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Bin peaaxiiiitHol kKoJieril

I[MTanoBHI unTawyi!

Bu tpumaere B pyKax wocmudi BUITYyCK «30ipHUKa HAYKOBUX Ipallb (Pi3nKo-
maTemMaTudHoro dpakyasrery LAY » gep:KaBHOIO BHIIOTO HABYAILHOI'O 3aK/IaTy
«/lonbachkuil gep:kaBHUil Tearoriyuuit yuisepcureTs. Buganns HayKOBUX Tpallb
BUKJIaJIadiB, CTYJAEHTIB Ta MOJIOJUX HAYKOBIB (PI3UKO-MAaTEMAaTHIHOIO (hpaKyJib-
tery JIITY 3anouarkosano y 2010 poril, Ko pe3yabTaTu HAYKOBUX JOCJIiIZKEHD
OyJsi0 omyOJIiKoBaHO OKpeMoIo cepieio «Di3nmKo-mMaTeMaTUydHi HAyKW» B 30IpHUKY
Haykopux mpaipb «llomykum 1 3maxigkny 3a MaTepiajaMu HAyKOBO-TIPAKTHIHOL
koHdepeHtiil «AkTyasabhi nmutanis Hayku i ocsitny (Cros’suebk, CJITY, 20-22
ksiTHs 2010 p.)

Metoro 30ipHuKa € IiITpuMKa HAyKOBOI aKTUBHOCTI K CepeJl CTYJEHTIB, Tak
i cepen mostonux Bukagadis JJIITY ta inmux BH3.

OcHOBY wocmoz2o BUITYCKY 30ipHUKA CKJIAJAI0Th OPUTiHAIbHI ITOBHOTEKCTOBI
crarTi (B aBTOPCBHKIN pejakill) mepeBazkKHO i3 JHCIa JOMOBIjIel, 3all/IaHOBAaHNX
JUT ydacTl y IbOoTropivuniil BeeykpalHcbKill HAyKOBO-IPAKTUIHIN KOH(epeHTIil
«CnagmuHa IBana @paHKa y CBITJII ChOIOJEHHS», NpHUCBsdeHiii 160-piudto Bij
THsT Hapo/KeHHs1 [Bana @panka (y Mexkax peasiizariii HayKOBO-JOC/IIIHOI TIPO-
osiemn «IlepcriekTuBHI HalpsIMu cy4dacHOl HayKu Ta ocBiTuy, Cios’saebk, TV,
19-20 Tpasust 2016 p.).

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
IIpyna Anarosmiga ®@egopoBuya

Anaroniit @egoposnd Hapoauses 02 Gepesnst 1940 poky (1o mpasna, y CBi-
JIOIITBI IIPO HApOJIZKEHHsI Ta II3HiIIe Yy [aclopTl PIK HapPOJIXKEHHs TOMUJIKOBO
sHaunBest sk 1941) B cesti [Baniska Kym’sinebkoro paitony XapkiBebKoi ob/iacti B
pojimHI BUUTE A icTopil cepennubol mKon [Ipyna @enopa Tpoxumosnda ta [Ipyn
[Toninn IBaniBuu. Ha camomy mouarky Bifinu y 1941 pori @enip TpoxumoBud
mimos J10 J1aB Pajsinebkol Apmil ta y 1943 porni 3arunys Ha (GpoHTI.

HaBuaHHs, ocBiTa Ta nigBuuweHHsA kBanidpikauii
MpyHa AHnaTonis ®epoposuya

3 1947 o 1951 pp. — #aByaHHsd B IBaHIBCHKIil MOYATKOBI ITKOJII;

3 1951 o 1957 pp. — maBuanng B Kuc/ioBebKiil cepeniii MKoJi;

3 1957 o 1960 pp. — HaByanus B [OpJliBCbKOMY NpHUYOMY TEXHIKYMI;

3 1960 mo 1965 pp. — HaBuaHHs Ha (I3UKO-MaTeMaTUIHOMY (QaKyIbTeTi
CIOB’IHCHKOTO TI€JIArOTITHOIO IHCTHTYTY, M0 3aKIHUYEHHIO sIKOTO 3700yB KBaJIi-
dikamnito «Bunrenb $isukn 1 npali cepeHbOl IIKOJIU» Ta 3BaHHA <«Bunresb
CepPeJIHBOI KON ;



1967 p. — craxkyBanHs Ha (baKyJabTeTi IiJIBUICHHS KBaJsidikanii npu «Mockos-
CbKOMY JiepzKaBHOMY yHiBepcuTeri» (nami — MJIY) 3a creniasbhicTio «3araibHa
diznkay;

3 1971 o 1973 pp. — craxkyBanHst Ha Kadeapi maruneruzmy MY,

3 aucmonada 1o aunend 1983 p. — crarkyBanHs Ha (BaKyJIbTeTi MiIBUINEHHsT KBa-
midikanil npu MJIY 3a crerniaibHicTio «3arajibia pisnkas;

3 .410mo20 110 yepsens 1988 p. — craxkKyBaHHsI Ha (PaKy/IbTeTi IiIBUIIEHHs KBaJIi-
dixamil npu MY 3a cremnianbhicTio «3arajbHa (Qiznkas.

OcHoBHiI gaTu TpyaoBoOi AisiNIbHOCTI

3 bepesns 1o auners 1960 p. Anaroiit @egopoBUd MPAIIOBAB «IECSITHUKOM
JUIBHUI BeHTUJIsIT TpecTy «Kanmunuayroby maxtu «Konaparbeska - Hosasty;

3 1963 o 1964 pp. — Bukaagadem dizukn 6-11 kracis cepeaubol mkosm Ne29
M. ['opJiiBKa;

3 1965 o 1970 pp. — acucrenTom Kadeapu disuku CIIOB’SIHCHKOIO I1€/1aro-
rignoro incruryty (mami — CIII);

y 1970 pori — TEMYacOBO BUKOHYBaB 00OB’SI3KM 3aCTYITHUKA JleKaHa (hi3mKO-
maremarudnoro dpakynsrety CIII;

3 1970 o 1971 pp. — crapmum BukiajgadeMm Kadeapu ¢isukn CIII;

3 1971 o 1973 pp. — cTaxkepoM-J10C/IiTHIKOM Ha Kadepi Maraetusmy Moc-
KOBCBHKOI'O JIePzKaBHOI'O YHIBEPCUTETY;

3 1973 1o 1975 pp. — crapmum BukJajgadem Kadeapu ¢izuku CIII;

3 gepecHs 10 ocosmers 1975 p. BUKOHYBaB OOOB’SI3KM 3aCTYIIHUKA JIEKAHA
disuko-maremaruunoro dakyasrery CIII;

3 otcoemma 1975 1o 1978 pp. — 3aBigyBadeMm kKadeapn (i3uKku Ta 3a CyMiCHH-
IITBOM B.O. jionieHTa Kadenapu ¢isukn CIII;

3 aucmonada 1978 p. — BUKOHYBaB 000B’sI3KH JIeKaHa, (PI3MKO-MATEMATUTIHOIO
dakysbTeTy Ta 3a CyMiCHHIITBOM B.O. joieHTa Kadeapu dizuku CIII;

B atomomy 1979 p. — npusHaveHo Ha 10cay JleKaHa (Pi3UKO-MaTeMaTUuIHOIO
dakyaprery CIII;

3 yepena 1980 p. — 3a CyMICHHUIITBOM IIEPEBEJIEHO 3 MOCAIN B.O. JOIEHTa Ha
noreHTa kadeapu dizuku CIII;

3 atomozo 1979 no omud 1984 pp. — nekanoM (hizuKo-MaTeMaTHIHOrO (a-
kyabrery CIII;

B aromomy 1984 p. — nepeobpanuit Ha mocaay Jiekana (hizuKo-MaTeMaTHIHOIO
dakynvrery CIII;

3 aromozo 1984 1o amomudi 1989 pp. — nexkanoMm hi3zuko-MaTeMaTHIHOro ha-
kysibrery CIII Ta 3a cymicauirsom jgouentoMm Kadeapu dizuku CIII;
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B omomy 1989 p. — nepeodbpanmii Ha moca/ty JiekaHa (pisnKo-MaTeMaTUuIHOTO
dakynabrery CIII;

3 momoeo 1989 no aromudi 1994 pp. — gekanom (i3UKO-MaTeMaTHIHOTO (a-
kysbrery CIII Ta 3a cymicHumnTBoM jorieHTOM Kadeapu dizuku Cj1oB’siHCHKOro
JepzKaBHOro meaarorianoro incruryty (mam — CIII);

3 1994 1o 2001 pp. — gonentoMm Kadeapu ¢izuku CII/II;

y 2001 p. — BuXiJa Ha IEHCiIO0 Ta IPOJOBXKEHHsI poOOTU Ha I0CaJli JOIEHTa
kadeapu CIII;

3 2001 o 2015 pp. — pouenrom kKadenpu bisuku CAII (3 2002 — CAILY, a
3 2013 — JIJIITY).

HaykoBo-neparoridHa AisinbHICTb Ta 3000yTKKU

Oppasy micist 3akindenHs: y 1965 porii oBHOTO Kypcy HaBYaHHsI 3a CIeliaib-
Hictio «Bunresns disukn i mpami cepennbol mkoany Anarosiss PemopoBuda, K
OJTHOMY 3 HaWKpaInX BUIIYCKHUKIB (Pi3nKO-MaTeMaTndnoro ¢gpakyabrery Cros’-
SIHCHKOT'O JIEPYKABHOI'O 11€/IarOTTYHOI0 IHCTUTYTY, KEPIBHUIITBO 3AIIPOIIOHYE T10CALY
acucrenTa Kadeapu ¢isuku. Ha miii nocaji Bin npaigoe 10 1970 poky, KoJjn io-
MY BUKJIQJIAIBKUI JIOCBIJT JJO3BOJISIE IEPENTH HA TTOCATY CTAPIIOTO BUKJIa/Ia4a i€l
K Kadenpu. Ha BucokoMy HayKOBO-METOJIUYIHOMY PIBHI BiH Bejie JIEKIIiiiHi, Ipa-
KTUYHI Ta J1a00PATOpHI 3aHATTA 3 PI3HUX PO3JLIIB Kypcy 3arajbHol (Pi3UKU Ta
TEOPETUIHOI (PI3UKIU.

[Tapasenbro 3 Hanpy2KkeHor0 Bukaganbkoio [Ipyrn Anaroiit @egoposud Bejie
1 IHTeHCHBHY HayKOBO-1ocCaiaHy pobory. B 1967 porii, nepebyBaroun Ha (aKyib-
TeTi mijBuIeHHs KBaJidikaril npu MocKoOBCHbKOMY JIepKaBHOMY YHIBEPCUTET,
Anarosiit @eopoBut PO3MOINHAE JOCTIIZKEHHST MAZHIMHUT BAACTNUBOCTNET MO-
HOANOMIDI6 30130, HIKEAI0, KODAALMY, MEEPIUT POZUUHAT MINHC HUMU T Ke-
PIBHUIITBOM CTapIIOTO HAYKOBOIO CIIBPOOITHUKA Kadeapu Marunetuzmy MY
Yewepnirosa Bixmopa Ilsarnosuva. s BUBYeHHs MapaMarHiTHUX Ta JiaMarHi-
THUX BJACTUBOCTEIl pPEYOBUH Ta MarHiTHOTO CHPUHHATTS CIA0KO-MArHiTHUX TiT
Anarosiem @egoposuuem Ha Kadeapi disuku CJIII 6yiao crBOopeHo ycraHOB-
Ky JUId BUMipioBaHb. Ha 1iif ycTaHOBIII BUKOHYIOTHCA JOCJIPKEHHS y paMKax
HAyKOBOI TeMHU 1 CTYJEHTCbKI HayKoBi poboTH, sikumu BiH Kepye. lnst 3aBep-
IIeHH JIOC/IKeHb 3a TeMmoio Anarostiit PenopoBud OyB BiApszKeHHil Ha IBa
poxku g0 MJIY Ha kadegapy MarfHeTusMy CTaxKepoM-JI0C/IiHUKOM. SHAYHI 00'-
€M OJIEPYKAHNX PE3YJIbTATIB JOCIIIZKEHD, OY/JI0 ONMyOJIKOBAHO y PsJii HAYKOBHX
cTareil Ta CTaJd OCHOBOIO JHUCEpTAIlil Ha 3/100yTTd CTYIeHsd KaHujaTa (hi3mKo-
MaTeMaTUIHUX HayK 3a creniajbHicTio «01.04.11 — di3uka MariTHUX SBUII>
(Tema nuceprarii — «/locikenns 3cyBy Haiita na siapax AL27 monoaoMiiB

6 36ipHUK HayKOBHUX IIpalb (izuko-mareMarudHoro ¢akyaprery JIJIITY



3aJ1i3a, HIKeJI0, KoOaJIbTy Ta TBEP/UX PO3UMHAX MiK HUME» ), siky Anarosiii De-
JIOPOBUY YCITIIHO 3aXUCTUB y Juctonadi 1974 poky mna 3aciganni Buenoi pajm
disnunoro daxynbrery MJLY.

Y 1976 poni Amnaroniit @ejoposud obiliMae mocajy 3aBijlyBada Kadeapu
disukun CAIII. Ak szaBimyBau kadeapu isukm BiH JOKJIaJa€ 3HAUYHUX 3YCHJIb
HIJIBUIIEHHIO 1JIETHOTO Ta HayKOBO-METOJIUYHOT'O PIBHS BUKJIAJIAHHS, 3MIITHEHHIO
MaTepiaJabHOl 6a3u PI3MIHUX JadopaTopiil, 3B’ I3KaM 3 BUMTEIAME (DI3UKN KL
MicTa Ta paiiony.

Ha xadenpi peryiasspHo mIpoBOASITHCA HayKOBO-IOC/IIIHI ceMiHaPU JIJIsi BUNTE-
JIIB KL MicTa 1 caMe BiH € IHIIIaTOPOM BLJIKPUTTS JIJIS YUHIB MicTa JIBOPIYHOI
mkon «FOumit dizuky. [opiuno BuuTesni ¢izmku micta i paiioHy POXOJATH
KypcHu mepemniiroroBku 3 ¢disuxu. Jlaboparopue objiajiHanHsa KadeIpu J1a€ MOXK-
JIUBICTH TPOBOJIUTHU 31 CTyJAeHTaMU He JIUIe HaBYAJIbHY, a I HayKOBO-JOCJITHY
pobotry. 3a wac iioro kepiBumuirsa Kadeapow disuku (3 1976 mo 1978 pp.) Ha
Kadeapi OyJia 3axuilneHa ojHa KaH/MJIaTChKa JIUcepTallis Ta KiJbKa JucepTalliii
OyJI0 TITOTOBJIEHO JIO 3aXUCTY.

3 1979 no 1994 pix (Tpu n’situpivni Tepminm noctisib) Anarosiit @egopoBud
obifiMmae mocajly Jnekana (isuko-mMareMaTudHoro daxyabrery. lle poxkm auna-
MIYHOTO PO3BUTKY (hi3MKO-MATEMATHIHOTO (DaKyJIbTETy. 3OLIBITYETHCS KITHKICTD
CTYJIEHTIB Ha (PaKy/JIbTETI, 3 dABJISIOTHCS HOBI CIIENiaJIbHOCTI, MOCTIIHO MOKpAaIILy-
€ThbCA PO eCOPCHKO-BUKJIQIAIBKNN CKJIaJl Ta MaTepiajbHa 06a3a (paKyabTeTy.
3 1984 poky disznko-MaTeMaTUIHUN (PaKyIbTeT MePeXoIUTh Y HOBUN 8-MU I10-
BEpPXOBHil KopIlyc. 3/1iiCHIOETbCs TIepeod/IaHaHHs Ta CTBOPEHHS HOBHUX KaDiHe-
TiB 1 JrabopaTopiii 3 cydacHHM OOJaJIHAHHAM Ta METOAUIHUM 3a0e31eUeHHsIM.
CTBOpIoeThCsI J1ab0paTopiss TeXHIYHUX 3aco0iB HaBYaHHA. [CTOTHO 3MIHIOETHCH
3MICT HABYAHHS, PO3IOYNHAETHCs epa iHhopMaliitHux TexHosorii. [1omoBHIOIOThH-
¢ KabiHeTH HOBUMH HaBYaJbHUMH IOCIOHMKAMM, OOYUC/IIOBAJILHOIO TEXHIKOIO,
MeTojnunnM 3abesnevenuamM. s mpoBejienns Ja00paTOPpHUX 3aHATH 3 JTUCIHU-
IJIIHU «OOYNCIIOBAJIbHI Ta BUMIpIOBaIbHI poOOTH» OY/I0 MPUA0AHO Pi3HOMAaHITHI
BUMIpIOBaJIbHI Ipuiaju Ta obunciaoBaibal mMammuan «BK-1», «BK-2», «Ickpa»
Ta iHmi. s mpoBejieHHs 3aHATH 3 00YUCIIOBAJILHOI MaTeMaTHKU CTBOPIOETHCH
KabIHET 3 YCTAHOBKOIO MaJ/IUX OOYMCIOBAJILHUX MAINH, a 3T0JIOM IS 3aHATDH
3aCTOCOBYETHCsI Oo0Unc/IoBabHa MaimnHa <«IIpomiab». Ha mouarky 80-x pokiB
3'SIBJISIIOTHCS J1aDOpaATOPIl KOMII FOTEPHOI TeXHIKM, siKi HA3UBAIOTh KOMII IOTePHUMUI
kjaacaMu. DopMyeThCss 00UNCTIOBAIBLHIN EHTP (DAKYIbTETY.

Y 1986 porii Ha dizsnKo-MaTeMaTHIHOMY (paKyJIbTeTi BUHUKAE (PI3KYIbTYypHE
BIJTIIEHHS, Ke y HACTYITHOMY cTaHe (haKyaIbTeToOM (Di3UIHOl KYJIbTYPH.

Bunyck N6, 2016 7
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Kpim Toro, Anarosiit @egopoBud 6epe akKTUBHY yIacThb Y FPOMaJICbKOMY »KUT-
Ti imcTuTyTy. [Ipordrom Gararbox poKiB € KEPIBHUKOM (PiTOCOPCHKOTO ceMinapy
BUKJIaIadiB Kadeap dpakyabreTy. Bid € ak THBHUM YJICHOM CIILJIKN « SHAHHS», 1JIe-
Hom HaykoBoil komicii CIIL. Y 1989 pomi Ararosito @egopoButy 0yJI0 IIPUCBOEHO
BUEHEe 3BaHHs JIONEHTa «3a KadeIpoio 3arajibHOT (hi3UKI».

[To 3akiHYeHnHIO OCTAHHBLOTO TEPMIHY TepedyBaHHd Ha Mocajll JeKana (Pi3snKo-
MaTtemaTnaHoro paxynbrery Anatosiiit e opoBUY MPAIOE JOMEHTOM Kadeapn
dizuku. [IpoTsirom bararbox PoKiB BiH € OJIHIM 3 IIPOBIIHIX BUKJIa1a9iB KaheIpH,
KOPUCTYETHCS BEJIMKOIO ITOBAroi0 CTY/IEHTIB, BUIIYCKHUKIB, IMPaIliBHUKIB (PaKyJib-

TETYy.
Bin3Haku, Haropoau Ta nogsiku
1979 p. — HaAropojixkeHo HarpyJIHUM 3HAKOM <«BIIMIHHMK HApPOJHOI OCBITH
YKpaiuny;

1989 p. — naropojzkerno Menammo A.C. Makapenka («3a 3aciyrun B rauysi
OCBITH 1 TI€JIATONYHOI HAYKHU Ta AKTUBHY y9aCTh Y I'POMaJICHKOMY YKUTTI» );

2006 p. — noysika «3a 6araTopivuHy CYyMJIHHY IPaIio Ta OCOOMCTHIl BHECOK Y
CIpaBy MiJI'OTOBKKM BUCOKOKBa/IipiKOBAHNX (PaxiBIiB Ta B 3B’sI3Ky 3 65-piudsm 3
JIHST HAPOJIZKEHHST »

2010 p. — nmozsika «3a miAroToBKY KoMan i /st yaacTi y XIX Beeykpaincbko-
My TypHIpi toHuX (izukis (i3 uncsa yunis CI0B THCBKOTO MeIarOrTHOTO JHIEH0 ) » ;

2011 p. — nojska «3a daraTopiuHy CyMJIIHHY IIPAII0 Ta 0COOUCTHIT BHECOK Y
CIIpaBy IMiJIrOTOBKU BHCOKOKBaJIi(hikoBaHNX (paxiBIiB Ta y 3B’sA3Ky 3 70-piudsm 3
JIHST HAPOJIZKCHHST».

IHITupocepano Bitaemo Bac, manoBHuit AnatoJiit ®PemgopoBud, 3i
3HaMeHHOI0 JaToio y Bammomy xkutti! Bakaemo Bam minHoro 310poB’st
Ha JOBTi POKH, IMIACTH Ta J00podyTy Bamriit poanhi!

C.0. YHaituernro, C.M. Hyiiko, O.0O. Hogsikos, B.O. Ha,rodii,
M.K. Heusojion, O.I1. Kocrikos, B.M. Tkauenko, A.3. Kasimber,
O.M. Psibyxo, B.B. Besmnuko, T.B. Typka, €.C. CiiH,

B.B. Becenin, B.C. Cromkin, O.B. Uyiiko, O.A. KajayboBchkiii.
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OcHoBHI Ta HalOiabpm BaromMi npami A.P. IIpyna

1. [Ipyn A.®. DxcrepuMeHTaIbHAS ITPOBEPKA BO3MOYKHOT'O BJIMSIHUST MArHITHO-
0 TI0JIsI Ha OPUEHTAIII0 KOPHEBBIX O0P0371 v pejnca copra «/lynranckuii» /
A.®. Tlpyn, B.II. Opuapenko, FO.M. Hosunkuit // C6. «Peakrust 6uosio-
IMIeCKIX CHCTeM Ha cjiabble MarHUTHBIE oJisg». Marepuasnl Beecorosnoro
cummozuyma AH CCCP. — 1971.

2. Ilpyn A.@. Vccnenosanue capura Haitta Al?" B TBepAbIX PacTBOPax MOHO-
asmoMuoB kejie3a u Hukesst /| A.®@. [lpyn, B.W. Heuepuukos, B.I1. Heerb-
ko // «DMM». — 1973. — Ne3.

3. Ilpyn A.®. Uccnenoanne cupura Haiita A
HOATIOMIJIOB »Kejie3a 1 kobabra / A. @. [lpyn, B. U. Yeuepnukos, B. U.
Hegnembko // «YOM». — 1973. — 1. XVIIL. Nel0.

4. IIpyn A.®. I'mapocrarndecknit MeTO H3MePEHNIT MArHUTHOH BOCIIPHUIIM-
qusoctn / A.®@. Ipyn, B.I1. Osuapenko, H.M. Kanyruu // Daekrpornast
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[Ipyn A.®. EjemenTtu TexHosorii mpoOJeMHON0 BUXOBaHHS $K 3acid ITiji-
BUINEHHs MMi3HABAJIbHOTO iHTepecy 0 napdauus /| A.D. IIpyn, O.4. Beo-
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EKCTPEMAJIBHA 3AJTAYA
14 IIOTPIMHUX OIIEPATOPIB ®EVIEPA

Suaiifeni acumnToTuydHi GOpPMYJIN g BEPXHIX I'paHeil BiXuIeHb MoTpiitHux orepatopiB Deiie-
pa Ha kjaci inrerpasis [lyaccona, siki 3a IpUPOIHUX YMOB 3a0€311€19yI0Th PO3B’I3KH BiIIOBITHOT
zaja4i Kosnmoroposa-HikoJibebKoro.

Kuo4oBi cinoBa: padu @yp’e, nosmopri cymu Detiepa, acumnmomuyna Gopmyia.

Hexait . — MHO»XKHHA CYMOBHHUX 27 —IIePIOANIHUX (PYHKIIIH i

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

— pag @yp’e byukiil f € L. Ilosnauanmo gepes S, (f;x) dacTKoBl cymu psity
®yp’e. Cymu Basute [yccena dyuknil f € L 3a/1a10Thcsi CIIIBBIIHOIICHHSM

n—1

Vap(f. @) :]19 Z Sk(f, ).

k=n—p

Y BUNAAKY p = m Il NOJIHOME Has3uBaloTh cyMamu Petiepa. Hexait py, pa, p3 —
JIOBLIbHI HATYpPaJIbHI uYncaa Taki, o p; + po + p3 < n + 2. [oTpiitnumu cymamun
Bausuie Ilyccena 6yaeMo HazuBaTH TPUTOHOMETPHYHI MHOIOYJICHHU, sIKi 3a/1aI0ThCSI
HACTYIIHUM CITIBBIIHOIIIEHHSAM

1
Vé%)(f;x)z—

© Hogikos O.0., Posencbka O.I'., Kozauenko FO.O., [Tonosa K.I'., Cigamr A.O., 2016
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MaTremaruka

Y BUnajkax pi + ps + p3 = n — r Taki TPUTOHOMETPUIHI MOJIHOME OYIeMO

( ) .Y Bunajgky ps = 1
(2 r)

n,p

Ha3UBaTU BI,ILHOBI,ILHI/IMI/I HOTplI/IHI/IMI/I CyMaMMn CDeI/Iepa O,

noTpiitai onepatopu Peiiepa cHiBIaIAIOTH 3 TOABIMHIMIA O SKI BUBYAJIICA Y
pobori [7| Ta iHmux.
. 0 ‘o
Hacnigyroan O.1. Crenanng [1], mosnatuumo wepes S3, MHOKHHY (DyHKIIiiT
icTOTHO OOMEKEHUX 1 TaKMX, 0 MalOTh HYJIbOBE CepejHE 3HaYeHHsI Ha Iepioji, i
gepes C' - — KJlacu HellepepBHUX 2 —nepiognynux dyHKuiilt f(x), gaxi MoxHa

nogaTnm y BI/IFJIHILi SroOpTKN

f@) = Ao+~ [+ P d

™

B axiit Pj(t) = Z q" cos(kt + 27) — apo Tlyaccona, a ¢ € S, .
=1
[Muranusy nabkenns kiacis C% _ MHIHHEME METOJAMHU IIPUCBSYECHO Psijl

poOIT criemniaicTiB 3 Teopil PYHKITI.
C.M. Hikosbebkuit [2] mokaszas, 1o /171s1 BEpXHIX IpaHeil BiIXIIeHb 9aCTKOBIX
cyM Dyp’e Ha MUX KJlacax Ma€ Miclie acUMIITOTHIHA (DOpMYyJIa

n

8q" / du q
E(CLT Y= su x) — Sp_1(f,x = / +0(1)—,
(C50) p || f(x) 1(f,2)lle = — / NIy (1)

q n
fEC’&oo

ae Beamanna O(1) me 3anexuts Big n € N. C.B. Creuxun B pobori |3] nmokazas,
0 3a/IMIIKOBUI wileH Iiel (pOpMyJINn MOXKHA IIOJATH Y BULJISI O(l)n(;]—iq), e
sesimania O(1) piBHOMipHO 06Mexkena BimHocno n € N ta g € (0;1).

B pobori [1] O.I. Crenanenp orpumas aHaJOridHy acUMITOTHYIHY (hOPMYILY
Ul KJIAciB CgHw‘ B.I. Pykacos ta C.O. Yaituenko [4]| mis Bepxuix rpaneit
Biaxnens cym Basre Ilyccena na xnacax Cf 1 CjH,, orpumam amanorivmi

acCUMIITOTHYHI hopMyJi. 30KpeMa, y Iiiif poboTi OKa3aHo, 110

8(0500;\/ )z sup ||f(z) — Vi, (f, 2)l|c =

fect o

4qnfp+1 n—p+1

e q q"
_wml—¥)+0u)Qwramﬂ—qﬁ+pﬂ—q%)' D)

A.C. Cepmiok [5| mokazas, 1o Mae micrie GiIbIn 3araibHa piBHICTh HiK (1):

£ (Gt) =5 (i 00 ()
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Hogikor O.0., Poeencbka O.I.,... Bamaga Koamoroposa-HikorbepKoro

e

S yr—" 1, p=
R R
’ 1 — 2q cos pt + ¢>

B poboti [6] aist BepxHix rpaneit Bixuierb cym Defiepa oTpuMana Taka aciM-
HTOTHYHA POPMYJIa

E(Ctaion) = sup 1) -n(flle = = (12 41

1+ q) n O(1)q"
fect n\1l-gq

1—q) n(l—gq)?

B poboti |7] orpumana Taka acumnrorudHa (hbopMmyia

8(01 1)) — { 71';01]12&1 ! )2 —l_ 0(1) P1P2 y 4 € <07 1/2],
o7 ”p __dg41 Pt .
mp1p2(1-¢*) + O(l) p1p2(1—q)° q € (1/27 1)'

B namniit poboTi oTpuMaHi acUMITOTHYHI (DOPMYJIN JJIs BEPXHIX T'paHeil Bij-

XUJICHb TPUTOHOMETPUYHUX IIOJIIHOMIB O, {

oo™y = sup ||f(@) =PV (f,2)lle.
fecy

q _
Ha kiacax C oo AU g=1

£(C1

Teopema 1. Hexaii q € (0;1), Todi dns n — oo, p; — oo, i = 1,2,3 mae
MICUE ACUMNIMOMUNHA HOPMYAG

3.1 1¢*(¢* + 1)

qpl + qp2 + qpa
100) n,p + 0(1)

E(C )
( 7Tp1p2p3(1 —q¢%)? pip2ps(1 —q)7

(2)

Hosenenns. 3acrocosyouu dopmyny (6) poboru [8], orpumyemo st
€(0;1), B=1,pr+p2+ps=n+1

53V (f,2) L fla) — oV (fra) =

dt+0(1 5
(1 —2gcost + ¢%)* ( )p1p2p3(1 —q)"

_ ¢ j fil@ +1)[(1 — ¢") sin 2t + dq(¢” — 1) sint] P gP2 - P
Tp1P2P3

ne f(x) =+ [T fi(x 4+ t)P5(t) dt.
BanOBonqM HyJ1i (:byHKun &,(t) = (1—q*)sin 2t +4q(q*> — 1) sint, nobymyemo
CKCTPEMAJILHY JIJIsl TAKOIO yaABJICHHsS PYHKIIO

o(t) = sign(2(1 — ¢*) sint[—2q + (1 4 ¢*) cost]) =
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MaTremaruka

((+1, -7 <t< — arccos —L .

% (1+4¢*)’
_ ) -1, — arccos iz <2t < 0;

+1, 0 <t < arccos ﬁ;

\ —1, arccos(li—zﬁ) <t< .
Ockinbku ¢ € SY,, T0
E(C o) =
_ q° ] o) (1 — q*)sin 2t + 4q(¢*> — 1) Sint)dt N O(l)qpl + ¢ + g _
s J (1 —2gcost +¢*)* pipap3(1 —q)7
_ ¢ /7T (1 — ¢*)sin 2t + 4q(¢®> — 1) Smtldt N O<1)qp1 + ¢ + ¢P? _
pip2ps J (1 —2gcost + ¢*)* pipeps(1 —q)7

3 q
arccos —24
(1+42)

_ 41— ¢) / sint[—2q + (1 + ¢*) cos ]
TP1P2P3 (1 —2gcost + ¢*)*

dt—

_4q2(1 — ¢ / sint[—2q + (1 + ¢?) cos ]
TP1P2P3

gt N O(l)qpl + qu + qp3
(1 —2gcost + ¢2)"* pipap3(l —q)7

(3)

29
(1+¢?)

arccos

BukonasIm iHTerpyBaHHsd, 3HAXOIIMO

/ sint[—2q + (1 + ¢*) cos t] g

(1 —2qcost + ¢%)* B

(1+4¢°) o2 (1—¢°)° 2\ =3
:8—q2(1—2qcost+q) —Tq2(1—2qcost+q) :

BukoHaBIm o09YUCICHHS, OTPUMYEMO

2g

arccos

(1+42) ™
/ sint[(1 + ¢*) cost — 2q] o / sint[(1 + ¢*) cost — 2q] 5 —
(1 —2qgcost + ¢?)* (1 —2qcost + ¢%)* B
0 arccos (122)
_ e+l
(=)t

Orxe, Ha mifgcrasi dopmyan (3) TPUXOAUMO J0 acCHMITOTUIHOT opmynn (2).
Teopema nopejiena.
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HABJIM2KEHHS IHTEI'PAJIIB ITVACCOHA
Y PIBHOMIPHIN METPHIII

Orpumani po3B’si3KKM €KCTPEMAJILHOL 3aJ1a4i /i BijixujieHb notpiiinux oneparopiB Deitepa Ha
kJaci inrerpasis Ilyaccona.
Koo4oBi cioBa: padu Qyp’e, cymu, acumnmomuyhi pieHAHHA.

Hexait

Sn(f;x) ——|—Z (ar(f) cos kx + by(f) sin kx)

— qacTKoBa cyMa psity Pyp’e cymoBHoi 27 —nepiojguanoi gpyukmii f. Cymu Base
[lyccena pyHKil [ 3a/1al0TbCsl CIIBBIIHOIIEHHIM

n—1

> Skt ).

k=n—p

Vn,p(f, .I‘) —

T

Y BUIIQJIKY p = N Takuii oneparop HasmBaioTh MeTogoMm Deitepa. Hexait py, pa,
p3 — JOBLIbHI HATYpaJbHI 9UCIa Taki, Mo p; + po + p3 < n + 2. [orpiitnnmn
cymamu Basure [lyccena cymoBhol hyHKIT f OyJeMO Ha3WBATH TPUTOHOMETPUIHI
MHOTI'OYJIEHHU, $K1 3a/1aI0ThCsl HACTYITHUM CIIIBBIIHOIIIEHHSIM

n—1 k m
3 1 1 1
VO =— Y = Y — Y S(fia).
P k=n—p1 p2 m=k—po+1 p3 r=m—p3+1

Y Bumajikax p;+p2+ps =n TaKi TPUTOHOMETPUYHI MTOJIIHOMEU OYy/1IeMO Ha3WBaTH
norpiinnmu cymamu Deiiepa, 0 ( f; :z:) y BUINAJIKY p3 = 1 moTpiitHi oneparopu

Deiiepa cHiBIAIAI0TE 3 MOABITHIMI a ( f;x), axi BuBuasucs y pobori [1].
0 o
Hacrigyoun O.1. Crenanig [1], HOSHa‘{I/IMO gepe3 Sy, MHOXKHUHY (DYHKIIIN
iCTOTHO OOMEXKEHHUX 1 TaKMX, 0 MalOTh HYJIbOBE CepeJIiHE 3HAUYeHHsI Ha Hepioji, i

© Boapa B.1., llymuk T.B., Pyas K.O., Hanuk A.M., Mipommnivenko I'.I., 2016
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aepes Cf _ — kuacu nenepepsHnx 27 —nepioguannx Gyskiiit f(z), gxi Moxua
)
[OJIATU Y BUTJISIII 3rOPTKU

flz)=Ag+ % /7r fi(z + 1) Pi(t) dt,

o0
B kit Pj(t) = ;;1 q" cos(kt + 5—2”) ~ sipo Iyaccona, a f§ € S§;.

[TuTanusM HAOJIMZKEHHST KJIaciB Cg7 ~ JUHITHEMM MeTOJIaMy IIPUCBSHEHO PsiJ|
poOiT creriagicTiB 3 Teopil dyHKIiiH. 3 6ibgiorpadicio 10 NUX MUTAHL MOXKHA
osHafiomuTHCA y poboTax [2]-[5]

B naniit poboTi orpuMaHi acUMITOTHYHI (DOPMYJIN JIJIsI BEPXHIX I'pDaHeil BijI-

XIJIEHb TPUTOHOMETPUYHUX TOJIHOMIB a(gpo) Ha KJjacax C’g o i B=1
E(Cl s oY) = sup || f(x) = ol (f,2)|lc.

fect

Teopema 1. Hexaii q € (0;1), modi dasn n — oo, p; — 00, i = 1,2,3 mae
MICUE AaCUMNMOMUYHG POPMYAQ
(] ol = MTUED ot
" mp1p2ps3(1 — ¢%)3 p1pap3(l — q)7
HoBenennsi. 3acrocoByioun dopmyay (6) poborun [6], orpumyemo s
prt+petps=mn,qe(0;1), B=1

3

012 L f@) oV (i) =

4z + t)(sin 3t — 4gsin 2t + 6¢2sint — g sin ¢
/fg( ) q q q )dt+0( RS,

(1 —2qgcost + ¢%)*
(3) _ gP14qP24¢P3
e fn” = pip2p3(1—q)""
Bpaxosyioun nyni dyuknii &,(t) = sindt — 4¢sin2t + 6¢*sint — ¢*sint,
HOOYLyEMO €KCTPEMAJIbHY JIJIsl JIAHOTO IHTerpaJIbHOrO yaABJIeHHA (DYHKIIO

(t) = sign(sin 3t — 4¢sin 2t + 6¢°sint — ¢*sin t) =

( —1, —7 <t < —arccos %1_(12);
+1, —arccos 20-0-0) 4 « _arccos 2q+(;_q2),
. —1, —arc cos 2H1-C) 4 0;
plt) = sign(&,() = s +1, 0<t<arc 0205 _2(1*?;—612);
—1, arccos 20+(1-0°) 4 < arc cos 24 (;_qQ),
| +1, arc cos% <t <
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MaTremaruka

Ockinbkn ¢ € SY,, 1o
E(C] o, 0l¥0) =

1,00

™

¢ / ©(t)(sin 3t — 4qsin 2t + 6¢*sint — ¢*sint)
TP1P2 (1 —2gcost +¢*)*

—T

dt + O(1)R® =

n

™

3 in 3t — 4¢sin 2t + 6¢%sint — ¢*sint
_ q /]Sln qsin 2t + 0q - q |dt+0(1)R§l3):
TP1PaP3 (1 —2qcost + ¢?)
arc cos 72%(;‘72)
2¢ / sint(4 cos?t — 8qcost + (6¢* — ¢* — 1))dt—|—
 TP1Ipaps (1 —2qcost + ¢*)4
0
arc cos 72‘1_(;_‘12)
N —2¢° / sint(4cos’t — 8qcost + (6¢° — ¢* — 1))dt
TP1P2D3 (1 —2qcos +¢?)*
arc cos 72'”(;_‘12)
3 P : 2 2 4
N 2q / sin ¢(4 cos t—8qcost—i—(62q4—q _1))dt+0(1)R7(13).
TP1P2P3 (1 —2qcost +¢?)
arc cos 72‘1_(;_’12)
(2)
Bukonytoun iHTerpyBaHHS, 3HaAXOIUMO
sint(4cos’t — 8qcost + (6¢°> — ¢* — 1)) 1 9y 1
dt = ———=(1 — 2gcost + +
/ (1 —2qcost + ¢%)* 2q3( ¢ 7)
1—¢° 2\—2 (1_(12)3 2\—3
1 —2qcost — — (1 —2qgcost .
o (1—2gcost +q) T (1—2gcost+q°)
Bukonyoun ejeMeHTapHi NepeTBOPeHHs, MaeMO
1 N 1—¢°
2¢(1 — 2qcost + ¢?)  2¢3(1 — 2qcost + ¢?)?
r L 2¢+(1—¢%) r 2¢-(1-¢?)
- (1—q2)3 ) arc cos 2 - arc cos 2 _|— ™ B 2(1+q2)
6¢3(1 — 2q cost + ¢*)3 2 (1—2) vy (1= @%)%
arc cos s E— arc cos I E—

[ligcrausnin B (2), orpumyemo pisaicts (1). Teopema joBejena.
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HABJIM>KEHHS ITIOTPIMHUMU CYMAMUI ®ENEPA

Orpumani po3B’s3Ku €KCTPEMAJILHOL 3a/1ati JIJIsi TOYHUX BEPXHIX MexK HaOJIMZKEHb MOTPIHIMEI
oneparopamu Deiiepa Ha Kiaci iHTerpasin Ilyaccona.
KumouoBi cioBa: padu @yp’e, nosmopti cymu Detiepa, acumnmomuyra Gopmyia.

Hexait
n

Sp(f;x) = 30 + Z(ak(f) cos kx + by (f) sin kx)
k=1
— vacTkoBa cyma psiry Pyp’e cymoBHOl 27 —tepiopnunol dynkiii f. Hexaii
P14 po + p3 = n — 1. Horpiitaumu cymamu Peiiepa byHkuil f OyjaeMo HazuBaTH
TPUTOHOMETPHYIHI MHOTOUJIEHH, sIKi 3a/Ial0ThCsT HACTYITHUM CITiBBiTHOTIIEHHAM |3

m

0wy (f32 Z Z 2. S

k:np1 mkp—H rmp3—|—1

Hacuigytoun O.1. Crenanns [1], uepes C}  — kiacu HenepepBHUX 27 —Iepiojii-
HuxX (yHKIiN f(x), sSKi MOXKHA [OJATH Y BULJIsIJ 3rOPTKH

Fa) = Ao+ [ ol + 0P

-7

ne Pi(t) = Z ¢" cos(kt + X &) — aapo Ilyaccona, a uepes ¢ € S§, no3Ha4a€THCs
k=1
MHO>KHHA, (PYHKII iCTOTHO OOMEXKEHUX OJMHUICIO 1 TaKUX, I[0 MalOTh HYJIbOBE

cepejiHe 3HaYEHHs Ha TePIOJIl.

[IuranagM HabOJIMKEHHST KJIaciB C’q JIHIHHUMET MeTOo/laMU ITPUCBAYEH] po-
00TH BIJOMUX CIIeHiaJiicTiB 3 Teopil cbyHKLuH 3 Oibsiorpadiero 10 MUX IUTAHDL
MOKH& O3HafiomuTucs y poborax |1]-[3].

B jnaniit podoTi oTpuMaHi acUMITOTUYHI (POPMYJIN JIJIsT BEJTHIUH

E(C o, 0Py = sup ||f(z) — oPO(f,2)]|c.
fect

© Hogikos O.0., Crronkin A.B., Boymmk C.B., Cumayk €.10., 2016
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Hogikor O.0., Cteonkia A.B.,... Habmmxennst morpiiianvu cymamu Detiepa

Teopema 1. Hexaii q € (0;1), modi dasn n — oo, p; — 00, i = 1,2,3 mae
MICUE ACUMNMOMUYHG POPMYAQ
4¢*(1 + ¢
£(01 ol = —LUED) o o)RY), )
’ ’ mp1p2p3(1 — ¢?)

3) P14-gP2 qP3
de R = Liraids
" p1p2pa(1—q)7

Hosenenns. 3acrocosyoun dopmyny (6) poboru [3], orpumyemo st
qge(0;1), =1, pr+p+tp3=n—1
4

d —4q
SVfw) E S(@) = o0 fi) = —

dt + O(1)R®,  (2)

T f5(x +t)(sin 4t — 4gsin 3t + 6¢% sin 2t — 4¢> sint)
X
/ (1 —2qcost + ¢%)*

ne fi(x) Taka, mo
f@) == [ e op
Bpaxosytoun, 110 dyHKIIisd '
,(t) =4sint[2 cos®t — 4dqcos® t + [3q2 —1]cost+q — q3];
mist 6yab-sikoro g € (0; 1) 3mintoe 3HaK y Toukax t = 0, ¢t = +7; t = £ arccosq;

q .
t = arccos 5 1 BUKOHYETbCA YMOBa

¢+V2-¢ _ q—/2—¢

5 < arccos ¢ < arccos 5 ,

o6yIyveMo (bYVHKINIO, STKa 3aMicTh fi(x) 3abesnedye HaibiIbIne 3HAYEHHS IOJI0B-
) B

arccos

HOTO WieHa iHTerpajgbHoro yssiaenns (2). Maemo

( q—/2—q*
+1, —7m <t < —arccos —5—;

a—/2—¢*
—1, —arccos —%5— <t < —arccosq;

2

22

+1, —arccosq <t < — arccos VL V2q;
/o_ 2

) ~1, “Tq <t <0

/o2
+1, 0 <t < arccos ﬁTq;

— arccos

p(t) = sign(&,(t))

q++/2—¢>

—1, arccos 5

< t < arccos ¢;

q—/2—q*

+1, arccosq <t < arccos 5

V2

q
—1, arccos —5— <t <.
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MaTremaruka

Ockinbkn ¢ € SY;, To

E(C! ;oY = sup [|6%V(f; )] =
feC

8q* / |sint[2 cos®t — 4qcos®t + [3¢* — 1] cost + q — q3”dt+ O(1)R®) =
(1 —2qcost + ¢*)4

N TP1P2P3 ;
arccos LV 2—0" 22_q2
B 8q* / sint[2 cos®t — 4qcos?t + [3¢* — 1] cost+q—q3]dt
TP1P2P3 / (1 —2qcost + ¢?)
arccos q
8¢q* / sint[2 cos®t — 4gcos*t + [3¢° — 1] cost + q — ¢’ i
TPL1D2P3 (1 —2gcost + ¢*)*
arccos q“ém
arCCOS
8q* smt [2cost — 4qcos®t + [3¢® — 1] cost + q — ¢
+ 214 dt—
TP1P2P3 (1 —2qcost + ¢?)
arccos q
8q* / sint[2 cos® t — 4q6082t+[3q2_1]COSt+q_q3]dt+
TDLPIDs (1 —2qcost + ¢2)*
arCCOS
+O(1)R®. (3)

Bukonytoun iHTerpyBanHs, 3HaAXOIIMO

J(t;q) = / sint[2cos’t —dgeos’t + [3¢° — Ucost +q— g
(1 —2gcost + ¢%)*

(1 — 2gcost + ) — 3= +
= — In(1 — 2gcos
8q* ¢ ¢ 8q*(1 — 2q cost + ¢?)
(1-)B-¢) 2\—2 (¢ —1)°
1—-2 t -
+ T6q1 ( qcost+q°) “ + 21

Tosi wa mijcrasi (3)

(1 —2gcost + ¢*)~".

8¢ q++2-¢
ECT o 5.1y = 2J (arccos -
( B,007 ¥ n,p ) 7Tp1p2p3[ ( 2 )
92— 2
+2.](arccos LV —— %)~ J(0) - 2J(q) - J(®)] + OMRY. ()

24 36ipHUK HayKOBHUX Ipalb (izuko-mareMaTudHoro dakyaprery LJIITY



Hogikor O.0., Cteonkia A.B.,... Habmmxennst morpiiianvu cymamu Detiepa

Bukonyioun o0YUCIeHHS, MAEMO

ﬁ
4
[\)
3

arccos

\/2—qg2 _
q—i_fq arccos q arccos 4 5

+ +
+V/2-q?

2

J(t;q) +

q q—\/2—
arccos arccos 3

0 arccos q

Toni wa mincrasi (4) orpumyemo pisaicts (1). Teopema nosesena.
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CKIHYEHHI JIAHITIOT'OBI TAYCOBI IPOBUA

Y cTaTTi po3TIAIAEThCA MOXKJIUBICTD MPEJICTaBICHHS JIOBLILHOIO KOMILIEKCHOTO YUC/Ia Y BU-
[JISAJIl JIAHITIOTOBUX TaycOBUX Jpo0iB. ABTOpHU chOpMY/TIOBAIN TBEP/ZKEHHS, IO PaIliOHAJIBHI
raycoBi 9mucsa 1 TIIBKA BOHU TPEJICTABIAIOTHCS Y BUTVIA CKIHIEHHOTO JIAHIIIOTOBOTO TayCOBOTO

JIPO0Y.
Kumro4oBi cjioBa: zaycosi wucaa, arzopumm Eexaida, sanyiozo6i dpobu 2ayco8ur wucen.

Beryn

B Teopil umces mmpoke 3acTOCyBaHHS 3HAMIILIN JIAHIIOIOBI 1pobu. Bonu Buko-
PUCTOBYIOTHCsI JIJIsI IIPEJICTaB/ICHHS JIHICHUX dnce, IpU Po3B’sa3yBaHHi J1iodaHTO-
BUX PIBHSIHb, IIPY HAOJIMKEHUX OOYMC/ICHHSX pallioHAJbHUX JIPOo0iB, KBaIpaTHIX
koperiB Ta iH. [5]. Tak sk giodaHTOBI PIBHSIHHS MOYKHA 3aCTOCOBYBATH JIJIsT JTi-
HITHOI'O IIpe/ICTaB/IeHHsT HAflO1IbIIIOrO CIJILHOIO AIJIbHUKA JBOX YMCEJ, TO MOYKHA,
IOBOPUTHU IIPO 3aCTOCYBaHHsI JIAHIIOIOBUX JPOOIB IIPpU BUPIIIEHHI TaKuUX 3aJad.
OCHOBHUM IATPYHTSM JIJIsI IIOOYI0BU JIAHIIFOTOBOI'O JIpO0OYy PallioHAJIBEHOTO YUCTIA
€ icHyBaHHs aJropuTMy EBKJTia B Kb MiIMX dncel. B ¢Boio 4epry, aaroputMm
EBkJiija icHye B JIOBIIBHOMY €BKJIIOBOMY KiJibiii [4].

OckinbKu Kible mimx raycoBux ducest Z|[i] € eBKJi0BuM |3], TO mpHpoHo
BIHHUKAIOTH [TUTAHHs 1) PO MOYKJIMBICTH AHAJOTTIHOTO IIPEJICTABICHHS €JIEMEHTIB
0JIsT 9aCTOK Z[i], &, MOYKJINBO, 1 JIOBIJIbHUX KOMILIEKCHUX YUCEJT, Y BULJISII JIaH-
IOrOBUX JPO0IB, 2) PO BIACTHBOCTI TAKOTO AHAJIOTY JIAHIFOTOBHX JIpo0iB, 3) mpo
3aCTOCYBaHHs Takux JIpobiB. B jlaniil cTaTTi BBOAUTHCA MOHATTS JIAHIIOIOBOIO
rayCoBOI'0 JIpOOY Ta PO3IVISIAETHCA IIUTAHHS IIPO HPEJACTABICHHSI €JIEMEHTIB 110JIsI
qACTOK Z[i] y BUIVISI TaKuX JpPOOIB.

OcHOBHA 4YaCTHHA

BayBarKuMo, 110 JOBIJIbHA YacTKa HIJINX TayCOBUX UNUCE/I € KOMILIEKCHE TICJI0
3 pallioHaJIbHUMHI KOoedilieHTaMu:

a+ bi _ac+bd ad + bc .

- = + i
c+di cA4+d* A+ d?
© lamenko 3./1., Baruep I.O., 2016
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3 inIoro 60Ky JIOBiJIbHE KOMILIEKCHE YUCJIO0 3 PallioHAJIbHUMEI KoedillieHTamMu
HPEJCTABIAETHCA Y BUIJIAI YACTKH MIJINX TAyCOBUX YHCEI:

aq b1 . a1b2 + blagi
—+ ="
a9 b2 azbg

Tomy mosiem qacrok Z[i] 6yne mose Q[i] . Hazsemo umncia mporo mosist raycoBUMMI
ApobamMu abo palioHaJbHUMH TayCOBUMHU YNCJIAMU.

Harajaemo osnadenHst eBk/iijioBoro kijibig. Obsacts riticHoeri K (Komy-
TaTHBHE KiJbIle 3 OJUHUICIO 0€3 JIJIHHUKIB HYJIs) HA3WBAETHCS €BKJIIOBUM
KiJIbIIEM, SIKINO iCHYe Take BijoOpaxkenHst § : K_g — Ny, (BOHO Ha3HBAETHCS
HOPMOIO) sIKe 33/I0BOJIbHIE YMOBAM:

1. §(ab) = d(a),Va,b#0 € K
2. Ya,be K,b# 60 dq,r € K, mo

a) a=bq+r,
0) 6(r) < 6(b) abo r=40.

Bukonatusi ymoBH 2) Hajidacrilie HA3UBAIOTh TEOPEMOIO PO JILJIEHHSI 3 OCTAYE0.

dkio B obacti niticnoeri Z[i] obparu nopmy d(a + bi) = a® + b, To Z|i]
3aJ10BOJIbHSIE O3HATEHHIO eBKJILIOBOTO Kijiblist |1]. 3ayBaxKumo, 1o jist JTOBUIBHIX
KOMILJIEKCHUX YUCEeT

5(2) = |22, 8(2120) = 6(21)8(20), 6(2) = §24,
3(z)=02=0,0(2) <n<=|z| </n,0(2) <1<=|z| < 1.

[ina [z] Ta apoboBa {2z} dYacTHHU KOMIUIEKCHOTO 4YHCIa 2 = S + ti 004HC-

JIOIOTHCST TAKUM YHHOM, 1100 [z] 6y/10 HARGIMKYNM TLIMM TayCOBUM YUCIOM JI0
ancna 2, a {z} = z—[z]. Toni z = [2]+{z}, [2] € Z[i] i 6({z}) < 5. B sanexmuo-
cri BiJ{ 3HAYEHD § 1 t, 1ija yacTuHa [2] Moyke MaTu 3HaUeHH [s]+[t]i, [s]4+1+][t]i,
[s] + ([t] + 1)i, [s]+ 1+ ([t]+1)i.

KopoTko ornumiemMo ajJropuT™ JiiJieHHs Yncia « = a+ bt Ha dncio f = c+di

3 ocrauero B Z[i]. Bin nossrae B migbopi ¢ gk 1ol vactunn & ta obumcsienui

B
r=auoa-—[pq.

Toxi 5 e apoGosoro wacTunoo 5 i 0(3) < 3, seiaxn 0(r) < 36(8) < 6(B).
. 1
Hpi6 surnsty Qo + ———1—,
Qt+t—1
Q+——
ne qr € Zlil,k = 0,1,2,..., 6-y,ZL€MO HA3UBATH JIAHIIOTOBUM TI'ayCOBHM

apobom. Taxuii 1pib MO3HAYAETHCA [qo; G1, G2, G35 -] -

Posriisiremo cKiHYeHHi JIAaHIIOTOBI raycoBi apobu [qo; ¢1, G2, G3, -, qs| S-
T'0 TIOPSAJIKY. 3p03yMijio, 1o ¢s # 0. 3ayBaKuMo, 110 KOXKHUMN JIAHIIONOBHIT JIPi0
[90; 41, G2, q3, --.] MOXKHA TIpUBECTH JIO PIBHOZHAYHOIO, y SIKOIO HYJIOBUM MOYKe
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OoyTu Juiie nepiiuit koedirieHT. st mo30aBieHHsT BiJl HYJIBOBOI'O KOeMillieHTY
3aCTOCOBYIOThCS JIesKl 11ePEeTBOPEHHS, 1K1 MU OIUIIEMO.

Axmo o = [q; q1, 2, -], T0 @ = [q0; q1, G2, -, @1, 8], 1€ B = [qr, @y, -] -

Toni Vk > 0 maemo: [qk,0, Grt2, Ghrss Qotd, -] = (@ + Qet2, Qhtss Qotds -] 5
0,0, Gr+2, Qrt3, Gty -] = [Qr+2, ot 3, Qota, -] -
Tobto,

1) SIKITO JIAHIIOrOBUIT API6 v MICTUTH OJINH HYTHOBUIT KOEDIIIEHT g1 = 0 MikK
HEHYJIOBUMU (., k12, TO TPU KOEMIIIEHTN 3aMiHIOIOTbCS OJHUM Qk + Qk12 ,
2) SIKITO JIAHIIOTOBUI JIpi6 (v MICTUTH JIBa CYCIIHIX HYJIBOBUX KOEMIIIEHTH, TO
11l KOeIIMeHTH BIIYIaIOThCS.
3acTOCOBYIOUN IIi JiBa, [1€PETBOPEHHS, JOBLIbHMI JIAHIIONOBUI APiO @ MOKe
OyTu HpHBEJEHUit 10 BUIIALY o = [to, t1,te,...], t; #0, j=1,2,... .
He morkna 1mo30yTHCst HysiboBoro xoedimienty ty = 0, skmo t; # 0, 60 110
IIbOI'O BUIIQJIKY HE MOXKHA 3aCTOCYBATU »KOJIHOI'O 3 OIMCAHUX IePETBOPEHD.

1) Cxinuennwuit JianIrorosuit raycis api6 0-ro mopsjaky o« = [qo] = qo € Z]i].
dxmo o = [qo;q1] — ckindennuii JanIEoroBuit Apid 1-ro mopsKy, TO

0 =g+ £ =5 e Q.

2) [pumycrumo, 1o AOBLIbHUI CKiHYeHHNI raycoBuii g1pid (s — 1)-10 mopsijKy
IPEJICTABJISIETLCA Y BULJISLJIL TAyCOBOI'O JIPOOY ‘b‘—,l € Qli].

Hexait o = [qo; q1,G2,q3, -, qs] ,qi # 0,7 = 1,2,3, ...— CKIHYeHHU{T JIAHI[FOTO-
BUiT rayciB pid s-ro nopsaaky. Tojii, 3a TpuIyIeHHsM, CKiIHUeHHni JTaHIIOTOBUI
raycis npi6 (s — 1) -rO TOPSIKY  [q1; 2, G35 -+, Gs] HpeﬂCTaBﬂﬂeTbCH Y BULJISIII
raycoBoro Apo6y 7 » IPUUIOMY {i0ro Iiijla JacTuna qp 7 0 , Tomy a’ # 0, a TakoxK

_ _ qoa’ +V'
O‘_QO+q1+ — = qot }—QO“‘ —C]0+/— T =7 € Qli].
ds
OT2Ke, HAMU OJIEPKAHO

[41;G2,--

Teepmkenus 1. Josinvrull ckinvwernHutl sanyro206ull 2aycosuti dpib npedcmas-
: a
AAECMBCA Y 6UAAJL 23)C06020 Ipoby ¥

3ayBaxkeHHd 1. Mu makooic o0depotcart  3aAEHCHICML — YUCEADHUKA G 1
BHAMEHHUKG b CKINYEeHH020 AGHUI0206020 2a1C06020 O0poly §-20 NOPAIKY
a = [qo; q1, G2, G3, -, qs] 600 wuceavnura a' i snamennura b cxinuennozo aam-
U10206020 2ayc06020 Ipoby o = [q1; G2, q3, -, qs] (s — 1)-20 nopadky, axa eupa-
orcaemuea popmyaamu: a = qoa’ +b, b=a’.

3 iHIIoro 60Ky, do6iAbHE PAUIOHAALHE 2AYCOBE YUCAO MOXHCE OYMU Npedcmas-
AEHE Y BUAAL CKINYEHH020 AAHUI0206020 2ayc06020 dpoby. 1le npescraBieHHs
MOyKe OyTHU ojiepyKaHe 3a JOMOMOToI0 ajroputmy EBkitijia.
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%, a,b € Z[i],b # 0. 3acrocyemo g0 a i b anropur™ Epkriza.

Hexait Bin Mae ocTadi BiJi TOCTIIOBHOTO JIEHHS 70, 71,79, .-, Tk, Tke1 = 0, & 11010

Hexait a =

HEMOBHI YaCTKU 0, q1, 2, --- Qk, k1 - LOJII MAEMO HACTYIIHE:

1. a = bgy + ro, 6(r9) < 30(b), Lé=q+2=q+1,0(2)>2
70

q = [%]

2.b=roq+71,0(r1) <30(rg), |22 =q+2=q+w0(2)>2

_ b b

@ =[]

.70 = 11gs +19,0(r2) < 30(r1), |3 P =@+ E=g+ T, 0()>2
2

@ = [}]

k+ 1. ryo=rp1q5 + 1, Bt 122 = go 4 e, 0() > 2

T'k:
O(r) < 30(re-1), qr = [2]
k.rp—1="7Tkqkr1 + 0, qpi1 = [”2:] k. T’;? = qk+1-

rj

3ayBazKIMo, 110 (5(%) > 2, 4( ;) > 2, j=12,.. . Tobro momyib 1ux
KOMILIEKCHIX umces He Memie /2. OTrke, BOHN 3HAXOAATHCS Ha KOMILIEKCHI
IJIOMIMHI 3a MeyKaMM KOJia 3 IEeHTPOM B II0YaTKy KOOpJHMHAT 1 pajilycoM V2,
BKJIIOYatoun came Kojio. OcKiIbKM HelnoBHi 4acTKu ¢j,J = 1,2, ... 3Haxo/dTbCs
sIK LI 9ACTUHM BiJI YKCeJI, 110 3HAXOJASIThCs B 1iil 00/1aCTi, TO HaifiMeHIIa HOpMa,
IUX HemoBHMX 4YacTok Oyue 1. Ll mHopma Jocdraerbed Ha umcaax 1,7, —1, —i.
Bszaraui, Bcl sHadenna ¢;,7 = 1,2,... 3HaX0IgTbCA 3a MeKaMH KBaJpaTa LLIHX
raycoBUX dHcesI 3 BepimuHamu +147, To0T0 MOXKYTh PpUITMATH JOBLIbHI, BiAMIHHI
Bl Hysist, snadenns (g; # 0,7 =1,2,...) B kiabni Z[i].

[Toctymosa micTaHOBKA BUPA3iB i3 paBol YacTuHu (aHasizy) aaroputmy Es-

KJIJIa J1a€ HACTYIIHUI 1 TEOPETUYHUI, 1 IPAKTUYHUIT Pe3yJIbTaT:

a n 1 [ ]
7 = 4 = 190591, 42; ---, 9k+1] —
b G+ —— i
*. . 1
o =
dosinvhe payionasvre 2aycose wucro o = §,a,b € Zil,b # 0 wmoorce bymu

npedcmasiene Yy 6u2afdi CKIHYEHH020 AGHUI0208020 2G1C08020 OPodY, AKUL CKAG-

daemubea 13 HENOBHUX wacmok anzopummy Eexaida, sacmocosarozo do a i b.
TaxuMm 9mHOM MaEMO

TBepmxkents 2. Pauitonasvhi 2ayco6t YUcAG © MIALKY OHU NPEICMABAAIOMBCA

Y 6U2AA01 CKINYEHH020 AAHUIN0206020 201C08020 OPODY.

Jlist IOBLIBHOIO KOMILJIEKCHOIO YHCJIa 2 MOXKHA PO3IJISIATH MPOIEC MOCTY-
II0BOTO BUJILJIEHHsI ILJIOT YACTUHE 1ILOTO YHUC/Ia Ta 9uces1, 00epHEeHnX J10 Po6OBOT
JaCTHHU TolepeiHboro: qo = [z];{z} # 0,
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2 = é,th = [za],{zn1} #0, == {le},qQ = [29), {22} # O, ...

Toni z = [qo; q1, q2, -] -

Axmo dzs, mo {z} =0, 10 2 = [q0; q1, G2, ---, qs] € Q[i] .
TBepmkenas 3. /[06iabhe KOMNACKCHE YUCAO MONCHA NPEICTNABUMAU Y UL
AAHUI0206020 2aC06020 OpobY.

Bucaosknu

OrpumaHe TBep/KEHHSI Ja€ TO3UTUBHY BiJIIOBIIb Ha ITOCTaB/IEHE B IIiil poOOTI
MUTAaHHA. AHAII3YIOUN TEPCIEKTUBH IIPOJOBXKEHHSI JAHOTO JOC/IIKEHHS, IKABO
OJlepyKaTh BIIOBIIb Ha MUTAHHA PO OJHO3HAYHICTD IPeICTaBIeHHs JOBLILHOTO
KOMILJIEKCHOI'O YHUCJIa Y BULJIsIII JIAHIFOTOBUX I'ayCOBUX JIPOOIB, PO BJIACTUBOCTI
HiJIX1IHUX JIpOOIB JIAHIFOIOBUX MayCOBHUX JIPOOIB, PO 3aCTOCYBAHHSI JIAHIIFOI'OBUX
raycoBux Jipo0iB. B Mexkax jgaHol cTarTi He PO3LJIsIaJiics IHiIXigHi Jpobu JiaH-
IIIOT'OBUX I'ayCOBUX JPODOIB Ta PeKypPeHTHI (DOPMYJIN JIJId OOUNCICHHS YNCEIbHIKIB
Ta 3HAMEHHUKIB Iux JpobiB. Ta 3asHadeHe 3ayBarkeHHsI 1 Jla€ IIpaBoO CIIOJiBa-
THCh, 1110 IIi peKypeHTHI popMy/n Oy/IyTh CIIBIAJIATH 3 TAKUMUI (POPMYJIAMU JIJIsd
JIAHIIFOI'OBUX JIPODIB IIJIMX THCE.
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Pashchenko Zoja D., Vagner Anna A.
Donbas State Teachers’ Training University, Slovians’k, Ukraine.

Gaussian finite continued fraction

The article deals with the possibility of representing arbitrary complex
numbers as Gaussian continued fractions. The authors formulated a statement
that the Gaussian rational numbers, and only them are presented as a Gaussian
finite continued fraction.

