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Bin pepakuinHol Konerii cepii

IIIanoBHi uynTavi! Bu tpumacre B pykax nepiuuii Bunyck cepii «®Di3uko-
MaTeMaTWyHl Haykw» 30ipHHKa HaykoBuX mnpamnb «llomykn 1 3HaXiAKW»
C1oB’IHCBKOTO JIEP>KaBHOTO MEJAaroriyHoOro YHIBEPCUTETY.

Metoro cepii, sk 1 meroro 30ipHUKa «[lomyku 1 3HAXiAKW», € MATPUMKA
HAyKOBO1 aKTUBHOCTI SIK CE€pell CTYACHTIB, TaK 1 cepea mMojoaux Buknanaydis CUITY
ta iHmmx BH3.

OcHoBy cepii 30ipHHMKAa CKJIAJalOTh IOBHOTEKCTOBI CTATTi JOMNOBiAEH Ha
LBOTOPIYHIN HAayKOBO-METOAWYHIA KOH(pepeHuii cTyneHTiB Ta Bukiagadis CUITY,
MPUCBSIYCHIN 65-piudro 3 gHsA nepeMoru y Bemukiii BitumsnsHii BifiHi. OCHOBHI
pe3yJbTaTH JIONMOBIAIMCh HA CEKLIMHUX 3acilaHHsIX Ta OyJIuM PEKOMEHIOBaHi J10
JIPYKY TOJIOBaMU CEKIIIf Ta HAYKOBUMH KEPIBHUKAMH BUITYCKOBUX POOIT.

Bkazani matepiany moiaHO y HACTYIHUX IT’SATH PO3JLTAX:
«MaremaTukay, « Dizuka;
«IHpopmaTHKa Ta METOIMKA i1 BUKIIAJIaHHS;
«MeTtoauka BUKJIaTaHHS] MATEMATHKN»;
«MeTonvka BUKIAJaHHS (13UKI.

MepwoueproBummn 3ajadyamMu cepii 30ipHUKA €: BHUCBITJICHHS aKTyaJbHHUX
MMUTaHb CYYaCHOI HayKH Yy Tally3l MaTeMaTuku, ¢Gi3ukd Ta 1HGOPMATHKH,
aKyMyJIIOBaHHS METOJMYHOTO JIOCBIy BHUKJIAJadiB MaTeMaTHMKu ¢ (i3ukw,
OIMyOJTIKyBaHHSI Pe3yJIbTAaTIB HAYKOBUX OCIHIKEHb MPOhecopChKO-BUKIAIAIBKOTO
cknany (dizuko-marematnyHoro dakyiabteTy CIUITY.

BignmoBigHO 10 HOBOI KOHIEMINI IMATOTOBKM MaricTpiB B YKpaiHi cepen
000B’3KOBUX BUMOT JI0 BUITYCKOBHX POOIT €: ONMPHJIIOJHEHHS TEMHU Ta Pe3yJbTaTiB
JOCJIIIPKEHHSI B HAYKOBOMY JKypHaJi, 301pii Ta/abo Ha calTi BUINOrO HABYAIHHOTO
3aKJaJy B €JIEKTPOHHOMY BUIJISIAL. Y 3B’SI3KY 3 IIUM, APYrOPsiAHOK 3a/1aydeio cepii
30ipHUKA € MIJBMUINEHHS PIBHS AWIUIOMHHMX 1 MAariCTepchbKuX poOIT CTYAEHTIB
¢i13uxo-marematuunoro gaxkynbrery CHIIY 3a paxyHoOk 3ailydeHHs 10 peAaKUiiHO1
KOJIeTii cepii MpOBIAHUX HAYKOBIIIB 3 4YHuCIa NMPodhecopChbKO-BUKIANANBKOTO CKIAIy
dakyapTeTy Ta JOJATKOBOTO pEICH3YBaHHS HHUMH OCHOBHHX pe3yJIbTaTiB
BUITYCKOBUX POOIT.

3aCHOBHUKHM cepli MaroTh HaMmip 3pOOMTH IIeld 30IpHUK MaKCHUMAaJbHO
BIIKDUTUM SIK JUIS aBTOPIB, TakK 1 JJIs yuTadiB. BiH OyJne BUXOIWUTHU IIOHAWMEHIIIE
OJIMH pa3 Ha PiK y APYKOBAHOMY Ta €JIEKTpOHHOMY BUTJIIsil. EnekTponHa Bepcis Oynie
JOCTYITHOIO HAa CTOpiHKAaX OQIIIHHOTO CanTy (i3UKO-MaTeMaTUyHOTO (aKyJIbTETY
CHAITY y cnemianbHO CcTBOpeHOMY po3auti. Ha caifti Takox Oyzae po3MiIeHO
1H(dOpMaIrito 11010 CHIBIIpAIll 3 aBTOPaMH Cepii.

3anpoiryemo Ao cmiBmpaili. HacHaru ta TBopuux ycmixis!
YsneHnu penakmiiHoi KoJserii cepii.
10.04.2010




Baecok Buki1agauiB maremMatuku CJ10B’IHCHLKOI0
MeIaroriYHoro iHCTUTYTY

y Ilepemory y Beaukiii BiTun3HnsiHii BiliHI

Munysno Bxke 65 pokiB 3 TOro He3a0yTHHOTO JHS, KOJM Hall HapoJ BIEpIIE
BiicBATKYBaB Jlenn Ilepemorn. Bakkum BumaBcs nursx jgo miei mepemoru. Ilepen
TAM SIK HalacTU Ha Hally KpaiHy, Qammctu 3axonwin BCio 3axigHy €Bpoiy Ta
MIIKOPHIIA cO01 €BPOIEHChKY TMPOMHUCTOBICTh. Best €Bpona rogyBana ¢ammcTebKi
BIMCbKA Ta MOCTavyaja iM HAMHOBITHINIY 30pO0 Ta TEXHIKY. 31aBaJIOCh, 110 HA 3eMIIl
HE Ma€ Takoi CWJIH, sIKa MOIJIa O 3ynUHUTH (paliu3M, 3yIUHUTH HOro apMii Ha HUIAXY
710 TIPABJIIHHA B YCbOMY CBITI.

[cTopist cnpoctyBanma 11 mporHo3u. Ham repoiunuii  Hapoj  3HUILIB
damucTchbky 00MOBY MAaIllMHY 1 Ha3aBXKIW 1M0O30aBUB JIIOJCTBO BiJ (PammcTchKoi
TUKTaTypH.

B T1i Baxkki yacu reposimu Oyiu 1 BYCHI — MaTEeMaTUKH, (13UKH, MEXAHIKU, IKUM
B HAHKOPOTII CTPOKH, JOPYYAJIOCS PO3B’sI3aTH HAJACKIA/HI 3a/1a4ul 3 MaTeMaTUKH Ta
(131K, OB’ A3aHHI 3 MpoOIeMaMu OOMOBOI TAKTUKH, CTpATerii, 00MOBOI TEXHIKH THX
yaciB. [Ipo Hux, Oe3nepeuyHo BUAATHUX JIFOJIEH, MU PO3MOBIMO y HAIlIOMYy IIPOEKTI.

Bunataoro momiero B ictopii wmicta Cnos'saceka CramiHChKOi 00macTi
[ToctanoBoto Pagu Haponnux KowmicapiB Ne 620 Bix 29 depBHs CTaJlo BIAKPUTTS Y
1939 poui Ha 0a3i NeJaroriyHOr0 yYWJIMIA YYUTEIbCbKOTO THCTUTYTY. Jupexropom
iHCTUTYTY OyB mpusHadeHuil IBan KamictpatoBuu Jlepkau, a HOro 3acCTyHUKOM 13
HaBYaJIbHO-BUXOBHOT poboTH — FOxum TuxonoBuy Inpkos.

VY OyniBii KOMMIIHBOT TIMHA311 OyJI0 PO3MIIIIEHO OJMH 13 KOPIYCIB 1HCTUTYTY.
A npyruit kopryc OyB po3MmilieHUid y OyiBJII KOJUIITHBOTO PEalbHOI0 YUMIIUIIA.
Buxknanaui iHcTUTYTY Memkanu y Oyaunkax no Bynull [lleBuenka. Y noBoeHHUIT yac
B IHCTUTYTI A15U10 ABa (aKyabTETH: (QUTOIOTTYHUMA Ta ICTOPUYHU.

Ha mepumii kypc CroB'SHCHKOTO yUHUTEIBCHKOTO 1HCTUTYTY B 1939 p. Oyno
npuitHaTo 210 crynmentiB: 120 — Ha dumonoriunmii dakynabTeT (YKpaiHChbKe Ta
pociiicekke BimnuieHHs)), 90 — Ha icTopuunHuil ¢dakynbpTeT. Buknamanpkuil ckiajn
HamiyyBaB 25 oci0. IlouaBcs HaBuanbHuii pik. Benacs Benuka pobOota 10
o0J1alHaHHIO HAaBYAJIbHUX KaOiHETiB, 1a00paTopiii, momoBHIOBanacs 6i0aioTeka.

21 uepBHa 1941 poKy KoM y BHIIMX HABYAJBHUX 3aKiafaxX TUIbKU-HO
3aKIHUYBAJIUCS €K3aMEHM B CTIHAX YYMTEJIbCHKOIO I1HCTUTYTY MICHS ABOPIYHOTO
HABYaHHS MIPOXOAMB MEepIINi BUITYCK — 138 BUMTENIB 1CTOPIi, MOBH Ta JIITEPATypH.

3 3 HUX 23 BUNYCKHUKU OTPUMAIM AUIUIOMU 3 BIJ3HAKOIO. AJieé BUIIYCKHUKH IO
poOOTH HE IPUCTYIIUIIN, TIPUHIIIA BeuKa 01/1a — BiifHa.

baraTo BukiagadiB Ta cTyJeHTIB CIOB'STHCHKOTO YYUTEIbCHKOTO 1HCTUTYTY 31
30pO€l0 B pyKax CTajd Ha 3aXMUCT KpaiHW. 3a MYXKHICTh Ta T'€pOi3M YMMAaJo 3 HUX
OyJ10 BIIMIYEHO Jep>KaBHUMH HaropoJiaMu.
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Brecok BukianauiB MaremMaruku ClOB’SHCBKOTO TIEIarOTiYHOTO IHCTUTYTY

Boabnepr Apon SkoBuu — kaHAMAAT  (Pi3UKO-
MaTeMaTUYHUX  HAyK, JOLUEHT  Kaeapu  MaTeMaTHKH,
ypomkuHens M. CIOBSHCbKa, BHUIIYCKHUK  acHipaHTypH
MockoBcbKOro epxaBHOro yHisepcurery iM. M.B.JlomoHocOBa.
3 1942 no 1943 pik 0yB psagoBuM PansHcbkoi Apwmii.

[Topanenuii y xoBTHI 1943 poky, TpuBanuii yac nepeOyBaB y
HITUTAMTI.

I'opomko Bacuap SkoBuuy — xkanauaar (i3uko-
MaTeMaTUYHUX HayK, JOLEHT Kapeapu MaTeMaTUKH.
3 1959 poky — peKTOp 1HCTUTYTY.
[IpuiimaB yuacts B 00s1x Ha Tepurtopii [lonpuil, OyB mopaHeHuil.
Haropomkenunii memamiio "3a nepemory Han HimewunHoio
y Benukiit BiTunsznsniit Biitai".

IlamrynoB Ka3um JlaBieroBuu — 3aBimyBau kadenpu
MaTeMaTHIHOTO aHaJi3y.
[TpuiimaB yuyacTs y 60sx Ha Boponexxcbkomy (pponti, CtenmHOMy
ta | [IpubanTiiicbkomy (poHTax.

Haropomxennii: OpJIeHaMH "UepBoHO1 3ipku",
"Birunsnsanoi Biiinu I1 crynento”, megammio " 3a nepemory Haj
Himeuunnoro y Benukiit Bitunsnsniit BiiHi".

CaBuenko B’saueciaB MakcumoBu4 — 3 1938 no 1940
PIK MpaloBaB BUUTEIEM MaTEMaTUKU, TPOPEKTOP IHCTUTYTY.
bys npusBanuii no naB YepBonoi Apwmii, 3 1943 mo 1945 pik
Cep>KaHT, Mi3HiIe cTapmuHa Biiickk [liBaeHHO-YpanbChKOro
OKpYTY.

Haropomkennit menamio "3a nepemory Haj HiMeuunHorO
y Benukiii BiTun3HsHii BiiiH1".

IlleBuenko Bosiogumup €ropoBuu — mpaiooBaB Ha
kadenpi MaTeMaTUKU CTapUIMM BUKJIaJadyeM, 3aBijyBay kadeapu
maTeMaTuku. KepiBHUK (iumiany 3a04HOI MAaTEeMATHYHOI LIKOJIH
npu MY (M. MockBa) y CloOB’SIHCBKOMY M€IarorivHoMy
iHcTuTyTI. ByB mpusBanmii 1o naB YepBonoi Apwmii. [lpuiiman
y4acTh y 3anekyimx 0osx 3a Jlonernbky Ta XapKiBChbKy o0jacTi. Y
6010 3a bapBeHKOBO OyB TSAKKO MOPAHEHUH.

Haropomxennii memamnto "3a mnepemory Han Himeuunmnoro y Benukii
BiTunznsHii BivHI".

bopoBuk Irop ®emopoBuu — 3 1959 poky Bukiagau
MaTeMaTUKH B 1HCTUTYTI. [IpuiiMaB ydacth y 005X 3a 3HATTA Ojokanu JIeHiHTpay.
byB TskKko mopaneHuii, 0 TpaBHS 1944 poky JiKyBaBCS y HIMUTAISIX, 1HBATIA
Benukoi BiTun3usHo1 BiliHU.

[Tam’aTh PO HUX 3aBXKAM OyJe y HAIIMX CEePIISIX



bonpapesa 0., Cmounsip /., I'anzepa I'.O., IIneckanbosa JL.T.

