro NUTAHHH, OCKLILKH, Ha-
LPUKJIA]

6=2-3=(1+V5i)(1—V5)
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3Z=XXN  (A=2+50)
2?2 =4 = (=2)(=2) = 2 = (V2i)(—V/2i)
(14+V5i)* = —4 4+ 2v5i = (—2)N
(1 =50)2 = —4 — 2VBi = (=2)\,
o 6 = VAIVN(V2i)(—V2i),
a ancaa \2i i —v/2i & Z[/ =3[V VN, /T, VT].

Tako 1iKaBo, JiJIs AKUX Kigelp Tuiy Z[y/—p| MOXKHA 3aCTOCOBYBATH BHKO-
pUCTaHHSI «ijeaJbHUX» MHOXKHUKIB? fIka OyrgoBa Kijnenb Kijternb Z [\3/]_9] ?

JlitTepaTypa

[1] Bopesun 3.1. Teopis uncen / 3.1. Bopesuu, [.P. Ilacdapesuu. — M.: Hayka,
1985. — 504 c.

2] I'exke E. Jlexuu o Teopun asnrebpamdeckux dncest / E. lekke; [mep. 3 Hiwm.
[I. Onbrmancekuit, JI.A. Paiikos|. — M.: ['oc. u3/1. TeXHUKO-TEOPETHIECKOM
jmrepaTypbl, 1940. — 261 c.

3] Tpebenro J1.4. Anrebpa i Teopist uucen / J1.41. Tpebernko, O.0. Tpeberko. —
K.: HITY im. M.II. [Iparomanosa, 2006. — 400, [1] c.
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HAIIIBI'PVYIIN BIZIOBPAKEHD,
IT10 3BEPIT'AIOTH BIHAPHE BIZITHOIITEHH

Posriisgiaiorbes HaIiBIpymnu 9acTKOBUX 1 IMOBHUX IE€PETBOPEHb MHOXKHUHU X , siKi 30epiraioTh
O6imapHe BifgHOIIeHHS 3ajaHe Ha X . Po3rigHyTo BUIAIOK, KOJIU OiHapHEe BiIHOIIEHHS € BiIHO-
IIEHHSAM TOPSIJIKY ab0 KBa3iloOpsIIKY.

Kio4doBi ciioBa: uacmxo6o 6nopadkosana MHONMCUHA, HANIB2PYNG OIHAPHUL SL0HOULEHD

Beryn

Hst posimbrOl MHOKHHE X Hexail T (X) — nHamBrpyma mnepeTBopeHb
a : X — X i3 onepaniero z(af) = (za)f. Hami, mexait PT(X) — MHO-
JKIHA BCIX YACTKOBHX II€PETBOPeHb, ToOTO Bimobpaxkenn [ : X7 — X, ze
X7 € X. Muoxkuna X; Ha3uBaeThcs 00JIaCThIO BU3HAUYEHHs BinoOparkeHHs1 [3
i mosnauaerbest Dom/f3. Onepartito B mamisrpymi P77 (X) BUKOHYIOTH 3a MpaBU-
aoM z(af) = (za)B npu x € Doma N (DomfB)a~t. Hapemri, nexait B(X) —
— wHamiBrpyna OiHapHux BijgHOmeHb Ha MuOXKuHI X . Hexait o € B(X). lna
r € X nokmagemo A, = {y|(z,y) € o}. Toxi ¢ moxkna posrisggaTn sk Oa-
rarosnadne Bigoopaxkenns x +— A, . OueBumno, T(X) i PT(X) — mninna-
nisrpymu zanisrpymu B(X) 1 T(X) C PT(X) € B(X). llpu |X| > 1 maemo
T(X) CPT(X)C B(X).V Bunajxy xonun X —— CKiHUeHa MHOKHUHA, €JIeMEHTH
X HAIIBIPYII MOXKHA 3allMCyBaTH K 3BUYaiini mijgcranoBku. Hampukiia, sKImo

X ={1,2,3,4}, 10

@:G 3 i f)eT(X), 5:(5 2 3 §>ePT(X),

1 2 3 4
’V:<— (1.3.4} 3 {1,2}) € BX)

Bimowmo i inrme npejcrasienns eementis vamsrpymm B(X), To6To npeacras-
aennst y Buriisai Marpuip i3 0 ta 1 (6ysneBux marpuns). Enementr o € B(X) B
IIBOMY BHIIQJIKY [IPEJICTAB/IACTCA Y BUIAAL MaTpuli o = ||0y|ijex , A€
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S 1 axmo (4,]) € o,
Y 0 axmo (4,75) € o.

Hanpukmaj, naBegaennii Buie eJeMeHT 7y MOXKHA MPEJICTaAaBUTH HACTYIHIM

YUHOM:
0000
11011
TZlo100
1100
Hexait X —— MHOXKHWHA, Ha sKiii 3aJaHo OiHapHe BIJIHOIIEHHS O, 1
a: X — X — Bigobpaxkennsi. Byjgemo kazaru, 1o « 3bepizae o, SIKIIO
Ve,y e X (z,y) € 0 = (za,ya) € o. (1)

Bijsnaunmo, 1o 3ajaHHs Ha MHOXKHHI X OiHAPHOIO BiJHOIIEHHSI 0 PIBHO-
CIJIBHO 3aJIaHHIO Ipada 3 MHOXKHIHOIO BepinH X |, a BijgoOparkennsa « : X — X,
sike 30epirae BIJIHOIIEHHSA 0 , — eHjjoMopdi3M 11boro rpada. [lousartsa engomop-
dbusmy rpada jgomnyckae psj mojaudikariil, siki y3araJbHO0TL O3HaueHHs (1)
[4, 5]. Obrasm pobit nmo wamprpymam esgoMopdismiB rpadis mpecTaBieHo B

[7].

OcHOBHA 4YaCTHUHA

HeobxijHa i joctaTHst ymMOBa 30epeKeHHsI BiJIHOIIEHHsI 0 HaJa€ HaCTYyIIHE
TBEPIYKEHHSI.

TBepmxkenns 1. [6] Bidobpaoicenna o € T (X) s6epicac eidnowenns o 6 mo-
MY T MIALKY 6 momy 6unadky, koau oo C ao (6 posyminni dobymry OinapHuT
GIOHOWEND ).

[Tosnaunmo wepes T,(X) muoxknny Beix a € T(X), aki 36epiraiors 0. 3a
ymoBoto MaeMo T, (X) = {a € T(X)|loa C ac}. HeBaxko nepesiputu, mio
T5(X) — nipnamisrpyna namisrpynu 7 (X)), HaBITH HiMOHOI. Y BHIAJKY KO-
JIM 0 —— BIJIHOIIEHHS MOPAJIKY ab0 KBa3iMoOpsAKy Ha MHOXKHHI X , HAIIBIPYILY
7,(X) HasuBaroThb HAMIBIPYIIOI I30TOHHUX TepeTBOpeHb. Ll HamiBrpyna Hece iH-
dopwmariito 1po 6ya0By KBasiBropsiakoanol muoxkuau X . JI.M. I'myckin goBiB
2], mo siKImo st ABOX KBasiBnopsiakoBarux MEOKUH X 1 Y namisrpymu T, (X)
i T,(Y) isomopdni, To Mokt X i Y i3omopdui abo anTnizomopdHi.

[lixaBe nutanHst Ipo peryssipaicTsb HamiBrpymu T, (X). fdkmo o — BigHOIIE-
HHSI TTOPSIJIKY, TO HeoOXiHa 1 gocTaTHst yMoBa perysipaocti Hamsrpynu T, (X)
orpumasi B [1], 6Lk po3opi yMoBH, y Buliagky kKojn (X, o) — JIAHIOL, — B

13].
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Jist enementi Hariprpytn PT (X)) «36epexkertst o » MOXKHa PO3YMITH JIBO-
STIKO.

Oznavenns 1. Yacmrose eidobpasicerna « € PT(X) npuinammue das o,
AKULO
Va,y € Doma(x,y) € 0 = (ra,ya) € o. (2)

Osznauenns 2. Yacmrose gidobpasicenms o € PT(X) cniscmasasemovea 3 o,
AKULO
oa C ao. (3)

Hexaii
PT,(X)={a € PT(X)|a upuitastae jjsi o},

7;7\’;()() = {a € PT(X)|« cuiscrasisernes 3 o}.

He Baxko nepesipuru, mo PT ,(X) i 7/3’\7'/0()( ) — MOHOIN, € IiIMOHOTIaMK
monoiga PT (X). Hacrymue tBepizkennst nokasye, mo PT ,(X) C PT,(X).

TBepmxkenns 2. [6] Jaa dosinvnozo o € PT(X) cnpasedausa imnaikayis
(3) = (2), ane ichyromo npursadu, koau (2) # (3) .

[3 ymoBu (3) BurinBae ymoBa
Ve,y e X ((z,y) € 0 & y € Doma = x € Doma) (4)

TBepmkenns 3. [6] /aa dosinvrozo o € PT(X) cnpasedausa imnairxayis

(2) & (4) = (3).

Posrignemo Ternep OLIbII JIOKIATHO BUIAJIOK, KO 0 — KBa3imopsIoK. by-
JIeEMO TIO3HAYaTH 1efi KBa3iopsIoK dyepe3 < .

Teopema 1. [6] Hexau (X,<) — wsasisnopadkosana mmoocuna. Hanieepyna
PT <(X) peeyaapra modi @ avwe modi, KoAU 6UKOHYEMBCA TOUA 6 00NG YMOBA:

1) X — anwmunaanuoz;
2) X — aanyoe;
3) x <y dan ecix x,y € X .

[Tosragmmo gepe3 A Bignomennst pisaHocti Ha MHOKIHI X . g 0 C X x X
TpaH3UTUBHE 3aMUKaHHsl BiaHomenus o Oynemo obosHadaTu depes o' . Hape-
MTi, 0003HAYNMO Yepe3 w OyIb-aKWil JIHITHUN 1ops ok Ha MHOXKUHI X . [l
BiiHOLIeHHsT 0, fKe 3370BoibHdAe yMoBi A C o C w, ol = w nuTanus 1po

peryspaicts HamiBrpymun PT,(X) BupIIyeThCst HACTYITHUM TBEP/ZKEHHSIM.
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TBepmxkenns 4. [6] Hexati o — 6binapne sionowenns na X, A C o Cw, de
w — ainitinut nopadox i ot . Sxwo nanisepyna PT ,(X) peeyaapna, mo o = w.

Hosenennsi. Hexait 0 # w. Bisbmemo napy (a,b) € w\ 0. Tak s o = w

a b
. d ) . OueBu-

a0, a € PT ,(X). fdxmo B € PT,(X) — makuii enement, mo afa = «, 10
c,d € DomfB un ¢ =, dB = b, 3BiKH OTpUMYEMO, 1110 [ He 30epirae BiIHOIIe-

T0 0 # A, Tomy icuye nmapa (c,d) € o \ A. Iloknagzemo o = <

ung o . le nporupiunTs Bubopy (. 3BiIKH OTPHIMYEMO, IO v — HEperyJIdpHuii
ejeMent Hamsrpynn PT ,(X).

Hexait ZS(X) nigmuoKuHA HAIIBrPyIH 9acTKOBUX 1eperBopeb PT (X)) Ko-
JKEH eJIEMEHT sIKOI € B3a€MHOOTHO3HATHIM YACTKOBUM II€PETBOPEHHSIM (TaCTKO-
BOIO IT{JICTAHOBKOIO). A BiJIHOIIEHHS piBHOCTI (iaroHaJIb)

vy = {(z,2)|lzr € X}.
Jlema 1. ZS(X) e insepcroro nanisepynoro.

Jl1s1 9acTKOBOT MiICTAHOBKH (v = (;a |x eX ) IHBEpPCHA JIO0 Hel BU3HAYAETbCs
TaKUM YMHOM

al= (:CO{ |x€D0moz>@<% |y€X\Doma>
T

TyT cuMBOIOM @ NMO3HAYEHO IPAMY CYMY II€PETBOPEHb, 0 JII0Th Ha MHOMKIHAX
sIKi He nepernHatoTbest. st meperBopenb o € PT(X), € PT(Y), XNY =10,
iX npaMa cyMa « @ 5 BU3HAYAETLCA PIBHICTIO

zoe  AKIO 2 € X
zfB gxmo z €Y

z(a@ﬁ):{

JoBlJIbHY 1HBEpCHY HAIBIPyIy S MOXKHA YIHOPSAKYBATH, ITOKJIABIIH I
Oy/Ib-IKUX eJieMeHTiB a,b € S

a<bsIecS®=ec):a=eb

Jlema 2. Bidnowenna < ma tneepchit nanigepyni S € 610HOWEHHAM YACTMKO-
6020 NOPAIKY.

JloBejiennst — oueBWIHA MTePEBIPKa YMOB YaCTKOBOI'O MOPSIIKY.
Jyist cumerpuanol iHBepcHOl HamiBrpynu ZS(X) MaeMo Take TBepIZKEeHHST

Teopema 2. B cumempuunit insepcnitt nanisepyni ZS(X), a < B modi 4
auwe modi, xoau o C (.
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Hosenenns. {ocurs nepecsiganTucs, mo jyist BijHomens «, f € ZS(X) C B(X)

HepiBHicTb @ < [ Mae micue Toai i smmie Toai Koo o« C (. Hexait a, 5 eje-

mentn Hamirpymun ZS(X) i o < 5. Toxi B muokuni X icuye mipmuokuna C

st akol « = 1of . fAxmo (z,y) € «, To icHye Takmii ejement z € X, M0

(z,2) €1, (2,y) € B. Tobro x = z € C i rakox (x,y) € B. A tomy a C 5.
Hapnakn, nexait o C 8 MICTUTD €I€MEHT Loy - Tom

(«T,y) ca= (.17,.%‘) € Ldom(a)» (x,y) € 6 = (l’,y) € Ldom(a)ﬁa

i ToMy & C lgom(a). Buxongum 3 obepHEHOTO BK/IOUCHHS, BBAXKAEMO, IO
(%,9) € tpom(e)B- Toni & € Dom(a) i (x,y) € . Tobro icnye za € X ra-
kuit, mo (z,xa) € a € . 3 Toro, mo [ € JacTKOBUM BiJOOpParKeHHSIM MAEMO
ra =y. Tobro (z,y) € a.

Mu noKasamm, Mo & = Lpem(a) 1 ocratouno a < B B ZS(X).

Bucaosknu

B poboti posriisinyTi Jiesiki pery/isipHi HaIiBrpyIM HAIBIPYIl YaCTKOBUX Ta
IIOBHUX II€PETBOPEHb CKIHYEHOI MHOXKUHU Ha dKUX 30epiraeTbcs OiHAPHE BiJIHO-
IIEeHHSI.
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JOCJILI2KEHHA IMOBIPHICHX AJITOPUTMIB
TECTYBAHHZ{ ITPOCTOTHU YNCEJI

Onwmcani JgeKiabKa KIACUIHUX IMOBIPHICHAX aJICOPUTMIB JIJIsT BUSHAYEHHS IIPOCTOTH ducia. Ha
npukiai TectiB Pepma ta Cososes-lIITpaccena goctiaKeHo, HACKLIBKNA e(DEKTUBHUMEA € Ta-
Ki Tectu. PosryistHyTe nutanng 3abe3redeHHsT HEOOXIIHOI TOYHOCTI BU3HAYEHHSI IIPOCTOTHU IIPH
BUKOPHUCTAHHI TAKUX TECTIB.

KirouoBi cjioBa: iMo8ipHicCHUT aA20pumMm, NPocmi “ucaa, ncesdonpocmi 4ucia, caabo
ncesdonPoCcmi YUCAG, ePekmusHiCmb Mmecmy).

Bceryn

I3 mosioro y 1976 pori i1eo010ri1l BIAKPUTOrO KJI0Ya Ta 3 POZBUTKOM MOYKJIN-
BOCTell 00UNCTIOBAIBLHOI TEXHIKN B KpUITOTrpadil movam aKTUBHO BUKOPUCTOBY-
BaT (pyHJAMEHTAIBHI pe3yIbTaTH Teopil dncest 1 cydacHol anredpu. Tak ojiHiero
3 TOJIOBHUX OOUYMC/IIOBAIBHUX 3aJlad cydacHol Kpumnrorpadil € 3aj1ada IMONIyKy
BEJIMKUX [TPOCTUX YUCEJ.

BiabmiicTs cydacHnxX acuMeTPUYHUX KPUIITOCUCTEM TaK YU iHAKIIE BUKOPU-
CTOBYIOTDH BeJiuKi 1pocti gucsia. Came BoHU j100pe MiJIX0AATh JiJist 100y I0BU OJIHO-
croponHix ¢yHkmiit. Haramaemo, 10 0JJHOCTOPOHHIMHI Ha3UBalOTh Taki (DyHKIIIT,
SIK1 JIETKO OOUNCITIOIOTHCS /I JJOBLILHOTO BXi/IHOTO 3HAYUEHHS, ajie apryMeHT [IpH
3a/1aHOMY 3HaUYeHH] PYHKINT 3HAWTH BayKKo. Taxi 3aj1a4i, 9k 00UNCIeHHS JTUCKpe-
THOTO Jiorapudmy, ado po3KIa)l Ha MHOXKHUKHU, MOXKYThH OyTU BUKOPUCTAHI MpU
1100y I0BI OJIHOCTOPOHHIX (DYHKIII 1 TPaUIIHO BBAsKAIOTHCs CKJIATHIMII.

Hagejiemo 1iepestik KpUITOCUCTEM Ta aJTOPUTMIB, B AKX BUKOPUCTOBYIOTHCS
IIPOCTI YUCTIA:

obmin kiogamu 3a liddi-Xemmanom;

kpunrocucrema RSA (mmudpyBanHs Ta mijammc);

ajqropuT™ mudposoro mianucy DSA;

cxema Eab-Tamars;

Kpunrocucrema Pabina;

kpunrorpadiga Ha eginTuanux Kpusnx, 3okpema ['OCT P 34.10-2001.
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B nux #a nepmwuii mian BUXOUTDH MOPAJIOK JUCENT, 3 TKUMU JIOBOJIUTHCS TTPa-
moBaTu. Taki 4uc/ia MOBUHHI OyTH JIOCTATHBO BEJIMKUME, 100 3a0e31edyBaTn
KPUNTOAHAJITUIHY CTIKICTh BUKOPUCTOBYBAHOTO aJITOpUTMy. B Toil ke dac, ix
MOTPIOHO reHepyBaTH MOPIBHAHO MIBUIKO. [le 00yMOBIIOE BayK/IMBICTH 100Y/10BU
epeKTUBHUX aJTOPUTMIB JIJIsI TIEPEBIPKH BEJINKOTO BUITAIKOBOI'O YHC/Ia Ha IIPOCTO-
Ty (BUIAIKOBICTH OOPAHOTO THC/IA TEXK € BaZKINBOIO JJTs1 3a0€3eTCeHHST CTIKOCTI ).
Bei Taki aaropuTMu MoKHa MOJIJIATU Ha JIBI TPyINN: JeTepMiHOBaHi Ta IMOBIpHI-
cHi. [lepri BCTaHOBIIOIOTH TPOCTOTY YKCJIa MATEMATUYHO CTPOTO, i, K ITPABUJIO,
OTpedYIOTH 6araTo Jacy Jjisd MepeBIpKH, B TOI Yac AK APYTi TPOCTO MiHIMIZYIOThH
IMOBIPHICTb ITOXMOKHU Y BU3HAYEHH] IIPOCTOTHU IICJIsSI KOXKHOI'O IIOCJIJOBHOIO CBOI'O
3aIlyCKY.

ITocranoBka 3ajad4i.

ChopMyJIFoeEMO OCHOBHI HAIIPAMKH, Y SIKUX PO3BUBAETHCSA ITPOOJIEMa TIOMIYKY
BEJIUKUX MTPOCTUX YHUCEJ.

1. st 3a1aHON0 BEJIMKOI'O HATYPAJIbHOIO YUC/Ia 1 3'SICYBaTHU, Ul € BOHO IIPO-
cruM. MozKHa MTOCTIOBHO TlepebupaTyt MpocTi Yuc/ia MeHII 3a 3ajiaHe 9uc/io (To-
qHime MeHI 3a 4/n ), o6 3HaiiTu Bei fioro jiibHuku. Toji HabyBae akTyaJib-
HOCTI He CTIILKHU Yac poOOTH aJIrOPUTMYy, IK HOro acMMIITOTHYHA TOBEIHKA TIpH
3pocTaHHi KijbKocTi nudp umcia n. Jopruit dac 3ajada NepeBipKu 4KCIa Ha
IIPOCTOTY OyJIa SICKpaBUM IPUKJIAJIOM 3a/a4l, gKa e(PeKTUBHO PO3B’I3YETHCsST IMO-
BIpHICHUMHI aJIroOpuTMamu, a He jgerepminoBannmu. Haperri B 2002 pori ingifichbKi
maremarukn Arpasai, Kaiian i Cakcena [2] 3ampornonyBasu jJerepMiHOBaHUil 110~
JIHOMIAJLHIIT aJITOPUTM.

2. 3HaiiTn Besmke mnpocre 4dncsio. Haibiabmni npocti dnciia, 3HaligeHi Ha Cho-
roJIHi, MalOTh CHeliaJbHuil BUTIs . [l dncen ciemiaJ bHoro BUNISTy po3pooJie-
HI aJI'OPUTMU TIePEBIPKN Ha IIPOCTOTY, sAKI HE 3aCTOCOBHI J0 3BUYAHUX HHUCE].
Taki umcia He MOXKHaA BBayKaTW BHUIAQJIKOBUMH, 1 BOHM MaiizKe He 3aCTOCOBYIO-
ThCAd B acCUMETPUYHUX Kpurnrocucremax. Hampukiaj, uncia Mepcenna, me 4u-
caa suny M, = 2P — 1. Ha nogarky smororo 2013 poky maremaruxk Kepruc
Kymnep, yuacrauk mnpoekry obuucienb GIMPS (Great Internet Mersenne Prime
Search), 3uaiimos 48-e npocre ancyio Mepcerna. JlecsTKOBHI 3a11iC TAKOTO IHCTA
Mae 17 425 170 3nakis.

3. 3HaiiTu BeJMKe BUIIQJKOBE IIPOCTe YHUCJI0. B IIbOMYy BHIIQJIKYy MU TECTY€E-
MO pi3HI BHIAJKOBI YHC/Ia 33 aH0T CKIQIHOCTI (i1 CKJIaHICTIO MaEMO Ha yBasi
KUJIBKICTD 3HAKIB B OIHADHOMY 3allici 9nc/Ia), azk MOKH He HATPAIUMO Ha, [IPOCTe.
AKI10 HAIIT AJTOPUTM JIa€ HEraTUBHY BIIIIOBI/IL, 00 IPOCTO 3aHAATO JOBIO IIE€pe-
Bipsie BUOpaHe YMCJIO — MU MiHSIEMO flOro Ha sKech iHIe — 3 HaJ€0 Ha Te, IO
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JITsT HHOT'O aJITOPUTM TIpalffoBaTuMe e(peKTUBHIIIIE.

4. 3HaflTH MpOCTEe YHCJIO, siKe OyJie JIIbHUKOM 3aJIaHOr0 HATYPaJIbHOIO UH-
ca, abo, OLIBIN 3araJibHO, PO3K/IACTU 3aJlaHe HAaTypaJsbHe YNCI0 Ha MHOKHUKH.
[z 3a1a1a HaffgacTime mocTae B KpUITOaHa 31, 1 B JIeIKOMY CEHCI € y3arajbHeH-
HSIM I1ePIIol — aJizKe sKIIO HaM He BJAJIOCs 3HAUTU YKOJIHOTO BJIACHOT'O JILJILHUKA
qucaa p — Ie 1 03Hadae, Mo BOHO IpocTe. HacmpaBi, po3kaacTn 9ucjao Ha MHO-
JKHUKKM HabaraTo CKJAJHIIIe, HIXK IepeBIpUTU HOro Ha IMPOCTOTY — ICHYBaHHS
MOJIIHOMIAJILHOTO aJITOPUTMY JIJIsI PO3KJIAILY YUCIa HAa MHOXKHUKHU He JIOBEJIEHE.

3ocepeInMOocs Ha TpeTiit mpodJieMi, sKa, Mo CyTi, € MOCIJOBHIM 3aCTOCYBaH-
HaM nepinol. Gopmastizyemo 3a1ady.

lano HaTypaJjbHe uucjao p. BeranoBuTu, um Oyjie BOHO IIPOCTUM, 38 JIOITOMO-
r'OI0 JIESKOTO aJTOPUTMY. AKINO aaropuT™ O6e3Cu/inii, To MiHIEMO YHUCJIO Ha iHIIIe,
60 JUId HAC BaxKJuBile 3HaifiTn Xo4ya 6 oJiHE Take Mpocte uucyao. HaiiBayk/mBi-
IITIM KPUTEPIeEM SKOCTI HAIIOro aJaroputmy Oyje dac itoro BukoHanns. Lleit gac
MOKH& CYTTEBO 3MEHIIUTH, SKIIO BUKOPUCTOBYBATH IMOBIPpHICHI METO/IU TIepEBIP-
K. IMOBIpHICHI TeCcTH IpalioloTh HabaraTo MBUJIIE JeTePMIHOBAHIX, aJ1e¢ MalOTh
neBHUI HeAOMK. [lic/id MO3UTUBHOTO MPOXO/IZKEHHS YUCJIOM TECTY, 3aJTUIIAETHCS
IMOBIPHICTBH TOI'O, III0 BOHO HACIIPaB/l CKJIaJeHe.

Bumorn 10 iMOBIPHICHOTO aJITOPUTMY MEPEBIPKU MPOCTOTH.

1. 3 camoro movaTky MU BBarKa€Mo, IO JHCJIO MPOCTe, a 3a JOMOMOIO0 aJ-
TOPUTMY CIIPOOYEMO BCTAHOBUTH, UH € BOHO CKJIQJICHUM (BCTAHOBUTH HEIIPOCTOTY
qUCIa 3HATHO JIETTIe, HiXK IIPOCTOTY ).

2. AIropuTM BCTAHOBJIIOE, Y1 YUCJIO TIPOCTE, ajle MOYKE MOMUJIUTUCH — TOOTO
BIH Ha CKJIaJIeHe YMCJI0 MOKEe CKa3aTu, 1110 BOHO IIPOCTE.

3. AJIropuTM 3a/IeKUTh BiJ| IapamMeTpa, sikuii BHOMPaEThCs MOpa3y BUIAIKO-
BUM. TakKnM 9UHOM, MU MOXKEMO 3aCTOCOBYBATH aJrOPUTM OaraTo pasiB 3 PI3HUMI
3HAUYEHHsMU lapaMeTpa, 1 3 KO2KHUM HACTYITHUM 3aCTOCYBaHHSAM aJrOPUTMY, IMO-
BIPHICTH TOT'0, IO JOCJIJI2KyBaHe YUCJIO € CKJIQJIEHUM, ITOBUHHA 3MEHIITYBATUCD.

4. Koyim nmapameTp mpobirae BCIO Hamepe BU3HAUYEHY HMapaMeTPUIHy MHOXKH-
HY, TO HAIIl IMOBIPHICHUIT aJITOPUTM ITEPETBOPIOETHCS Ha JIeTePMIHOBAHUT — TOOTO
MU MOYKEMO CTBEP/IZKYBATHU, 110 JOCJJZKYBaHe HYUCJI0 HAcIpaBJl IIPOCTe.

AJIropuTM 9acCTKOBOTO JIiJIEHHS.

MorkHa po3rIgaaT aJIrTOPUTM YaCTKOBOTO JILIEHHS K iIMOBIpHicHUI TecT. He-
Xaii HaM Tpeba MepeBipuTH MPOCTOTY Jucia n . Mu nepeBipsieMo, 9u He JJTUTHCS
BOHO Ha 2KOJIHE 3 uncesa 2,3, ...,a. B npboMy BUIIAJIKy a BUCTYIIAE IIAPAMETPOM, a
IapamMeTpuUuHO0 MHOKIHOIO Oyje 2,3, ..., [v/n]. Komu a upobirae BCio MHOXKUHY
napaMeTpiB, TO TECT CTa€ JeTepPMiHOBAHUM. 3PO3YMiJI0, HABPSIJ UM MOXKHA T'O-
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BOPUTH PO e(PEKTUBHICTD 1IHOI'O TECTY, SIKIIO MU IIJIAHYEMO ME€PEBIPATH 3a Oro
JIOIIOMOI0IO JIy2Ke BeJINKI dnciia. AJie 1epe/i epeBipKoo JaHOI0 Ync/ia Ha IIPOCTO-
Ty 3a JomoMoroio MaJjiol TeopeMn Pepma Ta IHITUX METOIB JIONIIHLHO ITPOBECTH
6a30Be JIOCIIPKEHHS Ha HASABHICTH MAJIMX MPOCTUX JiIbHUKIB. [le 1ae MOXKINBICTD
CYTTEBO CKOPOTUTH YacC MONIIYKY ITPOCTOI0 YUCIa, Y BUIAJIKY, KOJM HAC IIKABUTD
3HAXO/[KEHHsI X04a 6 0JIHOro TaKoro Jucia (I mpobieMa nmocrae B KOpOTKOIACHIX
nporeaypax mudpyBaHHs, KOJIU Jac KOJIyBaHHs-JCKOyBaHHs JIJId HAC BiJirpae
OLIBIITY POJIb, HIZK Yac, sIKUil OTPIOEH Jjisi KPUIITOAHATIZY ).

Anroputm 6a30BOro MeTOIy MOXKe OyTH NpeJICTABICHUI HACTYITHUMU KPOKar-
MHU:

1. Bajlaemo | — HUKHIO MEXKY Jlialla30Hy, B SIKOMY ITOBUHHE 3HAXO/IUTHCH
IIPOCTE YUCJIO.

2. 3aJIa€MO U — BEPXHIO IT'PAHUIIIO J1alla30HY, B SIKOMY ITOBUHHE 3HAXOIUTHCH
IIpOCTE YUCJIO.

3. IlepeBipsieMo KOpeKTHICTH 3aJiaHHd Jianazony 2 < [ < u.

4. MMigpaxoByeMo MakCUMaJIbHY KUIbKiCTh cripob 1 <— 100([logy u] + 1).

b. r+r—1

6. fdxmo r < 0, To JimMiT cipod BuuepnaHo (MO/ist Mae Jryzke MaJjy fiMOBip-
HICTH, 1 HA NPaKTUILl MaiizKe HIKOJIM He 3yCTpivaeThcd. B ToMy pasi, Ko 11e Bce
K CTasI0Cs, Tpeba MPOCTO MEePe3aAIlyCTUTH TECT).

7. Bubupaemo B 3aj1anoMy iHTepBasi 1 < n < u BUIIAJJIKOBE YUCJIO N.

8. dxmo n wmenme 3a 2000, TO TecTyBaHHS BUKOHYETHCA METOJIOM ITPOOHO-
ro JIJIeHHsT HA BCl BIIOMI mpocTi 4ucsa, MeHIn 3a 1 (Taki 9ucjia HA3UBAIOTHCS
TaOyTHOBAHIMI ).

9. dxmo n 6inbire 3a 2000, To TecTyBaHHs BUKOHYETHCSI METOJIOM ITTPOOHOTO
JIJIEHHsI Ha BCl pocTi uncsa, Menii 3a 2000. AKIo giabHIK icHY€E, TO IIePeX0oauMO
JI0 KPOKY D.

10. Ha miboMy KpoIti MOKHa IIPUCTYIIATH IO TMEPEBIPKN Yncaa N Ha MTPOCTOTY
THITTIM MeTOJIOM (SIKWit He OB 3aHUil 3 METOIOM YaCTKOBOTO JIIJIEHHS ).

11. dkuro rect HeraTuBHUI (1 BUSIBIJIOCH CKJIAJIEHUM ), MEPEXOIUMO JIO KPO-
Ky O.

12. k1o TecT MO3UTUBHUI, TO MU 3reHEPYBAJIH IIPOCTE YUCJIO0, 110 HAM 1 OYJI10
MOTPIOHO.

KiouoBuM B 11b0My TecTi siBjIseThest myHkT 9. Bin gossosse Biakunytu 85%
YUCesI MepeJi 3allyCKOM OOPaHOIo HaMU aJIPOPUTMY JIJIsl JIOCJIIZKEHHs IIPOCTOTH.
Coain BigmiTuTh, mo edeKTUBHICTh YaCTKOBOI'O JIJIEHHSI HIiSIK He 3aJIE2KUThL BiJI
OCHOBHOT'O JIrOpUTMY (siKmit 3amyckaerTbes Ha Kporii 10). OueBugHa JOMIBHICTD
3aCTOCYBaHHS YaCTKOBOI'O JI1JIEHHS.
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IIceBmompocTi uuca.

[IceBmonpocTiM YMCIOM HA3UBAIOTH CKJIaJeHe HATYpaJIbHe IC/I0, SKe Mae Je-
SIK1 BJIACTUBOCTI ITPOCTUX 4MCeJ. [CHyBaHHS TICEBIONPOCTUX YUCEN ITEPENTKOJIZKAE
POOOTI aJIrOPUTMIB, K1 BUKOPUCTOBYIOTH Ti UM iHIII BJIACTUBOCTI MIPOCTUX YHCE.
3rijgno MaJgoi Teopemu Pepma Jijist JIOBLILHOIO MTPOCTOrO YUCTIA P Ta JJIs J10-
BLJIbHOT'O HATYPAJIbHOTO YUCJa 7, B3AEMHOIIPOCTOIO 3 P, Ma€ MiCIle KOHI'PYEHITIs:

a’~! = 1(mod p). (1)
Ha ocHOBI 11i€l TeopeMu MOKHa OOYLyBATH JIOCUTH MOTY>KHUIT TECT HA IPOCTOTY.

Tectr ®epma. [liua n > 1 subupaemo a > 1, i obuucmoemo a1(mod n),
SIKIIIO Pe3yJIbTaT He 1, TO n CKJaJjeHe, SIKIIOo 1, TO n — IICEBJIONPOCTE 38 OCHOBOIO
a abo ncesponpocte yncyio Pepma. Jleski ckiajieHi 9ucia € 1mceBIoIPOCTIMI 32,
OyIb-s1KOI0 ocHOBOIO. Ile Tak 3BaHl abCOJIIOTHO IICEBIOIPOCTI Yuc/a, iX IIe Ha-
3uBatoTh dncaamn Kapmaiikia. Curyaliist, KOJau JOCIiIzKYyBaHe YUCI0 BUSIBUTHCS
abCOJIIOTHO TICEBJIOITPOCTHM, JIy?Ke MaJIONMOBIpHA, aJjie (popMabHO MU HE MOYKEMO
11 OILyCKATH.

EdektuBHicth Tecty @epma gy caabo MCeBAOIIPOCTAX YHUCET.

Hocignmo, HacKiIbKu eekTuBHuM € TecT Pepma s 4dnces, siIKi He € 4n-
cnamu Kapwmaiikia. Taxi gucia OygeMo Ha3suBaTH CJIad0 IICEBIOIPOCTUM.

[Toznaunmo 3a W MHOXKHUHY BCIX 3Ha4YeHb IIapamMerpa a, JJisl AKX 7 IIPO-
XOJUTh TeCT Ha 1pocTory 3a Pepma, TOOTO:

W={aeN:a""=1(modn)}. (2)

OckisbKM, 3a HAIIUM IIPUITYIEHHSIM, 1 HE SIBJISIETHCsT aOCOJIIOTHO TICEBJIOIPO-
crum, to |W| < |ZF| — 10610 W He MOXKe 306iraTnch 3i BCi€IO My/JIBTHILIIKA-
THUBHOIO I'PYIIOI0 Z JIMIIKIB, B3a€MHOIIPOCTUX 3 7. Jlerko 3posymitu, mo W -
Hijrpyna rpyuu 2, ToMmy

1Zal > 2 (3)
W=

[le o3nauae, 1Mo cepes eeMeHTIB MapaMeTPUIHOl MHOYKUHN HAIIOTO 1MOBIp-
HICHOTO TEeCTY MaKCUMYM ITOJIOBHHA ITPU3BOJNTE JI0 TPOJOBKEHHS TPOrOHKH (BCi
ke 3 2%\ W 3pa3y HoKaxKyTh, 10 1 He € IPOCTUM ). 3BijICH Heraiino cJijye,
110 ITicjasg k IporoHok Tecty MepMma 151 ¢1a00 IICEBIONPOCTOrO YUCIa IMOBIPHICTD
MOXNOKH B BU3HAYEHH] TPOCTOTH YHC/Ia 1 CTAHOBUTHME He Oibie 2% (3puuaiino
K, 32 YMOBHU BHIIQJIKOBOIO BUOOPY JINIIKIB 3 ApaMeTPUIHOT MHOYKIHI ).

Takum gumHOM, TecT PepMa € ePEeKTUBHUM JIJIs YUCEs, dKi He € abCOI0THO
MICEB/IONPOCTUME — MU MOXKEMO 13 9K 3aBIOJIHO BEJIUKOIO TOUYHICTIO BCTAHOBJIIO-

BaTH IIPOCTOTY Takux duces. [Ipobyema Jinine B TOMY, IO CJIiJ| CIEPIITY BiJcisgTu
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yucjaa KapMmaiikia, a 1me Mafizke HepeaJbHo JIJIsd TUX MOPSIKIB YUCes, sKi 3apas3
3aCTOCOBYIOTHCS B KPUIITOIPAMIUIHUX TPOTOKOJIAX.

Tecr CoaoBeg-IlITpaccena

Posrngnemo Tect, gxuit OymyeThcd Ha y3arajbHenni Majol Teopemu Pepma.
BukopucroByemo kputepiit Eitsrepa.

TBepmxenus 1. /lis d06iAbH020 HENAPHO20 N HACTYNHE YMOBU EKGILEANEHMNI:
1. n — npocme;
2. 0aa 008iAbH020 4 € Z BUKOHYEMBCA KOH2PYEHULA!

a7 = % (modn). (4)

[eit kpuTepiit Ja€ HAM 3MOTY BUKOPUCTATH HACTYITHUI IMOBIpHICHUIT TECT.

1. Bubupaemo U — koedinient Tounocti (qum Oiibimmit eit koedilieHT, TimM
BUIIA TOYHICTH BCTAHOBJIEHHST TIPOCTOTU 1 ).

2. k+ 1.

3. Bubupaemo 3 BHOPsAIKOBAHOTO 110 BEJIMYWHI MACUBY ITPOCTUX 4YuUCcesg k — He
IPOCTE THUCJIO.

[lepeBipsiemo, U1 BUKOHYETHCsI KOHIPYeHITis (4).
AKI0 KOHTpyeHIlisl He BUKOHYETHCS, TO BIITIOBIIb « N — CKJAJICHE».
SIKIIO KOHIpyeHIlist BUKOHYETbCA, TO k <— k + 1.

Axmo k < U, TO epexomsuMo JI0 TPEThOro KPOKY.

P N o Ot

dxmo k > U, 1o BimoBiap: «n — ncesponpocte 3 imosipaictio 1 — 27V 5.

Jlerko GaunTu, 110 1eil TecT 3a/10BOJIbHIE BUMOI'M €(PeKTUBHOIO IMOBIPHICHO-
I'o TECTY Ha IPOCTOTY: MHOYKMHOIO ITapaMeTpiB BUCTYHIAIOTH IIPOCTI YNCIa, MEHII
3a /1, 1 Hic/sg KOYKHOIO MPOTOHY TECTY IMOBIPHICTBH TOTO, 110 TECT HEllPaBHIb-
HO BU3HAYUB IIPOCTOTY YHC/Ia, 3MeHIIyeThesd BaBiui. [Ipu mpomy tect CosoBesi-
[[Tpaccena mozdaBieHnil TOJOBHOTO HeAoJKy TecTy Pepma — JjIs0 BCiX HATY-
paibHUX N OaraToKpaTHa IPOTOHKA TECTY 3MEHIIYE IMOBIPHICTH MOXMOKM JI0 HY-
JIdl.

Cuin Takoxk BigmiTuTh roJsioBHnit Henosik Tecry Cososes-IITpaccena — 1ie
Jac foro BUKOHAHHS. ZIKINO IHECEHHsI O CTEIeHd 3a MOIYJIeM MOXKHa 3Iiii-
CHUTH 3a IOPIBHSIHO MaJIUil 4ac, TO 1po oO4YMC/IeHHs cuMBOJIy JIexkaHipa 11bOro
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Maremaruka

ckazaTn He MoxKHa. [IpobieMa ycKIaIHIOETHCS HEOOXIIHICTIO IPOBOUTH TECT Jie-
KiJIbKa pa3iB — TUM OlJbIle, YUM MEHIY iMOBIPHICTH MOXMOKN MU BBarKaeMo 3a
IPUNHATHY.

Crpobyemo dopmadizyBaru 3aaa4dy. Hexait s Hac npuitHaTHA IMOBIPHICTH
noxubku €. Jjs1 11 3abe3medennst HaM JOCTATHHO Kk IIPOIOHOK TecTy, 1e 2% < e.
Mu MOKeMO CYTTEBO 3MEHIIUTHU Yac, HEOOXITHUI /11 3a0e31MedenHs JTOCTaTHBOI
TOYHOCTI BUSHAYEHHS ITPOCTOTH, SKIO MOKPAIIMO OIIHKY

A
ik )

3aMIHUBIIN JIBIIKY Ha SIKeCh OL/IbIe YmCIo.

Baunwvo, 1o HaJITo BeJMKa KiIbKicTh mporonok Tecty Cososes-IIITpaccena,
HeoOXiJiHa JIjIsI JIOCSITHEHHS HPUITHSTHOI TOYHOCTI OIIHIOBaHHS IIPOCTOTH BEJIU-
KUX HATypaJbHUX 4Yuces, pOOUTDH HOro MpakTUIHO He 3acTocOoBHUM. [IpoTe, Tect
Joryckae Moaudikaliii, ki J03BOIAIOTH ONTUMIZYBATH KIJTbKICTH HOr0 MOC/IiI0B-
HIX 3aCTOCYBaHb JIJI JOCATHEHHS 3a1aH0l TounocTi. [logaabmma onTumizarisa Te-
cty Cosopes-1IITpaccena peasizoBana B imoBipHicHIX Tectax Jlemanna, Misrepa~
Pabina. L1i Tectn merasibno posrasauyTi B [4].

OmiHKM OIBUAKOCTI aJITOPUTMIB

Hageiemo emmipudsi omiHKN MBUAKOCT] JITOPUTMIB (KLTBKICTB OIepariiii, He-
OOXITHUX JIist IPOBEJICHHST OJIHOTO IUKJIY TECTY), onucanux B miif pobori. Taki
OLIIHKHN HalivacTille MoJal0ThCsd Y BUIVISIL JesIKOl (pYHKIHT Bij dmca, o Iepe-
BIPSAETHCH, 1 MICTITEL B €00l JIesIKi KOHCTAHTH, YNCe/IbHE 3HAUEHHSI SIKUX JIJIsI HaC
HEBasKJIMBe — aJ’Ke, Ma€ 3HAYeHHs JIMIIe aCUMIITOTUKA Ii€l (DYHKIIT npu 301/1b-
IIEHHI TOPSAAKY JOCTIIZKYBaHOTO Yrca. /JloBejieHHs X OIIHOK He IPUBOIUTHCS,
OCKIJIbKI BOHO OIMPAEThCs Ha JedKi HeTpuBiajbHi ¢pakTu Teopil aaropurmis. e-
TaJIbHO METO/I OTPUMAHHSI OIIHOK TaKOro pojly OIucani B Kuu3i [6].

1. st TecTy HA OCHOBI YaCTKOBOTO JIiJIEHHs KLIBKICTH Omepalliil /i TOBHOI
IEPEBIPKU YKcIa N Ha HpocToTy He nepesuinye Cy/m st 1eaKOI KOHCTAHTH
C' > 0. Ilg ominka ciijye 3 TOro, IO JJIsI KOXKHOT'O YacCTKOBOT'O JIJIEHHSI I10-
TpiOHA JiuIe CKiHYeHHa KITBKICTH omepariii (1js1 Hac moTpibHo, Mmo0 BOHA He
sasiexkasia Bl n ). Ha npakrumi, Bxke jyist qucest nopsiiky 1030 orpumMyemo Taky
KUIBKICTB ollepalliil, dKy He 3J]aTHUil BUKOHATH 3a MPUNHATHNI Yac HARIOTYyKHi-
muit komir'rorep. st iMoBipHicHOT Mojudikallil TecTy JacTKOBOI'O JIJICHHS Yac
3aJIE2KUTH BiJ| TOTY>KHOCTI TTapaMeTPUIHOT MHOXKUHH, dKa 3a0e31evye 3a/1aHy TO-
YHICTb IE€PEBIPKM MPOCTOTH. B po3rjissHyTOMYy HAMU IPUKJIAI] Isi MHOXKIHA, Mae
noryzuicts O(log n).
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2. st rectiB @epma ta CostoBest-IITpaccena KiJIbKiCTb ortepaliiit OIiHIOETHCsT
anciiom O(log n)?, To6T0 € noniHoMiaIbHOIO (DYHKIIEIO Bl KiJIBKOCTI 3HAKIB 4u-
cina n. HeoOXijHicTh 3alycKaT I TECTU BEJIUKY KiJIbKICTh Pas3iB 301JbIIYE IO
ominky g0 O(log n)* — BimOBiAHO 10 TOTY?KHOCTI HAPAMETPUYHOT MHOMKIHHU.

B Toit ke vac, HAHIIBWIII JeTEPMIHOBAaHI TECTH MOKA3YIOTHh 3HAYHO TipIIi
pesyabraru. [losmiHoMiaabHMIT aJropuTM, 3ampornonoBanuit Arpasajiom, Kaiisiom

15

ta Cakcenoro, nae pesyiabrar O((log n)?).

Bucaosknu

JociizKeHHsT aJropuTMigHIX TIPO0JIeM Teopil Juces € aKTyaJbHUM 3 dacy
BUHAIJIEHHS [IePIINX KPUITOCUCTEM 3 BIAKpUTUM KjtodeM. [Ipudomy BarkjimBuMm
€ 9K YJIOCKOHAJEHHS CaMUX KPUNTOrpadiuHnX aJropuTMIiB Ta METO/iB TeHepa-
i1 IPOCTUX YnCesd, TaK 1 JOCIIZKEHHS CTIHKOCTI UX aJTOPUTMIB 3 TOUYKHU 30Dy
KpUNITOaHa i3y. BukKopucTanis IMOBIPpHICHUX TECTIB Jla€ HaM CYTTEBHUIT BUTPAI
B HIBUJIKOCTI. 3HAYEHHs ITOXUOKHU IIPU BCTAHOBJIEHHI IIPOCTOTU UUCJIA, SIKE OTPH-
MYETBCSI BKe IIICJIsl HEBEJIMKOI KIJIBKOCTI ITPOI'OHOK TECTIB, MOXKe 3a/I0BOJIbHUTH
HaBITb BHOAI/IMBOIO KpuiTorpada.
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®OPMYBAHHSAI HAHOCTPYKTVYP ¥
MOHOKPUCTAJITYHOMY I'EPMAHII 3A YMOBI
JMNCJIOKAIIIMTHO-IIOBEPXHEBOI & Y311

[Ipeverom posriisiy Janol poboTH € CTPYKTYPU OOMEXKEHUX PO3MIPIB BEJIUYUHOIO MOPSAJIKY
JEKIJIbKOX HAaHOMETPIB Ta TEXHOJIOTIYHI MEeTO/H, SIKi YMOKJIMBJIIOIOTH ITiJIeCIPIMOBaHE CTBOPE-
HHs TaKUX 00’€KTIB 1 KepyBaHHA IXHIME BJIacTUBOCTAMU. B pobOTi 1mokazana HOBa MOXKJIUBICTD
YTBOPEHHSI HU3BKOPO3MIPDHUX aTOMHHUX CTPYKTYpP Ha moBepxui (Ge, BIACTUBOCTI SKUX BUBUE-
HI 3a METOJaMHU aTOMHO-CHJI0BOI MIKPOCKOIII Ta paMaHiBCbKOI CIIEKTPOCKOIIl KOMOIHAIIITHOTO
pO3CilIOBaHHd CBITJIA.

KurodoBi ciioBa: narocmpyxkmypa, noseprus, oudysia, UCAOKAULA.

Bceryn

[aTepec 70 HanoksacTepiB Ge 1OB’sI3aHUil 3 ycrixaMi B PO3POOI TEXHOJIO-
rifi oTpuMaHHs JOCTATHHO OJTHOPITHOTO 3a PO3MIpOM MacUBY OCTPIBIB. Po3mipn
HAHOKJIACTEPIB BJIAJIOCS 3MEHITUTHU JI0 3HAUYEHD, SIKi 3a0e311eUyIoTh MPosB ePeKTy
PO3MIpHOrO KBAaHTYBaHHs HABITH IpH KiMHATHII Temieparypi [1]. Ao posmipu
CUCTEMU TIOPSAJIKY JOBKUHU XBUJI Jie-bpoityis BUILHOTO €/IeKTPOHa B yCiX TPhOX
HaIpsIMKaX, TO Taki 00’€KTH Ha3uBatoTh KBaHToBMI Toukamu, 0D (dimensional)
CTPYKTYPaMI. IX aHaJoraMi MOKYTh OYTH HAHOBKJIIOUEHHH JpYrol dasu B Kpi-
CTaJIIUHIN 91 Oy/Ib-sIKMiT 1HIIII MaTPUIL], & TAKOYXK PI3HOMAHITHI MTYYHI aHcaMmOJ1i
YaCcTOK HAaHOPO3MipiB. Taki cucteMu Ha3MBAIOTH HAIPATKAMMI.

CepeJ1 cydacHUX TEXHOJIOTMYHUX METOJIB OJIepKaHHsS aHCAMOJIB KBAaHTOBUX
TOYOK MOYKHA BUPI3HUTU TPH IOPIBHSIHO CAMOCTIMHI II1/IXO/IH /IO PO3B’sSI3aHHS €T
zajad4i. /JIBa i3 HUX PO3BUBAIOTH 1€, 1110 3aK/1a/1eHl B OCHOBI TEXHOJIOT1] BUPOIILY Ba-
HH$ KBAHTOBUX IIapIB 1 KBAHTOBUX HUTOK, TPETIil IPYHTYEThCsA HA BUKOPUCTAHHI
ITJIXOJIIB 1 MOXKJIMBOCTEH KOJIO1THOI XiMil.
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VY Iepunx JIBOX METOAaX 3a OCHOBY O€pyTh MOXKJIUBOCTI CyUaCHO! MOJIEKYJIAP-
HO-TIPOMEHEBOI  eImTaKkcil KOHTPOJbOBAHOTO, 3a3jaJjeriib 3aJaHoro HaHeCeHHs:d
Oy/Ib-IKOI KiJIbKOCTI JIOBLJILHOI'O MaTepiajy Ha mijaxsajaky. asi mi mijagxoan Bij-
PI3HSAIOTHCSI BUKOPUCTAHHSAM PI3HOIO CTYIIEHSI Y3TOyKEeHHS MapaMeTpiB KpucTaJi-
YHOI I'PATKU HAPOILYBAHOI'O MIAPY 1 MiJKJIaIKN.

B nmaniit poboTi craBmsiocsd 3aBlaHHs JOCTIAUTH ABUIE (POPMyBaHHsI HAaHO-
ctpyKTyp Ge 3a paxyHoK judy3il y3/10BK JiHIT BUXO/Iy Ha ITOBEPXHIO JIUC/IOKA~
MIHUX HaIBIETe/b P CTBOPEHHI I'pajieHTa HAIIPYXKEHHH 1 3'dCyBaTu MOXKJIU-
BOCTI IX TPAKTUIHOTO BUKOPUCTAHHSA. YNC/IeHH] eKCIIepUMEeHTAJIbHI Ta TeOPeTUYIHi
JIOCTiIZKeHHsT 1npy3il y3/10BK JUCIOKAIIH 1 MAJOKYyTOBUX I'PAHUIIL CBiIUaTh PO
HAABHICTH Y HUX IIPUCKOPEHOIo Iepenecents. [Ipuckopenns jnudy3il y310BxkK Juc-
JIOKaIlll HailyacTiIe MOsACHIOITh HAasdBHICTIO BAKAHCIl, KOHIIEHTPAIld AKX 3HAYHO
BUIIA, HIZK B 00’eMi [2].

OcHOBHA 4YacCTHUHA

Posrysinemo jucsokarniiiny wamisneriio (puc.l), inimi stkol opieHToBaHi i1
BEJIMKUM KYTOM B MICIZIX BUXO/ly Ha ITOBEPXHIO ]I JI€I0 CUJI JI3€PKAJbHOIO 30-
OparkeHHs Ta JIHIITHOTO HATATY. ZIKINO JInc/IoKallisd CTBOPEHa B KPUCTAJII TepMaHisd
nedpopmyBanaam npu 300K, To 3akpinieHa TOYKOBUMHI JlepeKTaMu, TPAKTUIHO
He MICTHTB JIOMINTKOBOI arMocdepn [3-5], a 11 moJsie HapyKeHHsi o (7) pO3MOBCIO-
JKY€eThest Ha Bijctanb 7 < 0, 5 MKM Bij siipa [5]. Hampsimox judysiitaux moTokis
BaKaHCIil 1 MI2KBY3JIOBUHHUX aTOMIB B KPUCTAJI1 MOYKE BU3HAYATUCS 30BHIIIHIM Me-
XAHIYHIM BIUIHBOM. ¥ TAKOMY BUIAJKY POJIb CUIH [, IO BHJILISAE HepeBasKHUil
HAIPAMOK Jiny3il TOUKOBUX JIedEKTIB y TBEPIOMY TiJii, BIJIIrpae BeJIMINHA, SIKa
IPONOPIiiTHA TPATIEHTY HanpyKennd Vo . [liioda Ha BakaHciio cuja ciupsaMoBata
y HaIpgMi I'pajie€HTa HAIPYKEHHsI, TOOTO Y HalpsiMi OlJIbIIT CTUCHEHOI JacTHHU
KpHucTaja, a Jiloda Ha MiKBY3JIOBUHHHUII aTOM CHJIa CIpSIMOBaHa y 3BOPOTHBLO-
My HanpsiMky [6]. [Ipu sruranii KpucTana 3'sBIsIEThCS MOKJIUBICTE JNMY3iIHHO-
ro 1epeMilieHHs: MiKBY3JIOBUHHUX aTOMIB Y3/10B2K JIMCJIOKAIlll Ha ITIOBEPXHIO, KA
PO3TATYETHCSA; Y 3BOPOTHLOMY HAIPSIMKY OyJie BiJIOYBATHCS TEPEMillleHHsT BaKaH-
citt. Heomgnopianmit po3moin HalrpyKeHb IpH CTUCKAHHI 1 1X KOHIIEHTpallisd 4acTo
crocTepiraeThes Oiist pedep 3pasKa.

OcKiIbKI MizKBY3JIOBUHHUI ATOM IIepeHOCHThL aToMHuii 06’eM (+a®) | a Bakan-
cig mepeHocuTh 06’eM (—a3), TO TyCTHHA CYMapHOro «IIOTOKY 06’€My PeuOBHHI>
Mae Burs 6]

3
j = &0+l ~ =(e.D, + D)V, (1)

Jie ¢, 1 ¢;- pIBHOBaKHI KOHIIEHTPaIlll BakKaHCIii 1 MiKBY3JIOBUHHUX aTOMIB B
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dDizuka

kpuctaui, U, 1 U; - cepenni apeiicdosi ix mBujakocti, a D, u [D; - BiaoBiaHI KO-
edimientn qudysii. Ao noknacru ¢, D, + ¢;D; =cD , To ryctuna gudysiitHoro
«IIOTOKY 00’eMy peuoBHHIY Oy/le BUSHAYATHUCS 32 MTOPSIKOM BeJIMINHI (POPMYIIO0

6], 3
j~eD (‘;—;) . 2)

D = Dyexp(—Q/kT), (3)

ne () - enepris aktusaril audysii. JIas kpucrtaiB 3 JyKe MaJIM BMICTOM J10-
Mimkn D Mmae cenc Koedimienta camogudysii. IIpn 30BHITHbOMY MeXaHITHOMY

B miit opmyii

BILJIMBI Ha KPUCTAJ MOXKYTh CTBOPIOBATHUCS I'PAJIEHTU HalpyKeHb 1, BIJIIIOBIJIHO,
IIOTOKHM 00’€MYy PEYOBHHU SIK Y3JI0BXK JUCJIOKAIN] Ha IMOBEPXHIO J4, TaK 1 B3JIOBXK
noBepxHi js (puc.l).

R~0,25um

Puc. 1: CrabinizoBana auciokaiiiitHa HaIBIET/IA O OBEPXHI

Posriisinemo criouaTky MoKJIUBiCTL Bukopuctantst popmyit (1)1 (2) mist orin-
KN jq Y3J0BXK JILJISHOK JUCJIOKAIlIT, OPIEHTOBAHUX I11] BEIUKIM KyTOM JIO ITOBEPX-
Hi. JIJ1s1 1bOro 10JIaTKOBO HOTPIOHO OY/Ie B3ATHU JIO yBaru psiJi 0COOJINBOCTEl CTPY-
KTYPHOIO CTaHy IIPUIIOBEPXHEBOIO 1apy [4], HagBHICTD rpajiieHTa HAIIPYKEHHs Y
MiCIIi BUXO/Iy MIPY?KHOTO TI0JIst JUCJIOKAIl Ha MOBepxHiO |5, BiAMIHHY pHCY CTPY-
KTYPH Spa B JIUCTOKAIIITHITX 00J1aCTAX KPUCTAJIB 3 TyXKOIO YIAKOBKOIO THity (e
i S7 |7]. KinekicHi gocsizkennst qudysil y3/0BK JIUCIOKAIN B repMaHii 1 Kpem-
Hil okazasu (8|, 1o, sK 1y Bunajky 3sudaiinol 06’emuol audysii (3), koedirient
mudy3il y3/10BK JAUCIOKAIT eKCIIOHEHIIIAIbHO 3aJIeKUTh Bijl TeMieparypu (4)

b= D (2) o

Onnax nepeeKCIoOHeHTIITHII MHOXKHUK Doy Yy 1IbOMY BUIQJIKy Ha TPU TIO-
psIKK OlbInuil, HizK jiy1s1 00’emuol nudysii, a eHepria aktusaiiili Qg ~ 0.8Q), 1e
Q - enepriz axTusanii B 06’emi npu T' > 650C° Dy nepesumrye D na goTupn-
'stTh nopsikiB. Tomy B [8] Harosomyerbes, mo B Jiteparypi BifgcyTHi Hajiitai
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KIJIBKICHI JlaHl IIOJ0 KaHaJbHOI Jaudy3il, sIKi MoyKHa OyJo O BUKOPUCTOBYBaTH
JIJIsT KOHKPETHUX PO3paxyHKiB. Pa3oMm 3 TuM MoOKHA TMPUITYCTUTH, MO TTPU HAAB-
HOCTI I'paJii€HTa HalpyKeHb Judy3iiiHnii MOTIK jg MOXKe 3HAYHO IIePEeBUIILyBaTH
Jp B 00’eMi BHACIIOK TOPYIIEHb KPUCTAJIYHOI CTPYKTYPHU MOOJN3Y AUCIOKAI]
2], a Takok GLIBIIT BUCOKOT PIBHOBAXKHOI KOHI[EHTPAIIIl TOYKOBUX J1eheKTiB 1 KO-
edimienta nudysil y npunoBepxaeBomy mapi [4]. dAkimo kpucras miggaBaT cra-
THYHOMY HABAHTAYKEHHIO 1 OJJHOYACHO 06pob/IaATH yabTpasBykoM (Y3), To Koedi-
mieHTn audy3ii B H0Oro mpUIoBepxXHEBOMY ITapi MOXKHA 30LIBITUTH JI0JATKOBO Ha
1-2 nopstaku [4]. Hanpukia, y npuiioBepxHeBoMy Iapi MOHOKpucraia Ge 1pu
nedopmarii cruckanuam Dy = 107%exp(—0.2/kT) i upn T = 300K ckianae
D, = 4.3 -1078cm?/c. Tomy MoxKHa OUiKyBaTH, 10 B J1eOPMOBAHOMY KPHUCTAI
Oyne icnyBaTu audysiitHe repenecenns PeIOBUHU CYyMAapHUM ITOTOKOM J = jg + Js
[IpU HASIBHOCTI I'paJllEHTa HAIPYzKEeHHS Y3JI0BK JIUCJIOKAIl 1 y3/I0BXK MMOBEPXHI.
3aJie’KHO BiJ| CIIBBiJHOIIEHHsT JUQY3IHHUX TOTOKIB Jg 1 js PEUYOBUHH MOXKHA
OTpUMATH pi3Hi 328 (POPMOIO CTPYKTYPHU Ha ITOBEPXHI.

1. 3abesneuyBam yMOBY Jg > Js NPHU KIMHATHIN TeMIIepaTypi JJisi JTUCIOKA-
il B IPUIIOBEPXHEBOMY IIapi Ha CTOPOHI PO3TATY 3pa3Ka 1100/m3y 6idHoro pedpa.
VY MicIi BUXO/IYy JMCTOKAI] HA MOBEPXHIO YTBOPUJIACS JIYHKa (pHc.2,a) 3a paxy-
HOK BUXOJLy TOMIB Ha 1oBepxHIO (112) 1 0IHOTACHO y3/I0BK MOBEPXHI B HAIIPSIMKY
[111] cniayry manpyru (mokasaHo cTpiliko) Bij 6ianoro pebpa. B pesysbrari y me-
peHaIpyKeHHiil 00/1acTi Ha IMOBEPXHI MOPSIJ, 3 JIYHKOIO CTAJI0Cs CAMOOPIraHi30BaHe
3pOCTaHHsSI OCTPIBIA Hipamigaibaoi hopmu (puc.2). Konryp auciokamiitnol ssMn
Ha MOBepxHi 1 ocTpiBenb B ocHOBI Ha 1ifi mromuai (112) MaTh rekcaroHa bHy
dbopmy. B pesyibrari ckanyBaHHS 30H1a aTOMHO-CIIOBOrO Mikpockoria (ACM) we-
pe3 JIHO JIYHKM 1 BEPIINHY OCTPIBISI BCTAHOBJIEHO PIBHICTD ILJIOIL MI2K IPSAMOIO Ce-
PETHBOTO PIBHSI MOBEPXHI 1 JTiHISIMI TpaHuIb sIMKH 1 ocTpiBi (puc.2, 6). PiBnicTs
00’eMIB JINC/IOKAIIHOI SIMKH 1 OCTPIBIISI CBIJIYUTH IIPO Te, IO CAMOOPIraHi30BaHe
3pOCTaHHY IipaMi/laJIbHOIO OCTPIBIS BiJIOYBAJIOCS B pe3yJibTaTi foro j100y10BH,
B OCHOBHOMY, aTOMaMU KPUCTaJa, M0 MepedyBam B 00’ €éMi JIMCIOKAIIITHOT SMKH.
Tomy posib ckita10B01 1y31HONO IOTOKY Js Y IIbOMY IIporieci Oy/ia He3HATHOIO,
a Jiisl TOPU30HTAJILHOI CKJIAJIOBOI CUJIM IIPOSIBUJIACS Y CTBOPEHHI IlepeHallpyKeHHOT
00J1acTi MopsAJT 3 AMKOIO, sika Oysia KOHIIEHTpaTOpOM HampyKkenHs. Take mepena-
MPYKEHHS MOYKe 3POCTaTH JI0 IEBHOTO Yacy y Mipy MOTJIMOIeHHs aMKU. Po3moit
HAIPYKEHHS TTOO/IM3Y MOTJINOIeHHA KPYTroBOi (hOPME B MAKPO3PA3KY € CKJIaIHUM
3aBJIaHHSIM Teopil maactTuanocTi. [t miel 3aga4i MoxKe OyTH IPUiHsITA CIIPOIIEe-
Ha MOJIEJIb, SKINO PO3IJIsjlaTh JIMIlle TOHKWUIT Imap 3pa3ka 3 OTBOPOM, & BILIUB
MPY?KHOTO TOJIA JINC/IOKAIlIT TPU JOCTATHIN T/IMONHI SMKU He BpaxoByBaTH. [ciye
PO3B’s130K 1OAI0HOI 3a/1a49i JijIsI TOHKOI IJIACTUHU 3 KPYTOBUM BHPI30M II0 KpasiX,
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1O PO3TArYeThes (ab0 CTHCKAEThCs) 30BHiMmHBo0 citoo F (9], i anasiTmdme pi-
IIEHHs TTOKa3ye, M0 3a yMOBHU IactudHocti Mizeca mobm3y KpyroBol 4acTUHU
BUPI3Y JepOPMOBaHOI IJIACTUHE 110JI€ HAIlIPyKeHb HOINPIOETHCs BiJl I'PAHUIL BU-
pi3y Ha BijIcTaHb, 110 JOPIBHIOE NPUOJIN3HO #oro jpiaMerpy. BucHOBKE 1i€l Teopil
J100pe y3TO/KYIOThCA 3 pe3y/IbTaTaMi eKCIIePUMEHTY Ha puc. 2.

30r z,nm

20r

02 04/ 06 08 Xpam

a ) 3]
Puc. 2: a - crpykrypa Ha noBepxui Ge ticid jiepopMyBaHHs 3rHHAHHAM 1Ipu 0, = 80 MIla

yIpoaoBxk 24 roj; 6 - mpodinorpama mpu ckanysanti 30ua ACM Kpi3k JIHO JIYHKH 1 BEpITHHY
OCTpiBIIA

TakuMm 4MHOM MOXKHa BBarkKaTH, IIIO PICT OCTPIBIS BiAOyBaBcs Ha aedopMo-
BaHIil [TOBEpXHI KpHUCTaJa, TOMY PYIHIIHOIO CUJIO flOT0 YTBOPEHHS € PI3HUIS B
nepiojiax PennTKI HepeHaITPY»KeHHOl YaCTUHY TTOBEPXHI 00Ny IMKH 1 HAPOIILY-
BaHOro ocTpiBI [10]. 3a HaMME OIIHKAMY [TApaMeTP HEY3TOJIZKeHOCT (pi3HUIIs B
epiojiax pernTKI B CHCTeMI OCTPIBEIb-TIIK/IA/IKA) 3 YpaXyBaHHIM KOHIIEHTPAITT
HaAlIpyZKeHb 11003y pebpa 1 aMru ckiaajgas Aa > 2%, 1m0 0y/10 J0oCTaTHLO JJ1s
dopMyBanHg TPUBUMIPHUX OCTPIBIIB HAHOMETPOBUX PO3MIPIB — KBAHTOBUX TO-
w0k [10,11]. Bigomo [12], o BuKopncTanis 3runy i BUIPOOYBAHb HA MEXaHIdHy
MIITHICTD IIpU KIMHATHI TeMIilepaTypl 3py4HO TUM, 1110 J103BOJISE J1OCATATH JJOCUTH
3HAYHUX NPYKHUX JedopMalliii HaliBIPOBIIHUKOBUX KPUCTAJIB, 30KpeMa, s
KpeMHio 1 repmaniio 6ju3bko 2% i 6iabine. TunoBumy npejpcraBHIKAMU HaIiB-
IPOBLIHUKOBUX CTPYKTYP 3 PO30IKHOCTSIME MK nepiogamu pernitok Aa > 2%,
BIHKOPHCTOBYBAHUX B €JIEKTPOHII Ta omntut, € rerepocucremu tuity Ge/Si(100)
(ANa ~4%) [10, 13|, In,Ga_,As/GaAs(100) (Aa ~ 3.5%) [14], axi Buporry-
torbesd B peskimi Crpancbkoro-Kpacranosa [13]. fkio mapamerp HeysrokeHo-
CT1 JIOCUTh BEJIMKUIl, TO peJlakcallisl Hallpy»KeHb depe3 YTBOPEHHSI TPUBUMIPHUX
OCTPIBIIIB BIIOYBa€ThCsI paHiliie, HizK yTBOPEHHsT JUC/I0Kalliil HeBimosianocti [10].
BumiproBanHst 3aJIUITKOBUX HAIPYKEHb IIC/Is HABAHTaXKEHHsI HaMU OYJIO MPOBe-
JIEHO Ha IpebeHsix, cchOPMOBAHMX 13 CYKYITHOCTI TPUBUMIPHUX HAHOOCTPIBIIB Ha
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cragii pospisannst npu T = 300K [15]. BukopucroByBajin MeTo UKy pamMaHiB-
cbKOTo KoMOiHaIiiiHOro po3citoBants csitia [16, 17]. Cuexrpu mikpo-KPC 6y-
JIN OTPUMaHi IPU KiMHATHIN TeMIlepaTypi B reoMeTpil 00epHEHOI'0 PO3CIIOBAHHSI
3 Bukopucranusam crekrpomerpa Horiba Jobin Yvon T64000 3 koHdoKabHIM
mikpockorioM UV-Visible-NIR Olympus BX41. 30y/kenns crekrpisa KPC 3iii-
cutoBasin Ar-Kr-azepom (noBKuHa XBUII 30Y/2KEHHS Aeye — 488 HM). TIpu BrMi-
proBanugax KPC jazepnuit npominb okycyBaBcsi Ha 3pa3Ky B ILISIMI JliaMeTPOM
< 1mxwMm. Jlarepasnbhe xKaprorpadysants dhononnux crektpis KPC crpykTypu
3a0e31evyBaJIocs MePEMIICHHSIM 1T €30€/IEKTPUIHOI0 KEPOBAHOI'O CTOJIMKA 3 KPO-
koM 0.1 MM monepek rpebensi. TouHiCTh BU3HAUEHHS 4YacTOTH (POHOHHOI JIiHIT
cranosmia 0.15 ¢ 1.V cnocrepexkysannx namn ciexrpax KPC ne 6yino Buss-
JIEHO CYTTEBUX 3MIIEHb MAKCUMyMy 1HTEHCHBHOCTI CMYI'M 110 YacCTOTI, 110 CBIJI-
YUTH PO BLACYTHICTH 3aJIMIIIKOBUX HAIIPYKEHb Y BUPOIIEHiil CTPYKTYPI.

2. Y Ipyromy eKcliepuMeHTi 3pa30K BUIPOOOBYBAJIN B yMOBAX 3TMHAHHS MPU
pizHux TeMieparypax. Ha repiiomy etari oTpuMyBal CTPYKTYPY THUITY JIyHKa -
ocTpiBelb pu KiMHATHI Temmeparypi (puc.2,a), a ToTiM IpooBKYBaJIH J1ehop-
myBaru npu migsumeniii T° = 490 K. [dedbopmyBanHs 3pa3ka 3 ojgHOYaCHUM Y3
OIPOMIHEHHSIM CTHMYJTFOBAJIO CTBOPEHHIO IMOPCTKOCTI moBepxHi 11|, 3pocrantio
koedirienTa audy3sii Dy Ta BUKOHAHHIO YMOBHU js > jg . Lleit nponec cupuss
3apOCTAHHIO sIMKHI [00JIN3y ocTpiBis (puc.3).

20rZ,nm
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Puc. 3: a - ocrpiserns Ha moBepxHi Ge, dKWit CTBOpEeHMi mic/s AedOpMyBaHHsT 3THHAHHSIM
npu o, = 80 MIla ynpomosxk 10rox i morim nipu 17" = 490 K ynposoBxk 3 10/1 Ipu TakKOMy K
HAIIPY2KEeHH; O - mpodisorpaMa ocTpiBId

3. Ha 3paskax Ge, nedopMoBaHUX OJIHOBICHMM CTUCKAHHSM IPU OLJIBII BH-
cokiit Temnieparypi 1T = 570K, BinOyBajocs 1nojasibiie 30iIbIIIEHHS IOPCTKOCTI
MOBEPXHI, MMOTOKIB Jg 1 jg, IO MPU3BOJINJIO JIO 3PUBY HYKJIEAIl OCTPIBI OO~
3y JiyHKHU. JudyHyrodl y370B2K JUCIOKAIT ATOME MIiCas BIUXO/Ly Ha MOBEPXHIO
0e3 3aKpillJIeHHsI BiJ[pa3y IepeHOCUJINCh Ha 3HA4HI BiJCTaHi IIij JIi€l0 rpajieHTa
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nanpyxkenng. Ha puc.4,a BuHo TIIBKN IMKH B MICIHSIX BUXO/ly HAITIBIIETJII 1 BiJI-
cyTHIIl ocTpiBellb. Popma sIMOK CIIOTBOpEHa, BHACJIJIOK IHTEHCUBHOI TTOBEPXHEBOI
nudys3il, 1Mo MPosBIAEThCs 1 Ha mpodisorpami puc.4,06.

005 1 _15xum

L z,nm

o

Puc. 4: a - q1yHku y Miciii BUXO/y JUC/IOKAIIIHOI HAINIBIET/I, 9Ki yTBOPUINCA Ha OIYHIH 110-
BepxHi 3pa3ka (e O TOPIA IicJisd OJHOBICHOIO CTUCKAaHHS; O - mpodisorpama JIyHKH

Puc. 5: MacuB HaHooCTpiBIIB, KUl yTBOPEHUIl Ha CTOPOHI pO3TArY 3pas3ka (Ge mpu 3ruHaHHi
3 onrovyacHuM Y3 onpominernsm npu 490 K; 3 1boro x MacuBy ofuH OCTPiBeIb MOKA3aHMIT HA
puc.3.a

Cepeji HU3KU BUMOT, IO IIPeJ sIBJIAIOTHCS JI0 MACHUBIB HAaIlliBIPOBIIHUKOBUX
KBAHTOBUX TOYOK JIJIS ITPUJIAHOTO 3aCTOCYBaHHS, € 3MEHIIEeHHs 1X JIuciepcil —
PO3KHU/Iy PO3MIPiB HABKOJIO cepeHboro pajiiyca. MacuBu OCTPIBIIB, B AKUX 3a-
POJIZKEHHs 1 PICT JIMITYEThCA JTUCTOKAIINHOIO JUDy3i€i0, MOXKYTh MATH OlIbIII
BY3BKIIT PO3IOJILI 3a PO3MipaMi, Mo crocrepirajgocst B excriepumenti 18, 19] i
obrosopioBasiocst B [20]. Ha puc.b HaBeieno MacuB HaHOOCTPIBIIIB, OTPUMAHMUIT Ha~
MM Ha OCHOBI BUKOPUCTaHHS SIBUIIA MacOIIEpEHOCY IPU HAsIBHOCTI I'PaJIlEHTa Me-
XaHIYHOrO HanpyzKeHHs. [TomibHOrO BUIY CTPYKTYPU MOXKHA OTPUMYBATH B TEM-
neparypuomy intepsasi (300 — 500) K npu 36epexkenni neaminuol Mopdostoril.

Bucaosknu

1. ITokazano, 110 gedopMyBaHHsl MOHOKpucTaiB Ge 3 oJjHoYacHUM Y3 OIpO-
MminerHsIM Tipu Temiieparypax HiKde Bif 0.35T e (Tmerr - TEMIEPATYpA TLIAB-
JIEHHs1) TPU3BOJANUTD JI0 3apPOJIZKEHHs JINCJIOKAIIHHUX TIeTe/b, Y3/I0BXK SIKUX TP
HAIBHOCTI I'paji€HTa HAIIPYXKEHDb BiIOYyBa€ThCd MPUCKOPEHE TepeHeceHHsT aTOMIB
Ha noBepxHio. Take gudysiiiHe MacolepeHeceHHs CYIIPOBO/IXKYETbCsSI YTBOPEHHSIM
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JIYHKHI y MICIII BUXO/1Y JIUCJIOKAIIll Ha TTOBEPXHIO 1 POCTOM IipaMiia/ibHOIO OCTPIB-
15 Ha MepeHanpy KeHHiil ToBepXHi 3 aTOMIB IepeHeceHoro Marepiaty. PymriitHoo
CUJIOKO CAMOOPraHI30BaHHOI'O POCTY € HAIIPYZKEHHs, 110 BUHUKAE IIPU HEY3IojIzKe-
HOCTI IMapaMeTpiB I'paTKM Ha MepeHaPYKeHiil MoBepxHi 1MoO/JIM3Y SIMKH 1 B OCHOBI
OCTPIBIIS.

2. Buxkopucransst paMaHiBCbKOI'0 KOMOIHAIIITHONO pO3CifoBaHHsI CBIiT/Ia J03BO-
JINJIO BCTAHOBUTH, IO MICJIS 3HATTS 30BHIITHHOTO J1ePOPMYIOUOro KPUCTAJ TUCKY
3aJIUIIKOBI HAIIPYKEHHS B HAHOCTPYKTYPaxX He BUSBISAIOTHCS.

3. 3alporoHoBaHa METOIUKA JIHICIOKAIiiTHO-110BepxXHEeBOI audy3il MoxKe 0y-
TH BUKOPUCTaHa y TEXHOJIOTISAX CTBOPEHHS HU3bKOBUMIPDHUX HAITIBIPOBIIHUKOBUX
CTPYKTYP, B SKUX ITPOSBJIAIOTHCS KBAHTOBI e(DEKTH.
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NCCJIEAOBAHUE PACIIPEJIEJIEHUSA JTE®EKTOB B
ITOJIVIIPOBO/JIHNKOBHBIX IIJIACTUHAX MHTETPAJIBHBIX
CXEM IIPU BO3JIENICTBUN MEXAHUYECKUX
HATIPSIXKEHUN

B pabore npuBejieHbl 3aBUCUMOCTU HAIPsZKEHUI B 00JIACTH JIEHCTBUST COCPEIOTOUEHHON CUJIBI
[IPU TPEXOMOPHOM U3Trube TOHKOI MOy TPOBOIHUKOBOI 11acTuabl Ge . [Ipu BoiOpaHHBIX pa3me-
pax u yCJIOBHAX JIepOPMUPOBAHKS IIPEBBIIIIEHUE HAIIPSKEHU B 00pasiie BOJIN31 KOHIIEHTPATOPA
CYIIECTBEHHO Ha TUIyOWHE JI0 25 MKM U OT HEro BJIOJIb MOBEPXHOCTH HA paccTodnuu < 1.2 MM.
[TonydenHoe MeTOJIOM CTPYKTYPHOTO aHAJM3a pacipeiesienne 1edeKToB B IIPUIIOBEPXHOCTHOM
CJI0€ Ka4eCTBEHHO COIJIACYeTCs ¢ Pe3YIbTaTaMU IJIEKTPUIECKUX N3MEPEHUNl BpeMEHU KU3HU T
HEOCHOBHBIX HOcUTesell 3apsia. VIcIomb30BaHHbIN 30HI0BbIN METO/] U3MEPEHUST T MOYKET ObITh
PEKOMEH/IOBAH JIJIsi KOHTPOJIsI CTereHn JieheKTHOCTH Ha MaJjbliX (hparMeHTax WHTEIPaJIbHBIX
CXEM.
KoroueBbie cioBa: nanpsotcenue, depexmol, UCAOKAUUL, BPEMSA HCUSHU.

BBenenue

Yeranosiiero |1, 2|, aro okoso 50 % 0TKa30B B MEKPOIJIEKTPOHHBIX TIPHOOPAX
BBI3BAHO MEXaHUYECKIMU BO3/IeHCTBUSIMEI, BO3HUKAIOIIMMHI B IIPOIIECCe ITPOU3BO/I-
CTBa, UCIBITAHUI 1 SKCILIyaTAI KaK CaMoro npudopa, Tak 1 9JIeMEHTOB, BXO/IsI-
X B €ro cocTaB. Paciipe/iesieHue HAIPSIZKEH B ITOJTYTTPOBO/IHUKOBOM KPUCTAJLIIE
00yCJIOBJIEHO COBOKYITHOCTBIO TEXHOJIOIMYECKUX OIIEPAIil Ha PA3/JINIHBIX CTaIIIX
IpON3BOJICTBA HHTErpasibHbIX cxeM (VC) - oT BeIpanuBasust 0 MEXaHTIECKIX HC-
IbITAHU TOTOBOI NMpojyKinu. KoMIlIeKCHOe nccieoBaHne MIKPOILIACTHIHOCTH
IOJIYITPOBOTHUKOBBIX KpucTayioB Ge mpn Huskux remieparypax (1' < 0.35T e
(Tonerr - TEMIEpATYpA IIABJEHNsI)) MOKA3aJI0 3], 9T0 B 3aBUCHMOCTH OT YPOBHSI
MeXaHUIeCKIX HAITPS»KEeHUIT 1 criocoda JiepopMUPOBaHus BOJIN3U TTOBEPXHOCTH 00~
pasyercd aedeKTHBII c1oit, Toamuuoil 10 100 MKM 13 BaKaHCHOHHO-TIPUMECHBIX
KJIACTEPOB U JIMCJIOKAINIL, B TO BpeMsi KaK B TOJIIIE KPUCTAJIA COXPAHSIETCS OT-
HOCHTEIHHOE COBEPIIEHCTBO [3-6.
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[TockobKY pa3mMepbl COBPEMEHHBIX IOJTYIPOBOJHIUKOBBIX CTPYKTYP BEChbMa
OI'paHUYeHbl KaK BJ0JIb ITOBEPXHOCTU, TaK U 110 TOJIIUHE U COCTABISIOT JIECATKU-
COTHU MUKPOMETPOB, TO TaKWe CTPYKTYPbl MOI'YT HAXOJUThbCS B IIpejiesiax aHo-
MaJIbHOT'O JIe(DEKTHOIO CJI0s, 0OPa30BAHHOIO 3a CYUET JIeHCTBUS KOHIIEHTPATOPOB
HallpszKeHns Ha KpasX IJIACTUHbI WU IIJIEHOYHOT'O IOKPBHITHS, HEPOBHOCTSIX I10-
BEPXHOCTH, BKJIOUEHUSIX, CKOILJIEHISIX POCTOBBIX jiecbeKToB |7, 8. YpoBeHb ocra-
TouHbIX HanpsizkeHnii B 1C onpenessiercss pu3nKo-MeXaHUUYECKUMU XapaKTepu-
CTUKAMU 3JIEMEHTOB KOHCTPYKIINU, YPOBHAMU MEXaHUUYECKNX U TEPMUYECKUX BO3-
JleficTBril B IIpoliecce POU3BOJCTBA U Hallle BCEro He IOJJIAeTCA TeOPEeTUYECKUM
pacderam. B [2] ormedaercst Takzke 06 OTCYTCTBUN TPAKTUIECKIX METOJIOB TIPOM3-
BO/ICTBEHHOI'O KOHTPOJISI YPOBHEl BHYTPEHHUX HAIIPSAKEHUI U IIJIOTHOCTU CTPYK-
TypHbIX JedpekToB B C u3-3a C/I0KHOCTH KOHCTPYKTHUBHON MepapXuu aKTHUB-
HBIX U IIACCUBHBIX 3JIEMEHTOB, COCTaBJISIONIEl IPUOOPHYIO CTPYKTYpY. B namHOi
paboTe moKa3aHa BO3MOXKHOCTH OIEHKH PACIIPeJIe/IeHIsI CTPYKTYPHBIX J1e(DEeKTOB
Ha OCHOBE 3JIEKTPUYECKUX U3MEPEHUIT BpEMEeHU KU3HU T HEPaBHOBECHBIX HOCH-
Tesieil 3apsiga Ha MOBEPXHOCTU J1eOPMUPOBAHHON TPEXOMOPHBIM HU3THOOM I1j1a~
cruabl Ge. [lapamerp 7 nperepiieBaeT 3aMeTHOE YMEHbIIEHHE Y2Ke IPHU MaJIbIX
IJIOTHOCTSX JIepeKTOB, KOTJla U3MEHeHNe KOHIEHTPAIUM W TOJIBUYKHOCTH OCHOB-
HbIX HocuTejsell 3apsija HesHauntTe bHbl (9, 10]. 30HI0BBII MeTO ONpeje/eHus
T 00J1aJaeT BBICOKOI CTeIeHbIO JIOKAJbHOCTH U II03BOJISIET 110 pacIpele/eHnIo
CTPYKTYPHBIX J1e(DeKTOB B HAIIPSAZKEHHBIX 00JIaCTAX YCTaHABINBATEH €r0 KOPPeJsi-
I[UIO C TIOJISIMU CO3JIaHHBIX Halpsizkeruit. CTerneHsb JTOKAJIbLHOCTH METO/Ia 3aBUCUT
OT pajumyca Mmoychepuieckoro HaKOHEYHNKa 30H,1a, KOTOPBIiT MOXKET ObITh MOJTy-
9eH J1J1sT BOJIbPAMOBOI TPOBOJIOUKHI OT €IMHUIL MUKPOMeTpOB [11] 10 HecKoIbKIX
JECTKOB HAHOMETPOB |12], Tak 9TO OrpaHUYeHs: MOTYT OIPeIeIsIThCsI AT JI0-
IIyCTUMOI MEXaHUYeCKOIl Harpy3Koil Ha 30H/1 JIj1s IIPOKaJIbIBaHUs OKUCHOIT TIJIEHK!
1 HEOOXOIMMON BeJIMIUHOl UMITY/ThCa TOKa HHzKeKnnu [13].

OcHoBHaY 49acCTb

Dementapuasa GopMyJia IS HAIPSKeHUil npu u3rube B IPU3MATHYCCKUX
CTEPKHAX JIAeT YIOBJIETBOPUTEILHBIC PE3YJILTATEL TOJLKO Ha HEKOTOPOM PaCCTO-
STHUU OT TOYKM IPUIOKEHUs CHJIbl. BOam3u 3Toit Touku OyayT, OJHAKO, 3HAYM-
TeJIbHBIC OTKJIOHEHUSI B paclipejiesienun Hanpsizkenuit. g ciaydasa TOHKOM Iia-
CTUHBI C IPAMOYTOJILHBIM CEYeHNEM MOYKHO IHOJIYUYUThL CTPOroe PelleHne J1jid pac-
npeJlesieHns HalpszKeHnil, paceMaTpuBast jeiicrue Ha Heé cuibl F' (puc. 1) npu
HAI'PYZKEHUY KJIMHOM OIIPeJIeJIeHHON MUPUHBL. Y KazaHHasl MOJIeJIb [I03BOJIAeT Pac-
CUNTATL KOHIICHTPAIMIO HAIPSAXKCHUIA, a 3aTeM I0JIyYeHHBIC Pe3YJILTAThl yIeCTh
B cxeMe TpexornopHoro usrnba (puc.2,a). Pacupenesnenne nampstkenuit (puc. 1)
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MMeeT IUJIMHJIPUIECKY0 cuMMeTputo pajuyca r |14, 15]. Boigenennslii sjiement
oBepxHocTu A 1MojBepraeTcs IMpOCTOMY CXKATHUIO B paabHOM HAIlPABJIEHNN, &
HallpsAZKeHne

Fcosb
= =k 1
o » (1)

rjie r - €CTh paJuaJibHOe PACCTOsiHUE OT TOYKU IPUJIOKEHHUSA I'py3a u b - Iiu-
puna mwiactuibl. Koaddunuenr k=7/2 ompejessiercs: u3 Toro 06CTOITEIHCTBA,

F
X;
v F/n—/—F/n !
\\ e ;
noN L
2 “A :
o/ "~ |-
D
n7 VVy n

Puc. 1: Pacupejesenne HanpsizkeHUil B IJIaCTUHE 1101, JIefiCTBUEM COCPEI0TOYEHHOM cuibl F

4TO HAIPAXKEHUA O, , paclpe]e/leHHble BJI0JIb MTOJIYOKPYZKHOCTH, ITOKA3aHHOI Ha
puc.l myHKTUPOM, HAXOJIATCA B paBHOBecuu ¢ cuioit F'. Eenn paccMoTpeTsb ropu-
30HTAJILHYIO ILJIOCKOCTL MM, TO HOPMAaJIbHOE HAIIPSIZKEHUe 0, , JeficTBylomiee 110
97Ol TI0CKOCTH, GyeT paBHo [14]
9 2F cos® 0 2F cos*
oy =0,€080 = =——"— (2)
™  br T by

[Ipu omnpenenernn paBHOJACHCTBYIONINX TOPU30HTAJIBHBIX COCTABJIAIONINX PaJIH-
aJIbHBIX JiaBjiennii mokasano |14, 15|, uro cocpemorovennasi cujia F BbI3bIBaeT
paCKJIMHUBAIOIIEE JefiCTBIE JBYMsI TTPOTHBOIOIOKHBIMI CIJIAME BeJINAnHol F'/7
(pMC.l). B caydae miacTuHbI TOJIIMHON h ¥ IMUPUHON b 3TU CuJibl, JEHCTBYIO-
e Ha PacCTOSHUN h/2 OT MOBEPXHOCTH, BBI3BIBAIOT B CPEMHHOM MOIEPETHOM
CeYEeHUN HE TOJILKO PaCTATMBAIOIINE HAIIPSYKEHUs, olpe/iesiseMbie (hopMyJIoit

F
/
o = — 3
Y whb’ 3)
HO TaKz>Ke 1 HallPAZKEeHM A HSFI/I6a7 JaBaeMbl€ BbIPpazKCHNEM
o Fhy (4)
* 2w I,

B KOTOpoM F'h/27m ectb u3rubaronuii MOMEHT, BbI3bIBAEMBbIH TOPU30HTAILHBIMI
cuamu F'/7, y - paccrostHue oT BepxXHeil IJIOCKOCTH TJIACTUHBI, TIPUHSATOE T10J10-
JKUTEILHBIM BHI3, 1 1, —bh? /12 - MOMEHT MHEpIUHN MONepPedHOro CeqeHNs.
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lF
(112)
v / “ 1
(111)
| O Q (110)
2

F
v 0

E ﬁ
Puc. 2: Cxema jrehopMupoBaHus MIACTUHBI TPEXOMOPHBIM U3rHOOM (&) U pacipejiesieHue je-

bekroB BOIM3K KoHIEHTPaTOPOB (6). Ha pucynke obosnadeno: 1 - obpazern; Ge, 2 - akycrude-
CKUI M3JIy4daTesIb

HaxajibiBas Hanpsizkenus u3 ypasaenuii (3) u (4) Ha HapsizKeHUE [IPU TPEX-
OIOPHOM U3rube, OIpeIesIsieMoe 110 3JIeMEHTAPHOI hopMyJIe 11 IPU3MATHICCKIX
CTEeprKHel, HaXO/ UM, YTO HOPMAJILHbBIE HAIIPSIZKEeHNA B CPEJMHHOM IIOIIEPEYHOM Ce-

YE€HUU PaBHAIOTCA
_15F1 F  6Fy

o T mon T wbn2 (5)

31ech IIepBoe cjlaraeMoe IPUHSITOE PABHBIM O jq, KaK JJIsI HIOBEPXHOCTHOIO CJIOSI

Oy

B 0OBIYHOI popmysie ipu u3rude crepxkueit. Takoe jromyrieHne TpaBoMepPHO JIJIsd
JIAHHOI 33/1a91 TIPU pacCMOTPEHNN KOHIEHTPAINY HAITPSAZKEHN B TOHKOM TTPUTIO-
BEPXHOCTHOM CJIO€ B 00J1aCTU AeiicTBusI cujibl [,

PacripejiesieHne 1MoJIHbIX HAIPsIXKEHUIT B 00J1acTH JieiicTBUsA JiebopMUpYIoIIeit
cwibl F' (puc.2,a) ObLIO HallIEHO C y4eTOM COCTaBIISIONUX 0y (2) u 0, (5), pas-
MepoB miaacTutbl repmanust ([ = 17mvm, b=4wmm, h=0.8MM), a TaKKe BeJTUIHHBI
cusibl F'=8 H. PesysibraThl pacueToB npuBejieHbl rpaddecK Ha, PUC.3, T/le TOUKa
NPUJIOZKEHUS CUJIBI COOTBETCTBYET Hadasy koopjaunar. [Ipu x =0 na paccrosnum
OT TOBEPXHOCTH ¥ = 2MKM TIOJIHOE HAaIpsizKenne cocTtapjisgeT o ~ 650 Mlla, no
PEe3KO CHIKaeTcst 1o Mepe pocta y (puc.l) no suadenusi o =~ 80 MIla, ompeesisi-
eMOro MepBbIM cyiaraeMbiM B opmyite (5), TO-eCTh KOHIEHTPAIINST HAIIPSIKEHNUT
CYIIIeCTBEHHa, JIUITh B CJI0€, TOJIUHON ~ 25 MkM. Ha paccrognusx gy > 25 MKM u
x> 1.2 MM 1oJIHOE HANPSZKEHNE MOXKHO ONPEJICJIUTh 10 dJIeMEeHTapHO hopMmyie
JUIst OaJIKM IIPU TPEXOIIOPHOM u3ruobe.

Pacripeiesienns HanpsizkeHuil B obpa3iie Ha/l HI?KHUME OTIOpaMU MOXKHO HaTH
10JIOOHBIM CIIOCOOOM ¢ yueToM JjiechOpMUPOBAHUsT CUION BemanHoil F'/2.
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650k 6,MPa

450}

15 -1 05 0 05 1 15
x,mm

Puc. 3: I'paduku mo/iHBIX HAIIPSXKEHUI B 00JIACTH MPUIOYKEHUs CUJIbI F Ha PasJIMIHbIX pac-
CTOAHUAX 1 OT TMOBEPXHOCTH, MKM

Yder paclpeaeseHnsd CTaTUIYeCKUX U 3HaKOIEPEeMEHHBIX HalpsKeHWil Ipu
Y3 BO3jEiCTBUM, JJIMTEJIbHOCTH WCIBITAHWI IpU BBIOPAHHON TeMmIepaType
(T = 310K ), Tumna MCTOYHWKOB JUCIOKAINIT B BhIpallieHHOM Kpuctajuie Ge u
GUBMIECKIX CBOMCTB MPHUIIOBEPXHOCTHOI'O CJIOZA, a TaKyKe BBIIOJHEHHbIE CTPYK-
TYPHbIE UCCIEJOBAHUS B JaHHOI pabore n B [3-8| ¢ IOMOIIBIO ONTHIECKOI, 9JI1eK-
TPOHHOI 1 aTOMHO-CUJIOBOI MUKPOCKOITHHU TTO3BOJINJIN YCTAHOBUTDH CJIeTYIOIIEe:

1. B npumnoBepxXHOCTHOM CJIO€, TOJIIIMHON B HECKOJILKO JIECSITKOB HAHOMETPOB
BO3HUKAET MAaCCOIIEPEHOC BEIecTBa BJOJIb IOBEPXHOCTH, a IIyOyke — 10 5 MKM
reHepupyIOTCs BaKaHCHOHHO-TIPUMECTHBIE KJIACTEPHl U JUCTOKAIMOHHBIE TETIIH,
OO0JIbIIEll YacThI0 BBIXOJIAINNE Ha IIOBEPXHOCTDb. [Ipu Hajuumy rpajueHnTa Hallpsi-
»Kennit uddy3us aToMOB BJIOJIb TOBEPXHOCTH U BJIOJIb JUCIOKAIMI Ha, ITOBEPX-
HOCTb IIOPOKJIaeT oOpa3oBaHNe OCTPOBKOB WJIM I'PeOHell HAHOMETPOBOI BBICOTHI
13 COBOKYITHOCTH OCTPOBKOB |7, 8|. D1oT a3bderT Hanbosiee BeipazkeH BOM3M KOH-
IEHTPATOPOB HAIIPAYKEHIII.

2. B 6oJiee riiybOKUX CJI0SIX I10J] OLIOPAMU Ha PACCTOSIHUK OT HOBEPXHOCTH JI0
100 MKM T B TOHKOM (JI0 HECKOJIBKUX MKM) CJIO€ BJIOJIb MOBEPXHOCTH BJIAJIH OT
OII0p 00Pa3yI0TCsI BAaKAHCHOHHO-IIPIMECHbBIE KJIacTepbl cpepuieckoil (hopMbl MK
BaKaHCUOHHBIE JIMCKU BOKPYI' POCTOBBIX BKJIOUeHMil. VX pa3mepbl, IJIOTHOCTL 1
rJIyOnHa 3ajleraHus 3aBUCST OT YPOBHsI HAIPSIZKEHUI U IePEeChIIeHsT BaKaHCUsI-
mu |3, 6, 16|, KOTOPBIMU WHTEHCHBHO HACBIIIAETCSI TPUITOBEPXHOCTHBIN CJIO O/
JIefiCTBUEM CTATUYIECKON 3arpy3Ku 1 &Y 3 001y YeHUsI.