Keywords: Gaussian numbers, Fuclidean algorithm, continued fractions of
Gaussian numbers.
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INEPEPAXYBAHHY
JIBOKOJIBOPOBUX XOPJIOBUX O-JIATPAM POV 1,
JIKI MAIOTH OJIUH YOPHUN (ABO CIPUIN) ITUKJI,
BIZTHOCHO JII IUKJITYHOI TA JIEJPAJIBHOI I'PVII

Jnga marypaJbHUX 1 > 3 BCTAHOBJIEHO (DOPMYJIM MiJIpaXyHKY YHC/Ia HEEKBIBAJEHTHUX 2 -
KOJILOPOBUX xopjoBux O -jgiarpam (3 n Xopjamu), sKi MalOTh JIMINe OJUH 4YopHUii (cipuii)
ta (n —2) cipux (BiIIOBIIHO YOPHUX) IMKJIB BIIHOCHO JIil JiefpaabHOl rpynu (HOPSIKY 21 ).
Kpim Toro, mig nmodarkoBux 3 < n < 10 B gBHOMY BHIVIAJI HaBeJeHO Bci HeizoMopdHi Ta
HEEeKBIBaJICHTHI JllarpaMu i3 3a3HavYeHuX KJjaciB, a jyid 3 < n < 40 — ToYHI 3HAYEHHS YUCIA
HEeI30MOP(MHUX Ta BIMOBIIHO HEEKBIBAJIEHTHUX TAKUX JliarpaM.

KirouoBi ciaoBa: 2 -koavoposa xopdosa O -diazpama 3 n xopdamu, pod diazpamis, UUuKA
diazpamu, 2pyna diedpa.

Bceryn

obpe BijtoMO, 1110 XOP/I0BI iarpamMu epeKTUBHO BUKOPUCTOBYIOTH B OaraTbox
raJIy3sx HayKi, 30KpeMa MareMaTHIll (TomoJioril, Teopil By3:1iB), disuri, 6iosoril,
reHeTHIIl TOIIO.

Haramaemo, 1o xop/oBoro jgiarpamoro mopsjaky n abo, KOPpOTKO, 71 -jiarpa-
MOIO Ha3UBalOTh KOHMIrypallifo Ha IJIONIUHI, 1110 CKJIaIa€ThCs 3 KOJia, 21 TOYOK Ha
HBOMY (sIKi € BEPITMHAME MTPABUJIBHOTO 21 -KYTHUKA) Ta 1 XOP/I, M0 CIOJTy9af0Th
BKa3aHi TOUKU. XOPJOBI JiarpaMu Ha3WBAIOTH 130MOPQHAMH, SKIO OJIHY MOXKHA
0JlepyKaTH 3 1HINOI B pe3y/IbTaTi MoBOpoTy. /liarpamu Ha3UBAIOThL €KBIBAJIEHTHHMH,
SIKIIO 1X MOYKHA CyMICTUTH 34 JIOIIOMOI'OIO ITIOBOPOTY, J3€PKAJILHOTO BiAOUTTsI, ab0
2K 1X KOMITO3HIIIL.

[TuranHsMUT IepesiiKy IeBHUX KJIACIB XOPIOBUX 1 -jiarpam (BiJHOCHO [T I[HK-
JHYHOT TPYIH MOPSIIKY 21 Ta JiepaJbHOl IPyNn Mopsiiky 4n ) saiimanach mia
HU3Ka BIOMUX MaTeMaTHKIB Ta CydacHUKIB, 30Kpema asropu pobit [10], [8], [3],
7], 121, 19], [6], [1]. Bamadi npo migpaxyHok dnciia Hei3oMOp(hHUX Ta HEeKBiBaJIeH-
THUX M -jaiarpam Oy/m MoBHICTIO po3B’a3amni B poborax [7], (2], [9], [6].

© Kaay6osebkuit O.A., Bamsica H.IL., 2016
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Cutij BII3BHAUNUTH, 1110 BIEPIIE YKUCJIO XOPJIOBUX 7 -JiarpaM (piKCOBAHOI'O POILY
g 6ys0 migpaxosano 1me y 1972 p. B |10], Giibin estleranTHy peKypeHTHY (hOpMYITy
JIsT THJIPaxXyHKY 9UC/Ia TaKuX JiarpaM 0y/io BeranoieHo y 1986 p. B [3]. Ilpore,
dopmysn i migpaxyHKy uncia Heisomopduux mianapaux (pogy 0), Topoi-
gaapanx (pomy 1) m-piarpam Ta 2m-jiarpaM MakCHMAJbHOTO POJLY M OYJI0
Beranosjieno Jmire y 2000 p. B poboti |2|. Trmi pesyibratn, Kpim 3a3HadeHNX
BUIIA/IKIB, aBTOpaM CTATTl € HEBIJIOMUMMU.

Kpim Toro, cjiiji KOHCTATYyBaTH, IO 00EPAHCAHHA ABHUL POPMYA OAA NIOPATYH-
KY HUCAQ HEIBOMOPPHUT (4 MOMY T HEEeKBI6ANCHMHUL), 30KPEMa TBOKOJILOPOBHX,
n-jgiarpaM (ikcosanoz0 pody BUSBUJIOCSA JOCUTH CKJIAIHOIO 33J1a9€i0 1 B 3araJib-
HOMY BHITQJIKY JIO CbOTOJIHI HEPO3E A3AH010 NPOOAEMOIO.

151 ABOKOJIBOPOBUX JliarpaM HaiO1IbIl BArOMIMU € HACTYIIHI Pe3y/IbTaTu:

3a/1a4i 1IPO MiJIpaxyHOK dncsa HeizoMopdHux Ta HeekBiBaseHTHHX (O-1 N -
miarpam (BiIIOBIIHO) MOBHICTIO PO3B’si3aH0 B podori [13];

dopmynn s migpaxyHKy 4Yucaa Hei3oMopdHUX Ta HeeKBiBajeHTHUX O -
miarpam (Bignosigao N -giarpam), siki MArOTh TOYHO OJJHH IIHKJI TIEBHOTO KOJIBODY
(qopHuit abo x cipmit) ogepzkano B [14] Ta Bignosigno B [15];

dopMyH A1 TpaxXyHKy dnc/ia Hei3oMOpHUX Ta HeeKBIBAJIEHTHUX I1JIaHaD-
anx O-miarpam (3 n xopgamu) 6y710 Berarosserno y 2000 p. B [1]; mpore nurants
PO y3arajbHeHHsI 1€l 3a1adi Ha BUNAI0K (BIKCOBAHOTO YnC/Ia YOpHUX (abo K
cipux) HUKJIB 6yJ10 OBHICTIO po3B’si3ano Jie y 2014 p. B [16];

3a/1a4a [po MiJIpaxyHoK dnc/ia neizomopduux O -jiarpaM MakKcuMaJJIbHOTO PO-
J1y (3 OJIHUM YOPHUM Ta OJHUM CipuM IHKJI0M) Oyiia poss’ssana y 2006 p. B [12],
a PO YUC/I0 HeeKBIBAJEHTHUX Takux Jiarpam — jmiie y 2015 p. B [17].

Hagirb s Bunagiky O-piarpam (3 n xopgamu) gikcoBanoro poay ¢ > 1
(kpim O -Jiarpam MakCHMAaJIbHOTO POJLY ), siKi MAIOTh TOYHO OJHH I0pHUii (abo K
cipuil) UK/ TATAHHS 3aJIUIIAETHCS BiKPUATHAM.

Bceranopiennio popMyst st HiIpaxyHKYy 49UC/Ia HEI30MOP(PHUX Ta HEeeKBIBa-
gearHix O -giarpam pojy g = 1, sIKI MarOTh TOYHO OJMH YOpHUIT (ab0 K cipif)
MUK It TPUCBSI€Ha JJaHa CTaTTSI.

1. OcHOBHI IIOHATTH Ta IIOIEpPeaH] BiJIOMOCTI

Oznadenns 1. Koo 3 2n moukamu na Hbomy (Uo € 6epuunamMu npasuibHo20
2n -kymnuka), dyeu AK020 Nouepeoso po3dapbosani y 064 KoAbopu (wopHul i Ci-
puti) ma GiKcosarnor0 HYMEPAIEIo ePULUH 36, 200UHHUKOB00 CMPIAKO0I0, OYdemo
Ha3UBAMU 060KOALOPOBUM 21 -WabA0HOM — puc. 1 a).

2-KOJIbOPOBOIO £0pdocoto M -diazpamoto bydemo Hazusamu n -diazpamy), noby-
0068aHY Ha 0CHOBL JBOKOABOPOBO20 21 ~ULAONOHY.
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OznHadeHHs 2. 2-K04v0p06Yy N -diaepamy, AKG HE MICMUMb (Micmums) rop-
ou, WO CNOAYUAE BEPULUHYU 3 HOMEPAMU 00HAK0B0T naprocmi, nasusaromsv O -
diaepamoro (N -diaepamoro) — puc. 1 ¢),b) .

OznavenHs 3. «Yoprum» (<«cipums) yuriom 2 -Koav0po6oi diazpamu Ha3u6a-
MUMEMO NOCAIDOBHICTL TOPD Ma “oPpHUX (cipux) dye, AKi YmeopH0ms 20Me0-
mopdruti 0bpas (opienmosanoeo) kora — puc. 1 b) — c).

3 3 2 3 4
1 5 1 5 1 5
20 6 20 6 20 6
19 7 19 7 19 7
18 8 18 8 18 8
17 9 17 9 17 9
16 10 16 10 16 10
b 14 3 12 . 15 1475 12 1 15 14 13 12 1
a) b) )
Puc. 1:

a) 1BOKOJIbOpOBHI 20 -111abJI0H;
b) N -miarpama (3 10 xopaamu), sika Ma€ 7 CIpux Ta 3 YOPHUX [UKJIIB;
¢) O-miarpama (3 10 xopgamu), sika Mae 6 cipux Ta 3 YOPHUX IUKJIIB

ZIKImo mpoirHopyBaTH KOJIp, TO KOXKeH JopHuii (cipmit) muki 2-koabopoBol O -
JiarpaMi CIIBIAJIA€ 3 BIAIOBIIHUM IIUKJI0M HertodapboBanol aiarpamu. Toji Hac-
Jijyoan [2|, npupoaiM 9rMHOM BU3HaYaeThed pijg O -jiarpaMu, a came

OszHauenHst 4. Podom 2 -xoavoposoi O -diazpamu, 6Yydemo Ha3usamu yiie 4Ucio
g, AKe BU3HAYAEMbCA DIGHICTNIO

n+1-—M\
9=y ()

de A — CYMapHe “ucAo YOPHUL i CIPUT UUKALE Dla2PaM.

Osnauenns 5. Mwuoowcuny O -diazpam 3 n xopdamu (nobydosanux wa 2 -koabo-
PosoMyY 2n -wabaoni), Akt maroms mouno 1 woprut ma k cipur yuraie 6ydemo

0
NO3HAMAMU 57}, -

BayBaxkenusi 1. 3 ypazysannam pienocmi (1) ma esederur nosnayens, dia-
2pamu 3 Kaacy %10,71—2;71 e O -diaepamamu (3 n xopdamu) pody 1. Tobmo, din
O -diaepam pody 1 3 0dnum woprum (abo sic cipum) yursom wucio k cipux (6i0-

NOGIOHO YOPHUT) YUKAIE BUSHANAEMBCA 0OHOZHAYHO | cmanosumy k =mn — 2.
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2. OcHoBHa 9acTHHA
2.1. Ywmcao piarpam 3 KJjacy %107”_2;”
IMTpukaang 1. IIpu n = 3 icnye eduna diazpama 3 xaacy %10,1;3 —puc. 2 a);

npu n =4 — n’amo diazpam 3 Kaacy %102;4 — puc. 2 b).

AVA

/TN N
NV N\

b)

Puc. 2: a) enuna niarpama 3 Kiacy %?71;3, b) Bci miarpamu 3 Kiiacy %1072;4

Jlema 1. Yucao d(n) diaepam 3 waacy Y, ., Mmosicna snatimu sa gopmy.aoio

an) =, = A ) 2)

JoBesieHHs. 3a BU3HAYCHHSAM KOXKHA JiarpamMa 3 Kjacy %10,71—2;n Ma€ TOYHO
1 gopumii Ta n — 2 cipux mukiaiB. O4eBHgHO, MO KOXKeH 3 (n — 2) cipux nuk-
JiB MicTHTH MoHafiMeHnIe 1 cipy jgyry, permra (2 cipi Jyru) MOKyTb HOTPAINTH
abo 10 2 PIBHUX HUKJIIB Ta c¢OopMyBaTH TOUYHO JBa 2-IUKJM, ab0 K 0 OJIHOI'O
MUKy ¢HOPMYBABIIN TOYHO OMnH 3-1uK/I. Takum dunom, Bci O -miarpamu (3 n
XOpJIaMit) sIKi MAlOTh (1 —2) cipi NHKJIT MOZXKHA YMOBHO PO3JILIATH /1Bl MHOZKITHI:

nepuLa MHOHCUNRA TlarpaM XapaKTepu3yeThes HasgBHICTIO TOYHO JIBOX 2-1IUKJIIB
ta (n —4) l-rukiais — puc. 3 a),b);

dpyea MHodCUNG arpaM — HASBHICTIO TOYHO OAHOTO 3-1UKIy Ta (n — 3)
l-nmkJiB — puc. 3 ¢),d).

[Ipore:
1) KO XOp/H, siKi yTBOPIOIOTH JBa 2-IUKJIM HE MEePeTHHAITHCS (Tak, siK I1e
MoKa3aHo Ha puc. 3 b)), TO Taka jiarpamMa Mae TOYHO TPU YOPHI IUKJHU, 1 TOMY

He HAJCXKUTH KIacy 3¢, o
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2)  {KIIO XOP/IH, sIKi YTBOPIOIOTH €IMHNUIT 3-TIUKJI HEe TTePETHHAIOTHCA (TaK, sK I1e

MOKa3aHo Ha puc. 3 d) ), TO Taka Jiarpama TAKOXK Ma€ TOYHO TPU YOPHI IUK/IH, i

TOMY He HaJIe’KUTh KJIacy 310n 9 -

- S
a b c

Puc. 3: a),b) — nBa moxuusi Tunu O -jiarpam (3 n XopJamu), siki MalOTh JBa Cipl 2-1UK/I1
ta (n—4) cipux l-rukiis, ¢),d) — aBa Moxkiusi Tunu O -giarpam (3 n XOpaaMu), siKi MaroTh
onun cipuit 3-nuki ta (n — 3) cipux l-nukiis

d)

S O
8 yanYBaHHHM 3a3Ha49€HOro, BC1 AlarpaMmn 3 KﬂaCy \Sl n—2n MOZKHa pOS,ZLlJH/I—

TH Ha JBa XapakrepucTuuni minkiaacu A 1 B, a came:

Jiarpamu 3 MHOKIHE A XapakTepus3yrThest HasiBHICTIO TOUHO (n — 4) cipux
I-uKJIiB Ta JIBOX CipUX 2-1UKJIIB, YTBOPEHUX XOP/laMU, 110 ePETUHAIOTHCS — PUC.
3a),a

marpamn 3 MHOXKuUHE B — HagsuicTio TounHo (n — 3) cipux 1-1ukiiB Ta
OJIHOTO CIpOro 3-TMKJTy, yTBOPEHOTO XOPJIAMH, 10 MEePETHHAIOTHCSA — PUC. 3 C) .

OueBuIHO, IO KOYKHA Jllarpama 3 mijakiaacy A 0JHO3HAYHO BU3HATAETHCSA BU-
6opom 4-0x (3 m ) cipux jayr, i Tomy |A| = C2;

TakK caMo, KOyKHa jiarpama 3 MijKjaacy [ 0JHO3HaYHO BU3HAYAETHCS BUOOPOM
3-0x (3 n) cipux ayr, i tomy |B| = C3.

Takum wnnom |9, .| = |A|+ |B| = Ch + C3 = Cpr 4 O

BayBakeHHs 2. Ak S’ﬂcyeaJLOCﬂ ons mamypasviur n = n' + 1 nowamrosi
snanenna seaununy d(n) = |S9, o, | cnisnadmome 3i snavennamu seununu
Sg(n’;n’ —1) — «Hultman number» [4] (nocrinosricts A164652 B [11]).

Bisbiie Toro, 3 ypaxyBanHsIM pe3y/bTaTiB pobotu [17], mae micie

Teopema 1. [17] /aa namypasvnuxr g ma n = 29 + 1 wmae micue pisnicmy
|‘$1n an}:SH(n_l;n_Qg)a <3)

a eeaununy Sp(n— 1;n —2g) mooicna obvucisumu mak, Ak ye 3pobaeno 6 [4]
(Theorem 14) ab6o oic 6 [5] (Theorem 4.1).
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2.2. ILinrocTpaTuUBHI NPUKJIAJIA A0 YHWCJIa HEEKBIBAJEHTHUX Jdlarpam 3
kaacy SY, o, JJidg MOYaTKOBUX N

Hwmxkue jg natypaabaux n = 5;6;7;8 B IBHOMY BHUIJI/Il HaBeJeHO BCl Hei-

.. . . - O
SOMOpCle JlarpaMn 3 B1AIIOBIJTHUX KJIAClB \gl,n—Z;n .

D O &

Puc. 4: Bci meizomopdHi giarpamu 3 Kiacy §83;5
1 <(2\> 3 4
5 6 7

Puc. 5: Bci meizomopdni miarpavm 3 kmacy S,

Puc. 6: Bci neizomopdui piarpamvn 3 kiacy 395,
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VODLDE
;
SO

I~ A ;;> <:‘k
INIDN

Puc. 7: Bci meisomopdHi miarpamu 3 Kiacy S€6;8

He Bazkko GaunTn, 1io:
y Bumaaky n = 5 (puc. 4 Bume) Bci Heisomopdri (BiHOCHO MOBOPOTY)
Jiarpami € TaKoXK 1 HeeKBIBaJIEHTHUMHU (BiTHOCHO JIil JTie[paJibHOl I'PYyTIHN);

y Bunajiky n = 6 (puc. 5) cepes 7 Heizomopduux miarpamu 6 i 7 € ekBiBa-

JIEHTHUMHU, & TOMY icHye jmmiie 7 — 2 4+ 1 = 6 HeekBiBaJIeHTHUX JiiarpaM 3 KJjacy

0 .
1,456

y Bunagky n = 7 (puc. 6) cepen 10 neizomopduux giarpamu 7 i 8 ta 9
1 10 € exBiBasienTHUMU, a TOMY icHye Jjuiie 10 — 4 + 2 = 8 HeeKBIBaJIEHTHUX
JiarpaM 3 KJjacy %85;7;

y Bunaaky n = 8 (puc. 7) cepen 17 meizomopduux miarpamu 10 1 11, 12 i
13, 14 1 15 ta 16 1 17 € exBiBasieHTHUMU, a TOMY icHye jumie 17 —8 4+ 4 =13
HEeKBIBAJICHTHUX JlarpaM 3 KJacy 386;8.
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2.3. Yuciao HeizoMopdHUX AiarpaM 3 Kjacy %?n 9n
3a nemoro Bepmucaiina (mus. mamp. [2|, [13], [14]) wnciao d*(n) neizomopduux
(HeexkBiBaJIEHTHUX BiHOCHO il IUKJITHOT IPYIH) JHarpam 3 KJacy %?n 9. MO-

JKHa 3HAHTH 3a JIOIOMOT'OIO CIIIBBIIHOIICHHS

) =+ (dm+ X 6 (D) ], ()

iln, i#n
ge d(n) =[S, o] ¢(q) — bynxuiz Eitnepa (kinpxicrs HaTypasibHIX MeHIIX
3a ¢ 9HCEs, B3AEMHOIIPOCTUX 13 HUM), a p(n,?) — YUCJI0 THX JHarpam 3 Kjacy

O :
STn-2n K1 CaMocyMlmyIOTbCﬂ IIPU TIOBOPOTI (Sa I'OJIMHHUKOBOIO CTleIKOIO) Ha

KyT W (n i) =252 =2m-
OueButHO, 11O J1JIsT ,ILIJIbHI/IKlB i #n auciaa n KyT w(n,i) < m. Bibiie Toro,

MOKJIABIIN ] = %, criBBigHOMEHHsT (4) MOXKHA MOJATH Y BULJISII

) =+ (dm+ 3 ol) o (n2) ], )

jln, j#1

n 0
ae  p (n, ;) — YHCJIO TUX Jiarpam 3 Kinacy Y, o, , AKi CAMOCYMIlIYI0ThCsI TIPH

IOBOPOTI (3a TOJMHHUKOBOIO CTPLIKOIO) Ha KyT W (n, %) = 2j—”

Teopema 2. Jlaa namyparvhur n = 3 wucao d*(n) weidomopprur (neeksi-
BANEHMHUT 610HOCHO 011 YukAIwHOI epynu) diazpam 3 Kaacy %1071 9 MOJICHA

obvucsumMU 30 Hopmysamu

)= | Chat 3 ol)w(n2) |, (©

jln,
Jj€{2,3,4}

n n n n

JoBenenust. 4k Oyyio nmokasaHo BHUIIE, BCl JiarpamMu 3 KJjacy S‘flon 9.y TOJLIIS-

IOThCs Ha JiBa Xxapakrepuctidni migknacu A (puc. 8 a),b)) i B (puc. 8 ¢)).
Hiarpamu 3 migkaacy B caMOCyMINTyIOThCS TP MTOBOPOTI Ha MEBHUI KYT

(o3 =

2T
n) _ 2T
w (TL, 3) — ] , J € {27 ,TL} (8>
JIAIIIE 33 YMOB, KOJIU 7 JIUIUThCS Ha 3, & [OBOPOT 3/1IICHIOEThCA Ha KYT KpaTHUI
KyTy w =2 (upu j =3) — puc. 8 ¢).
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s n = 3k umeno takux jgiarpam cranosuth C, a6o, 1o TexK came, s

IIJIIX 5 9UCJIO 3a3HAYEHUX Jllarpam CTaHOBUTDL O (n, g) =Ch = 7.
3

) ) &;j‘}
a b c

Puc. 8: Bci Tunm giarpam 3 Kjacy %1071—2%7 AK1 CaMOCYMIILYIOThCA IIPUA IIOBOPOTI Ha KYyTH

T 7 Tta 2& Bigmosimmo

2 3

Jiarpamu 3 mijikiaacy A caMoCyMiIyOTbCs IIPU TIOBOPOTI Ha neBHuii KyT (8)
JIIIIE 32 YMOB, KO 7N JIIUThes Ha 4 abo xk Ha 2. [Ipudomy:

B IEpHIOMY BHIAJKy NMOBOPOT 3JIHCHIOETbCSA Ha KyT KpaTHHI KyTy w = 3
(ipu j =4) — puc. 8 a),

B JIDYTOMY BUII&JIKY — Ha KyT KpaTHU KyTy w = 7 (1npu j = 2) — puc. 8 b).
Kpim Toro, He BayKKO IepeBipuUTH, IIO:

B IIEPIIOMY BUIAJKY JUid n = 4k 9ucjI0 BINOBIIHUX JliarpaM CTAHOBUTD C,i ;
3BUIKM JIJIA LIIMX 7 YMCJIO 3a3HAYEHUX JiarpaM CTaHOBUTH p (n, %) =1

B JIDYIOMY BHIAJKY JJid n = 2k 4YuCI0 BIANOBIIHUX JiarpaM TaKoxK
CTaHOBUTDL C’,%; BBIAKHI LI IILJIAX % YHUCJI0 3a3HaveHnX JglarpaM CTaHOBUTH
pn.g) =3 O

3 : O
2.4. Ywucno HeeKBIBaJIEHTHUX Jiarpam 3 KJacy 37, o,

Bacrocosyioun semy Beprcaitna (aus. nanp. [2], [13], [14]), e Baxkko BCcTa-
HOBHUTH, 1110 dncyio d**(n) HeekBiBaJeHTHUX (BiJHOCHO il JieApajbHOI TPYIIH)

JiiarpaM 3 KJjacy 1Y% MOXKH& BU3HAUYUTH 3a JOIOMOI'OIO CIIBBIIHOIIEHHS

1,n—2;n
%k 1 %
&t = 5 (d*(n) + 5(n)), 9
ne d*(n) — auciio HeizoMOpHUX Jarpam 3 KJacy %107“_2;71,
so(n), n=2m+1
S(n) = 10
() { 3(s1(n) +s3(n)), n=2m, (10)

So(n) — 9UCJI0 THX Jiiarpam 3 Kiacy %gn—zn :

1110 € CUMETPUIHIMU BiTHOCHO PiK-
COBAHOI OCl CUMeTPIil, siKa IIPOXO/IUTH Uepe3 CePeInHI IPOTUICsKHIX YOPHOI Ta,

cipol Ayr 2-KOJbOPOBOI'O 2N -11a0JI0HY;
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s1(n) (s2(n)) — uncio Tux giarpam 3 kiacy S%, ., ,

HOCHO (piKCOBAHOI OCi CUMeTPIi, siKa IIPOXOAUTH Yepe3 cepeHI ITPOTUIeXKHIX

1[0 € CUMETPUYHUMU BlJI-

YOPHUX (BIMOBIIHO CipuX) JAyT 2-KOJBOPOBOTO 21 -I1abJIOHY.

Takum udnrOM, 3 ypaxyBaHHsM criBsigaomens (9), (10) Ta BcTaHoBIEHHX
dopmya (6), (7) mast obunciaenns Besmanan d*(n) , 3a1ada Mpo MiApaxyHoK Tuc-
ma d*™(n) HeeKBIBaJEHTHUX jiarpam 3 KJacy %10’”_2;” 3BOJIUTHCS 10 389 PO

i IpaxyHoK BemdanH So(n), s1(n), sa(n).

BayBaxkxeHHd 3. B nodasvwomy 3 memoro Oiabwoi HaouHocmi ma YHUKHEH-
WA HENOMPIOHUT HAZPOMAOAHCEHD (NPU 6i3Yani3ayii 6i0nosidHur munie diazpam,)
dyeu diazpamu, AKL MICMAMS BUKAOYHO Cipt 1-yuKiu, 6ydemo 306pasicamu y 6ue-
4401 «npo3opoiy dyeu, AKY cmazye nynKmMupha <dyea-ropdas — puc. 9 c).

Puc. 9:

Jlema 2. Hexati n =2m—+1. Todi wucao syo(n) diaepam 3 xracy %?,n—%nﬂ wo €

CUMEMPUYHUMU BIOHOCHO (PIKCOBANOL OCL CUMEMPIL, AKA NPOTOIUMD Yepes cepe-
QUHU NPOMUNEAHCHUT HOPHOT Ma CIPoi dy2 2 -K0AbOPOB020 21 ~WaDAONY, MOHCHA
obuucsuMU 30 HOPMYNOO.

so(n) = %(n—1)(n+1>. (1)

Hosenennsi. Bci giarpamun 3 xmacy IS¢, o

dikcoBaHol oci cuMeTpil, gKa IMPOXOJIUTH Yepe3 CEPeJINHU MPOTUJIEXKHIX JOPHOI

10 € CUMETPUIHUMHI BIIHOCHO

Ta Ccipol jyr 2-KoJbopoBoro 2n-mabjony (n = 2m + 1), BU4epIyoThes jgiarpa-
MaMH JIBOX THUIIB — HEPINoro i Jpyroro, 30bpaxkennx #a puc. 9 a) Ta puc. 9 b)
BIJIITOB1JTHO.

Ockinbku n = 2m + 1, To 4ncyio giarpaM Hepuioro TUIY CTaHOBUTD
oF L= Cl . Yucno giarpam jgpyroro tuiy cranoputh C? L= C?.

(2m+1)— (2m+1)—
2 2

[ romy so(n) = so(2m +1) = CL + C% = C2., =" — 1 —1)(n+1).
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Jlema 3. Hexati n = 2m . Todi maromv micue piernocmsi

1 1
si(n) = C% = gn(n —2), s2(n) = g(n —2)(n+38); (12)
1 1
é(sl(n)+32(n)) = é(n—Q)(n+4). (13)
HoBenennsi. Bci jgiarpamum 3 Kjacy %10,71—2;717 10 € CUMETPUIHUMHI BIIHOCHO

dikcoBaHOI OCi cuMeTpil, dgKa MPOXOIUTh Yepe3 CepeINHU MPOTUJIEXKHIX JOPHUX
JyT 2-KOJBOPOBOroO 2n-1abJiony (n = 2m ), BUYEPIYIOThCs jliarpaMaMu BUJLY,
300pazkennx Ha puc. 9 d). HYucao Takux giarpam CTaHOBUTH C%_m =C2.

Beiaxn s1(n) = C% = in(n —2).

3 8

NP NP
AN b

[ J

(s Wl
b)

a)

Puc. 10:

Hiarpamu 3 knacy S, ..,

MeTpil, sKa MPOXOJIUTH Yepe3 CepeINHN MMPOTUIEKHUX CIPUX JIYT 2 -KOJIbOPOBOT'O

110 € CUMETPUIHUME BiTHOCHO (DIKCOBAHOI OCi CH-

2n -1mabJIoHy, BUYEPIIYIOThCs JliarpaMaMi YOTHUPBOX THUIIB — ITE€pPIIOro, Jpyroro,
TPeThOro i derpeproro, 306paxkenux Ha puc. 10 a),b),c) i d) BigmosigHo.
OckiJibKI N = 2m, TO

quc/I0 JAiarpam rnepiioro tuiy cranosuth C3 o o = CL -
2
41CJI0 JliarpaM JpYroro THIy TakoxK cranosuth Cl

qncso giarpam Tpersoro Ty — C3 o =CL | a
2
yerseproro tuny — C% o, =C? .
2
[ Tomy

so(n) = s9(2m) =3CL | +C? | =2C |+ C? = %(n —2)(n+38).
Kpim Toro,
5(s1(n) + s2(n)) = 5 (n—2) (n+n+8) = §(n—2)(n+4).

3 ypaxysanugaM criBsigHomens (9), (10) Ta jgem 11 2, mae micre
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Teopema 3. Jlaa wamypasvrur n = 3 wucso d(n) weexsisarenmuur (6id-
cee . . . C\,O
nocno dii diedpaavroi epynu) diazpam 3 waacy ST, o, MOHCHA 0OMUCIUMU 30

hopmy.noto X
d”(n) =5 (d'(n) + 5(n)), (14)

de d*(n) eusnauaemovca sa gopmyaamu (6),(7), a
[ tm(m+1), n=2m+1
Sn) = { i(m —1(m+2), n=2m.

2

(15)

3. opmaTku Ta NpUKIHIEB] 3ayBaKeHHS

Hikdge (Ha puc. 11 Ta 12) B siBHOMY BUIJIsI/I HaBeJeHO BCi HeizoMopdHi tia-

rpamn 3 kiacis 3¢ ta 3¢ Bianosimmo.

OOOPOE
WeQOOC

11 12

OHOCOOD

13 14 15 16 17 18

/'//V\\\ /I’//V\\\
SEDODD

19 20 21 22 23 24

. . . . . C\‘O
Puc. 11: Bci neisomopdui jgiarpamu 3 knacy 377

He Bazkko nepesiputu, 1o cepeji 24 HeizoMop@HUX Jiiarpam 3 KJiacy %1079 €
7 map ekBiBasieHTHUX giarpam. [ tomy d**(9) = 17.
Cepen 34 nHeizoMopdHUX JiarpaM 3 KJacy S?g 10 € 10 nmap eksiBajeHTHUX

miarpam. I romy d**(10) = 24.
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PO
%@@m@
QOO0

OO gﬁf§
@@@@@
SOCOO0

27

@@OD e

Puc. 12: Bci neisomopdmi giarpamu 3 xtacy 3¢ 810

/
\
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[ToBToproroun MipKyBaHHS, aHAJOrIYHI HaBejeHUM B poboTi [6], HE BaxKKO
BCTAHOBUTH CIIPABE/JIMBICTD HACTYITHOTO TBEP/IZKEHHSI

d(n n—2)-(n—1)-(n+1
Teepmxkenns 1. I[lpu n — oo seauvunu d*(n) ma én) = (=2 s ) (nt])
ERBIBANEHMHUMYU HECKIHYEHHO BEAUKUMU BEAUUHAMU.

n d(n) d*(n) s(n) d*(n) | d*(n) = |42

4 5 2 2 2 1
5 15 3 3 3 2
6 35 7 ) 6 3
7 70 10 6 8 )
8 126 17 9 13 8
9 210 24 10 17 12
10 330 34 14 24 17
11 495 45 15 30 23
12 715 62 20 41 30
13 1 001 77 21 49 39
14 1 365 99 27 63 49
15 1820 122 28 75 61
16 2 380 151 35 93 74
17 3 060 180 36 108 90
18 3 876 218 44 131 108
19 4 845 255 45 150 128
20 5 985 302 54 178 150
21 7 315 349 55 202 174
22 8 855 405 65 235 201
23 10 626 462 66 264 231
24 12 650 531 7 304 264
25 14 950 998 78 338 299
26 17 550 678 90 384 338
27 20 475 759 91 425 379
28 23 751 852 104 478 424
29 27 405 945 105 525 473
30 31 465 1 053 119 586 524
40 101 270 2 537 209 137 1 266
100 4 082 925 40 842 1274 21 058 20 415
200 65 998 350 330 017 5 049 167 533 164 996
300 335 246 275 1117 526 11 324 564 425 558 744
400 1 061 326 700 2 653 367 20 099 1 336 733 1 326 658
500 2 593 739 625 5 187 542 31 374 2 609 458 2 593 740
1 000 41 583 291 750 41 583 417 125 249 20 854 333 20 791 646
2 000 665 999 833 500 333 000 167 500 499 166 750 333 166 499 958
3000 | 3372749 625 250 | 1 124 250 251 | 1 125 749 562 688 000 562 124 938
4 000 | 10 661 332 667 000 | 2 665 333 667 | 2 000 999 | 1 333 667 333 1 332 666 583
5000 | 26 031 248 958 750 | 5 206 250 417 | 3 126 249 | 2 604 688 333 2 603 124 896
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Ta6ua. 1: novyarkosi suadenus Besmaud d(n), d*(n) ta d*™*(n)
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Kany6oecekuit O.A., Bamsca H.II. Topoinansai xopaosi O -giarpavm

BucunoBkn

TakuMm 4MHOM, B TPEJCTaB/IEHI POOOTI JUId HATYPaJbHUX 7 > 3 IIOBHIC-
TIO PO3B’si3aHa 3aja4a PO MiIPaXyHOK Yucjia HeizoMOppHIX (HEeKBIBAJIEHTHUX
BIJIHOCHO il IUKJIIYHOT TPYIN) Ta HeeKBIBaJeHTHHX (BIIHOCHO il JieapaabHOl
rpyIn) Jiarpam 3 Kjacy %107”_2;”. Kpiwm Toro, misg mouarkosux n € {3,5,...,10}
B sIBHOMY BUIVISIII HaBeJeHO BCi Hei30MOpP(QHI Ta HeeKBIBAJEHTHI JliarpaMu 3 Bijl-
MOBITHUX KJaciB, a misgt n € {3,5,...,40} — Touni 3HAUYEHHST YKCIa Hei30MOpMHIX
Ta HeeKBIBAJEHTHUX TaKNX JlarpaM.

binbiie Toro, 3 ypaxyBaHHAM 3ayBakKeHHs 2. Ta Teopemu 1., icHye TicHuit
3B'I30K MIXK JllarpamMaMu 3 KIacy %10’”729;71 Ta IepecTaHOBKaMU IEBHOI'O BULY,
aui «breakpoint» rpacdu poskiaagaoreest y k= n — 2g mukiis [4, 5, 17].

Ha namnry gyMmKy, IIJIKOM JOCSXKHOIO 3/Ia€ThCS M0/1aJIbIla podboTa, OB d3aHa 3

OJIepzKaHHAM aHAJIOTIYHUX PE3YJIbTATIB JJId JlarpaM 3 KJacy glOn—an (pomy 2).
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Kadubovs’kyi Oleksandr A., Balyasa Nataliya P.
Donbas State Teachers’ Training University, Slovians’k, Ukraine.

Enumeration of 2-color chord O-diagrams of the genus one that
have one black (or grey) face under rotation and reflection

In this paper we consider 2-color chord O-diagrams (of order n) with one
black and (n — 2) grey faces under the action of (i) the rotation group (cyclic of
the order n) and of (ii) the rotation/reflection group (dihedral of the order 2n ).

For natural 3 < n < 10 we have illustrated all non-isomorphic and non-
equivalent of such diagrams. We have established explicit formulas for counting
the number of non-isomorphic and non-equivalent diagrams from the specified
class. In addition, for natural 3 < n < 40 we have also listed the exact value of
the number of non-isomorphic and non-equivalent such diagrams accordingly.

Keywords: 2 -color chord O -diagrams, genus of a diagram, faces of a di-
agram, cyclic and dihedral groups.
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OIBUNKA.
METOJIUKA BUKJIAJTAHHA ®I13UKN
I ACTPOHOMII B 30I1I TA BH3

YIK 537.311.33
Hanarounii B.A., Xanepen /I.C., IITapan P.A.

I noxrop ¢puszuro-maremaTmIecKux HayK, 3apeiyomuii kaceapoit puzuxu, IBY3 «JII'IIY»

2=3 crynents 4 Kypca pusnko-maTemaruiaeckoro paxyasrera, I'BY3 «JITTTY»

e-mail: fiziksgpu@ya.ua

BJINAHUE HU3KOTEMIIEPATYPHOI JTE®OPMAIINU HA
JTEKTPUYECKNE CBOMICTBA KPEMHUEBBIX
p-n-IIEPEXO/IOB

UccmeoBanbl 971eKTpUYIeCKUe CBOMCTBA KPEMHEBBIX P-N-TIEPEXOJIOB, 1e(hOPMUPYEMBIX CZKATHEM
B YCJIOBUSX cTylleHuaToro Harpyzkenus rnpu 300 u 77 K.

YcTaHOBJIEHBI JIBE XapaKTepHbIe 00JIACTU: HUXKE KPUTUUIECKOTO JIaBJIeHUsI OOPATHBINA TOK
P-n-1epexojia u3MeHsIeTcsi 0OpATHMO, BhIle — HeoOpaTumo. [IpoBe/ieHbl ncc/ieIoBaHus CTPYK-
TYPBI 1eDOPMUPOBAHHBIX P-N-1IEPEXOJIOB U TEMIIEPATYPHBIX 3aBUCUMOCTEl 00paTHOTO TOKA.

Karouessblie ciioBa: dehopmanus, ducrokayus, oopammoil mok, IHep2emuseckue yposHu,
depermol cmpyrmyp

BBenenue

B paborax [1-3, 9, 10] 6bLu nccIeI0BaHBl CTPYKTYPHO-KHHETHIECKIE 3aK0-
HOMEPHOCTU MUKPOILIACTUYECKOi gedopMalium MOHOKpHUCTaJLImdeckKoro Si u Ge.
YCTaHOBJIEHO, UTO B IIPUIIOBEPXHOCTHBIX CJIOSX STUX MTOJIYITPOBOJHUKOB TJTYONHOI
okoJi0 10 MKM B nHTepBaJsie Mexanndecknx Hanpsizkenuit (20-100) MITa mpu 20 °C
MPONCXOIUT 3apoxKaeHne aucaoxkaruii. [Ipeacrapiasio naTepec N3yInTh BANIHIE
HUBKOTEMIIEpaTypHOIl jgedopMalun Ha CBOMCTBA P-N-TIEPEXOJI0B B TEX CJyvasX,
KOIJIa UX IJIyOWHa 3ajieraHns HaXOJUTCdA B IpejieiaxX IIacTudeckn aedopMupo-
BaHHOIO CJIOS.

© Hagrounit B.A., Xaneper /I.C., Hlapar P.A., 2016
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®dizuka. Meronuka Bukaaganusa ¢izuku i actponomii B SOIII Ta BH3

OcHoBHAY 4YacCTh
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Puc. 1

Puc. 1: 3aBucumocts 06paTHOro ToKa I, KpeMHUEBOro p-n-nepexoa ot spemenu mpu 300 K:
a — u3MeHeHue 0OpPATHOrO TOKA B IIPOIECCE CTYIEHIATOr0 HAMPYKEHUs U cxeMa J1eopMaIinim;
6 — m3MeHeHre OOPATHOTO TOKa, HAI'PYKEHHOI'O P-n-Tepexo/ia Py JJIMTETbHONW BbIJIEPIKKE ITPU

300 K

Puc. 2: Kpusas crynengaroii nosisydectu npu czkaruu Buoib [111] mpu 300 K: a — cry-

meHvaTasi jgedopmanusi, BennanHa crynenn Harpyxenns AP = 10 Mlla; 6 — mepexoanas

[I0JI3Y9eCTh, KPUBBIE CBEJIEHBI K 00IIEeMy Havda Iy OTcYéTa O0e3 CKauKoB JiehopMalliy IIpu HArpy-
JKeHnsX, MudPbl Y KPUBBIX 0003HATAIOT HOMEpa CTyIeHell HArPYKeHUsd

Marepunajibl 1 MeToanKa. B HacTosIeit padore nccienoBainuch guddy-
3UOHHBIE KPEMHUEBbIE p-N-11€pexojibl ¢ IVIyOHMHOI 3ajieraHust ~ H MKM Ha 0Oa3ze
maitd guamerpoM 5 u TosmumHoi 0,2 MM. P-n-miepexojbl N3rOTaBINBaAIUCE (-
dbysueit 6opa (Np ~ 5 - 10¥cm™3) B mirockoers (111) Monokpucraios n-Si
({p), N, =~ 2-10'% cm™3 )¢ mwaoTHOCTBIO AUCIOKAIHIT B MCXOIHBIX MOHOKPHCTAJLIAX
N < 2-10%cm 2. Jlng yerpanenus BINAHNSA Ha SJICKTPUUCCKNE XapaKTepi-
CTUKHU P-N-TIEPEXOJIOB MOBEPXHOCTHBIX yTeUeK U JIsd CTAOMIN3AINN TTOBEPXHOCTH
P-N-TIEPEXOJIbI OKPYKATUCH AU PY3HOHHBIMI OXPAHHBIMI KOJIBIAMHI (KOJIBIIAMU
Oopa) U 3aIUIIAINCh THPOJUTHICCKIM OKICTIOM Si0s . OMIYecKe KOHTAKTHI CO-
3/1aBAJINCH NAMKOM K BOJIb(MPaAMOBBIM KOMIIEHCATOPAM, YTO UCKIOUYAJIO TTOSBICHUE
MeXaHUIeCKIX HANPsKEeHUN B TOJIYIPOBOJHUKOBOM MaTepuaJje MpU N3MEHEHU-
SIX TeMIIepaTypbl BCJISJACTBHE PA3HOCTU TEILIOBOIO KoM UIMEHTa PaCIInpeHs
KPEeMHUS ¥ KPUCTAJLIOIEPIAKATES.

[Tepexob! 1ecbopMIPOBAINCH C2KATUEM TI0 CXeMe, YKazaHHoii Ha puc. 1. B npo-
1ecce CxKaTusl CHUMAJIICH 3aBUCUMOCTH 00OPATHOI'O TEMHOBOTO TOKa P-N-TIEPeXo/ia
OT BPEMEHH IIPU Pa3/IMUHbIX HAI'PYy3Kax.
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Kpome Toro, st yCTaHOBJIEHHUSI B3AMMOCBSI3U MEK]Iy HU3MEHEHUSIMHU 3JIeK-
TPUYECKUX U J1e(DOPMAIMOHHBIX XapPaKTEPUCTUK WCIBITHIBAJINCH Ha CXKATHE
B10J1b [111] obpasupl n-Si, umMerorine hopMy IPsIMOYTOJIBHBIX TPU3M pasMepamu
3 x 3 x 10 Mm®. BoKOBbIE TIOBEPXHOCTH IIPEJICTABIII KPUCTALIOrpabItiecKne
miockoctn Tuma (110), (112) u (111), a Haubosbiiee usmeperne (10 mm) coBraia-
710 ¢ HaripasjenneM [111]. Pexxum necdbopmaninu BEIOUpAICS OJIMH U TOT YKe: CZKATHe
[IpU CTYIEHYATOM PexKIMe HarpyzKenmsi. Begwmdmna crymenn narpyskennss AP
BbIONpaJsiach paBuoit 10 MIla. Bpems BbliepKK1 Ha KarKJ0#1 CTYIIEHN COCTABJISLIO
30 mun. JledpopMupoBaHue OCyIecTB/IsIJIOCh Ha, CIEIUAIBHO Pa3paboTaHHO ycTa~
HOBKE, IIO3BOJISIIOIIEH perncTpUpOBaTh OUeHb MaJible M3MEHEHUsI JIJTMHBI 00pa3IioB.
YyBeTBUuTEIbHOCTL AaTunKa Jedopmariun coctapisiaa 0,004 mxm. Mmenach Bo3-
MOXKHOCTB JepopMupoBarh odpasib! npu 300 u 77 K.

Pesynbrarhl 1 ux obcyxkaenue. [lebopmarusa. 3aBUCUMOCTD JiepopMariim
cxkaTust obpasiia Si BO BpeMeHH IIPU CTYIIeHIaToM pexknume Harpykenus pu 300 K
pejicTaBIeHa Ha puc. 2, a. 3Jiech Kaxk1oii cryrnenn Harpyzxkennss AP = 10 Mlla
COOTBETCTBYET CKadKooOpasHoe IpupailieHue jedopMalii, MPUIeM BbIJIePKKa
obpaszIia 1o/ HAIIPsIKeHIEeM Ha KaxKJ0i cTyIeHn 10 V BKJIIOUNTEIHHO He JaeT 3a-
MeTHOl Mukporiacruanoct. Ha VI crynenu narpyzkenust (Bbiiie R) npu obriei
Harpyske P = 60 MIIa mocie ckauka jiedpopMaliny perucrpupyercs jrepopMaliis
MUKPOTIOI3ydecTr (puc. 2), 3aTyxaiommasi 1o JjorapudmudeckoMmy 3akony |1, 3.
['paduk sToit 3aKoHOMepHOCTH O€3 yueTa ckadka jgedopMaliun IIpu Harpy KeHnn
MOKa3aH OTJeIbHO (puc. 2, 6) BBULY MAJIOCTH 00IIeli MUKPOILIACTHIECKO j1edhop-
maruu. Ha nocaenyromux VII n VIII crynensx HarpyzkeHus odimasi BeJIMIHMHA
MuKkpoiedopMmalin mossydect ymenbinaercs (Kpusbie VII, VIII). Takmm obpa-
30M Ha CTYIEH4YaTOl KPUBOII MOXKHO BBIIECIUTH JABe objacTu: 10 R, riae obpaszen
Si gedopMupyerTcst YucTo YIpyro, u 00JACTb BBIIIE 9TOI TOYKH, Il CYIIeCTBYyeT
MUKPOILIACTUYHOCTH, 00YCJIOB/IEHHAs TosIBJIeHeM jauciokanuit. Ha puc. 3, a mo-
KazaHa JIMCIOKAIIMOHHAS CTPYKTYpa, CHATasl Ha IIyOnHe H MKM OT HaIrpy KeHHOI
MOBEPXHOCTH oOpa3iia Si. BUJHBI SMKHU TpaBeHUsS OT OTJEIbHBIX TOJIYIETEb,
BBIXO/ISIIIINX HA [TOBEPXHOCTD.

dnekTpuieckue CBoHCTBa. PaccMOTpuM Telepb 3JIeKTpUUECKHe CBOHCTBA
JnedopMupyeMoro npu KOMHATHOI TeMmIiiepaTrype p-n-riepexoja. Pazyimdaior jiBe
rpymibl 3)hEKTOB n3MeHeHns 06paTHOrO TOKa TpH JedopMalind KpeMuus [4,
5]: acbdexThi, 0OycIOBIEHHBIE U3MEHEHHEM IMUPUHBI 3alPEIEeHHON 30HBI, U 3a
CYeT BOBHUKHOBEHUSI IEHTPOB T€HEpAIN-PEKOMOMHAINN. Y YUTbIBas pasjindne
KOHIIeHTpaluy IpumMeceii n- u p- tuna (& 10%) | 06pasyiomux p-n-nepexojl, MoxK-
HO C JIOCTATOYHBIM OCHOBaHHEM CUHUTATh, UTO pacIIUpPeHue 00/acTH 00beMHOIO
3apsijia MPU HAJOKEHUH OOPaTHOTO CMEIIeHUsl OYAeT MPOUCXOJAUTh B OCHOBHOM
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Puc. 3: /{uciiokarmonnas cTpykTypa Si: a — mociie jgedopMaliuu Ha T/IyOnHe H MKM OT HArpy-

xennoit mosepxuoctu; X 2000 ; 6—2 — p-n-niepexo, gedpopmupoBanubiil pu 70 K; 6 — BO/mM3H

BBIXOJIa Ha MOBEpXHOCTH Jinpdysun; X800 ; 6 — rpanuiia pasjesia IJIACTUICCKH JedPOPMHUPO-
Bannoit oosactu; x4000; 2 — objacTh BIXOIa Ha MOBEPXHOCTD Jauddysum; X 2000

B n-00J1aCTh, U, CJEIOBATE/ILHO, YPOBEHb 0OpPATHOrO TOKa (JIpeiicoBbIil TOK) p-
n-tiepexojia OyJeT OMPENe/AThCA MOJOKUTENILHO 3apIKEHHBIMI HOCUTETIMI —
HEOCHOBHBIMU HOCUTEeJIAMU /it n-obsiactu. llpm umcro ymupyroit medopmariyn
n-Si BioJib [111] koHmeHTpaImst HOcUTe el 3apsijia J0JIKHA H3MEHSAThCS He3HaA-
auresibHO |3, 6]. [eficTBuresibHO, 0OpATHBI TOK MPH CTYIMEHIATOM HATDYKEHUN
P-n-TIepexoJia OCTACTCA TPUOINBUTELHO MOCTOSHHBIM ([0, = 0,1 MKA) 10 Ha-
rpyxernss P = 50 MIla, me. 5o Toukun R Ha kpuboil I..,(7) (puc. 1, a).
3aBUCUMOCTb CHUMAJIACH MPU MOCTOsiHHOM oOpaTHoM Hanpsizkennn 30 B. Ha VI
CTYTIEHW HArPYKeHW 0OpaTHBIN TOK HAUMHAET PE3KO BO3PACTATH C MOCTEIIEHHBIM
BBLIXOJIOM Ha Hachklmenne. [logodHoe mHapacranme Toka HabJIIOAETCS TaKKe Ha
VII u VIII crynensix. st mosrydenust moyiHoit nundopMalu 1 IpoBepKH BOCIIPO-
U3BOUMOCTHU PE3YIbTATOB UCHBITAHUS MPOBOIUINCH TAKyKe Ha p-n-lepexojiax,
MOy IeHHBIX 10 TexHoJiorun uarorosyienus J-215, /1-242, J1-243, J1-245, J1-246.
3aKOHOMEPHOCTH M3MEHEHHUsI 00PATHOI0 TOKA OKAa3aJIMCh ITPUOJIN3UTE/IbHO TaKH-
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MM 2Ke, ¢ TOM JIUIIb Pas3sHUIEil, 9TO BeJIMINHA TOKa B KOHIIE UCIBITAHII HECKOJIBKO
oTJIMYaJach OT 00pasiia K 0d6pasily 10 adCOJIFOTHOMY 3HAUYCHUIO.

CpaBHeHnne pe3ysibTaToB J1eOPMUPOBAHUSA P-N-1IEPEXOIOB U IPU3MATHIECKIX
00pasIoB, a TaKxKe CTPYKTYPHbIE JJaHHbIE TIO3BOJISIOT CAEJIaTh BBIBO, UTO PE3KOE
BO3pacTaHue obpaTHOro Toka Ipu Harpyske 60 MIla obycsoBjieHo mosBIeHHEM
JIICJIOKaIit B obstactu p-n-nepexoyga. OOpaTHBIN TOK IIPU 9TOM OIpPEJIesIeTCs B
OCHOBHOM T€HEPAIMOHHOI COCTABJISIONIEN, T.e. 00YCJIOBJIEH TEIJIOBOI TeHepalineit
B 00JIaCTH IIepexoja 3JeKTPOHHO-ILIPOYHBIX IIap Ha IEeHTPax, YPOBHU SHEPIUU
KOTOPBIX HAXO/IATCS BOJIM3U CEPeIMHbBI 3aIPEIeH Ol 30HbI 7).

XapakTepHbIM JIjI8 U3MeHeHust [,.., cpas3y I0ocje CTYIeHYaTOro Harpyrke-
Hust (puc. 1, a) sBIsieTCs HaJUM4YHe MHKYOAIIMOHHOTO IepHoja, e TeMI POCTa
TOKa 3aMejJjIeH. DTO MOYKHO OOBbSICHUTH TeM, 4TO JIJjIs JIOCTHXKEHHS OCHOBHOI
MacCoil JIMCJIOKallii, TeHEPUPYEMbIX B OCHOBHOM C IIOBEPXHOCTH, OOJIACTH P-N-
nepexoja Tpedyercs Hekoropoe BpeMs. [locse 3aTyxanus moa3ydecTu maI0THOCTD
JIMCJIOKAIINIL, MTepeceKalommnX pP-n-IePexo/l, OCTACTCA IMOCTOSHHONH M TOK B IIEp-
BOM IpHOJIMKEeHUN He MeHsieTcs. 11og00HbIe 3aKOHOMEPHOCTU WU3MEHEHUST [.q,
HAOJII0/IAIOTCS W Ha TOCJIEIYIONINX CTYIEHIX HATIPYXKEeHUd, HO TOCKOJbKY C yBe-
JITYeHNeM HArpy3KHM BeJIUYNHa MPUPAIEeHNns] MUKPOILJIACTUIECKON j1edbopMaIiim
1 TIpUPAIIEHAS TIJIOTHOCTH JUCTOKAIUN YMEHBINAETCs, POCT TOKA TaKKe OrpaHu-
qnBaeTcd. [Ipn yKasaHHBIX HCIBITAHUSX OH JOCTHraeT 3HadeHust ~ 160 MKA nu
COXpaHdeTcsd cpa3y Iocje CHATUS Harpys3ku. B mporiecce AauTebHON BBIIEPK-
K1 obpasia Ipu KOMHATHON TeMIilepaType HabJII0aeTcs IOCTelleHHOe CHIKEHIe
obpatroro Toka (puc. 1, 6). Yepes 5-6 cyTOK OH CTAHOBUTCS MPUOIU3UTETHHO
paBHBIM 00pPATHOMY TOKY 0 jedopmanuu (qom Muninamiepa). OgHako npu
MOBTOPHOM HArpy:KeHU! TOK CHOBa ITOCTENeHHO HapacTaeT. HabsojaeTcsa syek-
TpUYIECKas «IOJI3YIECTh.

V3MeneHne »1eKTpUIecKOil aKTUBHOCTH IUCJIOKAIMI MPHU JJIATEIbHOI BhI-
JIepyKKe 00pas3roB O0YCJIOBJIEHO, IO-BUJINMOMY, OCEJaHUEM BJIOJIb JIMCIOKAITHIT
TOYEUHBIX JieheKTOB. JIucjoKalum OCTAIOTCA OTHOCUTENbHO YHUCTBIME TOJBKO
HerocpeICTBeHHO 11ocie jledopmaninn. C TedeHrneM BpeMeHH TOPOXKIaeMble CaMOii
JIBUZKYTIEHics JInc/IoKallell BaKaHCHH, ITPUMECHbIE UJIN COOCTBEHHBIE JIMCIONNPO-
BaHHbIE aTOMBI, OKa3aBINNECTd BOJN3U JIUCIOKAINHT, OY/IYT TepeMeraThbcs K Heil,
JACTUIHO CHUMAaS YIPYTHe HAIPAKEHUsS W MOHMXKasd ee TeHePAIMOHHYI0 aKTHB-
HOCTb. [loBTOpHOE HarpyzKeHne BbI3bIBAE€T OCBOOOXKJIEHUE JIMCJIOKAIMI OT 9THUX
JepeKTOB. DTUMHU MTPOIECCAMU MOXKHO O0bICHUTH TaKKe M3MeHeHne Buia odpaT-
HBIX BeTBeil BOJIbTAMIIEDHBIX XapaKTePUCTUK pP-n-Tiepexoja (puc. 4), CHATBHIX JI0
nedopmarn (1), mocste uctbiTanuii (2) u pasHbIX M0 JJIHTETLHOCTH BBIIEPIKEK
(3, 4). UcceoBanust moKa3aJin, 9To €CJIM K PA3TPYKEHHOMY P-N-IIEPEX0JLy Cpasy
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NpUJIOKUTE GoJibioe obparHoe Hampskerue (100 — 150) B, to mapacranme To-
Ka He OrpaHMYMBAETCd W IEePExXo]] Yepe3 HEKOTOPOoe BpeMs IpoOMBaeTcs 3a CUer
obpaszoBaHmst Ha JANCIOKAUAX MuKporiasm |7, 9, 10].

UcnbiTanus oTaebHBIX 00pa3roB KpeMuus npu 77 K 1 IpoMerKyTOYHBIX
TeMmIepaTypax JI0 KOMHATHOI ITOKa3aJ i, 9T0 KPUTHIECKOEe HAIIPSXKEeHIe, COOTBET-
CTBYIOITIEE HadaJly 3apOKJIECHUsI HOBBIX JUCJIOKAIUN B KPEMHHUU, CJIa00 3aBUCUT
OT TeMmmepaTypbl. [yybmHa miractudecku jedopMuUpoBaHHOro cjod npu 77 K
npubinsnTepHo Takas ke (8 — 10) mrMm, kak u npu 300 K, eciaun yenosust je-
dopMHUpOBaHN COXPAHSIIOTCS TE Ke.

CtpyxrTypa. lIpecraBisio nunrepec npoBecTn CTPYKTYPHbIE UCCTETOBAHUS -
n-TepexojioB, AedopMUpoBannbiX npnu 77 K, m3yunTh BausHue BBEJIEHHLIX TTPU
9TOM JIMCJIOKAII Ha BEJIMYMHY OOPATHOI'O TOKA U XapaKTep M3MEHEHUsI 9JIeKTPH-
YeCcKOil aKTUBHOCTHU JINCJIOKAINil B TeMuepaTypuoMm naTepsaJje 77 — 300 K.

Kpemuuesblit p-n-iepexot jecbopmuponaju npu 77 K B cTyneHIaToM pexkume
HAI'PYKEHNU; TIOJHAS Harpy3Ka Ha Iepexo yepes 4 1 UCHbITaHuil JTOBOANIach 110
100 MITa. ITocsie pasrpysku obpa3ers 3a 20 ¢ oTorpeBaJics 0 KOMHATHOIT TeMIiepa-
Typbl. [Ipn vanpstkennn 30 B obparubiit Tox 1npu 300 K coctapista 160 — 180 MKA,
T.e. ObLI IPpUOJIM3UTEILHO TaKUM, KaK cpasy nocie jgedhopmupoanus npu 300 K.
YVoke gepe3 20 mun Bblepzkku 1pu 300 K oOpaTHBI TOK, YMEHbBIASACH 110 9KC-
HOHEHIAaJIbHOMY 3aKoHy, chajgai jgo 13 % or madasbHoro saadenus. Orcroa
cJejIyeT, 9TO COXpaHuTh ducThle jauciaokanuu npu 300 K maxke na Bpems usme-
pennii HeBodMoxkHO. OOpaTHbIil TOK 00pasiia, Kak 0Ka3aJI0Ch, MOYKHO COXPAHUTH
6e3 cymlecTBeHHOTO M3MeHeHust Ha BpeMs 1 4 npu 77 K. ITosromy temmnepatyp-
HbIE 3aBUCHUMOCTU OOPATHOIO TOKa, ITPOBOJUMOCTH, 3.J1.C. XOJIa, MOJABUKHOCTH
HOCHUTEJIEl W JP. MOYXKHO CHUMATL Cpasy IOCe pa3rpy3Ku 00pasloB IpU 3TO
TeMmIepaType.

CTpyKTypHBIE HCcIegoBaHnd jgedopmupoBanHoro npu 77 K p-n-mepexoa
IIPOBOJINJINCH ciieytoniuM obpazom. Co cTOPOHBI Oa3bl P-n-MEPexo]l XUMIIECKN
crpaBiuBaJjcda B cmecu HNOs u HF 10 Bhixosa na quddy3noHHyI0 MOBEPXHOCTD
TakK, 4TO B MeCTe BbIXOJIa CO3J/IaBaJICs KJIMH C OY€Hb MaJIbIM YIJIOM. 3aTeM p-n-
nepexo/] KpaTKOBPEMEHHO TPaBUJICS Ha JIMCJIOKAITMHU 110 METOJINKE, ONNCAHHON B
[3]. Ha puc. 3 npejcrasienbl Meraiiorpadpudeckine CTPYKTYPbI, CHITbIE B 00J1a-
cti 1ubPY3MOHHOTO CJI0sI BOJIU3U I'PAHUIIBI BHIXO/Ia HA IOBEPXHOCTH KPUCTAJLIA.
Busner (puc. 3, 6) jBe obiacT: mIacTHIECKH J1ehOpMUPOBaHHAST U 00J1aCTb,
IpakTHIecKn cBobojHast oT jucjokaiuii. [Ipu Gosbiem ysennuennu (puc. 3, 6)
HA0JII0/IAI0TCS OT/Ie/IbHBIE JTUCIOKAINNA, OPUEHTUPOBAHHBIE MOYTH MapPaJIIeHHO
IIOBEPXHOCTH. DTa CTPYKTYPa CHATA Ha IpaHulle JIBYX YKa3aHHbIX obsacreii. [y-
ounHa (ppPoHTA IJIACTHIECKON JledpopMallny HAXOUTCs Ha paccTosdgHun 10 MKM oOT

52 36ipHUK HayKOBHUX Ipalb (izuko-mareMaTudHoro dakyaprery LJIITY



Haarounit B.A., Xamnepenr 1.C.,... Binsiane smecpopmarinn Ha CBOICTBa p-N-1I€PEXOJIOB
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Puc. 4: 3aBucumocts obpatnoro toka I, or Hanpsxenusd U,., KPEMHUEBOI'O p-n-lepexoja:

1 — 3aBUCUMOCTD, CHsITas JI0 JieOPMAITIH; 2 — OC/I€ UCIIBITAHUS Ha CTYIIEHIATYIO MOJI3yIeCTh;

3, 4 — KpuBbIe, TIOJIy9eHHbIE TI0c/Ie BhIIEp)KKU p-n-niepexosia npu 300 K B Tedyenune 3 u 6 cyT.
COOTBETCTBEHHO

Puc. 5: Temneparypruast 3aBUCEMOCTb 0OPATHOTO TOKA [, : 1 — cHATag cpa3y 1OCJe UCIbI-
TaHWS Ha CTyHeHYaTyio nonasydectsb npu 77 K; 2 — mocie Boriepxkku npu 300 K B Teuenne 3
CyT.; 3 — 1ocJie TOBTOPHOM BbIIep:KKH 1101 gaBjaeHueM 100 MIla B Teyenune 20 mun npu 70 K

nosepxnoct muddysun. [lnornocrs aucknokamuit Ny = (104 — 10%) em=2.
Ha Tex ygacTkax, rje JUCJIOKAINN BBIXOAT MO, OOIBITIM yYTJIOM K TOBEPXHOCTH,
BBITPAB/IMBAIOTCS MAPHBbIE SIMKH OT KaykJoil mojynerau (puc. 3, a, 2). Xapax-
TEPHO, UTO HA JMCJIOKAIMSIX, BBEJICHHBIX B Si pn HU3KUX Temieparypax (300 K
U HIYKE), BBITPABIMBAIOTCS HErVIYOOKHE sIMKH, 9TO OOYCJIOBJIEHO O4YeHb Caboii
HACBIIIEHHOCTBIO UX MPUMeCHOH aTMocdeps |3, 9].

dHepreTudeckue ypoBHU. [lojiokenue riyOOKHUX SHEPreTUYECKUX YPOBHEI,
KOTOPBIE ONPEAC/IAI0T BeIUIUHY [0y, MOXKET OBITH HailJICHO IyTEeM U3MEPEHHs
ero TeMIlepaTypHOil 3aBrcUMOCTU. Takne n3MepeHust MpOBOIMINCH Ha JeOpMU-
poBannoM npu 77 K p-n-miepexojie cpasy mocje CHATHS HATPY3KH U OTOTPEBE JI0
300 K. i sToro ke mepexojia CHUMAJUChL TeMIIepATYpPHbIE 3aBUCUMOCTH [.¢,
nocie Boiepkku 1pu 300 K 6e3 Harpy3ku u mocJie moBTOpHO KPaTKOBPEMEHHOI
nedopmarn (puc. 5).

Ob6paboTKa pe3yIbTaTOB OCYIIECTB/ISIAChH 110 (opMyJie, IPUMEHNMOI B Tex
caydastX, Korja oOpaTHBI TOK OIpeJIesIsiics MeHepallMOHHbIMU IIPOIecCaMu Ha
reHepaIHOHHO-PEKOMOMHAIIMOHHBIX (g7) TIeHTpax

eWn; E,—E 1 Tn
————¢ch| ——+
2./TnTp kT 2 7
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rae W — mmpuna p-n-nepexoia; T,, T, — BpeMeHa >KU3HU HEOCHOBHBIX HOCHTe-
Jleit B 00beMe 3JIeKTPOHHOI U JIBIPOYHOI 00J1acTell COOTBeTCTBEHHO; ) — 3Hep-
reTH4YecKnil ypoBeHb ¢r-IieHTpa.

