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Bia penakiiiinol koJierii

I[MTanoBHi unTadyi!

Bu TpumaeTe B pyKax 4eTBepTHil BUIIYCK «30ipHIKa HAYKOBUX IIpallb (Di3uKO-
MaTeMaTHIHOro (haKyIbTeTy» JIePyKaBHOT'O BUIIOIO HaBYaJIbHOIO 3aKjaly «/loH-
bachbKMil Jep:KaBHUI e aroriqHuil yHiBepcuTeTs. BujiaHHs HayKOBUX Ipallb BU-
KJIJa4iB, CTYJEHTIB Ta MOJIOJINX HAYKOBIIB (PI3MKO-MATEMATUIHOTO (PaKyIbTETY
JUIITY zamouarkoBano y 2010 pori, Koam pe3yiabTaTu HayKOBUX JIOCTIIZKEHb
Oys10 OIyOJIIKOBAHO OKpeMolo cepieto «Pizuko-MaTeMaTndHi HayKuy B 301pHUKY
HayKoBUX Tpallb «llomykum i 3Haxijikn» 3a MarepiajlaMi HayKOBO-TPaKTHIHOI
koHdepentii CITY «Akryanbui murannst vHayku i ocsituy (CITY, 20-22 xBi-
tas1 2010p.).

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

OcHoBy 30ipHIKA, CKJIa/1al0Th IOBHOTEKCTOBI CTATTI JOIOBiIeil Ha IHOrOPIdHiik
BeeykpalucbKiit HayKOBO-IIpaKTUUHI KOH(epeH il « AKTya IbHI TUTAHHA HAyKH 1
ocituy (Crnos’sneek, JJIITY, 22-24 ksitast 2014p.). OcHOBHI pe3yibraTi JI0mMo-
BiJIa/INCh Ha CEKIITHUX 3acilaHHgIX Ta OyJiM PEKOMEHJIOBaHI JI0 JIPYKYy TI'OJIOBaMU
CeKIIiil, 3aBiIyBavaMi BUITYCKOBUX KadeIp Ta HAyKOBUMU KePIBHUKAMU BUITYCKO-
BUX POOIT.

3acHOBHUKN 30ipHUKa MaiOTh HaMip 3p0OUTH HOro MakKCUMAaJIbHO BiJIKPUTUM
sIK JIJISI aBTOPIB, Tak 1 JUIsd 9uTadiB. BiH BUXOIUTL OJIMH pa3 Ha PiK y IPYKOBAHOMY
Ta eJISKTPOHHOMY BHUIVIsIII. EJieKTpoHHa Bepcisd »KypHaJy Ta iHdopMallis o0
CIIBIIpalll 3 aBTOpPaMM € JIOCTYIIHOIO Ha OodiliifHOMy caiiTi 30ipHUKa 3a aJpecoro
http://ddpu.edu.ua/fizmatzbirnyk/begin.htm.

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



Jlo 75-piuugd
Hanarouiii Biktopa OJsekciitoBu4a

Hanaroduiit BikTop OJekciitoBud Hapo-
nuBcs 7 ymcronaga 1939 poky y micti [Tostonme
XMeJbLHAILKOI 00J1aCTl.

Sakinuup JIbBIBCHKHUIT €IEKTPOTEXHIKYM
3B’s13ky  (1957), XapkiBebKuii 1oJiiTexHiaHmii
incturyT imeni B.I. Jlemima, pajmiorexnianmit
daxyabrer (1966), 3axuCTHB  KAHIAUIATCHKY
mucepraiio (1975) B Incruryrti meranodizu-
ku AH YPCP na temy «/lociimKennsi 3aKo-
HOMIpHOCTelT HU3bKOTEMIIEPpATYPHOI MIKPOILIa-
cTraHOoI stechbopMariii MOHOKPUCTAJIYHOTO T'ep-
MaHiio 1 KpemHio», y 1976 pori iftomy mpucy-
JIZKEHO 3BaHH¢ JIONEHTA.

3 1984 poky 1o jaHuii Jac mpairoe Ha Io-
caJii 3aBijlyBada Kadeapu (pisukim.

HayxkoBi jociijizkents mpoBOUTh y raJysi (hi3ukn HaIliBIPOBIIHUKIB Ta Ha-
HiBIPOBIJIHUKOBOI €JIEKTPOHIKN. Po3pobuB jiuc/ioKaliiiHy Teopito HU3bKOTEMIIe-
paTypHOI MIKPOILIACTUIHOCTI aJIMA30I0II0HIX KPUCTAIIB. 3a pe3yJibTaTaMi X
nocizkensb y 2007 polli 3aXUCTUB JIOKTOPCHKY JIMCEPTAINIO Ha CIelia i30BaHiit
Bueniit pajii XapkiBchbKoro HalionabHoro yaiepcurety imeni B.H. Kapasina na
temy «Mikporutactnanicts anmaszononioanx kpucraais (Si, Ge, GaAs, InAs)» 3a
cueriaibHicTio 01.04.07 — disuka TBep/ioro Tija.

Biktop OutekciitoBud BukJiajgae Maiizke yci po3iiim 3arajabHol (izuku, Gpisuky
HAITIBIPOBLIHUKIB Ta paJjioenekTponiky. Mae 140 naykoBux myoOstikariiit y 3apyoi-
JKHIX Ta (PaXoBUX BUIAHHIX YKpaiHu.

Pimennstm Arecrarniitnol kosterii MOH Vkpanu Bijg 23 rpyanst 2008 poxy
Hajrouiit Bikropy OJiekciiioBudy IpUCBOEHO BUeHe 3BaHHs Ipodecopa Kadeapn
disukn. Il ftoro KepiBHUIITBOM Ha creliajgi3oBaHiil BUeHiii pajii XapKiBCHKO-
ro HallloHaJIbHOTO yHiBepcuTeTy y 2008 poli 3aXHCTUB JUCEPTAII0 Ha 3J00yTTd
BUEHOT'O CTYyIeHsT KaHuaaTta dpizuko-maremarndnnx Hayk Mockasb Jlerunc Cre-
nagopud, a y 2013 pori 3aBepiiuB 1 mojaB [0 3aXUCTy JAUcepTaliio 3 (pizuku
HAIIBIPOBIIHUKIB acipanT Ykosos OJekciit IBanoBud.



[Ipodbecop Haarodiit B.O. € kepiBHUKOM KypCOBHX, JUILJIOMHUX Ta Maricrep-
CbKUX po0iIT, BiH € yjienoM Buenoi paju /Jonb6achbKoro jiepKaBHOIO I1€1aroriqHoro
VHIBEPCUTETY.

3a pesysnbraramu gociikenb mig kepiBaumnrsoM B.O. Hanrodiit y 2012 Ta
2013 pokax OTpUMAHO JIBa MATEHTH Ha BUHAXIJ
Ne 97999 «Criocid Bu3HaUeHHsT MipH JeEKTHOCTI MPUITOBEPXHEBUX IAPIB MOHO-
KPUCTAJIIB repMaHifo abo KPEeMHII0»,

Ne 101705 «Crocib cTBOpeHHSI HAHOCTPYKTYD Ha MOBEPXHI I'epMaHiio»,

S L

o

LR AN A BN A S A A,

A By
Ry 2y R o SRR



o 75-piuus Hadmowiti Bikmopa Oaexcitiosuua

G

oy ——
RN

£
2

™A

<Y

v
7
i
G
%ﬁ
&
g
&
g

' )
SSNESSAY

Bucoka pe3y/ibTaTUBHICTH HAYKOBO-IIeAaroriauoil JgisibHocti Bikropa OJiekci-
ftoBuYa oIfiHeHa 1 BiJ3HaUeHa pPsiOM HATOPOI:
e rpamoroio MOH Vkpaiun Tta smakom «Bigminauk ocitu Ykpalnn» (Hakas
Minicrpa ocsiti Ne 452 i 08.07.1999 p.),
e [louecHoro rpamororo /loHernbKoi 00J1aCHOI JepKaBHOI aIMiHICTpallil y »KOBTHI
2004 poxky,

e [louecnoro rpamororo MOH Ykpaiuu y simnnai 2007 poxy.

Iupoceporo eimaemo Bac, warosnut Bixmop Oaekcitiosuy, 31 3HAMEHHON0
damoro y Bawomy orcummi!l Bascaemo Bam miunozo 300pos’s wa dosei poxu,
wacmas, dobpobymy, MEoPU020 HAMIHEHHA MaA NAOHOT NPai Ha Haykosill Huei!
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11.

12.

13.

14.

15.

16.

OcHoBHI Ta Halbiabor Baromi npamni B.O. Hanrowiii

. Hucyiokanuonnasi CTpyKTypa MOHOKpucTta/uioB LiF B yc/IoBUSIX PE3KMX TEPMUYECKUX M3MEHE-

awit / B.A. Hagrouwit, H.K. Heusomoz // YOZK, Ne 6, 1969.

. Usmepenne D/IC Xosuia Ha lepEMEHHBIX 9JIEKTPUIECKUX M MArHUTHBIX 10J1s1x / B.A. Hagrounit,

H.K. Heusouoz // IITD, Ne 2, 1970.

. HeKOTOpre 3aKOHOMEPHOCTHU CTYHEHLIaTOfI IIOJIBYy9I€eCTU MHOKPHUCTAJIJIMYIECKOI'O Ge n Si opu KOM-

naTHoil Temueparype / B.A. Hajxrounit,I1.B. Anexun, H.K. Heusonon, M.X.IIlopmopos // C6.
«JledbeKThI CTPYKTYPBI B MOJIYIIPOBOAHNKaX». — HoBocubupck, 1973.

. O mnacruueckoit nedopmariun Ge u Si IpU KOMHATHON TeMIIEPATYpPe B YCJIOBUSIX OJHOOCHOTO

ckarust / B.A. Hagrouwii, I1.B. Anexun, H.K. Heusosnon, M.X.Illopmopos // C6. «ledexrst
CTPYKTYPHI B MIOJyIPOBOAHUKAX». — HoBocubupck, 1973.

O NpUMEHNMOCTH TEOPUU YIPOUYEHUS K ONMCAHUIO JMHCTBA 3aKOHOMEPHOCTEl /1ehOpMUDOBaHUSI
B PA3JIMYHBIX yCJIOBUAX OJHOOCHOrO pactsizkenus /| B.A. Hajarouwii, A.Il. Tuxounos // «IIpobGiie-
MBI IpOYHOCTH», 1973. — Ne 5.

. YcTaHOBKa JJId UCCieJOBaHud I10JI3y1eCTHU aJIMaSOHO,ZLO6HbIX IOJIYIIDOBOJHUKOBBIX MaTepHaJIOB

upu komuarnoit Temmeparype / B.A. Hamrounit, H.K. Heusosoz, A.Il. Tuxonos // «3aBomickas
sraboparopusi», 1974. — Ne 1.

O nyractuaeckoit gedopmaluy repManus Ipu KOMHaTHON Temueparype / B.A. Hagrounii, B.I1.
Anexun, H.K. Heusoson, A.I1. Tuxonos, M.X. [Ilopropos // ®u3. u xum. 06pabOTKU MaTEpH-
amgoB, 1974. — Ne 3.

. HexkoTopble 3aKOHOMEPHOCTH CTYIIEHYATON IOJI3YYECTH MOHOKPHUCTAJLIMIECKOTO TepMaHUsl IpPU

300 K / B.A. Hagrouwii, B.II. Anexun, H.K. Heusoson // ®@us. u xum. 06paboTKH Marepua-
JioB, 1974. — Ne 5.

O 3aKOHOMEPHOCTSIX IJIACTUIECKOH JedopMaluu KpeMHusi IpU KOMHATHON Temieparype / B.A.
Hanrounit, B.IT. Anexun, H.K. Heusomon, M.X.ITlopmopos // ®u3. u xum. 06paboTKI MaTepu-
ajoB, 1974. — Ne 6.

HayprouniiB.A. VccnenoBanue 3aKOHOMEPHOCTEH HU3KOTEMIIEPATPHON MUKPOILIACTUYECKONR Jie-
dopMaI MOHOKPHUCTAITMIECKOTO TePMaHUsl M KpeMHUst: ABTopedepar Juc. ... Kau. (Hu3.-Mar.
nayk: 01.04.07 / AH YCCP Uncruryr meramnobusuxku. Kues, 1975. — 26c.

O mnacruaeckoit medopmanuu Ge m Si Ipu KOMHATHONM TeMIIEpaType B YCJIOBHUSAX OTHOOCHOTO
cxkarus /B.A. Hagrounit, B.II. Asexun, H.K. Heusosoy //C6. «Merajummueckne MOHOKpHUCTAJI-
aer». — Hayka. — Mocksa, — 1976.

OcobeHHOCTH MUKPOILTACTUIECKON TeOpMAIIE TepMAaHUsT B YCJIOBUASIX OJTHOOCHOTO CXKATHUSI TIPU
koMmHaTHO! Temmeparype /B.A. Hagrounit, B.I1. Anexun, H.K. Heusomon. //C6. «Merasme-
ckre MOHOKpucTtaabl». — Hayka. — Mocksa, — 1976.

Huskoremneparypnas gedopmanust B MoHokpucraimiax Ge u Si / B.A. Hagrounii, B.II. Aue-
xun, H.K. Heusosoy // C6. «MoHOKpHCTAJIBI TYTOIJIABKUX M PEJIKUX METAJLIOB CILIABOB U
coenunennit». — Hayka, — Mocksa, 1977, C. 150-156.

CTpyKTypHO-KHHETUIECKHE 3aKOHOMEPHOCTHU IBUXKEHUS JIUCIOKAINi B MOHOKpucraaiax Ge u
Si B mmskoremmneparypaom naTepsase 20-300 K / B.A. Hagrounii, A.3. Kamumber. — Bicuuk
AH YPCP, 1978 — Ne 7.

HexoHcepBaTuBHOE JBUKEHIE POCTOBBIX JIUCJIOKAINI B MAKPoOOpasax U HUTEBUIHBIX KPUCTAJI-
nax Ge m Si B ycaosusx oanoocnoro czkatus npu 20°C / B.A. Hagrounit, B.IT. Anexun, B.B.
Tocnomapesckuii, M.X. [TTopmopos // IIT BeecotosH. cosemanne «/ledekTbl CTPYKTYDBI B IOJIY-
npoBosiHuKax» — 4. 1. — HoBocubupck, 1978.

Brustaue HU3KOTEMIIEPATYPHON MUKPOILIACTUIECKON J1ehOPMAIIMIE HA JI. CBOMCTBa KPEMHU-
eBelx p — n uepexonos /B.A. Hagrounmii,A.¢l. Bemomanka, A.3. Kamumber // ®usz. u xum.
obpaboTku Marepuason, 1985, — Ne 1.
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BaskHblil pe3epB MOBBINEHNsT KA4eCTBa MPOMECCHOHATBHOl MOJANOTOBKY BBIITYCKHUKOB TI€/IBY34a, /
B.A. Hanrouwmii, P.B. Oneitauk // Tesucer Beecorosnoit koudepennuu AH CCCP. O6mecrso
ncuxoJioros. — Mocksa, 1988. — C. 76-77.

Pacder aucioKammoHHBIX JIOHOPHBIX yPOBHEH B IIEJIOYHO-TAJOWIHBIX KPHUCTALIAX HA OCHOBE
9KCIIEPUMEHTAJLHBIX JIAHHBIX O HU3KOoTeMmIiepaTypHoii noasyuectu / B.A. Haxrounii, H.K. He-
gBosion, B.A. Bonoryxun // C6. «Pusnka TBepaoro renay. — Jonenk, 1988, C. 60-64.

[Tyru peasmsanuu 1pobsiemuoro obyuenusi Ha jeknusx /B.A. Haxrouwii, JI.C. Ilypeiruna //
Tesucor Beecorosnoit Hayaro-MeToanIeckoit KondepeHimn «MeTomomorndeckKne, JuIaKTHIeCKIe
U TICUXOJOTTIECKHE ACIIEKThI TPOOJIEMHOT0 00y YeHusT (PUSUKE>.

[Tcuxosrormaeckie OCHOBBI TBOpYeCTBa 1 ipobiemuoe obydenne /B.A. Haxrouanit, JI.C. Illypsiru-
Ha // Meronosorndeckue, MUJIaKTUIECKUE U ICUXOJIOMMYECKIE ACIIEKThI TPOOJIEMHOTO 00y YeHMsI
dusuke. Tesucwr mokmanoB 2-it Beecorosnoit mHay4uno-merogmdeckoin koundepennuu. — Jlonenxk,
1991. - C. 18.

06 3 PeKTUBHOCTH HCIIOJIB30BaHUs TPOOJEMHOTO ODYYeHUsI Ha IOATNOTOBUTEIBHOM OTIEsIe-
uun / B.A. Hagrouwmit, B. H.Peibennies // Meromosorunaeckue, TUIaKTUIECKUE U MCUXOJIOIH-
YecKre acCIeKThl IpobsieMHoro obyuenus dpusuke. Tesuchl m0Kaa10B 2-i1 Beecorosmnoit nay«ano-
Meroamdeckoit kondepennun. — Jownenk, 1991. — C. 95.

TOK B TOUEUHOM KOHTAKTE IOJIYIPOBOJHUKA C JIeDEKTHBIM TTOBEPXHOCTHBIM cjioeM /B.A. Ha-
rounit, H.H. Tomogenko, B.A. Ceupuiok // Crassuck, CI'TIN, 1992.

ABromarusupoBaHHasi ycTaHOBKa Ha 0Oaze MUKpOIBM i onpejiesieHusi KOHIEHTPAIUU TPHU-
meceii B mosynposogaukax / B.A. Hagroumit, B.H. Tkauenko, JI.C. Ilypsiruna // Tesucst
nokjaioB 1 Mexnynapomaoit Koudepeninn «KoMIbioTepHbIE TPOrpaMMbl yIeOHOTO Ha3HAUE-
uusi». — Jonenk, oIV, 3-5 cerrsopst, 1993. — C. 270-271.

Ucciieiopanre MOBEPXHOCTHON MUTPAIUN BAKAHCHI B MOJIYIIPOBOIHUKAX T'€PMAHUsI B OCIUJI-
JUpytoleM 1oJie Mexanudeckux Hanpsikeauit /B.A. Hamxrounii, H.K. Heusomnon // CGopauk
«AKTyasbHble IpobaeMbl coBpeMenHoil naykuy». — Cios’sucek, CIIII, 1993.

Meronuka Bukaaganns remu «IIpocroposa korepenthictb» / B.A. Hagrounit, H.H. Tononenko,
H.K. Heusosnon // Coopuuk «AkryasbHble TpoOJIEeMbl COBpeMEHHOI HayKu». — CJIOB’SIHCBK,
CIIII, 1993.

Crymendarasi HU3KOTEMIIEDATyPHasi MOJ3y9ecTh Kak dpakranbublii mporecc / B.A. Hamgro-
quit, H. K. Heusosoz, FO.H. T'purierko // CHopHUK «AKTyaabHbIE TPOOJIEMBI COBDEMEHHON HAy-
ku». — Ciyos’sucwk, CIII, 1993.

Nudopmarusanust cucreMbl 00pa3oBaHusl KaK yCJIOBHE COBEPINEHCTBOBAHUSI €r0 COJEpIKaHusl /
B.A. Hagrouwii, JI.C. Illypuruna, H.H. Tononenko // Kom’rorepsi nporpamu yu60Boro npusHa-
venHs. Tesu nonosineit I1 Mixkunaposgaoi koudepenrtii. — lonerpk, Hou Y, 1994. — C. 35.
Hucaenusiii sxcepuMent B paguodsiekrponnke / B.A. Hanxrounit, H.H. Tononenxo, F0.H. I'pu-
nenko // Kom’torepni mporpamm yd6osoro npusHadennsi. Tesm jonosineit 11 MixuapomHol
kougepenrii. — Jlonensk, dou/lY, 1994. — C. 138.

CornpoTusiienne JIByXCJAORHOM TOJIYTPOBOJHUKOBON CTPYKTYPBI B IIPOIECCE UHKEKITUH I€PE3 TO-
vyeunbliit kontakr / B.A. Hajxrounii, H.H. Tononenxo, FO.H. T'punenko, H.K. Heusoson // em.
B 'HTB Ykpaumnwr., — CI'TIN, CraBsauck. 1994, c. 23, Ne 1694. Yk.94.

Bpewmst xkuzau HocuTesiedi B 1eheKTHOM TIOBEPXHOCTHOM ¢Jioe TostyipoBoaauka / B.A. Hagrounit,
H.H. Tononerko, FO.H. I'punenko, H.K. Heusonon // CI'TIU, Crassmck, 1995, 23 c. Hemn. B
'HTB Vk-paunbi, Ne 9, 6/0 322.

Tomorpadis i npuniun ['oiirenca-®Ppenens / B.A. Hagrouwit, M.M. T'omogenko, M.K. Heuso-
nog // Tean monosizeit 11 Beeykpaiucbkoi koudepenit, Y/IITY im. M.II. Iparomanosa, «IIlisxn
YIOCKOHAJIeHHS (PYHIAMEHTAIBHOI 1 podeciiinol miaroToBKu BUnTeiB Gizuku 24—25 TpaBHs». —
Kwuis, 1995. — Y. 1. — C. 54.
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45.

lnsxu rymanurapusanii Bukiaaganas ¢isukn / B.A. Hamgrounit, JI.C. Hlypurina, M.M. T'o-
nogenko // Tesu monosineit I Beeykpaincbkoi kordepentii, YAITY im. M.II. Iparomanosa,
«[Ilnsaxu ymockoHasieHHd PyHIAMEHTAJIbHOI i mpodeciiinol miaroroBku BUNTEIiB (pisuku 24-25
TpaBHsi», — Kuis, 1995. — 4. 1. — C. 10.

Bumicr ocsitu i moxksmsocti HIT / B.A. Hagrounit,/JI.C. Hlypurina // Tesu ponosizneit 11 Bee-
ykpaincbkol koudepentil, YIITY im. M.II. IIparomanosa, «Ilisaxu ynockonasienns: dyHIaMeH-
TasbHOI 1 podpeciiinol miaroroBku BumuTesiB dizuku 24-25 tpaBusa. — Kwuis, 1995. — Y. 1. —
C. 11

Cucrema 1iarorosku maitbyrusoro sunress disuku / B.O. Hagrodiii, B.H. Pubennes // Tesu
nomosizeit 11 Beeykpalucskol koudepenti, YIITY im. M.II. Iparomanosa, «IIlasxu ymockona-
JieHHs1 (DyHIaMeHTATBHOI 1 TpodeciitHol migroroBku BuuTesiB (izuku 24-25 tpaBusi», — Kuis,
1995. — 4. 1. — C. 16.

Pneumatic pendulum / B.A. Hagrounit, JI.C. [lypurina, M.M. Tononenko, FO.H. I'punenko //
Meromoiorudeckue, TUIAKTUYIECKHE U MICUXOJIOTUYIECKAE aCIeKThl TPOOJIEMHOr0 O0yJIeHUsI: Ma-
TepuaJsibl 4-i MeXKIyHAPOTHON HayIHO-MeTo1o0rn4ueckoii koudepenruu. — Houenk: Toul™V,
1996, C. 32.

ITpo Bmockonasnenus 3micry mkigbHOT disuanol ocsitn / B.O. Hamxrouiit, JI.C. lypurina //
Meroauuni ocobsuBocTi Bukaamanus dizuku na cydacuomy erani. Marepiaaun monosimeit 11 mix-
By3iBChKOI HayKoBO-nipakTu4iHol koudepenii. — Kiposorpas, 1996. — Y. 1. — C. 92 — 93.
Uccnenosanne cepuaeckoro p-n-nepexojia MeTogoM MOLyJisiiuu nposogumoct / B.A. Hamaro-
quit, H.H. Tosnonenko, FO.H. I'punenko, H.K. Heusosox // Hen. 8 THTB Vkpaunust 24.10.96 .,
Ne 2049, Vk. 96.

JedeKTHbI MOBEPXHOCTHBIA CJI0ii, BOSHUKAIOIINA B MOHOKPUCTALINIECKOM (Ge IPU HU3KOTEM-
neparypuoit gedopmanuu / B.A. Hagrounii, H.-H. Tononenko, FO.H. I'punienko, H.K. Heusoso,
O. H. Tantorun // Ykp. BakyymHOe 061mectBo, Harmonanbubiii eHTp «XapbKOBCKHUil roc. mo-
JmTexHndecknit yauBepcurer» C6. crareit «Bakyymuas merasmmsanusas. — 1996, 2 c.
Ucnonb3osanue anajoruii mjis co3nanus npobsiemubix curyarmuit / B.A. Hagrounit, JI.C. IIly-
peiruaa // Tesucsr Mexaynaponnoit koudepennun «CoBpeMeHHBIE TPOOIEMBI M IAKTHKI
BBICITIEH TKOJBI», 27-31 apr. — onernxk, 1997.

Qizuka gk QyHIaAMEHTaJbHA HAyKa B OCBITHBO-TIPOMdeCiiiHi#l MArOTOBII BYHUTE/sT TEXHOJIO-
riii /B.O. Haxrouiit, H.K. Heusosozn, JI.C. Hlypurina // Marepiaau monosineit HayKOBO-
npakTuvaHol KoHdepeHIii « TpymoBa miaroroBka y9IHiB i mMiAroToBKa BUUTEIB TPYIOBOIO HABYA~
HHS: iCTOpifg, CYyYacHICTh, IEPCIEKTUBUA PO3BUTKY », YKOBTeHb. — 1997.

[Tpo bopmyBaHHs HAYKOBOIO CBITOIISIIY B Cy9YaCHUX YMOBAX Yy CTYIEHTIB (Di3UKO-MaTeMaTUTIHO-
ro dakysnbrery npu pubuenti ¢isuku /B.O. Hagrouiit, B.H. Pubennes // Minicrepcrso ocsitu
VYKpainu, Akagemis megaroriqHux HaykK Y kpalau, HaroHaapHuil megaroriyauil yHiBepcuTeT iM.
M.II.dparomanoBa, KipoBorpajacbKuii jiep>kKaBHuil 1mejiaroriyauii yHipepcurer iM.B. Bunanden-
kKa. Meroguyni ocobsimBocTi BukJiaganHs bi3uku Ha cydacHoMy erari: HaykoBo-meromumanwuii
36ipauk. — Kiposorpam, 1998. — Y. 2. — C. 14.

o meronuku BubuenHsi enekrpuunux mamua / B.O. Hagrowiii, JI.C. lypurina, M.K. He-
ggosiozn, M.M. Tononenko // Meronuani ocobmmBocTi Bukiafanas BisuKN Ha CyIaCHOMY eTarli:
HayKoBoO-MeTonuaHmit 36ipank. — Kiposorpas, 1998. — C. 116-117.

Kowmi'torepre moziemoBanns B HapdaabHomy mporeci / B.O. Hagrodiit, M.M. Tosonenko, FO.M.
I'punenko, M.K. HeuBosioy // Meroauuni ocobimBocTi BUK/IaIaHHst (bi3UKU Ha CyIacCHOMY eTarli:
HayKoBO-MeToanIHmit 36ipHuK. — Kipoporpas, 1998. — C. 143-144.

3 nmocsiny Bukmmananus dbizukn B el / B.O. Haxrouiit,0. 4. Besiomanka, B.H. Pubennes // Tesn
[Tepmol Mixkuapomaoi Koudepentil «Hayxka i oceita 98». — Ilainponerpoecek, 1998. — C. 110.
Jlorapudmuaeckast moszydects nosmkpucrauinaeckoit megn / B.A. Hagrounii, M.K. Heusoson,
M.M. Tononenxo, FO.H. I'punenko // Juinponerposcsbk, Haykosuii kypHast «[IpuaHinposcsKuit
HaykoBmii Bicuuk». — 1998. — C. 114.
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Jlorapudmmaeckast onsydects upu crymnerndarom Harpyxkennn / B.A. Hagrounit, M.K. Heuso-
aox, M.M. Tononenko, FO.H. T'punenko // CnaBsinckuii roc. ney. uncruryt. — Ciabsincek, 1998.
—29 c. len. B THTB Vkpaunsr 23. 03.98, Ne 158. — Yk 98.

Kowmr'toreprue mogemoBanns gocainy Ppanka-Tepna / B.O. Haxgrouiit, JI.C. Illypwurina,
M.M. Tonoznenko, B.M. Tkauenko // Marepiasun BceykpalHCbKOT HayKOBO-METOIMYIHOT KOH(De-
penmii «Kowmm'torepre momemoBadHs Ta iHGOpMAaIliiiHi TEXHOJOTII B OCBITHIfl MifgJIbHOCTI». —
Kpusuit pir: Kpusopisbkuii ep:xk. neaynisepcuret, 19-21 ksitasg 1999 p.

Busnavenus koedirienty teprst kouennst / B.O. Hagrouiit, JI.C. ypurina, M.K. Heusomos,
M.M. T'ononerko // HaykoBo-meronnmanuii 36ipHUK 3 1po6IeM HaBYIAJIBHOTO (DI3UUHOIO eKclie-
pumenty. — UepHiriBcbKuit mepkaBHuil megaroriununit yuisepcuret, 1999.

Maremarndeckoe MOJEIMPOBAHIE HU3KOTEMIIEPATYPHOIl T1acTHIeckoil qedopmaryn /

B.A. Hagrouwnii, H.H Tosoznenxko, FO.H. I'punenko, H.K. Heusosoy // Caas. roc. neauscTuTyT,
Cnassiack, 1999, 24 c. Hen. B THTB Vkpaunsr. 25.04.99. Ne116. — YK 101.

DJIEKTPUIECKIE CBOMCTBA KPEMHUEBBIX P — 1 -TIEPEXOJIOB C JIMCJIOKAIIUSIMU, CO3IAHHBIMU HI3KO-
remmeparypHoii gedopmarueit /B.A. Hagrounit, H.H Tononenxo, JI.T". Cymenko // 4-it Mexy-
HAPOJIHBII CUMIIO3UYM I10 aJIMA3HBIM IJIEHKAM U POJICTBEHHBIM MaTepuajamM. — Xapbkos, 1999.
HaykoBa po6Gora crymeHTiB sik eaeMenT HaBdajbHoro mporecy / B.O. Hagrodiit, M.M. Toso-
nenko, FO.M. I'punenxo, 51.T". Bemnivenko, O.B.Ilepir // V Beeykpaincbka HayKoBa KOH(MDEDEHITist
«OynpamenTaibia Ta npodeciitia miaroroska daxisig 3 dizukus, 6-7 depsus. — Hamionanbuuit
nenyuiBepcuret iMm. M.II. [Iparomanosa . — Kuis, 2000 p.

JlocipKenns: HAIIBIPOBITHUKIB MeTOJOM BHMIDIOBAHHSI BOJIBT-(DapajHUX XapaKTepUCTUK /
B.O. Hagrouiit, B.M. Tkauenko, O.I. Kamenes // V Bceykpaincbka HaykoBa KOH(bEPEHIIist
«DyrmamenTaabaa Ta mpodeciitiaa miaroroska daxisig 3 disukuy, 6-7 depas. — Hamionaan-
nuit negyuisepcuret iM. M.IL JIparomanosa . — Kuis, 2000 p.

Emoriitamit dakrop y Bukmaganai ¢isukun / B.O. Haxrodiit, JI.C. Hlypurina, M.K. Heuso-
a0, M.M. Tosonenko // Beeykpalnchbka HayKoOBO-IpakTH4YHa KoH(depeHiis «AKTuBizaris Ha-
BYAJIHHOI JIisJIbHOCTI B ITKOJII Ta By3i». 27-28 Bepecusi. — KpuBopisbkuii mepxK. meayHiBepCUTET,
2000.

HleficTBre abpa3swBHBIX YACTHUIL HA MTOBEPXHOCTDH IOJIYIPOBOJIHUKA B MPOIECCE XUMUKO-MEXAHU-
geckoro nosmpoBanus / B.A. Hagrounii, A.A. Benomanka, A.¢1. Benomanka, H.H.T'omoznenxo,
FO.H. I'punenko, M. K. Heusosoy, // Caas. roc. nex. un-t. — Cnassiack, 2000. — 9 c.: mi. —
Bubmmorp.: 4 wazs. — Pyc. — Jlen. 8 'HTB Vkpawnnsr 27.04.2000, Ne 96. — Yk 2000.
UccemoBanue 3/ieKTPUYECKUX CBONCTB MOJIYIIPOBOJHUKOB CO CTPYKTYPOIl ajMasza u chajiepura,
nedopMupoBaHHBIX pu HU3KuX Temiieparypax / B.A. Hangrounii, M.K. Heusosos // Tesuce
JIOKJIaJIa, MEeXKIyHapomHoil Koudepennuu «Boicokue napierus — 2000», 15-19 centssbps. — o-
Hernk. — 2000.

Nszmepenne BpeMeHM YKU3HU HOCUTEJEH 3apsijia U TOJIIHHBI JeDEKTHOTO MOBEPXHOCTHOTO CJIOS
OJIY IIPOBOTHUKA METOJIOM MOJLYJIAIMH IIPOBOJMMOCTH B ToYeuHoM KoHTakre / B.A. Hagrounit,
H.H. Tomonenko, H.K. Heusosoz, [I.I. Cymenko // Becrauk lonernkoro rocyapcTBeHHOIO
yHuBepcurera, — cepisg A, Ne 1, 2000, — C. 98 — 103.

o Teopii sorapudmMivHOl HE3BKOTEMIIEPATYPHOI MOB3yYOCTi, 3YMOBJIEHO! BUCHAYKEHHAM JIHC-
gokaniit / B.O. Haxrouiit, M.M. Tononenxo,M.K. Heusosnom,/I.I. Cymenko, FO.M. TI'punen-
ko //2Kypnas dismanux mocmimpkens. — 2000. — T.4, Ne 3. — C. 298-302.

Kowmi'torepre recryBanHs sik ejiemeHT tporiecy Hapdanusi / B.O. Haurouiit, M.M. Tononenko,
A.®. TIpyn,}O.M. T'punenko // Bceykpaincbka HaykoBo-ipakTudHa KoHbepeniis «ladopma-
IiitHi TeXHOJIOTiI B OCBiTi», 16-19 TpaBHa. — MeiTononbebKiil nep:KaBHUI NeJIarorivTHuil yHiBep-
cuter. — 2001.

Uccnenosanue snekrpudeckux coiicts Ge u Si, jiehopMUpOBAHHBIX DU HU3KKUX TeMIIepaTypax /
B.A. Hagrounii, H.K. Heusoson, JI.T. Cymenko // ®Pusuka u TeXHUKA BBICOKHX JIABJIEHUN. —
Honenk: JoudTU, 2001. — Ne 1, C. 104-110.
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67.

68.

69.

70.

71.

72.

73.

[Tpo6iemu cyvacuux ocsitaix rexnosoriit / B.O. Hanrowiit, M.K. Heusomnon, JI.C. Illypurina,
M.M. T'osonenko, A.M. Bepecrosuii // MizkHapo/iHa HayKOBO-MeTOANIHA KOH(DEPEHTIisi « Y IpaB-
JiHHA siKicTiO npodeciitnol ocitu» (Apremiebk, 24-27 keirasa 2001 p.): 36ipHUK HayKOBHX
npaib. — JIubins. —Honenbk. —2001. — C. 265—-268.

Kowmi'torepre monemosanus jgociiny ®@panka-lepria /B.O. Hagrodiii, A.M. Bepecrosuii, A.T.
JIe6inb, M.M. Tomonenko, M.K. Heusosnon // HC6. «Axkryasnbui mpobiemu iHKeHEPHOI Mmif-
FOTOBKHU CIICIHAJICTIB y BUIMUX HABYAJBHUX 3aKJ/IaJIaX 1HKEHEPHO-TIEIArOTidHOr0 Mpodiany. —
Xapkis, 2001. — C. 214.

[Tpo pexkombGiHAIIIO HEPIBHOBAXKHUX HOCIIB 3apsiay Vv Jie(PeKTHOMY IIOBEPXHEBOMY MIAapi MOHOKPH-
cramgignoro Ge / B.O. Haxgrodiit, M.K. Heusonon, M.M. T'ononenxo, /I.I.Cymenko // ®Pizuka i
ximist TBepioro Tina. — IBano-®pankiserk, 2001. — T.2) N4, — C. 707-710.
MuKpOIIaCTUIHOCTD W IJIETPUIECKUE CBOWCTBA, A IMA30II0I0HBIX MMOJIYIIPOBOIHUKOB, j1edopMu-
poBaHHbIX 1pu HU3KUX Temieparypax / B.A. Hagrounii, H.K. Heusonon, H.H. Tononenko //
Tesu momosizgeit. I Ykpaiucbka HaykoBa koudepeniiis 3 ¢izukn HamiBuposigaukiz Y HKOH-1.
VYkpaina. — Ogpeca, 10-14 Bepecus 2002, — T.2. — C. 70.

lenepanus guciaokanuii Ha cpepUIECKUX BKJIIOUCHUSIX B KPUCTAJIAX O ACHCTBUEM OJIHOOCHO-
ro nanpsikennst ckarust /B.A. Hagrounit, H.K. Heusomozn, U.B. ZKuxapes, H.H. Tosoznenxo,
A.T. Bermuenko // Bicuuk lonenpkoro yuisepcurery. — Cep.A: Ilpuponuuui vayku, 2002. —
Bun. 2. — C. 197 — 200.

lemepanus auciiokanuii Ha BKJIIOYEHUSX B MPUIOBEPXHOCTHBIX CJIOSIX JAePOPMUPYEMBIX ITOJIY-
npoBoaHUKOBLIX KpucTtawios / B.A. Hagrounit, H.H. Tononenko,f1.I". Besmvenko // Marepiann
Mi>KHaPOTHOT HAYKOBOI KOH(MDEPEHTIIIT CTYIEHTIB Ta Mojionux yaennx. — Kuis: HamionanipHuii aBia-
miftauit yaisepcurer. 10-11 xsitas, 2002. — C. 202.

JlBrzkeHune INCJIOKAIUI B TPUIIOBEPXHOCTHBIX CJIOSIX TIOJIYTPOBOJHUKOBBIX KPHUCTAJIIOB, MOJIBEP-
raeMbIx MexaHmdeckuM gedopmarmsm / B.A. Hagrounit, A.B. Ilepur, H.H. Tononenko //
Marepiann Mi2KHAPOIHOI HAyKOBOI KOHQEPEHINl CTYIeHTiB Ta Mojoaux ydenmx. — Kwuip: Ha-
mioHaJIbHMIT aBiamniitamii yHiBepcuTer. 10-11 kpiTHst, 2002. — C. 203.

Structure Changes by the Stress Gradient in Subsurface Layers of Germanium Single
Crystals / V.A. Nadtochy, I.V. Zhikharev, M.M. Golodenko, M.K. Nechvolod // «Solid Status
Phenomenas. — Vol. 94. — 2003. — P. 253-257.

Hoxnan ma koHdepenmuu «Structure Changes Caused by the Stress Gradient in Sub-surface
Layers of Germanium Single Crystals». Warsaw, 14-18 September, 2002. «Fall Meeting. Symposi-
um C» / V.A. Nadtochy, 1.V. Zhikharev, M.M. Golodenko, M.K. Nechvolod.

Pyx nmuciokaniit y HamiBopoBigHuKax, CIpuauHeHnii rpajienTom Hanpyxens / B.O. Haxrodiii,
M.M. T'osonenko, M.K.Heusouioz, I.B. ZKuxapes, O.B. Ilepir // ®izuka i ximist TBEpIOrO Tijga. —
2003. — Nel. — C. 72-76.

Uccnenosanue muciokanuii MeTo oM peHTreHoBekoit qudpaknun / B.A. Hagrouwit, H.H. Toso-
nenko, V.B. 2Kuxapes, H.C. Kucenes // ®usuka u rexauka BoicOKux gasjienuii. — 2003. — T.
13, Nel. — C. 91-95.

CTpyKTypHBbIe U3MEHEHUsI B 30HE BO3JEHCTBUsI JIA3E€PHOIO JIyda B MOHOKPHCTAJIMIECKOM T'ep-
mvarnn / B.A. Hagrounii, B.I1. Anexun, H.H. T'omonenko, H.K. Heusonox, /1.C. Mockaspb //
Quszuka n xumusi 0bpaborku marepuajioB. — 2003. — Ned. — C. 9-12.

Microplasticity and Electrical Properties of Subsurface Layers of Diamond-like Semiconductors
Deformed at Low Temperatures /V.A. Nadtochy, M.K. Nechvolod, M.M. Golodenko // Functi-
onal Materials. — Vol. 10, Nel. — 2003. — P. 702-706 .

CrpykrypHi 3MiHN y npunioBepxuesomy mapi Ge mij giero nazepuoro immysbey / B.A. Hagrounit,
H.H. Tomozenko, A.3. Kanuwmber, /1.C. Mockasb // @isuka i ximist TBeporo riga. — 2003. — T.
4, Ne3. — C. 556-559.
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MuKpOomIacTHIHOCTh TPUIOBEPXHOCTHBIX CJIOEB aJIMA30IM000HBIX TIOIYTIPOBOHUKOB /

B.A. Hagrounii, B.II. Anexun // Tesucsr noxkiana wa XIV IerepOyprekux dreHusix 1mo mnpobJie-
Mam mpounoctu. — C. — IlerepOypr. 12-14 mapra, 2003. — C. 42-43.

Huskoremneparyphasi Mukporiactuanoctb Kpucrawios InAs / B.A. Hagxrouwii, H.H. Toso-
nenko, J1.C. Mockanb, A.3. Kamumber // Tesu nonosineii. Mixkaapojna HaykoBa KOH(MEDEHITis
CTyeHTiB Ta Mojiofux ydenux. — Kuis: Harionanpunit aBianiinnii yaisepcurer. — 2002. — C. 19.
JlucnokanuoHHasi CTPYKTypa MPUIIOBEPXHOCTHBIX cjioeB Ge, 00yC/IOBJIEHHAsT BO3/IEHCTBUEM Jia-
3epHOTO Jiyda MusumnceKyuanoi qumrenasaoctn / B.A. Hagrounit, B.I1. Asmexun // Tesu momnosi-
seit [V Mixkuaapoaol mkosim-koHdepen il « AKTyasbHi mpobjieMu (hi3uKu HAIIIBIIPOBIIHUKIBY. —
Iporobuw. 24-27 uepsnst, 2003. — C. 43-44.

[Ipo diznunnit MexaHi3M BUHUKHEHHS JTUCJIOKAIiil y TpUIoBepxHeBux mapax Ge mif jiero Ja-
3epHOrO onpominoBanus Migicekyuanoi rpusanocti / B.A. Hamgrouwit, H.H. Tononenko, /1.C.
Mockasb // Tesu monosieii «Bceeykpaincbkol KoH(EpeHTIIii CTyeHTIB 1 MOJIOJAUX HAYKOBIIB 3
TEOPETUYIHOI Ta eKCHePUMEHTAJBHOI (izukuy». — JIbBiB. 21-23 Tpapns, 2003. — C. 136.
JlucnokanuoHHasi CTPYKTypa IMPUIIOBEPXHOCTHBIX cjioeB Ge, 00yC/IOBJICHHAsT BO3/IEHCTBUEM Jia-
3epPHOTO JIyda MUJLUIMCEKYHAHON Jymmrebroctn / B.A. Hagrounit, B.IT. Anexun // Tesu gonosi-
neit IV Mixnapoanol mkoau-koudepeH il « AKTyaabHi mpobieMn (bi3UKN HAMIBIPOBITHUKIBY. —
Iporobu«. 24-27 ueprnst, 2003. — C. 43-44.

[Ipo diznunuit MmexaHizaM BUHUKHEHHS JUCJIOKAaIiil y npunoBepxHeBux mapax Ge mif jiero Ja-
3epHOTO ONpOMiHIOBaHHsT MiticekyHauHoi TpuBaiocti / B.A. Hanrouuii, H.H. Tononenko, J1.C.
Mockanb // Tesu momosineii «Bceeykpaincbkoi KordepeHT il cTyeHTiB i MOJIOANX HAYKOBIIB 3
TEOPETUYHOI Ta eKCIepUMeHTaJbHoI (disukny. — JIbBiB. 21-23 Tpasus, 2003. — C. 136.
Formation of Defect in Ge Subsurfase Layers under the Action of Laser Pulse / B.A. Hagrounit,
H.H. Tononenxko, J1.C. Mockasb // Tesun marepianis IX Mixkuaposuoi kordepenrii «Pizuka i
TexHojI0TisT TOHKUX MBOK» MK®TTII-IX. — IB.-Opankiscek. 19-24 Tpapnst, 2003. — C. 247—
248.

UccnenoBanue qucaoKanuii CKAaHUPYIOMUM 371eKTpoHHbIM 1ydkoMm / B.A. Hamxrouwii, H.H. To-
nozenko, JI.C. Mockasnb // Binkpura Beeykpaincbka kordepenriisi «Cydachi nuranusi MaTepi-
ajiozHaBcTBay. — Xapkis. 10-14 epecnsi, 2003. — C. 95.

MukporutacTuaHOCTb U 3j1eKTpudeckue coiictsa Ge i Si, jedopMUPOBAHHBIX IPU HU3KUX TEM-
neparypax / B.A. Hagrounii, H.H. Tomonenko, H.K. Heusonon // Becrauk XapbKoBCKOro
HarmoHatbHoro yuusepcurera uM. B.H.Kapasuna, Ne 600, cepusa «Pusukay, Beimyck 7, 2003. —
C. 101-104.

Microplasticity in Ge Syngle Crystal Caused by the Laser Irradiation and Pressing De-
formation / V.A. Nadtochy // Journal of Physical Studies.

Investigation of Dislocation with Scanning Electron beam / B.A. Hagrouwii, H.H. Tononenko,
J.C. Mockass // Functional Materials. — Vol. 11, Nel. — 2004. — P. 40-43.

IIpo ¢iswunmit MexaHi3M BUHUKHEHHSI JUCJIOKAIiil y npunopepxHeBux mapax Ge mif jiero Ja-
3epHOrO OmnpoMiHoBaHHs MimicekyHanol TpuBaiocti / B.A. Hamgrouwit, H.H. T'ononenko, /1.C.
Mockasb // Bicauk JIbBiBcbkoro yuiBepcurery. — 2004. — Ne38.

MukporracTuaHOCTh MOHOKPHUCTAJIOB (Ge 1Ipu BO3/IeHCTBUY Jia3epHOTo obJiydeHus u jedopma-
muu cxxarus / B.A. Hagrouwii, B.I1. Anexun // ®@usuka n xumusi 06pabOTKH MaTEPUATIOB. —
2004, Ne 4, — C. 27-32.

YcraHoBKa JIJIsl UCCJIEI0OBAHUST MUKPOIIACTUIHOCTH TIOJIY IPOBOIHUKOBBIX KPUCTAJLIOB /

B.A. Hagrounit, HK. Heusosnon // ®usuka u Texuuka BblCOKuX nasiaenuit. — 2004. — T.
14, Ne2. — C. 117-121.

CrpykrypHble n3MeHenusi B Kpucramiax GaAs, nedbopmupoBannbix cxkaruem npu 300 K/
B.A. Hagrouwii, H.H. Tosmonenko, 1.C. Mockann // CeHcopHa eneKTpoHIKa 1 MIKpOCHCTEMHi
texHoJiorii. — 2004. — Ne2. — C. 89-93.
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NsmeHeHne BpeMeHr »KW3HA HOCUTEJIEH 3apsia U MPOBOINMOCTH J1e(PeKTHOIO IIPUIIOBEPXHOCTHO-
ro ciosi Ge npu repmoobpaborkax / B.A. Hagroumit, H.K. Heusoson, H.H. Tomonenko //
Qusuka 1 TexHUKa BBICOKUX maBiennit. — 2004. — T. 14, Ne3. — C. 42-48.

Formation of periodic structures in GaAs near-surface layers irradiated by laser pulse / V.A.
Nadtochy, D.S. Moskal, M.M. Golodenko // Photoelectronics. — Vol. 14, — 2005. — P. 105-107.
Anmsorponnst mukportactuanoctn repmannst / B.A. Hagrounit, B.I1. Anexun, H.C. Kucenes //
Quszuka n xumusi obpaborku marepuajion. — 2005, Ne 1. — C. 90-93.

Recombination of non-equilibrium charge carriers injected into Ge through intermediate defective
layer / V.A. Nadtochy, M.K. Nechvolod, M.M. Golodenko // Functional Materials. — Vol. 12,
Nel. — 2005. — P. 45-50.

Microplasticity of subsurface layers of diamond-like semiconductors under microindentation /
B.A. Hagrounii, B.IT. Anexun, H.H. Tononenko // ®@usmka u TeXHUKa BBICOKUX JIABJIEHUHA. —
2005. — T. 15, Nel. — C. 44-49.

Jucnokarii y npunoBepxueBomy tmapi Ge, ciipuduneni Jjiazepaum iMiyabcom /| B.A. Hagarouwmii,
H.K. Heusomon, H.H. Tomoznenxko, I.C. Mockamnb // Bicauk XapKiBCbKOro HaAIlOHAJBHOTO yHi-
Bepcurery. — Ne 651. Cepist «Pizukay». — Bum. 8. — 2005. — C. 130-135.

PoszpaxyHok TepMOTpy:KHUX OB ¥ KpucTtaiaax GaAs, COPpUUIMHEHUX JTEI0 JTa3epHOTO MPOMEHST 3
nudpakiiiiino npocroposoro moylsiieto / B.A. Hagrounit, H.-H. Tononenxo, JI.C. Mockass //
[Tonit: Marepiasmm V Mixkuapounol HayKoBOI KOHGEPEHIIl CTYJIEHTIB Ta MOJOIUX YIEHUX. —
Kwuis: Hamionaspauii asiariitauii yaisepcurer. — 2005. — C. 94.

Mikporutactuanicts y kpucrainax GaAs / B.A. Hagrouuit, H.H. Tosonenko // Tesu monosiz-
et V. MixuapoaHol 1mKom-KoHdepeHiil « AKTyanbHi mpobjiemMu (Pi3MKKM HATIBIPOBITHUKIBY. —
Iporobuw. 21-23 Tpasus, 2005. — C. 10-11.

YTBOpeHHS MMEPIOIUIHUX CTPYKTYD y IpuioBepxuebux mmapax GaAs 1mif i€t iMIIyJIbCHOTO Jia-
sepHoro onpominennst / B.A. Hajgrounit, H.H. Tonogenko, /1.C. Mockans // Bicauk CZITY: 36.
nayk. mpaib — CitoB’staebk: CHITY, 2005. — Bun. 1. — C. 27-31.

Jlist abpa3suBHUX YACTOK HA IMOBEPXHIO MOHOKPUCTAJIA Y IIPOIECi XiMiKO-MEeXaHiYHOTO MO/IipyBaH-
ust / B.A. Hagrounit, H.H. I'ononenko, O.41. Bemomanka // Bicauk C/IIY: 36. nayk. nparpb —
Cnos’staebk: CITY, 2005. — Bum. 1. — C. 32-38.

PozpaxyHnok TepMompy»KHUX OB ¥ KpucTaiaax GaAs, COPpUIMHEHUX TEI0 JTa3epHOTO MPOMEHST 3
nudpakiiiino npocroposoro Mopyisiieto / B.A. Hagrounit, H.H. Tononenko, JI.C. Mockasb //
Hayka i Mmos1011b: 36ipHUK HAYKOBHUX IIpallb Mi>kHapOoAHOT HaykKoBol KoHdepentil «ITomiT — 20055.
— Kuis: Hamionanbuuit asiamniitanit yaiBepcurer. — Bum. 8. — 2005. — C. 94.

Anamus penbedpa moepxHocT GaAa, cOPMUPOBAHHOIO I10JI BO3IEHCTBHEM JU(PPAKIIMOHHO-
MOJLY/TUPOBAHHOrO Jiazepuoro usiydenusi / B.A. Hajrounit, H.H. Tosonenko, /1.C. Mockasb //
Coopuuk Te3ncos 45-it Mex 1yHapoaHoit KoHdepeHImn « AKTyaIbHbIE TPOOIEMBI IIPOIHOCTH . —
Benropog, 25-28 cenrsiopst 2006 . — C. 117-118.

Periodic structure formation in GaAs near-surface layer by laser beam with diffraction modulated
intensity / V.A. Nadtochy, M.M. Golodenko, D.S. Moskal // Functional Materials. — Vol. 13,
Nel. — 2006. — P. 100-103.

MuKpPOIIACTHIHOCTD aIMa3010100HbIXx KpuctawioB (Si, Ge, GaAs, InAs) / B.A. Hagrounit //
Huc. mokT. diz.-mat. nayk: 01.04.07. — Xapkis, 2006.

Mikpomractuanicts anMaszononibanx kpucrauais / B.A. Hagrounit, H.K. Heusomnon, 1.C. Mo-
ckanb // XI Mixkuapoaaa koHdepeHIiis 3 bi3uku 1 TexHOIOr] TOHKUX IJIBOK Ta HAHOCUCTEM,
IBano-®pankiseok, 7-12 Tpasua 2007 p. — T.2. — C. 122-123.

O MexaHu3Me yIPOYHEHUsI IPUITOBEPXHOCTHOTO CJIOS T€pMaHUs IOJI JIEHCTBHEM HU3KOTEMIIepa-
TypHO#t muknaeckoit gedopmarun / B.A. Hagrounii, H.K. Heusosnox, /I.C. Mockasns // XVII
[TerepOyprckue urenust 1o mnpobsemam npounoctu. Cankr-IlerepOypr, 10-12 ampesss 2007 r.:
coopuuk marepuasios. — 4. II. — CII6., 2007. — C. 126-127.
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Anamus pesbehba nmosepxaocTn GaAs, cOOPMUPOBAHHOIO BO3IEHCTBHEM JU(MPAKIIMOHHOMOLY-
JIMPOBaHHOTO JiazepHoro uaiaydenusi / B.A. Hapgrounii, /I.C. Mockans, H.H. Tosmonenko //
Nspectust Beicmux yuebHbIX 3aBemenuit. 2007. — T.50, Ne 11. — C. 86-89.

Analysis the relief of the GaAs surface formed upon exposure to diffraction-modulated laser
radiation / V.A. Nadtochy, M.M. Golodenko, D.S. Moskal // Russian Physics Journal. — Vol.
50, Ne.11. — 2007. — P. 1154-1157.

Hudysiitno-uciokariiina Mo/ie/ib YTBOPEHHS TEPIoIMIHOl CTPYKTYPHU HA MTOBEPXHI HAaIiBIIPO-
BiHMKa mpu immysabcHOMy JaszepHoMy ompowminenui / B.A. Hagroumit, H.K. Heusomox, /1.C.
Mockasib // 3-s1 Mixknapojaa HaykoBo-TexHiuHa KoHpepeniis «CeHcOpHA eJIeKTPOHIKa Ta Mi-
kpocucremui Texuosorii (CEMCT-3)», Ykpaina, Ozeca, 2-6 qepsust 2008 p. Tesu nonosineit. —
C. 185.

Pacnpenenenne TepMoynpyrux HAIpPs2KEHUI 110 00/Iy9IaeMOl JIA3epPHBIM HUMITYJIbCOM ITOBEPXHO-
cru monokpucrawios GaAs / B.A. Haxrouwit, I.C. Mockanb // ®Pusnka u TeXHUKa BBICOKIX
nmasyennii. — 2008. —T.18, Ne3d. —C.154-160.

Judysittauit Mmexanism opmyBanus Kiaactepis y GaAs mi 1i€10 TpOCTOPOBO-MEPIOUTHOTO JTa-
sepHoro onpominentus / B.A. Hagrouwmit, /1.C. Mockans, JI.JI. @enopenko, M.M. FOcymos //
JlamkappoBebki unranns 2008: koud. mosoaux BueHux 3 dizuku HamiBnposignukis (Kunis, 21-
23 ksiTas 2008 p) / Kuis, in.-1 disukn vanisuposiguukis HAH Vkpaiuu. — 2008. — C. 40-41.
Enexrporexnika. Merogu4mi BKa3iBKu 110 oprafizariil i IJIaHyBaHHIO CAMOCTIHOT poOOTH CTYIeH-
TiB crerjanbrocTi 6.040203 @isuka / B.A. Hagrounit, A.®. IIpyn // Cios’sucbKuil jgep:kaBHuit
neparorigauit yaisepcurer. Kadenpa disuxkm, 2008. — 86 c.

Hudysaiitno-qucaokariitia MiKpPOIIACTUIHICTE MOHOKpuCTa iB Ge HUMXKYe TeMIepaTypHOI Me-
k)i kpuxkoro pyiinyBanns / B.A. Hanrounii, O.I. Ykonos // Tesu momnosineii MixKHapoHOT
KOH(EPEeHI] CTYAEHTIB 1 MOJIOAUX HAYKOBIIB 3 TEOPETHYHOI Ta €KCIIEPUMEHTAJIbHOI (Di3UKH.
Erpuka-2009, JIpBie-2009, 20-22 Tpapust. —C. 34.

Kowmn'torepre cunresysanns audpakiiianx macok / B.A. Haarouwii, /1.C. Mockasb, A.3. Ka-
mumber // Tlomyku i 3naxinku. — T. 4 Marepianu naykosoi koudepenmii CAITY / Viiaanaa B.K.
Capienko. — Cinop’sucek. —2009. — C. 131-134.

ITpo 3acToCOBHICTH METOUK BU3HAUECHHS TAPAMETPIB PEKOMOIHAIIT HOCITB 3apsLy /10 IIPUIIOBEPX-
HeBuX mapis HamiBrposigauka /B.A. Haxrounit, /1.C. Mockanb, A.3.Kammmber, O.1. Ykomnos //
[Momyku i snaxigku. CEPI{: disuko-maremarnuni nayku. Martepiann HaykoBoi KoH(epeHIIil
CAITY-2010/ Yxmamaa B.H. Capienko. — Cios’sncek, 2010. —C. 88-95.

HexoTopbie MexaHU3MBbI pa3pyIleHns KOBAJEHTHBIX KPUCTAJIIOB [PU TOHUKEHHBIX TEMIIEpaTYy-
pax / B.A. Hagrounii, /I.C. Mockasb, A.3.Kaaumber, A.J1. Ykouos // 49-as MexaynapojHast
koH(depennys «AKTyaabHble npobsembl mpounoctr» 14-18 wmions, 2010 r. Kues, Ykpauna. —
C. 232.

O posn 1 Py3NOHHBIX MEXAHU3MOB B IIPOIECCE PeJIAKCAINN HAIPS2KEHUN Ha KOHIIEHTPATOPaX
B MOHOKpucTajummieckom repmannn / B.A. Hangrounii, A.J1. Ykouos, H.K. Heusosnox // XIX
[TerepOyprckue urenust o Bonpocam npounoctu. 13-15 ampens, 2010 r., Cankr-Ilerepbypr. C.
298-300.

Crocob ompejnenenus crernenu jieeKTHOCTH IPUIIOBEPXHOCTHBIX CJI0EB MOHOKpHCTA/LIOB Ge
u Si / B.A. Hagrouwit, A.1l. Ykonos // 3asiBka Ha m3obpereHue. PermcrpanuoHHbli HOMED
Ne201003112.

Hudysiitno-qucokariitia MiKpOILJIACTUIHICTE MOHOKpUCTAIB Ge HIXKYe TeMIepaTypHOI MexXi
kpuxkoro pyitaysanas / B.O. Hagrodiit, O.1. Ykonos, M.K. Heusosnon // @isuka i ximist TBep-
noro tima. — 2010, Ne 3. — C. 575-579.

N3mepenns: BpeMeHN KU3HN HEOCHOBHBIX HOCHUTEJICH 3apsiia B IPUIIOBEPXHOCTHOM CJIoe ¢ Aede-
KTaMu MOHOKpucTa/ta repmanus /| B.A. Hagrounit, A.U. Ykosnos, H.K. Heusomoz // Konde-
peHtiist MoJyioqux BueHuX 3 dizuku HAIIBIPOBiIHUKIB «J/lamkapboBchki untanns — 2010», Kuis,

5-7 xostus, 2010. — C. 49-51.
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Busnadenns mBukocTi moBepxHeBol pekoMbinarii i i1 BIVIUBY Ha 9ac KUTTS HEPiBHOBAXKHUX HO-
ciiB 3apsity / B.A. Hagrounii, O.1. Vkosos, A.3. Kasmmber //36ipHuK HayKOBUX TIpallb (Hi3nKo-
maremaruasoro dakynbrery CHITY. (3a marepiamamu BceeykpalHChKOI HayKOBO-IIPAKTUYIHOL
KoHdepeHIil «AKTyanbHi nuTaHHs Hayku 1 ocBitm»). — Chos’sebk: C/ITY, 2011. — Nel —
212 ¢. — C. 83-88.

Nszmepenne mapamMeTpoB pEKOMOMHAIIMKM HEPABHOBECHLIX HOCHTEJEH 3apsi/IOB B IPUIIOBEPXHO-
CTHBIX CJIOsIX MOHOKpHcTasia repmanust / B.A. Hajgrounii, A.1. Ykosos, FO. B. Ykososa //36ip-
HUK Te3 KOHQEePeHIIil MOJIOANX BUYEHNX 3 (PI3WKM HAIIBIPOBIIHWKIB «JlamKapbOBCHKI IHTAHHS
— 2011» 3 mixkuapoauowo yuactio, Kuis, 12-14 tpasus, 2011, Ykpaina. — 176 c¢. — C.8-11.
Cruoci6 cTBOpeHHsI HAHOCTPYKTYD Ha noepxui repmanio / B.A. Hagrouwnii, O.I. Ykosos //3a-
siBKa Ha BuHaxin. Peecrpariitauit Homep Ne a 2011 08095.

Nsmepennst BpeMeHU »KU3HU HEOCHOBHBIX HOCHTEJIEH 3apsijia B IPUITOBEPXHOCTHOM CJIOE MOHO-
kpucrajmyeckoro Ge zou0BbiM MerosoM / B.A. Hajgrounit, A.J1. Ykosos, H. H. Tosnonenko //
Bicuuk XapkiBchbKoro HalioHaJILHOIO yHiBEpCUTETY, cepis dizuuna. — 2011.

Uccnenosanne nosepxHocTu jeopMUpoBaHHOrO Ge MeTOJI0M ATOMHO-CHJIOBOM MUKPOCKOIHMU /
B.A. Hagrounii, A.1. Ykomnos, B. II. Anexun // Hedopmaius u paspylieHne MaTepuajioB. —
MockBa. — 20126 Ned. — C. 26-32.

[Tonydyenne HU3KOPA3MEPHBIX CTPYKTYP Ha IMOBEPXHOCTU MOHOKPUCTAMIECKOTO NEePMAHUS HU3-
KoTeMieparypubiM jedopmupoarrem / B.A. Haxrounii, A. . Ykomos // X Mixuaponna
HaykoBa, KoH(epeHIlisi «Pi3uvHi sIBUIA B TBEPANX TidaxX» — XapKiBChKHUil HaAIlOHAJBHUN YHi-
BepcuTeTT. — Xapkis, 3-8 rpyans, 2011. — C. 2.

Nszmepenne mapamMeTpoB peKOMOMHAIINYT HEPABHOBECHBIX HOCUTEJIEH 3apsijia B IPUITOBEPXHOCTHBIX
cytosix Monokpucraindeckoro Ge / B.A. Hagrounii, A. 1. Ykosos, O. K. ITonos, C. A. Tlepe-
6aiisio // 36ipHUK HayKOBUX mpaillb dizuko-maremarnduoro dgakynbsrery CUITY. — Cios’sitHCBK.
— 2012. — Ne2. — C. 87-94.

UccneoBanne HAHOCTPYKTYP HA MOBEPXHOCTH MOHOKDPHCTAINYIECKOTo (Ge MeTojoM aTOMHO-
cuioBoit Mukpockonuu / B.A. Hagrounii, A. 1. Ykosnos, C. A. Kocrenko, /1. FO. Peauukun //
36ipHuK HayKoBUX Ipalb dizuko-maremarunduoro dakyiabrery CITY. — Cunor’sucbk. — 2012.
— Ne2. — C. 94-100.

Bune pisanx TepMivHHX 3MiH Ha JorapudMidHy HOB3ydicTh MOHOKpucTaJiB LiF B obsiacti
qil disuunoro Mexanismy BucHaykenusi jquciaokaniii / B.A. Hamxrounii, M. K. Heusoson, 1. B.
Mautees, O. I. Ykosos, A. 3. Kamimber // 36ipank HaykoBuX mparph (hi3MKO-MATEMATHIHOTO
dakynbrery CHITY. — Crior’srcek. — 2012. — Ne2. — C. 100-109.

Mockasie .C. JledeKkToyTBOpPEHHST y INPUIIOBEPXHEBUX IMapax MOHOKPUCTAJIB IIiJl BILIMBOM
HU3BKOPIBHEBOTO MTPOCTOPOBO-MO/TY/ILOBAHOIO JIA3EPHOTO ONpOMiHeHHs: ABTOped. JuC. ... KaH/I.
diz.-mar. Hayk: 01.04.07. Hayk. kepiBauk B.O. Haxrowiit. Xapkiscbkuii Har. yH-T., 2008. — 19
c.

Brustaue TepMuvuecKuX W3MEHEHU Ha JIOrapu(MUIECKYIO T0J3y9ecTh MOHOKPUCTAJIIOB (DTO-
pucroro jutus (LiF) B obmactu jeiicTBus hU3nIecKoro MeXaHm3Ma HCTOINCHIS JUCTIOKAI /
B.A. Hagrounii, M. K. Heusosnon , A. 3. Kamumber, 11.B. Masees, A.M. Ykosnos // Bicuuk
JoubacbKol Jiep:KaBHOI MAITMHOOYIIBHOI aKajaeMil: TeMaTUIHuil 30ipHUK HAyKOBUX IIPallb. —
Kpamaropebk. — 2011. — Ne4 (25). — C.127-132.

ObpaszoBanne HAHOCTPYKTYDP Ha MOBEPXHOCTU TEPMAHUS TPH 1eOPMUPOBAHUN B TEMIIEPATYD-
Hom unrepsade (300-600)K / B.A. Hajrouwit, A.J1. Ykosnos, H.K. Heusoson // Tesucsr nokmnasa
XX Ilerepbyprekux 9TeHuit 1Mo mpobaeMaM MPOYHOCTH, IOCBAIIEHHBIE TaMsITH IIpodeccopa B.A.
Jluxagesa., C.-Ilerepbypr. — 10-12 ampess, 2012. — C. 228-230.

Croci6 Bu3sHaUYeHHsT Mipu 1e(EKTHOCTI IPUIOBEPXHEBUX IIAPIB MOHOKPHUCTAJIB TeépMaHilo abo
kpemuio. [Tarent na Bunaxin Ne 97999 Braxaerbes unnnum 3 10.04.2012. Bunano epxxkaBHoro
ciryk6010 iHTesIeKTYaIbHOI BiaacHocTi Ykpainu / B.A. Hagrounii, O.1. Ykosos // Vkpaina (19)
UA (11) 97999 (13) C2 (51) MIIK GO1N 27/87 (2006.01).
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[Tosryuenne HU3KOpPA3MEPHBIX CTPYKTYP HA IMOBEPXHOCTA MOHOKPHUCTAJINIECKOTO T€PMaHUsT HU3-
KoreMieparypubiM siecbopmuposaruem / B.A. Hapgrounit, A. 1. Ykosos // X Mixuaposana
HaykoBa Koudepeniiiss «DPisudni gBuiia B TBepAUX Tinaxy — XapKiBCHKUil HAIIOHAJIBHUN YH-T.
— Xapkis, 3-8 rpyaus, 2011. — 2 c.
®opmupoBanue HAHOCTPYKTYD B Ge 1IpU yCJIOBUU JIUCIOKAIIMOHHO-TIOBEPXHOCTHON nuddysun /
B.A. Hagrounii, A.J1. Ykosos, H.K.Heusonon // ®us. u rexn. BeicoKux napiennii. — 2012. —
T.22, Ne3. — C. 54-62.
Pacripeienienine jiepekTOB B TOHKUX MOJIYIIPOBOIHUKOBBIX IIJIACTUHAX IIPU HU3KOTEMIIEPATY PHOIA
nedbopmarnu / B.A. Hagrounii, A.U. Ykosos, H.K. Heusosion // ®us. u TexH. BBICOKUX JIaBJie-
mmit. — 2013. — T.23, Ned. — C. 83-91.
YVCTpolicTBO JIJIst M3MEPEHUs apaMeTPOB PEKOMOWHAIINN HEPABHOBECHBIX HOCHUTEJICH 3apsiia B
IPUIIOBEPXHOCTHBIX €J10s1X MOoHOKpucTasuioB Ge / B.A. Hajrouwnit, A.U1. Ykosnos // Bicauk Xap-
KIBCHKOI'O HaIllOHAJILHOTO yHiBepcuTery, cepist «Piszukay. — 2012. — Ne1020, Bumr. 17. — C. 87-90.
PopMyBaHHs HAHOCTPYKTYP Y MOHOKPHUCTAIIUHOMY T€pMAaHil 3a YMOBU IUC/IOKAIIIHO-TTOBEPX-
uesol qudysii / B.A. Hagrouwmii, O.1. Ykonos, 1.O. Xopynxka, M.A. IloxraBues // 36ipauk
HAyKOBHX Ipalb (pizuko-maremarundroro gpakysasrery Y. — Chuos’saesk: JIJIITY, 2013, —
Ne 3. — C. 68-77.
Uccnenosanne pacupeenenus 1edeKTOB B IOy TPOBOJTHUKOBBIX ILIACTHHAX UHTETIPAJIHHBIX CXEM
npu BO3JeicTBIN MexaHndeckux Hampskenuit / B.A. Hamgrouwit, A.J1. Vkomos, 11.J1. Illep6u-
na, P.U. Msanos // 36ipHUK HayKoBHX mpailb (isuko-maremarudnoro daxyasrery JTIITY. —
Cnos’sucek: JIAITY, 2013. — Ne 3. — C. 77-86.
QopMupoOBaHTEe MaCCHBOB HAHOCTPYKTYD HAa ITOBEPXHOCTU T'e€pPMaHUs IPU CO3JIAHUU T'DATUEHTA
nanpsikenus: / B.A. Hagarounit, A.J1. Ykosnos, H.K.Heusosoy // Becruuk TambGosckoro yHuBep-
curera. Cepus: ecrecTBeHHble n Texanieckue vHaykn. — 2013. — T. 18, Bora. 4. — C. 2004-2005.
CruMmysimpoBaHHasT HAIIPSIXKEHUEM TIOBEpXHOCTHasI 1udppy3ust U ee BIUSIHUE HA PaspyIleHne MO-
nokpucraiioB Ge / B.A. Hagrounit, A.W. Ykonos // XI Mixunaposgna HaykoBa KoH(bEPEHIIist
«Dizuyni gIBUIA B TBEPAUX TiIax» — XapKiBChbKU HAIIOHAJBHUN YH-T. — XapKiB, 3—6 rpymaus,
2013, — C. 108.
Criocib cTBOpeHHSI HAHOCTPYKTYP Ha mmoBepxHi repmadito. [latent na Buaaxim Ne101705. 3ape-
ectpoBaHo B Jlep:kaBaomy peectpi Ykpainm ma suHaxomn 25.04.2013. Asropu Hagrodiit B.O.,
Yxomnos O.I. // Vkpaina (19) A (11) C2(51) MIIK HO1L 27/322 (2006,/01).
Ykosos O.1. YrBopenHst JedeKTiB i HUI3bKO-PO3MIPDHUX aTOMHHUX CTPYKTYP V IPHUIIOBEPXHEBUX
mapax repMmaniio mij gac jgecdopmarii B inrepsasi Temneparyp 300-600 K. Asropedepar juc.
. KaHz. ¢is.-mar. Hayk: 01.04.07. Hayk. kepiBauk B.O. Hapgrowiit. uceprarist npuitasita 10
zaxucty y 2014 p.
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HABJINM>KEHHSY KJIACIB IHTEI'PAJIIB IIYACOHA
OIIEPATOPAMUI ®ENEPA

Orpumani acuMITOTHYIHI (OPMYJIN [T BePXHIX TpaHeil BixuieHsb oneparopis Peitepa Ha Kiia-
cax iarerpaJiB Ilyacona.
Kurouosi cioBa: padu Qyp’e, cymu Detiepa.

Hexait L — MHOXKHHA CyMOBHUX 27 —TIepiojnaHuX GpyHkuii, f € L i

S[f] = % + 5 (ar(f) coskx + by(f) sinka) = > Ax(f; )

— pag @yp’e byukii f. [losuaamvo uepes S, (f;x) gactkosi cymu psy Pyp'e,
toni cymu Peiiepa o, (f; x) dyukiil f € L 3a1a10ThCst HACTYITHUM CITIBBIJIHOIIIEH-
HAM

7u(f0) = S Silf0) )
k=0

Hacnigytoan O.I. Crenanng [1], mo6osnaanmo CfF - — kiacu HelepepBHIX
21 —nepiogmannx GyHKIi f(z), sKi MOYKHA TOJATH Y BULJIA 3rOPTKH

™

Fa)= Ao+ [ plarnPi0) dt,

—T

o0
B axiit Py(t) = ];1 ¢~ cos(kt + %77) — syipo Ilyacona, a ¢ € SY,, To6T0 byHKIIis
() Mae HYJIbOBe CcepejiHE 3HadYeHHs Ha mepiofi i esssup|p(x)| < 1.

© Hosgikos O.0., Posencoka O.I'., Boponnosa FO.M., Arapromenko H.B., Bonuk C.B.,2014
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Sajada 1Mpo HaOJIMKeHHS KJIaciB quo JUHIHHUMUM MeTOJlaMU Ma€ 1CTOPIIO.
C.M. Hikosbebkuit [2| mokaszas, 1m0 jjisi BEpXHIX I'paHeil BiJXUJI€Hb YaCTKOBUX
cym Pyp’e Ha Kjraci aHAJIUTHIHUX (PYHKIIIH Ma€ MICIle acUMITOTUYHA PIBHICTD

8q" / du q"
ENCE :S,) = O(1)—,
( - > 7TQO/\/16]281112ujL ()n

ne semmanna O(1) we zasnexuts Big n € N. C.B. Creukun [3] nokaszas, 1o 3a-
JIMIIKOBUH 4JIeH I1€] PIBHOCTI MOYKHa, MOJAATH Y BULJIAI] O(l)n(f—iq) , 1€ BeJINYHa
O(1) piBaomipuo obmexxena sigrocno n € N ra g € (0;1).

B po6ori [1] O.I. Crenanenp orpumas aHaJOrdHY aCUMITOTUIHY (DOPMYILY
JUId KJIaciB C’gHw. B.I. Pykacos Ta C.O. Yaiiuenko 4] 151 BepxHiX rpaneii Bij-
xuyenb cym Bamne Ilyccena ma kmacax Cf 1 CjH, orpumammn amanorumi

ACUMIITOTHYHI hopMyJI. 30KpeMa, y TIiil poboTi OKa3aHo, 110

4 n—p+1

5(0@@ww):;j%j;5

n—p+1

q q"
+ol) (p<n “o—ap - q2>> - @

A.C. Cepmiok [5] mokazas, 1mo Mae Mictie OLIbIN 3araibHa PIBHICTD HiK (2):

. ¢4 !
£ (Cg,oo, Vn@) T p (PKM +o) ((n —p+1)(1 - Q)s)) ’

e

[ /1= 2 cospl + % 1, p=1
. VI 2@cospta®, o0 [ Lo
’ 1 — 2q cos pt + ¢>

B naniit poboTi oTpuMaHi aHAJOIMYHI aCUMITOTUYHI PIBHOCTI JJIsi BEPXHIX
rpameii BiXuJIeHb TPUTOHOMETPUYHNX NOTIHOMIB 0, ( f, ) Ha kiracax CF o

Teopema 1. Hexai q € (0;1). Todi das n — 00 Mac Micye aCUMNMOMUYNHG
dopmyna

2 2q 14+¢q q"
q _ R
E(C] ,00) = (1_q2 —|—1n1_q> +O(1)n(1—q)3' (3)

™m
Sxwo q € (0;1) zadosoavnae ymosi |3 — 1| > ¢*, mo das n — oo mae micye
ACUMNMOMMUNHA POPMYAQ

2 ( 2q 14 ¢ 2 n

E(CL o o) = — ¢ om—=—.
(Co.0rm) mn \ 1+ ¢? 1—q2ang1—q2>jL ()n(l—Q)3 @

18 36ipHUK HayKOBHUX IIpalb (izuko-mareMarudHoro ¢akyaprery JIJIITY
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Hosenenns. Ha nincrasi crissignomenss (1) maemo

—_

3

S|

i) L @)~ i) = @) - LS Sfn = LY mlfe). @)
k=0

o~
|

0

ne pi(fo2) L f(x) — Si(f, ).

BacrocoBytoun mpuiiomu pobotu [6, ¢.123], orpumyemo

I ) B B
5o (fa) = — 5, cos 2 4 Sy sin 2 | dt, 5
(f;2) 7rn/1—2qcost—|—q2 1C0S T SasinTy (5)
e
Zq [cos kt — g cos(k — 1)t] = 1/2 5[2 — 4gcost+
1 —2qcost + ¢?

k=0
+24° cos 2t — 2¢"(cos nt + 2q cos(n — 1)t — ¢* cos(n — 2)t)],

1
1 —2gcost + g2

n—1
Yo = Z ¢"[gsin(k — 1)t — sin kt] = [—4gsint+
k=0
+2¢° sin 2t — 2¢"(sinnt + 2gsin(n — 1)t — ¢ sin(n — 2)t)].
Toji, BpaxoByro4H, 1110

™

| e - o =0,

1 —2qcost + ¢?)

—T

ra mijgcrasi (5) Maemo

su(fin) == [ - fitz + 1)

1 —2qgcost + ¢?)?

[1 — 2qcost + ¢* cos 2t] cos %r_

—T

n

q

at+ O

—[—2gsint 4 ¢*sin 2t] sin %

Hexait § =1. Toxi

t)[—2¢sint + ¢*sin 2¢
5o f: ) = /fl v+ [ 22gsint +q7sin2t] oy 40 —
™ 1—2qcost—|—q) (1—q)n

n
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Ot2ke, B cHIy IHBAPUAHTHOCTI KJIACY C’f)oo BIJTHOCHO 3CYBY 3a apryMeHTOM

2gsint + ¢*sin 2t O(1)q"
sup |[6,(f;x)|| = sup /f )1=24 q22 ]dt—i——( )q3 =
fect fesy, 1 _2QCOSt+Q) (1 _Q) n
1 [ o(t)(~2gsint + ¢>sin 2t "
L [0t sz o
™m (1 —2gcost + ¢%)? (1—1¢q)3n
e
©(t) = sign(—2gsint + ¢*sin 2t) = { ;1’ i 2 E(}:’)(’))
Ockinbku ¢ € SY,, T0 oTpuMyeMO
2 [ 2gsint — ¢%sin 2t g
E(CY = — dt + O(1)————. 6
(Crioc: on) /(1—2qcost+q2)2 * ()(1—q)3n (6)

0

Ob6uncanMo iHTerpaj. 3acTOCOBYIOUN 3aMiHy Z = COSt, MagMo

2¢sint — ¢®sin 2t 2q — 2¢°%
(1 —2qcost + ¢%)? (1 —2qz + ¢%)?

_ (1-¢%) 21, L 2
——T(l—Qqcost—l—q) —|—§ln(1—2qcost—|—q).

Taxkum gmHOM,

/ 2¢sint — ¢? sin 2t 5t — 2q (1+q)
(1—2gcost+¢*)?  (1—-¢*) ~ (1—q)

0

Orke, Ha mijcrasi (6) orpumyemo (3).
Hexait Teniep 8 = 0. Toui nust fi € SY,

1 r 1 — 2gcost + ¢* cos 2t n
—n/fg(x—l—t) (I+ d 4 5 )dt+0(1) a

(1 —2qcost + ¢?) (1—¢q)3n’

ne I rake, mo mesT' (I + 1(12‘];222;? v 2> 0) = mesT'(I + 1(12‘1;;2:3 v 2 <0).

OckijbKHn

1 —2qcost+ ¢2cos2t\’ _ 2g¢sint(—1+3¢* — ¢’ cost)
(1 —2qcost + ¢%)2 B (1—2qcost+q¢*)?

20 36ipHUK HayKOBHUX Ipalb (izuko-mareMaTudHoro dakyaprery LJIITY



Hogikor O.0., Poeencoka O.I"., ... Habmmxennst kiacis inrerpaJis Ilyacona

1—2¢ cos t+q? cos 2t
(1—2q cost+q?)?

TO I ¢ Takux, mo |3¢°—1| > ¢® na upomixky [—m; 0] dbynxuis
3poctae, a Ha npoMikky [0;7] cnagae. Tak, mo dyHkiis
u(t) = 1 — 2qcost + q? cos 2t B 1—¢?
(1 —2qcost+ ¢%)? (1+¢%)?
nomarna Ha (—3;%) 1 Big'emma ma (—m; %) U (5;m). Tomy nma dymkil
flx) = @(t) = sign(v(t)) € SY; BuKOHYyeTHCS

™
n

1 q
/ q° —1 1—2qcost+q20032t
2 (1 —2qgcost + ¢%)?

n

(7)

‘dt+0(1)ﬁ.

SaCTOCOByIOqH YHIBEpCAJIbHY TPUTOHOMETPUYHY I1JCTAHOBKY Ta METOJU 1H-
TerpyBaHHA PAIlOHAJILHUX (PYHKIIH OTPUMYEMO,

/ 1 —2qcost + q* cos 2t 2 2q 14 ¢ 2q
= sarctg
(1 —2qcost + ¢%)? (

1+¢2) 1—¢ 1—¢?
Orxe na mizcrasi (7) orpumyemo (4). Tepema nosejena.
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CIIIBBI/IHOIIMEHHA /IJ14 EJIEMEHTIB
INIZICYMOBYOYUYUNX MATPUILb
IIOTPIMHIUX OIIEPATOPIB BAJIJIE IIYCCEHA

OTtpuMmaHni eJleMeHTH IIiICyMOBYIOYHX TPUKYTHUX MATPHUIlh, MOTPiiiHux oneparopis Base I1yc-
ceHa.
Kirouosi caoBa: padu Qyp’e, npedcmaesaenns cym Baare Iyccena.

Beryn

Hexait L. — MHOYXKHHa CYMOBHUX 27 —Iiepiojudnux QpyHkmiil, f € L i
a o0 . o0
Sifl=5 + ;mk(f) cos b + by(f) sinkz) = kZO Ap(fro) (1)

— psg Dyp’e dyukiil f. [ozwauumo vepes S, (f;x) vacrkosi cymu psijry Oyp’e
n

Su(f;z) = Zak cos kx + by sin kx. (2)
k=0

Touni a1 < p < n Bignosigui cymu Basie Ilyccena ¢pyukmil f € L MoxKHA
II0JIATH CIIIBB1IHOIIEHHSIM

Vislfoo) == 3 i), (3)
p

Hexait py, p2, p3 — JOBLIbHI HATYpaJ bHI YNCIa TakKi, MO p; + pa + p3 < n.
[Torpittnumu cymamu Baisie [lyccena 6ynemo Ha3smBaTi TpUTOHOMETPIIHI MHOTO-
YJIEHH, §K1 38/1al0ThCsl HACTYITHUM CITIBBIJIHOIIIEHHSM

k

- L LS~ s @

p2 m=k—po+1

n

1
Vn7P17p27p3(f7 ZIJ) - Vn(,?(fv Jf) - ]9_1

k=n—p1

© Hogikos O.0., Posencbka O.I'., Huranok A.A., Huaunopyk A.O., CosnositioBa K.B.,2014
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Hogikor O.0., Poeencoka O.I., ... Emementn matpuipb nmotpiiiaux omeparopis Basre Ilyccena

s 3acTocyBaHHs METO/IB BUBUEHHA IHTErPAJILHAX ITPEJCTaBICHDb BlIXIICHD
noTpiitnux oneparopiB Basie Ilyccena 11i oneparopu cJiij mogaT y BATJIAL Me-
TOJIIB, SKI MOPOJKYIOThCS HECKIHUEeHHUMU TPUKYTHUMHI MATPUIAMUA HACTYIIHIM
YUHOM. 3a JOIOMOIOI0 HECKIHYeHHOI TPUKYTHOI MaTpuii umcen A = {A,g”)},
k.n=20,1,2,..., )\én) =1, Vn € N, )\,(f) =0 gust k > n, KoxHiit yHkmii f,
o Mae psit Pyp’e (1), mocraBUMO y BiAMOBIIHICTE MOC/IOBHICTE TPUTOHOMET-
PUYIHHUX ITOJIMHOMIB:

n—1
Un(f;2;A) = % (()n) + Z)\](Cn)(ak(f) cos kx + by (f) sin kx). (5)
k=1

Y Burisyii Tpuronomerpudnux mnosinomis (5) cymu Basuie Ilyccena V, ,(f; x)
byl f(z), Mo 331a10Thes CHiBBiIHOMEHHSIM (3), MOXKHA TOJATH 3a JOTIOMO-
roro marpuri A = {)\,(C”)}, eJIEMEHTH KOl 3a/1aI0ThCA HACTYIIHUM CIIBBIIHOIICH-
HAM

)\](fn) _ { L . 1<k<n—p;

1—7, n—p<k<n,n peN, p<n.