WszBecTHO, 9TO JedeKThl THIIA JUCIOKAIUN U KJIacTepoB, Kak 3¢ (eKTHuBHbIE
MEeHTPbI peKoMOIHAIN [17], yMEHbIIAIOT BpeMsi KI3HI T HEOCHOBHBIX HOCHUTEJIel
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3aps/ia (B JJAHHOM CJIy4dae JbIPOK ) B COOTBETCTBU C 3aBUCUMOCTBIO T = A/N | rje
A - xorcranTa, N - JI0THOCTB JedekToB. Ha mporiecchl peKoMOMHAIII HEPABHO-
BECHBIX HOCUTEJEH JEeKTPUIECKNX 3apsi/I0B, NHKEKTUPYEMBIX ¢ METALITIECKOTO
30H/1a B KPUCTAJLI, BJINSAET caMa IMIOBEPXHOCTD, BBEJCHHBIC JIepOPMUPOBAHIEM JIe-
deKTHI TPUTTOBEPXHOCTHOT'O CJIOS, & TaK2Ke POCTOBBIE JIe(DeKTHI B 00beMe KpUcTaJ-
na. [TosroMmy npu HaIUINN HECKOJLKUX BHJIOB PEKOMOWHAIUN MaTEeMATUIECKYIO
cBs13b (P MEKTUBHOTO (M3MEPSIEMOro) BPEMEHH YKIU3HI HEOCHOBHBIX HOCHTE el 3a-
palia Teff C BPEMEHEM >KM3HM HEOCHOBHBLIX HOCHTeJNell 3apsaja Ha IIOBEPXHOCTU
Ts, B JIepeKTHOM cjioe T; U 00beMe KPUCTAJLIA T, MOXKHO BbIPA3UTb (DOPMYJIOit
[18, 19]:
1 1 1 1

=44 (6)

Teff Ts Tl Ty
Buavenue ciaraeMoro 1/7,=2s/h B (6) omnpeessieTcst TOIIMUHON JIACTHHBL A
1 CKOPOCTBIO MTOBEPXHOCTHOM PEKOMOMHAIINN 3apsi/IOB S . SHAUCHUE MapaMerpa S
B CUJIbHOI CTeleHN 3aBUCUT OT COCTOSIHUS TTOBEPXHOCTU U MOXKET U3MEHSTHCS B
untepsajie 2 — 10%cm/c. B gaHHoM sKclepuMenTte Jjiis yMeHbIIEHHs I1apaMeT-
pa s mractunbl Ge Tepej U3MepEeHUsIMU I0JIBEPTrajiiiCh TPABJICHUIO B MEPEKH-
cu Bojiopogsia. llocie takoit obpadborkn s = 50cm/c [20]. Bpems xusuau 7, B
JepeKTHOM cJjioe n3MeHs10ch oT 80 MKe j1o 250 MKe. BesimauHbl paccauTanHoro
Ts = 800 MKC, 06BEMHOTO BpeMeHN! »KI3HU 110 cepTUPUKATY JJId JAHHOTO0 0bOpas-
na oo1o 7, = 250 MKC M YUNTBIBAJINCH KaK MOCTOsHHbIE. [losTOMY JI/IsT TOHKOI
macTuabl Gé ¢ y9eTOM BBEJICHHBIX JIe(DEKTOB CTPYKTYPhI BPEMsl YKU3HH B CJIOE
T, OIPEJEssIIn KaK

1ot const. (7)

T Teff
3HavyeHud T.py U3MePAIM B Pa3HBIX TOYKaX BJOJIL oOpasla ¢ marom 1mm 110
MPSIMOI, MTPOXOJIAIIE MocepenHe TJIOCKOCTH CxKATHA W pacTaxKeHus. Pesyib-
TaTbl pacdeToB 7; NpHUBeJeHbl Ha puc.4. KonreHTpalus j1edeKTOB W TOJIIITHA
J1epeKTHOTO CJI0s1 Ha TJIOCKOCTH PaCTsKeHUs MaKCUMaJbHa B MecTax, IJie 7, JIO-
CTUTAeT CBOEr0 MUHUMYyMa (TOYKH @, C,e) U MPUHUMAET 3HAYeHUs, OJIM3Kue K
T, = 250MKC B 00JIaCTSIX C HE3HAUUTEJbHBIMU CTPYKTYPHBIMU HApPYIIEHUSIMHE.
st BepxHeit 110cKoCTH HabJII0IaeTCsl TOJIBKO OJINH IIPOBaJl BOJIM3KM TOYKN [ Ha
KPUBOIl 77, COOTBETCTBYIOMIMII 00J1ACTH MAaKCUMAJIbHON KOHIEHTPAIIUN HallpsizKe-
auit (puc. 2,6 u puc.3). Ha puc.4 npejcraBieHnbl ONTUYECKHE CHUMKE CTPYKTYD-
HBIX HApPYIIEHUI B pa3HbIX 00JIACTAX Ha IIJIOCKOCTH PACTAYKEHUS, BbISIBJICHHBIC
XuMudeckuM TpapieHueM. Ilogbopom cocraBa TpaBuTesst U pexkuma o0padOTKU
MOKHO BBISIBUTBH MEJIKHME JeTa/li CTPYKTYPhI THUIA KJIACTEPOB U BBIXOJOB JINC-
Jlokanuii. VIamepeHusi 7 MOXKHO BBIIOJIHSATH Tak:ke Ha rorobix NC ¢ HaHeceH-
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Puc. 4: I'padukn nsmeHeHus BpeMeHU KW3HU 7; HEPABHOBECHBIX HOCHUTEJIEN 3apsdja B Jie-
dbekrnoM croe Brosb Bepxueil (1) u mmkneit (2) mosepxmocreit wiactunnl Ge. Ha BeraBrax
[PUBEJEHBI ONITHYECKHE CHUMKH JehOPMAIMOHHBIX J1eheKTOB

HBIMU aKTUBHBIMU U TIACCUBHBIMU 3djieMeHTaMu (puc.5). st yinanenus 3arpsi3-
HEHUI Ha IIOBEPXHOCTHU II0JIyIPOBOJIHIUKOBYIO ILJIACTUHY CJIEIYeT KPATKOBPEMEHHO
IPOTPABUTh B IIEPEKUCU BOJOPOJA, IPOMBITH B JIMCTU/IMPOBAHHON BOJE U BbI-
cymmTb. Hanbosibliasi mI0THOCTH 1eEKTOB MOosBJIsSIeTCd OOBIYHO Ha, I'paHUIAX
MEXKJIy CTPYKTYPHBIMU SJIEMEHTaMI U IOJJIOXKKOH. Bo/b 9TUX I'paHUI] MOYKHO
yCTaHaBJIMBATDH 110J] MIKPOCKOIIOM HM3MepPHUTEe/IbHbII BOJILMPAMOBbI 30H, OIpe-
JIeJIsITh T U OLIEHUBATh YPOBEHb J1e(DEKTHOCTH.

Puc. 5: Uzobpaxkenune ydacTust TUIUIHON OE3KOPITYCHON MHTEIPAJIBHON CXEMbI, MO/INOTOBJICH-
HOI JJIsl BBIIIOJIHEHUA U3MEPEHUN BPEeMEHU »KU3HU HOCUTEJICH 3apdalia
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BriBoapl

Taxum obpasoM, U3Mepss BpeMs KU3HU T.¢f HEOCHOBHBIX HOCHTeJIell 3apsd-
Jla Ha MOJIYTIPOBOJIHUKOBBIX CTPYKTYpaX, MOXKHO YCTAaHABINBATL KOPPEJISINIO C
pacripejie/ieHIeM MeXaHnieCKNX HalpszKeHuit.

Hanubiit MeTos; ObLT ONMpobOBaH Ha MHTErpajbHbIx cxemax Tuia KP1533,
KP132P¥Y4b n apyrux.

[IpemozKeHHbIIT MeTO/ NMeeT OTpaHUIEHHsT, TOCKOJILKY MO3BOJISIET N3MEPATH
T OT €JIWHHUI] JI0 COTeH MUKPOCEKYH/I C yJIeJbHBIM COITPOTUBJIEHUEM TTOJTYyITPOBOJI-
nuka 1071 — 10 Om-cm u morpermoctbio okoso 15 % [12].
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«Kirou K 3aBTperHemMy JHIO — MHUPOBO33peEHUE,
BBIpAOOTAHHOE CETOJTHS»

H.H. Moucees

«To, aTo MBI HabJIOAEM — HE cama IPHUPOJa, HO
IPUPO/IA, OTKPBIBAIOIIASICS HAIIEeMy CIIOCOOY 3ala-
BaThb BOIIPOCHI»

B. Tetizenbepe

Bcrynsienne

[Ipob.Jiema coBepIIeHCTBOBAHNS COJIEPYKAHNS €CTECTBEHHOHAY YHOI0 00pa30Ba~
HUSI, TIPEOJIOJIEHNsI OTCTaBaHUs €ro OT COBPEMEHHOII HAayKNW OYEHb aKTyaJlbHA B
1epuo/; ObICTPOro pa3BuTus mocaeaHeii. OHAKO, OIPOMHOE KOJIHIECTBO ITOSBJISI-
IOMINXCS TEOPHil U SKCIEPUMEHTAJIbHBIX (PaKTOB HE MOI'YT ObITh BTUCHYTHI B CO-
JlepKaHie COOTBETCTBYIOIMIMX JIUCIUILINH. JTO U He HyKHO. HeoOXoauMo y4uTh,
IJIaBHBIM 00pa30M, HE TOMY <«49TO JIyMaTby», & <«KaK JyMaTby» C y4eTOM MUPO-
MOHMMAHUS COOTBETCTBYIOINIEH smoxu. [losToMy jujiaxkTudeckoil rnmepepadboTke, B
[IEPBYIO 04Yepe/ib, MMOJIJIezKAT Te HAIlPpABJICHUA PA3BUTUA HAYKHU, T€ OTKPbITUA, KO-
TOPbIE BHOCAT HOBOE B €CTECTBEHHOHAYYHYIO KAPTUHY MUPa, U3MEHSIOT IIPeJICTAB-
JIEHHsI O HAy4HOI paruoHajibHOCTH. i nX BbIJIeIeHNsT HeOOX0 UM aHaJM3 Pas-
BUTUS MUPOBO33PEHUS U CTpaTEruii MO3HAHUSI.
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OcHOBHA 49aCTb

[Tepexost OT KJIacCHYeCKOro Tara pa3sBUTHs HAYKN K HEKJIACCHIECKOMY B TIEP-
BBIX JICCATUIETHSIX XX BeKa CBS3aH C MOSIBJICHIEM TeOPUN OTHOCUTETLHOCTH (CIie-
UAJBHOM 1 00ITIelt ), KBAHTOBOI MEXAHUKN U CIUTACTCST PEBOJIIOTINOHHDIM.

Kitaccnueckasi KapTuHa MUPa, B OCHOBE KOTOPOit JiexKuT dhusnka [annies n
HoroTona, — ymporiennas Mojie/ib peabHOCTH, OMUCHIBAEMOIl ¢ TIO3UIUN TTOCTO-
POHHETO, «abCOIOTHOrO» HaOJIIOIATE s, ¢ MO3UINE CyObeKTa eil (n3ydaeMoil pe-
aJIbHOCTH) HE MpUHAJIeKaIero. Hayky MHTepUCYIOT, TJIABHBIM 00PA30M, COCTOSI-
HUS paBHOBECHS U yCTOWIMBOCTH. CUNTAIOCH, YTO CBOMCTBA PEAJHLHOCTH XOPOIIIO
0TOOPAKAIOTCST JIMHEHHBIMI 3aKOHAMH (PeaKIins CHCTeMbI Ha BO3JIeficTBIE Beeria
IPOIIOPIMOHAIBHA TIOCIeIHeMY ). Biraroapst yerexaMm KacCuaeckoii MEXaHuKN B
HayKe yTBEPAUJICA JIATLJIACOBCKUIT JIETEPMUHU3M — BO3MOYKHOCTH OJHO3ZHATHOTO
OIpe/iesIeHNsT COCTOAHNS CUCTEMBI B JIIOOOM MOC/IeIYIONNIT MOMEHT BPEMEHH, €CJII
U3BECTHO Hada/bHoe cocTosnne. [Ipumanmvaniach KOHIENIUS TaCCUBHOM TPUPOJIHI,
IOJIBJIACTHOM JIETEPMUHUPOBAHHBIM 1 0OpaTUMBbIM 3aKoHaM. B TakoM Mupe Her
pPa3BUTHUS, HE MOXKET BOZHUKHYTH HUYETO HOBOTO.

B mex/iaccnueckuil mepmoji pa3BUTUs HAyKN OBLIO OCO3HAHO, YTO Mbl M3yda-
eM He «00beKT» caM 110 cebe, a Hallle B3auMOJEHCTBIE ¢ HUM, MOSBUJIOCH ITOHSI-
THe OTHOCUTETHLHOCTU K CPeJCTBaM HaOJIOJIeHNs, TPUHIUIT HEOIPeJIe/IEHHOCTU 1
MPUHITAI JTIOTOJHATETLHOCTH. [[OBBICHIICA THOCEOTOTHIECKU CTaTyC CTATHCTUIE-
CKIX 3aKOHOB — B MUKPOMWPE, B KBAHTOBOH MeXaHUKe, OHNM OOLEKTHUBHBI, a He
OTpazKaloT «COCTOAHHE HAIllero yMay, Hallle He3HaHue.

HocTimkenns Haykn nocjegHux jecaTuaeTnit XX BeKa TakyKe CBA3BIBAIOT C
PEBOTIOIIMONHBIMI U3MEHEHUSAMI B MUpONoHUManuu. Temeph nMeeT 3HaUCHUE He
TOJIbKO U3yJaeMblil 00bEKT W MHCTPYMEHTBHI HUCCJEIOBAaHWUA, HO U IMO3HAIONINI
cyobekT. Oco3HAHO, YTO KOTHUTHBHBII OIIBIT TO3HAIOIIEIN0 KOPEHUTCS B €10 ONOJI0-
I'IYECKOil CTPYKTYpe. «Mbl He BUJIIM «IIPOCTPAHCTBO» MUPA, MbI ITPOXKIBAEM I10JI€
Harero 3penns. Mbl He BUJIIM «IIBETOB» peaJbHOTO MUpa, Mbl ITPOYKUBAEM Hallle
cobCTBEHHOE XpoMaTHIecKoe npocTpancTsoy |1, ¢. 20]. [TosBisiiores HOBbIE TIpeI-
CTaBJICHHA O caMbIX (DyHIAMEHTAJbHBIX CBONCTBAX PEAJILHOCTH — SBOJIIONNN TTPH-
POJTHBIX CUCTEM W TeoMeTpHur npupobl. Ho, B ¢BA3M ¢ OTKPBITHEM JIETEPMUHUPO-
BaHHOT'O Xa0cCa, MOAB/IAIOTCA 1 HOBbIE OTpaHUYEHUs B TIO3HAHUH — «TOPU30HT ITPO-
ruosay. B 1menTpe BHUMaHUS — CJIOXKHBIE CHUCTEMbI HAHO-, MAKPO- U MeraypoBHei
CTPYKTYPHOI OpraHu3aliud MaTepun. XapaKTepu3ys TOT STAIl Pa3BUTHA HAYKH
naypeatr Hobesesckoit mpemun M.P. [Tpuroxkus nurmeT o «< HOBOM JIHaJIore 4eioBe-
Ka C IIPUPO/IOii», O IIepeHoce aKIleHTa B TO3HAHUN peabHOCTH OT BoiTust K CTaHOB-
JIEHUTO, OT CYIIECTBYIONIEro K Bo3HUKaommemy. HoBoe MupononnmManne cBI3bIBAIOT
C HOBBIM CTUJIEM HAYYHOTO MBINLIEHNS — HeJTMHEHHbIM. «HennHeltnoe MbILienmne
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— HOBBIii CTUJIb MBIILJIEHUs] B COBPEMEHHOM TOYHOM eCcTecTBO3HaHuu» |2, ¢. 126].
B dusudeckoit snmukonemn ykaszaHo: «Bce peasibHble (buU3MUECKHe CUCTEMbI
HeJIMHEHbI, NX MOYKHO CUNTATH JIMHEHHBIME JIMIb TpuO/IKeHHo> |3, ¢. 312]. B
ciiucke B.JI. I'ma3bypra ocoOeHHO BayKHBIX M MHTEPECHBIX MPo0JeM B (bU3MKe 1
acTpodusuke Hadasa XXI Beka 1oji HOMepoM OJMHHAIATEL unTaeM: «Hennnreii-
wasi usnka. TypOyrearnocrs. Commronsl. Xaoc. Crpantbie arTpakTopbl» [4]. B
KOMMEHTAPUSIX K 9TOMY IIYHKTY YKa3aHO, YTO BHUMaHUEe K HeJUHEHHOi dhusnke
BCe YCUJINBAETCA U ycuanBaercsd. [Ipuiio Takyke IOHUMAaHME TOTO, YTO HeJTUHET-
HBIMU CBO¥icTBaMU 00J1aJlaeT He TOJILKO (pusnydeckasi peajbHOCTh. MeTo10/10rusd,
OCHOBaHHAasI Ha HEeJIMHEITHOM MBIIILJIEHNN, MexKaucuniuinHapaa. OHa Hy»KHa B 9KO-
HOMUYECKUX, COIMAJBLHBIX HayKaxX, B dKojorun u T.J. Hampumep, HesmHeiiHOCTD
B OMOJIOIUHU NMeeT SKCIIOHEHITMAIbHBIN XapaKTep. «DBOJIOIIMOHHBIN CMBIC CTOJIb
MOITHON HEeJIMHEHHOCTU BIIOJIHE MOHATEH: HA/IO YCJBIIATDH IIIOPOX ITOIIOI3AI0Ieil
3MeN U He OCJIENHYTh Ipu OJIM3KOI Belbllke MoyHui. Te 6uosormyeckue cucre-
MBI, KOTOpbIE HE CMOIJIM OXBATUTH I'POMAJIHBIN JIMAIla30H >KU3HEHHO 3HAUYNMBIX
BO3JIEHICTBUI CpeJibl, TIONPOCTY BLIMEPJIN, He Bbljiep:KaB OOpHObI 3a CyIIecTBOBa-
Hue. Ha nx Moruiax MoKHO ObLIO Obl HamucaTh: « OHE ObLIN CJIUIITKOM JIMHEHHBI
JUTst 9TOoro Mmupas. Ho Takas »kKe cynbba OKuJIaeT U MaTeMaTUIecKue MOJIe/H, He
VUUTBIBAIOIINE 3TON BasKHON 0cobeHHOCTH KU3HU» [5, ¢. 5.

OcobeHHOCTD IMOCTHEK/IACCUYIECKOr0 ATalla Pa3BUTUsI HAYKU — ITOABIEHIE MerK-
JIMCHUATLIMHAPHBIX HAIIPABJICHUI NCCIEIOBAHIST: KHOEPHETUKU, TEOPUU CHCTEM, CHU-
HEPreTUKM, HAHOHAYKU U T.JI. fjapom popMupylomeiics MoCTHEKIaCCUIeCcKOi Ha-
yku XXI Beka, o muenuio akajemuka B.C. Crenuna (jqupekropa nactuTyTa (-
nocopru PAH) siBsiercst cuaepreTuka — MeXK IUCIUILITHADHOE HAIIPABJICHIE U3Y-
YEHUsI CJIOYKHBIX CUCTEM pasndHoil mpupoibl. CuHepreTuka MMeeT eCTeCTBEHHO-
HaydHble KopHu. OHa BBIPOC/IA M3 TEOPUN JIAa3ePHON TeHepalli, HepaBHOBECHOI
TePMOJIMHAMUKK, TEOPUH aBTOKOJIeOAHUN U aBTOBOJIH PA3JIMIHON IIPUPOJIbI, UC-
cJIeJIOBAHNI HEPABHOBECHBIX CTPYKTYP B Iiasme. Vcrmoib3yioTesd 1 pa3sBUBAIOT-
cd B Hell TaKyKe MEeKIMCIUILINHAPHBIE TTOJIX0/IbI KNOEPHETUKN W TEOPUU CUCTEM.
Kapkac cunepreruku, o0beMHAIONINI N3YYeHNe CJ0KHBIX CUCTEM JII000i TTPUPO-
JIbI B €JINHBIH TPaHCAUCIUTIINHAPHBIN TOAX0/] — HeJnHeilHasd JUHAMUKa, pa3ies
COBPEMEHHOI MaTeMaTUKMN, 3aHUMAIONINIICA UCCIeI0BaAaHNeM HEeJIMHENHbIX JIHa-
MudecKknx cucreM. «Iloj nuHaMmYIecKoit cucTeMoii yeJa0BUINCH TOHUMATH CHCTe-
My JE000# IpUpPOIbl ((PUBUIECKYI0, XUMIYECKYIO, OHOJOMMIECKYT0, COUATBHYIO,
9KOHOMUIYECKYIO U T.JI.), COCTOSTHIE KOTOPOIl M3MeHsIeTcst (JMCKPETHO NI Herrpe-
PBIBHO) BO BpeMmeHm» (6, c. 16].

[TorpebHocTh B MEXKTUCIUIIINHAPHOM IOJIX0/Ie Ha, JAHHOM STalle Pa3BUTU
HAYKU OO'bSICHSIETCS CJIELYIOIINM:

88 36ipHUK HayKOBHUX IIpallb (izuko-mareMarudHoro akyaprery JIJIITY



Iypeiruna JI.C., Hlypeirua E.I'., Menemko A.U. O ¢yngamenrajbHOM 00pa30BaHUI

1. Bpicokme TeXHOJIOTUN CO3/Ial0TCs TOJIHLKO Ha OCHOBE MEK/INCIUILINHAPHO-
ro cunresa. Hampumep, HAHOTEXHOJOTUN TOSBUJINCH U PA3BUBAIOTCS Ha CTHIKE
pusnKN, XuMUN, ONOJIOTHH, MEJIUINHBI, MATEPUAJIOBEJICHUS U T.I.

2. Indpdepennmanns vHayku XX Beka IIpUBeEJIa K MOSIBJIEHUIO OIPOMHOIO KO-
JIMYecTBa HAYyYHBIX Juctuiyini. C oiHO# CTOPOHBI, y3Kas Cleluan3alius crocob-
CTBOBaJIa MX PA3BUTHUIO, C APYTOil — MpuBe/a K HE3HAHWIO CIEIUAJINCTaMU ITPOUC-
XOJIAIIET0 JIazKe B CMEYKHBIX 00/1aCTAX HAYKHU. 3a JIEPEBbAMUI He CTAJI0 BUJIHO JIeca.
Bosuukiia morpebHOCTh B 1esiocTHOM MuponornManun. .. Majmuenkuit (mpe-
cearesib pejkoierun cepurt «CHHEPreTuka: OT MPOILIOro K OyIyIOIeMy» ) Cuu-
TaeT: «3a MEXKJIUCIUILINHAPHOCTDIO, IeJI0CTHON rapMOHMYHON KapTUHON MUpa —
Oymyiee. be3 HuX HaydHoe MO3HAHWE YyTPATUT KPACOTy, OUapOBaHUe, a MOTOM U
cuy» [6, . 13].

3. MexxcnurmIimHapHoCTh — coBpeMeHHas gopMa GpyHIaMEHTAJILHOCTH Hay-
K1 (1 obpazoBanus). Haydaublil MeTo/T MO3HAHUS B KJIACCHIECKOM ITOHUMAHUI CO-
CTOWUT M3 CJIETYIONINX ITANoB: 0000IeHNe OIpe/ie/IeHHON ITPYIIILl (PaKTOB, BHIBO/L
CJIeJICTBUIL, SKCIIEpUMEHTATbHAs X MTPOBEpPKa 1, HaKoHell, Teopust (O TakoM 1y Tu
pa3BUTHA HaydHOH Mblcan nmcan A. Ditamreiin |7, ¢. 569-570]). Onxmaxo mepe-
JKUBaeMbIil B HaIlle BpeMsT NH(POPMAITMOHHBII B3PBIB JIeJIaeT aKTYaJbHBIM JIPYTOil
MeTO/] HAYYHOI'O ITONCKA, KOTOPBIIT MOXKHO Ha3BATh KOHIENTYaIbHBIM. Fro KoMIo-
HEHTBI: PA3pO3HEHHbIE aHAJOIMNN, KOHIIEIINs, Teopusd. KoHIenTyaJ bHbIi T0X0/1
He UCKJIIoYaeT KJIACCHIeCKNii, HO OMMPAaEeTCs Ha Hero.

Hanuune anaoruit Mexk 1y pas/jndIHbIMU SBJIEHUAMEI W IIPOIECCAMU — TTPOsiB-
JIeHe OCHOBHBIX MPWHITUIIOB ITPUPOJIbI B MHOTOOOPA3NN 3aKOHOMEPHOCTEH JacT-
HBIX HAyK. SHAUCHUE aHAJIOTNI TTOHNMaJIH MHOT'HE 3HAMEHUThIe yaenble. BrecTsiie
roJib3oBasicst uvu (anasorusivi) Beprajckuit B.M. B cBonx 3HAMEHNTBIX JIEKITH-
ax P. @eitnman mmcast: «1epexosd K HOBBIM pasjiesiaM (PU3NKH U JIaxKe K JIPYTUM
HayKaM, MbI CTAJKUBAEMCS C YPABHEHUSIMU, [MOYTH HE OTJIMYAIONIUMUCA OT yIKe
U3BECTHLIX HAMI paHee. TakuM 00pazoM, MHOTHE sIBJIEHUsT NUMEIOT aHaJIOruIo B CO-
BCeM Jpyrux obsractsax Haykuy |8, ¢. 97|. Oaun u3 cozmareseit reopun cucrem JI.
don bepranandn nmogaepkuBasl, 9TO BaXKHBI He MOBEPXHOCTHBIE aHAJIOTHH, & 130~
MOP(MU3MBI B MATEMATHIECKOM CMBICJIE CJIOBA, T.€. CTPOrOe COOTBETCTBUE MEXKTY
BCEMU JIEMEHTAMU CPABHUBAEMBIX CHCTEM.

Ojun u3 ormos-ocHoBaTeseil cunepreTukn ['. XakeH, npeJ/IOyKUBININI Ha3Ba-
HUe JJaHHOMY Hay9YHOMY HallPABJIEHUIO, CTAJl UHTEHCUBHO Pa3BUBATH €ro, 0OHAPY-
JKIB aHAJIOTHUIO MEYKJTY MPOTECCAMU MOsABJIEHI KOTEPEHTHOTO U3IyUeHHs B JIa3e-
pe, KOHBEKTUBHBIX CTPYKTYP B I1OJ0IPEBAEMOM CHU3Y CJIOE€ YKUJIKOCTH W PaBHO-
BeCHBIME (DA3OBBIMU TIEPEXOJIAMU.
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OtesbHbIE HAYUHbBIE JUCHUAILIMHBI PACCMATPUBAIOT OIIpe/Ie/IeHHbIEe BIIbI JBU-
JKeHUsI, TeCHO CBs3aHHbIE C MOJIEJIbIO CUCTeMbl. B cuHepreTnke B IeHTPe BHUMA-
HUsl HE BUJI JIBUYKEHUSI, & IIPOIECC Pa3BUTHUsI, KAUeCTBEHHbIE M3MEHEHHSI CHCTe-
MBI, BOSHUKHOBEHIE, ICYe3HOBEHHe WU IIpeBpallleHne ITNHAMIIECKIX CTPYKTYD,
CTPYKTYP-IIPOLIECCOB.

OJIHMM U3 UCTOKOB CHHEPIeTUKN 1 ee COCTABHOI 9aCThIO SBJISIETCS TEOPUsl KO-
Jiebannii u BoJiH. I3 mKoJIbHOrO Kypca (pU3MKKN M3BECTHO, YTO KOJ1eOaH!s pa3/Iny-
HOI TPUPOJIBI (MEXaHUIECKNE, SJIEKTPUIECKIE U T.II.) MO INHAIOTCS OJIMHAKOBBIM
KOJINYECTBEHHBIM 3aKOHaM. BakKHO He TO, UYTO MMEHHO KOJIeOJIeTCsI, a, IJIABHBIM
00pa3oM, Kak coBepinaiTcs Kojedanus. JI.I. MangenbintaM B CBOUX U3BECTHBIX
JIEKIUSIX [THCAJI, 9TO JIJIsI TEOPUN KOoJIebaHuil He TUIIMYEeH HHTEPeC K TOMY, UTO IIPO-
UCXOINT B JAHHBI MOMEHT B JIaHHOM MecTe. Ee MmHTepecyer, IylaBHBIM 00pa30oM,
o0IIUil XapaKTep IIpoIecca B3TOTO B 1LI€JIOM, B T€UEeHUU HEKOTOPOIO MHTePBaJa
Bpemenn. To »kKe camoe MOXKHO cKazaTh 0 cuHepreTuke. OHa Kak Obl HaJCTpanBa-
eTCsI HaJl Pa3/JINIHBIMU pa3JeaMi HayKH, BbIJessIsl OCHOBHBIE OOIIIe 3aKOHOMED-
HOCTHU Pa3BUTUA HPUPOIHBIX CUCTEM.

OcHOBBI MaTEMaTHYIECKOTO allapara, aJeKBaTHOIO TAKOMY IIOJIXOIAY K H3yde-
HUIO peajibHOCTH, 3aj102keHbl Ha mopore XX Beka A. Ilyankape. Co Bpemen Hbro-
TOHA B Ka4eCcTBEe MaTeMaTUIECKUX MOJIeJIeil IPUPOIHDBIX sIBJIEHUI UCIIOIb3YIOTCs
nuddepennuaibible ypaBaenns. OIHaKO HARTH aHAJIUTUIECKOE BbIParKeHue JIJIsI
pelieHnsi ypaBHEeHUs WM UX CHCTEM BO3MOYKHO JIaJIeKO He Bcerja. Uucjio ypas-
HeHNIl, NHTEIrPUPYEMbIX B KBaJpaTypax, Kpaiine orpannderno. CyiiecTByOT IpH-
OJIMKeHHbIE METO/Ibl YHC/IEHHOIO HAaXOXKJIEHUs PeIleHnil, Jaiolue BO3MOKHOCTD
BBIUHC/IATh YaCTHbIE PEIleHNs Ha 3aJIaHHOM IIPOMEXKYTKe M3MEHEHHs He3aBUCH-
MBIX ITepeMeHHbIX. OHAKO JIJIT MHOT'UX BOIPOCOB €CTECTBO3HAHUS TaKUX 3HAHUI
uejiocrarouto (Hanpumep, yeroitunsa s Hamia Cosnednast cucrema?). A. Tlyan-
Kape WLIICTPUPYET CUTYAINIO Ha IIpUMepe IIpodJieMbl Tpex Tejl: «Byer jin ogHo
13 TeJl BCerjia OCTaBaThCsl B HEKOTOPOM ydacTKe Heba UM OHO MOXKET YAAJMThCs B
OeckoHedHOCTR? ByJer jin paccrostHre MeXKay JIBYMSI 3 9THX TeJI HeOI'PDAHUIEeHHO
yObIBaTH MJIM, HAIIPOTUB, 3TO PACCTOsiHne OyJieT Beerja 3akJ/Ii0UeHo B Olpe/ie/1eH-
ubix rparuiax?y (Lurupyeres mo [9]). st oTBera Ha 110106HBIE BOIPOCHI HY7KHO
3HATH pellieHne it GOJIBIIOro (Kak yrojiHO) MPOMEKYTKa BPEMEHH, T.e. «3HaTh
xXapakTep pelmrenns B 1esgoMs. [losromy, yrBep:kipaer A. Ilyankape, HeoOXoau-
MO, IIpexKJie BCero, KauecTBeHHOe HccjeoBaHne (pyHKIN, oupeaessseMbIx -
depeHImaJIbHBIMI YPaBHEHUSIMI. K KadeCTBEHHBIM HCCJIEIOBAHUSIM OTHOCSITCS:
reoMeTPUIecKoe U3yueHne HHTerpabHbIX KPUBBIX, (DA30BLIX TpaeKTopuil, (haso-
BOI'O IIOPTpETa CUCTEMBbI, UCCASI0BAHIE YCTONUNBOCTH CTAI[MOHAPHBIX PEXKUMOB
(PYHKIIMOHUPOBAHUS U T.JI. ITUMU BOIIPOCAMI 3aHIUMAETCsI KaueCTBEHHAsI TeOPU
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nnddepeHaibHbIX ypaBHEHNH I, B COBPEMEHHON MHTEPIIPETAIN, — TeOPHs
JMHAMUYCCKIX cucTeM. VIMEeHHO ¢ KadyecTBEHHOI CTOPOHBI JIOJIZKHA HAYUHATHCS
Teopust Besakoi (pyHKIm, — yrBep:kaaer A. [lyankape, npeaBu/ist 4pe3BbraaiiHy o
BayKHOCTDb TAKOT'O aHAJII3a JIJIsi MHOTUX BOIPOCOB €CTECTBO3HAHUSA 1 MATEMATUKH.
ABnenns, onucanne KOTOPBHIX OJMHAKOBO C TOUYKH 3PEHUS KadeCTBEHHON TeOpun,
AHAJIOTTIHBI.

CunepreTnka — Teopusl pa3BUTHA, (PYHKIINOHUPOBAHUS CJOYKHBIX CHCTEM.
MozKkHO rOBOPUTH O CJIO?KHOCTH Ha, CTPYKTYPHOM U Ha, (DYHKIIMOHAJIHLHOM YPOBHE.
DTN CJI0YKHOCTU B3aMMOCBA3aHBI, HO He SKBUBaJEHTHBI. CJIOXKHas CHCTEMa CO-
CTOUT W3 MHOXKECTBa B3aMMO/IEHICTBYIONNX TOJCUCTEM, 3JIeMEeHTOB. BereacTpue
9TOI'0 B3aUMOJIEHCTBUsI, CUCTEMa ITPUOOpPETaeT HOBbIE CBOICTBA, KOTOPhIE Ha3bIBa~
0T 9Mep/KeHTHbIMH (B TepMojnHaMuKe, HAPUMED, 9TO SHTPOIIHS, TEMIIEPATYPa
u T.1.). B crarncrudeckoii pusnke Takyke paccMaTPUBAIOT CHCTEMBbI, COCTOSIIINE
3 MHOKecTBa mojcucTeM. OIHaKo B3aNMOEHCTBUEM MeXK/Iy HUMHU JINOO MpeHe-
Operator JibO CAUTAIOT JIOCTATOIHO CJIAObIM (UjIealbHbII ra3, (DOTOHBI B PABHO-
BECHOM WU3JIy4eHrn, (DOHOHBI B TBEPJOM Tejie U T.jI.). B cuHepreTuke rjiaBHoe —
B3aMMO/ICHICTBIE TIOJICUCTEM, YINTHIBACTCH €TI0 HeJIMHEHHOCTD.

[Ipumepbl CIOKHBIX MAKPOCKOMUYIECKIX CUCTEM: TLJIAHEThI, XKIJIKOCTH, TBEP-
Jible Tejia, o0JlaKa, PacTeHUs, *KUBOTHDIE, TTONMYJIANN *KIBOTHBIX, YeJI0BEUYECKHe
coo0IecTBa, ancaM0O/Ib HepOHOB MO3Ta, 1 T.JI.

[TousiTHE CJIOKHOCTH HEPa3PBHIBHO CBA3aHO ¢ HeJUHelHnocThio. Ecam cucrema
JINHEIHA, MOXKHO BOCIIOJIB30BATHCS TTPUHIIUIIOM CYIIEPIIO3UITNN, PA3JIOKUTH €€ Ha,
HE3aBUCUMBbIE COCTABJIAIONINE, U3YIUB KOTOPhIE 00bACHUTD ITOBEJIEHNE BCEll crucTe-
MbI. JIJ1st CJTOKHBIX crcTeM Takoil mojxo/ (peayKimonnsm) Hernpumennm. [lemoe
He CBOJUTCA K CyMMe dacTeil, a 9acTu, 00pa3ys CJOXKHYIO CUCTEMY, U3MEHSIOT
CBOU CBOIICTBA.

V.P. [IpuroxxkuH nuier, 9To BazKHee TOBOPUTH O CJIOXKHOM TOBEJICHUH, CJIOK-
HOM (DYHKITMOHUPOBAHUH, Y€M O CJOKHOCTH CTPYKTYpbl. OJiHa U3 CyIeCTBEHHBIX
0COOEHHOCTEI CJIOXKHOTO MTOBEJICHUST — CIIOCOOHOCTH COBEPINATH IEPEX0JIbl MEXKTY
pas/IMIHbIMU PeKUMaMi pYHKIMOHUPOoBaHus. [loaToMy «IIOHSTHE CIIOXKHOCTH OT-
HOCUTCS K TAKIM CHCTEMaM, B KOTOPBIX Ha0J/II0/laeMOoe TIOBe/IeHNe B 3HAUYNTETHLHOM
Mepe CBSI3aHO C WX 9BOJIONHMEl, T.e. npejpictopueiis» [10, c. 48].

[Ipumepno 1o cepennbl XX BeKa €JIMHCTBEHHBIM 3aKOHOM SBOJIONNN HEXKH-
BBIX CcHCTeM (KOCHOII Marepunm — 1o tepmuHojornn Beprajckoro B.U.) sBisii-
cs BTOPOIT 3aKOH TEPMOJNHAMUKH, COTJIACHO KOTOPOMY M30JIMPOBAHHDBIE CUCTEMBI
CTPEMSITCSI K paBHOBECHOMY COCTOSHUIO, T.€. Jlerpajupyior. Hadsojaemblie B mpu-
poJie TIPOTIECCHI CTPYKTYPOOOPA30BAHUS HEe 00bACHSIINCD.
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CortacHo cuHepreTuKe Bcst MaTepusi Bo BeesieHHOI, Ha BeeX YPOBHSIX CTPYK-
TYPHOIT OpraHu3alum, — KOCMOJOIUIECKOM, (PU3NIECKOM, ONOJIOITIECKOM, COTIH-
aJIbHOM, 00J1a/TaeT CBOMCTBOM CaMO(MOPMUPOBAHNS, CAMOPA3BUTHA, CAMOOPTaHH-
anun. «f jymaro, 9To MO3HAHHE MEXaHM3MOB CAMOOPTAaHM3aIM W COCTABJIAET
cyTh PyHIAMEHTAJILHBIX HayK», — nuireT akajgemuk H.H. Moncees B cBoeil 1mo-
caeneit kanre [11].

[Ton camoopranuzalineit 0OLITHO TOHUMAIOT TTPOIECCHI CIIOHTAHHOTO YIIOPSJ10-
JeHus, 00pa30BaHUs CTPYKTYP B JaJE€KUX OT PABHOBECHUsI, OTKPBHITHIX CHCTEMAaX.
Cucrema caMOOPraHU3yeTCsI, €CJIM OHa IPUOOPETaeT MPOCTPAHCTBEHHYIO, BPEMEH-
HYTO WIN (QYHKITMOHATLHYIO CTPYKTYPY 0e3 crelnnuaecKoro BO3AeiiCTBIs N3BHE,
T.e. 0e3 BO3IEIiCTBNUsI, HABSI3bIBAIOIIErO eif OIpe/Ie/IeHHYIO CTPYKTYPY. YCTaHOBJIE-
HO, YTO CYIIECTBYIOT YCTOWYMBBIE CIIOCOOBI OPraHU3aIul CTPYKTYP-IIPOIECCOB B
cpejie, 3aBUCSINNAE OT CBOMCTB CPeJIbl, aJleKBATHbIC €if, K KOTOPBIM 3BOJIIOINOHI-
PYIOT BCE JIpyTHe COCTOSTHUS JTAHHOW CUCTEMBI CO BPEMEHEM.

Pazimyaior caMooprann3aiinio KOHCePBATUBHYIO, JUCCUTTATUBHYIO U JIUCIIEPC-
Hyto. B nepBom ciiydae CTpyKTYpbl BO3SHHKAIOT MPU TMOHUZKEHUU TEMIIEPATYPHI.
DTO — paBHOBECHBIE (DA30OBBIE TIEPEXO/IbI, HATTPUMED, YKUJIKOCTH — KpucTasr. s
CYIIIECTBOBaHNS 00Pa30BABIINXCA CTPYKTYP MPUTOK SHEPTUN He HYKEH.

B pesysbrare HepaBHOBECHBIX (DA30BBIX 11EPEX0JI0B 00PA3yIOTCsI JIMCCUTIATHB-
HbIE CTPYKTYPBI. DTO — CTPYKTYPBI-TIPOIECCHI, BOBMOYKHBIE TOJIHKO B JAJEKUX OT
paBHOBecus ycI0BusX. [ X BOSHUKHOBEHUS 1 MMOJIeprKains HeOOXOUMBI JTIC-
cunaTuBHbIE Tporecchl (Auddy3us, BI3KOCTb, XUMUUIECKIE PEAKInd U T.J.) H,
cJiejioBaTe/IbHO, MPUTOK dHeprun u3sHe. Harpumep, Bce O1oJiorndeckne CuCTeMbl
SIBJIAIOTCS JTUCCUTTATUBHBIMU.

Oja n3 nHTEepecHbIX 0COOEHHOCTEl HepaBHOBECHOCTH — IYAJUCTHIHOCTD JTHC-
CUIIATUBHBIX IIPOIECCOB, HeoOpaTumocTu. BOsm3u paBHOBecust OHU pa3pyIaroT
MopsiJIOK (Iepexoji K PABHOBECHUIO), HO CO3/AIOT MOPSJIOK (CTPYKTYDBI) BIAJH OT
paBHOBeCHUsI, UTPas KOHCTPYKTUBHYIO POJIb.

[Ipumepbl JAMCCUIIATHBHBIX CTPYKTYP-IIPOIECCOB: KOTEPEHTHOE U3JIydeHHe B
J1a3epe, KOHBEKTUBHbBIE CTPYKTYPhI B XKIJIKOCTAX WM Ta3ax (HAIpUMep, stdefiku
Benapa), rpanysibt Ha CoJtHIe, TEIJIOBBIE CTPYKTYPBI B ILJIa3Me, MHOTHE acTpo-
dusnyueckne sBjenus, MHOTHE COIUAJLHBIE SABJIEHUS, CAMOOPTaHU3YIONEeNHcs CH-
CTEMOI SABJISIETCS |eJIOBEUECKIIT MO3I B IIpoIiecce MO3HAHUS PeabHOCTH U T.I.
[Iporiecchl camMoopranus3aIiy TPOUCXOJIAT Ha BCEX YPOBHSIX CTPYKTYPHON OpPraHu-
3allUN MaTEPUH, OT JEMEHTAPHDBIX YACTHI] JJO KOCMIYECKIX CTPYKTYP, TaJaKTHK.

JlucnepcHasi CTPYKTypa — COJIMTOH. KOHIENINs COJTMTOHA — OJiHA 13 (DyH/ 1A~
MEHTAJILHBIX B COBpeMeHHOI Hayke. CoJIMTOHAMI HA3bIBAIOT YeIUHEHHBIC BOJIHBI,
dopMupyIOIIecs: B HEJIMHEHBIX CpejlaX ¢ JUcIepcueil, KoTopble 10 CBOUM CBOIi-
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CTBaM BO MHOI'OM HAIIOMHHAIOT YacTUIb. Ec/anm oJuH COJIMTOH JIONOHSET JIPYToii,
TO OHU BeJyT ce0s KaK JacTUIIbI IPU YIPYIOM CTOJIKHOBEHUH.

[Ipn cozpanum KBaAHTOBOI MeXaHUKM ObLjIa IOIBITKA IPEJACTABUThH YaCTUILY
KaK IaKeT BOJH Jie Bpoilyist, IMOCKOIbKY CKOPOCTh YacTUIIbI B COOTBETCTBYIOIIErO
eff BOJIHOBOT'O IakKeTa OJuMHaKOBBI. OHAKO MHTEpIIpeTaIs He Obljaa HMPUHSTA —
JIUIsT BOJIH Jie Bpoiljisi Jucrepcusi uMeeT MeCcTO JlakKe B BaKyyMe, CKOPOCTH pac-
IPOCTPaHEHUsI 3aBUCUT OT JJIMHBI BOJIHBI. [109TOMY BOJTHOBOII ITAKeT HEYyCTOINYUB,
OBICTPO PACILIBIBAETCS, & YACTHIIBI (9JIEKTPOHBI, TPOTOHBI U T.JI.) YCTONIUBHL.

B HesinHeitHOI cpejie cuTyalst MOyKeT ObITh mHOI. CKOPOCTh pacipocTpaHe-
HUsI HeJIMHEITHO BOJIHBI 3aBUCUT OT €€ aMILIUTY/IbI, II09TOMY (hopMa PacipocTpa-
HSTIOITEliCsT yeIMHEeHHON BOJTHBI, BOJIHOBOIO UMITYJIbCA, CTAHOBUTCS BCE KPyde. DTO,
IIPU OIPEJIeJIEHHBIX YCJIOBUSX, KOMIICHCUDYET JIeHCTBUE JIUCIEPCHE, YeIMHEeHHAs
BOJIHA CTAHOBUTCA YCTONYINBOIL.

ObpaszoBaHue u PacIpOCTPAHEHUE COJMTOHOB OIMCHIBAETCS HEJMHETHBIMI
yPaBHEHUSAME, aHAJTUTUIECKI TOYHOE PeIlIeHe KOTOPBIX y/IaeTcsd HallT B HCKJIIO-
YUTEJIbHBIX ciydasax. OgHako Bo BTOpoil nojopuHe XX BeKa OblIa yCTaHOBJIEHA
VIMBUTEIbHAST CBI3b MEXK/Iy CTallMOHapPHbIM ypaBHeHnueM LlIpeaunrepa Jjist 0HO-
MepHOTo JIBUKeHus U ypasHennem Kopresera — ne @pusa (Kad) s mnenmneii-
HBIX BOJIH B cpejie ¢ juctepcueii. [losiBuiics mMeTo; odpaTHOI 3a/ia1un paccestHus,
JKeMUY KIHA JIBAJINATOTO BeKa B 00JacTh MaTeMaTudecKoil dpusukn. CyiiecTBo-
BaHUIO COJTUTOHOB OBLIO JIAHO aHAJUTHYECKOE 00bsICHEHUE.

COJINTOHBI WJIM COJIUTOHOIIOIOOHBIE 00HEKTEHI HAOIIOAIOTCSI Be3/1e: Ha IIOBePX-
HOCTH BOJIbI, B IJIa3Me, B HEJIMHEIHON ONTHKE, B KPUCTAJLIAX, CBEPXITPOBOTHIKAX,
B armocdepe 3emin. Hampumep, psiji THTEPECHBIX sIBJIEHUI B TBEPIOM TeJle MOXK-
HO OOBSICHUTBH JIy4Ille, €CJIU MPUBJICYb COJIMTOHBI, pACCMATPUBasd UX B KadecTBE
9JIeMEeHTapPHbIX BO30Y K I€HUI.

TeopeTukam HpaBUTCS UJIesl, COIVIACHO KOTOPOIi J1eMEeHTapHbIE TaCTHUIIbI sIBJISI-
I0TCsl COJTUTOHAMU COOTBETCTBYIONINX HEJMHEHHBIX 1oJieil. CyliecTByeT TeopeTu-
JecKast pabora, yoeanTebHO JOKa3bIBaIOIIasl, YTO KBAHT IPABUTAIIMOHHOTO OJIs
— IPABUTOH, siBjisiercst cosmurToHoM (Ypasaenust OTO Ditnrnreiina, ompeesioniye
cBoiicTBa rpaBuTannonHoro noJst, sejmueitanr). TBO (Teopust Besmkoro O6beiu-
HEHHUsI BCEX TPeX B3auMOJIeHcTBUil — cj1aboro, CUJILHOTO U 3JEKTPOMaIrHUTHOIO,
ere He CO3/aHHAs OKOHUYATEBHO) MPEJCKA3bIBACT CYIIECTBOBAHNE HEOOBITHBIX
MUTAHTCKUX COJTUTOHOB — KOCMHYECKHUX CTPYH, HPEJICTaBJIAIONINX cOOOil TOHKIE
BHUXPEBbIe TPYOKHM, JIJIMHA KOTOPBIX cpaBHUMa ¢ pa3mepamu [ajmaxkTuxku. [Ipobiie-
Ma KOCMHYECKHX CTPYH (€ BOIPOCOM) HAXOJMUTCS B YIOMSIHYTOM BBIIIE CIHCKE
B.JI. T'ursbypra. OueBupHO, 9TO y COJUTOHUKHU (HAYKH O COJIMTOHAX) OOJIBIIOE

Oytyee.
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Mzyuenne mporeccoB caMoOpraHn3aul IMeeT He TOJIBKO TeOPeTHIecKil mH-
Tepec. UToObI MoKa3aTh 3TO MPUBEJIEM OTPBIBOK U3 JIOKIa/1a coTpyannkos M. [Tpu-
roxkuna Jig EBpomneiickoit Komuccun: «Ilognep:kanme opranusamnuu B [Ipupose
He JOCTHTaeTcs (M He MOYKeT ObITh JOCTUTHYTO) YIPaBJICHUEM W3 €JINHOTO IeH-
TPa; HNOPSJIOK MOXKET IOJJIEpKUBATHCI TOJBKO C MOMOIIbIO CAMOOPraHU3aIlnu.
CaMoopranu3yrormecs CUCTEMBI JIeJIAI0T BO3MOXKHON aIallITAIlNIO K IIPEeBaTUPYIO-
el OKpyzKaloIeil cpeie, T.e. pearupyer Ha M3MEHEHUsT B OKPYKaIOIIeil cpeje,
U UMEHHO WX TePpMOJIMHAMUYECKHIT OTKJIMK Jle/laeT TaKhe CUCTEMbl UYpe3BbIUaiiHo
MUOKUMI U YCTONYUBBIMU K BO3MYIIEHUSIM BHEIITHUX YCI0BUiT. Mbl XoTe 1 ObI 101
YEPKHYTH ITPEBOCXOJICTBO CAMOOPTAHU3YIONINXCA CUCTEM HaJ TPAJUIMOHHON te-
JIOBEUECKOIT TeXHOJIOTHEl, cTapaTe/ibHO N30eraolieil CJI0KHOCTH U nepapXuaecKu
yIpaBJsionieii nmpormeccamu . ... CoBeplieHHO HOBas TEXHOJIOIUsSI JIOJIXKHA OBbIThH
CO3JIaHa, JIJIsi TOro, 9TOOBI UCIOJIb30BATh BBHICOKUI MOTEHIINA YIIPABIAEMOCTH 1
PEryIMpoOBaHus CaMOOPTaHU3YIONINXCsT CICTEM; 9TO WJLIIOCTPUPYETCs ONoIornde-
CKUMHI CUCTEMaMM, CIIOCOOHBIMU CO3/IaBATH CJIOXKHBIE TTPOJIYKTHI ¢ HEITPEB30ii 1eH-
HOM TOYHOCTDHIO, 9(h(HEKTUBHOCTHIO U CKOPOCTHIO» [12; ¢. 13]. Ouenb BaxKHO TakxKe
MOHATH TPUHIIATIBI CAMOOPTAHI3AIINN, KOTOPbIE NCIOJIb3YIOTCA HAHOCTPYKTYPaMu
B IIPUPOJIE.

Cutentytoriee  byHiaMeHTAILHOE OTKPBITHE BTOPOH 1MOJIOBUHBI XX BeKa —
JeTepMIHIPOBAHHDI (imHaMmaeckuit) xaoc. [lojg meTepMUHUPOBAHHBIM Xa0COM
«TIO/IPA3yMeBaeTCs HeperyasapHoe, WU XaoTHYecKoe IBUZKEHUE, TOPOKIEHHOe
HeJINHEHHBIMU  CUCTEMaMU, JJIsT KOTOPBIX JIMHAMUYECKHNE 3aKOHBI OJTHO3HAYHO
OIIPEJIEJISAIOT IBOJIIOIUIO BO BpEMEHU COCTOSIHUST CUCTEMbI IIPU U3BECTHOI 1IPe/IbiC-
topuny [13]. Takum o6pazom, UMEIOTCs ypaBHEHNs, XaPAKTEPU3YIOIIHE TPOUCXO-
JIAIINe ¢ CUCTeMO N3MeHeHUs, N3BECTHbI HadaJIbHble YCJIOBUS, HO 1TOBEJIEHNE CH-
CTEMBI IIPEJICKa3yeMO TOJILKO Ha OrpaHMYeHHOM HMHTEpBaJe BPEMEHU. DTO IMPOTH-
BOPEYHUT CHOPMHUPOBABIINMCS B KJIACCHIECKOI Hayke rpejictaBieHusmM. B 1986 r
npe3nieHT MexKTyHapoTHOTO CO03a TEOPETUIECKON 1 MPUKJIATHON MEXaHTKHN BbI-
CTYIWI C 3asBjeHneM: «Mpbl Bce TuIyODOKO 0CO3HAeM CErojHst, YTO SHTY3Ma3M Ha-
IIUX TIPEJIIIECTBEHHUKOB 110 1TOBOJIY BEJIMKOJIEITHBIX JOCTUKEHUI HBIOTOHOBCKO
MEeXaHUKH OOy UX K 00OOIIEHNSIM B 3TOi 00J1acTH IIPEJICKAa3yeMOCTH, B KOTO-
pbie Jio 1960 1 MBI Bce OXOTHO BEPUJIM, HO KOTOPbIE, KaK Mbl Tellepb ITOHUMAEM,
ObLH JIOKHBIMU. Hac He oKMgaeT KOJJIEKTUBHOE YKeJIaHue MPU3HaTh CBOIO BUHY
3a TO, YTO MbI BBOJW/IN B 3a0/Iy2KJICHUE IMUPOKHE KPYTrU 0Opa30BaHHBIX JIIO/EH,
pacrpocTpansds ujen o JeTePMUHN3MEe CUCTEM, YAOBJIETBOPSIONINX 3aKOHAM JIBU-
xenng Hbrorona, — mjen, KOTopble KakK BblgcHUIOCH Tociae 1960 1, okazasnch
wenpaBuibHbiMiy (L{urupyercs o [14, c. 84]).
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JnnaMudecKuii Xaoc — TUIIMYIHOE CBOMCBO HEJIMHEMHBIX CUCTEM U 4aCTO BCTPEe-
JaeTcd B IIPUPOJIe. DTO siBjeHne 0OHAPYKUBAETCSI B 9JIEKTPUUIECKUX LEIIX, Ja3e-
pax, YCKOPUTEJIAX YaCTUIl, B 9KOHOMUKE U T.J1. JImHamMudeckuit Xxaoc mpogBIgeTCs
B (PpU3NOJIOIMYECKUX PeaKIUsIX »KIUBOro opranmsma. Hampumep, TunudHas 3J1€K-
TpoKapAuorpaMMa He dBJIFeTCs peaju3aliieil TOJbBKO pery/asdpHoro Ipolecca, HO
1 JIeTepMUHIPOBAHHOTO Xaoca. «/leTepMUHIPOBaHHbBIN IIPOIECC C CYIIECTBEHHOI
Xa0TUYECKOIl KOMIIOHEHTOI MJIN XaOTUICCKUI IIPOIEeCC C CYIIECTBEHHON JIeTepPMU-
HUPOBAHHOI KOMIIOHEHTO! — 9TO OCHOBa KHHETUKH »KUBOH MarTepun» |15]. Xaoru-
yeckasl KOMIIOHEHTa, BaKHa JIJIs [IPUCIIOCO0/IsIeMOCTH CUCTEMbI K BHEIIHEl cpejie.
Biaromapst xaorumdeckoil JuHaMUKe CJI0XKHAasi CUCTeMa CIIOCOOHa padoTaTh B IIIH-
POKOM JTHAIIa30He YCJIOBUI U aJalITUPOBATHCA K UX U3MEHEHUSIM.

['eomeTpust TpUPOIHBIX 0OBEKTOB 3aBUCUT OT JUHAMHUKHI IIPOIECCOB, UX POop-
Mupytomux. CI0KHBI pexKuM (DYHKINOHUPOBAHUS JIUHAMUYECKIX CHCTEM II0-
poxKtaeT gppaKkTaJbHYIO CTPYKTYpY. @PpakTajbHast FeOMeTPUS PUPOJIbl — BU3ya-
JIN3allsd, CTPYKTYPHasI 3allCh CO3IAIONINX 9TU 00bEKThI IIPUPOIHBIX IIPOIECCOB,
IMEIONINX Xa0THIEeCKYI0 KOMIIOHEHTY.

Takum oOpa30M, HOHSATHS 00 SBOJIONMHI HPUPOIHBIX CUCTEM, CAMOOPIraHN3a~
1IN, JIeTePMUHUPOBAHHOM Xaoce, ppaKTaaxX — CBI3aHHbIE MEXKIY coOOil KOMITO-
HEHTBI COBPEMEHHOI'0O MIUPOIIOHUMAaHUsI. DTO HAJIO YIUTHIBATE IIPU (POPMUPOBAHUIN
CoJIepyKaHNs eCTeCTBEHHOMATEMaTIIeCKOI0 00pa30BaHus.

B pamkax bosorckoro mporecca moaepKuBaeTCs Ba2KHOCTD MOJIIEPAKKI MEK-
JACIUILIMHAPHOCTHU JIJIsI YJIyUIlIeHsI KaueCcTBa BhIcIIero obpasosanusd. I1pemosa-
raercsi 00si3aTe/IbHOE HAJIMUe KPEJIUTOB 110 MEXKINCHUILIMHAPHBIM KypcaM. 3Ha-
HUsI HY>KHO HE TOJIbKO COOMpaTh M HaKAILIMBaTh, HO M YMETb CBs3bIBaTh UX B
IEJIOCTHYIO CUCTEMY.

B paspaborannom B 2001 roxy EBpomneiickoit opranmsanyeii yHUBEPCUTETOB
JIUPEKTUBHOM JIOKyMeHTe «KOHTpOJIb KauecTBa B BbICIIEM OOpa30BAHUI» MErK-
JACTINTITHAPHOCTH PACCMATPUBAETCST KaK OJIMH U3 ero (KadecTna) mokasaresieii.

BriBoapl

[IpuBeieHHbBIN aHAIN3 TTOKA3bIBAET, IYTO TPU (POPMUPOBAHIH COJIEPIKAHIST 00-
pa3oBaHusd, KpOMe JUCHUIIMHAPHOIO IOJIX0/a, JTOJKEH UCIOJb30BAThCA U MEXK-
JIMCIUATLIMHAPHBIIA.

HawuboJsiee cooTBETCBYET COCTOSIHUIO COBPEMEHHON HAyKW U TOTPEOHOCTIM
MPAKTUKN MEXKJIUCIUAILIMHAPHOE HallpaBJeHNue MU3y4YeHUsl CJIOKHBIX CHUCTEM pas3-
JIMYHOI NIPUPOJIbl — CUHEPIETUKA..
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Iypeiruna JI.C., Hlypeirua E.I'., Menemko A.U. O ¢yngamenrajbHOM 00pa30BaHUI

Puc. 1: Camoopranusaryst B Ipupojie: a), 6) — CHEXKUHKH; B) — objiaka; T) — CIHpaJbHAast
ramakruka NGC 1232; 1) — B3auMo/ieiicTBue JBYX CKPEIIEHHBIX COJUTOHOB Ha MEJKOI BOJe
(dororpadus us [16]); e) — aueiiku Benapa; k), 3) — KOHBeKTUBHBIE sTUeiikn U Basbl Benapa

(bororpadun us [16]).
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NCIIOJIbSOBAHUE 'EHETUYECKNX AJI'OPUTMOB /IJIA
PEIITEHN YA 3AJAYN O PACHIEIIJIEHN MHO2KECTBA

B pabore npe/iyioxKeH reHeTHIecKuil aJropuT™ paciielieHnus 38/ IaHHOT0 MHOXKECTBA. JTOT aJl-
TOPUTM pa3dUBaeT MHOXKECTBO Ha, JBa MOJIMHOXKECTBa TaK, 9TOObI B KayKJIOM M3 HUX HE COIep-
2KaJIoCh 1EJIMKOM HH OJIHO M3 IIOJIMHOXKECTB 3aJlaHHOIo ceMeiicTBa. [Ipeioxkena mporpamMHast
peanm3anus ajaropurMma B cpege C+-+.

KioueBbie ciioBa: pacuwenaenue, 2eHemMuveckuti ai20pumm, nooMHOHCECTEA.

Bceryn

TepMmun pacimernyienne MCIoIb3yeTcsl BO MHOTHX 00JIACTSIX HAyKH: B (DU3UKE
CYIIECTBYET NMOHATHE PACIIEIIeHNs sipa U aToMa; B NeHETHKEe — IOHATHE pPac-
IIeIIeHns 10 (PeHOTHILY; B IICKXOJIOIUMHU — pacillell/IeHne CO3HAHNUS; B OPTaHmIeCcKOii
XUMHUHN — pacllelrienne 0eJIKOB, *KIPOB, YIJIEBOIOB. B 3THUX HaydYHBLIX HallpaB/ie-
HUSIX HAyKHM II0J] PacIelIeHneM MOHIMAIOT BBIJEJIeHIe KAKHX-TO 0COOEHHOCTell
KaKoro-ambo eInHoro oobekTa. [loHsTre pacienenne CymecTByeT U B TEOPUN
ajgropuTMoB. Muorue npakrudeckue 3a1a9u 3pMOEKTUBHO PEIIAIOTC ¢ TOMOIIBLIO
[IOCTPOEHUSI JepeBa pacilellieHns. BHyTpeHHIe y3/Ibl 3TOr0 JIepeBa, SIBJISIIOTCS aT-
pubdyTaMi HEKOTOPOit Oa3bl TaHHBIX, a KarK/1asl ero BeTBb, NIyIasi OT BHYTPEHHEr o
y3Jj1a, OTMedeHa, IPeIIKaTOM PaCIlelIeHns], IPpUYeM KayK1as 3allliCh HCIOIb3YeT
YVHUKAJIbHBIN IIYyTh K KayKJIOMY Y3JIy-PelIeHuio.

B maremarnke m3BecTHa 3ajada O PaCIIEIJIEHNN MHOXKECTBa: 3aJlaH HaboOp
noamuozkects C' MHOXKecTBa S ; HEOOXOAMMO OIIPEIE/INTh CYIIEeCTBYET JIH TaKoe
pasbueHne MHOXKeCcTBa S Ha JBa IMOAMHOXKeCTBa S # S9, UTO HU OJIHO IOJIMHO-
»kecTtBo n3 C' He COJEPXKUTCS IEJUKOM HU B Sp, HU B Sy. JTa 3ajada UMeer
MHOI'O PA3JIMYHBIX MPAKTUICCKIX IPUMEHEHNIT, paCCMOTPUM HEKOTOPBIE U3 HUX:
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1. Badawa ewvibopa nepesoduuros. N UeIOBEK BJSIIOTCH IIePEBOIIHMKAMU C
Pa3/JINIHBIX HHOCTPAHHBIX SI3BIKOB, IMPUYEM JIJIsI KayKJIOIO U3 HUX 3a/1aHO BJIajle-
HIE OIpeJeIeHHbIMI MHOCTPAHHBIMU sI3bIKaMu. Hekoropast opraHmsarms HaHH-
MAeT ITHUX [EPEBOIINKOB JIJIsT 0OCTYKUBAHMSA JIBYX IPYIIII TYPHCTOB; HEOOXOIIMO
BBIJIEINTE [TEPEBOIUNKOB JIJIs KazKJI0il M3 9TUX IPYII Tak, 9TOOBLI B KarKJI0i 13
I'PYIII OBLIN MEPEBOIUNKN CO BCEX HEOOXOINMBIX S3BIKOB.

2. 3adana pacnpedesenusn napros eazornos. Hekoropasi KpylHas opraHu3alins
BJIaJleeT MapKaMU BaroHOB, IIPUYEM KayKJbIil BArOH MOYKET OBITh HCIIOJIL30BAH
TOJIBKO JIJIsl IIEPEBO3KM OIIpeJIeJIeHHBIX BUJIOB HpoayKiuu. Heobxonumo Tak pac-
[IpeeNTh TapK BATOHOB MEXK/y JBYMs 3aBOJAME 3TOH OPTraHM3aIiui, YTOObI 13
KayK/I0TO 3aB0JIa MOYKHO OBLJIO OCYIIECTBUTH BBIBO3 MPOLYKIIHN.

3. 3adaua packpawusaemocmu 2pada 6 déa ysema. |1, 2| B muckpernoit ma-
TeMaTHKe 3Ta IPodJieMa U3BeCTHa 110/I Ha3BaHUeM 3aJjada IpJelia-XaiHasta. 9Ta
3aJiava, pelieHa JJisi TacTHBIX CIy9aeB, a B 00IIeM CJIydae OCTaeTCsl OTKPBITOI.

JlokazaHo 4TO 3ajilada O PaCIICIICHUM MHOXKecTBa siBjsiercss N P -cjo:KHOI
[3, 5]. [ToaToMy Bce airOPUTMBI SIBJISTIOTCST SBPUCTUUIECKUMU U JAI0T MPUOTHZKEH-
HBII K ONTUMAaIbHOMY Pe3yJIbTaT. BoJbInoit BRI B perrenne 3a1a91 BHEC/IN Y Ue-
ueie P. Dppem, JI. Jlosac, JI. Jly, I:x. Bek, A.B. Kocrouka, JI.A. [llabanos. Mc-
CJIJIOBAHISI B JIAHHOM HAIlpaBJIEHUH IIPOJOJIXKAIOTCS, IOCKOJIbKY HCIIOIb3yeMbIe
METOJIbI HE BCETIa IMO3BOJIAIOT HAWTH ONTHMAJIbLHOE PEIIeHNe 13-38 HEYI0BIETBO-
pUTEIbHBIX IT0Kas3aTeseil ObicTpoeiicTBusi. Hanbosiee meperieKTUBHBIMUI ¢ Halleit
TOUYKHU 3PEHUs SABJISIIOTCS aJrOPUTMBI C UCIOJIB30BAHIEM METOJI0B TEOPUN HCKYC-
CTBEHHOI'O HHTEJLIEKTa, B IIEPBYIO O4Yepe/lb IeHeTUIECKUEe AJITOPUTMBI, IIOITOMY
NMEHHO UX MbI U HCIIOJIb30BAJIN JIJIsT PEIleHns Halleil 3a/1aqi.

ITocranoBka 3aa4uu. 3ajadeil pabOThI ABJISIETC pa3spabOTKa MeHeTHIec-
KOI'O aJIrOpUTMa IIOCTPOEHUs] paCIIeIIeHNs 3aJaHHOI0 MHOXKECTBa, U €ro Ipo-
rpaMmHasi peanmzanus B cpejie C++-. MexojiHoe MHOXKECTBO U CEeMECTBO IO/
muOo)kecTB (' ...C) B HeM 3ajiaerca Tabsmiei. Heobxomumo pa3douTh 3a1aHHOE
MHOZKECTBO Ha JIBa IOJMHOXKeCTBa S7 u So TakKuM 00pas3oM, 9TOObI HU OJHO 13
noaMuoxKecTs ceMmeiicrBa Cf ...} He BXOIWJIO IOJHOCTBLIO HU B S; HU B Ss.
MormaocTn moaMHoxKecTB S7 U Sy JIOJIZKHBI OBITH PABHBIMHU MJIM OJIU3KUMU K
pPaBeHCTBY. 3a/Ial0TCs OTPAHUYIEHHUST Ha KOJUYIECTBO 3JIEMEHTOB MHOYKECTBa, M KO-
JINUECTBO IIOJIMHOYKECTB B CEMECTBe.

OcHoBHAY 4acCTh

3ajaua MOKeT OBbITh pellleHa C MOMOIIBIO MOJTHOrO Iepebopa BapuaHTOB. B
9TOM CJlydae CJI0KHOCTb pellleHus 3ajlauul paBHa 2", rje n — KOJIMYECTBO 3Jle-
MEHTOB MHOKecTBa. V3BectHo 4rto dbyukius f(n) = 2" npm Bo3pactanuu n
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pacreT odeHb ObIcTPO. [losTOMy JIIsT MHOXKECTBa, cocTosiiero n3 60 3/ieMeHTOB,
pererne 1mepebOPOM BapuaHTOB HailTi 3a peajibHOE BPeMs HEBO3MOXKHO.

OJIHUM 13 TIOJIXOJIOB K PEIICHUI0 Halllell 3a/lad9i MOXKET sIBJISIThCSA SBOJIIOIN-
OHHOE MOJIeJINPOBAHIE. DTOT IOJIXO0/] UCIIOAb3YeT NPUHIINAI ITPUPOJHON IBOJIIOIIN
nporecca. OH U TOCTY2KIJI OCHOBO# JIJIsl TeHETUYECKNX aJIlOPUTMOB.

PaccMOTprM OCHOBHBIE TIOHSITHSI, CBSI3aHHBIE C T€HETUUECKUME aJITOPUTMAMMU.
XPOMOCOMY — OIIPEJIEJIEHHY IO T10CJIe/I0BATEIbHOCTh CUMBOJIOB — OyJIeM CUMTaTh OT-
JIeJIbHBIM BapUaHTOM pelleHns 3a1a4un. KaxK bl BXOSIIII B XPOMOCOMY CUMBO.I
Oy1eM Ha3bIBaTh I'€HOM.

[eneTnyecknii aJropuT™M OIpPEJIE/JeHHbIM WM CJIyYailHbIM 00pa3soM I'€HepH-
pyeT HavdaIbHYIO MOIYJ/ISIIII0 XPOMOCOM. ByjeM cuntarh, 9TO BCsl HOIMYJISIIINST CO-
CTOWUT U3 ¢ XPOMOCOM. 3aTeM C MOMOIIbIO (hUTHECC-(DYHKIUN ITPOBEPSIEM KaXK Y10
XPOMOCOMY HACKOJIBKO XOPOIIO OHA IMOJIXOJANUT JJIsI PellleHns 3aja4un. VI3 Hadab-
HOI TIOIY/IAIY BRIONPAEM 3 XPOMOCOMH 110 HAMJIYHIINM 3HaUeHHAM (DHTHeCC-
GyHKIMN. DTH XPOMOCOMBI TIEPEXOJIAT B CJIeyiolee mokoJienne. V3 BoiOpaHHbIX
3 XPOMOCOM HOJIydaeM elle § XPOMOCOM ITyTeM IIPHMEHEHHs OHepPaIii KPOCCHH-
roBepa, CABUTA, MYTaIlUL.

MyTranus — Takoe 1mpeodpazoBaHue XPOMOCOMBI, B X0OJ€ KOTOPOI'O CJIyYaifHbIM
0bpas3oM U3MEHsIeTCsl OJINH MJIM HeCKOJIbKO reHoB. Hambosiee pacripocTpaHeHHbIi
BIJI MyTallll — CJIydaiiHoe U3MeHeHHe OJHOIO U3 M'eHOB XPOMOCOMABI.

Kpoccunropep — onepariiyst B Xojie KOTOPOil U3 JBYX XPOMOCOM ITOPOKIAI0TCsI
JIBe HOBbI€ XPOMOCOMBI. OTHOTOUYEUHBIH KPOCCHHIOBED pabOTaeT TaKIM 0OPa30M.
CuauaJia, ciydailHbIM 00pa30M, BbIOMpaeTcs OjHa U3 TodeK paspbiBa. Obe po-
JINTEJIbCKIE CTPYKTYPhl pa3sOMBalOTCA Ha JBa CEIMEHTa 110 9TOH TOYKe. 3areM
COOTBETCTBYIOIINE CEIMEHThI Pa3HbIX POJNTECH CKIENBAIOTCA 110 TOYKE Pa3phIBa
U TI0JIy9aeM JIBe XPOMOCOMbBI HACJIeIHIKOB.

CaBUI COCTOUT B HUK/IMYECKOM HU3MEHEHUN IO3UIUU BCEX I'€HOB Ha Olpejie-
JIBHHOE KOJINYeCTBO eJnHuIl. PaboTa reHeTHdecKoro aJiropuTMa 9TO I10CJie/0Ba-
Te/IbHOe MPUOJINKeHIe U IIPOBEPKa YCJIOBUs JOCTUZKEHUsT ICKOMOIO Pe3yJ/IbTaTa.

AJIropuT™ BBITIOJIHSIETCS JIO TEX I0P, TTOKa He MpPOiijieT Olpejie/IeHHOe YNC/IO
IOKOJIEHUI W/ He OyJeT mojydeH Jitoboil npyroil Kpurepuii OCTaHOBKH, B IIPO-
TUBHOM CJIydae padoTa aJiropuTMa OYIeT HPOJI0JIzKAThCS.

OnpenenieHnne onepanuii reHETUYECKOro aJITOPUTMa JJIsl TOCTaBJIEHHOM
3a1a4n

B narmeii 3ajjatue paccMaTpuBaeTcs MHOYKECTBO U3 70 9JIEMEHTOB, KayK/Iblil 13
KOTOPBIX BXOJUT XOTsI ObI B ONHO 13 HoaAMHOXKecTB 3jaementos Cf...C. Un-
dopMmaliusi 0 BXOXKJIEHUHM WM He BXOXKIEHUU KarKJIOIO dJIeMeHTa MHOXKEeCTBa B
noamuoxkectso Cf ... L 3amaeM TabInIei.
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Ha pucynke 1 n300pakeH BHEMIHMIT BIJI IJIABHOI'O OKHA IIPOIPaMMBI.

Bce XpoMOCOMBI SBJISIOTCS TTOCEI0BATEIbHOCTAMUI JITMHBI 7, COCTOSIINE U3
HyJIell U eJUHNUI, KazK/Iblii TeH OTBEYaeT 3a IMOMEIIeHNEe COOTBETCTBYIOIIETO JJIe-
MeHTa B TO WJIM MHOE IOAMHOYKECTBO: 3HadeHue ¢-ro reta () o3HavdaeTr, 4TO 3Jjie-
MEHT ¢ IIOMeIaeTcs B S ; 3HAUEHNE 1 — 4TO JIEMEHT ¢ HOMeIaeTcs B Sy . Takum
00pa3oM KOJIUYIECTBO HYJIEl B XPOMOCOME COOTBETCTBYET KOJIMYECTBY 3JIEMEHTOB
B ITIOJMHOYKECTBE S .

Teble Width Popiation ~ RawbData
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Puc. 1: Unarepdeiic Bu ri1aBHONO OKHA IIPOrPAMMbBI

durHecc-pyHKINSA 3a4aeTCsd Kak KoJndecTBo rnojamuoxkects Cf ... C 1eu-
KOM BXOJIAIUX B S1 mwin Sy . Pertennem 3aiadn OyjieT XpoMocoma, Jijisi KOTOPOii
3Hadenne puTHecc-PyHKIMI PABHO HYJIIO.

B ciiestytoriee 1mokoJieHnEe MEPEXOISAT XPOMOCOMBI ¢ HAMMEHBIITUM 3HAUYEHUEM
dutHece-pynkun. s moaydeHns XpoMOCOM CJIeTYIONIEro TOKOJIEHUs TTPIMe-
HSTFOTCs1 OIePAII CABUTA, MyTaIlUN ¥ OJIHOTOYCTHOI'O KPOCCUHIOBEPA.

Bpyunyto ycranapmmBaeM MaKCHMaIbHOE KOJNIeCTBO mokoseruit (710 500 xpo-
mocoMm). Ilpu aroM, ecii B OJTHOM MOKOJIEHIH OY/IeT HECKOJIBKO OJIMHAKOBBIX XPO-
MOCOM, TO BC€ TMTOBTOPBI XPOMOCOM JINKBHIUPYIOTCS ¢ TIOMOIIBIO TPUHY/IUTE/THLHOTO
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IpUMEeHEeHNsT K HUM MYTalllu.

Pazpaborana nmporpaMMHasg peajim3aliisd aJrOpUTMa B Cpeje IPOrPaMMUIPO-
Banust C++. [lo pe3yibraTam TeCTHPOBAHNSA MPOIPAMMBI HallJIEHbI ONITIMAJILHBIE
IapaMeTphbl F'eHeTHYeCKUX orepalnii: MyTtalus ¢ BeposdTHocTbio 0,18 — 0,25, ciBur
0,17 — 0,2, kpoccunrosep 0,55 — 0,65.

Harmma mporpamma ¢ TuMu mapaMeTpaMi HaXOIUT pacIiell/IeHne MHOXKECTBA C
BeposATHOCTHIO (0,68, 1puyem HaJim4une pelieHue Jijis KaxKjo0ro caydas n3HadaabHO
HENU3BECTHO, TIO3TOMY HEOJIAromPUATHBIM CINTAETCI TaK:Ke CJIydail, Ipu KOTOPOM
paciierienie HeBO3MOZKHO.

BriBoibl

B pabore npejiyiozkeH reHeTHuYecKuil aJropuTM pelieHns 3a/adu paclier.ie-
HISI MHOXKeCTBa. PaccMOTpeH BapuMaHT KOAMPOBAHUS MCXOMHBIX TAHHBIX, OIEH-
Ka puTHecc-PYHKINNI U CIIOCOOBI BBINIOJTHEHUsT TeHEeTUYeCcKuxX oreparuii. Paspa-
OoTaHa IIpOrpaMMHasl pean3alllis aJrOPUTMa, BHIOPAHbI OINTHMAJIbLHbIE, Ha, HAII
B3IJIsIJI, BEDOATHOCTU I'€HEeTUUEeCKUX OIlepalIlnii.

HanbHeiiime nccaeoBaHnst T0MKHBI PACCMATPUBATD 0COOEHHOCTH BBIITOJITHE-
HUSI TEeHeTHIEeCKUX OIlepaluil m uX BePOSITHOCTB JIJIsi OT/EJbHBIX CJIyYaeB BUJIA
ceMeiicTBa II0JIMHOYKECTBA, B YaCTHOCTU JJIsI CJIydasl KOIJa II0JIMHOYKECTBa B Ce-
MelicTBe OTJIMYAIOTCS JIPYT OT JAPYyra O4eHb ¢J1abo.
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e-mail: stepkin.andrey@rambler.ru

BO3BMO2KHOCTDH 1 CJIO2ZKHOCTDH PACITOSHABAHUNA
I'PA®OB KOJIJIEKTVBOM ATEHTOB

B pabore paccmarpuBaercs 3ajava paclo3HaBaHHUsSI KOHETIHOrO rpada KOJJIEKTHBOM areH-
ToB. /IBa aremrta-mcciesoBaTess OJHOBPEMEHHO IIePEIBUTAIOTCA 110 Tpady, CUNTHIBAIOT U
U3MEHAIOT OTMETKH Ha 3JieMeHTaxX Ipada, HMepeJaroT HeoOXOMUMYyIo HH(MOPMAIUI0 areHTy-
9KCIIEPUMEHTATOPY, KOTOPBI U Pacio3HaeT uccjienoBanubiii rpad. [Ipemsioxken aaropurm Ky-
ouueckoit (OT qucJja BEePIINH rpacba) BPEMEHHON M KBaJIPATUYCCKON €MKOCTHOW CJIO?KHOCTEM,
KOTOPBII pacio3HaeT JIF0O0H KOHEUHbI HEOPUEHTUPOBAHHBIN I'pad 6e3 meTesib 1 KPATHBIX Pe-
Gep. s pacnosnasanust rpada KazkJIoMy areHTy HeoOXOIMMO 2 pa3jindyHble Kpacku (Bcero 3
Kkpacku). Meros ocHoBan Ha Merojie 06xo/ia rpada B TUIyOUHy.

KiroueBbie ciioBa:  pacnosnasanue epaga, 06x0d 6 2aybuMy, a2eHM-uccAcdo8amens,
a2eHM-IKCNEPUMEHMAOP.

BBenenue

B nare Bpemsi akTyaabHBIM BOIIPOCOM KHOEPHETUKH SIBJISETCS PA3BUTHE TAKO-
I'0 HallpaBJ/IeHUs], KAK TeOPHsl JUCKPETHBIX JUHAMUYECKIX cucTeM. B ob1eit cxeme
[nymkoBa — JleTnueBcKoOro sra cucTeMa IPeJCTaB/IsieTCsl B BUJIE MOJEIN B3al-
MOJIEHiCTBUS yIIpaBJ/Isionieil n yripapjsemoil cucrem. llomodbHoe B3ammoeiicTBIe
paccMaTpuBaeTcs B [1], B IPeIOIOKeHUH, 9T0 OJIMH areHT-uccesosares (Al)
HepeJIBUraeTcst 110 Hem3BEeCTHOMY rpady u oOMeHuBaeTCs JaHHLIMU C areHTOM-
9KcIepuMeHTaTopoM (AD), KOTOpBIil BoccTaHABIMBACT Ipad MO JaHHBIM, MOJIY-
yenHbIM oT All.

B nannoit paboTe, nHTepecyollee HAC B3aUMO/IeCTBIE, PACCMOTPEHO B IIPE/I-
oJI0zKeHnn, 9To JBa All mepemeriaiorcst o HEM3BECTHOI cpejie, 3a/1aHH0i KOHed-
HBIM HEOpHEeHTHpOBaHHBIM rpadom [2]. AU moryT okpamniBaTh BepIimHbl rpada,
pebpa 1 MHIIeHTOPDI, BOCIPUHAMATEL 9T OTMETKHI 1 Ha, X OCHOBAHUN OCYIIECTB-
JTh epemMenienne. Mudopmarmio o cBoux jeificTBusx oHu nepegaiotT AD, KOTo-
PBIil 1 CTPOUT IIpeJICTaB/IEHIE UCCIeyeMoro rpada.

[Tosty9eHHbI aJrOPUTM HCIOJIb3YeT Pe3yIbTaThl 1 0b03HadeHus u3 (3.
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OcHoBHBIE onpeeieHsI 1 0003HAYEHUS

B pabore paccMaTpuBaiOTCs KOHEUYHBbIE, HEOPUEHTUPOBAHHbIE rpadbl 03 I1e-
Tesib 1 KpaTHeix pebep. [lyers G = (V) E) — rpad, rie V' — MHOXKeCTBO BEpIIINH,
E — mHOXKeCTBO pebep (JIBYX3JEeMEHTHBIX MOAMHOXKECTB (v, u), rae v,u € V).
Tpoiiky ((v,u),u) Oymem Has3bBaTL WHIUJIEHTOPOM pebpa (v, %) U BEPIIMHBI
u. MuoxkecTBO Taknx Tpoek obozHauum [ . Muoxkecrso L = V U EU I Hazo-
BEM MHOKeCTBOM 3jieMeHTOB rpada G . Oynknueit packpacku rpada G HazoBeMm
orobpazkenne p: L — {w,r,y,ry, b}, rae w unTepHpeTHpyeTCcs Kak Oeblil 1BerT,
r — KpacHbIil, Yy — »KeJITbIil, 1y — KpacHO - »KeJTblit b — depHbiil. Ilapa (G,u)
Has3bIBaeTcs packpaineHHbiM rpadom. [locaesoBarenbHOCTD Uy, Usg, ...Uj TOTAPHO
CMEKHBIX BEPIIUH Ha3biBaeTcs 1yTeM B rpade G, a k — jpymmanoi mytu. [Ipu yeiio-
BUU U] = Uj IyTh Ha3biBaeTcs koM. OkpectHocTbio ) (V) BepumHbl v Oyiem
Ha3bIBATH MHOYKECTBO 9/IEMEHTOB I'pada, COCTOSIIee U3 BePIINHBI U, BCEX BEPIINH
U CMEYKHBIX € U, BceX pebep (v, u) u Bcex nunuaeHTopoB ((v,u),v), ((v,u),u).
Momnocts MuoxkectB Bepmiua V- u pebep [ obo3naunm depes m U M COOT-
nn-l)  Psomopcdusmonm rpada G u rpacda H ma-

2
30BeM Takyto ouekimio ¢ : Vg — Vg, aro (v,u) € Eg TodHO TOrja, KOrjia

BeTcTBeHHO. Ycro uro m <

(p(v),p(u)) € Ef. Takum obpaszom, n3oMopdHbie Tpadbl PABHBI ¢ TOTHOCTHIO
J10 0603HAYEHUsI BEPIINH 1 PACKPACKU UX JIEMEHTOB.

Arenter A n B nepejsuraiorcs 1o rpady U3 BEPIIMHBI U B BEPIIUHY % IO
pebpy (v,u), MOIYT U3MEHSITh OKPACKY BEpIHH v, u, pebpa (v,u), HHIHJIEHTOPOB
(v,u),v),(v,u),u). Haxonsice B Beprimue v, AVl BocipuHnMaeT METKH BCeX 316
MeHTOB OKkpecTHOCTH (Q(v). U Ha OCHOBAHUU STHX METOK OIPEJIEIsieT, 10 KAKOMY
pebpy OyIeT mepeMenaThbes, 1 Kak OyJIeT OKpallnBaTh 3JIeMeHThI I'pada. AD nepe-
JIAeT, IIPUHUMAET U MAeHTUUIUpPYeT coodlienus, noaydennnie or All, obiamaer
KOHEYHOM, HeorpaHNYeHHo pacTylleil BHyTpeHHell maMATbio, B KOTOpoil (ukcu-
pyercst pesysabrar dyHkiponnposanusg AV Ha KaskJ0M IIare u CTPOUTCS IIPE]-
crapyienne rpada (G, BHaUase HeM3BECTHOIO areHTaM, CIIMCKAaMU pebep U BEPIIH.

OcHoBHaY 49acCTbhb

eabio paboTHhI SIBJISIETCS PA3PadOTKA TAKOT'O aJIr0OPUTMa PabOThI ar€HTOB, YTO
AW, OGyayan oMeIleHbl B IPOU3BOJIbHBIE HE COBIIAIAIOIINE BEPIINHBI HEM3BECTHO-
ro areHTaM KoHedHoro rpada G, Bce 3J1eMEeHThI KOTOPOI'o OKPAIIEHbI IIBETOM W ,
yepes KOHETHOe INC/I0 IIaros 00oiayT ero, nepegasas A nHbOpMAaIIo O CBOUX
nefictBusgx. AD ncnosb3ys 9Ty nadopmalmio, BocctanoBuT rpad H , m3omopd-
ueiit G', To ecThb pacnosnaer rpad G.

Paccmorpum mopobHee ajropuT™Mbl GyHKIIMOHIPOBAHUSI areHTOB.
Aneopumm pabomut azenma A:
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1. Arenr A xpacur (u(v):=r7);
2 sarpoc AN ;
3 if AN # 1 then do
4 zarpoc BN ;
5. if BN =0 then METUM IIEP A(v);
6 else BBIBOP_XO/JA _A(v);
7 end do;
8 else PACII_IIEP_A(v);
Bee, mporie/iypbl, KOTOpbIE He OIICAHBI HIKE, [IPEeJICTaBJIEHbL B [3].
PACIT IIEP_ A(v):
1. Z.=K,
2. if B O(v) mer pebpa, y koroporo (u(v,u) =1y) then do
3 arent A emosusier OTCTYI_A(v);
4 go to 2 naHHOil POIEyPhI;
5. end do;
6. else do
7. if (K=2)or (K =1))and(Z # 1)) then PACII_ABB(v);
8 else PACII _ABBb(v);
9. zampoc K ;
10. iof K #£ 0 then go to 2 naHHOi MPOLEIYPHI;
11. else arent A Bomosasier nponeaypy OBH  A(wv);
12.  of Z#1 then do

13. if B8 O(v) ectb pebpo, y KOTOPOTO
(1 (v, ) ,0) = r) and (1 (v, u) = b) and (1 ((v,) ,u) = 1)
then do
14. arenrT A Bwinosinsier npoueypy BIIEPE/] AR N(v);
15. go to 13 naHHOIl 1poleyPHI;
16. end do;
17. else if 8 O (v) ectb pebpo, y KOTOPOTO
(1 (v, u) = r)and (p(u) = r) and (p ((v,u) ,u) =7)
then do
18. arenT A Beinosnger nponeaypy BIIEPE/]  AR(v);
19. go to 17 jmaHHOIl TPOIELYPHI;
20. end do;
21. else go to 2 anropurma 00xoza;
22. end do;
23.  else go to 17 nmaHHOI POLENYDHI;
24. end do;
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[Tpu Beimosmmennn nponeaypsl HA3A/[ A (v), arenT A BbIOHpaeT U3 OKPeCT-
woctu O (v) mpousBosibHOE PeOPo (v, w), JJIT KOTOPOrO BBIMOJIHSIETCsT YCIOBUE
((n(vy,u) =7r)and (p((v,u) ,v) =71))and (u(v) =7T), ¥ TEPEXOAUT MO HEMY B
Beprmuy « . [Ipu sTom, okpamusaer p (v) :=b, p (v,u) :=0b, p ((v,u),v) :=b,
BBINIOJIHSIET IIPUCBAMBAHUE U = U U 3alChIBaeT B clucok M coobiuenue:
HABAJl A.

PACII A (v):

1. Arenr A Bwibupaer u3 okpecraoctu O (v) pebpo (v, u), y KOTOPOro
(n(v) =p(u) =r)and (pu(v,u) = w) U TEPEXOAUT MO HEMY B
BEPIIIHY U}

2. arent A xpacur pu(v,u):=0b;

3. arenr A sammcniBaer B cuucok M coobiienue:
OBPATHOE_PEBPO_A:

4. while B O (u) ectb pebpo (u,l), y KOTOPOro

(p(u,l) = r)and (u((u,1) ;1) = r)and (p (1) = r) do
5 arenT A mepexoaut 1o pebpy (u,l) B Bepuuny [ ;

6. u=1;

7. areHT A zanuceiBaer B crmcok M : OTCTVIINII A;

8 end do;

9. arenr A zammcoiBaer B crincok M coobmenne: PEBPO _PACIIOZHAHQO _A;

[Ipu Bemosmennn nponenypet PACI_ABB (v), arent A BbIOHpaeT u3 OK-
pectroctu O(v) pebpo (v, u), JJis KOTOPOTO BBIIOJHSIETCs yeaoBue (u(v,u) =y
U TIepexojuT B BepiiuHy u, okpammbas i (v,u) := 7, p((v,u),u) := b. Bol-
[OJIHSET ¥ := u ¥ 3anucbiBaeT B cumcok M coobmenne: BIIEPE/[ ABB. Ilo-
cie dero areHT A Bwibupaer n3 okpectHoctu O (v) pebpo (v,u), y KOTOpO-
ro ((u(v,u) =r)and (i ((v,u),v) = b)), U NEPEXOJUT 1O HEMY B BEPIIUHY U,
okpammBasg 4 ((v,u),v) :=r, u(v,u):=b,u((v,u),u) = r, BuIOIHICT IPU-
cBaMBaHIE v := u U 3ammucbiBaeT B cruucok M coobmenne: HA3A/J[ ABB.

[Tponieypa PACII ABBb (v) ananornuna muponeaype PACII ABB (v),
C OTJINYMEM B TOM, YTO BBLIIOJIHsAS BO3BPAT IO Iepeleiiky B CBOIO 00/1acTb,
areHT A okpalnuBaer pedpo M JAJBHUI MHIMIECHTOP CJELYIONUM 0OpasoM
p(v,u) :=b, p((v,u),u):=0b.

Beimosasist iponienypy BIIEPEJ] AR_ N (v), arear A BbIOUpaeT u3 OKpecT-
woctu O (v) mpousBosibHOE PeOPo (v, w), JJIT KOTOPOrO BBIMOJIHSIETCST YCIOBUE
(1 ((v,u),v)=r)and (p (v,u) =b)and (1 ((v,u),u) = 7), TEPEXOAUT 11O HEMY
B BepiHy u, okparmusast i ((v,u),v) :=0b, u ((v,u),u) :=b. locyie gero BoI-
HOJIHsIeT MPUCBAUBAHUE U := 1 U 3alUCbIBAeT B cinucok M coobiienue:

BIIEPEJT AR_N.
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[Tpu Beimosnennu npoueaypbt CTOII A (v), arent A okparmusaer p (v) :=b
1 3aBepiaeT padoTy.
Anzopumm pabomov. azenma B
1. Arenr B kpacut (i (s) :=vy);
2. 3amnpoc BN ;
3. if BN #1 then do
4 Bampoc AN ;
5. if p(s)=ry then do
6 arenT B oimoJstasier nponenypy BO3BPAT B (s);
7 arenT B oimosasier nponenypy METUM _IIEP B (s);
8
9

end do;
else if AN =0 then METHUM IIEP_B(s);
10. else BBIFOP_XOJ/IA_B(s);
11.  end do;

12. else PACII _IIEP_B(s);

[Tponeypsl arenta B, He pacCMOTpeHHbBIE HUKE, aHAJOTHIHBI IIPOIETYPaM
areiTa A .

[Tpu Beimosaennn nponeaypsl METHUM [IEP B(s), arenr B 1poBe-
pster najsuune B O (s) pebpa (v,u), JJII KOTOPONO BBINOJIHSETCS YCJIOBUE
(1 (s,z) =w)and ((u(z) =r)or (u(z) =ry)) (1). Eciu takoe pebpo obuapyxe-
HO ¥ B BepminHe z crouT areHT A, To arent B Bbinosinsier nporneaypy CTO-
HT B(s) nBo3BpaImaeTcst B CTPOKy 7 aaropurma obxoja. Ecu B Bepinae z Her
arenta A, 1o arent B Boinosasier npouenypy METUM BA (s) u Bo3Bparaercs
B HA4YaAJI0 paccMarpuBaemoii nporeaypol. Ecim B O (s) mer pebpa, yioBaeTBopsi-
forero yesiouio (1), To arent B 3amparmmBaer 3Hadenue nepemennoit L. [lpu
srom: ecin L = 0, 1o arear B Boinosnsier nporneaypy BBIBOP _XO/JA B (s),
nHade areHT B Bbinosasier nporeaypy @PUKC B (s) u Bo3Bpaiaercsi B CTPOKY
2 ajaropurma obxo/ia.

BBIBOP_XOJIA_B(s):

1. if B O(s) obuapyzxeno pebpo, y KOTOPOro
(1 (5,2) = w) and (4 (=) = i (s) = y) then do
2. arenT B oimosasier nponenypy PACII_ B(s);
3. go to 2 anropurma 06X0j1a;
4. end do;
5. else if B O (s) obHApPYKEHO PEOPO, ¥ KOTOPOTO
(1 (s,2) =w)and (p(z) = w) then do
6. arenT B Boinosasier npouenypy BIIEPEJ] B(s);
7. go to 2 anropurma 00X0JIa;
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8. end do;
9. else if B O (s) ectb pebpo, y KOTOPOTO
(1 (5,2) = w) and (1 (2) = r) or (1 (2) = r9)) then do
10. areaT B Bomosasier npornenaypy CTOUT B(s);
11. go to 2 ajaropurMa 06x0j1a;
12. end do;
13. else if B O (s) ectb pebpo, y Kotoporo (u (s, z) =r)
then do
14. arenT B oimosasier nponeaypy CTOUT B(s);
15. go to 2 ajaropurMma 00X0J1a;
16. end do;
17. else if B O (s) ectb pebpo, y KOTOPOTO
(((s,2) = y)and ((n(2) = r)or (u(z) = ry))) then do

18. arenT B Bommodasier nponeaypy CTOUT B(s);
19. go to 4 anropurma o0X0J1a;
20. end do;
21. else if B O (s) ectb pebpo, y KOTOPOTO

(1 (s, 2) =y)and (u(s) =y) and (n((s, 2) , s) = y)

then do
22. arenT B Boimosasier nponenypy HA3AJ B(s);
23. go to 2 anropurMma 00X0J1a;
24. end do;
25. else arent B Bbinosinsier npouenypy CTOII  B;

Beimosnsist nponenypy METHUM _BA(s), arent B BbiOMpaer u3 OKpeCT-
Hoctn O (s) mpousBoJbHOE PEOPO (S, 2), st KOTOPOTO BBIMOJIHIETCS YCIOBUE
(((s,2) =w)and ((u(z) =7r)or (u(z) =1Yy))), NIEPEXOIUT 110 HEMY B BEpIIUHY
z, okparmmBas [ (s, z) =y, 1 ((s, 2),2) := y, BHIIOJHICT IPUCBANBAHUC S = 2
u 3anucoiBaeT B cricok N : BIIEPEJI BA. Jlanee B BolOupaer n3 OKPECTHOCTH
O (s) pebpo, y koroporo ((u(s.z) =y)and ((u(s) =r)or (u(s) =ry))), nepe-
XOJUT 110 HEMY B BEPLIMHY 2, BBIIOJHAET § := z 1 3allUChiBaeT B CHUCOK N
coobmmenne: HA3AJ[ BA.

