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Bin peaaxiiiitHol koJieril

IMTanoBHi ynTayi!

Bu Tpumaere B pykKax Hepiimii BHUIYCK «30ipHHKA HAyKOBUX Ipallb (Hi3uKO-
MareMaTndHOro (axy/abrery CJ0B’sIHCHKOIO JIepKaBHOIO I1earorivHoro yHiBep-
cuTeTy». Bujgannsg HayKoBUX Ipallb BUKIaadiB, CTYAEHTIB Ta MOJIOINX HAYKOBIIIB
disuko-maremarudnoro daxynaprery CHITY 3amouarkoBano y 2010 pori, Ko
pe3yJIbTaT HAYKOBUX JOC/IIIXKEHb OYJ10 O1Iy0OJ/iIKOBAHO OKpeMoIo cepieto « Dizmko-
MaTeMaTUIHI HAyK» B 30ipHUKY HAyKOBUX Mpallb «Ilomykn i 3HaxiKn» 3a Ma-
TepiajaMn HayKoBo-ipakTnaHOl KoHdepenitii CAITY «AxTyanbhi nurtaHHs HAyKH
i ocituy (CITY, 20-22 ksiTast 2010p.).

Mertoio 36ipHuKa € mATpUMKa HayKOBOI aKTUBHOCTI K Cepejl CTYJIEHTIB, Tak
i cepen mostonux Bukiagadis CAITY ra inmmux BH3.

OcHoBy 30ipHIKa CKJIa/1al0Th IOBHOTEKCTOBI CTATTI JOIOBiIeil Ha IOrOPiYHiik
BeeykpaincbKiit HayKOBO-IIpaKTUYHI KOHepeH il « AKTyaIbHI TNTaHHSA HAyKH 1
ocituy (Cio’snenk, CJIITY, 19-21 kBitas 2011p.). OcHoBHI pe3ysibraTn J10M0-
BiJa/IMCh Ha CEKIINHMX 3aciTaHHAX Ta Oy peKOMEHJIOBaHI JI0 JPYKY I'OJIOBAMH
CEKIIiiT, 3aBiyBadaMyl BUITYCKOBUX Kadeap Ta HAYKOBUME KEPiBHUKAME BUITYCKO-
BX poOiT. BKazani mMarepiajm 1M0JIlaHO y HACTYITHUX I ITH PO3/IiljIax:

MATEMATUKA, PIBUKA,

[HOOPMATUKA TA METOAVKA 1T BUKJIAJAHHS,

METO/JUKA BUKJIAJAHHA MATEMATUKHN B 3OI TA BH3,
METOAVKA BUKJTAJAHHA ®I3UKN I ACTPOHOMIT B 30111 TA BH3.

[leprmoueprosumn 3aavuamMu 30ipHIKa €:
— IIponaryBaHHd HayKOBUX JOCATHEHb B Tajay3i (pisnKO-MaTeMaTHUHNX HayK,
30KpeMa BUCBIT/IEHHS aKTYyaJbHUX MUTAHbL CydacHOI HAYKW B Tajgy3l MaTeMaTu-
K1, dpizukn Ta iHhopMaTuKu,
— aKyMYJIIOBaHHSI METOJIMYHOIO JIOCBIly BUKJIaIaHHS (DI3UKO-MaTeMaTUIHUX JIUC-
muiutia B 3OI Ta BH3;
— ONPWIIOJIHEHHs pe3yJbTaTiB Ta HAyKOBUX JOC/II/ZKEHb CTYICHTIB (Di3uKo-
matemarmaroro gaxyaprery CJIIIY, BukomaHumx i/ KepIBHUIITBOM ITPOBITHIX
BUKJIaJIadiB BUITYCKOBUX Kadeap paKyabTeTy.



Bin penmakiiiinol KoJierit

BiamoBiziHO 10 HOBOI KOHIIEIIIIl MiATOTOBKN MaricTpiB B YKpaiHi cepejl peKo-
MEHJIOBAHUX BUMOT JIO0 BUITYCKOBUX POOIT € ONPUJIIOJHEHHS TeMU Ta Pe3yJIbTaTiB
JOCJTIIZKEeHHsT B HAYKOBOMY »KYpHAJIL, 30ip1ii Ta/abo Ha cailTi BUIOrO HABIAJIBHOTO
3aKJIaTy B €JIeKTPOHHOMY BUTISIL. &Y 3B’A3KY 3 IIUM, JIPYTOPSTHOIO 33 a9e0 30ip-
HUK& € IIJIBUIIEHHS PIBHS JUIJIOMHUX 1 MaricTepchbKuX pPoOIT CTYJIEHTIB (Pi3nKO-
maremaTudHoro daxynaprery C/AITY 3a paxyHOK 3ajydeHHs JI0 PeJIaKIiiiHOT KO-
Jieril 30ipHHKa HAyKOBHUX IIpallb IPOBIJIHUX HAYKOBIIB 3 4YHCJIa IIPOPECOPCHKO-
BUKJIAJAIILKOTO CKJIATY PaKyIbTeTy Ta J0JaTKOBOTO PeleH3yBaHHs HUMU OCHOB-
HUX PEe3YJIbTaTiB BUITYCKOBUX poOiT. Tomy 30ipHUK 1TepeBaykKHO MICTUTh CTATTI, AKi
BiJIOUBAIOTD PE3YJILTATU JIOC/I/PKEHb, BUKOHAHUX MOJIOJIMME HAYKOBIISIME, Mari-
CTpaHTaMU Ta CTYJIEHTaMMU, siIKi HaBYAIOThCs 3a CIeIiaJbHOCTIMU di3uKa i MaTe-
MaTHUKA.

BacHOBHUKK 30ipHUKA MaiOTh HaMip 3poOUTH HOIro MaKCUMaJbHO BiIKPUTHM
sIK JIJISI aBTOPIB, Tak 1 JijIsd unTadiB. Bin Oyjae BUXOIUTH OJWH pa3 Ha PiK Y APYKO-
BaHOMY Ta €JeKTPOHHOMY BHIVIsAl. EjeKkTpoHHa Bepcisg Oyle JOCTYIIHOI Ha CTO-
pinkax odimiitHoro caiity dizuko-maremaruanoro gaxkyabrery CJITY. Ha caiiri
TaKOoXK OyJie PO3MIilleHo iH(OpMallilo 11010 CIIBIpaIll 3 aBTopaMu 30ipHIKA.

Sampornyemo go croiBopairi. HacHaru Ta TBopumx ycirixiB!
YneHn peJakiiiiiHol KoJierii.
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J1o 65-piuus pi3mKo-MaTeMaTITIHOTO
dakyabrery CUITIY

IcTopist izuko-MaTeMaTuIHOTO (haKyJIbTETy PO3IMOUNHAETHCA 31 CTBOPEHHI
y depBHi 1946 poky ddizuko-maremarnaroro Bigainentss mnpu CioB ssHCBKOMY
YINTEeTbCHbKOMY 1HCTHTYTi. llepmum KepiBHUKOM BigijieHHs OyJI0 MpU3HAUIE-
HO KaHJujaTta (pi3suKo-MaTeMaTHIHUX HAyK, YUHs BCECBITHBO BIJIOMUX yUCHHIX
A.M.Koamoroposa i C.M.Hikonbckoro — Bosbnepra Apona Axosuda. Bigminen-
Hs1 00’€/THYBaJIO ClleliaicTiB 3 MaTeMaTuky i pizuku. Ha Toit yac Habip cTy/ieHTiB
Ha QizmKo-MaTeMaTUIHe BiJIIEHHS CKJIa/aB JIUIle OJHy rpymy 3 29 cTynenTis
3a CIeNIaJbHICTIO «MaTeMaThKa 1 (Pi3uKas.

Y 1949 poui Ha 6a3i (izuKo-MaTeMaTUIHOTO BIJIJIJIEHHS BUHUKAE (DI3UKO-
maremaTudnuii paxynabrer. Jdekanom daxysabrery npusnaderno Ceprienko M.IT.

Y 1950 pori Ha ¢izuko-MaTeMaTHIHOMY (DaKyJIbTETI YTBOPIOIOTHCA JIBI Ka-
denpu — 1e Kadenpa Pisukn i kadeapa maremaTuku. [lepimmuMm 3aBigyBadem Ka-
denpu dizukn 6yaa Ceprienko M.II. ¥V 1951 poui mrar Kadejpn HapaxoByBaB
4 ocobu. OkpiMm 3aBijyBada, Ha Kadeapi nparoBagl 2 acucTeHTn i 1 crapiimii
BuKJjaad. CaMe B 1eil 4ac HAJIAroIXKyIOThCs TiCHI 3B'SI3KH 31 IIKOJIAMU MicTa Ta
paiiony.

[Ticns npuennanust 10 CJ0B’SIHCHKOIO yUIUTEIbCHKOIO 1HCTUTYTY ApTeMiB-
cbkoro Ta CTapobi/ibChbKOro yUUTe/TbChKUX IHCTUTYTIB Y 1954 porii yTBOPIOETHCS
CyioB’stHCBbKMIT JlepzKaBHUIL ITejtaroriyamii iHcTuTyT. BijgbyBaeThcs 3HaUYHE MTOKpa-
IEHHS BUKJIAJIAITBKOTO CKJIa 1y (Pi3MKO-MaTeMaTUIHOIO paKyJIbTEeTY.

Y 1954 porii 301/IbITYETHCA TEPMIH HaBYaHHS /10 4-X Ta -1 POKIB, 3pOCTAE KiJlb-
KICTb CTY/IEHTIB Ta KlJIbKICTh HaBUAJILHUX JIUCIUIIIH, K1 Telep BUKJIAJAI0ThCs
Ha ¢iz-mari. Y nboMy K polii Kadeipa MareMaTuKu 30LIbITNIACS, TTO€IHABIIN
B cobi maremarnani Kadeapu Cios’sinecbkoro, Apremisebkoro ta CtapodiibebKo-
Io yYUTEJbCHbKUX IHCTUTYTIB. Y pe3yabTari 10 Kadeapu MaTeMaTUKu Mpudysia
3HaYHA TPYyIa BUKIAJATIB, cepell AKNX KaHIUaT (PI3UKO-MATEeMATHIHIX HayK
Bongapenko I1.C., crapmmuii Bukiagad [esuenko B.E. ta inmi. [Ipogos:KyBasn
npaioBaT i Kpari Bukiaaadi Cios’saebkoro negincruryry: Kymina M.M. (1946
— 1961 pp.), Hlubankina H.I. (1949 — 1978 pp.), Mosuan-Konapa B.O. (1952 —
2003 pp.), Bosbrepr A.4. (1946 — 1977 pp.). Coix 3a3HaquTH, 10 HAI3BUYANHO
BEJINKY POJIb Yy popMyBanHi MaTeMaTunaanx Kadeap CaoB SHCHKOIO I1e1aroriaio-
ro incturyty Bigirpas Bosibnept Apon Axosuu. Binbine 30 pokis fioro camosij-
JTaHOT TTpaIll MaJIn HaI3BUYaline 3HAUEHHS /I CTAHOBJIEHHS MaTeMaTHIHNX HayK
y CJIOB’SIHCBKY.
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®dizuko-maremarudHomy dakyinbrery CHITY — 65

TypOyrounch Mpo MOJIIIIEeHHS KaJIpOBOro cKJjajy By3iB, MinicrepcTBo oCBi-
1 YPCP namnpasisie g0 CJI0B’IHCBKOIO I1€1aroriqtHOro IHCTUTYTY Ha Kadeapy
MaTeMaTUKN KpallliX BUITYCKHUKIB YHIBEPCUTETIB Ta IHCTUTYTIB: y 1955 pori Ha
kadenpy npudys Bumycknuk JIbsichbkoro yuisepcutery Cosoryd B.C.. y 1956
polli — BUIIYCKHUK Haiictapimoro B Ykpaiui Hixkuncbkoro nepincruryty ABpa-
menko M.IL., Bunycknuk Knisebkoro yaisepcutery Menbnukos [1.K., Bumycknuns
Xapxkiscbkoro yaiBepcurery Kocobymbka T.A., a HacTymHOro poky 10 Kadenpn
upudysa 3 OpJsioBebkoro nepinctutyty llepenboskina B.1.

Y 1956 pori 3 HixKMHCHKOTO MEIIHCTUTYTY MepeBejieH] Moapy kK B'adecias
Makcumosuy i Faynmna Bopucisra Capuenko. ¥ mpomy 2k pori B.M. Capuenka
OyJ10 TIPU3HAYEHO JIeKaHOM (haKyabTeTy. AJte, siK 1 paHile, 3a/IlAaeThCsi TOCTPOIO
npobJieMa KaJIpiB 3 HAMBUINOIO KBaJlihiKalli€lo, 3 HAyKOBUMU CTYIIEHSAME Ta BUe-
HuMu 3BaHHAMU. OCOOJIMBO TITHUM JIJIsT TOKPAICHHST PiBHS KaJIpiB Kadeapn
maremaTuku oyso npudbyrts Cosnoryba B.C. Bin y 1956 pori ovonus kadeapy i
CTBOPUB CIIPUAT/INBI YMOBH /I HaBUAJILHOI Ta HayKoBOI poboTn. Perymsgpnnmvm
CTaJIM 3aHATTA KadeIpaabHOro ceMinapy.

Y 1959 porii iHCTUTYT 040JII0€ KaH1u1aT (Pi3uKo-MaTeMaTHIHuX HAyK, JOIeHT
['opomko B.4.

[IpoTsrom Bcwhoro icHyBaHHd (DIZUKO-MATEMATHIHOTO (PaKyIbTETy OJHIM
3 HaBaXKJIUBIMNNX HaIpPAMIB pOOOTH 3aBXKu OyJI0 TOKpaIlleHHs HaBYaJIbHO-
MeTOIN4HOI 6a3u Ha (aKyJIbTeTi Ta opraHidallis HayKOBO-IOC/IIHIX J1abopaTopiii.
[Ile y 1939 pomi OyJsio posrodaTo podOTY 31 cTBOpPEHHs JiabopaTopil TPYI0BOro
HaBuanHsg. Ha 3arajbHuX 3acajiax CTBOPIOIOTLCSA HAYKOBO-JIOCIIHI J1abopaTopil
Oiodizuku, Pi3uKu TBEPAOro Tijia, MarHeTH3MY, CIEKTPOCKOIIT. 3HaYHa KiJIbKICTb
PE3YIBTATIB, OJIEPKAHNX Y JaDOPATOPIAX (PaKyIbTeTy, MAIOTh BayKJINBE HAPOJIHO-
rocrojiapcbke 3nadents. Ha ocHOBI ux j10C/1i2KeHb BUKOHYIOTHCS 1 3aXUIAI0THCS
KaHIMIaTChKI IucepTaliil KoaumiiMu ctyaentaMu dpakynabrery: [ /1. [Toranenkom,
A.® IIpynom, B.I1.OBuapenko, B.O.Haxrodiem, M.T.MaJsitoroto Ta iHIIIMA.

Y 1956 porii yepes 3aIpoBazKEeHH MMOJITEXHIYHONO HaBIAHHS B ITKOJIaX, Ka-
denapa pizuku mocuanaa podoTy 3 MOJITEXHIYHOI MiAr0TOBKY MailOyTHIX BUMTE-
JiB. CTBOPIOIOTHCS J1ADOPATOPIT PaIiOTEXHIKH, €JIEKTPOTEXHIKN, TEXHIYHUX 3aC0-
0iB HABYaHHS, HaBYaJbHI MaliCTepHi.

3 1961 poky mo 1964 pik kadegapy disukn ovosoBa Benikos @.1., sknit
OaraTo yBaru MpuIIgB METOMMII BUKJIAJAHHS BIAIOBIIHIUX AUCHUILIIH. DaKyib-
TeT 1 Kadepr 3pocTaloTh, HAOYBAIOTh BJIACHOIO 00JTUIYs, (DOPMYIOTHCS TPaAJINTIIL.
OpnHiero 3 TpajuIiii € TicHuit 38’a30K Kadep 31 mkosamu. g Tpaauiisa 30epira-
€TbeCs it 10 choronui. 3 iHimiaTuBn Kadegapu (Mi3UKU MOPIIHO TPOBOIMINCH KOH-
depentiil roHux (QI3NKIB 1 TEXHIKIB, PEryJIdpHO MpallioBaia MKoJaa (PI3UKIB I
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yV4HIB cTapmux KjaciB. IIpodecopcbko-BuKaaanbKuil ckias Kadegapu JINThCs
JIOCBIJIOM 1 3HAHHAMU 3 BUNUTEJIAMHU TIKIJ MicTa, paitony Ta B nijioMmy Bciel /lo-
HerpKol obstacti. 3 npuxojoMm y 1964 p. nonenta Kanyrina M.I. 3magno 3pocin
00CcATH HayKOBO-JIOCIiIHOT pOOOTH.

Y 1969 porii sasigyBadem Kadegapu disuknu cras jgonenT Komicapos 4.C. 3
fforo npuxo/1oM Ha KadeIpy MovYa I MIUPOKO 3aJIydaTi 10 HayKOBO-T0C/IiTHOI pO-
ootu cryuenTiB. Ha kadenpi Oysio opranizoBaHo HayKOBI I'YPTKU 3 icTOpil pizuku,
dizuKm TBepOro Tija, PI3MKH MarHiTHUX SBUII, TYPTOK 3 II03aK/JIaCHOI poboTH
BunTes pizuku. HaykoBi mpali cTy/eHTiB H-To Kypcy (pi3mKo-MaTeMaTUIHOIO
dakynbrery Koxan M., Onumenko A. y 1972 pomni na Bceecorosnomy KOHKYPCi
CTYJEHTChKUX poOIT 3aitHsiin 1-e miciie 1 Oy/in Biji3HAYEH] MOYECHUME MeTa IsiMI.
Benmky yBary BukJajadi kadejpn TPUILIAIA METOAMYHIN PoOOTI, BUBUEHHIO
IIJISIXIB aKTUBI3aIl Hi3HABAJIBHOI JIiIbHOCTI IIKOJIAPIB Ha ypoKax dizuku. IIpo-
BiiHUI BUKJIa1ad Kadeapu, KaHaugaT nejaroriqiux Hayk €pinmnoxos b.®@. npa-
1oBaB HaJl MoHOrpadieo «OcHOBHI 3aKoHN MexaHiKn». Ha kadeapi perysiaspHo
MIPOBOJIMBCS HAYKOBO-JIOCIIHNI ceMinap Jijist BUNTE B MKiI micTta. [Topiuno Bun-
Tesi PI3UKM TPOXOJINJIN MTepeniiroToBKy. JlabopaTopre ob/aiHaHHs Kadepu j1a-
BaJI0 MOXKJIUBICTH MPOBOJNTHU 31 CTYJeHTaMH HEe TLILKKM HaBYAJIbHY, a i HayKOBO-
JIOCJTITHY pOOOTY.

3 1970 poky Ha Kadeapi MareMaTUKN IOUNHAETHCS TOMITHE 3POCTaHHS Ki/lb-
KOCT1 CITeIiaJIicTiB 3 HayKOBUMU CTYIEHAMU Ta BUYEHUMU 3BaHHAMU: KaHIHJIaT
dbisuko-maremarnannx Hayk, jgoreHt lamrynos K.JI. (1969), kangumar TexwHi-
aHux Hayk, jorent Tomryrosa JI.M. (1971), kangumar nejaroriaoux Hayk, J0-
nert Jlabypkin K.JI. (1973), xammnmar ¢i3suko-MareMaTHIHUX HayK, JOIEHT
Boxko B.O. (1978), kangumar negaroriaaux Hayk, gorneHt Bikon B.A. (1978).
[TocTynose mokparieHHs TPodecopCbKO-BUKIIAIAIILKOTO CKIaly Kadegapu TpaHC-
dopMy€eThCA y MABUIIEHHS HAYKOBOTO PIBHSA HABYAJILHIX 3aHATH, BJOCKOHAJIEHHA
MeTOJU4IHOI MaiicTepHocTi Buk/ajadis. Iix BrimmBoM 1ux dgakropiB y 1974 pomi
CKJIQIAI0ThCs CIIPUATINBI YMOBU JIJI BiJIOKPEMJIEHHSI CAMOCTiitHOT Kadeapu Ma-
TEMaTUYHOTO aHaJIi3y. 3 bOro Yacy (DyHKIHOHYBaJIO JIBI MaTeMaTn4uHi Kadeipu:
Kagedpa mamemamuru i xKagpedpa mamemamuuro2o aHai3y. 3aBiryBadeM Kade-
JIpW MaTeMaTUKN MPU3HAYeHO KaHIngaTa MeJaroriyunx Hayk, gomneHTta Illesuen-
ka Bomomnmupa €roposuda, a mepmunM 3aBigyBadeM Kadeapn MaTeMaTHIHOIO
aHaJi3y cTaB Kanjaujar pisuko-MmareMaTndnnx Hayk, jgortent [Hlamrynos Kaszum
Hasierosuu (nekan diznko-maremarudnoro daxyssrery 1971 — 1973 pp.). Bounn
3po0OMJIN BarOMIl BHECOK Yy PO3BUTOK (DAKYJIBTETY, ITiIBUIIEHHS PIBHS MaTeMaTu-
YHOI KYJIbTYPU CTYJIEHTIB, NOJIIIIEHHS PIBHS X HAYKOBOI 1 METOJUYHOI I11JIOTOB-
KU, 3aJIydeHHs CTYJAEHTIB 10 HAyKOBO-JIOC/ITHOI pOOOTH.
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Axrusno npaiioasin Haykosi ryprku. Joment [lamrynos K. /1. kepyBas ryp-
TKOM 3 MaTeMaTHIHOTO aHasizy. dJeH I[bOTo I'ypTKa, I'oJIOBa CTYAEHTCHKOIO Ha-
YKOBOT'O TOBapHUCTBa (iznko-mMareMaTudHoro daxymaprery 1971 — 1975 pp. Py-
kacoB B.I. B momaabiioMy 3aXucTuB KaHNJIATCHKY 1 JOKTOPCHKY JncepTallii Ta
oyB pektopoMm yuiBepcutery 3 2003 1o 2009 pp., wieHum nporo ) ryprka Jle-
xkuenko JLI. (Ilreckamposa) i Cepmiok A.M. (Tepermenko) cramm Bukaadamu
daxkynbrery. Jonent [lepuenko B.€. kepyBaB rypTKOM 3 METOJINKHI MAaTEeMATUKI,
yienn sikoro Tpymr H.I. i JIogarko €.0. B nogaabimoMy 3axXucTUIN KaHIIIaTChKI
JIcepTallil, cTaji BUKJIaadaMi YHIBEPCUTETY. 3 NMPUXOJIOM Ha Kadepy JI0CBi/I-
deHnX BUMTENB MK Ta KBamidikosannx meronuctis K.II. Bimonenko (1964 p.)
ta P.A. Yypinosoi (1970) sra1uHO 3pic piBeHb BUKJIAJIQHHSA METOIUKN HABYAHHSI
MaTeMaTUKH. [IpoTaroM KijJbKOX POKIB IIiJ| KEPIBHUIITBOM BUKJIaJIadiB Kadeapn
MaremaTukun Bunokyposoi ['I1., Umenronol T 1., Koabacinoi H.I. nparmosaJio -
roTOBYE BiJIJIIJIEHH, siKe FOTYBAJIO MOJIOIE JIO BCTYITY Ha (Bi3MKO-MaTeMaTUIHII
dakysbretr. Benke 3HadeHHs Kadeapa MaTeMaTUKN TPUILIsIA 3B’ A3KaM 13 TITKO-
Jamn Mict Ta paiioniB lonembkoro periony. Ha kadenpi mocriitHo mpaliioBaJm
ceMiHapu Jiisi BUMTEIB 1 JiekTopil jisg yuniB. I3 1970 mo 1985 pik npu kade-
Jipi nparoBasia ¢ijiss BeecorosHol 3a09HOT MaTeMaTUIHOI KON i yuHiB [o-
HerpKol obstacTi, sikoio KepyBas Illesuenko B.€. @inig SMIII yeminiHo mpario-
BaJia 3aBJsIKU akTUBHINN podori ABpamenka M.II., Bermuka €.B., Kocobyikoi-
Capuenko T.A., Tpym H.I., Tepemenko A.M. o poboru SMIII 3asyuarorbes i
CTYJICHTH CTapIINX KypciB (izmKo-mMareMaTudIHoro gakysabrery. Maiizke Bci Bu-
nyckuukn SMIII micsst 3akiHYeHHST KON YCINITHO 3/aBajii BCTYIIHI iCIIUTH 3
maremaTuku B pizai BH3. Bararo 3 BumyckHukis BHOpaJ/i MaTeMaTHKY CBOEIO
podeciero.

3a 15 pokis dinito SMII sakinauan mona st 400 yunis. Pedopma mikinbaoT Ma-
TeMaTHIHOI OCBITH Ha ovaTKy 70-X pokiB OyJia MO3UTUBHO CHPUNHHATA ITPAIliBHU-
KaMi Kadeapn MaTeMaTuki. Bukiagadi MaTeMaTnanux Kadeap Opajin akTUBHY
y4acTb B II€PENiINOTOBIIl BUUTEIIB-MaTeMaTUKIB.

[Ipotsirom 1973 — 1977 pokiB Kadejipa MaTeMaTUKN IIPOBEJIa II'siTh 00JIACHIX
HAYKOBO-IPAKTUYHUX KOH(EPEHIIiil BUNTEIIB 3 00MIHY JIOCBIIOM POOOTH 38 HOBH-
Mmu rporpamamu. [lopiuno npu kadegapi miasuiryBaan Keasidikaiiio maike 120
yanreniB. g pobora He BTpaTmia aKTyaJbHOCTI it choroaHi. Besnke 3HavUeHHs Y
30LIBINEHH] KIJTBKOCTI Ta SKOCTI BCTYITHUKIB Ha (PI3UKO-MaTeMaTUIHUI (PaKyib-
Ter Bifirpas mijrorosunit Biaia (nigrorosui kypen). Bin icaysas 3 1971 poky 10
1987 poxy.
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31973 p. mo 1978 p. nekanom dakyabreTy OyB KaHmaT Hi3uKo-MaTeMaTnd-
HuX Hayk, goueHT Iloramnenko I'eopriit KoctssntunoBud, a 3 1978 p. mo 1993 p.
— Kanauaar (ismko-MareMaTnIHuX Hayk, goueHtT IIpyn A.®. B meit gac Bigdy-
BaE€ThCs 3HAUHE 301/IbIIIEHHS] KOHTUHI€HTY CTYJEHTIB 1 I10JaJIbIle HapOIIeHH Ma-
TepiajbHOl 0a3u. 3IiCHIOEThCs 11epeobiiaJHAHHSI Ta CTBOPEHHsI HOBUX KabiHETiB
i 1aboparopiii 3 cydacHIM O0JIaJHAHHAM Ta MeTONnIHuM 3abe3nedenHsiM. CTBO-
PIOETHCsT J1abopaTOPisd TEeXHIYHUX 3ac00iB HaBUYaHHs, sTKa 00JIa/IHaAHA TPUCTPOSIMI
JIUTs1 TIEpEBIPKU 3HAaHb CTYJIEHTIB 3 Habopom npuiaiaiB « MKY-48». [TonmoBHIOIOTHCS
KaOIHETH HOBUMU HaBYAJILHUMU IMOCIOHMKAMU, OOIUCTIOBA/ILHOIO TEXHIKOIO, METO-
JUIHEM 3ab0e31edeHHsgaM. Tak, sl [IpOoBejeHHsI JIabOpaTOPHUX 3aHSITh 3 JUCIU-
IUIIHA «O0YUC/IIOBAJIBHI Ta, BUMIpIOBaJIbHI POOOTH» OYJI0 IPUI0aHO PI3HOMAHITHI
BUMIipIOBaJIbHI TIpmJiajin Ta oduucsoaibii Mammman BK-1, BK-2, Ickpa Ta immmi.
st mpoBeJieHHs 3aHATh 3 00YUC/IIOBAJIbHOI MaTeMAaTUKI 00JIaIHYEThCsS KabiHeT
3 YCTAHOBKOIO MaJInX OOYMC/IIOBAJIbHIX MalUH, & 3T0JA0M JIJIs 3aHATH 3aCTOCOBY-
€TbCsl oOumcoBa/ibHa MalnHa «IIpominby. Ha modyarky 80-x pokiB 3’sBISIOTHCA
J1abopaTopil KOMIT' IOTEPHOT TEXHIKH, K1 HA3UBAIOTH KOMII IOTEPHUMHU KJIACAMI.

3 1984 poky diznko-MaTeMaTuIHN PaKyIbTeT TePEeXoUTh Y HOBUI 8-MU 110-
BEPXOBUil KOPITYC, sIKMii 3 TOT'O Yacy € IOJIOBHUM HaB4YabHUM KopirycoMm CJioB’siH-
CHKOTO JIEPYKABHOT'O TEJIarOriYHOTO IHCTUTYTY. [loKpalnyoThcss yMOBU HaBYaHHSA
Ta MaTepiajbHe 3a0e3leveHHs HaB4YabHOro 1mporecy. Y 1986 pori na ¢izmko-
MaTeMaTHIHOMY (haKy/IbTeTi IPaIoTh BxKe JIBa KOMII FOTEPHUX KJIACH.

Y 1979 pomi nonent [Hlamrynos K./. y 3B’a3Ky 3 jgocarnennsam TeHCIHHO-
ro BIKYy TlepejaB 3aBilyBaHHsg Kadeapn MaTeMaTHdHoro anajizy boxky B.O.,
BUITYCKHUKY aclipanTypu KuiBcbKoro jiepzKaBHOIO 1eJaroriqHoro iHCTUTYTY M.
M.Topbkoro (nuni Hamjonanbuuit neparoriunuii yuisepcurer im. M. Iparomano-
Ba), Akuil y 1978 p. 3aXUCTUB KAaHJANJATCHKY JAUCEPTAIIIO 3a clieriaabHicTio «/lu-
depeHntiaibHi piBHAHHS», a B 1979 p. orpuMaB 3BaHHS JOILIEHTA.

Y 1984 poui Ha 1ocajy 3aBigyBada 11i€l kKadeapu Oysio oopano B.I.Pykacosa,
KNI TTOBEPHYBCA Ha Kadeapy Mic/id HaBIaHHd B aciipaHTypi [HcTutyTy Marema-
tukn AH YPCP i ycriniHoro 3axucty aucepTrariil Ha 3/100yTTsI HAyKOBOTO CTYIICHST
KaHigaTa (pisuKo-MaTeMaTUIHIX HayK 3a clieliajbHicTio «Maremarnannii ana-
JII3.

Y 1985 p. ma mocajy 3aBijyBada Kadejpu mareMaTUKd OyJIo NMPU3HAUEHO
BUKJIaa9a JIOHeIbKOro Mo TeXHiaHoro iIHCTUTYTY Yeenka B.M., akuii 3aBepiins
HaBYAHHS B aclipaHTypi XapKiBCbKOIO IHCTUTYTY PaJioe/IeKTPOHIKH 1 3aXUCTUB
JIIcepTalliio Ha 37100yTTS HayKOBOTO CTYIEHS KaHaugaTa (hi3uKo-MaTeMaTmIHIX
HayK 3a CIHeljaJbHicTIO «Ajrebpa i Teopist ducesrs.
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3 npuxojiom B.I.Pykacosa i B.M.Ycenka Ha gaxyabTeTi 3Ha4HO I11IBUIITUBCS
piBeHb MaTeMaTUIHUX JIOCIKeHb. [1i IX KepiBHUIITBOM BUITyCKHUKAMU (Pi3HKO-
MaTeMaTHIHOro (haKy/abTeTy BIEpIIe ovYaIl BUKOHYBATUCS JIUCepTaliiiHi 10CTi-
JIZKEHHsI 3 MaTeMaTHK Oe31ocepe/iHbO B YHiBepcuTeTi. BoHn dmraim JIeKIil cTy-
JIeHTaM He TLILKN 3 6a30BUX KYypCIB MATEMaTUIHOIO aHaJII3y 1 ajredpu, a ii cre-
IiaJIbHI KyPCH 3 CyJacHUX MPoO/IeM MATeMATUKU. SHAYHO OIMTUPUIACS TeMaTUKa
JUIJIOMHIX, & B IOJAJIBIIOMY 1 MaricTepCbKuX pOOiT.

B 1986 pomni B.I.Pykacosa 0yJ10 mpu3HavdeHo Ha 110ca 1y ITPpOPeKTopa 3 HayKOBOI
pobotu, a B 1998 porii itoro OyJio niepeBejieHo Ha MOca Ly POPEKTOpa 3 HaBYaJbHOT
poboru. 3 2003 no 2009 pik BiH mparoBaB PEeKTOPOM HAIIOrO yHiBepcuTery. ¥
3B'93KY 3 BEJIMKUM 00CsIroM BUKOHYBaHOI poboTun PykacoBum B.I. Ha kepiBHHX
1ocaJiax B yHIBepCHTETi, 000B’SI3KM 3aBilyBada KadeIpr MaTeMaTUIHOIO aHAI3Y
B 1986 pori Bin nepejas jonenty Boxky B.O.

Y 1988 pori Ha 0CHOBI Kadepu MaTeMaTuKI CTBOPEHO JBi Kadepu: kKadeapa
asreOpu i reomerpil (3aB. Kadeapu jgoreHt Yeenko B.M.) ta kadenpa MeToaukm
BUKJ/IaJIaHHsT MaTeMaTnku (3aB. Kadeapu jonent Bikoa B.A.).

Y 1994 pori BijIOyBa€ThCs EBHUI IEPEPOBIIOJILI JUCITUILIIH Ha IINX Kadeipax.
Kadenpy mMeroaukn BUKJIaJaHHS MaTeMaTUKN OyJio repeiiMeHOBaHO B Kadelpy
reoMeTpil i METOMKI BUKJIQIAHHsT MaTeMaThKN (3aB. kadenpu gorneat MoTopHuii
JL.T.), a kadenpy anredpu i reomerpii — B Kadepy aaredbpu (3aB. Kadepu JOIEHT
Yeerko B.M.). 3 1993 p. mo 1997 p. Ycenko B.M. rtakoxk BUKOHYBaB 000B’sI3KH
nekana daxyabrery. 3 1997 p. mo 2004 p. mexkanoMm ¢akyabreTy Oy/a KamIimIar
nejarorivuux Hayk, jgonent Ilypurina JI.C.

[Toumnatoun 3 1996 poky Ha (daky/IbTeTi 3HOBY IPOBEJIEHO MOJIEPHIBAIIIIO0 KOM-
II'I0TepHOI TexHiKKM Ta nepudepiitaux npuctpois. Y 2006 pori Kadenpa dizukn
OTPUMYE HOBUIl cydacHuil KabiHeT JijIs BUBUEHHSI IIKIJILHOTO Kypey (Pi3uKM Ta Me-
TOJMKY HABYAHHA (PI3UKU 3 KOMII IOT€paMU Ta HaiflcydacHIINUM MYyJIbTUMEIIHHIM
00J1aJHAHHAM. 3aB/IsIKII BBEJCHHIO B eKCILIYaTallilo ayJuTopil 3 MyJIbTUMe iiiHIM
obJIaJHAHHAM Ha aKyJbTeTi 3'sIBUIacd MOXKJIMBICTh BCl JIEKIIHI 3aHATTS MIPO-
BOJINTHU 3 KOMIT FOTEPHUMU JEMOHCTPAIISIMIU.

Benuke 3uHa4YeHHs /I PO3B sA3aHs 3aB/laHb, dAKi CTOATL Iepe)] (paKyIbTeToOM
1 YHIBEpCUTETOM B IIJIOMY, Ma€ 3a0e3ledYeHiCTh HaBYaJIbHOIO MIPOIecy KaJapaMu 3
HAYKOBUMHU CTYIIEHSIMU Ta BUYCHUMU 3BAHHIMU, OCOOJIUBO JIOKTOPAMHU HAyK, IPO-
decopamu.

[Tepmum goKTOpPOM (hiBMKO-MaTeMaTUIHUX HAYK Ha (PI3MKO-MATEeMaTUIHOMY
dakysbreri craB Heuboson Mukosia Ky3spMud, ioro JOKTOpCbKa JIECepTallid
(1989 p.) mpucssigena mpobsemam (hi3uKE TBEPIOTO TijA.

Y 1995 pori TOKTOPCHKY jucepTalifo 3 6iodizuku 3axuctuB KoctikoB OJiek-

10 36ipHUK HAyKOBUX TIpalb (iznko-maremaradaoro gakyaprery CHITY



caryp [lerpoBuy.

Y 2001 porii JJOKTOPCHKY AUCEpTalliio 3 aaredpu 3axuctus Ycenko Biragiit Mu-
xaftmopud. ¥ 2003 pori JOKTOPCHKY JHUCEPTAIiIo 3 Teopil HAOIMKeHHs (DYHKILI
zaxuctuB PykacoB Bosogumup [Banosmy.

Y 2006 porii JOKTOPCHKY JicepTallifo 3 (PI3UKM HAITIBIPOBITHUKIB 3aXUCTUB
Hajrouiit Bikrop OJsiekciiioBu.

Y 2009 porii JOKTOPCHKY JAUCEPTaIliio 3 JudepeHIiaJbHuX PiBHIHb 3aXICTUB
Yyiiko Cepriit Muxaitiaopud, siknii 3 2009 poKy € BUKOHYIOUNM 000B’I3KI PEKTOPA
CJI0B’sIHCHKOT'O JIepyKaBHOI'O 1eJAroriYHOIO YHIBEPCUTETY.

CroroaHi piznKo-MaTeMaTuIHNil (haKyJIbTET — e MOTYKHUI HaBIaIbHIIT Ta Ha-
YKOBHII IIIPO3/11JI YHIBEPCUTETY, sAIKUIT MOYKE MUIIATACS CBOIMU 3HAYHUMHU 3100y~
Tkamu. Ha daxynabreri nHaBdaerhed nonas 400 cTygeHTIB 3a CHENiabHOCTIMU
«MaTeMaTukay 1 «pizuKay» 3 J0JATKOBOIO CIIeliai3allieio «iHhopMaTKay.

CreniajbHOCTI aKpeJIuTOBaHI 3a HaMBUIUMHI OCBITHHO-KBa iiKaIiiiHnMn
piBHsAMI: «0OaKajgaBp», <«CIeMiaicT», <«MaricTp». 3HadHa YaCTUHA BUITYCKHH-
KIB IIPOJIOBXKYE HaBYaHHd B acCIHIPAHTypPl HAIIOI'O YHIBEPCUTETY, acCIlpaHTypax
HayKOBO-nocaiganx ycranoB HAH Vkpalau Ta npoBiIHNX BUIINX HABYAJILHIX 38~
KJIa/iB Kpainu. B acmipanTypi, 1o Jiie Ha ¢aKyabTeTi, 3/11iiCHIOETbCS 11 IN0TOBKA
HAYKOBO-11€JIAIONYHUX KaJIPiB BUIIOI KBaJidiKallil 3a cleniaJlbHOCTIMM:
01.01.01. «Maremarnunnit anamiz» i 01.04.07. «®Pisuka TBEpIOTO TiTas.

3 2004 poky jgekaHoM GakyIbTeTy € KaHIuIaT (PI3UKo-MaTeMaTHIHIX HayK,
norenT Hosikos Ouier Osekcanaposud. HaykoBa Ta HaBYaIbHO-METOINTHA POOO-
Ta Ha (PaKy/JIbTeTI BeJleThCd JOoTUpPMa KadepaMu:

— MATEeMaTUYHOTO aHaJII3Yy (3aBimyBau Kadegapn — KaHaugaT HiznKo-MaTeMa-
tnaHnx Hayk, gorent C.O.Yaituenko);

— reoMeTpil Ta METOAWKM BUKJIAJAHHS MAaTeMaTUKHU (3aBigyBad Kadeapu
— KauauIaT disuko-mareMaTuaHux Hayk, gorert O.B.Yyiiko);

— aJsirebpu (3aBijyBad Kadegapn — KaHuaaT (PisuKo-MaTeMaTHIHIX HayK, JI0-
near O.M.Ps6yxo);

— disukn (3aBiayBad kadeap - J0KTOp (Hi3MKO-MaTEeMATHIHUX HAYK, TTPOdEcop
B.O.Haxrowii).

Ha kadejipax dakyibrery mnpaliforoTh 1noHa i 40 Bukaajiadis, 3 skux 4 JJOKTO-
pu Hayk, podecopn Ta 26 KaHUJIATIB HAyK, JIONEHTIB.

Bapas Ha daKkyibTeTi PYHKIIOHYIOTh YOTUPU KOMII FOTEPHI KJIACH 1 JIBI MYJ/Ib-
TUMeJIiiiHI JJabopaTopil, sIKi obJiaiHaHl HaiflcyYaCHIIIOKn KOMII FOTEPHOI0 TEXHIKOIO
Ta ay/ioBI3yaJbHUMHI 3acO00aMU HaBYaHHs, sKi 00’€/[HAHI Y JIOKAJIbHY €JIeKTPOH-
Hy MepeXKy Ta MaloTh BUXIJI JIO BCECBITHBOI Mepexki [HTepHeT 1depes 1110100081
CYIyTHUKOBUN KaHAJ 3B SI3KY.
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HapuasibHo MerojinvuHe nporpamue 3abe3revenHs KOMITI0TEPHUX KJIaCiB OB~
HICTIO BIJIIOBiJIa€ CydacHOMY PiBHIO. DBIJIBIICTH pecypciB JOKaJIbHOI MepexKi I10-
OyZ0BaHO 3a TEXHOJIOIIEI <«KJIEHT—CEPBEP», JOCTYI JI0 SIKOI iCHye i3 Mepe:xi
Internet.

o mociyr BuKJIaJIa4diB 1 CTYJAEHTIB MYJbTUME/IIH]I Ta rpadidHi MpoeKTopu,
IPOEKIIIiTHI maHea i Ta eKpaHu, udpoBa Bigeokamepa, NPUHTEPU Ta CKaHEPH. Y
KabiHeTi iHOpMATUKN 3aBXK/I1 MOXKHA 3HANTH HEOOXITHY JIiTepaTypy Ta HaiicBi-
JKIiII 1IepioJInyHi BUJIAaHHS Ha KOMII'IOTEPHY TeMaTuky. depe3 JIoKaJbHY Mepe-
JKY CTYJIEHTH (PI3UKO-MaTeMaTHIHOr0O (haKyIbTeTy MaloTh JOCTYII JIO HABYAJILHO-
METOJIMIHIX MaTepiaiB, pO3MIleHnX KadeapaMu y MEpPeXkKi, MOyKYTh KOPUCTYBa~
THCs €JIGKTPOHHUMHI HaBYaJbHUMU ITOCIOHMKaMM, OpaTi y4acTh B daTax Ta KOH-
CYJIbTYBATHCS 3 BUKJIaadaMu Ha (PaKyIbTeTChbKIX (popyMax, BUKOHYBATH 3aB/ia-
HH$ TeCTIB Ha JUCTAHIIHUX KypcaX HaBYaHHH.

Ha cdaxyapreri cTBOPEHO CHPUATINBI YMOBHU JIJIsI TPOBEJICHHS CTY/I€HTCHKITX
HAYKOBUX JIOCJIJI?KEHb. BayK/IMBOIO CKJIaI0OBOIO »KUTTA (PaKyJIbTeTy € 3yCcTpidi 3
MPOBIIHIMU BUYEHUME, HAYKOBI ceMiHAPH 3a y4acTio (qaxiBIiB 3 MaTeMaTnKH, (i-
3UKN Ta MeTOIMKH 1X HapdaHHsi. Ha 0a3i daxyiabreTy IpoBOIsATHCS MiXKHAPOJIHI
HayKOBI KOH@epeHIlil, (popyMu Ta KPyIJii CTOJIM MOJIOL 1 CTYJIEHTIB.

HayxkoBi 1mikosm, 1110 1npaiiooTh Ha (paky/JIbTeTi, JOCATIN 3HAUHUX YCITiXiB.

Ha xadepi MaTreMaTuIHOrO aHAJI3Y I1i)] KEPIBHUIITBOM JIOKTOpa (hi3MKO-
MaTeMaTHIHUX HayK, npodecopa Pykacosa Bosoaumupa IBanosBuda 0yJ1io cTBope-
HO HAyKOBY IIKOJIY 3 Teopil Hab/mKeHHsT pyHKIIiH. JlociizKeHHs IIKOJIN 110B’ d3a-
Hi 13 3HAXO/PKEHHAM aCUMIITOTUYHIX (POPMYJI JIjII BEPXHIX IpaHeil BiIXUIeHb TPHU-
FOHOMETPUYHUX TOJIHOMIB, sKi MOPOJZKYIOThCs JIHIMHUMU MEeTOAaMU I11CYyMOBY-
BaHHsI psiiB Pyp’e, Ha PI3HUX KJlacax HepioandHuX (PYHKIIN o/iHiel Ta 6araTbox
JIRCHIX 3MIHHUX, 1110 MaioTh y3arajbHeni W-noxinni y posyminni O.1.Cremnamniig,
y piBHOMIpHiil 1 iHTerpasbHiit MeTpukax. OjiepzKani IpeicTaBHUKAME IKOJIA Pe-
3YJbTATH OXOILIIOIOTH IMUPOKUil cHeKTp (BYHKINH, 10 BKIIOYae (PyHKIIT MasIol
Ta CKIHYEHHOI IJIaJIKOCTi, HECKIHYEeHHO JIMepeHIiiioBHI, B TOMY YHCJI aHaJiTU-
gHi 1 ni YHKIN, a cepeji MeTo/iB HadJMmxKeHHsd — kKjaacwaHi metoqun Dype,
Basue-Ilyccena, @eitepa, 3urmynaa, @apapa, Porosuncskoro, Creksiosa. oci-
JIZKYIOThCST TAKOXK aHAJIONIUHI 3a/1adi HAO/IMKEHHsI KJIaciB JIOKAJbHO 1IHTEIPOBHUX
dbyukmiit, 3aganux Ha fiiicHiil oci (i HEOOOB’SI3KOBO TEPIOIMYHIX) 3a JIOTOMO-
rolo NINX PYHKIIIN eKcIoHeHiajbHoro Tuiy. OTpuMani acuMITOTHYHI (hOPMYJIH
B OLIBINOCTI BHUMAJIKIB 3a0€311eUyIoTh PO3B’I3KHM BijoMol 3ajadi Kosmoroposa-
Hikonbebkoro. JIocaiizKyBa nch TaKoXK alpoOKCIMATHBHI BJIACTUBOCTI BBEIEHNX
O.1.Crenanmnewm i B.I. PykacoBum 1mpocTopis 3 aHizoTpornoio merpukoo. 1i goci-
JIZKEHHSI PO3BUBAJIMC 111 BIIMBOM BCECBITHBO BiJIoMOI KHIBCHKOT HAyKOBOI KON
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3 Teopil (DYHKIINH BUJIATHOIO YKPalHCHKOIO MaTeMaThKa, djeHa-KOpPeCIIOHJIeHTa
HAH Vkpaiuu, jgokropa (i3smKo-MaTeMaTHIHIX HayK, HIPodecopa, 3ac/IyzKeHO-
ro jigda Haykn i texuikm Ykpainn Ogekcamgpa IBanosmua Crenanrg. Cepen
yncjaenanx yaaiB Osekcanpa IBanosmua 8 sunyckaukis CJIIIY, B Tomy umerri
Pykacos B.I. 3arajibaa KijbKicTb myOJiiKalliil npejcTaBHUKIB KON CTAHOBUTH
noHa , 120 HayKoBHUX Hpallb, Y TOMY YHCJI 3a OCTaHHI O PoOKiB nonaj 60 poOiT.
[3 Hux 1 monorpadis (Bumanusi lacturyry maremaruku HAH Ykpaiun), 3 Ha-
BYaJIbHI 1TociOHMKY 3 TpudgoM MinicTepcTBa ocBiTH 1 Hayku, 6yin3bko 40 crareii y
daxoBUX BUIAHHIAX.

Y paMKax HayKOBOI IIKOJIHM 3 Teopil HaOJMKeHHs (PYHKIIH TPONRIILIN ITi/Iro-
TOBKY BUITYCKHUKH (Pi3nKo-MaTeMaTn4anoro ¢gakyabrery: Hosikos O.0., Yaitruen-
ko C.0O., ®enopenko O.C., Cinin €.C., Bojpa B.1., Osciit €.10., Poencbka O.I.,
K1 MJINOTYBaJIN KaHJIMJIaTChbKl JIUCepTaIlll 1 YCHIIITHO MPalllol0Th K B HAIIOMY
VHIBEPCUTETI, TaK B IHIMNX HAyKOBUX 1 OCBITHIX IeHTpax YkKpainu. Ilicas cmepti
B.I.PykacoBa nociijizkeHHs1 3 Teopil HaOJIMKEHHS MPOJIOBXKYIOThH CIIBPOOITHUKN
kadenpu maremarudnoro anajizy Yaitgenko C.O., Hosikor O.0., Cinin €.C.,
Bojapa B.1.

Ha kade/ipi aaredpu y pamMkax HayKOBOI IIKOJIN 3 aJiIredpu JOKTOpa (PisnKo-
MaTeMaTUIHUX HaykK, Mpodecopa Ycenka B.M. mpoiinm mijiroroBKy BUITYCKHE-
K1 iznko-mareMaTnanoro gakysabrery Psoyxo O.M., Bennuko B.€., Kopmuire-
Ba T.B., 2Kyuox A.B., ?Kyuox O.B., 9xi miaroryBaan KaHIuIaTChKI JACEPTAIil
1 YCIIITHO NPalfol0Th B HAIIIOMY YHIBEPCUTETI Ta B IHIIUX BUIIUX HaBYaJbHUX
3aKIa/1ax Y KpaiHu.

Ha xadenpi dizmkm y 1967 porii cTBOpeHO HAYKOBY IIKOJY 3 (DI3UKHU TBEP-
noro Tija. HaykoBuii KepiBHUK — JIOKTOpP i3.-MaT. HAyK, Ipodecop, 3ac/yKeHuil
HmpaliBHUK ocBiTH YKpalau, akajemik AH Texnosoriunol Kibepaeruku YKpaiiu i
MIZKHAPOJHOT aKaeMil HayK TexHoJjoriit i imxunipunry, pekrop CITY (1986 —
2003 pp.) Heusoson Mukosa Kyspmua. HanpsiMok 1oc/tiizkeHHsT — HI3bKOTEMITe-
paTypHa IJIACTUYHICTh KPUCTAJIYHIX TBePAuX Tij1. B ocTanHi poku criBpobITHUKM
KaeIpy IPAIIOI0Th Hal JIep:KOI0/I2KeTHOI0 TeMoo «/lociiKenHs (pisnaHux Me-
XaHI3MIB YTBOPEHHS HU3bKOPO3MIPDHUX aTOMHUX KJIACTEPIB IMLJ] JIIEI0 MEXaHIYHUX
Hanpy:kenby». Tema 3aTBepazkeHa MiHicTepcTBOM OCBITH 1 HayKn Y Kpalnu.

Toit e HayKOBWiT KOJEKTUB IIpaIlioe HaJ KadeIpaabHoo TeMoio «/locmii-
JKEeHHs BILJIUBY TEPMIYHUX 3MIH Ha JINCJIOKAIIHY CTPYKTYpYy Ta HU3bKOTEMIIe-
paTypHy MOB3YUiCTh KPUCTAJIIHUX MaTepiaaiBy. KolekKTHB BUKOHABIIB HAYKOBOI
pPOOOTH MPOTATOM OCTAHHIX 25 POKIB 0OJIepKaB HOBI BayKJINBI pe3yJIbTaT 3 INTaHb
MIKPOIIJIACTUYHOCTI, KIHETUKN YTBOPEHHS Jie(DeKTIB Ta iX BILIMBY Ha €JIEKTPUUHI
BJIACTUBOCT] HAIIBIPOBLIHUKOBUX KPUCTAJIB IepMaHilO, KPEMHIIO, HAIBIPOBIJI-
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HUKOBHX CIIOJIYK apCeHijly raJjiio Ta apceHimay injio. 3asigyBad Kadegapu Gpisukn
Hanrouiit B.O. y pycii makpecienol npobsemaruku y 1975 p. 3aXucTUB KaHI1-
naTchKy auceprariio, a y 2006 p. — IOKTOPCHbKY jucepTariiio. TakoK B paMKax
zas3HadeHol HaykoBol mkosu y 2009 p. Bukiamadem Kadeapu dizuku Mocka-
jgem JI.C. 3axuIneHo KaHImJIaTchbKy JUCepTalliio. 3a pe3y/abTaTaMu JIOCJIiI2KeHb
orryOsikoBano 105 HayKoBUX podIT y MPOBIIHNX HAYKOBUX KypHaJax Y KpaiHu Ta
3apyOIzKIKs.

HayxkoBo-jiocstijina Ta ekcrepuMeHTa/ibHa poboTa, 10 BeJleThest Ha Kadepi
reoMeTpil Ta METOAMKN BUKJIAJAHHI MaTeMaTUKM!, IPUCBIIEHa TaKUM TIPi-
opuTeTHUM HalpsiMaMm: «IIpobjiemu BrockoHa eHHsI IPoeciitHoT iIroTOBKY Maii-
OyTHIX BUMTE/B MaTeMaTHKN» (HAYKOBI KepIBHUKN — K.I.H., porent Tpymr H.I.,
K.ILH., jgoreHT Becenin B.B.); «IIpobsiemu Brockonasentst mpodeciitiol miaro-
TOBKU MaiiOyTHIX BUUTEIB iHDOPMATHKIY (HAYKOBHUiT KEPIBHUK — K.II.H., JOIEHT
Cromkin B.C.); «Meroau joctiizKenHs Teopil KpailoBUX 3a/1a1 Ta KOMOIHATOPHIX
CTPYKTYp Ha MHOTOBHJaX» (HayKOBI KepiBHUKH — K.i3.-MarT.H., joreHT yii-
ko O.B.; k.diz.-mar.u. Kagyboserkuit O.A.). Bukinagaai kadenpu Becenin B.B.,
Tpym H.I., Coomkin B.C., IlneckanvoBa JI.I. 6epyTh aKTUBHY y4acTh B Oprami-
3allil Ta MPOBEJIEHHI KYPCIB IiJIBUIIECHHS KBasidiKalil BUNTEJB MaTeMaTUKHI Ta
indopmarukn micta Cios’sHcbKa Ta CJI0B THCHKOTO pailoHy, siki ITPOBOAATHCST ITi1
KepiBHUIITBOM MichbKoro Bijainy ocsitu Ta CITV.

3B’S3KM Ta CITiIBPOOITHUIITBO

SuauHol yBaru (paxy/abTeT MNPUIIISEe MiATPUMIN TICHUX 3B '93KiB 31 IIKOJIA-
MHI. 3 METOIO BiIOOPY TaJaHOBUTUX Ta HAHOL/IBII IIirOTOBJIEHNX /10 HABYAHHS HA
PiznKo-MaTEMATUIHIX CIIENIATbHOCTAX BUITYCKHUKIB YKJIJIAI0THCS JJOTOBOPH TIPO
CIIBPOOITHUIITBO 3 CEpPeHIME 3aK/ajgaMu ocBiTH [oHeIbKol 0bJacTi.

Bukiamadi ¢gpakyjibTeTy TpaJuIiiiHO KepyOTh IiJI0TOBKOI YIHIBCHKUX Hay-
kKoBux poOiT. [Hlopigno poboTu i IX KEPIBHUIITBOM 3aiiMaloTh IIPU30BI MicCIs y
00J1acHOMY KOHKYPCi Haykoux pobiT MAH Ykpaluu Ta 1mociaiors modecHi Micisd
y 3aKII09HOMY BeeykpainchbKOMY KOHKYPCI YUHIBCHKUX POOIT.

s yanis mkia CyioB’sgHcbKa Ta pafiony Ha (pi3nKo-MaTeMaTHIHoMYy (haKyib-
TeTl 3a CHPUAHHAM MICHLKOI'O BIJIJILIY OCBITU ITPOXOJATH OJIMINaIN 3 MaTeMaTh-
K1, izuku, ingopmaTuku Ta nporpamyBanad. Bukiaagadi kadbeapu 'MBM, gaxi
MPAaIIoI0Th BUNTEISIMI MaTEeMATUKH Y TIeIaroriaHoMy Jiirel, BACTYITAIOTh B TKOCTI
KOHCYJIBTAHTIB Y POOOTI METOIUYIHOTO 00 € THAHHSA BUUTE/IB MATEMaTUKHI MICTA.

Y 2008 pori Ha aKyIbTeTI 3aCHOBAHO Cepilo HABYAILHO-METOIMIHUX TTOCIO-
nHukiB «Buknamgaai CUAITY — yaHsiM, cTyaeHTaM, BUNTEISIM», B PaAMKax sIKOI O11y0-
JIKOBaAHO 9 BUIIYCKIB, sIK1 BIPOBaJI?KYIOThCSI B HaBUaJIbHUI IIpOIleC Ta KOPUCTYIO-
ThCsI IIOIIMTOM CepeJ BUNTEJIIB MaTeMaTUKI Ta iHPOPMATHKA.
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DakyJbTeT TaKOXK IMiJATPUMYE TBOPYl 3B’S3KM 3 [HCTUTYTOM MaTeMaTHKN
(M. Kuis), Incturyrom npukianoi MmatemaTuku i MexaHikn i Qi3uKo-TeXHITHIM
incturyTom (M. [owerpk), inmmmu HaykoBumu yceranoBamu HAH VYkpainu ta
HAYKOBO-JOCTIIHIM 1HCTUTYTOM «llepcriekTuBni MaTepiajm 1 HAHOTEXHOJOTII»
pu MOCKOBCHKOMY JIep?KaBHOMY iHIycTpiajibHOMY yHiBepcuTeTi (M. Mocksa).

MixkHapoaHa JigJabHICTh (aKy/JIbTeTy MPOBONIACH 33 HACTYITHUME MPIOPH-
TeTHUMU HAIIpsiMaMu. PO3BUTOK MPsIMIX KOHTAKTIB 3 MMPOBITHIMHI 3aKOPIOHHUMMI
yHiBepcuTeTamu. Ha chorojni Taki 3B’3KHM BCTAHOBJIEHI 3 yHIBepcuTeTaMu Pocil,
binopyci, [Honbmi, Himeauunn, Typeuunnn, [lisniunoro Kinpy. Ydacts naykoBo-
1eJIarOriYHUX IPALiBHUKIB Y MIXKHAPOJIHIX HAYKOBUX KOH(QEPEeHIIisIX, ceMiHapax,
tormto. OpraHizaliig Mi>KHAPOIHUX HAYKOBUX KOH(EPEHIiii, ceMiHapiB, TOIIO.

16 — 17 cepuus 2007 poky na 6a3i CHIIY 0Oyno nposeseno MixknapoaHunii
HayKoBUii ceminap «Teopis anpokcumarliii B €BporneiicbKOMy KOHTEKCTI: IIiXO0-
JIM, 3aCTOCYBaHHS, ITEPCIIEKTUBU» 33 YYACTIO ITPOBITHUX HAYKOBIIIB BIJIILTY Teopil
dyukuiit [ncruryry maremarukn HAH Ykpainu, cuipoditaukis CJIITY ta mpe-
crapuukis Yuisepcurery ®pinpixa Iunepa (M. Vena, Hiveudna).

Himenbkum dorgom Haykosux gociaimzkerb (DFG) 6yiio sarBepizkeno Criib-
HUIl HIMEIbKO-YKPAIHChKNIT HAYKOBUI IIPOEKT, JO CKJaJy pob0oYOol I'pyIn KO-
ro 3 OOKY HAIOr0 YHIBEPCUTETY BBIMILIN JOKTOP (PI3UKO-MaTeMAaTUIHUX HayK
C.M.Yyiiko, kanjauaatu dgizuko-maremarnanux Hayk C.O.Haitgenko, O.0O.Hosi-
koB, K.B.Pynorchkuit i €.C.Cinin. Bigpasy micis 3arBepakenass DFG-mpoekTy
IovaJINCs 3aX0/1 II0JI0 peaJiizallll floro mporpamu.

Tak, 3 15-ro o 16-te Bepecns 2009 poky HaIl YHIBEpCUTET BiJBiIaIN MIpeJI-
crapuukn Yuisepcurery ®piapixa Hlmmnepa (m. Mena, Hivedunna): mpodecop
X.-1O. lwmaiiccep (sikuit ogosoe poboday rpymny DFG-mpoekTy 3 HiMenbKol ¢To-
porn) ta acripant M. Kabanosa. [Ipodecop X.-FO. [lmaiiccep mposis mpesenta-
1110, Y gKI1il CTUCJIO0 BUKJIAB 1CTOPIIO CBOI'O YHIBEPCUTETY Ta O3HAIOMUB IIPUCYTHIX
3 0COOJIMBOCTSIMU BITPOBAJIZKEHHS MTOJI0YKEHb DOJIOHCHKOI JleKJiapallil B HaBYa b
HUIi TIporiec Ha (paKy/IbTeTi MaTeMaTUKH Ta iHpopMaTuKu Y HiBepcuteTy Ppijpixa
[Mnrepa. Kpim Toro, st cTyaeHTIB-MaricTpanTiB (pi3suKO-MaTeMaTHIHOro (a-
KYJbTETY, BUK/JIaJadiB MaTeMaTuKu i (Pi3uKu, acrnipanTiB (pi3uKo-MaTeMaTHIHIX
cueriajgpHocTeit mpocdecop X.-FO. [Imaiiccep nmpounTap aHIIICEKOI MOBOIO OLJIs-
JIOBY JieKIIit0 Ha TeMmy «IIpocTopm dpyHKIiil i riagakicTby, a M. Kabanosa — JiekIiiro
Ha remy «l'eomerpis dppaxTains.

JpyruM BaxKJIMBUM 3aX0JI0M Y paMKax 3arpepizkenoro DFG-mpoexkty Oyiin
BisuTHn B.0. pekropa C/ITY C.M. Uyiika Ta npopekTopa i3 HayKOBO-TIEJAaroriaHol
poboru C.O. Yaituenka 1o Vencbkoro yHisepcurery.
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Y nepios 3 19-ro no 24-e xostHa 2009 p. B YuiBepcureri @pijpixa [Hlni-
jepa nepedysap B.o. pexkropa CIIIY C.M. Yyiiko, a 3 3-ro mo 7-e JmcTorajia
2009 p. MenceKuii yHiBEpCHTET BiiBigaB MIPOPEKTOP i3 HAYKOBO-TIEIAIONiYHOI PO-
6ot C.O. YHaituenko. [IpemcraBHnKN HAIIOTO YHIBEPCUTETY BUCTYIIIN Ha, CEMi-
Hapi BijjloMux HiMenbKux mareMmaTukin mpodecopiB X. Tpubesns i X.-FO. [maii-
cepa, Jie Tpe3eHTyBa/In 3/I00yTKI HAYKOBOI KON 3 Teopil 3BUYallHnX JudepeH-
iaJIbHUX PIBHSIHL Ta Teopil HabiKeHHs GyHKIN C0B’ SHCHKOIO JIepKaBHOIO
1eJIATOT1YHOTO YHIBEPCUTETY. Y YJaCHUKM ceMiHapy BHUCOKO OIIHWJIN PiBeHb HAYKO-
BUX JIOCJI/I2KEHD, 110 BUKOHYIOThCs Y HAIIOMY YHIBEPCUTETI, i BUCJIOBUIN BIIEBHE-
HICTb Y IIEPCIIEKTUBHOCTI MOE€HAHHS 3YCUJIb Y IIPOBEJIEHH] CHLILHUX HAYKOBUX 1
HAYKOBO-METOJINIHIX PO3POOOK.

8 — 10 uepsust 2010 p. Ha 06a3i CJ0B’SIHCHKOIO JIEPyKABHOTO II€JAIrOriIHO-
ro yHiBepcureTy OYJIO IIPOBEJEHO MiXKHApPOIHUI ceMinap «Smoothness, approxi-
mation and related topics». Lleit cemiHap cTraB YeproBUM 3aX0JIOM, SIKIl IIPO-
BOJUBCS CITLIBHO 3 [HCTUTYTOM MaTeMaTHKHU Ta iHMOPMaTUKH YHIBEPCUTETY iM.
O Ilnnnepa (m. Wena, Hiveuunma) B MezKax HiMeITbKO-YKPaiHCHKOIO HayKOBOIO
poekTy, Mo dinancyerbesd HimenbkuM hoHI0M HAYKOBUX JIOCIIJIZKEHD.

10 — 16 xkoBTHst 2010 poKy HPOPEKTOP i3 HAYKOBO-IIEJIAIOridHOI pPOOO-
T, KaHaugar dizuko-maremarudHux Hayk, goneHT C.O. Yaityenko Ta KaH-
augar (pizuKo-MaTeMaTHYHUX HAyK, CTapIInii BUKJajad KadeIpu eKOHOMIKO-
maTemaTnaaux jguctuiuiin Cinin €.C. B3/ y9acThb y poOOTI MizKHAPOJIHOT KOH-
depentiil «Smoothness, Approximation and Function Spaces» (M. Onmypr (Tro-
punrisi), HiMeaunna), e mpeseHTyBasi 300y TKI HAYKOBOI IITKOJIH 3 Teopil HeTe-
pPOBUX KpafloBUX 3ajiad Ta Teopil Hab/mKenHs GyHkIiit CJI0B sHCHKOTO jieprKaB-
HOI'O 11€JIaI'OTTYHOI0 YHIBEPCUTETY.

Ceamxyrowu ceill 108ietll Korexmus Gi3uKo-mamemamuyrozo daxysomemy
WUPO OAKYE CAME CMAPULOMY NOKOMHHIO, AKE CMBOPIOBALO CAABY T 20pdicb (ha-
KyAbmemy. JIAKYemo mum, Tmo “ecHo i Hanpysicero npaulo6as yce HCUmMms i
cv0200H1 nepedae ceill doceid moaodi. Husvkul yxain mum, xmo esce niwos 3
AHCUMMA, 3ANUWUBWIU CBIT NPUKAGD NPaLbosumocmi i 2idnocmi. laxyemo cmy-
dermam, HABUANDHO-O0NOMINCHOMY NEPCOHANAY | BCLM TMO PA3OM 3 KOAEKMUCBOM
darxysvmemy npayroromov na 3000ymmsa HOBUX YCNITIE.

Pinnomy dakynbTery Oaka€Mo OPOIIBITaHHS, YCHIXIiB y HAyIll Ta
BUKJIQIAIbKiii poboTi!

ITpodecopchbKo-BUKIIagaIbKUT CKJIAJT,
dizuko-maremaTrndaoro pakyabrery CIIIY,
KBiTeHb, 2011 pik.
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IMPUBJIN2KEHNE NHTEI'PAJIOB ITYACCOHA
r—IIOBTOPHBIMI CYMMAMMU BAJIJIE ITYCCEHA

O06umciieni 3HaYEHHS IHTErpaJjIiB y NOJIOBHOMY JIeHI aCUMIITOTHIHIX POPMYJI JJIsi TOUHUX BEPX-

HIX MeXK BiJIXujieHb 1 —1oBTopHuX cyM BaJe Ilyccena na kjacax interpaJis Ilyaccona.
Calculated values in the main term of asymptotic equalities for upper bounds of the

deviations of the r-repeated de la Vallee Poussin sums taken over classes of Poisson integrals.
Keywords: Fourier series, asymptotic equalities.

BBenenue
Cremys [1], obozHaumm C’q’oo — KJIACC HENPEPBLIBHBIX 27 —IIEPUOANIECKIX
dbyukiuit f(x), KOTOpble MOYKHO TIPEJICTABATH B BUJIE CBEPTKHU

™

Fla) = Ao+ - [ oo+ OPY) .

-7

B KOTOPOI

o0
Pi(t) = qu cos(kt + %T), qe (0;1), B €R,

k=1
— ayipo Ilyaccona, a dyuknua p(z) € SY, (SY, — Muoxectso dynkuuii, nourn
Be3Jle OPPAHNYEHHBIX eJUHUIIETT, UMEIOIIUX Ha OTpe3Ke [—m; 7| cpejHee 3HAYEHUE,
paBHOe Hys0). M3Bectro [1|, aTo Kiracchl C’g’oo, KOTOpbIE MPUHSITO HA3BIBATH
Kjaccamu unrerpajios Ilyaccona, cocroar uz GyHKIuUil f, KOTOpbIE SBJIAIOTCS
CyZKeHUsIMU Ha JIefiCTBUTEIbHYI0 ocb dyHKIuil F(z), aHAJIUTUYIECKIX B MOJIOCE

Imz| < 1n%/2 In2.
[Iycrs S, (f;x) — wactuaneie cymmbr psija @ypoe byuknnu f(x), p,p1, D2,
..., Pr — HPOU3BOJIbHDIE HATYPAJIbHbIE YHUC/Ia TAKUE, YTO P < 1N, ZT: Dr a X, <n.
k=1
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MaTremaruka

Torya cymmpr Bame Iyccena dyukuuu f(z) € L'[—m; 7] obbransie Vi, ,(f,z) u

r
7 —IIOBTOPHBIE Vn(p)( f,x), COOTBETCTBEHHO, 33/IAI0TCST COOTHOIICHUSIMU

n—1

Vialfo) == 3 Sif.)

k=n—p

) 1 n—1 1 k1 1 kr_1
Vid(fay=— > — Y .= > Sulfia)
plkhzn—pl 2A&=krﬂb+1 prk%zkwq—ﬁr+1
C.M. Hukosibekuii [2| mokasas, 9To jijist BEpXHUX MPaHeill yKJIOHeHUIT dacTid-
HbIX CYMM (Dypbe, B34ThIX II0 KJiaCCaM Cg’oo7 nMmeerT MeCTo aCHUMIITOTHYECKOE
PaBEeHCTBO

E(ChaiSa) & sup [I7() = Sulfs)lle =
feci

8q" / du
= q2 / - +O(1)q—.
@ i V1—¢2sin’u n

B pabore [3] jjist BepxHux rpaneii ykionenuit cymm Basie Ilyccena Ha kiac-

q
cax C oo TIOJIyH€HA aCHMIITOTHYECKA dopmyita

4qn—p+1 n—p+1

q q"
" O(l)<p(n — (1 —qP pi- q2)) '

Bousee obmmnii pesysbrar mostyden B pabore [4].

e (ChiV) = =y

B pabore (6] st /15t BepxHUX TpaHeil yKJIOHEHHI 7 -[IOBTOPHBIX cyMM Bastie
[Iyccena B ciaydae r=2 MoJiydeHo cCJie/lyiomiee COOTHOIIeHe

8q" Pt i  2\/q
/2)) — .
£ (cg V! >) = 11 ( ( —

007 TP mp1p2(1 4 q)3 1+¢)3? 1+¢q

qN—p1—p2+1 qﬂ—p1+1 qn—p2+1
+0(1) < .+ 7+ 3> ;
pip2(n —p1—p2+1)(1—q)*  pip2(1 —¢q)*  pipa(1 —q)

rie
du
(1 — nsin2u) V1 — k2sin?u

Il (n; k) =

\wb\

0
— MOJIHBIA 3JUINNTUYCCKUT MHTerpaJl TPEeThero po/ia.
B pabore |7] nccemyercst acuMnTornaeckoe moBeIeHIe BePXHIX IPAHel yKJIO-

" (r)/ p. .
nenuit nomuHoMoB V7 (f;2) 1719 IPOM3BOJIBHBIX HATYPAJIbHBIX 7 OT yHKIMiA
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13 KJlaCCOB Cq,oo' B aCTHOCTH, IIOJIYy4Y€Ha cJIeAyrollad aCHMIITOTHYECKad IIPHU

n — X, — 0o Qopmyia

4qn—2p—|—r—1

X

/Z;"“(a:)dx +0(1)—

E(CL V) = =
WZEZ% 0 Epi

qanerrfl 1 (n—1— Z caPitT)
8 — — —q)rt3 T — Z _ r—i—l ?
n—3%,—1|(1-¢q) (1 —q)? - (1—9q)

rie ¢ € (0;1), S pi =%, <n, Z,(x) = (1 —2qcosx + ¢*)~Y2, O(1) -

BEJINYMHA, PABHOMEDHO OrpaHuveHHas mo n, ¢, 5, p;, 1t =1,2,...,r

OcHoBHaAY 4YacCcTh

™
B janHofi pabore BbIMHCJIEHBI 3HAYEHUS BeJUUUH [ Zg“(:z:)dx B CJlyJasdx,

Korga 7 IIPOM3BOJIbHOE HEYETHOE YHCJIO.

Teopema 1. /Jlasa scarxoeo r =2m —1,m € N

™

/Zg*l(x)da: =

0

T
C 222 (14 g) (1 — q) 1)

—_

v—

+ (_1)kz2k (2(1/ - 1 VZ B (1—|—q> (QTE)' '] . (1)

e (v—Fk—1) 'k' ] (v —1—m)lm! (2m — k)
HokazareabcTBo.  OO03HAUNM UV = % Tornma
™ m dt
/Z”l(x)dx:/ /
e (1 + ¢> — 2qcost)” 2 — cost)”
0 0 0
rae o = 1;; Bamernm, uro 1+ ¢ > 2¢, nmostomy —L > 1, o?> —1 > 0.

[Tpumenss yHMBepcaﬂbHyfo TPUTOHOMETPUUECKY IO HOﬂCTaHOBKy.

_ _ 2dx
xr = tg2,cost dt = {77, nosydaem

/ dt _/ 22 / (14 22" da
(a2 —cost)” ) (a2—LZ)y  (a2+1) (@ + 22y

1422

1—|—9c2 )
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rie a’ = O‘z — - CuieioBaresbHo,
s o0
/ dt / (1 + 22)" Ldx @)
(1+q2—2qcost) 1+q a2+x2 '
0 0

HpI/IXO,ZLI/IM K BBIYUCJICHUIO MHTEI'PpaJioB

+o00

(1+ 22" Yz
JV:/ (a2+x2)7/ ,a < 1.
0
BOCHOJH)3yeMCH dJIEMECHTaMM TCOPUU BBIYETOB. CDYHKLH/IH
1 2\v—1
F(z) = L)
(a® + 22)¥

JIpOOHO-paloHaIbHAs CO CTEIeHbIO 3HAMEHATe I Ha 2 €JMHUIIBI BBIIIEe CTEIeHH
qucauTeIs. JTa PYHKIMS UMeeT JiBa MoJoca z = tai HOopsiKa U U OJUH 13
HUX 2y = at HaxomuTcs HaJl ocbio Oz . Ilostomy npun v =1

“+00 —+00

[ Sy = [ e - e -
= 77 lim [;] S

z—ai (z+ai)  2a’
npu v > 2

+00 +00

1 2 V—ld 1 1 2 V_ld 1

/ (1 + 2?) z_ 1 / (1+a7) r_ —2mires,y—qi F'(2) =
(@+a?) 2) (F+a? 2

0 —00

vl dv! Uyl dv!
o gl e F ) = gy i s [
[Monoxkum f(2) = (1 + 2 ) Logz)=(z+ai)™.
J1j1s1 BBITHCIICH ST ju [F(2)(z — ai)”] Bocmosb3yemcest u3BecTHOM hopMyJIoit

JleitOnuiia

(1+ 221
(2 + ai)”

|

du—l " du—l—k
dzv— 1 ZCV 1dzkf dzzx—l—kg(z)'

Boranc/ium j—;f(z) . Nmeem

f(2) = (1+22) Z
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v—1

V— d2
= Z CoLy2mz""h @f(z) = Z C™ 2m(2m — 1)22" 7% ..
= m=1

—1
dk Z m(2m —1)...(2m — k + 1) 22" | > 1.
zZ

v—1—k
Boraucinm jy—lkg( ) Mmeen

@g(z) = (—v)(ai+ 2z)” (v+1). dcizg( ) = (—v)(—(v+ 1))(ai—|—z)’(”+2);

z
%g(z) = (=)= + 1) (= + k= 1)) (ai + 2)”" W) =

= (=D +1)...(v+k —1)(ai + z)~¥*H).

Taxum obpaszom,

jzy S0 =

v—1 v—k—1

= )2 oe) + 9(2) 1S Z o) -
= (1+ 22" (=1 v+ 1)..(2v — 2)(2 + ai)” @ V4
+ Vz_: om(2m —1)...2m — (v — 1) + 1)C™ 22D (2 + ai) "+
m:[%]

Z Y+ 1) v+ (v =1 —k) — 1) (24 ai) IR

X y 2m(2m —1)...(2m — k 4 1)C™ 22" F =

m=[4]

Z Y+ 1) .. 2v — k= 2)(2 + ai)” PR
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v—1
X Y 2m(2m —1)...2m — k+ 1)) 27 h,
o[
[TosTomy
d=t [(1+ 22t oy 1 (1) (v +1)...(2v - 2)
Sy [ (2 + ai)” ] ={-a) (2a1) 1)
v—1
+ > 2m(2m = 1)...2m — v+ 2)C)" (ad)™" (2ai) "+
=
v—2
+> Ch ()T (4 1).(2v — b — 2)(2ai)"® R x
k=1
v—1
X o2m(2m — 1)...2m — k + 1)C™ (ai)*™ % =
[
—i(1 — a1 (20 — 2)! i N, (2 =1) = k)
(2a)=1) (v = 1)! " (2a)@-1) k::l( 1)7Gyi2 w1
v—1
_1\mp/omo 2m (2m)'
X ~ ( 1) v—1 (2m - ]{:)' -
m=[44]
_ —? 2\v—1 . |
(2a)(2y—1)(1/ —1)! [(1 a®)" " (2v — 2)!1+
— - (2m)!
k ~k k: . . ] _1\m/ym 2m :
+) ()OI 28 2(r = 1) — k). (=D"Ca @ ni|
w1
Nnes B Bty (3), mostydaem
]m(1+$2)yld$ B i . dz/—l (1_|_22)1/—1 B
@+ 22 (- iade | zrai) |
0
_ T 1120 — )1
(v — 1) (2a)@ 1) 1)'[ (2v =2+
v—1 v—1
kook(9(y — 1) — om  (2m)! B
ke - -k g{; —(2m—k)!]
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- (2a)@-D[(v — 1)) [(1 —a?)" (2 — 2+
+;( DrECE 2F(2(v — 1) — k) [@ m<2$ﬂj);€)'

Takum obpasom, B cuity (2) nmeem

s

/ dt 2 70(1 + a2y ldr
(14 q2 —2qcost)” (14 q)% (a2 + 22
0

0

2 T -
= (1+¢)% (2a)@D[(v — D2 [(1 —a”)

D2 R ) R Y (1O e (ij”j)}g),]
2]
3 u 1+q)?°— (11— .
- F T O ) 2
= 2w —1)—k) = (D" (i " (2m)!
+> (=DM -1 Qk((y(_k_)l)vkl ) ul( )) !(ka)!] -
k=1 m= [le
_ T ( 4q )V_l (2v — 2)!
T (\T+aF) - DF
v 2w—1) -k & (%3)27” (2m)!
+k_1(_1)k2k (v—Fk—1) |k| o] (v—1—m)! !(2m—k)!]'

En
Teopema mokazana.
[Tpumensiss popmyaty (1), moaydaem st v = 1

T
/ (1+¢? —2qcost) 1—q2’

((1 iqq>2> [12!!12+
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™

/ dt B T
(14 ¢*—2qcost)?  22(1+q)(1 —q)?
0
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1 l1—q

2= -kt V" () 1
(—1)k2 Z

MH

+

e (2= k=D 2= (2—1—m)!m! (2m — k)
= d 5 T—gq\"| _m(l+¢)
A+ q)(1—q)? (1+q)2+4<1+q) (1 - ¢2)?

npn v =3

™

/’ dt B T
(14 ¢ —2qcost)® 241 +q)(1—q)°

((1 jqq>2>2 [24!!]2+

g 23— 1) 2 (= m(hg)zm (2m)!
+g; 2 (3—k _1Mﬂ %;1 m)m!  (2m — k)! -

1— 1+ 4¢% + ¢
964 +16( C])] Tl +4¢° + ¢*]

281+ q)(1 —q)°

npu v =4

(1+¢)* 1+q) | (Q=¢p

™

/‘ dt B T
(14 ¢ —2qcost)t  26(1+¢q)(1—q)7
0

<<1 jqqﬁ)g [36!3”

op (6—F) & (D" %qzm 2m)!
+ (=12 (Z(’)—k)!)k! 2 (3Sn)!ﬂ2! (25”)’?)’] )

h=1 m=[4]
128043 1—a\?2
_ T T 4+72 (_q) _
64(1+q)(1—¢q)" | (1+¢)° 1+g¢

1—q\* 1—q\°
48 <—q> 440 (—q)
1+gq l+gq

- (14 9¢% + 9¢* + ¢°)
B (1—¢?)" .
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HABJIN>KEHHSA CYMAMMI BAJIJIE ITYCCEHA HA KJIACAX
3rOPTOK 3 IIOJIITAPMOHIYHIMMI AJIPAMUI ITYACCOHA
TA dJIPAMU HEMMMAHA

BHail/IeHo acCUMITOTUYHI PIBHOCTI JIJIs TOYHUX BEpXHIX Mex Bijxumienb cym Basure Ilyccena na
KJIacaxX AHAJITUIHUX MEPIOAUIHUX (PYHKINH, MO MOPOJZKYIOTHCA MOJITapMOHIYHUMUI sIJIpaMU
[Iyaccona ta siapamu Helimana.

Kurouosi caoBa: (¢; 3) -noxidna, xaacu 320pmoxk, cymu Baane Iyccena, nosizapmonivmi
Adpa Ilyaccona, adpa Hetimana.

1. OcHOBHI 0O3HaYeHHd 1 IIOCTAaHOBKAa 3a/1a4l

Hexait L — mpoctip 27 -nepiofndHuX CyMOBHUX Ha mepioji ¢pyHkmii f 3
HOPMOIO

1l = 171 = / ()] dt.

Lo, — 1upocrip 27 -1epioinIHnX BUMIPHUX 1 CyTTEBO oOMexkeHuX (byHKIi f, y
sJKOMY HOpMa 3aJaHa PiBHICTIO

Il = esssup £ (1),
i C' — npoctip HemepepBHUX 27 -niepioandunx (pyHKIHH [ i3 HOpMOTO

I flle = max (1)

Yepes Cg‘ﬁ (muB. [1, c. 131]) mosmauaroTh KJjacu HerepepBHUX (DYHKI
f € C, axi MoxKHA TOJIATH Y BUIVISI 3rOPTKH

™

f@) = Ao+ - [ oo+ 00s(0) dt )

—T
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byukuiit ¢ € M C L 3 aagpamn
Us(t) = E (k) cos| kt — —
I} 9 )

k=1

e (k) — nesxa nocaigosricTs gificaux uancest, [ € R. Ilpu mpomy dyHKIIiO
©(+), macaigyroun O.1. Crenanng |1, nasusaiors (1; B)-noxigroo dyuxiii f(+)
i BUKODUCTOBYIOTH TTO3HAMEHHSI fg (+).

Axio

Sw={pelu: |olle<1}
Ho=f{peC: wlpit) <w(b)),

e w(p;t) — momyib HeniepepsroCcTi ByHKINT @ € C') w(t) — noBiibHIi (hikco-
BaHUIl MOJIY/Ib HEIIEPEPBHOCTI, TO PO3IJIAIAIOTH KIacH C’ESOO =Y o 1 C’gHw.
Muoxkuny nociinosrocreit ¥(k), k € N, sxi 3a10BOJIbHAIOTH YMOBY

lim YT D) _ ¢ q€0:1], (2)

k—00 ’w(k) ’

nosHa4atorh depe3 D, |2|. Ilpuknagamu siyiep, nocigosnocti KoedirienTis skmx
HaJsle;kaTb Muoxkuni D, e Bigomi axpa Ilyaccona

Pg(t) :qucos (kzt—%r), q € (0;1), B eR. (3)
k=1

Y npoMmy pasi Ajisd KJaciB Cw’oo 1 CgHw BIKOPHUCTOBYIOTH ITO3HAYCHHS quoo i
CgHw BIJIITOBIJTHO.

Hexaii
o Lo 1 9”
- 9¢*  q0q ¢ a?
— oneparop Jlamnaca B noaprux xKoopauaaTax i Al := A(AY). dIk zaznadeno

B MoHOrpadii [3, ¢. 256 — 257, po3s’s130K THdepeHIiaTbHOrO PiBHAHHS
A'U(g;x) =0,
13 3aJaHNMU IPAHNYHIMI YMOBAMI

k
Ulgo)| =@, 55Ul =0 k=12..0-1
q=1 q=1
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e f(zr) — cymoBHa 2 -mepiogndHa (DYHKINA, I JOBIIBHOIO HATYPAJIbHOIO
qucaa [ Moxke OyTH TOJAaHUI y BUTJIsA

0= [ s+ 0P d

00 -1
1(t) = Z%,l(k) coskt, (k) =q" Z (1—¢»)'Qi; k),
k=0 1=0

QUi k) = k(k+2)(k+122.i..(k+2z—2)7

k=0,1,2,..., Q(0;k) =

3Bazkardu Ha, me, BeJINYHN

£ =3 tulk)cos (kzt . 5;), BER, (4)
k=0

HA3WBAIOTH ToJlirapMonigauMu sjipamu [lyaccona nmopsanky [. Ak meckaHo Te-
PEKOHATUC, TIOCTIIOBHICTDL KOeIIIEHTIB s/1ep Pq ( )

%,z(/f):qkzl_q Hk+2j g € (0;1), (5)

TaKOK Hasie;KUTh J10 Muoxkunu D . Ilpu [ = 1 nonirapmoniuni sajpa Ilyaccona
B4(t) cninazaiors 3 sapavn [lyaccona Pj(t).

[le oganM TpPUKIAIOM siiep, KOedIlieHTIB sIKUX 3a/I0BOJIBHSIIOTH YMOBY (2),
e saapa Heiimana

—d' B
Nys(t) =) Tcos(kt = =), g€ (0:1), ER. (6)
Hexait Teniep f € L,
Sn(fix) =— =+ ) (ajcoskx + bysinkx)

— gacTuHHa cyma psry Pyp’e dpyuknil f rnopsauka n,

n—1

Vool fi) :% S Si(fi) (7)

k=n—p

28 36ipHuK HayKOBHX Ipalb ¢izuko-mareMarudnoro dakyaprery CHIIY



Yaitaenko C.O., FOpuenko €.B. Habmkenns: cymamu Basure Ilyccena ...

— cymn Bagne Ilyccena dynkiii f i, K 3Budaiino,

Pup(fi2) = f(x) = Vop(f; ).

MeTo10 IHOro MOBIIOMJIEHHS € OTPUMAHHS aCUMITOTUYHUX IIPU 1 — OO PiB-
HOCTEN JJId BEJIMYUHU

E(CIMVy) = sup [[£() = Viu(fi )l 8)
fecyn

3a yMoBH, 0 Ki1acu CYO BUsHAUAIOTHCS 3rOpTKaMu 3 fapamu surisay (4) i (6),
a y sikocTi 1 BHUCTYIIAE OJHA 3 MHOXKHUH S, abo H.,.

2. IcTropmuHa OoBigKAa 1 JOIIOMIXKHI TBepPIKEHHH
Y 1946 poui C.M. HikosbebKuit [4| po3riisiHyB BeTUanHy

En(Cf i Sn) = sup [If(-) = Sulf3-)llc,
’ fecs

1 TOKa3aB, 10 IPU 7 — 0O BUKOHYETHCS PIBHICTH
7oo? n

£.(CY . 5,) = %K(q) L O(M)g"n (9)

y Kt
/2

dt
K(Q):/ —,
) V1 —¢?sin“t

— moBHU{T eyinTraHKit iHTerpas tepiioro poxy. ¥ 1980 poui C.B. Creuxinmm |5

q € [0;1),

el pesyjbrar OyJIO IEepPeoBeIeHO 1HIIUM METOIOM, AKUH JO3BOJIUB YTOYHUTH
3aJINIIKOBHIT 4jieH piBHOCTI (9).

AmnaJioriuna 3ajada JJisd KJaciB C’gHw Oysa po3s’sizana Jumie B 2000 porri
O.1. Crenanrewm y pobori [6]. Hum Gysto mokaszano, 1o BeJndnHa

5n(CgHw; Sn) = ; Sélp ‘f(:l?) - Sn(f; x)‘
c€CiH,

He 3aJIe2KUTh BlJI TOUKU X 1 IPU N — 0O BUKOHYETHCS PIBHICTH
/2

" 2t
En(CyH,; Sn) = %K(q)&w / w(—)sint dt+

n

o
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ae 0, € [1/2;1], npuuomy 6, = 1, sximo w(t) — omyknit MOLyJIb HElePEePBHO-
cri, a O(1) — BesmunHa, piBHOMIPHO 0OMeKeHa 1010 N, q 1 (.

3 pisuocreit (9) i (10) Burmmsae, mo cymu Pyp’e Ha Kiracax C’q’oo i C’gHw
JAIOTh HAOJIMKEeHHsI, siKe CIIBIIaJae 3a HOPSIKOM 3 BEJIMYNHOI HAHKpPAIIoro Ha-
OJINZKEeHHST TPUTOHOMETPUYHUME IOJIHOMAMU CTEIeHs He BUIOIO 3a 1. 3a3Ha-
9uMO TakoXK, 1mo piBHocti (9) 1 (10) € aCHMIITOTHYHO TOYHUMU MPH OY/b-sTKIX
3HAYEHHSX IIapaMeTpiB, siki B HUX BXOAATH. HesBazkaioum Ha Ie, HpUpoaHiM OyB
iHTepec JI0 TOro, siK IOBOJATH cebe iHIM HaOJMKYIOUl arperari, 30KpemMa CyMU
Basine Ilyccena, ma srajannx Kinacax. /loc/mipKeHHIO MHOTO MHTAHHS, 30KpeMa,
npucsstuero poboru |7, 8, 9.