Hepaxkko momiTuTH, 1m0 y BUNAAKY, KOJIA p; = po = 1, p3 = p, MOTPIitHI cyMH
Bausine Ilyccena criBnajaiors i3 3sndaitnumu cymamu Basie Ilyccena.

[Torpiitai cymu Basute Ilyccena y Bumnajgky, ko ps = 1, coiBnajiaiorh 3
IIOBTOPHUMU CyMaMU, BIJITIOBIJIHI CIIIBBI/IHOIIIEHHSI JIJIsl €JIEMEHTIB I1JICYyMOBYIOUUX
MAaTPUIb AKUX OTpuMaHi y poboti [3].

Y janiit poboTi OTpMMAaHi CIIBBIJHOIIEHHS JJId €/IeMEeHTIB IIiJICyMOBYIOUNX
marpuip A = {)\Efn)} norpiitnux Meroxis Baste [lyccena Vi, 1, 5 -

OcHoBHA YaCTHUHA
Teopema 1. Hexati 2 < pr < pa<p3, p1+p2+p3<n. Todi

n—1
ao « (n . _
Vopipaws(f1 @) = EO)\(() )+ E )\,(C )(ak(f) cos kx + bi(f) sin kx).
k=1

n .
ARWO HYUCAA )\](g ) sadaromues Hacmynrum CNI6BIIHOWEHHAM
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fl, E=1,2,...n—p—+ 2;
. k—n+]5—21
1_291]32293 2221 52(2—'—1)7 k :n—p—|—3,...,n—p273+2;
k=ntp2s=2 pLo,.
1— 112 3[ S (2z+p12+1)p1 — Z@], k=n—pos+3,...n—p3+1;
P1p2p. ~ Z
1 s i(i+1)
plpng[(n_k+1_—)p2p1 2221 5=, k=n—piz+1,..,n—p3—1;
1 k— n+p12_2+1)
’L
p1p2p3[(n_k+1__)pp +E ] E=n—pa+2,..,n—poy
L i TEP, .
P1P2P3[izzl 2 + z:zl 71(22—}—]914—1)], k:n—p2+1,...,n—p1—1;
1 ”iz‘(iﬂ) E—n—p o
\ D1D2D3 = 2 1y -0y )

(6)

de D=pi1+p2+Dp3, pij=Di+Dj.

JloBeneHHs. Hexaﬁ 2 < p1 < p2 < p3, p1+p2+p3 < n. lloznauumo
Pij=DpitDpj, 1 12(3)]_123 P=p123=Dp1+p2+Dp3.

Toi moTpibHI Yuca /\k 3aJI0BOJILHSIOTH YMOBY

n—1

S Y Y s >

P1p2p3 k=n—p; v=k—po+1 m=v—p3+1 p1p2p3k n—pi
[Sk—post2t  Skpogt3t Skepoatat o Fhepyr1+ o FSh—ppr1t
+Skpost3 T Skopostat Skpysist o FSkpyrot o +Skpyrot
+Sk—postat Skopystst Skoppsret o FOkpyr3t o FSkpyr3t
+Sk—pst1t  Skepsr2t  Skpeazt . FSh—pyrprit .+ =

= On—pi—pa—pst+2 T 3Sn—p1—p2—p3+3 + 6371—1?1—272—103+4"'+

n—1
oo+ 6853+ 3800+ Sucr = DN AL(fr ).
k=0

Bei cymun @yp’e Sy = Sk(f;x), 1m0 107a00ThCst, PO3TAIIOBAHI B Py MPSIMO-
KYTHUX TaOJIATAX, Y KOXKHIN 3 AKUX pP3 CTOBIIIIB 1 P CTPOK.

Poznounemo mijipaxyHoK 3 KiHIg. & 1nepinuii 0J10K 30epemo ejgemeHTH S,
sIKi xo4a O B OJiHil 3 TabJMIb € caMUM IPaBUM HUXKHIM ejieMeHTOM. HeBarkko
HOMITUTH, IO eJeMeHT S,_; JJisd KOKHOro ¢ = 1,2, ...,p; 3yCTpPIiUaeThCsl OJIUH
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Hogikor O.0., Poeencoka O.I., ... Emementn matpuipb nmotpiiiaux omeparopis Basre Ilyccena

paz B p; — ¢ + 1-oif Tabauni i Ha ONMHMIO pa3 Oijbllle B KOXKHiil HaCTyIIHI
110 p1 -1t BKIO4UHO. ToMy KiJIbKiCTh e1eMeHTiB S,,_; B yciii 1iif 1100y 10Bi ,ZLOpiBHIOG
142447 = L
SIKIX HOMeD 61JIlee—,Z];OpiBHIO€ HOMeEpY Tiiel rapMoHiKH. KiNTbKICTh yCix e/1eMenTiB
1
Sk 3 HOMepamu k > n—v, v =1,2,....p, B yciit Oyaiii gopisHioE » ., Z;r )
Ile osnaudae, 1110 3arajibHa KiJIbKICTb FapMOHlK A,_, B yCiX TaOJIUIAX JIJIsT KOXK-
~ 1,2, SRRV iny k =
Horo v = 1, .,P1 JIODIBHIOE Y ., UKOHYIOUH 3aMiHy k = n — v,

v=mn-—k, 1is k—n p1, N — p1+1,...,n—1 OTPUMYEMO

. Tapmonika A,,_, MicTuThCs B yeix cymax S,,_; Zn ! A;,

n—k .,.

pipep3 = 2

Koxkuuit 3 ejleMeHTiB 3 HOMepaMut k = n — py + 1,...,n — p; — 1 BXoauTh
B KOXKHY 3 p; TabJIMIb i YTBOPIOE PIBHO P HEINOBHUX JliaroHaJjieil Tak, IO JJId
KOKHOTO ¢ = 1,2, ...,p2 — p1 — 1 enement S,_, —; B OCTamHiil TaOIUI] yTBOPIOE
HaOL/IBIT JIOBrY JiaroHaJb JJOBXKUHOIO P1 + ¢ < Po MITYK 1 B KOXKHIH 1monepe/ it
na 1 6iibi Koporky. ToMy 3arajibHa KiJIBKICTD esleMeHTiB Sy, —; JJid KOXKHOI'O
i=1,2,...,p2—p1—1 nopisuroe (p1+i)+(p1+i—1)+...+(i+1) = B (2i+p1+1).
Hna nomepis K = n —py + 1,...,n — p; — 1 rapmonika A, = A, .,
v=12,..py— p; — 1, morparuise mo oJHOMY pa3y y KOXKHY 3 cyM S, 3 HO-
MepaMu m = n — p1,n —p; + 1,...,n — 1, 3aranpna KiIbKICTb IKIX JOPIBHIOE

i(i+1) - . o
o Z(Z; ), 1 10 OIHOMY pasdy B KOXKHY 3 CyM S,_p i, 1 < ¢ < v. KingpkicTb

BCIX €JIEMEHTIB Sm 3 HOMEpaMu m = n — p; — V,...,n — p; — 1, B yciit OyaiBJi
nopisrioe » .| B(2i+p;+1). Taknm ansoM, BukoHyioun saminy k = n—p; —v
v=n—p—k, g k=n—py+1,....n—p; —1 oTpumyemMo

1 b1 nkpl

[Z ) + Z (2 +p1 + 1)]. (8)

pip2ps

A =

Cymn S,_y_p,+1, ¥ =1,2,..p1 — 1, yTBOpIOIOTDH B yciil 1iit 10OYJ0BI ¥ HOB-
HUX JlaroHaJjeil i p; — v JiaroHaJeii, JOBXKUHHU SIKMX JOPIBHIOIOTH BiJIITOBIIHO
po— 1,p3 — 2,...,p2 — (p1 — v). Tomy 3arasbHa KiTbKicTh BCiX ejieMeHTiB S) 3
HoMepaMu n — v — po + 1 < k < n — py J0piBHIOE

p]_—l /.
i(i+1)
o~ Y Y
1=p1—V
Orxke, g v =1,2,...p1 — 1, maemo

p1—1 P p2—p1—1

n 1 1t +1
)\7(1_)1/_]92_,_1 = [l/p2p1— Z %%—22(@4‘1 Z pl 2@—|—p1—i—1)]

p1p2ps3

1=p1—V 1=1 =1

Bumyck N4, 2014 25



MaTremaruka

Bukonytoun 3aminy v = n—k —ps+ 1, mig Kk =n—p; —po+2,....,n — py
OTPUMYEMO

k—n+pi+p2—2 .

n 1 (p2 +p1) i,
k p1p2p3[( 5 )pap1 ;ZO 2( ). (9)

Cymu Si 3 Homepamu k =n — p3,...,n — p1 — P2 + 1 yTBOPIOIOTH OJIOK ITOBHUX
maronaneit. dna v = 1,2,...,p3 — p1 — p2 cymu S,_p, —p,42-» MICTATBCA PiP2
pas. Tomy mist k=n —p3,...n—p; —pa+ 1

n 1 D2 + Pp1
A= Zn—k+1) - I (10)
P3 2
Cyma Sy_p,—p,+v, Mg Koxknoro v = 1,2,..p; — 1, yTBopioe B yciil miit

OymiBJII v TOBHEUX JliaroHajeil i p; — v jiaroHaJjeil, JOBXKHUHU SIKUX JIOPiB-
HIOIOTh BIANOBiAHO Py — 1,py — 2,...,p2 — (p1 — v). Tomy 3sarambpra Kijib-
Kictb cym Sp 3 HOMepamMu k = n — p3 — p1 + V,...n — 1 J0piBHIOE
(p1 — v)pap1 — D0, 1w + papi(ps + 1) — %] TaK, W0 A
k=n—pr—p3s+1,...,n— p3—1

. 1 + ' +1
M = — [ =k 1= P oy Z” SN

l'apmonika A, —p, —p,—p,+3 HE IIOTPAILISE B OJIHY CyMy Sn_pl_p2_p3+2 s An—py—py—pata
He IIOTPAILIAE B OJHY CYMY Sp_p,—py—ps+2 1 B ABI CYMH Sp_p —po—ps+3 1 T.10. Korkna
3 cyM Sk 3 HOMepamu k =n—p;—pe—p3+2,n—p1—pa—p3s+3,...,n—p2—p3+1
€ KyTOBHUM €JIEMEHTOM BIJIIIOBIJIHO Y TepIiil, Apyriii, ... , p;-it TabmIl i B KOXKHI
HaCTYIIHIl yTBOpIO€ JlaroHaJib Ha 1 JIOBILY, a B IONEPEJHIX He 3YCTPIYa€Th-
cga. Tomy KokHa 3 ¢yM Sp_p—py—pstitr LA vV = 1,2,....p; — 1 MicTuTbCA
142+ +v = (”+ ) pasiB. l'apmonika A, _p _p,—psr210, ¥ = 1,2,...,p1 He Mic-
TUTHCS B YCIX cyMaX 3 HOMepaMU MEeHIIUMU 38 N —P; — P2 —p3+2+v. SaraﬂbHa

KIJIbKICTh cyM Si 3 HOMepaMu k < n — p; — py — p3 + 2 + v JIOpiBHIOE Z ZH
Takum amaOM it Kk =n—p; —pe—p3+3,n—p1—p2—ps+4,...,n— pg—p3+2
k—n+4p1+pa+ps—2

1 3" i(i+1)

P1P2Ds3 P 2

A =1 — (12)
Koxkna i3 cym Si 3 HOMepaMu k = n—po—p3+2,n—po—p3+3,...,n—p1 —p3
3YCTPIYaEThCsd Y KOXKHIM Tab/uIl OLIbIe OJIHOTO paly, aje He YTBOPIOE KO/I-

HOI II0BHOI JiiaroHaJii. 3arajbHa KiIbKICTb €JIEMEHTIB Sy p,—pst14i /A KOZKHOTO
i=1,2,...,p2—p1—1 gopiBmoe (p1+i)+(p1+i—1)+...4+(i+1) = B(2i+p1+1).
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l'apmonika A, p,—petotv, ¥ =1,2,...,p2—p1 —1 He MICTHTBCA B yCIX cyMax 3
HOMEepaMU MEeHIINMIE 38 N—pPo—p3+2-+1 . 3arajabHa KiJIbKiCTh cyM Si 3 HOMepaMu

n—py—p3+2<k<n-—py—p3+2+v gopisuioe Y 5 (2i+p;+1), aBeix cym
i=1
v P

Sk 3 HoMepamn k < n —py —p3 + 2+ v jopismoe Y B (2i+p;+1)+ Z(z;rl)'

i=1 i=1
Takum aunom gast k=n—py—p3+3,n—py—p3+4,...n—p; —p3+1

(n) T, D+ 1)
AN =1— —2i+p+1)+ . 13
k - 2:1: 5 (20 +1) 2:1: | (13)

[Toenmytouan (7) — (13), orpumyemo (6).
Teopema mgoBejieHa.

Jlireparypa
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Boapasa B.., CazonoBa FO.B., Ilanacenko 41.C., JlorBunenko A.B.,
IIporbiasak A.JI.

1 aCHuCTeHT Kad). BBICIIEI MaTeMaTHuKH, Kunesckuii HaI_[I/IOHaJIbeH;'I YHUBEDCUTET TeXHOJIOT U H,Z[HS&I;'IHa

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

e-mail: sgpi@slav.dn.ua

I[MPUBJINKEHUE NEPUOINYECKIIX ®YHKIINN
I[IPAMOYT OJIbHBIMU JIMHEMHBIMI METOJAMUI

OTrpumaHi acUMITOTHIHI (GOPMYJIN ISl BEPXHIX I'paHell BIIXUIeHb TPAMOKYTHUX JIHINHUX Ce-
peJIHIX Ha KJiacax HMepiogudHux (pyHKIIiH OaraTboxX 3MiHHUX
KurroueBbie cioBa: psadv. Dypve, acumMnmomuveckue pasencmea.

BBenenue

B nannoit paboTe n3y4aroTcst BOIPOCHI MPUOJINKEHIS KJIACCOB ITEPUOTIMTIECKIX
yHKIM M nepeMeHHbIX, UMEIONINX MMOYTH Be3Jle orpaHuydeHHble 0000ICHHbIE
JacTHBIE TTPON3BOIHbIE. KiaccnduKkammm HenepepbiBHLIX TePUOIMIECKIX (DYHK-
Uil Ha OCHOBE y4eTa CBOWCTB ceMelicTB KO3 duimenToB Oyphe mepnojinaecKnx
hyHKIMIT MHOIUX [IepeMeHHbIX ObLIH Ipejiozkenbl B paborax [1.B. Bamepes [1],
AU. Crenanna, H.JI. Maaymnna [2], P.A. Jlacypunu [3], B.U. Pykacosa [4] u apyrux.

[lycte R™ = {7 = (21,22, ....,xp),2; € R4 = 1,2,...,m} — m-mepHoe
m
Epxuoso npocrpanctso, T™ = [[[—m; 7] — m-mepubiit Ky6 ¢ pebpom 27,
i=1

N"={Zfe R"z; € N, i=1,2,...,m}.
Yepes L(T™) 00603HAYNM MHOYKECTBO 27 -MEPUOAMICCKUX 110 KaXK/IO0I mepeMeH-
HOM, cymmupyembix Ha kybe 1™ dyukunit f(Z) = f(x1,29,...,2,). Ilycrb
E™ C R™ — MHOYXKeCTBO YIODSJIOUEHHBIX M -0K u3 HyJeit n exuunt. Cremys [5],
Kayk/10i1 mape Touexk S € K™, k€ N = N™ U E™  noctaBUM B COOTBETCTBUE
koabduruent Oypoe byukuun f € L(T™)

a%(f) = Wim/f(f) ﬁcos (kzlxZ — SZ;) dx;.
s i

Kaxxmomy BekTopy k € N]* mocraBUM B COOTBETCTBHUE BEJUUNHY

Ap(f; @) = Z a%(f) HCOS (kzarz — S;W) :

sepm =1

© Bompasa B.1., Cazonosa FO.B., ITanacenko ¢1.C., Jlorsunenko A.B., IIporeask A.JI.,2014
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Torna, cuenyst [2,7], pag @ypbe dynknnn f(Z) 3amaeTcss COOTHONIEHIEM

S = Y S Adfia) )
keNm

—

rie ¢(k) — KOJMIeCTBO HyJIEBBIX KOODJIMHAT BeKTOpa k .
[Iycte ™ = {1,2,...,m}. O6o3natnm cumBosoM f(r) C 7 7 -3J€MEHTHBIE
noaMHoOKecTBa u3 M. lapmonukoit, conpsuxennoit ¢ Ap(f;Z) no mepemennbiv
> ey
H CoS (k T, —

A5 (5= a >HCOS<I€$] (s]+1) )

SeEE™ i€Em\ JEW

xT,, VE u Cm OyaeM Ha3bIBATh BEJIMIIHY

Wl c’Jl

Cremyst pabore [6] BBesem monsitue (1), 3)-pou3BOIHBIX (DYHKINH MHOTHX
epeMeHHBIX cieytormum obpasom. Ilycrs ¥;(z),i = 1,2, ...,m, — duxkcuponan-
Hblii HAOODP (yHKIWI, onpeeneHubx Ha [1;400), B; € Ryi = 1,2,....m, —
puKcupoBaHHbIl HADOD THCEI. B

HAYUM | MHOKECTBO 3JIEMEHTOB KOTOPBIX
ObozHa epes N OKecTBO »3jeMeHToB k£ € N, 0TO
ki # 0,1 € u. IpeamnosmoxKum, 910 JIJIs1 BCAKOTO (4 C T PAJIbI

—.»

ZQ‘J(E)Hlf/%(ki) > ol COS%W I sin ﬁ; lk;ew) (f;2). (2)

FeNp jEr(r) vel(r)

sABJIsI0TC psiiamMu Pypbe HeKOTOPbIX DyHKIMIT ¢, (Z) , KoTopble OyeM HA3bIBATH
JacTHIHBIME (1), ) —[TPOU3BOIHBIMU 0 TIEPEMEHHBIM ', € 1 C T 1 0003Ha~

(G
qaTh (, = fﬂ:.
Yepes Lg“ 0003HAINM MHOXKecTBO (pyHKIuil f € L, KoTopble JI/Isi BCIKOIO

@ C M UMET fg“ MHuoxkecTBO HelepepbIBHBIX (DYHKIMI 13 Lg" TaKX, 9TO
w w
JJId BCeX (e Cm

/fﬂﬂ“(f) Hdtj =0, esssup]f/i“\ <1

OysieM 0003HAYATD C’w“ Ju Cm.
[Iycte A = {AI,AQ, oy A} — durcuposantbiit HaOOp GECKOHEUHBIX TpPe-
YTOJBHBIX YUCJIOBBIX MaTpui, A; = {Ag?}, 1=1,2,....m, ne N, k=0;1;..

Af{? = 1 n )\I(:i) = 0 wim k > n. llycts nasee A,%ﬁ) = HAIm 1

Gz = 11[0;n; — 1]. Tak, aro )\](;ﬁ) =0 s moobix k & Gi.

i=1
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MaTremaruka

Oyukiuu f € L(T™), nmetorneit psjg @ypwe (1), moctaBuM B COOTBETCTBUE
CEeMefiCTBO TPUTOHOMETPUUECKUX IOJIMHOMOB

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

[esibio JaHHOI pabOThI SIBJIsIeTCsl M3YyUeHe aCUMITOTUIECKOTO IIPH 1; — 00,
1 =1,2,...,m, noBeJieHNs BEJININH

5(05 o Un) = sup ||f(Z) — Ua(f; %5 A)l|e
fecyt

npu n; — 0o, = 1,2,....m.

OcHoBHAY 4YacCTh

Haiinem myist senmans 0z( f; Z) = f(Z)—Ugz(f; &), KOTOpBIE ABIAIOTCA YKIOHE-
HUSIMU TpUrOHOMeTprueckux muorowienos Ugz(f;Z), @ € N™, or dyHKiun
f(Z), urTerpasbHBIe MpEJCTABICHUS Yepe3 ITapaMeTphl, ONPee/IsIONIine KIace
dyHKIMIT C’g“ ~ - A1 9TOro HaxoauM COOTHOMICHMS MeKJy KoddduiuenraMu

W

" Yy
Oypbe pyaxnuit nz C' ;i o U X 0DOOIICHHBIX TPOU3BOHBIX.

Jlemma 1. Ilycrs f € C'g:’oo,u C m. Torua st Beskoro k € Ny, s € E™,

p C m st Koapguiuentos Pypre yukmnun f(¥) u ee nmpon3BogHOIM fﬁ: (%)
BDIIOJIHAIOTCS] PABEHCTBA

) BT R
i =Tlwt 3 TT oo SIS0 a ™
icu (Cpicpu(r)\¢ JEC
(4)
[Tostozkum
A= XN@Wi(nw), & <v<,
TZ(U) B { wi(niv)7 1 < v, 1= 172’ -y M, (5)

riae A;j(v) — menpepoiBuble Ha [0; 1] dyuxmun takue, aro A;(k/n) = )\,(C 2.
Teopema 1. Ilycmo xaace dynryud Cgi“ ot i C T w onepamop Ui(N) maxue,
umo gynryuu 7;(v), onpedesernvie COOMHOUEHUAMY (5), UMEIOM CYMMUPYEMbLE
Hna R npeobpasosanus Pypve

(0.9]

/ |73 (t)|dt < 00, 1 =1,2,...,m.

—0oQ
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Tozda das ecaroli pynxyuu | € oY oo 6 kaotcdoti mowke T € T™ daa omxao-

HEHULT NPAMOYLONOHDIT ONEPATMOPOS U 7(A) ewnoansemcsa paserncmeo

9= (-1 ’"“Z = f+2%@x
m Rr J

r=1
By
7,(vy,) cos | v t, + — 5 dv,dt,,. (6)
0

HokazarenbcTBo. B cuty coorromenust (3)

S[%(f,f)]:Z k( HA) 7)) =

X

ve (r

“3 % 5 (M) AT S S

=1 genpy iycm k;eNm

X H ( N) ,g(f,:?)—i ) Z Sulf, 7). (7)

jeu( =1

Berancins Koad)d)MuHeHTbl Dypbe QyHKIM

X /7',, COS (vyt,, -+ BVTW) dv,dt,, p= u(r) C m, (8)

ve (T‘O

1 ipuMeHsist bopmyiibl (4), moJtydaem

1 n; " »

keN JEN
[Tosromy
m
0a(f,8) =) (=)' Y T,
=1 ucm
O6benuusist oceuee cootuotnenne ¢ (7) u (8), moaydaem (6). O

Bumyck N4, 2014 31



MaTremaruka

WzyamMm acuMIToTudecKoe MmoBejaeHne mpu n; — oo, ¢ = 1,2, ..., m, BeJInInH

E(CiUs) = sw |183(f:2)le-
fecyy

Bu,00

Teopema 2. IIycmo dynxyuu 7, ;(v), umerom cymmupyemsvie na R npeobpaso-

sanus DOypve. Toeda npu n; — oo, © = 1,2,...,m, cnNpasediusa acumMnmomu-
weckas opmyaa

5(0;”*100,%) =Y A +oWam]+om Y. Y I[ A), )
i=1 J=2 u(j)cm veu())

ede

A(ry) = / /Ti(v) cos(vt + Bim/2)dv| dt, i=1,2,...,m,

0
a(t;) = / /TZ‘(U) cos(vt + Bim/2)dv| dt, i =1,2,...,m,
0

O(1) — seaunumna, pasromepHo ozpanuyertas no n;, = 1,2,....m

HokazarenbctBo. [Ipumensist paserctso (6), mosrydaem

5(0;#:700;Ua> = sup zm: ) Z 7r7”/f (:1: tj'€j> X

b
fCﬂ:OO r=1 r)Cm

By
XH/TVUV cos(vyt + — 5 dv,dt,

1/6;1 C

HOSTOM}/ CIIpaBelJInBa OLI€HKa CBEPXY

5(01;“00; ~) ZA ;) + O(1 Z H A(T;). (10)
(=2 p(Q)cm jep(<)

—

s 27 -niepuomaeckoii byHKIWN f;’bﬁ(—x) = @ (Z), rne byukuun ¢} (),

(3
1=1,2,...,m, olpejejieHbl TaK, YTO Ha IPOMEXKYTKE [—%; %]

@i (t) = sign ni/n(v) oS (vtnl + BTW) dv |,
0
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™

a Ha IpOMeXyTKe [—7; —5) U (§; 7] Tak, 4o

2

™

/apf(x)daz =0, i=1,2,....m,

-7

BBITIOJIHEHO fy(T) = Z filz;) € C’w:m. [TosToMy cripaBeyinBO HEPABEHCTBO

m

D Am) +oMam+01) 1> Y [ A <

J=1 (=2 p(Q)cm jep(C)

<O Us) < ZAT]+0 ZZ HAT7

(=2 p(¢)cm jeu(C
I3 sroro mepaserctsBa BbiTekaeT (9). Teopema gokazana.
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HABJIN>KEHHS JIOKAJIBHO CYMOBHUX ®YHKIIIN MAJIOI
I'NTAIIKOCTI OITEPATOPAMUN BAJIJIE ITYCCEHA B
IHTETPAJILHII METPUIII

B poGoti posrignaorses nurannsa Habianmzkenns kiacis Crenanng LM oneparopamu BaJ-
se Ilyccena B mpoctopi L Yy BUIIQJIKY, KOJIA MHOKWHU L' CKJIQJIAIOThCA 3 (PYHKIIH MaJIol
raaakocTi. Oep:KaHo aCUMITOTHYHI 3aKOHM IOBEIIHKKM BEPXHIX I'DaHell BiIXWIEHb 3TaJaHIX
dyuxkiiit Bij oneparopiB Base Ilyccena, gki B meBHUX BHIaJIKaX 3a0€3MEUyIOTH PO3B’3aHHS
BijToMoO1 33 1a4i Kosimoroposa-Hikorbebkoro.

KurouoBi cioBa: 1) -nozidna, modyav nenepepsrocmi, onepamop Baane ITyccena.

Beryn

B pobori [1] kmacu LYN osmaueni nactymnum unnoM. Hexait L — MHOXKH-

~

Ha ¢yHknii f, gxi BuMipHi Ha JjificHiil oci 1 Taki, MO MalOTh CKiHYEHY HOPMY
a+2m

fllz = sup [ 1f()] at.

[Tosuaumvio wepes 2 muOXKuHY HemepepBHux 1pu v > 0 dyukmii ¥ (v),
Kl 3a710BOsIbHSIOTE yMOBH: 1)1(v) = 0, ¥(0) = 0, (v) 3pocrae na [0,1); 2)
Y (v) omyksa gonmsy Ha [1,00) 1 lim ¥(v) = 0; 3)noxigua ' (v) = ¢¥'(v + 0)

V—00
Mae obMmexkeny Bapiarioo Ha [0,00). [linmuokuny dyskmiit ¢ (v), st sKux

O
]l @ dv < 0o, noznadators A’

Jst mapn 1, 1) € A BusHAUNMO GYHKI[IO 0 @ 1) = d W14 419, e P14 Ta
Wy — mapHe i HenapHe IIPOJIOBKEHHs] dyukmiit ¥y, P BI/IIOBI/IHO.

Tosi gepes LM OyjieMo Mo3HavYaT MHOXKUHY (PYHKIIN f € L Kl Maifizke
JUUTST BCIX & MOXKHA TOJATH Yy BUTJISJI HACTYITHOI PIBHOCTI:

f(:v)=Ao+H{so(w+t)¢<)dt Ao+ ¢ B(x), (1)

ne Ay — dedka craJja, iHTerpaJj po3yMI€TbCsl sIK IPaHUIlsd IHTErpaJiB 110 CIMeT-
PUYIHIX [TPOMIZKKAX, IO PO3MIUPIOIOTECsE, p € M (M C L),

7 t) = %%E(m)em dx. (2)

© Cinin €.C.,2014
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Cinin €.C. Habymzkenmst jokaabHO CyMOBHHX (QYHKITII

Sxmo 1, € A, e € A, To nepersopenns (t) cymosHe Ha giiicHiit oci.
Hacmigyioun O.1. Crenanng, |2, c. 149|, dynkmiio ¢(-) B 300paxenni (1)
GyieMo HasuBaTn 1)— moxignoo ynxiii f(-) 1 nosHauaTH f¢( ).
B poni N sucrynae onniina Ky Sp: Sp={pel:|et )|z < 1}, abo
KJIACH HwL HwL ={p€ L: o(-+t) =)z <w(|t])}, me w(t) — dbikcopamnmii
MOJLyJib HerepepBHocTi [3, ¢. 20].

Arperarom nabymkeHHsT (DYHKIIIH 3 KIaciB LM e orepaTopn
Veelf3@) = Vo fia5 A) = Ag + [ 5 Mg cti(2). (3)

ne f e E%ﬁ, Aot TiepeTBopents BUTAsA Y (2) GyHKIET Ay (1) (t), v axiii
1, 0<|t<ec
— <

Aoc(t) = Ua_‘z', c<|t| <o, o>c2>1. (4)
0, o < |t

Ax Bunmsae 3 podot O.1. Crenang (30kpema, [4]), 3a nesiknx ymos Vi, o(f; )
HaJIe’)KATh JI0 MHOXKHHU €, LUIMX (PYHKIIH eKCIOHEHIiaJbHOro THily < o. Y
HepioANYHOMY K BHUIaJAKYy, npu ¢ = n € Nic=n—p, p € N, p < n,
oreparopu V, .(f;x) cuiBnamaors 3 sigomnmn cymamu Baste Ilyccena. Tomy
oneparopu V, .(f;x) oxepxkasnu nassy oneparopu Basuie Ilyccena.

MeTor0 poOOTH € 3HAXO/IZKEHHsT AaCUMIITOTHIHIX (DOPMYJI IIPU 0 — 0O BEPXHIX
rpaHeil BIJIXIJIeHb

E(L M Voe) = sup || f(x) = Vool f.0)Iz. (5)
ferLym
[Tpesmerom focitiazKentis € alpoOKCUMATUBHI XapakTepucTuky oneparopis Basuie
[Tyccena na k/1acax L.

Bugimimo i3 A migmuokuaun Ay i Ao |4, . 193|. Koxniit dynkmii ¢ € A

criBcraumo napy gyuxuiit n(t) = ¢t (3¢(¢)), pt) = W, t > 1. Toxi

={Y: e 0<u(t) <Ki<oo}, Aco={¢: v e A, 0< Ky < pu(t) <
< K3 < o0}, e K; = const, i = 1,3 (axi mozkiuBo 3amexars Big ¢(+)).

OcHoBHa YacTHUHA
dt .
Moknagemo h = h(o) =0 —c, © = lim 2.

g—00
Teopema 1. Hexati ¢y € 2y i o € A, Ay = Ao A" Lidicni wucaa o i
h=h(c), o >h=>1 obpani max, wo 0 <O < 1. Todi npu 0 —

E(L"81: Vo) = / 20 gy ST+ OEE), )
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1 00
ST 1
E(LYH,,; Vyg 1) (—/w( )/ o(0s)sin st ds dt+
m
0 1

us

gli(;)\ m% / w (?) sint dt) +O0()[¢(0)|w G) , (7)
0

de O, € [1/2,1], B, =1, xoau w(t) onyrauii modysv nenepepsnocmi, O(1) —
BEAUMUNU, PIBHOMIPHO 00Medicens no o 1 h.

BayBaxkeunsi 1. Hexat 1y € Ae. Todi [2, c. 214, 216] maromsv micue oyinku:

f@ ds < Klis(o)], 7r'fw(%)fng os)sinst dsdt| = O(1)w ( )f'wQ lds.
Omorce, arxwo Y € Aoy @ P2 € Ao, mo dopmyau (6) i (7) Ha6y6ammb 6U2NADY:
4
E(LV81; Vogmt) = oo )\1ﬂ—+0( (o), (8)
/2

E(TTH,,: Vo 1) = %mﬁ / w (?) sint dt + O(1)[f(0)|w G) |
0

(9)
Ba ymosu © = 0 acumnmomuuni cnissionowenna (8) i (9) daromw poss’azox

sadaui Koamozoposa-Hixorvcvrozo das onepamopie Baanre [lyccena Ha kaacax
LSy z'[f/’HwL 610n0610H0.

Anasnor Teopemu 1 B piBHOMIpHEIT Merpumi OyB foBeieH y poboti [5]. Y
nepiognanoMy BUNAJIKY (Habamkenus cymamn Bajsute Ilyccema) — B poborax
B.I. Pykacosa i C.O. Yaiiuenka [6, 7|. Habmuxkenns oneparopamu @yp’e (Bu-
majoKk ¢ = o — 1) @—iHTeraﬂiB JIOKAJIbHO CYMOBHUX (PYHKII# B PiBHOMIpHMII
metputii Oyi1o mociipkeno O.1. Crenannem ta I.B. Cokosenkom (8, 9].
JloBeneHHs.

CKOpHCTAEMOCST CXEMOIO, SIKY 3aIllPOIIOHOBAHO B poboTi [2, ¢. 219 — 259] 3 Bpa-
XyBaHHSM crienudiki BUIAIKY, 10 PO3LJISIAETHC.

[Topsizn 3 oneparopamu Bajuie Ilyccena BM. 1551 — 1552| o3nadveni omnepa-

ropu V;(fia) = Vi (fim AY) = Ao+ f7 % N ab(x), npn womy

* >‘U,Ca |t‘ S [O’ C] U [U’ OO)’
Aoct) =19 1 _ loerlosint) o < Jt] < o (10
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Hexaii f € LY, Toxi, srigno g0 pisrocreii (1) — (4) i 10

L ——

F(2) = Vool fs2) L poelfo) ff¢x+t)(1— L)) dt+
[ @ Odoelt) L o5 (f.7) + Dol f. 1), (11)

fe do(t) f e —(0))e ™ + (¥(—s) — P(—0))e™"]ds.

CHpOCTI/IMO CIIOYATKY MepInnii I0aHoK 3 mpaBol yactuan pisaocti (11). s
1ILOI'O BUJLJIMMO TIOJIOBHI YacTUHM 1 omiHuMo 3aJjminku. Hexait a — mgoBlibHe
nojarHe ducyio, h = o — ¢. 3rigHo 3 teopemoto 1 poboru [1, ¢. 1552 i cmis-
Binuomentam (10), micas iHTerpyBaHHs 9acTUHAMHI, MAEMO

in 22Nt i bt
pé,a—h(fv a:) _ —¢71T(a) f 5( )25 ;ft2 i T

NS

7
(20 h)t - ht
_l_’(/)g(a) f 5( )2005 th sin 7 dt+

™
LT

+1 f §(z,t) f% )sinst ds dt + by (f, x) + b3 (f, x), (12)

\tl
ne 8(x,t) = fw(x+t> — fUz), saxwo f € LYH,, i 6(z,t) = fY(x +t), axuo
f € LSy by (f, o) = ag (f.7) + ﬁé"{(f ) + Ry (f,x), npu upomy
(f 33 f wl f 5 25111 2h) 5111* dt
=

| ht?
(20— h)t ht

1 df 1 2sin sin %
o (f,x) = 2l [ at) S5t

Rf’f{(f, T) 4 i Olat) [ ¥i(s)sin st dsdt, (13)

o) 2 cos L’gh)t sin % cos ot
[ o(z,t) 2 — 2 dt+
tI<g

)t g o0

2 cos (2”% sin &t
+ [ o(z,t) 2
t>% |t|>2 o

Ta

by () = 2

5(s) cos st dsdt) : (14)

JloBejieMo cripaBeInBICTh CHIBBIIHOIIEHD

" —_ ) o)|gi(a)l, vfeLl’Sp, .
by (f, @)l = { O(1)|tr(0)|w (%)’ vf e Z@ﬁ% 1 =1,2. (15)

Bumyck N4, 2014 37



MaTremaruka

B nojaibiomMy BBaKaTUMEMO, IO fw € Hw , IpA 1IbOMY (PAKTUIHO TAKOYK
OyJie PO3IVITHYTHI BUTIAJIOK, KOJIN fw s 1, . BukopucroBytoun ominKm HOpM

If e+ K@) dtflz <Ifll; 1K@ dt, el K€ Lab), (16)

OTPUMAEMO
oyt (f.2) < Klin(0)|w(1/0). (17)
Jlist Toro, 106 omiHUTH APYrUi J10aHoK piBHocTi (13), mpeacraBumo fioro y
BUIIsIL fjb{(f, r) = z/}17(0)(1’1 — 1), ne

df f 5($7t)cos( h)t dt, I, & df f 5 cosat dt
t|

ht? ht?
t=% [t]>

1 OJIEPKUMO CIIOYATKY OIIHKY 1HTerpaJa ] f o(x, )= ;;tz Mt g,
w/h
st boro Oyj1eMo BUKOPUCTOBYBATH METO/I, STKUIl 3allpOIIOHOBAHO y pobOTI
O.1. Crenanmg |2, c. 209 — 213|. Ham 3Ha100uThCst anasior jgemu 5.2.3 3 i€l poboTH.

Jlema 1. Hezat ¢(t) — cymosna na muoocuni L ¢ynwuia. Todi, axwo T =
={r:a<x<b} iz, k=1,N, a<z <z3<...<zxy <b — deakut
HAOID MovoK, 0AL AKUL
Tk+1
[ p(t) dt =0, k=1,2,...,N —1, (18)
T
© >0 (¢ <0) matiorce cxpisv na (zg,cr), © <0 (p > 0) matvice ckpizv Ha
(Cks Th41), Ck € (T, Tpg1), mo Vf € Hy,

b
J [z +)p(t) dt o(t) dt|| +
¢ I I
w(ra) b
+5 [ e dt+ || [ flz+t)p(t) dt
T TN Z
Ao 1 = {x T 2 a} axp, k=1,2,..., a<z <29 <... — deaxud

nabip mowox, Oaa axur ymosa (18) eukonana das 006iabHO20 HAMYPaAILHO20 K,
mo Vf e H,,

Oof(x+t)<p(t) dt Fw(A f\go )| dt.

L

[+ ot dt

L
B ocmanmix cnissionowennar A = supy(Trpe1 — Tg)-
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JloBeieHHst I€l JieMu aHAJIONTIHO J10 joBejieHHst jtemu 5.2.3 [2, ¢. 212 — 213].

0}
Hexait ®4(z) = [ % dt. ®ynkuis 1/t MOHOTOHHO cHajae Ipu

T
t > 0, romy dyukiis Pq(xr) MiK KOKHUME JBOMA JOJATHUMI HYJISAMEI (DYHK-
mii cos(oc — h)t Oyme martu cBiii enmnnit Hysnb. [losHaunmo depes xp, o,

MHOZKHIHY Hy/1iB Gynkmil ®1(z) 3 npomixKy (7, 00), 3aHyMepoBaB IX y HOPSIKY
LE+1

spocranns. Ocklibku [
i

cos(o—h)t

- dt = 0, 0, 3acTOCOBYI0UM JIeMy 1, OJIepKYyeMO

00
HI f 5 COS ](lth h)t dt + CU(A) f COS(}Z;h)t <
w/h 7 x
i cos(c—h)t dt + f cos(oc—h)t dt
< Sz, t cos(o—h)t w( ‘
7r/2n<%}<<x1 H (x )H T{h h 1 o

n—§ <25

npudomy A = sup(Tri1 — Tx) < %, .
k

Bpaxkaroun Ha Te, mo: 1) w(At) < (A + lw(t) g moBinbHOTO MOyIIS

HerepepBHocTi Ta A > 0 1 2) 3a ymoBu 0 < © < 1 mae wmiciie HepiBHICTD

w (ﬁ) < Kw (%) , BHAXOIMO

Fr
W<l (e T ) <ru@. oo
w/h w/h
PosMipKoBy0UH MOIOHIM YMHOM, BCTAHOBJTIOEMO
df T COS O
1571 S || S o, 0)<sgtde]) < Kuw (2). (20)
w/h 7

3 cmisBiguommens (19), (20) Ta im anasoriunmx mis t € (—oo, —m/h) Maemo

|35 sl < Kln(@)w(/o), vr e LA, 21)

OuinuMo Terep BeJIUYNHY R%l( f,x). g mporo OynemMo BUKOPUCTOBYBa-
i TBepiKeHHs 5.4.1 |2, c¢. 224]|. BayBakumo, 110 X04Ya BOHO JIOBEJIEHO JIUIIE
JUIsl BUIIQJIKY HaTypaJbHUX 3HaYeHb O, aJjie TBEPJXKEHHsl 3aJIMIIacThCd Bip-
HUM 1 Jig jgificaux uncesr o > 0, OCKUIBKN Hpu fioro JloBejieHHI He Bpaxo-

ByBaBcad dakt o € N. Bepyum g0 yBarm indopmariiio o HyJIdX T QYHKIIT
o oo
®y(z) = [ 1 [Wi(os)sinst ds Ta sacrocoByoun Apyry dacTHHy Jemn 1, ozep-

1
ZKYEMO

)sin st ds dt

<
L

15z £

e
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El 0 00 o0
f fw os)sin st dsdt f %fwi os)sin st ds| dt.
0 1 E 1 1

(22)
B cuty monoronnocti dbyHKIHT 1] (0s) Ta nepiouaHOCTI TPUTOHOMETPUTHIX
dynkiit, maemo

00 1427/t /
¢ [ (os)sinst ds| < |2 [ (o) ds| < BOhl « linloll, (23)
1 1

Ockinbkn A < 2% 10, 3actocosytoun oninku (16) i (23) 1o mepisnocri (22),

orpumaeMo ||I3]]7 < Kw(l/a)\wl( )|. 3posymiso, 1o Taka ¥k cama OIiHKa Cripa-
BeJ[JIUBA 1 JIJIs IHTerpaJia 1mo mpoMiKky ¢t < 0, Tomy

IRy (f.2)llz < Kw(1/o)[¢n(0)]. (24)
Orke, BpaxoBytoun orinku (17), (21) Ta (24), 6admmo, 110 Hb¢1 (f r)||z =

= O() (o) (2).

Po3mipKoByI0Un aHaJIOMIYHIM YNHOM, ITEPEKOHYEMOCH, 110, 38 YMOB TE€OPEMH,
MaroTh Micre criBijgHormernst (15).

J171s1 3aBepIeH s JOCIZKeHHST BeJINIIMHI ,oj;’gfh( f,x) Ham Tpeba crpocTuTH
JBa TepImx JojaHka pisaocti (12). Ba gomomororo Jiemn 1 mepekoHyeMocst B
CIIpaBe/IJIMBOCTI HACTYIIHOI PIBHOCTI:

—2sin <(20;h)t 5”) sin %
/ d(z,t) 3 dt =

afo<|t|<n/h

sin(ot — 22
= [ sen™ = w0, 25
afo<|t|<n/h
e (M) = w(%), SIKIIO f € Zaﬁ% i (M) =1, akmo [ € ZE:SY\L; qepes
O(1) nosnadena BeauInHA, PIBHOMIpHO 0OMeKeHa 11010 o, h i (.

[Moxasmu y criBsignommenni (25) cnovarky § =0, a norim § = 1, 3rigHo 3
piBocTamu (12) i (15), ocTaTodqno o1epKuMo

o) =2 [ e g2 e PO [ e

T T
F<[t<E S<It<E
1 i _
-l-; / 5(x,t)/w2(s) sin stdsdt + O(1) |y (o) |C(N). (26)
tI<2 o
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Hamni 3HaileMO OMIiHKY JoflaHKa A, ,_j 3 IPaBol YaCTUHU CIIIBBIHOIIECHHS
(11). PosmipkoBytoun sk i mipu jroBejieHHi jiemn 2 poboru [6, ¢. 166 — 168], maemo

HAUU hHL = E(f f‘daa n|dt, (27)

we By = int 1770 = o0l WE={p € [ @it < o0}

%ﬁgﬂﬁ<K§ww—m—mmy (28)

Ockinbku Vi € 24y 3a ymosu © € [0, 1) cupasejinsa HepiBhicTb (0 —h) <
< K¢(0), o, sriamo 3i crisijnomennsyu (27), (28) Ta HepiBHoCTAMNU JI2Kekcona
E(f%); <1, akmo f € LS, i E(fw) <w(=), Vfe LV H,, , 3HAXOMMO:

180 on(f,2)]lz = O)[D(a)|C(M), Vf e LN (29)

BrijiHo 10 piBHOCTI —asina +bcosa = —va? + b sin(a — ), v = arctgg i
crissigrommens (11), (26) Ta (29), orpumyemo

oty = AL [ T g
alo<|t|<n/h
+% <// d(z,1t) 0/@02(3) sin stdsdt + O(1)]1(0)|¢(N), v, = arcth;EZ; (30)

Crmpatouancs na (30) 3mafigemo acumitoTu<dai piBnocti ayist Beamaund (5).
Hexait

g =" =g — 2 k=0,41,42,..., 7, €R, 0 > 0. (31)

g

Hepes kp 1mo3HAUMMO Te 3HAUYEHHA Kk, JJid SKOTO tp, € HallommKda clpasa
Bij Touku (a 4 7)/0 Touka, B sKiit sin(ot —7,) =1, a gepe3 k; — HaiibiabIIe
31 3Havenb k Takux, mo tp < w/h. Jaii, dyepe3s ko MO3HAYMMO Take YHUCIO,
1Mo ToUKa tg, Oy/e Haiibmkda 371iBa Bij Toukn —(a + m)/0 cepell THX, B AKX
sin(ot — v,) = —1, a gepe3 k3 — HaiiMenIe 31 3HaYeHb K, 10 33/I0BOJIBHSIOTH
yMOBY tj, > —m/h, 1 noknagemo lyp;(t) = xp, t € [ty ter1], k= ko,..., k1 — 1,
k=ks ks+1,...,k —1,

131 = [tksﬂ tkﬁ2] U [tkm t/ﬁ]' (32)

Bumyck N4, 2014 41



MaTremaruka

Jaui, moBTroproodr MipKyBatHs 3 MoHOTpadii [2, ¢. 232 — 234| Ta BUKOpHUCTO-
BYIOUM 3aMiCTh JieMu H.1.3 jiemy 1, oTpuMyemo, 1110 j1j11 JoBLIbHOTO yncaa a > 0,
Yo € R 1 0Opanmx 3riJiHO JI0 YMOBHU TeOopeMu JificHux duces o Ta h

/ 5(:c,t)sm(0tt_ Vo) gt / 5(x,t)sm(l(:i(;)%)dt+O(l)((’ﬁ). (33)

NS is,1

Tomy, 3rigmo mo croiBsignomens (30) 1 (33), Mmaemo

30)
)= [ )

1 i _
-l—; / d(x,t) /wg(s) sin st dsdt + O(1)[(o)|C(N). (34)
t<$ o

[lepeiijiemo Gesnocepeibo 110 ojiepzkanist pisHocreii (6) Ta (7). Posrusnemo

ciiouarky Bunagok f € L'S;, . 3acTocoByiotn HepiBHICTD (16) 10 criBBigHOIICHHST
(34), orpumyemo

sin(o
dt+

§(T9G, Vo) < ) /

/ /@ ) sin stds| dt + O(1)[B(o)]. (35)

<3

[Tokazkemo, 1O OCTaHHE CIIBBIAHOIIEHHSI HAcIpaB/i € piBHICTIO. /s mporo
BUKOPUCTAEMO HACTYIIHE TBEpJzKeHHst 3 poboru [10].

Jlema A ([10, nema 3, c. 29]). Hexatt K € L{a,b]. Todi

b o b
df
E(K) = sup(pegLf [z —t)K (1) > [|K(t)| dt. (36)
[TokJtaiemo
f1/)2 )sinst ds dt, |t| <4,
K(t) = sinfot—y,) (37)

lon) 7 t e Z'3,17

\ 0, t¢ (—ajo,a/o)Jisa.
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Topni 31 crisBignonens (35) — (37) OTPUMYEMO

E(LVS1, Vyoon) o)l / sin(o di-+
1|7 _
+ / - /wg(s) sinst ds| dt + O(1)|¢(0)|. (38)
<2 o
B pobori [5, c¢. 397 mokazaro, 1o
J Si“lf}f(;@ dt =1In 7 4+ O(1). (39)
}T [ [ 4a(s)sinst ds| dt =2 [ W}?tt)‘ dt + O(1), (40)
g% o o

[Toeyroun cuispignomenns (38) — (40), sapepuiyemo Jloejents pisHocti (6).
Posrisinemo Bunajok f € LwHw 3rijHo 31 cuiBBigHOMmEeHHAM (34)

S Vaa) < s [ [ = pion ™ ar]|

13,1 7

a

1 r — 1
+ sup —/(go(t) — go(O))/wg(s) sin stdsdt|| + O(1)|y(0)|w (—> :
@eﬁwL m a ~ g
e 5 ;
Tomy, Buxojsiun i3 modynosu yukiuil I, 5 (t), Maemo

kQ*]. tk+1

5(2EﬁwL,Vo—ﬂ_h) < ( Z 7 Sup / @(t) sin(at — v,) dt| +
=n3 L |t

ki1 by —
+kz,;0_k¢€1;13 / @(t) sin(at — v,) dt )@+
1 7 I _ 1
— su — (0 9(s) sin st dsdt + O(1 o)lw | —|.
o[- >>!¢ (st dsit + O[Tl ()

g
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[TosToproroun mMipkyBasHst poboru |2, ¢. 239 — 240], 3HAXOAUMO

/20

( )| / w(2t)sin ot dt (i| k|+ixk>

0

E(EE[:—\IWL, Va,a—h) < |

. [ . - 1
_|_; O/w(Qt)U/wg(s) sin st ds dt| + O(1)|y(o)|w (0). (41)

[Tokazkemo, 10 y BHUIAJAKY, KOJU w(f) OIMyKJIWHA MOJY/Ib HElepepBHOCTI
31 ¢*(t) € H,, mus gxol mepisuicthb (41) obepraerhbes na pisaicTsb. [lokiagemo

lw(2t), tel0,5:),
pi(t) = —qw@lt]),  tE€(—55,0], (42)
0, t ¢ (—m/20,7/20).

Toni mykana dyukiis ¢*(t) BusHauaerbes pisaicTio p*(t) = ) (t). Kopuc-
TYIOUNCh CXEMOI0 JO0BejieHHst poboru |2, crop. 258 — 259|, mepekonyemocs, 1o
dbyuriia ¢*(t) € ﬁwL i st wel mae micte (41). dAkmo xx w(t) — moBiabHuIi
(HEe 0OOB’SI3KOBO OITYKJIHIT) MO/IyJIb HEIlepepBHOCTI, TO criBBigHOMmenHs (41) Oye
PIBHICTIO, SIKIIO MO0 IIpaBy YacTUHY HOMHOXKUTHU Ha JIeIKy Beanduny O, € [%, 1].

OcKlbKHI
Rl Rl 21 o
> T T > = 0(;11(1%-1—0(1)),
k=ks k=ko

1 00
[w < = ) [ a(os)sinst ds dt| = O(1)a(0)w (%), To 3riguo 3i cuiBBiAHOmEH-
1

a
msim (41) pisricts (7), a 3 Heio 1 Teopema 1 joBejieni.

O
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CKIHYEHHI JIAHITIOI'OBI KIJIBITA

Posriisaiaerbes noudaTTsa ysarajibHeHoro Kiibig [asya. JloBesiena teopeMa, sika Mmoka3ye aHa-
Jiorito MixK KiblgMu [asya i mossivu [asya.
KiroduoBi ciioBa: crinuenni kiavus, xiavus laiya, Aany10206t KiabUA.

Bceryn

Teopis ximenp lasya Oysa possunena B poborax [1], [5] 1 [9]. izuime, B [10]
BUBYAJIOCH 3aCTOCYBaHHSI [IUX KLJIENb B Teopil KoyBamHHs 1 kpuirrorpadii [8] (mces-
JIOBUIIQJIKOBI TIOCJIJIOBHOCTI, 32CHOBaHI Ha JIHIITHUX PEKYPEHTHUX ITOCJIJIOBHOCTSX
HaJ1 Kibisivu Lasya). PosBuTok Teopil HeacomiaTuBHUX Kijtelh [asya € gocrar-
HbO I[1KABUM, T'OJIOBHUM YMHOM 3 TOYKHM 30Dy MOKJIMBOCTI HOBUX 3aCTOCYBaHb B
X 00JIACTAX.

Kinbrie A Ha3smBaeTbCst JTAHIIONOBIM ClpaBa (3J1iBa), SKINO MpaBuil (JiBmii)
peryasapanit Mmomyib Ay (4A) e manmorosuM. Kijbiie Ha3HBA€THCs JAHITIOTOBIM,
SKIIO BOHO JIAHIIIONOBE CIIpaBa 1 3J1iBa.

Kisibiie A Ha3MBa€THCs HAIIBIAHIIIOIOBUM CIipaBa (3711Ba), SKIo mpasuii (Ji-
Buit) perynasipauit Monyib Ax (4A) e nanipnanmorosum. Kijiblle HA3UBAEThCs
HAITBJIAHIIIOTOBIM, SIKIIIO BOHO HAIIIBJIAHIIIONOBE CIIpaBa 1 3J1iBa.

Mojyns M HasuBaeThcd JIUCTPUOYTUBHUM, SKIO BCl HOTO  IiIMOTYJI
K,L,N KN(L+N)=KnNnL+ KnNN.

Otke, TAMOIY/IL Ta (PAKTOPMOIY/Ib JUCTPUOYTUBHOTO MOJIYJIsSI € JUCTPU-
oytuBHuMU. MoOy/Ib HA3MBAETHCS HAMIBAUCTPUOYTUBHUM $KIIO BiH € MPSIMOIO
CYMOIO JIUCTPUOYTUBHUX MO/TYJIIB.

Kismbiie A Ha3MBa€ThCs HAMIBIUCTPUOYTUBHIM CIIpaBa (3J1Ba), SIKIIO MPABUii
(smiBuit) perymsipumii Mmomyib A4 (4 A) e maniaucrpubytuBaum. HamiBnuerpu-
OyTuBHe ciipaBa (3/1iBa) KUJIblle HA3UBAETHCS HAIIBIUCTPHOYTHBHUM.

Taknm 9MHOM, KOXKHUI JIAHIIOTOBUIl MOJTYJIb € JUCTPUOYTUBHUM MOJTYJIEM 1
KOKHUI HAIIBJIAHIIOTOBU{T MOJIYJIb € HAIBIUCTPUOYTUBHUM. |7]

© Kaitman H.B., Illencuesuu 1O.1O.,2014
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Teopema 1. Hexati A — apminose caabonepsunne nanieducmpudbymusHe Kiab-
ue, R — tioeo paduxan /[oicexobcona.

Hacmynni ymosu pisnocusvhi oaa xiavus A
(1) winvue A crinverne;
(2) gaxmoprinvue A/R crinuenne;
(3) icnye nokaavrul idemnomenm e € A wiavua A makutl, wo Kisvue eAe
CKIHYEHME.

OTr2ke, HAfOLIBIT BUBYCHIME 1 HAWOLIBIN BayKJIMBIMU B TEOPil 1 3acTOCYBaHHI
CKIHYEHHUX JIAHIIOTOBUX KiJIelb € KiIbld [asya.

ITpo oaHy KOHCTPYKIIiIO B Teopil KiJIellb.

OcroBHI BiJToMOCTi 3 Teopil Kijerb MicTaThes B [2]. Hexait A — aconiatusie
Kipie3 1 #0, 0: A — A aBromopdizm Kinbisg A . Posrisinemo MHOXKUHY 11ap
(a,b), ne (a,b) € A i3amamo Ha 1iii MHOXKIHI JOJABAHHS I MHOYKEHHSI 33 TAKIMU
[IpaBUIAMU:

(al, b1> + (CLQ, bg) = (CL1 + a9, by + bz)
(a1,b1)(az, be) = (araz, a1by + b1a3)

[le xinbre Oymemo nosuadaru depes H(A). Hexait A — acomiaruBhe Kijibie 3
1 # 0, toxi enement (0,0) € HyseM IBOrO KiJblisl, & OJUHUICIO IIHOIO KiJIbIls €
eqement (1,0). Ilokaxemo, mo skmo A — KoMyTaTuBHE Kijblie i 0 TOTOXKHIi
aBToMOpdism, To Kimbile H(A) — KomyTarusHe, TOOTO

(a1, b1)(ag, by) = (aag, a1bs + bras)
(ag,b2)(a1,b1) = (asaq, azbs + boay)

Axmo A — KomyTaTuBHe Kijiblle, & ¢ aBTOMOpP®I3M Kijiblisd A, gKnil He € TOTOXK-
iim, To Kinmbie H(A) HeKoMyTaTnBHE.

Hexaii xinbiie A 0yze nostem. Posrisinemo Bumnaiok, komn A = K, ge K € 1o-
BlbHUM mosteM 1 0 @ K — K — aBromopdism mporo nosis. Hexait («, 5) € H(K)
noBlibHE etement Kinbist H(K), o, € K.

Buaiigemo Bci oboporhi eementu. Hexait esement (o, £1) Mae npasuii obep-
HeHuit, ToOTO
(a1, B1) - (a2, B2) = (@102, 12 + f1ag) = (1,0);
ajog =1; a1y + Brag = 0;

ay=a;', aiBe+ Bi(a;t) =0
__ Bilagh)
B -

— oL
—1\o
O6oporwiit exement jo enementy (aq, 31) 6yne (o', _%)

icaye Toji 1 TiabKM TOMI, Kon aq # 0.

, TOOTO BIiH
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(o, (e, =0 = (0 BB ) = (1,0)
o7 =2 ) = (et - 29 g — 0

TaknM YMHOM, eJIeMEHTH sIKi € 000POTHIMI MAIOTh IEPIITY HEHYJILOBY KOO M-
HATY 1 TLILKY BOHU. 3HAYUTD, BCi HEOOOPOTHI eJIeMeHTI MAIOTh IIePIILY KOOPIIHATY
HYJIbOBY.

R — ;1BocTOpOHHII ij1eaJ1, SIKUil CKJIaJa€ThCst 31 BC1X HEOOOPOTHUX €JIEMEHTIB
Kbl A:

R

{(0,0),(0,1),(0,z), (0, z + 1)}
(, /)RS R;  R(a,B) CR.
Enementu (0,8) € H(K) yTBOptoioTh jaBocTopoHHiil imean R. liiicHo,

(a1, 51)(0,8) = (0,c18) 1 (0,8)(a1,51) = (0,5a]) yTBOPIOIOTH IBOCTOPOHHIT
ineasn. Takum annom R e pajgnkasom kijbis H(K) i R? = 0, TobT0 1151 OY/Ib-

AKHX (07 51)7 (07 52) €R MaeMo, Mo (0762)7 (0752) - (07 O)
Takum annom Mu orpumari, mo H(K) D R D 0 e janmoroBumM Kijbiem. [6]

Kinsnga Iagaya.

Kinbnem laya HazumBaeThes cKiHUeHHE KOMYTATUBHE Kigble R 3 OJUHUICIO
€, B SIKOMYy MHOXKHUHa BCIX JUIBHUKIB HYJIs Ma€ BU p - R AJs1 JIesiKOTo IPOCTOro
qucya p. [10]

IMosuauenusi: R = GR(q",p") (inomi R = GR(r,p")) [9].

Haiinpocrimi npukinamu: GF(q) = GR(q,p), Zy = GR(p",p").

Teopema 2. [10] Hexati R - xiavue laaya 3 mMHooCUNO0I0 DIAGHUKIG HYAA
N = pR. Todi sukonyromuvea Hacmynmi MEEPOHCEHHA:

R* - myavmunauxamuena 2pyna (epyna obopomuux esemenmis) kisvus R,
R*=R\M.

M — edunut maxcumarohud idean Kisvua R, R/ = GF(q),

g=p", reN.

Xapaxmepucmura xiavus R mae nacmynnut eueand: charR =p", n € N,

I'pamxa eciz 1deanris Kinvua R ymeoproe aaruroz:
R=NoN =pRO..ON"1=p" ' RON"=p"R=0
Jas t € 0,n euxonyromwvea pisnocmi: [N = ¢, soxpema

Rl =q¢", |R|=q¢""(q—1).
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Jist kinbig Fanya R xapakrepuctuku p mote R = R/pR wnasuBaeThCst
110JIeM JIMIIKIB. BoYeBmIb, M0 MpUPOIHUI eniMopdism Kirtens R — R iHIyKye
erlimopdism Kinenp nostinomis R[x] — Rlx] & R[x]/pR[z]. Binobparenns moi-
noma A(z) = Y a;x' € R[x] npu upomy enimopdismi GyjemMo mozHauaTi yepes
A(z) : A(z) = Y.zt € R[w]. Yuirapnuit norinom F(x) € R[x] nasusaerncs
nosinomom lamya najg R, axmo F(x) — messenenmil mosinom Haj moaeMm R
Bouesuib, mo 8 R[x| ichye nosinom [amya Oy/1b-sIKOTO CTeneHsl.

Teopema 3. [10] Hexati R — wiavue laaya xapaxmepucmuru p", akxe crkaada-
emwves 3 q" eaemenmis, F(x) —noaimom Taaya nad R cmenena m . Todi kiavuye
S = Rlz]/F(x), € kiavuem Larya ¢ napamempamu charS = p", |S| = q¢™.

B no3mavennsx TeopemMu 3 MOKHa, BBakKaTH, IO BuxigHe Kijibie lanya R 3
n

q" eJieMeHTIB € HiJKiabile 1modygoBanoro Kijapig [amxya S 3 ¢"" enementis. Toui
Oyzemo KazaTu, 1o S — posimpeHHs [ajiya cremnens m Kiabis K.

Hacainok 1. /[asa 6yodv-axozo xiavusa Laaya R 1 6ydo-aKo020 Hamypasvrozo m
ichye poswupenna Tasya S winvus R cmenens m.

Hacninok 2. /[aa 6yov-saxozo npocmozo p © m,n € N icnye xinvue [arya S 3
P eaemenmis xapaxmepucmuru p't.

Jlema 1. Hexati noninom A(x) € R[z] i enemenm o € S maxi, wo A(a) =0
U

i A @) #0. Todi 6 xinvue S icnye edunut kopinw B nosinoma A(z), maxu
wo B =ua.

Jlema 2. Jlas 6ydvo-axozo esemenma o € S, axwpo S = Rla], mo S = Rla] i
S ={A(a): A(z) € R[z], degA(x) < m}. (1)

Hoseyiennst jiem npejcrasiero B [10].
Hacrynna Teopema rmokasye, 1o icHye riimboka aHaJiorisg MizkK KiibigMu [asya
i moytamu Tasya.

Teopema 4. [10] Hexati S — poswupenns laaya cmenens m wiavua aaya
R i F(x) — noainom laaya nad R cmenena k. Todi euxonyromoca nacmynni
MBEPOINHCEHHA!

(a) Ioninom F(x) mae xopine 6 S 6 momy i auwe 6 momy 6unadky, AKULO
(6) Hrxwo klm, mo F(x) mae 6 S pisho k pisnux xopenie i, ..., 0, Ui KOpHi
nonapno ne nopienani no modyao ideany pS i F(x) = (x —aq) ... - (x — ay) .
(6) Jlas 6ydv-axozo enemenmy o € S pisnicms S = Rla] sukonyemovca modi i
MiALKU Modi, Koau o — KopiHb nostnomy Larya nad R cmenens m .
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Hosenennsi.  (a) [Tone S = S/pS posrisneMo K POSIMIMPEHHs CTENeHs 1
nona R = R/pR. dxkmo a € S'i F(a)=0, 10 F(a)=0. Orxe, @ — Kopinb B
S nessijmoro noninoma F(x) € R[z], i Tomy k|m. 3BopoTHe TBepzKeHHs cijtye
3 (6).

(6) Tax six F'(x) — nessignuit mosinom maj nojem R i [S: R] = m, To 3a ymoBn
klm mnoninom F(x) mae B mom S pino k pisHEX KOpeHiB: ai,...,aj. Tak sk
F/(as) 40 s s € 1,k, To 3a jgemoro 1 B kiabii S icHytors KopHi oy, ...,
nosinoma F(x), Taki, mo @y = a,, s € 1, k. OTke, 1i Kopeni nonapuo pismi 3a
moayieMm pS. Tomy F(x) = (x —aq) - ... - (x — ) 1 B ke S mosinom F(x)
He Mag€ 1HIINX KOPEHIB.

(B) Hexait @ € S 1 a — kopinb nosinomy Tanya G(x) € R[z] crenenss m. To-
i @ — xopinb B S Hessimmoro moninomy G(z) € R[x] cremena m = [S : R],
i tomy S = R[a]. Pipnicts S = R[a] sumimbae 3 jemMu 2 i BUKOHYETbCs DiB-
wicte 1. e o3nauae, mo enement o Burssggae HacTymanM dnaoM: " = A(«),
ne A(x) € R[z], degA(xr) < m. Tomi a — KOpiHb yHITAPHOIO MOJIHOMA
G(z) = 2™ — A(z) crenens m. G(x) — nominom laya, Tax gk G(x) Hessimnumii
naj R, ockinbku @ — fioro kopine 8 S i [S: R| =m. O
Hacainok 3. frxwo S — wiavue Tarya zapaxmepucmuky P, axe ckaadacmves
3 p"" enemenmis, modi S = Zyn|x]/F(x), de F(x) — dosinonuti nosinom Larya
cmenens m Had Ly .

Hacainok 4. /[sa xiavus laaya i3omopdri modi © misvku modi, KoAu ix
NOMYHCHOCNL T TAPAKMEPUCTNUKY DIGH.

Hacninku 3 14 BUBOJAATHCS 3 TeopeMn 4 TaKUM CAMUM IUHOM, SIKIM JIOBOJISITh-
cd aHAJIONYHI TeopeMu JJis oJ1iB [astya, sKIo BiAMITHTH, 1110 B Kbl [aaya S, 3
HACJIJIKY 3, HiJKiIbIE Sy, sfKe IMOpozKeHe OIMHIIIeI0, € Kinbie ['arya, isoMmopdHe
Ly , T2 S — posumpenns asya xinbprg Sy crereHs m.

Hacrimok 4 pobuth KopekTHuM mo3HauenHs S = GR(q",p") mig Kiib-
g lamya S 3 ¢" eseMeHTiB, sIKe Ma€ XapaKTepUCTHKY p". 30Kpema,

GF(p") =GR(p",p), Zp=GR(p",p").

BucuooBkn

CxiHYeHH] KIJIBIS € JIy»Ke BarkK/JMBOIO 1 I[IKABOIO aJredpaidHoi0 CTPYKTYPOIO.
Haiibisbm BuBUeHnMHU 1 HAMOLIBIT BaKJIUBUMU B TeOpil 1 3acTOCyBaHHI CKiH-
YeHHUX JIAHIIOTOBUX Kilelb € Kiiblg lasnya. Kinbme [amya, ax 1 mose Tasya,
BU3HAYAETHCSI OJIHO3HAYHO, 3 TOUHICTH JI0 130MOPdi3My, KiJbKICTIO €JIEeMEHTIB Ta
xapakTepuctukoro. JIis jgoBejienns 1p0ro gakTy Ta onucy Oy0BHU Kijernb [axya
BUKOPUCTOBYETHCSA METO/I PeAyKilil 10 moJiiB [asya. Hamu OyJio HaBegeHo jJoBe/1eH-
Hs TEOpeMHU, SKa MOKa3ye aHasoriio MixK KiablgMmu [amya i nogsavu [asrya.
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CVYIIEPPO3’A3HICTD I CJIOBCBKI CUCTEMUA

B crarTi onmcano BIacTUBOCTI CUJTIOBCHKUX MHOXKWH, PO3IJISIAI0ThCA KBA31HOPMaJIbHI Ta CyTep-
PO3B’sI3HI HMiArpyN 3 CHIOBCHKUMEU cucTeMaMu. OIepKaHO O3HAKHU CYIIEPPO3B’ I3HOCTI IPYIL.

KirouoBi ciioBa:  cu.n06coki nidepynu, Kea3iHopmaivhi nidepynu, cynepdodasarms, Cy-
neppo3e A3 Nidepynu, CUNOBCHKT MHONCUHU, CUNOBCHKL CUCTNEMA.

Bceryn

BuBuenHs rpyoBux onepairiiit ado, iHakIie, BUBYeHHsI I'PYII 3 TOYHICTIO JI0 130-
Mopdismy, € 3aj1a1ueto Teopil rpyi. Lls Teopis 3apepiuiia 6 ¢Biif pO3BUTOK, SIKIIO
O BJAJIOCA CKJIACTU KaTaJIOT yCiX MOXKJUBHUX I'PYIl 3 TOYHICTIO JIO 130MOPdi3My.
AJte oku 1o Takuil KaTaJor He cKaJaJeHo 1 MaJio IMOBIPHO, MO 1€ MPAKTUIHO
MOXKJIMBO. X04a, JaHa Po0OTa IPUCBAYEHA caMe IIbOMY HaIIPsIMY.

Y Teopil CKIHUYEHHMX T'PYIl BaykJMBe Miclle 3aifiMaloTh pe3y/bTaTH, IIOB -
3aHl 3 JOC/IJIZKeHHSIM 1CHYBaHHs JOINOBHEHbL 0 BHUIIJIEHUX CUCTEM IMiJArpyI. Y
kinacnunux poborax Ilypa, [Haccenxaysa, ['ammora, JI.A. [IlemeTkoBa BCTaHOB-
JIIOIOTHCS YMOBH, NIPHW AKX ICHY€ JIONOBHEHHS JI0 HOpMaJibHOl miarpynu. & 1978
potii B po6oTi [4] jyist orpuManHs icHyBaHHS JIOIIOBHEHD JI0 HOPMAJILHOT T rpy i
JILA. IllemeTKOB 1109aB PO3IVISAATH JTOJABAHHSI.

BijoMo, 1110 cKiHYeHHi PO3B’sI3HI Py MOXKHA OXapaKTepU3yBaTH sIK CKiHUeH-
Hi TpyIN, Y 9KUX JOTMOBHIOBAJbHI BCl cuioBehbKi miarpynu. g Teopema @. Xosia
[6] crasa jKepesioM PO3BUTKY OJHOTO 3 HAIPSMIB TeOpil IpyII, M0 MOJIAraE B
JIOCJIIKeHH] OyI0BU TPy 3 BUAIJICHUMHI CUCTEMaMU JOIMOBHIOBAHUX ITiATPYII.

[Ipote ymoBa icHyBamHs JAOMOBHEHDL JI0 OKPEMUX MIATPYI € JOCTATHBO CHJIb-
HUM oOMerkeHHsM. Jlajieko He BCi MiJIrpyInn BOJIOJIIOTH JIONOBHEHHsAME. PaszoMm 3
THM KOXKHa IIJIrpyIia BOJIOJIIE€ MiHIMAJIBLHUM JIoAaBaHHsAM. ToMy I JOCIIIzKEH-
Hsi OYJIOBU CKIHYEHHHUX I'PYIl 3 CHCTeMaMH IiJIrpYyIl, 10 J0Jal0ThCsi, HeOoOXiIHO
BBOJIUTHU JTOJATKOBI OOMErKEHHSI Ha MIHIMAJIbHI JoJaBaHHd. TaKnM OOMEXKEHHIM
€ IcCHyBaHHs CyIepI0 aBaHHI.

© Iamenko 3./., Bamox K.B.,2014
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Bayk/imBuM y KJtaci po3B’sI3HIX IPYII € H1JIKJIAC CYIIepPO3B’ A3HUX I'PYI — I'PYII,
sIK1 BOJIOJIIIOTH HOPMAaJIbHUM PsAJIOM 3 IUKJIIYHIMEI (pakTopaMu. JlociizKeHHs cy-
IIEPPO3B’SI3HUX I'PYII, sIKi BOJIOJIIOTH CYIePA0laBaHHIM, € METOIO JIaHOI CTATTI.

OcHOBHA 4YacCTHHA

KpasinopmaJsibaO0 Has3npaioTh miarpyny K rpynun G, sika nepecraBHa 31 BCi-
Ma rijrpynamu rpynu G . ZflcHo, 1o HopMaJIbHI MNPy 3aBXK I KBA3IHOPMAaJIb-
Hi. Haiimenmra migrpyna H Ha3suBaeTbess MIHIMAALHUM dodaBaHHAM 0 HIATPYIIN
K rpymn G, sxkmo G = HK .

Minimasbae jgomaBannsg H o migrpymum K rpymu (G Ha3BEMO CyIepIoja-
BaHHAM, ko Hi K € miarpymnoro Jjs jgosiabHol miarpynun Hy i3 H . dAcro, mo
HOPMaJIbHI 1 KBa3iHOPMaJIbHI MiATPYIN BOJIOIIOTH cynepaoaasanngamu. [Tinrpymy,
10 BOJIOJIE CyIIepJojlaBaHHAM, HA3UBAIOTh HANIBHOPMAALHON T1TPYIIOO.

Hexait p — upocte ancio. CKiHUeHHY I'PYILY, HOPSIIOK SKOI € CTelliHb YKCiIa
P HazuBalTb p-2pynoto. CKiHYeHHA I'PYIIa HA3UBAETHCSI IPUMAPHOIO, SIKIIO BOHA
€ p-TPYIOIO JIJId JEIKOTO IPOCTOTO P .

Enemventn x,y rpynn G Ha3UBAIOTHCS CNPANCEHUMU, KO icHye a € G, 1o
y = a 'wa (nosnauaerncs y = z%). iarpyna P* = {2z € P} nasuBaerbcs
cnpaotcenoro o marpymn P C G

CuJIoBCbKOIO — p—miarpymnoio  ckindennol rpynu (G Ha3uBalOTb — TaKy
P -TATPYILY, IHJEKC K0T He JIUTHhCA Ha p . besrnocepenbo 3 TEOpeMHI OTPUMYEMO

Teopema 1. (Teopema CunoBa) Hexat ckinuenna epyna G mae nopadok
p"s, de p — npocme wucao © p ne diaums s. Todi:

® iCHYE cunoscvka p—nidepyna i ii nopadox dopienioe P ;

® KOXCHA P —Nid2pYyna MICMUMBCA 8 0eAKI CULOBCOKIT P —Nnidepyni,

® Oyodv-AKI 061 CUNOBCHLKL P —Nid2pYnU CNPAIHCEHT,

® YUCAO CUAOBCOLKUL P —nidepyn Komepyermmue odunuyi 3a modysem p i Oi-
AUMD S .

Teopema 2. Hexati p — natibinvwut npocmudi diavruk nopaoxy epynu G 1 P
— i1 cunoscoka p-nidepyna. Hrxwo P eonodie cynepdodasarmim ¢ G, mo P —
nopmaavra nidepyna epynu G . |3

Hacainok 1. fxwo 6 epyni G 6ci cunro6cvki nidepynu maromov cynepdodasarm,
mo G cynepposs’asna.

HoBenennsi. Hexait P — cumjioBchbKa p -miarpyna i HafOiJIbIIOro mIpo-
croro jiibHUKA p mnopsiika rpymu G i Hexait w(G) = {p,q1,q2, ..., G} 1
G < @ < ...<q <p.3aymoBoro G = Q1Hy, ne ()1 — cuaoBcbKa -

unijgrpymna 8 G, H; — 11 cynepjogaBaHHsI.
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Hexait ()9 — cuyioBebKa @o-minrpyna iz Hyp. Tak 9K ()9 — CHJIOBCHKaA (o -
migrpymna B G, 1o Q9 HamiBHOpMasbHa B (G . 3a jemoo 1 ()9 HaIiBHOpMAJIbHA
B Hy, Tooro Hi = (Q9H>, ne Hy — cynepuonaBanns Qo B Hp. 3a jemoro 2
100yTOK (Q1Q)9 € HamiBHOpMasbHOIO B G miarpymno i G = (Q1Q2)Hs, upu-
qyomy Hsy € cynepjomaBanis 1o (Q1()2 B G. Hepes t KpokiB 0OJepKUMO, IO
H = ()1Q)s...Q; — naniBaopmasbHa B G mniarpymna, je (); — CHJIOBCbKa (-
migrpyna jaist ¢ = 1,...,t. fdewo, mo G = PH 1 P € Sg(H).

Hexait P, — miarpyna mpocTtoro mopsiky i3 P, snopmajbaa B FP. I3 Toro,
mo H waniBnopmasibHa B G BuiLmBae, mo H P, — niarpyna rpynun G . Tak gk
P<G,10 PL<tHP; i PL<G. Orxe, B rpyni G MiCTUTBCSI HOpMaJIbHA TATPYIIa
P, upocroro mopsiiky p. 3a jiemoro 1 yMOBa TBEp/ZKEHHsI, siKe JOBOIUTHCSA, PO3-
MOBCIOJKYEThCs 1 Ha dakToprpyny G/ Py . 3a innykiieto G/ P cynepposs’si3ua.
Teniep G cynepposs’sizna. Haciijiok oBejieHo. O

Axmo G — rpyna mopsiaky pylps?...poin, To mpuitadTo nosnadarn w(G) =
= {p1,p2,...,pn}. MHOKUHA 3| IO CKJIATAETHC 3 TONAPHO MEPECTABHUX CH-
JIOBCBKUX P-TiArpyn 3 G, B TOYHOCTI 110 ojHifi miarpymi jiis koxkuoro p € w(G)
paszoM 3 caMoio rpynoi G, Ha3WBAETHCsI CUA06CHKON cucmemoro Tpytu G .

Cun08CHK010 MHOAHCUHOMW 2PYnU HA3BEMO MHOKIHY CHIOBCHKUX IATPYII, Y34-
TUX 110 OJIHII JIJIsT KOYKHOI'O ITPOCTOTO JIIJIBHUKA MOPSIAKY T'PYIIN, PA30M 3 OIIMHI-
YHOIO M1JIIPYIIOIO.

Takum aunom, sxmo G — rpyna HopsiaKy pi' - py -« ... - po™, TO MHOXKUHA
Y ={FE Gy, G, ...,Gp } Oyae cunoscbkoro muoxunoo. Tyr E — oxunHud-
Ha nigrpyna rpymn G, G, — cmioBcbKa p;-miarpyna rpymu G i Bcl dncia

D1, P2, - .., P PI3HI
3 reopemu CujioBa BUILINBAE, 1110 KOXKHA I'pyna G MiCTUTH CHJIOBCHKY MHOZKH-

ny %. dxmo gonarkopo Gy, Gy = G, Gy, Ui BCIX NAPYN 3 X, TO CHIOBCHKA
MHOXKIHA, [TEPETBOPIOETHCS HA CUJIOBCHLKY CHCTEMY.

Bizmomo, 1m0 Oyab-sika po3B’si3Ha I'pylla Ma€ CHJIOBCHKY CHCTEMY, 1 HABIIAKH,
SIKIIIO B I'PYII € CUJIOBCbKA CHUCTEMa, TO I'Pylia po3B’sizHa. Kpim Toro, sgximo > i
Y — cuoBebKi cucremu po3s’sizuol rpynu G, ro X9 = X g pestkoro g € G

Hexait ) — nesaka muoxkuna miarpyn rpynu G 1 N — HopMaJbHa MICpyIa
rpymn G . CKOpHCTAEMOCS HACTYITHIMHI TO3HATEHHSIMI:

QN = {XN|X € Q},
QN/N = {XN/N|X € Q},
QNN ={XNN|X e},

Qf = {X9X € Q},

ne 0 — gesikuit romomopdism rpymu G B nesiky rpyny G
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Hexait €2 — neska muoxkuna mijarpyn rpynu G . Ilinrpyna H rpymun G na-
3uBaeThesa ()-keasinopmanvroro, sskimo HX = X H, g seix X € Q. dAxmo
) — mHOKHUHA BCix miarpyn rpynn G, 1o §2-KBasiHopMaJibHa IiJrpyIa € KBasi-
HOPMAJIbHOIO.

JIema 1. Hexali G, — cunoscora p-nidepyna epynu G 1+ N <G . Todi G, N
— cunoscoka p-nidepyna epynu N, a Gp,N/N — cunaoscoka p-nidepyna ¢a-
kmopepynu, G /N .[5]

BacTuBOCTI CUJIOBCHKUX MHOYKIWH ONNICAHO B HACTYITHHUX JIEMaX.
Jlema 2. Hexati N — nopmanvna nidepyna epynu G .

o fxwo X — cunoscoka mroocuna epynu G, mo LN/N € cunocokoro mmo-
orcunoro axmopepynu G /N .

o Uxwo X — cunoscoka mroocuna 2pynu G, mo XN N € curo6cokoro mro-
otcunoro nidepynu N .

o Axwo gaxmopzpyna G/N mae curoscory mroscuny 3, mo snatidemuvcs 6
epyni G Maxa cuio8coka MHOMHCUHG X, W0 X = Y.N/N.

o UIxwo nopmansvna nidepyna H 2pynu G mae curo8cvky MHodCUuRy g, mo
auatidemves 6 epyni G maka cusoscvka muosicuna >, wo Yy = XN H .

o fxwo X — cunroscora muootcura epynu G i 0 — deaxuid 2omomopdizm
epynu. G 6 epyny G?, mo X9 € cunoscvroro mmosicunoro epynu G . [5]

Jlema 3. Hexati ¥ — cunoscora mmoocuna epynu G 1 H—3% — Kea3inopmans-

na nidepyna epynu G . Todi eipni Hacmynni meeporcert:
o axwo 6 — ecomomopdizm epynu G, modi nidepyna HY e X-

K6a31HOPMANLHO10 6 2pyni GY

o sxuwo G > K > H 1 K — nopmaavna nidepyna epynu G, mo nidepyna
HYX N K — xsaszinopmanvra 6 epynt K ;

o saxuo N — dosiavra Hopmanvra nidepyna epynu G, mo 6 gaxmopepyni
G/N nidepyna HN/N 6yde ¥ N/N -x6asiropmarvror. 5]

Jlema 4. Hexati epyna G 3 cunoscokoro muoocunoro >, H — nidepyna epynu
G . Axwo nidepyna H® € X -keasinopmanvra, mo cama nidepyna H 6yde et
— KBA3IHOPMANLHON OAs OYdv-aKozo eaemenma x 2pynu G . [J]

Hexaii > — cuioBcbka MHOKHHA rpynu G . Buiie nneperun 2NN BusHavaBcst
Jist HopMasibHol miarpynun N rpynu G. YV 1[bOMY BHIIQJKY 32 JIEMOIO 2 ITePeTHH
€ CIJIOBCHKHMOIO MHOKMHOIO rpymu N . fAkmo H — poBinbHa, He 00OB’SIBKOBO
HOpMaJibHa, miarpyna rpymn G, to npumnyctumo X N H = {X N H|X € X}.
Bijgzuaunmo, 110 B iboMy BUIaIky > H Moxke He OYTH CHJIOBCHKOIO MHOZKITHOIO
rpynu H .
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Jlema 5. Hexati G — epyna, X — ii cunoscoka muoorcuna. HAxvwo H — 3 —
keazinopmasvra nidepyna epynu G, npuvwomy HNX = {FE} i indexc H 6 epyni
G npumapruti, mo G — npumapna epyna. [

Jlema 6. Hexati N — nopmanvna nidepyna epynu G . dxwo A/N — yukaiuna
p -nidepyna gaxmopepynu G /N , mo icnye eaemenm h € A maxuii, wo (h) —p-
nidepyna i (hyN = A .[J)]

ByjieMo BUKOPUCTOBYBaTH 3aIlC Y JI/Is TO3HAUCHHS JesIKOI CUJIOBCHKOT MHO-
»kunu rpynu G . Mag miciie HaCTyIIHa TeopeMa.