[Tpu Bomosaenun mpoueaypsl BOSBPAT B (s), arent B Bbibupaer us
O (s) pebpo, y woroporo (u(s,z)=1vy)and(u((s,z),s) =1y), TEPEXOIUT IO
HEMY B BEPLIMHY 2, BBIIOJIHAET IPUCBAUBAHUE § := 2z U 3allUCHLIBAET B CIIMCOK
N: BO3BPAT B.

Anropurm «Boccranossienues» u Iponeayphbl, He pACCMOTPEHHBIC HIZKE, U3JI0-
JKEeHBI B [3] ¢ OnpaBKoii, 4To MpH UCIIOJIL30BAHIE IIUKJIA C [IPEJLyCJIOBUEM, YCIOBUE

nmeet Bu: (M # @) or (N # @).
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OBP_CIT_A():

1. if Mes — «BIIEPEJL_A» then BIIEPEJ_A();

9. if Mes — «BIIEPEJ]_AB» then BIIEPEJ AB();

3. if Mes — «BIIEPEJI_ABB» then BIIEPEJ] ABB():
4. if Mes = «<HA3AJl A» then HABAJ[ A();

5. if Mes = «<HABAJl AB» then HA3AJ[ AB();

6. if Mes = «<HA3A/l ABB» then HA3AJ] ABB();

7. if Mes = «DUKC A» then ®HKC_A();

8. if Mes — «<OBH_A» then OBH_A();

9. if Mes = «OTCTYIIJI _As then OTCTVIINJI _A();
10. if Mes = «<PEBPO_PACITO3HAHO A» then

PEBPO_PACIHO3BHAHO _A();
11. if Mes = «<OTCTVYII _A» then OTCTYVII _A();
OTCTVII _A(): i:=1i+1.
BIIEPEJ] ABB(): By .= EgU{(N_B,r(t—1))}.
OTCTYVIIUT _A(): i =i+ 1.
PEBPO_PACIIOBHAHO_A(): Eg .= EgU{(r(t),r(t—1))}; i:=0.
[Iponeaypsl paboThl €CO CIHCKOM KOMAHJ areHTa B, KOTOpble He PacCMOT-
PeHbI HUKe, aHAJIOIUYHBI IPOIeLypaM paboThl €O CIUCKOM KOMamj, aredTta A .
[Ipornieaypa OBP_CII _B() anamoruuna pacemorpentnoit OBP_ CIIA(), Toibko
J100aBJIEHO YCJIOBHE:
if Mes=«BO3BPAT _B» then BOSBPAT B().
BO3BPAT _B(): Ey = Eg\{ly(p—1),y()}; Va = Vyg\{Cu_B},
Cy B:=Cu_ B-2;p:=p—1;y(p):=Cu_ B; L:=1; K:=K+1.
PaccMoTpuM OCHOBHBIE CBOMCTBa ajropuTMa. B Hadajge aJropuTma, IIpH
n > 3, KaK MUHUMYM, 10 OJHOMY pa3y BBIIOJIHATCSA CJIeLyIOIINe IIPOLEYPhL:
BIIEPEJ] A(v), BIIEPEJ] A() w BIIEPE/] B(s), BIIEPEJ] B(). Ilpu BbI-
nosinernn npouenyp BIIEPEJ] A (v) w BIIEPEJ] B (s) AU nocemator HOBYO
seprmny rpada G . [poneaypamu arenra AD BIIEPEJ] A() u BIIEPE/] B()
cozjlaercst HoBast BepiuHa rpadga H . [Ipu ojgHoBpementoMm nonajganun jaByx AU
B 010y Oestyto Bepruny npotneaypamu BIIEPEJ] A() u BIIEPEJ] B() 6yner co-
3JIaHO JiBe HOBbIe BepiimHbl Tpada H . OjiHa u3 Bepuins (Jy0mupyomas BEpIIHHY
cozmannyio areatoM A) Oyger ynanena komaugoit BO3BPAT B(). Takum 06-
pa30oM, IIPOIECC BBIMOJIHEHUS OIMMCAHHOIO aJIOPUTMa UHIYIHPYET 0TOOparkKeHue
¢ : Vg — Vi Bepmmn rpacda G B Bepumnbl rpada H . [lpuaem ¢ (v) =t (ko-
ra BepIrHa v OKpaiieHa B KpacHblii et u t = Cu_A) u ¢ (s) = p (korma
BEpIINHA § OKpallleHa B »KeaThlil Ber u p = Cy_ B). YkasaHHoe orobpaykeHue
ecTeCTBEHHbIM 00pa30M yCcTaHaB/IMBaeT HEsSIBHYIO HyMepaluio BepinnH rpada G .
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Bosee Toro, orobpaxkenune ¢ saBjgerTcd OWEKIMel, MOCKOJIbKY B CBI3HOM rpade
(G BCe BEPIIMHDI JOCTHKUMbBI U3 HauaJIbHLIX BepUIXH. 1103TOMY BCe BEpIINHbBI 110-
CEIAIOTCs areHTaMi, TO €CTh OKPAIINBAIOTCA B KPACHBI 1 YKEIThIN 1IBeTa.

I3 onmcanust ajropurMa ciejpyer, uro aredTbl Al npoxoasdT Bce pebpa rpa-
da G, HOCKOJIBbKY P OKOHYAHUN AJIFOPUTMa BCe pedpa CTAHOBSITCS YEPHBIMHU.
[Ipu Beimosnnenun tpoteypsl BIHEPEJ]  A() uiu BIIEPEJ] B() AD pacnosua-
er jipeBecHoe pedpo (v, u) U TaK HyMepyeT BEpIMHY w, 9TO pebpy (v, u) ojHO-
3HAYHO COOTBeTCTBYeT pebpo (¢ (v), ¢ (u)) rpada H . Ilpu Boimosanennu mpore-
nyp PEBPO_PACIHIO3HAHO_A() win PEBPO_PACIIOBHAHO _B() arenr
AD pacnosnaer obparnoe pedpo (v,u) rpada G u cTABUT eMy B OJHO3HAU-
Hoe coorBercTBIE pebpo (¢ (v), ¢ (u)) rpada H . Ilpu BeITOTHEHEN TPOTIELYD
OUKC _A(), BIIEPEJ] ABB() wiu nponenyp PUKC _B(), BIIEPEJ] BAA(),
AD pacnosnaer neperieek (v,u) rpacda G U CTABUT €My B OJHO3HAYHOE COOT-
BercTBIE pebpo (¢ (v),p (u)) rpada H . CremoBaresbHO, ¢ SABIACTCA U30MOD-
dusmom rpada G Ha rpadp H .

Takunm 00pa30M, BBIIOJIHSST aJFOPUTM PACIIO3HABAHIMS, areHThl PACIO3HAIOT
J11000it rpad G ¢ TOYHOCTBIO JI0 U30MOPdU3MA.

[ToscanTaem BpeMeHHYO U eMKOCTHYIO CJIO?KHOCTH B PABHOMEPHOI TiKasie |4].
J1st 3TOr0 paccMoTpuM CBOMCTBA KPaCHOI'O 1 KeJITOro myreil. V3 onncanus aji-
FOPUTMa CJIJIyeT, 9TO Ha KAXKJIOM Iare ajropuTMa KpacHbI (JKeaThlil) myTh —
9TO MPOCTOM Ty Th, COSJUHSIONINN HAYATLHYIO BEPIIUHY © (BEpIIUHY § — B CJIy-
gae aredta B) ¢ Homepom @(v) = 1(p(s) = 2) ¢ BepumHoit v (2) ¢ HOMEPOM
o(u) =Cu_A (p(z) = Cu_ B). CreoBaresibHo, 061ast JI/InHA KPACHOTO U JKeJI-
TOrO IyTH He IPEBOCXOIAUT 1.

[Ipu Bemossennn nponenyp BIIEPEJ] A(v), BIIEPEJ] B(s) u HA-
SAJ A(v), HA3AJ[ B (s) arenrsi AU npoxopst oxto pebpo. Ilpu Bbimos-
wennu nporeayp PACIH _A(v), PACII_B(s) arenrsi AU mpoxonsdT ojHO 00-
paTHOe pebpo u He Gojiee n — 2 (M3HAYAJBHO OJIHA BEpINNHA yrKe OKpallleHa B
«qyzKoif» 1BeT) pebep KpacHOro (ykKearoro) myTu. IIpu BBITOJHEHUE HMPOTELyP
PACIH _A(v), PACII _B(s) arearbt AU npoxomsar (hakTUIeCKH UKJI, COCTOSI-
il 13 06paTHOro pebpa M HEKOTOPOro KOHETHOI'O OTPE3KA KPACHOTO (KeJITOo-
r0) IYTH, COEMHSIIONIEr0 BEPIIMHBI WHIMEHTHBIe obpaTHOMY pebpy. Ilpn BbI-
nosiennn nponeayp METHUM AB(v), METHM BA(s) uw PACI_ABB (v),
PACII_ABBb (v), PACII_BAA(s), PACII _BAAb(s) oba AWl npoxogar oaum
I TOT »Ke I[epelleeKk, CHadaja B OJHOM HallpaBJE€HHH, a IOTOM B 00par-
oM. Beimosinsist nponesypbl BIIEPE/J[ AR (v), BIIEPEJ] BR(s) u mupore-
aypel OTCTVII A(v), OTCTVII B (s) arearsi AU mpoxomsT 0JHO Kpac-
Hoe (xxenroe) pebpo. [Ipu Bemosnennn nponenyp BIIEPE/] AR_ N (v), BIIE-
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PEJI BR_ N (s) AU npoxozst ojiHO depHoe pedbpo. [Ipu BeioHeHIN POy D
OUKC _A(v) OUKC_B(s) n OFH_A(v) OBH_B/(s) arentsl AUl ne mepe-
JIBUTAIOTCS, & TOJIBKO JIEIAI0T 3alliCH B CBOil CIIMCOK KoMaH/ I st AD, Ha 4To Tak
YK€ YXOJUT OJUH XOJI.

[Tpu nozcuere BpeMEHHOI CJIOZKHOCTH aJFOPUTMa OyJIeM CUYUTaTh, YTO HHI-
MUATU3aINs aJropurMa, anaans okpectaoctn O (v) pabodeil BEpIIMHBL U BHIOOD
OJIHOM M3 BO3MOXKHBIX TIPOIELYP 3aHMMAaOT HEKOTOPOE ITOCTOSIHHOE YHCJIO €J[H-
Hul Bpemenn. Tak »Ke OyJeM cauTaTh, 9TO BbIOOP pedep, mpoxoj 1mo HuMm Al u
obpaboTka KoMmaH AD IoJydeHHbIX Ha JaHHOM 3Taie oT AVl ocyiecTsiisgercs
3a 1 exunuiy spemenn. Torga BpeMeHHast CJIOXKHOCTH aJIOPUTMa OIIPEe/IseTcs
CJIEJLYIOIIUME COOTHONICHUSIMU:

1. Munnumanusanys BLIIOJIHAETCS OJUH pa3 1 €e aCUMITOTHYECKAs CJIOKHOCTD
pasua O (1);

2. muponenypst BIIEPEJ] A(v) u BIIEPE/] B('s) BbIIOJTHSIOTCS He GoJiee dem
n — 1 pa3s, u obIee BpeMst UX BbIOJIHEHUs oneHnBaeTcst kak O (n);

3. amajorndHo o0iiee BpeMmst BbiosHeHus mporeayp HA3AJ A(v) u HA-
BAJ[_B(s), onennBaerca kak O (n);

4. wa Bommosinenne nponeayp METHM AB(v) u METHM BA(s) yxoaut Bpe-
Msi, KOTOpOe oreHuBaeTcs Kak 2 X O(n) X n, 1o ecth Kak O (n2) ;

5. Ha BomosHenne npotenyp PACII ABB (v), PACI _ABBb(v) u npouemyp
PACII_BAA(s), PACII_BAAbD(s) yxomut Bpems, orieHnBaemMoe kak O (nz) ;
6. muponenypot BIIEPE/] AR(v) u BIIEPEJ] BR(s) BbIIOJHSIOTCS 38 BPEMS,
oreruBaemoe kak O(n) X n, To ecrb Kak O (nZ) ;

7. muponenypst BIIEPEJ] AR_N(v) u BIIEPEJ[ BR_ N(S) BbIIOJHSIIOTCS 32
BpeMs, oreHnBaeMoe Kak O(n);

8. anajornano nponeaypsl OTCTVII A(v) u OTCTYII _B('S) BbIIOJHAOTCS
3a BpeMms, orjeHnBaeMoe kKak O(n) X n, To ecrb Kak O (nQ) ;

9. Bpewms, 3aTpadnBaemoe Ha tporeaypsl PUKC A(v) w OQUKC B(s), ome-
ruBaercst Kak O(n);

10. Bpems, 3arpadnBaemoe Ha npoueaypel OBH A(v) u OFH _B(s), onenu-
Baercst Kak O(n) ;

11. Bemosuenne uporeayp PACIH _A(v) un PACII_B(s), oneHumBaercst Kak
O(n) x m, 1o ectb kak O (n?);

12. Bpems BoinosHenusi mpoueayp CTOUT A(v) uw CTOUT B(s) B 006-
meil CJI0KHOCTH IS BCEX YETHIPEX BO3MOXKHBIX CJIyYaeB, OIEHUBAETCS Kak
O (n)+ O (n?*) =0 (n?).

CiiesioBaTe/ibHO, CyMMapHasi BpeMeHHasl CJIoKHOCTh 1'(n) ajroputma yio-
Brersopster cootHomenno: 1" (n) = O (n?).
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EnMkocTHAST C/I0KHOCTH S(n) aJropuTMa OlpeIesisieTcst CI0ZKHOCTHIO CIINCKOB
Vi, Eg,r(1)..r(t),y(1)...y(p) , CII0KHOCTH KOTOPBIX COOTBETCTBEHHO OIPEJIEIst-
erest Bermaamu O (n), 0 (n?), 0 (n), O (n) . Crenosatensro: S (n) = O (n?).

Takum 0b6pasoM, BpeMeHHasl CJIOKHOCThH aJlOPUTMa PACIO3HABAHUsS PAaBHA
O (n3) , & emkocTHast - O (n2) . I[Ipu 3TOM aJIropuTM™M HCHOIB3YeT 3 KPACKH.

Teopema 1. Buinoamsas noayueHHvill ai20pumm pacnodHasaHi, a2eHmbl Pacno-
anarom 10001 epa G ¢ mounocmvro 0o u3oMophu3Ma.

Teopema 2. Bpemennas caoochocmo aszopumma pasna O (n3) , @ eMKOCTVHAA
-0 (n2) , 20e m — wucao eepwunr 2paga. Llpu amom ucnosvayemea 3 Kpacku.

SaKJIIouUeHue

[IpeaioxKen ajropuT™ pacrosHaBanust rpada cpeibl BPEMEHHO CJIOXKHOCTH
@) (n3) 1 eMKocTHOIT — O (nQ) . AUl numeroT naMsATh, OrpaHUIeHHYIO N, U UCIO/Ihb-
3YIOT 10 JiBe KpacKu. AJITOPUTM ITOKa3bIBaeT, UTO IPH paclo3HaBaHu Tpada
asyMst AVl acumnrornyeckue BpeMeHHast 1 eMKOCTHAs CJI0XKHOCTU OCTAIOTCs Ta-
KUMI Ke, Kak 1pu pacrosnasaaun rpada ogaum AU [1]. Bpemennas cioxkuocTs,
B JIyUIIIEM CJIydae, MOXKeT ObITh IOHMKEeHa B 2 pa3a.

Ha ocnoBe manHoro mccieioBaHusg aBTOp HaJleeTcss cO3/aTh, Oojee dddex-
TUBHBIE AJTOPUTMbBI, KOTOPBIE MO3BOJISIT YJIYUIIUTL PE3YJIbTAThI, MOJIYIEeHHBIE C
IOMOITIBIO AHAJIOTIHOTO AJIroOpuT™Ma [3].
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I'PA®OBDBIE BA3bI JTIAHHBIX

Paccmorpenb! ormanTe/ibHbIE 0COOEHHOCTH UCIIOIb30BaHUsI 0a3 JaHHBIX Ha OCHOBe I'padoB, UX
IPENMYIIECTBA OTHOCUTE/IHHO PEIANMOHHBIX 0a3 IMPH peIleHn HEKOTOPBIX 3a/1aM.
Kommo4oBi caoBa: epaghoswvie b6a3v. dannvix, 2pagp, NoSQL

BBenenue

['pacdoBast Oaza jJaHHBIX — 9TO Oa3a JAHHBIX, IIpeIHA3HAYCHHAS JIJIT XPAHEHUsT
JIAaHHBIX B Bujie rpada. T.e. 3T0 XpaHeHUs JJAHHBIX 110 BepinnHaMm u pedpam. 1o
orpejiesieHnIo, rpadoBas 6a3a JaHHbIX — 9TO JII00asi CTPYKTYPa JJIst XPaHEeHUsd, T/1e
B3aIMOCBS3aHHBIE 3JIEMEHTBI COeJINHEHBI 0e3 MpuMeHeHns nHiaeKca. CMeKHbIe 110
CTPYKTYPE 3JIEMEHTBI JIOCTYIHbBI IIPU Pa3bIMEHOBAHUN (PU3MIECKOIO ITOKA3ATEIH.
Cy1ecTByeT HeCKOJIBKO THIIOB I'papoB, KOTOPhIE MOI'YT XPaHUTh: OT «OJHOTUIIHO-
roy» HeHallpaB/eHHOro rpada 1o runeprpada, BKI0das CBOHCTBEHHbIE TI0IrPadbI.

Takum obpazoMm, Oaza JaHHBIX B Buje rpada JI0J2KHA COOTBETCTBOBATH CJIe-
JIVIOIIAM KPUTEPUSIM:

e XpaHeHHe ONTHUMU3UPOBAHO JIJI JIAHHBIX, IIPEJICTaBJIEHHBIX B BUje I'pada, ¢
obecriedeHneM XpaHeHUs JIAHHBIX 110 BEPIIMHAM U PedpaM;

e XpaHeHne ONTUMU3NPOBAHO JIJIsl ITPOCMOTpa T'pada 6e3 MCIoIb30BaHNs MH-
nekca. ['pacdoBast Oaza JAHHBIX ONTUMH3UPOBAHA JIJI 3alIPOCOB HCIIOJIb3YS
OJIN30CTD JIAHHBIX, HAUNHAT OT OJIHOTO WU HECKOJIHKUX KOPHEBBLIX Y3JI0B, a
HE UCIIO/IH30BaHne TJI00AJIBHBIX 3aIIPOCOB;

e ruOKasi MOJIe/Ib JIAHHBIX JIJIsI HEKOTOPBIX peIIeHnii: HeT HeoOXOIMMOCTU B
olpeJie/IeHIN TUIIOB JAHHBIX JIJIsSI BEPIINH U pebep B OTJIMINN 0T DoJiee orpa-
HUYEHHOI TabJIMIHON MOJIe/IN PEJISIIMOHHON 0a3bl JaHHbIX;

e pcrpoennad API ¢ Toukoii Bxoja ISl KJIACCUYECKUX aJrOPUTMOB TEOPUU
rpacos (kpardaiimmii myTh, aaropur™ lefikerpsr, A* u ap.)
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OcHoBHaY 49acCTb

Hemkenne NoSQL (anri. not only SQL, e Tosibko SQL) craso momysispHbiM
B IIOCJIETHIE HECKOJIBKO JIeT, B ocobeHHOoCTH OJtarojaps Tomy, uro NoSQL moxker
PEIINThL PsiJi BOIIPOCOB, 10 KOTOPLIM PeJISIIIUOHHBIE 0a3bl JAHHBIX 3HAYNTEIHLHO
YCTYIAIOT:

® JIOCTYITHOCTD, JIJIsi 00paboTKM OOJBINMNX HAOOPOB JIAHHLIX, U MX pasjie/leHne
(pestsitoHHbIe Oa3bl JAHHBIX YIEJSIOT BHUMAaHIE KOPPEKTHOCTH, JOCTYITHO-
ctu u ycrofiauBoct K c6osiv cetu (Teopema CAP);

® I'IOKOCTH CXEMBbI;

® TPYJHOCTU B MOJIE/INPOBAHUN U 00pabOTKE CJIOYKHBIX CTPYKTYP, TAKMX KakK
JlepeBbs, Tpadbl, WIN CJIUITKOM OOJILIIOTO KOJIMIECTBa CBA3EN.

['pacdoBblie Da3bl JJAHHBIX Yallle BCEro PadOTAIOT MCIO0JIb3Ys TaKhe IMyHKTHI:
e 00paboTKa B3aMMOCBI3aHHBIX JIAHHBIX;
® JICTKOE yIPaBJICHUE CJOYKHBIMUA U THOKUMU MOJICTIIMU JTAHHBIX;

® [Ipe/JIOYKEHIE NCK/IIOUNTETHLHOrO (DYHKITMOHUPOBAHMS JIJIsl JIOKAJHLHOTO UTe-
Husi IIyTeM 00xoa rpada.

Baza janubix Ha ocHOBe I'pada MOJXOUT JIst U3ydeHs JAHHBIX, CTPYKTY-
pPUPOBAHHBIX Kak rpad (Win Mpou3BOIHBIX, TAKUX KaK JEPEBO), 0COOEHHO KOTJIa
B3AMMOCBSI3b MEXK/Ly dJIEMEHTaMI 3HAaduTeIbHa. VleabHblil BADUAHT HMCIIOJIB30-
BaHIs 3alIpOca — HauaTh ¢ OJIHOI M1 HECKOJILKUX BepIInH 1 oboiitu rpad. Beerna
eCTh BO3MOXKHOCTD JIaTh DoJiee IIPOKKE 3apochl, Hapumep, . findAll (naiitu Bce
3JIEMEHTBI JJAHHOTO THIIA), HO B JIAHHOM CJIydae JOJKEeH HCIOJIb30BAThCS MeXa-
HU3M nHjeKcanun. Takoil MexaHn3M MOKeT ObITb pas3padoTaH CIeluabHO st
rpada (CylepBepInHbl — 9acTh WHIEKCHPOBAHHBIX JIAHHBIX) UM YKE UCIOJIb30-
BaTh JIpyroe m3pectHoe pertenne (Hanpumep Apache Lucene).

B omstmaun ot 3TOro, pessinuoHHbie 0a3bl JJaHHBIX XOPOIIO MOIXOIAT JJIsT CXO-
Kux ¢ .findAll 3ampocos GJiarogapst BHyTpeHHei cTpykType Tabauil. I'pynnnpos-
K1 HabOpa JIAHHBIX OOBIYHO BIIOJIHE JOCTATOYHO.

Hecmorpst Ha HasBaHue, pessiiinOHHbIE 0a3bl JIAHHBIX MEHee IMOJIXOIAT JIJIsT
n3ydeHus B3anMocBsa3eit. OObBIYHO NPUMEHSIOTCS WHJCKCHI, JINOO BHEITHNE KJIIO-
qu. B 0azax JaHHBIX Ha OCHOBE I'pada 00X0J JAHHBIX HPOUCXOIUT, UCIOIL3Ys
Jusnueckne ykazarem, B TO BpeMsi KaK BHEIIHUE KJIOUN SBJISIOTCS JIOTMIECKH-
MU yKa3aTeJIsIMH.
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Paccmorpum s paznnung Ha npumepe. B 0ase OyjeM XpaHUTH JAHHBIE O
corpyaauke BY 3, nanmenosanmnu Kadeipbl, u nejarorndeckuii craxk. Hampumep,

HEOOXOIMMO HafiTu Jitojieii, KoTophle paboTaoT Ha (aKyIbTeTe MaTeMaTUK.

[Ipu oMoy pessiiuoHHON MOJEI Mbl MOYKEM BBIIIOJHUTE CJIeAYIOIIi 3a-
IIPOC, KOTOPBIIl BEpPOSITHO IOTpeOyeT IIOMCKa 3 WHJEKCOB, COOTBETCTBYIOIIIX
BHEIIIHUM KJII0UaM B MOJIEJIH.

Select Person.Name from Person, Faculty, WorksIn
where Faculty.Name=’MaTeMaTurn’

and WorksIn.FacultyIld = Faculty.Id

and WorksIn.PersonId = Person.Id

= Pers;l; Faculty
i ame =
idf Name
1 BanoB MBaH Works In
7 Eem personld | facultyld | experience /""1' MATEMATHRH
— /r;‘ 2 | pusuxu
3 CHI[TPOB"H&T-B_-—.._________ l e (B 3 |ucToprm
— 2 1« 15
3 2 20

Puc. 1: Pejnganmonnasa cxema.
B ciydae rpada, 3ampoc norpedyer noucka 1 mHAEKCa, 3aTeM IIOUCK B3aUMO-
CBA3U IMyTEM IMPSAMOTr0 pa3bIMEHOBAHUS (PUBNUECKUX yKa3aTeseil.

Haxomum y3enm y xoroporo Faculty.Name=’maremaTuxu’ (Facultyl)
u oTbrupaeM BCe y3Ib KOTOpHE CBA3aHH OTHomeHHeM Works.

Personl

Person3

W,
s Facultyl

Faculty2

Puc. 2: I'padosas cxema.

Ha sToM npumepe MOXKHO XOPOIIO PACCMOTPETH CUTYAIIO, KOT1a IIPOU3BO/IH-
TeJIbHOCTD I'papoBOil Oa3bl JaHHBIX OyJIeT BBIIIE, YeM PeJIsiiinOHHbIIN 06a3bl JJaHHbIX.
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Paznuiia B mpon3BouTeIbHOCTH OYJIeT elle 0oJiee 3HAYUTEIbHA IIPU YBEJIN-
JeHnn 00beMa, JJaHHBIX, IIOTOMY 9TO KPOMe IIEPBOr0 MHIEKCa MOUCKA, I 00X0/1a
HY?KHO HaWTH HAYaJIbHBINA y3es1(bl), 3ampoc OyeT hakTHIeCKne BBITOTHIETCS 32
[IOCTOSTHHOE BpeMs. A B PesIsIOHHO 6a3e JaHHbIX, IIPU Pa3UMEHOBAHUN KazK 10~
ro uHjeKca Koropoe oyer mpoucxouthb 3a BpeMmst O(logy N, eciu j1jist HHIEKCOB
HCIIOJIb30BaTh B-nepesbst (N — |mcsio samnmceit B TadJmie).

CpaBhenune padboty rpadoBbix 06a3 JaHHBIX U JPYyrUX TUIIOB 0a3 JaHHBIX —
CJIOYKHAsl 3aja4a M3-3a X PA3HUIbI 110 CTPYKType U IpejHasHadenno. /s 3a-
pocoB, I'padoBble Ha3bl JTAHHBIX OYAYT Oosiee 3PMOEKTUBHBI B OTJUYUNA OT Pe-
JISSITIOHHBIX 0a3bl JAHHBIX, €CJIM MOJIEIb JOCTyIa K JJaHHBIM OblLIa CIEeIHaIbHO
paspaboraHna g 006xoj1a rpada. Paznmmyane Oyjer eme 6ojiee 3HAUNTE/IBHBIM, €C-
JIM UMeeT 3HavdeHue T1yOrHa 00X0/1a, WK eC/IH OHA 3apaHee He U3BeCTHA (Tak Kak
3a/1a1y € MCIOJIb30BaHneM 3KBHUBajeHTHOro SQL-3ampoca C10yKHO ONTHUMUBUPO-
BATD ).

BriBoan:

Takum o0pa3oM Ipu pa3paboOTKe CTPYKTYPhI 0a3bl JIaHHBIX HEOOXOJINMO pac-
CMaTpUBAThL BapUaHTBI IIPU KOTOPBLIX JaHHAs CTPYKTypa OyIeT OIMUpATbCs Ha
cBoiicTBa rpada 1 eciu JaHHbIE TPEJIIoJIaraloT UCIOJIb30BaHe TPadOBbIX CXEM,
TO UX KCIIOJIb30BaHUE MOXKET CYLIECTBEHHO COKPATUTH JOCTYI K JAHHBIM, a Ha
OOJIBIINX O0beMax 3HAYUTEJILHO YMEHBIIUTH BpeMsi 00pabOTKM MHMOPMAIIIH.
Ocobenno 00JIBINOI MHTEPEC MCIOJIb30BaHns IrpadoBbIX 0a3 JaHHBIX BO3HUKAET
IIpU paspabOTKU BCEBO3MOXKHBIX COIMAJILHBIX CeTell.
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OCOBJIMBOCTI OPTAHI3AIIII IABOPATOPHOTI'O
MPAKTUKYMY 3 ITUCHUILJITHU «ITIKIJIBHUM KYPC
TH®OPMATUKN TA METOOMKU II HABUAHHSI»

Y crTaTrTi OKpec/ieHo JiesKi mpobsieMu opraHizallil J1adopaTOPHOro MPAKTUKYMY 3 HABYAJILHOL
mucnmiutian < IIkinpHUN Kype indopMaTukn Ta METOIUKHU 11 HABYAHHS», 8 TAKOXK 3PODJIEHO
3MICTOBHUI aHaJi3 BiIOOPY HABYAJILHOTO MaTepiasy JI0 JabOpPaTOPpHUX POOIT i 3aIIPOTIOHOBAHO
BUMOTH JIO TX BUKOHAHHSI.

Kuaro4osi ciaoBa: .abopamoprna poboma, HAGUANGHA JLANOHICNMD, JLAAGHICHUT NI0TLO0,
MeEMO0 HABYAHHA, NPOOYKMUBHA T PENPOIYKMUCHA LAALHICNDG, KOHGEP2EHMHE | UBEP2EHINHE
MUCAEHHA, DePAEKCIA.

Beryn

Bararo dyngaMeHTaJIbHUX, CIENiaJbHIX, Y TOMY YUCI i METOAMYHUX JIU-
CITUILIIH MIUPOKO BUKOPUCTOBYIOTH Y CBOEMY apceHasli Taky (popMy opraHizaliil
HABYAJIBLHOI'O IIPOIIECY, sIK JabopaTopHa podoTa, IO JIa€ MOXKJIUBICTD BiITBOPUTH
eKcllepuMeHTaJIbHUIT MaiijlaHduK, Jie CTYJEeHTH MOXKYTb Ha IPaKTHUIll IepeBipu-
T # BIIIPAIIOBATH OJIepyKaHi TEOPETUYHI 3HAHHS, a TaKOXK BUIIPOOyBaTH BJIACHI
MIpKYBaHHS 00 [IEBHUX 3allUTaHb KYPCY, AKUIl HUMU BUBYAETHCS.

OcobJinBe Miciie B 1iit npobJiemMi mocijgae oprasizaiiist J1abopaToOpHOro IMPaKTH-
kymy 3 pucnuiniinn «IIkinbauit Kype iHopMaTUKKM Ta METOAMKa 11 HaBIaHHI»
JIUIsT CTYJIEHTIB 11€/Iar0riaHOro By3y. 3riJIHO 3 poO0Y0I0 IPOrpaMOI0 HABIAJILHOT JIU-
crrniinm, 40% dacy BigBoauThes came Ha jabopaTtophi poboru [6]. Taxkuit posio-
JILJI 9acy CTBOPIOE HEePelyMOBHU JijIst OLIBII HIIJILHOIO 3B’ 513Ky Teopil 3 IPaKTUKOIO,
PO3BUTKY 3/1i0HOCTEl MaflOyTHIX yInTe/ B IH(DOPMATUKHI JIO TOCTAHOBKM I TIpoBe-
JIEHHSI eKCIIePUMEeHTAIbHUX JI0C/II2KeHb, 1X aHaJIi3y i CUHTe3y, BMIHHIO OIIHIOBATH
pe3yabTaTn JIOC/IIZKEHD, CIpuiiMaT 1X gK peasibHy JIHCHICTD, IO I ATBEP/IZKYE
rinore3y abo crpocToBye ii.

Crenudika Kypcy, M0 BUBYAETLCs, IOJILAMA€ B HOro 3MICTOBHI# JBOOIYHOCTI:
MIKLIBHOTO Kypcy 1H(MOPMaTUKN 3 OJIHOTO OOKY Ta METOJMKM 11 HaBYaHHS 3 iH-
moro. Ilig 9ac BUKOHaHHSI JIADOPATOPHUX PODIT CTYHAEHTH HaOYBalOTh HABUUIOK
MPaKTUYIHOIO XapaKTepy, OJHOYACHO MMOCTAIOUYN fK y POJI YyUHd, KUl BUKOHYE
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3a3jlaJieryib MJIr0TOBJIEH] 3aBJlaHHs, TaK 1 B POJII BUNTEJIdA, KUl HA OCHOBI Te-
OPETHYHUX 3HAHb 3 iHMOPMATHKE I METOJUKHN 11 HABYAHHS aHaJi3ye Ili TEeKCTH,
KOperye, 3/1ilicHIOE JIOOIPKY NMPaKTUIHUX 3aBJ/laHb 13 TeMH, 1[0 BUBYAEThCA. ¥ Oa-
raThboxX BUNaIKaX PaKTUIHNN 1 METOIUIHUI 3MIiCT Teopil cTae OLIBIT 3pO3YMIINM
TLIBKU TICJIST CAMOCTIIHOTO BUITPOOYBaHHSI OCHOBHUX €JIeMEHTIB Ii€l Teopil Ha Ipa-
KTuili. Bukonanns jadopaTopHIX poOIT CIpUsie MOTINOJIEHHIO 3HAHD CTYIEHTIB K
31 MIKIJIBHOrO Kypcy 1H(MOPMaTUKY, TaK 1 3 METOAMKH 11 HABYAaHHSI, PO3YMIHHIO JIO-
IiK1 TO0YJI0BU 1IUX KYPCiB.

Y mporeci BUKOHAHHS Ja0OpaTOPHUX 3aHATH CTYJIEHTH MalOTh MOXKJIUBICTDH
CKJIaJIaTH KOHCIIEKTH YPOKIB PI3HUX THINB, TOTYBATU KOMII IOT€pHE 3a0e311eueHH
VPOKIB 1 1103aKJIACHUX 3aXO0/I1B, IPOBOJUTH JIOTIKO-/INJaKTUIHIIT aHaJI13 HasiBHUX
MeJIArOriIHIX MMPOrPpaMHNX 3ac00iB, 3alpOBAKYBATH JIIJIOBI IMpU, BUNTUCST aHa-
JIBYBATU YPOKHU, MEPEBIPATH BHKOHAHI YIHIMHI 3a JIOTIOMOI'OI0 KOMIT IOTEPIB 3aB-
JAHHA, BATOTOBJIATH (hparMeHTH I1e/IarOrIHIX MPOIPAMHNX 3aC00iB, YHAOTHEHHS
HABYAJBLHOIO [POIECY, JUJIAKTHIHUX MaTepiauis oo [4].

OcHOBHA 4YaCTHUHA

3a JesIKUMI JIOC/IIZKeHHSIME, cepeJ BUKJIAIATiB CepegHiX 1 BUIUX HABUYAJIb-
HUX 3aKjais Ouibine, Hizk 90%, cTHKAIOTHCS 3 IPOOJIEMOIO TOCTAHOBKY 3aBJIAHD
J1abopaToOpHUX PODIT, PO3POOKH METOIMYHUX MaTepiaiB i3 IX 1npoBejeHHs. Bijib-
e, #ixk 60% onuTaHux, BiI4yBaOTh IPH [LOMY TPYIHOII METOJANYHOIO XapaKTe-
Py YV 3B’S3KYy 3 THUM, IO B eJaroridHiil jJiTepaTypi UM MUTAHHAM HE MPUILICHO
HAJIE’KHOT yBarn [2].

VY 3aj1e2KHOCTI BiJl AUJAKTUUHUX Il MOYKHA HABECTH HACTYIIHY KJacudika-
1i10 J1abopaTOpHUX POOIT 13 METOJIMKK BUKJIAaHHA 1H(POPMATUKU:

e ozHafiomyeHHsd 3 PAKTUIHUM I METOJUYHIM MATEPIAJIOM;

® DO3B’sI3yBaHHSI €KCIIEPUMEHTAJIbHUX HABUAJIBHUX 1 METOAUIHUX 3814,

® DO3B’si3yBaHHs 3aJia4 31 CTBOPEHHS HOBUX 00 €KTIB, IIEPEBIPKH PI3HUX ITPO-
OJIeMHUX TITOTEe3 HABYAJbHOIO i METOJIMYHOIO PIBHIB.

B oznaitoMmioBaIbHIX JTa00PATOPHUX POOOTAX MPOBOAUTHLCA BUBYEHHS OCHOB-
HOT'O 3MICTy TEMH, III0 BUBYAETHCSI, BUSIBJISIOTHCA 0A30Bl MOHSATTS HaBYAJIbHOIO
MaTepiajy, BU3HaYal0Thcs eranu, popMmu it MeToan 1X popmyBaHHs Tomo. [Ipu-
KJIaJJOM TeMU TaKol jjaboparopHol pobotn Mmoxke 0yt «llonsrrs indopmarii. Bia-
CTUBOCTI iHMOpMAaILii».

HocaiiHuIpKnii XapakTep MaloTh eKCIIepIMeHTa IbHI JabopaTopHi poboTu, y
SKUX CTYJEHTH, 3 OJIHOTO OOKY, PO3B’d3yI0Th HPaKTUYHI 3aJiadi 3a JOIOMOIOI0
KOMIT'IOTepa, & 3 IHIIOr0 — BUBYAIOTH MOXKJUBICTH 3aCTOCYBAHHS PIZHUX (POPM
1 MeTOoIB BIATBOPEHHA MUX 3aJad Yy KOHTEKCTI BUBYEHHA MeBHOI Temu. Hampn-
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KJIaJl, i1 yac BuBueHHs TeMu «MonemoBanns i bopMaJiizallisi> BUHUKAE BeJIKA,
KIJIBKICTb TaKNX 33J1a9, 30KpeMa 3 BUKOpHCcTaHHsIM MeToxy Monte-Kapiio.

[IpoBejieHHsT eKcliepUMEeHTAIbHIX JOC/IIIKeHb Ma€e Miciie i y mporeci oprami-
3allil MpobJIEMHO-TTONTYKOBUX JTAOOPATOPHUX POOIT. AJie eKCIIepUMEHTH BiJIpi3Hsi-
I0TbCsSI HOBU3HOIO I CYIIPOBOJIZKYIOThCs TIOMIYKOM 1 CTBOPEHHSAM HOBHUX 00’€KTIB,
Harnpukiaj, croperdsm [1113, TremaTnanol 6asn jpaHux ado iHIIUX TPOrPAMHIX
KOMIT IOTEPHUX MPOAYKTIB. BayK/IMBo0 CKJIaI0BOI0 TaKuX JabOpATOPHUX POOIT €

po3po0Ka CIieHapilo JisILHOCTI YUIHIB 31 CTBOPEHHS O3HAYEHUX TTPOIYKTIB.

JlabopaTopHa pobora 31 MKIJILHONO Kypcy iH(MOPMATUKN Ta METOJIMKH 11 Ha-
BUAHHS € BOJIHOYAC 1 pOPMOIO OpraHizallii HaBYaJIbHOTO MPOIECy, 1 METOJIOM Ha~
BUYaHHs. 3 TOYKHU 30Dy OpraHizalliiiHOro Ipoiiecy, JadopaTopHa poboTa Haliva-
CcTiIe TOYNHAETHCS SIK (PPOHTAIBHA POOOTA BCIET I'PYIIM CTYIEHTIB, ajie 3 JacoM
repepocTae B iHAnBiIya by abo rpynoBy (2-3 ocobu). A sik MeToJ| — poboTy Clipsi-
MOBAHO Ha BUPOOKY MPaKTUIHUX HABYAJIbHUX YMIiHb I HABUYOK, 3 OJHOIO OOKY,
Ta HAKONMYEHHs TePBUHHOTO MPOMECiitHOro J0CBilLy KepyBaHHIM HaBYAJILHOIO
JistibHICTIO — 3 iHIIoro. Ileprmol MeTH ocsira€Mo B IIPOIECi BUKOHAHHSI peaJib-
HUX 3aBJaHb IIKLILHONO Kypcy iH(MOpMAaTUKM, APYrol — B pe3yJibTaTi MONIYKY i
OCMUCJIEHHST METOJINKN BUK/IQJAHHS OKPEMUX TeM Kypcy iH(OPMATHKI B YMOBaX
IITKOJTH.

BuxigauMmuy mepeayMoBaMu JI0 YCIIITHOTO BUKOHAHHS J1a0OPATOPHOI pOOOTH €
OIIePTsl Ha JISLIbHICHUI ITXiJ1, TOOTO:

1. He mokna cTaBuTH y3araJibHIOIOUl, aOCTPaKTHI I/, Ki CKJIaJIHO, & 1THKOJIN
HABITH HEMOKJIMBO JIIAMHOCTYBATH 3aC00aMU OTOTHOIO KOHTPOJTIO [1].

2. CTyeHTH nepeji BAKOHaAHHSIM POOOTH MOBUHHI YiTKO PO3YMITH, siIKe MicIle B
MaOyTHIH TeJlaroriauiil JigIbHOCTI OY/IyTh 3aiiMaTh oJlepyKaHi 3HAHHA I yMIHHS.

3. IIporpamunii 3acib6 ne nmoBuHen OYTH TLIBKKA 00’ €KTOM BUBUYEHHS, & CJIyTyBa-
TH 3aC000M JIJIsl JTOCSITHEHHSI 11iJIell PO3B’I3yBaHHA KOHKPETHOI 3a1a4i JislIbHOCTI.
Hanpukiaj, y xoni BuB4YeHHI TeMn «KoMir'torepHe Moje/foBaHHS» TaOJIUIHUIM
upoiiecop, CKB/I To11o BUKOPUCTOBYIOTHCSI K 3aCO0M CTBOPEHHSI, TECTYBAHHS i
JIOCJIIJIZKeHHsT KOMIT FOTEPHUX MOJIeJIeil.

4. KoHTpoJibHI 3aluTaHHs 0 JIabopaTopHOl poOOTH IIOBUHHI BijgoOparkaTu
BECh 3MICT IIPOIIJeHOr0 MaTepiajly, mepejadadalodrl KOHKPETHI OJHO3HAYHI BiJIIIO-
BIT].

5. Pedrekcist misibHOCTI cTy/ieHTa MOBUHHA OYTH BiJITBOPEHA B MHUCHMOBOMY
3BITI J10 J1aDOpaTOpPHOI POOOTH 3 aHaJIi30M 3MICTY OIpallbOBAHOIO MaTepiajy i
MaTH JABOOIUHUIT XapaKTep — HABUATLHUN (PO3B’si3aHHsT 3a/1a9) 1 METOIMIHHIL.

[y»ke Baxk/I1MBO, 1100 IIpoBeJieHa podOTa B Merkax J1abOPaTOpHOI He HadyJa
eIi30INTHOI0 XapaKTepy, a oTpuMaHi pakKTHIHI il METOAUYIHI 3HAHHS MaJIH IIPU-
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KJIa/He 3Ha9eHHs I1iJ] Yac BUBYEHHs 1HIUX TeM Kypcy IIKIJIbHOI iH(MOPMaTUKH.
Tak, HanmpukIa, 3HAHHS 3 TeMU «AJropuTMmizaliisiy MOBHHHI 3HANTH BiJIIOBIIHE
Miclie B IHIINUX TeMax Kypcy iH(OPMATUKH 1, IK Pe3yJIbTaT, — Y IPOIeci BUKOHAHHS
iHImux j1abopaTopHUX PooIT. Taki MOHATT, 9K KOMIIH IOTEPHA MOJIC/h, aJrOPUTM,
JIAHL, TUIINA JJAHUX, BUPA3U, PO3raJlyzKeHHs, [IUKJIX, JIOT1YH] ollepallll Ta 1HII1 4yep-
BOHOIO HUTKOIO MTPOXOJIATH Yepe3 yBeCh Kype MKLJILHOI iH(MOPMATHKH,

Y 3B'd3KYy 3 UM BayKJIMBUMU 3aBJIAHHAME B J1aA00OPATOPHOMY KOMILJIEKCI 110-
BUHHI cTaTH 3a/1a4i 3:

® BU3HAYEHHsI POJIi i MiClsi HABYAJIBLHOI'O PO3JLIY B Oa30BOMy Kypci iHMOP-
MaTUKU;

® DO3IVIsLY IiJIeil 1 3a/1a4 BUBYEHHST pO3/Ii1y B 0230BOMY KypCi iIH(POPMATHUKI;

® BU3HAYEHHS CYTHOCTI i poJsii 0a30BUX TMOHATD, €TAIIB 1 METOIIB 1X (hOPMY-
BaHHS;

® BCTAHOBJIEHHS 3B I3KiB Mi?K OCHOBHIMU TTOHATTAMHE sIK BCEPETIHI HaBYA b
HOI'O PO3JILY, TaK B MeyKax yciel juciuriinm [3].

Metoro 1uky JabopaTopHuX podiT 31 MKIILHOTO Kypcy iH(MOPMaTHKI Ta Me-
TOMVMKY 11 HaBYaHHSA € (POPMYBaHHs BMIiHb I HABUYOK TOBOJKEHHs MailOyTHBOTO
BUNTEJISA 3 KOMIT TOTEPHOIO TEXHIKOIO Ta MPOTpaMHNM 3a0e3MeUeHHIM Y TTPOIEC] BH-
KJaJiaHHst indpopmaTukn B mikoJii. CTYJIeHT Ji3HaEThCs, siKi BMIHHsI Ha PIiBHI JIiif i
dyHKIIN AisbHOCTI BiH moBuHEH oTpuMaTi. CTYIEHTY MPOMOHYIOThCS 3aBIAHHS
JlabopaTOpHOI poOOTH, 10 DAraThox 13 AKNX HAJAIOTHCS AJTOPUTMU 1X BUKOHAHHSI,
JIeTaI3YI0ThC HAHOLIBIN «By3bKi» MiCIZ il MOXKJIMBI TPYAHOIIL. 3TiIHO 3 KJIacu-
dikarmieto [5], HABYAIBHY JisIIBHICTD CTYIEHTA MOYKHA HA3ZBATH 6Ukonasyoto. [1pu
HOJIAJIBITII POOOTI HAJ OJHOTUITHIMU 3aBIaHHAMI HaBYaJbHA JISIbHICTL CTY-
JenTa HabyBae PEmpoAyKTUBHIIT XapaKTep, 3HAHHH, sKI BIH aKyMYJIIO€ B IIPOIle-
ci poborn 3a 3rajaHoro Kiacudikarieo, € xoniet [5], GopMyeThes KOHBEpreHTHe
MUCJIEHHA. Y TOJIAJbIIOMY CTYAEHTOBI IPOMOHYETHC MOKIUBICTD MOMTYKY 1HIIIX
pillieHb HaBeJeHNX 3a/1ad, TOOTO (POPMYEThCsI JIMBEPreHTHa, (hOpMa MUCJICHHS, 1110
3aCHOBaHa Ha CTpaTeril reHepyBaHHs Oe3j1idi pimeHb ojHiel 3aja4i. Ha manomy
eTalll HaB4YaJIbHI J11 CTYJEeHTa BU3HAYAIOTHCA HASBHICTIO BMIHHS JIOCATATH TOTPI-
OHOI'O pe3yJIbTaTy siK 3a 3aJlaHUM 3Pa3KOM, TaK i IIPU CTBOPEHHI i MOCJ/IiJOBHOMY
BTIJIEHH] BJIACHOTO 3a/{yMy, TOOTO HOCATH PENPOLyKTUBHO-TIPOYKTUBHIIT Xapar-
KTep, NP OMY (POPMYIOTHCS SMIHHA.

Texkcru 710 tabopaTopHux podIT CKIIAJAIOTHCS 13 3aBaHb, SKi PO3NINPIOIOTH
MOXKJIMBOCTI BUUTEJsI B IIPOIEC] BUKJ/IAJAHHS JUCHUILIIHE, POOJISATH HOro OiIbII
3MICTOBHUM SIK T€OPETHIHO, TaK i mpakTudHo. OcobmBol yBaru nmorpedyoTh 3a-
Jladi, Kl peasisyioThb MeToJ/ MpoeKTiB. [le 3aja4di 31 cTBopenns 6a3 Janux, ese-
KTPOHHOI ra3eTu, MocTepa, aHAJITHIHAX TeMATHIHUX TaO/IUIlh, MpPe3eHTalliil Ta
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inmi. CyvacHa MeTOuKa BUKJIAJAHHS sIK IIKLJIBHOI, TaK 1 By3iBCbKOI iH(OpMa-
TUKNI aKTHUBHO BIIPOBA/XKYE JI0 HaBYAJBLHOI'O IIPOIECY METOJI IPOEKTIB, MOIINpe-
HHSI $IKOT'O TIOSICHIOETHCS MOYKJIMBICTIO IMITYBaTH JUsJIbHICTD, IO peabHO PO3-
BEPTAEThCsI B TO3aHaBIAIbHOMY »KUTTI [4]. [IpoexTHuii MeTo posKpuBae TBOpUi
MOXKJIMBOCTI, Ii3HaBaJbHI 3/10HOCTI, BpaxoBye iHTepecu yduHs. AJie BIIPOBaIzKe-
HHS J@HOTO METO/IYy JI0 KJIACHO-YPOUHOI CUCTEMH — He HaMIpoCTillle MeTOIMYHe
zaBjianHs. [loTpibHe BpaxyBaHHs 1HIUBIIyaJIbHUX 0COOJIMBOCTEHl yUHIB, iX PiBEHb
BOJIOJIHHS KOMII FOTEPOM, MOKJIMBOCTEH aHAJIITUYIHOI il Mi3HABAIBHOL JIisIbHOCTI,
YMIiHHSI CAMOCTIITHO KOHCTPYIOBATHU CBOI 3HAHHSA, OPIEHTYBATHC B iH(MOPMAIITHO-
My 1pocTopi Toiro. [Ipobiemoro € opraHizalliss BUKOHaHHs IIUX IPOeKTiB. IIpoekTn
OTPEOYIOTH OLJIBIIOro Yacy, HizK YPOK, 3aCTOCYBAHHS I'PYIIOBOI (pOpMI HABYAHHS,
a 11e MOEeHAHO 3 YMIHHAM YUUTe s OpPraHizyBaTu TaKuil mporec 3 ypaxyBaHHAM
JIOCTYITY JIO KOMIT FoTepa KOXKHOIO ydacHuKa MmpoekTy. Came Ha pO3B’d3aHHs IIX
HaBYAJIbHUX 1 METOJMYHUX 3aJiad 1 IMOBUHHI OyTH CIPSIMOBaHI po3po0JieHi Jrabo-
paTopHi POOOTH JIJIT CTYJIEHTIB Y MexKaxX MPaKTUKYMY, 10 PO3IJIsIA€ThCS.

OcranniM, ajie He MEHIIT BayKJIMBUM €TAIIOM JIa00paTOpHOI pobOTH € 1T IiIcy M-
KOBWIT eTal, Ha SKOMY CTYJIEHTY MOTPIOHO OCMUC/IUTH 3MICT BUBYEHOI'O MaTepiaTy
it TeXHOJIOTI0 flOT0 OllpallfoBaHHs, CIIBCTAaBUTH OTPUMAaHI pPe3yJbTaTu 3 O4lKyBa-
HUMHI, 3POOUTU BUCHOBKH. AJie 1€ TIJIbKIM OCMUC/IEHHSI CITOCODIB 1 IpuitoMiB podboTH
31 3MICTOM HaBYAJIbHOTO MaTepiasy (pediiexcist 3micty). Baxinsum € it inime mu-
TaHHSI — aHaJIi3 BJIACHOI JIIA/IbHOCTI MaiiOyTHBOIO TIeJlarora, OCMUCIEHHs CIIOCO0IB
1 npuitoMiB poboTH 3 HABYAJIBLHUM MaTepiaJioM, MOITYK HaiOLIbIT palioHaIbHIX
ILISIXIB JIOCSTHEHHST pe3ysibraTis (pediiexcist aistibHocTi). OKpecieni moioKeHHs
MaIOTh OYTH TOKJIaJIeHi B OCHOBY 3BITY JI0 JJADOPATOPHOI POOOTH. ¥ METOMIHITX
BKa3iBKaX i3 IbOI'0 PO3JILJIY CJIij] BKa3aTu HEOOXiJHY (GOpMY IpeJICTaBJICHHS pe-
3yJIbTATIB.

[Tpu omiHIOBaHHI 1IHOTO 3BITY BUKJIAJIad BPAXOBYE:
e 00CsI BUKOHAHOIO MaTepiajly i IOC/IiJIOBHICTh BUKOHAHHS HEOOXITHUX JIOCJIi-
JIiB: PO3POOKY MOJIeJIi, aJrOPpUTMY, KOMIT IOTEPHOI TTPOTPaMI;
e BuOIp MporpamMHOro 3abe3revenns Ta HOTO CIPAMYBAHHS Ha MPOBEJIEHHS J10-
CJIJI7KEHD;
® CAMOCTIMHICTD 1 SIKICTh BUKOHAHHS POOOTH;
® JIOTIKY OIIMCY CIOCTeperKeHb 1 SIKICTh BUCHOBKIB JI0 HUX.

[IpaBubHICTD 1 OXaitHicTh 0OOPMJIEHHST PE3YJILTATIB Y 3BITi:
® CIIiBCTaBJIEHHS OTPUMAHUX Pe3YJIbTATIB 3 OYIKYBAHUMU;
® OIIIHKY BayKJIMBOCTI TeMHU BIJIHOCHO 3MICTY HaB4YaJIbHOI JIUCIUILIIH;
e T1epei0avYeHHd MOXK/IUBUX YTPY/IHEHb POOOTH YUIHIB B OCBOEHHI JIOCIIZKYBaHO-
ro MaTepiaJy;
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® MEeTOJIMYHI peKOMeH iallil 3 peaJizallil B HaBYaJILHOMY IPOTECi PO3B’ A3yBaHHA
3allPOIIOHOBAHUX 3a/1a4;
e JIOTPUMAaHHY TEXHIKN Oe3IeKN IIij] 9ac podOTH Ha KOMII FOTepi.

BucaoBknu

Crpobu peaJtizaliil ommcaHoOro MijXo/Ly JI0 opraHizaliii J1abopaTopHOro Ipa-
KTUKyMy 31 «IIIKigbHoro Kypcy iHpOpMATHKI Ta METOIUKH 11 HABUAHHSI» AN
HaM 3MOI'y 3HAYHO IiJBUIINTH POJIb Ii€l (hopMU HaBUYaHHSI Ta MOTHUBYBATH CTY-
JIEHTIB JIO BUBYEHHS K 3MICTY MKLILHOTO KypCy iH(POPMATUKU, TaK 1 3aCBOEHHS
OCHOBHUX IIOJIO?KEHb METOJIMKU 11 HABYaHHS.

3azHaueHa TeMaTHKa [MOBUHHA OTPUMATH MPOJIOBXKEHHS SIK B MOJIAJIBIINX JI0-
CTJIZKEHHSIX aBTOPa, TaK 1 MIBUIINTH HAYKOBUIl iHTEpec CTY/IeHTIB JI0 i€l TpodJie-
MU B ITPOIEC] HAITMCAHHS KYPCOBUX 1 JUTJIOMHUX poOiT. [le gacThb 3MOry JOMOITHCS
HOIIMPEHHST BaplaTUBHOCTI 3aBJ/laHb JIO0 J1aDOPATOPHUX POOIT, TX CTPYKTYpHU3allil,
yHidiKallil Ha pi3HUX (aKyJabTeTax i CHEeiaIbHOCTIX.
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A.T. Amepos, ["'I1. Camko // YupapjiHHs SIKICTIO IeJArOridaHol OCBITH:
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SACTOCYBAHHA METO/Y ITPOEKTIB ¥V BUKJIAJIAHHI
IIKIJIbBHOI'O KYPCY IH®OPMATUKU TA METOAUKMN II
HABYAHHZA

Y crTarTi BUCBIT/IEHI OCOOJMBOCTI 3aCTOCYBaHHs METOJY IPOEKTIB Y BHUKJJIAHHI IIKIJIHHOIO
Kypcy iHGOPMATUKN Ta METOJWKH 11 HaBYaHHs. BU3HAYEHO TEeMATUKY MPOEKTIB 3 JIUCITAILII-
HU, PO3IJIAHYTI eTamny poOOTH HaJl IIPOEKTOM, OOI'DyHTOBaHA BayKJIMBICTH (DOPMYBaHHS BMIiHHSI
KOPUCTYBATHUCS METOJOM IIPOEKTIB JIJIsi CTYIEHTIB.

KurodoBi cioBa: memod npoexmis, wrisbHutl Kype ihhopmamuk, Memooura HasuaHHA.

Beryn

OcranniM yacoM Bee OiIbIIe yBar HPUIiIsi€ThCst IIPOodIeMi BKIIFOUEHHS B OCBi-
THI IIPOIleC HOBUX METOJIB HaBYaHH:, 110 BUMAalralOTh dKICHO 1HIIOI I1JINOTOB-
K1 MaiioyTHIX haxiBIiB, 30KpeMa, BUNTEJIIB iHPOPMATUKN, OCHOBHIM 3aBJIAHHSIM
SIKIX € TJIrOTOBKA MOJIOJIOTO ITOKOJIIHHS JI0 YKUTTEIis1JIbHOCTI B iH(popMAaIliitHOMY
CYCIIILCTBI. YMIHHA MaflOyTHIX BUNTEIIB TBOPYO 1 KPUTUIHO OCMUCTIOBATH HOBI
MEeTO/IH, 3alIPOIIOHOBAHI JIJIsl peaJsii3allll B IIKOJI1, IX KOMIIETEHTHICTh Y BU3HAUEHHI
HaMOL/IBIT IePCIeKTUBHUX 3 HUX, IX BJIACHA IIO3HUIlisl OAaraTo B YOMYy BHU3HAYAIOTH
CTaH Cy4aCHOI'0 OCBITHBOT'O IIPOCTOPY.

OHuM i3 iHCTPYMEHTIB BupilIeHHs 1€l MpoOJieMu € BUKOPUCTAHHS MeTO-
ny npoekTiB. [leit meroy OyB 3amouarkoBanuii y 20-Ti poKH MUHYJIOTO CTOJIT-
1 B CIIA [I>x. [pioi Ta itoro yunem B.X.Kinmarpikom. Bukopucramsst mpoe-
KTHOI JIisJIbHOCTI y cdepl HaBYaHHA OCOOJMBO aKTHUBIZYyBaJIOCsd B APYTiil MOJIO-
Buni 1990-x pp. ¥V cydacHiil megarorivniil jJiTeparypi HArOJOMYETHC, 10 BUKO-
pUCTaHHSA METO/y IPOEKTIB 3HAYHOIO MIPOIO JIO3BOJISIE 3HATH CKJAIHOII ITOE-
HaHHSI TEOpil 3 MPaKTUKOI. 3MICTOBI acleKTH METOJly NPOEKTIB 3HaMIIIN Bij-
obpazkennst B npansix [.Bamenka, B.I'yzeeBa, €. Karaposa, H. Matsm, H.Mop3ze,
T.Hogsikosoi, H.Ilaxomopoi, O.Ilerpopa, €.Ilonar, H.ITonixyn, B.Cimonenka,
[.Heuesb, B.IITamnipo ta in. ¥ nenTpi yBaru Haykosiis JI.2Kepebuyk, O.30cuMeHKoO,
B. JIytkoscbkoro, C.Omenbsinernko, O.@yHTIKOBOI Ta iH. Oy 1IpodIeMu BUKOPH-
CTaHHs METO/Iy IPOEKTIB Y HaBYaJIbHIl JISJIbHOCTI CTY/I€HTIB BUIINX HaBYaJJIbHUX
3aKJ1a/11B.
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OcHOBHA 4YacCTHUHA

MeToa mpoeKTiB BU3HAYAIOTH K CYKYIHICTb HaBYAJLHO-TI3HABAJILHUX ITPHU-
flomiB, 1110 JIO3BOJIAIOTH BUPIMIATU TY YU 1HIITY MPOOJIEMY B IPOIECI CAaMOCTITHIX
JIiiT 3 00OB’SIBKOBOIO IIPE3EHTAIIIEI0 Pe3yJ/IbTaTiB cBOEl podoTn. B ocHOBI MeToy
IIPOEKTIB JIEZKUTHh PO3BUTOK KPUTUIHOI'O MUCJEHHS CTYJIEHTIB, BMIHHA CaMOCTIii-
HO KOHCTPYIOBATU CBOI 3HAHHSI, OPIEHTYBATUCS B iH(OPMAIIiiHOMY IIPpOCTOPi, aHa-
JigyBaTi orpuMany indopmariio [1].

Hapuanng 3 BUKOpuCTaHHAM METOJTY MTPOEKTIB 3a0X0UYE€ 1 IT1JICUJIIOE JiliCHe Ha~
BUYAHHs YUHIB, CTYJIEHTIB Uepe3 Te, 110 BOHO €: 0COOUCTICHO-OPIEHTOBAHUM, BIKO-
PUCTOBYE 03111 JIMAAKTUIHNAX I1JIX0/IB — HABYAHHSI B CIIpaBi, He3AJICXKHI 3aHATT,
CHIJIbHE HaBYaHHs, «MO3KOBUII IITYPM», POJIbOBa I'pa, €BPUCTHYHE 1 ITpobJieMHe
HaBYAHHA, JUCKYCisd, KOMaHIHA JIisJIbHICTD, € CAMOBMOTUBOBAHUM, TOOTO 3POCTAE
iHTepec 1 3aJIyUeHicTh 10 poOOTH B Mipy 11 BUKOHAHHSI; JI03BOJISIE BUMTUCS Ha BJla-
CHOMY JIOCBLJII 1 JIOCBIJI1 IHIIIUX Y KOHKPETHI clipaBl; IPUHOCUTH 3a/10BOJIEHHS Bi/I
IPOJLYKTY BJIACHOT JiislIbHOCTI [2].

HeBuna koBo MeTOJI IPOEKTIB BBayKAEThCsI ONTUMAJIBLHIM 3aCO00M peaJrizallil
JsIJIBHICHOTO IXO/Y JI0 POgeCiiiHOl HiArOTOBKH TIearoriB, 110 J03BOJIsA€ TM He
Ha CJI0BaX HABUYUTUCS 3aCTOCOBYBATU 3HAHHS 1 YMIHHS, OTPUMAaHI 1] Yac BUBYEHHI
PI3HUX HaBYAJbHUX JUCHUILIIH HA PI3HUX eTallax HaBYaHHH, 1 IHTEIpyBaTU 1X B
mpoiieci podboTH HaJl IPOEKTOM 3 METOJMKN HaBYaHHs iHPOPMATHKY.

MeTo/ TpoeKTIB MOYKe 3aCTOCOBYBATHUCA B MeXKaxX BUBUEHHSA OKPEMUX JTUCITH-
TN, HaffgyacTie B CHHTE3] 3 IHIITMMI MeTOJIaMU HaBYaHHSA Ta popMaMi OpraHi-
3allil HaBYaJIbLHOTO Ipolecy. BUBYeHHs JUIaKTUUHIX MOXKJIMBOCTEH METO/a IIpo-
eKTiB II0Ka3aJ10, 10 0ro BUKOPUCTAHHS JO3BOJISIE HiABUIUTH e(PEeKTUBHICTb Ha-
BYaHHs PI3HUM aclieKTaM HOBUX iH(opMalliitHuX TexHoJoriit. Hapuanns indop-
MaTUKH € BayKJMBOIO JIAHKOIO iH(OpMaTU3allil OCBITH. YCIINIHICTH MPOIeCy iH-
dopmaTuzalil MKIiJILHOI OCBITH CIHUPAETHhCA Ha J00pe IMOCTaBJIeHe BUKJIA AaHHS
indopmaruku. Ake, HaifgacTiine, MOJIOII BUNTE, IOUYNHAIOUN CBIiii mpodeciii-
HUN TJITX, OPIEHTYIOTHCA Ha CTAJIMi MEHTAJIITET, TPpaJuliitHuil miaxig 10 pobo-
T cTapIux KoJjer. TaknmMm 9YuHOM, O3HadeHe BUMarae mepeopienTallil miaroToBKu
MafiOyTHIX y4YUTe/iB Ha OBOJIOJIIHHS CYYaCHUMHU TEXHOJIOIISIMU 3 ypaxyBaHHsIM
HOBUX II1JIXOJIIB.

AnaJiiz cucreMu HiJArOTOBKU BYHUTE/IB 1HGOPMATHKU 3aCBiAYUB, 10 OJIHIEIO
3 HafiBakKJIMBIIINX € HaBuYajbHa aucnuiniiHa «IkimbHuit Kype iHpopMaTuKu Ta
MeTO/InKa 11 HaBuaHHsd». [Iporec BIpoBazKeHHs MeTO/y MPOEKTIB Y BUKJ/IaIaH-
Hs 1OTpedye BU3HAUEHHs 3MICTy KypCy 3 ypaxyBaHHSM BUKOPUCTAHHS METOLY
MIPOEKTIB y HaBYAHHI, BUBHAYEHHS TPUHIINIIB CTBOPEHHS ITPOEKTIB, PO3POOKN Me-
TOJNKN BUKOPHUCTAHHS METOIY HPOEKTIB y HaBYaHHI cTyaeHnTiB. MeTo mpoekTiB
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y TJTOTOBIN CTYJEHTIB JI0 MaiiOyTHBOI MpodeciitHol JiSILHOCTI € CaMOCTIHHOTO
JIUSJIBHICTIO CTYJIEHTIB, siKa 3J1HCHIOEThCA I11J] THYYKUM KEepPIBHUIITBOM BUKJIa 1a-
4ya Ta CIPsIMOBAHA Ha, BUPIMIEHHs JIOC/IHUIBKOIO 3aBjaHHss abo 1podseMu, Ha
OTpUMaHHs pe3y/abTaTiB cBoel podoTn. I1i1 vac BuBuenns pucruiiinm «[HIkiasHmit
Kypc indopMaTuKa Ta MeTOINKa 11 HaBYaHHs» MIJCYyMKOM pOOOTH MOYXKe OYTH AK
i1ea/IbHIIL IIPOJIYKT: 3p0o0JIeHIil Ha OCHOBI BUBUYEHHsI iH(DOPMAaIIil BUCHOBOK, ¢op-
MOBaHI 3HaHHdA, TaK 1 MaTepiajabnuii npoaykT: WEB-caiit, crienapiit mpoBejieHus
3aX0/ly, MapHIpyT HaBYAJILHOI €KCKYPCil, METOMMIHUN MMOCIOHUK, METOIUYIHI BKa-
31BKH, 30ipKa METOMIHUX MaTepiaiiB, y3araJbHEeHHs TePe0BOTO e aroriqHoro
JIOCBIJy, IIporpaMa HaBYaHHsI, HaBUYAJbHUII IIJIaH, JIOBIIHUK, JOIOBiAb, ajabOOM,
razera TOIMIO.

MeTo1 TPOEKTIB € KOMIIJIEKCHUM METOJIOM, sIKWil J03BOJIA€ OYyBaTU MIPOIEC
HaBYAHHS CIIUPAIOYNCH Ha IHTEpecH CTYACHTIB 1 HaJlae iM OLbIry ¢BOOOILY B CBOIX
nigx. MeTo IpoeKTiB, KpUTUIHO IIepepod/IeHnil 1 aJalTOBaHIil 1111 BIK./1a,aHHsI
JICIIATITIHYT, 3MOKe 3a0e311eYUTH PO3BUTOK TBOPYOI IHIIIATHBU 1 CAMOCTIITHOCTI
CTYJEHTIB y HaBYAJIbHIl JISJIbHOCTI, JOIOMOXKE 3HANTH CIIOCOOU, IIISIXU PO3BU-
TKY CaMOCTIHOI'O MUCJIEHHS, JACTh MOYKJIMBICTH CTYJAEHTaM He IIPOCTO 3alam’s-
TOBYBaTHU 1 BIITBOPIOBATU 3HAHHS, sIKI BOHU OTPUMYIOTH Y BUIIIOMY HaBYaJbHOMY
3aKIa/li, a i jjornomoxke copMyBaTH BMIHHS 3aCTOCOBYBATH Il 3HAHHS Ha Ipa-
KTUIII.

Ha ocHoBi anaJjiizy mporpaMu JUCIHUILIIHA OYJI0 BU3HAUEHO OPIEHTOBHY TeMa-
TuKy 1poekTiB («IHdopmariisy, «Cydacuuit Bunre/ib iHGOPMATHKI: KM BiH Mae
oytu?», «Irposi MeTou y BUKJIalanHl iHgopmaTukny, «Hapuanns indopmaruku
y npodinbHiil mKkosiy, «lHauBigyasbHmil TpakTUKyM 3 iH(GOpMATHKI» Ta iH.).
[Ti gyac BuOOpy TeMU MPOEKTY CJiJI BPaxXoByBaTH TaKi acCIeKTH sK: PO3yMOBI,
MICUXOJIOTTIHI MOXKJITUBOCTI CTYJIEHTIB, X 1HIUBITya bHI 0COOJMBOCTI, HABYAIHLHO-
MaTepiaJibHy 0a3y, MiXKIIPEJIMETHI 3B’ I3KH, 3a/yUeHHs 3HAHDb 13 PI3HUX Trasiy3eii,
1podeciiiHO-OpiEHTOBaHY BarKJIMUBICTH ITPOEKTY TOIIO.

B ocBiTHROMY IIPOCTOPI IPOEKTHA JIISIbHICTL HE € CaMOIILJLIIO, BOHA 3aBXKIN
1 IITOPsIIKOBaHa, IIeIarOTTIHUM IIiJIsIM 1 BHCTYIIA€ sSIK 3acid IX JOCSITHEHHsSI, TOOTO
iije HaBuaHHs Jiiero 1y Jil. Pobora Haj mpoekTamu IIiJi Yac BUBYEHHS JIUCIU-
wiinn «IIkigbHui Kype iHGOpMaTUKKI Ta MeTOJuKa 11 HaBYaHHS» BiJ0OyBa€ThCs
3 JIOTPUMAHHSAM eTalliB, Kl MepeBaXKHO BUOKPEMJIIOIOTH Y MeTOJIMYHIN JiTepa-
Typl — HONIIYKOBHUIi, fIOT0 11le HAa3UBAIOTH IOIEPE/HIM, CTAPTOBUM, TOYATKOBUM
(BimOyBarOTHCsT POOOTH 3 BU3HAYEHHST TEMHU IIPOEKTY, MOIIYK Ta aHAJI3 MpobJIeMHn,
BICYBaHHSI TI0TE3U, TOCTAHOBKA TIi/1i, 0OrOBOPEHHST METOJIIB JIOCIII2KEHHS ), aHa-
JmTraHni (aHasi3 BXigHol indopMalriii, Moy K ONTHMAIBEHOTO CIIOCO0Y JTOCATHEHHST
LI TPOEKTY, MOOYI0Ba AJITOPUTMY JHiSLIBHOCTI, TIOKPOKOBE ILJIAHYBaHHS POOOTH ),
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npakTHIHU (peasiizallis IpoeKkTy), npeseHTaliiiauii (0bopMIIeHHST pe3yIbTaTiB,
IiJIPOTOBKA Ta MPOBEJICHHS [TPE3EHTAIIT, 3aXUCT 1 OIiHKA TPOEKTY ), KOHTPOJIbHHI
(aHaJti3 pe3yabTaTiB, KOPUTYBaHHS, OIiHKa stKocTi TpoekTy) [3|. Koxken yuacHuk
IIPOEKTY, 3aJIe?KHO BiJl CBOIX CHJIBHUX CTOPiH, aKTUBHO BKJIIOUAETHCS B POOOTY HA
nesHoMy etari. [1in qac poboTn Ha i TPOEKTOM MOXKYTh ICHYBaTH JeKiIbKa Bapi-
AHTIB PO3IOJLIY BUJIIB JisSIJIBHOCTI ycepeanHi pododol Ipymu. ¥ IiJAroTOBII Maii-
OyTHIX BUUTEIB iH(MOPMATHKI MOXKJ/IMBA peasiizallisl pisHIX BUJIB TPOEKTIB (J10-
CJHUIBKIX, 1HGOPMAIIHHIX, TBOPUINX, POJBOBHUX, T€JIEKOMYHIKAIIHHIX TOIIO),
aJie HaltdyacTillle BAKOPUCTOBYIOThCS 3MIIIAH] TUIIM ITPOEKTIB Y IKUX, HAIPUKJIAJ,
OJIHOYACHO € O3HAKHU JIOCJIIHUIIBKOIO 1 TBOPUOro, abo 03HAOMYO-OPIEHTOBAH] i
JTOCJIL THUITHKOTIO.

Bucaosknu

st cTynenTiB HaJA3BUYallHO BaKJIMBUM € OIaHyBaHHS METOJIOM ITPOEKTIB,
OCKLJIBKH TI€ BIJIKPUBAE HOBI MOXKJUBOCTI JIJIA YCIIITHOTO MMOYATKY TPOoeciitiol
JIISLIBHOCT1, PO3BUTKY CAMOCTIIIHOCT1, KDEATUBHOCTI, 1HTEJIEKTYa/IbHUX, BOJILOBUX
dKOCTe. YMIHHS KOPUCTYBATUCI METOJOM IPOEKTIB — MOKA3HMK BUCOKOI KBaJli-
dikarii Bukaagada [4, c. 67|. [IporkuBatodu B crieniaJbHO OpraHi3oBaHiil ocBiTHiil
CUTYAIIil, CTYJIEHT BIITBOPIOE 3pa3Ku MPOMeciiitioro KUTTd 1 JiAJIbHOCTI, TUM Ca-
MUM PO3BUBAIOYN CBiil BHYTPIIIHIH ¢BIT, HAOyBalOUn 1 BIIOCKOHAIIOIOYN IIPodeciii-
H1 KOMIIEeTEHIT1].

Jlitepatypa

[1] Intel O6yuenne mas OGyaymmero. — K. : Usnarenscrso «Hopa-tipunaTts, 2006.

12| I'ysees B.B. «MeToj IpoeKToB» KaK YaCTHBIN cjlydail MHTerpajibHOil TeXHO-
soruu obyuenus: /B.B. T'yzees // Hupekrop mikosbr. — 1995. — Ne 6. — C. 24
- 32.

|3] Mopse H.B. Metos HaB9aibHIX POEKTIB. Pexkum pocryry:
http://osvita.ua/school/theory/984/.

[4] Tlosar E.C. Hobie nemarornteckue n nnhopMannoHHble TEXHOJIOIHH B CH-
creme obpazoBaHus : [yued. ocod. JJIsd CTY/I. Me/l. BY30B U CHCTEMbI MOBBIITe-
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OCOBJINBOCTI BUKJIAJTAHHA THOOPMATUKWU JJIA
CTYIEHTIB I'VMAHITAPHIX CIIEIIAJILHOCTEN

VY cTaTTi PO3IJIAHYTI MNTaHHS, ITOB sI3aHi 3 0COOJIMBOCTSIMH MIITOTOBKH CTY/IEHTIB I'YMaHITAPHIX
CIEIIaJbHOCTENH JI0 BUKOPUCTaHHs 3aC00iB cydacHUX iH(MOPMAIINHUX TEXHOJIOTIH y MaiOyTHii
rpodeciituiit Jiis/IbHOCTI.

KurodoBi cjioBa: ingopmamura, Komn romep, cyuachi tHPopmayiting mexrnonozii, ingop-
MAMU3AYLA 0CEIMU, THHOPMAYITHA KYALMYDA.

Beryn

Y cydacHomy CYCHIbCTBI BiJIOyBaeTbcsd iHdopMaTnsalisa ycix cdep misdib-
HOCTI JitojuHn. BindyBaeThcss Tako:K aKTHBHE BIIPOBaJIXKEHHSI 3aCO0IB CydYacHUX
indopmariitnnx texnosoriit B ocsity. Jlo noyarky XXI cToiTTs BUKIaaHHsd iH-
dopMaTHKH y IIKOJI B OCHOBHOMY OOMEXKYBAJIOCH OJHUM HaBUYAJIBHUM IIPeaMe-
TOM, 1 HABUYKaAMU pOOOTH 3 KOMII'IOTEPOM IIOBUHEH OyB BOJIOJITH TiIBKU BUUTEIb
iHpopMaTHKM.

Y HUHINIHINT 9ac BIIOYBAETHC MINPOKE BIIPOBAJIKEHH KOMIT IOTEPHOI TeXHi-
KU Y HaBYaJIbHUII IIPOIEC, CTBOPIOEThCsI BCe OlIbIle €JIeKTPOHHUX IiJIPYIHHUKIB,
eJIEKTPOHHUX IOCIOHMKIB Ta, IMAAKTUIHUX MaTepiasiiB Jijisi BUBYEHHs PI3HUX IIpe-
aveTis [1]. Y mogaibinoMy BYUTe b, He Mr0TOBIeHHIl 10 POOOTH 3 KOMIT I0TEPOM
Ta HPOrpaMHUMU 3acobaMu, IPAKTUUHO He 3MOXKe BUKOHYBATH CBOI Hpodeciiini
000B’SI3KM.

B cwiy HaBejaeHUX NMPUYMH, Y BUINIAX I1€arOTiYHUX HABYAJIBHUX 3aKJIaJ1aX
CTYJIEHTHU I'YMAHITAPHUX CIeliaJbHOCTell BUBYAIOTh HUCIUILIIHN «[HpopMaTiKa i
T3H», «CyuacHi indopmaliiiiHi TeXHOIOrIT».

OcHoBHa MeTa BUKJIQJ@QHHS X JUCIUILIIH — HABYUTU CTYJACHTIB I'yMaHiTap-
HUX CIIeIiaJbHOCTE!l BUKOPUCTOBYBATHU 3aco0M iH(MOPMATHKU 1 00YUCTIOBAJILHOL
TEeXHIKH, BIJIOBIIHE MMporpaMue 3ade31edeH s JIJisi PO3B’ A3aHHs MPAKTUIHUX 3a-
Jlad y BIAMOBIAHIN NpeaMeTHINH rajysi, a TakoxK (opMmyBaHHsI 1HMOOPMAIIITHOrO
cBiTOIVISIY CTY/IEHTIB |2, 3.

© Osuaposa O.1., 2013
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OcHOBHA 4YacCTHUHA

Bukiaianust iHpopMaTuKy Ha IyMaHiTapHIX (PaKy/abTeTax Ma€ CBOI 0C00.In-
BocTi. OJIHIEI0 3 HUX € HE JIOCTaTHbO BUCOKMIT piBEHD MIK1JIHHOT i ITOTOBKH CTY/ICH-
TiB, TOMY OCHOBHUM 3aBJIaHHSIM KypcCy 1H(MOPMATUKH JIJI CTYJIEHTIB I'yMaHIiTap-
HUX CIIeliaJbHOCTEl € BUPIBHIOBAHHS 3HaHb, HAOYTHX Y MeXKaX CepeHbOl OCBITH,
iJIBUIIEHHST PiBHSI iH(OPMAIIiiHOT KyJIbTypU CTYJIEHTIB, HiJIrOTOBKA JO BUKOPU-
CTaHHs 3aco0iB cydYacHUX 1H(OPMAIIHUX TEXHOJIOTi{l y HaBYaHHI Ta MalOyTHI
npocpeciiiniit misibHOCTI [4].

Y 3B’s13Ky 3 TUM, IO JiJIsi BUBYeHHsI iIH(DOPMATUKU Ha T'YMaHITapHUX (DaKy/ib-
TeTaxX BIJIBOJIMTHCI HeEBeJIUKa KLIBKICTh T'OJINH, BUBYEHHS M€l JUCIUILIIHU CTY-
JIGHTaMU I'yMaHITapHUX CIIeliaJibHOCTel 0OMEXKY€eThbCsl BUBYEHHSAM OCHOB POOOTHU
3 KOMII'IOT€POM, HaBUUIKAMU B3a€MO/IIl 3 OIePaIiiiHOI0 CUCTEMOIO, & TAKOXK HABU-
YKaM#i POOOTHU 3 HAMOILIBIII IIOMNPEHUME IIPUKJIQIHUME IporpaMamMu. [Ipudomy, y
IpoIIeci MiIrOTOBKN MaiiOyTHHOI'O BUNTEI HEOOX1IHO BPaxXoByBaTH Ti 0OCTABUHU,
[0 amaparTHe 1 IporpamMHe 3a0e3IlevueHHsI HIBUJIKO BJIOCKOHAJIOETHCs, 3’ SIBJISIIO-
ThCs HOBI IporpaMHi 3acodu, siki HeoOxXijHO Oyie 3acTocoByBaTH Yy IpodeciiiHiii
JIAIbHOCTI. TOMY BaKJIMBO HABUUTH CTYJIEHTIB He TLILKN MPaIioBATH 3 BUIIE Ha-
3BAHUMU IIpOrpaMaMi, aJje i HABYUTH 1X CAMOCTIIIHO IIPaIfoBaTU 3 HaBYAJIbLHIMUI
MOCIOHUKAMU, OITaHOBYBaTH POOOTY 3 HOBUMU IPOTPAMHIMEI 3aCO0aMMU.

Ocob/iuBicTb BUKJIaJaHHA 1HPOPMATUKI Ha I'yMaHITapHUX (DaKy/JIbTeTax 3y-
MOBJIEHA IIle f TUM, IO If0 JUCIUILIIHY Tpeba aJalTyBaTH JI0 HaBYaHHI
cTyleHTiB-ryMaHiTapiiB. 3mict Kypey «Iudopmaruka i T3H» noBunen BpaxoBy-
BaTu crienudiky Toro ¢gaky/jabreTy, Ha SKOMY foro BUBYalOTh. fIK NpaBmiio, me-
peBaykHa OlJIbIICTb CTYJAEHTIB I'YMaHITAPHUX CIIEIiaJIbHOCTENl He OpIEHTOBaHA HA
BUBYEHHS TOYHUX HAyK. YCIIITHE 3aCBOEHHT HUMHU BMIHb 1 HABUYOK POOOTH 3
iHpOpMaIITHIMI TEXHOJIOTIAMI MOXK/IUBE JIUIIE TP YCBIIOMJIEHHI HEOOXITHOCTI
olaHyBaHHsI IuMK BMiHHsAME. OpieHTallist Ha MaiioyTHIO IIpodeciiiny AisiIbHICTD,
110Ka3 HeoOX1IHOCTI BUKOPUCTAHHS HOBUX 1H(MOPMAIIHIX TeXHOJIOTI IIPU PO3B’si-
3aHHI KOHKPETHUX 3a/a4, 0B dA3aHUX 3 II€I0 JIisAJIbHICTIO, (POPMYIOTH MO3UTUBHY
MOTHBAIIIIO CTYJIEHTIB 10 BUBUYeHHS iHMopMaruku. HeobxinHo, mo0 HaBYabLHMIT
MarepiaJ, 3aBJIaHHs /s J1abOpaTOPHUX POOIT, CAMOCTIHHOT pobOTH TKOMOTa, OiJIb-
e OyJIu OB’ s3aHi 31 cleriaJiizaliieo cTyaenTiB. Hanpukiia i, nmpu BUBUYEHHI TEKC-
TOBOI'O PEJIAKTOPY HEeOOXITHO 3BEPHYTH yBary Ha TakKi HOTO MOYKJIMBOCTI SAK Iie-
peBipKa rpamaTukiu, opdorpadii, 3alporoHyBaT BUKOHATH 3aB/IaHHs 3 TBOPUNM
ryMaHiTapHIM clpsgMyBaHHsIM. Ha j1abopaTopHIX 3aHATTAX TAKOXK MOZKHA 3aI1PO-
MOHYBAaTH CTYy/AeHTaM CTBOPUTH IIpe3eHTallil /i BUKOPUCTAHHS Ha yPOKaxX MOBH,
JuTepaTypu 1 T. ]I.
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Ha nexmifinux Ta JtabopaTopHUX 3aHATTAX HEOOXITHO BPaxXOBYBATH OCOOJIM-
BOCTI CIpUIIMAHHS CTYJIeHTaMU-TyYMaHITapisiMi TeXHIYHUX 3HaHb, KOMII IOTE€PHOI
TepMiHOJIOTII. [I715 TOKpaIlieHHs cipuitMalHs Ta 3aCBOEHHS CTY/IeHTAMI HaBYa b
HOT iH(OpMaIIil ITi1 Jac JIeKIiii MOyKHa 3aCTOCOBYBaTH MYJILTUMEIIITHY anapaTypy
Ta 1HI TeXHIYHI 3aco0M HaBYaHHsd. TakoxK HeoOXiTHO OL/IbIe yBaru MpUIiaaTi
iHUBIIya bHIT pobOTI 31 cTyaeHTaMU. AHAIZYIOUYHN JOCBIl BUKJIaJaHHsT iHMOP-
MATHUKN MOYKHA 3ayBayKUTH, 1110 HAMOL/IbIIIe TPYJIHOIIIB y CTYACHTIB I'YMaHITApHUX
creriajbHOCTell BUHUKAE TIPU BUBYEHHI TeM, IIOB’3aHUX 3 alapaTHIM 3abe31ede-
HHSIM, & TaKOXK [P POOOTI 3 eJIeKTPOHHUME TaOIUIAMEI, BUKOHAHHI PO3PaxyHKIB,
oOy/10Bi miarpam. Tomy BUBUYEHHS MUX TeM MOTpeOye MPOBEIEHHS 10/IaTKOBIX
KOHCYJIbTaIliil, HaJJaHHs BUKJIa/[adeM JIOIIOMOTIN CTYJ/IeHTaM MPW BUKOHAHHI HUMU
IHIMBITyaIbHIX 3aB/IaHb, CAMOCTIHHOI pOoOOTH.

BucuoBkn

st miiBUIEHHS KOCTI BUKJIQJA@HHSA 1H(MOPMATUKN Ha TyMaHiTapHUX da-
KyJIbTeTax HeoOXiTHO BpaxoByBaTu crenndiky ¢pakyjJbTeTy i OpiEHTYBATUCH Ha
IiINOTOBKY KBaJIi(piIKOBAHOIO KOPHUCTyBada, AKHil BMi€ 'PaMOTHO B3a€MOJIATH 3
KOMII TOTEPOM, 3aCTOCOBYBATH 3aCO0M CydacHUX 1H(MOPMAIIITHIX TeXHOJIOTI y Ha~
BYaHHI, HAYKOBO-JIOCIIHIN poOOTI Ta MaitOyTHIN mpodeciiiniil 1isJIHLHOCTI.

st BUKJIagaHHs iHGOpMaTHKU Ha (ijooriaHoMy, JedeKToaorivHoMy da-
KyJIbTeTax Iir0TOB/IEHO HaBYAIbHO-METONIHUN KOMILIEKC JUCTTUTLTIHT «[H]pop-
Maruka i T3H», Meroanuni nmocioHuKu, npu po3podIll sIKUX Oy BpaxoBaHi 0CO-
OJIMBOCTI BUBYEHHST 1H(OPMATUKU.
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CTBOPEHHS ITH®OPMAIIITHO-OCBITHLOT'O
CEPEJIOBUIIIA IIEJTATOTTYHOI'O BH3

B poboTi po3riistiaroThes IUTaHHS CTBOPEHHS iHMOPMAIiTHO-OCBITHBOI'O CEPEJIOBUIIA TIeIarori-

gnoro BH3y, HaBoisaThCs 11sixu cTBOpeHHs cepeioBuiia. OKpeMmy yBary MpuijieHO CTPYKTYP-

HOMY 3MICTY OCBITHBOI'O CEPEJIOBHINA Ta OCOOJIMBOCTI HOI0 CTBOPEHHS /I MaOyTHIX BUUTEJIIB.
Kmo4oBi cioBa: indopmayiiino-oceimue cepedosuwe, LMS, nideomoska evwumens

Beryn

CTBOpeHHsT Ta HAKOIUYEHHsSI PI3HUX 3aco0iB iH(MOpMaIiiiHO-KOMYHIKaIIHHIX
TEXHOJIOTIH JI/IT HABYAJILHUX 3aKJIaJiB MMOPOJIXKYE LN Psij] MPoOJIeM IeJ1aro-
riunoro xapaxktepy. Ilepmn 3a Bce, i BII3HAYUTH OYEBUJIHY BiJCYTHICTH TKOI-
HeOY/Ib CUCTEMH B PO3POOIT, HAKOIMYEHH] Ta MPaKTHIHOMY BUKOPHCTaHHI pO3pi-
3HEHNX 1HMOPMAIITHIX PecyPCiB MeJIaroriainoro Npu3Hadenusd. Sk mpaBuio, mo;ii-
OHi 3acobM HigK He MOB’si3aHi MizK cO00I0 1 HEBUIIPaBIaHO JTYOIIOI0TH OJIHY 1 Ty K
indopmarito. 3acodu iHdpopMmaTu3alii, siki BUKOPUCTOBYIOThCS B PaMKax OJIHOI'O
HABYAJILHOTO 3aKJIa/Ly, BUMAraloTh MPUHIIUIIOBO PIZHUX METOIUYHUX 1 TE€XHOJIOTI-
YHUX II1JIX0/[1B, HAKJa/[al0Th CYyTTEBlI BUMOI'M Ha 3HAHHS 1 BMIHHS CTYJIEHTIB, II10
HEraTHBHO TTO3HAYAETHCs Ha e(heKTUBHOCTI HABYAJIBLHOTO mpotecy [1].

e oxniero mpobeMoio, OB’ sI3aHOIO 3 XaOTHUYHICTIO PO3POOKU 1 BUKOPUCTAH-
Hsl iHOpPMAaIIiHIX TEXHOJIOT1H Ta pecypciB y HaBYaJIbHOMY 3aK/Ia/li, € IpaKTIIHA
HEMOKJIMBICTb YHIBEpCAJbHOI H1JIFOTOBKY IeJIJarONYHUX KaJIPiB, 3/IaTHUX KOMILIe-
KCHO BHUKODPHUCTOBYBATHU IlepeBaru 3acodiB iHpopMaliitHo-KOMYHIKAIIHHIX TeXHO-
JIOTiit B HaBYaJIbHIN, IT03aHaBYa/IbHII Ta opraHizalliiiHo-11e/1arorianiil JigabHOCTI.

Heobxine o6’enanns B ojiny yHiikoBany cucremy iHMOpMaIiiTHIX Pecyp-
CiB Ta TEXHOJIOTIi, IO BUKOPHUCTOBYIOThCA B YCIX cdepax MisgJbHOCTI BHIIOIO
HaBYaJbHOrO 3akaajy. [lomibna cucrema moBMHHA OYTH JOMOBHEHA 3araJibHU-
MU OJIHOTUIIHUMU METOJOJIOTTYHIMEI BUMOTaMU 1 PEeKOMEHJAIlisiMUA. A TOMy Me-
TOIO JIAHOI CTATTI € PIBHOOIUHMIT PO3IJIs)] TUTaHb, IO MMOB’si3aHi 3 (GOPMYBAHHAM
iHpOPMaIIiTHO-OCBITHBOI'O CEPEJIOBUIIA 11€/Iar0rYHOIO BY3Y.
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OcHoBHa 9acTHHA

Cupobu popmyBaHHsi iHMOPMaIiitHO-OCBITHROI'O CepeIOBUIIA POOJISITHCs B Oa-
raThOX HaBYaJIbHUX 3aKJ/la/lax, [IPOTe, K IIPaBUJIO, BOHU 3BOJISITHCS JI0 BUPIIIIEHH A
TEXHIYHUX MTPOOJIEM B3AEMO3B I3KY OKPEMUX 3ac00iB 1 TEXHOJIOTIH iHpOpMaTn3a-
mii. o mux mip He BupilieHi TUTaHHA yHi(IKAIl 3MicTy 1 METOJIB, IO XapaKTe-
pPUBYIOTH BUKOPUCTAaHHSI 3ac00iB iH(MOpMAaliitHO-KOMYHIKAIIIHUX TeXHOJIOTI.

Ha posb 1moj1ibHOl cucreMn Morke TpeTeHyBaTh iH(MOPMAIiiHO-OCBITHE ce-
peIOBHINE HABYAJLHOI'O 3aKJIaly, 0OyMOBJIeHE B OaraTboxX IyOJKaligxX sSIK CyKY-
IIHICTH KOMII'IOTepHUX 3ac00iB i c11ocobiB 1X (DyHKIIIOHYBaHHSI, siKi BAKOPUCTOBYO-
ThCsI JIJI peasidaliil HaB4aJIbHOI JIistIbHOCTI. Biibin Touno indopMaliiiHo-0CBITHE
CepeJIOBUINEe MOXKHA BU3HAYUTH K 3aCHOBaHE Ha BUKOPUCTAHHI KOMII IOTEPHOI
TEXHIKN IPOrpaMHO-TeJIEKOMYHIKallliiHe cepejpoBulle, 10 Peasli3ye €IUHUMU Te-
XHOJIOTIYHUME 3ac0o0aMi 1 B3a€MOIIOB I3aHUM 3MICTOBHUM HAIIOBHEHHSAM SKiCHE
indopmariiitne 3abe31eueHHs CTY/JEHTIB, BUKJ/Ia/IadiB, aJIMiHICTpaIli0 HaBYAJIbHO-
ro 3akjajy i rpomajichbkicTb. [lomiOHe cepejioBuilne IMOBUHHO BKJIOYATH B cede
opraHizaliitHo-MeTOANIHI 3aco0M, CYKYIIHICTh TEXHIYHUX 1 IpOrpaMHUX 3aco0iB
30epiranHsi, 0OpoOKH, repeiadi iHhopMallil, 1o 3a0e31e4ye olepaTUBHUN JOCTYII
JIO TIeJIarorivHo 3HAYYINOl iHdopMallil i CTBOPIOE MOXKJIUBICTD JJIsl CIILJIKYBAHHSI
BUKJIa/Ia4lB Ta CTY/IEHTIB.

[HdopMmalliiiHO-0CBITHE cepeloBHIle Mae OyayBaTucd sIK IHTerpoBaHa Oara-
TOKOMIIOHEHTHA CHCTeMa, KOMIIOHEHTHU $KOI BIJIINOBIAAIOTH HaBYAJJIbHIN, ITO3aHa-
BUaJIbHI{l, HAYKOBO-JOC/IJIHI{ JI1SJIbHOCTI, BUMIPIOBAHHIO, KOHTPOJIIO 1 OIIHKH pe-
3yJIbTATIB HABYAHHS, JIISJILHOCTI 3 YIIPABJIIHHS HABYAJIBHUM 3aKJI3J0M [2].

OpHMM 3 HafOLIBIT 3HAUYYIIMX KOMIIOHEHTIB CEpEeJIOBUINA € IPOIPaMHO-
METOIUYIHNI KOMILIEKC, HalllJIeHnil Ha iH(OpMaTU3alliio HaBYAJILHOI TiSIbHOCTI
HaBYAJILHOIO 3akjajy. lIpoekTyBaHHd, 1mOOyIOBa Ta eKCILIyaTalliss HaBYaJIbHOI
KOMITOHEHTH IOBUHHI 3/11IICHIOBATUCS Y CTPOTiii BIJIITOBIIHOCTI 3 IIMPOKUM KOMILIE-
KCOM BHUMOT' 1 peKOMeHalliil IICuX0J0T0-11eIaroridHoro, MeTOANIHOr0 Ta TEeXHO-
JIOTIIHOTO XapaKTepy.