B nogasbiomy O.1. Crenannem 6yJsio BUCYHYTO 1JI€10 TIPO Te, MO 3aJIUIIKH

Zzp cos< t—ﬂ—;)

siaep Wa(t), ki MOPOKYIOTH KJIACH Cg npu ¢ € Dy, 0 < ¢ < 1, 3a ymo-
BI N — OO IOBOJSTHL cebe HpUOIM3HO TaK caMoO, SIK 1 BIJIIOBIJIHI 3a/IAIIKH
danep Pg (t). 1 BukopmCTOBYIOUN BiZIOMI pE3yJIBTATH Jjisl TOYHUX BEPXHIX MEXK
S(C'g‘ﬁ; Sn) Blaxuienb cym @yp'e S, (f;r) nwa kimacax inrerpasis Ilyaccona
Cgm, OyJsin 3HafijieHi acuMIITOTHYHI piBHOCTI jijist BesimauH (8) 3a ymoBu p = 1
(mabsmmkents cymamu @yp’e) [2]. Y podoti |10], BuUKOpHCTOBYIOMH BitOBI THI PiB-
HOCTI 3 pobiT |7] 1 (8], i pesysbraTn 6y/I0 PO3MOBCIOKEHO HA BUMAIOK HAOJIIKe-
HHst cymamu Basuie Ilyccena 3a ymoBH, 1o 0JIHOYACHO p — 00 i n —p — 00. A
came, OYJIO ITOKA3aHO CIIPABEJINBICTH HACTYITHOIO TBEP/IXKEHHSI.

Teopema 1. Hezali xaacu o4 oo b CgHw nopoorHcens A0pPom

= (k) coskt—%r), >0, €D, 0<qg<1.
k=1

Todi, axuwo n © p — 008IAGHI HAMYPAALHE YUCAG, P < T, MO NPU N — OO
BUKOHYIOMBCA DIBHOCII

E(CY i Vip) = ln—p+1) Eﬁ*

+O(1)( i ! 4 nop )] (11)

1-=¢®)p (A—=¢qPpn—p) (1—-q)
/2

2, 1
E(CYHuy; Vi) = to(n —p+1) | = w(
T (1 qz)pO/

)sint dt+
n—p
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+O(1Yw(— )<< (A ! 4o )] (12)

n—p \(1-¢)p (1—-qg?p(n—p) (1—-qg)?
de
= sup Yk +1) .
o k>n—p @D(kz) 7

a O(1) — seaununa, pishomipro obmescerna wodo n, p, q, (k) i .

3. HabamkeHHda Ha KJjacaxX 3rOpTOK 3 IOJIrapMOHIYHUMM
aapamn Ilyaccona i aapamu Heiimana

fK HeckIaaHO mepeKoHATUCS, KoeillieHTn siaep quﬂ (1)

(k) = gk qkzl_q Hk+2j

3aJI0BOJILHAIOTE YMOBH TeopeMu 1. /liificHO, BUKOHYIOYHW I€pETBOPEHHS, IIPH

[=2,3,..., 3HAXOUMO
o ¢(k+1)_q - W(kﬂ)_q _
ke | W) ken | Ygu(k)
-1
S (ke + 1) (k+3)(k +5) ... (k+2i — 1)
B = ~1)=
S e e+ 2)(k+4) . (k+ 20— 2)
1=0
-1 (1_ 2). 1—1 i—1 ‘
5 U (e 1+2) - T +20))
=0 7=0 7=0
4 =1 gy i <
11 (k+2))
1=0 7=0
-2 .
k+142j (20 —3)q
< 1) <=2 peN 13
q?ilff(‘o k+2) = " )

IIpu [ =1 maemo
Er = U. (14)

Orxe, i3 Teopemn 1 Ta criBsignomenns (14) ogep:KyeMo Take TBEp/ZKEeHHSI.

Teopema 2. Hexati xaacu C’g’oo l C’gHw NOPOOAHCYIOMBCA NOCAII0BHOCTNAMU

Y(k) = Ygi(k) sueandy (6).

Bumyck Nel, 2011 31



MaTremaruka

Todi, axwo n © p — 008LALHE HAMYPAALHT YUCAG, D < T, MO NPU N — OO
BUKOHYIOMBCA PIBHOCTI

z i—1

(1— ) 41
( 5,007 ,p Zz: Z'QZ jq n p T ]) [77— (1 - q2)p+

s 1 lq
o) ((1 —ap (- q)3p(n —p) T Q)4)] |

)i i—1

e (1- :
g(C’d’Hw:Vnp = p+1z; Z|21 HO n—p+14+25)x
e

X 20,1 / ( 2t )sint dt+
w 11n
™ (1—q2)p0 n—p

1 ¢! 1 7
FOWw(T= p) ((1 “op 0% —p)  n-p)(1- Q)4)] |

de O(1) — seaununa, pisHOMIpHO obmedcena w0do n, p, q, 1 i .

YMoBH TeopeMu 1 3a/I0BOJIbHAIOTH, TAKOK, MOCTIIOBHOCTI KOeMII€HTIB s1ep
Heitmana (6). [lificHo, sIK HECKJIAIHO T€PEKOHATUCST

Yk +1)
(k)

Orke, i3 Teopemu 1 Ta criBigHOIIeHHS (15) OIEPKYEMO TaKe TBEPJIZKEHHSI.

kg
r+1 ¢

1
k41

q
T+l

En = SUP (15)

k>n

— ¢| = Sup

k>n

= ¢Sup

k>n

Teopema 3. Hexat xaacu C”/ioo g Cg}Hw nopodorcyromuvca adpamu Ny g(t) eu-
enndy (6).

Todi, axuwo n © p — 008IABGHI HAMYPAALHE YUCAG, P < T, MO NPU N — OO
BUKOHYIOMBCA PIBHOCII

+

qnprrl 4 1
E(CY V) = =
(Choci Vi) n—p+1[7r(1—q2)p

! 1 q
o) ((1 ey P RS o s A s Q>4)] |

" qn—p+1 29w 1 /
Hy; Vip) =
O V) =501 | o (1—¢*)p “

)sint dt+

n—p
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1 ! 1 q
O () ((1 —@p " U —p)  n-p)(1- q>4>] |

de O(1) — seaununa, pishomipno obmesrcena wodo n, p, q, (k) i f.

3azHauNMO, 110 y BUIAJKY, KOJU OJHOYACHO

lim p(n) =00 i lim[n—p(n)] =00, upnmgomy lim p(n) =0,

n—00 n—o00 n—oo 1, — p(n)
piBHOCTI 3 TeopeM 2 1 3 JaI0Th Po3B’ 30K 3a/1a4i Komoroposa-HikobebKoro jrs
cym Baste Ilyccena ma kaacax aHaJiTUIHUX (PYHKIIH, 0 TOPOJZKYIOTHCS MOJTi-
rapmoniunnmu gjapamu Ilyaccon ta aapamun Heitmana, Bijimosijmno.
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MPUBJINYKEHUE KJIACCOB ®YHKITUIT MHOTUX
NMEPEMEHHBIX OBOBIIIEHHBLIMU OITEPATOPAMMU
SUTMYHIA

Orpumani acMuToTudHi GOpMyJin JiJisi BEPXHIX rpaHeil BiIXUIeHb HMPIMOKYTHHUX OIIEPATOPIB
BurmyHia Ha Kiaacax (v, ) —mudepenniifioBanx GyHKIi 6araThoX 3MiHHUX.
Keywords: Fourier series, asymptotic equalities.

BBenenue

Kunaccer (1, B)-muddenupyeMbrx nepuoundecknx byHKIUT 0HOI epeMeH-
Hoit ObLT BBesieHbl B 1983 roy AWM. Crenanmom (cm. [1]) ciemyrormmm obpaszom.
IIyctb L — mpoOCTPaHCTBO CYMMUPYEMBIX 277 -IIEPUOANIECKIX (DYHKIUII,

feLlLn
ao (0] o
S[f] = ) + Z(akcoskx + b sinkzx) = ZAk(f;x)
k=1 k=0
— psiyt Dypoe pyukmun f. [ycrs ganee (k), k € N — npousBosibaast GhyHKIHsI
HaTypaJibHOro aprymenta u 3 € R. Eciau psin

(0.9]
1
Z (ag cos(kx + Bm/2) + by sin(kx + fr/2))
25

sBysieTcst psiioM Pypbe HEKOTOpOH cyMMEUpyeMoil (DYHKIMU, TO 3Ty (DYHKIHIIO
0003HAYAIOT fg} 1 HasbIBaroT (1), 8)-mpon3BoaHoil hyHKINI f .

Eciu dyukuns f HempepbiBHA U BBINOJHEHO YCJIOBHE esssup| fg ()| <1, 10

nojaraior f € C”’D’OO.

HccenenoBannio alpoKCUMATHBHBIX CBOHCTB KJIAaccoB (DYHKIMIA OJHOI mepe-
MeHHOI, nMerormux (1), ) -Ipou3BOIHYO, MOCBSIIEH OOMUPHBIH KPYT paboTr (CM.,
wanpumep, [1 — 11]), B gacrnocru, B paborax |7, 8, 10, 11| usydenbr Bompocs
npubImzKeHns: KjaaccoB GyHKIMi ¢ MaJjioi riajJkocTbio. B paborax |2, 5| MoxkHO
HaitTu 6nbmorpaduio Mo BOIpOcaM, MPUMBIKAIONINM K 3TOI TeMaTHuKe.
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Kunaccer (¢, B) -muddepentmpyeMbix (byHKIUIH MHOIHX T€PEMEHHBIX ObLIH
BBeIeHbl B pabore [12| (em. takxke |13, 14]). B sTux paborax msydarorcss BOIpo-
bl pubJImKenns KiaaccoB (¢, B)-nuddepeHmpyeMbIx nepuognIecKux (pyHKImit
MHOTHX IE€PEMEHHBIX MPAMOYTOJbHBIMU JIMHEHHBIMU MeTojJlaMu. B jraHHol cra-
The TOJIYUeHbI ACUMITOTHYECKNE (POPMYJIBI JIJIsi BEPXHUX IPaHell YKJIOHEHUT pa3-
JIMUHBIX IIPSIMOYTOJIbHBIX JUHEHHBIX cpeaHuX psijioB Oypbe, B3SATHIX 110 KJIaCCaM
GyHKIMI MHOIUX TIepEeMEeHHBIX MaJIoi TJIaKOCTH. B yacTHOCTH, HaliIeHbI aCMII-
TOTHYECKNE PaBEHCTBA, KOTOPhIE 00eCIednBaloT perrenne 3ajgadn Koamoroposa—
Hukosbekoro (em. |2, C. 8]) ma 9Tux Kiaccax Jjisd MPsIMOYTOJBHBIX 0000IIEHHBIX
OIIepaTOpOB SUIMYH/IA.

st manbHeiero n310KeHns BBeJIeM psJi 0003HAYEHU U OIpe/ie/Ienuii.

[Ilyctb  R™ — mpoCTPAHCTBO 1M -MEPHBIX BEKTOPOB T = (T1,X2, ..., Tpy),
m

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

N"={Ze€ R"z; €N, i=1,2,..m},

N'={Z e R"|z; € No=NU{0}, i=1,2,...,m},
N'={ZeR"|lz;e N, z; € N,, i #j}.

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

Yepes L(T™) 00603HATNM MHOYKECTBO 27 -TIEPUOJMYECKUX 110 KazKJION Tepe-
MEHHOIH, cyMMupyeMbIx Ha KyOe nepuojos 1" | dyukuuit f(Z) = f(x1, 2, ..., Tpy).

[Iycte f € L(T™). Caenya |12, C. 546|, xaxmoii mape touek § € E™,
ke N, nocraBum B cooTBeTcTBHE KO punnentT Pypbe GyHKIMI f

a

T Wy

(f) = i Tmf(f) ﬁ cos (kzasz — S;W) dx;.

Tm
1=1

7 m
Kaxmomy BekTopy k € N]* mocraBuM B COOTBETCTBUE FApMOHUKY (DYHKITUN

@ )
Ap(f; @) = Z azi(f) HCOS </<32332 — S;W) :
i=1

secEm

Crenys |12, C. 545|, pajg @ypwe dyuknun f () onpegesnm CaeLyomuM co-
OTHOIIIEHUEM

S = Y S Adfia) 1)

—

keNm™

rie q(k) — KOJMIecTBO HYJIEBBIX KOODJMHAT BEKTOpa K .
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[Iycre m = {1,2,...,m} u p — Kakoe-JnuOO TOIMHOXKECTBO U3 7712, 0OO3HA~
IUM Yepe3 |f| KOJIMUecTBO 9JIEMEHTOB MHOXKECTBa (i 1 depe3 pu(r) — BesKoe
T -3JIEMEHTHOE MOJAMHOKeCTBO u3 m (|u(r)| =r).

[lo anasioruu ¢ 0JIHOMEPHBIM CJIyuaeM, PTADMOHUKOIA, conpsizkennoii ¢ Ax(f; 7)
110 TIepeMEeHHON ;. , Oy/IeM Ha3bIBATH BEJIMUNHY

A%‘(f; ) :Za» H cos (k x; — sﬂr) COS <]‘€r$r — W> .

SeEm™ iem\{r}

Bynem BBOjuTH moHsTHE (1), ) -TPOU3BOAHBIX (DYHKINIT MHOTUX IEpPEMeH-
HBIX, UCIIOJIB3YsT CXeMbI BBeIeHUsT (1), ) -TIPOM3BOAHBIX (DYHKIIUIT OIHOIT IIepeMeH-
HOit (cM. [1]) 1 OOBIKHOBEHHBIX YACTHBIX TPOU3BOIHBIX (PYHKINI MHOTUX TIEPEMEH-
HBIX.

HyCTb % - (%1( ) ¢12( )) i - (\Ijll(k) ( )) (S m, k= 071727"'a

— Habopbl cHCTEM dHucesl TaKHX, 4YTO i BeeX ¢ € M, k € N, BBIIOJIHSIOTCS
yeaosnst: ;1 (0) =1, ¥ (0) =1, ¢;2(0) =0, ¥in(0) =0,
— —2
by (k) = 07 (k) + (k) # 0, i (k) = U (k) + Wh(k) # 0.
Ecin ans dukcnposannoro r € m cymecrsyer yuxius fUr(Z) € L(T™)
Taxas, 4TO

S =3 (U (h) A2 7) — ta(k) AT (:7)

2417 (k)

rje N — MHOXKECTBO TOUYEK keN 'y koropeix k. # 0, To OyjileM TOBOPUTD,
970 fz/’ *(Z) aBasieTcs vacTHOM 1, -ponssojHoit Gyukun f(Z) 1o nepementoii

X, . g pysxmun f 1/’1"(:1?) OyJeM TaK»Ke HCII0JIb30BaTh €CTeCTBEHHOE JIJIsl YaCTHBIX
0% f (%)

oz, .
Hnsa dukcnposamnoro nabopa p C M, ft = {71,712, ..., 7|y}, cMemannoi W, -

IIPOU3BOHON TIO TIEPEMEHHBIM T;, % € (i, 110 aHAJOTHH C OIpejeeHneM OObIK-

IPOU3BOIHBIX 0003HAUEHHUE

HOBEHHOII CMeIIaHHOH YaCTHOIl IIPOM3BOJHOMN, OyieM Ha3bBATbH (BYHKIHIO [k,
KOTOpas 3aJ1aeTcs COOTHOIIIEHUEM

910" 19" f(T)

(%W Oxy -0y,

£ (@) =

Muoxkecrso dyukimit f € L(T™) rakux, 9To it JHOObIX ¢ € T Cylie-
CTBYIOT 1);-IIPOU3BOAHBIC [ U st Beex p C T CyLIECTBYIOT CMEIIaHHbIE
U, -IpousBojIHbIe Y Gyaem obosHauaTh L™ | a 10AMHOKECTBO HEIPEPBIBHBIX
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dyHKIMi 13 Lm OyjieM 0bo3HAYATD C™ . MHOKeCTBO dynkunit 3 Cm@) T10-
BJIETBOPAIONIUX YCIOBHUSIM

esssup| [V (Z)| < 1, esssup|fY+(F)| <1, i em, pCm,

OyieM 00603HAYATD ng@ B ciyuae, korga cymectByior dyuximn ¥;(z), V;(x) n
ancia f;, 85 € R rakue, 9to ¥y (x) = 1;(x) cos 5w /2, ia(x) = ¥i(x) sin w2,
Takne KJacchl OyaeM ob03HAYaTh Cmfo.

Cremys [1], BBeslem MHOM)KECTBA iiﬁ, M, , Me. Byaem norarars, 910 QyHK-
mn ¥;(v), Vi(v), i =1,2,....m; j= 1,2, saBasaiorcs GyHKIESIME HEIPEPbIBHO-
ro aprymenta v > 0, copuagaronmmu upu v € N ¢ 3j1eMeHTaMU OJHOUMEHHDBIX
cucrem uncen ;(k), W;(k), KOTOpbIE HCIOJB30BATNCH BBIIIE [T ONPECTCHNS
(¢i, Bi)-u (¥, B)-1pOU3BOJHBIX.

Yepes M ob6ozHATIM MHOKECTBO QYHKIUI 1(x) , HEIpepbIBHBIX 1pu = > 0,
MOHOTOHHO yOBIBAIOIIMX, BLIIYKJILIX BHA3 IPU X > 1 U yIOBJIETBOPSIONINX YCJIO-
Biio lim ¢ (z) = 0.

T—00
Yepes M’ ob603HaUUM 110IMHOKECTBO DyHKIUH 1 € M, 1118 KOTOPLIX

7w(x>dx < 00.

X

Oynkiuu  ¢(z) mocraBuM B coorBercTBHe DyHKIWMIO () = (Y, x),
cBst3aHHyIo pu & > 1 ¢ ¢(z) coornomennem ¥ (n(z)) = 3¢(z).

[ostoxxkum .

nt) —t

Yepesz M, obozratdmm MHO)KeCTBO byHKIHMIT 10 € M| /17151 KOTOPBIX BeJIMINHA

p(t) = p(y,t) =

p(1),t) orpanmdaena ceepxy. Yepes Mo obozHaumnM MHOZKECTBO QyHKIHIT 1) € M,
JJI KOTOPBIX HafijyTest KoncrauTol Ky, Ky Takue, 9To npu Beex x > 1

0< Ky <p(y,t) < Ky < +o0.

Ecm mi ¢ = 1,2,...,m; j = 1,2, semonmeno ;; € MG \ Mg,
Uy € MG\ Mo, o bynxkiuu f € CTY 1o anajornn ¢ oJHOMEPHBIM CJIyYa-
eM €CTECTBEHHO HA3BbIBATL (DYHKIUAMU C MAJIOI TIaJKOCTDIO.

Crenyst [3] (cm. Takzke [2|, [14]), npsMoyrosbible JUHEHbIe CPEIHIe PSAIOB
Dypbe onpeIe M CJIeYIONIM 00pa30oM.

[Iycte A = {A1, Ao, ..., Ay, — durcupoBantbiit HaOOp GECKOHEUHBIX TpPe-
YIOJILHBIX YUCJIOBBIX MaTpull, A; = {)\gi)}, i=1,2,....m, i€ N", keNm™,
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A= 1y A,(;“) = 0 w k; > n;. llycrs nanee /\i(é'ﬁ) B H/\’(‘:i) !

Gz = J1[0;n; — 1] — npaMOYTOIbHBI MapaJiIe/enuiie/l, COOTBeTCTBYIONII BEK-
i=1

Topy 1 € N'™. IlonsitHo, 4TO A](_C.n) = 0 ays m06bix k € Gi.
Oyukiuu f € L(T™), nmetorneit psjg @ypwe (1), moctaBuM B COOTBETCTBUE
ceMeiicTBO TPUTOHOMETPUYECKUX OJIMHOMOB

Ua(f:3;0) = > 2710ND A (f; 7). (2)

[Tpu )\%ﬁ) =1, k € G7 MHOrOUWICHBI Ua(f;7;N) = Si(f; @) sasnsrores
IPAMOYTOJILHBIMU YACTHYHBIME cyMMaMu pajga Oypoe.

[Iycts @;(x),7 = 1,2,...,m — HempepbIBHbIE, MOHOTOHHO BO3PACTAOIINE TIPH
x > 0 rakue, ato @;(0) = 0. Ecim Besmannb )\]%ﬁ), ke Gy 7€ N™ sanaiorest
COOTHOIICHIAMU
Ami) g M
pi(ni)’

—

to muoroutenst Uy(f; @A) = ZZ(f; %) Oynem HasbiBaTh 00OOIIEHHBIMI IPIMO-
YTOJILHBIMI CyMMaMI SUTMYHJIA.
Clp R — F(N— 7P 7
Bemmrannst 6/ (f; %) = f(&)—Z2(f;¥) aBndaiorcsa yKIOHEHIAMI MHOTOYICHOB
SD L= — —
ZX(f; &), ne N™ or bynkuun f(Z).
[esbio annofi paboThl SBIACTCS MOy IeHIE ACHMITOTHICCKIX PABEHCTB IS

BeJIMYNH
mip e\ ol 7
E(C o0 Z5) = sup [0z (f;7)llo
fecy,
npu n; — 00, ¢ = 1,2,...;m, u B clydagx, KOIJa KJIacchl C’mfo ABJISAIOTCS

KJaccaMu (PYHKIH ¢ MaJIoi IJIaJIKOCTBIO.

B ojiHOMepHOM cityuae Ha KiaccaxX QpyHKIHH ¢ MaJIoi T/1aJIKOCTHIO OBLIN TOJTY-
YeHbI aCUMIITOTUYECKNE PABEHCTBA, KOTOPhIE NMEIOT IVIABHBIN UJIEH B BUJIE CYM-
MBI JIBYX CJaraeMbIx. B dacTHOCTH, jjIs BEpXHUX I'paHeil YKJIOHEHUH 110 TaKuM
kiaaccam cymMmM Dypobe, cymm Basre [lyccena m 0000IMeHHBIX CyMM SUTMYH/IA, 110~
JIy9eHbl acuMiToTundeckue ¢popmysibl: B pabore 7|

2 sin

B 00
8(015{00; Sn> = i@b(n) Inn + 2 /¢;x>dx + O(1)y(n), n — oo,

2 T
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B pobore [10],
4 n 281n v(x
(CYaiVin) = 0l / Laz+ 0y,

lim P _ 0, n — oo,

n—oo 1
B pabore [11]

2sin x|
5<CBOO,Z‘P = /gp (z) dop 22 /wfj)dijO(l)zp(n), n — oo.
7T
1 n

Bornpocsr npub/inkenns KJiaccoB C’gﬁ Pa3JIUYHBIMU TPSAMOYTOJILHBIMUI Me-
TOJIAME TIPUOJINZKEHMsT n3ydasnch B paborax [15-18]. B wactHocTH, Ha Kiaccax
dynkimit C’g?fo C MaJIoil IJIaJIKOCTBIO JIJIs TPAMOYTOJIbHBIX cyMM BaJiie Ilyccena

B pabote 18] mosyuena acumnrorudeckast hopmysia

£ (CBOO, vﬁﬁ) -

OcHoBHAY 4YacCTh

B nanHOil pabore 1oJIydeHbl aHAJOTMYHbIE aCUMIITOTHIECKIE POPMYJIBI JIJIst
KJIACCOB (PYHKIWIT MHOTUX ITepEMEHHBIX ¢ MaJoil IJIaJIKOCTHIO C’gg% U [IpPAMO-

)

YTOJbHBIX 000OMEHHBIX CyMM 3UTMYH/IA.

Teopema 1. Ilyemv W, € My, ; € M, B, 57 € R dynwyuu ¥;(x)p;(x),
Ui(z)pi(x), i = 1,2,...,m; MOHOMOHHO 803PACMAIOM U COTPAHANM, TAPAKMED
soinyksocmu npu r > 1.

Toeda npu n; — oo, © = 1,2,...,m, cNPasediusa acuMnMoOmMuieckas Hop-
MYAQ

& (s zg) =
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+zm: Z H Sin [ /\PJ d:v+7o jx( )dx+§j(nj)

V. (x )
r=2 p(r)cm jep(r) 1 n;

(3)

HoxkazareabcrBo.  Yepes {A,.(v)}, @ = (n,ne,...,nn,) € N™, obo-
3HAYMM CEMefiCTBO 3aJIaHHBIX 1 HenpepbiBHBIX Ha [0;1] dyHKIMI Taknx, 9ro
n; k; .
A =Nk, ke Ga.
Beejem dyHKImIm

(1 = A, (v)¥i(nw), n% <v <1

i(v) { Yi(n;v), 1<v,1=1,2,...,m; (4)
(1= A (0) (), ni <wv <1

Ti(v) { U, (n;v), 1<v,i=1,2,...,m; (5)

xoropste Ha [0; -] 3aganbl Tak, uto 7;(v), T;(v) HENpEepPbIBHDI Ha HOJI0KHTEILHOIL
(2
noJiyocu u Bbinojieno yejaosue 7;(0) =0, T;(0) =0, i =1,2,....m
B pabore |12] mokazamno, uro mist pyukiwmit 7, T;, i = 1,2, ..., m, 3a1aHHBIX
cootromenusamu (4), (5), u umernx cymmupyembie Ha R mpeobpasosanust Pypbe:

1 o0 &0
Alr) = — / /TZ(CL') cos(xt + ﬁzl)dx dt < o0,
7r
—o0 '0
1 o0 o0
A(T;) = — / /TZ(I) cos(xt + %)dw dt < o0,
T
—o0 '0
npu n; — oo, ¢ = 1,2,...,m, cupaBeJINBO PABEHCTBO:
" " sin 5T r
g(ngOO;Uﬁ> = Z ﬂ2 / /wl(nzx) sin ztdx|di+
i=1

(<1 '1

1
+§:;/‘ di+
=1 1t[>1

won(y |

=li<1

/TZ(SE) cos(xt + %T)dx
0

/ ) cos xtdx
0
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m 1 m
+Z sin ﬁ;ﬂ / /7’2 sin xtdx|dt +Z a(T; +Z H A(T ) (6)
0

= <1 r=2 p(r)Cm jep(r
o0
1
s

|t|>TFTL,L

rje

dt.

/TZ cos(xt + %)dx
0

Takum oOpa3oM, nsydeHnue pejndnH & (C?fo, A @) CBOJNTCA K BBHITUCJICHUTO
COOTBETCTBYIOIIIX OJHOMEPHBIX HeCO6CTBeHHbIX HHTErPAJIOB.

st uyvuenns Beinans & <Cg”fo, Z )> pu oMoItu cooTHorerust (6) GyHK-
mun 7;(x), Ti(x), i=1,2,....,m, j =1,2, KOTOpBIE ONPEJICJICHbI COOTHOIICHSI-
mu (4) u (5), IpejcTaBUM B CJIEIYIONIEM BUJIE

Yi(l)ei(nz, 0<a <,
Ti(r) ¢ Yi(niz)p(nir), n% <z <1,

VYi(n;z), 1<z, 1=1,2,...,m,
Uy(Dpi(Dne, 0<a <o,

T;(SL’) - \Dij(nix)go(nix)v n% <z <1,
U,i(nx), 1<z, i=1,2,...m

[Tpumensist paccyKienust pabore [11], mosydaem acuMnrorudeckue (hOPMyJIbl

o0

% / /%(nzx) sin xtdx |dt = %/wia(jx)dxwLO(l)@/%(m),
[t]<1 '1 7

/ / ﬁ;ﬂ)daz dt =
e

s [ i(a)gi(a) .

a(ti) = O(1)vi(ni),
*m T mB’—W ki ol
A(T;) = O(1) | sin ; /‘ljlx( )dx+ 90@(712@) /\I}Z (; ( )der\If(m) ,
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/ 7;(v) cosvtdv| dt = O(1)w;(ny),

[t]<1

o“\g

1
/ /Ti(v) sinvtdv| dt = O(1)y;(n;).
[t]<1 10
[Togcrasisist 3T cooTHoteHus B hopmyity (6), moIydaeM aCUMITOTHIECKYO

opmyay (3).
Teopema mokaszaHa.
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PO3B’A3AHHA HEKOPEKTHO IIOCTABJIEHNX 3AJ/IAY

CepeJ1 MaTeMaTHIHUX 3a/1a9 BUJLISETHCS KJIAC 3aJ1ad, PO3B dA3aHHs SKUX HECTIHKi J10 Manx

3HAYEHDb IOYATKOBUX JAHNX. BOHU XapaKTepuU3yrThCs TUM, IO CKIIbKHM 3aBIOTHO MaJii 3HAUE-

HHSI IOYATKOBUX JIAHUX MOXKYTb IMPU3BOJIATH JI0 JIOBLIBHO BEJUKUX 3MiH B PO3B’s3Kax. 3ajati

IO/TIOHOTO THILY, IO CyTi, € MMOTAHO MOCTaBIeHNMU. BOHN HajieKaTh 710 KJIaCy HEKOPEKTHO I10-

CTaBJIEHUX 3a/1a4. PO3IIAMa0ThC MUIAXT [TO/I0JIAHHA TTPOOJIEMU PO3B’I3aHH TAKUX 3a/1a4.
KurodoBi ciioBa: nabauotceni pods’asku, memod Tuxorosa, k6a3ipo3e’a3Ku.

Beryn

[MIBu KO 3pocTaoyde BUKOPUCTAHHST 00UNC/II0BAIbHOI TEXHIKI BUMAra€ PO3BU-
TKY 00YMC/IIOBAJIbHIX aJTOPUTMIB JIJI BUPIIIEHHs HIMPOKUX KJIACiB 3aBIaHb. AJle
10 TTOTPIOHO PO3YMITHU IIiJI PO3B’sI3aHHAM 3a,1a4i 7!

Kiacrani KoHIenil i mocTaHOBKH 3a/1a9 He BijoOparkaloTh 0ararbox 0co0JIn-
BOCTeil 3a/1a4, 1110 3yCTPidaloThCd Ha NpakTuli. My mokakemo 1e Ha HNpUKJIaI.

Posrisinemo crucremy JIHITHUX PiBHSHBb aJredpn

Az = u, (1)

Je z — HIyKaHuil BeKTop, u — Bijomuii BekTop, A = {a;;} — KBaJpaTHa MaTpPUILsS
3 €JICMEHTAMU @;; .

Axmo cucrema e BupomKena, Tooro det A = 0, To BoHa Mae €IUHUIT PO3B’sI-
30K, SIKHII MOKHa, 3HaiiTi 3a BigomuMu gpopmysiamu Kpamepa abo IHIIUMEI CIIOCO-
Oamu. SIKIo crmerema BUPOJIZKEHA, TO BOHA MA€ PO3B's130K (IPUTOMY HE €/ iHHiT)
JIUIIE TIPU BUKOHAHHI MIEBHOI YMOBH, {KIIO PIBHI HYJIIO BLJIIOBI/IHI BU3HAYHUKIU.

TakyM 9UHOM, IIepIl Hi»K PO3B’sI3yBaTH CHUCTEMY, IIOTPIOHO IepeBipUTH, BH-
pojizKeHa BoHa, abo Hi. J[is1 1[bOro BUMAaraeThbcsd OOUMCINTH BU3HAYHUK CHCTEMU
det A.

Ao n — posmipuicTs cucreMu, To Jjist oouncierds det A HeoOXiIHO BIKO-

2 omepariit. 3 fK0I0 6 TOYHICTIO MU HE BUKOHYBAJIH OOUNC/IEHHS,

HATH OJIN3BKO T
IIPU JIOCTATHBO BEJIMKOMY 3HAUYEHHI 7, BHAC/IIOK HAKOIINYEHHsI TOMUIOK O0UH-

CJIEHHA, MU MOXKEMO OTPUMaTHU 3HaYCHHA det A, dKe AdK 3aBI'OJHO BiﬂpiBHHGTbCH

© Kpoxmamrosa T.11., Benunuko B.€., 2011
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Bijt icrurnoro. Tomy Gakano mMarn (moOyyBaTh) Taki aJrOPUTMU 3HAXO/ZKEHHS
PO3B’SI3KY CHUCTEMH, sKi He BUMAraloTh IMOTEPEIHBOrO 3'sCYBAHHS BUPO/IZKEHHS
ab0 He BUPOJPKEHHS CUCTEMU.

Kpim Toro, y npakTuaHux 3ajadax 4acTo IpaBa JacTUHA CUCTEMU U 1 eje-
MeHTH MaTpuili A, To6To KoedimieHTn cucTeMn piBHAHD, BiJIOMI HaM HAOJIMZKEHO.
Y 1ux BUNAIKaX 3aMIiCTh CUCTEMU, MU MA€MO CIIPaBY 3 JIeSIKOIO 1HIIOI0 CUCTEMOTO
A’z = 4 Takoro, mo

1A = All < R, Ju —ul| <6,

Jle HOpMa 3a3BUvail BU3HAYAETHCA XapaKTepoM 3ajJadi. Maroun 3aMicTh MaTpHUIIi
A wmarpumo A’ Mu TEM OlablIe He MOXKEMO BUCJIOBUTH IEBHOTO CYIZKEHHS PO
BUPOJI?KEHHsI a00 HE BUPOJ?KEHHSI CUCTEMU.

Y mux BHIAJKaX PO TOUHY cucremy Az = w HaM BiIOMO JmIIe Te, IO
Jyist Marpuii A 1 mpaBol YacTHHU BUKOHYIOThCst Hepishocti |[A — All < h,
[l — u|| < 6. Ane cucrem 3 Takumu BxijgHumu jganuvu (A, u) HeCKiHYEHHO
Oararo, i B paMKax BiJJoMOro HaM PiBHsI 1OXuOKM BOHM He 4qiTKi. Cepej Takmx
«MOXKJIUBUX TOUYHUX CUCTEM» MOYKYTh OyTH i BHPOJIZKEHI.

OcCKiIbKK 3aMiCTh TOYHOI CHCTEeME MU MaeMo Habauzkeny cucremy A’z =,
TO MOBa MOKe HTH JIAIIE IIPO 3HAXOYKeHHsI HabJIMXKEHOro Po3B’sI3Ky. AJie HAOII-
JKeHa crucTeMa Moyke OyTH 1 Hepo3B'si3HO0. BuHnKae muTanHst: 1m0 Tpeda po3yMiTH
i1 HabJIMzKeHnM PO3B’si3koM crcTemu?! BoHO MOBUHHO OyTH TaKOXK CTIHKHUM J10
MaJIX 3MiH BXigHuX marnx (A, u).

1. HabumnxeHi MmeToan

[ITupoko PO3MOBCIOPKEHNM B OOYUC/IIOBAJILHIN TPAKTUIL CITIOCOOOM HabJIH-
JKEHOTO pO3B’si3abHst piBHsAHHs (1) € Meron migbopy. Bin mossrae B TOMy, 10
JIS €JIeEMEHTIB 2 JIesdKOro 3a3jiaJieriib 3a/IaHOr0 IJIKJIacCy MOXKJIUBUX PIIIeHb
M nesikoro JiHifiHoro mnpocropy F ob4unciioerhes oreparop Az, TOOTO BUKO-
HYEThCS MpsMa 3ajiada. B aKocTi HaO/JIMKeHoro po3B’a3Ky OepeThbcsl Takmil efie-
MeHT 2o 3 MHOKHHU M | Ha skoMy HeB'siska py(Az, u) mocsirae MiHiMyMy, TOOTO
pu(Azg,u) = inf py(Az,u), z € M.

Hexait npasa gactuna piBusgnus (1) 3ajana To9Ho, TOOTO % = uy 1 MOTPi-
OHO 3HATH floro PO3B’A30K 2. 3pO3YMiJO, 10 B M 3HaXOIUTHCA Oe3J1id ejie-
MEHTIB 2, 9Kl 3aJexKaTh BlJl CKIHYeHO! KIJILKOCTI MapaMeTpiB, 110 3MIHIOIOTHCA B
IEBHUX MexKaxX Tak, 1mo0 M Oysio 3aMKHYTUM B CKiHYEHOBHUMIPDHOMY ITPOCTOPI.
ZIKIo TIyKaroTh TOUHMIT PO3B’SA30K 2z piBHAHHS (1) dKuUil HAJEKUTH MHOKUHI
M, infzy € M, py(Az,u) = 0 TO UM JOCATAETHCS HUAKHS MeyKa HA TOYHO-
My pO3B'si3Ky 2. fIKino piBHstHHsT (1) Mae €quHUiT PO3B’SI30K, TO €JIEMEHT 2,
3/IaTHUI MIHIMI3YyBaTHU, BUBHAYEHUIT OJTHO3HAYHO.
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MaTremaruka

OOrpyHTYyBaHHS YCIINIHOCTI METOY IiI00pY MPU3BEJIO JI0 3HAXO/KEHHS 3a-
rajibHO (DYHKIIIOHAJIBHUX BUMOT, 110 OOMEXKYIOTH KJIaC MOYKJIMBUX PO3B’si3KiB M |
IpU AKUX METO/T IMiI00py € cTifikum i z, — 2¢. Lli BuMorn nossdraiorb B KOMITa-
KTHOCTI MHOXKUHU M 1 IPYHTYIOTHCS Ha HaBeJeHIill HUZKYe TOMOJIOTIUHIN JIeMi.

Jlema 1. Hexati mempuunut npocmip F eidobpasicaemuves na mempunnuti npo-
cmip U 1 Uy — 0bpasz muoorcunu Fy, Fy C F, npu uyvomy eidobpastcerni. Hrxuwio
stdobpasicenna F — U nenepepene, 63aeMHno 00rno3HauwHe i Mrosicuna Fy xomna-
kmua na F', mo 36opommne sidobpasicenns Uy — Fy mmoorcuru Uy na MHootcumny
Fy maxooic nenepepsne 3a mempuroro npocmopy F'.

Ha ocnoBsi Bukajienux mipkysanb M. M. JIaBpeHTbeB chOpMyTIOBAB TOHATTS KO-
pekTHOCTI 38 Tuxonosum. ¥ 3acrocyBaHHi J0 piBHsiHHS (1) 3aj1a4a € Kopexmmor
3a Turonosum, STKIIO BiJIOMO, IO JIjII TOYHOTO 3HAYEHHS U = U; ICHYE €TMHUI
po3B’s130K z; piBHsiHHs (1), Az; = u; , 10 HAJEXKUTH 3a/1aHIil KOMIAKTHIH MHO-
sxuui M . B npomy Bunaky onepatop A~! nenepepsnuit Ha muoykuni N = AM
1, SIKITI0 3aMiCTh eJIeMeHTa Uy HAM BIIOMUI eJIeMEHT Uy Takuii, mo py(ug, us) < 0
i usg € N, T0 B IKOCTI HAOJIMZKEHOTO PO3B’s13KY PiBHsTHHS (1) 3 PABOI0 YACTUHOIO
U = Us MOKHa B3aTH ejeMeHT 25 = A7lus. Ilpu § — 0 (us € N) 25 Gyze
nparayT j1o z; . Muoxkuna Fy (Fy C F'), Ha sKiii 3a/1a1a 3HAXO/ZKEHHST PO3B’s3-
Ky piBHstHHS (1) € KOPEKTHO TOCTABJIEHOIO, HA3MBAIOTh KJIaCOM KOpeKTHOCTI. Tak,
SIKITO oniepaTrop A HernepepBHUIl 1 3/1iliCHIOE B3a€MHO OJIHO3HAYHE BiJ00parKeHHSI,
TO KOMIIAKTHA MHOXKHHa M , 10 IKOI HAJEXKUTb 2, € KJIACOM KOPEKTHOCTI JIJIs
piBastanst (1). Takum auHOM, KO 3a/1a4a (1) KopekTHa 3a TUXOHOBUM 1 TpaBa
yacTuHa piBHSIHHSI © € AM |, TO MeTo 1 1i100PY 3 yCIIXOM MOXKe OyTH 3aCTOCOBA-
HUIT JI0 BUPIIIEHHS TaKol 3a/a4l.

[IparneHHst yCyHyTH TPYIHOIII, IIOB’si3aHi 3 BiJICYTHICTIO PO3B’SI3KY PiBHSIHHSI
(1) mpu Herouniii mpasiii gactuni, npuseno B. K. Isanosa 10 moHATTS KBa3ipo-
3B’s3aHHs piBsnmg (1).

Enement z € M, axwii 37aTHUil MiHIMI3yBaTH HpU ITHOMY 1 (PYHKIIOHAJ
pu(AZ,u) wa muoxuni M, Ha3uBaeThCs KBa3ipo3s's3koM piBusnHs (1) Ha M |

pU(Aga ’U,) = inf pU<Azu U)
zeM

Axmo M — KOMIAKT, TO KBa3ipo3B's130K, OUEBUJIHO, iICHYE JIJIA OY/b-SKOI'O
u € U i gkmo, kpim Toro, u € AM , To KBa3ipo3B’si30K Z 30iraeTbecst 31 3BUUAL-
HuM (TouHNM) po3B’si3koM piBHsiHHs (1). KBasiposs’s3ok Moxke Oyt i He ofuH.
Y 1IboMy BUNAJKY 11T KBa3ipo3B'd3KOM OyIeMO po3yMiTH Oyab-gKuil eJgeMeHT 3
MHOYKIHHI KBa3ipo3B s13KiB D .

Hexait F'i U —I'inbeprosi npocropu, M € S —kyns (||z]| < R) B mpocropi
F i A — nisikom HernepepBHMIL JIIHIHKI orlepaTop.

46 36ipHuK HayKOBHX Ipalb ¢izuko-mareMarudnoro dakyaprery CHIIY



Kpoxmamnsosa T.I1., Benmmako B.€. PosB’s13aHHST HEKOPEKTHO MOCTABJIEHUX 33149

Y 1bOMY BUIIAJIKY KBa3ipO3B’si30K piBHsTHHS (1) MOXKHA [TPEJICTABUTH Y BUTJISI-
Ji psijly 3a BJAacHUME ejeMeHTaMu ((bYHKIAM, BeKTOpax) @, omeparopa A*A,
ne A* — omeparop, crpsiKenuii orepatopy A.

Binomo, mo A*A — camocnpsizkeHuii IiIKOM HemepepBHUil omeparop 3 F' B
F. Hexait \{ > Ay > ... > )\, > ... — IIOBHa cucTeMa 0ro BJIACHUX 3HAYEHbD,
a V1,02, ..., Ppn, ... — BIINOBIIHA TTOBHA OPTOHOPMOBaHa CUCTEMa Or0 BJACHUX
ejieMeHTiB (yHKI, BekTOpiB). Eiement A*u MOXKHA MpeJICTABUTH Y BULJIsII

pAnLy -
A*u = Z bnon (2)
n=1

B nmux ymoBax cripaBejijinBa,

Teopema 1. Keaszipose’azox pishanna (1) na muoorcuni Sg eupastcaemucs gop-

MYNAMU:
B o0 bn o0 b% )
Z= Z 3 Pn Ao T < R (3)
n=1"" n=1""
/l/. oo (0.]
Ezz bn © ﬂ%w02@>32 (4)
n:15+/\n ' n=1 /\% a '
Tym B — xopins pi8HAHHA
S g
2

2. O6uywucioBaJbHII €eKCIEPUMEHT

st peatizariii YnceIbHOrO MPUKJIaTy 0y/10 BUOpaHo MeTo1 TuxoHoBa po3B’si-
3aHHs] HEKOPEKTHUX CUCTEM JIHIHHUX ajreOpaldHuX pPiBHSHD.
st Iboro B3dATA crcTeMa Y sIKO'b BU3HAYHUK OWJIb3KUI JI0 HYJIst

—-10 2 4

0 5 5 2 1 .

-2 - 1 z9 | = 1 |, detA=——.
7 31500

—1 0 1 23 1

100 300

Posp’stxkemo cucremy 3a 1011oMororo obepHenoi MaTputli. J1jis mporo 3uaiiiemMmo
Oy/Ib-IKUM YMHOM OO€pHEHY MATPUIIIO

—1.364 3.818 —818.182 —815.727
Al = 9.545 —19.727  3.627-10° Aly = 3.617-10°
—4.091  11.455 —2.155-103 —2.147 - 103
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MaTremaruka

Ha jpyromy erami 3HaiijeMo po3B’si30K 3allpOIIOHOBAHOI CHCTEMHU METOJIOM
Tuxonosa 3 Tounictio 0.001. B sikocTi MoBE mporpaMyBaHHsi BUKopuctaJsn Pascal.
OTrpuMaeMo HACTYIHUIT pe3yJibTar:

HabmzkeHnst 10 HOPMAJILHOTO PO3B’SI3KY
Z(1)=-8.97244015079166E+0002
Z(2)= 3.97848179152378E+0003
Z(3)=-2.36184256982254E+0003

SHavueHHsI IIPaBOl YaCTUHH IIPH i CTAHOBI HAOJIUKEHOIO PO3B 3Ky HACTYIIHI
U1(1)= 9.99999111205201E-0001
U1(2)= 1.00000198204875E+0000
U1(3)= 1.09963158471653E+0000

36ibiumo TouHicThb 10 0.00001 i oTpuMyeMO PO3B’sI30K, STKUil BiJIpI3HAETHCs
BiJI TOYHOTO Ha JOCUTH HE3HAUHY BEJIMUNHY, & OTKe € JTy?Ke KOPUCHUM 11 TIova-
TKOBOT'O 3HAXO/IZKEHHSI TOYHOTO 3HAYEHHSI.
Habmmkenns 10 HOpMaJIbHOTO PO3B A3KY
Z(1)=-8.97540036267863E+0002
Z(2)= 3.97979416063186E+0003
Z(3)=-2.36262209544751E+0003
3HaveHHs IPaBol YaCTUHU HPU IiICTAHOBII HAOIMXKEHOTO PO3B’SI3KY
U1(1)= 9.99999984023968E-0001
U1(2)= 1.00000003562712E+0000
U1(3)= 1.09999337785361E+0000

Bucuaosknu

OTpumanuii pe3yjibraT 00UYUC/TIOBAJIBHOTO €KCIIEPUMEHTY JOBOJUTH KUTTE-
3JIATHICTH HABEJIEHOTO METO/Y JIJIsd MONIYKY HAOJINZKEHOTO PO3B’I3KY HEKOPEKTHO
[IOCTABJIEHUX 3aJ1a4, a OTzKe, € KOPEeKTHUM JIJId [IbOrO KJiacy 3a/iad.
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Koncrpykrii, cxoxi J10 KoJjia 3 BIIMIYeHIMHU TOYKAMU, 30KpeMa XOP/IOBi Jlia-
rpaMiu, e(heKTHBHO BHKOPUCTOBYIOTH B OaraTboxX rajy3sx HayKH, 30KpeMa MaTe-
MaTu, izuii, 6101071l

Haraaemo, 1m0 Xop/10BOIO JiarpaMoio MOPSIKY 1 ad0, KOPOTKO, M -TiarpaMoio
Ha3MBaIOTh KOHMITIypaIliio Ha ILIOMIKHI, 1110 CKJIAJAEThCs 3 KOJIa, 21 TOYOK Ha HbO-
My (sIKi € BeplIMHAME MPABIJIBLHOTO 27 -KyTHHKA) Ta 7 XOP/, 10 CIOJIYYaioTh
BKa3aHi TOYKU. XOPJOBI JiarpaMy HA3MBaIOTh 130MOPQMHUMU, SKIIO OJHY MOXKHA
oJlepzKaTH 3 1HIIOI B Pe3yJ/IbTaTi JiesdKoro 1moBopoty. JliarpaMu Ha3mBarOTh eKBiBa-
JIEHTHUMU, SKIIO X MOYKHA CYMICTUTH 38 JJOITOMOTOIO TIOBOPOTY ab0 J3ePKaILHOTO
BLIOUTTS, a00 K IX KOMIIO3HIII.

[TnTannsavu mepesiky MeBHUX KJIACIB XOP/IOBUX JliarpaM 3aiiMajach IMijia Hu3-
Ka BIJIOMIX MaTeMaTHKiB, 30kpema aBropu pobiT [1-4]. Bajada npo migpaxyHoK
qucsa HeizoMopHUX Ta HEeeKBIBaJCHTHUX 7 -JiarpaM Oysia MOBHICTIO PO3B’sd3aHa
B poborax [3], [4]. [Tinpaxynok qucsa HeizoMOpdHIX, 30KpeMa JTBOKOTBOPOBUX Jli-
arpam (ikcosano20 pody € JOCUTD CKJIAJIHOIO 1 B 3araJibHOMY BHIIA/IKY 0 ChOI'O/IHI
HE PO036°A3a1H010 3a1a9€l0.

Bimomumu € pesysibraTu jmiie Jyist iianapaux (pogay 0 ), Topoiganbaux (poy
1) n-giarpam Ta 2m-jiarpaMm MakCUMaJbHOTO poiy m [4].

Bigomo, 1110 1BOK0JILOPOBI Xopa0oBi O- 1 N -piarpaMu 3HaXOJSITh CBOE 3aCTO-
CYBaHHs B TOIOJIOTI, 30KpeMa IIPU TONOJIOruHiil Kiracudikaliil pyHKII TeBHOro
KJIACY Ha 3aMKHEHHX OPI€HTOBHHUX Ta BiJIIIOBIIHO He OPI€EHTOBHUX IOBEPXHSIX (Di-
KCOBAHOTO poiy (Hamp. [8]).
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B pobori |9] BeraroBiero hopMyH JJIst THAPAXyHKY YHCTa Hei30MOpGHUX Ta
HeeKBiBaJIeHTHUX JIBOKOJIbOpoBux O- 1 N -mgiarpam.

3 ypaxyBaHHsIM pe3ysbrartis poboru [5], B [10] BeranoBieHo opmysu s
HiIpaxyHKy ducjia HeizoMopdHux Ta HeekBiBasienTHHX O -Jiarpam, sKi MaroTb
ojine YopHuit (abo »xk Oinit) nuki. B podoti (8] migpaxoBano unciio neizsomopdHUx
O -fiarpaM MakCUMAJIBLHOTO POJLY (3 OJHUM FYOPHUM Ta OJHUM OLTUM ITHKJIOM ).

3ajada 1Mpo MiJIpaxyHOK YucjIa HEeI30MOPGHUX Ta HEeEeKBIBAJEHTHHUX ILIaHap-
aux O -piarpam (pojy 0) 3 m xXopjamu MOBHICTIO po3B’st3aHa B pobori [6]. TIpore,
00 Cb0200M1L 3ANUUWAEMBCA HEPO3E A3AHOI0 3aJIada, TIPO IMIPAXyHOK JIHC/Ia HEi30-
MopdHUX J1BOKOJIbOpoBUX O -jiarpam pojy 0 3 dikcoBanum uuciom k € [1,n]
IUKJIB TIeBHOTO KOJbopy. g i posiabnoro n i modarkoBux 1 < k < 6 pe-
3yJIBTATH OjlepyKaHo B poborax [11, 12].

B namniit poboTi jij1s1 JIOBLIBHOTO HATYPAJIBLHOTO 1, kK = 7 1 kK = 8 BCTAHOBJICHO
dopmyn s mijipaxyHKy dnc/ia Hei3oMopdHUX Takux jiarpam. KpiMm Toro, jjis
nodatkoBux n = 1,...,18 i 1 < k < n HaBeJeHO 3HAYECHHS JHUC/Ia HEI30MOPMHIX
Ta HeeKBIBaJEHTHUX JlarpaM 13 BKa3aHOI'O KJiacy.

1. OcHOBHI HOHATTH Ta 3ayBaKeHHS

OsznauenHst 1. Koo 3 2n moukamu Ha HbOMY, WO € BEPUUHAMU NPAEUNLHO20
2n kymmuuka, dyeu AK020 nouepzo6o po3dapbosani y 06a KoAvopu (woprul i Oi-
AUtl) ma Prrco6anot HYMEPAUIEID 6EPUUH 304 200UHHUKOB0N CMPIAKON, 0Ydemo
Ha3uBamu 060K0ALOPOSUM 21 -WabA0HOM — puc. 1 a).

2-KOJIbOPOBOIO L0pdosoto N -diazpamoro bydemo Hazusamu n -diazpamy), nooby-
006a1Yy Ha 0CHOBL JBOKOABOPOBO20 21 ~ULAONONHY.

2 3 4 2 3 4 2 3 4
1 5 1 5 1 5
20 6 20 6 20 6
19 7 19 7 19 7
18 8 18 g 18 8
17 9 17 9 17 9
16 10 16 10 16 10
e 13 12 " Y T3 12 1 ) 13 12 "
a) b) c)
Puc. 1:

a) 1BOKOJIbOpOBHIL 20 -111abJIoH;

b) N -miarpama (3 10 xopmamu), sika Mae 7 6iaux Ta 3 YOPHUX IUKJIIB;

¢) O-miarpama (3 10 xopgamu), sika Mae 6 6iaux Ta 3 YOPHUX IUKIIB;

d) mwranapua O -giarpama (3 10 xopgamn), sika Mae 7 61i1ux Ta 4 9OPHUX MUKJIB
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OznHadeHHs 2. 2-K04v0p06Yy n -diazpamy, AKa He MiCmums (micmumy) ropou,
WO CROAYHAIOML BEPUUHU 3 HOMEPAMU 00HAK060I naprocmi, nadusaromv O -
diazpamoro (N -diaepamoro) — puc. 1 b),c).

Osznauvennst 3. O -diazpamy 3 n xopdamu, AKG HE MAE TOPD, ULO NEPEMUHAIO-
muca, 0ydemo nHazusamu diazpamoro MiHiMasoHo20 pody (pody 0) abo oc naanap-
noto O -diaepamoro — puc. 1 d).

Oznavenns 4. b-yukiom (W -yuriom) 2 -Koav0po6oi diazpamu Ha3UBa0Mb N0~
catdosricms xopd ma wophux (6iaux) dye, AKL ymeoprorms 20meomopdhrutl 0bpas
(opienmosarozo) xona — puc. 1 b) —d) .

Osuaventst 5. Muoowcuny naanaprur O -diaepam 3 n xopdamu, AKL MM
mouno k (1 <k <n) biwur (n—k+1 wopnuz) yuraie nosnavamumemo Sy, .

3 podit [11, 12| sunnusae, mo uucio Py, neisomopduux jiarpam 3 xiuacy
Sk,n MOXKHA OOUNCJINTH 3a JOIOMOIOIO CIIIBBI/THOIICHHS

P, = %(Pk,nqtp(k,n)) _ % orc e Y o() et | )
i#n, in

pe  Ck.CHL = |Qy,| = Py, — aucino giarpam 3 knacy Sk, ¢ (¢) — dys-
Kitist Eitsiepa (4nc/io HaTypaabHIX MEHIIHX 38 ¢ THCeT B3AEMHO [TPOCTHUX 13 HIM);
p(k,n, i) — aucio giarpam 3 kiaacy S, (H00yI0BAHUX Ha JBOKOILOPOBOMY 27 -
mabJIo0H1 ), sIKi cAMOCYMITIAIOTHCS TIPH TIOBOPOTI HA KYT W; = 2—”2 (HABKOJIO TIEHTPA
mabJIoHy ), a MiJICYMOBYBAHHSI BEJIEThCS 38 BCIMa, ,zLiﬂbHHKaMH qucjaa n 3a BUHI-
TKOM 7.

3 ypaxyBaHHsAM pe3y/ibTariB pobit |7, 11|, uncio HeeKBiBaJeHTHUX Jlarpam 3

KJIaCy MOXKHa& OOYHMCJIUTHU 3a JIONOMOI'OIO CIIIBBIIHOIICHHS

1 ‘7] ol
P =P, +Cl 2
k,n 2 ( ]{1,1’}, [ ; ] ’_n 1_‘ < )
e [] — mima wactuma umcesna;  [-] — byHKIIA «ITOTOJIOK» — OKPYIVICHHS JI0
[} k-1
HafO/IMKI0ro OLIBIIOro Tijoro dncia, a seamanua 1'(n, k) = C 5 [ 1

2] e
criBIIaIae 3 gucjaoM o0’eKTiB, BioMux sk «symmetric Dyck paths of semi-length
n with k& peaks».

Bisbin nosHy iHdopMario MoxkHa 3HaiiTu, HATpUK/Ia B poborax [7]-[12].
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2. Yucmao neizoMopdHUX agiarpaM 3 KJjaacy 7,

Jlema 1. Yucao neisomopdrur diazpam 3 xaacy 7, MooscHa obMucaumU 3a
JdONoOMO02010 CNIBBILOHOWLENHD:

1 /1
P;’n:—<—-CZ-Cg+p(7,n)), p(7,n) =

n n

(0, n# 2k # 3m # 7l
¢(7)C%, n =Tl # 2k # 3m
2006 +2005 +4C n =2k #3m#7l
qS() (60%+3C) n=3m# 2k #Tl

=9\ 4(6)- 202 L 6(3) - (6C% +3C%) +20C5 +200% +4C4, n =6k £l

$(T)CL + 2004 + 2005 + 40‘}? : n = 14k +# 3m
H(T)Ch +6(3) - (6C% +3C4), n =21k £ 2m

\ $(6) - 202g + ¢(3) - (604% + 30%) - 200% - 200% + 404% + qs(?)cl%, n = 42k

(3)

SaaL 1)
WHQPUPOY

Puc. 2: Bci Tunm giarpam 3 kJjacy 37, , gKi caMoCyMillaloTbcsd IPU MOBOPOTiI Ha
NeBHUI KyT

HoBenenns. Bei Tunn jpiarpam xkiacy 7., , 9Ki CaMOCYMIMIAIOTHCA IIPH HOBOPOTI
Ha MEBHUI KyT w = 3—77; -21, 1+ =1,...,n — 1 HaBeJileHO Ha puc.2.

[lozmauammo uepes A, B,,C,, D,, E,, F,,G,, H,, K,, M,, R,, S, [ducio mia-
rpaM 1-ro, 2-ro, ... Ta 12-ro TuIly BIIIOBIIHO.

Hexait maui A* B Cx D EX Ex Gy HYK: MY R S — dncio Heizo-
MOPQHUX Jliarpam 1—F0, 2-r0, ... Ta 12-ro Tuily BIJIIOBLJIHO. Tom P?,n =

1

1
~ (ECZ-CS—(An+Bn+Cn+Dn+En+Fn+Gn+Hn+Kn+Mn+Rn+Sn)> -

+A +B, +C.+D,+E +F +G +H, +K,+ M, + R, +S, (4)
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O0YnCIMMO OKPeMO YHUCJI0 HEei30MOPGHUX iarpaM KOXKHOI'O 3 JBaHAJIIATH
BKa3aHNX TUIIIB.
1) JliarpamMu mepuioro TUIy CaMOCYMIIMIAIOTHCs TIPU MOBOPOTI Ha MEBHUI KyT

W = 3—” +2i, 1=1,...,n— 1 (3a TOAUHHUKOBOIO CTPLIKOIO) JIAIIE 38 YMOB KOJIH
n
n JUIATHCA Ha 7, & TMOBOPOT 3/ifICHIOEThCA Ha KyT KPaTHUN KyTy w = 27” (rpm

1= %) BarajbHe YUC/I0 JiarpaM HepIiioro THUITY, siKi CAaMOCYMIIAThCs PU I10-

0, n#7k

Cy, n="Tk.
7

JiarpaM TepIrnoro TUITY MOXKHA OOYHC/IUTH 3 JIOMOMOIOIO CIIBBITHOIICHD

BOPOTi Ha KYT 2& CTAHOBHUTE (p7 = { Tomy gucsio neizoMmopdHIX

7

oL, : 1A, n # Tk

* = = 5
" n( n 0l )a’”) m (An + </>(7)C,17,) , n= Tk 5)
2) Jliarpamu JIpyroro THUITY CAMOCYMIIIAIOTHCS MPH [MOBOPOTI HA MEBHUH KyT
W = g—z +2i (i = 1,...,n — 1) jumre 3a yMOB KOJU 7 JUINThCSI Ha 2, Ha 3
abo Ha 6, a MOBOPOT 3JUHCHIOETHCS Ha KyT KPaTHU KyTy w = 7 (IpH @ = § ),

21 T n

— 1N — y
KyTy w = % (upn i =g ), KyTy w =3 (0pn i = ¢ ).
BaraJjibHe 91CJI0 JiarpaM Jpyroro THUILY, SKi CAaMOCYMIIIaThCsl IIPH TOBOPOTI

0, n # 2k

Ha KyT T CTaHOBHUTL b9 = { 206 1 — 9k
oy - .
2

3arajibHe 4MCJIO JiarpaM JAPYyroro THILY, AKi CAMOCYMIIIalThCst IPH TOBOPOTI

0 3k
Ha KyT 28 CTAHOBUTL b, 3 = - n7
3 7 20%, n = 3k.

3arajbHe 91CJIo JiarpaM APYroro THUILY, siKi caMOCYyMIIIAIOThCsI IPH TOBOPOTI

_ 0, n # 6k
Ha KYT § CTAHOBUTb b6 = 22 1 — 6k
s

Tomy uncsio HeizoMopdHUX JiarpaM Jpyroro THUILY MOXKHA OOUUCJIUTHU 38 J10-
IIOMOT'OIO CIIBBIJIHOIIIEHD

B, = % (Bn + ¢(2)bna + ¢(3)bns + ¢(6)bn,6> _

( %Bm n=06k=+1
. BnJFQCSL), n = 6k 4 2
=\ 2 (Buromet), neobzs O
| L (Ba+ 208 +6(3)2C4 + ¢(6)20§) =6k

3) Jiarpamu TpeThOro THIY CAMOCYMIIAIOTHCS IPU MOBOPOTI Ha MEBHUT KyT
W = g—z -2 (i=1,...,n— 1) yuire 32 yMOB KOJIH N JUIATbCA HA 3, & TIOBOPOT
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3JIHCHIOETBCS Ha, KYT KPATHUH KyTy w = 2% (pu ¢ = %) 3arajibHe YUCJIO Jiia-

3
rpaM TPETHOro THILY, AKi CAMOCYMIIAIOThCS IPH HOBOPOT] HA KYT 2X CTAHOBHUTD

3
[0, n # 3k
3=\ 40t n =3k

3
JKHa, 00YUC/INTH 38 JOITIOMOTI'OIO CIIIBBIJIHOIICHDB

Tomy 4nciio HeizoMOpHUX JiarpaM TPETbOro TUITY MO-

1

Cr=—(C,+ 03,3 | = 7

oo\ " ?(3)en %(C’n+¢(3)40§), n = 3k. (")

4)  JliarpaMu 9eTBEepTOrO THUITy CAMOCYMIIIAIOTHCS IPU OBOPOTI HA MEBHUH KYT
W = 3—2 +2¢ (¢ =1,...,n— 1) jume 3a yMOB KOJIU N JJIATHCS HA 3, a MOBO-
POT 3JIMCHIOETHCA Ha KyT KpPaTHUN KYyTy w = %77 (pu i = %) BarajibHe 9HCJI0
JiiarpaM 4eTBEPTOTO TUILY, K1 caMOCYMIIAIOThCS IIPHU ITOBOPOTI HA KY'T %” CTaHO-

0, n # 3k

BUTb d) 3 = { 303 n — 3k Tomy vucsio HeizoMOpdHUX JiarpaM 4eTBEePTOro
7 h— .
3

THUITY MOXKHA& OOYMCJINTHU 3a JIOIIOMOIOIO CITiBBITHOIIEHD

b L(p ; LD, n # 3k

g 3 = 8
" n< n+o03) ”’3) L(Du+6(3)3¢2) , n =3k, (®)
5) Jiarpamu m'siToro THIY CAMOCYMIMAIOTHCS TIPU MOBOPOTI HAa MEBHUN KyT
w = S—Z -2, i=1,...,n—1 (32 rOAUHAUKOBOIO CTPLIKOIO) JIKIIIE 38 YMOB KOJII

n JIATHCS Ha 2, a MOBOPOT 3/IIiCHIOETbC Ha KyT KpaTHuil KyTy w = 7 (mpu

i = Z). 3arajbpHe 9HUCI0 JiarpaM I1'siTOro THUITY, SKi CaMOCYMIIAIOTHCS TPU TOBO-

2
, 0, n # 2k _
POTi Ha KYT 7 CTAHOBUTb €2 =\ -6 . _ o Tomy uncso neizoMopdHIX
, n=2k.
2

ﬂianaM I1'SITOTO TUIIY MO2KHa 00YUCANTH 38 JOITOMOTI'OIO CHiBBi,ILHOLHGHb

o1 1E,, n # 2k

6) Jliarpamu mocToro THITy CAMOCYMIIIAIOTHCs TIPU TTOBOPOTI HA MEBHUI KyT
W= g—z 2 (i=1,...,n— 1) yume 3a yMOB KOJIU N JUINTbCA HA 2, & TIOBOPOT
3AifiCHIOETbCA Ha KyT KpaTHHIl KyTy w = 7 (mpu ¢ = & ). 3arajbHe 9uc/Io Ji-
arpam IIOCTOI'O THUILY, K1 CAaMOCYMIIIAIOTLCS IIPU 1TIOBOPOTI HA KYT 7 CTaHOBUTH

0, n # 2k , ,
frno = 5B — ok Tomy 4duciio HeizoMoOpHUX JiiarpaM IIOCTOIO THITLY MO-
JKHa 06‘{I/ICJI;ITI/I 3a, JIOIIOMOT'0IO CIIiBBIJIHOIIIEHD
1
Fr=—|F, 2)fno ] = 1
"oon T O2)fn2 %(Fn+502), n = 2k. (10)
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7) JliarpamMu CbOMOTO THITY CAMOCYMIIIAIOTHCS MPH MOBOPOTI HA MEBHUN KyT
W = 3—” +2i (i = 1,...,n — 1) jume 3a yMOB KOJIU N JIJIATHCS Ha 2, a TO-
n
. . B -
BOPOT 3IiHICHIOETCA Ha KyT KPaTHUI KyTy w = 7 (IpH 4 = 3 ). 3arajbHe 9uco
JiiarpaM CbOMOT'O THITY, dKI CaMOCYMIIIAIOTHCS ITPU ITOBOPOTI Ha KYT T CTAHOBUTD
0, n # 2k
n.2 = 5C%, n = 2k.
2
JKHa, OOYUCIUTH 32 JIONIOMOTOIO CIIiBBIJIHOIIICHD

Tomy 4nciio HeizoMOpHUX JiarpaM CbOMOI'O THUILY MO-

L1 %Gn, n # 2k

8) JliarpamMu BOCBMOIO THITy CAMOCYMIIIAIOTHCSI IPU [IOBOPOTI Ha MEBHUIT KyT
W= g—z +2i (i=1,...,n— 1) gume 3a yMOB KOJIN N JUINTbCA HA 2, & TTOBOPOT
3AifiCHIOEThCA Ha KYT KPaTHUIl KyTy w = 7 (1pu ¢ = % ). 3araibHe 4ucyo fia-
rpaM BOCHBMOI'O THUILY, sIKi CAMOCYMIIIAIOTHCSA IPH TOBOPOTI HA KYT 7 CTAHOBUTD

0, n # 2k
fin2 6CS, n = 2k.

2
MOXKHa, OOYUCINTH 38 JOITIOMOTI'OIO CIIIBBIJIHOIIECHD

Tomy umcsio HeizomopdHUX JiarpaM BOCHBMOIO THILY

- 1 - , %Hn, n # 2k

Y= o 2 = 12
" n( ”+¢()”’2> L(Hy+6C8), n=2k (12)
9) Jliarpamu jieB’sITOr0 THILY CAMOCYMINIAIOTHCS MPU MOBOPOTI HA MEBHUH KyT
W= 3—2 +2i, 1=1,...,n— 1 (3a TOJUHHUKOBOIO CTPLIKOIO) JIMIIIE 38 YMOB KOJII

n JUIATHCS Ha 2, a TOBOPOT 3IIICHIOETHCST Ha KyT KpaTHH KyTy w = 7 (npu
n

i = 5 ). 3arajabHe YMC/IO0 JiarpaM JIeB sSToro THILY, sIKi caMOCYMIIaloThCs IPH T10-

, 0, n # 2l _
BOPOTI Ha KyT T CTQHOBUTbL kj 9 = 5C5 = 9 Tomy ducsio neisoMopdHIX
oy - .
2
Jiarpam JIeB’siTOro THIIY MOXKHa OOUYMCJIMTHU 3a JOIOMOIOI0 CIIiBBIIHOIIEHD
1
K'=—K,+ ¢2)k = 13
" n< o O 2)kn2 L(Kat+5C2), n=2L (13)
10) Jliarpamu JecsiToro THILY CAMOCYMIIIAIOTHCST TIPU TIOBOPOTI HA MEBHU KyT
W= g—z 2 (i=1,...,n— 1) ysume 3a yMOB KOJIN N JUINTbCA HA 2, & TTOBOPOT

3AifICHIOEThCA Ha KYT KPaTHUIl KyTy w = m (pu ¢ = & ). 3arajible 4ucyo Jia-

rpaM JecsaToro THUILY, gKI caMOCYMIIAIOThCA IIPU ITOBOPOTI Ha KYT 77 CTAHOBUTH
0, n # 2k

Mn2 = 4C4, n=2k.
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Tomy 4ncsio Hei3oMOpHUX JliarpaM JIecSITOro TUILY MOYKHA O0UUC/IUTHU 33, J10-
IIOMOT'OIO CIIBBIJIHOIIIEHD

.1 LM, n # 2k
M= (M” " ¢(2)m”’2) )2 (Mn - 40§> , =2k (14)

11) Jliarpamu ofHHAAIETOTO THITY CAMOCYMIIIAIOTHCS TIPH MOBOPOTI HA MEBHMUI

KyT W = g—z +2¢ (i = 1,...,n — 1) yume 3a yMOB KOJII 1 JIJIUThCS Ha 2, a
IOBOPOT 3JIiHICHIOETbCA Ha KYT KpaThuii KyTy w = 7 (upu i = g ).

3arajbHe YNC/I0 JiarpaM OJUHAJIIATOr0 TUILY, siKi CAMOCYMIIATHCA IIPH 110~
0, n # 2k
602, n = 2k.

Tomy uncio HeizoMopHUX JiarpaM OJUHAJIATONO TUITY MOXKHA, OOYUCTUTH

BOpOTi Ha KyT 70 CTaHOBUTDb T'p 2 = {

38 JOIIOMOTOIO CHIBBIJIHOIIIEHD

3=

. 1 Ry, n # 2k
=3 <R” * ¢(2)T”’2> Tk (Ra+6CE), n= 2k, (15)

12) Jliarpamu JBaHA/IIATOrO THITY CAMOCYMIIAIOTHCS MPH OBOPOTI HA MEBHMUIL

KYyT W = g—z +2¢ (i = 1,...,n — 1) Jynme 3a yMOB KOJII 1 JIJUTHCS Ha 2, a
NOBOPOT 3IiHICHIOETbCA Ha KYT KpaTHuii KyTy w = 7 (upu i = § ).

3arajbHe YnC/I0 JiarpamM JBaHAIISITOrO TUILY, SIKi CAMOCYMIIIAThHC IIPH I10-
0, n # 2k
50%, n = 2k.

Tomy uuncsio HeizoMOpdHUX JarpaM JBaHAIISTOrO TUILY MOYKHA OOUUC/IMTH

BOpOTi Ha KyT 7 CTaHOBUTDL Sp2 = {

38 JJOIIOMOT'OI0 CHIBBIJIHOIIIEHD

Sh,s n # 2k

(s.+5C8), n=2k (16)
)

Sl 3=

5=+ (4 022 =

3 ypaxysanugaM criBignorens (5) — (16) maemo crpaBeusicTs (3).

3. Huciio HeizomopdHUX AlarpaM 3 Kjaacy g,

He BazxkKo nepeBipuTH, M0 BCl MOK/INBI THIN JiarpaM 3 Kiacy g, AKi caMo-

CYMIIAIOTHCs IPU TTOBOPOTI Ha MEeBHU Ky T w; = 3—2@', BUYEPIIYIOTHCS JllarpaMamMiu
tuny 1 — 18, HaBejleHUMHU Ha puC. 3.
[ToBTOpIroloun MipKyBaHHS, aHAJOIIYHI THM, 1110 Oy BUKOPUCTAHHI TIPU JI0-

BeJIeHH] JieMH 1, MOXKHa BCTAHOBUTHU CHPAaBE/IJINBICTL JIeMI 2.

56 36ipHuK HayKOBHX Ipalb ¢izuko-mareMarudnoro dakyaprery CHIIY



Fnamumyk FO.B., Kagy6osewskuit O.A. JlBokostbopoBi O -giarpaMu MiHIMAJIBHOTO POIY

QDU

T

6: 27

DOBODY
DDGDOO

7

-MN
N\N

Puc. 3: Bci Tunu giarpam 3 kiaacy Sy, , gKi caMocyMimjaloTbcs IIPHU IIOBOPOTI HA
NEeBHU KyT

JIema 2. Hucao neisomopdrux diaepam 3 xaacy g, MONCHG 00MUCAUMU 30
Jdonomo2010 cNiBEILOHOULEHD:

1 /1
A (— NerRtes +p<8,n>) p(8,n) =

n \n

0, n # 2k # Tp
04 +15C5 +4506 +35C n =2k #4m # Tp
¢>( )(02+3C3)+C4+15C5+450 +350 n =4k # 81 # Tp
¢(8)C1 + ¢(4 )(Cé + 3C3 )+ C4 + 1505 - 4506 + 35C n =8k #Tp

) o(M2C n =Tk # 2m
¢(7)2 4 04 + 1505 + 4506 + 350 n = 14k # 4m
¢(7)202 + o )(C2 + 303 )+ 04 + 1505 +45C% + 35CT, n = 28k # 8l
o(7) - 20% +¢(8 )C; + ¢(4 )(O2 b 3C%) + Ch + 150 +450 +35C%, n =56k

(17)

BayBaxkenHs 1. 3 ypaxysanmam pesysomamis pooim [11] i [12], daa dosino-
noeo n € N i npocmozo k = 2,3,5,7 wucao neizomopprur diazpam 3 xaacy
Sk MOACHA 00MUCAUMY 30 JONOMO2010 HACTMYNHUT CNIEEIOHOULEND

1 /1
Pu= (e Ch i i) ), o (18)

n
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¢ (19)

0, AKULO
€ Z,

¢(k) ) %7 ARUWO

plkn)= Y ¢<j>-(k—f1+1).cf+l-c?. (20)

JHCH(mk-1),j41 J ’

Kpim mozo, 6esnocepedna nepesipka (npu 2 < n < 18 ) tnwux npocmux k do-
3B0AA€ BUCYHYMU 2INOME3Y NPo me, wWo 0ad 008iabH020 npocmo2o k wucao

ISR

HeI30MOPPHUT diazpam 3 KAACY Skn MOAHCHA 00YUCAUMU 30 DONOMO2010 CNI66I0-

nowenn (18) — (20).
ANYZA)

0OO0000O
I,
VANWZE

0

OO

QL

L0000
UOOAOS0

Puc. 4: Bci HeizomopdHi niranapHi aBokosbopoBi O -giarpamm 3 6 Xopaamm:

TOYKHU Ha KOJIAX CJIy:KaTh 300paKEHHAM YOPHUX JIYT, 130/IbOBaHA TOYKA —
300paKeHHAM YOPHOI JyTH pa30M i3 XOPJIO0I0, MO CIIOJIyYae 11 KiHIl, 130160~
BaHUIl BiJAPI30K — 300parkKeHHsIM ITapaJieIbHIX XOP 1 T.II.;
cepen Hux: 1 3 Kjacy Sig, 3 — 3 So6, 10 —3 S36, 10 — 3 Sug,

3 -3 %5,6 il-3 C\x9676.

Bucaosknu

3 ypaxyBaHHsIM OCTAHHLOI'O 3ayBayKEHHsI aBTOPH BIIEBHEHI B TOMY, IO JIOC/Ti-
JIZKEHHSI B IIbOMY HAIPAMKY MOXKH& YCIIIIHO MPOJIOBXKUTH, y3araJbHUBIIN OJIep-
JKaHl pe3ysbTaT JyIst jgiarpam 3 knacy Sk, (Vn € N) He jmiie Jyist JJOBIIBHOIO
IIPOCTOrO, a it jJoBlibHOrO Henapuoro 1 < k < n.
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ITPO YNCJIO HEPIBHUX £-KYTHUKIB,
ITOBYJIOBAHUX HA KOJII 3 n TOUKAMN

B pobori posrisgiaiorhesd JiBa KJIacU ONYKJIMX Ta HEONYKJIMX K -KYTHUKIB, IMOOYJIOBAHUX HA
OCHOBI (PiKCOBAHOTO KOJIa 3 7 TOYKAMHU, sIKi € BepIIMHAMU IIPABUILHOIO N -KyTHUKa. Becranos-
JleHO (POPMYJIH JIJTsl TTIPaXyHKY YMC/Ia HeeKBIBAJIEHTHIX TAKMX Kk -KYTHHKIB BI/THOCHO TIOBOPOTY
HABKOJIO CHIJIBHOrO MeHTPY (il muK/IYHOT rpy1in).

Komo4doBi coBa: wmnozokymnuk, 3a0a4a npo HAMUCA, YUKAITYHG 2PYNG.

Beryn

B nopaJibiomy mij n -wabaonom 0yJIeMo PO3YMITH KOJIO Ta 1 TOYOK Ha HbO-
My, IO € BEPIINHAMU IIPABIILHOIO 7 -KyTHHUKA 3 (PIKCOBAHOIO HYMEPAII€I0 OCTaH-
HIX 9ncjaaM# BT 1 10 n 3a TOJAMHHNKOBOIO CTPIJIKOIO — puc. 1.

1 16 1 5 16 L 5
; 2 15 3 15 3

Puc. 1: a) n-mabson; b) omykinii 5ig-KyTHUK; €) HEOIYKJIHUHA H1g-KyTHUK

Hatasi obMe:kuMocst po3riisdJioM HaTypaJbHuX K, 10 33JI0BOJIBHSIOTE YMOBY
3 < k < n. 3adikcyeMo cepes n 3a3HaUYEHUX BEPIIMH k£ TOYOK Ta MOOYIyEMO
3aMKHEHY JIaMaHy 3 BepIIMHAMU Y BKa3aHUX TOUYKAX.

Oznavenns 1. [lobydosanuti 6 onucanutd suwe cnocib onykaut (neonyraudl)
MHO20KYMHUK Oydemo Ha3usamu ki, -KYymHuxkom, @ MHONCUHY ONYKAUT (Heony-
KAuz) ky, -Kymmukis, nobydosarnuxr na n -wabsromi, nodnavamumemo Ly (Pny ).

Mmnootcuny (onyxaux i neonyxkauz) k, -kymuukis, nobydosanux Ha n -wabao-
"I, NOZHAUAMUMEMO Sy J , Ny ~-KYMHUKY HAZUSATMUMEMO T -KYMHUKAMU, G MHO-
oncuny Sy, nosuavamu Sy, .
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TBepmxkennss 1. Hucro onykiuzr k, -KymHuxie cmarosumov
k

3ayBaKnuMo, 110 KOKHOMY K, -KYTHUKY MOKHa IIOCTABUTU Y BiJIIIOBIIHICTH

(B IIEBHOMY CEHCI OTOTOXKHUTH) Uuk.A Jo6otcunu k , TOOTO BIIOPSTKOBAHY TOC/Ti-
noBHICTH k aucen (ji,jo, ..., jk) Takux, mo j; € {1,...,n}, j; # ji. llpuaomy
«1100Y/TOBY-BITHOBJICHHST»  kj, ~-KYTHUKA 38 IUKJIOM ¢ = (1, Jo, vy Jk—1, Jk) CJI
PO3YMITH SIK TaKy, IPH sIKiii CTOPOHAMK MHOI'OKYTHHKA € HACTYIIHI XODIH 7 -
wabiony:  [j1,ja),  [J2Jsls s, dal ooy Uk-1,0kls ks g1
3ayBaxkeHHd 1. 3azaavHe 4ucro 6nopadkosarur Habopieé k i3 n piaHuUT 4ucen
CMaHOBUMD Af?b. IIpome 6ci yukau, 00epoHcami 6 Pe3yALMAML YUKAIYHOL nepe-
CAHOBKU EACMEHMIE (BKA3AHUT HOMEDIS) (PiKCco8aH020 UUK.AY
c= (J1, 72 s Jh=1:Jk) <> (J2y s s J1) <> oo < (Jis J15 J2s ooy Jh—1)

6u3HaUaOMs 00un ky -kymuuk. 3 iHwozo 60ky — yurau ¢ = (J1, 72, -y Jk—1, Jk)
i & = (J1, Jus Jho1, -y Jo) = € sUHAMAIOM® 00U Ky, -Kymuuk, 60 KodtCeH 3 HUL
BUSHAYAE 0OHAKOBY CYKYNHICML TOpd wabiony:  [j1,j2), [Jo, 73], -5 [k, J1] -

Taxum wurom, mae micue opmyaa

L

3 ypaxyBaHHsM criBBigHomeHb (1) 1 (2) anciao Heonykinx Kk, -KyTHUKIB MO-
YKHa O0UUCIUTH 38 JOIMOMOI0I0 (hOPMYJIH

_ |
Pugl = Ak — ¢ — ¢ (u—l). (3)

’%n,k

2k 2
Oszuavenns 2. /Jlea k, -Kymnuku HA3UGAMUMEMO 130MOPHHUMU, AKULO 00UM
MOHCHA 00EPIHCAMAU 3 THUL020 6 PE3YALMAME NOBOPOMY HABKOAO CNIALHOZ0 UECH-
mpy.
Jea  ky -kymnuky MHa3UBAMUMEMO EKBIBANCHMHUMU, AKULO 00UH MOHCHA
odepotcamu 3 iHwWo020 6 peayavmami nepesopomy (03eprasvrozo eidoummas) ma
(ab0) nosopomy na6KoA0 CNiALHO20 YeHMpPY — puc. 2.

SOQ0OU

Puc. 2: Bcei neisomopdni omykii Hg -KyTHUKHI

3a BUHATKOM dg-KyTHUKIB 4 1 5 Ta 6 1 7 BOHM TakoxK € i HEeKBIBAJICHTHUMU.
Towmy [umcsio HeeKBIBAJIEHTHUX ONMYKJINX Dg-KYTHUKIB CTAHOBUTH O .
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Byrnax O.M., Kagay6oscekuit O.A. IIpo 4wmcio nepiBuux k -KyTHHUKIB

Posrsiremo i 3a1adi mpo mijipaxyHoK 4ucsia Heisomopdunx (3agada A)
Ta HeeKBiBaJIeHTHUX (3a/iada B ) n-KyTHHKIB 3 Kaacy .

BayBaxkeHHd 2. OuesudHo, wo “Uci0 N -KYmHukié 3 xiacy S, CMaHO8UMb
Snl = 3 (n—1)!. Qucao neisomopdrus onyxaus n-kymwukie cmanosumo 1.
Tomy U “UCAO HEEKBIBANCHMHUL ONYKAUT N -KYMHUKIE CMaHosums 1.

Ha puc. 3 naBesieno neisomopdHi (HeekBiBaJeHTHI) n-KyTHUKE 3 KjIacy Sy
JIJII TIoYaTKoBuX n = 3;4 1 5.

DODOCBE

Puc. 3: a) — eaunmit 3-xkyTHUK 3 Kiaacy S3; b) — Bci meisomopdni (HeeksiBasienTHI) 4 -
KYTHHUKE 3 Kjacy Sy; ¢) — Bci HeisomopdHi (HeekBiBaseHTHI) 5-KyTHHUKE 3 Kiacy S

Huist moBibHOrO HaTypasbHOro n > 3 3agadi A i B Oysio po3B’si3aHo y
1960p. B poboti [1], GesmocepeiHiMI HACTIIKAME 3 IKOI € HACTYIIHI TBEP/ZKEHHSI

Teopema 1. (A) Yucao N* (n) neidomopdrux n-kymuukie 3 xiacy S, moorce
bymu obuucaene 3a donomozo10 cniceioHOWEND

(2_7112 ngQ(?)]l(?)j 7 n # 2m
N*(n) = 4 jln j (4)
e (200 (5) 9 (5) +2

\ j|’I’L

0|3
—~
oS
~—
—~
S
~—

S

I

s

Teopema 2. (B) Yucao N** (n) mueexsisarenmuur n-kymuuxic 3 kaacy S
mooice bymu obuucaene 3a donomozol0 cniceioHOWEND

(N* (n) 4207372 (24)1) | n # 2m

N*™(n) = { (N* (n) + 207972 (n+ 4) - (252)1), n = 2m. (5)

DN DO | —

ITocranoBka 3ama4

3 ypaxyBaHHSAM 3ayBakeHHs 2 Ta TeopeM A i B, 3amadi npo mijgpaxyHOK
qucJIa HeIi30MOPGHUX Ta HEeKBIBAJECHTHUX, 30KpeMa OIYKJIUX 1 HEONYKJHIX 7 -
KYTHHKIB 3 KJ1acy S, , € HOBHICTIO PO3B’st3aHnME. [1po HasiBHICTb pe3yJsIbTaTiB, 1Mo~
B’s13aHUX 13 MiJIPaXyHKOM YHUCJIa HEI30MOPGHIX Ta HECKBIBAJIEHTHUX K, -KYTHUKIB
3 KnaciB Ly i, P, Ta S, aBTOpaM € HeBIJOMIM.
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lana poboTa npucBsiueHa PO3B’I3aHHIO 3a3HAUEHUX BUIIE 3a/1a4, a caMe BCTa-
HOBJIEHHIO (POPMYJI JIJIsI TJIPAXyHKY YUCTIA:
31) neizomopdunx k, -KyTHUKIB 3 Kaacy L j ;
32) HeekBiBaJIeHTHUX Kj, -KYTHHKIB 3 KIacy Ly j;
33) neizomopdunx ky,-KyTHUKIB 3 Kyacy D, ;
34) neexsiBasienTHnX ky, -KyTHUKIB 3 K1acy P j;
35) neizomopdunx ky, -KyTHUKIB 3 Kaacy Sk ;
36) neeksiBasieHTHUX K, -KyTHHKIB 3 KjIacy .

3ayBakiMo, 10 po3B’a3ku 3aja4d 33) 1 34) e Gesnocepe/iHIM HACTIIKOM pe-
3yabTatriB 3a1a4d 31) 1 35) ta 32) 1 36) BigmosiHo.

B poboTi TakoxK HaBeJIEeHO OJUH 3 MOXKJIUBUX ITIIXOIIB 0 BCTAHOBJIECHHA POp-
MyJI TiipaxyHKy (4) ducsa HeizoMopdHUX n-KYTHHUKIB 3 Kiaacy i, .

1. Omnykmi k,-KyTHUKH Ta 3ajJa4a «IIPO HAMUCTAa»

Bukopucrosytoun jiemy Beprcaiina (wamp. [2]), He BaKKO BCTAHOBUTH, IO
YUCJI0 HEI30MOPMHUX OMYKIUX K, -KYTHUKIB MOYKHA OOYMCIUTH 38 (POPMYJIO0

L=t [ch+ 3 o(2)stmba), ®

Jjlnsj#n
ne  p(n,k,j) — aucno ky,-KyTHHUKIB, IKi caMOCYMIIAIOTHCS [PU MTOBOPOTI Ha
KyT Wj = 27” -7 (j=1,...,n—1) 3a rOAMHHIKOBOIO CTPLIKO0O; ¢ (q) — DyHKIIis

Eiijiepa (4ncio HATYpaATbHUX MEHIINX 3a ¢ 9UCE]T B3aEMHO IIPOCTHX 13 HUM); a
I1JICYMOBYBaHHs BeJIEThCS 3a BCIMa JLIBHUKAMU § YHUCIa 7.

OueBu/ro, 110 OOUnC/IeHHs BenanHn (6) 3BOAUTHCSA 70 BCTAHOBJIEHHS (hOp-
MYJIH TIpaxXyHKy Bequauuu p (n, k,j) ajst j, 1o JuisaTh n.

ABTOopaMu BCTAHOBJIEHO 3a3HadeHy (OPMYJIY I BUIAJKY OIYKIUX Ky, -
KyTHHKIB. [IpoTe aBTOpM BBazKaroTh CBOIM 000B’sI3KOM HaBeCTH 3B’sI130K IIi€l 3a/1a4i
13 KJIACUYIHOIO 3aJadel0 IIPO «HAMUCTAa.

a) )

Puc. 4: a) onykmmit 516-kKyTHUK; b) «TpancdopMaliisi»; ¢) BiAmoBigHe HAMHUCTO 3 H-Ma
HaMucTHHaMHU 1-ro Tumy i 11-mMa HaMUCTHHAMU 2-TO THILY
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Byrnax O.M., Kagay6oscekuit O.A. IIpo 4wmcio nepiBuux k -KyTHHUKIB

B kjracmaniii mocTaHOBI 3ajady «Ipo HaMmucray (auB. Hap. [3]) dopmysto-
I0Th HACTYITHUM YNHOM: 3HATIMU YUCAO HAMUCTN, cKiadenu i3 k namucmun 1-20
muny i m wamucmun 2-20 muny (puc. 4 ¢) ). llg 3agada Mae IBi MOCTAHOBKM:
Mo-TepIlie, MOXKHA BBaKaTH, [0 HAMUCTA «OJHAKOBI», SIKIIO OJHE OJIePKYETHCS
3 {HIIIOTO B pe3ysibrari moBopoTy («i3oMopdHi» B HAIKMX TepMiHax);

Mo-/Ipyre, MOyKHa BBayKaTH JIBa HAMUCTA <«OJHAKOBUMU», SKIIO OJIHE OJIEPIKYE-
ThCsI 3 1HIOTO B PE3YJIBTATI TTOBOPOTY abo 0ChOBOI cuMeTpil (JI3epKajbHOrO Biji-
ouTTst), ab0 K IX KOMIO3UII («eKBiBaJI€HTHI» B HAIINX TePMiHAX).

3 orjisijly Ha O4YeBHJHY «TpaHchopMalliioy, HaBeJeHy Ha puc. 4, 3ajadi 1mpo
o0YnC/IeHHsT HeI30MOP(HIX Ta HeeKBIBAJIEHTHUX ONMYKINX K, -KyTHUKIB Ta 3a/1a4i
PO MiJPaxXyHOK «Pi3HUX» (B CEHCI BIJAMOBIIHUX MOCTAHOBOK) HAMUCT 3 Kk HaMU-
CTUHAMU 1-ro Tuiy Ta n — k HaMUCTHHAME 2-TO TUIIY € eK818aNACHIMHUMU.

Y 1998 p. B poboti [3| posrisiiaBest Gibin 3araibHUil BapiaHT 1iel 3ajadi
(B 000X 3a3HaveHHX BUINE MMOCTAHOBKAX), a caMe npo wucao B (my,ma,...,my)
PIBHUT HAMUCT i3 T HaMucmuH (6Ycun) q munis, AKwWo € my Hamucmur 1-20
MUNY, My HAMUCTUN 2-20 MUNY,..., My HAMUCTUH ¢ -20 TUNY.