Teopema 3. Hexati H, K — nadposs’aszwi nidepynu epynu G . I nexaii Xy
1 X — cunoscvki cucmemu nidepyn H 1 K, 1 G = HK . Adxwo yukaivmi
npumapHi nidepynu 3 H € X — K8a31HOPMAADHT T YUKATYHE NPUMAPHL NI02DYNU
3 K ¢ Xy -xeasinopmarvui, mo epyna G cynepposs’sma.

Tax gk KBaziHOpMaJbHA MIJINPyIIa MepecTaBHa 31 BCIMa IHIUME MiTPpyIaMu, TO
13 Jjiem 2-6 Ta TeopemMu 3 BUILJINBAIOTH HACTYIIHI TBEP/ZKEHHSI.

Hacminok 2. Hexati H i K — cynepposs’ani nidepynu epynu G maxi, uo
G = HK . I nexatt H wxsasinopmanrvna 6 K 1 K xeazinopmanrvna 6 H . Tooi
G cynepposs’ana.

Hacninok 3. Hexati epyna G = HK, de H, K — cynepposds’ani niepynu
epynu G 83aEMHO NPOCTUL NOPAJKIB 3 CUNOBCLKUMU CUCTEMAMU SH 1 MK
6i0nosidno. HAxuwo H i yuxaiuni nidepynu 3 H € Y — xeasinopmanvni, K 1
uuratunl nidepynu 3 K e X -xeasinopmanvni, mo epyna G cynepposes’sna.

Hacninok 4. Hexati epyna G = HK, de H, K — cynepposs’ani nidepynu
epynu G 3 CUNOBCORKUMU CUCTNEMAMU dif © X 610n06idno. Hdxuo esemernmu
CUNOBCOKUL CUCTEM Xify & X NONAPHO nepecmasht, yuraiumi nidepynu 3 H €
YK -KBA3IHOPMAALHE, UuKkAIYHT nidepynu 3 K e X g -Kkeastnopmanvii, mo 2pyna
G cynepposs’ana.

Bucaosknu

B crarTi mociijizkeHo Cylneppo3B’si3HICTh I'PYIIH, Y SIKOI CHUJIOBCHKI IiJITpY-
I BOJIOJIIOTH CyTepIoaBaHHSIM. 3a JOIIOMOI'OI0 BBEJIEHOI'O IOHSITTS CHJIOBCHKA
MHOYXKIHA PO3IJIAHYTO O3HAKY CyINeppo3B’s3HOCTI (PaKTOPU30BHUX I'PyIl 3 IIe-
pecTaBHUME HIUK/IIYHUME Hiarpynamu 3 gakropis. OjepKaHo HACIIAKU IIHOIO
TBEP/KEHHST, 1[0 MOYKYTh BBayKaTUCA CAMOCTIHUMU O3HAKAMU CYIIEPPO3B’ I3HO-
CT1 TPYIIU.
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HAIIIBIPYII BIAIIOBIIHOCTEM I'PVII TA HAIIIBIPVYII

Onucano ymMOBH iJIEMIIOTEHTHOCTI €JI€MEHTIB 1 MakKcuMaJsbHi miarpynu D —Kjacy HamiBrpynu
BinoBiIHOCTEN CKiHyeHHOI rpynu. /loBejiena TeopeMa Mpo peryJsigpHiCTb HAIBIPYIIHA BiIIIOBII-
HOCTEM.

Koro4uoBi cioBa: wanisepyna eidnosidnocmet, 10eMnomeHmHicmys, MAKCUMANOHG NI0-
2pyna, pe2YAAPHICMS.

Bceryn

Hexait G — ymniBepcaJyibna aJjiredbpa. fAximo mijganredpy 3 G X G posrisijiaTi
sk Ginapue Bigomenns va G, 1o MHokuua S(G) BCiX miganredp 3 G X G €
HATIBI'PYTIO0 BiJIHOCHO JIeMOPTaHiBCbKOTO 00y TKY BijHomenb. Hamisrpymna S(G)
HA3UBAEThCSI Hanieepynot eidnosionocmeti aireopu G .

Sajiauy BHUBYEHHS HAIBIPYIT BIIMOBiIHOCTEH cBOoro dacy craBuB Ky-
porr (auB. [1]).

Y pobori [3] nokazato, 1o koym G — rpyna, To ejementu Hamisrpynun S(G)
MOYKHA OTOTOXKHUTH 3 I sitipkamu suriisy (Hy, Gy, He, Ga, ), ne H1<G1 < G,
Hy<1Gy < G, a ¢ —isomopdism dakroprpymu G/ H; wa dakroprpyiy G/ Hs .
[Tpu oMy BijmosigauMit eytement wamisrpynn S(G) — gk migaMuokuHa i3 G X G
— Ma€ BUIVIAL

(Hl,Gl,HQ,GQ,g0> = U (CLHl X gO(CLHl)).

aceGy

Muokunu Burssiy aHy X bHo, ne bHy = ¢(aHy), Oyjgemo HasuBaru 610KaMu
eqementa A = (Hy, Gy, Ho, G, ).

1. ImeMIIOTEeHTHICTH Ta peryJaspHICTD

Jlema 1. /Jlasa dosinvnozo idemnomenma A = (Hy, G1, Hy, G, ) Hanisepynu
S(G) i dosinvnozo esemenma b € Gy icnye misvku 00un KAGC CYMINCHOCTI
epynu G 3a nidepynoro Hy, axut mae nenopootcniti nepemun 3 bH .

© Psabyxo O.M., Typka T.B., Cyxina K.O., ILtomko I'.B.;2014
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Hosenennsi.  Cupasi, Hexait bHyNa'Hy # @ 1 bHyNa" Hy # @ . Posrisinemo
migmuoxkuan aH, X bHy, o’ Hy x VHy, a"Hy x b"Hy 3 A. Toni

(CLHl X bHQ) o (CL,Hl X b/HQ) = CLH1 X bng

(aH1 X bHQ) 0 (CLHHl X b”HQ) = aH1 X b//HQ
spinku O'Hy = b"Hs. Ane Toni ' Hy = o H; . O

Teopema 1. Hexati G — epyna. Hrxwo eaemenm (Hy, G1, Hy, G, ) nanieepy-
nu eidnosionocmets S(G) € idemnomenmom, mo SUKOHYIOMBCA MAKE YMOGU:

]) Hl(GlﬂGg) :Gl, HQ(GlﬂGg) :GQ;

2) das dosinvnoeo g € Gi NGy w(gHy) = gH> .

Hoenennsi.  Hexait eementr A = (Hy, G, Hay, Ga, p) € igeMmoreHTOM.
Toxi st josinbHOrO 610Ky aHy X bHy i3 A maemo:

(CLHl X bHQ) ¢} (aH1 X bHQ) = (CLHl X ng)

SBijcu  BuiuBae, 1mo bHy N aHy = @. Otmxke, 410 KOKHOTO
Kiaacy cymikaocti aHy; rpymm Gy 3a mianrpymoro H; 3HaiigeThcs  Ta-
kuit  ejgementr c € aHiNbHy CGiNGy, mo aHy = cH. Ane mtoni
H(G1NGy) € HiGy = Gy . Anajioriuno joBoauthes, mo Ho(Ghp N Gy) = Gs.
Ile moBomuTHL yM™MOBY 1).

st noBinibaOrO g € G1NGH ennement A Mmictuthb O10ku Burisiay aHy X gHo
i gH, x bHy. Ockinbku g € gHy X gHs, 10 gH, N gHy # &, a Tomy

(CLH1 X gHQ) o) (ng X bHQ) = (CLHl X bHQ)
3 iHmoro 00Ky, 3 iIeMIIOTEHTHOCTI ejleMeHTa A MaeMo:
(aHy x gHs) o (aHy X gHs) = aHy X gHo.

Orxke, A micturs 650k aHy X bHy 1 aHy X gHs . OckinbKu, mepiii KOMIIOHEHTH
6J10KiB ojHaKO0BI, TO bHy = gH, . Anasoriuno noBonuthes, mo aHy; = gH; . Ane
toni p(gH1) = ¢(aHy) = bHy = gH, , 110 TOBOIUTE YMOBY 2).

YMoBu Teopemnu 1 mHe € jgocrarHiMu. Po3risHeMO Takmii  IPUKJIAI:
G=G1=Gy=2y® 2>, H1={(0,0),<1,0)}, HQZ{(O,O),(O,l)} To-
ni Gi/Hy ~ Go/Hy~ Zy. Tpyna Z, wmae TLIBKH TOTOXKHIH aBTOMOpP(dI3M,

Tomy i3omopdism ¢ : Gi/H; — Go/Hs Busnadennit opnosnawdno. Js
enrementa A = (Hy, Gy, Hy,Go,p) yMOBH TeOpeMH BHKOHYIOThCsI, 60
Hl(Gl N GQ) HlG = G, HQ(Gl N GQ) = G, @((0,0)Hl) = (0,0)HQ,

e((1,1)Hy) = (1,1)Hy. Ate A # G xG,a Ao A =GxG. Tomy A ne ¢

11eMIIOTEHTOM. O
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Teopema 2. Hanisepyna eidnosidnocmeti S(G) — peeyaapha.

HoBenennst.  Hexait etement A wanisrpynu S(G) Mae BUDIIsLI:
A=aH; X bjHy +aoH; X boHs + ... + apH; X b H>.
Pozrisinemo esiemenT
B =0b0Hy X a1Hy +byHy X boH1 + ... + by Hy X ai. H.
JI1s1 TOBLILHOIO 7 Ma€MO:
(a;Hy x b;Hs) o (bjHs x a;Hy) o (a;Hy X b;Hs) = (1)

= (CLZ'Hl X CLZ'Hl) ) (aiHl X bZHQ) = CLZ'Hl X bZHQ = S(G)

I3 piBrocti 1 Ta semu 1 Bumausae, mo Ao Bo A = A. Orxe, eeMeHT
A e peryngpanm. Ockiabku ejemMenT A — joBiibHUIE, TO HamiBrpyna S(G) e
PeryJIdpHOIO. 0J

Haramaemo, 1o HaIBrpyIa HA3UBAETbCSA idemnomenmuoro (abo 36°A3k010),
JKIIO BCl 11 €JIEMEHTH € 1JIeMIIOTeHTaMU.

Hacmigok 1. fdxwo G — epyna, mo nanisepyna eidnosionocmet S(G) 6yde
36°a3k010 modi i miavku modi, koau |G| < 2.

Hoenennsi. ko |G| > 2, 1o rpyna G Mae HeTpuBIaJbHUN ABTO-
mMopdism . Bubepemo takuii enement g € G, mo ¢(g) # g. Posrignemo B
S(G) enement A = {(g,¢(9))|lg € G}. Hua uporo enemenra Hy = Hy = F |
G1 = Gy = G. Tlozasik p(gHy) = ¢(g9) # g = gHs, 10 s A He BUKOHYETHCs
yMoBa 2 Teopemu 1. Tomy A He € i1eMIIOTEHTOM.

dAxmo |G| < 2, To erko nepesipsierbest, mo S(G) € 3BA3KOIO. O

HacryrmHe TBep/KeHHST CTOCYEThCsI JOBIIBHIX YHIBEPCAJTBLHIX AJredp.

TBepmxkenns 1. fxuwo anreebpa G mae sracny nidanreebpy H , mo nanieepyna
sidnosidnocmets S(G) we € imeepcrono.

HoBenennsi. Hexait H — Biacha mijaJsredopa aareopu G . Tojl KoxkeH i3
enementiB H X H ta G X G € imemnorentom Hamisrpymu S(G). Ase

(HxH)o(GxG)=HxG#GxH=(GxG)o(HxH).

Otxe, B S(G) € ieMnoTeHTTH, siKi HE KOMYTYyIOTh, a ToMy S(G) He € iHBep-
cuoro. O
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Hacmigok 2. Hexait G — nanisepyna. Hanieepyna eidnosionocmed S(G) 6yde
ineepcnoro modi i miavku modi, xoau |G| =1.

Hosenenns.  Hexait |G| > 1. dkmo B G € imemmnorent e, to B G €
BracHa migHamiBrpyna {e}. fdxmo B G Hemae igemmnorenTta, TO BCi eJleMEHTH
MalOTh HeCKideHHUil mopsioK. Toml s AoBiabHOrO ejneMenTa a € (G IUKJIIYIHA
nignanisrpyna (a) = {a? a*,...} e Bracuoro. O

2. MakcumaJibHi niarpynu D-kJjacy HaIliBrpynm BiJIIIOBI/I-
HOCTel

st posibHOrO inemmnorerna e € S 4epes (G MO3HAYNMO MAKCUMAJbLHY
nirpymy 3 S, s KOl € € OJIMHUTIEIO.

Teopema 3. Hexalt G — ckinuenna epyna, a esemenm e = (Hy, Gy, Hy, Go, @)
nanisepynu eidnosionocmets S(G) € idemnomernmom. Todi

Ge — {(H17 G17 H27G27¢90)|¢ € AUt(Gl/Hl)} =

= {(H1,Gh1, Hy, Go, o0) | € Aut(G2/Hs)}.

Soxpema, axuo Gy =Gy =G, H = Hy=H, ¢ =& — momootcrutl asmomop-
pizm, mo

G, = {(G,H,G, H, )|y € Aut(G/H)}.

Hosenenunsi.  Jlerko nepesipsietnest, mo eement f = (Hy, Gy, Hy, Gy, ¢€),
ne & — Toroxuuit apromopdism daxroprpymu G/ Hy, Oyjie 11eMIOTeHTOM.

B |4] wokazamo, mo  emementn A = (H], G, Hy, Gy ) i
A" = (H!,GY, HY, GY,¢") nanexars onnomy D-—xjacy wamisrpynun S(G) Toji
i ribkn Toui, ko GY/H] ~ G4y /HY ~ G| /H] ~ GY/HY . dxmo Gy/H| ~ F,
TO OyseMo KazaTu, 0 BianoBiguuit D —Kjac BusHadaeThest pakropoM F.

Tomy imemmorentn e i f OyayTh D —exBiBajenTni. 3a Teopemoio ['pina
(nus. [2], Teop. 2.20) maxcumasbni migrpymn G, 1 Gy i3omopdmui. Tomy mae
CEHC CIIOYATKY po3iOpaTucs i3 3aKJII0YHOIO0 YACTHHOIO TEOPEMU.

Orxe, Hexait e = (G, H,G, H,¢€), ne ¢ — Toroxuuii aBromMopdiszm daxTop-
rpyin G/ H . Ba naciigkom 1 i3 Teopemu 1 3 [4] H—knac H(e), sikuii 36iraerbes
3 G, micrute |Aut(G/H)| enementis. Tomy Jijist 0B/ IeHHST 3aKTIOTHOT YACTHHE
TEOpEeMH JIOCHTD [TOKA3aTH, 110 KoxkeH efement surisity A = (G, H, G, H, ), 1e
¢ € Aut(G/H) , nanexnts G, . Maewmo:

(9H,p(gH)) o (p(gH),gH) = (9H,gH). (2)
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3 immoro 6oky, sxkmo gH # ¢H, o gH N ¢H = &, 3Biaku
plgH)Np(g'H) = @ i
(9H,p(gH)) o (p(g'H),g'H) = 2. (3)

I3 pisnocreit 2 i 3 Bummsae, mo ais enementa A~ = (G, H,G, H, o) 6yne
AoAt=e. Touy AcG,.

Hexait reniep e = (Gy, Hy, Ga, Hy, ) — noBinbHuit iemmorent. 13 yxke goBe-
JICHOT'O BUILIUBAE, 110

Ge| = [{(G1, Hy, G2, Ha, )| € Aut(Ga/H2)}|. (4)

3 irmoro 60Ky, ockinbku st eiementa A = (G, Hy, Ga, Ho, 1)) Ta inemmnorenTa
e = (G, Hy, Gy, Ho, @) uersipka (Gy, Hy, Gy, Hy) ofHa i Ta XK, TO 32 HAC/IJIKOM
1 i3 Teopemn 13 [4] A € H(e). Ockinbku H(e) = G, T0 pasom i3 4 1e 3aBeprye
JIOBE/IeHHA TE€OpEMU. O

Hacmigok 3. xwo 6 nanisepyni sidnosionocmets S(G) idemnomenm e Hane-
otcumdv D -kaacy, axutl eusnavaemovcesa gaxmopom F, mo G, = Aut F'.
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PO3BUTOK TEOPII TAJIVA B POBOTAX M.I. YEBOTAPHOBA

B crarTti HaBemenuii oruist ocHopHux podiT M.I. Heboraprosa 3 Teopil faﬂya, 3pobJIeHniT aHaJIi3
HOTO JIOCJIJI?KEHD Ta OIUCAHI ITEPCIIEKTUBHU 3aCTOCYBAHb.

KurouoBi ciioBa: meopisa Laaya, 2pyna Taaya, He36ionut mMHo20ueH, PIEHANHA 3 Hane-
ped 3a0an010 2pYnoio.

Bceryn

15 uepBuga 2014 poky HaykoBuit maTeMaTudHuil cBit Bijznadae 130-Ty piu-
HUIIO 3 JIHA HAPOJXKEHHS BUIATHOIO MaTeMaTHWKa 1 Iejlarora, BUXOBaHId Kuis-
cbKoro YHiBepcurery c¢B. Bosogumupa M.I.YeboTapbosa.

Muxkosait I'puroposuu YedborapboB Hapojubcsa 15 depBusa 1894 poky B
Kam’strenb-IToginbebky. & 1912 pori BiH 3aKiHYMB MiclieBY TiMHA3il0 1 pasom
3 OarbkaMmu 1epeixaB jo Kuepa. B 1mipbomy 2k pori BiH OyB npuiinaruit y Kuis-
CHKOT'O YHiBepcuTeTy Ha (bizuko-mMaremarudHuii pakyibreT. [le OyB pik po3KBITY
HayKoBoro aJjiredpaidnoro ceminapy .O. I'paBe, y poboTi siKOro B:Ke mpuitMaJin
yaactb O.FO. Iminr, M.®@. Kpasuyk, 5.M. [lesone ta inmi. {o pobotn cemina-
py akTuHO joayunscs i M.I. Heborapbos. BiiTky, 1913 poky, mic/isi 3aKiHueHHA
IIePIIOro Kypcy BiH MepekJ/iaB 3 HIMEIbKOI MOBU Ha POCIHCHKY BeJINKY HaCTUHY
nigpyunnka Bebepa 3 anredopu. e 6ysno 3naitomcrBo 3 Teopito laya, gKy mnpo-
decop .O.I'pae Ha Toil Yac 4uTaB CTyJAeHTAM TPETHOI'O KypCy.

Y 1916 pomni micss 3akindennst yHiBepcutery M.I. HeboraphoB OyB 3aJuiie-
HUN JIJI TJTOTOBKU JI0 TPOGECOPCHhKOIro 3BaHHs, TOTYBABCSA JIO MariCTEPCHKIX
eKk3aMeHiB, Kl ckjiajiaB y 1918p.

HayxkoBy gistabricTs M.I'. HeboTaphoBa MOXKHA PO3JIIIUTH HA TPH [TEPIOIN: KH-
iBehKuit (1918-1921pp.), omecokuit (1921-1927pp.) i kazancekuit (1927-1947pp.).
J1o KMIBCHKOI'O IEPIoAy BIIHOCIATHCS JOC/TIXKEHHS MUTAaHb 3 PI3HUX PO3JILIIB Ma-
TeMaTUKN: BU/IJICHHS ajreOpaldHol JacTUHU B abejieBUX iHTerpaJjax, 3ajada,
obepHeHa 3aja4i HipHrayseHa, PO MOBEPXHI MePEHOCIB, BU3HAYEHHS ITIJIbHOCTI
MHOKUH ITPOCTUX YUCEJI, IKI HAJIEXKATh JI0 38/]aHOr0 KJIacy IiJICTAHOBOK Ta 1HIII.

© Psabyxo O.M., Mazuisa H.C.,2014
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VY kinni 1921p. Yeborapros nepeixan jgo0 Ojecu. TaMm BiH mpalfoBaB ceKpeTa-
peM HayKOBO-JI0CIiIHUIBEKOT Kadeapu npu OgecbKoMY IHCTUTYTI HAPO/IHOI OCBITH
Ta MPOJIOBYKUB HAYKOBI JIOC/TIPKEHHS, HaJl SKUME [T04YaB podoTy 1ie B Kuesi.

Baromum ajirebpaiaaum jrociipkennsam M.I. HeborapboBa KHIBCHKOIO i T10-
YaTKy OJIECHKOT'O IIepiojly floro TBOPUOCTI € poboTa, siKa MPUCBsUeHa BUPIIIEHHIO
pobsiemu @pobeniyca [1]. Lo podoty B 1926p. Heboraphos mpejcTaBuB B Y Kpa-
THCBbKY aKaJleMilo HayK sK JOKTOPCHKY JHCepTallilo, aKy 3axuctus y 1927 p. Moro
ornonentamu Oysn [1.0. I'pae, M.®@. Kpasuyk i ['.B. Ildeiicbdep. [licasa zaxucty
nucepraiii YeborapboB OyB 3arpoiiennii B KazaHcbKuil yHIBEPCUTET, Jie HPallio-
BaB J0 KIHIIS YKUTTSI.

Haitbinpm mijgHoro i 6araTorpanHoo Oy/ia HayKOBO-IEJaroriana, JistIbHICTh
M.I". HeboraproBa B KazaHCchbKuMii epio. ¥ KazaHi BiH CTBOPUB IEPIIOKIACHY Ma-
TeMaTHYHY IKOJIY, sIKa PO3BUBaJIacd 3a PI3HUME HallpgaMKaMu. 4eboTaphoB, sIK i
ftoro BunTesb ['paBe, BUMaraB caMoCTiitHOI TBOPYOI poOOTH Bij CTYJIEHTIB, OYH-
HAIOUN 3 MOJIOAMINX KypciB. Moro yuni mpamosajin B yeix HAIPsIMKAX, 38 sSKIMI
IIpalfoBaB BiH caM. DifbIIicTh 13 HUX CTaJal BHJATHUMU PAJASHCHKIMEI BUCHUMIU:
J.I. Ano, M.M. Meitman, JI.I. TaBpinoB Ta ixmi. Born 3 BeukuM ycrixom pos-
pobuin ijiel cBoro BUUTENA B 00JIACTI Teopil Oe3rnepepBHUX TPYII, HAIBIIPOCTIX
asiredp JIi, Teopil mosiHOMIB, 1110 NPOAOBXKYIOThCA Ta iHIm. /[lo npuizmy Yebora-
pboBa B Kazanb 1uMu muTaHHsgMI TaM HIXTO He 3aiiMaBcs.

Y Kazani M.I'.YeboraproB OyB 0e33MIiHHUM JUPEKTOPOM  HAYKOBO-
JIOCJIJIHUIIBKOTO 1HCTUTYTY MaTeMaTUKu 1 MexaHiku, a 3 1943 p. — rojioBoto
Kazancbkoro ¢izuko-mareMaTndHoro cycuijibecra. B 1929 p. M.I. Yeborapbos
oyB obpannit wienom-kKopecronjgearom AH CPCP, a y 1943 p. itomy 0Oyi0 mpu-
CBOEHO 3BaHHs 3acjyxkeHoro jisdya Hayku PPOCP. M.I. Yeborapros Jaypear
Hepxkasuoi npemii CPCP, naropompkenuit opjgerHom .JIeHiHa, jiBoma OpJeHAMU
Tpynosoro Yepsonoro IIpamnopy i megassivmu. [Tomep M.I'. HeboTaproB 24 yepBH:A
1947 p. B MockBi y 3eHITI CBOET TBOPYOI JiSTbHOCTI.

Y 1947 p. npesugism AH CPCP 3acuyBas npemiio im. M.I"Yeboraprosa, sika
IPHUCYZKYEThCsI» OJMH Pa3 B TPH POKHU 3a Kpally pobory 3 Mmaremaruku. Moro
IMEHEM Ha3BaHO HAayKOBO-JOCJIJHUILKUIT IHCTUTYT MaTeMaTUKKM 1 MeXaHIKU 1Ipu
KazancbkoMy yHIBEpCUTETI.

lana poboTa npucBgdeHa JIOCTIKEeHHI0O HayKoBol crajamuan M.I. Hebora-
pbOBa.

Merta jgociizKeHHs HOﬂﬂrae}fBMquHHiOCHOBHHX:HOHOX«3H>Teopﬂffanyals
poborax HoborapboBa, 30KpemMa, JIOC/TIIXKEeHHIO 3a4a4i PO 3HAXO/I?KEHHsI PIBHSIHb
3 HAIlEpeJ1 331aH010 TPyIoo L anya.
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PiBusinus 3 Hamepes 3aaaHOIO I'PYIIOIO

Bajada 1po 3HAXOZKEHIS PIBHAHD 3 HALIEPE/T 3041010 Ipyoro | alya Breprie
Oyna mocrapyiena B 3araiabromy Burisia J. Tiis6eprom (2| B kinmi XIX cr. Hum
ke y 1892p. Bona Oysta po3B’gd3aHa JJId BUIAJKY CUMETPUIHIX 1 3HAKO3MIHHITX
rpyn. Posp’azanns ['iibbepra 6a3yeTbcsd Ha floro »K Teopemi PO HE3BIJIHICTD,
Br1JIHO 3 KOO, SIKIIO OJHOYJIEH BJ JIEeKLJIbKOX 3MIHHUX HE3BLIHUIT HaJ JTaHUM
I0JIEM, TO MOXKHA JIJI OJTHUX 13 IUX 3MIHHUX MiIi0paT Taki 3HAYEHHS, M0 TiCJIsd
IIJICTAHOBKH 1X MHOT'OUJIEH 3aJIUIITAE€THCA HE3BLIHIM BlIIIOBITHO OCTaHHIX 3MIHHUX
Ha/[ TUM YKe TIOJIEM.

[Is1 Teopema € THIIOBOIO TEOPEMOIO «iCHYBaHHsI», TOMY PO3B’sd3anud ['inbepTa
He JaBaJIo IPAKTUIHOI'O CII0CO0Y 3HAXOJXKEHHSI IIIYKAHUX PIBHSIHD.

M. Bayep (1907p.) po3B’si3aB 3a/1ady jjist CHMETPUIHUX I'PYIl B TaKuii crocio,
SIKNIT JICHO BUKOHYETHCS Ha MpakTuili. JIjist cBoro po3s’sizanus jlaHol 3a/1adi BiH
BUKOpUCTaB Teopemy JlejieKinaa npo 3B’I3KM MizK PO3KJIJIaHHSAM JIiBOI YaCTUHU
PIBHAHHS Ha HE3BLJIHI 3a IMPOCTUM MOJIyJIeM MHOXKHUKHU 1 IUKJIAMU I1CTaHOBOK
1Ioro rpyunu faﬂya.

Baxkyinsi pesysbrarn y 1mpomy HanpsiMky Oyiu orpumani E.Herep (1918p.)
JUIsT BUIIQJIKY, KOJIM JiesiKa cucTeMa (DYHKIIIN, siKi 3aJiesKaTh BiJ 3a/laHOl I'PYIIH,
Ma€ TaK Has3BaHmil parioHa/jbHuit 0asuc. Meron Herep Takok sacHoBaHMil Ha
B2KUBaHHI TeopeMu ['1abbepTa Ipo HE3BIAHICTH MHOT'OUJIEHA BiJIIIOBIIHO JIESIKUX
3MIHHUX.

Hezasexxkno Bij Bayepa HeboraphoB Jijisi PO3B’si3aHHs 3a/a4i 3HAXOIZKEHHSI
PIBHSIIb 3 HAIlEpe 331aH0I0 IPYIO0 | ajaya BHKOpHCTOBYE Teopemy Jleseximia.
B nepruiit colit pobori 3] (1926p.), HpuCBsUeHOT 3HAXOJZKEHHIO AJredpaiTHux
DIBHSHD 3 HAIlEpEI 33aHOI0 IPYIO |asya, BIH [OKA3aB, M0 s BUIAKY CIH-
METPUYHOI I'PYIIN, AKIIO TIIBKNA MOXKHA 3HANTH IUKJIIYHI IPYIN 111/ICTAHOBOK, K1
MICTITBCSl B CUMETPUYHIN T'pylll, ajle He MICTATbCI B KOJHII 3 11 MArpyIl, TO
MOXKHa TaK CKOperyBaTu crocid bayepa, 1m0 3 #0ro J01moMoro ojiepkKaTu Bci
MOXKJIMBI PIBHAHHSI 3 CUMETPUUHOIO I'PYIIOI, a TaKOXK PO3B’s3aTu 3ajJady JJIsd
I'PyIl, 9Kl JIONYCKalOTh palioHaabHunil 6asuc. [Ipu npoMy modyioBa myKaHux piB-
HsHb BUKOHYETbHCS 3a CKIHUEHHY KIJIbKICTb JIifi.

Kpim Toro B 1miii ke poboti [3] Heborapbos soBiB Teopemy lenekinga 6e3
BUKOpHUCTaHHs Teopil imeasniB. Haramaemo Teopemy lenexina.

Hrwo ne3sionutll MHO204AEH T -020 CMENEHA

flx) =a" +pix" "+ .+ paiz +py (1)

Mae po3kaad Ha k He36IOHUT MHONCHUKIS 3G MOOYAeM P, (D He HAAEHCUMD
P QUCKPUMINHANMY D MHOLOYAEN)
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fx) = fle) - folx) - fi() (mod p) (2)
3 BIIIIOBITHIMU CTENEHSIME 11, Na, . - . , Nk (N1 +No+. . .+nk = n) TO B rpyIi Tanya
OO PIBHSIHHS MICTUTHCS I1JICTAHOBKA, K& CKJIQJIAEThCI 13 IUKJIB MOPsIKIB
ny,nog,...,Nkg.

Hosenenng 1iel Teopemn y HeboTapboBa CKJIATAETHCA 3 JTBOX YACTHH: CIIO-
YaTKY JOBOJUTBHCA ICHYBaHHS B I'PYII faﬂya [1JICTAHOBKU TUKJIB 79, ..., ML, a
MOTIM MOXKJIMBICTH TAKOTO CII0COOY HyMepyBaTn KopeHi piBHsiHHs (1) i KOHIpyeH-
mii (2), mob rpyma KOHrpYeHIii OyJia [JIbHIKOM TDYIH DIBHSIHHSI.

Meron YeboraphoBa Ha BiiMmiHy Bij Merojy bayepa mgae MOXKJIMBICTB II0-
OyjlyBaTH BCi PIBHSIHHSI 3 CUMETPHYHOIO I'PYIOI0. 3TijiHO criocody YeborapboBa
HEOOX1THO B3ATHU IMiICTAHOBKY IUKJIY 7-0TO MOPAJIKY, 1 — 1-0r0 i TPaHCIO3HUIIIIO.
[Tomasbini MipkyBaHHsT ocHOBaHi Ha Teopemi dpobeniyca, obepHeHiit Teopemi Jle-
nekinga. fximo rpyna lanya piBastans (1) MiCTHTB HIJICTAHOBKY, STKA CKJIAIA€THCS
13 IUKJIIB MOPAAKIB Nq,...,N;, TO ICHYEe HeCKIHUYeHHA MHOXKHHA TaKUX MPOCTUX
qucesI, MO BiIOBITHA KOHIPYeHIls (2) PO3KIAIaeThest B J00YTOK HE3BIIHUX 32
MOJIyJIEM P MHOXKHHKIB CTEIIEHIB N1, Ng, ..., Nk. Dyjb-sgKe piBHAHHS 03 adeKTy,
TOOTO 3 CHUMETPUYHOIO I'PYIOI0, MICTHTDL MiJICTAHOBKU TPHhOX BKaszaHuUX JedoTa-
PbOBUM HUKJIYHUX TUIIB, OTKe, ICHYE€ HeCKIHUYeHHa MHOXKMHA ITPOCTUX MOJYJIIB,
3a JKUMH JIiBa YaCTUHA PIBHSHHA ab0 3aJIMIIAE€TbCsl HE3BIJIHOIO, ab0 PO3KJiajla-
€ThCsd Ha JIHITHNIT MHOKHUK 1 MHOKHUK (1 — 1)-T0 cTemens, abo Ha KBapaTHHi
MHOXKHUK 1 n — 2 mjinifinnx. Tpymromnt mo0y/10Bu piBHAHD 3 Hamepes 3aIaHoIo
HECHMETPUYIHOIO I'PYTIOI0, K MOKa3aB 1e00TaphoB, MOJATAIOTH B TOMY, IO MPH
1100YI0BI PIBHSHB, JIO IPYIN SIKUX BXOJMJIM O IJICTAHOBKM 3aJaHUX IUKJIITHIX
TUIIB, MOYKJINBUI BUIAJ0K, KOJIU B 110 IPYILY BXOAATDH 1 HJICTAHOBKH IIUKJIIYHOTO
THUITY, K1 He MICTSITbCA B 3aJIaHiil IpyIii.

Y pobori [3] UYeboraproB dopmymioe 3ajgady Takum gamHOM. Hexai
P =mp-py-... pp — 10OYTOK BHOpAHUX MPOCTUX MOAYJIB, G1,02,...,0, —
BUpaxyBaHHs KJACIB 38 MOJIyJIEM P, <Kl MijliOpani Tak, o0 piBHAHHA

fx)=2"+ap" ' +.. . 4ap_1x+a;=0 (3)
MaJio  IpyIly, ¢dKa MICTUThb IIJICTAHOBKU  3aJlaHUX  IMUKJIYHUX  THUIIIB.
2(x1,T9y ..., Ty) — DYHKIs, sKa HAJEKHUTH 0 3aJaHO0l IPYyNu 1 3a/10BOJIb-
Hsl€ PIBHSIHHSI

F(2)=2"+b1 2"+ 4 b2+ b, =0 (4)
KoeiIieHTn AKOro b1, bo, ..., b € NIMMHU palioHaJTbHUMU (QYHKIISIMI Bij
ai, as, ..., a,. Kourpyenris F'(z) = 0 3a KOXKXHUM 3 MOAYJIIB P1, P2, ..., Dk, &

oT:Ke, 1 3a MojysieM P Mae palioHaJbHU KOPiHb.
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Axmo 3amictb a1, a9, ...,a, B3aTH A1 = a1 + o P, Ay = as + aoP,

. Ay = ay + a, P, 1o xoediriertu by, by, . .., by piBHsHHS (4) OyiyTh pa-

HioHaJIbHUMK (PYHKIUISIMU B Qq, o, . .., Qy, . [losHagnmo ix [y, Bo, ..., Bk 1 Tomi
KOHI'DYEHIIIs

k k—1 —
F(z)=2"4+ 012"+ ...+ Br12+ 8, =0 (mod p)
Oyae MaTu palioHajbHI KOpPeHI MpPU BCIX 3HAYEHHAX 1,9, ..., Q. PO3B d3aH-
Hs 3a/1a41 3BOJUTLCS JI0 3HAXOJKEHHS YNCeT Q, (g, . .., Q) TaK, MO0 PIBHAHHI

F(z) = 0 maso pamionasibhi kopeni. OcraHHst 3a/1a9a B 3arajJbHOMY BHUIIAIKY He
po3B’ga3ana. HeboTaphoB MOKa3aB, IO 3ajilada JIEIKO PO3B I3YETHCA B OKPEMOMY
BUIIAJIKY, KOJIM (PYHKIIT

a1(T1, Ty oo Ty e ey (T, Ty oy Ty), 2(T1, Ty o oy Ty)

BOJIOJIIFOTH PaIliOHAJbHIM 0a3ucoM, TOOTO KOJIM ICHYIOTh TaKi pallioHa/bHi (DyH-
Kiii &1, &9, ..., &, 9epe3 dKi pallioHAJIbLHO BUPaYKAIOThCs BCl pallioHaIbHI (DYyHKIIIT
ai,as, ..., 0y, 2. Taki QyHKINT 30aiiaeni gume qasg n = 1 1 n = 2. Yeborapbos
pPO3IJIsijla€ TiJIbKU TOI BUIIAJIOK, KOJM pallioHa/bHuil 6a3uc icaye. Tomi HeobOXi-
JTHOIO 1 JIOCTATHBOIO YMOBOIO TOTO, IO I'pyTa piBHsAHB (3) Oy/ia 3aaH00 TPYIIO0
abo 11 JITbHUKOM, € pallioHaJIbHICTh BesmauH &1, &, ..., &p.

Y 1934 p. M.I'. HeborapsoB y Benukiit crarti [4], sika npucssidena mpobiie-
MaM cydacHol Teopii ['ajya, 3pobuB rimmbokuit aHaJi3 iICHYIYNX PO3B’I3KiB 3a/1a4i
PO 3HAXO/IKEHHs aJiredpaluHnX PiBHsAHB 3 Hallepe/l 3a/iaHoto rpyroio Laya. Bin
BCTAHOBUB 3B’SI3KM MiK PO3B’si3KaMI OIUCAHO! 3a/iadi 1 MUTaHHSIM BUBYEHHS 110~
JIIB palioHaJbHIX (PYHKIII; cpopMysIroBaB 3ajiady B OLIbII 3arajbHiil ¢popmi —
y BUIJISIJII TPHOX 3aja4:

1. 3naiitu Oyb-4Ki piBHSIHHS, TpylIa 9Kux Oysa 6 isomopdnoio rpyi Lasya;

2. 3HailTh 3araJibHy napaMeTpudny (Gopmy KoedilieHTiB piBHSHHS, rpyma
sikoro Oysa 6 i3omopduoto rpymi G abo i1 miarpyni. Iloganns koedinieHTiB B 1t
dopmi Mae OyTH HEOOXIJITHOIO 1 JIOCTATHHOIO YMOBOIO TOT'O, 100 I'PyIia PiBHAHHA
Oy.z1a i3omopdnoro rpymi G abo i1 miarpyii.

3. 3mailTu croci6 /i BU3HAUEHHS PIBHSAHB, TPyIa SKUX i30MopdHAa TPyl
G, npudomy Ieil crocid MOBUHEH OXOILIIOBATU BCI PIBHSHHS I[bOTO POJLY, SIKIIO
1I0ro JOCTaTHBO IIPOJIOBXKUTH.

BucunoBkn

Y pe3yabTari IMpPOBEJIEHNX ICTOPUYHO-MATEMATUIHUX JIOCTLIZKEHb MOXKHA
CTBEpJIKYyBaTH, 1110 HaykoBa crajmmaa M.I'. HeborapboBa 30ararmia BITUN3HSIHY
1 CBITOBY HayKy.
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PoboTu 3HaHOr0 MaTeMaTnKa BiJIPI3HAJINCS YiITKICTIO TTOCTAHOBKHU MPOOJIEMH,
MOTITYKAMU HOBUX METO/IIB PO3B AA3aHH 3a/1a4, JJOBEJIEHHSIM PO3B’SI3KIB /10 [TOBHOT'O
AJITOPUTMY.

Y cBoemy BiAryKy mpo M.I. HeborapnhoBa y 3B’SI3Ky 3 BUCYHEHHSIM HOTO KaH-
muparypu y wienn AH VPCP y 1938 p. [1.0. I'paBe mnucas: «...3HAMEHUTBI
dpannysckuii MmareMaTuk . [ajaya ObL1 yOUT Ha jy3/u B Bo3pacre 21 rona, u,
HECMOTPsI Ha 3TO, €My YJIAJOCh CO3/IaTh TEOPHUIO, KOTOpasd B IPOJOJIKEHUN 6O0-
jiee 100 jrleT 3aHUMaeT yMbl JIyUIIUX HIpeJicTaBuTe eil MaTemaTukun. Haunnas c
BOIIPOCOB aJIreOpbl, OHa MMOCTENEeHHO BOILIa B HOBBIE YacTH MaTeMaTHKU. debo-
TapeB MOCBSIIAET Teopun | aya KHUTH. DTUM OH MOKA3aJ [IYOOKOe HOHIMAHIIE
NCTOPMIECKUX TTEPCIEKTHB X0/l Pa3BUTHA MATEMATUK. ...»

Teopis [aya 6e33amepetHo He BTpATIIIA CBOET AKTYAJIBHOCTI 1 MAE IMIHPOKE KO-
JIO 3aCTOCYBaHb. 30KpeMa B CyYaCHUX CHCTEeMax 3aXUCTy iHdopmallil BUKOPUCTO-
BYIOTBCA aJTOPUTMU, MO TPYHTYIOTHCS Ha BJIACTUBOCTSX TPYIT TOYOK €TIMTHIHITX
KPHUBHX y 1oJisix | asya 8]. Came 3 ix gomomororo OyiyoThest HaifeeKTUBHIII Ha
CHOTOJTHI AJITOPUTMU TECTYBaHHs MPOCTOTH 1 PO3KJIAJLy YUCET Ha MHOXKHUKH.
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JABOKOJIBOPOBI XOPOBI n-AIAI'PAMW MIHIMAJIBHOI'O
POLY 3 k=9 HUKJIAMU ITEBHOI'O KOJIBOPY

B poboTi posrigmaeThesa Kaac miianapHux JIBOKOJTHOPOBUX XOP/JIOBUX JiarpaM 3 1. XOpJaMu, o

MaloTh TOYHO k < 7 IUKJIB IIEBHOTO KObOPY. g k =9 i marypanbaux n > 9 BCTAHOBJIEHO

dopMyIn HiIpaxyHKy Ync/ia HeeKBIBAJICHTHUX TAKUX JiiarpaM BiJIHOCHO Jiil NUKJ/IIYHOI IPYIIN.
KurodoBi ciioBa: dsokoavoposa xopdosa diazpama MiHiMasoH020 POOY, UUKA, UUKATYHG

epyna.

Beryn

Koncrpykiil, cxoxi J1o KoJia 3 BiIMIYeHUMN TOYKAMU, 30KpeMa, XOPJIOBi Jiiar-
pamu, eeKTUBHO BUKOPUCTOBYIOTh B 0araTboxX rajy3sax HayKu, 30KpemMa MaTeMa-
i, ¢izuil, 6iosoril.

Hara iaemo, 1110 Xop10BOIO JiarpaMolo MOpsjIKy 1 ado, KOPOTKO, 7 -JiarpaMolio
Ha3MBalOTh KOHMDIrypalio Ha IJIOMMHI, 0 CKJIAJA€ThCsd 3 KoJja, 2N TOYOK Ha
HBbOMY (K1 € BepIIMHAMU IPABIJIBHOTO 21 -KYTHUKA) T 7 XOP/I, IO CIOJIYIat0Th
BKa3aHi TOYKN. XOPJOBI jiarpaMy HA3MBAIOTH 130MOPGMHUMU, SKIIO OJHY MOXKHA
oJleprKaTH 3 IHINOI B pe3y/ibTaTi MoBopoTy. liarpamMu Ha3WBaIOThH eKBiBaJIEHTHUMU,
SIKITO 1X MOXKHA, CYMICTUTH 32 JIOITIOMOI'0IO TIOBOPOTY, J3ePKAIHLHOTO BiJIOUTT, ab0
2K 1X KOMITO3UIII.

[IuTanusgaMu repesiiky MEeBHUX KJIACIB XOPJIOBUX JiarpaM 3aifiMajiach Iijia HI3-
Ka BIJIOMIX MaTeMaTHKiB, 30KpeMa aBTopu pobir [1-6]. Bagaqi mpo migpaxyHoK
quc/ia Hei3oMOP(QHIX Ta HeeKBIBaJIEHTHUX N -jiarpaM OyJid ITOBHICTIO PO3B’si3aHi
B poborax [4], [5]. Popmysnn st migpaxyHKy 9mcsa Hei30MOpQHUX ITaHAPHUX
(pomy 0), Topoinanbuux (pogy 1) n-miarpam Tta 2m-mgiarpaM MaKCHMAaJbHOTO
POJIy ™M BCTAHOBJICHO B [4].

ITidpazxyrox wucia HeL30MOPPHUT, 30KPEMa JIBOKOJILOPOBHUX, N -Jiarpam ¢@ik-
c06aH020 Pody € JOCHTH CKJIAJIHOIO 1 B 3arajJbHOMY BHIIAJKY /IO CHOT'OJHI He
P0O36°A3a1010 3a0a4€10.
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Jobpe Bigomo (mamp. [11], [12]), mo aBokosoposi xopaosi O-1 N -miarpamu
3HAXOJIATh CBOE 3aCTOCYBaHHS B TOIIOJIOTT, 30KpeMa IPU TOIMOJIONYHIA KJacu-
dikaril GyHKII IeBHONO KJacy Ha 3aMKHEHUX OPIEHTOBHUX Ta BiJIIOBIJIHO He
OPIEHTOBHUX TOBEPXHAX (PIKCOBAHOTO POJLY.

@opmyn TiJIpaxyHKy YncIa Hei30MOPMHUX Ta HEeEeKBIBAJEHTHUX JBOKOJIHO-
poux O-1i N -piarpam BiANOBiIHO BeTarosieHo B pobori [9]. B [10] Beranosieno
dopMyn 15 HiIpaxyHKy dnc/ia HeisoMopdHUX Ta HeekBiBajgeHTHUX O -Jiarpam,
SIKI MaroTh o/iuH YopHuil (a0 2K 6immil) nukII. 3aada Ipo MijpaxyHoK dnc/a He-
izomopdaux O -iarpaM MakCUMAJTLHOTO POy (3 OJHUM YOPHUM Ta OJHUM OLIHM
IIMKJIOM ) TTOBHICTIO po3B’sa3ana B [§].

3aJj1adi 1po MipaxyHoK dnc/ia Hei30MOPQHIX Ta HeeKBiBaJIEHTHUX ILJIaHAPHUX
O -piarpam (Minimasibaoro pomy 0) 3 n XopjaMu HMOBHICTIO PO3B’si3aHi B PoOO-
i [6]. TIpoTe, 10 cbOro/IHI 3a/UIIAETHCS HEPO3B'SI3aHOI0 3a/a9a PO I IPaxyHOK
quc/ia HeisoMopdHUX JBoKOI0poBUX O -maiarpam poay 0 3 ikcoOBaHUM HUHCIOM
1 < k < n IUKJIB IEBHOT'O KOJILOPY.

[lepmii pesynbraTu, MOBsI3aHi 3 HijpaxyHKOM dncia Heizomopduux O -jiar-
paM MiHMAJBLHOTO pojy (3 M Xopiaamiu) Jijisd Buliajkis HaTypaabanx 1 < k < 8 i
n > k omepxkano B poborax [11, 12, 13].

B naniit pobori juia Bunaaky k = 9 1 HarypaJbHUX n > 9 BCTAHOBJIEHO
dopMyIn miApaxyHKy 9uc/ia Hei30MOPMHIX TaKHX JiarpaM.

Kpim Toro, 6ibin nuibHi criocrepexkensst 3a Besudaunnamu p(n; k) (s Ha-
TypadbHux k < 9 1 n > k), 103BOJIMIN BUSIBUTH 3aKOHOMIDHICTH Ta BUCYHYTH
rinoTe3y Ha BUIAJOK JIOBUILHUX HATYpaJbHUX N = k > 2.

OCHOBHI NOHSATTY Ta IIOIEPeIH]l BiTOMOCTI

OsznavenHst 1. Koo 3 2n moukamu Ha HbOMY, WO € BEPULUHAMU NPAEUALHO20
2n kymuuka, dyeu AK020 NoueP2060 Po3dapbosari Yy d6a KoALopu (woprul i Oi-
Aut) ma Pikco6anot0 HYMEPAUIEI0 6epuIUM 36 200UHHUKOB0N CIMPIAKOI0, OYdemo
Ha3usamu d80K0ALOPOSUM 21 -wabironom — puc. 1 a) .

2-KOJILOPOBOIO X0pdo6oto n -diazpamoro bydemo waszusamu n -0iazpamy, nobdy-
d06aHY Ha OCHOGL 0B0KOABOPOBO2O 2N -~ULAOAONY).

OszuaveHHs 2. 2-K04b0pogy n -diazpamy, AKG He MICMums (Micmums) ropou,
WO CROAYUAIOMb BEPWUHU 3 HOMEPAMU 00HaK060T naprocmi, nazusaoms O -
diaepamoro (N -diaepamoro) — puc. 1 b),c).

OszunavenHst 3. O -diazpamy 3 n ropdamu, AKAG HE MGE TOPI, WO NEPEMUHAN0-
muca, bydemo Hazueamu diazpamoro MiHimasoho20 pody (pody 0) abo s naanap-
noto O -diaepamoro — puc. 1 d).
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2 3 4 2 3 4 2 3 a4
1 5 1 5 1 5
20 6 20 6 20 6
19 7 19 7 19 7
18 8 18 3 18 8
17 9 17 9 17 9
16 10 16 10 16 10
B 14 73 12 . 15 1475 12 1 B 14 13 12 h
a) b) )
Puc. 1:

a) 1BOKOJIbOpOBHIL 20 -111abJIoH;

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

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

d) mwranapua O -giarpama (3 10 xopgamn), sika Mae 7 611ux Ta 4 YOPHUX IUKJIB

Oznavenns 4. «Yoprums («Oiaum») yuriom 2 -x0a4v0po6oi diazpamu Ha3u6a-
MUMEMO NOCAIDOSHICMY TOpd Mma “oprux (6isuz) dye, AKL YMEOPImMs 20Me0-
moppruti 0bpas (opienmosanoeo) xoaa — puc. 1 b) —d).

Oszuavenns 5. Muootcuny naanapruz O -diaepam 3 n xopdamu, AKL MA0mMy
mouno k (1 <k <n)biwur (n—k+1 wopruz) yukaie nosnavamumemo ., .

Ak 3’acysasocs (auB. manp. [12]), uncio miarpam 3 Kiaacy g, JI0piBHIOE
qucy Hapasina
1

. _ k k—1

1Sen] = N (0 k) = EC” -Ch
Binbime Toro, B [11] mokazamo, 1o wmcio neizomopduux giarpam 3 kiaacy S,
CIIBIAJIAE 3 YUCJIOM HEeKBIBAJEHTHUX (BIIHOCHO [l MUKJITHOI IPYIH MOPSIAKY
n ) xkombGiHaTopuux o0’ekriB 3 kiacy NC,(k), mobpe BiIoMHX sIK «NON-Crossing
partition of [n] with & blocks» [6]. 3ayBaxkunmo TakoxK, 1110 3 ONJISLY HA IIPUPOJHY

Oiexriio Mix eementaMn MHOKHH Sy, Ta NC,(k), glarpamy 3 kiacy g, Ta
BIAIIOBITHE Tif PO30UTTs B3araJii JIOHIIIbHO OTOTOXKHIOBATIH.

OcHOBHA 4YaCTHUHA

Teopema 1. /Jlasa dosiavrozo namypasvriozo n = 9 wucro metzomopprux dia-
epam 3 Kaacy g, MONCHA 0OMUCAUMU 30 DONOMO2010 CNIEEIOHOULEND

1/1 —9 9 9
P :-(EO,%-C% Z o) - +‘7 - Ci - Cn "+

)TV n
Jl(n;9), j#1

Pl el o) )

l(n:8), j#1 ’
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de  (a;b) — natbirvwud cnirvnud diavhur namypasviur a i b; ¢(q) — dyn-
Kuta Etsepa; a nidcymosysanms y dpyzomy i mpemovomy dodankar sedemucs 3a
6cima disvnuramu (3a sunamrom 1-ui) wucea (n;9) 1 (n;8) eidnosidno.

HoBenenns. Bei tunu niarpam 3 kiacy g, gKi CaMOCYMIIIAIOTECS IPU T10BO-
pori (B HAIPAMKY 3a TOJANHHHKOBOIO CTPLJIKOIO) Ha IEBHHUN KyT Wj, = S—Z - 21,
1=1,...,n— 1 naBegeHo na puc. 2, 3.

D OO
DO

21 LZLBL> @24 25

Puc. 2: 25 3 39 MoxkyImBUX THIIIB giarpam 3 kJjgacy Sy, , 9Ki caMOCyMilIaloThCd IIpA
IMOBOPOTi HA MEBHUI KYyT
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WO D]
A
D

Puc. 3: 14 3 39 MoxkyIMBUX TUIIIB fgiarpam 3 kJjacy Sy, , gKi caMOoCyMilaloTbCs IIPpU
IMMOBOPOTi HA MEeBHUI KYT

38 39

[Mosnauumo uepes Aj(n) wucio giarpam j-ro Tumy, a uepes A%, — uucno
HeizoMopduux mgiarpam j-ro tumy (j = 1,...,39). Toxi

* 11 9 8 = 2 *

3 iHMmoro 60Ky, KO MO3HAYNTH

39 39
p(n;9) =n-> A =) Ai(n), (3)
j=1 j=1

TO (2) MOYXKHA MOJATU y BUIVIsII

. 1/1
Pyn=— (;C?L - Cp +p(n; 9))- (4)

n

Yucso HeizoMopdHUX JiarpaM jijisi KOXKHOTo 3 39 3a3HaUeHNX TUIIB 00UYNC/IN-
MO 3a JIeMoIo bephcaiia.

B noganbiomy 4epes a;(n,i) Oyaemo MO3HAYATH YHCJIO JiarpaM j-ro TH-
Iy, fKI caMOCYMIIAIOTbCA IPHU IHOBOPOTI Ha KyT Wi, = i = 1,...,39,

n
1=1,...,n—1.
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1) iarpamu 1-ro Tuiy camMoCyMiNAlOThLCs MPHU MOBOPOTI HA TMEBHUH KYyT
Wiy JMIIE 38 YMOB, KOJU 7T JIIMTHCA Ha 2, a IOBOPOT 3JIACHIOETHCA Ha KYT,
KpaTHHil KyTy w = 7 (mpu ¢ = 5 ). OcKiabKn

1
0, n+#2k , nA1(n), n7 2k
al(n,2>—{8c§, n=2k " AL”{%<A1(TL)+SC§), n=a2r O

2) [iarpamMn 2-ro THIY caMOCYMIIIAIOThCsS TIPH MTOBOPOTI Ha MEBHUiT KyT
Wi JMILIE 38 YMOB, KOJII M JUINTbCA Ha 3 abo Ha 9, a HOBOPOT 3iCHIOETHCA Ha
KyT, KpaTHUI KyTy W = %ﬂ abo KyTy w = %“. OckinbKn

0, n#3k 0, n+#9%k
az(n,3) = { C3. n =3k, az(n,9) = { CL. n=9k 10
%AQ(n)a n # 3k
A3, = 4 % (Aaln) +03)CE) n =3k -
L (Aa(n) + 0(3)CE + 6(9)CY ) , = 9k

3) iarpamu 3-ro Tuiy caMOCyMINIAIOTHCS TPH MOBOPOTI HA MEBHUN KYT

Wi JIMIIE 33 YMOB, KOJIN 1 AINTbCA Ha 2, Ha 4 a0 Ha 8, a I0BOPOT 3/11CHIOETHCA
Ha KyT, KpaTHuil KyTy w = 7 (upn i = § ), KyTy w = 5 (0pum ¢ = 7§ ), KyTy
T

w=7% (mpn i = g ). OcKimbkn

0, n # 2k 0, n # 4k
a(n,2) = { 203, n=2k, WM = { 204, n =4k,
0, n # 8k
az(n,8) = { 202, n =28k, 0
( %A?)(n)v n 7£ 2k
1 Ag(n)+20§>, n =2k
3n =) 1 (As(n) + 2C% + ¢(4)2C§) : n = 4k (7)
L (A5(n) + 208 + p(4)20 + ¢(8)20§) . n =8k

4) Jliarpamu 4-ro Ty caMOCYyMIIAIOTHCS MPU TTOBOPOTI Ha MEBHUN KyT
Wiy JIMIIE 338 YMOB, KOJU 7T JUIATHCA Ha 2, a IOBOPOT 3JIICHIOETHCA Ha KYT,
KpaTHH KyTy w = 7 (mpu ¢ = 5 ). OcKinbkn

1
0, nA2% . f xAn). n# 2k
as(n,2) = { 70, n =2k, " 4= { L(Aum) +7CT), n=2 ©
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5) [iarpamu 5-ro THIy camMOCYyMIIIAIOThCs TIPH MTOBOPOTI Ha MEBHUiT KyT
Wiy JMIIE 38 YMOB, KOJU 7T JIIMTHCA Ha 2, a IOBOPOT 3JIACHIOETHCA Ha KYT,

KpaTHHil KyTy w = 7 (mpu ¢ = 5 ). OcKiabKn
%AS (n>7 n 7£ 2k

07 n # Qk * _
as(n,2) = { 6C%, n =2k, 10 A5, = { 1 <A5<n) +6C§) , n=2k )

6) /iarpamu 6-ro THIy caMOCYMINAIOTHCSA TIPH MOBOPOTI HA MEBHUN KYT
Wiy JIAIIE 38 YMOB, KOJIM 7T JIUINTbCA Ha 2, a IOBOPOT 3JIHCHIOETHCA Ha KYT,

KpaTHuit Kyry w = 7. OcKiJIbKI

1
0, nA2% . [ %A, n# 2k
ag(n,2) = { 5C3, =2k, ' Asn = { 1 (AG(n) +5C§) cn=2n 1Y)

7) iarpamu 7-ro THIIy CAMOCYMINAIOTHCS TPH MOBOPOTI HA MEBHUIN KYT
Wiy JMIIE 38 YMOB, KOJU 7T JIJIUTLCA Ha 2, a IOBOPOT 3JIACHIOETHCA Ha KYT,

KpaTHuil KyTy w = 7. OCKIIbKH

1
0, nA2% . f %A, n# 2k
az(n,2) = { 7CL, n =2k, 0 Az, = { 1 (A7(n) + 705) , n=2k (1)

8) iarpamu 8-ro Tuiy caMOCyMINAIOTHCA TPH MOBOPOTI HA MEBHUN KYT
Wiy JIMIIE 338 YMOB, KOJU 7T JUINTbCA Ha 2, a IOBOPOT 3JIICHIOETbCA Ha KYT,

KpaTHuit Kyry w = 7. OcKiIbKI

L Ag(n), n # 2k

07 n 7é Qk * J—
as(n, 2) = { 8CY, =2k Asn = { 1 (As(n) + 8(}%) cn=2k P

9) iarpamu 9-ro THiy caMOCyMINIAIOTHCS TPH MOBOPOTI HA MEBHUI KYT
Wiy JIAIIE 38 YMOB, KOJIM 7T JUINThCA Ha 2, a IOBOPOT 3IIHCHIOETHCA Ha KYT,

KpaTHuit Kyry w = 7. OcKiIbKI

L Ag(n), n # 2k

0, n # 2k .
ag(n, 2) = { 80%, n — Qk‘, TOA9,71 o { % (Ag(n) —+ SC§> , N = 2k (13>

10) Jiarpamu 10-ro Tumy caMoCcyMilIaiOThCsI TIPH TIOBOPOTI Ha MEBHUIN KyT
Wiy JMIIE 38 YMOB, KOJU 7T JIIUTHCA Ha 2, a IOBOPOT 3JIACHIOETHCA Ha KYT,

KpaTHuit Kyty w = 7. OcKiJIbKI
0, n # 2k .
ao(n,2) = { 707 g = 9k 1O AlO,n = {
57 Y
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11) Jliarpamu 11-ro Tuiy caMocyMiNalOThLCsT IPU MOBOPOTI HA MEBHUIT KyT
Wiy JMIIE 38 YMOB, KOJU 7T JIIMTHCA Ha 2, a IOBOPOT 3JIACHIOETHCA Ha KYT,
KpaTHuil KyTy w = 7. OCKIIbKI

1
0, n # 2k . ~An(n), n # 2k
ay(n,2) = { 60%, n = ok ™ Al = { %(An(n)+6C§), o — ok (15)

12) Jiarpamu 12-ro Tuiy caMoCcyMiIlIalOThCsI TIPH TIOBOPOTI Ha MEBHUI KyT
Wi JMIIE 38 YMOB, KOJU 7T JIJIMTHCA Ha 2, a IOBOPOT 3JIICHIOETHCA Ha KYT,
KpaTHuit KyTy w = 7. OcKlJIbKI

0, n # 2k i { %A12(n), n # 2k
10 Afy,, =

ammﬂﬁz{&%’nzzh %(&ﬂm+80@,nzjk (16)

13) Jiarpamu 13-ro Tumy caMoCyMiIMIAIOTLCs TIPH TIOBOPOTI Ha MEBHUI KYT
Wiy JIAIIE 328 YMOB, KOJIM 7T JIUINThCA Ha 2, a IOBOPOT 3JIHCHIOETHCA Ha KYT,
KpaTHuit Kyry w = 7. OcKiJIbKI

0, n # 2k

az(n,2) = { 70T, n =2k, TO AT3,n =

{ = Az(n), n # 2k )

1 <A13(TL) + 705) , n=2k

14) Jliarpamu 14-ro Tuiy caMoCyMiNAIOThLCsT IIPU MOBOPOTI HA MEBHUIT KyT
Wiy JMIIE 338 YMOB, KOJU 7T JIMTbCA Ha 2, a IOBOPOT 3JIICHIOETbCA Ha KYT,
KpaTHuit Kyry w = 7. OcKiJIbKI

0, n#2k . { L Ay(n), n # 2k
TO A147n —

aia(n,2) = { 7C§, n = 2k, % (A14(n) + 70%) . n=2k (18)

15) Jiarpamu 15-ro Ty caMoCcyMilaioThCsl TIPH TIOBOPOTI Ha MEBHUI KyT
Wiy JIMIIE 38 YMOB, KO N JUINThed Ha 2 abo Ha 4, a II0BOPOT 3/Ii{ICHIOETbCA Ha
KyT, KpaTHuii KyTy w = 7 abo KyT, KpaTHUil KyTy w = 5. OCKLIbKH

0, n#2k 0, n#4dk
a15<n7 2) — 40%7 n = 2]{7 a15(n7 4) = 40%’ n = 4k" TO
A (n), n # 2k
o= { & (A +403). n = 2k 19)
5 (Ais(n) +4C% + ¢(4)4C‘Z1) —

16) Jiarpamu 16-ro Tumy caMoCyMiIIalOThCsI TIPH TIOBOPOTI Ha MEBHUI KyT
Wiy JIMIIE 338 YMOB, KOJM N JUINThed Ha 2 abo Ha 4, a I10BOPOT 3/1i{ICHIOETbCA Ha
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KyT, KpaTHHII KyTy w = 7 abo KyT, KpaTHuii KyTy w = 5. OcKiabKu

0, n # 2k 0, n # 4k
aig(n,2) = 306 n = 2k, ag(n,4) = 308, n—=4k. 10
%Am(n): n # 2k
L (Aws(n) +3C4 + ¢(4)30§) S—y

17) Hiarpamu 17-ro Tumy caMoCyMilIaIOTHCsT TIPH TIOBOPOTI Ha MEBHUI KyT
Wiy JIAIIE 38 YMOB, KOJIM 7T JIUINThCA Ha 2, a IOBOPOT 3JIHCHIOETHCA Ha KYT,
KpaTHuit Kyry w = 7. OcKlJIbKI

1
0, n # 2k . 2Ar(n), n # 2k
ai7(n,2) = 7 _ 10 Aj7, =4 1 7 _
70%, n—2k;, ’ - A17(n)—|—7C’% , n =2k

18) Jiarpamu 18-ro Tuiry caMoCyMiIalOThCs TIPH TIOBOPOTI HA MEBHUI KYT

(21)

Wiy JIAIIE 32 YMOB, KOJIM 7T JIVINThCA Ha 2, a IOBOPOT 3JIHCHIOETHCA Ha KYT,
kpaTHuit Kyry w = 7. OcKiJIbKI

1
0, n # 2k i ~Ag(n), n # 2k
ag(n,2) = { 602, n = 2k, T0 Alg,, = { % <A18(n) + 602) , n=2k

19) Jliarpamu 19-ro Tuiy caMocyMilaOThHCsT IPU MOBOPOTI HA MEBHUIT KyT

(22)

Wiy JMIIE 38 YMOB, KOJU 7T JUIATHCA Ha 2, a IOBOPOT 3JIICHIOETHCA Ha KYT,
KpaTHuit Kyty w = 7. OcKiJIbKI

1
0, n # 2k . =~ Apg(n), n # 2k
ol 2) = { 603, =2k, ™o { L (Aw(n) +6C8) , n=2k

2

(23)

20) Jliarpamu 20-ro THIy caMOCYMIIAIOTHCS [IPU OBOPOTI HA MEBHUH KyT
Wi JMIIE 38 YMOB, KOJU 7T JIIATLCA Ha 2, a IOBOPOT 3JIACHIOETHCA Ha KYT,
KpaTHuil KyTy w = 7. OCKIIbKH

0, n # 2k . { %Azo(n), n # 2k
To Ay =

a(n,2) = { 60%, n =2k, 20m = 1 <A20(n) +60§> =2k (24)

21) Jliarpamu 21-ro Tuiy camMoCyMilarOThCs IPU MOBOPOTI HA MEBHUI KYT
Wi p JMIIE 38 YMOB, KOJU 7T JIJIMTHCA Ha 2, a IOBOPOT 3JIHCHIOETHCA Ha KYT,
KpaTHuit Kyty w = 7. OcKiJIbKI

n # 2k

A21(n),
(Asn(n) +605), n =2k (25)

Si= 3|

0, n # 2k .
a21(n72) - { 6027 n = 2]€7 TO AZLn - {
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22) iarpamu 22-10 THITY CaMOCYMIIIAIOTHCS [IPU MOBOPOTI HA MEBHUI KyT

Wiy JMIIE 38 YMOB, KOJU 7T JIIMTHCA Ha 2, a IOBOPOT 3JIACHIOETHCA Ha KYT,
KpaTHuit Kyty w = 7. OcKiJIbKI

1
0, n # 2k . =~ A (n), n # 2k
az(n,2) = { 602, =2k ™ Aoy = { L (A22(n) +60§) Cn =2k (26)

23) iarpamu 23-10 THITY caMOCYMIIIAIOTHCS MIPU TOBOPOTI HA MEBHUI KyT

Wiy JMIIE 38 YMOB, KOJU 7T JUIATHCA Ha 2, a IOBOPOT 3JIICHIOETHCA Ha KYT,
KpaTHuit Kyty w = 7. OcKiJIbKI

1
0, n # 2k . =~ Agz(n), n # 2k
ags(n,2) = { 7C§, n = 2k, 10 ASs ) = { %(A%(n) +7CZ) R (27)

24) [iarpamu 24-10 THITY caMOCYMIIIAIOTHCS MIPU TOBOPOTI HA MEBHUI KyT

Wiy JMIIE 38 YMOB, KOJU 7T JUIATHCA Ha 2, a IOBOPOT 3JIICHIOETHCA Ha KYT,
KpaTHuit Kyty w = 7. OcKiJIbKI

1
0, n # 2k . = Agu(n), n # 2k
ax(n,2) = { 7C§, =2k ™ Aoy = { L <A24(n) 4 70%) Cn =2k (28)

25) /[iarpamu 25-10 THITY caMOCYMIIIAIOTHCS [IPU TOBOPOTI HA MEBHUI KyT

Wiy JMIIE 38 YMOB, KOJU 7T JUIATHCA Ha 2, a IOBOPOT 3JIICHIOETbCA Ha KYT,
KpaTHuit Kyty w = 7. OcKiJIbKI

1
0, n 74 2k . EAQE)(R), n # 2k
ags(n,2) = { 7C§, =2k ™ Assn = { L <A25(n) 4 70%) Cn =2k (29)

26) /iarpamu 26-r0 THITY caMOCYMIIIAIOTHCS [IPU TOBOPOTI HA MEBHUI KyT

Wiy JIAIIE 32 YMOB, KOJIM 7T JIVINTHCA Ha 2, a IOBOPOT 3JIHCHIOETHCA Ha KYT,
KpaTHuit Kyty w = 7. OcKiJIbKI

1
0, n#2k . = Ags(n), n # 2k
ags(n,2) = { 7C§, n = 2k. To A5y, = { % (A%(n) +7CZ) Cn =2k (30)

27) [Hiarpamu 27-10 THITY caMOCYMIIIAIOTHCS [IPU TOBOPOTI HA MEBHUI KyT

Wiy JIAIIE 33 YMOB, KOJIM 7T JIVINThCA Ha 2, a IOBOPOT 3JIHCHIOETHCA Ha KYT,
KpaTHuit Kyty w = 7. OcKiJIbKI

1
0, n#2k . =~ Agr(n), n # 2k
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28) /iarpamu 28-10 THITY caMOCYMIIAIOTHCS [IPU TOBOPOTI HA MEBHUI KyT
Wiy JMIIE 38 YMOB, KOJU 7T JIIMTHCA Ha 2, a IOBOPOT 3JIACHIOETHCA Ha KYT,
KpaTHuil KyTy w = 7. OCKIIbKI

1
0 2k gA n), n #+ 2k
. n# ro Ay, = { 28(1) s (32)

29) /iarpamu 29-ro THITy caMOCYMIIIAIOTHCS MIPU MOBOPOTI HA MEBHUI KyT
Wiy JMIIE 38 YMOB, KOJU 7T JUIATHCA Ha 2, a IOBOPOT 3JIICHIOETHCA Ha KYT,
KpaTHuilt Kyry w = 7. OCKIIbKH

0, n#2k . { FAg(n), n # 2k
TO ASg, =

ax(n,2) = { 80%, n = 2k, 20m =1 L (A29(n) 4 SC’%) Cn =2k (33)

30) iarpamu 30-ro Tuiy camMocyMiIaiOThCs MU TOBOPOTI Ha TEBHUI KyT
Wiy JMIIE 38 YMOB, KOJU 7T JUIATHCA Ha 2, a IOBOPOT 3JIICHIOETHCA Ha KYT,
KpaTHuilt Kyry w = 7. OCKIIbKH

0, n # 2k . { %A:so(n), n # 2k
10 Azp, =

CLSO(T%Q) - { 802, n — 2]€, % <A30(7’L) n 80%) n= 2. (34)

31) iarpamu 31-ro Tuiy camocyMiIalOThCs MU TTOBOPOTI Ha TEBHUI KyT
Wiy JMIIE 38 YMOB, KOJU 7T JUIATHCA Ha 2, a IOBOPOT 3JIICHIOETbCA Ha KYT,
KpaTHUN KyTy w = 7. OCKiIbKI

1
0 2% = Asz1(n), n # 2k
,om#2k ’§1m{ 31(n) 7 (35)

agl(n,Z) = { 802, n — 2]€7 % <A31(n) - 80%) , N = 2k

32) Jiarpamu 32-ro THILy caMOCyMIIAIOTHCS MPH TIOBOPOTI Ha TEBHUI KyT
Wiy JMIIE 38 YMOB, KOJU 7T JIMTbCA Ha 2, a IOBOPOT 3JIICHIOETbCA Ha KYT,
KpaTHUNl KyTy w = 7. OCKIbKI

0, n#2k B { L Ass(n), n # 2k (36)

agg(n,Z) = { 762, — 21{) TO A327n - % <A32<n) + 705) , n = 2k

33) iarpamu 33-ro THily caMOCyMiIalOThCs P TOBOPOTI Ha TEBHUI KyT
Wiy JMIIE 338 YMOB, KOJU 7T JIMTbCA Ha 2, a IOBOPOT 3JIICHIOETbCA Ha KYT,
KpaTHuit Kyty w = 7. OcKiJIbKI

n # 2k

Asz(n),
<A33(n) — 705) o on=2k (37)

Si= 3|

0, n # 2k .
asz(n,2) = { 7CT. n =2k TO A33,n = {
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34) Jiarpamun 34-ro THIy caMOCYMIIAIOTHCS MPH TOBOPOTI Ha TEBHUI KyT
Wiy JMIIE 38 YMOB, KOJU 7T JIIMTHCA Ha 3, a IOBOPOT 3JIACHIOETHCA Ha KYT,

KpaTHUil KyTy w = %ﬁ (mpu @ = % ). OckinbKnu
1
0, n#3k i} = Aza(n), n # 3k
az(n,3) = { 4C§, n = 3k, TO A34,n - { % <A34(n) 4 ¢(3)40§> , n=3k
(38)

35) iarpamu 35-ro THIy caMOCyMIIAIOTHCS P TOBOPOTI Ha TEBHUI KyT
Wiy JMIIE 38 YMOB, KOJU 7T JUIATHCA Ha 3, a IOBOPOT 3JIACHIOETHCA Ha KYT,
KpaTHUH KyTy w = %77 OckinbKn

0, n # 3k %A35(n), n # 3k
ass(n,3) = To AL =
) 404, n=3k, 0T L <A35(n) + ¢(3)40§> Cn=3k
(39)

36) iarpamu 36-ro Tuiry camMoCyMiIaloThCs P TTOBOPOTI Ha MEBHUI KyT
Wiy JMIIE 38 YMOB, KOJU 7T JIATHCA Ha 3, a IOBOPOT 3JIICHIOETbCA Ha KYT,
KpaTHUll KyTy w = %77 OckinbKn

0, n # 3k %A%(n), n # 3k
azs(n,3) = To As =
’ 505, n=3k, "0 76n T ) 1 <A36(n) + ¢(3)50§> =3k
(40)

37) Hiarpamu 37-ro Tuiy camMoCyMiIaiOThCs MU TOBOPOTI Ha TEBHUI KyT
Wi p JIMIIE 338 YMOB, KOJIM T JUIMTbCA Ha 3, & HOBOPOT 3J1HCHIOETbCA Ha KYT,
KpaTHUI KyTY W = %” OckinbKn

0, n+#3k L Agz(n), n # 2k
agr(n,3) = o AL, =
’ 505, n=3k 07a T 1 <A37(n) + ¢(3)50§) =3k
(41)

38) iarpamu 38-ro Tuiry camMocyMiIaiOThCs MPH TTOBOPOTI Ha TEBHUI KyT
Wiy JMIIE 38 YMOB, KOJU 7T JIJIATHCA Ha 2, a IOBOPOT 3JIACHIOETHCA Ha KYT,
KpaTHuii Kyry w =7 (upn i = 5 ). Ockinpku

1
0, n # 2k . =~ Asg(n), n # 2k

39) Jiarpamu 39-ro Tuiry camMocyMiIaioThCs MPH TOBOPOTI Ha TEBHUI KyT

42)

Wiy JMIIE 38 YMOB, KOJU 7T JUIATHCA Ha 2, a IOBOPOT 3JIICHIOETHCA Ha KYT,
KpaTHuit Kyty w = 7. OcKiJIbKI

0, n#2k . { =+ Aszg(n), n # 2k
TO A397n =

a39(n,2) = { 70; n — 2]€, % <A39(n) 4+ 705) Cn= 2% (43)

80 36ipHUK HayKOBHUX IIpalb (izuko-mareMarudHoro ¢axyaprery JIJIITY



Kany6oseokuit O.A., Xabaposa K.B., Cancaii F0.B n -JflarpaMi MIHIMAJIbLHOTO POJIY

3 ypaxysamuaM criBBigHonieHb (5) — (43) MaeMo CHpaBeIUBICTh CIIBBI/I-
Horents (44).

p(n;9) =
(0, n # 2k # 3p
502 + 450 + 10507 + 700n, n =2k # 3p
A(3 )(03 +804+1OO5) n =3k # 2p

502 + 4502 + 10505 + 700; + ¢(4)(6C§ + 3C§ ), n=4k #3p
5C3 +45C% + 105C% + 7005+
+¢(3)(C +8Cu +10C%), n = 6k
5C3 +45C% + 105CT + T0CH+
o4 )(604 + 3C%) + ¢(8)2C%, n =8k # 3p
¢(3)(C +8Cy +10C2) + (9 ) 5 n =9k #2p
= ¢ 5C% +45C% +105C% + T0C%+
+¢(3)(C +8Cu +10C%) + ¢(4)(6C + 3C3), n =12k
5C2 +45C% + 10507 + 700§+
+6(3 )(03+8C4+1005)+¢( )Cx, n =18k
5C% + 4503 + 105C1 + 7OC§+
+¢( )C b P(4 )(604 +3C3) + ¢(8)2C%, n =24k
5C2 +45C% +105C% + T0C% + (4 )(6C§ +3C )+
+¢(3)(C3 + 8Cx +10C2) + ¢(9)Cy, n = 36k
5C% +45C% + 105CT + T0CE + ¢(4)(6C + 3C3)+
+¢(3)(Ch +8Cs +10C%) + ¢(8)2CE + $(9)Cx, n = T2k

(44)

3a JI01oMOorow 0e3rocepe/IHbOI EePEBIPKU He BayKKO BCTAHOBUTU CIIPABEJITH-
BICTb HACTYIIHUX TOTOXKHOCTEIl

9 9_

cl = ”—TMC%C% L k=9,](n:9),5 =9
CH+8CH+10C3 = 2282 .30 k=9,j|(n;9),5 =3

9—-1 9—-1
203 = =2 % H'ng’ k=9,jl(n;8),j =8

81 91
6C4 +3C% = %1-0%4 “-0%4, k=09,j|(n;8),j =4
5C% +45C% + 1065CT + 7005 = 220,771 C,7 k=9,5|(n;8),5 =2

(45)
3 ypaxysamusM criBsignoniens (4), (44), (45) mae micre dopmyna (1).
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3 ypaxyBaHHsIM pe3yJibTaTiB, ojep:kannx B podorax 11| — 13| (mrs Bunaakis
k =2:3;4;5;6;7;8) Ta cupaBeyInBOCTI HACTYIHUX PIBHOCTET

1 _ n-8+48 5 sl Qe Q) 4
O% - n n Oﬂ ) k_87]‘(n78)7]_8
C34308 = 2.0EC k=8]8 = 4
Ct +15C% +45C% +35CT = ”TW~O§C§_1, k=38,j(n;8),5 =2
8-1 8—1
203 = OOy k=8|(m7), =T
(46)
1 _ n=747 % -1 _ . s
i1 71
203 = 50y “-ng), k=7,jl(n;6),j =6
3 4 T3 ot o g 6). 7 —
3CE +6Cy = = C%_l+1 C%_l’ k=17 j|(n;6),j =3
4C% +20C% +200% = T=H2-CLT - CuF L k=T,j|(n56), = 2
(47)
1 _ n—6+46 v . vl PV _
C% - n C% C% ) k—67]‘(n76)7]_6
C+3CF = =8.C1 Ol k=6j|(n:6),j =3
O3 480+ 100) = w2 ol o k=6, = 2
6-1 6-1
20§ = 852207 T CF k=64lni5),5 =5
(48)
1 _ n=545 5, st — =
Cp = = Cglcl’g » k=5,7|(n;5),j =5
208 = =4 %4+ Oy k=5,j|(n;4),j =4
308 +6C1 = 2.0 00 k=5, |(ni4),) =2
(49)
1 P B | : -
2 = %Cécé ) k:47j‘(n74)7]:4
CR+3C) = 25200 CF h=4,jlni4),) =2
203 = 8.0 700 k=4.jl(m:3),j =3
(50)
3 3_1
b= ool o k=3lm3),5 =3
203 = BH2.07 O k=3,jl(m;2),5 = 2
(51)
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C} = 222 Cn Cg‘l, k=2,j|(n;2),j =2

(52)
CIIpaBE€IJINBUM € TBEPDIAZKEHHA

Teopema 2. Jlaa namyparvrur 1 < k < 9 i n = k wucio meidomopprux
diaepam 3 Kaacy Sk MOAHCHA 00UUCAUMU 34 JONOMO2010 CNIGGIOHOUEND

n J
jl(nik), 371
N k=145
+ ) ) —— 0 G ) (53)

jl(nik=1), j#1
de (a;b) — natbirvwut cnisvrut diavruk namypasoruz a i b; ¢(q) — dynryia
Ftsepa (Kiavkicms HAMYPAIvHUT YUCE, AKE MEHWT 34 ¢ MA € 63GEMHONPOCTIU-
MU 3 q) @ nidcymosysantsa iy 0pyzomy i mpemvomy d00aHkar 6€0embca 3a 6CiMa
dinvhuramu (3a sunamrom 1-ui) wucen (n; k) i (n;k — 1) eidnosgiono.

TakyM YMHOM € BCi I1iJICTaBU BUCYHYTH TilIOT€3Y CTOCOBHO y3arajbHEeHOI (pop-
MyJII I1IpaxXyHKY 9ncja Hei30MOpQHUX JiarpaM 3 Kiaacy Sj,. A came
Teopema 3. (I'imoresa Ha BUNAIOK HATYpaIbHUX N > k > 2)

s namypanvruxr n =k = 2 wucao neisomopdrur diazpam 3 KAGcY i, MOIC-
Ha 00MUCAUMU 34 DONOMO2010 CNIBGLOHOULEHD

= | Vo + Z ¢<>( . )~N(3;”‘.k+1)+

jl(nk), j#1 JoJ

fx as(j)-(k—‘.lﬂ).zv(ﬁ;k—‘.lﬂ), (54)

jl(nk—1), j#1 J J o

de  N(p;q) — wucaa Hapaana, wo 6usnavaromuca 3a Gopmyromo

1
N(p;q) = 50305‘1- (55)

BucunoBkn

3 ypaxyBaHHsM CHiBIAJIiHHSA NOYATKOBHX 3HadeHb peanmuunn P, (mpn
11 > n >k > 1) 3 wienamu Bignosignol nocaigosuocti A209805 (7], omepxka-
HIX ABTOPOM BHKJIIOUHO IMPOIPAMHUM IILJISIXOM, BUCYHYTa HAMM TiIIOTE32 € JOBOJI
Hebe31I1ICTaBHO.

Ha namry JyMKy, HIJTKOM JIOCSZKHHIM 3JA€ThCs OJepPrKaHHd i CTPOroro JioBe-
JIEHHSI BUCYHYTOI IiroTesu (Jist 3arajbHOrO BUNAAKy n > k > 2).
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CBOIICTBA HAHOCTPYKTVYP, CPOPMNPOBAHHELIX HA
ITOBEPXHOCTU Ge INO®D®Y3NOHHBIM MACCOIIEPEHOCOM

B pabore mokazana BO3MOXKHOCTL CO3J/IaHUS HAHOCTPYKTYp Ha moBepxHoctu (e B TeMIiiepa-
rypaom naTepBasie 300 — 400 K, cBoiicTBa KOTOPBIX M3yYE€HBI METO/IaMU OITUYECKO, AaTOMHO-
cusioBoit Mukpockormu (ACM) u paMaHOBCKOM CIIEKTPOCKOIINE KOMOMHAIIMOHHOTO DaCCesTHUST
cseta (KPC). Ucnonszosanme KPC mo3Bosmio yecraHoBATH, UTO MOCJE CHATHS BHEIIHETO Je-
dopMupyIOIIEero KpucTas JaB/IeHns] OCTATOYHbIE HAIIPSIZKEHWS B BBIPOIIEHBIX HAHOCTPYKTYPax
He OOHAPYKUBAIOTCS, YTO CIIOCOOCTBYET COXPAHEHUIO UX JJIUTETLHON CTaOMILHOCTH B IIPOIIECCe
UCIBITAHUN U XPAHEHUS.

KuaroueBsblie ciioBa: nanocmpyxmypa, dedhexmot, OUCAOKAGUUL, HANPANCEHUE, PEAGKCAUUA.