[3 cnoragiB cryaeHTiB: «...Bomogumup €ropoBuu 3aBXIu 3a0X04YBaB
CTYJCHTIB J0 TBOPYOCTi. BiH 3 moBarow cTaBUBCS SIK 0 3HAHHS, TaK 1 10 HE3HAHHS,
HE HaB’sA3yBaB CBO€l TyMKH, a TepIUlsTue IMepeKoHyBaB. Hamry axTHUBHICTH HE
noTpiObHO Oysio ctumyntoBatd. Lle OyB mpupoiHii nporec, KUl MIIOB BiA cepus 10
ceprs. Ile OyB ToM BHIAJOK, KOJW pa3oM 3 MaTeMaTHYHOIO 1H(OpMAIi€ MH
OTPUMYBAJIM 3HAYHO OUIBIIY, SIKa HaJaBajla CHIW JUJISl PO3BUTKY JIIOJSIHOCTI.» 3apa3
TaKWi BUJ CIIUIKYBaHHS HA3UBAIOTh IHTEPAKTUBHUM.

6 BepecHs 1943 p. m. CnoB’stHCBK OyJ0 3BUIBHEHO Bif okymnaHTiB. [lowamacs
B1/10y/10Ba HAPOJIHOTO TOCIIOAPCTBA.

Ha mouarky nucromama 1943 poky Ha MIChKIMA IUJIOINII MICTa MOXKHa OyJo
npoyuTaTd orosomeHHs: «CIOB'SHCBKUN YYHUTEIbCHKUI 1HCTUTYT IPOBOJAMTH
pEECTpALII0 CBOIX MPAI[IBHUKIBY.

CriouaTtky s HaBYAJbHUX 3aHATh BHKOPHUCTOBYBAJOCS MPHUMIIIECHHS
cepennboi mkoau Nel2.

barbkiBIIMHA BigMITMIA 1 Mpall0 TUX, XTO BIIJaBaB CWJIM Yy CHpaBi
BIIHOBJIEHHS 1HCTUTYTY B 1943-1945 pokax. Menansimu «3a ao0necHy mpaio y
Benukiit BiTunsHsHii BikiHI» Oynu HaropomkeHi gupektop iHctutyty [.K.Jepkay,
Bukiagadi Kypmomosa €.0., TI'mymkxoB C.I.,, KapmoBnak 1 6i6miorekap I[.M.
PakursHcbKa.

Xotunocs 0 3rajatu BCiX BYEHUX — MaTeMaTHKIB 1 (i3ukiB, ums pobdora
JIOTIOMOTJIa BIJICTOSITH CBOOOMY 1 HE3aJIEeKHICTh Hamoi baThKiBIIMHM 1 BPSITYBaTH
JIFOJICTBO B1J] 3arpo3u PalIMCTChKUX 3arapOHUKIB, TaK X10a 1€ MOXKJIHBO?

Cepen MUTBHOHIB THX, XTO HE OYB BIJIMIYCHMI HAropojJaMu 1 CIIaBOIO MPHU
KHUTTI1, XTO Y BaXKY A7 BiTUnM3HM TOAMHY 0 KiHIS BUKOHAB CBili 00OB’SA30K 1 Bi/laB
il Hailmopoxkue — KHUTTA, OynM 1 TMOYATKIBLI MaTEeMaTHKH, (PI3UKH, TaJaHOBHTI
MEXaHIKH, BUUTENI 1 CTYJIEHTH, TKUM TUTHKH HAJICKAIO BCTYIIUTH Ha TEH NUIAX.

CKUIbKM ~ BUHAaxXoOiB  3aJIMIUMIOCH HE3AINCHEHUMH, SKE PpPI3SHOMAHITTS
MaTeMaTUYHUX 1 (13UYHUX cKapOiB BOHU 3a0pai 13 co60r0. CripaBeyiiBO TOBOPSITH,
10 Ba)KKO HaBITh YSIBUTH, SIKOIO OyJia OM ChOTOJH1 HayKa, KO MU HE TIOHECIIH IUX
BTparT.

Yacormnuc miaroTyBanu:
BoHpapeBa 0., Cmonsp [., MNaH3epa I'.0., NneckaHboBa J1.I".

1.2 . , : .
Vuni Cnos’saucorxozo nedazozciunozo niyero,

IByumens Co6 IHCbK020 Nedazo2iuHo20 Jiyero,
"Cmapwuii suxnaday kageopu T'MBM CIITY
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HabnmxeHHs oniepaTopaMu CHEIiaIbHOTO BUTIISTY

MaTtemaTuka

YanueHko C.0O., JlncuHcobka H.l.

Mpopexmop i3 naykoso-nedazoziunoi pobomu, kano. ¢.-mam. H., doyenm;
’Cmyodenka 5 kypcy @izuxo-wamemamuunozo gaxynememy CAIY

Ha0auxeHHsI onepaTopaMu CiemiaJibHOT0 BUIJISAAY
Ha KJIACAX HemepepBHUX (PYHKIiM, BU3HAYEHUX HA JIMCHIN oCi

3HalIcHO aCUMIITOTUYHI PIBHOCTI JIJIi TOYHUX BEPXHIX MEX BIAXHWICHb ONEPaTOpPIB
CHEIIaTbHOTO BUTJISAY Ha Kjacax HemepepBHUX (YHKIIINW, BU3HAYCHUX HA JIHACHIN
oci (i He 000B'SI3KOBO MEPIOTUYHUX ).

A

Hexaii C — mpocTip HemepepBHUX OOMEXEHUX Ha AIHMCHIM oci R (yHKIIN
f(x), HOpMa B SIKOMY 33Ja€ThCS PIBHICTIO

|71l = max| £ ()

H , —xnac ¢yHKUiH, AKHil 03HAYAETHCS CITIBBIIHOMCHHAM

>

A

H, = {<” eCilo(t)—p(t") K o(|t'~1"]), Vi',1" e IR%},

ne @(t) — noBUIbHUN (PIKCOBAHUN MOAYJIb HENEPEPBHOCTI.
Hexaii, gami, w(v) — HenepepBHa Mpu BCix v >0 dyHKII, 1S KO Maibke
IIPH BCIX ¢ € R ICHY€E MEPETBOPEHHS

g&ﬂ(t)—%.([t//(u)cos(ut+%jdu, (1)

B sKOMY /3 — (iKCOBaHE JIIMCHE YHCIIO.

Tomi uepes C}’,’Hw, Haciigytoun O.l. Cremanns [1, c. 168], mo3Ha4aroTh

muoxuny Qyukuin f € C, axi B KOXHiN Toulli xeR MOXyTh OyTH IOJaHUMHU Y
BUTJISAI 3TOPTKU

F) =4y + [px—0y ,(0) dt, @)

ne 4, — mesika crama, ¢ € H , a iHTerpan po3yMmieTbes SIK PAHMIA IHTETPANiB IO
CUMETPUYHUM TPOMDKKAM, IO PO3MHPIOIOThCA. DyHkmito ¢(-) y 300paxeHHi (2)
Ha3uBawTh (y; f)-noxigHoro PyHkuii f(-) 1 11 HEel BUKOPUCTOBYIOTH MTO3HAUCHHS

(szﬂl//'

Maremartnka 7



Yaituenko C.O., Jlucuaceka H.I.

Y kHu3i [1, c. 169] BCTaHOBIEHO 3B'I30K MK MHOXHHAMHU CZHO) 1

BIJIMOBITHUMU MHOXXMHAMH 27 -MIEPIOAUYHUX HEMEPEePBHUX (PYHKIIN CZHW,

panime BBegeHuMu O.1. CtenaHuem (IMBHUCH, HANPUKIIaA, MoHoTpadito [2, c. 131]).
30KpeMa Moka3aHo, IO KO (QYHKUIA w(v) HemepepBHa mpu Bcix v>0, felR i

TIepEeTBOPEHHS |/ 5 (¢) Burnany (1) € cymoBHUM Ha ailicHiii oci, TO
~y _ v
ne H, —IiIMHOXHHA 27 -HepiogudHux QyHKIH 3 MHOKHHU [T o

3a wWabmwkyroui arperatd mis  Qyskuii  f € CZHw B LI poborTi

BUKOPHUCTOBYIOTHCS ONIEPATOPU BUTJIISALY

1 o0 o0
Ua(f;x)=A0+—jfﬁw(x—t)jua(t;u)dudt, 3)
T —00 0
ne GyHKUIS u, (1;0) =u,(t;0;y; f) BUBHAYAETHCS PIBHICTIO
[ (1;0), 0<v<o-1,

pr

u_(t;0) = uZ(t;u)+ty(30')(u—c7+1)cos(ut+7), o—-1<v<o,

0, o<v,

C

y sIKil IpH v €[0;0]

u, (1;0)= (v (L) -y (2o - U))COS(UI - %) —w (20 +0) cos(ut - %)

Omneparopu (3) y sSIKOCTI HAOMMXKYIOUMX arperariB Ha kiacax (QpyHKIIIHM, 3a1aHuX
Ha JiCHIN ocl, Oyiu Brepiie 3acTocoBaHi y po6oTi [3]. Tam e Oyio mokaszaHo, 110
3a TNEBHUX MNPUPOJHUX YMOB OGyHKUII U _(f;x) HalexaTb A0 MHOXHHHM LILIUX

(GYHKIIIH €eKCIIOHEHI1aJIbHOTO TUITY HE BUILOTO o. SIKIO X f(x) € HETEPEpBHOIO 27 -
NEeploIMYHOI0 (PYHKIIEI0 3 MHOXHHU C"’H ,a o=neN, To QyHkuii U_(f;x) €
TPUTOHOMETPUYHHUMH MOJIHOMAaMHU MOPSIAKY HE BUIOTO n—1. MeToa moOyioBU 1ux
MOJIIHOMIB 1 JIOCHI/DKEHHS 1X ampoKCUMAalIMHUX BIJIACTUBOCTEH Ha Kiacax 27z -
nepiognyHuX ¢yHkiii 0ymno 3aiicieHo A.C. Ceparokom y poborax [4, 5].

JlocnipKeHHIO  alpOKCUMALIMHUX BJIACTUBOCTEN omeparopiB U, (f;x) Ha
KJlacax HemepepBHUX (PyHKIIH, 3aJaHUX Ha AIMCHINA OCi, MPUCBSYEHO poboTH [3, 6].
3okpema, y po6oTi [6] 3HalAEHO ACUMIITOTUYHI MIPU ¢ —> o0 PIBHOCTI JJISI BETUYUH

W
EEH,:U)= sup |70=U,(/3)]e
fE ﬂ a)

y BUNAAKY, KOJIU

8 IMomryku 1 3naxigku. Cepis: ¢pizuko-MaremMaTuyHi Hayku. Bumyck 1, 2010



HabnmxeHHs oniepaTopaMu CHEIiaIbHOTO BUTIISTY

(V) = Wl(U) O<v<l, @)

, 1<,
ne o >0 — NoBUIbHE AIMCHE YUCIO, Y/, (U) —7esika abCOMIOTHO HerepepBHa (PYHKITiS,
gKa Mae TMOXITHY w,(v) oOMexeHoi Bapiamii Ha Biapi3ky [0;1], 1 Taka, 110

Wl(O)sin%zO i y,(1)=e“. A came, y poboti [6] Oyno moBeneHe Take

TBEPJDKCHHS.
Teopema 4. Hexaui gpynxyia w(v) susnauacmuvcs cniegionowenHAM (4) i

S €R. Tooi npu o - mae micye pienicmo

B(G31,0,) 2 Fof 2 anear o of 1),

0

oe 0, e B } npuuomy 6, =1, axwo @(t) — onyknuti modyne nenepepenocmi, O(1) —

BeUYUHU PIBHOMIPHO 00MedceHi wodo napamempis o, i T .
MeToro 1IbOTO MOBIIOMJICHHSI € PO3MOBCIO/PKEHHS pe3yJibTaTiB poboTu [6] Ha

BHITAJI0K, KOJIU KJIACU CZH , O3HauaroThes GyHKuismu W (¢) 3 muaoxurn D _, sika
BU3HAYAETHCS Y Takuii crocio [7].

Hacnigyroun O.I. Cremanns (muBuch, Hampukiaa, moHorpadito [1, c. 193])
MO3HAYMMO 4epe3 M MHOKMHY ONYKIUX JOHM3Y IpH BCix U >1 ¢yukuii y(v),

s akux limy () =0. Koxny ¢yHKLiI0 I/ € MM nponoBxuMo Ha npomixok [0;1)

V—0

TaK, o6 oTpuMana QyHKIis (AKy sK i panime Oyaemo noszuadaru uepes ¥/ (+)) Oyia
nenepepsuoto npu Beix >0, w(0)=0 i i noxizna ¥'(v)=w'(V+0) mana
oOMesxeHy Bapianito Ha npomikKy [0;00). MHOKKMHY TakuxX QYHKIIA ¥/ MO3HAYMMO

*®

uepe3 R. Hexait, nani, ‘R —nigmuoxkuna Gpyukuiii ¥ € R y Ikux noynHarodu 3
. . . ] .
JIEAKOTO v,, iICHy€ CKiH4€eHa MoXigHa apyroro nopsaky ¥ (v). Toai moknauemo

"
_ y"(v)
D,={yeR :lim
v ' (V)
Jlist  OTpUMaHHS ACUMIITOTHYHHMX pIBHOCTEH OyJIeMO BHUKOPHUCTOBYBATH
TeopeMy A 1 HaCTYMHY JieMy, JOBeJeHYy B poOoOTI [7].

=—a, a>0;.

Jemal.  Hexai y € D, . Tooi 015 0osinbhoeo uucia o >0 6UKOHYEMbCs

DpiBHICMb

0

T w (V) cos(ut + %) dv=y(v) e““j e ™ cos(ut + %) do+r.(t)|, (5

o

IIPUYOMY 3 JESIKOTO O, , CIIPABEUINB1 OL[IHKH

Maremaruka 9
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n0)|s—=—, teR, ©)
ala—¢,)
1 200 +1
RO+ e, @
ae
t (¢
g, —max{g(l) ef)}, gV =sup|—= v, , &2 =sup l//,( ) o .(8)
tzo W(t) 2o W (t)
OcHOBHUH pe3yJIbTaT pOOOTH MICTUTHCS B TAKOMY TBEPJIYKEHHI.
Teopema 1. Hexaii y € D, i ﬁ € R. Tooi npu o -« mae micye pisnicmo
/2
E(C}’,’I:Iw;Ua) W(G) Iw( jsintdt+
1/
+O(1)((0[2 e+ G)j (f), )
o (04

de senuuuHa &, usHauena y cnissionoutennsx (8) 0 € {5;1}, npuwomy 6 =1,

akwo @(t) — onykauil mooyav nenepepsnocmi, O(1) — Geluuunu pi6HOMIPHO
obmediceni wooo napamempie o, i O .