3 ypaxyBanHuaM pe3y/braris poboru [3] (nmpu ¢ =2, my =k, me=n—k),
i Hatypaabinx 3 < k < n MaloTh MiClle HACTYIHI TBEP/ZKEHHS

Teopema 3. Yucio HEIZOMOPDHUX ONYKAUT Ky -KYMHUKIE MOHCHA 004UCAU-
mu 36 Gopmy.noto

RENES

(7)

1
Z,k:ﬁ Cy + Z ¢ (i) - Ca
i|(n,k); i#£L
de nidcymosysarts 6edemvesa 3G 6CIiMaG JIAGHUKAMU HAHOIILIIONO CILILHOTO
nutbHuKa (n, k) wucea n i k;
a “ucA0 HEeeKBIBAJEHTHUX onykaur k, -Kymmnuxie — 3a Gopmy.noto
A @
n,k 9 n,k [nT—k]_"_[g] )
de [q] — wira wacmuna wucaa q (HaUMEHWE YIAE YUCAO, WO HE NEPESUULYE q ).

2. Heonykui k,-KyTHUKN

[Tosnauumo jmai N;;k qncsio Heisomopduux ky, -KyTHUKIB 3 Kiacy Sy, . Toul
o4eBUHO, 10 unciao P¥, neisomopdnux k,-KyTHHUKIB 3 Kjacy P, CTaHOBUTD

* * *
Pn,k: —4iVnk T ik <9)
ae L7, — uuciio Hei3oMophHUX OLYKIUX Ky -KYyTHUKIB 3 Kjacy Ly .

Ot2xe, obunciienns Besnaunn P, 3B0IUTbCA 10 oOuncaeHHd seaunaunn N, .
J11s1 ToBeJIeHHsT OCHOBHOI'O PE3YJIbTaTy POOOTH JIOBEJIEMO CIIOUaTKy TeopeMy A.
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2.1. loBeneHHs TeopeMu A
[Togamo criBBigHOMeHHs (4) y BUIsAL, sKuil HafiGiIbIe BiIIOBIIAE BBEICHIM
[IO3HAYEHHSIM 1 IToTpedam

% (ngl)!%_‘z qb(%)p(n,l)), n # 2t
N* (TL) _ ) i|n,i#n (10)
L S o () p(nd)+p(n, %)) n = 2t;
L i|n,i#n,i#
i~ 1)! i1
jie p(n,i)Z%-@) cb(%) i#g; (11)
1)
u(n,g):¥-2fl-(1+g>, n =t (12)

p(n,i)ip (n, %) — YUCJIO N -KYTHUKIB, Kl CAaMOCYyMIIAIOThCs 1IPU ITOBOPOTI Ha,
KyT w; = 25i (i # %) 1 w =7 BIANOBIAHO (32 TOAMHHIKOBOIO CTPLIKOIO).
2.1.1. HoBenenns cmiBBignomenns (11). Hexait n=1i-m, m # 2.
1) 3’sicyemo CIOYaTKy MUTAHHS PO Te, KU BUJ MAIOTh 7 -KyTHUKHU, 10 Ca-
MOCYMIIIAIOTHCS TIPH IOBOPOTI HA KYT W; = in — 3aJI0BOJILHSIIOTH YMOBY ().
4K Oys10 BcTaHOBJIEHO paHillle, KOKEH N -KYTHUK MOYKHA OTOTOXKHHUTHU 3 I1-
kiaom b = (1,1y,13,...,1,) abo xx O = (1,1,,...,13,1) = b~!, enementu sikoro —
HOMEPHU BEPIIUH 7 -MAOJIOHY, MO 3YCTPIYalOThCd MTPU 00XO/l CTOPIH 7 -KyTHUKA
y IBOX MOXKJIMBHX HampsaMmkax. Orke, mexait b = (1,0, 13, ...,1,) — UK, sKuit
BI3HAYAE N -KYTHHUK, IO 33/10BOJIbHAE yMOBY (¥). B mogasbimomy apudmerntani
orepariil ¢ po3yMiTu sIK Taki, 1[0 BUKOHYIOTHCSI 3G MOJYAEM T .

Inest 1oBeieH S TOJIATAE Y HACTYITHOMY:  SIKIO 7 -KYTHHK CAMOCYMIIAEThCST
LIPY [IOBOPOTI Ha, KyT 2% -4, MictuTh cTopony [1,ls] (B momasbImomy Xop/ay), To Bin
noBUHEH MicTuTn i xopiy [1 + 4, ls + 1], B 9Ky [IepexojuTh Hepiia. 3a TUX CaMux
NPUYUH N -KYTHUK MicTHTD it xopay [1 + 24,1y + 2], B siKy mepexourhb jpyra i
T.1. Takum anHOM: sKIO BropsiikoBana mapa {1,ly} € b, To nukiay b moBuuHA
HaJsiezkaTH it BuopsiikoBana mapa {1 + 1,1y + ¢}, anamoriano {1+ 2,1y, + 2i} € b
o Al4+i(m—1),ls+1i(m—1)} € b; axmmo BuopsinikoBata napa {ls,l3} € b, T0
UKy b moBHHHA HajexKaTH i Bropsiikosana napa {ls + 4,13 + i}, anajgoriauo

{l2—|—2i,l3—|—2i} €b, .., {l2+i(m— 1),l3+i(m— 1)} €b.

OT2Ke, MHOXKIHA, BEPIINH 7 -KYTHUKA, KA CAMOCYMIIIAETHCsT IPU TOBOPOTI
Ha KYT 27” -1, po30UBaAETHCS Ha M HIAMHOXKHH — OJIOKIB [b)], B KOXKHOMY 3 SIKHX
10 ¢ BEPIINH N -11a0/I0HY:

[bl] = {1, lg, l3, ceey ll} ; [bg] = {1 + i, l2 + i, 13 + i, ceey lz + Z} ;

[bm] = {1 + (k‘ — 1)@, lo + (]C — l)i, I3 + (]C — 1)@, vy b+ (k — 1)2}
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2) Ilopadox exodocenms 6.a0xi6 [ba], [b3], .., [by] mo iy b= ([b1]...) 3a3naue-
HOT'O 1 -KYTHUKA OJIHO3HAYHO BU3HATAECTHCS BUOOPOM OJIOKY, sIKuii ciiaye 3a [by].
Binbire Toro, 00xij 1ux 6JIOKIB 3/1HCHIOETHCS 3 JIEIKIM KPOKOM /.
Iosacrumo ocmanre. Ipumycrumo, 1o
b= ([bl][bg]) = (1, lg, lg, ceey li; 1+ i, l2 + i, l3 + i, ceey lz + i; ) .
Ockinbku mukay b wasmexuts napa {l;, 1+1i}, To {l;+1i,1+2i} € b. Ile 03-
Havae, 10 micyst 610Ky [bo] citigye 6710k [bs] 1 T.1.. Tobro b = ([b1][b2][b3]...[bi)]) -
Otxke, 00xij 6J10KiB 3/1ilicHIOETbCsT 3 KpokoMm h = 1. Ilpumycrumo Tenep, 1o
b= ([bl][bg]) = (1, lg, lg, ey li; 1+ 2i, l2 + 2i, l3 + Qi..., lZ + 2@; ) .

OckiJIbKY TIUKJTY b HaJIe:KUTh BIOPsiIKoBaHa napa {l;, 1 4+ 2i} , To nukiy b Haje-
JKUTH fi BropsakoBana mapa {l; +i; 1+ 3i}, a otxke i mapa {l; + 2i;1 + 4i} € b.
[le o3nauae, 1o micsst 610Ky [bs] ciimye 610k [bs] 1.1 TooTo b = ([b1][bs][bs]...) .
Omxke, 00xij 6JIOKIB 3/1iliCHIOETBCST 3 KpOKOM h = 2. .11

TakuM 9uHOM, MaeMo TO9HO (m — 1) MOXKJIMBOCTEH eperpyinyBaTu OJIOKH.
AJte He B KOXKHOMY 3 I[UX BHIAJKIB MI OJEP:KIMO N -KyTHHUK. Tak, HAIPUKJIAI,
JUIl TIAPHUX M 00XiJI 3 KPOKOM h = 2 He € NPUIIYCTUMUM, OCKLJIBKU BiJIITOBI IHIIT
«M-KyTHHK» PO3HAJAEThCA Ha JIBa 5 -KYTHUKH

(1], o) ol ) 5 (o) [ ][]

Bkaszanoro «posmnajgaHHsi» He BiIOyBaTUMEThCS JIUIIE Y BUIIAIKY, KOJIN OOXi Bij-

HOBITHUX OJIOKIB 31fICHIOBATIMETbHCsI 3 KPOKOM h , B3a€MHO IIPOCTUM 3 m = = .

Tob6ro icaye Touno ¢ (m) = ¢ (%) CYTTEBO PIBHUX TUIIB TAKUX 7 -KyTHUKIB. Z
3) Badikcyemo npunycTuMuii Kpok h (B3a€MHO IPOCTHI 3 1M ), 3 SKUM 3iii-
CHIOETBCsT 00X m 60KiB [b1], [b2], ..., [b] . OueBugno, mo apyry Bepummny [o
6s10Ky [b1] MoxkHa obpatu (n —m) crocobamul, OCKLIBKE 1M BEpIINH 3 HOMepa-
v 1,1+, ..., 1+ i(m — 1) saiiusamu nepui nosurii B 6okax [by], [ba], ..., [b] ;
TpeTio Bepruny [3 O0ky [b1] — (n — 2m) cnocobamn i ..

Otrke, TpH KOKHOMY HPHUIIYCTHMOMY KpOIi h MOMXKHA YTBOPHUTH TOUHO

(n—m)-(n—2m)-...-(n— (i —)m) = (2)"- (i = 1)!

N -KYTHUKIB, sIKI caMOCYMIIIAIOThCS IIPU [IOBOPOTI HA KYT W = %ﬂ 1.

3 ypaxyBaHHSM IyHKTIB 2) 1 3) 3arajibHe 9NCJI0 TAKUX MUKJIB CTAHOBUTH

o (%) (ﬁ)“ (i — 1)L (13)

i i
4) MuoKUHY THKJIB, MOOYJ0BAHUX Y BKas3aHuii croci6, mosnadnmo Iy, (i,m).
He Bakko mokaszaru, 10 3 KOXKHUM IUKJIOM b € ), (i, m) muoxuni Sy, (4, m)
HAJIEZKUTD TakozK 1 muka b~ 1. Ockinbku b # b1, a nuxim b i b~ BuzHavaloTH

OJINH M -KYTHHUK, TO 3 ypaxyBaHHsaM (13) Maemo, 1110 3arajibHe IHCI0 1 -KYTHUKIB
3 Kiacy Sy, (4,m) CTAHOBUTH
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(D) () - (14)

1

2.1.2. HoBenenns cmiBBiguomends (12). Hexait n = 2t.
[Tojamo Bupas u (n, %) y BUTJIAT
n3) = (5 112523128 = (0. 8) 3.

3ayBayKnuMo, 110
n n n n
— | = ——1)!-222: ( —). 1

Takum gunHOM, JJIsT JloBejieHHsT opmynn (12) jmocTaTHbO 3'sicyBaTH «Xapa-
KTep» TUX M -KyTHUKIB (10 CAMOCYMIIAIOTHCS TIPH MOBOPOTI Ha KYyT W = T ),
n _ n :
YUCJIO AKUX HE BPAXOBAHO BEJIMYUHOIO [i] (n, 5) =p (n, 5) , Ta MJpaxyBaTu 4u-
n :
CJIO [43 (n, 5) TaKUX 7 -KyTHUKIB.
1) s nporo crnodarky 3’sCyeMO BUJL 1 -KYTHHKIB (1110 CAMOCYMIMAIOTHCS TP
. B L n\ n
IOBOPOTI HA KYT w = 7 ), siKi BBIHIILIN /IO BEJIMIUHE fi1 (n, 5) =p (n, 5) :
BukopucroBytoun pesyibraru gosejertst popmyian (11), Bci Taki 1 -KyTHUKE MO-
KHa nogatn mukiaoM Bugy  ([bi], [be]), me
n n
—,...,lg—{——}, (16)

n n
[bl]:{1,z2,z3,...,zg},[bz]:{1+§,zg+§,13+2 &

abo Xk y posropuyromy Bursisiii ¢ = (1,1lo, I3, ..., |1+t lo +t, 13+ ¢, ..., 1 + 1).
BarajibHe UnC/I0 TAaKUX NUKIB cranoButs (¢ — 1)1 2071 = (2 —1)1. 2271,
[Ipore nuxiu ¢ = (1,109, 13, ..., L |1+t 1o+t I3+ t, ... + 1)
i =1+t 3+t +t |14+t 3, 1) = ¢!
BU3HAYAIOTH OJIMH 2t-KYTHUK (IO CAMOCYMINAETHCS [P MOBOPOTI Ha KyT

w=m). Tomy 1 (n,%2)=35(2—-1)1-2271=(2-1)!-2272

[
(N BT
w \J/ 12=11+

(1,3.4.2) (1,3,2.4) L=l +t
a) b)

Puc. 5: 2t-xyTHuku, 1Mo caMoCyMiIAThCA TPU IMOBOPOTI HA KyT W = 7 1 MalOThb CTOPOHH,
IO CIOJIYYalOTh JIlaMeTPAIbHO ITPOTUJIEKHI BepIIUHU 21 -TI1ab/ 100y

BayBaxKumo, o 3 npejcrapients (16) BUILINBaE, 10 YKOJEH i3 3a3HAYEHUX
BUIIe 2t-KyTHUKIB He MICTUTH CTOPIH, IO CHOJYYalOTh JllaMeTpaJbHO ITPOTHIe-
»KHI BeprHn 2t -1absiony. Tomy «xapakTep» TuX 2t-KyTHHKIB (1[0 camMocyMi-
MMAIOTHCST TIPU TIOBOPOTI HA KYT W = T ), YUCJIO0 KUX HE BPAXOBAHO BEJMIUHOIO
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w1 (2t,t) = p(2t,t), mossirae y HaAGHOCIE CMOPIH, WO CNOAYHAIOMD came diame-
MPAALHO NPOMUNENHCHT BEPULUHY 2t ~ULaONONY.

[cayBanus Taknx 2t-KyTHUKIB (Hamp. mpu t = 2) MOKa3aHO Ha puc. b a).
OckiJIbKM 1 € TapHuM, TO 3a3HaveHi 2¢-KyTHUKH MOYXKYTb MATH JIAIIE HapHe
YUCJIO CTOPIH, 1110 CIOJIYYalOTh JiaMeTPaJIbHO POTHIEXKHI BEPIIUHE 2t -111a0JI0HY.
2) Tlokaxkemo crodaTky, 10 Bei Taki 2¢-KyTHUKH MalOTh TOYHO ABi CTODOHI,
IO CHOJIYYalOTh JliaMeTpabHO MPOTUIEXKH] BepIuHn 2t -1madJiony.

Hexait [; Ta lll = [1+1t dikcoBana napa JiaMerpaJibHO IPOTHIEXKHUX BEPIINH
2t -11abJI0HY, sIKa BU3HAYAE BIiJIIIOBIJIHY CTOPOHY 2t-KYTHUKA, IO CAMOCYMIIIae-
ThCA TPU TOBOPOTI Ha KyT w = . [lojamo Takuit 2¢-KyTHUK IHUKJIOM BULY
b = (, 1,1, ) . dkimo Brazanomy 2t-KyTHUKY HaJI€KUTh cTopoHa [l1,lo], 1e
lo =11 + s1, To fiomy moBuHMNA HaTekKaTH it cropona [ly, 1], me Iy = I} +s1. Tomy
b mae Buz b = (...,llz,lll,ll,lg, ) . —puc. 5 b).

BayBaxkumo, 1o Il Ta lj HOMepH JaMeTpaJibHO MPOTHIEKHUX BepIinH 2f-
mabsony. [TpomosKytoun Bkazauuil mporec gai («BiaHOBIEeHHs> TUKIY b), B
pPe3YIBTATI OJIEPKUMO ITUKJT BUJLY

= (1], .., 15, [I1, 4], Loy ooy |y)

e Iy il (Vk = 1,..,t) — HoMepn aiaMeTpasbHO IPOTUIEKHUX BePIINH 2t -
mabony. Kpim Toro, BimmoBignumii 2¢-kyTHUK Mae TouHO ABi croponn [l1,[] i
Iy, l}], 0 criosrydaioTh iaMeTpaabHO TTPOTHIIEZKH] BEPITHHI 2t -11abJI0HY.

3) [Iigpaxyemo napernti aucyio ps (2t,t)  2t-KyTHUKIB (110 cAMOCYMIIIAIOTHCS
IpU MOBOPOTI HA KyT W = 7 ), siKi MarOTh (TOYHO [Bi) CTOPOHH, IO CHOJIY-
4al0Th JIiaMeTPaJbHO IIPOTUJIEXKHI BepinuHN 2t-1mabdbyiony. Koxxen Taknii
2t -KyTHUK MOXKHa I10JIaTU 3a JIOIIOMOI'0I0 OJIHOTO 3 © IUKJIIB BUJLY

bl,l — ([ ( )] j2 j3 j47 ---,jt72,jt71, [jtajéLji{—lajé—Q) 7]&7]{’,7]5) )
bl,2 = (17 [32 ]2] ( ) j37j47 "'7jt—27jt—17 [jtajg]vjé—lajé—% 7]4117‘7&) )
b1,3 - (17327 []37]3]?]27 (t + 1)7j47 "'7jt—27jt—17 [jtajé]ajé—lajé—% 7]4/1) ) (17)

bl,t—l = (17j2:j37 ---ajt—27 [jt—lajt/—llajg—%jé—& vjil’njéa (t + 1)7 []tajé]) )
bl,t — (1]7j2aj37j47 "'7jt—27jt—17 [jt?jé]?jé—l?jé—Q? 7]&7.]{37]5? [(t + 1)) .

3arajbhe qnucso nuk/iB Buy (17) cranoBuThH
X (2t —2)- (2t —4)-...-4-2=1¢!.2071
IIpore Vj =1,...,m muxmm by i bl_} BU3HAYAIOTH OINH 2t -KyTHUK. ToMy

1 \
1t (n g) = (2t =5 -2 =12 = (g)' 2872 (18)
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2.2. Ywmcao HeizomopdHUX k,-KyTHUKIB
3a nemoro Beprcaiina ta 3 ypaxysamusm crissignormens (7) 1 (10)—(12), gaucio
HeizoMopdHUX kK, -KYTHUKIB MOKHa OOYUCIUTH 32 JIONOMOT'OIO CIIiBBIIHOIICHHSI

. N* Ak
e T op
) qﬁ(i)'ﬂ(”;h?), n =2t + 1 abo k # 2m
+ Jl(n.k); j#1 (19)
Z ¢(])p(n,k,%)+u(n,k,g), n:2t,k’:2m7
j|(n,k); J#1;2

e p (n, k, ?) i (n, k, %) — 9UCJ0 Ky, -KyTHUKIB, sIKi CAMOCYMIIIAIOTHCA TTPH

LIOBOPOTI Ha KYyT W; = 23—” i w=7 (3a rOJMHHUKOBOIO CTPLIKOIO) BIJIIOBIIHO.

Jlema 1. Hexati j # 2 — dinvnux wucaa d = (n, k). Todi
n k
L —A’ Vi -6 (j). 2
p(neh %) = k-1 o) (20)

HoBenenusi. 3 ypaxyBaHHsM JioBe/eHHs piBHoCTi (11), ancyio p (n, k, ?) k-

KYTHUKIB, sIKI CAMOCYMIIIAIOTLCA IIPU MOBOPOTI Ha KyT W, = 23—” MOXKHA, 00IHC-

E
JINTHU 3a JIOTIOMOTOIO CITiBBITHOIIIEHHS P (n, k, ?) = C’é - p (k, f) , e p (k:, %) -

YUCI0 K -KYyTHUKIB, IKi CAMOCYMIITAIOTHCS HpI/I IOBOPOTI Ha KyT Ww; = 27” % = 2]—”
& k_ . Bk .
Towy p(nk %) =CL- 3 (5=1)1- () -0 () = HAL- () 6 ).
Jlema 2. Hexat n=2t, k= 2m. Toodi
1 &
i <nk: g) = ZAL 25224 k). (21)

Hosenennsi.  [logamo sesmauny (21) y HACTYITHOMY BHIJISIT

n 1 &
_ - — 2 .
K (”k 2> P2
il oKayKeMo, 110 ( kz,g) = 1 (2t,2m,t) 1 o (n,k,%) = ps (2t,2m,t) —
HCJIO (2m)( o) KyTHI/IKlB (1o caMoCyMIIAIOTHCST IPU TOBOPOTI HAa KYT W = T ),

|7
Iy

-1y AI?; 2272 =y (n, k, g) + 1o (n, k, g) (22)

JKI He MaloTh, BIJIIIOBIZIHO MAalOTh CTOPOHU, IO CIOJYYalOTh JiaMeTpabHO MPO-
TUJIEXKH] BepuHu 2t -111abJiony.

1) 3 ypaxypanusam cuissignomennst (15), ancio ju (n,k, %) = p (2t,2m,t)
(2m)(2t) -KYTHUKIB, 1110 CAMOCYMIIAIOTHCs IIPHU ITOBOPOTI HA KYT W = T 1 HE MalOTh
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CTOPIH, III0 CIIOJIYYaI0Th JliaMeTPaJIbHO IPOTUIEXKHI BePIIHHI 2t -111a0JI0HY MOXKHA,
o0UnC/INTU 338 (POPMYJIOIO

1 (2t,2m,t) = O -y (k&) = O - (2t,8)
ne i (k, %) = u1 (2m,m) — 4uCa0 2M-KyTHUKIB, mo CaMOCYMILIAETHCS [IPH
IIOBOPOTI Ha KYyT W = 7T 1 HE MalOTh CTOPIH, IO CIOJIYYal0Th JliaMeTPaJibHO 11PO-
TUJIEXKHI BepuHu 2m -mabsiony. Tomy

py (2t,2m,t) = CM -y (2t,t) = C™ - (m — 1)!.2m72 = 1 5 A 2mT = 1A2 251,
2) 3 ypaxyBanusMm criBsigHomennst (18), aucsio Mg( ) ( ) KyTHI/IKlB
(1o caMocyMIIAIThCs TPH TOBOPOTI HAa KYT W = 77), SKI MaroThb (TOYHO [IBi)
CTOPOHU, IO CIOJYyYalOTh JiaMeTpaJbHO MPOTUJIEYKH] BepIInHn 2t -11abJIoHy, MO-
JKHA 00UnCInTH 38 POPMYJIOI0
po (2t,2m,t) = C" - g (k, 5) = O™ - i (2t,1)

ne o (k, g) = po (2m, m) — 4ucjao 2m-KyTHHUKIB, 0 CAMOCYMIIIAETHCS PU
MIOBOPOTI Ha KyT W = 7 Ta MalOTb CTOPOHU, IO CIOJIYYalOTh JiaMeTpaJbHO MIPO-
TUJIEZKHI BEPITUHU 2 -T11a0JI0HY. TOMy

po (n,k, %) = po (2t,2m,t) = Cf* - ml - 272 = A 2m72 = A
Takum unHOM u(n k, 2) = I (n k, 2) +u2 (n k, 2) =

_ 1A2 2571_‘_142 2572 Az 257 %k) ‘

k
L9372,

|3 pol

/\

. :
Teopema 4. (ocuoBHa) Tucio N, neisomopdprux ky -xymuukic mosicra 06-
YUCAUMAY 36 JONOMO2010 CNIBEIOHOUEHD

* k;

2]4: nt
( . Bk
¢? (j) - 5z A% - j7, n=2t+1
jl(n.k); j#1 Z
. = .k
9 sl 7é(b%)&fl%w, n=2tk#2m (23)
jln,k); j#1 J
k k
S () AL+ AT 252 (k42), n=2tk = 2m.
[ Jln k)12 g 2

Hacaigok 1. Axwo wucaa n i k € 63aemmo npocmumi, mo
. . .
wucao Ny meisomopprux ky -kymmukie modcna obvuciumu 3a Gopmy.noro

1
o= AF 24
n,k Ink no ( )

a wucao P " HELZOMOPPHULT HEONYKAUL Ky -KYMHUKIE — 34 POPMYA0IO

1 1
* = Ak Z ok~ ok _ 1)) _
= MA Ch = 5-Ch ((k 1) 2> . (25)

n
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He BaxKKo 1mepecBiauTuch y Tomy, 1o npu k = n BeraHoBseri hopmysn (23)

criBagaoTh i3 dpopmymramu (4) podoru [1].

n\k[3 |4 |5 |6 |7 B 19 | 10 |11 | 12

3 1

4 1 1

) 2 1 1

6 4 3 1 1

7 ) 5) 3 1 1

8 7 10 |7 4 1 1

9 10 |14 | 14 10 4 1 1

10 12 122 | 26 22 12 5 1

11 15 | 30 | 42 42 30 15 5 1

12 19 | 43 | 66 80 66 43 19 1 1

Tabu. 1: [loyarkosi 3HadeHHsd duciaa Hei3OMOPMOHUX onyKkAULT K, -KYTHUKIB

n\k[3 |4 |5 |6 7 8 |9 | 10 [ 11 12

3 0

4 0 1

5 0 2 3

6 0 6 11 13

7 0 10 | 33 59 53

8 0 19 | 77 214 359 331

9 0 28 | 154 | 552 1436 2 519 2 245

10 0 44 | 278 | 1254 4 308 11 395 20 159 18 263

11 0 60 | 462 | 2478 10 770 37 785 100 795 | 181 439 | 164 949

12 0 85 | 726 | 4 570 23 694 104 059 | 369 593 | 998 490 | 1814399 | 1664 353
Tabu. 2: [TouaTkoBi 3HaYEHHS YUCIA HEIZOMOPPHUX HEONYKAUL K, -KYTHUKIB

Bucnosknu

B poboti BcTanoBaeHo popMyin /st TAPaAxXyHKY YNCIa HEL30MOPHHUL OTTY-
KJINX Ta HEOMyKJINX K, -KYTHUKIB, IKi € y3araJbHEHHsIM pe3ysbTaTiB poboru [1].

Ha aymMKy aBTOpiB JOCTIJIZKEHHS B ILOMY HalpPAMKY MOYKHA YCIIIIHO MPOJIOB-

JKUTH 38 PAXyHOK BCTAHOBJICHH:A (POPMYJT HJAPAXyHKY UYUCIA HEEKGIGAAECHMHUL

OIYKJINX Ta HEOMYKINX k,, -KYTHUKIB.

Jliteparypa

[1] Golomb S.W., Welch L.R. On the Enumeration of Polygons The American
Mathematical Monthly, Vol. 67, No. 4, 1960, pp. 349 — 353.
12| Kanryorcrun JLA., Cywanckuii B.H. TlpeobpasoBanusi u mepectaHoBKu //
M.: Hayka, 1979.
3] Arosenxo JI.1. Bamaaa o6 oxepenbsx // Becrauk Omckoro yHuBepcurera,
1998, Boim. 2. C. 21 — 24.
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PEAJIIBAIIIL IIINDPY EJIb TAMAJIA
HA EJIIIITUYHIN KPUBIN

B poboti ormcano 3acTocyBaHHs €TNTUYHAX KPUBUX J0 3aJa49 Kpurrorpadil, modypoBaHuit
npuksia) mudpy Eab lamansa na exintuaniit kpusiii.

KarogoBi ciaoBa: kpunmocucmema, esinmuuna Kpusa, npodiema Juckpemmno2o A02apu-
Ppmysara.

B ocranni jgecatupivds einTudHi KpUBI, 1 0COOJUBO HaJ| CKIHIEHIME TTOJISIMU,
3HANIIN HAPI3HOMAHITHIII 1 MPUTOMY HPaKTUIHI 3acTocyBaHnd. Tak, y Teopil
KOJTyBaHHsI BOHU BUKOPUCTOBYIOTHCs JIJIs TOOYIOBU PI3HUX KJIACIB KOJIB, SAKi JI0-
Ope MOEHYIOTH BUCOKY IIBUJIKICTD 13 XOPOMIUMU KOPUTYIOUMMHI BJIACTUBOCTAMMU 1
JUIST STKHX IO TOTO 2K ICHYIOTh e(beKTUBHI aJrOPUTMU KOy BaHHSI—/1€KO/ Iy BaHHs. A
B Kpurrorpadil crekTp ixX 3acTrocyBanb Ie mupiiunii. [To-tepie, came 3 ix jormo-
MOT0I0 OY/TYIOThCs HalieDeKTUBHIII Ha CHOTO/IHI aJITOPUTMU TECTYBAHHS TPOCTOTH
1 po3KJIa Iy unces Ha MHOXKHUKH. [lo—apyre, BOHN BUKOPUCTOBYIOTHCS Oe3mocepe-
JIHBO J1JIs1 TIOOYIOBM KOHKPETHUX KPUIITOCUCTEM.

Briepire kpunrorpadivuHi aaropuT™Mu B rpylax TOYOK eINTUIHUX KPUBUX Oy-
JIM 3alIPOIIOHOBaHI He3aJiexKHOo ojauH Bijg ognoro H.Kobminem i B.Miyuzepom B 1986
pori [1], [2]. CrouaTky 1i aaropnT™Mn BHIABAJNCH BEJIbME €K30THUHUMIE 1 a-
JIEKUMHI BiJl TPAKTUIHOTO BYKUBAHHS, aje Ha MOYaTKY JeB siHOCTUX POKIB OyJm
OTPUMAHI psiJi TEOPETUYHUX PE3YJIbTATIB, 110 JOBOJATH BUCOKY CTIfIKICTh HOBUX
AJITOPUTMIB, CTaJIa sICHOIO 1 MOXKJINBICTH €(PeKTUBHOIO BUKOHAHHS Ollepalliil B X
rpynax.

[IpranH BeJIMKOTO MOMMUPEHHS KPUIITOCUCTEM Ha eJIITUYHIX KPUBUX KiJIbKA.
[To-tepire, 3 KOXKHOIO €JIINITUIHOIO KPUBOIO OB’ SI3YEThCs MeBHA abejieBa I'pyla,
siKa € 0JIM3BKOIO J10 KIi9HOI. [le 103B0JIs1€ Oy /1yBaT KPUIITOCUCTEMY, IO CITHPa-
€TbCsl Ha IIPOo0JIeMy JIHCKpeTHOTo Jyiorapudma. OgHaK HasgBHICTH Ha Pyl OaraTol
JI0JIATKOBOI CTPYKTYPHU IPU3BOJUTH 10 €KCIIOHEHIIIIHOT CTIIKOCTI KPUIITOCUCTEMU,
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MaTremaruka

TOJII IK MYJIBTUILIIKATUBHA IPyTa CKIHIEHHOTO MO 3a0e31euye JIUIie CyOeKCIo-
HeHIiliHY cTifikicTb. [lo—apyre, nmporpec y po3BUTKY TEXHIKU O0UYUCIEHb Y IPYII
TOYOK €JIIIITUYHOI KPUBOI MPU3BIB JI0 TOTO, IO MOOY/I0BaHl HA HUX KPUIITOCHCTE-
MU TI0YaJIU CYTTEBO BUT'PABATU B CBOIX IOIEPEIHUKIB Y IIBUJIKOCTI IIEPETBOPEH-
Hs1 iHopMmarii. [lo-Tpere, MOXKJIMBOCTI BUOOPY cepejl eNTUIHUX KPUBUX — Y
MOPIBHAHHI 3 BUOOPOM cepeJi MYJIbTHILTIKATUBHIX T'PYI MOJIB — € HE3PIBHSIHHO
OLIBIIIMU.

OzuavenHst 1. Hexatd p > 3 npocme wucro. Eainmuyroro xpusoro

y? =234+ ar +b nad Ly € MmHootcuna poss’askie (x,y) € Ly X Ly, Kowepyenyii

y? = 2° 4+ ax + b (mod p), (1)

de a,b € Z, woncmanmu, maxi, wo 4a®+ 27b* # 0(mod p), pasom 3 eudiarenorn
moukoro O, max 3641010 MAYKON HECKIHYEHOCTL.

Posp’si30Kk 1 MOKe coryryBaTh [/t O3HaYeHHs einTudaol kpusol GF (p") s
npocroro uncia p > 3. Eminruuna kpusa Hag GF(2") abo GF(3") Busnavae-
ThCSI TPOXW 1HIITAM PO3B’SI3KOM.

Ha esinTnuniit kpusiit £ MoxkHa 11o0yyBaTu abejeBy rpyiy. s nporo Bu-
3HAYAIOTH BIIIOBIIHY omepallifo Ha 11 Toukax. Ormepalliio 3a3BU4ail 3alncyoTh
AJINTUBHO 1 BU3HAYAIOTH HACTYNHUM YuHOM: Hexailt P = (x1,y1) 1 Q = (z2,y2)
OyIyTh TOYKaMmu Ha Kpubiit E. ko xo =21 1a 4o = —y1, 70 P+ Q =0O; B
npoTuieykHOMY Buniajiky P+ @Q = (x3,ys3), 1e

$3:)\2—$1—$2,

ys = Mz — z2) — y1,
a TAKOK
B e P #Q;

A=19q 33+
zlyla’ e P =Q.

Hapemri Busnaumo P+ O =0+ P =P VP € E.
3ayBaykKnuMo, 10 MPOTUJICKHI eJIeMeHTH OOYUCUTH B Iifl TPYII Jly2Ke JIerKo.
[IporuiexkHuM ejleMeHToM Jijist JIoBiabHOI Toukn (x,y) € E € Touka (x, —y).
Yuesto To4uoK siki HasTeKATDH einTudHil KpuBiit E Haj nojeMm Z, (p — upocte
qucsio, p > 3) € HabymkenusiM 10 p. Jlokiaaiie, B TBep KeHH] Xacce iijie MoBa
PO Te, IO YUCI0 TOYOK einTu4Hol KpuBol F, N, 3aJ0BOJIbHSIE HEPIBHOCTI

p+1—-2/p<N<p+1+2p.

74 36ipHuK HayKOBHX Ipalb ¢izuko-mareMarudnoro dakyaprery CHIIY



Konecnikosa O.0., Ilipyc €.M., Pabyxo O.M. Peasnizarnist mmcpy Eab-Iamasrs

Binbmr goxsajHime obduncaeHHs: BeJuduHu N € BayKKUM OJIHAK ICHYE PO3PO-
onennii Cxoom edeKTUBHUIT aJropuT™ sIKHii BUKOHYE Taki obuncientst. (Tep-
MiH "edexkrtuBHnit" TyT o3HaYae Yac il aJIrOPUTMY SIKUN € IMOJIIOMIAIBHIM 3-34
logp. Yac xii anropurmy Cxoda popisnioe O((logp)®) Girosux onepariii, 3as-
JSTIYIOYN 9OMY BOHO HMPAKTUYIHO BUKOPUCTAHO JJISI IIPOCTUX YUCEJ P 3 COTHSIMMU
YUCIOBUX 3HAKIB).

[Ipumycrumo, 1o Moxkemo obuucanTu N, Jaj1i X04eMo 3HANTH MUKJ/IIYHY I1i1-
rpyny rpynu E B skiii npobJiema JucKpeTHOro Jjiorapudma 0yia 0 npakTHIHO
HEPO3B’SI3HOIO.

Teepaxxennsa 1. Hexati E 6yde envinmuunoro xpusoro nad Z,, de p— npocme
yucao ma p > 3. B mot oice wac icnyoms uiAL wucAa My L Mo, maxi, wo E
izomopdme 3 Ly, X L,. Bisvw mozo, na|ny ma no|(p — 1).

3BiJICH BUILIUBAE, IO SIKIO 3MOXKEMO 3HAUTH YuCIa Ny 1 Ny, TO OTPUMAEMO
MUKJIYHY OArpyny rpynmu £ i3oMopdHOIO 3 Z,,, fKa MOXKe IOTEHIINHO CIIyTy-
BaTH OCHOBOIO Kpuinrorpadiunol cucremu Ejib Famasis.

3BepHEMO yBary, o dKmo ne = 1, To F — nukiigra rpymna. Ilogioro 10
TOro, o F € NUKJIYHOIO IPYIoI0 ToAl, Ko N — IpocTe Yucjo adbo € J00yTKOM
PIBHUX MIPOCTUX YUCE.

Posrisinemo npukiia mudpyBanag B cucteMi EJib ['aMasb 3 BUKOpUCTAHHSIM
eJIIITUYHOI KPUBOI.

B 1986p. Eab ['amains 3ampornonyBaB aJropuT™M OOUYUC/IEHHSA Ta IEepPeBIPKN
1 POBOro MiJINCY, CTIMKICTh AKOI'O0 I'PYHTYEThCA Ha CKJIAJHOCTI JUCKPETHOIO
JorapudMyBaHHSI B IPOCTOMY CKIHYeHHOMY MOJT [3)].

st kKopucTyBadeil Jiedkol MepeKi oOUpaeThCsd CIiJIbHA eJINTUYHa KPUBa
E,(a,b) i rouka G ma miii, taka, mo G, [2]G, [3]G , ..., [¢|/G pizni Toukn
i [¢|G = O ning neskoro mpocToro ducia q-.

Koxken kopucryBaua U obupae uuciio cy, 0 < cy < ¢, sike 30epirae sik cBiit
TaeMHUIT KJI10Y, 1 BU3Ha4Yae ToUKy Ha Kpusiit Dy = [cy]G, sika Gy/ie fioro Bijkpu-
TM KJirodeM. ITapameTpn KpuBOI i CIIMCOK BIAKPUTHX KJIIOUell IepelaloThCsl YCiM
KOpHUCTyBadyaM MepexKi.

[Ipunycrumo, xKopuctyBad A Oarkae 1epejaTi IOBIJIOMJIEHHST KOPUCTYBady
B . Bynemo BBazkaTu, 110 1OBIJIOMJIEHHS [IPEJICTABICHO Y BULVISI ducaa m < p.
pPOOUTH HACTYIIHE:

1) Obupae goBiibhe qucao cg, 0 < cyg < q;

2) obuncioe R = [ca|lG, P =|ca|Dp = (x,y);

3) mudpye e = mx mod p;

4) nocunae B mudporeker (R, e).

Kopucrysaa B micis orpumannst (R, e):
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MaTremaruka

1) obuncmioe @ = [cp]R = (x,y);
2) nemudpye m' = ex™t mod p.
laMo oOTpyHTYBaHHS TTPOTOKOJY. /151 1IbOTO JOCTATHRO MOKA3aTH, 0

sl R = [eB]([ca] &) = [ca]([cB]G) = [ca] D,

TooT0 Q = P. Tomy m' =m.

Koopmuaara x Touku () 3a/UIIa€ThCsl HEBIIOMOIO JJIs CYIPOTUBHUKA, TaK
sIK BiH He 3HA€ 4mcia C4. [IpoTHBHEK MOXKe HamMaraTucst OOUNCANTH C4 13 TOUKH
R, ane s mporo itomy moTpiOHO BUPIMINATH MTPOOJIEMY JUCKPETHOTO JIOTAPUQMY-
BaHHSI Ha KPUBIil, 10 BBAXKAETHCS HEMOZKJIMBUM.

[Iudp Enp lamans ma enintwaniit kpusiit B cepenosuinti MAPLE 0yB pea-
mizoBaHnmit g eminTuanol kpusoi y? = 23 — 3 x & + 1000 Ha; moaeM Z31991 -
Byna obpana renepytoda Touka G = [0, 5585] , a Takox TaeMHi Kodl ¢4 = 523,
cp = 5103 . 3a jonomoroio kioua cq4 = H23 nosigomaenns 30000 Gysio mepeTBo-
pete B mpudrorekct e = ((9767,11500), 11685) , sikuit moBuHeH genmdpyBaTHCs
3a JIOIIOMOI'0I0 Ta€MHOT'0 KJitoda c¢g = H103.

Hagejiemo Tekct ajropurmy B cepejiopuiii MAPLE

> PaddQ) := proc(x1,yl,x2,y2,p,a :: numeric)

> description” Padd(@)”;

> localk, x3,y3;

> if(xl = x2)and(y2 + ylmodp = 0)then

x3 = 0;93 := 0;returnz3, y3

endif;if(xl <> x2)then

> k= (y2 —yl)/(x2 — x1)modp;

> 23 = k% — 21 — x2modp;

> y3 =k x (x1 — 23) — ylmodp; returnxz3, y3

> endif;

> if(yl = y2)then

k:=B*x12+a)/(2*yl);

r3 = k* — 21 — x2modp;

> y3 =k * (x1 — 23) — ylmodp; returnx3, y3

> endi f; endproc;

> PK = proc(xl,yl, k,p,a :: numeric)

> R :=10,0];
> P[1] := 1,
> P[2] :=yl;
> Q1] := P[1];
> Q[2] := P2];
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> forifromltok — ldo

> R := PaddQ(PI1], P[2],Q[1],Q[2],p,a) : Q == R

> enddo; returnR[1], R[2]

> endproc; Warning, ‘ R'isimplicitlydeclaredlocaltoprocedure
(PKC

Warning, ‘ P‘estmplicitlydeclaredlocaltoprocedure' PK*
Warning, ‘Q‘vsimplicitlydeclaredlocaltoprocedure' PK*
Warning, ‘t‘isimplicitiydeclaredlocaltoprocedure' PK*
CurveY? = X? — 3% X + 1000p = 31991 N = 32089G = [0, 5585]
> R := PK(0,5585,523, p, a);

> Db := PK(0,5585,5103, p, a);

> P := PK(Db[1], Db[2], 523, p, a);

> m := 30000;

> e :=m * P[1]mod31991;

> R, e;

> @ := PK(R[1], R[2],5103,p, a);
> e;

> ml = ex* Q[1] 'modp;

Y 3B’s13Ky 3 HeBesnkow (y mopiBHsiHHI, Hanpukiaa, 3 RSA-mmdpom) nos-
JKUHOIO KJIIOYa, 1 MaJIMMU BUMOTaMU JI0 00’ €My mam sTi CBOI MePIi 3aCTOCyBAHHS
KPUITOCUCTEMU Ha €INTHIHIX KPUBUX 3HAHIILIN B TJIACTUKOBUX CMapT-KapTax i
MOOLILHUX Tejiechonax. Y HaraThox KpaiHax mova/iu MpuiiMaTi HOBI HaIlOHAJILHI
CTaHIapPTU IUMPOBOro MiJIMNCY, 0 BUKOPUCTOBYIOTH KPUIITOCHCTEMU Ha, €JIIITH-
annx Kpusnx (CIITA(2000) — FIPS 186-2, Pocisa(2001) — I'OCT P34.10-2001,
Yxpaina(2002) — ACTY 4145-2002).

JlitepaTypa
[1] Koblitz N. Eleptic curve cryptosystems. Mathematics of Computation, 48
(1987), 203-209.
2] Miller G.L. Uses of eleptic curves in cryptography. Lecture Notes in Computer
Science, 218 (1986), 417-426.
3] T. ElGamal. A public key cryptosystem and a signature scheme based on

discrete logaritms. IEEE Transactions on Information Theory, 31 (1985),
469-472.
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CUJIOBCBHKI p-IIIJITPYIIU

Hama poboTa BiJIHOCUTBCs JI0 CTPYKTYPHOI Teopil rpyir. Po3rismaioTbes cuIoBCbKi p -miarpynm
B cuMerpudHUX rpynax. [lobymosano cuaoBcbky 2-miarpymny B Sy 3a 3HAMIEHOIO CHJIOBCHKOIO
2-miarpymoio B Sy .

Kuaro4goBi caoBa: cunaoscvka nidepyna, cumempuywna 2pyna, 6inyuesuti dobymox.

Beryn

CTpyKTypy CKiHIEHHUX I'PYII JOIMOMATraioTh OIUCYBATH CUJIOBCHKI P - IIPYIIN.
CHJI0BCBbKI  p-IJArpyNN CKIHYEHHUX CHUMETPUUYHUX I'PYIT BiJlirparoTb 0COOJNBY
POJIb B KJIaCi BCIX CKIHYeHHUX I'pyIl. A came, KOyKHa CKIHUYEHHA p-I'pyIia i30MOp-
1O 3aHypPIOETHCA B CUJIOBCHKY p-TIATPYITY JAedKol cuMeTpuynol rpymnu. Lle ona
3 NMPUYUH aKTYyaJbHOCTI JIOC/IJIZKEHHs TTOOYJIOBU 1 BJIACTUBOCTEH CHJIOBCHKUX P -
TPy CUMETPUYHUX TPYII.

Teopema 1. (CusioBa) Hezat G -crinuenna 2pyna, p — npocme 4ucao.
IecayBanust. /laa xoorcrozo cmenens p®, wo diaums nopadox G, 6 G icuye
nidepyna nopadky p<.

Brnagennsa. Sxwo p*tt

diaums nopador G, mo xoocra nidepyna nopadky pe
o+l 3 G. Boxpema, curoscowi p-
nidepynu 3 G — ue 6 mounocmi nidepynu nopadky p", de p"-marcumasvHul
cmenins p, wo diaums nopadox G .

CupsikenicTb.  Vei cunoscort p-nidepynu 3 G cnpascent 6 G .

3 G eKkaadena y deary nidepyny nopadky p

Kinbkicts.  Kiavkicmo curoscokux p-nidepyn ¢ G konepyenmna 1 3a modyaem
p i diaumov nopadox G [1].

OcHoOBHA 4YacTHUHA

Hexait p — gesike mpocre ducyio. Buxopsiau 3 toro, mo |S,| = n!, makcu-
MaJIBHII TOpsAIoK e(n), mpu axomy p™ mimurs |S,| mopismioe 51+ sl + -
dkmo n=p', 1o e(n) =pt+p2+. . +p+1.

IIpn KOHCTpYIOBaHHI CHJIOBCBKUX P-IIJAIPYI CUMETPUYHOI IPyIn Sy BUKO-

PUCTOBYETHCA HACTYIITHUIT aJITOPUTM.

© 3aiinesa F0.C., Ilamenko 3./1., 2011
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Baitnesa 10.C., ITamenko 3. /1. CHJIOBCBKI P -IIITPYITH

Hexait B Spm B2Ke 3HafijleHa CHJIOBCbKA p-LiArpyna, TooTo miarpyna H,y, no-
m—1 “ o . m
pstaky pt TP oGy nyenmo no Hiit B Symi migarpyny Hy,q nopsiaky pttet?n
J11st TIbOT0 PO3i6’eMO CUMBOJIH, IO TlepecTaBIaioTees 1,2, ..., p" ! Ha nocsinosni
BiApisky poxkunm p't. AKino

m

c=11G.p"+4.20"+74,....(p—1)p" +j)
1

3

<.
I

i 2 — mijgcTaHOBKA Ha CUMBOJIAX -0 BiJpi3Ka, TO ¢ 'Zc-IijCTAaHOBKA HA CHMBO-

nax (i + 1)-ro Bigpiska (JgomaBaHHs 10 MO0 P ). 3BijgcH BUIHO, MO MiApyIa
H,,.1 nmopomxkena nigrpynamu ¢ H,,c",0 < r < p, a came € X nIpgMuM J100y-
TKOM.

[igrpyna H,, 1 — mykana, Taxk aK |Hy, 1| = |Hp|Plc| = ptT7" .
Buaitgemo miarpyny Hy B Sy . MakcumaibHuil MOKA3HIK
e(4) = |3| + |24—2| =2+ 1 =3, tomy |Hy| = 2% = 8. BizbMemo mijcTaHOBKH

= (1234) i f = (13). Bomuu 6yayts TBipHuMEu enemenTamu s H .
= {e,a,a%, 0?3, 0 3,0% 0 B,0° o B}.
Snaiinemo Bcl esiement Ho :
= (1234), o= (13)(24), o’ =(14)(32), B =(13),

aof=(14)(23), a’of=(24), a’op=(12)(34), = (1)(2)(3)(4).
= {e(1234), (13)(24), (1432), (13), (14)(23), (24), (12)(34)}

3a 3HaiiieHoro mijarpymnowo Ho B Sy modyayemo niarpyny Hsg B Sy.
|H3| = 22T = 27 = 128, Jlns nporo posib’emo mepecraBHi cHUMBOJIN
1,2,3,4,5,6,7,8 na nocinosui Bijpisku gosxunu 4. Togi ¢ = (15)(26)(37)(48).
OueBniHO, 1o ¢ ' = c.

Hexait z = (134) — mijgcraHoBKa Ha ejleMeHTax Iepiioro Bijgpiska 1,2,3,4,
Toni ¢ twe = (15),(26)(37)(48)(134)(15), (26)(37)(48) = (578) — nincranosKa
Ha CUMBOJIAX JPYToro Biipizka H,6,7,8.

3Bijicu BUJIHO, 1110 HiApYyIIa, MOPOJzKeHa miarpynaMu He 1 cHsoc € TX IpsiMuM

JIOOYTKOM.
Takum unnoMm mijrpyna Hs isomopdua Binnesomy m106yTky Hor(c) .

Jliteparypa
[1] Kapeanonos M.U., Mepsaaxos KO. 1. OcuoBbl Teopun rpymi. — 3-e U3, 1e-
pepab. u gom. — M.: Hayka, 1982. — 228 c.
2] Cywancorui B.1., Cixopa B.C. Oueparnil Ha rpymnax mijgcranoBok. Teopist Ta
3acTocyBanns. — Yepnisii: Pyra, 2003. — 256 c.
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CATANJAKHU I'OPEHIIITEMHOBUX (0;1)-IIOPSIIKIB

Tema nanoi poboTH BiTHOCUTHCS JI0 CTPYKTYPHOI Teopil Kijerb. Po3riisiaorbes ropeHinreitnosi
naniBmakcnMmasbai (0; 1) -ximbug. [lobymosano caraiinaku kigens H3(©) i Bg(O).

Kiro4oBi caoBa: zopenwmetinosi nanismarcumanvii (0; 1) -kiavys, mampuys nokasnu-
Ki8, caz2atidaxu.

Beryn

[ToHSTTSI TOPEHIITEeHHOBOIO KiJibllsi BUHHUKJIO B ajredOpaivuHiii reomerpil y
3B’913KY 3 BUBUEHHSIM OCOOJIMBOCTEH ajrebpaldHux KpuBuX. Taki KiJibIs MaiOTh
CKJIQTHY OYJIOBY 1 MaJIO BUBYAIMCH. BOHM pO3TIIAal0ThCS SIK HAIlBIOCKOHAJII HbO-
TEpOBI clpaBa HAMIBIEPBUHHI KiJbIA, Y AKUX KiIblle €HJIOMOPQI3MIB KOXKHOTO
HEPO3KJIaIHOI0 MPOEKTUBHOIO MOJIYIS € JUCKPETHO HOPMOBAHUM KiJbIleM. Taxi
KIJIBII MOYKHA 3a/[aBaTn MaTpuieio nokasunkis. Came s mux Kijerns B.B. Ku-
PUYEHKO OJIepzKaB JIy»Ke 3pYUHuil KpuTepiit ropeHinTeiHOBOCTI.

B nam gac ropeHIITeHOBI MOPAIKN 3HAXOAATH HOBI 3aCTOCYBaHHSA IIPU BU-
BUEHHI ajireOpalyHux iHBapiaHTiB rpadis. Bce vactiiie 3ycTpidaroThbcsd BOHU 1 B
PIBHOMAHITHUX JIOCJIIPKEHHSIX MTPOoOJIeM KOMIT IOTEPHOT ajredbpi.

OcHoBHaA YacTHHA

Bijomo, 1mo Oyub-sike 3BejeHe ropenmnreitnoBe HamiBMmakcumasbhae (0,1)-
Kistbiie i3oMopdue Kibiio Hy(©) abo kimbio By (©) ; me Kiabiist By (0) 1 Hy(O)
MaIOTh TaKl MATPHUIll ITOKA3HUKIB:

(000 0 .0 0
1 0 0 ... 0 0
GRS I |
1 1 1 ...0 0
\1 1 1 ... 1 0)

© IMamenko 3./., Tkauzenko FO.€., 2011
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[Mamenko 3./1., Tkagenko HO.€. Caraiiakn ropermrreitnoux (0; 1) -mopsiikiB

(o O 0 ... 0 1 0 0 ... 0\
1 0 0 ... 0 1 1 0 ... 0
1 1 0 0 1 1 0 0
1 1 1 0 1 1 1 1
sB)=|1 ¢ o 0 0 0 0 0
1 1 0 0 1 0 0 0
1 1 1 0 1 1 0 0
\1 1 1 ... 1 1 1 1 ... 1)

BaxkmmBy poJib TIpM OMHUCI CTPYKTYpPH KLJIelmb BIIIIpaloTh 1X caraiigakn. [lo-
HSITTsI caraiiJlaky BU3HAYAEThCsl depe3 MOHATTd pajukaiy J:xkekobcona R Ta He-
PO3KJIAIHUX IIPOEKTUBHUX MOJYJB. [ljis1 fioro 1moOymoBu 3pydHO KOPUCTYBATUCH
MaTPUIEI0 CYMIZKHOCTI KIJIbIIH.

Buaiigemo caraiiaku Kienb H3(©) ta Bg(O).

Axmo A = H3(©), To marpuiist HOKa3HUKIB fioro pajukaiy J:kekobcona R
Ma€ BHJL

100
e(R)=(110],
1 11
a MaTpuIld IOKa3HUKIB [R2
1 10
sRH=1111
211
3BIJIKH
010
QA =¢(R*) —e(R)=100 1
1 00
3a marpureio Q(A) omepxyemo caraiigax kinbig Hs(O)
2 3

1

Puc. 1: Caraiinak kinbig Hi(O)
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MaTremaruka

dAxmo A = Bg(0©), To marpuii nokasuukis pajukaiy Jxxekobcora R Kijbiis
A Ta fforo KBaJpaTy MalTh BUIJIAL:

/100100\ /11011 0\
110110 111111
i1 ) 211211
=11 00100] =11 10110
11011 111111
\1 1111 1) \2 11211/
3BIJIKH
(010010\
001001
100100
_ (P2 _ _
001001
\1 00100/

Topi caraiinak kinbist Bg(©) mae Bu:

4

Puc. 2: Caraiinak inbig Bg(©) .

Jlitepatypa
|1] Kupuuenro B.B. Kombna n momymm. — Kues: KI'V. — 1981. — 64c.
12| Kupuuenxo B.B., Camup Basuo, Hpemenxo FO.B. TlosycoBepiiieHHbIE KOJIb-
1a 1 UX KOJI9aHbl // BecKoHedHbIe IPYIIIBI U IPUMBIKAIOIIIE ajirebpandecKue

ctpyKTypbl. — Kues.: Uucturyt matemarnkn HAH Vikpawunasr. — 1993. — C.
438-456.
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BUBHAYEHHA IIIBUIKOCTI IIOBEPXHEBOI
PEKOMBIHAIIII I IT BIIJIUBY HA YAC KUTTYI
HEPIBHOBAKHUX HOCIIB 3APATY

BumMiproBanus CTPYKTYpPHO 4YYTJIMBUX €JIEKTPOMIZUYIHUKX TapaMeTpiB J03BOJIAE€ BU3HATUTH
JKICTh MaTepiaJiB JIJIs CTBOPEHHs HAIIBIIPOBIIHUKOBUX IPUCTPOIB. ¥ JlaHiil poOOTI PO3IJIsiHyTa
Teopis BILIUBY IIBUJIKOCTI ITOBEPXHEBOI PEKOMOIHAINT Ha Yac XKUTTA 1 JOBXKUHY Judy3il HepiB-
HOBaYKHUX HOCIIB 3aps/ly B IPUIIOBEPXHEBHUX Iapax HAaIliBIPOBIIHUKOBOIO 3paska. OTpumani
HOBI €KCIIEPUMEHTAJILHI PE3Y/IbTaTH MapaMeTpiB peKoMbiHallil HepiBHOBAYKHUX HOCITB 3apsi/ly Ha
PO3PO0JICHOMY BUMiPIOBAJILHOMY HMPUCTPOI 3 yPaXyBaHHAM BILJIUBY TOBEPXHI HAITIBIIPOBITHUKA.
KirouoBi ciioBa: MmoHoxpucman, weudkicms nosepriesoi pekoMOTHaYIl, ac HCUMMA.

Beryn

Y poborax [1-3] 6ys10 mokazaHo, 110 BBejIeHHST J1eMDEKTIB CTPYKTYPH B IPUIIO-
BEPXHEBUX ITap KPUCTAJIB MOXKE 3HAYHO 3MEHIIUTH Yac YKUTTS 7 1 Judys3iitHy
JIOBXKUHY MTPo0iry Lp HepiBHOBaXKHUX HOCIIB 3apsy. /1 6araTbox HamiBIpoBiI-
HUKOBUX MPUJIAJB (J10/iB, TPAH3UCTOPIB, TBEPIOTIIbHIX 1HKEKIIHHIX JIa3epiB,
OITOEJIEKTPOHHUX TPUJIJIIB) I TTapaMeTpl BU3HAYAIOTH POOOUl XapaKTepUCTUKI
i mpane3garaicTb. 3 iHIIOrO OOKY, KOHTPOJIIOYN 3MiHy 7 1 Lp Iij jiieio 30B-
HIIIHIX YMHHUKIB, MOXKHA JIOCJIJKYBaTH Iporecu audysii B KpUcTaaax, sIBUIIE
Jlerpajalil y Jaci, BUsHadaTh KIHETHYHI ITlapaMeTpu CTPYKTYPHUX 3MiH y HalliB-
nposiarkax. OCKIJIbKI 30BHINIHS Jist Ha KpucTaj (OMpOMIHIOBAHHST YaCTKAMU
BUCOKUX €HepTiil, JeryBaHHg JIOMINIKaMu, jJedopMallis Tpu HU3bKIX TeMIIepaTy-
pax) CIOHyKae reHepariiio JedeKTiB B IPUIIOBEPXHEBUX IApax, TO Y MPOIECi BU-
MiproBaHb 7 i Lp He0oOXiJIHO BpaxoByBaTH BILIMB CaMOl IIOBEPXHi, Jie IIBUIKICTD
pekoMOiHaIll § MoxKe OyTH 3HAYHOIO 1 OJIM3BKOIO JI0 MIBUJIKOCTI peKoMOiHallil He-
PIBHOBasKHUX €JIEKTPOHIB 1 JIPOK y MpHUIOoBepXHeBoMy Iapi. Tomy Bu3HaueHHns S
IIOBUHHE OYTHU CYIIyTHUM IIPOIECOM IIpK BUMIpIOBaHHSIX T 1 Lp.

© Yxkomos O.1., Hagrodiit B.O., Kamumber A.3., 2011
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dDizuka

OcHOBHA 4YaCTHUHA

Y Bijomiit jitepaTypi 3HafijieHl pimeHHd 3ajia4i A1 00UNC/IeHb S HalliBIPO-
BIJIHIKOBIX 3Pa3KiB IPOCTUX reoMeTprIHuX GOpM (TOHKIX HUTOK MPSIMOKYTHOTO
MOTIEPEYHOTO TIepepisy, TOHKKX miacTuH)[4]. 3araabhe XK pileHHst 3a/a49i CTOCOB-
HO PyXy €JIEKTPOHIB 1 JIPOK IIiJI JII€I0 €JIEKTPUYHOTO T0JIsI B OJHOPIJTHOMY Ma-
KPOKPUCTAJ JIOBLILHOI (DOPMU 3 ypaxyBaHHsM BILJIUBY IIBUJIKOCTI TMOBEPXHEBOI
peKOMOIHATIT eJTeMEHTAapHIMHI MeToaMu oTpuMaTh He MoxkHa|4]. CyTHicTb Brn-
BY ITOBEPXHEBOI PEKOMOIHAIIIT MMOJIATae B HACTYIIHOMY. ¥ PIBHOBAaXKHOMY CTaHi I10-
TIK JIIPOK, $K1 MJIXO/SATh JIO0 IIOBEPXHI KpHUCTaJia 7 -TUILY, IOBUHEH JIOPIBHIOBATU
IOTOKY JIIPOK, siKi pyXaloThCs Y 3BOPOTHOMY HalpsiMi. AJjie TIpu BiJXHUJICHHI BiJl
PIBHOBAsKHOT'O CTaHy IIi TOTOKW BXKe He KOMIIEHCYIOTh OJMH ofHOoro. Tomi aucyo
JIIPOK, IO 11a/1al0Th Ha OJIMHUYHY ILJOILY HOBEPXHI 3a OJIMHUIIO Yacy JOPIBHIOE
levtp, JIe V¢~ CEepeJIHs TEIIoBa MBUJIKICTD JIPOK, P - KOHIEHTPpallisd JipoK. Hucio
JIPOK, IO MM 3 MOBEPXHI 3a OJMHUITIO Jacy, Oyje JOpiBHIOBATH irvtp + s,
JIe T- BIPOTJHICTDL BIIOMBAHHS JIIPKHU, S - TeMI BUHUKHEHHS JIPOK Ha OJMHMUIL
IJIOMII MoBepxHi. B cTanil piBHOBArm MaeMo CIIiBBIIHOIICHHS

1 1

thpo = ZT’Utpo + S0 (1)

_ 1
ne s = 7(1 —r)vpo.
TakuMm 9MHOM, TEeMIT 3HUKHEHHS JIIPOK O1/Id MOBEPXHI S, BU3HAYAETHCS BUPa-

30M
1

Sa = 1(1 —1r)v(p —po) (2)
SIKIIT MOYKHA 3allICATH y BUMISIL S, = SAp, JIe S, Ma€ PO3MIPHICTh IBHIKOCTI
1 HA3MBAETHCS MIBUJIKICTIO IIOBepXHEBOI pekomOiHallil. PosrisinemMo Temnep, sikum
YUHOM II0BEpXHEBa PeKoMOiHallisl BILIMBAE Ha IIPOIEC BiTHOB/IEHHS piBHOBaru. Bi-
3bMEMO IIJIOCKY IMOBEPXHIO 1 Hexail o - BlJICTaHb BlJI IMOBEPXHI JIO JIeIKOI TOUYKU
y HaIiBIPOBIIHNKY. BIJINB MOBEpXHEBOI PEKOMOIHAIIT BpaxyeMo depe3 TpaHuIHy
yMoBy 1ipu x = 0, jie cripaBeji/iiBe CIIBBIJIHOIIEHH

dAp
— =sAp. 3
- p (3)
A jipyry rpanndiy yMoBy tnpuiiMemo, mo Ap — 7, (R - Temn pexombinarir),

KO & — OO . Taxkum 9MHOM, Ma€MO

styexp(—x/Lp)
Ap=R7, |1 - =L : 4
b T Lp + s7, (4)
a Besmanaa Ap npu x = 0, Apy, BUSHAYAETHCST BUPA30M
ST,
Apg=%Rr, [ 1 - —L— 5
Po T Lp + s7, (5)
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Ykomos O.1., Hagrodiit B.O., Kaaumber A.3. Busnadernnst mBuaKOCTI TOBEPXHEBOI

Cryniup 3menmenns Ap 3a/eKUTh BiJ| BiHOIIEHHS S$/U,, J€ U, - HIBHJIKICTS,
sika Jopisuioe Lp/7,. Axio s >> v,, 10 Apy ayzke Majie I 3MEHIIEHHs! KOHIIEH-
Tpallil Ha JJINIIKOBUX JIPOK II00JIM3Y IIOBepXHi Oy/e 3HauHnM. BkazaHi maTemaTu-
YHI BUKJIQJIKH € OCHOBOIO JIJIsi BPaXyBaHHS IBUJIKOCTI ITOBEPXHEBOI PEKOMOIHAIIIT
PN BU3HAYEHH] CepeJIHbOrO 3HAYeHHs 4acy *KUTTA T, /IS HaIlBIPOBIIHUKOBUX
IJIACTUH

1 1 s

% nla )

p p
Jle @ - TOBIIMHA IJIACTUHU. PillleHHs BiITOBIIHOT 381841 JI/Isi CTPUKHS TTPSIMOKY T-
HOT'O TIepepi3y BUSABIAETHCS CKIIHIIINM, OCKLJILKU JIOBOJIUTHCS BPAXOBYBATH PO3-
Mipu, bopMy i cTaH MOBEPXHI MIC/I PI3HUX CIIOCODIB 1OT0 06podKN. ToMy B KOKHO-
MY JIOCJIJIZKEHH] CJTL] TPOBOIUTH BUMIPIOBAHHS S €KCIIepUMEHTAILHO. &Y JTaHiil po-
60T 3aIIPOIIOHOBaHA METO/INKa BUMIPIOBaHb IIBUJIKOCTI TOBEPXHEBOI pEKOMOIHAIIIT
S Ha OCHOBI pO3POOJIEHOTO 1 BUTOTOBJIEHOI'O aBTOPAMHU BUMipPIOBAILHOTO KOMILIE-
Key. VY ftoro ckiaf (puc.l) BXOAATD: yHIBEpCAJbHIN TBOKOODJANHATHIUN CTOJIUK 13
3paskoM (1), ocsiTmoBad (2), mo dhopmMye By3bKYy CBITJIOBY CMyTy Ha MOBEPXHI
3paska, JI3epKajio Ha MIKpOJABUIYHI (3), mpu obepTaHHi sIKOrO MPOMiHb 30Y/KYe
OJIHOYACHO IMITYJTBCH CTPYMY B JIAHIIO31 POTO/1I0/1a 1 TeHepallilo HepiBHOBAXKHITX
HOCIIB 3apsijly y 3pa3Ky.

'

= :
2 | 5 | 162 e4— ] eH MITOE

SPAToK ral s o
1 5 275 ] 110 s

Puc. 1: [Ipunmnumnosa cxeMa BUMiPIOBAJILHOTO KOMILJIEKCY HMIBUIKOCTI ITOBEPXHEBOI pEKOMOIHAIIIT

doTomi0/IH] IMITYIbCH TO3BOJSIOTH CHHXPOHI3YBaTH PO3TOPTKY ociuiorpada
i reHepaTopa IMIIYJbCHIUX CUI'HAJIB, siKi depe3 BXiJl z ociuiorpada CTBOPIOIOTH
MiTkH dacy Ha ocrmyiorpami C'1 — 68 (puc.2,a). [lepemukaa Kul B mosoxeH-
Hi (6) 103BOJIsIE TIOIABATH HA BOJH(MPAMOBHUiT 30H/I-KOJEKTOD 3BOPOTHY HAIPYTY
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dDizuka

(1-1,5)B. Bemuauna crpymy Beranommoersest (1 —2)MA .V nosozxenni (B) mepe-
MukKada Knl ma meit ke 3011 MOXKHa T10/1aBaT KOpoTKodacHi ¢ = 0, 1c iMITyibcn
nanpyroio 308 s dopmyBanHs itoro kontakTy. [Ipu obepranni ja3epkaJia 1mpo-
MiHb CBITJ/I& IIBUJKO IIEPEMIINLYETHCS Y3/I0B2K 3pa3Ka, I'eHepy€e HEPIBHOBaKHI HOCIT
3apsily, siKi CTBOPIOIOTH iMITyJibcHUiT curaas ¢gporo EPC, nponopiiiiinnii iX KOH-
IeHTpallll y JIaHII031 30H/a-KOJIEKTOPA.

Ap(Re,3,1)

Puc. 2: Ocmtorpama doro EPC B miniitromy (a) i mHanimorapudmianomy (6) macirabi

3 onopy HaBaHTaykKeHHsS R1 B KOJIEKTOPHOMY JIAHITIOB1 IMITY/THCH HAIPYTHU 110-
narorbest Ha ocimorpad C1 — 68. B pesynbrari Ha ekpani ocumiorpada 3'ss-
JISIETHCsT KpUBa (puc.2,a), 10 € 3a/IeKHICTI0 KOHIIEHTPAIlil HepIBHOBAYKHIX HOCITB
3aps/ly BiJl Yacy B TOUIl KOHTAKTY BUMIPIOBAJILHOIO 30H1a. Hecumerpis curnaty
BIJIHOCHO IOYATKY BiJIJTiKY 00yMOBJIEHa THM, 1110 Judy3iiiHi MBUIKOCTI HePiBHOBa~
JKHUX HOCIIB 3aps/1y HallpaBJeHl B IPOTUJIEXKHI CTOPOHM BiJI CBITJIOBOI'O ITPOMEHSI
1 B OJIHOMY BHIIQJIKY CIIBIIaJIal0OTh 3 HAIIPSIMOM PyXy CaMol CBITJIOBOI CMYyTH, a
B iHIIOMY Bumiajky iffomy mnporumiexxui. Tomy crami gacy li/c i ly/c, Busnaueni
0 TaHTeHCY KyTa Haxmiay rpadika (puc. 2,0), € pisHuMU. 3aJeKHOCTI BUTJISILY
(puc.2,a) 3HIMAIOTE JJIsT JBOX 3pas3kiB piznol ToBmman d. Tol MmBHIKICTE mM0-
BEpXHEBOI PEKOMOIHATIIT

S

D didy 1 1
_ ) | (7)

C 2dy—dy \ L2, L2
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Ykomos O.1., Hagrodiit B.O., Kaaumber A.3. Busnadernnst mBuaKOCTI TOBEPXHEBOI

ne Lo, = /Il1ly 3HaX0IATHCA JJId JIBOX 3Pa3KiB Pi3HOI TOBIIMHU d. Y IBOMY 2K
eKCIIePUMEHT] BU3HAYAETHCA KoeilieHT binosiapuol qudysii D, ax

D=+ g (8)

Jle ¢ — MBUJKICTb pyxy HpoMensi. KoedinienT OinosgpHol audysii 3a orpuMaHi-
MU eKCIIepUMEeHTAJIbHIMI JaHuMu Jijist 3pa3ka n — Ge mapku ['E45r3 cranoBus
D = 80,57cm?/c npu MIBUAKOCTI PyXy CBITJIOBOrO IPOMEHs Y3I0BK HOBEpXHi
3paska ¢ = 42, Tvm/c.

BucaoBknu

Y poboTi po3podIieHa 1 BUTOTOB/IEHA YHIBEPCAJIbHA YCTAHOBKA JIJIsI BU3HAUCHHS
IIBUJIKOCTI ITOBEpXHEBOI pekoMbiHalil i KoedimienTa OinosisipHol judy3il B 1pu-
MOBEPXHEBUX ITapax HalllBIPOBIIHUKOBOTO 3pas3ka. I[lokazana MOKJIMBICTH Bpa-
XyBaHHS X TTapaMeTPiB MPU BU3HAYEHHI Yacy YKUTTS 1 JJOBXKUHN JTUdy3il Hepis-
HOBaKHUX HOCIIB 3apsry. OTpuMani eKClepuMeHTAJIbHI Pe3yIbTaTH JT03BOIAIOTH
KOHTPOJIIOBATH Mipy J1eEKTHOCTI IPUIIOBEPXHEBUX IapiB HAITIBIPOBITHUKOBUX
MaTepiaJiB, 110 HeoOXiTHe TTPU CTBOPEHHI MOBEPXHEBUX CTPYKTYP 1 ObaraTorapo-
BUX HAIBIPOBIJIHUKOBUX IIPUCTPOIB.

Jlitepatypa

|1] Hadmowuti B.A., Heusonod H.K., Tonodenxo H.H. VI3menenne BpeMeHn yKi-
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low temperatures // Functional Materials. — 2003. — V. 10, Ne 4. — P. 702
— 706.

[3] Nadtochiy V., Golodenko N., Nechvolod N.Recombination of non-equilibrium
charge carriers injected into Ge through intermediate defective layer //
Functional Materials. — 2005. — V. 12, Ne 4. — P. 45 — 50.
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BIIJIUB TEPMIYHUX 3MIH HA JUCJJIOKAIIINHY
CTPYKTYPY MOHOKPUCTAUJIIB LiF

BceranoBiieHo aHAITUYHY 3a/1€2KHICTD MLIHLHOCTI JIMC/IOKaIiil y MmoHokpucTtayiax LiF, gk dyn-
KI[ig Jacy BiJmaJry, 1o Ma€ eKcroHeHiaapbumii Burisa. [lonepeniit Bizgmas 3paskis LiF mpuso-
JIUTDH J10 301/IbIIeHHsT MiHIMAaJIbHOIO YKCJIa TEPMOIUKIIB, IIPU SIKOMY B KpHUCTa/aX CIIOCTepirae-
ThCsI PeHepallist HOBUX OJMHUYIHUX JTUCAOKAIN. 3a3HaTIeHO MOXKJINBI (DI3UYIHI MEXaHI3MU sIBUIII,
JKI CIIOCTEPITaIOThC TiJT Yac BiANay i HACTYIHIN TepMOIMKIiUHIi 00pOOIIi.

Kumo4oBi cioBa: LiF, ducirokauisn, 6ionas, mepmouursivha 06podka.

Beryn

Bimomo, 1o TepmivuHi 3MiHE, B TOMY 9YHCI pi3Ki (HAIPUKIIA] TEPMOIIUKIIN),
MOKYThb 3HAUYHO 3MIHIOBATH JUCJIOKAIIIHY CTPYKTYPY MOHOKPUCTAJIYHUX MaTe-
piaJis 1 BijgnosigHo ix disuuni Baacrusocri [1-9]. Bokpema aBropamut JaHOT PO-
ooru [1-3], mijg HayKOBUM KEpIBHUIITBOM JIOKTOPa (i3UKO - MaTeMaTHuIHUX HayK
npodecopa Heusosomom M.K., B pesyibraTi mpoBejieHUX paHille JI0CiIKEeHb,
Oys10 BCTaHOBJIEHO, 110 TepMmornkaigaa 06pobka (TTIO) mpussognTh 70 mMi7ABH-
IIeHHd MIJILHOCTI JMC/IOKaliil i3 30iabieHHsM rpajiieHta Temiepatypu AT i
eKCIIEpUMEHTAILHO BIU3HAYEHA 3aJI€XKHICTD IIbHOCTI aucaokamniit Bix AT . I1po-
decopom Heusomonmom M.K. Beranosseno, mo npu tepMormkiax AT piBHEX
50,100, 150°C', 3Ha4HO MiIBHUILYIOTHCA BIACTUBOCTI MIIIHOCTI MaTepiaJis, y To-
My 9HCJI O TTOB3YY0CTI B 061aCTI /il MeXaHI3My BHCHAYKEeHHsI JIUCIOKAIi [2,3].

[IpoTte cBiguens Mpo 3MINY AUCTOKAIIITHOI CTPYKTYPH B Pe3yJIbTaTi TepMIdHOl
Jil oOMerkeri. 30KpeMa, BUKJINKAE BEJIUKUI IHTepec eKCIepUMeHTAIbHO 3'sICyBa-
TH 3aJIE2KHICTh 3MIHU MILIBHOCTI JUC/IOKAIIil p Bl dacy Bianay thn KpUCTa-
JIYHUX MaTepiaJiB, a TaKOoxK JIOCIIIUTH 3a/eKHICTh MIHIMAJILHOIO YHCJa Tep-
MOIUKJIB Npip NPH SIKUX 3’SIBJIAIOTHCS HOBI JUCIOKAI] JIJIsd 38/IaHO01 BEJIMINHN
tepmorukiaa AT . 3’sicyBaHHsI BKa3aHUX 3aJ€2KHOCTEl 1 € METOI0 JIaHOl POOOTH.

© Heusonoxg M. K., Mukura P.B., Mockasis 1.C., Ykomos O.1., Kamumber A.3., 2011
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Heusosnon M.K., Mukura P.B.,... Brms tepMmidHUX 3MIH HA JUCJIOKAIIHHY CTPYKTYDY

OcHOBHA 4YaCTHUHA

Hocnipkenns mpoBoguincs Ha MoHokpucrasiax LiF. 3paskn posmipom 4x5x7
MM PO3KOJIIOBAJIMCS 110 IJIOHIMHAX CIIAfHOCTI 1 IOTIM BIJIIIAJIIOBAJIN IIPU TeMIlepa-
Bigm = 0,5 rom; 10 roj; 24 romu.
[IIBuiKicTh HArPIBAHHA 1 OXOJIO/ZKEHHS JI0 1 Micjsd Binaay He nepepunryBaJsa 30
rpaji/Toi. Sk mucaokaniitHuii TpaBHUK BHKOPUCTOBYBABCS CJIAOKHUiT BOAHUIT PO3-

typi 600°C’ mporsiroM pizHoro wacy Bimamy t

qun FeCls [10], tpaBuuk [inmana - [Ixxkoncrona. CrioctepeskeHHsT JTUCTOKAITIH-
HUX CTPYKTYP 3JificHIOBaJIICS 110 pirypax TpaBJeHHs 3a JOIIOMOI'0I0 MeTaJjorpa-
dignoro mikpockora MIM-5, 3’eananoro 3 mudposoio porokameporo OLIMPUS-
FE140 3 mogaabmM KOMIT IOTEPHUM aHai30M (OTO3HIMKIB. [loyaTkoBa MIiIb-
HicTh muciokaniit 4,5 -10° cm 2. IToxubKa BUMipIOBAHHS IIIJIBHOCTI HCIOKAILii
He nepesunLysaaa 3%.

[Toasibitie TepMivHe NUKJIYBAHHS 3pa3KiB, M0 HE BIIIAJIIOBAIUCA 1 BiJIIAJIIO-
BaJIICH, TIPOBOJINIIOCH TIpH TeMiepaTypromy inTepsasi mnkiay AT = 50°C . O6pa-
HUII TeMIlepaTypHUl iHTepBaJ/ BUKJ/IIOYAE HAWOLIbIII IIBUJIKE 3POCTAHHS IIIJIbHO-
CT1 JINCJIOKAITl B yMOBax Pi3KOro Iijicujaenns TeMuepaTypu, mo g LiF ckianae
menme 100 + 150°C' [1], sx 6y/10 nokaszano panime i ony6iikoBano npodecopom
Heusosnogom M.K. Ta cniBpobitaukamu. [Ipu BKazaniit TeMrepaTypi 3pa3ku BH-
TPUMYBaJNCA B MyesIbHiil medi 5 XBUJINH 3 MMOJAAJIbIIIM 3aHYPEHHAM B TaHY UM
mig. Yac surpumxn npu 0°C' ckinagano 5 cek. [IpoMizKoK dacy MizK 3aKiHUeHHIM
HArpiBy 1 MOYATKOM OXOJIOJIZKEHHs CKJIaJia1o He Olibine 3-X cekymnji. [lo amkax
diryp TpaB/ieHHsI BU3HAYAJIOCS MiHIMA/IbHE YUCI0 HUKIIB Ny, IPHU SIKOMY BHHU-
KalOTh HOBI JIMCJIOKAI] Y BUOpaHOMY HaMK TEMIIEPATyPHOMY PEXKUMI TEPMIUHIX
mukJ/is AT . Temneparypa KOHTPOJIOBAIACS 32 JOIOMOTOIO JIBOX TepMoIiap.

30 ™M
f—]

Puc. 1: /luciokariitna cTpyKTypa, oTpuMana Ha 3pa3kKy LiF xiMiuamm TpaBiieHHAM:

a) 5o Bigmamy; ©0) micas Bigmasy tgign = 24 TOJ, CTpiNKaMu BKasaHi JHCIIO-

KaIlil, 1o BUUIILIN B pe3yIbTaTi Binasy

Bumyck Nel, 2011 89



dDizuka

CrocreperKeHHs 3a JIMHAMIKOIO JIUCIOKAIIHOI CTPYKTYPH B Pe3yJ/IbTaTi Bijiia-
ny 3paskiB LiF, y Bubpanux nHamum inTepBajax dacy thH, IoKazaJin, Mo IlJIb-
HICTH JMCJIOKAIil p Tmicad Takol Jiil 3MmeHnyerbesd. Lleit edpekT ocobmBo 1mpo-

SIBJISIETHCH 13 30LIBIIEHHSM TPUBATIOCT] BiAJY, a HOBI JUCJIOKAIN] He BHHUKJIH
(puc.1).

PPg
1,02

0,98
0,96
0,24
0,92
0,9
0,88
0,86 _
0,84 >—
0,82

Q 3 10 15 20 25 30

I, MO
Puc. 2: BanexnicTh BiIHOCHOT MLIBHOCTI AUCTOKAI Bl 9acy Bigmasy 3paskis LiF.

Ha puc. 2 npejcrapiennii rpadik 3a/1e:KHOCTI BiJHOCHOI IIIJILHOCTI JIHCJIO-
Katiit p/po (me po — movyaTkoBa IMIIBHICTH JUCIOKAIN 70 Biamasy) Bl dacy
BLJIITIAJTY thH.

Anastiz orpuMaHOl eKCIIepUMeHTAIBLHOT 3aI€2KHOCTI J03BOJISIE 3POOUTH BICHO-
BOK, SIKUI TJITBEP/ZKYETHCSI KOMIT FOTEPHIM MOJICJIFOBAHHSIM, 1110 BiJITHOCHA IiJIb-
HICTb JIUCJIOKAIIll IPU PI3HUX 1HTepBaJiax 4dacy BlJIAJIy 3MEHIIYEThCs 110 €KCIIO-

HEHIIaJIbHOMY 3aKOHY, piBHsiHHs (1):

_at .
P _ e BLII (1)
Po
Jle v — KoeiIieHT 0YeBUJIHO, 3aJIeXKHII BiJl TOYaTKOBOI CTPYKTYpPH MaTepiasy i
IHIIUX TapaMeTpiB KPUCTAJIYHOI PEITKHU.
HaYeHHsI I[bOTO K lIieHTa, Ha HAII MKY, MOKHa& BU3HAUNTHU 1BHSTH-
SHaue Oro Koe €HTa, Ha Ha , MOYKHaA BU3HA 3
a1 (1) mrsixoM o0y moBU JIorapuMITHOT 3a/1€2KHOCT, BIIIOBIIHO JI0 MOKA3aHOT

3aJ1e2KHOCTI (2):

lnﬁ = —ot

Po

TYT (@ — TAHIEHC KyTa ¢ HaXWIy [psMOl B KoopjuHaTax Inp/pg, 9K QyHKILsA
BIJI yacy ginm -
3 rpadika OTPUMAHOIO 3a eKCIePUMEHTATLHUME JaHUME (puc. 3) JJisi MOHO-

kpucraiis LiF 6y1a Beranosiena sesmanna Koedinienta o pisaa 0,39 rog ! .

BIJIIT (2)

90 36ipHuK HayKOBHX Ipalb ¢izuko-mareMarudnoro dakyaprery CHIIY



Heusosion M.K., Mukura P.B.,... Brms tepMmidHUX 3MIH HA JUCJIOKAIIHHY CTPYKTYDY

5 10 15 20 25 (|

0,05 T

01 T~

0,15 -

0,2

In(p/po)

Puc. 3: 3anexnicts jorapudma BiIHOCHOI MILJIBHOCTI JuC/IOKaIii Bijx dacy Biamasy. Ilo tan-
FeHCY KyTa HAXUIy (0 BU3HAYAECTHCH BeJMINHA KOoedillieHTa o

Puc. 4: Jluciokarniitna ctpykTypa, orpuMana Ha 3pa3ky LiF ximiuaum TpaBienHsaM (CTpiikoo
BKa3aHO MOSIBY HOBUX JIMCJIOKAIIiiT):

a) 6e3 Bigmanay; 6) ra x nosepxus micyas TIIO ( Ny, = 4) y npaBomy HU-
JKHBOMY KYTKY 30LIbIIeHuii pparMenT 3 HOBUMU JIUCIOKAIISIME

Ha puc. 4 npegcrapieHi pe3y/ibTaTi CTPYKTYPHUX JOCJIIJI?KeHb HE BijIITaJIeHIX
3pa3kiB LiF, mijgmanux TepMivniil mil.

3 HOpiBHSIHHST TOYATKOBOI CTPYKTYPH 3pa3KiB (puc. 4, a) i CTpyKTyp OTpuMa-
HIX HicJis KozkHOro TepMivnoro mukiy npu AT = 50°C HaMm BCTaHOBJIEHO, IO
HOBI JIMCJIOKAINT TeHEPYIOThCST IPOTSITOM YeTBEPTOr0 TepMONUKIy (puc. 4,0).
Omxke B nanomy Bunaiky Ny, = 4.

B pesyibrari anamizy auciaokariiiaux crpykTyp (puc. 5), mpoBejieHoro i-
cast THO s 3paskiB, BigmaaeHIX IPOTITOM thH = 0,5 rom; 10 romx; 24 rog,
3’dCOBAHO, 10 MiHIMaJIbHE YUCO NMUKJIIB, MPU IKUX BUHUKAIOTH HOBI OJIMHUYHI
JICJIOKAIIT, BIAOBIAHO HOpiBHIOE: Npin = 4;6; 8.
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30 ME™m
| —

I Mk™m

Puc. 5: Jlucyiokarniitna cTpyKTypa, oTpuMana Ha 3pa3kKy LiF xiMiuamm TpaBiieHHIM
(cTpiaKaMy BKasaHa I0siBa HOBUX OJMHUIHUX JIMCJIOKAIii):

a) micias Bignasay nporsrom 0,5 1o/
6) micas Bignanay nporsrom 0,5 rog i nogaabimomy TIHO (Npn = 4);

)
B) micss Bianasay nporsirom 10 rog;
r) micas Bigmany nporsirom 10 rog i nogasnbimomy TIHO (N, = 6);

1) mmicss Bignasy mporsrom 24 rof;
e) micss Bigmasny nporarom 24 rog i nopanasimomy THO (Np, = 8).

3a OTPpUMaHUMHN CKCII€EpUMEHTaJIbHUMW JaHUMHW, HaMW HO6y,ZLOBaHa 3aJie-

KHICTD Nppin = f (g IIH) (puc. 6). 3Bijcu MOKHA 3pOOUTU BUCHOBOK, 110 3011b-

IIeHHsI Jacy Bijlajy HPUBOAUTH 0 301IbIIeHHS UNUCAa TePMOUUKIB Ny, HIpU

JKIX MOYNHAIOTH BUHUKATH HOBI JMCJIOKAIII].
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.‘llrm 10

8 ] -

0 5 10 15 20 25 30

I, rom

Puc. 6: MinimaJibHe 9uC/I0 TEPMOIUKIIB, IPU AKOMY 3 SIBJIAIOTHCA HOBI OJIMHUYHI JIMCJIOKAITIT
sK (PYHKISA BiJl 4acy morepeHboro Bimmasy 3paskiB LiF.

Ha nmanwmit yac, B pe3sy/braTi ony0O/iKOBaHUX JI0C/IXKeHb 11podecopa Heuro-
nona M.K., npodecopa Hagrouis B.O., npodecopa Tuxonosa JI.B., siorcbkoro
npodecopa Tommuuopi Taimu, kauguaara ¢iz.- mat HaykK MockaJist [1.C. Ta iHmmx,
Bijomo |1 - 4, 6 - 8, 10 - 13|, mo hisudni BIaCTHBOCTI KPUCTATIIHIX MaTepiaib
3aJiexKaTh He JIMIIe BLJI MILJIBHOCTI JUCIOKalllil, ajie 1 BlJl XapaKTepy 1X pO3HOILITy
B 00J1acTi Kpucrtasa. [cToTHy poJib rpae i Te, Mo JUCIOKAIT B KPUCTAJ B3a€MO/Ti-
IOTh 3 TOYKOBUMHE JieheKTaMu (HAIPUKIIA] 3 aTOMaMi JOMIMIOK ). [IpuposHo, 1o
MOBE/IIHKA aHCAMOJIIO JINCIOKAIIIH TPy pisHUX (DISUIHUX JistX (€TeKTPUIHIX, Me-
XaHIYHUX, TEIJIOBUX 1 TOMY HOJi0HEe) 6araTo B YOMy BH3HAYAETHCS THHAMITHIME
BJIACTUBOCTSIMI OKPEMUX Jnc/IoKariii |6, 7).

ucokalil He € TepMOJuHaMIgHO piBHOBakKHUMHU JedexkTamu. [Ipu BrCOKO-
TeMIlepaTypPHOMY BiflaJjil KpUCTaJja B HbOMY IIPOTIKAIOTh IIPOILECH, 3 OJHOI'O DOKY,
MPU3BOJSATE /10 OLIBINT PIBHOBAXKHOTO PO3MOJILIY JUCIOKaIiil B KpucTasi (y ToMmy
quei gepes Te, M0 JIUCIOKAIll € CTOKAMU TOYKOBUX JedeKTiB). 3 iHIoro 60Ky,
BHCOKOTEMIIEpATYPHUIl Bija HPU3BOAUTEL JI0 3MEHIIEHHsI IIIJILHOCTI J1edeKTiB
JICJIOKAIITHOIO THITY, [0 B OCHOBHOMY IIOB’SI3aHe 3 aHITiJISII€I0 AUCIOKAIi pi-
3HOI'O 3HAKY 13 BUXOJIOM JIMCJIOKAIll Ha BlJIbHI ITIOBEPXHI KpHUCTAJIa.

[cHyBaHHs CIIEKTPY PO3MOJLITY JHCIOKAIiil 1Mo eHepriax aktusariil [3| 6araro
B UOMY BH3HA4Ya€ JUHAMIKY CTPYKTYPHUX 3MiH KpUCTaJidHOl pemniTku. Jlucioka-
11i1, 1110 MalTh HUKYY CTapPTOBY €HEPrilo aKTUBallll, BKJIIOYAIOTHCS B 1eil 1poliec
nepuMu. 301IbIIeHHS Yacy BiAaJy IPU3BOJIUTD JI0 iHIIai3allil MpoleciB cTpy-
KTYpPHOI 11epeOy/I0BH, y TOMY YHC/I 1 338 paxXyHOK 3MEHIIeHHS IIIJIbHOCTI JINCJIO-
Kalliif 3 BUIIOIO CTApPTOBOIO eHeprieto akTupaliil. O4UeBUIHO, HUMHU IIPOIECAMU B
OCHOBHOMY 1 IOSICHIOETHCS 3aKOHOMIPHICTH, Ky MU CIIOCTEPIra€MO, 3MeHIIeHHs
IIIJIBHOCTI JIMNCJIOKAIIii 1pK 301/IbIIEHHI Yacy BijaJy.

Hacnigkom Bkazanmx (pizmaHUX MeXaHI3MIB BiJay, MaOyTh, € 1 OLJIbIIT BU-
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Il BJIACTUBOCTI MIIHOCTI BiJllajeHuX KpHUCTaJiB. 30KpeMma, B IIpolieci Bijanajay B
Iepiry 4vepry, O4eBUJIHO, 3MEHIIYEThCI IIIJIbHICTD JIEIKO PYXOMUX JIMCJIOKAIIiii,
SK1 BIJITIOBLJIAIOTH 3 3aPO/zKEHH 1 PO3MHOYKEHHS HOBUX JIMCJIOKAIlil Tpyu HUK Y1
TepMiuniit Harpy3i B nporeci TIO. Ak cBiguars pe3ysbraT HAIUX JOCJIIZKEHD
KIJIbKICTh TEPMOIMKJIB IPU sIKiil BiIOYBAE€ThCs 110siBa HOBUX JIMCJIOKAIIIll MaKCHU-
MasibHa ( Vi ) ¥V 3PA3KIB 3 HANMEHIIIO TIBHICTIO JUCIOKAIT, OTPIMAHOIO MPH

TPUBAJIIIOMY MOIEPEJIHBOMY BlJITIAJIEH] = 24 roj, nus. puc. 4 i puc. 5).