Hns 1-it m 3-it 3aBucumoctn Ey = 0,68 3B, mia 2-it — 0,4 3B. Ilepsoiit pe-
3ysibTaT 0/M30K K 3HadeHuto Ky = 0,64 3B juig aucjioKalmoHHONO yYPOBHS B
KpeMmHnu, Haiijgennoro Bemanom (cwm. |7, ¢. 383|). Bropoit pesysbrar coracyercst
¢ JIAHHBIMI [8|, TTOJIyYeHHBIMU TIPU BBICOKOTEeMIIepaTypHoit jedbopmanun n-Si (0,4
u 0,44 5B). Dueprusi ypoBHs FE; OTCIUTHIBAETCS OT MOTOJIKA BAJEHTHON 30HBL.
Cpashenue ¢ pesysibratami |8] 1aeT BO3MOKHOCTB TIPEJIIOIOKUTh, 9TO YPOBEHD
gr-nieaTpa 0.4 5B cBg3aH ¢ KOMILIEKCAMU Ha OCHOBe JHMCJIOKanuil. B KoMmIniek-
Chl BXOJAT TOYEUHBbIE JIe(DeKThI, 3aXBaUCHHbIC JUCJIOKAIUSAME I0CIe JIUTEILHOI
BbIJIep:KKK oOpasna npu 300 K. JIuciaokaiuu, 1mo-BUIuMOMY, 0CBOOOXKIAIOTCS OT
51uX JIeheKTOB TIPU MOBTOPHOIT jtecbopmaliun (puc. 5, Kpubast 3) U TeMIeparyp-
Hbl€ 3aBUCUMOCTU OOpATHOIO TOKa 1 M 3 IOYTH COBIIJIAIOT.

SaKJII0uYeHue

[IpenokenHas METOJMKA BBEJIEHHSI OTHOCUTEJIbHO <«UUCTBIX» JIUCJIOKAITUI
[IpU HU3KUX TeMIllepaTypax JlaeT BO3MOXKHOCTH YTOUYHUTH HAIU [PeJCTaBIeHUd
00 UX 3JIEKTPUUIECKOI aKTHUBHOCTU C IPUBJICYCHUEM JIPYIUX JIEKTPOPUITICCKIX
U3MEPEeHNIA.
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Nadtochiy Viktor A., Khaperets Dmytro S., Sharap Roman A.
Donbas State Teachers’ Training University, Slovians’k, Ukraine.

Effect of low-temperature deformation of the electrical properties
of silicon p — n-junctions

The electrical properties of the silicon p-n-junctions, deformable in
compression under the step of loading at 300 and 77K . Established two distinct
areas: lower reverse current p-n-junction critical pressure changes reversibly,
above — is irreversible. Investigations of the structure of deformed p-n-junction
temperature and reverse current dependencies.

Keywords: strain, dislocation, reverse current, the enerqgy levels of structural
defects.
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SJIEKTPUTYECKUE CBOIICTBA KPEMHUEBBIX
p-n-IIEPEXO/IOB C JE®PEKTAMUN CTPYKTVYPDHI

CTpyKTypHBIE UCCIe0BaHUS KOBAJIEHTHBIX TIOJTYITPOBOIHUKOB, 1e(OPMUPOBAHHBIX IIPH HU3KUX
TeMIleEpaTypax, MOKa3aJl BayKHYIO POJIb BAKAHCUU B TJIACTUYHOCTHU TPUITOBEPXHOCTHBIX CJIOEB.
JlucokalmoHHbIe TeT/IM, BO3HUKAIOIINAE IO/ JeiicTBueM JaedopMaiiun B 00/1acTi 00bEMHOIO
3apsjia p-n-repexoja KpeMHUs, 3HAUNTETbHO CHIUXKAIOT BpeMs *KU3HU HEPABHOBECHBIX HOCUTE-
Jieit 3apsijia, WHXKEKTUpyeMbIX B 0a3y. Ha BoJbTaMIIEpHBIX XapaKTEPUCTUKAX pP-N-IIepexoja C
JIUCJIOKAITUAMU OOHAPYKUBAETCS PE3KOE BO3pacTaHue 0OPaTHOrO TOKA.

KirodeBbie cjioBa: MeTGHUMECKUE HANPANCEHUA, O0ePOPMAUUA, 2EPMAHUT, KpPeMHUT,
QUCAOKAUUYU, PEAGKCAUUA HANPANCEHUT, P-N-NEPerod

BBenenue

B mporiecce n3roToBieHns MOJIYITPOBOIHUKOBLIX TPUOOPOB W MHTErPATHHBIX
cXeM TLTACTUHBI TOJTYTTPOBOJHUKOBBIX MATEPUAJIOB TOIBEPTAIOTCA PA3INIHBIM Me-
XaHTIECKIM 1 TEPMUYECKUM BO3/IEHCTBUAM: MIJIN(OBKE 1 TIOJUPOBKE, OKICIEHUIO,
quddysnn npumeceil, pasjie/IeHNI0 Ha 3arOTOBKH, COJIEpPKalllie TOJIYITPOBOIHU-
KOBBIE CTPYKTYPHI. [Ip1 9TOM B TOBEPXHOCTHBIX CJIOSIX CO3TAIOTCS 3HAUNTETLHBIE
MeXaHIIecKre HAITPSKEeHNs, BCAeJICTBIE Yer0 BOSHUKAIOT YCIOBUS JJI 3aPOK/Ie-
Hug aucjiokaruii. B anmMasono100HbIX TOTYTTPOBOIHUKAX TepMAHNN U KPEMHUN B
nHrepBaJje Hu3knx remreparyp 77-600 K sToT mpornecc peanusyercs npu BecbMa
MaJIblX Hanpsikennsgx mopsiaka 20 <+ 100 MIla [1-4]. Ucrounuxkamn aucioxa-
1uii MoryT ObITh 4dacTuibl BblaeaeHnit tuna SiOy wian GeOy uid KpeMHusi u
repMaHisi COOTBETCTBEHHO [2], a Ipollece 3aporK IeHusl JIUCTOKAIMI [1Pe/ICTaB/Is-
ercst 0 MexaHusmy imbu-/Ixxoncona [5]. Cpepu psija npudnH, 06yCJI0BINBAIO-
IUX [TPY HU3KNX TeMIIepaTypax MPosiBIeHne MITKPOILIACTHIIHOCTH B KOBAJIEHTHBIX
noJtynpoBoHnKax Ge m Si NCKIIOUNTENIHHO B MIPUITOBEPXHOCTHBIX CJIOSX, OTMeva-
JIaCh BO3MOYKHast poJib BakaHcuil [2|. Tosryuensl HOBbIe pe3yJibTaThl CTPYKTYPHBIX
UCCJIeJIOBAHIIT, KOTOPBIE MOITBEPXKIAIOT ONPEJICICHHYIO POJIb TOYCUHBIX JTedeK-
TOB B TPOIIECCE 3aPOKIECHUS U JIBUZKEHUs JTUCTOKAIIIT W TIO3BOJISIOT O0bLICHUTD
pUBIIecKyo MpUpPo,ly HU3KOTEMIIEPATYPHON MUKPOIJIACTUIHOCTH MaTEPUAJIOB C
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Puc. 1 Puc. 2

Puc. 1: Cxema medopmMupoBanns KpeMHUEBOTO P-N-TIEPEXOJIA.

Puc. 2: Pacrnpenenenne aucjioKanuii 1Mo/ Harpyzkaromeii mioiaakoil mocyie gedopmarmu. C
YBCJIMICHUEM PACCTOAHUA OT ITOBEPXHOCTU Pa3MeEpPbl AUCJ/IOKAIIMOHHBIX II€TCJ/Ib YMCHbLIIAXOTCA.
['nyOuna 3aJsieranus p-n-1iepexoja COCTABISIET ~ 8 MKM.

BBICOKIM IOTEHINATBHBIM pesibedom [laiiepiica [3]. B namnoit pabore ucciemosa-
HO BJIMSIHWE JTUHEHHBIX JIePEKTOB CTPYTKTYPbI, CO3/IAIONINX 3HAUNTEIbHbIE TOKN
00paTHO-CMEIIEHHBIX P-N-TIePEX0I0B.

OcHOBHaY 4aCTb

[Tepexoibl M3rOTOBJISLIMCH IO TJIAHAPHON TEXHOJOIMU HA OCHOBE MOHOKPH-
CTAJIJIMYECKOTO Si, BBIPAIIIEHHOTO METOJ/IOM 30HHOM IJIABKU € YJETbHBIM COPOTUB-
serneM p = 500 OM - cM 1 MaJbIM cojlepzkanneM Kucjaopoja (< 10 cv?). Bror-
60p Takoro mMarepuasa obJerdaer WACHTUPUKAIIIO JIEKTPUICCKIX 1apaMeTpoB
P-N-TIEPEXO0JIOB, COJIEPXKAIINX JedopMalllOHHbIe CTPYKTYpHbIE jieeKThl. OMuue-
CKHIe KOHTAKTBI CO3/IaBAIICH HAIBLICHIEM aJTIOMUHNA Ha II0/IJICCHPOBAHHbIe P 1
n* ciaon. JedbopMuposanne nepexosa B CTYIIEHIATOM PEKIME HAIPYZKEHHs OCYy-
IECTBJISLIOCH Yepe3 TOHKYIO Cojistiyto maiiby (puc. 1). [ToBepxHOCTHBIE yTeuKN
nckKovYamnch okucaom Si0, . [Lnomaas gedopMupyemMoii MOBEPXHOCTU COCTABJIS-
1a 18 mM?. JledopMmupoBaHme OCYIECTBIANIOCH IPH PA3INIHBIX TEMIICpaTypax
B HU3KOTeMIepaTypHoM nnrepsaJje 300-650 K. I'irybuna 3aeranus p-n-nepexoja
cocTapJisiyia 8 MKM. [lo 1 mocsie pecdbopMannm Ji1st Kazk10ro 00beKTa OIpeIe/sIoCh
BpeMsI »KI3HM HEPaBHOBECHBIX JIbIPOK, MHXKEKTHPOBAHHBLIX B 06a3y, U CHUMAJIUCH
BOJIBTaMIIEpHBIE 3aBUCUMOCTH 0OPATHOI'O TOKA.

Jucnokanuu B objgactu p-n-niepexojia (puc. 2) ABaAOTC IPOEKTUBHBIME
LEHTPaMI IeHepalui-PeKOMONHAIINN, IIOCKOJIbKY CO3JIal0T B 3allpelieHHOl 30He
riybokue sueprerndeckne yposan [10]. TosmuHa moBepXHOCTHOTO €105, B KOTO-
POM 3apPOKJIAIOTCS JIMCIOKAINH, YBEJIMIUBACTCS ¢ POCTOM TeMIilepaTyphbl. [locie
nedopmarnyn ripu 77 K BpeMs »KU3HU, N3MEPEHHOE METOIOM MOJLYJISAIIAN TPOBO/IU-
MOCTHU B TOYEYHOM KOHTAKTe HEIIOCPEJICTBEHHO Ha IIOBEPXHOCTH, CHIZKaeTcs oT 250
10 2030 mxcek. Ilpn Temneparype 300 K 3ameTHoe canzkenue 7, , HailleHHOE 13
aHaJIn3a MepPexoTHbIX ITPOIECCOB MEPEKTIOUEHNs 13 TPAMOT0O B 00paTHOE BKJIIOUE-
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Puc. 3: Boubramineprble XapakTepucTHKU 0OpaTHOr0 ToKa onopuoro juoja JI816A (a) u
KPEMHUEBOTO p-n-Tiepexojia ¢ JucaokanusMu (6 ). VIMITyibCHbIE U [Ty MOBBIE COCTABJISIONIE 06~
PaTHOI'O TOKa YKa3aHbl B MUKPOaMIIEpaXx

Hue, HabJII0IaeTCs B P-n-Tiepexoiax rIyonHoi 2-5 MKM. B taHHbIX ncciie10BaHusIX
HCIIOJIb30BAJUCH P-N-TIEPEXOJIbl TJIyOUHON ~ 8 MKM W IMUPUHON 00JaCTH 00b-
eMHOI'0 3apsijia IIPpU OTCYTCTBUN BHemIHero Hanpsikenns A + Ag = 5,5 MKM.
Hna nnx cnmzkenue 7, or 250 mkce Jo 100 MKC BO3HMKA/IO LIPU TeMlleparype
necdbopmanun > 450 K. Ilocne BBemenms auciokamuit npu 650 K #a BosbTaM-
MEPHBIX 3aBUCUMOCTSIX P-N-TIePexo/ioB (puc. 3, 6) MOSBIISETCS YIACTOK PE3KOTO
BO3pacTaHusl 0OPATHOIO TOKa. Bu1 9T0il KpuBOil 11000€H XapaKTepUCTUKE CTaOu-
qurpona (puc. 3, a). OJHAKO MPOIECcChl HAPACTAHUST TOKA B 00JIACTIX MAJIBIX €ro
3HAUYEHMIT CYIIEeCTBEHHO pa3/iMdHbl. Tak, Hada/l0 HapacTaHUsl TOKA KPEeMHHIEBOI'O
CTAOMINTPOHA COITPOBOKIAECTCS JUCKPETHBIMI IMITY/IbCAMHI IIPOOOST MIKPOILIA3M,
CBSI3QHHBIX C MHKPOHEOIHOPOIHOCTSIMU KPEMHHUsI B 00J1aCTH OOBEMHOI'O 3apsi-
na. (B pabore [11] nokaszano, HapuMep, 9T0 MUKPOILIA3MEHHBIE SIBJIEHUST MOTYT
HpouCXoAuTh Ha dacTtuiax Si0g, BOSHUKAIONIUX I[IPH Paclajie IepechIeHHOro
TBEPJIOT0 PACTBOPA KUCIOPOJIA).

AMILIATYIbI UMITYJIBCOB 1TopsijiKa 30-40 MKA, [INTeIbHOCTD HECKOJIBKO MIK-
POCEKYH/I, pacipejie/ieHle JIJINTe/IbHOCTU U CKBayKHOCTU HOCUT XAOTHUYECKUIl Xa-
pakrep. C yBesmyeHneM BeJIMYNHBI 00PATHOIO TOKA CPEJIHAA JIIUTE/IbHOCTD M-
IIy/JIbCOB BO3PACTAET, aMILIUTY/Ia UX YMEHbIIaeTCsd, U IPH JaIbHeiIeM pocTe 1o~
CTOSIHHOI COCTABJISAIONIEN IepeMeHHasl cocTaplsomas B unrepsaie 104 — 106 T
nMeeT XapakTep «0esoro» myma ¢ GUIyKTyanusaMmu B mpejgenax 2 MKA. B amc-
JIOKAITHOHHOM P-N-TIePEX0jie POCT TOKa y»Ke B caMOM HadaJje COINPOBOZKIAeTCS
nosipjieHneM «06e1oroy» IymMa ¢ O9eHb MaJIbIM CPEJIHEKBaIPATUIHBIM 3HAUYCHIEM
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Hanrounit B.A., Heusomox H.K. DJIeKTpUIecKne CBOHCTBa KPEMHHEBBIX

Toka. CpejiHeKBaIpaTHIHOe 3HAUEHNE IIIYMOBOI'O CUI'HAJIA 3aTeM PacTeT U I0CTe-
[IEHHO JIOCTUTAaeT MPUOJIU3UTEILHO TAKOTO Ke YPOBHSI, KaK B CTAOMIUTPOHE IIPH
IIOCTOSTHHOI cocTaBJstionieii 2-3 MA.

BriBoabl

Bosnukarorias Npu HU3KOTEMIIEPATYPHOIl JjiebopMaIii  aJIMa30110I00HbIX
KPUCTAJIJIOB MUKPOILIACTUIHOCTH ITPOTEKAET € ydacTueM Judy3noHHbIX TPOIec-
coB. [IpuHnunuaabHbIM OTINYNEM MeXaHn3Ma, T Oy3nOHHOT MUKPOTLIACTUIHO-
CTH OT OOBLIYHOTO JIMCJIOKAIIMOHHOTO SBJSIETCS TOT (PaKT, 9TO JJId Hada/a ILia-
CTUYECKOTO TeYEHUs I10 IMePBOMY MeXaHu3My He TpebyeTcs, 4TOObI HalpsiKeHHe
IPEBBIIIAI0 KAKYIO-TNO0 KPUTUICCKYIO BEJIMUYNHY, B TO BpEeMsl KaK JIjIs peain3a-
U OOBIYHOTO JTUCIOKAIIMOHHOTO CKOJIbXKEHUS TpedyeTcss HeKOTopasi cTapToBas
BeJINYNHA HAIIPSAKEHUII.

Cozannble B Ipolecce HU3KOTEMITepaTypHoii jedopmalinn Si jgedeKThl CHI-
JKAIOT BpeMs »KU3HU HepaBHOBECHBIX HOCUTeNel 3apsia. BBenenne qucaokamuii B
00J1aCTh KPEMHUEBBIX P-N-II€PEX0JIOB BbI3BIBAET POCT 0OPATHOI'O TOKA, YTO HEO0-
XOJIUMO YUHUTBIBATH TPU TTPOM3BOJICTBE TOJTYITPOBOHUKOBBIX ITPUOOPOB.
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Nadtochiy Viktor A., Nechvolod Nikolay K.
Donbas State Teachers’ Training University, Slovians’k, Ukraine.

The electrical properties of silicon p-n-junctions with structural
defects

Structural studies of covalent semiconductors, deformed at low temperatures,
have shown the important role of vacancies in the surface layers of plasticity.
Dislocation loops arising under the influence of the deformation in the space
charge region p-n-junction silicon significantly reduces the lifetime of the non-
equilibrium carriers injected into the base. In the current-voltage characteristics
of the p-n-junction with dislocations observed a sharp increase in the reverse
current.

Keywords: mechanical stress, deformation, germanium, silicon, dislocations,
stress relaxation, p-n- junctions.
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ITOBEPXHOCTHBIE IIOJIBETPEHHBIE BOJIHBI B
CABUI'OBbBIX TEYEHNAX

B pabore paccmoTpena 3ajiada 0 TeHEpAIMU MOBEPXHOCTHBIX BOJIH IPU OOTEKAHUU ITOTOKOM
C BEPTHKAJLHBIM CJABUI'OM CKOPOCTU HEPOBHOCTH JHA. llojydeHbl aHaJMTHYECKUE perieHus
3aJIa9¥ B BUJIE BBIPAYKCHUS CMEIICHUsS] YPOBHSI CBOOOIHON IMOBEPXHOCTU JIJI MOJIEIBHBIX Pac-
IIpeJIeJIEHNIT CKOPOCTH B 3aBUCUMOCTHU OT PA3JIMIHON (POPMBI ITOBOTHOTO MIPEISATCTBUS

KioueBbie ciioBa: cdsuzo6vie meverus, 00HOPOOHAAs HCUIKOCMD, NOBEPTHOCTIVHIE GO~
Hbl, NOOBEMPEHHBLE BOAHDL

Bcrynsienne

BoJinbl, oOpasyomiyecst Ipu 00TeKaHUU ITOTOKOM € BEPTUKAJIbLHBIM CABUIOM
CKOPOCTHU HEPOBHOCTEI ITOBEPXHOCTH 3€MJIH, — KpaiiHe paclpoCcTpaHeHHOE sIBJICHIE
Kak B armocdepe, Tak u B okeate |1, 2|. OHn 0GHAPYKUBAIOTCA BHU3 110 TIOTOKY
OT HIPEISITCTBUS U II03TOMY M3BECTHBI KaK IOJIBETPEHHbIE NI BOJIHBI 3 IIPEIdT-
crBusiMu. Hanpumep, Korja BO3AYIIHbBIN TOTOK HAaTeKaeT Ha IEepPIIeHIUKY/IsiPHbII
K HEMYy TOPHBIiT XpebeT, To, 0 Mepe ycuaeHus Berpa 10 9-10 m/c u GoJiee, mamu-
HapHOe o0TeKaHue [epexouT B BOJHOOOPA3HOE I B BOSHUKHOBEHIE 38 XPeOToM
II0/IBETPEHHBIX BUXpeil. AHAJIOIMUIHbIE siBJIeHUsI HAOJIIONAI0TCA 1 B YKIUJIKOCTHU DU
o0TeKaHNM TeUeHHeM II0BOJHOTO HperndarcrBusd. OTIndnTebHO 0COOEHHOCTHIO
TAKIX BOJIH SIBJISIETCS HEM3MEHHOCTb BOJIHOBON KapTHHBLI ¢ T€UEHUEM BPEMEHH:
rpebHI BOJIH BCeIria OCTAIOTCS Ha OJHUX U TeX »Ke MecTax IPU ABUKEHUN IIOTOKA.
Taxue BosIHBI, POpPMa KOTOPBIX HE 3aBUCUT OT BPEMEHH, HAa3bIBAIOT CTAIIMOHAPHbI-
mu. McciiejioBaHnio XapaKTepUCTUK TaKUX BOJIH B 3aBUCUMOCTH OT ITapaMETpPOB
TedeHNs 1 HEPOBHOCTHU JIHA U IOCBSIEHA JTaHHas paboTa.

ITocranoBka 3amadu. [Ipenmno1oKmM, 9T0 MOTOK UIeaIbHON HeC:KIMaeMOit
xkugroctn U(z) mocrostaHOf rybunbl H , of6Tekaer HEpOBHOCTDH [Ha, (Gopma

kotopoit 3agaercs dyuknueir D(x) (puc. 1). Tosmuna ciosi BhIpaykaeTcesi Kak
H — D(x).
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Puc. 1: Obrekanme HEpOBHOCTE! JIHA T€UEHUEM C BEPTUKAJIBLHBIM CIABUTIOM CKOPOCTH

Cucrema ypaBHEeHHUIl, OIUCHIBAIONIAs CTAIIOHAPHBIE BOJHLI B TAKOM IIOTOKE,
OyJieT olucaHa CUCTEMOl Tpex JIMHEAPU30BAHHBIX OTHOCUTEILHO CPEJIHEro Tede-
ousg u = U(z),w = 0 ypaBrenuii ¢ 3apucsummMu or z Kodbdurnuentamu (0Hn
MOJIy9€HbI U3 CUCTEMbI YpaBHeHUil Diiepa 1 ypaBHEHUsT HEPa3pbIBHOCTH [3])

Ox i 0z
rie u(z, z), w(r,z) — Majble BO3MYIIEHUS MOJIsi CKOPOCTH CABUTOBOTO TEUEHUS;
p(z, 2) — AUHAMEIYECKHE BO3MYIIEHUS MHIPOCTATHIECKOTO JABIEHUsT B YKIJIKOCTH;
p = const — IJIOTHOCTH KUJKOCTH.

Brleonucannyo cucreMy ypaBHeHHiT HeOOXOAUMO JONOJHUTD KHHEMATHYe-
CKUM U JINHAMUYECKUM YCJIOBUSAIME Ha cBOOO/HOI noBepxHoctn (z = 0) u yejo-

BIIEM CKOJIbyKeHUsT Ha jHe Oacceitna (z = —H) [3]
9¢
U0)5> =w, p=pg=0 (z=0),
w = u%—g (z=—H+ D(z)),

riae ((z) — cmerenne cBOOOIHON MOBEPXHOCTH YKUJIKOCTH; ¢ — YCKOPEHHE CBO-
0O0JIHOI'O T1a/IeHMUSI.
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Ilepexon k kpaeBoii 3ajade Jijisi CUCTEMbI OOBIKHOBEHHbBIX Judde-
peHIMAaJIbHbIX ypaBHeHuii. [[pumMenss k chopmymmpoBannoit 3agade mpeobpa-
zoBanune Pypbe M0 MepeMeHHON T € apaMeTpoM M, IPUXOJIUM K HEOTHOPO IHO
KpaeBoil 3aj1a4e

— 2

w' —[m
w'(0) — vw(0) =0,
w(—H) = imU(—H)D(m),

rJie MITPUX O3Ha4daeT MPOU3BOJHYIO 110 IEPEMEHHON 2,

U g U
Uz) 02(0) ~ U2(0)
Flm) = / F(z)e ™edz

— TpancdopmanTa Dypbe.

Byaem npesmosararh, 94T0 CKOPOCTL TEUEHUsI HE U3MEHSIeT CBOErO HallpaB-
aernst (U(z) > 0) upu Bcex —H < z < 0. [lajsee paccMaTpuBaioTCst BOJTHBI
BJIAJIN OT HEPOBHOCTHU JIHA KOHETHOM IMUPUHBI, TO €CTh, CIUTAEM, 9TO |T| — 400.
Pertenne BblleonncanHoil 3a1a4i HAXOAUM B CJIEIYIOIIEM BIHJIE

w(z) = Aysinhk(z + H) + Aycosh k(z + H),
rie k* =m?+a, A;, Ay — KOHCTaHTBI, KOTOPbIE ONPE/Ie/ISIIOTCA U3 IPAHNYHBIX
ycJioBrit. B urore, MoKHO 3ammcarh
= U(—-H k. D(m
Com) = 1D )
U(0) coshkH A

rie A =k — vtanh kH . CrenoBaresbio, mo ¢opmyse obpaTHOro mpeobpas3oBa-

nusg Oypne, nmeem

(@ =5 ) / fm)edm,

_ _k _Dm
rAe f(m) " coshkH A -

Jasiee, npeobpa3oBbiBasi KOHTYDbl HHTEIPUPOBAHMUSI U [IPUMEHss TEOPHIO Bbl-
getos [4], a Takwe yumthiBag, uto A'(—m) = A'(m), a D(—m) = D(m),
TTOJTY IUM

U(—H) /€0 5(m0)

C(x) =-2 U(0) cosh kol 2 (1m0) sinmozr + o(1) (x = o), tae ko = k(my).
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Nsyuas paznunanbie mpoduin TedeHns (HampuMep, paccMoTpeHubie B [5]) u
MOJIeIbHbIe (DYHKIUY, 3aatomiue GopMy OIBOIHOIO NPEIATCTBIA, HAXOIIM CO-
OTBETCTBYIOIIIE UM aMILIUTY bl CMEIeHUs CBOOOIHOM osepxHocTu. st Harisii-
HOCTH MPUBEJIEM HEKOTOPbIe PACCMOTPeHHbIe MOJesibHbIe pactpeeienust D(x),
3a/ialo01Ine pesibed HepOBHOCTH JiHA, U COOTBETCTBYIONIIE UM aMILIUTY/ILI CMEIIe-
Hust ¢BOOOIHOI 1ToBepxHOCTH A B Tabsuie 1, rjge GOpMyJIbl, yHOPSIOUYEHbI 110
Mepe YBeJIMIeHUs] KPUBU3HDLI CKJIOHA [PEISITCTBUS.

D(z) A
0 (—oco<a<-—L) .
1 Dy (~L<z<L) —4Dy S ety Sl
0 (L<z<o)
—2
22+ L2 U(-H) K (|mo|L+1)e~ ™oL
2 Dy ( 2_2 ) —Dyo L U(0) cosh[l)ch - Af
0 (—oo <z < —L)
3 DO <—|x£+L> (_L < L < L) _42)0 UIS'EOI;I) cosllf?ﬂgH 1_1;0%SAWZ)OL
0 (L <z <o)
o TUG-H) k0
4 Dye™? _2DO\/E U(0) cosh(lJfoH A
5 DO 5 _27TD L U(—H) ]{;O e_‘m?‘Ll
—1+(L%) 0177 0) coshkoH A

Tabs. 1: MojesibHbIe pacipejie/ieHusT HEPOBHOCTH JHA U COOTBETCTBYIOIINE UM aAMILIUTY/IbI
[IO/IBETPEHHBIX [TOBEPXHOCTHBIX BOJIH.

B dopmynax ¢ nu Ly — nponsBosibHBIE ITapaMeTPhl, XapaKTepU3yIoIne Kpi-
BU3HY IPEIsITCTBHSI.

3 nipuBeeHHBIX BhIPayKeHUIl CIe/lyeT, YTO JjIsi BCeX PaCCMOTPEHHBIX HEPOB-
HOCTell aMILINTYIa CMEIIeHs CBOOOIHOMN MOBEPXHOCTH IIPOITOPIIMOHAIBLHA BBICOTE
HPEISITCTBHUSL U OTHOIIEHNIO CKOPOCTH T€UYEeHHs y JIHA K CKOPOCTH TedeHHsI Ha, I10-
BEPXHOCTHU, HO HE 3aBUCUT OT KPUBU3HBI PO TedeHus. deM 00Jibille BbICOTA
00TeKaeMOoro IpersTCTBUAS U OTHOIIEHIEe CKOPOCTEll IIOTOKa, TeM OOJIbIIe aMILIN-
TyJla CMENIeHUsI CBOOOIHOMN TOBEPXHOCTH.

[TogBerpeHHble BOJIHBI B IIOTOKE OY/IyT BOBHUKATDL IIPU BBIIOJIHEHUN YCJIOBUS

vH > 1.

[t mapamMeTpoB TedeHns, OJM3KNX K peasbHbIM 3HAUEHUSIM, TeHEPUPYIOIIH-
ecsl Ha IOTOKE IOBEPXHOCTHBIE BOJIHBI MOJIYYAIOTCS KOPOTKUMU U OYIyT HUMETb
OYeHb HE3HAUYUTE/bHYIO aMILIUTY/Iy B CPaBHEHUU C BHYTPEHHUMH BOJIHAMU. DTO
O00'bSICHSIETCST TEM, UTO JIJIsSI BBIBEJICHUS U3 MOJIOZKEHHSI PABHOBECUSI IPAHUIILI Pas3-
Jles1a BOJIAa-BO3AyX Tpebyercst ropasao OoJibiasi BO3MYIIAIOIIAST CHJIa, 9eM I
HAPYIIEHNS MUIPOJUHAMIIECKOIO PABHOBECHS BO BHYTPEHHUX CJIOSIX OKEeaHa.
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[Ipu BbIOIHEHNN yeioBuss VH — 1 1npu oOTeKaHUU HEPOBHOCTH JIHA CJIBUIO-
BBIM TeYeHUEM OYIyT ITeHEePUPOBATHCS TTOBEPXHOCTHBIC BOJIHBI OOJIbINCH JIJIMHBI 1
AMILIATY/IbI.

BriBoan:

PaccMmorpena 3ajiada 0 TOBEPXHOCTHBIX TTOJIBETPEHHBIX BOJIHAX B CJBUTOBBIX
TeUYeHNAX OJIHOPO/IHOM KIAKoCTH. [[oKazaHno, 4To Jij1s mapaMeTpoB TedeHus, O3~
KX K peaJIbHbIM 3HAUYCHUAM, PeHEPUPYIONINECH Ha ITOTOKE MOBEPXHOCTHBIC BOJIHDI
MOJIYIAIOTCA KOPOTKUMHU U OYJyT MMeTh OYeHb HEe3HAUNTE/NHHYIO aMILIUTYIy B
cpaBHeHUU ¢ BHyTpeHHuME BoJjiHamu. Ilpu vH — 1 OyayT reHepupoBaThCs IM0-
BEPXHOCTHBIE BOJIHBI Ha CJIBUTOBOM TeYeHUU OOJIbIIEH JITUHBI U aMIINTY/Ibl. B
JIMHETHOM TPUOIMKEHUN TOKA3aHO, YTO AMILIUTY/Ia BO3HUKAIONINX B TEYCHUN
BOJTH B 3HAYUTE/ILHON cTerenu Oy/eT 3aBUCETh OT BBICOTHI TOJBOIHOIO TTPEIAT-
CTBUs U OTHOIICHUS CKOPOCTU TEYEHUS Ha ITOBEPXHOCTU U Ha JIHE ITOTOKA.
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Surface lee waves in shear flows

The paper considers the problem of the generation of surface stationary
waves formed in a stream of vertical sheared flow on the leeward side of bottom
irregularities. The analytical solution of the problem in the form of expression
of the free surface shifting level are obtained for some model distributions speed
depending on the different forms of underwater obstacles.

Keywords: shear flow, homogeneous liquid, surface waves, lee waves.
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TEPMMNHAJIBHOE VIIPABJIEHUE
HEJIMHENHBLIMU CUCTEMAMMU C PASPLIBAMU PEIIIEHUN
METOA0M KOHEYHOI'O COCTOAHNA

[Ipetozkeno 00o00IIEHNE MeTOIa KOHEYHOI'O COCTOSHUS JIJIsi CUHTe3a TEPMUHAJIBHOIO yIIPaB-
JIEHUsI MHOTOMEPHBIMU HEJIMHEHHBIMU JIUCKPETHBIME cucTeMamu. Onucana MoJe/ib KOHEYHOIO
COCTOAHUA, & TaKXKe aJI'OPUTM HEIPEPBLIBHOI'O U AUCKPETHOIO YIIPaBJICHUA JIJId CUCTEM C Pa3-
pPBIBAMU PEIICHUNA.

KaroueBbie ciioBa: mepmuHaAbHOoE YNpasaecHUE, HEAUHETHDLE CUCTEMDL C paspuvleamu
pewenuﬂ, MeMOod KOHEUH020 COCTNOAHUA.

BBenenue.

Mmuorue ynpapiseMble JIMHAMUYECKHE IIPOIECCHl aJIeKBATHO OIMCHIBAIOT-
Cd HOPMAJIbHBIMK CHUCTeMaMK OOBIKHOBEHHBIX (D depeHInaabHbIX 1 KOHEUYHO-
PA3HOCTHBIX OJIHOMHJIEKCHBIX ypaBHeHuil. Takas dopma MaTeMaTudecKoro OIu-
CaHus, Ha3bIBacMas <«HEIPEPbIBHO-IAUCKPETHBIE» CUCTEMBbI, UCIOJIb3YyeTCdA B TeX
cJIydasx, KOrjla 9acTh [ePeMeHHbIX M3MEHSeTCs HEelPEPbIBHO BO BpeMeHH (B 00-
IIeM cJIydae 110 Jiro00il He3aBUCUMOIi HepeMeHHoﬁ), a 9aCTb — B OTJICJIbHLIX TOYKAX
BPEMEHHOil OCH.

CyiiecTByeT HallpaB/ieHIe, CBI3aHHOe C MCIIOJIL30BAHIEM [IePEeXOIHbIX (DYHK-
Uil TMHEeHHBIX HEIPEPBIBHO-TIMCKPETHBIX cucTeM [1|, pasBuTie KOTOPOTO HA HEJIU-
HelfHbIe 3a/1a4U YIIPaBJIeHUA OIPeIeJIeHHOT0 KJlacca Ipe/jiaracTcd B JIaHHON pa-
oore.

Leavro pabomoi siBasieTcst 0000IIeHe METOAa KOHEYHOT'O COCTOSTHUS JIJIs Tep-
MUHAJIbHOTO yIIPaBJAeHUA HEJUHEHHBIMU CUCTEMaMU C Pa3pbiBaMU PElIeHnid.
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IlocTanoBka u pernieHue 3aaatu.

B nacrosimeii paboTe MeTOJ, KOHEYHOTO COCTOSTHUSI TTPUMEHEH I PelleHust
6oJ1ee 00IIIell, YeM HelPePbIBHO-IMCKPETHON 110 BPEMEHU 3aJiladll TePMUHAJILHOIO
yIIpaBJieHns 2], — 3ajadi TepMUHATBHOTO YIIPABJIEHHsI CHCTEMON C PA3pPhIBAMHE
perieHnii B CaeyIoNIeil IIOCTaHOBKE:

J = J(x(ty)) = J,
dx (t) — ®, (t,x(t—o)) + By (t) " U (t)a

2 (tj) = o (t; — 0,2 (t; — 0)) + Ba (t;) ua (¢;). (1)
t € [to,te], x(ty)=2", j=1,2,...,N,
<ty <...<tpn, tNgtf,

re uy (), ug (t;) — (r1 x 1), (rg X 1)-MepHbIe BEKTOPBI yIDPABJISIONINX BO3/1€li-
CTBHUI Ha HENpPepLIBHOM U JHMCKPeTHOM BXojax coorsercrento; 20 — (n x 1)-
MEpPHBIIT BEKTOp HavaJbHBIX YCJIOBHIL, J* — yKejgaeMoe 3HaYeHne TePMUHAJIbHOIO
Kpurepusi. I3BecTHble HAa BCEeM MHTEpBaJie JIETEPMUHUPOBAHHbIC BHEIIHUE BO3-
JIefiCTBHSA, IO TIPEJIINOJIOKEHIIO, BXOJIAT B HEIPEPLIBHYIO U HENPepbIBHO Judde-
PEHIIUPYEMY0 10 BCeM CBOMM apryMmeHTaM (1 X 1)-MepHYI0 BeKTOD-QYHKIIHIO
®; u ompeJe/IeHHYIO MPU BCEX CBOMX apryMeHtax (n X 1)-MepHyH BEKTOD-
dynxmuio Do .

[Tomobuast dopma 3armcu [3| rubpUIHBIX CHCTEM B BHJIE YPaBHEHHIT ¢ pa3pbl-
BaMU PEIIeHuil T03BOJISIET COOTBETCTBYIONUM BhiOOpoM P 1 P9 ommchiBaThH Kak
ancto HenpepbiBabie (pn o = 0, By = 0), 9UCTO JUCKPETHBIE C TPOM3BOJIb-
HBIM KOJINUYECTBOM ITE€PEMEHHBIX BO BPEMEHU TaKTOB U COOTHOIIEHU MEXKJ1y HUMMU
(mpu &1 =0, B; =0), Tak u cMmermanibie cucrembl. Mcnosb3oBanne B KauecTse
aprymenton dynxiuit @1, &y snauenus cocrosgnugd B Toukax t — 0, t; — 0, Te.
1pu 1pejesax cjieBa COOTBETCTBYIONIUX BPEMEH, IT03BOJISCT YUUTHIBATH BJIMAHIE
COCTOSIHUSI B IIPEJIIECTBYIONINI CKAYKy MOMEHT BpeMeHu. [Ipu ToM, 0ueBHIHO,
TOPSIJIOK 3AICH YpaBHeHuit B cucreme (1) MOKeT ObITh TTPOU3BOJIBHBII.

PaccmoTpum 1ocsieioBaTe/IbHO JIUCKPETHBIE NHTEPBAJIbl BPEMEHN U Ha, KazK-
JIOM U3 HUX HaiijleM HelpepbiBHOE yrpaBjeHue up (), HpUBOJsiiiee COCTOsTHUE
cucrembl (1) B HEKOTOPOE 3aJIAHHOE TIPOMEYKYTOTHOE COCTOSTHIE, 3a/IaBAEMOE 3Ha-
genneM J; = J (x (¢;)), rae j — HOMep JUCKPETHOro uHTepBasa. st sroro, ce-
Jlys OCHOBHOII CXeMe MeTO/[a KOHEIHOI'0 COCTOsIHMUS, OIPEJIeIUM TaK Ha3bIBAEMYIO
«KpuTepuabnyto pYHKIMIO» B BUJIE 11e/1eBOil (PYHKIIUN KPUTEPUs, IJIe apryMeHT
x (t;) 3aMeHeH IepeMeHHON KOHe4YHOro cocrosinust Z (t;,t,x (t)). Ilepemennas
KOHEYHOI'O COCTOSIHNYA BMECTe C HeJIMHENHON ITepeXoHOI MaTPUIleil OlpeIe/isieTcs
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COBMECTHOII cuCcTEMOM
dz (V,t,z (1))
di

=&, (0,2 (0, 8,2 (1)),

AW (9,t,2(t) 0%, (0,2)
dv Oz =z (9,t,2(t))
(VS [tj—la tj] , W (t, t, (x(t)) I, x (tj—17 ti—1,x (tj—l)) = (tj—l) , T € [tj—la tj) ,

(2)

W (9, t,x(t))

rae I — ejuHMYHAS MATPUIIA.

Onnpasich Ha HEIPEPBIBHBII aAHAJIOr ONIPeJIeICHUS IePEMEHHO KOHEYHOTO CO-
crosinust u3 (2) Kak penieHne HeynpasJsgeMoil cucreMbl, ciaeaytomeii uz (1) upu
u(t) = 0, uz(t;) = 0, oupeesuM HepeMEHHYI0 KOHEUHOIO COCTOSHUS JIJIst I'H-
OpuHOi cucTeMbl (1) Kak (DYHKIMIO EPBOTO apryMeHTa:

d (0, t, 2 (1))

) — @y (9,70 0,1,2.(1)
(L, t,x(t) = o (t; — 0,7 (t; — 0,1, 2 (1)), (3)
g€ [tt], 7 (tt,z(t) = (), j=1,2...,N,

t <ty <.. <tn, ty<ts t€ltoty].

OnpejiesiuM KejiaeMble 3HAYEHUsT KPpUTEPHaIbHON (DYHKIUKU B JIMCKPETHBIX
TOYKaX KakK pellleHne KOHeYHO-Pa3HOCTHOI'O ypaBHEHUs ¢ HEKOTOPOIl IpaBoil yac-

TbIO fjo:
Jj=fr(Jj1). (4)
[Tosty4uM KOHEUHO-PA3HOCTHOE YPaBHEeHHe JIjisl JIUCKpeTHOl YacTu 3a1a4n (1),
BBeJIsl JIJI KPATKOCTH 3alnceil 0603HaYeHns:
ti—0=7—-0, ©(t; —0,2) = Po(j—0,2), T(tj,tp,x(tr)) = Tk (x5),
By (t;) = Baj, us (tj) = ug;. Orciona nosydaem:

Tjj(xj) — Tjj-0(xj0) = Bojug;, j=1,2,...,N. (5)

B mostydeHHOM COOTHOIIEHUN MEPBBIil U BTOPOIl MHIEKCHI 3aBUCHMBI, YIIPAB-
JIEHUE OIPEJIC/ISeTCs depes3 TepeMeHHbIe KOHETHOTO COCTOSTHIUS KaK (DYHKIUI BTO-
poro aprymeHnTa (UHJIeKCa).

B pesysibraTe nmeeM B COKpaIeHHBIX 0003HAYeHNAX ¢ yaeToM (1):

T (2) = T (L, ty, @ (t5)) =
= O3 (Lj41-0,T (tjr1-0, 5,2 (1)) = L2 ( + 1 = 0,Zj11-0,5 (1)) -

[lepementast KOHETHOIO COCTOSIHUS Tj4+1—0,j () BBIYNCIISETCS 110 HEIIPEPBIB-

HOM 9acTu CHCTEMBI (3) IpH HAYATBHOM YCJIOBUH
i () = wj = ®o(j = 0,25-0) + Bajug; u U € [t,tj41).
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[Tomygaem:

Tjt1,j (%)) — Tjr1,j-0(Tj-0) =
= (I)Q (] + 1— O, (1321 (] — O, .CL’j_o) + BQjUQj) — (I)Q (] + 1— O, (I)Ql (] — 0, .Cl)j_o)) .
(6)
Z[JIH COKpalleH s IOCJIeYIOINX 3anuncen BBEJICM obo3HaUYCHUE:

k

By (1) = By (j, @1 (j = 1, P (= 2,... P (j —k+ 1L,2)))),  (7)

riae $y mMeer k peKypCUBHBIX BXOXKJICHUI, JTOMOJTHEHHBIX OlEPAINsIMUA HHTEIPH-
poBaHmst HepepbIBHOI YacTu cucteMbl (3). CBA3b MexK 1y TIyOnHOl pekypeun k
1 UHJIEKCOM j , KaK U B JUCKPETHOM CJIydae, 3ajaercs yeaosneM k < j. Hauais-
HBIM YCJIOBUEM PEKYPCHUH SBJISTETCSI CIDQ[;]] () = 9 (j,x) . B HOBBIX 0603HATCHUSIX
BMecTo (6) 3anuiiem:
Tjt1y (%) = Tjyrj-o(zj-0) =
1

1 . .
= Doy g (@21 (j = 0,250) + Bajugy) = By gy (Do (j = 0,250))

[Tocse npeobpazoBaHuil moJrydaem:

fr (jjfl) - J(fN,jfl (j-1) +
+®oy 41 (Po1 (7 — 0,35 -0) + Bajuiag) — Doy 1 (D1 (= 0,50)) ), ®
Jia=J(@nj (). fio (1) = T+ 75 (J5 = Jja) -
Hesnneitnoe koHewHoe ypaBHEHHE OTHOCHTEIBHO YIPABJIEHHS Ug; ypDaBHe-
Hue (8) u SABJSETCST T€M COOTHOIIEHHEM, U3 KOTOPOI'O ONPEJEeNsieTCsl MCKOMOe
yIIpaBJICHUE B JUCKPETHBIC MOMEHTBI BPEMEHH METOJ0M KOHEIHOI'O COCTOSTHUA JIJIs]
OlIpeJIe/ICHUs] YIIPABICHIA B KAy (bl JIMCKPETHBIH MOMEHT § HEOOXOIUMO PellaTh
CKaJIsIpHOE HeJIMHEeiHOe ypaBHEHHe C Ty HEM3BECTHBIMU (IO YHC/Ty KOMIIOHEHT
BEKTOPa Usp ), T.e. (DAKTUIECKH — T9-MEPHYIO 3a/la1y HEJUHEHHOrO IIPOrpaMMu-
POBAHUSI.
Takum 06pa3oM, pacuer HeIPEPLIBHOIO U JIUCKPETHOIO YIIPABJICHUH /I 3a-
madan (1) cocTouT u3 CJIeIyoIuX Maros:
1) sBajaloTcs UCXOJHBIE JaHHBIE B BHJIE [EPEMEHHBIX BO BpeMeHu (B 00IieMm
ciydae) BekTop-pynkuuit ®1, By, ®9, Bo, HauagbHOe cocTosnue r’, BpeMs
h <ty < ... < ty_1 < ty, Bpems PYHKIIMOHUPOBAHUS CUCTEMBbI ty =2 tn;
noJjiaraercd j = 1;
2) mposepsieTcs yeiaore j < N ec/ii yeJIOBUE BBIMOJHEHO, [ePexoj] K Imary 3,
B IIPOTUBHOM CJIydae HPOU3BOJUTCA PACUYET HEIPEPLIBHOIO YIIPABICHUS Ha, OCTAB-
nemcs unrepsaie (ty,ty];
3) IPOU3BOJUTCS PacHeT HEIPEPBHIBHOIO yIIPaBieHus Ha HHTepBae [tj_1,1;];
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4)  mpOU3BOJUTCS PACYET JIMCKPETHOO yIpaBJeHus 1o ajaroputmy (8); B 1mpo-
ecce pacdera UCIOJIb3YeTCsl IPOIElypa, Pealn3yolas PeKypPCUBHOE BJIOKEHNE
npasbix yacreii Py uCKpeTHON YacTy (3) 1 MHTErPUPOBAHNE HEIPEPHIBHO YacTH
(3) ma umnrepsase [t;j_1,t;]; mociae HOpMHPOBAHUA BCEX JIAHHBIX JJIA ypaBHe-
Hust (8) MPOM3BOJUTCS €r0 IHCACHHOE DEIICHHEe OTHOCHTEIBHO Ugj; IOJIAraeTes
7 =7+ 1 n ocymectBisgercd nepexoji K mary 2.

BriBopl.

1. Paspaborano 06o0IiieHne MeTojia KOHEUHbBIX COCTOSTHUIT JI/Isi CHHTe3a, yIIpaBJie-
HUI HEJIMHEHHBIMEI JUCKPETHBIME 110 BPEMEHH TePMUHAJILHBIMU CHCTEMaMI BHIA
(1) — nuckpernoe MKC-yupasJienue.

2. Ilosydena mojie/ib KOHEUHOT'O COCTOSIHUSI JJIsI CCTEM C Pa3pblBaMU PelleHni
Bt (1).
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Terminal management the nonlinear systems with the breaks of
decisions based on discrete terminal state method

Generalization of method of the terminal states offered for the synthesis of
managements multidimensional nonlinear discrete terminal systems. The model
of the terminal state, and algorithm of continuous and discrete management, is
described for the systems with the breaks of decisions.

Keywords: a terminal management, nonlinear systems with the breaks of
decisions, discrete terminal state method.
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I[TPOBJIEMA HACTYITHOCTI CYYACHOT
PIBUKO-MATEMATIYHOI OCBITU

CraTTs npucBgYeHa JOCIKEHHIO OCHOBHUAX MTPOOJIEM peaJrizariil IpUHIINITY HACTYITHOCTI y BU-
BUeHHI (Dizuku. Po3ryigHyTo MOXKINBOCTI 1X MO/I0/IaHHS Ha CyYaCHOMY eTalll PO3BUTKY CYCIIiIb-
cTBa. BuijieHoO OCHOBHI BUMOTH JI0 OpraHizallil JUCTaHIIHHOI OCBITH Ta MOCTAHOBKHU IIPOOJIEM.

KurodoBi cjioBa: ducmanuyiting oceima, HasuarsvHull npouec, c8idomMicms, 0cobucmicmo,
PO3BUMOK, HACMYNHICMD, PO3YMOEA LANGHICTID.

Beryn

Anastis pe3yabraTiB 30BHIIIHROIO HE3AJIEZKHOIO OIIHIOBAHHS 3 (PI3UKM Ta 3a-
rajibHa BiJICOTKOBa KIJIbKICTb 0ayKarounx pPo3rIgIaT Ppi3uKy sK BCTYIHUN icIIuT
CBIJIUNTH PO HU3BKUI PiBeHb (PI3MUHOI OCBITH BUIIYCKHUKIB IIKiJI. Bijibire To-
o, HU3bKUIT PiBEeHb aKTUBHOCTI NEPIIOKYPCHUKIB Ha 3aHATTAX 3 (DI3UKM CBIIUYUTH
PO HEOOXIJIHICTH JIOKOPIHHMUX 3MiH Y MIJIX0JIaX JI0 OTPUMAHHSI 3HaHb 13 3a3HaYEHOT
quctuiting. Cepeniit adiTypieHT, siKkuii He OTpUMaB JI0JIATKOBOI ITi/I'OTOBKU HA
Kypcax ab0 y NpUBATHIX BUKJIaJIAa4iB, JeMOHCTPYE He JIUIIE HEBMIHHS BUPIITyBaTH
¢iznaHi 3aBgaHHs Ha BCTYITHUX ICIIATAX, & i, BCTYIUBIIN JIO BUIIIOI'O HABYAJIbHOI'O
3aKJ/Ia/1y, JIEMOHCTPYE HEBMIHHA BUUTHCS Ha nepiomy Kypci. Le 3amy1ye Bukiaa-
JiB DaraTboX JUCIUTLIIH, BKIIOYAI0UN 1 Pi3uKy, ab0 3HUKYBATH BUMOTH 1 CITPUATH
oI IbIIII Jerpaialiil mpolecy HaBdaHH« 31 clieliaJIbHIX JUCIUILIIH, a00, IPOsB-
JIIOUM YKOPCTKICTh, CTABUTU HUBbKI OIIHKM 1 CHPUATA MacOBOMY BlJIpaxyBaHHIO
B2Ke IIiCJIs TepINoro ceMecTpy HaB4yaHHs. Tomy, Ha MeTi CTATTi € BCTAHOBJIEH-
Hsl OCHOBHUX NPUYMH 3HUKEHHsI PiBHsI 3HaHb 3 (PI3UKHU Ta PO3KPUTTS OCHOBHUX
IIJIAXIB 1X ITOJOJIAHHSI.

OcHOBHA 4YaCTHUHA

[Ipobsiema HactymHOCTi «1kosia — BH3» 3aBk/u MaJia Miciie Ta HaxKaJjib 3aB-
KM 1epedyBaJjia He Ha HEepIIoMy MICIi. 3 OIVISIIy Ha Hel HepIl 3a Bce JIOIIIbHO
3BEpPHYTH yBary Ha HEBIIIOBIIHICTH BUIIYCKHMX IIKIJIBHUX IPOIPaM 3 IPEIMETY
Ta IPOTrpaM BCTYIHUX ICIHUTIB A0 BUIIIB. TaKMM YMHOM MAEMO CIIPaBY 13 IOJIBIii-
HUM HaBaHTayKCHHSIM Ha, IIKOJIsIpa: No-nepuie — HeoOXIIHICTh BUBYATHU IIKIJIbHY
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Hporpamy, abu BiJOBiIaTH 11 BUMOraM, no-dpyze — roTyBaTUCs JI0 BCTYIIHUX BU-
npobysanb (B3HO) — HamaraTmcst KOMILIEKCHO CBIIOMO BiITBOPUTH CHCTEMY 3HAHD
3 mpeaMery. JlojlaTkoBe HaBaHTayKeHHs, HayKaJIb, Ma€ HEBEJUKUN KoeiIlieHT pe-
3yJIbTaTUBHOCTI.

3BazKaro4u Ha 11, IPOMIJIbHICTH CTAPIIIO] IKOJIM BUCTYIIAE €KCTPEHO HEeOOXi-
nuicTio. Bona 3abe3meunTh MOKINBICTE BITBHOTO BUOOPY OCOOMCTOCTI Y HAIIPAM-
Ky TIOJIaJIbIIToro HaBuaHHs. Haka b, Ha cydacHoMy eTarli MpodLIIoBaHHS CTAPIIIITX
kiaaciB 3OIII BinOyBaeTbCs Jiniiie BUOIPKOBO Ta He BUPIIIYE 3a3HAUEHO] IIPODJIeMH.

O iHMM i3 BapiaHTIB y BUPIIIEHHI 3a3HaYeHOI MPOOJIEMI TaKOXK MOXKE CTaTh
JcTaHIilina ocBiTa. [lepeBaramu jucTaHIiitHONO HABYAHHS HA CYy9aCHOMY €Talll
OCBITU BUCTYIAIOTh:

— IHuBIIyaJizallisg HaB4aJbHOIO IIPOIIECY,

— judbepeHIiialis miIxo/1iB 10 HaBYaHHSI,

— 0CODMCTICHO-OPIEHTOBAHMIT 111 J1X1 /1,

— mpakTuKa (J10CBif),

— MHIIBUIEHHS PiBHS CBIIOMOCTI,

— PO3IINPEHHSA MOXKJINBOCTEH CHJIKYBaHHA 3 paxiBIsAMH,

— CaMOBJIOCKOHAJIEHHsI CTYJEeHTIB 1 IieJlaroriB Ha OCHOBI 1HJIMBIJIyaJIbHO-
JbepeHITiioBaHOrO IT1IXO01Y.

Hucranniitia ocBiTa 3 (i3uKu € HOBOIO (OpMOI0 opranizaiil HapdaHnHs. [lo-
psi i3 11 mepeBaraMu MaeMo BiJI3HAYUTHU ITEBHI HeJIOJIKN, AKi CJIij] OpaTu JI0 yBaru
daxiBigm, abu He BTPATUTH IIHHOCTI HayKu (Pizukn y popMyBaHHI MiJIICHOT 0CO-
OMCTOCTI MIKOJIsIpA.

[TepcrieKTuBM pO3BUTKY JUCTAHIIITHOT (PI3UIHOT OCBITH TIOB’SI3aHI:

— 3 JI0OIpaIlOBAHHSM ICHYIOYOrO I CTBOPEHHSIM HOBOT'O IIPOI'PAMHOTO 3a0e3-
IevyeHHs,

— aJlallTalll€lo MeTOIMIHOr0 3a0e31eYeHHS 10 YMOB eKCILIyaTallil B eJIeKTPOH-
HIiT Mepexl,

— IOCTYTIOBUM CTBOPEHHSAM KYPCiB (DI3UKHN JjIsT PI3HUX CIIeNiabHOCTel,

— 3abe31eYeHHsIM HAa0THOCT, IIPOCTOTH Ta, 3MICTOBHOCTI BIpTyaJIbHOIO (i3nd-
HOT'O €KCIIEPUMEHTY,

— YITKOIO MOETAITHICTIO Y HABYAHHI BUPIIMIEHHIO (PI3UIHUX 3a/1ad,

— CHCTEMOIO BapiaTHBHOI'O KOHTPOJIIO Ta CAMOOIIHKHN 3HAHb,

— BaplaTUBHICTIO opraHizalil JUCTAHIIIHHOTO HaBYAHHI,

— BUBaXKEHUM IT1IX0/IOM JI0 HOPMYBaHHA HaBaHTaXKEHHS OCOOMCTOCTI,

— ONTUMI3aIlld PEXKUMY <«IIpalld — BLIIMIOYMHOK>.

Hose nporpamue 3abe3redenHts jjisi CaMOCTIfIHOrO HaBYaHHsSI B TOMY 9HCJI 1
B JIOMAIITHIX YMOBaX Ma€ 3aJI0BOJILHATHU IIJIKOM IEBHUM BUMOTaM, IO BPaXOBYE
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BC1 0COOJINBOCTI CaAMOCTIfIHOTO JUCTAHIIITHOTO HaB4YaHHs. BiazHaumMo HaiO1IbII
BasKJINBI:

x  EnizogmyHicTb KOHTAKTY 3 BHKJIAJadeM, X04a IePioJIrMdHICTh KOHTAKTiB
He HACTLIbKM MaJja, fK IIPU 3a09YHOMY HaBUaHHI, 1 MOXKe peryJioBaTUCS yUHEM
CaMOCTIITHO;

*x KopoTka TpuBaJicTh KOHTAKTY 3 BUKJAJa4deM, OCKIJIHKI BOHA BUMArae
HAABHOCTI MMEBHUX 30BHINTHIX YMOB, 30KpeMa, HagBHOCTI JIOCTYITY J10 [HTepHeT abo
1HIIIOT MepexKi, MaTepiaJbHUX pecypciB Ha 11 eKCILIyaTallilo, HasgBHOCTI pecypciB
Jacy y BUKJIaJlada-KOHCYJIbTaHTa 1 T. 1H.;

x  HeoOxijHicTb JI01ATKOBOI 1 HOCTIIHOI MOTHUBAIIII IIPOIECY CAMOCTIHOI PO-
OOTH y4Hs HAJ] HABYAJIBHIM MaTepiajioM (caM ydeHb 4acTO He MOYKe 3MYCUTH cebe
BYUTUCS 3 MAKCHMAJIbHOIO IHTEHCHBHICTIO MIPOTSTOM JIOCUTH JIOBIOTO Yacy);

x  HeoOxiiHICTH TOCTIHHOTO CAMOKOHTPOJIIO YUHS HaJI ITPOIECOM 3aCBOEHHS
MaTepliady.

[Iporpamue 3abe3medeHHsI IOBUHHO CTBOPIOBATHU B CTY/IEHTA, IO IIPAIIOE B aB-
TOHOMHOMY PEXKUMI, 1JIF03110 TIOCTIfIHOT TPUCYTHOCTI KBaJ1i(DiKOBAHOI'O BUKJ/Ia1a4a.
Binomo, 1o mpoTsirom 6aratbox pokiB (HABITH COTEHb POKIB) Tpa/uiiiina (hopma
HaBYaHHs (BUUTE/Ib B IPSMOMY KOHTAKTI 3 YUHEM) JIEMOHCTDYBaJIa HAfOLIbIIY
edpekTuBHIicTb. [Ipr pobOTI K i3 «BipTyaJbHIM» BHUKJ/aJadeM IIporpamMa Mae€ 3a-
OesredyBaTi IHTEHCUBHUIT 1 MaKCHMaJIbHO OJIM3bKHUiT (Ha CKIJIBKH 1€ MOXKJIMBO)
JIO TIPUPOJIHOTO PEYKUMY CIIJIKYBaHHA KOMIT'IOTepa 1 YIHS.

Ha croroani gqucranmiiine HaBYaHHA He € HACTLILKI MaCcOBOIO 1 BCEIIPOHMKHOIO,
K TOIO BUMAarae cydacHicTb. He Tak gaBHO AUCTAHIIITHOMY HaBYAHHIO ITPOPOKY-
BaJIl CBIT/JIe MallOyTHE, FOBOPUJIN, 1110 BOHO IOIIMPHUTLCA MaJIO He Ha BCl MIKOJIN
Ta BuIli. PeajbHiCcTh, 9K 3aBXK/1, BHECa KOPEKTUBH 1 BU3HAUMIA MICIle JUCTaH-
[ITHOrO HAaBYAHHS TaM, Jieé BOHO JIIIICHO JJOPEYHO 1 e(peKTUBHO.

JloBy3iBchbKa MiJITOTOBKA HABITH MPOTITOM OJHOTO POKY ICTOTHO KOMIIEHCYE
3a3HAvYCH] BUIIE HEraTHBHI TeHJEeHIiI, 60 4acTo 00japoBaHi JIITH HaBYAIOTHCS B
JIy2Ke BijgajeHnX KyTOodKax KpalHh 1 He MOXKYTb OTPUMATH TaKy IiJINOTOBKY B
ouniit popmi. [lo Toro x Gararo BullliB HpUiiMalOTh HA HaBYaHHs CTYIEHTIB i3
3apyOIKHUX KpalH, JIjId AKX MaloTh MicCIle 1 J0JIaTKOBI MOBHI TPY/THOIII.

OTt2ke, 115 IOBY31BCHKOT MIJIFOTOBKY caMe JIMCTaHIliiiHa (hopMa HABIaHHS Hece
HaOLIbIIII TOBUTUBHII eeKT.

HacrtynHnum acriekToMm 3a3HadeHol Ipod/IeMU BUCTYIIAE MIATPUMKA aKTHBHOCTI
IKOJIsipa Npu BuBYeHHI (izukn. TyT y HaArojai crae opranizallisi HaBYaHHA Ha
OCHOBI TIOCTAHOBKH ITPOOJIEMU: CTBOPEHHAM ITPOOJIEMHOT CUTYAITil Ta TTOCTaHOBKOIO
npobjieMHEX 3aja4. MoxKHa BHOKPEMHUTH KiJIbKa OCHOBHHUX CIIOCOOIB CTBOpPEHHS
MpPoOJIEMHO] CUTYyaIlil:
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®dizuka. Meronuka Bukaaganusa ¢izuku i actponomii B SOIII Ta BH3

1. Ormopa Ha »KUTTEBUIT JTOCBI/I.

2. CaMoOCTIitHI JTOCIIZKEHHSI.

3. Bupimennsa npobjieMHOTO TUTAHHS.

4.  CrBOpeHHsi HOMUJIKH (HABMIUCHO).

Takum 9HOM, BiJIOYBA€ThCSI aKTUBI3aIis pO3YMOBOI aKTHBHOCTI Ta, IIOIITYKOBOI
JISITBHOCTI 0OCOOMCTOCTI.

3a Takol oprafizalil HaBYAJILHOI JIisIbHOCTI HOBU3HA MaTepiajy 3a0e31edye
IpUBEPTaHHsI YBaru Ta 3alliKaBJIeHHs, 010 3MICTOBHICTb — 30y/2KYy€e iHTepec
3aBJIIK PO3KPUTTIO HAYKOBOI €MHOCTI, & 3HAYYIIMICTh — IIEPEKOHYE Yy HeoO-
XIJIHOCT1 Oro BUBYEHHSI BUXOJSIUM 3 HOro npodeciiinol miHHOCTI Ta JOIIJIbHOCTI
IPaKTUIHOIO BUKOPUCTAHHI.

BucaoBknu

[Ipobiema HacTymHOCTI (DI3MYIHOI OCBITH Ha, CHOI'OJIHI Ma€ Taki OCHOBHI Ha-
HPSIMKI TI0JI0JIaHHST: TPO(IIbHICTh HaBYaHHs, JUCTAHIIIHA OCBiTa Ta IpObJIeMHe
HaBYaHHsI. 3 ypaxXyBaHHSIM creliudikn opraHizalil HaBIaJabHOIro IpoIecy B obJa~
cTi izumuHOl ocBiTH Mae OyTH PO3pO0JIEHA CTPYKTYPa CUCTEMHU JUCTAHIIIHOIO
JizngHOl OCBITH, 110 3JaTHA MAaKCUMAaJIbHO BUKOPUCTATH JIOCBIJI, HAKOIIMYEHUN Y
BiOMUX TpajuiiitHux opmax HapdaHHs. Ha 0CHOBI 1Ip0o0/IEMHOIO HABYAHHSI Ma-
I0Th OyTH OpraHi30BaHi CaMOOCBITa OCOOMCTOCTI Ta 11 CAMOKOHTPOJIb JOCSATHEHbD.
Oprasnizarist 1poiJbHONO HaBYaHHs BUMAara€e OlJIbII JIeTaJIbHOIO BUBUEHHS 3 Me-
TOI0 3MIHHI IIiJIXOJIB J0 HOro opraxiszaiil Ta IiJBHIEeHHS e(DEKTUBHOCTI, IO €
METOIO TOJIAJIbINNX JIOC/IJIZKEHD.
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The problem of continuity of modern physics and mathematics

education

The article investigates the basic problems of the principle of continuity in the

study of physics. The possibilities to overcome the current development of society:.
The basic requirements of distance education and production problems.
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SACTOCYBAHHY ITEPECTAHOBOYHUIX IIOJITHOMIB B
KPUIITOT'PA®II

B pobori nojano orisiji pe3yJibTaTiB PO IMepecTaHOBOYHI MHOIOYJICHH, TOOTO PO TaKi MHOT'O-
WIEHU, JUIA SIKAX BiIOBiAHI mosiHOMiaJIbHI (DYHKINT € IepecTaHOBKAMKM MHOXKUHH €/IEMEHTIB
ckinyennoro nojig Iy, . Ilobynosani npuksiaayu nepecTaHoBOYHIX MHOI'OYJICHIB, OIUCaH] 1epclie-
KTUBHU 3aCTOCYBaHHS II€PECTAaHOBOYHUX JIBYUJIEHIB B Kpunrorpadii.

Kiro4oBi cjoBa: nepecmano8ouHi MHO204AEHU, CKIHYEHHT TOAA, KPUNMOPAPINHT Npo-
MOKONU.