JloBe1eHHsl. BpaxoByroui GakT cyMOBHOCTi Ha R MepeTBOpeHHs I 5 (?)

ursny (1) nmoBimbHOi ¢ymkuii Y €D, 1 mHOBTOprOOYM MIpKYBaHHS, SIKi
BUKOPHUCTOBYBAJIUCH 111 YaC JOBEJEHHS TeopeMu 1 poboTH [6], OTpUMyeEMO

J(x)=U_(f;x) —%Tfﬁ”’(x—t)cos(at—%jTl//(u+a)cosat dv dt —

—— Ifﬂ (x— t)( jw(30)(u G+1)cos(0t+%jdu+

o-1

+Jw(u+20)cos(ut+%) duj dt. (10)
Posrnsmaroun B piBHOCTI (10) TOUHY BEpXHIO MEXKY IO Kacax éZI:I . » OLIEPIKYEMO
E(CYH U, =
2 o0
=— sup Jfﬁ (x— t)cos(at —&jj w(v+o)cosutdodt| +
T feC%H 2 0 &

10 [Momrykw 1 3Haxigku. Cepisi: ¢pizuko-MaremMaTuyHi Hayku. Bumyck 1, 2010



HabnmxeHHs oniepaTopaMu CHEIiaIbHOTO BUTIISTY

+0(1) sup

.f'eé/'gl:lw

1 Tfﬂ‘//(x—t)L :‘[l//(30')(u—0'+ l)cos(UtJr%jdzﬂ-

T
—00

o-1

+I l//(u+20')cos(ut+%j du} dt (11)

c
[To3Haunmmo mepmuii J0JaHOK 3 mpaBoi dYacTuHU piBHOCTI (11) uyepes

D, (é}’;ﬁ ,,)- IIpooBxKyr04H MipKyBaTH sK i B poOoTi [6], oTpumMyemo

E(CyH,;U,)=D,(CyH,)+OE(C s H,;F,), (12)
e
w(QRo+1)t), 0<r<1,
v, ()= ( )
w(t+20), 1<¢,
a

E(CHF) = sup |[f(x)=F,(f30)]

o
SeCgH,
. . . o 1 . , ) .
— TouHi BepxHi Mexi Binxunenb Ha knacax C_7H  oneparopis ®yp'e F,(f;x), fki

Oynu BBeZleHI y po0OoTi [8] TakuM YMHOM

F(fix)= 4+ ]o fY(x —r)]o w(L)A () cos(ut L ”j dv dt,
T % 0

2

1, 0<v<o-1,

/10(0)=41—(U—0'+1)l//(o-), oc—-1<v<o,

y(v
0, o<v
BpaxoByrouu Tenep OLiHKY
Ay A 1

E(C‘”gHw;Fg)—0(1)w(30)w(;j, o —> o,

ska BurumBae 3 teopemMu [X.12.2 monorpadii [1, c. 226], cmiBBigHomeHHs (12)
MOJKHA 3aIUCaTH Y BUTIISAII

A A A A 1
E(chw;Ua) =D (chw)+ 0(1)1/1(30)0)(;} (13)
3HaiiieM0  Temep  BEIMYUHY DG(éZ[:] ,). Jmi meoro  Oymemo
BUKOPHUCTOBYBATHU JieMy 1. 3acTocoByroun Gpopmydry (5) 3 Li€l IeMH, OJIEPKYEMO

Iw(u+ o)cosvt dv = j w(v)cos(v—o)tdv=
0 o
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= J‘ w(v)(cosvtcosot +sinvtsinot )dv =

o

= COS O'lJ‘ w(v)cosut dv +sin atj w(v)sinvt dv =

= w(a){e‘”

Q —38

e “cos(v—o)dvo+0O()r, (t)} =

= l//(a){e““]o e “* cosvt dv+O(1)r, (z‘)} = l//(G){

0

— +0(1>r0<r>},

+a
(14)

zie uIs BenuduHy 7, (1) CrIpaBmuKyoThes OiHKH (6) 1 (7).
Ha miacrasi cmiBBigHOmEHHS (14), BpaxoByrOUM O3HAY€HHS BEIUYHHU
1 OLIIHKHU —(7), orpumyemMoO
D(CyH, 6) — (7), oTpumy

5 . cos(at—ﬂ)
p(¢yi,)- 2ay(0) o, [o0) 2 ) gy

_|._
P T Ap t* +a’
peH @
a’ +1)e
+0(1>(a%w(a>. (1s)

JInst 3HaxOIKEHHA BEpXHbOI rpaHl y croiBBiaHomeHHI (15) ckopucraemocs
TBEPDKCHHSM, SIKE€ OJCPKYEThCS IIISIXOM MOoeAHaHHS jieM 1 12 pobotu [6].
Jema 2. Hexau a>0i f€R. Tooi npu 6 —> ©

i - cos (GZ — ﬂzﬁj
j o(t) dt| =

I_(a;w)=sup

(peﬁ o |00

/2

_Y jw(ﬁjsmzdtm(l)a)(ij, (16)
a 0 O

o)

2
de O, EI:E;I} npuwomy 6,=1, axwo @(t) — onykaui MoOyib HenepepeHocmi,

O(1) — éenuyunu pieHOMIpHO 0bMedceHi w000 napamempie o, i O .

OO0'ennyroun Temnep cmiBBimHomeHHs (13), (15) 1 (16), nmepekoHyemocs y
crpaBeIuBocTI popmynu (9). Teopemy H0BeACHO.

12 [Momrykw 1 3Haxigku. Cepisi: ¢pizuko-MaremMaTuyHi Hayku. Bumyck 1, 2010



HabnmxeHHs oniepaTopaMu CHEIiaIbHOTO BUTIISTY

3po6uMo eKinbKa 3ayBakeHp 10 Teopemu 1. Sxmo (1) =e “, t>1, 10

vo__ ve_

w(t)  w(@)

3Bincu, 3 ypaxyBauHsMm cmiBBigHomens (8), BummmBae, mo & =0, o=1, i

, t2>1.

TBEP/XKEHHS TeopeMH | criBHaaae 3 TBEPIKEHHIM TeOpeMH A .
Jlaiii, OCKIJIbKH CIIpaBeIJIMBa MOPSIIKOBA OLIIHKA

/2 2t 1
ja) —jsint dt = 0| — |, o — o,
y \O o

TO 32 YMOBH BUKOHAHHSI CITIBBITHOIIIEHHS

lim—e— =0 (17)
or (1/5)

3aMMIIKOBUN uieH dopmynu (9) Oyne mpu O —> 00 HECKIHYEHHO MaJIOK0 OLIbII
BHUCOKOTO TOPSAKY MAJOCTI y TOPIBHSHHI 3 TOJOBHUM YJICHOM IIi€i pIBHOCTI (B
IIbOMY BHUIIQJIKy TaKOX KaXyTb, 110 PiBHICTH (9) mae po3B's30k 3amayui Kommoroposa-

Hikonbchkoro ajis oneparopiB U, (f;x) Ha Klacax égﬁ w)-

[Ipuiimatoun 10 yBarm 1ed Qakt, 3a3HaUUMO 30KpeMa, M0 (YHKII
v ()= In“(t+y), a>0, ucR,7y>0 i wl)=t", 0<5<1, a takox
byrxuii w,(1)=t"e™, a>0, yeR i o(@)=1t",0<35 <1, 3a10BONBHAIOTH
ymoBy (17).

[lepeBipumo, Hampukman, ymoBy (17) y BHUIanKy, KOJIU KJac é}’;ﬁ o

BU3HAYAETbCS (YHKIEO w.(f) i MomyneM Hemepepsrocti @(t)=1t", 0<0 <1.
BukoHyroun nepeTBOpeHHs, 0IEPKYEMO

L (1 | 2 -1
t//():g_a, 1) _ aﬂ_u(u2 ) 2
w.(t) t w.(t) t t
3B1ICH 3HAXOIMMO
eV =sup W*—(t)+a —H o s, (18)
o l//*(t) O
At 2 -1 -1
Ef)zsupl//—()—az = a”—“(“z ), oc>"—. (19
2o (W (1) o o o

3 piBaocte#t (18) 1 (19) BumuBae orinka

o Y7o

& = max{g(”'g(z)} - O(l)i, o — o,
c

Ha T1JICTaB1 SKOI MEPEKOHYEMOCS Y CPABETMBOCTI CIiBBiIHOIIEHHS (17).
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WHTerpanpHble NPEACTABICHNS YKIOHEHHUM MOBTOPHBIX cyMM Basuie IlyceHa Ha kiaccax

Hosukos O.A., Lynuk T.B.

Iﬂoueﬂm kagheopu mamemamuunozo ananizy C/I1YV,
“Cmyoenmra 5 kypey @isuxo-mamemamuunozo gaxymsmemy CIITY

HNuTerpanbHbie NpeACTABICHUASA YKIOHEHUH MOBTOPHBIX CYMM
Basuie Ilycena Ha kiaccax

AHAJIMTHYECKUX PYHKIMH

[lomyyensl acumnroTuyeckue @QOpMyIsbl JUII BEPXHUX TIpaHEd  yKIOHEHMI
TPUTOHOMETPUYECKUX  ITOJIMHOMOB,  NOPOXIAEMBIX  MHOBTOPHBIM  METOJIOM
cymmupoBanus  Bamne  Ilyccena, B3SITBIX 1O KjJaccaM — QHAJIMTHYECKUX
NepUOINYECKUX (PYHKIMHA TEHCTBUTETLHON EPEMEHHOM.

Cnenys A.W. Crenanuy [1], o0o3Hauum CZ KJIACChl HEIPEPBIBHBIX 27T -

NEePUOINYECKUX (DYHKIIMMA f () , KOTOpBIE MOHO NPEICTABUTH B BUJE CBEPTKHU

()= 4y + 1 [plx+ 0PI di,
% -7
B KOTOPOH

Pﬁ?(z‘)=2qk cos(kt+%j, qe(0;1),eR
k=1
— anpo Ilyaccona.

M3BecTHO (cM., Hanpumep, [2]), uro k1accsr C'¥, KoTopbie MPUHATO HA3HIBATH

KimaccaMu uHTerpanoB Ilyaccona, coctosT u3 (QyHKOHA f, KOTOpbIE SBISIOTCS
Cy)KeHHSAMH Ha JeiicTBHTeNnbHYI0 och ¢yHkmmii F'(Z), aHanuTiueckmx B mojoce

| Imz |[< lnl.
q

O6o3HauuM uepe3 Sn ( f ;x) yacTU4Hble CyMMbI psana @ypse. [Ipumensas k
cyMMaMm Sn ( f ;x) meton cymmupoBanusi Bamse Ilyccena (cMm. [2, c. 47]), monyyaem

cymmbl Banne [lyccena pynkuuun f el

V()= S S (f).

p k=n—p

IIpumensis Meron cymmupoBanus Bamre Ilyccema 7 pa3, mnomydaem
CJIEAYIOIIUI METO OCTPOEHHUSI TPUTOHOMETPUUYECKHUX ITOJTUMHOMOB.
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r
Ilycte P, Pys..., P, — NPOU3BOIBHEIE HATYyPAIbHBIE YHCIIA TAKHUE, YTO E p,.<n.
k=1
OyHKIMU f el IIOCTaBUM B COOTBETCTBUE IIOCJIEI0BATENBHOCTD
TPUTOHOMETPUYECKUX MHOTOWICHOB

r —
Vg, (S5 X) = V,f,;,) (f,x)=
-1 k1 k.

Sy = Y s uw )

Pi k=n—p, P2 ky=k—pyt1 Prk =k _-p 1 "
KoTOphle OyneM Ha3bplBaTh 7 -MOBTOpHMMH cymMMamu Bamne Ilyccena (B ciydae

r =2 cm. [3]).

3afaua npuOIMKEHUs KJIaccoB MHTerpanos IlyaccoHa MMeEET CBOIO HCTOPHIO,

CBSI3aHHYIO ¢ M3BeCTHhIMU MMeHamMu. B 1946 rony C.M. Huxonwsckuii [4] nmokazai,
YTO JJIi BEPXHUX TPaHEl YKJIOHEHUM YacTHBIX cyMM Dypbe, B3ATHIX MO Kjaccam

q
Boo?
df

£(C3.58,)= sup 11 /O)=5,(/3) e

q
feC 0
HMCCT MCCTO aCUMIITOTHYICCKOC PABCHCTBO

T

(CZOO;S )= E;qz”j- du. - +0(1)q7n, q=e", e

K(q) =
! j\/ q sin’u

— MOJIHBIN 3yunTrYeckuil uarerpan nepsoro poaa. B 1980 rony C.b. Creukun [5]
YTOYHWUJI OCTaTOYHBI wieH B 0JToi (Gopmyse, T[OKa3aB, YTO OH paBeH

2 -1
O()q"(1-q)"n".
AmnanornyHasi 3ajgada JJisl KJaccoB CEH , Obu1a pemena B 2000 romy

AWM. Cremanmom. B pabote [1] Obuto mokazaHo, 4TO TpU #—>OC BBIMOJHICTCS
PaBEHCTBO

4qn /2 . ( )q
&(C4H,;S,) = = K(q)en(a))ja) = smta’t+(1_q) —o(ln), @)
rae (9,1(0))6[1/2;1], IIpUYEeM t9n(a))=1, ecim a)(t) — BBIIIYKJIBIH MOZYJIb

HENPEPHIBHOCTHU.
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WHTerpanpHble NPEACTABICHNS YKIOHEHHUM MOBTOPHBIX cyMM Basuie IlyceHa Ha kiaccax

B pa6ote [6] (cM. Takxe [7, ¢. 218], [8]) a1st BepXHUX TpaHEH OTKIOHEHUHN CyM

q
Bame ITyccena na xmaccax C .00 TIOTYYEHBI ACHMIITOTHYECKHE dbopmyIbI

e(cy, v, )= 2@ ;w[%] dt +

ﬂp(l—qz) 0
1 g q"
o(l > 1 ’
o )w(n—pJ(p(n—p)(l—qf +p(1—q2)j e N
4qn—p+l qn—p-f'l qn
C? ;Vnp - - +0( 3 2 ) *
( Boo ) zp(l—q )+ ( )[p(n—p)(l—q) +P(1_Q) ] @

A.C. Cepatokom [9] Taxxke OBLIO MOKAa3aHO, YTO MMEET MECTO Oosiee OOIIuit
pesyabTar, yeM popmyna (4):

&(Chails) p (ﬂzKp’q+O(1)((n—p+1)(1_‘1)snj H

”\/1 2g” cos pt +q** Lp=1L
= .[ dt, s=s(p)=
1-2gcos pt+q° 3,p=2,3,...
B ,HaHHOﬁ pa60Te IMOJIYUYCHBI HHTCI'PAJIbHBIC ITPCACTABJICHHA BCJIIMIHNH
Oy pas, (F3X) =8, 5(f3) = f(x) =V 2 (f33)].