BBenenue

Emte cpaBuurebHo HemaBHO [1] CyIecTBOBAIO MINPOKO PACIPOCTPAHEHHOE
MHEHIE O CBOHCTBaX repMaHusl U KPeMHUsl KaK O UpPe3BbIYaiiHO XPYIKHX Ma-
tepuajiax npu remieparypax Huxke T00K. Hcnbltanne yKazaHbIX KPHCTAJLIOB
nedopmupoBanreM B TeMieparypaoM nnrepsaJje 300-400K Ha cranmapTHBIX Ma-
[IIHAX KTHEMATHIeCKOr0 TUIIA He [TO3BOJISLIO OOHAPYKUTH CKOJIL-IN00 3aMETHYIO
MUKPOILIACTUIHOCTD Jlazke IIPU Pa3pyIIAIONINX HAIIPSAKEHUIX, ITO TeOPETUIeCKN
00'bSICHSLJIOCH HEBO3MOYKHOCTDIO IIPE0/IajIeHIsT BLICOKUX IIOTEHINAIbHBIX OapbepoB
[Taitepisica KpucTaindeckKoil pemieTKy JJjisl JIBUXKEeHHsI Jucjokaiuii. Emre 0osee
YINBUTEIbHBIM SIBJIsIeTCs IposiBIeHne nuddy3un Ipu HU3KUX TeMIlepaTypax, I1o-
Ka3aHOM 9KCIePUMEHTAIbHO B psijie padotr [2,3|. Beuio yeranosmeno B [2,3], 1ro
MUKpOILIacTrdecKas jgedopmariust umeeT Juddy3nOHHO-TUCIOKAIMOHHYIO TIPHU-
POy U TPOSIBJISIETCST HPU MAJIbIX U CPEJIHUX HAIPSIKEHUSAX HCKJIIOUYUTEILHO B
TOHKUX IIPUIOBEPXHOCTHBIX CJIOAX KPUCTAJIOB. DTU IEPBbIE OCHOBOIIOIATAIOIIIIe
paboThI JIaIi BO3MOXKHOCTD B JlajibHENIIeM HCII0/Ib30BaTh HU3KOTEMIIEPATYPHYIO
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MOBEPXHOCTHYIO UM PY3MI0, CTUMYTUPOBAHHYIO I'paJINEHTaAMI HAITPAYKEHUI, JIJId
MOTMPUKAIIIN TPUTTOBEPXHOCTHBIX CJI0EB U CO3JIaHIS HU3KOPA3MEPHBIX aTOMHBIX
CTPYKYD [4], B KOTOPBIX MOTYT TPOSIBIATHCS KBAHTOBbBIE 3(DDEKTHI.

OcHoBHaY 49acCTb

B nannoit padore qudy3noHHbIil MacconepeHoc B MoHOKpucTasiax Ge obec-
IeYnBaJii CO3JaHUeM I'DAJIMEHTOB HAIPszKEeHUs] KaK BJIOJIb ITOBEPXHOCTH, TaK U
BJIOJIb JIMCJIOKAIINI U3 IIPUIIOBEPXHOCTHOIO CJI0sI Ha, MOBEPXHOCTH. B pesysbrare
aToMHOI Muddy3un ObLIM OJIYUYeHbI MACCUBBI OCTPOBKOB HAHOMETPOBBLIX pa3-
MEpOB, CBOICTBa KOTOPBIX U3YUYeHbI METOJAMHU aTOMHO-CUJIOBOIl MUKPOCKOIIUU I
PAMAHOBCKOIl CIIEKTPOCKOIINN KOMOMHAIIMOHHOT'O PACCEsSTHUS CBETA.

B skcrnepumeHTax MCIOJIH30BaIN MOHOKPUCTAJLIBI T'epMaHus Mapku ['D —
451r3. Ob6pasnbl nMesn (hopMy MPIMOYTOJILHBIX TapaJlIesIelnuIe/ 0B ¢ pa3Mepar
M 3 X 4 x 10mwm. Ilociie BeIpesaHnst MPOBOAMIN MX XUMUKO-MEXaHIIECKOe U
XUMHIYECKOe TIOJIMPOBAaHNE M TeM CaMbIM VIAJIAIN JePEeKTHBIN €10l TOJIUHO

100 mkm. O6pasiibl yeTaHAB/INBAIN Ha HAKOHEYHUKE YJIBTPa3ByKoBoro (Y3) 06-
Jydaresisi 1 J1epOpMUPOBAJII OJTHOOCHBIM cxkaTueM. CTPYKTYpPHbIE HCC/IeI0BAHUSI
11eOPMIPOBAHHBIX 00PA3IIOB BBIIOJIHAIN Ha onTudeckoM MuKpockorne METAM-
P1 u 3oum0BoM Mukpockorie Nano Scope I1la Demension 3000TM (Veeco Inc).

st m3MepeHusi OCTATOYHBIX HAIIPSAXKEeHNIT B 00Opa30BaHHLIX Ha IIOBEPXHO-
CTU TPEXMEPHBIX aTOMHBIX CTPYKTYpax ucioJib3oain Merojuky KPC. CrekTpbr
Mukpo-KPC Ob1in mosiydeHbl Ipu KOMHATHO TeMIlepaTrype B reOMeTpun odpat-
HOT'O paccedHusi ¢ HcIoJib3oBanueM crekrpoMerpa Horiba Jobin Yvon T64000
¢ kondoxraababiM Mukpockorom UV-Visible-NIR Olympus BX41. Boz0y:xpenue
criektpoB KPC ocymecrsisiiocs Ar-Kr jiasepom (jinaa BOJHBI BO30Y 2K JICHMUST
Aeze =488um). [Ipu uzmepenusx KPC nazepubrii jiya dokycuposalicst Ha obpasiie
B IIATHO JuamMeTpoM < 1 MKM.

CTpyKTyphl Ha pHUC. 1 CBUIETEJIHCTBYIOT O IIPOSIBJICHIN aTOMHON auddy3un
P CO3JIAHUK TI'pajeHTa HalPs»KeHHUil B HalpaBjeHun oT OOKOBOTro pebpa, 00-
pasna K cpejiHeii yacTu OOKOBOM IOBepXHOCTHU. llepBble NMpU3HAKU IPOsiBICHUS
I PY3UMOHHOTO IPOIIECCa IPOSIBISIOTC B BUJIE «SI3BIKOBY» BOJIM3U MUKPOCKO-
J0B (KOHIIEHTPATOPOB) Ha CTHIKE JBYX OOKOBBIX moBepxHocteil (puc.l,a). Ilpu
HOBBIIIIEHNN TEMIIEPATYPhI 00pa3yeTcs CBOCOOPa3Has CHCTEMA 110JI0C 13 TOUETHBIX
nedexTos (puc.1,0), KOTopasi pacipoCTpaHsIieTCsl B TOBEPXHOCTHOM CJIOE B HAIIPAB-
JIeHnn crajia Hanpsizkerust. O qHOBpeMeHHOe co cxkaTueM Y3 00J1ydeHne HHTeHCH-
dbunupyer nnddysuonnbiii mpornece (puc.1,B), Tak YTO NPU YBETUUEHUN THUCTA
IIKJIOB HAI'PY2KEeHUsI 1 BpeMeHn j1ebopMUpoBaHust JedeKThl PACIIPOCTPAHIIOTCS
Ha BCIO OOKOBYIO MmoBepxHOCTh. CkanupoBanue 30H70M ACM neprenmKy/asipHo
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JepeKTHBIM T10/10caM 00HAPY>KIUBAET BOJIHOBOI peJibed Ha ITOBEPXHOCTH U3 M0/Ib-
eMOB U BIJ[H OTHOCUTEJIbHO cpejiHero ypoHs [4]. PacrpoBast mukpockomnus [5)
[IOKA3bIBAET, UTO MACCOIEPEHOC BEIIeCTBa OT pedpa B OUeHb TOHKOM IIPHUIIOBEPX-
HOCTHOM CJIOe (JIECSITKH HAHOMETPOB) TPUBOJUT K TIOBBIINIEHUIO KOHIEHTPAIINH
BakaHcuil y pebpa, 00beIUHSIONINXCS B MOPLI, a TaKyKe MUKPOCKOJIOB. C IOMO-
[IBI0 ONTUYECKON MUKPOCKOINK P OOJIBIINX yBEINUEHUsIX B Ju(DY3MOHHBIX
30HaX OOHAPYKMBAIOTCS TaKKe BAKAHCHOHHO-IIPUMECTHBIE KJIACTEPhI, YIIPOUIHsI-
IOIIIe TIPUIIOBEPXHOCTHBIN CJIOH 1 OJOKHUPYIOIINE POCT JIMCIOKAINOHHBIX [1€TE/Ib.
YBesmdenne JIMTEILHOCTH CUJIOBOIO BO3JeiicTBUs Ha obpasel (e MOXKeT Bbl3-
BaTh 3apOrKIEeHNEe HOBBIX JINCIOKAIMI B IPUITIOBEPXHOCTHOM CJIO€, & TaKyKe POCT
y2Ke NIMEIOIIIXCST [TOCIEe BBIPAIINBAHNS KPUCTAJLIA KOPOTKUX JINCTOKAIIMOHHBIX I1€-
Tesib (A-kjiacTepoB). BapozkjieHne JUCIOKAINH [IPU HU3KKUX TeMiieparypax B Ge
IIPOUCXOJIUT TI0 TeTeporeHHOMYy MexaHu3My |3]. Haubosiee BeposiTHbIMU X HCTOU-
HUKaMU fABJigloTcd BKodenus tuna Ge,O, . Posib Toueunbx jJedekros 14 3a-
POKJIEHUST U POCTA MEZKY3ebHbBIX IIeTe/Ib MOYKET OBbITh JABOsIKAsl: ITETJIN MOT'YT 3a~
POKJIATHCST U YBEJIMIUBATHCS B pA3MepPax, Wil YMEHbIIATLCST U PACTBOPSITHCs [6].

HC

Puc. 1: Crpykrypsl, casitbie Ha 60k0BOi#i oBepxHoctu (111) obpasios Ge , nedopMUpOBAHHBIX
muKIaMu cxkatust B1osib [110] no o, =12 xre/ MM 2 co ckopocTbio € = 1074 ¢7!:a — 3 nmukna
cxkatus-pas3rpysku mpu 300K; 6,8 — 3 nukita pedopmuposanus mpu 400K 6e3 V3 obiyuenus u
C OJTHOBPEMEeHHBIM Y3 00JIyueHneM COOTBETCTBEHHO IIPU MOITHOCTH obyydenus: 5 Br, gactore
22 5kI'1; T — JauEcIoKaIMOHHAst CTPYKTYpa Ha 6okoBoil mosepxuoctu (111) y Topna Ge mocie
nporpammuoro Harpyzxenus rpu 300K; 1 — HanoocTpoBKE Ha oBepxHOCTH (Ge B MecTaxX BBIXO/A
JIUCJIOKAITMOHHON TOJIYIeT/IN; € — rpebHu, chOopMUPOBAHHBIE U3 COBOKYITHOCTH OCTPOBKOB Ha
CTaJUU CO3PEBAHNA, NICTOYHUKAMHI KOTOPBIX SBJIAIOTCS JTUCTOKAIMOHHBIE TTOJIYIIET/IN, JTUHEHHO
OPUEHTUPOBAHHBIE BJIOJIb TIOJIOCHI C IIEPECHIINEHUEM 110 MEXKY3JIMIM; K — MaCCUB HAHOOCTPOBKOB

Ha puc. 1,r nmpencraBien onTUYecKuil CHUMOK JTUCJIOKAITUI TPU YKa3aHHbIX
yesioBusx jecdopmupoBanus. Hadmrogaores JuCIOKaIMOHHBIE MET/IH, KOTOPbIE
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NCIIO/TH30BAINCH KaK KaHAJIbl YCKOPEHHOI aToMHON nuddy3un 13 HallpsayKeHHO
00J1aCTH, OKPYZKAIOIIEeil JTNCIOKAIINIO, HA TTOBEPXHOCTH. DTOMY Ju(DY3MOHHOMY
IPOIIEeCCy CIOCOOCTBOBAJ JEHCTBYIONINI T'PaINEHT HAPSAKEHUs, KaK pe3y/bTaT
nedopMupoBanns KpHUCTaJia ¢ 3alleMJIeHHbIMA TOPIIaMi, U OJJHOBpeMeHnHoe Y3
— obsiyuenue. MaccorepeHoc BellecTBa U3 HpUJieraiomieil K JUCIOKAINT HAIIPs-
JKEeHHON 00J1aCTH Ha MOBEPXHOCTb M OJHOBPEMEHHO BJIOJIb Hee MPUBOIUT K 00-
pa3oBaHUI0 OCTPOBKOB (puc.l,d) BOIM3U BBIXOJOB HCIOKAIMOHHON ITOJIYIIET/IN
[4]. Obnapyxkentoe siBierne — hOpPMUPOBaHNE OCTPOBKOB Ha J1e(hOPMUPOBAHHOI
noBepxuoctu (111) BoO MHOrOM aHAJIOTHMYHO SIBJIEHUIO OCTPOBKOBOIT SMUTAKCUH,
KOTOpOE B IOCJIe/IHee BpeMsi HHTEHCUBHO M3yUaeTCsl SKCIIEPUMEHTATbHO 1 Teope-
TUYecKu. depeyioniuecs Mojochl OYyTrOpPKOB M BIAUH Ha TTOBEPXHOCTH MOYKHO
paccMaTpuBaTh KakK 00JIaCTH PACTSTHBAIONINX U CKUMAIONIUX HAIPSIZKEHMI, TJ1e
MIPOUCXOJIUT TMEPECHIINEHNE 110 MEXKY3/IUsIM 1 BaKaHCusIM. B TakoMm ciydae JIcJio-
KaIMOHHAS TIeT/IA MeXKy3eTbHOTO TUIIA OYIeT MMETh BO3MOXKHOCTD JIOCTPANBATHCS
aToMaMi W YAJTUHATHCS BJIOJIb TOJIOCHI pacTszKenns. TaknMm oOpa3oM BO3HUKA-
eT IpPEenMYyIIeCTBEHHAs OPUEHTAIMsI [IOJIYIIeTe/Ib BJI0JIb OJIHOTO HAIlpaBJIEHUsI, HA
OCHOBE KOTOPBIX MOTYT 3apOXKJIaThCsl OCTPOBKH, a IMPU UX POCTE U OObEIUHE-
HIUN — OPTaHU30BBIBaThCsI B rpebHu (puc.l,e). Ecium e rpynmmpoBatine TOUedHbIX
J1ePEeKTOB B II0JIOCHI HE IIPOUCXO/NT, TO 3apOXK/IeHIEe OCTPOBKOB HOCUT HEYIIOPsi-
JIOUCHHBIN XapakTep. B pe3y/brare Takoro npoiecca pocra 00pa3yroTcst MacCUBbI
OCTPOBKOB, TIpeJICTaB/IeHHbIC Ha prcC.] XK.

[Ipu co3mannum MacCMBOB HAHOPA3MEPHBIX CTPYKTYP THUIA KBAHTOBBIX TOYEK
JIUIsT TIPHOOPHOIO IIPUMEHEHHST PACCMaTPUBAIOT BayKHbIE I1apaMeTPhbl, OIPeIeIsIio-
e KauyecTBO M3JIeuil, TaKUX KaK pasMepbl, popMa, MJIOTHOCTL, OJHOPOIHOCTD
W HaJIM9ue yrnpyrux HanpsizKeHuit B coctaBe octpoBka |7]. Hasmame ocraTodnbx
MeXaHIIeCKNX HaIpsizKeHuil moce JedopMupoBaHnsl KPUCTAJLIOB, a TaK»Ke BO3-
MOKHOE (DOPMUPOBAHUE Pa3IMIHBIX KPUCTAJIMIECKUX, HAHOKPHUCTAINICCKIX
nin aMopdHbIX (a3 Ha MOBepXHOCTH jedopMupoBaHHbIX 00pa3ioB Ge ucciey-
ot ripu nomoru Meroukn KPC [8]. U3 pesynbraTos, nosyueHHbIx B 8] caeyer,
qTO T10J] JIefiCTBHEM COCPEI0TOUEHHOI HAIPY3KHM B 00JIaCTH OTIEYaTKa WHIEHTO-
pa Ha noJsiyueHHbIX criekTpax KPC mnosgBisiores JOMoTHUTETbHBIE MaKCHMYMbI
(puc.2,a), KoTOpble He HAOIONAIOTCS Ha cieKTpe He nedopmupoBanHoro Ge Ha
rpaduke (1) puc.2,a. @azoBble MEPEXobl, KOTOPbIE BBI3BAJIH OSIBJICHIE TTHKOB
(148, 177, 189, 211, 227,244, 1 271 cm 1) na rpacduxe (3) B cnexkrpax KPC, noy-
YEHHBIX U3 MEHTPAJbHON JacTu OTHedaTKa NHJIEHTOPA, BOSHIKAIOT MPU BHICOKOM
napiennn ot 10 go 2,7 I'lla 1 cooTBETCTBYIOT Pa3INnIHBIM METAJINIECKIM COCTO-
sinusiM. [IposiBjienne HOBOIT 1oJ10chkl nHTeHCHBHOCTH B ciiekTpe KPC na wacrtore
w =293 cm ! (rpaduk (2) puc. 2,a), no1ydeHHOM U3 06/1aCTH MOJAUPUIIPOBAH-
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HOI CTPYKTYpHI B OoJiee COBEPIIECHHON YacTH OTIHEYaTKa, MOXKET ObITh BBI3BAHO
JBYMs TprauHamu [8].

Bo-1tepBbIX, 9TOT MK MOYKET COOTBETCTBOBATH I'eKCArOHAIbLHOI aiMa3Hoil da-
3e. C Jpyroit CTOPOHBI 3TOT MUK MOYKHO WHTEPIPETHPOBATL KaK CMeIlleHne u
ACUMMETPUIHOE paCIIMpeHne PaMaHOBCKOM TOJIOCHI CTaOUIbHON KyOMYecKOn aJi-
Ma3HOI aszbl. ITO MOXKET yKa3bIBaTh Ha MPUCYTCTBUE HAHOKPUCTAJIMIECKOI
KyOnm4IecKoil aJiMa3Holl CTPYKTYpPbl MaTepuaJa. Takimm odpa3oM, Tepexo] MaTepH-
aJia B OJImzKaiiiee MeTacTabMIbHOE COCTOSTHUE 1101 JIECTBIEM MEXaHUIeCKOTO Ha~
MPSIYKEHUS JIOJZKEH TTPOSABIATHCS MOABIEHNEM TT0JI0CHI THTEHCUBHOCTU Ha YaCTOTE
w =293 cm ! B cnextpe KPC. KpoMme Toro, HAIIPSIZKEHHOE COCTOSNNE B OCTPOBKE
Ge JI0JI7KHO CONPOBOXKIATHCA HabJII0/IeHneM I1Ka Ha dacToTe w = 316 cm 1 [9].

Zone of phase transformations|
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Puc. 2: a - pamanosckue criektpsl Ge Ha HegedopMupoBanHOil moBepxHocTH (1), B OKpecTHO-
cru (2) u B ienTpe (3) ornevyarka ot unHgeHTOpa Bukkepca; 6 - criektp Mukpo-KPC u3 obsactu
rpebus Ha mosepxuoctu Ge

Havu cummasinch criektpbl KPC g HanocTpykTyp Tumna rpedHs. Criek-
TPHI 3aIUCHIBAJIM B TOUKaX Ha OTPE3Ke JJIMHON 5 MKM I10 TMOBEPXHOCTHU TOMEPEK
rpedneit ¢ marom 0,1MKM, To-ecTb ObLIO BhIIOJIHEHO 50 m3mepennii. Ha Bcex 11o-
JIyJ9eHHBIX Ipadurax HaOIOAICd TOJHKO OJMH MUK WHTEHCUBHOCTH HA YaCTOTE
w = 300 cm ! (puc.2,6), 9TO COOTBETCTBYET THIIMYHON KyOUUIeCKOil ajaMas3HOI
crpykrype Ge. 10T PakT CBUIETEIbCTBYET O TOM, UTO YPOBHU HAIIPSI?KEHMIA,
CIIOCOOHBIE BBI3BATH AKTUBHBIE IPOIECCHI caMoandPy3un B OCHOBAHUN HAHO-
CTPYKTYpbl B Bujie rpebuss Ge (puc. 1,e), He BBI3BIBAIOT (DA30BBIX MEPEXOJIOB
MaTeprasa. HeT HposiBieHWiT TakyKe HaIpsizKeHHII Ha dacTore w = 293 oM !
caesa oT mika w = 300 cM ! u cipasa or nero npn w =316 cm L. OTcyTeTBue
HAITps2Kennit B rpebHe j1aeT BO3MOYKHOCTDL OYKHUJIATh COXPaHeHnsd CTaOWILHOCTH

€ro CTPpYKTYPHOI'O COCTOAHNA OJIMTEJIbHOE BPEM.
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BriBoibl
Taxum obpaszoM, B pe3y/bTare SKCIePUMEHTAJIbLHBIX MCCJIEIOBAHUI 1101yYeH

HOBBIIl BIJI HAHOCTPYKTYPHBIX 00pa30BaHmil THIIa MAaCCUBOB OCTPOBKOB U I'peOHeIl
HAHOMETPOBOIT BBICOTHI Ha ITOBEPXHOCTU MOHOKpHUCTasLIndeckoro (Ge 1pu cosja-
Hun Audy3n0HHOrO0 MaccolepeHoca, CTUMYJINPOBAHHOIO JeiicTBreM jedopMa-
IUN 1 OJHOBpPeMeHHOro ¥ 3 obJiyuenns B TemieparypHoM unrepsasie 300 — 400 K.
C OMOIIIBIO CIIEKTPOCKOIINN KOMOMHAIIMOHHOI'O PACCesTHUsI CBETa IIOKA3aHO OTCYT-
CTBHUE OCTATOYHBIX HAIPSKEHUI B HAHOCTPYKTYpE THUIIA I'PEOHSI Ha TOBEPXHOCTH
Ge. Ilpu orcyTcTBUN OCTATOUHBIX HAIIPsIzKEHUIT CBOMCTBA HAHOCTPYKTYPhI MOI'YT
COXPaHSATLCH JIINTE/IbHOE BpeMs. BhIpallleHHble TaKuM 00pa3oM HAHOCTPYKTYPbI
MOTI'YT IIPEJICTABJIATH UHTEPEC JIJIsi CO3/IaHUsT IEPCIEKTUBHBIX MIKPOJIEKTPOHHBIX
IPUOOPOB € MCIOJIL30BAHNEM KBAHTOBBIX 3(P(MEKTOB.
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N3MEPEHUE JN®®Y3NOHHON OJIMHBI HOCUTEJIEN
SAPAIA B IIPUITIOBEPXHOCTHBIX CJIOAX
MOHOKPUCTAJIJIA TEPMAHNA

B pabore nokazama BO3MOKHOCTDb IIPAKTUYECKOTO UCIIOIL30BaHUA (POTOIEKTPUIECKOIO METOA
JIs otpeiesienust 1uddy3nOHHON JIMHBI HEOCHOBHBIX HOCUTEJIE 3apsiia B IPUIIOBEPXHOCTHBIX
CJIOAX ITOJIYIITPOBOJAHHKOB. BbIHO.HHeHbI TeopeTHudIeCKue pacdeTbl KOHIIECHTPpAaIlul HEPAaHOBECHDBIX
HOCHUTe el 3apsijia 3a IpejeaMn 00JIacTH UX MeHepallyi.

KooueBbie cioBa: zepmanui, depexmol, ducrokayuu, OuPdyauoHHas 0auna.

BBenenue

JledeKkThl CTPYKTYPBI B IMOJYIPOBOJAHUKOBBIX KpHCTAJLIAX (IHCIOKAINN,
KJIACTEPBI M3 TOUYEUHBIX JeeKTOB, TPAHUIIBI Pa3/Ie/ia), siBIAsICh 3PMEKTUBHBIME
HeHTPaMU PEKOMOUHAIMN, MOT'YT CYIIECTBEHHO HU3MEHSITH KOHIIEHTPAIIMIO HOCH-
Tesieil 3apsija U UX OCHOBHBIE XapaKTEPUCTUKU — BpeMs »KU3HU T, Juddy3u-
OHHYIO JTMHY Tpobera Lp, MOJABMKHOCTDL 4 U Kodbdunuent muddysun D .
YKazaHHble JlepeKThbl MOT'YT CO3/4aBaThCs MPU Pa3IUIHBIX BHUax 00pabOTKU IO~
BEPXHOCTHU: TIPHU Pe3aHuu, MIIN(OBAHIUN U MTOJUPOBAHUN, OOJIyIECHUN YACTUIIAMU
BBICOKIX SHEPTHil (MOHAMHU, TPOTOHAMH, 1eKTpoHamu ). [TockoIbKY OOTbITMHCTBO
MOJIYITPOBOITHUKOBBIX MPUOOPHBIX CTPYKTYP Peau3yeTcss IMEHHO B TOHKUX ITPH-
IIOBEPXHOCTHBIX CJIOSIX, BaKHBIM IIPEJICTAB/ISIETCST BOIPOC KOHTPOJISI UX CTEIeHH
J1e(beKTHOCTH.

© Ykonos A.1., Hagrounit B.A., Ceicoes /1.B.,2014
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OcHoBHaY 49acCTb

B nmannoii pabore st uzmepenust Juddy3noHHON JIIMHBI HEOCHOBHBIX HO-
cureseil 3apsaiga Lp ucnob3oBaH (pOTO3JIEKTPUIECKUT METOJ, OCHOBAHHBIN Ha,
00JIyYeHNN TOBEPXHOCTH KPUCTaJIa CPOKYCHPOBAHHBIM CBETOBBIM JIYYOM B y3-
KYyIO TI0JIOCY WU KPYyTJioe IATHO. B KavecTBe MCTOYHUKOB CBETA MCIOJIL30BAJIN
JIAMITY HaKaJUBaHWs WM TBEPAOTeIbHBHBIH Jaszep. 3sectHo [1], uro msmyde-
HUEe BOJIb(MPaMOBOIl HUTH HaKaJMBAHUSI MOYKHO CUUTATH CJIAOOIOTJIONIAIOIIIMCS
B Kpuctajie (Ge M MO3TOMY IIPOHUKAET BIVIyOb oOpasia 0 D MM, IOCKOJbKY
OoJIbINAsT YaCTh CIIEKTPa HAXOJUTCS B WHMpaKpacHoM juanaszone. Mziydenue ot
JIA3ePHOr0 NCTOYHUKA IIPOUCXOANT Ha JJIMHE BOJIHBI A =640 HM 1 ry1yOuHa resepa-
1IN HEpaBHOBECHBIX HOCHUTEJIEH 3apsjga cocTaBjseT Bcero 0,5 MKM. DTH JAHHBIE
BayKHbI /I aHajn3a o0JaCTU TeHepalliy STUMHU UCTOUYHUKAMU HEPaBHOBECHBIX
HoCcHTe el 3apsaia (puc.l).

‘/f’_:a
g ;

=) &

Puc. 1: ['eomerpust obyacTu reHeparyiy HEPABHOBECHBIX HOCUTEIEH 3apsiia B [IOJIYIPOBOIHHU-
KoBOM obpasie Ge: a,6 — OT HUTH HaKaJMUBaHUs; B — OT IOJIYIIPOBOJHUKOBOIO IeTepoJia3epa
na ocuose AlGaAs

B ciyuae (puc.l,a), Teopusi KoToporo ommcana B |2], ouenb y3kast 06.1aCTh
IOJIYIIPOBOIHIKA, OCBEIAETCSI CBETOBOII IIOJIOCOM, TaK 4TO BO BCEM OOBEME OCBE-
IIEHHOIT 00JIACTHU IIPOMCXOANT paBHOMEpHAs TeHepaIlisl 9JIEKTPOHOB 1 JBIPOK. [1pu
9TOM Ha MEOMETPUYECKIE pasMepbl OCBEIIEHHON 00J1acTi HaKJIabIBaIOTCs Orpa-
HudeHus [ >>w u x >> Lp, rae | — JjiuHa, a w — HIMPUHA CBETOBOII 110JIOCHI
Ha TIOBEPXHOCTH KPHUCTAJIa, T — PACCTOSHHE OT CBETOBOIl IMOJIOCHI JIO KOJIJIEK-
TOPHOIO 30H/a. JTH OrPAHUYEHUsT 3aTPYIHSIOT IPUMEHEHIEe JTaHHOINO MEeTO/1a, JIJIs
MaJILIX [0 ILIOINAJM CTPYKTYDP MM TOHKUX JAe(EKTHBLIX CJIOEB Ha, IIOBEPXHOCTH
kpucTasaos. OQHAKO 9TOT BOIPOC MOXKHO PEIINTh, ¢(hOKYCHPOBAB TOTOK OCBEIE-
HUS B [ISITHO OYeHb MAaJIoro JuaMeTpa. B TakoM ciyuae M3MEHUTCs 3aBUCHMOCTD
paciipejiesieHnsl KOHIIEHTPallul HeOCHOBHBIX HOcHTesell 3apsija, Hampumep A n
st p — Ge oT paccTosHus X .
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OmnpeenM KOHIEHTPAIINIO H30BITOUHBIX 9JIEKTPOHOB A 1 B pe3y/bTare TO-
YeTHOI'O OCBeIeHHs MOJIYIIPOBOJIHNKA 13 PellleHnsl ypaBHEeHUsI HeIIPePbIBHOCTH
0An An 1 |
92n _ 2% Lgivju+g, 1)
ot ™ e
rie An /T, — caaraeMoe, yIuThIBaoIee pekoMbuHaImo HocuTeseit; divj/e —
JIUBEPTEHTIINsT TTOTOKA HEOCHOBHBIX HOCUTE/IEH; ¢ — CKOPOCTH MeHepalii HocuTe el
cBeroM. B crammonapuom ciyaae 0An/0t = 0 u pacupejesieHne KOHIIEHTPAIINHT
HEOCHOBHBIX HOCHTEJIell BJIOJb OCH X B HeocBelleHHOI dactu obpasma (g=0),
CBOJMTCSI K YPABHEHUIO

A 1
2y vy, = 0. 2)

T, €

Tax kak
divj, = eu,EgradAn + eD,div(gradAn), (3)
L A
div(gradAn) + L—fgradAn — L—;l =0, (4)
D D

rie Lg - npeiicboBasi JUIMHA HEOCHOBHBIX HOcHUTe e 3apsija. Toria pacupejeie-
HIIe KOHIIEHTPAINN HepaBHOBECHBIX HOCUTEIEH 3apsiia M0 IMJIOCKOCTH:

9*An N 9>An N LE(aAn N 8An) B An
Ox? oy* LY Ox oy L%

— 0. (5)

B ciyuae, Korja HOCHUTENN 3apsijia MeHEPUPYIOTCS KPYIJILIM CBETOBLIM IISITHOM
(z =y), ypaBuenue (5) mpeobpasyeTcs K BUIY:

2A A A
28 n 2871 n

— =0 6
02 T on Ly v (6)
0*An  OAn An
— 2 = 0. 7
or | or L% (7
OGIuM pereHneM 3Toro YPaBHEHUS sIBJISIETCST
An = C) exp™” +Cy exp™”, (8)
npu x >0 u Lp —0
An = CexpY2o | (9)

[Tostyaennoe Beipazkerne (9) MCHOIB30BAJN JIJIsT OTipeiesiernst Ly it IPUMEpPOB
(6,5), a a1 npimvepa (a) opayaty [2)

An = CexpTs . (10)
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YMenbinerre BeTuanibl An BOJN3HU MOBEPXHOCTH B PE3YJIbTATE CO3/IAHUST J1e-
(DEKTOB CTPYKTYPBI U YBEJMUIEHHs] CKOPOCTH PEKOMOMHAIINN B IIPUIIOBEPXHOCTHOM
ciioe [3] ckasbiBaeTCsT TOJBKO Ha paccTosHun He 6osiee Lp BJOJIb OBEPXHOCTH OT
00J1aCTH TeHepaIii, YTO YIUTHIBAIOCH BHIOOPOM BEJUYMHBI T TPU N3MEPEHHAX.
DKCIepUMEHTAILHYIO IPOBEPKY BBINOJIHEH s paBeHcTBa (9) mpoBoauin Ha 00pas-
nax p—Ge ¢ yaeabubiM conpotuiienneM p =40 Om - cM, pazmepamu 3 X 4 X 10 Mm
C BBEJIEHHBIMEU B TIPUIIOBEPXHOCTHBIN €JI0ii 1edopManmOHHbIMEI JeheKTaMn 110
merojuke [3|. I3mepeHust BBIIOJIHEHBI TIPH PA3/IUIHON TeoMeTpUn 00JIACTH Ie-
Hepalnil HepaBHOBECHBIX HOCHTeJIel 3apsijia Ha paspaboTaHHOM ycrpoiicTse [4],
MIO3BOJIAIONIEM OIPEJIe/IsITh OCHOBHBIE ITapaMeTphl PEKOMOMHAIINN HOCUTE e 3a-
psijla Ha OJHOM H3MEPUTETHLHOM CTOJIMKE, HCIIOJIb3ysl HEOOXOINMBbIE METOJINKH.
B ominuane or [2|, B yerpoiictse usmepenuss Lp (puc.2) npuMeHeH U3rOTOBJIEH-
HBII aBTOPaMI BBICOKOCTAOMIBHBII 110 9acTOTe MOIY/ISTOP MHTEHCUBHOCTH CBETa
(puc.2,B) Ha 0CHOBE KaMepTOHHOTO reHepaTtopa. Mcemosb3osan kamepron (1) ¢ cob-
CTBEHHOM YacToToit Kosiebanuit fo = 294 I'u.

a 6

Puc. 2: Ucnonb3yemble puOOPHI JI/Isi ONTHICCKUX u3Mepenuit Lp: a — OCBETUTEb C KOH-
JIEHCOPOM, TI1esieBoii jinadparmoit u oobekTuBoM; 0 — ycumureab ¥ HH-5; B — kKaMepTOHHBIHI
HpepbIBaTe b
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Ha konmax ero BubpaTopoB OBLIN HaNasiHbl TOHKHE ILIACTUHKU (2), MEkKLy
KOTOPBIMH CO3/1aBaJjicd y3Kuii 3a30p B Buje mienau. [lo obeum croponam BOJH-
31 BUOPATOPOB KPENUJINCh MaJorabapuTHBIA JTHHAMIYECKHH MUKPOhOoH (3) u
9JIEKTPOMArHUT (4); MUKPOGOH BKJIIOYAIN HA BXOJ HU3KOYACTOTHOTO YCHJIUTE-
a5t (puce.2,6), a K ero BBIXOJY — B II€lb 0OPATHOl CBSI3U - 9JIEKTPOMATHUT, IeM
obecrieunBaIn CaMOBO30Y2KeHne TeHeparopa. lIpu cobogennn orpeieleHHbIX
yeJioBHit [5] B 1006HOTO BUja aBTOreHepaTopax |5 MOKHO TOOUTLCS MPAKTHIe-
CKH peaJin3yeMoil cTabnuJIbHOCTH JacTOThI Ha MOPsIIOK OoJsiee Bhicokuil, uem B LC'
—u RC — reneparopax. [Ipu y3Koii 1mojioce mpoIycKaHus yCHJIuTe st CyIecTBeH-
HO TIOBBIIIAETCST COOTHOIIEHNE CUTHAJ /TITY M.

[To mosydeHHBIM JAHHLIM MTOCTPOEHDLI I'padWKU 3aBUCUMOCTEl Jorapudma
HalpsizKeHusi B KoJutekToproit menn 1gU ot koopanuarer x (puc.3). st onpeie-
JIEHUsI M3MEHEeHN KOHIEHTPAIMI HeOCHOBHLIX HocuTeseit An ~ lgU | cBst3annoii
¢ peKoMOnHaIeil B MpUIIOBEPXHOCTHOM CJIO€, M3MEPEHWs TPOBO/ININ B HHTEPBAJIE
O<z<Lp.

Ha puc.3 nabmogatorcest nedotbinme pa3opock 3nadenuit 1gl/ npu pa3anmyanbix
YCJIOBUSIX MeHEpallni HePaBHOBECHLIX HOCHTECH 3apsijia.

21 lgl

1,3

&

1.4

0 100 200 300 400 x,pm

Puc. 3: I'paduk zasucumoctu lgU(x) tpu pasandHoii reomeTpun 061acTi TeHepaIii HepaB-
HOBecHBbIX HocuTeseir 3apsga: WM — ocBemenne TOHKO# 1osocoit cBeta w =0,1MM ¢ ILJTOCKOM
00/1aCTbIO TeHEepaIlln¥ HEPABHOBECHBIX HOCUTEJNICH 3apsija, X — OCBEIICHHE MAaJIbiM CBETOBBIM
MATHOM C ITUJIUHJIPUIECKOI 00/IaCTbIO TeHEPAIMH 110 BCell TOJIHEe 00pa3iia, A — OCBEIleHue
MaJIbIM CBETOBBIM IISITHOM C IUJIMHJIPUIECKON 00JIaCThIO TeHepanun Ha riayouue 1o 0,5 MKM
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BriBoibl

Takum obpaszom, B paboTe MoKaszaHa BO3MOKHOCTE IIPUMEHEHIA POTOIIEKTPH-

YEeCKOT'O0 MeToJla JIJId U3MEPEHNsl MapaMeTpOB HEPABHOBECHBIX HOCHUTEJEl 3apsia

B TOHKMX IIPUIIOBEPXHOCTHBIX CJIOAX C IOBEIICHHON KOHIEHTpalueil CTPYKTYP-

HbIX JlepekToB. [lepexo1 K TouedHOMY OCBelennto oopasia MO3BOJIAET MMOTyIaTh

TaKyio MHGOPMAINIO Ha MAJBIX 10 ILIOMIAAN CTPYKTYpPax, TaKUX KakK IIOJIYIIPO-

BOAHNKOBbLIE NHTEI'PAJIbHbBIE CXEMBDI.
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ITAPAJTOKCHI BPEMEHI B COBPEMEHHOII HAVKE

B pabote anaim3upylorcs NOHATUS «CTPeJbl BpeMeHn» U HeobpaTumocTu. [lokazano, 4yro Ha
BCEX YPOBHSX CTPYKTYPHOII OPraHu3alinyu MaTepuu HeoOpaTUMOCTh IIPOIECCOB CBA3AHA CO CBOI-
CTBOM HEYCTOIYIMBOCTH COOTBETCTBYIOIINX CHCTEM U IpolieccoB. lIpuBeienbl MaTepuasbl J1yis
COBJIAHUS MPOOJIEMHBIX CUTYAllnil TPU M3yIeHUN ITUX MOHATHUIA.

KrogyeBble cioBa: acumMmempus epement, Heobpamumocms, Cmpena 6pemert, 6mopoti
30K0H MEPMOJUHAMUKL.

Mrak, 9Tro ke B KOHIE KOHIIOB €CThb BpeMsI,
9TO HEYJIOBUMOE IOHATHE, KOTOPOe 03aJadnBaJIO
Cs. ABrycruna, BBesio B 3a0syKjaenne HpioToHa,
BJIOXHOBJISLIO DiiHINITelHa, My4unyio Xaiijerrepa?

M. Kacmenanc

BBenenue

B HobesteBckoit stexiun akajemuka B.JI. I'ma30ypra B cricke ocoOEHHO Bazk-
HBIX 1 UHTEPECHBIX ITpobIeM (pusnukn n actpodpusnkn nadasia X XI Beka BbljieIeHbI
Tpu «BeJmKue» npobsembl [1]. OpHa m3 HEUX — BO3pacTaHue SHTPOINU, HEeOO-
PATUMOCTB U «CTPeJia BpeMeHU», T.€. BOIPOC, CBA3AHHBIN CO BTOPBIM HAYaJOM
TepmojinnaMukn. B jpyroit HobeseBckoit JieKIuu oiiH U3 OTIIOB—OCHOBaTE el
cunepretuku .P. Ilpuroxun yrepkaaer: «B mcropum Haykm BTOpOI 3aKOH
TEPMOJIMHAMUKHN CHITPAJI BBIJIAIONIYIOCS POJIb, TaJeKO BBIXOJAILYIO 38 PAMKH sB-
JIHUIA, JJ1sT OObSICHEHHUsT CYIHOCTH KOTOPBIX OH OBLI IpeHas3HaueHy [2].

«YBemJuenne SHTPONNN OTINYIaeT OyayIiee OT IPOIILIOTr0, TO3ITOMY CYIIECTBY-
er crpesia Bpemenn» |3, 92]. B mkosbHOM Kypce un B 001eM Kypce (DU3UKH 15
BBICITIX yIeOHDbIX 3aBeJIeHUIl coeprKanre MOHATHI HeoOpaTUMOCTH U BTOPOTO Ha~
qajia COOTBETCTBYET KJIACCHIECKOil (paBHOBeCHOi) Tepmojmnamuke. [lossienne
BO BTOpOil mojioBuHe XX BekKa HEpaBHOBECHON TepMOJMHAMUKN W CHHEPTETUKN
HE YYUTBHIBAECTCS, B TO BpeMs KaK aHAJIN3 MOHATUS BPEMEHU U HEOOPATHMMOCTH
nponmn3biBaeT TBopuecTBO UM.P. Ilpuroxkunna.

© Ulypsiruna JI.C., ypeirun E.I'., 2014
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AHam3 1mpoTHUBOpEUNs MUPOBO33PEHUYECKUX IIPEJICTaBJICHNN KJIACCHIECKO
MEXaHUKN U KJIACCHIECKOl (PaBHOBECHOI) TEPMOIMHAMUKN MOYKET CTAThH HCTOU-
HUKOM MPOOJIEMHBIX CUTYAIINIi IPU U3YYEHNN JJAHHOTO MaTepra/ia. JTO aKTHBU3H-
pyeT Mo3HaBaTEIbHYIO JeATETbHOCTD YIAIUXCA W MOBBICUT WHTEPEC K U3YIEHUIO
puzukm.

OcHoBHaAY 4acCTh

DynaaMeHTa IbHble 3aKOHBI (PU3UKHU, 3aKOHBI KJIACCUIECKON, KBAHTOBOW Me-
XaHUKM, TEOPUU OTHOCUTEJHLHOCTU, 0OpaTuMbl BO BpeMenu. Hampumep, BTOpOi

3akoH Hprorona
A7 7
m—— =
dt?

MHBapUAHTEH OTHOCUTE/IbHO obparnenusi Bpemenu t — —t. CTpyKTypa ypaBHe-
HUII MeXaHUKN TaKoBa, UTO IIPU OOPAIEHNN CKOPOCTU BCEX TOYEK CHUCTEMbI OHA
OyJeT SBOJIIOIMOHUPOBATH Ha3aJi BO BPEMEHH, IIPOXO/Isi Yepe3 BCEe COCTOSHUS B
KOTOPBIX 10OBIBaJIa B mpolioMm. Obparumbie 3aKOHBI TaKOBbI, 9TO II0 M3BECT-
HBIM OJTHOMY COCTOsIHUIO W JICHCTBYIONIMM CHJIaM MOYKHO IIpeJicKa3arh Oyjryliee
1 IIOJIHOCTBIO BOCCTAHOBUTH Ipoliioe. T.e. B KjlacCMIecKoil MexaHuke OyyIee u
IIPOIILIOe KBUBAJEHTHBI. BpeMs sBjsieTcs MpocTo IapaMeTpPOM.

KBanToBast MexaHUKa B 9TOM OTHOIIEHUU CUTyalnio He m3MeHmta. Ooparas
X0/l BpeMeHn B ypaHennu [lIpegunrepa n B KOMIIIEKCHO-CONPAXKECHHOM €MY TI0-
JIyqaeM

hov . hov* .

—— = HVU
i Ot ’ i Ot

OTcioia ciejtyer, 4To IIoTHOCTh BeposaTHocTH |W|? = WW* Bo3MOKHBIX COCTO-

SIHUI 1IpY N3MEHEHUN 3HaKa BpeMeHH He MeHsieTcs. HeobpaTuMocTbh B KBAaHTOBOI
MeXaHUKe TOSB/ISIeTCs JIUITb IPH U3MepeHun, a ono ypasaenunem [Ipeaunrepa ne
OITICHIBACTCA.

Ho, Teopunm B KOTOPBIX Bpems 00OpaTHUMO, HE MOIYT OIKCHIBATL IIPOIECCHI
9BOJIIOIIH, TTPOIECCHI BOBHUKHOBEHUSI KaueCTBEHHO HOBBIX cocTosiHuii. B To Bpe-
Msl KaK IPOIECChl Pa3BUTHUS, IBOJIONUN MbI HaOJIOIaeM Ha BCEX CTPYKTYPHBIX
YPOBHSX OpraHu3anyuy MaTepun. Kax corjacoBaTb 0OpaTuMOCTh (DYHIaMeHTa b
HBIX 3aKOHOB € HAOJII0aeMOIl IIOBCIOLY HeoOpaTUMOCTBLIO IIPUPOIHBIX IIPOIECCOB?
910 nporusopeune W.P. [lpuroxxun nazsas mapajiokcom Bpemenu. C HUM TECHO
CBsI3aHbl KBAHTOBDIN U KOCMOJIOTMYECKIIT MapaJIoKChl. «3aIaHo Jiu OyayIee i
HAXO/IUTCSI B IIPOIIeCce HelrpecTaHHOro cTtaHoB/IeHus? B 9ToM Bolpoce 3ak/oueHa
rIyOOKast JUJIeMMa JIJIsi BCET'O YeJIOBEUECTBa, IIOCKOJIbKY BpeMsi — (pyHIaMEHTaJ b
HOe M3MEpeHNe HAIero CyliecTBoBanus» 4, 9.
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CortacoBaHneM oOpaTUMOCTH 3aKOHOB MEXaHUKH C HEOOPATUMOCTHIO Hallle-
ro okpyxkenns B Konre XIX Beka zanumaJca Jliogsur bonbivan. PacemarpuBas
COBOKYTTHOCTD JBUZKYIIIXCSA U CTAJTKIBAIOIINXCS MOJIEKYJT OH TIOKA3aJI, 9TO CTOJIK-
HOBEHWS MPUBOJAT K YCTAHOBJIECHUIO PABHOBECHS, T.€. SIBJIAIOTCA MEXaHU3MOM,
OTBETCTBEHHBIM 3a BBIIIOJIHEHNE BTOpPOro Hadaja. Ho B To Bpemsi ero pabora
1oJIBepriach oykKecTouennoit kpuruke. OJIHO U3 caMbIX BayKHbBIX BO3payKeHUil —
MIOCKOJIBKY JIBUZKEHIE 10 TPAEKTOPUU 00PATHMO BO BPEMEHHU, TO TPU W3MEHEHUN
3HAKa CKOPOCTH MOJIEKYJI CUCTEMa, JI0JI?KHA BEPHYThC B CBOE IIPOIILIOE, B IIEPBOHA~
yaJsibHoe coctognue. [log vamopom kputuku JI. BojbiMaH 3aMeHNIT TPEJIOZKEH-
HYIO UM MHKPOCKOIINYECKYIO MHTEPIPETAINI0 BTOPOTO HavaJia CTaTUCTHIECKOI.
zosmpoBanmasi cucTeMa CaMOIPOM3BOJILHO MTEPEXOIUT B PABHOBECHOE COCTOSHIIE
IIOTOMY, UTO OHO 60Jiee BeposATHO. T.e. HeoOpaTUMBbIe MPOIECCHI BCErO JIUIIL OoJiee
BEPOSITHBI, YeM O0OpaTHMBbIE.

O nako Takasi HHTepIIpeTaIys He BHOCUT MOJTHON sicHocTr. Hanpumep, Masas
BEPOSTHOCTL COCTOSAHUS He O3HAUYAET, YTO OHO BOODIIE HEBOZMOXKHO. YCOBEPIIEH-
CTBOBaB TEXHUKY M3MEPEHUN MOXKHO ObLIO Obl (PUKCHUPOBATH BCE MEHee U MeHee
BEPOSITHBIE COOBITHS, UTO 0DecrieHmsIo 661 BTopoe Havdas 0. P. CMOTyXOBCKUIT TTH-
casl: «Ecam ObI MBI MOTJIN TIPOJIOJIKUTH HAOJIONEHN HEOTPAHWMIEHHO JIOJTO, TO
BCE MPOIECChl Kasauch Obl HaM obparumbiMuy (Llutupyerces o |4, 26]). Kpo-
M€ TOT'O, €CJII MOXKHO ObLIO Obl HAOJIOJATH 3a JBUKCHUEM KayKI0M MOJIEKYJIbI
CUCTEMBI, TO, B COOTBETCTBUU C OOPATUMOCTBHIO 3aKOHOB JUHAMUKH, COCTOSHIE
CUCTEMBI MEHsJIOCH ObI 00paTnuMo. V3 BBIMIEN3/I0KEHHOTO CJIeyeT, KaK Modep-
kuBaj M. BopH, 9T0 HEOOPATUMOCTH SIBJISIETCSI PE3YJIbTATOM BBEJEHHS HaIIero
He3HaHUs B (DYHIAMEHTAIbHbIC 3aKOHbI (PU3UKN, OHA OObSICHAETCS TE€M, 9TO MbI
BHOCHUM MPUOJINKEHNS B OMICAHIE IPUPOJIBI. « BpeMs — 9T0 WJLTI03UA» — FOBOPILIT
A. Ditumreiin.

Cy1ectBoBaJia 1 Jipyras Touka 3penns. M. ITnank canras abcypIHbIM 11018~
raThb, 9YTO CIPAaBEJINBOCTb BTOPOTO Havdaja 3aBUCUT OT HAIEro MCKYCCTBa, MPO-
BOJIUTDH HAOJIIOJICHUS WM SKCIEepUMEHThl. HO cCTOPOHHMKOB TaKoro MueHust ObLIO
MEHbIIIE.

OcosHanue TOro, 4To CyIIecTBOBAHNE HEOOPATUMBIX MPOIECCOB HE CBS3aHO C
TOYHOCTHIO SKCIIEPUMEHTOB U TOJIHOTOM MMeroteiicss y Hac WH(POMAINN, TPUTILIO
JIMIIb BO BTOPOIi 110J10BIHE XX BeKa BMECTE C MOsiBJIeHIEeM (DPU3UKHI HEYCTONIMBHIX
cUCTEeM W Teopun Xaoca. [Ipuunna HeoOpaTUMOCTU — HEYCTOHYNBOCTDH JIMHAMU-
yecKnX mporieccoB. CTOTKHOBEHIE MOJIEKYJI B CHCTEME, KOTOPYIO pacCMaTpPHBAJT
JI. Bosbiman, — HeycToiauBbIil nporecc. AHaaus3 yeroitanBocTr (HeyCcTONInBO-
CTH) TPACKTOPHil, CTAIIMOHAPHBIX COCTOSTHUIT OCHOBAH Ha MCCJICJIOBAHUN TTOBE/IC-
HUS MaJIbIX OTKJIOHEHUT OT aHAJIM3UPYEMOrO PEIIeHMS.
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Puc. 1:

PaccMoTpuM poJib HEYCTOMYMBOCTU B Pa3BUTUN CUCTEMbBI Ha IIPUMepe CTOJIK-
HOBeHUsI mapos (puc. 1).

[TycTh nampaBiienne JBUXKEHUs OJTHOTO W3 MIAPOB OTKJIOHUIOCH OT 3aJIaHHOTO
Ha MaJeHBKHH Yol @y ~ 1077 . BoligcHnM Kak OyneT MEHATLCS YIoJI OTKJIOHE-
HUsI TIPU TTOCJIeAYIoNuX coyaapennax. Ilap ¢ pajguycom r Mexky coyapeHusMu
HPOXOUT yTh [ >> r. 3a BpeMs MexK/ly JABYMsl IOCIeI0BATE/ILHBIMI CTOJIKHO-
BEHUMsI LIEHTD Inapa cMmecturcst Ha paccrosaue OO0’ = lpy. Toro ke nopsijaka u

AA" g
CMeITeHne TOYKN COPUKOCHOBEHNUS MapoOB IIpn yiape: ¢ ~ — ~ —. llocye z

. r T
CTOJIKHOBCHUU

z

(Bmech ¢ u (py pajmaHHBIE MepbI COOTBETCTBYIONNX yryoB). Ecim — ~ 10, To
r

II0CJIe HECKOJIbKUX COYJIapeHUil HalpaB/eHUe JIBUXKEHHUS Iapa He OyIeT UMeTb
HUYero obIIero ¢ HeBO3MYIIEHHBIM, MaJieiiliiee Bo3aMyIeHne ObICTPO HapacTaer.
[Iycts s = vt — jpmHa MyTH, KOTOPBIH NMPOXOJAUT Iap 3a BpeMd t, v
CKOpPOCTDL JBIKenudA. Ecam z — 4ucjio cToJKHOBeHuit 3a Bpems t, [ — cpej-
Hee pacTOsTHUE. MEXKJy CTOJIKHOBeHusiMu, To s = zl. CiepoBarenbHo, vt = zl

vt
n z = 7 [Topcrapiigss 5TO BhIpaKeHHE B COOTHOIIEHIIE (1) n JorapudmMupys,
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OJIy IaeM o ot 1
In—~ —In-
Yo [ r
vl
Eciin BBecTu obosnauenne K = —In—, To JaHHOE BhIpayKeHUE MOXKHO IIepe-

!

IIICATD CJIELYIOMIM 00pasoM: ¢ ~2 woe! . Ecim K < 0 — jBUKeHHe yCToidnBo,
HavaIbHOE OTKJIOHEHHe ObICTPO 3aTyXaeT. Ecim K > 0 — JaBuzKeHue HeycTOHN-
BO. YCTOHYIMBOCTD (HEYCTONUNBOCTEL) — BHYTpeHHee CBOHCTBO cucreMbl. OIHAKO
IIPOABIIAETCS OHO IIPU HAJIMYNU MaJIbIX BHEIIHUX BO3AECTBUII.

COBOKYITHOCTb CTAJKUBAIOMINXCST MOJIEKYJT, HaXOJAIMXCS B OI'DAHMYEHHOM
obbeMe, — HeycTONUYMBas CUCTeMa. JIBUrKeHne MoJIEKysl B TAaKUX CHCTeMaX OYeHb
qYBCTBUTEIHHO K MAJICHIINM BO3MYIIEHUSIM — CO BPEMEHEM OHU (BO3MYIIECHNUS)
SKCIOHEHINAJIBHO HapacTaloT. ey cucreMa HaXOAUTCA B OIPaHMYEHHOM ITPOC-
TPAHCTBE, HEYCTOWYNBbIE TPAEKTOPUN HEe MOTYT Pas3oiTHCh OOJIbIe, YeM Ha pas-
Mep 3TOi 00/1aCT! U HAYNHAIOT IlepeMennBaThes. OIncanne CHCTEMbI C NCIOIb30-
BaHMEM IMOHATHUS TPAEKTOPUN CTAHOBUTCS OECCMBICIIEHHBIM, HeaJIeKBaTHBIM. TO-
ObI TPaeKTOPHOE OIIMCAHNEe UMEJIO CMBICI, OHA JIOJIZKHA OCTaBaThCs «II0YTH OJIHOM
1 TOIl yKe» 1PN He3HAYNTEJbHOM M3MEeHEHNN HadasbHBIX ycJoBHil. s riodasb-
HO HEYCTOMYMBBIX CUCTEM TPACKTOPHOE OIINCAHUE — HEJOIyCTUMAasl UIeaIn3aliisl.
[l Takux cucTeM MMeeT CMbICT T'OBOPUTH JIMIIL O BEPOSITHOCTH HAaXOXK IEHUS
JACTHUIIBI B TOM WJIM NHOM 3JIeMeHTe o0beMa. BeposTHOCTHOe onncanne HapyIaeT
CUMMeTpHIo BO BpeMeHH. OOpaTuMOCTh B KJIACCHYECKON MeXaHNKe — CJIeJICTBUE
TPaeKTOPHOI'O OIMCAHMUSI.

Ho, nockosbKy B 1y100aJ1bHO HEYCTONUMBBIX CUCTEMaX TPAEKTOPUU HEBOCIIPO-
M3BOINMBI, OOPATHMOCTh B MEXaHHYECKOM CMBICTE He nMeeT MecTa. B Takmx
CHCTeMaX YCTONIMBBIMU MOTYT OBITH cpejiHne 3HadeHns. ObpaTnmble TepMO/ITHA-
MUYeCKne IIPOIECCHI, IIPH KOTOPBIX CUCTeMa B JII000I MOMEHT BpeMeHH HaXOIUTCs
B PaBHOBECUN, BO3MOKHBDI.

TaxknM 00pa3oM, JIIsI HEYCTOWYMBBIX CHCTEM IIPOIECChl HEOOpaTHMbI U Ha
MHUKDPO- I Ha MaKPOCKOIIIYeCKOM ypoBHe. HeobpaTnMocTh He 3aBUCUT OT BO3MOK-
HocTeil HabJojlaTessd. B yCTOMYUBBIX cucTeMax IIPU yCTONYUBBIX TPAeKTOPUIX
JaCTHIL IPOIECChl OB ObI 00pPATUMBI KaK Ha MUKPO-, TaK U Ha MaKpPOyPOBHE.

ITpu onmcannn HEYyCTOMYNBBIX CHCTEM BEPOATHOCTH IIpuodpeTaeT 0ObEeKTUB-
HBIN cMbIC]. «CyObeKTHBHAs MHTEpIpeTanus COOTBETCTBYET CJIydalo, KOrja OT-
JieJTbHbIe TPAEKTOPUI HEU3BECTHBI. BeposITHOCTH (M B KOHEUHOM CUeTe CBs3aHHASsT
¢ Heil HeOOPATHUMOCTB) MTPH TAKOM IT0JIX0/Ie IMEET CBOUM HCTOKOM Hallle He3HAHME.
K cgactpio, cytiecTByeT Apyras, 00beKTUBHAs NHTEPIPETAINST: BEPOATHOCTD BO3-
HUKaeT B pe3y/ibTaTe ajJbTePHaTUBHOIO OIMCaHNsI, BO3MOKHOI'O JIMIIL JIJIsl CUJIBHO
HEYCTONYINBLIX AMHAMIYIECKIX CHCTEM.
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[Ipn TakoM 10/IX0/ie BEPOSATHOCTh CTAHOBUTCA OOBEKTUBHBIM CBOHCTBOM, I1O-
POXKTaeMbIM, TaK CKa3aTh, BHYTPH JUHAMHUKU U OTPaXKalonuM (QyHIaMeHTa b
HYIO CTPYKTYDY JUHAMUTIECKOil cucteMbry |5, 343|. T.e. HeobGpaTuMoCcTh He BbI3Ba-
Ha KaKUMU-JIN00 MPUOINKEHUSIMU, KOTOPhIE J1I00aBJIAIOTC K (DYHIAMEHTAIbHBIM
3aKOHAM.

Kpome Toro, meobparmmble TpOIECChl B HEPABHOBECHBIX HEJTMHEHHBIX CHC-
TeMax MOIYyT ObITh KOHCTPYKTHBHbIMH. KEcji B paBHOBECHON TepMOIMHAMUKE
HeobpaTumbie poriecchl (nddy3usi, BI3KOCTb U T.II.) MPUBOMIN CHCTEMY B
paBHOBecHe, TO B CUTyallUM JaJeKoil OT paBHOBECHs] OHU MOT'YT BBI3bIBATH I10-
sIBJICHE€ KOIE€PEHTHOCTH, TOsABJICHIE YIOPSAJOUYCHHBIX CTPYKTYp-IporeccoB. Ha-
npumep, Tepmoauddy3us, ddeitku benapa, reHepalius J1a3epHOIO M3JIyUIEHHSI.
HeobOpaTumblil 1MoTOK Telia dyepe3 cMech ra3oB Ipu TepMoaudy3un mpUuBOIUT
K pas3jeJeHuio CMect, T.e. K yInopsjgouennio. KoHmenTpanusa ogHoil KOMITOHEHTBI
CTAHOBUTCY BBIIIIE Y TOPAYEl CTEHKH COCY/la, KOHIICHTPAIN JIPYTOil — Y XOJIOTHOIA.

HAqeiiku Benapa moxkHO HaO/II0JaTh B CJI0€ KUJIKOCTH, HAJUTON B ILIOCKUI
cocyst. zZKujikocTh nojiorpeBaiorT cumsy. [loka pasHocTb TemiepaTryp BEPXHEro u
HIZKHETO CJI0s1 MEHbBIIIE HEKOTOPOT'O 3HAUEHHS, OIIPEICJICHHOTO /I TaHHON CHCTe-
MBI, MEXAHI3M IepeIadn TeIlIa — TeIJIOMPOBOIHOCTD. [Ipn yBemmaennn pasnocTn
TeMIlepaTyp BHE3AIIHO, IIPH HEKOTOPOM KpurudeckoMm 3HadeHun AT}, 1moBeje-
HUEe KUJIKOCTU Pe3KO MeHseTcsd. Bo3HuKaeT CTPyKTypa B BHUJIE COBOKYITHOCTH
IIECTUYTOJIHBIX KOHBEKTHUBHBIX 00Pa30BaHUil, CTPYKTYP-IIPOIECCOB, KOTOPbIE Ha-
3bIBaloTCs stueiikamu benapa. CTpyKTYpPhI BOBHUKAIOT I0CJIE TOI'O KaK OJTHOPOJIHOE
COCTOSHUE YKUJKOCTU CTAHOBUTCS HEyCTOHUIMBBLIM. [Ipmauna rorepu ycroitanBoc-
TH: BCJICJICTBUH TEILJIOBOIO PACHINPEHHS IJIOTHOCTH KUJKOCTH B HUXKHUX CJIOSAX
CTAHOBUTCS MEHBIIE, 9eM B BEPXHUX, & CHUJIa TIKeCTH HalpaBjeHa CBEPXY BHU3.
Ecnmm y HukHell TTOBEPXHOCTH KalleJIbKa YKUJKOCTH HEMHOI'O CMECTHUTCS BBEPX,
OHa TomaJieT B 0oJiee XOJIONHBIN CJIoi ¢ OoJiblneil 1maoTHOCTBIO. [losromy Ap-
XHUMEJIOBa, BBITAJKUBAIOIIAA CHJIa YBEJIUUUTCA, OHa OyleT OOJIbIlle Beca KallIH.
Haunercst Bocxosinee jrzkenne. OT BepxHeil TOBEPXHOCTH 110 aHAJIOIMIHOI MTPH-
YUHE HAYHETCS JIBUKEHNE HUCXOjidIee. BO3HUKAIOT HUCXOJAIINE U BOCXOIATINE
camMocor/iacoBaiHble TOTOKH. [1o cpaBHEHWIO ¢ OTHOPOTHBIM PABHOBECHBIM COCTOSI-
HUEeM 9T0 — 0oJiee BBICOKOOPIraHU30BaHHas CTPyKTypa. OTaeabHast KOHBeKTUBHAA
gueiika cogepKuT He MeHee 1020 MoJIeKyI1, KOTOpBIE IBIZKYTCA COTTIACOBAHHO, KO-
repeHTHO, HECMOTPs Ha Xa0TUYHOE TEIJIOBOE JIBUKEHUE.

Taxum oO6pas3oM, B IIPUPOJIE CYIIECTBYET JIBa BIAa HEOOPATUMBIX HIPOIECCOB:

— paspylieHne CTpyKTYp BOJIM3KM COCTOsIHUST PABHOBECHS;

— BO3HUKHOBEHUE CTPYKTYP BJIAJIM OT TOJIOYKEHUS PaBHOBECHUS B OTKPBITHIX
HEeJIMHENHBIX CUCTeMaX.
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SHAYUT, CTPEJYy BPEMEHH HEJIb3sl aCCOIUUPOBATH TOJIBKO € yBeJInYeHeM Oec-
MOPsAJIKa U MEePEXoJIOM B paBHOBecHe. lIpu onpejiesleHHBIX yCI0BUSIX OHa obecrie-
YUBAET BO3MOXKHOCTH CIIOHTAHHOI'O BO3HUKHOBEHUS YIHOPSJIOYEHHBIX CTPYKTYP-
IIPOIIECCOB, 11epeX0]] B KAYeCTBEHHO HOBOE COCTOSIHUE.

BriBoan:

st cHATHS TPOTHBOPEYns MeXKJy (DyHIaAMEHTAJIbHBIMI 3aKOHAMU (DU3NKN
1 HeOOPATUMOCTDBIO IIPUPOJIHBIX IIPOIECCOB B yUeOHbIE KYPChI CJIeyeT BBECTH I10-
HsITHe HeycToiiumpBocTu auHamudeckux cucrem. ITo muennto I.C. Ueprapckoro
9TO MOHSATHE OyJeT OJHUM U3 OCHOBHBLIX B HayKe XXI Beka. Kpome Toro, s
COBPEMEHHOI'0 MUPOBO33PEHUsT BayKHBIM SIBJISIETCSI ITPEJCTaBICHIE O TOM, UTO B
OTKPBITBIX CHCTEMaX WM UX YaCTdaX UJIYyT KaK HeoOpaTHMbIe IIPOIECCHl yCTa-
HOBJIEHUsI PABHOBECHUsI, TaK U HeoOpaTuMasl CaMOOpPraHU3alliusl C yCJIOKHEHHEM
CTPYKTYP. «/LIs1 TIOJTHOrO MOHMMaHUsT HEOOPATUMOCTHU CJIeAYeT YIUThIBATH Cpa3y
oba Ipoliecca: caMOOpPTraHu3aIllio ¢ HeOOIBITNM YMEHbIIIEHUEM SHTPOINN U Jierpa-
JAIII0 [OPAIKa ¢ TepMasiu3aliieil SHeprun U POorKJIeHUEeM SHTPOIUU B IOPa3Jio
6oJiee MorHOM Temire. [TojiHoe moHMMaHe HeoOPATUMOCTH HEBO3MOXKHO 0€3 I10-
HUMaHUsT KaK Pas3pyIleHnsi, TaK 1 yropsjaodenus» |6, 467].
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lana pobora mpucBgdYeHa BUBYCHHIO MPOOJIEMHU MMPAKTUYIHOI peaisallil ajJropuTMiB KPHUIITO-
rpadidHrX CHCTEM 3 BIJIKPUTHM KJIIOYEM Ta ITOOYJIOBU IIPOrpaM peaJidalliii aJropuTMiB Ta-
KX KPHUIITOCHCTEM 3acobaMu cepeaoBuIla mnmporpamyBanis Lazarus. O6’e€KTOM JIOC/IIIZKEHHS
€ Kpunrorpadidui cucreMu 3 BiAKpUTHM KjodeM. [Ipemamerom oC/iizKEHHS BUCTYIAIOTH
Kpurrorpadivdii MPOTOKOJIN Ta MaTEeMaTHIHUN armapar, dKi JI03BOJISIOTh peasi30ByBaTH KPHII-
TorpadidHi cucTeMu 3 BIIKPUTUM KJIIOYEM Ha OCHOBI TOHATTS OJIHOHAIIPABJICHOT (DYHKITII.

Kuro4osi cjioBa: anzopumm, wugp, odnonanpasiena Gyrkyia, npomoxon, wudpyearms
1HPOPMaii.

Bceryn

[ndopmariito, ska Ma€ MEBHY IIHHICTD, Tpeba 3axXUIaTh BiJl JIBOX HeOe30eK —
npupoaanx (iHdopmallis Moxke OyTH MOIMIKO/ZKeHa ab0 3HUIIEHA TIPU TTOJOMKAX
armapaTypH, BHACJIIOK MIyMIB y KaHaJax 3B’s3Ky, 1 T.11.) 1 Bij| 3j10BMECHUKIB. 3a-
XUCTOM BiJI 1IepIiol Hebe30eKn — I'oJIOBHUM YMHOM, BiJl TIOIKOJ/IXKeHHS 1H(MOpMAIIil
Ipu mepejiadi — 3aiiMaeThbes Teopid KojyBaHHd. T'yT TOTOBHUIT METO/T 3aXUCTY —
Ie JI0 Tepejiadi TaKuM YHHOM [IePeTBOPUTH (3aKO/yBATH ) TEKCT, BBIBIIN B HBOTO
JIOJIATKOBI CUMBOJIM, 1100 HaBITh Y pa3i IOIIKO/KEHHS He JIyzKe BeJUKOI 4acTu-
HU CMBOJIIB MOYKHa OYJIO0 3 BEJIMKOIO IMOBIPHICTIO BIJIHOBUTHU TTOYATKOBUI TEKCT.
Haiinpocrimmuii criocid6 — mpoy0/ioBaT KOyKEeH CUIMBOJI KiIbKa, pasiB. Takmm du-
HOM, 13 MOXKJIMBUMHU BTpaTaMiu iH(OpPMAaIil O0PIOThCs 3a PaxXyHOK HaJIIUIITKOBOCTI
TEKCTY, 10 IePeTaeThCs.

['ostoBHA 1pobJIeMa Teopil KOJgyBaHHs — SIK IIO€IHATH HAJIHHICTD, IIBUIKICTD
nepejgadi i 3pyYHICTb KOAYBaHHdA. [HIIMME C/IOBAMU, sIK TepejgaBaTi iH(pOopMaIliio
MIBUJIKO, JIEIIeBO 1 HAIIITHO.

© Ilipyc €.M., [likapes C.C.,2014
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Saxucr irdopmaliil Bij 3JI0BMICHUKIB PO3NAJIAETHCS Ha 2 TPOOJIEME: 3aXUCT
Biji mijiMian abo HecaHKIioHOBaHO! Mojudikanii (oxopoHa aymernmuurocmi abo
inmezpasvrocmi iadopmarii) i 3aXucT Bij HECAHKIIOHOBAHOTO JIOCTYITY abo Biji-
TBOpeHHs (OXOpOHA KoH(ideHyitinocmi, TaEMHOCTI, ceKpeTHOCTI iHdopMariii abo
npas BiacHocTi). O6uaBi MpobeMn BUHUKAIOTH sIK Tpu 30epiramni iHdopMarrii,
Tak 1 npu 11 nepejadi, i MalOTh OaraTo Jy»Ke Pi3HUX ACIeKTiB — OpraHizaliifHux,
TeXHIYHNIX, IOPUIANTHUX, TOIIO.

€ nyzxe 6araTo pi3HUX TACKBHUX METOIB 3aXUCTy IIpK 30epiraHHi, KON cama
indopmalliss He 3MIHIOETLCHA, & JIUIIE POOUTLCA OLIBIT CKJIAJHUM HECAHKITIOHO-
BaHUil jocTyn j1o Hel: rpudu, ceiicbu, Karodi i T.in. OauH i3 METOJIIB MACUBHOIO
3aXnCTy iHMOPMAIIT IIPH Iepejadi — MPUXOBYBaHHS caMoro (akTy Iepejiadi.

[Ipenmerom kpunmoepagii’ € aKTUBHI METOIU 3aXUCTy ayTEeHTUIHOCTI 1 KOH-
dinenniiinocti indopmariii mpu i1 30epiraHti uu nepejgadi 610xpumumu KanaaaMu
3B’s13Ky. Lle poburhes 3a gomomoro meperBopentst (mudpyBamts) iHGopMarrii
JIJISl YHEMOZKJIUBJIEHHS SIK HECAHKIIIOHOBAHOT'O JIOCTYII JI0 Hel, TaK 1 HE3aKOHHOI 11
Moudpikarii. [Ipu oMy BBazKaeThCs, MO X04a y MEPETBOPEHOMY BUIJISII TOBI-
JIOMJIEHHSI 1 MOXKe CTaTU JOCTYIHUM 3JIOBMUCHUKY, aJle BIH He 3MOKe BUTIITH 3
HBOT'O 3aXUIIeHy 1H(OpMaIliio.

[Iporsrom TucsgdoiTh Kpunrorpadis Oy/ja MHCTENTBOM 3aceKpedyBaHHs
BayKJINBOI JlepyKaBHOT indopMaliil pu repejiadi i1 1o 3aXuIlennxX Kanaaax 3B a3KY,
a KpHUITOoaHaJ i3 OyB JBOICTHM Kpurrorpadil MUCTEIITBOM PO3KPUTTs TaKol iH-
dopmariii. Tomy KpunroJsoris, 1mo 06’'eiHye B 001 KPUIITOJIOTIIO Ta KPUIITOAHAJII3
icropnyno pamiiie mepedyBaIn Maiizke BUKJIIOUHO Y BiliCbKOBHUX 1 JUILIOMATHYHIX
BijtomcTB. OJIHAK y HUHIIIHIH 11epiojt 3/1ificHEeHHST Y BCbOMY CBIiTI KOMIT IOTEPHOI pe-
BOJIIOIT , KOJIM BeJIMYe3HA KiJIBKICTh IepPCOHAJILHOI, (DIHAHCOBOI, KOMEpPIiiHOI Ta
TEXHOJIOTIYHOI iHdopMallil 30epira€Tbcst Ha KOMIT' I0TEPHUX OaHKax JaHUX 1 mepe-
CUJIAETHCA 110 IHMOPMAITIITHIX KOMIT I0TEPHUX MeperKaxX, Ha3BUIaiiHO BayKJIMBUM
€ Te 0oOCTaBUHA, IO B CYCIHLJIBCTBI 3'4BJISIEThCA HalirocTpimia mnorpeda y rpomMa-
JITHCBKIH Kpunrorpadil.

Cepeji BUMOI, sIKi BHCYBalOTbCsl JI0 II(MPIB, TOJOBHUMHU € ephekmusHicmy
(mudpyBanus i genndpyBaHHs MOBUHHI BiIOYyBaTHCS IMBUIKO) 1 HadidiHicmoy
(3JIOBMUCHUK He MOBHHEH BCTUTHYTH 3JaMaTH MNdp 3a TOH Yac, JOKH 3alllil-
dbpoBana indopmariisi Mae JUMATHCS TaeMHOI0). [lo3asK 0HOYACHO 1 TOBHICTIO
Il BUMOTHU 33/I0BOJILHUTH HE BJAETHCS, ITPU BUOOPI KOHKPETHOTO MUMpy JTOBOU-
ThCd IIYKATH KOMIIpoMicy. B onHIX BUITaIKax TePMIiH 3aceKpedeHocTi iHdopmaliil
(HampuKIa1, GIPsKOBOT) BUMIPIOETHCST KLIBKOMa TOIMHAMEI 91 HABITH XBIJIMHAMI,
TOMY Ha MU@PYBAHHS 1 11epejiady BiJIBOJATHCS JiUeHl ceKyHid. Y TOil »Ke Jac Jie-
sIK1 JIepyKaBHI 91 KOMEPIiiHI Ta€MHUI TTOBUHHI 30epiraTucs JeCaTHIITTIME, 3aTe
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MOKHa He TTOCIIINATH TPU MUQPYBaHH].

Kpunrorpadist — 1ie rayysb, sika BuBuae Taitnonuc (Kpunrorpadito) ta MeTo-
7 11 pO3KpUTTs (KPUIITOAHAI3), sIKa 3a BIyYHUM BucjoBoM Ponasbia Pusecra,
npodecopa — MaccadayceTcbKoro TeXHOJIOMYHOr0 iIHCTUTYTY — 1 OJIHOTO 3 aBTOPIB
3HAMEHUTOI KpurnrocucreMu RSA, € moBUTYX0I0 BCi€l «computer science» B3araii.

[TobOytoBa cyvyacHol KpHUIITOJIOTIT 9K HAYKU I'PYHTYETHCA Ha, CYKYIHOCTI (DyH-
JJaMEeHTA/IbHIX IIOHATh 1 (akTiB MaTeMaTukiu, ¢pizuku, Teopil indopmaril Ta
CKJIQJTHOCTI OOYMCJICHb, NPUPOJHO JIyKe CKJIAJHUX JIJIg BCEOIYHOIrO 1 TImbOKOro
OCMHUCJIEHHSI HaBiTh 1Tpodecionaamu. OHaK, He3BayKaloul Ha OPraHivuHO MPUTa~
MaHHY Til CKJIQTHICTh, 6araTo TEOPUTUIHUX JTOCATHEHB KPUIITOJIONT, 3apa3 IMMUPOKO
BUKOPHUCTOBYIOTHCS B HAIIOMY HACHIE€HOMY iH(MOPMAIIHHIMI TEXHOJIOTIIMI KUT-
T1, HAIIPUKJIa/[: B IJIACTUKOBUX smart-KkapTKu, B €JIeKTPOHHII MOIIITI, B CUCTEMAaX
OaHKIBCHLKUX ILIATEXKIB, TPU eJeKTPOHHIi Toprisai depe3 Internet, B cucremax
eJIEKTPOHHOT'O JOKYMEHTOOOITY, TIpU BeJICHHI 0a3 JaHnuX, CUCTeMaxX eJeKTPOHHOIO
roJIOCyBaHHS Ta 1H.

3 inmoro 60Ky, came 3arajibHa I10Tpeda 1 HMUPOKUI CIHEKTDP MOXKJINBOCTE
MPAKTUIHOTO BUKOPUCTAHHS CTUMYJIIOIOTH TEOPETUIHI Ta MPUKJIAIHI JTOCTITZKEH-
Hsl HE TLIBKHU B Iiil Tajy3i 3HaHb 1 y BIANOBIIHUX raJly3sax MaTeMaTUKH, (DI3UKHU,
Teopil iHdopMalil Ta Teopil 004YMCIEHb, ajle TaKOyK HAIIOJIEIVIMBO CIIOHYKAIOTh
JIO BJIOCKOHAJIEHHS IOPUJIMYHUX Ta IIPaBOBUX HOPM 1 MeXaHI3MiB Ha JlepzKaBHO-
MYy, MI2KHApPOJIHOMY 1 3ara/ibHOJIIOJCHKOMY PIBHI, 1[0 YaCTO IOPOJIZKY€E BIJIKPUTI
00roBOpeHHs B Ipeci abo mnaJjiki jebaTu B nap/jaMeHTaX PIi3HUX KpalH, 1 HaBiTb
3MYIIYIOTH OONOBOPIOBATH TOB’d3aHi 3 UM ITUTAHHA Ha Hapa/u IJIaB BEJTMKUX
JlepKaB.

ana poboTa mpuCcBgIeHA BUBYCHHIO TTPOOIEME MPAKTUIHOI peasi3allil aaro-
PUTMIB KPUIITOCUCTEM 3 BIIKPUTHUM KJIIOYEM Ta ITOOYI0BH IIporpaM peaJizalliii aJj-
TOPUTMIB TaKX KPUIITOCUCTEM 3aCO0aMU CepeIoBUINa ITporpaMyBannd Lazarus.

O06’ekT s1oC/ijIzKeHHsT — KpUITOrpadiuHi CUCTEMH 3 BIIKPUTUM KJIHOUEM.

IIpeamet jociigkeHHs: — Kpurnrorpadidai IPOTOKOJIN Ta MaTeMaTUIHUIT
arrapar, sKi JI03BOJISIOTH Peasii30ByBaTu KpUIITOrpadivdHil aJropuT™Mu 3 BiJIKPH-
TUM KJIIOYeM Ha OCHOBI TOHATTS OJHOHAIIPABIEHO! (PYHKIIII.

Meta j0CTiIzKEHHST TI0JIsIFA€ Y BUBYEHHI KPUIITOrpadidHUX CHUCTEM 3 Bij-
KPUTUM KJIIOYEM Ta peaJilallid HaBYaJbHUX BapiaHTIB TaKUX CHCTEM 3acobaMiu
cepeIoBUINa MTporpaMyBanHs Lazarus.

Y 1976 pomni amepuranmi Yirding dibdi ta Mapria lewvan (Difi W,
Hellman M.) B crarti «HoBi HanpsiMkn B kpuntorpadii» 3amporioHyBan HOBHil
HPUHIAIT TOOY/I0BY KPUIITOCUCTEM, Ki HE BUMAraloTh He TLILKHU Iepejadi KIrova
MpUMAIOYOMY CIIOBIIIEHHS, aJe it 30epexkenns B Taitai MeToy mmdpysannd. i

106 36ipHUK HayKOBHUX IIpalb (izuko-mareMarudHoro ¢axyaprery JIJIITY



[Tipyc €.M., Hikapes C.C. IIporpamua peajrizariist aJiropuTMiB aCUMETPUIHUX METO/IIB ...

Mu@pPH JO03BOJIAIOTH JIETKO 3ammudpyBaT Ta JemudpyBaT TEKCT i 1X J103BOJIs-
€TbCsl BUKOPUCTOBYBaTH 6araTo pasis.

B 1974 poui Mepk (Merkle) BuHaiiimoB MexaHi3M y3rojizKeHHs KPHIITOIDa~
divnoro Kiova MJIAXOM SIBHUX aCUMETPUIHUX 0OYMC/IeHDb, AKi OTpUMAJIN HA3BY
rojioBosioMka Mepkiia. AcUMeTpUYHICTL OJIOBOJIOMKK MepKiia 10Jisira€ B TOMY,
mo 11 obumcIIoBaIbHA CKJIAIHICTD /I 3aKOHHUX YYaCHUKIB MPOTOKOJY y3TO/I-
JKeHHs KJIIo4a 1 JijId IepexoIlIIoBadiB 30BCIM pi3HA: JierajbHl YIaCHUKHU JIETKO
IPOPOOJIIOTE 00UNC/IeHH, a Hejerajbal — Hi. ['ooBosiomka Mepkiia mpejcras-
Jisie coboIo TepIry epeKTUBHY peasizalliio olHOHAITPaBIeHO! (PYHKIIT 3 CEKPETOM.

Tinbku 3apas crano sigomo, mo Koke (Cocks), 6purancbkuii kpunrorpad,
BUHAMIIIOB IIEpIy KPUIITOCUCTEMY 3 BIIKpUTUM KjodeM B 1973 pomi. Asropurm
mudpyBanasg Kokca, skt oTpuMaB Ha3BY aA20pUMMY 3 HECEKPEMMHUM KAIOUEM
wWudpy6armA, BAKOPUCTOBYE CKIIAJIHICTD PO3KJIA/LY 11JIOTO YHCJIa Ha TPOCTI MHOYK-
Hukn 1 cmiBnagae 3 cucremoo RSA. Tineskn B 1997 pori rpyma 3 e1eKTpOHHOTO
3aXMCTY 3ac0o0iB 3B’s13Ky po3cekperusa ajaroputMm Kokca.

B 1978 pomi P. Pisect, A. [amip u JI. Agreman (R.L.Rivest, A.Shamir,
L.Adleman) zanpononysayn npukia)] hyHKII, siKa Ma€e PsiJi TapHIX BJIACTHBOC-
teii. Ha 17 ocHoBi Oys1a 1obyjjoBaHa peaJibHO BUKOPHCTOBYBaHa CUCTeMa I py-
BaHHsI, IIsl KPUIITOCHTCEeMa oTpuMaJia Ha3By RSA (mo meprimm JiitepaM Mpi3BHIL
ABTODIB).

OcHOBHI O3HaYeHHs Ta 3ayBaKeHHH

[ousiTTst 00H00IuNHO0T hynruii BBemene B 1975 Hicdbdi i Iemmanom. TTi mum
po3yMmieTbesi Take OiekTuBHe BijmoOpaxkenns f : X — Y| mo 3nadenus: f(x)
OD0YHNC/IIOIOTHCST  «JIETKO», a JIJIsi BUITQJIKOBO BHUOpAHOTO ¥ 3HAYEHHsSI OOEPHEHOI
byuknii f71(y) obumcioerbes «Bazkko». [HmmMn cioBamu, 00Ho0iMH010 HABU-
BaeTbcd pyuKIist [ : X — Y, sika 3aJ10BOJIbHSIE TaKi JBI yMOBU:

a) icrye nosinomianabHuit agropur™ obuancaents f(x);
0) He icHye moJiHOMIaJBHOIO ajaropuTmy iHBepTyBanHs (GyHKIHT f(x) (ToOTO
3HAXOJZKEeHHsI IKOr0—HeOy b PO3B’s13Ky piBHsHHA f(x) = y BigHOCHO ).

Hacom BUMararoTh Oijbiie: [ MaiizKe BCIX BUIIAIKOBO BUOPAHUX Y <«BarKKO»
3HafiTH HaBiTh AKy-HeOy b YACTKOBY XapakTepusalio z = f1(y).

Biibin crpore o3navyenst BUISIA€ HACTYIHUM 9iHoM. Hexaii ¥ — ckinden-
auit andasit. Qs posinbuoi dyskmii f @ X* — X* depes m(n) mosHadnMo
Haiimernme m, ayia axoro f(X") C (UM, X', OyHKIis [ HA3MBAETLCS YeCHOT0,
SKITO icHye Takuii mosinoM p(n), mo p(m(n)) = n as Beix n.

Yecna ¢yHkIiss f Ha3UBAETHCs 00H0014H010, STKINO

a) icHye nosinomiajabHuit agropur™ obuancaenus f(x);
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0) siki 6 mosiHoM p(n) 1 mojiHOMiaBHY fiMOBIpHOCHY MarminHy Thiopinra A
MIT HE B3sJIH, JIJIsT BCIX JIOCTATHBO BEJUKNX 7 1 BUITAJIKOBO BUOPAHOTO CJIOBA
x € X" BUKOHYETHCS HEPIBHICTH

P{f(A(f(2))) = f(x)} <1/p(n).

pyra ymMoBa o3Hadae, 1Mo KoxKHa MOoJiHOMIaIbHa ITMOBIPHOCHA MaInHa 1 HIo-
piHra mMoxke 3HafTH SKUii—HEOYIb PO3B’sI30K piBHsHHA f(7) = y Jsnie i3 3HUKO-
MOTO IMOBIPHICTIO. A «4YecHICTb» OTPiOHA, 1100 dyHKIIisA f He 3aHATO «CTUCKA~
Jay BXigHl naHi (Ko y HabaraTo KOPOTIINE 3a X, TO MAIUHI MOXKe IPOCTO He
BHCTAYUTH 4acy, 100 BUINCATH PO3B’SI30K T ).