<tBi,ZLH

OueBUHO 1€ MOXKHA MOSICHUTH 1 TUM, IO JIJIsi aKTUBAIl JizKepes HOBUX JIMC-
JIOKAIIiil B 3pa3Kax, 110 3a3/1a/1eri/Ib Bi/IIAII0I0Th, IIOTPIOHA BeJINKa eHeprist TepMi-
qyHol Ail. Tomy HIIbHICTE HOBUX JMCJIOKAILM, 10 3’ ABUJINCA HPH Npyip , OLIbIIE B
3pasKax Iiji[aHuX TPUBAJIIIOMY [OIepeIHbOMY Bifnasy (mus. puc. 4 i puc. 5). 3
podiT, 3okpema Tuxonosa JI.B. Xapwskoroi I'.B., Heusosioga M.K., Haxrouig B.O.,
Mockass JI.C. ta inmux, Bigomo |6, 7|, mo npu TIO B kpucTasax BUHUKAIOTH
TeMIlepaTypHi I'paJlieHTH, 110 MPUBOJIATDH JO HEPIOIUYHO 3HAKO3MIHHOI HAIIPYTH,
aAMILTITY1a 9KOI, siK IIPAaBUJIO, MaKCHIMAaJIbHa 110013y BiJILHOI IIOBEPXHI KPUCTAJIA.
Y 3pazkax, M0 BIAMaJIOI0THC, 3HATHO MeHIe MIJIbHICTL TMOBEPXHEBUX JZKEPe
JnedeKTiB, y ToMy 4Yuc/I aucaoKarii i Bakanciit. OT:ke, B 3pa3kax, 10 Bijmasio-
I0Th, 3HIKYETHCA ePeKTUBHICTH pOOOTH TaK 3BAHOTO <« TU(y3iiiHO-BAKAHCIOHHOTO
racoca» [12,13], momesb sikoro 3amporonoBana mpodecopom Asboxinnm Basien-
tunoM IlaBroBudem, micto Mocksa.

Bucaosknu

Bkazani isnuni MexaHi3MU 1 JieXKaTh B OCHOBI OJIepKaHUX HaMU PE3YJIbTaTiB
JIOCJIJIZKEeHb 110 BILJIMBY TEPMIYHMX 3MIH Ha JIUCJIOKAIIHY CTPYKTYDPY KpHUCTaJIi-
JHUX MaTepiagis. Moxaa 3poOUTH BUCHOBKMU.

1. ¥V pocaimkeHHSIX TpoBeAeHNX HaMH Ha MoHOKpucTasiax LiF Bcranopiena
aHaJIITIIHA 3aJIE2KHICTD ILJILHOCTI JINCIOKAIlN K (PYHKIIIS Yacy BiJIaJry, Mo Mae
eKCITOHEHIIaJIbHUN BUTJISL.

2. Ionepenniit Binas 3paskis LiF npusBoauTh /10 3011bIIEHHS MiHIMAJIHHOTO
YucJaa TEPMOIUKIIIB, 1IPU SIKOMY B KpUCTaJaX CIIOCTEPITaeThCs T'eHepallisd HOBUX
OJINHUYHUX JTUCJIOKAITII.

3. Bxkazani MoxKUBI (hi3nvHI MEXaHI3MU ABUIII, 5IKi CIIOCTEPITAIOTHCS TPU BiJI-
naJi i moJasIbImiil TepMOIUKIHYHI 00pOOILi.

4. IlpakTuuHa BaK/JIUBICTH IIPOBEIEHUX JOC/II?KEHb I0BEIIHKN Je(eKTiB B
KpHUCTaJax IIpu TEPMIUHUX MUKJIaX BU3HAYATHCA TAKOXK TUM, IO B MOJIOHUX YMO-
BaX MPAIIOIOTH JIETAT CyIacHIX MAIINH | MeXaHi3MiB, 30KpeMa (JIOTaTKu aBiariii-
HUX Ta30TYpOIHHUX JBUTYHIB, BAJKN CTAHIB Tapsadol MPOKATKM, IITAMIIN 1 T II.).
Orpumani pe3ysabTaTi HeoOXiTHO BPaxXOBYBATH IIPU PO3POOIL TEXHOJIOT BUTOTOB-
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JIEHH$ HaIlBIIPOBIIHUKOBUX INPUJIa/IIB - OCHOBU Cy4aCHOI €JIEKTPOHHOI TEeXHIKH.
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KOOIIEPATUBHBIE B3AMOJIENCTBIUA B MOJIEKVJIE
AJIBOA-CIINPAJIBHOTI'O BEJIKA.

MexaHI3MBI TTPOTECCOB CBOpPAYMBAHUs OEJTKOB B ONTHMAJILHYIO CTPYKTYPY — OJHA M3 CAMBIX
CJIOXKHBIX 1TpO0JIeM coBpeMeHHO# Onodusnku. OMH U3 3JIEMEHTOB IPEJIIoIaraeMblX MeXaH3-
MOB — KOOIIepaTUBHbIE IIPOIECCHI, T.€. IPOIECChl B KOTOPbIE BOBJICYCHBI OJTHOBPEMEHHO HECKOJIb-
KO MOJIEKYJIIPHBIX IpyIil. B nanHoit pabore crodia 3ajlada B paMKaX METO/a MOJIEKYIdPHOM
JIMTHAMUKU HAUTH CIIOCOOBI HAOJIIOEHUsT KOOIIEPATUBHBIX IPOIECCOB B MOJIEKYJIE, a TaKzKe UC-
CJIeJIOBATh BJIMAHUE HA HUX PA3JIMYHBIX BO3JIEHCTBUI U OCOOEHHOCTEN MEPBUYHON CTPYKTYPBI
MOJIEKYJIbI. B pesyibrare 1 MOJIEKYJIBI, COCTOSINEN M3 YeThbIpex asbda-crupaseil yIaJIoch
[I0Ka3aTh, YTO B3aUMOJEHCTBUA CIUPAJIBHBIX YYACTKOB HOCAT XapaKTep KOOIepaTUBHBLIX B3a-
UMOAEHCTBUN U MOI'YT 3aBUCETH OT MOJICKYJIAPHBIX I'PYIII, OTCTOAIIMUX OT 3TUX y4aCTKOB Ha
OO0JIBbIIIE PACCTOSTHUSI.
KanroueBbie ciioBa: mosekyiapnan JuHamMura, 6eAku, KOONEPAMUGHbLE NPOUECCHL.

CpopaunBanue 0€JKOB — OJUH U3 (DYHAMEHTAIBHBIX MPOIECCOB B YKUBBIX
opraHu3Max. XOpOIIO M3BECTHO, YTO AMUHOKHICJIOTHBIE IOCIEI0BATEILHOCTH 1
IIPOIECCHl CBOpaYMBaHUsl OEJIKOB OINTUMU3NPOBAHBI BO BCEX OpraHU3Max, OjiHa-
KO TIPUPOJIa ITUX MEXAHM3MOB OCTAETCS HEU3BECTHOMN, XOTS HEKOTODPBIE YCIEXU B
HMOHUMAHUN TAaKUX [IPOIECCOB MMEIOTCS.

B gacTHOCTH, €CTH TOHUMAHNE, YTO JIOJIZKHBI CYIIIECTBOBATH MEXaHIU3MbI, YCKO-
pAIOIIUe MOUCK ONTUMAILHON CTPYKTYPbl. OJMH U3 3/IEMEHTOB TAKUX ITPEJIIIoJa-
raeMblX MEXaHI3MOB — KOOIEPATHUBHbBIE MPOIECCHI, T.€. MPOIECCHl B KOTOPbIE BO-
BJIEUCHBI OJIHOBPEMEHHO HECKOJIBKO MOJIEKYJISIPHBIX I'pyIiil. Vjes o Kooneparns-
HOCTHU TIpoliecca caMocOOpKHU Oesika B TOW MJIM MHOM cTeleHn paspadaTbiBajiach
muorumu apropamu /1-3/. B uacrnocru, usn /2/ obparun BHUMaHUE Ha TO,
YTO B CYIIECTBYIONNX MOJIEISIX KOOIIEPATHBHOCTDL HOCUT JIOKAJILHBIH XapakTep. B
caMoM JIeJie, eCJIn HHTEPECOBAThCs TOJIHLKO TAKUME YIIOPSI0YCHHBIMU YIACTKAMM
OeJIKOBOIT TIeln KaK CIUpPaJIi, TO KayKJble YeThIpe COCEHUX B aMUHOKHUC/IOTHOM
MOCJIEIOBATEILHOCTH AMUHOKUCIOTHBIX OCTATKA OBICTPO HAXOIAT KOH(MOPMAIIUIO
CIUpPAaJIN, CTAOMIM3UPOBAHHON BOJTOPOIHBIMU CBIA3SIMHU.

© I'pynckas M.B., Koctukos A.Il., 2011
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JIOKaJIbHOCTD MOMCKA ONTUMAJIBHON KOH(pOPMAINK 03HAYAET JIOKATHHOCTE OT-
HOCHTEJIbHO MEPBUIHON CTPYKTYPHI (yIaCTBYIOT TOJBKO COCEHUE B e aMITHO-
Kucst0Thl). OMHAKO KpPOME JIOKAJIBHOM KOOTEPATHBHOCTH CJIEJYeT yIUTHIBATEL U
BO3MOXKHbBIE HEJIOKAIbHbBIE B3anMo,lelicTBIsA. IMeHHO OHI MOTYT TPUBOIUTD K T10-
SIBJIGHUIO PA3JINYHBIX (DOPM TPETUIHONH CTPYKTYPDI.

B narmeit pabote cTosijia 3ajlada B paMKaX MeTO/la MOJICKYISIPHON JTUHAMUKI
HaTH CIIOCOOBI HAOJIOEHNST KOOMEPATUBHBIX ITPOIECCOB, a TAKKe IOIbITaThCA
BBISICHUTH, KaK 3aBUCAT KOOIEPATUBHBIE ITPOIECCHI OT PA3IUIHBIX BO3JIeHCTBHI
Ha MOJIEKYJIY U OT OCOOCHHOCTEl ee NMepBUYHON CTPYKTYPHI.

B kavecTBe uccjejryeMoii MOJIEKYJIbl Mbl BBIOPAJIN MOJIEKYJTY, COCTOSIIYIO U3
JeThipex ajibda-crupaJeil, 00pa3yommnx KOMIIAKTHBINH «ITy4deK», KoJ| Oe/ika B 6a3e
nanubix 0ekoB — INTI. Besok 1INTI cocronT u3 86 aMUHOKHCIOTHBIX OCTATKOB,
1391 aroma, mosekyadapubiit Bec-9932 lanbron. Kro ammnokucioTnas mocseno-
BaTeJILHOCTb B BUJIE OJIHOOYKBEHHBIX KOJIOB IIPEJICTaB/IeHa HUKE.

scop (Y | = C O A i TG T O i (171 0
ilSS'P —_—1 _n— J

FOE SQOAEFDKAAEEVKHLKTKPADEEMLFIYSHYKQATVGDINTERPGMLD FKGKAKWD AWNE
FDB 4 10 20 30 a0 50 60’

scop A IZETAYindiNgINTotein] (R
dssp [y, S— e
FOE LKGTS KEDAMKAY IDKVEELKKKYGI
FOE g1 70 50 56

st mcenenoBanuii ucnosb3oBascst mbo Gemok INTI (puc.l), 6o ero my-
TAHTBI, T.€. IPOU3BO/IHbIE OEJIKA, B KOTOPBIX MCXOJIHbIE aMUHOKHC/IOTHBIE OCTATKN
MBI 3aMEHSIIN Ha OCTATKU JIPYTUX aMUHOKHUCJIOT. Kax mpaBujio, mpu MyTaIlsX
MBI 3aMEHsLTI HATHBHbIE (MCXO/HbIE, €CTeCTBEHHBIE) OCTATKI HA OCTATOK AJaHUHA.
DTa mpolieypa oTparkaJiach B Ha3BaHUsIX MyTaHTOB-OejikoB. Hanpuwmep, HazBa-
aue P44A osnauaer, aro 44-ii octatok P (proline)-nposmin 3aMeneH Ha octaTok A
(alanine)-ayiaHuH.

Moustekyiisipao-iuaavuaeckoe Mogesnunpoanne (MJIM) BbimosHsim ¢ moMo-
mpio porpamMbl NAMD /4 /. Jlist Bo3seiicTBuil Ha 6eJI0K, IPUBOJAIINX K HAPY-
IIEHUSM €r0 IMPOCTPAHCTBEHHON CTPYKTYPbI, UCIOJIH30BAJIM KaK MOBBIIIIEHNE TeM-
nepaTypbl 00pasia, TaK U MeTOJbl MEXaHMIeCKOr0 BO3JAEHCTBUS Ha MOJIEKYJIbI -
yipaBiisieMyto MoJiekysipayio quaamuky (YMJI). Tlponemypa mogroroBku Moste-
KYJIbI K MOJICJTUPOBAHUIO (CUMYJISIINI) JTHHAMIKN [TPOBOJINIACH 110 HAIlel CTaH-
JapTHON MeTojmKe /6/, KOTopasi COCTOsiIa U3 CJEAYIONX 00sI3aTeIbHBIX PO~
1eJIyp: PacTBOPEHUe B BOJe, NIPUBEJIEHE B paBHOBECHE CUCTEMbI OEJI0K-BOJA IIpU
HOPMAJIbHBIX YCJIOBUsIX (TeMiieparype u jgasjenun). [Iporemxypsr Y M /I 6bu1n ana-
JIOTUIHBI [IPOTIETypaM, pazpaboTaHHbIM panee /7/.
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Puc. 1: IIpocrpamncrsennas crpykrypa mosiekyiabl 6enka INTI. OcHoBHasg 9acThb MOJIEKYJIbI

IOKa3aHa B BUJE CILIONIHOM JieHTHhI, 4 anbda-cimpain obosnadensl Al, A2, A3, A4. Amuno-

kucsoraele ocrarku 1LE27 (127), ILE39 (139), PRO44 (P44), VAL77 (V77) noka3anel B Bu/jIe

HAaOOpa CBs3eil. YKa3zaHHbIe OCTATKN B MoJieKyiax-MyTanTax 3ameHsin #Ha ALA. Pucynok mo-
JIy9deH ¢ moMoIbio nporpamybl VMD /5/.

[TockostbKy HaIleil T/IaBHOM 3a/1adeii ObLIO HE TOJBKO OOHApYKEHHe, HO U I10-
cJIeTyIoNee NCCae0BaHne KOOIEPATHBHDBIX ITPOIECCOB B MOJIEKYJ/Ie OeTKa, MBI MC-
caepoBasin 6eytok INTT u ero myranThl Bcemu JIocTyHbBIMUI HaM MeTojgamu. [Tocie
aHaJln3a Pe3y/IbTaToB, IOJYYeHHbIX METO/I0OM YBeJUUYeHUs TeMIIepaTyPhl, Mbl [IPU-
IIJTH K BBIBOJLY, UTO HAOJIOAEHIE KOOTIEPATHBHBIX ITPOIECCOB MPU 9TOM BO3MOYKHO,
OJTHAKO TaKue IMPOTECChl CYIEeCTBEHHO MACKUPYIOTCA OOJIBITIME (PJIyKTYAIIUSAMI
CTPYKTYPbI MOJIEKYJIbI.

[Ipu ucnosp3oBanun Meroja Y ML Hanbosiee OTYETIUBBIE PE3YABLTATHI ObLIN
MOJTY9eHBI NIPU PACTATHBAHUN MOJIEKYJIbI C TOCTOSTHHON cKOpocThio. Ha puc.2 mo-
Ka3aHbl PE3YJIBTATHI PACTSIKEHNUST ¢ OCTOSTHHOMN cKopocThio 0,5 AHrerpem /e st
mMoJstekysbl INTT.

Ha nem orobparkeHbl PACCTOAHUS MEXKJTY CHUPAJTHLHBIMU yUacTKaMU B TIapax:
A1-A2 (Bepxuuit JieBbrit), Al-A4 (Bepxunii npasbiii), A2-A3 (HIKHUI JIEBbIi),
A2-A4 (HuKHUI TPABBIIL).

3 pucynka BujaHO, 4TO B TeueHne nepsbix 100 1c Bce nsmepsieMble paccTosi-
HUsT OBLIN HEM3MEHHBI 1 COCTaBJIA/N OKOJI0 10 AHreTpeM, T.e. pacTszKeHre MOoJie-
KYJIbl HE KacaJIoCh B3auMOJIEHCTBII MEXKTy ee CupaJbHBIMU ydacTKamu. B jina-
nasone Bpemenn 100-300 ¢ paccrosinne A2-A3 ocTaBaioch HEU3MEHHBIM, OCTAJIb-
Hble — yBeqnauBasnch. B nnamazone 300-500 e paccrosinne A2-A3 magasio yBe-
JINUNBATHCH, Ipn 3TOM paccrosiiune Al-A2 mepecrasio n3MeHsIThCs1, cocTanistyio 60
Anrcrpem n ocraBasioch Hem3dmeHHbIM 70 H500-it tukocexkynibl. [Tocse 500 1c Bee
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PACCTOAHNS YBEJININBAJINCH TPAKTHIECKN CHHXPOHHO. TakumM obpasoM, Hanbosee
NHTepecHbIM siBiseTcs muanaszon oT 100 mo 500 me. B sTom amamazone koore-
PATUBHBIN XapakTep CBsI3eil MexK/ly crupasbHbiMu yuacTkamMu A1-A2 u A2-A3
IPOSIBJIAJICS OYeHb YETKO.
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Puc. 2: SaBucumocTn OT BpeMeHH PACCTOSHHUI MeXKJIy CHUPAJIbHBIME yIACTKAMU MOJIEKYJIBI

INTI npu pacTsizKeHun MOJIEKYJIbl ¢ HOCTOSHHOI ckopocThio 0,5 Anrcrpem/mnc npu 300K.//

Bepxuuii JjieBbiit pucyHoK — paccrosaue Mexry cnupajsvmu Al u A2.// Bepxuuii npasbiii pu-

CYHOK — paccrostaue Mexiy crmpasiamu Al u A4.// Hukuuii jieBblii pUCYHOK — pacCTOSHUE
mex ity crimpaiasmu A2 u A3.//

Becbma 3aMeTHOE BIIMSIHUE Ha XapakTep 3aBucumocTeil paccrosgauit A1-A2,
A2-A3, A2-A4 npoussena mytaiusi [39A (puc.3). U3 pucyHKa BUIHO, 9TO pac-
crosinne A2-A3 B 9TOM cilydae ocTaBajoCh HeM3MeHHBIM 1 paBHbIM 10 AHrCcTpeMm
B Teuenne 700 1c, npu 3ToMm paccrosiine Al-A2 yBenInBaJIoOCh 10 IOYTH JTUHEI-
HOMY 3aKoHY j10 60 AHrcTpeM. 3aMeTHO UBMEHIJICS U XapaKTep 3aBUCUMOCTHU JIJIs
paccrosgansg A2-A4, oHO TPaKTHIECKN He N3MEHsIIOCh BILIOTH 10300 1I¢, 9TO CBH-
JIETEILCTBYET O TOM, YTO CUJIbI B3AUMOJICHCTBISA MEXK LY STUMU JIBYMS CITHPAJIAME
crasm 6osbire, dem jisa nexopuoro Gesnka INTI (puc.2).

Bosbimoe Bausiane mytaiun 139A, Koropas mponsomnuia B nepudepuitHoil 06-
nactu 6eika (puc.l), mpejcraBisieT 0cobblii MHTEPEC, TIOCKOJIbKY € OJIHON CTOPOHBI
MyTalus TPOUCXOANIa Ha nepudepun MOJIEKYJIbl, ¢ JPyTroil CTOPOHBI 9Ta MyTa-
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gacreit Genka (A1-A2, A2-A4).
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Puc. 3: 3aBucumocT OT BpeMeHH PACCTOSHUIT MEXK/Iy CIUPAJbHBIME YYaCTKAMU MOJIEKYJIbI
I39A. OcranbHoe, Kak Ha puc.2.

DTO O3HAYAET, UTO KOOIEPATHBHBIE B3AMMOJIEHCTBUS B OJHONI YacTU OesKa
MOI'YT 3aBUCETH OT JPYTOi, yIaJaeHHON dacTu Oeska. [[pudmHbl TaKOTO BIMSIHUS
cJIeJIyeT BBISICHSTH B IIOCJIEIYIOMNX paboTax.

Taxum 06pazoM, Mbl YCTAHOBUJIN CJIEJTYIOIIEE.

MyTanun B HECTPYKTYPUPOBAHHOI 00JIACTU MOI'YT BJIUSISITH Ha 00pasoBaHUe
KOOIepaTuBHOil cTpykTyphl. [Be myramun (I39A u P44A) B obnactu neriu B
nepudepuiinoit yactu 6e/1Ka MexK1y CIUPaIbIo-2 U CIIUPAJIbIO-3 BJIUAIN Ha BHYT-
PUMOJIEKYJIAPHBIN KOMILIEKC criupasin -2, -3 1 -4. B 9acTHOCTH MHTEpECHO, 9TO NpH
myTanun [39A MoxkHO HAOIIOATH HE TOJILKO BINSHIE Ha CEIMEHThI CIIIPAJIi-3, HO
1 Ha CEerMEHTHI crmpasn-2 u ciupasin-4. OdeHb CUIbHBIM YKa3aHHEM Ha KOoollepa~
TUBHBIN 3PPeKT ObL10 HabJIo/IeHre, YTO YMeHbIeHne CTaOUIbHOCTH CETMEHTOB
CIIpaJIi-3 MepeiaBaioch Ha jiBe crmpasu (2- u 4-), KOTopble B3auMOJeficTBy-
I0T ¢ JIpyruMu objactsMu Oejika, HO He B3amMo/ieiicTByoT ¢ objactbio [39A. B
IIPOTUBOIIO/IOXKHOCTD JIPYTUM MyTallusiM B 1erie, myrtarnus P44A OsiaronpusaT-
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CTBOBaJIa, 0OPA30BAHIIO BHYTPUMOJIEKY/ISIPHBIX B3aUMOIAEHCTBUI MEXKIy cermeH-
TaMu crupaJieii-2, -3 u -4. DTa MyTalus He IPUBOAUJIA K JIAJIbHOICHCTBYIONNM
B3aMMOJIEICTBUSAM B HATUBHOM cocTtosgHuu. IIpoucxoxkjienne ctabuIn3npyonero
BJIMSIHIA BO3MOYKHO CBSI3aHO C YBEJIMYEHHEM IOJBUKHOCTH MENTHIHON IEeMOuKH
IIPU TaKOW MyTalll#, 9YTO IO3BOJIAIO YCUJIUTH B3aUMOJIECHCTBIS MKy IeTJiel 1
CIUpPaJbio-3, UTO B CBOIO OYepe/ib KOOIIEPATUBHO CTAOUIN3UPOBAJIO TTPOMEYKYTOU-
Hbl€ B3aMMOJICICTBHUS MEXKIY JIBYMs COCEIHUMU CeIMEHTaMU crupaJeii -2 u -4.

Bimstane myTamuii B ob1acTi crmpasieil WiIICTPUPYeTcsa Ha IpUMepe BJINs-
Hust MyTarun V77TA B cermenTe crmpan-4 Ha CEIMEHT CIUpPaJin-2, 1 00paTHBI
apdexT myrammu [27A B cermenTe cumpaJin-2 Ha OCTATKH B CEIMEHTE CIIUPaJIU-
4. D10 HAOJIOJECHUE SICHO JIEMOHCTPUPYET, UTO TH JIBE€ MyTallUd B CErMEHTaXx
cuupajn-2 u cuupajn-4 obe CIBUraloT KOOIepaTUBHOE PAaBHOBECHE B CTOPOHY
ocJ1abJIeHns mporecca 00pa3oBaHus CTPYKTYPHI.
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B crarTi BUCBITIIOIOTHCI MOXKJIMBOCTI BUKOPHUCTAHHS TEPCOHAJBHOIO CaiiTy BHUKJIa1ada JJIs
edeKTUBHOI OpraHizaliil HayKoBOI, HaBYaIbHO-TTI3HABAJILHOI T4 BUXOBHOI pOOOTH 31 CTY/IEHTaAMH.

The article highlights the use of the personal website of a teacher for effective organization
of scientific, educational, cognitive and educational work with students.

Habmmkenns 10 €eBporneiicbKUX CTaHJIapTIiB B YKpalHi MPOTATOM OCTaHHBOT'O
JIeCSITUJITTSI CIIOCTePIraeThCsl IPAKTUIHO B yCiX cdepax AKUTTA.

[ndopmariiini pecypcu Ta MizKHAPOIHUI PO3IO/ILI IIPalll CTAITh HEBiJI €MHU-
MI CKJI&JIOBUMH CBITOBOI €KOHOMIKHU 1 OCHOBOIO II€PCOHAJILHOI'O Ta IIPOMeCciiiHOro
yCIiXy Oy/Ib-SKO1 JTIOJUHU 3aJUINAETHCA OCBiTa. POZBUTOK Kpainn — 11 eKOHOMITHI
Ta COlaJIbHI JOCATHEHHs, SIKICTb »KUTTsI JIFOJeil, MicIle B CBITOBIII CIIJILHOTI, Oe3-
IeKy BU3HAYAIOTh PiBeHb 1 AKiCTh ocBiTH. [InTannsg po3BUTKY OocBITH B YKpaiHi
3HAXOJIUThCS B IIEHTPIl CYCILIBHOI yBaru.

Meta BUIIOT OCBITH CHOTOJHI — IIe HiAroToBKa (haxiBIliB, 31aTHIX 3a0e311eUnTn
nepexij Bij| iHaycTpiaJbHOrO J0 iH(OPMaIiiHO-TEXHOJIOITYHOTO CYCIIJIbCTBa, Ue-
pe3 HOBATOPCTBO Y HaBYaHHI, BUXOBAHHI Ta HAYKOBO-METOJINYHI PoOOTi. Y 3B’s13-
Ky 3 €BPOIIENiCHKOIO IHTerparieio YKpainu 3arajioM Ta BXOKEHHSIM YKpaiHu J10
€BpPOIENiCHKOTO OCBITHHLOTO 1 HAYKOBOI'O IPOCTOPY, BEJIMKA yBara MpUJILIsA€ThCs
SIKOCT1 OCBITH, YHIBEPCAJbHOCTI MIJI'OTOBKNA BUITYCKHUKA Ta HOro ajalnToBaHOCTI
JI0 PUHKY IIpalli, Ha OCOOMCTICHI# opieHTallll HaBYaJILHOTO Ipolecy, iHdopMaT-
3allil OCBITH, BU3HAUYAJbHIN BaKJIMBOCTI OCBITH, 1110 3a0e31e4y€e CTaJIU JIIOACHKII
PO3BHUTOK |2, ¢.241].

Binomo, 1m0 Ha cyvacHOMY eTalll BILJIUB OCBITH Ha IPAIEeBJIAIITYBAHHS Ta AKUT-
TE€BUII piBEHb KOYKHOI JIIOJIMHU CTaB HabaraTo BUIIUM, Hi?K KiJIbKa POKIB TOMY.

© Crenenko B.II., Crenenko H.M., 2011
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BinosijgHo, BUMOI'M JI0 OCBITHROIO PiBHSI (haxiBIIB 3MIHIOIOTHCs: OKPIM ITOCTiii-
HOT'O OHOBJICHHSI 0a30BUX 3HAHb, Cy4YacHUl (raxiBellb MOBUHEH YMITH e(eKTUBHO
BUKOPUCTOBYBATHU B CBOIll JIs1JIbHOCTI HATHOBIII JOCATHEHHSI HAyKU Ta TEeXHIKU,
BUKOPHMCTOBYBATH IEPCOHAJILHUN KOMIT'toTep Ta iHdopmalliiini pecypcu. 3HaAUHA
yBara HpUJIJISETbCsT BUKOPUCTAHHIO MOYKJIMBOCTEHl HOBUX 1H(MOPMAIIITHIX Ta Te-
JIEKOMYHIKAIIHHIX TEeXHOJIOTIi, SKi MiHIMalOTh OCBITY Ha HOBUil piBeHb, 3a0e3-
[eYyIOTh BLILHUIT JIOCTYII JIO OCBITHIX PECYPCIB IIMPOKOMY 3araJly HaceJeHHs He-
3aJIe’KHO Bij Miclid nmpoxkuBaHHsA. Mepexkni Texnosiorii [nTepraer € BupimabLHIM
YUHHUKOM Y PO3BUTKY JUCTAHIIHHUX (POPM 1 METOJIiB HaBYaHHs Ta iH(MOpMaTHU-
3allil cucteMu OCBiTH YKpalnu B 1ijomy [4].

[Ipueanannsa YKpaiau 10 BoJIoOHCHKOro mmporecy JaJjo MOIITOBX J0 YA0CKOHA-
JIEHHS Ta MojiepHi3aIil cuctemu BuIol ocsith. [Tounnaroan 3 2004 poky B cucreMy
BUIIOI OCBITH Y KpalHU MTOCTYIIOBO BIIPOBA/IKYEThCsI HOBA CUCTEMa OpraHizaliil Ha-
BYAJILHOI'O IIPOIIECY, OCHOBHOIO XapPaKTEPUCTUKOIO SIKOI € 3MEHIIeHHs ayuTOPHO-
ro HABaHTaYKEHHd 1 30L/IbIIEHHA KOHTPOJBOBAHOI CAMOCTIHHOT POOOTH CTYICHTIB.
OCKITbKM OJIHI€I0 3 OCHOBHUX (PYHKIIIN Cy9IacHO! BUIIOT OCBITH CTa€ HABYAHHS CTY-
JIEHTIB YMIHHIO 3/100yBaTH 3HAHHS CAMOCTI{IHO, TO OCTAHHIMU POKaMU OCOOJIMBOTO
3HAYEeHHS HAOyBalOTh METOJ/IM 1 3acO0N HaBYaHHd, 3aCHOBAHI Ha 1HIMBIIyaJbHOMY
MM IXOJ11 710 KOZKHOTO CTY/ICHTA 1 CTUMYJTIOBAHHI HOTO Mi3HABAIBHOI aKTUBHOCTI [5.

Konnenmist indpopmaTusaliii HaB4aJIbHOTO MIPOIIECY, STKa IPYHTYETHCS Ha Opra-
HIYHOMY IIO€IHAHHI TPaIUIIITHUX 1 HOBITHIX 3aC00iB HaBYaHHS, IIepeI0daiac IoeTa-
IIHe, TIOCTYIIOBE BIIPOBa/IXKeHH v HaBdabHuii mporec [KT, pamionanbue noeina-
HHsI TPAIUIIIHIX MeTO/IiB Ta 3aco0iB HABUYaHHS, 3 CyYaCHUMU iHMOPMAIiTHUMN
TEXHOJIODISIMU, T110 3PEIITOI0 BeJie JI0 TOJIIIIIEeHHsT Pe3y/IbTaTiB HaBYaHHs [3].

[Tepexin 10 HOBUX KOMII'IOTEPHO-OPIEHTOBAHUX TEXHOJIOTiI HAaBYAHHHA, CTBO-
pPeHHsI YMOB JiJIsl 1X POo3po0OKM, anpobaliil Ta BUKOPUCTaHHsI, pallioOHaJbHE II0E/I-
HaHHsI HOBUX 1H(MOPMAIIHIX TEXHOJIOIl HaBYaHHSI 3 TPAJUIIHHIMUI — 1€ CKJIa-
JIHa TIeJIarorivia 3a/iava, sika rmoTpedye BUPIIIEHH [LJI0r0 KOMILJIEKCY TICUX0JI0TO-
11e/IarorivHNX, OPraHi3alliiiHuX, HaBYaJIbHO-MeTOJANYHNX, MaTepia bHO-TEXHITHNX
Ta IHIIIX TPobJIEeM.

OcHoBHUME cepe/l X pob/ieM HayKOBIII HA3UBAIOTh:

— PO3POOKY HAYKOBO-METOINYIHOTO 3abe31evuens /I BUPIIeHHd 3aB1alb iHpop-
MaTu3allil HaB4a/IbHO-BUXOBHOI'O IIPOIIECY;

— TIJIOTOBKY I€JaroriyHuX KaJIpiB JI0 BUKOPUCTAHHS B HaBYaJbHOMY IIPOIIEC]
3aco0iB cydacHUX iH(MOPMaliitHO-KOMYHIKAIIHHIX TEXHOJIOT;

— MIJICOTOBKY YUHIB Ta CTYAEHTIB JIO BUKOPUCTAHHS CY9YaCHUX 3aC00iB HaBYaIbLHO-
1I3HABAJIbHOI JIIsJIbHOCTI;

— HU3bKY e(PEeKTUBHICTH BUKOPUTAHHSA MATEPIabHO-TEXHIYHOTO Ta HAYKOBO-METO-
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JIMIHOTO 3a0e3MedenHs] HaBYaJIbHIX 3aKJIa B Y 3B 63Ky 3 IX 3acTapijion 6a3010;
— PO3POOKY METOJIMK BUKOPUCTAHHSA CydacHUX iH(MOPMaIiiHUX TEXHOJIOT1i1 HaBYa-
HHST JIJIsT THTPUMKI BUBYEHHS OLIBIIOCTI HABYAIBHUX MpeMeTIB [3].

OueBn/IHO, 10 IEPCOHAJILHUI CallT BUKJ/Iaga4a, PO3MIIEHU B TJI00aIbHIX Me-
pekax, MabyTh, HAHOLIBIN 3PYIHUI IHCTPYMEHT JIJIsl 10JIaHHs OyIb-IKuX 1iH(OP-
MaIfiHUX TMPOIYKTIB JigbHOCTI. Ha BiMiHY Bijl amepoBuX HOCIIB, SKi MOXKYTb
IIpEeJICTABUTH JIUIIIE TEKCT 1 300parkKeHHs, CAIT j1a€ 3MOTY TOJIaTH HaBYaJILHUI Ma-
Tepiaj B MyJIbTUMeTIHIX dpopMax. [ yum 6u He 3aiimasacs J11oinHa, MpeICTaBUTH
CBOIO TBOPUYICTh ab0 cebe caMoro B OY/Ib-sIKOMY €JIEKTPOHHOMY (bopMaTi € JJOCUTH
IIPOCTOIO CIpaBoto. ToMmy chOrojiHl B MepexKi MOKHa BUSBUTHU YUCJEHHI 11ePCO-
HaJIbHI CaliTh JIIOJEl, 110 3afiMaloThCd B PI3HUX Tajly34X CYCHLIbHOI JISJIbHOCTI..

BukopucranHs mepcoHaIbHOTO CaliTy BUKJ/Iagada, TAKUM YMHOM, MOYKE JIOTIO-
MOI'TH y BUPIIIIEHH] HACTYIIHUX 3aB/laHb:

1. Iowyx 1 dobip mamepianie, HeoOTIOHULT OAA OP2aHIZAULI HABUAALHOZ0
npouecy. Ilocnnanus Ha eJIeKTPOHHI OI0/TIOTEKN 1 YKYpHAIN, HAJIAHHS PI3HUX J10-
BIJIKOBUX MaTepiaJjiB, M0 3HAXOAATHCA B Mepexki InTepner, maioTh 3MOry Maii-
OyTHIM BUNTEIAM eEeKTUBHIIIE TOTYBATUCS JIO 3aHATh. Takl BIJIOMOCTI MOXKYTb
OyTH 3HAYHO MUPIIUMEI, 00’€MHINNME, «BCEOXOILTIOIOUNMI» 1 JO3BOJIAIOTH 3aCTO-
COBYBATH aKTHUBHII, CyYaCHIII CIOCOOM IOIIYKY, CHPURHATTS, OIpallfOBaHHI,
BUKOPUCTAHHSI 1 30epiraHHs JaHuX.

2. Dopmysarna HACUYEH020 MYALLMUMEIIiHO cepedosuwya, 6 AKOMY GUKO-
PUCTNOBYIOMBCA PI3HI CNOCOOU NOJAHHA HABHAALHO20 MAMEPIAAY - MEKCMOBO20,
613Yanbho20, aydio- 1 eideomamepianry. Lle mae 3mory inTeHcndikyBaTn HaBYA b
HUI TIPOIEC 1 FOTYyBaTH CTYJIEHTa J0 MaflOyTHBOI POOOTH Yy BiAOBIIHOMY TIpohe-
CIITHOMY CepeJIOBUII], B KOMY IMOCUJIIOIOTHCA TEHJIEHIIIT JI0 KOHBEPreHI[ll CEHCOP-
HUX KaHAJIB CHPUIHATTS iHpOpMAIIil.

3. Cmeopennsa eaekmpoHnUuUT HAGYAALHO-MEMOOUNHUL Mamepianie. Buman-
Hsl HABYAJIBHOI JIITepaTypu B TPaIuIiiiHiit (hopMi He 3aBXK/IU € KPAIlUM BUXOIOM 3
CUTYyaIlil, OCKIJIbKH OB’ si3aHe 3 BUCOKOIO BAPTICTIO MyOJIiKaIlil, 3aTpaToio Jacy Ha
oprasizaliitai MoMeHTH TOIIO. CTBOPEHHSI HABYAJILHO-METOIMIHOIO KOMILJIEKCY B
[aTepHeTi MOXKe OyTH OE3KOIMTOBHUM. BayKIuBO, 10 BUKJIa a9 Ma€ MOXKJIUBICTDH
OIepaTUBHO 3HAHOMHUTU CTYJIEHTIB 3 HOBOIO 1H(OPMAINEIO, PEryasapHO BHOCUTH
HeOOX1/THI KOPEeKTUBHU JI0 HaBYaJIbHO-METOANIHUX MaTepiaJiib.

4.  Ihodsuwenns sursadauyvroi kearigirayri. 1le 3ailicHIOETbCS 3aBIAKNI MO-
JKJIMBOCTI OTpUMaHHs depe3 [HTepHeT iHdOopMalil mpo cydacHi JOCATHEHHS Hay-
KOBUX JIOCTIJIZKEHD Y BIJIOBIIHIX Ta/Ty3dX HAyKH, PO HOBI METOIMYHI PO3POOKN
B kKpainax CH/JI i gaJjiekoro 3apy0izkxKs, a TaKOzK 3aBIsSKI MOXKJINBOCTI CIIJIKYBa-
THCS 3 KOJIeraMiu 3acobaMi eJIeKTPOHHOI TOIITH, Yepe3 I'OCThOBI KHUTH, TTOBIJIOM-
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JIeHHs1 Ha popyMax, J0/laBaHHsI KOMEHTapIB.

5. Hasuanrvro-suzrosruil nomenyians. CTyJIeHTH MalOTh MOYKJIMBICTH ITPaIlio-
BaTH 3 OCBITHIM cafiTOM BIJIIIOBIJIHOI TeMATUKK HE TiJIbKU B KOMII' IOTEPHIX KJIacax,
aJie 1 BjjoMa, B [nrepruer-kade. Bee 1ie cripusie miBUIIEHHIO KYJIbTYPH BUKOPUCTa~
HHsI [HTepHEeT-TeXHOJIOTil Y CTY/IEHTIB, J03BOJISE M CIIJIKYBaTHCs, OOMIHIOBATUCS
JIyMKaMU, HaBIAJIbHIMU HapOOKAMU, BUPINIYBaTU TPOOJEMU HE TIIHKU HaBYAb-
HOT'O, & I BUXOBHOI'O XapaKTepy.

[Iepconanpunii caiiT BUKJIajada, Ha HAII OIS, MOXKHA Ha3BaTH OJHUM 3
HaOLIbIT e(DeKTUBHUX IHCTPYMEHTIB, 1110 JIA€ 3MOI'Yy CTYJIEHTOBI CaMOCTIIHO OTPH-
MyBaTH HeoOXijiHi 3HaHHsA. [IpoTe fioro HeoOXiTHO 1MepioUIHO TTOITOBHIOBATH HO-
BOIO 1H(OPMAITI€I0, OHOBIIOBATH HaBYAJIbHO-METONYHI MaTepian 3 BpaxyBaHHIM
3MiH Yy HaBYaJIbHUX IIJIAHAX, [IPOrpaMax, I JHIMaTH aKTyaJIbHi IIPoOJIeMU B Tiil Iu
iHmmiit rasysi 3HaHb. BijoMocTi, noaHi Ha cailTi, 3 4acoM CTalOTh He aKTyaJbHU-
MU, TOMY MTOTPIOHO peryJisipHO JI0JaBATH HOBUMHU B OCBITI 1 HAyIli, HOBI HaBYAIbHI
OCIOHMKM, ITOIIOBHIOBATHU (poTOrajepero, 3MiHIOBATH TEMU JIjIsI OIUTYBAHHSI, PO3-
BUBATH POPYM.

[l mpuk/iaay MoXKHa PO3IJIAHYTH caiiT http://pedagogika.at.ua/, na ro-
JIOBHIII CTOPIHIIl IKOI'O M0J/laHa KOPOTKa aHOTallld CcailTy Ta oro cCTpykKTypa.

CaiiTr Mae Taki po3iin, 9K: HaBYAJIbHO-METOAMYHI MaTepiaJiu, KaTrajor CTa-
Teli, KaTaJIor OCBITHIX caiiTiB, OCBITHI Bijleopecypcu, ¢popyM, boToa bb0M Ta ro-
CTHOBY KHUTY.

HapuayibHo-MeToanaHi MaTepia/in npeacTaB/IeH] KOMILICKCAMH JUCITATLIIH, SKi
BUKJIQJAIOTHCA aBTOPOM caifTy. KoMIieke MiCTUTh: HaBYaJbHI IIporpamMu, Ipe-
3eHTallll JIEKIlii, IIJIaHU CeMIHAPChbKUX Ta MPaKTUYHUX 3aHATh, 3aBJlaHHs JJIs ca-
MOCTIIHOI Ta 1HIUBIIYaJIbHOI POOOTH, TEMATUKY MIKPOJOC/II/IZKEHb Ta KYPCOBUX
poOiT, MUTaHHS JIJIsi KOHTPOJIIO i CAMOKOHTPOJIIO, TIOJIOYKEHHSI Ta, METOAMYIHI PEeKO-
MeH/IaIlll JI0 TTPOXO/IKEeHHs IeJaroriaiol IpaKTUKI, KPUTEPil OIMIHIOBAHHSA PI3HUX
BB JisibHOCTI. KijIbKicTh 3aBaHTayKeHNX MaTepiadiB ckiagae oiibire 100 oau-
HUTIb.

Karaor caiiTiB MicTUTb IIOCHJIAHHST Ha PI3HI OCBITHI caiiTu, HacaMmIiepes, Ie
caitt MOHMC Vkpainn ta caiit «OcpiTHiil nmopraJ». B Kartamosi moxkHa 3Ha-
fiTu caiiTul, sIKi MiCTATH NPAKTUYHI TTOPaJIN YUUTEISIM Ta CTY/IeHTaM; IIepCOHAIbHI
caiiTu BUYUTEJIIB-IIPEIMETHHUKIB; cailTi IIKiJI;, caiiTu, Je IpelcTaBjieH] pPo3poOKu
YPOKIiB Ta BUXOBHUX 3ax0jiiB. CTyJEHT He BUTpadyae OaraTo dacy Ha IONIYKHU He-
00X1THOTNO MaTepiay, OCKIJIbKH BCE 30CEPEJIZKEHO 1 CUCTEMATH30BAHO B OJHOMY
MicIl.

Hamosrenns kartajory crareil, B OCHOBHOMY, 3A1iCHIOETHCA CAMIMHI CTYIeHTa~
MU, JIe BOHU PO3MINIYIOTH PO3POOKHN YPOKIB, BUXOBHUX 3aX0/1iB, KOHKYPCIB, 6eci/,
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JIEKIiit Tomo. BaxknuBum € Te, MO CTYIEHTH caMi HECYTh BIIIOBIIAJBHICTL 3a
3MICT PO3MINTyBaHOro MaTepiaty. ZIKIo cTyIenT po3MICTUB HedKIiCHUi MaTepiad,
IHII CTY/IEHTN BKa3yIOTh Ha MOMUJIKU, & IHKOJN 1 Ha rpyouit miariat. Ile crumy-
JIIO€ IHINUX CTYIEHTIB OLIBII BiIOBIJAJIBLHO CTABUTHCS J0 IiAO0PY BiIIIOBIIHOIO
MarepiaJjy, TBOPYO IiJIXOJUTH JI0 CTBOPEHHSI BJAaCHUX Hapobok. Pazom 3 Tum, B
KaTaJj031 craTell ¢BOl BJACHI HAIIpallloBaHHS PO3MINIYIOTH YUUTE I KL, K1 Ipa-
HYTb MOJJINTUAC JIOCBIJIOM HaBYaHHS Ta BUXOBAHHS IM1JIPOCTAIOYOI0 MOKOJIHHS
3 MalOYTHIMU KOJIETAMHU.

Y poznini «HopmaTushi JoKyMenTH» BUKJIaIEH] PI3HI TOJOKEHH, IHCTPYKITIT
1 pO3MOPsJIZKEHHS, 0 CTOCYIOTHCA HABYAJIBLHOIO ITPOIIECY.

OcBiTHI Biieopecypcu pejcrapiieHi pparMeHTaMu eJaroriqyHuX CUTyalliii Ta
exkrnepuMenTaMu rcuxosiora B.Myxinol, gki J03BOJISIOTH BUPOOUTH Yy CTYIEHTIB
VABJIEHHS TIPO BHYTPINIHIN CBIT JIIOAUHN, 3aKOHOMIpHI 1poriecH 11 po3BUTKY. Lleit
PO3/ILJ1, Ha BIJIMIHY B1J| IHIIIUX, € HOBUM 1 MICTUTh HEBEJIMKY K1JIbKICTh MaTeplaJiiB,
sIKI 3 9acoM OyJIyTh JOIIOBHIOBATHCD.

Y pozaiii «PoToasibboM» CTYIEHTH PO3MIILyI0Th dgororpadil, Ha dKUX Bij-
obpazKeHi IMOJIil CTYIeHTCHKOIO YKUTTs: 3BITH 3 PaKyJIbTeTCHKUX CBAT, €KCKYPCil,
IIOXOJIN TOTIIO.

B «l'ocThoBiit kKHU31» 3a pik 3ajuiieHo Oiabme 100 3amuci. OdeBuIHO, IO
cailT 1IKaBUTh He JIUIIE CTYJEHTIB BY3Yy, & i IHIINX MTPAI[IBHUKIB OCBITH, SK1 IIpa-
I'HYTH OOMIHATHCS JOCBIIOM, 3aJUIIUTH BIATYK 1po caiiT. [lo MoKmBocTI 3ayBa-
JKeHHA Ta Mpono3ullil «1'0cThboBOI KHUTM» BPaxOBYIOTHCS, sIKIIO BOHH BiJIOBIIa-
I0Th TeMaTUIll cafiTy Ta 1mepec/ijlyloTh HaBYaJIbHO-BUXOBHY MeETY.

EdexTuBaum 3acob0M CIiJIKyBaHHSI Ha caiiTi € popyM, BUKOPUCTAHHSI sIKOT'O
Jla€ 3MOI'y OpraHi3yBaTH PI3HI BUJIM HaBYaJ/IbHO-MI3HABAJILHOI Ta BUXOBHOI JIis/Ib-
HOCT1 CTY/IEHTIB.

@opym MicTuTh b po3iiiB: «Ilegaroriuni HoBuHN Ta 1ikaBi hakTny», « Hapaan-
Hsi», «IlIKos1a Mostozoro BunTessty», « CrijikyBaHHsI Ha pizHi TeMus, «Hartr hopym».
Koxken po3mian Mae miapo3aian, B SKUX PO3MIIIEH] TeMU JIJId CIIJIKYBaHHSI.

Posristnemo i po3/iiym JaeTaJibHilie:

1. Iledazoziuni nosuru ma uyikast gaxmu. Po3ain MicTUTH Tpu Iiapos/Ii-
JIA, K1 CTBOPEH] aJIMiHICTpaTopoM caiiTy: B po3aiai «HoBunu ocsiTn» po3Minieno
MaTepia n, 9Ki CTOCYIOThCS MOJIEpHI3allil CHCTeMH OCBITH B YKpalHi, IOIaeThCs
indopmaris nmpo Hakazu MOHMC Ykpainu, koHndepeHIiii, ceminapu, o6roBopio-
€TbCsl SIKICTb OCBiTH; B po3jiai «CrarTi 3 muTanb OCBiTH» BiOyBa€ThCsT 0OTOBO-
penHs rejarorianol npecu ta «Illikasi negaroriuni dpakTus, jie po3MimieHi Iikapi
icTopil 3 »KUTTS BiJIOMUX IIeJlaroriB, HayKoBIliB. Marepia/ mi10upaiTh, B OCHOB-
HOMY, CTYJIEHTH.
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2. Hasuanns. B npoMy posiii pakTuaHO 341fICHIOETHCS opraHiz3aliis [HTep-
Her-Hapudanisd. i KepiBHUIITBOM MOJiepaToOpiB, 3 YNCIa CTYAEHTIB, TPOBOAATHCS
PI3HI BUJU 3aHATH JIJI PI3HUX KYPCIB 1 3 PI3HUX JUCIUILIIH 9K BIJIKPUTOTO, TaK 1
3aKPUTOTO XapaKTepy.

Haiigacrimme npoBojgThes BipTyasibHI ceMinapu, dKi BiAPI3HAIOTHCI BiJ Tpa-
JIUTHITHIX TUM, 110 YYACHUKHU PO3JIiJIeH] B daci i B nmpocTopi. BepbaibHa KoMyHi-
Kallisd Mi>K yYaCHUKaMU, K IIe BiJlOyBa€TbCs Ha 3BUYAiiHOMY ceMiHapi, 3aMiHeHa,
ericToIgpHIM (MHCbMOBIM ) CITIKYBaHHsIM. KoXKeH yuacHUK cemiHapy 6aduTh Ha
eKpaHi BCl TEKCTH MMUTaHb 1 BIIIOBLIEl IHIINX aKTUBHUX YYACHUKIB CEMIHADPY, MA€
3MOT'Yy BIJIIIOBIJIATH Ta KOMEHTYBATH 1X BlJIIIOBIJII.

Bimomo nexinbka Tumis BipryaibHux ceminapis [1]. Haituacrime rtaki ce-
MiHapu IIPOBOJSTHCS 3a CXEMOIO <«IIMTaHHS — BIANOBLAb» 1 y dopmMmi goro-
Bil. Y 1epriomMy BHIIQJKY CTYJAEHTH BIJIIIOBIAIOTH Ha NHUTAHHS CceMiHapy
(http://pedagogika.at.ua/forum/37). L1i Bigmosiai 06roBopOOTHCS THITUMEI yUa-
CHUKaMHI 1 OIIHIOIOTbCA BUKJIaJadeM. ¥ JIPYroMy BHUIAJKY CIENiaJbHO IpU3HA-
YeHUMM yYaCHUKaMU 3a3JlaJierijib TOTYIOThCs JOIOBII, SKI Hic/Isd BIPTYyaJbHOT'O
3aCJIyXOBYBaHHS, - MIPOUNTAHHS TEKCTY BUCTYIy Ha eKpaHi BciMa yJaCHUKAMU -
00roBOPIOIOTHCA Y (POPMI €miCTOAPHOI JUCKYCil. PesynbraTn auckyciit mij dac
IPOBEJIeHHs ceMiHapy (TeKCTH BHCTYINB) JOCTYIHI BCIM yaacHUKaM (hOpyMy s
ornsny (http://pedagogika.at.ua/forum/35).

Ha mepmnit moryisiji 3/1a€ThCs,, M0 MOPSAJI0K ITPOBEJIeHHs BeO-ceMinapiB Maii-
’Ke HIYMM He BIJIPI3HSIETHCS Bijl TpaJuIiiiHOro, aJie Iie JaJieKo He Tak, Xoda O
TOMY, III0 HOTO MOTPIOHO peTesbHIlIe CIIaHyBaTH, HE TOBOPSAYM BXKe PO HOBI
IICUXOJIOTO-TIEJIArOTTYHI ITPOOJIEMHU, 10 BUHUKAIOTH ITPU BUKOPUCTAHHI HOBUX Te-
XHOJIOT1l HaBYaHHS, Ta 3HAYHY BUTPATy 4Yacy BUKJIaJada sK JJid I1JIN0TOBKH,
TaK 1 JIJIsi KOHTPOJIIO 3a HaBYaJIbHO-II3HABAJIBLHOIO JIIAJIbHICTIO CTY/AEHTIB, IOBI-
JIOMJIEHb BiJI dKNX Moxke OyTum jyxke Oarato. Ilpmdomy Taki ceMiHapu MOXKYTb
TPUBATHU I1iJ10/1000BO, TUKJIeHb abo JiBa, 0COOJIMBO, KOJU CTYJIEHTH ONAHOBYIOTH
Takuit Buj podotu Brepie. Jlyxke m1obpe, Kojiu MOMEpeTHIO MiATOTOBKY CTY/IeH-
TH HPOIJyTh B IIpOIeci olaHyBaHHA Kypcy «IHdopmaliiiiHa KyJIbTypa CTyJIeHTas,
TOJIi BeO-ceMiHap MOYKHA OPTraHi30ByBaTH Pa30oM i3 BUKJ/IaadeM JJaHOro Kypey. 3a~
MPOIIEHNH BUKJIa ad Oepe ydJacTb B JUCKYCIAX PA30M 3 OCHOBHUM BUKJIaJavueM,
Maloud IIpaBa aJMiHicTpaTopa.

B niboMy 2K po3jaijii po3MilieHi MaTepiain HayKOBO-0CJI1THOI POOOTH CTY/I€H-
TiB. B ocHOBHOMY, 0OrOBOPIOIOTHCSA a0 MPOTIOHYIOTHCS /10 OOTOBOPEHHS TEMU Ky P-
COBUX, JIUTIJIOMHUX Ta MariCTePCHKIX pOOIT, IX 3MICT, TTOPSIOK HAITUCAHHSI.

OOroBopeHHs 3MicTy POOOTH, TOPA/IN II0/I0 HAIMCAHHST HAYKOBOI POOOTH Ja-
I0Th sIK HAyKOBI KEPIBHUKM, TaK 1 CTYJICHTH, sKi B Ipoleci poboTH Hajl CBOEIO
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11po0JIeMOI0, BUSBU/IN MaTepiaJjl MI0J0 HalllCaHHsI HAayKOBOI POOOTH IHIIOIO CTY-
JeHTa. AHAJIONYHO MOXKHA OpraHi3yBaTH pPoOOTY MPOOJIEMHOT I'PYIIH 1 3a/yInTH
CTYJIEHTIB JI0 poOOTH B iHTEpHET-KOH]epeHIlisiX. 3a3Budaii, podoTa B JaHOMY PO3-
JITL Ma€ 3aKpUTHiT XapaKTep.

Kpim HaB4uaibHOT POOOTH B PO3JIiJi POIOHYETHCST OOrOBOPEHHST IIPOOJIEM, T10-
B’sI3aHUX 3 OpraHizalli€lo HaBYaJbHOTO ITPOIeCy Y BYy3i, OCBITH 3a KOPJIOHOM, ITPO-
OJ1eMu 3J1a41 cecil ToIIO.

3. Poszdin «Ilkxora monrodozo suumensy BKIIOUYAE TEMH, IIOB sSI3aHI 3 IIPOIie-
COM CTaHOBJICHHSI MOJIOZOTO (haxiBIlsl, TPYIHOIIIAME Ta MIPOobJIeMaMu, 3 SKUMU BiH
abo0 yrKe BITKHYBCS IT1J1 9ac e aroriqHol NpakTUK, abo 3 AKIMU I1e MOYKe 3ITKHY-
THCS B CBOTil Tiefaroriuuiit JistibHOCTI. ToMy TYT IPONOHYIOTHCS JIJIst PO3B’ A3aHHS
1eJIaroriuHi cuTyarii, 0OroBOPIOEThCs MPODIEMa «BaXKKUX» JIiTeil, 311iICHIOEThC
OOMIH JIOCBIJIOM, SIK CTaTHU CITPABKHIM BUUTEJIEM.

4. Halibi/bI1010 IOMYJISIPHICTIO cepejl, CTYAEHTIB KOPUCTYETHCS PO3IILI
«Cniakysanma na pidni memuy, Ha3Ba SKOIO0 TOBOPUTH caMa 3a cede.

B 1iboMy po3ijii CTYJIEeHTH MaloTh MOXKJ/JIMBICTH OOTOBOPIOBATU Pi3HI »KUTTE-
BI TIpo0JIeMn, TIEPEKOHYBATH OJINH OJIHOI0, apryMeHTYBaTH BJIACHY IO3UIIIIO, JI0-
MOMAaraTu OJINH OJIHOMY B PI3HUX CUTYyaIlisdX, HabyBaTu HABUYOK I1€/IarOrivIHOrO
CTHIIKYBaHH, TMyOJIiKyBaTH BJIACHI BipIIi 91 TBOPH.

HeobxiiHicTh CTBOPEHHS TAKOI'0 PO3JILIY IMOSICHIOETHCS THM, 1110 MOJIOJb O1IBII
OXOYe CIIJIKYEThCA Y BIPTyaJIbHOMY CEPEJIOBUII; TYT Kpallle pO3KPUBAETHCI BHY-
TPINIHI{ CBIT JIIOJMHY, 11 IepeKOHAHH, MTOIVISA/U, 3 SKUMI BOHA He MOYKe Hi 3 KM
HOJIIMTUCS IIPU OYHOMY KOHTaKTi. Pazom 3 Tum, 1ie jila€ 3MOr'y BUKJIajgadeBi 30a-
IHYTH, YUM KIBE CHOTOJIHIIITHSA MOJIO/b, K1 1T yI1o00aHHs, CMaKH 1, BUXOATIN 3
IIbOI'0, Kpallle OpPraHi3yBaT HaBYaJJIbHO-BUXOBHUIT IIPOIIEC.

5. Posdin «Haw ¢opym» nepejdadae BpaxyBaHHs IIPOIO3UIIINI CTYJIEHTIB
IIOJI0 TTOKPaIlleHHsT poO0oTu (hOpyMy, TEXHIUHI IMUTaHHs, OTrOJIOIICHHS, MMPUBiTa-
HH$ 31 CBATAMU, Ma€ MOJIEPATOPCHKY BIPTya/bHY «KIMHATY», /e 00IOBOPIOIOTHCS
nUTaHHA e(PeKTUBHOCTI (DYHKITIOHYBaHHS (POPYMY MiK MOJIepaTOpaMu Ta, 8 IMiHi-
cTpaTopaMu Cary.

Pobota crynentiB Ha hopymi Mae BaxKJINBUIl 3ara/ibHOIEIArOTIIHII aceKT.

BinbiicTh CbOroMHINIHIX IIKOJISAPIB — 1€ TPEJICTABHUKN TOKOJIHHS, JIJIs1 TKUX
B MaiilOyTHbOMY IIMUTAHHS KYJILTYPU MEPEXKEBOI'0 CIIJIKyBaHHsI OyJie IUTaHHsIM 0CO-
oucTol 1 nmpodpeciitnoi comiasizarnii. Te, 1o cyJacHuii MmijIiTOK MePEHOCUTH B Me-
PEXKy CBOI KOMYHIKATUBHI MOjesii (YacTo BiJI KYJIBTYPU JajieKi) B MaiibyTHBOMY
MO2Ke ¢c(pOPMYBATH Y HHOT'O YABJIEHHS TIPO TaKe CILIKYBAHHSA 9K HOpMY. | BUnTeb,
dKIIT Mae HABUYKH CILJIKYyBaHHA B [nTepreTi, 3MoxKe caMm MOTIM OpraHizyBaTH 3
yuneM [HTepHer-tiajior, aKuil TakoXK J1acTh HOMY IMPAKTUIHUN JTI0CBI BIIIIOBIIHO-
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ro TUIYy chnijikyBanus. Tomy ocBiTHI DOPYM € BayKJIMBUM JIOJIATKOBIM 3aCO00M
1podeciiiHoro cTaHOBJICHHS MaiiOyTHBOIO IeIarora.

TaknuM YMHOM, BUKOPHUCTAHHSA TEPCOHAJIBHOIO cafiTy jiae 3MOTy 3abe31ednTn
3BOPOTHIHl 3B’sI30K B IPOIECI HABYAHHS; PeasizyBaTh MPUHIIAIT 1HIUBIIya/ izaril
HABYAJILHOTO MIPOIIECY; MIBUIITUTH HAOTHICTb HABYAJILHOTO MPOTiecy; chopMyBaTH
HABUYKM TONIYKY JIAaHUX B MepexKi [HTepHeT; 3Mojie/IioBaT meJaroriai mporecu
Ta SIBUIIA; OPTaHI3yBaTH KOJEKTUBHY Ta I'PYIIOBY POOOTH YYACHUKIB I1€/1arorivaHO-
r'o IMPOIIECY.
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BUNKOPNCTAHHSA 'EHETNYHNX AJITOPUTMIB JI4A
PO3B’A3AHHA 3AJTAYI KOMIBOA2KEPA

[Tomyk po3B’sg3anHs 3a/a4, B IKUX TOYHUM PO3B’SI3KOM MOXKe OYTH TiJIbKHU ITOBHHII m1epebop,

BUKJINKAE BEJIMKI TPYIHOIMNI, KON KUIBKICTh BXITHUX JAHUX JIOCUTH BEJMKH. A TOMY, iHKOJIM

JIy2Ke KOPUCHUMU OyBalOTh HaOJIMKEHI METOJIH, JIO TKUX 1 BIIHOCHUTHCS T€HETUIHUIN aJIrOPUTM.
KirouoBi cioBa: 3sadavua kKomisoascepa, 2enemurHutl ai20pummm.

Bceryn

Bynb-sika 3aj1a1a 6€3yMOBHOT ONTUMIZAIT BUTVISIAE HACTYITHUM TUHOM:
max(min) f(Z), ne ¥ = (v1,%2,...,Ty) T; € [a,b] i =1,n (1)

ne f(Z) — nieoBa dyHKIs, 110 Mae ouH robaibHuil ekcrpemyM. [lepebaua-
€Tbest, 1110 po GyHKIio f(Z) Bigomo jmie Te, M0 BOHA BU3HAUEHA B Oyb-sIKiii
TO4Il 00J1acTi momyKy. bynb-sika jio1aTkoBa iHdopMallist Ipo XapakTep (PyHKIIT
Ta i1 BiactuBocTi (judepeHniiioBHicTs, 6e3nepepBHicTh, BiaacTusocti Jlimmust i
T.iH.) HepeI0adaeThCst HEBIJIOMOIO Ta He BPAXOBYETHCs Y IPOIEC] TOIIYKY:.

[Tig poss’siskom 3ajiadi (1) Oymemo posymiti BekTop & = (x1,T2,...,Ty,).
OnrumaabHuM po3B’s3koM 3ajadi (1) OygeMo BBayKaTu BEKTOD X, MPH STKOMY
niboBa pyHKIla f(Z) npuiiMae MakcumasibHe (MiHIMAJIbHE) 3HAUYEHHS.

[IpakTnuno 3aBxKau QYHKINSA TKa ONTHMI3YETHCSA BOJIOJIE JIETKOIO BJIACTUBI-
cTi0 (BJIACTHBOCTSIMH ): 6AraTOEKCTPEMATBLHOCTI, CKJIa[HA KOHMITypallis JoImycTH-
MOI 00J1acTi, HasIBHICTDb JIEKIJIbKOX TUINB 3MiHHUX. [le mpusBoauTh 10 HEOOXiIHO-
CT1 3aCTOCYBaHHS CIIEIiaJi30BaHIX METOJIB, JI0 IKNX 1 BIHOCATHCS €BOJIIONIIHI 1
reHeTUYH] aJropuTMHU, sIKi J00pe 3apeKoMeHiyBaJii cebe B CUTyallisiX, KOJIU 3a-
CTOCYBaHHS CTaHJIaPTHUX METO/IIB OIITUMI3allll BKpaii yTpy/HEHO.

1. OOmexkeHHd pU peaJri3alil TeHeTUIHUX aJTOPUTMIB

Bukopucranis reHeTUIHUX aJITOPUTMIB 0a3yeThCsl Ha TPHOX OCHOBHUX ITPUH-
IUIax: KOJyBaHH¢, OIIHIOBAHHS Ta BIJTBOPEHH, ajie 3 IPAKTUIYHOI TOUYKU 30Dy
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MalOTh CEHC 1HIII SKOCTI, K1, OJHaK, aHITPOIIKHN He CKaCOBYIOTh OCHOBHI apaJie/ii
3 eBOJIIOIIITHIMA MeXaHI3MaMI.

ITinn xodysanmam po3yMieTbCst CIIOCIO MpeICTABICHHS JIAHUX B M€HETUIHOMY
Burstai. TyT BaxK/IMBO, 11100 OyJia MOXKJIMBICTH OTPUMATHU PO3B’3aHHs Y BUTJISAI
XPOMOCOMH, & TaKOK, 1100 y MeHOTUIN MIr OyTH 3alucaHuil Oyb-sIKNii KOPEeKTHHIT
BapiaHT, SKNii OLIBII-MEHII ITPETEH/ 1Y€ Ha Te, 100 BUSABUTUCA BIIIOBIIIIO Ha 11O~
cTaBjieHe 3aBJaHHdg. ¥ OLIBIIOCTI BUIAJIKIB MPOOJIeM 3 UM He BUHWKAE, OHAK
JIJIsl OJIHIET 1 Ti€T 2K 3a/1a4i MOyKe iICHyBaTH KiJibKa CIIOCODIB T€HEeTUIHOI'O IIO/IaHHSI
napaMeTpiB, Ki MOXKYThb 1ICTOTHO BILJIMBATU Ha MIBUJIKICTH N€HETUYHOI'O IMOIIYKY
1 gKICTb pO3B’AA3KY.

Ouirrosanns € e oJIHUM BaKIuBUM NpuHIUoM. CeHe OIIHIOBaHHS MTOJIATAE
B TOMY, 11100 PO3PI3HSTH OCOOMH B 3a/I€?KHOCTI BiJ[ TOI'O, HACKIJIbKHU <«YCIIIIHI»
BLAIOBITHI 1M 3akojioBaHi piments. [Ipn npomMy He TOBMHHO BUHUKATH KOJII3iil,
KOJIN JIBI TPAKTUIHO PIBHOIIHHI OCOOMHN MAIOTh CyTTEBO Pi3HI 3HAUEHHS TTPUCTO-
COBAHOCTI, 1, HABIAKH, KOJIN SIKICHO Pi3HI OCOOMHU OIIHIOIOTHCS OJIHAKOBO.

OcHoBHa Mera 6idmeoperts — OTPUMAHHSA HOBHUX BapiaHTIB KaHIMIATIB Ha
PO3B’A30K i3 BKe icnyoumnx. TyT jgy»Ke OaykaHo, MO0 IPU cXpellyBaHHi 0aThbKiB-
CHKIX OCOOWH BUXOJIMJIM KOPEKTHI B paMKaX MOCTaBJIEHOI 3aB/IaHHs HAIIAIKNA. Y
psiJil BUITQJIKIB 1€ YMOBa BUMAara€ BUKOPUCTaHHS <«HECTaH/IapPTHUX» T'eHeTUYHUX
orepaTopis i/abo crerudidaoro KoyBanusa. Hanpukias, npu BupiieHni 3a1adi
KOMIBOsIZKEPA B MapIIPyTl He IOBUHHA JiBa pa3u 1 4HacTillle 3yCTpIYaTUCd OJIHa
1 Ta caMa BepIlNHA, 110 YaCTO BUXOJUTh B PE3YJIbTATl 3aCTOCYBaHHS TPaJIUIii-
HIX OTEPATOPIB OJIHO-1 ABOTOYKOBOIO 1 OJHOPIIHOrNO Kpocosepy. Tomy s j1amnol
1pobJieMr po3po0JIeH] CleliaJ bHI olepaTopu CXpPeNlyBaHHs Ta MyTallil.

Taxk camMo BaKJIMBUM TapaMeTPOM MeHeTHIHUX aJTOPUTMIB € PO3MIpP TOITYJIs-
mii. [Tpn npakTuyniilt peaizalil MOXKINBI ABI KPaitHOCTI:

- 3aHa,ITO MaJjmit posmip oyl (< 10). Jlanuit Bubip y 6ibiiocti Bumaakis
TOJINTHCA TIIBKH JIJId JTy2Ke TTPOCTUX 3aB/laHb. B iHImomMy BUNaIKy Oyje crocTepi-
raTucs MIBUJIKEe BUPOIZKEHH MOIYJISIIL;

- 3aHAJITO BeJKuit po3mip nomyssiii (> 1000). 3po3ymisio, po3B’s30K MBH/I-
e 3a Bce, OyJle 3HalIeHO 3a MEHIIe YUCJIO MOKOJIiHb, IIPOTEe JacTo IHOMI0 3afi-
BIX OOYHUCIOBAJILHUX BUTPAT. ¥ JedKUX BUIAKAX, KOJU MIPOCTO Tpeba 3HaiiTn
pO3B’s130K, 1le He KpuTudHo. IIpore OyBae Tak, 110 HEOOXiJHO NPOIEMOHCTPYBa-
TH TIepeBary (sIKIO €) PeHEeTUIHOTO MiJIXO/LY [Tl BUPIIIEeHHsT 0OpaHol MpobeMu
nepeJi yzKe iICHyIOUUMU MEeTOJaMU 1 aJITOPUTMAaMHU.

Buxoasgun 3 gaHumX peKoMeHIalliii, ONTUMAJJbLHIM PO3MIipoM momyJidmii € 20 -
30 ocobuH, npore B jesdkux 3aBiaHHsx 1orpidno 50-100 ocobun. JlociimzKeHHs
MOKa3YyIOTh, 0 PO3MIp IMOIYJIAIl 6araTo B 9OMYy 3aJI€2KUTh Bijl PO3MIPY XPOMO-
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com. Tak, st anropurmy 3 32-0iTOBUMHU XPOMOCOMaAME PO3MIp HOMIYJIsIl Oyiie
OlsibIne, HiXK Jyist aaroputMmy 3 16-6itoBumu. [1]

Tak 9K y TeHETUYHNX aJITOPUTMIB € XapaKTEePUCTUKA, sIKa He OIIHIOEThCS TH-
CEJILHO, 110 OIHUCYE IX MOIIYKOBI 3110HOCTI, BOHM 3aJ/lezKaTh BiJ yChOro, aJje Oiib-
III0I0 MiPOIO BiJ| cTpaTeriii cesieKIiil i reHeTHIHUX OllepaTopPiB. 3BijICH:

- BUKOPUCTaHHs OLJIBIN arpeCUBHUX BapiaHTIB BiJIOOPY YKYII 3 JIOCUTH BEJIU-
KOIO IMOBIPHICTIO MyTallil B 6araTboxX BUIaIKaX JT03BOJISE JTOMOTTUCST OLIBII Tap-
HIX Pe3yJIbTaTiB, B HOPIBHIHHI 3 KAHOHIYHIM T'eHETHIHIM aJIlOPUTMOM. ATrpecnB-
HUMHM CTpaTerisiMi BiJI0OPY MOKHA BBaXKaTH BiJIOIp ypizaHHSM 3 JIOCUTH BEJIUKUM
OPOroM (TOOTO KOJIM JI0 BiITBOPEHHSI JIOMYCKAETHCsT MEHIIA KIIbKICTH 0COOUH), a
TAKOXK TYyPHIpHUIT BIAOIP 3 po3MipoM TYpHIpY 4 1 OiIbIie;

- HOIYJIsiIIisl OLJIBIIIOr0 pO3Mipy Ipallloe cTadiIbHiIIe 1 YacTo Kpalie. fAKIIo K
HEOOX1/THO BKJIACTUCA B JIEAKY KLIBKICTH O0YMC/IEHD IIJIbOBOI (DYHKIIIT, TO Kpalile
MOTITYKATH ONTUMAJIBLHUN PO3MIpP, NMPHU SIKOMY 1 pilllenns MoxKe OyTu 3HalijIeHo, i
00YMCTIOBAIBLHI BUTPATH IIJIKOM MPUHHSATHI;

- JIBOTOYKOBHII 1 OJTHOPI/IHUIT ollepaTopu KPOCOBEPY, K IPaBUJIO, IPaIliO0Th
Kpalile, HizK OJIJHOTOUYKOBUII;

- IJTAHOMIpHE BUCTEXKYBAHHS 1 JIKBIIAIlis JUBEPCIHHNX eJIeMeHTIB B 0CO01 JTy-
OJIIKATIB B TOMYJIAIIT MIBUILYIOTh AKICTH PE3yJbTATIB 1 € KOPUCHUM IMPOTU Tie-
peidacHol 3012KHOCTI;

- 3aCTOCYBaHHS CTpaTeril eJiTapHOCTI — JI03BOJIsI€ TapPAHTOBAHO 3aJIUIITUTH B
HOIYJISIIT HAKPAIINX OCOOUH;

- BeJIMKAa MMOBIPHICTH MyTallil B JESKUX BUIIAIKAX 3aTHA MOJIIIIITA POOOTY
asropuT™My (0COOJIMBO JIJIsT MAJIUX TIOMYJIAI{T), ajle HebaXKaHa, B CUJIY BHECEHHSI
BEJIMKOI XaOTUYHOCTI B €BOJIIOIINIHUIT 11poliec, M0 MOXKe HEraTUBHO O3HAUUTUCS
Ha cTablabHoCTi poboTH asropurMmy. [2]

2. Po3p’da3aHHA 3aJa4di KOMIBOsI2KEpa 3a JOMNOMOTOI0 I'eHe-
TUYIHOT'O AJITOPUTMY

Posrignemo niepesaru i HeJI0/TiKU CTAHAPTHUX 1 FEHETUIHUX METOJIIB Ha, ITPU-
KJIaJl KracuaHol 3ajadi komiBosizkepa (TSP — traveling salesman problem), sika
€ OJIHI€I0 3 HaNOILIbII BiIOMUX 3aJjad JUCKpeTHOI onTuMizarii. Bona dpopmyitoe-
ThCsl HACTYIIHUM YMHOM: jJanHuii moBHuit 3saxkenuit rpad G(X,V) mnopsiaky n,
ne X = {x1,29,...,2,} — MuOkuHA Bepiun; V C X X X — MHOXKUHA pebep. Y
JaHoMy rpadi norpibHo 3HaiTi ['aMiJIbTOHIB MUK, SIKUIl Ma€ HaliMEHIIy CyMapHYy
Bary peoep, gKi BXOASATH JIO HHOTO.
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Ab6o dhopmanbHO:

( Qz) = 2511 Zjvzl CijTij — MUIN
SN 2, =1,¥j=1,N

Z;‘Vzl zij =1,Vi=1,N

z;; € {0,1},

\

ae c¢;; — Bara pebpa (i,7),

1, gaxmo € nepexia BiJ ¢ 70 j
0, AKIIO Iepexoy BiJ ¢ 10 j HEMAE

Lij = (6)
OueBnjiHO, IO PO3B’I3KOM 3aJiadi € nepecraHoBka 3 [N BepIINH, KiJIbKICTh
MOKJINBUX IlepecTaHoBOK piBHO N!, ogHak KiJbKiCTh PI3HUX PO3B’sI3KIB 3a1atdi

(N —1)!
2

3 ypaxyBaHHSIM HAIIPAMKY OOXO/Y 1 3CYBY II0YATKOBOI BepIIHU Oyie
3]

Hana 3ajiaua BijiHOCHTBCA J10 KJacy NP-moBaux 3ajia4, T00TO 4Yac poboru
AJITOPUTMY, KU pO3B’dA3y€ 3a/1a9y KOMIBOSIZKEPa, ICTOTHO 3a/IeXKUTh BiJl pO3MIpY
BXIJIHUX JAHUX, & OTKe BiJl KLILKOCTI HaceJeHUX IyHKTIB.

Bei edpextusHi (1110 CKOpOUIyIOTH MOBHUIT TIepebip) METOIN PO3B’sI3aHHs 3a/1a-
9l KOMIBOsIZKEpa, — €BPUCTUYHI. Y OLJIBIIOCTI €eBPUCTUIHUX METOJIIB 3HAXOIUTHCH
He HalileeKTUBHININI MapiipyT, a HabmKeHuil po3s’ss30K. Haituacrime 3aTpedy-
BaHI TakK 3BaHl any-time aJropuT™Mu, Kl IIOCTYIIOBO MOKPAILYIOTh JesdKl TOTOYH]
HaOIMKeHl po3B’sa3ku. Ha mpakTuill 3acTocoBYIOTHCS Pi3HI Mojudikallil OibIi
epeKTUBHIX METOJIB: METOJ TIJIOK 1 MeXK, METO/ TeHETUIHNX aJI'OPUTMIB, a Ta-
KOK aJIFOPUTM MYypPalluHOl KOJIOHII.

st Toro mob 3aBIaHHsl MOXKHA, OYyJI0 BUPIIINTHU 3a JOIMOMOI'OI0 T€HEeTUIHUIX
AJITOPUTMIB, IHOTPIOHO 3’sICyBaTH, 1[0 CaMe € BUPIIIEHHsIM i€l 3a/1a4i, 3aK01yBaTH
pillieHHsT y BUTJISA/II XPOMOCOMH 1 CKJIACTH (PYHKIIIIO TPUCTOCOBAHOCTI JIJI TAKIX
xpomocoM. TiIbKM IiC/Isi IIHOI0 MOYKHA BUPIIIYBaTH 1€ 3aB/IaHHs 3ac00aMyl MeHe-
TUIHNIX aJITOPUTMIB.

3’sicyeMo, 1110 MOXKHa, BBayKaTU PO3B A3KOM 3a/jiadi KoMmiBosizkepa. OdueBuIHO,
Mo Oy/Ib-sIKUM PO3B’sI3KOM Oyjle JedKUil MapiipyT MizK HaCEJEHUMU ITyHKTaMI,
10 3aJI0BOJIbHSIE HACTYIIHUM YMOBaM: BiH IlepeTHHaEe BCl 6€3 BUHSITKY HaceJIeHi
IYHKTH 1 »KOJIEH 3 HUX He IepeTuHae Olabllle OJHOTO pa3y. 3aKOyBaTH TaKMii
MapUIpyT MOKH& B BUIJIS/I TIOC/ILJJOBHOCTI HOMEPIB HeceJleHUX IYHKTIB, TOYNHA-
1091 3 CAMOI'0 TIEPIIIOr0, B KIHI MTOC/I1JOBHOCTI HOMED IepeIOCTaHHBOIO MiCTa, TaK
sIK MapIIpPyT 3aMKHYTHI 1 ocTaHHIM OyJIe MICTO, 3 SIKOI'O BiH IOYMHABCS.
OueBniHO, 110 B IMiif mOC/IiI0BHOCT] He Oyjie MOBTOPIOBaHUX 3HadeHb. Hexait jist
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MIPOCTOTU MPUKJIIY KiIbKICTh V HaceJeHuxX MyHKTiB N = 8, Tojii OJHIEI0 3 MO-
JKJIMBUX TIOCJIJIOBHOCTEl OyJIe MIIAX, 300paykeHuit Ha puc. 1.

g Y g Y 4 Y g Y

NMYHKT1 p| TlyHKT6 |fp TlyHKT 2 | TlyHKT 5

] }

NMyHKT7 |@= TlyHKT3 |@= [lyHKT8 |~ [lyHKT 4

Puc. 1: Ilpuknaja mapuipyTy KomiBosizkepa IIpu 00xo/1i 8 HaceJeHuX IIyHKTIB

3akojyemo Mmicta unciaamu Bijg 1 1o 8. Tozi Toit ke camuii muistX HaOyIe BU-
rsy: 1-6-2-5-4-8-3-7.

Teniep HaM TTOTPIOHO MTPEJACTABUTH PO3B’I30K Y BUIJIAJ XpoMocomu. Burie mu
B2Ke 3aKOJIYyBaJI PO3B 30K Yy BUIJIsI/II II0OC/IIJOBHOCTI HOMEPIB HACEJIEHUX IIyHKTIB,
Terep 3aJUIINIIOCS TTEPEKOJyBaTH oro B XpoMocomy. g BusHavdenocti Oymemo
BBayKaTHu, 1[0 MU KOJYEMO B XPOMOCOMY y BUIJIsiII 6iToBOr0O BekTOopa. OueBuHO,
110 JIOBXKMHA T'eHa B 6iTax B XpoMocoMi Oyjie JIOPiBHIOBATH:

L =logy N (7)

st mamoro npukiany L = logs 8 = 3, ToO6TO JI/1s1 KOJyBaHHS OJJHOT'O IeHa
3HaJ00uTHCA 3 OiTa. KoyeMo 1oc/IiIoBHICTD 3a JJOTIOMOI'0I0 JIBIHKOBOTO KOJIyBa-
aHg (Tabsr. 1):

000 | 101 | 001 | 100 | O11 | 111 | 010 | 110

Tabs. 1: KogyBaHHS TOC/IIOBHOCTI MIiCT 3a JIOIIOMOTOO JIBITKOBOT'O KOJLyBaHHSI

OJ1HaK IpeJICTaBUBIIN PO3B’sI30K TaKIM IIHOM, MU He BpaxyBaJil KiJbKa iCcTO-
THUX (paKTOPiB:
1. ipu BuItaIKOBIi reHepaliil T0YaTKOBOI OIS MOYKE BUHUKHYTH XPOMOCOMA,
B sKiit OyayTh nosropioBani 3Hadenns reris: 000 000 010 011 100 101 110 010.
2. XpOMOCOMH 3 IIOBTOPIOBAHUMU I'€HAMI MOKe JIaTi KPOcoBep ab0o MyTallisl.

€ KiJbKa CII0cO0iB BUPIIIEHHS I[bOT'O HEJIOJIKY KOJ/IyBaHH:, aJie BCi BOHHU Be-
JIyTh JIO 3afiBOr0 CIIOXKUBaHHS O0UNC/IIOBAILHAX PECYPCiB, TOMY 110 Tpeda J10/1a-
TKOBO IEPEBIPATH XPOMOCOMM.
Onua 31 crocobiB — IepeBipsiTU Ha IOBTOPIOBaHI 3HAYEHHsI ycepeauHi (DyHKIIT
IIPUCTOCOBAHOCTI, 1, 3yCTPIBIIN TaKl, 3aMIHIOBATH 1X Ha Tl 3HAUYEHHS, IKUX HEMAE
B XPOMOCOMI.
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Hpyruii crocib — HIYOro He IepeBipsATH, a IPUBJIACHUTU TAKUM XPOMOCOMAaM JIy-
’Ke HI3bKe 3HadYeHHs (DYHKIIIT TPUCTOCOBAHOCTI, aJjie B IIbOMY BUIIQJIKY I'€HETHIHIIT
aJICOPUTM TIOUYNHAE BKpail Hee(DeKTUBHO ITPAIIOBATH.

Bzarasi kaxKydu, 71 TeHeTUIHIX aJITOPUTMIB JTy2Ke BayK/IMBe MUTAHHA KOJTY-
BaHHSI PillleHb B ITOC/IIOBHICTE IreHiB. Bix Toro, HacKiJIbKI BOHO BJIAJIO, 3aJI€2KUTH
sgKicTh poboTn ajnroputmy. HaitrosiosHinre, i 000B 13K0Be, BUMOTa, JIO KOy BAHHS
— XpPOMOCOMa TIOBUHHA OJIHO3HAYHO MPEJICTABJATH JedKe PIlleHHs, o0 He Oy-
JIO MOYKJIMBOCTI TPAKTYBATH OJIHY 1 Ty »K XPOMOCOMY TO-pizHoMy. Bazkano, 1mob
XPOMOCOMU 3aiiMaJ/Ii STKOMOI'a, MeHIe OiT, Oy/jim KopoTiii. Tak camMo BaKJIMBOIO
YMOBOIO € IIPOCTOTa, KOMyBaHHsI. Bij 11boro 3aJiexkuTh mBUIKicTL podboru. Ilicist
KOJTyBaHHS 3aIlyCKAETHCA TeHETUIHUI aJrOPUTM 3 OayKaHMU apaMeTPaMHu.

JlitepaTypa

[1] IHanwenro T. B. Ienernmueckue ajJropuTMbl: yaeGHO-METOIMYECKOE TTOCOOUE
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2007. — 87 c.

2] Tenernueckue ajroputMmbl [djekTponnbiii pecype| // lenernmueckue ajro-
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http://qai.narod.ru/GA/ (dara obpamenns: 01.04.2011).

13] Bamuwes JI.U., Hetimapr E.A., Cmapocmun H.B. Ilpumenenue reHerntde-
CKIX AJTOPUTMOB K pereHuio 3ajad juckpernoit onrumuzaiuu / 1.1, Ba-
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IIOPIBHAHHYI METO/IB ITAPAJIEJIISAIIII ITIPOTPAM 3A
JIOTIOMOT' OO0 TEXHOJIOTIN
Windows Thread, OpenMP, Intel Thread Building Blocks

Y poboTi po3IIAIAI0THCA OCHOBHI METO/M MTapaJiesri3aliil IporpamM, 0COOJIMBOCTI BUKOPUCTAHHS,
MOPIBHAHHS YaCOBUX XapPaKTEPUCTHUK ITPOrpaM HAITMCAHUX 3a JIOIOMOIOIO ITUX METOJIIB.
KmouoBi caoBa: napansenizavin, Widows Thread, OpenMP, Intel Thread Building Blocks.

Beryn

OcranHi poK# 1MOB’si3aHi 3 PI3KOI0 3MIHOIO HAIIPSIMKY PO3BUTKY IPOIECOPIB —
NOSIBOIO 6AraTosIePHIX Ta GAraTo MOTOYHIX IPOIECOPiB. 1X edeKTHBHE BHKODH-
cTaHns MoTpedye 3araJbHOTO TMepexoy 3 MOCTIOBHIX MTPOrpaM Ha TapaJiebHi.

[cHyrOTH JIBI OCHOBHI MOJIe/l OOY/JI0BU TapaJebHuX mporpam. Lle mojensb
napaJjie/lisMmy Mo KepyBaHHIO Ta MOJIeb 3arajbHOl TaM sTi.

Y Mojesti 3araJibHOl aM sTi mapaJiebHa MporpamMa sBJsi€ co00I0 CHCTEMY
IIOTOKIB, II0 B3a€EMOJIIIOTH 34 JOIIOMOI0IO 3arajJbHNX 3MIHHUX Ta IPUMITUBIB CHH-
xpomizarii [1].

OcHoBHa ijiest MOJieJIi MapaJie/iizMy 10 KepyBaHHIO MICTUTBHCS B HACTYITHOMY.
3aMicTh IporpaMyBaHHS B TepMiHaX IIOTOKIB IPOIOHYETHCA PO3IMIMUPUTH MOBU
cleniaJbHUMU KepYIOUYUMU KOHCTPYKIISAMU — MapaJsejbHUMU UKJIaMU Ta Iapa-
JeibHIME ceKilisiMu. CTBOPEHHs 1 3HUINEHHST TOTOKIB, PO3IO/IiI MizK HUMU BUTKIB
napasebHIX IUKJIB 91 HapaJjesbHIX [UKJB (HAIPUKIIA)] BUKJIIK TPOIEIYD) —
yee 11e bepe Ha cebe KomIistTop [1].

Metoro poboTu € Po3IJIs] Ta MOPIBHAHHS €PEeKTUBHOCTI IporpaM, 10 BUKO-
PUCTOBYIOTH PI3HI MOJIesl ITapaJiesi3My.

OcHOBHA 4YaCTHHA

Y gKocTi MoJjiesIi 3araJibHOl maM Ti Oysia oopana moaeab Windows Threads, a
takox TexnoJiorisg Intel Thread Building Blocks, B sitkocTi Mojeni mapasienizmy 1mo
KepyBauHio — TexHoJjoriss OpenMP. ¥V sikocti TecToBoro npukJjiajay O0yB obpaHO
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AJITOPUTM ITiJIpaxXyHKy YucIa 7, 1o OyB peastizoBannii Ha MoBi C++. PeaJizaliist
npoBoiniach y cepejpopuine Visual Studio 2010.
111 po3paxyHKy 4uncjia 7, OyB oOpaHmnil HACTYIIHUI aJIrOPUTM:

4
= 1
" /01+xdx 1)

Jl1s1 po3paxyHKy BuzHadeHOro iHterpasy (1) BHKOPHCTOBYBABCSI METOJ Tpa-

eI, 3a SAKIM:
1 4
=) ———— 2

B ycix pospaxynkax 3a n npuitMajochk auciao OX7TFFFFFFFE = 2 147 483 647.
Posrisgnemo (pyHKIT, 38 SKUMU TPOBOJUINCH PO3PAXYHKH YUCJIa 38 (DOPMY-
7010 (2).
[TocitoBHa pyHKITIA:
double funcpi_ 1core(long accuracy)
{
double h = 1. / accuracy;
double res = 0;
double x = 0;
for(long i = 0; 1 < accuracy; i++)
{
x=(2*i+1)*h/2
res +=4. / (1 + x * x);
ki

res *= h:

)

return res;

}

Bukopucranus texuosiorii Open MP. Tak gk Tijno nuxiy for y dynkii
funcpi_ 1core MicTUTDb He3aJI€XKHI OIIEPATOPH, IX MOKHA, BUKOHYBaTH I1apaJiebHO.
SMiHHA 7€S € 3arajbHOIO [IJIsT yCiX iTepalliil MUKJIy, 3HAYEeHHs I1i€] 3MIHHOI HAKO-
MUIYEThCsT (3HAK +), 0 peasii3yeThest 3a JOMOMOroo mnapaMerpy reduction [2].
SmiHeHa YHKILS BULISIIAE HACTYIIHUM YMHOM:

double funcpi omp(long accuracy)

{

double h = 1. / accuracy;
double res = 0;
double x = 0;
#pragma omp parallel for reduction(+:res)
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for(long i = 0; 1 < accuracy; i++)
{
x=2*i+1)*h /2
res +=4. / (1 + x * x);
}
res *= h;
return res;

}

Bukopucranus noroxkis Windows. st napaJjebHOro BUKOHAHHSI HEOOXiIHO
BU3HAYUTH NTOTOKOBY (pyHKIII0. [ToToKOBa (DyHKIIIsT Ma€ BUKOHYBATH TOPIIIO iTe-
pamiit nukiay. Tak sik H0TOKOBY (DYHKIIIIO BUKJIMKAE Oolepalliiina cucrema, 11 3aro-
JIOBOK (piKCOBaHUI 1 Mae HACTYIHUN BUTJIAL:

DWORD WINAPI Fun (PVOID par);

TaxuMm 4rHOM, IIOTOKOBIi PYHKIIIT ITepea’ €ThCsl OJIIH IapaMeTp, dKUil € ajipe-
COM JIAHOT'O JOBLJILHOTO THILY.