Hamu nokazano cne):[yfomee YTBEPKJICHHUE.

r df
Teopema. Ilycmv ¢ E(O;l), IBER, ZpFZZ; <n. Tozoa ona ecakou

GdyuKyuu f € CZ 6 kaxcootl mouxe X € [—77; 7| cnpasednuso pasencmeso

T J(x+t
el TR v
" - —2gcost +
| o~ ! !

i=1

() { _l_;pﬁrw] Br
x> (-1) Z( 1)"ClLq cos||n=1-> p,+r-v =,

r+l

acr jea
) 5)
rie | & | — komuectBo snemMentoB MuOKecTBa &, a ¥ = {1,2,...,r}.

Joka3aTeabcTBO. [lomoxum st ymobcTa ko =n—1. B cuny coornomenus (1)

HMCEEM
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ko

1 1 1
-—— Y — Y = Y (®-S ()=
P1 kj=ky—p+1 P2 ky=ky-py+1 Pr k =k, -p.+1

1
kO ky k

Ly Ly L ¥ s L (m=.

D1 kj=ky-py+1 P2 ky=ki=py+1 Proi k. =k _,-p,
ko

1
T T Z §k1+1,p2,p3 ..... p, (f,X). (6)

B pa6ote [3] noka3zano, uto npu ¥ = 2 cnpaBeqansa hopMmya

_ S _
8y, (f1X) = 82 f.2) =

1 f r 7 .
-~ j fiG+ D[ 2 cos(fr/2) -2 sin(Br/2) |dt, ()
Tac

. . rr+1 t, oy r+1 . [n—l—%pjﬂ’ﬂ/]
5 =30 gm =LY (IS ey T
v=0

Hpi “r

i=1

X COS n—l—ijJrr—v t (8)

Jjea
. . Fr+1 t, o r+1 o [n—l—ij+r+V]
2(2) — 2(2 )(t,q,n) — MZ(_D( ! DZ(_I) Cqu jea v

acr v=0
Hpi
i=1

X SIn n—l—ijJrr—v t, 9)
jea
rne T'(¢,q) = (1-2gcost+q°) .

Bocnonb3zyemcs METOJIOM MaTeMaTHYeCKOW WHIYKIIMU, YTOOBI MOKa3aTh, YTO
AT COOTHOIICHUSl CHOpaBeIMBLI il jdto0oro 7 € N. Ilpeamonioxum, 4to uist

.
Do> Pi> Pas---» P, BbionHensl yenosus: P, €N, 1=0,1,2,...,r, Zpl. <n,wu
i=0

uMeeT Mecto cooTHouieHue (8). Mimes B BUIy cooTHolIeHHE (6), OTHPaBISSICH OT
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WHTerpanpHble NPEACTABICHNS YKIOHEHHUM MOBTOPHBIX cyMM Basuie IlyceHa Ha kiaccax

MPENOJIOKEHUS]  CIIPABEJIMBOCTH  COOTHOIIEHUs (8) anga 4yucna ¥, Hailaem

r+l1
BBIpAKEHUE IS 2% ). Nmeem

1 ko rr—l—l
ZYH)(Z"q’ko):_ Z Zir)(l‘,q,k—l—l):#@x

Po k=ky=py+1
pOHpi
i=1
r+1 {k—z p; +r+v]
X Z Z( 1)“"“')2( 1)'C’.q ™ cos| k=Y p +r—v|t=
k= kO p0+lacr jea

r+l r+l ko ij +r+v
= MZ(_I)(V—WDZ(_I)V Cv Z q[ jea ] %

acr v=0 k kn—pn+1
2| Ipi 070

i=0
i[k—z p; +r—v} —i[k—z pj+r—VJt
Jjea + e Jjea

X| e

[lpumensis  dbopmyny CyMMBI SJIE€MEHTOB OECKOHEUHOW  yObIBaromiei
T€OMETPUIECKON TIPOTPECCHUH, TTOTYIaEM

k,
> (g ){kzpj+rvj =
JEQ -
k=ky=py+1
it (k0+1—p0—2pj+r—v] 1 it (k0+1—2pj+r—1/} 1
—(gen ) B L (e B L
1—ge" 1—ge"
q q
k,
Zol (ge™ )[k_zp’”_vJ =
jea -
kfk0+1—p0
it [k0+1—p0—2pj+r—vJ 1 _it {k0+1—2pj+r—‘/} 1
~(ge o L (e B L
—it —it
l1—-ge l—ge
HOBTOMy, BBIIIOJIHAA 9JICMCHTAPHBIC HpCO6pa3OBaHI/I$I, I[mojay4dacm
(g ) B (g 2
; =) pitr-v _it\| k=2 pitr=v
Z (qet) ;,’ +<qe t) /za] =
k:ko—p0+l
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jea

{k0+1—p0—2pj+r—vJ
=139 e COS ko+l—pO—ij+r—V t—

Jjea

[k0+1—p0+1—2pj+r—1/]
—q e cos k0+1—p0—1—2pj+r—v t—

Jjea

[k0+l—z p_ﬁr—v}
-q¢ cos(k0+1—2pj+r—v}t+

+ [kOH_"z“ p,-+r—V+1] cos| k, +1 Z +r—v-—1|t 1
- — +r—v- .
1 ° P 1-2gcost+q°

Jjea

Takum oOpazom,
r+1

r+1
2§r+1) _ I _ (ta Q) Z(_l)r—|a|z(_1)vcrv+l x
Hpj acr v=0

i=0

jea

[k0+1—p0—z pj+l’+V]
X4 q e COS k0+1—p0—2pj+r—v {—

Jjea

{ko-i-Z—pO—Z pj+r+vJ
—q e CcOS ko—pO—ij+r—v t—

Jjea

£k0+l—z pj+r+vJ
—q e coSs k0+1—ij+r—v ¢+

£k0+2—z pj+r+V] 1
+ = cos| k, — +r—v |t =
1 ( ‘ Zp’ ) 1-2gcost+q°

jea
r+l1
@)

Hpi
i=0

20 [Momrykw 1 3Haxigku. Cepisi: ¢pizuko-MaremMaTuyHi Hayku. Bumyck 1, 2010




WHTerpanpHble NPEACTABICHNS YKIOHEHHUM MOBTOPHBIX cyMM Basuie IlyceHa Ha kiaccax

{ko”‘f"o‘z PA/”J
XD (D" C | g = Jcos| ky+1=p, =D p,+r|t|+

acr Jjea

r+1 {koﬂ—po—z p_j+r+v]
+Z( D'C | q e COS k0+1—p0—ij+r—V ¢+

jea

r+1 [k0+1—p0—2 pj+r+v]
+> (-1)'Cl g cos| ky+1=p, =D p +r—v|t|+
v=1

Jjea

[k0+1 Py ij+r+r+2]
+=1)"C | q = cos k0+1—p0—2pj+r—r—2 t|—

Jjea

[k0+l—z pj+r]
-C’ g COS k0+1—ij+r -

Jjea

r+1 {ko+l—z pj+r+vJ
—Z( n'C.lqg COS k0+1—ij+r—v t|-

jea

r+1 [k0+1—z pj+r+1/]
S Eneile cos| ky+1=Y p +r-v |t |-
v=l

Jjea

{k +1—Z pj+r+r+2J
-(-y*?cii g cos| ky+1=> p +r—r=2|t

Jjea

1
1-2gcost+q°
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Fr+2 (t q)

sz
{k0+l—p0—2pj+r]
XZ( DHIC | g e cos| k, +1-p, —ij +7r |t |+

acr Jjea

r+1 [ko"'l_l’o_z pj+r+vJ
+> (-D)(C,+C )| q cos| ky+1—p,— > p +r—v|t|+
v=l

Jjea

, | [k0+1—p0—z pj+r+r+2J
+-D)"C g e cos k0+1—p0—2pj+r—r—2 t |-

jea

£k0+1—z pj+r]
-C° g ™ ’cos k0+1—ij+r t|-

Jjea

r+l {k +1—Z pj+r+vJ
_Z( D(CL+CD g cos[ko +1-2p, +r—v]t -

jea

{k +1—ij+r+r+2]
—(-D*"CcH gt cos[ko +1-> p, +r—r—2)t

Jjea

YuutsiBasi, uto kK, +1=1n u

(r+1)! N (r+1)! _
Fr1—)W F+l—(—1) (v —1)!
_(r+DIr+1-(v-1)+(+Dv

- (r+1— (-1 -
_(r+DI(r+1-(v-D+v) (r+DHW(r+2) _
==Y (2w

CV Cvl_

r+1 r+l1
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WHTerpanpHble NPEACTABICHNS YKIOHEHHUM MOBTOPHBIX cyMM Basuie IlyceHa Ha kiaccax

0 _ 0 r+l r+2
Cr+1 o 1 Cr+2’ Cr+1 o 1 o Cr+2 2
moJry4dacm
Z(l’-ﬁ-l) —
1

Jjea

2 [ ‘Po‘zpf”]
_ r(f,Q) Z(_l)(r D) C+2 q e CcoS n—pO—ij+r r|+
pi acr
[

r+l [ _pO_Z pj+r+vj
+Z( D'C.,|q e COS n—pO—ij+r—V |+

Jjea

r+2

{n pO_Z pj+r+r+2]
+H=1)"C g e cos n—pO—ij+r—r—2 t |-

Jjea

. [n—ijH”]
-C.,|q° ™ “cos n—ij+r -

Jjea

r+l1 { —z p_j+r+v]
—Z( D'CLlq ™ cos(n—Zpﬁkr—vjt —

Jjea

{ ij+r+r+2]
—(=1)y"C gt cos| n=) p,+r—r=21t|=

Jjea
Fr+2 (l, q)

Hp

acr Jjea

r+2 {n po—ij+r+VJ
xQ (1) Z( nc.,lq cos| n—p,— > p,+r—v ||t
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r+2 {H—ijﬂfﬂ/J
_Z(_l)v C:Jrz q = COS| n— ij +r—vitl|r=
v=0

Jjea

r(r+1)+1 (r+D)+1 {n—l—z p_,~+(r+1)+VJ
= X

: (z,9) Z(_l)(m—m) Z (—I)VC(VM)H g few
acr+l v=0
L_o[pi

X COS n—l—ij+(r+1)—v t.

Jjea

Takum oOpaszom, IJIsi BCSIKOIO HATypajabHOTO 7 crupaBeinBa (opmyna (8).
CopaBemymmBocth  (9) st Besakoro ¥ € N IOKa3bIBaeTCS  aHAJOTUYHO.
CrnenoBarenbHO, U1l BCAKOTO 7' € N cripaBesiuBO U cooTHouieHue (7) .

O6benunsst cootrHomeHus (7) — (9), npuxoaum k popmye (5).
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8. Pykacose B.U., Hosuxoe O.A. Ilpubnvxenue aHAIUTAYECKUX QPYHKIUN
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Mertog itepariiii ;i o0y IOBH MEPIOJUIHUX PO3B’SI3KIB

VJIK 517.925

Boxko B.O., KoBansos B.l.

Iﬂoueﬂm kagheopu mamemamuunozo ananizy C/I1Y,
Zﬂoueﬂm kagheopu mamemamuunozo ananizy C/I1Y

Metoa iTepanii 1151 MOOYA0BHU NMEPIOAMIHUX PO3B’A3KIB
CUHIYJIIPHO 30ypeHMX HEeJiHIMHUX Ju(epeHliaIbHUX PiBHIHD

3a 10MOMOror0 301KHOT0 1TepalifiHOro Mpoliecy No0yI0BaHO MEPIOAUYHUN PO3B’SI30K
CUHTYJISIpHO 30Y/DKEHOI CUCTEMHU HENIHIMHUX Nu(epeHLIabHUX PIBHSAHB. 301KHICTh
rapaHTOBaHa B JI€SIKiIM CKIHYEHHIM 0O0JacTi 3MIHM MaJIoro mnapametrpy. Po3risiHyTo
UTFOCTPAaTUBHUM NPUKIIA.

KuaouoBi ciioBa: gexmop-¢@ynxyis,  ckanapua  Qyukyis, — maxcopawma — no
BIOHOUWIEHHIO 00 OAHOI, NIHIUHA HEOOHOPIOHA cucmemd, YHKYIOHANbHEe PIGHAHHSL.

Posrngmaerbcs HemHINHA cCUCTEMA
dx
87:AX+SF(LJ€), (1)
t

ne A — crana (nxn) — MaTpPUIlA, IO HE MAa€ YUCTO YSBHHUX BJIACHUX 3HAUYCHB, X-7I-
BUMIPHHUI BEKTOp, &>() — Manuii mapameTp, F(t, x) — HeniepepBHA BEKTOP-QYHKIIIS B
NesiKii 00J1acTi ¢ 1 X, MepioIuYHa 10 ¢ 3 epioJioM 2 7.