/1o HUHINIHBOTO Yacy I »KOJHOI (PYHKITT HEMAE CTPOroro JIOBEJICHHS 11 0JTHO-
O6I9HOCTI.

11 KOHKpeTHUiT IMIPUKJIAJ «IIPAKTUIHO» OJIHOOITHOI PYHKIIT 3aIIPOIIOHY-
Bag Purdy B 1974 p. — ue dbyukuia f : Z, = Z,, ne p =2 —59 a f(z) mae
BUTISL

f(x) = 22T a1x224+3 + a9 + asx? + asx + as,

Je ai,...,a; — J0oBUIBHI 19-1tudppoBi dnca.

Jlis1 icHyBaHHST CTIHKUX (3 OOYHC/IIOBAJIBHOI TOYKE 30PY) KPUITOCHCTEM 3
BIIKPUTUM KJII0UeM HeoOXiHe ICHYBaHHSA OJTHOOIYHUX (DYHKIIIIA.

[Tig wugpom (abo rkpunmocucmemoro) OyIeMo PO3yMITH CYKYIHICTH a.A20-
pummy wuppysanns E i areopummy dewudpysarns D pasom i3 MeBHOIO POJIU-
HOTO (IPOCTOPOM ) TaK 3BAHUX KA10416. AjropurMu mmdpyBaHHs i gentiudpyBaHHsT
BU3HAYAIOTH 3arajibHy CTPYKTYpY MUMpPy, a KII0Y 3a/a€ KOHKPETHI ITapamMeTpu
i€l crpykrypu. Hanpukian, y mudpl DUKIIYHOTO 3CYyBY KJIIOYEM € BEJIMIHHA
3CYBY.

Kimou k cknaiaeTbed 3 ABOX KOMITIOHEHT: KJioda mudpyBanag kp 1 Kaoda
JenmudpyBaHis ko . Y CUMETPUIHUX KPUIITOCUCTEMAX 3B’sI30K MizK KOMIIOHEHTA~
MI HACTLIBKE TPOCTHii (HApUK/I, y Mmmdpax MepecTaHOBKU 1€ JIBI B3aEMHO
obepHeHi TiICTaHOBKIY ), IO 3a3BHYaii BKa3yloTh Jjmine mnepiry 3 nux. OnHak B
ACUMETPUYHNX KPHUITOCUCTEMAaX BIJIHOBJIEHHS OJIHI€] KOMIIOHEHTH 3a IHIOIO0 €
CKJIQJTHOIO MaTeMaTUIHOIO 33/1a9€0.

Aximo xpunmomerem ¢ onepKYeTbCd B Pe3yJIbTaTi 3aCTOCYBaHHA JIO BiIKPU-
TOTO TOBIJIOMJIEHHSI M aJI'OPUTMY IudpyBaHnsd [ 3 KjiaodeM k£, TO HUIIEMO
¢ = Ei(m). Aunamoriuno 3amuc m = Dg(c) o3Hadae, 1m0 HOBIIOMJIEHHS 1M
oJlepzKaHe 3 KPUIITOIPaMU € 3a JOIIOMOI'O0 aJIrOPpUTMY JeiudpyBanag [ 3 K-
geM k.

Acumempuunumy Ha3MBAIOTHCsT KPUIITOCUCTEMH, B SIKIX JJIsT I PYBaHHS 1
nemndpyBaHHs BUKOPUCTOBYIOThHCS PI3HI KJIIOYi, NPUYIOMY KJIIOUi HOB'si3aHi Ta-
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KM YUHOM, III0 BU3HAUEHHSI OJIHOIO 3 HUX 34 BIJIOMMM IHIINM € 3 00UUC/IIOBAJILHOT
TOUKH 30pYy JAyrKe BaKKOI0 3ajiadero. ToMy oJIMH i3 KJIIOUiB MOKHA HE TPUMATH B
TAEMHUII 1 3pOOUTH 3araJbHOOCTYIIHIM (3BijIcH — iHINA HA3BA TAKUX KPHUIITOCH-
cTeM: Kpunmocucmemu 3 idkpumum karouem). CucTeMn 3 BIIKPUTHM KJTFOUEM
mudpyBaHHs BUKOPUCTOBYIOTbCsI TOJIOBHUM YUHOM JIJIA IIepejiadi CeKPEeTHO! iH-
dopmariii, a 3 BiIKpUTUM KJIIOUeM JeludpyBaHHs — JIJIsi PI3HUX ITPOTOKOJIIB
imenTudikalil aDOHEHTIB 1 HiATBEPKEHHSI ayTOTEHTHIHOCTI IIOBIIOMJIEHb.

Acumerprana KpUITOCHCTEMa BU3HAYAETHCA TphoMa ajaropurmamu. Le

a) airoput™ K reHeparil Ki04iB (Ha BXiJ| MOJAETHCA BUIAJKOBE UHCIO abo0
Habip cUMBOJIB 7, Ha BUXO/ ojepKyemo napy (ki, ko) = K(r), ska ckia-
TAeThCs 3 Kitoda mudpyBanis kp 1 Kioda fgermmdpyBanis ko ). Onun 3 mux
KJIFOUIB PO3TOJIONIYETHCS 1 € BIJIKPUTHUM, 1HIINUI € CEKPeTHUM 1 TPUMAETHCS B
TAEMHMUIIL;

0) anroput™ mmdpyBannsa Ey, i

B) ajaropur™ jemmdpysantst Dy, .

OueBujiHO, MO JJId OyJIb—SIKOTO BIJIKPUTOTO TEKCTY 1M MA€ BUKOHYBATUCS
piBaicts Dy, (Ex,(m)) = m. Yci Tpu aaropuTyn € BIIKPUTHME 1 3arajbHOI0C-
TYITHUM.

Hemoikom acmMeTpuyHUX CHCTEM € HAabAraTo MeHIla, HiXK Yy CUMETPUIHIUX,
MBUJIKICTD mudpyBaHusg—aemmdpyBanid. Tomy y BUIaJKaxX BeJIUKHX 00 €MiB
KOH]IIeHIIiiiHOT iH(OopMaIlil BOHU 9acTO BUKOPUCTOBYIOTHCH JIMIIE JIJIsT CTBOPEH-
Hg 91 Mu@pyBaHHs Tepe]l mepegadeio BIIKPUTIM KaHaJIOM 3B 3Ky CEKPEeTHIX
KJIIOUIB, $IK1 TIOTIM BUKOPUCTOBYIOTHCS B CUMETPUYHUX CUCTEMAX.

OcHOBHA 4YaCTHUHA

OcHoBHi 3a/1a4i, JIJIs PO3B’sI3aHHS KX BIKOPUCTOBYIOTHCSI KPUIITOCUCTEMH 3
BLJIKPUTUM KJIIOUEM:

1. 3abesreuennst konpidenyitinocms indopMariil npu i1 mepecuianHi.

2. IligrBepzkentst yiaichocmi abo aymermuurocmi (ToOTO IO MOBiIOM/IEHHSI
He GyJ10 miaMiHeHe dn chasibIioBaHe i Jac MepecuiaHHs ).

3. ldenmudbixayis (1 TBEp/ZKEHHS, 10 TOBIIOM/IEHHs OYJI0 BUC/IAHEe caMe BKa-
3aHUM aJIPECaToM ).

4. 3amobiraHHs MOYKJIMBOCTI BiIMOBHU ydacHUKa iH(DOpMAaIiiiHOro 0OMiHy BiI Tie-
peaaHoro MOB1IOMIEHHS.

5. OOMiH ceKpeTHUMNI KJTI0UaMi (30KpeMa, [T KOPUCTYBAHHST KPUIITOCHCTEMA-
MU 13 CEKPETHUMU KJTFOUaMM ).

6. 2KepebOkyBanHus Ha BijCTaHi.
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7. Topin TaeMuuIi (HAIPUKJIAJL, CTAPTOBOIO KOy OATICTHIHOI pAKETH ).

8. JloBesennst 6€3 po3roJIONIEeHHS].

9. CTBOpeHHS crCcTeM TacesT JijId KOHTPOJIIO TTOBHOBaXKEeHb MPU JIOCTYII JIO JIa-
HUX.

i 3aBiaHHsT PO3B’SI3YI0THCS 3a JIOINOMOTOIO CIIeHiaJIbHIX NpPomokoAie, TOOTO
HPOIIEAYP, SIKI BKa3yOTh ITOC/IIOBHICTD 1 THUIT TTOBIJIOMJIEHb, SKUMI OOMIHIOIOThCS
MizK cO0O0IO aJIpecaTH.

OCHOBHOIO METOIO JIOC/IiJ?KeHHsI € 1100yI0Ba yIOOBUX IIPOTOKOJIIB KPUIITOCH-
cTeM 3 BIIKpUTHM KjtodeM (ACHMETPUIHUX CHCTEM) Ta MpPOrpaMHa peasiisallist
IIX IIPOTOKOJIIB KPUIITOCUCTEM 3acobaMU cepejIoBUINa IIporpaMyBaHHs Lazarus.
OcnoBHoI0 33 1a4€e10 OyJ1a 1100y 10Ba 6i10/1i0TeKN 0OPOOKM HIIIX YKICEI BEJIUKOI PO3-
MipHOCTI, 100y/10Ba apudMETUIHIX HIPOIeAypP OOpOOKM IIJINX UHCes, B 3alllci
SIKUX BUKOPUCTOBYETHCs JIOCUTh 3HAYHA KIJIBKICTH ITIP.

B gxocTi yub0BUX IPOTOKOIIB KPUITOCHCTEM 3 BiAKPUTUM KJIIOUEM JJIsd 1X
BUBYEHHs Oy/In BUOPAHI:

a) mporokoJ obMminy kiodamu Jlibdi-Temmana,;
0) mporokos RSA;

B) mpoTokos Ejb-Tamaris;

r) mporokosi Pabina.

Omnuremo OLIBIT JOCKOHAJIO TiIbKI RSA — npoToKoI.

CrreniasicTu-KoMmir iorepiukn i3 MaccadyceTcbKoro TeXHOJIOrYHOrO iHCTUTY-
1y Ponasby JI. Paiisecr, Ani [lamip i Jleonapn Ajjieman (R.L.Rivest, A.Shamir,
L.Adleman) pospobusiu mero, sikuii g03BoJisie peasizyBatu cuctemy [libdi —
['esumvena Ha OCHOBI BUKOPUCTAHHS ITPOCTUX YUCET — METOJI OTPUMAaHHS UQPO-
BUX IIJIIUCIB 1 KoMepIiiftHunxX Kpunrorpadigaux cucrem — RSA mudp.

PosrignemMo ocHOBHI KpOKH TPOTOKOTY Kpuritocucremu RSA.

Anzopumm  eenepysarns xar0uie. BubupaioTh J1Ba JIOCUTH BEJUKI IMPOCTI
gucaa p i q. Tomi mma m = p - g sHadenns ¢yunkuil Oiiepa J10piBHIOE
en)=(p—-1)-(¢g—1)=n—p—q+1. dan BunaJxoBuM 90HOM BHOUPAIOTEH
quCsIo e, siKe He TepeBuinye (n) i B3aeMHO mpocre 3 HuM. s e, BUKOpU-
croByroun ajgroput™ EBkiifa, 3HaxoaaTh esement d takuit, mo d < @(n) i
ed = 1(mod ¢(n)), TobTo enement d — obepHEHUIT 10 €JIEMEHTa € B MYJBTUILII-
KaTUBHI rpyti ZZ(n) :

Bidkpumum xarovem € 9ucia n Ta €.

Taemrum xarovem e d, p, q.

Anzopumm wudpysanna. Hudpysanns BinOyBaeThbcs OJ0KaAMI Tak, mo0 KO-
JKeH 0JIOK TI03HaYaB UnCI0, sTKe He TepeBullye n . Ajnroput™ mmdpysanas F 1o-
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asrae y mignecenni M o crenens e 3a mojyiem n: C'= E(M) = M (mod n).
Anzopumm dewuppysarnns D nonsrae y mignecenni C' o cremens d 3a
mogyiem n, Tooto M = D(C) = C? (mod n).
st imrocTparii coro metony Paitsect, [lamip 1 Ajieman 3ammmndpyBain jge-
SIKY pasy, AJIsg 90ro CIHOYATKY HepeTBOpuIn 11y nudpoBy GOpMy I, 3aMIHIOIOTN
OykBy a anriiiicbkoro ajdasity Ha 01, OykBy b — na 02 1 1.71., OykBYy z — Ha 26,
nporyck Mizk cjioBamu — Ha 00, a 1moTiM 3ammudpyBaJii OIMUCAHIM aJIOPUTMOM 3

n = 1143816257578888676693257799761466120102182967212423625625618429
357069352457338978305971235639587050589890751475992900268 79543541

i e =9007, npudomy OyJI0 BiIOMO, IO IIPOCTI Yucaa p 1 g Oyym, BiamosigHo, 64
i 65-nnposumu. Ilepiomy, xTo Jemudpye KPpUITOTEKCT

C' = 968696137546220614771409222543558829057599911245743198746951209

30816298225145708356931476622883989628013391990551829945157815154

oysio obingno BuHaropoay B 100 mosmapis CIHTA. Tinbku depe3 17 pokiB y
1994 p. Arxince, I'padd Jlencrpa i Jleitnen (D.Atkins, M.Graff, A.K.Lenstra,
P.C.Leyland) nemudpysasn mo dpasy (ducia p Ta ¢ BUSIBUINCS TAKIM:

p = 349052951084765094914784961990389813341776463849338 7843990820577,
q = 32769132993266709549961988190834461413177642967992942539798288533,

a BHXIiJHE MOBIJIOMJIEHHSI OYJIO TOCUTDH Oe3ri1y31010 dppasoio «the magic words are
squeamish ossifrades. [demudpyBanns 3aiinsio 220 gHiB 1 3a/1isiH0 OY/10 OJIM3HKO
1600 komIr'toTepiB, 00’eqHAHNX CiTKOIO Internet.

[IpoanaJiizyemo nuranns criiikocti cucremu RSA. YV nporeci simamanis RSA
b py KpUITOAHATITUKY HEOOXITHO pO3B’sSI3yBaTH HACTYIIHY 3aady: BIIIOMO 9H-
cia e, n, C', 1e n € J00yTKOM JBOX HEBIJIOMHX IPOCTHUX YHUCEJT P Ta ¢, i
HC/I (e, p(n)) = 1. Ilorpibuo suaiiti take uncyio x, mo z¢ = C' (mod n). Ha
JIAHUI MOMEHT He icHye e(eKTHBHOI'O aJrOPUTMY JIJIsi PO3B’si3aHHA I€l 3ajadi,
ajie 1 He JIOBEJEHO, [0 TAKOTo ajroputMy He icaye. Lo 3amady MoykHa 3BeCTH 10
HACTYIIHOI: 3a Biomumu e, n, jge n = pq (p ta q wesigomi) i HCI (e, p(n)) =1,
3HafiTH Taxe d, 1o JyIs BCIX MiMX 2 BuKoHyeTbes 2°¢ = x (mod n), gxa, y cBoio
qepry, MPU3BOAUTECsT 10 obuncoBatts ¢(n). OcraHHIO 3a/1a1y MOXKHA PO3B si-
3yBaT ab0 BUKOPHUCTOBYIOUM (paKTOPU3AI0 MOIY/IS N = pq, ado crupobyBaTu
o0ifiTrcs 6e3 po3KJIaly Ha MPOCTI MHOXKHUKHU.

3a/aua po3KIaly HATYPAJIBLHOTO THCIa Ha TPOCTI MHOXKHUKE (3adaya darmo-
pu3ayil) eKBiBaJIeHTHA 337141 MOIIYKY X04a O 0JJHOrO ITPOCTOrO JLIbHIKA THCIIA T
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i Takoro epeKTUBHOTO aJrOPUTMY TAKOXK TaK 1 He 3HaiieH0. 3BUYaiiHO MOXKHA, T1e-
pebuparn Bel IpoCTi MHOXKHUKE YUCIa 10 /7. AJle, HAIPUKJIAL, IJId YUCIa, SKe
sammcyerbes 100 gecatkoumu mudpamu, 3Haiizerses He Mene 4 - 10% mpoctux
qucesi, MO He HepeBUIyoTh +/n. Komir'torepy, 1o BUKOHYE MIJIbIHOH JiiieHb 3a
cekyH Ly (Ipu HaBiTH Jy»Ke Tpy6iit oninmi) norpituo Gyme ne Menme, nizk 103 po-
KiB. BizmomMi i 611611 epeKTUBHI c110co0u po3KJ/Ia 1y HIINX YICes Ha, MHOXKHUKHU, aJle
i BOHM IIPAIIOIOTh JIy2Ke MOBLJIbHO. Tak, Ha chOroHI HalleeKTUBHIII aJropuTMu
dakropuzariii norpedytorh dacy expcyvInnlnlnn. Ha mexi cydacHux MoxK/m-
BocTeit € dakTopuzarig udncen i3 150 jecarkoumu nudpamu. Cepeji ocTaHHIX
JIOCATHEHB y Tift obsacTi MoxkHa 3rajgaTtu npo ycmix Jlencrpa ta Mownacci, gaki
po3kJaan 155-3nadne 9uca0 Ha TPU MPOCTHX uncaa. [ljas mporo BoHM BUKOPHUC-
tasm 1000 00’egranux EOM rta micth THKHIB X MammHHOr0 dacy. O04uncieHHs
3IIHCHIOBAINCSA 3a JIOMOMOTOIO aJrOpuUTMYy aHIificbkoro maremarnka Jxx. [Tos-
nappaa. Gakropusaliis duces i3 01IbII0I KIJIBKICTIO IUdP — 3a4a49a MaiibyTHROIO.
Tomy uncia p Ta ¢ BUOUPAIOTH:

1) nocrarnpo Bequkumu (#e mentie 100 necaTKOBUX 3HAKIB), HE jyzKe OJIHM3b-
KUMI OJIHE JIO OJIHOTO, aJie, Y TOil yKe 4Yac, Mob BOHU He JyzKe BiJIPI3HAIUCS
OJHE BiJ OJIHOTO;

2) p i q nmoBuHHI OyTH TAKUMHE, 11106 HAROLIBINIIT CriIbHAN TTBHUK Trces p— 1
i ¢ — 1 OyB HeBeJIMKUM, HAIIPUKJIA, 2;

3) p Ta ¢ nOBUHHI OYyTH CHJILHO TIPOCTUME YHCIaMU (HATYpaJbHe YHCI0 HAZH-
BaE€TbCsl CUJIBHO IPOCTHUM, SIKIIO YHCJIO, sike OiJIbllle 3a HbOI'0 Ha OJMHMUIIO,
Ma€ BEJUKHUN HTPOCTUl JIBHUK, YHUCJIO0, dKe MEHIe 3a HbOI'0 Ha OJUHUIIIO,
TaKOK M€ BEJIMKUIT MTPOCTUil AJIbHUK, IPUYOMY, SKIIO BlJ[ I[bOI'O OCTAHHBO-
r'o IPOCTOTO JIJILHUKA BIIHATH OJUHUIIO, TO OTPUMAEMO UUCJIO, SIKe TaKOwK
Ma€ BEJUKHUN MPOCTUl TIIHHUK.

Ao xoda 06 ojHA 13 YMOB He 30epira€ThCsi, TO iICHYIOTH JIOCUTH e(PeKTUBHI
aJaropuTMu (pakTopusaIil ducjaa n.

Cupobu obiiituck 6e3 dhaxkTopu3allil NPU3BOAATH 10 HACTYIIHOI 3a/adi: 3a Bi-
aomumu e, n, ge n = pq (p ta q wesimomi) i HC/ (e, p(n)) = 1, 3naiitn Taxe
aucsio d, mo ed — 1 minntees va (n), ae P(n) =HCK (p — 1,¢ — 1). Exsi-
BaJICHTHICTD I[I€] 1 BUXIJIHOI 3a/la4 BUILIUBAE 13 TOTrO, 110 KO 1 = pq, e P, q

=2z (mod n) nia BCIX HIMX & TOAl 1 TLILKK TO,

— PI3HI IPOCTI YUCIa, TO T
kot t = 1 (mod v (n)). [Ipu snaxomkenni Takoro d, mo ed — 1 miuTbest Ha
Y(n), aucio m = ed — 1 BUKOPUCTOBYETHCsI Jist (hbaKTOpU3aIiil 1 3a JOMOMOIOI0
TaK 3BaHOl HMOBIpHICHOI Hporeaypu. | 3HOBY IPUXOIUMO J0O TAKOl K CKJIAHOL

00paxyHKOBOI 3a/ia4i, siK 1 (pbakTopu3allisa ducia.
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Bucaosknu

JociKeHo aJropuT™Mu moOYI0BH yIOOBUX MPOTOKOJIB KPUIITOCUCTEM 3 BiJl-

KPUTHUM KJIFOUEM, TaKOxK JTOCJIIIYKEHO KPUITOCTIRKICTh TaKNX IPOTOKOJIIB. doci-

JIZKEHO IIpobJjieMu peaJiizaliil ajJropuTMiB oOpoOKHM duces1 31 3HAYHOI0 KiJIbKICTIO
1 p B 3aluUCi.
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OCOBEHHOCTHN " ITPOBJIEMBI ITEPEXO/IA
YYEBHBIX 3ABEJEHUNI
HA CBOBOJHOE ITPOT'PAMMHOE OBECIIEYEHUE

B pabore paccmaTpuBatoTcst BOIpockl BHeApenust ¢cBobogaoro 110 B y4eOHbIN mporiece, CJI0XK-
HOCTHU B HUCIIOJIb30BaHNNU, aallTAIIIN YIEHUKOB 1 IIpemoaBaresieii. IIpuBeieHbl OCHOBHBIE HTATH
1t epexojia Ha ¢cBobogaoe 10 ¢ MuHIMATBHBIMI ITOTEPSIMI.

KiroueBble ciioBa: npozpammuoe obecnevenue, c60600H0e npopammHoe obecneverue,
nepexod, enedperue, UCNOAbL306AHUE.

Bcrynsienne

3a 0OoJiee UeM I0JIYBEKOBYIO UCTOPUIO PA3BUTHUSA BbIUNC/IUTEIbHON TEXHUKI
[IpOrpaMMHOE ODeCIIeUeHre PAa3BUIOCh OT BCIIOMOIaTeILHOIO0 KOMIIOHEHTa JIO0 Ca-
MOCTOSITEIbHOI MH/IYCTPHUH, CIIOCOOHOMN HAIIPAB/IATH PA3BUTHE HE TOJIHKO HAYKU 1
TEXHUKHN, HO W 9eJI0BEUECKONl IUBUIN3AIINN B I[EJIOM.

B coBpeMeHHBIX yCI0BHAX MPOrpaMMHOE ODecIiedeHIe sIBJISIeTCsT HeOTAe MO
JACTBIO 1 OJIHON U3 HanboJsiee BayKHBIX OIOP JJIsl IOCTPOEHUS IJI00AJILHOTO MH-
dopMaImoHHOro 00IIECTBA, MTOITOMY B COBPEMEHHOM MUPE TOSBUINCH 1 AKTUBHO
pa3BuBalTCa Takue (DeHOMEHbI, KaK «CBOOOIHOE IIPorpaMMHOe obecliedeHues I
«IIpoOrpaMMHOe obecriedenne ¢ OTKPBITHIM NCXOJHBIM KOJOM».

Ceobojtroe mporpammuoe obecriedenne (nanee CIIO) sBisiercst JmIeH3noH-
HBIM TaK »Ke, KaK JIOOble KOMMepYecKHe IPOIYKTBI, pPacIpOoCTpaHsieMble IO
HecBOOOIHON JjmIeH3ueil. 3akoHHOCTh wucnosb3oBanns CIIO moarsepxkaeTcs
[IPUCOEINHEHNEM T10JIb30BaTEIsI K IIYOINIHOMY JINIIEH3NOHHOMY COIJIAIIEHHIO, KO-
Topoe JocTyHo B cetn uTeprer. Ha ceronusiimuumii jieHb CymecTBYOT MOJIHOICH-
HbIE aHAJIOI'U HPAKTUYECKH BCEX 3aKPBITHIX IJIATHBIX IIPOIPAMM: Oll€paI[lOHHbIe
CHCTEMBI, ITakeT O(UCHBIX IPUIOKEHNI, aHTHBIPYCHOE IIPOrPpAMMHOE ObecIede-
HIe, apXUBATOPLI, CPEJCTBA Pa3pabOTKH, I'padUIecKie PeJaKTOPhL, IPOIPAMMHOE
obecrieyenue jjis8 006padoTKu GpOTON300parKeHMit, TPOJIyKThI JIJId aBTOMATH3AIINN
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poriecca ylpapjeHns opranusaiueii m muoroe jpyroe. Paspaborkoit CITO 3a-
HUMAIOTCS KaK KPYIHbIE KOMIIAHUU-Pa3pPabOTUUKM, TaK U OTJE/JbHbIE TI'PYIIIIbI
IIPOIPAMMUCTOB 110 BCEMY MUDY.

CBobojiHOE TporpaMMHOE obecliedeHne, B JIloOOM cJiydae, MOYKET CBOOOJIHO
yCTaHABJIUBATHCS U HCIIOJIB30BATHCA Ha JIFOOBIX KOMIIbIoTepax. lcrosib3oBanue
takoro [1O c¢BobosHO Besjie: B MIKoJIax, opucax, By3ax, Ha JIMUHBIX KOMIIbIOTEpax
1 BO BCEX OPraHU3aIUsSIX U YIPEXKJIECHUIX, OHO MOXKET HCII0JIb30BATbCs B JIIOOBIX
IEJISIX, BKJIIOUasl KOMMEPYEeCKne, COBEPINeHHO O0e3BO3ME3/IHO, ero MCIIOJIb30BAHIE
pPeryJupyeTcst JTUIEH3UOHHBIMI COTVIAIIICHUSIME, YCTAHABJIMBAIOIINMEI 00beM TIPaB
1 00sI3aHHOCTEN ITPABOMOYHOIO I10JIb30BaTE/Is IPOIPAMMBI. YC/I0BUsS TaK Ha3bl-
BaeMoil ¢BOOOIHOI JIUIEH3UN JICHCTBYIOT 110 BCEMY MUPY U JIAIOT IOJIb30BATE/IIO
3HAYNTEJILHBI 00beM IIpaB, HO 1P 9TOM MOI'YT BCTYIIATh B IIPOTHBOpEUNE ¢ Jieii-
CTBYIOIINM 3aKOHO/IATE/ILCTBOM B KarK 0l OTJIeJILHON CTpaHe.

OcHoBHaY 49acCTb

Ucnonbzosanue CIIO paciupsier nHGOPMAIIMOHHOE IPOCTPAHCTBO 00Pa30Ba-
TEJIbHOI'O YUPErK/IeHNsT CBOOOHOIO OT JIMIEH3WI U JIPYTUX OTINCICHI, 1 OPUEeH-
TUPOBAHO JIJIsI CO3QaHNs JUHAMUYIECKON yIeOHOI cpeibl MeK/1y IIPeIoiaBare/ieM
U YIEHIKOM.

Ho mmerorcst mpudmHbI, Kacaroluecs: HEIOCPEJICTBEHHO IMKOJ. Bo-1epBhiX,
€BODO/IHOE IIPOrpaMMHOE 0DecIieueHe 1103B0JIsIeT COXPAHATh OI0/?KETHBIE J€HbI'H.
Kpome Toro, Bce mporpaMmHoe obeclieueHne, yCTaHOBJIEHHOE B IIKOJIe, JOJIXKHO
OBITH JTOCTYIIHO JIJIsT KOIMPOBAHUSI yIeHIKAM, ITOOBI OHII MOLJIN OpaTh €ro J0MOii
1 1IepeIaBaTh JPYTTIM.

[Ipunobienne y9eHMKOB K UCIIOJIL30BAHIIO CBOOOTHOTO TTPOTPAMMHOI0 00ecte-
YeHUsI U YYIaCTHIO B YKU3HU COODIIECTBA CBOOOIHOTO IIPOIPAMMHOIO 00eCIIe e s
— IPaKTUYECKUl yPOK OOIIEeCTBEHHON »KI3HU.

['pamotnoe u sdpdexrusaoe BHeapenne CIIO — komiuiekcHbIi 1porece, Ko-
TOPBIIl 3aK/II0YaeTcss He TOJIbBKO B CaMoOil ycTaHOBKe JIuCTpuOyTuBoB. IIpexxie
BCEro, HeoOXoanMO IpoBecTn aHaan3 IT-mHdpacTpyKTyphl MIKOJIBI, HHBEHTAPH-
3aIIM0 MMEOIINXCs JINIIEH3UI Ha IIPorpaMMHOe obecIiedenne, mepepacipe/IeaieHne
aImapaTHOro obecriedennst n 6eCCPOUHBIX JIUIEH3MUIT Ha IPOTpHeTapHble (IT0JIyCBO-
OOJIHBIE) TIPOIPAMMBI B 3aBUCUMOCTHU OT OTPEOHOCTEI MIKOJIbI, BRIOpATh Hanboiee
noaxoasiuii guctpudyTup CIIO, yuuTbiBas 3aja4n u crennduky KOHKPETHOIO
VUperKJIeHNd, a TaKzKe 0COOEHHOCTH 00OPY/I0BAHMSI.

[Ipr 5TOM HEOOXOAUMO IHOHUMATDH, YTO IIOCe yecTaHOBKHU 1 HacTpoiiku CIIO
IIIKOJIe HeoOXOIMMa, ITOIIEePIKKA.
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Ha cerojust B mKoJsie, Kak 1 B HEKOTOPBIX APYTHUX CEIMEHTaX PbIHKa, IIpeodia-
JIAI0T 3aKPBIThIe Onepalonubie cucreMbl 1 miaTdopmbl (MS-DOS, Windows), u
npuK/ajHee mporpammubie mpoayKTel (Microsoft Office, Photoshop, CorelDraw
u Jip.) [IkosbHbBIE TpOrpaMMbl U yIeOHNKN paszpaboTanbl ¢ yueToMm imaTaoro 110,
OJIHAKO JIEHEYKHBIX CPEJICTB JI/Isl IIKOJI Ha UX IIPHOOPETEeHHe He IIPEyCMOTPEHO.

Eciin yauTbiBaTh, 9TO BO MHOIMX OduCax Pa3JInYHBbIX (DUPM K3 ILJIATHOI'O
[TO ucnosb3yercss Toapko OC Windows u aHTUBUPYCHBIE IIPOI'PAMMBI, 8 OCTa/Ib-
HbIE 3aMEHSIOTCS CBOOOIHO-PACIIPOCTPAHSIEMBIMHI, TO 00y YeHIe MKOJIbHIKOB STHM
IIpOrpaMMaM CTAHOBUTCS aKTyaJIbHBIM.

IIpn ycranoBke Linux-crcreM He BO3HHKaeT HUKAKIX CI0XKHOCTE, OHa ycTa-
HaBJIMBaeTCsl 0e3 1pobjeM 1 HapeKaHuil. B HEKOTOPBIX cOOpKax BMecTe C IIPO-
IpaMMHBIM 00eCIIeYeHUEM.

OrpoMHBIM PENMYIIECTBOM SIBJISIETCS IIPAKTUIECKOE OTCYTCTBUE KOMIIBIO-
TEPHBIX BUPYCOB JIJIsl 9TOIl onepaluonHoii cucrembl. Ho cyrecTByer HECKOJIBKO
CJIOYKHOCTEIT IIPU IIepexo/ie Ha OlepaIoHHy 0 cucTeMy Linux, ¢ KOTOPBIMEI MOXK-
HO CTOJIKHYTBCsI B 1poriecce nepexojga Ha CIIO:

e 11po0JIEMHOE TIOJKII0UEeHNe NHTEPAKTUBHBIX JOCOK, YCTAHOBKA, JIJIS HUX IIPO-
rpammuoro obecriedennst o, OC Linux;

® 0O0JIbITIOE KOJIMYIECTBO 00PA30BaATE/IHLHBIX YIeOHBIX PECYPCOB Ha ONTHYECKUX
HOCHUTEJISIX, BBIIYIIEHHBIX CIIeIaJbHO 110 pa3/IniHble BEPCUM OIEPAIIOH-
HbIX cucteM Windows, KoTopble TpeOYIOT 0OpallleHus K JIUCKY;

® YCJIOBHAs CJI0XKHOCTH IIPU HACTPOIKe HepudepuitHoro 060py10BaHus;

® HErOTOBHOCTH HEKOTOPBIX IperojaBaTesieil mepeyuanBaTbcsd K HPUMEHEHUIO
HOBOI OIIEpPAIOHHO CHCTEMBI, PA30pBaTh CTEPEOTUIIBI, XOTSI MEHIO STHX
aJIbTePHATUBHBIX IIPOIPAMM C IJIATHBIMU BEPCUSIME IPAKTUIECKN UJIeHTUY-
HBL.

[IepexoauTs nin He IePeXoUTh Ha CBOOOIHOE IIpOrpaMMHOE obeciiedeHne, 3To
CaMOCTOSITE/IbHOE PellleHne aJMUHICTPAIIN 00Pa30BaTe/IbHOIO YIPErKIeHIS NI
KayKJI0TO I'parkJIaHlUHAa, HO HCIIO/JIb30BaTh B KadeCcTBe aJIbTePHATUBHOI'O BapuaH-
Ta APYrYIO OIepalnoHHyio crucremy, Kpome Windows, B coBpeMeHHOM 00IIecTBe
IIPOCTO HEOOXOIUMO.

B macrositiiee BpeMmst mmepexos Ha, ¢BOOOIHOE M OTKPBITOE IPOrPaMMHOE 0bec-
[eYeHne sIBJIsIeTCs He TOJBKO «HUjIeeii» W MeTOJIOM SKOHOMUN JIeHEsKHBIX CPEJICTB,
HO U HACYII[HOI HEOOXOAMMOCTHIO. AHAJIUTUKN PA3HOIO YPOBHSI IPU3HAIH CBOIO
OINOKY B HEJIOOLEHUBAHII MacIITada Ucioib3oBanust Takoro 11O 1 BbIHY K IeHbI
KOHCTATUPOBATHL €ro OYPHBIN POCT.

Jly1s1 pelrennst OCTABJIEHHON 3349l HEOOXOIMMO CJIEJIOBAThL OIIPeIeIeHHOM
METO/IUKE, KOTOPas II03BOJIUT OCYIIECTBUTD IIEPEX0/I ¢ MUHIMAJILHBIMI IIOTEPSIMHA.
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Bot ee ocHoBHBIE TIATH:
O06csieoBaHmMe CyIIECTBYIONIErO MMOJIOXKEHNsT B yIeOHOM 3aBeJICHUN.
BripaboTKa KOHIIEHIUN [IepexXo/ia.
Crenpamm3upoBaHHbIe CTPYKTYPbI 110 BHeIpenuio u nojjep:kke CITO.
[IpoBenenne obyveHusi mpemnogapaTesieil i COTPYIHIKOB.
Cocrapienne miana modtainoro sueaperust CIIO B yaebHbIl mporecc.
[Tepexo.

SN O e

CBobo/iHOE TTPOrpaMMHOe obeciedeHne 1e1ecoodpa3Ho UCI0JIb30BaTh Ha yPO-
Kax MHMOPMATUKKM, B HPOMUILHOM O0yUYeHHU, Ha 3aHSITHSX 110 IIPOrpaMMaM
JIOTIOJTHUTEJILHOIO 00pa30BaHmsd. AHaIN3 yIeOHBIX IPOrpaMM IPOMUILHOTO 00Y-
YeHUST MOKA3BIBAET, UTO OJHUM N3 PACIHPOCTPAHEHHBIX HAIPABJIEHUN SIBJISIETCS
IIPOTPAMMUIPOBAHIE.

Kak npaBuio, yuanTesab CTPEeMUTCs UCIIOJIb30BaTh COBPEMEHHbIE SI3bIKI U CH-
CTeMBI IIPOrPAMMUPOBAHNsI, IIPH 3TOM BO3HHKAET HEOOXOIMMOCTH BBIOOPA U IIPH-
obperenust [10. U mockobKy o (buHAHCHPOBAHUU CO CTOPOHBI T'OCYIAPCTBA BO-
o0IIle W OT/eJIOB 00pa30BaHUsl B YaCTHOCTHU II0Ka pedd He HUJIET, TO MpodJieMa
npuobperenusi JunensunonHoro 110 ocraerca orkpeiToil. Mcnoaszosanue CIIO
[I03BOJISIET CHATH YKA3aHHYIO IIPOOJIEMY.

B nakere CIIO moctaB/isiioTest HECKOJIBKO CHCTEM TPOrPAMMUPOBAHMUST (B TOM
qnciie Kdevelop, Lazarus, Gambas na sisbikax C-++, Pascal, BASIC cooret-
CTBEHHO), 9YTO JaeT MOJOKUTeNbHBIH 3¢ dexT B ucnoabzopannu CIIO mpu Bo3-
MOYKHOCTH BBIOOpa 3bIKa IIPOIPAMMUPOBAHNSI.

Bropoit moment, CIIO 1mo3BoJIIOT ydueHHKaM y3HATb, KakK padoTaeT IIpo-
IpaMMHOe obecIiedeHre IOTOMY, UTO UCXOQHBII KO Y Hero sIBJIsieTCsl OTKPBITHIM, B
orinure or OC Windows u ITO Microsoft, rie ncxoublit Ko 3aKpPBIT. Y YeHIKAM
IIPEJIOCTABJISIETCS] BOBMOXKHOCTD YUTATh MCXOJHBIA KOJI IIPOrpaMM, KOTOPbIE OHI
UCIHOJIb3YIOT KazKJIblil JIeHb.

Bce 310 MOXKeT cIocoOCTBOBATH IIPABUJIBHOMY OIPEJIE/IEHUI0 JaJIbHENRIINX
JKI3HEHHBIX IIJIAHOB W BHIOOPY MPOQECCHH.

Bce BolIenepednciennoe j1aer moJoKuTeabHblil ahdext npumenenns CIIO
B 00pa30BaHUMN.

BriBoabl

Ananuz jmrepaTypbl IOKa3aJ1, 9TO B IOCJIEIHIE IOJIbl aKTyaJIbHLIMU CTAHO-
BATCS BOIIPOCHI IIPUMEHEHHsI CBOOOJIHOIO IIPOIPaMMHOI0 obeciieueHusi B oOpa-
zoBanuu. CBOOOJIHOE IIPOIPaMMHOE ODecIiedeHne CTaHOBUTCsS PaCIPOCTPaHEHHOi
MOJIEJIbIO OM3HEeca, MHCTPYMEHTOM JIJIsI IIPOBEJEHUsT HAyIHBIX HCCJICI0BAHUI 1
HOJIJIEPKKI yIeOHOIO IHPOIecca, HOCUTEIEM IIePEeIOBbIX TeXHOJIOIUI 1 9KCIIepu-
MEHTaJIbHON MJIOIIAAKON I MHHOBAIIUIL.

Bumyckx N4, 2014 117



Ha narmm B3ris1, ucrosib3oBanne ¢cBOOOJHOIO MPOIPAMMHOTO 0OECIIeUeHHST siB-
JISIeTCsl IIPEeKpacHoil ajibTepHaTUBO, 3HAYUTEJLHO PACIINPAIONIeil He TOJIbKO BO3-
MOYKHOCTH TIperojiaBains NHPOPMATUKHI B IITKOJIe, HO U UCIOJIb30BaHue 3toro 110
B IIpoheccnonaILHON TeATeTbHOCTH 11€/1ar0roB.
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KOMII'IFOTEPHA MEPE2KA HABYAJIBHOI'O BAKJIAZLY 4K
3ACIB NIABUIIIEHHA EOEKTUBHOCTI OO0 JIAJIHHOCTI

Y cTaTTi M0C/RKYEThCd BUOID MiJIXO/IB /I BIPOBA/PKEHHS Ta BUKOPUCTAHHS KOMII IOTEPHOT
MepexKi 1 IporpaMHOro 3abesnedeHns B HaBYAJbLHII IIPOIEC B 3araJbHOOCBITHIN KO JJIsT 10-
cATHeHHsI e(peKTUBHOIO HABYAHHS IIKOJISIPIB Ta B3AEMHOI CIIBIPAI MiXK YIUTEIIMA Ta Y IHIAME
Jtst OLIBINT ePeKTUBHOTO BUKJIAIAHHS MaTepiay.

KurrouoBi cioBa: wmepeoica, xomn romeprna mepesica, npozpamme 3a6€3neeris, Hasaib-
HULT NPOUEC, 342ANDHOOCBIMHA UKONQ.

Beryn

[aJty3b iHpOpMaliiHIX TEXHOJIOrI € OHIEI0 3 DaraThoX y CBITI, 110 JIMHAMIY-
HO PO3BUBaIOTHCsI. PO3BUTOK 1 MIMPOKE 3acTOCYBaHHS 1H(MOPMAIIITHIX TEXHOJIOTIi
OYJIb-sIKIMH IIPOIIAPKAMU CYCIILJIbCTBA € IJI00aJIbHOIO TEHIEHIIIEI0 CBITOBOIO PO3-
BUTKY. IX BUKOpHUCTaHHS Mag€ pillyde 3HAYEHHA JIs IABUINCHHS PIBHS KUTTS
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IPOMaJIsiH 1 KOHKYPEHTHO3/1aTHOI HalllOHAJIbHOI €eKOHOMIKHU, PO3IIMPEHHS MOKJIH-
BOCTell 11 iHTerparii B CBITOBY €KOHOMIUHY CHCTEMY, 3POCTaHHsd e(peKTUBHOCTI
JIEPKaBHOIO YIIPaBJIIHHS 1 MICIIEBOIO CAMOBPSI/Ly BAHHSI.

Pazom 3 TumMm, indopmaliiiHi TeXHOJIOrl MalTh BeJINKE 3HAYEHHsI 1 B »KHUTTI
3BUYANHOI JIIOJWMHU, 3allepevdyBaTh Iie ByKe HIXTo He Oyie. [ndopmariitai TexHo-
JIOT1T CTUMYJIIOIOTHh PO3BUTOK PISHOMAHITHUX raJjy3eil JisJIbHOCTI JIIOJAUHU.

Ha meit uac indopmariiitai TexsoJorii — 1e 3acodbu 0oMiHy iH(DOPMAIIIE0, OTPH-
MaHHsI OCTaHHIX HOBHMH B CyJ9aCHOMY CBITi, TakK came IOTOKHU iHdopmalil Ta ix
TEeXHIYHE BUCHAYKEHH, STKi BHKOPUCTOBYIOTHCS JIJIst POOOTH Ta HaBYaHHs. OCHOB-
HUMHI 3aco0aMu iHMOPMAIIHHUX TEXHOJIOTi Ha CHOTOJHINIHINA JeHb € iHTepHEeT,
TejsebadeHHsl, palOMOBJIEHHs 1, 3BUYaitHO, MOOL/IBLHII 3B SI30K.

OjiHaK, YHIKaJBHUM SIBUIIEM CYYacHOCTI BHCTYIIAE BCECBITHS Meperka [HTep-
HET, 0 OCHOBHMX (DYHKIIIll sIKOI HaJIeKaTh Ii3HaBaJIbHA, PO3BarkKajIbHa 1 KOMYHI-
KaTUBHA.

Cutijr 3a3Ha9UTH TOM (DAKT, 1110 HINPOKE BXOAKEHHST IHTEPHETY B KUTTS 1 I00YT
JIIOJINHY BIJIOYBaJIoCAd HabaraTo MIBUIIIE MACOBOTO 3aCBOEHHS TAaKMX 3aCODIB K
TesiedavueHHsl, pajio, MOOLILHUI 3B A30K.

SHadyeHHsT poOOTHU TI0JIsITA€ B TOMY, 11100 ITOKa3aTH KOPUCHUI BIJIMB KOMII O-
Tepu3allil Ha AKICTb HABYAHHS JiTEll B IIKOJI, JIEFKOCTI JIOCTYIy J10 iH(OopMaIiil
y BUNTEJIB 1 MiITPUMaHH 3B’ 43Ky dYepe3 KOMIT I0OTEpHY MepexKy MiK BUKJIajiada-
MU, JIMPEKIIIEIO JIJIsI KOHTPOJIIO HaJl [IPOIeCOM HaBYaHHSI 1 BUXOBAHHS YUHIB, IO €
BaXKJTUBUM (PaKTOM JjIg (POPMYBaHHS 3HAHB Y MiIPOCTAIOYOr0 MOKOIHHS.

OcHOBHA 4YacCTHUHA

JTocBiT TpoBeIeHHsT BIIPOBA/PKEHHsT MEPEYKEBOI0 MTPOTPAMHOTO 3abe3MedeH s
B 3O Ne10 m. CrnioB’sincbka. [IpoekT 110 BBEJICHHIO JIOKAJIbHOI MepexKi B IKOJI
OyB 3aTBeppKenuit i movan gigTu y 2013 porii.

st mouaTky Oysa 3ibpaHa mnejaroriuna paja, Ha kil OyJio MpoBejeHo Oe-
CITY 3 YUHUTEJISAME 00 BIPOBA/IZKEHHS MEPEXKeBOro 3abe3medents y MIKOJI, Jie
nejiaroraM TMOsICHUJINA TIepeBaru 1 MOYKJIMBOCTI MEPEXKEBOT'O ITPOrPaMHOTo 3abe3Iie-
JenHs. Bonn Oy/m ToToBi 10 TAKWX 3MiH, 00 HEIMOIaBHO MiATBEPIUIN BOJIOIIHHA
KOMIT IOTE€PHOIO TEXHIKOIO Ha BUCOKOMY PIBHI, TPUITHSABIIN aKTUBHY yIacTh y JeP-
JKaBHifl 1i1boBiit mporpaMi BupoBaiKennsd KT y naBdaabHO-BUXOBHUIT ITpoliec
«100 B1JICOTKIBY.

[TerarorivHoMy KOJIEKTHUBY OYJIO TTOSICHEHI ITiJII 1 38184l JJaHOTO BIIPOBA/IZKCH-
Hs. By/o 3a3na4deno, Mo mKiIbHI KOMIT 10Tepr OY1yTh 3HAXOAUTUCH TI0 BCifl MKOJII:
y KabiHeTi jaumpekTopa, 3acTynHuKIB jgupekropa 3 HBP Ta AI'Y, nmpaxkrtuaxoro
IICUXO0JI0Ta, B yUNTEILChKiil, 6ib/1ioTerni Ta mpeaMeTHux Kadinerax. Bci Bonu Oy-
JIyTh TIOETHAHI JIOKAJTBHOIO MEPEXKelo, 3a JIOTIOMOTOI0 KOl Oyjie 3/IiiicHIOBaTHCh
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Indopmaruka Ta MeToauKa 11 BUKJIaJaHHS

TeXHIYHA NJITPUMKa HaBYaJJIbHOI, BUXOBHOI Ta I'OCIOAPYOl JisJIbHOCTI HIKOJIA, B
TAKOMY BUITQJIKy Meperka Oyjie TEXHIYHOIO OCHOBOIO 1H(OPMAIIHOT 0a31 MKOJIN.

BzaraJji-To B MIKIJIBHUX KOMII FOTEpHUX KJlacaX HaiffdacTilie 3a Bce BHKOPU-
CTOBYETHCsI OpraHizallisl JOKaJbHOI MepexKi 3a JOIOMOroo cepsepa. Moro dyH-
KIlish — 30epirantg i po3cuyika hailyiiB 3 MporpaMHuM 3a0e3edeHHsIM, 3 JTaHUMHI,
HeOOXITHUMHU JIJIsI OpraHisallil HaB4aJIbHOI'O IIpolecy. ¥ cepBepa OyayTb oOMe-
JKeH1 BapiaHTH JIOCTYILY: JIJIs JIMPEeKTOpa Ta aJMiHICTpaTopa — IOBHUN JIOCTYII
J1o indopmaliii, s BCiX iHIMUX — 3Budaiinmii. Jlocryn odMmexkenuit maposem. Y
ITKOJISIPIB — BIIBHUI JOCTYT O€3 TTapoJis JI0 1ie O1IBII 00MezKeHoTo 00’ eMy iHdOp-
Mallii. Y4Hi npalioTh 3a podbounMu cTaHmigMmu. [Laoc B ToMy, 1110 3BUYaiiHo, BCi
V4IHI MOYXKYTh OOMiHIOBATHUCH (railjlaMu, ajie BCi BOHU OYAYTb IPOXOJIUTH Yepe3
cepBep.

Hactynnum Kpokom OYB IHCTPYKTaXK 110,10 KOPUCTYBaHHA Mepexkeio. BeboMy
IIePCOHAJIY 3aIlPOIIOHOBAHO IIpOrPaMHe 3a0e3IedeHHsI, 3a JOIOMOIOI0 sIKOTO MOYK-
JINBO IIPOBOJINTH OHJIaliH-KOH(DEPEHIIil, ceaHcu 4aTy, 30epiraTu BCio iH(MOpMAIIiio
y cepBepi-cxoButi. [le, K mokasye mpakTHKa, JyKe 3PYIHO JIJIT BUKOPUCTAHHS
MepeKi BEJIMKOIO KLIBKICTIO JIIoJieil. 3a JesdKuil gac Besd iHdopmallis Oysia BHeceHa
J10 0a3M 1 3alporoHOBaHa JIJIsi KOPUCTYBAHHS ITiJ] OCOOJIMBUM BapiaHTOM JIOCTY-
Iy — OOMeyKeHUil 1mapojieM Ta IMEHHUI JOCTYI KOXKHOI'O 3 KOPHUCTyBadiB. B 1110
eJIEKTPOHNY 0a3y YBIUIIIN K BCl METOJMYHI MaTepiaJsu, BiJIOMOCTI IIPO BCIiX Ipa-
I[IBHUKIB IIKOJIM, TaK 1 HOpMAaTUBHO-IIPaBOBa 0a3a, OCHOBHI HAKa31 Ta JIOKYMEHTH.

Yaru OyayTh KOPUCHI, 100 MOBIJIOMUTH PO MPHUTOJAN 1 Pi3HI cuTyarll jim-
pekTopa Ta ajaMiHicTpamii. Ile »k Habararo mBuAIIe BiANPABUTH IIOBIIOMJICHHS:
«[TanoBHMIT TaHE JUPEKTOP, 3aii1iTh, Oy/b Jacka 10 10-B», He mokugaoun Kiac,
HiXK ITOKUJIATH ayIUTOPito 1 fiTn B KabiHeT J10 JupeKkTopa. Baarasi To gaHuii migxis
€ JTy»Ke KOPUCHUM /JIJIs1 €EKOHOMIT Jacy 1 Oi1bIT e(heKTUBHOTO BUXOBAHHS Ta HaBYaH-
Hs yuHiB. Ille MO3MTUBHUM MOMEHTOM € JIETKICTH 3BITYBaHHs Iepej] OaTbKaMu
I10/10 YCIINTHOCTI Ta HaBYaHHS YUHIB.

BucaoBknu

B xo/1i ipoBejieHux J0C/Ii/IKeHb MU 3’ ICyBaJIl, 110 MepexKa, [HTepHeT J103BOJIsIE
HaMOLJIBIT MIMPOKO BUKOPUCTOBYBATH iH(OPMAaIlil0 HAyKOBOI'O, JIJOBOTO, Ii3Ha-
BaJIbHOI'O 1 po3BarkaJIbHOroO XapakTepy. llepenada jmaHux 3a JOIMOMOro0 Mepexi
[nTepHeT MOXKJIMBa Ha Oy/Ib-SKi BijcTaHi 1 3 BIIMIHHOIO SIKICTIO.

Posrsanynm nepeBaru i HeJI0/1iKN JJOKaJILHOT MepexKi. BoHa 06’e/inye KOMIT 10-
Tepu, BCTAHOBJICHHI B OJHOMY IpUMIiIeHHI abo B ojHiil Oymisii. [ 3’gcyBasu, 1o
BCTAHOB/IEHA B IITKOJII JIOKAIbHA MepeXKa € JIyzKe 3pYIHOIO 1 BUTJIHOIO, He TTOTpebye
MIOMICSTIHOI OILJIATH 1 € TeXK JIyzKe (DYHKIIOHAJIBHOIO JIJIsd MKLILHUX MOTPED.
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JlokajibHa Meperka MoxKe 00'€IHyBaTH JeKiJIbKa KOMII'IOTEPIB 1 JaBaTH MOXK-
JINBICTH KOPUCTYBadaM CILJILHO BUKOPUCTOBYBATH PECYPCU KOMIT IOTEPIB, & TAKOXK
HIJIKJIFOUeHNX J10 Mepexki nepudepiiiHux IpucTpoiB.

Bceranoiena JJoKaJbHa Mepeka Jla€ 3MOTY BUKOPUCTOBYBATH CIIeIiaIbHe ITPO-
rpamMHe 3a0e3IedeHHsI /I Oprafisallil Jaris, BigeokoHndepeniit. CTBOpeHHS ejie-
KTPOHHOI'O CXOBHUIA iH(MOpMAaIIl JTO3BOJISIE BCIM KOMIT IOTEPAM MaTH JOCTYII JI0
indopmanii 3akiany. aru 103BOJSIOTH MATH 3B 930K MiXK IIeJlaroraMi B Pi3HUX
kKabiHeTax. 3a JOIOMOIOI0 BijIeOKOH(MEPEHIIiil v JIOKaJIbHINT MepexKi 3’siBIIeThCs
MOZKJIUBICTD TPOBEJIEHHS T1€/IaroT19HOT Paju, KON BUUTE/ 3HAXO/IAThCA Y PI3HUX
KabiHeTax.

Bukonytoun 1o poboTy, MU 3’sicyBa/ii, K i sKe MOTPIOHO BUKOPUCTOBYBA-
TH TporpaMHe 3a0e31edeHHs I JJOKAJIbHOI MepeXKi 1 K MOXKJIMBO TTOKPAaITUTH
HaBYAHHS Ta BUXOBAHHS JIITEil B IIKOJII 32 JOIMOMOIOI0 KOMII IOTEPHOT MepexKi.

BukopucToByodn 10CBij BBeIeHHsI KOMII FOTEPHOI MeperKi B 3arajibHOOCBITHiIl
ITKOJII, M 3pOOMJI BUCHOBOK, IIIO BBEJICHHS KOMIT FOTEPHOI MEPEXKi B KOPHUCTY-
BaHHS 11€JarorivHOr0 KOJIEKTUBY ITKOJIM TOKPAIILYE, JUCIUILIIHYE 1 OpraHi30BYe
B3a€MHY JIISIJIBHICTD 1IeJIaroriB, Pe3yJIbTaTOM KOl € came Te, JI0 YOro MU IparHe-
MO, a caMe — SIKICHI 3HaHHsI YUHIB. Bo sKicHI 3HaHHS yUHIB — HaliOlIbIlIa HAropo/ia
JIUIsT OyJIb-sIKOTO BUHUTEJISI-IIATPIOTa CBOET CIrpaB!
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BUKOPHUCTAHHAM 1H(OPMAIiHHO-KOMYHIKAIIITHIX TEXHOJIOTi#l. 30KpeMa pO3IJIsIal0ThCs XMapHi

opraHizaliil caMOCTiiiHOI POOOTHU 30KpeMa.
Kunro4oBi cjioBa: camoocsimus KoMnemeHmHicms, TMAPHL MEeTHOA02T.

Bceryn

CyuacHuil ¢BIT HEMOXK/IMBO yABUTH 6€3 iHMOPMAIIHHOT M ATPUMKHI Oy 1b-s1KOT
cdepu JI0ACHKOI JisibHOCTI. [HhopMaIliiiHl TeXHOJIOrT IPUBHECIN B HAIIIE XKUTTSI
He TLIBKW 3PYYHICTb, JUHAMI3M Ta 00I3HAHICTDL, aJjie i BUMaraloTh BiJl HaC Iepe-
Oy/I0BU HAIIOl JTIAJIBHOCTI 381 1X ePeKTUBHOTO Ta FapMOHIITHONO BUKOPUCTaH-
Hs1. A ToMy, mpobJieMa IJArOTOBKN BCiX 0€3 BUHSTKIB cyD e€KTiB iHMOpMAaIiiiHO-
KOMYHIKQIITHUX TEXHOJIOT1{l € OJIHI€I0 3 T'OJIOBHUX 3aB/laHb CydaCHOI OCBITH Ha
Oyab-sikoMy piBHI. [losiBa B modaTKoOBiil OCBITI TAKOI'0 HaBYAJJILHOIO IIPEIMETY SIK
«CxoauHKN 10 iH(OPMATUKL», IIEPII 3a BCe, Hece B cODI MeTy PO3yMiHHSI yUHSIMIU
OCHOB caMol iH(POPMATHUKN Ta OCHOB iH(OPMAaIiiiHO-KOMYHIKAIITHIX TEXHOJIOTIi
(IKT). IKT — e i Textos0ri1, IKi Oy Iy Th JomOMAraTi IM B MOJAJIBIIIOMY HABIAH-
Hi Ha Oy/Ib-KOMY OCBITHBO-KBaJIipiKariifHoMy piBHI. A OT»Ke, HaCTyIIHA 3a/a4a
MOJIATAE B TOMY, MO0 IMiATOTYyBaTH JO MPOoeciitHol AisgIbHOCTI MallbyTHIX ydu-
TeJIB, sIKUM HeoOXijiHO OyJie HaBuaTh ByKe iHdopmalliitHo obisHaHux y4HiB. [l
PO3B’43KY 1€l IPOOJIEMH ICHYE BEJINKA KiJIbKICTH ITX0/IIB METOIMYHOIO XapaKTe-
Py, K1 TUM YU IHIIIIM c11I0cO60M (DOPMYIOTH Y MafiOyTHIX yauTe iB iHdopMaliiino-
KOMYHIKaIIiHY KOMIIETEHTHICTb.

Besimka KiJbKicTh MeTOJiB  hopMyBaHHs 1H(MOpPMAaIiTHO-KOMYHIKaIIHOT
KOMIIETEHTHOCTI TIOB’d3aHa 3 IIUPOKUM BUKOPUCTAHHIM B HaBYAHHI Ccame
indopMaliitHO-KOMYHIKaIIiHUX TexHoJioriil. Buxkopucranus iX B ayJIuTOpHIIi,
11032y IUTOPHI, AUCTaHII{THI, 8 0cobJIMBO, caMOCTiiiHiil (popMi HABUAHHS, JJ03BO-
Jisie ccpopMyBaTH He TIIbKHU 1HMOPMAIiiHO-KOMYHIKAIITHY KOMIIETEHTHICTh Maii-
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OYTHIX BUNTEJIB, & i CAMOOCBITHIO KOMIIETEHTHICTh, STKa € HeOOX1/IHOIO CKJIa0BOIO
MafioyTHHOTO haxiBIid.

[ITupoke 3acTocyBaHHs iH(OPMAIIIHO-KOMYHIKAIIITHIX TEXHOJIOTIH il Jac
HaBYaJIbLHOI'O IIPOIeCy HaJ/la€ HAOYHl NPUKJIAJM 1X BUKOPUCTaHHS, BUKPUBAE 1X
MO3UTUBHI Ta HEraTWBHI MOMEHTH, 11epe0yIoBye camy (hopMy HaBYAHHI.

Ackpasum npukiagom KT e xmapni Texrosorii. Po3BuTOK KOMIT I0TEpHIX
MepezK, 1X pecypciB Ta CepBICIB J03BOJIsI€ CTBOPIOBATU HE TLIBKH JIOBIJIKOBI CHC-
TEMH, CUCTEeMU 30eperKeHHd iHdopmallil Ta 11 MOIIyKYy, a TaKoxK iHdopMalliiini
CUCTEeMHU, {KI MOYKHA BUKOPHUCTOBYBATU K B Ipodeciiiniii, Tak fi B HaBIAIbHI
nistibHOCTI. [TosiBa XMapHUX TEXHOJIOTIN BUJIO3MIHIIA HE TLIBKU iH(MOPMAIITHO-
OCBITHIiT 1pocTip, a it popMmu 1nojganHsa iHGOPMAIIIT, 10 MYJIBTUMEIINHIX MOXKJIU-
BOCTEll KOMII'IOTEPIB J10jlajIach MacoBicThb iHdopMaIiii, i1 MBUJIKO3MIHHICTD Ta
aKTyaJbHICTh. Bcl HaBegeHl AKOCTI J03BOJIAIOTH PO3TJIAATH XMapHI TeXHOJIOTI
sIK CYTTEBUII KPOK JI0 CTBOPEHHsI iH(OPMAalliiiHO-OCBITHBOI'O CepeIoBUIIa Ha Oy/Ib
SIKOMY OCBITHBO-KBaJIi(piKaIiiTHOMY piBHI.

Hocuigzkenns: popM, METOJIIB Ta 3a/4a4 CAMOCTIIHOI poOOTH PO3IJIsiIA/IN B CBO-
ix poborax B. Anjpeesa, O. I'appummmnoi, B. Jloronorsoi, C.€nkanosa, M. 3abop-
mukoBol, E. Mipomraunuenko, O. @exnoporol Ta iH. IInTaHHs BUKOPHUCTaHHST KOM-
I’ I0OTEPHUX TEXHOJIOTII B HABYAJILHOMY IIPOIIECi BijI0OparyKeHo y BeJIMKIiil KiTHbKOCTI
JIOCJIIJIZKEHDb sIK BITUM3HSHUX TaK 1 3aKOPJOHHUX (axiBIiB. 30KpeMa B IMpalsgx
B. Bukosa, M. ZKasnaka, O. zZKuisnosa, FO. 2ZKyka, B. Isposunkosa, B. Kiiouko,
A. Komowmienn, O. Kysuenosa, B. Monaxosa, H. Mopze, O. Myxkogiz, JI. [Tanuen-
KO Ta IH. PO3TJIAIAaEThCA MUTaHHS BUKOPUCTAHHS 1H(MOPMAIIiTHO-KOMYHIKAIITHITX
TexXHOJIONIil B HaB4YaHHi, a B poborax O. Anamenko [4], I'. Anekcansn, JI. [lanuen-
KO Ta 1H. TUTAHHI BUKOPUCTAHHS XMapPHUX TEXHOJIOT1i B OCBITI.

Tum He MeHIN, 3aJUIIAETHCI HEBUCBITJIEHUM IIpoOJieMa (hOpMyBaHHSI CAMO-
OCBITHBOI KOMITETEHTHOCTI 3acobamMu iH(MOPMAITHO-KOMYHIKAIIITHITX TeXHOJIOTIi
B3araJji Ta XMapHUX TEXHOJIOTI 30KpeMa.

Meta Jj1oc/iKeHHST [ToJIrae Y BUSHaAUCHH] POJIi XMapPHUX TEXHOJIOTi j11s1 hop-
MYyBaHH$ CAMOOCBITHBOI KOMIIETEHTHOCTI MaiflOyTHIX BUUTEJIIB.

OcHoBHA YacTHHA
Po3BUTOK KOMIT'IOTEPHUX KOMYHIKalliil JIO3BOJIUB CTBOPUTHU 3 BEJUKOI KiJb-

KOCT1 PO3PI3HEHNX OOYMCIIOBAJILHUX PECYPCIB CIIJILHY, JUHAMIUHY, HAYKOMICTKY
cucremy. Il cucrema 37aTHa HaJaTH HE TLIBKU OI3HECOBIN YaCTUHI KOPUCTYBa~
4iB cydJacHi, MOTYKHI Ta HaiiitHi 3aco00u cTBOpeHHs iH(OPMAIIITHOrO cepeIoBUIIA
KOMEPIIIHOT JIISIJIbHOCTI, aJie il J1Jis1 OCBITHBOI'O CEIMEHTY HaJla€ cepBiCHU, Ha OCHO-
Bl IKUX MOXKHa CTBOPIOBATH iH(OpMaIliitHO-0CBITHE cepepopuine. [losgBa Tepminy
«XMapHi TEeXHOJIOTil» BinOyJiacsd HabaraTo INi3Hillle CTBOPEHHsI caMe IHUX TEeXHO-
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Joriii. Po3pisneny cucremy moc/iyr, siKi 6a3yBaJiCh Ha TEXHOJOTI] KI€HT-cepBep
1 9Ki BUKOPUCTOBYBAJM B CBOIil OCHOBI TillepTeKCTOBUil popMaT MpecTaB/IeHHsd
JIaHIX, HeoOXiiHO OyJsio 00’€HATH 3 MApPKETHHIOBOI TOUKU 30Dy Ta 3 TOUKU 30DPY
craggapTusalii. Kopucryodnch nuMu YyuHHIKaMu komnanis Google y ocobi rene-
paspHoro jgupektopa Epika [HIminra mporostocuiia konreniio «cloud computings,
B OCHOBI 9KOI JIEYKUTD 1Jled TIepeHeceHHs OCHOBHOTO HABAHTAXKEeHH 110 CTBOPEHHIO,
miarpuMii, 6e3merni Ta 06podIl pecypciB, siki BUKOPUCTOBYIOTHCSI KOPUCTYBaIaMIU,
B iHopMaIiiiiny iHpPacTPyKTYpy JaTa-1eHTPiB BUPOOHUKIB MEPEXKeBUX CEPBICIB.
Xoya Mepiii JTOCTIZKEHH 3 IIHOT0 MTUTAHHS BUKOHYBAJIUCH I1ie B 60-Ti poku XX CT.

BuijigioTh '9Th OCHOBHUX XapaKTEPUCTUK XMAPHUX TEXHOJIOTIIA:
e caMO00C/IyTOBYBaHHS 38 BUMOTOIO (KOPUCTYBAY MOYKE OTPUMYBATH B HEOOX1/I-

HOMY 00’€Mi Ta KepyBaTh HEOOXITHUMU OOYUCTIOBAJIBLHUMU pecypcaMu 6e3
JIOTIOMOTH a/IMiHICTpaTopa);
e MeperkeBa JIOCTYIHICTh (XMapHUil cepBic MOBUHEH OyTH JOCTYIHUM 3 OYiib-
SIKOTO TIPUCTPOIO B Oy b-sIKiil TOUI CBITY Ta B Oyjib-sAKHil dac);
e BuMiprOBaHi cepBich (OIIATYETHCS TIIBKH Ta 0OUHCIIOBAIbHA MMOTYZKHICTb,
SIKY KOPUCTYBad JIHCHO BUKOPHUCTOBYE);
® CJIACTUYHICTD (MOKJIMBICTD MOMEHTATBHOT 3MIHI KITHKOCTI i 1acy BUKOPHC-
TaHHST OOYMCTIOBAIBHIX PECYPCIB);
® He3aJIeXKHICTD BiJI arapaTHOro 3abeslevderts (HaaHHs XMApPHUX TOCTYT He
MOBMHHO 3aJI€2KATH BiJI MPAIe3/IaTHOCTI KOHKPETHOIO alapaTHOrO BY3JIa).
Hapeneni xapakTepucTUKN He TiIbKNM BH3HAYAIOTH, SIKI 3 TEXHOJIOTI MOXKHA
BIJIHECTU JIO XMapHUX, & dK1 Hi, Ta MIJKPECIOITh llepeBaru XMapHUX TEXHOJIO-
riit. [lo-niepire, e eKoHOMIUHA BUI'OJIa, IO BUILIMBAE 3 BiJICYTHOCTI HEOOXiIHOCTI
HiITPUMYBaTH IIPale31aTHICTh BJIACHIX 00UNC/IIOBAIbHIX PECYPCIB Ta CEPBICHOIO
00CJIyrOBYBaHHS I oIladyBaTH HeBUKOpucTaHi pecypcu. [lo-apyre, 1e indopma-
mifina Oe3reka BalMX JIAaHNUX, ajke JJIsd 1X 30eperkeHHsl BUKOPHUCTOBYIOTHCA He
JIOKaJTbHI IPUCTPOT 30eperKeHts JIAHNX, & ILJI TeXHOJIOrT 6e31e1Horo 30eperKeH-
Hs JaHuX. [lo-Tpere, 1e Ge3nepediitHa JTOCTYIIHICTD, siKa BUPAXKa€ThCs HE TiIbKU
B TOMY, 1[0 XMapHI CEpBICU MPAIIOIOTh IIOCTIHO, & ii B TOMY, IO JOCTYI JIO HUX
BUKOHYETHCA Ha 0a3i OyIb-sKo1 maaTdopMu 0e3 oOMeKeHb. TakuM 9imHOM, XMapHi
TEXHOJIOTI] TTOCTAIOTh Y AKOCTI HOBOI IJIaTOpPMHU JIIsd TTOOYI0OBU K 3arajbHOJI0-
CTYITHOI'O TaK i IHJWBIIyaJIbHOTO iH(OPMAIITHOTO HABYAJIBLHOIO CEPEIOBUIIIA.
[TouaTok 21 cTOMTTI XapaKTepU3YEThCsA 3O0LIbIIEHHSIM MOYKJINBOCTEH JI/Ist
HaBuyanis. Amepukancbkuit Buennit K.Bonk B cBolit knnsi «CBIT BiAKPUTO: sIK
BEO-TEXHOJIOTT PEBOJIIOIIOHYIOTH OCBITY» HaJiaB 10 KJII0YOBUX TPEHJIIB BIJIKPUTO-
O CBITY, IO BIUBAIOTH Ha ocBiTy [1|. OqH1M 3 1iux TpeHiB € neBi3 «CTynenTn sk
BUKJIaJIadi», SKNI XapaKTePU3yeThC TUM, 10 BiJl CTYAEHTIB BUMAra€ThCs OLIbITA
iHiiaTHBa, BOHK IIOBUHHI BMITH CAMOCTIITHO BUBYATH MaTepiaJl, aKuil Oyi1e Kopuc-
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HUI JIJTs TX OCBITH. [HIIUMU cjioBaMM, CAMOOCBITHS KOMIIETEHTHICTD SIBJISI€ COOOIO
TOI PyHTAMEHT, IO JO3BOJUTH He TIMLKHU MiJroTyBaTH MailOyTHHOro (haxiBIld B
cBoiil mpodbeciiiHiit cdepi, a it 3BMIHUTH CyTHICTH Ta (POPMU HABUYAHHSI.

Ananiz mocrimkens H. Bopomait [2] Ta O. Hoxosuika (3], npucsadenux
aHaJIi3y CTPYKTYPU CAMOOCBITHHOI KOMIIETEHTHOCTI (haxiBIIB PI3HUX HAIIPAMIB
JIO3BOJISIE CTBEP/IZKYBaTHU, IO TPOIEC MPOMECIiTHOro cTaHOBJIEHHS Ta CAMOBIOCKO-
HaJIeHHsI MailOyTHIX (haxiBIiB PO3TJIsAIa€ThCs B €HOCTI YOTUPHOX €TalliB, & caMe:

e MoTHBAIliHOrO (YCBiOM/IEHHST TPOMECIHHOT CIIPSIMOBAHOCTI MTPOIIECY CaMO-
PO3BUTKY );

® KOIHITHBHOTO (OBOJIOIHHS HEOOXITHIMI 3HAHHSIMN);

e IporiecyasibHOTO (IJTaHyBaHHS i peasiizallist caMOOCBITHBOT JislIBHOCTI );

® KOHTPOJIIOIOYOrO (OIiHKA OTPUMAHIX Pe3YJIbTATIB).

Ha ocmnoBi amamizy gocaikeHb BYEHUX CTa€ 3PO3YMLIMM, IO CaMOOC-
BITHS KOMIIETEHTHICTh MalOyTHIX YUYHUTEJIB BUABJISETHCA B IPOIEC] B3aEMO-
JT CTPYKTYPHUX KOMITOHEHTIB: MOTHBAIIIHO-CTUMYJ/IIOIOUOT0, iH(MOPMAIITHO-
3MICTOBHOIO, ILJIAHOBO-OPraHi3alliiiHOro Ta pedJieKCHBHOI0-KOHTPOJIIOIOYOIO.

EdekTuBHicTh opranizaliil caMOOCBITHBOI JIisi/IbHOCTI MailOyTHIX BUNUTEIB 3
ypaxyBaHHSM 3MICTY HaBYAJbLHOI'O MaTepiajly 3a/eKUTh BiJl HASBHOCTI YMOB:

e [1i/Ir0TOBKA BUK/Iaada (aHa i3 3MicTy iHdOpMAaIll, BUBYCHHS 1HIUBITya b-
HUX peaibHUX HaBYaJIbHUX MOXKJIUBOCTEN, CTBOPEHHS JUHAMIYHUX HaBYaIb-

HUX TPYI, PO3POOKa CUCTEMU 3aBJIAHb);
® [JIrOTOBKA MaiiGyTHIX BUUTEB (CHPUHHSITTS METH JislIbHOCTI, TTO3UTUBHE

CTaBJICHHA JI0 Hel, OBOJIO/IIHHA OA3MCHUMU 3HAHHAMU 3 HABYAIBLHOIO ITIPE/I-
METY, 3aCBOEHHS BMiHb CaAMOOCBITHBOI JIISIJIBHOCTI, aHaJI3 1 CTPYKTypyBaH-
Hs HaBYAJLHOTO MaTepiajy, BUKOPUCTaHHs aJIEeKBATHUX JIO HbOI'O CIIOCODIB

JSTHHOCT )
® OpraHizallisl CaMOOCBITHBOI JISIJIBHOCTI $IK CUCTEMMU, 110 XapaKTepU3y€EThCs

KOHTPOJIEM 3a IIPOIeCcOM Ta pe3yJibTaTaMU JisgJIbHOCTI; B3a€MOJIEI0 MixK
cy0’eKTaMi HaBUYaHHSI, CIPIMOBAHUMU Ha II€PETBOPEHHsI MaiiOyTHHOro ¢a-
XiBIIg 13 00’€KTa B cyD €KT HABYAJIBLHOI'O IIPOIIECY.
st BUpIIIEeHHS NUTaHHd OpraHisallil caMOOCBITHBOI JIISIBHOCTI MaitOyTHIX
YUIUTEIIB TPY/0BOr0 HaBYaHH:A TexHoiorianoro dpakynsrery JIBH3 «lonbachbkmii
JIepyKaBHU TIeJIaroriYHnil yHIBEPCUTET» B PaMKax HaBdaJbHOI jucruiiiing «Cy-
yacHi iHdopMalliiini TexHoJorily Oy Po3po0JeH] 3aBHaHHS JJIsi CaMOCTiiiHOT
poboTH, 110 MepeIdavaloTh BHKOPUCTAHHS XMAPHUX TEXHOJIOTIH B IKOCTI TIpeMe-
Ty Ta 3aco0y HaBYaHHs. 3aB/IaHHs epedadaIn BAKOHAHHSA 3ara/JIbHOI0OCTYITHUMI
3acobamu Bij Google (crcTema MOMIYKY, eJIeKTPOHHA MOIITa, KOHTAKTH, KaJIeHIap,
JCK, OJIOT) MeBHOI HU3KH 3aBJIalb, siKi OyJIN OB’ s3aHi MizK COOOIO Ta CTBOPIOBA-
JII 1IeBHe iH(OPMAIiiHO-OCBITHE cepeloBUIIe 13 3a3/aJieriib BUOPAHOI TeMH, dKa
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cTocyBaJjiach MailOyTHHOI TTpodecii.

Cutijt 3a3H249UTH, 1110 TaKa (opMa opraHizallil caMocTiitHOT poOOTH BUKJIMKAJIA
IIKaBICTh He TIJIbKHU 3 TOUKU 30PY BUBUYEHHS CydaCHUX 1H(MOPMAIIIHIX TEXHOJIO-
riit, aJie it 3 mpodeciitHol TOUKM 30py, aJIKe CTYJIEHTH CTBOPIOBAJIN JIJIst Maiioy THHOT
npodeciitiol JigabHOCTI HABYAJIbLHI MaTepiayn. IX BIEBHEHICTH y TOMY, IO HAB-
JaJIbHI MaTepiajiu, 9Ki MiJIN0TOBJIeH] TaKUM YUHOM, Oy/IyTh OlJIbII HIKABUME, HixXK
TPaMIiiiHl HAOYHI Ta IiJrOTOBJIEHI Ha IAIepoBiil OCHOBI, Oy/a IiJIKpIILIeHa ITij
yac IPOXO/I?KEeHHsI HaBYaJIbHOI 11€/Iar0ri4HOl TPaKTUKHU.

BucnoBknu
CaMOOCBITHS JIiSIIBHICTD Ta, sIK PEe3yJbTaT, CaMOOCBITHS KOMIIETEHTHICTH €

OJIHIEIO 3 KJIFOYOBHUX KOMIIETEHTHOCTeH MaioyTHROro haxiBig. CTpPyKTypa caMo-
OCBITHBOI KOMIIETEHTHOCTI Ilepesdadae Pi3HOCTOPOHHIO isIbHICTL I 11 dop-
MYyBaHHS, a TOMY OY/Ib-KUil 3 BUJIB CAMOOCBITHBOI JTiS/ILHOCTI ITi/IBUIIYE PiBEHD
caMOOCBITHROT KoMmIlereHTHOCTI. CIrij] 3a3HAUNTH, [0 XMAaPHI TEXHOJIOTIT JI03BOJIsI-
I0Th 3 HEBEJIMKUMU 3aTpaTaMu ccpopMyBaTh iH(MOPMAIITHO-OCBITHE CepeIOBHIIIE,
sIKe CIIOHYKA€ MaiOyTHIX y4UTesiB 0 ILIJIHOIO, I[IKABOIO Ta Pe3y/IbTaTHBHOIO
HaBYAHH.

o 1momasbInx JAOC/ZKEeHb CJIiJ BiJIHECTU HIUTaHHs BU3HAUYEHHSI €(DEeKTUB-
HOCTI BUKOPUCTAHHS XMApPHUX TEXHOJIOTIN /I OpraHizalil caMOocCTiitHOl poboTu
MaifiOyTHIX y4IUTeNiB, a TaKoyK PO3POOKM METOIMYHUX BKa3iBOK 3 BUKOPHUCTAHHS
XMapHIX TEXHOJIOTI JjIs1 opraHizallil caMoCTiitHOT poOOTH.
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BUKOPNCTAHHS COLOIAJIBHNX MEPE2K B
YHIBEPCUTETCBHKIN OCBITI

B pob6oti Bu3HaUYe€HO OCHOBHI HAIIPAMKN BUKOPUCTAHHS COIAJIBHUX MEpPEXK B YHIBEPCUTETCHKIi
ocBiTi. HaBejieni ocHOBHI 1epeBaru BUKOPUCTAHHS COIIAJIBHUX MEPEXK Ta IIPOOIEMU TIEPEOCMU-
CJIEHHA POJIi BUKJaJada Ta CTY/JAEHTa B OCBITHIN JIISJIBHOCTI TPW BUKOPUCTAHHI COIAJbHUX
Mepex.

Kuaro4osi cjioBa: esekmporHna 0ceima, COULaNbHE MEPENHCE 8 0CBIML.

Bceryn

Y 90-1i poku XX cTOTTSA po3BUTOK [HTEepHETY IepeTBOpuBCcs Ha (hakTop
1J100aJIbHOIO 3HAUYEHHsI. BarK/IMBICTh BUKOPUCTAHHSI PECYPCIB 1 TEXHOJIOTI Mepe-
ki IHTEepHEeT B OCBITI ChOrO/IHI HEe TIOTpedyE creliaJ bHIX JIoKasiB. Bei po3BuHeHi
KpalHu CBITYy MalOTh OLJbIN-MEHI BeJUKI MPOrpaMu BUKOPUCTAHHS PECypCiB Me-
pexi Inreprer B cdepi ocsiTu. IlepeBarkHa OiIbIIicTh KpaiH, 10 PO3BUBAIOTHC,
HE3BAXKAIOUN Ha TPY/HOIL, TPOOIeME 1 TTOO0I0BAHHS, TPArHyTh B3ATH MOCUILHY
y4acTh y pOpMYyBalHi CBITOBOT'O OCBITHBOT'O CITIBTOBAPUCTBA, II10 €, 110 CYTi, eKCTe-
PUTOPIAJIBHUM 3aBJIaHHAM, 1 CKOPUCTATUCS TXHIMU MOZKJIUBOCTSAMU JIJIs1 BJIACHOTO
po3BUTKY. lIpm npoMmy axTyaJgbHUM 3aBIaHHIM JJIs KOYKHOI KpaiHu, i CBITOBOI
CHIJIbHOTHU B IILJIOMY, CTa€ CHUCTEMAaTHU3allisd Ta aHaJi3 JIOCBi/ly BUKOpUCTaHHA [H-
TEPHETY B OCBITI, 9K Yy fOr0 HMO3UTUBHOMY 3HA4YEHHI, TaK 1 110 BIJHOIIEHHIO /10O
TPYIHOIIIB 1 HeDaxKaHUX HACJIJIKIB.

[Tin 3araJbHOJIOCTYITHUMI COIIAJILHUMHI MepeyKaMu PO3yMIIOThH CHIJILHOTH B
[aTepreTi, gKi He MalOTh OOMEXKEHb Hi 3a AKNMHU IapamMeTpaMi 1 He MaloThb
HIsIKOI TeMaTU4YHOol cremiaJrizamii. Taki coniaabHl MepexKi JaloTh MOXKJIMBICTD J10-
CHUTD IBWIKO BCTAHOBUTHU HEDOPMAJILHII KOHTAKT. ¥ COIiaIbHIX MepeXKax JIIOII
BUABJISIIOTHCS OLIBIN BIIKPUTUMU, HI?K B PeaJIbHOMY KUTTI, OLJIbIIOI0 Mipoo To-
TOBUMHU JIIIUTHUCA 1H(MOPMAIII€TO.

Y cygacHOMy CBIiTi iH(OPMAIIITHIX TEXHOJIOr crrocodn podOTH IIBUJIKO 3Mi-
HIOIOThCS, HAJILISIIOUM BEJINKOIO KOHKYPEHTHOIO IIepeBaror0 TUX, XTO BUKOPUCTOBYE
HOBI IHCTPYMEHTH, K1 MPOIOHYIOTh KOHTEKCTHUI, MBUJIKUI 1 criporeHuii oOMin

©l'opaeesa H.JI., Bernuko B.€.,2014
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indopmariieto Ta crocio crimparti. B ocBiTi oM 3 TakuX mixoiB € E-Learning
2.0. TexuoJtorist cTBOpeHHs COIIAIBHOT MepexKi siK Mojie/i HaBuaHHs [1].

OcHOBHA 4YaCTHHA

E-Learning 2.0 BijtHOCHTbCs 10 KOHIIEIII] BIPOBa/IZKEHHSI IHCTPYMEHTIB 1 TeX-
nosioriit Web 2.0. E-Learning 2.0 — 1e cyKymHICTb TEXHOJIOTiH 1 TPaKTHIHIX
pileHsb 115 HaBYAIBHOTO TIPOTIECY, SKa 37aTHA €BOJTIONIOHYBATH Pa30M 3 HABYAb-
HUM 3aKJ1aJI0M. 3aBJIsIKi CBOIN mpocToTi Ta BijkpuTocti miaxing E-Learning 2.0
JorioMarae ¢poKyCcyBaTn KOJIEKTUBHUI PO3YyM Ha BUPIIEHH] HaBYAJIbHIX 3aB/IaHb
yepe3 KOMIIETEHIIIT, BIIOPSIKYyBaTH 1 ONITUMI3yBaT CTBOPEHHs KaHaJIB KOMYHIKa-
il BUKJIa/ada 31 cjiyXadaMi Ta cepeJIoBUINA CHIJIKYBaHHS JIJisl CTY/IEHTIB.