11 cTBOPEHHSI TIOTOKY BUKOPUCTOBYETHCsST (PYHKITIST:

HANDLE WINAPI CreateThread(

~_in_opt LPSECURITY ATTRIBUTES IpThreadAttributes,
__in SIZE T dwStackSize,

__in LPTHREAD START ROUTINE IpStartAddress,
__in_opt LPVOID IpParameter,

__in DWORD dwCreationFlags,

__out_opt LPDWORD IpThreadld

);

MIOYATKOBE Ta KIHIEBE 3HAUEHHS IapaMeTpy IUKJIY, 3HAUEHHS JJId MiApaxyHKy
mary iHTerpyBaHHs Ta aJipecy JJjIsd Pe3yJabTaTy MiJpaxXyHKY IMOTOKOBOI (DYHKIIIT
[3]. Lyist epeaui napamerpis Gy/ia cTBOpeHa BiJIOBIHA CTPYKTYpa:

struct PI_STRUCT

{

long start;
long end;

long accuracy;
double *res;

1

Y wiit crpykTypi start, end — 1modaTKoBa i KiHIIEBa MeXKi Jialla30Hy, Y SIKOMY
IIPOBOJINTHC PO3PAXYHOK 3HAUEHHS, ACCUracy — 3nadeHts JJId po3paxyHKy KPOKY
iHTerpyBaHHs, €S — BKa3iBHUK Ha 00J1acTb MaM ' sTi, Y IKYy 3aHOCUTHCS PE3YJIbTar.
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ObJtacTb maM’'sITi, y SIKY 3aHOCUTBHCS PE3YILTAT, € 3araJbHOIO JIJI YCIX TOTOKIB.

Jlnst cuaxpownizarii gocTymy 10 Hel, BUKOpHCTOBYBasach KpurudaHa cexiiisa (CRI-
TICAL_SECTION), e pimentst 3acHOBYBaJIOCh Ha TOMY, 1110 KPUTHYHA CEKIIist
Ha Bigminy Big Mutex Ta Event, He € o0’ekToM sijipa, if, TAKUM YHHOM, JOCTYII
10 uel Bumarae Mmentie dacy [4]. IloBuuit jictuar yHKIIT BUIVIsSIIa€ HACTYITHIM

YMHOM:

void pi_winthread(void* range)

{

}

PI STRUCT* rang = (PI_STRUCT™) range;
double h = 1. / rang->accuracy;
double res = 0;
double x = 0;
for (long i = rang->start; i < rang->end; i++)
{
x=2*%1+1)*h /2
res +=4. / (1 + x * x);
}
res *= h;
EnterCriticalSection(synh);
*rang->res += res;
LeaveCriticalSection(synh);

[Ipn BUKIMKY (DyHKIIIT, HEOOXiJIHO BPaxXOBYBATH, [0 CTBOPEHHS ITOTOKIB, IIe-

pejlada 3HavYeHb IOBHICTIO 3aJiexKaTh Biji IporpaMicra. Bukjmk 1miel gpyHKIil y

JEKLIBKOX TI0TOKAX BUTJISIAE€ HACTYITHUM YHHOM:
synh = new CRITICAL SECTION;
InitializeCriticalSection(synh);
HANDLE* h — new HANDLE]|Cores;
PI_STRUCT* pistruct = new PI_STRUCT|Cores];
double* res = new double;
*res = 0;
int a = ACCURACY / Cores;
for(int i = 0; 1 < Cores; i++)

{

pistruct|i].start =i * a;

pistruct|il.end = (i + 1) * a;
pistruct|i].accuracy = ACCURACY;
pistruct|i].res = res;
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h[i] = (HANDLE) beginthread(pi winthread, 0, (void *) pistruct|i]);

}
WaitForMultipleObjects(Cores, h, true, INFINITE);

ne Cores — kinbkicts siaep, ACCURACY — KinbKicTh iTepariii.

[Ipu crBopenHi ¢yHKIT, mo BukopucToBye OibsioTeky Intel Thread Building
Blocks (TBB), 6y/1a sukopucrana 6i6siorexka Big 15.03.2011. Hanmcanns dyHKIi
3 Bukopuctanusgm TBB mae psji ocobsmBocTeii.

Konnennisi 6iosrioreku TBB Mmicturhbes B ToMy, IO PO3POOHUKY HEOOXIIHO
CTBOPIOBATHU 3a/iadl, 110 BUKOHYIOTH IIE€BHI Jil, IKi MOXKYTb OyTH po3IapaJie/ieHi.
KorkHa 3a1a9a BUHOCHTHCSI JIO OKPEMOI'O KJIacy, 3BepTaHHsI 70 3aad4l BijOyBae-
ThCsI Uepe3 TepeBaHTaykenuii oneparop “()”.

Y posnapaJiesieHy JIISTHKY KOJY BXOJUTb 3MIHHA, JI0 sIKOI MalOTh 3arajbHuil
JIOCTYII Ha 3alliC JIeKIJIbKa IPOIeciB, 00 mnonepejuT eekT ‘TOHOK , MU BUKO-
PUCTOBYEMO IUKJI 3 HaKolmueHHsM — parallel reduce [5).

PeastizoBana mporpama BUIJISIIAE HACTYITHUM THHOM:

#include "tbb.h"

#include "tbb reduce.h"

#include "tbb range.h"

using namespace tbb;

double res = 0;

double h = 0;

class ClassPi

{

long accuracy;
double res;
public:
ClassPi (const long accuracy): accuracy( _accuracy), res(0)
ClassPi (const ClassPi ¢, split): accuracy(c.accuracy), res(0);
void operator () (const blocked range <long> r)
{
double h = 1. / accuracy;
for(int i = r.begin(); i = r.end(); i-++)
{
double x = (2*1+ 1) *h /2
res +=4. / (1 + x * x);

}

res *= h;
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void join (const ClassPi c)

{
}

float gets ()return res;

res 4= c.res;

b

int _tmain(int arge, TCHAR* argv|])

{

long accuracy = OxT{fftf;

task scheduler init init(8);

ClassPi s = ClassPi(accuracy);

parallel reduce(blocked range<long>(0, accuracy), s);
init.terminate();

return s.gets();

}

Koxna dynkiiig Oysia cKoMIiboBana Jijisd BAUKOHAHHA y 1, 2, 4 Ta 8 TOTOKax B
okpeMy mporpamy. KoxkHa mporpama, Jijisi 3MeHIIeHHsI T0XHO0K, Oy/ia 3amyieHa
10 pas na xomir'torepi 3 npoiecopom Intel Core i5 2,55MHz@Q4. st mijgpaxyH-
Ky 4acy, 1o 0yJ10 3aTpadeHo Ha BUKOHAHHSI KOXKHOI (DYHKIIT, BUKOPUCTOBYBaBCS
30BHIIHI{T Tpoditiposinik, mo 6ys Hanucanuit A. Crankesudem(C-Iletepbypr).
[Tporpamu BEUKIMKaJNCS 3a I10oMOroo .bat ckpumnra. Pe3ynbraTin BUKOHAHHS 3a-
HOCHJIUCH 10 daiiiy-jiory. OTpuMaHi pe3y/abTaTi MOyKHA 1100aduT y Tadui 1.
YcepelHeHH] OTpUMaH] pe3yJibTaTu MOKHA II00AUUTH Ha PUCYHKY 1.

1 800

W MocnigoBHe BUKOHEHHA

N OpenMP

B TBB

® WinThreads

1 noTok 2 notoka 4 noToka 8 noTokie

Puc. 1: Ycepeanenni pe3y/ibTaTu BUKOHAHHS ITPOTPAMHU.
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Cupobu (mc)
1 2 3 4 5 6 7 8 9 10 | Cepenne
[Mocmimosue | 1739 | 1748 | 1728 | 1732 | 1734 | 1736 | 1728 | 1728 | 1725 | 1741 1734
omp 1
ITOTIiK 1739 | 1729 | 1724 | 1725 | 1723 | 1726 | 1737 | 1732 | 1731 | 1732 1730
omp 2
IIOTOKH 1039 | 1040 | 1035 | 1035 | 1027 | 1044 | 1033 | 1024 | 1032 | 1041 1035
omp 4
[IOTOKHU 870 | 873 | 875 | 880 | 880 | 885 | 873 | 870 | 873 | 871 875
omp 8
IIOTOKIB 862 | 862 | 939 | 929 | 863 | 864 | 870 | 932 | 894 | 872 889
tbb 1
IIOTIK 1736 | 1738 | 1740 | 1740 | 1742 | 1735 | 1743 | 1739 | 1735 | 1732 1738
tbb 2
[IOTOKH 1021 | 1055 | 1045 | 1040 | 1037 | 1044 | 1040 | 1030 | 1030 | 1028 1037
tbb 4
IIOTOKHI 877 | 877 | 874 | 871 | 881 | 887 | 879 | 880 | 879 | 881 879
thb 8
IIOTOKIB 932 | 937 | 871 | 892 | 872 | 875 | 885 | 881 | 883 | 879 891
win 1
IIOTIiK 1736 | 1745 | 1734 | 1729 | 1740 | 1742 | 1737 | 1734 | 1735 | 1734 1737
win 2
IIOTOKH 1030 | 1030 | 1046 | 1038 | 1035 | 1036 | 1059 | 1036 | 1033 | 1033 1038
win 4
IIOTOKH 887 | 882 | 884 | 881 | 876 | 881 | 883 | 889 | 881 | 875 882
win 8
IIOTOKIB 888 | 885 | 880 | 882 | 888 | 889 | 884 | 877 | 875 | 880 883
Tabu. 1: Pesyabratn BUKOHAHHSI CKPHUIITA.
BucaoBku

Koxkna Texnosiorist Mae cBiit psiji ocobsimBocteii. WinThreads € crangapTHoio
TEXHOJIOTI€I0 B CTBOpeHHI napaJgeabnux 3a crocynkis jisg OC Windows, npore
HporpaMicTy, IpKU HaIMCaHHI KOJYy, IOTPIOHO caMOMYy BiJIIIOBIJATH 3a CTBOPEHHS
IIOTOKIB Ta 1X CUHXPOHI3allil0, 3a MIBUJIKICTIO 1151 TEXHOJIOT1S ITOCTYIaeThCs KOHKY-
peHTaM, TaKOXK He BapTo 3a0yBaTH, IO JlaHe pillleHHsd € IaTdOPMO 3aIe7KHIM.

TBB € 710Bo MOTYKHUM IHCTPYMEHTOM, JIJ1s TapaJiesizallil 3a CTOCYHKIB Ta
MICTUTB IL1aTOPMO He3a IeKHI IT1a0I0HH] PIIlIeHHsI JIJIsI CTBOPEHHS paciiapaJie)ie-
HUX IUKJIB, 00’€KTIB CHHXPOHI3allil, TPOTe BUKOPUCTAHHS ITi€] TEXHOJIOTT MOXKTU-
BO JIMIIIE TIPY HAITMCAaHHI Koty mporpamu Ha MoBi C++. Tako:k BUKOpHUCTAHHS 32
CTOCYHKIB, 1110 Oy/in HaIcaHi 3a jgornomoroio TBB, Bumarae nasgsnocti 6i01i0TeKn
tbb.dll. ITo mmBuaKocTi poboTn Ko Hanucanuii 3a jronomoroto TBB, mocrynaerbes
OpenMP, npore Bukonyerbcst msuire 3a pimennss WinThreads, npore narmca-
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HHS [IOT'O KOJIy BUMAra€ BiJI porpamicTa 3HaHHS 0COOJIMBOCTEN BUKOPUCTAHHS
6iomiorekn TBB.

OpenMP sBisie coboro cTanapT, 10 ONNUCY€E CYKYIHICTh TUPEKTUB KOMITLJIs-
TOpPY, 610JIIOTETHIX TTPOTIETYP Ta 3MIHHUX OTOUYEHH, K1 JTO3BOIAIOTH po3napaJie-
JINTH OY/Ib- KWl TOC/TIOBHII &JITOPUTM, IO MICTUTH He3aJeKHI MUK Ta yIac-
TK1 Koy Hanucanuit Ha MoBi C, C++, Fortran maiizke 6e3 3MiHI KOJLY, IIPU I[HOMY
posmnapaJjeseHuii aJropuT™ Oyjie MaTn ONTUMAaJbHUI Jac BUKoHaHudA. [IpoTe meit
cTaHgapT Mae oOMexKeHy (DYHKIIOHAJIBHICTD, [0 HE JIa€ MOXKJINBOCTI po3lapaJie-
JIIOBATH IUKJIA TUITY, BiAMIHHOIO Bija for, crBOproBaTH KOHBEED Ta iH.
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cTelt, KOTOPBIH pacio3HaeT 000 KOHEIHBIH HEOPUEHTHPOBAHHKI rpad, 6€3 1eTeib 1 KpaTHBIX
pebep. s pacriosnaBanus rpada KazxkJIoMy areHry TpebyeTcs 1mo 2 Kpacku (Bcero 3 KpackH).
Meton ocnoBan Ha MeToje 00x0jia rpada B TIyOuHy.

KiroueBbie cioBa: zpagh, pacnosnasanue, a2eHmol.

BBenenue

B nacrosimee BpeMs OJIHOM W3 MEHTPAIbHBIX MPOOJIEM KOMIILIOTEPHOI HAYKN
sIBJISIETCS TIpo0JIeMa, B3auMOo/IeiicTBUST yIIpaB/isitoleii 1 ypaJisemoil cucrem. [To-
JIOOHOE B3anMOJIENICTBIE 3a9acTyIO MPEJCTABISICTCs KaK IPOIECC MepeMeleHs
arenta 1o nomedennomy rpady. K mpumepy, B [1| oHO mpejncrasieno nepensu-
JKeHIeM OJIHOTO areHTa-rccaenosaress (A1) mo vemssectHOMY rpady u 06MEHOM
JAHHBIMU C areHTOM-9KCIepuMeHTaTopoM (AD), KOTOPbI U MPOU3BOUT BOCCTA-
HOBJIeHIE I'pada 10 JaHHBIM, MoJydeHHbIM 0T ATl

annas pabora MocBsIeHa UCC/IeIOBAHUIO TPOOIEMbI, B TIPEIIOI0KEHUHT, ITO
B3alMO/IeIICTBIE YIIPABJIAIONICH 1 YIIPABIAEMOil CUCTEM IIPEICTABIACTC IIPOIIEC-
com mniepemertennst Byx Al A u B 1o men3ssectHOMYy KoneuHomy rpady (AU
MOTYT OKPaIllUBATh BEPIINHBI, pedpa U MHIMJICHTOPLI I'pada, BOCIPUHUMATL 9TH
OTMETKI U Ha UX OCHOBAHWN OCYIIECTBJISITEH MepeMeIreHne), 1 0OMeHOM JaHHBIMI
¢ AD (BoccranasimBaet rpad, 1Mo JaHHBIM TToydeHHbIM 0T AU a Tak:ke mepeia-
er AU urdopmaliiio, HeoOXOMUMYIO st UX JajbHeiinero ¢hyHKIMOHNPOBAHNSI ).
B pabore pacemoTpen ajroputs noctpoerust Mapipytos AU, nossossgoniux AD
TOYHO BOCCTaHOBUTH I'pad. st atoro y kaxkmoro AU ects nBe kpackn: y A 310
rub,y B—-y ub. Bommuue or 2| onTuMusupoBaHbl IpOIEypbl Paciio-
3HaBaHus 00paTHBIX pedep U MeperieiikoB, 9To MO3BOIUIO YIYUIINTE BPEMEHHYIO
CJIOYKHOCTE aJiropuT™Ma j10 O (n2) , Tle m — gucjo Bepiud rpada. [losryuennbrit
aJITOPUTM HCIIOJIb3YEeT Pe3yJIbTaThl 1 0003HaYeHns u3 |2, 3.
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OcHoBHbIe onpeaeieHsI 1 0003HAYEHUS

PaccmaTpuBaioTcst KoHeUHbIe, HEOPUEHTUPOBAHHBIE rpadbl 6€3 TIeTe b 1 KpaT-
HbIX pebep. Bee HeorpeiesisieMble TOHATHS OOIEN3BECTHBI, UX MOYKHO HAWTH, Ha~
npumep, B [4, 5]. Ilyete G = (V, F) - rpad, y Kotoporo V' - MHOYKeCTBO BepIINH,
E - MHOXKeCTBO pedep, T.e. IBYXJIEMEHTHBIX MOJMHOXKECTB (U, v), rje u,v € V.
Tpoiiky ((u,v),v) Oymem Ha3BIBATH HHIUIAECHTOPOM (<«TOYKON MPUKOCHOBEHMUSI» )
pebpa (u,v) u BepmuHbl v . MHOXKECTBO Takux Tpoek obozHaunm I . MuoxkecTBo
L = VUFEUI HazoBeM MHOKeCTBOM 3Ji1eMeHTOB I'pacda G . OyHKIuell pacKkpacKu
rpada G nHazosem orobpaxkenue [ : L — {w,r,y,b}, rie wuHTEpIpETHPYETCST
Kak OeJiblil BeT (Kpacka), r — KpacHblil, y — xeaTwiit, b — uepnbiit. [lapa (G, p)
Ha3bIBaCTCA pacKpalieHHbiM rpadom. IlocienoBaTesbHOCTD U1, Usg, ... U TIOTIAD-
HO CMEXKHBIX BEPIINH HasbiBaeTcs myTeM B rpade G, a k - jmnoit mytu. [lpn
U1 = Uy ITOT IMyTh HazbIBaeTcs MUKJIOM. OKpectHocThi0 O(v) BepIIUHBL v OyIeMm
HA3bIBATH MHOYKECTBO 3/IEMEHTOB I'pada, COCTOsINee U3 BEPIIUHBI U, BCEX BEPIINH
U CMEXKHBIX ¢ v, Bcex pebep (v,u) u Beex uunugerTopos ((v,u),v), ((v,u),u).
MomnocTs MHOXKecTB Bepmina V- u pebep F obo3Hauum depes m U M COOT-
BeTCTBEHHO. fcHo uTo m < @ zomopdusmonm rpacdha G u rpada H Ha-
30BeM Takyio bueknuio ¢ : Vg — Vi, arto (v,u) € Eg TOYHO TOrja, KOTJa
(p(v),p(u)) € Ey. Takum obpazom, nzomopdHbie rTpadbl paBHbI ¢ TOYHOCTHIO
J10 0003HAYEHNsT BEPIINH U PACKPACKH UX 3JIEMEHTOB.

Mobuibtble areHTbl A u B XapaKTepu3ylTCsI CJIEIYIOIMNMNI CBOCTBAMI.
Onu mepesBuraloTcst 1mo rpady U3 BEpIIMHBL U B BepIinHy u 10 pebpy (v, u).
[Ipu 5TOM areHThl MOTYT U3MEHSITh OKPACKY BepIuH v, u, pebpa (v, ), WHIN-
nearopoB ((v,u),v),((v,u),u). Haxongcy B Beprmne v arentsl A u B Boc-
MPUHIMAIOT METKH BCeX 3J71eMeHTOB OKpecTHOCTH (O(v) W HA 9TOM OCHOBAHUU
OIPEJIEJISTIOT 110 KAKOMY pebpy (v, u) oHEU OyjiyT IMepeMernarbesa U Kak OyjLyT me-
peKpaImBaTh 3jJeMeHTsl v, u, (v,u), ((v,u),v), ((v,u),u). AD nepegaer, mpu-
HuMaeT 1 ujaeHTudunupyer coobiienust AU, obsiajijaer KOHEIHON, HEOIPAHITIEHHO
pacTyliieit BHyTpeHHell 1MaMsaThio, B KOTOPOW (pUKCUpyeTcs: pe3yabraT (hyHKIU-
onnpoBanust AVl Ha KayKjoM Imare, u, KpoMe TOI'O, HOCTEIEHHO BBbICTPANBAECTCS
npejcrapienne rpadga G, BHavyaJle HEU3BECTHOIO areHTaM, CIIMCKaMu pedbep u
BEPIINH.

OcHoBHaY 49acCTb

PaccmoTpum 1mopobHee aJropuTMbl 00X0/1a U BOCCTaAHOBJICHUSI.
Aneopumm pabomwr azenma A:

1. AU kpacut BepmuHy v, B KOTOpoii Haxognutest p (v) :=r;

2. 3anpoc AN
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3. 1f AN # 1 then do 3anpoc BN,

4. if BN =0 then METUM_IIEP_A(v);

5. else BRBIBOP _XOJ[A_A(v); end do;

6. else PACII _IIEP_A(v);

PACIT IIEP_A(v):

1. if B O (v) He obHapyxkeHO pebpa, y KoToporo i (v,u) =1y then do

2. if B O(v) ecrb pebpo, y koroporo ((u(v,u) =r)and (u((v,u),u) =1))or
or (p(v,u) = w)or (1 ((v,u) ,u) =r)and ((1(u) = y))) then do

3 arentT A Boinosaser nponeaypy OTCTYI A (v);

4 go to 1 nannoii nporneypol; end do; else do

5 arenT A Bwinonnser nponenypy HA3AJ A (v);

6. go to 1 pamnoii nponeypsol; end do; end do; else do

7

8

9

zanipoc UDP B
if UDP_B =TRUE then PACII ABB (v); else PACII _ABBb (v);

: zanpoc K ;

10.  iof K #0 then go to 1 nannoit npoueypsr; else do

11. arear A Boinosnstet nporeaypy OBH A (v);

12. if B8 O (v) ectb pebpo, y koroporo (u ((v,u),v) =r)and
and (1 (v,u) = b)and (pu ((v,u),u) =r) then do

13. areaT A Boimosiasiet nponeaypy BIIEPEJ] AR N (v);

14. go to 12 nannoii npouenypsl; end do;

15. if 8 O (v) ectb pebpo, y koroporo (u(v,u) =1)and
(1 ((v,u),u) =r)and (u(u) =r) then do

16. arear A Boinosnsier nporeaypy BIIEPEJ] AR (v);

17. go to 15 mannoii npouenypsl; end do;

18. else go to 2 anropurma obxoua; end do; end do.

PACII A (v):

1. while 8 O (v) ectb pebpo, T.4. (i (v,u) = w)and (u (v) = p(u) =1) do

2 arent A kpacut (p((v,u),v) :=71);

3. arentT A zanucwiBaer B8 M : METKA OP A; end do;

4. arent A Boibupaer uz O (v) pebpo, y koroporo (u(v,u) =r)and

and (g ((v,u) ,v) =7)and (@ (u) = r) U HEPEXOAUT MO HEMY B BEpIIUHY U]

V=

arentT A zanuceiBaer B M : OTCTVIINT _A;

7. if B O (v) mer pebpa, y kotoporo (u(v,u) = w)and (pu ((v,u),u) =1r)and
and (p(v) = p(u) =r) then go to 4 namnoii nponeaypsr; else do

8. arenT A mepexomut 1o pedpy (v, u), kpacur (u(v,u) :=b);

vi=u;

SRS

©w
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10. areHT A sanuceBaer B crimcok M : BIIEPEL OP A; end do;
11. zanpoc UDOBR_A;
12. if UDOBR_A=TRUE then do

13. arenT A Bwibupaer u3 O (v) pebpo (v, u), y KOTOPOro
(1 (v, 4) = b) and (1 (v, 4),, 0) = r) and (1 (v) =t (w) = r)
14. arear A kpacut p((v,u),v) :=b;
15. areaT A zamuceBaer B M : PEBPA PACIIO3HAHBI A;end do;
16. else do
17. areaT A Bwibupaer u3 O (v) pebpo, y koroporo (u (v, u) = b)and
and (i ((v,u),v) =7r)and (p(v) = p(u) = r), TEPEXOUT 10 HEMY B U}
18. arenr A wxpacut p((v,u),v):=b;
19. Vi=u;
20. arenT A zanuceiBaer B crimcok M : HASAJL OP A,
21. areHT A BbIIOJIHSIET go to 4 JaHHOI npoieaypsl; end do.

Heormcantbie mporeypsl arenta A, npejcraB/ieHsl B [3].

Anzopumm pabomol azenma B :

1. AU kpacut Bepmuny s, B KoTopoit Haxoautcesa (i (s) :=y);

2. 3arpoc BN;

3. if BN # 1 then do 3anpoc AN;

4 if p(s)=ry then do

5. arenT B oimosasier nporenypy BOSBPAT B (s);

6. arenT B oimoJasier nporeaypy METUM _[TEP B (s); end do;
7 else if AN=0 then METHUM _IIEP B (s);

8 else BBIBOP _XOJ[A_ B (s); end do;

9. else PACII _IIEP _B(s).

Beimosusist nponeypy BO3BPAT B (s), arear B BblOHpaer n3 OKpecTHO-
cru O (s) pebpo, y koroporo (u(s,z) =1y)and (u((s,2),s) =y) u nepexour
10 HEMY B BEPIINUHY 2, BBIIOJHSAET IPUCBOEHUE S := Z U 3allUCLIBAET B CIUCOK
N coobmiene: BO3BPAT _B. Ilponenypst PACI B (s) u PACII _IIEP_B(s)
arerta B anasormanbl nponegaypam PACII A (v) uw PACII_IIEP_A(v) (c yue-
TOM TOTO, 9TO “1yzKOif’ BEpINUHON Iepelieiika MOXKeT ObITh KpacHO-KeJITast Bep-
muHa) arenta A . Heormcantbie mpore/lypsl arenta B, mpejcraBjieHbl B [3)].

Anzopumm “Bocecmanosaenue”, 1 Ipoleyphl, He pacCMOTPEHHbBIE HIKE, [IPH-
BEJICHBI B [3].

OBP_CII_A():

1. if Mes="BIIEPEJl _A” then BIIEPEJ] A();

2. if Mes="BIIEPEJl _AB” then BIIEPEJ] AB();

3. if Mes="BIIEPEJl ABB” then BIIEPE/[ ABB();
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if Mes="HA3AJl A” then HA3AJ[ A();
if Mes="HA3AJl AB” then HA3AJ] AB();
if Mes="HA3AJl _ABB” then HA3AJ[ ABB();
if Mes="®UKC _A” then ®UKC _A();
if Mes="OBH _A” then OBH_ A();
if Mes="OTCTVIINJI_A” then OTCTYIUJI A();
10. if Mes="PEBPA _PACIIO3HAHbBI A” then PEBPA _PACIIO3BHAHBI _A();
11. if Mes="OTCTVII A" then OTCTVII A();
12. if Mes—"METKA OP_A” then METKA_OP_ A();
13. if Mes="BIIEPEJI_OP _A” then BIIEPEJ/] OP_A().
OTCTYII A(): i:=i+1.
BIIEPEN ABB(): Ey = EgyU{(N_B,r(t—i))}.
OTCTYIIMI_A(): i:=1i+1.
PEBPA_PACITO3HAHBL A(): i :=0.
METKA OP_A(): KOBR_A:= KOBR_A+1.
BIIEPEJ] OP_A(): KOBR_A:= KOBR_A—1;
UDOBR _A:=(KOBR_A=0); Eg:=EgU{(r(t),r(t—1))}.
QUKC A(): N_A:=Cu_A; BN:=1;, F:=0; Q :=F,
UDP A=((F=Q)or(F=1))and(Q #1)).
HABAJ[ ABB(): K:=K—-1;UDP_B:=((K=2)or (K =1))and(Z #1)).
[Iponeaypa OBP_CI_B() ananorununa npoueiype OBP_ CI_A(), Tojibko
nobasieno yeaosue: if Mes="BO3BPAT B” then BOSBPAT B().
BO3BPAT B(): Ey = Ex\(wp — D.u)}: Vi = Vi\[Ow B);
Cuy B:=Cu_B-2, p:=p—1; ylp)=Cu_B;, L:=1; K:=K+1.
[Ipoueaypnl pabOTHI CO CIIMCKOM KOMAaHJ OT areHTa B, KOTOpbIe HE pacCMOT-

© 0N O

PEHBI BBIIIE, aHAJIOIMIHBI [IPOIieypaM paboOThl ¢ KOMaHIaMi OT aredTa A .

BriBoapl

B pabote mpejiioykeH aJaropuTM pacrio3HaBaHusi rpada cpejibl BpeMeHHO 1
eMKOCTHOI cjioxkHOocTelt O (n2) . BoImosiasist 9T0T asiropuT™, areHThbl paciio3Ha0T
J000it KoHeuHbll rpad G ¢ TOYHOCTHIO 10 n3oMopdusma. AV uMeroT KoHEeIHYIO
NaMATh, HE3ABUCUMYIO OT N, TJIe 1 — YUCJIO0 BepIIUH rpada, U UCHOJIb3YIOT 0
7B KPaCKI KaK/Iblil (BCEro Tpu KpacKn).
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THAVNBIAYAJILHNIN MIAXIOA Y HABUAHHI HA 3AHATTIX 3
«IHPOPMATUKUN I T3H»

lana cTaTTd NpuUCBIYeHa JedKUM ITUTAHHAM OCOOMCTICHO-OPIEHTOBAHOI'O HaBYAHHS HA 3aHAT-
tax 3 «[adopmaruku i T3H» mpu migroToBri Maitby THEOIO BIUTEIS.
KunarouoBi caoBa: ocobucmicro-opienmosane naguanma, iMousioyaivre HasuaHHA.

Bceryn

[nauBigyaabHUil MiaXig y HaBYAHHI € OJHUM 3 BayKJIMBUX MPUHIINAIIB THIa-
KTUKHU. BiH cripusie KpaloMy 3acBOEHHIO HaBYaJIbHOIO MaTepiary, (bopMyBaHHIO
TBOPYOI OCOOMCTOCTI, MO3UTHUBHOI MOTUBAIIl HaBYaHH. [HaMBIMyasi3allis HaBda-
HHsI € 0CODJIMBO aKTYyaJIbHOIO B YMOBaX KPeJIUTHO-MOJLY/IbHOI CUCTEMI HABUAHHS Y
BUINNX HaBYAJbHUX 3aKjaax. [Ipn ocoducTicHO-OpieHTOBaHOMY HaBYaHHI aKIEHT
IIePeHOCUThCA 3 HaBYaJIbHOI JIISJILHOCTI BUKJaJada Ha MHi3HaBaJIbLHY JISJbHICTD
CTYJEHTa, 110 Iepeadadac MiBUIINeHHsT PIBHs 10ro 0cOOMCTICHOI aKTUBHOCTI.

AKicTh MiAroToBKN MaifibyTHHOIO BUNTE IS OB si3aHa 3 e(peKTUBHICTIO i yCITi-
ITHICTIO HaBYaJIbHOI JUSJIBHOCTI cTyJeHTa. BojHovac ycrimHicTb Oyiab-sKoi -
SIBHOCTI, 9K BIJIOMO, BU3HAYAETHCSI AKTUBHICTIO OCOOMCTOCTI Ta, 11 ONTUMAJIHLHIM
ncuxivaumM cragoM. OTike, 00 MABUINATU AKICTb IiANOTOBKN MaiiOyTHIX BUMTE-
JIIB, CJIiJI aKTUBI3yBaTH Ii3HABAJIBHY Jig/IbHICTH CTYJIEHTIB, 3abe3meunTn i1 ede-
KTUBHICTDH 1 TaKi YMOBU HaBYAHH, 38 SIKUX ICUXIUHl (PYHKIIT Oy B ONTHMAJIb-
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HOMY a00 OJIM3bKOMY JI0 HBOIO cTaHi. [[horo MoKHa JOCSITH, SIKIO HaBYaJib-
Ha JISJIbHICTD IPYHTYBATUMETbCS Ha TPUHININ 1HUBIIyai3allil HaB9aHHd, TOO-
TO SIKIIIO BOHA BpaxXxOByBaTUMe 1HUBIYaJIbHO-TICUXIYHI MOKJINBOCTI CTYJIEHTIB Ta
IXHI CXIUJIBHOCTI JI0 POOOTH 3a (axoM, a OT:Ke, JI0 CAMOOPraHizaliil, CAMOPO3BUTKY
it yCIinIHOCTI HABYaHHSI.

OcHOBHA 4YaCTHUHA

PeauJtizaliisi 0coOncTicHO-OPi€HTOBAHOIO HABYAHHS 3 HOr0 1HIWBIIyai30BaHU-
M popMaMi CIPUATHME TIEPEXOTY Bijl MacOBO-PEIPOLYKTUBHOI JIO 1HINBIIYa b
HO-TBOPYOI MOJIE/Ii HiJITOTOBKKM MaiOyTHIX BUMUTE/IIB, KOJM OCOOUCTICTH 3aCBOIOE
3HAHHS, BMIHHS, HABUYKN B paMKax 1HJNBIIya i30BAHOrO0 HaBYaHHd. TexHoJorid
iHJIMBITya 1i30BAaHOINO HABUYaHHS Iepeidadac pO3BUTOK MaiilOyTHHOIO BUHUTE IS 9K
TBOPYOI OCOOMCTOCTI, PO3BUTOK iOT0o Ipodeciiinnx sikocTeil, HeIOBTOPHOI 1H/IU-
BijtyasibaocTi. Cdepy dbopMmyBanHsi 0COOUCTOCTI MaOYTHHOIO BUUTE/IsI BUBHAYAE
iHMBITya IbHU 1 1X1)1, 3rHO 3 IKUM Y HEHTPI HaBYaHHsI Ma€ OyTU CTYJIEHT, o~
o MOTUBH, MeTa, 1HJIMBIlyaJIbHO-TICUXIUHI ocoOnBocTi. Bukiagad ke BU3HAUAE
HaBYAJbHY METY 3aHATTd, OpraHizye, HallpaBJIse i Koperye Bech HaBYaJbHUI ITPO-
11eC, BpaxXOBYIOUM IHTEPECH CTYJEHTIB, piBeHb IXHIX 3HaHb, YMiHb, HABUYIOK, 3110HO-
cTeil, akTUBHOCTI, iHTesIeKTy. JlaHa KOHIIeNIisT HaBYaHHs jjoroMarae (bopMmyBaTu
y BUIII TIeJIaroriaHiil MKoJI He MIPOCTO KBaJi(hiKOBAHOTO BUNTEJIA, 8 TBOPUIY OCO-
OMCTICTb, JAI0OUM CTYIEHTOBI MOKJIMBICTH JJIsI caMopeaJii3allil, caMOOpraHi3alil,
CaMOPO3BUTKY, 1110 HalibiIbIlle BiAIOBIIa€ HOro iHIMBIAyaIbHOCTI.

[nmBiyastizalil HaBIaHHs TAKOXK CIPUS€ BUKOPUCTAHHS Y HABYAJILHOMY ITPO-
1eci 3acobiB cydacHUX iH(MOPMAIIRHIX TEXHOJIOTIH - aBTOMATU30BaHUX HABYAIO-
YUX CUCTEM, MYJIbLTUMEMIHIX KypCiB, CHCTEM KOMII IOTEPHOI'O TeCTYBaHHSI, OCBIi-
THIX TOPTaJiB. [HAWBIIya IbHOrO MiAXOMY Y HaBUAHHI CTY/IEHTIB BUMarae ix IMpo-
dinbHa cremiasizarist. Posrisinemo Bupuennst guciuiuiinn «Iladopmarnka i T3H»
Ha I'yMaHiTapHUX crerniajibHocTX. «Indopmarnuka i T3H» na mux dakyibreTax —
HenpoIbHUI IIPeJIMeT, TOMY Horo BUKJIAIaHHSI Ma€ JesiKy clienindiky i morpedye
BPaxOBYBAaTHU 1H/UBIAyaIbHI 0COOJIMBOCTI CTYIEHTIB.

[To-niepiire mepeBarkHa OLJIBIIICTD CTYAEHTIB I'yMaHITAPHUX CIEIiaJbHOCTEN He
Opi€eHTOBaHa Ha BUBYEHHsI TOYHUX HayK. 1100 BuB4YeHHs indopmaTuku He OYJI0
JUIST HUX BayKKUM Ta HeIIKaBUM, HEOOXIJIHO poOUTH Tak, 1100 HaBYAJIbHUI Ma-
TepiaJi, 3aBJAaHHsI JJIsl J1abOpaTOPHUX POOIT, caMOCTiiiHOT pobOTH siKoMOra, Oijb-
e Oy/n ToB’si3ani 3 IX crerniajizarieo. Hanpukiajl, npn BUBYEHHI TEKCTOBOIO
pelakToOpy HPUILINTA yBary TakKuM HOro MOXKJIMBOCTSM SK IIepeBipKa I'pamMaTH-
K1, opdorpadii, 3arporoHyBaTi BUKOHATH 3aB/IaHHS 3 TBOPYMM I'yMaHITapHUM
cupsaMmyBanHsiM. [Ipu Buxkonanui jabopatoproi poboru «CTBOpPeHHS cJail0BIX
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Osuaposa O.1. TausinyanapHauii miaxia y HaBIYaHHI HA 3aHATTIX 3 IH(POPMATHKH

Hpe3eHTalliil» 3alPOIIOHYBATH CTYAeHTaM CTBOPUTU IIPe3eHTallil, siKi MOKHa, OYJ10
O BUKOPUCTOBYBATHU Ha, YPOKaxX JITEPATypu, MOBHU 1 T.J. ¥ CIUCOK TeM JJIs TIiJI-
rOTOBKHI pedepaTiB MOXKHA BKJIIOUNTH HAIPUKJIAJL TaKi TeMu: «3acobu cydacHuX
iHpOopMAITHIX TEXHOJIOTIH Ha ypoKaxX MOBH Ta JiTepaTypus, «Bukopucranms
TeXHIYHIX 3ac00iB HABYAHHS IIPU BUBYEHHI iHO3eMHOI MOBHU», «/lucraniiiiine Ha-
BUYaHHs y I'yMaHITapHIil OCBITI» 1 T. II.

[Ile ommu dakTop, AKWil BUMarae i UBIyaJbHOTO IT/IX0/LY V HaBYaHHI CTY-
JIEHTIB — Ile pi3HUil piBeHb IX MKIJIbHOI OCBITH. Y KOXKHII T'PYIi € CTYIeHTH, SKi
MalOTh JIOCUTh BHUCOKHUIl piBEHb 3HaHb, YMiHb Ta HABUYOK POOOTU 3 KOMII'IOTE-
pom. AJie Ha KaJib € 1 CTYJIeHTH, $IKi HaBITh HE BOJIOJIIOTH OCHOBAMU KOMII FO-
TepHOI IpaMOTHOCTI. BOHU BijluyBalOTh HEBIIEBHEHICTH, JTUCKOMMOPT IPH PoOOTI
3 KOMII FOTEPHOIO TeXHIKO0. [IJIs1 1100/ 1aHHSI INX KOMILIEKCIB HeOOXiHO TIPUIiIN-
T O0COOJINBY yBary TakKUM CTYyjIeHTaM, HE HATOJIONIYIOUYHU PO OCOOJIMBI YMOBH 1X
HaBYaHHA. [[b0ro MoXKHA JOCArTH HiiOpaBIIN OLILII IPOCTI, JOCTYIHI JIJIsi HUX
3aBIaHHs, HAJIAI0UN 1M JIONIOMOTY, KOHCYJIbTallll Ha 3aHATTAX Ta B 11032y IUTOP-
nuit yac. CtymenTam 3 OLIBIT BUCOKIM PiBHEM ITi/ITOTOBKH MOYKHA 3aITPOIIOHYBATH
BUKOHATHU 3aBJIaHHs IIJIBUINEHOI CKJIQJIHOCTI Ta 3aBJaHHS TBOPYOTO XapaKTepy.
Kpim Toro cryjenTaMm HaJa€ThCd MOXKIUBICTH HPAIIOBATA Y 3PYIHOMY JIJIsT HUX
TEeMITI.

Bucaosknu

i HapejeHi NpUHIUIN OY/IM BpaxoBaHi Ipu Po3podIi METOAUIHUX BKa31BOK
J10 JrabopaTopHux podiT 3 jaucnuiniinm «ladopmarnka i T3Hy juist cTyneHTiB ry-
MaHITapHUX creniajgbHocTeil. Ha modaTky BUBUeHHs KypCy CTYAEHTH OJI€PIKY-
I0Th HaBYaJIbHI MaTepian Ta METOJUYHI peKOMeHIallil, 3a JOIIOMOTI'0I0 SKIUX BOHU
MOXKYTh BUBYATH TEMU JJIsI CAMOCTIITHOI poOOTH, BUKOHYBATH 3aBJalts J1adopa-
TOPHUX pPODIT, CKJIAJIATH 3BITH, TOTYBATH pedepaTn B iHIMUBIyaJbHOMY PEXKUMI
pobotn. fk mokazaB JIOCBiJI, IHAUBITyaIi3allid HaBYaHHsd CIPHUsSE (POPMYyBaHHIO
MMO3UTHUBHOI MOTHUBAIIil, ITIJIBUIIEHHIO IHTEPECY JI0 HaBUaHH:, KPaIlllOMy 3aCBOEHHIO
CTYJIeHTaM1 HaBYaJILHOI'O MaTepiaJly, MOKPAIEeHHIO YCIINIHOCTI CTY/IEHTIB.

Jlitepatypa
[1] Yobimvro M.I'. OcobucticHo-opierToBane mpodeciiine HaBYaHHA: 3MICT i
crpykrypa. // [lemarorika i neuxomoriss — 2005 — Ne3.
2] Cixopcoruii 1., Topina O. Cyrhicts Ta npuHnunm udepeHiiiioBaHoro mij-
X0ty B HaB4aHHi crynentis. // Bumia mkoma — 2007 — Neb.

13] Yeprunaescxud /. B. JlugakTudeckne TeXHOJIOTHE B BbICHIEH ImKoje. — M.,
2002.
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®OPMYBAHHS EJIEMEHTIB JOCJIIJTHUIIHKOI
AIAJIBHOCTI ¥V YUYHIB CTAPIINX KJIACIB

Y crarTi po3mIAAa€Tbca (POPMyBaHHS €JIEMEHTIB JIOC/IIHUIBKOI s/ IbHOCTI YIHIB CTapIINX
kjaciB. O0’€KTOM BHBYEHHs CTaB MPOIEC HABUYAHHA MaTeMATUKU B Kypci crapmrol mkosn. [Tix
Jac BUBYEHHd JIAHOTO NMUTAHHA MW ITPUUIIIO O TOTO, IO BKJIIOYEHHS B HaBUYAHHA MaTeMa-
TUKU CHUCTEMH JOC/ITHUIBKUX 3a/a9 J03BOJUTH cHOPMYyBaTH Yy YUHIB PO3IJISHYTI €JIeMEHTH
JOCJI THATIHKOI JTISIJIBHOCTI, 10 B CBOIO YEPTY ITPUBE/JIE K MJIBUMIEHHIO PIBHA 1X MaTeMATHIHOTO
PO3BUTKY.

KirouoBi caoBa: docaidnuuvka diasvhicms, docaionuybks 3010Hocmi, JoCAIOHULLKG NO-
sedinka, 3adava.

Bceryn

OjHiero 3 HacyHmHUX MpoOJIeM, KA CTOITh Tepe]i HAIlUM CYCILILCTBOM B 21
CTOJIITTI, € 3pOCTaHHSI BUMOT' JIO PO3BUTKY TBOPUYOI OCOOMCTOCTI, siKa ITOBUHHA, Ma-
TH THYYKEe TPOJYKTUBHE 1 JIOCTIIHUIIbKE MUC/IEHHS, PO3BUTY aKTUBHY YABY JIJIS
BUPIIIeHHST HAJICKJIAIHIX 3a/a4, [0 BUCYBA€ YKUTTA. 3alliKaBIeHICTh CYCILILCTBA
B IIpOI'Peci HayKK BUMara€ po3BUTKY IPOoeciiiHux JoC/IiIHUIBKIX HaBu4I0K. He-
OOX1JTHICTb IiJIFOTOBKM BEJIMKOI apMil JIOC/IIHUKIB BUCYHYJIa Ha IEPIIUil ILIaH
3aJa4dy IPUIYUYeHHsI YIHIB JIO JOCJIIHUIIBKOI AisSIJIbHOCTI 1 PO3BUTKY 3Ai0HOCTEIT
JI0 Hel B Ipolieci HaBYaHHA. Y CHJIY TOTO, IO JOC/ITHUIBKA JisIbHICTD € OIHIEIO
3 (opM TBOPYOI, 110 3aJa4dy BapTO PO3IVISIATU SIK CKJAJIOBY YaCTUHY IIPoOJie-
MU PO3BUTKY TBOPYUX 3JOHOCTEl YUHIB, 10 3aiiMae 0COOJIMBE CTAHOBUINE CEPE/l
cydacHux mpo0JieM IeIlarorivHol HayKu 1 IKoJIn. Bij yCrinnoro BUPIIeHHs X
1pobJieM OaraTo B YOMY 3aJIe’KUTh BUXOBaHHsI ITOKOJIIHHS, 110 3MOYKe aJIeKBATHO
pearyBaru Ha iH(DOPMAIIITHUI 1 TEXHIKO-HAYKOBHIT PICT PiBHS IOBCAKIECHHOIO YKU-
TTsI HOBOI'O CY4aCHOI'O CYCIIJIbCcTBa. BiimoBijiHO /10 1bOro HeoOXijHI BUOIp 1 pos-
pobKa aJieKBaTHIX 3ac00iB (DOPMYBaHHS €JIEMEHTIB JOCIIIHUIHLKOI AisI/IHHOCTI.
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Y cycnibeTBl BiIOYBaloThes Oypx/uBi 3Minu. Jlognna 3MyiieHa pearyBaTn Ha
HUX aJIeKBATHO 1, OTKe, MMOBUHHA aKTUBI3yBaTH CBlil TBOpUMil 1 JOC/IITHAIILKII
noTeHIiag. ToMy BUpPIIIYBATH IUTAHHS PO3BUTKY JIOCJIIIHUIILKOI AisSIILHOCTI I10-
BUHHI He TiJIbKHU BUIII HABUYAJIbHI 3aKJ/aJ111, ajie 000B SI3KOBO 1 IIKiJIbHI yCTAHOBH,
y 9KHUX BiJIOYBA€ThCSI CTAHOBJIEHHS BCIX IMCUXIUHUX (DYHKIII.

Tomy B jlaHmnii Yac Ha MEePIINil JIaH BICYBAIOTbCs METO/U HABYAHHS, 1110 CITPH-
SI0Th PO3BUHEHHIO TBOpUNX 3/1i0H0cTell yuniB. [le Busnadae rnocusenns mpoodiem-
HOCTI HaBYaHHS 1 BUMArae Io/1aJIbIIoro yJI0OCKOHAJIEHHS JOC/IIHUIIBKOI'O METOJLY,
IIPU SIKOMY JIOCATAEThCsI HAOL/IbIa CAMOCTIIHICTE YUHIB 1 BiJIOYBa€ThCs 3a/1yde-
HHs 1X Y JUSJIBHICTD, 110 IMITY€ HayKOBO-J0C/IiJIHY POOOTY BUEHUX.

[Ipunydennas yasiB 10 JOCIIIHANBKOI MiSIbHOCTI 1 PO3BUTOK IXHIX JOCJIIIHI-
IBbKIUX 3/1I0HOCTEll - IpobJseMa cKJiajiHa i baraToranosa. PisHi i1 cropoHu po3riisi-
nascst B poborax B.A. Kpyrernpkoro, JI.M. ®pigmana. 3nady poJib y BUPilIeHH]
3a3HavYeHol MpobJIeMI B HAIPAMKY, OB’ SI3aHUM 3 PO3B’s3aHHAM 3a/1a4, 3irpaJin
BijloMi pobOTH aMepuKaHChKOro MaremaTuka i megarora k. I[oiia.

Besinka gacTisa poOiT, OB’ 13aHUX 13 32CTOCYBaHHAM JIOC/I1IHUIIBKOI'O METO/LY
B HaBYaHHI MaTeMaTHIl, Oysa MpUCBSYeHa METO/INIl BUBYEHHS KOHKPETHUX PO3-
JIJIB Kypey. Y Toil yKe Jac NuTaHHsd 1Mpo (popMyBaHHS y3araJbHEeHUX MPUITOMIB
JIOCJILTHATIBKOT JTisIJIbHOCTI YYHIB IIpU BUBYEHHI MaTeMaTUKH OKPEMO PO3TJIsIa-
Jach He joctaTHbo |1, ¢.136].

Y 3B’43Ky 3 UM BHHHWKAE MOTpeda B MOOYAOBI 1 OOIPpYHTYBAHHI METOIUKN
dopMyBaHHS €IeMEHTIB JIOC/ITHUIBKOL JISILHOCT] Y YUHIB CTapIInX KJIACIB.

OcHOBHA 4YaCTHUHA

Maremaruka gK HaBYaJbHUI IPEIMET Ma€ OCOOJMBOCTI, IO JIal0Th CIIPHUs-
TJIMBl YMOBHU JIJIsl TPUJIyYeHHs] YUHIB JIO JOCJIIHUIIBKOI JIISIJIbHOCTI 1 PO3BUTKY
3jibHOCTEll J10 Hel B mporeci HaBdanHsi. OHAK, y JTaHUil Jac Ipu HaBIaHHI Ma-
TeMaTUKN 3/IaTHICTb JI0 JOCJIIHUIBKOI is/ILbHOCTI PO3BUBAETHCS HEJIOCTATHLO.
SaBuanns (haKTiB HATACTIINE TTepeBaykae HaJl IXHIM ITHOOKIM PO3YMIHHSM 1 yMi-
HHSIM 3aCTOCOBYBaTH. AHaJI3 CIIOCTEPerKeHb 3a HABYAJBLHUM IIPOIECOM IIOKA3YE,
1[0 3HAYHE YKICJI0 YUYHIB HE YABJIAIOTH CO0i, sIK IPUCTYIUTHU J0 PO3B’si3aHH 3314~
4i, sIKIIIO BOHA HE € BIIPABOIO MA0JIOHOBOI'O THUILY, a IIOCTaBJICHA HE3BUYAMHO, SKIIIO
iT dpopMyIIOBaHHS BiAPI3HSIETHCs Bijl NPUIAHATUX Y IMAPYYHUKAX CTAHIAPTIB.

[cTopisa cBiIUNTD, MO MaTeMaTUKa K HayKa BUHUKJIA 13 3a/1a9 1 PO3BUBAETHCS
B OCHOBHOMY JIjIsi PO3B’si3yBaHHd 3ajad. HaiijaBHiln ernmnercbkKi MaTeMaTHIHI
nampycu - 1e 30ipku 3aja4d. Y HUX HeMa€ sIKUX-HeOyJb 3arajbHUX IPaBUII, a €
TIIBKHU PO3B’si3aHHs JIesIKIX 3a/1a9 Ha 00UNC/IeHHS.

Sajadi CTUMYJIIOBAIN He JIMIEe BUHUKHEHHs, & I MOJAJbIINI PO3BUTOK Ma-
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remarndHol Hayku. OCHOBHY poJib, 3BHYAiiHO, BiJirpaBaJjim 3ajadi, IOCTaBJIeHi
JKUTTsIM. BoHM Hacamimepes MpuMYyIIyBaIl BUEHUX PO3POOJIATH HOBI aJIlOPUTMH,
BUABJISITH HOBI 3aKOHOMIPDHOCTi, CTBOPIOBATH HOBI METOIU JOCJIiKeHHA. T0OTO
3aBISIKN 3a/ladaM CTUMYJIIOBAJIACH 1 PO3BUBAJIACH JIOCTIIHUIIbKA TISIbHICTD.

Y JriTepaTypi 3 MCUXOJIOTI] 1 TIeJIaroriKn HeMage €IUHOI0 TPAKTYBAHHs MOHSIT-
TSI «3aja4a». ABTOPU IMO-PI3HOMY TJIyMAdaTh 1€ MOHSITTS - 3aJ€2KHO BiJl IIiIX0Ty
JI0 3B’SI3KY MiXK cy0’e€KTOM 1 3ajadero. ¥ KiOepHEeTHUIi, AuJIaKTUIl i METOIUI Ha-
BUAHHSI MaTeMaTUKHU 3ajada TPaAKTYeThCs sK CUTYyallisl 30BHIIIHBOI JisIbHOCTI,
siKa IPOIOHYEThCA Y BiAPUBI Bij| cy0’ekTa jisibHOCTI. ToMy 3ajiada TyT TpakTy-
€ThCS sIK OYJb-s1Ka, BUMOI'a, OOUUC/IUTH, [IEPETBOPUTH I0-HEOYIb, 1100y 1yBaT abo
JIOBECTU IIOCH. ¥ IICHXOJIOTI 3a/iada pO3IVISIacThbcd dK MeTa, 3a/laHa B IEeBHUX
YMOBaX, K 0COOJINBa, XapaKTepUCTUKa, JiSIbHOCTI cy0’eKTa. 3ajada TyT TIyMa-
YUTHCS 1K Cy0' €KTUBHE IICUXOJIOTIUHE BiJIOOparKeHHs Ti€l 30BHINIHBOI JTiSIJIBHOCTI,
y AKifl pO3ropTaeThCs IiIeCPsAMOBata JTigIbHICTD cy0 eKTa.

[Iporiec po3B’sizanbs 3ajadi, K PO3yMOBA JiSIBHICTH JOCTIJIZKYETHCS TICH-
XOJIOTI€I0 1 aHAIIBYETHC METOIMKOI MaTeMaTuku. OcTaHHIMU POKaMU POOUTHCS
crpoba JOCTIINTH 3a/1a4l 9K Taki, a He JIUIIe [IPOIeC 1X PO3B sSI3yBaHHSI. 3BEpTae-
ThCsI yBara Ha 1oTpedy MaTH 4iTKe ysBJICHHs PO CTPYKTYPY 3aa4i. Bigomo, 1o
B KOXKHIIT 3a/1a1i € ymoBa (yMOBH) i BUMOTa (BUMOTH).

B mikiibHI TpakTuIli naHye HaBYaHHs PO3B’I3aHHIO 3a/1a4 Ha OCHOBI BBEIEHOT
panime ix Tumzamil. Takuil MIsX HaBYaHHA J1a€ Pe3yJIbTaTH B TOMY CEHCI, IO
y4eHb IIBUJKO PO3B’A3y€ 3ajady, AKIINO0 BiH MOyKe BU3HAUUTHU THUII, JO SIKOI'O BOHA
Has1e2KuTh. OJIHAK, Ieil IIJISX 3aBaka€ CaMOCTIHHOMY MUCJEHHIO Y4HIB. BoHn
CTaloTh OE3MOpaJIHUMU, KOJIU 3YCTPivaloTh He3BUYaiiHy, HecTaHIapTHY 3ajady,
SIKIIIO HABITh BOHA 110 CKJIAJHOCTI He IepeBazkKae Ti, sIKi po3B’I3yBaJ/liCh PaHiIIe.

BBejieHHs1 B 1100yT TepMiHa «JIOCJIIHULIBKA JisIIbHICTh» BUMAarae IosiBU 1 BU-
3HAYECHHA HACTYITHOI'O, TICHO 3B’sI3aHOI0 3 HUM IOHSITTS — «JIOCJILTHUIIBKI 310HO-
cTi». JdocmiauunbKi 310HOCTI JIOMYHO KBaJlihiKyBaTH BIJIIOBIIHO JI0 TpaJuIiiii
BITUMBHSIHOI IICUXOJIOTIT sK 1HJAMBIIya/ bHi 0COOIMBOCTI 0COOMCTOCTI, 110 € cy0’'e-
KTUBHUMU YMOBaMM YCHIIIHOTIO 3/1CHEHHS JOC/IHUIBKOI JTisIJIbHOCTI.

Bonn, sk 1 Bl iHmm 3110HOCTI, MalOTh B OCHOBI CBO€I JIBI CKJIaJI0Bi: 0i0JIOrI-
any (renorurny) i cepejpopuiiay. CriojiydeHHsi 0COOIMBUX TEHOTUITHUX 1 Cepejio-
BUIIHIX (PaKTOPIB HAPOIKYE BHYTPIIIHE, ICUXIUHE YTBOPEHHSI, IMEHOBAaHE <JIO-
CJIJTHUIBKUME 3/110HOCTs MUy, JloC/iqHUIIBKI 3/II0HOCT] BUSIBJIAIOTHCS B TJIMOWHI,
MIITHOCTI OBOJIOJIHHSI CIIOcODAMMU, IPUioMaMK i1 eJeMeHTaMU JTOCJIiIHUIIBKOI JIi-
sJIBHOCTI, aJie He 3BOASThLCA J10 HuX. [I[pndoMy may»ke BaykK/IMBO PO3YMITH, IIIO MOBa,
fizie 1 Mpo came TparHeHHs JI0 TOMIYKY, 1 PO 3AaTHOCTI oriHoBaTH (06pPOOJISITH)
floro pesysbTaTH, i Mpo yMiHHS Oy/lyBaTH CBOIO TOJIAJIBIINY I[TOBEJIIHKY B yMOBaX
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CUTYyallil, 10 PO3BUBAETHCS, CIIUPAIOUYNCh Ha HUX.

Tak, Hanpukiag, 3BUYaiiHO B IICUXOJIOTIYHIX JOC/IIYKEHHIX P BU3HAYCHHI
PIBHA PO3BUTKY JIOCJIIIHUIILKOTO TOBOIYKEHHS JIIOAUHHI BUSAB/IAETHCS 1 M1 JIa€ThCs
KIJIbKiCHI OIHIN TIMIBKY JIMIIE 3JaTHICTb 0JIepyKyBaTH MaKCUMYyM iHdopMaliii B
00’eKTa IIJISIXOM HeperjiaMeHTOBAaHOI B3aeMo/Iil 3 HuM. Lle iJIKoM pHuIrycTuMo npu
OIIIHIIl CTYIIeHsI BUPA3HOCTI IONIYKOBOI aKTUBHOCTI, aJjie NPU BU3HAUEHHI PIBH
PO3BUTKY JOCIIHUIIbKUX 3410HOCTEll TOTPIOHO IPUHITUIIOBO 1HINIA ITiIXiJT.

Y dyHmaMeHTi JOCAIIHUIBKOI MOBEIIHKK — IICUXiYHAa I10Tpeda B IOIIYKO-
Biit akTmBHOCTI. OCHOBOIO yCHOIO BHCTYIIA€ Oe3yMOBHUIT pedJieKc, IO oJep-
»KaB Biji cBoro mnepmoBiakpubada [.II.I1aBioBa HaiiMeHyBaHHSA <«OPIEHTOBHO-
JOCJT THUTIBK U pedyieke» abo «pediieke — 1o Take?». PiBeHb pO3BUTKY MMOTpeOH
B JIOCJITHUIBLKIN MOBEMIHII 3HAXOMUTHLCA B IPAMOl 3aJ€XKHOCTI Bl PIBHA IICUXI-
YHOI opraHizallil >kuBoi icroru. Yum BuIle piBeHb PO3BUTKY HOTPEOU B JIOCIIITHU-
IbKiil TIOBEJIIHIN, TUM IHTEHCHUBHIIIE PO3BUBAETHCs OpraHizM. BuxoanThb nHikaba
3aKOHOMIPHICTB: YUM JIOCKOHAJIIIIIEe HEPBOBA CUCTEMa, TUM IHTEHCUBHIIIE BOHA Ce-
6e ynockonaJsitoe. llomrykoBa, JOC/IiHUIIBKA aKTUBHICTH 1 € OJHUM 3 OCHOBHHX
MeXaHi3MiB, 1110 3a0e31eUyI0Th Iie IpucKopenHs |2, ¢.250-252].

Kpim nparaennd it yminng jpodyBaTu MakcuMyM iHdopMaliil B yMoBax Hepe-
IJIAMEHTOBAHOI B3a€MOJIII 3 IIPeMeTOM, 000B SI3KOBO MOTPIOHO OINIHIOBATH 1 3714~
THOCTI JIO CHPUIHATTA I ysIBHOI 1epepoOKu iHdopMaliii, 1o HaJIXOJUTh Y XO-
a1 jocyizkenHst. ToOTo, OIiHIOIYN PiBeHb PO3BUTKY JOCJIIIHUIIBKIX 3110HOCTEI],
MU HE MOYKeMO OOMEXKHUTHUCSI OIIHKOIO CTYIIeHsI BUPA3HOCTI IIOIIYKOBOI aKTHUBHO-
CT1, BayKJINBO 1 Te, HACKLJILKHN 1HINBII 31aTHUN CIpUiiMaTH 1 3aCBOIOBATHU JIOCBII,
OTPUMAHUI HUM y XOJIi JOCJIIHUIIBKOI AistibHOCTI. HackiibKy BiH 31aTHUIT BUKO-
PUCTOBYBATH 1Ieil JTOCBLJ HaJlaJll, y IPOlecl pO3BUTKY CUTYAIIll.

Y KOHTEKCTI JJAHUX MipKyBaHb OCOOJIMBY BayKJIMBICTb 3/100yBa€ MUTAHHS 1H-
JIMBLIyaJIbHUX PO3XO/IZKEeHb Y JOC/IITHUIIBKII TTOBEIIHII 1 PIBHAX PO3BUTKY JIOC/II-
JHHUIBKUX 3110HOCTEI].

YuboBa JOCITHUIIbKA JTISIHLHICTD Ma€ HACTYIIHI 0COOJIMBOCTI: HeJIeTepMiHOBa~
HicTh ab0O HEIOBHA JIETEPMIHOBAHICTb BiIIOBIJIHOI JislJIbHOCTI; 1H/UBIIyaIbHICTD
JIAHOT JIISJIBHOCTI, a came, HeOOXIIHIM aTpUOYyTOM € BUMOTa CaMOCTIHHOIO yXBa-
JIEHHs PiIIeHHs; MPOJAYKTUBHICTD, & caMe, CIPSIMOBAHICTb Ha, OJeprKaHHsa HOBOIO
3HAHHSI, 1110 J03BOJISIE BUIALINTU JOC/IIIHUIBKY JisIIbHICTD K (pOPMY TBOPUOI JIi-
SJTBHOCTI.

[1. Tloita BBazkaB, 110 BEJMKE HAyKOBE BIIKPHUTTS JA€ PIIIEHHS BEJMKOI IIPO-
Ostemu, aJje it y pimenni Oyab-gKol 3a/a4di TPUCYTHA KPYIUIld BiAkpuTTd. [lificHo,
3aja4a MoxKe OyTH CKPOMHOIO, aJjie sIKIIO BOHA KHJIa€ BUKJUK JIONUTIMBOCTI i
3MYIIy€e OyTH BUHAXIJJIMBIM, TO BU 3MOYKETE BUIIPOOYBATH BEJLYUY JIO BLAKPUTTS
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HAIIPYTY PO3YMY 1 HACOJIOMUTUCS paJiicTio mepemoru. (3, ¢.25].

BaJiydeHHs YUHIB Y JIOC/IIHUIIBKY sl IbHICTD, O3HANOMJICHHSI 1X H& PEIpOJLy-
KTHUBHOMY 1 TBOPYOMY PIBHSAX 3 eJIeMEHTAMU T€T TIATbHOCTI, HAOLIbIIIe TPUPOTHO
IIPOTIKAE B IIPOLECi po3B’sizaHHs 3a4a4. [luM BusHAIa€THCs Miclle HaBYaJIbHOI J10-
CJIJTHUIIBKOT JTiSIIBHOCTI, TIOB’SI3aHOI0 3 BUKOPUCTAHHSIM MaTeMAaTUIHUX YsIBJICHb i
METO/IIB. 3BiJICH BUIINBAE HEOOXITHICTEL BKJIIOUEHHSI B HABYAHHS MaTEMAaTHIIl J10-
CJITHUIbKUX 3aJ1a4, 1110 IPUIIYCKAE BU3HAUYEHY IepPepobKy cOPMOBAHOI CHCTEMH
3aJad Kypcy MaTeMaTuku. PoJib, dKy AoC/HigHUIbKA IidIbHICTL Ma€ B IIpOIle-
cl HaBYAHHA MaTeMaTHIll, IOJISIra€ B IIJABUINEHH] PIBHA MaTeMaTUIHOI'O PO3BU-
TKy yuHiB. IIlo 6e3repedno € jgyzke BarkKJIMBO JJIsl IIPOLIECY HaBYaHHSI MaTeMaTHU-
Il 30KpeMa, 1 IHIINX IpeaMeTiB B3araji. Taki ejeMeHTH 9K po30MBKa 3ajJadi Ha
1iJ13a/1a41, yCTaHOBJIEHHSI CTPYKTYPHOI 1TO10HOCTI 30BHI PI3HUX cHCTEM 3ajad, Oa-
YeHHsI JIMHAMIKM 3aJj1a4i, opraHizallis 1nepedopy i jesKi iHII € HOCIIMU OCHOBHHX
BJIACTUBOCTEN JOCIIHAIILKOL 11 ILHOCTI.

@opMyBaHHS €JIEMEHTIB JIOC/IIHAIIBKOI JisIbHOCTI BiIOYBAETHCS 3a JIOMOMO-
rol0 CIleliaJIbHUX 3aJiad, sKi MOJIJIeH] Ha JiBa KJIach. 3ajadi MepIIoro KJjacy sB-
JIIOTH CODOI0 «3pa3Ku», «perenTus Jiil. Bonn cupsmoBani Ha 3HafloMCTBO 3 eJie-
MeHTaMU JIOCTLIHUIBKOI JISJIBHOCT] 1 1X CKJI&JIOBUMU OIlepalllsiMi, Ha PO3TJIS/L
CTPYKTYpPHU, JUHAMIKH, JIOTIKH 1 PI3HUX CTOPIH BUKOHAHHS BIJIIOBIIHUX iff, Ha
3acTOCyBaHHs HuX. KoxKHa 3 3aja4 OJHIEl Ipyny po3ouTa Ha Iij3a adi, PillleHHs
SIKIX JIa€ HaM pilleHHd BuxigHol 3agadi. IIpu nmpomy KijgbKicThb mmigzajiad MozKe
BapilOBATUCSA B 3aJI€2KHOCTI BiJI 1HUBIIyaJIbHUX OCOOJIMBOCTEl yUHS, AKOMY BO-
Ha MPOINOHYETHCA. UUM CHJIBHIINE YUYeHb — THM MeHIIe oMy HeoOXiJHO ITijI3a/1ad
JUIS pO3B’sI3aHHSI JaHOl 3ajadi. | HaBIaku, 4uM cjadkiile ydeHb — THM Oijbliia
KJIBKICTD Iig3aa4 oMy HeoOXiaHa.

3ajiaqi Ipyroro Kjaacy MOBUHHI OyTH CHpIMOBAHI Ha 3aJlydeHHs YUIHIB y Ha-
BYAJIbHY JIOCJIIHUIBKY JsiIbHICTE. Po3B’d3aHHA NUX 3ajad, y BIJIMIHHOCTI Bij
3aJa4 I[ePIIoro KJjacy, 1€ BUKOHaHHS KOHKPETHOI Jiil (biKCyeThCsl, BUMarae BuOO-
py HeOOXiTHWX JIiil, yMIHHsSI Opi€HTyBaTHCs B NpobseMuiil curyaril. /lisjbHiCTD
0B’ si3aHa 3 PO3B’sI3aHHSIM 3a/1a4 [IbOI'0 KJIACy Ha JIAHOMY eTalll HaBYaHHs He I10-
BUHHA OyTH JIeTepMIHOBAHOO. A 11€ MOXKJIMBO TIJIBKN B TOMY BHIIQIKY, KOJIU METO-
I PO3B’si3aHHs IMUX 3a/4a4 Ha JAHOMY eTalll HaBYaHHsSI He MaJIi MicIls B IPaKTHII
VUHIB, KOJIU Y4YHI HE MalOTh MOXKJIUBOCT1 OPI'aHI3yBaTU CBOIO JlislJIbHICTb CTPOI'O 34
3pa3koM. B ocHOBI MeTOMKN HaBIaHHS YIHIB BIOBITHUM JTiIM JIEZKUTH 3Ha0OM-
CTBO 3 PI3HUMHU CTOPOHAMH IXHBOI'O BUKOHAHHS, IIPU IILOMY PO3TJISIATH CKJIAI0BI
iXHi onepallii mepeadadacTbed HeTBHUM 00pa30M.

SHaOMCTBO y4HIB 3 BIJIIOBIIHUMU OIlepallisiMi BiJIOYBA€ThCsI Ha, PiBHI IIPO-
TUCTABJIEHHS, Y IIPOlleCl B3a€EMHUX I1E€PEXO/IIB MIXK IOJIIOCAMU: «ICTOTHUI»-
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«HECYTTEBUII» eJIEMEHT 3a/1a4l, «BipHi»-<«HEBIPpHI» 3B’SI3KH, «ICTOTHI»-«HECYTTEBI»
3B’S3KH, «IIOBHE»-<«HEIOBHE» O€3JIi4 MijI3a/a4, «CYIepedInBes-«HeCyeped/nBes
Oe31iv mijEajgad i T...

Hapuasbaa goc/IiiHUIBKa AisSIIbHICTD IOBUHHA SIK MOXKHa OlJIbIlle iMITyBaTn
HAYKOBY JIOCJIIHUIBKY JIisi/IbHICTH. ToMy pO3B’si3aHHs 3a/a4i IOBUHHO MICTUTH
OCHOBHI eTanu gocaizkenns. OJHIM 3 OCHOBHIX €TalllB JI0CITHUIILKOT JIISIBHOCTI
€ eTalr moOy/10BM rirnore3u. lle cripusie po3BUHEHHIO MaTeMaTUIHOT IHTYITIT YIHIB i
JIOCSITAETHCSI 38 PAXyHOK BiJIIOBIIHOI mocTaHoBKH 3aa4i. Cirij e pa3 HaroJocu-
TH, 1110 [IPY BUKJIaJIaHHI JIAHOTO MaTepia/ly BUUTE0 HeoOXiTHO BUKOPUCTOBYBaTH
HACTYIIHI METOJM HaBYaHHS: IPOOJIEMHUIT BUKJIAJI, IOIIYKOBa Oecijia, J0CJIIHU-
IbKMIT 1 0cOOIMBY yBary Tpebda NpuIiJInTH eBpucTHIHOMY MeTory. [1indip 3acobiB
HaBYaHHS I OopraHizallll HaBYaJbHO-AOCIIHAIILKOI JIAILHOCTI MKOJJSIPIB IPH
BUBUYEHHI MaTeMaTUKH Iepedadac KOMILIEKCHE IO€THAHHS TPaJIUIiiHIX 3ac00iB
HaBYaJILHOI'O IIpoliecy. Bukopucrants pisHOMaHITHIX 3ac00iB HABYAHHSI JJO3BOJISIE
BUNTEJIEBI MLJIECIIPSIMOBAHO i e(pbeKTUBHO KEPYBATH MPOIIECOM CAMOCTIITHOI JTOCTi-
JIHUIIBKOT JIisIIBHOCT] y4HIB, (hOpMYe ejleMeHTH iH(OpMalliitHOl KyJIbTYPH yUHIB,
1 pa3oM 3 TUM, CTUMYJIIOE IHTEpEC Y4HIB JI0 BUBYEHHs MaTeMaTUKH, F'OTY€E 1X J10
HEeIIepEPBHOI OCBITU B MaiilOyTHHOMY.

BucuooBkn

HocigannbKa AistIbHICTD — OCOOJMBUIL BUJ, JislIbHOCTI, TIOPOJIZKYBaHa B Pe-
3yJbTaTi (PYHKIIOHYBaHHS MeXaHi3My TOITYKOBOI aKTUBHOCTI 1 CIIOPY/KYBaHa, Ha
0a31 JociaHnbKol noseinkn. Micie ToCalTHAIBKOT TIgIbLHOCTI 3HAXOINTHCS Ha-
caMmIepe]l y mMaTeMaTHlll y 3ajadax. [I[pmdomy ni 3aadi, MaioTh HECTH y coOi
eJIeMeHT HeCTaHJIapPTHOCTI, TOOTO MaloTh OyTu HectaHgapTHuMu. PopMyBaHHSI
eJIeMEHTIB JIOCJIIIHUIIBKOI JislIbHOCTI BiJIOyBa€TbCsl 3a JIOIOMOIOIO CIIeliaIbHIX
3a/1a4, 9KI MOJI1JIeH] Ha JiBa KJIACH.
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®OPMYBAHHS EJIEMEHTIB TBOPYOI AIAJIbHOCTI YUHIB
HA YPOKAX MATEMATUKNA

CT&TTH IIpucBdAd4vIeHa HeO6XiILHOCTi BKJIIOYCHH B IIpOIEC HaBYaHHA MaTEeMaTUKN eﬂelvleHTiB TBOP-
401 JistibHOCTI. B X0/ BUBUYEHHA JaHOl TeMU, BUSBJIEHO, IO (POPMYBaHHA €JIEeMEHTIB TBOPYOL
JHSIBHOCTI BiIOYBa€ThCA 3a JIOIIOMOIOIO CIIEIiaJbHUX 3a/1a4, siKi CIPUSIOTh PO3BUTKY TBOPUUX
3i6HOCTEIl.

KirodyoBi ciioBa: meopua diasvricms, 3adava, meopui 3016H0CMA.

Beryn

B ocranHiit vac rocTpo cToiTh IpodJieMa TBOPYOCTi Ta POZBUTKY TBOPUUX 3/1i-
OHOCTEll MKOJIAPA: YABU, IHTYITIT, MUCJIEHHS, OpUTIHAJILHUX 3acO0iB J1iif, BIJIXOTY
BiJT 1abJIOHIB 1 T. iH.. 3apas3 MpOXONUTH MEPErJIdA)l TEOPETHIHIX TO3UIIN BiTHOCHO
HPUPOJAN TBOPYOCTI, KPUTEPIIB JiarHOCTUKU TBOPYUX 3JI0HOCTEH Y IIJI0OMY, Be-
JIYThCs TIONIYKHU JIZKepesl KPeaTUBHOCTI, YMOB, SIKi CIIPUSIOTH PO3BUTKY TBOPYOTO
[IOTEHIIIAJLY.

HeoOxiiHicTh BKJIIOUEHHSI B IIPOIEC HABYAHHSI MaTeMaTHKU €JIEeMEHTIB TBOP-
YOCTI BUBHAETHCs BeiMa. Lls npobiiema BUPINIYETHCA B paMKaX BKJIIOUEHHS YUHIB
B aKTHUBHY II3HABAJbHY MisSJIbHICTB, IO JIO3BOJISIE PO3BUBATH IX TBOPYI 3110HO-
cTi, 6epyun 3a OCHOBY HPUHIUIIN PO3BUBAIOYOI0 HaBUYAHHs, PO3POOJIEH] B IIPAISX
C.JI.Py6inmreiina ta inmmux [5,6]. puitmatoun nosurio JI.C.Burorcekoro, 1o
HaBYAHHS Beje 3a co0O0I0 PO3BUTOK, OyJIM peasti3oBaHi Pi3HI MIX0H JI0 PO3BUTKY
TBOPYOI MATEMATUYHOI JI1AJIbHOCT] YUHIB.

TBopua AiAABLHICTH € 3aKOHOMIPHUM €TalloM JIIOJICHKOI IigJIbHOCTI B3araJii,
IiJICYMKOM TIOIIEPETHHOTO PO3BUTKY (DOPM ILET JisSIJIbHOCTI, HOBOIO, SIKICHOIO CXO-
JIMHKOIO (popMyBaHHs ocobucTocTi. TBopda MiIbHICTD PO3BUBAETHCA B caMiil Ji-
SITBHOCT1, BOHA € HOBUM €TallOM Y PO3BUTKY OCOOMCTOCTI.

['oJioBHI acreKTn TBOPUYOCTI B3araJji MOXKHa 3YCTPITH y Hpalsgx BiaoMux ¢i-
nocodis i ncuxostoris: B.A Kpyrenskoro, C.JI. Pybinmreiina, JI.M. ®pigmana ta
inmux [2,5,7|.
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3aJjiydeHHsl YIHIB JI0 TBOPUOI JIislIbHOCTI 1 PO3BUTOK X TBOPUUX 3/i0HOCTEl —
npobseMa, cKJaiHa 1 baraTomiaHoBa. Pi3Hi 11 cTOPOHN PO3IIISIal0ThCA B poOOTax
A.H. Komvoroposa, B.A.Kpyrerpkoro ta inmux [1,2]. [lio npobiemy Hamarapcs
pO3B’si3aTH aMepuKaHchbKuit Maremarnk 1 negaror k. Iloita [4].

Y poboTax MCUXOJI0rIB I JIKPECTIOETHCS BaXKIMBA POJIh, IKY Y TBOPUUX MIPOIIe-
cax IrpaloThb 3HaHHS, 110 € YMOBOIO 1 IIEPEIYMOBOIO YCIHIIIHOI TBOPYOI J1SlJIbHOCTI.

OcHOBHA 4YaCTHUHA

MaremaTnka sik HaBYaJIbHUI IIPEJIMET MA€ OCOOJIMBOCTI, STKi CTBOPIOIOTDH CIIPHU-
STJINBI YMOBH JIJ11 3aJIyYeHHS YUHIB JI0 TBOPYOI JIIA/ILHOCTI 1 PO3BUTKY 3/110HOCTEI
JI0 Hel B IIpolieci HaBYaHHA. fIK CBIIYUTH aHaJ i3 IIKIJILHOI MPAKTUKH Ta JOCBII
BUHMTE/IIB PO3BUTOK 3J/1I0HOCTEll JIO TBOPYOI MaTeMaTUYIHOI JisJIbHOCTI BijOyBae-
ThCS 3 JIeAKIMHI TPY/IHOIIIAM.

Bununkae neoOXiHICTH OLIBIT MINOOKOTO BUBYEHHA TPOOJeMu (popMyBaHHd
TBOPYOI MaTeMaTH4IHOI JIis/IbHOCTI YUHIB, a 3aja4da Iejarora — nodbaduTu iHInBi-
JlyaJIbHy KpEaTUBHICTb YUH¢ 1 IPArHyTH PO3BUBATH 11.

CamMe y 1porieci BUBUEHHSI MaTeMaTUKH PO3BUBAIOTHCS 3/I0HOCTI 0 TBOPUOI
JISJIBHOCTI, K1 MalOTh TaKi KOMIIOHEHTH:

1) mBuKe 3amaM’siTOBYBaHHsT Ta 30epeKeHHsT B TaM’siTi He TiIbKH 4duces i
KOHKPETHUX JaHUX, & i CrocobiB PO3B’sI3yBaHHS TUIOBUX 3a/1a4, JIOTTYHUX CXEM;

2) yMiHHS TBUJIKO y3araJbHIOBATH (KOYKHA KOHKDETHA 3a/1a9a PO3B’I3YEThCsT
SIK TUIIOBA);

3) MUTTEBE BUJILJICHHSI CYTTEBUX O3HAK IIiJ] 9ac CHPUIHHATTS yMOBH 3ajadi,
dopmastizoBane badeHHsl MaTeMaTUIHOIO MaTepiaJIy;

4) TeHIeHITisT MIDKYBATH 3rOPHYTUMHU YMOBAMI;

5) BeJIKa PYXJUBICTH PO3YMOBUX IPOIECIB, JIErKuil 1 BiibHUIT mepexisn Bij
OJIHIET pO3YMOBOI ollepallil /10 1HIIOI, 3 IPAMOI0 Ha 3BOPOTHUI X1J| JIyMOK;

6) BUHAXI/TMBICTD y OJMOJAHHI TPY/IHOIIB, YMIHHS JUBUTHCS Ha IIPOOJIEMY
111 PIBHUMU KyTaM# 30DY;

7) BUCOKHUIT piBeHBb TPOCTOPOBOI Y$IBU, BMiHHSI IEPEBOJINTH MaTEMATHIHI TPO-
Oemu (3aj1a4i) y HAOUHO-00PA3HI;

8) mparHeHHsl JI0 SICHOCTI, IPOCTOTH, PAIIOHAIBHOCT] PO3B’sI3aHb;

9) yMiHHST 3HAXOIUTH JOTTIHII 1 MATeMaTHIHIH CeHC Y 6araTbox sIBHINAX JIiii-
CHOCTI, 3/11iCHIOBaTH CBOEPIIHE IIepeHecenHsl MaTeMaTHIHIX MEeTO/IIB JI0C/I1I2KeH-
Hel Ha HeMaTeMaTUdHl sIBUIIA.

Mamemamuuni 30i6Hocmi — 1ie 1HUBI Y IbHO-IICHXOJION YHI 0COOJIMBOCTI JIIO-
JIMHU, 10 CHPUSAIOTH OLJbII BUCOKIl IPOJYKTUBHOCTI 11 MaTeMaTUYHOI JislIbHO-
CT1, JO3BOJIAIOTH BUKOPUCTOBYBATHU B 11 IIpoIlecl HecTaH apPTHI HIJISAXU Ta METO/IH,
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Meronuka BukjaamanHda matematuku B 3OIII ta BH3

CTBOPIOBATH B PE3YJIbTaTi MOPIBHAHO HOBUIl MPOJYKT po3yMOBOI misiabHOCTI. Ji-
arHoCTHKa, (POPMYBAHHS 1 PO3BUTOK MaTeMaTUIHUX 3J10HOCTEl BiJIOYBAETHCS Y
IpoIeci MaTEeMaTUIHOI JIisJIbHOCTI BOJHOYAC 3 (POPMYBAHHAM 3araJbHOHABYAb-
HUX YMiHb 1 37I0HOCTell, MaTeMaTUIHIX 3HAHD 1 YMiHb Ha X OCHOBI.

[IpupojiHo, 1110 MaTeMaTHdHi 3/[I0HOCTI PO3BUBAIOTHLCS Y IIPOIECI PO3B’I3yBa-
HHsI HETHIIOBUX 3aa4. AJie JOImoMizKHI 3aco0u, Taki siIK CBiJOMe BiIIIpallloBaHHs
OKpeMUX THUIIB 1 TPUHOMIB PO3YMOBOI JTiAIbHOCTI, CHPUAIOTH IIBUIEHHIO ede-
KTHUBHOCTI I[bOT'O ITPOIIECY.

[Ipu BubGOPi MeTo1iB (hopMyBaHHs €JIeMEHTIB TBOPUOI JIisJIbHOCTI MU TTOBUHHI
BPaxOBYBATH Ti 3/II0HOCTI, K1 ByKe €, Ta PO3BUBATH 3/IaTHICTH YMIJIOI0 IIepeTBOpe-
HHS CKJIQJIHUX OYKBEHUX BUPA3iB, epeOupanus BIAJIUX ILJIAXIB JIJId PO3B’ A3aHH
PIBHSIHB, IO HE T IXOSITh i/ CTAHAPTHI IIPABIIIA; TeOMETPUYIHY ysIBY (I TeoMe-
TPUUHY 1HTYII0); BMiHHSI IIPABUIBHOTO PO3YIEHOBAHOIO JIOTITHOIO MipKYBaHHSI.

Ha mymky 1.91.JIepuepa [3], goc/igauipKuii MeTo)| € OCHOBHUM METOJIOM Ha-
BYaHH¢ TBOPYOI JisibHOCTI. Ko HazmBaeMo floro OCHOBHUM, TO MaeMO Ha yBasi
HEMOXKJINBICTh 3aMIHM Or0 1HIIUM JIJ1s1 3aCBOEHHS JOCBLLY TBOPYOI Jisl/IbHOCTI Ha
CYCITLILHO-HEOOX1THOMY PiBHI.

Cdopmysiroemo npuHIuiny (GpopMyBaHHsI €J1eMEHTIB TBOPYOl JislIbHOCTI:

1. Ipunuyun nayxosocmi MoJsira€ B POSKPUTTI MPUINHHO-HACIIIKOBUX 3B 513~
KIB SIBUIII, IIPOIIECIB, 110/11i1; CTBOPEHH] BIPHUX YsBJIEHb 11PO 3arajibHl METO/IN Hay-
KOBOI'O II3HAHHS; [OKA31 MOIYTHOCTI JIJICbKUX 3HAHB 1 HAYKU (MaTeMaTHKN).

2. Ipunyun cucmemamuunocmi. Ilporec hopMyBaHHS €1eMEHTIB TBOPUOT JTi-
SIIBHOCT1 YUHIB ITOBUHEH OYTU CUCTEMHUM 1 ITOCJIIOBHUM: JIOTPUMAHHST ITOCJII0B-
HOCTI y BUBYEHHI HABYAJIBHOIO MaTepiasiy (mepegdadac pyx y HaINpsIMKY Bif mpo-
CTOT'O JIO CKJIQJIHOT'O,B1/ BIJJOMOI'O JIO HEBIJJOMOI'O, BlJI YsIBJIEHD JI0 3HaHb, B1J] 3HaHb
710 YMIHD 1 HABUYOK); CHCTEMATHIHe PO3B’si3aHHs TBOPUIUX 3aBJAHbD.

3. Ilpunyun mousidyanrvrozo nidrody do yurie. Ciig MAKCIMAIBLHO BPAXOBY-
BaTH 1HUBLIYaIbHI 0COOJMBOCTI KOYKHOTO yUHsA: (DI3I0JIOTIYUHI, TICHXOJIOTIYH], Pi-
BeHb 3/110HOCTI J10 1IpeaMeTy. 1o MeTonndaHnx 3acobiB peasiizalil bOro MpUHIIIILY
BIJIHOCSITHCsl KOPOTKUiI aHaJIi3 i/1eil 1 MeTO/IiB pO3B’si3yBaHHs 3a/1adi.

4. Ipuryun dopmysarmi nidHaBAALHOT GKMUBHOCTT Y4HIE. 3aCTOCOBYIOUN
pizHOMaHiTHI popME 1 METOAU POOOTH 3 JUTHMU, MOXKHA BILIUBATH Ha PIiBEHDb
Mi3HABAJILHOI aKTUBHOCTI y4HIB (poboTa B rpymax, TBOpUYE JOMAIIHE 3aBIaHHS,
pedeparu, JOMOBIJ, AUCIYTH, Pi3HI MO3aK/IACHI 3aX0/H).

5. Hpuruyun emourtinocmi nasuanma. I1in emomiiinicTio HaBYaHHSA Tpeda Po-
3yMITH: YKBaBuUii, 00pa3Huii BUKJIaJ MaTepiaay; Kpacy B JIOTII] BUKJIay HaBYaIb-
HOI'O MaTepiajiy; BUKOPUCTAHHS IIKaBUX MPUKJIAJIIB; CTBOPEHH MTOYYTTS BUKOHA-
HOT'O OOOB’SI3KY.
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6. IIpuruyun noemanno2o Gopmysarna Ha6U¥OK JoCAIOHUUbKOT pobomu. Xa-
PaAKTEPU3YIOUN JIOC/TTHUILKUN MeTOJT, HeoOXiTHO BKa3aTu Ha Te, IO Ieif MeToI,
HaBITH NPU HOroO MPOCTUX BapiaHTax, repejgdadae TOTOBHICTL YUHS O IIJIICHO-
ro po3B’s3aHHsS MPOOJIEMHOI 3ajadi, TOOTO J0 CAMOCTIHOTO IPOXOJIZKEHHS BCiX
eTalliB JIOCJIJZKEeHHsI. 3aJlydeHHs YUIHIB Y JOCILIHUIBKY Jisl/IbHICTh, O3HailoMJIe-
HH$ 1X Ha PENpOJyKTUBHOMY 1 TBOPUOMY PIBHSIX 3 €JleMEHTaMu I[I€l JIislJIbHOCTI,
HAMOL/IBIT MPUPOJIHO MTPOTIKAE B TIPOTIEC pO3B dA3aHHS 3a,/1ad.

7. Ipunuun possumry meopuo2o MucAeHHs. YIOCKOHAJIEHHS METOIUKH PO-
060TH BUYUTEJId CYTTEBO 3aJIe’KUTh Bijl Oro BMIiHHS IILJIECIIPSIMOBAHO KepyBaTH
JistibHicTIo yuHiB. OJiHE 3 BaKJIMBUX 3aBJaHb yIUTE/Isl — PO3pOOKa TEXHOJIOTIT
HaBUYAHHS PO3B’ A3aHHIO 3aJ1a4, dKa HalOLIBINOI0 MIpoOo clipusia OU PO3BUHEHHIO
TBOPUYOTO MHUC/IEHHs. BayKano MpomoHyBaTn yUIHIM JIJIsI CAMOCTIITHOTO PO3B’s3y-
BaHHsI HECTAHJAPTHI i TBOPYI 3aJiadi, 100 X MUCJEHHS OyJI0 ClipsiMOBaHe HE Ha
3aCBOEHHS MPUIOMIB PO3B’sI3KY, a Ha 1X BIJIKPUTTS B IIPOIECi 0COONCTOI HABYA b
HOI JTISIIBHOCTI.

Bucaosknu

[IpoBejienuit anaJi3 MCUXOJIOrO-TIEANOTIIHOI JIITepaTypu JI03BOJIUB CPOPMY-
JIIOBATU OCHOBHI IPUHIKIIK (POPMYBAHHSI €/IEMEHTIB TBOPYOI JisIJIbHOCT] yUHIB Ha
ypOKax MaTeMaTUKN, BUKOPUCTAHHS STKUX CTBOPIOE CIPUATINBI YMOBU JIJIsd TIi/I-
BUIIEHHS SIKOCTI HABYaHHS MaTeMaTUKU.

JlitTepaTypa

[1] Koamozopos A.H. O npodeccuun maremaruka. — M.: TIpocsemenne, 1959. —
285¢.

2] Kpymeukut B.A. Ilcuxonorus obydeHust 1 BOCIUTAHUST TMTKOJBHIKOB. — M.:
[Ipocsemenne, 1976. — 303c.

13| Jlepnep U. 4. Tlpouece obyuenus u ero 3akonomepuoctu-M., 1980,

[4] Iotia /. Maremarudeckoe otrkpeitue. — M., 1970. — 452c¢.

5] Pybunwmetin C.JI. OcuoBbl obrmeii neuxomorun. — M.: Vanearns, 1946. —
643c.

6] Pyourwmetin C.JI. TIpobiiema criocobHOCTEll U BOIMPOCHI TICHXOJIOIMIECKOT
Teopunt. «Bormpocs! ncuxosorumy, 1960, Ne3.

7] @pudmarn JI.M. Tlcuxosoro-tiefarornieckie OCHOBBI OOYUEHUST MaTEMATHKE
B IIKOJIE: YUHUTEe/NI0 MaTeMaTuku o mei. ncuxosorun. — M.: I[Ipocsemenne,

1983. — 160c.
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3AJIAYI HA TIOBVIOBY 4K 3ACIB PO3BUHEHHS
ITPOCTOPOBOI'O MUCJIEHHS YUHIB HA YPOKAX
TEOMETPII

CrarTs npucBsSYeHa PO3BUTKY ITPOCTOPOBOIO MUCJICHHS YUHIB Ha YPOKaxX CTepeoMeTpil 3a J0-
MIOMOTOIO 3aJ1a4 Ha o0y 1oBy. Po3risanyTi Micie Ta posb 3a/1a4 Ha MOOYI0BY Yy HaBYAJILHOMY
HpoIieci Ta 1X BILIUB HA PO3BUTOK IIPOCTOPOBOIO MUCJIEHHS YUHIB.