[Tepioguunuii po3B’s30k cuctemu (1) mrykaeMo METOJIOM ITepalliii:

x, =0,
2)

g% = Ax, +eF(t,x, ).k =1,2,..
t

3rigHo [1] k-HaOmmkeHHS BUPaXXaeThCsi OPMYIIOF0
-1
Agrany A | m 4
x (te)=le*s —e* j e ¢ F(0,x,,(0,£)do.
t
[Ipu oMy cripaBeIMBa OLIIHKA
|[xi(t &|< eMsup||F(t,x;.1)]],

ne M — ctana abo He 3aj1exHa BiJl £ a00 € 0OMexkeHOo npu &— 0.

VY BcAKOMY BUMAJKY ICHYE Take &, Mo sl 0<e<g maemo M<M, M, He 3al1eKUThH
BIJ &
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Hexaii U(u,¢) ckanspua GyHKIA, qoAaTHA s #=>(), HENEpEepBHA 10 £ 1 U, 1110
Ma€ JOJaTHY 1 MOHOTOHHO 3pOCTalouy IO U TMOXIJHY, € Ma)XOPAHTHOIO TIO
BiTHOMICHHIO 10 (yHKIii F, TOOTO Taka, MO s MOBUTbHUX ||x||<u, 0<&<g
BUKOHYIOThCSI HEPIBHOCTI

Ulu,8) 2| F(t,x,8) [, L85 OF (t,x,2)|
OyHK110HAIBHE PIBHIHHS
u:f(l/l, 6), (3)

ne
ftu, &=eMU(u,¢),

BU3HA4Ya€e u SK (QYyHKIIO AoJaTHOro aprymeHta & Posm’szok (3), oTpumanuit

METO/IOM TOCII1IOBHUX HAOJIMKEHb, MA€ BUTIIS]L

uV=f(0, o),
u(Z) =f(u(1), 6)

[TocnigoBHICTH {u(k)} [2] Ma)kopaHTHa IO BIJHOIICHHIO O IOCIIIOBHOCTI

{oxi -

e <u), k=T

||x,C - X, || <y — 3
OTxe, BKasaHHUil mporec 36iraeTbes, KO 36iraetbes mocaimoBricts {u™}.
Axne 3 Teopii piBHsSHB BUTIALY (3) [3] BUMITHBAE, 1O TTOCITITOBHICTh {u™} 36iraerpcs
JUISL BCIX &, MpU aKkuX (3) Mae nogaTHUN po3B’sI30K u= u(g). BepxHs mexa £ TaKHX
3HA4Y€Hb & 1 BIJIMOBIHE 3HAYEHHS u(E) —u CyTb €JIUHI J0JaTHI KOPEHi PiBHAHb
oU(u,e)
ou

TakuM 9MHOM, TTOCITIIOBHICTD {X)(Z, &)} 30IraeThes 10 MEPIOAUIHOTO PO3B’A3KY
BUXigHOro piBHsAHHA (1), y BCAKOMY BHUNAAKy, Ha HPOMIKKY O<s<g, € &
BU3HAYAETHCS 3 (4).

[Tpu &—0 ueit nepioguYHUI PO3B’SI30K TAKOXK MPSAMYE 10 HYJA. 3 CTPYKTYpHU
PIBHSHB JUIS HAOMMKEHD Xi(1, &), k=1,2,..., BUTHO, IO PI3HUIIL Xj;-X; MAIOTh MTOPSIOK
&', Tomy mykanuii mepiogmdnmii PO3B’S30K X(7,5) MOKHA IPEACTABUTH Y BUITISIAL
pany

Ulu,g) =0, 0. 4)

xX(t,&)=x,(1,8) +[ x2(t,8)- x,(1, )] H[ x3(t,8)- x2(1,8)]+...,  (5)
301KHOrO B AesKid obmacti. Pazom 3 TuM 1eil ps He € 3BUYAMHUM CTEIEHEBUM
PSAIOM 3a CTETICHSIMHU &, 3aCTOCYBaHHSI IKOTO JIJIs MOOYA0BH MEPIOAUIHOTO PO3B’S3KY,
SK 1y BUTIAJIKY MPOCTUX JIHIHHUX HEOTHOPIAHUX CUCTEM, € HEAOIUIHLHUM [1].
Psin (5) Oinbin 3pydHimMiA, OCKUTPKM TapaHTOBHA MOro 30DKHICTH B JIEAKiH
CKIHYCHHIN 00yacTi 3MiHu € [4].
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Mertog itepariiii ;i o0y IOBH MEPIOJUIHUX PO3B’SI3KIB

ITpuxnan.

4 2
Ex1 = —Exl +§X2 +e(1+ x,x,)cost,

(6)

1 5 1
EX, :§xl —gxz +g(5+x1x2 cost).

1
Tyt F(x,,x,,t) =1+x,x, cost, F,(x,,x,,t)= Eerlx2 cost.
Ouinkamu ais x, (¢,€) 1 x,(t,&) OyayTh

2 1
|x1(t,é‘)|ﬁgsup|Fl+F2|+gsup|Fl—2F2 l,
1 1
|x2(t,8)|S§SUP|E+F2|+gSUp|F1—2F2 l,
ne F, +F, :%-i-lexz cost 1 F, —2F, = —x,x, cost,

. . 3
a dyukiismMu U, (u,,u,) 1 U, (u,,u,) — U, (u,,u,) = 5+2u1u2, U, =uu,.
Tenep 3anuiiemMo BiANOBIIHI (PYHKIIOHAJIbHI PIBHSHHS

2 1
U, = g‘c"Ul (uy,u,) +85U2 (uy,u,),

1 1
U, :EgUl(ulau2)+g€U2(ulau2)a
abo
9 ) 1 5
u, = 8(l+gulu2), 1u,= ‘9(E+E”I“2)'

[{s cucremMa Mae JOIaTHUN PO3B’SA30K MpU ¢ < 0,56, MO Ja€ OIIHKY 00JacTi
301KHOCTI iTeparlii (2) nist cucremu (6).
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boxxko B.O., Kopannos B.1., KoBanrosa JI.B.

YK 622.539.219.1

Boxko B.O., KoBanbos B.l., KoBanboBa J1.B.

1 :
HHoyenm xagheopu mamemamuunoeco ananizy CHIIY,

2 :

Toyenm xagheopu mamemamuunoeco ananizy CHIIY,

3 . .
Cmapwuii suxnaoay kageopu mamemamuunozo ananizy CHAIIY

NmoBipHicHA MO/1€/1b MOJIIB HANPYT NPYKHO-IUIACTUYHOTO
MiBIIPOCTOPY

MPH 3arJu0JIeHHI B HbOI0 CUCTEMH iHJICHTOPIB.

OO0’eKTOM JOCIIKEHb € TI0JIe HAMpyT, SKE BHHHUKAE Y TPYKHO-TUIACTUIHOMY
CEpEJOBHII B pe3yJbTaTi J1i Ha HHOTO 30BHINIHHOTO ITUKJIIYHOT'O TAaHTEHIIAJIbHOTO
HaBaHTaXeHHs. [IpormonyeThcs IMOBIpHICHA MaTEMaTUYHA MOJIEIb.

KuaiouoBi ciioBa: none muanpye, iimosipHicha  MoOelb,  NPYHCHO-NIACTMUYHULL
nignpocmip, iIHOEHMOop, pe30a1b8EHMHULL ONepPamop, MempudHuLL MmeH30p.

[IpomonyeThcsi MaTeMaTWdHa MOJAENb TMods Hampyr [1] Ha migcrasi
HMOBIPHICHOTO MIIXOY.

Posrisimarorecs IIB1 HECKIHYEHHO OJIN3bKI1 TOYKH A(xl , X, X, )
TaA,(x, +dx;x, +dx,;x, +dx,), 0 3HAXOAAThCA y 3ajaHiii obmacti mepen
pyiiHyBaHHs. L{I TOYKM BH3HA4yalOTh BUIIAJIKOBHI BEKTOp, SIKM HE 3aJE€XKHUTh Bij
BUOOPY CHUCTEMHU KOOPAMHAT: dr=ds-e ,

Jie ds — IOBXKWHA BEKTOPA, ¢ — OJMHMYHHUI BEKTOD, HAIIPABJIECHUH B3I0BXK IPIMOT A4, .

ba3ucHi BEKTOpH pO3TIISAIAIOTHCS K BUIMAIKOBI (QYHKIIIT TIOJOKEHHS TOYKH, B
SAKIi BOHM BHM3HAYalOTh KOOPJWHATHUN Tpueap. 3MiHM Oa3UCHUX BEKTOPIB

. or o
XapaKTepI/ISyIOTBCH 3HAQUCHHAMU HOXII[HI/IXa 1 ,JI0O MAaKOTh BUITAJIKOBHUHN XapaKTep.
X
3acrocoByroun cumbosu Kpucrodens, orpumaemo:

%, _ r,'t,
ox, ’
[Ipu oMy ds® = ZxT’” Z);’" dx dx, =q,dx dx,
n k

Koedimientn ¢, yTBOPIOIOTH CHMETPHYHY MATPUIIO ¢, =¢, KpiM TOTO
MOXIIHI METPUYHOTO TEH30pa JOMyCKAIOTh BUpa3 depe3 cuMBon Kpucrodens:
0 o 0 -
qnm + ka . qkn — 2r‘nk.1qj]’l
ox, Ox, Ox,
[MapanenpHe BEKTOPHE TOJIE 3aJOBOJIbHSE CHCTEMI Tu(epEeHIlialbHUX PIBHSIHb:
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VimoBipHicHa MOJIEJb TIOJIB HATIPYT MPYKHO-TUIACTHYHOTO MiBIIPOCTOPY

AT Pl AT =0
ox,
abo
dA” 0A7 dx,
ds ox, ds
Hexaii 10 npyXHO-IJIACTUYHOIO IMIBIIPOCTOPY YEpPE3 CUCTEMY HAATBEPAHUX
IHAETOPIB NPUKIAJCHa MNepioguyHa 30BHIMIHA cuia f(t), kommoHeHTH sikoi f, sin

(wt+6 ), 3MIHIOIOTBCS TApPMOHIHHO 3 YAaCTOTOK w=+/AB27 CeK. i 3 aMIUITyIaMH
[ fifo fnjsnci CJIijl pO3IIISAATH SIK KOOPAMHATH JESKOro (pikCOBAaHOTO BEKTOpA f .

Jns  po3B’s3yBaHHS —3aladi  MpO BHU3HAYCHHS aMIUTITYJAHO-9aCTOTHHX
XapaKTePUCTHUK TIOJIB HAMNPYT y MPYKHO-TUIACTUYHOMY CEPEIOBUII MPOTOHYEThCS
METOJI PEe30JbBEHTHOrO omeparopa. B TakomMy BHMaIKy MOJEIh BU3HAYAETHCS
piBHAHHsIME Jlarpanxa:

X +Ax = fsin(wt+3), (1)
ne  fi=(f,u) — mpoekuis BeKTopa f Ha i-Ty BiCb;
fisin(wt +0,) — y3aralbHEeHa KOMIIOHEHTAa 3O0BHIINIHBOI CHJIM, LIO BIANOBIIAE

HOPMaJIbHIM KOOPAUHATI X, .
3aranpHui po3B’ 30K piBHSHB (1) OyayeTbes y BUTIISIL:

x(ﬁ:iﬁﬂ)—sm@ﬁ}+a)+qgnJZﬁ+eai:EZ 2)

A —A
1€ a, Ta 6,-CTajl IHTeTpyBaHHSI;
if—’u/z — KOMIIOHEHTH PE30JbBEHTHOT'O BEKTOPA;
u u U
ERi:(\f‘l 1)u1+(f2 2)u2+“.+(f n)un,i:a)Z. (3)
A=A A=A A=A

Jlsis 3py4YHOCTI MOJANbIINX MIpKyBaHb MPUITYCTHMO, L0 &, =a, =6, =0, TOMl

MIPOCKIIiS 30BHIITHLOT CHUJIM Ha HAIIPSMOK PYXY:
R, fsinwt = C(ERZ f,f)sina)t =c-w(A)sinar,

ne
A =ANA =)\ A, — A _ 5 .
w(/’t) = ((2(0; - ﬂ;gﬁ(;z - /1)).”((/1(0)1 - /1)) — ¢yHkiis BaitHirelina;

1
c= (SR S )5 — CTaJIa, siKa Mpy MEeBHOMY BUOOp1 f Moke OyTH piBHOIO 1.

Takum ywHOM, AN OBUIHHOI MEPIOAMYHOI 30BHIIIHBOI CHJIM f CTaol
AMIUNTYM, aje JOBiILHOI 332 HANpAMOM Ta i JOBIIBHOI  4YacTOTH o =+/A
3Ha4eHHs w(1) BM3HAYae aMIUNTydy piBHOIiIHOYOI mepiognmunoi cumu. [loBeminka
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CHCTEMH IIil Ji€10 30BHIIIHBOI CHJIM 3 4acTOTOIO +/A VA (piKCOBAHOTO BH3HAYAETHCS
3Ha9E€HHAM w(A).

[Iporiec pyiiHYBaHHS MPYXHO-TUTACTUYHOTO CEPEIOBUINA CYTTEBO 3AJICKUTH
Bi rpazgieHta Hampyr. OOacTh KOHIEHTpaliil HAmpyr, B SKIM 3apO/Ky€eThCs
py#Halis, Moxke OyTH HACTUIbKH Majiolo, 10 B HI MOXJIMBE HaBITh IJIACTUYHE
npoTrikaHHsA. TakuMm YHHOM, B peE3yJibTaTl IUIMHHOCTI Hampyra B TOYIN, J€
3apOJIKYETHCS pyHHAIlIsI, MOXKe OyTH BIIMIHHOIO BiJI OOYHMCIICHHMX TEOPETUYHUX Ta
BU3HAYCHUX BUMIPIOBAHHSMHU 3MiH AedopMaIriii.