OpHiero 3 icToTHUX cdep islIbHOCTI OYIb-sIKOI'O HaBYAJILHOI'O 3aKJ/ajy, He-
3aJI€;KHO BiJl PiBHS OCBITH, € HAYKOBI Ta METOINYHI JOC/IIKeHHsI. AcriekTn QyH-
KIIIOHYBaHHS HayKOBO-METOJINYIHOI chepn JisiIbHOCTI HaBYAJIBHUX 3aKJIaJIiB I10-
POKYIOTH OKPEMUIT HAIIPSIMOK BIIpoBaizKeHb 3aco0iB IK'T. Heobxinno BuiieHHst
B paMKax cepejoBUINa Clelia/bHOl KOMIIOHEHTH, 110 1HTErpye PO3pi3HeHl 3aco-
ou irdopMaTu3zallil HayKOBO-IOCIIHOT Ta METOJMIHOI JIISIbHOCTI, 3/11iICHIOBaAaHOT
nejjaroraMu. BifosiiHa KOMIIOHEHTa CepeJIOBUINA IIOBUHHA HE TiJIbLKU HaJlaBaTH
3ac00M JIOCTYITY JIO iH(OPMAIIHIX PecypciB, 3HAYUMUM 3 TOYKH 30pPy HAYKO-
BOI JIislJIHOCTI, aJjie 1 HaJlaBaTH iHCTpyMeHTapiit jj1s1 6i0/iorpadyBanHs, 00poOKHM,
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30epiranHg Ta 00JIiKy iHpopMaIiiiHuX pparMenTiB, BayK/JINBUX 3 TOUKN 30pY MTPO-
BeJIeHNX po3po0oK. Taki 3aco01 MOXKYTHb BUSIBUTHUCST KOPUCHUMU IIPU OPraHi3alil
BiJIjIaJIEHUX JIMCTAHIIMHIX B3a€MO/Iiil 11e/1arorip y cdepi HayKOBUX JIOC/IiI2KEHb.

Buiasiors TaKoXK 1o3aHaBYaJIbHy KOMIIOHEHTY 1H(DOPMAIIiTHO-OCBITHROT'O Ce-
peaosuia. Cdepa mozaHaBuaabHOI Jisl/IbHOCTI HABYAIBHOIO 3aKJ/Ia/y Ha IIPaKTU-
11l BUKopucToBye repearu 3acobdiB IKT gocuth pinko i 6bescucremuo. Indopmarriii-
HI TE€XHOJIOTII 3/1aTHI IJHSITH Ha OLJIBII BUCOKUI PiBeHb I103aHaBYAJILHI 3aX0JIH,
sIKl Oe3I0cepeIHbO He I0B’si3aHi 3 OCHOBHOIO HABYAJILHOIO [istibHicTIO. OueBu-
JIHA, JOLLILHICTh BUKOPUCTAHHSI KOMII FOTEPHIX TeJIEKOMYHIKaIiil B MizKOCOOMCTI-
CHOMY TO03aHABYAJIBLHOMY CILIKYBaHHI. ¥ JaHuX 00JIACTAX BiJl AKOCTI Ta PIBHMA
3MiCTOBHO-METO/IMYHOI OlpaliboBaHocTi BianosigHux 3acodis [KT icrorHo 3aiie-
JKUTh HABYAJIbHO-BUXOBHUIT eheKT mo3aHaBIaIbHOL JisAIbHOCTI [3)].

OcHoBHuME  iHGOpMALITHIMUA pecypcaMi, CKJIQJOBUME I103aHABYAIHLHOI'O
KOMIIOHEHTY iH(OpMalliifHO-OCBITHBOI'O CepeoBUIIa ITOBUHHI OyTH 3acobu iHdOp-
MyBaHHs YYHIB 1 11e/IaroriB 1po IJIaHOBaHI Mo3aHaBYaIbHI 3aX0/1, iHpOopMaIliiini
3aco0n MiATPUMKH JisIIbHOCTI KypaTopiB, 3acobu iHdopMaIiiiHoro 3ade3mnedeH-
Hsl [103aHaBYAJIbHOI CIIJIKYBAaHHSI CTYIEHTIB, iHpopMalliiini 3acodu, HeoOXiHI J1JIsd
IIPOBEJIEHHs KYJIbTYPHO-MaCOBUX 1 CIIOPTUBHUX 3aX0JiB, 3acO0M YIIpaBJIiHHS IO~
3aHaBYAJbHOIO JisI/IbHICTIO B HABYAJIBHOMY 3aKJI1a/ll.

Benukorio cdeporo 3actocyBanns 3acobiB IKT e opranizariiitno-ynpasiiHcbka
JIisJIBHICTh HaBYAJIBHUX 3aKJaiB. B 1T aBToMaTn3allil BUKOPUCTOBYIOThCA Oara-
TO MPOrPAMHUX CHUCTEM Ta ODOJIOHOK, TaKi sIK ILJIaHYBaJLHUKN 3aHATH, CHCTEMU
OyXraJTepchbKoro o0JIiKy, 3aco0U PO3paxyHKY HaBUaJbLHOT'O HABAHTAYKCHHS 1 Ta-
pudikaliii, eJJeKTpoHHI 0a31 JaHUX PO BUKJIaIadiB, CTY/IEHTIB, 3ac00M HaBYAHHSI
i baraTo iHIIMX. Y MOJIETIOBaHHI, IPOEKTYBaHHI 1 KOMIIOHYBaHHI iH(pOpMaIliiiHO-
OCBITHBOI'O CepeI0BUIIA Ma€ CeHC BUJILIEHHS ClIella/l30BaH0l KOMIIOHEHTH, 1110 1H-
Terpye iHdopMalliiiHi pecypcu, 0 aBTOMaTU3YI0Th 00POOKY Ta 1epejady iHdop-
Mallil B paMKax opraHizaliitHo-yIpaBIlHChKOI JIisJIbHOCTI HABYAJbHOI'O 3aKIaJLY.

@opmyBaHHS 1HMOPMAIITHO-OCBITHBOI'O CEPEJIOBUINA, IO OXOILIIOE BCl cde-
P JUSIIHHOCTI HABYAJILHOTO 3aKJIa Ty, CTBOPIOE JIOJATKOBI YMOBH JIjIsI BCEOITHOTO
aHaJIi3y MOKA3HUKIB OCBITHBOI'O MPOIIECY, HO3BOJISAE CPOPMYBATH IITICHE YABICH-
He PO CTaH CUCTEMHU OCBITH, PO SKICHI Ta KIIHKICHI 3MIHNA B Hiii.

Ha cborojini icHye aBa pisHUX TEXHOJIOTTUHUX MIJISTXH CTBOPEHHS 1H(DOPMAITiiTHO-
OCBITHBOTO cepenoBuIla. [leprmuit 3 HUX, 1le CTBOpPEHHS CEpeoBUINA B paMKax
TEXHIYHIX MOXKJINBOCTel yHiBepcuTeTy. Peasizaliis 1{bor0 TPUHIINITY CTBOPEHHS
iHOPMaIliiTHO-OCBITHBOI'O CEPEJIOBUINA € OLJIBIT KOIITOBHOIO, aJjie CTBOPEHE cepe-
JIOBUIIE MOXKe OyTH OyIb-gKOI JIOCTYIHOI CKJIaanocTi. Jag po3pobku mporpam-
HOT'O 3a0e3ledyeHHs] HeOOXiJHO 3a/iydaTh IIPeJACcTaBHUKIB ycix cdep HaBUaIbHO-
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BUXOBHOI'O Ta OpraHi3aliifHoro KOMILIEKCIB, JIjIsd CTBOPEHHS FapMOHIHOI Ta BUCO-
KOIIPO/IYKTUBHOI CUCTEMU.

Hpyruii criocib cTBopeHHs iH(OPMAIITHO-OCBITHBOTO CEPEIOBUIIA TIOJIATAE Y
BUKOPUCTaHHI XMapHUX TexHoJjoriil. [lepeBaroio mporo crocody € BUKOPUCTaHHS
BXKe ICHYIOUUX MPOrpaMHUX, iH(MOpPMAIiHIX Ta METOJUYHUX 3ac00IiB, a HeJ0JIi-
KOM — BUKOPUCTAHHS HAasABHUX MOXKJIMBOCTEN 0€3 MOXKJIMBOCTI 1X BJOCKOHAJICHHS.
[Ipuk/iajgoM BUKOPUCTAHHS XMapHUX TEXHOJIOTi MOXKe OyTH cTBOpeHe indopMa-
1iliHe cepeoBUIIE B COIAJIbHIX Meperkax, 30eperkeHHs iHdopMalii Ha BiIIOBII-
HUX cepBepax, podoTa eJIEKTPOHHOI IOIITH, CTBOPEHHs OJIOTIB, cHCTeMU OOMiHY
CIIOBIIIEHHSIMI, CICTEeMH arperaiiil indopmaiiil ToIo.

CrBopenns iHMOPMAIiiiHO-OCBITHBOTO CEPEIOBUIIA B 11€/Iar0OITIHOMY BY3i 0CO-
OJIMBO aKTyaJibHe, TaK K fOro BUKOPUCTAHHS Mepedadac BKIIOUEHHs CTY/IEHTIB
B HaBYaJIbHUI IIpOIeC, CTBOPEHHS YMOB JIJIsl aKTUBHOI B3a€MOJIIl BUKJIaJAdiB i
CTYJIEHTIB Ta HaBUYaHHS B aKTHBHOMY CepeloBHI K B pexxkumi off-line, Tak i B
pexknmi on-line. Bukonanns 1iux ymoB popMmye y MaftOy THHOTO TIejlarora He TiIbKN
3HAHHSA 3 BUKOPUCTAHHA 1H(MOPMAIiiHO-KOMYHIKAIIITHIX TEXHOJIOTi B HABYAb-
HOMY IIpoIleci a 11X IHTerpaliiio B HaB4daJJbHUl IIpoliec, 0 B CBOIO UePTy I IBUIILYE
MEeTOIMYHY 3HAYUMICTh OTPUMAaHUX Y 11eJaroriYyHOMY By31 3HaHb, BMIHb 1 HABUYOK.

BucnoBknu
[IepcrieKTuBM BUKOpPUCTaHHs 1H(MOPMAaIiiHO-KOMYHIKAIIIHUX TEXHOJIOrIl B
HABYAJLHOMY IIpOIieci 6€3CyMHIBHO MIMPOKi. A TX BUKOPUCTAHHSI B KOMILJIEKCI 3
HAYKOBMMU, METOJNIHUMHE Ta, OPraHi3aliifHuMI HapoOKaMK CTBOPIOE MOXK/IMBOCTI
JIUIsi BUXOBaHHS Ilejlarora MaiioyTHboro. Ilemarora, skuit ¢cBoiM IPUKJIAIOM €py-
JIOBAHOCT1, 00I3HAHOCTI Ta, HABUYKAMU BIJILHOIO BOJIOJIIHHS CyYaCHUMU iH(OpMa-
HIHUMEY TEXHOJIOTISIMI HaIMXaTUMe Y4YHIB He TLILKHU 10 BLJMIHHUX 3HaHb CBOT'O
HaBYaJIbHOT'O MPeJIMETY, & 1 JI0 CAMOOCBITHBOI JIIsIJIbHOCTI.
JlitepaTypa
[1] Condamxun B.U. NrbopMalimonHo-00pa3oBaTeibHas Cpejia, OTKPBITOrO
obpazosanust |Ejnekrponnuit pecype| / B.U. Comnarkun // Beepoccuiickas
HayaHo-meTond. Koud. — CII6.: Tenemaruka, 2002. — Pexum jtoctyiy J10
KypH. : http://tm.ifmo.ru/tm2002/db/doc/get_thes.php?id=22
2] Koswipes B.A. T'ymanumrapaasi obpasoBaTesibHasi Cpejia  IeJarornaecko-
ro YHUBEPCHTETA: CYIIHOCTb, MOJE/Ib, TpoeKTupoBanue : Monorpadus /
B.A. Koswipes. — CI16.: Uzn-Bo PI'ITY um. A.W.T'eprena, 2004.
3] Taeapuna /. A. Boicokopassuras uHMDOPMAIMOHHO- 00pa3oBaTeIbHasT Cpeja
By3a KaK CpeJICTBO (POPMHUPOBAHMSA I'YMAHUTAPHON COCTABJISIONIEN BBHICIIIETO
npodeccronasibaoro obpasosanust / JI.A. Tarapuna. — [Tepmb, 2010. — 178 c.
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PO3BUTOK MATEMATHUYHOI KVJIGTYPHU IIIKOJISIPIB HA
YPOKAX AJITEBPU B OCHOBHIN IITIKOJII

CraTTs npucBsIeHa mpodJieMi pO3BUTKY MaTeMaTHIHOI KYJIbTYPHU Y YIHIB Ha yPOKaxX ajredpu B
OCHOBHIi#l TITKOJ1i, HEOOXiIHOCTI (hOPMYBAHHS MaTEMaTHIHOI KYJIBTYPH YIHS B IIPOIECi HABYAHHS
MaTeMaTHKN Ta PO3POoO0I METOANIHUX PEKOMEH,IAIlii 111010 BUPIIIeHH 1€l mpobJieMu.

Kiro4doBi cjaoBa:  kyavmypa, Mamemamuyna KYAbMYpa, MEMemMamuita nidzomoska,
MEMOUMHT NPUHUUNAL.

Beryn

Y mporieci HaBYaHHA MaTeMaTUKN B CepPeJIHiil MKOJI yieHb TTOBUHEH HE Tilb-
KU OITaHyBATU AJTOPUTMU, METOJN PO3B d3aHHs a00 BHUKHYTHU B IXHIO CYTh, BiH
TAKOK IMOBUHEH OBOJIOJITH I€BHUM PiBHEM MaTeMaTUIHOI Ky/JbTYpHU. 3a OCTAHHI
POKM 3’IBUINCA POOOTH, MPUCBAYEH] TTPOOIeMaM PO3BUTKY MATEeMATUUHOI KYJIb-
Typu mnegaroris, crymentis BH3 (maiibyTrix exonomicri, iHzkenepis). Besnka
KIJIbKICTH IyOJriKalliil 3 jgaHol mpobjieMu HajeXkKaTh BUJATHUM yUECHUM 1 IeJ1aro-
ram A. Anro, A.-H. Kpunony, JI.[I. Kynpsisuesy, A./l. Murmikic, 4d.B. 3esnbnoBny,
.M. Arnomy.

[IuTanaaMET PO3BUTKY MaTeMATUYHOI KYJbTYPU Y HMIKOJIAPIB 3aiiMancs Taki
Bueni-niegarorn sik /. Ixkpamos, B.I. Cueryposa, X.III. [lixasies. B naykosux
poboTax, MPUCBAIEHUX JIOCTIIZKEHHIO 3 JaH0l TEMU MICTUTHCS HACTYIIHE:

e TeopeTnvHi BiIOMOCTI TICUXOJIOTTIHOI OCOOJMBOCTI BIKY YUHIB

e AHaJ3 MONMUPEHNX METOJAMK Ta MPAKTUK JIs (pOpMyBaHHS HAJIEXKHOTO
PIBHSI MaTeMaTUIHOl KYJIbTYPH YUHIB

e AHaJi3 MOXKJIUBUX NPUYUH BUHUKHEHHS TPoOJeM y (popMyBaHHI MaTeMma-
TUYHOI KyJIBTYpPU YIHIB
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e Po3pobka pi3HUX IMIXOIB J0 MOOYJIOBH YPOKY, CHCTEMU 3aJad, IiJIXO/iB
JIJIST PO3BUTKY MaTeMaTUYHOI KYJIbTYPU YUHIB.

AnaJti3 npakTuKn HaBYaHHsSI MATEMATUKH ITOKA3Ye€, 10 PiBEHb PO3BUTKY MaTe-
MaTUIHOI KYJIBTYPHU YUHIB 3HUKYETHCS MOPOKY. Y UHI He MPOABIAIOTH HAJIEZKHOTO
iHTepecy 710 HaBYaHHS, HE OTPUMYIOTH HABUYIOK CAMOCTIHHOT poOOTH 3 MaTeMaTH-
ku. Po3puB Mixk morpebaMu cydacHOTO CYyCHIJIbCTBa Y (paxiBIgX Ta PiBHEM 3HAHb
VUHIB YTBOPIOIOTH ITe OJHY MPOOIEMY CydacHOTO HaBYaHHS.

T‘OMy7 PO3BUTOK MaTeMaTUIHOI KVJIBTYPpU y‘{HiB 3a/INIITaCTbCA BazK/JIMBUM KOM-
IIOHEHTOM B HpOH@Ci HaBYaHHA MaTeMaTUuKNM.

OcHOBHA 4YacCTHUHA

[TousATTS «Ky/abTypas € baraTo3HadHe Ta HE Ma€ €JIUHOrO Ta MOBHOI'O O3Ha-
Jennsd. KympTypa — HeBim'eMHa dacTuHa KUTTA Jiogunn. Hayka cborogmi crae
3araJIbHOIOCTYITHIM Ta HeOOXITHUM KOMIIOHEHTOM ITPOgeCiitHol CKJI1a 0BOI CIelli-
aicra. [T MOJKHa PO3IVIAJATH K 3HAKOBY CHCTEMY, MeTa KOl IOJIArae y OIUC
IIPOTIECiB HABKOJIMIIIHBOTO CBiTY. MaTtemMaTndna KyJbTypa — YacTHHA 3arajbHO-
JIOICHKOT KYJIbTypu. [i popMyBaHHS i1 O6y1yBaTi Ha MPUHIUIN CIPAMOBAHOCTI
MaTeMaTHIHOl KYJIbTYPHU JIIOJUHN y OIK 11 mpodeciitiol IisfJIbHOCTI.

1957 pik MOKHa BBayKaTU POKOM 3apPOJIzKEeHHsI PO3YMiHHsI 11pobJiemu (popmy-
BalHd MaTeMaTUIHOI KyJIbTYPH MKOJIAPiB. Bona posrranantaca H.4. Birenkinnm
i LM. driomom. AKTyasbHI HAXOMAH JI0 aHAJI3Yy MaTeMaTUIHOI KYJIbTYPH 0COOH-
cTocTi npejictaBieni B gocaikennsx k. Ikpamosa, B.H. Xyngakosa, T.I'. Saxa-
pOBOI Ta 1MH.

Ha nymky JIxx. IkpamoBa, 3HanHsg B MUCJIEHHI KOJIYIOTHCA Y BUIVISI TOHATD,
CYJI2KeHb Ta YMOBHUBO/IIB, & B MOBI BUPaKalOThCs 3& JOIIOMOI0IO CJIiB, CJIOBOCIIOJY-
JeHb 1 mporosuiii. Tomy B gKOCTI TapaMeTpiB, BayKJINBUX KOMIIOHEHTIB MaTeMa-
TUYHOI KYJIBTYPU BUCTYTIAIOTH MaTeMaTUdHe MUCJIEHHS 1 MaTeMaTuIHa MoBa. Lep-
MiH «MaTeMaTUIHa MOBa» BXKUBAETHC JIJIsl TIO3HAYEHHST BCIX OCHOBHUX 3aC00i1B, 3a
JIOTIOMOTOT0 IKWX B YCHIl Ta MUCHLMOBI (pOPMI BUparKaeThCsd MaTeMaTHIHa JTyMKa.
OT2Ke, B IOHATTS «MaTeMaTHIHa MOBa» BKJIIOUAIOTHCS JIOTIKO-MaTeMaTUIHI CIM-
BOJIN, I'padiuHi cXeMu, KPeCcJIeHHsI, a TAKOXK HayKOBI TEPMIHU pa30M 3 eJleMeHTaMI
IPUPOIHOT MOBH |2)].

B.H. XyngxkoB y cBoeEMY AMCEPTAIIITHOMY JOC/TLIZKEHH] PO3TJIAIA€ MaTEMATH-
YHY KyJbTYpYy yUHSI MOYaTKOBOI MpodiabHOT ocBiTH (criemiagicra) K CyTTEBHil
eJIeMeHT 3araJibHol KyJbTypu cydacuHol jioguau. B.H. Xyngkos BBazkae, 1mo Ma-
TeMaTU4Ha KYJIbTYPa BUPOCTAE 13 3arajbHOl KYyJIbTYPH, K& € CepeJOBUIIEM 1 Ma-
TepiaJioM JIJIA CTaHOBJIEHHS 1epiol [3].
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T.I'. 3axapoBa KpiM MaTeMaTHIHOIO 3HAHHS BUJILJIsIE YOTUPU OCHOBHI aclie-
KTH, $KI PO3IIUPIOIOTH 3HAHHS MaTeMaTUKU JIO PIBHI MaTeMaTUYHO! KYJIbTYPH.
[le BumieHHs JIOANHOIO MATEMATUYIHOI CUTYyallil 3 YChOro PO3MaITT CUTYaIliil y
HaBKOJIMIIIHBLOMY CBIT1, HAsBHICTh MaTEMATUYHOT'O MUC/IEHHS, BAKOPUCTAHHS BChO-
o PO3MaITTS 3ac00iB MaTeMaTUKN Ta TOTOBHICTDH JI0 TBOPYOI'O CAMOPO3BUTKY, pe-
daexcia [1].

[HonarTsa «maTeMaTndHa KyJbTypay» HETOCTATHBO BUCBITJIEHE B METOIMIHIN
nmitepatypi. He qocraTabo 4iTko cchopMy/iboBaHi KOHIIEMIIT BU3HAUEHHS CYTHOCTI,
3MICTY IIbOIO MOHATTS UM HiJXOJy JI0 BUSHAUEHHs {ioro crpykrypu. Joro, 3a3su-
qail, po3IJIsIAal0Th 1 sIK HaOlp BU3HAYEHNX MaTeMaTUIHIX 3HAHb, YMiHb 1 HABHYOK,
BOJIOJIIHHSI MaTeMaTUYHOIO MOBOIO, 1 IK MaTeMaTU4YHY CaMOOCBITY, BMIHHS 3aCTO-
COBYBATU MaTeMaTHWKy y TpodeciitHiil MigIbHOCTI, 1 9K TPUCBOEHI MaTeMaTHYHI
IIHHOCTI Ta 1H.

Amnauis ncuxosioro-tegarorianol, gpislocodCcbKol, CeriajbHOl JiTepaTypu, Ii-
ceprauiitHux pobiT, J1a€ MOXKJIMBICTb BUJIIJINTH HACTYIIHI KOMIIOHEHTH MaTeMaTHU-
YHOI KYJAbTYPU:

1. Obuucmosarvha Kysvmypa, sika BKJIIOYAE BMIHHSI OIEPYBATH 3 pPalliOHAIb-
Humn guciamu 6e3 ponomorn EOT, parionasbHo 004mMC/IeHHST BUPa3iB, MpH-
KIJIKY Pe3y/IbTaTiB, YCHI 0O0UNC/IeHHS.

2. Asneopummivna KyAvmMYpa, KA BKIIIOYAE 3HAHHS, YMIHHS, HABUYKN Ta PO-
3yMIHHSI CYTHOCT1 MOBHU, &JI'OPUTMY, BMIHHSI BOJIOJIIHHS TIpUitOMaMu Ta 3aco-
6aMu JIJI 3aITCYy Ta BUKOPUCTAHHSA aJI'OPUTMY, BMiHHS 3BOJUTH 3aJ1a4i J10
AJITOPUTMY Ta IHTEPIPeTyBaTH OTPUMAaHI pe3yJ/IbTaT.

3. Ipagivna xyasvmypa, sika noTpedye BMiHHs 39UTYyBaHHs iHOpMaIIil 3 Ipa-
JikiB, jiarpamM Ta IXHIO IHTEPIIPETAIIIIO.

4. Jloz2iuna Kysvmypa, MO BKJIIOYAE TMHUPOKUIT KOMIIJIEKC BUMOT, CEpeJl AKNX
BMIHHS JIOTIYHO BIpHO OY/YBATH CBOI YMOBHWBOJIM, BUJILIATH KJIIOUOBI 3aB/Ia-
HHsI, CKJIaJQTU MOI0HI 3a/a4l, po34JIeHOBYBaTH 3a/ia4di Ha OLIbII IPOCTI Ta
y3araJbHIOBaTH 11.

5. Moena xysvmypa moTpedye BMIHHA YITKO BUCJOBJIIOBATH CBOIO JIYMKY, I'Da-
MOTHO Oy/IyBaTH CBOIO MOBY, BUKOPHUCTOBYBATU MaTeMaTH4HI TePMiHU Ta iX
CYTh.

ToOTo, Ipr BUKOPUCTAHHI TEPMIHY «MaTeMaTUIHa KyJIbTypay ITKOJsIpa Oyie-
MO PO3YMITH KOMILIEKC sIKOCTEli, CUCTEMY KYJBTYP, sIKi Y CBOIO 4epry (pOpMYIOThH
caMy MaTeMaTU4HYy KYJIbTYDY.

Psan nanux BMiHb, SKUMU ITOBUHEH BOJIO/IITH YU€Hb, MOXKYTb CJIYTYBATU OCHO-
BOIO JIJIsI BUBHAYEHHS METOJMYHUX MPUHIIUIIB CIIOCOOIB PO3BUTKY MATEMATHIHOI
KYJbTYpU YUIHIB HA YPOKax ajareOpn OCHOBHOI TITKOJIH.
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ChopmyIroeMoO IPUHITUIIN PO3BUTKY MaTeMaTHIHOI KyJIbTYPH Y YIHIB OCHOB-
HOI TIKOJIN:

1. Bukxopucmarmsa kKomOIHOBaHUT, HecmaHndapmHuxr 3a4680aHb, HANPABAECHUT HA
nosmoperts 6otce npotidernozo Mamepiasy i 3aKPINACHHA MAMEPIAAY, U0 GUBUA-
EMBCA.

3aB/laHHs TAaKOI'O TUITY TTOBUHHI aKTUBI3YBATH Mi3HABAJILHY aKTUBHICTD yUHIB,
HABYNUTHU X HECTAHJAPTHO MUCJIUTHU, JIUBUTHCA Ha 3aJa4y IV100aJIbHO, ITPUBIUTH
po3buBaTH 3aja4dy Ha ejeMeHTapHi migzajgadi. IIpu npoMmy JaiTn mOBUHHI HaBYHU-
TrCs Oy IyBaJIn JIOTTIHUI JIAHITIOXKOK MIpKYyBaHb TaKUM YHHOM, 1100 ITPOCTUME Ta
HEBEJIMKIMHI KPOKAMU MPUHTH 0 HMIYKAHOTO Pe3Y/IbTaTy.

2. Buxopucmanma mamemamuurozo dukmanmy ax 00068 A3K06020 emany Ypoxy.

MaremaTnunmit JUKTaHT KOXKHOTO YPOKY MOYKJIMBO Ta HEOOX1IHO pOOUTH $IKi-
cHO pizauM. [le 00yMOBJIEHO TUM, IO JAHKIT eTall YPOKy MOxKe OYyTH HallpaB/eHni
Ha PO3BUTOK JIOTTIHOT Ky IbTYypH (JIOTivHI 3a/adi), pO3BUTOK MAaTeMaTHIHOTO MOB-
JIeHHs1 (TIPABOIIIC TEPMIiHIB), PO3BUTOK OOYUC/IIOBAIBHOI KYJABTYDH (3aBIaHHS Ha
obuucienHs ), rpadivHol KyabTypH (BiIyKaHHsI TOYOK 3a rpadikomM, pobora 3 Ta-
omatgivn ). MaTeMaTnaHIi AUKTAHT He MOBUHEH 3a0uparn barato dacy Ha ypoli
— He OijbIe 5 XBUJIMH. TaKoxK, BIH MOXKe IIPEJACTaBISATH OY/Ib-siIKIil eTall YPOKY.
3. IHocmitine ydockonarenms 064UCAI0BANOHOT METHIKY YUHI6 BNPOJOBHC YCHO20
MEPMIHY 1T HABUAHHA.

YacTo y4uHsIM OCHOBHOI IIKOJIM BayKKO IHTEPIPUTYBATH YUCIOBY iHMOPMAIIiO
B pisnux dpopmax. Hamnpukia, % = 0.43, % = 17% , 2% 107* = 0.0002. Vuni
JIOBOJI1 PIIKO BUKOPUCTOBYIOTH PalllOHAJIbHUIT MIJIPaxXyHOK, HE PO3KPUBAIOTH JIJIsI
cebe yBech MOTEHI[asl MepeTBOPeHHsT YUCIOBUX BUPa3iB (BiacTuBocTi apudme-
TUYHUX i, OCHOBH& BJIACTUBICTH Jpo0y Ta iH.). Y9HI HEJOCTATHBHO BIIEBHEHO
BOJIOJIOTH OOYUC/TIOBAIBLHUME CTpaTerisiMu ([O€[HAHHIM YCHUX, TTUCHMOBUX Ta
IHCTPYMEHTATBHIX OOUNCIIEHD ), HEXTYIOTh [TPOMIXKHIM KOHTPOJIEM 1 TIEPEBIPKOTO
1paBIoI01i0HOCT] pe3ysbTaTy. [[oMIIKN B po3paxyHKax 30MBatOTh 31 HIXY, Ha-
MIYEHOr0 JIJIs JIOCATHEHHS Pe3Yy/IbTaTy, a yBara, 30cepe/izkKeHa Ha OCMUCIEHH] X0y
pPO3B’d3aHHA 3aJ1adi, MePEeHOCUTHCA Ha MOJIOJAHHS TPY/IHOIIIB, OB d3aHnX 3 00-
anciaeHnaMu [4].

4. Buxopucmanms midtcnpeoMemHur 36 A3Ki6 Ha Ypokar an2ebpu.

Kopucno mporonyBaTi yuHsM 3aBJIaHHs, SKi TEePEeTUHAIOTHCS 3 IHITUME TTpe-
nMeramu. MoxkHa 3alporionyBaT 3a/1a4di 3 pisuaauM 3MicroM. Taki 3aBgaHHs 10~
BUHHI JIOIIOMOI'TH 3allIKaBUTH JIiTeil y BUBUEHHI MaTeMAaTUKH Ta 1HIITUX IIPEeJIMETIB,
MOKa3aTH MPUKJIAJIHY CTOPOHY IPeIMeTy, PO3BUTH MAaTEeMaTUIHy Ta aJrOpUTMi-
JHy MOBY. ToOTO, BMIHHS ITepEBOINTH 33/1a9y Ha MOBY MaTEeMATUKI, PO3B 3yBaTH
i1 3a JOIMOMOI0I0 MaTeMAaTUKH, Ta IIePEeBOAUTH BIIMOBIAL Ha3a/l 0 MOBU 3aIIUTY.
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[nTerpariia 3aBjanb 3 MaTeMaTUKN Ta YKPATHCHKOI MOBHU JIOTIOMOYKE YIHSM
PO3BUTH MAaTEMATUIHY MOBY Ta MUCJIEHHS. Y IHAM MOXKHA 111 Yac TeMu « ToToxKHI
[IepeTBOPEHHSI BUPa31B» 3aIIPOIIOHYBATU TaKl 3aB/IAHHS:

a) IIposimmirtoBaTu 1pi6 3111—5176;

b) Hamucaru icropito 3 BUKOPUCTaAHHSIM MATEMATUIHIUX TEPMIiHIB.

5. Cucmemamudauis ma Y3a2aAvHEHMHA 3HAHD YUHIB.

O 3 BayKJIMBUX MPUHIIATIB (DOPMYBAHHA MATEMATUIHO! KYJLTYPH YIHS —
e (hopMyBaHHS y HBOT'O IIJIICHOI YSBU PO MPEJIMET MATEMATUKN Ta BECh BUBUAE
MUt MaTepiai. YdueHb ITOBUHEH MaTHU ILTICHE YSIBJIEHHS 3 KOYKHOI 3MICTOBHOI JIiHIT,
SIKy BiH BUBYaB (JHCJIOBA, TOTOXKHI MEPETBOPEHHSI Ta iH.), a He OKpeMi 3HAHHSI,
JKi He MepPeTUHAIOTHCA OJUH 3 OJIHUM.

111 y9HIB KOPUCHO HaJaBaTH KJIaCH(MIKaIlil0 TOrO YU iHIIOIO ITOHSATTS.

— Kracudikaris ocHOBHUX TPUIOMIB pO3B’d3aHHs 3a/a4 BiTHOCHO X THITY.

— Kiracudixkariist po3B’si3aHHs PiBHSIHb BiJITHOCHO IXHBOI'O BU/LY.

— Kiracudixkariist mepeTBopenb BUpa3iB.

Kopucnum € cknajanng BUNTeNIEM, YIHIMHI PA30M 3 BUUTEJEM Ta CAMUMUI
YIHSAMHI CAMOCTIHHO y3araJbHIOIOUNX TaOIUIh, K Y TeMi « Po3mupenss BijoMo-

cTeit Tpo (PYHKITIO YMCIOBOTO apryMeHTY ».

Bucaosknu

[IpoBeiennit anaJi3 ICUX0JIOTO-1TeJarorivHol JiTepaTypHl Ta TPAKTUKN HaBYa-
HHsI MaTeMaTUKH JIO3BOJIMB COPMY/IIOBATH II€BHI HPUHIUIIN, 110 HEOOXiTHO BU-
KOPUCTOBYBATH BUUTEISIM B IIPOIECl HaBUaHHA MaTeMaTUKN 3a/J1s1 PO3BUTKY Ma-
TeMaTUIHOI KYJIbTYPH IIKOJIAPIB HA ypoKax ajredpyu B OCHOBHIN IITKOJII.

Jliteparypa
[1] Bazaposa T.I'. ®opMupoBatie MATEMATHIECKOT KYIBTYPbI B YCJIOBUSAX TTPO-
deccnoHaIbHOM TIOJINOTOBKN CTYJEHTOB By3a: aBTOped. JUC. ... KaHJI. IIeJ.

mayk / T.I. 3axaposa. — Caparos, 2005.

12| Uxrpamos Jlorc. Maremarudeckast KyJabTypa IIKOJIbHIKA. MeTojndeckue acie-
KThI TIPOOJIEM Da3BUTHsI MBIILIEHHsI U 3bIKA [PU 00yIeHUN MaTeMaTHKe |
Jx. Uxkpamos. — TamkenT: Ykurysun, 1981. — 278 c.

3] Xydaros B.H. @opMupoBaHne MaTeMaTHIeCKOH KyIbTYyPbl YUAIIXCSA Ha-
JaJIbHOrO MPOMIILHOIO 00pa3oBaHust: Iuc. ... j-pa nep. Hayk /| B.H. Xy-
nsikoB. — Maruutoropek, 2001.

4] Jlapuna JI.H. Ponb yuurenss B (GOPMUPOBAHUE BBIYUCIUTENBHON KYJIb-
Typhl yuaiuxcsi |Enekrponuit pecypel|: dbecruBanib negarormueckux e
«OtkperToiit ypok» / JI.H. Jlapuna. — 2007. — Pexxum joctymna K »KypHaJy:
http://festival.lseptember.ru/articles /412071 /
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Y3ATAJIbHEHHA TA CUCTEMATU3AIIIA 3HAHD IIPU
BUBYEHHI AJITEBPU 7-9 KJIACIB

CraTTs npucBsgdeHa MpodseMi y3arajbHeHHsS Ta CHUCTEeMATH3allil 3HaHb yYHIB IPU BUBUYEHHI

Kypcy anarebpu 7-9 KiaciB, HeoOXiTHOCTI y3araJbHEHHS Ta CUCTEMATHU3AIlil B IIPOIeci HaBIaHHs

MaTeMaTHKN Ta PO3POO0Il METOANIHUX PEKOMEH, Al 111010 BUPIIIEHH 1€l podJIeMu.
Kiro4oBi ciioBa: y3azanvHenna, cCucmemamusayis, nPouec HasuaHHA.

Beryn

Ocrannim 9acoM Bce OLIbITe MPUJILIAETHCA yBara y3araabHeHHIo i cucTeMaTh-
3allll MarTepiaJy, 3a JOIOMOI0I0 KOO YYHI He CTLJIbKU IIOBTOPIOIOTH IPOiiieHn i
MaTepiaJ, CKITbKH IPUBOIATD ITOHATTS B CTPYHKY CHCTEMY, PO3KPUBAIOTH 3B’ A3KM
i BigHOIIeHHsT MixK 11 ejleMeHTaMi Ta HaOyBalOTh HOBI 3HaHHdA. CucremarTu3aliis
Ta y3araJlbHeHHs 3aliMae BarKJIMBe MicCIle y HaBYaHHI, PO3BUTKY MUCJICHHS Ta I1a-
M’dTi, ajle Ha yYpoKax MaTeMaTHKHU IbOMY BiJIBOJUTLCA He3HadHa poJib. [um 06-
YMOBJIIOETbCsI AKTYaJILHICTh TeMU pobOTH, IIpobJieMa siKol B TOMY, 1100 BUIBUTH
Ta OOT'PYHTYBATH MOXKJUBOCTI MOJAJIBIIOTO BJOCKOHAJEHHA METOMKH CHCTEeMa~
TU3allil Ta y3araJbHEeHHsd 3HAHb YUHIB IIpU BUBYEHI Kypcy ajaredpu 7-9 kjacis.

[Iutannsam cuctemarusaliil 3HaAHbL 3aiiMAIUCh 1€ BUJATHI TEJJaroru MIHYJIO-
ro, taki sk f.A.Komencokuii, icrepser A. ta in. Buepie 3amada dpopmyBaHHsS
B YUHIB CUCTEMHU HAyKOBUX 3HAHD, & He KYCKOBHX, 130JIbOBAHUX MPE/ICTABICHD Oy-
Jla 9iTKO cpopMysiboBaHa B KiHI 30-X POKIB, KOJU cepeji MPUHINIIB HABIAHHS
3’SIBUBCSI IPUHITUII CHCTEMAaTHIHOCTI Ta, moc/1itoBHocTi. Ha st mpobieMaMi y3araJib-
HeHHsI Ta cucremarusalil npaiopasn: augaktu 1.4, Jlepuep, B.O. Onumyk Ta
merouctu B.I1. Ipxkasuesa, JI.9. @eqaenko Ta inmi |3, 5, 6.

AmnaJtiz mKiJIbHOT NPAKTUKN HABYAHHS, BIIIIOBIIei abiTypieHTIB IIij1 yac cKJia-
JIAHHS BCTYITHUX ICIUTIB CBIIYUTDH PO Te, 10 BIJICYTHICTH YITKOI CUCTEMU 3HAHD
He € MOOJMHOKIM SBUIEeM. 3HaUYHa JaCTHHA BUNTEIB He JOCTATHLO 3aiiMaeThCs
1i€to 1pobJIeMOIO, 1HIN PO3YMIIOTH CUCTEMATH3AIIIIO JIOCUTH OJITHOCTOPOHHBO, 3BO-
Jigun 11 J10 opratizariil ypokiB y3araJibHIOI090r0 MOBTOPEHH. ¥ 3arajabHIoI0ve 1Mo~
BTOPEHHS JTy7Ke HacTO IJIMIHIETHCS ITPOCTUM ITOBTOPEHHAM MaTepiaJy, B IIpolieci
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SIKOTO YYHI PO3B’S3YIOTH BIIpaBU O€3M0CEPEIHBO B3ATI 13 BiIIIOBLIHUX KOHTPOJIb-
Hux pobit. Tomy y3arajibHeHHsI Ta CHUCTEMATHU3allisi 3HaHb OYJIM 1 3aJUIIAIOTHCS
BaKJIMBUMU KOMIIOHEHTaAMU B IIpOIleCl HaBYaHHS MaTeMaTUKU.

OcHOBHA 4YacCTHUHA

[TnTanmns y3araJgbHeHHS 1 cCcTeMaTu3allil — JaBHdA THOCEOJIOTITHA, TTCIXOJIO0Ti-
4yHa 1 memaroriuna mpodsema. f.A. KomeHcbKHUil HE 0HOPA30BO B CBOIX IpaIsX
1 JIKPEC/II0BaB HEOOXITHICTD JIOTPUMYBATHICH IOC/IIJIOBHOCTI Y BUBUYEHHI MaTepia-
Jy. Bin BBaxkaB, 1110 BCsl CYKYIIHICTh HABYAJIbHUX 3aHSITH, IIOBUHHA OYTH CTaPAHHO
PO3IIoiIeHa Ha KJIACH Tak, 00 IOIepeHE 3aBXK/I1 BIIKPUBAJIO JOPOrYy HaCTY-
ITHOMY 1 OCBITJIIOBaJIO fiomy muisix [4].

B dopmanbiit jtorini i1 mporecoM y3araJbHeHHsT PO3YMIIOTH BUII/IEHHS 3a-
rajibHOIO B IIpeJIMeTax 1 sIBUIax JifiCHOCTI i OCHOBaHe Ha I[bOMY MUCJIEHEe 00’1
HaHHS 1X OJiHe 3 oJHUM. BinOyBaeTbcsa BiJIHECEHHs ITPEIMETIB, 110 MAIOTh IE€BHY
O3HAaKY JI0 T'PYIIN.

YzaraJabHeHHS BIIIIpae HaI3BUYAiHO BayKJIMBY POJIb y IIporieci HaBuaHHs. Ha-
caMmIiepes] Ha OCHOBI y3arajbHeHHS y4HI 3aCBOIOIOTH HAYKOBI TOHATTS. Y TICUXO-
JIOTIT TIOHATTSM Ha3WBaEThCs BiJ0OparKeHH 3araJbHUX 1 ICTOTHUX BJIACTUBOCTEI
IPEJIMETIB Ta, SIBUII, AificHOCTI, TOOTO, IMOHATTS - 1€ y3araJbHeHHs, SIKi (PpopMYyIo-
ThCs B IIPOIIEC] M3HABAJIBLHOL JIISJIBHOCTI JIIOJUHHU B3araJi i, 30KpemMa, B HaBUaHH.
1106 3acBOITH HOHSITTSI IIPO IIEBHI IIPEJIMETH 1 SIBUIIA, HEOOXITHO BUBHAYUTH B HIX
HANOIIBIN 3arajbHi it ICTOTHI 0O3HAKM. 3aCBOEHHS YUHSIMU OKPEMUX IOHATH 1€ He
IPUBOJUTL JO OBOJIOJIIHHSI OCHOBaAMU HayK, K€ € OJIHUM 3 OCHOBHUX 3aBJlaHb
3araJIbHOOCBITHLOI TTKOIM. OraHyBaT OCHOBHU Ti€l UM iHINOI HAyKW - Ii€ O3Ha-
Ya€ 3aCBOITH CHCTEMY IOHSThH, IPaBUJI, 3aKOHIB, sKi BiJI0OparKatoTh ITPUINHOBO-
HACJILIKOBI 3B’ I3KHM MiXK IIpeMeTaMi 1 ABUIAMU peajbHOro CBiTy. BuBuenns cu-
CTeMH 3HaHb — OJIHA 3 HalaKTyaJbHIIINX IPOOJIEM JUIAKTUKH.

CucreMa 3HaHb B yYHIB BUPOOJISIETHCS TOJJOBHUM YHMHOM Ha OCHOBI JIHJjia-
KTUYIHOTO NPUHITUITY CUCTEMATHIHOCTI Y HaBYaHHI, AKUil 1epejgdadac 3aCBOCHHA
3HaHb, HABUYOK 1 BMIHb Y MEBHOMY JIOTTYHOMY 3B’ A3KY.

I1.K. Anoxin BBazkag, 10 CHCTEMOIO MOXKHA, HA3BATU TLIbKI KOMILIEKC TAKIX
BHOIPKOBO BKJIIOUEHUX KOMIIOHEHTIB, y AKHX B3a€MOJisd Ta B3aE€MOBIIHOIIEHHSI
HPUIMAIOTh XapaKTep B3a€MHOI'0 CIHPUSHHS KOMIIOHEHTIB JIJId OTpUMaHHA co-
KyCOBaHOT'O KOPHUCHOI'O Pe3yJIbTaTy. TakuM YHHOM, PE3y/bTaT € HEeBiJl €eMHUM Ta
BUPIIIaJIbHIM KOMIIOHEHTOM CHUCTEMU, IHCTPYMEHTOM, KWl OYJIy€ yIOPsiIKOBAHY
B3aEMO/II10 MiK JIBOMA IHIITME 1T KOMIoHeHTamu [1].

Posrignysmm 3micT cy9acHOTro MKIJIBHOTO KypCy ajareOpn MOKHA BUILIATH
HACTYITHI OCHOBHI METOJNYHI JiHIl B 7-9 Kjacax: [aiiicHl 9uc/ia, TOTOXKHI ITepeTBO-
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peHHs, PIBHAHHS 1 HEpIBHOCTI, ejeMeHTapHi pyHKIIT.

O6’ekTaMu BUBYEHHs TEPIIIOl 3MICTOBHOI JIHIT € Yucsa i il 3 HUMH.

O0’exTamu Jpyroi — Bupasu i jil 3 Humu. Bupasu ckiiagaoTbest 3a JI0IM0OMOT00
quces1 i OykB (TOOTO BJIACTHBOCTI 00'€KTIB, ¢ KOTPUMIE OIIEPYEMO, JIETO 3MIHIIH-
cst), aJie Jiii 3 HUMU BUKOHYIOTbCS 110 TUX YKe MpaBH/IaX, 110 1 3 YUC/IaMHU.

[Ipu rmubokoMy 1 YCBiIOMIEHOMY 3aCBOEHHI TIEPITIOl 3MICTOBHOT JIIHIT IpyTa He
BUKJIMKA€E TTpoOsieM y yuniB. OmanyBaHHs TpeThol 3MICTOBHOI JIiHIT — 11e poboTa
3 BUpasaMu, aje 3 BpaxyBaHHAM XapaKTepHUX BJACTUBOCTEl HOBUX O0’€KTIB -
piBHSHDB 1 HepiBHOCTel. YeTBepTa 3MicTOBHA JIiHIA KOHIIEHTPYE BCl 3HAHHSA IOIIE-
peHIX 3MICTOBHUX JIIHI.

Kypc anrebpn xapakTepusy€eThCs MIBUIEHHSAM TEOPETUIHOIO PIBHSA HABYAH-
Hsl, IOCTYIIOBUM IOCUJIEHHSM POJII TEOPETUYHUX y3arajbHeHb 1 e yKTUBHUX BU-
cHOBKIB. [Ipukiajaa cripsMoBaHICTb Kypcy 3a0e3MeUyeThCsd CHCTEMATHIHIM 3BEP-
HEHHSM JI0 TIPUKJIAJIIB, 1[0 PO3KPUBAIOTH MOXKJIUBOCTI ByKUBaHHS MaTeMaTUKU J10
BUBYEHHs JIHCHOCTI 1 BUPIIIEHHS TPAKTUYHUX 3aBjlaib. [IpakTmdaHa opieHTaIlisd
KYPCY BHPAYKAETHCsA B IIJICCIPIMOBAHOMY PO3BUTKY HEOOX1THOTO MATEMATHIHOIO
arapary.

[Ilopoky BUBUeHHS aJrebpu MOYMHAETHCS 3 MMOBTOPEHHS CUCTEMU y3arajbHe-
HUX 1 CUCTEMATU30BAHUX 3a 3MICTOM KYDPCY 3HaHb, YMIHb 1 HABUYOK Y4YHIB 3a BCl
norepeTHi pokn HaBdaHHd. [licis mocTaTHLOrO MOBTOPEHHS MPOBOIUTLCA KOH-
TPOJIb 1 KOpPEKIlisl 3HaHb, YMiHb 1 HABUYOK 3 00OB’SI3KOBUM BHUBEJICHHSM HeE JIUIIe
HEOOX1THOCTI, aJjie i MOXKJIMBOCTI TOTJINOJIEHHS 1 1TO/IA/ILITION0 PO3IIMPEHHS 3HaHb,
YMIHb 1 HABUYOK YYHIB.

Bi y3arajabnenns i cuctemMaTn3ariil Ha KOXKHOMY YPOIIl He0OXi/IHO TepexouTh
JIO JIMHAMIYHOTO y3araJibHEHHs BIJIIOBIIHOI TeMU B I1JIOMY, a Bl y3araJbHEHHS 1
crucTeMaTu3allll OJIHIET, JBOX, TPHOX 1 TaK JlaJll TeM — JI0 y3araJbHeHHd 1 CUCTeMaTH-
3aIlil po3/Ii/y 1 3MICTOBHOI JTiHIl. | KOKHOTO pasdy y3arajabHeHHS 1 cucTeMaTU3aIlisd
IIPOBOJISITHCST 3 O0OB’SIBKOBUM BUJILIEHHSIM 1 aKTHBI3alli€l0 IOJOBHUX, OCHOBHUX
3HaHb, HABUYOK 1 YMIHb YYHIB.

Koxknmnii pik 3aKiHIYeTbCs y3araJbHEHHSIM 1 CHCTeMaTU3alli€lo 3HAaHb, HABH-
YOK 1 yMIHb YUHIB. 3aJIe2KHO BiJl poJii i Miclisd B y400OBOMY TIPOIECI MU PO3PI3HSI-
TUMEMO HACTYIIHI eTall y3araJbHEeHHS 1 cucreMaTu3allll 3HaHb:

1. Ilepsunni yaazasvrerns — HAOLIBII eJleMeHTapHI y3araJibHeHHs, 3111 CHIO-
BaHi IMiJ1 YaC COPUIHATTS 1 yCBIIOMJIEHHSA yIO00BOr0 MaTepiaJry.

2. Jlokanvhi, abo noHaAmMIting y3a2a.40HeHH.A 31HCHIOIOTHCA Ha, YPOIIL B IIPOIIECi
pOOOTH HaJi 3aCBOEHHSIM HOBUX IOHSITH (HA eTall OCMUC/ICHHST 3HAHB ).

3. Mistcnonsamitni (ab6o noypouni) y3aeasvHEHHA i CUCTREMAMUIAUIA, K
BKJ/IIOYAIOTh O3HAUYEHHS MiK 3arajbHUX, 110 BUBYAIOTHCS, 3araJlbHUX 1 CYTTEBUX
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O3HaK 1 BJIACTUBOCTEN, B IePeX0/Ii BiJl MEHII 3arajbHUX JI0 3ara/bHIIINX TOHATD,
B 00’€/JHAHHI 3aCBOEHUX IOHSIThH B CUCTEMU, B POSKPUTTI 3B’sI3KiB 1 CTOCYHKIB MixK
eJleMeHTaMH JIaHOI CUCTEMM, PO3MIIEHH] 1X B MEBHOMY IOPsJIKY 1 pallloHaJIbHIN
ITOCJT1JIOBHOCTI.

4. Temamuumni Yy3a2a.10HEHMA T CUCTEMAMU3AUL) TIOBUHHI 320€311eINTH 3aCBO-
€HHSI 1117101 cucTeMy abo HUKJIY HMOHSITH, 10 BUBYAIOTHCS IIPOTSATOM JOBIOIO 4acy,
CKJIQJIOBUX 3MICT 3HAUYHUX PO3ILJIIB IPOrPaMU.

5. Ilidcymxosi ysazarsvHerHs i Cucmemamusayli cay>KaTh J1Jiss BCTAHOBJIEHHsT
3B’93KiB Mi2K cICTeMaMi 3HaHb, 3aCBOEHIUMU B IIPOIIECi OlaHyBaHHSI I[1JIOT0 KyPCY,
3aCBOEHHS IILJIICHOI CUCTEMH 3HAHb 110 OKPEMUX TaJly3sX HayK.

6. Miotcnpedmemmi yza2asvnennsa © Cucmemamuaayii 31 ICHIOI0TbCS 110 PSLY
POJIMHHUX [PEeJIMETIB (HAIPUKIIAJ], MaTeMaTurl, (bisuil, XimMil i iH.) Ha CrHeria/ib-
HUX YPOKAX MIiKITPEMETHOTO y3araJbHIOBAIBHOIO TIOBTOPEHHS [2].

TaxuMm 9uHOM, 110 Mipl BUBYEHHsI MaTEMAaTUKU B KO/ HEOOXiIHICTb cucTeMa-
TU3allil Ta y3araJbHEeHHs 3HaHb 3HAYHO 3pocTae. be3 BIpoBa/yKeHHs B HaBYaHHA
I[LO'O MPOIEeCY HEMOXKJIUBO JIOCATHYTU TUX IIlJIell, 1Kl CTaBUTDH IIKOJIa B HaBYaHHI
maTeMaTuIl. ChopMyTI0EMO OCHOBHI MOJIOYKEHHs CHCTEMATH3allil Ta y3araJbHeH-
Hsl 3HAHDL ITPU BUBYEHHI ajiredpu 7-9 Kjacis:

1. Cucremy BHpaB IMiJIPYIHUKIB JIOIIJIBHO IIOMOBHUTH NUMAHHAMY 1 3060a-
HHAMU CUCTNEMAMU3YI0H020 Tapakmepa. JTomiabHO TPONOHYBATH YUHAM BIPaBU
CIPSIMOBAHI Ha y3araJbHEHHS 1 KOHKPETU3allilo aJredpaidHuX IMOHATh, 1X KJacu-
dikartito, BuIJIEHHS CHIJIBHOIO 1 BIIMIHHOTO MiK MOHSATTSAMHU 1 1X BJIACTUBOCTIMU,
a TaKOYK PI3HOMAHITHI 3aBJIaHHS, PO3B’d3aHHdA AKUX Iepejidadac MmeBHy TBOPUIY
JistbHicTh. [Ipn BUKOHAHHI IUX BIpaB yYHIO HEOOXITHO i3 YCIX 3aCBOEHUX HUM
paimie ajredpaluHuX 3HaHb BiiOpaTn HeoOXiHI JIJIsI PO3B’sI3aHHsI JaHOI 3a/1a4i,
BUOpaTH HAMOLIBIT 3pyYHNIT CIIOCIO pO3B’dA3aHHsd, 3HANTH BUXIJ| 13 HECTAHAPTHOI
CUTYyaIl.

2. Cucremarmsallig 3HaHb Ma€ BiIOyBaTHCA He TIILKHM Ha 3aKJIIOTHOMY €Ta-
i BUBYEHHS OKpeMol Temu ajrebpu 7-9 kiaciB y ¢opMi ypokiB cucremMaTu3ariil
3HaHb. Taka poboma mae NPosoouMUCA HA PIBHUT EMANAT BUCYHEHHA MEMU, 3
METOIO0 BKJIIOUEHHsI OKPEMUX IIOHsATh, II€PeTBOPEHb, METO/IIB PO3B’si3aHHs 3a/1ad
B 3arajibHy cucreMy 3HaHb. OCHOBY cucremaTu3allil 3HaHb y4YHIB IIOBUHHE CKJIa-
JlaTH CTBOPEHHSI HIJIICHUX Y<BJIEHBb 110 JIiHIT ajaredpu 7-9 kiaciB 3 000B’sI3KOBUM
BKJIIOUEHHSIM [IUX 3HaHb JIO CUCTEMU 3HAHb Y I1JIOMY.

3. Hominbao dopMyBaTH B yUHIB BMiHHS 3/IiliCHIOBATH BCeOIUYHMIT aHAJII3 3a-
Jlad ajaredpu 7-9 KJiaciB 3 METOIO ONTUMAJIBHOIO BHOOPY METO/IIB TX PO3B’sI3aHHSI.
KoxxHuii 3 MeTo/IiB Ma€ siKk CBOI IepeBaru, Tak i HeJOJIKI. SHAHHS PO HUX I10-
BUHHI OYTH BJIACHICTIO HE TLIHKU BUNTEJIA, & i yIHS. YIHI MAIOTh PO3YyMITH, IO
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JKOJIEH 3 METOJIIB He € IaHAIle€lo.

4. BukopucmanHa y3a2aAbH00YUT CTeM, MabAUYDb, Ma IHWULT 3ac0016 HaAO-
YHOCINA.

5. Ilosmopenms TONIILHO CUCTEMATUIHO IPOBOJAUTHU JIJIS IHABUIIEHHS SIKOCTI
HaBuaHHsgd. BoHO He MOBUHHO OOMEXKYBATHCH JIMIIE 3aKPIIIEHHAM 3HAHbL, HABU-
YOK 1 BMiHBb YUHIB, & Ma€ 3a0e3MeInTN 3aCBOECHHS YUHSIMU CUCTEMU 3HaHb. [l
I[HOT'O MTOTPIOHO MMPOKO 3aCTOCOBYBATH K MOTOYHE, TAK TeMATHIHE 1 3aKJIIOTHE
ITOBTOPEHHS.

BucunoBkn

YzaraJabHEeHHS 1 cucTeMaTn3allisd 3HaHb Ha YPOKax MaTeMaTHKU € BayK/INBUM i
HEOOXIIHMM eTarioM y Ipoleci popMyBaHHA 3HaHb, HABUYOK, BMIHb 1 IiJIrOTOBKH
I IPOCTAIOTIOr0 TTOKOJIIHHS 70 KUTTA. Ha ocHOBI y3arajgbHEHHS JITH BCTAHOBJIIO-
I0Th 3araJibHl Ta ICTOTHI O3HAKN BUBYEHUX IIPEJIMETIB, SIBUII, IIPOIECIB, IIePexo-
JISITh BiJl UyTTEBO-KOHKPETHUX 1 By3bKUX IOHSITH 0 OlJIBII 3arajbHUX 1 IIHPOKUX.
Hemae HeoOXigHOCTI Ta if HEMOXKJIMBO 3alaM’ siTaTi YIHSIM BCIO CyMYy BUBYEHUX Y
ITKOJII 3HAHB, SIK MOHATH, TaK 1 BChOro 00csAry (haKTUIHOIO MaTepiajly. 3are JJIsd
ydacTl B IPOJlyKTUBHI{ CyCIIlJIbHO KOPUCHIIT IIpalll 1 HiJI'OTOBIIL JJO HABYaHHS B Ha-
CTYIIHUX KJIacaX YUHAM BayKJIUBO YCBIJIOMHUTH 1 3allaM dTaTU HaMOIIbII iCTOTHE i
3araJibHe JiJis psijly BUBUEHUX MOHATH, 3aKOHIB, IPABIUJI, YMITH X KOHKPETU3YBaTH
1 3aCTOCOBYBaTHU B »KUTTI, & TAKOXK OBOJIOJITH MeTOIaMU HayK.

Jlitepatypa

|1] Anoxin II.K. Bubpani npari:dinocodcebki actiektn Teopil (yHKIIOHATLHOT
cucremu / I1.K. Anoxin. — M.: Hayka, 1978. — 400 c.

2] depravesa H.4. Venonb3oBanme METOIMKH — JIHHAMHTIHOTO — 0000IIE-
HUsT W CHCTEMATH3AIMKM 3HAHUI ydamuxcss 10 MareMarnke |Eire-
KTpoHuii  pecypc|:  PectuBajib  negarormdeckux  ujeit  «OTKpBITHI
ypok» /[ H.{. JlepkaueBa. — 2007. — Pexkum mocryma K KypHay:
http://festival.1september.ru/articles /524557 /

13| Iporcasuesa B.I1. Cucremarusaiiisi Ta y3arajbHeHHs 3HAHb YUHIB y IPOIEC
suBuenHst Maremarnku / B.II. Ip:kasuesa, JI.4. @envuenko. — K.: Pag. 11k,
1998. — 205 c.

4] Komencorut £.A. Bermka munaxkruka / f1.A. Komencokuit. — K.: Pas. k.,
1979. — 475 c.

5| Jlepnep 1.5, unaxruani ocuosu merosis wasuanusi / 1.4, Jleprep. — M.:
[Temarorika, 1986. — 185 c.

6] Onuwyx B.O. Ysaraabhenns i cucremarnsaiiis 3Hanb yuauis (4-8 kmiacu) /
B.O. Ounumyk. — K.: Paj. k., 1970. — 134 c.

144 36ipHUK HayKOBHUX IIpallb (izuko-mareMarudHoro akyaprery JIJIITY



YK 37.016:51
yrinosa FO.0., Beceain Bb.B.

L crynentka 5 Kypey pizurko-maremarnanoro axyisrery, JIBH3 «JJIITY»

2 KammupaT mejaroridHux Hayk, jJjoleHT Kagenpu reomerpii Ta MBM, JIBH3 «/UIITY »

e-mail: duginova_yuliya@ukr.net, besedin_boris@Qukr.net

PEAJIIZAIIIY ITPUHITUITY HAOYHOCTI 3 METOIO
O®OPMYBAHHSI ITPOCTOPOBUX VYIBJIEHb HA YPOKAX
CTEPEOMETPII

CrarTs nMpucBsAYeHa JIOCTIPKEHHIO TPO0/IeMI BUKOPUCTAHHST HAOTHOCTI 3 METO0 (DOPMYBaHHSI

IIPOCTOPOBUX VsiBJICHb y4HIB. PO3rJIsiHyTO HaO4HI 3acO0M, fKi MOKYTh OYyTH BUKOPUCTaHI Ha

YPOKax cTepeoMeTpil, po3pobJieHO MEeTOIUMYHI PEKOMEHIAIlil Mo/I0 X BUKOPUCTAHHSI.
Kiro4yoBi cjioBa: npunyun HaouwHocmi, npocmoposi YaeaeHHA.

Beryn

O HuM 3 HaBaKJIMBIIINX 3aB/IaHb BUKJ/IAaHHS NeoOMeTpil B KO € (hopMy-
BaHHs 1 PO3BUTOK B YUHIB IPOCTOPOBUX YSBJIEHD, & TaKOXK 3/I0HOCTI Ta BMIHHA
BUKOHYBaTH OIepariil HaJl MpocTOpoBUMHU 00’ekTamu. JlocarHenHs 1€l MeTH Ba-
JKJINBO HE TUILKU JId THX Y9HIB, SIKi B MOJAJIBIIOMY MPUCBATATEL cede THM U1
IHITIM TeXHITHUM TpodecisaM, aje it JiJid TUX, XTO BuOepe iHII CIeiaIbHOCTI.

Cyrabkuii pO3BUTOK MPOCTOPOBUX YSIBJIEHb Ja€ O cobl 3HATU BXKe B IIKOJI,
VCKJIQJIHIOIOUN BUBYEHHS PSAJIY IMKLIBHUX IPEeJIMETIB, & B JISJIbBHOCTI JOPOCJIOT
JIFOJMHU BiH 1HOJI BUSIBJISIETHCS IPUYMHOIO OaraTboX HEBJAY.

[Ipobnemy dopMmyBanHsS 1 PO3BUTKY IMTPOCTOPOBOI YSABU JTOCIJIKYBAJIH Bi-
momi ncuxosorn B.I. Amamwes, JIJI. I'yposa, 1.4. Kamnymosuda, I'I. Jlepuep,
B.®. Jlomos, ®.H. Illemskin, [.C. fdkumancbKka Ta iHII; METOJUCTU-MATEMATHKN
O.M. Acrpsio, P.B. lanrnyc, B.O. Hamxinrep, H.®. Yersepyxin Ta inmi. OjgHum
i3 Halte(peKTUBHIMNX 3aCO0IB PO3BUTKY MPOCTOPOBUX VABJIEHbL YUHIB € BUKOPU-
cTanig HaodHocTi. [Ipmnmunm maodHocTi B HaBYaHHI JOCTIIXKYBABCA B Ipallsgx
KJIacuKiB nejaroriynol jgymkn 1. Komencwroro, U1, Ilecrasommi, A. Jlicrepsera,
K.JI. YmuHcbpKoro Ta iHImx.

CyuacHuME TeiaroraMu oOTPyHTOBaHa HEOOX1IHICTh BUKOPUCTAHHS MTPUHIIN-
Iy HAOYHOCT] Ha BCIX eTallax IIpollecy HaBUYaHH: 1P 1OsICHEHHI HOBOT'O MaTepia-
JIy, TIPU 3aKpiljieHHl 3HaHb, (OpMYyBaHHI BMiHb 1 HABUYOK, IIPU BUKOHAHHI JJOMa-
ITHIX 3aB/aHb, IPU KOHTPOJII 3aCBOEHHS HABYAJILHOIO MaTepialy. 3 POZBUTKOM iH-
dgopMaliiiHIX TeXHOJIOrI, 30KpeMa, IIePCOHAIBHOI0 KOMII FOT€PY BiIKPUBAIOTHCH
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HOBI MOKJINBOCTI BUKOPHUCTAHHA HAOYHOCTI, TOMY ITpobIeMa PO3pOOKH HAOTHOCTI
3aJIUIIAETHCS aKTYaJbHOIO HA ChbOIOJHIIIHIN JIeHb.

OcHOBHA 4YacTHUHA

Ha ocnoBi 4yTTeBOTO MiZHAHHS 3a/JaHUX TPOCTOPOBUX CITIBBIIHOIIEHD 38, JI0-
IIOMOI'0I0 CKJIQJTHOI CUCTEeMHU PO3YMOBUX JIiff JIIO/IMHA CTBOPIOE HOBI IIPOCTOPOBI
obpasu 1 BUCJIOB/IIOE 1X B cjioBecHiit un rpadivniit dhopmi (y Burisi cxem, Kpe-
CcJIeHb, MAJIIOHKIB, eckiziB). Lle jocsiraerbest CrierniaibHO0 JisIbHICTIO TIPOCTOPOBO-
Io y<BJIEHHs, 10 3a0e31e4ye CHPUNHATTS 3alaHUX IIPOCTOPOBUX CIIIBBIIHOIIEHbD,
iX ysIBHY T1€pepoOKy (IlepeTBOpeHHs1) 1 CTBOpEeHHs Ha Iiiff OCHOBI HOBUX MPOCTO-
poBux obpasiB. Haounicts cripusie (popMyBaHHIO 00pa3y, a OTKe 1 IPOCTOPOBUM
VSIBJIEHHSIM.

Y 3Buvaiinomy, moOyTOBOMY 3HAYEHHI CJIOBO «HAOUHUIT» O3HAUAE TAKUI, STKO-
ro MOXKHa 1100a4nTH, TOOTO Ojep:KaTu 30poBe cupuiiMands. OJHaK B IeJaroriii
HAOYHEe PO3YMIETHCS TaKUM, IO Y CKJIJTHOMY O0’€KTI MU MOYKEMO BUOKDEMUTH,
BUJILIUTHU IIPOCTI €JIeMeHTH, KOXKEeH 3 SIKUX JJIsT HAC € IEBHUM IePBUHHUM UYyTTE-
BUM oOpa3oM. Toi mpejiMeT MU pO3IJIAAAEMO SIK IIEBHY CYKYIIHICTb X IyTTEBUX
esieMenTiB |2, ¢. 101]. V meuxosoro-niearorivauiit jiteparypi BULISIIOT Pi3Hi BU-
JI1 HAOYHOCT1I, SIK1 1ICTOTHO PI3HATHCA CBOIM 3MICTOM 1 CTBOPIOIOTH PI3HI YMOBH 1151
BUHUKHEHHsI 00pa3iB:

o Hamypaarvni (pewosi) modeai ma ix nepcnekmueni 300paicenis € TpOCTUMU
3aMIHHUKAMU peajbHUX 00’ €KTiB, 3 KM BOHU 30€piraioTh MOBHY CXOKICTh.
Haounwnit xapakTep 1ux Mo/ie/ieil IPOosiBJISIETbCS B TOMY, 110 Ha IX OCHOBI CTBO-
PIOIOThCsI 00pas3m peajibHUX 00 €KTIB, IIJIKOM JIOCTYIIHUX OE3110CePeHbOMY
CIIOCTEPEKEHHIO.

o VmosHi epaghiuni 300pastcenta Ha BIIMIHY BiJl HATYPAJIbHUX (PEUOBIX) MOJIE-
Jieil CIPUSIOTH Iepejadi OlIbII IPUXOBAHUX Bl OE3110CEPEIHBLOIO CIIPHUITHSI-
TTs BJIACTUBOCTEN JIOCII2KYBAHOTO 00’€KTa. 3BLIbHEH] Bijl KOHKPETHUX «Ti-
JIECHIX» 0COOJIMBOCTEl 00’ €KTa, BOHU II€PEIal0Th T'OJJOBHUM YMHOM KOHCTPY-
Kiiito (Oy10By) 00’eKkTa, fforo reomerpudHy hbopmy, MPOIOPIIl, TPOCTOPOBE
IIOJIOYKEHHST 100 OKPEeMUX YaCTHH.

e 3naxosi modear BTpadaloTh OyJb-siKuil Oe3mocepeniil 3B'130K 3 300parKy-
BaHuM 00’ekTOM. AJle 1e He O3HaUae, 110 3HAKOBI Mojesi He HaouHi. ITpn ix
JIOTIOMO31 BIJITBOPIOIOTHCS B 1yTTEBO-AOCTYIIHY, HAOUHY (POPMY pi3HI 3B’sI3K1
i Bijromenus. [5, c¢. 33-36]

[IpoanaJiizyemo 3acobu HAOUTHOCTI, 10 MOXKYTh OYTU BUKOPHCTAHI Ha YPOKAX CTe-
peoMeTpii:
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e B dKocTi HAOYHOCTI MOXKYTL 3aCTOCOBYBATHCH PIZHOMAHITHI MaKemu 2eo-
mempuyHur mia (KapkacHi, CyIibHi). BukopucranHs Takol HAOYHOCTI He
TLIBKHU clipus€e (DOPMYBaHHIO B YUHIB 00pa3y TOI'O Ui 1HIIIOI'0 FeOMETPUIHOIO
TijTa, aje i moJernrye cupuiiMaiisg TeOPETUIHOIO MaTepialy Ta pO3B sd3aHHS
3ajiad (HAIPUKJIAJl, BUBYEHHSI B3AEMHOIO DO3MIIIEHHs MPSIMUX Y IIPOCTOPI
Ha KapKacHOMY MakeTi mapaJieserninesia). KopucHo saaydar yIHiB JI0 BU-
roropjieHHs: MakeTiB. Tak, y nocionuky B.[.KopasiboBa «CamopoOHi HaodHi
MOCIOHUKU 3 MareMaTukiy» |2| HaBOJATHCsT KPeC/eHHs Ta PO3TOPTKU MHOIO-
I'PAHHUKIB 1 TiJ1 00epTaHHsd 3 JeTaJbHUMU IHCTPYKIISAMU 00 IX BUT'OTOB-
jerHs. Apb00M KpecsieHb Ma€ Ha MeTi HaJIaTH JIOMOMOIY BUNTE/ISIM MaTeMa-
TUKHM Ta BUKJaJadaM PydHOI Hpalli B IX CIHLJIbHIN pobOTI 110 BUTOTOBJIEHHIO
HaBYAJILHUX ITOCIOHUKIB.

o Pucynokx Jae MOXKJIUBICTb YUHSM IMPABUIBHO PO3B’dA3aTH 3aJa4dy, 3pOOUTH
[IeBHI BHCHOBKHU II0/I0 BJIACTUBOCTEN THX UM IHIIUX IIPOCTOPOBUX 00'€KTIB.
Y mporieci BUBYEHHS CTEpeoMeTpil PUCYHOK € OJIHUM i3 3aco0iB 3aCBOEH-
He HOBOI'O MaTeplaJsly, pO3BUHEHHs IIPOCTOPOBOI YdBU YYHIB, 1 4Yepe3 Iie J1y-
JKe BarKJINBO HABYUTH 1X BLJIBHO 1 CBIJIOMO BUKOHYBATU PUCYHKU F€OMETPUY-
HUX POpM, O3HAflOMUTH IX 3 ePEKTUBHUMU CIIOCOOAMU BUKOHAHHSI TaKUX
PUCYHKIB.

e Bukopucranns cyuachux in@opmayiting mexrnonoeii, 30KpeMa KOMIT I0Tepa,
Jla€ MOXKJIMBICTH MOJIETIOBATU OKPEMI IIPOIEeCH Ta CUTYallil, TOOTO 3HATHO
PO3IINPIOE MOYKJINBOCTI BUKOPHUCTAHHA NPUHIUITY HaodHOCTi. Ha cboroimi-
ITHIN JleHb icHye 6araTto mporpaMHuX 3aco0iB JijId BUBYEHHS MaTeMaTUKH,

3okpema, crepeomerpii. Cepenr Hux nporpamu Microsoft PowerPoint, Maple,
MathCAD, Mathematika, Maxima, GeoGebra, GRAN-3D Tormo.

Ha ocnoBi 3a3HaueHNX BUIIE IICUXOJIOIO-TIEJATONYHIX aCIIEKTIB MOXKHA BUIi-
JINTU HACTYIIHI METONYHI peKOMEeHallll BUKOPUCTAHHS ITPUHITUITY HAOYHOCTI JIJIs
dopMyBaHHS IIPOCTOPOBUX YsIBJIEHb B KypCl CT€peoMeTpil:

1. Buxopucmanmna HaowHOCML HA PIBHUT emanar Has4asbro20 npouecy. Ha
yPOIll HAOYHI MOCIOHUKN BUKOPHUCTOBYIOTHCS 3 PI3HUMU IJISMU: JIJId O3Ha-
fOMJIEHHSI 3 HOBUM MaTepiaJjoM, JIJIs 3aKpillJIeHHs 3HaHb, YMiHb, HABUYOK,
JUTs TIepeBIpKM X 3acBoeHHs. Ha erani BuKJIaJleHHsT HOBOIO MaTepiay Ha-
OYHICTb CJIY’KUTH ONOPOIO /I YCBIIOMJIEHHS 3B A3KIB MiXK (pakTaMu, SBU-
I[AMU, & CJIOBO BUUTEJISI CIIOHYKAE JI0 CIIOCTEPEXKEHHS 1 CIIPSIMOBY€E YUHIB Ha
OCMUCJICHHS, TJIyMadeHHs 3p00JIEHIX CIIOCTepexKeHb. [Ipu y3arajabHeHHi, 110-
BTOPEHHI BUBYEHOI'O, K IPABUJIO, JIZKEPEeJOM 3HaHHd BUCTYIAE PO3MOBIJIL
BUMTE/IsI, 8 HAOUYHICTH BHKOHYE (PYHKINIO IiITBEPIZKEeHH, 1I0CTpalil, KOH-
kperuzariii. Ha erani 3akpinienasd 30alb, YMilb, HABUYOK BeJUKE 3HAUCHHS
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Ma€ CBIJIoMe BUKOHAHHS YIHSAMU PUCYHKIB, JIOCJIZKEHHS B3a€MHOTO PO3Ta-
IIyBaHHA €/IEMEHTIB IIbOI'0 PUCYHKA, OCKIJIbKH II€ € BayKJIMBOIO YMOBOIO IIpa-
BIJILHO BUKOHAHOI'O PO3B’3aHHs 3a/1a9i. 3ac00M HAOTHOCTI MOYKYTDH CJTYZKH-
T 30POBOIO OTOPOIO IPH ONMUTYBaHHI y4uHIB. Hampukia, BUKOPUCTOBYIOUH
BIIPABHU HA T'OTOBUX KPECJEHHSIX, BUUTE/H 3a0IQJKYE dac, 30LIbIITye 0bcsIr
MaTepiaJly, 10 PO3NJIA aE€ThCI Ha YPOIII.

Hoeonanma pisnux eudie naownocmi. Hanpukia, KMo BUBYAETHCS TOHSI-
TTSI KOHYCa, TO B SIKOCTI HAOUHOCTI MOKe OyTH 3aCTOCOBaHO: 1) CIOBeCHMUIA
onnc (BU3HAYEHHS ) TIHOTO TTOHATTS; 2) 06’eMHa MOJIes b KoHyca (KapKacHa abo
CymiJbHA); 3) HOro posroprka; 4) 3006pazkeHHsI KOHyca abo HOro po3ropTKu
Ha JIONIII, Ha Iarnepi, Ha ekpaHi Toio. Bei nepepaxoBaHi 00’ €KTH € MOIe)Is-
MU, 3 Ti€l 91 iHIIOT CTOPOHU BiJIOUBAIOTH MOHATTS KOoHyca. OJIHAK, FOTYIOUNCH
JI0 KOHKPETHOT'O YPOKY, BUNTEb BUOMPAE Ti 3 HUX, 3 SIKUMH JIeriie OpraHi-
3yBaTH HEOOXiJHY poOOTY y4HIB, TOOTO HaMOILIbII HPOCTI B JAHUIl MOMEHT
JUTd X CpuitHATTA. K10 Ha yporli nepeadbadaeThbesd modaT 3HafloMCTBO 3
MOHATTSAM KOHYCA, TO 3PYUYHUME BUSBJIATHCA 00’€MHI 300parkeHHs abo 30-
OparkeHHsI Ha eKpaHi. Y Ipoleci K 3aKPIIlJIEHHs] IIHOI0 MOHSTTS 3PO3YMiJi
JIJIST CHIPUMHATTS ILJIOCKI KpecJjeHHsT ab0 CJI0BECHI OIIUCH.

Paugonarvre suxopucmanmns naowrocmi. He tpeda 3/10BKUBATH HAOUHUMU
3acobaMi, OCKLJIBKH 116 MOXKe 3aBarkKaTu CIIPUIHSITTIO HABYAJIbLHOTO MaTepia-
Jly abo, HaBiTh, raJIlbMyBaTH PO3BUTOK aOCTpaKTHOroO MucjaeHHs. Hanpukiia,
npeserTtaitist Microsoft PowerPoint, o mictuts 3aiiBi gerasi (sickpasuit o,
KoJIip mpudTy, iiocrpariii) BigBosikae yBary yuuis. HajmipHe Bukopucra-
HHS MaKeTiB IeOMeTPUYHUX T MOKe IPUBECTH JIO TOTO, IO YUHI He CIIPU-
HMaTUMyTh PUCYHKHN IUX TiJ.

Bpaxysanmsa ocobausocmeti 306pastcerns npocmoposur 0b’exmie na naousu-
Hi. MeTomcTu-MaTeMaTUKN 3ayBazKyIlOTh, MO B MIKIJIbHIN MPAKTHUIIl HEMAE
€JIMHOT'O 3araIbHOIPUIHATOrO IiJIX0/1y JIO BUKOHAHHS PUCYHKIB, OLJIbII TOTO,
H6araTo BUNTEIB NPUJILISIOTH ITHOMY IMHTAHHIO MaJlo YBaru, BBayKaro4n fioro
apyropsiiauM |3, ¢. 8|. Criocobu mobyioBu 306pazkyBanol (Girypn Bu3HauYeHi
BJIACTUBOCTSIMU TIapaJie/IbHOIO IPOeKTyBaHHs. PejibedHICTh pHCyHKa J10Cs-
raeTheCsl JI0JIepyKAaHHsIM [IeBHUX IIPABUJI IIPOBeJeHHs pisHux JiHiit. 1100 1mo-
JIETTITUTH YIHIM BUKOPUCTAHHS TEOPETUIHOTO MaTepiaJIy IijT 9ac Po3B’ I3yBa-
HHSI CTEpEOMEeTPUIHNX 3aJ1a4, JOMLIBHO eJIeMEHTH ITPOCTOPOBOI (Pirypn, dKi
€ IJIOCKUMU (pirypamMu, BUHOCUTH Ha OKpeMuil pucyHok. TpyaHoini BHHUKA-
I0Th HE TIJIBKK NPU CHPUHHATTI 300paykKeHHs Ha mnarnepi abo Ha JIOMII, aJie i
Ha ekpani KoMt torepa. [Ipore cydachi indopmariiiiii 3acobu 3a JTOIOMOTOIO
PYXOMUX, JINHAMITHIX Mo/iesieil (Ha BIMIHY BiJI CTATHYHIX PUCYHKIB) JTAI0ThH
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MOXKJIUBICTH YUHAM Kpallle YSIBUTH, JOCJIAUTH IeBHUI 00’ €KT.

Saryuenna yunie 0o 6u20mMoBAeHHA HA0YHOCML. BIaCHOPYYHO BUTOTOBJIC-
HI MaKeTHu, MOJieJll, PUCYHKHU CIPUSIOTH KPaIoMy YCBIJIOMJIEHHIO, OCKLIbKHI
y4HI JJOCKOHAJIO BUBYAIOTH N'€OMETPUYHI Tlj1a B IIPOIEC] CTBOPEHHSI HAOYHOCTI.
KopucHoro st BURTEId MaTeMaTUKHI Ta BUKJIaIada PYyUIHOI IIpalll € KHIUKKa,
B.I.LKoasboBa «CamMopoOHI HaOUYHI MOCIOHUKM 3 MaTeMaTUKU», Jle HaBO/Is-
ThCsI KPECJIEHHsI Ta PO3TOPTKU MHOI'OIPAHHUKIB 1 TiJI 00epTaHHs 3 JleTa/bHIU-
MU IHCTPYKIsiME 1110710 TX BuroToBjierts [1]. [Topsiy 3 kpecieHHsiMu Mo/1e/Ieit
CKJIQJTHUX KOHCTPYKIIilf, BUTOTOBJIEHHS KX MOXKJINBE B MIKIJILHUX MaficTep-
HsIX 3 00pOOKM MeTasy i JiepeBa, B ajbOOMi € KpecjeHHsl PO3rOPTOK I'eoMe-
TPUYIHUX TLJI, sIKi MOXKHa& 3pobuTn i3 mariepy. [leBHI TPy/IHOIII BUHUKAIOTH
IIpu po3poOIll YIHAMI HAOYHOCTI 3a JIOTIOMOTOI0 KOMIT IoTepa. Y YHAM JOBO-
JINTHCSI HE TIIbKU JIyMaTH HaJl 3allPOIIOHOBAHIM 3aBJIaHHSIM, ajie i IOTPiOHO
OBOJIOJIITH HABUYKAMEI POOOTH 3 BIJIIIOBIIHOI KOMII'IOTEPHOIO IIPOIPAMOIO.
OsHak Ha CLOIOJHINIHIA JIeHb OOIpyHTOBaHa HEOOXiIHICTHL HABYAHHS OCHO-
BaM IIpOrpaMyBaHHsI, HiAroToBKN KopucTyBadiB [IK s po3s’sa3aHHs pisHUX
NPUKJIQTHUX 3a/1a4.

BucuooBkn

Ha ocnoBi anasizy 1mcuxoJioro-1meiaroriviol jirepaTypu po3poOeHo MeTOIH-

YHI peKOMeH Iallil 11010 CTBOPEHHS Ta BUKOPUCTAHHS PI3HOMAHITHUX BUJIB HAO-

grocTi (MaketiB, pucynkis, T3H) npu BuBdenni Kypcy crepeomerpil.

Jliteparypa

1]

2]

3]
[4]

5]

Kanaynosuy M. 5. O cTpyKType IPOCTPAHCTBEHHOI'O MbIIILJICHUS IIPU Peliie-
Hun MaTemarnaecknx 3aja4 / .91, Kamnynosnd // Bornpocsr ncuxosorun. —
1978. — Ne 3. — C. 75 — 84.

Kosanes B.H. CamoiesibHble HarIsiiHble Tocobust o Maremaruke /| B.J. Ko-
BasieB / / Anpbom geprexeit. — M.: I3areibeTBO akaieMun e [arornaecknx
nayk PCOCP, 1963. — 169 c.

Managiix I.B. Qunakruka / [.B. Manadiix // Hapqanbuuit nocioank. — K.
Konmop, 2005. — 397 c.

Iossno H.M. TIpobieMu po3B’si3yBaHHSI CTEPEOMETPUYHUX 33124 Ta ITOsSICHE-
uHg 1x poss’szanng / H.M. [losno // Maremaruka B mKosax YKpainm. —
2009. — Ne 1 (229). — C. 8 — 11.

Hxumancras . C. PasBurne mpocTpaHCTBEHHOIO MBIILIEHUS TKOJTLHUKOB /
N.C. Adxumanckass. — M.: [legaroruka, 1980. — 240 c.

Bumyck Ne3, 2013 149



YK 37.016:51
ITonoBa FO.A., Becenin B.B.

L crynentka 5 Kypey pizurko-maremarnanoro axyisrery, JIBH3 «JJIITY»

2 KammupaT mejaroridHux Hayk, jJjoleHT Kagenpu reomerpii Ta MBM, JIBH3 «/UIITY »

e-mail: popova_yulia_a@ukr.net, besedin_boris@Qukr.net

BUNKOPNCTAHHA KOOPANHATHOI'O TA BEKTOPHOI'O
METOIY B IKIJIbHOMY KYPCI TEOMETPII

lana craTTd NpucBgYeHA BUKOPUCTAHHIO KOOPIMHATHOMY 1 BEKTOPHOMY METO/IaM PO3B’I3aHHS
3aJ1a9 Ha ypokKax reometpii. O6’€KTOM BUBUEHHS € IIPOTEC BUBYEHHSI eOMeTPil y 3arajibHOOCBI-
THIi# mKouti. [Ipu BUBYeHH] JAHOTO TUTAHHS, BUABJIEHO, IO BUBYEHHS KOOPIMHATHO-BEKTOPHOTO
MeTo 1a Oyie O1IbIT e(heKTUBHUM, AKIIO BUKOPUCTOBYBATHU IIPO/IyMAHy CUCTEMY 3aJad JJisd (pop-
MYBaHHA OKPEMUX KOMIIOHEHTIB MeTOJIa

KirodoBi cioBa:  xoopdunamnuti memod, eexmopruti memood

Beryn

B reomeTpil BUKOPHCTOBYETHCS Pi3HI METOJIN PO3B’si3aHHS 3a/1a9 — 1€ CHHTe-
TUIHUN, aHAJITUIHUN Ta ajareOpaldHuii MeTo/ M, MeTO/l IepeTBOPEHb, MeTO/] BU-
KOPUCTaHHs JIOIIOMI>KHOT 1100YI0BH, BEKTOPHUIT, KOOPAMHATHNI METO/I Ta 1HIII.

Ao B reomMeTpil JJOBOJUTHCS, K MPABUIIO, MIYKATH JIJIS KOZKHOI 3a/1a4i 0CO-
OJIMBUIT NIJIAX PO3B’si3aHHS, TO B aJredOpi Ta aHaJITHIHOI reoMeTpil PO3B’d3aHHAg
IIPOBOJISITHCS 3a 3arajbHUM JIJIs BCIX 3ajlad IJIAHOM, KUl IPUCTOCOBYETHCS J10
Oyab-sikiit 3aa4i. [lepeHecerHHst B reoMeTPil0 BJIACTUBY aJiredOpi ajaropuTMizoBa-
HICTh 3aBJlaHb — CTAHOBUTH I'OJIOBHY IIHHICTH KOOP/IMHATHO-BEKTOPHOI'O METOJY.
SHAUYMMICTD IIUX METOJIIB MOJISITAE€ B TOMY, IO X 3aCTOCYBaHHs 11030aB/IsIE€ Bijl He-
00X1THOCT1 BJIABATUCS JI0 HAOUHOTO YBJIEHHS CKJIaJIHIX IPOCTOPOBUX 300parKeHb,
IO CITPOIIYE PO3B’sI3aHHs 3a/1ad.

[IpobsieMoro KOOpIMHATHO-BEKTOPHOI'O PO3B’si3yBaHHs 3aJjiad 3aiiMasiacs J10-
CUTH BeJIMKa Koropra BuenmX. [.B. Jlymina BBakae, 110 BUKOPUCTOBYBATH KOOP-
JIMHATHY TIOIIMHY BXKe CJIIJT 3 IT'sATOro KJIacy BUBYEHHST MATEMATHKH, IO «CIPHU-
sie peaJiizallil BHYTPIIIPeIMETHUX 3B I3KIiB MizK aJIredPoIo 1 reoMeTPi€ro, J103BOJISIE
3BOJUTH TTOOYIOBH JIO OOYUCJIEHD, MO 1HKOJIM OLJIbIIT KOPOTKUM IILJISXOM ITPUBO-
auTh j10 Metuy» |4, . 43]. Oguaxk C. CmoropzkeBcKuii 3actepirae Hac, Mo PO3B si-
3aHHS 3a/1a9 JAHIM MeTOJIOM He 3aBXKJIW € MPOCTIIe Ta TapHille THX, M0 MOKe
3aIPOIIOHYBATH eJIeMeHTapHa reoMmeTpist [5].

© Ilomosa FO.A., Becenin B.B., 2013

150



[Tomosa FO.A., Becenin B.B. Buropucranus KoopuHaTHO-BEKTOPHOTO METOY ...

[IuTaHHSIM BUKOPUCTAHHSI BEKTOPHOT'O Ta KOOPMHATHOIO METO/Ly IIPU PO3B’sI-
zanni 3aja4 3afimasncs Kymuip [LA., C. IIlecrakosua, Maiiopos B.M., Ckorerr
3.A., Kpaitsman M.JI., T'orman E.I'., I'naronesa E.I'., Kupuios A.A., I'esbdan
M. [1, 2, 3].

Koop/imHaTHO-BEKTOPHUIT METO/I I'PA€ BarKJIUBY POJIb IIPU BUPIIIEHH] ITKOJISI-
paMu 0araTboX I'eOMeTPUYHUX 1 PI3MIHUX 3ajad, 3aK/I1aJa€ OCHOBY JIJI PO3B’s-
3aHHs 3a/1a49 y IIPOCTOPi. B mIKoIi 3a 10IOMOron BEKTOPHOIO Ta, KOOPINHATHOIO
METOJIy PO3B’SI3YETHCsI OaraTo pisHOMAaHITHUX 33144, SIKi He MAIOTh 1HIIIOIO CIIOCO-
Oy PO3B’sI3aHHA.

OcHoOBHA 4YacTHUHA

Koopinnarao-BeKTOpHUIT METO/T PO3B’A3aHHs 33/1a9 MOPIBHAHO 3 IHIITNMHI Me-
TOAAMH, JIy?Ke YacTO JIO3BOJISIE YHUKHYTH IITYYHUX ITOOYIOB, CIIPOIILYE PO3B’s-
3aHHS OaraThbOX NeOMETPUYHUX 3aJiad 1 JOBeJeHHs TeopeM. BiH 3pydHMiT TaKoXK
TUM, 1110 He TOTPIOHO BUKOPUCTOBYBATH BEJMKY KiJIbKICTH (POPMYJI, O3HAK 1 BJa-
ctuBocteit diryp. Koopinnarno-BeKTopHMiT METOJ, B MIKIIBHOMY Kypci reomMeTpil
3aCTOCOBYETHCS JJOCUTH PIIAKO, XOU 1 € JIOCUTh 3PYUHUM.

CyTHICTb KOOPJIMHATHOTO METO/IY, K 1 BEKTOPHOIO, MOJISITAE€ B TOMY, IO I'€0-
MeTpHUYHa 3aja4a MepeKIaJIa€Thcs Ha MOBY aJiredpH, 1 11 po3B’d3aiHsd 3BOAUTHCA
JI0 PO3B’si3aHHSI PiBHSIHb, HepiBHOCTel 4u ix cucreMm. I11o0 3acTocoByBaTH KOOpP-
JINHATHO-BEKTOPHMIT METOJI JI0 PO3B’sd3aHHs 3a/1a4i, Tpeba BUKOHATH TPU KPOKH:

1) CdopmyroBaTit 3a/1a7y Ha MOBI BEKTOPIB UM KOODMHAT.

2) IleperBopurnu aarebpaianuii Bupas.

3) IlepexsacTu 3HaiijeHnil pe3yIbTAT Ha MOBY T€OMETPil.

[Tepmn HixK 1epeBOJINTHU 3aJlady Ha KOOPMHATHO-BEKTOPHY MOBY, HEOOXiJIHO
BCTAHOBUTH, YU JIOMLJIBHO PO3B’dA3yBaTH 3aJady came KOOPIUHATHO-BEKTOPHUM
METOJIOM.

Posp’si3yBaTn 3a1a4y NUMH METOJIaMU Ma€ CEeHC, SKIIO Ie 3a/1adi:

e 110B’s13aH] 3 JOBEJCHHSIM TTApAIeTbHOCT] TPAMEX (BiIPI3KiB);

® B sIKuX Tpeda JOBEeCTH, IO JiessKa TOYKa JIINTh BiJIPI30K y MEBHOMY BiJIHO-
meHHi abo € oro cepeuHoIO;

e B gKuX Tpeba obrpynrysaru, mo Tpu Toukn A, B i C jexarb Ha OmHiil

IPAMIiL;

B SIKIX Tpeba joBecTH, o jganuit votupukytauk ABCD — mapaseiorpam;

Ha 3HAXOJIXKEHHS JOBXKUHU BIJIPI3Ka;

Ha 3HAXOJIKCHHS BEJIMIUHU KYTa;

Ha, BUIIIYKaHHS N€OMETPUYHUX MICI[b TOYOK;

Ha JIOBeJEeHHSI 3aJIeyKHOCTENl MIXK JIIHIHHIMHI eJIeMeHTaMM.
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st TapHOTO OBOJIOJIIHHS YUHAMHI KOOPJAUHATHO-BEKTOPHUM METOJIOM HEO0O-
XiJIHO I1le Ha IPOIEJEeBTUYHOMY eTall cOopMyBaTH B YUHIB ysBJIEHHs PO MO-
JKJIMBICTD JIOBLJIBHOI'O BUOOPY CHCTEMU KOOPJAUHAT, B IIPOIECi PO3B’si3aHHs 3a1ad.
[IpaBuibHMit BUbip oceit KOopIMHAT MTOTPIOEH B MEPIITY YePTry I TOro, 1Mob CIpo-
CTUTHU areOpaldHi oreparllil, a He TEPETBOPUTHU JIETKY 3aJiady Ha JIyKe CKJIAJIHY.
[Ipu BimcyTHOCTI 1€l pOpME HABYAILHOI JIislIBHOCTI IIPOIEC PO3B’sI3aHHS 3a/1atd
OyJ1e BiIOyBaTuCs O1IbII MOBLIBHO 1 floro pe3ysabTaTn OyayTh MEeHIIT ePeKTUBHUMU,
[0 B CBOIO 4Yepry IpusBe/ie JI0 MOTipIIeHHs 3aCBOEHHS HABYAJLHOTO MaTepiaJry.

[Ipunnumn nijsicnocti nepejgbdadae Te, 1Mo YIHI MOBUHHI YSBJISATH IM€OMETPUIHI
dirypu, sik 00’€KTH B KOOPJAMHATHIN ILJIOIIMHI, 38 KOXKHUM PiBHIHHSIM YUHI I10-
BUHHI O6a9uTh JiedKy (irypy Ta BMITH iHTEPHPETyBaTH PE3YyJIbTaTH OTPUMAHUX
reOMETPUYHIM METOJIOM, 3a JIOIIOMOTIOIO TTOOY/IOB.

[TpuHIUT TOCTIIOBHOCTI MOJIATaE B TOMY 110 BUKOPUCTOBYIOTHCS CIIEIiaIbHO
miiopani 3aja4i, sAKi HaIpaBjeHi Ha (OpMyBaHHsSI OKPEMHUX KOMIIOHEHTIB METO-
ay ( couarky 3ajadi Ha (GOPMYBAHHST OJTHONO KOMIIOHEHTY, HOTIM JIBOX, TPbOX i
T.JI.) & CHCTeMATHYHI MOBTOPEHHSI Ta BUKOPUCTAHHS KOOPJANHATHOIO METOJY JIJIst
PO3B’sI3aHHA 3aJlad B PI3SHUX TeMaxX IeoMeTpil Inepeadadac PO3BUTOK MUCJIEHHS
yCiX y4HIB, y TOMY YHUCJi 1 HailcIaOKININX.

st oBoJIOJIiHHSL Oy/ib-SIKOIO MaTepiajly 3 JIOBLJIbHOI JMCIUILIIHU, TakK I
KOOP/IMHATHO-BEKTOPHOI'O METO/1y, BayKJIUBUM € BUBUYEHHH SK Teopil TaK 1 3aB-
JIaHHS MTPaKTUIHOTO XapakTepy. [Ipore BpaxoByroun crenndiky KOOpIMHATHO-
BEKTOPHOI'O METOJIy MU BBaxKae€MO JIOIIJIHLHUM OCHOBHUI aKIEHT MPUILIATH I1pa-
KTUYHII JisJIBHOCT] YYHIB, TOOTO PO3B’I3yBaHHA 3aJia4d. BUKOPUCTOBYIOUH KOOP-
JAUHATHAN Ta BEKTOPHUIT METO/IN.