Beryn

B cydacnomy indopmaliiitHoMy CyCHJILCTBI 3acobu 3axuctTy indopMarii Ta
crocobu foro 3j1aMy PO3BUBAIOTHCSI MOCTINHO. Lleit po3BUTOK HaBps 4du Oyie
KOJINCh 3aBEPIICHO y 3B’S3KYy 3 HOCTIfTHUM 30LJIBIICHHIM OOYUC/IIOBAJILHOI MO-
JKJIMBOCTI CydacHUX KOMIT IOTEPIB.

OiHi€ero 3 OCHOBHUX 33184, PO3B’A3yBaHUX B KpUITOrpadii, € 3a/1a9a MOCUIKN
IIOBIJIOMJIEHHSI 110 HE3aXUIIEHOMY KaHaJly 3B’si3Ky. Tpajuiiiiinnii crocid pos3s’s-
3aHHS JIAHOI 3a/adi MOoJIsATae Y BUKOPUCTAHHI cXeMU IMUQPYBAHHA 3 BIJIKPUTUM
KJIIOUeM, ijied KOl I'PYHTYETHCA Ha BUKOPUCTAHHI ITyOJivHOl PYHKINT /I -
dpyBaHHsg TOBIIOMJIEHD, IO TEPECUIAIOTHCS, Ta CEKPETHOT (DYHKINT It PO3IITH-
dpoBKH 1MOBiTOMIeHL. KpUIITOCTINKICTh TAKMX CXEeM 3aCHOBaHA Ha IPUITYIIEHHI
IIPO BEJINKY OOUNC/IIOBAJILHY CKJIaIHICTD 3a/1a4i o0epHeHHs PYHKITT Mg pyBaHHA
6e3 3HaHHSI CEKPETY, Ha OCHOBI AKOro JlaHa (PyHKIlis Oy/1a mody/oBaHa.

[Ipn mobymoBi Kpunrorpadidamx CHCTEM IHPOKe 3aCTOCYBaHHS OJIeprKa/In
TaK 3BaHl IIePeCTAHOBOYHI MHOTOYJICHN CKIHYEHHUX NoJIB [, aKl IHJIyKyIOTh Ie-
PECTaHOBKH €JIeMEHTIB CKiHYeHHOro 1moJig Fy 1, BiATaK, BiANOBIIAIOTH ejleMeHTaM
CUMETPUYHOI I'pyHnu S, , TOOTO IPylH BCIX IIJICTAHOBOK Ha MHOXKHUHI 3 ¢ eJe-
MEHTIB.
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[TepecTaHOBOYHUMU MHOTOUYJIEHAMU HA3UBAIOTHCsSI MHOI'OUIEHH, (PDYHKINT SIKUX
€ OiekIiero HaJl aHAII30BaHNM KijibiieM (1ojiem). [lepcriekTiBa BUKOpUCTAHHS Tie-
PeCTaHOBOYHMX MHOI'OYIEHIB Y KPUITOIPAMITHUX CXeMaX 3 BIAKPUTHM KJIIOUEM,
sIK KaHIMJaTiB Ha pojib MYHKINI mumdpyBaHHs, € OJHUM 13 T'OJIOBHUX CTHMYJIIB
PO3BUTKY Teopil TaKMX MHOrodJeHiB. MaremMaTndmi eJeMenTH Teopil rmepecTano-
BOYHUX MHOI'OYJIEHIB HaJl CKIHYEHHUMU TOJISIMU 1 1HJYKOBAHUMU HUMU T'pylHaMu
111 JICTAHOBOK 3HAXOAUTH 3aCTOCYBaHHS IPH MOOYI0BI OJIOUHUX KPUIITOCUCTEM JIJIsT
1epecTaHoBKH iH(OpMaIiiiHuX OJIOKIB ITOBIJIOMJIEHD, SIKi IIePeIaloThCsl.

B nanuit MoMeHT y camMoMy HommpeHoMy Kpurrorpadidnomy mporokosai RSA
3 BJIKPUTHUM KJIIOUEM B KOCTI MUMPYyoUnx (GyHKIINH BUKOPUCTOBYIOTHCS OJIHO-
qaenn. BuxkopucranHst OLIBII CKJIQJHUX I1€PECTAaHOBOYHUX MHOI'OUJIEHIB MOKe
M IBAIIATHA KPUITOCTIHKICTD TAKOTO MIPOTOKOY. ToMy 3a1ada JoC/TiIXKeHHs TITa-
HH$I 1IPO BJIACTMBOCTI 11€PECTAaHOBOYHNUX MHOI'OYJIEHIB HAJ| CKIHYEHUMHU IOJISIMU, 1
IUTAHHS MOXKJIMBOCTI 1X 3aCTOCYBaHHA B KpurTorpadii € Haa3BIYaiiHO BarKJINBOIO
1 aKTyaJIbHOIO.

IlepecTanoBoYHI MHOroO4WIeHU HAaJ| CKIHYeHHUMMU IIOJISIMU

Osznavenns 1. Muozousen f € Fylx] nasusaemoca nepecmanosounum mHoeo-
waeHom noas Iy, axwo eidnosiona tiomy noatmomianvra dynkuia f: Fy, — F,,
axa eidobpasicae esemenmu ¢ € F, 6 eaemenmu f(c) € F, e nepecmarosroro
eaemernmis noas Iy .

Brepiire nepectaHoBOYHI MHOIOYJIEHU 3rajyioThcsd B poborax Epwmirta i /likcoHa
[1], [2], 1e posrisganucs mpocTi CKiHUeHH] TOJIs.

Teopema 1. (Kpumepit Epmima). Hexati p — xapaxmepucmuka noss F, . Todi
muozounen f € F,lx] e nepecmanosourum mrozounerom noas Fy modi i mineru
modi, KoM BUKOHYWMBLCA HACMYNHL 061 YMOBU.:

1) wmmozousen f mae pierno odun kopine 6 Fy ;

2)  daa Koorcnozo uinoeo t maxozo, wo 1 <t < q¢—2 it # 0(mod p),
peayavmam 3eedenna mnozounena f(x)t sa modyaem x? — x Mmac cmeninw
d<qg—2.

OueBn/iHO, 110 gKIIO MHOTOWIEH f € Fy[z] € nepecTaHoBOYHIM MHOIOUIEHOM
nosst Fy, To ymoBa 2) Teopemnl. BUKOHYETbCA 1 Oe3 obmerkents ¢ # 0(mod p).
YmoBa xk 1) Moxke OyTu 3aMiHeHa HINOW0, HAIPUK/IAJ, sIK B HACTYIIHIN TeopeMmi.

Teopema 2. Hexati nose F, wmaec zapaxmepucmury p. Todi mnozounen
[ € Fylx] e nepecmanosounum mmozouserom noas Fy modi i misvku modi,
KOAU BUKOHYIOMBCA HACMYNHT YMOBU:
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IndopmaTuka Ta MeToanKa 11 BUKJIaJaHHS

1) wmmnozounen f(x)7 Y (mod (z¢ — x)) maec cmeniny ¢ — 1;
2)  Odaa dosiavrozo yinoeo t, de 1 <t < q—2 it # 0(mod p), mHozouren
f(z)'(mod (z? — x)) maec cmeniny d < q— 2.

JlexijibKa MPOCTUX MPUKJIAJIB MEePECTAHOBOUYHUX MHOIOYJICHIB MOYKHA OTPH-
MaTH 3a JIONOMOI'0OI0 HACTYITHUX eJIeMeHTapHuX pe3yabraTiB. CrovaTKy BKazKeMo
IPUKJIAH 1IePECTAHOBOYHUX MHOIOWICHIB HaJl Oy/lb-AKUMU HOIAME [y, .
Teopema 3.

1) Koowcnutdl ainitinutd mnozouaen nad nosem Fy e nepecmanosoumnum mmno-
2ovaerom noas Iy ;

2)  o0dnounen " € nepecmparosounuM MHo20AEHOM NoAs Fy modi i minv-
xu modi, koau HC(n,q —1)=1.

JloBeneHHs.

1) Jliniitauit Mmuorouien mae Buj ax + b. 3a kpurepiem Epwmira Bi € nepe-
CTAHOBOYIHIM.

2) OpmouneH x" € MEPeCTAHOBOYHUM MHOTOUJIEHOM IOJIs F, Topai 1 TinbKn
TOAI, Ko BifjoOpazkenns f :c — c", je ¢ € F, e BigoOpazkenus «Ha», a Iie Mae
micrie Tofi 1 Tinbku Toai, ko HC(n,g — 1) = 1. O

Teopema 4. Hexati I, — noae xapaxmepucmuku p. Todi p-mroeovien

m

L(z) = Zaixpi € F,|x]

1=0

€ NePECMAHOEOYHUM MHO20NAEHOM noas Fy, modi 1 misvku modi, xoau mro2o-
unen L(x) mae 6 noai Fy edunuii kopinow, pisnud 0.

Hosenennsi.  Oyukuia L :c— L(c), ne ¢ € F, e ninifinum oneparopom B F
(sikmit po3IVIsLIaeThCs SIK BeKTOpHNiT TpocTip Hax noeM F), ). Toxl Binobparkenus
L € B3aeMHO OJTHO3HAYHUM TOJI 1 TIIBKK TOJI, KoM MHOTOWIeH L(x) Mae B moJi
F, epunnit xopiub, axuil jopisuioe 0. O

[Hmmi npuKIa/an nepecTaHOBOYHIX MHOT'OYMJIEHIB MOYKHA, OTPUMATH, AKITO CKO-
pucTaTucd THM, 10 MHOXKIHA [TepeCTaHOBOYHIX MHOTOUJIEHIB 3aMKHEHA BIIHOCHO
orepariil kommnosurii (tobro, gkmo f(x) i g(x) — mepecTraHOBOYHI MHOTOUICHN
noist Fy, o f(g(x)) rakox e mepecranosounuM Muorowienom nosst Fy.) Kiac
MEPECTAHOBOYHNX MHOTOUJIEHIB, AKWIT OEPXKYEMO TIPU ITbOMY OIUCYETHCSA HACTY-
ITHOIO TEOPEMOIO.

Teopema 5. Hexati F, — ckinvenne nose, v € N, HCHA(r,q — 1) = 1 i ne-
zat s — dodamnit dinvruk wucaa q — 1. Hexad dani, g(x) € F,[x] — maxud
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MmHo20uAeH Had noaem Fy, wo mrozousen g(x®) He Mae HEHYALOSUL KOPEHIS 6
noai Fy. Todi mnozounen f(x) = a"(g(x*)) V5 ¢ nepecmanosounuum mmozo-
waernom noas Iy .

HoBenennsi.  [lokaxkemo, MO MHOTOYJIEH 3aJ0BOJIbHAE YMOBaM TeOpeMH 1.
Ymona 1) Bukonyerbest odeBuao. o6 goBectn ymoBy 2) mnokjiajgemo t € Z
1 <t<g—2 inpumycTuMo CrovaTKky, Mo t He JLINTbCd Ha §. BiamiTuMmo, 110
f(z)" npencraBiase cobol0 Cymy WICHIB, MOKAZHUKH CTEIEHIB SKNX MalOTh BHJL
rt+ms, ne m € Z im > 0. Tak axk HC/(r,s) = 1, 11l moKa3HUKN CTeIeHsI
He JIJIATbCd Ha S 1, 3HAUUTL He JiasaThed Ha ¢ — 1. Toxal creninb MHOrod/eHa
f(x)(mod (29 — x)) ne nepesumiye ¢ — 2. Jkmo ¢ AlIUTHCA Ha S, HAIPUKJIAJL
t=ks, e ke N, 10

fla)t = a"(g(a)) @D

x?”

t

Axmo npunycrurn h(x) = 2™, to tak gk g(c®) # 0 g Beix ¢ € F,, mn

orpumyemo, mo f(c)t = h(c); kpim Toro, f(0)' = h(0). Toni
f(2)" = 2" (mod (27 — z))

i Tak gk rt He gimthea na g— 1, muorownen f(z)'(mod (x9—x)) € MHorouseHOM
creriens He OLIBITIOrO HIXK ¢ — 2. O

[3 3ayBazkeHHsT 3p0o0JIeHOTO THicst TeopeMu 4, 30KpeMa, BHUILIUBAE, IO SIKITO
[ € F,x] — nepecranosounuit Muorousen nouss Fy i b,e,d € Fy, ¢ # 0,
10 fi(z) = c¢f(x + b) + d TakKOXK € MepecTaHOBOYHIM MHOTOUIEHOM oA Fy .
Bubupatouan BiIMOBIIHIM YHHOM KOHCTAHTH b, ¢, d MOYKHA OTPUMATH MHOI'OWJICH
fi(z) B mopmosawiit dopmi. Ocranne o3nadae, mo fi(r) € HOPMOBAHUM MHO-
rouwtenoM 1 npu npomy f1(0) = 0, i gkimo cremins n Muorowiena fi(x) mHe
"1 nopismioe 0.
TakuM 9auHOM, MOYXKHA OOMEXKHTHCS BUBUYEHHSIM HOPMOBAHWX IEPECTAHOBOTHIX

JUINTbCA Ha XapaKTepUCTHUKY Iosd [y, To KoedilieHT Ipu

mHorodjienos. Kopucryounch Kputepiem EpmiTa, MOXKHa OTpUMaTH BCl HOPMO-
BaHl TIePeCTAHOBOYHI MHOT'OYJIEHH JIOBLILHOIO (PIKCOBAHOTO CTEIEHS.
CropucTagMocst JIDYyIrUM KPHUTEPIEM JIJIsi TIEPEBIPKU T€PECTAHOBOTHOCTI MHO-
rouseHiB. BizbMeMoO KOHKpeTHI MPUKJIAIN: U1 € MePecTAaHOBOYHUMHI MHOTOYUJIEHH
2t + 1, 2 — 22 nax nonem Fy?
st oBeIeHHsT CKOPUCTAEMOCS KPHUTEPIEM I1epecTaHOBOYHOCTI, AKHUil OyB
chopMmyiboBaHmil y TeopeMi 2.. PosrisgHemMo crereni MHONOYIeHIB:

deg((z* + 1)*(mod (z° — 2))) = deg(32* + 1) = 2,
deg((2® — 22)*(mod (2* — 2))) = deg(2?) = 2,
YmoBa 1) TeopeMn 2 BUKOHYIOThCSI.
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[Iepesipumo apyry ymoBy: t =1
deg((z* 4+ 1)(mod (2* — 2))) = deg(2® + 1) = 2,
deg((x® — 22)*(mod (2 — z))) = deg(—z) = 1,

VMoBa 2) BUKOHYEThCs TLILKH JIJIst MHOIOYJIeHa, X — 22 . 3Ha4uTh MHOTOYJIeH
x® — 22 wHaj nojem Fy e nepecranosounuM. Muorowten z* + 1 najn notem Fi
— HeIlepecTaHOBOYHUIA.

OT2Ke, MHOZKIHA 11€PECTAHOBOYHNIX MHOTOWIEHIB Fy | CTEIIHDb AKUX MeHIIe ¢,
YTBOPIOIOTH I'PYIy BijiHOCHO omepariil kommo3sumil. g rpyma isomopdHa cumme-
TpUUHIl rpyli S, , TOOTO Pyl BCIX IepecTaHOBOK Ha MHOXKHUHI 3 ¢ €JIeMEHTIB.

TaxuM 4MHOM, CHMETPHUHY I'pyIy S,, IePeCTaHOBOK i IT HiArpynm MoykHa
IIOJATH Y BULJIAAL T'PYII I€PECTAHOBOYHIX MHOTI'OUJIEHIB.

OiepkaHmii pe3yabTaT cPoPMYJIFOEMO:

Teopema 6. dxwo ¢ > 2, mo mnozouser 12 pasom 3 AHITIHUMY MHO2OYUAEC-
namu nad nosem Fy nopodsicye cumempunny epyny nidcmanosox Sy .

3acTocyBaHHs IEPECTaAaHOBOYHUX ABYYJIEHIB B KpunTorpadil

B cydacHux KpunrocucreMax, a caMe y caMOMy MOIIMPEHOMY KpHunrorpadi-
qHOMY IPOTOKOJI RSA 3 BigkpuTuM KiodeM B SKOCTI mndpyooanx (GyHKI BI-
KOPUCTOBYIOTHCA OJHOWIEHN. BUKopucTanns OLIbIN CKIQJIHIX T€PEeCTAHOBOTHITX
MHOT'OYJIEHIB MOXKe TIJIBUIIUTHA KPUIITOCTIHKICTH TAKOro mpoTokosy. Ha choromi
3ajiada JIOCJIJIZKeHHsI TTUTaHHS 1IPO BJIACTUBOCTI IepecTaHOBAYHUX MHOIOYJIEHIB
Ha/| CKIHYEHUMHU TOJISIMU, 1 TUTaHHS MOYKJIMBOCTI IX 3aCTOCYBaHHS B KPUIITOIDa-
Pil € HaI3BUYAITHO BayKJIMBOIO 1 aKTyaJIbHOIO.

[TepecranoBodni JBYYJI€HU € OJHUMU 3 MPOCTUX 3a (POPMOIO MHOI'OUJIEHIB,
aJie TIpu IIbOMY X BJIACTUBOCTI TOTaHO BUBYeHi. Ha chorojusaimunii 1enb He icHye
KpUTEPito, KUl JI03BOJISIB OM Oy/lyBaTH BUIIQJIKOBI IIE€PECTAHOBOYHI JBYUJICHH,
HEMAE JIOCTATHBO BEJIMKUX Cepiii TAKUX JIBYYJIEHIB, & TAKOXK BIJICYTHI TOYHI OIIHKU
KLJILKOCTI IIepeCTaHOBOYHUX JIBYUJIEHIB.

B pobori [4] J0CTiKyOTBCS [IepecTaHOBOUHI  MHOTOWIeHH y  (opmi
2" (24~ V/?) nwax ckimvennuvu nonsvu F, ) ne d|(q— 1), 1 6yB oTpumanuit kpu-
Tepiil mepecTanoBOYHOTO MHOrOYIeHa y Takiit ¢popmi. [eit kpurepiit OyB 3rogom
crporreno y poborax [6], [7] mo mpuBeeHoro HuKe.

Teopema 7. Hexati d, r >0, d|(¢q—1) ma h(z) € Fyx.
Todi f(x) = a"h(x=V/?) ¢ nepecmanosavmum mmozounerom 6 F, modi i
MIALKU MOJL, KOAU BUKOHYIOMBCA 061 YMOBU:

1) ged(r, (¢ —1)/d) = 1;
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2)  2"h(x\ /) ¢ Giexyicro nad pg, de prg — mmodcuna Kopenic cmenensa
d i3 odunuyl 6 ckiuenomy noai Fy .

Y pasi MaJimxX 3HadeHb d, KpuTepiit Teopemu 1 € epeKTUBHUM, TaK SIK MOXKe
6yTu nepesipenuii 3a yac O(d%log p).

Y pobori [4] Takoxk 6ys10 I0BE/IEHO, 10 BCS MHOYKHUHA TAKIHX MHOTOYJIEHIB Y
ckinuenomy 1osti Fj, yTBODIOE IPYILy, HODSIIOK $IKOI [IPUBEJICHUI HUXKIE:

~1\" [q-1
Mg = <q7> ¢<QT)

e ¢(n) — dyukuis Eiinepa.

Byab-skuit nepecranopounnii gpyaien az”+Bx™ | e n < m MOKHA HOJATH
y Burvtsyi 27h(297 /) e d = ged(q—1, m—n) Ta h(z) = a+ pxdm—m/a=1)
Ile snaunThb, 1o Teopema 1 TaKoxK MOKe OyTH 3aCTOCOBAHA 1 J0 ABYUIEHA, 1, y
BUIIQJIKY MaJIMX 3HadeHb d, TaKa IepeBipKa SBIAEThCA ePeKTUBHOIO.

Y pobori [5] goBeneno, 1o, Ko aBywieH az” + Sx™ € rnepecTaHOBATHUM
HaJ| npoctuM noseM Fy, to ged(m —mn, p—1) > /p— 1 113 nporo ciig, 1mo
d<,p+1.

Teopema 8. dxwo x" + azx™ — nepecmanosaunut 08yuaer Had NPOCMUM NO-
aem Fy, modi ged(m —n, p—1) > /p—1.

Y poborti 5] BucyBaeThes rinoresa, mo d < 2log p, mepeBipeHo eKcIiepuMeH-
TajbHO g ycix 3uadenb p jo 10000. Ilepepaxosani B jtaHHiil poOOTi repecra-
HOBOYHI ABYYJ/IeHH JjId yCiX IPOCTUX cKinvenux nosis Fy, ge p < 15000, Takox
V3TO/ZKYIOTHCA 3 II€I0 TIMOTe3010. Y BUNAJKY BUKOHAHHS TINOTE3W, 3ajada Iie-
PEBIPKH 11ePECTAHOBOYHOCTI JIjIsT OY/Ib-sIKOTO JBYUJIEHA MOYKe OYTH PO3B’S3aHHI
epeKTUBHO 3a Yac O(log3 p), SKIINO peajizyBaTu KpUTepiii Teopemu 7.

Muorousienn y dpopwmi z" f (x(q_l)/ d) 3aMKHYT1 BIJJHOCHO ollepallll KOMITO3UIIIT
Juist pikcoBanoro d. I3 1mporo ciiimye, 1o MHOro4IeH 00epHeHnt J10 IepPecTaHOBO-
qnoro muorowiena y dopmi o f(27D/1) takok moxkna nogaTn y raxiii popui,
TaK AK OOepHEHWil MHOTOUJIEH NUK/IIYHOI IPYIIN, MOPOJIZKEHOI JaHol IepecTaHo-
BOUHMM MHOI'OYJICHOM BIJIHOCHO omepallil Kommosurii. Ha ocHoBi nporo morkna
3pOOUTH BUCHOBOK, 1110 KiJIbKICTH Y4JICHIB Y 3BOPOTHOMY MHOI'OUJIEHI HE TIEPEBUIILYE
ynciaa d. EdextuBauil criocid obunciieHHa KoedilieHTiB 3BOPOTHOTO MHOIOUJICHA
orpumManuii B pobori [8] i ckmauicTs fioro ckiaanae O(d?logp).

B pob6ori [9] 6yB sampornonoBanuii crnocid moOym0BH MEPECTAHOBOUHUX JIBY-
YJIEHIB HaJ[ CKIHYCHHUMHU IOJISIMU, 1110 Ja€ MOYKJIMBICTH IOOY/IyBaTH MOJIC/IbHUI
KpUInrTorpadigauii TpoTOKO 3 BUKOPUCTAHHSM JIBYYJIEHIB B IKOCTI MIMPYIOINX
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dyHKII, aHagoriaanit Kpunrorpadiaaomy mnporokosy RSA. s mepectanoBo-
qHuX ABywieHiB ax” + bx™ B [9] Oyi0 JoBeseHo, MO TaKHil MPOTOKOJI Oyjie
HEHa IITHUM, TOMY IO caM BuJ (PYHKIHT mudpyBaHHs J03BOJIsi€ PaKTOPU3yBaTH
MO/J1yJIb, 38 SKHM BUKOHYETHCS OOUYMCIEHHS, 1 depe3 Iie MPOTOKOJ CTa€ HeHa-
niitauM. I[[o cTocyeThcst BUKOPUCTaHHS B SIKOCTH (PYHKIUI M pyBaHHs OLJIBII
CKJIAJIHUX MHOTOUJIEHIB, 3a/UIAacThes Bigkputum. B [10] onncanuit asropur™ re-
peJIiKy, JOCHIJIZKEeHl BJIACTHUBOCTI IIepecTaHOBOYHNX MHOIOUJIEHIB MaJiol JOBXKUHI
HaJ IPOCTUMH CKIHYEeHHUMHU I0JIAMU, c(hOPMYJIbOBaHI Iiore3n Hnpo KJacudika-
III0 [IePeCTAaHOBOYHNUX MHOI'OYJIEHIB, SIKI MICTSIThL He OlL/IbIIe II'siTH JJIeHIB.

Bucaosknu

[TepecTanoBOYHI MHOTOWICHN HaJI CKIHIEHHUMI MOJISIMUA U KUIbIAME 7 /nZ
3aJIMIIAIOTHCS KaHIMIaTaMI Ha 3aCTOCYBaHHs 1X B SIKOCTI (DyHKIIIH mudpyBaHHs
TOMY, 110 OOYUC/IEHHS KOEMIIIEHTIB 3BOPOTHOIO IEPECTAHOBOYHOI'O MHOI'OUJICHA,
€ 004MCJIIOBAIBbHO CKJIQJHOIO 3ajadeto. IlepecTaHoBOUYHI JIBYUJIEHH € OJHUMU 3
IPOCTUX 3a (POPMOIO MHOTI'OUJICHIB, aJie 1X BUKOPUCTaHHS B AKOCTI (DYHKIIT ITHU-
dpyBanns B nporoko i RSA pobuts itoro nenaiiinum. MoxKauBo mimiiiyTs j1is
BUKOPHUCTAHHS II€PEeCTaHOBOYHI TPHOXUJIEHN, aJie JJIsd BUMAIKY CHJIBHUX IIPOCTUX
qUCcesT KJIac 1epecTaHOBOYHUX TPhOXUJIEHIB CUJIbHO oOMexkeHuit. KpiMm Toro moxkun
0 He iCHY€ KPUTEepito, KNl J03B0JIsAB OM OyyBaTH BUIAIKOBI IIEPECTAHOBOYHI
MHOI'OYJIEHN, HEMA€E JIOCTATHBO BEJIMKUX Ccepiii TaKuX MHOTOYJIEHIB, a TaKOXK BiJI-
CYTHI TOYHI OIIHKU KIJIbKOCTI TaKUX MHOT'OYJIEHIB.
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Application permutation polynomials in cryptography
This paper provides an overview of the results of permutation polynomials over

finite fields, ie these polynomials for which corresponding polynomial functions are
permutations of the set of elements of finite fields F,. An example of permutation
polynomials described prospects of permutation polynomials in cryptography.

Keywords: permutation polynomials, finite fields, cryptographic protocols.
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AJITOPUTM ®OPIA-OAJIKEPCOHA

B pobori naseneno peadtizariio merony Popa-Daskepcona Jjist 3HAXO/ZKEHHS MaKCUMAaIbHOTO
IIOTOKY Y TPAHCIOPTHIil Mepexki 3acobamu MmoBu niporpamyBanus Pascal. [[is peastizariii meTomy
Qopra-PasikepcoHa BUKOPUCTOBYETbCA METOJ, 00x0/1y rpada B TJIMOMHY, IO peasii3oBaHUil B
MOBI nporpamyBanus Pascal pekypciero.

Kuro4oBi ciioBa: pekypcis, 06xid 6 eaubuny, memod DPopda-Daskepcona

Beryn

B nmamr gac indopmMaliiitai TeXHOJI0r] 3aiiMaloTh OHe 3 HaflBayK/IUBIIINX MiCIlhb
y BCiX cdepax HAIOTo XKUTTHA. KoMIT'1oTepn 3acTOCOBYIOTHCS CKPi3h: B HABYAHHI, B
MEHEIPKMEHTI, B TOPTiBJIi, Ha BUPOOHUIITBI Ta B iHIINX BUJIAX JisJILHOCTI JIIOJIMHIA.
Ane dyHKIIOHYBaHHA OY/Ib-sIKOI'O KOMII' IOT€pa HEMOK/INBE 6€3 HeoOXiIHUX ITPO-
rpaM, a OTzKe 1 aJropuTMiB, Ha OCHOBI IKMX NMUINIYThCd TporpamMu. TakuM 4mHOM,
PI3HOMAHITHI aJIFOPUTMU IIIOJIHS JOIIOMAraloTh JIIOAMHI Y Pi3HUX cdepax JigIbHO-
cti. [ gedki 3 HUX BITPaIOTh JIy»Ke BarKJIUBY POJIb B PO3BUTKY JitojIcTBa. OTKe,
MUTaHHS aJrOPUTMIBAINT € JAy»Ke aKTyaJbHUME i TOTpedyloTh OaraTo yBaru Jjisd
10/1aJILINI0I PO3POOKHN aJTOPUTMIB Ta BJIOCKOHAJIEHHs ByKe icHytounx. [lops i3
UM, He MOKe 3aJIUIIAaTUCI OCTOPOHb, TAKOXK I IIpoIlec mporpaMyBaHHs, SIK OJINH
3 (byHIaMeHTaJIbHIX PO3/iJIiB iIHHOPMATUKI.

OjiHier0 3a Ba)KJIMBHUX 3aJlad, BUPIMIEHHS $IKOI JoloMara€ ONTHMI3YBaTH
TPAHCIOPTYBaHHs BAHTAXKIB, TTOOYI0BY HadTO-, BOJIO- Ta Ta30IIPOBO/IIB, TPOEKTY-
BaHHS €JIEKTPOMEPEXK € 3ajada MOIIyKy MaKCHMAaJJIbHOTO MOTOKY Mepexi. [l
BUPIIMIEHHSI SKOI 9aCTO BUKOPHUCTOBYETHCsT MeTo 1 Popaa-Pasikepcona. Aaropurm
peaJtizaliii SKoro, 3a JOIMOMOI'OI0 MeTOJIy O0XO[y B IVIMOWHY, MU 1 PO3IJITHEMO
OLJIBII JIeTaJILHO.

06 exmom JOCTIIZKEeHHSI € IOTOKU B TPAHCIIOPTHUX MeperkKax.

IIpedmemom OCTIIPKEHHS € MPOIeC 3HAXO/PKEHHS MaKCUMAaJIbHOI'O IIOTOKY Y
TPaHCIOPTHIN MepexKi 3a jjoromoroio ajgropurmy Popaa-Dankepcona.
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Memoro nocitimkenns € peaqizaliis agroputmy Popaa-Dasikepcona, 3a 1010-
MOTOI0 MeTOJIy 00X0jly rpada B IVIMONHY, MOBOIO TIporpaMyBaHHs Pascal.

OcHOBHA YaCTHUHA

Brepiire npobsiemu 1oB’si3aHi 3 TpaHCIOPTYBaHHsIM ITOTOKIB Y MepezKax OyJ/in
posrsgnyTi Kanroposuuem B 1933 pori. Bisbine Toro — BiH po3ruisijaB OiJbIil
3araJibHy 3a/1a4dy 3 PyXOM IOTOKY pijinH pizHux Tuiis. OcHOBU Teopil MOTOKIB OyJin
3aKJIaJleHl B 11epioj] 3 jiucToraia 1954 no rpyaens 1955 jgociiHuKaMu KOpriopaliil
RAND (Canra-Mounika, KaridopHist).

[Teprmmuit 3BiT «MakcumabHNT MOTIK B MepexKi» JaTyeThed 19 ymcromnaia
1954. Astopu 3BiTy — @oOpj i PayKepcoH, JIOBEIN TEOPeMy PO MaKCUMAaJIbHI
MOTIK 1 MIHIMAIBLHUI PO3PI3 JI/Id HeOPiEHTOBAHUX TI'padiB: 3HAUEHHS MaKCIMAJIb-
HOI'O TIOTOKY B MepexKi JIOPIBHIOE MIHIMaJIbHIil IPOITYCKHIN 3/1aTHOCTI PO3PI3Yy.
(Pospizom B Mepexki HazHBaeTHhCsT PO3OUTTS MHOKUHIE 11 BEpIINH Ha JIBa HElepe-
CIYHMX KJIACH, TaKUX IO JIZKEPeJsIo 1 CTIK JiexKaTh y pisHuX Kjaacax. [IpomyckHoro
3JIATHICTIO PO3pi3y HA3UBAETHCS CyMa MPOIYCKHUX CIIPOMOYKHOCTEH pebep, KiHIi
SIKIX JIeXKaTh B pisHuX Kjacax). Pobora @opja i PajkepcoHa Mpo MOTOKK 1 po3-
pisu [5| Oysra MoTHBOBaHA BUBYEHHSIM TPAHCIOPTHUX MEPEXK 3aJI3HUIb. Y TOMY
’K 3BITI BOHU TaKOXK OIHUCAJN IPOCTUN aJTOPUTM 3HAXO/ZKEHHS MaKCUMAaJIbHOT'O
IOTOKY JIJIsl ILJIaHAPHUX I'padiB, 10 BOJOIIIOTH TAKUMU J0JIaTKOBUM BJIACTUBO-
CTSIMU: TCJIsA JIOJIaBaHHS JYTH 3 JKepeJsia B CTIK I'pad 3aUIIAEThCs TIJIaHAPHUIM.

Y CBOEMY TEPIIOMY 3BiTI PO MaKcUMaJIbHi MoTokn, Pop 1 Paskepcon 3raia-
JIN, 10 3aJ1a9a PO MaKCUMAaJILHII MOTIK Oy/ia chopMyIboBana XappicoM HACTY-
nHuM guHOM: "Po3riisineMo TpaHCIOPTHY Meperky 3aJi3HUX JIOPIr, 10 3’€HYI0ThH
JIBa MicTa Uepe3 JlesdKe YHUCJI0 TPOMiKHUX MicT. Hexail TakoXK KoxKHa J0pora,
MO CIIOJIyYae JIBa MicTa, Ma€ JedKy MPOIYyCKHY 3JaTHICTh. HANTH MaKCHMAaJlb-
HUN TTOTIK B JIaHiil MepexKi, BPaXOBYIOUHW YMOBY KOHCEPBATHBHOCTI (TOOTO Jijist
OY/Ib-KOT0 TTPOMIZKHOI'O MiCTa BeJIMTYWMHA TTOTOKY, IO MPUHIILIa B MICTO JIOPIBHIOE
BeJINYMHI TTOTOKY 110 Buiinura 3 micra)". lisHime y cpolit kausi «[loroku B Me-
pexax» (1962), @opy i Pankepcon jgaan Oiabil TodHe HmocuaanHs: B 1955 pori
['appic, y cniBaBTOpCTBi 3 Poccom, cchopmysioBasm mpocTy Mojenb Jijis Tpadiky
B TPAHCIIOPTHUX MepeXKax, 1 pO3IJIsIAIN 110 3a/ady (Ipo MiHIMaJIbHUNA PO3pi3).
Moga ite mpo cekpetnnii 3BiT Xappica i Pocca «@ynmaMenTaabHIT METOT OITiH-
KI TIPOIYCKHUX CITPOMOXKHOCTEN TPAHCIIOPTHUX MEPEXK», TaTOBAHOMY 24 YKOBTHSI
1955, i npusnadenomy st BIIC CIA. Ha sigminy Bijg @opja i Pajikepcona,
HEeHTPaJIbHUM 3aBJIaHHsIM JJIsi Xappica i Pocca 0Oy/10 3aBiaHHs 1IPO MiHIMAaJIbLHMI
po3piz. A 11 3aCcTOCYBaHHSAM: 3HAXO/KEHHs CJIAOKNUX MiCIb y CHCTEMI 3a/Ii3HUIb

CPCP.
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(A came, MiHIMAJTBLHOMY DO3pPi3y TYT Bi/moBigae MiHiMagbHEN HAGIP TPAHCIOPT-
HIX NIAXIB, 3HAIEHH KO0 3aBIACTh KPUTUUHI TOMTKO/ZKEHHA TPAHCIIOPTHOMY
criostyaennio CPCP).

OCHOBHI TOHATTS

I'pacdbom G := (V, F) nasuBaeTbcs 00'€KT, sIKHUil 3aaHUil APOI0 MHOMKIH
(V,E), ne V. — muoxkuna Bepimm, £ C V x V — muoxuna pedep. ['pad
HA3UBAETHCSI CKIHYEHHUM, SIKIIO MHOXKUHI 010 BepIINH 1 pedep € CKIHYeHHUM.
Muoxkuny Bepiia rpacdy G nosnadaots V(G), a mHoxuay pedep — E(G).

Posrigiaors TakoxK opieHTOBaHI rpad.

OpienroBanum rpadom (oprpadom) nasupaerhest rpad G = (V, A), B
skoMy (v;,vj) — BIOpPsIKOBaHA 1apa, je V' — MHOKUHA BEPIINH , & eJIeMEeHTH
A nHazuBaTh dyeamu abo OPiEHTOBAHUMU pedpaMu.

Axmo (v, v;) = (vj,v;) To rpad — HeopieHTOBaHUIA, a eseMenTu E HasuBaro-
ThCsI pedpaMu.

[Ipu 300pakenHi opieHTOBaHIX rpadiB HAIIPSIMKI Pedep MO3HAYAI0THCSI CTPLI-
kamn. KoxkHomy HeopieHTOBaHOMY Trpady MOXKHA IMOCTABUTH Y BiJIOBIIHICTD
opieHTOBaHUII rpad 3 TIEI CaMO0 MHOXKIHOIO BEPIINH, B sIKiil KOXKHE pedpo 3aMi-
HEHO JIBOMa OPIEHTOBAHUMU pebpaMu, IO € IHIIJIEHTHUMI THM CAMIM BEPITHHAM
1 MalOTh 3BOPOTHI HAIIPSIMKH.

['pad G = (V, E) nasuBaeThcsi 3BaXKE€HUM, SIKIIO foro pebpa (myru) abo
BEPIIIHN MAIOTh JIOJATKOBI XapaKTepPUCTUIHI O3HAKH (Bary).

MepexKy MoxKHa MPEJCTABUTH K CUCTEMY, SdKa TPAHCIOPTYE JESTKWIl MPO-
JIYKT 3 0JiHi€l TouKM B iHmry. [luM 1npogyKToM MOXKYTH OYTH JIIO/IU, eJIeKTPOEeHED-
rist, HIpupoaHiil ra3, HadTa Ta baraTo iHmoro. BukopucToByoun Take IpeacTaBie-
HHST PO3IJISTHEMO MepPeXKy sIK OpieHTOBaHmil rpad, e KoKHOMY pebpy e = (v, u)
BiIMOBI A€ f0/1aTHe jiificHe 9ucyio ¢(e), sike HA3MBAEThCs TPOIMYCKHOO CITPOMO-
2KHICTIO pebpa e. ZKIno MiXK BepImHaMu HeMae pebpa, TO IIPOIYCKHA CIIPOMO-
JKHICTB JTopiBHIOE HYJII0. Takuil rpad He MOXKe MaTH MMeTelb, aJl7Ke PO3IIIAI0THCS
3aJ1a4i JIJIg TPAHCIOPTYBaHHs IIPOJYKTY TLIBKN MiK pisHEMHU BepiinHamu. HeoO-
XiJlHa yMOBa: Opi€HTOBaHUI I'pad MOBUHEH OYTH 3B’SI3HUM, aJI7Ke SKINO € MIIIX
3 S B t, TO Hac Oy/IyTh IIKABUTH TIIbKU KOMIIOHEHTH, AKi MICTATL § Ta t. Pos-
[JIAHEMO TaKOYK OCOOJIMBY BEPIIUHY S, siKa HA3UBAETLCS JI2KE€PEeJJIOM, — CTEliHb
saxo/ty B Hel jopisaioe 0 (d7(S) = 0), a TakoXK BepiiuHy f, sIKa HA3HBAETHCS
CTOKOM, — CTelliHb Buxoy 3 Hel jopisuioe Takox 0 (d(T) = 0).

Mepexa — 1ie opienroanuii rpad G = (V, E) pa3som 3 Barooio (hyHKIHE0O
c: E — R" 7a Bumisennvu BeprimHamu s Ta ¢, takumu mo df(s) = 0 Ta

d(t) =0.
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Jlist kKOoyKHOTO pebpa e posristHeMo 3HadeHHs GyHKIil f(e), sike BU3HAUAE
MOTIK uepe3 1e pedpo. 3Po3yMijio, IO BeJNYnHa [OTOKY B pedpl He MOXKe Iie-
PEBUIIYBATHU IIPOIYCKHY CIIPOMOYKHICTH 1IbOro pedpa. Takoxk OyaeMo BUMAarari,
00 IOTIK, KU 3aXOJUTh Y BEPINMHY JIOPIBHIOBAB IIOTOKY, SIKUII BUXOAUTH 3
BEPIIIHI.

Hexait S — migmuoxknua muoxkunu sepiima V' orta T = V'\ S Toxi muoxnua
P={e:e€(S,T)} nasusaerbcs pospizom. dAkio s € S rta t €T, 10 po3pi3
Ha3MBa€eThCst § — ¢ pospizom [1,2.4].

3HaX0KEeHHsST MaKCUMAaJILHOTO IIOTOKY y TPAHCIIOPTHIil Mepexi 3a J10-
nmomoroio ajaroputMmy Popaa-PaakepcoHa.

[nest anropurmy [3| mossirae B HacrymnHomy. Mu Bubupaemo Takuii msix Bij
JIZKepesia, 10 CTOKY, 00 JIJIsi KOYKHOIO pedpa 3aJUITKOBA MPOIMYCKHA 3JIaTHICTD
Oysa crporo Oinbine Hysd. [Ipu mpomy pedpa Ha JaHOMY NLIAXY MOXKYTb ITPOXO-
JINTHCS 9K Y MPIMOMY, TaK 1 B 3BOPOTHOMY HalpsiMKy. Bubupaemo MmiHimMaJibHe
3HAYEHHS cepejl 3aJIMINKOBUX MPOIMYCKHIX CITPOMOXKHOCTEN pedep JAHOrO ILIAXY.
301TBITyeMO TIOTIK Ha KOXKHOMY 3 pebep JaHoro MuIsdxy Ha obpaHe MiHiMaJib-
He 3HadeHHd. Jlaji mykaemo HacTylHMN aHasjoriyuuii nuisx. Pobora aaropurmy
IPOJIOBYKYETHCA JIO THX TP, OKU BJIAETHCA 3HAXOAUTH JIaHi Miaxu. Bigpasy Bij-
3HAYNMO, IO JAHWI aJrOPUTM BiTHOCUTHCA JI0 KJIACy HeJeTePMIHOBAHWIX, TOOTO
KOKEH HACTYIIHHUIT KPOK aJIFOPUTMY BH3HAUEHO HEOIHO3HAUHO. | 1ac poboTn (Kijib-
KIiCTh KPOKIB) aJrOpUTMY 3aJI€2KUTDh Bijl TOTO, SIK OY/IyTh BUOMPATUCS KPOKH.

Anropurm @opja-daakepcona:

1. ITpupisuioemo 1o mysst Bei noroku. Ve(v;,v;) € £ f(e) = 0. Banumkosa
MeperKa CIoYaTKy 30ira€ThCsd 3 BUXIJIHOIO MEPEeKelo;

2. Y BaJIMIIKOBOI MepexKi 3HaXOJAUMO OyJIb-aKUil MIIgX 3 JKepesia S Yy CTiK
t. dyru sxoro 3a10BoibHSI0TH YMOBL f(v;,vj) < c(v;,v). Aximo rakoro
HLJIAXY HEMag, TO MOTIK Y MepekKl MaKCUMaJIbHUIL;

3. Ilyckaemo depes 3Haiijienuii misix (BiH HA3UBAETHCsT 30LIBITYBAJIBLHUM IILIsI-
XOM) MaKCHMaJIbHO MOKJIMBHiT TOTIK;

4. Ha sHaiijleHOMY HIJISIXY B 3aJUIITKOBIl Mepe:Ki IyKaemMo pedpo 3 MiHIMaJslb-
HOIO TIPOIYCKHOIO 31aTHICTIO Chyip ;

5. s xkoxkHoro pebpa Ha 3HalijieHOMY TLIAXY 301abinyemMo 1MoTiK Ha Chup,, &
B TIPOTUJIEKHOMY flomy — 3MmeHITyeMo Ha Chip ;

6. Momudikyemo 3auIKoBy Mepexy. /s Bcix pebep Ha 3HAIICHOMY ILISIXY, a
TAKOXK JIJIsT ITPOTUJIEYKHUX IM pedep, 00UNCIIOEMO HOBY TTPOITYCKHY 3/aTHICTD.
AKio HOBa MpoIycKHA 3JATHICTH HE JOPIBHIOE HYJIIO, JIOJAEMO Pedpo 10
3aJIMIITKOBOI MepexKi, a SKIIO JIOPIBHIOE HYJIIO, CTUPAEMO HOT0;

7. IloBepTaemocs Ha KpOK 2.
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BazkmmBo Te, 10 aJropuTM He KOHKPETU3Yye, AKUil caMe MIJIAX MU IIyKAaEMO Ha
Kportii 2 abo sSIK MU 11e poOUMO. 3 i€l NPUYNHE aJIrOPUTM FapaHTOBAHO CXOINTHCS
TIJILKI JIJIs1 HIJINX ITPOIYCKHIX CIIPOMOYKHOCTE, aJjie HaBITh JJII HUX ITPU BEJIMKNX
3HAUYEHHAX IPOIYCKHUX CIIPOMOYKHOCTEH BIH MOXKe IIpaIfoBaTH JyrKe JIOBrO abo
30BCIM He IMPUBECTH 0 ONTUMAJLHOIO PIIMICHHSI.

Peanizamnia asgropurmy ®Popaa-PajikepcoHa MOBOIO NporpaMyBaHHS
Pascal.

Anropurm @opiia-Pasikepcona B rackasii MOKHA peasisyBaTh depe3 MOIyK B
IMOMHY abo depes MoIIyK B mupuny. Mu peasiizyemo 1eit aaroputM depes moIrykK
B IVTUOWHY.

Bxiganvu nanuMu Oyjie MacuB SIKUiT BU3HAYAE TTPOIYCKHY 3JaTHICTH KOYKHOT
JIyTH, SKINO JYTHU He icHye 11 MpoIycKHa 3/JaTHICTh JopiBHIOE HY/I0. OCKIILKI B
TPAHCIIOPTHIN MepexKi He MoyKe OyTH IeTesb 1 JYyT'M He MOXKYTb BECTH Ha3a/l B
JIZKepeJIio, Ta Ha3aJl 31 CTOKY TO IporpaMa He BUMAra€ iX BBO/LY.

PesynbraToMm 1iiel mporpamu Oyjie Iucjio sike Oyjie JOPIBHIOBATH MaKCHMaJIb-
HOMY IIOTOKY B MepexKi.
program FordFulkerson;

uses crt;

const maxv=10; //kijbKicTh BepiH rpady

var k,Cmin,Fmax,i,j:integer;

graph: array [1..maxv, 1..maxv| of integer; //rpad 3amanuit MmacuBom

visited: array |1..maxv| of integer; //macus BijBiganux BepuH

pathv: array|l..maxv| of integer; //macuB BepiiuH, 0 BXOASTH Y

30LIBITYBAHUMN TIIISTX

pathe: array|l..maxv-1] of integer; //MacuB mpormycKHOT CIIPOMOZKHOCTI pebep,

ITI0 BXOJISITH Y 30LIBITYBAHUI MIISIX
procedure aff(v: integer);

var 1: integer;

begin

visited|v]:=1;
pathv[k|:=v;
for i := 1 to maxv do if (graph|v,i|>0) and (visited[i]=0) then //mrykaemo
BEPITUHU JIJIsA 301/ILIITYBAHOTO MIISIXY
begin
k:=k-+1;
aff(i);
end;
if v=1 then exit;
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if (v>1) and (v<maxv) then
begin
for i:=1 to k-1 do visited[pathv]i|]:=0;
visited|v]:=1;
for i:= 1 to maxv do pathvl[i]:=0;
for i:=1 to maxv-1 do patheli]:=0;

k:=1;

vi=1;

aff(1);
end;

if v=maxv then
begin
for i:=1 to k-1 do patheli|:=graph|pathvli|,pathv|i+1]];
Cmin:=pathe[1];
for i:=1 to k-1 do if Cmin>patheli] then Cmin:=patheli[;
if Cmin=0 then exit;
Fmax:=Fmax+Cmin;
for i:=1 to k-1 do
begin
graph|pathvli],pathv|[i+1]|:=graph|pathv]i],pathv|i+1]]-Cmin;
graph|pathv(i+1]|,pathvli]|:=graph|pathv[i+1],pathv]i]] + Cmin;
end;
writeln;
write('Bigsinani Beprmunam: ’);
for i:=1 to k do write(pathvl[i],” 7);
writeln("Makcenmasnpanit motik B ganomy nuisxy - ,Cmin);
for i:=1 to maxv do
begin
graphli,1]:=0;
graph|maxv,i|:=0;
end;
writeln("MoudikoBanuii rpad’);
for i:=1 to maxv do
begin
for j:=1 to maxv do write(graphli,j|, > ’);
writeln;
end;
for i:=1 to maxv-1 do pathel[i]:=0;
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for i:=1 to maxv do pathv]i]:=0;
k:=1;
for i:=1 to maxv do visited[i]:=0;
aff(1);
end;
end;
procedure vvod;
var 1,j:integer;
begin
for i:=1 to maxv do for j:=1 to maxv do graphli,j|:=0;
for i:=1 to maxv-1 do
for j:=2 to maxv do
if i<>j then
begin
write(’BeeaiTh mpornyckHy 3paTHiCTb jyru, 0 - SKIO YT HEMAE
(’717’777-].77) - 7)7
readIn(graphli,j]);
end;
writeln('Tlouarkosuii rpad’);
for i:=1 to maxv do
begin
for j:=1 to maxv do write(graphli,j|, > ’);
writeln;
end;
end;
begin
clrser;
k:=1;
vvod;
aff(1);
writeln;
writeln(’Makcumanpauit motik B Mepexi - ', Fmax);
readIn();
end.
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BucunoBkn

B npejcrasiieniit poboti posrisgascs ajqroputmoMm @Dopja-Pajkepcona Ta
floro BukopucraHHg Ha npaxTuii. Ha ocHOBI 1boro ajaropurmy OYJIO CKJIajle-
HO MporpamMy IMOIIYKY MaKCHUMaJbHOTO MOTOKY B MepexKi. OTpumani pesyibTarn
JTOCJTJIZKEHHS, 30KpeMa Po3po0JIeHy MporpaMy MOXKHA BUKOPUCTOBYBATH JIJIsI BU-
BUEHHsI T€OPil aJIrOPUTMIB, ITOOYI0BH IIPOI'PaM 3 BUKOPUCTAHHSIM PEKYPCil, TAKOXK
MOZKHa 32CTOCOBYBATH MPOTPAMU JIJIs PO3PAXYHKY MaKCUMAJILHOTO MTOTOKY B Me-
pexkax. Pobota OyJie KoprcHa CTyjieHTaM ITPU BUBUYEHHI JMCKPETHOI MAaTeMaTHKA,
abo 1HpOpPMATHKIY.
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Ford—Fulkerson algorithm

Realization of Ford-Fulkerson method for finding maximum flow in
transportational network by means of Pascal programming language is considered
in the work. Depth-first search method, which is realized in Pascal programming
language by a recursion is used for implementation of Ford-Fulkerson method.

Keywords: recursion, depth-first search method, Ford-Fulkerson method.
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AHAJII3
CYYACHUX OIIEPAIIIMTHNX CUCTEM
HA ITPUKJIAJI OCTAHHIX BEPCI WINDOWS TA LINUX.

Y cTaTTi BUCBIT/IIEHO (PYHKIIIOHYBaHHS Ta €(PeKTUBHICTH HANHOBININX Ha JIAHUN Yac Olepariiii-
HUX cHCTeM, a came octanHix Bepciit Windows ta Linux. PosrigmyTo J101i1bHICT BUKOPUCTAHHS
onepamiitaux cucrem Linux Mint 17.2 «Rafaela» Cinnamon ta Windows 10, BKa3aHO mepeBaru
Ta, HEJIOJIIKNA KOXKHOI.

Kumrouosi cioBa: onepauiting cucmema, Windows, Linux.

Beryn

B cyuyacHOMYy CyCHJIBCTBI OJIHI€I0 3 HaMOLIBII aKTyaJIbHUX IIpodJieM € ede-
KTHUBHE BUKOPUCTAHHS iHMOpMALIiHIX TexHOoJoriii. [le 3yMOBIeHO MIBUIKUM PO3-
BUTKOM 1HMOPMAIIHHUX TEXHOJIOTIMN, 10 XapaKTEePU3YEThCs 3MIHOI TEXHITHIX
3acobiB, MeTO/IiB Ta cdep IX 3acTocyBaHHs. BUKoprucTaHHs KOMII' IOTEPHOI TEXHi-
KI B yCiX cdepax >KUTTSI CYCIJIbCTBA HMPU3BOJAUTDH JI0 BUCHOBKY, IO KYJILTYpPa
CIJIKYBaHHs 3 OOYMC/IIOBAJILHOIO TEXHIKOIO CTa€ OJHUM 13 OCHOBHHX €JIEMEHTIB
3arajbHOI KyJIbTYpH JIFOJAMHI. B ¢BOIO Yepry 3HaHHsI Ta YMIHHS IIPaIfOBATH 3 Olle-
PaIitHOIO CUCTEMOTO € 000B’SI3KOBUM €JIEMEHTOM CITLJIKYBAaHHS 3 KOMIT IOTEPOM, 110
3a0e31edye YCIIHICTh KOPUCTYBAHHS CYYaCHOK KOMII IOTEPHOIO TEXHIKO0.[5]

Metoro craTTi € JoC/iJIZKEeHHsT Ta MOPIBHIHHS XapaKTepUCTHK OlepalliiiHuX
cucrem Linux Mint 17.2 «Rafaelay Cinnamon ta Windows 10.

Pizni aciekTn podotu orneparniitanx cucreM Linux Ta Windows jgocipKyBain
H. Ilerpenn «Windows n Linux: uro 6e3omnacuee?», S. Quandt «Linux and Wi-
ndows security compareds. 3okpema Oe31ocepeHbO TOPIBHIOBAJIN Y CBOIX pobOTax
nani onepariitai cucremu M. demujgoB «Menssem Windows na Linuxs, I. Cyxos
«Yro ayume, Linux wim Windows?»
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OcHOBHA 4YacCTHHA.

CyuacHa orepaliiifHa cucrema siBjisie coO0I0 CKJIAIHNNI KOMILIEKC IPOIPaMHUIX
3ac00iB, MO 3a0e3MedyI0Th KOPUCTyBada He TIIbKW CTaHIapTH30BaHOIO CHCTe-
MOIO BBeJIEHHSI-BUBEJIeHHsI iHpopMallil Ta CHCTEMOIO YIIpaB/IiHHA, ajie il cIpoIye
poboTy 3 KomIl'torepoM. B Harmiit poboTi Mu po3rJIssHEMO Ta IIOPIBHIEMO XapaKTe-
PUCTUKYU HaHOLIBIN TOMYJIIPHUX Ha CbOTOJIHI Bepciii orepaliiinnx cucreM Linux
ta Windows — Linux Mint 17.2 «Rafaelay Cinnamon ta Windows 10.

ocmynnicms

Linux Mint 17.2 «Rafaelas Cinnamon — npakTudHo OE3KOIITOBHA CHCTEMA.
Jlinensis J103BOJIsi€ He TIMBKKM KOIIOBATH 1 nommpioBaTn soft, a i HajgaoThesd
BUXI1JIHI TEKCTH.

Pospobunku Windows 10 HaroJonymoTh, 110 OCTaHHS Bepcist abCOII0OTHO Oe3-
KOIIITOBHA, aJje »K 106 obHoBuTu csiit KoM 'torep jgo Windows 10 HeoOXijgHO
crovaTky BecranoBuTH Hajinosind Bepcil Windows 7 abo Windows 8 (mina B YKpa-
iHi mpub3HO 3788 TpH. ).

Cucmemni sumoau
Linux Mint 17.2 «Rafaelay Cinnamon:
DVD-npusos nian USB-topT;
Oneparusna nam’sth: 512MB (pekomenayerbest 1GB);
Huckoswuit mpocrip: 9GB (pekomenyernest 20GB);
Expan: 800 x 600 .

Windows 10:
e [Iporecop abo cucrema Ha 4Kl 3 MiHIMAJILHOIO TaKTOBOIO YacToToro 1 I'T'm;
e OneparuBha nam’sith: 1 I'B (s 32-pospsanol Bepcii) abo 2 I'B (s 64-

PO3psATHOT Bepcil);

e Jluckosuii mipoctip: 16 I'B (ms 32-pospsiaol Bepcil) abo 20 I'B (ms 64-
pO3psATHOT Bepcii);

e Expan: 800 x 600.

Incmaansauia OC

Yeranoska Linuxz Mint 17.2 «Rafaelas Cinnamon He BUKINKAE BEJINKOI
CKJIAIHOCTI. [I MOJKHA BCTAHOBHUTH, SIK IOBHICTIO 3aMiHHBIIM OYyib-fIKYy BEPCiiO
Windows, Tak i napajensno 3 Windows. Takoxk Linux Mint 17.2 «Rafaelas
Cinnamon jy2»ke 1ipocto BctaHoBuTu Ha USB-HakommayBad ado 1epeHoCHmil xKopc-
TRuil guck. [1]

Onosutuch 10 Windows 10 moxKHa 0Oe3mocepeHbo 3 T'oJIOBHOrO caiity Mi-
crosoft, aJie Ipu yMOBI IonepeIHbO BCTAHOBJIEHOT Ha KOMII'IOTeP OCTaHHBOI Bepcil
Windows 7 abo Windows 8. Kpim Toro, »kojHa Bepciss Windows He repejidayae
ycraHoBKy Ha USB-makonndaysad abo 1mepeHOCHU KOPCTKUM JUCK.
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Be3nexa

s Linux Mint 17.2 «Rafaela» Cinnamon npaxtudno He icaye BipyciB. o
TOT'O 2K 3aBXKJIM MOXKHa, OOMEXKUTHCsT YCTaHOBKOIO IIporpam i3 Software center, e
BOHH IIepeBIpeHi 1 CTOBIICOTKOBO «UHCT1».

Kopucryrouncsy Windows 10 moykHa TiJIXONUTH BEINKY KLUIHKICTDH BipYyCiB,
ToMy Tpeba OaraTto yBarm MpWIISTH HAABHOCTI Ta epeKTUBHOCTI aHTUBIPYCHUX
porpa. 4]

I'pagiuna oboaornka

B Linux Mint 17.2 «Rafaelay Cinnamon nie rpadiuna obosorka Cinnamon,
sika 3acHoBaHa Ha cepenoBuii GNOME. Bona akTuBHO PO3BUBaETLCSI PO3PO-
orukamu Linux Mint. [ligrpumye raiiaiar sikon (doro memae B Windows) ta
BipTyaJ/ibHi poboui crosim. Tail/liHr BIKOH — IPYHTYEThCSI Ha 1J1€l, 10 1 KOHCOJIbHA
yTHIITa screen abo JIBOXIIAHEIbHI TailJIoBI MeHeIKepU — PO3IIEILIIOBaHHI eKpaHy
Ha PsJi He3aIeKHUX 00/1acTell, B KOXKHIM 3 SIKUX JIOKAJI3YETbCs BIKHO 13 3aIryIie-
HUM y HbOMY JtogaTKy. Y Cinnamon MOXKJIHBOCTI TailJliHra OLIBIN MIUPII, BiKHA
MOYKH& PO3MIIIYyBATH, sIK Ha MiBEKpaHy, Tak i HA 9BepTh. [2]

['pacdiuna obosionka Windows 10 - 1e mochb cepeigHe MixK IrpadidHoro 000-
smoukoio Windows 7 i Windows 8. Hapemri Oysm peanizoBani y Windows 10
BipTyasibHi pobodi crosu (B Linux BoHM 3'BUJINCH BXKE JaBHO). 3aBJsIKH Iiii
PYHKIT PO3POOHMKYN TOBHOIIIHHO BUKOPHUCTOBYIOTH BC1 MOYKJIMBOCTI OaraTosijiep-
HUX IIPOIECOPIB Ta 3axUINAlOTh HAC BiJl TaK 3BaHUX <«3aBHUCaHby». fIKINO siKach
nporpama TmokaszaJja nomMusiky, a Windows mepecraB BiJIIIOBIIaTH Ha 3allUTH —
IIPOCTO IEPEKJIIOUIThC Ha, IHIINI poOOUMil ¢TI ClleliaJbHOK KHOIKOIO, siKa 3Ha-
XoJauThest Oiist KHONKKM «IIycks. Y Windows 10 moBepHy/n c/laBHO3BICHE MEHIO
«[Tyck», gKOTO Tak HE BUCTAYAJO MPAKTHIHO BCIM, XTO INOIHO BCTAHOBHUB CODI
Windows 8 micjist 6araropiunoro kopucrypanasg Windows 7. Temnep BoHo B co0i
o0’ejiHy€e, OKpiM cTaHJIapTHUX (YHKINM, siki Oyam B Hboro y Windows 7, 1me i
nesiki gynkmil i3 Windows 8.

YnisepcaavHicms

Linux Mint 17.2 «Rafaelay Cinnamon npusnadena jmte s [TK.

Windows 10 BcTaHOBIIIOETHCA Ha OLIBIIT IMUPIIAI CIEKTD IMPUCTPOIB, Ha BijI-
MiHy Bij roniepeiaix Bepciit miel OC. VY 4nc/io mux npucTpoiB BXOJSTh He TiIbKH
ITK, sHoyTOyKu, 11aniieTu, aje it cMapTdOHN Ta TeJaeBI30PH.

Hagegemo mie meqxi Biaminnocti mixk Linux Mint 17.2 «Rafaelay Cinnamon
ta Windows 10:

Linux Mint 17.2 «Rafaela» Cinnamon npucToiiHO NpAaIioe ojipa3y IMic/Is yeTa-
HoBKU. ¥ Windows 10 TakoxK ojpasy, aBTOMATUIHO, BCTAHOBJIIOIOTHCSI aDCOJIIOTHO
Bci spaiieepa st [IK (mopiBHstHO 13 motiepeiHiMu Bepcisivm).
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Windows 10 norpebye 3Ha4UHY KiJIbKICTh PecypciB, mnopiBastHO 3 Linux Mint
17.2 «Rafaelas Cinnamon, 1mo € MeHIII BUMOIVIHBOIO 10 pecypci Bamoro TIK.

st NIpUXMIBHUKIB KOMIT IOTEPHUX ITPAIOK, 0€3yMOBHO, OLIBIN OarKaHO BU-
kopuctanug Windows 10. Cranpaptai irpu Windows 10 BpakaloTh pizHOMaHI-
THiCTIO, Ha BiaMminy B Linux Mint 17.2 «Rafaelay Cinnamon.

ye sickpaBa Ta He3BWYalina BiAMIHHICTH — 1ie nosgBa y Windows 10 Taxkux
dyukuiit sik Cortana Ta Windows Hello.

Windows Hello — 11e 6ijbin mepcoHaJizoBaHmii criocid BXOAY [0 BalluX PH-
crpoiB 13 Windows 10 3a jomomoroi ojiHOro morjsjy ado gaoTuky. Ilpucrpol
Surface Pro 4, Surface Book i Ginbmiicts KoMmI'toTepiB i3 ckaHepamu BiJOUTKIB
naJibIiB yzke rorosi g0 Bukopuctanus Windows Hello, a nezabapom Oyje Buiry-
IIEHO 1HIII MPHUCTPOI, SIKI 3MOKYTh PO3I3HABATU Ballle OOJUYUs Ta Pailgy KHY
obostonky. ¥ pozjiii Windows Hello BijiobparkarumyThest napameTpu posiisHa-
BaHHs 00JIMYYs, BIIOUTKIB NaJbIIB ad0 pailly?KHol 000JIOHKHU, AKIIO KOMII IOTep
OCHAINEHN CKaHEePOM BLJIOMTKIB MAJIBIIB ab0 KaMepolo, sika MiATPUMYE ITI0 (DyH-
kiito. [licsst HajamryBanHs (DyHKIT BU 3MOXKeTe YBIfiTH 3a JOIIOMOI'0IO IIBHIKOIO
IIPOBEJICHHS TaJIbIIeM abo IOTJIsILy.

Cortana — 1e ocobuctuii nomiuank Ha [IK. Crnodarky OyJio 3alporoHOBaHO
kopuctyBadaM Windows Phone a Tenep i Windows 10. I e He npocTo ocodbuctuii
MOMIYHUK. Y JIOBIOCTPOKOBIi ITePCIEKTUBI 11 MOYKJINBICTH CTBOPUTH TEPITY KOH-
TEKCTHY OIepalliifHy cucTemy, sdKa 3Ha€ Bac Tak JoOpe, 0 MOXKe CIPOTHO3YBaTH
Ballly IIOBEIiHKY 1 JOIIOMOI'T BUKOHATH IIOTPiOHI 3aBnaHHs. Bupdatoun Baii yio-
nobannst, Cortana Hajae KOPUCHI peKOMEHIallil, IMIBUIKII JOCTYII J10 iH(QOopMAaILil
1 BayKJIMBl Hara/lyBaHHSI.