[Ipunyckatoun, ™0 MIUIMHA BUHUKAIOTh HE3aJEKHO OJHA B OJHOI,
OTPUMAEMO BITKOBUWM MAapKIBCbKHI TpoOIeC, SKHH ONUCYETbCA PIBHAHHAMU
Konmoropoga [3].

dpk() z .0, (), k=12... (5)

1€ p,) — UMOBIPHICTb YTBOPEHHS 3 n IMUIMHM k IUMH n<k B, =Py,

Jlunamika 3pOoCTaHHS KIJTBKOCTI IIUTMH BU3HAYAETHCS SIK CYMAapHOIO 1HTEHCHUBHICTIO
>, Tak i XapaKTepOM HAaKOIMYEHHS i€l CyMH.

n=2

Hexail y, 3MIHIOIOTbCS TaK, 110

- M
}/n 771-%—1 — Q 4 0 n > 0
Vo n n n’
[TapameTp M Bu3Haya€e MIBUAKICTH CMAJ@HHA LIIJILHOCTEW HMOBIPHOCTEH 7,

TakK, 110 MEHIIOMY M BiJNOBiJla€ MEHIII 1HTEHCHUBHE 3aTyXaHHS y, 3 POCTOM n a

3HAYMTH OUIBIIIA IHTEHCHUBHICTD TeHepallii MiJIHHH.

Curyariiss katacTpopiyHOr0 PYWHYBAaHHS Ma€ MICIle TOJl, KOJW Ha MOMEHT
yacy t B CEpeJOBHINI HAKOMUYYEThCS HECKIHYEHHA KUIbKICTh MUIMH. [Ipu 1ipomy
AMOBIPHICTh «BHOYXY» BU3HAYA€THCS PIBHICTIO:

:l_zpk(t)

k=1
(ymoBa 301kHOCTI Yy, 3abe3neuyeThcs HepiBHiCTIO M <1 ).

n>2
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CunbHi cepeniHi BiIXuieHb onepaTopiB Bamie Ilycena

YIIK 517.5
Cinin €.C.

Cmapuwuii suxnaoay kageopu ekonomiko-mamemamuyrux oucyuniin C/JITY

CuabHi cepeani BiaxuiaeHb oneparopiB Bajie Ilycena

PoGoTa mpucBsiueHa po3MOBCIOHKEHHIO PE3YJIbTaTIB AOCHIKEHb CUIIBHUX CEPEeHIX
BiIXujeHb omnepaTtopiB Dyp'e Ha BUMAIOK, KOJM B SKOCTI arperaTiB HaOJUKEHHS
BUCTYMaTh onieparopu Base [Tyccena.

1. B teopii psniB @yp'e 1o6pe Bigomo, mo Vf € L maiixke Bcroau Ha R BUKOHYEThCS

. 1 & :
CITIBB1THOIIIEHHS —Z( J(x)=S,(f;x)=o0(1), ne S,(f;x) — gactunui cymu Dyp'e
k=0
¢byukii f(x), o(1) >0 nopu n— .
Xapai ta JITTNBYHN TOCTaBWIM TUTaHHA: 4u Oyae Vf € L BUKOHyBaTHCS
OUIBII 3arajIbHE CITIBBIAHOIIIEHHS

Y1 @-S,(f0r=o(, p>0 2 (M

Sxuo cmiBBigHOIIEHHS (1) BUKOHAaHO, TO KaxyThb, MO pan Pyp'e dyHKuii
f(x) € CUTPHO CYMOBHHM 3 TIOKa3HUKOM P .
JIOCITiUKEHHIO [bOTO NMTAHHS UL CyM Ta omepatopis ®dyp'e Ha Kiacax y -
1HTerpaniB  mepioguvyHux (QyHKIIA Ta kiacax (y, ) -MOXITHUX  JIOKAJTBHO
1HTerpoBHUX QYHKIIINH Oynu mpucBsueHi poodoTH [1, 2].

MU pO3ITISIAEMO y3araibHEHHs LHX TOCIHIDKCHb HA BUIAIOK KIACIB i -

IHTerpaiB JIOKAJIbHO 1HTErPOBHUX (YHKIIN y pasi, KOJU armapatoM ampoKCHUMAIlii
BUCTYyNaroTh oneparopu Bamie [lyccena.
Cnouatky HaBesieMo o3HaueHHs kiaciB Cremani (quB. [3]).

Hexait L — muoxunHa QyHKIINA [, sSKI BU3HAYCHI Ha AIMCHIN oOci 1 Taki, 110
a+2rw

MaloTh CKIHUYEHHY HOpMY | f ||[3= sup J | f(2)|dt, pell,o),

acR a

df
1/, =esssup, | /()]

[Toznaunmo uepe3 2l MHOXKUHY HemepepBHUX npu v =0 ¢GyHKIIH W (v), sKi
3aI0BOJIbHSIIOTE yMOBH: 1) w(v)>0, w(0)=0, w(v) 3poctaec Ha [0,1); 2) w(Vv)
onykia qoHu3y Ha [1,0) 1 limy(v)=0; 3) noxigna w'(v) =w'(v+0) mae oOMexeHy

V—>0

Bapiauito Ha [0,0). IlinmMHOXUHY O¢yHKUIA W(v), I8 SKUX Jm dv < oo,
v
1
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Cumin €.C.

no3Ha4yaroTh 2A. MHOXHMHY (QYHKIIH W(V), fAKi 3aJ0BOJILHSAIOTH JIAIIE YMOBY 2)

no3Havyarots .
EE—
Jus napu y,,y, €2l Bu3HauuMo QyHKLIWO ¥ : W=y, +iy, , 1e ¥,, Ta |,

— IapHe 1 HenapHe NPOJIOBXKEHHS PYHKUIN ¥/, ¥/, BIAIOBIIHO.

. ~y . o
Toni wepes C M Oynemo mo3HadaTd MIAMHOKHUHY HETEPEPBHUX (PYHKITIN

fe Z, SIK1 JIJISL BCIX X MOXKHA MOJATH y BUIJISIAL HACTYTHOT PIBHOCTI:
= dr =
f)= A+ [px+ 0y () dt=A+ p*y (x), 2)
R

ne A=const, iHTErpal PO3yMIEMO SIK TPAHHIO MO CHMETPUYHHUX MPOMIKKAX, IO
PO3IIUPIOIOTECA, @ € M, TOOTO, esssup | () [< o,

= 1 - —ix
v ()= [y(x)e™ dx. 3)
2wy
Sxmo y, €A, v, €A’ TO nepeTBOpeHHS J(t) CYMOBHE Ha JIIACHIH oci (1uB.,
Harnpukian, [4]).
Hacnigyroun O.1. Cremanng [5], dyHkiito ¢(-) B 300paxeHHi (2) Ha3UBaIOTh
w —noxingsoo dyHkuii f()) i nosHauarots ().

. N7
Jnst wabnmuxenHss ¢yukmii 3 kimacie C M OyaemMo BUKOPHUCTOBYBATH
oneparopu Bamre [lyccena

L —

V, (f:x)= A+ f¥* 2, (), (4)

ne f e C V/M, a /Ig’ca(x) NEPETBOPEHHs BUrIAY (3) Gynkuii 4, (O (), B sKiit

ot

A () =1,0<t[<c, ,c<{tLo,0,0<t|, o>c=>1. (5)

Taxi omeparopu posrmsimanucs O.I. Crenanmem y pobortax [3, 4, 6], nme
MI0Ka3aHo, 1110 3a EBHUX YMOB V_ (f;X) HajlexaTb 0 MHOXKMHU &  LUIMX QYHKIIN

EKCIIOHEHITIaJIbHOTO TUTNY < 0, a y MEepiOAUYHOMY BHUIIAJIKY, TIPU HATypadbHUX O 1
¢, oneparopu V_ (f;x) cmiBnagarors 3 cymamu Bamne Ilyccena.

Hani, Hachinyroun [4], 3 MHOXHMHE 2 o0epeMo mHiAMHOXUHM 2, Ta F.
Kosxniit Gynxiii e 9 Vi>1 cnisctaBumo napy dyskuii 7(t) =y ' (v (1)/2)) Ta
u(0)=1t(n(t) - 1).

Toni: My ={w eM:0<u(y,H<K}, =M [ R, A=A R
f={y/eQ[:77'(t)£K2}, ne K,, K, — neski craii, sKi, MOXJIMBO, 3aJI€XKaTh BiJ
bynkuii y(z).

AnpokcuMaTuBHI BiacTUBOCTI omepaTopiB Bamie Ilyccena B Hamriii po6oTi
XapaKTepU3yIThCs (PYHKITIOHATAMH
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CuibHi cepenHi BiaxuieHb oneparopie Baie [lycena

H (f3x:0)=[a(@)| f(x) -V, (/i) do, d=1, p>0,
d
B AKUX a(0) — JesKa HeBiJ'€eMHa HelepepBHA NPH BCIX 0 > d (QyHKIIIS.

Hoknanemo: W = { _[ (|1(i |(t |))| } ;

E_(f)=infesssup| f(x)—@(x)|; c=oc—h 1 @:hmﬁ_

2 o0 O
¢eWo_ xeR

B HpHﬁHHTHX IIO3HAYCHHAX MAlOTh MiCHe TBCPIKCHHA.

Teopema 1. Hexau v, € F, i=1,2 il maki, o 3naiidymucs KoHcmanmu K, ma K,
0715 AKUX GUKOHYEMbCS YMOBA
0<K, <M<K <w, o>l. (6)
n(y;0)-o

Yucna h= h(o), obupaiomvcs max, wo o —heln ' (y,;o0),0l, i=1,2. Hexai, oari,

p — 0oginbHe dooamue yucio i pyuxyis a(o) maka, wo 00bymox a(o)| J(O‘) ” ne
3pocmae Vo >1.

. ~V : .
Tooi, skwo [ €C M, mo ons dosinerux d >1 euxoHyemuvcs HepisHicmb

IHP (fsx0)||e< K (@(d) |y (d) " ((d) - d)Eé’h(f'”)+fa(0)|W(0)lp E?,(f")do),
(7)

6 axit K — eenuuuna, sika ne sanexcums 6i0 f(-), d ma h; 6 axocmi @enuduHu
n(o)=n(o,y) mooce eucmynamu 6yow sxa 3 Qynxyit n(o,y,), i=1,2.

Teopema 2. Hexau w, €2, v, e, uucia o i h=h(oc), oc>h obpani maxum
yunom, wo 0<O<I1, p>0, a @yukyia a(c) maka, wo dooymox a(o)p(o), oe

P(o)= J‘Mdﬂ | 1/7(0') |, He 3pocmae Vo > 1.

: ~v : .
Tooi, skwo f€C M, mo ons dosinerux d >1 euxonyemuvcs HepisHicmb

| H (f550)||l.< K (da(d) B (d)E],(f*) + [a(0) BO)EL (fV)do),  (8)

6 ki K — eenuuuna, sika He 3anexcums 6io f (), d ma h.
3ayBakennst. Y Bumagky h=1, y,(o)=y(o) cos%, v,(c)=w(o) sin%,
peR ta

ﬂ;,l(t)=1,03t£0'—1,1—(t_GJrl)l//(O-),O'—lStSO',O,tZa;
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_ . A~y o .
esssup| f¥(¢)|<1, (1o0t0o, mnsa xinaciB Cp.) Teopemu 1 # 2 pmoemeni O.L
teR

Crenanniem ta H.JL Ilauymia [2]. 3a3Hauumo, 1m0 B aHAJIOTy TEOpeMU 2
posrisiaaerses auie Bunagok f=0. [ns cym @yp'e B nepioJuuHOMyY BUMAJKY Taka

3amayda Oyna po3s'szana O.1. Cremannem B [1].
2. JloBeeHHSI TEOpEM MOYHEMO 31 BCTAHOBJICHHS JESKHUX JOMOMIXHUX TBEPIKEHb.

Hexait f(x)-V, _,(f3x)=p,,,(fx). Benuuuny p_ _,(f;Xx) pO3rIsHEMO y IBOX
OKpPEeMHMX BHUIAJKaX, B 3aJEKHOCTI BiJ MIBUAKOCTI NpsIMyBaHHS [0 HyJA Mapu

dysxuiit v, ¥,.
Jemma 1. Hexaii w, € U,, v, e, yucna o i h=h(c), o> h=1 obpani mak, wo

®€][0,1), cmana a e (0,7c/h) .
Tooi Vf € C" M 6 koarcniii mouyi x € R

P i) = LEDL[ 5(04ySUTD g
' T t

%sms%
L j S(x +1) I(//z(s)sinst ds dt+ A, ,(f;%), (9)
[t|<alo 0

de S()= 1* (V)= p(v), @(v) — ynryin 3 mHooncunu W2 ,,. onsa axoi

E (D=l £ @) () |les 6= arcig?2),
V/1(0)

| A ([32) KK |y (0) | E, ().
Jlemma 2. Hexau vy, e F, i=1,2 ma euxonana ymosa (6), uucna h=h(o)
obuparomucs makx, wo c-heln ' (y,;0);0), i=1,2. Dyuxyii
a.=a(c)=ny,0c)-oc)".,i=1,2.

Tooi, axwo [ € (Afw./\/l, mo Vx e R i diticnux wucen o> h>1,

o sin(ot—0
Pros 0=y, DL [ 50 IO g ) s )+ 2 s 5),

maS\I\SMa
(10)

oe v, =sign(a(a)—%), m, =min{a(0');%}, M, =max{a(0),%}, 8 ponai yukyii
a(o) mooice sucmynamu 0yov-axka 3 @yukyii a(o),i=1,2, 5(v)=fa(v)—go(v),

P(v) — Qynryis 3 Waz_h, onasaxoi E__,(f)=|| f”j(x) —o(x) ||, 0=arctg ‘//zEU; i
yi\o

|d¥(a; f3X) < KE, ,(f) v, (o),  i=1,.2. (11)
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CuibHi cepenHi BiaxuieHb oneparopie Baie [lycena

_ a2
3. Hexaii d >1 1 ;/(d){n(d) d, y,y,eF;

d, w, e, w, eUy;
R lp
AL(f30)= [% R da) . p>o0. (12)
d

Hactynaum kpokom y noBefeHHI TeopemMu | ¥ Teopemu 2 Oyne Take
TBEPHKCHHS.