[IpwHIUIT HAOYHOCTI JIoTIOMAarae PO3BUTKY aOCTPaKTHOIO MUCJIEHHs, 3a0e311e-
qy€e 3B'SI30K MK KOHKPETHUM Ta abCTPaKTHUM, TOMY JUJAKTUKA CTBEPJIZKYE,IO
HAOYHICTh € BUXIJHUM MOMEHTOM HaBYaHH:. e(DEKTUBHICTbH I[LOI'O IPUHIINILY 3a-
JIEXKATD BiJI IPaBUJILHOTO BHOOPY 3ac00iB HAOYHOCTI Ta BiJ X NPaBUJILHOIO 3a-
CTOCYBaHHs B IIpOIleCcl HaBYaHHSI.

1151 OBOJIO/IIHASA BMIHHAM TIEPEBOJINTHU 3 T€OMETPUIHOT MOBHU HA KOOPAUHATHO-
BEKTOPHY Ta HaBIaKW HEOOXiJHO 3HATH, SIK TO UM iHIIE KOOPJIMHATHO-BEKTOPHE
CIIBBIJIHOIIIEHHST MOYKHA, BUPA3UTHU Ha I'€OMETPUYHIN MOBI, JiJist (POPMYBAHHS IIIX
HABUYOK MU ITPOMOHYEMO PO3POOUTHU TAOIUINO 3 TAKUMU MEPEBOJAMU I BUKOPU-
CTOBYBATH 11 Ha IEPIIUX eTalax.

st migBuieHHst e(peKTUBHOCTI YPOKIB reoMeTpil HeOOXiIHO BUKOPHUCTOBYBa~
TH K TPaJIUIIIHI 3ac00M HAOYHOCTI TaK 1 TE€XHIYHI, TOB’sI3aHi 3 HOBUMHU iHGOP-
MaIifHIMI TEXHOJIOTISIM, IO TOJIETTTYIOTH pOOOTY BUUTEJIA, M ABUNLYIOTH ITi3HAa~
BaJIbHUII iHTEepec y4HIB, 10 B CBOIO 4epry IiABuilye e(deKTUBHICTh HaBYAJIbHOIO
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nporiecy. Ilpu BuBdenHi jiit Ha i BEKTOpAMU MOYKJNUBO OpPraHi3yBaTH CaMOCTIIHY
Hi3HABAJIBbHY JSJIBHICTL YUHIB 3 BUKOPUCTaAHHSM IPYHOBUX Ta irpoBuX (opm it
opramuizariil.

KoopimaaTHO-BEKTOPHUIT METO/T B MKILJILHOMY KYPCi reoMeTpil BUKOPUCTOBY-
€ThCs JIJIA JIOCUTH JIETKUX Ta TUIIOBUX 3ajad. Tomy gopedno Oyao O po3rigHyTn
Ha (paKy/JIbTATUBHUX 3aHITTAX OLIbII CKJIA/IHI Ta IIKaBi 3a/a4i, JJIs oI In0/JIeHH
3HaHb 11PO KOOPJIMHATHO-BEKTOPHUIT METOI.

Bucaosknu

KoopannaTao-BeKTOPHUIT MeTO/ 3HAYHO IOJIETTIYE PO3B sI3yBaHHA 3ajad, a
JIesIKIX BUIAJIKAX 3aja4dy B3araJi HEMOXKJ/IMBO PO3B’s3aTH IHIIMMU CIIOCODAMH,
PO3BUBAE MPOCTOPOBI YABJIEHHS Ta BHYTPITPEIMETHI 3B’ I3KI MiXK aJredporo i reo-
MEeTPIEIO.
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OCHOBHI METPUYHI 3AJTAYI HA ITPAMI ¥V IIJIOIIIVHI B
APIHHINX KOOPIMNHATAX

lana cTarTs TpUCBAYCHA METOJUIHUM 1 TEOPETUIHHM ACIIEKTaM BUBYCHHS TEMU <«METPUUIHI
3ajadi Ha NpsIMY B ILIONMHI B adiHHUX KOOpJMHATAX», sKa, 3 ypaxyBaHHSIM CydacHOI TeH-
JICHIIi1, € HEBiJ'€MHOIO CKJIAJIOBOIO IIpKU BUKJIAJaHHI 00’€IHAHOTO KypCy 3 JIHIiHOT ajredpu Ta
AHAJITUYHOT reOMeTPil JIjist CTY/IEeHTIB (hizuko-MareMaTndIHuX creriaabrocTeit BH3.

KirouoBi ciioBa: aghinna cucmema xoopdunam Ha nAOWUMI, MeMPUHI Koediuiernmu,
mampuus I'pama, mempuuni 3a0aui, npami 6 NAOULUHI.

«Huuro me B cmiax ocTaHOBUTL MaremaTuka. He ocramoBuiics oH IaxKe
mepesi aBropureToM Jlekapra, HCKPUBUB MPSIMOYTOJLHYIO CUCTEMY KOOPIU-
HAT, HA3BAHHYIO B Y€CTh BeJIMYaiiiero MareMaTuka 1 Moicaureiss X VII Beka
dexapmosoti.»

P. T'mazep

Bceryn

Croronni nepej BiTunmsnsaumu BH3, 1m0 roryooTh MailOyTHIX BUKJIAJIAdiB,
30KpeMa BUKJIaIadiB (i3UKM Ta MaTeMaTHKH, [TOCTAJI0 HAJBAXK/IUBE 3aBJIaHHS —
dopmyBaTu (axiBiiB 3 BUCOKUM piBHEM IIPOdeciiiHol KOMIIETEHTHOCTI.

Tpaaumiiino, gucnuiniian «AHagiTndHa reomeTpist» 1 «JliniitHa asrebpa Ta
aHaJITUYHA T'eOMeTpisl» € HOPMATUBHUMU JIUCHUILIIHAMM Y HaBYAJbHUX ILJIaHaX
miiroToBKN (haxiBIliB (hizUKO-MaTeMaTUIHUX CleliajabHocTell megaroriaanx BH3.

3araJibHO-BI3HAHOIO BUMOI'OIO CYy1YaCHOCTI € Te3a IIPO Te, 1110 CTYIeHTH IIOBUHHI
O6aYUTH Ta YCBIIOMJIIOBATH <... HE JIMIIE CTPYHKICTh 1 Kpacy TEOPEeTUIHOI JyMKH,
a 1 MOXKJIMBOCTI 3aCTOCYBaHHs allapaTy aHAJITUYHOI TeoMeTpil B IHIIUX PO3/ii-
JlaX MaTeMaTHKHU, JJIsl PO3B’si3aHHs NPAKTHIHUX 33124 Y PI3HUX TaJly3sX BHUPO-
OHUIITBA I €KOHOMIKH, OCKLIBKH 100aA%Wa 6UKAGdaUbKE DIAADHICMb CTYIEHTIB-
MaTeMaTHKiB», 30KpeMa sIKi 3/100yBal0Th OCBITHbO-KBaJIi(piKaIliiiHIi piBeHb Mari-
cTpa 3a cuenjasabhicTio 8.04020101 Maremaruka™, «... nepedbauamume HacuaHHA
cneyianicmie piznozo npodinoy (6] .

© Kanayb6osepkuit O.A., Pomankepua M.B., 2013
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Ha mnpeBenukuit »Kajb, BIIMOBIIHUMU OCBITHBO-ITPOQECIITHUMN ITpOrpaMaMu
HiIroToBKN (axiBIIB JJIsI 3a3HAUEHUX JUCIUILIIH He epedadeHo 3MICTOBIX MO-
nysiB «MerpuuHi 3aja4i Ha . .. B apiHHUX KoopnHaTaxs. MoKJIMBO caMe TOMY B
OLIBINOCTI «PEKOMEHIOBAHUX» TJIPYIHNKAX, METOJNYHIX MOCIOHNKAX Ta 30ipHU-
Kax 3a/1a4d 3 aHaJITHIHOT TeoMeTpil (KLIBKICTh SIKUX MOCTIHO 1 CTPIMKO 3poCTac)
JJist cTyjeHTiB neparoriqanx (1 He smrre) BH3 merpuani 3agadi posrisgarorh
BUKJIIOUHO B JIEKAPTOBUX MPAMOKYTHHX KoOpjuHaTax. Ajie »K 3a3HadeHi ¢axin-
Il TOBUHHI BOJIOJITH METOJaMI aHAJITUIHOI TeOMeTpil, 30KpeMa 0araToBUMiIpHOT
3], He simie eBKJIIOBOIO, a it aiHHOTO MPOCTOPIB.

OHUM i3 HiATBEp/XKEHb CydacHOI TeHJIeHIi 00 e HaHHA TPaJUIIiHO PI3HUX
PO3/ILIIB MaTeMaTUKNU B OJIHY JIUCHUILIIHY, 3 METOI JOCATHEHHSI HAOUHOCT1 aJire-
Opalunnx adbCTpakIliii Ta JAKOHIYHOCTI T€OMETPUIHUX JOBEJeHDb, € Te, M0 TeMa
«MerpuuHi 3aja4i Ha ...B adiHHUX KOOpJMHATAX» € HEBiJI €éMHOIO CKJIaJ0BOIO
00’eJlHAHOr0 KYypCy 3 JIHIHOI ajarebpu Ta aHaJITHIHOI TeoMeTpil JJid CTY/IeHTIB
bizuKo-MaTeMaTHUHIUX CleliaIbHOCTell «KjIacuaHux» yHiBepcureTis [12; 5.

OcobuBiCTIO Kypey aHAJITHIHA TeOMeTpist € Horo (Maiizke Ge3rpere/leHTHA)
reoMeTpuyHa HAOUHICTL. | ToMy, caMe depes 1110 00CTaBUNY, I/ PO3BUTKY OlJIbII
dyHIaAMEHTATLHIX MATEMATUIHUX YABIECHD CTYJ/IEHTIB HEOOX1THO 31 fICHIOBATH TTi-
JlecipsIMOBaHe HaBYAHHS B3a€MOIIOB’I3aHOMY BUKOPUCTAHHIO 1 «B3a€MOIEpeKIa-
JlaM» MIXK ITPUPOJHUMU JJIsd IUX MaTeMaTUIHUX KypciB dgpopMamMu iHMOpMAIIil:
reOMeTPUYIHOIO HAOUHICTIO 1 CUMBOJIBHIMEU OOpa3aMu.

[le y 1970 p. (y KypHasi «Ycrnexu MmaTeMaTHIecKuX HayK», ToM XXV, BHIL.
1 (151)) JI.A. KynpsiBiies 3a3uauns, 1mo «VIMEHHO, Kypc reoMeTpuu u3Jjarae-
TCs, KaK MpaBujIo, 0ojiee MHTYUTUBHO, ITPUBOUMBIE B HEM JIOKA3aTeIbCTBA YACTO
OCHOBBIBAIOTCS Ha HAIJIsAJIHBIX COOOparKeHUsIX, HeOOXOIUMOCTh UCIIOIHL30BaHUs B
psijie BOIIPOCOB METOJIOB JPYIUX PA3jeoB MareMaTuku (aaredpbl, aHaIm3a) 3a-
TylieBbIBaeTcA». Jlo 3a3HaYEHOr0 J0j1aMO, IO B 0AaraTboX BHUIIAJIKaX MPaBUIbHI
IHTYITUBHO-HAOUHI YIBJIEHHS B3araJji BUTICHAIOTH CTPOTO-MaTeMaTWdHi OOrpyH-
TyBaHHsI JlesiKuX hbakTiB (He akcioMarndaHoro xapakrepy). He moxkHa He moro-
JUTUCA 1 3 TUM, IO TaKUl OJHOYACHO PI3HUI IMIJAXIA JI0 BUMOI MaTeMaTHIHOl
CTPOTOCTI JIIfICHO BUKJIMKAE YCKJIAQJHEHHs Ta «IOJIBIITHI CTaHJAAPTU» Y CTYJIEHTIB,
[0 BUBYAIOTH III0 JMCIUILIIHY. Brimmae Te, 1m0 3a3Ha4ueHol BaJu 1Mo30aB/IeHa, J10-
CcTaTHS KIJIbKICTh FapHUX IJIPYYHUKIB Ta KyPCIB JIEKIIIil 3 aHAJITUYIHOI TeOMeTPil.
HaiibisibIn sickpaBuMu 3 HUX, Ha JIyMKY aBTopis, € [1, 2, 10, 11, 7|. fk 3a3naqus
[1.C. Anekcanapos B [1]: «Hro kacaercs B.H. [enone, To 6orarcTBO €ro reome-
TpUUeCKuX uelt memaer ero kuury (2] (coBmecrmyio ¢ JI.A. PaiikoBbiM) o6pasiom
reoOMEeTPUYECKOTO MBIILJIEHUS] U U3JI02KeHUsl, KOTOPbIil cOXpaHsdeT U Ha MHOT'Ue T'o-
JIbl COXPAHUT CBOE 3HAUYEHUES.
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B [2] B.H. Jlesone narojoiye Ha HeOOXiHOCTI MIMPOKOrO PO3BUTKY adiH-
HOI TOYKU 30pPY OCKLJIBKHU 3B’SI30K aHAJITHYHOI reoMeTpil 3 TaKUMU BarKJIMBUMU
PO3/IlJIaMII MATEeMATHKHU, SK aHasi3 (30kpema (DyHKIOHATBHNIT) 1 anrebpa, Bijl-
OyBaeThest came depe3 adinny i Mmerpuany reomerpito. Cij 3a3nadnTu, 1o B [2]
KPIM 3BUYAHOIO MaTeplaJjly, Kuii BIIIHOCUTbLCS JIO PI3HUX BUJIB PIBHSHb IPAMOL
Ta PI3HUX 3aJa4d Ha MPAMY, 30KpeMa MeTPUIHUX, KOPOTKO BUKJIAJIEHO I TTOHATTS
PO METO/I CKOPOYEHUX 1O3HAUEHD JI/IsI IIPSAMOI.

Poznim «Merpuuni 3a1a4i Ha . . . B adiHHUX KOOpIMHATaX» BIEPIe OYJI0 3a-
upononosano I1.C. Monenosum i O.C. [Tapxomenkom y 1976 p. B 30ipHUKY 3aj1a1
3 anasiTaHol reometpii [8]. [Ipudomy Bei 3a1a4i Takux posaiais aBTopaMn 6ys0
KJacu(iKOBAHO SIK 3a0a4l MeopemuHo20 Tapaxkmepy i nidsuweHoi criadHocmi.
Y BignosigHOMY po3iii [8] /111 3a3HAUEHNX 38149 HABEIEHO PO3B’SI3KU-BIJIIOBI/I,
K1 Mi3Hime Takok Oys10 HaBeJieHo 1 B [9] y BULJISA/ JOBOJI MOBHOTO JIOBIKOBOTO
matepiasy. 3a ciaoBamn 11.C. AsekcanipoBa «... BCIKOMY IIOHSITHO, UTO HEJIb3d
OBJIAJIETH TAKUM IIPEIMETOM, KaK aHa/JIUTUIYecKas reoMeTpus, He pellas OTHOCH-
Irecst K HeMy OCHOBHBIE 3ajiadu. Ho pewenuto 3aday nado naywumo, ...» [1].

B pobori [4] BukiageHo agropurMidHUil miaxin (pr 3acTOCYBAHHI KOOPIMHATHO-
BEKTOPHOTO METOJLY) JI0 PO3B’sI3yBaHHsI IIEBHOTO KOJIa METPHYHUX 3a/ad 3a JI0T0-
MOT'0I0 BBeJleHHs adpiHHOol cucreMu KoopauHart. [IpejicraBiena crarTs, B IEBHOMY
ceHci, € 11 jjoriuHnM 1poIoB:KeHHsiM. OT:Ke, METOIO JaHOI CTaTTI €:

1) BUOKpeMJIEHHs Ta JIOMOBHEHHs «KJFOUOBHX» 3aJ1ad BIIPABAME T€OPETHIHOIO
XapakTepy, siki 6 (B IeBHOMY PO3YMIHHI) «ITOBHO» OXOILIIOBAJIN OCHOBHI METpHYHI
3a/ladl «Ha MPsAMI B ILJIONAHI» ;

2) HaBejieHHs (3 JOTPUMAHHSIM HAJIEZKHOIO PIBHSI CTPOrOCTi) pO3B’si3aHb 3a3Ha-
YeHNX 3aja4d B adiHHIX KOOpJAMHATAX 3a ajJlOPUTMaMu, siki 6e3 3MiH (mpote 3
OYEBUTHUMIE 3HAYHUMHI CIPOIIEHHSIMHI) JOTIILHO BUKOPUCTOBYBATH MPH PO3B’si-
3yBaHHI IUX 3a/1a9 B KOCOKYTHHUX Ta MPIMOKYTHUX KOOp/IMHATAX.

OcHOBHI HNOHATTS Ta HOIIepPeJHI BiJOMOCTI

Haramaemo [1], mo ysaranseeson mexapToBob (a0 K adinHO0) cneTeMoio
KOODJIMHAT Ha ILJIONINHI HA3UBAOTH TPifiky (O; e_f, e_2>) , 1e O — nesika (ikcoBa-
HA TOUKA JAHOI IUIONMHI — NOYAmok Koopounam, a ei, € — 6asucni 6exkmopu
(BHOpsIJIKOBaHA Mapa HEKOJIHeApHUX BEKTOPIB 3 modarkoM y touri O ), Hamps-
MU SIKIX BU3HAYAIOTH JIOJaTHI Hampsimu Koopanaaraux oceit OX (abcuyuc) i OY
(opdunam) Bigmosigao — puc. 1 a).

B nosasbiiomy 6yemo sBazkati, mo w = Z (e, e3) € (0% 180°), a sice OY
0JIePXKY€EThCsT B pe3ysbraTi moBopory oci OX #Hapkojao Touku () Ha KyT W Y
HAIIPSIMKY ITPOTH PYXY TOJUHHUKOBOI CTPLIKM.
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[Liomuny 3 BUOpaHOO Ha Hifi y3arajJbHEHOW JeKapToBowo (adiHHOW0) cucre-
MO0 KOOD/IMHAT HA3UBAIOTH (aIHHO0) K0OPIUHAMHOI NAOULUHON.

Iobpe Bigomo, 1m0 KoxKHiil Touni M adiHHOI IIOMWHN B €IMHUN CIIOCIO MO-
JKHA MIOCTABUTHU Y BIINOBIIHICTH BIOPSIKOBaHY mapy ducena (x,y), ski € koedi-
IieHTaM1 po3kJay i1 pajiyc-Bekropa OM 3a 6a3ucHUMU BEKTOPAMHE e_f, € .

[ maBnaku, KOXKHIll BIOpsIKOBaHiii mapi ducen (z,y) CTaBUTHCS y BiAMOBIIHICTH
€JINHA TOYKa IIJIONINHH, IO € KIHIIEM paJilyc-BeKTopa X - e_f + - ?2 .
3 orisijy Ha 3a3HAYEHY 3iCTaBJIEHHICTb, KOYKHY TOUKY ahiHHOI ILJIOIITHI OTO-

TOXKHIOIOTH 3 BIJIIIOBLJIHOIO Tif BIOPSIJIKOBAHOIO I1apoOl0 duces, dKl i Ha3uBalOThb
aIiHHUMI KOOPINHATAMI TOUKH.

(a;0) <= OM =a-ei+b-e: y ‘ ‘ez _1
Z (el,ez) 90°
#E%r ----
Inapaaeoepan €2 ~ 00: Kbadpam
) ke
X Ol e E X

Puc. 1: a) — adinna cucrema koopaunar (ACK); b) — kocokyrna cucrema xoopauuat (KCK);
¢) — npamMokyTHa cucrema koopaunar (IICK)

OsznavyenHst 1. Aginny cucmey %'oop&uHam (ACK) nasusamumemo Kocorym-

€ opmamu, m06m0 ef|=|es| =1 — puc. 1b).
Inxoau 2o6opamsv, wo KCK nopodocyemvea mHopmosanum 6a3ucom.

Osuauenns 2. Kocokymny cucmemy KoOpOUHAM HA3USAMUMEMO NPAMOKYM-

noto (IICK), awxwo 6asucni eexmopu € (nonapno) opmozonasvHuMu, mobmo
; : = =7 0

Vi#jZ(e,ej)=90" —puc. 1c).

Qacmo 206opamo, wo [ICK nopodocyemuves opmonopmosarum 6a3ucom.

Osmadenus 3. [11] Mempuwnumu woediyienmamu g; Gasucy {€f,e3} (na
NAOUWUHT) HAZUBAIOMD HACTMYNHI CKAAAPHT D0OYMKU

gi; = (€. ) = |el| - [&]| - cos £ (e}, &]) Vi, j € {1,2}. (1)

11 912 . .
Mampuuro G = ( g 9 , EAEMEHMAMU AK0I € 3a3Haveni JobymKU, HA3UBA-
921 922

omo mampuuero I'pama mempuunux xoepiyienmis 6a3ucy {(?1, e_2>} .
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3 ypaxysanusaMm (1), MaloTh Miciie piBHOCTI

gu=letl’, gn=18, gu=gn=cl || coss(el, ). (2

[ Tomy marpurg ['pama merpudanx KoedimieHTiB Hopmosanozo Gasucy (Ma-
tpuiis ['pava st KCK) mae Bug

6=t 1) wm @ )

cosw 1

Marpurg I'pama koedimientis opmonopmosanozo basucy (marpuis ['pama s
[ICK) € o/fuHIYHOIO MATPHIIEO
10
= , 4
6=(4 1) (@)

Jobpe Bigomo (Hamp. [12]), mo skmio jaBa BekTOpH (Ha IIONINHI) 3a/IaHO CBO-
iMi koopuuHaTamMu @ = {aj;as}t, b = {b1;bo} Bimmocno 6asucy {ei,e3}, 1o
X CKaJIgpHUIT ,ZLO6yTOK MOZKHa OOUNCTIUTH 38 POPMYJIOIO

<—>,_>> ZZgwal (a1 c@oGo(Z;):AToGoB, (5)

=1 j=1

ne A, B — MaTpuii-CcTOBHOLI, eJIeMEHTAMI sIKHX € KOOD/IMHATH BEKTOPIB q i

b Bimnosigno; AT MATPULs-PALOK, [0 € TPAHCIIOHOBAHOIO JIO MaTpuIi A .
@, ) =|af

Ockinbku (d, d , TO HacaiKoM 3 (D) € HacTynHa dopmyia

ay
‘ﬁ‘: (aq a2)oGo< ):\/ATOGOA. (6)
az
Cutiy| 3a3HAYNTH, 1O /I KOKHOIO 0AasiCy, 30KpeMa { €], €5}, BU3HAYHIK
|G| marpumi I'pama e ctporo gomarnum. B ocTaHHROMY HE BarKKO MEPEKOHA-
TUCS, OCKLJIBKHI

|G|l = gi1ges — g% = |t " |&5* — ([et||e5| cos £ (ef, &3))* =
:\61| \ \ sin 4(61,62)>0

Bisibmn geTaabHO 3 HABEIEHNME MOHATTAMEI Ta (paKTaMi MOYKHA O3HATOMUTH-
cst, nanpukian B [1 — 3|, [5], [11].

[Tpu BUKJIA/I] TOAATBIIONO MaTepiaty (6e3 M0JaTKOBUX MOSICHEHD) MU OYIeMO
BUKOPUCTOBYBATH eJIeMEHTaPHI BiJIoMOCT1 3 «adiHHNX 3a/1a4 Ha IIPAMI B ILJIOIINHI»
[10], maiinpoctimi dhakTn «BEeKTOPHOI aaredbpu» i «Tepii BUSHAYHUKIBY, OCHOBHI
JIT 3 MaTPUIAMU Ta TMeBHI (PAKTU «METPUYHOI TeOopil BEKTOPIBY, 3 KO MOYKHa
JeTasIbHo o3HaftomuTHcd B |9, 11].
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OcHOBHA 4YacCTHUHA

B yMmoBax BCiX HaBeJeHHX HUKYE 3aJa4 KOOPAMHATH JAHUX TOYOK I BEKTO-
piB Ta PIBHSIHHS NPAMUX 3aJaHO BIJHOCHO (piKcoBaHOI aiHHOI CHCTEMHU KOOP/IU-
nar ACK (O; e7,e3), gij, (1 =1,2) — merpuuni koedinienrn dasucy {el, e},
G = (g;;) — marpung I'pama, ||G|| — usnaunux marpuni Ipama, G~! — marpus,
obepHeHa 1o maTpuni G.

Samaua 1. PiBHAHHS IIpsgMoO]l [, 1[0 TPOXOANTh Yepe3 JaHy TOUYKY
Lo(z0; yp) mepreHAnKYIsAPHO 3aJaHOMY BEKTODPY = {ni;no}

Hexait (z;y) — koopamuaru JoBibHOI aje (dikcoBana Touku L mpsmoi .
Toni oueBumno, 1o BekTOp Lol = {& — To;y — Yo} € HEPHEHIUKYISIPHIM J10
BeKTOpa 1 = {ni;n9}. I Tomy (3 ypaxyBaHHsaM HEOOXiTHOI 1 T0CTATHBOI YMOBH
OPTOrOHAJIBHOCTI BEKTOPIB) KOOPMHATH KOXKHOI Touku L(z;y) mpsamol [ 3a10-
BOJILHSIIOTH MATPUIHOMY PIBHSIHHIO

(nq ng)oGO<x_x0> =0,

Y—Y
sIK€ B PO3FOPHYTOMY BUIJISIJI HAOYBA€ BUJ

(n1g11 + nagar)(z — o) + (R1g12 + n2ge2)(y — yo) = 0. (7)

Tenep npumycrumo, mo koopanuaru (z';1y’') nesnol Touku L' 3a10BOJIbHSI-
forp piBuganng (7). Toxi (3 ypaxysamusM HeoOXiHOT 1 JOCTATHBOT YMOBH OPTO-
roHAJIBLHOCTI BeKTOpiB) pajiyc-Bektop LoL' = {2’ — xo;y’ — yo} i€l Toukn e
OPTOrOHAILHUM JI0 BEKTOPa, 7 = {n1;ns}. 3 OCTAHHBOIO i BUILIHBAE, 110 KiHEI[D
L'(«';y') nporo BekTOpa HaIeKUTH HpsMiii [ .

Orke, BisHOCHO adpimmHOl cucTemu koopzuHatT (Hagasni — ACK) mrykammm
PIBHSIHHSIM TIPAMOI [, sIKa 3a/I0BOJIbHSE 3a3HaUeHNM yMOBaM, € piBHstHHA (7).

BiIHOCHO KOCOKYTHOI CHCTEeMH KOOPAVWHAT 3 KOOPAWHATHUM KYTOM W
(mamami — KCK 3 KK w) piBusnus (7) nabysae Buj

(n1 4+ ngcosw)(x — xp) + (n1 cosw + n2)(y — yo) = 0. (8)

Binnocno npsaMokyTHOI cuctemu xoopmuuat (Hagasai — [ICK) pisasmus (7)
(abo x piBHstHHS (8) Jyist BUnaJKy w = 7/2) HabyBae J00pe 3HAlOMUil B

ni(z — xg) + n2(y — yo) = 0. (9)

3ayBarkKnMo, 1110 3a/IaHHsI IPAMO] y 3a3HaUYeHuil B Miil 3aj1a4i cr1ocio, MOXKHa,
TIIYMaUUTHU $K <«T'€OMeTpUYHe MICIE KIHIIB KOJIHEAPHUX BEKTOPIB 31 CILILHUM
MMOYATKOM, sTKi € OPTOTOHAJILHIUMI JI0 JAHOTO (He HYJIbOBOTO) BEKTOPa».
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Haramaemo, 1110 HOpMaJbHUM (HANPAMHUM) BEKTOPOM IPSMOI HAZUBAIOTDH
OyJIb-sIKUil HEHYJIBOBUIT BEKTOD, IO € MEPIeH IUKYISIPHIM (Nnapaieavhum) 10 THeT
npsimol. HampsiMamMii Ta HOpMaJIbHUI BEKTOP OJTHIET IPAMOI € OPTOrOHAJILHUMI.

Samaua 2. HopwmasbHuii BeKTop npsiMoi [ :ax + by +c =0

obpe BijIoMO, IO B IKOCTI HAIIPSAMHOT'O BeKTOpa IpsiMol [ : ax + by +c =10
3aBK/ U MOykHa obpatu BekTop | = {b; —a}. Tozi 3aa4a 1po 3HAXO/ZKEHHSI KO-
Op/IMHAT HOPMAJILHOT'O BEKTOPa IPAMOI [ SBOAUTLCA /10 3184l 11PO 3HAXOJI?KEHHSI
BEKTODA, ﬁ), OPTOTOHAJIBLHOI'O JIO BeKTOpa [ .

Orke, Hexait {nq;ny} — myKani KOOpMHATH HOPMAJIBLHOTO BEKTODA, K 1psi-
Mol [. 3ayBaKuMo, IO IIYKaHi M7 1 Mo JOCTATHBO 3HAHTH 3 TOYHICTIO JIO IX

1

BIJIHOIIIEHHSI, TOOTO JOCTATHbHO 3HANTH BiJIHOIIEHHS Z—Q

J1J1s1 1IbOrO CKOPUCTAEMOCs HEOOXIJIHOIO 1 JIOCTATHBOIO YMOBOIO OPTOTOHAJILHO-
cTi BekTOpiB 7 i ? B MaTpuaHomy Burisiai (b i —a)oGo < m > =0, gKka B
2
posropuyTomy Burjsai Habysae Bui  (bgir — agor)ny + (bgia — ages)ns = 0.
BBigk  n : no = (agea — bg2) 1 (bg11 — ager) . Takum unuom, BimHocHo ACK
B SIKOCTI IIIYKAHUX KOOPAMHAT {71;N9} HOPMAJBLHOIO BEKTOpa MPSMOI | MOXKHA

obpaTn 3a3HavYeHo Mapy 4dnucesi, TOOTO BEKTOP
T = {agyn — bgiz; by — aga }. (10)
Bignocno KCK 3 KK w B sikocTi HOpMaJIbHOIO BEKTOPa MOXKHa& 00paTi BEKTOP
7 ={a—bcosw;b— acosw}, (11)
a BijgHocHo IICK — j1006pe 3HaiioMuit BEKTOP BU/LY
W = {a;b}. (12)

Bamgada 3. [4] VYMoBu nepreHAMKYISIPHOCTI ABOX MPSAMUX
l12a1$+b1y+61:0 i lg:a2x+bgy+02:()

JIBi 3a3Hadeni npsami € NMepHeHIuKyAIpHIMA TOJ1 1 JIUIIe TO/Ii, KOJ OpPTO-
roHaJIbHUMHU € iX HampsiMHi BekTopu [1 = {by;—ar} 1 lo = {by; —as}. Tomy
3 ypaxyBanHaM ymMoBu (10), HEOOXi/HY i JOCTATHIO yMOBY IEPIEHINKY/IAPHOCTI
npsMux [y 1 ly (3agannx piBasnasgMmu Bignocao ACK) MoxkHa mogaT y BUTJIsII

i Lls & a1asgas — g12(a1bs + asgbr) + bibagi = 0. (13)
Bigrocno KCK 3 KK w ymosa (13) nabysae Bu
l1 L1y < ajas — (arby + asby) cosw + biby = 0, (14)
a Bianocuo IICK —
liLly & ajas + biby = 0. (15)
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Bagada 4. [4] PiBusgHHS IpssMOT m , 110 TPOXOJAUTH Yepe3 JaHy TOUYKY
My(zo; yp) TepIeHANKYJISIPHO 10 3a4aH01 upsamol [ :axr + by +c¢ =0

OckibKI MpsiMa M € MEePHEHUKY/IIPHOIO J10 TIpsAMol [ @ az+by+c =0, To B
SIKOCTI HOPMAJIBHOTO 11 BeKTOpa MOyKHa obparu HanpsMuuii sekrop | = {b; —a}
npsimol [ . Tomy, 3 ypaxysanusiv 3a1a4i 1 (piBusinast (7) upu ny = b, ng = —a ),
BinnocHo ACK mrykane piBHSIHHSI IPSIMOT 1 Ma€ BT

(bg11 — agan)(x — xo) + (bg12 — age2)(y — yo) = 0. (16)
Bimrocno KCK 3 KK w piusinust (16) nabysae Buj
(b —acosw)(x —xp) + (bcosw — a)(y — yo) = 0, (17)

a Bianocuo [ICK
b(z — xo) — aly — yo) = 0. (18)
Bropasa 1. [4] IlokaxiTs, 1o piBHSHHS TPAMOI, siKa ITPOXOJUTH T€Pe3 TO-
aky Moy(xzo;yo) 1 € neprenjukyaspao jgo oci OX ;| MOXKHa MOJATH PIBHSIHHSIM
BUJLY
g1 (x —x0) + g12- (Y — yo) =0, (19)

sike BijiHocHO KCK 3 KK w nabyBae Bu/1
(# — o) + cosw - (y —yo) =0, (20)
a BinrocHo [ICK —
x—xo = 0. (21)
Bropasa 2. [4] IlokaxiTh, 10 piBHSHHS TIPAMOI, SiKa ITPOXOJUTH T€PE3 TO-
aky Mo(xo;y0) 1 € neprenukyssipao 10 oci OY | MOKHA MOJATH PIBHSIHHSIM
BHJLY
921+ (x — ) + gaz - (Y — yo) = 0, (22)
sike BignocHo KCK 3 KK w nabyBae Bu
(# — o) cosw + (y — yo) = 0, (23)
a BijHocHO [ICK —
y—yo=0. (24)
3ama4ga 5. Kyt mixk nipavuamu [ : apx+b1y+cy =01 Iy : asx+boy+co =0
lykamuit KyT (MEHIIHI 3 BOX CYMIKHIX) MiK TpsMuMit [ 1 lo MOyKHA 3HANTH
K KyT MK HampaMaumu Bektopamu [; = {by;—a1} i lo = {by; —as} mmx

— =
npsiMux. fK Bigomo, cosZ (ll : l2> =
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b
(%) (n o)l )

YN (EE) \l(bl —tn )OGO( bl)J(bg —ag)oao( 52)'

—ax —as

3Bijiku Kocunyc He Tymnoro Kyra 6 = Z(li,ls) MoKHa 3HAHTH 32 (HOPMYIIO0

|b1b2g11 + a1a2g22 — g12(a1ba + agby)|

cosf = : (25)
V02911 + algas — 2a1b19121/b3G11 + a3g29 — 2asba g1
Bimrocno KCK 3 KK w (25) nabysae Bu
biby — (a1b b
COS@I . |CL126L2—|— 102 (CLl 2—2|—a2 21) COSUJ| ’ (26)
Va} + b3 — 2a1by coswy/a3 + b — 2asby cos w
a BigrocHo [ICK
b1b
cos = 10 + b1y : (27)
Vi + bty as + b

He Bakko mepesiputn, mo Bigaocano ACK kocumyc, cunyc i Tanresc Kyra 6
MIK 3a3HaUYEHIMU IPAMUMUI MOYKHA IOJATH 3a JOIIOMOI'OIO CIIIBBIIHOIIEHD

g1 gi2 a1
go1 g22 b1
cosf = — as b2 0 ,
gii gi2 m giir gi2 a2
g21 G22 b1 ||| g21 G222
al bl 0 as bg 0
ai b ‘911 g12 ai b |911 g12 H
, az by G921 G922 as by 921 g22
sinf) = + , tgh=—
g1 gi2 a1 g1 gi12 Q2 g g1z @
g21 g22 b1 || g21 g2 Do ga1r g2z b
ai bl 0 a9 b2 0 a2 b2 0

(28)

Bamgada 6. Bigcrane Big Touku My(xg; yo) 10 npsimoi [ : ax+by+c =0
Hexait L(z';y') — nosuibHa ajie dikcoBana Touka mpsamol . Toxi mrykany
Bijictanb p(Mo; 1) Big Touku My 10 mpsiMol | MOYKHA 3HATITH sIK MOJLYJIb TIPOEKITIT

|t

BEKTOPA, Moz Ha HopMaJIbHiil Bektop 7 npsmoi [. Tobro p(My; 1) = T
BHKOPHCTOBYIOUH Pe3y/IbTaTH 3a4adi 3, B SIKOCTI BeKTOpa 17 MOMKHA 00parH
%
BekTOp 1 = {ago — bgi2; bg11 — agoe1} . Tomy
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<m,ﬁ>:(l’/—xo y'—yo)0<g” 912)O<a922_b912) _

g21 g22 bgu — ag21

— () — o — o 91 912>O< 922 —912>O<a>_
( 0 ¥ =) (921 922 —go1 g1 b
a

= (' =2 ¥ —yo) o Go GG o ( b ) = [|G]l - (a(z" = 20) +0(y" — v0))-

‘7‘2 - <ﬁ7ﬁ> = (ag2 — bgi2 bgn — agx) o ( g g2 > o ( ags2 — by ) _

921 922 bgin — aga
=(a )oG 1 |Gl o GoGL-||G] o (Z) = ||GII?-(a b)oG 1o (Z)
Ockinmbku |G| > 0, az’ + by = —c¢, 10
p(Mo;1) = <@ﬁ>‘ _la(a" —x0) + 0y —wo)| _ lawo + byo +¢|

\/(a b)oG—lo(z> \/(a b)oGlo(Z).

Taxum anrOM, Bifgcranb Big Toukn Mo(zo; yo) 10 mpsmol [ : ax+by+c =0,
zagannx BigHocHo ACK, morxkHa obducanTu 3a hopMyJ/Iio0

laxo + byo + ¢

p(Mo; 1) = : (29)
\/(a b)oG~lo <Z>
Bignocno KCK 3 KK w dopmyna (29) nabysae Buj
sinw - |azg + byy + |
My;l) = : 30
p(Mo; 1) Va2 + b2 — 2abcosw (30)
a Bignocrno [ICK — no6pe 3naitomy dhopmyry
b
p(My 1) = 1400 ot ] 31)

Bagada 7. [4] Biacranp mixk JBOMa mapajieIbHUMH TPSIMUAMU
i :ax+by4+c1=01ly:ar+by+c =0

Hexait Lo(x9,y2) — noBimbHa ase dikcoBana Touka mpsivoi lo. Togi mykany
Bijictanb p(l1;lo) MOXKHA 3HANWTH $IK BijgcTanb TOUKU Lo 110 mpsiMol 1 . OcKiIbKE
axs + bry = —cy, TO, 3 ypaxysanusam Gopmysu (29), Mae Miciie piBHICTH

b _
(Lo ly) = laza + by + ¢ _ lc1 — ¢

\/(a b)oG—lo<Z> \/(a b)oGlo<Z>.
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TakuMm 9uHOM, BiJICTaHb MiK ITapaJIeJIbHUMU IPAMUME [1 1 s, 338/ 1aHUX CBOIMI
sarajbHuMu piBastHHAMN BigHocHO ACK, MoxkHa obumcnTu 3a hopMy/1o

co — i

p(ly;ly) = . (32)

\/(a b)oGlo (a)

b
Binnocno KCK 3 KK w dopmyna (32) nabysae Bu
sinw - [ca — ¢
l1;05) = : 33
plhiilz) Va2 + b2 — 2abcosw (33)
a BigHocHo IICK — nobpe 3naiiomy dopmyty
Co—C

plirsly) = 120 (34

Vva? + b?
Bnpasa 3. Ilepesipurn, 1mo piBHSIHHS IPsAMOI [y, K& BiJICTOITH Ha OTHAKO-

BUX BiJICTaHsX BiJ HapaJieIbHIX NpaMux Ui : ax+by+cy =01 Iy : ax+by+cy =0

(3amanmx cBoimu piBHsgHHsAIME BigHOCHO ACK), MOXKHA TOIATH Y BUTJISI

lo: ax +by+co=0, 1e ¢co=(c1+¢2)/2. (35)

BmpaBa 4. IlepeBipuTu, 1o piBHAHHA HpsaMol [, sKa € NnapasebHOI0 10
npsMux [ axr +by+cp =01l ar + by + ¢ = 0 (3amaHux cBOIME piB-
wauasivi BigHocno ACK) Ta giinTh iX CHUIBHUI MEpHeHUKY/IsAp Y BiHONIEHH]
m:n, m,n € N;m >n (y HaupsamKy Bijg 1 70 Iy ), MOKHA TIOJaTH Y BULJISAT

l:ax+by+c=0, e ¢= (mey+nci)/(m+n). (36)

Bnpasa 5. JloBejiTh, 110 piBHAHHS TPAMO] 7, BIJIHOIIIEHHSI BlJICTaHeil KOl
70 upsiMux [ ax +by + ¢ = 01 ly 1 ar + by + ¢co = 0 (3aganux cBoiMu
piBastaHsIME BigHocHo ACK) cranosuth m : n, m,n € N,m > n (y HanpsMmKy
Big [y j10 ly), MoxxHa nogaTn y Buriisiii (36) abo k

I:ar+by+¢=0, e ¢=(mcs—nci)(m—n). (37)
Bagaya 8. [4] PiBusaunsa GicekTpuc KyTiB, yTBOPEHUX JIBOMa Helapa-
JeNbHUMU OPpAMUMUA [ : a1x + b1y +c1 =0 1 s : asx + by +co =0
Hexait (z;3) — koopaunaru joBijibHOT asie (bikcoBaHol Touku D, 110 HaJje-
JKUTBH OiceKTpuci d OJIHOTO 3 JBOX CYMIKHUX KYTiB, YTBOPpEHUX IpPAMUMI 1 1 lo.
Ak Bigomo, Bigcrani nosisbHol Toukn (D) 6icexTpucnu (d) KyTa 110 ioro cropin
e pisanmu, 10610 p(D; 1) = p(D;ls) . Tomy, 3 ypaxysanusm dopmynn (29), mae
MicIle PIBHICTb

" + by + 1| |agx’ + oy’ + o _ -1 @i
Al = A, e Ay = (az bZ) oG~lo b )’
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Ockinbku (2';y') — HOTOYHI KOOPMHATH JIOBLILHOI TOYKHU OJIHIET 3 JIBOX Gice-
KTpHUC, TO TIyKaHi piBHAHHSA OiceKTpuc di i dy Bisnocno ACK moxkHa mojaru y

BUTJISI]
(a1 + by +c1) Jr(@23’3 + boy + c2)

dy :

1 A1 NN (38)
do - (alaf + bly + Cl) _ (CLQCIZ + b2y + Cg)

2 - Al - AQ )

e

AZ—\/(CLZ bZ)OG_10<Zl), VZ:LQ

[Iykani piBagnnst 6icekTpuc di i do BimHocno KCK 3 KK w nabyBaioTb BuI

d; - (mr+by+a) n (aox + by +¢c2)
Va? + b2 — 2a1by cosw Vai+ b2 —2a1b CoSw (39)
4, (a1 + by + ¢1) B (agz + boy + ¢2)

Va2 + b2 = 2arby cosw - Va2 4 b2 — 2a1b; cosw’
a sBinnocuo [ICK

(@12 + by + 1) (a2 + by + c2)
dy : =+ ;

Vai + b Va+r (40)
&> - (alx + by + 61) _ (CLQZL‘ + boy + CQ)
9 ! = — .

\Vai+ b ai+ b
Bnpasa 6. 3azano asinpsimi l1 @ a1x+biy+cp =01 Iy 0 asx+boy+co =0,
SIKI TepeTHHAIOTHCs, Ta TOUKY Mo(Zo; yo) , 10 He HAJIEKUTH YKOJHIN 3 HUX.

JloBemiTh, 1Mo piBHAHHSA OICEKTPUCU TOTO KyTa, BHYTPINIHOCTI AKOTO HAJIEXKUTD
naHa Touka M, Ma€e BuI
(@17 + by + ¢1) - signFi(wo;90) _ (2@ + by + ¢2) - signFy(wo; yo)

Al = AQ Y (4]‘>

ae Fi(zo;y0) = a1xo + biyo + ¢1, a Fa(xo; yo) = agwo + bayo + c2.

BopaBa 7. [4] Hosesith, mo piBHsIHHSI OiCeKTpUC KOOPJMHATHUX KYTiB
ACK MOxKHa mOIaTi y BUALISII

m: /g1 £ y/g22 = 0, (42)

ski Bimnocno KCK 3 KK w ta IICK nabyBaioTh Bu/I

m: y=+tx. (43)
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Bagaya 9. Koopaunatu oproroHanapHoil npoekiii P’ Touku P(7T;7) ua
npamy [ : =0 = £0

m n
Hexait (2';y") — mykani koopaunatu touku P'. Ockimeku P € [, 10
' mt | T
x, B Mt + Zo Ockinbku Bektop P'P = {mt + zo — T;nt + yo — ¥} € mep-
Yy = nt + Yo-

. - . .
MeHIUKY/IAPHUM J10 TipsiMol [, a | = {m;n} — Hanpsimuauii BeKTOp mpsiMoi [, To
—

Bekropu P'P i [ e oproronansuumu. Tomy Mae Micie piBHICTD
(mt+x0—f5nt+yo—y) oGo ( ?) = 0.
3BiKH t-(m n)oGo(m):(f—xo @—yo)oGo<;n>,a6o>K

n

@w)ymw{g).

@n@w{g)

(T—xo y—yo)oGo( m ) (mf m(y—yo)—i-nxo)oGo( m )

—

, n n

e e gzgﬂ{mj e @1@@{m)

n n
TakuM 9UHOM, TIyKaHI KOOPAUHATH OPTOrOHAJTLHOI mpoekiil Toukn P(T;7)
Ha mpamy [ 0 = 0 sanamnx signocno ACK, MoxKHa ogaTn y BN

/ (mi : m(y—yo)—l—nzo)oGo( ZL ) / (n(f—xo)+myo : n?) oGo( Zz ) (44)
x = A v Y = A ’

Je

A:@nnpao(g>.

[lykani koopaunaru 2, ¢ Bigpocno KCK 3 KK w nabysaiorh Buj

o m(mz + ny) + n(nxo — myo) + mcos w(nT + my + nwo — myo)

N m2 + n2 + 2mn cosw ’
(45)
, _ n(mZ +ny) — m(nxe — myop) + ncosw(nZ +my — nxg + myo)
¥ = m?2 +n2 + 2mncosw ’
a sBinnocuo IICK
,  m(mT +ny) +n(nzg —myo) ,  n(mT + ny) —m(nrg — myo) (46)
v m2 4 n? Y= m? 4 n? '
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Bropasa 8. [9] Ilepesipuru, 1110 KOOpUHATH OPTONOHAIBLHOT TIPOEKIIIT TOUKH
P(7;y) wa upamy [ : ax + by + ¢ = 0, 3aganux Bignocno ACK, moxna mojaru
y BUIJISI

_Uﬁ%@+@oGo<_2>. , @f+aa@oGo<_s>

(b _@oao<_s)’ T _@oao<_2>' "

Bopasa 9. Ilokazaru, mo koopaunaru touku P’ cumerpudnol Toul

P(7;7) Bignocuo upsmoi [ : ax + by + ¢ = 0, 3agannx Bignocno ACK, moxna
1oJIaTU Y BUTJISII

(b7 : 26+ 2¢+az) oGo b ) (20z+2¢+b5 | a) oGo b )
—a " —a

T ﬂy@(_S) T wy@(_S)

Harangaemo, 1o xymosum xoegiyicrmonm k HpHMoLg HA3WBAIOTDH BlTHOIIIEH-

(48)

Hs JIPYTOI JI0 MepIol KOOP/IMHATH HAIIPSIMHOTO BekTopa [ 1€l mpsimol. OcKibKu
nepiia KoopmHaTa Oy/ib-s1KOro BEKTopa, mapaJiebHoro jio oci OY | nopiBHIoE Hy-
JTF0, TO KYTOBUIT KOeDINIEHT KOPEKTHO Bu3HaUYeHuii (icHye) Jinime Jijist MpsiMEX, 10
He € napaJiesibHuMu 10 oci OY .

Ouesujno, mo (Bignocno ACK) piBHsiHHs mpsiMol [, sika [MPOXOJUTH 4Yepe3
nany Touky L(zo;yo) Ta Mae KyroBuil KoedilieHT piBHUil k, MOXKHA MOgATH Y
Burtsami [y —yo = k(x — xp).
amada 10. PiBHgHHA TIpaMol [, M0 IIPOXOAUTH Uepe3 JaHy TOUKY
My(zo;yp) 1 yTBOpIOE KYT ¢ 3 mogaTHum HamnpsMom oci OX

Ouesnyino, mo y sunajgky ¢ = 00, mykane pisHanns npsmol | Mae B

Ley = w;
aKi0 @ = Z (€], €3), TO PIBHSAHHS IPAMOT MAE BILJL
[ x=uxp;

AKIO K @ = 90°, To naHa 3aja4a 3BOAUTHLCS 10 3ajadi 4, a IIyKaHe piBHSHHS
psAMOI (3 ypaxyBaHHsIM BIpaBu 1) Mae BUI

L: (z—20)gu + (¥ — Yo)g12 = 0.
B nogmasbimomy gocrarnbo obmezxurucs postasiom ¢ € (0%180°) \{90% w},
e w =/ (e_f, e_g) OcCKIIbKE 38 HPHUIYIEHHAM ¢ # W, TO IIyKaHe pPIBHSIHHSI
HpsiMOT | MOXKHA 3HAITU 9K PIBHAHHS IPAMOI 3 KYTOBUM KOedilieHTOM, TOOTO K
piBHSHHS BUy Yy — Yo = k(x — xg) 3 HeBlmoMUM KyTOBUM KoedirieHToM K .
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v

xxoﬂ

b) 0<w<g<90° ¢) 0<w<90°<gp

d) 0<9<90° <w<180° e) 0<p<90° <w<180" f) 90° <w< <180
Puc. 2: no zamaui 10

Hexait M (x;y) — nosuibHa aje ¢ikcoBaHa TOUKA MIYKAHOI TPSMOI [, sKa €
Bijmiro0 Big Toukn Mo (zo; yo) -

Yepes koxkny 3 Touok My, M mnposegeMo TpsMi, IO € HapaJeTbHIMA 10
Koop inHaTHuX oceil. [Ipsamy, 1o mpoxonTh Yepe3 Touky M mnapaJjeabHo J10 oci
OY , nosuaunmo gk m . OCKiIbKY (3a MPUILYIIEHHSM ) IpsiMa | He € HapaJie/IbHO0
70 oci OY | To npsaAMi Yy = gy Ta M 3aBXK/JIU [MePETHHAIOTHCA, TOUKY HePeTUHY
SIKUX 103HaYuMo gepes M.

Posrustnemo AM MyM' . He BazKko nepesipuTu, 110 B KOXKHOMY 13 6-TH CyTTe-
BO pi3HEX BUNAJKIB (puc. 2. a) — f)) MaloTh Miciie HACTYIIHI CHCTEME piBHOCTE!

M'My = (z — 0)/911 M'My = —(z — 0)/911
/ _ - / _ _
gt = P o 3 TN (e
0V = oM ==
LM MMy =w— ¢ LM MMy =¢ —w.

3 AMMyM' 3a Teopemoio cumyciB Ma€ Miciie piBHICTD
M'M B M' M,
sin ZM'MoM — sin ZM'M My’
Toni, 3 ypaxysanusam (x) 1 (%), pisaicrs (49) nabyBae BuI

(y—yo)@: (SC—[I?())\/E - (y_y())\/ﬁ_ _<:E_5UO)\/E (50)

sin ¢ sin(w — ¢) sin(m — ) sin(p — w)

(49)

BIJIITOB1JTHO.

168 36ipHUK HayKOBHUX IIpallb (izuko-mareMarudHoro akyaprery JIJIITY



Kany6osewkuit O.A., Pomankesua M.B. OcHoBHI MeTpu4HI 3aja4i Ha IPsIMi Y TJIOHIHHI ...

Orxe, koopauaatu (x;y) A0BLIbHOT Touku M 1myKaHoT MpsaMol | 3a10BOJIb-

V11 ' sin .
V922 sin(w — gp)( 0) (51)

Bupasumo Besimunny sin(w — @) B TepMiHAX BUXIJIHUX JAHUX.

HAIOTH PIBHIHHA

Y—Y =

gi12 Slnw — ”GH
V9114/922 7 v/ 911+/922

JTHIM HACJIIKOM 3 BU3HadYeHHs1 KoedinienTis marpuri ['pama), maemo:

3 ypaxyBaHHSIM piBHOCTEl cOSw = (sixi € Gesmocepe-

Il g :
m@cosgp — \/ngl\"'/gEsmgp.
3a npunymennam ¢ # 90°. 3sigku cosp # 0 i Tomy

. VIu sin ¢ _ gutge

sin(w — ¢) = sinw cos p — cosw sin p =

= . (52)
V922 VG g2 g VIIG] = gi2tg e
\/gT\/gT 08 ¢ — L sin g
TakuM unHoM, Hrykate pisnsung npamol signocno ACK mae su
g tgyp
Y—Yo = (7 — @) (53)
VIGI = giatg e
Bimrocno KCK 3 KK w (53) nabysae Bu
tg ¥
o — Ax — 54
v sinw — cosw tg o (z = 20), (54)
a BijHocHO [ICK — nobpe 3HaiioMuii B
y— Yo =tgy- (z— ) (55)

TeomeTpuunuit 3MicT koedimienta k mpamol [:y —yo = k(z — x9) .
3 ypaxysarHsiM (52), He BaKKO MEPECBITIUTUCH Y TOMY, 10 JJIsT TPSIMOT, 3a1aHOT
BinnocHo ACK piBHSIHHSIM 3 KYyTOBUM KOeiIlieHTOM,
k>0 e (0%w) inasnaku, k<0< ¢ € (w;180°).
[eoMeTpuuHMil 3MIiCT KyTOBOI0O KoedillieHTa IPAMOT, 3a/aH01 PIBHIHHSIM Bijl-
nocuo [1CK, mosisirae y ToMmy, 110 BiH JIOPiBHIOE TAHT'€HCY KyTa (0 MiXK IIPSIMOIO Ta
nojatHuM HarpsiMom oci OX . s nipsimol, 3aanol piBusausM Bignocno ACK,

|G
gu1 + kgia’
Curij TaKOXK 3a3HAYUTH, 10 KYTOBUIl KOEMIIIEHT MPsAMOI, dKa € IepIeHINKY-
nspuoio 1o oci OX ACK 3 koopaunariim Kytom w = Z (€7, €5) # 90°, (abo
K Ge3rnocepeIHLO BUILINBAE 3 piBusanns (19) Bupasm 1) cTaHOBUTH

o \/911. sin 90Y B _\/911. sin 90° o _\/911. 1 B _& (57)

V022 sin(w —90°) | /gas sin(90° —w)  \/gas cosw g12 |

tgp = (56)
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Bagada 11. [10] Kyt mixk npssmumu, 3aJaHUMU PiBHIHHIMUI
li:y=kix+hy i ly:y=kox+ hy Bimnocuo ACK

3 ypaxyBaHHSM 3aJadi 5, KOCHHYC He myno2o Kyta 6 MixK npamuMmn [ i lo
MozkHa 3HaiiTn 3a dopmymnon (25). [opiauBim dncesbHUK 1 3HAMEHHUK MTPABOT
wacTHHn (25) Ha 100yTOK by - by, Ta mpniingBmm 10 yBaru piBHocTi = —k;
(i =1;2), oepkuMO
911 + kikagoo + g12(k1 + ko)

Vg1 + kgas + 2k1g12v/ 911 + k3gas + 2kag12
3 ypaxyBauHsiM (H8) Ta OCHOBHOI TPHTOHOMETPUYHOI TOTOYKHOCTI, CHHYC HE

cosf = (58)

mynozo Kyta € Mix npsmumu [y i ly MOXKHa 3HAWTH 38 (POPMYJIOIO
|G - k1 — ko

Vg + k2 gas + 2k1912v/ 911 + k320 + 2kag10
3 ypaxysanusam (58) i (59), raHrenc He mynoeo KyTa MixK npamumu [y 1 Iy,

(59)

sin 0 =

saannx piBHAHHAME BigHocHO ACK, MOKHA 3HATH 3a (HPOPMYIIOI

|G| - [k1 — Ko

tgf = . 60
& 911 + k1kagas + g12(k1 + ko) (60)

Bimrocno KCK 3 KK w (60) nabysae Bu

sinw - |k — ko
tg = : 61
& |1+ Kk1ko + (k1 + ko) cosw] (61)
a Binnocuo [ICK
k1 — Ko

tg = ———. 62
SV Kkl (62)

Bagaga 12. [10] VYmoBU NepHeHAUKYJISPHOCTI npaMux [y : y = kjx + hy
i ly:y = kox + hy B TepMiHaxX ixX KyToBUX KoedimieHTiB ki i ko

3 ypaxyBaHHsAM HEOOXiHOI 1 JOCTATHLOT yMOBH IEPIIEHINKYJISIPHOCTI IPSIMUX,
3aJIaHNX CBOIMN 3arasibHuMu piBHauasMu Bignocno ACK (ymosa (13) i3 3ajadi

a4

3) Ta piBHOCTEN H = —k; (i = 1;2), abo k 3 ypaxyBanusM pisaocti (60), HEOO-

bi
XIJIHY i IOCTATHIO YMOBY HMEPHEHIUKYIAPHOCTI nmpaMux [y 1 [y, 3a/1aHuX CBOIMHI

piBHsHHsIME (3 KyTOBUM Koedirientom) Bignocuo ACK, MoxHa mogatu y BUrJisijii

_gut kg

i Lly < gi1 + kikagos + gia(ky + ko) =0 & ky = : (63)
g21 + k1G22
Bignocno KCK 3 KK w y Bursnmi
1+ k
l1J_ZQ@1+k1k2+(k1+k2)cosw:()(:)k2:—w, (64)
cosw + ki
a Bianocuo IICK —
Iy Ly kiky = —1. (65)
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Bamaua 13. PiBHaHHS npsgMoOl [, SKa BiJCTOITH BiJ IOYaTKY KOOP/IU-
HaAT Ha BijZictaHi p > (0, a 11 HOPMaAJbLHUII BEKTOpP yYTBOPIOE KYT « 3
JomaTHUM Hanpgamom oci OX

Hexait (2';y") — xoopauHaTH OCHOBU TEPIIEH/UKYJISIPA, OIYIIEHOTO 3 MOYATKY
koopauuar na npsamy [. Toni 77 = {a';y'} — nopManbHuii BexTop npsaMoi . 3a
YMOBOIO TIpsiMa [ BIJICTOITH BiJl TIOYATKY KOOpJAWHAT Ha Bijgctani p > 0 i Tomy

|ﬁ\ = p. 3BiAKKN Mae Miclie MaTpUYHA PIBHICTD

(') 0 G o ( 5 ) ) (66)

3 iHIIIoro 60Ky, OCKLIIbKI BEKTOD i YTBOPIOE 3 jiofaTHuM HarpsivoMm oci OX (3
BekTopom €7 = {1;0}) KyT o, 10 3 ypaxysanusm (66), Mae Micue piBHICTD

/
(1 O)oGo(aj/> /L ,
Y :(:osoz(:)guxg 9223/ = COS (v (67)
2 Vait -
\/911\/($/ y')OGO< /)
Y

Hexait nam (x;y) — koopauaaru JgoBLIbHOT Touku npsivol [. Tojui BekTopu
W ={a";y/} ra | = {x—a";y—y'} €opTOrOHAIBLHIMIL, I TOMY IIYKAHE PIBHSHHS
psMol [ MOKHA IIOJATH Y MATPUIHOMY BUIJISI

(' ’)oGo(y_j)=O<:>(x’y')oGo<§>—(x’y’)oGo(ill):0,

3 ypaxysanusaMm (67), ocraHue piBHHHHH MOYKHA OJIaTH Y BUTJISI]
(g2 + go1y') v + (g127" + g22y') y — p =0

g1’ + g2y 122" + g2y’
< /911 T+ /922 y—p=0<
V911 - p V922 - P
Vg cosa - x + \/goacosB-y—p=0, (68)

Je [ — KyT, AK1il yTBOPIOE BEKTOP 7 3 10JATHHM rarpsimoM oci OY (3 BeKTOpOM

& = {0;1}).

TosHasumo gan w = Z (eq, e3) . Ockinbku § = +(a—w) i cos B = cos(—3),

i i _ g1 VA Ll -
T XyBaHHsIM piBHOCTE =22 ginw = MAa€EMO PIBHICTB
0, 3 ypaxysa piBHOCTell COSW = =R, SiNW = —Z=—7e , MAEMO piBIiC
cos J = cos(a —w) = cosacosw + sinasinw = cosa - —22— +sina - iG]
V9114/922 V911+/922

Takum anHOM, IIyKaHe piBHsHHA psiMol [ BigHocHo ACK mae Buj

+ sin « - HGH
Vv 911 gi1

\/911COS@'I+<COSQ' > -y —p=0. (69)

Bumyck Ne3, 2013 171



Metoauka Bukjaamanuga maremaruku B 3OIII ta BH3

Bijnocno KCK 3 KK w piBusinns (69) mabysae B
cosa -+ (cosa - cosw +sina - sinw) -y —p = 0, (70)
a BijHocHO IICK — 1106pe 3HaiioMuii BUIJISIT
cosa-x+sina-y—p=0. (71)

Bamaua 14. 3BeJeHHs 3arajbHOro PiBHAHHS IpaMoOl [ : ax + by +c¢ =0
10 HOPMAaJIbHOT'O BULY

[Tiy1 HopMmabHUM piBHAHHAM 1psamol [ : ax + by + ¢ = 0 Gyjgemo posymiTu
PIBHSIHHS TIPAMOI [ BUIY

[:\/grcosa-x+ . /giacosfB-y—p=0, (72)

Jle p — BiJCTaHb BiJl 10YaTKy KOOPJAMHAT JI0 IpaMmol [, a « i B — KyTH, g9Ki
YTBOPIOE HOPMAJIbHUIT BEKTOD HpsMOI [ (IIOYATOK $IKOTO CIIBIAJAE 3 MOYATKOM
O ACK) 3 jgomaranmu wvanpsmamu oceit OX 1 OY BijgnosijHo.

Ax Bigomo, B IICK 3BejieHHsT 3arajbHOr0 piBHAHHSA psiMol [ : ax +by+c¢ = 0

A0 HOPMaJIbHOT'O BUAY JOCATacTbCA 3aBAdAKN MHOXKEHHIO 000X YacTHUH 3araJjbHo-

) . . —sign ¢
0 PIBHAHHY IIPAMO] HAa HOPMVIOUNII MHOXKHUK (4 — ————— . [JokaxeMo, 1110 B
p p pMy 2 21D , 1T

SIKOCTI HOpMYytodoro MuoykHuka y Bunajiky ACK neobxinHo obpatn BenInmy

—sign ¢

= . (73)
\/(a b)oG 1o (a>

b

MificHo: _
1) 3 ypaxyBanuam dopmyan (29), p-c= (—sign c)-c = —p(O;1) = —p;

a
\l(a b)oG o( b )
2) cosa=cosZ(T,0X,)=cosZ (e}, ) =
bgi1 — agai a-| G

I

s/
(10)OGO<ag22 b912>
a
b

_m.m-\/(a neto( ) ) @.m-\/m e (i)

3) aHAJOrivHO

cosf=cos/ (e, 1) = b1l £ :
N m-\/(a oo} )
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Takum YuHoOM, JIJI 3BeJIeHHs 3araJabHOro piBHAnHA mpamol [ : ax+by+c =0
JIO HOPMAaJILHOT'O BHJIY HEOOXIiJTHO:
1) moMHOXKHUTH OOM/IBI YACTUHE 3arajibHOrO DIBHSIHHS HPSMOI [ HA HOPMYOUMit
MHOXKHUK (73);
2) TOMHOKHTH Ta PO3JIUIMTH YHCEIBHUK I BHAMEHHIK IIEPIIOro JIOJAHKY Ha /11 ;
3) TOMHOZKUTH Ta PO3JIINTH YHCEIBHUK i 3HAMEHHUK JPYTOro JOJAHKY Ha /(22 -

Bagaua 15. PiBHsaHHS OpsgMuX, M0 HPOXOAATH dYepe3 OJaHy TOYKY

My(xo; yo) mim Kyrom ¢ (0 <6 < ) mo manoi npamoi [ :y = kv +h
OckinbKY TyKaHi mpsiMi My 1 Mg YTBOPIOIOTH PiBHI KyTH @ 3 jlaHOI0 TIPs-

moto [, To, 3 ypaxyBanuaMm (63) i3 3amaui 12, 1x kyrosi koedimientn ki i ko

g1 + kikgas + gr2(ki + k)

SaﬂOBOﬂbHHIOTb yMOBy
IOk
\g11 + kikgaa + qra(ki + k)|

tg 0 Stgh =+

IGI-(k1—F) _ E/IGlI~(gn+kgi2) tgd
= k1=
guthikgaatgiz(kith) |Gll+(g21-+kgs2) te 6

VG- (k2—Fk) EA/||G |+ (g11+kg12) tg
ok W = k= :
g11+kakgaatgi2(ko+k) VG~ (g21-+kgzs) tg 0

[ Tomy piBHsiHHSI psiMuX My 1 Mo (BigHOCHO ACK) MOXKHA HOIQTH Y BUTISAT]

my,ma Y — Yo = EVIG]F (on + kgro) tgﬁ(x — ) (75)
’ |G| £ (921 + kg22) tg b

Binnocno KCK 3 KK w piBusinus npsmux (75) HaOyBarOTh BUJI

ksinw F (14 kcosw) tgf

3BiJIKM Maemo: tgf = —

tgl = +

Y — Y= — 76
T,y s Y~ Yo sinw + (cosw + k) tg @ (= 0), (76)
a BigHocHO [ICK — piBHsSIHHS BUIY
k—tgd k+tg
: — = ——— — . — = — 77
mi: Yy —Yo 1—|—ktg0(x To), M2t Y — Yo 1—l<;tg0(x o), (77)

BupaBa 10. Ilokaxits, mo sigaocao ACK piBHsgHHS mnpsiMol [y, sKa
€ CUMEeTpUIHOI j0 mpsimol li @ y — yo = ki(x — xp) BigHOCHO ™psIMOT
[y —yo=k(z— z0), MoxkHa TIOJaTH ¥ BULIA Y — yo = k'(x — x0) , 1€

g11 + gia(k + k1) + gaokky
gi11 + 2]61912 + k’(2]€1 — ]ﬁ)ggg.

3ayBaKMUMoO, 10 MIyKaHa MpsMa ICHYe 3aBXKJIu. ToMy y BHITAJKY KOJIN

K=k + 20k — ky) - (78)

911+ 2k1g10 + k(2k1 — k) go2 = 0, piBHSHHS 1TyKaHOT IpsiMol Mae BujL © — xg = 0,
OCKIJIbKY Ha TLIONIMHI 1CHYE €OWHA MPsIMa, siKa [IPOXOUTh Yepe3 TOUKy (Zo; Yo)
i 151 stkol KyToBuil KoedillileHT He BU3HAUEHO (1Uepe3 mapaseabHicTs 10 oci OY).
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BiibIne Toro, Mae Miclie MpocTHii ciocio 3HAX0/IXKEeHHs PiBHAND OICEKTPUC KY-
TiB, YTBOPEHUX HpsAMUMU T = o 1 l1 : y — yo = ki(x — o). A came, KyTOBi
KoeIIieHTH 3a3HAUEHNX OICEKTPUC € KOPEHSIMU KBaJIPATHOTO PiBHSHHs (BiHO-
CHO k) gi11 + leglg + k(2]€1 — k)ggg =0.

amada 16. PiBHaHHA OpaMUX, MO0 OPOXOAATH dYepe3 JaHy TOUKY
M (z1;y1) Ta Bigcroarsb Big Touku My(zo;yo) Ha Biacrani p
OCKiNbKE TIyKaHa MpsiMa m TIPOXOAUTh depe3 Touky My (x1; 1), To 11 piB-
HAHHsT Oy/IeMO TyKaTn y Buriisiii m @y — y1 = k(z — x1) . OTKe, 3HAXOKEHHST
PIBHAHHS MIYKAHOI MIPSIMOT 3BOJIUTHCS JI0 BIIIIYKaHHs 11 KyTOoBOro Koeditienta k .
3a ymoBoio Touka My (zo; yo) BigcToiTs Big npsamoi m : k(x—z1)—(y—y1) =0
wa Bigcrani p. Tomy, 3 ypaxyBanusm (29), mMae miciie piBHICTB
k(o — 1) — (Yo — 1))

Jo —neae( 4

(k*(x — 21)* — 2k(xo — 21) (Yo — y1) + (o — 11)?) = % (k2922 + 2kg1a + g11) ,
B2 (|Gl (w0 — 21)? — pgo2) — 2k (Gl (w0 — 22) (90 — w1) + PPgn2) +

+HIGl(yo — y1)* —=pPgu =0. (%)
1) Ipunycrumo, mo [|G||(zg — 21)* — p*ges # 0. Toxi piBusHms (%) MoxkHA
pO3B’d3aTn SIK KBaJipaTHe PiBHsIHHs BijgHocHO k. He Baykko mepeBipuTn, 110

T =PlGI (- p), ne

& = (zp — o1 yo_yl)oao(xo_“) ’W’ (79)

Mok IuBUMHI € JTUITe HACTYIIHI TPU BUIAIKU.

= p, 3BIIKHU

1.1) dxmo d < p, 7o mykaHol mpsMol He iCHYyE.

1.2) dxmo d = p, 1o icuye emwma (ZBi cmiBmazandi) mykaxHa IpsaMa
m (U1t HEl B bOMY BUIIAJKY BEKTOD = {xy — x1;90 — Y1} € HOpMAIBHUM
BEKTOPOM ), piBHstHHs s1KOI BijiHOCHO ACK MOXKHA mojaru y BUrJIsijii
|Gl (xo — 1) (yo — y1) + p° 912(

G (2o — 21)? = p?g22
(z—x1) (gu1(zo — 1) + g12(Y0 — ¥1)) + (Y —v1) (g12(z0 — 21) + g22(y0 — y1)) = 0.

(80)

3a3HauNMO, IO B [[bOMY BUIAJIKY IIYKAHA IPSMa M JOTUKAEThCs Kosia w(My; p)
(3 mearpom B Touri My(xo; yo) pajiyca p) B Touri Mi(x1;y1).

Piugnus npsvoi (80) Bignocno KCK 3 KK w nabysae Bu

m:y—y = —x1), abo K

(. —21) ((zo — 21) + (o — y1) cosw) + (y — 1) (2o — 1) cosw + (yo — 1)) = 0,
(81)
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a Binnocuo [ICK —

(x —21) (w0 — 21) + (¥ — y1) (Yo — 1) = 0. (82)

1.3) dxmo d > p, 1o icuye mBi mykaHi mpsaMi mq i meo (JoTHUHI S0 KOJIA
w(My; p) , mo poxonsars depes Touky Mi(x1;1y1) ), piBasHHS sikux BigHOCHO ACK
MOYKHA TOJIATH y BULIsA M my; -y — yp = ki(x — x1),  Je

_ G0 — z1) (o — y1) + P91 F 0V IIGl V@ — p?
|Gl(zo — 71)* = p?g22

k12

)

: (83)

a Besimanua d obuncIoeThes 3a dhopmyiioio (79).
Dopmysu (83) jist obumcsentst ki 1 ko BisHocHo KCK 3 KK w nabysaioTh B/

(2o — 1) (Yo — y1) sin® w + p? cosw F psinwy/d? — p?
sin®w - (zg — 11)? — p?

]{5172 = ) (84)

d* = (w0 — 21)* + 2(x0 — 1) (yo — Y1) cosw + (yo — y1)°
a Bignocao IICK —

(xo - 371)(90 - yl) F o/ d? — p?
(xo - 331)2 - p2

k12:

’ , P =(xo—21)’+ (o — )’ (85)
2) Tlpunycrumo tenep, mo  ||G[(xg — 21)? — pPge =0 (%).
Tosi piBHsIHHST (%) <«BHPOJZKYETHCsI» Y JiiHIHE PIBHSIHHS BiJIHOCHO K :
2k (/|G (zo — 1) (yo — y1) +p2912) = 1Gll(yo — 11)* — P°gu1 (%)

3ayBaKnuMo, 10 TeOMeTPUYHUA 3MiCT yMOBU (%) IOJIATAE y TOMY, IO BOHA
€ PIBHOCUJILHOIO YMOBI 11po Te, 0 Touka My BiJcTOITH Bij nipsamol m : x —x1 = 0
Ha BijicTani p. B ocraHHbOMY He BayKKO MEePeCBLITINTHICH MIJIAXOM Oe311ocepe THbOT
mepeBipKu 3a J10moMoroo (opmysm (29).

Takum auHOM, 2)-Hil BUNAI0K XapAKTEPU3YETHCsT THM, 10 IpsMa 7 @ & = X1
€ MYKAHOIO NpAMOI0. KpiM TOTo, MOXKJIMBUME € HACTYIIHI T IBUIIAIKH.

2.1)  dxwmo ||G[[(zo — 21)(yo — y1) + p*g12 # 0, TO

HGH(?JO - ?/1)2 - p2911
(|G[(xo — z1)(yo — 1) + P*g12)

1 TOMy TIyKaHl PIBHAHHS NPAMUX MalOTh BU/I

_ 1t
k=5 =k (86)

miy—y=kKx—z) Tam:r=u1.
2.2) dxmo ||Gl[(xo — =1)(yo — y1) +P’q12 =0 (3x), 10
2.2.1) y Bumagxy ||G|(yo — 91)* — p°gu1 # 0, piBusiHEs (%) B3aranii He Mae
PO3B’SI3KiB, 1 TOMY €JIMHOIO IIYKAHOIO HPSIMOIO € IIpsiMa, 1M : & = T1;
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2.2.2) ysunaiky ||G|/(vo—y1)? —p*911 =0 (%K), piBusiuns (%) mae Ge3uid
po3B’s13KiB, TOOTO k € R. JliiicHo, 3a yMOB OJIHOYACHOIO BUKOHAHHS (%), (*%) Ta
(*x*) Touka M, cuiBnajae 3 Toukoio My a p = 0. 1 Tomy Oyb-sika npsima, sika,
IIPOXOIUTH Yepe3 TouKy M, BijcToiTh B Toukn My = M; na Bigcrani p = 0.
[lykanuMu mpsiMUME Y [ILOMY BUIRJIKY € TpsaMi my, : y — yo = k(x — xg), k € R
Ta m:x=x (1 =)

ILnomnia TpukyTHUKA, OOMEXKEeHOTO TPhOMa MPAMUMU

Bropasa 11.[9] Tlpamy [ sigHocHo ACK 3ajaHo «piBHSIHHAM Yy Bijpi3kax»
[:
N

00UMCINTH 38 POPMYJIOIO

+ £ = 1. Hoseitb, mo Sayno (O — nouarok koopaunar, M =1NOX,

z
m
= [ N OY ), 06MeKEHOTO MPSIMOI0 | Ta KOOPIUHATHUMU MPSIMUME, MOYKHA

G
Saavo = G i, (87)

2

Brpasa 12.[4] Hexaii croponu tpukyrauka ABC Bignocno ACK 3aa-
Ho piBusnusmu (BC) @ a1z + by +¢ = 0, (CA) © ar + by + 2 = 0,
(AB) : azx + b3y +c3 = 0. Hosenith, mo Saapc MOXKHA 009UCTUTH 38 (HOPMY-

JIOIO
2

aq bl C1
a9 bQ Co
|Gl a3 by ¢
S — : . 88
~4BC 2 mod a9 b2 . as bg ) aq b1 ( )
as bs a; by as by

3ayBaXKMMO, 1110 TeOMeTpHUHuHE 3MicT Bu3HauHuKa MaTpuui I'pama G, ese-
MEHTaMHI fKOi € MeTpudHi KoedinienTn g¢;; 6asmcy {e1,e3} (sakuit pasom 3 1o-
mocom O Busnauae Ha romuui ACK) mossirae y Tomy, mo 3uadents /|G|
JOPIBHIOE TLIOII KOOPAMHATHOTO (Macwmabnoezo) mapasenorpama OFE1EEs
y3arajbHeHol jekapToBol cucremn koopauaar ACK (O; e, 6—2>) —puc. 1a).

Bucaosknu

B npejcrasiieniit podboTi HaBeIeHO PO3B’sd3aHHs 16 «KIIOYOBUX» 3aja4 Ta, 12
BIIPAB TEOPETUTHOIO XapaKTepy, ki (B IEBHOMY PO3YMiHHI) «ITOBHO» OXOILIIOIOTH
MEeTPUYHI 3a/1a9l «Ha MpAMY B IJIOMNWHI» B adiHHUX KOOPMHATAX.

Ha namy qyMKy € A0MIITBHUM TPOBEEHHS aHAJIOTITIHUX JTOC/I1I2KEHb CTOCOBHO
METPUYHUX 3aJ1a9 «Ha MPAMY 1 IJIOIMHY B IIPOCTOPi» B adiHHIX KOOPINHATAX.

Anpobariisi 3aIpoOHOBAHOTO X0/ 0 BUKJIAIAHHS 3a3HATCHOT TeMu (I1iT
yac nposejienns y 1-my cemectpi 2012-2013 1.p. «Bubpanux nutanb MaTeMaTHKN»
JUTs CTYJIeHTIB 5 Kypey isuko-maremarnanoro daxyasrery JIBH3 «JIJITTY»)
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JI03BOJISIE CTBEP/KYBaTH, 1[0 METPUYHI 3aJ1a4i B alHHUX KOOpJUHATAX Yy CTY-
JIEHTIB BUKJIMKAJIU 1HTepec, CIOHYKaJIU 1X JIO0 TBOPUOI JislJIbHOCTI Ta IOCUIIOBAJIN
PO3YMiHHSI CTYJIEHTIB NPUYIMHHO-HAC/IKOBUX Ta MIXKIIPEJIMETHUX 3B A3KiB.
ABTOpK MalOTh HaJiIO, 1O HaBeJIEHUl MaTepiaJ Oyae KOPUCHUI CTYIeHTaM
BHS3 1ix yac BUBYeHHsI BiAIIOBIIHOT TeMn « AHAITHIHOT reoMeTpil» 9K MOCIOHUK,
Ta 3alllKaBUTh BUKJIAJIAdiB, IKI BUKIQJIAIOTH 10 JUCIUAIIIHY, TpUHARMHI, 9K JI0-
BiJIKOBHIT MaTepiaJi, sKuii Jinie JOMoBHIOE Bijmosi i maparpadu (8], [9].
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OOPMYBAHHA ¥V CTYAEHTIB MATEMATNYHUX
CIEIIIAJIBHOCTEM BMIHb PO3POBJIATU CUCTEMU
HABYAJIbHUX 3AJTAY

Y cTarTi npoaHa/i30BaAHO MOXKJIUBOCTI (hOPMyBaHHS y CTY/CHTIB MAaTEeMaTUIHUX CIICIiaIbHO-
cTeil 1eJlaroriYHOTO YHIBEPCUTETY 1HTEIPOBAHOTO YMiHHS KOHCTPYIOBATU CUCTEMH HABYAJBHUX
3a/a4.

KarouoBi caoBa: wmemoduuna nideomoska euumens, Bopmyeanmni 20mMoSHOCMIE, KOH-
CMPYIBAHHA cUCMeMU 3a0ay, N02T4HA 2PAMOMHICTNG.

Bceryn

Peasizamis mijieil 1 3aBiaHb sIKICHOI HiJIFOTOBKM MailOyTHHOI'O BUUTEJISI Ma-
TeMaTUKN 3YMOBJIIOE HEOOXITHICTDH MOIIYKY MIJISAXIB 1 3ac00iB yIOCKOHAJCHHS 11
METOJINYHOTO CKJIAJHUKA, KT € BayKJIMBOIO JIAHKOIO B CTPYKTYpPI Ipodeciiino-
1eJIarOriYHOTO CTAHOBJIEHHS I PO3BUTKY (haxiBIIs.

[IkisbHUN TOCBI, TPpAKTUKA MCASIIUIIOMHOI TJTOTOBKN BUUTEIB, PE3YIb-
TaTU ONUTYBAHHS I1€JaroriB Ta y4HIB JI03BOJISAIOTH JIATU BUCHOBKY IIPO Te, IO
OCTAHHIM 4HaCcOM 3Ha4Ha JI0JIsl BUMTEIIB-MaTeMaTUKIB JIEMOHCTPYE KOHCEPBATU3M
y mpodeciitiil MigIbHOCTI Ta HETOTOBHICTH JIO0 CAMOCTIHHOTO BUOOPY HAITPSAMKIB 1
3aco0iB oprasizallil HaB4YaJIbHOIO Ipolecy. He BiiKuga09u 3HAYHOTO BIIKBY CO-
miaJbHUX (PaKTOPIB, 3a3HAUNMO, 1[0 B IIEPIIY Yepry Iie MMOB’d3aHO 13 HeJI0TiKaMu
1podeciiiHo-1eJaroriviol miroToBKu haxiBIiB.

Amnauniz cykymHocTi podeciitHix 3a/1a4, M0 MaOTh BUPIIIYBATHCS BUNTEIEM
MaTeMaTHKHI, CBIIYNTH, 110 KJIOYOBUMHU 00'€KTaMM, sIKUMHU HOMY IIOTPIOHO ole-
pyBaTu, € 3aja4a abo cucrema 3ajad. CTocoBHO 3aja4 i mpodseM, OB sI3aHuX 3
IX 3aCTOCYBaHHSAM y HaBYaJbHOMY IIPOIEC], B PI3HI MEPION MPOBOJUINUCHA JTOCJII-
JIZKEHHSI PI3HOT'O CHpsIMYBaHH I pe3ybTaTUBHOCTI.

30KpeMa, 3arajbHi MUTAHHS, 1[0 CTOCYIOTHCS BU3HAYEHH MOHATTS <«3aada
pospobustuck 1.O. Basuiom, JI.JI. T'yposoro, 4.0. [Tonomaprosum ta in. Merou-
YHI acHeKTH TPoOJIeMI, POJIb CUCTEMU 3a4a4 Y BJOCKOHAJIEHH] TTPOTIeCY HABYAHHA
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MaTeMaTuKu anajizyBaucs B pooorax M.I. Bypau, FO.M. Kousrina, B.I. Kpy-
nuva i iHmmx merouctis. Pobora 3 TBOpUNMEI (€BPUCTHIHUMIE) 3a/1adaMi JIOCTi-
mkyBasiaca [.B. Jlopodeesum, FO.M. Kossrinum, B.I. Kpynunuem, O.1. Ckadoro,
JI.M. ®pigmanom Ta in. Crupobu npaxkTudHOI 1MOOYI0BU CUCTEM 3aJiad 3iifCHIO-
BAJIUCST ABTOPAMU Cy9IaCHUX MiPYYHUKIB 3 reomeTpil, 30kpema, B.O. T'ycepum (y
Pocii), M.I. Bypmotwo ta H.B. Tapacenkosoto (B YKpalHi).

Pazom 3 TuM HayKOBIZMI JOTerep BU3HAUEH] JINIE 3arajbHi CXeMU KOHCTPY-
IOBaHHs CUCTEM 3aJlad, a JIOC/TIZKEHHIO CIIOCO0IB 1X KOHCTPYIOBAHHA JTOCTATHBHOI
yBaru He npujiieno. Brim, 3ycrpivatorbest mooauHoki gociimkenns (1. Kosa-
apoBa, O.H. OpiisiHebKa), TPUCBsiYeH] POSKPUTTIO CHEIGIKI MPOTecy KOHCTPY-
IOBaHHs CHCTEMHU 3aJ1ad Ta ONAaHYBaHHS YMiHb, HEOOXITHUX JIJIsI HOTo peaJii3allil.
OueBniHO, OlMAaHYBAHHS BUNTE/IEM MATEeMATHKHM TaKUX YMIHb € BayKJIMBOIO il He-
BiJI'€MHOIO CKJIQJIOBOIO flON0 METOIMYHOI KOMIIETEHTHOCTI, sKa CYTTEBO BILIMBAE
Ha JKICTb HABYAHHS YUHIB MaTeMaTHKN, (DOPMYBAHHs Yy HUX CUCTEMHUX YIBJIEHD
PO 3aCTOCYBAHHSA MaTeMaTUKN Y MTOBCIKJIEHHI.

OcHOBHA 4YaCTHUHA

He Bparouunch 70 aHaji3y pi3HUX TOUOK 30PY Ha TJIyMadeHHs MOHATTS 3a/adl,
B IOJIAJILIIIOMY Oyj1eMO TOBOPHUTHU PO TaK 3BaHI HaBYAJbHI 3a/1a49i, BUXOITIN 3
TE3M IIPO Te, 110 «HABYAJIbHUI XapaKTep KOXKHOI 3a/1a4i Mae 30aradyBaTi 3HAHHS i
JIOCBIJT YUHIB, BUNTH MATEeMATHIHIN JisIIBHOCTI» |2, ¢. 58|, cripusiTi ToCTymoBOMY
JIOCATHEHHIO TeMaTUIHO OOYMOBJIEHHX 1 3araibHUX IiJIeil HaBYaHHs MaTeMaTUKH.

Cucremolo HaBYAJbLHUX 3aja4 OYJeMO BBaXKaTH OyJib-KY CYKYITHICTb 3a/1a4
(y mmpoKoMy CEHCI), 10 3a/[0BOJIbHSIE TIPUHIAIIAM TOHATIHOT OJIHOPITHOCTI, 3Mi-
CTOBOI I[IJIICHOCT1, CTPYKTYPHOI IIOBHOTHU, 11JIIIOPSIKOBAHOCT] TIEBHUM I[LJISIM.

[cHyIOTH Pi3HI KOHIIEMIIIT CTBOPEHHS CHCTEM 3a/ad, SKUMI MOYKe ITOCTyTOBYBa~
THCsI BUNTEIb MaTeMaTHKHI Yy CBOIil 1mpodeciithiil misabHOCTI. 30KpemMa, IIPu CTBO-
pPeHH] MIKIJIBHUX MIJIPYYHUKIB MaTeMaTUKN aBTOPCHbKI KOJIEKTUBU HaMalraroTbCs
MPOEKTYyBaTH CUCTEMM 3aJiad, IO MOXKYTh CTaTH OCHOBOIO JIJI PO3POOIIOBAHOL
BUUTEEM BJIACHOI CUCTEMU.

Hampukias, O.B. IToropeios mpornonyBas y BiJOMOMY HMIKITLHOMY TPy THH-
Ky reometpil [5] miiMasbHuit (3 fforo Touxkm 30py) HAOIp 387449 3 BUMOTOIO 000~
B’SI3KOBOI'0 1X PO3B’si3aHHs yuHsaMuU. Jlo 11b0ro Habopy, 30KpemMa, BiJIHOCHIACS HUB-
Ka 3aJ1a4, Y SIKUX PO3KPUBAJINCA BayKJIMBI BJACTUBOCTI TeOMeTPUIHUX (Piryp, He-
00XiTHI JIJIsT TTPOJLYKTUBHOI HABYAJILHOI JIisl/IBHOCTI y IIpolieci podOTH 3 TeOMeTpu-
JyHuME pirypamu. Bearkasiocs, 1110 OCHOBHA yBara BUUTE/ s MaJia CIIPSIMOBYBATUCH
Ha BUJILJIEHHsT OMOPHUX (Y1 KJIIOYOBUX) 3aJ1a4 Ta MOMOBHEHHSI [TPOMOHOBAHOI aB-
TOPOM CYKYITHOCTI.
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ABTOpH JIeKUX CyYacHUX MiJAPYIHUKIB [3] BBAXKAIOTH 34 JIOI/IbHE HACHIEHHST
TPy IHUKIB OOMIMPHUM Ta PISHOMAHITHUM JIMJIAKTUYHUM MaTepiajioM i3 3ayBa-
PKEHHSIMU JIJIsl BUNTEJIS I0JI0 HAJIIUIITKOBOCTI HADOPY 3a/1a9, MOTUBYIOUHN IIe THUM,
10 B TaKMiT CIIOCiO BIJIKPUBAETHCS MOKJIMBICTE peaJtizallil piBHEBOI JudepeHtialil
Ta 1HAUBIIYaJIbLHOIO IIJIXOMY Yy HaBYaHHI. 3a IUX YMOB OCHOBHa po0OTa BUNTEJI
HoJIsATaE y BiOMpaHti 3a/1a4 st BJIACHOI CUCTEMHU Ta X CTPYKTYPYBaHHI.

[IpoaykTuBHUME iedMn JIJIs TPOEKTYBaHHd CUCTEM HaBYAJbHUX 3aJ1ad He
TIIBKHU JIJI HaBYaHHdA, ajie i JUid JIarHOCTUKM Pe3yJIbTaTiB HaBYaJIbHUX JOCH-
I'HEHb YUHIB € BU/IIJIEHHS JIeSIKUMU MaTeMaTUKaMU-MeTOIUCTaMU Ta ITPaKTUKaMU
onopuux (I.®. Mapurin, H.I. 3iasbepbepr Ta in.) ta xiarouosnx (P.I. Xazankin)
zaiad. ONOpHUME 3a3BUYall HA3MBAIOTh TaKi 3ajadi, y sIKUX JA€ThCs OIINC Jie-
SIKOTO KOPUCHOT'O (DAKTY, 10 MOKe OYTH BUKOPUCTAHUI MTPpY PO3B’AI3YBAHHI THITIX
3aJ1ad, abo K y STKUX PO3BUBAIOTHCSA TEOPETUIHI 16l UM JTa€ThCs LIIOCTpAIlisd Ba-
JKJINBOT'O METO/LY.

KirouoBuMu BBazKaloTh 3a/1adi, ONMaHYBaHHSI METO/IIB PO3B’sA3aHHS AKUX J10-
3BOJISIE YUYHEBI B MOJAJBIIIOMY pPO3B’gA3yBaTH Oy/Ib-AKY 3aJady 3 JIaHol TeMU Ha
PiBHI MIKIJIBHUX BUMOL, & PO3B’sI3aHHS OLIBIIOCTI IIPOrPAMHIX 3aBJaHb MOxKe Oy-
TH 3BEJIEHO JIO PO3B’sSI3aHHSI IIOC/I1IOBHOCT] KJIIOUOBUX 3a/1a4.

OjiHaK, He 3Bakaloun Ha HAsIBHICTH METOJIOJIOTTUHIX 1 METOJUIHUX PO3POOOK,
IpeIMEeTOM AKNX € MIKIJIbHI 38 1a4l, IMIKaBUX KOHIIENIIT MEeTONMIHOTO I1J1aHy, ICHY€E
1pobJieMa, OB sI3aHa, 3 SIKICTIO 3a/1a9HOT0 MaTepiaJry, 10 BUKOPUCTOBYE BUNTEb Y
cBOIl JistbHOCTI. B KiHIIEBOMY BapiaHTi BCe 3aJIe2KUTh Bijl 0COOMCTOI MaficTepHO-
cTi BUMTE I, floro mpodecioHaaizMy Ta SKOCT1 HOro BJIacHOI CUCTEMU HaBYAJIbHUX
3a/lad, a/yKe YCIIITHe BUKOHAHHS YYHEM 130JIbOBAHUX 3aBJlaHb Ile He CBIITUNTH
PO CBIiJIOMe 3aCBOEHHS BiJMOBLIHUX criocobiB jiii. CaMe TOMY aBTOP TEXHOJIOTIT
BUKOPUCTAHHSA KJII0Y0BUX 3aj7a4d P.I'. Xazankin Ha CBOIX YNCIEHHUX CeMiHapax
JUIS BUNTEJIB 3allepedyBaB IPOTH HaJaHHdA BUYUTEJISIM CBOIX NUKJIB KJIIOYOBUX
3a/1a4, BBayKatoun, M0 KOXKHIUI BUNTE/Ib TOBUHEH MaTH CBOIO BJIACHY CUCTEMY, IO
BIJIITOBIa€ f1Oro mepeKoHaHHsIM.

HagBhicTh cepito3aunx po3poboK 3arajbHOI Teopil 3a/a4, MKaBUX KOHIIEIIIiil
METOJIMYHOTO IIJIAHY He BU3HAYAE SIKICTh 3a/Ia9HOT0 MaTepiajly, iK1l BUKOPUCTO-
By€ BUMUTEIH Yy CBOIl JSIbHOCTI. 3HAUHe HABAHTAXKEHHSI BUUTEJIsI, OKPEMI COTIi-
aJIbHI YMHHUKK, a 1HOJI 1 BIJICYTHICTH DarkKaHHS 9acTO 3aBayKaloTh HOMY ITHOOKO
BHUKATHU y 1pobseMy. Kpim Toro Besmka KiJIbKiCTb JMJIAKTUIHIX MaTepiasiB, dKi
BUJIAIOTHCS Ha JOIOMOI'Y BUUTEJO, IIPUBOJUTH JO TOIO, IO YacTUHA I1eJIaroriB
B3araJjii He 3aMUC/IIOETHCA HaJl HEOOXITHICTIO NMPOEKTYBAHHS CBOET BJIACHOI CHCTE-
Mt 3aj1ad. [logibHoro poy Mo3uifist TIIbKH IMAKPIIIIOETCA TMHPOKUM (3aHa,I-
TO MINPOKUM) BBEJEHHSIM Yy HABYAJBHUI MPOIEC TECTOBOI MEPEBIPKHU JOCATHEHD

180 36ipHUK HayKOBHUX IIpallb (izuko-mareMarudHoro akyaprery JIJIITY



Tpym H.I., [Mmnax K.I. @DopMmyBaHHS BMIHb PO3DOOJISTH CACTEMU HABYAJIbHUX 3214

YVYHIB.

3BUYaiiHO, peaJibHi 3aco0M BIUIMBY Ha METOJMYHY CBIJIOMICTH yUIUTEJIIB-
IIPAKTHUKIB JOBOJII 0OMEzKeHi, OCKIJIbKI KOyKEH BUNTE b Ma€ IIeBHUIL JI0CBiT 1 cop-
MOBaH1 CTEPEOTUIIN TEXHOJIOITYHOI OpraHizalill HaBYaHHs MaTeMaTUKH, [0 CTAa€ Ha
3aBa/Ii (DOPMYBaAHHIO yABJIEHDL IMPO BaK/JIUBICTH TPOEKTYBAHHS BJIACHOI CUCTEMU
3aJ1ad, MPUJIATHOI JIJId BUKOPUCTaHHS y HaBdaHHi MaTeMaTuku. CyTTeBO OiIbIIe
IIAHCIB MalOTh YHIBEPCUTETH, siKi B OaKaJaBpChbKUil 1epioj MiJroToBKu (axin-
IIIB MOXKYTH CIIPSIMOBYBATH OpTaHi3alliifHO-MeTOAUYIHI pecypcu Ha (pOpMYyBaHHIA
IOTOBHOCTI MaiiOyTHIX BUUTE/IIB MaTeMATHKN JO KOHCTPYIOBaHHS CUCTEM 3aJiad.