Kio4doBi cimoBa: npocmopose mucienus, 3adavi wa no6ydosy.

Bceryn

Ha cydacnomy etari po3BUTKY JIIOJICTBa BayKKO IMEPEOIIHUTH BHECOK MaTe-
MaTHUKHM B PO3BUTOK iHTEJEKTyaJIbHUX 31i0HocTeil Jyirojuau. He ocranne micie B
IIbOMY IIpOIIec] MOCIJIa€ TeoOMeTPis.

Kypc cygacnol mKiIbHOT reoMeTpil HEMOYKJINBO TPEJICTABUTH O€3 cTepeoMe-
Tpii, gKy B CBOIO 4epry 0e3 3ajad Ha rmodyoBy. Haxkaib, y 6araTbox yUHIB He
JIOCTATHBO PO3BUHEHE ITPOCTOPOBE MUCJIEHHS, Yepe3 1€ BUHUKAIOTb TPYIHOIII i3
3ajJladaMi y MpOCTOPI.

Micre 3a1a1 Ha 10OY/I0BY B PO3BUTKY ITPOCTOPOBOTO MUC/IEHHS JTOC/TIZKYBaIN
OaraTo MeTOINCTIB.

Tax, Benrin O.P. Bujiisie Mmero1 mapasenbHoro npoektysantst [4]. [lepernboii-
kin /.I. po3rnignae reomeTpudHi MoOyI0BU 9K METO]I HABUYAHHS CaMUX T'€OMeTPH-
qHEX (baKTiB, TOBOPSIYN HE PO OKpeMi 3ajadi, a jmire npo tumm 3aaad [6]. Ce-
mymkia O./l. 3a ocHoBy €BOTO MeTO/Iy BUKJaJIaHHS MaTepiaay Oepe Mpoekiiiiine
kpecsientst [7]. Jlutsunenko M.B. npuiise suauny yBary nobyosi nepepisis. [5].
[osibaoepr f1.€. pobuTh AeTaJbHUI aHAJII3 BCIX MOXKJINBHUX 3a/a4 Y IIPOCTOPI, PO3-
IJIsA/1a€ METO/IM Ta MTPUHOME X PO3B’SA3yBaHHs 1 Te, IK HABIUTU YUHs ITPAIIOBATH
3 [UME 3aja9ami |2].

Aute, pa3om 3 TUM, Ha HaILy AYMKY, 3aJadi Ha I00YI0BY He 3aliHsIN BiIITOBII-
HOT'O MICISI B CUCTEMI 3a/1a4, PEeJACTABICHUX Y HMAPYIHIKAX TeoMeTpil. 3 iHIIOro
OOKY, BUUTEJI TAKOXK He MPWILISIOTH JTOCTATHLO YBArU 3a/1a9aM Ha MOOYI0BY sK
3ac00y PO3BUHEHHs ITPOCTOPOBOIO MUCJICHHS YIHIB.
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OcHOBHA 4YaCTHUHA

[IpocTopoBe MuC/IeHHs, sIK BiJIOMO, € CKJIaJIOBOI0 YACTUHOIO IYTTEBO-00pa3-
HOI'O MUCJIEHHS 1 HE € allplopl BUBHAYEHUM, 3allPOIPaMOBAHUM BlJ HAPOJIZKEHHS.
Bono dopmyerbes B 1porieci iHAUBiyaJbHOrO po3BUTKY JitoanHu. PopMyBaHHS
00pa3HOro MUCJICHHS B YCiil TOBHOTI Ta CBOEPIAHOCTI fioro ¢pyHKIIi — HeoOXiaHa
yMOBa e€(eKTUBHOTO 3aCBOEHHS 3HAHb, 1, pa30M 3 TUM, 1€ OJUH 13 BarKJIUBUX
3ac00iB PO3BUTKY OCOOMCTOCTI.

YaBJieHHs € 1109yTTeBUM 00paszoM. OJIHAK, HA BIAMIHY BiJl CIPUIAHSTTS, YsiB-
JIEHHs1 $IBJIste cODOIO 00pa3 «mpejnmeray (abo sIBUINA), MO Y JaHUil MOMEHT Ha
OpraHu IMOYyTTIB He JII€, aje JIdB y MUHYJIOMY.

[IpuitHaTo po3aiIsiTH ysiBJIeHHs Ha JIBa OCHOBHUX BHJII: 00pas3u mam siti (Bij-
TBOpeHHs1 00pasiB, MpejMeriB, IO KOJUCH CIpuiiMaincs) i obpasu ysaBu (HOBI
obpasn, cdopMoBaHi B pe3y/ibraTi TpaHcdopmallil TX, KOTpi 30epiraioThbcs B Ia-
M'sTi) [1]. Y mporieci HaBUaHHS BayKJIMBO PO3BUBATH OOU/IBA BUJN ySIBJICHD.

JlociizKeHHs1 psijly aBTOPIB IIOKa3YyIOTh, [0 OJHIEI0 3 HAHOLIBII XapaKTePHIX
0COOJIMBOCTEl YSIBJIEHD € TXHsI y3arajibHeHicTh [3]. V pesysbraTi 6araropasoBoro
CHPUNRHATTS TOIOHIX MPEJIMETIB Y JIIOJMHU (DOPMYETHCS JIesIKMil IXHIN 301pHuii
obpa3s.

VY 1poreci nepexoiy BiJl CHPpUITHSATTS JI0 YABIEHHs BiJIOYBA€ThCs IIEBHA, CXeMar-
THU3allis TOYyTTEBOTO oOpas3a. [leski fioro jerasi sk 61 3aTyIIOBYIOThCS 1 PeJIyKYy-
I0THCsI, 1HII, HABIAKH, I1JIKPEC/IIOI0ThCA 1 miAcuioTbes. Cxemarusaliis odpasa
3B’d3aHa 3 yTPATOI YacTUHU iHMOPMAIT, TOMY YsiBJIEHHSI 110 CBOIil IIOBHOTI 3aB-
MK YCTYTIA€ CIPUAHATTIO [3].

[eit MOMEHT Ba’KJIMBO BPaXOBYBaTU IIPU OpraHizallil HaBYAJIbHOI JiATHLHOCTI
mKoIApiB. OdeBuIHO, 11 (POPMYBaHHSA B HUX TUX a0 IHINNX YSBJICHb HEJIO-
CTATHBO TIIBKM JIeMOHCTpAIll (TOoKa3y) BIIMOBIIHUX MpEJMETIB; JIEeMOHCTpPAIlisT
MOBUHHA, CITOJIyYaTHCS 3 BUKOHAHHAM MpaKTUIHUX J1iit. Haiibinbir edpeKTuBHIMM
MeTojilaMu (POPMYBAHHS MPOCTOPOBUX yABJIEHD € TaKi, KOTpl 3a0e31evuyioTh CIIo-
JIV9eHHS CHPUMHATTS pealbHUX IIPeMeTIB, TPaKTUIHOI il 3 HUMHU 1 CJIOBOM, IO
IX TIO3HAYaE.

YsiBa, pOo3BUBaETbCs B Iiporieci HaBuyaHHs. OJiHi€I0 3 HalBaK/AMBIINNX 3a-
Jad [boro rmporecy € GopMyBaHHS y YYHIB INpuiioMiB ysaBu. fK Iokazasa
E.H.Kabanosa-Mesiep, npuitomu ysiBu popMyroThest moerarso [1].

Tak, mpu gpopMyBaHHI MPUHOMIB ysIBU, 3B’I3aHUX 31 CKJIQJAHHAM KPECJECHHs
reOMETPUYHOIO TijIa B CUCTEeMI MPAMOKYTHUX IMPOEKIIiil, ClIOCTEPIraloThCsl HACTY-
IIHI eTalu:
nepwuti eman — OBOJIOJIHHA HAOUYHUM ITPUIIOMOM CKJIaIaHHs IIPOEKIIlil Ha OCHOBI
II0Ka3y 1 pO3MOBIJIl BUUTEJI;
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dpyeutll eman — IepEeHOC HAOYHOrO Hpuitomy 510 ysiBHOI cepu. Taxuii mepenoc
MOzKe 3J1ificHIOBaTHCd pizHUMHE criocobamu. OH 31 c11ocobiB MMOJIIrae B TOMY, IO
YVUHI JIyMKOIO ITOBTOPIOIOTH Ti »K JIil, 1110 BOHW BUKOHYBaJIM. B IHITMX BHUIaKaX
MOBTOPEHHS Jiil BUABJSETHCS 3TOPHYTUM, 1 yUeHb K OU Bijpasy ysBjse cobi
00pHUCH KOYKHOI 3 TPHOX ITPOEKIIiil Ha OCHOBI CIIOCTEPEXKEeHb IIpejiMeTa.

dopmyBaHHS TMPUITOMY CTBOPEHHSI YsIBJICHHS NPU YUTAHHI KPECJICHHS TaKOXK
MIPOXOJINTH JiBa eTann. Ha meprmoMy etari obpa3 CTBOPIOETHCA 3a& JTOTOMOTIOIO JI0-
JIATKOBOI HAOYHOI OIIOPH, Ha, IPYTOMY — 3JIICHIOETHCS IIEPEHOC ITPUITOMY J10 YSIBHOI
chepu.

Takum 9MHOM, CIIOYATKY (DOPMYIOTHCST IIPUOMI BUKOHAHHS TIPAKTUIHOT [T (3
OTOPOIO HA CHPUIHATTST PEATHLHOIO MPeJIMeTa), 1 TLIBLKU MOTIM BOHHU [EPEHOCS ThCs
B PO3yMOBY cdepy, TOOTO YUHI IMOYMHAIOTh BUKOHYBATHU IX y pO3yMi. Y TOMY
BUNAJIKY, KOJIM 3ajlada IPEeJICTABUTH IIPEJIMET 110 HOro KPecJeHHIO BUSIBJISIETHCS
BayKKOIO JIJIA YUH, TEePeXiJ] 0 MPaKTUIHOI Jil MOXKe CIHPUATH 11 pO3B’I3aHHIO.

OjiHa 3 HABaXKIUBIIINX YMOB PO3BUTKY IIPOCTOPOBOI ysIBU — IPAKTUIHA, [li-
stbHICTH. OJiHAK Iepexii BiJ MPaKTUYHUX Jiil 10 1iif y po3yMi 3JiiCHIOETHCS,
OYeBU/IHO, He aBTOMATHYHO. He MOyKHa yABJISATH OOl clipaBy Tak, IO JOCUTD JIIO-
JINHI TTPOCTO BUKOHATHU TY YU IHIY JIiI0 MPAKTUIHO, 100 HerafiHo K HaBYMTUCH
BUKOHYBaTH 11 B po3ymi. Taknii nepexij, BuMarae creniajabHOI PoOOTH, CIIPpsiMOBa-
HOI Ha aHaJli3 IepeTBOPEHHs IIpe/iMeTa I Jac MaHIITyIIoOBaHHs 3 HUM. [Hakiie
KayKy4du, MpakKTUIHa Jisl MOBUHHA BKJIIOYATHU CIEliaJbHIil aHa i3 TUX 3MiH IIpe-
JIMeTa, 110 BiH IOTepIiae B MPOIeci BUKOHAHHS II€l il

Buautemio, Mo BUKJ/IaJa€ MaTeMaTUKy B CTapIINX KJacax, BiIOMI MEBHI Tpy-
JIHOIIIL, $IKI BUHUKAIOTh Y IIPOIeCl BUKJIAJaHHs CTepeoMeTPll 3 1epiinux 11 ypoKiB.
[Ipu 3HafioMCTBI 3 akcioMaMu cTepeoMeTpil MPOCTOPOBI YABJIEHHS yUHIB PO3BU-
HeHi cyiabo. ITogarkosi BijjoMocCTi 31 cTepeoMerpil MalOTh adCTPpaKTHIIT XapakTep,
3aCBOEHHS MaTepiay OYJIyeThCs Ha 3aydyBaHHi, 1, TAKIM YNHOM, CIIOCTEPIra€ThCs
JlesikKnii popMaJiisM y 3HAHHAX y4HIB. BoHU BTpavaloTh IHTEpec JI0 MpeMeTy, i
OLIBIICTD 3 HUX BBaXKAIOTh CTEPEOMETPII0 BayKKUM IIKIJIBHUM MPEIMETOM.

SHauYHa YaCTUHA BKa3aHUX MPOOJIEM BUPIIIYETHCS, AKINO Ha IOYaTKOBUX €Ta-
1ax BUBYEHHSI TEOPETUIHUI MaTepia JaeThcsd abo Ha OCHOBI 3aBjaHb, ab0 3 «BU-
XOJIOM» Ha 3aBJalid, gKi ToTpebyIoTh MO0YI0B MPOCTOPOBUX (iryp abo 1modyaos
Ha 300parkeHHsIX X Piryp.

Jl1st BUpiIeHHs 3a/1a9i PO3BUTKY ITPOCTOPOBOI'O MUCJICHHST HEOOX1/IHO METO 1~
THO peaJti3yBaTH 1 M ITPUMATH 3MICTOBHO (4Uepes3 yiI0oBi 3aB/IaHHsT ) TPAH3UTHBHUIT
3B’ A30K:

3aBZlaHHAd Ha HO6y,ZLOBy = PO3BUTOK HPOCTOPOBOI'O MHMCJIEHHS Y4YHSA =
MaTeMaTUYHA I PO3BUTOK y4YHI.
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BacTocyBaHHsI 3aJlad Ha I0OYJIOBY CTBOPIOE OIOPHI MOMEHTH y BHUKJIAJIAaH-
Hi cTepeoMeTpil, dKi JI0O3BOJIAIOTH He JIIIe c¢POPMyBaTH IMPOCTOPOBI YSIBJICHHA
B YUHIB, & if 3pOOUTH IPEJIMET CTEPEOMETPIl HAOUHNM, JOCTYITHUM 1 IIKABUM JIJId
YVUHIB, CHCTEMATU3yBaTH 3HAHHs 31 cTepeoMeTpil, 301/IbITUTH BapiaTUBHICTD Me-
TOJIIB HABYAHHS 1 IicunTi X e(eKTUBHICTD.

Bucaosknu

3aja1i Ha TOOYIOBY CTAHOB/IATH Oa3y JjIsd pOOOTH, MO CIPHUsIE PO3BUTKY HABH-
YOK 10OY10BU (Piryp, POPMYBAHHIO BMIHHS YUTATH 1 PO3YMITH KPECJEHHsI, BCTa-
HOBJIIOBATHU 3B’si3KN MixK ftoro gactunamu. Came ToOMy, He3HAUHA YACTHHA 3314
Ha TTOOYI0BY B CUCTEMi 3a/1a4 MIKLILHUX MIJIPYYHUKIB 3 TeoMeTPil 00yMOBJIIOE He-
JIOCTaTHI PO3BUTOK IIPOCTOPOBOIO MUCJIEHHS YUHIB.

st Toro, 1mob 1ocATTH HAHOLIBINT BUCOKUX YCIIXiB Y PO3BUTKY ITPOCTOPOBOIO
MUCJIEHHS YYHIB, HeOOX1THO BUKOPUCTOBYBATH 3a/1adi Ha 1modyaoBy. Hac, 1m0 BU-
TPAYAEThCs HA PO3B’sI3yBaHHST 1IIX 3a/1a9, OKYIIAEThCsI CIIOBHA. AJIZKe, IPU PO3B’sI-
3yBaHHI BKa3aHnUX 3a/1a9, KOHKPETU3YETHLCS TEOPETUIHUI MaTepias, a, oTxKe, ede-
KTUBHiIIIe (POPMYIOTHCsSI B YUIHIB IIPOCTOPOBI yABICHHSI.

JlitepaTypa

[1] Inetisep A. /I. PasBurue npocTpaHCTBEHHBIX [PEJICTABJIEHUIT IKOJIbHUKOB
npu nzydennn reomerpun. A. J1. Tneitzep. — M.: Ilegaroruka, 1978. — 104 c.

2] Toavdbepe A.E. C dero nHaunmuaeTcst pereHne CTepeoMeTPHYeCKON 3a1adm:
[Tocobue mrsa yuntens.: K.: Pag.amk., 1990. — 118 c.

3] Bomeunnuros A.J[., Jlomoe B.®. Hayunble ocHOBbl (hOpMUPOBAHUST
rpacduyueckux 3HAHUI, YMEHUII 1 HABBIKOB IKOJLHUKOB.: M.: Ilemaroruka,
1979. — 255 c.

4] Beneun A.P. OcHOBHbBIE MPUHIUIILI TOCTPOEHUST M300PAKEHUH B CTEpeoMe-
tpun: [Tocobue s yunresneii.: M.: VHIIEAT'M3, 1962. — 108 c.

[5] JTumeunenko B.H. Bagaan Ha pasBuTHE TPOCTPAHCTBEHHBIX MTPEJICTABICHMUIL:
Kuura jang yuntend.: M.: «IIpocsemennes, 1991. — 127 c.

6] Ilepenéarun /[. 1. Teomerpudeckue mocTpoerust B cpejaeii mkose: [locobue
st yanreneit.: M.: YHITEAT'M3, 1953. — 84 c.

7] Cemywwun A.J[. Metonuka oOydeHHsI PENIeHUIO 3a7ad Ha MOCTPOCHHE IO
crepeomerpun.: M., 1959. — 159 c.
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OOPMYBAHHA{ ITPOCTOPOBUX VY4BJIEHD
B ITIPOIIECI BUBYEHHS CTEPEOMETPII

CrarTs npucsgdena npodsemi popMyBaHHS ITPOCTOPOBUX YABJIEHb Ha YPOKAX CTEPEOMETPIl, SK
HEBIiJI' €eMHOI CKJIAJI0BOI JIjIsi PO3IIUPEHHs YsIBU B3araJii Ta Jijisi BUIBHOIO (hOPMyBaHHS y3arajib-
HEHNX Ta JUHAMIYHUAX Y4BJIEHD PO OTOYYIOUNA CBIT, eMOIIiiiHe Bi/IHOIIIEHHS JI0 SIBUII JIIIICHOCTI,
IX €THUIHOI T8 €CTEeTUYHO] OIIHKM!.

Kro4doBi caoBa: npocmoposi YasAeHHA, NPOCMOPOSE MUCAEHHA.

Beryn

[Ipu 3acBO€HHl Kypcy cepejinbol MIKOJIN YIHI MOBUHHI He TLILKUA OllaHyBaTh
OCHOBaMH HayK, aJje i 03HAOMUTUCS 3 OCHOBaAMU BUPOOHUYMX IPOIECiB. 3BijcH
AKTYaJIbHOCT] Y BUKJIaJaHHI (DIBUKO-MaTeMaTHIHIX JUCIUILIH HAbyBae poboTa,
OB’ si3aHa 3 PO3BUTKOM HABUYOK 3 IMOOYJIOBU Ta YUTAHHS KPEC/JeHb, HEOOXiIHUX i
apxiTeKTopy, 1 IHXKeHepy, 1 KBaJidpiKoBaHOMY POOITHUKY-HOBATOPY. ¥ CBITJI INUX
3aBJlaHb BayKJIMBe Miclle 3aiiMae MmpobseMa pPO3BUTKY MPOCTOPOBUX YsIBJIEHDL Ha
YPOKax MaTeMaTuKH, 30KpeMa, reoMeTpil (ianiMeTpil Ta crepeomeTpii), 60 6e3
JI00pe PO3BUHEHNX MTPOCTOPOBUX YABJIEHL HEMOXKJIMBO Hi MOOYIyBaTH, Hi TTPOUU-
TaTH KpecjaeHHs. B jaHuii yac B IKOCT1 OJHOTO 3 TOJIOBHUX KPUTEPIIB MaTeMaTu-
YHOTO PO3BUTKY OCOOMCTOCTI GaraTo MCUXOJIOTIB PO3IVISIAI0OTL PIBEHb PO3BUTKY
ITPOCTOPOBOTO MUCJIEHHS, IKUIl XapaKTepU3yeThCs YMIHHAM ONEPYyBaTH ITPOCTO-
poBuMm obpasamu. Maremaruka € OJIHUM 3 TUX IIPEJMETIB, IPU BUBYEHHI SKOT'O
BayKJIMBE MICIle BIJIBOIUTHLCS 30POBOMY KaHaJIy HaJIXOZKEHHs iH(OpMaIlil.

[Ipobiemoro hopMyBaHHS 1 POZBUTKY ITPOCTOPOBUX YSABJIEHD 3aiimasincs dara-
to MaremarukiB-meroucti: Amnekcanapos A.JI. [1], Tneiizep I /1. (2|, Axuman-
coka [.C. [8], Bnamaniok JI. [4], JTomos B.®. [5], Hepuurmosa JI.FO. 7] Ta immii.

OcraHHIM YaCcOM BiJ3HAYAETLCS 3HIKEHHSI I'€OMETPUUHIN IIir0TOB/IEHOCTI
yuniB. lle mpodB/igeTbess B mepily 9epry B HU3BKOMY PiBHI PO3BUTKY IPOCTO-
poBoro mucjennd. MoykKHa BULIATH JIBI OCHOBHI IPUYUHN TaKOTO CTAHY: IPOIEC
HaBYAHHS T€OMeTPil B MKOJII Oy/IyETbCs sIK BUBUEHHs HayKW 'eOMeTPil, a 3HAUNUTD,
He 3aB2K /I BPAXOBYIOTHCs [ICUXOJOTTUHI 3aKOHOMIPHOCT1 PO3BUTKY MUCJIEHHSI, OCO-
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OJIMBOCTI CHPUIHATTSI, OCOOMCTICHUI JIOCBIJI YUHIB; IIPOCTOPOBE MUICJIEHHSI € PI3HO-
BIJIOM OOPA3HOIO, ajie OCHOBHI SIKOCTI 0OPA3HOIO MUCJIEHHS B PaMKaX IIKiJIbHOI
IporpaMm 3 MaTeMaTHKN chopMyBaTH HEMOXKJIUBO.

OcHoBHa 9acTmHA

[IpocTopoBe MucjeHHsT — BHJ PO3YMOBOI JIisILHOCTI, 1110 3a0e311edy€e CTBO-
pPEHHsI ITPOCTOPOBUX OOPAa3iB i OllepyBaHHA HUMM B IPOIECI PO3B’s3aHHS PI3HUX
NPaKTUYHUX 1 TEOPETUUHUX 3a/1a4.

Axanemik A.Jl. Anexcanpos [1] 3a3Hadae, 1110 3aB1aHHs BUKJIAIAHHS [eOMe-
TPil — PO3BUHYTHU B yYHIB BIJIIIOBIJIHI TPU SKOCTI: IIPOCTOPOBY Y4BY, NPaAKTUUIHE
pPO3yMiHHS Ta Jjoriune mucjenns. [IpocropoBa ysiBa cTaHOBUTH BarKJIUBHUIl KOM-
IIOHEHT Yy 3araJibHiil 3/IaTHOCTI JIIOJUHU JIO0 ySBU 1 Ma€ 1CTOTHE 3HaYeHHs B Psil
BijHOCKHH. BOHO, 3p0o3yMijio, B3araJji HeoOXiIHO JIIOJIMHI JIJI OPI€HTYBaHHs B HaB-
KOJIMIITHBOMY CBITi 1 B PO3BUHYTIIT (pOPMI ICTOTHO JIJIst OaraThoxX BUJIIB JisIIbHOCTI.

OJiHuM 3 OCHOBHUX 3aBJlaHb BUBUEHHs CTEPEOMETPil B cydacHiil 1mKoJii € pos-
BUTOK ITPOCTOPOBOIO MUC/IEHHS. AJie IPOCTOPOBE MUCJIEHHS IITKOJISPIB PO3BUBAE-
ThCA PIBHUMHU IIJIAXaMU, IIPUIOMY YacTO Ieil MPOoIec BiIOYBAEThCsl CTUXIiitHO, Oe3
IiJIECIIPSIMOBAHOIO BILIUBY Iiegarora. OCHOBHOIO IMPUUINHOIO YCKJIAIHEHb IIPH 38~
JIydeHHi JiiTeft 710 JiSIBHOCTI 3 MPOCTOPOBUMU OOpa3aMu € HeJ0CTaTHIl piBeHb
HABYAIbHO-METOINIHOIO 3a0e3IedeHHsI IIHOro Mporecy. AKTyaJbHOTO 3HAUEHHS
HaOyJ1a 15 IpodJIeMa y BUBUEHHI MeOMeTpil, 0COOJIMBO CTEPEOMETPIl, siKe TPYHTY-
€ThCs Ha pO3Mi3HABAHHI, ITOOY/IOBI Ta MepeMillleHHI reOMEeTPIIHUX 00pa3iB.

MorkHa BULINTH 9K BapiaHT pO3BUTKY MTPOCTOPOBOIO MUC/IEHHS B YUHIB PO3-
poOKy creniajabHOro iHgOopMaIiiiHOTO cepelIoBUIla HAaBYAHHS CTEpPEOMeTpil, Mo
I'DYHTYETHCA Ha, pe3y/ibTaTaxX ICHXOJIOr0-T1eIaroriaHuX JOC/IiIXKEHHAX 0COOTUBO-
cTeil IpoCTOPOBOTO BULY MUCJEHHs. [Hpopmanitine cepedosuue HaBIaHHST CTEPe-
OMeTpii, OKpIM 3araJbHONPUIHATUX €JIEMEHTIB TaKuX, siK IAPYyYHUKU, TOCIOHU-
KU, METOJINYHA JIiTeparypa, JUJIaKTHIHI KOMIT IOTepHi ITPOorpaMu TOIINO, ITOBIHHO
BKJIIOYATU HACTYIIHI €JIeMEHTH:

1. Merogmannit KOMILJIEKT JI/Isd IIarHOCTYBaHHS PIBHSA PO3BUTKY ITPOCTOPO-
BOI'O MUCJIEHHSI YUHIB.

2. Kowmmekc BizyagabHUX 1HMOpPMAIIHHIX CXEM, 30IINTIB, KOHCIIEKTIB, Ta-
OJINITH 3 TEOPETUUHOI0 MaTepiasly, CUCTEMU Bi3yaJbHUX 3aJad 31 cTepeoMeTpil Ta
IX MEeTOAUYHUIl CYyIpPOBiJ, SKI CHPUATUMYTH PO3BUTKY IIPOCTOPOBOIO MUCJIEHHS
VUHIB B IIpOIlecl HaBYaHHSI.

B cydacHiii HayKOBO-MeTOUUHII JiiTepaTypi po3pod/eHi I'PyHTOBHI JliarHOC-
TUYH]I METOJUKHM, CIIPAMOBaH1 Ha, JIOC/IJ?KEHHS PIBHA PO3BUTKY IIPOCTOPOBOIO MU-
ciaerns. Ajie OLIBIIICTDL 3 HUX HE MPUCTOCOBaHI JJIsI IIPOBEIEHHST MacOBOI orepa-
TUBHOI JIIAI'HOCTUKHU YUHIB Ta, KPIM TOI'0, [IOBHOIIHHO HE JIIaI'HOCTYIOTh PO3BUTOK
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crenupiIHuX JIJId CTePEeOMeTPil eJIEeMEHTIB CTPYKTYPH MPOCTOPOBOTO MUCICHHS.

[MIupoki MOKJIMBOCTI /I PO3BUTKY MPOCTOPOBUX YABJIEHDb BiJIKPUBAIOTHCS
IIpU BUKOPUCTaHHI pizHux HaouHux mnociouukis i T3H. Moxxna opranizyBaru po-
60Ty 3 BUTOTOBJIEHHS HAOYHUX MOCIOHUKIB cuiaMu yuHiB. [l poboTa norpedye Bij
HUX 1 MIEBHUX 3HaHb, 1 JJOCUTH PO3BUHYTOI MPOCTOPOBOI ysaBU. PoboTa 3 BUTOTOB-
JIEHHsI CaMOPOOHUX HaBYaJIbHUX HAOYHWX MOCIOHUKIB NPOBOIUTHCA IIiJT KEPiBHU-
IITBOM BUNTEJA B KJIACI, B 1103ayPOUHUIl Yac, Y I'ypTKax 1 MKIILHIX BUPOOHUINX
MaficTepenb. KpiM MO3UTHBHOTO BIINBY Ha 3aCBOEHHS KYPCY MaTeMATHUKU, TaKa
poboTa CIpHUsi€ MiJBUINEHHIO e(DEKTUBHOCTI YPOKY.

[Tepexij Bij1 maniMeTpil 0 BUBYEHHS CTEPEOMETPil BUKJINKAE B YUHIB BEJIUKI
TPY/IHOIII 1 MOB’i3aHi BOHU 3 THM, 10 B I[bOMY KypCi BiJICyTHI ajroputmu (Iipa-
KTHIHO KOYKHA 3aJa9a 1 KOXKHA TeopeMa BUPIIIYIOThCS 1 JTIOBOJATHCS K HOBI) i
3 THM, IO Y IIKOJISIPIB HEPO3BUHEHI MPOCTOPOBI yABJIEHHs. PO3BUTOK TTpOCTOPO-
BUX ySBJIEHb B YUHIB B KypCl cTepeoMeTpil TOBUHHO HTH I1ePIIl 3a BCe 3a paxyHOK
ICTOTHOTO NOIIOBHEHHS 3allaciB IIPOCTOPOBUX YSBJIEHb, OTPUMaHUX HIKOJISIpaMU B
IIPOIEJIEBTUYHOMY KypCl MaTeMaTUKN 1 B CUCTEMATUIHOMY Kypcl ILIaHIMeTpil.

3 MEeTOI0 PO3BUTKY IPOCTOPOBUX YSIBJIEHb B IIPOIECI BUBUEHHSI KYPCY CTEPEO-
MeTpil Ha Hally JIYMKY JIOIIJIbHO BUKOPUCTOBYBaTH MojeoBants, T3H i podory
3 PO3TOPTKAMU.

Modenrosarmsa 1pu BUBYEHHI cTepeoMeTpil Y IIKOJI CIPHUSIE PO3BUTKY IIPO-
CTOPOBOI yABU. YdBa — Ie NICUXIUHa JiIbHICTD, TKa MOJIATA€ Y CTBOPEHH] YABIEHDb
1 yIBHUX cuUTYyalliil, 9Ki HIKOJIX B IILJIOMY He crpuiiMaJjucd B jificaocTti. Bona 3acno-
BaHa Ha ONepYBaHHI KOHKPETHUME Iy TTEBUMI 0Opa3aMi 400 HAOTHIME MOJIEISAMI
JIIICHOCTI, aJie IPU IIbOMY Ma€ PUCH OII0CEPETKOBAHOI0, y3araJbHEeHOTO MTI3HAHHSI,
mo o0’ejiHye fioro 3 MuC/JIeHHAM. BaK/JIMBO 3BEpHYTH yBary Ha BaKJIUBICTHL pO-
60TH YYHIB i3 MaKeTaMu, OCKIJIbKI PSAJIM 30POBUX BITIYTTIB MIITHO TIOB’S3YIOTHCS
i3 psgaMyu BIIYYTTIB M’ SI30BUX Ta JOTUKOBO-M 30BHX, 1 1X CIIOJIyYCHHS BOEIN-
HO BUKJINKAE Y JITENl TY CIIPaBXKHIO HAOYHICTb CTOCOBHO I'€OMETPUUYHNX 0Opa3iB,
3HaUYEeHHs SKOI IepeBUIIYE Y JeKiJIbKa pa3iB MoKa3yBaHHs MOJIe BUUTEJIEM.

MaxkeTu biryp (BOHE MOXKYTH BECTYIATH 1 SIK MOJIEJI) MOXKHA BUKOPHCTOBY-
BaTHU 3 PI3HOIO 11€/IarOrYHOI0 CIIPSIMOBAHICTIO!

1. emoncrparlliss Mojiesii 3 MeTOIO TIOJIErTIeHHs CIPUiManHd TeOPETUIHOTO Ma-
Tepiasy Ta (GOpMyBaHHS MaTeMaTHUHUX IMOHATL, & TaKOXK JIJIsi BUKOPUCTAH-
Hs NpU po3B’si3aHH] 3ajiad. 2. MakeTn MOKYTh BUCTYIATH Y POJI iarocTpariil
OKPEMUX TEOPETUYHMX I0JI0XKeHb. 3. MakeTn JOIiJILHO BUKOPUCTOBYBATU JIJIA
CIIPOCTYBAHHSI HEIIPABUJILHUX YSBJIEHb Ta MOKpAIeHHs [IPOCTOPOBOI YsIBU yUHIB.
4. Makern — 1e jieBuil 3acid6 BupoOJieHHS OKOMIpHHUX HaBHYOK. H. MakeTu Bu-
CTYINAIOTh TAKOXK sK TPEHYBaJIbHE I10Jie I 3JIHCHEHHS NPAMUX Ta OOEpHEHMX
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orepauiii. Hanpukia, mamodun B:Ke roToBy (Dirypy, 3aBrKIu MOYKHA BUKOHATH
3BOPOTHUIT TIPOIEC: PO3TOPHYTH (DIrypy Ta OTPUMATU apKyII Ialepy, 3 sKOro
i1 BuroroBun. 6. 3pydHO BUKOPHCTOBYBATH MAaKeT sK 3acib IMoKa3y B3aeMO-
3B’9I3KY Ta IIepPeTBOPEHHs IIOMMHHNX Ta 00 eMHux diryp. 7. Lliakom oueBuHO,
o MakeTu Giryp — Ie TaKoyK MaTepiaJ Jijisi IIPOBeIeHHsI J1abopaTOpHUX POOIT.
8. JlonisbHO 0OMpaTH Taki MaKeTH i JjIsd CTBOPEHHs PUCYHKa ITPOCTOPOBOI (PIrypu.
9. BurorosJieHHsi MaKeTy MOyKe OYTH OJIHUM 3 BUJIIB JIOMAIIHbOTO 3aB/IAHHS.

Buxopucmanna T3H  He HOBUHHO 3aMiHIOBATH JIisJIbHICT YUUTEJsI, & JIUIIEe
JlorioBHIoBaTH 11. Po3BUBaTH NPOCTOPOBY ysIBY MOKHA 3a JIOIIOMOIOIO IpE3eHTa-
1iit, mporpaMuoro sabesneuenns «7KuBa mMareMaTuka», MaTeMATUUHIX I[AKETiB
Maple, Mathcad Ta in. Lle m03BoJIsI€ 30LIBIINTH O0OCAT BUKJIAJICHOIO MaTepiaJry.
Ha npesenTarisgx BayKJIMBO BUKOPUCTOBYBATH aHIMAINIO 3 JIEMOHCTPAIIIEIO TTOCTi-
JIOBHOCTI 1TOOY/TOBH.

Poboma 3 poseopmramu. Ilpn BuBUeHHI cTepeoMeTpil HEBLJ €EMHOIO CKJIaJI0-
BOIO € BUI'OTOBJIEHHS IIPOCTOPOBUX (PIryp 3 PO3TOPTOK. Y UHAM MOXKHA CIIOYATKY
IIPOIIOHYBATHU T'OTOBI 3arOTOBKH, & BKE€ IIOTIM PO3FOPTKM, Y SIKUX HE BUCTAYAE
IIEBHUX €JIEMEHTIB.

BucHoOBKHI. Ananiz ncnxosoro-mearoriuioi iTepaTypn JI03B0JINB BH/Ti-
JINTU MeTOoJu (OPMYyBaHHs IIPOCTOPOBUX YsIBJIEHb Ha YPOKaX CTepeoMeTpil, sIKi
nepedadaoTh BUKOPUCTAHHS HAOYHUX MaTepiajiB: TabJIHIb, PO3TOPTOK, MOJIe-
neit, T3H, a TakoxK rpamMoTHe YNTaHHS KPECJeHHs 1 loro BUKOHAHHSI.
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ITPO AEAKI SACTOCYBAHHA KIJI HYJIBOBOI'O PAIAIYCY

lana cTaTTd MpUCBAYEHa JTOC/TPKEHHIO I'PAHUYHUX BUIAJKIB ITPU 3aCTOCYBAHHI ITYYKIB KiJj
(30KpeMa Kijl HyJIbOBOIO pajiiycy) Ta IX BJIACTHBOCTEH 70 PO3B’A3yBaHHS 3aJlad Ha MOOYIO0BY
KIJI 3 JI0JIATKOBUMHU yMOBaMU. TaKOXK JTOC/IZKYEThCs MUTAHHS I0JI0 MOXKJIUBUX 3aCTOCYBaHb
KiJI HyJIbOBOT'O PaJIiycy, 4K METOJLy PO3B’si3yBaHHs IIEBHOI'O KOJIa 3a1a4 Ha 100y I0BY B KOHTEKCTI
MOPIBHAHHS 3 TPAJIUIIIHHUME 11/ TX0/TaMMU.

KurodoBi ciioBa: xo.sa 1yAv06020 padiycy, 3adaywi na nobydosy, epanunuti neperio.

«BbL10 661 OMMOKOI CYUTATH, UYTO C €BKJIMIOBBIX BPEMEH yUeHUEe O Kpyre
OCTaeTCsT HEM3MEHHBIM M UTO M3JI0XKEHUE er0 BO BCEX YUEOHUKAX OJMHAKOBO.
HampoTtus, pazpaboTka 3Toil TeOpUH MPOIOIKAETCS U B HAIIE BPeMs.

... UCTUHHBIA JyX T'€OMETPUU O3HAYAET HEUTO OOJIbIIIee: OH TPEDYET IMOIX0/1a
K M3YUYEHUIO TeOMETPUIECKUX 00PA30B HE € OJIHOM, & C PA3HBIX TOUYEK 3PEHMUSI,
160 TOJBKO TAKOM MyTh BeJeT K MOJHOMY 3HAHUIO.» [8]

JIntipman B.

Beryn

3arajbHO BH3HAHOIO € Te3a IPO Te, IO 3ajadi Ha M00YJI0BY PO3BHUBAIOTH B
VUHIB Ta CTYJEHTIB KOHCTPYKTUBHUII I11/1X1J1 IO OCMUC/IEHHSI FT€OMETPUYHNX 3HAHD,
[1JIBUIILYIOTH aJTOPUTMIYHY KYJbTYPY Ta PO3BUBAIOTH JIOT1YHE MUCJIEHHS 1 MPO-
CTOpOBY ysaBY. ['pannynuii nepexij B reOMEeTpUIHNX 3a/1a9aX MUPOKO 3aCTOCOBYE-
ThCsI B KyPCl eJIeMeHTapHOT MaTeMaTHKH (HAIPUKIIA]], TPUKYTHUK — K BHPOJIZKe-
Ha Tpareris i T.i1.). [Ipote anai3 icHy090l HaABYATIBHO-METOIMYHOI JITEpaTypu
3 reoMeTpil KiJl oKa3aB, Mo KoJIaM HYJIbOBOTO pajiiycy (B KOHTEKCTI paJInKAIbLHOT
Ta JiaMeTpaibHOl Oceii) pUJIIsieThCsl HeJIOCTaTHs yBara. Bukjtodentsim € |7],
[11] 1 [12], B 9iKuX 3acTOCYBaHHS KT HYJHOBOTO PaJIiyCy IPOMOHYEThCS Ha PIBHI
BKa31BOK ab0 K JIpyroro aJbTePHATUBHOTO CIIOCOOY PO3B’A3yBaHHSI.

Ha npeBenmknit »kaJb, cJIiJT KOHCTATYBaTH, MO B HABYAJILHO-METOINYIHIH JIi-
TepaTypi € BijicyTHiMU (200 K aBTOpaM HEBIJIOMUMNI) JIOC/IJIZKEHHS 0JI0 3aCTO-
CyBaHHSI KiJT HYJIbOBOTO pajiiycy (y 3a3HAYEHOMY KOHTEKCTI), AK CaMOCMITH020
MeMOJY P36 A3YBAHHA NE6HO20 KOAG 30004 HA N0OYI0SY.
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JoctiazKenns K aBTOPIB Y IbOMY HAIIPAMKY JO3BOJISIOTH CTBEP/XKYBATH, IO
JIJIsT TIEBHOT'O KOJIa 3a/1a4 Ha MOOYIoBY (3 psijly 3a/1ad Ha 3aCTOCYBAHHSI BJIACTUBO-
creif mydKiB KiJT) TpauIiiiHi MiIxXo/[1, B OCHOBI SIKUX 3aCTOCYBAHHSI BJIACTHBOCTE
My 9KiB KT, HOCTYNAITHCS (B CEHCI HAOUHOCTI Ta MPOCTOTH) 3aIPOIIOHOBAHOMY Y
CTATTI METOJLy, 3aCHOBAHOMY Ha 3aCTOCYBaHHI KiJ HYJIHOBOTO pajiycy (6e3 BHKO-
PUCTAHHST TTy9KiB KiJT y SIBHOMY BUIVIsITI ab0 K MydYKiB B3araJi).

He e Takoxk HoBHHOIO, IO B TeOMETPIl € rocTpa HeoOXIIHICTE Y Kracudikarii
Ta CUCTeMaTU3allil 3a/a4, 30KpeMa 3a MeTOJaMU PO3B’sI3yBAHHSI.

Habejieni dakTin BU3HAYAIOTH aKTyaJIbHICTh 3a3HAYEHUX [TUTaHb, CIIPOOI BH-
pillleHHs SIKUX § IpucBsideHa jana crarts. OTKe, METOIO JIaHOI CTATTI €:

3 001020 60Ky — o3nafiomuTn BUnTEiB Ta yuHiB 3O 3 TakuMu reoMmeTpuyiHM-
MI 00’€KTaMu, SIK CMENiHb MOoUKU 8I0HOCHO KOAQ, PAOUKANOHA T lGMEMPANIOHA
gicy (deox) Kin, padukasvHut yeHmp (Mpoox) Kis Ta JAESKUME 1X 3aCTOCYBaH-
HIMI JIO0 PO3B’g3yBaHHS T'€OMETPUUHUX 3ajad, 30KpeMa 3ajad Ha I00Y/I0BY 3a
JIOIIOMOI'OI0 ITUPKYJIsl Ta OJHOCTOPOHHBOI JIHIIKN 6€3 IO/IIIOK;

3 1HUW020 60KY — O3HAMOMUTH CTYJEHTIB MaTeMaTUIHUX CIeliaJibHOCTEl I1e-
naroriunnx BH3 3 oguuM i3 MOXK/INBHUX CIIOCODIB PO3B’SI3yBAHHSI IIEBHOTO KOJIa
3ajiad Ha 1100ynoBy (20 3 sIKuX i HaBeJieHO y JaHiil cTarTTi), sKi TPaUIIHHO 110~
TpaILIslJIA JI0 CIUCKIB 3aJiad Ha «3actocyBanus ['MT» abo K Ha «3acTocyBaHHI
BJIACTUBOCTEN MyUKiB Kiji» (AuB. HAIp. |2, 3]), mpoTe mpuiyckaoTh OLIBIIT TPOCTI
PO3B’d3yBaHHs, 3aCHOBaHI Ha BUKOPUCTAHHI BUKJIIOYHO BJIACTUBOCTEN paINKaJIb-
HOI OCl Ta KiJ1 HYJILOBOT'O PaJiiycy.

1. OcHOBHI NOHSATTS Ta 3ayBakKeHHS

Oznavenns 1. Cmenenem mouxu M sidnocno xosa w (O, 1) Hazusaroms cka-
AAPHY GEAUNMUNY, Wo 6usHauaemuves pienicmio deg (M, w) = MO?* — r?.

TBepmxenus 1. [eomempuuHum Micuem Movox NAOUUHU, AKE MAOMb 00HA-
k06Ul cmeniny 6i0HocHo 060 HekoHyeHmpuwHur kia wy (O1,11) 1 wy (O,19) €
NPAMA, U0 NPOTOOUMD YePe3 00HY 3 MAKUL MOYUOK NEPNEHOUKYAAPHO D0 NPAMOT
(0103) , AKY HA3UBAIOMDb AHIEI YEHMPIE YUT KiA.

Ozuavenns 2. [Ipamy, wo ¢ I'MT niowunu, Axi mMaroms 00nakxosull cmenins
sidnocno dsox nexonuenmpuunux kia wi (O1,11) @ wo (Og,79) masusaroms pa-
JUKAALHOIN BICCI0, AKY NOZHAYAMUMEMO lrqq (W1, ws) .

3ayBaxkeHHd 1. [eomempuunuti amicm cmenens mouku M , 306HIUHbOT 610-
nocno koaa w (O, 1), noaseae 6 momy, wo deg (M,w) e xeadpamom dosocunu
eidpiska domuunoi, nposedenoi 3 mouku M do xora w (O, ).
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Tomy I'MT naowunu, dosocunu 6idpidkie domuvnuxr axux 0o 080T daHuT He-
KOHUEHMPUYHUL KA € PIBHUMU, € 306HIULHA YACTNUHA PAOUKAAOHOT 0CT YUT KiA.

OszunaveHnHst 3. /[6a KoAG HA3UBAIOMD OPMO2OHAALHUMU MIHC C0D010, AKWO 00~
muyrt do 000X Kin 6 MOuUL iT nepemuny € 83GEMHO NEPNeHIUKYAAPHUMU.

TBepmxenus 2. ['M uenmpis kin, opmo20HasbHUL 060M OGHUM KOAAM, € 306-
HIUWHA YACTUHG PAOUKAABHOT OCT YUT KA.

Ozunavenns 4. Koo wi nasusaromov diamempasvhum 00 K0AG W, AKUO KOAO
W1 NEPEMUHAE KOAO W Y 060X DAMEMPANLHO NPOMUAEHCHUT MOYUKAL.

TBepmxenus 3. [eomempuyHum MICUEM MOYOK NAOWUHU, WO € UCHMPAMU Kil
diamempanrvrux 00 080X HEKOHUEHMPUMHUL KiA W1 1| We € NPAMG, W0 NPOTOOUMD
uepes 00ny 3 Maxuxr mouok nepnendukysapno 0o ainii yenmpie (O103) .

OszHavenHst 5. IIpamy, wo ¢ I'M uyenmpis xia diamemparorux 00 080T HEKOH-
UEHMPUYHUT KIA W1 1 W, HA3UBANOMB JLAMEMPAAILHOI BICCHO YUT KiA, AKY NO-
BHAUAMUMEMO  digm (W1, ws) .

BayBaxkeHHd 2. ['M uenmpis kin, diamemparvHur 00 080x daHUX Kin, € NPAMA,
CUMEMPUYHE PAOUKAALHIT 0CT 0AHUT KiA 6IOHOCHO cepeduny 6i0pL3Ka, KIHUAMU
AK020 € UECHMPU UUL Kil.

Osnadennd 6. [lyykom Kin HA3UBAIOMb CYKYNHICTD KiA NAOWUHU, UL MAIOTND
cniaviy padurasvny 6ic. B sanesrcnocmi 6id wucaa (2, 1 abo 0) cniavhuk
MOYOK KOG NYUKG 3 U020 PaduKaAbHOIO 61CCI0 6UJIAANMY eJINTHIHII, TTapado-
JIYHUE ma TinepooiuHmilt nyyky.

1o ocHOBHUX 6.Aacmusocmets nywki6é KiJl CJIiJI BIIHECTU HACTYIIHI:
1) TmeHTpH KU IydIKa HAJEXKATH OJHIN mpsiMiit — JIiHIT HEeHTPIB MydKa;
3) pajauKajibHa Bich po3TallioBaHa OJIKYe /10 KOJIa, Pajiyc sIKOrO € MEHIINM;
2) 1meHTpHU BCiX KiJ ILIONIMHN, OPTOTOHAJBHUX JI0 KOYKHOTO KOJia IydKa P Ha-
JlezKaTh OJIHIN HpaAMiit — pajKaJibHiil OCl JaHOro My4Ka; BCl TaKl KOJia YTBOPIOIOTh
nmydok P* | axuit Ha3uBaloTh CIPIXKEHUM 10 TIyduka P .

OznavenHst 7. PadukaivHum UueHmpom mpvoxr Kin, UEHMPU AKUT HE HALE-
otcamov 00 NPAMIT, HA3UBAIOML MOYKY, WO MAE 0OHAKOBUT cMeninb 810HOCHO
UULT KA.

36°A3K010 KiA HA3UBAIOMDB CYKYNHICNG KiA NAOWUHU, WO MAIOMb CNIALHUL
padurasvrul yeHmp.

Bisbin gerasibHy iHMOpPMAaIIiio 3 Teopil IMydKiB Ta 3B’I30K KiJl MOXKHa, 3HANTH,
wanpukias B [1,10-12].
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2. OcHOBHA YaCTHUHA

2.1. ITo6ynoBa paJuKaJabHOI OCi JIBOX KiJI, 3 AKX X04a O O/IHEe € KOJIOM
HYJIbOBOT'O paJiycy

Puc. 1 Puc. 2

Axmo Touka O (KOO HYJIBOBOIO Pajiiycy) € 30BHINIHBOIO BiJHOCHO KOJa
wy (O1;71), TO IX pajuKaibHa Bicb [lqq (w1, Q) Moxke GyTu mobyjoBaHA HACTY-
manM qnaoM (puc. 1): mexait [OT] (1T € wy) BLAPI30OK JAOTUTHOIL, MPOBEIEHOT
3 rouku O 10 Kosia wy, Ty — cepenuna Bigpiska [OT]. Toxi Touka Ty mae
OJIHAKOBUII CTeliHb BIIIHOCHO Kojta wy 1 Toukn O (kosa w (O;0)) i Tomy Hase-
KUTh PaJKATIbHI 0Cl [qq (w1, O). Takum auHOM pagmKaibHa Bich l.qq (w1, O)
IPOXOJUTH depe3 TouKy T mepreHaukystpho o Jjinil mearpis (O10) .

Ld (a)lso) Lad (01902)
M
TR
0, T, 0,
Puc. 3 Puc. 4

Aximo x Touka O (KOO HYJIBOBOTO PaJiyCy) € BHYTPIITHBOIO BiTHOCHO KOJIa
wy (O1;71), TO IX pajuKaibHa Bich 44 (w1, Q) Moxke GyTu mobyjoBaHA HACTY-
manM anHoM (puc. 2):  Hexail [OT] (T € wy) neprenaukyssip jo mpsmoi (010),
a rouka O’ — rouka neperuny (O10) 3 JOTUYHOWO JIO KOoJa wy B Touli T'; He-
xait gami Ty — cepequna Bigpiska [T'O’]. Toai Touka T mae ojHaKOBUii CTENiHb
BijgnocHo kosa wy 1 Toukn O'. Ockinbku Ty cepenuna rinorenysu ATOO', To
ToO = TyO', 3BiaKu it BUILIMBaE, 10 TOUKA T Ma€ OJHAKOBUII CTEIIHb BIIHOCHO
KoJia wy 1 Touku O .
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TakuM 9MHOM paJIHKATBbHA BiCh lqq (w1, Q) MPOXOIUTH depe3 TouKy 1 mep-
HeHIMKyIstpHO 10 JiiHiT terTpis (O10).

Aximo Touka O (KOJIO HYJIBOBOTO pajiiycy) HajexKuTh Koty wy (O1;71), To iX
PaJINKATIBHOIO BiCCIO 44 (w1, O) Oyjie morudHa 110 Kojia wy B Touri O — puc. 3.

Aximo x obujBa Kojia € ToOYKaMiu (KoJaMi HyJIbOBOIO PaJIiycy), TO IX pajii-
KAJILHOIO BICCIO [.qq (O1, Oy) Oyjie mpsiMa, 10 MICTUTH CepeJInHHUIT MepeHnKy-
JIAP JI0 BIAPI3Ka, KIHIEMEI SIKOTO € IeHTPHU KiJI — puc. 4.

2.2. IlobynoBa AiaMeTpaJibHOI OCi JIBOX KiJI, 3 AKHX X04a O O/IHEe € KOJIOM
HYJIBOBOT'O PaJiiycy

Hiukdge va puc. 5 — 8 HaBeseHO crocodu 1oOyIOBH JliaMeTpaJibHOI OCi JIBOX
HEKOHIIEHTPUIHUX KIJI JII BCIX MOXKJIMBUX BHUIIAQJIKIB, KO X04a O OJIHEe 3 KiJI €
KOJIOM HYJIBOBOT'O PaJIiycy.

=10 (01,0)2)

Puc. 7 Puc. 8

3i criocobamu 1100YI0BU PaJIKaIbHOI Ta JiaMeTpasbHOl oceil 1BOX HEKOHIIEH-

TPUIHUX KT B 3arajibHOMY BUIIAJIKY MOXKHA O3HAHOMHUTHCDH, HATIDUKJIAI B |4, 7,
10-12].
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2.3 3acTrocyBaHHs KiJl HYJbOBOTO PaJiiyCy A0 PO3B’s3yBaHHA IEAKIX
3a/1a9 Ha MOOYJOBY IIYKAHOTO KOJIa

1. Yepes Touky C' 1poBecTu KOJIO Wy, 110 IEPETUHAE JaHe KOJI0 W Y TOYKAX
A 1 B Ha HbOMY.
BxkasziBka: 1eHTp HIyKaHOI'O KOJIa HAJIE?KUTD IIEPETUHY PaJINKAILHIX OCei
lraq (A, B) i, nanpukia, lyqq (A, C).

2. Yepes Touky A nposectn KOO wy (Oy;7;), MO JOTHKAETHCS JAHOI TIPSMOT
t B jaHiil Ha Hi Touni 1.
BkasziBka:  1eHTp HIYKaHOIO KOJIa HAJIeXKUTh HEePEeTHHY PaJlKaJIbHOL 0Cl
lraqg (A, T) i upsivol ¢, 1m0 mpoxonTh Yepe3 TouKy 1’ mepreH/ Ky IsgpHO JI0
npgaMol ¢ .

3. Hepes Touky A mpoBecTH KOJIO W, , 10 JOTHKAETHCsT Kosta w (O;r) B JHaHiii
Ha HpOMY TouIi 1.
BkaziBka: [1eHTp IIyKaHOro KoJia HaJlexKUTh neperuny npsmoi O 1 pa-

TUKAJIBHOL OC lpqq (A, T).

Puc 9: 1o 3amaui 1 Puc 10: 10 3amaui 2 Puc 11: 1o 3agaui 3

4. Yepes Touky A mpoBecTH KOJIO W, , OPTOTOHATBHE JaHOMY Koty w (O;7).
BkasiBka: yenmpu myKaHUX KijT HaJIeKaTb PAIUKAIBHINA 0Cl [qq (A, w).

_ _Qad(a)ﬁa)Z)
~ Z\md(A,(Ul)

Puc 12: 1o 3agaui 4 Puc 13: 10 3agaui 5 Puc 14: 1o 3agaui 6
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d.

10.

11.

12.
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Yepes Toukn A i B 1mpoBecTu KoJ10, OPTOroHajbHe jaHomy Kouy w (O;r).
BkaziBka: IeHTp IIyKaHOIO KOJia HAJIEXKUTh EPEeTHHY pauKaJbHUX Oceil
lraqd (A, B) i, nanpukiaj, lyqq (A,w) .

Yepes Touky A 1mpoBecTH KOJIO, OPTOTOHAJIbHE JIAHIM KOJIaM Wi 1 Wy .
BxkaziBka: I1eHTD IIYKAHOI'O KOJIa HAJIEXKUTH MEPETHHY PaJINKAJIHLHUX 0ceit
lrad (A, w1) 1 lrag (w1, w2) 1 lrag (A, wr) ab0 K lqq (w2, A) .

Yepes Toukn A 1 B mpoBecTn KoJiO, JJOBXKUHA BiPi3Ka JOTHYIHOI JI0 SIKOTO,
IpoOBeJIeHOl 3 TpeThol Toukn C', JOPIBHIOE JIOBXKUHI @ JIAHOTO BijIpi3Ka.
BkaziBka: I1eHTp HIyKaHoro KoJja HaJIesKUTh MEPETHHY PauKaJbHUX Oceil
lrad (A, B) 1, nanpuknat, l..q(A,W'), e w' = w(C;a) — nus. 3a1. 5.
Yepes Touky A mpoBecTn KoJ10 Tak, 1mob BOHO OyJIO OPTONOHAIBHIM KOJIY
w (O; 1), a 1oBXKUHA BiJIpi3Ka JIOTUIHOI JI0 HBOTO, TPOBEJICHOT 3 PYTOl TOUKH
B, nopiBHIOBaJIa O JIOBXKUHI @ JAHOTO BiJIpi3Ka.

BxkaziBkKa: 1eHTD HNIYKAHOI'O KOJIa HAJIEXKUTH MEPETHHY PaJINKAJIHLHUX 0ceil
lrad (A, w) 1 lgg (w, W), 1e W' =w (B;a) — nus. 3a1. 6.

Yepes Touky A mpoBecTu KoJI0 JiameTpasibie maHomy Koty w (O;r).
BkasziBka: yenmpu myKaHux KiJT HaJeKaTh giaMeTpaibiit oci dig, (w, A) .

~ -

S -

Puc 15: no 3amaui 7 Puc 16: no 3agaui 8 Puc 17: no 3agauyi 9

Yepes Touky A mposecTu KoJ10, jJiaMeTpasbie JIBOM JaHUM KOJaM wi 1 wy .
BkasziBka: 1eHTp IIYKAHOrO KoJia HAJEKUTH IepeTHHY JlaMeTpabHIX
oceit digm (w1, ws) 1, HATPUKIAI, digm (w1, A).

Yepes Toukn A 1 B mpoBecTH KoJIo JiaMeTpaibie JaHoMy Koty w (O;r).
BkaziBka: 1eHTp IIYKAHOrO KoJia HAJIEXKUTh IEPeTHHY JiaMeTpabHIX
oceit digm (A, B) i, nanpukiai, digm, (A,w).

Yepes Touky A mpoBecTu KOJI0 Tak, 100 JIpyra JaHa Todka B Oyia cepe-
JINHOIO XOP/IU IIHOr0 KOJIa JTaHOI JOBXKUHHI .

BkaziBka: jiaHa 3aja4a 3BOJUTHCS JI0 3aJadi 9, 00 IykaHe KOJIO € KO-
JIOM, TII0 TPOXOJINTE depe3 ToUKy A i e miamerpaibauM 10 Koia w (B;a) .
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13. Yepes Touku A i B mnpoBecTn KOJI0 Tak, 1mob Tpers jgaHa Touka C' Oyia
CepeIMHOI0 XOP/IM 1IBOI'0 KOJIa, JaHOl JOBKUHU « .
BkaziBka: jaHa 3ajia4a 3BOJUTbHCs 710 3aaavi 11, 60 myKaHe KoJio € KO-
JIOM, 1110 TPOXOUTH uepes Touku A, B i e miamerpanbuum jio kosta w' (C;a) .
14. Yepes Touky A mpoBecTH KoJIO, M0 € OPTONOHAJIBLHUM JI0 KOJIa Wi 1 Jliame-
TPaJIbHUM JI0 KOJIa Wo .

BkasiBKa:  1eHTp HIIYKAHOIO KOJIa HAJIEXKUTH IEPETHHY PaJUKAJIbLHOL OCl
lrad (A, w1) Ta giamerpaibHol oci digm (A, ws) .

<N X
g e
S =

Puc 18: 10 3agaqi 10 Puc 19: no 3agaui 11 Puc 20: 1o 3agaui 14

15. TlobymyBaT KoJio, 10 JTOTUKAETHCs JIaHoro Kosia w (O, r) 1 maHol npsmoi t

B JaHiil Ha HIiT Touml 1 .
BkasziBka: nexaii t’ — npsima, 10 IPOXOANUTL Yepes3 TOUYKY 1 mepreH -
KyJIapHO 10 npamol t, a K7 1 Ky — Touku neperuny npsimol ¢ 3 KoJioM
wy (T, r), npudomy Ko B opmiit miBmiomuai 3 meaTpoM O BIJIHOCHO TIPSIMOT
t. Toxi mearp O,1 MIYKAHOIO KOJIA Wy, IO JOTUKAETHCS JAHOI'O KOJIa 30B-
HIITHIM 9MHOM, € TOYKOI TepeTuny mpsmMoi v 3 l.qq (O, K1), a nentp O,
IIYKAHOTO KOJIA Wy9, 10 JOTUKAETHCS JAHOIO KOJIa, BHYTPIIIHIM YMHOM, €
TOYKOIO TtepeTuHy npsamol ¢ 3 l.q4q (O, K3) .

16. ITobymyBaTu K010, SIKE JTOTUKAETHC KiJl wq 1 Wo , SKIIO BiJIoMOIO € TouKa, 1’
JTOTHKY 3 KOJIoM wy (Og;13).

BkaziBka: j1aHa 3ajiada 3BOJUTHCA JO 3ajadi 15, 00 IIyKaHe KoJIO €
KOJIOM, IO JIOTHKAETHCST KOJTa wi 1 IpsMOl ¢ (siKa € JOTHIHOIO JI0 KOJIa Wa
B Touni 1') B jauiit Ha Hift Touri T .

17. TlobymyBaTn KoJ10, 110 MPOXOAUTH Uepe3 ToUKn A 1 B Ta J0THKAEThCsT TaHOol
npsamol ¢ty Bunajgkax koin AB ||t abo xx AB L t BimnosigHo.
BkasiBka: wmexait AB || t, ! =1l (AB), !'Nt=T",1"=1l,.(AT),
O, =1U'N!". Toni mykanum Kojom 6yjie Kojio wy (O, O A).
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18.

19.

20.
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Hexait Teiep AB L t, h — Bijcrans Mix npsivumu ¢ 1 ') ' =w (A, h), a
O1 Ozo — 1oukn nepernny Koja w' 3 . Toni mykanumu € kKosa w (Oyq, h)

1w (Ox27 h) .

sunaoox AB 11
Puc 21: go 3amau 15, 16 Puc 22: no 3amaui 17

[TobymyBaTn KoJ10, M0 € OPTOTOHAJIBLHUM JI0 TPHOX JTaHUX KiT Wi, W, W3 .
BkaziBka:  KIIO LEHTPH JaHUX KiJI HajeXKaTh OJHIN NpsiMiil, TO 3aja-
ya He Ma€ PO3B’SI3KIB; SIKIO »K IEeHTPHU KiJl He HaJexKaTh OJHIfl mpsiMiii, a
paJIKaJIbHIN TIEHTD (TOYKA MEePETHHY DPAIUKATBHUX OCeill Kij, HapUK/IaT
lrad (W1, wa) 1 lpgq (W1, ws3) ) TUX KiJT MA€ JIOJIQTHIN CTeNiHb BiJHOCHO OJIHOTO
(i ToMy BIJIHOCHO KOYKHOT'O) 3 HUX, TO [EHTP MIYKAHOTO KOJIA € PAJUKAJIbLHIM
IEHTPOM INX KIiJI.

[TobymyBaTn KoJ10, 10 € JiaMeTpaJbHIUM JI0 TPHOX JaHUX KT Wi, Ws, W3 .
BkaziBka:  sKIIO IEHTPU JaHUX KiJl HaJiexKaThb OJHIil IpsiMiil, To 3aja4a
HE Ma€ PO3B’sA3KIB; fAKIIO K IMEHTPU KiJT He HaJIeXKaTh OHIH MpsiMiii, TO TIEHTP
IIYKAHOTO KOJIa € TOYKOIO MEepPeTHHY JiaMeTpaJbHIX oceil KiJl, HallpuKJIa
diam (W1, w2) 1 digm (w1, ws) .

[TobyayBaTn K010, IO BiJIHOIIEHHIO JIO SIKOI'O KOXKHE 3 TPhOX JaHUX KiJ
W1, Wo, W3 € JJlaMeTpaJIbHIM.

BkaziBka:  SKIIO IEeHTPH JaHUX KT HaJlexKaTh OJHIN HpsiMiil, TO 3aja-
ya He Ma€ PO3B’SI3KIB; SIKIO »K IIEeHTPHU KiJl He HaJiexKaTh OJHIil IpsiMiii, a
paJInKaIbHUI TIeHTD (TOYKA IEePeTHHY PAJIUKAJIbHIUX OCel Kijl, HAIPUKJIA/
lrad (W1, wa) 1 lrgq (w1, ws3) ) IUX KT Mae BiJ €eMHNIT cTeNiHb BIJIHOCHO OJHOTO
(i ToMy BiTHOCHO KOYKHOTO) 3 HUX, TO MEHTP MIYKAHOTO KOJIa € PaIiKATHHIM
HEeHTPOM IUX KIJI.
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OcHoBHI 3a71a4i HA MYYKU KiJ
[Tygok xin P samanuii pajnkaibHowo Biccto [ 1 komom w (O;r) myuka. Beroau
Hukde A, B — TOUYKH HepeTuHy paJinKaJibHOl OCi 3 JJaHUM KOJIOM Y BUIIAQIKY €A%~
muyHo20 TIyuka; I — Touka JOTUKY PaJINKAJIbLHOI OCl 3 JTaHUM KOJIOM y BUIAJIKY
napaboriwro20 ydKa; t — mpsMa, o TPOXOJAUTD Yepes3 MEHTP JAHOIro KoJia My JKa,
MEPIEHINKYJISIPHO PaUKaIbHIN oci (JTiHis MeHTpiB mydka); S — TOUKA MEPETHHY
pPaJInKaJIbHOL OCl Ta JIIHII IIEHTPIB My4Ka.

1. TlobymyBaTu «HYJIBOBi» KOJIa IinepOboigHOrO MyvKa.

BkaziBka: Hexait SK — BiIpI30K JIOTHYHOI IIPOBEIEHOI 3 TOYKU S JI0
TaHoro KoJia w. Toxi Toukn meperuny S; Ta Sp kosa W' (S; SK) 3 niniero
LEeHTPIB OyAyTh HYJILOBUMU KOJIAMHU TilI€PIIOJIIYHOIO IIyYKa.

IlobynyBarn:

2. KoJio mydkKa P, 3natoun itoro nmeaTp K Ha JiHIT HEHTPIB MydKa;
BkaziBka:  gKIIO IyYOK EJIINTUYHUI, TO HIYKAHUM KOJIOM Oyje KOJIO
wy (K; KA) = w, (K; KB); gk mydok napabosidHuil, To MyKaHUM KO-
JioM Byiie kKoyio wy (K K'T') ; sIKIo K Iy9oK rinepOosiaHuii, TO MyKaHe KOJIo
wy (K;7;) Moxke OyTH OOymoBaHe HACTYITHIM InHOM: Hexail SF — Biapizok
JIOTUYHOI, IIPOBEIeHol 3 Toukn S 10 Kosta w, a KF' — Biapi3ok norudHol,
nposejienol 3 rouku K 10 koia W' (S; SF') . Toxi mykauuM KojioM Oy/ie KOJIo
wy (K; KF').

3. KoJIo mydKa P, 1o MpoxXoanTh depe3 gany Touky M ;

BkaziBka:  skimo nydox eminTudHuii, To nearpom (O, MIYKAHOrO KOJa
wz (Og; O M) 6yne taka Touka O, , MO € MepeTHHOM l.qq (A, B) (sinil men-
TpiB ) Ta HAPUKAAT lqq (A, M) ; SKII0 y90K mapabo/idHuil, TO eHTPOM
O, mykanoro kosa w, (Oy; O, M) Oyne Taka Touka O, , 10 € MEPETHHOM
npsivol O (tinil eHTPiB t) Ta lyqq (T, M) ; AKIIO K My90K rinepbosiaHumii,
to nearp O, MyKaHoro kKojia wy (Oy; O, M) Moxe 6yru modyoBaHuii Ha-
CTYIHIM 9MHOM: Hexail SF' — BiAPI30K JTOTHYIHOI, IPOBEIEHOI 3 TOUKNI S 10
kosa w, w = w (S; SF). Toni mykanuit iearp O, € TOUYKOIO MEPETUHY JIiHIT
HeHTpiB t Ta l.qq (W' M).

4. OPTOTOHAJIbHY TPAEKTOPIit0 mydka P (K0JIO, 10 € OPTOrOHAJBLHUM [EBHOMY,
a TOMY 1 JIOBLIBHOMY KOJTy Iy9Ka);

BkasiBka: Hexaii K — J0BijbHA TOUKA pajMKaJbHOI OCi (30BHINIHA BijI-
HOCHO KiJT myuka), a KT — Bipi3ok JoTU9HOI, MPOBEIeHOI 3 Touku K 10
kosa w. Tomi koo w' (K; KT) € opTOroHabHOIO TPAEKTOPIEO myduka P .

5. OpTOroHaJbHY TPAEKTOPiIO mydka P, 1o npoxoauTh depes Jany Touky M .
BkaziBka: po3B’si3yBaHHS 3a/1a4i 3BOJUTHCS JI0 TOOYI0BU KOJIa, CIIPSZKe-
HOT'O IIy4YKa, sSIKe IIPOXOJNUTDH uepe3 TouKy M .
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deg(S,w)=deg(S.S,)

Puc 23: 1o 3amaui 1

4 - - S N
’ K \\
t \ /l
A < . 7’
a)x
eMnsnani ok napadostunust ok unepdosianuts hyok

Puc 24: 1o 3amaui 2

eMPnIHIIL WY1oK napadosturust nyuok unepdostunus hyaok

Puc 25: 1o 3amaui 3

BucunoBkn

PesysibraTi nMpoBeJiIeHNX JI0C/IKEHb Ta aHaJ i3 HaBYaJIbHO-METOIUIHOL JIiTe-
paTypu i3 3a3Ha4YeHUX UTaHb JO3BOJISIIOTH 3pOOUTH BUCHOBOK, IO 3aCTOCYBaHHS
KiJ HYJIbOBOI'O PaJiiyCcy 3HAYHO CIIPOIILYE PO3B’s3yBaHHs HU3KH 3aJa4 Ha I00Y-
JOBY KT (3 JIOJIATKOBUME YMOBaMMU) Y TOPIBHSIHHI 3 TPAJIUIIHHUME I1iX0/I0M,
3aCHOBAHUM Ha 3aCTOCYBaHHI IIYYKIB KL Ta 1X BJIACTUBOCTEIA.

3ayBasKIMo, 1110 BKa3aHI CIIPOIIEHHs IIPU PO3B’I3yBaHHI HABEIEHOI HU3KM 3a-
Jlad, JIdie MiTBEeP/KYIOTh JOIIJIbHICTh Ta «IIOTYKHICTb» METO/Ly, 3aCHOBaAHOI'O
Ha BUKOPHUCTAHHI BJIACTUBOCTE(l IYyUKIB KiJI, JOCJZKEHHs I'PaAHUYHUX BUIAJKIB
SIKOI'O 1 JI03BOJINJIO 3BEPHYTH yBary Ha MOXKJIUBE IOJIEITIeHHs MeTOIMKI POOOTH
HaJl 3a/la9aMi BKa3aHOI'O THILY.
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Ha jqymMKy aBTOpPIB JOCTIIZKEHHS B I[bOMY HAIPIMKY MOXKYTb OyTH TTPOJIOB-
’KEHHI 3a paxyHOK pO3IINpEeHHs KOJla 3a/a4, 10 BIHOCATDH JI0 «OCHOBHUX» 3aJ/ia4
Ha 3B’93KM KiJI Ta 33724 AIOJIOHIsS «IIpo JOTUKN Kiay. Kpim Toro, mikaBum 3/1a~
€TbCS JOC/JZKEHHS MUTAHHS PO MeOMETPUYHEe Miclle IEeHTPIB KiJl, 110 JOTUKAIO-
ThCsI JIBOX JIAHUX KIJI.

Ha nmamy gymky «reomMerpis Ki» € UyJI0BUM MaTepiajgoM i paKyIbTaTHB-
HUX 3aHATH 3 MaTEeMaTUKU, JJIsI CAMOCTIHUX TOIIYKIB Ta MePIINX HAyKOBUX JIO-
caipkenb yunis-uienisB MAH Vkpainu.
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obpaszosanue tiockocru| / f.I1. [owapun — M.: MITHMO, 2004. — 312c¢.

[12] Henom HU.M. Teomerpudeckue mpeobpaszosamnust: [B 2 1. — T.2: Jluneiinsie u
Kpyrosbie nipeodbpasosanus| / .M. drmom — M., TUTTJI, 1956. — 611 c.
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ITPOBJIEMMU IIIATOTOBKI MABYTHIX BUNTEJIIB
MATEMATUKNM /10 MOHITOPUHI'Y HABYAJIBHUX
JOCATHEHD YYHIB

CrarTsa npucBsvdeHa aHai3y TpoOJeM ITiINOTOBKU MailbyTHIX BUNTENIB MaTeMaTUKN JO IIPO-
BeJIeHHs MOHITOPUHIY HABYAJIBHUX JTOCATHEHb YUHIB. Y CTATTI 3allPOIIOHOBAHO MOJEIL TaKOl
iIPOTOBKH, siKa 0a3yeThbCsl HA BKJIOYEHH] Y HABYAJIBHUI IIPOIEC CIEIaJbHOI JUCITUILIIHA.

KirodyoBi ciaoBa: xonmpoan, diazrocmuka, nedaz202iunuti MOHIMOPUH2, Mecmose 3a60a-
HHA, KOMNEMEHMHICTND.

3pocTaHHsI POJIi OCBITH Y COIIAJILHOMY 1 EKOHOMIYHOMY PO3BUTKY CYCIILILCTBA,
YCBIJIOMJIEHHSI TOTO, [0 BUCOKOSIKICHA OCBITa 1 ocBiveHnii paxiBenb BUCTYIAIOTH
OCHOBOIO KOHKYPEHTOCIIPOMOYKHOCTI, €eKOHOMIYHOI Ta HaIlOHAJbHOI Oe31eKH Jep-
JKaBU BUMarae IpoBejieHHst pecpbopM B OocBiTHIH rasysi. [leprr 3a Bee, 1e BijHOCH-
ThCsI JIO CUCTEMU IiJITOTOBKU KaJIpiB, MIJIBUINCHHS SIKOCTI IIITOTOBKK MailbyTHIX
daxiBIiiB.

PizHi acrieKTn QpyHKIIOHYBaHHs CUCTEMH ITIATOTOBKHU JIO MEJATrOrivHOl JTistIb-
HOCTI JIOCJIJIZKYIOThCS B IIpalisx MpoBigHux yaennx A. Ajlekcioka, B. Adanacnena,
I. Bexa, O. I'nyamana, C. I'onuapenka, H. dem‘srenko, . 3as3tona, Ta in. [Iutanns
KOHTPOJIIO 1 SIKOCTI 3HAaHb CTYJIEHTIB aHaJi3yioThcsd B poboTax B. BouaphikoBoi,
B. Boncosud, npob/iemn mpodeciiiiol JiarHoctuku posrignaioTbes C. ApxaHreib-
coknM, JI. Kpasuenko, A. ITligmacum, rnegaroriqauit MOHITOPHHIT JTOCIIIZKYETHCS
JI. Bosomko, H. Jlapinow. CraHoB/IeHHs Ta, PO3BUTOK MOHITOPUHIY sIKOCTI OCBITH
posrsinaiorh H. Baiipaneka, [ €npaikoBa, A. Icaesa, O. Jlokmuna, T. JIykina,
A. Maitopos Ta iH.

Y mparligx nejaroris Haykosol mkosn A. Beskina mpoanaJizoBano 6a30Bi Me-
TOJIOJIOTIHYHI M1IX0/I 1O OCBITHHOI'O MOHITOPUHTY, ITPOTE B IPAKTUIHIH JIIsSIbHOCTI
BUUTEIIB HOro rpaMOTHE 3aCTOCYBAHHS Ma€ IMOKH 1110 TMOOJIMHOKIIT XapaKkTep.

[Honpu uncienny 6ibsiorpadiio Opakye HOCHIIXKEHb, 30PIEHTOBAHUX Ha BH-
BUeHHs TPODeCiitHOl M ITOTOBKY BUKJIaIa9iB-TIPEIMETHUKIB, 30KpeMa, i ITOTOBKH
MafioyTHIX yInuTe/ B MaTeMaTUKN JIO MOHITOPUHIY HaBYaJbHUX JOCATHEHb YUHIB.
AnaJtiz mupoKoro KoJia JizkepeJi CBIIIUTD 1IPO Te, 110 podJieMa mpodeciitHol 1mi1-
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IOTOBKM MaiOyTHIX y4IUTEJIB JI0 MOHITOPWHTY HaBYaJbHUX JIOCATHEHb YUHIB He
Ha0yJ1a JJOCTATHBLOTO PO3BUTKY B HAYKOBO-TIEIATOTTIHIX JTOCITIIZKEHHSIX.

BifbImicTh yunTesiB MaTeMaTUKN TepeBipsie€ piBeHb 3aCBOEHHA MaTepiasty
YUIHSIMU, TPOBOJIAYN TOTOYHUI Ta Iy MKOBUIT KOHTPOJIb ab0 3/IHICHIOIYN MOHI-
TOPUHI 9KOCTI 3HaHb YUHIB 3 IIpeJIMeTa. 3ayBasKIMO, OJIHAK, 110 HUHI TOCTPO BiJI-
JyBaE€ThCs OpakK crierniajJbHOl MiIrOTOBKN BUKJIA/Ia9iB JI0 MOHITOPUHI'Y HABYAJIbHIX
JIOCATHEHDb YYHIB.

CrarTa npucBsiuena 00T PyHTYBAHHIO MOXKIMBOCTI YIIPOBAIZKEHHST MOJIEJIi TTPO-
deciitHOol MiJINOTOBKM MaiiOyTHIX yUNTE/ B MaTeMaTUKU JI0 MOHITOPUHI'Y HaBYaJIb-
HUX JIOCATHEHDb YUHIB Uepes3 CIIEeNKYPC.

[TpobiemMa MOHITOPUHTY HaBYaJIbHUX JIOCATHEHDb YUHIB HUHI € aKTYAJbHOIO Ta
1oTpedye HaraJIbHOTO BUPIIIEHH:, OJHAK JIOCI HeMae JiTKOI jediHinil sBuiia.

[ToHATTS «MOHITOPUHI'» TPHUHUIILIO Yy TEJAroriKy 3 eKoJioril Ta coriosiorii. B
€KOJIOTT MOHITOPUHT — IIe CIIOCTEPEXKEHHS 3a JOBKIIISAM, OIIHKA i TPOrHO3 1010
CTaHy y 3B’g3KY 3 I'OCIIO/IaPCHKOIO JISTBHICTIO JIIOJUHU 1 3 METOIO TIONePe/ Iy KeHHS
HebayKaHNX BiJIXMJIEHD 38 BayKJIMBIIINME HapaMeTpaMu. Y COIO0JIOril MOHITOPHHT
PO3IVISIIAETHCs 9K 301p iHMOopMalil JJjIsi BUBYEHHS I'POMAJICHKOI JIYMKH OO0 SIKO-
rocb muTanusg. MOHITOPUHT B OCBITI TIYMaYUThCA K cUCTeMa 300py, 00poOKH,
30epiranHs Ta MOMMpeHHst iHhOpMaIiil Mpo ocBiTHIO cuctemy (abo 1T oKpemi eje-
MEHTH ), 110 OpieHTOBaHa Ha iH(opMariiiiHe 3a0e3medeH s YIIPABIIHHSI, JTO3BOJISIE
pPOOUTH BUCHOBKH ITPO cTaH 00’'e€KTa B Oy/Ib-AKHIil MOMEHT Jacy Ta Ja€ IIPOrHo3 io-
ro PO3BUTKY [2]; sIK «KOMILJIEKC MPOTIELYP MO0 CIOCTEPEZKEeHH s, TIOTOYHOTO OTli-
HIOBaHHS TIEPETBOPEHB KEPOBAHOTO 00’€KTa 1 CIIpAMYBAaHHS X EPETBOPEHL HA
JIOCATHEHHST 3aJIaHX [IapaMeTpiB pO3BUTKY 00'eKTay [3|; K y3arajabHeHe KOMILIe-
KCHe OIIHIOBaHHs e(peKTUBHOCTI (PYHKITIOHYBAHHS BCIEl CUCTEMU OCBITH Ha OCHOBI
CHCTEMHOTO aHaJii3y Beix hakTopis [5]; sk mporec 6e3ynmHHOrO HayKOBO OOIDYH-
TOBAHOI'O J1aIHOCTUKO-IIPOTHOCTUYHOI'O CIIOCTEPEKEHHS 38 CTAaHOM PO3BUTKY Ile-
JIATOTIYHOIO TPOIECY 3 METOIO0 ONTUMAJIBLHOIO BUOODPY OCBITHIX Iijieil, 3aB/aHb i
3aco0iB X BupimenHs [4].

BukopucranHsi TepMiHIB «MOHITOPUHI'Y, «KOHTPOJIb», «JIlarHOCTUKA» SIK CH-
HOHIMIB TTOSICHIOETHCS JEAKNM TEPEKPUTTAM 3MICTY IUX MMOHATD, ajie BCe K BOHU
MaloTh pPi3He 3HaUYeHHA. KOHTPOIb PO3MIAIAIOTL K OKpeMy (PYHKINIO YITpaBJIi-
HHsI, CIIPFMOBaHY Ha OpraHizallilo peaJizalil IjaHy poOOTH i MeTH, MOHITOPHMHI
OB’ SI3YIOTh 3 yCiMa JIJaHKaMu yIpaBjiHHs. KoHTpoJb Oljibllle Mae CUTyaTHUBHUIMA
XapaKTep 1 He TpUBaJMil y daci, 3aCTOCOBYETbCs IIiJI Yac BiJCTEeXKEeHHsI 00 €KTiB,
IO 3HAXO/IATHCA Y CTaHl CTadIILHOrO (PYHKITIOHYBAHHS, MOHITOPUHT' CTBOPIOE 1H-
dopmMmaliiiiny cucremy, IO IOCTIHO ITOIOBHIOETHCSI, OTYKEe HOCUTb HellepepBHMUI
XapakTep i € epeKTUBHUM IIPH JOCJIIKeHH] JUHAMIYHIX 00’€KTIB, 110 IOCTIHHO
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3MIHIOIOTHCS.

[Ipu mopiBHAHHI MOHITOPUHTY 1 JIAIrHOCTUKN CIIOCTEPITa€ThCs JIarHOCTUIHA
CIPSMOBAHICTH MOHITOPHUHTY, aJie MOHITOPUHT BiJIPI3HAETHCS BiJT JIIarHOCTUKHI O€3-
EPEPBHICTIO MTPOTIECY, TEXHOJIONTIHICTIO 300PY JAaHUX (TOTAJIbHIM OIiHIOBAHHSIM ),
MOXKJINBICTIO BUKOPUCTAHHSI KOMII FOT€PHO-1H(MOPMAIIITHOT CUCTEMU JIJIsI IITBUIKO-
I'0 BBEJICHHSI, HAKOIIMYEHHs 1 0OPOOKN IMEepBUHHUX JIAHUX, 1110 JI03BOJISIE OllepaTHB-
HO HaJIArOJUTU 3BOPOTHII 3B 30K B CUCTEMI YIIPaBJIIHHS.

MoHiTOpUHT 1 OIIHIOBAHHS — 1€ CIOPIAHEH] MOHATTS, IPOTe MiXK HUMH ICHYE
CyTTEBa BiJMiHHICTb. MOHITOPUHI Iiepejidadae cucreMaTndHe 30upaHHsa (HaKTiB
IIPO KOHTEKCT, BX1JIH1 PeCYPCHU, IIPOIECH 1 pe3yJIbTaTh CUCTEMU OCBITHU, OIIHIOBAHHSI
— 3acTOCyBaHHs 310paHUX JIaHUX I POPMYBAHHS OIIHHUX CYJIZKEHBb PO CUTYya-
miro. OiHIOBAHHSI € OJHIEI0 3 OCHOBHUX CKJIAIOBUX MOHITOPUHIOBUX JOCJII?KEHD
B nejaroriquomy mporeci. OTke, MOKHa 3POOUTH BUCHOBOK, IO MOHITOPHHI —
LLIICHUI yIIPABJIIHCHKUI IHCTPYMEHT, JI0 CKJIaJy dKOIO BXOJIATH JIIAIHOCTUKA, JI0-
CJIJIZKEHHSI, OIIIHIOBAHHSI 1 KOHTPOJIb, 1K1 B CBOIO YePr'y 3HAXO/ATHC Y OCTIITHOMY
B3a€MO3B’SI3KY 1 NPOSABJISIOTHCS 3a/1€2KHO BiJl 3aBJaHb MOHITOPUHTY.

BripoBa,izKeHHs 30BHINTHBOTO HE3a/1€2KHOI'0 OIIHIOBAHHS B IIKIJILHY ITPAKTHKY,
y4IacThb YKpalH! y CBITOBUX MOHITOPUHTOBUX TOPIBHAIBHUX JIOCTIKEHHIX 3 TIHU-
TaHb e(DeKTUBHOCTI MAaTEeMATHUYIHOI I1i/I'OTOBKH, BUBUYEHHS MizKHaPOJIHOI'O JOCBIILY
1 ajlanTaliil fioro 0 HaIllOHAJbHUX YMOB BUMaraioTh 3MIH B TE€XHOJIOTIT OIIHIOBa-
HHSI OCBITHIX Pe3yJbTaTiB Ta BBeJIEHHS MOHITOPUHIOBUX JIOCJI/IzKEHb HaBYaJJIbHUX
JIOCSTHEHDb YUHIB.

HocaizkenHs1 mpobsieMu oTpedyBaJjIo BU3HAUEHHs PiBHsI 00I3HAHOCTI CTYIeH-
TiB Ta BUUTE/IIB 3 MOHITOPUHIOM HaBYaJIbHUX JOCATHEHb YUHIB. [Ipn ankeryBanni
CTyJIeHTiB cTapmux KypciB CJ10B STHCHKOIO 11eIaroriYHoro yHiBepcuTeTy OyJIo 3’s-
coano, 1o 83% cryuentis m’sroro Kypey ta 52% derseproro 3naiomi 3 HOHSIT-
TIM MOHITOPUHTY 1 [OB’A3YI0Th fioro i3 nepesipkoto (28%) Ta 360pom indopmaliii
(21%) 1 xoua 6inbimocti pecriongenTis (90%) mO0BOANIOCH BAKOPUCTOBYBATH TECTH
JIJIST KOHTPOJIIO JIislJIbHOCT] YYHIB 1 IICUXOJIOMYHUX BUMIPIB HiJ 4ac Megaroriyiol
IPAKTUKM, BOHU MalOTh IIOBEPXHEBI YsIBJICHHSI IIPO OCHOBH TEOPil pO3POOKHU TECTiB
Ta 0OMEXKEeHUIT JIOCBIJ CKJIaJJaHHST TECTOBUX 3aB/aHb.

[Iponec npodeciitnol miAroToBKN MaiibyTHIX YIUTEIIB MaTeMaTHKI 10 MOHITO-
PUHTY HaBYAJbHUX JOCATHEHD YUIHIB sIBJIA€ COOOI0 HU3KY TiCHO B3AE€MOTIOB A3 HITX
MizK cODOI0 CKJIAIHMKIB: KOMIIOHEHTIB, KpUTEPIIB, PiBHIB MOTOBHOCTI JIO MOHITO-
PUHTY Ta HAIIPAMIB HiJITOTOBKHU JIO HLOTO.

KommonentaMn TOTOBHOCTI /10 MOHITOPUHTY HABYAJHHUX JIOCATHEHDL YUHIB €
BMIHHS J1arHOCTYBaTH, KOHTPOJIIOBATH, ITPOTHO3YBATH I KOPUT'YBaTU SKOCTI Ha-
BYAJIbHUX JIOCATHEHb YUHIB. KpuTepisiMi roTOBHOCTI MafiOyTHIX yIUTEIIB JIO MO-
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HITOPUHIY BBayKaeMO T€OPETUUHI 3HAHHS Ta MPaKTUIHI BMiHHA. [Ii1 TeopeTrmann-
MU 3HAHHAME OYJIeMO pO3YMITH cucteMmy (paKTiB, PaBUJI, BUICHOBKIB, 3aKOHOMIP-
Hocteft, ijeit, Teopiit. [IpakTuvni BMiHHA — 1€ 34aTHICTH Ha HaJEKHOMY PiBHI
BUKOHYBATU I1€BHI [Iil, Ha JOIIJbHOMY PiBHI BUKOPUCTOBYBATHU 3HAHHSI.

[TepeiymoBoro peaJtizaliil Mojies1i npodeciitHol MiJIF0TOBKKY MaiOyTHIX ydauTe-
JIIB JI0O MOHITOPUHIY HaBUYaJbHUX JOCATHEHb YUYHIB CTajo 1X mpodpeciiine crips-
MyBaHHs, M0 peali3yeThcd B Ipolieci (paxoBol MATOTOBKHU B3araJji it y mporeci
BUBYECHHS CHEIIUCIUILTIHT « MOHITOpHHT HaBYAJIbHUX JOCATHEHB» 30KpPEMa.

YMOBaM# BIIPOBAKEHHST MOJIe/I1 TTpodeciiiHol MiAroToBKN MaiibyTHIX ydanTe-
JIIB JI0 MOHITOPUHI'Y HaBYaJbHUX JIOCITHEHD € HAsiBHICTD:

— HaBYaJIbHOI IporpaMu crenkypey <«Mowimopure nasuasbHur docAHens» Ta
HaBYAJbHO-METOJIMIHIX PEKOMEHIAIlN JIJIs CIIyXadiB;

— KOMILJIEKCY 3ac00iB /I OIIHIOBAHHS HAaBYAJbHUX JIOCATHEHBb YUHIB 3 MaTeMa-
TUKU,

— KOMILJIEKCY 3aco0iB, TPU3HAYCHUX JIJIsT MOHITOPUHTY BXIJHOI'O, MMOTOYHOI'O Ta
BUX1JHOTO KOHTPOJIIO CJTyXadiB CIeNKypcy (HABIaIbHO-METOMIHIN KOMILIEKC /-
ciutian « MOHITOPHHT HABYATBHUX JOCSTHEHBY ).

MeTot0 MpPOMOHOBAHOIO CIENKYPCY € BUBYEHHS OCHOBHUX 3aKOHOMipHOCTE[
BUKOPUCTAHHS MOHITOPUHIY B HaBUYAJILHOMY ITPOIIECI.