Jlemma 3. Hexau y,eF, i=1,2 u icuyromv xowcmamwmu K,, K, ora axux
suKoHyemscs  ymosa  (6), uucra h=h(oc) obupaiomeca  maxk,  wWo

o-heln(y;0)0], i=12.
Tooi, axwo fe(A?W/\/l, mo 0151 6yov-akux xeR, d>1, p>0
A7 ([0 <KE, (") |y ()] (13)
Axwo oic €U, v, e, uucna o i h, c>h>1 obpani max, wo O €[0,1),

cmana a € (0,7o/h), mo VxeR, d>1, p>0 ifeaw./\/l

_ (% t —
A(f3) < KEMUW)[ J Dt o) j (14)
d
V cnissionowennsx (13) i (14) K — senuuuna, axa pisHoMIipHO oOMediceHa no o,

~v
hma feC M.
JloBenenHs. 3 HepiBHOCTI [ 'enbaepa BumimBae, o BenuuuHa A7 (f;x) He crajgae 1o
napameTpy p, Tomy HepiBHocTi (13) ta (14) mocuTh noBecTd jauiie Tpu p > 2.

Crnovatky noBeneMo HepiBHICTSH (13).
Bukopuctoytoun piBHicTh (10) Ta HEpiBHICTH MiHKOBCHKOTO, OTPUMAEMO

7(d) -
A (f ;x)S(ﬁ ! |VQ|L;)|%S|L%@XQHW_g)dt ” do)'’ +
1 y(d) . _ lp df
K[m £ (@) E,,(/") da] =1 +1,. (15)

Ockinbku GyHKITIA | 1/_/(0') |\E_,(f "7) HE 3pOCTaE, TO

l/p
1 —_ — _ _
< K(m () E2,(f")n(d) - d)j =K|p(@d)|E, (/). (16)
Hepeﬁz[eMo J0 BCTAHOBJICHHA OHiHKI/I BECIIMYNHHA Il. BiI[SHa‘II/IMO, 11(0)

| 5(xt+ D sin(ot - 0)dt

m_<[t|<M
a a
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a(d) a(o)
_ I@sm(m—mdﬁ f O D Gin(or—0)d].
7lh a(d)

3acTOCOBYIOUYM HEPIBHICTH MIHKOBCBKOI'O, OJIEPHKUMO

1/p
- 1(d)| a(d) P
[ <@l 1 Ot Gin(ot—0)dt| do| +
4 ]/(d) d lh t
- (@) a(o) r v
77 “ df * sk
Jy@f 1 O Gin(ot—O)dt| do| =I'+1". (17)
T 7/(d) d | a(d)
Haui,
" w(d)||“CS(x+1) — ; d
I, £ max v (@) (x )sm(O't—H)dt <K|y@d)|E,,(f¥) max lny( ) :
oddn@ T | 2 ocdn@i|  y(0)
OckinbkH, siK 0yJ10 BCTAaHOBJICHO B po0oTi [8] (cmiBBimHOMmeHHs (14.21), ctop. 239),
0<k <Dk seldna)l, (18)
y(o)
TO B
19 <K |y ()| E, (/). (19)
J171s1 OLIIHIOBAHHS 1HTErpaia /; 3acToCyeMo HepiBHICTH Xaycaopda-lOnra:
o0 0 q Va © 1/q
Lj ijf(t)e—mdt dx| < ij|f(x)|q dc| ,fel, 1<qg<2,
27?2 |27 2, 27 2, !
4
q 1—g .
| O0D  em, M,
3 miero MeToro noknagemo O (¢) = t
0, te(m, M,].

Tom

(@ _(1)sin(o1 - 6)dt

—00

polw@lf 1y
Loz @)y

p l/p
do| <

SKJ(d)(y(d))“P[ T iecbx(r)sin(at—e)dt daJ <
a(d) p |
<K |w(d)|(y(d))™" .' Olx+1) sin(ot —6)dt| | <
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CuibHi cepenHi BiaxuieHb oneparopie Baie [lycena

<K |w(@d)|(r(d) " E,_,(f*) (@)™ —(z/)~"" "'
Ockinekn o —he[n ' (y,;0),0], To, 6epydn 10 yBaru HepiBHOCTI [4]

C\ PSS P
1 _nyo)-o o-n Wi0)

> 25

2 o-n'(yio) n(y;0)
AK1 COPABKYIOThCs Vi € ' 1 BCIX 0 21, 3HaX0AUMO
h h O Wi g s, (20)

nyio)-o o-n'(y;0) ny;o)-o

Atomy (7(d))" |(a(d)™" — (&)™ "< K.

Otxe,

L <K|p(d)|E, (/") 1)

[TopiBurotoun criBBigHomeHHs (12) Ta (15) — (21) npuxoaumo a0 ouinku (13).

[Tepeiinemo 10 noBeacHHsS HepiBHOCTI (14).

BuxopucroBytouu criBBigHomeHHs (9) 3 1emu 1 Ta HepiBHICTH MiHKOBCHKOTO,
3riIHO 10 piBHOCTI (12), oTpuMaeMo

p P

AP (fix) < %}M | @sin(m—e)dt do | +

d A<z
l/p

p
2d
1

+§I

d

- ,[5(x+f)jl,’/2(8)sinstdsdt do| +

[t|l<alo c

df

+K[§ [ty E,, <f‘”))”daj =Jy+J,+ s (22)

Ockinbku GyHKIis |p(0) | E_.(f "7) HE 3pOCTae, TO

Jy <K |p(d)| E,,(f*). (23)
Jlani Mu ckopucraeMocs criBBigHOIIEHHIM (5.5.4) 3 pobotu [7] (cTop. 236),
Opu JOBEACHHI SKOTO mepioguuHicTh (yHkuii f(-) 1 BkmodeHHS o €N He

BUKOPHUCTOBYBAJIMChH, & TOMY

% j j%(s)sinsr ds| dt =% j | “’2:”|dz+0(|a(a) ). (24)
|t|££ o o
bepyuu no yBaru criBBigHomeHHS (24), MaeMO
_ 2 0 ¢ _
J,< 2Ed,,<f*”>[; [V Dlar s omlv(e) j 25)

3aIMIIa€ThCsl BCTAHOBUTH aHAJIOTTYHY OLIHKY 1 Ui IHTerpana J,|.
[Tpu kokHUX (PIKCOBAHUX X Ta O MOKJIAAEMO
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Cumin €.C.

o(x+1)
, |tlela/o, n/h];
g ()=1 t
0, \t|g[a/o, m/h).
3actocoBytouu HepiBHICTH Xaycaopda-FKOnHra oxepxumo
- o | p 1P
JISM[L i 74,02 D ingon - oy da} .
7 \d|° t
l/p P up'
< (l) [ 00D Gin(ot—0) di| <
d alo<|t|<z/h
1/p'
1 1/p B dt 4 1 lp _
< (3} Ed—h (fy/) J 7 < K(Ej Ed—h (fy/) (26)

Lep<Z
o h

[Tpu 3HaXO0MKEHHI 1i€1 HEPIBHOCTI MU CKOPUCTAIHCS TaKoxk yMoBowo O €[0,1).
3i cniBBimHOMIEHB (22) — (23) Ta (25) — (26) BunmuBae HepiBHICTH (14).
Jlemy 4 ocTaTO4YHO TOBEACHO.

4. Tlepeitnemo Oe3mocepeHLO A0 TOBEICHHS TeopeMH 1.
Hexait d, =d, d.=n(d,_,), ieN. Toxi

) © di+1
HP(f3x5:0) = [a(0)| py o 1 (f30) 1) do = [a(0)| p,, ,(f:0)I do.
d =0 ¢
Oo6epemo uucna o, €ld,,d,,,], i=0,1,2,... Buxondauu 3 ymMoBH a(0;)= max a(0).
oeld;.d; 4]

3rigHo 3 IEMOI0 3, MAEMO

di+1 di+1

[ ) 9y s (F:00F do20(0) [ | £y (f1) " do < K0 W (@) E, (" )7(d).

d; d.
i i

Touy HP(fixia) <K a(0) W) Ef,(f*)r(d) =

i=0

= Ka(o) [w(d) " EL,(f () + K Y a(o) p(d)P E] (/). 27)

i=1
Agte, SIKIIO Y € F, TO, 3riHo 3 (18), 7d) <K. Otrxe,
i—1
HP(f3x50) < Ka(o) [w(d)” EL,(f")y(d)+KY a(e) |y (d) [ E,(f*)(d).
i=1
(28)
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CuibHi cepenHi BiaxuieHb oneparopie Baie [lycena

DyHKITIS a(a)|&(0') |”  He 3pocrae 1 w(d)=2y(d,). BignosigHo,
vo—i € [di’diH]

a(o)|y(d)I"=a(e)2" |y(d,)'< 2" a(o) |y ()< 2 ald) ly(d)]".
Towmy, 3ri1HO 31 CIIBBIIHOIIIEHHSM (28), 0JIepKYyEMO MIyKaHY OILIHKY:

HP(f150) < K@@ W@ EL ) + Y @) ) B (@)=

<K@ [y EL, () + Y [ @) [p(@)l EL,(/))do)=

-1
i

= K(a(d) |y EL,(f))y(d)+ [a(@) |y (o) EL,(f")do).  (29)

Teopema 1 noBeneHa.
5. JloBeneHHs TeopemMu 2.

Hexaii d, =2'd, i e N, Toxi, 3riaHo 3 qemoro 1,

w 2i+1d w 2i+ld
HP(fixa)=Y [ a(0)]p,, ([0 do<Yya(o) [ |p,, (fi0) do<
i=0 2ig i=0 2ig
<kYaa;, ()| [y ar | (30)
i=0 2ig
ne o, €[2'd,2"'d] iTaki, mo a(c,)= max (o).
oe2 a2t ay

B monorpadii [7] (crop. 391) nnsg HarypaidbHUX 3HA4€Hb d BCTAHOBJICHO
OIIHKY

22 ‘/’zt(t) Lt (@< | @dt + Al (Qd)|, A=const. (31)
d 2d

AJle BOHA 3aJMIIAETHCS BIPHOIO 1 B HAMIOMY BHMAaAKy Vd >1, OCKUIBKA mpU ii
JIOBEJICHHI HE BUKOPHUCTOBYBAaBCS ToM (pakT, mo d € N.

AG]
-5

Beenemo noznauenus: f(o) dt+| J(G) |.

3rigHo 3 yMoBoto, uncia a (o)’ (o) He 3pocratoth. ToMy, BpaxoByrouwn (31),

OJIEP’KUMO
a(o)p"(d) < Ka(o,)p’(2d,) < Ka(o,)f"(0,) < Ka(d)"(d))
3acTOCOBYIOYH 110 OIIHKY A0 HepiBHOCTI (30), 3HAX0UMO

HP(f3x50) < idia(dimp(di)E;;h (/") < K(doa(dy) B (d)EY ,(f*)+
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Cumin €.C.

i-1

fij—" [ a(0)8"(©@)EL (/" )do) <

< K(da(d)B" (d)E] (/") + [a(e) B (0)EL (/" )do).

Takum urHOM, T€OpeMa 2 OCTATOYHO JIOBE/ICHA.
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JBokonsoposi O— i N—ugiarpamu

YAK 519.115.1: 519.175.3

CropoxunoBa 0.B., CtopoxunoBa H.B., Kagy6oBcbkun O.A.

ICmyOeHKa 5 kypey 2 epynu izuxo-wamemamuunozo gaxyrememy CHIY,
ZCmy()emmz 5 kypey 2 epynu izuxo-wamemamuunozo gaxyrememy CHIY,
I Toyenm kagpedpu ceomempii’ ma memoduku suxiadanns mamemamuxu CIITY

JABokoaBOpOBI O— i N—niarpamu

Bceranosneno dbopmynu ais mipaxyHKy 4HCHa SK HEI30MOPPHUX (3 TOYHICTIO 0
MOBOPOTY), TaK 1 HEEKBIBAICHTHUX (BIAHOCHO Jii  JI€ApaJIbHOI  TPYIIH)
ABoKoNbOpoBUX O — 1 N —piarpam 3 n Xopaamu. [I1s moYaTKOBHX # HaBEIEHO
Hei30Mop(HI Jiarpamu 3 BKa3aHUX KJIaciB.

Kuaruosi ciioBa: xopoosa Odiacpama, uyukniuma 2pyna, epyna oOiedpa, Jiema
bepucauoa.

1. OCHOBHIi MOHATTS Ta BU3HAYEHHS

Osnauenns 1.1. Hexail Ha riommHI 3a7aHO KOJIO 1 27 TOYOK HA HBOMY, SKI €
BEpIIMHAMU MPAaBUIBHOTO 271 —KyTHUKA. P0316’€MO 111 TOUYKM Ha 7 map 1 3’ €IHAEMO
KOXKHY Taky napy xopjor. OTpuMaHy KOHCTPYKIIIIO (KOJIO 3 7 XOpAaMu Ha HbOMY)
Ha3MBaIOTh XOPJIOBOIO JIlarpaMoro 3 7 XopaaMu, ado k #n — aiarpamoro (puc. 1 a)).

12
10 3
9 4
8 5
a) 6
Puc. 1. a),b) XopnoBa 4 —giarpama; ¢) 2 —Koib0poBHii 271 —madaon

Hexait D — xopmoBa miarpama 3 27 BepIIMHaAMHU. 3aHYMEPYEMO OCTaHHI
yuciaMu Big 1 A0 27 PYyXalouyuch 3a TOJMHHUKOBOIO CTPUIKOIO BiJ JIEAKOI
¢dikcoBaHOi TOYKU Ha Ko (puc. 1 b)). [ToOynyeMo nepecTaHOBKY « (1HBOJIIOIIIIO)

a b a b, .. a b
1 1 2 2 n n

ae  a, 1 b, — HOMepu BEpUIMH Jilarpamu, siki crosydeHo xopnaoro. Hagami Oynemo

BBa)XAaTH, IO BCl 7 —jiarpaMu OynyroTbCcs Ha OCHOBI 2n —1mabinoHy — puc. 1 b).