Y mporieci HaBYAHHA B IeJAroriyHOMY YHIBepcHTeTI MaifiOyTHi BUATET Ma-
TeMaTUKU 1IpU pobOTi Oe3rocepeHb0 3 ICHYIUUMU CUCTeMaMU 3aJiad, iX aHaJli-
30M, CTPYKTYPYBAHHSM 1 JJOIOBHEHHSAM B KypCl METOJINKN HaBYAHHS MaTeMaTUKN
OTPUMYIOTH 1TOYATKOBI ysBJIEHHS II0JI0 Peai3allil ij1el IPOeKTYBaHHs CUCTeM Ha-
BUAIBHUX 3a7a4. OnHak 1eil mporec HajaeKHol yBaru He OTPUMYE 1 TAKOTO POy
JUSIJIBHICTD 3JI1HICHIOETHCS CTYJIEeHTaMU €l130/IMYHO, 3aJIMIIal0uiCh OJHIEI0 3 Hail-
OLTBIN CKJIaJIHNX /I BUKOHAHHA. [Ipn 1iboMy MaroTh Miciie TUIIOBI TPYTHOIII:

® B IIpoIlec] aHaJIi3y HaBITh OKPEMO B34TOl 3a/1a4l CTYJIEHTH He 3aBXK /U MOXKYTh
JIATH JiTKU OMHUC Iijieil 1 crmocodiB MigIbHOCTI, Ha 9Kl JIONIJIBHO OPiEHTYBAa-
THCS B IIPOIECI PO3B’si3yBaHHS 3a1adl YIHSIMHI;

® JJisl OLJIBIIOCTI CTYJAEHTIB BUSBJISIETHCS BKPail CKJIAJIHUM BUJIIJICHHSI 3ara/ib-
HOI 1J1el TPOIIOHOBAHOI'O UKJIY 3a/1a4, TPOTHO3YBAHHS MICId 3a/a4l y UK,
He FOBOPSAYN ByKe PO CTBOPEHHS CXOXKOI'0O IMUKJIY;

® CTYJIEHTH [IOTaHO BUKOHYIOTh 3aBJIaHHs Ha CKJIaanHs (100ip) 3a/1a4 B MexKax
oOpaHol TeMH, a JOCTaTHiil piBeHb JIEMOHCTPYIOTh JIMIIE 38 YMOBH, 1110 3a,/1a49a
€ TUIIOBOIO ab0 CKJIAJIEHOIO 32 3PA3KOM;

® CTYJIEHTH JIOCUTH CJ1a00 BUSB/ISAIOTH ([IPOTHO3YIOTH ) IUJIAKTHIHI MOYKINBOCTI
Ti€l UM 1HIIOI CUCTEMU 3a,/1a4;

® SKIIO MOBa iijle IIpO KOHCTPYIOBAHHS CHUCTEMM HaBYaJbHUX 3a/lad, TO CTY-
JIEHTH, K TPaBUJIO, BUJLIAIOTH TLIBKKM HAHOJMKYL 1111, aje He 6epyTh Ji0
yBaru Iijii HaB9aHHs, 10 3HAXOIATHCA Ha OLIBLIT BUCOKUX CTYTEHIX iepapxil,
HAITPUKJIa,/, PO3BUTOK JIOTTUHOI'O UM IIPOCTOPOBOIO MUCJICHH.

3Barkaloun Ha Te, 10 Yy IporpaMax IiJroTOBKM MafOyTHIX ydIuTeJiB Mare-
MaTUKN (POPMYBaHHsI TOTOBHOCTI JI0 KOHCTPYIOBAHHSI CUCTEM 3a/1ad He BiJIHECEeHO
JI0 KaTeropii 000B’sI3KOBUX (haxXOBUX 3aBllaHb, IIEBHY MOXKJIUBICTb (DOpMYBAHHSI
BKa3aHUX CKJIAJIHUKIB MOKHa Oysio O BOAUaTH y HACHUYEHHI CHeliaJbHUMKI METO-
JUYHAME 3aBJIaHHSIMU IIPOBIIHUX TEM KYPCYy METOIMKH HABYAHHS MaTeMATHKH.
Ojnak, 3a OpakoM HaBYAJLHOIO Yacy el MIIsAX BUPIlIeHHs MpobJjieMu € CKOPi-
e TEOPETUIHO MOYKJUBUM, HIXK peajbHO 3JIHCHEHHIM, TOMY HaBpsJ 9d BapTO
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BBazKaTu MOro HPUNHATHUM.

OpranizyBaTu cucCTeMaTHIHy f pe3y/IbTaTUBHO MMPOIHO30BaHy pOOOTY, CIIpPs-
MOBaHY Ha (POPMYBAHH:A Y CTYAEHTIB TOTOBHOCTI 10 KOHCTPYIOBaHHS CUCTEM 3181
JIO3BOJISIE CIIETia/i30BaHnil Kypc 3 BUOpaHUX MUTaHb METOJUKN HaBYaHHA MaTe-
MaTUKW, TPUCBAYEHUIT TTpo0IeMaM MeTOIMKN KOHCTPYIOBaHHS CUCTEM 3aJ1ad Ta 1X
3aCTOCYBaHHs y IIpollecl HaBYaHHS MAaTeMaTUKU B IIKOJIL.

Y mporieci pobOTH HaJ| CIENKYPCOM TepeT0adacThesd 03HANOMJIEHHS CTY/ICH-
TiB 3 MOXKJIUBUM CIIOCOOOM TIOOY/IOBU CHCTEMHU 3aJiad, dKa O CIIPUsIa PO3BUTKY
JIOTIYHOI'O MUCJIEHHSI YUHIB.

Hannii marepiaj BubpaHo He BunaJikoBo. Cepesl mijeil i 3aBJaHb BUBUYEHHI
MaTeMaTUKN y IIKOJI BUJILISETbCA PO3BUTOK JIOI'TYHOI'O MUCJEHHS 1 MaTeMaTU-
YHOI MOBH, YMiHb JIOTIYHO OOTPYHTOBYBATH TBEP/IZKEHHS, BUKOPUCTOBYBATH Pi3Hi
MOBH MaTeMaTHUKW (CJIOBeCHY, cuMBoJiaHy, rpadiuny). Bucokuii pisensb cchopmo-
BAHOCTI JIOTTYHOT'O MUCJIEHHS IIKOJISPIB BUCTYIIAE 1 9K MeTa MaTeMaTUuYHOI OCBITH,
1 9K OCHOBA, Ha AKill oNaHyBaHHd MaTeMaTUIHUMU 3HAHHSIMU ITPOXOJIUTH 3HAUHO
edbexkTupHine. OHak crerniajibHa podoTa 3 (GOpMyBaHHs JIOMYHOI IPAMOTHOCTI
YVUHIB TIepegbadena JInie y KjaacaxX 3 MOrIHOJIeHIM BUBYCHHSIM MaTeMaTHKN, CU-
cTeMa K 3aBJIaHb JIOTTYHOI'O XapaKTepy HPaKTUYHO BIJICYTHS.

st misHaBa/ILHOT JIisJIBHOCTI XapakTepHi crenudivii npuitoMu i MeTojm —
MEBHI METO/IN YTBOPEHHS MOHATH, TPUHOMI BU3HAYEHHS, JIOTIUHI CIIOCOOM OTPH-
MaHHsI HOBUX 3HaHb 13 BIJOMUX - BUCHOBKH (yMOBUBO/IH) 1 JOBEJICHHST, METOJIH 10~
Oy/I0BH, OIIHKK 1 OOIPYHTYBAHHS TiITOTe3, HAYKOBE IOSICHEHHS SIBUII, 1H/IyKTHUBHI
METO/IN BUABJIEHHS] TPUUNHHOI 3aJI€2KHOCTI 1 y3araJibHEHHs SBUII, CII0cOOU 1o0Yy-
JIOBH TEOPiit TOIIO.

OueBuiHO, IO MaTeMATUIHA JIOTiKa He 3aiiMaeThCsl BUBUYEHHsIM O1LJIbIIOCTI 3
X MUTaHb, 8 TOMY MalOyTHI BUNTEJI MAaTeMaTUKM, JOTIYHa OCBITa TKUX 0OMe-
JKYEThCS KyPCOM MaTeMaTHUYHOI JIOTIKU, BUSBJSIOTHCA NMPAKTUYHO HE TOTOBUMU
110 pOpMYBaHHS 110/1I0HOTO POy IPUitoMiB y ¢BOIX yuHiB. ToMmy B SIKOCTI 3aB/iaHb
CIIENIKYPCY PO3IJISIAEMO BUILJIEHHS MaKCUMAJJIbLHO TOBHOTO TEPEiKY KOMIIOHEH-
TiB JIOTIYHOI IPaMOTHOCTI, X OTHC, aHaJi3, olepallioHaII3aIliio Ta (POPMYTIOBAHHA
BIIOBIAHNX THUINB KpUTeplaJbHUX 3aBIaHb.

O iHUM 13 HaROLIBII BIIMBOBUX 3ac0o0iB (bopMyBaHHSI B yUHIB JIOTTYHOI I'pa-
MOTHOCTI € CUCTeMa 3aB/laHb 3 JIOTTYHUM HaBAHTaXKEHHSAM, PO3B’s3yBaHHS AKX
y HpoIieci HaBYaHHS MaTEMATUKHU [TOETHYETHCS 3 PO3B’I3yBaHHAM MaTeMaTHIHIX
3a1ad. OCKITBKI eJIeMeHTH JIOTIKN HOCATh MeTaMaTeMaTHIHU XapaKTep, TO BOHH
MOYXKYTH OYTH PO3IVITHYTI y <«3HITOMY» BHUIJISII, K 3arajbHi CXeMH JisITbHOCTI
0e3 BIJIHOCHO /10 3MICTY IIKIJIbHOI MaTeMaTUKL.

SMiCT TaKOro CIeNnKypcy MOKe OpIEHTYyBaTUCA Ha BU3HAUYEHHs i OOrpyHTYBa~
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HH¢ HAIIPSIMIB OIPAIIOBAHHS [IePIIOPATHUX 1 METOIUYHO BaxKJIUBUX BUIB Jlis/b-
HOCTI, IO CYIPOBO/IZKYIOTH POOOTY 31 CTPYKTYPHO KJIaCU(DiKOBAHUMUI JIOTTIHUMU
dopmamm, AKi CIYTYIOTH OCHOBOIO JIJIsT BUJIJICHHS TEMATHIHO I'PYTOBAHUX CYKY-
IHOCTe 3a/4a4, Y MexKax sKUX 3a JOIOMOI0I0 aHaJiTUKO-CUHTETUIYHIX, KOHKpe-
TU3AIIITHIX 1 y3araJbHIOBAJIbHUX TPOIELYD 3/IICHIOETHCI ITPOEKTYBAHHS CUCTEM
3a/1a4.

BucaoBku

OrnaHoByIOUYM TaKi BN JisIIbHOCTI, 3HAHOM/ISTUNCH 3 OCHOBHUMU TUIIAMI 3aB-
TaHb (3a7a49) Ta TXHIMI «CTPYKTYPHO-JIOTIYHUMIE CXeMaMit», MaiiOyTHI BunTeIi
IIOCTYIIOBO PYXAIOThCS JIO CAMOCTIHHOIO KOHCTPYIOBAHHS BJACHUX IUKJIIB 3a/1ad,
HAIIOBHIOIOYM TUIIOBI CTPYKTYPHO-JIOTTYHI CXeMU KOHKPETHUM MaTeMaTUIHUM 3Mi-
CTOM.
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HECTAHIAPTHI YPOKI — HOBUI 3ACIB
EOEKTNBHOI'O HABYAHHA YYHIB

CraTTs npuUCBsSIYeHa aHAJII3Y MO3UTUBHUX Ta HEMATUBHUX XaPAKTEPUCTUK HETPAJIUIIAHAX yPO-
KiB. Po3risiaiorbesi cTpyKTypa IiArOTOBKH JI0 TaKUX YPOKIB Ta POJIb YUUTE I HA KOXKHOMY
eTari.

Koro4oBi ciioBa: Hempaduuiting ypoku, ehexmusHicms Ha8uaHHA, THMEPEC, ME0PUG 0CO-
bucmicmao.

Beryn

Ha cydacnomy etarri po3BUTKY CYCILIBCTBa, KOJU IU(MPOBI TEXHOJOrT Ta
EOM cratoTh JiejiaJii JJOCKOHAJIIIIME, a X BUKOPUCTaHHSI — BCE OLIBIIT 3pyIHUM,
CUCTEMa OCBITH, sika copMyBaJjacsd KiJbKa CTOPid TOMY, BHUMAarae Bce OLIbINO-
ro pecdpopmyBanHs. HoBl Bujn AistIbHOCTI, HOBI CTaHIAPTH PO3BUTKY OCOOMCTOCTI
oTpeOyI0Th HOBUX, HECTAHIAPTHUX IIiJIXO/IIB JI0 HaJIaHHS OCBITH.

Kpim Toro, 3 ppyroi nojoBunn XX cT. iIHTEPEC YUIHIB CEPEIHBOI KO JI0 Ha-
BUaHHs JIy»Ke 3HU3UBCs. Uepe3 oJJHOMAaHITHICTh poOOTH Ha ypOKax YUHI BTPaTUJIN
iHTepec j10 HaBYaHHS. ToMy yunuTesi 3a CydacHHX BUMOI' JO OCOOMCTOCTI MOYaJIn
IIyKaTh HOBI, OLILI eeKTUBHI METO/ I HABYAHHSI.

Y 1IKoJii Bce OlIbIne 3’ sB/IA€ThCA YIUTETIB-HOBATOPIB, AKi HAMAararoThCs Bijli-
ITH BiJ] BzKe 3aCTapijiol CUCTEMHU, KON IIIHYEThC TIIbKU CYKYIIHICTh 3HAHb yUHIB
Ta BUITYCKHUKIB TITKOJIM, & He 1X BMIHHS MUCIUTH Ta IpuiiMatu pimenad. [lpn
BUKOPHUCTaHHI KJIACHO-YPOUYHOI CUCTEMU 3POOUTH Iie He TaK BixKe it mpocTo. AJie i
BIJIMOBUTHCH BiJl Hel He MOXKHa, OCKLJIbKN BOHA IMPOTIIOM KLJIBKOX CTOJITH YCIIi-
IITHO JIOBO/IJIa CBOE IIpaBO Ha ICHYBaHHSI Ta CBOIO 3PYYHICTb.

3a TaKNX YMOB YUNUTE/i-HOBATOPU HE BiJIMOBJ/ISIIOTHCA BiJl KJIACHO-YPOUIHOI Cl-
CTEMHU, a 3MIHIOIOTH CTPYKTYPY YPOKY, MeTOJu Ta (OPMU HaBUYAHHS Ha YPOIIi.
3’'9BUJINCH TaK 3BaHI HETPa/IUIIH] YPOKHU.

© Measemayk 10.0., Yyiiko O.B., 2013
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Mensemuayk FO.O., Yyitko O.B. Herpauritini ypokn

OcHOBHA 4YacCTHUHA

Herpaaumiitnuit ypok — 1e 3Buvaiinmili ypok 3a Jacom, ajie He3BHYailHuil 3a
dopmoro nposeiernst. Ha Takux ypokax HaB4YaJ/bHa JisIIbHICTD YUHIB, SKa 3a3BU-
Yaii He NPUHOCUTH 3aJI0BOJIEHHS, MOETHYETHCA 3 JIiAJIBHICTIO TBOPUYOIO ad0 pPO3-
BayKaJIbHOIO. By/b-sIKiil JUTUHI 10JI00A€ThCs I'PaTH, 3MaraTiCh, BUTaIyBaTH Ta
zaiiMaTch TBOPYICTIO. OTKe, KOJIM 3aMICTh OYIKYBAHOTO OMUTYBAHHS yIUTED
3allpOIIOHYE IIPOBECTHU I[IKABY T'PY, Cepejl YUHIB 0J/Ipa3y 3HUKHEe Hallpyra, Y4HI 3i-
TXHYTb 3 TOJIETTIeHHIM 1 HaBITh He 3aMUC/ISIThCI HaJ [ TUM, 1110 I'pa TaKOXK MOYKe
oytu dopmoro oruryBanHs [1].

[TigrorToBKa Ta NMpoBeeHHs HETPAIUIIITHOTO YPOKY BKJIIOUAE TaKi €Talll:

— BadyM;
— opraHizarlid;
— IIPOBEJICHHS;
— aHaJis.

SajiyM € HalBianoBimaabHIIIIM Ta HaiickiajaimmmM. Came Ha IIbOMY eTalll
YUIUTETI0 BayKJIMBO 3HAWTH CIILJILHY MOBY 3 YUHSAME Ta JINATH 3roju 111010 (hOpMU
MPOBEJICHHS YPOKY, TEMU, METO/IIB, M0 OY/IYTh 3aCTOCOBYBATHUCH Ha YPOIIi.

Ha eramni opranizariii BiI0yBa€TbCs pO3110/1iJT 000B’sI3KIB, HAIIMCAHHS CIIeHAPIIO,
MOXKJTUBO, PereTuIlii, Jo0ip 3aBjgalb TOMO. 1yT yuuTe b MAa€ BijlirpaBaTH pOJib
KOHCYJIbTAHTA, IOMIYHUKA Ta [OpPaJHUKA.

Tperiit eran € BiOUTTAM BUKOHAHOI pPOOOTH, TOOTO IIpU IIPOBEJEHHI OJpa-
3y BUJIHO, Y dKiif Mipl KOXKHUI 3 YUIHIB BUKOHAB CBOI 00OOB’SI3KM TIPU ITiITOTOBII
JI0 HETpaIuIiitHOro ypoky. Ha mpoMmy eTari yauTenb MoxKe OYTH K YIaCHUKOM,
KOOP/IMHATOPOM IIPOBEJIEHHSI YPOKY, TaK 1 IIPOCTO TJIsIJIadyeM.

[IpoBeienns anaJsizy ypoKy y4UTe/Ib HE TOBUHEH 3BOJIUTH IO MOHOJIOTY. Y YHI
caMi BUSBJIAIOTHL I€peBaru Ta HeJIOJIKH IPOBEeHOro ypoky. Kpim Toro, Bonum
MaloTh IpOaHAJII3yBaTU CBOIO IIJITOTOBKY /10 YPOKY 1 BUSBUTHU IPUYUHU HEBJlad
ab0 HEJIOJIKIB Ta 3POOUTH BHUCHOBKM, $SIKI MOXKHa peaJsiizyBaTH IIPU IPOBEJICHHI
HACTYITHUX HECTAHAPTHUX YPOKiB. Postb yunTess mpu npoBe/ieHHi aHaIi3Y YPOKY
MOBUHHA OYTH KOPUT'YIOUOIO, HAIIPABJIAIOUOI0. [ jinie B TKOCTI MiJICyMKY yIUTEb
MOZKe MTOBIIOMUTH YIHAM CBOIO JIYMKY IIIOJIO MTPOBEJIEHOI0 YPOKY. Baxkimso, o0
IpU TIPOBEJICHHI aHaJII3y YPOKY JHaJior He Iepepic y cylnepeuky, mobd He OyJ1o
B3a€MHUX 3BUHYBa4Ye€Hb TOIIIO.

Amnaniz memaroriaioil jiTeparypu J03BOJIUB BUILIUTH JIEKLJIbKA JECATKIB TH-
1iB HECTAH/IADTHUX YPOKIB. [X HAa3BH JIAIOTH JesiKe YsBJIEHHsI 1IPO IJi, 3aJadi,
METOJINKY ITPOBEJIEHHS TAKUX YPOKIB.
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Morkna BuiInT HACTYIHI TUIIM HECTAHJIAPTHUX YPOKIB:

1.

10.

Ypoku y dopmi 3maraib Ta irop: KOHKypc, TypHIp, ectaderta, ayesab, KBK,
JIIJIOBa I'pa, POJIboBa I'pa, KpOCBOP/I, BIKTOPUHA TOIIO.

Ypoku, ocHOBaHI Ha opmax, »KaHpax Ta MeTojax poOOTH, BLIOMHUX Yy CYC-
HIJIbHIN TPaKTUIi: JOC/TizKeHHsI, KOMEeHTap, MO3KOBa, araka, iHTepB’Io,
penopTazk, perensii ToIo.

YPpoKHu, OCHOBaHI Ha HeTPaJMIiiiHIN opraHizalil ya00BOro Marepiay: YpoK
MYIPOCTI, OJKPOBEHHSI, YPOK-0JIOK TOIIO.

. YpoK#, 1o HaraJyloTh myOo/aidni ¢popMu CHLIKYyBaHHS: Tpec-KoH(epeHIlis,

Opudinr, aykiioH, 6enedic, JIUCKyCisl, TAaHOpaMa, TeJEeMICT TOIIO.

YPpoKH, OCHOBaHI Ha iMiTallil JislIbHOCTI 3aKJ/aJiB 1 oprasizaliiii: cjijicTBO,
naTeHTHe OI0pPO, y4eHa pa/jia TOIIO.

YPOKH, OCHOBaHI Ha IMiTaIlil Jis/IbHOCTI ITPU MPOBEACHHI CyCHIILHO-KYIbTY P-
HUX 3aXO0/IIB: 3a04Ha €KCKYPCisl, eKCKYypCisd B MUHYJIE, [10JIOPOK, IIPOTYJISTHKI
TOIIO.

Ypoku, 10 OIIpPaloThcs Ha haHTaziio: YPOK-Ka3Ka, YPOK-CIOPIPU3 TOIIO.
BukopucranHs Ha ypoKax TpaaulliiHuX popM MMo3aK/IacHOI poOOTH: BUCTaBAa,
OpeitH-pUHT, JUCITYT TOIIIO.

[aTerpoBani ypoku.

Tpanchopmariist TpauIiiiHuX c10cobiB opraHizarliil ypoky:
JIEKITIA-TIAPaJIOKC, TapHe ONMUTYBaHHA, yPOK-TIPAKTHKYM, YPOK-ceMinap, YyPOK-
KOHCYJIbTaIlis TOoIo |2,

Moxkna HaBecTH iHIINN WX 10 Kjacudikallil HeTpaJuIiitHIX YPOKiB:

L.
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YPOKH TBOPYOCTI: YPOK BUHAXITHUIITBA, YPOK-BUCTaBKa, YPOK-TBIP, YPOK-
TBOPYUII 3BIT TOIIIO.

YpOKH, CIB3BYYHI 3 CYCHIJIBHUMU TEHJIEHIIAMUI: yYPOK-CYCHIIbHWI OTIsi/T
3HaHb, YPOK-JIUCIIYT, YPOK-/1aJI0I' TOIIIO.

MixknipeiMeTHI Ta BHYTPIIIHBO-KYPCOBI YPOKI: OJTHOYACHO 3 JIBOX ITPEJ/IMETIB,
JIJISl YYHIB PI3HOT'O BIKY TOIIIO.

YPpoKH 3 eJeMeHTaMH iCTOPU3MY: YPOK PO BUEHUX, ypoK-Oenedic, ypok-
ICTOPUYHUIT OIJISIJl, YPOK-TIOPTPET TOMIO.

TearpasizoBani ypoKHU: YPOK-BUCTaBa, YPOK CIOTaJiB, YPOK-CYH, YPOK-
ayKIIIOH TOIIO.

IrpoBi ypokm: ypoK-/iiioBa rpa, YPOK-POJbOBa I'pa, YPOK 3 JIUJTaKTHIHOIO
I'POI0, YPOK-3MaraHHsl, YPOK-110/I0POK TOIIIO.

JlomoMizKHI YPOKHU: YPOK-TECT, YPOK JIjIsT 6ATHKIB, YPOK-KOHCYILTAIS TOIIO

13].
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[Ipn ycix mepeBarax TakKuxX YPOKIB ITPOBOJUTH X YacTillle, HIXK pa3 Ha JIBa-
TPU MICAIll He peKoMeHIyeThbes. [[o-nepuie, TiAroToBKa 10 HETPAUIIHNHIX YPOKIB
3aliMae Bl JIBOX THKHIB /IO ABOX MICAIB, IO HE JIa€ MOYKJINBOCTI ITPOBOJIUTH 1X
vacrime. [lo-dpyee, s JesTKUX yIHIB HETPAIUIIITHI YPOKH BUABJISIIOTHCST HABITDH
MKiIuBIMY. JIuTrHa noTparnisge y HeBIJIOMY, He3BUYAHY CUTYAINIO 1 TYOUTHCH,
He 3Ha€, siK cebe IMOBOJAUTH, [0 POOUTH, HissKoBie. Takux miTeil MaJjo, IPOTe BOHU
€ 1 He MOXKHa He 3BaKaTH Ha IX MOoTpedM Ipu IJIaHyBaHHI CBOET JlistibHOCTI. [lo-
mpeme, JIIOJINHA MAa€ BJIACTUBICTD 3BUKATH JI0 Oy Ib-40T0, HABITH JI0 HE3BUYANHUX
peueit. [Ipn gacTroMmy mpoBejieHH] HETPATUIINHNX YPOKIB YUHI MOYNHAIOTH JI0 HUX
3BUKATHU 1 MOCTYTIOBO, 5K 1 JI0 3BUYAHIX yPOKIB, BTpadaTu inTepec [4].

[Ipobyiema BTpaTn y4IHSIMHU iHTEpecy 0 MaTeMaTHKHU B3araJi i o reoMerpil
30KpeMa BrKe KlJIbKa JIeCATIITL TypOye yunTeais cepennix mkia. Leit mpeamer
3aBXK/U BBayKaBCsd HaNCKJIQJIHIIIUM JIJIsI BUBYEHHs YUHIMU, aJ?Ke caMme BIH Hali-
OlybIle BijipBaHUil Bijl peajlbHOIO »KUTTA. TOMy Ha ypoKax reoMeTpil TaKoxK He-
00X1JTHO ITPOBOJINTH HETPAJIUIIIITHI YPOKH JIJIsI TOTO, 00 X04 TPOXH MOBEPHYTH iH-
Tepec YUHIB 10 HaBdanHudA. HeoOXi1HO BUKOPUCTOBYBATH JILJIOBI irpH, SKi OB A3Y-
I0Th T€OMETPII0 Ta peasibHe »KUTTs, JJIsI O1IbII MOJIOJIINX KJIaciB — YPOKU-KA3KII,
3Maranfg, TypHipu. g KiaciB ryMaHiTapHOTO CHPAMYBAHHS JIOIMIJILHO TTOEIHA-
T Ha OJJHOMY YPOIIl 'eOMETPII0 Ta, HAIPUKJIaJl, YKPATHCHKY a00 POCIiCHbKY MOBY.
[aTerpoBani ypoKn TakoK KOPHUCHO TMPOBOJUTH MPU BUBYEHHI OKpeMux TeM. Ha-
IPUKJIAJl, IPU BUBYEHH] IMOIOHOCTI TPUKYTHUKIB MOYKHA ITPOBECTU Y POK-IT00POXK
y Kpainy JIitinyTifo, jie yaHsaM 3YCTPIHYThCS MaTeMaTUdHi 00’ €KTH 3 PI3HUMU KO-
edirienTaMu 1o IIOHOCTI.

3 BJIACHOTO JIOCBITy MOXKHa CKa3aTH, [0 BHOIp TeMU HE3BUYANHOTO YPOKY Ta
floro micig y mporpami € JiyKe BHBaKEHOIO Ta KPOIITKOK POOOTOI0. 3a3BuUaii
JIOIIJILHO IIPOBOJINTH HETPAIUILHI YPOKH K IIiJICYMKOBI ab0 y3araJibHo4i. Ba-
JKJIMBO 3a3/aJIeri/Ib BUSHAYUTH, $Ki 3 YPOKIB CTAHYTh HE3BUYAHUMU, Ta 0OpaTH
dopMy IX 1poBejeHHs, 11100 HajaJi pocTiiie OyJIo0 IJIaHyBaTH CBOIO POOOTY.

[TizroroBKa ypoKy-Ka3kKu y CbOMOMY KJjaci Ha Temy «O3HaKu PiBHOCTI TPH-
KYTHUKIB» 3 BUKOPUCTAHHAM MYJbTUME/IIIHOr0 0018 THAHHS 3aifHsdaa Maiizke TH-
JKJIeHb, TPUYOMY BiJ yUHIB BUMaraJacs JIIIe TeopeTudna miaroroBka. [1iaroros-
K& YPOKy-3Maramas y BOCBMOMY KJaci Ha TeMy «MHOTOKYTHUKH Ta IX TLJIOIII»
3aifHsiIa HabaraTo MeHIe Jacy.

B kracax, mge TpoBOJIMINCEH €KCIIEPUMEHTAIbHI HETPAIUIIITHI YPOKN, YIHI He
3BUKJIN JI0 TaKOr'O BHJIY POOIT, TOMY CIIpOOW aKTUBI3yBaTH iX JIAJBHICTD JIyzKe
JacTO He NPUHOCUIN Pe3y/abTaTiB. JLoBouIoCh B XO/i YPOKY 3MIHIOBATH OT0
CTPYKTYPY Ta YMOBU BUKOHAHHSI 3aBiaHb. AJjie ydHi, sIKi JificHO 3allikaBjeHi y
BUBYEHHI MaTeMaTUKW, IPUiMaIn JOCUTh aKTUBHY YYaCTh Yy IPOBEJEHHI YPOKY.
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Bucnoskn

Pisni Buan HeTpaumiiiHuX ypoKiB BUMaraloTh pi3HOI KiJILKOCTI dacy JJIsd i/
TFOTOBKM. ZIKINO yUNUTE b BUPINIYE CAIyBATH TEHJEHIIAM CY9aCHOIO CYCILIHLCTBA
Yy BUXOBaHHI TBOPYOI, HEOPIMHAPHOI OCOOMCTOCTI Ta BUKOPUCTOBYBATHU JIJIsl ITHOT'O
HETPAJUIIITHI yPOKU, TO BiH Ma€ JIyzKe PeTeJIbHO CILIaHyBaTH 110 podory. Kpim
TOI0, IPUBYATHU JiTeil JI0 MOAIOHOT POOOTH JOIIIbHIIIE 3 II' ATOTO-IIIOCTOI0 KJIACY,
o0 BOHU sKHAafpaHilie MpUBYaIUCh JIO TBOPYOrO IOIIYKY Ta HECTaHIapTHOIO
MUCJIEHHS.

3a yMOB HayKOBO-TEXHIYHOT'O IIPOI'PECY Ta HOBUX BUMOI' 10 BUIIYCKHHUKIB IIKO-
JIN HETPaIMIIIHI YPOKU MAIOTh JIyKe BarK/JIMBE 3HAUEHHS 1 IMPOBOJIUTH 1X HOTPI-
6HO. AJie BUKOPHUCTOBYBATH 1X Tpeba 3 00ePerKHICTIO: IIPU HAJIE?KHOMY CTaBJICHHI
MPUHOCATH KOPUCTD, MTPH 3JIOBXKUBAHHI — CTAIOTH MAPHUMHI a00 HABITH MTKOIAATD.

Jlitepatypa
|1] Byxamos B.M. Ilenaroruveckue TanuctBa nupakrudeckux urp / B.M. By-
katos. — M.: MIICU, ®JIMHTA, 1997. — 90 c.
2] Kyavnesuw C.B. He coBcem obbranbiii ypox / C.B. Kymbaesnu, T.I1. Jlako-
nennna. — Boponex: «Yuntenby, 2006. — 173 c.
3] Kyavnesuu C.B. Coscem ueobbrunbiii ypok / C.B. Kynbuesuu, T.I1. Jlako-
nennHa. — Boponex: «Yunurenby», 2006. — 160 c.

|4] Huxonaesa JI.C. Uctnonb3oBanne HETPaJANIMOHHBIX GOPM 3aHATHIT /
JI.C. Hukosaena, JI.W. Jlecabix. — Cuermasuct, 1992. — Ne 2. — C. 5 — 6.
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IICUXOJIOITYHI OCOBJIMBOCTI
TMHAMIKU ITPO®ECIVTHOI CAMOCBIIOMOCTI
MAVIBYTHIX BUUTEJIIB MATEMATUKU
VYV IIPOIIECI HABYAJIBHOI JI4JIBHOCTI

Jlane oC/TiIZKEHHsST TTPUCBAYCHE BUBYCHHIO IICUXOJIOTTYHUX OCOOJUBOCTEH JuUHAMIKK TIpode-
CifiHOT caMOCBIJIOMOCTI MaftOyTHHOI'O BUMUTE/ISI MATEMATUKN Y IPOIECci HABYAJIbHOI JisIbHOCTI,
IIPOBOJIUTHCA eMITIPUYHA IIepeBipKa epeKTUBHOCTI 3aIPOIIOHOBAHOI'O PO3BUBAIBLHOIO BILIUBY HA
podeciiiny caMOCBiIOMICTh MaiiOyTHHOIO BUNTEST MATEMATUKI.

KirouoBi ciioBa: nasuasvha diasvbHicms, npopeciting camocsidomicms, maiioymmit 64u-
meav, nedazo2ivHull suwWUl Ha8UaNPHUT 3aKAA0D, PO3BUBAALHUL BNAUG, CAOBHUK CAMOONUCIS,
KOHMEHM-AHANSE, DOCMOBIPHA PO3DIHCHICMD, eKCNEePUMEHM.

Bceryn

ITocTanoBKka IpobaeMu. Y TOPETUIHOMY Ta MPUKJIATHOMY aCIIeKTaX BICO-
KOpPO3BHHEHa IIpodeciiiHa caMOCBIIOMICTh BUCTYIIAE 3alI0PYKOIO YCIHIITHOCTI 1IPO-
deciitHOol JIisI/IbHOCT JTIIOUHN, 11T 0cOOUCTICHO-TTPOd €CIITHOI0 3POCTAHHS Ta 3a/10BO-
JIEHOCTI BJIaCHOIO Tpodeciero. AK Hac/Ii10K, BUILYCKHUKY nejarorianoro BH3 mae
OyTHu nputaMaHHa po3BHHEHa, audepeHIliiioBaHa npodeciiiia megaroriiia caMo-
CBIJIOMICTb, 3pijie Ta BUBarkeHe DadeHHsI caMoro cebe sik MailoyTHboro daxisist. B
TOIi Ke Jac, podJeMa, 3'siICyBaHHs JUHAMIKI CTAHOBJIEHHSI IIPOMECiiiHOl caMOCBi-
JIOMOCTI MaftOyTHHOTO BUNTEIS, B TOMY YUCJI MatOYTHHOT'O BUNTEIST MaTeMaTIKH
y Ipoliecl HaBYaJbHOI JIIsJIbHOCTI Y Cy4acHiil yKpalHCbKUil 1ICUXO0JIOTIT 3aJIullae-
ThCA HEJOCTATHBO PO3KPUTOIO.

Mema docaidocenns — BU3HAUEHHsT JMHAMIKN HpodeciitHol camMocBijloMOCTi
MaOyTHBOTO BUNTE/IsT MATEMATHKHI Y TIPOIECi HaBYaIbHOI JIisl/IbHOCTI.

3adani docaidrcenms:

— YTOUYHHUTHU TMOHATTs «IpodeciiiHa caMOCBIJIOMICTD TeJIaroras;

— BUSBUTH JUHAMIKY MTPOQECiitHOl caMOCBIIOMOCTI Y MPOIleci HaBYaIbHOT JTisThb-
HOCT1 Y 3BUYailHUX yMOBax Ta IIPU HaBYaHHI 13 PO3BUBAJILHUM BILIMBOM;

— 3’sicyBaTH pe3yJIbTATUBHICTD 3aIIPOIIOHOBAHOIO PO3BUBAJILHOTO BILJIMBY Ha, ITPO-
deciitny caMoCBiJIOMiCTb MaiibyTHBOI'O BUNTEJISI Y IIPOIECi HaBYaIbHOL JIiIbHOCTI.

© Caspacos M.B., I'yubko JI.B., 2013
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06’exm docaidrcernns — npodeciitia caMOCBIIOMICTb MaiiOyTHBOI'O IIeJarora.
IIpedmem docaidoicernma — uHamika podeciitHol caMOCBIIOMOCTI MaliOy THHO-
ro BUUTEIS MaTeMaTUKN Yy MPoIeci HaBYaJbHOI JislJIbHOCTI.
ExcnepuMmenTaibHOIO 0a3010 HAINOTO JIOCIIZKEHHs cTaB (Pi3UKO-MaTeMaTd-
nuit paxyabTeT leprKaBHOTO BUIOINO HaBYAJbLHOIO 3akyaly <« lombachbkuii jep-
JKaBHUI 1ejaroriduuit yHipepcurers. JLocigKeHHsI IPOBOIIIOCS 3 MaiOyTHIMU
BUMTE/ISIMI MaTeMaTUKN Ta OCHOB iHdopMaTuku. ExcrepuMmeHTabHe BUBUYEHHS
JIMHAMIKH TPOgeCiitHOT caMOCBIIOMOCTI MafiOy THHOTO BUNTEJIS B ITPOIECi HaBYa b
HOI JisSIIbHOCTI IPOBOJMJIOCS 38, JOIOMOIOI0 METOy JIOHTITIoNy. B sKocTi xapa-
KTEPHUX TOUYOK TIPOIecy MpodeCcioHaJIbHOTO CTAHOB/ICHHs (eTalliB mpodecioHab-
HOT Ii/IFOTOBKY) BUKOPUCTAHI JPYTUil CEMECTpP MEepIIoro POKy HaBYAHHSI, JAPYTHil
CEMECTD TPETLOI'O POKY HaBYaHHS Ta JIPDYTUIl CEMECTD IT'TOr0 POKY HaBUYAHHS.
Bubip came nux eramnis Hapuanusg y BH3 y posrisani nporecy nunamiku mpode-
CcifiHOT caMcoBiOMOCTI MaifilOyTHHOTO BUUTEJId OOYMOBJIEHNN HACTYITHUMU MipKYy-
BaHHSIMW: TIEPIINI Ta IT'ATUI piK HABYaHHS — CTapTOBa Ta (PIHINIHA TOYKHU I1€/Iaro-
IYHOI CHCTEMU, MeTa, K0T — MiJIr0TOBKa IpodecionabHOro nejgarora. OKpim Toro,
B yMOBaX KOHKPETHOT'O HaBYAJbHOTO 3aKJ/ajly caMe 3 JIPYIoro CEMECTPY IePIIOTro
POKY HaBYaHH$ OYMHAETHCS BUKJIAJAHHS JUCHUAILIIH IICUXOJIOTO-11€ar0rTYHOI0
IUKJIY Ta 3aJUIAETHCI 0331y Mepiojl, e Mcuxidne (OyHKIIOHYBAHHS 0COONCTOCTI
CTYJIEHTa YCKJIa/JHeHe aJIallTalIlle€io 10 HaBUYaHHs, JI0 HOBOI'O COIIaJIbHOTO OTOUYEeHH A
Tomo. JIpyruit ceMecTp TpeThoro poky HaBUYaHHA — caMe TOI eTal HaBYaHHs, KO-
JIX CTYJIEHTH B IIJIOMY 3aKIHUNJIN BUBYEHHS JUCIIUAILIIH IICUXOJIOIO-11€1ar0TT4HOTO
UKy (OKpIM rajiy3eBUX METOJUK BUKJIAJAHHs), ajie e He MaJjiu JOCBiTy Ipa-
KTHYHOI JIisJIbHOCTI B SIKOCTI BUUTE/Isl Ul BuxoBaTesisd. Jlani hakTopu — 3aCBOEHHSA
OLIBINOCTI AUCITUILIIH MICUXO0JIOTO-TIEJIArOriYHOTO IIUKJIY Ta IeJaroriyia mpakTu-
Ka, € ICTOTHO BayKJIMBUM B CHCTeMI NPOQECIiiHOI MiJITOTOBKN CTYAeHTa came AK
MaiiOyTHBOT'O IIejlarora, TOXK MalOTh BaroMuil BILIMB Ha CTAHOBJIEHHS 1 PO3BUTOK
1podeciitHol caMOCBiIOMOCTI MaiiOyTHBOIO IIeJlarora, € NeBHUMU BU3HAYAJILHUMU
JIMHAMITHIMHI JIAHKAMU Y CTAHOBJIEHH] Oro mpodeciiiHol caMOCBiIOMOCTI.
BianosigHo 110 3a7a4 JOCTIIZKEeHHsI, CTYAEHTIB OYJI0 PO3I1JIeHO Ha KOHTPOJIb-
Hi Ta eKcliepuMeHTa bl Tpynu. Jlo ckiaay KOHTPOJIBHUX T'PYI BXOAUIN 23 CTY-
JIEHTH Pi3UKO-MATEMaTUIHOIO (paKyJIbTETY, JI0 CKJIa/ly eKCIIePUMEHTAIbHUX I'PYII
BXOJIMJIN 22 CTYJIEHTIB (Pi3UKO-MaTeMaTHIHOro (akyabTeTy. BianoBijaHo, /10 J10-
CJKeHHs OyJI0 3a/1ydeHo 45 cTy/IeHTiB (hi3uKOo-MaTeMaTuIHOro (paKyIbTeTy.
AmnaJji3z oOCHOBHUX JOCJIAXKeHb i myoJutikariiit. CaMocBiIOMICTE JIIOJUHE Y
IICUXOJIOTTUHIN HayIll PO3IJISIJIA€TbCS K «... YCBIJIOMJIEHHS JIIOJIMHOIO cebe STK 0CO-
ourcTocTi, TOOTO BJIACHUX PUC XapaKTepy MOTEHIIHHNX MOKJIMBOCTEN, miff 1 BUMH-
KiB, IX MOTHBIB 1 HACJIIJIKIB, CBOIX (PI3MIHUX, IHTE/IEKTYaIbHIX Ta MOPAJIbHUX STKO-
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creif, craBIeHHsI [0 HABKOJIUIIHBOI JIIICHOCTI Ta BIacHOT JisiibHOCTI» [6, . 314.
Bignosinno, npodeciiina caMOCBIIOMICTb MMOBUHHA PO3IJIAJIATUCT AK pPe3yJbTaT
YCBIJIOMJIEHHSI JIIOJIMHOKO CBOIX IPOMECIiiHO BayKJIMBUX IICUXIYHUX SIKOCTEl, piB-
Hsl IX PO3BUTKY, & TaKOXK sK CHCTEMa TOTJIsIJIiB Ha CBOIO Ipodpecito, 11 cycriyibae
3HaYEeHHs TOIIIO.

[Ipodeciitie cTraHOBJ/IEHHS BUNTEJIA BiJIOYBAETHCSI B IIPOIEC] Oro caMOpPO3BH-
TKY, sIK€ B CBOIO Yepry TICHO OB si3ate 3 0COOJTMBOCTSIMU YCBIIOMIEHHS BUNTEIEM
coro mpodeciiinoro «f» [12]. Baxk/uBoo cK/Ia10BO0O MeJaroriaHol JistibHOCTI
BUNUTE/I BUCTYIAE OIHIOBAHHS, STK (DAKTOP YIpaBJiHHs MPOIECOM ICUXIYHOIO
possutky autuan [9]. OmiHouHI eTagoH!, CTUIH ONIHIOBAHHS Y TIPOIECi HABIAHHS
1 BUXOBaHHsI 3aCBOIOIOTHCSI JUTHHOIO, BU3HAUYAIOTH XapakKTep i 0COOJIMBOCTI HOro
CAMOOIIIHKI 1 € YMOBOIO IepeTBOPEHHs yuHsd 3 00'€KTy Ha CyO €KT HaBYaHHsd i
BUXOBAHHS.

B 3B’s3Ky 3 1IuM, sIKiCTh IiIrOTOBKK (haxiBIlsd y JlaHiil 00J1acTi 3a/1€2KUTh BiJL
PIBHSI PO3BUTKY HOT0 TBOPUMX 310HOCTEI, floro 3/1i0HOCTEl JI0 THYYKOTO 3BEpHE-
HHsI JI0 HAKOIIMYEHOI'O I1e€/Iar0riuHOro JOCBiIY. 3 JaHol MO3HIL], 0CODINBO BarK/I1-
BUM € PO3BUTOK 1H/WBIIYaJbHOCTI, IICUXIYHOI HEMOBTOPHOCTI Ilejlarora sk ioro
npodeciiinoi sikocti. g obcTaBuHa TPU3BOAUTH J10 POPMYBaHH Y IIejarora iH-
JIUBILTyaJIbHOTO CTUJISA TPOQECIiTHOT JIIAIBHOCTI — IK peaxIlil Ha CUCTeMY 1HJIUBITy-
AJILHIIX 0COOJTMBOCTEI, 110 BILIMBAIOTH Ha, €PEKTUBHICTH MTPOECiitHOl TisITbHOCTI.

Kpim Toro, B ymMoBax HpMJIIOAHOCTI Y JIAJBHOCTI IHAUBIIA BiIKPUBAIOTHCS
JIBa ITPOTUJIEYKHUX 3MICTOBHUX OJIOKW — «BJIACHUI 3MICT» Ta «3MICT JIJIsT OTOUY-
tounx» [10]. Ieit dakr mae ocobsuBe 3HadeHHsT it TPOMECIHOT e aroriasol
JIISIJIBHOCT1, OCKLIBKU BOHa IIPOTIKAE came y HPUCYTHOCTI IHIINX 1 3a3/1a/1eri/Ib
po3paxoBana Ha CIPUHHATTS OTOUYIOUUMH. BUnTesiss XBUJIIOE BipHE 0POPMIICH-
Hsl ITpOIeCy HABUYAHHS 1 BUXOBaHHs Y BepOabHy (POpPMY, CBOEPITHA CeMaHTU3alIlid
[11]. Teit kKoMIOHEHT, SIK TOCTIIIHO MPUCYTHIH y JiSIBHOCTI BUUTE IS, BUPAsKAE 3a-
JIEZKHICTh BUNTEJISI BiJI CBOIO BJIACHOTO «$1»-00pasy i 1oB’si3aHOro 3 HUM 0Opasy
VUHIB B I[IJIOMY YU OKPEMOT'O y4HSI, 110 HEOJIMIHHO BHUHUMKA€E y IIpoliecl 3JiiicHe-
HHs TTPOdeCciiiHol JSIIHLHOCTI, KON BIAOYBAETHCA Tepexi] oro cyd eKTUBHOCTI Y
iHTepCcyO €KTUBHICTD.

FO.H. Kymorkinnm mokazano, mo epeKTUBHICTL KepyBaHHS JiSILHICTIO YUH
3 OOKY BUMTEJIA 110B’si3aHa i3 3/110HICTIO IOCJIIJ0BHO YCBIIOMIIOBATU ce0e B SIKOCTI
cyb’ekTy JisiIbHOCTI y JaHiit negaroriuniii curyanii [4]. Y poborax H.B. Ky3bmi-
HOT Ta 11 cHiBpOOITHUKIB pOOJIATHCSI BUCHOBKHU PO TiCHUIT B3a€MO3B’ 130K 0COOJIN-
BOCTEll yCBiJIOMJIEHHST BJIACHOTO «fl» i3 piBHEM mejaroridaxol maiicreprocTi [3].
B.H. KozieB posrigiae mpodeciitiy caMOCBIIOMICTL BUATENS STK CUCTEMY YCBi-
JIOMJIEHUX BUUTEJIEM BJIACHUX SIKOCTel, 1110 € 3HAYUMUMU JIJIsI [1€1ar0ITYHO]l Jis/Ib-
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HOCTI: «f»-akTyasbhe (orinka cebe BUUTEIEM Y JaHU dac), «51»-peTpocieKTiBHe
(oriHOBaHHS cebe BUNTEIEM 110 BIJIHOIIEHHIO JIO TIOYATKY IeJArOriaHOl [is/TbHO-
cri), «Sy-ineanbhe (kM 6u BUnTE H XOTIB cTaTn), «f»-pediekcupHe (Torsi
BUNTE/Is1 HA OIIHIOBAHHS HOrO KOJIETaMil Ta YIHsIMI). ABTOD HATOJIOIIyE Ha He-
00X1JTHOCTI IiJIecpsiMOBAHOr0 popMyBaHHs PO ecioHaIbHOI CaMOCBIIOMOCTI I1e-
Jarora K MeBHOT CHCTeMH TiHHICHEX opienTariii [2, c. 7§].

B.®. Cadin BBaxKae, 1Mo OJHIEIO 3 YMOB MIJATOTOBKU BYUTE/S K CyO €KTY
1eJIarorivHol JigIbHOCTI MOXKYTH OYTH CIeliajbHiI BIpaBU 3 METOIO0 MOHITOPIHTa
piBHs CPOPMOBAHOCTI MiJICTPYKTYP MEJArOTiIHIX 3/I0HOCTEl Ta dKOCTeil 0coOu-
CTOCTI Yepe3 CaMOOIIHKY CTYJeHTaMi CBOIX »KUTTEBUX ILJIAHIB, PUC XapaKTepy,
3HAHb, BMiHb Ta MOXKJINBOCTEN [8].

M.B. AryjoBum B paMKax BHKOHAHOI'O HUM JIUCEPTAIIHOTO JIOC/IiI?KEHHS
BCTAHOBJICHO, 1110 TICHTPAJIHLHUM CUCTEMOYTBOPIOIOYNM YNHHUKOM JIMHAMIKHI CY0’€-
KTHOCTI MaiiOyTHBOI'O IIeJlarora B IIPOIeci HaBYaJIbHOI JIisi/IbHOCTI BUCTYIIAE 1HTe-
IpaJIbHII TTOKA3HUK MPodeciiiHol caMOCBIJIOMOCTI — 3arajibHa JOBKUHA CJIOBHUKA
CaMOOTINCIB MafibyTHIME TrearoraMu cBoro mpodeciitnoro «f» [1, c. 188].

OcHOBHA 4YaCTHUHA

CryleHTn K KOHTPOJILHOI, TaK 1 eKCIepuMeHTaJIbHOI rpy 3aiiMasucsa y BH3
3a JlepzKaBHUMU IIporpaMaMi i HaBYaJIUCd 3BUYAHUMU MeTOJlaMU, 10 BKJII0Ya-
I0Th BIIBI/lyBaHHs JIEKI[ill, MPAKTUIYHUX 1 CEMIHAPCHKNX 3aHATH, BUKOHAHHS KY]P-
COBUX PODIT, IIPOXO/?KEHHS I1eJarOrYHIX IPAKTUK PI3HUX BUJIB, CKJIAAHHSI 1CIIN-
TiB, 3a/iKiB ToImo. Ha meprmoMmy poli ¢cBOro HaBYaHHs CTYJEHTH IpeJICTaBJIeH]
JIAIIE Y CKJIaJIl KOHTPOJBHOI IPYIH, OCKIJIbKU BOHU TLJIHLKU PO3MOYaIU BUBUYEHHS
IIPeJIMETIB IICHXOJIOTO-1IeJar0TiIHOr0 IUKJIY, OT2Ke IIIe MalOTh CJIa0KYy TEOPETHIHY
6a3y 11 po3BUTKY Cy0O’€KTHOCTI MaiiOyTHBOrO megarora. OrxKe, jaHi 10 OTPH-
MaHI B X0/l 3aCTOCYBaHHS IICUXO/IarHOCTUYHOL ITPOTPAMU JIJIst CTYAEHTIB 11ePIIoro
KypCy, M BUKOPUCTOBYEMO JIAIIIE SK ITeBHY TOUYKY BIJIJIIKY Ta MipUJIO JIJIs OIUACY
1 IOPIBHAHHS 13 pe3yJbraTaMu, 10 Oy/1yTh OTPUMAaHI IIPU JIarHOCTHUI[I OCHOBHUIX
JUMHAMIYHIX 0COOJIMBOCTEl IIpodeciiiHoT caMOCBIIOMOCTI JaHUX CTYJIEHTIB Ha Tpe-
THOMY Ta II'STOMY POIli HaBYaHHS y 3BUYAHUX YMOBaX, OCKLJILKH PO3BUBAJILHA
nporpama Jijisi HuUX He 3aCTOCOBYETHCS.

31 cTymeHTaMi eKCIePUMEHTAJIbHOI I'PYII, KPIM 3BUYAifHONO HABYAHHS, IHPO-
BOJIUJIACS CIEIaJbHO OpratizoBaHa KOPeKIiiiHa podboTa MpPOTATOM OJIHOIO POKY
HaBYaHHsI (BiIIOBITHO, TpeTiii Ta m'aTuil pik HaBYaHHs). 3aCTOCOBYBAJUCS SIK
I'PYIOBI, Tak 1 iHAMBiIyaJibHI (DOpMU POOOTH y MerKax CTaHOBJIEHHSI 1 PO3BUTKY
cy0’€KTHOCTI 13 BUKOPUCTAHHAM PO3BUBAJILHOI ITPOrpaMu, aJleKBaTHOI MeTi 1 3a-
JlagaM PoOOTH.
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[t cTyIenTiB KOHTPOJIBHOI Ta eKCIIEPUMEHTATBHOI TPy HAMU TPOBOJINAJIO-
csl CHIBCTABJICHHS CEpPEJIHIX 3HAYEHDb IMOKA3HUKIB MPOMECciitHol caMOCBIIOMOCTI Ha
TPETBOMY DOIl HABYAHHS JI0 €KCIEPUMEHTY (3 METOI BCTAHOBJICHHSI BiJICYTHO-
CTi IPUHINIOBUX BIJIMIHHOCTEI ), aHAJOTTIHO MiC/IsT €KCIIEPUMEHTY, MTPOBOIMIOCST
MOPIBHAHHA CEPeJIHIX 3HaUeHDb MOKA3HUKIB MPOeciiinol caMocBiIoMOCTI MaitOy-
THBOTO IeJIarora Jjisi MPeCTaBHIKIB KOHTPOJILHOT IPYIl JI0 eKCIepuMeHTy (Tpe-
Tiif pik HABYaHHSI) Ta Micasg HROTO (I'sATHil piK HAaBYaHHSI) (3 METOIO 3’sICyBaHHSI
JTMHAMIKY 3MIHEHHST TIOKA3HUKIB Cy0 €KTHOCTI y 3BUYAHIX yMOBAX HABYAHHA), i,
BIJINIOBIIHO, Ha PIBHI €KCIIEPUMEHTAJIBHOT TPYIIH JI0 eKCIIepUMEHTY (TpeTiil pik Ha-
BYAHH:) Ta MiCjst HbOro (I'siTil piK HABYaHH:) (3 METOMO 3'sCyBaHHS JIUHAMIKN
MOKa3HUKIB MMPOodeciitHol caMOCBIJIOMOCTI B YMOBax HaBYaHHSI 13 PO3BUBAJILHUM
BILJTIBOM ).

Hanpukinii ekcriepuMeHTy MU ITPOBOJIMJIM CIIIBCTABJIEHHS CEPETHIX 3HAYEHb
MOKAa3HUKIB MPOdeCiiiHoOl caMOCBIIOMOCTI CTYJIEHTIB KOHTPOJILHOI Ta eKCliepruMeH-
TaJIbHOT IpyTn (11’ Tuil pik HABYAHHS ) 3 METOI0 3'SICyBaHHsI BIIMIHHOCTEl y JTITHA~
Milll PO3BUTKY IPOQECiitHOl caMOCBIJIOMOCT] Y 3BUYAHIX Y YMOBaX Ta B YMOBaX
3aCTOCYBalHs CIIeliaJbHO OPraHi3oBaHOl pO3BUBAJILHOI POOOTH HaJl Tpodeciitnol
CaMOCBIJJOMOCT1, OJIHOYACHO IE€PEBIPAI0IN TaKUM YNHOM e(eKTUBHICTH 3alpoIio-
HOBAHOI IIPOrpaMu PO3BUTKY IPOoeciitHol caMocBioMOCTI Mailby THHOTO BUNTEJIA
MaTeMaTHKH y IIpolieci HaBdaabHOl JistibHocTi y BH3.

151 eKcriepriMeHTaIbHOI'O BU3HAUEHHs 3MICTy IpoeciiiHol caMocBiOMOCTI
MaiiOyTHIX BUNTEJIB TPYJOBOIO HABUaHHS Ta 0OCIYTOBYIOUOI IIpalli, MaTeMaTUKH
Ta isuKy, Hamu OYB BUKOPHUCTaHUIT METOJ, BLJILHOI'O camMoolincy. Biiepiie 1eit me-
To1, po3pobJsiennit M. Kynom ta T. Makmapriengom y 1953 pori, MogudikyBaB Ta
3aCTOCYBaB JIJIsl JIOC/IPKEHB 0cOOIMBOCTEl 00pasy-«fl» cTy/eHTIB, MIKOJISAPIB Ta
Mostogux pobitHuki @. IlaTaxi, sikiil cTBepKyBaB, 110 JaHUI METOJ BUIBUBCS
aJIeKBaTHUM 1HCTPYMEHTOM JJjIsi BUBUYEHHsI (DOPMYBaHHSI CAMOCBIJOMOCTI Ta CO-
miasgbHOT imenTuanocti |5, c¢. 51|, fAx mu Bxke kasann suie, B.I1. CapacoBum
JIaHMI MeToJ1, OYB YCIIHIITHO BUKOPUCTAHUI JIJIsi BUBUEHHSI OCOOJIMBOCTEN PO3BUTKY
podpeciiinol camocBiiomocTi MaitbyTHbOrO BunTesisi |7, ¢. 46-58|.

Y BIJIOBIJIHOCTI 3 CYTHICTIO METO/Y BLJILHOI'O CAMOOIIMCY CTYJAEHTaM Ha Iep-
IIIOMY TPETbOMY Ta II' ITOMY POl (Pi3HKO-MaTeMaTHIHOrO IIearoriTHoOro yHiBep-
cuteTy OYJI0 3allpOIIOHOBAHO Y MUCHMOBIiil (hbopMi BUCKa3aTU CyJI2KEHHS IIPO CBOI
1podeciiino 3HaUNMI SKOCTi, TOOTO BKa3aTH Ti SIKOCTI BJIACHOI OCOOMCTOCTI, HKi
BILIMBAIOTh Ha YCIIX B IOJAJbIIIN caMOCTiitHOT mpodeciitHiit misibHoCTI. € 1uHnM
METOJIOM, SIKWI JI03BOJIsIE 3pOOUTH 3MICTOBHUII aHaJIi3 TaKOro pojy MaTepiaay 3
METOIO CTATUCTUIHOIO MPEJICTaBJICHHS Pe3yJIbTaTiB € MeTO KOHTEHT-aHAJTII3Y.
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Orpumani B X0/l €KCIIEPUMEHTAIBHOI'O JIOCJIJIZKEHHST TEKCTH CAMOOIIICIB Maii-
OyTHIME BUNTE/IsIMU OCODJIMBOCTE 1 BjIacTUBOCTEll cBOro npodeciitnoro «f» Oy-
JIM TiJJ1aH] 0OpoOIli 3a JOIMOMOI'OI0 METOJY KOHTEHT-aHaJ i3y. fIK oJMHMIN aHa-
JII3y BHUCTYIAJN Ti BJIACTUBOCTI OCOOMCTOCTI, dKi BKa3yBaJUCSd AK ICTOTHO Ba-
JKJIMBIL JI/1s1 TIpodpeciitHo-TieIaroriaiol jisyibHocTi. Crmpalodnch Ha yABJICHHS PO
Te, 110 B IIpodpeciiiHiii caMOCBiZOMOCTI BiJ0OParKarThCsl BJIACTUBOCTI BUNTEJIST 9K
cy0’eKTa yHpaBJIiHHS MeJaroTiaHIM IIPOIECOM, K MOYaTKOBA CHUCTEMa, KaTero-
plil KOHTEHT-aHaJ13y MaTeplaJiB caMOOINCIB HaMU BUKOPUCTOBYBaJACH CHUCTEMA
OCHOBHUX (DYHKITI{l yrpaB/IiHHs, JO IKUX 3BUYAiHO BiJIHOCATDH: (DOPMYBaHHS Me-
i, iHOpMAaIIfHUI IIOIIYK, IIPOrHO3YBAHHS, yXBaJeHHsI pIllleHHd, OpraHi3aliid
BUKOHAHHS, KOMYHIKallil, KOHTPOJIb 1 OIiHKa pe3yabTaTiB. PyHKIlisg KOpeKIll He
BKJIIOYAJIacs J10 CKJIa 1y KaTeropiit anaJiiszy, OCKLIbKM Ha eTalll peryaioBaHHs Ipe/i-
CTaBJIeHI BCl cTail ympaB/IiHHS, SKi BUCTYIAIOTH K 3acid perysoBanus. [Ipn
dgopmyTioBanti MpaBuI KOJYBAHHA OJWHUIL aHaJI3y MU CIUPAJUCA Ha TOTJIAIN
B.A. fdkynina, gxuil mpalfoe Ha [ peaisali€io CHCTeMHOrO IiJIX0/y JO BUBUYEHHS
IpOIleCY HaBYaHHdA 1 BUXOBAHHS 3 MO3UIILI Teopll YIIPABJIIHHA, CYTHOCT1 OCHOBHUX
dyHKIilt ypaBIinHa-.

Takum 9mHOM, B IIpoIeci 0OpOOKM TEKCTIB CAMOOITICIB MaiiOy THIMU BUNTEISIMU
cBOTO MpodeciitHoro «4» movyaTkoBa cucTeMa KaTeropiit anaJsizy, cdopMoBaHa Ha
OCHOBI (PYHKITIOHAJILHOT'O CKJIaJly YIIPABIIHHA, Oy/1a MOAIpiKoBaHa BiIOBLIHO 10
crerudiku mpodeciiiHol meJIaroriayiol caMocBiJIOMOCTI 1 B OCTATOYHOMY BapiaHTi
BKJIIOYAJIA JIECATh KaTeropiii aHaJisy:

«0COOMBOCTI 1H(MOPMAIIIITHOTO TTOMTYKY», «iHdopMaIiiinmii resaypycs,

«MeTay, «3JI0HICTH JI0 IPOTrHO3YBaHHS 1 CTBOPEHHSI METH,

«0COOJIMBOCTI yXBaJICHHS 11€/IarOTiIHOrO PIllIeHH,

«0CODJIMBOCTI CAMOKOHTPOJIIO 1 CAMOOILIIHIOBAHHST »,

«OPraHizaToOPCHKI 3/1I0HOCTI», «OCODJMBOCTI CAMOOPTaHI3aIlily,

«0CODJIMBOCTI BUKOHABCHKOI JIisSI/IBHOCTIY, «HAJINHICTD, CTAOL/IbHICTHS.

B nporieci 1nopiBHSIHHSI CepeJiHiX 3HAaYeHb I[TOKA3HWKIB PO3BUTKY Ipodeciii-
HOI CaMOCBIJIOMOCTI 1IP€JICTABHUKIB KOHTPOJILHOI Ta €KCIIepUMEHTaJIbHOI IPYIIN J10
eKCIIEPUMEHTY, HaMH He 3a(iKCcOBAHO CTATHCTUYHO JOCTOBIPHUX PO30IXKHOCTEH
MIK cepeJIHIMU 3HAUYeHHSAMHU ITOKA3HUKIB IPeJICTaBIeHOCTI KOMIIOHEHT CaMOCBI-
JIOMOCTI CTYJEHTIB-11€/IaroriB JIJIsi KOHTPOJbHOI Ta eKCIepUMEHTAJIbHOI T'PYIl JI0
eKCIIEPUMEHTY, BOHU BIJIIIOBIIAIOTH KPUTEPIIO OJIHOPIJIHOCTI, IO JA€ HAM 3MOI'Y B
[O/IAJILIIIOMY 3J1HCHIOBATH TICUXOJIOTIYHUIT €KCIIEPUMEHT, CIPsIMOBAHUIT Ha CIIiB-
CTaBJIEHHsI TIPOIIECY PO3BUTKY IPOdeCiitHOT CAMOCBIJIOMOCTI B yMOBaX TPaIUIITHOT
HaBYaJIbHOI JistibHOCTI cTyaeHTiB BH3 Ta 3a ymMoBu iX HaB4YaHHs i3 clieliajgbHO
OpraHi30BaHUM PO3BUBAJILHUM BILIMBOM Ha MPOMECIiiHy caMOCBIIOMICTb.
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3 TpeTboro 1o I'aTuil Kypce Hpu HaBYaHHI y 3BHYAHUX yMOBaX HaMH He
BUSIBJICHO JIOCTOBIPHUX PO3OIXKHOCTEl 1O TMOKA3HUKAX IPEJICTABICHOCTI B CaAMO-
CBIJIOMOCTI ejieMeHTiB 1H(OpMAaIiitHOrO IOIIYKY; 0COOJIMBOCTEl, siKi I110B’si3aHi 3
BOJIOJIIHHSAM CYKYITHICTIO 3HaHB; 0COOJIMBOCTEHl OIIHIOBAHHS; BJIACHUX OCOOJIMBO-
cTell, OB’ g3aHNX 31 3/IaTHICTIO BUABJIATH i BPaxXOBYBATH B JIiAJILHOCTI 3HAYNMI
SIKOCTI BJIACHOTO «f1»; 3/1aTHICTH JIO MPOTHO3YBAHHS Ta ILJIEyTBOPEHHS; & TaKOXK
1podeciiino 3HAUNMUX I[iJIeil He BUSIBJICHO.

3 TPeThoro 1o I'saTuil Kypc Npu HaBYaHHI i3 PO3BUBAJILHUM BILIHBOM, 3adi-
KCOBAHO CTATUCTUYHO JIOCTOBIPHI pO30i2KHOCTI B OIK 3pOCTAHHS 38 MOKA3HUKAMI
IIpeJICTaBJIEHOCTI B IIpodeciiiHiil caMOCBIIOMOCTI eJieMeHTiB 0ocobmBoOCTEl 1HMOP-
mariitroro momiyky (¢t = 1,99); ocobmuBocreii criiikyBanus (¢ = 2,13); oco-
osmBocteit camoopraunizaiii (¢t = 3,03 ); ocobmBocTell BUKOHABCHKOI JislIbHOCTI
(t =2,56); meti (t = 4,42); cepeanbol moBKuHN caoBHNKa (t = 2,37) Big Tpe-
THOT'O JIO IT'ATOT0 POKY HABYAHHS B YMOBAX CIEIIaJIbHO OPTaHi30BAHOIO HABUAHHS
i3 pO3BUBAJILHUM BILIHBOM.

Tabu. 1: Kinbkicaa rpejictaBieHiCTh KOMIIOHEHTIB ITPOECiiiHOT CaMOCBIJIOMOCTI B CAMOOIINCAX
CTYJIEHTIB KOHTPOJIBHUX Ta €KCHEPUMEHTAJIHHUX I'PYT IMiC/Is eKCIIEPUMEHTY

Ne | KomrionenTn CepejiHs KiTbKiCTh SHaveHHsA
CTPYKTypHU BUKOPUCTAHUX IOHATH CJIOBHHKA t-Kpurepiio
CaMOCBIJIOMOCTI eKCIIePUMEHTA/IbHA KOHTPOJIbHA

rpyma micJs rpyna micjs
eKCIIEPUMEHTY EKCIIEPUMEHTY

1. | OcobmBocTi iHdopMaIiiHOrO 0,55 0,22 2,11%
HOIITYKY

2. | Indopmarniitauit Tezaypyc 0,55 0,30 1,52

3. | OcobmBocTi KOHTpOJIIO i ominku | 0,72 0,60 0,66

4. | OcobmBOCTI CAMOKOHTPOJIIO 1 0,72 0,40 1,57
CaMOOITIHKH

5. | 3natHicTh 70 1mijieyrBopeHHs Ta | 0,68 0,63 0,29
IIPOIHO3YBAHHSA

6. | OcobmmBocti npuitnarTd pinens | 1,53 1,56 -0,07

7. | OcobymBoCTi CHIIKYBAHHS 1,92 0,60 1,51

8. | OcobmmBoCTi camMoopraHizaril 0,93 0,74 0,76

9. | Opranizaropcbki 310H0CTI 0,93 0,52 2,13%

10.| OcobuBocTi BUKOHABCHKOL 0,87 0,59 1,34
JisIBHOCTI

11.| HagiitaicTh, cTabiIbHICTD 1,17 1,11 0,23

12.| Meta 0,89 0,22 4,37%*

13.| Cepennsg n0BKUHA CJIOBHUKA, 10,53 7,6 3,3%*

[Mosnaukoo * (**) mamu Bigmiveni 3Hadenus ¢-gkpurepio mpig p < 0,05 (p < 0,01)
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Y 1polieci HOPIBHSJIBHOI'O aHaJ i3y 3HaueHb ITOKA3HUKIB IIpodeciiiHol caMocBi-
JIOMOCTI 11pU 3BUYalHOMY HaBYaHHI Ta DU HABYaHHI 13 PO3BUBAJIbHUM BILIUBOM,
3aiKcOBAHO HACTYIIHI po30i»KHOCTI, 1m0 1pejacTapieHi y Tabsmmi 1.

Ak MoxkHA OaunMTH, HE BUABJIEHO CTATUCTUYHO JOCTOBIPHUX PO30izKHOCTEI
MK cepeJIHIMU 3HAaUYeHHAMHN HACTYITHUX MMOKA3HUKIB MPodeciiiiol caMocBiJOMO-
CTI CTYJIEHTIB KOHTPOJIbHIX Ta eKCIIePUMEeHTAJIbHIX I'PYIIl: iHDopMaIiiiHuii Te3ay-
PyC; 0COOJMBOCTI KOHTPOJIIO 1 OLIHKH, OCOOJIMBOCTI CAMOKOHTPOJIIO 1 CAMOOIIIHKIT;
3JIATHICTD JI0 1LJIEYTBOPEHHS Ta MPOTHO3YyBaHHs; OCOOJTMBOCTI TPUHHATTS T1€/1aro-
IYHUX PillIeHb; OCOOJIMBOCTI CHIJIKYBAHHS; OCOOJMBOCTI caMOOpraHizallil; 0co0.1u-
BOCTI BUKOHABCHKOI JisSIIbHOCTI; HA IiHICTh, CTaOl/IbHICTH HEe BUSIBJIEHO.

3adikcoBaHe CTATUCTUIHO JOCTOBIpHE 3POCTAHHS 32 IOKA3HUKAMI IIPEICTaB-
JIEHOCTI B Tpodpeciiifiil caMOCBIIOMOCTI CTY/IEHTIB eKCIIepUMeHTaIbHIX IPYII 11 -
TOro Kypcy ocobsmpocreii indopmariitnoro nomyky (¢ = 2,11); opranizarop-
cbkux 3iibHocreit (¢ = 2,13); mern (t = 4,37); cepeJiHbOI JOBKUHI CJIOBHUKA
(t=3,3).

Orpumani jaHi CBITIATH PO MO3UTHBHUI BILINB PO3BUBAJILHOI IIpOrpaMu Ha
npodeciitiy caMOCBIIOMICTh K CKJIJIOBY Cy0'€KTHOCTI MaiflOyTHHOIO BUUTENIS B
1porect HaBYAJIbHOI JIISJIHLHOCTI.

Cutij1 TaKOK 3BEepHYTH yBary Ha Toii (hakT, 110 KOMIIOHEHT 3arajbHOl JIOBYKUHN
CJIOBHHKA — IHTETIPAJIbHII TOKA3HUK MPOdeCciiiHOl caMOCBIIOMOCTI, JIJIs CTYACHTIB
JIOCTOBIPHO B OIK 3pOCTaHHs BIIPI3HSIETHCS Y €KCIIEPUMEHTAJIbHUX IPYyIIax Bij KOH-
TPOJILHUX.

Bucuaosknu

[TigBosgun miICyMKN JIOC/IJIPKEHHsI, MOYKHa, CKa3aT HacTYITHE:

1) MeTos caMoOonucy 3 MOAAJbIINM KOHTEHT-aHATI30M JI03BOJIUB HAM IPO-
CTEXKUTHU JUHAMIKY IPOdeCciitHol caMOCBIIOMOCTI JI/Ist CTYAEHTIB Bijl TPEThOI'O Ta
II'SITOr0 Kypcy B yMOBax Jiil IporpaMu po3BUTKY CyO €KTHOCTI MaiiOyTHHOIO BUH-
TeJis B IPOIecl HaBYaJIbHOI JIISIJIBHOCTI Ta MOPIBHATH 11 3 JIMHAMIKOIO B YMOBaX
3BUYAITHOrO HABYAHHII;

2) 3aKOHOMIpHE 3POCTAHHs JIOBXKUHU CJIOBHUKA CAMOOIUCIB JIJIs CTY/ICHTIB
eKCIIePUMEHTAJIbHIX IPYIl CBLIYUTH PO 3aKOHOMIpHE 3POCTaHHA JIepeHIliio-
BaHOCTI TPOECIIIHOT caMOCBIJIOMOCTI MaifOyTHHLOIO BUUTEJIA B IIPOIEC] HOr0 Mpo-
deciitnol miIrOTOBKM B MeIarOrIHOMY BY3i B yMOBaX /il cIielia bHOI IPOTrpaMu;

3) pasoM 3 CTATHCTHYHO JOCTOBIPHUM 3POCTAHHSAM IHTEIPaJbHOIO TOKA3HU-
Ky TpodeciiiHol caMOoCBIIOMOCTI, 3HAYHA JaCTHHA 11 KOMIIOHEHT T€XK CTATUCTHIHO
JIOCTOBIPHO 3POCTAE;
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4) He BigMmiueHo y XOii aHaJ3y PO30IKHOCTEH 3a CepejHIME 3HAYCHHSIMU
MOKA3HUKIB CTPYKTYPH CBIJIOMOCTI BiJI'€MHUX 3HAYEHb ©-KPUTEPIitO, MO CBITIUTH
IIPO BIJICYTHICTH OY/Ib-sIKOI TEHJICHIIIT Clia/ly 3HadYeHb 3a yCiMa IOKa3HUKAMK I1PO-
deciitHOT caMOCBLIOMOCTI JIJIA CTYJIEHTIB €KCIIePUMEHTaJIbHIX IPYIl y TOPIBHAHHI
3 KOHTPOJILHUMU Y 1IPOlleci HaBYaHHS;

5) B XOJii HABYAJBHOI JIiS/IBHOCTI 13 BIPOBA/ZKEHHSIM CIEIaJIbHOT ITPOrpaMu
PO3BUTKY Cy0’€KTHOCTI MaiiOyTHIX 1earoriB B 1iJIOMY MalOTh MICIE CTATHCTHIHO
JIOCTOBIPHI TEHJIEHIN] 10 3POCTaHHSI SIK 1HTErPaJIbHOI'O IOKA3HUKA, IIPOMeciiiHOl
CaMOCBIJIOMICTh — 3araJbHOI JOBXKUHHM CJIOBHUKA, TaK 1 OKpeMux 11 9acTUH /s
CTYJEHTIB BiJl TPETHOIO KYPCY JI0 II' ATOT0 KYyPCY.
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Buposapkennd BipTyaabHOro J1ab0paTOPHOro MPaKTUKYMy B HABYAJIBHUI IIPOIEC, K T I0TOB-
YOTO eTally JI0 BUKOHAHHSA POOIT (DI3UYHOr0 MPaKTUKYMY 3 peaJbHUMU (DI3UYHUMU ITPUJIaIaMU,
JIO3BOJISIE THIBUNIATU €(EKTUBHICTh HaBYAHHA Ta AKICTh (POPMYBAHHS HMPAKTHUIHUX BMIiHDb i
HABUYOK YUHIB.

KirouoBi cjioBa: #1061 iH(opMayitini mexHos02ii, 8ipmyarvmi AabopamopHi pobomau.

Beryn

Y cucremi BUKJIaJaHHA (PI3UKN STK HABYAJIHLHOTO ITPEAMETY CKJajgacsd Tpiaja:

JIEKITIT;

ceminapn (abo TpaKTUYIHI 3aHSITTS);

e 1npakTuKyM (ab0 J1abopaTOpHi 3aHSITT).

[Ipusnavyennss TpakTUKyMy — eKCIIepUMeHTabHe CIOCTEPEXKEHHS OCHOBHUX,
HalOL/IbII siCKpaBUX 1 BUpas3Hux, (pizudHux edeKkTiB i BUBUYEHHsI 3aKOHIB, IO IX
OIMKMCYIOTh. BiH BHUCTyIIa€ 0JIHOYACHO SIK METOJI HaBYaHHs, JIXKEePeJIo 3HaHb 1 3acid
HaBYAHHSI.

OHuM 13 3aB/iadb Kypcy (pi3uKu CTapInol MKOJN € — PO3BUTOK B YUHIB y3a-
raJIbHEHOro eKCIepUMEHTAJILHOTO BMIHHS ITPOBOIUTH MTPUPOIHITIO-HAYKOBI JTOCITi-
JKEHHsT MeTo/IaMul (hi3UIHOTO Mi3HAHHS (ILTaHYBAHHSI €KCIIEPUMEHTY, BHOID MeTo-
Jly JIOCJIJIZKEHHs, BUMIPIOBaHHdA, 00poOKa Ta IHTepIpeTalis oJep:KaHuX pe3yJib-
tari). Hapuaibauil Gbisudnmii excriepuMenT miIBOJANTE YIHIB 10 PO3YMIHHS CY-
JacHUX (PIBUIHUX METOJIIB JIOCIIZKEHHs, (POPMYE Y HUX NPAKTUIHI BMIHHS 1 Ha-
BUYKIL.
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Bes ekcriepuMmenTy nemae, i He MOXKe OYTH PallioHAILHOIO BUBUYEHHA (PI3UKU.
Ojine Jimine cjaoBecHe MOsICHEHHsI NMPU3BOJUTH 70 (OpMasi3My Ta MEXaHITHOI'O
3ay4yBaHHS.

Hocsig mpoBejieHHsT PI3UIHOTO MPaKTUKyMy 3 (izukn B 11 Kiracax rmokasye,
0 BUKOHAHHS 1 COPUHHATTS yIHAMU JTaDOPATOPHUX POOIT MOB’d3aHe 3 PAIOM
TpyasoIs |1, 2]:

® B CIJIY HEJOCTATHHOIO (DIHAHCYBAHHS OCBITH OOMEXKYETHCS MOMKJIMBICTE J10-
CTYILy YUHIB JI0 HAHIIKaBIIIOrO 1 YHIKAJbHOI'O Cy4acHOI'O yCTATKyBaHHSI, Te-
XHIYHUX 00’€KTIB, HAYKOBUX 1 TEXHOJOIYHUX €KCIIEPUMEHTIB, SIKi 4aCOM BHU-
KJIMKAIOTH HaiOL/IbIe 3alliKaB/JeHHs i CTUMYJIIOIOTh OTPUMAHHSA 3HAHDL; K
HACJIJ0K — BIJICYTHICTH HAOYHOCTI PN HOr0 BUKOHAHHI;

e OaraTo sIBUIIL B yMOBaX IKIJILHOIO Gi3MIHOr0o KabiHeTy He MOXKYTb OYTH IIPO-
JleMoHcTpoBaHi. Lle cTocyeThbest STBUIIL MIKPOCBITY, 00 MPOIIECIB, SKi MBHIKO
IIPOTiKAaIOTh, a00 JIOC/IiIIB 3 IpuaagaMu, siKi BiJicyTHI B KabiHeTi. B pesyiib-
TaTl yUHI CTUKAIOTHCA 3 TPYJAHOIIAMH B IXHBOMY BHBUYEHHI, TaK K He B 3MO31
MOJYMKHU 1X YSIBUTH.

OpHMM i3 BapiaHTiB BUPIIIEHHS JAaHOI 1IpobJieMu, Ha HAIIy JIYMKY, € BIPOBa-
JIZKEHHs1 HOBUX 1H(OPMAIITHUX TEeXHOJIOT1il y HaBYaJIbHUIT IIPOIeC — IHTePaKTUBHI
BipTyaJ/ibHi J1abopaTopHi POOOTH.

OcHoBHaA 9acTHHA

Ha Bigminy Big TpaguliiiiHOro 1OIiIy METO/IB HaBYaHHSI Y BITUM3HAHIN 11e/1a-

roril Ha:

e MeTo/Id opraHizallil Ta 3/iificHeHHsa HaB4YaJbHO-I113HaBaJIbHOI /IS ILHOCTI;

® METOJU KOHTPOJIIO 38 e(PEeKTUBHICTIO HaBYAJILHO-TII3HABAJIBLHOI JTiSIIbHOCTI;

® METOJ/IM CTUMYJIIOBaAHHS HaBYaJbHO-ITI3HABAJILHOI JIISJIBHOCTI,
y IpaKTUIll HaBYaHHs 1ICHYIOTH 1 HIII M1JIXO/IU JIO BU3HAYEeHHsI METO/I1B HaBYaHHs,
dKl 3aCHOBaHl Ha CTYIEH] YCBIJIOMJIEHOCT1 CHPUNHATTS HaBYAJIbLHOI'O MaTeplaJy.
[3]. Cepen sikux cjiiji BHOKpeMUTH iHTepakThBHI. [cTOTHA DPI3HUI iHTEpAKTHUB-
HIX BIpaB 1 3aBAaHb BiJl 3BUYAHUX y TOMY, IO BUKOHYIOUHN 1X YUHI He TIJIbKN
3aKPIILIIOIOTh ByKe BUBYEHUIT MaTepiaJi, ajie it BUBYalOTh HOBUIA.

CJ10BO «IHTEpaKTUB» AHIJIIICHLKOIO ITOXOJKEHHs, BiJl CJiB «inters — pazow,
«acty — misgTu. IHTepaKTUBHUIT — O3HAYAE 3/IATHICTH B3AEMOJIISITH YU I1epedyBaTH
B pexkuMi Oecisn, Jiajsory 3 Oy/b-KuM (JIIOJNHOK0) abo IuM-HEeOY/ b (HAIPUK/IAI,
KOMII FOTEPOM ).

s yemimmol opranizaliil HaBIaJbHOTO IPOIECY TeJaror 3aBrKIM 3HAX0 M-
ThCA B CTa/Iil TOMIYKY HOBUX (DOPM, METOJIB 1 3ac00iB Mmojgadi MaTepiaJry.

B nanmit gac mposigHe Micie 3aiiMaloTb MeTOJAM 1 NpUiloMU HaBYaHH, 3a-
CHOBaHI Ha BUKOPHUCTAaHHI CydacHUX 1H(MOPMAIIIHIX TEXHOJIOTIi, 1110 IPU3BEJIO JI0

200 36ipHUK HayKOBHUX IIpallb (izuko-mareMarudHoro akyaprery JIJIITY



Tkauenko B.M., Ymupnosa K.M. Bukopucranns BipTyajabHUX JaOOPATOPHUX POOIT ...

KOPIHHUX 3MIH y Teopil Ta nmpaxTuili Hapdanus. [lepconaapnnit kKoM 'torep i -
TepHET JlyzKe MIIHO YBIILIN B Hallle YKUTTH, & cydacHa MOJIOJIb BUSBJISE JI0 HUX
Heabusikuii iHTepec. I B 3B’13Ky 3 UM 3aBJaHHSI BUUTE/IsI [OJISIFA€ B TOMY, 11100
1 epcoHaJIbHUIT KOMIT'I0Tep, 1 [HTEepHeT 1MepeTBOPUTH Y CBOrO 0OE3IOCEPEIHHOIO
IIOMIYHUKA.

[IuTaHHg BIPOBaJXKEHHsI Yy MIKLIBHANE (DIBUYHMI HPAKTUKYM HOBUX 1H(MOP-
MaIiifHIX TEeXHOJIOTIH pO3MIAIAl0ThCsT B poborax [4-6] ta in. AnamisyBaHHs 1nx
Ipalb BUSBUJIO, 110 HAMOLIBIT CKIaIHUM BUJIOM 3aHATH Y HABYAJILHOMY ITPOIIEC
Ha 6a3l iHdopMaIiitnux TexHoJoriit € Jadoparopra pobora. Pazom i3 Tum Kom-
1'oTepHuit (PI3UIHNI TPAKTUKYM, 110 MICTUTH KOMII'IOTEPHI IpOIrpaMu JOC/IiTHI-
IILKOI'O XapaKTepy, 3a MEeBHIUX YMOB, MOXKe CTATH HAHOLIBIT e(DeKTHUBHUM.

Diznunnit npakTukyMm y 11 kiaci 3O sBiisie coboro 3ak/I0UHUil eTan y Bu-
BueHHi Kypcy disuku. Ha meit gac, 3rijgHo [ep:kaBHOMY OCBITHBOMY CTaHIAPTY 3
OCBITHBOI Tas1y3i «IHdopMmaTnkas B cepeiHIX HaBYAJIbHUX 3aK/a/daX, YIHI MalOTh
BIJIIIOBI/IHI 3HAHHS, YMIHHs 1 HABUYIKU, HEOOXIJIHI JIJId PaIliOHAJILHOIO BUKOPUCTa~
HH$ 3aC00IB CydacHUX iH(MOPMAIITHO-KOMYHIKAIIHTHIX TeXHOJIOTIi TPW BUPIMIeHHi
30epiraHHsIM, HaJJaHHSIM 1 IIepejadero.

Y 3B’43KY 3 BIPOBa/IZKEHHAM HOBUX 1H(MOPMAIITHIX TEXHOJIOTIN Y MIpoIec Ha-
BUYAHHS CyTTEBO 3MIHIOETHCA MJIXiJ 10 JTAOOPATOPHUX POOIT, BUHUKJ/IM HOBI BUJIN
J:abopaTopHUX POOIT — BIpTYyaJsbHI, iHTEepaKTUBHI JlabopaTopHi podoru. Tepmin
«BIpTyaJIbHUIT» TTOXOJUTDH BiJI aHIVIIICHKOTO cjloBa «virtualy — cxoxkuit, He Bipi-
BHAETHCS.

Besmdesny posib B aKTUBI3allil Jis/IbHOCTI YUHIB TiJl YaC BUKOHAHHS BIpTY-
aJIbHIX J1aDOpaTOPHUX POOIT BiJIirpae MONIYKOBHIl METO/. Y4HI HE IPOCTO 3Ha-
HOMJIATHCA 3 MaTepiajgaMu poOIT, aje i 3aiiMaloTbcsd aKTUBHUM IOIITYKOM HayKO-
Bol indopmartii. e jrocsaraeTbest MIISTXOM MOCTAHOBKHU MPOOJIEMHUX MMUTaHb TIepe/l
BUKOHAHHSIM POOOTH ab0 OTPUMaHHSIM IIEBHUX TBOPYUX 3aBjaHb. [Iij gac mpose-
JIeHHs J1A00PaTOPHUX POOIT YUHI MOXKYTHb KOIIIOBATH MaTepiaJu 3 caiTy, 3alu-
CYBaTU T€3W B CBOI 30IINUTHU, POOUTH TO3HAYKH, IIEPer/isaiaT Bijieo hparMenTn B
[aTepHeT pecypcax Ta Take iHIIe.

Kpim Toro y4Hi MOXKyTh BUKOPHUCTOBYBATU I'OTOBI IPOTrPaMi KOMII FOTEPHOTO
mojiesiioBanHs [7—10], ki J03BOJIAIOTH Bi3yaJbHO MOJATH CIIPOIIEH] Mojiei bara-
ThbOX (PI3UIHUX sABHIIN. [IpU 1bOMY MOXKHA MOETAITHO BKJIIOYATH B PO3TJISL /1018~
TKOBI (paKTOpH, AKi IOCTYIIOBO YCKJIQJHIOIOTH MOJIEJb 1 HAOJIUXKAIOTH 11 10 pe-
aJIbHOTO (PI3UYHOTO siBUIA. KomIT'tIoTep MOoXKe He TiIbKIU CTBOPUTHU MOJIEb TAKIX
SIBUII, aJie TAKOXK JI03BOJISIE 3MIHIOBATH YMOBU IIPOTIKAHHS TIPOIECY, «IIPOKPYTHU-
TU» 3 ONTUMAJIBLHOIO JIJIT 3aCBOEHHS MBUJIKICTIO. TaKOyK KOMIT IOTE€pPHE MOJIETIOBa~
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HH$I JIO3BOJII€ OTPUMYBATU HAOYHI JUHAMIYHI LTI0cTpallil (pi3uIHNX eKCcIiepruMeH-
TiB Ta ABUII, BIITBOPIOBATU 1X TOHKI JeTaJjil, gKi 9acTO BUCJIN3AI0ThL IIPHU CIIOCTe-
peXKeHHI peasIbHIX sIBUII 1 eKcIepruMeHTiB. /[lesiki Mojiesti J03BOJSIIOTh OJIHOYACHO
3 XOJIOM €KCIIEPUMEHTIB CIIOCTepiraTu 3a MoOy0BOI0 BiITOBIIHUX rpadidHux 3a-
JIEZKHOCTEM, 110 TIBUIILYE X HAOUHICTh. Po3podKa 10 iCHYIOUNX IIporpaM KOMII 10-
TEPHOI'0 MOJIETIOBAHHS 3alliTaHb, 3aJlad 1 3aBJaHb TBOPYOIO XapaKTepy, TeCTiB,
crpusie OLJIBIT IJIMOOKOMY BUBYEHHIO, y3araJbHEHHIO 1 3aKPIIJICHHIO MaTepiaJry.

Takum YuHOM, IIPU BUKOPUCTAHHI BipTYaIbHIX JIADOPATOPHUX POOIT 3 (hi3uKN
VUHI MalOTh 3MOT'Y:

® CAMOIIJITOTOBKM JI0 BUKOHAHHS JTaOOPATOPHUX JTOCTIYKEHb;

e (bopMYyBaHHSI OPIEHTOBHUX OCHOB JiSITIBHOCTI JIJIsT BUKOHAHHS J1a00paTOPHUX
JIOCJI1JI?KEHD;

e oTpuUMaHHs iH(OPMAIT po (pi3udHMit poIec i Npo KiJIbKicHI 3HaUeHHs (i-
SUYHUX BEJINYNH, 0 HOro XapakTepu3yloTh (Xxapakrep iX 3MiHE) — Bijeo-
dparmenTu;

® 3HAlOMUTHCH 13 NpUIailaMi, d9Ki OyIyTh BUKOPUCTOBYBATHUCH B IPOIECI BU-
KOHAHHS J1a00PaTOPHOI POOOTH;

® [IEPEBIPATH IIJISIXOM TEeCTYBaHHS CTYIiHb CPOPMOBAHOCTI BIIIOBIIHUX Ipa-
KTUYHUX YMIHb 1 HABUYOK.

Tomy BUKOpUCTaHHS BIpTYaJbHUX JIAOOPATOPHUX POOIT MU PO3TJISAJIAEMO K
MiITOTOBYNIT eTal JI0 BUKOHAHHA pPODOIT (PI3MIHOr0 MPAKTUKYyMY, TOOTO K TIiJI-
I'PYHTSI JIJIsT BUKOHAHHS JIaOOPATOPHUX POOIT 3 peajbHUMU (DI3UIHUME IIPIJIA1a-
M. AJpKe Jinie HaTypHI eKCIIEPUMEHTH JIal0Th aJIeKBATHE YsIBJIEHHS IIPO PeaJib-
HUil niepedir PI3MIHIX TBUIIL.

Taxuit mMigabHICHUI TX1] 0 BUKOHAHHS JJA0OPATOPHUX PODIT JT03BOJISAE BU-
pilyBaTi i BUXOBHI 11iJ1i: (popMyBaHHsI 0OCOOMCTOCTI, 3J]aTHOI OPIEHTYBATHCs B 110~
ToIli iH(OPMAIIiT; PO3BUTOK IIKABOCTI JI0 (PI3MIHUX 3HAHB, HAYKOBO-IIOIYJIAPHIX
craTeil, KUTTEBUX MPOOJIEM; YCBIJIOMJIEHHS YUHAMEI POJi (PI3UKU B HAYIll Ta BU-
POOHUIITBI, BUXOBAHHS €KOJIONTYIHOI KYJIbTYPU, PO3YMIHHSA MOPAJIbHUX Ta eTUIHIX
11pobJIeM, OB sI3aHIX 3 (PI3UKOIO.

BucaoBknu

[Moenantst iHGoOpMaIiiiHO-KOMIT FOTEPHIX TEXHOJIONH (B TOMY duci 1 BipTy-
AJIbHIX JTAGOPATOPHUX POOIT) 3 HATYPHUM €KCIIEPUMEHTOM POOUTH MPOIEC HABYA-
HHsI 1 BUKJIaJIaHHs OLIBIN IIKABUM, AKICHUM, pe3ysbTaTuBHEM. Came 3a JIOTOMO-
r'OI0 TaKOl €IHOCTI MOXKHA:

® IIOJIIIIITYBATH HAOUYHICTD;
® IIi/IBUIIyBATH IHTEPEC JI0 BUBYEHHS (DI3UKM;
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e (bopMyBaTH BMIHHS YUHIB OTPUMYBATHU 3HAHHS CAMOCTIITHO, ITPAIIOI0YN 3 Ha-
BYAJBHUMK KOMIT IOTEPHUMHU TIPOrpaMaMi, Ta B Mepexki [HTepHerT;

e 3iiicHioBaTH JndepeHIiioBaHuil mijxij] g0 YUIHIB IpU BUBYEHH] (DI3UKU;

e (bopMYyBATH TBOPUIY OCOOUCTICTH YUHIB;

® VJIOCKOHAJIOBATH MPAKTUYIHI HABUYKK y4uHiB podotu Ha [TK.
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BuasibHoro cepeosuiia / M.I. Iyt // 36ipHuK HayKOBUX ITparb Y MAHCHKO-
ro JIep2KaBHOrO mejgaroridaoro yuisepcurery im. [lasma Tuuunum / ros. pes.
M.T. Maptuniok. — ¥Ymanb: CILIH 2Kosruit, 2008. — Y. 2. — C. 306 — 317.

|7] Byeatios O.1. Bibmiorexka esekrponnnx maounocteii «®Pismka, 7 — 9 Ki.»
|Enexrponnsiit Pecype| : megaroriaaumit mporpamumii 3aci6 jijist 3araabHOOCBI-
tHix HaBuaabHux 3akaaais / O.1. Byraiios, M.B. Tonosko, B.C. Kosajb. —
479 Mb. — K.: KBazap-Mikpo, 2004. — Bepcis 1.0.

18] Koszea C.M. Orkpbirast dusuka 2.5 [Enekrponnstii Pecype| @ mysbrume uii-
wbiii kype / C.M. Kosen, B.A. Opiios, A.®. Kasrpes. — losronpy/iabiii:
®uzukon, 2005. — Texama. Tpedos.: Pentium — 150; 64 Mb RAM; Windows
95/98 /ME/NT /2000/XP; Internet Explorer 5.x/6.0; SVGA 800x600.

9] I'pasnoe A.FO. Bupryaibhble jaboparophbie paboThl 10 dusnke. 7 —
9 knaccel. |Enekrponnsiit Pecypel| @ mporpaMyuo-MeTonaeckuii KOMILIEKC /
A 1O. I'psizros, C.B. Poukukos, A.A. Kynpssues, T.I. Kyapsamosa. — M.:
Hosorit JIuck. — Texama. Tpedos.: Pentium III — 750 MI'; 64 Mb RAM;
Windows 2000/ XP /Vista; CD-ROM.

[10] Jlabopatopubie paborbl 110 dusuke. 10 kimacc. |Emexrponnsiit Pecype|. —
M.: Hpoda, 2006. — Texuuu. tpedon.: Pentium III; 256 Mb; Windows
98/2000/XP; CD-ROM; Bujeocucrema 800x600 —16 bit.
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BUKOPUCTAHHSA KOMIT'IOTEPHUX TEXHOJIOI'IN
ITP11 BUKJIAZJAHHI PO3A1JIY «<MEXAHIKA »
B KYPCI ®ISNKHN 10 KJIACY 30111

B naniit crarTi HaBejeHi Jiesiki 0coOJIMBOCTI BUKOPUCTaHHS KOMII' IOTEPHUX TEXHOJIOTii Ha ypo-

Kax (pi3uKu, 30KpeMa, IIpu BUKJIIaHHl po3/iry «Mexanikay. Po3rigHyTi nuTanns mmiBUIenns

eeKTUBHOCTI HABYAJIHLHOTO IIPOIIECY MIJISIXOM BUKOPUCTAHHS KOMII'IOTEPHOI TEXHIKH.
Kutrouosi caoBa: 1osi komn tomepni mexnonozii (KT), disuka.