Haiibinpm yrikagasnunii actiekt Cortana — ocobuctictb. Tax y Balloro momi-
JHUKa Oy/Ie I'0JIOC PeasibHOI 0cOOMCTOCTI. Y HBbOI'O OyJe CBiil XapakTep i IoBeJIiHKA,
sIK1 peTesibHO MpolipaliboBaHo. Cortana po3ymHa, BlIeBHEHa B cobi 1 BipHa - 1 came
Il SIKOCT1 BUSBJISIFOTHCS IIPH CIIJIKYBAHHI [OJIOCOM, Y JIPYKOBaHUX dpa3ax i B Ma-
Hepi MOBEJIIHKN aHIMOBAHOI'O MOMIYHUKA. 3 ypaxyBaHHAM IILOTO OYB CTBOPEHMI
peaJibHUIT clieHapiii B3aeMo/Iil, o3ByUeHMil mpodeciiiHoo akTpuco. Bin BKIIO-
ya€ TUCSYl BiIOBiIell Ha pisHi muTaHHs, 1 3aBAgKu X BapiabenbHocTi, Cortana
CHPUIIMAEThCA sIK 3BUYAiHA JIIOJAUHA, & HE IPOCTO POOOT 3 3alporpaMOBAaHUMMU
Binnosigsamu. Cortana 3apa3 gocrynna y Windows 10 e B CIITA, Criosrydeno-
my Kopomisersi, Kural, ®pamnrii, Itanii, Himeuunni ta Icnanii. Asie po3pobHukn
IIPOrHO3YIOTH 11 1osiBY 1 B YKpaii. [3]

B Linuxz Mint 17.2 «Rafaela» Cinnamon takux GyHKII HeMae 1 B HalOIMK-
qnii gac He Iepe10aIacThCsl.
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BucunoBkn
st BusHaUYeHHSA ePeKTUBHOCTI BUKOPUCTAHHSI KOPUCTYBaUeM CyYaCHUX OIle-

pamiitiux cucrem Oysio nopiBasgHo Linux Mint 17.2 «Rafaelay Cinnamon ta Wi-
ndows 10. ¥V npomeci nopiBugaHs Oya0 BusHadeno, mo Windows 10 — Oibim
CIIO/I00AETHCST JIIOJISIM, SIKUM TIOTPiOeH MyJbTUMe/IiiHuil eHTp (My3uKa, KiHo, 1H-
TepHeT, irpu) i THM, KoMy TiKaBi cy9acHi TeXHOJIOTI,

Linux Mint 17.2 «Rafaela» Cinnamon, - mHaiikpaluii BapiaHT /I HaBUaH-
Hsi Ta cepsepis. [Ipodecionasu (mporpamicTu, Xakepu, CHCTEMHI aJMiHICTpaTOPH )
JIIOOJISITH 1[I0 CUCTEMY 3a BUCOKY I'HYYKICTb 1 Ha IHHICTS.

TakuMm 9MHOM, y KOXKHOI 3 IPEJACTABJIEHUX CHUCTEM € SIK CBOI CHJIbHI, Tak i
cabKi cTopoHH, 1 Ha tuTaHH, 1o Buoparu: Linux Mint 17.2 «Rafaelay Cinnamon
1 Windows 10, ojHO3HATHOI BiAIIOBI/II HeMae 1 OyTH He MOyKe — BCe BUBHAYAETHCA
norpedaMn KOHKpeTHOI Jiojuun. Ll cucremu gay»ke pisHi 1 HMiAXOJAATH I pi3Hi
oTped.
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Analysis on current operating systems based on recent versions of
Windows and Linux.

In the article the functioning and efficiency of the latest currently operati-
ng systems, such as the latest versions of Windows and Linux is reported. The
feasibility of using operating systems Linux Mint 17.2 «Rafaela» Cinnamon and
Windows 10 is considered, the advantages and disadvantages of each are stated.
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BUKOPUCTAHHA XMAPHIX TEXHOJIOI'TII B
®OPMYBAHHI CAMOOCBITHLOI KOMIIETEHTHOCTI
MAWBYTHIX VUUTEJIIB

CydgacHuit BUATE b BiJIIOBIAHO 10 KOHIENIIT iHGOPMAaIifHOIO CYCIiIbCTBa TOBHHEH BOJIOIITH

CaMOOCBITHBOIO KOMIIETEHTHICTIO, fKa J03BOJIA€ OYTU (haxiBIeM TPOTATOM BCi€l mpodeciitnol -

syibHOCTI. DOpMyBaHHSA CAMOOCBITHBOT KOMIIETEHTHI € CKJIaIHU 1 OaraTorpanHuil Mporec Kt

HEOOXiTHO YHOPSA/IKYBATH Ta IMPUCKOPUTH IILJISXOM 3aCTOCYBaHHS XMAPHUX TEXHOJIOTIH.
Kuaro4oBi ciioBa: camoocsimus KoMnemenmHicms, TMAPHLE MeTHOA02TE

Beryn

[ndopmaruszaris cycrnijbeTBa Oe3mocepeHLO BIUIMBAE i Ha iHdopMaTns3a-
1[I0 OCBITH, YCIIIIHICTh SIKOI BU3HAYAETHCsI OararbMa, YMHHUKAMU, OJIHUM 3 SAKHX
€ TOTOBHICTH CYO'€KTIB OCBITHBOI JIislILHOCTI JIO BUKOPHCTaHHSA iH(OpPMaIiiiHO-
komynikamniitaux Texuosoriit (IKT). Iudopwmariiiiai TexHosoril, siK ojiHa 3 Hal1-
HAMITHUX TaJj1y3eil JII0AChKOl AisIbHOCTI ChOTO/ICHHS TIOTPE0YE TOCTIHHOTO OHOBJIC-
HHS 3HaHb Ta HAOYTTS HOBUX Yepe3 MOABY HOBUX TexHoJoriit. Ocranne MOK/INBe
TLIBKN TIPU HAABHOCTI c(DOPMOBAHOI CAMOOCBITHBOI KOMIIETEHTHOCTI, sIKa, B CBOIO
Jepry, MOBUHHA OYTH TiCHO TIOB’g3aHa 3 MUPOKUM BUKOPUCTAHHAM iH(MOpMAaIiiiHO-
KOMYHIKaI[IiHUX TEeXHOJIOT1IA.

Cyuachi iH@OpMaIliliHl TEXHOJIOTII CIHUPaIOThCs, B OLIBINOCTI BUITQJIKIB, Ha
BUKOPUCTAHHS KOMII IOTEPHUX MEPEYKEBUX TEXHOJIOT1, 30KpeMa Haby Il TOIyJIsIp-
HOCTI XMapHi TEXHOJIOTIT Yepe3 HU3KY CBOIX IiepeBar K TO: MOCTiiiHa JOCTYIHICTD,
yHidikoBaHuii inTepdeiic, BiikpuTi dpopmaTu aiiiiB, HEBUMOTJINBICTD JI0 KJIEHT-
cbkol JactuHu. Li mepeBarn BUSIBIJINCH KOPUCHUMHU ITPW BUKOPUCTAHHI XMapPHIX
TEXHOJIOTII B OCBITHIHl JisJIHOCTI, & OTKe, fI B eJeKTpOHHOMY HaB4YaHHi. Tum
He MEHIII, 3aJUIIaeThCs MpodIeMa MEeTOUIHOrO HAIIOBHEHHS MEXaHi3MiB BHKO-
pUCTaHHS XMapHUX TEXHOJIOTi B CAMOOCBITHIN JIisSJILHOCTI MaiiOyTHIX yUUTEIB,
PO3IJISL], PIBHUX acleKTiB (pbopMyBaHHsI CAMOOCBITHBOI KOMIIETEHTHOCTI 3aC00aMM
IKT Ta mpobiema B3aeMo1il XMAapPHUX TEXHOJIOTIH 1 KJIACUIHUX OCBITHIX TEXHOJIO-
riit B 3mimaniii ¢popmi HaBUAHHSI.

© @enopenko O.I'., Beanuko K.B., 2016
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[Ipobsiema indopmaTuzalil OCBITH B CyJaCHHUX JOCJIXKEHHSIX IIPeJICTaBie-
Ha JIOCUTH IIMPOKO, ajie OCHOBU iH(OpMaTH3allil OCBITH Oy/M 3aKJjajleHi B Ipa-
11X B. Bukosa, B. I'epmiyncekoro, A. €pmosa, M. 2Kastaka, B. [3Bo3unkosa,
Y. Kiapka, K. Kosina, M. Jlamauka, FO. Mamb6ung, B. Monaxosa, 1. ITignacoro,
€. Ilosar, FO. Pamcbkoro, I. Pooept, I'. Ceneka, O. Cuipina, H. Taymsinoi Ta
in. IIuranusM Teopil BUKOpHUCTaHHS XMapHUX TEXHOJIOTINH B OCBITHIN isIJTBHOCTI
zaiimasinch Taki Bueni, sk B. Buxkos, H. Mopae, 3. Ceitnamerosa, C. Cemepikos,
O. Cuipin, M. [unmkina, R. Griffith ta in. I[lutannsa dopMyBaHHsI caMOOCBITHBOT
koMmIterenTHOCTI posrugnaan A. ['pommesa, I'. Komkacoiposa, 1. Jlepuep, 1. Ha-
ymuenko, B. Paiicbknii, M. Ckarkin, I'. Cyxobcbka Ta in. OiHaK, 3a/IUIIacThCs He
BUBYEHOIO MTPOOIeMa BUKOPUCTAHHS XMapHUX TEXHOJIOTiH B opraHi3allil Ta mpoBe-
JIEHHI caMOOCBITHBOI JiSILHOCTI MallOYTHIX yIUTEIB.

Memoro docaidoiceritis € BUBIEHHST MOYKJINBOCTEl 32CTOCYBaHHSI XMaPHUX TEX-
HOJIOTIHt B CAMOOCBITHIH JIAIbHOCTI MaltOYTHIX YIUTE B,

OcHOBHA 4YacCTHUHA

XMapHi TeXHOJIOrT — I1e TeXHOJIOrT 00pOOKM JaHUX, B SIKUX KOMII FOTEPHI pe-
cypcu HaJlaloThes [HTepHeT-KopucTyBadeBi sik oHJjaliH-cepic. CJ10BO «XMapay B
JIAHOMY BHITQJIKY ITPUCYTHS K MeTadopa, 110 yocoOJIIoE CKIIHY iHPPaCTPYKTY-
py, siKa MPUXOBYE 3a coOO0 Bei TexHiuHi fgerasi. 3rigao gokymenranii IEEE (Insti-
tute of Electrical and Electronics Engineer), xmapsi TexuoJiorii — e «mapajurma,
siKa TI0CTiiTHO 30epirae i KOpucTyBada ingopmallifo Ha iHTepHeT-cepBepax i Jiu-
IIe TEMYACOBO KEIIYeThCsl Ha, CTOPOHI KOpucryBaday. Lle MoKyTh OyTH He TiIbKN
cTallloHapHI KOMII' FOT€pHI cucTeMu, a il HoyTOyKu, ILIaHIIeTn, cMapTdOHM 1 T.iH.

3.CeitmameroBa, E. AbastinMoBa Ta iH. 10 IepeBar BUKOPUCTAHHS XMapHIX
TEXHOJIOTI{I B OCBITHI JistibHOCTI BijHOCATD |2, €. 84]:

MiHIMaJIbHI BUMOTH J0 alapaTHOI'0 3a0e311eYeHHs;
BIJICYTHE clieliaJibHe IIporpaMHe 3a0e311edeHHsl;

[

[

e peaJizallid Ha BCiX 0€3 BUHATKY ILJIaT(HOpPMax;

® MOXKJIMBICTH BUKOPHUCTAHHST MOOLTBHUX TPUCTPOIB;
[

3MEHIIIEHHs] BUTPAT Ha alapaTHe Ta IIporpaMHe 3a0e3ledeHHs

3 10sIBOI0 XMaPHUX TEXHOJIOTIi 3MIHIOETHCSI i HAIIPSIMOK 1H(DOPMATU3AIIIT OCBI-
. Tak, Hanpukiaj, B. BukoB 3a3Havae, 10 3 MOSBOIO XMapHUX TEXHOJIOTI
HOBUHHO HAOYTH BiJIIIOBIIHOTO PO3BUTKY 3aKOHOABYO-IIPABOBE Ta HOPMATUBHO-
iHCTPYKTHBHE 3a0e31eueHHs iH(opMaTu3allil ocBiTH 1 HayKu, HeoOXiJHO BUKOHA~
TH HayKOBI JIOCJIJIZKCHHSI, PE3YJbTaTH sIKUX yTBOPATH HEOOXITHUI IICUXOJIOTO-
nejaroriyHnii pyHJIaMeHT CydacHOro ertaly iHdgopMmaTusallil ocBiTH Ha 3acajiax

98 36ipHUK HayKOBHUX Ipalb (izuko-mareMaTudHoro dakyaprery LJIITY



Penopenko O.I., Bemnuako K.B. Buropucranus xmMapHUX TEXHOJIOT1H

KOHTIIENIIT xMapHux TexHosoriit [1]. Takuit HanpsiMox mogasbiol inhopMaTu3arii
OCBITH OB’ si3aHUIT TaKOK 31 3MIHOIO IIPIOPUTETIB ITiITOTOBKK MailOyTHIX YIUTEJIB.
Yepes nocTiitHe OHOBJICHHSI TEXHOJIOTINT HEMOXKJIMBO IMiArOTYyBaTH (haxXiBld sIKMil
Ma€ JIMIIe 3HaHHsI, HeOOXI/IHO MiAroTyBaTu (haxiBllsg KMl Ma€ BMiHHSI BUUTHUCDH,
10, B CBOIO 4YepTy, € IPIMHUM HACJJIKOM CaMOOCBITHBOI KOMIIETEHTHOCTI.

3 TOYKHU 30py 9acoBOI JIOKaJI3allil caMOOCBITa 3/1iICHIOETHCA B pOOOUNit 1 Bijib-
HUl 9ac; 3a CHPAMOBAHICTIO BUILIAETHCA Tpodeciiina Ta 3arajJbHOPO3BUBAIOYA
CaMOOCBITa; 3a IIJIbOBUM KPUTEPIEM CAMOOCBITHS JIsSIbHICTD MOYKEe OYTU OPIEHTO-
BaHa Ha mpodeciiiHe Ta 3araJbHOKY/JIbTYPHE 3POCTaHHS. 3MICTOBHUM KPHUTEPIEM
KJiacudikaliil caMOOCBITHBOI JIisl/IbHOCTI MOXKYThb OYyTH MOTHUBH, IHTE€pPECU, IIOTpe-
Ou, IMIHHICH]I Opi€HTAallil, YCTAHOBKH, IIO3MIIl TOIIO.

[Ipornosyioun mepexij Bif 3HAHHS PO CaAMOOCBITHIO AJIbHICTL 1O BMIHB
CaMOOCBITHBOI JIISIJIbHOCTI MOYKHa& TOBOPUTU IIPO CAMOOCBITHIO KOMIIETEHTHICTD.
dopmyBaHHS CAMOOCBITHBHOT KOMIIETEHTHOCTI € CKJIaJIHIM 1 ODaraTorpaHiuM Ipo-
eCOM SIKUIT BU3HAYAETHCS CTPYKTYPOIO CAMOOCBITHBOT KOMITeTeHIi [3]:

® MOTHUBAIIITHO-IIIHHICHMII;

e opramizamiiinmii;

® IIpolecyabHO-1HPOPMaIIHHMIT;
® KOHTPOJbHO-PedIEKCUBHUII.

dopmyBaHHSA KOXKHOTO 3 KOMIIOHEHTIB CAMOOCBITHBOI KOMITETEHTHOCTI TTE€PE/I-
Oauae neBHuUil HAOIP MeToMiB fforo dopmyBanHs. OTKe, rOBOPsYM PO MOTUBA-
HIITHO-IIHHICHUIT KOMIIOHEHT, B paMKaX HaIIIOro JIOCI1I?KEeHHS, CJI1J TOBOPUTHU IIPO
IIUPOKE Ta BUIIpaBIaHe BUKOPUCTAHHS XMapHUX TEXHOJIOTI B MO€JHaHHI 3 Tpa-
JAIMIRHIMI MeTogaMi HaBYaHHsA. Bukopucranis XMapHIX TEXHOJIOTIN B ayuTOP-
HOMY HaBYaHHI CTUMYJIIO€ MaflOyTHIX YIUTEJIB JI0 aKTUBHOI'O Or0 BUKOPUCTAHHS
it B caMOOCBITHIIl JisIJILHOCTI, a sIKICHe BUKOPUCTAHHS XMapHUX TEXHOJIOTI — J10
CTBOPEHHS IEBHOI'O PIBHS HIHHOCTEH SKICHUX €JIEKTPOHHUX OCBITHIX PECypCIB.

OprasxizaniiiHnii KOMIIOHEHT CaMOOCBITHBOI JIislJIbHOCTI MOKe OyTu chopMoBa-
HUM He TIJIbKHM YITKICTIO Ta OJIHO3HAYHICTIO Pe3y/IbTaTiB poboTH iH(OpMalliiitHO-
KOMYHIKaIIiHUX TeXHOJIONil, a i1 cleliaJbHUMK J0JaTKaMi OpraHi3alill Ta Iljia-
HyBaHHsI POOOYOro, B HAIIIOMY BHIIAJIKY, HaBYaJIbHOIO dacy.

[IponecyasibHO-iHMOpMAalIiHIIT KOMIIOHEHT BiJI caMOT'0 IOYaTKYy II00YI0Ba~
HUil Ha 1HGOPMAIIITHO-KOMYHIKAIIHHIX TEXHOJIOTIAX, K CTBOPEHUX JIIOJICTBOM
3acobax TPUCKOPEHHsT i CIpoIeHHsd 1H(QOPMAIHOT Tid/JILHOCTI, Ta XMapPHUX
TEXHOJIOTNSIX sIK yHipiKoBaHUX 3acobax cydacHuxX iH(OpMaIiiiHIX TEeXHOJIOTi.
A oTrke, IPAMIM HACJIJIKOM IX BHKOPHUCTAHHS € cOPMOBAHUII IPOIECyaTbHO-
iHopMaIiitHIil KOMITOHEHT.
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KonTpoJ/ibHO-pedIeKCUBHIN KOMIIOHEHT CaMOOCBITHBOI KOMIIETEHTHOCTI CJIijI
dopMyBaTu yepe3 XMapHi TEXHOJIOTIl OH-JIafiH TecTyBaHHsI, PO3POOKH ITi/ICYyMKO-
BUX poOIT, aHATI3Y OTPUMAHUX JAHUX.

OcCKiJIBKHI, B KOYKHOMY 3 KOMIIOHEHTIB CaMOOCBITHBOI KOMIIETEHTHOCTI He TiJIb-
KI MOXKHa, & HaBiTh HEOOXIJIHO BUKOPHUCTOBYBaTH iH(MOPMAIiitHO-KOMYHIKaIliliHi
TEXHOJIOTIT, TO MOXKHa& MOBOPHUTHU ITPO iHPOPMaTH3aIlil0 CAMOOCBITHBOI JiSIJTBHOCTI
MafiOyTHIX yUnUTeiB.

CyTb iHpopMaTH3aIlil caMOOCBITHHOT JIisA/IHOCTI MafiOyTHIX yIUTEIB CJIi/T BU-
BHAUUTU K CTBOPEHHSI HOBHOIIHHUX YMOB JIJIsi BLIBHOT'O JIOCTYILY /IO BEJMKUX
00’eMiB aKTyaJbHOI iHGOpMaIlil B 6azax jlaHux, 6a3ax 3HaHb, €JIEKTPOHHUX apXi-
Bax, JIOBIJIHUKAX, €HIIMKJIONE/IIX TOI0; OPraHi3allllo CAaMOOCBITHLO!I J1sJIbHOCTI Ta
KOHTPOJIIO SIKOCTI 3acobamul iHpOopMaliiiHO-KOMYHIKAIITHUX TeXHOJIOTIi. Y BiIIIo-
BiJIHOCTI 710 0OpaHuX 3aBjlaHb 1H(MOPMATU3AI] CAMOOCBITHBOI JIiJIbHOCTI MOXKHA
HABECTU XMAPHI TEXHOJIOTIT, sIKi MOXKYTh OyTH BUKOPUCTAHI Ha O3HAYEHUX eTalax

(Tabu.1).

Eranu caMoocBITHROI Tis/TbHOCTI | Bukopuctannsg XMapHUX TEXHOJIOTI

IOIIYK Ta HAKOIUYEHHs 1H(MOP- | MOIIYKOBI CUCTEMU, TeMaTH4Hi Irpymu, dha-
MalllifHOrO MaTepiaJry XOBi caiitu, ¢popymu, 0J0ru, daitaosi cxo-
BHUIIA, BiJIEOCXOBHINA, Oa31 JJaHUX Ta 3HAHD

OITPAIIOBAHHS Ta 3aCBOEHHS HaB- | XMapHi 0dicHI J0JIaTKN, XMapHi JJabopaTo-
JaJIbHOI iHMOopMAaIIil pil Ta TpeHarkepu, XMapHi 0OYUCIIOBAJIbHI
pecypcu

MOTOYHUN Ta TPAHUYHUI KOH- | CHCTEMU OH-JIaifH TecTyBaHHs, XMapHi oi-

TPOJIb 3aCBOEHHSI HOBUX 3HAaHb, | CHI JIOJATKU
YMiHb Ta HABUYOK, BUKOHAHHSI

iJICyMKOBUX POOIT

Tabs. 1: Moxk/uBiCTh BUKOPUCTAHHSA XMAPHUX TEXHOJIOTIH B CAMOOCBITHIN isIbHOCTI

Bucaosknu

PosrisanyBim B3aeM03B’ 30K (DOpMYBaHHs CAaMOOCBITHBOI KOMIIETEHTHOCTI 3
BUKOPUCTAHHAM 1H(OPMAIiTHO-KOMYHIKAIITHIX TEXHOJIOTi1, TPUXOINMO BUCHOB-
Ky, 1110 3BayKeHe BUKOPUCTAHHS XMapHUX TEXHOJIOTIH JI03BOJISI€ HE TLILKA OTPUMA-
TU IHCTPYMEHT CaAMOOCBITHBOI JIIsJIBHOCTI MallOyTHIX yunuTeliB, a it chopMyBaTu
CaMOOCBITHIO KOMIIETEHTHICTh MaiflOyTHIX YyUHUTE B, 110 B CBOIO YEPry € OJHUM 3
OCHOBHUX yMiHb Cy4acHOTO BUUTEJIS.
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The use of cloud technology in formation the self-educational
competence of future teachers

The modern teacher under the concept of the information society must have
self-educational competence that allows you to be an expert throughout the
profession. Formation of competent self-education is a complex and multifaceted
process that needs to streamline and accelerate with cloud technology.

Keywords: self-educational competence, cloud technology.
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SACTOCYBAHHA
JANCTAHITINHNIX OCBITHIX TEXHOJIOT'II
III/T 9YAC BUBYEHHA THO®OPMATUKUN B ITTKOJII

Y cTaTrTi PO3rJIAHYTO IHHOBAIIiiHI II€/[aroriuHi 1mpodJieMu JUCTAHIIIHHOIO HaBYaHHS, 30KpEeMa
BBEJIEHHS €JIEMEHTIB JUCTAHIIITHOrO HABYAHHS B OCBITHI#l Ipollec 3arajbHOOCBITHIX HaBYAJIb-
Hux 3aksaiB. [IpoanasizoBano cucremy nucrantiiinoro Hapganas MOODLE it moxusicTs 11
3aCTOCYBAHHS ITiJ Yac BUBYCHHS iHPOPMATUKHU B IITKOJI.

Kurro4oBi caoBa: ducmanyitine nasuanms, 3a2a1bH00C6IMMHIT HABUANLHUL 3aKAad, tHpOop-
MAMUKG.

Beryn

Jucranmiitie HaBYaHHs BIIEBHEHO BIIPOBA/KYETHCA B OCBITHIN MPOIEC IIKILI
Ta BUIIUX HaBYAJbHUX 3aKJIaJiB. TaKi MOXKJIMBOCTI HAJAIOTh CydacHI TeJIeKOMY-
HIKaITITHI TeXHoJIoTil 1, 30KpeMa, Mepeka [aTepuer. /lucranmiitne HaBIaHHd, M0
6a3yeThCsl Ha, BUKOPUCTAHHI HOBUX 1H(OPMAaIIiHIX TEXHOJIOTIi 1 3ac00iB HaBYaH-
Hsl, CTA€ aKTyaJIbHUM, TOMY 110 MOYKEe HalOLIbII IHYYKO i aJeKBATHO pearyBaTh
Ha TIOTPeOU CYCILILCTBA 1 € BUCOKOTEXHOJIOTIUHOIO (DOPMOIO OTPUMAHHA SKICHOT
OCBITH He3aJIe’KHO BiJI MICIlg ITPOXKUBaHHS, dacy i rpoMajissHCTBA.

Y cydacHoMmy CBITI CHIJIKYBaHHsS BCE 4acTillle HAOYBa€ BiPTyaJbHOTO 3MiCTY,
YVUHI CTPIMKO BUKOPHUCTOBYIOTH MOOLIBHI IPUCTPOT, €JIEKTPOHHY TIOIMITY, YaTH, o-
pyMHI 3 MeTOI0 KOMYHIKAIll i CHiJIKyBaHHd. BaK/JIUBUM 3aBIaHHAM BBaXKA€ThCHA
IiJINOTOBKA YYHIB 3a KOPOTKMII 11epioji HabyBaTH, IepeTBOPIOBATH, CIIPUiiMATH i
3aCTOCOBYBATH B KUTTI BeJMYe3HY KiJAbKicTh iHdopmaril. OanuM i3 BapianTiB
pPO3B’d3aHH 1€l MPOoOJIeMH € 3aCTOCYBaHHA JUCTAHIIMHIX OCBITHIX TEXHOJIOTI
JUIsl peastizanil HaBYaHHs 1HMOPMATUKIM.

OcranHiM YyacoMm 3’siBUJIacss HU3Ka, pOOIT, NMPUCBAYEHUX JIMCTAHIIITHOMY Ha-
BYAHHIO, 110 PO3IVISIJIAIOTH Pi3HI iforo acrnexkTu. Bupuennio mpobsiem opranizariil
Ta peaJi3allll JUCTAHIIITHOIO HaBYaHHs 3HAYHY yBary HPUJILIAIN BITUHU3HAHL Ta
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3apydizkai BueHi A. Anapees, B. Bukos, FO. Boraukos, /1. Isandenko, B. Kyxa-
perko, H. Mopse, II. Credanenko A. Xyropcbkuit Ta in. Meroamunum Ta gu-
JAKTUIHUM 1IpobJIeMaM i IepCreKTHBaM BUKOPUCTAHHS CydacHuX iH(pOpMaIiitHo-
KOMYHIKaIIHHUX TEXHOJIOTI{l y HaBYAJILHOMY IIPOIEC] 3 iHPOPMATHUKN TPUCBIICH]
pobotu FO. I'opomiko, JI. I'pambosekoi, M. zKasnaka, T. Kpamapenko, B. Mona-
xoBa, C. Pakona, FO. Pamcbkoro, FO. Tpuyca, C. [Ilokasiok Ta iH.

MeTo10 cTaTTi € POBKPUTTS MOXKJIUBOCTEIl 3acTOCYBaHHS JUCTAHIINHUX OCBi-
THIX TEXHOJIOTIiI I1iJ] Yac BUBYEHHSI iH(POPMATUKN B IIKOJI.

OcHOBHA 4YaCTHUHA

Yepes pizni Miaxoau A0 OCMHUCICHHS BU3HAYCHHS <«IMCTAHIIHE HaBYAHHS»
HAYKOBIII HABOJISITh BEJHMKY KiJIbKICTh HOIro BH3HAYEHb. 3riJIHO OJHOTO 3 HUX,
JIMCTaHIliliHe HABYaHHS o3Havae (hopMy opraHizallil it peaJiizallil OCBITHBOI'O MTPO-
1ecy, 3a {KOI HOro y4aCHUKM 3J1HCHIOIOTH HaBYaJbHY B3a€MO/IIO IepEeBazKHO
eKCcTepuTOpiabHo (TOOTO, Ha BijcTaHi, siKa He J03BOJIsiE i He mepeabadae Ge3-
1IOCEpPEeTHIO HaBUYaJIbHY B3a€MO/III0 YUYACHUKIB BlU-Ha-BlY, 1HaKIIle, KOJIU yYaCHUKN
TEPUTOPIAJIHLHO 3HAXOAATHCA 11038 MeYKaMHU MOYKJIMBOI Oe31ocepe/IHbol HaBYa b
HOI B3a€MO/Iil i KOJIM B IIPOIECi HAaBYAHHS X 0COOMCTA MPUCYTHICTH Y IMEBHUX
IPUMITIEHHSX HABIAIBLHOTO 3aK/Ia/Ly He € 0008’ s13K0BoI0) [5, ¢. 9].

Hucranmiitna popMa HaBYaHHS YCIIIIHO BIIPOBA/IKYETHCA Y BUIAX, IT1J1 9ac
1podeciiiHol MiIrOTOBKY Ta, IiJBUINEHHA KBajidiKallil KaJIpiB, IIijJ 4ac caMOOCBI-
T. Y 3arajJibHOOCBITHIX HaBUYaJbHUX 3aKJajax JucTaHIliiiHa ¢dpopma HaBIaHHI
sIBUITIE HOBE Ta 11 BIIPOBaJIXKEHHsI € HEOOXI1JIHOIO YMOBOIO JIJISI JIOCATHEHHS CY-
YaCHOI'O PiBHA sIKOCTI ocBiTu. /mcraniliiine HaBYaHHS B YKpalHi PeryJsroeThCs
«Ilonoxkennsam mpo aucrammiiine napgamnms» [4].

[Tin gac 3acTocyBanHA JUCTAHIIIHIX OCBITHIX TEXHOJIOTIH Iejaroridaina B3ae-
MO/Iisl, TEXHOJIOTis BUKJIAJaHH, OpraHi3allis Mmpolecy HaBYaHHA HaOyBalOTh 3Ha-
YHUX 3MIH.

[caytoTh JB1 OCHOBHI MOJEJI AUCTAHIIIITHOTO HaBUaHHS YIHIB, sIKi CTBOPEHI Ha
OCHOBI KOMII'FOTEPHIX MEPErKEeBUX TEeXHOJIOTi:

— BIJICYTHICTb 0O€3110Ccepe/IHbOTO CILIKYBaHHS YUHs 3 YINTEIEM;
— 1nepeabadae O6e3MocepeIHIO B3AEMO/III0 BUUTE/IS T YUIHIB.

[Tepmia Moxke OyTH BHKOPHCTaHAa B 3ara/lbHOOCBITHIX HaBUYAJbHUX 3aKJ/aJax,
HAITPUKJIAJ, 1)1 Yac KapaHTHHY a0o IIiJ] Yac iHIINX He Iepei0adyBaHuX CUTYAIISTX
12, c. 45].

Jl1s1 BHPOBa2KEHHST JINCTAHIIITHOIO HABYAHHSI IIIKOJISIPiB HeoOXiHO, 11100 OyJin
PO3B’s13aHI TaKl IPOOJIEMI:
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— HeoOXiJTHO, MO0 YIHI MaJIM HAJEKHY KOMIT IOTEPHY MHiJATOTOBKY, B YUHSA IO~
BUHEH OYTH JIOMAIIIHI KOMIT'I0OTEP 3 BUXOJIOM B [HTEepHET;

— JIJIsl OpraHizalil JMCcTaHIIiHONO HaBYaHHsI HeoOXiIHa cleliaabHa IPOrpaMHO-
amapaTHa 1iaTdopMa (cepeIoBHIle HABIAHHS );

— TIJrOTOBKA I1eIaroriaHuX KaJIpiB, dKi OyAyTh 3/IaTHI CTBOPIOBATU HaBYaJIbHI
pecypcu it KBaJri(piKOBAHO CYIIPOBOJIZKYBaTH ITPOIEC JTUCTAHIIITHOTO HaBYaH-
s (TiroToBKa ThIOTOPIB) [3, ¢. 37].

OcHOBHUM  eJJeMEeHTOM  opraHizallii ~ HaBYaHHA 3  BUKOPHUCTAHHSIM
iHpOpMaIlITHO-KOMYHIKAIITHUX TeXHOJOr € jucrtanmiftauit xypc. g -
CTAHIIHUM KYypCOM PO3YyMIIOTh KOMILJIEKC HaBYaJIbHO-METOJUYHUX MaTeplaJiiB
Ta OCBITHIX IOCJIYT, CTBOPEHUX Y BIPTyaJIbHOMY HaBUYaJIbLHOMY CEpPEJIOBUII JIJIsI
oprasizaliii JUCTaHIIHHOIO HABYaHHS Ha OCHOBI iH(OpMAaIIiHNX 1 KOMYHIKaIiii-
HUX TeXHOJIONH jiyis peasiizalii Mogesi jucraniniitnoro nasdanns [5]. Koxken
KypC MOBUHEH MaTH siKicHe iHndopMmalliiiiie HalOBHEHHs, CTPYKTYPY HaBYaIbHO-
METOJMYHIX MaTepiaJiiB, JIOTIKY BHBUYEHHSI HABUYAJIbLHOI'O KypCy, 4iTKuii rpadik
BUKOHAHHSI YIHSMU HaBYaJbLHOIO IIJIAHY, KPUTEPil, 3aco0u it cucTeMu KOHTPOJIIO
Ta OIIHIOBAHHS, HAJIArOKEHY CUCTEMY B3a€MOJIIl yUHd i ThIoTOpA.

3ificHeHHs IUCTAHIIITHONO HABYaHHs iH(OPMATUKN MOYKE BiJIOYBATHCS Y BU-
IJIAAl TTOC/TIIOBHOCTEN TEeXHOJOTIIHNX IMUKJIIB: MJAr0TOBYOI0, HaBIAJILHOTO, IIijI-
CYMKOBOTO.

[Tig vac mMATrOTOBYOro NMUKIY yUHI OTPUMYIOTH MOXKJIUBICTH MOTEPETHBOTO
BUBYEHHS 1 OIaHyBaHHS 3HAHHAMHU B IIPEeJIMETHI rajiy31 3riiHO 3 JIOTIKOIO Tpaiy-
IIfHOTO HABYAJIBLHOI'O KYPCY, IPOEKTYIOTh OCOOMCTI TPAEKTOPIl OCBOEHHS HABYAJIb-
Horo 3micty. Hapuasibnuii k1 BijjoOparkae CTPYKTYpPy HaBUYAJILHOIO IPEJIMETY
«[ndopmarukay Ta mependadae 000B'ABKOBUIT 3B'A30K yUIUTE s i yUIHIB, 3aCBO-
€HHSI YUHAMU 3MICTY IIpejMeTy, peasi30Bye KOHTPOJb Ta JJIarHOCTUKY 3 METOIO
KOPEKIIiT MToIa/IbIol TpaeKTopil HaBdanHs. [licyMKoBIil 1UKJT HAITIJIEHUI Ha Tie-
PEBIPKY JIOCATHYTOI'O PIBHS 3aCBOEHHS IIPEJIMETY.

[caye BeMMKa KUIBKICTH CHUCTEM JUCTAHIIHHOTO HABYAHHS, SAKI YMOXKIUBIIIO-
I0Th CTBOPEHHS JIMCTAHIIMHIX KYPCiB JIjId oTpuMaHHs ocBiTH. /o HailbiabII 1Mo~
[ITPEHNX CICTEM JIMCTaHIiiiHOrO HaBYaHHda MoxKHa BijgHecTu HactyHi: MOODLE,
Lotus Learning, mepezkeBa ocBiTHs 1iardopma e-University, Beb-kiac Torro.

Mu synumnmin cBiit Bubip na cncremi ynpasminns nasdannsm MOODLE [1].
[ls1 cucTemMa BITHOCUTBCS J10 KJIACY BLJIBHO TOMNUPIOBAHOTO MTPOTI'PAMHOI0 3a0e311e-
JeHHd, € OEe3KOIITOBHOIO, 3MIHIOETbCs BIJIIIOBIIHO 10 MOTPed IIKOJIM Ta, iIHTErpy-
€TbC 3 1HITMMHU TPOJIyKTAME. 3aBJ/IsAKA CBOIM (DYHKIIOHAJIHHUM MOXKJTHBOCTSIM
cucreMa HabyJ1a BEJIMKOI MOIYJISIPHOCTI i yCIIITHO KOHKYPY€E 3 KOMEPIIHHUME CHU-
creMaMu yipapiinag Hauanaam. Cucrema yupasiinas xapdanasm MOODLE
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JIO3BOJISIE peaJIizyBaTi OCBITHE CepeJIOBUIIE, 1110 MICTUTH BCl T1 MOJLYJIl, HasBHICTD
SIKIX Y CKJIaJl CepeJIoBUINa BBayKa€MO OOOB’SI3KOBHM, a caMe: OCBITHIil MOJIyJIb,
MO/1YJIb OpraHi3allll Ta YIpPaBJIHHS IPOIECOM HaB4YaHHs, MOJIYJIb KOMYHIKaIIII,
MOJIYJIb KOHTPOJIIO Pe3y/ibTaTiB HaBUaHHS I MOJLYy/Ib YIIPaBJIHHS OCBITHIMU pe-
cypcaMy Ta TeXHIYHOIO HIJITPUMKH.

Cucrema migrpumkn gucraniiiinoro napdanag MOODLE e spyunum npor-
paMHIM 3aCc000M JIJIg CTBOPEHHS i HMiATPUMKK HaBYAJLHOI'O IIPOLECY B yMOBax
JUCTAHIIHHOrO ad0 3MINIAHOINO HaBYaHHsI Ta HAJ A€ KOPUCTYBadaM TaKi MOXKJIU-

BOCTI:

1. Yepes mepexKy yueHb OTpUMY€E HaBUAJIbHI MaTepian, /s IHOr0 BUKOPUCTO-
BYIOThCsI Taki esleMeHTn: Pecypce, Ypok, ['mocapiii, Ceminap Ta iH.

2. 3abesnevyeHHs 1 HiJITPUMKa MOYKJIMBOCTI B3a€MHOI'O CIIJIKYBAHHS SIK MizK
YIHSAMUI 1 BUATEJIEM, TaK 1 MiXK yYHsIMHU, sKi OepyTh ydacThb y Kypci. Bu-
KOPHUCTOBY€EThCs e-mail, bopym, 3aBaaHHA Ta iH.

3. lokymenTyBaHHS it 30epeykeHHs POOOTH, PE3YIbTATIB JUCKYCiii, 38 aHIX 1-
TaHb Ta OTPUMAHUX BIJIIIOBIJIE.

4. Hajgamus iHCTPpyMEHTIB, sKi MOXKYTb 3[iHCHIOBATH TMOTOYHNI KOHTPOJb Ta
OIIIHIOBATHU JIOCATHEHHSI OKPEMUX YYACHUKIB 1 JOCTaBKY 3BOPOTHUX JaHUX
KOYKHOI TeMMU, 30KpeMa OIIHKN i BIATYKH Ha X podoru. s 1nboro BUKOpu-
croBytoTh Popywm, 3apaanns, 2Kypuas, Oninku, 3BiTH TOIIIO.

5. YMOXKJIUBJIIOE aHAJI3 yIacTi Ta aKTUBHOCTI OKPEMUX YYACHUKIB KypCy, aHa-
JIi3 4acy, dKuil ydeHb BUTPATUB Ha poOOTY 3 HAaBUYAJLHUMHU MaTepiajaMu;
OIIIHKY TPYJHOIIIB, sIKi BUHUKJ/IM B YYaCHHKa a00 I'PYIH IIiJ YaCc BUBUYECHHS
Tiel un Ti€l TeMu HaBYaJbHOIO KYypCY; HIBHIKA PeaKilist Ha HpobJeMu, sKi
BUHUKJIN, HAIIPUKJIAI, PN IIepecuIaiHl JI0/IaTKOBUX MaTepiasiiB.

Ha 6a3i cucremu gucranmiitnoro Hapuanuss MOODLE 6yB po3pobJienuit Kypc
st yaniB 10 kinacy «Kowmm'torepni mpesenTariii Ta myOTiKarii».

Pospobka 1peiMeTHOTO cepeIoBUINa CKIaIaaacsd 3 HaCTYITHUX eTaliB: KOHIIe-
nryaJiizariii, dpopMmastizarliii, peasizaliil Ta TeCTyBaHHS.

3MicT eTamiB aJIallTOBAHO i YTOYHEHO 3 ypaxyBaHHAM TOrO, IO TPeIMeTHe
CepeJIOBUINE CTBOPIOETHLCS 3a JOIMOMOTOI0 CUCTEMU YIIPABJIIHHSI HaBUAHHAM, dKa
JIOBBOJISIE MAaKCUMaJIbHO peaJsii3yBaTh OCBITHI 1111, BUKOPUCTOBYBATU I'OTOBI IU-
dpoBi pecypcu, sKi JIETKO BIPOBa/KYIOTHCS B Hel Ta 3HAYHO CKOPOUYIOTH Yac
MiITOTOBKM HABYAJbHOI'O KOHTEHTY.

J1st cniiKyBaHHs 3 YUHAMEI OYJIN BUKOPUCTaHI eJIeMeHTH — «daTy, «DopyMms;
JIUIsT OTpUMAaHHs TeopeTrdHOl iHdopmalil — «Itocapiiis, «Ypoks», «Paitay, «Cro-
piHKa»; JJIsT KOHTPOJIIO 3HAHD YUIHIB — «3aBiantsi», « Tects Ta inmi (puc. 1).
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Puc. 1: llpukiayg pucrantiitnoro kypcy B cucremi MOODLE.

[Ipu iHTEepaKTUBHOMY CTHJI CIIJIKYBaHHSI Ta OINEPATHBHOMY 3B’SI3KYy B M-
CTAHIITHOMY HaBYaHHI BIJIKPUBAETHCS MOKJIUBICTH 1HAUBIAYyaJi3yBaTu IIPOIIEC.
@akTop dYacy crTa€ 00OB'sI3KOBHUM, YUYeHb MOKEe BUOpATH CBili TeMIl BUBYEHHI
MaTepiajy, IpalfoBaTu 3a 1HIUBIAyaJbHOIO OCBITHHOIO IIpOIpaMoio. ¥ HaBYaHHI
indopmaruku g mpodieMa 3aiiMae 0cob/IMBe MicIle, IO HOsICHIOEThCsI crienndi-
KOIO IILOT'O HaBYAJbLHOTO Ipejamera. HeoOxijgHa Taka oprafizaliiss HaBYAJILHOIO
IpoIiecy, sika J03BoJIMIa O BpaxXoByBaTH BIJIMIHHOCTI MiXK YIHSIMU, TXHI 1HIMBITY-
aJIbHI 310HOCTI Ta CTBOPIOBATU ONTUMAJIbHI YMOBH I €(PEKTUBHOI HABYAJILHOI
JIISIIBHOCT1 BCIX HIKOJISIPIB.

Ha koykHOMY ypoIli mepeabadeHo TpauiiiiiHi BU JisIbHOCT] (HATPUK/IA,
OSICHEHHST HOBOI TeMH, aHa/Ii3 BUKOHAHUX POOIT), ajie i3 3a/JydeHHsIM eJIeMeHTIB
JMCTAHIIHOTO HABYAHHS, caMoCTiiiHa (abo rpymosa) pobora yuHIB (TecTyBaHHS,
MpakTHIHa poboTa) 3ificHIoEThCs JAucTanmiino. Bel ivmd Bugn 3aHaTh (jroMa-
HI pobOTH, MTPOEKTH, OJIMITIA/I Ta iH.) MOKYTh OyTH peasi3oBaHi JUCTAHIIITHO
sIK IIOBHICTIO, TaK 1 YaCTKOBO. 3AIIPOIIOHOBAHUI KypC aJIalTyeEThC JIJIsSI PI3HIX
IpyI mkoJsdapis. YacTka JUCTAHIIHHUX 1 TpaJuniiHuxX (OpM HaBYaHHS MOXKE
BapiloBaTHUCS B 3a/IE2KHOCT1 B/ pIBHS CAMOCTIIIHOCT1 y4HIB 1 IX MOTHUBAIIII /10 BUKO-
puctanis iHGopMaIiitHO-KOMYHIKAIIHHIX TEXHOJIOTI 1111 Yac HaBYaHH:A. Y MiHHA
IpalioBaT 3 JAUCTAHIIMHUM KypPCOM JOIIOMOYKE YUHSM CAMOCTIITHO T'OTYBATUCH
JI0 YPOKY, OTPUMYBaTU JIOJATKOBY iH(OPMAaIiIo 3 IIpeJIMeTy, OpraHi3oByBaTH Ca-
MOCTIiiiHy poOOTY, y/IOCKOHAJIOBATH HABUIKN poOOTH 3 iH(MOPMAIIi€l0, PO3BUBATH
IKT-KOMIIETEHTHICT.
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[t Toro mob MKOJIAPI Movan aKTUBHO BUKOPUCTOBYBATH MOXKJIUBOCTI JTH-
cTaHliitHOT popMu HaBUaHHs, HeOOXiHa ajlalTallis Ii€l CUCTEMHI B 3ara/JibHOOCBI-
THi#T mkosi. [Ipn BrpoBajpkenHi aucraHmiiitnol popMu HaBUYaHHS Tpeba Bpaxo-
ByBaTH Taki MpOOJIEeMHU, siK IMCUXOJIOTIYHA HEMiArOTOBJIEHICTh YIHIB JI0 POOOTH,
[0 BUMAarae IJIBUIIEHOI yBaru, YiTKOCTI BUKOHAHH: OKpeMUX /iiif 1 orepariiii,
CaMOCTITHOTO TPUHHATTS pileHb. /lucTaniiiiHe HaBYaHHS BUMAra€ BiJ| ITKOJIs-
ab0 CHIJIBLHOT 3 OJTHOKJIACHUKAMHE JTiAIbHOCTI. ToMy HAROLIBINT ONTHMAIBHUI TTLTAX
BITPOBA/PKEHH JUCTAHIIINHOT (pOPMU HABYAHHS B IIIKOJI JIEZKUTH Yepe3 TTOTAITHII
repexiji BlJl KJIaCHO-YPOUYHOI CUCTEMHU 3 BUKOPUCTAHHAM TPAJUIIHHIX METO/IIB Ha-
BUAHHS JIO CUCTEMU, B SKIill MOEJIHYIOTHCS eJIeMEeHTU KJIACHO-YPOYHOI CUCTEMU Ta
eJleMeHTH JUCTaHIiiiHoro HagdansM. g cucrema Moxke OyTH peasizoBaHa B MO-
JleJii iHTerpanii TpaJguniitHol Ta JucTaHIiiiHOT (DOpM HaBYAHHSI.

BucnoBoxk
BBejieHHs1 eJieMeHTIB JUCTaHIIHHOIO HaBYaHHSI 1H(POPMATUKU € aKTyaJbHIM

3aBJIaHHAM. BupinieHHs 1bOr0 3aBIaHH: YMOXKJIUBUTH CAMOCTiliHE BUBYEHHS
VUHSAMW TTUTaHb, sKI 1X MIKABIATH y MeyKaxX HaBYaJbHOI i 1MO3aK/IacHOT JTisIbHO-
cti 3 inopmaruku. Kpim Toro, jucraniiitna dbopma HaBUYaHHS HABYAE MIKOJISIPIB
palfioHaJIbHO BUTPadaTu CBiil yac, 3HAXOJUTHU HeOOXiAHY iH(OpMallilo He TiIbKN
B 6i0OJioTEll HABYAJILHOTO 3aKJIa/Ty, & i B HAYKOBUX, KYJbTYPHUX Ta iH(MOpMAaIIiii-
Hux rearpax. Cucrema yrpasiinag Hapdanasm MOODLE no3BoJisie cTBopioBaTu
KypcCH, 0 3a0e3MeUyIoTh PO3BUTOK TBOPUYOTO MUCJIEHHS 3a PAXyHOK BKJ/IIOUCHHS
3aBJaHb IIPOEKTHOI Ta JIOCJITHUIBKOL s IbHOCTI, PO3BUTOK KOMYHIKATUBHUX Ha-
BUYOK H& OCHOBI BUKOHAHHS CIIJIbHUX MepexkeBux mnpoexTis. CJiijl 3a3HaIuTH, 110
edeKTUBHE 3aCTOCYBAHHS JUCTAHIINHOT (hopMU HaBYaHHS 1H(MOPMATUKN B IIKOJI
MOXKJIMBO TLJIBKN B TOMY BHUIIAJKY, KOJIM BiJIOBI/IHI TE€XHOJIOTII He € HaJ 0y 10BOIO
JIO ICHYIOYOI CUCTEeMM HaBYAHHSI, & OOTPYHTOBAHO i TAPMOHINHO IHTErpyIOThCs B
HaBYAJIBHUI TIPOTIEC, 3a0€31eTyI0Ur HOBI MOYKJIMBOCTI SIK BUNTEIAM, TaK 1 YUHAM.
JlitepaTypa
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Hlazova Vira V., Zhydkova O. B.
Donbas State Teachers’ Training University, Slovians’k, Ukraine.

Application of distance educational technologies while studying
informatics at school

The article examines innovative pedagogical problems of distance education,
including the introduction of elements of distance learning in the educational
process of secondary schools. The system of distance learning MOODLE and the
possibility of its application in the study of science in school is analyzed.

Keywords: distance learning, school, informatics.
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MIJIIXY BJIOCKOHAJIEHHA ITITOTOBKU
MANBYTHBLOTO BUUTEJIS MATEMATUKI
IO TUCTAHIIITTHOTO HABUYAJILHOTO ITPOIIECY

CTaTTio IPUCBAYEHO MUTAHHSIM, ITOB’I3aHUM 3 IIiINOTOBKOIO MaiiOyTHIX yUUTEiB MaTeMaTUKN
B yMoBax iHdopMmaru3alii ocsitu. Busnadueno cuerudidni ocoOIMBOCTI opraHizaliil Imporie-
cy mpodecifiHol MiAroTOBKU BYHUTE/IB MaTeMaTHKHU JO JIMUCTAHIIIHONO HABYAJILHOTO IIPOIIECY.
BucynyTro Hu3Ky peKoMeHalliil mo/o miroToBKu 3/100yBadiB J0 peaJizaliil JUCTaHIITHOTO Ha~
BUaHHS.

KuarouoBi cioBa: ducmanuitine naguanms, Matloymmit yuumenit Mamemamury, npogpe-
citina nidzomosxa.

Beryn

[nobanmpna  indgopmarmsallisd,  MOCTIMHUN  poO3BUTOK  iHdOpMAaIliiiHo-
KOMYHIKaIlIfHUX TeXHOJIOr HaK/IaJaloTh BiIOMTOK Ha BCi cdepu JHOACHKOI
JIATBHOCTI, 30KpeMa Ha CHCTEMY OCBITH. BUITyCKHWK TIKOJNM 49U BUIITY NOBUHEH
BIJIIIOBIJIATU BUMOTaM, sIKi TIpeJi siBJIg€ HOMYy CydacHe CYCILIBLCTBO. ¥ IIPOBa/IzKe-
HHS B OCBITHIil TIporieci HOBITHIX iH(OPMAIIiHO-KOMYHIKAIIITHIX TeXHOJIOTIi
roCTPO CTaBHUTb IIPOOJIEMY II€PexXojly JO HOBHUX MoJeJieil IJAroTOBKU KBaJlidi-
KoBaHuX Imegaroris. OmHUM 3 HAIPSIMKIB (OPMyBaHHSI CydacHOIO OCBITHBOI'O
IIPOCTOPY € PO3BUTOK 1 BJIOCKOHAJIEHHSI CHUCTEMU JIMCTAHIIHONO HaBYaHHS Ha
BCIX MmMA0JIIX OCBITH, sike B OCTaHHI POKM HADYBa€ BCE OILIBIIOTO IMOIIMPEHHS.
Y 3B'S3Ky 31 3poCTaHHAM POJII Ta 3HAYYHIOCTI JUCTAHIIHHUX OCBITHIX TEXHO-
JIOTIfl MiJBUINEHO aKTyaJbHICTb 3aBjaHb (opMyBaTH B MailOyTHIX yYHUTE/iB
MaTeMaTUKM KOMIIETEHTHOCTI B Il raJiysil Jijisl JIOCATHEHHS $IKICHUX OCBITHIX
pe3y/bTariB. ¥YunuTeab Mae OyTH MiArOTOBJIEHUI IO pO3B’si3aHHSI OCHOBHUX BHJIIB
npodeciiinnx 3aBjaHb 1 BMITH opMmyBaTH iHGOPMAaIiitHO-OCBITHE CEepeIOBUIIE
17151 3a0e3I1eYeHHs TKOCTI OCBITH.

© I'nasosa B.B., [leaucenko H.O., 2016
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[Tpobiemam mpopeciitHol miAroTOBKN BYUTE/IS MaTeMaTUKN TPUCBIICHO MPa-
mi I. Axynenko, B. Bess, I Bessa, M. Bypmu, C. l'onuapenka, O. dydounuyk,
O. Ckadu, 3. Caenkanb, H. Tapacenkosoi, O. Hameunikosoi, B. IlIsens Ta in-
muX HayKoBIIB. [IuTanusa ynposa/izkeHHs iH(GOPMAITHO-KOMYHIKAIIITHIX TEXHO-
JIOTiii y HaBYaHHS MaTeMaTUKN PO3TJISTHYTO B HAYKOBUX JI0poOKax €. Binnndenka,
FO. Topomika, FO. Hopomenko, T. Jdy6osoi, M. 2Kasnaka, FO. 2Kyka, B. Kiouka,
T. Kpamapenko, H. Mopse, C. Pakosa, FO. Pamchkoro, C. Cemepikona, O. Ckadu,
O. Cuisakoscbkoro, FO. Tpuyca ta in. HaykoBo-1iearoriani 3acaiu JUCTaHIIHHO-
ro HaBuanHs jociikyBaan O. Anapees, B. bukos, /1. Isanuenko, B. Kyxapenko,
€. llonar, II. Crecdanenko, A. XyropchbKuii Ta iH.

MeToto cTaTTi € TOCTIIZKEHH TTeIaroriTHol TPOOJIEeMHU MATOTOBKI MalitOyTHIX
YIUTEIIB MaTeMATUKN 70 JUCTAHIIIHHOTO HABYAIHLHOTO IIPOIIECY.

OcHOBHA 4YacCTHUHA

Peanizanisg aucTanIiifHoro HaBYaHHI HEMOXK/INBA, 0€3 HasgBHOCTI I1IrOTOBJIE-
HUX 70 POOOTH 3 TEXHOJIOTIIMI JUCTAHIIITHOTO HaBYaHHs 1ejaroris. s po3s’s-
3aHHsI 3aBJlaHb OCBITH B yMoBax 11 iHdopmaTusallil HeoOXiIHO cdopMmyBaTH B
VUUTeIsd MaTeMaTUKN T'OTOBHICTH JI0 peaJizallil JUCTaHIIIHOrO HaBYaHHS IIpe-
JIMETY, siKa HafOJIM»KIUM 9acoM CTaHe OJHUM 3 eJIEMEHTIB I[iJIICHOI I'OTOBHOCTI
nejlarora J1o mpodeciitiol JIistIbHOCTI B yMOBax iH(MOpMaTu3allil CyCIiJbCTBa i
OCBITH.

[Tepi 3a Bce, HEOOXiJHO OHOBJIEHHS 3MICTY IiJIOTOBKU BUNTEJIsSI MaTeMaTUKI
B KOHTEKCTI BUKOPHUCTAHHSI iHMPOPMAIIHHIX TEXHOJION 38 TAKIME HAIIPSIMKAMU:

— BUKODHCTAaHHSI MyJIBTUMEJia B IPOIeci HaBYaHHs (Ipe3eHTallil, JIeMOHCTPA-
i1, JuHAMIgHI Bi3yaJii3aliil, BileoseKIlil, KOMII FoOTepHa MiITPUMKa OKPEeMUX
MOJIYJTIB 1 Tem Ta iH);

— po3pobKa i BUKOPUCTAHHs B MPOIeCi HABYAHHSA e€JeKTPOHHUX OCBITHIX pe-
cypciB (eJeKTPOHHUX TiIPYYHUKIB, XpecToMaTiit Ta iH. );

— po3poOKa i BUKOPUCTAHHsI B IIPOIECi HABYAHHSI CIIEIiaJi30BaHUX IAKeTIiB i

nporpam (TeX, Maple, MathCAD, GeoGebra Ta in.);

— CTBOPEHHs I BUKOPUCTAHHS €JIEKTPOHHUX 010J1I0TeK, MejiaTeK 3 HeoOXi HU-
MU HaBYaJLHUMH PecypcaMi i3 3a0e3ledeHHsIM BiJIbHOIO JOCTYILY JIJIsI BCIX
YYaCHUKIB OCBITHBOI'O IIPOIIECY;

— BUKOPHUCTAHHS CHCTEM KOMII IOT€PHOI JIArHOCTUKHN sAKOCTeil Ta 3ji6nocTeil
VYHIB.

110 36ipHUK HayKOBHUX Ipalb (izuko-mareMaTudHoro dakyaprery LJIITY



Inazosa B.B., [lenucenko H.O. Illisaxm B1ocKoHAJIEHHST MiATOTOBKH MAHOyTHHOTO BIUTEJIS ...

Y miAroTosii MaiOyTHIX BUUTENIB MaTeMaTHKHU JO JIMCTAHIIITHONO HaBYaHHI
MOBUHHA OyTH CUCTeMaTHIHICTh. BoHa MoxKe OyTH 3abe311eveHa BIIPOBAZKCHHSIM Y
HaBYaJIbHI IPOrPpaMH IAIOTOBKY 3/100yBadiB BUIIOI OCBITH y IeJIarOriYHIX BUIIAX
TaKUX eTalllB: peaJii3allisl CUCTEMHU ClIeliai30BaHuX KYPCIB y BapilaTUBHIill yacTu-
HI HaBYaJILHOI'O IIJIaHYy, OpraHizallis HaBYaJIbHOI Ta HayKOBO-JOCJIIHOT JIisIbHOCTI
CTYJ/ICHTIB 3 BUKOPUCTAHHSAM JUCTAHIIITHOTO HABYAHHST, aKTHUBHA CAMOCTIiiiHa pobO-
Ta CTYJIEHTIB 13 BUKOPUCTAHHAM JUCTAHIIHHUX OCBITHIX TEXHOJIOTI, 3a0X0UeHHs
Ta 3aJIyUeHHs CTYJIEHTIB 0 CTBOPEHHsI OCBITHIX pecypciB Oe31ocepeiHbo Ha caiiTi
JCTAHIIITHONO HABYaHHs yHiBepcuTery [2].

st miAroToBKM BUYMTEs JIO peaJiizallil JUCTaHIIfiHOIO HaBYaHHs OyJI0 PO3-
pobJieHo nucTaHIiHIi Kypce «/lucranmniiiHe HaBYaHHA B CyYaCHUX HaBUYAJbHUX
3aKIaJax», OQHIM 13 PO3JILIIB KOI'0O € ANCTaHIlliiHe HaBIaHHd MaTeMaTUIHIX -
CIIUILIIH Ta #oro crenudika.

[Iig qucraHniiiHuM HABYAHHSIM MaTeMATUKHI PO3YMIEMO IIPOIleC Iepeiadi i 3a-
CBOEHHSI MaTeMaTHUYHUX 3HaHb, OpraHizallil JisgJbHOCTI 3 1X 3aCBOEHHS, a TaKOXK
IIEPETBOPEHHS 1X V HaJI0AHHS 1HJMBIIa B yMOBaX CIIelia/lbHO CTBOPEHOT'O TEXHO-
JIOTiYHOro iH(OPMAIiiHO-OCBITHBOI'O Cepe0BuUIIa, 32, JOIIOMOI'0I0 SIKOI'O 3/11ICHIO-
€ThCs B3AEMO/IisI MizK yunuTeseM it yausaMu. A oJHUM 3 BU3HAYAJIbHUX YNHHUKIB Y
peaJtizalil AMCTAHIIITHONO HABYAHHSI MaTeMaTHKHU € iHpOpMalliiiHO-OCBITHE cepe-
JOBHIIE JINCTAHIIHHOrO HABYaHHS |3)].

st iucTaHmifinol M ATPUMKN KYPCY BUKOPUCTAHO BLJILHO HOIIUPIOBAHY 3 BiJl-
KPUTHUM KOJIOM cucremy Jucraniiiinoro napaantas MOODLE [1].

3a pe3yabTaTaMu BUBUEHHS JUCIUILIIHT B 37100yBadiB MOBUHHI OYTH cPopMO-
BaHl TaKl KOMIIETEHTHOCTI:

— 3JIATHICTD JI0 IIPOBEJICHHS aHaJ i3y CTaHy, BUBHAUYEHHS 1OTPeD it OIiHIOBAHHSI
MOXKJTUBOCTI iH(pOpMaTU3aIlil 3aKaa1y OCBITH;

— 3JIATHICTD JI0 PO3POOKU Ta opraHisallii IpoBeIeHHs JUCTAHIIIITHOTO HaBYAHHSI
B HaBUYAJLHOMY 3aKJa]l;

— 3JIATHICTH J00MpaTH iHTepaKTUBHI MeTOo/I1 Ta (POPMU HABUYAHHSI,

— TOTOBHICTH 3/IIIICHIOBATU METOJUYHUII CYIPOBLJ HaBYAJIbHOI'O IPOIECY OH-
JIANH;
— TOTOBHICTH KOHTPOJIIOBATH OTPUMAHI 3HAHHSI (PI3HOTO THUITY iHTePAKTHBHI Te-

CTH, TpeHaXKepH 1 JJabopaTopHi MPAKTUKYMHU, JOMAIIHI 3aBJIaHHs Ta iH.);

— TOTOBHICTb BiJIbHO BUKOPHUCTOBYBATH Ta CTBOPIOBATHU iH(OpMaIliiiHi pecypcu
B CHUCTEMI JIMCTAHIIIIHOrO HaBYaHHS, KOPUCTYBATUCs cepBicaMu i pecypcamu
KYPCIB Y CUCTeMI] JIUCTAHIIITHOTO HABYaHHSI.
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BucuaoBok

Bummesasznavueni HanpsaMKN JTISIIBHOCTI MOXKYTH OYTH BUKOPHMCTAHI ITPU IIiJI-
TOTOBIII MaiflOyTHHOTO BUNTES MATEMATUKN JIJIT HOBOI ITKOJN 1H(MOPMAIITHOTO
cycrinbeTBa. [X peasizalfist Hif yac MiJrOTOBKH BUMTEJS YMOMJIHBHTE JIOCATHE-
HHS OayKaHOro pPe3yabTaTy — (opMyBaHHs 3/IaTHOCTI i TOTOBHOCTI BUITYCKHUKA
JIO palioHAJbHOIO i JAOMIJIBHOIO BUKOPUCTAHHS JUCTAHIIMHIX Ta iH(MOpMaliitHuX
TEXHOJIOTiH y mpodeciiiHiil JisiIbHOCTI Ta TPOJYKTUBHIM B3a€MOJIIl 3 CydacHUM
YVUHSIMU.
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Hlazova Vira V., Denysenko N. O.
Donbas State Teachers’ Training University, Slovians’k, Ukraine.

Ways to improve the preparation of future teacher of mathematics
for distance learning process

The article is devoted to issues related to the preparation of future teachers of
mathematics in the conditions of informatization of education. Specific features
of the process of training teachers of mathematics to the distance learning process
are defined. The ways to prepare candidates for the implementation of distance
learning are advanced.

Keywords:  distance learning, professional training, future teacher of
mathematics.

112 36ipHUK HayKOBHUX Ipalb (izuko-mareMaTudHoro dakyaprery LJIITY



METOJANKA BUKJIAJIAHHZ
MATEMATUKN B 30111 TA BH3

YK 37.016:514.11

Ilraxorauk M.B.

L kammar (isnko-MaTeMaTHIHIX HAYK, HAYKOBHUI} JJOCTITHAK (IOCT-A0K) [HCTHTY Ty MaTeMaTHKH Ta

craructukn yHiBepcurery Can-Ilaymo, m. Can-Ilaymo, Bpa3zuiist

e-mail: makar plakhotnyk@ukr.net

ITPO JOLIJIBHICTH BUBYEHHSA TEOPEMU ®AJIECA Y
IMIKIJTbHOMY KYPCI TEOMETPII

Mu 3BepTaemMo yBary Ha Te, IO HaJleyKHe BUKOPUCTAHHSA METOJLY KOOP/IMHAT JIO3BOJINTH HADAraTo
CIIPOCTHUTHU PO3YyMIHHS SIK IIPUPOJIHOCTI, TaK 1 JeTasieil JTOBeJeHHs BayKJIMBUX TBEP/ZKEHb, JIJIs
SIKUX IIPH JIIIOYOMY IT11X0/1i BUKOpHUCTOBYEeThCs TeopeMa Daseca — Teopemu [licdbaropa, BBeienns
TPUTOHOMETPUYIHUX (DYHKIIIH TOCTPOro KyTa Ta JOBEJICHHs O3HAK MOJIIOHOCTI TPUKYTHHUKIB.