BijioMo, 110 cepeIHbOCTATUCTUYIHNI CTY/IeHT MPOBOJUTD B OHJIAITHOBUX COIli-
AJIbHIX MepexKax BiJl 5 XBUJIMH JIO 2 TOJMH Ha JICHb, KOXKEH II'STHI KOPHUCTYBAY
TAKHX Mepeyk BUTpadae Ha Iie Olibine ofuiel rojmanm Ha jeHb [2|. Sabesmede-
Ha 3PYYHUMH IHCTPYMEHTaMMU JIJIsi PO3MIIIEHHS, MOIIYKY, Kiaacudikaliil JaHux i
3B'S3KIB MiXK cjiyXadaMu Ta 00 €KTaMM, COoIliajibHa Meperka, CTBOpeHa Ha OCHOBI
texnojiorii E-Learning 2.0 7103BoJisie BUPINTYBATH MM KOMILJIEKC 3aBJIaHb, MO~
B'sI3aHUX 3 HABYAJbHUM IIPOIECOM 1 HABYAHHSAM. A OTKe 1OCTa€ IMUTAHHS 1010
MPOJAYKTUBHOIO BUKOPUCTAHHS BCIX MOXKJIUBOCTEN COIMaJIbHIX MEPEK.

HociKenns BUKOPUCTaHHs 1H(MOPMaIiiHO-KOMYHIKAIIHHUX TEeXHOJIOrIl B
HOBITHIX popMax opraHizaliil HaBYaJIbLHOI'O IIPOIeCy, 30KpeMa, JUCTaHIii i dop-
Mi HaBuaHHS, npucssdeni jpociimkennss O. Amapeesa, C. Apxanrenbckoro, T.
['ycakosoi, H. Kysuenosoi, B. Kyxapenka, B. Ouiitnuka, €. ITosar, II. Creda-
nenka, II. Tamamayka, A. Xyropcekoro, B. IllyneBumua Ta in. MoximBocTsiMu
BUKOPUCTAHHSI COIiaJIbHUX CEPBICIB B OCBITHLOMY IIpoIieci Ta iX poJii B (hopMyBaH-
Hi Cy4JaCcHOTO CBITOIVISIY Jloc/iijizkeHi B poborax €. Bonjapenka, M. ['puropsis,
C. Hayna, E. quxkux, H. /Iy6osoi, B. Kyxapenka, I'. Moxkaesoi, H. Mop3ze, €. I1a-
tapakina, JI. Pymmene, /:x. Cimenca, A. ®@emenko, B. Adpmaxosa ta in.

PosriisinemMo ocCHOBHI TAXOAW O BUKOPHUCTAHHS COIIAJBHUX MEpPEXK NIpHU
napuanHi. Jlucranmiiine HaBYaHHsg CHOTOJHI HaOyBae 0COOJIMBOI aKTYaJbHOCTI,
OCKIJIbKM 3 PO3BUTKOM [HTEpHETY 1 3a0e3MeYeHiCTIO CTYJ/IEHTIB MepCoHaTbHUMI
KOMII'ToTepaMi Ta, MOOLIbHUMU HPUCTPOSIME TOJIIIIIYEThCsT 0OMIH iH(OpMalli€to
K MiXK BUKJIaJIadeM 1 CTyJIeHTaMM, TaK 1 CTYJIEeHTIB MixK coboro. Bcee 1e crpusie
aKTHUBI3aIlll Ta MOJepHI3allil MpoIecy HaBYaHHs, a PO3POOKaA Ta CYIPOBi] 0COOMC-
TUX HaBYaJIbHIX PECYPCiB BUKJIAa4diB a00 BY31BCHKUX IOPTAJIB TIIHKU TOKPAIILYE
HaBYaJIbHY JIs/IbHICTD.

Y ToOll »Ke Jac IpU BUKOPUCTAHHI COIIAJLHUX MEpexK Y OKPEMUX BHUKJIA/IadiB
IPAKTUYHO HE BUHUKAIOTHb TEXHIYHI TPY/HOII 3 opraHizallll HaBYaJbHOI Jlis/ib-
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lopneesa H.JI., Bennuko B.€. Buropucranus coriajgbHUX MepeK B OCBITI

HOCT1, & HaBITb HAaBIIaKM, IIpallloBaTU B MepexKl 1HTYITUBHO 3pO3yMiJilie HIXK
B KOpHopaTuBHiil cucremi. Bukiagad, Oyayun gaxiBieMm y cBOIif rajgysi 3HaHb,
MOXKe BiJUyBaTHU TPYIHOII IIPU CTBOPEHHI ad0 BUKOPUCTAHHI CIIeNiaji30BaHOIO
caitty. /Ipyra ckyaJIHiCThL He 3aBK/IM CallT J/Isd HaBYaHHS € IIKaBUM 1 BiJIBiTyBa-
HUM cTyneHTamu. [IpakTuka mokasye, IO CTYIEHTIB Jy2Ke BarKKO IPUBUUTU JI0
BUKOPHUCTAHHS HABYAJBHOIO caiiTy. ToMmy icHye IpOmo3uIlisd BUKOPUCTAHHA SIK 1H-
CTPYMEHTY €JIEKTPOHHUX OCBITHIX TEXHOJIOT1{ ByKe CTBOPEHI 1 ITPAITIOI0Ul CcoIliabHI
Mepexi. fKi K mepeBaru jgae CTyJenTaM i BUKIa/adaM BUKOPUCTAHHS COTIaTbHITX
Meperk 3 HaBYaJIbHOIO METOIO:

e ChorogHi MOJIOJI JIFO[W 3HAUHUI Yac IPOBOASTEL B COIIAJILHIX Meperkax, a
OT’Ke 1 CIIJIKYBaHHSI B HUX (& TAKOXK 1 OTPUMAHHS 3HAHB) JJIsT HUX CTAE
He HYyJIHUM BUBYEHHIM IIpeJIMeTa, a 3BUYHUM 1 HPUEMHUM 3aHATTIM, IO
HPUBBOJIUTE JI0 OLIbII e(peKTUBHOIO OCBOEHHSI MaTepiaJly.

e CTYJEHT, CIIJIKYIOUNCh y COIaJIbHIN MepexKi 3 BUKJIaJadeM, Bejle cede MEHII
CKYTO, IO JIO3BOJIIE TIOMY CTaBUTH 3allUTaHH I10 MIPEJIMETY, He OOTINCh JIIs
OTOYYIOUNX BULJIAAATA HE OCBIUEHUM YU CMIITHIM.

e CTy/IeHTH MAIOTh MOXKJIMBICTD CIIJIKYBATHUCS B PeaJbHOMY daci He TITbKH 3
BUKJIaJladeM, aJjie 1 Mixk coboro. MoxKyTh opraHizoByBaTH CBOEPiIHI KOH]E-
PeHIIil, 0cobJIMBO Tepe/l 3/1a9el0 3a/IiKy a0 ICIHTY.

e Bukiagad Juid CTyIeHTa IICHXOJIOTIYHO CTa€ He TIJIbKU BHKJIaJadeM, a i
IIPOCTO YYACHUKOM COIllaJIbHOI Meperki B3a€MOJIis Ha BePTUKAJIBLHOMY PiBHI
3MIHIOETbCS Ha B3AaEMO/III0 HA TOPpU30HTaIbHOMY piBHI. [le Buk/mKae OibIny
JIOBIpY 3 OOKY CTYJIeHTa, IiJIBUIILYE JIOBIPY JI0 BUKJIa/a4a i TOKPAIILY€e ITPOIeC
3aCBOEHHs iH(MOpMAILl.

e YV BHUKJaJada 3HAYHO PO3MINPIOETHCI Yac CIHIJIKYBaHHS 3 ayJUTOPI€I0, Tak
sIK MOYKHa, IIIBUJIKO OIIOBIIIATH IIPO 101l B HaBYaJJbHOMY Iipoueci. [Ipu 1po-
MY 3’SBJISIETHCI MOYKJIUBICTDL IMPOBEJECHHS BUXOBHOI POOOTH 3 BiJICTAIOUNMHU
CTYJIEeHTaM#, Ta TUMU, XTO He BIJABIIYE 3aHATD.

Cucremu MeperkeBoro crijikyBaHHsi, Taki gk Facebook, BKonrakre, Omo-
KJacCHUKHN; MikpoOsiorn Ha kintaar Twitter; pecypen Wiki, MSN, YouTube
i Flickr, e sarajmbHomocrynHuMu. AHAJOTNYHO TOMYy, K Ie BijgOyBasiocs 3
iHpOpMaIlITHO-KOMYHIKAIITHUMEI TEXHOJIOTIsIME, SIKi OYJIM BIPOBAJ/?KEHI B OCBIT-
Hifl TIpOIeC MPOTATOM OCTAHHIX YOTUPHOX JECATHIITH. HeobxXiHo BIyCTUTH CO-
IiaJibHe CIIBPOOITHUIITBO B ayUTOPIl JIJisi BUBUEHHS IepeBar i HeJIOJIKiB HOBOIO
criocoby B3aemo,iii. HoBi mpoexkTu, Taxi 9K CIJIbHOTH JIJIsi BUUTEIIB, IIOKA3aJ/I1, 110
colliaJibHa CITIBIpaIlsd MOXKe€ BUKOPHUCTOBYBATHUCH HE TLILKU JIJId OOMIHY JIMJIaK-
TUIHUMU METOJIaMU Ta ijedMu. BoHW TakoxK JI03BOJILIOTH OOrOBOPIOBATH JIESAKI
MUTAHHS TPUBATHOIO XapaKTepy.
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Hapeieni MipKyBaHHs JIONOMOXKYTbh BUJIINTH IMUTAHHSA PO Te, AKWI JTOCBIT
Mir Ou OyTH KOPUCHUI JIJId HABYAHHA 3 TOUKH 30PYy CTYJ/EHTa, HeOOX1THO MeHIIIe
OPUJIIATY yBary 3BUdaiiniil myosrikallil MaTepiaiiB i HACTYyTHUM X OIIHIOBAHHSIM.
Lle jomomorke IEPEOCMUCTUTH 3HAYEHHS 1 POJIb KOZKHOTO 3 Y0 €KTIB HABYAJIHHOI
JISAJIBHOCTI, KOYKEH YYACHUK KYypPCy MOKe OyTH HACTIILKY »K BUKJIa/ladeM, HACK1LIThb-
KI 1 CTYZeHTOM. Bukjajad 3MoxKe 1mepecTaTu OyTH IPOCTO «JIZKEPEJIOM 3HAHbY 1
MEPETBOPUTUCS Ha HACTABHUKA. BUKOPUCTOBYIOUN POJILOBY MOJIENTh KYJIbTYPH ay-
JINTOPIT, 3B’SI3yI0UNCH 3 CTYJIEHTaMI B 1HJIMBIlyaJIbHOMY TOPSIJIKY 1 MPaIlOl0dn 3
X 0cOOMCTUMU TTOTpedaMM, OJIHOYACHO 3 MM HAIPABJISIOUN JUCKYCIT 1 TIS/ILHICTD
BCi€l I'PYIIN CTYJEHTIB JI0 JOCATHEHHS 3araJbHUX HaBYAJbHUX IiJIei.

BesymoBHO, cucTemMa He HaB s3y€ TaKUil THUI MOBETIHKH, ajie BCe XK came Ieit
THII IIOBEJIHKU BOHA IIATPUMYE HalKpalme. Y MaiiOyTHbOMY, 110 Mipi cTabiiiza-
i1 TeXHIYHOI iHpPaCTPYKTYPH, HOJAJIbII HOBOBBEIEHHS B 00JIACTI «II€1aroriaHol
IJITPUMKI» CTaHYTh OCHOBHUM HAIIPSIMKOM y PO3BUTKY HaBUaJIbHOI €JIEKTPOHHOI
CHCTEMHU gKa OCHOBaHa Ha COIlaJIbHUX cepBicax.

Bucaosknu

ComniajibHi MepeKi OXOILTIOITH IIePeBarKHY OLIbIIICTh JIFOJICH, 1110 HABYAIOThCS.
Y4gacTb y pi3HOMaHITHUX I'pyllax 3a BIOJ0OAHHIMU, JT03BOJISIE 3IYPTYBATH IIEBHE
KOJIO OJIHOJLYMIIiB, sIKi He TLJIbKKM OOMIHIOIOTHCsI iH(OpPMAIIIEIO, TOCBIIOM Ta iH., &
it Oy/yloTh HaBKOJIO cebe IeBHe HaBdaJibHe cepegopuine. OcsiTa He MoxKe OyTH
OCTOPOHD IUX IPOIIECIB, 1 AKIIO ByKe HEMOXKJINBO BUKPECJIUTH 13 CHOI'OJAEHHS TaKe
coliajibHe ABUIIE, TK COIiaJbHI MepeXKi, TO HeoOXI/IHO B MOBHII Mipi BUKOPUCTO-
BYBaTH SIK TeXHIYHI MOXKJIMBOCTI, 1110 Hajgae TexHosoria Web 2.0 Tak i coriaabHMii
deHOMEH 1X iICHYBaHHS Ta OPraHi30BaHOCTI.
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®OPMYBAHHA ITIIBHABAJILHOI CAMOCTITHOCTI YUHIB
TP BUBYEHHI TEOMETPII 3 BUKOPUCTAHHAM
KOMIT'IFOTEPHO-OPIEHTOBAHUX 3ACOBIB HABYAHH4

Y crarTi posrisgiaeTbes mpobiiemMa pOpMYyBaHHS IMI3HABAJILHOI CAMOCTIHHOCTI yUHIB CTapIIol
ko, OcobJiMBy yBary MpHILIEHO BUKOPHCTAHHIO 1H(MOPMAIRHAX TEXHOJOIH st 3a0X0-
YeHHs JI0 HaBYaHHsdA. B crarTi aHasizyoThcsd KOMII IOTEPHO-OPIEHTOBAHI 3ac00M, 3aTBEPI2KEH]
MinicTepcTBOM OCBITH 1 HAYKH Y KpaiHu, Ta iX MPaKTUYIHE 3aCTOCYBaHHS JIJId HABYaHHSA I'€OMET-
pil y cTapriiif mKoJi.

Koro4oBi ciioBa:  [hdopmayitino-koMynikayitini mexrnonoeii, 2e0Mempis, 3ac¢i0 HasuaH-
HA, CMAPULE ULKOAG, NIZHABAALHUL THIMEDEC.

Beryn

Cyuacna pedopma ocBITH YKpalHu Iepedadae MOJCPHI3AI0 caMOro 3Mic-
Ty OCBITH, a TaKoyK MeTOJIiB 1 3acobiB HaBuyaHHs. I[IpoTe, K CBIIUUTDH IIKIJIbHA
NpaKTUKa, ICHYIOTh IeBHI IPOTUPIUYA MiXK POCTOM 00’€My HaB4YaJbHOI iH@OP-
Malil Ta crocodamu 11 3aCBOEHHS; IHTEJIEKTyaJi3alli€l0 poOOTH Ta HEIO0CTATHIM
piBHEM Ti3HaBaJILHOI caMocTiiinocTi. [1Ikosra He 3aBXKAN BUNTH IIKOJISPIB CaMO-
CTITHO pPO3MIPKOBYBaTH, 3HAXOJUTH BUXiJ[ 13 MPOOJEMHUX CHUTYalliil, mpuiiMaTn
0coOUCTICHI pillleHHsT Ta JiSITH BIAIOBIIHO J0 HpUiHATHX pimedb. Came IuMm
MOSICHIOEThCS HU3bKUI PIBEHb CAMOCTIITHOCTI MUCJIEHHSI, HE3/IATHICTh Y4YHIB Op-
raHi3yBaTH CBOIMU CHJIAMU CaMOCTINHY Hi3HABAJIbHY TISJIbHICTB, & K HACJIJIOK
OO HEeJIOCTaTHIi piBeHb 1X II3HaBaJbHOI CAMOCTIITHOCTI IIPU OBOJIOJIIHHI HIK1JIb-
HOIO ITPOTPaMOIO B IIIJIOMY Ta MaTeMaTHUKNI KOHKPETHO.

[le roBopuTh PO aKTyaJbHICTb IPOOJIEMU PO3BUTKY Ii3HABAJIbLHIX 1HTEPECciB
IIKOJISIPIB JIJIsT Cy9acHOI 1Mo0yI0BM HAaBYAJbHOIO IIPOIECy. 3BICHO, Id HmpodJeMa
He HOBa, HAJI HEIo IpalloBajo OaraTo BueHux, cepen nux H.Bibik, B.J/Iozosa,
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O.Kupnayk, A.Kynpanipka, H. Mopozosa, 3.Oropoaniituyk, I Illykina Ta inrmii.
[Ipobnema dopMmyBaHHs Ii3HABAJLHOIO IHTEpeCy i OpraHizaliid HIBOIO IIPOIECY
BimoOpaxkena B poborax M.Cxkarkina, ["Illykinoi, A.Marromxina, JI.Apucrosoi,
B.Bibsepa, A.Bpymummaeskoro, I laBu1oBol.

MaremaTnka B IIKOJII TPaINIIITHO BBAXKAETHCS CKJIAIHIM JIJIsI BABUEHHS 11PE/I-
MeTOM, BOH& CJIY?KUTh OIIOPHUM IIPEJIMETOM JIJIsl BUBUEHHS CyMIXKHUX JUCIUILIIH.
I, HaperTi, Bce Oliibllle CleNiaJbHOCTEH, IO BUMAaralOTh BHCOKOI'O PiBHsI OCBi-
TH, OB s13aHi 3 6e3M0cepe/THIM 3aCTOCY BAHHSIM MaTeMaTHK (€KOHOMIKA, (hiHAHCH,
ximist, indpopmaTuka, TexHika, 6iosoris). TakuM 9uHOM, 3pOCTaE POJIH MATEMATH Y-
HOT IIJIOTOBKU B 3araJibHiil ocBiTI cydacHol Jjiroanan. OgHuM 3 HafCKIaIHIIIIX B
MKITBHOMY KypCi MaTeMaTuku (cepej] yChoro MKLIEHOTO KypCy) 3aBK /I BBAZKA-
Jlach TeoMeTpis.

O tHUM 13 TOTY2KHIX 3aC001B BUPIIIECHHS 3aB/IaHb CyIacHO! OCBITH BUCTYTIAIOTH
cydacHi indopmariitao-komyHikamiitai rexuosoril (IKT).

[Iutanugam BrpoBakeHHs 3aco0iB HoBux IK'T y HaBuanus MareMaTuku 3aii-
maroTbest €.Binnnuenko, M.Tososans, FO.T'opomiko, M.7KaJsiak, 3okpema, reo-
metpii: T.Apxinosa, O.Bitiok, H. Kynpanipka Ta iH.

Binnosinxo mo HarionaabHoT 1OKTpuHE PO3BUTKY OCBiTH ||, OtHIM 13 0CHOB-
HUX HAIPSIMKIB OHOBJIEHHSI 3MICTY MIKLJIBHOI OCBITH € OCOOMCTICHA Opi€HTaIlid
OCBITH, OCHOBHOIO METOIO $IKOI € PO3BUTOK BCiX popM camocTiitnocTi yunis. Tomy
B HaIlIiil poOOTI pO3IJIALAETHC aKTYAJIbHICTh BUKOPUCTAHHS I1earOriIHIX IIPOr-
pamunx 3acob6iB (I1113) B HaBwagbHiil Mis/IEHOCTI YUHIB CTAPIIOL MKOJIH. 30KpeMa
IIpU BUBYEHHI T'eOMeTPIl Ta JOCILJIZKEeHHs PIBHS II3HABAJIbHOI CAMOCTIIIHOCT] y4YHIB
npu HaBdaHHi 3 Bukopucranusm I1I13.

OcHOBHA 4YacCTHHA

OjiHi€el0 3 TOJIOBHUX YMOB YCIIIIHOIO Iepediry HaBYaJbHOI'O IIPOIECY 1
CBITYEHHSAM HOTO NMpaBWIBLHOI OpraHi3allil € HagBHICTL iHTepecy. [lizHaBabHMI
iHTepec He € YMMOCh 30BHIIIHIM, JI0JIaTKOBUM CTOCOBHO HapdaHHs. [lisHaBabHNII
iHTepec — I1ie IJIMOMHHUIN BHYTPINIHINT MOTHB, 3aCHOBAHUI Ha, BJIACTUBIH JIIOJIMHI
BPO/KeHiii nisHaBasbHiil noTpedi [3]. BigcyTHicTs iHTEpECY y MIKOIAPIB € moKas-
HUKOM CepHO3HMX HEJIOJIKIB B OpraHi3allil HaBuaHHs.

[liznaBaabHy caMOCTIMHICTH HAYKOBIIl PO3IVISIAIOTH K OJNH 13 BUJIB CAMO-
CTIHOCTI, IO XapaKTepU3yeThCs BMIHHSIM CIIpUiiMaT i caMOCTIHO CTaBUTHU HOBE
3allMTAHHSI, CTBOPIOBATU HOBY IIPOOJIeMY Ta PO3B’sSI3yBaTU 11 BJIACHUME CHJIAMH
(IT.Boroncbkwmii, [I.BorosiBierceka, M.MaxmyTtos, O.CaBuenko Ta iH.), a TAaKOXK
sIK CBIJIOMY BMOTHBOBaHICTB Jiff, X OOIDYHTOBAHICTb, 3JIaTHICTH JIIOJUHA OAQINTH
00’€KTHUBHI IiJICTaBU JIJIsI TOrO, 1100 JisITU BIJIIOBIIHO JO BJIACHUX II€PEKOHAHD
(A.Mariomkin, A.Cyupnos, C.Py6inmreiin ta im.).
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B nocmipkennax M.zZKajjgaka po3LsgaeTbess  [IpoOJieMa  IBHUIIEHHS
epeKTUBHOCTI HaBYaHHs TeOMeTpil 3a JJOTTOMOT010 iH(OPMAITI iTHO-KOMYHIKAII THITX
TexHoJIoTi. [HdopMalliiiHO-KOMYHIKAIITHI  TeXHOJIOTII — TIe  y3arajbHIooue
MOHATTS, IO OIMCYE PI3HI METOJU, CIOCOOM 1 ajropuTMu 300Dy, 30epiraHHA,
00p0oOKH, To/TaHHs Ta Iepejiadi iHdgopMariii.

MozkHa 3acTOCOBYBaTH Halpi3HOMAHITHIIT (hopMEI pOOOTH 3 BUKOPUCTAHHSIM
IKT. Ile BipTyasbHi HiApyIHUKE, IIPOrpaMiu Jijid (DOPMYyBaHHS IPAKTUIHIUX YMiHb
Ta HaBUYOK, IHTepAKTUBHI HaBYalO4l CUCTeMl, HaBYaJ/IbHI IporpamMu iMmiTaliiiHo-
Mojiestotouoro tuty. [lepesarn po3pobsennx BianoBiaHo 10 JlepkKaBHUX cTanap-
TiB OCBITH HaBYaJIbHUX IPpOrpaM OYeBU/IHI.

Cui 3a3HAQYNTH, 110 KOJIM T'OBOPATH PO HEOOXiTHICTh 3acTocyBaHHs IKT B
HaBYAJIbHO-BUXOBHOMY IIPOIEC, TO TepejdadaloTh 3aCTOCYBaHHs OCHOBHUX IIe-
JIarOTiIHUX MPOrpaMHMX 3aco0iB, 9Kl JAOMIJIbHO BUKOPUCTOBYBATH CcaMe Ha, YPO-
kax maremaruku. IIporpamu GRAN1, GRAN-2D, GRAN-3D signocsTbest 10
iMiTaniino-moreno0Ynx nporpaMm. Bukopucranns nmx I3 mgae MoxKauBicTb
VUHSAM BUPIIIYBATU OKPEMI 3aBJlaHHSI, HE 3HAIOUU BIJIIOBIJIHOI'O aHAJITUYHOIO
arapary Ta iH. YYeHb MOXKe PO3B’SI3yBaTH PiBHsSIHHS, HEPIBHOCTI Ta X CHUCTEMH,
He 3Ha4n GopMys1 s 3HAXO/KEeHHsT KOPEHIB, MeTOJy BUKJIOUEHHS 3MIHHUX,
METOJIY IHTEPBAJIIB Ta 1H.; 00UMCIIOBATH MTOXIJIH i IHTErpaJI, He ImaM aTaloqIn Tad-
JINTIG; JTOCTLKYBaTH (DYHKINI, He 3HAI0UN aJrOPUTMIB 1X J0C/IiKenHd. Paszom 3
TUM, 3aBJISIKA MOXKJTUBOCTSAM T'padivHOro CyIpOBOLY KOMII IOTEPHOTO PO3B’I3aH-
HS 3aB/IaHHs, YIeHb YiTKO if JIEFKO PO3B’szKe JIOCUTD CKJIAJIHI 3aB/IaHHs, BIIEBHEHO
OyJie BOJIOJITH BIJAIIOBITHOIO CUCTEMOIO IIOHSITH 1 IpaBui. BukopucTanHs MoioHuX
porpam Jia€ MOXKJIMBICTb y H6araTboxX BHITaIKax 3POOUTHU PO3B’ A3aHHS 3aB/IAHHSI
HACTLJIbKU JOCTYITHUM, sIK IIPOCTUI PO3IJIsI PUCYHKIB a00 rpadidHux 300pazkKeHb.
Bignosijai nporpaMu poO/sATh OKpeMi po3Jiiin ii MeToj i MaTeMaTHKU JOCTYII-
HUMW, 3PO3YyMLJINMU, JIETKUMW 1 3PYYHUMHI /I BUKOpUCTaHHd. fK Bijg3Havae
M.2Kangax, nporpama GRAN1 pospobiisiiach creriaabHo A5 T ITPIMKHI KL
HOT'O KYPCY MaTeMaTUKM, BOHA IpU3HadeHa JJjisd I'padidHOoro aHasizy (QyHKIL.
[Teparoriunmit nporpamunii 3aci6 GRAN-2D BigHOCHTbCST 70 PO3PsIAY HIporpam
nunamivynol reomerpii. [Iporpama GRAN-2D BukopucToByeThCst 1151 rpadiaHOro
aHas1i3y reomerpudHux o6’ekTiB Ha mommHi. Takoxx GRAN-2D moszBosie cTBO-
pIOBATU MaKPOKOHCTPYKIIIT — CyKYITHICTH 00’ €KTiB 6a30BOr0 THILY, 1110 ITPU3HAYEH]
TS CIIPOTIEHHS KOMOIHAaIlil 00’ €KTiB, gKi 9aCTO BUKOPUCTOBYIOTHCS.

[Iporpama GRAN-3D nae 3mory orepyBaTi MOIE/ISIMI IPOCTOPOBUX 00 €KTIB,
sIKl BUBYAIOThCS B KypCl cTepeoMeTpii, a TakoxK 3ade31edye 3acobaMi aHai3y i
epeKTUBHOIO OTPUMAaHHS BiJIMOBITHUX YNCEIbHUX XapaKTEePUCTUK Pi3HUX 00’ €KTIiB
y TpUBUMIpHOMY mpocTopi [2].
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[Tiy1 yac meJarorivyHoro eKCrepruMeHTy, 10 TPOXOo B Ha 0a3l JloHerbKol 3a-
rajabHoOoCBITHLOI mKou [-I11 cTymnenis Ne120 Oy BuKopucTaHi came Taki Mpo-
rpaMHi megaroriuxi 3acobu. Ile jgajo 3Mory MnpOBOIUTH JOC/IIZKEHHs] I'eOMeT-
pUUYHUX O0’€KTIB 13 BisyaJiizalli€lo OTPUMAaHUX YK IPOIHO30BAHUX PE3YJIbTATIB,
pO3B’da3yBaTH 3ajadi Ha MOOYJI0BY B ILIONIUHI, JIOCTIIZKYBaTH BJIACTUBOCTI T'€O-
METpUIHUX (Diryp, MEPETBOPIOBATH 1 pejlaryBaTu 300pazKeHHs, epeMilllyBaTu
KpecJIeHHs TOIo. Ta rojoBHa MPaKTUIHA 3HAUYUMICTDH JOCHIZKEHHA B TOMY, IO
BuKopuctants 3aco0iB IKT j103B0J10 MiIBUIIUTH SAKICTH ITPOIECy HABUYAHHS T'€0-
MeTpil, popMyBaTH BMiHHA CAMOCTIHHOI Mi3HABAJIBHOL JTisl/IbHOCTI YUYHIB, TBOPUMIl
B3a€MO3B’SI30K BUUTE/IsI 3 YIHEM 1 OITUMAaJIbHE KePpyBaHHS HaBUaHHSIM.

3aB/laHHsM OO eKCIIEPUMEHTY OyJI0 BU3HAUUTHU YU CIPaB/i BUKOPUCTAHHS
IKT moxke BIIMHYTH Ha PO3BUTOK Ta (POPMYBAHHS ITi3HABAJILHOI CAMOCTIHHOC-
Ti. Ha mouarky mpoBemenHsa ekcrepuMeHTy OyJin BU3HAYEHI PiBEHb YCIIITHOCTI
VUHIB, IIParHeHHs 1 MOTUBU HaBYaHHS, 30KpeMa y BHBUYEHHI MaTeMaTUKU B3ara-
ji. Hactynaum etarom OyJio criocTepesKeHHsl Ta MOPIBHAHHSI YCIIXiB Ha ypPOKax
aJiredpu Ta reoMeTpii. ByJsio BusgBIIeHO, 1110 3aBAaHHA Ha YPOKaxX NeoMeTpil BUKJIH-
KaJii OiJIbllle yTPYIHEeHb HiXK Ha ypokax ajareopu. HacTyHuMm eTaroM npoBeieHH
eKCIIEPUMEHTY OyJIO BIIPOBa/IZKEHHsI KOMII IOTEPHO-OPIEHTOBAHUX 3aC00iB Ha YPO-
kax reomerpil. [Ipu Busdenni reomerpii 3a jgoromoroio nporpamu GRAN-3D Ta
nporpamu GRAN-2D yuni nposiB/isiin cTifikuil iHTepec 10 BAKOPUCTAHHS OIICa~
HUX IIPOrpaMHUX 3aco0iB, MO BIAKPUJIM JIJIsT HUX IIMHPOKI MOXKJIMBOCTI HE JIUIIe
JUUTst TI0OYIOBM N€OMETPUYHHUX TiJI, PO3IVISY 1X 300pazKeHb y JUHAMIIl, PO3IJs-
JIy 3CepejIHN, aJie i BUBLILHUJIN 1X Jac JJIs 30Cepe/IzKEHHs yBaru Ha 3’ sCyBaHHI
1pobJieMu, JIaji IOIITOBX JIO PO3BUTKY MOTHBAII BUBYEHHSI OKPEMUX PO3JiJIiB
reoMeTpil Ta J0 IJIMOOKOI0, OCMUCJIEHOIO 3aCBOEHHSI HABYAJIBLHOI'O MarTepiajy B
miiomy. Kopucth BUKOPUCTaHHS caMe IUX MporpaM 0yJia JJOCUThH 3HAYHOIO.

Y Toil e Jac MOYKHA BUIJIUTH 1 JeKIJTbKa HEraTUBHUX CTOPIH BUKOPUCTAHHA
[ITI3. Tax, 3acTocyBaHHsI X IIPOrpaM Ja€ 3MOI'Y yUHsIM, HE 3HAIOUN Ta He 3alla-
M’ SITOBYIOUHN (POPMYJI, IIpaBUILHO PO3B’d3yBaru 3ajad4i. [Ipore 3acTocoByoun ix,
yUUTEIb He TLILKU Jlae 3HAHHS, aje i BKa3ye 1X MexKi.

BucunoBkn

Ha mpaxTuri 6ys10 BUSABJIEHO, IO BUKOPUCTAHHS IEAArOTTIHUX ITPOIPAMHUX
3ac00iB JIIICHO BILIMBAE Ha (POPMyBaHHs Ta PiBEHb Mi3HABAJILHOI CAMOCTIITHOCTI
VUHIB TP BUBYEHHI IreoMeTpil.

Tpeba ormaHoBYBaTH I1i IPOr'PaMu 1 aKTHUBHO BIIPOBAJIZKYBATH 1X IIPU BUBYEHHI
MaTeMaTUKH.
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BUKOPUCTAHHSA KOMIT'IOTEPHUX TEXHOJIOI'IN B
EBPUCTUNYHOMY HABYAHHI MATEMATUKUA

Y cTarTi po3nIsgIaoThC 0COOMBOCTI BUKOPUCTAHHS KOMII'IOTEPHUX TEXHOJIOTIN B €BpUCTHY-
HOMY HaB4YaHHI MaTeMaTWKH. Busnadeno crenudiky (opMyBaHHS B YUYHIB MaTeMaTUIHUX
TBOPYUX 3/110HOCTEI, OOI'PYHTOBAHO BazKJIMBICTH BUKOPUCTAHHS 1H(DOPMAIITHO-KOMYHIKAITIITHIX
TEXHOJIOT1Hl y HAaBYaHHI MaTeMAaTHKW, PO3TJISTHYTO IPUHITAIIN 3aCTOCYBaHHS ITPOTrPAMHIX 3aC00iB
B 3araJIbHOOCBITHIX IIKOJIaX Ha yPOKaX MaTeMaTHUKU.

Kio4oBi ciioBa: espucmuume naguans, KOMN 10MEPHT METHON02LE, MEMOJUKA HABUAH-
HA, MAMEMAMUKG.

Beryn

Ha croroanimmmiit jileHb TOJI0BHOIO 3a/1a9ei0 MEeTO/INKN HaBUYaHHd MaTeMaTHuKN
€ TIOIIYK HOBUX METO/IIB Ta KOHIIEMNIIiil 1100y 10B1 HaBYaJILHOTO MPOIIECy, STKi O j103-
BOJINJIN 30PIEHTYBATU YUHS Ha CILIBHY JMISIbHICTD 3 BUNTeeM. BeeThes mommyK
1eJIArOriYHUX TEeXHOJIOTIH, siKi 6 3MOTJIM IIPU3BECTH J0 3MiH Y HaBYaJbLHOMY IPO-
1eci, a caMe IepeopieHTYBaTH HaBYAHHSI Ha OCOOMCTICTb YUHS 1 JO3BOJIUTH floMy
TBOpUO po3puBaTucs. OJHUM 3 TaKUX IJIXOJIB € METO/[ eBPUCTUYHOIO HaBYAH-
Hsl MaTeMaTHUKN 3 BUKOPHUCTAHHSIM 1H(OPMaIliiHO-KOMYHIKAIIITHIX TEeXHOJIOTIi
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(IKT). Crupatouncs Ha Te, M0 6a3010 eBPUCTUIHOTO HABYAHHSI € TBOPUE MUCJICH-
Hsl, & KOMII'IOTepHI TEXHOJIOTil BUCTYIAIOTH Y POJIi JAOMOMIXKHOI TIJIAT(OPME, TO
el mijgxij Moyke aKTHBHO BHKOPUCTOBYBATUCDH IIiJI Yac HABYAHHS MaTEMaTHKM,
10 JIACTh 3MOI'Y VUHsIM PO3BUBATH CBOI MaTeMaTHYHI TBOPYI 310HOCTI.

Ha cyuacnomy erami joc/iijizKeHHsIM, PO3POOKOI0 €BPUCTUYHUX MPUIOMIB Ta
METOJIIB K IICUXOJI0r0-TIeJIaroTiIHOI0 TpobieMorto 3aiimasucs B. Anjpees, FO. Ky-
morkia, O. Ckada, A. Xyropebkuii Ta inmi. B cBoix mocmimkennsx 0. Kymorkin
3aCB/IUMB BCIO 3HAUYYIIICTh BUKOPUCTAHHS €BPUCTUYHUX METO/IB 1 NpUIlOMIB Y
HaBYaJIbHIN POOOTI, sSKa Iepeadadac caMOCTiifHe BUBEIACHHsI YIHSIMH (POPMYJI i
3aKOHOMIpHOCTEHl, PO3B’si3yBaHHA HECTAHIAPTHUX 3aJ1a9 3 MaTeMaTHKN, BUKOHAH-
Hsl TIPAKTUIHNX 1 jtabopatopanx podit [4]. O. Ckada pospobuna kiracudikariio
€BPUCTHUK, B OCHOBY $IKOI OYJIO TIOKJIaJIEHO PiBeHb y3arabHeHHd IpUiiomMy Ta pi-
BeHb y3arajibHeHHs MeTH (MpUHoMU JOCATHEHHsT BU3HaUeHuX Iijeit). Takox Gy
po3po0JIeH] 3ac00N €BPUCTHIHOIO HABYAHHS Y BUTJIAJ €BPUCTUKO-THIAKTIIHITX
KOHCTPYKIIiit |3, ¢. 70].

Buxopucranuio IKT B eBpucTrnanoMy HaBuanui MaTeMaTUKU OyJin IPUCBIIEH]
mocaimkenns:: H. Anarosoi, H. Bamuk, A. Bepaans, K. Biacenko, A. €pmosa,
M. 2Kannaka, H. Mopsze, O. Ckadu Ta iHIIHUX.

OcHOBHA 4YaCTHUHA

EBpuctnka — 1e Hayka mpo TBOPUICTb, ITPO TBOPYY JisJIbHICTD JITO/eH 3 MeTOI0
OTPUMAHHST HOBUX PE3YJIBTATIB y JOCIIZKYBAHNX HUME Tasy3ax |1, c. 676].

EBpuctrani ¢popmu Ta MeTOIN HABYAHHS MaTeMaTHKU CIPUSIOTH CAMOCTIHHO-
My CTBOPEHHIO HOBHX TiIIOTe3 Ta IPUIYIIeHb YIHAMU, siKi 0a3yI0TbCsl Ha BMIiHHI
Oy/yBaTH O3HAYEeHHs MOHATH 1 BUKOPUCTOBYBATH 1X, BHUCJOBJIIOBATH Ta OOI'PYH-
TOBYBaTH CYyJI2KEHHsI, pO3B’si3yBaTu MareMaTudHi 3aja4i. OTpumMani rimoresn Ta
HPUITYIIeHHs, 000B’sI3KOBO MMOBUHHI OyTH TiITBep/zKeHi abo CIpoCTOBaHi 3IiTHO
B2Ke BIJJOMHUX TeopeM 1 3araJbHOHayKOBUX MeTOMdiB MizHaHHda. PopMmu Ta METOIH
eBPUCTUIHOIO HABYAHHS 301bITYIOTH MOXKJIMBOCTI Y BUKOPUCTAHHI JTMTAKTIHIHITX
3aC00IB, 10 € JIy?Ke BayKJTMBUM acIeKTOM Y IiJIPOTOBYI Ta CyIPOBIIHII JIJIT TBOP-
JOCT1 JUISJTBHOCTI.

@opMu Ta METONM €BPUCTUYHOIO HABYAHHS MaTeMaTHUKNH HE MOXKYTb JaTh
OIITUMAJILHOTO Pe3yabTaTy 6e3 JomoMizKHUX 3aco0iB. Haitblibin edbekTuBHUME 3a-
cobaMu € KOMII'IOTePHI TEXHOJIOTI.

AKIo po3rgaaT eBpUCTUYHE HaBYAHHS MATEMATUKU SK KOMII I0TEPHO-
30pI€EHTOBAaHY CHCTEMY, TO Tpeda BpaxyBaTH Te, IO y4UeHb caMOCTIifHO obupae
OCHOBHI CKJI&JIOBi, 3a JIOIOMOI'OIO0 AKWX BiH Oy/IyBaTUMe OCBITHiil 1mpojykKT. ToO-
TO, NpU BUOOPI HaABYAJIBLHOI KOMII'IOTEPHOI MpOrpamMu IMOBUHHI OyTH BpaxoBaHi
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HACTYIIHI acIeKTH: MOYKJIMBICTH BUOOPY 3aBJaHHs, BJIACHOTO IILIAXY Ta MOXKJIU-
BUX BapiaHTiB iioro po3p’st3anis. OcHOBY mHporpamMHoro 3abe3nedeHHs ITOBUHHI
CKJIQJIATH 3alIPOrpaMOBaHi CUTYAIIil, 10 CIOHYKaJI0 O YUHIB JI0 BAKOPUCTAHHS €B-
PUCTUYHUX I1JIXOJIIB, SKI JIAl0Th OCHOBY JIJISI CAMOCTIMTHOI'O BUHAXO/ly NPUIOMIB,
MEeTO/IiB PO3B’d3aHHd 3aja4. BarkymBo, 11100 1151 poboTa OyJia IpoBejeHa JI0 TOro,
SIK BIJITOBIIHI TUTAHHA OYyIyTh pO3NIAHYTI BunTeseM. [lo 3aBepiieHHio podoTH
y4eHb IMOBUHEH caM OIIHUTH pe3yJabTaTH, siKi BIH OTPUMAaB, CIUPAIOUNChH Ha BUMO-
ru, 1o Oy BUcyHyTi. TakuMm 9uHOM, B yIHIB (DOPMYIOTHCS €BPUCTUYHI IPUITOMH,
1[0 CIIPHUSIE PO3MIUPEHHIO Ta TTONIHOIEHHIO 3MICTY MaTepiasty, sKiil BUBYAEThCsI |2].

Ha coorogmimuiit jienb po3pobsieHa 3HaYHA KIIbKICTH TPOIPAMHEIX 3aCO0-
0iB, sKi 3a JOIOMOI'OI0 KOMII FOTepa, JI03BOJISIIOTh PO3B’s3yBaTH PI3HOMAHITHI
MaTeMaTHdHI 3aja4l 3 PI3HUMU PiBHAMHU cKJiajHocTi. Ile Taki mporpamm, K
Derive, Granl, Gran2D,Gran3D, DG i in. B cepennix 3arajbHOOCBITHIX Ha-
BUYAJBLHIX 3aKJIaJIax JJId BUBUEHHS KypCcy MaTeMaTHKN BUKOPHUCTOBYIOTHCS KOM-
wiekTn nporpam GRAN, DG . Boun mMaioTh HAfOLIBIN 3pyUHNIT Ta 3pO3yMIiJINii
inTepdeiic y BUKOpuCcTaHi JI/is yIHIB, He OTPEOYIOTH CIeNiaJlbHIX 3HaHb 3 KyPCY
iHpopMaTHKM.

Pesynbrar ekcriepuMeHTy, dKUil IPOBOAUBCS B 3arajbHOOCBITHIM 1Ko/ Ne13
M. CiioB’stHCBK Ha 0as3i 10-11 Ki1aciB, 3aCBiIUNB, 0 YUHI 3& JOIOMOIOI0 IIPOTPaM
Granl,Gran2D 3 jerkictio po3B’si3yl0Tb OKpeMi 3ajadi 0e3 3HaHHA (HOPMYII,
HpaBUJI PO3KJIALY, aaropuTMiB ToIo. CupustimBuM (GaKTOPOM Y 3aCBOEHHI CUC-
TEeMU MOHSTH 1 MpaBwWJI € rpadiuHmnil cyIpoBijl pu po3B’a3anHi 3a1a4. Came BiH Y
baraThboxX BUITQJIKAX HaJIaB yIHSIM MOYKJIUBICTH 3PO3YMITH 3ajJady Ha PiBHI MTPOC-
TOr0 PO3IJIsIly PUCYHKIB abo rpadidHux 300parkeHb. K IoKaszaja IPaKTUKA,
MaTeMaTHKa MOYKe CTaTH JOCTYIHOIO JIJIS BCIX.

[Ipn TakoMy BUBYEHHI MaTeMaTHKU CTAJI0 MOXKJIUBUM HAOUYHE ITPEJICTABICHHS
MOHATT, dKe BUBYAETHCA. BiTaK, pO3BUBAETHCA 0Opa3ie MUCIEHHS, IPOCTOPOBA
ysiBa, OLIBI MIMOOKO PO3YMIEThCSI CYTHICTD JOCI/KYBaHOTO stBUIa [4].

Bukopucrants 3a3HavueHUX IPOrPaAMHUX 3aC00iB, TAKOXK € aKTyaJIbHUM 1 1Ipu
1oryInOJIEHOMY BUBYEHHI MaTeMaTHKU. BoHU HaJal0Thb MOXKJIUBICTH ITPOBOIUTH
HEOOXITHI YncesIbHI eKCIIePUMEHTH, IIBUJIKO BUKOHATH ITOTPIOHI 0OUmMCIeHHsT a00
rpadivHi 1100y10BU, IEPEBIPUTH ICTUHHICTDL 200 XUOY IilloTe3u, BUKOPUCTATH TOM
abo Toif MeToj; po3B’a3anHs 3a/1ad4i |2].

Bucaosknu

[IpoBesiena jociijnuiibka poboTa IoKa3aJia, 10 Ha Pe3yJbTaT 3acBOEHHS 1
OTpUMaHHS 3HaHb YUHAMHI Ha YPOKaxX MaTeMaTHKU, BIJINBAE He JIUIIEe 3MIiCT Ma-
TepiaJjiy, a if MeToJ, oro 6e3nocepeIHLOI0 BUBUEHHS Ta 3aCBOEHHSI.
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ToOTO, TOJIOBHUM 3aBjaHHAM OyJIO 3POOUTH HaBYAJILHUI IPOIEC HE JINIIE
eeKTUBHIM, a ii IIKaBUM, 30PI€HTYBATH MUCACHHS YUHIB Y TBOPUOMY HAIIPSIMKY.
st 1bOro Ha ypoKax MareMaTHuKu OyB BHUKOPUCTAHUN eBPUCTHUYHUI METOJ| Ha-
BYaHHs 13 3aCTOCYBAHHSAM KOMII FOTEPHUX TEXHOJIOTi{l. 3allpOlOHOBaHUI METO/I,
y komriekci 3 IK'T, Ha ypori j103Bo/IMB He Jinllle 3acBOITH TOTOBUIl HaBYAILHUIT
MaTepiaJi, a i cipugB TBOPUYOMY PO3BUTKY YUHIB Yy MaTeMaTHUIHOMY HaIIPSAMKY,
CaMOCTIfTHOMY ITPOBEJEHHIO €KCIIEPUMEHTIB, CTBOPEHHIO BJIACHUX TeOopiii Ta BHe-
CEHHIO CBOIX IPOIO3UIII 111010 MO0y I0BU OCBITHHOT'O ITPOIIECY.
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MEXAHI3MI HABYTTA METOJAMYHOI KOMIIETEHTHOCTI
MAUBYTHIMU BUNTEJIAMU MATEMATUKN
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METOIMYHIX KOMIIETEHTHOCTEH CTYJEHTIB MaTeEMATUIYHUX CHeEIiaJIbHOCTEN.

KarouoBi ciaoBa: memoduuna nidzomoska, memooudna MALLHICMD, KOMNEMEHMHICTY,
KOMNEMEHULA.

Bceryn

CyTreBi 3Minn y cycniibersi Kinnsg XX — nodarky XXI ¢T. cripuauHmIm 3Miny
ocBiTHBOI napajurmu. Tpancdopmaliist 3arajbHUX Iijeil 0cBiTH, 3yMOBJIEHa, TJIO-
6aJIbHOI0 METOI0 3a0e3IeUeHHs BXOXKEHHST JTIIOAUHN Y COIIyM 1 1T IPOJIyKTUBHOIO
aJIATAINEI0 Y HbOMY, TIOPOJIZKY€E HEOOXITHICTH BUPIIIIEHH TUTAHHS 1TPO 3a0e31ede-
HHSI OCBITOIO OL/IBIN TOBHOI'O OCOOMCTICHO Ta COIIaIbHO OPIEHTOBAHOIO PE3YJILTATY.

[Ipobyiemu TKOCTI OCBITH Ta YIIPaBJIIHHS SKICTIO MATOTOBKHU (PaxXiBIiB OCTaH-
HIM 9aCOM aKTHBHO po3pobiistiorhest. HarionasibHa, IOKTpUHa PO3BUTKY OCBITH JI0
NPIOPUTETHUX HAIIPAMIB JIepKABHOI MOJITUKN MO0 PO3BUTKY OCBITU BIJIHOCUTH
«IJIPOTOBKY KBaJIi(pIKOBAHUX Ka/IpiB, 3J@THUX JIO TBOPUOI Ipalli, podeciiiHoro
PO3BUTKY, OCBOEHHSI Ta BIIPOBa/IKEHHsT HAYKOEMHIX Ta 1H(MOPMAIIITHIX TEXHOJIO-
riff, KOHKYPEHTOCIIPOMOXKHIX Ha PUHKY IIpalli; 3abe31evennsa BUCOKOI SKOCTI BU-
101 OCBITH . . . IIJIAXOM . . . 3aIIPOBa/PKEHHA I'HYYKIX OCBITHIX IporpaMm Ta iHgop-
MaIiiffHIX TeXHOJIOTi#i HaBYaHHS> [4].

PesynbraToM ¢axoBol MiArOTOBKM MaflOyTHBOI'O BYHMTE/IsI MalOTh CTATH He
OKpeMi 3HaHHs, HAaBUYKHU §I YMIHHS, & CIPOMOXKHICTb 1 TOTOBHICTH MOJIOTUX (a-
XiBIIB JI0 e(DeKTUBHOI, IPOLYKTUBHOI, caMOCTiiiHOI mpodeciiiHol MisgIbHOCTI, 10
aKTUBHOI'O HaJ0aHHS JIOCBiJy Takol JisyibHOCTi. Ha nmx acnekrax IiJiroTOBKU
KOHIIEHTPYETHCS yBara Ipu KOMIIETEHTHICHOMY IT1JIXO/1 B OCBITI.

JItoimHa crae creriajaicToM BHAC/ILIOK OBOJIOMIHHS COIIaIbHO-OCOONCTICHIM,
3araJbHOHAYKOBUMU, IHCTPYMEHTAJIbHIMU Ta (PAXOBUMU KOMIIETEHIISIMU, IO IIe-
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pejidavdaioTh 3JaTHICTH I TOTOBHICTH BUKOPUCTOBYBATHU 3HAHHS JIJId BUPINIEHHA
npobJieM y BiiacHiil mpodeciiiniii pisibHOCTI B yMOBaxX HeBu3HadeHOCTI |5, ¢. 5.

Kareropiaysibuuii  amapar 1 TeopeTHdHe OOIPYHTYBaHHsSI KOMIIETEHTHIC-
HOTO TIJIXOJy B OCBITI HuUHI po3pobsitoThest  pociiicbkumu  (A. Mapkosa,
JI. Murina, H.Kysbmina, A.Xyropcebkuit Ta in.), sirumsuganvmu (H. Bibik,
JI. Bamenko, I. €pmakos, O. Jlokmuna, O. Osuapyk, JI. [Tapamenko, O. [Tomerys,
O. Capuenko Ta iH.), 3apybizkanmu HaykoBisivu ([Ix. Pamen, P. Vaiir, /1. Xaiimc,
[. Bray6epr ta in.).

Cuig 3a3HAYNTH, 1110 OJHO3HAYHICTE BIJICYTHSI HABITH y BU3HAYEHHI OCHOBHUX
KaTeropiit. Anajis HAYKOBUX JOC/TIKEHb i3 mpobseMn (hopMyBaHHS KOMIIETEH-
THOCTEI 1 KOMIIeTeHIIill (paxiBlisl BUABUB PO3XOJKEHHS B IXHbOMY PO3yMiHHI. Y
IpeJicTaBJIeH it pobOTI 111/ KOMIETEHTHICTIO OYy/1IeMO PO3YMITH 3aTHICTH OCOONCTO-
CTi JI0 BUKOHaHHSI podeciiiHux 000B 'sd3KiB yepe3 chopMOBaHi 3HAHHSI, BMIHHI,
HaBUYKH, JIOCBLJL JISAIBHOCTI, a 111 KOMIIETEHIIIEI0 — IHTErPOBaHy XapaKTepUCTH-
Ky axiBlisl, BUpaykKeHy 4depe3 IMOTEHIIIITHY IOTOBHICTD JI0 3aCTOCYBaHHsI HaOyTHX
y Ipolieci HaBYaHHs 3HAHb, yMiHb, HABUYOK, JOCBLIY JisiibHOCTI. AHaJIi3 KOH-
TEKCTY BXKUBAHHS IMOHATTS «KOMIIETEHIIIT» JI03BOJISIE PO3YMITH HOr0 K COIiaJIbHO
3aKPIIJIeHNi OCBITHIN pe3ysbTaT. ToOTO KOMITeTeHIlil MOXKYTh OyTH BUBEJIEHI K
peaJibHI BUMOT'H JIO 3aCBOEHHSI CYKYITHOCTI 3HaHb, CIIOCODIB JIislJIBHOCTI, JIOCBiJLY,
sIKOCTEeIl 0COOMCTOCTI, SIKa JIi€ B COILYMi.

OpHUM 13 HafOLIbII BakKJIMBUX IUTaHL (PaxoBOI IiJANOTOBKU MailOyTHBHOI'O
BUHMTE/IsI MaTEeMaTHKU € MUTaHHS HOro MeTOJANYHOI MigroToBKu. OcTaHHIiM JacoM
HAYKOBOIO CIIJILHOTOIO aKTUBHO BUBYAIOTHCS ITPOOJIEMU KOMITETEHTHICHOT'O TT1/TXO0-
Jly y BUPIIIEHH] JIaHOTO TTUTAaHHS.

OkpemuM acreKTaMm (popMyBaHHsI METOJIMTIHOI KOMIIETEHTHOCTI MaiibyTHBHOTO
BUUTEIT MaTEeMATHKN TPUCBsYeHa 3HAYHA KITbKICTH jocizkedb (1. Akysen-
k0,0. Jlapionona, O. Jlebenena, I. Masosa, B. Moropina, O. Ckada, C. CxkBop-
nosa, H. Credanosa, H. Tapacenkosa Ta iH.).

OJiHaK aHaJI3 peaibHOI'O HaBYAJLHOI'O IPOIECY 3aCBLAUYE, IO 3MIiCT OCBI-
TH 3aJUMIAETHCI HEJOCTATHBO CIPIMOBAHUM Ha HAOYTTS YIHAMU Ta CTY/I€eHTaMU
KJIFOYOBUX KOMIIETEHTHOCTE!l, 1K1 MalOTh CTATU OCHOBOIO IPOIECY OIIHIOBAHHS
HaBYaJbHUX JIOCATHEHb Yy CUCTEMI OCBITH.

[IpoBejiena namu JiarHocTuKa i aHa i3 pe3yabTaTiB PI3HUX BUJIIB JSAILHOCTI
CTYJIEHTIB MaTeMaTUYHUX ClelllaJbHOCTell TPO/IEMOHCTPYBAJIH, 1110 B OCHOBHOMY
IIPOIleC HaBYaHHs 3/I1CHIOETbCS TPAJIUIIIHO, 110 3a0e31e4ye CTYIeHTIB 3HAUHUM
OararkeMm IpeJIMETHUX 3HaHb, ajie He CIIPHUSIE PO3BUTKY Y HUX BMiHb BUXOJIUTHU 34
MerKi HaBUYAJbHUX CUTYAIll, Y AKUX POPMYIOThCs 11 3HAHHS.
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Buxojisian i3 BuIle cKa3aHOro, MOXKHa KOHCTATYBaTH 1CHYBaHHS CyNEPEIHOCTI
MIK PIBHEM TEOPETUYHUX JIOC/1JI?KEHD MUTaHb KOMIIETEHTHICHOI'O II1JIX0J/1Y B OCBITI
Ta PiBHEM PO3POOKM MeXaHI3MIB YIIPOBAJIXKEHHs HOro y peajibHHUil HaBUYAJIbLHUI
IpoIiec.

CrarTg npHUCBSIUYeHa aHAJI3y MeXaHI3MIB YIIPOBa/KEHHS KOMIIETEHTHICHOI'O
miIxo/1y v nporiec (paxoBoil MiIroOTOBKM MaifiOyTHIX BUNTE/IB MaTeMaTUKH.

OcHoOBHA 4YacTHUHA

Peastizaris 1iseii 1 3aB1aHb SIKICHOI IIJIIOTOBKU MaiiOyTHHOTO BUUTE/IST MaTe-
MATUKHN 3yMOBJIIOE HEOOXIIHICTH MOIIYKY MIIAXIB 1 3ac00IB YI0CKOHAJEHHS flOro
METOIUYIHOT TiJIFOTOBKH, sIKa € BayKJIMBOIO JIAHKOIO B CTPYKTYPI fioro mpodeciitno-
11€/IarOT1YHOTO CTAHOBJIEHHS i PO3BUTKY.

OCHOBHOIO METOI0 METOJIMYHOI IiJI'OTOBKU MalOyTHBOIO BUUTEISA € (DOPMY-
BalHg METOAUYHOI KOMIIETEHTHOCTI. KOMITIETeHTHICTh SK XapaKTepPUCTUKA OCO-
oucTocTi, MO (POPMYETHCA B TPOIECi HaBYAJbHOI JiAJBHOCTI, € 1HTErpoBaHUM
pe3yJIbTaTOM HaOYTTsI KOMIIETEHINI — TAKUX «BIAUy>KEHUX Bij cy0’€KTa, COliaIbHO
3aJJaHIX HOPM JI0 OCBITHBOI IIITOTOBKU TOI'0, XTO HABYAETHCS, 1110 € HEOOX1THIMUI
JUIsT HOrO SIKICHOT JstIbHOCTI B meBHiit cdepi» |2, c. 409|. 3micT moHATTST «Me-
TOAUYIHA KOMIIETEHTHICTb» MOXKe OYTH PO3KPUTHUM HYepe3 CUCTEMY MeTOINTHIX
KOMIIETEHIII!l 3 ypaxyBaHHAM IX KOMIIOHEHTIB Ta MOKJIMBOCTeHl J1arHOCTUKHU 1X
cpOpMOBAHOCTI.

Hamnesno, BIpoBaJIzKeHHSI KOMIIETEHTHICHO-OPIEHTOBAHOI'O ITi/IX0/Ly MOTpedye
0JIHOYACHOI 1Tepedy/I0BI fK 3MICTy Tak 1 (popM opramizarlii HaB4aJIbLHOTO MPOIIECY.
[Ipuuomy itoro cy6’ekTr Ta 06’'€KT MAIOTh 3aJI0BOJIBHATH PSIIY BUMOT.

e [lemaror 3000B’s13aHMit TJIMOOKO PO3YMITH BayKJIMBICTH 0OPAHOTO IT1IXO0JLY,
MaTH MOTHBAILIO 1 OarKaHHsI 710 HOBOBBE/ICHD (HE CEKPET, 10 3HAYHA KITHKICTh BY-
31BCHKUX BUKJIAJAYIB HETATHBHO CTABJISITHCA J0 IHHOBAIIiT) Ta GyTH CIIPOMOYKHUM
CIIPOEKTYBATH HOBY TEXHOJIOT1I0 HABUYaHHSI.

e (CTyJeHT NOBUHEH MaTH BHYTPINIHIO MOTHBAILIIO i CTABUTHUCH BiJIITOBI1a/Ib-
HO JI0 HABYAHHsI, TIPATHYTU JIOCATHEHHS] OCOOMCTICHO 3HAYMMUX pe3yJibTariB (He
TIIbKE XOPOIINX OIIHKHU, sIKi JAI0Th [IPAaBO HA OTPUMAHHS CTHIEH/IT), PO3yMiTH
crerudiky MaitoyTHBOI IpodeciitHol AiIIbHOCTI, Oy TH HAJIAIITOBAHUM Ha AKTUBHY
B3a€MO/III0 3 BUKJIa/[adeM Ta IHITUMU CTY/IeHTaMU.

e Hapuasibnuii MarTepiaj MOBUHEH #ABJIATH COOOIO CUCTEMHE, y3arajbHEHe,
MOXKJIMBO, MiXKJIMCHUILTIHADHE 3HAHHSI, IIPejcTaBjeHe y Pi3HOMaHITHUX (opMmax
ITOTTYKOBOI, MUC/IUTEIHHOI JTisI/IHLHOCTI, ITPOIyKTUBHOTO TBOPYOTO Iporiecy. Kare-
ropis «3HaHHA» Ma€ TJIyMaYUTHUCh K HAKOINYeH] Ilepe/lyMOBH JI0 BUKOHAHHS JIiif,
K «IIPOLEYyPHI 3HAHHS».
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e @DopmMmu opranizaliil HaBYaJILHOIO MPOIECY MaIOTh OYTU MOTOBHEHUMHU Ta~
KIMU BUJIAMHU, SIKi JO3BOJISIOTH 3aJIYIUTH CTYJIEHTIB JIO CIIBPOOITHUIITBA Ta CYyMi-
CHOI TBOPYOCTI, 70 Pi3HOMAHITHUX (POPM BiJIHOCHUH Ta CIIJIKYBAHHSI.

Tpaauniiino popMyBaHHI METOJINIHOT KOMIIETEHTHOCT] BBAYKAETHCS TTPEpOra-
TBOIO Kypcy «MeTonka HaBYaHHsT MaTeMaTuKy. OJIHAK JTOCBI IPOEKTYBAHHS
IPOIIeCy IMiITOTOBKU MaiiOyTHIX BUNTE/IIB MATEMATUKN JI03BOJIsIE€ 3POOUTH BUCHOB-
KU TIPO TeBHY 0OMeXKeHICTh MOKJIuBOcTell manoro Kypcy. Ilpormec dpopmysBanms
METOMIHNUX KOMIIETEHIIIH, Ik HEeOOXi/IHY YMOBY, Ilepejidadac BOJIOIIHHS CTY/IeH-
TaMU CUCTEMOIO MaTeMaTUYHUX, [ICUXOJOTIYHUX, IeJaroriyHuX 3HaHb, YMIHbL i
0COOMCTOTO JIOCBIIY B IXHBOMY 3aCTOCYBaHHI ITiJI Yac BUKJIAJAHHS MKIIHHOI Ma~
TEeMaTUKU.

Anauiiz Bijiomoro jocsijy [1] Ta pesyiabraTu BJIACHOO JIOC/IKEHH I CBI[9aTh
PO MOZKJIMBOCT1 IPUJIyYaTH CTYJIEHTIB 10 MISJIbHOCTI METOJUYHOTO XapaKTepy He
TLIBKU y IPOIIECi OIIpalfoBaHHsI BiJIIIOBITHONO HaBYaJLHOIO Kypcy. Pobora morke
3/I1{fICHIOBATUCH Y KlJIbKa €TalllB.

e [liy1 yac BUBYEHHs OCHOBHUX MATEMATUYHUX KYPCIB OKpPEMi METOJMYHI
KOMITETEHIIIT MOXKYTh (bopMyBaTuch y (poHOBOMY pexknmi. [le ctae MokuBuM 3a
YMOBH BKJIIOUEHHS y CUCTEMY 3aJiad BLIIOBIJIHOTO KypCy ClelllaJIbHUX 3aB/IaHb
(3a CBOEIO CYTTIO, METOJIMYHNX ), $IKi JO3BOJISIIOTH CTY/IE€HTaM HABIUTHUCH OAUUTH
IIKIJIbHY MaTeMaTHKy 3 BUCOTH HAyKOBUX Ta NMPUKJIAJHUX iHTEpeciB. ABTOpaMu
CTATTI 3al109aTKOBaHa cyMicHa poboTa 3 BHKJaIadaMu Kypcy «Ajrebpa i Teopis
Yuces», CIIPSIMOBaHa Ha OPraHi3alllio JIISJIbHOCTI CTY/JAEHTIB 3 BUKOPUCTAHHS Ka-
Teropiit Ta aJropuTMiB Kypcy aJredpu J0 po3B’sd3aHHs MKIJILHUX 3aJa4d Ta J0
3aJly4aHHs CTYJIEHTIB JI0 CTBOPEHHS CUCTEM 3aJiad, 1110 MOXKYTb BUKOPUCTOBYBa-
THCh Y pOOOTI 3 YUIHSIIMU.

e DBxke 3 mepmioro-Japyroro KypciB CTYJIEHTH 3aJIy4aloThCs JI0 IiJINOTOBKU
Ta MPOBEJIEHHS MaTeMaTUYHUX KOHKYPCIB Ta OJIIMINa/l, 3a0X0UYEThCS 1X yYaCTh
y TPOBEJEHHI KOHTPOJIOIOUNX 3ax0/iB y mejaaroriaaoMy Jinei. [lofibni 3axomn
JIO3BOJISIIOTE CPOPMYBATH Yy CTYJEHTIB JOCBI/T BUKOPUCTAHHS Y TIPOIEC] HaBUYAHHSI
TaK 3BaHol «BepTukajgbHol» negarorikn (P. I Xazankin).

e OcobnuBa poJib BiIBOIUTHCS Kypey «Eementapua maremarukay. Bukiia-
Jadi TpUIIISIOTH yBary He TLIbKN y3araJbHeHIM ITpuiioMaM pOo3B’s3anHs KIaciB
3aJ1a4, a i aHaJlizy MOYKJIMBUX IMPUIOMIB TIOOYJI0BU CHCTEMHU 3aJiad, CIIOCO0IB y3a-
raJbHeHHs TOIo. KoMILteKen 11 caMOoCTiitHOT Ta 1HINBIyaabHOl pOOOTH MiCTATD
3aBJIAHHS aHAJITUKO-CUHTETUYHOI'O XapaKTepy, 3aBJaHHs Ha KOHCTPYIOBaHHS CUC-
TeM 3329 3 33JJaHIMHI XapaKTepUCTUKaMU, BHOID OMOPHUX YN KJIIOYOBUX 3aJ1ad
J10 3aJ1aHO1 TEeMMU.
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e @DopMyBaHHS METOJMYHOI KOMIIETEHTHOCTI MaiiOyTHHOIO BUNTE/A MaTe-
MaTHKI BUCTYIIA€ OJHIEIO 3 IPOBIIHUX IIiJIeil Ta aKTUBHO BiAOYBAE€TbCs y IPOIEC
ormaHyBaHHsl Kypcy «MeToguka HaBYaHHS MaTeMaTUKH» Ta KYPCIB 3a BHOOPOM
METOUIHOTO cipsaMyBaHHs. OCHOBOIO J1J1s1 BU3HAUEHHST METOMIHUX KOMIICTEHIIi
yUHUTE sl MaTeMaTHKI € OCHOBHI (paxoBi il BiAIOBIIHI TM THIIOBI 3224l METOANIHOL
JisITBHOCTI BUnTeIs MaTeMaTuku. Y MoHorpadii [3| BBOgsiTbCsS HACTYIHI TpyIin
METOJIMIHIX KOMITIETEHTHOCTEH (y HAIIIOMY PO3yMiHHI «KOMIIeTeHIiil» ) MaiibyTHix
BUMTE/IIB MaTEMATUKHU, 0 3a0€31eUYyI0Th peaslizaliiio QyHKIIT:

1) 3 aHAJITHKO-CHHTETUIHOI JiSLIbHOCTI;

2) 3 IIaHyBaHHS §i KOHCTPYIOBAHHS;

3) 3 opranizariii it KepyBaHHs JIAILHICTIO YIHIB y TPOIECi HABYAHHST MaTeMa-
TUKU,

4) 3 OIHIOBAHHS BJIACHOI [ISAJTBHOCT i JislIbHOCTI yUHIB.

Y KOXKHIfl TPyl BUALISEMO KOHKPETHI BUAW KOMIIETEHIIIH, AKi CJIYTYyIOTH Opi€H-
TUPOM Yy POOOTI HaJ | KypCOM, JIO3BOJISIOTH CTYJEHTaM O3HAOMUTHUCH 3 TIEPCIIEK-
TUBAMU CBO€1 JIISIJIBHOCT1, BUCTYIAIOTh OCHOBOIO IPU 3JI1IfiICHEHHI MOHITOPUHIY
JIOCATHEHDb CTY/IEHTIB.

OJIHUM 13 OCHOBHUX 3ac00iB, IO JI03BOJISIIOTH (DOPMYBATH METOJINTHI KOMIIE-
TeHIII] € crucTeMa MeTONYHNX 3aB/laHHsl. MeTo ndHi 3aB/1aHHsI — e TaKi 3aBIaH-
Hsl, 9K1 CIIPsIMOBAHI Ha OBOJIOJIHHS IPUIIOMAMU METOIUYIHOI POOOTH i3 3aIIPOIIo-
HOBAHIM MATEMATUIHUM HABYAJIBHUM 3MICTOM (TIOHSTTSIM, TEOPEMOI0, 3aJIader0
TOIT0). ABTOpaM po3pobJICHO CUCTEMY METOIMYHIX 3aB/aHb Jjisi KOXKHOT 3 Has3-
BaHUX YOTUPHOX TPYIT METOJAMIHUX KOMIIETeHIIIl. Bukopuctanusg Taknx 3aB/iaHb
J103BOJIsIE ¢(pOPMYBaTH LIHHICHE CTAaBJIEHHSI JIO0 KATeropiit MeTonK MaTeMaTHKH;
BUPOOUTU y CTYJIEHTIB KPUTUYIHE CTaBJIEHHSI JIO PE3YJIbTATiB IOIepeHbOI podboTH
Ta MOTHBYBaTH BJIOCKOHAJICHHS CBOEI TTPOECiiiHOT JIiATbHOCTI.

CyuacHuii 1polec HaBYAHHA BayKKO YsIBUTH 0e3 BUKOPUCTAHHS iH(OpMAa-
MIHIX TexXHOJIOTi#. BuKopucToBy0OUN 6JIOKOBO-MOY/IbHE CTPYKTYPYBaHHS MPO-
rpamMoBoro Marepiajly Kypcy «Merojauka HaBYaHHS MaTeMaTUKH», PO3POOJICHE
IIPOEKTHE CEpEJIOBUINE, JJI SIKOTO Jl0jlaHa eJeKTPOHHa 000JOHKa HaBYAJIbLHO-
METOJIMIHOIO KOMILIEKCY jucnuiuiinu. OTpuMana MOJe/Ib JIO3BOJIAE MTePEeNTH Ha
piBEHb TEXHOJIOT1] HaBUaHH, Ky KOPOTKO OXapaKTepU3yeMO.

[leprr 3a Bce cTy/IeHTH O3HAMOMJTIOIOTHCS 13 3araJibHUMU TLISIMI 1 3aB/IaHH-
MU KypCy, KJIIOYOBUMU, 3araJIbHOOCBITHIMU Ta MPEeIMETHUMUI KOMIIETEHIISAMU, SAKi
OyIyThb PO3BUBATUCH BIIPOJIOBXK HABUAHHSI.

BijOyBaeTbcsi TaKO»K 3HAHOMCTBO CTYJIEHTIB 3 OCOOJMBOCTSME CTPYKTYpPH
€JIEKTPOHHOI'O HaBYaJIbHO-METOJIMYHOIO KOMILIEKCY, MOXKJUBOCTSAMU CafiTy, Ha
AKOMY BIH PO3MIIIEHUIA.
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Hactynnuwm etarom € cymicHa poboTa BUKJIa/iada Ta CTYACHTIB HaJl OKPEMIMUI
HABYAJLHUMUI Ta 3MICTOBUMHU MOIYJISIMU. 10 KOXKHOINO MOMIYJIS CTYIEHT OTPUMYE
PO3pO0JIeHY BUKJIaIadaMi MATPHUIO, V sKill B psIKax I0JAI0ThCA KOMIIETEHIIIT,
10 MaloTh OyTH cOPMOBAHUMU, & Yy CTOBIISX ITi3HABAJIbHI PIBHI HABYEHOCTI 3a
B. Buiymom (3HamHs, po3yMiHHSI, BUKOPHUCTAHHSI, aHaJi3, CHHTE3, OIIHIOBAHHS),
KOYKHUIT CTYJIEHT OTPUMYE TaKOXK TAOJIUIO 3 POSMINPEHUME 1 YTOUHEHIMHI XapaK-
TePUCTUKAMHI KaTeropiil HaBdaJbnnX 1iteit. Jlo KiHig BUBUEHHA MOJYJIA CTYIEHT
JIJISI KOYKHOI KOMIIETEeHIll BlJIMIYa€ BINOBLIHY KJITUHKY Y MaTpUIll, Ha OCHOBI
CAMOOIIIHKHI JIa€ PO3rOPHYTY XapaKTEPUCTHUKY CBOIX HaBYAJLHUX JTOCATHEHBL. Y
pe3yabTaTl PI3HUX IJIAHOBUX KOHTPOJIOIOUMX 3aX0/11B BUKJIaJad 3aHOCUTH Y Ma-
TPUITIO CBOIO OIIHKY Ta MOPIBHIOE 11 3 CAMOOIIHKOIO CTY/IeHTa. ZIKIINO BUSBISIETHCS
HECHIBIIa/IIHASA, TO BUKJaJad IOSICHIOE CTYJIEHTY CBOO 1o3ulito. Ile crpusie Bu-
sIBJICHHIO HasBHOIO 00CATYy I PIBHS 3aCBOEHHA CYKYIIHOCTI METOJMYHUX 3HAHD,
HABUYOK, YMiHb, IIIHHICHUX OPI€HTAIII{l Ta JOCBiy BUKOHAHHST MOJIOINM (hbaxiBleMm
PIBHUX BU/IIB METOANTHOT JIIAIbHOCTI. TUM caMuM HiJIBUILYETHCs OIIHHA KYJILTYypa
CTYJEHTa, 10 JIJIsI MailbyTHBOIO BUNUTEIsSI € 0COOJIMBO BayKJIMBUIM.

Buxosian 3 06’€eKTUBHOI HEOOX1IHOCTI BUKOPUCTaHHSI iHHOBaIiiHIX (hOpPM Op-
raHizalil HaB4aJJIbHOTI'O IIPOIeCY Y MailOyTHIi mpodeciitHiil JistIbHOCTI, 3a/1yYaeMO
CTYJEHTIB JIO CTBOPEHHS PI3ZHOI'O POJY METOJMYHUX Mojieseli: Bl MOJeII0BaH-
Hsl OKPEMOI'O BUJLY JsJIBHOCTI Ha yPOIIl O CTBOPEHHS IIpeiMeTHO-MaTeMaTuIHOL
MOJIeJIi BUIIYCKHUKA 3arajbHOOCBITHBOI MmKOJIU. CTyIeHTH 0epyTh ydacTh y PO3-
poOIIl IPOEKTIB, SKi y MailOyTHLOMY MOYKYTb 3allpOIIOHYBaTH 1 ¢BOIM y4HsM. Ha
HPaKTUIHUX Ta J1aOOPATOPHUX 3aHSTTSIX 3 METOAUKNM HAaBYAHHSI MaTEeMATUKH BU-
KOPUCTOBYIOThCSI IHTEPAKTUBHI METO/IU, JUCKYCI1, JILJIOB] irpu, eperJis/l Ta aHaJIi3
BIJIeO TIpe3eHTalllil YPOKiB PI3HUX BUUTEIB Ta 1H.

[Toenanus TeopeTUYHOI Ta MPAKTUYIHOI IMATOTOBKHU 3a0e3I1eUyIoTh MaKCH-
Mizalilo cy0’€KTHOTO JOCBIY CTYIEHTIB Yy 3/1fICHEHHI PI3HUX BUJIB METOIMYHOI
JISITBHOCTI.

BucaoBknu

KomriierenTHICHMI 11 /1X1 1 HA CHOI'OJIHIIIHII JIEHb € OJHIEIO 13 aKTyaJIbHUX IIPOO-
JIEM OCBITH 1 MOYKe POBIVISIATUCA sIK BUXiJ 13 MPOOJEMHOI CUTYyallil, 110 BUHUKJIA
yepe3 NPOTUPITds MizK HeOOXITHICTIO 3a0€311eYNTH AKICTh OCBITH Ta HEMOYKJIMBIC-
TIO BUPIIIUTH 1[I0 IPOOJIEMY TPAIUIIHHIM IIISIXOM.

AKIleHT B METOMMYHIH HiATOTOBIN BUMTEIS MATEMATHKI MAIOTh OyTH Iepe-
HeceHl 3 BUBUYEHHS CTaHJapTHUX, IHBaApIaHTHUX CTaHIB Ha MeXaHI3MU OBOJIOIIHHSA
HOBUMM, IIPUJIyUeHHs JI0 IEePCHEKTUBHUX MOojiesell Iegaroriqaoro JI0CBiay it ro-
TOBHOCTI J10 HAOYTTs BJIACHOI'O B MIMPOKIi 1 pi3HOMAHITHIH MpaKTHIL.
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ITPO SMICTOBE HAIIOBHEHHSA TEMU «B3A€EMHE
PO3TAILITYBAHHA ITPAMUX 1 IIJIOIIINH V¥V ITPOCTOPI»
BAIJAYAMU KJTACUPIKAIIINMHOI'O XAPAKTEPY

BucsitimoeTbcsd aBTOPCHKUI JIOCBIJI BIPOBAJZKEHHS JIOCJITHAIIKUX 3a/ad Ha IPUKJIaJ]l BUB-
yenns «Teopil mpsAMUX 1 IJIOMIMH Y MPOCTOPi» IMIJIAXOM 3MICTOBOIO 11 HAIIOBHEHHS 3aJladaMu
KJ1acudikaritnoro xapakrepy. B gkocTi Takux 3ajiad B poOOTI BIepIie HaBejeHa Kjacudika-
sl TPSMUX IIPOCTOPY 38 O3HAKOI0 B3a€MHOT'O PO3TAllyBaHHS BIIHOCHO KOODJAMHATHUX OCeil i
IJIOTIMH JIeKapTOBOI CUCTEMH KOOP/IMHAT.

Kommo4doBi caoBa: Haykoso-docaionuuvka diasvhicmo, 3a0a4i KAGCUPIKAULTH020 TapaK-
mepy, KAGCUPIKAULA NPAMULT NPOCTNOPY.

Beryn

IToctranoBka 1mpobJjeMn. 3arajbHO BU3HAHO, IO BCEOITHMIT PO3BUTOK
Mmaitoyraix BunrteniB 3O ra Bukmagadis BH3, sokpema dopmyBanmst mpode-
CIMTHIX KOMIIETEHTHOCTEH, € OJHMMH 3 TOJOBHUX 3aBIaHb, 9KI CbOIOJHI CTOATH
nepe/1 BiTunsusaumu nejgaroriaanmu BH3. Towmy BianmoBiiHIME IpOrpaMaMu IIi1-
roToBKN (axiBIiB IepedadacTbcss (POpMYBaHHS YHIBEpCAJIbHUX 3HaHb, YMiHb
1 HaBMYOK, sKi Oy1yTb HEOOXiAHMMU JJId aJanTallil BUIIYCKHHUKIB IeJaroriqHux
BHS3 10 HOBUX CyCHIBHUX YMOB Ta MOBHOIIHHOI 1X caMopeaJii3aliil.

Ha npeBesiukuii KaJjih, pe3yibTaTi IArHOCTUK PIiBHST 3a/MINIKOBUX 3HAHD (3a
pesysnbratamu KKP) cBiguars npo e, 1o 3uadHa 9acTHHA CTYJIEHTIB, 30KpeMa
MaTeMaTHIHUX cleliajgbHocTell negarorivanx BH3, MaoTh TpymHOII 3 BUKOHAH-
HsIM caMe TBOPYMX 3aBJIaHb Ta PO3B’sI3aHHSIM HETUIIOBUX 1 JOCJITHUIBKIX 3a1ad.

Opna 3 npuuns, Ha JayMky A.l. CaBeHkoBa, MOJISITA€ Yy TOMY, IO <... TPAJIU-
1ifine HaBYAHHSA Yy BUIIaxX Oy/IyeTbCd HE TaK Ha MeTOoJlaX CaAMOCTIHOTO, TBOPYOIoO
1 JIOCITHUIIBKOTO TOMIYKY, K Ha PelnpoJAYyKTUBHIN JISJIbHOCTI, CIIpsIMOBaHIl Ha
3aCBOEHHA T'OTOBHUX, paHilie jodyTux ictuH. I came ToMy HaBYaHHSA CTYIEHTIB
BTpavae IoJIOBHY PUCY JIOCLIHUITBLKOI MOBEIHKKM — ITONIYKOBOI aKTHUBHOCTI. K
pe3ysIbTaT — BTpaTa JOIMUTIMBOCTI, 3I0HOCTI CAaMOCTIfIHO MUCJIUTH, 110 IPAKTUY-
HO YHEMOKJINBJIIOE TIPOIECH caMOHaBYaHH:, CAMOBUXOBAHHS, a OTZKe, 1 CAMOPO3-
BUTKY.»> [11]
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Hespazkaroun Ha TpuBajnii 1 mOmMMUpPEHUil JOCBI BUKJIAIAHHS aHAJ1TUYHOI
reoMeTpil y BH3 Ta «ejieMenTiB aHAJITHIHOI FeOMETPil» 1 «MeTO/Iy KOOP/IMHATS
B SO, cij Takoyk BU3HATH, IO Ha CHOTOJHI I 3AJUMIAECTHCA Pl aKTyaJlb-
HUX TIpobJIeM (30Kpema ii 3a3HadYeHa «TPaJUIIHHICTD Y HABYAHHI» ), OB I3aHIX
13 HaBYaHHAM Ta BUKJIQJIAHHAM I[HOTO PO3JILIY MaTeMaTUKH.

OjHiero 3 Takux MpodJieM, sika 0COOJIMBO TOCTPO MOCTaJIa OCTAHHIM YacoM, €
3HAYHE 3MEHIIEeHHS THKHEBOI'O ayIUTOPHOIO HaBaHTAYKEHHsI CTYIEHTIB. Y 3B SI3KY
3 UM — 3MEHIIEeHHS ayIUTOPHUX T'OJINH, 110 BIJIBOJSITHCS HaBYAJILHUMUI TIJIaHAMUI
Ha JIEKIIHI Ta TPaKTUYIHI 3aHATTA. | 9K HAC/HIJIOK — <«ayJuTOpHEe 030POEHHI»
TEOPETUIHUM «MiHIMyMOM» Ta HaBUYKaMU PO3B’si3aHHSI IIepPeBaKHO TUIIOBUX 3a-
nad. TakuM 9mHOM, BUKJIaIad BUMYIIIEHUI «IIepelaBaTuy» JI0CBIi/I 3 PO3B’ 3y BaHHS
JIOCJTLTHUIIBKUX 33184 Y To3aayiuTopHuit gac. Takunii B poboTH, K IpaBujio, pe-
aJIi3y€eThCsI )] 9ac IHANBIIyaIbHUX KOHCYJIbTAIIl, TTOB’sI3aHNX 13 BUKOHAHHSM (B
iteasti — 3axuUCTOM) IHANBIIyATBHIX JOBIOCTPOKOBHX 3aBJaHb, SKi KPIM THIIOBIX
3aj1ad 1epeadbadaloTh 1 3ajadi JOCIIHIIILKOTO XapakTepy. lIpore, sk cBiYUTH
JIOCBiJI, HasIBHICTH PO3B’sI3KiB HEOOXiAHOI KIJIBKOCTI 3a/1a4 CTA€ CAMOIIJIIIO 1 j1a-
JIEKO He 3aBZK/I1 Ha KOPUCTb JIOCJITHUIILKUX 3a/1a4.

Ajte 3K «JIOCTIHUIIBKI 3a/1a9i KOPUCHI TUM, IO HE MICTATH AJITOPUTMIUHIX
IT1JIXO/TIB 1 3aBYK/IM MTOTPEOYIOTH MONIYKY HOBUX 1J1eil, IKi CTUMYJIIOIOTH ITi3HABAJIb-
Hi iIHTEpecH CTY/IeHTIiB, (DOPMYIOTH HABUYKN ITPOBEJIEHHS aHa i3y, CUCTEMAaTH3allil,
BUCYHEHHsI TiIOTE3, JIONOMaraloTh OBOJIOITH JIeIyKTUBHUM METOJIOM, aKTHUBI3Y-
FOTh CAMOCTIITHY MOIIYKOBY JislIbHICTE.> [12)]

Takum yunoMm, npobJsiema BHOOPY METOJIB HaBUYaHHS Yy KOHTEKCTI PO3BUTKY
JIOCJIJIHUIBKOI KOMIIETEHTHOCTI IPU BUBYEHHI I'eOMeTPil € sIK HIKOJIM aKTYaJIbHOIO.

Crpobi Bupimmentst (IpuHaiMHI 9acTKOBO) 3a3HAYEHOI MPOOJIeME i TPUCBsI-
YeHa JlaHa CTaTTsd, B sKiif BUCBITJIIOETHCS JOCBIJI BIPOBAJZKEHHA JIOCIIIHUIIBKUIX
3aJ1a4 Ha MPUKJ/IaJl BUBUEHHS TeMu «B3aeMue posrantyBaHHsg TPAMUX 1 TLIOIIITH
y IIPOCTOPI».

AnaJti3 akTyaJ bHIX JIOCII2KEeHb, IPUCBIUECHUX DIBHUM ACNEKMAM 0P2aHI3AULT
HAYKOB0-00CAIOHOT DLANLHOCTE CMYdenmic; nPodaemam PoPMYBaHHA J0CAIOHULL-
KUL YMIHD CMYJeHmis; cniepooimuuymey euxkiadawis i cmydenmis y HayKkosur
docaidoicennAr, TOCTATHRO MOBHO BHCBiT/IeHNiT B [13].