Bceryn

[Iutanng gk BUKIaAATH CHOTOHI Pi3uKy OaraTo B 4omy e jauckyciiine. Ha
CBOTOJIHI TIOCTYIIOBO BiIOYBa€THCA 3MiHa POJIi KOMIT'IOTepa B HABYaHHI: i3 3aCO-
Oy, 10 BUKOPUCTOBYETHCS JIAIE Ha YpPOKaX iH(MOPMATHUKN I BUBUYEHHS MOB
IpOTrpaMyBaHH, KOMIT IOTE€p IEePETBOPIOETHC Ha aKTUBHOIO TTOMIYHUKA BUUTEJ IS
npeaMeTHUKA. ¥ 3B’63Ky 3 IUM 3pO3yMLJIO, M0 Ha3pija rocTpa HeoOXiTHICTb B
aJanTallil BUNTEIB 0 HOBUX YMOB POoOOTH. AJKe Ha ypoIll 3 BUKOPUCTAHHSIM
KOMII ToTepa iHdopmalliiiHa pyHKIS BUNTEIS IepecTae OYTH OCHOBHOIO, & Ha, TIep-
Il TJIaH MOBUHHI BUXOJIUTH OpraHizyroda i kepyioda GpyHKIIi. OCHOBHOIO POJLIIO
BUMTE/IsI € IOCTAHOBKA IIiJIeil HaBYaHHsI, OpraHisallisi yMOB, HEOOXIIHUX JIJIsI YCIIi-
IIIHOT'O BUPIIIEHHA OCBITHIX 3aBIaHb

3 HOMUPEHHsIM Y CBiTI iH(MOPMAIITHO-KOMIT' IOTEPHIX TEXHOJIOT1 Ta Y 3B 3Ky
3 ICTOTHUMHU CTPYKTYPHUMU 3MIHAMU B OCBITHIX CUCTEMAaX CKJIAJIMUCS IIEPElyMOBU
JJIsT TIMIIPOKOTO BUKOpucTanHs indopmaniitnnx texuosoriii (IT) B 3arambHOOCBI-
THIX HaBYaJbHUX 3aKJIaJlax B3araJji i B Ipoleci BUBYEHHS (DI3UKH 30KpPEMA.

OcHOBHA 4YaCTHUHA

Tpajuiiiina cucreMa OCBITH 3acTapiia i morpedye 3HaUYHNX HOBOBBEJICHb. Bu-
XOJIOM 3 TOJIOYKEHHS MOyKe CJIy»KuTH BuKopucrtanus KT B cucremi cyvdacHol ocBi-
. AJie 3acTOCYBaHHs TOJIOHUX TEXHOJIOTIH B OCBITI BUIIpaB/iaHe TLIbLKU B THX
BUIIQJIKaX, B dIKUX BOHU JIAIOTh ICTOTHY IepeBary B MOPIBHAHHI 3 TpajulliiiHuMn
dbopmanvn napuanns |1, 2|.
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TakoxK BHOKPEMJIIOIOTH TICUXOJIOTIYHI MPUHITUIIN, SKI BIJINBAIOTH Ha SKICTH
HaBuanHg 3 BukopuctanugaM K'T: perenbhe Ta jlerajbHe mjiaHyBaHHS HABYAJILHOI
JISIJIBHOCTI, 11 opramizallis, JiTKa ITOCTAHOBKAa Iljieil 1 3aBAaHb HaBYAHHA; PO3-
poOKa TaKmX HAaBUYAJIbHO-METOIUIHUX MaTepiaiB, dKi 0a3yl0ThCs Ha, ITCUXOJIOTI-
YHUX 3aKOHOMIPHOCTSIX CIIPUIHATTS, TIaM dTi, MUCJIE€HH, YBaru, a TaKOXK BIKOBUX
0CcOOIMBOCTEl YUHIB; HASIBHICTH TAKOTO 3BOPOTHOTO 3B’A3KY MiXK yUHEM i BUKJIa-
JladeM, dKuil 3a0e3redye yaHeBl ICUXOJIOTTIHUN KOMMOPT Yy IMpolieci HaBYaHHSI;
3JIATHICTH YYHS CAaMOCTIIHO TpaIfoBaTH 3 iHMOPMAIIIEIO.

Brposapkennsam KT y naBuasbHuii mnporec 3 ¢isukn saiimasucs: O. Byra-
itoB, €. Kopmak, M. ['osoBko, B. Jlsmenko, H. Cocaunpka, M. IlyT Ta in. VY
HparsgxX UX BUYCHUX PO3TJISAIAl0ThCS MUTAHHSA BJIOCKOHAJIEHHS IMIKIJIHHOrO (hi3u-
YHOTO €KCIEPUMEHTY 3aco0aMy KOMIT IOTEPHOI TeXHIKI; MOETHAHHS TPaUIIHHITX
3ac00iB HABYAHH:A, 30KpeMa MiAPYIYHUKA 3 (PI3UKU, 3 €JIeKTPOHHUMHU Ii/IPyIHU-
KaM#; PO3POOKH IIPOrpaMHKUX 3ac00iB 3 BUBUYEHHS OKPEMUX TEM IIKIJILHOTO Kyp-
cy disuknu. Taxk Ceneko A.I'. nume: «Hosi indopmariiiini TexHo/I0Ti] MOXKYTDH
3aCTOCOBYBATHUCS Ha BCIX eTallaX HaBYaJIbHO-BUXOBHOI'O IIPOIECY: JJisl HaBUYAHHS
OCHOB iH(OpPMAalIITHOT KYJIBTYPH, IIPY BUBUYEHH] HaBYAJIbHUX JIUCIUILIIH, Y BUXOB-
HoMYy Iiporieci. Komi'torep Moxke BUKOPUCTOBYBATHUCA Ha BCIX eTallax IPOIECY
HaBYaHH: [IPU TOICHEHH] HOBOI'O MaTeplaJly, 3aKPIILJIEHH], [IOBTOPEHHI, KOHTPOJIL
3HaHb...» |3]. [Ipobiaemu aumakTuku i Meronukn Bukopucranis [T y mporeci Ha-
BYaHHA (BI3UKN y CTapIiii Ko po3misiiaioThest B poborax Pomanosoi O.B. [4],
H.C. Ilypumesoi, A.B. Xyrtopcekoro [5] Ta iH.

Buxopucranng KT no3Bosige parionaibHilme po3moIiinTH HaBYAJILHUN dac.
3acTOCOBYIOUN Ha YPOKax (Pi3UKNU 0OYMC/IIOBAJILHY TEXHIKY, BUNTEIH MOXKE 38 KO-
POTKUII Yac JIEMOHCTPYBATHU IIPOIECHU, K1 ITPOXOJIAThH BIPOJIOBIK MICSIIIB, POKIB 1
HaBITH CTOMTL. Lle j03BOJIsIe BUBeCTH cydacHuil ypoK Ha sIKiCHO HOBHIl piBEHD:
MiJIBUNTYBATH CTATYC BUUTEJIST; BIPOBA/KYBATH B HaBUabHMIT Tportiec [T posmu-
proBaTU MOXKJIMBOCTI LIIOCTPATUBHOI'O CYIIPOBO/IY YPOKY; BUKOPUCTOBYBATU Pi3HI
dopMu HABYAHHS Ta BUJIN JISJIBHOCTI B MeXKaX OJTHOTO YPOKY; CITPHUSIE TTOKPAIIEH-
HIO €MOIIHOr0 CIPUMHATTS HAaBYAJLHOI'O MaTepiaJy, HiJIBUIIEHHIO foro iHdop-
MAaTUBHOCTI, JJOCTYITHOCT] T& HAOYHOCTI.

[Tearoru-ipakTuk |4, 5| ¢BituaTh, M0 3apa3 CHOCTEPIraeThCs 3HIZKEHHST PiB-
Hsl MOTHUBall i Ii3HaBaJbHOI aKTUBHOCTI YUHIB IIiJ| 4ac BUBYEHHSI (PI3UKHU, IO
BKa3ye Ha HeOOXITHICTH BJIOCKOHAJEHHS METOINKN HABUYAHHS, MOJepHI3aIll hopM
i mpuitomiB poboru BunTesisi. OT:Ke, MOXKHA, BUJILJIMTHA HACTYIIHI TE€HJIEHIIIT:

e CTaJIM NPUJIIJISTH BEJUKY yBary MUTaHHIO BIpoBaKeHHsd KT B napdgabHmii
poriec,
e JUIs IIKIJIBHOINO Kypcy (DI3MKU PO3POOJISIIOTHCS KOMII'IOTEPHI JeMOHCTpaIlil i
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Metoauka BukJaganHsa ¢isukm ta actpouowmii 8 3OIII i BH3

METOJIUKH 1X BUKOPUCTAHHSI.

AJte icHYIOTH TIeBHI CKJIaJTHOCTI:

e HaBYaJbHI HporpaMu 3 (Bi3uKN 3MIHIOIOTbCS 3HAYHO MIBU/IIIE, HiXK CTBOPIOE-
ThCA 1X KOMIT IOTepHA TITPUMKA;

® [HeJIOCTATHBO KOMII'IOTEPHUX JeMOHCTPAIil po3po0sIeHo Jjisd yUHIB CTapPIIOl
IIKOJIM, & OLJIbIIICTh BXKe ICHYIOUNX Opi€eHTOBaHI Ha mporpamu mikia Pd;

e OJHUM 3 QaKTOPIB € BIJICYTHICTH y OaraTbox BUUTEJIIB HABUYIOK BOJIOJIIHHI
KOMII' FOTEPHIM 3a0€3I1eUeHHSIM.

TakuM YUHOM, € TPOTUPIYUS MK CydacHIMU 33jladaMi HaBYaHHs (Pi3UKHI Ta
HEJIOCTATHHOIO TEOPETUIHOIO 1 IIPAKTUIHOI PO3POOKOI0 eKCIIEPUMEHTAJIBHOT IIi/1-
TPUMKHU BUBYEHHS (Di3ukn y crapiiiii ko 3 Bukopuctanism KT. e nporupiy-
sl BUBHAUMJIO aKTYaJIbHICTE ITPOBEIEHOIO JOCTKeHHs. ['inoTe3a m0C/1iKenHs
IoJisiraJia B TOMY, IO BIIPOBaKEHHs B HaBuaabHuil nponec KT cnpuarnme 1ij-
BUITIEHHIO AKOCT1 PIBHA 3HaHb yUHIB IIpU BUBUYEHHA po3uty «Mexanikay B Kypci
disukn yanssmu 10 xracy 3OIL, posBuTky MoTuBaliii B fioro BusueHHi. OTxke, 10-
My came «Mexanikay ? [eit posain onna 3 6azoBux y 10 Kiaci. Y4Hi BxKe 3HaifioMu-
JINCh 3 IIUM PO3JI1JIOM B KypCl OCHOBHOI IIKOJIU, & B CTAPIIiil KO/ KOPUTYIOTHCH 1
HOTJINOJTIIOI0ThCs 3HaHHsA. epe3 Opak 4dacy y HapdaJ/ibHiil mporpami, KT crporry-
BATUMYTb 1 TPUCKOPIOBATUMYThH IIPOIIEC MOSICHEHHS HOBOI'O MaTepiaJy, epeBipKy
B2Ke ICHYIOUUX 3HaHb, 3/1{ICHEHHS KOHTPOJIIO.

[cayrodi enekTpoHH]I Po3pobKM KoMIitaHil «DPusukons: «Pusuka. MexaHuka,
MoJieKyJisipHast pusnkay, «2Kupast pusnkas, «Puszuka. OcHOBHas IIKOJA. 7—9
KJacChl: 9acTh [», «Pusuka 7-11 kiaccwl. [Ipaktukyms, «1C: Penerutop. @usu-
Ka: Bepcusi 1.5» Ta [6], no-nepwe, ajanroBani i HaBdasbay nporpamy P@. sika
BIJIPI3HSIETHCST BiJ yKPalHCHKOI; no-dpyee, OLIbIICTD 3 HUX OXOILIIOITH IIPOrPaMy
OCHOBHOI TITKOJIM, & He CTapIol. BiabmiicTs HeoOXTHUX TeM KypCy IUMU ITporpa-
MaMu Pi3UKKM HE OXOIJIEHO. A TaKOYK BUKOPUCTAHHS IUX MIPOrpaM repejdadac 3a
c00010 BlJIbHE BOJIOJIHHSI HUMI BUNTEIeM (DI3UKH.

Mu nporoHyeMo KOMILIEKC PO3POOOK ILJIaHIB-KOHCIIEKTIB 3 3a3HaYEHOI0 PO3/Ii-
ny i3 Bukopuctanagam KT. [Tpu mranysanni ypokiB Mu HaMaraJucs 3HaifiTu onTu-
MajibHe noenHanas KT 3 rpaguniiinuMn 3acobamy HaBdaHH. HasBHICTB 3BO-
POTHOTO 3B’SI3KY 3 MOXKJIUBICTIO KOMII IOTEPHOI JIIAIHOCTUKYU ITOMUJIOK YIHSIMHU B
nporieci poboTH, JO03BOJIAE TTPOBOJIUTU YPOK 3 YpaxyBaHHIM 1HINBLyaJIbHIX OCO-
osinBocTell yuHiB. M1 BUKOPHCTOBYBAJIN MOYKJINBOCTI KOMII I0TEepa, [IPU IIPOBEIeHH]
pisHUX (POPM YPOKY.

Hamnpukiaj, na ypori nepeBipkn 3uanb 3 TeMu «KinemaTukas OCHOBHa MeTa
— IepeBipKa 3HaHb 1 PO3yMiHHsI OCHOBHUX TE€pPMiHIB TeMu (TLIO BijyiiKy, cucre-
Ma BiTiKy, TPaeKTOpist Ta T. i.). YUHsIM MPOIMOHYETHCSI CAMOCTIHHO BimoBicTn
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Ha [IUTAaHHSI, BUKOPUCTOBYIOUN KOMII'IOTEPHY MOJE/b, 1 OTPUMATU PE3YJILTATH Y
BIJIMOBIJIHIN KiJbKOCTI 6a/1iB. 3BUYaiiHo, TaKIil yPOK MOYKHA IPOBOJUTH TILILKH B
KOMII'FTOTEePHOMY KJIaci.

Ha yporii BuBuenns vHoBoi TeMu «IIpsmostiHiifiHnii piBHOMIPHUIT PyX» 3 BUKOPH-
CTaHHSIM KOMII IOTEePHUX aHiMalIliil Ta Mojiesieil KOMII IoTep Hala€ MOXKJINBICTE Bi3y-
aJTi3allll CIpoIIeHOl TeOPeTUIHOI MOJIe/Ii PIBHOMIPHOI'O PyXy 3 IOETAIlHUM BKJIIO-
YEHHsIM JIO PO3TJIs/ly JI0JIaTKOBUX (DAKTOPIB, YMCEJIbHUX JAHUX, 10 MOCTYIIOBO
HAOIMKAIOTh 1J0 MOJIEJNb JI0 PeaJbHOIO sABHUINA. AHKETYBaHHs YUHIB, IIPOBeeHe
111 Jac IeJaroriaaol NpakTUKK, BUSABUIIO, 1110 BIpoBaxkenHd KT B HapgabHmil
IIPOIIeC IiJIBUIIYE IHTEpec YUHIB J0 IIPeaMeTy, IOJIIIIYE 3allaM iTOBYBaHHS Ma-
TeplaJLy.

Bucnoskn

TaxuM 9uHOM BUPIIIEHHST HOBUX OCBITHIX 3aB/alb BUMAara€ BiIITOBIIHOI ITiJI-
rOTOBKM BUnTessl. BIpoBa/iKeHHsI KOMII'IOTepa B HaBYaJILHUI IIPOLEC J03BOJISIE
PO3IIMPIOBATH MOYKJIMBOCTI MOJAHHS HaBYaJIbHOI 1H(MOPMAIT; IiABUIITYBATH MO-
TUBAII0 HaBYaHHs; aKTUBI3yBaTH HaBYaJIbHUI [IPOIEC, CIPUAIOYN 3a0€311eUeHHIO
OLJIBII TTOBHOT 3aifHATOCTI BCIX YUHIB; pO3IIUPIOBATH HAOOPU HaBYaJIbHUX 3aB/IaHb,
3JIIICHIOIOYN YIIPABJIIHHS IIPOIIECOM BUPIIIEHHST TAKUX IPo0JIeM, sIKi BazKKO IIiJ11a-
I0THCS aHaJJII3y B TPAJIUIIITHIX YMOBaX; AKICHO 3MIHIOBATU KOHTPOJIb 3a Jisd/IbHi-
CTIO YUHIB; cipusiTi (pOPMYBaHHIO B YUHIB pedJieKcil JIisIbHOCTI, OCKIJIbKI BOHU
MOXKYTh HAOUHO HaJIaTH Pe3yJIbTaTU CBOET poOOTH.
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AKTUBU3AIINA IIO3HABATEJILHON AEATEJIHLHOCTHA
HA YPOKAX ®U3UNKUN

B cratbe paccMaTpuBarOTCd METOIBI U IIPHEMbl aKTHBU3AIIMU IO3HABATE/IHLHON AeTeIbHOCTH
yuaruxcsd. [Tokazano, 9To Jijisi OlpeJie/IeHHON KaTeropun yJalluXxcsd UCIoIb30BaHue usnde-
CKOT'0 9KCIIEPUMEHTa CIIOCOOCTBYET MOBBIIIEHUIO YPOBHST aKTUBU3AIINK TPAKTHICCKON JTeaTe /b
HOCTH.

KioueBbie ciioBa: axmusHocmb, NO3HABAMENLYHAA OEAMENOHOCTND.

Kirouesoit npobJiemoii B periennn 3a/1a9u MOBBITIEHNS 3P (MEKTUBHOCTH Kade-
CTBa y4eOHOrO TPOIecca siBJIAETCS aKTUBU3AIMS TO3HABATE/IHLHON JIesITeIbHOCTH
yaaImxcs. AKTUBHBIE METOJIBI O0YIeHUs TO3BOJISIIOT HCIIOJIb30BATH BCE YPOBHMU
YCBOGHMS 3HAHUI OT BOCHPOM3BOJIAIIEH JIEATETLHOCTH Yepe3 IPeodpasyIoniyio K
[JIABHOM T1eJI — TBOPYECKO-IIOMCKOBOI JiesiTesibHOCTH. OTHOIIEHNE YYaluXces K
poreccy 00ydeHnst OOBITHO XapaKTEePU3YeTCsI AKTUBHOCTHIO. AKTHBHOCTE OIIPEIe-
JISIET CTeNeHb (MHTeHCHBHOCTD, IIPOYHOCTD) COMTPUKOCHOBEHNUST 00y IaeMOT0 C TIPe;I-
metoMm [1].

YipapiieHne akKTHBHOCTBIO yUallllXCsl HA3BIBAIOT aKTHUBM3alneil. AKTuBm3a-
U0 MOXKHO OIPEJeIUTh KaK IIOCTOSHHO TEeKYIIHil IPoIecc OOy KIeHUs yda-
[IUXCA K IHEPrUYHOMY, IeJeHAlIPABJIeHHOMY YYEHUIO, IIPEO/0JICHUe TaCCUBHOM
U CTEPEOTHITHON JIedTeIbHOCTH, CIIajla U 3aCTOs B YMCTBeHHON pabore. [ aBHasd
1eJIb aKTUBU3AIUN — (POPMHUPOBaHIE aKTUBHOCTU YYallUXCs, MOBBIIIEHNE Kade-
cTBa y4IeOHO-BOCIIUTATEIHLHOTO porecca [2].

[Ipn nzyvyenun pusnKm UCHOIBL3YIOTCS pa3/nyiHble ITYTH aKTUBU3AIUN TTO3HA~
BaTEJIbHOI JIesITeJIbHOCTH, OCHOBHBIE CPEJIN HUX — pasHoodpasue hopM, METOI0B,
CPeJICTB 00yUeHts, BLIOOP TAKUX X COYETaHM, KOTOPhIE B BOSHUKIINX CUTYAIIIIX
CTUMYJIUPYIOT aKTUBHOCTDL U CAMOCTOATECIBHOCTD YYaIl[AXCS.

B nacrosiee BpeMsi B y4eOHO-BOCIIUTATETHLHOM IPOIECCE MUPOKO UCIOJIb3Y-
I0TCsl aKTUBHBIE METO/IbI I (POPMbI 3aHATHUI TaKle, KaK IPOoOJIeMHbII, JI1aI0TOBbIii,
UT'POBOIi, UCCJICTOBATEILCKIIT, METO/I IIPOEKTOB, MO/IYJ/JIbLHDII, OIIOPHBIX CUTHAJIOB,
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aBTOMATU3UPOBaHHOE O0yUeHue u jpyrue [2|. AKTUBHBIE MeTObI 0OyUeHus Ghop-
MUDYIOT y 00y4YaeMbIX He MPOCTO 3HAHUS — PENPOJYKINU, & YMEHHUA U TOTPed-
HOCTH NPUMEHATH 3TU 3HAHUS JIJId aHaIn3a, OINEeHKN U ITPAaBUILHOTO MPUHATHS
perienuii.

UcnonpzoBanne AMO, ux BbIOOD olpejiesisieTcs MeJisiMi U COJIepKaHueM 00y-
YeHUsI, WHINBUIYAJIHLHBIMI OCOOEHHOCTAMEU O0y9YaeMbIX U PsAJIOM JIPYTUX YCJIO-
Buii. JIJIg7 yCIenrHoro ncnoib30Bannst aKTUBHBIX METO/I0B 0OyUeHus HEeOOXO0 MO
COOJTIOIATD CJIE/IYIOINIHE [1€/Iar0ITIecKre YCJI0BUs aKTHBU3AINN yIeOHOI J1esiTe b
HOCTHU 00yJaeMbIX:

® 3HAHNE CYI[HOCTH IICUXUIECKUX SIBJICHU, TOIEXKAIIIX aKTHBUBAIINI;

® 3HAHUE IIPUEMOB U CIIOCOOOB YIPABICHUST STUME CUXITIECKUMI SIBJIEHUSIMU,
CPEJICTB TeIarornieckoro Bo3 IeicTBus;

® OBJIaJICHNE METOJUKOI aKTHUBU3AIUN yIeOHOM JIesiTeIbHOCTH, IPHOOPeTeHne
OIIbITa PAbOTHI B 9TOI 00/IaCTH;

® BOJIEBas I'OTOBHOCTD K IIPEOOJIEHUIO TPYIHOCTEH 1 CPHIBOB, KOTOPhIE MOI'YT
BO3HUKHYTH B IIPOILECCe BHEJIPEHUS B IPAKTUKY aKTUBHBIX METOJOB 00Yyde-
HIIST,

® ydeT MHEHHsI, 3alPOCOB 00yUYaEeMbIX, UX OTHONIEHHE K METO/MKE aKTHBHOI'O
o0y4JeHus;

e 130eraTh IOCTOSIHHOI'O UCIIOIB30BAHMSI OJIHIUX U TeX K€ MEeTOJIOB U IIPHEMOB.

OH 1 TOT 2Ke MeTOoj B paboTe pPa3IMYHbIX YUYUTesell JJaeT pas/jndHble pe-
3YJIbTAThI B 3aBUCUMOCTH OT COCTaBA MCIOJIb3YEMBIX IIPU 3TOM METOIMYECKIX ITPU-
€MOB.

B nenarornyeckoif nmpakTHKe N B MeTO/INYECKOIl JHUTepaType TPaUIIOHHO
IPUHSATO JEJUTH METOJIbI 00YUeHUsI 10 NCTOUHUKY 3HAHUIT: CJIOBECHDbIE (paccKas,
JieKIus, 6ecelia, dTeHne), HarysiHbIe (JIEMOHCTPAIHs HATYPATbHbBIX, SKPAHHbBIX U
JPYTUX HALVISTHBIX TTOCOOWIT, ONBITOB) U TpaKkTudeckne (;abopaTopHbIe U MpaK-
Traeckne paboThl). Kaxk el 3 HUX MOKeT ObITh U OO0Jiee aKTHBHBIM U MEHee
AKTHBHBIM, TTACCHBHBIM [3].

B npenojaBannn Gpusnkm, Kak 1 B IPENoJlaBaHNN JIPYTUX yIeOHBIX IIpejiMe-
TOB, JIOJIZKHBI IIPUMEHATHCS PA3IMYHbIe METO/Ibl OOyUeHUs: CJIOBECHBbIE, HAIJIA/I-
Hble, TPAKTUYECKIE — C BbIJIBUYKEHUEM I1POOJIEM U IIPUBJIEUEHIEM yUaIINXCs K Ca-
MOCTOsATEJIbHBIM IIOMCKaM CIIOCOOOB pellleHus 3Tux 1podsem. IIpu sTom crenenp
ydacTHs MKOJbHNKOB B PENIeHNN BBIBHHYTHIX 1IPOOJIEM 3aBUCHT OT CJIOZKHOCTH
STUX IIPOOJIEM U YPOBHS HOJIOTOBKU YUAIIIXCS.

B coBpeMeHHBIX YCIOBUAX Ha COJEpKaHUe MEeTOJ0B 00ydeHus OOJIbINoe BIIH-
sIHIE OKa3bIBAIOT TEXHUUECKIEe CPeJICTBa 00y UeHns (KIHO, TeJIeBUIeHIe, 3BYKO3a-
MUCHh ¥ ee BOCIPOU3BEJICHUE, PA3JINIHOIO BUJA CTATHYECKAs MPOEKINA U T. II.).
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OHu ycKOpsIIOT IPOIECC OJaun U 1epepabOTKU NHGMOPMAIINH, TOBBIIAIOT Kade-
CTBO €€ YCBOEHUSI.

B npenojaBanun UMK B CTapIINX Kjaccax 110 CPaBHEHHIO CO CPEJIHUMUI
KJIacCcaMi JIOJIZKEH BO3PACTH «YJIEJIbHBIN BeC» MeTojla OObsSICHEHUI ¢ TeopeTude-
CKUM aHaJIM30M (PaKTOB, BHIBOJAMU CJEJCTBUI U3 TEOPHil, JOKa3aTeILCTBAMU, &
TaK»Ke JIEKIIMOHHOI'O MEeTO/1a U3JI0yKEeHUsI MaTepuaJia B COUeTaHUN ¢ HIUPOKUM HC-
I0JIb30BAHUEM JIEMOHCTPAIIMOHHOTO SKCIIEPUMEHTa, 1M0Ka30M (pparMeHTOB (puJib-
MOB, KOJOCKOITMYECKON IMPOEKIINN, BhlYepYMBaHUEM Ha JIOCKE PUCYHKOB, CXeM, UC-
10JIb30BaHUE KOMIIBIOTEPHBIX TEXHOJIOIUil. 3/1eCh JIOJIPKHO OBITH YCHJIEHO BHUMAa~
HUE K Pa3/ITIHbIM BUJAM CAMOCTOSITE/ILHBIX PA0OT ydaluxcs: padboTe ¢ yueOHOI
1 JIOTIOJIHUTE/ILHOM JINTEPATYPOil, BHITOJTHEHNIO HAOIIOACHUI U OIIBITOB, PEIIEHUIO
dusngeckux 3amad u T. 1. Ocoboe BHUMaHNE J0JIZKHO ObITH yaeaeHo (hbopMupoBa-
HUIO y YUaluxcsi 0000IIEHHbIX [T03HABATEIbHBIX U IIPAKTUUECKUX YMEHUI.

[Ipu BBIOOpPE TEX MJIM MHBIX METOJIOB OOYUEHHS CJeyeT YINTBhIBATH IPErK/ie
BCEr0 XapaKTep PeliaeMbIX Ha YPOKe YUeOHBIX 3ajad, BO3pacTHbIe 0COOEHHOCTH
YVUIAIIXCA CTapIINX KJIACCOB, UX CTPEMJIEHHE K CAMOCTOSTENbHBIM CYZKIEHUAM,
yPOBEHb UMEIOIINXCs Y HUX ITO3HaBaTeJ bHbIX YMeHuil. beccriopHo Tak»ke To, 9TO
B BBHIOOpE METOJIOB U METOJMYECKUX IPUEMOB JIJIsI KarKJI0I'0 KOHKPETHOI'O YPOKa
BayKHYIO POJIb UT'PAET IeJarormdeckoe MacTepPCTBO YUUTE s, €ro NHIMBUIYa b
Hble KadecTBa. OUeHb BayKHBIM SIBJIIETCS BOIIPOC O COOTHOIIEHUN Pa3/INIHBIX Me-
TOJ0B 00yUeHUsi. 3/1ech HAJI0 UMETh B BUJLY, YTO Upe3MEpHOE YBJICUCHNE KaKIM —
JIOO OJIHUM METOJI0OM Henm30exKHO IPUBOJINUT K CHUXKEHIIO (D PEKTUBHOCTH 00y ue-
nus. Tak, ypeaMepHoe yBjiedenne, HApUMeD, TPOTPAMMHBIM 0OyUeHueM TPUBO-
JINT K CHUXKEHUIO YPOBHSI TEOPETUYECKOI'O MBIIIJIEHUsI IIIKOJIbHIUKOB, 3aTOPMarKu-
BaeT Pa3BUTHE UX JIOTUIECKOIO MBIILJIEHUs, BBIPAOOTKY YMEHUsI CBOMMU CJIOBaAMU
JlaBaTh JIOTUYECKHU TI0C/IeI0BaATE/IbHbIE 00bICHEHNs, 0OOCHOBBIBATEL CBOM CYyKJIe-
HUSI.

MacTrepcTBo yuuTeis 3aK/II09aeTcsd B YMEHHH o0eciiednBaTh HanboJsee palin-
OHaJIbHOE (ONTUMAJIbHOE) COUeTAHNEe METOJIOB Ha PA3JIMIHBIX STarax 00yJIeHus B
3aBUCUMOCTH OT COJIEpXKaHns y4eOHOro Marepuasa U peliaeMbIX Ha €ro OCHOBE
y4ueOHO-BOCIIUTATEIbHBIX 3aJiad, OT BO3PACTHBIX OCOOEHHOCTEH yUallnXCcsd, YPOB-
Hs Pa3BUTUs U MBIIILJICHUS, [I03HABATE/IbHBIX CIIOCOOHOCTEl, NMEIOIErocs 3alaca
3HAHNUI, YMEHUII I HaBBIKOB.

Kak meros oOydenust OOJBIIYIO EHHOCTH IIpeJjcTaBisdeT (PU3NIECKUil IKC-
IIEPUMEHT, KOTOPBINl BKJIFOYAET JIEMOHCTPAIIMOHHBIN SKCIIEPUMEHT, (PU3MIECKUii
HPaKTUKYM, J1abopaTopHble PAOOTHI, SKCIEPUMEHTaJIbHbIE pabOThI, ONBITHI U 3a-
Jlaqy, KOMIILIOTEPHBIH SKcrepuMenT. VIMeHHo 9ToT MeTo 1 OBbLI BLIOpaH HAMU JIIs
IIPOBEJIEHUs 11€JIaIOrNIeCKOr0 IKCIIEPUMEHTA.
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esbio sKCcrIepuMenTa ObLIO:

® YCTaHOBHUTDH THIT MBIIIJIEHUS yIaIlluXcsd 1 Ha 6a3e 3TOro BRIOPATH ONTHMAaJIb-
Hble MeTO/Ibl aKTUBU3AINN 1T03HABATEILHON JIeATEJbHOCTA YIYCHUKOB;

® BLIABUTL HAYAJIbHBIA YyPOBEHb AKTUBU3AIMU HPAKTUYCCKON J1eATeIbHOCTU
YUaIUXCS;

e cOpPMHUPOBATDH FKCIIEPUMEHTAIbHBIE YMEHUs YIaIUXCs TPU U3yUYeHun (pu-
3UKU;

® [[OBBICUTH II03HABATEJILHLII MHTEpeC U Ka4eCTBO HPAKTUYCCKON edaTe/IbHO-
CTU yYallUXCA.

Ha nepBomM sTare megarornyeckoro SKCIepuMeHTa ObLIO IIPOBEIEHO TeCTUPO-
BaHIe YICHIKOB C IeJIbI0 BBISIBJIEHUS TUIIA UX MBIILICHIA. 3HasT THII MbIILICHHSI,
MOKHO IIPOIHO3UPOBATDH YCIEITHOCTD TO3HABATEILHON JIeATeIbHOCTH YIaliIXCs,
BBISICHUTDL KaKie aKTHBHBIE METOAbI aKTUBU3AINN HYKHO IPUMEHUTH B yIeOHOM
nporiecce. CylecTBYIOT CJAEAYIONIUE THIILI MbBIIJIEHUs: IIPeIMeTHO-JIeficTBeHHOE,
abCTPaKTHO-CIMBOJIIYIECKOE, CJIOBECHO-JIOTNYECKOe, HAIISIIHO-00pa3Hoe, TBOPUe-
cKoe. YdaluMmcst ObLT TPEJJIOYKEeH OIMPOCHUK, MPU IMOMOIIN KOTOPOI'O OIpe/ie-
Jisijicst Tun MblnieHnsi. OOpaboTKa pe3ysibTaToOB OIpoca IoKasaJjia, 9TO HeoOXO-
nuMa 0oJiblias paboTa 110 Pa3BUTUIO aOCTPAKTHO-CUMBOJINYECKOI'O, HAIJIslITHO-
00pas3HOro, TBOPYECKOro MbllieHust. 13 HabsojeHuit 3a y4ueOHbIM IIPOIECCOM
OBLIIO YCTAHOBJIEHO, YTO JIETU TOJIbKO MHTYUTHBHO IIPEJICTABIAIOT METO/Ibl HAOJII0-
JIEHUST 38 dKCIepuMeHTOM. [Ipu 9ToM OHU He MOI'YyT yKas3aThb IeJib HAOJIOICHMSI,
B OTBETaX HET JIOTMYECKO CBA3U, HE MOIYT IPOSIBUTH CAMOCTOSITEIbHO KaKNe-TO
YMEHUs U HABBIKU SKCIIEPUMEHTAIbHON PAOOTHI.

13 Bcex akTUBHBIX METOJI0B 00y YeHHsI Mbl M30paJjii SKCIIepUMeHTaIbHbI, 100
OH I103BOJIAET B DOJIbIIEI CTEIeHN ITPOSIBUTH TBOPYECKYIO U CAMOCTOATEIHLHYIO e~
SIT€JIbHOCTD, PA3BUBATh YMEHHUsI, HABBIKH, IIOBBIIIACT HHTEpEC K (PU3UKeE, Y/IydIia-
eT TaMsTh, MbIIILJIEHNE 1 00eCTIeYnBaeT BOCITUTAHNE: JTUCIIUILIINHY, B3AXMOIIOMOIIIb,
OTBETCTBEHHOCTD.

Ha cdbopmupytomem srane sxcrepuMenTa ObLIa TPOBEJICHA:

® KOPPEKTUPOBKa KaJeHJIaPHO-TEeMaTHIeCKOro IlIaHa 110 (PU3NKE, KOTOPBIi
npejlycMaTpuBaJl IIpoBedeHe YPOKOB, HACBIIIEHHBIX SKCIIePUMeHTaIbHBIM
METO/IOM;

e paspaboTaHbl pas3jindHble (DOPMbI yUEOHBIX 3aHATHI, B KOTOPBIX YKa3aHbl
IIPUEMBI, CIIOCOOBI, JIAIOININE BO3MOYKHOCTH IOBBICUTH YPOBEHb AKTHBHOCTH
YUaIUXCS;

e pa3paboTaHbl PEKOMEH IAINN 0 OBJIAJIEHNI0 METOJIaMU HAYIHOTO TO3HAHUSI.
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Best npoenannast padbora MO3BOJIIIA OIPEIEeJUTh HAYaJbHBII U KOHEUHBIM
YPOBEHb IO3HABATEJILHOI AKTUBHOCTH YUAIUXCs. AHAIN3 Pe3y/IbTaToB SKCIEPU-
MEHTa TTO3BOJIII CIIEIATh CJIEIYIO BBIBOMI: y yUIalnuxcs: ¢chopMIPOBAJIOCH 11~
JIOCTHOE IIpejicTaBjeHre 00 SKCIIepUMEHTAIbHOM MeToje mno3Hanust. OHU MOTYT
CaAMOCTOSITEJILHO U 0€301NO0YHO OIIPEJIe/INTh 1eJIb, YCJIOBUE, TLJIaH MPOBEICHUS
9KCIIEPUMEHTa, JieJiaTh JIOTHYeCKHue 3aKJII0UeHHsI, 3HAYUTe/IbHO IOBBICUIACH X
CaMOCTOSITEJIbHOCTH, OTBETCTBEHHOCTD, YCIIEBAEMOCTb, HHTEPEC K M3yUeHUIO (Hu-
3UKI, UYTO CBUJIETEILCTBYET, B UTOre, O MOBLIIIEHNN UX YPOBHS aKTUBHOCTH.

Paszpaboranibie HaMII MeTOAMYeCKIe PEKOMEHIAINH JIJIs YUIAIIIXCsI 110 OBJIa-
JIEHUIO SKCIIePUMEHTAJbHBIMI YMEHHSIMU U HaBbIKAMU, U pa3paboTaHHbIE PEKO-
MEHJIAINN JIJIsI yanuTeseil GpU3UKN 110 MOBBIIIEHIIO YPOBHS aKTUBU3AINN ITPAKTH-
YeCKOM JIesITeIbHOCTI MOI'YT UCIIOJIb30BATLCS B IIPEIoJaBaHIN (PU3NKHA B IIKOJIAX.
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3ACTOCYBAHHS IHTETPAIIINMTHUX 3B’A3KIB
TP BUKJIA/TAHHI ®ISNKU

B namniit ctaTTi 0OrpyHTOBYETHCS HEOOXITHICTH IHTErpaIiitHUX 3B’g3KIiB (PI3UKHU 3 TPUPOJTHU-
YUME JUCIUILTIHAME. B 1mporieci ekcriepuMeHTy OyJI0 JIOBEJIEHO, IO IHTErpalliiiHi 3B I3KH MixK
JICIIAILTIHAMA 3a0e311e9yIoTh e(PeKTUBHICTh HaBYaJbHOI JiA/JIBHOCTI 1 CHPUAIOTH PO3BUTKY B
YUHIB IIIICHOI'O HayKOBOI'O CBITOIVISIILY.

Kiro4yoBi cjioBa: inmeezpayiting 36°A3%KuU, HABUANDHA IANDHICND, HAYKOBUT C8IMO02A70.

CyuacHa cucTeMa OCBITH HallpaBjieHa Ha (OPMYBaHHSI BHCOKO OCBIU€HOI, iH-
TEJIEKTYaJIbHO PO3BUHEHOI OCOOMCTOCTI 3 LIJIICHUM YsIBJICHHSIM KapTHHU CBITY, 3
PO3YMIHHSAM TVIMOMHU 3B’SI3KiB SBUII Ta, IIPOIECIB, 10 MPEJICTABILAIOTE JaHy Kap-
THUHY.

Bpejiennst inTerpartiii npeJMeTiB B CUCTEeM] OCBITH J03BOJIUTHL BUPIIIUTH 3aB-
JIaHHS TIOCTaBJIEH] B JIAHUIl Yac IMepej] MIKOJIOI0 1 CYCHLILCTBOM B Iijiomy. [HTe-
rpaliiiiHe HaBYaHHsI Cclipuse iHTeHcudikalil, cucreMaTn3allil, onTuMizalil y4b0Bo-
mi3zHaBaJILHOI JlistibHOCTI. [Ipobyiemi peastizaliil iHTerpaTUBHIX 3B SI3KIB Y HaBYaH-
Hi [IpUIJIsijach 3HAUHA yBara Ha BCIX eTallaxX PO3BUTKY I1€/Iaroriku. 3arajbHO Bi-
JIOMO, TII0 YCIIIIIHE PO3B’si3aHHA €] 11eJJar0TiIHOl MPOOJIeMI CYTTEBO BILJIUBAE HA
SIKICTh 1 e(DeKTUBHICTh HaBYaJILHOT'O Ipolecy. Tomy BoHa 1OCTiiiHO nepedyBae B
IEHTP1 yBaru JOC/IiIHUKIB 1 BUNTEIIB NpaKTUKiB. [IpenmeTna po3’eiHaHICTh cTae
OJIHI€I0 3 MPUINH (PParMeHTapHOCTI CBITOIVISTY BUITYCKHUKA KON, TOMl K B CY-
JaCcHOMY CBITI IlepeBarKaloTh TeHJIeHIIi] 10 eKOHOMIYHOI, MOJIITUYHOI, KyJIbTYPHOI,
indopmariitaol iHTerparii. CaMocTiiiHICTb TIpeJIMETIB, 1X C/1abKMil 3B’ 30K OJIUH 3
OJIHIM TOPOJIZKYIOTH Cepilo3Hi TPyHOI Y (bOpMyBaHHI B yUHIB I1J1ICHOT KADTUHA
CBITY. 3aBJ/IIKi BUKOPUCTAHHIO iHTErpallil MOyKHa peaJii3yBaTu:

e I[ijTiCHe ysIBJIEHHS TIPO HABKOJIMINHI CBIT (IHTerpallis sik MeTa HaBYaHH:A);
e 3HajiITU 3arajbHy LIaAT(OPMY 30/IMZKEHH TIPeJIMETHIX 3HAHD (1HTerpallis sk
3acid HABIAHHSA).
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Y nporpami «@izuka. Actponomisi. 7-11 KJ1.» BKazaHo, 110 ¢pisuka € pyHia-
MEHTAJILHOIO HAYKOIO, siKa BUBYAE 3arajibHi 3aKOHOMIPHOCTI mepediry mpupoHTX
SIBUIIL, 3aKJaJla€ OCHOBU CBITOPO3YMIHHS Ha PI3HUX PIBHAX II3HAHHS ITPUPO/IN.
OyHIaMEHTAIBHNAN XapakTep (pi3ndHOro 3HaHHA K (Pijgocodil HAyKN 1 MeTO/10-
JIOTIT MPUPO/IO3HABCTBA, TEOPETUTHOI OCHOBU CyYACHOI TEXHIKN 1 BUPDOOHUINX Te-
XHOJIOT'1{l BU3HAYA€ OCBITHE, CBITOIVISIJIHE Ta BUXOBHE 3HAUYEHHS IIKLJILHOI'O KypCy
dbisukn gk HaBuaabHOTO HpeaMeta [1]. Came o UM IpUYIMHAM CJTiJT BUK/IAATH
izuKy y 3B’A3Ky 3 IHMUMHU TpeaMeTaMu 1 OyJlyBaTH B yUHIB IJIICHY HAyKOBY
KapTUHY CBITY.

Baxk/jinBo BpaxoByBaTu TOi (pakT, 10 iHTerpaliiiHi 3B’ I3K1 MixK IIpeaMeTamMu
MaJIo po3po0JieH], BUKJIaJIEH] cyleped/inBo, baraTo po30izKHOCTEl cepeji aBTOPiB
MOCIOHNKIB B PO3YMIHHI CYTI 1UX 3B’g3KiB. BumTesi, He Ma4m YiTKOI cHCTeMU
MEeTOJINYHUX pEKOMEeHJAIllil 110 bOMY HMUTaHHIO, BUMYIIIEH] BUPIIIYBATU IIIO [1PO-
Osiemy Ha emImipudHoMy piBHi. [IpoaHasizyBaBII METOINIHY JIITEPATYPY, MU BU-
SBIJIM TaKl HEJIOJIKNA B BUKJIaJIAHHI IPUPOJHUYUX HAYK:

® HEBUIIPAB/IAHO BEJIMKI BUTPATH 4Yacy Ha JyO/toBaHHs (IIOBTOPHUIT BUKJIaJ)
OJIHUX 1 TUX »Ke IUTaHb B IIpollecl BUKJIAJIAHHS PI3HUX HAaBYaJbHUX JIUCIU-
IJIIH TPUPOTHUYOTO HAIIPAMKY;

® HeJOCTATHS Y3TOJ[KEHICTh B Yaci BUBUEHHsI CyMIXKHUX HaBYaJbHUX JUCIIU-
IUIIH, [0 YCKJIQJIHIOE BUKOPUCTAHHS MOXKJIUBOCTEI OJIHOTO IpejMeTy B IIiJI-
TOTOBIIl TEOPETUIHOI 1 NPAKTUIHOI Oa31 JIjIsI BUBUEHHS 1HIIIOIO;

® BIJICYTHICTb €JHOCT1 B 1HTepIpeTallll 3arajJlbHUX IOHATh, 3aKOHIB 1 Teopiii,
BIJICYTHICTb €JHOCTI B 1X PO3KPUTTI Ha PI3HUX eTallaxX HaBYAHHS, IIPU BU-
BUEHHI PI3HNX HaBYAJLHUX JIUCIHUILIIH;

e oOMeXKeHe IlepeHeceHHsl 3HaHb, YMiHb 1 HaBUYOK, OTPUMAHUX YUHSAME IIPU
BUBYEHHI OJIHUX HaBYAJLHUX IIPEJMETIB, Ha BUBUYEHHS IHIINX HaBYAJIbHUX
IIpeJIMETIB;

® HUB3LKUII piBeHb cucTeMaTu3allll 1 y3arajJbHeHHs 3HaHb, OTPUMAHUX YUHIMU
[IpU BUBYEHHI PI3HUX JIUCIUILIIH;

® BiJICYTHICTH €IWMHOTO IIXO/Y JIO BUPOOJIEHH B YUHIB y3araJbHEeHNX YMiHb 1
HaBUYOK;

® HEeJOCTATHBLO TIOBHE PO3KPHUTTA B3a€MO3B'S3KIB 1 B3a€MOOOYMOBJIEHOCTEI
SIBUIIL, 1[0 BUBYAIOTHCS HA yPOKAX;

® 00MEYKeHMIT TIOKAa3 CILILHOCTI 1, pa30M 3 TUM, CHENIMIIHOCTI METOIB JTOCTi-
JIZKEHHSI, 8 TaKOXK CIeIudITHOCT] Py KaTeropiil, 3aKOHIB 1 OJIOXKEeHb JIJIsi
Beix Hayk [1].

OckiJIbKHI IHTErpaliist — Ie He CaMOIIijib, a IIeBHA CUCTeMa, B JIisl/IbHOCTI BUUTE-
Jisl, TO ITOBUHEH OyTH 1 IIJIKOM KOHKDPETHHIl pe3y/bTaT iHTerpoBaHOIO HABUYAHHSI.
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Bin moxke OyTn:

y IJABUINEHH] PIBHS 3HAHb 110 TIPeMETY, sIKIil BUBUAETHCS;
B IVINOMHI 3aCBOIOBAHUX IIOHSTH;
y 3MiHI pIBHS IHTEJEKTYaJIbHOI JIsl/IbHOCTI;

[ ]

[

[

® y 3DOCTaHHI M3HABAJILHOIO IHTEPECY MIKOJIAPIB;

® v BKJIIOUEHHI YYHIB B TBOPYY /JislJIbHICTD;

® 3HAHHA HAOYBAIOTH CHCTEMHOCTI;

® BMIiHHS CTalOTh Yy3araJbHEHUMU, CIPUAIOTH KOMILIEKCHOMY 3aCTOCYBAHHIO
3HaHb, 1X CUHTE3Y, IIepeHeceHHIo 1Jieil 1 MeTo/iB 3 OJIHIE] HayKN B 1HIIY;

® [IOCUJIIOETHCS CBITOIISTHA CIPSIMOBAHICTDH MI3HaBAJIbHUX 1HTEpPECIB YUHIB;

® JIOCATAETHCS BCEOITHMIT POBBUTOK OCOOMCTOCTI.

[1st Toro o6 3acTocyBaHHsI iHTerpaiiii 0yJsIo0 MOXKJIMBUM 1 ILILIHIM, HEOOXi1He
IJIAHYBaHHSI 1HTerpamifiHux 3B’s3KiB. 3MicT, 00’eM, 4Jac i 3aco0M BUKOPHUCTAHHSI
3HaHb 1 BMIHb 3 IHIITUX [IPEJIMETIB MOXKHA BUSHAUUTH JIMIII€ HA OCHOBI IIJIaHYBaHHSI.
Ile Moke OyTH CiTKOBe, KypCcOBe, TeMaTU4IHe Ui [TOypPOYHe IIJIaHyBaHHSI.

[HTerpaliiiiti 3B’ 43K MOXKYThb Oy TH 3/1ifiCHeH] PI3HUMU HIJIsIXaMI B OpraHidHiil
€JTHOCTI, IIJIeCIIPAMOBAHO 1 cucrtemarudHo. [le MOXKyTh OyTH CMHXpOHHI HararTo-
IpeJIMETHI 3B’SI3KH, IepeHeceHHs 3HaHb 3 OJIHI€l 00JIacTl HAYKW B PI3HI CUTya-
il iHmmx obJsacreil, aCHHXPOHHI (B3a€MHI) 3B’s3KU, TOHSTIIHI, i1eiiHi, cucTeMHO-
CUHTETUYHI, 3B 93KH 110 METO/aM HayK.

[liznannst dizuky HEBiJI'€éMHE BiJ| III3HAHHSI MaTeMaTHKU, 0COOJIMBO 3apas3, KO-
JI MaTeMaTU4Hl MeTO/IU JOC/I/IZKEHHST MUPOKO 3aCTOCOBYIOTHCS Y PI3HUX Tajly-
3s1x. DisnKa, 3 01HOr0 OOKY, BUKOPUCTOBYE MaTeMaTUIHUI allapaT JIJid BUBUYEH-
Hsl KIJIbKICHUX 3B’SI3KIB MIK $IBUII[AMHU Ta IPOIECaMI MaTepiaJibHOTO CBITY, a 3
IHIIIOTO, CTUMYJIIOE PO3BUTOK MaTeMaTHKN, BUCYBaIOUM I Hel 3aja4dl CTBOPEH-
Hsl HOBOI'O MaTEeMaTHYHOI'O allapaTry JJisi BUpayKeHHA HOBUX (DISMIHUX 3aKOHO-
MipHOCTeli. 3B’130K (Di3UKM 1 MaTeMaTuKH, siKk HaBYAJIbHUX [IPEJIMETIB, TOBUHEH
3JIICHIOBATHCH Y PI3HUX HalpSIMKaX, TAKUX K POPMYBaHHA B yUIHIB (DI3UIHUX i
MaTeMaTUIHUX MOHATH, IPAKTUIHNX BMIHb Ta HABUYOK.

BzaeMo3B’s130K pizuKu i MATEMATUKHI TTOCTIHO PO3IIHPIOEThest. OCHOBHA yBa-
ra NpUIJISIETbCS BJIOCKOHAJIEHHIO METOJMKK floro peaJiizalii, BUOOPY ONTHMAJIb-
HUX HAIIPsIMKIB B3a€MOIIPOHUKHEHb V BUKJIaAaHHI X KypciB. OCKiIbKN B3aEMO-
3B’SI30K 3HAYHO IIIABUIIYE HAYKOBUII piBeHb BUKJIAIAHHSI KOXKHOTO 3 IUX IIPeaMe-
TiB, floro HeoOXiIHO 3/1ificHIOBATH Ha BCiX eTaltax HapuaHHsi. Came Ha I HAILIIO-
I0Th BYUTE/IB HABYAJbHI TporpaMu 3 (pisuku Ta MaTeMaTuku |3|.

3 [poBejeHOro aHaji3y mporpaM 3 (bi3UKM i MaTeMaTUKH MU BHUSIBUJIA J0-
CUTDb BEJIUKI HEJIOJMIKK 1 pO30IKHOCTI NpU BUBYEHHI (PI3UKM i MATEeMaTUIHUX Ha-
VK, (DAKTUYHO Ha KOXKHOMY YPOIIll, IEePII HizK PO3IOBICTH PO (Pi3UKY, BUNTEIIO
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HEOOX1THO JIATU YIHAM MaTeMaTUIHy 0a3y, JjIsd TOro Mmob y9IHI MaJl 3MOTy Horo
3po3yMiTH 1 po3B’si3yBaTu 3ajad4i [4].

Peastizaliist 0JIHOrO 3 OCHOBHUX HAaIIPSIMKIB IIKiJIbHOI pedOopMu- BKIIOUYEHHS
OCHOB 1H(OpPMATUKN B YIO0BUIT IIpoIleC 1 3a0e31eYeHHs] KOMIT FOTEPHOI IPaMOTHO-
cti. Ilo moxkHa ckazaTu 1Ipo 3B’s130K dizuxn Ta iHdopmaruku? Leit 38’s30K Oye
HOIINPIOBATHCs, O0€3 3HaHHs (DIBUYHUX 3aKOHIB HEMOKJIMBUI PO3BUTOK OOUHMCIIO-
BaJIbHOI TEXHIKM, a 0€3 KOMII' I0Tepa — IPOrpec PO3BUTKY (PI3UKHM Ta 1HIIUX HayK.

dopmyBaHHS HAYKOBOTO CBITOTJIAY YIHSA HEMOXK/IUBE 0€3 3aCBOEHHS CHCTEM-
HUX 3HaHb 3 XiMil, TOMY 1[0 PO3BUTOK 3B’s13KiB (bi3uKu i XiMil cripusie popMyBaHHIO
KJIIOUOBUX KOMIIETEHTHOCTE YUHIB, HEOOXITHUX JIJIsi TBOPUOI camMopeaJiizaliil 0co-
O1CTOCTI, PO3YMiHHS HAYKOBOI KAPTUHM CBITY, BUPOOJIEHHSI €KOJIOIYHOIO CTUJIIO
MUCJICHHSI Ta BUXOBAaHHS I'POMa/JITHUHA JIEMOKPATUYHOI'O CYCHIJIbCTBA. 3 MPOBE-
JIEHOTO aHaJIi3y MporpaM 3 XiMil MOKHA 3pOOUTHU BHCHOBOK, IO KypcH (Pi3ukn i
XiMil j100pe y3roKeni Mixk coboro. € e jiesiki po3012KHOCTI y Yaci BUBUEHHSI
OJIHUX 1 TUX K€ ITOHSATh, K1 MOKHA BUPIIIUTH HLJISIXOM IIPOBEJIEHHS IHTErPOBAHUX
YPOKIB.

MeTor0 HaIIOro eKCIepUMEHTY OYJI0 BUSBUTU 4u 3a0e3Ieuye IiJIeclpsiMOBaHe
3JIIICHEHHS IHTErpalliitHIX 3B I3KiB (PI3UKHU 3 MpeJIMeTaMu ITPUPOJIHIION0 IITKTY
eeKTUBHICTb HaBYaJIbHO-III3HABAIBHOIL JIISIIBHOCTI, IiIBUIIEHHS SIKOCTI HaBYaJIb-
HUX JIOCATHEHb YUHIB, MiJBUIEHHS X Mi3HABAJILHOTO 1HTepecy. B excriepumenTi
opasm yani 11-A xmacy (3O Nel, m. Crros’siHebK) Ta BunTesti bisukn, MaTeMa-
TuKHN, iHGopMaTHKN, XiMmil. SagadaMn mepuioro eramy (KOHCTATYIOUOro) Ie1aro-
I'YHOTO eKCIEPUMEHTY OYJI0 JIOC/IIUTH aKTUBHICTD YUHIB Ha ypPOoKaxX (Ppisukm; 3's-
CyBaTH Y1 BUKOPUCTOBYIOTH BUNTEJI 1JIel iHTerpallil Ipu HaBYaHHI; JI3HATUCS 11PO
SIKICTh HaBYAJbHIX JIOCATHEHb YuHiB. [1i1 gac 6eciin 3 BUNTEIsIMI BUSIBIJIOCH, I110
BOHU He 3aiiMaJ/IiCh aHaJII30M [IPOrpaM 3 IHIIUX [IPEJIMETIB, He ITPOBO/ININ CYMICHI
IHTerpoBaHl YpOKU, & BUKOPUCTOBYBAJIN CBOI 3HAHHS 3 IHIIUX IIPEJIMETIB, KOJIU 1€
HOTPIOHO, IIPU BUBYEHHI CBOET JUCHUILIIHU. Y 9HI He MOXKYTh 3B sI3aTH MizK COOOIO
IpeIMETH TPUPOTHUYIOTO UK.

Mu po3pobusn cucreMy IHTEIPOBAHUX YPOKIB JIJId TMOBTOPEHH Kypcy pizu-
KU TIPU ATOTOBII BUIIYCKHUKIB KL JI0 30BHIINTHBOI'O TECTYBaHHS, Ta METOJIMYHI
PEKOMEHIAINT JIJIsT BUUTEIB 110 1X BIPOBa KeHHI0. Ha mpoTsi3i Tphox Micaris (1
qac MPOBEJIEHH] MeIaroriaHol MPAKTHKK) BUKOPUCTOBYBAJIN 11 PO3POOKU HA YPO-
Kax (pi3uKM 1 crocTepirain 3a HacC/IiKaMI poOOTH YUHIB Ha yPOKaX.

Pesynbrarn mpoBeieHoro mearoriqynoro eKCepuMenTy Oy/In ITpoaHasIi3oBamHl
1 JaJim 3Mory 3pobuUTH HACTYITHI BUCHOBKU:

® IIi/IBUIIMBCH IMi3HABAJILHUI iIHTepec YUHIB -YUHI CTaJIl aKTUBHIIIIE ITPAIIOBATH
Ha 3aHATTAX, OpaJsin JOMAIIIHI 3aB/IaHHS, CAMOCTIIIHO 3HAXOIIIN 3B SI3KN MiXK
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peaMeTaMu;
® IIi/IBUIINJIACH AKICTHh HaBYAJbHUX JOCATHEHD YUHIB;
® IIBUIIIACH eEeKTUBHICTL HABUYAIbHO-I1I3HABAJILHOI JIisIIBHOCTI.

TakyM YMHOM, MOXKHA 3POOUTH BHUCHOBOK, IO 3/iCHEHHs iHTerpariiiHux
3B’93KiB (DI3UKU 3 IpejMeTaMi IIPUPOJIHIYOr0 MUKJIY 3a0e3redye eeKTUBHICTD
HaBYAJIBHOI JIislJIBHOCTI, JI03BOJIIE CCPOPMYBATH B YUHIB IIIICHUI HAYKOBUII CBITO-
Vi), BMIHHSI CTAIOTh y3ara/lbHEHUMU, CHPUSIOTH KOMILIEKCHOMY 3aCTOCYBaHHIO
3HaHb 3 PI3HUX IIPEIMETIB.
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TEXHOJIOI'TA CIIIBPOBITHUITBA 4K OAVH I3 IIJIAXIB
PO3BUTKY MI3HABAJHLHOI MOTUBAIIII YUHIB

Y crarTi 3rpynoBaHa METOIUKA iHHOBAIIHOT TEXHOJIOTIT CIIBPOOITHUIITBA, sIKa BUKOPUCTOBYE-
ThCs BUUTEJIAMU Ha ypoKax (Pi3MKu Ta MOKe OYTH IMePCHeKTUBHUM 3acOO00M PO3BHUTKY ITi3HA-
BaJIbHOI MOTHUBAIIIl YYHIB.

Kunro4osi ciioBa: mexHonozia, cnispobimHuymeo, Momusauis.

[Iparnenns mocTiiino oNTUMIZ0BYBAaTH HaBYAJILHO-BUXOBHUI ITPOIIEC 3yMOBU-
JIO TIOSIBY HOBHUX 1 BJIOCKOHAJIEHHSI BUKOPUCTOBYBAHUX I€JIarOTTYHUX TEXHOJIOTi
piBHUX PIBHIB 1 pi3HOI HJIKOBOI crpsiMoBaHoCTi. ITomasibimmit X po3BUTOK I10B’sI-
3aHUil 3 OpleHTAlll€I0 Ha peaJizalllio CydyacHUX KOHIEIiil OCcBITH I BUXOBaHHSI.

CyTTeBOIO 03HAKOIO CydYaCHHUX IHHOBAItHUX IporieciB y cdepi HaBuaHHS 1
BUXOBAHH € 1X MeTH0A02130114 — HEYXUJIbHE JIOTPUMaHHA 3MICTY 1 ITOCJI1JJOBHOCTI
eTalllB BIPOBa/?KEHHS HOBOBBEJIEHb.

[cToprdHO TOHSTTS «TexHOJIOTIsT» (rpell. techne — mMucTenrTBo, MaficTepHicTh
i logos — cJ10BO, BUeHHsI) Y 3HAYEHHI HAYKU [IPO MAHCTEPHICTH BUHUKJIO Y 3B sI3KY
3 TEXHIYHUM ITPOI'PECOM.

/10 OCHOBHIX O3HAK TEXHOJIOTIT HAJIE?KUTh CTaHapTU3aIlis, YHI(iKallis IpoIie-
CY, MOYKJIUBICTH #1010 e(beKTUBHOTO Ta €KOHOMIYHOI'O BIJITBOPEHHS BiJIITOBIIHO JIO
3aJaHuX yMOB. TexHoJioriuHmil Iporec 3aBxKau mepegdadae 4iTKy MOCIIIOBHICTD
orepariiif 3 BUKOPHCTaHHAM HEeOOXiTHUX 3acobiB (MarepiasiB, IHCTpyMeHTIB) 3a
eBHUX yMOB [1].

BrpoBa izkenns 1megaroriqHux TeXHOJIOTi B HaBUYAJbLHUX IPOIecax OKPEeMUX
JUCHUAILIH € OJHUM i3 IepPCIIeKTUBHUX ILISIXiB IiJBUIIeHHsT edeKTUBHOCTI Ha-
BuaHHs. Cepej1 IHIINX, JJIs HAIIIOTO TEOPETUYHOTO Ta IMPAKTUIHOIO JOC/IiIXKEHH
MU BUJILJTUJIN TEXHOJIOTIIO CIIIBPOOITHUIITBA, sIK OJIHY 3 HANWOILIbII MEePCIEeKTUBHIX
0COOMCTO-OPIEHTOBAHMX TEXHOJIOTIIA.

[Iegarorika criBpoOITHUIITBA 3aCHOBAHA Ha NPUHIIAIIAX:

— B3a€MO3AJIEKHICTD YJIEHIB I'PYIIN;
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— 0cobUCTa BIJIMOBLIAJIBHICTH KOXKHOTO YJeHa TPYIH 3a BJIACHI yCIIXH it ycIri-
XU I'PYyIU;

— CIILJIbHA HaBYaJIbHO-TII3HABAJIbHA, JISJIbHICTD B I'PYIIL;

— 3arajibHa OIiHKa pobotn rpymu |2|.

OcobmmBOCTI XapaKTepUCTUK Ta OpraHi3allil TeXHOJIOril cliBpOOITHUIITBA BHU-
puasn K. JI. Ymmacekuit, C. T. Hlampknii, B. 4. Kopuak, K. Pomxkepc, E. Beps.

3a IX TBEp/KEHHSAM, HABUYAHHSI Y CIIBPOOITHUIITBI PO3TJISIIAETHCA K METO/I.
[cayroTh KiTbKa BapiaHTIB JAHOTO METO]ly HaBUAHHS:

THepwui sapiarnm «HaBIaHHS B KOMaHIi». DiIbIICTL BapiaHTiB METOJy Ha-
BYaHHs B CIIBPOOITHHUIITBI BUKOPUCTOBYIOTH 1/I€0JIOTII0 caMe IhOro BapiaHTy. Y
IIbOMY BapiaHTi 0cOOIMBa yBara NpPUILISETHCA «TPYIIOBUM ILJIsAM» 1 YCITIXY BCi€l
I'PYIN, AKAi MOxKe OyTH JIOCATHYTHI B Pe3yJIbTaTi caMOCTIiHOT poOOTH KOXKHOIO
YJIeHa IPYIN B HOCTIHHIM B3a€MOJIT 3 IHIMUMK YJIEeHAMU II€T 2K T'PYIIH [IPH podOTI
HaJI TEMOIO, ITUTAHHSIM, IIPEIMETOM BUBUYEHHsI. 3aBJaHHSA KOKHOI'O yUHSI MTOJISITAE
He TLIBKNA B TOMY, II00 3pOOUTH MIOCH Pa30M, a B TOMY, 1100 MI3HATH MOCH Pa30M,
1100 KOKEeH 4jIieH KOMaH/I1 OBOJIOJIIB HEOOXIIHUMU 3HAHHAMU, cPOPMYBaB IOTPi-
OHI HABUYKM 1 TP I[HOMY, 11100 BCsT KOMaH/Ia 3HAJA, Y00 JOCAT KOKEH ydeHb |3].

Jpyeuti eapianm HaBYaHHSI y CHIBHpPaIll «Iujaa». ByB po3pobseHunii mpod.
Elliot Aronson B 1978 p. i HasBanmii Jigsaw (y mocjiiBHOMY Iepekjiajii 3 aHriii-
CbKOT — ayKypHa M1, MAITIHHA HOYKIBKA). Y TeIaroriaHiil mpakTHIf Takuit mixis
IMEHY€eThCsT CKOPOUeHO «Imay |4].

YuHi opraHizyoTbcs B rpynu 1o 4-6 4o/I0BIK i poOOTH HaJ, HaBYAJIbHUM
MatTepiasioMm, kil po3ouTtnii Ha dpparmentn (oridHi 60 CMEUCIOBI GJIOKH).
Hanpukiaj, tema «biorpadisa BumarHoro ¢isuka 4m BYEHOTO» MOKe OYTH PO3-
ouTa Ha:

— MPUYUHU O CIOHYKAJN BUYEHOTO JIO BUOOPY MpeaMeTa JTOCTIIZKEHHS;

— MeXaHi3M BUPIIIeHHS HAyKOBOI IIPOOJIEMU;

— TPYAHOII HAyKOBOTO IOIIYKY;

— OIliIHKa BHECKY BUYEHOI'0 B PO3BUTOK HAYKHU.

Koxken wjen rpynu 3HaXOUTH MaTepia 1Mo CBOTH YacTUHI.

[Torim y4mi, gKi BUBYAIOTH OJIMH 1 TOI Ke MUTAHHS, ajie CKIAJAI0THCI B Pi-
3HUX I'pylax, 3yCTPidaioThcs i 0OMIHIOIOTHCs 1HMOPMAIIEIO sIK eKCIIEPTH 3 JIAHOTO
nutanisd. [le HazsmBaeTbCs «3yCTPIUIIO €KCIIEPTIB».

Tpemiti eapianm MeTOy HaBUaHHS B CIIBpOOITHUIITBI «Bunmocst pazom».

Learning Together (Banmocst pasom) pospob.ienuii B yaiBepcuteri mraty MiH-
necora B 1987 poui (David Johnson, Roger Johnson). Kiac pos6usaerbest Ha pi-
3HOpPi/HI (3a piBHeM HaBueHocTi) rpymu B 3-5 wosoBik. Koxkaa rpyma orpumye
OJIHE 3aBJIaHHSI, IKe € JaCTHUHOIO 3aBJlaHHs Oy/b SIKOI TeMU, HaJl sIKOIO IIPAIIIOE
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BeCch KJjac. B pe3yibrari crijibHOl PoOOTH OKPEeMUX TPYII i BCIX IPYIl B ILJIOMY
JIOCATAETHCA 3aCBOEHHS BCHOI'O MaTepiajy. Beepeuni rpynu y4aHi caMOCTIHHO BU-
3HAYAIOTH POJI KOZKHOI'O Y BUKOHAHHI 3arasbHOro 3aBiamns |5].

Y HaBuaHHi, 1100y IOBAHOMY Ha OCHOBI I€JIATOTIKN CIIIBPOOITHUIITBA BarKJINBA
MeTa — PO3BUTOK 1HTEJEKTyaJbHUX, JYXOBHUX 1 (PI3NUHUX 3/1I0HOCTEl, IHTEPECIB,
MOTHUBIB, BUPOOJIEHHS HAYKOBO-MaTEPIaJiCTUIHOIO CBITOIISTY. 3MICTOM YPOKY B
TAKOMY HaBYaHHI € OCBOEHHSI CIIOCODIB Ii3HAHHSI, CYCIILJIBHO 1 OCOOMCTO 3HAUY-
IUX [IePETBOPEHb B HABKOJIMIIHBOI JIIfICHOCTI, a He IIporpaMHl 3HaHHS 1 MaTeplall
APy YHUKA.

YUHI OTPUMYIOTh MOYKJIUBICTL JIYyMaTH BLILHO, TOBOPUTH HEBUMYIIEHO, €MO-
1ifiHo, 6araTo i yBayKHO YUTATH, aHaTI3yBATH, YCBIIOMIIOBATH BAXK/INBICTD 3HAHD
pizuKm 115 AKUTTA 1 Tpopeciiinol JigabHOCTI. AKITo HaBYabHa POOOTa YIHIB Ma€
TaKi pucH, 11e 000B’I3KOBO MPUBO/IUTH JI0 PO3BUTKY BarKJIUBOI SKOCTI OCOOMCTOCTI
— IMi3HaBaJIbHOI MOTHBAIIl , HABYaHHs IIKOJIsIPIB HAOYBAa€ MOTHBIB.

[Ti;1 MoTUBaMU pO3YMIIOTH CHOHYKAJbHY NMpUIuHy Jiit 1 BunakiB. Ha dopmy-
BaHHA MOTHBIB BILIMBAIOTH IOTPEOH, MOTATM, €MOIIil, YCTAHOBKH, ijIeaJii Ta iHTe-
pecu. IIpobiiema popMyBaHHS O3UTUBHOI MOTHBAIIII IKOJISIPIB Ha YpOKax (pi3uku
BAJIMIIAETHCA aKTyaJIbHOIO, Oe3J1iY I1e/1aroriB BYUCHUX — JUJIAKTIB 3aiiMaJiics BU-
pirertsM 1iei mpodsemu [6].

Harre mociizkeHHsT TaKOXK HAIIpaB/IeHO Ha (POPMYyBaHHS IMi3HABAJILHOI MOTH-
Ballii yuHiB pu BuB4enHi dizuxu. 1oro 0cobmBICTIO € MUISX JT0CATHEHHS Pe3yJlb-
TaTy — PO3BUTOK MOTHUBAIII 38 JOIIOMOI'OI TEXHOJIOrI] CIiBpOOITHUIITBA.

[IpakTuaHuii eramn JociixkeHHst Hamu OyB 1posejeHuii y CJioB’siHCbKOMY
XIMIKO-MeXaHiYHOMY TEeXHIKYMy cepeji VUHIB, Ki BUBYalOTh (Pi3UKY 3a IIporpa-
MO0 aKaJIeMIYHOI'O PiBHs CepeJiHbOl MKoIM. BukiagadeM (isuku B IIbOMY 3a-
kiaasi € KoristpoBO.B., Bucoko daxoBuii crieniajicT, siKuii yCIINIHO BTLIIOBAB B
MPaKTUKY poOOTH OCHOBHI MPUHIUIN, iJiel, METO/M Ta OCOOJIMBOCTI, MpUTaMaH-
i TexnosIoril criBpobiTHMIITBA. J0ro PO3pOOKH «HABYAHHS B KOMAH >, <IIIJIay,
«BIIMOCS PA30M», «3yCTPIU €KCIEPTIB», J00PE BiJIOMI KoJieraM Ta MaiiOyTHIM BUH-
TesiaM. Harre cymicHe JTOC/TiKeHHS OY/10 HAITPABJIEHO Ha PO3BUTOK IMi3HABAJILHOT
MOTHUBAII] y4IHIB.

Hapeemo nepesiik etariB Halol podOTH:

— O3HAlOMJIEHHS 3 TE€OPIEI0 Ta IMPAKTUKOIO BIPOBAJIZKEHHS TEXHOJIOTI CIIBPO-
OITHUILITBA, 11 «MOYKJIMBOCTEI», JIjIsi PO3BUTKY Ii3HABAJILHOI MOTHBAINI IIPH
HaBYaHH] (DIBUKH;

— JlarHOCTyBaHHs PIBHS MOTUBAIIIT YIHIB JI0 BUBYEHHS (PI3UKHU Ta TX €eMOIIHO-
IO CTABJIEHHsI JIO MPEJMETy Ha MOoYaTKy jociipkents (3a Kasanmesol I.M.
ta moaudikamnieo Auapeesoi O.J1.);
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— oprasizaiiist BIIITOBIAHUX O€ci/l Ta IOsICHEHD YUHSIM, dKi aJallTyBaJIl IIepexis
BIJI 1HIUBIJIyaJIbHOI JisIJIBHOCTI JIO0 T'PYIIOBOI;

— BHECEHHsI 3MiH JI0 KaJIeHJapHO-TeMaTHIHOrO IJIaHYBaHHS 3 (PisuKu, sKi O
nepedada 3aCToCyBaHHsT TEXHOJIOTIT CIIIBPOOITHUIITBA, 1110 CIIPUSAIOTH PO3-
BUTKY II3HaBaJbHOI MOTHUBAIIl Yy4YHIB, €MOIIIHOI caMOPEryJidllll, KOHCTPY-
KTHUBHOI B3a€MO/Ii1, OPraHi30BaHOCT1 Ta BIJIIIOBIIAJIbHOCTI;

— PO3pOOKa TIJIaHIB — KOHCIIEKTIB yPOKiB 3 disuku (Tema: «Maruitae moses) 3
ypaxyBaHHsM BUKOPHCTAHHSI peKOMEHIaIliil IIaHyBaHHsA, BiIIOBIIHOTO JI1-
JaKTUIHOIO MaTepiajy, HAOUHOCTEH, cydacHuX 3aco0iB HaBUYAHHI.

CTBOpeHHsI eMOIITHOTO HACTPOIO yUHIB Ha yPOKaX CIPHUSIIN 3aCTOCYBAHHS,
HAMU TPAJAUIIAHAX Ta IHHOBAIIITHUX METOIMIHUX HPUITOMIB: icTOpUIHUX (PaKTiB,
IIKaBUX JIOCJIJIB, JUJAKTUIHIX irop, TBOPH XYJI0XKHBOI JiTepaTypu, Ipod/IeMHi
CUTYAIlil, HeCTaHJIaPTHI puitoMn HaBYaHHS. Taki TpuiioMU K TPEHIHIH PO3YMO-
BOI JIisJILHOCTI Y CIIBIIPAIl Ta CIIBPOOITHHUIITBI JIonoMara/ii HaOJIU3UTUCS JIO METH
JIOCJI1TPKEHHSI.

AKimo Ha modYaTKy HaImol PoOOTH Yy CTYJEHTIB IEpHIoro Kypcy XiMIKO-
MeXaHIYHOMY TE€XHIKYMY MU KOHCTAHTYBaJIU PIBEHb II3HABAJIbHOI MOTUBAIIIT JIPY-
roro Ta TPETLOro crymens y 52 % y4nis, To Hanpukinmi Bin ckiaagas 56 %. Pesyiib-
TaTH JIOC/IKeHHs (I1e He KiHIEBi) JI03BOJIAIOTh CYUTH PO HOro aKTyaJbHICThH
CBOEYACHICTH Ta e(PEKTUBHICTH Y JIOCATHEHI MO3UTUBHUX IIiJIeil HABYAHHSI.

Jlitepatypa

1] Kyxywuna B.C. llenarorndeckue rexuosornu: yued. mocooue /| B.C. Kyky-
muna. — M.: UKII «MapT», 2004. — 336 c.

2] Ceaesro I'K. CoBpemeHntble 0OpazoBaTebHbIE TEXHOJIOIHU: YIeOHOE TOCO-
one / K. Cenesko. — M.: Hapojroe obpaszosanue, 1998. — 256 c.

3] Aaymosa O.5. CoBpemenHble TEXHOJIOTHH B HPOMUILHOM 00yueHun |
O.B. Hayrosa, O.H. Kpsuiosa ; [mog pej. A.I1. Tpsamnununoit]|. — CII6.: Kapo,
2006. — 176 c.

4] JTvicenrosa C. Tlemarornka corpyanmdaecta (OTder o BeTpede ydnmTesieii-
skcriepumentaropos) / C. Jlbicenkosa, B. [aranos, 1. Boskos [u ap.| //
Yunrenbckas razera. — 1986. — 18 okTsaOpsi.

5] Hoaam E.C. HoBble nenarorndeckue n nundOPMAINOHHBIE TEXHOJIOIUH B CH-
creme obpasosanust / E.C. ITorar. — M.: Axagemust, 2003.

6] Maprosa A.K. Morusanust u eé socruratue y mkojbaukoB / A K. Mapko-
Ba — M.: [legaroruka, 1983. — 64 c.
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TEXHOJIOI'IA ITPOBJIEMHOI'O BUXOBAHHZI, AK 3ACIB
ITOKPAIIIEHHZ{ ITISBHABAJIBHOI'O IHTEPECY 10
HABYAHHA

PosriissnyTi nutanns miBAMEHHS M3HABAJILHOTO IHTEPECY IIISXOM BUKOPUCTAHHSA ITPOOJIEMHO-
ro HaBYaHHs Ha ypokax (dizuku. [lokazara MOXKIMBICTD BUKOPUCTAHHS Ha IPAKTHUIN (HAJIAHI
PE3YJIbTATHU IeJIArOITYHOIO eKCIIEPUMEHTY ).

KirouoBi ciaoBa: npobaemme nasuarti, nidHasarbHUll tHmepec, nedazo2ivHutll excnepu-
MEHM.

Bceryn

Metoro HaBuaHHsI 1 BUXOBaHHsI € (DOPMYBaHHSI OCOOUCTOCTI 3JaTHOI aKTUBHO
JISTH, TPUIMATH CAaMOCTIIHI PIIIeHHs, BIJILHO MUCJIUTH.

Y OLIbIIOI YaCTUHU IIKOJISIPIB IO3UTUBHA MOTHUBAIlsl HeJOCTaTHdA. BuHuKae
1podseMa, MizK HeOOX1JIHICTIO IITKOJIM JaTH JUTHHI OCBITY 1 BiJICYTHICTIO 3alliKaB-
JIEHOCTI B IIbOMY 1X caMuX i 6aTbKiB. /[0 TOro »K 3a ocTanHi pOKW B YIHIB 3HU3UBCS
iHTepec 70 NPUPOTHO-MATEMATHIHUX IIPEJIMETIB Ta (pisuKu, 30KkpeMa. IIpuannamu
BTPATU IHTEPECY YacTO € HEPO3YMIHHA 3B SA3KY JOC/IIJKYBAHUX MMOHITH 3 PeaJib-
HOIO JIICHICTIO, BIJICYTHICTIO OCMUC/IEHHS CKJIaIHUX abCTPAKTHUX MOHATH, 3MiHA
CBITOIJISTY YUHIB, HOIVISIIB Ha TPaJUIIIiHI MEeTO/ I HaBYaHHSI.

Y HaraTnox I1e/IaroriB iCHye JyMKa 1110, TJIBUIIEHHIO iHTepeCy, PO3BUTKY TBOP-
qnux 3410HOCTell 1 MUC/IEHHSI CIPHSIE BUKJIQJaHHs 3 BUKOPUCTAHHSIM ITPOOJIEMHUX
merojiiB. Jlopuo [.B. BBarkae, 1o GyHKIT IPOOJIEMHOI0 HaBUYaHHSI — CIHPUSIHHSA
epeKTUBHOMY 3aCBOEHHIO YUHSIMU CUCTEMHU 3HAHb 1 CIIOCOOIB PO3YMOBOI 1 ITPaKTH-
YHOI JisI/IbHOCTI; BUPOOJIEHHsI BMIHHSI TBOPYO 3aCTOCOBYBATU OTPUMAHI 3HAHHS Y
HOBIil cuTyallil, BUPIIIyBaTH HaBYaJIbHI 1IPOOJIEMH; BUXOBAHHS Ii3HABAJILHOI ca-
MOCTIHOCTI, IIe Beje JO IpuI0aHHSA JOCBIy TBOPYOI JisSIIbHOCTI Ta PO3BUTKY
TBOPYUX 31i0HOCTEll JiTeil; pO3BUTKY MUC/IEHHS |2].

© bBemomanka O.41., [Torop O.K., Illapan B.A., 2013
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Y4HI [IOBUHHI BUCTYIIATU HE B POJII IACHUBHHUX CJIyXadiB, a aKTUBHO OpaTu
y4JacThb y mporieci mizHanng. @opMyBaHHS aKTHBHOI »KUTTEBOI IO3MIIil, IIparHe-
HHSI JIO HOBOT'O, YMIHHS MOI0 pO3YMITH 1 IIHYBaTHU, CXUJILHOCTI JIO JIOC/IJIZKEHb
Ta BUHAXITHUIITBA MOYNHAIOTHCA B MIKOJI. Pi3nka 9K HABYAJIBHUN IpPeJIMET Ma€
TAKUMU OCOOJIMBOCTSAMMU, SIKi CTBOPIOIOTH HAMOL/IBIT CHPUATINBI YMOBH JIJIs PO3-
BUTKY PO3YMOBOI [IslJIbHOCT] YUHIB Y I[LJIOMY.

OcHOBHA 4YaCTHUHA

[TisnaBasbHa MIAIBHICTD — € €HICTH IYTTEBOIO CHPUNHATTS, TEOPETUIHOTO
MUCJIEHHS 1 TPAKTUIHOI Jisi/IbHOCTI. Bona 3/11iICHIOEThCS Ha, KOXKHOMY YKUTTEBOMY
KpOIll, Y BCIX BUJAX JIISJIbHOCT] 1 COIIaJIbHUX B3a€MWUH YYHIB, & TaKOXK ILJIAXOM
BUKOHAHHS TPEIMETHO-TTPAKTUIHUX JIiil Y HaB49aHHi. ['0BOpAYN TPO Mi3HABAIbLHY
TISTBHICTE HE MOXKHA 3a0yBaTH IMi3HABAJILHY aKTHBHICTH. ToMy, IO CTaBJICHHSI
VUHIB JI0 HaBYaHHs XapaKTepPU3YETbCs aKTUBHICTIO, siKa BU3HA4Ya€ CTYIIHb <«3i-
TKHEHHs1» YUHsI 3 [PEJIMETOM HOoro JisiibHocti [5].

Y CTPYKTYPl aKTUBHOCTI BUILISIOTHCA HACTYIIHI KOMIIOHEHTH:

— T'OTOBHICTb BUKOHYBaTHU HaBYaJIbHI 3aBJlaHHS;

— IIpParHeHHsl J0 CaMOCTIHOI Jisl/IbHOCTI;

— CBLJIOMICTb BUKOHAHH¢ 3aBJIaHb;

— CHCTEeMHICTb HaBYaHHSI,;

— IparHeHHs MiJBUIIITH CBili 0cOONCTHUil PiBEHb.

[i ocobumBa 3HauyHicTb MOJArae B TOMY, IO BUYEHHs, OyIydH BiIOHBHO-
[IEPETBOPIOIOYOIO JIISIJIBHICTIO, CIPsIMOBaHe He TIJIbKU Ha CHPUIHATTS HaBYaJIb-
HOT'O MaTepiaJy, aje 1 Ha POpMyBaHHS CTaBJIEHHS Y4HS JIO CaMol Ii3HaBaJIbHOI
JisiibHOCTI. [leperBoprolounii XxapakTep JistIbHOCTI 3aBXK I 110B’ I3aHUI 3 aKTHB-
HicTio cy0’ekTa. [lizHaBaIbHA aKTUBHICTH — 1€ IHTEpeC /10 HaBYaJILHOI JisJIbHOCTI,
JIO TIpUI0AHHS 3HAHD, /10 HAyKN. BUHIKHEHHS Mi3HABAJILHOI AaKTHBHOCTI 3aJ1€2KITh
B IIeplly 4Yepry Bl PiBHS PO3BUTKY JUTUHU, OO JOCBIY, 3HaHb, TOI'O I'PYHTY,
sKa YKUBUTH 1HTEpec, a 3 IHIoro 60Ky, Bijl criocody mnojadi marepiaay. Tomy mmiz-
HaBaJIbHUI iHTepec yUHs BUCTYNATHMe B yab60oBoMy Tporieci [1]:

— sIK MeTa HaBYaHHS;

— K 3acib B pyKax y4uuTesd 1 MOTUB JiSIIbHOCTI yUHS;

— SK Pe3yJibTaT HaBYaHHSI.

e HaBOAUTD JI0 HEOOXITHOCTI JOC/IIIZKYBATU «IiKaBe yUeHHsI» SIK 9KiCTb Ha-
BUAHHS, BU3HATYBaHI 0COOJMBOCTAMU 3MICTY ITpe/IMeTa, AKNI BUABISIETHCI B KOM-
IJIEKC] METOJIMYHUX PUIOMIB, CIIPUAIOUNX CTBOPEHHIO IO3UTUBHOI'O €MOIIIITHOTO
HACTPOIO KJIACHOTO KOJIEKTUBY Ha BUPIMIEHHS YI00BO-BUXOBHUX 3aBJIaHb YPOKY.

dizuka 3aiiMae 0coOINBE Miclle cepel MKUILHIX JUCIUILLH. K HaBYaIbHUI
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Metoauka BukJaganHsa ¢isukm ta actpouowmii 8 3OIII i BH3

IpeJIMeT BOHa CKJaJla€ MOJIOBHUIT 3MicT HayKoBOI KapTunu csity. Ile maae mo-
JKJIMBICTD HIJIBUIIATH TI3HABAJIBLHEI iHTEpec /10 HaBYaHHdg BiijaoMmy. [lroro MmoxkHa
JIOCSITTU PIBHUMUI ILJISIXaMU, aJie MH BBaKaeMo, 10 HalOL/IBIN pallioHAJbHUN 11e
BUKODPUCTAHHSI Npobaemmo20 nasuants. OCHOBHUMU HMOHATTSIMU KOHIEIIT ITPO0-
JIEMHOT'O BUXOBAHHSI € NPOOAEMHG CUMYAUIA, NPodaema i npobaemme 3asdarna [3].

[IpobsiemHa cuTyallisi — ICUXOJIOTTIHII CTaH, 10 BUHUKAE B PE3yJIbTaTi MIC-
JIeHOT B3aeMoiil cy6’ekTa (yuHs) 3 00’€KTOM (HaBYAJBHIM MaTepiaaoM ), sIKuil Bu-
KJINKAE MI3HABAJIBLHY TTOTPeOY POSKPUTHU CYTh MPOIECY 200 SBUIIA, 1110 BUBYAETHCS.

[Ipobsiema — cutyariist mo norpedye akKTUBHUX JIiil 1 € TTOOYIKYIOUNM TIHHI-
KOM JIJIs JUSLIBHOCTI JIIOAUHE (JIOCTI/IZKEeHb, TIPOEKTYBAHHSI Ta BUKOHAHH), 1100
JIKBIJlyBaTH HACJIJIKNA 91 3aI1100IrTH TX BUHUKHEHHS.

Y mporieci BUPIMIeHHS MPOOJIEMHNX CUTYalliif, y9IHI caMi BII00YBaIOTH BiJICY THI
JUUISL plllleHHs] 3HAHHS, [IPU 1IbOMY BOHU HPOXOJATh BCl €Talll HayKOBOT'O II3HAHHS
CBITY: BiJl BUCYHEHHS TiOTe3U J10 11 MEePEeBIPKH, OCATAa0Th JIOTIKY BiAKPUTTS [4].

PesynbraTu gocuaiizkeHHS

Baszoto jj1s1 IpoBejieHHsT eKCIIepUMEHTAIbHOTO Joc/iizKerHs cta 9 kiac (15
gosioBik) HBK Ne 2 m. €naxieBa. Hamu 6ysta pospobiiena MeTojuKa mpobIeMHOTO
HaBYAHHS, 9Ky BUKOPUCTAJIN Ha ypokax (qizuku. s mijgarBep/KeHHs rirnoresn
Oys1a TTpoBejieHa JIIarHOCTHKA JO Ta MIC/Id 3aCTOCYBaHHS TPOOJIEMHOTO HABYAHHSI.
B xoxi piarnoctuku Oyyin BUKOPUCTaHI HACTYIHI METOINKU:

0 JIlarHOCTHUKA, 0COOMCTICHOI KpeaTHUBHOCTI;

O JIIarHOCTUKA CHPsIMOBAHOCT] HaBYAJbHOI JISJIbHOCTI;

O JlarHOCTHKA MOTHUBAIl HI3HABAJLHOI JISJILHOCTI.

By orpumani HacTyIIHI J1aHi:

Tab6u1. 1: JliarHocTrKa 0cOOMCTICHOT KpeaTUBHOCTI

PiBenn

ExcniepumenTt | Bucokwuit Cepeniit Huszbkwnii
Konemamyrouud | 3 womn. (20,1 %) | 8 wou. (53,6 %) | 4 wou. (26,3 %)
Konwmponorowuti | 7 wom. (46,4 %) | 5 4o (33,5 %) | 3 wom. (20,1 %)

Tab6u1. 2: JliarnocTrKa CIpsiMOBAHOCTI HABYAJILHOI JIisTJIBHOCTI

PiBenn

ExcriepumenTt | Bucokwuit Cepeniit Huszbknit
Konemamyrouud | 3 wom. (20,1 %) | 6 gou. (39,9 %) | 6 wou. (39,9 %)
Konmpomorowuti | 7 wom. (33,5 %) | 6 gou. (39,9 %) | 4 gom. (26,3 %)
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Tabs. 3: iarnocTuka MOTHUBAII] Hi3HABAJIBHOI Aisl/IbHOCTI

PiBenn

ExcniepumenTt | Bucoxkwuit Cepeniit Huszbkni
Konemamyrouud | 3 won. (20,1 %) | 5 gou. (33,3 %) | 7 wou. (46,3 %)
Konmponorowuti | 4 wom. (26,6 %) | 6 goi. (39,9 %) | 4 9o (33,3 %)

BucaoBku

B gKocTi 03HAKN PO3BUTKY MIKOJIAPIB MOYKHA PO3IVISIATH MMi3HABAIBHY JTiThb-
HICTh, sIKa PO3YMIEThCA K 0cO0JIMBa (pOopMa aKTUBHOCTI CIPSIMOBAHOI Ha, OBOJIO-
JIIHHSI TPUHIUIIAMU [T00YI0BU HOBUX Jiil 3 JOC/IIXKYBAHIM 00 €KTOM.

B xomi pocipkenns 0yJ0 BCTAHOBJIEHO, IO 3aCTOCYBAHHS MPOOJIEMHOIO Ha-
BYAHHS CIPUSAE TOKPAIEHHIO M3HABAJIBHOTO 1HTEpecy 10 HaBYAHHs (pe3ysibTaTh
B Tab/nisix). Takoxk Oyja BU3HAUEHA MOXKJIMBICTH BUKOPUCTAHHS TTPOOJIEMHOTO
MeTOJTy IpW BUBYEHI (DI3UKM B MIKOJI Ta BCTAHOBJIEHO HOTO BILIUB Ha XapakKTep
Hi3HABAJIbLHOI JisIbHOCTI yuHiB 9 Kiacy. Bel Busnadeni jjani Oy po3KpuTi 1 9iTKO
BUSIBJIEH].

TaknuM 9MHOM BUKOPUCTAHHS METOJy ITPOOJIEMHOIO HaBYAHHSA IPU BUBYEHHI
Jisukm cripusie BceOITHOMY PO3BUTKY YUHSI.

Jlitepatypa

1] Aycasuyruii A.K. @opmyna unrepeca /| A.K. dycasurnuit. — M.: Tlegaro-
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13] Managpees P.U. Paspurue yuamumxcsi Ha OCHOBE MPOOJIEMHOTO 00yUeHus (-
suke / P.U. Manadees. — Yensiounck: YIIT'U, 1975. — 155 c.

[4] Oxonwv B. Ocuosu npobsiemuoro nagvamus / B. Oxonb. — M.: [Ipocsemnienue,
1968. — 248 c.

5] Tanvsuna H.@. PopmupoBaHue II03HABATENIBHON €S TEILHOCTDI YIaINXCA /
H.®. Tansuna. — M.: 3nanne, 1983. — 355 c.
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NCITIOJIbSOBAHUE ITAPAJIJTAKTNYECKOI'O
TPEYTI'OJIbHUKA /J1JI4 ITPEOBPASOBAHUNA KOOPJAVNHAT

B nannoit pabore rmokazaHna BO3MOXKHOCTD UCIIOJIb30BaHMs chepriecKkoii reomeTpun Ha cdhepe B
acTpoHoMuH. Pedb MoiiJIeT 0 mpeodpaszoBaHny TOPU30HTAILHON CUCTEMbI KOOP/IMHAT B 9KBATO-
PUAJIBHYTO C TIOMOIIBIO TApaJIaKTHIECKOTO TPEYTOJIbHUKA 1 11e/IeCO00PA3HOCTH €ro MTPUMEHEHNUsT
B 1mKoJie. Pazpaborana mporpamma B cpejie Delphi, mo3Bosisiforias TpoBOIUTE 3TU IIPeodpas3o-
BaHUSI aBTOMATUIECKH.

KooueBbie ciioBa: napasiakmuveckuti mpey2oivhuk, 2eoMempus Ha chepe, cucmema
KoopduHam

BBenenue

Hebecnble KoOpAMHATEI UCTOJIL30BAIUCH Y2Ke B TIyO0KOil npesrocTr. Omnmca-
HIE HEKOTOPBIX CHCTEM COJIEPYKUTCSI B TPY/laX JPEBHEIPEUECKOTO MbBICJUTE ST DB~
kg (okosio 300 g0 H. 9.). OnybiukoBan B «AsbMarectes [ITosemest 3Be3 1ablil
KATaJIOr COJIePKUT roJiozKeHus: 1022 3Be3)1 B 9eKINITUYECKON cucTeMe HeDeCHbIX
KOOD/INHAT.

Habmoienust naMenennii HeOECHBIX KOOPJUHAT MPUBEJM K BEJIUYARIINM OT-
KPBLITHSIM B aCTPOHOMUM, KOTOpPbIe UMEIOT OI'POMHOE 3HaUeHue JI/is o3nanus Bee-
JenHoit. K HIM oTHOCATCS SABIEHNS TPEIecCni, HyTallui, adeppalini, napasiiakca
u jipyrue [1].

Mzydenne HeOeCHBIX KOOPMHAT IIOMOTAET peliaTh 3a/a4i U3MEPEHUsT BpeMe-
HU, OIIpEJIETATh reorpadnieckne KOOPAMHATEI 3¢MHOI TOBEPXHOCTHU, UCCIEI0BATD
HEPABHOMEPHOCTH Bpalllenns Hareil 1mianeTsl. [IInpokoe mpnMenenne HaXOAT
HebecHbIe KOOPJIMHATDHI IIPU COCTABJIEHNN PA3JIUIHBIX 3BE3/IHBIX KATaJO0r0B, IPU
U3YYEeHUN UCTUHHBIX JIBVZKEHUN HEOCCHBIX TeJ — KaK MPUPOJHBIX, TaK U HCKYC-
CTBEHHBIX — B HeDeCcHOIl MeXaHWKe W acTPOJAMHAMUKE W P U3YyYEHUH ITPOCTPaH-
CTBEHHOI'O paclipejieieHns 3Be3/] B IIpobjieMax 3Be3/IHOI acCTPOHOMUM.

st otpeiesienns mMoJiozKeHns JII0O60ro 00 beKTa B MPOCTOPHbIE HYXKHO 33/1aTh
CUCTEeMY KOODJIMHAT, B KOTOPOI I0JI0ZKeHNEe 00beKTa MOXKHO OBLIO ObI OJIHO3HATHO
OIMCATDH OIpeJIeJIEHHBIM HabOPOM YHC/IOBLIX 3HadeHnit. B obmeM ciydae cucte-
Ma KOOD/IMHAT 33JIaeTCs TOJI0KEHUEM ee IIEHTPa, PACIIOJIOKEHIEM KOOPINHATHBIX

© Bemomanka A.4., IToos O.K., 2013
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oceil u epmHUIIEH (MM HECKOJTBKIMI € THHUIAMH ), ¢ TIOMOIIBIO KOTOPBIX TTOAI0TCS
TUCIOBBIE 3HAYCHNUS, OIICHIBAIOIINX MosioKeHne 00bekTa [1]. Cneremy nebecHbx
KOOPJMHAT OIPEJEIAIOT B 3aBIUCHMOCTH OT 3aJ1a4H, KoTopas perraercs. Ho 1o cy-
TH BCE CHCTeMbI HEOECHBIX KOODJMHAT, YTO C JPEBHUX BPEMEH U JI0 CETOJIHSIIITHErO
JIHS UCIOJIB3YIOTCS B ACTPOHOMUN, SIBJIAIOTCS CPEePHUECKNME HOISPHBIMA.