Kurouosi cioBa: meopema Iligpazopa, meopema Paneca, memod xoopdunam, nodibHicmo
MPUKYMHUKLE

Beryn

[Ipu poboti 3i miKoJisipaMu B PizHuX (opMax, BPaxOBYIOUM BHUKJIAJIaHHS B
IIKOJI1, KepyBaHHS IMIKIJIbHUMU Ta IO3AIIKIIBHUMU T'YPTKAMU MaTeMaTUYHOI'O
CIpSMYBaHHSI, YUTaHHs JIEKIIl B JITHIX 1IKOJIaX MU 3BEPHYJIM yBary Ha JOCUTD
HellpUEMHE sIBUIIE — YUH1, KOTPIl 3aKIHUMIN 8- KJ1ac, He YCBLOMJIIOIOTH BazKJIMBO-
cTi Teopemu Qasteca gK Takol, Mo 0e3 mepediIbITIeHHT MOYKHA Ha3BATH KJII0UOBOIO
TeopeMoo Kypcy reomerpii 8-ro kjiacy. Tak, 3 “Hacmigaky 3 Teopemu Pajieca’” B
JIIOUMX TJIPYYHUKAX FeOMeTPll BUBOJIATD:

1. O3Haky MoiOHOCTI TPUKYTHHKIB;

2. MoxkuBicTh BBEJICHHSI TPUTOHOMETPUIHUX (DYHKII TOCTPOro KyTa;

3. Teopemy Ilidparopa.

Byib-siknii 3 nepepaxoBaHuxX TPhOX IMYHKTIB TiIHUI TOTO, 100 yIeHb OIIHIB
Teopemy Daseca gK J1yKe BaxK/JIWBY. BTiM, 3a HAIIUMU CIOCTEPEXKEHHIMUI YUHI,
KOTPI1 3aKiHUYMIN &-f1 KJ1ac, 10 TeOpeMy HaBITh He 3raJlyloTh Yy BLJIIOBL/Ib Ha IIPO-
XaHHd Ha3BaTH D HalBaK/JUBIMUX PaKTiB 3 reoMeTpil, KOTpi BOHU BUBYUWIN Y
8-my Kiaci. Teopema @aJieca, 3a HAIUMU CHOCTEPEXKEHHAMU, TYOUTHCS, Ha Ty M-
Ky YYHIB, Mi2K BJIACTUBOCTSIMU TapaJiejiorpama Ta pomba, Teopemoro Ilicdbaropa,
BJIACTUBOCTAMU JIOTUYHUX Ta XOPJI, TOIIO.

© [Lnaxorauk M.B., 2016

113



Meronuka BukjaamanHda matematuku B 3OIII ta BH3

[Ipu npomy jtoBejieHHst Teopemu Pajieca B CydacHUX MiIpyIHUKAX € ad0 3a-
BIJIOMO HEIIOBHUM, ab0 OJHMM 3 HalCKJIQIHIIINX cepel TBePIKeHb, KOTPi JI0BO-
IAThCA B Kypci reoMerpil. HagBHI B miJpydHNKAX JOBEJIEHHS SIBHO YN HESIBHO
BUKOPUCTOBYIOTH I'PaHUYHUIT Ilepexij] Ta HIJIbHICTL MHOXKWHU JIOJATHUX Pallio-
HaJTbHUX YHUCe B MHOXKWHI JIIMCHUX JOJIATHUX YHCEI, ajie TIPU IhOMY He Ha al0Th
HaJIE?KHUX O3Ha4YeHb 1, BIJIIIOBIJIHO, HE HABOIATH CTPOIrNX BUKJIAJIOK, 1110, 3PENITOIO,
HaBPSJ] 91 JIONLIHLHO POOUTHU, OPIEHTYIOUNCH Ha YIHIB 8-X KJIACIB CepeJIHbol KO-
JIN.

Ak BuKIagauaM reoMeTpil, Tak i MIKOJIIpaM, KOTPl TeoOMeTpifo JIUIIe TOYnHa~
I0Th BUBYATH, BiJIOMO, 1110 TIOHATTS TEOPEM Ta aKCIOM K CTPYKTYPHUX €JIeMEHTIB
Kypcy TeoMeTpil noxoanTh 3 mparii “Tlogarkm reomerpii’ JaBHBOTPEIHKOTO Ma-
temaruka EBkiiga. Cepejl 1ocsirHeHb OLIBIN II3HIX M€OMETPIB, IMOPIBHAJIBHUX 34
CBOEIO 3HAYYIIICTIO 3 poboToto EBKJIijTa, BApTO BUILIATH:

— npaitio Pene /lekapra, jie BiH 3amporionyBaB KOOPAUHATHUN METO/I;

— HEEBKJIIJIOBY TeoMeTpiio Binkputy JlobadeBchknuMm, Bosbsai, ['aycom i po3Bu-
HYTY OLIBIN II3HIMU MaTeMaTHKaMU, Ta

— PO3BUTOK YiabsiMOM ['aMiIbTOHOM B TepIiiil mojioBuni 19-ro cromiTra MmeTo-
JIIB BUKOPUCTAHHS BEKTOPIB PN PO3B’SI3aHHI Nr€OMETPUIHUX 3a,/1a4.

Posyminnsg HeeBKJIiI0BOI TeoMeTpii moTpedye Bij yUHIB HETPHUBIAILHOTO ab-
CTPAKTHOTO MUCJIEHHs 1 abo He 3rajlyeThCsd B MIKLIBHUX Kypcax reomerpil (o
IPUPOJIHO), ab0 3rajiyeThesl JIMIIE Ha PIBHI 3ayBayKeHHs, 10 HEEeBKJII0BA I'eo-
MeTpisd MoxKe OyTu 1modOyjoBana. BojHovac, sik BEKTOPHUN MeETOJI, TaK i METO/I
KOODJMHAT TaK 4YM iHAKIIe BiJ0OparKeHuil y BCIX MIKIJIbHIX KypcaxX reoMeTpil.

Mu nepekoHani B TOMY, 110 YCBIJIOMJIEHHsI MaTeMaTHKaMI - aBTOpaMHU IiJIpy-
YHUKIB ICHYBaHHs HEEBKJI1JIOBOI NeOMeTPIl CXUJIMJIO TX TaKOI'0 BUKJIa/ly MaTeplaJly,
11100 HEe BUKOPUCTOBYBATHU B SIKOCTI OYEBUIHUX Ti TBEP/XKEHHsI, KOTPI PIBHOCH/IbHI
5-my moctysiary Exsiina (akciomi mapasiesbHuX ).

Pajgnebkuit maremaruk Arjipiit Mukosaiiosua Kosimoropos tiucas B [12], 1o
METOJT KOOP/IMHAT MOBUHEH BUKOPUCTOBYBATHC JINIIE K JOMOMIXKHUI - Tak, 1100
BUKJIJ] TeOMEeTPil He cTaBaB BiJi BUKOPUCTAHHS I[HOTO METO/Y MEHII ‘TeOMeTPH-
gunm”. HaBogstan oruisiyi cydacHux (Ta, 3pernToro, 1 pajstHCbKUX) TPy IHUKIB
reoMeTpil MU TOKaKeMoO, IO BCi BOHU BIANOBIJIAIOTH HaBEJEHOMY MOOAKAHHIO
A. Kosmoroposa.

Mu nokaxkemo, 1mo Teopemy Dajeca mabaraTo MpUpOJHIIIE JOBOJUTH 3 BU-
KOPHUCTaHHAM METOJ/Iy KOOPJIMHAT 1, B3araJjii, BAKOPUCTOBYBATHU Ieii MeTOJI He “dK
JIOTIOMIzKHII 1 He dK “3acib LrocTpallil reOMeTpUIHIX MIipKyBaHb ', a caMme sK
METOJT JOBEJIeHHs] TeOMETPUIHUX TBEP/ZKEHD, JOBEIeHHs AKNX 0e3 BUKOPUCTAHHS
METO/1y KOOPJINHAT CTA€ CyTTEBO CKJIAJIHITIIIM.
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Mu mporonyemMo neperigHyTH MKIJIbHY MPOTrpaMy 3 TeOMeTPil TaKIM IHHOM,
1100 BasKJIMBI Teopemu, Taki sik Teopema llicparopa, Teopema npo rpadixk JiiHiiiHOT
pyHKIIT, MOAIOHICTD TPUKYTHUKIB BUBYAJINCS K TaKi, 0 € IPOCTUMHU 1 TPUPOTHU-
mu. [Tlo6 mpocToTa i NIpUPOJIHICTE JIOBEJICHHST BiJIMOBIIHUX TBEP/XKEHD CIYTyBaJa
JIEFKOMY PO3YMIHHIO MaTepiajy Y4YHSIMU, a He cTaBaJla 3aPYYHUKOM CTPYKTYDPHU
MiJIpyYHUKa, HEBJIAJI0 BUOPAHOI HOT0 aBTOPOM.

Mu nokaxkemo, 1o Teopemy Ilidparopa morkna JIOBeCTH TaKUMU CIIOCOOAMM,
0 X MOYKe JIETKO 3PO3YMITH CepejHiil yueHb K 7-T0, Tak 1 6-To Kjacy 3Buyafi-
Hoi mkosn. BukopucroByounm Teopemy llidparopa, moxkua joBectu, mo rpadik
PIBHSIHHSA Yy = ax, Jie a — JiesdKa cTaja, € NpaMoi0. BUKOPUCTOBYIOUN PiBHAHHSA
IPSIMOI, JIEFKO sIK JIOBECTU O3HAKU IOJIOHOCTI MPAMOKYTHUX TPUKYTHUKIB, TaK i
BBECTU TPUIOHOMETPUUHI (DYHKIIIT rocTpux KyTiB. JIuie mic/is mporo, BAKOPUCTO-
BYIOYM BBEJICHI TPUTIOHOMETPUYHI (DYHKIIII, BapTO JIOBOJUTH O3HAKM ITOIOHOCTI
TPUKYTHUKIB ‘3arajbHOr0 BUTJIATY .

MoTuBaiiia

Asbepr Eitaimreitn [8, ¢. 134] 3 npuBojy BUBUYeHHs reoMeTpil Hucas:

Y eyt 12 poxie s nepestcus odne 0uBo: 10020 O0AHCEPEAOM OYAQ KHUINCEUKA
3 €6KA100801 2e0MEMPIL HA NAOWUNT, KOMPA NOMPANUAG MeHT 00 PYK HG NO-
YaAMKY HABYAALHO20 POKY. Tam Oyau meeporcerns, Hanpukriad, npo nepemun
MPLOX BUCOM MPUKYMHUKA 6 00HIT Mmovul, AKI TOY i He OYAu cami no cobi
04eBUIHUMU, are Mo2au O6ymu dosedeni 3 enesnenicmio, wo sidkudanra 6ydo-aKi
cymmicu. Lla Acnicmov i 8NESHEHICL CNPABUAYU HA MEHE BCAUKE GPAHCEHHA.
Mene ne mypbysanso me, wo axciomu nosummi o6ymu npuiinami 6e3 dosedermA.
B3aazani, ment 0ya0 uiakom docmammnso, AKWO A Mi2 6 C60IT doKaA3aT CNUPAMUCH
HA  MAaKE NONONHCEHMHA, KOMPL 30a6aAUCA MeHL be3cniprnumu. H  nam’amaro,
Hanpuraad, wo meopemy Iliazopa meni dosie mitli dadvko we do mozo, Ak
WA KHUCEWKa nompanuaa meni 0o pyk. Beaukuxr 3ycusv meni 6apmysano
“dosecmu” uro meopemy 3 donomoz010 NOJIOHUT MPUKYMHUKIG, NPU UbOMY MEHI
3dasarocs “ovesudnum’”, wo BIOHOWEHHA CMOPIH NPAMOKYMHO20 MPUKYMMHUKG
NOBUNHO GU3HAUAMUCA 00HUM 3 020 20cmpux wymis. Baazani meni 3dasa-
A0CA, Wo dosodumu nompioro auwe me, wo He “‘ouesudHo” came 6 maKomy cenc.

3BicHO, HaBe/IeHa UTATa IIPU YBasKHOMY 11 IPOUNTAHHI BUKJIUKAE PsIJ HEOTHO-
3HAYHUX MUTaHb. He sicHO, IKIMM caMe YuHOM JIoBojIMIacsa Teopema Ilicdharopa “3
JIOTIOMOTOFO TTOIOHNX TPUKYTHUKIB', SIKI0 EfHIITeHY 101i0HICTh MPSIMOKYTHIX
TPUKYTHUKIB 3 OJHAKOBUME KyTaMu OyJia OYEBHHOIO, ajie IPU IILOMY JOBECTH
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TeopeMy “BapTyBaJio BEJIUKUX 3yCHIb . BogHouac, cama ijiest BCeCBiTHBO BiJIOMOTO
disnka Ipo HeOOXIHICTH JOBEJICHHS JIUIIE TUX TBEP/XKEHbB, sIKi He OUEeBU/IHI yUHe-
Bi, Mae OyTH, Ha HaIly JIYMKY, AKIIO He MpuiiHsaTa Oe33aliepevno, To, IpuHaiiMHui
B34Ta JO yBaru 9K Taka, M0 MPUPOTHA 3& CBOIM MOXOJ/IZKEHHSM.

B cepemuni 1960-x poki B Pajsrcekomy Coro3i BijgOyBaJiacsi, TOBOPSYIN CY-
JaCcHOI0 MOBOIO, MOJepHI3allls MIKILJIHHOI CUCTEMHU MaTeMaTHU4HOI OCBITH, SKOIO
kepyBas A.M. Kommoropos. B crarri [12] BiH Buc/OBUB Taky HpOrpaMHy 3aca-
Iy 1o0OyI0BH reoMeTpil B crapmux Kiacax: “Kypc reomerpil B cTtapmimx Kjacax
Oy/yeThCsT Ha OCHOBI BEKTOPHUX VSIBJICHb (POC. - «BEKTOPHBIX IIPEJICTABICHUIT ).
[Ipu 1iboMy € IpUPOJIHNM 1 3BEepHEHHS JI0 KOOPAUHATHOTO METOJLY, OJTHAK B STKOCTI
JIOTIOMI?KHOTO, TaK, 10 BUKJAJ BiJl I[OTO HE CTa€ MEHI reOMeTPUIHNM .

B 1960-x pokax masa Mmicie Bigobparkena B nmrari A. Koamoroposa mepe-
KOHAHICTh, 10 BEKTOpHa I00Y/10Ba reomeTpii 3a Beiijiem € OibIn 1pocToo 3a
Tpajutiitny mobyoBy reomerpii [6]. Tomy cyTh pedopmu, korpoto 3aiimases Koi-
MOTOPOB, OaraTo B YOMY 3BOJIMJIACA JO MUTAHHS PO BUKOPUCTAHHS BEKTOPIB B
MIKIJIbHOMY KypCl TeoMeTPpil, B IIepIy Yepry — cTepeoMeTpii.

Ha nouarky 1980-x pokis Oysin Hanmcani mijgpyaaukn mianimerpii O. /1. Aje-
kcan [poBuM. B migpyunuky [1|, Hanucanomy 3a itoro motuamu, Teopema Ilida-
ropa JIOBOJIUTHLCSA 3 BUKOPUCTAHHAM TLIOI] TPAMOKYTHUX TPUKYTHUKIB, MIISIXOM
BIUCYBaHHA MPAMOKYTHOIO TPUKYTHUKA B KBaJIpaT, CTOPOHU SIKOTO JIOPIBHIOIOTD
CyMi JIOBYKUH KaTeTiB TPUKYTHUKA. TaK camo, 3a JOIMOMOIOIO IO TPUKYTHUKA
BBOJIUTHCSI IIOHATTSI TPUTOHOMETPUIHIX (DYHKIIIH IOCTPOro KyTa.

OOrpyHTyBaHHSI KOPEKTHOCTI BBEJICHHSI TPUTOHOMETPUIHUX (DYHKIIN y Hali-
MOIIUPEHIIX B YKpaiHi MiJIpyuYHnKaxX 3 reoMeTpil BBOAUTHCA 3 JIOTIOMOIOIO y3a-
rajbaenol Teopemn Pasteca. Tomy HaBegeMo J0BeJeHHS KOPEKTHOCTI TPUTOHOME-
TpudHnx GyHkIii 3a [1, ¢. 95].

Pozrisinemo npsimokyTauit TpukytHuk ABC (muB. puc. 1) Ta BisbMeMO J10-
BibHY TOuKy M Ha kateti AC . Bupasumo nBoma criocobamu 1Iolny TPUKYTHUKA
ABM . 3 onnoro 60Ky, S = %ma, e a = BC ta m = AM . 3 iHImoro Maemo,
mo S = %ch, ne h = MD — Bucora tpukytHuka ABM , ¢ — noBKuHa rimore-
HY3H IE€PBICHOrO MPSIMOKYTHOI'O TPUKYTHUKA. [IpupiBHaBImM JBI pizHi hopmysin
JUIst Ttomi TpukyTHuka ABM oTpuMyeMoO PiBHICTD

a h

C m

Bognouac, Hi piBHAHHSA TPAMOI, Hi, HABITH METOJ KOOPJIMHAT, He BBOJUTLCH 1
He BUKOPUCTOBYETHCS 1TPHU JIOBEJIEHH] TOJIOBHUX T€OpPEM ILIaHIMeTpil.

[lixaBo, mo B mijpyunuxy [1] B3arasi BijcyTHiil po3jia, TPUCBIYEHUH MO-
JioHOCTI TpuKyTHUKIB. [le miarBep/Kye JTyMKY TpO Te, IO jJeTaJbHe BUBUCHHS
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110/1I0HOCTI TPUKYTHUKIB IIOTPiOHE aBTOPaM JII0UNX MIKIJIBHUX HIJIPYIHUKIB JIAIITe
3 OJIHIE€I0 METOIO — BBEJIEHHS] TPUTOHOMETPUIHUX PyHKIIN. Ko Tpuronomerpn-
gHi (DYHKIIT BBECTH O€3 BUKOPUCTAHHS IOIOHOCTI, TO 1€ TIOHATTS caMe 110 cobi
He IIPEJICTABJISAE IHTEePECY.

Oragn NIKiIbHUX ITiAPYYHUKIB

Hagesiemo oryisii MKIJILHUX TAPYIHUKIB, TPOTATOM SIKOTO BUBYUMO TaKi ITH-
TaHHS:

1. Hu 10BO/IUTH ABTOD MiIpyUIHUKa (1 SKUME 3ac00aMn) y3araJbHeHy TEOPeMy
DaJieca (reopemy «IIpo npornopriiiii Bipisku» — Ipo Te, IO SIKIIO CTOPOHU KYyTa
[IEPETHYTU TapaJie/IbHUMU MPSMUMU, TO BIIPI3KU Ha CTOPOHAX KyTa BUSBJISATHCS
IPOIOPIHHUMIE).

2. flkuM 9uHOM (3 BHKOPUCTAHHSIM y3arajbheHol Teopemu Pajeca qu Hi) aB-
TOP WiJIPYIHUKA BBOJUTL TPUTOHOMETPUUHI (PYHKIIT TOCTPOro KyTa.

3. dkum 9uHOM (3 BUKODHCTAHHSM y3arajibHeHol Teopemu Paseca 4u Hi) aB-
TOP MiJIPYIHUKA JIOBOJUTH O3HAKU IOJIOHOCTI TPUKYTHHUKIB.

4. fxum gumHOM (UM BHKOPHCTOBYE MOJIOHICTH TPUKYTHHKIB abo Teopemy
DaJsieca i UM BUKOPUCTOBYE MOHATTS ILIOII TPUKYTHUKA) ABTOD MiAPYIHUKA JI0-
BOUTHL Teopemy Ilidparopa.

5. dxkum qnHOM (Ha CKIJIBKE (DOPMAJTBHO 1 aKCIOMATH30BAHO) ABTOD IIiIPY-
YHUKA BBOJUTDH IOHATTS ILIOIIL «B3araJily, IO NPAMOKYTHUKA Ta ILJIOHIl TPU-
KYTHUKA.

6. fdkuM YuHOM B MiAPYYHUKY ajareOpu JIOBOAUTHCA TOH pakT, 1m0 rpadik
PIBHSAHHSA Y = aT /I PIKCOBAHOTO @ € TPSMOIO.

Oryga MKiJIbHUX MiAPYyYHUKIB TeoMeTpil [ida 8-To KJjiacy

Binmosini wa onuncani nuranus mogo migpydauka [15] apropis A.I. Mepaisik,
B.B. [Homononcokuit, M.C. fkip Burisigarors Tak. Crepiny aBrop J0BOIUTEH TEO-
pemy Dajieca (crop. 99). Bigpasy micsst wel (crop. 100) myzke aKypaTHO JIOBOJUTH
teopemy «IIpo nponopiiitHi Biipiskuy, GpaKTUIHO KOPUCTYIOUNCH MPAHUIHUM IIe-
PEX0I0M, TOOTO CIIEPIIY JIOBOJUTH TEOPEMY JIJIsi BUIIAJIKY, KOJIM BiJIHOIIICHHS BiJI-
PI3KIB € pallloHaJIbHUM YUCJIOM, & IOTIM — Y 3arajJbHOMY BHULJIAJL, IIpaBja He
BUKOPUCTOBYE SIBHO MOHSATTS 1ppallloHAJIbHOIO YUC/Ia Ta FPAHUYHOTO IIEPEXO/LY.

AnajiorivHIM € BUKJIQJ] IIIMH »K aBTOPAMU IIUTaHb, KOTPI HAC MIKABJIATDL, B
ix migpyunuky [16]. Tak camo, sik i B [15], HaBeeHO /1610 JTOBEIEHHSI, KOTPE BH-
KOPUCTOBYE IPpaHUYHNI TepeXii. BiMIHHICTh Mi2K BUKJ/IAJIOM B HJPYIHUKY A
3araJiJbHOOCBITHIX MIKIJ 3BOJAUTHCA JIAIIE JIO TOTO, IO JIOBEJIEHHS y3araJbHeHOI
Teopemu Pajieca 0OMEXKYETbCsI BUIIAJIKOM, KOJIM BiIHOINIEHHsT BIAPI3KIB € UM
YUCJIOM 1 TIPOTIOHYETHCS PO3IVITHYTH “Ha MATEMATUYHOMY T'YPTKY IOBHE JOBEe-
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HHsT TeopeMmu (cTop. 78).

OzHaky 10/1i0HOCTI TPUKYTHUKIB BBEJICHO 3 BUKOPUCTaHHSIM JOBEICHOI Teope-
MU TIpo TiponopIiiitai Bijpizku. Teopema [lidparopa moBoanThCsa 3 BUKOPpUCTaAHHAM
MO/IIOHOCTI TPUKYTHUKIB — TOTO, IO YACTHUHHM MPSIMOKYTHOTO TPUKYTHUKA, AKi
YTBOPIOIOTHCS TIPHU MTPOBEJICHHI HOr0 BUCOTH, MOJIIOH] «BEJIMKOMY» TTPAMOKYTHOMY
TPUKYTHUKY.

[Monstrrst ot B migpyusuky |[15] BBoguThest akciomarnano (crop. 173) sk
YUCJI0, KOTPE CTaBJIATH Y BIMOBIIHICTD KOXKHOMY MHOTOKYTHHUKY. llioma MuO-
FOKYTHHKa — IIe JIoJlaTHA BeJIUYNHA, sdKa Ma€ IepepaxoBaHl B IIJPYYHUKY BJla-
cTuBOCTI (PiBHI MHOTOKYTHUKH MAaIOTh PIiBHI IUIOII, BOHA AUTHBHA Ta ILIOIIA
KBaJipaTy 3i croponoro 1 gopistioe 1). Ilicsist bOro BBOJUTHCS MOHITTS YUCIOBE
3HAUYEHHS IIJIONI 9K Pe3yJbTaT IOPIBHAHHS TOrO, Y CKLIBKHU Pa3iB ILIOINA JIaHO-
'O MHOTOKYTHHUKA BIJIPI3HAETHCS BiJI IO OJIMHUYHOTO KBagpaTy. PopMyan Jiis
oMl KBajpary (31 CTOpPOHOO, BiIMIHHOWO Bij 1) Ta MJIOIIl NPIMOKYTHUKY TIepe-
TBOPIOIOTHCS B TEOPEMU Ta JIOBOJATHCS 3 BHKOPUCTAHHAM, (PaKTUIHO, TPAHTIHOTO

HIEPEXO.TY.
E
D
B F
A
G
a
a
A C
1o obrpynTyBaHHSA b M
KOPEKTHOCTI H K
TPUTOHOMETPUIHITX
dbyHKIIiil 3a o noeesennst hopmyin o 1oBejieHHST TeopeMU
AnekcanipoBuM TJIOMTI TPSAMOKY THUKA [Ticbaropa “za Esktigom”
Puc. 1: Puc. 2: Puc. 3:

B nigpyanuky [5] aBropis M.I. Bypna ta H.A. TapacenkoBa, y3arajibHeHa Te-
opema Qajieca He JOBOANTHCs (CTOP. 88), TOUHIINIE HABOUTHCS CXeMa JTOBEJICHHSI,
KOTpa BUKOPUCTOBYE T'PAHNIHUI TIepexif, 1 1d cxeMma BijHecena g0 pyopukn “Jli-
3Haficst Oijibie”’, TOOTO 3HAHHSI JIOBEJIEHHs BiJl YUHIB (DAKTUUHO HE BUMAla€ThCs.
Osnaku 101i0HOCTI TPUKYTHUKIB (cTOop. 96-97) aBTOp JOBOJUTH 3 BUKOPUCTAH-
Hsl TeOpeME Ipo Tporopriitai Bigpizku. losemennst Teopemu Ilicharopa (ctop.
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164) aBTOp pOOUTDH MIJIAXOM MPOBEJEHHST 3 TMPSIMOTO KyTa BUCOTH MPSIMOKYTHOIO
TPUKYTHUKA Ta BUKOPUCTAHHSM IIOJIOHOCTI YTBOPEHUX TPUKYTHUKIB. /IWBHO Te,
0 Bijipa3y micjs aoBejieHHst Teopemu Ilidaropa aBrop 3rajye Te, 110 IIE€PBUH-
HO IIsI TeopeMma Oysa chOpMy/IbOBaHa 9K PIBHICTH CYMH ILIOII JBOX KBaJpaTiB
ILJIOII] TPEThOro KBaJpaTy Ta 3ra/ly€ PO CJOBOCIOJyUYeHHs “midaroposi mraHn’
sIK LIIoCTpaliiio JioBejeHHs: Teopemu Ilidaropa, BTiM He HABOIUTH JOBEICHHS I1i-
€l Teopemu 3 Bukopuctantsim 1tort. [logo o, To crepriry moctymoerbest (3
MPUIICKOI0 ‘3 MOIMEPeHIX KJaciB BiomMo”), M0 ILI0Ma KBaJIpaTa 3i CTOPOHOIO
a nopiaioe a’. Ilicjs 1IBOrO JOBOANTBCA TeopeMa PO IUIONLY HPSMOKYTHIKA
3 BUKOPHUCTAHHAM KPECJEHHs, 300parKeHoro Ha MaJIlOHKY 2 — IHPsIMOKYTHUK 31
cropoHaMu a Ta b 100yIOBYeTBHCS JO KBaJpaTy 31 CTOpOHaMH a + b, micid

I[OTO BUXO/NTH, MO ILJIOMA MPIMOKYTHUKA MOXKe OYTH BHUpazkeHa (OpPMYJIO0
g — (a+b)%—a®—b?

—

B ninpyunuky [2| asropa [.B. Anocrosiosa, y3araibhaena reopema @ajieca j10-

BOJINTHCsI, BAKOPUCTOBYIOUN I'PAHNYIHEI IIePexXisl — CTOPOHU KyTa, IIePEeTHYTOrO IIa-
paJIeIbHUMU IIPAMUMU, HIIJIBHO PO30MBAIOTHCS BEJINKOIO KIJIBKICTIO IapaJelbHIX
HPSIMEX, & IIOTIM 3 aHaJIi3Y i€l KOHCTPYKIIT poO/siThest oTpibHi BucHoBKU. O3Ha~
KU MOJIIOHOCTI TPUKYTHUKIB B 2| BBOJATHCSI 3 JOMOMOTOI0 y3arabHEeHOI TeopeMu
Daseca (crop. 120). Teopema Ilidaropa moBomuThbcs 3 JTOMOMOTOK MOAIGHOCTI
TpukyTHUKIB (cTOp. 139). Tpuronomerpnani GyHKIH rOCTPpUX KYTiB BBOJSITHCS 3
JOTIOMOTOI0 TIO/IIOHOCT] TPUKYTHHUKIB (cTop. 161).

B o3nadenti miori irypu B migpydHUKY [2] miota — e 9icjio, KOTpe CTaBu-
ThCsI Y BIJIOBIIHICTD KOXKHITE 0OMexKeHiit ¢irypi Ta Mae BacTuBOCTI (HeBi T eMHa,
aJIMTHBHA, IJIOMA KBaIpaTy 3i croponoio 1 jopisaioe 1). Hamucano, 1mo “moxkna
soBecTi”) 10 IO KBaJpaTy 3i cTopoHolo a jopisHioe a® (cTop. 47). Teopema
PO IJIONLY MPAMOKYTHHKA JOBOJINTHLCA, BUKOPUCTOBYIOUN IPAHUMIHUN Tepexia —
CIIEPITY JIOBOJUTHCA (popMyJia JijIst KBaJipaTa 3 HaTypaJbHUMU CTOPOHAMM, MOTIM
— 3 pallloHaJIbHUMU, a MOTIM — 3 1IppalllOHaJIbHUMU.

B nigpyununxy [3] asropis I'Il. Bess, B.I. Bess, H.I'. Braximiposa, y3a-
rasibena Teopema DaJjieca JOBOJNTLCA JIAIIE JJIsT BUTAJIKY, KOJU BiIHOIIEHHS
BiIpi3KiB Ha cTOpoHAX KyTa parioHajbHe ducyao (crop. 73). ani manmcano, 1o
“zaraJibHiIIe JOBEJEHHS MOXKHA 3JIHCHUTHU JIUIIE METOJAMK BUIOI MAaTEeMAaTUKN .
[TomibHICTL TPUKYTHUKIB BBOJUTHCA 3 JIONOMOIOIO y3arajibHeHol Teopemn Dajie-
ca (crop. 80). Ilikapo, 1m0 MOAIGHICTH MPSIMOKYTHUX TPUKYTHUKIB B |3] Bu/IiIeHO
B OKpeMmuii mnaparpad, aje neit maparpad ije Imicjsi BUBYEHHS IIOJIOHOCTI TPU-
KYTHUKIB B 3arajbHOMYy BHUIAJKY, & TOMY, (PaKTHIHO, Haparpad MpucBsadeHnii
BUBYEHHIO YaCTKOBOI'O BUIIAJKY — IIJIFOTOBII JI0 JoBejeHHs: Teopemu Ilicdaropa
gepe3 MOMiOHICTh TPUKYTHUKIB, 10 Jai (ctop. 177) 1 poburbes. [licist mosee-
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uHst Teopemu Ilicbaropa B migposin “mis gonuriusux’ (crop. 118) HaBOIUTHCS
i1 JoBeseHHs 3 BUKOPUCTAHHSAM ILIOMII — Te, sKe MU /I IPUKJIaJTY HaBEJIEMO
B 1iif ctarTi. Tpuronomerpuyni QpyHKIII MOCTPUX KYTIB BBOJATHCS 3 JIOTIOMO-
rOI0 TIO/IIOHOCTI MPSIMOKYTHUX TPUKYTHHUKIB (cTop. 190). [Lioma B migpyunuky [3]
BBOJIUTLCS Yepe3 IJIONLY OJMHUYHOTO KBaIpaTy Ta (hopMyJia JJIsl IO ITPIMO-
KYTHUKA JIOBOJINTHCA 3 BUKOPUCTAHHSIM I'PAHUYHOTO MEPEXO/LY.

B nigpyunuky [9] aBropis A.Il. €pmosa, B.B. Tonobopoasko, O.@. Kpuxa-
nHoscwbkuit Ta C.B. €piios, sk y3araibaena Teopema Pajieca, Tak i MIOMA TPIMO-
KyTHIKA JIOBOJIUTHCS B “ojarkax’ (cTop. 235-238), mpudomy Iikapo, Mo oou;isi
TeopeMU, KOTPl HAC IIKaBJISATD, JIOBOJATBCS B OJHOMY JI01aTKy. Behoro jiogaTkis
JIBa, 1 JIpyTHii 3 HUX — BijoMOCTI 1po 3os10THit iepepis. [ToaioHi TpUKyTHUKN BUBYA-
IOTHCS 3 JIOTOMOTOI0 y3arasbienol Teopemn Paseca (crop. 111). B migpyumnuky [9)
HAABHUN OKPEMUiT PO3/ILJI, PUCBAYEHNI MMTOAIOHOCTI NMPSIMOKYTHUX TPUKYTHHUKIB,
B SIKOMY JIOBOJIATHCS ‘METPUYHI CIIIBBIIHOIIEHHS B TPAMOKYTHOMY TPUKYTHUKY'
KOTPI CTOCYIOThCS BIJIPI3KIB TPUKYTHUKA, YTBOPEHUX I1CJIsl IPOBEJIEHHS BUCOTU 3
npsiMoro KyTa. Li BjracTUBOCTI € HACJIIIKOM TeopeM IIPO IOII0HICTh TPUKYTHUKIB
“sarajibHOrO BHUIVILAY . Buxogsum 3 1ux “MeTpPHYHHX CIIBBIJIHOIIEHL JIOBOJIM-
Thest TeopeMa [lidaropa (crop. 128). Tpuronomerpuuni (byHKIIT rocTpux KyTiB
BBOJISITHCSI B OCTAHHBOMY PO3JILJI MiIPYYHIKA, BUKOPUCTOBYIOUH ITOAIOHICTD TPH-
KYTHUKIB.

B nigpyunuky [9] miomia BBOAUTECS MPAKTHYHO Oe3 MOsSICHEHDb (He paxyiodn
noatokK ). Crepiity naerbest (popMysta Jist IO PSMOKY THUKA, & MOTIM — JIUIIe
SIK HACJIJIOK 3 Hel, hopMysta jist IIIoMMl KBajparta (ctop. 166).

[Tigpyunuk [17] asropa O.B. Iloropeios Burjsijiae sik IMpoTOTHUII BCIX IJIPY-
YHUKIB 3 TeOMeTPil, pO3TJITHYTUX HAMK B I[bOMY PO3/IiJii. 3PEIITolo, e i He JMBHO,
aJlzKe, HaBIJIMiHY BiJl aBTOPIB PO3r/IsiHyTHX Hijpy4Hukis, Ousexciiti I[Toropenos —
BUJIATHNN XapKIBCHKUIT MaTeMaTUK, 9l JOCATHEHHS B NeOMeTpil Oy/In BU3HaHi Ha
HaliBUIIIOMY PIBHI B TOIl 4ac, KOJIX BIH II0YaB 3aiiMaThCsd MKLIBHUM M1APYYHUKOM
reomMeTpii.

st mpukaay, nigpyasuk [11] aropa A Il KucesboB, 3a ¢BO€IO CTPYKTYPOIO
CYTTEBO BiIpI3HSIETHCS Bij mijipyaHuKa 3a pegakiiieio O.B. [Toropesosa, BriMm, Tak
caMO METOJ KOOD/IMHAT He BUKOPUCTOBYETHCI B HHOMY JIJIs JIOBEJEHHS BarKJIU-
BUX TeopeM. Bijbine Toro — B po3iji Iij Ha3Bowo “3acToCyBaHHs ajredpu Jo
PO3B’sI3aHHS MeOMETPUIHUX 3aJlad’ PO3IJISIAI0ThCA 1MTOOYI0BU 3 HUPKYJIEM 1 Jii-
HIIKOIO Ta BUKOPUCTAHHS IMOAIOHOCTI TPUKYTHUKIB UM IHIIMX METOMIB JJI TOTO,
o0 OyyBaTH BiPI3KW, YUl JOBXKUHU 3ajaHi hopMmyIaMu depe3 JOBXKUHU Jla-
HUX BIJIPI3KiB, 3aJaHNX HA MAJIOHKY Oe3mocepesibo (To6TO mobyI0BE BUTJISLY

© \Jab JE L),
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[Tepunm HeTpuBiasbHUM PO3/LIOM migpydanKa [11] € mogibHicTh TPUKYTHU-
KiB. [eit po3/1i1 MOYMHAETHCA 3 JIEMU TIPO Te, 10 TPUKYTHUK, KOTPUIT Bi/ICIKAETHCS
BiJI TPUKYTHHUKA ITPAMOIO, IMapaJjebHOIO JI0 HOro CTOPOHM, MOMIOHMI 10 BUXIIHO-
ro. Taka Teopema € y migpyunukax [2, 3, 5, 9, 16|, Brim Tam BoHa J0BOIUTHCS
3 JIOTIOMOT0I0 HAcHiJIKy 3 Teopemn Pajeca, KOTpa, B CBOIO Yepry, JOBOJIUTHCA 3
JIOTIOMOT'0I0 200 'PaHUYIHOTO IIePEXO/Ty, D0 YK€ JIoBe/IeHHA He € moBHUM. Ll Jlema
B 1ipydHuKy [11] 10BOAUTHCS MIIAXOM PO3OUTTSI TPUKYTHUKA Ha BEJTUKY KiJIb-
KiCcTh “MajieHbKNX TPUKYTHUKIB, IPOBEJIEHHSIM DaraTbox NpsMUX, IapajiebHIX
“ocHoBi” Ta OJHiil 3 “O0KOBUX CTOPIH  TPUKYTHUKA.

Tpuronomerpuuni GyHKIIT rOCTPOro KyTa BBOJATHCs B [11], BUKOpucroByrouu
MO/IIOHICTh TPUKYTHUKIB 1 PO3JILJI, TPUCBAYCHUII BBEICHHIO TPUTOHOMETPHIHIIX
dyHKIIi, € ocTaHHIM B TJIaBi, HPUCBsYEHiil 1101i0HUM (irypam.

Teopema 1po dhopMysTy IO MPSIMOKYTHIKa JT0BOUThCs (cTop. 97-100) 3
BUKOPUCTAHHAM, (PAKTUYHO, TPAHUYHOIO TEPeXojly Ta O3HAYeHHsd IO depes
ILJIOTITY OJIMHIYHOTO KBAJIPaTYy.

Teopema Ilicbaropa moBogurbest B migpyanuky [11] asidi. Oun pas — Bigpasy
ic/Is1 BBEJIEHHST MOIOHOCTI TPUKYTHUKIB (cTOp. 44-45) i JOBOANTHCS TPUOIU3HO
Tak, sik B [2, 3, 5, 9, 16]. Briwm, micsist BBeJieHHST TOHATTS TLIOII, 30KpeMa, IIOII
TpuKyTHHKa, Teopema lidaropa goBomurses Bapyre (ctop. 106-107) — 3 gomomo-
rofo ILIOMHI 1 MeToj0M, HasBaHuM ‘loBenennst EBkiina’, ocKiJIbKI camMe B TaKuii
crioci6 Teopema Ilidparopa joBojurbes B nepiiiii kuusi fioro Hawas [7, crop. 58|
(kuura 1, TBep/Kenns 47). Hasegemo e JoBe/IeHHs.

Hexait maemo joBibauit TpukytHuk ABC 3 npsimum kytom A . Posrisinemo
kBajgparu BDEA, AFGC ta BCKH , nobynoBani sik Ha MaioHKy 3. [Ipose-
nemo npsamy AM nepnenpukyssipuay go BC'. Toxi ksagpar BC' K H nomianTbes
Ha JBa NpAMOKYTHHKHU. /loBegaemMo, 1o mioma npsaMokyTHnka BLM H Ta kBa-
npaty BDFEA 306iraiorbes, a monia npsaMokyTauka LCK M  popiBHIOE 1110
kBajgpary AFGC'.

[Tpoenemo jgomomizkai Binpisku DC' ta AH . PosrisiHeMo TPUKYTHHKH
DCB ta ABH . Ilnoma tpukyraunka DC'B 10piBHIOE OJIOBIHI ILIOII KBaJIpa-
Ty BDE A, 0CKUJIBKH ILIOMNLY I[OIO TPUKYTHUKA MOYKHA 3aIUCATH K MMBJI00YTOK
Bijipiska BD (sik ocHoBU TpuKyTHUKA) Ta AB (K BUCOTH TPUKYTHUKA, [IPOBEIE-
HOT 710 ocHoBu B D ). Anasoriuso, mioia Tpukytaika DC' B 10piBHIOE OJIOBHHI
mtonii npaMokyTanka BLM H .

3 inmoro 6oky, Tpukytaukun ABH ta BDC' piBHi, ockiibku BD = DA Ta
BC =BH i ZDBC = ZBDC', ocKiJibKI KOYXKEH 3 IUX KYTiB OTPUMYETHCS J10-
JaBaHHAM IpsaMoro KyTa 10 Kyta ZCBA. TakuMm 9uHOM, 3 pIBHOCTI 3a3HAYEHIX
TPUKYTHUKIB Ta MipKyBaHb PO iX ILJIOILY MaeMo, Io Iuioia Keajpara BDFEA
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JIOPIBHIOE IO NpsiMoKyTHUKa, BLM H .
PiBricts miomr kBajgpary AFGC ta npsmoxkyranka LCKM 1oBoauTbest
aHaJIOTTIHO.

Oryaga MKiIbHAX MiZAPYyYHUKIB aaredpu A 7-ro KJjacy

Hagejiemo oruisii ocTaHHbOTO - MIOCTOTO 3 TMOCTABAECHUX HAMW TUTAHDL 3 ITPH-
BOJly MIJIPYYHUKIB, KOTPl 3apa3 BUKOPUCTOBYIOTHCS B HaBYaJbHOMY IIPOIEC] B
YKpaiti — Ipo Te, IKUM YUHOM B MAPYYHUKY aJreOpu JOBOJUTHCS TOH (akT,
1110 rpadik piBHAHHS Yy = ax JJIsi (PIKCOBAHOIO G € IIPAMOIO.

PosmaiTTs mixo/1iB B MiIpyIHIKAX ajaredpu, ski HaM JIOBEJIOCs OIpalloBaTH,
HabaraTo By»K4a, HixK IMiJIPYIHUKIB reOMeTpil JI/isd 8-T0 KJiacy.

Tak, B ycix gorupbox migpyunukax [4, 10, 13, 14] € posuin, npucsstaennii
QYHKIIISIM, TiIpo3/1iJ1, npucBstdeHuii rpadikam pyHKIIii Ta, Mmic/isi HbOro — PO3ILI,
[0 CTOCYEThCs JiHITHIX DyHKIIH Ta X rpadikis. O3HaueHHs JIiHIAHOT QyHKIIT
Mafiyke JTOCTIBHO OJTHAKOBE 1 BUTJIsIa€ MPUOJM3HO TakK @ DYHKINIO, AKY MOXKHA
zajgaru popmyson Buay y = kx+0b, ne k i b — jesiki umncia, a r — He3aJleyKHa
3MiHHa, HA3UBAIOTh JIHIHHOIO.

B nigpyunuky [14] xonekruBy asropis A.I. Mepsisk, B.B. [ononcekuii ta
M.C. dkip, na crop. 179 nanucano: “‘y crapimmx Kjaacax BU JOBejieTe, 10 rpadik
JIIHITHOT QYHKIIT, 00/1aCTh BUSHAUYEHHSI K01 — BCl JIificHI uncia, € nupsama’. [lics
1IbOT0, (PaKTUIHO Ha MPUKJIAJIaX, [MOKA3aHO, SK HAXMJI MPIMOIl, 0 € rpadikoM
YUK BUTTISALY Y = ax , 3aJ€KUTh BiJ .

B nigpyunuky [10] nammcano (ctop. 145): “Y crapimumx Kiacax BH MepeKoHae-
Tecst, 10 rpadikoM JIiHIHOT PYHKIIT € Tpsima’.

Y nigpyunuky [4] asropis Bess I.Il. ta Bess B.I'. Bijgpasy micis o3Hauen-
Hs JiHifinol GyHKIil HakpecjaeHo rpadikm JABOX JIHINHUX (PYHKINH 1 HarcaHo,
IO I[i MPUKJIAIUN MOYKHA y3arajbHUTH, cchopMmysioBasin npasuio: “I'padik Ko-
JKHOI JIiHITHOT DyHKIIT — npsiMa. | KoxKHa npsiMa Ha KOOPJAWHATHIN IJIONINHI, He
HepreHInKyagpHa JI0 oci abcruc, — rpadik AesdKol JiHiiHoT pyHKIil .

B nigpyunnky [13] aBropis B. Kpasuyk ta I'. flHuenko TBep/zKeHHsT PO Te,
1o rpadik JiHifiHOT QPYHKINT € TIPsSMOI0, He POPMYJIIOETHCA IBHUM YUHOM B KO-
JIHIT POpMI — POBIVISIIAETHCS JlesdKa KIJIbKICTh NMPUKJIAJIIB, Ha KOXKHOMY 3 STKUX
OyjtyeThest mpsiMa. [1oTiM BBOJAUTHCSI MOHITTS KyTOBOTO KOeiIieHTy MpsiMoi (J1i-
HiftHOT (DYHKIIIT), OKpEMIM BHIIAJIKOM DPO3LJIsAIacThest byHKIis y = kxr Ta 6e3
JIOBEJIEHHS “OTPUMYEThCA  3aJICXKHICTb IBEpPTEil KOOPJAMHATHOI IJIONUHU, B STKUX
3HAXOIUTHCST Tpadik, B 3naky k (crop. 147).
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Teopema Ilidparopa

Ax mu 6aaunn, nosenenud Teopemu Ilidparopa 3 J0MoMoroo miomn; TPUKY THH-
KiB BijloMe 3 JaciB JaBHBOI 1 'perii 1 oguH 3 BapiaHTIB JOBE/ICHHS HaBeJIEeHO HABIThH
B “Hauasiax” Eskiiizna. ITo-mpu e, 1110 B 0araTbox Cyd9aCcHHUX IiJIpydHHKAX reoMe-
TPil HOHATTS ILJIOII BBOJMTLC CKJIAJIHO, 1 HaBiTH (popMyJia ILJIONI KBaJjipaTa Ha
JIYMKY JeTKUX aBTOPIB MOTpedye, (DaKTUIHO, BUKOPUCTAHHSA TPAHUIHOTO TIEPEXO0-
ay. Brim, HaBiTh B migpyunnkax, Bujanux B 20-my crositri (Hanpuki. [1, 3, 11]),
MOXKHa 3HaWTHU J1oBejieHHs TeopeMu Ilicdharopa 3 101oMorowo miomli TpUKyTHUKIB.

Takum 9MHOM, MOYKJIUBICTD JloBeJieHHA TeopeMu [licparopa 3 BUKopucTanHsmM
HIOHSITTSI TLJIOIII, Y1 BiZIMOBA BiJI ILOI'O JIOBEJIEHHS — CIIPaBa TPaJuIlil Ta yIIo100aHb
KOHKPETHUX aBTOPIB IMJ[PYYHUKIB, a 30BCIM He cIipaBa IPHUITYCTUMOCTI TaKOIo
JIOBEJICHHSI CaMOr0 110 COO1.

Hagejiemo ojmn 3 BapiaHTiB JjioBejieHHst Teopemu [lidparopa, Korpe BuUKOpH-
CTOBYE IMOHSTTS IO MPSIMOKYTHIKA TPUKYTHUKA 1 B3siTe 3 |3, crop. 118|. Ieii
criocib noBesennst TeopeMu llidparopa kpammnii 3a MeTOJ TOBEJICHHS, TOIaHIil B
Hagasnax EBkiiina.

Posryisinemo npsimokyrhuii TpukytHuk ABC 3 upsmum kyrom C (us.
puc. 4). Ha npomensix C A ta C'B Biakiajgemo touku F' ta M rak, 106 Bijpisku
CF ta CM pnopiBaIOBasin cyMmi KaretiB TpukytHuka ABC'.

Posriignemo kBajgpar C'F K M | Ta Ha itoro croponax BizbMeMo Touku G Ta L
Tak, mob F'G = KL = AB. Toji yrBopeHi 90THpU TPUKYTHIUKK OY1yTh PIBHIMI,
a qotupukyTHuk AGLB 0yje KBaJIpaToM.

E . ¢
P c
= B
: 2wl ay by by
PG 14‘1 Cl 02 L1 . Y1
C B A’f Bl Hl A1
o BBemenHs
o noBejienns TeopeMu TPUTOHOMETPUIHUX /1o obrpynTyBanHs HOAIOHOCTI
[Tidparopa “wepes rmorri” dbynkiiit TPUKYTHUKIB
Puc. 4: Puc. 5: Puc. 6:

Teopemy Ilidparopa orpumaemMo, SIKIO BiIHIMEMO BiJT IJIOII “BEJTUKOTO  KBa-
JpaTa IO YOTUPHOX MPAMOKYTHUX TPUKYTHUKIB.

Jlerko 6auuTu, 110 HaBejeHe JloBeleHHs: Teopemu [lidaropa Hadbararo mpocti-
e 3a Te, mo € B “Havasax” EBkiina. [le, naftiMmoBipHille, MOsSICHIOETbCS TUM, IO
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naBHi ['pekn He BBarkaJim KOPEKTHUMH OIlepallil 3 JOBXKUHAMHU BiJIPI3KiB Tak, sK
11e POOMMO MU, CyYaCHI €BPOIICHI, KOPUCTYIOUUCH He Jinie ['perbKoro Tpa/nIlieto,
aJie 1 TpaJUIEI0 cepeIHbOBIYHNX apadiB, po3suHyToIO MisHine Ppancya Bietom
Ha 10T0 IIOC/1JOBHIKAM.

ITorgarTga maonii

[lo-tipu Te, mo moseaennst Teopemu Ilicbaropa Bimome mie 3 “Havan” EBkiii-
Jla, YABJIEHHs PO MaTeMaTHUYHY CTPOTICTh CYTTEBO 3MIHUJINCA MICIAS BIIKPUTTS
nuepeHIiaabHOr0 YNCJIeHHsI Ta, NOJIOBHE — II3HiIe, Iic/Id BIJIKPUTTS reoMerpil
JlobaueBchbKoro.

[Is 3MiHa ygaBJIEHb PO MaTeMATHIHY CTPOTICTH TOJISATAa€ B TOMY, IO JesdKi
3 TBepP/ZKeHb, KOTPi BBaKaJucd odeBUAHUME g EBkiima, B 20-my — 21-my
CTOJITTSAX BKe BBaXKalOTbCsl TaKUMU, IO IIOTPEOYIOTH aD0 OOIPYHTYBaHHSI, abo
aKcioMaTm3allil, ado 3ayBarKeHHsI Ha 3Pa30K TOI0, IO ‘1ie TBEPIXKCHHsI MU He Oy-
JIEMO JIOBOJIUTH, & BOHO OyJe JOBeJeHO B OLJIbII CTaplIUX KJacax, Ha I'ypTKax, i
T.1.”. TobTO B OY/Ib-siIKOMY pa3i, HaBITh B pa3i, KOJU aBTOp Mijpy4uHnka B 20-21
CTOJITTI (POPMYJTIOE JIesiKe OUeBUTHE JIJIsT TaBHBOTO Tpeka (EBKIia) TBepKeH s,
BiH ITOBUHEH POOUTH 3ayBayKeHHs IIPO HEOUEBUIHICTH IILOIO TBEPJZKEHHS, & IMOTIM
“BUKpPYYyBaTUCsT Ha BJIACHUIT PO3CY/I.

st nopejienns Teopemu Ilidaropa HaMm norpibHe He CTIILKU MOHSITTS ILIOII
MHOI'OKYTHHUKA, SIK HOHATTS IIPO ILJIOILY HPSIMOKYTHOI'O TPUKYTHUKA. 3 (hopMmy-
JIA JIJIsST TLIOII IPSIMOKYTHOT'O TPUKYTHHKA, JIEFKO MOYKHA OTPUMATH (POPMYILY JIJIsI
ILJIOIII] HEIPSIMOKYTHOI'O TPUKYTHUKA SIK IiBJ00YTOK CTOPOHU Ha BUCOTY, IIPOBE/Ie-
Hy 210 Hel. B TakoMy pasi, jij1s8 TPUKYTHUKA 31 CTOpOHAMU a, b, ¢ Ta IpOoBeIeHUME
J10 HUX BucoTtaMu hg, hy, h. MaeMo piBHOCTI

ah, = bhy = ch,.

DaxTUIHO, HASIBHICTH IOHSTTS ILJIOII JIO3BOJISIE 3POOUTU BUCHOBOK, IO IIe-
pepaxoBaHl pIBHOCT1 BIJIHOIIEHHS BIJIPI3KIB IpaBUJIbHI, OCKLJIbKU KOXKHE 3 HUX
BIJIHOIIIEHD JIOPIBHIOE TIOJIBOEHIH TIJIOIII TPUKYTHUKA.

AxIio cratu Ha MO3UIIIO, IO BiACUJIAHHS JI0 HOHSTTS ILIONI IIPU HOBEICHHI
TaKUX PIBHOCTEN € HEIPUIyCTUMUM, TOOTO “He IePeKOHJIMBHM , TO IIe O3HAJaE,
[0 JIEIIO, CTOCOBHE IIOHSATTS ILIOHI, Mae OyTu joBejeHuM. Llum “medmm’ morke
OyTu Jinine popMyJia JIJIs IJIOINI HPSIMOKYTHHUKA sIK TaKa, sIKOI0 0OIPYHTOBYEThCS
dopmyta I TJI0I TPUKYTHUKA.

AKI10 akmeHTyBaT yBary Ha 1oTpedi JoBOAUTH (DOPMYIIY JJId IO IPAMO-
KYTHHKA, TO ITPOIIOHYEMO B34TH 3a aKCIOMY Te, 1110 ILJI0Ia KBaJpaTa 3a CTOPOHOIO
1 nmopiBuioe 1, micas 9oro AoBEeCTH, IO ILJIONIA KBajpaTa 31 CTOPOHOIO G JI0OPiB-
moe a’. Ilicas mporo gosectu hoOpMy/Ty JIsl IOl HPSMOKYTHHKA TaK, K IIe

124 36ipHUK HayKOBHUX Ipalb (izuko-mareMaTudHoro dakyaprery LJIITY



[Tnaxorauxk M.B. IIpo gorminpHicTs BuBdeHnH:s 1. @aseca

3pobJieHO B mipydHuKy [5| (auB Burie Masr.2). 3BiCHO, M BBAYKAEMO HEJOILIb-
HUM JIOBEJICHHSI 3 BUKOPHCTAHHAM TI'PAHUYHOTO Iepexojry (POPMYJIN JIJId IO
NPAMOKYTHUKA ITiCJIA TOrO, sIK T'PAHUMIHUI Tepexij ByKe O0YJI0 BUKOPUCTAHO JIJId
JoBeJIeHHs (hOPMYJIN JJIs TIIOMII KBaJIpaTa.

JlomaTKoBO 3ayBarkKnUMO, IO JIOBEJAEHHS ILIONI MPAMOKYTHUKA AK TakKe, I0-
Tpeba SIKOro BUHUKAE 3 HETPUBIAJILHUX (DOPMYJI, IO MaIOTh OYTHU ITPaBUIbHI JIJId
OY/Ib-IKOT0 TPUKYTHUKA, MOYXKe OYTH LJIIOCTPAITEI0 NTeOMETPUIHIX MipKYBaHb, KO-
JIM, Ha TepIuil morsi, HeodeBUAHIN (hakT (3 piBHOCTAME J00YTKIB BiJIDI3KiB Yy
TPUKYTHUKY ) JIOBOJIUTHCST TPOCTUME MIPKYBAHHSIMU sIK HACJIIOK OYEBUTHUX TP~
MyIIeHDb (PO Te, 0 MOHSITTS IO MOYKe OyTH BUKOPHCTAHE B MATEMATHII 1 IIPO
Te, IO IJIOIIA KBAJPATy JOPIBHIOE KBaJpaTy HOro CTOPOHM).

PiBusinns nmpsamoi

3a icHylounMu mporpamMaMy 3 MaTeMaTUKU, 3 PIBHSIHHSM IPIMOI, TaK CaMoO
K 3 TPAMOKYTHOIO CHCTEMOIO KOOPJWHAT, YIHI 3HAHKOMJIATHCA B 7-My KJacli — B
TOI PiK, KON MOYMHAIOTH BUBYATH M€OMETPII0, KOTPa, B CBOIO YePT'y TOUYNHAETHCS
3 aKCIOMATUKH, K& B KIHIIEBOMY pPaxyHKy, 1oxoanTh Bi EBkiiga. [Iutanns mpo
Te, YOMY MHOXKHHA TOYOK JIEKAPTOBOI ILJIOHMIUHU, SKI 3aJ0BOJIbHSIOTH PIBHAHHS
Yy = axr, Jie a = const € IPsMOIO He JIOBOJUTHCS B3arasi — Ha MOMEHT BUBYEHHS
IIbOT'O PIBHSHHS yUHI I1Ie He TOTOBI PO3YMITH JOBEJICHHS I'€OMETPUUHIX (DAKTIB Ta
YCBIJIOMJTIOBATH JIOBEJIEHICTD, U1 HEJIOBE/IEHICTH KOHKPETHOI, (PaKTIIHO, TEOPEMH.

[IuTanus 11po Te, YoMy rpadikoM KOHKPETHOI'O PIBHSIHHSI, HAIIPUKJIAL, Y = 3T
€ TIPsIMa, OLJIBINCTh aBTOPIB YKPATHCHKUX IMIPYIHUKIB HE JJOBOJISATH, & “TIOSCHIOIO-
. [Ipu nbomy “TiosicHeHHsT” BUTJIsIIA€ TPUOJIN3HO TaK (JUB. OTJIA APy IHUKIB 7
KJIACy 3 aJredpu, mojlaHuii Buiie): posrisineMo To4ky 3 koopanuaramu (0, 0). Bo-
Ha HaJIe:KUTh Tpadiky. Posrisiaemo, nampukia, Toukn 3 Koopanaaramu (1, 3),
(2,6), (=1, =3), (=2, —6). Bci Bonu € Toukamu mrykanoro rpadiky. Hamece-
MO IIi TOYKHM Ha KOOPJAUHATHY ILIONUHY, MPUKJIAJIEMO JIHIAKY Ta 1modadnMo, 1o
BCl BOHU JIeYKaTh Ha OJIHIN mpamiit. Tak oT, gKIMo B3ITH TOYKY 3 KOOPAMHATAMN
(x, 3x) aist JOBIIBHOTO IHIOTO YHCIA, TO BOHA OMMHUTHLCS Ha Il caMe MpsIMiii.

Mok/MBO, He BCl BUMTE YCBLIOMJIIOIOTH, IO TOH (bakT, 1o rpadik oyHKIl
Yy = 3x € IpsIMOIO — Iie TeopeMa, 1 i1 noTpibHO He “HosicHIOBaTH , 8 ad0 OrOJIONIY-
BaTH akciomoro (1Mo JOBOJI JUBHO), abo GopMasbHO JTOBOJAUTH, abo, MPUHARMHI
caMoMy coDi MOsICHIOBATH, oMY Tieil (pakT He JOBOAUTLC. BTiM, Te, 1m0 BKazaHmii
dakT € caMe TeopPeMoIO, CIIOJIIBAEMOCs, 100pe PO3YMIIOTh aBTOPHU IiJPYyUHHKIB 3
asirebpu Ta reoMerpil, peKOMEHIOBAHUX B PI3HI POKU MiHICTEPCTBOM OCBITH (B Pi-
3HIX BaplaHTax HOro Ha3BHU) JIJIsI BUKOPUCTAHHS B HaBYaJbHOMY mporieci. Tomy
B IipyYHUKAX TeoMeTpil B mepiri jaBa poku (7-8 Kjacu) BUBUEHHST TeOMeTpil Me-
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TOJI KOOPJAUHAT He BUKOPUCTOBYETHCH, a B 9-My KJaci MbOMY METOJY HTPUCBIICHO
piBHO OJIMH naparpad, IMicjisd 90ro JO0 HbOI'O aBTOPU HE ITOBEPTAIOTHCH.

st moBejieHHsT TOTO, IO 3a3HadeHuil rpadik JificHO € TPAMOI0, MOTPIOHO
dopmaJtizyBaTH MOHSITTSI IPAMOI — 3POOUTU Te, YO0 He POOUTHCs B JIFOUUX IIi/I-
pyuHukax reomerpii. Ham Oy/e jocTaTHbO TaKOTO O3HAYECHHSI.

Pizui Toukn A, B Tta C' JjgexkaThb Ha IIPAMIil, SIKIIO BUKOHYETHCS OHA 3
TPBHOX PIBHOCTEI:

1. AB+ BC = AC;

2. AC+ BC = AB;

3. BA+ AC = BC'.

[Ticig mporo mpsiMa — 1ie HecKiHdeHHa B 06uBa 00Ku ¢irypa 6e3 po3pusis,
KOYKHI TPU TOYKH SIKOI € TAKIMHU, 10 JIeyKaTh Ha OJHII MpsiMiii. 3BICHO, CJIOBOCIIO-
JlydeHHs “6e3 po3puBiB’ B IbOMY ‘0O3HauYeHHI’ MPUXOBYE B COOI rpaHUYHMIT TIepeXi
(60 siKIIIO By1€MO 38 JBOMa TOUKaMU Oy/IyBaTH CepeuHE BIIPi3iB Ta HOBI “Kpal’ 3a
KIHIIEM BIJIPI3KY 1 I0r0 cepenHOoI0, TO OTPUMAEMO JIUIIIE 3/IYeHHY, X0U 1 MIIJIbHY,
MHOYKIHY TOYOK IpsiMOT). BTiM, 1eii rpannanuii mepexi Habarato 3po3yMimimmii
ITKOJIsipaM, HiXK JIOBeIeHHs y3arajabHenol Teopemu Pajieca B TUX MiJIpyIHUKAX,
Jle 10 TeopeMa CTPOro JIOBOTUTHCA.

BayBaxkumo, 1110 Hacijikom Teopemu Ilicparopa € hopmyista jiist TOBXKIUHU Bijl-
pisKa, KiHIIl IKOro 3aJiaHi JeKapTOBUMU KoopamHaTaM#. BisbMeMo HOBLIBHI TpH
roukn A(xy, ary), B(xs, axs) ma C(x3, ars) rpadiky piBuanusa y = ax. He
00MEZKYIOUN 3arajJbHOCTI MipKyBaHb, MOXKEMO BBayKaTH, Mo 1 < Ty < x3. Lol
piBricte AB + BC' = AC' € TpuBiaJbHIM HACTIAKOM (DOPMYJIN JOBKUHI BiIpi3-

KY.

Tpuronomerpmuti pyHKIIIl rocTpux KyTiB

Hexait maemo mBa npsiMmokyTHi TpukyTHIKE A1 B1Ch Ta AsBoCy 3 mpsiMuMu
kytamu ZC) = ZCy = 90" Ta Taxi, mo LA, = LA,.

Cymictumo Toukun A; ta Ag IUX TPUKYTHUKIB Ta 3pOOMMO Tak, 00 TOUKH
C1 ta Cy yexkaym Ha oJHOMY IIpoMeHi. BBegeMo gekapToBy crcTeMy KOOPAMHAT
3 moyaTkoM B Toulli A = A Biccio abcuuc, HanpapieHoo B310B:xK croponn A;Ch
Ta TakKolo, mob Toukn By Ta By ONMHWINCA B IIEPIIiil YBepTi.

B mpomy pasi nmpomeni AB Ta A;B; sb6iratumyTbes. Ilpsima, Korpa IX Mi-
CTUTHME, MaTUMe PiBHSHHS Y = ax, Je YUCJI0 @ 3aJIEKUTh Bij BEJIUINHU KyTa
LA =LA,

Pucynok 5 Bukonano s sunagky, koan A;Cp < AsCy. Hexait A1C = x1 Ta
AyCy = x9. Tonmi MOzKEeMO 3HAITH KOOPAMHATH TOYOK HAIINX JIBOX TPUKYTHHUKIB,

OTpuUMaBIIIN TaKe: Al(O, 0), AQ(O, 0), Bl(xl, axl), BQ(.%’Q, CL.%’Q), Cl(l‘l, O) Ta
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02(332, O) .

3 dopmy/n st JOBKUHI BiJIpi3Ka OTPUMYEMO JIOBXKUHI CTOPIH TPUKY THHKIB,
a came A1Cy =z, AyCy = 19, B1C1 = axy, BoCy = axy, A1B1 = 71V 1 + a?
Ta AsBy = 19V 1 + a?.

BpaxoByroun orpumani (bopMyJin Jijisi JOBYKUH CTOPiH TPUKYTHUKIB, PIBHOCTI

BIJTHOIIIEHb, KOTPI HEOOXiJIHI /I BBEJIEHHs] TPUTOHOMETPUIHUX (PYHKIIIH, € oue-
BUTHUMU.

IToxibHiCcTh IPAMOKYTHUX TPUKYTHHUKIB

[liciss BBeJeHHsT cucTeMy KOOPJMHAT Ta OOIPYHTYBaBIIN KOPEKTHICTbH BUKO-
pUCTaHHs PIBHAHHSA MPSMOI, O3HAKU TOAIOHOCTI TPUKYTHUKIB BUSBJISAIOTHCS TPH-
BlaJILHIMU TBEPJZKEHHAMHN, KOTPl BUILIMBAIOTL 3 MeTO/y KoopJanHaT. Hasemgemo
111 TBEP/I?KEHHSI.

Haramaemo, 1mo TpUKYTHUKN Ha3UBAIOTHCA MOMIOHMMM, SKIIO 1X BiJIIOBIIHI
KyTHU PiBHI, a BIJIIOBI/IHI CTOPOHU ITPOIOPIIiHI.

ChopmysrroeMo 03HAKU TO/IIOHOCTI TPAMOKYTHUX TPUKYTHUKIB.

1. 3a nBoMa KyTamu (SIKIO JIBa BiAIMOBIMHI KyTH HPSMOKYTHUX TPUKYTHUKIB
piBHI, TO T1i TPUKYTHUKHU MOJIIOH]);

2. 3a JBoMa BiJIIOBIIHO TPOMOPIITHUME CTOPOHAME (SIKIIO JIBI CTOPOHU OJTHOTO
MPsIMOKYTHOT'O TPUKYTHUKA ITPOMIOPIIIIHI JIBOM BIJIIIOBIJITHUM CTOPOHAM 1HIIIO-
o TPSIMOKYTHOI'O TPUKYTHHKA, TO Il TPSAMOKYTHI TPUKYTHUMU MOIOH] ).