OcobiuBy Harmy yBary mpuBepHy/a j0 cebe monorpadist [5], B skiit BECBIT-
JIEHO TEOPETUKO-MEeTOJIONIOTIUHI 3aca i y3araJbHeHHs Ta CUCTeMaTu3allll 3HaHb
CTYJIEHTIB 3 aHAJIITUYHOI reoMeTpil.

Bijibir geraabHO 3yNIMHIMOCS Ha aHaTi31 dudaxmuyunozo 3a0e3nevwerms memal.
Tpajuniiino, BuBdenns Ta BuKIa) TeM «IIpsama y mpoctopir, «B3aemue posra-
MIyBaHHA TPAMUX Y ITPOCTOpi» Ta «B3aeMHe po3ramryBaHHsg MPAMUX 1 TLJIOMINH
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y TPOCTOPi» CYNPOBOJIZKYETHCS PO3TJIAIOM YaCTUHHUX BUIAJIKIB PO3TAITYBAHHS
npsiMol BijiHoCHO dbikcoBanol jekapToBol cucremu koopunat (JICK).

Axicunii Ta KiJbKICHUIT aHaJi3 TeOPeTUIHOro 1 JMJaKTUIHONO MaTepiasly, sSKMil
MICTHTBCs B OLJIBINOCTI PO3IIOBCIOJIZKEHNX Ta PEKOMEH/IOBAHUX I JIPYYHIKAX 1 301p-
HUKaX 3a/1ad, J03BOJIA€ KOHCTATYBATU HACTYITHE!

1) 3azadi, sKi BITHOCATHCST 0 CYTTEBO PI3HUX TOJIOXKEHB MPsiMOT Y TIPOCTOPI
(3a 03HAKOIO B3AEMHOTO PO3TAINYBAHHS BiJIHOCHO KOODJMHATHUX OCefi i IIOMNH
JICK), 311€61/1bI110T0, BUYEPITYIOTHCS PO3IJISIIOM JIUIIEe THX BUIAJIKIB, KOJIH IIpsiMa
€ mapaJieJibHOW (CIIBIAIAE) 0 MEeBHOI KOOPJAMHATHOI 0ci abo K € mapaJiesibHO0
(HasteKUTH) 70 TeBHOT KoopauHaTHol mwiomuan (1, 2, 3, 6, 7, 8, 9, 10].

2) IlpsiMuM 3arabHOTO MOJIOZKEHHsST Maiizke He TPUILISEThCs yBara. BuHsT-
KOM, 4aCTKOBO 11030aBJIEHUM 3a3HaueHOl BaJIi, € HalpuKJal 36ipuukn |2, 7, 8, 14],
B KUX Y 3araJbHOMY BULJIA/] IIPOIIOHYIOTHCA i1 3a/1a41 Ha JOCLJI?KEHHS KPUTEPIIB
B3a€EMHOI'0 PO3TAITyBaHHS MPAMUX 1 IJIOHIUH ITPOCTOPY.

3) 3arajoMm, B TOMY YU IHIIOMY BUIJISII, 3YCTPIYAIOThCS MOHANDLTBIIE 85 i3
133 cyrreBo pisHux (y 3a3HaYeHOMY BHUIIE KOHTEKCTI) TurmiB npsamux. [Ipore cam
dakT Tumizalil NPsAMIX, siIK IPABUJIO, 3aTYIIOBYETHCS.

Kiracudikartiist npsiMux mpocTopy 3a BKa3aHOI 03HAKOIO B IBHOMY BUTIJIsI/II J10
CHOT'0JIHI 3aJIMIa ach He BUCBITJIEHUM IIUTAHHAM HaBITh B TEOPETUIHOMY aCIIeKTI.

OT2Ke, METOIO CTATTI € BUCBITJIEHHSI aBTOPCHKOT'O JOCBIIY 111010 BIPOBAIZKEH-
He JIOCTIIHUIBKUX 3aJlad Ha MPUKIadl BUBUYeHHA Temu «lIpsama 1 miommna y
IIPOCTOPI» IMIJISIXOM 3MIiCTOBHOI'O 11 HAIIOBHEHHs KJIaCU(DIKAIEID PSIMUX 38 O3HA-
KOIO B3AEMHOI'O PO3TAIyBaHHSI BiIHOCHO KoopauHaTHux oceii 1 momun JICK.

OcHOBHA 4YaCTHUHA

[Tepmn Hi2K BUKJIACTU CyTh KJacU]IKaIlil NpsIMUX ITPOCTOPY 3a O3HAKOIO B3a-
€MHOI'0 pO3TalllyBaHHsI BiJjHOCHO KoopauHaTHux oceii i miomma JICK nasejemo
3arajbHi peKOMeHIallil CTOCOBHO BIPOBAIOXEHHHS BIIIIOBIIHUX TUIIB HMPIMUX
/T 9ac BUBYEHHS TeM «DB3aemHe po3TallyBaHH:d IPAMUX y MIPOcTOpi» Ta «B3a-
€MHE PO3TaIlyBaHHA MPSAMUX 1 IJIOMIUH Y MPOCTOPI», AKi BIJIHOCUTHCS J10 000B 513~
KOBOT'O 3MIiCTOBOTO MOy «Teopis mpaMUX i IJIONUH Y ITPOCTOPI»:

1. 3 ocHoBHIMH KJjiacaMu IpsMuX (1X BCbOro 7) MPOMOHOBAHOI Kiacudikariii
CTYJICHTIB HEOOXITHO O3HAHOMUTH BKe Ha TEPIINX 3aHATTIX TeMU (MOYKJINBO Ha-
BITB 11iJ1 9ac JeKIinHoro 3austtrs). O3HaOM/ICHHS 3 IEBHUMHU 13 CYTTEBO PI3HUX
THUIIB TPSMEIX TPOMOHOBAHOT Kiiacudikarii (Haa/l — TUITH MPSIMUX ) TAKOK MOXKe
BiIOYBATHUCH 3 MEPHINX TPAKTHIHIX 3aHATH, TPUCBIICHIX BUBUEHHIO 3a3HAYCHITX
TeM. PisHOMaHITTS TeMaTUIHUX 3819 MOBUHHO JIOCATATUCS HE 33 paxyHOK PO3-
DJISTY aHAJIOTTIHUX 33/1a9 3 PI3HUMU YUCJIOBUMU JAHUMU a00 YK PI3HUX CIIOCO0IB
3aJlaHsl IPSAMUX 1 IJIONIUH, & 38 PAXyHOK PO3IVISLY BIIOBIJIHUX THUINB MPIMUX.
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2. DBesmnocepeine o3HAOMJIEHHSA 3 MEBHUM THUIIOM IPSAMEUX JIOIMIJIBHO PO3-
MOYMHATHU 13 3aJla9 Ha TO0YJIOBY MPAMOI, 3aJaHol KaHOHIYHUM PIBHAHHAM i3
YUCJOBUMU JIAHIMU; & ByKe TIOTIM 3aIPONOHYBATH BUSABUTH 3a/J1€2KHOCTI D0 3aKO0-
HOMIPHOCT1 Yy pO3TallyBaHHI OJITHOTUIIOBUX HPAMUX.

3. Jlayi HeoOXiIHO pO3TJIAHYTH THUIIOBI 3a8/1a4i PO OCOOJIMBOCTI PO3TAIITYBAH-
Hsl IPSIMUX (38 [aHNX KAHOHIYHUMU DIBHSIHHSIM 3 YHCJIOBUMIE JAHUMN ): 3'sICy BAHHS
IIUTaHb IOJ0 IX CIHIBIAJIHHSI, HapaJieJIbHOCTI, IepeTuHy abo »K MUMOOIXKHOCTI.
[Ticist oro, B IKOCTI YaCTUHHUX BUIIQJIKIB, CJILJ] POITJISHYTH BUTIAJIKT, KOJIU OJTHI-

€10 13 TaKIX IPpsAMHUX € KOOpAUMHaTHA BICb.

T—Zo _ Y—¥Y __ Z—Z0o
I I I5
3araJibHOMY BUTJISA/I) BCTAHOBUTH BiAMOBIIHI (HeoOXiaHI Ta/abo jgocTaTHi) yMOBH

[ToTim ju1st ipstmori [ : (3a/1aHOT KAHOHIYHIM PIBHSHHSIM B
i1 cuiBIa IiHHSA, NTapaJIeJIbHOCTI, TIEPEeTUHY ad0 YK MUMODI?KHOCTI 3 KOOPIMHATHOTO
Biccto OX (OY,0Z). Tak, manpuk/iaja, HeOOXIIHUMHI 1 JOCTATHIMU yMOBAMU
criBnainns npsmoi | 3 Biccio OX  (siKa «€ TIpeICTAaBHIKOM» THITY IPSMUX a1 1 )

€ HaCTYIIHI 20 ER, yo=2 =0

LA0, ly=1l3=0.

SiOHUM CTyIeHTaM CJIiJI 3aIlPOIIOHYBATH OTPUMAHHSI BIJIIIOBIIHIX aHAITII-

lEOXgCLLl@

HUX YMOB JIJIS PEIITH THUIIB TaKUX HPIAMUX Yy BUIJISIL 1HJUBIyaJIbHUX 3aB/laHb.

4. eranizoBany kiacudikaiiio npsamux (3 ycima 133 cyTreBo pisHuMEI TH-
aMi) JIONIIbHO HABECTH HA OCTAHHBOMY MPAKTHYHOMY 3aHSTTI, IPUCBSIICHOMY
CUCTEeMATHU3allll, y3araJbHeHHIM Ta KOHKpeTH3alil Ha0yTuX 3HaHb.

5. Koo 3aa9 Ha BCTAHOBJIEHHST KPUTEPIiB IPUHAIEKHOCTI MPAMOT (38 1aHOT
KAHOHITHUM DIBHSIHHSIM B 3araJlbHOMY BUDJISI) JIO IEBHOTO TUITY TPSIMEIX MOYKHA
3HAYHO PO3MIUPUTH, 38 PAXyHOK OTPUMAHHS aHAJOIMYHUX KPUTEPIIB Ha BUIIAJIOK
IPSIMOT, 3a/1aHO0T 1K MIEePeTHH IIOMNH (3a/IaHIX 3araJbHIMI DIBHSIHHSIMIM).

6. Haseneny kiacudikariio IpsMux JOMIBHO JOMOBHUTH (a00 YK TPUHANM-
Hi 3alpOIOHYBATH HA CAMOCTIfiHE OIPAI[FOBAHH:) aHAJONIHOW KJacudikarieo
IJIOIIMH MIPOCTOPY (3a TAKOI YK CaMOI0 03HAKOIO).

7. Haiibinbmr 31i0HIM cTyieHTaM MOKHa 3allPOIOHYBATH il ojeprKaHHs Bi/l-
MOBLJIHUX aHAJITUYHUX YMOB JIJIsl KOZKHOT'O 13 CYTTEBO PI3HUX TUIIB ILJIONIAH.

Knacupikanisa OpsaMUX NPOCTOPY 3a O3HAKOK B3AaEMHOI'O PO3TallyBaHHS
BiJHOCHO KoopZuHaTHuUX ocel 1 mmomuu JCK

[IporonoBana HuxK4e Kjacudikallis IpeJcTaBjeHa 3a JIO0IOMOI'OK HAOYHOI
cxemn 1 3 1OJIAJIBINOIO JleTajli3alli€lo B TepMiHax BBEJIEHNX TO3HAUYEHb.

I. P — MHOXKWHa NpAMUX, MapajejJbHUX 10 KOOPAWHATHUX MJIOIINH

1.1) A — xyac npsiMux, napaJjeabHuX J10 KoopanHaTHux oceit: Ay, As, Az —
HiJIKJIaCH TPSIMUX, 110 € TapaJjieJibHUMU J0 Koopaunataux oceit OX , OY i1 OZ
B1JIIIOBITHO;
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1.2) B — kJjiac mpsiMux, IO T€PETHHAIOTH JIBi MiBBiCI PISHUX KOO MHATHIIX
oceit: By, By, B3y — nijkjacu IpsMux, 110 nepeTnHaloTh 1iBBici oceit OY'i1 OZ
niBsici oceit OZ 1 OX ta niBsici oceit OX 1 OY BiIOBIIHO;

1.3) C' — kjac npsaMux, 1o HapaJiesibHi OjHiil 3 KOOPMHATHUX ILIOIIMH, He
€ mapaJIeJIbHIMU JI0 BiITIOBIIHIX KOOPAMHATHUX OCEil Ta He IePeTHHAIOTH TPETIO
Bick: C7, Cy, (3 — mijKjaacu npsgMux, 1o € napaJjejabHumu Jgo wiomua Y OZ
Z0X ta XOY BiinoBiIHO;

1.4) D — kjac npsgMEX, M0 MEPEeTHHAIOTH KOODMHATHY IiBBiCH (1I0YATOK
KOODJIMHAT), € napaJieibHIMI (HaJieXKaTh) BiJIIOBIHIN IJIOMMHI Ta He € Tmapa-
JISJIBHIMU JI0 »KOJHOI 3 JIBOX 1HIINX KOOpJANHATHUX oceit: Dy, Dy, D3 — miakiacu
npsiMux, 1o nepernHaioTb oci OX , OY i OZ BianosijgHo.

II. () — MHOXKWMHA TIPAMUX, IO HE € TapaJeIbHUMMI JIO >KOJ/HOI 3
KOOPANHATHUX ILJIOIIH

2.1) F — KJac IpsiMEX, M0 MPOXOJIATD Yepe3 MoIaTOK KOOPUHAT, He CITiBIIa-
JIAI0Th 3 YKOJIHOIO 13 KOOPAMHATHUX OCeil Ta He HaJleyKaTh »KOJIHIH 3 KOOPIMHATHIX
ILJIOIINH;

2.2) F — wjac npsiMux, 10 MEePEeTHHAITH KOODMHATHY TBBICH Ta € MIMO-
OI2KHUMU JI0 JBOX 1HIINX KOOpJAMHATHUX oceit: Fy, Fy, F3 — migK/aacu npsiMuX,
10 MepeTnHaloTh 1iBBick oceit OX | OY i OZ BianosijiHo;

2.3) G — wJlac NpsSMEX, M0 He € MapaiebHUMU JI0 KOJIHOT 3 KOOPIMHATHUX
IJIOIIMH Ta He MPOXOJATh depe3 nodarok kKoopaunar: Gy, Go, Gz, Gy — mij-
KJIACH MPSMUX, IO IepeTnHaroTh uBepTh mwiommun X . OY,, Y.OX_, X_OY_
i Y_OX, BinmnosijgHo.

A B C D
) N J d l l ) J N N d N
/| Al AZ A3 Bl BZ B3 C11 C'2 C3 Dl D2 D3
P 9 9 9 4 4 4 8 8 8 6 6 6
0 4 8 8 8 6 6 6 6
1 I B K G |G, |G |G,
Ny T 1 1 T 1 1 1

E F G

Cxema 1: po kiaacudikariii mpsgMux IIPOCTOPY 32 03HAKOIO B3aEMHOTIO
po3TaIlllyBaHHS BiJTHOCHO KoopauHaTHuX oceii i momua ACK

B nogasibiiiomy 0e3 J10JIaTKOBUX TOSICHEHD JIJII HaBEICHUX TUINB MPAMUX Oy-
JIyTh HaBejeHi rpadivni iaocTpallil i3 300paykKeHHsaM BIIIOBIIHUX TOJJOXKEHDb 1X
npeJicTraBHUKIB BijHOCHO (hikcoanoi JCK.
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Puc. 1: npsawmi 3 kiaacy A

@1; — UPEJCTABHUKH 9 MOXK/IMBUX THINB IPAMUX Hijkuacy A; (110 € napasesnb-

v 7o oci OX ) — puc. 1 a);
Q2; — HPEJICTABHUKN 9 MOKJIMBUX THIIB HPAMUX mHmigkiacy A (1m0 € mapaJsiesib-

auMmu 10 oci OY ) — puc. 1 b);
a3; — UPEJCTABHUKH 9 MOXKJIMBUX THIIB IpAMIX HigKIacy Az (10 € mapasieiib-

rnvn 1o oci OZ ) — puc. 1 ¢).

A A A
i L, i L, Z
IAbo 4 /i
b; / 0537 —
Y > 9{" fl Y > =z ()fc" S 1 >
Lﬂ : 1 2,2 3 b3 4 ",/ H f
G P
3 e o 4
/ 7
" /i

Puc. 2: npsawmi 3 kaacy B

bi; — UpPeJCTAaBHUKH 4 MOXK/IMBUX TUIIB IPsAMUX IijK1acy B (110 nepeTnHaoTh
miBgici oceit OY i OZ) — puc. 2 a);
by; — HpeJCcTaBHUKU 4 MOXKJIMBUX TUIIB IIPAMUX HijKaacy Do (1110 TIepeTHHAIOTH
miBgici oceit OZ 1 OX ) — puc. 2 b);
bs; — HpeACTaBHUKY 4 MOXKJINBUX THINB HPSIMUX HiAK/Iacy Bj (1110 IepeTuHaoTh

miBeici oceit OX 1 OY ) — puc. 2 ¢).
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a) ») )
Puc. 3: npsawmi 3 knacy C

€1, — UPEJCTABHUKH 8 MOXKJ/IMBUX THIIB IpaMux mijgkiaacy Cp (1o € napasesnb-

UM J1o mwionan Y OZ ) — puc. 3 a);
Co,; — IPEJCTABHUKN 8 MOXK/IMBUX THIIB HpsMux mijkiaacy Co (10 € mnapasiesb-

auvn o wionnn Z0X ) — puc. 3 b);
C3,; — TPEJCTABHUKN 8 MOXK/IMBUX THIIB HpsMux mijgkiaacy Cs (1o € mapasesb-

aumi Jio mionman XO0Y ) — puc. 3 ¢).

2
' / dys / dys 1 [dy,
E l . \ " o
9" ‘.:.'.. -K ,,,,,K
A
¥

Puc. 4: npawmi 3 knacy D

di; — upejcraBHIKN 6 MOXK/IMBIX TUIIB IpsiMux nijikiacy Di (1o nepeTnHaoTsh

Bicb OX ) — puc. 4 a);
do,; — mpencTaBHUKN 6 MOZKJIMBHX THIIB MPAMUX Mijikaacy Dy (110 epeTnHaoTsb

Bice OY ) — puc. 4 b);
ds3; — TPeACTABHUKN 6 MOXK/IMBHX THIIB IPAMUX IijKIacy Ds (10 nepeTHHamoTh

Bicb OZ ) — puc. 4 ¢).
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Puc. 5: npsawmi 3 kiacy FE

e; — UPEJCTABHUKN 4 MOXKJIMBUX THIIB MPAMIX, IO TPOXOASATH Yepe3 MOIaTOK
KOOD/IMHAT, He CIIBIAAI0Th 3 YKOJHOIO 13 KOODJMHATHUX OCeil Ta He HaJIeyKaTh
JKOJIHIN 3 KOODIMHATHUX IIONMH (IIIIKOM DPO3TAINIOBAHI Y JIBOX MTPOTUJIEAKHIX
OKTAHTAX )
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Puc. 6: ipami 3 kiacy F

fii — UpejCTABHUKH 8 MOXK/IMBHUX THINB IpAMUX nijkiaacy Fi (1o mepeTnHaioTh
miBBich oci OX ) — puc. 6 a);
foi — UpPEeICTABHUKH 8 MOMKJIMBIX THINB IPAMUX IigKIacy Fh (110 mepeTnHaoTs
niBBich oci OY ) — puc. 6 b);
f3i — upejicraBHUKN 8 MOXK/IMBUX TUIIB IIPAMUX HijKaacy [3 (110 TTepeTHHAIOTH
niBBich oci OZ ) — puc. 6 ¢).
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816

814
Puc. 7: ¢;; — npeacraBHuKu 6 MOXKJ/IMBUX TUMIB ONpsaMuXx migkiaacy G (mo mepe-

TUHAIOTh YBepTh Iwiomnuay X, 0Y, )

Puc. 8: ¢»; — npeacraBHUKHM 6 MOXKJ/IMBUX THIIB npsmux migkiaacy G, (mo mepe-
TUHAIOTH YBePTh miomuuy Y,0X_)
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8356

&35

Puc. 9: ¢g3; — npeacraBHUKN 6 MOXKJ/IMBUX TUMIB ONpsaMuXx migkiaacy G (mo mepe-
TUHAIOTH YBepTh mionmay X_OY_)

842

841

846

844 845
upsmux miakiaacy G4 (1o me-

g4; — TPEACTABHUKU 6 MOXKJIMBUX TUIIIB
PEeTUHAIOTH YBepTh miiomunay Y _0OX, )

Puc. 10:
155

Bumyckx N4, 2014



Meronuka Bukjaganasg marematuku B 3OIII ta BH3

Bucaosknu

Anpobariisi 3aIIpOIIOHOBAHOI0 3MIiCTOBOIO HaroBHeHHs Temu «lIpstma i 1ro-
IIUHA Y IPOCTOPi» BiJOyBaJsach Iij 9ac BUKJAJaHHS IPOTSIOM IEPIIOro ceme-
crpy 2013-2014 H.p. crernkypcy (BapiaTHBHOT AUCIUILIIHNA 38 BHOOPOM CTY/IEHTIB)
«Bubpani nuranHs MaTeMaTHKI» JJIsl CTYICHTIB O Kypcy (Pi3sMKO-MaTeMaTUIHOIO
dakynbrery JIBH3 «/lonbachkuii jep:KaBHUI IeJaroridHuil yHIBepCHUTET», IO
HaBYAIOTHCS 328 OCBITHBHO-IIPOMECIHOI IIPOIPAMOIO MAIOTOBKHM Maricrpa, CIelli-
anpHicThb 8.04020101 Maremarnka™.

Pesysibrarn amnpodariil J103BOJIAIOTH CTBEP/RKYBATH, M0 3aJyUCHHS CTYJICH-
TiB JI0 pO3B’si3yBaHHs KJacudiKalliilHUX 3aja4d € caMe THM BHUJOM HaBUYaJIbHO-
HayKOBOI JIslJIbHOCTI, SIKUIl CIIpUSIE:

— PO3BUTKY BIJNOBIIHUX IMPaKTUIHNX HABUYIOK;

— OLJIBII CBIIOMOMY 3aCBOEHHIO OA30BUX IIOHATDH Ta I'€OMETPUUHUX BJIACTHBOC-
Teil 1 03HAK, & He IePeTBOPIOEThCA Y (POPMaJIbHY IX MEepPEeBipKYy MIJISAXOM IIijIcTa-
HOBKM BUXIJIHUX JAaHUX Y HEOOXiJIHI aHAJITUYIHI PIBHOCTI.

[Ipore cJiiji KOHCTATYBATH, 0 OTPUMAHHSI KPUTEPIiiB (HEOOXIIHIX 1 JOCTATHIX
YMOB Yy BUIJIsIJII BIJIOBIHOI CHCTEMN aHATITHYHUX piBHOCTEl Ta/abo HepiBHOC-
Teil) Ha MOYATKOBOMY eTalll BUKJIMKAJN HeabUsaKi TPY/IHOII HABITH Y CHIbHUX
CTYJ/IEHTIB.

Ha namry JiyMKy mojajibiina po3poOka TeMu MoyKe OyTH TIOB si3aHa 3 BUsIBJICH-
HSIM 1 cCTeMaTU3alIlero 3a/1a4 KaacudikaliiiHoro xapakTepy B Kypci aHaJiTHIHOT
reoMeTpil, 30KpeMa IO BIHOCATHLCA JI0 «Teopil NpsiMUX 1 IJIONIUH Y IIPOCTOPI».
OjiHax cJiiji po3yMiTH, 1110 3a/1a4i KjiacudikaliiiHoro XxapakTepy He IIOBUHHI CTaTh
camonijuto. JIjist BukJiajgada 0y/ib-sika Kaacudikaliist IOBUHHA MATH ITPAKTUIHUIM
CeHe, IPUYOMY y Tiit Mipi, B dKiif BOHa JIOIOMOXKe oMY 3J11fiCHIOBATH I1JI€CIIPSsI-
MOBaHMil BMUOIp BIJAIOBIHOIO METOJly HaBYAHHS JIjIsi PO3B’si3aHHs KOHKPETHUX
JUJAKTUIHIX 3a/0a4.

Kpim Toro, mikaBum, HaBiTh 3 MaTEMaTUIHOI TOUYKHU 30DY, 3AA€THCsI 3’ siCyBaHHSI
UTAHHS [1PO 3aJaHHsd B IBHOMY BUIVISl BIJIHOIIEHHS] €KBIBaJEHTHOCTI, IKe PO3-
IIAPOBYE MHOXKUHY IPSIMUX TPUBUMIPHOIo mpocTopy 3 dikcosanoi JACK Ha mapn
(ky1acy eKBIBAJIEHTHOCTI ), KOZKEH 3 SIKUX MICTUTH JIAIIE Ti MPsIMi, IO BITHOCSATHCST
JI0 OHOrO 31 133 cyTTEBO PI3HUX THIIB NPAMUX 3a HABEJIECHOIO KJacuiKaIli€o.

ABTOpH 1IEpeKOHaHI y TOMY, IO JIOCJIJIHUIbKA JisLIbHICTD, IIOB’si3aHa i3
PO3B’gd3aHHAM KJIacUMIKAIiuNX 3a/a49, Ma€ CTaTH OJHUM 3 OCHOBHUX BUJIIB PO-
OOTH He JINIIIe 11T 9ac BUKJIAIaHHSI CIENKYPCiB (3 dhyHIaMeHTaTbHIX Ta haxoBuX
JCIUILTIH 38 BUOOPOM CTY/IEHTIB), aJie i 11i)] 9ac MpPOBEeJIeHHsT KYPCIB I IBUIIEHHST
KBaJripikanil BUNTEIB MaTEMaTUK.
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ITPO METPUYHI 3AJAYI «TEOPII IPSIMMX I IIJIOIIIH YV
ITPOCTOPI» B A®OIHHINX KOOPINMHATAX

B crarTti BuCBITIIIOETHCA OJMH 13 MOXKJIMBHX IIiJIXOJIB /IO BUBYEHHS 3MIiCTOBOTO MOJLYJIS
«Metpuuni 3aj1a4i Teopil MpsAMUX 1 IJIONIUHA Y TIPOCTOPi» 3a XPOHOJIOTIEI0, M0 6a3yeThCsd Ha
HaMO1IbIN JONILHIHA TOC/IIOBHOCT] KJIFOUOBHUX 3a/a4 Ta 1X BUKJIaJIl came B adiHHIX KOOP/IMHA-
Tax, Ha BIJIMIHY BiJl TPaJUIIIHOTO BUKJIA/Ly B PAMOKYTHHUX JEKAPTOBUX KOODIMHATAX.

KurodoBi ciioBa: aghinna cucmema xoopduram y npocmopi, mampuusa I'pama, mempusri
300441 HA NPAMY MA NAOUUHY, CUCTNEMAMUSAULS.

Beryn

Tema «Merpuani 3a/1a4i Ha ... B adinanx KoopanHataxy (Hasgani — « M3BAK» )
€ HEeBIJI'€MHOIO 3MIiCTOBOIO CKJIaJ0BOIO 00’€THAHOIO KypCy JiHINHOI ajaredbpu Ta
AQHAJIITUIHOI TeoMeTpil JJisi CTYIEHTIB (i3uKO-MaTeMaTHIHUX CIIeliaJbHOCTel
«KJTaCHIHIX» yHiBepcuTetis [6, 1].

Hucnumninm «/Jliniiina ajaredpa Ta aHaiTHYHA reoMeTpisty 1 « AHaJIITHIHA Te0-
MeTpisi» € HOPMATUBHUMMU JIMCIUILTIHAME OCBITHBO-IIpodeciiinnx nporpam (OIIIT)
IiINOTOBKM MaiOYTHIX BUKJIaIadiB (i3uKu Ta MareMaTuku. [Ipore, Ha npepesn-
kit »kasb, BignoBiauMu OIIIT migroroBku 3a3HaveHnx axiBIB JIJIsI HABEIEHUX
JICIUILIIH He IepedadeHo BuUBYeHHsT 3MicToBux Moy «M3BAK». Moxkin-
BO TOMY, B OILJIbIIIOCTI PEKOMEHIOBAHUX IIJIPYIHUKIB, METOAMIHIX ITOCIOHUKIB Ta
30IpHUKIB 3a/1ad 3 aHAJITUYHOI reoMeTpil Jijist cTyneHTiB negarorivanx BH3 me-
TPUYHI 3a/a4]l PO3IJIAIal0Th BUKJIIOUYHO B IPIMOKYTHUX KOOp/IMHATAX.

OckisibKK TI0J1aJIbIla BUKJIa AllbKa, JisiIbHICTh BHUIIYCKHUKIB Maricrparypu
(meparoriunnx BH3) 3a diznko-maTeMaTnIHiIMI CrEIiaJbHOCTAMA Tiepebadac
IOTOBHICTH IO HaBYaHHsI CIIENiaJIicTiB pi3HOro mpodijito, TO CbOIOJIHI Iepej] BiT-
gynmsastarMu BH3, 1o roryors MaiibyTHIX BHK/IAadiB, MMOCTAI0 HAIBAYKJINBE
3aBJlaHHsg — opMyBaTn (PaxiBIlB i3 BUCOKUM piBHEM ITPOMECIiiHOT KOMIIETEHTHO-
cri [7]. HeobximHicTh oTpuMaHHs CTyaeHTaMu OLIbINT (byHIAMEHTATBLHUX 3HAHD,
30KpeMa i3 3a3Ha4veHOl TeMH, i BU3HA4Ya€ 1IpodseMy BHOOPY MOXKJIMBUX I1iJIXO/IIB
JIO0 BUPIIIEHHS [TOCTaBIEHOIO 3aBIaHHSI.
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PesynbraT KiJbKICHOTO Ta sIKICHOT'O aHaJi3y JINMJIaKTHIHOrO 3a0e3evueHHs
«MeTpuanol Teopil IpPAMUX 1 IJOMNUH y MPOCTOPI» 3a HANHOLIBIIT PO3MOBCIOJIZKE-
HIMJ 1 PEKOMEHJIOBAHUMH HiapydHuKamu Ta 36ipaukamu 3amaqa [6]-[10], [9]-[1]
JI03BOJISAIOTh KOHCTATyBaTH, 1110:

— cucTeMaTu3allid Ta BUOKPEMJIEHHs KJIIOYOBUX METPUYIHUX 3ajad «Teopil mps-
MUX 1 IJIOIIUH Y IIPOCTOPi» B IBHOMY BUIVISIJl, HABITH /i1 BUIAJIKY TTPIMOKYTHUX
KOOD/IMHAT, 3aJIUIIAI0ThCS HEJOCTATHBO BUCBITIEHUMU ITUTAHHSAMU;

— «PIZHOMAHITTs» 3aJ1a4, 3/1€01/IbIIOI0, JIOCATAETHCS 38 PaXyHOK PO3IJIsily PI3HUX
cTI0CcODIB 3a/IaHHs TPAMOI Ta TJIONINHN, HECYTTEBUX JIOJIATKOBUX YMOB a00 2K 3a
PaxXyHOK pO3IJIsJly aHAJIONIYHUX 3a/lad 3 IHIIUMU YUCJIOBUMU JAHUMU;

— 3aJadaM 0e3 YNCIOBUX JAHUX Ta 3ajadaM JOCTITHUIIBKOTO XapaKTepy TaKOoxK
NPUJILISIETHCS HEJIOCTATHS yBara, a 1X PoJib B3araJil 3aTyIIOBYEThCS;

— B OlibIIoCTi icHylOUMX 30ipHMKaX BiJCYTHI JiesKi JOCHTH BaxKJUBI 3ajadi,
3HAHHs Ta HABWIKHU PO3B sA3aHHA AKUX OE3CYMHIBHO CIPUATUMYTH (DOPMYBAHHIO
HAJIE?KHOTO PiBHSI IIpodeciiiHol KoMIIeTeHTHOCTI MaiibyTHiX BukJagadis BH3.

Brimae Te, 1o 3a3Havennx BaJl, NPpUHANMHI YaCTKOBO, 11030aBjeH] 301pHUKN
3a1a4 [6, 4, 9].

Onnax okpecjaeHuil psj| ICHYI0UnX MPoOJeMHUX MUTAHb CBLIIUTL PO aKTy-
aJIbHICTb Ta HeOOX1IHICTb IIPOBEJIEHHS JIOJATKOBUX PO3BIIOK, 0B SI3aHUX 13 CUCTe-
MaTU3AIEI0 Ta BUOKPEMJIEHHAM KJIIOYOBUX METPUYHUX 3aja4d « Teopil mpamMux i
ILJIOIIMH Y IIPOCTOPi», 30KpeMa B abiHHUX KOOpnHaTaX. ¥ 3B’s3Ky 3 UM OCHOBHI
3aBJIaHHS HAIIIOTO JIOCJIJIZKEHHS TOJIsTaJId V:

— PO3B’SI3yBaHHl HagBHUX 3a/a4 3 00paHol TeMu caMe B aiHHIX KOOPNHATAX;
— IX cECTeMaTH3aIll 3a HalbLIbIT JOMLILHIM Ta eheKTUBHUM (Ha JYMKY aBTODIB)
JIJISI BUBYEHHS 1 32CBOEHHSI XPOHOJIOMIYHUM OPSJIKOM;

— BHUOKPEMJIEHH] 3 HUX «KJIOYOBUX>.

Ax 3’sscyBasiocs, posjiin « M3BAK» Brepie 6ysio 3anporonosano 11.C. Mo-
nernosuM 1 O.C. Tlapxomenkom y 1976 p. y 36ipauky 3amaa [9]. Ilpmaomy Bci
3aJ1a4l TaKX PO3JIiLJIiB aBTOpaMu OYJI0 BiIHECEHO JI0 3a/a49 TEOPETUIHOI0 XapaK-
Tepy Ta MiJABUINEHOI cKaa HoCTi. OaMH 3 MOXKINBHUX IIJIXO/IB 10 CUCTEMATU3AI]
Ta BUOKPEMJIEHHS KJIOUOBUX METPUIHUX 3a/1a9 « Leopil mpaMuX Ha IJIOMWHI» B
adbiHHUX KOoOpAMHATAX BUKJaIeHo y poboti [5]. Ilpemcrabieny crarrio MoKHA
BBaKaTH 11 JIOI'TYHUM ITPOJIOBXKEHHSIM.

Orxke, MeTa JIaHOI CTATTI II0JIsIFA€ Y BUCBITJIEHHI aBTOPCHKOI'O JIOCBiAY 13
crucTeMaTHU3allil Ta BUOKPEMJIEHHS «KJIIOUOBUX» 3aJiad, 1X JOIOBHEHH] BIIpaBaMu-
HACJITKAMIE Ta 3a/1a9aMU-HAC/I IKAMU T€OPETUIHOIO XapakTepy, ki 6 (y meBHoMy
PO3YMIiHHI) «IIOBHO» OXOILTIOBAIN MeTpudHi 3a1a4i «Teopil mpsmvux i miomnus y
IIPOCTOPI».
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OcHOBHA 4acCTHUHA

HocBijg crijIKyBaHHA 31 cTyleHTaMi (i3HKO-MaTeMaTUIHIX CIeliaJIbHOCTell,
Ha NpeBeJINKUil KaJib, CBIYUTH IIPO HEBUCOKMUII PIBEHb NeOMETPUYHOI KYJIBTYPH.
Ha mamy jgymMKy, oCHOBHa IpUYMHA — XaOTHYHE HAIPOMAJZKEHHS B IaM sTi CTY-
JIEHTIB CYKYITHOCTI MOHATD 1 PaKkTiB 3 DyHJaMeHTATLHIX JUCITUTLIIH Ta HEBUCOKMIT
piBeHDb YCBIJIOMJIEHHST B3a€MO3B SI3KIB MizK HIMU.

[Tcuxosiorn O.B. Ckpumnuenko, T.M. JIucsiHcbka Ta iH. 3a3Ha4alOTh, 1110 3HA-
HHsI BBayKalOTbCs 3aCBOEHUMM JIUIIE TOJII, KOJIM BOHM 30epiraloThcsd B HaM gTi B
y3araJbHEHOMY, 3rOPHYTOMY BUIJIsA/Il K BUOYJIOBaHI, YCBIJIOM/IEH], THYYKi Teope-
TUYH] TOJOXKEHHS, Kl BUPayKaloTh CBITOIVISL Ta CUCTEMY I€PEKOHaHb.

Ak BisoMO, 0cobMMBICTIO KypCy aHATITHYHA IeoMeTpist € foro (Mmaiixke 6Ge3-
pere/IeHTHa) reOMeTpPUYHa HAOUHICTL. | TOoMy, came depe3 110 00CTABUHY, JIJIst
PO3BUTKY Oi/1bIll (PyHIAMEHTAJILHIX MaTeMaTHIHUX YsIBJIEHb, Ta 3 METOIO JOCSII-
HEHHSI HAOYHOCTI ajredOpaldyHux aOCTPaKIiil 1 JJAKOHIYHOCTI MeOMeTPUYHHUX J10-
BejleHb HeoOXiJHO 3JIiiCHIOBATHU IijJeclpsMOBaHe HaBUaHHsI B3a€MOIIOB sI3aHOMY
BUKOPUCTAHHIO 1 «B3aeMOIlepeK/iajiaMy MiK TPUPOJHUMUI JIJId JTHIHOT ajarebpn
Ta aHAJITUIHOI reoMeTpil popmamMu iH(GOPMAIIil: TeOMEeTPUIHOK HAOUHICTIO 1 CHM-
BOJILHUMU OOpa3aMiu.

Ha mamy aymky, BuBdeHHd 3micToBuxX MojyiiB « M3BAK» B Kypci anasiTu-
YHOI reoMeTpil CIPUATHME OiJIbII CBIIOMOMY PO3YMIHHIO CTYJAEHTAMU HayKOBHUX
1J1eil Ta MeTOJIB aHaJITUYHOI TeoMeTplil B3araJi, 11 MICIg cepeJ 1HIINX MaTeMa-
TUIHUX JUCHUILIH Ta B3aE€MO3B 13Ky 3 HUMH. 3aszHadnmo, mo me B.H. lemone
HATI'0JIOIIYBaB Ha HEOOXiIHOCTI MHUPOKOr0 PO3BUTKY adiHHOI TOYKHU 30Dy, 00 3B -
30K aHaJATUYHOI TeoMeTpil 3 TaKMMHU BayKJIUBUMHU PO31JaMi MaTeMaTUKH, SK
aHaJIi3 1 anrebpa, BijOyBaeThest came depe3 adinHy i MeTpUIHy reoMeTpito [3].

Hernoomuuokuit 10cBil BUKOpUCTaHHST (aanTariil) mernoao2ii HasuanHs Ma-
memamuyi 3a P.I. Xazankinum JIO3BOJISE CTBEPIZKYBATH, 1110 pobOTa BUKJIa a9
3 BUOOPY KJIFOYOBHUX 3a/1a4 JIO TEBHOI'O 3MICTOBOIO MOJLYJISI MAaTE€MATHUYHOI JIUC-
MUILUIIHA A€ MOXKJIMBICTH 3a0e3IeUnTH HeoOXiAHM (PYHIAMEHT JIJId HaBYaHHS
CTYJEHTIB pO3B’s3yBaTH OiJIbII CKJIAIHI 3a/1a4i 3 BiJIIIOBIIHOI TeMHU.

Y 3B’613KY 3 IUM, [IPOITOHOBAHMI HAMH I11J1X1]1 6a3y€ThCsT Ha, BUKOPUCTAHHI KOH-
KPETHOT CUCTEMH «KJIIOYOBHX» 3a/1ad (came B adiHHnX KoopjauHaTax). [Ipmaomy,
KOKHY 3 HUX «OCHAIleHO» BIIpaBaMU-HACJIKaAMHU Ta 3a/iadaMU-HACIIKAMU, SIKI
«TPAJAUIIINHOY BIAHOCATH O TaK 3BAHUX «TUIIOBUX» 3aJad.

ITin xarowosoro 3adavero Mu OyeMo PO3YyMITH 3ajady, B Pe3yJbTari po3B’si-
3aHHS SIKOI BCTAHOBJIIOETHCS MaTeMaTHIHUN (DaKT, M0 9acTO BUKOPUCTOBYETHCS
IIpU PO3B’sI3aHH] IHINNX 3aJ1a4.
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[T enpasoro-nacridkom — 3a1a9y «LIIOCTPATUBHOTO» XapaKTepy, siKa € TPH-
BlaJIbHUM TJIYMadeHHsM BIJIIIOBIJIHOI KJIIOYOBOI 3aJadl y YaCTUHHUX 11 MPOsgBax
Ta /abo HTepIpeTalisx.

[T sadauero-nacaiokom — Ty, sika HaJjla€ 3pa30K 3aCTOCYBaHHS (OTPUMAHOTO
y Bimosianiii(ux) Ko9oBiii(1x) 3a1a4i(ax)) pe3yabrary qu crocoby i1 po3s’asy-
BaHHsI (PO3KPUBAE CYTh MPUIOMY ).

Oona 13 0coOIMBOCTEN IMIAXOMY IOJISATAE€ B TOMY, IIIO BCi IIPOIIOHOBaHI 3ajadi
cOopMyIIbOBAHO Y 3arajbHOMY BUTISAI (6€3 TrcIoBuX jaHunx ). OcTanHe 30BCIM He
O3HadvaE, 10 TOJJOBHOIO METOIO € OJiepKalts KiHIEeBOI (hopMy/n, 9K (popMasbHe
i1 y3araJibHeHHsI Ha BUIIaJI0K adiHHNX KoopauHaT. Haprmaku — BoHa IOBUHHA OY-
TH PE3YJIbTaTOM CBIJIOMOI'O, IIO-KPOKOBOI'O PO3B’si3yBaHHSI, KIHIIEBUM IIPOJLyKTOM
SIKOI'O € BIJIIIOBLJIHUIT aJI"OPUTM.

Kpim Toro, posp’szanHs 3a3HaveHux 3ajad B adiHHIX KOOPJAMHATAX ITPH-
IIyCKaIOTh aJrOPUTMHU, IO Maifizke 1030aBjieHi HeoOXiJHOCTI B alle/IOBaHHI J0
PeOMEeTPUIHOI HAOTHOCTI (SIK BUXIJIHOTO IyHKTY MIDKYBaHb), siKi 6€3 3MiH (mpore
3 OUEBHJIHIMU 3HATHUMU CIIPOIIECHHSIMH ) JIONLTHHO BUKOPUCTOBYBATHU TIPU PO3B’si-
3yBaHHI UX 33/1a9 B KOCOKYTHHUX Ta MPIMOKYTHUX KOOp/IMHATAX.

Ha namy nymky, Takunii crocio mojadi Marepiajy clipudaTuMe pOPMYBaHHIO Y
CTYJICHTIB caMe CHCTEeMAaTU30BaHMX 3HaHb, AKi CJIiJI PO3IVISJIATH 1 sK 3acid, 1 9K
MeTy BUBYEHHs 3MicTOBOro Mojay/ast « M3BAK» i3 3aznaueHol Temu.

Ojiepzkani B poOOTI pe3y/IbTaTi MOXKYTb OyTH TEOPETUIHOIO Ta JUIAKTHIHOIO
OCHOBOIO BUKJIQJAHHS 3MICTOBOTO MOy A «MeTpuani 3a/1a4di Teopil NpaMUX i 1110~
ITUH Y IIPOCTOPI» 00’€IHAHOI0 KypCy 3 aHAJITUIHOI TeoMeTpil Ta JIiHiifiHOoT ajaredbpu
JUIsl CTYJIEHTIB (Pi3MKO-MaTeMaTUIHUX creriajbHocTeil. Po3B’sa3K1 3ampornoHoBa-
HIX 33184 (y 3arajibHOMY BUTJISII) JOILIBHO BUKOPUCTOBYBATH Y JBOX aCleKTax:

3 omHOTo 6OKy — TiJ Jac JI000py 3a/ad i3 HOBUMH YNCJTOBUMU JAHUMII,

3 iHmoro 60Ky — dK CAMOCTIMHWII IHCTPYMeHTapiil /i PO3B A3yBaHHS IIIU-
POKOT'O KOJIa MeTPUYHUX 3aJlad Ha MHOTOIDAHHUKHM 3 BIJIOMUMU JIOBYKUHAMU
(TprOX) pedep 31 CIHIIBHOI BEPIIMHOI Ta KyTaMU MiyK HIMH.

[Tepmr Hixk mepeiiTu 10 03HANOMJIEHHS 13 pe3y/IbTaTaMy CUCTeMaTH3allll Ta BH-
OKpeMJIEHHS KJIIOYOBUX METPUIHUX 3a7a4 « Teopil NpsMuX i IJIOMUH Y TTPOCTOPI»
B abiHHUX KOOp/IMHATAX, 3a3HAYNMO, [0 CTYJAEHTAM, I1iC/Is BUBUYEHHS 3MICTOBOIO
Moyt «EjieMenTn BeKTOpHOI a/iredpu», JOCTaATHBO YCBIJOMJIIOBATH 0A30Bi I10-
HaTTa «MeToy KoopamHaT» Ta PaKTH, 10 BUYEPITYIOTHCSA HACTYITHUMI

Oznadenns 1. V3azarvnenoro dexapmosoro (abo sic adirmnoro) cucmemoro kKoop-
dunam y npocmopt Ha3usaromsv 6NnoPAIKOSANHY CYKYNHICTL MPbOT ocell Koopou-
HAM, WO HE AEHCAMB 8 00HIT NAOWUHL Ma NPorodamb yepes 00y mouky O,
AKA € NOYAMKOM KOOPOUHAM HA KOHCHIT 3 ocel.
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[ammMny ciroBamu — adpiHHa crcTeMa KOOPIMHAT Y IMPOCTOPI IIJIKOM BU3HAYAETHCA
109k00 O (I0YATOK KOOPJMHAT) Ta BIOPSIKOBAHOK TPIHKOW HEKOMILTAHAPHUX
BEKTOPIB e_f, e_2>, 6_3> 31 cristbHIM 1odaTkoM y Touni O . HanpsiMu nux BeKTOpiB Bu-
3HAYAIOTH JI0/aTHI Hanpsamu KoopauHaTHux oceit OX (abcyuc), OY (opdunam)
ta OZ (anaixam) BiIIIOBIIHO.

Oznavenns 2. [Ipocmip 3 ¢ikcosanoro ysazarvhenoto dexapmosoro (aginmor)
CUCTNEMO0 KOOPIUHAM HA3UBANOML (APIHHUM) KOOPIUHATMHUM NPOCTIOPOM.

Osznadenns 3. Mempuunumu xoediyienmamu g;; basucy {(?1, €3, e_3>} (6 npoc-
mopi) Hazusarmb HACMYNHI CKAAAPHI J0OYMKU

gy =(@. @) =@ 8] cos £(2, 7)) Vije{123). (1)

Marpumio G = (gij), eJleMeHTaMu SIKOI € 3a3HadeH] 100y TKI, HA3UBAIOTb MaTPU-
neio I'pama merpuunnx koedinientis Gasucy {ef, €5, €4 . OckiibKi gij = Yji,
to GT =G, ne GT — marpung, Tpancrnonosana 1o Marpuii G

obpe BioMo, 1[0 SIKINO J(Ba BEKTOPH BiJIHOCHO Ga3ucy {61 , e_2>, e_3>} 321410

KoopiuHataMn @ = {ai,as,as}, b = {by, by, b3}, T0 ix cKamspHUH 106yTOK
MOXKHA O0UUC/IUTHU 38 (POPMYJIOIO
N 3 3 by
<7,b>=ZZgijaibj=(a1 a9 CL3)OGO bg :ATOGOB7 (2)
i=1 j=1 b3

ne A1 B — MarpuIi-cToBIIII, eJIeMeHTaMI KX € KOOPAHMHATH BEKTOPIB adib

Bisnosigno, A7 — MaTpHIS-PSIOK, IO € TPAHCIOHOBAHOO 10 MaTpuii A 11].
@, d)=d|*, 10

Ockinbku (d
@ | = VAT o G o A. (3)
[Tnonry mapaJiesiorpaMa, HOOYJIOBAHOIO Ha JIBOX HEKOJIHEAPHUX BEKTOPaX

? = {p1;po;p3} i 7 = {q1; ¢2; g3} mMoxxHa obuncaUTH 38 HOPMYJIOIO

PToGoP PT'oGo(Q A
PTOGOQ QTOGOQ7 <)

So =

ne PT = ( P1 P2 P3 ) . QT = ( Q1 ¢ Q3 ) , a 00’eM mapaJiesenimesa, 1100y10-
BAHOI'O Ha, TPHLOX HEKOMILIAHAPHUX BEKTOPAX ? = {p1;p2; 03}, 7 = {q1; ¢2; q3}
i 7= {r1;79; 73} — 3a dopmyitomo
pP1 P2 P3
:\/@-mod @ G2 g3 |- (5)
T2 T3
Bl jeranbHo 3 HaBeJeHUME HOHATTAME Ta (paKTaMu MOXKHA O3HaiioMU-
THCch, Hanpukiaan B [6]-[11], [12], [10], [9]-[1].
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Hikue, 6e3 101aTKOBUX IOSICHEHD, IIPEJACTABJICHO PE3YJIbTAT CHCTEeMaTh3a-
il Ta BUOKPEMJIEHHS «KJIIOUOBUX» METPUUHUX 3a/1ad Teopil NPAMUX 1 IJIOMUH Y
1pocTopi B adiHHNX KoOpAuHaTax. TakoyK HaBeJIeHO BIIPABU-HAC/IIIKK Ta 3a/adi-
HaCJIJIKA TEOPETUYHOIO 1 JIOCIIHUIIBKOI'O XapaKTepy, sKi, 110 CyTi, I CKIa/al0Th
OCHOBY aBTOPCBHKOI'O X0y 0 BUBYEHHH Ta BUKJIAJAHHS 3MICTOBOIO MOJYJIs
«M3BAK> 3 Bigmosignoi Temu y Kypci JiiHiiiHOl aarebpu Ta,/ab0 aHATITUIHOT Teo-
MeTPil 1T CTYIEHTIB Pi3MKO-MaTeMaTUIYHIX CIEiaIbHOCTEN].

B ymoBax BcixX HaBegeHUX HUXKYE 3a/a49 KOOPJNHATH JAHUX TOUYOK i BEKTOPIB
Ta PIBHAHHS TPAMEUX 1 IJIONIMH 3a/IaHO0 BiJIHOCHO (hiKCOBaHOI ahiHHOI cHCTeMu
Koopanzar 3 Marpureio ['pavma G = (gi;) .

KimrouoBa 3amaua 1. Snatimu pienarms niowuny, Axa nporodums uepes 0amy
MoKy ma Mae 0aHU HOPMAALHUT BEKMOD.

BupaBa-unacaiziok 1-1. 3uaiiTu piBHsAHHS IJIOMIKWHU, siKa [IPOXOJUTH depe3
JIAHY TOYKY IepIeHUKY/IApHO MPAMiil, 3a/aHili KAaHOHIYHUM PIBHAHHSM.

BupaBa-nacaijiok 1-2. 3HaiiTun piBHsIHHS IIOIMINHMU, sIKa [IPOXOIUTH depe3
JIaHy TOYKY HePIeHINKYIIpHO MPAMiil, 3a/jaiiil 9K MepeTuH JBOX ILJIOIIIH.

KimrouoBa 3ajiava 2. 3natimu xoopdunamu HOPMAALHO20 GEKMOPA NAOULUHA
3004101 NAPAMEMPUYHUM DIBHAHHAM.

Sagada-HacaigoK 2.1. 3HailTi KOOpAMHATI HOPMAJbHOTO BEKTOPA ILJIOIU-
HU, 38J1aHO0T 3arajbHIM DiBHSHHSIM.

KimouoBa 3asava 3. 3natimu weobxidny ma docmammio ymosy nepnenoury-
AAPHOCTN

1)  npamuz, 3a60anur KAHOHINHUMY PIGHANHAMU;

2)  nAowWuUH, 360a4HUT 342ANPHUMU PIGHAHHAMU,

3)  npAMOL i NAOWUNY, 340GHUT KGHOHIYHUM MG 3042AADHUM DIGHAHHAMU 610-
nosioHo.

BmpaBa-macaiiok 3-1. 3uaiiTi HEOOXIIHY Ta JOCTATHIO YMOBY TEPIEH/IH-
KYJISIPHOCTI
1.1)  mpsimMol, 3a/IaHOT sIK MIEPETHH JIBOX ILIOIIIH, Ta MPSIMOT, 33/IaHOT KAHOHITHUM
PIBHSIHHSIM;
1.2) mpsiMux, 110 € MepeTHHOM BiJIITOBIIHIX Hap TJIONINH, 3a/IaHIX 3araJbHIMI
PIBHSIHHSIMU;
2.1) mwiomuH, 33/[AHIX TTAPAMETPUTHAM Ta 3arajIbHUM PIBHSIHHSAME BiJITOBITHO;
2.2)  UIONIMH, 3a/IaHUX TTAPAMETPUIHIME DIBHSHHSIMI;
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3.1) mpsMol 1 TIOMUHY, 3a/IaHIX KAHOHITHUM Ta TapaMeTPUIHUM DiBHAHHIMEI
B1JIIIOBIJTHO;
3.2) mpsiMol, 3a/1aHOI sIK [IEPEeTUH JBOX ILIOIINH, 1 IJIOMINHHU, 3a/IaHOI apaMeT-
PUYIHUM PIBHAHHIM.

Samava-HacaiaoK 3.1. 3HaliTi pIBHSIHHS HPSIMOI, 110 ITPOXOIUTH Yepe3 JaHy
TOYKY IepIeHIUKYJISPHO JI0 IJIOIMIMHU, 38/JaH0l 3araJbHUM PIBHSIHHSIM.

Sagaua-HacaiZoK 3.2. 3HalTH PIBHAHHSI ILIOIIMHU, IO IIPOXOJUTH Yepe3
JlaHy TOYKY TePIEeHIUKYIIPHO JI0 KOXKHOI 3 JIBOX HellapaJebHuX TIJIONIIH, 3a/1a-
HUX 3araJbHUMU PIBHIHHSIMU.

Samava-Hacaigok 3.3. 3HaiiTu piBHAHHS IJIONIUHU, [0 MICTUTH MPIMY, 3a-
JlaHy KAHOHIYHUM PIBHAHHSAM, Ta € MEPIEeHINKYISPHOIO /10 TJIOMINHN, 3a/JaHO01
3araJibHUM PIBHSIHHSIM.

KurodoBa 3azava 4. 3natimu kocunyc (cunyc) 2ocmpozo Kyma miotc

1) npamumu, 3a0aHUMY KAHOHTYHUMU DIEHAHHAMU,

2)  NAOWUHAMU, 3G0GHUMU 342ANHUMU PIGHAHHAMU,

3)  npamoto, 3a0aH010 KAHOHINHUM DIEHAHNAM, MA NAOWUHONW, 300GHOI0 3a-
2ANOHUM DIBHAHHAM.

Brpasa-nacaifok 4-1. 3HaiiTu KOCHHYC (CHHYC) TOCTPOTO KyTa MiXK

) TIPSAMOIO, 33]aHOK0 KAHOHIYHUM DIBHSIHHSIM, Ta KOODJMHATHUMU OCSIMIU;

) IJIOIIMHOW, 3aJIaHOI0 3araJIbHUM DIBHSIHHSIM, Ta KOODJAUHATHUMU OCSAMU;
3)  KOODPJMHATHOK BICCIO Ta KOOPJMHATHOIO ILIOMINHOW, sKa 1T He MICTUTH;

) KOODJIMHATHUMU OCSIMH Ta KOODIMHATHUMIE TLIOMIKHAME BiJIOBIIHO;

) KOODJMHATHUMU ILJIOMIHHAMMU
5.1) ZOX ta XOY; 52) XOY ta YOZ; 53) YOZ ta ZOX;
6) KOODMHATHUME OCSIMIU

6.1) OX ta OY; 6.2) OY ta OZ, 6.3) OZ ta OX.

KimrouoBa 3asavua 5. Snatimu pienanhs npamux, AKi nporodamsv weped 0amy
MOYKY Ma NEPEMUHAIOMb NPAMY, 360GHY KAHOHIYHUM DIBHAHHAM, 110 JaHUM
20CMPUM KYMOM.

BupaBa-macaiiok 5-1. 3uaiiTu piBHSHHS NPIMUX, [0 HPOXOJATH depe3
JlaHy TOYKY Ta YTBOPIOIOTH JIaHUI KYT 3 KOOPJUHATHOIO BICCIO
1) OX; 2) 0OY; 3) 0Z.

Bamava-HacaigoK 5.1. 3HaiiTu piBHSIHHS IPAMOI, siKa IIPOXOINTH Yepe3 Jia-
HY TOYKY HEePIEeHUKY/ISIPHO JI0 IPSMOI, 3a/IaH01 KAHOHIYHUM PIBHAHHSIM.

KuarouyoBa 3aga4da 6. 3natimu eidcmans 610 daroi mouku 0o
1)  naowunu, 3a0aH0i 3a42aAHUM DIEHAHHAM;
2)  npamoi, 3a0an0i KAHOHIYHUM DIBHAHHAM.
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BupaBa-nacaijiok 6-1. O0uucuTn BijcTanb

1.1)  Big JAHOT TOYKH JIO TIOMINHE, 33/IAHOT 3arabHUM DiBHAHHSIM;

1.2)  Bijg maHOT TOYKHU JI0 KOOPJAMHATHUX ILIOIINH;

1.3)  BiJ moYaTKy KOOPJIMHAT JIO IJIOMIMHE, 33JIaHOT 3araJbHIM DiBHIHHSIIM,
1.4) wMix mapajeJIbHIMI [JIOMITHAMHI, 38 JaHUME 3araJIbHUME DIBHSHHSIMI;
1.5) Mixk MEMOGIKHUMU HPSMUMHI, 3a/IaHIMI KAHOHITHUME DIBHSIHHSIMU,
1.6) MiXK mapaJeSJbHIMI MPAMUMHI, 38 JaHIMI KAHOHIIHIMI DiBHSIHHSIMI;
1.7)  Bij JaHOT TOYKH JIO TIEBHOT KOOP/IMHATHOI OC.

Samava-Hacaiaok 6.1. SuaiiTu piBHSIHHS OICEKTOPHUX ILIOIMINH JIBOIPAHHUIX
KYyTiB, YTBOPEHUX ILIOHIMHAMU, 3a/IaHUMU 3araJbHUMU PIBHSIHHSIMU.

3agada-HacigoK 6.2. 3HaiiT piBHIHHS OICEKTOPHUX ILIOIINH JIBOIPAHHIX
KyTiB, YTBOPEHUX KOOP/IMHATHUMU ILJIONAHAMU

1) YOZ ra ZOX; 2) ZOX ta XOY; 3) XOY ma YOZ.

KimrouoBa 3asava 7. Busnauumu xoopduramu opmozoHasvHoi npoexyti danoi
MOoYKU Ha

1)  naowuny, 3a0aHy 3a2aA0HUM PIGHAHHAM,

2)  npamy, 360aHY KAHOHIYHUM DIBHAHNAM.

BrrpaBa-uacaijiok 7-1. 3HaliTi KOOPAUHATH OPTOIOHAJIBHOI IPOEKIIiT TOUKN
1) Ha KOOpJMHATHI ILIONINHY;
2)  Ha KOOD/MHATHI Bici.

Baga4da-Hacaigok 7.1. 3naiiTu KoopAuHATHA TOUKN, CUMETPUIHOI JaHiil TOU-
111 BIJIHOCHO
1) mwiomuHN, 3a/IaHOT 3araJbHIM DiBHSHHSIM;
2)  mpsiMol, 3a/1aHOT KAHOHIYHUM DIBHSTHHSIM.

Bamava-HacaiaoK 7.2. 3HaiiTu piBHIHHSA OPTOrOHAJIBHOI IIPOEKIT MPSMOI,
3aaHO0l KAHOHIYHUM PiBHSHHSAM, Ha ILUIOMIKMHY, 3a/laHy 3araJbHIM DPiBHSHHSIM.

Sasada-Hacaigok 7.3. 3HaliTu PiBHSHHS ILIOIMIMHU, CUMETPUIHOI JI0 ILIO-
IHA, 3a/1aH01 3araJbHUM PIBHAHHAM, BIJIHOCHO IIJIOIIMHU, 3a/IaHOI 3arajbHIM
PIBHSIHHSIM.

KimrouoBa 3amaua 8. 3natimu xoopdunamu 0cHo8 CNiAbHO20 NEPNEHOUKYAADPQ
00 060T MUMODIHCHUL NPAMUL.

Samava-Hacaigok 8.1. 3HailTy PiBHSAHHS MPSIMOI, sIKa, MIiCTUTb CIIJIbHUIN
HEPIEHINKYJISIP ABOX MUMOOI?KHUX IPSIMUX, 3aJaHIX KAHOHIIYHIUMU PIBHSTHHSIMIU.
KurouoBa 3amada 9. 3natimu pisnarHs npamoi, cumMempuuroi npamit, 3ada-
HIT KAHOHIYHUM PIGHAHHAM, 810HOCHO
1)  naowunu, 3a0aH0i 3a42aAHUM DIEHAHHAM;

2)  npamoi, 3a0an0i KAHOHIYHUM DIBHAHHAM.
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BupaBa-nacaijiok 9-1. 3HaiiTu piBHIHHS IPSIMOI, CUMETPUYIHOT IIPsIMiii, 38~
JlaHlit KAHOHIYHUM PIBHAHHSM, BIJIHOCHO KOOPJAUHATHUX ILJIOIIAH.
Bnpasa-naciigok 9-2. 3HaiiTu piBHIHHSI IPSIMOI, CUMETPUYIHOI IIPSIMiil, 3a-
JIaHIll KAHOHIYHUM PIBHAHHSM BIJIHOCHO II€BHOI KOOPIMHATHOI OCI.
KurouoBa 3ama4da 10. Suatimu pieéHAHMA NAOWUNY, AKaA 610cmoimb 61d nova-
MKy Koopduram na 610cmani P ma Ymeopioe 3 0CAMU Koopouram xymu 1, o
1 13 610no0sidHo.

Bamava-Haciaigok 10.1. 3BecTu 3arajbHe PiBHSIHHS [JIOMIMHE JIO HOPMAaJIb-
HOTO BU/LY.

Samaga-Haciaigok 10.2. 3HaliTu cuHyCcH KYyTiB MiXK ILJIOHNIMHOIO, 3a/aHOI0
3araJJbHUM PIBHSIHHAM, Ta KOOPMHATHUMK OCSIMHU.

Bamava-Haciaigok 10.3. 3HaiiTu HEoOXiHI Ta JOCTATHI YMOBHU, SIKUM IIO-
BUHHI 38JI0BOJIBHATH KYTH )7, Y9 1 13 i3 3amaui 10.

KurouoBa 3ama4da 11. Suatimu piHAHMA NAOWUN, AKE MICTATG NPAMY, 360a-
HY KAHOHIYHUM PIBHANHAM, A YMBEOPIOMb daHull 20CMPUtl KYm 3 NAOULUHON,
30041010 302aAHUM DIBHAHHAM.

KurouoBa 3amada 12. 3uatimu pieHAHHA NAOWUHU, AKG MICTUMD NPAMY, 30-
04y KAHOHIYHUM PIBHAHHAM, 1 61dcmoimb 610 danoi mouku Ha danit 6idcmani.

3ayBaKuMo, 110 BIPaBU- 1 3aa4i-HACII KN TOBUHHI JOOMPATHCS BUKJIaadeM
3 ypaxyBaHHSIM He JIMIIe cyO €KTUBHUX YMHHUKIB a il peaJbHOro OI0JZKeTy dacy.
BucnoBku

B npejcrapieniii poOOTI 3alIpOIIOHOBAHO OJMH 13 MOXKJIUBUX IIXOIIB 10 BU-
BUEHHSI METPUUHMX 3aJad «Teopil HpsMUX Ta IUIOIMIMHU B IIPOCTOPI». 30KpeMa,
HaBeJeHO 12 KJIIOUoBHUX 3ajad4, 44 BIpaB-HACHIAKIB Ta 21 3aga9-HACHIIKIB Teope-
TUYHOTO XapakKTepy, siKi (B MEBHOMY PO3YMIHHI) «IIOBHO» OXOILIIOIOTH METPUIHI
3aJ1a4i Ha MPAMY 1 IJIOMUHY B ITPOCTOPI B adiHHUX KOOP/INHATAX.

OjiepkaHi aBTOpaMi aJrOPUTME JI0 PO3B’si3aHHSI HaBeJIeHUX 3ajiad 0e3 3MiH,
IIPOTE 3 0UEBUIHUMU 3HAYHUMU CNPOULEHHAMU, TOIIIBHO 1 3pDYIHO BUKOPHCTOBY-
BaTH IIPH PO3B’3yBaHHI IMX 38184 B KOCOKYTHUX Ta IPAMOKYTHHX KOOPJINHATAX.
Tomy 3amporioHoBaHuMIi 11i/1XiJ1, 0€3CYMHIBHO, MOXKHA 1 JIOIIJIBHO BUKOPHCTOBYBaTH
it pu TpaJuIiiiHOMYy BUBYEHHI BIJIIIOBIJIHOI TeMU B MPSIMOKYTHUX KOOPJIMHATAX.

Arnpobarliist  3alIpOIIOHOBAHOIO IIJAXOY BiaOyBasach IIiJI Yac BUKJIAJAHHS
cuenikypcy «BuOpani nuraHHst MaTeMaTHKU» [Jisl CTYIEHTIB 5 Kypcey (i3uKo-
MareMmarndHoro daxyasrery JJIITY. Pesyiabrarn BiipoBaKeHHsI HaBeIeHOI CUC-
TeMI 3aJ1a4 JI03BOJISIIOTH KOHCTATyBaTH, IO O3HAOMJIEHHHA CTYIEHTIB 3 METpH-
YHUMHU 3aJladaMi B apiHHIX KOOpJAMHATAX BUKJIMKAJIO IHTEpeC, CIOHYKAJIO IX JI0
TBOPYOI JisSIIbHOCTI Ta IIOCU/IIOBAJIO PO3YMIHHSI HUMHU MIiXKIIPEJIMETHUX 3B’sI3KIB.
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CrynenTn (3a MOPIBHAHO HETPUBAJIHI Yac) OMaHyBal HeOOXiIHI HABHYKH Ta, MO~
KazaJil JOCTaTHIl piBeHb 3aJUIIKOBUX 3HaHbD.

Ha mamy gymky, miKaBuM 1 IIJIKOM JIOCSXKHIM 3a€ThCsA TPOBEJAECHHA TOC/TIiI-
JKeHb, IPUCBAYEHNX 00EPHEHNM 3aJla9aM — «Ha 3HAXO/KEHHsT MEeTPUIHIX Koedi-
ieHTiB». MaeMo HaJiio, 1110 HaBeeHuil MarepiaJ Oyne KopucHuii cryaenram BH3
IiJ] Yac BUBYEHHs BIJIOBLIHOI TeMHU Kypcy «AHaJITUYHA FeoMeTPisdy Ta 3alliKa-
BUTH BUKJIQJIadiB, sIKi BUKJIQJIAIOTh 110 JUCHUILIIHY, SK JIOBlJIKOBO-IMJIaKTUIHIN
MatTepiaJi, sIKiii 3Ha9HO JI0MOBHIOE Binosi i naparpadu (8], [7]-1].
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IICNXOJIOT'O-ITEJAT'OI'TYHI OCOBJINBOCTI
KPEATVMBHOCTI OCOBUCTOCTI CTYAEHTIB
IIEJATOTTYHUX TA EKOHOMIYHUX CIIEIIIAJIbBHOCTEN

Jlane J10C/Ii2KeHHsT IPUCBsIUeHe BUBUEHHIO IICUX0JI0NO-TIeIarOriIHIX 0COOJIMBOCTEl KpeaTuBHO-
CTi 0COOMCTOCTI CTYJIEHTIB MEeJAroridHuX Ta €KOHOMIYHHX CIeIia/JlbHOCTEH, YTOUHIOEThCS I10-
HATTSA €MOIIMHNX Ta MOTHBAIINHUX CKJIAJIOBUX KPEATUBHOCTI, BCTAHOBJIIOIOTHCS TICUXOJIOTITHI
XapaKTePUCTUKH €MOIIITHO-MOTUBAIIITHUX CKJIaJIOBUX KPEATHBHOCTI B 3aJ1€2KHOCTI B TPOLITIO
podeciiiHol i ArOTOBKM.

Kuro4oBi ciioBa: ocobucmicms, kpeamusHicms, cmydenm, ckaadosa, TapaKmepucmuka.

Bceryn

ITocTanoBka mmpobjaeMu. Y I[CUXOJIOTIUHIN HAYII BUJLISAIOTH TPU OCHOBHI
BIJIH KpeaTuBHOCTI: corjanbHa KpeatusHicTs (B. H. Kysimuna, K. M. Pomanosa,
H. TI. @erickina), ocobucricaa kpearusnicts (H. @. Bumnsikosa, A. Macioy,
O. I1. Cannikosa), inrenekryasibia Kpearustictsb (O. M. I'pex, E. . Kynbuuiibka,
C. M. CumoHeHKo).

AJte Ha CBOTOJHI Y AOCTYIIHIN HAM JIiTepaTypi BIAKPUTUM 3aJIUIINIOCS TNTAH-
Hsl IIJIICHOTO TIOTJIS/Iy Ha KPEeaTWBHICTH CTYAEHTa 3 IO3WINI Teopil 0cOOMCTOCTI,
BU/IIJIEHHSI Ta CUCTEMHOI'O aHaJI3y OCHOBHUX 11 CKJI&JIOBUX, IE€PII 3a BCe, eMO-
MITHIX Ta MOTHBAIIHUX CKJIAJIOBUX KPEATUBHOCTI OCOOUCTOCTI, B TOMY YHCJI Y
HaBYaJIbHIN TISI/IHHOCTI.

Mera i 3amadi gocuaigzkKenHsi. Mera poboTu — BU3HAYEHHsI €MOIIITHO-
MOTUBAIIITHIX CKJIaJI0BUX KPEATHBHOCTI OCOOUCTOCTI CTYAeHTa. 3aiadi J0C/Ii1Ke-
HHsT: 1) 3/ifiCHUTH aHAJI3 TEOPETUKO-METOI0OTTTHUX JIOC/TIJIZKEHb, CIIPSIMOBAHNX
Ha BUBYEHHS KPEATHBHOCTI Ta 11 eMOIIiTHO-MOTHBAIIHAX CKJIAI0BUX; 2) yTOU-
HUTHU TOHATTS €eMOIINHUX Ta MOTUBAIIMHUX CKJIAJOBUX KPEATUBHOCTI, BU3HA-
qUTH X [CUXOJIOTIYHUT 3MICT Ta CTPYKTYPY; 3) MOOYIYBATH MPOIELYPY €MIli-
PUYHOTO JIOC/IJIZKEHHsT; 4) BU3HAYUTH TICHXOJIOTIYHI XapaKTepUCTUKI eMOITiiiHO-
MOTHBAIIITHUX CKJIaJOBUX KPEATUBHOCTI B 3aJI€2KHOCTI BiJI Tpodiio mpodeciitnol
I11JITOTOBK.

© Caspacos B.II., I'yubko JI. B.,2014
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AmnaJjiz ocHoBHEHX gocJaigxkeHb i nyoJikarmiii. C. JI. MakcumeHnko pos-
IJIga€ KPeaTuBHICTh AK OJINH 3 NPUHIUINB MOOY/IOBU T'€HETHKO-MOJIETIOI0I0r0
METO/Ly JIOC/IiIzKeHHs1 ocobucTocTi. Bin 3a3Ha4ae, 110 «... BXKe cama 110 cobi JlaHa
0COOUCTICTH € Pe3y/IbTaTOM Ta IPOJyKTOM TBOpUocTi. | HyKja, BTiJeHA y Hiii,
Ma€e BeJuUesHuil KpeaTwBHHii norentiaiy |3, c. 65]. ABTop Beje MOBY Ipo Te,
0 «... KPEaTHBHICTh € IVIMOMHHOIO, IIEPBICHOIO 1 abCOJIIOTHO IIPUPOIHOI O3HAa-
KOIO 0COOHCTOCTI — Iie € BHIla (popMa aKTUBHOCTI, siKa CTBOPIOE 1 3a/IMIIAE CJIiJI,
BTILIIOETBCSI. 3 1HIIOTO OOKY, KpeaTHBHICTb O3HA4Ya€ IparHeHHsl BUPA3UTH CBiii
BHYTpimmHiit cBiT> |3, c. 67].

P. Minrpam ta €. XoHra, BUBYaIOUN 3a/I€2KHICTH KPEATUBHOCTI BiJl IHTEJIEKTY-
aJIbHUX 3J110HOCTEl, eTHIYHOI IPUHAJIEYKHOCTI, OCBITHBOI'O CTATYCy Ta CTaTi JJId
IIpEJICTABHUKIB JIOMIKIJIBHOTO BIKY, HIKOJISPIB Ta CTYJAEHTIB KOJIEJIZKY, ITPUXOJATH
JIO BUCHOBKY TIPO Te, IO 3 BIKOM BiJIOyBa€TbCs 3POCTAHHS BILINBY COIaJIbHO-
KYJIbTYPHUX JeTePMiHAHT Ha KPeaTHBHICTh, HATOMICTD 3B 130K MizK KPeaTHBHICTIO
Ta IHTeJeKTyaJbHIMI 310HOCTSAME Y OLJIBII JOPOCIOMY Billi BTpadaeThes [8].

Y pochijpkennsx, Bukonanux O. M. Boponinum Ta criBpobiTHUKaAMU Ha
JOPOCJINX ONMUTYBAHUX (CTYJEHTaX EKOHOMIYHOIO KOJIJIZKY Ta MeHeKepax),
OTpUMaHI pe3yJIibTaTu PO He3aJIeyKHICTh (PaKTOPIB IHTEJIEKTY Ta KPeaTUBHOCTI
[1].

O. M. Xapiiiit cTBep/izKye€, 10 KPeaTUuBHICTb MaliOyTHIX MEHEKepPIiB 3HATHO
BILIMBa€E Ha ePEeKTUBHICTH 1X mpodeciitHol IigbHOCTI, 3a0e31e4y€e YCIIIHICTD 1X
1podeciiiHol MiJIroTOBKH, CIPHUsIE IX 0COOUCTICHIN caMopeaJi3aliil, HecTaH IapTHO-
cri, camoctiiiHocri Ta ininiarusaoCcTi [6].

Ha nymky O. C. [Iura, po3BUTOK KpeaTHBHOCTI MailbyTHBOIO Iejlarora Mo-
»Ke 3HalTHU CBOI MicIie y 1polieci iforo mpodeciiiHol i AroToBKY, MIJISIXOM PO3BUTKY
CIIPSIMOBAHOCTI 0COOMCTOCTI Ha HMIHHOCTI IIpodeciitHol Ta, 0coOOUCTICHOI caMopealli-
3allil, CHCTeMH IIHHICHNX OpieHTaIiii ocobucrocti [7].

Hocnipzkennst M. CapsaHisi, 1o 0yJ10 IpucBsiueHe 3’ sCYyBaHHIO CIIiBBIJIHOIIIE-
HHe MIXK cIeniajisalieio Ii3HaBaJbHUX I[IOTPed Ta KPEaTHBHICTIO OCOOMCTOCTI
CTYJIeHTa, IPU3BEJIO JI0 PE3YJILTATIB, 10 CBIIYAThL PO CXUIbHICTL JI0 MTPUPOIHU-
YUX HAYK CTYJEHTIB 3 BUCOKOIO KPEATUBHICTIO, B TOI 4ac K HU3bKO KpeaTUBHI
Ta cepeiHbO KPEATUBHI CTYJAEHTHU BUSABJISLIA CXUJIbHICTD JIO I'YMaHITApHUX JUCIU-
. KpiM Toro, 0yJ/io BCTAHOBJIEHO, IO HU3bKY CXUJILHICTD JI0 CYCILILHUX HAayK
MalOTh yCl €KCIIepUMEHTAJIbHI I'PYIIN, He3aJIE2KHO BlJ PIBHA KPEATUBHOCT1 PECIIOH-
JIEHTIB, & CTYJIEHTH 3 BHCOKOIO KPEATUBHICTIO MaJii OLIbII rapMOHIIHI CTOCYHKH
i3 Buk/ajagamu |9].

Hocijzkytoan pyHKINHT 3MIHHOT BIKY Yy CTPYKTYP1 KPEATUBHOCTI CTYJIEHTIB KO-
JIJKY Ta YHIBEPCHTETY, KOJEKTUB aBTOPiB Ha 4oji 3 Y. By AiiinoB BHCHOBKIB,
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IO CTYJIEHTHU O1LJIbIN JOPOCJOro BiKY JEMOHCTPYIOTH JOCTOBIPHO BWIII PE3YJIbTa-
TH 3a BepOaIbHOIO MKAJIO0I0 KPeaTUBHOCT. HaToMICTh, CTYIEHTH MOJIOJIIIOTO BiKY
JIEMOHCTPYBAJIM KIJTbKICHY Ta SKICHY ITepeBary 3a IKaJoio (pirypaabHol Kpea-
TuBHOCTI. KpiM TOrO, BUsIBJIEHO, 110 OLIbII BaroMuii iHgoOpMalliiiHuii Te3aypyc
MO3UTUBHO BILIMBAE Ha TBOPYI JIOCATHEHHA Y CKJIIHIX 1HMOPMAIIITHIX crcTeMaX,
y TO#l yac siK y TBOPUYUX 3ajladax 300parKyBaJIbHOIO XapakTepy iH(opMaIiinmii
Te3aypyc He Mae MO3UTHBHOIO BILINBY Ha KpeaTuBHicThb [10].

T. A. Tepuascbka, JIOC/IZKYI0UN PO3BUTOK HEBepOAJbHOI KPEATUBHOCTI CTY-
JIEHTIB 9K CKJIaJIOBOI 1X MMi3HABAJIbHOI aKTUBHOCTI, CTBEPJIZKYE, 1110 PO3BUTOK Kpea-
TUBHOCTI OCOOMCTOCTI CTY/AEHTA 3aJI2KUTh BiJl YCIINTHOCTI TOETHAHHA Y HABYAJIb-
Hiil JiSIIbHOCTI Y BUIIII MIKOJII TPUHITAIIB IPAKTUIHOCTI, ITPOOJIEMHOCTI, TBOPYOIO
mijxoty 3 60Ky BUKJIajiada Ta HaBYaJIbLHOI MOTUBAIT CTYIeHTiB [4].

Ax Beaxkae O. A. Kpuponumnna, Joc/igKeHHsI IPo0OJIeMI PO3BUTKY Kpea-
TUBHOCTI, 0COOJIMBO y IIePiojl IOHAI[LKOI'O BiKY, 3HAXOJATbCS Ha Y KpaiHi Ha HeJO-
CTaTHbO BUCOKOMY PIBHI, sIK Y TEOPETUYHOMY, TaK 1 Y METOI0JI0TTYHOMY aclleKTax
Ta MPOIOHYE BUKOPUCTOBYBATH JIJIs I[OI'O METO/] aHAJII3Y JITepaTypHOI TBOPYOCTI
TOHAKIB [2].

€. B. ®poJiosa B 1polieci JOCTizKeHHsT KPeaTUBHOCT] IK YMHHUKA YCIIITHOCTI
HaBYAJILHOI JisSIJIbHOCTI CTYJIEHTIB, IPUXOIUTH JI0 BUCHOBKIB IIPO Te, 1110 BepOaJIbHa,
Ta HeBepOaJibHA KPEATUBHICTD, 8 HacaMIlepel iHIeKCH PO3PO0JICHOCT, YHIKAJIbHO-
CTI Ta OPUTIHAJILHOCTI TOB’sI3aHi 3 BUCOKNM pIiBHEM HABYAJBLHOI YCIINIHOCTI CTY-
JIEHTIB, Y CTY/EHTIB, [0 MAIOTh HU3bKUIl PIBEHb HaBYAJIbLHUX JIOCATHEHb, KpeaTuB-
HICTh BIJIHOCHO YiTKO BUJILISIETHCS 38 HEBEPOAIBHOIO Ta BepOaJbHOI 03HAKOMO [
OcHoBHa YacTuHa

OCHOBHUM y CTPYKTYpi KpPEaTUBHOCTI CTYJIEHTIB IEJArOrivHOTrO MPOMiIo €
nepimit pakTop (IHTpoOBepcist), MO JOCTOBIPHO CIIOJIyYa€e HA OJHOMY TOJIOCI 110~
Ka3HUKH 1HTEJIeKTYyaJJIbHOI, KOMYHIKATUBHOI Ta 3arajibHOI eMOIIIHOCTI, MOTUBAIIIT
CHIJIKYBaHH, JIisJIbHICHOT CIPAMOBAHOCTI, BHYTPINIHLOI MOTHBAIl MaiiOyTHHOT
npoeciitHol JTiAIBHOCTI, MOTHBAIIT TBOPYOI AKTUBHOCTI, TTOTPEON aKTUBHO Jis-
TH Ta JOCATATU YCIIXY, CONIa/JIbHONO CAMOKOHTPOJIIO, CUJIN BOJI, 1HJAEKCU OpPUTi-
HAJILHOCTI Ta yHiKaJbHOCTI 3a TectoM C. Meanika, iHIeKCH OpUTiHAIBHOCTI Ta
po3pobsierocti 3a Tectom €. Toppenca. Ha inmomy itoro mosiroci posralioBa-
Huil moKasHUK cMyTKYy. Jpyruit daktop (BIUMB HeBepOAJbHOTO IHTEJEKTY HA
MaiibyTHE) MiCTUTH 3MiHHI iHTeseKTy 3a TectoM JIk. Papena, mio ysiiimm na
CTATUCTUIHO JIOCTOBIPHOMY PiBHI, Ta MMOKA3HUK MOTPEON Y TEPCIEKTUBI Ta HAJIIAX
wa kpatie. Tperiit pakTop (KOrHITUBHEI KOMIIOHEHT KPeaTHBHOCTI) MICTUTH HA
JIOCTOBIPHOMY PIBHI IOKA3HUK KOTHITUBHOI'O 1HJIEKC 3a aBTOPCHKOIO METOJINKOIO
Ta Ha HEJIOCTOBIPHOMY PIiBHI Taki MOKA3HWMKU MOTHUBAIIHOI cepu 0coOMCTOCTI,
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sK TBOpYa aKTUBHICTb Ta JllsJIbHICHA CIIPsIMOBAHICTb.

Morkna cTBepRKYyBaTH, IO JI0 CKJAJY €IMHOI ICUXITHOI CTPYKTYPHU i3 TO-
Ka3HUKaMU HeBepOaJIbHOI KPeaTUBHOCTI BXOJSTh IMOKA3HUKH iHTEJIEKTYyaJIbHOI,
KOMYHIKATUBHOI Ta 3arajibHOI eMOIIITHOCTI, MOTHUBAIll CILJIKYBaHHS, JisJIbHIC-
HOT CIIPSMOBAHOCTI, BHYTPIITHBOI MOTHBAIT MaitOyTHHOI TpodeciitHol A IbHOCTI,
TBOPYOI aKTHBHOCTI, OTPEOM aKTUBHO JIATU Ta JOCATATH YCIIXY, COIaJbHOIO
CaMOKOHTPOJII0. B Toft ke dac, NPOTHIEKHIM MOKA3HIMKOM BUCTYIIAE MOKAZHIK
CMYTKY, TOOTO flOro BUCOKUIlI PiBEHb PO3BUTKY YCKJIAJHIOE TIPOSIBH KPEATUBHOCTI
0COOMCTOCTI.