OcHOBHaY 4aCTb

B acrponomun it HabJIIO/IEHNsT CBETUJI Yallle BCErO MCIHOJIB3YIOT TOPU30H-
TaJbHYIO U 9KBATOPUAJILHYIO CUCTEMbI KOOPJAUHAT — puc. 1, 2.
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Puc. 1: lopusonranbnas cucrema Puc. 2: DkBaropuajibHas cucreMa
KOOD/IMHAT KOOD/IMHAT

[opuszonTaibHast cucreMa KoopjanHar [1], —91o cucrema HeGECHBIX KOODIMHAT,
B KOTOPOII OCHOBHOII IIJIOCKOCTBIO SIBJSIETCS IJIOCKOCTL MaTeMaTHIeCKOI'O TOPH-
30HTa, & IOoJIIocaMu — 3eHUT u Haaup. OHa IpUMeHsIeTCsT IPU HAOJIIOICHISIX 3BE3I
u JBIKeHnsT HeOecHbIX Tes1 CoIHEeIHON CUCTeMbl Ha MECTHOCTH HEBOOPYKEHHDBIM
r1a30M, B OUHOKJIb WJIM TEJIECKOI ¢ a3uMyTaJbHON ycranoBkoil [1]. [opusonTaib-
HbIEe KOOPJIMHATHI He TOJIbKO I1aHeT n CoJiHIla, HO U 3BE3J HEIIPEPhIBHO M3MEHSI-
I0TCS B T€UYeHHe CyTOK BBUJIy CYTOYHOI'O BpallleHnsl HebecHoil cephl.

DKBaTOPUAJIbLHASI CUCTEMa KOOPAMHAT — OJHA 13 CUCTEeM HeOECHBIX KOOP/IU-
HaT. B 9T0ii cucTeMe 0CHOBHOII IIJIOCKOCTBIO SBJISIETCSI ILJIOCKOCTH HEOECHOI'O 9KBa~
topa. OJIHON U3 KOOPUHAT TPU 9TOM SIBJISICTCST CKJIOHEHHEe § (perke — TMOJISIPHOe
paccrosinue p ). pyroit KoopanHATOH MOXKET OBIT:
— 4JacoBoii yroJi t (B mepBoil 9KBATOPHAJIBLHOl CHCTEMe KOODJUHAT),
— TIpsIMOe BOCXOKJIeHIe (v (BO BTOPOIT 9KBATOPUATILHOI CHCTEMe KOOD/NHAT).
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IIpeobpazoBanure KoopaAnMHAT

[Ipu pemieHrn MHOIMX 3a/a4 PAKTUIECKON aCTPOHOMUU HPUXOJUTCS OCY-
IECTBJIATE TEPEX0J OT OJHOM CHCTEMbI KOOPMHAT K JAPYyToil 1 o6paTHOo. DTa ore-
paIist BBITIOJIHSIETCST TIPH OMOIIU chepUIecKoil TPUTOHOMETPHH, JIJIs 9ero Heoo-
XOJIMMO YMEeTb peliaTh TaK Ha3bIBaeMble cdeprdecKue TpeyroabHuku. [losromy
pPeKJie PACCMOTDHUM OCHOBHBIE MOHSITHsI U HadYajia MATeMaTUIecKOro aminapara
cepraeckoii TPUTOHOMETPHH, TOC/IE Yero MPUMEHIM Ty HHMOPMAIIIO K perle-
HUIO [TOCTaBJIEHHON 3a/1a49n (4],

DJieMeHTHhI chepriyeckoii reoMeTpuun

CdepudaecknM TpeyroabHUKOM Ha3bIBACTCS (PUTYpa Ha TTOBEPXHOCTH CQephl,
obpa3oBaHHasl MepecedeHneM TPEX JIyr OOJIBIIIX KPYyroB 9roit cdepsr (puc. 3).
Bepmmnbl ceprnieckoro TpeyrojbHIKa MPUHATO 0003HAYATH OOJILITIMU OYKBa~
MU JIATUHCKOTO ajipaBuTa, a IIPOTUBOJIEIKAIINE STUM CTOPOHAM YIJIa — COOTBET-
CTBEHHO MaJIbiMu OykBamn [5].

Puc. 3: Chepuvecknii TpeyrojibHIK

Kocutyc opHoit cTOpoHbI chepuaeckoro TpeyroJbHIKA PaBeH CyMMe MMpOus3-
BeJIEHNsT KOCUHYCOB JIBYX JPYTUX €0 CTOPOH U IIPOM3BEJEHUS] CUHYCOB TEX 7K
CTOPOH Ha KOCHHY yTjia MexKjy Humu [1]:

cos(a) = cos(b) cos(c) + sin(b) sin(c) cos(A)
cos(b) = cos(a) cos(c) + sin(a) sin(c) cos(B)
cos(c) = cos(a) cos(b) + sin(a) sin(b) cos(C')

Cumycbl CTOPOH C(EPUIECKOr0 TPEyroJbHUKA MPOIHOPIMOHAIBHBI CHHYCAM
IPOTHBOJIEZKAIINX UM YTJIOB:

sin(a)  sin(b)  sin(c)

sin(A)  sin(B)  sin(0)

= const.
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Cunyc cTOpOHbI C(hePUIECKOT0 TPEYTroJIbHIKA, YMHOYKEHHbBIN Ha, KOCUHYC ITPHU-
JIezKallero yrja, paBeH IIPOU3BeIeHUIO CHHYCa JIPYTI0il CTOPOHDI, OIPAHNYNBAIOIIC
[IpUJICXKAIUI yIoJI, Ha KOCUHYC TPEThell CTOPOHBI MUHYC KOCUHYC CTOPOHEI, OI'pa-
HUYUBAIONIEeHl yroji, YMHOXKEHHDIN Ha [IPOU3BeJieHIe CUHYyCa TPeThell CTOPOHBI Ha
KOCHHYC yTJIa, IIPOTUBOJIEXKAIIEro 1epBoii cropore [1]:

( sin(a) cos(C') = sin(b) cos(c) — cos(b) sin(c) cos(A)
sin(b) cos(A) = sin(c) cos(a) — cos(c) sin(a) cos(B)

) sin(c) cos(B) = sin(a) cos(b) — cos(a) sin(b) cos(C)
sin(a) cos(B) = sin(c) cos(b) — cos(c) sin(b) cos(A)
sin(b) cos(C') = sin(a) cos(c) — cos(a) sin(c) cos(B)

| sin(c) cos(A) = sin(b) cos(a) — cos(b) sin(a) cos(C)

Ilepexos oT TOPU3OHTAJIBHBIX KOOPJAUHAT K 3KBATOPUAJIBHBIM

B ocHoBe mnpeoOpa3oBaHnii 9KBATOPHAJIBHBIX KOOPJMHAT B IOPU30HTAJIBHBIE
1 HA00OPOT JIEXKUT chepuiecknii Tpeyroabuuk P Z M | KoTophlil Ha3bIBaeTC Ia-
paIakTHIecKuM. BepImmHaMu ero siBIsiioTCs 3¢HUT Z , TIOJII0C Mupa PP 1 cBeTuIo
M [1]. Cropona ZP mupepcrasisier coboii ayry HeGeCHOTO MepHIiaHa, CTOPOHA
ZM — nyry BepTHUKaJIBLHOIO KpyTra, a ctopona PM — jqyry 4acoBoro Kpyra. yToJ
¢ TPEeyTroJIbHUKa HA3BIBAETCA MapalIaKTUIECKUM yTJIOM

Ecin cBeTnIo HaXoAUTCs B 3al1aHOM IIOJIyHIapun HebecHoi cdpepbl, TO CTOPO-
na ZP =90° -6, a cropona ZM =z =90 —h, rie z — 3eHHTHOE PaCCTOSHIE,
h — BeIcOTa cBermia. Cropona PM = p = 90" — §, rige p — mossipHOoe pac-
crogHme, § — CKJIOHeHHe cBeTmwiaa. yroa PZM = 180° — A, rne A — asumyT.
Yron ZPM = t, rne t — qacoBoit Kpyr cBetmia, a yron PMZ = q, rne q —
[apaJsIakKTUIeCKUl yroJl.

Puc. 4: [TapanmakTudeckuii TpeyrobHIK

B [2] nokazanao, uro mpuMeHsis OCHOBHbBIE (DOPMYJIbI chepUIecKoii TPUrOHO-
MEeTPHUHN K IapaiIaKTUIeCKOMY TPEYyroJbHUKY, Oepsi 3a ocHOBY cTopony PM u
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yroJi t, MOXKHO IOJIYYUTh:

sin(d) = sin(¢) cos(z) — cos(¢) sin(z) cos(A)
cos(d) sin(t) = sin(z) sin(A)
cos(0) cos(t) = cos(¢) cos(z) + sin(¢) sin(z) cos(A)

D1u HopMyJIbl IPUMEHSIOTCS JJIs [IePEeX0/ia OT NOPU30HTAJILHBIX KOOPIMHAT
K 9KBaTOpHabHbIM. PaccunreiBaioress d u ¢, a moroM o = S — ¢, 110 U3BECTHOMY
3eHUTHOMY PACCTOSHUIO U a3UMYTY B MOMEHT 3BE3HOTO BpeMeHH S . Ecym HyKHO
paccInTaTh 3€HUTHOE PACCTOAHIE U a3UMYT 110 U3BECTHBIM S, (¢, «, O, TO 9TH
dopMyJIbI UMEIOT BUJI;

cos(z) = sin(¢) sin(d) — cos(¢@) cos(d) cos(t)
sin(t) sin(A) = cos(d) sin(t)
sin(z) cos(A) = — cos(¢) sin(§) + sin(¢) cos(d) cos(t)

(DOpMyﬂbI HCIIOJIb3YIOTCA IJId pacdeTa MOMECHTOB BPEMECHUN BOCXOa W 3aXO0la
CBETUJI 1 aSUMYTOB TOYEK BOCXOJa W 3aXO0a.

ITporpamma mji8 mepexojia OT TOPU3OHTAJBHBIX KOOP/AWHAT K 3KBATO-
pUATBHBIM

Hamu Tax:ke Oblna cosyana mporpamma Jijisd oOJIerdeHns MaTeMaTudecKoro
pacyeTa IpH 1epexojie OT NOPU30HTAILHON CUCTEMbI KOOPJNHAT K 9KBATOPUAJIb-
HbIM 1 HaobOpOT. DTa mporpamma BbinosHeHa B cpejge Delphi. Ona npocra B
oOpallleHnl 1 UMeeT OYeHb IIPOCTOil nHTepdeiic.

[TpunIuI IpocT: B IycThIE MO/ BHOCKM U3BECTHBIE HAM KOOP/IMHATHI CBETUIA,
3aTeM HaKnMast Ha KHOnK: sin(A), sin(t), sin(h) mosydaem KOOpANHATEI CBETUIIA
B JIpyroil cucreme.

fﬁForml = | B S

= IMTirpoTa MecTHOCTH Crnonenne
Hacoroit yron

Sinh Sin g, SHak A

OHHCTHTE
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7 Forml |5

llIupoTta mecTHOCTH Bricota
Aztmayt P

|30 |48 [

CuHye neneTa Sint Hak

0.B73017942226155 0.571 746366640338 1-8 WK 4-7 YeTEEpTE

OYHCTHTE

BriBoan:

B pabote paccMoTpeH Iepexoji OT TOPU30HTAJIBHBIX KOOPJNHAT K SKBATOPU-
aJIbHBIM. DTa 3a/lada OYeHb BarKHA KAaK C TOUKU 3PEHHs acTPOHOMUU, TaK H C
TOUYKHU 3PEHUsI METOIUKN 00yUYeHUs] aCTPOHOMUM.

Bo-nepsviz MeTo1 mepexo/ia OCHOBaH Ha UCIIOJIb30BaHUN c(hepUIecKoii reoMeT-
pun (mapaiaKTHIecKnil TPeyrobHUK ), T.€. BO3HUKAET BO3MOYKHOCTDH HCIOJIH30-
BaTh JAHHBII MaTepuaJ B IMKoJe Ha (qaKy/JlbTaTuBaxX WM B KJaccaxX ¢ yryOJeH-
HBIM U3yYeHneM MaTeMaTuKu. Bo-6mopuir MOXKHO TOKa3aTh CBA3b aCTPOHOMUM,
MaTeMaTUKI U WHMOPMATHUKN, HA OCHOBE COCTABJICHUS MPOCTEHUINNX ITPOrpaMM
JUUTsl 00JIerdeHnsT MaTeMaTUIeCKX pacdeToB.

MpI cauTaem 9TO JaHHAS CTATHS TOMOYKET B JIaJIbHEHIIEM MOCTaBUThH aCTPO-
HOMUIO, KaK HayKy Ha 0oJiee BBICOKUIT YPOBEHb, TaK Ke II0Ka3aTh BaXKHOCTb BHIIIIE
M3JI0KEHHOTO MATePUaJIa ¢ MPAKTHIECKOT TOUKE 3peHusi (IIPero/[aBaHie acTPOHO-
MU B IIKOJIE, HCIOIH30BAHUE TIPOIPAMMBI JIJIsI pacieTa KOOPJAUHAT CBETUI).
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I[TPUMEHEHNE NMHHOBAIIMOHHBIX TEXHOJIOT U
OBYYEHUA IIP1 N3YVHEHNN KYPCA
ACTPOHOMMIHN B CTAPIIIEN ITKOJIE

B craTbe paccMmarpuBaeM BOIPOCHI, CBA3aHHBIE ¢ OCOOEHHOCTSIMU MCIIOJIb30BaHMUSI MHHOBAIIMOH-
HBIX TEXHOJIOTHI ¥ METOJIOB UX IPUMEHEHHUs Ha YpOKaxX acTPOHOMHUH B cTapiieii mkosie. [lenb
CTATbU — U3JIOKEHHUE MTPOOJIEM B yCOBEPIIIEHCTBOBAHIE METO/IOB IIPEIoIaBaHus Kypca acTPOHO-
MU B IIKOJIE, TPUBEIEHBI TPUMED PEITEeHUs TOCTABIEHHBIX 3a/1a4.

KimoueBbie ciioBa: uHHOBAUUOHNBIE METHOAORUYU, UHHOBAUUOHHDIE MEMOJbL 00YYEHUA.

BBenenue

VnnoBanonuble TEXHOJOTUN B MPOIecce 0OyUeHnsT NTPAIOT BaXKHYIO POJIb B
CTAHOBJIEHUU W Pa3BUTUU TIO3HABATE/ILHOI JlesdTeITbHOCTH yaaluxcsd. [Ipn nzyue-
HUU acCTPOHOMUU B CTapIeil MTKoJe NPUMEHNMbI Pa3/JndHble TeXHOJIOrun. Bey-
1iee MecTo 3aHUMalOT KOMIIbIOTEPHBIE.

B coBpemenHoii cucreme obpazoBaHus 3HAKOMCTBO C IIPEJIMETOM acTPOHOMUN
HAUYMHAETCS B JIOMKOJIBLHOM Bo3pacTe. JleTn 3HakoMATCA ¢ OOMMMU TOHATUSIMU
1 9JeMEHTApHBIMU siBJIeHIAME acTpoHoMun. CorylacHO MUHUCTEPCKOI MporpaMme
«4l y ¢cBiTI» TOMKOJBHUKNA 3HAKOMSTCA ¢ (DYyHIAMEHTATLHBIMU, OCHOBOIIO/IATAI0-
IUMU TePMUHAME, KOTOPbIE SIBJSIOTCS ITPOCTHIMU U B TO K€ BpeMs 3HAUUMbIMU
B JlaJibHeleM. ««4 y CBiTi» € MepIoo JAepKaBHOIO MPOIPAMOI0 HOBOT'O THUITY, B
sIKii BiJ1oOparkKeHo BUMOI'M JIO OHOBJIEHOI'O 3MICTY OCBITH JUTHHU Bijl HAPOYKEHHSI
70 mectn (ceMu) POKiB YKUTTsI, 30KpeMa JI0 Horo iHBapiaHTHOI JacTwHH, YHi(i-
KOBAHO BUMOTI'M JI0 PO3BUHEHOCT], BUXOBAHOCTI I HABYEHOCTI JIUTUHU PAHHLOI'O Ta
JOMKLIBHOTO BiKy» [1].

[Tocnemytoriee m3ydyenne acTpPOHOMUN MIPOJIOJIZKAETCS B TIEPUO/] € TIEPBOTO 110
IeCToil KJjacc B Kypce HpupojoBenenus. U manbHeiiee — mocje NATHIETHErO
1epepbiBa, B OJIMHHAJIIATOM KJIacce.

AcTtpoHomus B cTapiieil mMKoJie pacCMaTPUBAET TaKie TeMbI:

e Yro uzyuaer acrpoHomusi’?

e (OCHOBBI ITPAKTUYIECKON aCTPOHOMUMU.

© Murnnés /I.1., Cricoer /I.B., Bemomanka A.4., 2013
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II3mepenne BpeMeHn U KaJleH1apb.
3aKOHbBI JIBUKEHIS IIJIaHeT.

OcHOBBI KOCMOHABTHUK.

Metobr acTpodu3nIecKnX NCCIeJOBAHMIIA.
Semist u Jlyna.

[ly1aHeThl 3eMHOIT TPYIIIIBL.
[I1aneTbl-ruranThl.

CIyTHUKHN ILIaHET.

Mauibte Testa CostHedHoil cucTeMbl.
Counie — Hala 3Be3a.
Dusnueckne XapakKTePUCTUKHI 3BE3I.
DBOJIIOIS 3BE3I.

Crpoenne BceJCHHOI.

DBoutionus Beemennoii.

2Kusznab Bo Beesennoii.

BompocaMn MeTOIUKN TperojlaBaHus MaTeprasia U BHEJIPEeHUsT WHHOBAIIMOH-
HBIX 1 TeJEeKOMMYHHUKAIMOHHBIX TeXHOJIOIUI 3aHUMAaJIICh MHOTHE:
HCCJIeIOBaHIeM 1 Pa3pabOTKoil popM U METOJ0B CaMOCTOSITEILHON PabdOThl Ha
ypokax acrporomun (JIymoit K.A.); myTsiMu noBblIieHnst 103HABATEIbHON aKTUB-
HOCTH 1 MeTomamu Koutpossa suannii (Kiesenckuit FO.H.); meromukoii opranu-
3aIii BHEKJIACCHON 1 (aKyabraTuBHOM paboTsl 1o acrponomuu (ITomosa AT,
Capkucsia E.A.); MeToanIecKuMi OCHOBAMH TPAKTHYECKUX PabOT, JEMOHCTPA-
nuit, Habsoaenuit u apyrux cpejacrs ooydenusi (Moruako A.Jl., TTopomtun @.M.,
dAxuo I.C., Pomac U.A.); MeKIIpeIMETHBIMEI CBSI3SIMI KYpPCOB (DUBUKU U aCTPO-
womun (Epoxuna P.f1.); Bompocamu cojiepzkamiisi, CTPYKTYPbI I METOUKE TTPETO-
JaBaHUs OTJIEIbHBIX pas3jienoB Kypca acrponomun (Mibesckuii 1.J1., Yymokosa
E.B., Kostzun E.N., [umakos B.A., Musienbkas O. B., Crymaukos B.M.).

CoBpeMeHHbIEe JINCCEePTAIIMOHHBIE MCCJIeJI0BaHNs 3aTPAruBatoT IPO0IeMbl HH-
TerpupoBanns KypcoB dusukn u acrponomun (Pywmsiamnes AFO.) u BosmokHOCTH
IPUMEHEHNS KOMIIBIOTEPHBIX TEXHOJIOTUN U TeJeKOMMYHUKAIIMOHHBIX CPEJICTB B
Kypce actporomun ([Taboskos U.B., Bemoosepos JI.), a Takzxke mpobsieMbl acTpo-
HOMUIUECKOi moroToBku yuantess dusukn (2Kykos JI.C.) [2].

OcHoBHaY 49acCTbhb

NunoBaimonnble Texuoorun (0T aHrI. Innovation — HOBOBBe/IeHIe, HOBAIINSI)
— 9T0 HAOOPBI OOIIUX METOJ0B U CPEJICTB, KOTOPbIE IO IePXKUBAIOT STAIIbI PEeaJIl-
3aluy HOBOBBeJeHUIT. B memarornueckoil MHTEpIIpETAINN 110 HHHOBAIIMOHHBIMUI
TEXHOJIOTUSIMU MOAPa3yMeEBAIOT HOBOBBEJIEHUS B IeJarOrnYecKoil cucTeMe, yiyd-
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[IAIOIIIE X0/ U Pe3YJIbTaThl yueOHO-BOCIUTATEILHOIO U 00pa30BaTEILHOIO 11PO-
necca. K oCHOBHBIM KoMNOHEHMaM WTHHOBAIIMOHHOI'O TEXHOJIOTMTIECKOr0 00y YeHMS
OTHOCST:

® KOMITBIOTEPHBIE TEXHOJIOTUHN (MYIbTIMEINITHOE 000PY/I0BAHIE, KOMITHIOTEP-
Hasl TeXHUKa, IPOEKIIMOHHASI allllapaTypa, ay/Iro yeTPoicTBa U T.11.);

e urposas Gopma 0byueHns (KII'POBbIe CUTYAIUH, yaeOHbIe 1 JeJOBbIE UTDHI);

® TPEHUHIH, CeMUHAPhI, PaKyJIbTaATUBLI, OECe/Ibl, TMaIOTN;
SKCIIepUMEHTAIbHBIE JTA0OPATOPHBIE PAOOTHI;
MOJIYJIbHOE 00yUeHHe;

IIPOEKTHasI TEXHOJIOIHSI;

e THMOOPMAIINOHHO-KOMMYHUKAIIMOHHBIE TEXHOJIOIIH.

C pasBuTHEM HayKH I TEXHUKH, 00pa30BaHUe B HAIIIE BPeMsI II0JIBePIraeTcsl MO-
JIepHU3AIIN B IJIaHE UCIOJIL30BAHISI KOMIIBIOTEPOB U MYJIbTHUMEINNRHBIX CPEJICTB
o0y4eHusi. DTO JIaeT HOBbIE BapuaHThl 00yUeHUs, KOTOPbIE MOT'YT ObITh HallpaBJie-
HBI Ha JJOCTUKEHIE OIIPEJIeJIEHHBIX IeJIeil: HayInTh jgeTeil paboTaTh ¢ mHdOopMaIi-
eil, pa3BuBaTh y HIX KOMMYHUKATUBHBIE CIIOCOOHOCTH, JIOCTUTATh MAKCUMAaJIbHOIO
YCBOEHHSI MaTepuaJia.

BarkHyio poJib UrpaeT MCIOJb30BaHNE NHHOBAIIMOHHBIX KOMITBIOTEPHBIX TEX-
HOJIOIHIT B 00pa3oBaTeJIbHOM IIPOIecce cTapliieil MKoJbl. Jeru 3Toro Bospacta
3HAKOMBI ¢ PAOOTON KOMIIbIOTEPA U HUCIOJIb30BAHNEM HHTEPHET-PECYPCOB.

MaI npejtaraeM co3jiaTh MHTEPHET-PECYPC, B KOTOPOM MOKHO IPUMEHEHHE:
9JIEKTPOHHBIX Ta0JINIL, rpadrIecKuX IIporpaMM Ha ocHoBe 3D MojesmpoBaHusd,
ayJIno U BUJeO YPokoB. Ha JaHHOM MOXKHO €O3/1aTh COOCTBEHHBbIE CTPAHUIIBI, HA
KOTOPBIX yUalluecsd CMOTIJIA Obl I0JIydaTh BCIO HEOOXOIMMYIO MH(MOPMAIIMIO JIJIsd
n3ydeHus, HabJIIOJICHUST U 3aKpellieHnsl MaTepuaJja. Ha sTom cafite oHn cMmoryT
HOJIyYaTh JOCTYI K 9JEKTPOHHBIM YPOKaM, oOpas3iaM IIpe3eHTaluil, TabjinmamM i
cxeMaM, ayJno U BUJIEO JaHHBIM, JJaDOpaTOPHbIM paboTaM, KHUTAM. 3JeCh JeTH
CMOTYT IOJIyYaTh JIOMAITHIE KOHTPOJIbHbIE pabOThI I TECThI; CPa3y »Ke UX BbIITOJI-
HATH (B pEKUMe OHJIAINH).

JaHHbBIT caflT MOXKHO ONTHMU3UPOBATH 110, UHINBUIya/bHbIe 0COOEHHOCTH
yuamuxcs. [Ipugep:kuBasich HOpM U IPaBUJI TUTMEHbBI, JOCTYI K CaiiTy ONTHMU-
3UpOBaTH paciucanueM. /[y HarIgIHOCTH ITPU M3YYEHIH TEM Kypca aCTPOHOMMUH,
Ha caiiTe IpeIIoaraeTcs NCI0Ib30BaTh BUIE0 YPOKU. DTU YPOKHU MOI'YT OBITDH 110~
JI0OHBI TeM, KOTOpble pa3pabarbiBaJi TejlekaHa «buburon» — naHMOpPMAIMOHHO-
pasBiieKaTeIbHbIe MYJIbT(MOUIbMBI.

Ha 6asze caiita MoyKeT ObITH CO3JIaH JIMYHBII KAOMHET JIJIs KazKJI0r0 yIallerocs.
Il1st ynobcTBa yauTe 110 IpeIIoaraeTcst KOHTPOJINPOBATDH HOCEHIeHNe CTPAHIIKH
yudalerocsi. ToecTb, OH CMOXKET IIPOBEPATDH, YeM 3aHUMAJICSA YIEHNK B OTBEJIEHHOEe
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Ha caiite BpeMs. [10A00CUMENDHBMU CTNOPOHAMU NPOEKMA MONHCHO CHUMATND:

o KaxKplil 3aperucTpupOBAHHBIN II0JIL30BATE b, HOJIYINT YIAJEHHBIH 10~
CTYII K CBOEMY Ie€pCOHAJbHOMY KabumHery. [ljisi He 3aperncTpupoBAHHBLIX I10JIb-
30BaTesell mpeoiaracTes ObICTpast PerucTpaliis Wi JOCTYII K OrPAHMYCHHBIM
pecypcam caiira.

o Unpopmamusrocmy. Ecan yaeHNK, 0 KaKO#-MOO MpUYNHE TPOILYCTILI
3aHSITHsI, TO OH UMeeT BO3MOYKHOCTD, MOJIYIUTH OT IIPErojaBare/isl 3aJaHue I10
[POIYIIEHHLIM TeMaM, & TaK:Ke BLIIOJHUTL KOHTPOJILHBIE W CAMOCTOSITE/ILHBIE
paboThI B perKuMe OHJIAH.

e Haeandnocmov. Brnaromapss MHHOBAIIMOHHBIM TEXHOJIOTHSAM CyIIECTBYET
BO3MOKHOCTEL HabJII0/IaTh, HAIIPUMED, 3a JABUKeHrneM HebecHbIX Tes. C moMoIbio
MYJILT(UILMOB IIPOU3BOAUTCSA MOTUBAINS JeTell K U3YIeHNI0 yIeOHOTO MaTePH-
aJ1a, 3a CYeT BU3yaIU3alliN aCTPOHOMIYECKNX IIPOIECCOB U SBJICHMUIA.

BriBobl

B O/mmkaiiieil mepcieKTuBe pa3BUTHsI PACCMaTPUBAEMOr0 IIPOEKTa, ILIaHUPY-
eTcs JlajbHelias pa3padoTKa JIOMOJTHUTEIbHBIX BO3MOXKHOCTEH 1 (DYHKINI, CBsI-
3aHHBIX C OOIIEHNEM U O0CYKJIEHUSIMHI B PEXKIME PeabHOTO BPEMEHHU, 9TO JacT
BO3MOYKHOCTH MaKCHUMAaJILHO IPUOIN3UTHL PAOOTy Ha caiiTe K IMIKOJIbHBIM yCJIOBU-
aM. g yerpanenus He3amHTEPECOBAHHOCTH B IOCEIIEHUN ITKOJIBHBIX 3aHITH
npeJijlaracTcs OrpaHmdIuTh padboTy caiiTa B ydeOHoe Bpems. llpejraraercst co-
3J1aTh CIEIUAJN3UPOBAHHBIN pas3esn JJid online TPeHHMHIOB, OPHUEHTHUPOBAHHBIX
Ha YYJallUXCsl He TOJIBLKO CTapliieil MIKOJbI, HO M BCEX BO3PACTHBLIX I'PYIIL. IDTO
JIACT BO3MOXKHOCTH BCEM JIETSM, KOTOPbIE XOTST yIVIYOJIEHHO M3ydaTh aCTPOHO-
MUIO, OIEHUBATH CBOU CUJIbI 1 BO3MOZKHOCTMU.

OcHoBHasI 1IeJIb CO3JAaHUSI JAHHOIO IIPOeKTa — OOpaTUTh BHUMAHNE IIKOJIb-
HUKOB K €CTeCTBEeHHBIM HayKaM. Bolpoc o co3mannm JaHHOTO MHTEPHET-pecypca
0CTaeTCsA OTKPLITHIM.

JIuteparypa

|1] Baszosa mporpama po3BUTKY JUTHHU JOMKLIBHOTO BiKYy «91 y cBiti» / [pe.—
yiopsit. O.J1. Kononko|. — [2-re Bu., Bunp|. — K., 2008. — 430 c.

2] T'aaxuna T.A. Texuosornsg obydeHns acTpOHOMHUH B CpeJHEH IITKOJE: JHC.
... Kanjgara nej. Hayk : 13.00.02 / Tankuna Tarbsina AsekcanjipoBHa. —
M., 2002. — 232 c.

[3] Actponomis: 11 KI.: HAPYYHUK JIJIs 3ara/IbHOOCBIT. HABY. 3aKJI.: DIBEHb CTaH-
napry, akajgemiunnii piserb / M.IIL. Tlpunuisk; [pen. .C. fAukisal. — X
Panok, 2012. — 160 c. : i1. — Poc. moBoro.
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BUKOPUCTAHHA KOMIT'IOTEPHIX TEXHOJIOI'TII B
ITPOIIECI BUKJIAJAHHA ACTPOHOMII

PosrasuyTi nuTaHHs IMIBUINEHHA MOTHBaIll HaBYaHHS, aKTHBI3allil PO3yMOBOI JisIILHOCTI,
TBOPYOTO MHUCJIEHHS YYHIB IMIJISIXOM BIPOBAJ/PKEHHS KOMII IOTEPHUX TEXHOJIOTIN y TIPOIeC BU-
KJIaJIaHHA acTpoHoMil. HaBegeHo psiji MeTOMUYIHIX PEKOMEHIAINN, dKi JTOTOMOXKYTh CITPOCTATH
IPOTIeC BUBUEHHS aCTPOHOMIT.

KomouoBi caoBa: acmporomia, HIT.

Beryn

CyuacHnii 11epioji PO3BUTKY CYCIIILCTBA XapaKTePU3yEThCsI 3POCTAI0TOI0 3HA-
quMicTio indgopMmaTuzaliii ocBiTu. OJHUM i3 TPIOPUTETHUX HAIPSAMIB iHMOPMATH-
3allil OCBITH € 3aCTOCYBaHHS HOBHUX KOMII'FOTEPHUX TEXHOJIOTiil JI0 KOHKPETHOI'O
HaBYaJbHOIrO TipeaMety. Ile BusHavae HEOOXiHICTH BUKOPUCTAHHS iHMOpPMAIIiii-
HUX TEXHOJIOT y HaBYaHHI aCTPOHOMII yUHIB.

AcTtponomis 3afiMae BaxK/IMBe Miclle B CUCTEMI TPUPOIHUINX HayK. Bukiaia-
HHsI aCTPOHOMIT HeBiIiIbHE BiJ 1poriecy pOopMyBaHHSI B yUHsI PO3YMIHHSI MiCIid
i pousi Jlrogumau y BeecBiTi. AcTpoHoMmivHi 3HAHHS JIe’KaTh B OCHOBI HAayKOBOI'O
cBITOIISA LY, (DOPMYIOTH HAYKOBY KApTUHY CBITY, 3HAHOMIATD 3 CYyYaCHUMU yAB-
JIEHHSIMH IIPO CTPYKTYpy BeecBity 1 dizmaHuMu mporecaMi, o Big0yBalOTbCsI B
Hiil.

B ymMoBax iHTeHCUBHOT KOMIT IOTEPU3AIIi1 CyJIacHOI OCBITH BXKe po3po0JieHi HOBI
iHdopMaIliitHi TeXHOJIOTIT JJId MITPUMKN MTPUPOTHIINX JUCITUILIIH — eJIeKTPOHHI
HNIPYYHUKY, MYJIbTUMeE/I1a, aHIMallil, MOJIesIl Ta 1H., IX 3aCTOCYBaHHs CTA€ MOKJIH-
BUM 1 HEOOXIJIHUM, TIe BIJIKpUBAE JIOCTYII JIO HOBHUX JIXKepeJI HayKOBOT'O 3HAHHSI.
[Iutanng #ecTadl BITUM3HAHUX TPOTPAMHUX 3acO0IB JJId BUBYEHHSA acTPOHOMII
MOXKHA JaCTKOBO BUPINIyBaTH 3a JOIOMOI'OI0 iHTEpHETY. Y 3B’SI3KY 3 LM, aKTy-
aJIHOIO CTa€ 3aBJlaHHs 3aCTOCYBaHHsI IHTEPAKTUBHUX KOMII IOTEPHUX Mojeseil i
PO3POOKH TEOPETUIHHUX 1 TPAKTUIHIUX OCHOB METOJIMKH 1X BUKOPUCTAHHS 3 METOIO
OCHAIIEHHSI KYypCY acTPOHOMil HOBUMHU HaBYAJIbHIMU 3aCOOAMU.
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OcHOBHA 4YacCTHUHA

CyuacHuii miIpyIHIK HEJOCTATHBO BUCBIT/IIOE iHMOPMAIIIO, IKY YIHI TOBUHHI
OTpUMAaTH B HAYKOBOMY IosicHeHHi. [IpoanasizyBaBiim mipyYHUK, BUSABIISIETHC,
10 B HHOMY He JIOCTATHLO MOsICHEHD (DI3MYHNX 3B SI3KiB, & TAKOXK IMTIPYIHUK MaJIo
imocTpoBanuii. IeHyounii mipydHuK OLIBIT MXOAUTE JII TYMaHITAPHOIO KJla-
cy. TakoxK HeraTHBHO BILIMBAE HEJIOCTATHSI KOMILIEKTAIlsT KabiHeTy acTPOHOMIT
ACTPOHOMIYHMMU 1HCTPYMEHTaMU 1 rocibHmKaMu, abo BiJCYTHICTH caMoro kKabi-
HeTy. YUHi y KJjacax MaloTh pizny 0a30By HiaroToBky. Lle memosikm, gki MOXKHA
KOMIIEHCYBATHU 3aCTOCOBYIOUN 1HTEpPHET.

[HTEepHET MO3BOJISIE 3aCTOCOBYBATI TaKi KOMIIOHEHTH:

— KOMIT TOTepHE MOJIeTIOBaHHS;

— TPOBEJIEHHS MOJIEJILHUX JTa00pATOPHUX POOIT;

— BUKOPHUCTAHHS IIIEPTEKCTOBUX HABYAJIBHUX IIOCIOHUKIB,;
— KOHTPOJIb 3HaHb, T€CTyBaHHSI.

[eit moj1i1 IOCUTH YMOBHO. BibImicTh mporpaMunx 3aco0iB 00’/ Hye B cOOi 11
TEXHOJIOTIT. 3aCTOCYBAHHS X TEXHOJIOTIH JO3BOJISIE BUNTEIIIO JJOMOMOITH YSIBUTH
VUHAM JIesKl sIBUIa MIKPOCBITY 1 CBITY 3 aCTPOHOMIYHUMU pO3MipaMu, Ta SBUIIA,
K1 B3araJi HEMOKJIMBO crioctepirarn [1].

Baxk/iuBe Miciie cepeji HAyKOBUX METO/IIB 3aiiMae IUCI0Be MOJIeTIOBaHHA. -
CJIOBe MOJIEJIIOBAHHS — IMOPIBHSIHO HOBUIT HayKOBUIl MeTOJ, IKUil OTpUMaB PO3BU-
TOK 3aB/iskn 110581 EOM. CyTh MeTo1y 10JIsrae B HACTYITHOMY: H& OCHOBI BiJIOMITX
3aKOHIB y7Ke BUBUYEHUX SIBUII CTBOPIOETHCA MaTeMaTHIHa MOJIEe/b — a0CTPaKTHHIT
00’€KT, IO IMiJIKOPSAETHCA TUM Ke 3akoHaMm. MaremarndaHa MoJie/ib, OlUcaHa MO-
Boto EOM, oTpumMye MOKJIMBICTh «O:KUTH». SMIHIOIOUN JIesIKi BXI1JIHI ITapaMeTpH,
EKCIIEPUMEHTATOP MOXKe TMPOCTEXKNUTH 3a 3MIHAMHU, IO BIJIOYBAIOTHCS 3 MOJIEJLIIO.
SMiHIOIOYH Yac, MOZKHA CIIOCTEPIraTU sIBUIE B JUHAMIII, IIPUIOMY MACIITAd dacy
MOJIe/Il MOKe OYTH 3HAYHO MEHIIIe PeabHOrO, 10 J03BOJISE MPOTATOM JICKLIHKOX
XBIUJINH CIIOCTEPITATH sIBUINE, HA CIIOCTEPEKEHHs SKOT0 B PEAJLHOCTI JTOBEIOCT O
ButparuTn pokun. OCHOBHA IIepeBara MeTO/Ly IOJISITa€ B TOMY, IO BiH JI03BOJISIE
He TIIbKK CIIOCTepiraTu, a it nepegdaunT pe3ysibTaT eKCIIePUMEHTY ITPH ITeBHIX
0CODJIMBUX YMOBAaX.

MeTo 1 unc10BOro MOJIeIIOBaHHSA Ma€ IepeBaru rnepeji iHIMIA TPaIuIiiHITMI
MeTO/laMU:

— Jla€ MOXKJIUBICTH 3MOJETIOBATH e(DeKTH, BUBUEHHA SKUX B peaJbHUX YMOBaX
HEMOZKJINBO, abo0 JIyKe BayKKO 3 TEXHOJOTIYHUX ITPUIHWH, JI03BOJISIE MOJETIOBATH 1
BUBYATHU SBUINA, FKi 11epe10avaloThest Oy Ib-AKIMU T€OPISIMU;

— € eKOJIOTIYHO YICTUM 1 He IPeJCcTaB/isie HeOe3eKn JJIsl IPUPOIN 1 JIIOINHIL;

— 3abe311euye HAOUIHICTD;
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— JIOCTYIIHUI y BUKOpUCTaHHI [2].

Hamu pospobJieHi J1ogaTku J10 KOXKHOIO YPOKY — BijgeodiabMu, KApTUHKU Ta
nuranHs. [Turanns ckiajieHi Tax, mo0 y4uHi npaloBaJin i HaJl TEKCTOM APy YHUKA
1 HaJl MaTeplajgoM JI0/IaTKIB.

Tabua. 1: KanengapHuii njian

Ne | Tema ypoky JnmakTuaauit MaTepia Ho-
3/1 MaIITHE
3aB-
JTAHHS
BBenennsi B actpoHoMmiio: 6 roguH
1 | IIpeamer Bineo mo ypoky: §1
i MeToau acTpOHOMIT http://www.youtube.com/watch?v=0zTSHzmjUZY
2 | 3ipkun. Bineo 1o ypoky: §3
Bijcranb 10 3ipok http://www.youtube.com/watch?v=TqM4p1d2138&
feature=fvst
3 | 3mina Bursiy 30psto- | Bineo /10 ypoky: §4
ro Heba nporsarom jo6u | http: //www.youtube.com /watch?v=TqM4p1d2138&
feature=fvst
4 | 3mina Bursy 30psHo- | Bimeo 10 ypoky: §7
ro ueba mporsrom poky | http://www.youtube.com/watch?v=TqM4p1d2138&
feature=fvst
5 | Crnocobu  Busnadenns | Bimeo 10 ypoky: §5
reorpadiunol mmporu | http://www.youtube.com/watch?v=TqM4p1d2138&
feature=fvst
6 | OcnoBu BijIiKy 4acy Bineo 1o ypoky: §10
http://www.youtube.com/watch?v=8IyCrzWO0GPI
Bynosa Cousiunoi cucremu: 6 rojiuH
7 | Buaumuit pyx niamer Bineo no ypoky: §9
http:/ /www.youtube.com/watch?v=oM65Qu9onigA
8 | PozBurok ysasienn mpo | Bimeo 10 ypoky: §17
Oy10BY http://www.youtube.com/watch?v=oM65QuInigA
Cousunol cucreMu
9 | Bakonu Kermepa Bineo 1o ypoky: 89
http://www.youtube.com/watch?v=oM65QuInigA
10 | Y3zarambpuenus ta yrto- | Bimeo 10 ypoky: 89
grentst Hptoronom 3a- | http://www.youtube.com/watch?v=0M65QuInigA
koHiB Kerutepa
11 | Busnadennsa sincraneit | Bigeo 10 ypoky: §3
no tin Constanol cucre- | http://www.youtube.com/watch?v=o0M65QuInigA
MH i po3MipiB 1ux Hebe-
CHUX TLJI
12 | Konrposbha pobora 3a | Bigeo 10 ypoky:
temoio «Bymosa Cong- | http://www.youtube.com/watch?v=0M65QuInigA
YHOI CUCTEMU»
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®izuuna npupoga Tia CoHsiuHOl cuctemu: 6 roauH

HOBI II HaTHOBI 31pKHU

http:/ /www.youtube.com/watch?v=kpb5Qre2T9M

13 | Cucrema Bineo 1o ypoky: §13
«3emitst — Micarp». http://www.youtube.com/watch?v=01Du7{36m-w
[Ipupona Micsrs
14 | ILnanern 3emuoi rpynu | Bineo 10 ypoky: §14
http://vk.com/video2955364 137083427

15 | ILnamern rirantu Bineo 1o ypoky: §15
http://www.youtube.com/watch?v=myBPt-8pf6s
IIuramma no Bizeo:
1.41ka maca FOmiTepa?
2. fxa opbitanbha mBuakicts CaTypHa?

16 | Acrepoinu i mereoputu | Bineo 10 ypoky: §16

http://www.youtube.com/watch?v=myBPt-8pf6s

17 | Mix3zopsanit Bineo no ypoky: §25
it i 'MO. http://www.youtube.com/watch?v=jGC460p8GgM
Kpyroobir pedosunu B | (Kpaborosibna TymMaHHicTD)
raJIak TUIT http://www.youtube.com/watch?v=438Hdr8Przw

(Tymannicts Opiona)

Coniie Ta 3ipku: 10 rogun

18 | BarasabHi BijomocTi Bineo 1o ypoky: §18
upo Comnme http://www.youtube.com/watch?v=8 xqZFgwUQO

19 | Bymnosa Bineo no ypoky: §19
armocdepu Conrg http://www.youtube.com /watch?v=8 xqZFgwUQO

20 | Buayrpimus Bineo no ypoky: §19
oymnosa Conrg http://www.youtube.com /watch?v=8 xqZFgwUQO

21 | Conre i xutta 3emti Bineo o ypoky: §20

http://www.youtube.com/watch?v=8 xqZFgwUQ0

22 | Tepmosinepuuit cunres. | Bimeo 10 ypoky: §19
Enepreruka 3ipok http://www.youtube.com/watch?v=kpb5Qre2T9M

23 | [Ipocroposi Bineo o ypoky: §21
MIBUIKOCTI 31pOK http://www.youtube.com/watch?v=kpb5Qre2T9M

24 | @izuuna npupoja 3ipok | Bimeo 1o ypoky: §21

http://www.youtube.com/watch?v=kpb5Qre2T9M

25 | 3’30k Mixk disuaan- | Bimeo 10 ypoky: §23
Mu xapakrepuctukamu | http://www.youtube.com/watch?v=kpb5Qre2TIM
31poK

26 | Iloasiitai 3ipkn Bineo no ypoky: §22

http:/ /www.youtube.com/watch?v=kpb5Qre2T9M

27 | ®iznuni 3MiHHI, Bineo no ypoky: §823,24
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Bynosa ta eBoJmonisi BececBity: 6 rogun
28 | Hama ['anakTnka §26
29 | Inmi FamakTukn Bineo no ypoky: §27
http:/ /www.youtube.com/watch?v=kpb5Qre2T9IM
30 | MeraraiakTuka Bineo no ypoky: §27
http://www.youtube.com/watch?v=kpb5Qre2T9M
31 | Iloxomkenns i esouio- | Bimeo /10 ypoky: §29
Iis rajJaKkTHK http:/ /www.youtube.com/watch?v=kpb5Qre2T9M
32 | IloxomKeHHS 11AHET Bineo 10 ypoky: §17
http://www.youtube.com/watch?v=kpb5Qre2TIM
33 | IlincymkoBa Bineo mo ypoky:
KOHTPOJIbHA poboTa http://www.youtube.com/watch?v=kpb5Qre2T9IM
3a Temoio «DbymoBa Ta
eBoJtorisg BeecsiTy»

BucuoBkn

OcHOBHI HaIpsIMI BUKOPHUCTaHHsT 1HMOPMAIIfHUX TEXHOJONH y HaBJYaHHI
aCTPOHOMII:
® BUKOPHCTaHHSI KOMII FoTepa Ta 3aco0iB iH(MOPMAIIiHUX TEXHOJIOrI JJIst Bi3y-
astizaril pisHIX KOCMITHUX SIBUIIL, TPOTIECiB 1 00’€KTiB (Ipn BUKOHAHHI J1abopaTop-
HUX 1 JIOCJITHUX POOIT, BUKJIA/I HOBOINO HABYAJBLHOTO MATEPIAJTY TOIIO);
® 3aCTOCYBaHHsSI IPOIPAMHO-IIEATONTIHIX 3aCO0IB HABYAHHS (€JIeKTPOHHI Mpe-
3eHTAallil, eJICKTPOHHI KYypPCH, €JIEKTPOHHI €HIIMKJIOIE 111, KOMII'IOTepHI IpPOIpaMH,
aHiMAIlT, IHTePaKTUBHI MOJIEJ TOIIO);
® 3aCcTOCYyBaHHs KOMII'IOTEPHUX TeJeKOMYHIKallill B popMyBaHHI aCTPOHOMIUHO-
I'0 CBITOLJISILY.

PesynbraTu 1ejarorivHoro eKCliepuMeHTy BUSBUJIN, 1110 TIPU BUKOPUCTaHHI Pi-
3HUX 3aC00IB 1HMOPMAIITHIX TEXHOJIOTINH y HAaBYAHHI acTPOHOMIl HaHOLIBIT ede-
KTHBHI IHTEPaAKTUBHI MOJIeJIi, IO J03BOJISIIOTH 3pOOUTH HaBYAJIbHUI MaTepias
OlIbI HaOUHUM 1 HikaBuM. Came 3aB/IsiK BUKOPUCTAHHIO IHTEPAKTUBHOT'O €KCIIe-
PUMEHTY y4HI MalOTh YHIKaJbHY MOKJIMBICTb CIIOCTEPIrATU aCTPOHOMIYHI sBUIIA
i mporiecH, siKi He MOXKHA PeasIbHO MPOJEeMOHCTPYBaTH [3].

JIlitepaTypa
[1] Jlamwnos H. Bupryanbhasi ccdepa winm Bee 3aBUCHT OT TOYKU OTCUETA /
H. Jlaremos // Kommbrorep B mkose. — 1998, — Ne 1. — C. 23.
2] Yepemxuna U. Han kpaem 6e3aabl Bosmoxkaocreit / 1. Yepemxuna // Kowm-
nbtoTep B mkose. — 1998, — Ne 3. — C. 21.
[3] Haboxos M.E. Merouka npenogasanus acrporomun / M.E. Habokos. — M.
Yanearus, 1955. — 535 c.
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ncrorm«d
NCCJIEJOBAHUA TEPMOA/JTEPHOI'O CUHTE3A

PaccmoTpenbl BOIpOCHI TTOBBIIEHNST MOTUBAIUN O0YYEeHHS, aKTUBU3AIIUA YMCTBEHHON JeATe /b
HOCTHU, TBOPYECKOT'O MBIIIJICHUS YIEHUKOB IIyTEeM BHEJIPEHHUS pa3pabOTaHHOTO CIIEIKYpca, KO-
TOPBI MOXKET OBITh UCIOJIB30BaH IpernogaBareiamu BY30B, yuuTeasMu IMIKOJ, CTY/IEHTaMH
u yueHukamu. CIeNKypc HOMOXKeT yriiyOuTh W PACHIUPUTH 3HAHUSA 110 (PU3UKE U MOBBICUTH
3 PEKTUBHOCTD M Ka4eCTBO YIeOHO-BOCIIMTATEILHOIO ITPOIIECCA.

KooueBbie cioBa: mepmosdepnoti cunmes, UTEP, Toxamax, Cmennrapamop.

BBenenue

Ucrormenne cymecTBYIONX BUJIOB TOILINBA 00yC/IaBJINBAET TEPeXo]] OT Opra-
HIYECKIX TOILJIUB K MMHIPOKOMACIITAOHOI aTbTePHATUBHOI HEPreTHKe 0XKNTaeTCs
B cepenne 21 Beka. [Ipejnonaraercs, aro Oyyiias suepreTuka Oyjer 6ojee M-
POKO, YeM HBIHEIIHsAs SHepreTnieckas CUcTeMa, NCI0/Ib30BaTh Pa3HOOOpa3HbIe 1,
B TOM 9HCJIe, BO30OHOBJIIEMbIE NCTOYHUKHI SHEPIUH, TaKNe KaK: COJIHeUHas SHepP-
I'Usl, SHEPTHUS BETPa, I'UJIPOIJIEKTPOIHEPT U, BbIpallluBaHue U CxKUTaHne 611oMacchl
u sjepuag sueprud. /o KaxKjgoro MCTOYHNKA SHEPrun B O0IIEM TPOU3BOJICTRE
SHEPTUN OYAEeT ONPEeJeTaAThCI CTPYKTYPOl TMOTPEeOICHUST SHEPTUU 1 SKOHOMUIe-
CKOfl 3(p(PeKTUBHOCTHIO KayKJIO0T0 U3 3TUX UCTOUYHUKOB SHEPIHH.

Hesbio JAHHOTO NCCIEIOBAHUS ABJISIETCS Pa3pabOTKa METOIMIECKIX PEKOMEH-
Jlaruit s MoJIr0OTOBKY crienikypca «Vetopus nceaeoBanns TepMOsIePHOTO CUH-
Te3a» — JIONOJIHUTE/IbHbIE pa3jiesibl hu3ukn jjs cryjaentos [II-ro kypca dpusuko-
MaTeMaTnyeckoro pakysbreTa, Halpasienue moarorosku 6.040203 @usuka™.

B sToit pabore OyneT pacckazaHo 0 (PU3NIECKUX OCHOBAX TEPMOSIIEPHOIO CHH-
Te3a, 00 UCTOPUH €r0 OCBOCHUs CHada/a B Ka4eCTBE TEPMOSICPHOIO OPYXKUS, a
MOTOM B KQuecTBe aIbTePHATUBHOTO UCTOYHNKA sueprun. [Ipn pacckaze 06 ympas-
JIIEMOM TE€PMOSIJIEPHOM CHHTE3€e TIOMUMO PACCMOTPEHUA Pa3IUIHOTO CII0C00a €ro
HOJIyU€eHUsI, MBI TIOJIpOOHO OCcTaHOBUMCs Ha, rpoekTe NTIP — camoM akTyaJbHOM
1 TIEPCIEKTUBHOM ITPOEKTE 10 YIIPABIIEMOMY TEPMOSIEPHOMY CHHTESY.

© HUraarenko A.1O., 2013
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Ocobblit mHTEpEC Jannoii padoThl IpeJACTaB/IsdeT pasjes 00 YIIPaBISeMOM Tep-
MOsIJIEPHOM CHHTE3€, B YacTHOCTH uHMopMalius o npoekte N TIP, nmoromy uro mh-
dopmarys o HeM JIOCTYITHA B OCHOBHOM Ha, AHTVIHIICKOM SI3bIKE, a Ta NH(MPOPMAIIHSI,
YTO Ha PYCCKOM OY€Hb OrpaHUYeHa U pa3spo3HEHA.

OcHoBHaAY 4YacCTh

TepMosifiepHblii CUHTES

TepMmosijiepaasi peakiiuss — Pa3HOBUIHOCTD sAJIEPHON peakInu, TPU KOTOPOIt
JIETKUE aTOMHBIE sJipa 00beJIeHAIOTCs B 60s1ee Tszkesble. [t Toro 9To0s! Mpon30-
1118 peakInd CUHTEe3a, NCXOAHbIE dapa JOJKHBI TPEOI0IeTh CUTY IJEKTPOCTATH-
YECKOr0 OTTAJIKUBAHUA, JIJI 9TOr0 OHU JIOJIZKHBI UMETh OOJIBITYI0 KHHETUIECKYIO
SHEPruio. Kcm mpeanosioKuTh, 9T0 KUHETHIecKas SHEPTU sJiep OIpPeJIe/IdeTcs
X TEIJIOBBIM JIBUYKEHIEM TO MOYKHO CKa3aTh, 9TO JIJId PEaKIui CUHTe3a HyKHa
OosibIltas TeMiiepaTypa. 1loaTomy peakiinsi Ha3BaHa «TEPMOSIJICPHOIT».

Yupasisiemblit Tepmostyieptbiit cunres (YTC) — cunres 6ojiee TsKeJIbIX aTOM-
HBIX sijiep u3 0oJjiee JIEFKUX C LeJIbIO TOJIYUYeHsI SHEPIUN, KOTOPbI HOCUT YIIPaB-
JITeMBIiT XapaKTep B OTJIMYNE OT B3PBIBHOINO TEPMOSJIEPHOTO CHHTE3a (MCIOIb3Y-
eMOr0 B TEPMOsIJIEPHOM OPY2KIH). YIIpaB/IsieMblil TepMOsiIepHBIil CUHTE3 OT/IHIa-
eTcsd OT TPAJUITUOHHON SAePHOI SHEPTETUKN TeM, YTO B TOCJIETHEN UCTIOTB3YeTCA
peaxIist pacia/jia, B X04e KOTOPOil 13 TsXKeJbIX sijiep MOJIydatoTcst bojiee Jerkue
siipa |2]. PacemarpuBarorces JiBe MpUHIMITHAIBHbBIE CXEMbI OCYIIECTBJICHUST YITPAB-
JIIEMOT'O TEPMOSIJIEPHOTO CHHTE3a:

1. Ksasucranmonapuble CUCTEMBL.
Harpes n ynep:kanmne miaa3Mbl OCYIIECTBIISIETCA MAarHUTHBIM IOJIEM TPU OTHOCH-
TeJIbHO HUBKOM JIaBJICHMH U BBICOKOI TeMIiiepaTrype. st 9Toro mpuMeHsitioTces pe-
AKTOPBI B BIJIE TOKAMAKOB, CTE/LJIAPATOPOB, 3€PKAJIBHBIX JIOBYIIIEK U TOPCATPOHOB,
KOTOpbIe OTJIndatoTcd KoHdurypaiueii marauroro noJst. Peakrop UTOP umeer
KOH(UTrypaIio TOKaMaKa.

2.  HmmysibcHble CUCTEMBL.
B rmakux cucremax YTC ocyiiecTBisieTcss myTeM KpPaTKOBPEMEHHOI'O HarpeBa
HeOOJIBIINX MUIIeHel, cojep KaluxX JeiiTepuii 1 TPUTHI, CBEPXMOIIHBIME JIa3ep-
HBIMU WJIM MOHHHBIMU UMITyJIbcamMu. Takoe o0JrydeHne BbI3bIBAECT I10CJIE/I0BATE b
HOCTb TE€PMOSIJIEPHBIX MUKPOB3PHLIBOB. VcciieoBanus 1mepBOro BUja TEPMOsIEP-
HBIX PEaKTOPOB CYIIECTBEHHO OoJjiee pa3BUThI, YeM BTOPOTO.

TepmosinepHoe Cbipbe

Bogopos — GecriBeTHBIN a3, MepBbIil J1eMEHT NMEePUOJIMIECKOl CUCTEMBI dJIe-
menToB. Camoe Jierkoe BerecTBO. VoH camMoro paciupocTpaHéHHOro U30TOIa BO-
nopoma H! — mporom.
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HexoTopble H30TOIBI BOJIOPO/a HMEIOT COOCTBeHHbIe HaszBanua: 'H — mpoTwuit
(H), ?H — peitrepuit (D) n 3H — tpuruit (T). IIupoko pacnpocTpaned B
IIPUPOJIE, FOPIOY.

Brijiesienne roprodero raza mpu B3auMOJIEHCTBUN KICJIOT U METaJIJI0B HabJIo-
nan B XVI u XVII Bekax Ha 3ape cTaHOBJIEHUS XUMUU KaK HAayKH. SHAMEHUTBIM
anriniickuit pusuk n xumuk . Kapemgum B 1766 rogy uccieoBaj 9TOT ra3 u
Ha3BaJI €r0 «IFOPIOYNM BO3JyXoM». [Ipu cxkuranum «roprovnii Bo3jLyx» jaBaJjl BO-
Jly, HO IIpuBepzKeHHoCTh KaBenuia Teopun ¢hJIOrucToHa MOMeIaia eMy ¢ie/1aTh
paBuibHble BeIBOABI. Dpanirysckuit xumuk A. JlaByasbe cOBMECTHO ¢ MHIKEHE-
pom 7K. Menbe, ncnoiab3ys crenuaabHble Ta30MeTPhl, B 1783 . OCYIIecTBUI CUH-
Te3 BOJIbI, & 3aTEM W ee aHaJIN3, PA3JI0yKIUB BOISHON I1ap pacKaJIeHHbIM KeJIEe30M.
Taxkum 0O6pa3oM OH yCTAHOBUJI, YTO «TOPIOYUIl BO3JyX» BXOJUT B COCTaB BOJbI 1
MOXKeT OBbITh U3 Heé mojiydeH. JlaByaswbe a1 BoIopoy Haspauue hydrogene (or
rpedeckoro hydor — Boja u gennao — poxKJIar0) — «POxKIAONIIH Bojy». Pycckoe
HaMeHOBaHIe «Boopo 1y npe ok xumuk M. @. CosioBbeB B 1824 ro/y.

VicTopus cozpannsa BomoponHoli 6ombbl

12 aprycra 1953 r. B CCCP no cxeme, npemioxkennoit JI. JI. CaxapoBbiM 1
HA3BAHHON Yy HAC «CJIOHKOI», ObLJI YCIIEITHO UCIBITAH MEPBBI B MUPE peasbHbIi
BOJIOPO/JIHBII 3apsijl. B 9ToM 3apsijie B KadecTBe TePMOsIJICPHOI0 roprodero ObLI nc-
10JIb30BaH, 10 npejioxkenuto B. JI. I'mnsOypra, uTnii B Bujie TBEPIOro XIMUIC-
CKOT'O COEJIMHEHNUs. DTO MO3BOJIO B XOJIe TePMOsiJIepHOil peakiuu (IIpu B3pbIBe)
HOJIYIUTh JONOJHUTEIbHOE KOJMIECTBO TPHUTHUsI, YTO 3aMETHO IOBBIIIAJIO MOII-
HOCTB 3apsijia.

Ucnbirannbiii 8 CCCP TepMmosiiepHblil 3apsiji ObLI I'OTOB K NPUMEHEHUIO B
KauecTBe TPaHCIIOpTadeIbHOI OOMOBI, TO €CTh IPEJCTaBJ/sLT CODOM IepPBLIi pe-
aJIbHBIN 0Opazel] BoAOPOIHOTro opyxKud. OH mMes HEeCKOJIbKO OOJIBINNI Bec U Te
»Ke rabapuThl, YTO U IIepBasl COBETCKas aToMHas OoMmOa, ucibiTaHHast B 1949 1.,
10 B 20 pa3 mpesbIas eé 1Mo MOnHocTH [4].

VnpaBnsemblii TEpMOSIAEPHbIA CUHTES

[Ipobiema yIpaBJisieMOro TEPMOsIIEPHOIO CHHTE3a HACTOJIBKO CJIOXKHA, UTO
CaMOCTOSITE/IbHO C Heil He clipaBUTCS HU OjiHa cTpaHa. [loaTomy MupoBoe coobiie-
CTBO U30paJ/Io caMblil ONITUMAJIbHBIN IIyTh — CO3JIaHue MpoeKkTa MexKyHapoHOro
TEPMOsJIEPHOTO SKCIIEPUMEHTaILHOTO peakTopa — I'TOP, B KoTopom Ha cerojms
yuacTBy1oT, Kpome Poccun, CIIA, Espocoros, Anonusi, Kurait n FOxuas Kopest.

YipaBisieMblil TepMOSIAEPHBIIl CHHTE3 — IPOIECC CAUSIHUA JIEFKUX aTOMHBIX
SIJIEP, ITPOUCXOISIIIII ¢ BhIJEJIEHIEM SHEPIUH IIPH BHICOKUX TEeMIIepaTypax B pery-
JINPYEMBIX, YIIPABJIAEMbIX YCI0BUsIX. CKOPOCTHU IIPOTEKAHNS TEPMOSIICPHBIX PeaK-
Ui MaJIbl 13-3a KYJIOHOBCKOI'O OTTAJIKUBaHUsI [TOJIOKUTEIbHO 3aPS2KEHHBIX d1ep.
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[TosToMy TIporiecc cuaTe3a AT ¢ 3aMETHON NHTEHCUBHOCTHIO TOJIHLKO MEXKJTY JIeT-
KUMHI sijIpaMi, 00JIaIaIOMUMI MaJIbIM [TOJIOKUTETbHBIM 3apsIOM U TOJILKO MPH
BBICOKUX TeMIlepaTypax, KOrjJa KHHeTHYecKasi SHEPrUsl CTAJKUBAIOIIUXCS sijiep
OKa3bIBAECTCA JIOCTATOYHOM JIJI MTPEOI0JIEHN KYJIOHOBCKOTO TOTEHIUAIBLHOTO Oa-
pbepa.

Tokamak — Toponja/ibHas YCTAHOBKA JIJIT MarHUTHOTO YAEPyKAHUs ILJIA3MBbI.
[l1azma yjiep:KuBaeTcss He CTEHKAMU KaMepbl, KOTOPbIE HE CIIOCOOHBI BbIJIEPyKATH
ee TeMIlepaTypy, a ClelnralbHO CO3/1aBAeMbIM MAarHUTHBIM 11ojieM. OcoDeHHOCTHIO
TOKaAMaKa $BJISIETCS WNCIOJIB30BAHNE 3JIEKTPUIECKOTO TOKAa, MPOTEKAIOIIETO te-
pe3 miIa3My JJIst CO3ains TMOJIOUIAJILHOTO MOJIA, HeOOXONMOTO JIJIsT PABHOBECHS
IJIa3Mbl. DTUM OH OTJINYAETCsI OT CTeJLIapaTopa, B KOTOPOM U TOPOUJIAJIBHOE I
MOJIONTAJIbHOE TI0JIE CO3/IAETCs C MTOMOIIBI0O MArHUTHBIX KATYIIIEK.

Crennapatop — THII peakTopa JijIsd OCYIIEeCTBICHIS YIIPaBIsieMOT0 TepMOsiiep-
Horo cuHTe3a. M300peren JI. Crnurnepom B 1951 1. Haspanme peakrTopa Ipouc-
xojuT ot JiaT. stella — 3Be3a, 4TO JOJKHO YKa3bIBATh HA CXOXKECTH IPOIECCOB,
IPOUCXOJIANINX B CcTejIapaTope W BHYTpHU 3BE3j. OH sBisgeT co0ON 3aMKHYTYIO
MArHUTHYIO JIOBYIITKA JIJIA yIepKaHus BHICOKOTEMIIepaTypHOil M1a3Mbl. [IpuHITr-
IuaJbHOE OTJINYNE CTe/JIapaTopa OT TOKaMaKa 3aK/II0YaeTcd B TOM, YTO MarHUT-
HOe TI0JIe JIJI y/iep»KaHus IJ1a3Mbl TTOJIHOCTBIO CO3/IaeTCs BHENTHUME KATYITKaAMI,
YTO, IOMUMO IIPOYEro, IMO3BOJISIET UCI0Ib30BATh €r0 B HEIIPEPHIBHOM PEXKHME.

J1azepHblli TepMOsiAEPHbI CUHTES

K macrosimemy BpemeHN cOPMHUPOBAJIOCH CaAMOCTOATEIbHOE HallpaB/ieHne
TePMOsIJIEPHBIX UCCIe0Banuii — jiazepubiii Tepmosigepubiit cuares (JITC). Muk-
pocdepa, HANOJTHEHHAST TEPMOSIJICPHBIM TOILIMBOM, CO BCEX CTOPOH «PaBHOMEPHO»
00JTy4aeTcsd MHOIOKaHAJILHBIM Jla3epoM. B pesysbrare B3amMoIeiiCTBIS I'Perole-
ro M3JIy4eHHUs C IOBEPXHOCTHIO MUIIEHW 00pa3yeTcs Tropsdas Ijasma C TeMlle-
paTypoil HECKOJIbKO KIJIOJIEKTPOHBOJIBT (TaK Ha3blBaeMasl MIa3MeHHasi KOPOHa.),
pasJieTalolasicsl HaBCTpedy JIydy Jia3epa ¢ XapaKTepHbIMU cKopocTsimu oT 10 B 7
crenern J1o 10 B 8 crenenn cM/cek. B cOBpeMEHHBIX MOJIE/IBHBIX SKCIIEPUMEHTAX
Ha ypoBHe 3Hepruii jazeproro uzaydenns 10-100 k/[x yaaeTcs JoCTHYIb BHICOKIX
(mpubsmsuresnbao 90%) K03hOUIMEHTOB MONIONIEHs I'PEIOIIero u3ydenns [3].

Mpoekt NTIP (ITER) — mpoekT MexKIyHAPOHOTO SKCIEPUMEHTATBLHOTO Tep-
MosijiepHoro peakTopa. Ilepsonavaabno naspanme I'TER 0Ob1o obpazoBano kax
cokpalienue anruiickoro nazsanusg International Thermonuclear Experimental
Reactor (MezkmyHApOIHBIIT TEPMOSIICPHBIIT SKCIIEPUMEHTATBHbI peakTop). B Ha-
cTosdIee BpeMsi OHO, O(pUINATBLHO, HE CUUTAeTCAd abOpeBUaTYpOil, & CBI3BIBACTCH
¢ JJATMHCKUM cJIoBOM iter — myTh. 3ajsada UTIP zakimodyaercs B JIeMOHCTPAIIN
OCYIIECTBUMOCTHU CO3/IaHUsI TEePMOsIEPHOI0 peaKTopa U PelleHnn (pU3nIecKux 1
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TEXHOJIOTMIECKUX 1TPO0JIEM, KOTOPbIE MOI'YT BCTPETUTHCSI Ha TOM IIyTH.

B nacrosiee BpeMst IpOEKTUPOBAHNE PEAKTOPa, MOJTHOCTHIO 3aKOHIEHO U Bbi-
OpaHO MECTO JIjIsl er0 CTPOUTENIbCTBa — (ppaHIily3ckuil ropos Kajapari. CtpaHbl-
yaacTauibl EBpocoros, Unnus, Kuraii, Pectiybiinka Kopest, Poccust, CIIIA, fmo-
aust. UTOP orHOCHTCST K TEPMOSIIEPHBIM peakTopaM THlla «ToKaMaky [1].

BruiBoabl

3 poBeiIeHHOro aHa/Inu3a JIMTEPATYPHI 10 TeMe MarucTepckoil padbornr «Mc-
TOPUsI ICCJIEIOBAHUST TEPMOSIEPHOIO CUHTE3a» ObLIO OTMEYEHO, UTO YIeOHOI JIu-
TepaTyphl 110 JIaHHOI TeMe He JIOCTATOYHO.

Paspaborana pabodasi Iporpamma CIENKYPCa JIOIOJHUTEIbHbIE Pa3esibl
dusukn «Vcropust ucciaeg0oBaHUsg TEPMOSIIEPHONO CHUHTe3a» sl CTYJIEHTOB
3-ro Kypca (dusnko-mMareMarudeckoro GakxysbreTa, HalpaBeHHe I0JIN0TOBKI
6.040203 Puzuka™, B KOTOPOi IpeIoyKeHa TeMATHKa, JIEKIIMOHHOIO Kypca 1 Ce-
MUHAPCKUX 3aHATHIL.

[IpakTryeckoe 3HaUeHUE TOIO UCC/IEJI0BAHUS 3aK/I0UAETCsI B TOM, YTO Pas-
pabOTaHHBII CIIEIIKYPC MOYKET OBITh MCII0JIb30BaH Ipernojapareasmu BY 308, yun-
TeJIsIMU TIIKOJI, CTygeHTaMu 1 ydeHnKamu. CIenkypc MOMOXKeT yIJIyOUTb U pac-
HIUPUTH 3HAHUA 110 (PU3UKE U HOBBICUTH YM(MEKTUBHOCTL U KAUeCTBO yUeOHO-
BOCIINTATE/ILHOI'O IIPOIIECCA.
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ITPO EKOJIOI'TYHE BUXOBAHH4A YYHIB HA YPOKAX
IMPNPOJHNYO-HAYKOBUX JANCIHUILJIIH

CrarTs npucBsYeHa aKTyaJbHUM MHATAHHSM €KOJIOMYHOIO0 BUXOBAHHSI YIHIB Ha ypOKaxX IpH-
POJTHUYO-HAYKOBUX JTUCITUTLITIH.
Kuaro4doBi ciioBa: exo.102iune BUTO06AHHA, €KOAOINHA OCEIMA.

Beryn

Tema eKoJIOTIYHOrO BUXOBAHHA JJIS JIOJUHUA OyJle aKTyaJbHa 3aBXKJIU, THUM
OlLJIbIlIe B CYyYacHMX yMOBAX IOTIpIIEHHS SKOCTI €KOJIOTil, M0 IOB’'si3aHO 3 €KO-
JIOriuHO0 Oe3rpamoTHicTOo. s 3amobiranHst MOXK/INBUX HEraTUBHUX HACJIJIKIB
BTOPTHEHHSI JIIOJIMHU B IIPUPOJLy HEOOXi/IHE PIllIeHHs] HU3KN HAyKOBO-TEXHIUYHUX,
COIIAJILHO-TIOTITUIHIX, EKOHOMIUYHIX Ta 1HITUX MPOobJIeM, cepell AKX OJIHe 3 Tep-
IINX MICITb 3aiiMalOTh IeJaroridii, BUXOBHI, OCKIJIbKHY IIPOCTA0Yl TOKOJIIHHS I11€e
Ha IIKIJbHIA J1aBl MOBUHHI OyTH IiJIFOTOBJIEHI 0 HAyKOBO OOI'DYHTOBAHOIO i Oe-
PEXKHOIO CTaBJIEHHS JI0 HABKOJIUIITHBOTO TIPUPOJIHOIO CEPEIOBUIIA.

OjHuM 3 JUCKYCIfTHUX THUTaHb € MpobJeMa METOJMYHOI OpraHizaliil eKoJIo-
riunol ocBiTu. Binbin edexkTuBHilIe € «eKoJorizaligy BCiX HaBYAJIbHUX IIPeIMe-
TiB, OCKLJILKM €KOJIOIYHI IIpodIeMu MaiOTh IJI00aJIbHIAN, MIXKIUCIUILIIHAPHII Xa-
paxTep. TobTO BCI MPUPOJIHIIO-HAYKOBI MPEJIMETH MOXKYTH OyTH BUKOPHUCTAHI Y
cIipaBl BUpINIEHH JaHOl 3a/1a4i.

Bunrenb isuku MoxKe 3/11ifICHIOBATH €KOJIOITYHE BUXOBAHHS YUIHIB Uepe3 Ipe-
JIMET, PO3TJIsAIaloun 9K MUTaHHs (PyHIaMeHTaJIbHOr0, TaK 1 IMPUKJIATHOTO, TOJIiTe-
XHIYHOTO XapakTepy, MiI0upaioun 3aBiaHHs 3 BIIIOBIHUM 3MICTOM, TTPOBOIAIN
eKCKYpCil, 3allJlaHOBaHI MIKIJIBHOIO IPOrpaMoro 3 (i3uKu, OpraHi3oByHOYN I103a-
KJIaCHI 3aXOJIN.

Y4uTe/ b MOBUHEH PO3IOBIAATH HE TLILKU PO HO3UTUBHI IIPOSIBU THUX YU 1H-
X (pI3MYHEX FBUI, HEOOXiTHO 3BepTaTH TaKOXK yBary i Ha IIKiJJIMBUI BILIUB
BUPOOHIYO] JIisl/IbHOCTI JIFOJINHU Ha HABKOJIMIITHE CEPEIOBUIIE, [IOBUHEH PO3IOBI/I-
aTu PO MIJIAXU 3MEHIIeHH HeraTUBHOIO BILIUBY JIIOJWMHN Ha ITPUPOJLY.
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Taxok eKOJIOINTYHIM BUXOBAHHSIM IIOBUHHI 3afiMaTCcd Ha ypoKax Ximil, 010J10-
rii, anaromii, reorpadii.

Y Kypci Ximil HeoOXiHO IPUILINTH yBary eKoJIOMYHUM IIpodJieMaM, 110 BH-
HUKAIOTh B Pe3yJIbTaTi MOTYXKHOI'0 XIMIYHOI'O BILIMBY JIOJICTBa Ha Oiocdepy. Pos-
IJI/1al091 XIMIYHI €JIEMEHTH, 1X CIIOJIYKHM Ta XapaKTepU3yldu 1X poJib Y IPUPO/IL,
VUHI JI3HAIOTHCs PO XIMITHUI CKJIa/l BOJM, [TOBITPsI, IPYHTY sIK IIPO ablOTHIHMIT
dakTop cepeiopuinia. PopMyeThCs MOHATTs PO MPUPOHY JUHAMIUHY PiBHOBary
MixK XIMIYHUMU MOKa3HUKAMHU PI3HUX ejieMeHTiB ekocucremu. Came B Kypcl Xi-
MIYHUX JUCIUILIH Tpeba PO3KPHUTH IPodIeMu 3a0pyIHEHHsT TTPUPOJIN BlJIXOAMM
JITOJICHKOT JIIsIbHOCTI, 30KpeMa, BUCOKOAKTUBHUMU XIMIYHUMHU CIIOJIYKaMU, CUHTeE-
30BAHUMU JIIOJINHOIO, JI0 TIEPEPOOKN STKUX ITPUPO/Ia BUSBJIAETHCS abCOTIOTHO «He-
rOTOBOIOY.

Biosorigai AuCHUILIIHT TTOBUHHI 3afiMaTi MPOBIi/IHE MIcCIle B PO3KPUTTI Ha-
YKOBUX OCHOB IPHUPOJIOOXOPOHHOI JIIJIBHOCTI, 30KpeMa, MPUHIIAILY KOMILJIEKCHOT
OXOPOHM IPUPOU. Y Kypcax O0TaHIKH, 300JI0Til Ta 3arajabHOl 010JI0rT JaTh ysiB-
JICHHs 1IPO OXOPOHIOBAaHI TEPUTOPIL: 1CTOPIA 3allOBLIHOI CIIPaBU, CTATYC PI3HUX
3aIIOBIIHUX TEPUTOPIii, iX reorpadis, GpyHKIII, 6iocdepHe 3HAUEHHS, [T€PCIIEKTHU-
B PO3BUTKY 1 T. JI. ¥y Kypci aHaTOMIl 3rajiaTu Ipo BILINB I'€HHO-MOIM(IKOBAHIX
OpraHi3MiB Ha Je30KCUPUOOHYKJIETHOBY KUCJIOTY.

PozpobuTtn mMaTepiajn 3 eKOJIOTMTIHIM 3MICTOM JI0 YPOKIB (Pi3UKU 3 3aCTOCYBa-
HHsIM iHMoOpMaIil po ekosoriuamii ctan M. CJIoB’gHCBK, Ta 00J1acTi IHTErpoBaHi
ypoKH 3 izmku, Ximii, reorpadii Ta 6ioJorii, mo3akKgacHi 3axoj il Ta anpoOyBa-
TH 1[I MaTeplajgnd Ha HPaKTUIl 3 MeTOIO IOJIIIIIEHHS eKOJOITYHUX 3HaHb Y4HIB €
BaKJIMBUM.

OcHOBHA 4YaCTHUHA

B naHunit gac KoxKHa JIIOJIMHA, He 3aJ1e2KHO BiJI 1T cllenia/ibHOCTi, IOBUHHA Oy TH
€KOJIOTIYHO OCBiUeHa 1 €KOJIONYHO KyJbTypHa. LiJbKN B IbOMY BUIIQJIKY BOHA
3MOXKe peaJibHO OIIHIOBATH HACJIJAKNA CBOEl IPAKTUYHOI JIIS/IbHOCTI IIPU B3a€MOJIIT
3 IPUPOJIOI0. BarKIMBIM MOMEHTOM B OpraHi3allil eKOJIOTTIHOr0 BUXOBAHHS yUHIB
1111 Yac BUBYEHHSI IPUPOJHUYO-HAYKOBUX JIUCIIUILIIH € BUBHAYEHH (OO 3MICTY.

3MicT eKOJIONYHNX 3HaHb, IO CKJIAJIAI0Th OCHOBY HPUPOIOOXOPOHHOI JIislIb-
HOCTI B IIPOTIeCi BUBUYEHHA (DI3UKHU, BUSHAYAECTHCA TOUKAMI 3ITKHEHHS TP IMETHITX
obJiacteil pizuKM 1 eKoJIoTil.

BpaxoByioun Te, 10 €KOJIOTis BUBYAE 3aKOHOMIPHOCTI 1 B3A€MOBITHOCUHHI MizK
JKUBOIO 1 HEXKMBOTO ITPUPO/IOI0, a Pi3uKa — Ie HayKa ITpo (pOpMU iICHYBAHHS MaTepil
Ha HEXKUBUX PIBHAX 11 opranizarliil, J0 3MiCTy €KOJIOIIYHOI OCBITH B IIPOIIEC BU-
BUYeHHsI (DI3MKU IIOBUHHI BBITH BCI eJIeMEHTH HEXKUBOI IIPUPOJIH, IKi BU3HAYAIOTD
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YMOBHU ICHYBaHHA YKUBUX ICTOT, Ta (PI3UYHA CyTh MPOIECiB OOMIHY MiXK >KUBOIO 1
HEZKUBOIO ITPUPO/IOIO.

3riJIHO 3 €KOJIONYHOI TEPMIHOJIONIEI0, YMOBI iICHYBaHHS XapaKTepU3yIOThCst
cepeIoBUINEM TepeOyBaHHs 1 €eKOJIOMTYHUME paKTopaMu. ¥ 3eMHUX yMOBaX ICHY€
YOTUPU THUIIA CEPEJOBUIN TepedyBaHHA YKUBUX OpPraHi3MiB: BOJHE, MOBITPAHE,
I'PYHTOBE Ta TiJIO 1HIIOI YKNUBOI icTOTH. Y TpoIlieci BUBUEHHS (Pi3UKN MOXKYTH OyTH
BHUCBIT/IEH] (PI3UYHI BJIACTUBOCTI IEPIINX TPHOX CEPEJIOBUIIL sIK arperaTHIX CTaHIB
pPEYOBUHI.

[Ti1 yac BUK/IJaHHs MaTepiay, OB s3aHOT0 3 POSKPUTTAM (DIBUIHUX MTOKa~
3HUKIB CepeJIOBUINA ICHYBaHHS Ta aOl0THIHIX (PaKTOPIB, IIEPIIOPSIIHOTO SHAYEHHSI
HaOyBa€ IepInii XapakTep 3B’ 13Ky MiXK »KUBOIO 1 HEXKIBOIO TTPUPOJIOIO.

HagasricTb HaBejgeHnX 3B’g43KIB 00YMOBJIIOE HEOOXITHICTH 3aCTOCYBAHHS MiXK-
pEeIMETHUX 3B 3KIB IIPU BUKJIAIaHHI €KOJIOTTIHOrO MaTepiaay B Ipolieci HaBua~
HHs1 (DIBUKU. SHAYHOIO MIpOIO 1€ 3B'I3KH (PI3UKHU 3 JUCIUILIIHAMU O10JI0MIHOrO
IUKJIY, aJIe BayKJIMBY POJIb BIJIIMPaIOTh 3B’ s3KN PIi3UKH 3 XiMi€lo, reorpadiero.

Ha repuropii Hdonenpkol obmacti, mo ckiaajgae 4,4% momi YKpalnu, 30ce-
peJizKeHa II'siTa JacTHHA 11 IPOMKCJIOBOIO IOTeHIiay. Y TOil Ke dac BUKUJIN
3a0py/IHIOIYNX pedoBuH B arMocdepy cranosiarh 40% Bij BUKWIIB 10 Kpaini,
3abpy/Heni cToku y BomoiMuiia — Oiabire 25%. 9K HacioK, TeXHOreHHe Ha-
BaHTaKeHHS Ha OJIMHUIIO0 TEPUTOPIT 00JIACTI 3 PI3HUX MIKITMBUX PedoBUH B H-10
pasiB BUINE CepeTHbOYKPAIHCHKOrO MoKasHuka. [Ipordrom poky Ha 1 KM2 Tepu-
Topil 0bJ1acTi BUKIIa0Thcs B aTMocdepy 70 T 3a0pyaHor0unx pedoBnH. Ckazane
CBITYUTDL Tpo crenudiky periony. ¥ Jlonbaci, mpupoiHo, MOCTIiliHe yBara MmpuIi-
JISIETbCS TTPOOJIEeMaM BYTIJIBHOI ITPOMUCIOBOCTI. Y 3B’SI3KY 3 MaCOBUM 3aKPUTTSM
IaxXT BUHUKJIA HEOOXiJHICTH IOJIOJAaHHS HEraTMBHUX HACJIJKIB I[HOTO IIPOIIECY,
HA3BAHOI'O «PECTPYKTYpHU3alli€oy. PecTpykTypusallis ByTiJbHOI MPOMUCIOBOCTI
3arocTpuia MpodIeMu 3aifHATOCTI, 3axKajaJjga OLIbIT TJIMOOKOTO BUPIIIEHHS pe-
rioHaJIbHUX 1Ipo0JIeM (hopMyBaHHsI 1 BUKOPUCTaHHSI TPYJIOBUX PECYPCiB, €KOJIOTil
periony.

Y ToMy, 1110 TPOOJIEMI €KOJIOTIT KPUIYIIO, HIXTO HE CYyMHIBAETHCS, SIK 1 B TOMY,
o iX ykpail HeobxijgHo BupimysaTu. Ase sik? Bucoka KoHIeHTpallist TPOMUCIIO-
BOI'O 1 CLIIBCHKOI'OCIIONAPCHLKOIO BUPOOHUIITBA, IIABUINEHA IIJIbHICTL HACEEHHSI,
PO3BUHYTa TPaAHCIOPTHA 1HMPACTPYKTypa — BCE IIe CUJILHO BILIMBAE Ha €KOJIO-
rito Jloneuunnu. Bucoka KoHIlenTpallis HOTeHIiiiHo Hebe3neunnx BUPOOHUIITB i3
3aCTaplIiuM yCTaTKyBaHHSM CTBOPIOE IIJIKOM peasibHy 3arpo3y TeXHOTeHHUX Ka-
TacTpod 3 BaXKKUMU €KOJIONIYHUME HAC/IiIKaMU. ¥ TaKUX YMOBaxX I'OBOPUTH IIPO
3JIOPOB’sl HACEJEHHsI He JIOBOJUTLCS — PiBeHb 3aXBOPIOBaHbL JiTeil 1 IiJHTKIB 3a
ocTaHHl b pokiB B /[loHenpKiit 006/1acTi 3HATHO BUPIC, HE «BiJICTAIOTh» 1 JOPOCIII.
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3a jganuMu MiHicTepcTBa OXOPOHH HABKOJMIIHBOIO CEpeoBHINA Y KpaiHu,
IIIBHICTH BUKU/IIB, M0 3a0py/IHIOITL aTMocdepy B Halmiil obsacTi, yaBidi Bu-
i, Hixk y JlainponerposebKiit, y 3,5 Oliblie, HixK y JIyraHcbkiil, y ciMm — HIXK Y
Banopizbkiit Bepd 121 pasiB Oinbie, Hik y XapkiBebkiit! OcHoBHI «3a0py iHIO-
Badly — HNIJIPUEMCTBA BYTLJIBHOI IPOMUCJIOBOCT], YOPHOI METAJypril Ta TeIaoBl
eJIEKTPOCTAHIII].

Henabararo kpaiiie i cutyaliis 3 BOJIOIOCTAYaHHSIM — Y BOJII IPAKTUYHO BCIX
piuok /[lonerpbkol obstacTi Jay»Ke BUCOKa KOHIEHTparlist coseii. OjiHa 3 OCHOBHHUX
HNPUYUH — BUKH/J] BUCOKOMIHEPAII30BaHUX MAXTHUX BO/I, 3 IKUMU B PIUKU 11011aJ1a€
[IOHAJ MiJIBIOH TOHH Pi3HUX coJieii. AHasorigHa cuTyarlis i 3 AB0BCHKIM MOPEM.
[Tin BmmBOM TaK 3BaHOI TOCHOIAPCHKOI JIAIbHOCTI JIFOJUHN XIMIUYHII CKJIaI MO-
pst moripmmmuBes. [linBumennit BMicT coJieil 1 XiMiuHe 3a0pyJIHEHHS IPU3BEIN JI0
ckopouennsi puou. Ha ysz0epex:ki Mopst posramoBani mona 300 6a3 BimodmH-
Ky, TAHCIOHATIB, JUTAUNX 03JI0POBYNX TabOpiB. bBijibiricTh 3 HUX HeoO/IaIHAHUX i
caMi CTaHOBJISITH HeDe31eKy iuist Mopsi. OCTaHHIM YaCcOM JIO BCIX «3BUIHUM» €KO-
JIOTIYHUX MPOOJIEM J10/1as1acs TIie 0jiHa — 00’e€M I'PYHTY, MONIKO/IZKEHOI'O MOBITPSIHOT
i BoJHOIO epo3si€ro, «BuBiB» JoHenbKy 00/1aCTh Ha IepIie MicIe 1o Beiit Kpalmi!

YpaxyBaHHsg BUMOT JJO OopraHizallil mpoIecy eKOJOTiIHOTO HaBYaHHA 1 BUXO-
BaHHs JIa€ 3MOTY CILJIAHYBATU HOTO, MOB 3aBINN 3 KOHKPETHUM (DI3UYHUM MaTe-
piasiom. XapakTepHi 3aco01 1 METO/IN HABYAHHS, 3aCTOCYBAHHA KX 3YMOBJIIOE
BUKOHAHHS ITOCTABJIEHUX 3aBJaHb, GOpMU pOOOTH, JI0 AKIX BUUTE/b MOXKE 3a/Iy-
YaTU YUHIB I1iJ1 9ac (popMyBaHHs €KOJIOTIYHUX 3HaHb, YMIHb 1 MOTHBIB, MOXKYTb
OyTH pi3HOMAHITHI.

Konkpernuit Buji IisyibHOCTI MOXKe OyTH OOpaHMil 3a/Ie’KHO BiJl 3arabHOIO
CIIEHAPIIO YPOKY, 00CATy 4acy, siKhii BiABOJUTbCS Ha PO3IJIsi]l €KOJOTTIHOrO Ma-
TepiaJy, piBHs IIJIFOTOBKU YYHIB 1 crenudiky MEeTONMKN BUKJa aHHs (DI3UKH B
pPOOOTI KOYKHOTO BUUTE/IS.

Hanpukna, npu sBuBuenni temu: «Dizuuni gBuia, Gpi3uka i TeXHIKa» PO3III-
JIAETHCS B3aE€MO3B 130K TPUPOJH 1 JIIOJICHKOIO CYCHIJIbCTBA, KPYyroodir pevdoBUH
y MPUPOJIl 1 MPOMUCJIOBOMY BUPOOHUIITBI, IMPoOIeMa yTHUIi3allil Bi/IX0/1iB, BILINB
POCIOJIAPCHKOT JUATBHOCTI JIIO/Ieli Ha HABKOJIMIIHE CepeJIoBuIle (Ha KOHKPETHUX
IPUKJIAJIAX, HAROIMKIUX JI0 [ITKOJTH T IITPUEMCTB ).

[Ipu BuBuenni Temu: «Mosekymn. dudysisy — nommpeHHs MIKiIINBIX PEUO-
BUH, BUOPOIIECHHUX MPOMUICJIOBUMHE IiIIIPUEMCTBAME, B TOBITPI, BOJII Ta I'PYHTI,
Hebe3I1eKa HelPaBUIbHOIO 3aCTOCYBaHHSI Ta 30epiraHHsl MiHepaJIbHUX JOOPUB Ta
repoinuiB, mousaTTd npo I'JIK — rpaHmdHo JIonmycTHMOl KOHIIEHTpAIlil pevoBUHH,
KOHTPOJIb 38 CTAHOM HaBKOJIUIIIHLOTO CepejloBUIlla, BUMIPIOBAHHS KOHIIEHTPAaIliil
IIKIJIIMBUX PeYoBUH i nopiBHsiHHs 3 ['JIK, BIUIMB Ha »KUTTS BOAONHMIB HadTOBOI
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IJIIBKU Ha flOT0 1TOBEPXHI.

[Tpu BuBuenni Temu: «I'ycTuna pedoBUHU» PO3TIIANMAETHCA MO CMITTI HA
CKJIQJIOBI IIPH Oro yTHIi3allil, BAKOPUCTaHHS PI3HOI I'yCTUHU PEUOBUHU B pOOOTI
OYHUCHUX CITOPY/I.

[Ipu BuBYenui remu: «B3aeMosig aTOMIB 1 MOJIEKYT» PO3MIAIACTHCI HEZMOTY-
BaHICTh OllEpEHHs BOJOILIABHUX IITaxiB BOJOIO 1 3MOUYyBaHHsI 11 Ha(TOIO Ta iHIII.

IIpn BuBYeHHi Temu: «/IxKepeya cBiT/Ia» PO3IVISAAAETHCA MIKIJJIMBA Jisl I10-
TY>KHOr0 ab0 BHCOKOYACTOTHOT'O CBITJIa Ha OYi, MKIIUBA Jid Ha 04l XIMIYHUX
PEYOBHH, yJIbTPadioIeTOBOIO BUIIPOMIHIOBAHHSI.

TakuM YUHOM, PE3YAbTATH JIOC/ITHO-eKCIIEPUMEHTAILHOI POOOTH TiITBEP-
JZKYIOTH MPUITYIIEHHS PO Te, 10 BIPOBA/ZKEHHS €KOJIOTIYHIX aCIeKTiB y BUBYe-
HH¢ TTPUPOJIHUYO-HAYKOBUX JIUCIUILIIH JIOTOMOXKEe TJIBUIIIUTH PiBEHb €KOJIOTTUHOT
OCBIYEHOCTI YYHIB 1 OLIBIT TOrO MiBUINUTE Mi3HABAJIbLHUI IHTEpEC 0 TPEIMETIB.

Bucaosknu

1. Amnasi3z mMKUIGHUX MIPYYHUKIB 1 MporpaM Mmokasas, 10 €KOJIOTIUHI acleKTH
B HIKLJIbHUX Kypcax MPUPOJIHUYO-HAYKOBOT'O IUKJIY BUCBITJIEHO HEJIOCTATHBO.

2. JloBejeHo, 10 YPOKHU, JIONMOBHEHI €KOJIOTIYHUMEI MaTepiajaMu, TTO3UTUBHO
BILTMBAIOTH HAa PIBEHb OCMUCJIEHHS YIHAMHI TEOPETHIHUX MUTAHb Kypcy (Pi3uKH i
CIPUSIOTH IJIBUIIEHHIO TI3HABAJLHOI'O 1HTEPECY.

3. Bugniieno, 110 BuB4deHHs (DI3UKHI 3 OIOPOIO HA €KOJIOTIYHI aCIeKTH J03BO-
JII€ TIOMITHO T1JIBUIIIUTYU PIBEHb 3HaHb Ta €KOJIOITYHY OCBIYEHICTH YYHIB.
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[lpy migroroBul CTaTTl HEOOX1ZAHO LOTPMMyBaTKHCh HACTYIHUX BHUMOT:

1. Pykonucu 1moJalorbcsi B OJIHOMY IPUMIPHUKY, HAJIPYKOBaHI YKPalHCHKOIO ab0
pOCiiicbKOI0 MOBOIO Ha OJIHiil CTOPOHI apKyllla Yepe3 OJInH 1HTepBaJ 3 HIUPO-
KUMHU TIOJISIMI, CTapaHHO BUYUTaHI 1 po3MiveHi. [IpumipHuk 1moBuneH OyTu
obopMIIeHNIT BiJIIOBIHO 710 3a3HAYEHUX HUXKYE BUMOI' 3 00OB’SI3KOBUM IIi/I-
coM aBTopa (ycix aBTOpiB) cTaTTi.

2. CrarTs NOBHHHA BKJIIOUATH:
(a) mpisBurme Ta iHiniaaum aBropa (aBTOPIB) Ta HA3BA YCTAHOBH, /16 BUKOHAHA

pobora;

(b) Ha3By cTaTTi (KO 3ar0JIOBOK CTATTI JOBIHil, TO MOJATH TAKOXK HOIO
KOpPOTKHii BapianT, He 6ibine 40 3HAKIB);

(c) ingexc Y/K; anorario (10 5 psajkis);

(d) kopoTKuit BCTyI: MOCTAHOBKY 3aJiadi, 0jiep:KaHi pe3yJbTari;

(e) dopmysioBaHHST 0JIepKAHIX ABTOPOM HOBUX De3YJIbTATiB 1 MOBHE X JI0-

BeJIEHHS, AKi paHilie Hijie He Oy oryo/ikoBati abo MojIaHi 0 pO3TJIL LY
B IHIIUIT YKy pHAJI;

3. Jlo (apykoBaHOro BapianTy) cTarTi 000B I3KOBO JI0IA€ThCsI €JIeKTPOHHUIT Ba-
pianT, migrorosiaenuit y dhopmari LaTeX (*.tex) (ta fioro kormist y dopmari
PDF) 3 BukopucrantsmM cruiboBoro aitny (znpfizmatsdpu.sty) »kyprasy
Ta MakeTHOro aiiy (exampleznp.tex) 3 JOTPUMAHHSAM BCTAHOBJIEHUX T1a-
pameTpis (preambulaznp.tex).

4. Anpeca jyst mucryBanag: 84116, m. CiioB’sinenk, donerbKa 00J1., ByJ1. Ba-
TioKa, 19, lekanar dizuko-maremarunanoro dpaxyiabrery JIBH3 « 1TV »;

e-mail: znpfizmatsdpu@ukr.net, reredomnn: (06262) 3-26-59.

5. Y BUIIQJIKY aBTOPCHKOIO KOJIEKTHBY BKa3aTH IIPi3BUINE Ta e-mail Toro 3 as-
TOPIB, 3 KUM PEJIKOJIerd MOXKE BECTH JINCTYBaHHA.

6. @aitm nmpukaay oopMJIEHHS cTaTell Ta BUMOI'M MOYKHA, 3aBAHTAXKUTU 38
ajgpecotro  http://slavdpu.dn.ua/fizmatzbirnyk /znpFizmat2013.zip.

7. CrarTi, MiIrOTOBJICH] B HMOPYIIEHHS 3a3HAYEHUX BUMOL, JIO PO3TJISLY pejia-
KIIITHOIO KoJterieio KypHaay HE npuitmatorbes.

8. Crarti j1o werBeproro Bumycky (2014 pik) npuiimatorbes 1o 1 kiTst 2014
POKY.
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30IpHUK HAYKOBUX IIpallb
dizuko-maremarndaoro gpaxkynabrery ALY

Bumryck Ne3

3a marepiajiamMu
BceykpaiHchbKOl HayKOBO-TTPAKTUYIHOI KOH(pepeHIrii
«AKTyaJIbHIi IUTaHHA Cy4YacHOI HAYKW 1 OCBIiTH»
CrnoB’aucek, IJIITY, 23-25 kBiTHsA, 2013 p.

s cTyaeHTiB, acIipaHTIB Ta HayKOBIIIB B ra-
J1y3i Pi3uKo-MaTeMaTUIHUX HAYK; BUNTEJIIB Ta

BUKJIaJA4diB (pi3uKo-MareMaTUuIHUX JUCIIAII-
aig B 3OIII ra BH3.
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