[lepra 31 cpopMysIbOBAHIX O3HAK MOJIOHOCTI TPAMOKYTHUX TPUKYTHUKIB BH-
IJTUBAE 3 MipKyBaHb, IIJIKOM aHAJOITIHUX 70 BBEJEHHS TPUTOHOMETPUIHIX (DY H-
kiiit. [TorpibHo BBecTH cucTeMy KOOPJAMHAT, CyMICTUBIIN J[Ba PIBHI TOCTPI KyTH
B 1I0YATKY KOOPJIMHAT, PO3MICTUBIIN IPAMI KyTH Ha OJIHIil 3 oceil KOOp/IMHAT Ta
CYMICTUBIIN TIIOTEHY3U Ha OJJHOMY IIPOMEHI, [0 BUXOJAUTH 3 MOYaTKY KOODJIUHAT.
[TicJist 1IHOTO MPOMOPIHIHICTE BIIOBIIHIX CTOPIH MPSIMOKYTHUX TPUKYTHUKIB OY-
Jle BUILIUBATH 3 (DOPMYJIN JIOBXKIHU BiJIPi3Ka Ta PIBHAHHSA MIPSAMOI, 1K ITPOXOUTh
yepes MoYaTOK KOOP/MHAT.

Jpyra osHaka IOJIOHOCTI NPSIMOKYTHHX TPUKYTHHUKIB JOBOJUTHCS AHAJIOI-
gno. Hexait y Tpukyrtnukis Ay B1C7 ta AyByCy cropoHm IpONOpIiiiHi Ta KyTH
/Cq ta ZC5 npsimi. Tak camo, sk 1 pamirire, cymicrumo Bepimman A; ta As , pos-
mictumo Bepminan C7 ta Cy Ha oci KoopauHAT, a TOUKU By Ta By po3MicTuMO B
neprriit uBepti. Hexait piBusinus npsimol A; By Oyie y = ax, a piBHSIHHS IPSIMOT
Ay By byne y = bx . Brim,

. BiC1  ByCy !
A1C1 AQCQ 7

3BIJIKM Ma€MO PIBHICTH BCIX BIIIIOBLIHUX KYTiB HAIINX TPUKYTHUKIB.
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IloaibHiCTh TPUKYTHUKIB 3arajlbHOTO BUTJISLY

[IuTanusa npo MogibHICTh TPUKYTHUKIB “3arajbHOIO BUTJISLY , TOOTO TaKHX,
PO $IKi He JIaHO, M0 BOHU € MPAMOKYTHUMHY, ITIPOMOHYEMO 3BOJIUTH JI0 MOAIOHOCTI
MPAMOKYTHUX TPUKYTHUKIB.

Hasejsiemo ijie1o j1oBejieHHS O3HAK IMOJAIOHOCTI TPUKYTHHUKIB “3arajbHOIO BH-
sy .

IToaibuicTh 3a Tpboma kyTamu. Hexait npo tpuxkytnukun AyBiCi Ta
Ay ByCy Bimomo, mo iX Biamosimi KyTu piBai. JoBegeMo mpomnopIiifHicTh cToOpiH
X TPUKYTHUKIB.

OrmycTuMo BUCOTY HANOLIBIIONO KyTa KOXKHOTO 3 IUX TPUKYTHUKIB (JIHUB.
puc. 6). Bygemo BBazkaru, 1o waitbinbmmii Kyt — e kyr £C = ZCy . Te, mo kyT
€ HalOLIBINTIM O3HAYAE, M0 OCHOBA BHCOTH Oy/ie JIeyKaTH Ha CTOPOHI TPUKYTHUKA,
a He Ha 11 NPOJIOBKEHHI.

3 no/liOHOCTI NPAMOKYTHUX TPUKYTHHKIB 3a TpPbOMa KyTaMH MaeMo, IO
ABlClHl ~ ABQCQHQ Ta AAlClHl ~ AAQCQHQ, SBi,ZLKI/I
n_ho_w_h

az w3 hy Yy by
AB,Cy Hy~A\ByCo

aj

_ hizo _ hy : Tty . hg
Tomy x1 = Ty Ta Y1 = 0%, 3BLIKM b =

croponn TpukyTHukis A1 B1C7 ta Ay ByCy mponopiiiitsi.

10 O3HA4Ya€, IO BIIITOBIIHI

IlonibHicTh 3a KyTOM Ta ABOMAa ITPOHOPIIiiHMMK cTOopoHaMm. Hexaii
upo tpukytankn A;B1Cy ta Ay BoCy Bimomo, mo /By = /B, Ta 1o cTopo-
HU KyTa B mponopriiiai BijmoBijgHo cropoHam Kyta Bs. Onycrumo BHCOTY 3
Bepimuan C7 ta Cy BiANOBIIHUX TPUKYTHHUKIB Ha MPOTUJIEKHY CTOPOHY UM i1
ITPO/IOBKEHHS.

Tpukyrauku AB{C1Hy ~ AByCyHs 110/1i0HI 3a TphoMa KyTaMu. 3BijcH, Ta
3 MPONOPIIIHOCTI CcTOPiH KYTIiB B; Ta By BUXIIHUX TPUKYTHUKIB, OTPUMYEMO
TaKl piBHOCTI:

hy  x a

ho Zo a2’
ap  T1+y

ax  To+ys
3 nux piBHOCTEH Maemo, 1o Karern TpukyTHukiB C1H1A; ta CoHyAs 1ipo-
MOPIIifiHI, 10 O3HaYaE, IO 1[I TPUKYTHUKU OJII0HI.
3 1ojiibHOCTI BIMOBIIHUX TAp NPIMOKYTHUX TPUKYTHUKIB MA€EMO, IO Biji-
noBijiHi Kyt TpukyTHukiB A1 B1C7 ta Ay BoCy piBHI 1 TPUKYTHUKM IOIIOHI 38
[OIIEPE/IHBOI0 O3HAKOIO.
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Bl
c
H a \F
C
T2/ By Y2
d d iy K
T G Y
1 1
h1
a b
A D £ B H A
a) [lo oBe/leHHsT 9aCTKOBOIO BUITAJIKY 6) o noBesieHHsl y3arajibHEHOT TEOPEME
y3arajbaenol Teopemu Dajeca QaJteca 151 3arajJbHOTO BUIIAIKY
Puc. 7: Puc. 8:

IToniGHicTh 3a mpomopiiiiiHuMu ctopoHamMm. Hexail y TpUKYyTHHKIB
A1B1Cy ta Ay By(Cy Biamosijai croponu mnpomnopiiiitai. Jlosememo, 1mo Bimosiini
KYyTH IUX TPUKYTHUKIB PiBHI.

[TobymyeMo TPUKYTHUK Avgégég, dKknit  Oyjge mogiOHUM 70 TPUKYTHHKA
A1B1C 3 omgnoro 6oky momionum no TpukytHuka A;B;CY, a 3 iHIIOro — piB-
HUM TPUKYTHUKY Ao BoCh .

J171s1 1100 Bi3bMEMO JIOBLILHI TOYKHI A/2 Ta EQ, Takxi 11100 ;IQEQ = Ay By Ta
BIJIKJIaJIEMO B OJIH1 IIBILIOIIUHY Bl IIPSIMOL A/QEQ HpOMeHi i kyramn ZA; Ta
£ By . OTpuMaemMo TOUKy IepeTnHy, KOTPY HO3HAYMMO 02

TpuxkyTHHIK AQBQCQ nojiounit TpukytHuky A;BiCi 3a TphoMa KyTamu,
3BIIKI MAEMO, 110 BIIIOBIAHI CTOPOHU IUX TPUKYTHUKIB IIPOHOPIHI. 3 1HIIO-
1o OOKY, TPUKY THIKH A/QEQCYQ Tta A9 Bs(Cy piBHI 3a TpbOMAa CTOPOHAMHU, OCKIIBKN
AVQEQ = Ay By 3a 1100y 10BOIO 1 BiIIIOBIIHI CTOPOHN X TPUKYTHUKIB IIPOIOPIIiiiHI
cropornamu TpukyTauka A;BiC.

oBegenns y3arajbHeHol TeopemMn Pajeca

[TokazkeMo sK, KOPHUCTYIOUNCH Jinie TeopeMoio [lidaropa, MoxkHa jgoBecTn
y3arajbueny Teopemy Dajieca.
Bukopucraemo puc. 7, Je MaJUMHU JIATHHCHKUMU OyKBaMu a, b, ¢, d 1103Ha-

4YeHo, Bianosinno, Bijapisku AD = HF', DC, HB ta AH = DF'. llounemo
3 BunaIKy, Ko nupami BA ta F D, gxi neperunaiorb croponn kyra ZBCA,
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HePIeHNKY/ISIPHI 10 OHiel 3 oro cTopiH, Ha MaJioHKY — 110 croponn AC'.

Axmo, Kopuctytounch Teopemoio Ilicdbaropa, Bupasumo depes kareru F'C 3
npssMokyTHoro TpukytHuka DFC', F'B 3 npsiMokyTHOro Tpukytaunka HFB Ta
BC' 3 upsimokyTtHoro tpukytHuka ABC', TO piBHICTH

FC+ FB=BC
MOzKe OyTH Ieperncata sik
VA& + b2 ++va+c2=/(a+0b)2+ (d+c)

[Ticist oueBUAHUX CIPOIIEHb 115t PiBHICTH HaOyBae Burisity (ad — bc)2 = 0.

Orpumana piBHICTB, OYEBU/IHO, TIC/Is TOBTOPHOI'O 3acTocyBanHst Teopemu [i-
daropa, piBHOCH/IbHA y3araJjibHeHiil Teopemi Paseca:

\/m_\/m
a - b '

Hoeennst y3arayibnenol Teopemun Dajieca 6e3 NMpUITYIEHHS TPO Te, IO Ia-

paJiesibHl TIPAM1 IIEPETUHAIOTH OJHY 31 CTOPIH KyTa I IPAMUMU KYyTaMHU.
CropucTaeMocs MO3HAYeHHAMH, K Ha MaJIOHKY 8, KOTpUil HaKpecaeHu i /115
BUIAJIKY, KOJIU TEPIEHUKY/IIp 3 BEPIINHN KyTa JI0 MPAMUX, 0 HOro InepeTu-
HAIOTH, 3HAXOJIUTHCA Beepenti KyTa. [l Bumajky, Koy He e Tak, JI0BeJ/IeHH
IIIJIKOM aHaJIOTIIHE.
3acTtocyBaBim yzarajbHeny Teopemy Pajeca jo kyra BCH Ta 10 KyTa

HCA wmaemo piBHOCTI:
Lo ha _»

Sﬂl_h_l_Zh

Y

KOTPi 1 € popMyIroBaHHsSIM TeopeMn y3arajbHeHol DaJieca.

Bucaosku

B orngai miapydIHuKIB MaTeMaTHKI 3a 7-8 KJIach 3arajJbHOOCBITHIX IIKIJI MI
JUAIIIN 70 BUCHOBKY, IO BUKJIAJT aIreOpu B 7-My KJacl Ta TreoMeTpil y 8-My Mi-
CTUTDH PsAJI BayKJIMBUX TEOpPEM, KOTPi He JIOBOAATHCA. Tak, B Kypci ajaredpu 3a 7
KJIAC BIJICYTHE JIOBEJCHHS TOTO, IO I'padikoM JIHIHOT PYHKIIT € TpsiMa, a B Te0-
MeTpil 8-ro KJjacy Ha HaJle;KHOMY PIBHI CTPOIOCTI Ha JIOBOJIUTHCs y3araJlbHeHa
Teopema Pajieca Ipu TOMy, IO BOHA € OCHOBOIO [ JloBejieHH:A Teopemu [lida-
ropa, OOrpyHTYBaHHS IO/IOHOCTI TPUKYTHUKIB Ta BBEJEHHS TPUTOHOMETPUUHIX
dyHKIII# rocTpux KyTiB.

[Ipuunnoro Takoro crany pedeil, sK MU OOAYN/IN, € Te, IO aBTOPU MIKIIHHIX
Py IHUKIB MaTeMaTUKN, BKIIOYAI0YN TaKnX «KjiaacukiBy g9k A.M. Kosamoropos,
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I1.C. Anekcanpos, O.B. Iloropesios 3 omHoro 60Ky He MOV 3aMOBYATH METO/I
KOOPJMHAT sIK TaKUil, 10 IMOTATOM CTOJITH OTPUMAaB CBITOBE BU3HAHH, a 3 1HIIIO-
o — He BBarKaJjiu 3a IOTPIOHE BUKOPUCTOBYBATHU IIeil METOJI y BCiil #loro MOBHOTI
1 Ha BCIO OT0 MOTYKHICTH. depe3 1e MeTo/ KOOPAWHAT B PaJdHChKIX, a Mi3Hi-
e — Cy4JacHUX yKPalHChKUX IiJIPyIHNKAX BUKOPUCTOBYIOTH BHHSITKOBO sIK 3acib
LIIOCTPYBATU «YUCTO I'€OMETPUYHI» MIPKYBaHHSI.

Mu HamMaraJics nepeKoHaTH YUTadiB B TOMY, 1[0 BUKOPUCTAHHSA METO/Ly KOOP-
JIMHAT JIJI BBEJIEHHs KJIIOYOBUX (DAKTIB MIKLJILHOI reoMeTpil poOuTh 11 Ha 6araro
MIPOCTIMIOIO JJIs IHTYITUBHOTO PO3yMiHHA. BTiM, /I MIJIKOBUTOT'O YCBIJIOMJIEHHS
IIbOI'0 HEOOXiTHA TaKOXK IIJIKOBUTA IepepoOKa MIKIJILHOIO KYyPCy ajredpu Ta reo-
MeTPil B YACTHUHI ITOC/I1IOBHOCTI TUX IIOHATH 1 TBEP/ZKEHD, AKUX CTOCYETHCs Hallla
pobota — 1ionia, TeopeMa Ilidaropa, piBHSIHHS IPAMOT, 1OIIOHICTS.
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On the expediency of studying of Thales’ Theorem in the schol

course of Geometry

We claim that the proper use of the Cartesian method admits to simplify a lot

as understanding of the naturalness, as the details of the proof of the important
statements, which in nowadays approach use the Thale’s Theorem: Pythagorean
rule, trigonometric functions of the acute angle, and similarity of triangles.

Keywords: Pythagorean rule, Thale’s Theorem, Cartesian method, similari-

ty of triangles.
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ITOBBIIIIEHUE YPOBHS MATEMATHUYECKOI
IIOAI'OTOBKU CTYAEHTOB KOJIJIEJIZKA ITYTEM
PEAJIN3AIINN TEXHOJIOT'UN «JIEKIINA — TUIIEPTEKCT »

B craTbe npuBejieHO ONMcaHue OIbITA PeaU3alluil TeXHOJOIUH «JIEKIIUS — TUIIEPTEKCT», JTOKa-
3aHa 3H@PEKTUBHOCTD MPUMEHEHUSA ITOI TEXHOJIOTHH B IIJIAHE TOBBIIICHUS YPOBHS MaTeMaTHU-
YeCKOU TIOIIOTOBKU CTYAEHTOB KOJIIEJIKA.

KirroueBbie cjoBa: Mamemamuyeckas nodzomoeka, <AeKuus — 2unepmercms, apdex-
MUBHOCTL 00YUEHUA.

BBenenue

Cdepa npodeccnonaabHOrO 00pa30BaHusl HAXOIUTCS B IIOCTOSIHHOM pa3BU-
THH, pearupysi Ha U3MEHEHId B 9KOHOMHUKE 1 odiiecTBe. MaTeMaTnieckue 3HAHMS
1 METOJbI UCIIOJIb3YIOTCA IIPU pas3pelleHny MpodeCCHOHAIBHBIX IIPO0JIEM BO BCEX
00J1aCTAX HAYK M YPOBHAX IOJATOTOBKH CIIEITUAJICTOB, TOITOMY KYPC MaTEeMaTUKN
BBEJICH B CTAHAPThI IPAKTUYECKU BCEX CIIeNUaIbHOCTeN HauaIbHOI'O, CPETHETrO 1
BbICIIEro obpazoBanusi. [Ipu aToM MaTemarmyeckKoe odOpasoBaHue, IPeIo/iaram-
1ee pasBUTHE JIUYHOCTH O0YyYaloIeiicss cpejicTBaMi MaTeMaTUKH, JIOJIKHO UMETh
1podeccnoHaIbHYI0 HAIIPABJIEHHOCTD.

K coxajennio, B HacTosIee BpeMsi IIPUXOIUTCS KOHCTATUPOBATH TOT (PaKT,
YTO YPOBEHB IIOJIOTOBKI a0UTYPUEHTOB, TOCTYIAIOIINX B BY3bl PA3HOI'0 IIPOMUIIL,
a, COOTBETCTBEHHO, W YPOBEHb IOJIFOTOBKM CTYJIEHTOB, SIBJISICTCS OYCHb HU3KHUM.
DTO HMOATBEPXKIAI0T KaK IIPerojgaBaTesil By30B U KOJLIEKeil, TaK U IIKOJIbHbIE
yuntesd. [Ippannamm 3Toro gBiisieTcs, 110 MOeMy MHEHUIO, YCI0XKHEHHOE H3JI07Ke-
HUEe MaTeMaTUKU B IIKOJIE U OTCYTCTBHE II03HABATEJILHOIO NHTEPECa ITKOJIbHIKOB
K U3YyYEHUIO TOM JUCIUILINHEI.

Korna ke aburypuent nocrynaer B BY3, 0cobeHHO TeXHUYeCKuil, OH CTaHO-
BUTCS 3aJI02KHUKOM CUTYAIUU: C OJHOIl CTOPOHBI eMy HY2KHO BJIaJIETh OIIPejIe/IeH-
HBIM MATEMaTHYECKUM allllapaToM JIjIsi U3yUYeHUs CleNUaIbHbIX JUCIUIIINH, & C
JIPYTOii CTOPOHBI, Y HEr0 HEeT HU CUJI, HU >KeJIaHUs JIJId JIOCKOHAJIBLHOIO M3YYeHUsI
MaTeMaTHKH.

© Kapnenko JI.LH., 2016
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Bosnukaer mpobjiemMa: KakKuM 00pa30M MOYKHO OPraHH30BaTh OOyUeHME Ma-
TeMaTHKe B KOJLIEJZKe, YTOOBI CTYJEHT 33 KOPOTKUII MPOMEXKYTOK BPEMEHU CMOT
OBJI&JIETh HY>KHBIM €My MaTeMaTHIeCKIM allliapaToM s TaIbHeIero n3y deHmst
creruaIbHbIX guciuilina? Kakne meTomgmdyeckue preMbl, CPeJCcTBa U TeXHOJIO-
rum o0ydeHusi MOI'YT 3alHTEPeCcOBAThb CTYJIEHTa B M3YUYEHHUH TOI CJIOXKHOIl, HO
HY?KHO JIJIsST TEXHIYIECKOr0 00pa30BaHmsl JUCIAILIINHEI?

B coBpeMeHHOIl MeTOIMYECKONl JuTepaType IpearaeTcs JIOBOJbHO MHOI'O
c110cO00B pelleHns YKa3aHHO IIpo0/IeMbl, OJIHAKO MHOI'UE 13 HUX JIaJIeKH OT IIpaK-
TUKHU, TPEOYIOT 3aKyIKHU JTOPOTOCTOSIIEr0 000py/I0BaHust (KOMITBIOTEPHOIT TeXH-
KI1) WM 32TPATHBIE [0 BPEMEHHBIM rapamerpaM. [[09ToMy 0CHOBHBIMU KPHUTEPH-
sSIMI TIOMCKa 39(DPEKTUBHON TEXHOJIOIMN MaTeMaTHIecKON MMOJIIOTOBKH CTY/IEHTOB
KOJLJIEJIZKa, CTaJIN:

— oTcyTcTBHE TPeOOBaHMT K HAJIUYNIO JOMOJHUTE/ILHOIO 000Dy I0BAHMS;

— peaJjibHble BpPeMEHHbIe PaMKH, OTBedalolllle BPEeMeHU H3y4YeHUs Kypca B
KOJLJIEJIZKE;

— BOBMOXKHOCTb OpraHM3alii padoOThl CO CTYJIEHTaMU Pa3HOTO ypPOBHs Ha-
JaJbHON MaTeMaTU4YeCKON MOJIOTOBKU;

— MaKCHMaJIbHasl aKTUBHU3alisl CAMOCTOSITE/ILHOI 1I03HaBaTE/ILHON JesITe /b
HOCTHU KayKJIOI'O CTYJEeHTa B YCJOBUSIX ayJIUTOPHOI pabOTHI.

[Tomxomsimeit oyt 5T TpeboBaHUsT TEXHOJIOTHEN SIBJIAETCA TEXHOJIOTHA, KOTO-
past Ha3bIBAETCsI «JIEKIINs — THIePTEeKCTy. JJaHHas TexHoorus Oblia pa3padoTraHa
crueruaucTamMu KocrpoMcKoro 006/1acTHONO MHCTUTYTa, HOBBIIIEHNsT KBaIn(uKa-
mun paboTHUKOB 0bpasoBanust o] pykoBojacTsoM [lepemerosoit INI1. [1| u ampo-
oupoBata B 1Kojax KocTpoMckoil obracT.

[Ipobisiemy, CTOSIIIIYIO BO IJIaBe OIMCHLIBAEMOI'O SKCIEPUMEHTa MOYKHO KOH-
KPeTU3UPOBATh CJIEAYIONINM 00Pa30M: SIBJISIETCs JIM TEXHOJIOTHS <«JIEKIUs — I'd-
nepTekcTy 3PPEKTUBHBIM METOJIOM PAOOTHI CO CTYACHTAMU, UMEIOIINMU PA3HbIi
HaYaJIbHBIA YPOBEHb MAaTEeMATUIECKOI IIOJMOTOBKHU, CIIOCOOHBIM MaKCUMAJIbHO aK-
TUBU3UPOBATH X CAMOCTOSITEIbHYIO [T03HABATEIbHYIO JIeTeIbHOCTh B YCJIOBHUSIX
ayJInTOPHOI PadOThI?

Pemmenne obo3HaveHHOl MTPOOJIEMBI OIPEJIEJINIO CYTh OIbITa PabOTHI 1O JTaH-
HOIl TEXHOJIOTUMN.

OcHoBHAY 4YacCTh

Bo/IbIIMHCTBO TEKCTOB B yUeOHUKAX SABJISIIOTCSI JIJI CTYAEHTa «CBEPX» TEK-
CTAMU: OHU CJIOYKHBI, MAJIOIIOHATHBI 1 JIaJeKN OT JITYHBIX HHTepecoB. [Ipn Takmx
00CTOATEIHCTBAX IOYTH HEBO3MOYKHO JOJIPOCPOYHOE 3aIlOMUHAHNIE 1 OCO3HAHHOE
IOHMMaHNe MaTepuaJa naparpada 6e3 crennajbHO OPraHn30BaHHON yaeOHOil J1e-
SITEJILHOCT.
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['mmepTeKeT — 9TO TEKCT, CXKATHIN IO 00beMaM, KOTOPBIiT HeceT B cebe OrpoOM-
HBIHT 00beM WHMOPMAIINN, BKIIOUAET HAYIHbIE TOHATHS, CJIOXKEH JIJId CaMOCTOsI-
TeJIbHOTO u3ydeHus. VccemoBanus moka3aJim, 9TO TEXHOJIOTUIO <«JIEKITHS — T'U-
nepTekcT» 3PMOEKTUBHO MOXKHO HCIIOJIB30BATH Ha 3aHATHAX 110 U3YYEHIIO HOBOIO
MaTepHuaJia i MePBUTHOIO 3aKPEIIEHUS B TEe/IAX BOCIPUATUS W OCOZHAHUS MaTe-
puajia (hopMIUpoBaHUE PEMPOYKTUBHBIX 3HAHMUIT).

Asroput™m pabOThI ¢ THIIEPTEKCTOM MOYKET OBITH CJIC/LYIOIIIM:

1. Opranmzanus jgesarenbHocT. Ha mepBoMm 3sTame mnpernojaBaTeb CTaBUT
un pOpMyJIMPYET BMECTE CO CTYJAeHTaMU TeMy W IeIb U3YyYEHUs TeMbI, MPeIb-
ABJIAdEeT TEKCTDbhI JJIA pa6OTbI Ha 3aHATHUN.

2. OspyumBanue rumneprekcra. Ha sToM 3Tarme mpernojgaBaTeib 03BYy4YNBa-
eT TUIEPTEKCT, a CTYJAEHTHI CJIeJAT 3a €ro MOHOJOIOM IO CBOUM MaTephasiaM,
BO3MOXKHO, JIeJIal0T KAKNe-TO 3aMeTKN. BayKHOo, 4TOOBI peub IperojiaBaTesss MaK-
CUMAJILHO COBITa/aJ1a ¢ TEKCTOM Ha CTOJIaX CTYJIEHTOB, COJiepzKaJla Te Ke TEpMUHBI,
GopMyINPOBKH U MTOCIET0BATETHHOCTD U3/I0KEHUS, TAK KaK B 9TOT MOMEHT Ha, OC-
HOBE 3PUTETHLHOTO U CJIYXOBOTO BOCHPUATUS CO3/AI0TCS YCJIOBUS /sl TIEPBUIHOTO
3aIllOMIHAHNUA NHMOPMAIIIH.

3.  CrpykrypupoBaHue rumneprekcra. [IperogaBaresb JaéT 3ajaHue pasJie-
JINTH TEKCT Ha YacTU, HANTU IPAHUIy MEXKJTy HUMH, BBIJIECJUTH IJIABHBIE MBIC/IH
1 JaTh Ha3BaHWA pasjiesamM. B pe3ysibraTe MHONOKPATHOTO MPOCMOTPA TEKCTa 1
IIPOTOBOPa CTYJIEHTHI MPOJIOIZKAIOT MEeXaHUIeCKN 3alIOMIHATH TEKCT U HAUNHAIOT
MOHUMATH JIOTUKY U3JIOZKCHUS.

4. T'pymnmosas paboTa HaJi BOIPOCAME IO TEKCTY W MPOCTHLIMU 3aaHUsIMU.
JlaHHbBI 3Tall NpeJIoaraeT: MOATOTOBKY BOIIPOCOB U 3aJaHuil JjIsd PeIIeHus
CaMUMU CTYJIeHTaMi; OOMeH BOIPOCaMU B MUKPOTPYIIIAX; KOPPEKINIO MPeroia-
BaTEIEM.

5. [D'pynmosas padoTa HaJl BOIPOCAME IO TEKCTY U YCJIOKHEHHBIMU 3a/[aH-
SIMI: BBITIOJIHSIOTCSI Te ¥Ke JieficTBYsI, 910 1 B myHKTe 4. [1]

[TonoxuTeTHbHBIMI CTOPOHAMU UCIOJIBL30BAHUS TEXHOJIOTUN SABJIATOTCS:

1. SDxonomus yaeOHOIO BpEMEHU — HOBBLII MaTepUaJ U3yIaeTCs U 3aKPEILIsIeTCs
IpsAMO Ha 3aHATHUN.

2. Obecrievenne J0JTOCPOTHOrO 3AMIOMUHAHUS MaTepUAJIa, TaK KaK M3JI0XKEHIe
ONMUpAaETCd Ha Pa3JIMIHbIe TUIBI MaMATH, MHOIOOOpA3HbIe MPUEMbI TOBTOPEHUS,
AKTUBHYIO TIO3UIUIO CTYJEHTOB Ha 3aHSITUN U YIUTHIBAET JIOTUKY IPOIECca I10-
3HAHMUA.

3. Cozpanue ycjaoBuil /s BHyTpeHHeil jnuddepeHianumn: KaxKablii CTYJIeHT
JIOCTUTAET B YCBOEHUU TEeMbI COOCTBEHHOW TOYKM, KOTOpas (hUKCUPYETCS TTPero-
AdaBaTeE/IEM BO BpeEMA MHANBU/1YAJIbHOI'O IIPOBEPOYHOI'O 3a/laHNA.
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PesynbpraThl m1 nx obcyxkaeHne

DMIUpuIecKoe uccaeoBanne PMOEKTUBHOCTH IIPUMEHEHHsT TEeXHOJIOINN
«JIEKIUST — TUIEPTEKCT» JIsi O0yUIeHUsI CTYJAEHTOB BBICIIEH MaTeMaThkKe ObLIO
opraHm3oBaHo Ha O6aze nByx rpymn 1M13 u 2M13 oxroro nmoroka OCIT HAY Cira-
BAHCKOTO KOJIJIE/IZKa HAIIMOHAJILHOIO aBUAIlMOHHOr0 yHIUBepcuTeTa. VceienoBanme
IIPOBO/INJIOCH B TPH JTalla.

Ha nepBomM — KOHCTATHPYIONIEM dTalle SKCIIepUMEHTa ObLIN pa3paboTaHbl Te-
CTOBBIE 3a/IaHWs, TTO3BOJISIONIIE BLIABUTH HAYaJbHBIN YPOBEHb MaTeMaTHIECKO
IIOJIFOTOBKH CTYJ/IEHTOB, HPOBEJICH IEPBUYHBIN MOHUTOPHUHT. V3 ABYX I'pyIi 1mo-
TOKa, OJ[HA TpyIa Oblja BhIOpaHa B KauyecTBE dKCIEPUMEHTALHOM, a BTOpas —
KOHTPOJILHOI.

Ha BTOopom sTame — dhopmMupyionieM 3Tare KCIepuMenTa — Oblaa paspa-
boraHa cucremMa PadOThl 110 TEXHOJIOIMU <«JIEKIHUS — IUIIEPTEKCT» 110 Pa3iesy
«/Iunelinas ajaredpa  aHAJIUTHIECKAS T€OMETPU>.

PaspaboranHnasi cucreMa Oblja BHeJApeHa B y4YeOHBIN IHPOIECC SKCIIEePUMEH-
TaJIbHOI I'PYIIIIHL.

Ha Tperbem srtamie — KOHTPOJLHOM 3Talle SKCIIEpUMEHTa — ObLI ITPOBEJIEH
MOBTOPHBI MOHUTOPUHI' MaTeMaTUYeCKON TOJIIOTOBKH, CJeJIaHbl BHIBOJIBI 00 3(h-
PEKTUBHOCTH IPOBEJIEHHONI PabOTHI.

C nenpio AMarHoCTUKKM YPOBHSI MaTeMaTHIeCKOil 1OJAr0OTOBKU ObLIN pa3pado-
TaHbl PA3HOYPOBHEBBIE TECTHI, Ipe/ioaraolme JuddepeHIuannio coepKaHs
yUIeOHBIX 3aJIaHMUIL:

— TI0 YPOBHIO 00bEMA;

— 110 YPOBHIO TPYIHOCTH;

— I10 YPOBHIO TBOPYECTBA

B TecTe mcob3yioTes 3aanns Tpex TUIIOB:

— ¢ BbIOOpOM oTBeTa (dacTh A ),

— ¢ KpaTKNM OTBETOM (4dactb B ),

— ¢ pasBepHyThIM oTBeTOM (dactb C').

B kaxom 3aygannn Tuna A (3aganus Al—A10) npejiaraercst 3 orBeTa, n3
KOTOPBIX TOJILKO OJIH BEPHBIH. 3aJlaHue CUYUTAETCsI PEIIeHHBIM, €CJIH TeCTUPYe-
MbIil yKa3aJl BepHbII OTBET.

B samanusx tuna B (3amanust B1—BT7) Tpebyercs 3ammcarh M0/ IeHHbII
B Xoje pererust oTBeT. [1pn 9ToM oTBEeTOM MOXKET ObITH TOJIBLKO UHCI0. 3a/IaHIe
CUUTAETCS PEHIEHHBIM, €CJIN TeCTUPYEMbIil 3alicas BepHbIil OTBET.

B zaganmsax tuna C' TpedyeTcs HAMCAThL TEKCT PEIIeHM.

[To ypOBHIO CJIOKHOCTH 3a/IaHUsT TeCTa Pa3J/eIeHbl HA TPU I'PYIIb (9acTn).

3a KaxK/IyI0 BEpHO pelleHnyIo 3a1a49y Tuiios A u B crygedT nosaydaer 1 6as.
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Yacte C' cojlepkKUT Tpu Hambosiee CI0XKHbIE 3ajgad9u. VIMeHHO 3Tn 3aaHns
JATIOT BO3MOXKHOCTD ITPOJEMOHCTPUPOBATL BLICOKMIT YPOBEHb MaTeMaTHIECKOI
IIOJIFOTOBKM, YMEHUEe JIOTMYEeCKH MBICJUTD U IIPUMEHATh 3HAHUA B HECTaHapT-
HBIX CUTYaIUsIX.

3a pemenne 3ajanuii C' TecTupyeMbIil MoyKeT ToJ1yIuTh oT 0 710 4 6asioB B
3aBUCHMOCTH OT IIOJHOTBI I MPABUJIBHOCTU PEIeHNUsI.

Takum obpazoMm, MaKCHMaJbHOE YHUCJI0 DAIIOB, KOTOPOE MOXKHO IOy IUTH 34
BepHOe perleHne Beex 3aannii, paBao 29 (1 X 10+ 1 x 7+ 3 x 4 = 29)

TecTupoBanue Kazkioro CTyjIeHTa OLEHUBACTCS 10 YPOBHSIM:

— BBICOKHIT ypoBenb — BoimosHeno 95%-100% samannit (27,5-29 6.);
— cpennuii ypoerb — Bbinosaero 60%-94% sananuit (17,5-27 6);
— HU3KHil ypoBeHb — BbInosHEeHO j10 60% 3amanuii (Menee 17,5 6.)

Cratucrtudeckass 00padoTKa MOy YEeHHBIX PEe3yIbTaTOB IPOBOANIACE C TTOMO-
mpio makeros Statistica 6.0 n StatPlus 5.9.0.

PesysibTarsl JUArHOCTHKE HA KOHCTATUPYIOIIEM dTalle SKCIEPUMEHTa TTOKa3a-
JIM, 9TO CTYJEHThI 000MX I'PYIII IPOJEMOHCTPUPOBAJIN JIOBOJIbHO HU3KKE PE3YJib-
taTbl: B rpynmne 1M13 cpegnuit 6asur paen: 14,52 + 1,62, a B rpymnmne 2M13
cpeannii 6ast pasen: 11,70+ 1,72.

Yro0bl MOJATBEPAUTH OTCYTCTBUE Pa3JMduil B Hava/bHOM YPOBHE MaTeMa-
TUYECKUX 3HaHMI, ObljIa IIPOBEJeHa IIPOBEPKa I'MIIOTE3bl O PABEHCTBE CPEIHUX.
AJIropuT™ IpOBEIEHNsT CTATHCTUIECKOTO aHAJIN3a OBLIT CJICIYFOIIIM:

1. C nmomompbio omiun «IIpoBepka Ha HOPMAaJIbHOCTHY BKJAJIKU «CTATHCTU-
Ka» IIPOoBepsach HOPMAJIbHOCTb PAacIpeiesieHnii B BbBIOOPKAX 110 KPUTEPUSIM:
Kosmoroposa-Cwyuprosa/ Jlmnmadopcea, [lamupo-Yuska, /I’ Arocruno Acummer-
pust, JI’Aroctuno Dxcrece, I’Aroctuno obiee.

2. C nomorpto o F'-Tect st JUCHEPCUN IIPOBOINIACEH IPOBEPKa I'UIIO-
Te3bl O PABEHCTBE JIUCIICPCUIA.

3.  Ecim HOpMaIbHOCTH TOATBEP:K/IaIaCh 110 BCEM HapaMerpaM H IOITBep-
JKJlaJ1ach THIIOTE3a O PABEHCTBE JIUCIEPCHil, TO JIJId IPOBEPKH I'MIIOTE3bl O paBeH-
CTBe CpegHux IpuMeHsiics t-kputepuii CTioneHTa, B IPOTUBHOM cJydae OblLIn
ncnoJb3oBanbl Kpurepun Kosimoroposa-CmuproBa u MaHa-YuTHU.

PesyibrarTel mpoBepKu Ha HOPMAJILHOCTH OTpazkeHbl B Tabsuie 1 (HuxKe).

[TockosibKy 110 KpuTepuio [lanupo-Yuika HOpMaabHOCTH ObLIa OTKJIOHEHA, TO
JAJbHENINNIT aHaJIM3 TPOBOIUIICA € TIOMOIIBIO HellapaMeTPUYECKUX KPUTEPUEB.

PesysibraThl MpoBEpOK 110 KPUTEPUsIM MPUBEJIeHbI B Tabuie 2 (Huke).
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Tabu. 1: PeByJ'IbTaTbI IIPpOBEPKUN HAa HOPDMAJIBHOCTb Ha KOHCTATUPYIOIIIEeM 3Talle HC-

cJIeJOBaHUS

Kpurepuii mpoBepku KonTposibHasa rpymmna DKcIriepuMeHTAJIbHAs
rpynmna

Kpurepnit  Kosmoroposa- | Hukakux — noarsep:kiaennii | Hukakux — moarsepKaeHmit
Cwyuprosa/Jluumngopca [IPOTUB HOPMAJIbHOCTU [IPOTUB HOPMAJILHOCTH
Kpurepuii Illanupo-Yuika | HopmabHOCTH OTKJIOHEHA HopmaabHOCTH OTKIIOHEHA,
JI’Arocturo Acummerpnst HopmasnbaocTs nipungaTa HopmasbaocTh oTK/I0HEHA
JI’Aroctuno Jkcrecc HopwmaspHOCTE MpuHSATA, HopwmasipHOCTE puasATA,
J1I’Arocruno obiiee HopwmanbpHocTs npunsiTa HopwmasibaocTs npunsita

Tabus. 2: Pe3yabTaThl IpOBEPKHU I'MIIOTE3bI O PABEHCTBE CPEIHUX

TecTbl YpoBeHb 3HAUNMOCTH Pa3JINInii
Tect Mana- Yuran 0,10
Tecr Kosmoropoa-CymupHoBa 0,44

[TockosbKy yposetb 3unadumMoctu mpesbimaer 0,05 (5%), jgomnycrumblii B mejia-
FOTMYECKNUX UCCJIeJIOBAHUAX JIJIsT TPUHATUS aJIbTePHATUBHOM I'MIIOTE3BI O pa3Jiu-
YU CPEJHUX, TO B JAHHOM CJIydae CpeJHue cjeyeT NPU3HaTh OJNHAKOBLIMIU.
B pesysnbraTe ObLI cjeaH BBIBOJ, UTO Ha KOHCTATHUPYIOMIEM 3Talle J0CTOBEp-
HOIl pa3HUIBI CPEAHUX HPH YPOBHE 3HAYMMOCTH MeHee 5% B KOHTPOJILHOI U
9KCIIEPUMEHTAIBLHO IPYIIAX MOJIyUeHO He ObLI0. DTO TMO3BOJIUIIO NepeiiT K dhop-
MUPYIOIIEMY STaIly SKCIepUMEHTa.

[To pesysnbraTam skcrepuMenTa rpyiira 1M13 Oblia BeiOpaHa B KauecTBe 9KC-
HepUMeHTaJIbHOM, a rpyra 2M13 — KOHTpOJIbHOIA.

Ha dopmupytomem stalie B yueOHBIH IPOIECC SKCIEPUMEHTAIbHON IPYIIIIbI
1M13 ObL1a BHeJIpEeHa TEXHOJIOIUsl <JIEKIUsl — TUIePTEeKCT». Bcero ObLIO 10/I-
rorosieHo 20 THUIEPTEKCTOB ¢ MCIOJIb30BaHHEM MaTepuasoB mnocobuit [3|, [4] u
COOTBETCTBEHHO, TPoBejieHo 20 3aHATHil 10 JTUHEHHOM ajredbpe U aHAJUTUYIECKO
reomerpun. I[Ipm sTom Konrpoabaaga rpymnmna 2M13 n3ydasia 9ToT Ke paszjnen, HO
110 TPaJIUIIMOHHON METOIUKE.

C 1esibio BbisiBieHNs 3 MEKTUBHOCTH IIPOBEIEHHOI PAabOThI, ObLI OPraHn30-
BaH KOHTPOJILHBIN 9KCIIEPUMEHT 110 TOIl YK€ MeTOJIMKEe, YTO M Ha dTale KOHCTATHU-
pytoiero skciepumMenTa. CraTucrudeckasi 00paboTKa pe3yabTaToB KOHTPOJIbHOIO
9KCIIEPUMEHTa ITPOBOIUIACDH 110 OIMMCAHHOMY BBIIIE aJTOPUTMY.

B pesynbrare mnosydeno: cpegnuit 6asji1 B KOHTPOJILHOI TpyIiie paBeH
16,00 £ 1,45, a B sxcrnepuMmeHTaabHoit 22,77 + 1,37 . 3Ha4MMOCTb I10JIy Y€HHOI
pasaunbl Ha ypoue Menee 0,05 moaTBep:KjeHa ¢ MOMONIbIO KputepueB Mamna-
Yurau (p = 0,0054 ) u Kosmoroposa-Cwyuprosa (p = 0,0013).
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Takum 00pa3oM, MOXKHO CKa3aTh, YTO IIpejijiaraeMas TeXHOJIOIHUsI SIBJIsIeTCsl
9P HEKTUBHBIM CPEJICTBOM IIOBBIIIEHNS KauecTBa MaTeMaTUIECKOI0 00PA30BaHMsI,
1 MOXKeT OBITh PEKOMEH/I0BaHa K BHEJIPEHHIO 110 JPYIUM pas3jesaM Kypca.

Pexomen mamun

B pesyibrare mpoBeieHHOI PaOOTHI 110 alpoOali TEXHOJOIUHN <K —
TUIIEPTEKCT» Ha 3aHSITHUSX 10 BBICIIEH MaTeMaTHKe B KOJLIEKE, MOXKHO CPOPMY-
JINPOBATh P& PEKOMEHIAINI METOIMIECKOr0 XapaKTepa:

1. Ilpenmourure/ibHO B KadeCcTBE I'HIIEPTEKCTOB UCIIOIL30BATH HE I'OTOBBIE
TEKCThI yueOHIKA, a8 HEKOTOPbIl COCTaBJIEHHBII IIperoiaBaTe/ieM TeKCT, 00beMOM
He OoJsiee 1,5 cTpaHUIIbI.

2. T'uneprekcr 00sg3aTE/ILHO JTOJIZKEH OCTABATLCS Y CTYIEHTOB.

3. Paborarb 110 JaHHON TEXHOJOIUU CJIEIyeT B CUCTEME, PeryJisipHO.

4. OsByumBaHue TIHIIEPTEKCTa IIperojaBaTesieM sIBJIsieTCsl 00s3aTeIbHbIM
YCJIOBUEM B peaJin3aliil JIaHHONW TexXHOJIOrnu. [Ipu 03ByYMBaHUU THIIEPTEKCTA
HEOOXOIMMO MIPUIABATH MY 9MOINOHAJILHYIO OKPACKY, JaBaTh JOIOJHUTEIbHbIE
IIOsICHEHHUsI, BBIBOJ, (POPMYJI, NPUMEPHI pelIeHusl 3aJad, 9TO IO3BOJIUT BIIUCATH
JIAHHBIN C110c00 IIPOBEIEHNsT B TPAJUIIMOHHYIO CHCTEMY PabOThI IIPEIoIaBaTESs.
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The increase of the mathematical training level of collegians by
realization of the technology "Lecture — hypertext".

The article describes the experience in implementing technology «lecture —
hypertexts, proved the effectiveness of this technology in the terms of the increase
of the mathematical training level of collegians.
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J0 IINTAHHA ITPO BACTOCYBAHHHA
AJITOPUTMIYHOTI'O IITAXOAY IIPV PO3B’A3VYBAHHI
PAITIOHAJIbHUX HEPIBHOCTEN METO/J0M IHTEPBAJIIB

B crarTi BHCBIT/IFOETBCS aBTOPCHKMIT JOCBiI HaBYaHHS cIIocobaM pPO3B’SI3yBaHHS JIpPOOOBO-
parioHaIbHIX HepiBHOCTEH Ha ypokax Maremaruku B SOLI Ta i gac popmyBaHHS HEOOXITHIX
KOMIIETEHTHOCTEH B IIPOIIEC IMiITOTOBKHU CTYJIEHTIB (hi3UKO-MaTeMATHIHUX CIeIiaJbHOCTEN TIe-
maroriuanx BH3 ta migBumenss kpaJidikaliil BunTe/iB MareMaTuku. HaBeeHo 1Mo-KpOKOBMii
aJTOPUTM, 1TIOCTPATUBHUN TPUKJIA 3 JIETATI30BAHUMU IMOICHEHHAMU Ta METOIUYHI MOpaju
I10JI0 JIMIAKTUIHOTO 3a0e31eYeHHsT B IIPOIIECi OBOJIOJIIHHS 3aIIPOIIOHOBAHUM ITiJIXOJIOM.

KirouoBi cioBa: dpo6060-panionasvhi HEPIGHOCTME, MeMOOU PO36 A3AHHA, AN2OPUMMIY-
HUl NidTid, Memod iHmepsa.nis.

Bceryn

SmictoBa Jiinig «HepiBHocTi» € HEBiJI'€MHOIO CKJIAJIOBOIO IIKLILHOTO KYypCy
aJiredpu Ta MovYaTKiB aHasi3y. TpajuiiiiHo, «JIErKO 3aCBOIOBAHUMEY JIJIsI YUHIB
HEPIBHOCTSIMH € PAUuioHaNbHL HEPI6HOCML, 30KPEeMa JIIHIIHI Ta KBaJpaTHi, PO3B’si-
3yBaHHA SIKUX METOJAOM IHTEPBAJIB B JIOCTaTHIil Mipi BUCBITJICHO SK B JIIFOUHX
migpyaankax (Hamp., [1]-3]), Tax i auciaeHnux HaBIAIBHO-METOUTHUX CTATTSIX
(mamp., [4, 5], [12]-[14], |21]) it mocibrukax (wamp., [6]-|11], [15]-[19], |22]-[26]).

Ojnax, BjacHUil JIOCBL pobOTH 3 YUHAME Ta CTYJIEHTaAMHU CBILIYUTL PO Te,
[0 OCTAHHIM YacOM TeBHA YaCTHHA YUHIB (Ta i CTyJeHTIB) mpHIlycKae Garato
IIOMUJIOK IIiJT Yac PO3B’sI3yBaHHSI HEPIBHOCTEI, 30KpeMa, IIPU 3aCTOCYBAHHI METOLY
inrepsasi. OcTaHHe HITBEP/RKYE i CyMHA CTATHCTHKA (OCTAHHIX POKIB) IOJI0
pe3y/IbTaTiB BUKOHAHHS yUIHsIME BiANOBIIHNX 3aBianb mia dac JIITA ta 3HO.

Kpim Toro, HEMOOMMHOKMMIE € BUINAKN, KOJIU HABITH CYyMJIIHHU{T yIeHb (CTY-
JIEHT), PO3B’sI3yI0UN KBAIpaTHY HEPIBHICTE y rpadidamii crocib («3a J0moMorow
Hapa6om/1>>), YCBIJIOMJIIOE HIOI0 SIK €MHUI MOYKJINBUIA.

3BICHO K, LLO TaKWii CTaH CMpaB HE MOXE He BUKJINKATW 3aHEMOKOEHHS.

© Kaay6osepkuit O.A., Becenin B.B., Cropoxkunosa H.B., 2016
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Ha mamy jiy™MKy, npUYUHU CYMHOT CTATUCTHKE (100 PO3B’SI3yBaHHS PAIio-
HaJIbHIX HEPIBHOCTEH METOIOM IHTEPBAJIB) MOXKYTH Oy TH OB 13aHi 3 HACTY ITHUM:

Mo-mepIie — 31 3HAYHUMU 00CAAMU POOOMU NPU BUKOHAHMHT NI020MOBYUL
HEOOTIOHUL KPOKI8 Mma MPaduyitiHuMU NOMUAKAMU YePE3 HEYBAHCHICTND Nid Yac
BUHAYEHMA | 61000PY UWYKAHUT NPOMINCKIE PO36 A3KY HEPIGHOCMNL.

MO-/IPYTE — 30 AQUMYHKAMU MPAouLiino20 as20pummy 00 mMemody iHmep-
BANI6 3AAUWAIOMBCA NEPEMBOPEHHA HA0 Camoro nepiericmio. 1 SK HacaigoK —
HEYCBIJOMJICHHS YIHSME (CTyIeHTaMn) CyTi Ta 3MIiCTy (HeOOXIIHIX ) BUKOHYBAHIX
IePEeTBOPEHb. 30KPeMa, BUKOHYIOUH IOC/III0BHICTH 11€peTBOPEHDb HaJl HEPIBHICTIO,
JIAJIEKO He 3aBXK/JU OYEBUJIHUM JIJId O6araTboX € MOMEHT BTPaTH PO3B A3KY UM,
HaBIIaKM, BUHUKHEHHS 3afiBOTO.

IO-TPETE — HE3HAHHA MaA/a00 HC HEPOSYMIHHA MEOPEMUYHUT OCHOE <Me-
TOJY IHTEpBaJIiB» PO3B’SI3YBaHHSA HEPIBHOCTEM, 3 AKUMU MOXKHA O3HAWOMUTUCH,
nanpukia, B [18]. (Maemo Ha yBasi BiacTuBicTh HenepepBHOT (byHKIIIT 30epiraTu
3HAK Ha MPOMIZKKY MiXK CyCiHIME 1T HYJIsMIE).

OCKIJIBKH IIPH aTecTallil Ta TeCTYBaHHI BayKJIMBUM (DAKTOPOM € 4Yac, BUTpade-
HU yIHEM Ha BUKOHAHHS 3aBJlaHb, TO IIPUPOJIHO i1 JIOIIJIBHO OyJI0 OM ortaHyBaTH
Ti mpuitomu, gki 6 jgo3BosMIN Teil dac 3aomautu. [Ipu po3s’a3ysanni Hepis-
HOCTEll MeTOJOM IHTepBaJIiB il 3'dBJISIETHCA MOYKJIUBICTH 3HAYHO CKOPOTHTU Yac
3a PaxyHOK TOTrO, IO 3HAXO/ZKEeHHsI-BU3HAUEHHS 3HAKIB (DYHKINI HA KOKHOMY 3
oJlepzKaHnX IHTEpPBaJIiB MOYKHa 31HCHUTH MalizKe aBTOMATUYHO.

[Ile ojaUM aprymMeHTOM (Ha HaIly JyMKY — HaiiOLIbII 3HATYIIIM 3 YCiX)
\/ Ha KOPHCTb OCOBJIMBOTO CTATYCY TEMU «IPOOOBO-pAIiOHATBHI HEPIBHOCTI» Ta
v/ Ha KOPUCTH BHOOPY caMe MeTOJly IHTEePBAJIB [P X PO3B’si3yBaHHI
€, TaK 3BaHUl, y3arajJbHeHUI METO/ IHNTepPBaJIiB PO3B sSI3yBaHHs HEPIBHOCTEH, AKMI
JIO3BOJISIE 38 JIOIIOMOTOI0 MEMOJY 3aMIHU MHOHCHUKIG «3BECTHY Mailzke OyIb-sIKY
HEPIBHICTH 31 MKLIBHOIO KYypCy MaTeMaTHKN (3a BUHSATKOM, MOXKJIHBO, TPUTOHO-
METPUYHUX) JIO PO3B’sI3yBaHHs BiJIIOBIIHOT JIPOOOBO-pAIIOHAIBHOT HEPIBHOCTI.

MaeMo ¢BOIM IIPUEMHUM 00OB’SI3KOM BiJI3HAYUTHU Ta IIOBIJIOMUTH, 110 3a3HAaYe-
HUI MEMood 3a.MiHU MHONCHUKLG, STK OJUH 3 ePEKTUBHUX CII0COOIB PO3B’si3yBaHHSI
IJIOro KJ1acy HepiBHOCTEl (MIKIIBHOTO Kypey MaTeMaTuKn ), 0yyio hyHIaMeHTa b-
HO 1 jjocTaTHBO JleTassbho onucano B.1. T'ony6esum ta B.1. Tapacosum mie y 1992 p.
B pobori [9], Ta miznime y 2007 p. B poborax [10], [18], [27] Ta immux. [Ipore my-
CUMO BU3HATH il IPUKPO KOHCTATYBATH, IO JIJIs OLIBIIIOCT] YYHIB Ta BUNTEIB Ieit
MeTO/I, 3aJINIIAETHCA HEBIJOMUM.

Meto10 K camMol cTaTTi € BUKJIaJ OCHOBHIUX METOJNIHUX PEKOMEHIAIIN 1010
OlTaHyBaHHsI METOJIOM IHTEpPBaJIiB PO3B’sI3aHHs pallioHaJIbHIX HEPIBHOCTEII.
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Bupimensio, npuHaiiMHI 9acTKOBO, 3a3HAUYE€HUX IHPOOJIEM i1 IIPUCBSIYEHO Ja-
HY CTATTIO, SIKY MOKH& BBayKaTH JIOTIYHUM IPOJOBYKEHHSIM MaTepiaay (camoro
JeTasiizoBaHoro aaroputmy ), Hasegenoro B [20] (C. 38-41).

Maroun Ha MeTi came IIICHEI BUKJIaI MaTepiay, SKNii JOIMOMOXKe IIPH KOM-
IJIeKCHil migrorosmni Bunyckanukis 1o JAITA Ta 3HO, B nmepmmiit Ta apyriit vacTuxi
CTaTTl aBTOpPaMM IIJIKOM CBIJIOMO HaBeJIeHO <«3araJbHOBIJIOMUI TEOpeTUIHUIT Mi-
HIMYM», 3aCBOEHHS Ta PO3YMIHHA CyTi IKOT'0O € HEOOXI1/IHOIO CKJIaJI0BOIO TIpu pop-
MYBaHHI He JIMIIle BiJIIIOBITHUX HABUYOK, a II KOMIIETEHIIII B3araJii.

1. OcCHOBHI IIOHSTTS Ta BU3HAUYEeHHHA

1. Hxmo aBa parioHa/J bHI BUpa3W 31 3MIHHOIO CHOJIYYUTU OJHUM 13 3HAKIB
«>» «<» «Z» «<» TO OJEPKYEMO HEPIBHICTb 3i 3MiHHO. Y 3arajbHOMY
BUIJISATl HEPIBHICTH 3 OJHIEI0 3MIHHOIO X (HANDHUK/IAM, JJIS BUIAIKY «OLIbIIes)
sarucyorh Tak: f(x) > g(x).

2. Po03B's13kOM HEpIBHOCTI 3 OJIHIEI0 3MIHHOIO HA3UBAIOTH TaKe 3HAYCHHST 3MiH-
HOT, sIKe TIEPETBOPIOE 11 B IIPaBUJIbHY YMCJIOBY HEPIBHICTB. YCi pO3B’sI3KM HEPIBHO-
CTI YTBOPIOIOTH MHOXWHY PO3B 5I3KIiB HEPIBHOCTI.

3. Po3B'a3aTu HepiBHICTb 03Havae 3HaTH BCl 1T po3B’si3KM, ab0 K JIOBECTH,
110 1X He icHye. fKIo HepiBHICTb PO3B’s3KIB HE Ma€, TO HPUIHATO FOBOPUTH, IO
MHOZKHHOIO 1T PO3B’si3KiB € nopoxkus muoxkuna (). Tomy poss’asaru HepiBHICTH
O3HAYAE 3HANTU MHOXMHY 11 PO3B A3KIB.

4. Obnactio gonycTummx 3HadeHs (abo x Koporko, O/13) sminuOl HepiBHOCTI
HA3MBAIOTH CIIJIBHY 00JIaCTh BU3HAYEHHS JIJIsd BCIX (DYHKIIIN, IO CTOSTH Y JIiBiil i
IpaBiii YacTUHAX HEPIBHOCTI.

5. HepiBHocti HA3MBAIOTH piBHOCUABHUMU (200 K EKBIBAJICHTHIIMH ), SKIIO
MHOKIHU 1X PO3B’sI3KiB piBHI (CHiBIAIAIOTH).

6. ko MHOXKUHA PO3B’3KiB IEPIIOl HEPIBHOCTI € M1 JIMHOYKIHOIO MHOXKUHUI
PO3B’A3KIB JIPYTOl HEPIBHOCTI, TO APYTY HA3UBAIOTH HACAIAKOM IT€PINOl HEPIBHOCTI.

7. Hexait V — oaumH 31 3HaKIB HEPIBHOCTI: « <», «<», «>» «=» a A
— (cyTb) obepHenuii 1o V 3HAK (TOOTO, «>», «=», «<», «<» BIIIOBIIHO), a
c = const. Tojii MarOTh Miclle HACTYITHI PIBHOCHJIbHI IT€pETBOPEHHS

L f(z)Vg(z) < flz) —g(z) vV O;

2. flx)Vyg(r) & (f(x ))2n_1v(9($))2n_1 JUUTst OYIb-SIKOTO HaTypaJbHOIO 1N ;
3. f(z)Vyg(z) & f(z) +cVg(z)+c;

4. f(x)Vyg(z) e c- f(x)Ve-g(x), akmo ¢ > 0;

5. f(x)Vg(z) & c- f(x)ANc-g(x), axmo ¢ < 0.

8. VY mpakTHUYHOMY 3aCTOCYBaHHI HAHOLIbIN JIEBUMU MPU BUKOHAHHI IEpe-
TBOPEHb € HACTYIIHI TeopeMu
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Teopema 1. Hxwo 06udsi vacmuru HEPIBHOCTL NOMHOHCUMU DO NOLAUMU HA
0dun i moti camutl 6upas, wo eusnaverutl i ¢ dodammum na O3 3minnoi (Ors 3a-
danoi nepieHocmi), ne 3MIHINYUU 3HAKAG HEPIBHOCTIE, MO 00ePAHCUMO HEPIGHICTY,
pisnocusvny 3adanit (wa O3 3adanoi nepisnocmi).

Teopema 2. ‘dxuwo 06udsi wacmuru HEPIBHOCTVE NOMHOHCUMU DO NOJLAUMU HA
odur i mot camull 6upas, wo cudnavenul i € 6id emnum na O3 aminnoi (Oas
3a0aH0i HEPIBHOCTN) T 3MIHUMU 3HAK HEPIGHOCTNE Ha NPOMUAEHCHUL, Mo 0dep-
AHCUMO HEPIBHICY, PIBHOCUALHY 3adanill (na OJ]3 3adanoi nepisnocmi).

9. ko KpiM 3MIHHOI Ta YUCI0BUX KOEIIIEHTIB /10 3aI11Cy HEPIBHOCTI BXO-
JIATh TaKoyK OYKBEHI KoeillieHTH — mapaMeTpu, TO IIPU PO3B’sa3yBaHHI MOXHa
KOPWUCTYBaTUCS TaKUM OPIEHTUPOM.

«Bylb-sIKy HepiBHICTH 3 HapaMeTpaMi MOXKHa PO3B’d3yBaTH SIK 3BUYAIHY He-
PIBHICTb JI0 TUX IIip, IOKU BCi IepeTBOPEHHsI ab0 MipKyBaHHs, HEOOXiJIHI JJIsd
PO3B’sI3yBaHHsI, MOYKHa, BUKOHATH OJHO3HAYHO. ZIKIIO sIKeCh IepEeTBOPEHHS HE
MOXKHA BUKOHATHU OJHO3HAYHO, TO PO3B’si3yBaHHsI HEOOXIJHO pPO3OUTH Ha KiJib-
Ka BHUIIAQJKIB, 100 y KOXKHOMY 3 HUX BIJIIIOBIJIb Uepe3 IapaMeTpy 3allliCyBaJiacsd
OJIHO3HAYHO.» [Ipudomy cJiiji mam’ saTaTu, 10 BiJIIIOBLIL Tpeda 3ammcaT JIjIst BCiX
MOKJIMBUX 3HadeHb IIapaMeTpa.

10. Haramaemo, mo apoboso-pauioHanstHolo (abo 2K, KOPOTKO, pAIfiOHATb-
HOI0) HEPIBHICTIO HA3WBAIOTH HEPIBHICTH, sIKY MOKHA IMPUBECTH JIO HEPIBHOCTI

BUJTY
P(x)

Q(x)
ne P(x) 1 Q(r) — mHorousenu 3 Jificiumu KoedirienTamu.
11. Mmuorouien Bumy

V0, (1)

Py(z) =an - 2" + ap_1-2" 1+ ...+ a; - 2! + ay, (2)

ne a; € R, a, #0, n € N Ha3uBalOThb MHOIOWIEHOM 71-T'O CTEIEHSI, a INCIOBHIL
MHOXKHUK @, — KoedirnienToMm mpu crapriomy wieni x" muorouiena P, (x).
12. Muorowren 3 jificHuMu KoedilieHTaMi HA3WBAaIOTh HE3BIIHUM, SIKIIO
floro He MOKHA PO3KJIACTU Y JOOYTOK MHOIOYJIEHIB MEHIINX CTEIICHIB 3 JIICHUME
KoedilieHTaMu.
Jlobpe Bimomo (auB., HAp., [333]), M0 HE3BIAHUMY MHOTOYJIEHAMMY 3 [Tiii-
CHUMU KOoe@IiIiEHTaAMM MOXKYThb OyTH JINIIIE:
1) ainiiiai (1-ro crenens) gBounenu ax + b ta
2) KBaApaTW4Hi (2-10 cTenend) TpU4JeHn azr’+ br + ¢ 3 Bi’eMHUM JHC-
kpuminaaTom D = b — 4ac, 30kpema Buny ax’ + ¢, 1id aKux a - ¢ > 0.
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2. OcHoBHa 9acTHHA
Tpaauriiiinumii miaxiz g0 po3s’sa3yBanis HepiBHOCTel Brty (1) mossrae y pos-
IJIsiIl PIBHOCUJIBHOI KOHCTPYKIIII, a came

e R coe {50
P(2) oo P@ P(z) - Qx) > 0
Q) ~ Ve W= Ay 20‘:’{@@)7&0. @)

Cutig 3a3maquTn, 1o npu po3s’a3yBanii nepisnocreii suny P(z) - Q(x) V 0
MOKHa& BUKOPUCTOBYBATHU PIBHOCUIbHI KOHCTPYKIIIT

{P(fc)>0 '{P(x)>0
P(2)-Qx) > 0 & { ggg 0 P@Q@0e { gég 0
| | Q(z) <0 |1 Q(z) <0;
[ [ P(z) >0 [ [ P(x) >0
p 0 {Q(fﬁ)<0 P <0 {Q(l’)éo 6
Q) <0 { Pry<o PWeD<e { Ply<o (O
|| Q@) > 0; || Q(x) > 0.

Jyist po3B’sizyBanst HepiBHocteil Bujy P(x) V 0 J0IUIBHO BUKOPUCTOBYBATH
MeTOA, iHTepBaiB, TPAJUIIHNI aJICOPUTM SIKOTO IPOIOHYIOTH B OLJIBIIOCTI iIpY-
YHUKAX Ta HaBYAJIbHO-METOJMYHIX MOCIOHNKAX Yy HACTYITHOMY BUIJISII:

1. 3naiitn O3 3MiHHOT HEPIBHOCTI.

2. Bmafitn nym P(x) (poss’szarn piBusanus P(z) =0)

3. Tlosmauwru mysi na OJI3 i snaiitu 3nak dynkuii (Moorowreny) P(x) B
KOXKHOMY 3 IPOMIiKKiB, Ha siki po3buBaeThest O/13.

4. 3anucaTu BiJIIOBIb, yPaxoBYIOUN 3HAK HEPIBHOCTI.

[Ipote, gK Bke 3a3HAYAIOCA aBTOpaMU Yy BCTYII, Iell aJropuTM € 3aHajTo
copmasiizopanmii. 1 B 1epiny 4depry, MaeMo Ha yBasi gopMaJii3M, OB d3aHMil i3
3HAXOJI?KEHHAM 3HaKIB (DYHKIIT HA KOXKHOMY 3 OJeprKaHUX ITPOMIKKIB.

Tomy aBTOpaMu HUZKYe MPOTIOHYETHCA OLTBII JeTa i30BaHnil TO-KPOKOBUIT aJI-
TOPUTM METOJIy IHTepBaJliB PO3B’d3yBaHHA JIPOOOBO-PalliOHAJLHUX HEPIBHOCTEI,
OCHOBHa& MeTa SKOI'0 — CIPAMYBATU He Ha caM JleTaJi30BaHUuil aJllOPUTM, a came
Ha:

— IIpOolleC pO3B’si3yBaHHs HEPIBHOCTEN 3 aKIIEHTOM Ha PIBHOCHJIBHICTH HEOOXi-
JIHUX BUKOHYBAHUX [1€PETBOPEHD;

— NPUHIKAIIOBY MOYKJIUBICTH IBUIKOIO 3HAXOJ/XKEHHS 3HAaKIB (DYHKIIT Ha BCiX
oJepKaHuX IPOMIZKKaX.
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2.1. AJjgropurmiyHMI IMAXiZA g0 PO3B’s3yBaHHS JPOOOBO-PAIliOHAJIb-
HIX HEPiBHOCTEIl METOIO0M <«IHTEepPBaJIIB»

1 eran. 3uaiitu «O/A3» apobGoBo-palioHAJILHOI HEPIBHOCTI.
[To cyTi — Butyauru i3 MHOYKUHY JificHuxX duces R (3 inrepBaty (—oo;+00) ) yei
«HyJIi 3HAMEHHUKIB», TOOTO Bci Ti 3Ha4deHHsi hq, ho, ...., hy 3MIHHOI X, IpU SIKUX
obepTaeThbcst B HYJIb X04a O OJINH 13 3HAMEHHUKIB.