AK MoxkHa 6a9UTH, OCHOBHUM Y CTPYKTYPi KpeaTHBHOCTI MailOyTHIX (axiBIiB
eKOHOMITHOTO MTPOMLII0 € mepiuii GpakTop (CyCHibHO-IPOheCciiHIi KOHTPOJIH ),
0 JIOCTOBIPHO CIIOJIyYa€ Ha OJHOMY IOJIIOCI MTOKA3HUKN 1HTEJIeKTYyaJIbHOI, KOMY-
HIKQTUBHOI Ta 3araJibHOI €eMOIHOCTI, JIAJbHICHOI CIIPAMOBAHOCT1, BHYTPIIIHBOL
MOTHBAIl MaiiOyTHBROI MpodeciiiHol MigIbHOCTI, TBOPYOI aKTUBHOCTI, HOTpPeOU
AKTUBHO JISATU Ta JIOCATATU YCIIXY, COIIaJbHOIO CAMOKOHTPOJIIO, 1HJIEKCU OpU-
riHAJIBLHOCTI Ta yHiKaJbHOCTI 3a TecroM C. Meghika, iHIeKCH OpUriHAJIBHOCTI Ta
pospobJieHocti 3a Tectom €. Toppenca. Ha apyromy itoro moJjioci po3ramoBani
IMOKA3HUKHU CMYTKY, MOTHUBAIIT CIILJIKYBaHHs Ta 30BHIITHbOI HEraTUBHOI MOTUBAIIIT
MaiibyTHBOI mpodeciitnol mistibaocti. pyruii daktop (Bepbasizallis TBOPUIOro
MOIIYKY) MICTHTH HA HEJOCTOBIDHOMY pIiBHI 3MiHHI iHTesekTy 3a Tecrom JIx.
Pagpena ta nokasuuk ysikaabHocti 3a recrom C. Mennika. Tperiit dpaxkrop (HeBep-
OaTbHUI IHTEIEKT) MICTUTh TOKA3HUKN iHTEIeKTY 3a TecToM JIxk. Pasena. Takuwm
YUHOM, JI0 €IUHOI CTPYKTYPHU 3 IMOKA3HUKAMU KPEATUBHOCTI BXOJIATH IOKA3HUKH
IHTeJIEKTYaJIbHOI, KOMYHIKATUBHOI Ta 3araJibHOl eMOIIHOCT1, JislJIbHICHOI CIIpsi-
MOBaHOCT1, BHYTPIIIHBOI MOTHUBAIIIl MaiiOyTHBOI IIPoeciiiHOT JIist/IbHOCTI, TBOPYOI
AKTUBHOCTI, IIOTPEeOM aKTUBHO JSITU Ta JOCSIraTU YCIIXY, COLIaJbHOI'O CAMOKOH-
Tposio. [Iporunexkaumu 1Mo BiTHONIEHHIO O KpPeaTWBHOCTI Ta KOMIIOHEHTIB 11
CTPYKTYPU BUCTYNAIOTh MOKA3HUKN CMYTKY, MOTUBAaIlll CIIJIKYBaHHS Ta 30BHIIII-
HbOI HEraTHBHOI MOTHBAIT MaiiOyTHBOI TTPOMECiiiHOT JIigIbHOCTI.

Crocrepiraemo, 10 HasiBHI CyTTEBI po30i2KHOCTI y paKTOPHIH CTPYKTYPi Kpe-
AQTUBHOCTI CTYIEHTIB IIeJarorivHoro Ta eKOHOMidHOro mIpodiao. A came, Bcepe-
i meprioro akTopy (iHTpoBepcisi) CTyIeHTIB-eKOHOMICTIB Gibiy poJib Bi-
JIrpaloTh IMOKA3HUKKM MOTHUBAIIHOI NPUPOJU, & BCEPEJNHI MEePIIoro (QaxTopy
(cycriyibHO-TIpOdeCiiiHIit KOHTPOJIB) CTYIEHTIB-TIeJaroriB GLIBIIOI0 € Bara KOMIIO-
HeHT MoTuBaliiiHol npupoau. OgHOYACHO, Y CTYAEHTIB-1IearoriB ClIoCTePIra€ThCs
MoinDiKaIlis SIBUINA HETATUBHUX MPOSBIB CIJIKYBaHHs (HAABHUX 1 Y CTY/IEHTIB-
eKOHOMICTIB) y sIBUIIE CYCILJIBHOT 3aJIe2KHOCTI, KOJIU BOHU HE MOYKYThb €(DEKTHBHO
BUKOHYBaTH MaiiOyTHI mipodeciiini 060B’s13KH 3a BiJICYTHOCTI HEFATHBHOIO BILINBY
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30BHI.

Jpyruii GhakTop y CTpyKTypi KpeaTHBHOCTI CTY/IE€HTIB-eKOHOMICTIB (BILIUB
HeBepOATBHOTO 1HTEJeKTY Ha MailOyTHE) Ta CTyaeHTiB-liearoris (Bepbasiisairis
TBOPYOTO TOIIYKY) CYTTEBO PISHIATHCST MiK COOOI0 3a MCUXOJOITUHIM 3MICTOM,
OCKIJIbKHI JIjIsI MaliOyTHIX IemaroriB BiH BijgoOparkae BIipy Yy 3HAUYECHHsI HEBEp-
6aJIbHOTO 1IHTEJIEKTY Y MaiiOyTHINl mpodeciiiHiil pisyibHOCTI, B TOW 4Yac sK JjIsd
MaiiOyTHIX I1earoriB BiH 03Ha4Ya€ BepOaJi3allifo Byke HasiBHIUX PE3YJIbTATiB TBOP-
YUX TOIIYKIB, B TOMY YUCJ1 y TPOIeCl HaBYAJILHOL JTIS/ILHOCTI Ta MOOYI0BI TIaHIB
MafioyTHE.

Tperiit hakTOp y CTPYKTYPi KPEATHBHOCTI CTYIEHTIB-eKOHOMICTIB (KOTHITUB-
HUIl KOMIIOHEHT KPEATUBHOCTI) Ta CTY/IHTIB-TIe1aroris (HeBepOabHUil IHTEIeKT)
PIBHUTBCH K 38 3MICTOM, TaK 1 3a ICUXOJOTTYHUM CEHCOM.

TakuM 9UHOM, B HE3aJIe2KHOCTI Bij poiio mpodeciitHol miaroroBku (1eia-
POriYHUIT Ta eKOHOMIUHUIT TPOMIIE), CTPYKTYpa KPeaTHBHOCTI CTYIeHTa MICTHTD
[NOKA3HUKU 1HTEJIEKTyaJIbHOI, KOMYHIKATUBHOI Ta 3arajibHOl eMOIIIfiIHOCT1, CMYTKY,
MOTHUBAIIIT CILIKYBAHHS, BHYTPIIIHLOI MOTUBAIIIT MaitOYyTHBOI TTPOeCIiiHol JTisdib-
HOCTI, MOTPeOW aKTUBHO JUSATH Ta JOCATATH YCIIiXY, COIIAJIHLHONO CAMOKOHTPOJIIO,
CUJIN BOJII, 1HJEKCH OPHUIiHAJILHOCTI Ta yHiKajbHOCTI 3a Tectom C. Mengnika, iH-
JIEKCY OPHUTiHAJBLHOCTI Ta YHiIKaJbHOCTI 3a TecToM €. ToppeHca.

[TokasHUKU-KpUTEPil KPEaTUBHOCTI CTy/ieHTa (OpUTiHAJIBHICTD, YVHIKAIBHICTD
Ta CAMOOIIIHKA KPEATHBHOCTI) YTBOPIOIOTH (PAKTOPHY €IHICTDH 3 TAKHMU MOKAa3-
HUKAMU eMOIIIITHOT Ta MOTHBAITHOT cpepr 0COOMCTOCTI SIK IHTEIeKTya bHa, KOMY-
HIKQTUBHA Ta 3arajibHa €MOIIINHICTh, CMyTOK, MOTUBAIllS CILJIKYBaHH:, BHYTPIIII-
HbOT MOTHBAIT MalOyTHBOI MpodeciiiHol JisA/IbHOCTI, TOTPeON aKTHUBHO JIATH Ta
nocaratu yerixy. OcTtanni BjiacHe 1 BUCTYAIOTH eMOITHO-MOTUBAIIITHIMEI CKJTa-
JIOBUMHI KPeaTHBHOCTI CTyAeHTa He3ajexKHo Bij mpodito napuanus y BH3.

CyTTeBOIO BIIMIHHICTIO ¥ CTPYKTYPi KPEaTUBHOCTI BUCTYIIAE HASBHICTD Y CTY-
JIEHTIB I€JIaroridHoro Mpodijio 30BHIIIHKOI HEraTMBHOI MOTHBAaIil MaiOyTHBOI
npodeciitHol JiIJIbHOCT, Ta BIJACYTHICTH Y X CTPYKTYPi KpeaTUBHOCTI JIisi/IbHICHOT
CIPsIMOBAHOCT] Ta IHTEr'PAJIbHOIO 1HJIEKCY 3a aBTOPCHKOIO METOJIMKOIO.

BucunoBkn

Ha mincraBi ojiepkKaHnx pe3y/abTaTiB MOyKHa 3POOUTH HACTYIIHI BUCHOBKH:
1) KpeaTHBHICTb BHUCTYIA€ sIK piBeHb TBOPYOI 00JApOBAHOCTI, 3/iOHOCTEl J10
TBOPYOCTI, SIKi MPOABJIAIOTHCA Y MUCJEHH], CHIJIKYBaHHI, OKPEMUX BUIAX JIIS/Ib-
HOCTI 1 CTAHOBJIATDH BIJIHOCHO CTilKYy XapaKTepUCTHKY ocobucTocTi. KpearusHicThb
PO3IJISIIA€ThCA K HE3BiJIHA JI0 IHTEJEKTY (PYHKINA IIICHOT OCOOMCTOCTI, sKa
BKJTIOYA€ KOMILIEKC 11 TCUXOJIOTIYHUX XapakTepucTuk. llcuxosoriany crpykTy-
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Py KpPeaTHBHOCTI OCOOMCTOCTI CKJIQJIAIOTh: PErysioldnii KOMIOHEHT (emoriiina
CKJIaJIOBA), CTUMYJTIOIUNIT KOMIOHEHT (MOTHBaIlifiHa CKJIAJ0BA) Ta 3MICTOBHHI
KOMITOHEHT (IHTeIeKTyaJbHa CKIIa10Ba). Busasieno, mo KpeaTuBHiCTH 0cobncTocTti
B IIIJIOMY XapaKTePU3y€eThCsl IIOKA3HUKaMU OPUTiHAJIBHOCTI, YHIKAJIbHOCTI, pO3p00-
JIEHOCTI Ta CaMOOIIHKN KPEaTUBHOCTI;

2)  perysounii KOMIIOHEHT KPeaTHBHOCTI (eMoIiiiiHa Ta BOJIbOBa CKJIaJI0Ba) Xa-
PAKTEPU3YEThCsT MTOKA3HUKAMHU EMOIIHOCTI Ta eMOIHUX CTaHiB OCOOMCTOCTI,
CUJIM BOJII, TEPILIAYOCTI, CTIMKOCTI, HAIIOJIETJIMBOCTI, FTOTOBHOCT1 JIO PU3UKY, OP-
PaHi30BAHOCTI, CAMOKOHTPOJIIO; CTUMYJTIOI0UN{T KOMIIOHEHT (MOTUBAIIHHA CKJIAJ0-
BA) XapAKTEPU3YEThCsI MOKAZHUKAMIE €JIEMEHTIB MOTUBAIIHHOT CTPYKTYPH 0COOU-
CTOCTI, BHYTPIIIIHBOIO Ta 30BHIIIHBOIO MOTHBAIEID HaBYaJbHOI Ta IpodeciitHol
JISJIBHOCTI, MOTHBAILEIO JIO YCIIXY, MOTUBAIIIEIO JI0 3al100iraHHst HeBIad, CIIPSIMO-
BAHICTIO OCOOMCTOCTI; 3MICTOBHUIT KOMIOHEHT (iHTesIeKTya bHa CKJIAJI0BA) Xapak-
TEePUBYETHCA MOKA3HUKAMEI BepOAJTHLHOTO Ta HEBEPOAJILHOIO iHTE/IEKTY:;

3) 0COOJMBOCTI TIPOSIBY €MOIITHO-MOTHBAIIITHIX CKJIQIOBUX KPEATHBHOCTI 0CO-
OUCTOCTI B 3a/I€2KHOCTI BiJ| MIPOd1II0 MpodeciitHol MiIr0TOBKN TOJIATAIOThL Y Ha-
CTYITHOMY: HasgBHICTH y CTYJEHTIB MeJArOrivHOTO MPOMIIo B MOPIBHAHHI 31 CTY-
JIEHTaMI €KOHOMIYHOI'O MPOMILJII0 30BHINIHBOI HEraTUBHOI MOTHUBAII MailOyTHBOI
npodeciitiol AigIbHOCTI, Ta BIACYTHICTH Y CTPYKTYPI IX KpeaTUBHOCTI JIisi/IbHICHOT
CIIPSIMOBaHOCTI.

Bukonane g0C/IiIZKeHHS He BUYEPIIYE YCIX TEOPETUYHUX Ta MPUKJIATHUX TH-
TaHb IIPOOJIEMU IICUXOJIONYHUX XapaKTEePUCTUK KPeaTUBHOCTI OCOOUCTOCTI, Ta
icHye HarajbHa HeOOXIIHICTH TMOJAJIBITNX PO3POOOK Yy HAIPAMKAX: 3B’A3KY IPO-
diso HaBUaHHA i3 JUHAMIKOIO KPEATHBHOCTI CTYJACHTA Ta IIKOJsApa y PI3HUX
CUCTEMaX HaBUYAHHS, 3B’ 3Ky CTATEBO-POJTHOBUX OCOOJTMBOCTEI 13 TUHAMIKOIO Kpe-
ATUBHOCTI CTYJIeHTa~TIeJarora, CTBOPEHHS Ta ONTUMIZAIl]l yMOB e(beKTUBHOTO PO3-
BUTKY KpPEaTUBHOCTI OCOOMCTOCTI Ha PI3HUX eTamax rmpodecionaizallil, y pisHuX
cucreMax HaBYaHHS TOIIO.
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BUKOPNCTAHHA HECTAHIJAPTHNUX METO/IIB
OPTAHI3AIIIL YYB0BOTI'O ITPOIIECY 3 ®I3UKN

B craTTi po3rigHyTi HECTaHIAPTHI METO/N 1 MPUUOMU, sAKi HEOOXITHO BIPOBA/ZKYBATH B y4-
OoBUil MPOIEC 3 METOI0 AKTUBI3aIll Mi3HABAIBHOI JisJIbHOCTI y4HIB. Pesysibraru nmposeieHoro
eBCEPUMEHTY TOKA3AJIM JIONIHHICTD 1IHOI'0 HAIPSIMKY POOOTH.

KurouoBi ciioBa: necmardapmmi memoodu © nputiomu, Has4aisvHa JLANGHICTIG, NI3HAGAAD-
Ha DLANDHICTD.

Beryn

HarionaJibHa JIOKTpHHA PO3BUTKY OCBITH YKpalnu B XXI cTosiTTi nepeidoadae
peaJiizalliio IPUHIUITY I'yMaHI13allll OCBITH, METO/I0JIONYHY IIepeopIEHTAIIIIO 1IPOIle-
Cy HaBYaHHS 3 iHHOPMaTHBHOI (POPMU HA PO3BUTOK OCOOMCTOCTI, 1HIMBIIyaIbHO-
nudepeHIitoBaHuil i 0coOUCTICHO OPIEHTOBAHUI MIIXOAN JI0 HABYAHHS. Y I[HOMY
1porieci HaiiBayK/IMBilIe Miclie HAJIEXKUTh YPOKY — OCHOBHIiil (bopMmi HaBYaHH, a
TAKOXK Or0 PI3HOBU/LY — HECTAHJIAPTHOMY YPOKY. YJIOCKOHAJIEHHS METOJIMKH ITPO-
BeJleHHS HECTAHJIaPTHOI'O YPOKY PO3IJIAIAETHCA K OJIMH 13 HallBa KINBIIINX Ha-
HPSIMKIB I IBUIEHHS Mi3HABAJIBLHOIO IHTEPECY YUHIB 10 BUBUYEHHS (DI3UKM, STKOCTI
X 3HaHb, YMiHb Ta HAaBUYIOK. &Y CBOIO Yepry BIOCKOHAJEHHA METOUKI ITPOBEIeHH A
HECTAHJaPTHOTO YPOKY Iepejdadac 3HaHHs BUNTEEM e aroriqHol HayKu 1 oro
CIIPOMOXKHICTB OIIHIOBATH CBOIO POOOTY. 3MiHN B HABUYAJILHOMY ITPOIEC] CTABIATD
HOB1 BUMOT'U JIO JIsIJIBHOCTI BUMUTEJISI, SIK& OPIEHTOBaHA Ha y4HS, 1 Ileé BUKJIMKAE
HEOOX1THICTD MO-HOBOMY IIJIIITH JI0 POOJIeMU HECTaHIapTHOIO YPOKY.

Po3pobKkoro MeTouKN POBEJIeHHST HeCTaHIapTHUX YPOKIB HaBYaHHs 3aiiMa-
jsuch FO. Masnwoanuit, O. lopomenko, C. Hikonaena, I. Ilignacuit, O.Binsesa,
E.T'onany, JI.T'opaon, O.Cunung, B.Cyxomauncebkuit, B.Onnmyk, O.CaBueHko Ta
iHTmi.

© Osuapenko B.II., Henuk K.T., 2014
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OiHak depe3 baraToIiaHOBICTD 115 IIpob/ieMa He I1i/IIaJIa€ 1111 OJIHO3HAYHE BU-
pimenns. QopMyBalnsd CTIHKNUX 1 IMIMOOKUX IHTEPECIB Yy MIKOIAPIB, € 3aBIaHHIM
HEePIIOPSITHOT BayKJINBOCTI. AKTya bHICTD MTPOOJIEMHE MOJIATAE B TOMY, 100 depes
YIPOBA/IZKEHHST HeCTAHAPTHUX (pOPM HaBYAHH BUXOBYBATH B YUHIB MMi3HABAb-
HUIl iHTEepec /10 BUBYEHHS (DI3UKU.

OcHOBHA 4YaCTHUHA

Hecranpapruuit ypok — 1e iMIIpoBi3oBaHe HaBYaJbHE 3aHATTS, 1110 Ma€ He-
TpaIUIIIHY cTPYKTYpy. Ha3Bu ypokiB aloTh jlesike YeaBJIEHHS PO IiJI1, 3aBIaHHA
1 METOUKY MTPOBEIEHHS TAKUX 3aHITh.

Hectangaprni ypokn cupsgMoBali Ha aKTHUBI3allilo HaBYAJbHO-ITI3HABAILHOL
JISJIBHOCTI YUHIB, 00 BOHM IVIMOOKO 3advillaloTh eMOIiiHO-MOTHBAIiHY cdepy,
GopMyIOTh JIyX 3MarajbHOCTi, 30yIKYIOTh TBOPYI CHUJIM, PO3BUBAIOTH TBOPYE
MUCJIEHHS, (POPMYIOTh MOTHBAIIII0 HaBYaJIbHO-III3HABAJIBLHOI Ta MaiiOyTHHOI MTPO-
deciitaol pisibHOCTI. ToMy Taki ypoKH HailOlIbIe 10 I00aI0ThCA YIHAM, BUKJIU-
KalOTh Y HUX TBOpUUil iHTEpec.

Y nocionuky H.II. Boskosoi «Ilenarorikas napejieHa cripoba I1eBHOI KJIacH-
dikamil HecTaHIAPTHUX YPOKiB. ABTOp HazmBae 12 THUIB HeCTaAHIAPTHUX YPOKIB,
aJjie KOKHUIT TUIT Ma€e CBOI IapaMeTpH, 3a IKUMHU OKPeMi YPOKM BIJIHOCATLCA J10
nesHoro tuiy. Jlo HectaHIapTHUX YPOKIB aBTOP BITHOCUTL TaKi YPOKM:

1. Ypoku 3MiCTOBHOI CIIPSIMOBAHOCTI.

YpoKku Ha IHTErpaTuBHINi OCHOBI (YPOKH-KOMILIEKCH, YPOKHU-TTAHOPAMI).
YPOKH MizKITpeIMEeTHI.

YpoKu-3MaranHs.

YPOKH CYCIHLIBHOIO OIVISILy 3HAHD.

SN

Ypoku TearpasiizoBani (YpOKU-CIIEKTAKJIl, YPOKU-KOHIIEPTH, KiHO-YPOKH, [TH-
JTAKTUIHAN TeaTp).

YPpOKH TOJIOPOKYBaHHA, YPOKH JIOCIIJIZKEHHS.

YPOKH 3 PI3HOBIKOBUM CKJI&JIOM yUHIB.

© o N

YPOKH JiJ0BI, pOJILOBI IrpH.
10. Ypoku jpamarusarii. [1]

o iHmuX, HecTaHIaAPTHUX, (DOPM OpraHizariil HaBYaJIbHOI'O IIPOIECY B MerKax
KJIACHO-YPOYHOI CUCTEMU JIesiKi BUEHI BIJTHOCSTH: NPAKTUKYMH; Ja00OPAaTOPHI 3a-
HATTA, HaBUYaJIbHI eKCKypcll Ha NPUPOIYy, B My3eil, Ha BUCTaBKY, IIJIIPUEMCTBO;
1HIUBIJIyaJIbHI U1 I'PYIIOBI JI0JIATKOBI 3aHATT 38 OKPEMUMU HABUYAJILHUMU TeMaM1
ab0 NUTaHHSIME; (PaKyJIbLTATUBU; IIPEIMETHI I'YPTKU TOIIO.

Posriistnemo perasbHiiie crerudiuii MOKJIMBOCTI KOXKHOI'O THUITY HeCTaHIap-
THUX yPOKIB B peaJii3allil 1ijeii HaB4aHHd Ta METOJANYHI acleKTH 1X IPOBEJIeHHS.
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Opuapenko B.I1., Yemmk K.T. Bukopucranust HecraH1apTHUX METOJIIB

Binapni ypoku. BinapHuMm Mu Ha3uBaeMO 3aHATTS, Ha AKUX MaTepiasl JaHol
TeMHU YPOKY TOJIa€Thcd OJIOKaMu Pi3zHuX mpeaMeTiB. [Ipu mpomy Takwmit necran-
JlapTHUiT yPOK TOTYIOTh YUUTEI-IIPeJIMETHUKY, KOXKHUI 13 SKUX IIPOBOJUTH eTall
(6J10K) yPOKY CTOCOBHO TOTO IIpeJIMeTa, sIKWUil BUKJ/Iaj1a€e. [IpoBejieHHI0 Taknx 3a-
HATb EPEYIOTh HACTYIIHI €Tallu MM1JIIOTOBKU:

® O3HallOMJIEHHS BUNTE/IB-TIPEIMETHUKIB 3 YNHHUMHU ITPOTPaMaMHy;
® 3HAXO/JKEHHS CyMI?KHUX TeM Yy IIporpaMax 3 PI3HUX IIPeIMETIB;
® CKJIQJIAHHS CTPYKTYPHU MaiiOyTHHOI'O YPOKY;

® HAIMCAHHS CIIJILHOIO IJIaHY-KOHCIIEKTY.

Bipmosani (pumosani) ypoku. Lle Taki HecTaHapTHI yPOKH, M0 TIPOBOJIATHCS
y BipmioBaHiit ¢gopwmi. Bei eramm Ttakoro ypoky, BCl 3aBjaHHs, 3ajiadi, HOsiCHE-
HHsI — PUMOBaHI TEKCTH. YK IpaBmUjIO, I YPOKHU IiJICYMOBYIOTH BHUBYEHI TEMH,
TOOTO € y3araJbHIOIYUME (CHCTEMATH3YIOYUMI ), iX CTPYKTYpa MojibHa 0 CTpY-
KTYPHU YPOKIB y3araJbHeHHs 3HaHb. BayKInBo 3a3HAYUTH, IO PUMOBAHI YPOKH
MaKCHUMaJILHO 30CEPeKYIOTh, YBary MIKOJISAPIB, 60 MaTepiaj MoJaeThCst CTUCTIO
— BipHIamu, i He MOXKHa TPOIYCTUTH OCHOBHE, Tpeba 3yMiTH HOro YiTKO BUILINTH
it 3pobuTn neBHi BUCHOBKH. Taki HeCTaHIAPTHI YPOKH CTAIOTh CIIPABYKHIM CBSITOM
JUIS YUHIB 1 BUUTEJIS.

[nTerpoBaHi ypoKu Ta YpPOKM 3Maranus. ¥ CydacHOMY I1€/IaroriqTHOMY ITPOIeci
3HAYHOTO PO3BUTKY HalyJia ijied MiXKIIpeJaMeTHO! iHTerpallii. [HTerpoBani ypokn
CTaBJISITh 38 METY CIIPeCyBaTU CIIOPI1IHEHNT MaTepiaJl KIJIbKOX IIpeJIMeTIB HaBKOJIO
onniel Temu. JIiTH po3risiIaoTh sIKeCh SIBUIIE, IOHSITTSI 3 pisHuX 00KiB. IIigroros-
Ka 1HTeIPOBAHUX YPOKIB Iepeadadac: aHa i3 piauHOro KaJjeHIapHoro IjIaHyBaHHS,
3icTaB/IeHHS MaTepiaay Pi3HUX IPEJIMeTIB J/Isi BULIEHHS TeM, OJIN3bKUX 32 3Mic-
TOM a0O MEeTOI0 BUKOPUCTaHHSI; BU3HAUYEHHSI 3aB/laHb YPOKY; «KOHCTPYIOBAHHI»
VPOKY.

O06’eiHanns 3MIiCTY HaBYAJIBHUX JUCIUILIIH 3HATHO CKOPOUYYE Yac Ha IX Olla-
HyBaHHsI 1 3a0e31edye pisHOOIUHE ClpUiIMaHHS IPEJIMEeTIB Ui sIBUII, 1110 € Oe3Iie-
pPEedHOoIO IIepeBarolo inTerparii.

Ypoku-auckycii. [IpoBojgaThes miciss BUBYEHHS MEBHOI TeMU, PO3JLIY IPO-
rpamu. MeTa Takux ypokiB — moInbOJIeHHd i cucreMaTusallis 3HaHb IIKOJISIPIB
3 TpejMeTa. Y POKHU-JIUCKYCIl Jal0Th IpeKpacHy Harojly BUABUTH PI3HI MO3MILI
3 TEeBHOI MpobeMu abo 31 CKJIaIHOTO MUTAHHS Ta 3aJYyUYUTH JITel 10 aKTHUB-
HOI POOOTH, CHPUSIOTH PO3BUTKY Mi3HABAJIbLHUX 1HTEPECIB MIKOJISAPIB, 30aratenHio
JIEKCUIHOT'O 3allacy, HeoOXiTHOrO JIJIg BHUCJIOBJIEHHSI CBOIX JYMOK sIK YCHO, Tak i
MICHMOBO. ¥ POKHU I'PYTHN «YPOKU-INCKYCiT» PO3IINPIOIOTH TaKOXK JIOCBIJT CIJIKYBa~
HHs1, 00 0cODJIMBA yBara il 9ac X TPOBeJeHHS MPUILIIETHCA caMe (pOpMyBaHHIO
BMiHb 3anuTyBaTH it BianosigaTu. «IlIko/a moBunna BUNTH JUTUHY HE JIUIIE Bi-
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MOBI/IaTH, BOHA Ma€ HABUUTU YUHS 3allUTyBaTU, OCKIJILKNA BMIHHS 3allUTyBaTH —
e 3JaTHICTh BIJJIJIATH BiJIOME BiJI HEBIIIOMOIro, BU3HAUYaTH O0’€KT IOIIYKY; IIe
IHCTPYMEHT, 3a JOMOMOTOI0 SIKOTO MaJInil «IOC/HIMHIKy Ti3Hae cBiT» [2]. AKTuBi-
3allil MM3HaBaJILHOI JIISIJIbHOCT] YUHIB CIIPUSIOTH HECTaHIaPTHI METO/IU Ta IPUitoMU
HaBYAHHSI.

Metoj — croci® JisIbHOCTI, KUl BUKOPUCTOBYIOTH BYHTEIb 1 y4HI B iX
CHIJIbHIT POOOTI, CIIPsiIMOBaHI Ha JIOCATHEHHS MeTu HaB4yaHHsI. KoxkeH MeToJ pea-
JIIBYIOTH 4depe3 cuctemy Ipuitomis. MeTommunnit npuitom — 1e ejileMeHT MeTO/LY,
ftoro getayb. MeToan peaizyioTbesd B eJaroriamiii JificHOCTI B pisHUX hopMax: y
KOHKPETHHUX [IisIX, IpuiioMax, oprafizauiitaunx dpopmax. IIpu npomy meromnn i mpu-
floM1 »KOpCTKO He MPUB A3aHl OJNH /10 ojHoro. Hampukial , B TaKux mpuitoMax,
sk Oecijia abo poboTa 3 KHUIOI0, MOXKYTh 3HANTH BTIJIEHHS Pi3HI METO/IM HaBYaH-
ns. beciga mMoxke OyT eBpUCTUIHOL 1 MPOBOJUTH B YKUTTS YACTKOBO-IIOITYKOBUI
METOJI, & MOYKEe HOCUTHU PEIPOIyKTUBHUN XapaKTep, peasizyBaTu BIIIIOBIIHNII Me-
TOJ 1 OyTH HalllJIEHOIO Ha 3allaM siTOBYBaHHsS 1 3akpimieHHs. [Ipu npomy ducio
MPUITOMIB HABYAHHS MOYKe HECKIHYEHHO 301JIbITYBAaTUCA 3a/1e€KHO Bijl 3MICTY Ha-
BUYAJBHOTO MaTepiajly, HOBUX Ilijieil 1, 3BUYaliHO, BiJI TBOPYOCTI BUMUTENs, OTO
1e/IarorigyHol MaficTepHOCTI 1 TUM CaMUM HaJlaBaTu 1H/IMBI/IyaJbHICTH MaHepi fto-
0 TeJaroriaHol AisIbHOCTI. IcHye OaraTo HecTaHIapTHUX MPUITOMIB HABUYAHHS. Y
peaJibHIil eJJaroriyniil AlficHOCTI IpuiloMU HaBYaHHS 3/1HCHIOIOTHCH PI3HUMU 3a-
cobamu HaBuanus. [lumu 3acobamur € pisHi Bujn [istibHOCTI (HaBYaIbHA, iIMPOBA,
TPYJI0Ba,).

st pisukn xapakTepHuM cepeji TPUHOMIB 1 METOJIIB € IMNPOKE 3aCTOCYBaH-
Hsl y HaBYaHHI (DI3MYHOIO eKCIIEPUMEHTY Y Pi3HUX popMax — JIeMOHCTPAIiiiHOIO,
dpoHTAIbHIX J1A00PATOPHUX POOIT, MPAKTUKYMiB, PO3B 3yBaHHS €KCIIEPUMEH-
TAJILHUX 3a/1ad, 1110 BUMarae BiJl yUHIB YMIHHS 3aCTOCOBYBATH Y HaBUYaHHI (pi3uKn
SHAHHsI 3 MaTeMaTuKu Ta iHmux npeameris [3]. Hamu Gysia pospobiiena cucrema
YPOKiB Jijist yuHiB 11 Kjtacy 3 BUKOPUCTaHHSM HeCTaHJapTHUX METOJIIB 1 Ipuiio-
MiB. Bonu mijioupaJsinch crimparodnch Ha XapaKTep HaBYaJbHOIO MaTepiaJy, IiJjiei
naBuanHsg. Ha eram axkTyaJiizalfil olmopHUX 3HaHBL Ile OYJIM PI3HOTO By BIIpa-
BU, ONMUTYBaHHA, (PI3UYHI JUKTAHTHU, JOCIIIN, BUCYHEHHsS MPOOJIEeMHU, TPOBEIeH]
B HecTaHIapTHIN (opMi; Ha eTalll BUBYEHHS HOBUX 3HAHb — PI3HI BUJIM HECTaH-
JIApTHUX CJIOBECHUX METOJIIB Y IO€JHAHHI 3 JEMOHCTPAIIiHUM €KCIIEPUMEHTOM.
[Ticig mpoBegeHHsd UX yPOKIB OyJIM TiIBE/IeH] TJICYyMKN YUHIBCHKIX JOCATHEHD
3 BUBUYEHOI TeMu. BoHn mokaszaJim, mo y4IHi 9iTKO (hOPMYJIIOI0TH 1 00T PYHTOBYIOTh
CBOIO TOYKY 30Dy, BMIIOTh 3HAXOJUTU KOMIIPOMICHI BaplaHTH BUPIIIEHHS 11OCTaB-
JIGHOI IIepeJi HUMU IIPOOJIeME, aKTUBHO CILIKYIOTh Mi»K 0000 Ha JI00PO3MIINBIil
OCHOBI, IPOABJIAIOTH I1JIBUIIIEHUIT IHTEPEC JI0 YPOKY.
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Bucaosknu

['pyaTOoBHMIT anasi3 JiTepaTypu Ta MPOBEeIeHN eKCIIePUMEHT J03BOJINB 3PO-
OUTH TaKUil BUCHOBOK, 1[0 HECTAH/IAPTHI YPOKHM HE3BUUHI 3a 38,y MOM, METOIUKOIO
IIPOBEJICHHs, OLJIbINe 1M000al0ThCs YUHIM, Hi2K y4I00BI 3aHATTA 3 BUTPUMAHOIO
CTPYKTYPOIO 1 yCTAJeHUM pPeKUMOM poOOoTH. ToMy BMITH TPOBOJNTHU TaKi YPOKN
IIOBUHHI BCI BUUTEJI, ajle IIePeTBOPIOBATH HECTaHIapTHI YPOKHU B FOJIOBHY (DOPMY
poOOTH Ta BBOJMTHU IX B CHCTEMY HE BapTO, TOMY IO Taka poboTa HaraTro B 4OMY
3aJIE2KUTH BiJI BUNTENS, 9K T'eHeparopa ijeil B Kjaci. YuHi 2K, Yy BeJUKIN Mipi,
MIATPUMYIOTH TaKl IparHeHHsd BUYUTEJIs, JOIOMAaraloTh OMy B OpraHi3allll TaKNX
3aHATh.

Kopuchuum 715 1miejiarora B miJIrOTOBIN Ta aHaJi3y YPOKYy Oy/ie, po3podsieHuit
aBTOPOM «KOHCTPYKTOpP YPOKYy», ejleMeHTaMU $SKOro € HeCTaHJapTHI NMpuitoMu
aKTUBI3aIlll Mi3HaBAJbHOI JisJIBHOCT] YUHIB.

[IepeBarn HecTaHJapPTHUX YPOKIB B IMOPIBHANHI 13 3BUYHUMH CTPYKTYpPaMn
YPOKIB B TOMY, 110 HIJBUILYETHCI 1HTEpEC Y4YHIB JJO HaBYaHHS, 1X aKTUBHICTb B
[I3HAHHI 1 TBOPYOCTI, CAMOCTIIHICTH MOIIYKIB 3HaHb, IlepPeKUBAHHS YCIIXY J10-
CATHEHb, 1HIIIATUBHICTH, MOKJ/INBICTH 1HUBLIYAJIbHOTO IIJIXO/Y J0 yVUHIB, BUKO-
pUCTaHHSI iIHHOBaLITHUX Ta 1HMOPMAaLIMHIX 1e1aroridHuX TEeXHOJIOr, PO3BUTOK
KYJIbTYPU CHIJIKYBaHHSI, B3a€MOBI/IIIOBLJIAJBHOCTI 1 TaKe 1HIIIE.

Ate € fiesKi CKJIQJTHOCTI 1 HEJIOJIIKM BUKOPUCTAHHS HECTAHIAPTHUX YPOKIB: 3a-
TpaTyu OLIBIIOrO Yacy Ha IiJrOTOBKY 1 IIPOBEJIEHHSI TaKUX yPOKiB; HE BCl YUHI B
piBHiit Mipi akTHBHI; opraHizamniitai TpyHOI (JINCIIUILIIHA, TIPABUIA TIOBEIHKH );
YCKJIAIHIOETHCS CUCTEMA OIHIOBAHHSA, aHAII3Y pe3y/IbTaTiB HaBYaHH«d; 3a0e31ee-
HHS HAYKOBO-METOJINYHOI 1 MaTepiaJbHO-TeXHITHOT 6a31 HABYaHHS; 3HAXO/[YKEHHS
[IEBHOI'O MICIISI TaKUX YPOKIB B HaBYaJIbHO-BUXOBHOMY IIPOIIECT TOIIIO.
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METO/INKA ®OPMVYBAHHYI THO®OPMAIIIMHOI
KOMIIETEHTHOCTI HA YPOKAX ®I3NKN

Jlana craTTd poO3KpHUBA€E MOHATTs iHGOpPMAIiHOI KoMIeTeHTHOCTI Ta 11 enemenTu. B crarTi
HaMU OyJIU PO3IVIIHYTI PiBHI PO3BUTKY HA3BAHOI KOMIIETEHTHOCTI, €TAITH, IKi OBUHEH HPONTH
y4eHb y poboTi 3 indopmariiero, i yac ¢popMmyBaHHs iH(GOPMAIIHOT KOMIIETEHTHOCTI.

Kio4oBi ciioBa: komnemenmuicmos, KA04061 KOMNEMERMHOCE, THHOPMAUITHA KOMNE-
MEHMHICTD.

Beryn

Ha nmamomy erarmi ocBiTa CcTOITH Ha MOPO31 3HAYHUX 3MiH. fK TOKa3ye mpa-
KTHKa, cydacHa CIUCTeMa HaBYaHHs HeJ0CTaTHBO 3a0e31evye BUCOKMIT piBeHb TIiI-
TFOTOBKHU IIKOJISPIB, OCKLJIBKH OPIEHTYETHCS, HacaMIlepe]l, Ha Iepejaady IIeBHOTO
00caTy 3HAHDb. Y pe3y/abTaTi IMBOro 31 CTIH MIKIJ BUITYCKAETHCS OCOOUCTICTH, KA
BIJITIOBIJIA€ 1TOYATKOBOMY pIBHIO ITJITOTOBKH B OCBITi, ajle B peaJibHiil mpode-
CifiHiil migabHOCTI, B OLIBIIOCTI BHIQJIKIB, He B 3MO31 peaJsiizyBaTu cebe. Tomy
MeTa CyJacHOl OCBITH IMOJIATAE HE TLILKU B TOMY, 0O HABYATH, aJje ii po3BUBATH
KOMIIETEHTHICTD, sIKa JIa€ MOYKJIMBICTDL CHIPABJIATHACA 3 PISHUMU YNCJIEHHUMH Bapi-
ATUBHUMU CUTYaIlisIMu 1 1ipaiioBaTi B rpymi. Came ToMy ocBiTa Mae 3abe31eduTn
I JITOTOBKY KOMIIETEHTHUX Y4HIB.

AkryaspHicTh gaHOl TeMn 3abe3lednHa THM, IO ChOTOIHI iCHYE€ IPOTHPId-
sl MiK ITOCTIfHO 3POCTAI0UUM O0CATOM IIpeMeTHOI iHdopMariil i BijiCyTHICTIO
ONTUMAJILHUX CIOCODIB 11 BUKOPUCTAHHS JIJIT CTBOPEHHS ILIICHOI MTPUPOIHUIO-
HayKoBOI KapTuHu cBiTy. OJHUM i3 T'OJIOBHUX 3aBJlaHb IIPU BUKJIAJaHHI (Di3uKM
y cTapimiii mKoJji, Mu BOaYaeMo 3aBjaHHs (PopMyBaHHS «iH(OpPMAaIiHOI» 0CO-
O1CTOCTI, O0COOMCTOCTI, 10 BOJIOJIE iH(MOPMAIIHOIO KOMIIETEHTHICTIO, a, OTKe,
BOJIOJIIE TAKUMHI sIKOCTSIMI sIK iH(opMaliiiiHa rpaMOTHICTb, iHdopMaIiitHuil cTuIb
MUCJIEHHd, iH(OopMalliiiHa moBeinKa, iHdopmaniiamii ceiTorsia. Indopmariiiina
KOMIIETEHTHICTD € HaflOLIbII 3HAUYIIOI0 KOMIIETEHTHICTIO B Cy4YacHOMY CBITi, TOMY
o Oy/Ib-gKa JIsJILHICTD 1epejdadae podboTy 3 iHdopMaliiero.

© Ouiitauk P.B., lNonosina C.C., 2014

180



Ouitinuk P.B., Tonosina C.C. Meronuka copmyBantst iHhopmaliiiHOl KOMIIETeHTHOCTI ...

OcHOBHA 4acCTHUHA

[Iutannsa yrpuMaHHs 1 pO3BUTKY KJIIOYOBUX KOMIIETEHTHOCTEN MPUBEPTAIOTH
yBary dararbox BUeHHUX 1 nmpakTukip. /lannii HapsiMmok po3kputo B podborax O.B.
Benmkanosol, JI.O. Ilerposcbkoi, ['K. Ceneko, A.B.XyTopcbkoro, mpore mpo-
ostema (popMyBaHHs aKTyaJIbHOI iH(MOPMAIIITHOT KOMIIETEHTHOCTI MIKOJIAPIB 3811~
IIAETHCSI HEJIOCTATHBO PO3PODOJIEHOIO.

O/1Hi€0 3 NOJIOBHUX 3a/1a9 Cy4YacHOI OCBITH — CTBOPEHHSI YMOB JIJIsl SIKICHOT'O
HaBYaHHS Ha ypokax (pizukn. BasKImBOIO yMOBOIO IJIBUIEHHS SKOCTI OCBITH €
BIIPOBA/I?KEHHS KOMIIETEHTHICHOT'O ITLJIXOJTY.

Jocnigaukn B rajaysi KoMmerenTHicHoro tmiaxony B oceiti (I.A. Sumosa, A.T.
Kacnp:kak, A.B. Xyropebknit, M.A. Homanos, C.€. [llumos, B./1. Eibkonin Ta
iH) BiJI3HAYAIOTH, 110 BIMIHHICTH KOMIETEHTHOrO (haxiBilg Bijl KBasidiKoBaHOTO
B TOMY, 110 MepHIuil He TLILKU BOJIOJIE IIEBHUM DIBHEM 3HaHb, YMiHb, HAaBUYOK,
aJle 3JIaTHUIT peaJsiizyBaTh 1 peajizye iX B podoTi. KoMmierenTHicHUI miaxia, Ha
aymky O. E. JlebeneBa — 11e cyKyIHICTDb 3arajbHUX IPUHIUIINB BUSHAYCHHS TTi/1eit
OCBITH, BiIOOPY 3MICTy OCBITH, OpraHizaliil OCBITHBOI'O IIPOIIECY Ta OLIHKU OCBITHIX
pe3yJIbTaTIB.

Po3BUTOK KOMIIETEHTHICHOTO IIJIXO/Yy B OCBITI NPU3BIB JI0 TOSBU IOHSTTS
«KJIIOUOBI KOMIIETEHTHOCTI», OJTHIEIO 3 IKMX OaraTo J0C/IIHUKIB BBaXKaIOTh 1H(OP-
marniiiny kommerentaicts (M.M. Abakymosa, C.B. Tpimmuna, JI.B. Bypunnnua,
A.B. Xyrtopebkuii Ta inmi).

B nporieci HaBdanHs (DI3UKM, B HAIT Yac, BEJUKA yBara MpuIIAeThes popMy-
BAHHIO HABYAILHO-TII3HABAIBHIX (KIIOYOBHX ) 1 JOCTITHNUX (3araJbHOIPE/ IMETHIX )
KomieTeHnii. OHaK JijIst YCHIIIHOI coliaizallil JUTHHN He MEHII BayKJIUBHUM €
dopmyBanHga came iHdopMalliitHol KoMIieTeHTHOCTI. [le mosicHIoeTbCcst THUM, IO
JIIOJINHA TI0YyBa€e cebe OLIBIN BIIEBHEHO, KOJU BOJIOJIIE iH(OPMAIIIED; OLIBIT TO-
ro, JaHa KOMIIETEHTHICTb HEOOXiJHa yUHSAM 1 JIJIg YCIIITHOTO OCBOEHHS JTOCHTD
CKJIQJIHOIO Kypcy (pisuKy y crapiiiii mkoJi. I tomy 11 dpopMmyBaHHS HEOOXiTHO 10~
YUHATH OJIHOYACHO 3 HaBYaHHAM IpemMeTy. [Ipobsiema mosisirae B Tomy, 110 JlaHa
KOMIIETEHTHICTH (POPMYETHCsI TIJILKH B IIPOIECi aKTUBHOI [MI3HABAJIBLHOI J1IgIbHOCTI
VUHsI, & JIJI 3/11ICHeHHST TaKOI JIig/IbHOCTI OTPIOEH MOTHUB, III0 IIOPOKYE IIOTPEDY
B 11 BJJOCKOHaJIEHHI.

st 3HAXOJIZKEHHST YMOB MOTHUBAIlll JIS/IBHOCTI YUHIB, CHPUATIUBUX (DOP-
MYBaHHIO 1H(MOPMAIITHOT KOMIIETEHTHOCT1, PO3IVISTHEMO MOHATTS KOMIIETEHINT Ta
CyTHICTH O3HAUEHOI KoMIeTeHtl |1].

KowmmeTeHrIiist — 1ie cyKyImHICTb B3a€MO3AIEKHIX STKOCTEH 0COOUCTOCTI (3HAHD,
YyMiHb, HABIHYOK, CIIOCODOIB JIiSIBHOCTI), 10 € 3aJIaHUME JIJIs BiAOBITHOTO KOJIa
IpeMeTiB 1 mporeciB, HeoOXiIHIX [JTst TPOYKTUBHOL il M010 HEX [2].
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KowMmieTreHTHICTb — 1€ BOJIOJIHHS JIFOJAMHOIO BiIIIOBIIHOIO KOMIIETEHINEIO, SIKa,
MICTHUTD 010 0CODKMCTICHE CTaBJIEHHS JIO TIPeJMeTa JisiIbHOCTI [2].

OcBiTHsI KOMIIETEHIIisI — IIe CYKYIIHICTb CMUC/IOBUX Opi€HTAIliil, 3HaHb, YMiHb,
HABUYOK 1 JIOCBIJly JislJIBHOCTI y4HsI BIJJHOCHO IIEBHOI'O KOJia 00 €KTIB peaJibHOI
JIICHOCTI, HeOOX1THUX JIJIsI 3/1iiiCHEHHsI OCOOMCTICHO 1 colliajIbHO 3HAUYIIOL ITPOJIY-
KTHUBHOI JistibHOCTI [3].

TakyM YMHOM, BUJILISIIOUN sIKYCh KOMIIETEHIII0, HEeOOXiTHO BU3HAYUTU TOI
00cAT 3HaHb, sIKWIT BXOJUTH JI0 11 CKJIaJLy, MepesiK yMiHb, depe3 siKi BOHa IpO-
aBasgeTbes. [Ipn popmyBani KoMmeTen1il HeoOX1/IHO CTBOPIOBATH CUTYAIlil JIjIs 11
nposiBy. Bostojiinng indopMaliiiiHolo KOMITETEHI€I0 Tepegdadae, 1Mo yIeHb BMi€
CaMOCTIiTHO IIyKaTHu, aHaJizyBaTH i BigbupaTn HeoOXijHY iHMOpPMAaIio, opraHi-
30ByBaTH, IlepeTBOproBaTH, 30epiraTu i nepegasaru 11. Bijbln BHCOKMIT piBeHb
iHopMaIiitHIX YMiHb TPUITYCKaE, MO yYeHb BMI€ CTBOPIOBATU HOBY, 3HAUTYIILY
JUIst cebe Ta iHIMX iH(OpMallilo B PI3HUX JOCTYIHUX JIJIsi CHPUIHSATTSI BUJIAX;
BMI€ BIJIOKPEMJIIOBATH KOPHUCHE BiJl MapHOTO, OL/IBII I[iIHHE Bijl MEHII I[IHHOTO, YHU-
Ka€ HeIoBHOI, HeJIOCTOBIpHOI 1 3acTapiyiol indopmarii. Baxkiuso i Te, gk y4eHb
MOzKe TIOJIATH 3Halijleny abo 00podseHy iHMOpPMAIliI0 caMOCTIITHO, HACKLIBKI BO-
Ha OyJie 3po3yMmijioro iHmmM. KpiM ToOro, ydeHb IOBHHEH BMITH KOPUCTYBATHUCH
IPUCTPOSIMHU, 32 JIOTIOMOIOI0 AKIX MOYKHA OTPUMYBATH iH(OPMAIIiI0 BOJIOIITH iH-
dopMaIifiHIMU TEXHOJIOTISIMMU.

BijbIicTh TOCTIIHUKIB CXOAUTHCA B JAYMII IIPO Te, 1m0 iHdopMalliiiHa KoMIie-
TEHTHICTb — Iie OaraTopiBHEBa KaTeropis.

[ndopmariiiina KOMIIETEHTHICTh Y IIMPOKOMY 3HAUEHHI IIOB’sSI3aHa 3 YMIHHSIM
HepeocMuc/IioBaT iHMOpMaIlilo, po3B’a3yBaTi iHPOPMAIIITHO-TIONTYKOBI 3a/1ai,
BUKOPUCTOBYIOUM OI0Ji0OTEYHI Ta eJIeKTPOHHI iH(MOPMaIiiiHO-TIONIYKOBI CHCTEMH,
TOOTO 3JIilicHIOBATH 1H(MOPMAIIITHY JIisJIbHICT 13 BUKOPUCTAHHAM AK TPaJIUINii-
HUX, TaK 1 HOBUX TEXHOJOIi. ¥ BYy3bKOMY 3HAY€HHI — 3 YMIHHSIM BUKOPHUCTO-
ByBaTH iHMOpPMAaIiiiHi TeXHOJIOr I, 3ac001 1 METO/IH, TOOTO 1€ KOMIIETeHTHICTb Y
cepi indopmaiiino-komyHikarusaux TexHosoriit (A.A. Axasn, O.0. Kisik).

[ndopmariiiina KOMIIETEHTHICTH BKJIIOYAE B cebe Taki eJeMeHTH, SK:

e MOTHBallisl, 110Tpeda i iHTepec 10 OTPUMaHHsI 3HaHb, YMiHb 1 HABUYOK y T'a-
JIy31 TeXHIYHUX, TPOrPaMHIX 3ac0o0iB Ta iH(pOpMAIlIii;

® CYKYITHICTb CYyCHLJIbHUX, IPUPOIHUYUNX 1 TEXHIYHUX 3HAHD, 1110 BiI0OPaKAIOThH
CHCTEMY Cy4acHOTO iH(OpMAIifHOrO CyCIILCTBA;

® 3HAHH, 1110 CKJIaJA0Th iHPOPMaIliliHy OCHOBY IIOIIYKOBOI Ii3HABAJILHOI Jli-
SAJIHOCTI;

e crioco0u 1 Jiil, 1Mo BU3HAYAIOTH ONEPAIiHY OCHOBY IONIYKOBOI Mi3HABAILHOL
JIISIJIBHOCTT;
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® JI0CBIJI IOIITYKOBOI JIisIIbHOCTI y cpepi MporpamMHoOro 3abe3rnevents Ta TeXHIY-
HUX PECYPCIB;
® JI0CBIJI BIIHOCHH «JIIO/IHHA-KOMIT I0TEp> [4].

@opmyBanHd 1HPOPMAIIHHOT KOMIIETEHTHOCT] B MIKOJI TPOXOUTHL TPU PiBHS
PO3BUTKY:

— [poreieBTHIHUI piBeHDb (PO3YMIHHS, BOJOJIHHSI OCHOBHUMU TIOHSITTSIMU );

— 6asoBuii piBeHb (3aCTOCYBAHHS 32 3PA3KOM, BUKOHAHHS 3aBJIaHb 32 3PA3KOM );

— npodlabHuil piBeHb (TBOpUYE 3aCTOCYBaHHSI, BUKOHAHHSI 3aBJaHb, JIJIs SIKUX
Tpeba MPOJIEMOHCTPYBATH HeCTaHapTHE piteHtst) [5].

dopmyBaHHsT iHGOPMAIIITHOT KOMIIETEHTHOCTI € IIPOIECOM I1€PEXO/LY JI0 TAKOI'O
CTaHy, KOJIM Y4YeHb CTa€ 3J]aTHUM 3HaXOJUTU, PO3YMITH, OIIHIOBATU 1 3aCTOCOBY-
BaTH iHdopmallio B pisnux (opmax Jijis Bupinenns mpodseM. g popmyBanns
iHpopMaliitHOI KOMIIETEHTHOCTI B YUHIB Ha ypoKax (i3uKu HeoOXiIHO:

— cdopmyBaTu MinHI 0a30B1 3HAHHS;

— PO3BUHYTHU BMiHHA Biji(hiIbTPOBYBaTH BTOPUHHY Ta 3aJUIIATH TLIHKU aKTy-
aJIbHY Ta KOPUCHY iH(OpMaIIiio;

— ccopMmyBaTH BMiHHS aHa/i3yBaTH iIH(QOPMAIIIIO, TPOTHO3YBATH it pOOUTH BUC-
HOBKU;

— ccopMmyBaTH BMiHHSI Ha OCHOBI aHaJIi3y 1orepe kol iHpopMariil ¢popMyBaTu
BJIACHY TOYKY 30DY;

[Tig yac popmyBanHs iHGOpPMAaLiTHOI KOMIIETEHTHOCT] Y poboTi 3 iHdopMaIli-
€10, yIeHb Ma€ MPOITH TaKi eTalm:

— O3HAHOMJICHHS — y4eHb BH3HAYAE KiIbKICTH iHMOpMAIll Ta MOXKJINUBICTD 11
OIIPAIllOBaHHSI;

— PenpojlyKIliss — y4eHb BUBYAE MacUB iHOpMallil, HAaKOIU4Iye 17;

— TepeTBOpeHHsd — KPUTUIHE OCMUC/IEeHHs MacuBYy iH(OpMAIIii;

— TBOPYUIL eTall — CTBOPEHHSI BJIACHOT'O IHTEJIEKTYAJJIbHOIO IIPOJLYKTY Ha OCHOBI
OTpUMAHOI Ta IIepeTBOpPeHol iHdopMmalriil.

[IpakTnuna 3HAYNMICTE HAIIOTO JIOC/IIZKEHHS MOJIATAE B TOMY, 0O HA OCHO-
Bl POBIVIAHYTOr'O TEOPETUIHOIO OOT'PYHTYBAHHS PO3POOUTH MPOEKT BUKJIAIAHHS
izuKM, MO0 CTUMYJIIOE PO3BUTOK 1HMOPMAIHHOT KOMIIETEHTHOCTI Y IIKOJISPIB;
CIIpUSI€ MIJIBUIIIEHHIO IHTEPECY /10 IpeaMeTy, OTzKe, MiJICUJIEHHIO MOTUBAIIIT JI0 HaB-
YaHHS I TOKpallleHHIO T113HaBa/IbHOI aKTUBHOCT1 YUHIB.

3 ypaxyBaHHSIM BHUKJIQJIEHOIO, M BU3HAUNIN 38 METY HAIIOr0 JIOC/IiIKEeHHsI
PO3BUTOK 1HMOPMAIIHTHOT KOMIIETEHTHOCT] YUIHIB ITpU BUBYeHHI (izukn. Excrepn-
MeHTaJIbHOI0 6a3010 OyB oopanunii 10 kinac Kpamaropebkoi SO Ne 30. Criogarky

Bumyckx N4, 2014 183



Meroanka BukJiajianus ¢izuku ta acrponomii 8 3O i BH3

3a JIONIOMOTOIO TICUXOJIOTIYHUX METOJIMK OYy/JI0 BU3HAYEHO PiBEHb PO3BUTKY HaB-
JaIbHOI MOTHUBAIll TKOJ4piB. [lepBuHHNT KOHTPOIL KOHCTATYBaB y IMiJJIITKIB
HU3BKHUIT pIBEHBb MIKIJIHLHOI MOTUBAIIII 3 IIpeIMeTY.

JL1st TiIBUIIEH S PiBHSI MOTHUBAIT HA ypoKax (DI3UKM MU 3/11HCHIIN HACTYIIHE:

— TICJIsT O3HAMOMJIEHHSI YUHIB 3 IIJISIMHU Ta 3aJadaMu MaiioyTHHOI podOTH MpOo-
BeJIM OeciIn Ta MOsICHEeHHs, IO CIPUSAJIN [TCUXOJIOTIYHINi MiINOTOBII YUHIB,;

— JI7Id HaBYAJbHOTO IIpoIiecy MU odpaJsn po3ii « Mosekynsapra dizukasy, TeMa
«BmactuBocTi razisy. B kajengapHo-TeMaTuvne IJIaHyBaHHsS BHECIU 3MIHH,
a caMe IIpPoaHaJI3yBaJ MOXKJIUBICTb (OpMyBaHHs iH(OpPMAIiHOI KOMIIe-
TEHTHOCTI IpW BUBYEHHI HMOHATH Ta 3aKOHIB PO3JIY, IpU BUOOPI MPUITOMIB
Ta METO/IiB poboTH Tmepeadadn/in Ti, MO CIPUAIOTH 11 PO3BUTKY: MOTHBAIIIIO
JIOCATHEHDb Y4HIB, a/IeKBATHY CaMOOIIIHKY, BLJIITOBI/Ia/IbHICTD, TOIIIO;

— PO3pOOMJIM  TTaM STKU: K IpaIloBaTH 3 KOMII IOTEPOM, $K IPaBUILHO
KOHCITEKTYBaT! Taparpad, mpaoBaTi 3 JI0JaTKOBOIO JITepaTypolo, IMiro-
TyBaTHU JIONOBIb 1 T. JI.;

— TIPU CTBOPEHHI CIIeHAPITB KOHCIIEKTIB YPOKIB pO3POOM/IN BiJIIIOBIIHII 3MICT Ta
nepedadnIn JiIbHICTD YUHIB, TPYHTYIOUNCH Ha PO3BUTOK 1H(OpMAaIiiiHol
KOMITETEHTHOCTI, & camMe: CTBOPEHHSI MYJIbLTUMEIINHUX ITpe3eHTalliil, pedycis,
KPOCBOP/IIB, €JIEKTPOHHUX TECTiB, BUKOPUCTAaHHS Mojiesieil (DisudHuX T0C/Ii-
JIiB, TOIIIO;

— CTBOPEHNII HaBYAJIbLHO-METOJIMYHUI IPOEKT peasizyBajn y MPaKTUIll BUKJIa-
nanHs dizuku B 10 kiaaci 3OILL

TobTo, MU croyaTky po3poOW/In, a MOTIM BIPOBAUIN €Talu (GOPMYBaHHs
iHpopMalIiitHOT KOMIIETEHTHOCT] yUHIB 3 ypaxyBaHHsIM PIBHIB PO3BUTKY: IpOIIE-
JIEBTUYHOI'0, 0A30BOI0 Ta IPOQIILHOTO.

Bucaosknu

3 ypaxyBaHHSAM BUKJIQJIEHOTO, MOXKHa 3POOUTU BUCHOBOK, IO (hOpMYBaHHS
iHdopMalliitHol KOMIIETEHTHOCTI Ha ypokax (DI3UKM MOBUHHO 3JiICHIOBATHCA Y
BIIIOBITHOCT] 3 11 BHYTPINIHBOIO CTPYKTYPOIO, IPEJICTABJIEHUMU TeJJaroriYHuMU
CKJIAJIOBIMU, IIOB'SI3aHUMU 3 IIeBHUMHU BuJaMu iHMopMaliitHo-1podeciitnol i-
siibHocTi. i Bujm indopmariiitHo-tipodeciitiol JigIbHOCT] Y B3a€MO3B 13Ky MixK
cO00I0 CTAHOBJISITH CYTh MOHATTS «iH(OpMAIiiiHa KOMIETEHTHICTL» 1 3YMOBJIIO-
I0Th OCOOTMBOCTI 11 BUXOBAHHSI.

A My 6aunMo, iICHY€E MOXKJIMBICTE (popMyBaTH iH(OPMAIIITHY KOMIIETEHTHICTh
IpU BUKJIQJAHH] PI3UKH, i BBAXKAEMO 3a MTOTPIOHE MTPOJIOBKYBaTH POOOTY B JAHO-
MY HallPIMKY.
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BUKOPUCTAHHS ITPOBJIEMHO-MOAYJIbHOI TEXHOJIOTTT
HA YPOKAX ®ISNKUN

CrarTst pO3KpUBAE MOHATTSA MPOOJIEMHO-MOJLYJILHOIO HABYAHHS, HOTO OCOOJIMBOCTI Ta KOMIIO-
HEHTH, B Hill MOKa3aHa MOXKJIUBICTb BUKOPHUCTAHHS JAHOI TEXHOJIOrT Ha ypokax (bi3uku rnpu
PO3BUTKY €JIEMEHTIB KDUTUYHOI'O MUCJIEHHS yYHIB.

KanrouoBi ciaoBa: cnpobaemio-modysvhe Hasuants, npobiemma cumyayis, Has4arbHul
MOOYAD, KPUMUYHE MUCAEHHA.

Bceryn

B nam yac negarorika 3 HayKH IIPO BUXOBAHHS, OCBITY Ta HABUAHHS JIIOIMHI
IIOBUHHA CTATU HAYKOIO IIPO YIPaBJIIHHS PO3BUTKOM TBOPYOI 1H/MBI/IYyaJbHOCT] B
[LJIICHOMY I1€JIarOTTYHOMY IIPOIIeC], & BUBYEHHS MIKIJIbHUX [IPEJIMETIB peaJli3oBaHe,
I'PYHTYIOUNUCH Ha IPUHIUII €JHOCTI HaBYAHHS, BUXOBAHHS Ta PO3BUTKY.

Heabusiky pojib y JIOCATHEHHI IIi€]l MeTH BiJirparoTh TakKi JUJAKTH sIK
M.A.Anekciok, B.B.I'yzee, M.A.Yomanos, M.I.MaxmyTos, A.B.®ypman Ta iH-
111, JTOCTJIZKEHHS AKX BUUILIM HA HOBUIM BUTOK PO3BUTKY METOJUYHOI JyMKH, a
camMe TpoOJIeMHe HABYAHHA BOHU 3B’SI3YIOTH 3 MPUHIIUIIOBO HOBOIO TEXHOJIOTIEIO.

Xoua o3HadeHa TeMaTHKa aKTUBHO PO3TJISIAETHCA Y IICHXOJIOTO-T1e1aroriaHii
Ta METOJINYHIIl JiTepaTypl, Ha MPAKTUIIl Y 3araJJbHOOCBITHI MIKOJII BEJIMKOI yBaru
BOHA He oTpuMaJia. MixK TUM, aKTyaJbHICTb 11 cydacHux popM, CIIocoOIB 1 METO/IIB
HaBYaHHS BU3HAUYAETHCS YBArOIO JI0 JlisIbHOCTI YUHIB, 1110 BPAXOBY€E 1X 1HJIUBILY-
aJIbHI 0COOJIMBOCTI, 3a0e31eUye 1H/IMBIIyaJbHU TEMII IPOCYBAHHS 38 IIPOTIPaMOIO.
Buknaiene o0yMOBJIIOE aKTYaJIbHICTD JIJI 1TO/IAJIBIIIOI PO3POOKN Ta BIIPOBAIYKEH-
Hsl y HIKIJIbHOMY HaBYaJIbHOMY IIPOIIECI.

Mu BBaxkaeMmo, 110 B Pe3y/ibTaTi BUKOPUCTAHHSI TPHOX MPOBIIHUX (HPaKTOPIiB:
«CTHCHEHHST», MOJIyJIbHOCTI Ta ITPOOJIEMHOCTI 1 TT0OY/I0BU Ha I1iif OCHOBI ITPOOJIEMHO-
MOJTYJIBHOT'O TE€XHOJIOTI, 3’ ABJIAETHCA MOYKJINUBICTD MiJIBUNUTH PE3yJIbTATUBHICTD
nporiecy HaBUYaHHSA (Pi3UKH. 3aCTOCYBAHHs TEXHOJIOTIT MPOOJIeMHO-MOJLYTHHOTO Ha~
BUYaHHs HAJIACTh MOXKJIMBOCTI 3a0e311eUeHHs 1H/IMBIIyaJbHOTO TEMITY IIPOCYBaHHI
3a MPOTrPAMOIO «CJIADKOMY, CEpPeIHbOMY Ta CUJILHOMY YUHSAMY», & yIPOBAZKEHHS
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1IpOOJIEMHO-MO/IY/ILHOT TEXHOJIOr] y IIpollec HaBYaHHsI Pi3uKU 3a0e311e9nTh Ol/IbII
MINPOKI MOYKJIMBOCTI JIJII PO3BUTKY KPUTUIHOIO MUC/JEHHS YUHIB.

OcHOBHA 4YaCTHHA

OcHoBH 11pOOJIEMHO-MO/IY/JIBHOI'O HABYAHHS B YKpaiHi Jijisl 3arajbHOOCBITHROI
Ko po3pobdteni i kepiaunrsoMm A. B. @ypmana.

3a 110ro cTBEPKEHHSIM, ITPOOJIEMHO-MO/IY/IbHA, TEXHOJIOTS Iepe1dadac HasiB-
HICTH TTAKETY MpOrpaM JijIst iIHUBIIyaIbHOIO HaBYaHHS, 1110 3a0e31evye HaBYaIbHI
JIOCATHEHHS YUHS 3 IEBHUM PiBHEM IOTEPeTHBOI M Ir0TOBKN. BOHO 3/11ICHIOETHCS
3a OKpeMuMHU (DYHKIIOHAJILHUME BY3J/IaMU BiJIoOpaKeHIMHI Y 3MiCTi, opraHizariiii-
HuX opMax i MeTojlax — MOJIYJSX, NPU3HAYCHHS sIKUX — JOCITHEHHsSI KOHKpe-
THUX Iearoriauux riieit. [1]

CKJ18/10BOIO ITPOOJIEMHO-MO/LY/ILHOIO HABYAHHSI € HABUAJIbHUI MO/1yJIb, BU3HA-
JeHHd IKOTO JINIaKTH JAaIoTh 1o-piznomy. Hanpukia, 3a @ypManoM: 1e BiIHOCHO
caMOCTifiHa, IIJIICHA YacTUHA peaJibHOI PO3BUBAJILHOI B3a€MO/III 1ejlarora 3 y4uHsl-
MU, K& XapaKTEePU3YETHCS 3aBEPIIEHOI0 CYKYIIHICTIO B3a€MO3a/IEXKHUX HaBYaIb-
HIX, BUXOBHUX Ta& OCBITHIX PUTMIB, 110 OITUMI3YIOTH IICUXOCOIIaJILHUIT PO3BUTOK
KOYKHOT'O Ha MMEeBHOMY BiJIPi3Ky BHBUYEHHsI HABYATLHOTO Kypcy (po3jii, Tema).|2]

Crenndiky 1mpob/ieMHO-MO/Y/JIBHOIO HaBYaHHsI BijoOparkaloTh HACTYIIHI
OCHOBHI TIPUHITUIH 11 TTOOY/I0BH:

— cucmemmre weanmysanra. Jannit mpuHIUI 3a6e31euyeThCs  BiOBIIHIM
CTPYKTYPYBAHHAM HaBUIAILHOI iH(OPMAIIl B TPOOJIEMHOMY MOJTYJI;

— npobaemricmy.  Jlannit  npuHOMI - BizoOparka€  BUMOI'M  IICHXOJIOTO-
11e/1arorivyHOl 3aKOHOMIPHOCTI, 3T'1JIHO 3 KOO BBEJIEHHS TAKUX CTUMYJIIOI0UNX
JIAHOK, dK TpobJieMHa CUTYyallid Ta MPaKTUYHA CIIPAMOBAHICTD, ITiJIBUIILYE
eeKTUBHICTD 3aCBOEHHSI HABYAJILHOTO MaTepiay;

— ModyavHicmo. TTpUHII MOAYIBHOCTI BU3HAYAE JUHAMIYHICTE 1 MOOLJIBHICTD
dbyuKIionyBanus cucreMi. |3

CKJ13JI0BOIO YaCTUHOIO OY/Ib-STKOTO MOJLYJIsi B TPOOJIEMHO-MOJLYJIbHOMY HaBYaH-
Hi € Mpob/IeMHa CUTYaIlis.

A.M.Maromkis xapakTepusye IpodJIeMHY CUTYAIII0 siK «0COOJTMBUIT BUT PO-
3yMOBOI B3a€MOJIil 00’eKTa i cyb’'eKTa, IO XapaKTEePU3YEThCsl TAKUM ICUXIYHIM
craHOM cy0’ekTa (y9HsI) TpU BUPIIIEHH] HUM 3aBJIaHb, 0 BUMAra€ BUSIBJICHHS
(BimkpuTTs a60 3aCBOEHHSI) HOBUX, paHiiie cy0 €KTy HeBiJOMUX 3HAHB M CIOCO-
OiB JistbHOCTI. [4]

[HakIie Kaxky4n, IpodJeMHa CUTyallisd — Ie TaKa CUTYyallid, pU SKiil cy0 eKT
XOue BUPIUTH SKICh BaXKKi JIJId cebe 3a/adi, ajge oMy He BUCTada€ JaHWX i BiH
MOBUHEH caM X 3HAXOIUTH.
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B mporieci HaBYaHHs Ha ypoKax CTBOPIOIOTHCS MPOOJIEMHI CUTYaIllil, 10 J1al0Th
3MOI'Y aKTHUBI3yBaTu Iporec mucjaenns yaais. M.I. MaxmyToB BKasye HaCTYITHI
CII0COOU CTBOPEHHSI IIPOOJIEMHUX CUTYAIIiil:

— TIpU 3iTKHEHHI YYHIB 3 YKUTTEBUMU SIBUIAMU, (PaKTaMH;

— TIpU Opraxizallil TpakKTUIHOl PpoOOTH YUHIB Ta (DOPMYJIIOBAHHI TIiIOTES;

— IIpU CIIOHYKAHHI YYHIB /10 aHaJI3y KUTTEBUX {ABUII, Kl IPUBOASATH 1X B 31T-
KHEHHsI 3 KOJIMIIHIMU KUTTEBUMU YABJIEHHSIMU 11PO 3araJjbHl gBUIILA;

— IIPU CIIOHYKaHH1 YYHIB JIO TIOPIBHSAHHS, CIIIBCTABJIEHHS 1 IPOTUCTABJIEHHS;

— IIpU CHOHYKAHHI YYHIB JI0 TONEPEHHOT0 y3araJbHeHH HOBUX (DaKTiB;

— IIpU JIOCJIHUTIBKIX 3aBIaHHsX. [D]

KepyBaru HapB4a/IbHO-III3HABAJILHOIO JIISJIBHICTIO B MPOIEC BUBYEHHS (i3u-
KI 32 JIAHOI0 TEXHOJIOTIEIO JIoTIoOMarae CucTeMa JUJaKTUIHIX 3ac00iB HaBYaHHI,
JI0 SIKUX MM BIJIHOCUMO IIOCTAQHOBKY METH, ILJIaHyBaHHS, BifOIp 3aBIaHb PeIpo-
JIYKTHBHOI'O Ta IIOIIYKOBO-TBOPYOI'0 XapaKTepy, JIeMOHCTpalliil Ta (ppoHTaIbHIT
EKCIIEPUMEHT, POOOTY 3 HaBYAJIBHOIO 1 JI0JIATKOBOIO JIITEpPaTypolo, Pi3Hi gopMu
PefTUHIOBOrO KOHTPOJIIO. [6]

Beauky poJsib B 1mOOYIOBI HaBYaJbHO-BUXOBHOI'O IIPOILIECY 3 O3HAUYEHOI
TEXHOJIOT1] BiJIirpa€ cucreMa 3aHdATb, sKa IIOBUHHA MICTUTH TaKl MOJLYJIi:
YCMAHOBOYHO-MOMUBAUTTHUTL, 3MICTNOBHO-NOUYKOBUT, KOHMPONOHO-CMUCA0EU,
adanmueHo-nepemeopI08asbHuli, CUCTEMHO-Y302aAbHI0N0NULT MA KOHMPONLHO-
pedaekcusnu. 6]

EdekTuBre GyHKIIOHYBAHHS TPOOJIEMHO-MOJLY/IBHOI TEXHOJIOTIT MoxKe OyTh
zabesIiedyeHe TiJIbKU 38 YMOBHU IIJIICHOCTI BCIX ITUX KOMIIOHEHTIB HaBYAJIbHOI'O MO-
JLYJISL.

Y TexHoJIori1 1pobJIeMHO-MO/IYIbHOI'O HaBYaHHS HeJ0CTaTHS, Ha HAIIl IOTJIs I,
HMPUJIIAETHCS yBara TaKOMY MaJIoJIOC/IIZKEHOMY acCIeKTy, K (PpOPMYBaHHSI KPU-
TUYIHOIO MUCJIEHHS yUHiB.

Kputmune MucieHHA € CKJIAJ0BUM €JIeMEHTOM KOMIIETEHTHOCTI yuHsa. Kpmn-
TUYHICTH Ilepejidavdae BMIiHHS JiITH B yMOBaxX BHOODPY 1 NPHUIHSATTS ajbTepHa-
TUBHUX PlllIeHb, BMIHHS CIIPOCTOBYBATH 3aBLJIOMO HEIIPpAaB/IUBI PlIlIeHHs, HaPEIIITI,
BMiHHS TTpOCTO cyMHiBaTucg. @opMyBaHHA KPUTUIHOCTI Y MPOIEci TPodIeMHO-
MOJIYJIbHOI'O HaBYaHHSI MU BOAYaeMO, depe3 mijdip 3MicTy, NpUiloMiB HaBYaHHI,
[LJIECIIPSIMOBAHE CTBOPEHHS CIEIiabHIX CUTYAIlii 1 T.71. |5

[Ipu po3BUTKY KPUTUUHOIO MUCJICHHSI YUeHb HAOYBa€ TaKMX BMiHb:

e 3’SICyBaHHS IPUUYNHHO-HACJIIKOBUX 3B’sI3KIB, IPYHTOBHE JIOBEJCHHS 1 PO3Y-
MIHH 171€efi;

e 3jificHeHHs BUOOpY Ta yXBaJeHHs KOMILIEKCHUX PIIlleHb;
PO3YMiHHSI B3a€MO3B I3KiB MizK CHCTEMaMI;
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® BU3HAYEHHS Ta ITOCTAHOBKA CYTTEBUX MUTAHD JJIsI MPOSCHEHHS PI3HUX TO3U-
11i1, 110 JI03BOJIS€ YXBAJJIIOBATA Kpallll PIIIEHHS;

e odopMIIeHHS, aHa I3 Ta CHHTE3 iHpOPMAIIT JJIg pO3B’I3aHHs MPoOJIeM i Bij-
ITOB1JIell Ha 3aIllNTaHHSI.

YMise, BINOBIIAIbHE MUCCHHS JTO3BOJISE JTIOAMHI (DOPMY/IIOBATH HAIIHI Bi-
POTiIHI CyJIKEeHHsI JIJIsi OKPECeHHsI, aHaJII3Y i po3B’sizaHHs 11pOobJIEeM 3a YMOBH X
CUCTEMATUIHOTO 3aJIyUeHHs JI0 aKTUBHOT'O CBIJIOMOIO BUKOHAHHSI PO3YMOBUX JIiil.

B narmiit poboTi My nipoanaJ/iizyBaJji TEOPETUIHUI MaTepias 3 JJAHOI TeMu, Ha
OCHOBI HAYKOBO-METOJMIHOI MOJET 3 (Pi3uKN MOOYyBaJ Il HABIAILHO-BUXOBHUI
nporiec. [l negaroriaHoro Joc/ijizKeHHss MU obpaJin yaHiB 11 KJI. 3araJibHOOC-
BiTHBOI mKoan N¢ 30 M. Kpamaropchbka.

[lepej; BpoBaJIKEHHSIM TPOOJIEMHO-MOJIYJILHOTO HABYAHHS MU BUKOHAJIM Ha-
CTYTIHE:

— PO3POOIIIN MOJIYJIbHY ITporpamy posiiity «Ejaexkrpopnnamikay (tema «IToc-
TIiHIH CTPyM> );

— CKJIAJIW KaJIeH/IapHO-TeMaTUIHNIl TIJIaH poOOTH, Jie BKa3aJu METON Ta MpHU-
flomn akTuBizaIil KPpUTUIHOTO MUCJIEHHS;

— PO3pOOWIM MIHI-TIJIPYYHUK, B SIKOMY ONUCAHUN TeOpeTWIHUil MaTepias Ta
0COOJIMBOCTI flOr0 BUKJIAJIAHHsA, & TAKOXK METO/IM Ta MPUIOMU POOOTH;

— CTBOPWJIA PO3TOPHYTI IJIAHU-KOHCIIEKTH BIIIOBIJIHO JI0 HAIIOT T€XHOJIOTT J10
KOYKHOTO yPOKY. [Ipu po3po01ii 1raHiB-KOHCIIEKTIB MU BUKOPUCTOBYBAJIN TPH
I'PYIH HABYAJILHUX eJIeMEHTIB: iHdopMalliitii, onepaliiino-inTeJIeKTya bHi Ta
omepaIifHO-TIPAKTUIHI.

[lepesr mouaTKOM JIOCTIIZKEHHS MW JIArHOCTYBaJIM PiBEHb KPUTUIHOTO
MUCJIEHHS YIHIB B 000X TpyIax 3a JOMOMOIOI0 TIenXojoriaanx Metonank B.H. By-
sina, O.M. Boponina ta I'.B. Pezanxinol. Iloro nmokasHukn BUsABUINCS TPUOII3ZHO
Ha OJIHAKOBUX PIiBHSIX (IIepeBaskKHO HU3BKOMY ).

35 4
30
25
20
15 -
10

Puc. 1: ITouarkoBuii piBeHb PO3BUTKY KPUTUIHOTO MUCJ/IEHHSA
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Meroanka BukJiajianus ¢izuku ta acrponomii 8 3O i BH3

B opniit rpyni HaBYAHHS MU TPOBOIWIN TPAJINIIITHO, & B IHIII 3a ITPOOJIEMHO-
MO/1YJIbHOIO TEXHOJIOTIEIO.

[Tig gac npoBejieHHSI 3aHATh 38 HAIINMU PO3POOKAMK MU CTBOPIOBAJIN IIPOO-
JIEMHI CUTYallil, BUKOPUCTOBYBaJIM PI3HI METO/IU Ta MPUIOMU aKTUBI3AIll KPUTHY-
HOI'O MHUCJIEHHA TaKi SIK «CeHKaH», «IPOHYBaHHS», «aCOIIaTUBHUI KYyII», METO/I
MO3KOBOTO IITYpMy 1 T.;1. Bei 1l MeToan HamnpaBjeHi Ha PO3BUTOK TaKIX KOMIIO-
HEHTIB KPUTUYIHOI'O MUCJIEHH, IK THYYKOCT1, BMIHH¢ aHaJI3yBaTH, CUCTEMATU3Y-
BaTH, IIOPIBHIOBATU, POOUTU BUCHOBKHM 1 T./I.

[licas BUKOpMCTaHHS ITPOOJIEMHO-MOJIY/IBHOI TEXHOJION HaBYAHHS, 9Ky MU
HAIIPABJISIIN Ha PO3BUTOK KOMIIOHEHTIB KPUTHYHOIO MUCJIEHHSI, MOXKHa 3POo0u-
TH BHUCHOBOK IIPO Te, IO Ta Tpyla (Japyra), sKa 3aiiMasacs 3a TEXHOJOTIEI0
POBJIEMHO-MO/IYJILHOTO HABYAHHS OTpUMAJIa JIII pe3y/ibraTu (puc.2).
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Puc. 2: Kinnesi pe3yibraTu eKCIEPUMEHTY

BucooBkn

B pesysibrari eKcriepuMeHTaaIbHOIO JIOCTIIKEeHHsT OY/I0 TiITBEPIZKEeHO eheK-
TUBHICTh BUKOPUCTAHHSI IIPOOJIEMHO-MO/LY/IbHOI'O HaBUYaHHsI Ha YPOKax (pi3nKu, Ha
npuksaji remu «IlocTiitHnit cTpymM» B 3araJibHOOCBITHIN TITKOJII.

lana TexHoJIoris JI03BOJISI€ B KOMILJIEKCI BUPINIyBaTH BCl TPU 3aBIaHHA HaB-
YaHHs: OCBITHIO, BUXOBHY, po3BuBarovy. Bona crpusie popMyBaHHIO B Y4HIB He
TIJIbKI CUCTEMHU 3HaHb, YMIHb 1 HABUYOK, aJie 1 PO3BUBATH Y IIKOJIIPIB e/IeMEeHTH
KPUTUIHOTO MUCJIEHHS, 1T THYYKICTh, CIIPUSIE PO3BUTKY 1X 3J1I0HOCTEll /10 caMOHa~
BUYaHHS, CAaMOOCBITH.

Otxke, M pOOMMO BHCHOBOK, III0 Hallla IiII0Te3a OTPUMaJia CBOE €KCIIePUMEeH-
TaJibHe I1JITBEP/ZKEHHS.
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[l[py migroToBul CTaTTl HEOOX1ZHO LOTPMMyBaTUCh HACTYIHUX BHUMOT:

1. Pykonucu 1mojatoTbcst B 0JJHOMY ITPUMIPHUKY, HAAPYKOBaHI YKPaIHCHKOIO a00
POCIiICHbKOIO MOBOIO Ha OJIHIi CTOPOHI apKyIla depe3 OJIuH iHTepBaJI 3 ITHPO-
KUMW TIOJISIMI, CTapaHHO BUYUTAHI 1 po3Mideni. [IpuMipauk nosunen OyTu
ohopMIIeHNIT BiIIOBIIHO 0 3a3HAYEHUX HUZKYEe BIUMOI' 3 00OB’SI3KOBUM IIi/I-
mcoM aBTopa (ycix aBTOpiB) cTaTTi.

2. CrarTs NOBUHHA BKJIIOYATH:
(a) mpisBurme Ta iHiniaaum aBTopa (aBTOPIB) Ta HA3BA YCTAHOBH, /16 BUKOHAHA
pobora;

(b) HasBy cTaTTi (SKIIO 3ar0JI0BOK CTATTI JIOBIUil, TO TMOJATH TAKOXK fiOr0
KOPOTKHWIT BapiaHT, He Oijbiie 40 3HaKiB);

(c) imgekc Y/K; anorariwo (10 5 psajKis);
(d) KopoTKumii BCTyI: OCTAHOBKY 3a/1a4i, OJep:Kail pe3y/IbTaTH;

(e) dopmysoBaHHS OJIepPKAHIX ABTOPOM HOBUX PE3YJILTATIB 1 MOBHE iX JI0-
BeJICHHS, K1 paHille Hijie He Oysu oyOJiKoBaHi abo0 1ojIaHi 10 PO3TJIs LY
B IHIINI XKypHAJI;

3. o (ApyKoBaHOrO BapiaHTy) cTaTTi 000B I3KOBO JIOIAETHCST €JIEKTPOHHNIT Ba-
pianT, nigrorosienuit y dopmari LaTeX (*.tex) (ra iioro xormist y dopmari
PDF) 3 Bukopucranusm cruboBoro daitny (znp-fizmat-ddpu.sty) »kypaasy
Ta MakerHoro daiiay (priklad-oform-statti.tex) 3 gorpumMaHHsIM BCTAHOBJIE-
HuxX mapameTpis (znp-0l-preambula.tex).

4. Anpeca jsa smcryBanns: 84116, m. Crop’sncbk, Jlonenpbka 001., BYyJI.
[ barioka, 19, lekanar ¢izuko-maremarnanoro daxyabrery JJIITY;

e-mail: znpfizmatsdpu@ukr.net, reredonn: (06262) 3-26-59.

5. Y BUINIQJIKY aBTOPCHLKOIO KOJIEKTHBY BKa3aTH MPi3BUINE Ta e-mail Toro 3 as-
TOPIB, 3 KUM PeJIKOJIETIsT MOYKE BECTHU JIMCTYBAHHS.

6. Daiiim npukiaagy ogOpMIEHHS cTaTeli Ta BUMOIM MOYKHA 3aBAHTAXKUTH 34,
agpecoro  http://slavdpu.dn.ua/fizmatzbirnyk /znpFizmat2014.zip.

7. CraTTi, HiIrOTOBJIEH] B MOPYIIEHHS 3a3HaYeHHX BUMOT, 0 PO3IJIALY peja-
KIIITHOIO KoJterieio Kypuaay HE npuitmarorbes.

8. Crarti j1o iw'sitoro Bumycky (2015 pik) npuiimatorbest g0 1 ksiTast 2015 poky.
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