OcHoBHi 3aBaanasa Kypcy «Monimopure nasuasvhux docazHenb» TaKi:

— TONJIMOUTU TEOPETUIHI 3HAHHS PO MOHITOPWHT

— MIJrOTYBaTHU CJIyXadiB Kypcy 10 BUKOPUCTAHHSI TE€CTOBUX BUIIPOOYBaHb IIiJ] dac
IIPOBEJIEHHST MOHITOPUHTY SIKOCT1 3HAHb Y4YHIB;

— cdopMmyBaTH BMIHHS 1 HABIYIKHU [TPOBEJIEHHS MOHITOPUHIOBUX TECTOBUX BUITPO-
OyBanb;

— chopMmyBaTH BMiHHS PO3POOJISITH BJIACHI TECTOBI 3aBJaHHS Ha OCHOBI MaTeMa-
TUYHUX MOJICJIei;

— MiAroTyBaTH MafOyTHIX YYUTENIB JI0 3aCTOCYBaHHs TECTOBUX BUIIPOOYBaHb i3
METOIO TIPOBEJICHHsT MOHITOPUHIY SIKOCTI 3HAHBL YUHIB Ta 3/iHCHEHHS TPOQOPIEH-
TaliiiHol poboTH 3a pe3yJsibTaTaMy IIPOBEJICHIX TeCTyBaHb.

Kypc ckimajaerbes 3 JBOX MOJYJIB: «3arajbHi NMUTAHHS MOHITOPUHIY Ha-
BYAJIbHIUX JOCATHEHb» Ta «IligroroBka cryaeHTiB (MaiibyTHIX yIUTeIB) JI0 PO~
BeJleHHS MOHITOPUHI'Y HaBYaJIbHUX JIOCATHEHDb YUHIBY.

Ilepmmit 3micToBMiT MOAYIb CIPSIMOBAHUIT HA BUCBIT/IEHHS] TAKUX [TUTAHb:

— Icropig cTaHoBIEHHS MOHITOPUHTOBUX JOC/I/IXKeHb. KTamm po3BUTKY MOHi-
TOPUHTOBUX JIOCJI1JIZKEHbD.

— 3micToBHA cyTHICTH MOHiTOpPUHTY. [loHsTIiIHO-KaTeropiaabauii amapar. I1o-
HATTs MoHiTopuHTy. Meta i 3aBnanus monitTopunry. Cy6’ekTu Ta 00’€KTH MOHITO-
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punry. [lopiBHAILHUI aHa/Ii3 1e1arorigTHoro MOHITOPUHTY, J1arHOCTUKN, KOHTPO-
JIIO 1 OITIHIOBAHHSI.

— Ilpunnunm MOHITOPUHTOBUX JIOCJIPKEHB: MPUHITUI y3TOJZKEHOCTI, 00 €K-
TUBHOCTI, CUCTEMaTUIHOCTI, OE3MEPEPBHOCTI Ta TPUBAJIOCTI, CBOEYACHOCTI, Tep-
CIIEKTUBHOCTI, IIPOrHOCTUYHOCTI, BIIKPUTOCTI Ta OIEPATUBHOCTI PedIeKTHBHOCTI
TOIIO.

— @yHKIl MOHITOPUHTY: aHaJiTUKO-iH(pOpMalliiiHa, yIpaB/iHCbKa, Jiar-
HOCTHUYHA, NPOTHOCTUYHA, KOpPeKIliiiHa, MOTHBalliiiHa, po3BUBalova, HaBYaJbHA,
BUXOBHA.

— 3araJibHi Ta opraHizalliiiii BUMOI'H JIO IIPOBEJIEHHSI, eTalll IPOBEICHHS MO-
HiTOPUHTY. [[i020mo6vuli: TOCTAHOBKA METH; BU3HAYEHHs 00 €KTa 1 HAIIPSIMIB J10-
CJIJIzKeHHsI; BUOIp KpuTepiiB 1 iHCTpyMeHTapito. [Ipaxmuunud: 36ip indopmalii;
aHaJll3 JIOKYMEeHTallll; MOHITOPUHI PIBHS HaBYaJIbHUX JIOCATHEHb Y4YHIB 3 yCIX 4u
OKpeMUX HaBYaJbHUX JIUCIUILIIH; aHKETYBaHHS, TeCTYBAHHS; caMOaHAI3 JlisIb-
HOCTL. Anaaimuunud: odpodKa OTpUMaHNX Pe3yJIbTaTiB; cucTeMaTu3arisa iHpop-
Mallil; aHaJ/ll3 JIaHUX; BUCHOBKU yXBaJleHHs BIJIIOBLJIHOI'O YIIPABJIIHCHKOI'O PIBHS;
PO3pOoOKa PEKOMEH/ AL, 10 KOPUTYIOTh BUKOHAHHSI TJIAHIB, TIporpaM (3a HeoOXi-
JTHOCT1) Ta iH.; BUSHAYEHHS MOJAJIbIINX 00’ €KTIB MOHITOPUHTY.

— Cnocobu npoBesienHst MoriTopunry. TecryBanust. AnkeryBanus. OnuTyBa-
wHst. [aTeps’to. BinBimyBanns 3ansTh (3 dikcariieo mepebiry 3anaTh 3a yHidiko-
BAHUMI TIPOTOKOJIAMU T BiJICO3AIUCAMU 3aHSITh).

— Metomuni ocobyinBocTi crBOpenHs TecTiB. OCHOBHI eTanu po3poOKU TECTY.
Meta po3pobku i 3actocyBantsi Tecty. Ommc ranysi 3Hanb (qomeny). Crermdi-
Kallist TecTy (TexHosoridHa MaTpuils). PopMu TecToBUX 3aBaaHb. CTBOPEHHS Ta
eKCIIePTN3a TeCTOBUX 3aB/ialb. Bubipka, KOMIIOHOBKa , altpodalliss TEKCTOBUX 3aB-
nanb. JlocmiazKenns BaJiIHOCTI Ta HaIIifHOCTI TECTOBUX 3aBaHb. [lioTyBanHs.
Crannapruzanisa. HopmyBannus. OcHammenns. [IpoBejieHHs 1 aHaII3 TecTyBaHHS.

— IIpobyiemu, K1 BUHUKAIOTH B MPOIIECI TECTOBOI MTePEBIPKN 3HAHD.

pyruii 3MicTOBUIT MOIYJb BKJIOYAE €IEMEHTH MPAKTUIHOI IiINOTOBKU
JIO opraHizallil Ta MpoBeaeHHsT MOHITOPUHTY. BiAOBIIHI 3aHATTA TPUCBIIEH] ITpa-
KTHUIl KOHCTPYIOBaHHs CTYJI€HTaMU TECTIB, aHaJ i3y ITPOIIOHOBAHUX BUKJIA adeM 1
MJMOTOBJEHNX CAMOCTIIHO CTyJAeHTaMHU TeCTIB, IPOBEJIEHHIO PI3HOMAHITHUX Te-
CcTyBaHb. B sKOCTI 3aBiaHHsI JiJIsi CAMOCTIfiHOI POOOTH HPOIIOHYETHCA PO3POOKA
OaHKYy TECTOBUX 3aBJIaHb 3a OJHUM i3 HANPSAMIB 3a CIEMiaJbHICTIO CTYIeHTa (JI/IsT
0a30BoOI, cTapinol abo BHUIIMOI MIKOJIN) JJIsi KOMII IOTEPHOIO TEeCTYBaHHs abo JiIst
6JIAHKOBOT'O TeCcTyBaHHs. /[01aTKOBO NMPOBOINTHLCS aHaJIi3 pe3y/abraTiB. OKpecro-
I0THCS HAIIPSIMU 3aCTOCYBaHHS Pe3yJIbTaTiB MOHITOPUHTY.

3aBepIIyeThCsl BUBYEHHS JUCITUILIIHI MOJLYJIbHIM KOHTPOJIEM.
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Bupuenns jucuuiuiiau Oyjie cupusité (pOpMyBaHHIO TaKUX KOMIIETEHITIil:
— YITKICTb YSIBJEHHS IIPO TEOPETUYHI 3aca il I1e/laroriyHoro MOHITOPUHIY Ha-
BUYAJILHUX JIOCATHEHDb B OCBITI;
— yMIiHHS, HeOOXiTHI JJIsl IJIAHYBAHHS Ta JOCSITCHEHHsI OCBITHIX pe3yJIbTaTiB I1eB-
HOI'O PiBHSI, CTBOPEHHS Ta BUKOPUCTAHHS TECTOBOI'O IHCTPYMEHTapPIIO JIIs OIIHKN
piBHA HaBYaJIbHUX 10 HaBYAJIbHUX JOCATHEHD;
— YMIHHS CAMOOCBITHBOTO XapaKTepy, M0 3a0e311e1yI0Th CaMOPO3BUTOK MPodeciii-
HUX KOMIIETEHTHOCTEI yUNUTe/ B MaTeMaTuK Ta y cdepi MOHITOPHUHIY;
— YMIHHSI BU3HAYATHU 1 BUPIIIYyBaTH HABYAJIbHI Ta HAYKOBI IIPOOJIEMH T1iJT 9ac ITPOeK-
TYBaHHSI, OpraHi3allil i IpoBejleHHs] MOHITOPUHIY HaBYaJIbHUX JIOCATHEHDb Y4YHIB;
— YMIHHS JIIarHOCTYBATU, KOHTPOJIIOBATH, TPOTHO3YBATU Ta KOPUT'YBATHU SKICTh
HaBYaJbHUX JIOCSTHEHDb YUHIB.
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SABE3IIEYEHHSY HACTYIIHOCTI SMICTY HABUAHHSI
B CUCTEMI CTYIIEHEBOI BUIIIOI OCBITU
IIPU BUBYEHHI BUIIIOI MATEMATUKU

CrarTs npucBsvyena mpodaeMaM HACTYITHOCTI TPU BUBYEHHI MATEMATHKH B HABYAJIHLHOMY KOM-
wiekci «rexuikym — BH3 III-1V piBus akpemurartiis.

KuarogoBi citoBa: nacmynmicmo, HenepepsHicmsd 0C8imu, Y3a2asbHeHHA, CUCTNEMAMUSA-
YA,

Y cydacHOMY CBITI PO3BUTOK YKpalHU BU3HAYAETHCS Y 3arabHOMY KOHTEKCTI
€BporreiicbKol inTerpariii. B Ykpalni, ik 1 B 1HIINX PO3BUHYTUX KpalHax CBITY,
BUIIA OCBITa BU3HAHA OJHIEIO 3 TMPOBLIHUX TaJly3eil pO3BUTKY CyCIiibcTBa. [Ipio-
PUTETHUM HallpsIMOM JIep2KaBHOI TOJIITUKY B 111#l Tajiy3l € nepexiji JI0 JUHAMIYHOL
CTYIIEHEBOI CUCTeMU BHIIOI OCBITH. 3a TaKUX YMOB aKTyaJIbHOCTI HaOyBa€e poo.Jie-
Ma HaCTYITHOCTI 3MICTY K OJIHIET 3 KaTeropiii HelmepepBHOIO HaBYAHHSI.

[Ipobyiemoro HacTyHmHOCTI B OCBITI 3aiimaJimcs mcuxosorn i nejgarorn b. I
Ananne, 1. V. Tl'anenin, A. K. Bymnursa, II. JI. Tansnepin, H. ®@. Tanuzina Ta
O6arato inmux. I'pyHTOBHI pe3yabTaTh JOC/IIKEHHS PobJIeMI peasiizaliil HacTy-
mHocTi 3HaxoauMo B rpalisix FO.K.Babauncekoro, B.® . Bamapina, B.I1.Besnasibka,
A.lIl.Benseroi, II.M.Bososuka, B. C. I'epmiyncekoro, C. M. T'omnika, C. V.
lonuapenka, P. C. I'ypesuua, A.A.Kupe-psira, O.I.Komxomok, HO.A.Kycrosa,
A.B.JIurBuna, M.I.Maxmyrosa, dinosux M.B. AJe mie it 1oci HetocTaTHRO BUCBI-
TJIEHOIO 3aJIUINAETHCS TeMa HACTYITHOCTI BUBYEHHS OKPEMUX JUCITUILIIH, 30KpeMa
maTeMaTuku B cucremi «rexuikym — BH3 III-1V piBus akpepurarii». B cyuacumnx
YMOBaX iCHY€ IPOTUPIYUs MizK IOTpeOOoIO peaJlizallil HACTYIHOCTI Ta, METOIUIHIM
3a0e3MeveHHsIM 111010 BUKOPUCTAHHST OTPUMaHUX PaHillie 3HAHb MPU TTOTAIbIIOMY
BUBYEHHI TOI'O K TPEJIMETY.

Metorto cTarTi €:

e 3’gcyBaTH 1 IpoaHai3yBaTH CTaH MPOOJIEME Y IICUX0JI0TO-TTeIarOrivaHiil Teopil
Ta MPaKTUIl HaBIaHHSI,
e 1poanajizyBaTu nporpamu 3 maremarnkun BH3 I-IV piBust akpeurarii,
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e IIpoaHaJi3yBaTHU JOCBiJ 0COOMCTOI NMPaAKTUKM, 1 Ha Iiii OCHOBI po3pobuTn i
OOI'PYHTYBaTH JEAdKI METOAMYHI PEKOMEH Iallil 11010 3a0e31eYeHHsT HaCTYITHOCTI
Ha PI3HUX CTYIIEHSX OCBITH.

Hacrynnicts € 10cHTH CKIaJHUM, CUCTEMHUM 38, CBOIM 3MicTOM, (PYHKIIISIMIU,
O3HAKaMU 3arajbHO [1eIaroriaHuM JBuIineM. AHaJi3 JiTepaTypn moKasas, 1o B Oa-
raTboX BHITQJIKaX HACTYIIHICTH BU3HAYAETHCS K JIeSIKUIl 3B’s130K. AJie IpejicTaB-
JIIETHCA Teil 3B’I30K MOBEPXHEBO, HE BHUParka€ OCHOBHUX XapaKTEPHUX OCOOJIH-
BocTell HacTynHocTi. HaBiTh 4acTo 1eit 3B’s130K BiJJ0OparKaeThCs y JAPYropsiIHIX
JleTaJlsIX, He TOPKAYUCh CYT1 IIPOIecy HaBYaHHS.

3a BU3HAYCHHSM [3]| HACTYIHICTE siBJIsT€ CODOIO 3B’SI30K MiK SIBUITIAME B PO~
11eci PO3BUTKY, KOJIM HOBE, 3HIMAIOUN cTape, 30epirae B cobi JesKi ioro eJieMeHTH.
HacrymmicTs € ogHuM 3 TPOSBIB [IiaIeKTUKH 3allepedeHHs 1 mepexony KiIbKICHIX
3HaHb B SIKICHI.

[TocnimoBue 3ificHenHs HACTYITHOCTI HaJla€ HABYAHHIO TEPCIEKTUBHUN Xapa-
KTep, IIPU sIKOMY BeJIeThCsl TaKe BUKJIAQJaHHS MaTepiaJly, 110 J03BOJIsSIE BUBYEHHS
KOKHOI TIOTOYHOI TeMU Oy/TyBaTH He TLILKU CIUPAIOINCh HA MUHYJIE, aJe 1 3 -
POKUM OPi€HTYBaHHAM Ha HACTyIHI TeMu. OTrKe, CyTHICTh IPUHIUILY HACTYITHOCTI
[IpU BUBYEHHI OJIHIET {i TI€T 2K JUCHUILIIHA Ha PI3HUX CTYIEHAX OCBITHU IOJIATAE Y
BCTAHOBJICHHI 3B’sI3KIB MizK HOBUMU Ta, paHillie 3700y TUMI 3HAHHAMHI AK €JIeMEH-
TaMW ILJIICHOT cHCcTeMU, 3a0e3Medye X MOJaIbIINi PO3BUTOK Ta OCMUCTEHHS Ha
HOBOMY, BUIIIOMY PIBHI.

Hapuasibauit komiieke «rexuikym — BH3 III-1V piBast akpejuTariiis BijHO-
CHO HOBa, CTPYKTYPa B OCBITi. 3MICT TAKOI0 HABYAJIHLHOI'O KOMILJIEKCY Tepe0aiae
Ha OCHOBI B3a€MOJIIl CTBOPEHHSI HaHONTUMAJBHIIINX COIAJbHUX Ta ICUX0JIOrO-
MeJIArOriIHNIX, KaJIPOBUX, PEKUMHUX Ta OpraHizalliiinxX yMOB g BCEOITHOTO
PO3BUTKY OCOOMCTOCTI.

HapuasbHO-BUXOBHNIIT ITPOITEC B TAKOMY KOMILIEKCI Mag BpaxXoByBaTH 1I€BHI T1e-
pexijiHl HPUHIUIIN STK YMOBY CBOro ebeKTuBHOrO pyHKIIOHYBaHHs. CepeJi HUX BH-
JIUISIIOTh HACTYIIHICTh, KOMILIEKCHICTh, HElIEPEPBHICTD JlislJIbHOCT1, BApIaTUBHICTD,
I1JIeCITPSIMOBAHICTD.

Crenndika BH3 I-1I piBHst HOCUTH IBOCTOPOHHIN XapaKTep: 3 OJHOTO DOKY
BOHI I'OTYIOTH MOJIOJIINX CIIENiaJIiCTiB, 3 IHIIOro — IX crenudika BI3HAYAETHCS
Merolo, dKy nepeciaiayiors BH3 III-IV piBHSI 1pu cTBOpPEHHI J104aTKOBOI'O CTPY-
KTYPHOI'O HABYATHHOTO T APO3/ILIY (MMOKPAIEHHS IKOCTI KOHTUHTE€HTY CTY/ICHTIB).

Texnikymn i BH3 III- IV piBHs BiIPI3HSIOTHCS CTPYKTYPOIO 1 3MICTOM HaBYa-
HHsd. B TexnikyMmi 3araJbHOTEOPETHIHI, 3araJbHOTEXHITHI Ta CHeliaJbHl TUCIU-
IJIIHA BUBYAIOTHCs OJHOYacHO. ToOTO Taki yMOBH OL/IbII CIPUSTINBI JI/IsT B3aEMO-
3B’s13Ky 3araJjibHol i mpodeciiinol ocsitu. Y BH3 III-1V piBas napuasbHi mianm,
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sIK IIPABUJIO, MAIOTh JIHIHY CTPYKTYPY: 3arajJlbHOTEOPETUIHI IPODOJIEME — 3ara ib-
HOIH>KeHEepHa MAr0TOBKa — cIeliaJ bHi JuCHuILHA. /10 3araabHOTeOpeTUIHNX JTH-
CITUILTIH HAJIE?KUTDH 1 MaTeMaTUKa, sKa Ma€ JIOCUTh BeJINKe 3HAYeHHs JIJIs CydacHOl
MOJIO/II.

CucreMa OpraHizoBaHOIO HaBYaHHSI ITOBHHHA 030pPOITH CTYJIEHTIB HE TiJIbKU
3HAHHAMHU, ajie 1 3acobamMu e(peKTUBHOTO 3aCBOEHHA IUX 3HaHbL. Tomy dopmy-
BaHH y CTY/JIEHTIB BMIHHS BUUTHUCH BUCTYIAE B SIKOCTI HaliBarK/IMBIIIOl 3ajiadl
BY31BCHKOI'O HABUYAHHSI.

3 MeTo0 IepeBipKu SKOCTi ¢cchopMOBAHOCTI MaTeMaTHIHUX 3HAHb CTY/ICHTIB,
HaMu OyJIo IIPOBEJIeHO cleniajabHe TecTyBaHHs B rpynax JJIMA, e HaBuaroThCs
CTYAEeHTH, 110 3aKIHUMIN TeXHIKYM. 3aBIaHHs OyJ/Ii i i0paHi TaKUM TIHOM , 11100
3a pe3yJbTaTaMi X BUKOHAHHSI MOXKHA OYJIO CYJIUTH IIPO HAsBHICTH y CTYIEHTIB
PI3HUX BU/JIIB 3HaHb Ta BMIHb OIlEpYBaTU ITUMU 3HAHHSIMU.

B pesysbraTi JocipKenHs 0yJI0 BUABJIEHO, 1110 BIIPaBW Ha BMIiHHS PO3Ii3HA-
BaTH, KaacugikyBaTy IOHITTSI, BCTAHOBJIIOBATH 3B’sI3K1 PO3B’sizasm 22,2% cry-
JIEHTIB, y IHIIUX CTYJEHTIB BIJACYTHSI CUCTEMHICTH cpopMoBaHUX 3HaHb. /1o 1po-
BeJIeHHS I[bOI'0 TECTY CTYJAEHTH Mail?Ke 3 pOKU He BUBYAJIN MaTeMaTUKY, TOMY K
HACJIJIOK Ma€ Micile jierpajiailis MareMaTHIHuX 3HaHb (CTY/IEHTIB 13 3a/10BLIbHU-
MU 3HAHHSIMHI 3 ejeMeHTapHol MaremMatnkn — 25%, 3 HesajoBiabHUMU — 75%).
Bugsuiock, M0 CTYJIeHTH He BMIIOTH aHAII3yBaTH YMOBY, CAMOCTIHHO TTPOBOTUTH
MipKyBaHHSI Ta pOOUTH MAaTEeMATUIHI BUCHOBKU. AHaJIi3 1I0Ka3aB, 1[0 3HAHHST CTY-
JIEHTIB HOCSITH (pparMeHTapHUl XapakTep, He JIOCSTralodnd HeoOXiJIHOI'O CTeleHsI
zarajgbHocTi. HaBuaHHs y TexXHIKyMi CIIpsiMOBaHE Ha BHUBYEHHSI BEJIMKOI'O 00Cs-
Iy Marepiajy, a He Ha PO3BUTOK JIOIYHOIO MUC/AEHHS. A 1€ JOCUTH HEraTHBHO
BILTMBAE Ha CTYAEHTIB, 10 OaKAIOTH MPOJOBKUTH HABUYAHHS Ha BUIUX CTYIIEHSIX
OCBITH.

Hapeiemo npukiiajin Takux 1mpoodJsieM Ta MOXKJIUBI HMIISAXU 1X pO3B’si3aHHSI.

Tabu. 1: [IpobyiemMu HACTYIHOCTI Y BUKJIaIaHHl MaTeMaTukn MixK Texuikymom ta BH3 ITI-IV
piBHS.

ITpobiiemn

IInsaxu nmomoaHHs

1. BHmKeHHS yBaru Ji0 3MICTy Kypcy MaTte-
MaTHKH (3MEHIIeHHsT Yacy BUBYEHHsI MaTepi-

aiy).

Posrarnytu marepianm Ha OLIbIT TpuBaJIUit
CTPOK, 1100 BeJTUKUiT 00CAT MaTepiaay He BU-
BYABCH 3a 3 TPUMECTPH.

2. HemocraTHa TexHiKa YHUTAHHSA MaTeMAaTH-
YHUX TEKCTiB, YMOB 3a/1a4. HeBMinus anaJii-
3yBaTU T'OJIOBHE, BIJIPI3HATHU CYTTEBE Bl He-
CyTTEBOTO.

[IpononyBaTn 3aB/IaHHsA HA PO3YMIHHS MaTe-
MaTUYHUX TEPMIHIB, aHAJII3yBaTU YMOBHU 3a-
Jad, PO3MJIAJATH BIPABU y3araJibHIOIOYOIro
XapakKTepy.
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npojoBxKerdss Tab. 1.

IIpobaemu

HTnaaxu momonanusa

3. HeBMinng 6araTbox CTYIEHTIB CaMOCTiITHO
[IPAIIOBATHU 3 JITEPATYPOIO

[IporionyBaTu cTyaeHTaM 3aBIaHHS 110 POOO-
Ti 3 JIOBIIHEKAMM, TOTYBaTHU JOIMOBiIi, pede-
paru.

4. @opmayibHI yABJIEHHS TPO MaTeMaTHYHI
MIOHATTS: PIBHAHHSA, KOPiHb, CIOCIO TepeBip-

Binbie yBarum npujingtu dbopMyBaHHIO TI0-
HATb HEBIJIOMOTrO, BIpHOI YW HEBIPHOI PiBHO-

KW [IPABUJIBHOCTI PO3B’si3aHHs PiBHAHHS (CH- | CTi, HepIBHOCTI.

CTeMU DIBHSHB).

Buknagaty cirij gyacriiie 94uTaTu B TOJIOC Ma-
TeMaTU9IHI BUPa3W, TPEHYBATU CTYJ/IEHTIB B
IUTaHHI.

5. Hejocrarng MaremMaTwdHa TI'PaAMOTHICTD
CTYJIEHTIB.

OT2Ke 1oJIoJIaHHsT [UX IPOOJIeM MU OAIUMO Y CIEIiaJbHIM IHNHOM OpraHizo-
BaHUX IEPIINX 3aHATTAX 3 BUIOI MaTEeMATUKU JIJis CTYJEHTIB, IO BCTYIUJINA JI0
aKaJieMil micyis TexaikyMmy. MeToio TaknxX 3aHdaTh € aKTyaJsizallisd OMOPHUX 3HaHb
3 BUKOPUCTAHHSAM BIIPpAB y3araJbHIOI0YO0 — CUCTEMATU3YIOUOTO XapaKTepy, KJIacu-
dikamifinnx TabaunbL Ta cxeM. Taki BIIpaBW HEOOXIJTHO MPOMOHYBATU CTYJ/IEHTaM
Ha KOXKHOMY 3aHATTI.

TaxuMm umHOM, JJ1s1 3a0€3IeUeHHs HACTYIIHOCT] Y HaBYaHHI JOIIJIbHO:
e OpraHi3yBaTH IePIi 1 TOJAJBIIN 3aHATT 3 BUIOI MaTeMaTUKN 3 BUKOPUCTAH-
HsIM BIIPaB Ha BMiHHSI PO3Ii3HaBaTH, KJIacU@iKyBaTH MOHSITTs, BMIHHS BUILISTH
iepapxiuny cTpyKTypy Ta inmii. Taki BmpaBu MOBUHHI OyTH HOPMOIO KOYKHOTI'O TTpa-
KTUYIHOTO 3aHATTH.
e YV BIpaBax Ha IOBTOPEHHS HEOJMIHHO ITOBUHHO 3’SBJIATHCH HOBE, BiAMUpATH
cTape, HeCyTT€EBe Y BIJIIIOBIJIHOCTI J0 JIOTIKM PO3BUTKY ITOHATTSI.
e DBukyajgad moBuHeH MepeBIipsITH He TLILKN HATIOBHEHHS TTAMATI CTYJIEHTIB 00~
cATOM MaTepiajly, a 1 BMIHHS OllepyBaTH ITUM MaTepiajioM.

Jliteparypa
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KOPEKIIIA HA Br'AJAYBAHHA 11P11 OBYNCJIEHHI BAJIIB 3A
OOPMVJIOIO IJI4d TECTIB MHO2KMTHHOI'O BUBOPY

CrarTio IPUCBIYIEHO TTPOOJIeMi OIIHIOBaHHSI TECTOBUX 3aBJIaHb MHOKHUHHOTO BHOOpY. ABTOpOM
JIOCJIiJIZKEHO TTepeBaru Ta HeJIOJIKNM MeTOJIB i/ ipaxyHKYy OaJliB 3a 3aB/laHHs MHOXKHHHOTO BUOODY
Ta IIPOAHAII30BAHO JONLILHICTE BUKOPUCTAHHS (POPMYIBHOIO METO/LY JI/IsI PI3HUX BUIAIKIB.

Kiro4yoBi ciioBa: mecmosi 3a60aHHA MHONCUHHO20 8UOOPY, 00MUCAeHHA 0aAl6 3a pop-
MYN0M0, MECM, HA 20MOBHICTND.

ITocTanoBka 1mmpobJjiemu.

PiBenb npodpeciiiinx 3HaHb PaxiBIIB € OJHUM 13 OCHOBHUX IIOKA3HUKIB, III0
BU3HAYAIOTH JOOPOOYT Hace/leHHs. ToMy IMeprioueproBuM 3aBjaaHHAM HUHI € 3a-
IIPOBaJIKEHHsSI CYYaCHUX TEXHOJIOTl HaBdaHHS i omiHioBanHs. HoBi BuMorum o
SIKOCT1 3HaHb IOTPEOYIOTh CTBOPEHHs e(PEeKTUBHOI CUCTEMHU aJIeKBATHOIO OIIHIO-
BaHHs CTYJEHTCHKUX 3HaHb. BipHO Po3pobJieH] Ta JIOPEeYHO 3aCTOCOBAHI METO/IN-
KU OIIHIOBAHHSI CIPUSIOTDH Ii/IBUIeHHIO epeKTuBHOCTI HaBdaHHs. Cepelr 3aco0iB
00'€KTUBHOI'O KOHTPOJIIO HafOLIbII HAYKOBO OOI'PYHTOBAHUM € METOJ, TecTyBaH-
nsg. OcranniMm gacom y B3H nadyso mommpenns muchbMoBe TeCTYBAHHA, OCKITLKI
JI03BOJISIE €(PeKTUBHO BUMIPIOBATH BEJIUKY KLIBKICTH HaBYAJIBLHUX PE3YJILTATIB,
JIETKO TI1/IpaxOBYBaTH OAJIH.

Y apyriit mosiopuHi XX ¢T. 0yJI0 po3po0bJIeHo i 1poiilio amnpobariito Oijibiie
COPOKa pisHUX (popMaTiB TeCTOBUX 3aBlaHb. /lesKi 3 HUX MiJITBEP/IMIN CBOI Jia-
IHOCTUYHI BJIACTUBOCTI. Y TMPAKTUIIl MACOBOIO IEJIArOriYHOTO TECTyBaHHs Haliva-
CTillle BXKUBAHNMU € TECTOBI 3aBJIaHHA MHOYKUHHOT'O BUOOPY, OCKLTBKI BOHU TAI0Th
MOKJIIBICTD IIEPEBIpATH 3HAHHA Ha PI3HUX PIBHAX 3aCBOECHHS, HEIIPABUJILHI Bapi-
aHTHU BiJIIIOBiEHl Jal0Th JIarHOCTUYHY 1H(MOPMAIII0 PO piBeHb c(HOPMOBAHOCTI
3HaHb 1 BMIHb.

Ate y mepio, Ko TeCTH MHOYKHHHOTO BHOOPY IOYAJIN HIHPOKO BUKOPUCTO-
BYBaTH, BOHU 3a3HaJIM KPUTUKN Ha IiJICTaBl TOrO, MO yIYaCHUKH TeCTYBaHHS MO-
IVIM BraJlyBaTu IpaBujibHi Bijanosigi. oBemenuMm € Toii dakt, 1mo Oajim 3 TecTiB
MHOXKUHHOTO BUOOPY <«3aBUINEHI», OCKLIBKN Oan 3 TeCTiB, jie TOTPIOHO HalaTh
KOPOTKY BIJITIOBI/Ib, BUABJISIOTHCSA 3HATHO HUKIUMMU.

© Mockaabosa O.1., 2011
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OcKibKY 3aBJIaHHA MHOYKUHHOTO BUOOPY BIIIMPAIOTH BayKJIUBY POJIb Y TECTY-
BaHHI YCIIITHOCT1, BUBYEHHS NMUTAHHS IPABUJILHOI CUCTEMU BUCTaBJEHHS OI[IHOK
Ta YCYHEHHSI YNHHUKIB, K1 BHOCATH NNOMUWJIKM, € aKTyaJbHUM y CBITJII IHTErpallil
OCBITH Ha Cy4acHOMY eTalll.

AHaJIi3 OCHOBHUX JOCJII>KE€Hb 1 MyOJIiKaIliii.

[IuTannsg cTBOpeHHS Ta BUKOPHUCTAHHSA TECTOBUX 3aBJlaHb PI3HUX (POpPMATiB
ITITPOKO BUCBITJICHO Y CydJacHiil HayKoBiil iTeparypi. [Ipobiemi anasizy mMeTo/IiB
iJIpaxXyHKY TeCTOBUX OaJliB Ta JIONIJIBHOCTI BUKOPUCTAHHA (POPMYIHLHOIO METOLY
JUIsl PISHUX BUIAJKIB npucBsiueno npaii B. ABanecosa, I. Byinax, A. Maiioposa,
M. Mpyru, Hopmana E. I'pomysia, Pobepra B. ®papi Ta iHmux.

IlocTanoBKa 3aB1aHHI.

Metor0 JaHOI CTATTI € aHaJI3 IPOLeAyPH O0UYNCIeHHs OaJIiB 38 CIeIiaIbHOI0
dopmyioro «IIpaBuibHnii MiHYC HellpaBUIBHUIY JIJIsI TECTIB MHOXKUHHOI'O BHOODY
Ta JIOCJIJIZKeHHsI JIOIIJIbHOCTI 11 BUKOPUCTaHHS B 11€JIarOITYHOMY I1POIIEC] 3 ypaxy-
BaHHAM CYYaCHUX TEHJICHINl PO3BUTKY HalllOHAJIbHUX O0COOJIMBOCTEH OCBITH.

Bukiiana ocHoBHOro Mmarepiajry JdOCJIiI2KEHHS.

SamnuTaHHs MHOYKUHHOI'O BHOOPY CKJIAJIAIOTHCsI 3 OCHOBHU, sIK& IIPEJICTABJISIE
pobJIeMHY CHTYaIlifo, Ta KiJIbKOX BapianTi BuOOpy (aibrepHarus). OCHOBOIO MO-
»Ke OyTy 3anmmTaHHsT ad0 He3aKiHdeHe TBep/KeHHs. AJIbTepHATUBU MICTSITH IIpa-
BIJIbHY BiJIIOBI/Ib 1 KiJIbKa IIPaBIOIOMIOHNX HEBIPHUX BiJIIOBIeil, sIKi HA3UBAIOTh
nucrpakTopaMu. OyHKINSA OCTAHHIX — 30UTH 3 TAHTEINKY CTYJEHTIB, AKi He BIIEB-
HeHi y BiJoBiii. 3anuTaHHss MHOKIHHOIO BUOODPY, SIK IPABUJIO, MICTSATH YOTUPU
abo ’aThb BapianTiB BHOODY |2, ¢.86].

Y mpakTHlll IeJarorivHoro TecTyBaHHsSI 3aCTOCOBYIOTH JEKIIbKa IIJIXOMIB 10
HiIpaXyHKY TeCTOBUX OaJIiB 3a 3aBJaHHsSI MHOXKIHHOIO BuOOpy. Tpajauniiinmii Ta
HaltdyacTillle ByKUBaHUI — MeTOJT MJIpaxyHKY KIJbKOCTI NPaBUJIbHUX BlJIIIOBIIEN.

n
Dopmyita nigpaxysky 6aais: X = Y z;. JaHuit MeTos IpocTii y BUKOPUCTAHHI,

i=1
Jla€ MOXKJTUBICTDH TIBUJKOTO <«PYYHOTO» MiJIpaxXyHKy OaJjiB, 3py9IHUIl MpU aBTO-

MATH30BAHOMY 39YMTYBAHHI PE3YJIbTATIB IISIXOM CKaHYBaHHs. AJie TOpsjl C Ie-
peBaraMmu Ma€ IIeBHI HeJO0JIIKNA, OCHOBHUM 3 SKHUX € HEeMOXKJIMBICTL KOPEKIIl Ha
BrajtyBanss |1, ¢.70].

[I1o6 3MeHIIUTH HETOYHICTD PE3Y/IbTATIB TECTiB MHOYKUHHOTO BHOOPY, 3yMOB-
JIEHY BIPOT'JIHICTIO BralyBaHHS IIpaBUJIbLHUX BIINIOBLIEN yYacHUKaAMU TeCTyBaHHSI,
JUIS IAHUX TECTOBUX 3aBJlaHb PO3PO0JIEHO Ipolenypy obuncaeHHs OaJiiB 3a ¢gop-
MYJIOIO, siKa 3HUBMJIA PE3YJIbTaTh yUacHUKIB TECTYBAaHHS /IO PiBHs, dKUil OljbIe
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BiJIIIOBIIaB OaJjiaM 3 TeCTiB, 0 HepedadaoTh KOPOTKI BiIIOBIII Ha nuTaHHs. By-
JIO 3PO0JIEHO TPUITYIIEHHS, 110 PU BUKOPUCTAHHI TECTOBUX 3aBJIaHb 3 YOTHUPMa
BapiaHTaM# BIJIOBI/II YYaCHUKHU TeCTyBaHHsI aDO 3HAIOTH BiJIOBI/IbL Ha IMUTAHHSI,
200 MIPOCTO OOMPAIOTH OJMH 13 3aIPOIOHOBAHUX BapiaHTIB, TO MOYKHa, OUiKyBaTH,
110 IIPaBUJILHO OyJle BrajiaHa OjHa 3 YOTUPbOX Bijmosijeit. st Toro, 1mob 3meH-
ITUTH PE3y/ITAT TECTOBAHOI'O Ha BEJIMYMHY KiJIBKOCTI O6aJsIiB, dKi 3a MPUITYIIEHHIM
BiH OTpHMAaB 3aBJIsIK BIpHOMY BI'a lyBaHHIO, 3araJbHHUil 0aJ 00UMC/IIOI0TH BiHI-
MaHHAM JaCTKI HEIIPaBUILHIX BIAOBIAEH Bl KIILKOCTI IPpaBUIbHIX BIAIIOBIIEI].
PesyibraToM Takux MipkKyBaHb cTaJja pOpMyJIa:

ven W
kE—1
ne R — KUIbKICTh IpaBUIbHUX BIJIIIOBIIEI;
W' — KJIbKiCTh HEIPaBUJILHUX BiJIIIOBIJIEIL;
k — KiTbKICTH BapiaHTiB BIMOBI/I Y KOXKHOMY 3aBJIaHHI.

Komm ygacnuk tecTyBaHHS YTPUMYETHCs BiJ BIAMOBIII Ha 3aBAaHHSI, BOHO He
BBayKae€ThCsl Hi BIpHUM, HI HeBipHuUM. J/laHnit MeTo 1 MijipaxyHKy OaJliB 3a 3aBj1aH-
Hsl MHOYKUHHOIO BHOODY oTpuMaB Ha3By «lIpaBuyibHuil MiHyc HenpasuwibHuil» [4,
¢.32-40].

Posrisinemo, sk i€ bopmyJia Ha NPUKJIa/Il yIaCHIKA, SIKUI i3 COpOKa 3aBJIaHb
y TeCT1 BIpHO BUKOHAB JIBaIIISTH 1 HEBIPHO — JIBAHAIIATD, & Y KOXKHOMY 3aBJIaHHI
HaJIAHO I1'gTh BapiaHTIB BinoBizeil. Y Ttakomy Bunajiky: R = 20; W = 12;
k = 5; KUIBKICTh IPONIYINEHNX 3aBJIaHb JOPIBHIOE 8.

X=R—£:20—£:20—E:17.
kE—1 5—1 4

TakuMm 4YMHOM, 3araJibHUl pe3y/bTaT ydyacHUuKa O0yJI0 3HUKEHO Ha Tpu OaJiu.
[Ipumnycrumo, 1o y 1mo1i0HOMY TecTi yJacHUK 3 abCOJIIOTHO HYJILOBUM PiBHEM KOM-
IeTeHINil JJaB BIJIIIOBIII Ha BCl COPOK 3allUTaHb, KOPUCTYIOUYUCH BUKJIIOTHO 3/10Ta1-
KOTO. ZKITO KOXKHe 3aBJaHHs Mae YOTUPH BapiaHTH BiIITOBII, MOYKEMO OTiKyBaTH,
110 1eft y9acHUK JIacTh BIPHY BIJIIIOBLIb Ha JIeCAThH 13 COPOKa 3aB/iaHb, a TPUIIATH
BiAIOBIIeil OyayTh HEBIpHUMH. Y IIbOMY BHIIAJKY PO3paxoBaHUil 3a (HOPMYJIO0
OaJ1 Oyjie JIOpiBHIOBATH:

30 30
X=10-———=10——=10—-10=0.
4—1 3
[IpoTsirom nesikoro 4acy Iicjisi BIPOBaJIKeHHsI 0O0UMC/IeHHsT 0aJiB 3a popmy-
JIOIO, YYACHUKIB TeCTyBaHHS IHCTPYKTYBaJII HE BUKOPUCTOBYBATHU 3/10TaJIKY, SAKIIO
BOHH HE BIIEBHEHI y IPABUJILHOCTI BiAIOBiI. AJie eKcriepTn 3 MCuXoMeTpil mocra-

BUJIN I11J] CYMHIB TaKy HNPaKTUKY, 3a3HAYUBIIN, 1110 YYACHUKHU, K1 ITPOITHOPYBaJIN
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IHCTPYKINT Ta BiJANOBiAaJM HaB30ra/l, MOIJIM OTPpUMATH BUIUil Oaj1 3a (dopmy-
JIOIO, HIZK T1 YYaCHUKHU, sIKI MaJIl TaKuil caMuii piBeHb 3HaHb, aJie JJOTPUMYBaJIMCS
incerpykiit. VgeTnest mpo BUIAIKE, KOJIH YIACHIK TECTYBAHHS MOYKE BHKJIIOUHTIH
oJiuH abo OLIbIlle 3 HENPaBUJILHUX BapiaHTIB 1 BrajlyBaTh 3 TUX BapiaHTIB, dAKi
sasmncst |3, ¢.56].

Posrisgnemo cutyaliito, KoJim y4YacHUK He 3HAE BiJIITOBII Ha »KOJIHE 3 JIBAJIIIATH
JOTUPHOX 3aBJIaHb, KOXKHE 3 IKUX Ma€ II' 9Th BapiaHTIB BIAIOBIJIEH, ajie MO¥Ke BU-
KJIIOUUTHU 110 JIBa HEBIPHUX BapiaHTa B KOKHOMY 3aBiaHHI. BuOpasiim HaB310ra,1
OJIMH 3 TPhOX BaplaHTIB, SIK1 3aJUIININC, OUIKYETHCS, 1110 el yYacHUK Ma€ BIpHO
BraJIaTH TPETUHY BijmoBijeil (BiciM BijmoBijei BipHO 1 MicTHAISTH — HEBIPHO).
Obuncsennst 3a GOPMYJIOI0 CKOPErye 0aJl yuaCcHIKa HACTYITHIM YNHOM:

x=p- g 10 g g 4y
kE—1 o—1 4

3po3yMiJIo, M0 el YYaCHUK TeCTYBaHHSI OTPUMYE YOTUPU OasIu 3a 3/10ra/IKy.

KopucryBaHHs 3/10raJIKOI0 i3 HaBeJIEHUX IHPUKJIAJIIB Oy/e HeclpaBeInBIM,
SKITO 1HII YYACHUKM JOTPUMYBAJINCA IHCTPYKII, 1K1 BUMaraJii IOBHICTIO YTpU-
MYBATHUCs BiJ, BIAIOBIII HaB3zorajl. ToMmy cborojHi MalizKe BCi IHCTPYKIII 3 Te-
CTiB, OaJil 3 SIKUX OOUYUCJ/IIOITHCA 38 (DOPMYJIOID, PEKOMEHIYIOThH YTPUMYBATUCH
BIJI «CJIIIOIO» BralyBaHHS, aJjie paJidTh yHaCHUKAM BIJIITOBI/IaTH HAB3/I0TaJ1, SAKIIO
BOHI MOXKYTb BUKJIIOUUTHU OJINH a00 JIeKLJIbKa HEBIPHUX BapiaHTIB.

Hespaxkaroun ma MeToj1 00UMC/ICHHSI, YIACHUKIB TECTyBaHHS IOTPIOHO YiTKO
iHdopMyBaTH PO CTpaTerio HaJaHHs BIANOBiAe, sika Oyle ONTUMAJILHOIO JIJIsd
iX pe3yabTaTiB. ¥YYaCHUKN TeCTyBaHHd MalOTh 3a3/1a/1eriib 3HATH METOUKY PO3-
paxyHKY pe3yJbTaTiB TecTyBaHH:A, OCKLIbKHU Il BILINBAE€ Ha TaKTUKY ITOBEIIHKN
ocobu IIij] Yac TecTyBaHHsl. BayK/auBo, 100 yYACHUKHI TeCTYBAHHSI YCBIIOMJIIOBa-
JIM, 1110 00YHCc/IeHHsT OaJliB 3a POPMYJIOI0 He IIpU3HAYeHe JIJIsi TOTO, 100 IoKapaTu
BraIyBaHHs, a 11100 CKOpUryBaTi 0a/ii 3 ypaxyBaHHIM MOYKJIMBOCTI KOPUCTYBaHHS
3/10T'aIKOIO.

BucuaoBkn.

BuBuenns j0cBiy BUKOPUCTAHHS PI3HUX METO/IIB IiJIpaxyHKY OaJsiiB 3a 3aB-
JIAHHS MHOYKUHHOI'O BUOODY JIa€ MiJCTaBHU CTBEP/KYBATH, 1110 OOYHC/ICHHs OaJsIiB
3a gopmysoro «IIpaBmibHuit MiHyC HETPaBUILHUNY He MIXOMUTD /s TTOTOYHIX
TecTiB. ZKIO Buk/aJanas O0yy10 epeKTUBHUM, a TEeCT IPEJICTAB/ISAE PaIllOHATIbHY
BUOIPKY TOr0 HaBYAJLHOIO MaTepiajy, 10 MOBUHHI 3HATH CTYJEHTH, MaJIONMO-
BipHO, 11100 OaraTo CTYyJIEeHTIB He 3HaJIM BiIIOBIJII Ha BEJUKY KiJbKICTb IUTaHb. Y
TaKOMY BHIIQJIKy 0O4Mc/IeHHs OasiB 3a (popMysioo Oyjie MajaoeeKTUBHUM depes
HE3HAYHY KIJbKICTh HEBUKOHAHUX 3aB/aHb.
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Aste, obunciientst 6aiB 3a (HOPMYJIO IPHU PO3PAXYHKY PE3YJIbTATIB TECTY-
BaHHs € OayKaHUM JIJIsI TeCTiB Ha TOTOBHICTH, PE3YJIbTaTH AKMX HaJIAI0Th JiarHO-
CTUYIHY iH(OPMAIIO JIJId Y3ro/KeHHS I KOpUTYBaHHSA MOYKJIMBOCTEH CTyAeHTa 3
BUMOramMu HaB4daHHd. [lepin HixK po3movaTn HaBYaJLHUI TPOTEC, BUKJIaIadl Ma-
I0Th II€PEBIPUTU HASBHICTD y CTY/IEHTIB HABUYOK, 1110 € IePelyMOBaMU YCIIITHOTO
HaBYaHHS. fK MMOKa3yl0Th JIOCTIIZKEHHs, ePEKTUBHUM IHCTPYMEHTOM J1iarHOCTHU-
KU € TeCT Ha I'OTOBHICTD, KUl MIPOIIOHYIOTH CTYJ/IEeHTaM Ha I0YaTKy HaBYAJIbHOIO
Kypcy. Y IbOMY BUIQJIKy BUKOPUCTaHHs (DOPMYIHLHOTO METOJLY ITiJIpaxyHKy OaJiiB
3a0e31evy€e BIUCOKY HaJIIiIHICTh TeCTyBaHHA Ta 00 €KTHBHE OIIHIOBaHHS, JIA€ 3MO-
I'y CKOPUTYBaTH «3aBUIIEHI» OaJ/Il, OTpUMAaHi 3aB/ISKI BUIAIKOBOMY BI'a/lyBaHHIO
BiJIIOBiJIelt, 1110 BiAOyBa€ThCsa MPH OOYUCIEHHI OaJsIiB 3a KiJbKICTIO IIPaBUIbHIX
BiJIIIOBiJIeil, Hala€ MOXKJINBICTb OTPUMATH JIIAIHOCTUYHY 1H(OPMAaIIilO IIPO piBEHb
cchopmoBanocTi 3HaHb crTyaeHTIB. OTKe, dopmyabanii MeTos «IIpaBuibHuil Mi-
HyC HeNpaBWIbLHUIT» JTONLILHO BUKOPUCTOBYBATH ITij] 9aC MacOBOIO OJIAHKOBOIO
TECTyBaHHA Ha MOYATKY HABYAHHI.
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ITPUMEHEHIVE NMHHOBAIIMOHHBIX TEXHOJIOT U
OBYYEHNA 11PN N3YYEHNN OBIIEI'O KYPCA ®U3NKUN

O6bEKTOM UCC/IeIOBAHISA SABJISICTCS MPUMEHEHIE MHHOBAIIMOHHBIX TEXHOJIOTUIN 1IPU U3yde-
HUU O0IIEero Kypca pU3NKu. IKCIEPUMEHTHI 110 UCIIOJIb30BAHUIO B YIEOHOM IIPOIECC TAKUX TEX-
HOJIOTHH KaK MOJIy/IbHAs TEXHOJIOTUsI, TEXHOJIOIUsI KOOIIepaIuu, NH(MOPMAIIMOHHAST TEXHOJIOT U
CIIOCOOCTBOBAJIN CYIIIECTBEHHOMY MOBBIIIEHUIO 3(DPEKTUBHOCTU 00PA30BaATE/ILHOTO TPOIIECCa.

Kunrouessbie ciioBa: ob6yuenue, mexnorozuu, obwas dusuka.

Msmenenne 1eseil, ycjioBUiI COBPEMEHHOI'O BBICIIEro obOpas3oBaHus TpedyeT
HAyYHO JETEPMUHUPOBAHHOI'O COBEPINEHCTBOBAHUS TEJarOrMIecKOil TEXHOJIOTHH.
Ilerarornyueckasi TEXHOJIOTHS IIPEJICTAB/SIET COOOH IE€JIOCTHOCTD pAaIlOHAJILHO
OTOOPAHHOI'O U HAyYHO OOOCHOBAHHOI'O COJEPKaHUsl 1 OPraHM3alllOHHBIX (POPM,
KOTOpbIE CO3JIAI0T YCJIOBUS JIJI MOTHUBalLUK. B 1ejlarornueckoii TeXHOJIOINN KarK-
JIBII 97IEMEHT 1 9Tal yaIeOHO-BOCIIUTATE/ILHOIO IIPOIecca 00YCI0BICHBI, HAIEICHI
Ha O0BEKTUBHO JHMAIHOCTUPYEMBIN Pe3y/IbTar.

B npornecce nzydenust ooiiero Kypca pu3nKu Mbl IPUMEHSIEM pa3JInIHbIe TeX-
Hostoruu. Bejyree MmecTo 3aHUMaeT y HaC TEXHOJIOTHS MOJLYJIBHOTO COJI€PyKaHM
npoiiecca o0yuennsi. CMBICJIOM MOJY/IBHON TEXHOJIOTHH SIBJISETCS TaKoe M3MeHe-
HII€ OPraHM3aIMOHHBIX OCHOB IIpoIecca 00ydeHns: (PU3UKHI, KOTOPOoe 0becIednBa-
eT yCJIoBUs JJIsd MHAuBHAya n3anun u guddepennuaiun odydennsd. CTPyKTyp-
HOW eJIMHuIell TeXHOJIOIUN ABJIACTCA MOJIYJIb - OTHOCUTEJIbHO CAMOCTOSTEIbHAA
4aCcTh y4eOHOI'O IIpoliecca, KOTOPas MHTerPUPYeT HECKOJILKO OJIM3KUX 110 CMbIC-
Jy 1 PYyHIAMEHTAJIbHBIX 110 3HAUEHUIO MOHSITUI, 3aKOHOB, IpuHINIIOB. OCcBOEHHe
MOJIYJIsl HAYMHAETCsl ¢ 0030PHO-YCTaHOBOYHOI JIeKINK. 3a Hell JI0JIzKHa, CJIeJI0BATh
caMoCTOsITe/IbHas yaeOHast paboTa, KOHCY/ILTAIINN, HECKOJIbKO IPAKTHIECKIX, Ce-
MUHAPCKUX 1 J1aDOpaTOPHBIX padoT. Kaxkmgoe Takoe 3aHdaTHE BKJIIOYAET B ceOd
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TpHU-YeThIpe BUjIa yIeOHO pabOThL: IMCKYCCUIO 110 COIEPyKAHIIO NCTOUYHUKOB, aHa-
JIN3 TeJIArOIMYeCKUX CUTYallUii, perieHne mpodIeMHO-TTeIarornIecKnX 3a/iad, po-
JIEBYIO U JIEJIOBYIO UTDY.

MopyabHast TeXHOJIOrus 00yUIeHUsT MIPEJIOCTABIAET CTYJAEHTaM BO3MOYKHOCTH
n3ydaTb Kypc (GU3MKU 110 MHJIMBUIYAJIBHOMY ILIAHY, JOCPOYHO CJaBaTh 3a4eThl
1o npoitjgerabiM TeMaM. CTyIeHT HoJydaeT 3adeT 110 MaTepuajy KOHKPETHOIO
MOJTYJIsI, €CJII OH BO BpeMs cobece/IoBaHUs ITPOJIEMOHCTPUPOBAJ TOHUMAaHUE OC-
HOBHBIX MJeil MOJYyJisi U apryMeHTHPOBAHHOE M3JI0YKeHHe UX B IUCbMEHHON MJIin
ycTHO# popme. Taxkum oOpas3oM, JIOCTOMHCTBOM MOJIYJIBHOI TeXHOJIOInN 00yue-
HUST SIBJISIETCST CTUMYJIMPOBAHUE CAMOCTOSITE/IHbHON pabOThI CTYIEHTOB, BO3MOZKHO-
CTHU OTIPEJIEJIATH NHJINBIIYAJIBHBII TEMIT yCBOGHUsT yIeOHOTO MaTeprasia, CBOOOIbI
BbIOOpa (bopM u3ydeHust nHpopmarun. OHa ClIocoOCTBYET PACKPHITHIO TBOPYECKO-
o IOTEHIINAJIa IIPerojaBaTe/ist U CTYIeHTOB IIPU COBMECTHOM JIOCTUKEHUN TieJIeit
[1]. Biiounast Texuojiorus o0ydenusi 00beIUHSAET 1e/IH, JIAHUPOBAHUE, COJIePIKa-
Hue, (GOPMbI U METOJ/bI 00yUeHUsI, MEXaHI3M €ro IOCTOSHHOI'O CTUMYJIMPOBAHIS
n obHoBieHusT. OHA CONPOBOXKIAETCs BHICTPOEHHOI CUCTEMOI KOMILJIEKCHOI'O pa3-
HOYPOBHEBOI'O PEUTUHI'OBOI'O KOHTPOJISI, KOTOPLINT BBIBOJUAT Kav1eCTBO II03TAIIHONI
MIOJIPOTOBKH CIIEIMAJINCTOB Ha 3apanee 0003HAUEHHbBI YPOBEHD, 00eCTIeINBAIONTNI
9P HEKTUBHOCTD TOTOBHOCTH CTYAEHTOB K IIpodeccuoHabHoll gedarebHocTH. [To-
MUMO OJIOUHOIN TEXHOJIOTMM B M3y4YeHUU (DU3UKU HIHPOKO HCIIOJb3YETCsS TEeXHO-
JIoTus pasBuBaroleiics koonepaiu [2|. Vest passuBatorieiicsi Kooleparun Bbi-
CTyllaeT B KadeCTBe TeXHOJIOIMYECKON OCHOBBI IPOEKTHUPOBAHUS I1€1arOrMIeCKIX
cutyanuii. CriocoOHOCTb K KOOIEPAIMi Pa3BUBACTCA y YeJI0BEKa TOTJa, KOIjga OH
CTAJIKUBAETCsI ¢ HEOOXOIMMOCTBIO PeIleHns CBepX3adad, He IO IAI0NNXCST TH -
BUJIyaJIbHOMY peIleHnio. DTo Tpedyer oOpallleHusi K JPYroMy YejOBeKYy U IIPH-
BJICUEHHIO €0 K COTPYJIHUYECTBY. BarkHeiuil myHKT B TEXHOJIOIUN Pa3BUBAIO-
mieficss Kooreparun 9T0 HeoOXOIMMOCTh KOHCTPYUPOBAHUS KayKJIbIM YIaCTHUKOM
coBMecTHOI jedarenbHocT. [lorpednocTh B mpeobpaszoBannn (popM KoollepaTuB-
HOI1 JIesiTeJIbHOCTH BO3HUKAET OJarojgapsi HeOOXOIUMOCTI B ODOOIIEHNN 3HAHMUIA,
YMEHUIT JIJIsl TI0JIyUeHUs NHTErPATUBHBIX YaCTHBIX PE3YJIbTaTOB yUeOHOI paboThI.
B rexnosiornu pa3BuBarolieiicss Koomepalnuy IOCTaAaHOBKa, ITPOOJIeM, TIJIAHIPOBAHNE,
BBINIOJTHEHIE TIOCTABIEHHBIX 1eJIeil, OlleHuBaHMe JefiCTBIIT TPOBONTCS CAMUM CTY-
JIEHTOM, T.€. OH CTAHOBUTCSH CyOHLEKTOM COOCTBEHHON y4eOHON AedATeTbHOCTH.

OCHOBHBIME TIPHEMAMU JIAHHON TEXHOJIOTUH 0OyUeHUsI SIBJISTFOTCS |3]:
® IIHINBU/IyaJIbHOE, 3aTEM TIapHOE, TPYIIIIOBOE, KOJIJIEKTUBHOE BbIJIBUYKEHUE T1eJIeI;
® KOJIJIEKTUBHOE TIJIAHUPOBAHKE yIeOHON pabOThI;
® KOJIJIKTHUBHAs peajn3aliisd IJIaHa;
® KOHCTpPyUpOBaHUE Mojie/ieil yaeOHOro Marepuala;
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® KOHCTPyUpOBaHUE COOCTBEHHON JesITe/IbHOCTH;

® CaMOCTOSITEJIbHBIN 110/100p MHMOPMAIIHI, YIeOHOTO MaTEPUAJIA;
® UrpoBbie POPMbI OpraHu3alnN POIEcca 00y ICHNUs;

® B3aMMOKOHTPOJIb B KOOIIEPAIINN.

J1st pea3aliny STUX IPUEMOB IIPeIojiaBaTe /b IPOBOIUT CJIEIYIONIYI0 pabo-
Ty. Onmpasich Ha UMEIOIINecsT Y CTYACHTOB 3HAHUsI, OH CTABUT YIEOHYIO IIPODIeMy
1 BBOJIUT B Hee I'PYIILY OOYYaIOIIMXCA. DTUM JOCTUTAeTCsl HadasbHas [103HaBa~
TeJIbHAS aKTHBHOCTH CTYJIEHTOB U IIePBUYHAs aKTyaJM3allisl UX BHYTPEHHUX IIe-
JIeii.

HaJjiee mpernojiaBaresib MPeJOCTAB/ISIET BO3MOXKHOCTD JIJIsT CAMOCTOSATEIHLHOM
nesitestbHocTH. OObeIMHEeHHbIE B TBOPYECKIE IPYIIIbI 110 6 UeJl., CTYIeHThI Tellephb
y7Ke CaMOCTOsITeIbHO, B IIPOIecce 00yUeHUs YTOUHSIOT 11eJIb pab0Thl, OIPEIeISTIOT
IpeJMET TIONCKA, BhIPAOATHIBAIOT CIIOCOD COBMECTHOI JESITEIbHOCTH, OTpabaThI-
BalOT U OTCTAUBAIOT CBOU IIO3UIUH, IIPUXOJIAT K PEIIeHIIO IpobieMbl. TBopUecKme
I'PYIIIBI CO34AI0TCA 110 (PYHKIMOHAJIBHOMY IIPUHIIUAIY C YIeTOM IeJarornieckoi
norpedbnocTu. I'pynma dopmupyercs Tak, 9ToObI B Heil ObLI JIMAEp, I'eHepaTop
ujieit, onmoHeHThl u ucciaegoBaresnn. CMeHa Jujepa IPOUCKXOAUT depe3 KarKible
JIBa~-TPH IIPAKTUIECKNE 3aHATHUsI, YTO CTUMYJIUPYET PA3BUTHE OPraHU3aTOPCKUX
CII0COOHOCTEN Y CTYIeHTOB. TBOpUecKne IPyIIbl TOABUKHBI, T. €. CTYJIeHTaM pa3-
pelaeTcs IepexouTh U3 OJIHOI IPYIIIbI B APYTYIO, OOIMIATHCA C UJIeHAMU JPYTHUX
IpyIIL. 3aKII0INTE/IbHBIM TAIlOM pabOThI sIBJIsieTCsT 00Iee 00CyKIeHre, B MPO-
1[ecce KOTOPOI'O IIperojiaBaTe b HalleJnBaeT CTYIEeHTOB Ha J0Ka3aTeJbCTBO HUC-
TUHHOCTH perneHunii. Kaxkjas rpylina aKTUBHO OTCTAWMBAaET CBOIl IIyThb peIleHMsd
1Ipo0JIeMbI, CBOIO 1103uINI0. B pe3yibrare BO3SHUKAET JIMCKYCCUsI, B X0j€ KOTOPOii
OT CTyJIeHTOB Tpebyercsi obocHOBaHME, JIOIMYECKas apryMeHTalllsi, 10J/IBejIeHIIe
K PEIIEeHUIO IOCTaBJIECHHON 3aJiauu. BoJiblyio moMoIb IIpu IPYIIIOBOi padoTre
JlaeT UCIO/Ib30BaHe MHMOPMAIMOHHBIX TeXHo 0rril. O0ydJatonue mporpaMmbl 1
KOMITbIOTEPHBIE MOJICIN, BUPTYaJbHbIE JlabopaTopHble paboThl, CO3JaHUE MYJIb-
TUMEUNHBIX [IPe3eHTaINl KaK HeJIb3s JIydIlle HOAXOST IJIsi COBMECTHON padbOThI
nap mwin rpyii. [pu 5ToM KazKiblii MOXKET BBIIOJIHSTH KaK OJHOTHUIIHbIE 3a/Ia4l,
B3aMMHO KOHTPOJIUPYS JIPYT JIpyra, TaK U OTJe/JbHbIe STalbl ooIeil paborsl. [1pn
BBINIOJTHEHUY 3aJIaHUil B Iapax NN Ipyliax He TpedyeTcs OJIMHAKOBOTO yPOBHS
BJIQJIEHNs] TEXHUUIECKUMI CPEJICTBaMU, & B IIPOIECCe COBMECTHOI paboThl Ipouc-
XOJIUT COBEPIIECHCTBOBAHME MTPAKTHYCCKIUX HABBIKOB BCEX YUYACTHUKOB.

Bce wsennr pabodeil rpyIibl 3anHTEpECOBAHbI B OOIIEM pe3yJsbTare, M03TO-
My HEm30€KHO M B3aMMOOOyUEHHUE He TOJBbKO 10 MPEeMETYy, HO U 0 BOIIPOCAM
9P HEKTUBHOTO HCIOJIb30BaAHUS BBIYUCIUTE/IHHON TEXHUKN U COOTBETCTBYIOIIMX
nHAGOPMAIIMOHHBIX TEXHOJIOIUIA.
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OpHoit 13 dopm 00yUeHus, CTUMYJIUPYIONINX CTYJIEHTOB K TBOPYECKOil Jiesi-
TeJLHOCTU ABJIIETCA HAIMCAHTE U MYJILTUMeINHas Mpe3enTalus pedepaToB co-
IIPOBOKIAIONINX U3yUYeHHe KaKOoH-1u00 TeMbl Kypca (pu3nuku. 3J1ech KaxKblii 13
CTYJIEHTOB MMEeT BO3MOYKHOCTb CaMOCTOSITEILHOTO BhIOOpa (POPMBI IPEJICTABIIC-
HUS MaTeprasia, KOMIOHOBKHI U Ju3aiina cjiaii/oB, IMeeT BO3MOKHOCTH UCIIOIb30-
BaTb BCE JIOCTYIIHBIE CPEJICTBA MYJIbTUME/INA JIJIsI TOr0, YTOOBI C/e/iaTh MaTepuall
HanboJIee 3PEJIUIITHBIM.

Komnbioreproe TecTUpOBaHUE JTaeT BO3MOXKHOCTDL WHIWBU/IYAJIN3UPOBATEL 1
nuddepeHpoBaTh 33/l TyTeM pa3HOyPOBHEBLIX BOIPOCOB. K Tomy ke Te-
CTBI HA KOMITBIOTEPE MO3BOJISIIOT BEPHYTHCsI K HeOTpabOTAaHHBIM BOIIPOCAM U HOpa~
6oTaTh HaJ cBouME ormubdbkamu. O0ydarone mporpaMMbl TPEJIOCTABISIOT MTPaK-
TUYeCKN Oe3rpaHnIHble BO3MOXKHOCTU KaK CTYJeHTaM, TaK W IPEIoJaBaTeIsaM,
IIOCKOJIBKY COJIEPZKAT XOPOIIIO OPraHn30BaHHY0 HHMOPMAIINIO.

PesysibTarsl 9KCIEpUMEHTa, ITPOBEJICHHOIO Ha IIEPBOM KypCe CTYJ/IEHTOB CIIe-
uajabHOCTH «(du3nka n nHPOPMATHKAY (PU3MKO-MATEMATHIECKOTO (DaKy/IbTeTa
MO3BOJIAIOT YTBEPXKJIATh O BBICOKOM YPOBHE IE€PCIHEKTUBHOCTH MPUMEHEHUs Ta-
KUX TEXHOJIOTUI IIPHU IOJATOTOBKE CTYJICHTOB K IIPOgr€CCHOHABLHO-11€1ar 0T TIeCKOi
JIeITe/IbHOCTH.

Taxkum 00pazoM, cCOBpeMeHHbIe TeIarornIecKie TeXHOJIOI T B COYETAHNUN C CO-
BpeMEeHHbIMI NH(MOPMAIMOHHBIMI TEXHOJOTUSAMI MOTYT CYIIECTBEHHO MOBLICUTD
3P DEKTUBHOCTL 00PA30BATEIHLHOTO MPOIECCa, PEIUTh CTOAIINE Mepe) YIeOHbIM
3aBeJICHIEM 3a/Iaul IMOJTOTOBKU BCECTOPOHHE PAa3BUTON, TBOPYECKH CBOOOJHOI
JIMIHOCTH, MPEKPACHOTO CIEINaINCTA.

JIuteparypa
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®OPMYBAHHSA COLIAJBHOI KOMIIETEHTHOCTI
CIIOCOBOM TI'PYIIOBOI OIAJIBHOCTI HA YPOKAX ®I3UKUI

Ha npotssi 6aratbox pokiB mearoru HaMarajncs 3’€HaTi HaBIaHHs 1 BuxoBaHHs. AJte dizuka
BBasKaJIaCh TAKOIO HAYKOIO,/I€ BayKJIUBUM OyJI0 OTpUMaHHs 3HAaHBL.CBOEIO CTATEI0 MU HaMarae-
MOCs TOKa3aTH, 110 1 Ha TOYHUX HAyKaxX ICHY€ MOKJIMBICTH BUXOBYBATHU NIKOJISAPIB,pOOUTH TX
COIiaJIbHO KOMIIETEHTHUMH.

Kiro4oBi ciioBa: couianvka Komnemenwmmuicms, epynosa poboma.

[Ipobsiema po3BUTKY COIia/JIbHOI KOMIIETEHTHOCTI IIKOJIAPIB - 1€ BayKJIMBa, CO-
niasibHa 1 ICHXOJIOro-TIejaroridna mpobsieMa. 11 pirents 3adinae 3arajibHi muTaH-
Hsl CYCIILJIBCTBA 1 OCBITH, OCKLJIBKH B YMOBaX COI1aJIbHO-eKOHOMIYHUX 3MIH T€Pe/]
OCBITOIO 1IOCTABJIEHO 3a/la4y He TIJIbKU JaTU BUIIYCKHUKAM IIeBHUII PIBeHb 3HAHbD,
yMiHb 1 HABUYOK 3 OCHOB HayK, aJjie i1 3a0e3leYnTH 3JaTHICTh 1 NOTOBHICThH KU-
T B CYy4aCHOMY HaJICKJIQJIHOMY CYCIILIbCTBI, JIOCATATU COIlaJbHO-3HAUUMI I,
eeKTUBHO B3a€MO/IISITH 1 BUPIIIYBATH YKUTTEB] pobiemu [3].

OpienTaliisi Cy4aCHOI'O CyCIIJIbCTBa Ha JIFOAMHY, Ha PO3KPUTTSI fOro coliajib-
HOT CyTHOCTI, Ha BUPIIIEHHS COIiaJIbHIX MPOOJIeM ITOBUHHA HAMITUTH B IPAKTHUIL
MIKLJILHOI OCBITH HPIOPUTETU BUXOBAHHS, SKOMY ITOKU BIJIBOJIUTLCA JIPYTOPsIHA
posb. IlIkosa MokIMKana cTaTu YMHHUKOM PO3BUTKY COIIAJIbHOI KOMIIETEHTHOCTI
0COOMCTOCTI, IO JIO3BOJISIE YKUTH B CYIacHOMY CyCILJILCTBI. Tomy s BuOpasa Te-
My JoctijizkeHHs «PopMyBaHHs COIIAJIBHOI KOMIETEHTHOCTI CIIOCOOOM T'PyTOBOI
JAJIBHOCTI Ha yPOKaxX (Pi3UKM».

Y COIIOJIOTIYHOMY CJIOBHUKY HABOJUTHCH TaKe BU3HAUYEHHS: COIiaJbHA KOM-
nerenTHicTh (Bij Jjar. Competens - BianoBiaHmit, 31i6HMIT) - 31aTHICT 1HNBITA
ePEeKTUBHO B3aE€MOJIATH 3 OTOUYIOUUMHU HOTO JIIOJIbMU B CUCTEMI MizKOCOOMCTI-
cHux. BigHocuH /[lo ckijiajly comiaJibHO-TICUXOJIOIYHOI KOMIIETEHTHOCTI BXOJINUTD
YMIHHSI OPIEHTYBATHUCA B COIMIaJbHUX CHUTYAIAX, MPaBUJILHO BU3HAYATH OCOOU-
cTicHl 0cOOJIMBOCTI Ta €MOIIiTHI cTaH! 1HIINX JIIoAeil, odupaTn ajgeKBaTHI CII0COOH
IIOBOJ[PKEHHS 3 HUMU 1 peaJsii3oByBaTH IIi criocodbu B mporieci B3aemoiii. OcobimBy
pPOJTb TYT BiJIirpa€e BMiHHS TIOCTABUTU cebe Ha MicIie 1HIIOTO.
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3a crymeneM CKJIaJHOCTI po3pizusiorsh (jmB. mamp. [1]) Taxi ckiagoBi cor-
aJIbHOT KOMIIETEHTHOCT1 :
— Bupa3: 3JJATHICTb BUCJIOBJIIOBATHCS, BUPaXKATH CBOI 3HAHHHA, JIyMKN 1 ODarKaHHdI;
— enpulimarHA: 3JIaTHICTh CJIyXaTu, CIOCTepiraTu 3a IHIIUMU 4ieHaMu TPYIIH,
cripuiiMaTu 1ojiil 1 JUHaMIKY IIpollecy B I'PYIIi;
— 61dKpumMicmMb: TOTOBHICTD CIIPUAMATH CTUMYJIN, 3/I@THICTH BUCTYXOBYBaTU KPU-
TUKY 1 cllepeyaTucs 3 IHITUMU;
— CTUBeNPaYA: 31ATHICTD YCBLJIOMJIIOBATH 1 clipuiiMaT MOXKJIMBOCTI BJIACHUX JIiii Ta
BI/IIIOB1JIaJIbHICTD, BMIHHS PO3YMITH 1 IPUCTOCOBYBATUCS J10 JIiil 1HIINX;
— popmysanmA: 3JATHICTD aJallTYBATUCs, HAJIATO/KYBATH KOHTAKTH, 3HAXOIUTH
CBO€ MicCIle B I'PYIIl, BUCJOBJIOBATH KPUTUKY &JIeKBATHO CUTYAIIIT; ITOC/I1IOBHICTD
y HaBYaHHI; BMIHHS BECTH PO3MOBY, BeCTH cede BiJIIOBIIHO IIPOIECy IMHAMIKH
PO3BUTKY T'PYIIN;
— idenmuikayia: 3AATHICTD ITOCTABUTH cebe Ha MicIie 1HIIOro i BUPilTyBaTH KOH-
QKT BIAOBIIHO JI0 CUTYalil, MATPpUMYBaTH OajlaHC «OJIM3bKICTD 1 JINCTAHIIIsSA,
YCBLJIOMJIIOBATH BJIACHI MOXKJIMBOCT1 1 MeXKi.

Mozkna BuismTu (quB Hanp. [4]) Taki 0oCHOBHI MOKA3HUKU COIAIbHOT KOMITe-
TEHTHOCTI:
— CHIBPOOITHUIITBO, poOOTA B KOMAH/II;
— 3JIaTHICTb HpUIIMATH BJACHI PillleHHd,;
— 3JIATHICTL pOOUTHU yCBiIOMJIEHUT BUOIP:;

parHeHHs JI0 YCBIJIOMJICHHSI BJIaCHUX 1MOTped 1 T1ijeif;

— colliajIbHa IJIICHICT, BMIHHSI BUBHAUYUTU OCOOUCTICHY POJIb Y CYCILJIBCTBI;
— HagBHICTb JIOCBIJIY BUKOHAHHS PIZBHOMAHITHUX COIlaJIbHUX POJIei;

— BOJIOJIIHHY OaHKOM MPUIHOMIB HEHACUILHUIILKOTO BUPIIIEHHST KOH(JIIKTIB;
— PO3BHUTOK OCOOMCTICHUX SIKOCTeil, caMOPeryJ/IloBaHH .

VY coniaJibHill KOMIETEHTHOCTI MIIITKIB TPOBLAHY POJib BiIIrpaloTh BiAIOBI -
AJIbHICTD, eMOIIiiTHa caMOperyJidllis, HaBUIKI KOHCTPYKTUBHOI B3a€MO/Ii1, aJeKBa-
THa CAMOOI[IHKA, y3rojzKeHa 3 IOTPe0O0I0 Yy JIOCATHEeHHI, MOTUBAllisl JIOCATHEHHS
yCIiXy, KOHCTPYKTUBHA MOBEIIHKA B YKUTTEBUX TPYAHOIIAX. Y CTAPIIOMY MIKLIhb-
HOMY BIIIl IPUHIIUIIOBE 3HAUYEHHS JIJIs1 COllla/IbHOI KOMIIETEHTHOCT] MalOTh COIlla b
HUIT IHTEJIEKT, CBIJIOMICTD »KUTTH, II00Y/I0Ba YaCOBOI IIEPCIEKTUBH, C(DOPMOBAHICTD
MOTHUBAIIIT JOCSITHEHHS YCIIiXy, pedIeKCUBHICTh, BUCOKIIT PiBEHb CAaMOIIOBAIM 1 10~
I'o JIEHTUYHICTD, COIia/IbHO 3HAUYII I[IHHICHI OpI€HTAIlll, BI/IIIOBI/1a/IbHICTD.

[Icuxosoriuni cKJja 0Bl colia/ibHOI KOMIIETEHTHOCTI IIPOXOJATh KiJbKa, eTalliB
dopMmyBaHHS: MOYATKOBUI, HECTIHKMIT, CTIKWII.

CuiBBiTHOIIIEHHSI PIBHIB 3 BIKOBUMU CKJIQOBUMUI COIIAIbHOI KOMIIETEHTHOCTI,
BUPaYKEHNMH Y BUMIPIOBAHNX OCOOMCTICHUX IPOsiBaX, BU3HAYAE CUCTEMH B3aEMO-
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3B’sI3aHIX MOKA3HUKIB JIJIT KOYKHOI'O BiKY.

JocaiiHuK 1podIeMn PO3PI3HSIOTH JIBI CTpaTerii y pO3BUTKY COIiaJbHOI
KOMIIETEHTHOCT] IIKOJSPIB B OCBITHBOMY CEPEJIOBUIII: PO3BUBAIOUY, SKa Iepe/-
Oadae CTBOPEHHSI YMOB, [0 CTUMYJIIOIOTH PO3BUTOK 1T 6230BUX CKJIAJIOBUX, 1 POP-
MYI04y, siKa Iepedadac JOIMOMOrY MKOJsIpaM Y HaOYTTi COIliaJbHUX HABUUOK

[IpakTuyHa 3HAYUMICTH MOI'O JIOCJIIJI?KEHHSI IIOJISITA€ B TOMY, 10O Ha OCHO-
Bl PO3IJIAHYTOTO TEOPETUYHOIO OOI'PYHTYBAHHS PO3POOUTH YPOKHU, MO CTUMYJIIO-
I0Th PO3BUTOK Y IIKOJISIPIB COIaJIbHOI KOMIIETEHTHOCTI; HiJIBUIYIOTH pe3Y/ibTa-
TUBHICTH OCBITHBOI'O IIPOIECY B acIEKTi COIiaJIbHOI ajarTallii 0cOOMCTOCTI.

[cayBaJa JryMKa I1po Te, 10 TaKi BUJIM KOMIIETeHTHOCTEH (DOPMYIOTHCS B YUHIB
Ha TpeJMeTax I'yMaHITapHOTO HANpIMKy. B ¢Boiil mpalii MU HaMaraeMocs MmoKa-
3aTU Te, 10 1€ MOYKJMBO, 1 MOTPIOHO, peasi3oByBaTu Ha (bi3UKO-MaTeMaTHIHIX
JTACIIAIIIIHAX.

Hamu npoanasiizoBani TeXHOJIOTI] HaBYAHHS, SKI CHPUSIOTH PO3BUTKY COIIi-
aJIbHOI KOMIIETEHTHOCTI, cepeji HUX BIJIOMI €:

— TEXHOJIOT'isI CIIIBPOOITHUIITBA;
— TeXHOJIOTsI AudepeHiiioBaHoro HaBUYaHH;
— 1IrpoBa TEXHOJIOT'1.

Osznaveni TexHOJIOTI IMmepedadaloTh 00OB’SI3KOBE 3aCTOCYBAHHS TI'PYIIOBUX
dopm HaBuaHHS. BOHU BUKOPHCTOBYIOTHCS JIJIsT BUPIIIEHHS KOMIIJIEKCHUX 3aB-
JlaHb, 3aCBOEHHS Ta 3aKpPIIJIEHHS HOBOTO MaTepiaJy, PO3BUTKY TBOPUYMX 3IiOHO-
creit, popMyBaHHS 3arajibHO HaBYaJIbHUX BMiHb, JIAI0Th MOXKJIMBICTH YIHSIM 3PO-
3yMITH 1 BUBUNTHU HaBYAJILHUI MaTepias 3 pi3HUX MO3UIN. [HTepakTUBHI TeXHO-
JIOTi1 BUKOHYIOTH HACTYTIHI (DYHKIIIT: KOMyTATHBHY (OCBOEHHS JAJeKTUKH CILIKY-
BaHHs1 ), TepaneBTHIHy ([OI0IaHHS TPY/HOIIIB), JIArHOCTHYHY (CaMOII3HAHHS).

[Ipu rpymosiit pobOTI MKOJISIPI BUaThCA CIHLJILHOI JISILHOCTI Y BUPIIIEHH] ITi-
3HABAJBHIX 3aBJlaHb. XTOCh J0Ope MPOsiBUB cebe B aHaJIi3l HABYAJBLHOTO MaTe-
piajty, XToch BLIYyBa€ CKJIQJHOIII y BUPINIEHHI NPUKIay ad0 3aBIaHHA, XTOChH
yXUIAeTheA BT pobotu. e BinOyBaeThes npu Beix. Jlaoun ominKy, pob/isiin 3a-
yBayKeHHsI OKPEMUM YUYHSM, BUUTE/Ib PO3PAXOBYE, 10 Ha HUX OYJyTh pearyBaTu
BCl, IIPUITYCKag, 1110 0ro BKa31BKU, MMUTAHH, IIPOIO3UIIIT JOXO/IATh 10 KOXKHOTO.
Ti yuni, gKi 3ycTpidaloTh TPYAHOII y BUPIMIEHH] MTPobJIeM, MOXKYTh BJIATUCST JO
JIOIIOMOI'M CBOIX ToBapuiiiB. BoHa OyayeTbcs 3 TaKUM PO3PaXyHKOM, 1100 KOYKEeH
BUKOHYBaB BKa31BKY BUUTEJIsI, BCTYIIaB y KOHTAKT 3 HUM 1 KJIaCOM, BpaxoByBaB to-
o 3ayBarKeHHs, peaklIlil KOJIEKTUBY 1 HAJIEXKHUM YUHOM BUXOJINB 31 ¢cpOpMOBaHOT
curyaniil. [Ipn Takiii opranizaii KOJEKTHB KJIacy »KUBE OJHUMU ILIgMu. Baxkin-
BO, IO IIPpU I'PYIOBiil poOOTI 3aCTOCOBYETHCSI JIIAJION, sIKUiT € He TiIbKHU 3ac000M
HaBYAHHS 1 BUXOBAHHS, BIH Ile @ IMOJITOH JIJId BIPaBU MOBHOI 3J1I0HOCTI y4YHIB
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1 yMOBa 3aCBOEHHS HUMHU 3aKOHIB JIIOJICHKOTO CITLIKYBAHHs. 3aCBOIOIOUN 3HAHHSI,
BUPOOJISTIOUN HABUYKN Ta BMIHHS B II€BHIll HAyKOBIil raJyysi, y4eHb OJHOYACHO
3aCBOIOE TIpaBUJia MOBHOI TIOBEJIIHKM 1, 30KpeMa, IIpaBuU/Ia J1aJory.

3 ypaxyBaHHsM BUKJIAJEHOI'O MU BU3HAYIIM 38 METY HAIIOTO JIOC/II2KEHH
PO3BUTOK COIlliaJIbHOI KOMIIETEHTHOCT] YUHIB IIpU BUBYeHHI (pizukn. Excrepumen-
TaJIbHOIO 6a30t0 OyB obpanuit 10 kiac MakiiBeskoi SO Ne 99. 3a nornomororo
MICUXOJIOTTIHUX METOIUK OyJI0 BU3HAYEHO PiBEHb PO3BUTKY KOMIIETEHTHOCTI yUHIB.
[lepBunHNIT KOHTPOJIb KOHCTATYBAB Y IMTITKIB BiJICTABAHHA Y PO3BUTKY COIIa/Ib-
HOT KOMIIETEHTHOCT1, 0COOJINBO 110 CyOINKaJIaM: «CaMOCTIHICT», «CTaBJICHHS JI0
CBOIX 0DOB’sI3KiB», «IHTEPEC JI0 COIIAJILHOIO KUTTSI».

s miaBUIeHHs piBHSA COIIaJbHOI KOMIIETEHTHOCTI Ha ypoKax (Pi3mKu Mu
3/I1IICHIJIN HACTYIIHE!

— MiCJIs O3HAMOMJIEHHST YUIHIB 3 IUJIAMHU Ta 3aj[adaMi MaiiOyTHBOI POOOTH MTPO-
Bes Oecii Ta IOsICHEHHS, IO CIPUSIJIM IICUXOJIOIIYHIf IiJIrOTOBII YYHIB, aja-
NTYBaJU Mepexis BiJI IHAUBIAYaJbHOI iSIJIBHOCTI JIO IPYIOBOI.

[ts mostinments poboTH B TPYI MU PEKOMEHTyBaJIl 3aCBOITH ITaM’ ITKY:

1) yBaxkHO BUCJyXail 1 3p03yMiil JyMKHU TOBapullla 110 I'PyIii;
SIKIIO He 3PO3YMiB, 3aluTall 1e pas;

W DN

BUCJIOBJIION CBOI JIyMKU I'PYIIl KOPOTKO 1 YITKO;

SN

SKINO He 3T0/IHI 3 TOOOI0, BCTAHOBH, YOMY;

(@)

) SIKITIO He 3TOJIEH 3 BIIIOBIII0 TOBApHUIa OOTPYHTYH, TOMY;
) SIKIIO JIOBEJIN HEBIPHICTH TBOTX MOTJISIJIB, BU3HAN CBOIO MTOMUJIKY;

\]

namM’ siTail: BUpIilIeHHsT po0JIeMH 3aJ1e2KUTh BiJl KOYKHOI'O YJIeHa IPYIIN;

— JJIst HABYAJIBHOTO TIpoIecy Mu obpaJsm po3aii «Mosekysipaa dhisnkay (1us.
wamp. [2]). B kasengapHo-TemaTnane mIanyBaHHsT BHECN 3MIiHH, a caMe [poaHa-
JIIByBaJIl MOXKJIUBICTb (DOPMYBAHHSI COIIaIbHOI KOMIIETEHTHOCTI 1P BUBYEHH] 110~
HSITh Ta 3aKOHIB (i3uKU, Ipu BHOOPI NPUIOMIB Ta METOJIB POOOTH HepeIdadnIn
Ti, 1O CHPULAIOTH 11 PO3BUTKY: MOTHUBAINIO JOCATHEHb YUHIB, aJleKBATHY CaMO-
OIIHKY, eMOIIIITHY CaMOPeryJIsdiliio, KOHCTPYKTUBHY B3a€MO/III0, BiIIIOBIIAJIbHICTD,
Opra’i3oBaHICTD;

— IIpU CTBOPEHHI CIleHapiiB KOHCIIEKTIB yPOKiB pO3pOOMJIN BiJIIIOBLIHUI 3MICT Ta
0CODJIMBO JTIAJIBHICTD, TPYHTYIOUNCH Ha TPYTOBY pODOTY.

Hagenemo mpukiiaj; pparMeHTiB OBTOPIOBAJILHO-Y3araJlbHIOI0YOr0  YPOKY-
rpu 3a TeMoro: « MoJiekyasgpHa ¢isznKa: TepMoanHaMIKA.

Meta ypoKy: 3a jornomoroio rpu «Cxo/KeHHs Ha MK 3HaHb» MOBTOPHUTH,
y3araJbHUTH 3HAHHS YIHIB 3 JAHOI TEMU; TMPOJIOBKUTH (DOPMYBaHHS 1HTEIEKTY-
aJILHUX 3/110HOCTElN YIHIB IIPpU BUPIIIEHH] AKICHIX 3aB/IaHb; (DOPMYBATHU COIIATbLHY
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KOMIIETEHTHICTE (dYepe3 rpynoBuii 3aci6 CIijiKyBaHHsT ); HABIATH YIHIB 3ac00iB ca-

MOKOHTPOJIIO; JATH CIIPOOY BIIIYTH KOYKHOMY YUHIO TIOTEHTA B 300y TTI 3HAHD.

Ob6agHaHHs: KapTa CXO/KEeHHsI, JBa CTAPTOBUX MPAIIOPIIs, MATIOHKN 3 [TPHU-
cJiiB’sivu, iznane MoMiHO (JBa TPUMIPHUKN), HAOIP MArHITIB, TPU PAKETKH 3 Ha-

MACAMU <KI'», «M», <C».

TPOJIIO 1 3allOBHUTHU IIEPIIUH
P

¢l ragaro, 110 o 3HAIO HA . ..

4 3naro Ha . . .

Orninka BeLy1I0ro

TabaUIIo i
3aII0BHIOIOTD
HepIIui pa.

Xig ypoky:

Erarm Smict gisgapHocTi Bumrens | disabHicte | [Ilo ¢dopmyemo B
YPOKY iJ; 4ac eTamy ypoKy Y4HIB YIHSX.
1. Opraniza- [TpuBiTaBmmCch 3 yIHIMHU BYU-
MIMHTI MOMEHT | Telb HAOYHO IEPEBIPSE€ IOTOB-

HICTb KJIACY JIO YPOKY
2. Morusaris Jitu vmu 3 Bamu wmenorano | O6’enuyors- | PopMyBanis BMiHbL CBi-
HaBYaJIbHOI MONPAITIOBAJIN  TIPU  BUBYEHHI | ¢ B rpynu | JJoMO cebe OIlHIOBATH,
mistmeHOCTI  Ta | Temu. Temep Bam meoOximxo | ObuparoThb 3JIATHOCTI YCBIJIOMJIIOBa-
IIOBIJIOMJIEHHS OJlepzKaHHI 3HaHHS CHCTEMAaTH- | TOJIOBHOTO TH 1 cIpuiiMaTH CBOI MO-
3aBJlaHb YPOKY | 3yBaTu it ckopuryBaTu. Cboro- | mpeJicTaBHU- | YKJIMBOCTI 1 HEJIOIKY.

aai Mu 3 Bamu mposegemo ¢i- | Ka rpymm.

3u4Hy r'py. 3apa3 Bu 3a Oazka-

HHSAM IIOMLIITHCA HA 2 KOMAaH-

Jii, BUOEPITh KarliTaHa KOMaH-

JIH, aJie Tak, 1mob B KOMaH,1i Oy-

Jin i cuJibHI 1 c1abKi yvHi.
3. limboBa [MTo6 pobora Bam npunocuia | ITosro- QopMmyBaHHSA HABUYOK 1
yCTAHOBKA 3aJI0BOJIEHHS, 1100 KOYKEH 3 BAC | PIOIOTH BMIiHb CHIBIPaIIOBATH B

3MIr peasiizyBaTu cebe y MeBHIl | maM aTKY. rpylii, MOTHBAIIIIO JIOCS-

JiSITTBHOCTI JlaBaliTe TIOBTOPUMO THEHb yYHIB.

naM’siTKy, gKOl OayKaHo JIOTPU-

MYBaTHCA Ha MPOTA31 HE TLIBKHT

YPOKY, a i yChOTO YKUTTH.
4. Opramnizamnis | 3apa3z nam 3 Bamm morpibno | Kpecists @opmyBaHHs BMiHb CBi-
CAMOKOHTPOJIIO | HAKPeCcJUTH TabJIUII0 CAMOKOH- | B 30IIUTI | JIOMO cebe OIiHIOBATH.

5. O3naitom- Buurens orosomye mnpasmia | CiijKyloTh PopmyBaHHA 311~
JIeHHd 3 IIpa- | I'pu 3a mpaBwia- | bHocreit cupuiiMaTi
BUJIAMU T'PU MU T'PU. iHopMaliifo.
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6. I'pa [Tpusan 1 «Kpocsop». Posrajiyrors | @opMyBaHHS CcaMOCTIli-
(Ha mormmi HamasiboBaHuii Kpo- | KPOCBOP/I. HOCTI, dopmyBaHHs
CBODI) KYJIBTYPU CIIJIKyBaHHS
BMiHBb cHpuUiitMaTh iHII
TOYKHN 30Py 1 BU3HAUe-
HHS €IUHOI IPaBUILHOL
BiITOBi Tl

[Ipusan 2 «Pomarkas. Binnosinators| PopMyBaHHS CaMOCTIl-

(Pomarika mae 8 mesocTOK 3 | HA MUTAHHS. | HOCTI, TBOPUYOTO MUC/IECH-

3aBJAHHAME, KOXKHIN KOMAaH]II HSI.

1o 4 3aBJaHHS).

[Ipusan 3 «YBaras. ClikyoTh QopmyBaHHs 3/110H0-

dAximmo g migHiMalo pakeTrky 3i | 3a  cjioBaMu | cTeil cripuitmMaTu indop-

3HAKOM <«Mp», TO BCl IIOBUHHI | BUUTEsS MaIliio,0yTH yBaXKHIMU.