BayBaxkeHHd 1. [Ipiopumemnicms came ybo2o emany € biabw HiHe sunpasda-
HO010. JIAA NEPEKOHAHMA 8 OCTNAHHBOMY JOCTMAMHBO PO32AAHYMU NPUKALD HEPIE-

Hocmi +r<2— 1 pose’askom axoi € x € (—oo;1) U (1;2].

x — -

2 eram. 3BecTM BHUXIJAHY HepiBHICTb JO 11 <«KaHOHIYHO-
PiBHOCHJILHOTO» BUJLY.
2.1. «llepenectn» (3 HOTpPUMAHHSIM BiJIOBITHOTO MpaBUIa) BCi YIEHH 3 TPABOT
YaCTUHU HEPIBHOCTI y JiBY 11 gacTtunHy. ToOTO, MpuBecTn HEPIBHICTH 0 BUILY

AW, . B
Or() + ...+ Or@) V0. (7)

2.2. 3BecTu BCi JOJAHKH Yy JIBIill YaCTUHI HEPIBHOCTI J0 CIIJIBHOIO 3HAMEHHUKA.
TobTo, mpuBecTN HEPIBHICTDH JI0 HEPIBHOCTI BUJLY

P(z)
Q(x)

2.3. Poskiactu uncesnbnuk P(x) na nessiam muoxknnkn (nogaru P(x) y Bu-

V0. (8)

DI 100y TKY HE3BITHUX MHOTOUJIEHIB).
2.4. Poskiactu 3HaMenHUK ()(x) HA HE3BiIHI MHOKHUKN.
2.5. Ilmsixom MHOXKeHHsT Ha qncyio (—1)

abo 060X JaCTUH HEPIBHOCTI (He 3a0yBAIOYN IPU I[HOMY 3HAK HEPIBHOCTI 3Mi-
HIOBATHU Ha TPOTUJICXKHII )

ab0 ofc INCe/IbHUKA 1 3HAMEHHUKA, JIIBOl YaCTUHU HEPiBHOCTI
IOCATHYTH TOro, mMob Koeplll€HT IpH CTApIOMy YiIeHl1 B KOXHOMY 3 HE3-
B1OHMX MHOXHUK1B-MHOTOYIEH1B OyB JONAaTHIM.

BayBaxkxeHHd 2. Caid ézamu do ysazu, w0, HANPUKAAO:

nessioni mmoosrchuru eudy (o — x)?" = (z — )", (=3 +2z) = (22 — 3),

(22% — x + 3) ne sumazaromov 3acMOCY6antA 00 HUT 3a3HANEHUT NPOUEIYD,
modi Ak

nessioni mmostcnury 6udy (o —x)*" M = —(z — ) (=22+3) = — (20 —3),

(=22 +x—3) = — (222 — 2+ 3) sumazaromv 0606 A3K06e 3acMOCYEANNA 00 HUT

BA3HAMEHUT NPOUEIYP.
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2.6. Koxen 3 nessiganx MHOKHUKIB By (ax + b)" (micasa xkpoky 2.5. a > 0)
IPUBECTHU JI0 CTaHIAPTHOTO Buay a” - (T + g)”

3ayBaxkeHHst 3. Caid 83amu 0o ysaz2u, wo ocmamoyruti po3kaad Ha He3610MI
MHOACHUKU nepeddanae dodYmMoK cmenenié 080UNEHIE CAME 3 PIBHUMU 0CHOBAM.

2.7. «Ilosbyrucs» (Bijg mogaTHUX Ta BiI'€MHUX) 9UCIOBIX MHOYKHUKIB B UHCE/Th-
HUKY 1 3HAMEHHUKY JIiBOT YaCTHHU HEPIBHOCTI (HAIPUKJIA, TISIXOM JiiJIeHHsT ab0
MHOZKEHHsI 060X JaCTHH HEPIBHOCTI Ha Taki YMCIOBI MHOXKHUKH).

TaxuMm 4rHOM, Pe3y/JIbTaTOM BUKOHAaHHs KPOKIB 2.1.—2.7. Oyle 3BeIeHHs BU-
X1JTHOT HEPIBHOCTI JI0 HEPIBHOCTI BULY

(2 — o)™ - (1 — o)™ - .. - (x — o)™ - P(x) ) n
(z = B)m - (x = Fo)"=- .- (x = )" - Q)
je  ai, Qo ..., — (pisni) myni uncenvhuxa; 51, Ba, ..., 3 — Hysi sHAMEHHUKA,;

P(z) (Q(z)) — nosnauenns s g06yTKy (30KpeMa OfHOKPATHOIO) He3BiIHIX
MHOZKHIKIB 2-TO cTelleHst (3a yMOB HagBHOCTI Taknx B poskiaiax P(x) i Q(z)).
2.8. Bisbiie Toro, 3aBisiki BUKOHAHHIO KPOKY 2.5., KoKeH 3 j00yTkiB P(z) i
Q(x) upu Oyab-sikux gitficanx o (30kpema 3 OJ13 BuxinHOT HepiBHOCTI) MpuiiMae
BUKJIIOUHO JIOJIATHI 3HAYCHHS (& TOMY B3araJii He BIUIMBA€ HA 3HAK JIBOT YaCTHHH
repiBHocTi). Takum anHOM HepiBHICTL (9) € PIBHOCHIBHOIO HEPIBHOCTI

f@) Vo0, ne (10)

— (SE - Ql)ml ) (CC - 042)m2 S (CL‘ — Qk)mk
Jw= (x— )™ - (z— Ba)2 - ... - (x — )™ (11)

sIKy 1 OyJ1IeMO Ha3MBaTu «KAHOHIYHMM» BUJIOM BUXIJIHOI HEPIBHOCTI.

BayBaxkeunsi 4. B sazanrvromy sunadky muoocuna B = {51, ..., 81} € nidmmo-
orcunoro muoorcuru H = {hy, ..., } . Sxwo orc muoorcunu B 1 H cnienadarome,
mo nepienicms (10) € pisnocuavroro euxionit nepienocmi. Taxum wurom, y 6u-
nadky B G H suxidna nepisHicms € pisHOCUALHON CUCTEM]

f(x) V0,
r ¢ H\ B.

3 eranr. BmokpemJjieHHsI «IOJIBIMHUX TOYOK» .

[Tiy1 «mOoABIMHOIO TOYKOIO» CJIiJ PO3YMITH Take 3HAYEHHsI 3MiHHOI T, JIJIst
SIKOI'O BUKOHYETHCA OJIHa 3 TPHOX YMOB:
3.1) BOHO € HyJIeM JIUIle YuCeTbHIKA abo JINIe 3HAMEHHUKA, & TTOKA3HUK CTe-
IIeHsT BIJIIOBIJIHOTO JABOYJIEHA € IapHUM YHUCJIOM — IIOJBIffHA TOYKa <IIE€PIITOTO»
THILY
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3.2) BOHO € HyJieM 1 YHCeTbHUKA 1 3HAMEHHUKA, a CyMa MOKA3HUKIB CTEeIeHiB
BIJIIIOBIJIHUX JIBOYJIEHIB € TTAPHUM YUCJIOM — [OJIBIIHA TOYKa <«JIPYIoros THILY
3.3) BOHO HaJIeXKUTh MHOXKUHI H | ajle He HaJIeXKUTh MHOXKUHI B — mojBiiina
TOYKa «TPETHhOI0» THUILY.

BayBaxkeHHus: 5. Kooicna «nodsiting mouka» py Tapaxmepusyemves mum, wo
60MA € 00HOYACHO KIMUEGOI0 A NOYATKOE0N MOUK0I0 060X «CYCIONIT» THMEPEa-
M6 3narocmanocmi gynrkuil f(x).

4 erann. Busnavenusi 3HakiB f(r) Ha iHTepBajax KOOPAMHATHOI OCI.
4.1. Ha xoopauHaTHIl TpsaMiii He3aJ€XKHO BiJl 3HAKY HEPIBHOCTI «BUKOJIIOEMOY
TOYKHU 3 KoopjuHaTtamu hi, ha, ...., hy — HyJl 3HAMEHHUKIB BUX1IHOI HEPIBHOCTI.
4.2. Ha Tiit camiii KoopAWHATHIN TPAMIil 3a/1€2KHO BiJl 3HAKy HEPIBHOCTI <«BU-
KOJIIOEMO» (SIKITIO 3HAK HEPIBHOCTI CTpOruii) abo «3aMa/iboBYEMO» (y BUITQJIKY He
CTPOTrOro 3HAKY HEPIBHOCTI) TOUKH 3 KOOPMHATAME V1, (09, ..., Ot — HYJI THCEJIb-
nuka. [Ipudomy, 9Kimo Hy/ib dncenbHUKA CIIBIAIAE 13 BXKe BUKOJOTUM Ha KPOIIi
4.1. nyneMm, TO TaKnil HYJIb HEe MOYKe OYTH 3aMaTbOBAHIIM.

4.3. Cepes TOYOK, BiMIYeHMX Ha KOODJMHATHINA MPsiMiii, TOMITUTH Ti, sIKi €
«IOJBITHUMU TOUKAMU .

4.4. 3Bapagku kpokam 2.5.—2.7. dyukiig f(r) Ha KpallHBOMY MTPABOMY IIPO-
MIKKY KoopamHaTHOT oci (OX ) 3aBxkjan npuiiMae j1ojaTHi 3HadeHHs. Tomy 1ieit
IHTepBaJI 3aBXK /I IOMIYaE€MO TO3HAYKOIO « + ».

Ha inmux inTepBa/iax KOODJAMHATHOI OCI PO3CTAHOBKY IO3HAYOK <« —+» abo
« —» JIOMJIbHO 3JIIfICHUTH PyXalouuch BlJ] NMPaBOro KpaliHBOTO iHTEpBaJIy JIiBO-
pyd (10 —00) 3MIHIOIOUYN MO3HAYKN HA AJbTEPHATHBHI 3a BHHSITKOM BHIIAJIKIB
nepexo/y depes nojiBiiini Toukn. [Ipm nepexomi gepes KOXKHY 3 MOJBITHUX TOYOK
(pyxaro4nch CrpaBa-HATIBO) TO3HATKA HE 3MIHIOETHCS.

5 eran. 3anuc NIyKaHOTO PO3B’S3KYy BUXi/THOI HEPIBHOCTI.

Aximo 3nak HepirocTi (10) «>», TO y BiAMOBIIL CJ1ij1 3ammcaT 00 € THAHHST
BJIKPUTUX 1HTEPBAJIB, Ha IKUX CTOITh MO3HAUYKA « 4 »;

gKio 3HaK HepiBHOCTI (10) « 2= », TO y BIANOBLAL CJIij1 3anmcaTu 00’eIHAHHS
IHTepBaJIiB, Ha AKNX CTOITHL IO3HAYKA <« + » BKJIIOYUBIIN KIHI, TKUM BIJIIIOBII-
al0Th 3aMaJibOBaHl TOYKM Ta 3aMaJlbOBaHI TOYKM, 1110 He YBINLIM y BIAMIYEHI
IIPOMIZKKHU;

gkio 3HaK HepiBHOCTI (10) « <», TO y BIANOBIABL CJTi/1 3ammcaTu 00’eIHAHHS
BJIKPUTHUX 1HTEPBAJIB, Ha IKUX CTOITh ITO3HAUKA « — »;

gkio 3uHaKk HepiBHOCTI (10) « <», TO y BANOBLAL CJIij1 3anucaru 00’ eIHAHHST
IHTepBaJIiB, Ha SKNX CTOITH MO3HAUKA « — » BKJIIOYUBIIN KIHIT, IKIM BIJIIIOBII-
al0Th 3aMaJibOBaHI TOYKM Ta 3aMaJibOBaHI TOYKH, 110 He YBIHNLIM y BlAMIYeHI
IIPOMIZKKI.
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2.2. lLarocTpaTuBHUII TPpUKJIaI
Po3B's13aTh HepiBHICTb

1 (z — 3)a"(z — 2)4(10 + 22)*(—2? + 62 — 10)(2x — 3)* - 1
r—3 (z* — 422 +5)(z +5)%(6 — 3x)(4 —2)8(2*t —1) = 3—a’

1 eranr. 3naiigemo O/13:

(2 —3#0 ((x # 3 (2 # 3
ot — 422 +5#0 (22 —2)% # —1 x # =5
r+5#0 ) x %2
Y 632 #£0 7 242 =\ z£4
4—x#0 x#4 x#1
(21— 1#0 (| (@ +D-+1)#0  (z#-1

Beigku x € R\{—5;—1;1;2;3;4}.
2 eran. [lpuBesemMo AaHy HepIBHICTb A0 TI K KAHOHIYHOTrO» BUAY:
2.1. [Ilicng mepenecenHs 4ieHIB HEPIBHOCTI 3 TpaBol Y JIBY 11 9aCTUHY OJI€PAKITMO
1 (z — 3)z"(x — 2)4(10 + 22)3(—2? + 62 — 10) (22 — 3)* 1
r—3 (x4 — 422 +5)(x +5)°(6 — 3x)(4 — x)%(z* — 1) +3—a:

2.2. 'V 3BefleHHI [OAaHKIB NiBOI YaCTWHW HEPIBHOCTI

(x — 3)z"(x — 2)*(10 + 22)3(—2? + 62 — 10) (22 — 3)*
(xt — 422+ 5)(x + 5)5(6 — 3z)(4 — x)0(z* — 1)

WV
o
—
=

[0 CMiJIbHOMO 3HaMeHHUKA He Ma€e noTpebu;
2.3. Po3knagemo 4ncenbHuK y AobyToK HE3BIAHUX MHOXKHUKIB:

2.3.1. OCKiIbKH JANCKPUMIHAHT KBaJIpaTHIHOro TpudiaeHa —x2 + 6z — 10
cranosuth D = 62 —4-(—1)-(—=10) = 36 — 40 = —4 i € Bl eMHuUM, TO KBaJIpa-
TUIHUN TPUYJIEH € He3BiAHUM. | TOMy dmcesbHUK JiBoT YacTuHn HepiBHOCTI (13)
B2K€ PO3KJIAJIEHO Y JIOOYTOK HE3BLIHUX MHOXKHHUKIB.

2.4. Po3knagemo 3HaMeHHUK y J0DYTOK HE3BIAHUX MHOXHVKIB:

241. (' -1 =(@*-1)(2*+1) = (2 + 1)(z — 1)(z + 1);

242, (2* =422 +5) = (22— V2V +4-2+V5) (2> + V2V5 + 4-2++/5)

He Baxkko nepeBipuTH, 110 KOxKeH i3 o1eprKaHnX KBaJpaTUuIHIX TPUIJICHIB MA€
BiJI'€MHMIT IMCKPUMIHAHT, 1 TOMY BOHH € HE3BIIHUMM. A HaBeJICHUI PO3KJIAT MOXK-
Ha OJIEPKATU, HAIIPUKJIAJ, 38 JOIOMOI'OI0 METOAY HEBU3HAUEHMX KOEMIIIEHTIB.

BayBaxkeHHd 6. Kpox 2.4.2 danexo ne zasocou € dopeunum. Biavu doyinvrum
e poseand (z* — 42% +5) ax mmozousena Py(x) = x* — 42% + 5, axud npu
scix dilichur x nabysac dodammnuxr 3Havwens. [IoACHUMO 0CMANHE: AKULO 68ECTNU
saminy 2 =t i poseasnymu xeadpamuuny dynxuiro f (t) = t2—4t+5, mo uepes
610’ emmicmo Juckpuminarnma ma dodammicmos KoePiuieHma npu cmapuwomy ii
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YAeHs UA PyrKULA Habdysae dodamnuxr 3navens npu ecix dilicHur t, 30xpema npu
2

nesid’ emuur t = x° .
2.5.—2.6. [locsirHemo Toro, wiob KOemIiLieHT Npu CTAapLIOMY YEHI B KOXXHOMY 3
HE3BIAHUX MHOXHUKIB-MHOrO4YeHIB OyB gogaTHIM:

2.5-6.1. (104 2x)% = 8(x + 5)3;

2.5-6.2. (—2%+ 6z —10) = — (2% — 62 + 10);

2562 (20 —3)* =16 (z —3)";

2.5-6.4. (6 —3x)=—-3(x—2);

2.5-6.5. (4—x)% = (x —4)5.
Tomy nepiBuicTs (13) HabyBae Buj

—8-16- (z—3)a"(x —2*x+5)° (¢ —3)" (22— 62+ 10) y
—3-(z4+5P(x—2)(z -4z —D(z+1) (z*—4a2+5)(22+1) "

2.7. «[lozbaBneHHs» Bif JOOATHUX Ta Bij EMHUX YNCAOBUX MHOXKHUKIB

(z = 3)z"(z — 2)*(x + 5)% (z — %)4 ‘ (2 — 62 + 10) <
(z+5)%(x—2)(x —4)(x —1)(z+1) (24 —422+5)(x2+1) ~

2.8. 3annc «KaHOHIYHO-PIBHOCUILHOTO» BUAY BUXiAHOI HEPIBHOCTI

(¢ —3)2"(x — 24z +5) (¢ — 3)°

(z +5)%(x — 2)(z — 4)%(z — 1)(z + 1) = 0,

xr # 3. (16)

3 etan. BuokpemneHHs «NOABINHUX TOYOK !
3.1. x1 =4, x5 =3 — noasiitni Touxn («uepuoro» Tuiy);
3.2. x3= —5 — mojBiiiHa TOYKA (<«JIPYroro» THUILY);
3.3. x4 =3 — nozsiiiHa TOUKa («TPETHOrO» THILY);
4 eran. BusHaueHHs 3HaKiB NiBOT YaCTWHU KaHOHI4HOT HepisHocTi (16) Ha iH-

TepBasax KOOPAWNHATHOI OCI:

-5 W

b

Puc. 1: 10 BusHaueHHsi 3HAKIB JIiBOI YacTHHU KaHOHIUHOI HepisHOCTi (16) Ha BijmoBigHumx
IHTepBaJjax

5 eTam. 3anuc WyKaHOro po3B si3Ky BUXIAHOI HEPIBHOCTI:

z € (—o0;—=5) U (=5;—=1) U[0; 1) U{2} U (2;3) U (3;4) U (4; +o0).
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3. MetoamyHi mopaau MO0 AUAAKTUIHOIO 3a0e3IeYeHHs

[Tiy1 wac mpoBe/IeHHST BiIOBITHUX YPOKIB (3aHSITh) OHIEIO 3 IiJieii €:
JIOMOITHCS 32CBOEHHSI YIHSIMU (CTYIEHTAME) CXeMU DO3B’sI3yBaHHS PaIllOHAIbHIX
HepPIBHOCTEN 3 OJIHIEI0 3MIHHOIO METOJIOM 1HTEPBAJIiB;

a OOHUM i3 3aBAaHb — BHUPOOWTU BMiHHsI BUKOHYBaTH Jil BiJIIIOBIJHO JI0
CXeMH PO3B’si3yBaHHSI palliloHAJbHUX HEPIBHOCTEH METOJ0M iHTEepBaJIiB.

Cepej1 myOJtiKaIiil, MPUCBAIEHUX JUIAKTHIHOMY (CyIPOBOJLY) 3a0e31eueHHI0
Temu «Po3B’d3aHHs HEpiBHOCTE METOIOM IHTEPBAJIIBY», MyCUMO BIJIMITUTH CTATTIO
[14|, B siKiit 3a1porOHOBAHO 3HAYHY KIJIBKICTH PI3HOPIBHEBUX KapTOK-BapiaHTIB 3
BimoBigamu, ta nocionukn (8], [18], [22], [25], [26].

I. Po3p’da3aTu HepiBHICTH

2 3 | 4

1. . (b <0; ;o (d > 0.
(z+1)(z—2) (x+1)(z—2)
2. (a) p— <0; (b) ~_3 > 0.
T — 2 T — 2 x— 2 x — 2
3. 0; (b <0; 0; (d > 0.
(@) 5= <0 ) 5= <0 (9 5= >0 (d) 5=
T+ 2 T+ 2 1 r+ 2 1
4. 0; (b 2 0; - > — :
(8) 2 (b) 22 —4 (©) r—2 2244 2—x
(x+1)(2—x) (x+1)(2—x) (x+1)(2—2)!
5. (b ; > 0.
) =5, =% 0:b) —5 =5, Oile) —5 =5 20
1 2 —2% + 42t -5
6. (a) ———— <0: (b <0
(&) 33'2—4l'+5< ) (>$4—4$2—|—5 (C) 2219 <0.
T —2 T — 2 —28 + 4zt -5
7. —_ . (b <0;
(8) :L‘2—4x—|—5<0’ (b) xt — 422 +5 0: (c) r—2 <0.
4o —dx + 1 x? —5x +6 (z —1)(x + 3)°
8. <0 (b) T22T2 . <0.
(8) 224+ — 12  (b) 22 421 — 8 (©) 2462 +9
-4 —1 23 — 3z 42
9. <0 b <0.
(8) T+ 8 (b) 6—x
1 1 1 1
10. (a) ;é—x; (b) E}—x; (c) ;éx, (d) E}a:
T+ 3r + 4 3 2 3 1
11. >1; (b < 2; — < ;o (d > .
<a)az—|—3 - () r+1 (C)x x+1 <)x—3 T+ 2
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1I. HapecTu npukJjaja pamioHaJbHOI HEPIBHOCTI, pO3B’I3KaMH SIKOI
Oyj1a 61 MHOXKHMHA

L (a) z€ (c) @=5; () @ € (=5:5); (g) = €[~55);
(b)®, (d) =€ {-55}; (f) v €(=55]; (h) x€[-5:5]

2. (a) x € (2;+400); (d) z € (2;400) U{-2};

(b) x € [2;+00); (e) = €[2;400) U{—-2};
(c) z € (—;2); (f) z € (—o0; =2) U {2}

3. (a) x € (—00;—2)U(2;400); (e) x € (—o0;—2) U (2;+00) U{0};
(b) x € (—o0; —2] U [2;4+00); (f) x € (—o0; —=2] U [2;+00) U{0};
(¢) x € (—o0;—2) U [2;4+00); (g) = € (—o0;—2)U|[2;+00) U{0};
(d) = € (—o0;—2] U (2; +00); (h) = € (—o0; —2] U (2; +00) U {0}.

III. /Ing koXXHOTro 3HAYEeHHS IIapaMeTpa a PO3B’si>KITh HEPIBHICTH

L) =050 () S0 >0, (C)§:i<0; (d)i:igo.

2 () 2500 ) 2500 (0 S <0; (@) T <

ar —4a +5 _ T+ 2a '

3 () r—3 >0 (c) (a—2)(w—4)>07
(a—1)x—(2a+1) _ z(a+3) —2a

O ey % Yo ”

4(@(21? >m®)2:? (L®)ét$2<mm)é:52 0.

. ) EEUE= g B
) z? + x(ia_—ll) —3a > 0. (@) ng;_?_xa;r 2 50,

IV. Ilpu gkmx 3HaYEeHHSIX IIapaMeTpa a Apyra HEpPiBHICTh € Hac-

JIIJTKOM TIEPIIIOl HEPiBHOCTI

2a — 10
22 _ g2

(1) >0;
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V. JlasOo ABi HepiBHOCTI

(1) 22 > 4; (2) 1+22>0.
[Ipu sIKuX 3HAYEHHSX TTApaMeTpa a:
— nepisnocri (1) i (2) e piBHOCIIIBHIMBT?
— #epiBHicTh (1) € HaciKoM HepiBHOCTI (2)7
— HepiBHicTh (2) € Hacsigkom nepisaocti (1)7

o .

VI. JlominbHOo po3riagHyTH i NPUKJIAIN HEPIBHOCHILHUX MEPETBOPEHDb, KO-
JII II€PeTBOPEHHS IIPU3BOIATL JI0 NOAGU 3aiiBUX PO3B’SI3KIB HEPIBHOCTI, abo K
empamu PO3B’sI3KiB HEPIBHOCTI.

BayBarKuMo, 1110 HaBeJleHa BUIIE CUCTeMa 3aJ1a4, 3BICHO K, HOCUTh OPIEHTOBHO-
cy0’eKTUBHMIT XapaKTep Ta He IPeTeH/y€ Ha POJib B3IpIld Ta 3arajibHe BU3HAHHSI.

IIpukinieBl BUCHOBKHN Ta 3ayBakeHHH

He moxna me morogurucst 3 apropamu poborn [17], ski cTBEPIKYIOTH, IO
HEPIBHOCTI (Tak caMo sK i PIBHSIHHST) HEOOXITHO PO3IVISIIATH ILIICHO Ta 3 €JIMHOT
TOYKHU 30PY, €IMHOI MO3UIIT — IMPOIECY PO3B A3yBalHsd HEPIBHOCTEN, SIK MPOIECY
X IOCJIITOBHUX II€PETBOPEHB. TeXK BBarKaeMo, IO caMe TaKuil MiaxXiJ J03BOJNTD
IHTerpyBaTH BCl TUIIN HEPIBHOCTEN B €JIMHY CYKYIIHICTBH Ta JIONOMOZKE:

3 0j1HOrO 6OKY — chopMyBaTH B YUHIB (CTYJEHTIB) HEOOXI/IHI HABUYKH, a

3 iHmoro 60Ky — copMyBaTH y4BJIEHHS He JIUIIE PO 1ICHYIOYl MpobyieMu, a
il TPO NPUHITUIIOBI MOXKJIMBOCTI PO3B’sI3yBaHHsI HEPIBHOCTEIA.

[linkoM TakoxK morojzKyeMocs i 3 apropamu 18|, ski 3a3HAYAIOTH, IO «...
PO3B’sI3yBaTU BCI HEPIBHOCTI Memodom iHmMepseanie i TuM OLiIbIe Memodom 3a.mi-
HU MHOMCHUKIE 30BCIM He 000B’s13KOBO. Y TOIl »Ke Jac MeTO[l IHTepBaJliB JOCUTH
yHIBepcaJIbHUI, & MeTO/I 3aMiHI MHOXKHUKIB JI03BOJISIE 3BECTU CKJIa IHI HEPIBHOCTI
JIO pallloHaJIbHUX ... .»

[ligBoasun migcyMKM, MOXKHA KOHCTATyBaTH, I0:

1) i meron iHTepBasiB, 1 y3araJbHEeHHI METOJ IHTEPBAJIIB € 3aCTOCOBHUMHU JIO
HEpiBHOCTE, IMpaBa YacTUHA AKUX JIOPIBHIOE HYJIEBI, a JIiBa YacTUHA — JIOOYTOK,
abo0 K YJacTKa JEKIJIbKOX aareOpaldHnx MHOXKHUKIB;

2) 3a3HAvYeHHil y BCTYIN Y3a2aabHeHUl Memod thmep6ais (3a JOMOMOro0 3aMi-
HII MHOYKHUKIB) 3aCHOBaHNIT Ha (Tak 3BaHiil) parioHaisalil HepiBHOCTI, CyTh SKOT
MOJIATAE Y 3aMiHl MHOXKHUKIB OLIBIN MPOCTUMHU, sIKi MalOTh TaKi cami MPOMIiXKKN
sHakoctaaocTi (1o it Buxigai muoxkmuku) [10], [18], [27];

3) OCOBJIMBICTIO I[LONO METOJy € MPUHIINIIOBA MOKJIMBICTH 3BEJIEHHS ippPAIlio-
HaJIbHUX, JIOrapu@MITHIX Ta IOKA3HUKOBUX HEPIBHOCTE! JI0 PIBHOCUJILHOI Pallio-
HAJIbHOI HEPIBHOCTI, Ky HE BayKKO PO3B’d3aTH METOJIOM i1HTEPBAJIIB.
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4)  mpore ¢ BIAMITUTH, 110 y3araJbHeHNT MeTOJ1 IHTepBAJIB MOYKe CIIPUIMHUTH
il TPUKPI HEMPUEMHOCTI (HAITpHUKJIa: OyBae CKIATHUM 3HAHTH «IIPOOHY» TOUKY,
abo 2K TIpu 3’CYyBaHHI 3HAKY CKJIaJIHOI (DYHKIIT B «IIPOOHIiit» TOUI 00UMC/IeHHA
MOKYTh BUSBUTHCS T'POMI3JIKUMU Ta B Pe3yJibTaTi aprudMeTUIHOI ITOMUJIKUA 3HAK
MOYKE BUSIBUTHCS HEBIDHUM ).

3 ypaxyBaHHsIM 3a3HAYE€HOTO, MYCHMO 3i3HATHCS, 1110 CYIPOBIIHOIO METOIO
IIPEJICTABICHOI CTATTI € TpoIaramjia caMe Iboro (Ha IPEBEIUKHil Kajab MaJo-
BIJIOMOr'0) MeTO.Y.

Bpaxkaemo, 1110 KJII0Y0BY POJIb BiIirpae mIOMipKOBaHa METOIMYHA Ta, J1IaKTH-
YHa JIONOBHIOBAHICTb 3a3HAUEHUX aCIIeKTiB, 1[0 B CBOIO Yepry IOTJINONTH 3HAHHI
VUHIB, PO3IIUPUTH 1X KPYro3ip, Oy/ie CloHyKaTH JIO TBOPUOCTI HABITH ITPH PO3B’s-
3yBaHHI TUIIOBUX HepiBHOCTeil. Ocob/mMBY yBary mpu HbOMY CJIiJL IPUILISTH 3318~
JaM 3 mapaMeTpoM. Bo po3B’si3yBaHHs HepiBHOCTeI (PIBHSIHD) 3 TapaMeTpaMi BiJl-
KPUBAE Tepe]] yaHeM (CTYJIeHTOM ) 3HaYHe YNCJI0 eBPUCTUIHUX TIPUIOMIB 3araJib-
HOI'O XapakTepy, HIHHUX JIJII MaTeMaTUuIHOI'O PO3BUTKY JOCJIIHUKIB-II0YaTKIBIIIB.

['ajgaemo, 1m0 HaBegeHUIT MaTepiasl JIOIMOMOYXKEe BUIIYCKHUKAM CTaplINX KJaciB
1111 Yac KOMILJIEKCHOI IJITOTOBKM JI0 JIep2KaBHOI MM1JICYMKOBOI aTecTallll Ta 30BHIIII-
HBHOI'O HE3aJIEXKHOT'O OIIHIOBAHHSI.

TakoxK MaeMo HaJilo, 10 HaBeJIeHUil MaTepiasl JIOTOMOYKE MOJOJUM BUNTE-
JIIM MaTeMaTUKW TiJ] Jac IIJICHOTO yCBiIoMIeHHd 3MicToBOlI JiHil «HepiBHOCTi»
B IIKLILHOMY KypCi MaTeMaTHKN Ta MOKe OYTH BUKOpUCTaHWi (MpuHaiiMHI (bpa-
IMEHTAPHO) MiJ] Yac MpOBeJIeHHsT KYPCiB IMIBUIIEHHST KBaJTihiKaIil BINTETIB Ma-
TeMaTHUKU.
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Kadubovs'kyi O.A., Besedin B.B., Storozhilova N.V.
Donbas State Teachers’ Training University, Slovians’k, Ukraine.

To the question about the application of algorithmic approach while
solving of shot-rational inequalities with the method of intervals

In the article the authorial experience of teaching the decision methods of
shot-rational inequalities at the mathematics lessons at school and during the
forming of necessary competencies during the process of preparation of students
of mathematical specialities of pedagogical institutions of higher education and
in-plant training of teachers of mathematics is considered. An incremental algori-
thm, an illustrative example with detailed explanations and methodical advices
concerning the didactic providing during the process of mastering the offered
approach are brought.

Keywords: shot-rational inequities, method of intervals, methods of solving,
algorithmic approach.
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METOJINKA
[IPOBEJAEHHA KOHTPOJIIO 3HAHDb YUHIB
HA YPOKAX MATEMATUKU

CrarTts npucBsdena mpobseMi TPOBEJICHHST KOHTPOJIIO 3HAHb yUHIB Ha YPOKAX MATEeMATHKH,
TIONTYyKY TIIAXIB BIOCKOHAJEHHS JaHOTO METO/y TMePEBIPKM 3HAHD 1 CKJIAJIAHHIO METOIMIHUIX
PEKOMEH/IAITI{ 11010 MoK paIleHHd e(eKTUBHOCTI ITPOBE/ICHH KOHTPOJIIO 3HAHD YUHIB Ha YPOKaX
MaTeMAaTUKH.

Komo4doBi cioBa: konumpoan, memoduka, nepesipka, 0iaznocmukra, Mamemamuka.

Bcryn

[Ti1 MOHATTAM «KOHTPOJIb» PO3YMIIOTh BUABJIEHHS, BUMIpP 1 OI[IHKY Pe3y/IbTa-
TiB HaBYAJIBHO-TTI3HABAJILHOI JIIAIBLHOCTI THX, XTO HaBUYaeThcsd. [Iponenypy Busas-
JIEHHS 1 BUMIPY HA3WBAIOTH MEPEBIPKOIO, dKa € CKJIAJIHIM KOMIIOHEHTOM KOHTPO-
JTIO.

[Ipob1emoro KOHTPOJIIO 1 OIIHKY 3HAHB 3aiiMasiics Taki Bueni sk FO.K. Baban-
cokmit, A.A. Kysuenos, /I.I11. Marpoc, P.H. Ckobesies, H.®@. Tanmuzina ta in. [4,6]
By po3rigHyTi JiesdKi MOXKJIMBI MIJIAXNA MOAOJAHHSA HEJOJIKIB MO3HATKN TaKH-
mu gociainaukamu ik @.P. Lnpin, A.H. Maiiopos, 1.B. Cappo, A.B. Ilonosuu Ta
in. [5,7]

OcHOBHOIO (PYHKIII€I0 KOHTPOJIIO € 3a0e3ledeHHsI 3BOPOTHOIO 3B’SI3KY MizK
yUIUTeJeM 1 YUYHEM, OoJiepKaHHs yduTeseM o0 €KTHBHOI iH(opMallil 1Mpo CTYIIHb
3aCBOEHHS HaBYAJIbHOI'O MaTeplaJjly, cBoe€dacHe BUABJIEHHS HEJIOJIKIB 1 IIporaJiuH
y 3HAHHSIX.

EdekTuBHICTS KOHTPOJIIO 3aJIe2KUTh BiJ| I0ro oprasizaliil: dacy IIpOBeJIeHHsI
KOHTPOJIbHUX 3aHATD, IX 9aCTOTH 1 TOC/IiJIOBHOCTI, XapakTepy i (popM caMoCTiitHOT
poOOTH YUHIB; BUKOPUCTAHHA JUJAKTUIHUX 1 TEXHITHUX 3aC00IB HABUYAHHS; ITOE]T-
HAHHS METOJIIB KOHTPOJIIO 1 CAMOKOHTPOJIIO; (piKCyBaHHS 1 0pOPMJIEHHS JTAHIX
KOHTPOJIIO ITPOTIECY HaBYAHHSI.
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HaykoBoto 1mpo0/ieMoIo cTaTTi € BUSIBJIEHHS I[IPUHIUIIB KOHTPOJIIO 3HaHb Ta
HaJlaHHSI METOJIMYHUX pEeKOMEeH/lalllil 3 NpOoBeJleHHs KOHTPOJIO 3HaHb Y4YHIB Ha
ypoKax MaTeMaTHuKH.

OcHOBHA 4YacCTHHA

JlocmijizKyto9n JIOCUTH HMIUPOKUil CIeKTp (pOpM 1 MeTO/IiB KOHTPOJIIO 3HaHb
VUHIB Ha YPOKaX MaTeMaTUKW, BUABJIAEMO, 110 y KOKHOIO 3 METOJIB ICHYIOTH
CBOI HeNOJIIKK 1 mepeBarn. Tomy HeMae YHIBEPCAJIHLHOIO METOJa, BUKOPUCTAHHS
SIKOT'O 3a0e311edye HaifbLIbIT TIOBHY 1 3MICTOBHY, CUCTEMaTUYHY 1 OllepaTUBHY iH-
dopmalriiio mpo XiJi HaBYAJILHOTO MPOIECY 1 Ioro pe3y/IbTaTuBHICTh. TaKoXK CJIijT
3a3HAYUTH, M0 ePEKTUBHICTL KOHTPOJIIO 3a0€3M1eUyeThCsd JIOTPUMAHHSIM [TeBHIX
BUMOT..

KonTpoJ/ib 3HaHb yUHIB Ma€ HOCUTH 1HIUBIIyaIbHII XapaKTep, TOOTO 000B 513~
KOBUM € BUSIBJIEHHS PIBHS 3HAHb KOKHOI'O yUH¢, OO0 YCIIXiB 41 HeBJa4; 3HAHHS
PIBHS CaMOCTIfTHOCTI y4Hs B Hi3HaBaJLHOMY IIPOIEC], XapaKTepy TPYJHOIIIB, K
BiH 1X JI0J1a€ 1 sIKOT JIOTIOMOI'M IOTpedye; 0coOIMBa yBara Jio y4HIB 3 (pi3mIHUMU
BaJlaMu; BMiIe (pOpMYJIIOBaHHs 3alliTalb, BUKOPUCTAHHS JI0/IATKOBUX 3alluTaHb
[IPU ONUTYBaHHI cJIaOKNUX YUHIB Ta iH. [HMBLIyabHII TIXIJL JI0 YIHIB TOJISITae He
B IIIBUIIEHHI Y1 3aHUKEHHI JI0 HUX BUMOT, a B YMiHHI 3BaykaT Ha 1X 0COOJIMBOCTI
1 JIOIOMOI'TU 1M YCIIIIIHIIIIEe BUKOHYBaTH IIOCTABJIEHH] Iepe)i HUMU 3aB/laHHS.

[TorpidHo mpoBoauTH (iKCAIiI0 MICHMOBOI IEPEBIPKM, IO JA€ MOXKJIUBICTH
MOKA3ATH KOXKHOMY YUHIO (1 loro 6aTbkam) pe3yJibTaTi HABUAHHS, BUSHATUTH Pi-
BEHb 3aCBOEHHS HABYAJIbHOI'O MaTeplaJly, IPOraJIMHU B 3HAHHSX 1 HAMITUTHU 3aXO0/I1
IIOJI0 1X YCYHEHHS.

3 oIty Ha ICHUXOJIONYHI 1 (hiziosoriuni 0cOOJIMBOCTI AeSIKUX JiTell 3acToCy-
BaHHsI [IEBHUX METO/IIB KOHTPOJIIO He Ja€ DarKaHuX pe3y/bTaTiB: yCHa IIepeBipKa
JIa€ 3MOTI'Yy OLJIbIN CMIJIMBUM YYHSIM JIICTATH BUIINiH OaJi, HIXK THM, XTO 3HAE aJie
He BMi€ BIIEBHEHO BUCJIOBJIIOBATH CBOI JYMKU; BeJIMKE 3HAUYEHHS Ma€ MUCbMOBE
ONMUTYBAHHA JIJI YIHIB, AKi MAIOTh JeEKTH MOBH, JIy?Ke XBUIIOIOTHCA TIPU YCHIi
BIJIITOBI/II.

Konrtposib Mae OyTr cucreMaTuIHUM, 1110 TPUBYAE YUHIB CUCTEMATHIHO BUKO-
HYyBaTU yPOKU, NPU I[bOMY B KJACi CTBOPIOETHCS BIJIIOBIIHUIT MOpaJbHO - IICHU-
XOJIOTIYHHUI KJIIMaT, KOJM <«He 3HATH — COPOMHO». HeoOXigHuUM € IIpOBeeHHsI
CUCTEMATUYHUX [MICbMOBUX OIUTYBaHb 3a JOIIOMOT'OI0 CAMOCTIIIHUX MIHI-3aB/laHb,
PO3pOOKa CUCTEMM YCHUX OMUTYBalb, 38 KOl OIIHKM BUCTABIAIOTH 1 YIHAM, SAKi
JIOTIOBHIOBAJIN BIJIITOBIJII 1HINUX, OY/IM aKTUBHUMHU Ha yPOIILi; TPUILIEHHS 0COOTMBOT
yBaru cjIadKuM y9HsIM, CIIOHYKaHHS 1X JI0 ITi3HaBaJILHOI JIislJIbHOCTI.
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BiacyTHicTb cucTeMu y OMUTYBAHHI YUHIB MTPU3BOANTD /IO TOTO, IO BOHU BUaTh
MaTepiaj TIIBKI TOMl, KOJU BLAIyBalOTh, IO iX MOXKYTh BukJnkaTu. 11106 3armo-
6irTu oMy, Tpeda J00pe MPOyMaTH CUCTEMY KOHTPOJIO 3HAHD YIHIB.

[IpoBojisiun 1epeBipky Tpeda ypisHOMAHITHIOBATH (POPMU 1 METOJU KOHTPO-
JIIO BHAHb Y4HIB, TOOTO B IIPOIleCci HaBYaHHsI KOMILJIEKCHO BUKOPUCTOBYBATHU Pi3Hi
dopmu, MeTo/In 1 3ac00M KOHTPOJIIOBAHHS, TIEPEBIPKU 1 OIIHIOBAHHS, 1110 BUJIYYaE
YVHIBEPCAJTbLHICTL OKPEMIUX METO/IIB 1 3aCO0IB JTiarHOCTyBaHHS.

[Tig yac mpoBeleHHS KOHTPOJIIOIOUNX 3aXO/IIB CJiJ] EePEBIPATH Ta OLIHIOBATH
He TLJIbKM TeOpPeTUYHl 3HaHHs, YMIHHs Ta HABUYKU, ajie 1 BMIHHS 3aCTOCOBYBaTU
iX Ha NPaKTHIIl, a TAKOXK HAaBUYKHU CAMOCTIHOI POOOTH YUHIB.

KonTtposb nmoBunen MaTu TeMaTHdHe CIpsAMYyBaHHA. ToMmy 3MifiCHIOIOUN OITH-
TyBaHH, IIPOBOJISIIN KOHTPOJIbHI POOOTH TOIIO, BUNTE/b IOBUHEH BUBHAUYUTH, sIKi
caMe pO3/IlJI IIporpaMu, Tema, BUJ| 3HaHb, YMIHb Ta HABUYOK YYHIB IIJIISITAI0OTH
1epeBipIll Ta OIIHIOBAHHIO.

4K i B 3BHUaiiHux Kjacax, B KJjacax 3 IOIJINOJIEHUM BUBUEHHSIM MaTeMaTUKI
yVUHI MalOTh HEOJHAKOBUI piBeHb 3HaHb. 1OMY BUNTENDb, MPOBOIAATIN KOHTPOJIIO-
1041 3aX0/11,II0BUHEH JU(DEepPEHIioBaTH 3aBIaHHs, 11100 HaOLIBII TOBHOIO MipOIO
OI[IHUTHU PIBEHb OIlaHYBaHHS I€BHOI T€MU YU BUJL JIISJILHOCTI.

st onTuMizanil KOHTPOJIIO YCINITHOCT YUYHIB HEOOXiTHO mepegbadaTit MiHi-
MaJIbHI 3aTPaTh 3yCUJIb 1 Yacy IeJIaroriB Ta YUHIB JIJIsi OTPUMaHHsI 000B’SI3KOBHUX
BIJIOMOCTeIT TTPO CTaH HaBYAJILHOIO TIPOTIECY, 10 3a1100irae mepeo0TIKeHHIO 1X BU-
KOPUCTaHHIM 3aliBUX 3aBJIaHb.

Jy»Ke BaxKJIMBO, 1100 KOHTPOJIb 3HAHb YUHIB HOCHUB 3a0XOUyBaJIbHUI, CTUMY-
JIIOIOY UL, a He Kapalounil xapakTep. Tomy He mopa3y KOHTPOJIIOIOU 3aX0/I1 MAIOTh
3aKIHYYBaTUCh OIIHIOBAHHSIM.

BsaraJii, He MOxKHa JI0 OI[IHIOBaHHS 3HAHb 1 BMiHb YUHIB CTABUTUCH (DOPMaIb-
HO, CJIIO JI0JIEPKYIOUNCh 3arajJbHuX pekomenjariii. [llopa3y Tpeba adartu 1mpo
Te, MO0 BUCTABJIEH] YIHSAM OIMIHKK CIpaB/ii Oy CTUMYJIOM y HaBYaHHI, a He BiJ-
OuBa/il B YUIHIB OarKaHHS BUUTHUCD.

Bucaosku

Be3yMOBHO, poJib KOHTPOJIIO 3HAHb yUHIB B HABYAJILHO-BUXOBHOMY ITPOIIEC]
BaYKKO TIEPEOIiHUTH, OCOOJINBO B KJIacax 3 MOTJINOJIEHIM BUBYEHHAM MaTeMaTUKH.
OckisibKM, y YUHIB B IUX KJiacax 37e0i/bII0r0 MPUCYTHST BHYTPIIIHS MOTHBAIlisT
IIpU BUBYEHHI MaTeMaTUKH, TO KOHTPOJIIOIOYl 3aBJlaHHs MOXKYTb MaTH HeCTaH-
naptiy dopmy. g ckiragoBa poOOTH BUUTEsS BUMATa€ MEBHUX 3YCHIb, Jacy
Ta MaiicTeprocti. @opMu, MEeTO/IM, CTUIL ITPOBEJIEHHS KOHTPOJIIO € MOKA3HUKOM
KOMITeTeHTHOCTI BunTessd. OpranizoBanuii HaJIe?KHUM YMHOM KOHTPOJIb MOZKE I10-
3UTUBHO BIUIUBATU fK Ha XiJI, TaK 1 HA pe3y/JbTaTu MIPOIecy HaBUAHHSI.
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The methodology of testing knowledge of pupils in mathematics
lessons

The article covers the problem of control knowledge of pupils in mathematics
lessons, finding ways to improve this method of examination and the drafting
of recommendations for improving the effectiveness of monitoring knowledge of
pupils in mathematics lessons.
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CUCTEMATU3AILIA SHAHD YYHIB IIPY1 BUBYEHHI
PIBHIHBb TA HEPIBHOCTEN

CrarTts npucBsdeHa mpoOJeMi y3arajbHEHHsI Ta CHCTeMaTH3allil 3HAHb YYHIB 3 KypCy aJre-
Opu Ip¥ BUBYEHHI PIBHAHDb Ta HEPIBHOCTEM, HEOOXIIHOCTI y3araJbHEHHSA Ta CUCTEMAaTU3AIll B
IIpolleci HaBYaHHsI MaTeMaTUKN Ta PO3POOI METOANIHUX PEKOMEHIAI 1010 BUPIIIEHHS i€l
podJIeMHu.

Koimo4doBi caoBa: y3azasvhenns, cucmemamudayis, pieHAHHA, HEPIGHOCI.

Beryn

Ha cydacnomy etarmi »KuTTs Hala jep:KkaBa pedopmye Bci itoro cdepu. He
obMuHyB T1eit nporiec i mkosy. OJHUM 13 BayKJIUBUX HAIIPSIMKIB pedopMyBaHHS
OCBITHIX 3aKJIaJliB € I'yMaHi3allis IPOIecy HaBUYaHHsSI, cepejl 3aco0iB JIOCATHEHHS
JAKOT'O € CBIJIOME 3aCBOEHHS YUHAMU 3HAHbD.

PesynbraToM cucreMaTu30BaHUX 3HAHDL SBJISETHCA PO3BUTOK JIOITYHOTO MU-
CJIEHHSI, a came: BMIHHS BLJIbHO BOJIOJITH TaKUMHU BayKJIUBUMHU OIEpallisgMU Ta
KaTeropisiMi, siK aHaJli3 Ta CUHTE3, adCTparyBaHHsI Ta KOHKPETU3aIlist, 1HIYKIIid
Ta JeAyKIlis, IOPIBHAHHS Ta y3araJbHEHHsI TOIINO. A Iie B CBOIO 4epry € OJIHI€I0
13 BasK/IMBUX 3aJlad MareMaTuky. Tak sk cucreMaTmn3allisl 3aiiMae BarK/UBe Mi-
cIie y HaBYaHHI, PO3BUTKY MUCJIEHHs Ta TaM dATi, TO Ha YpOKaxX MaTeMaTUKH i
BIJIBOJUTBHCS 3HAUYHA POJIb.

Brieprire 3a1a1a hopMyBaHHS B yUHIB CUCTEMH HAYKOBUX 3HaHb, & HE YACTKO-
BUX, 130JIbOBAHUX IIPEJICTAB/IEHb Oy/ia 9iTKO cpopMyIboBaHa B KiHili 30-X POKiB,
KOJIN cepeJ TPUHIUIIB HaBYAHHS 3 IBUBCS TPUHITUI CUCTEMATUIHOCT] Ta ITOCJTi-
nosHocti. [Ipobsiema 3Bejienns 3uHanb 10 cucremu TypoOysasa 1.41. Jlepuepa, B.O.
Onnmryka, a Takox B.I1. Ipxkasiesy, T. M. Xmapy rta in.[2, 3, 4, 5]

3MiCTOBHO-METOAMYHA JIiHIS PiBHsIHb, HEPiBHOCTEl Ta IX CUCTEM € OJIHI€I0 3
MPOBITHUX CKJIAOBUX MIKIJIBHOTO KypCy MaTeMaTwKh. ¥ Kypcl ajaredpm yBara
HPUJIIAETHCI METOJIaM PO3B’sI3aHHS PI3HOMAHITHUX PIBHSAHDb, 1X JIOC/IIJIXKEHHIO.
Takoxk PIBHAHHSA MOCIIAIOTH BaXKJIUBY POJIb Y PI3HUX cdepax 3acToCyBaHHS Ma-

© Becenin B.B., llleacuesnua 10.10., 2016
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Tomy, HAyKOBOIO IPOOJIEMOIO CTATTI € BUSBJIEHHs Ta OOI'PYHTYBAHHSA MO-
JKJINBOCTI TIOJIAJIBITIONO BJIOCKOHAJIECHHS METOJIUKHN CHCTeMaTH3allil 3HAHbL YUHIB
IIpU BUBYEHI PIBHAHb Ta HEPIBHOCTEII.

OcHOBHA 4YacCTHHA

Ha ocnoBi anaJjizy mcuXoJIoro-mearoriaiol JjiTepaTypu, MiAPYyYHUKIB, Ha-
BYAJLHUX IPOrpaM Ta JOCBLLy poOOTH BUYUTENB HaMu Oyan chopMyboBaHi
OCHOBHI TIOJIOYKEHHSI METOJINKN CUcTeMaTus3allll 3HaHb Y4YHIB 1P BUBYEHHI PIB-
HAHDL Ta HEePIBHOCTEI:

1. Cucremy BIIpaB MiAPYYHUKIB JOHULILHO IIOMOBHUTU INTAHHSIMI 1 3aBIaHHSIMI
CUCTEMATH3YI0UOro Xapakrepy. B ailounx miapydHuKax 3 ajaredpu MiCTsaThCsI
BIIPABHU Ha y3araJibHEeHHsI, KJacudikallio ajaredpaldHux MOHATD, IT1iBeJIeH-
He YaCTUHHOI'O IIJ 3arajbHe 1 Take 1HINEe, OJIHAK Ha HaIl IONIA] TaKuX
BIIpaB HEJOCTATHHO, TOMY YUIHAM JOIIJILHO IIPOIIOHYBATH BIIPABU CIIPSIMOBAHI
Ha y3araJibHeHHs 1 KOHKPeTU3allilo aJredpaidHuX MOHSIThH, 1X KaacudiKalliio,
BU/IIJIEHHS CILJIBHOTO 1 BIAMIHHOIO MIXK MOHATTAMH 1 1X BJIACTUBOCTSMU, a
TaKOXK PI3HOMAHITHI 3aBJIaHHsI, PO3B sI3aHHS SIKUX Iepeadadac IeBHY TBOP-
4y JisIbHICTD. [Ipn BUKOHAHHI 1UX BIPaB YIHIO HEOOXITHO i3 YCiX 3aCBOEHUX
HUM paHilie ajredpaldyHux 3HaHb BiIiOpaTn HeoOXiJHI JI/Isi PO3B si3aHHS Ja-
HOT 3a/1adi, BUOpaTH HaMOLIbIT 3PYyYHUil CIIOciO PO3B’sI3aHHsA, 3HAWTU BUXIiJL
13 HECTaHJIAPTHOI CUTYAIl.

2. Cucremaruzallisg 30aib Mae BiIOyBaTHCA He TIMbKA Ha 3aKJIIOUYHOMY €Ta-
Il BUBYEHHS OKPEMOl TeMU JIiHil «PIBHAHBL 1 HepiBHOCTei» y (opMi YPOKIB
cucTeMaTH3allil 3HaHb. Taka podoTa Mae MPOBOJNTHUCA Ha PI3HUX eTalnax BU-
BUEHHs T€MU, 3 METOI0 BKJIOUYEHHS OKPEMUX I[IOHATH, II€PETBOPEHb, METO/IIB
pO3B’si3aHHsI PIBHAHD 1 HEpiBHOCTE B 3arajibHy cucreMy 3HaHb. OCHOBY cu-
creMaTu3allll 3HaHb YUYHIB MOBUHHE CKJI&/ATU CTBOPEHHS IIIICHUX YsBJIEHD
110 JIiHIT «PIBHSIHHS 1 HEPIBHOCTI» 3 000B’SI3KOBIUM BKJIIOUEHHSIM IIIX 3HAHD JI0
CUCTEeMU 3HaHb y Iijiomy. HeoOxijgHe 0OroBOpeHHs 3 YIHAMU IIUTaHb, 110B’ si-
3aHUX 3 PIBHOCUJILHICTIO, Ta 3HAXOJXKEHHIM 00JIACTI JOIYCTUMUX 3HAUYEHbD.
Cepej, BUNTEIIB iICHYE TOYKA 30Dy, 11O aJbTEPHATUBOIO JIO IIEPEBIPKHU € 3Ha-
XOJZKeH s obsacti mormyctnmux 3nadens piasang (O/13). Inkoman momnarta
O3 migMiHAEThCA TMOBHICTIO a00 YaCTKOBO MOHATTSIM MHOKIUHHI PO3B’SI3KiB.
Hanpukias, npu pos3s’s3anni piBasaas /15 — 3z = x + 1 OJI3 3naxou-

15—3z2z >0

ThCs 13 YMOBU . OdeBujiHO, 1110 JPYyTra HEPIBHICTH HISIKOI'O
r+1>0

Binnomenus jo OJI3 Hemae, 110 cyTi BKJIIOUEHHS I1i€1 HEPIBHOCTI B CHCTEMY,
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Meronuka BukjaamanHda matematuku B 3OIII ta BH3

Ma€ MeTOI0 He 3HaxXOJIXKeHHsI TUX 3HadeHb 3MIHHOI IIpU SIKMUX JIiBa Ta IIpaBa
JaCTUHA PIBHSHHS Ma€ CEHC, a THX, NP sIKUX BOHO Ma€ PO3B I3KH.

3. OgauM i3 3acobiB cucTeMaTu3alil 3HaHb, OB’ sI3aHUX 3 PIBHSHHSIMHU Ta, He-
PIBHOCTSIMHE, € 3aBJIaHHs 3 ITapamMeTpaMiu, 60 BOHU IMOEHYIOTH B OOl 3HAUHY
YACTUHY MaTepiajiy 110 JJaHOMY KYypCy Ta € OJIHIEIO 13 BaXKJIUBUX CKJIAJIOBUX
PO3BUTKY JIOMYHOINO MUCJICHHS Ta TBOPYUX 3/1I0HOCTEl yUIHIB. 3a JIOTIOMOT0I0
BIIPAB 3 IapaMeTpaMi MOXKHA II0B’SI3aTH pa30M He TiJIbKHU PiBHSIHHSI, HEPiB-
HOCTI Ta 1X cucremu, PYHKINI Ta 1X rpadiku, ajie i po3B’sd3aHHd 3a/1ad, dKi
3BOJISATHCS /10 CKJIa/IaHHS PIBHAHB, HEPIBHOCTEN UM 1X CUCTEM 3 ITapaMeTPOM.
Y mporpami, 10 3apa3 € JiI09010, PIBHAHHA 3 TapaMeTpaMy 3yCTPIidaloThesd Y
HESIBHOMY BUIVISJIl, B Kypci ajiredpy Ipu BUBYEHHI JIHIHOT Ta KBaPaTUIHOI
PYHKIT PO3MISIAI0OTH Y 3arajJbHOMY BUTIS/II HACTYIHI PIBHAHHS Ta 3HAXO-
JATH 1X po3B’a3kl: axr = b Ta ax’+br+c=0, ne a,b ta ¢ — Jedxi dncia,
TOOTO IapaMeTPH.

4. Ilix yvac po3B’ga3aHHs PIBHSAHb TaKOXK BAaXKJIMBO IPOBOJUTH MipKYyBaHHs
dyHKIIOHAIBHO-TPadIUYHOIO XapaKTepy, skKi 0a3yloTbCsl Ha TUX UM 1HIIHX
BJIACTUBOCTSAX (PYHKITIA.

Tak, HampukIaJ, BUKOPUCTAHHA BJIACTUBOCTI MOHOTOHHOCTI JIO3BOJISIE
po3B’s3aTu  piBHAHHA +/2rx+DH + /r—1 = 8 ycHO: QYHKIA
Yy = V2xr+ 5+ v/x — 1 3pocraioua, a y = 8 crayia, TO X rpadiku Iie-
peTUHAIOTHCS He OiJIbIle, HiIXK B OJHIN TOYI, a TOMY JlaHe PIBHSHHS Ma€ He
OlybIlIe OJTHOTO KOpEeHsI, KWl HeBazKKO 3HafiTu Metonom migbopy (z = 10).
Taxi MipkKyBaHHS € 0COOJIMBO JONLIBHUME B YMOBAX T€CTYBAaHHS, KON YIHI
oOMexKeHi B 4aci 1 BiJl HUX OYiKYE€TbCA TIJIbKU BiIIIOBIIb.

5. HouiyibHo popMyBaTn B YUHIB BMiHHS 3JiiiCHIOBaTH BCEOIUHUIT aHaJII3 PiB-
HgHb ab0 HEPIBHOCTEl 3 METOIO0 ONTUMAJILHOIO BUOOPY METOJIIB iX PO3B’d3a-
HHs. Koxknanit 3 po3risHyTiX METO/IIB Mae K CBOI epeBari, Tak i HeJJOTIKH.
SHaHHS PO HUX MOBUHHI OyTH BJIACHICTIO HE TIIbKU BUYUTENS, & i yUHs.
Y4HI MalOTh PO3YMITH, IO »KOJIEH 3 METOJIB He € ITaHaIIe€o.

BucunoBkn

Cucremarusallisi 3HaHb Ma€ BigOyBaTHCsS He TIIBKM Ha 3aKJIIOYHOMY eTalll
BUBUYEHHs OKpeMOI TeMH JIiHil «pIiBHSHL 1 HepiBHOCTEl» y hopMi YPOKIB cucTe-
MaTu3allil 3HaHb. Taka podoTa Mae MPOBOIUTUCT HA PIZHUX eTallaX BUBUYCHHS
TEeMHU, 3 METOIO BKJIIOUEHHsI OKPEMUX TOHSThH, IEPETBOPEHDL, METO/IB PO3B’ A3AHHSI
«PpIBHSIHb 1 HEPIBHOCTE» B 3arajibHy CUCTEMY 3HaHb
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[Tig 4vac po3B’s3aHHsI PIBHAHL TAKOXK BaXKJIMBO IIPOBOJUTH MipKyBaHHsI
dyHKIIOHATBHO-TPadIIHOTO XapakTepy, AKi 0a3ylTbCs Ha THX YW 1HIIUX BJla-
CTUBOCTSIX (PYHKIIII.
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The systematization of knowledge of pupils in case of study of the
equations and inequalities

The article is devoted to a problem of generalization and systematization of
knowledge of pupils at the rate of algebra during the studying of the equations and
inequalities, need of generalization and systematization in the course of training in
mathematics and development of methodical recommendations about the solution
of this problem.
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[lpy migroroBul CTATTl HeOOX1OHO NOTPUMYyBATUCh HACTYIHUX BUMOT :

1. Pykonucu 1ojatoThbcsi B OJHOMY IIPUMIPHUKY, HAJAPYKOBaHI YKPaIHCHKOIO a00
POCiiicbKOIO MOBOIO Ha OJIHIlI CTOPOHI apKyllla Yepe3 OJIMH 1IHTepBaJl 3 MIUPOo-
KUMHW TTOJISIMI, CTapaHHO BUYUTAHI 1 po3Miveni. [IpumipHuK moBuneH OyTu
obopMIIeHIIT BiJIIOBIHO 0 3a3HAYEHUX HUXKYE BUMOI 3 00OB’SI3KOBUM IIi/I-
IMCOM aBTopa (ycix aBTOpIiB) cTaTTi.

2. CTaTTsa NOBHHHA BKJIIOYATHU!
(a) mpisBuiie Ta ininiaaun aBropa (aBTOPIB) Ta Ha3Ba YCTAHOBHU (1 BUKOHAHA

pob0Ta) YKpalHCHKOIO Ta AHIVIIHCHKOK MOBaMIU;

(b) Ha3BY cTaTTi (KO 3ar0JIOBOK CTATTI JOBIHi, TO MOJATH TAKOXK HOTO
KOpPOTKuUil Bapiant, ue Gibiie 40 3HaKIB) yKpalHCHKOIO Ta AHIJIIHCHKOIO
MOBaMH;

injexc Y/K:;

—~
(@)

aHOTAIIO (710 5 PAJIKIB) YKPaIHCHKOIO Ta aHIIIHCHKOI0 MOBAMI;

—

(e) KOpOTKHUiT BCTYII: MOCTAHOBKY 3aJladi, 0jlep:KaHi pesybTari;
(f) dbopmymoBaHHs O/IepKAHIX aBTOPOM HOBHX PE3YJIbTATIB 1 MOBHE iX JI0-

BeJIeHHs, sIKi paHile Hijie He Oy omybJiKoBaHi a00 MoIaHi J10 PO3IJIsLy
B IHIIUI 2KypHAJI;

3. Jlo (;apykoBaHOTO BapianTy) cTarTTi 060B I3KOBO JI0IA€THCsI €JIeKTPOHHUIT Ba-
pianT, migrorosienuit y dhopmari LaTeX (*.tex) (ta iioro ormist y dopmari
PDF) 3 Bukopucranusm cruiboBoro daiy (znp-fizmat-ddpu.sty) »Kypaasty
Ta MakerHoro daiiay (priklad-oform-statti.tex) 3 morpumManHsaM BeTaHOBJIE-
Hux napamerpis (znp-01-preambula.tex).

4. Anpeca s smmicryBanbs: 84116, m. Ciop’ganebk, Jlonenpbka 00J1., BYyJI.
['.Barioka, 19, ekanar dizuko-maremarndroro dbaxyabrery IJIITY;

e-mail: znpfizmatsdpu@ukr.net, remedonu: (06262) 3-26-59.

5. ¥V BUNQJIKy aBTOPCHKOI'O KOJEKTUBY BKa3aTH IPi3BUIlE Ta e-mail Toro 3 as-
TOPIB, 3 KUM peJIKOJIerisl MOKe BECTU JINCTYBaHHS.

6. Daiiyin npukiagy odOpMIEHHST cTaTell Ta BUMOI'M MOYKHA 3aBAHTAYKUTH 34,
agpecoto  http://slavdpu.dn.ua/fizmatzbirnyk /znpFizmat2017.zip.

7. CraTTi, HiArOTOBJIEH]I B IOPYIIEHHS 3a3HaYeHHX BUMOT, [0 PO3IJISALY peia-
KITITHOIO KoJlerieio KypHaay HE npuitmarorbes.

8. CrarTi /10 cbomoro Buitycky (2017 pik) npuiimarorbes 1o 1 kBiTHst 2017 poky.
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Hayxose sudarnsa

30IpHUK HAYKOBUX IIpallb
di3nKO-MaTeMaTUIHOTO (paKyJIbTeTy

TUTITY

Bunyck Ne6

g cryneHTiB, acIlipaHTiB Ta HAYKOBIIB B TaJy3i
disnKo-MareMaTUYHNX HAYK; BUYHNTEJIB Ta BUKJIAJA4iB
disnko-maremarnyanx gucoumiain B 3OII ta BH3.

Komn’torepHa BepcTKa
Ta MiJIroToBKa opurinaj-maketry O.A. KajnyboBchkuii
BignosimaabHi 3a BUIyckK O.A. Kaayb6osewkuit, B.€. Besmako

Ilinmucano mo apyky 30.04.2016 p.
Dopmar 60 x 84 1/16. Ym. up. apk. 10,5.
Tupazx 100 mpum. 3am. Ne 866.

ITignpuemenr Matopin B.I.
84116, m. Cyion’stacbk, ByJ. . Batioka, 19.
Ten./daxc +38 06262 3-20-99. Email: matorinb@ukr.net

CaionTBO PO BHECEHHs Cy0 €KTa BUJIABHUYOL cipaBu 10 Jlep:KaBHOrO peecTpy BUJIABINIB, BUTOTIBHUKIB 1
posnoBcoKyBadiB Bugasarndol mpoaykiil JIK Ne3141, sunane lepxkaBHuM KOMiTETOM TejeOadeHHs Ta
pamiomositenus Yxpaiuu Bim 24.03.2008 p.