BCTATH, JIEMOHCTPYIOUM CBOIO | i BUKOHY-

«JIOBXKHMHY»; {KIIO paKeTKa 31 | I0Th itoro

3HAKOM <«C», TO BCl TIOBUHHI | BKa3iBKU.

IBUIKO CKUHYTHU PYKY 1 9K On

[IOIMBUTHUCS HA CBOI PYyYHUI T'0-

JIMHHUK; {KIIO PaKeTKa 31 3Ha-

KOM «KI'», TO BCl HOBUHHI CicTH

abo CUJIITH TOMY IO Maca € Mi-

poro imeprHocti Tina. (Koman-

Jla, dgKa Oyja MEeHII YBayKHOIO,

oTpuMy€ ITpadHe 09KO).

[IpuBan 4 «Becene nuranng - | Obminoouncy PopMmyBaHHA KOMYyHIKa-

cepiio3Ha BIANOBIIbY. JyMKaMu TUBHUX HABUYOK, BMiH-

V4Hi IpUrajIyioTh ONOBIIaHH 1 | BiAIIOBI - HsS BHCJIOBJIIOBATH CBOL

MOSICHIOIOTH JTil TepOiB BUKOPHU- | al0Th Ha | JYMKH, Ta JOBOJUTHU IX;

CTOBYIOYH 3aKOHU (DI3UKHU. 3aIUTaHHS. He OOATUCA 3HAXOJUTU
BJIACHI PIIMMIEHHA Y PI3HUX
y4I00BHUX, a TAKOXK 1 JKUT-
TEBUX CHUTYAIlifX.

[IpuBan 5 «Cropupu3s - nepia- | Kumaors QopmyBannd BMiHb

qay. KYyOUKH. crpuiiMaTu HeBJIady, He

[licng Buknnannsg Kyobuka, oro- 3aIUKJIIOBATUCS Ha Hel,

JIOITYIOTh TOMIYHUKHU, IO Ye- BMiHHSI 3HAXOAUTH BUXiJI

pes3 Mmorafi MOTOJIHNX YMOB: O1i- 3 KOYKHOI CHTYaITil.

KYEThCSI CHITOIAJI, CXiJl CHITO-

BUX JIABUH 1 CUJIBHUI BiTEp, KO-

MaH[aM HeOOXiTHO MOBEPHYTHU-

cd Ha3aJl, Ha CTLIBKH IIepexo-

JIiB, CKIJIbKHM BKazye Iudpa Ha

rpafi KyOuka.
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[TpuBan 6 «®Pizmune gominos. | I'parors y | PopmyBaHHS COIIAIBLHOT
Kopucrymounch npuHIUIoOM | (dizudne KOMIIETEHTHOCTI: BiAIIO-
I'pu B JIOMIHO, CKJIQJIiTh IIpa- | JIOMIiHO. BiaJIbHICTH, BOJIOMIHHSI
BUJIbHI (DOPMYJIN. 3acobaMM  CIIJIKyBaHHs
Tyr BpaxoByeTbCs IpPaBUIb- MiK €cO0OI0 1 HaBUYKa-
HICTbH 1 MBUIKICTH BUKOHAHHH. MU KOHCTPYKTHBHOI B3a-
€MOJIiT; 3/1aTHOCTI pobu-
TH YCBIJIOMJICHUIT BUOID.
[IpuBan 7 «Binmounsaemo. | 3anosuwoioTs | PopmyBanHs BMiHb aJie-
[TiBouMO TMACYMKH». TabJINI  ca- | KBATHO OIliHIOBaTU cebe,
MOKOHTPOJIIO | IHITIHAX.
1 Tabmaurio
«CraBiieHHs
/10 yPOKy»
7. JHomarne OmnirfoeTbesa poboTa yUHIB, 3almcyoTb QopMyBaHHS CYMJIIHHO-
3aBJIaHHS pPOOJIATHCST 3aIllUCH Y >KYPHAJi | JOMAIIHE o CTaBJICHHsS JIO CBOIX
Ta YIHIBCHKUX IMOJIEHHIKAX, 3aBJIaHHS 000B’A3KiB
3a/Ia€ThCS JIOMAIITHE 3aBIaHHSI.
Bucnoskn

Takum annoMm, bopMyBaHHS COIMIAJLHOI KOMIIETEHIII] JIIOJUHN € aKTYaJIbHOIO

11p00JIEMOIO TICUXOJIONT Ta 1eJIaroriKu, BUPIIIEHHS SIKOT Ma€ BarK/IMBe 3SHaAUCHHS 9K

JIJTsT KOYKHOI KOHKPETHOI JIIOWHH, TaK 1 JIJI CYCHIbCTBA B ILIOMY. AK M1 6adnMo,
icHye MOXKJIMBICTH (POPMYyBaTH COIIaJbHY KOMIETEHTHICTH MIKOJIAPIB HA yPOKAaX

Jisuku, i BBaxkaeMo 3a OTPiOHE MPOJIOBXKYBaTH POOOTY B JJAHOMY HAIPSIMKY.

Jliteparypa

|1] Hsanos /.M. KomieTeHTHOCTH 1 KOMIIETEHTHOCTHBIIT TTO/IXO/] B COBPEMEHHOM

obpaszoBaHust/ /Bocruranme.obpasoBanue.megarorunka — 2007.
2] Kopwax E.B., JTawenxo O.4.,Casuenro B.@. @izuka, 10 kaac. ligpyannk

JIJIl 3araJIbHOOCBITHIX HaBUYaJbHIX 3akjaa/ais. — 2010.

3] IIpamurosa E.B. ConnajbHast KOMIIETEHTHOCTD IIKOJIbHIUKOB: CMBICJIBI I DA~
kTukn — 2007.
[4] Illaporosa C.A. KomieTeHTHOCTHIN 1M0JIX0/] U CTaHIaPThl B 00pa3oBaHuUu/

ComuaJibiie nccaenopanus. — 2008.
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IICNXOINIOAKTUYHI ITIJIXOAN Y HABYAHHI ®ISNUKUA

CrarTst pO3KpUBAE MOHATTS ICUXOIMTAKTUKH Ta JeMOHCTPYE PE3YIbTATH BUKOPUCTAHHST METO-
JoforiaHuxX miaxoaiB Ha ypokax ¢isukn B 3OII. Takoxk HaBejeHi MpUKIaIu BUBIEHHS TEMU
«['a30Bi 3aKOHU» 3a JIOIIOMOIOIO PI3HUX IIiIXO/IIB.

Kuarouosi cioBa: ncuxodudaxmuxa, memodoso2ivnutl nioxid, cCmuii MUCAEHHA.

Beryn

B mporieci po3BUTKY T aroTiKi Ta e aroriqHol MCUXo/I0ril 0y/10 y3araabHe-
HO 1 3alIpOIIOHOBAHO 0311 Teopiil 1 KOHIEINIiil HaBUYaHHsI, siKi cOPMYIbOBaHI Y
BUIJISIJI HAYKOBOI Tasly3i, sika oTpuMaJia Ha3By «/IujakTukas. @opMu opramizaliii,
NPUHIMIIN 1 METOAN HaBYaHHs BiIIIPaIlbOBaHI TEOPETUIHO HACTLILKH IIHPOKO I
JIOCKOHAJIO, 1110 3J1aBaJIOCh, BCi MPOOJIeMHI HaBYaHHs BHUPIIIEH] 1 ITpoIec HaBYaHHs
MOBUHEH HTH JIETKO, AOCATaloun IMocTaB/jlennx Iijieii. Hacnpapmai iforo peaybnmit
nepedir Jrajieko He 3aBXK/IM BiJIIIOBIIA€ 1MOOYI0BAHUM MOJICJIAM Ta TEOPidM, pe-
3yJILTATH 3aJIUIIAI0Th OaxKaTu KPaloro.

SHauHa YaCTUHA BUUTEJIB IIPOJIOBXKYIOTH IPAIFOBATH «TPAIULIIIHIMUI METO-
JlaMI», SKI He 3aBKJIM BIJIMOBIIAIOTH BUMOTraM IeJaroridiol HayKu. fK mpaBu-
JIO TIpolleC MIKIJIHLHOTO HaBYaHHA MA€ CIPOINEHNN XapaKTep: BUUTENb IIepeKa3ye
YVUIHAM 3MICT naparpada MmijapydHuKka, Ti CJIyXaloTh, 3alaM gTOBYIOTh Ta 1HKOJIH
rOTYIOTh 3aBJIaHHS BJIOMAa; Ha HACTYITHOMY YPOIll fijle OMUTYyBaHHS JBOX-TPHOX
VUHIB, JaJli BUKJIQJIAEThCS HOBUIT maparpad, i Bce MOBTOPIOETHCs. Taka Jlisyib-
HICTb Ilejiarora HeedeKTUBHA.

Yomy icHye HACTIIBKM pi3Ke MPOTUPIUYA MIXK I1€/IarOTivHOI0 HAYKOIO Ta, ITpa-
KTHIHUM IIKIJTbHIM HaBUAHHSIM !

[cTopudHO CKJIAJI0Cs, IO IICUXOJIOTIUHI Ta JIUIAKTUYIHI Teopil HaBYaHHS PO3-
BUBaJIICh HE3aJIe?KHO OJUH BiJl 0HOTO. fIK pe3y/brar, BAHUKJIA JIBl CePiO3HI IIPO-
OJsiemu: 1pobJeMa B3a€MO3B’I3KY 1IUX Teopiil 1 mpob/ieMa, JI0BEJIeHHS 1X JI0 MIKiJIb-
HOT MMpaKTUKN. BupiieHHs X yCKJIaHIOETHCS He 0€30MaHHICTIO METO/I0JI0TTTHOIO
armapaTa JUJaKTHKH.
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BaraTto ncuxoorivnux Ta JUJaKTUIHUX ABUIN He BU3HAYEHO 1 B PI3HUX IIep-
o/KepeiaX HA3UBAIOTHCSA JIOBLILHO. Pl TaKmx SBUII O3a KATETOPIEIO Ie/a-
roriuHol HaykKu, abo BijgHeceHi J10 Tiel 4m iHImIol Kareropil cy6’ekrusno. Kymnnm,
HAITPUKJIAJ], MOXKHA BIJIHECTH TOHATTS <«IIpOOJIeMHe HABUAHHA», ab0 «IIpOTrpaMo-
BaHe HaBuaHHsi» (abo inmmx nosuriit)? Jlo metosis abo npunnunis? Bi piments
JIAHOTO TUTAaHHS 3aJIEKUTh XapakKTep IX aHaJsi3y Ta, I'0JIOBHE, BUKOPHUCTAHHS B
HaBYAJIHLHOMY ITPOIIECI.

[Torpeba B 00’ HAHHI IICUXOJIOTTIHOrO 1 AMAAKTUIHOIO 3HAHHS B €IUHY CH-
CTeMy BILJIUBY Ha OCOOUCTICTDL MMiJIKPECTIOBAIACH HEOIHOPA30BO B IPAIAX I1e/1a-
rOriB Ta ICUXOJIOTIB. I1est po3poOKnu creriaj bHol 00/1acTi HAyKOBOTO 3HAHHS, SIKa
3aliMae MexKy MIXK I1eJIaroriKOI0 1 TICUXOJIOTIEI0 1 Ha3BaHa, «IICUXOAUIAKTUKOIO»,
oysa narosomnrera B 1981 pomi FO.K. Babancwkum, I./1. 3epeum, T.B. Kynpss-
IEeBUM Ta IHIIMEI. PO3poOKyY CTpyKTYypH, 3MicTy Ta PyHKIIIT HOBOT 00/1aCT1 3BHAHHS
suificauin Kpyreskuit O.M., npodecop kadeipn MeToinKn BUKJ/IaaHHsT (Di3UKK
Bapnaynbckoro JIITY ta Kocuxina O.C., acnipanTka 1010 K BY3Y, Ta, iHIII BioMi
HayKOBIII.

OcHOBHA 4YaCTHUHA

IIcuxoampakTuka — 00/1aCTh TICHXOJIONO-TIeIaroriaHoro 3HaHHs, sdka Oepe
Ha cebe (pyHKINT 3/1ifICHEHHS B3a€MO3B I3KY TICUXOJIOTTIHUX 1 JUJAKTUIHIX KOH-
HENIiii HaBYaHHd Ta BIPOBA/KEHHS 1X B MIKIJIbHY MPAKTUKY MIJISIXOM PO3POOKN
MICUXO/IMJAKTUIHUX TEXHOJIOTH, JIOBEJEHNX J10 PIBHS PO3/JIATKOBOIO JIUIaKTUYHO-
ro MarepiaJy, HJI'0TOBJIEHOTO JJIsl KOZKHOI TeMU KOHKPETHOI'O HaBYaJIbHOT'O IIpe-
ety [2].

[TeuxoumakTka BUILISE HACTYIHY CHCTEMY IIJIXO/IIB: MPOOJEMHUI, TPO-
I'PAMOBAHMIT, JUCKPETHUI, CHCTEMHO-(DYHKIIOHAJIBHUI, CUCTEMHO-CTPYKTYPHUIA,
CUCTEMHO-JIOTTIHU, 1H/IMBIIyaJbHO- /MM EPEHIiiioBaHNIi, KOMYHIKATUBHUI, irpo-
BUIT, MEXKIIPEJIMETHNI, 1CTOPUKO-0i0Tiorpadiaauil, J1eMOHCTpaIliiHO-TeXHITHNI,
3a/IaYHUIT, MOJIEIHHUIA.

MeToro HaAMIOro JOCI/IZKEHHsT MU BU3HAYMJIN 3aCTOCYBAHHS TCUXOINIAKTU-
YHUX II1JIXOJIIB Ha YpoKax (Pi3UKU Ta OIHKY 1X ePEeKTUBHOCTI PN BUBYEHHI MO-
nekysapaol ¢izuku y 10 kiaaci SO, st gocsirHeHHsT JaHOT MeTr OyB 0OpaHumil
kiaac Hoeogonerpkol 3OI Ne16 m. ToOporriiis.

CriogaTky 3a JIOIMOMOI0OI0 IICHXOJIOTTYHUX METO/ UK Oy/10 BU3HAYEHO CTIJIb MU-
CJIEHHS YYHIB Ta TX 3alliKaB/IeHICTb y BuUBUYeHHI (izuku. Hasejemo pesyiabrari,
OTpUMAaH] IIPU JIIArHOCTUIl YUHIB Ta OI[IHKU JIOMIHYIOUOI'O CTUJIIO MUCJIEHHS.

[IpogemoncTpyemMo pobode mopTdoJsio yUeHuIi Ta JuHaAMIKy 11 3MiHE JI0 Ta
ICJIS €KCIIEPUMEHTY.
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Ineamicruunnit 45
[TparmaTwanuit 41
Anamitnanuit 39
Peamicruunnit 65

Ineamicruunnit 47
[TparmaTwanumit 41
Anamitnanuii - 45
Peamicruunnii 59

binbmak | Cruiib Cruib Banikasjenicts | [linmcymxoBuii
Tersna MHUCJICHHS (J10) MuCJIeHHS (TCIst) | IpeiMeToM 6aa 3a I Ta II
¥ = 270 6anis ¥ = 270 6anis (10-Tu GanbHA ceMecTp
IITKAJIA)
10 micasa I II
10 ky1ac Cunrernunnit 80 | Cunreruunuit 78 | 7 9 10 11

3BeJleHHS OTPUMAaHNX JIaHUX Y KOMILIEKCHY Jliarpamy j1a€ MOKJIUBICTH IIPO-
aHaJII3yBaTU KJlac B ILJIOMY.

Hiarpama 1
100
- 23 | O CuHTeTMYHMM
E 40 B ipeanicTnyHum
OnparmaTnyHui
20 1 OaHanituyHumn
0- B peanicTyHuii

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

YYHi

i nani Oysu MokJajeHi B OCHOBY BHOODPY INCUXOAUJAKTUYHUX IJIXOJIB, SKi
MOTPIOHO BUKOPUCTOBYBATHU JIJIsI BCIX YUHIB PA30M Ta IIij] 9ac poOOTH 3 KOYKHUM.
[ pyHTYIOUICH HA {HIHBILyaIbHO-AH(DepPEHIIHOBAHOMY MIXOM 10 HABUAMHS, MI
MOETHYBAJIH PI3HI T IXO/IN TICUXOUIAKTUKY [Tl TOCATHEHHs e(DeKTUBHUX PE3YJIb-
TATIB y HaBYaHHI Ta BUXOBaHHI yuHIB. Tak IepBHHHE BHUKJIaJIaHHS MaTepiaJry,
Haftuacrimre, BigOyBaJOCd Ha IJAXOJl, AKUH cHpUiiMaBCcs OLIbIIICTIO MIKOJSPIB,
CXIJIBHUX JI0 HBOTO 3a BIJIMOBITHUM cTHjIeM Mucjiennsd. Hamasi, BuBuennsa Ta 3a-
KpPIIJIEHHS I'PYHTYBAJIOCS Ha, IHITUX ITi/1X0/1aX Y BiJIIIOBIIHOCTI 0COOMCTOCTEIA.

Taka MeToaUKa JIEMOHCTPYBaJIa HaM aKTUBHICTH, 3aIliIKaBJIEHICTD Ta ITOCU/Ib-
HICTH YYHIB y HaBYAJIbHIN, 0COOJMBO caMOCTIiHIN, Mi3HABAIbHIN JIATHEHOCTI.

[IposeMoHCTpYyEMO TPAKTUKY HAIOl poOOTH Ha MPUKJIA/i BUBYEHHS Ta30-
BUX 3aKoHiB. HapejgemMo maTepiajin 3acToCcyBaHHsI CUCTEMHO-(DYHKIIIOHAJIBLHOIO Ta,
icTopuko-6i0/1i0rpadivHOTO MiIXO/IB IPU BUBYEHHI TEMU.

Haitbinpiny ckIaHicTh /It YYHIB CKJIAJIa€ 3aCBOEHHS (DIBUIHUX BEJIMINH 1
3akoHiB. Jloc/iyKeHHIMI B IIKLJIBHIT TpaKTUIl BCTAHOBJICHO, 110 HE3HAHHA caMe
IUX €JIeMEHTIB MMPU3BOJINTL 0 HEPO3YMIHHS TEOpil, 10 BUBYAETHCA. ToMy JTyKe
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BaXKJIUBO JIJIsI MPOIeCy BUBYEHHs (DIBUKHU MOOY/lyBaTH TEXHOJIOTIIO CHCTEMHOIO
3aCBOEHHs (DIBUYHIX BEJIUYUH 1 3aKOHIB.

[Ipu moctiioBHOMY CITOCODI BUBUYEHHS MaTepiaJly, eJIeMeHTH 3HaHH:A, dKi Ma-
I0Th OJJHAKOBE (PYHKIIIOHAJIbHE 3HAUEHHS, 3yCTPIUalOThCs DaraTo pasis, aje po3ra-
IITOBaHI B PI3HUX PO3JIiax yu60BOTO MpeMeTy. |X BUBUCHHS PO3JILICHO BEJTMKIMM
MPOMIKKAMU dacy. Y 9Hi He MOXKYTb CaAMOCTIITHO MODAYNTHU CILIBHICTH (DYHKIII
OKPEMUX eJIeEMEHTIB 1 aHaJOTiIHICTh CTPYKTYpU 3HaHH. ToMy, BUKOPUCTOBYIOUN
CUCTEMHO-(PYHKIIOHAJILHII MJIXiJ, AKUI TPYHTYETHCA Ha IJIaHAX y3araJbHEeHOrO
XapaKTepy, MOYKHA HABUYUTH YUIHIB XapaKTEPU3YBATH 3aKOH, (PI3UTHY BEJTMIHHY,
SIBUIIE Ta 1HII 32 JIONOMOIOI0 BKe PO3PO0JIEHIX 3a3/1aJ1eri/ib [iaHiB [3].

Haramaemo, cucremuo-dyHKIIOHAIBHMIM 11X epeKTUBHMI [T AiTeil 3 aHa-
JITUIHUM CTuJeM MucjeHHd. [IpencTaBHIKaM JaHOTO CTHUIIO XapaKTEPHO CHUCTe-
MaTH4He, BcebIUHe PO3IVISJaHHS MUTaHHs, MpobJeMu, mpolecy abo 00’eKTy Ha
6a3i npuxosanol abo siBHO cpopmoBaHOol Teopil. AHaJITUKIB Bijipi3Hsi€ JIOrivTHA,
METOJINYHA, peTebHa (3 aKIEeHTOM Ha jeTasi) i obepe:kHa MaHepa BUPIIIEHHs
1IpOOJIEM.

. cCTeMHO-(PYHKIIOHAJIbHUN T IXiJT;:

Tabus. 1: XapakTepucTuku ra3oBux 3akoHiB (auB. Hamp. [4])

BaHHA 3aKOHY

Typd THUCK /JIAHOI Macu
ileaJIbHOIO Tazy obep-
HEHO MTPOTOPIIHHMIT 10-

ob’eMm JjaHOl Macu ije-
JILHOIO  Ta3y IPsSIMO
PONOPIIiiiHUiT fioro ad-

SuanHa 1po | 3akoH 1 Bakon 2 Bakon 3

3aKOH

Hazgsa Sakon Bakon Bakon
Boira-Mapiorta [eii-JIrocaka [Tapasa
(i3orepmivnmii) (i3obapHmwmit) (i3oxopHwii)

Dopwmyitio- 3a moctiitnol Temriepa- | 3a MOCTIHHOTO THCKY | 3a IMOCTIHHOTO 00’eMy

THUCK JaHOl MacHu ije-
aJIbHOI'O Ta3y IPAMO
NPOMOPILitHMIA 1oro ab-

MK  dKUMU
BeJIMYMHAMU
BCTAHOBJIIOE

3aKOH

ro o6’emy COJIIOTHIM TeMmIepaTypi | COJIOTHi#l TeMIiepaTypi
Dopwmyita T = const P = const V = const

P/P = VoV T/Ty = Va/ Vi T,/T; = P/ P,

PV, =RV, V/T = const P/T = const

PV = const
3aseKHiCTD 3aKOHN BUPaXKaloTh KiJIbKICHY 3aJI€2KHICTb MiXK JIBOMa IIapaMeTpaMu

razy 3a (iKCOBAHOI'O 3HAYEHHS TPETHOI'O IapaMeTpa

['padiune 30-
OparkeHHsI
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["panni CupaBenBi TUIBKI JIJIs 1/IeaIbHUX Ta3iB
3aCTOCYBaHHSI

SacrocyBanus | B mobyTi, B mpoMucIoBocTi, TexHirr
Ha IIPaKTUIIL

[cTopuko-6i0stiorpadiuHmii miixi1 3a0e31evye MOITYK HOBIX 3aKOHOMIipHOCTEI
Ta JIOJATOK JI0O OCHOBHOT'O 3MICTY MaTeplaJly MJAPyYHUKa BIJOMOCTAMU, TOYEPITHY-
TUMU 3 PI3HUX JHTepaTypHUX JzKepedl. Voro nenxosoriuna MeTa - CTHMYJIIOBAHHS
IHTepecy J10 HayKu, 11 ICTOPIl Ta MepCreKTUBaM PO3BUTKY, MOPO/ZKEHHS TTO3UTUB-
HUX emoliit. lannii miaxin Kpaile crpuiiMaeTbcsd YUIHAMU, Y SKUX ITepeBayKae
peayicTHIHl CTUIb MUCJIEHHS. B cBOIX BLANOBIISAX Ha YOIl Taki yYHI cliupa-
10ThCsI Ha (PaKTHU, BiJOMOCTI Ta icTOpiio, CpUiiMaioTh MaTepiaj eMIipUIHO, a He
TEOPETUYHO.

. icTopuko-0ibriorpadiaamil miaxi;

— BUYNTeJb MOBIJIOMJII€ YYHAM MPO JaTy 1 Miclle BIIKPUTTS 3akoHy boiiis-
MapiorTa;

— PO3IOBIIa€ PO XiJI eKCIEPUMEHTIB (38 MOXKJIMBICTIO CYIIPOBOJIZKYE JIEMOHCTPA-
TisIM™ )

— YYHI I'OTYIOTH JONOBIII PO JIBa IHIINX 3aKOHMU.

— PO3IIOBL/Ib YUYHIB HACTYIIHOI'O XapaKTepy:

«... Hacrymaum OyB BiIKpUTHIT 3aKOH, IO OINKCYE PO3IINPEHHs rasy Npu Horo
narpiBanni. [Ipobiema TyT nonsarana B nactynnomy. Jlo mouaTky BiIImOBIIHIX
JIOCJIIJIZKeHb Y HaTypaJlicTiB He OyJI0 TeMIlepaTypHOI IIKaJl, a 0e3 Hel, 3p0o3yMi-
JIO, HeoOX1/IHI BUMIpIOBaHHS TeMIlepaTypy HemucanMi. [likaBo, 110 BUMipIOBaHHS
CTaJI MPOBOJIUTU CIIOCTEPITAIOUN 3a PO3MMUPEHHAM PTYTI B CKIAHiil TpyoOmi. Te,
1o BUOIp ynaB Ha PTYTh, MaOYyTh, BUIA/IKOBO, aJjie BUOIp BUSIBUBCS BAaJNM. SKOU
3aMiCTb PTYTI B3sJIM BOJY, Bce OyJ10 O HabaraTo ripiie. Bu, iiMoBipHO, 3Ha€ETe, 110
BOJIa ITPH OXOJIOJIZKEHHI TOBOJINTHCS 30BCIM He Tak, sk iHmi piguxu. [Ipm oxosto-
JIKeHH1 710 4-X rpajiyciB 3a mKaJjoio [leibciss BoHa CTHCKAEThCs, a JaJjl MOUNHAE
3HOBY PO3IINPIOBATUCS.

[Tomyk Ha3BaHOI 3a/I€2KHOCTI BiBcd OaraTrbMa JOCJITHUKAME, aJie IePII 3a,/10-
BUIBHI pe3ysibTaTn oTpuMaB B 1802 p. anrmiiicbknii XiMik 1 ¢pizuk Ixxon lanbromn.
Hociim BiH TPOBOJINB 3 KUCHEM, a30TOM, BOJHEM 1 ByTJIEKUCIUM Ta3oM. Ha cBiil
noyimB JlaabToOH BUSIBUB, 10 IPH HArpiBaHHI BCi rasm Bean cebe OJHAKOBO. Ajie
cBol pesynabratn JlajabToH chopMyIIoBaB BUKJIIOUHO 00EPEXKHO: «3arajioM s He
O6ady MOCTATHBOI MPUYNHU, M0 3aBayKa€ HaM 3POOUTH BUCHOBOK, IO BCI NMPYIKHI
rasu 1pu OJJHOMY 1 TOMY K THUCKY OJIHAKOBO PO3IIUPIOIOTHCS [IPU HAI'PDIBAHHI».

Y 1802 p. mezasexkHo Bij JajbroHa Toil ke 3aKOH BiJIKPUB (DpaHILy3bKMii
ximik 1 ¢pisuk 2Kozed Jyi Teit-JTioccax ... » — [1].
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BucunoBkn

Obwupatoun Toi UM IHIINANA MIXi, MU HOJAIIIYEMO IIPOIEC HABYAHHS YIHSIM 3
BIIIIOBITHUM CTUJIEM MUCJIeHHH. [HIM yuHi, gKi BaxKde cCOpUiiMaloTh MaTepiaj B
JaHiit popmi, OTPUMYIOTH MOXKJIUBICTb Ha I[iif OCHOBI PO3BUBATHU CTHJI MICJIEHHSI,
B HEBJIACTUBOMY JIJIs1 HUX HAIIPIMKY.

AKIo Ha movaTKy BUBYEHHS TEMU MU CIIOCTEpIrajn JIOMIHYBaHHSA OJTHOTO 13
CTWIIB MUCJIEHHS YUHIB, & IHII CTUJ IrHOPYBAJINCH, 00 BXOAUIN JIO 30HU He-
BU3HAYEHOCTI, TO 3 YacoM y OaraThboxX BIAOYJWCS 3MIiHM, MO0 PO3BUTKY I1HIIIIX
paHiie MeHII 3HAUYUMUX CTHUJIIB.

3acBOTBIIM MiJIXOMM MCUXOJAMJIAKTUKNA, YIHI MOXKYTh NEPEHOCUTH OTPUMAHE
METO/I0JIOTIYHEe 3HAHHSI Ha IIPOIeyPY BUBUEHHSI HACTYIIHUX TeM Kypcy (bisukm Ta
IHIMNX HABYAJIBHIX IPEIMETIB.

K 1moKazyoTh JOC/IIIN [IeJaroriB, /sl 030POEHHs YUHIB 3a3HAYEHIMU METO-
JTIOJIOTIYHUMU 3HAHHAMI HeoOxiano 1,5 — 2 poku. Haiibinbur ecdbek TMBHO HABUAHHS
BiI0yBaE€ThCs TOJI1, KOJIM BOHO IIOUYNHAETHCA OJHOYACHO C IT0YATKOM BUBYEHHs (Di-
3uKH (TOOTO 3 CHOMOTO KJjacy). B mboMy BHIAJKY J0 JIEB'ITOrO KJIACy YUHI BKe
OBOJIO/IIOTH METOAOJIOTTYHUME 3HAHHAMU 1 3HAYHY YaCTUHY POOOTHU 3MOYKYTH BU-
KOHYBaTU CaAMOCTIIIHO 3 MIHIMaJbHUMU BUTPATAMU 1HTEJIEKTYAJIbHUX 3YCUJIb, 110
JIyzKe BayKJNBO JIJIs TJBUIEHHS 3alliKaBJIEeHOCTI peaMeToM. [Ipu nboMy 3BiLIh-
HSIETHCSI Yac JijIsl BUKOHAHHSI POOIT, 110 IIOB’sI3aHi 3 €KCIIEPUMEHTOM, TBOPYICTIO,
PO3B’3yBaHHIM 3a/1a4.

JlaHHI MeTooJIOT Y HI IiJIX0u PO3PO0JIeHI 3 KOPUCTIO JIJIsi YUHIB Ta BUNTE-
JIiB. BipoBa zKyt0un omucani TeXHOJIOTI] MOKIUBO CJALIKYBATH 3a JIOCATHEHHAMUI
VUHIB, OlJIbIIle Yacy NPUIIATA KOKHOMY YYHIO 1HJMBIIyaJbHO, & IOJOBHE CIIO-
cTepiraTu HaCKIJIbKH Pe3y/bTaThBHA HaBYAJJIbLHO-BUXOBHA poOOTA IIPU BUBUYEHHI
npeaMeTy (hi3uKu.
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BUKOPUCTAHHY OBUNCJIIOBAJILHOT TEXHIKU TTPU
BUKJIAJTAHHI ®I3UKU Y BUIMNX HABYAJIHLHUX
3AKJIAJIAX TTEPIIIOTO PIBHS AKPEIUTAIIIT

CrarTsa npucBsdeHa mpodJeMi 3acTOCyBaHHS KOMIT IOTEPHUX TEXHOJIOTIH y HaBYIaIbHO-BUXOB-
HOMY Tporieci 3 dizuku. B Hiit npejicraBieni pe3yabTaTi JOCTIZKEHHS BILIMBY KOMIT IOTEPHIX
TeXHOJIOTi#l Ha SKicTh 3HAHBb Ta PiBeHb HABUYAJIBHUX JIOCATHEeHb cTyneHTiB BH3 nepmioro piBus
aKpeIuTaIlil.

KirouoBi ciaoBa: innosauitinut nidxid 0o npouecy Ha84aHHA, METHOA02TT HABUAHHA Pi-
3UKU, MEMOJUYHI CUCTNEMU HABYAHHA, PO3BUMOK KOMN HWOMEPHUL METHON02IT HABUAHHA, 21-
nepmeditine nodaHmA iHPopMayii, Komn omepre Mo0e08aAHNA, BIPMYANOHG PL3UUHa AGOOPa-
mopia, npozpamno-nedazo2ivnut 3acio.

Beryn

OcBiTa — 0CHOBa PO3BUTKY JIIOIMHE, CYCIIIbLCTBA, Jiepzkapi. XXI cToiTTs BU-
cyBa€ JI0 OCBITHM HOBI BuUMoOru. Bimmosinni 3aBaanHs okpecsieHo HarioHaabHOO
JIOKTPUHOIO po3BUTKY ocBiTH B XXI cToyiTTi. YcminiHe X BUKOHaHHS 1epejda-
Ja€ PO3pOOKY Ta OCBOEHHS HOBUX HABYAJHLHUX ITPOrPaM, YAOCKOHAJIEHHS METO/IiB
HaBYaHHs, BUKOPUCTAHHS y HaBYaJbHOMY IIPOIeCl HOBITHIX JIOCATHEHb I1€Jlarori-
YHOI HAyKU 1 CydacHUX I1€JIarorTYHUX TEeXHOJIOT1, 30KpeMa TeXHOJIOr 1 HaBYaHHSI
3 ¢izukn i acrponomii. Ile oOymoBIIIO€ HEOOXIIHICTH IiJIOTOBKU BUCOKOKBaJIi-
dikoBaHUX yunTe B (DI3UKN 1 ACTPOHOMIT 3 aHAJITUYHUM MUCIEHHSIM, 3HAHHIM
IIIPOKOI'0 CIEKTPY CYYaCHUX IeJaroridHuX TeXHOJIOTIH, MPpaKTUIHUM JIOCB1JIOM
iX YIIPOBAKEHHsI B JISIbHICTH peaJbHOTO HaBYaHHs |1, 2|.

Korkna Hap4a/IbHA JUCHUILIIHA Ma€ crierudiuni 0cobJMBOCTI, sIKi JIAI0TH 3MO-
I'y IIeBHUM YMHOM CIPUSTH (DOPMYBAHHIO TBOPYOI aKTUBHOCTI cTyaeHTiB. [1lomo
JisuKml — 1e eKclepuMeHTaJIbHUI MeTO/I II3HAHHS Ha 3aHSTTSIX, Y 1103aayIUTOp-
Hiil poOoTi, 1abopaTopHi poOOTH KOHCTPYKTOPCHKOI'O XapaKTepy, 3aHATTs (Pi3MKO-
TEXHIYHUX T'YPTKIB, JJab0OpaTOpHi pobOTH JIOCIIHUIIBKOTO XapaKTepy, MeTOJl MO-
JIeJIIOBAHHA, BUKOPUCTAHHS CTATUCTUYHOIO METOMY IIiJI Yac BUBYECHHS (DISMIHUX
Teopiit, aKTUBHUI JIlaJIor, aHaJ I3, CHHTE3, IHIYKITid, Je/IyKIlisd, POSKPUTTS Ha 3aHsI-
TTAX (PIBUYHUX 3HAHDb JIjISI TPUCKOPEHHS HAyKOBO-TEXHIYHOI'O ITPOIeCy O3HaoM-
JIEHHs CTYJIEHTIB 3 HAUTrI00aJLHININME TTPOOJIeMaMi JIIOJICTBa i POBKPUTTS POJIL
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JizngHOl HayKK Ta IXHBOI'O po3B’sizyBaHHsi. HallkpaluM MOMIYHIKOM y I[bOMY €
KOMII'FOTep.

MeTtoro cTaTTi € anajiz PO3BUTKY KOMII IOTEPHUX TEXHOJIOTil HaBUYaHHSI, 1X
CyJacHUX MOXKJIMBOCTE Ta IIJISIXiB BUKOPUCTAHHA B MPOIECi BUBYEHHA (PI3UKU.

CucreMaTudHi JIOC/IPKEHHSI B TaJjiy3i BUKOPUCTAHHS KOMII FOTEPHUX TEXHO-
JIOTiT B OCBITI HPOBOJSITHCA BKe Oijiblie copoka pokiB. CucremMa OCBITH 3aBXK 1
Oysa BIIKpUTa JI/Id BIPOBA/PKEHHS B HABUYAJLHUIT MPOTEC KOMIT IOTEPHUX TEXHO-
JIOTiil HaB4YaHHSI, 110 0a3YIOTHhCA Ha IIPOIPAMHUX IIPOJAYKTAaX CaMOI'0 INHPOKOIO
npusHadeHHst. Pazom i3 TuM 11l mporpamMui 3acodu HiKOJIN He 3a0e311edyBaJI BCiX
noTped I11e1aroris.

3 90-x pokiB XX cT. HouaBcst HOBHIT eTall BAKOPUCTAHHsT KOMIT IOTEPHOT TEeXHi-
KU B HaBYaHHI, 30KpeMa, (pI3UKM, Ha sIKOMY 11 3aCTOCYBaHHs BiJOyBaJIocs B JBOX
HplopuTeTHUX HallpsiMKax. [lepriuit HapsiMok mepejidadaB BUKOPUCTAHHS KOM-
I’ I0TEPHOT TEXHIKN K HOBOI'O HABYAJIBLHOIO TEXHIYHOTO 3aC00y y MexKaxX 1CHYI04Y0T
cucreMu HaBuaHHsI. [pyruit HaIpsiMoK 1epegbadaB pepopMyBaHHsI BCi€l CCTEMU
OCBITH Ha IIJICTaBl TOrO, IO IOTEHIITHI MOXKJINBOCTI KOMII' IOTEPIB 3HATHO II€PEBU-
IIYIOTh MOYKJIMBOCTI 1X BUKOPHUCTAHHs Y paMKax ICHYI04Ol cucTeMn HaBdanHs. [le
CIIPUYUHUJIO 3MIHY TEXHIYHUX OCHOB CUCTEMHU OCBITH, 3MICTY, METOJIIB HaBUYaHHsI
JisuKM Ta 1MOsIBY rinepMeIiitHOro mojanHst iHOPMAILil.

[Ninepmeiiine nogants iHopMallil epedadac BUKOPUCTaAHHS MYJIBTUME Tiii-
1ol indopMaIiiinol HaBIaJILHOI CUCTEMU — 310paHHs TEKCTOBOI iHdopMariii, rpadi-
YHUX 300pazkeHb, BiJICOPOJIIKIB, 3BYKOBUX KJIIIB, IPUCBAYEHNX [IEBHOMY TUTAHHIO
9i TeMi, a TaKoXK TineprekcTy. I'ineprekcT — 1e ocobymBa popma opraHizariii, 1mo-
JIAHHS Ta 3aCBOEHHS TEKCTOBOI'O MaTepiaJiy, Mo Iepejadbadae ypaxyBaHHs Oe3J1idi
B3a€MO3B’SI3KiB MizK fforo esementamn [3].

Ha cygacnomy erami B HaBYaJbHUX 3aK/iaJaxX YCIIINIHO BUKOPUCTOBYIOTHCS
pisHi mporpaMHi KOMILJIEKCH — SK BIIHOCHO IPOCTI, Tak 1 ckjajni. B HaykoBux
nenTpax i HaBdasbHuX 3akiagax CIIA, Kanmaan, 3axignol €sporu, ABcTpadrii,
Anomnii, Pocil, YKpainu Ta psjy iHIIX Kpald 0y/1a po3podsieHa BenKa KiJTbKiCThb
cIeniajai30BaHNX KOMII FOTEPHUX CHCTEM caMe JJisi I0Tped OCBITH, OPIEHTOBAHUX
Ha IJITPUMKY PI3HUX CTOPIH HABYAJbHO-BUXOBHOI'O IIPOIIECY.

[.I. Baxaposa [4]| HaBoauTh Kiacudikalliio mporpaMHuX 3aco6iB iHMOPMAILiii-
HIX TEXHOJIOTil HaBYaHHA 3 MO3UINN ANJAKTUKN Ta MOXKINBI MIJIAXHI 1X 1HTErpa-
i1 B HaBYaJIbHO-BUXOBHMUII 1IpOIIeC, 1110 Ha ChOT'0JIHI BUKOPUCTOBYEThCS B CBITOBII
MPAKTHUIL].

Ha cygacmomy etami B Hammiil KpalHi IIINM PSIOM TOCHIIHUKIB 1, 30KpeMa,
HAMU [IPOBOJUTHCS IOIIYK PalliOHAJIbHIX METOIUK BUKOPUCTAHHSA KOMII FOTEPHIX
TEXHOJIOTI B nporeci BuBuenns dizuku. OHi 3 iCHYI0UNX METOUK Iepejadaia-
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I0Th pparMeHTapHe BUKOPUCTaHHS KOMIT IOTEpa, 1HIM — MPOBEJEHHs 3aHATh, Ha
KX HaJaHHs HOBOTO MaTepiay Ta KOHTPOJIb 3a HOro 3aCBOEHHSIM MTPOBOINTHCS
KOMII TOTEPOM.

Ha migcrasi anasisy Jiiteparypuux jzkepest |5, 6, 7 ta in.|, BiacHoro megaro-
IYHOTO JIOCBITY Ta JIOC/IJZKEeHb, MU CXUJIbHI HIITPUMYBATH TaKy 1CHYIOUY JIYMKY:
HaOLIBIT e(DeKTUBHUMU CHCTEMaMI HaBYaHHs € Ti, Jie OCHOBHOIO (hir'ypolo TpuBa-
JIOTO HABYAJILHOTO TIPOIECY € BUKJIa1ad. Bin mepegae cTylenTaM OCHOBHUI 00CAT
indopmaliii, opranizye HaBYa/JbHUII IIPOIEC, Kepye HUM Ta (POPMyBaHHsSIM OCOOU-
CTOCTI CTYJIeHTA.

OcHOBHA 4YaCTHUHA

CydacHuii BUKJIaJ1ad 3aifiMaeTbCsl PI3HUME BUJIAMU TPOMECiitHOl J1islIbHOCTI:
BUKJIQ IAIIbKOIO, BUXOBHOIO, HAYKOBOIO, METOJMYHOIO, YIIPABJIIHCHKOIO. 3aJIeZKHO
BiJT TOro abo IHIIOTO BULY JisI/IBHOCTI ICHYIOTH Pi3HI MOXKJITUBOCTI BUKOPUCTOBYBa~
TH KOMII'TOTepHi abo iHdopMalliiiHi TeXHOJIOrI, 1110 Jal0Th MOXKJIUBICTH OTPUMY-
BaTH, IIepeJlaBaTh, CUCTEMATU3yBaTH, 00POOJIATH iHpOpPMaIlilo, a TaKOXK 3J1IICHIO-
BaTH KOMYHIKAIIIO MK KOJIeraMi, CTYJeHTaMu, 1X OaTbKaMi 1 Tak JiaJi.

1106 iTu B HOI'Y 3 YacoM, BUKJIAIaY IOBIHEH BOJIOIITH OCHOBaMHU iH(MOpMAaIIiii-
HUX TEXHOJIOTi, MATU yABJIEHHs 11PO HAHOLIBII MOMKUPEHY B JAHUI Jac onepariiii-
Hy cucremy Windows, yMiTH IpaIfioBaTH B MONTMPEHNX KOMIT IOTEPHUX ITPOrpamMax,
zokpema, Microsoft Word, Excel, PowerPoint i Hu3koio iHIIIX clemniaiizoBaHnx
IporpamM, OB sI3aHUX 3 IPEeIMETHOIO JIig/IbHICTIO BUKJIa/lada, KOpUcTyBaTucs [H-
TEPHETOM, a TaKOyK YMITH BUKOPUCTOBYBATHU 3HAHHS CTYJEHTIB PO KOMII IOTEp,
KOTPi OCTaHHI OTPUMYIOTH Ha 3aHATTAX 3 IHPOPMATUKH.

Hobpe BijoMo, 1m0 Kypce (i3uKn BK/IOYAE PO3IIAN, BUBYEHHSI 1 PO3YyMIHHSA
SIKUX BUMara€ pPO3BHHEHOI'O OOPA3HOIO MUCJEHHsI, YMIHHS aHaJi3yBaTH, IIOPiB-
nioBatu. Hacamriiepesr MoBa iijie 1ipo Taki posjniim, sk «MosekyisipHa dizukas,
nesiki posniyin «Ejekrpomarnerusmys, «fiaepna dizukay, «Onrnkas i in. Ba-
raro sBUIL B yMoBaxX (bi3MIHOr0 KabiHeTy He MOXKYTb OyTH IIPOJIEMOHCTPOBAHI.
Hanpukiiaj, siBuiia MiKpocBiTy, abo IIPOIECH, IO IIBUJIKO IPOTIKAITH, abo J10-
CJiIM 13 mpuajiaMu, BIJACYTHIME B KadiHeTi. B pe3ysbTaTi cTyjaeHTH 3a3HAIOTh
TPY/AHOIII TXHBROTO BUBYEHHS, OCKLJILKI He B 3MO31 1X ygaBUTH. KoMIT'I0TEDP MOKe
He JIUIIe CTBOPUTH MOJEb TaKUX SBUII, & i JIO3BOJNTH 3MIHIOBATH YMOBH ITPOTI-
KaHHS MIPOIECY, «ITPOKPYTUTH» 13 ONTUMAJILHOIO JIJI 3aCBOEHHS MIBUAKICTIO. /[
IJTIOOKOI0 PO3YMIHHSA CTYJIEHTAMU $IBUII, TTPOIIECIB, OMMCAHNX B JAaHUX PO3JIiIax
BHUKJIa/Iady HEOOXiJIHO BUKOPUCTOBYBATHU II€PCOHAIBHUI KOMII'IOTED, 3 € JHaHMIT 3
HEOOX1THUM (PISUYHUM YCTaTKYBaHHAM, IIPOEKTOPOM, MYJIBTUMEIIIHOIO JIOIIKOIO,
TeJIEBI30POM.
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JemoncTpaliifo pi3smIHUX sIBUII, IIPOIECiB 3PYUHO 1 JIOLIJIBHO 3/ificHIOBATH 34
JIOTIOMOT'OIO0 KOMTI TOTEPHUX MTPOrpaM HaBYAJILHOTO TMpU3HAYeHHs. Bifmosinno 1o
MpaBUJI BAKOPUCTAHHS KOMIT IOTEPHUX ITPOrpaM Y HaBYaJIbHUX 3aKJ/1aaX, KOMII 0
TepHa MporpaMa HaBYaJbHOTO IIPU3HAYEHHs — 1€ KOMII' I0TepHa IIporpama, sKa, €
3ac000M HaBYaHHSI, 110 30epiraeThbest Ha MIGPOBUX ab0 aHAJOTOBUX HOCISIX JIAHUX
i BigTBOpIOETHCST Ha ejekTpoHHOMY Obsagnanui [11]. Kracudikarmii koM’ orep-
HUX HaBdaoIux nporpam po3pobsisiiu B.C. lepryncekuii, /Txx. Crangypa (J. M.
Scandura, 1983), Ix. Yemb6epc u [Ix. Hlmpexep (J. A. Chambers, J. W. Sprecher,
1983), T. O’IlIu (T. O’Shea et al., 1984) Ta inmmi.

Croro/ii icHye bararo BITUYN3HSIHEX 1 3apyOizKHUX 1porpaM 3 ¢izukn. AHasiz
HAYKOBUX CTaTell MoKas3as, Mo HAMOLIBIT YKIBAHUMHI € TaKi MPOTPaMHI TTPOJTyKTH:

2Kusa ®@isuka (pociiicbka Bepcis, po3podka amepukancbkol dhipmu MSC.
Working Knowledge). «zZKusa ¢disnuka» siiiste cob0t0 cepeloBHUIIE, y sIKOMY CTY-
JIEHTH 1 MIKOJISIPI MOXKYTh ITPOBOJIUTH MOJIE/TIOBAHHSA (DI3MIHIX €KCIIEPUMEHTIB. 3a
JIOTIOMOTOIO TTPEJICTABICHOIO B «j1abopaTopHiil madi» ycTaTKyBaHHs it MaTepia-
JIIB MOXKJIMBE MOJENIOBAHHA PI3HOMAHITHUX IIPOIECIB 3 TaKNX TeM dK MeXaHlKa,
ejqekTpuka it marseru3m. CydacHuii 00UUC/TIOBAILHUN amapar, 3aco0n aHIMAIlil,
YUCJIEHH] JOMOMIXKHI (PYHKINT pOOIATD «KUBY (PI3UKY» 3PYUHUM 1 TOTYXKHUM iH-
CTPYMEHTOM BUK/IaJaHHs (Pi3uKN y 1mKojax. [Iporpamy cympoBo/IzKy€e JTOBIIKOBHI
MOCIOHUK JIJIsT BUUTEJIs, 10 MICTHTD yCi HEOOXiJIHI BIJIOMOCTI I0/I0 BCTAHOBJIIOBa~
HH$I Ta IHCTPYMEHTAPIIO MPOTrPaMu, PO CIIOCOON pO3POOKHN Ta ITPOBEJIECHHS eKCIle-
pumenTiB. [Iporpama «Kusa (izukas J103BOJIsSIE BUBYATH INKIJIbHUI 1 BY31BChKMI
Kypcu pi3vKu, 3aCBOIOBATH OCHOBHI (Pi3WYHI KOHIEIIIIT, 3p00UTH OiJIbIII HAOTHU-
MU abCcTpakTHI i€l it Teoperutdni moOyM0BU (Taki siK, HATPUKJIA], HAIPYZKEHICTh
eJIEKTPOCTATHYHOTO ab0 MarHiTHOIO T0JIsl), MPH [IbOMY HeMae HeOOXiJIHOCTI BU-
KOPUCTOBYBATH CKJIaJIHE B HaJIaroJ?KEHHI, I'POMI3JIKe, Jlopore, a 1HOJ1 ii HaBITH
Hebe3medHe yeTaTKyBaHHS.

«AkTuBHa ¢dizuka». [Iporpamuo-meroqanuit komieke ([IMK) «Axkrusna
disukas 6i0pycbKol hipmu Pi-logic npusnadenuii st hopMyBaHHs, KOHTPOJTIO i
KOPEKIIil 3HaHb, YMIHb 1 HABUYOK IIJISIXOM IXHBOI'O aKTUBHOI'O 3aCTOCYBaHHS B Pi-
3HUX cUTYyallisgx. PozpaxoBaHuil Ha BUKOPUCTAHHS I1iJ1 YaC YPOKIB, Y TO3aKJIACHI
i gomarrniit poboTi. 3abesrneuye IiIBUICHHS ePEKTUBHOCTI HABYAHHS 3aBJIAKN
aKTHUBI3aIl i 1HIMBITyasi3alil podoTn yIHiB.

®Pizuka 7-11 kaacu (Bupobruk AT3T «Ksazap - Mikpo Texto» ). B ocHoBy
PO3pOOKI HaBUaIbHOTO porpamuoro 3abesnedents (HII3) 3 disukn nokrageno
JOCATHEHHST Ta crielidiaai MOXKIMBOCTI HOBUX iH(opMariiinux Texuosoriit (HIT):
IilepTeKCTOBl TeXHOJIOrI, MalllnHHa, Ipadika, MyJbTHME/Iia, CUCTEMU IITYYHOIO
inresexkty. Kpim mporo HII3 MicTuTh KOHCTPYKTOP YPOKIB, IO JIA€ MOYKJIUBICTD
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YUUTETI0 TBOPUO HiJIATH 10 MIJITOTOBKU YPOKY, POSIMIUPUTH KOJIO e IaroriaHnxX
3ac00iB, SIK1 BIH BUKOPUCTOBYE.

«BibsioTreka enekTponnx Haognocreit Pizuka 7-9, 10-11» (BupobHUK
AT3T «Ksazap - Mikpo Texuo») st 3arajibHOOCBITHIX HABYAILHUX 3aKJIAIIB.
[Tegarorigno-tiporpamumii 3aci6 (ITI113) MicTuTh MATIOHKY, Bijeo, aHIMAIIO 3 yCiX
TeM MIKLIBHOTO Kypcy ¢dizuku. Morke JOMOBHIOBATH MTPOTIPAMHO-METOINIHII KOM-
mekc «Dizuka 7-9, 10-11» abo BUKOPUCTOBYBATUCA CAMOCTIHHO.

«Bipryaabna disuuna gaboparopis ®@izuka 7-9, 10-11» (BupoOHUK
AT3T «Ksaszap - Mikpo Texuo») ji/ist 3arajibHOOCBITHIX HABYAJIBHIUX 3aK/IAJIIB.
[TI3 micTuTh 1abopaTopHi podboTH it adopaTopHuii mpakTuKyM. KoxkHiit podboTi
HepeIyloTh IHCTPYKIIisI, Bijleo, 10 CYIPOBOJXKYE eKCIIEpUMEHT, HeOoOXiIHI Juia-
KTUYHI MaTepiaJjn, a TaKOXK KOHTPOJIbHI IUTaHH JIJIS caMOIlePeBIPKU 1 3aKpiIlie-
HHSI TeMU. 3HAYHO PO3IIMPIOE MOYKJINBOCTI porpaMHOro Komiuiekey «®Pisnka 7-
9, 10-11». Tobro BubIp MporpaMHUX MTPOJIYKTIB HA CHOTOIHINIHIH JIeHb JIOCTATHIN.
MaitOoyTHiit BuUnTe/ b (DI3UKN TOBUHEH BMiJIO BHKOpUCTOBYBaTH roToBi [IMK, 31iii-
CHIOBATH IIOIIYK 1 aHAJI3 HOBUX IU(POBUX PECYPCIB, THM CaMUM OyTH 00i3HAHUM,
CcyJacHUM, 3aTpe0yBaHNM.

3acTocyBaHHsI KOMII'IOTEpa 1 BUIE3a3HAYCHUX T1e/IarOriIHUX TPOrPAMHUX 38~
co0OiB BUPIIIYE IIe HU3KY MPOoOJIeM, 10 3aBXK /N iCHYBaIN Y BUKJIaJaHHi (Pi3UKU.

Busuennst Gpizukn Baykko ygaBuTH 6e3 jJaboparopHux pobit. Ha »kKajib, ocHarie-
HHs1 (DI3UIHOTO KaOIHeTy He 3aBK/IU JI03BOJISIE TPOBECTH YCi JJabopaTopHi poboTH,
nepedadeHi IporpaMolo, He JIO3BOJISE 3aIlPOBaIXKYBaTH HOBI poOOTH, 1110 BUMara-
I0Th CKJIQJIHIIIOIO ycraTKyBaHHdA. Came KOMII'IOTEep 3 BLINOBIIHUM IPOrPAMHUM
3a0€e31eYeHHsIM JI03BOJINTE MPOBOJUTH JIOCUTH CKJaJIHI JabopaTopHi poboTu. Y
HUX YY€Hb MOKEe Ha CBIil PO3CyJi 3MIHIOBATU BUXIJHI [TapaMeTPHU JIOCJIJIB, CIIO-
crepiraTu, sIK 3MIHIOETHCSI B Pe3y/bTaTi siBUINE, aHaJi3yBaTH IodadeHe, PoOUTH
BIJIITOB1/THI BUCHOBKI.

BuBuenns mpucTpoiB 1 NPUHIHAILY JIil pi3HNX (DISUYHUX TPUIAJIIB - HEBIJT €MHA
JacTHHA yPOKiB (izuku. 3a3Budail, BuB4Yaioun Toi abo iHINMI MpuIajl, yIuTe b
JIEMOHCTPY€E HOTr0, PO3MOBijIae MPUHIAI Jil, BAKOPUCTOBYIOUN TPH IIHOMY MO/IE/TH
abo cxemy. AJjie 9acTo yUHI 3a3HAIOTH TPYIHOIIIB, HAMAralOUNCh YSIBUTH BECh JIaH-
1or (bi3MIHUX MPOIIECiB, 0 3a0e31e1yIoTh poboTy janoro npuiay. Creriaabhi
KOMII'FOTEePHI IIporpaMi J03BOJIAIOTh «3i0paTiy Ipuiial i3 OKpeMux jeraJeil, Bij-
TBOPUTHU B JUHAMII 3 ONTHMAJBLHOIO MIBUIKICTIO ITPOIECH, IO JIiezKaTh B OCHOBI
ftoro npunmumny ii. [Ipn mpomy MoxKIMBe OaraToKpaTHe «IPOKPYYyBaHHS» BiJl-
ITOBIJTHOT MYJIBTUILTIKAIII.

BesyMoBHO, KOMII'IOTEpP MOYKHA 3aCTOCOBYBATH 1 HA YPOKAX 1HIIUX THUIIB: IIPU
pPO3B’si3aHH] 3a/1a4, Jie MOTPiIOHO BUKOHYBaTH b6araTo ob4ncjieHb, OylyBaT rpadi-
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KU, IIPU CAMOCTIfiHOMY BHUBYEeHHI HOBOro marepiajy. HeoOxijgHo Takox Bij3HaYN-
TH, 1110 BUKOPUCTAHHS KOMII' IOTEPIB Ha yPOKaxX (Di3UKU MEepPeTBOPIOE 1X Ha CIIPaB-
JKHIT TBOpUMil TIpotiec, J103BOJISA€ 3/IHCHUTH NPUHITUIIN PO3BUBAIOYOTIO HABUAHHS
pPO3BHUBAE 0Opa3He MUCJEHHs, a Ha loro OCHOBI — JIOrivHe.

Pospobka KoMII'FoTepHUX YPOKIB BUMAarae ocob/imBoOl IiAroToBku. BBarkaemo,
0 JI0 TAKUX yPOKiB MOTPIOHO MHUCATHU ClieHapil, OPraHigHO «BILITAIOUN» B HUX
i crpaBrkHiil ekcriepumenT, 1 BipTyasibHuil (peasizoBanuil Ha ekpaHni MOHITOpa ).
OcobJiMBO X04UeThCs BiA3ZHAYNTH, 110 MOJEIIOBAHHS PI3HUX SBUII Hi B SIKOMY pasi
He 3aMiHIOE «>KMBUX» JIOC/IIJIIB, Ta B HOEJIHAHHI 3 HUMU J03BOJISIE HA OL/IbII BHCO-
KOMY PiBHI IOZICHUTH 3MICT TOI'O YH iHIIOI'O BUBYAE MOro Marepiaay Taki ypoku
BUKJIMKAIOTh B YUHIB CIIPaBzKHII IHTEpeC, IPUMYIIYIOTh MPAIIOBATH BCIX 1 AKICTb
3HAHb IIPHU I[bOMY IIOMITHO 3POCTaE.

BukopucranHs KOMIT FOTEPHUX TEXHOJIOT I HABYAHHS JIa€ MOYKJIUBICTH HE T1JIb-
KU TJBAIIATU 3alliKaBJIEHICTh CTYJIEHTIB 0 HaBYAHHS, aje i 3ade3rmednTn i
BUIIEHHS Or0 IKOCTI, 3MEHIITUTH BUTPATH Yacy Ha ITPOBEJIeHHS YHAOUHEHHS Ha-
BYAJILHOIO MaTepialy Ta KOHTPOJIb 3HAHB 1 yMiHb yuHiB. JloBeeHHsaM mporo TBep-
JIZKEHHS € pe3yJIbTaTh ITPOBEJIEHOrN0 HAMU 11eJIarOTTIHOT0 eKCIIEPUMEHTY.

st BusHavyeHHs e(beKTUBHOCTI HaBYaHHsA ILIsiXoM BuKopuctanus OT mpu
BUBYEHHI (isuky Hamu OyB IpoBejleHnii ekcriepuMeHT B rpynax 1M10 Ta 2M10
CJ10B’STHCHKOTO aBialliifHOr0 KOJIEIXKY.

ExcriepuMenT XapakTepu3yioTh HACTYITHI O3HAKH:

1. ExcriepuMeHT IIPOBOJIMBCS 3 OJHOIO IpeaMeTy — (i3uKu.

2. ExcriepuMeHTa/IbHUIT 00’'€KT, B SIKOMY PO3KPUBAIOTHCA IIePeBaru 3alpoIio-
HOBAHOI'O MeTojy, OyB 0OpaHuii JiJisi BUBUYEHHS HOBOTO MaTepiaJry.

3. Excriepument npoBoguBed B rpynax 1M10 ta 2M10.

i rpymnn obpani 3 TaKUX MPUINH:

— CTYJIEHTH JIOCTATHBO BOJIOJIIIOTH (PI3MKOIO;

— 00OWBI IPyNUN 3HAXOMATHCS Ha OJIHOMY PIBHI 1O 3HAHHSX Ta BCEOITHOMY
PO3BUTKY

— B 000X I'pynax BUKJaJae (PI3UKY OJIMH 1 TOI »Ke BUKJIaJ1ad;

4. Pe3ynbpTaTn eKCIepuMeHTY MMOPIBHIOBAINCH 3 pe3yJibTaTaMi 3BUYaiTHOI PO-
00TH, sIKa TIPOBOJIMJIACH TUM CAMUM BHKJ/IaJadeM B KOHTPOJIbHIH rpymi (2M10).

5. Mu 1npoBojin/in eKCcliepuMeHT Ha [IPOTs3i Jacy, dKuil OyB 3alllaHOBAHUI Ha
BUBYEHHS PO3LIY «EjaekTpomMarneTnsm».

B ekcrepuMmenTabHOMY HaBUYaHHI HaMM OyJia BUCYHYTa TakKa TilloTe3a: Ha-
BUYAHHSI 3a JOIMOMOIOI0 KOMII'IOTepa JIO03BOJISIE MOKPAIUTH PiBEeHb BMiHb, 3HAHD
HABUYOK, & TAKOXK CIIPHse (POPMYBAHHIO JIOMYHOI'O MUICJICHHSI.

st BU3HAUEHHsT PIBHA YCIHIIHOCTI 3 (DI3UKU TEepe] ITOYaTKOM eKCIIepUMeH-

Bumyck Nel, 2011 199



Metonuka BukjasanHsa ¢isukm ta actpounowmii 8 3OIII i BH3

Ty B rpynax 1M10 Ta 2M10 Oysu mnpoBejeHi mepeBipodHi poOOTH Ta TECTH. 3a
pe3yabTaTaMi TeCTyBaHHs, MMICHMOBOI pOOOTH MU 3pOOM/IN BUCHOBOK IIPO Te, IO
I'PyINU 3HAXO/IATHCA Ha OJHAKOBOMY PiBHI 3aCBOEHHS 3HAHL, BMIHbL Ta HaBUYOK 3
disuku. Toji HA OCHOBI IILOTO i1 eKciiepuMeHTy Oyia obpana rpyna 1MI10, a
rpyna 2M10 Buctynuia y posii KOHTPOJIBLHOI TPYIIN.

CryaeHTn eKclepruMeHTaIbHOI IPYIN BUBYAIN Po3/1ij «HjaekTpomaraeTnsms
3a JIOTIOMOT'0OI0 KOMIT' IOTEPHOTO MOJIETIOBAHHA, & CTY/AeHTH KOHTPOJILHOI — 3a Tpa-
JIUIITHOIO CXEMOIO.

[Ticaa BUBYEHHS PO3/ILIY MOKA3HUKHU YCHINMIHOCTI KOHTPOJLHOI TPYIN 3a/1M-
MINJINCh TPAKTUIHO HE3MIHHUMU, & OCh Pe3yJbTaTH eKCIepUMEHTAJILHOI IPYIIH
3HAYHO MMOKPAIUIUCD.

Hapuannug 3 BUKOpUCTaAaHHAM HaBYAJLHIX KOMIT IOTEPHUX ITPOrpaM, K MOKa-
3aB €KCIIEPUMEHT, BUKJIMKAJIO B CTYJIEHTIB IHTEPEC, CTUMYJIIOI0UN IIPAII0OBATH BCIX,
HABITH CJ1a00 MiJITOTOBIEHNX. fIKICTh 3HAHD TTPU I[LOMY BIJIMYTHO 3pOCja; MOHATTS
3aCBOIOIOTHCS Kpallle, CTYJIEeHTH YITKO BU3HAYAIOTh CYTTEBl O3HAKU SIBUIII.

PesysbraTin eKcriepuMenTy MOBHICTIO IiITBEPAUIN BCl TIITOTE3W Ta MOJ0ZKEH-
HsI, 1110 OyJin BHCYHYTI 1epe/i iforo mnposejentsim. Bukopucranns OT intencndi-
KY€ BUBYEHHSI TEOPETUUYHOI'O MaTepiajly, 3a PaxXyHOK 4Or0o 3aJIUIIacThCs [MeBHU
BULIBHUIT Yac, SKuil MOXKHa BUKOPUCTATH JIJTd HAOYTTS psily TPAKTHIHIX YMiHb Ta
HAaBUYOK. A TOJIOBHE, IO AKICTh 3HAHB 1 YCIIITHICTD P I[OMY BiIUyTHO 3pOCTa~
I0Th.

Mixk BigoMuM IeJaroridyHuM JOCBIJIOM 1 CTBOPEHHSM IIOC/IIJIOBHOI CHUCTEMU
dopMyBaHHS Ii3HABaJbHOIO IHTEPECY CTYJEHTIB J0 BUBUYEHHA (PI3UKHU 3a JOIO-
MOI'0I0 CydacHUX iH(MOPMAIIiHIX TEeXHOJIOr - IIsIX Bejukuil. Ha mpomy muissxy
HAJIEZKUTH PO3B’sI3aTH OaraTo BeJUKUX 1 MaJMX IejJarorigaux mnpobjem. Och jie-
sIK1 3 HUX: 3a0e31e4eHHs] aKTUBHOCTI BCIX CTYJIEHTIB I'DYIIH, PI3HUX 3a XapakTepa-
MM, PIBHEM IIIJAMOTOBKH Ta IHTEpecaMu, BU3HAUEHHs MICId, dKe IOBUHHA 3aiiMaTn
TBOpYa aKTUBHICTH CTYJAEHTIB 3 BuKopuctanusaMm IIK y cucremi inmwmx neTBOp-
quX BB poOIT (TpeHyBasbHI BIPABHU, MOSICHEHHsT TOIIO ), MPUHIUIIB, AKUX CJIiJ
JIOTPUMYBATU TIPH IMi100pPi TBOPUNX 3aBJIaHb, JIJIT BUKOHAHHS AKUX CTYJIEHTH KO-
PUCTYIOTbCA CydacHUMM 1H(MOpMaIiitHUMI TexHojorissMu. [lijikoMm 3po3ymisio, 1o
PO3B’d3aHHA IUX TPOOJIEM 1 CTBOPEHHS HayKOBO OOIPYHTOBAHOI CUCTEMU TBOPYO-
I'0 PO3BUTKY CTY/EHTIB HEMOXK/IMBE 0€3 CILIBHUX 3yCH/Ib BUKJIAadiB 1 BUCHUX.
Y 1ijiomy OyJib-gKUil TBOPUMIi 1eJlaror, MadyTh, JIABHO TOJILJIAE JIyMKY IIPO HE0O-
XIJIHICTh BUKOPUCTAHHS KOMIT IOTEPHUX TEXHOJIOTIH Y 1IpoIieci BUBYEHHS (DI3UKM.
OueBuIHO, BCIM TEOPETUUHO 3PO3YMLJIO, IO KOMII'IOTED € ChOTOIHI HaBarK/INBi-
IIUM IHCTPYMEHTOM BUKJIQJIaHHS He TiJIbKHU (DI3UKU.
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BucunoBkn

Ha ocnoBi jocBijy Bukopuctanug 11K MoxkHa 3poduTH Taki BUCHOBKHU i pe-
KOMeHIalil:

1. BukopucraHnHsi KOMII'IOTepa iCTOTHO aKTUBI3Y€E 1 IIEBHOIO MipOO IIOJIErIIy€
CHPUITHSITTSI OCHOB (DI3UKH.

2. € joniibHIM TTocuieHHs crenkypey «Pisukas MuK/I0M J1abopaTopHUX podiT
Ha KOMIT IoTepax JijIsd MOTJINOJIEHOT0 PO3YyMiHHS (DI3UIHUX MOHATD.

3. [Ipuckopene cupuitHATTS IUCIUILIIHN 38 JTOTIOMOTOIO0 KOMIT IOTEPHIX TEXHO-
JIOTiit He 301/IbIINTL 00CAT MOJUH, BUJIIJIEHUX JIjIsI BUBUEHHSI (DI3UKMU.

4. Bukopucranng indopMaIiiinux TeXHOJIOTil y mpolieci BUBYeHHS (Pi3UKHU He
TLIBKU MTOTJIMOJIIOE 1 TOJIIIIITY€E MpoTiec HaBYaHHs (DI3UKH, ajie it iCTOTHO BILIMBAE
Ha 3aKpillJIeHHs] HaBUYOK KopucryBada EOM.

5. 3acTocyBaHHsT KOMIT FOTEPHUX TEXHOJIOTIH JIa€ 3MOTY BJIIOCKOHAJNTH METO/I1
it bopMu HaBUaHHS, AKTUBI3YBATU Ta 1HIWBIIya/ i3yBaTH HOTO.
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ACIIEKTU 2KNTTEAIAJIBHOCTI JIFOAMHN IIP1 BUBYEHHI
OISNKUN B 10-MY KJIACI

Busuenns dpeHoMeHa JIIOJUHU IILIAXOM BKJIIOYEHHS MaTepiaay O (DI3MYHUX ACIEeKTaX >KUTTE-
JIisJIBHOCT JIIOJUHU B po3jiin nporpamu kKypcy QPizuka-10 jromomozke po3s’szaTu 1mpodseMmy
CaMOIII3HAHHSI JIFOJIMHN B TOYHUX HAYKaX.

Koo4oBi cioBa:  ¢hisuxa, A100una, scummediasoHicms, CaMONI3HAHHA.

Bceryn

OCHOBHUM HEJIOJIIKOM ICHYIOUYOI JIO OCTAHHIX JeCATHIITHL XX CTOJITTS IPHU-
POJTHIYO-HAYKOBOI KapTUHU CBITY-BiJIaaeHicTh 11 B Jjogunn. Posrisiaerbed
BUKJIIOYHO OyJI0Ba 1 €BOJIIOIIsST KOCHOI pedoBuHHU. 2KuBa pedoBnHa abo He PO3-
IJISIIA€ThC 30BCiM, abo Tl BiABOJMTLCS POJIb JesIKiil 3HMKa4e MaJiil dacTuHi
KoCcMITHOTO 1ijtoro. Matoun Ha yBasi Kiracmany Hayky Jlaypeat HobereBchkoi ipe-
mil [.IIpuroxkun nurme: «T'parejiist cydacHOro po3yMy» posrajiaBiieMy TAEMHUITIO
BCECBITY «€ B TOMY, 110 OJHY 3araJKy BIH 3aMIHUB 1HIIOIO 3ara/IKOI0 - 3ara/IKoIo
camoro cebe»[1].

© Ilepepononbka A.C., 2011
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Ha nymky B.I. Bepnajicbkoro, cyTh HEOOXITHUX 3MiH B HAYKOBOMY CBITOTJIsI/Ti
— JIONOBHEHHS MPUPOTHIIO-HAYKOBOI KAPTUHU CBITY, 3aCHOBAHOI Ha JaHuX (Pizu-
KO — MaTeMaTUYHUX HayK, YsIBJICHHSMH PO »KUBY pedoBuHy. OcTaHHE € TaKUM
JKe TMOBHOIPABHUM 1 HalBaXKJIUBIIIUM KOMIIOHEHTOM MaTepiaJibHOTO CBITY, $K 1
«KocHa» pedoBnHa. Heobxinno, BBaxkae B.I.BepHajcbKkuil, BKIIOUEHHsI JIFOICHKOT
JIISIIBHOCT1 B KOHTEKCT MPUPOJHUYNX IIPOIECIB, PO3IJISJIaHHS 11 B IKOCT1 IIPUPO-
JIHITYOr0, KOCMIYHOTO (haKTopa. ToMy TaK BaKJIMBO B HAII Yac BUBYEHHs KOMILIE-
KCHOI 1Ipo0JIeMH JIIOJIMHE, 3BepPHEeHHsI 0 aHaJ i3y 11 cyTHOCTI, 6i0J10Ti1 1 TeHeTuKu,
11cuX0(i310I0ITIHIX MOXKINBOCTEl, BUBUEHHs 3B’sI3KiB 1INX (PAKTOPIB 3 PI3HUMHU
IJIaHeTapHO — KOCMIYHUMU IIPOIecaMy TOIIIO.

Taxum anrOM TTpob/IeME (POPMYBAHHS CBITOOAUEHHS, TyMaHi3allil 1 ryMaHiTa-

pusalil ocBiTH 1 caMOII3HAHHS JIFOJMHU TiCHO 3B’si3aHi. TouHI HayKu, ocobJIMBO
disnKa, MaIOThH JijIs pillleHHA IUX TPoOJIeM HEBUYEPITHI MOXKJIUBOCTI.
[Ipo BiuyzKkeHiCTH JTIOAUHT BiJT CBITY NpUpojiu nucan dararo Buennx: K. Momno,
[. Bepnajyicokuit, B. ITackasb Tomo. Ajie cyThb CKIIa€ThCd 3 TOrO, MO (heHOMEH
JKUTTS 1 JIIOJINHA, 9K BHUIA, Po3yMHa (opMa Horo mposiBy «HIOUTO BUIAIAIOTH 3
HPUPOTHUIO-HAYKOBOI KAPTUHM CBITOOY/I0BM ab0 BYKe CTAIOTh 3HMKAaloue MaJIolo
fioro JacTuHO0.[2]

[Ipo HEOOXITHICTH BBEJEHHSI €JIEMEHTIB »KUTTEIIAILHOCT] JIIOJINHI B BHUKJIA-
JlaHHi (DI3UKN HEOHOPA30BO MUCAJIN aBTOPH IIJIPYUYHUKIB 1 METOJMYHIX TTOCIOHU-
kiB: JI:xk.B.Mepion, €.A. Bezaenexnunii, [.C. Bpikman, JI.A. ApuumoBud Ta iHIi.
Ojinak B 6araThox CydacHHUX IiJIpyIHUKAX 3 (DI3UKH MPUKIA/IB, AKi MOsICHIOIOTH
OCHOBHI aCHeKTH KUTTENIATBHOCT] JIFOJIMHN B3araJji HeMae.

OcHOBHA 4YacCTHUHA

Amnasiz nmporpamn 3 isukn s CepegHiX MK 3 3araabHOl (Hhi3UKM, MEeTOIM-
YHOI 1 y4OOBOI JliTepaTypu IOKA3ye, 10 ITPOOJIeMi CAMOITI3HAHHIO JIFOJIMHU TTPU-
JIAETHCA JTy7Ke MaJio yBaru. Xoda 0araTo MpoIeciB »KUTTEMISILHOCTI JIIOITHHA
MOXKYThH OyTu 00’€KTOM BHUBYEHHS B (isuii. bo 6e3 camomizHAHHA HEMOXKIIBO
pPO3B’sA3yBaT MPOOJEMU CAMOBJIOCKOHAJIEHHS, caMoaKTyasizalii. Takum quHoM,
aKTyaJIbHICTh TEMU JIOC/IJIXKEHHS He BUKJINKAE CYMHIBIB.

[T yac anaaizy MeTOANYHOL JIITepaTypH, MKIJILHUX MIIPYIHUKIB 1 TEPEI0BO-
I'0 JIOCBiAY BUMTEJIIB HAMU OYJI0 BUJIIJIEHO YOTHPU (POPMEI BUKOpPUCTaHHs 0io(i3u-
YHOrO Marepiasty, sKi MU MPeJCTaBU/IN Y BULJIsLL giarpamu (quB. puc. 1).

3BicHO, Takuii po3mo/iia 6iodizndHoro Marepiaay BeJbMEI YMOBHUI. BiH Bij-
obpazkae (pOpMU BUKOPUCTAHHA MaTepiaty 0i0(i3uaHOro 3MIicTy, TKi CKIAJIICT Y
IPAKTUIl BUKJIaJaHHs (DI3UKI.
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PoboTa yuHis
B
apxigax, airep
aATYPHMX
Axepenax

MNoACHEeHHA
havmHnx |
SionorHmx
ABMLY

Po3g'asysanua Cxnapanua
33pa4 YUHAMM 23034
BionorivHoro Giodizuuroro

xapaxTepy XapakTepy.

Puc. 1: Qopmu 6iodiznunoro marepiamy

Takozk OyJ10 1poBe/IeHO aHKeTyBaHHs BunTeaiB ¢dizuku m.Coseap i M. Apre-
MIBCBbK 3 METOIO BUABJICHHS OCHOBHUX NPHUYNH, 9Ki 3aBaKalOTh BUUTEISIM Y CBO-
iif NpaKTHUIl BUKOPUCTOBYBATH IMPUKJAJIN 3B’I3aHi 3 YKUTTEISIILHICTIO JIFOIITHH

(puc.2).

B O6MeXeHICTb Yacy Ha BMBYEHHS
nporpamm

17% B HepocTtaTHbO Yacy Ha noLuyk
NPWKNaaiB OCHOBHUX acrekTiB
XUTTEQIANBHOCTI NMIOANHN

@ HepocTaTHs NpoiHGOPMOBaHICTb
npo nitepatypy GiodianyHoro

23% .
3micTy

27% O HepoctatHe meTogmyHe
OCHalL eHHs KabiHeTy hi3nku

Puc. 2: Tpynuom, gKi 3aBaKaloTh BUUTE/IsIM BUKOPUCTOBYBATHU ITPUKJIAN HA YPOKax (pizukm

3 MeToI0 ToJIIIIeHHsT pob0oTH BUnTe iB—(hi3ukiB y 10X Kracax MU IIPOIMOHYEMO
JI0 JIesIKUX TUTaHb KaJleHJIapPHO-TEMATUYHOIO IIJIaHYBaHHS MaTepiaJl BiJIIIOBIJIHOL
TEeMaTUKU.

Hamu O6ysin po3pobJieni ¢pparMenTH 1J1aHiB-KOHCIIEKTIB Ha, JIOTIOMOT'Y BUNTEJTIO
Ta YUHIO, S9Ki Oy/yTh CHPUATH BCEOIUHOMY PO3BUTKY OCOOUCTOCTI.
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Tema 3mict  GiosoriuHmx Meta ypoky
3HAHb IIPO JIIOAWHY,
nos’sa3aHuX 3 Qi3u-
YHUM MaTepiajiom

1 | I. KIHEMATUKA Mexaniuni MoxKauBOCTI | [loAacnumu 0CHOBHE  MOHCAUBO-
Mexaniunuii pyx Ta ioro BU- | >KMBOTO OPraHi3My. CMI HCUB020 OP2GHIZMY
. OcHoBHA 3aj1a9a MexaHi-

KI Ta C11ocoou 11 po3B’si3aHHS
B KiHEeMaTHII].

2 | ®isuune Tino it marepiasbua | Mexaniuni mnapamerpu | 36azamumu 3HAHHA YUHIE NPO
TOYKA. JIIOJTTHY OCHOBHI MOKASHUKU  HCUMMEDi-
Cucrema BijTiKy. ANOHOCTNE JNOOUHU.

3 | BignocHicTh MexanigHoro | Posp’ss3aru 3amaqi Ha | Haswumucs eusnauwamu mpac-
PYXy. 3HAXOJ/ZKEHHSA TPAEKTO- | KMOPUo Pyxy.

TpaekTopis pyxy. pii pyxy Tina.

4 | PiBaomipuuit  mpsamosiniit- | ['pannana mBujgkicts. | Hasecmu npuxaadu makcumans-
HUI pyX. [IIBukocTi Oiry. HOT WBUIKOCME 8IABH020 NAVTHHA
[Ingax 1 mepeMinieHHs. AOOUHU; BUSHAMUMU HA CKINDKU
[IBuakicTs Pyxy. weudko mootce biemu A100uHa.

5 | PiBmompuckopenmit pyx. | Peakis :xuBux oprani- | Po3susamu 3nanma npo abiomu-
[Tpuckopenus 3MIB Ha PYX 3 MPHUCKO- | YHi PaKmMopu HABKOAUUMHBDO20 Ce-

PEHHAM pedosuuLa i BMIHHA OUIHIOEATU
iz 0o Ha Ardcvkuti opeaHizm.

6 | IlIBuakicre Tima Ta mpoiine- | «BUSHAYEHHA CFE- | Hasuwumuca 6udnauvamu weuo-
HUH 1UIsX 1ig ac pisronpu- | PEJHBOI HIBHJIKO- | kicmub 06 cxma, axud pienomipro
CKOPEHOT'0 PYyXYy. CTI PYXYV» PYTAEMBCA.

['padik pyxy.

7 | JIabopamopha poboma | Po3p’szaTu 3a1a4i Haswumucsa eusnavamu ¢izunmi
Neg «Busnauennss  upu- BEAUMUHU NL0 “aC PIBHONPUCKO-
CKODEHHd TlLla IIiJ  dYac PEHO20 PYTY MIAG.
PIBHOIIPUCKOPEHOT'O PyXYy»

8 | Bisbne najiinas TiJI. [Ipuckopenus Biib- | Qopmysamu 3Hnanns npo @hidu-
[IpuckopenHs BiJIbHOTO I1a/li- | HOI'O HaJHHSA- | YHI TaApPaxmepucmuky cepedosu-
HHS. XapaKTePUCTUKA W ICHYBAHHA AOOUHU.

rpaBiTalifHOroO  IOJIsI-
daxTop KUTTS.

9 | PiBnomipauit pyx wmatepi- | Peakist iogcbKoro op- | 36azauysamu 3HaHHA YuHi8 NPO
aJIbHOI TOYKU TI0 KOJIY. raHizMy Ha PyX 3 JI0- | NOKA3HUKU HOPMAADHUT — YMO8
[Iepiox i obepToBa YacToTa. | HEHTPOBUM IMPHUCKOPEH- | HCUMMA Ha 3eMAi ma iT 3MIHU
Kyropa mBuakicTh. HSIM. 6 npouect A100cvKoi AANLLHOCTII.

10 | Po3B’sai3yBanns 3a1a4. Pyx majatouunx Tij. Hasvwumucsa nayxoso obs'pyrnmo-

sysamu pyxr nadaowur mis (na-
pawymucmy).

11| TO. Banik (mmcemosuit) 3a | Poss’azaru 3amaqi Ouinumu  3HaHHA, YMIHHA MG
temoo «Kinemarukas HABUYKU 3 BUBYHEHOL TEMAU.
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Hanmit MeToanuauil MaTepiaj J03BOJUTH BUYUTENIO B CBOINl HiSJILHOCTI BH-
KOPHUCTOBYBaTH MaTepiaJj, 3B’sd3aH1il 3 OCHOBHUME acIeKTaMU KUTTETISTbHOCTI
JIIOJINHY, 1 He BLIIYBATU MPHU I[OMY TPY/AHOIIIB y TONIYKY 1 #Oro BiOOpi s
KOHKPETHOT'O 3aHSATTSI.

[Ipobsiema caMoIizHAHHS JIIOJIMHE B TOYHUX HAYKaX MOYKE PO3B’si3yBaTHCs Pi-
sHMHU 3acobamu. Mok/inBe BuUBYeHHsI (DeHOMEHa, JIIOJIMHU IILJISIXOM BKJIIOUEHHSI
MaTepiaay O (PIBUYHNX acleKTax KUTTEISILHOCTI JIIOAMHN B PI3HI PO3JILIN MTPO-
rpamu Kypcy Pisnka-10 B gK0CTI TPUKJIA/IIB 3aCTOCYBaHHS BUBUEHOTO MaTePiaIy.

@parmenTn po3pobsieHol Tab/uil po3MmimieHi Buiie. B Hiit iige nepesiik Tem
3a [IPOrpaMoI0 Ta, MPUKJAIN (PIBUUHUX ACIEKTIB >KUTTEISI/ILHOCTI JIIOIMHU, SIK1
MOKHa BUKOPUCTOBYBATH Ha YPOKaX.

@parmenTn MigidpaHux MaTepiajgiB Oy/JM HaMU 3alIPOIIOHOBAHI BUUTEJISIM
BOHI m. Cosneap i M. ApremiBebk. Ha jiymky BunTestiB januii marepian € ede-
KTUBHUM Ta JIOIIJILHUM y BUXOBaHHI YUHIB, BUKJIMKAE 3alllKaBJEHICTb JITell 10
BuBYeHHA (hizuku. Tak, HAPUKIaI,B X0/ Ypoky B 10-my Kiaci 3a Temoro: «Ba-
ra 1 HeBaromiCcThb» pO3IJigjajach pPeakllis JII0JChbKOIO OpraHi3My Ha CTaH HeBa-
roMOCTi. Y Y4HIB BUHUKJIO OaraTo 3alWTaHb JI0 BUNTEJNs TaKi sK: KOJU HACTAE
HEBAIOMICTb, K OPIraHi3M JIIOJWHU [1€PEHOCUTH HEBAIOMICTb,YM MOXKHA YCYHYTH
HOPYIIEHHS BECTUOYJISIPHOTO amlapaTy IIij] Jyac HeBaroMOCTI UM YCKJIQJHIOE CTaH
HEBAroMOCTi IpoIec pOOOTH Ha KOCMIYHOMY KOopabJii Toio. /leski y4aHi mporony-
BaJIU IANOTYBaTU JIONOBIIb 3 I1€T TEMU Ta [IKABUJIMCH J0/IaTKOBOIO JIITEPATYPOIO
3 IBOT'O 3aIUTAHHSI.

Knac B AKOMY He BHKOPHCTOBYBA.IH Knace IKOMY BHKOP HCTOBYBAJIHCS
MaTepia. HP HKJIAH 3 5KHTTE AL HOCTL JEOJHHE
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Puc. 3: PesyabraTu jrocizkenns
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st Toro mob IepeKkoHaTucs, 10 IijidpaHuil HaMKU MaTepiaJ Mae AKYyCh
KOPUCTb OYJI0 TpOBeJIeHEe JIOC/IIKeHHsT e(DeKTUBHOCTI 3aCBOEHHS TEeM 3 KypCY
dizuku-10. Pesyiabraru mporo J0c/iizKeHHsI IpeJIcTaBIeH] Ha PHUC. 3

BucuooBkn

[TijicyMKOBHiT KOHTPOJIb ITOKa3aB, MO yUHI, SKUM IIPOIOHYBABCS 3MICT 610J10-
IYHIX 3HAHB PO JIIOJIUHY, ITOB A3aHUX 3 (PISUIHUM MaTepiajioM, MOKa3a/ Il BUTII
piBeHb jlocarnenb. [l pesynbrarn € 100puM JT0Ka30M TOTO, MO BUBYEHHS OCHOB-
HUX ACIEeKTiB YKUTTEMISIILHOCTI JIIOAMHN IIPU BUKJIAJaHHI (PI3UKN € HEeOOXiTHUM
eJIeMeHTOM YI00BOI JISJILHOCTI POOOTH BUMTEIS 1 caMocTiiinol poboTn yuns. Jlamni
MeTOJ/INYHI MaTepiain PO3BUBAIOTHL Y YUHIB Mi3HABAJbHUI IHTEpEC JI0 PeJMeTy i
PO3IINPIOIOTE KOJIO 1X 3HAHB PO POJIb (DIBUTHUX SIBUII 1 IIPOIECIB B XKUTTE i/ Ihb-
HOCTI JiiojiuHu. Bouu cupusiors 6116 TIrbIIeMy 3aCBOEHHIO (DyHIaMEHTATLHIX
MPUPOTHUIO-HAYKOBUX MOHSATH, 3aKOHIB, Teopiit, (hopMyBaHHIO HAYKOBOI'O CBITO-

LI LY.
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[lpy migroroBul CTATTl HeOOX1OHO NOTPUMYyBATUCh HACTYIHUX BUMOT :

1. Pykonucu nmojaiorbcst B OJIHOMY IPUMIPHUKY, HAJAPYKOBaHI YKPalHCHKOIO ab0
POCiiicbKOI0O MOBOIO Ha OJIHIli CTOPOHI apKyIlla Yepe3 OJIuH IHTepBaJl 3 MIUPOo-
KUMHW TIOJISIMI, CTapaHHO BHYUTaHI 1 po3Miveni. [IpumipHuk moBunen OyTu
odopmyIeHnit BIOBIIHO 10 3a3HAYEHUX HUYKUE BUMOT 3 00OB’SI3KOBUM ITi/I-
MUCOM aBTOpa (yCiX aBTOpIB) CTATTI.

2. CrarTd NOBUHHA BKJIIOYATH:
(a) mpizBuIme Ta iHiniagn aBTopa (aBTOPIB) Ta HA3Ba yCTAHOBH, JI¢ BUKOHAHA

pobora;

(b) Ha3By cTaTTi (AKIIO 3ar0JIOBOK CTATTI JOBIHi, TO MOJATH TAKOXK HOrO
KOPOTKHWIT BapiaHT, He Oijbiie 40 3HaKiB);

(c) immexe VJIK; amnoramnito (10 5 psaakis);
(d) xKopoTKmit BCTYIT: OCTAHOBKY 3a/1ati, OJlepsKati pe3yIbTaTi;

(e) dopmymOBaHHS OJIePKAHIX ABTOPOM HOBUX PE3YJIBTATIB 1 MOBHE iX JI0-
BeJIeHHs, sIKi paHiIe Hijie He Oy omybJiKoBaHi a00 MojIaHi J10 PO3IJIsiLy
B IHIIU KypHAJI;

3. o (ApyKoBaHOro BapiaHTy) cTaTTi 000B I3KOBO JIOIAETHCS €JIEKTPOHHNIT Ba-
pianT, nigrorosienuit y dopmari LaTeX (*.tex) (ra iioro xormist y dopmari
PDF) 3 Bukopucranusm ctuiboBoro daitay (znpfizmatsdpu.sty) Kypuasy
Ta MakeTHOro aiiy (exampleznp.tex) 3 JOTpUMAHHSIM BCTAHOBJICHUX T4~
pametpis (preambulaznp.tex).

4. Anpeca jisa smcryBanns: 84116, m. Ciop’gnebk, Jlonenpbka 001., BYyJI.
['.Bartioka, 19, Jlekanar ¢izunko-maremarudnoro daxkynabrery CIITY;

e-mail: znpfizmatsdpu@ukr.net, reredonn: (06262) 3-26-59.

5. Y BUIIJIKy aBTOPCHKOI'O KOJIEKTHBY BKa3aTH IPi3BuIle Ta e-mail Toro 3 ap-
TOPIB, 3 KUM PEJKOJIErisl MOXKE BECTH JINCTYBAHHSI.

6. Daiiin npuksagy odOpPMIEHHS cTaTell Ta BUMOIM MOYKHA 3aBAHTAYKUTH 34,
agpecoto  http://www.slavdpu.dn.ua:8080/znpFizmat2011.zip.

7. CraTTi, HiArOTOBJIEH]I B IOPYIIEHHS 3a3HaYeHUX BUMOT, JI0 PO3IJISLY peja-
KIIIITHOTO KoJierieto KypHaay HE nmpuitmaiornes.

8. CrarTi 10 pyroro Bumycky (2012 pik) npuitmarorbes 1o 1 kBiTHs 2012 poky.
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