Toni koxHa giarpama D = D(a) OJIHO3HAYHO BM3HAUYAE NIEPECTAHOBKY < 1 HABIIAKH.

Osnavenns 1.2. TlepecTaHoBKy «, IO BH3Hauae XopnoBy miarpamy D(a) Ha

1a0JI0H1, OyAEMO Ha3UBATU CKJICHKOIO,  MHOKUHY TaKMX CKJIEHOK Mo3Havatu B, .

B noganemomy niarpamy D(a) Ta 1i CKJIEHKY OyJ1IeMO OTOTOXXHIOBATH.
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Osnavenns1 1.3 2 —KOJBbOPOBOIO XOPIOBOIO JiarpamMor0 OyAemMO Ha3uBaTu
n —aiarpaMmy, AyTd KoJja sKoi mo 4ep3i po3hapOoBaHO y JBa KOJIHOPU TakK, 110 OYy1b-
AKl CycCiaHI Ayru pizHoro kospopy. Hamami 2 —xonbopoBy n—aiarpamy OyaemMo
MO3HAa4YaTH D:, a MHOKUHY BCIX TaKMX Jilarpam — S: .
O3navenns 1.4 2 —KoIbOPOBY 7 —Jiarpamy, ska HE MICTUThH (MICTHTbB) XOpJ, IIO
CTHOJIY4aloTh BEpPIIMHHA 3 HOMEpPaMH OJIHAKOBOI MapHOCTI, Oynemo HazuBatu O — abo

K N — iarpamoro, a MHOXKHMHY TakuXx JiarpaM no3xadatd 3° Ta I BiAIOBiHO.
Osnauvennsi 1.5 Ckieiiky «, sika Bu3Hadae miarpamy D’(a), OyaeMo Ha3uBaTH
O — ckueiikoro (N — ckielikoro), ko giarpama D' («) € O— abo N — miarpamoro
BinoOBiHO. MHuOXUHY O — cKieiok ( N — ckiieiiok) 6ynemo nosnauatu B, (B)).
Osnavenns 1.6 JIBi giarpamu D, () i D,(a') Ha3uBaiTh i30MOPGHUMH, SKIIIO
OJIHY MO>KHa OJIEpaTH 3 1HIIO1 B pe3yJIbTaTli MOBOPOTY HABKOJIO CHIIBLHOTO ILIEHTPY.
Osunavenns 1.7 [liarpamu D/ («) i D,(a') Ha3uBaoOTh CKBIBAJICHTHHMH, SKIIO

BOHU € a00 130MOppHUMH, a00 X OJHY MOXHA OJEp)KaTU 3 1HIIOI B pe3yJbTari
MEePEBOPOTY (I3€pKATBLHOTO BIAOUTTS) Ta MOBOPOTY HABKOJIO CIUIBHOTO IIEHTPY.
Osnavenns 1.8 Biccio cumerpii [, ,,,, 2—KoabopoBoro 2n—1mabioHy Oynemo

HA3WBaTU MpsAMY, IO NPXOAUTHh 4Yepe3 IeHTP MAOJOHYy Ta CEepeAuHy IyTH, IIO
BU3HAYAE€THCS BIAMOBITHUMHI HOMEpaMu BepiuH k 1 k+1 (k=0,...,n—1).

Osnavennst 1.9 Jliarpamy D’(«r) OyneMo HasMBaTH CHMETPHYHOIO, SKIIO BOHA
CUMETPUYHA BITHOCHO AESIKOI OCl CUMETpii I1a0I0HYy.

Teepmxenns 1.1 [4]  [liarpama D"(&r) € CUMETPHYHOIO BiTHOCHO OCi [, =1, .,
TOAi i JMIIe TOMI, KONM 3 KOXHOI mapoio (a,b)€a OCTaHHS MiCTHTH il mapy
(a.5)): a,+a, =2k +1mod(2n), b, +b, = 2k +1mod(2n) Vi=1,..,[%].

Osnavenns 1.10 [luxniyny rpyny nopsaky 27, HOPOJKEHY MEPECTAHOBKOIO

I 2 .. 2n-1 2n .
o= , 0ynemo nozHavatu C, ={o |k=1,2,...,2n}.
2 3 ... 2n 1

Osnavenns 1.11 Llukniuny rpymy HOpsAAKYy 7, HOPOIXKEHY eleMeHTOM & =0,
6ynemo nosnauatu C, =1{& |k =1,2,...,n}.
He Baxxko 6auuTH, 1110 BC1 CUMETPIi ABOKOJILOPOBOTO 271 —I1abIoHY (pHC. lc))

HOPOKYIOTECS TIOBOPOTOM & (Ha KYT @ =3%) 1 OCbOBOIO CUMETPI€I0 (A3epKaIbHUM

BIIOUTTSIM) b

5_1 2 ... 2n—-1 2n b—l 2 ... 2n—1 2n
3 4 .1 2 ) T \2m 2m-1 .. 2 1

TakuM uynMHOM, BCi CHUMETpil JBOKOJIBOPOBOTO 27 —IIA0JOHY CKIANAIOThC 3 21
eneMenTiB D, = {fi,rl. =bol'|i= 1,...,n} i YTBOPIOIOTH TPyIy Aieapa HOpSaKy 271.

binbir moBHy iHGOpMaIliI0 MOKHA 3HAWTH, HATPUKJIA B [2—4].
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2. Yucio nBokoasopoBux O — i N —giarpam

Jlobpe Bigomo (nuB. Hamp. [1]), MmO Yucao BCIX 7 —JiarpaM MoOyJAOBaHUX Ha
1a0JI0H1 (IOTYKHICTh MHOXKUHH J, ) JOPIBHIOE uncity d, = (2n—1)!!= %
Toai mMOTYXHICTh MHOXKHHH 3 BCiX 2 —KOJIBOPOBUX 71 —aiarpam JOpiBHIOE 2xd ,

00 Iyry KOXKHOI 7 — JliarpaM MokHa 1odapOyBaTi TOYHO Yy JiBa CTIOCOOH.
TBepmkenns 2.1 Yucno HeizoMoppHUX 2 —KOJBOPOBHX 71 —JlarpaM CIIBIaiae 3
YUCIOM  HEI30MOpPPHUX 2 —KOJBOPOBUX 1 —jiarpaMm, TMOOyJIOBaHUX  Ha
2 —KOIbOpPOBOMY 271 —1maboHi (3 pikcoBaHUM po3hapOyBaHHSIM AYT KOJIA).
JloBeieHHsl. JIist moBeneHHST JOCTaTHBO TMOKA3aTH, MO JJIsi KOXKHOI Jiarpamu

D*(a) € T, , orpumaHoi Ha 11a0JI0Hi 3 PpikcoBaHUM po3(apOyBaHHIM, iCHYE Aiarpama
D' (¢')eJ, (orpumaHa Ha IBOMY K MIAOJOHI), sfKA MPU 3MiHI KOJNBOPIB Ha
aJbTepHaTHBHI € i3oMopdHolo D' (). Hexait a =(a,,b,)...(a,,b,) € B,,. Posriusnemo
ckieiiky ' = (a, +1mod(2n),b, +1mod(2n))...(a, + 1 mod(2n),b, + 1 mod(2n)) € B,, .

OueBunHO, o giarpama D' (') € I, TOOTO HANEKUTH MHOXKHUHI JiarpaM IabIoHy.
He Baxkko OaunTH, IO SKIIO 3aMiHUTH KOJBOpH Ayr miarpamu D' (') Ha
aIbTEpPHATHBHI Ta MOBEPHYTH ii Ha KyT w=22 (IPOTH T'OJMHHUKOBOI CTPIJIKH), TO
D' (a)=D(a). O

3ayBaxkenHsi 2.1 OCKUTBKM KIHIIEBOIO METOI € IMAPaXyHOK 4YHCIAa CaMme

HE130MOp(GHUX 2 —KOJBOPOBUX # —Jiarpam, TO Hajgadi OyJaeMO pO3TJsiAaTd JIMIIE Ti
Jiarpamu, sIKi OJIEp)KaHO Ha OJHOMY 2 —KOJbOpOBOMY 271 —miabmoni. Tomy 3a

: . . 2n)!
MOTYXXHICTh MHOXXHUHU I, CITiJl IPUIHHSTH BEIHIUHY ‘S: =2n-D= (2n) (1)
2" - n!
~0| _ o | _
Teepakenns 2.2 ‘\Sn = ‘an‘ =n! (2)
/loBeneHHs. 3a o3HaueHHAM O —CKJIEMKM HE MOXYTh BU3HAYaTH XOpI, fAKI

CTIOJTY4al0Th BEPIIMHH MIA0JIOHY 3 HOMEPAMHU OJTHAKOBOT TTAPHOCTI.

Takum unnom, O —ckneiika o mae Bux: o =(1,5,)3.,b,)...2n-3,b, )2n—-1,b,),
ne b, — mapHi HoMmepHu BepiiuH mabnoHy. OueBuAHO, WO: b, MOKHA 00paTH n
cnocobamu; b, — n—1 cnocobom; ... b, — i cnocodamy; ... b, — 1 cnocobom.

Takum yuHOM, icHY€e TouHO 1! O — CKIICHOK. O

. ~N| N | _
Hacainok 2.1 [3)]=[B),|= @n-11t-n! (3)
3. Ywuci10 Hei3oMOp(PHUX ABOKOJIbOPOBHUX AiarpamM

~

Sk BurumBae 3 poboru [3], nuukiiyHa rpyna C,, Ji€ HA MHOXHHI J, XOpAOBHUX

n —Jlarpam siK CHpsAJMCEeHHsl, & CaMe
Teepmkenns 3.1 JIBi giarpamu D(a) 1 D(f) 3 T, € 130MOophHUMH 130MOPHHUMHU

(mix miero rpynu C,, ), Toai i mamwe toxi, konu 3i€{l,...,.2n}: a=0"ofo0o".
l' . .
Ilepecranosry o' €C,, Ha3MBalOTh  aBToMop(dizsMOM  jiarpamu

D(a)e3,, xeB,, ,axkmo a =0 "'caco’.
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B po6otax [2] 1 [3], BCTAaHOBJIEHO, IO YKCIO HEI30MOP(MHUX JiarpaMm 3 Kjiacy
3, Moke OyTH MiJpax0oBaHe 3a JOIIOMOI'OI0 CIIBBIAHOIIEHb

= @n-D)it+ D #(2)-p(ni)|, ne
i2n,i#2n
(z'—1)!!-(2,—.n)3, 2 =2]+1
p(n,i)= i/2 . 4)
dCr =D (&), 2=2]

r=0
MJICYMOBYBaHHSI BEJIEThCS 3a BCiMa JUIbHUKAMU [ 4ucia 2n (okpiM 2n); ¢(q) —
dbynkuis Einepa (uncimo HaTypadbHUX MEHIIHMX 32 ¢ YHCEN 1 B3a€EMHOUPOCTUX i3

HUM); p(n,i ) — YHCIIO 1 — JAiarpam, IS SKHX MePeCTaHOBKa ¢ € aBTOMOP(i3MOM.

3ayBaxkenHsi 3.1 OueBuaHO, 1m0 "HE KOJBLOPOBY" JiarpaMy MOXHa IOBEPTATH Ha
JOBUIBHUH KyT @ =i-2%,0<i<2n. [IoBOpOT 2—KOJBOPOBUX AiarpaMH KOPEKTHO
BU3HAYCHHM JuIIe A "mapHuX KyTiB" (i =2m), OCKUIbKY MpPU HEMAPHUX 7 KOKHA
yopHa (0171a) ayra JiarpamMu HakJIaJlaeThcs Ha OUTY (YOpHY) AyTy IabJIoHY.
Teepaskenns 3.2 Jliarpamu D, =D’(a), D,=D"(a')eJ, ¢ isomoppuumu Tozi i
JUIIe TOJl, KOJM OJHAa CHPsOKeHA I1HINIM TiJ 1€ JIeIKOrOo TapHOTO CTEMeHs
LUKJIIYHOI IEPEeCTaHOBKU 0, T00T0 D, =D, < 3dme {1,...,n} ca=0"oq oo™
3 ypaxyBaHHSIM OCTaHHBOI'O Ta CITIBBIIHOIIIECHD (4) MaeEMO
Teopema 3.1 JIisi OBITBHOTO HATYpalbHOTO n>2 uucino d. Hei3oMophHHX

Jiarpam 3 Kjacy 5, MO>KHA OOYHCIIMTH 3a JOIOMOTOO CIIBBIJHOLICHb

_1 (2n DI+ > () Fix (6) |, ne (5)
e ’
m—-11-(£)", (£)=20+1
Fixg ()= Sci-@r-n(z), (2)=2 ©
Fixs*( ") — uncno giarpam 3 3 ;m SIKHX [IEPECTAHOBKA 02" € aBTOMOP(I3MOM.
4. Uncio neisomoppunx O— i N — giarpam

3a gnemorw bepHcaiima uymcino HeizoMOppHUX 2 —KOIbOpoBUX O —miarpaMm
(nopomkerux O — ckieiikamu 3 BY ) MokHa 00YHMCIUTH 32 (OPMYIIOK:

> #(4)-Fix_o (™) |, me (7)

*(0) ‘

kln, m#n

Fix , (&)= ‘«{D(a) Sl 5"‘ cqoot = a}‘ = ‘{a eB | &+ 2kmod(2n) = a}‘ -

n

. k 2k :
YHCIIO Jiarpam, JJIs SKUX IMepecTaHoBka & =0~ € aBTOMOP(]i3ZMOM.
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Jlema 4.1 J]ns1 JOBIILHOTO HATYPAJILHOIO 1 =i -m MAa€ MICIIE PIBHICTb

Fix_, (™) = ()!- (?j (8)

JloBeieHHsI 3BOJMTHCS 0 3ajladl PO MiJIpaxyHOK uuciia BCix O —ckaetiox o, 110
3aJI0BOJIBHSIIOTH YMOBY: & + 2k mod(2n) = « . Bci Taki ckiieliku MaroTh BHU]T

a=(1,b)(3,b,)..2i - 1,b)...2n—-1,b,), ne b, €{2,4,...,.2n} Vi=1,..,n, b #b,.
k=1: ockimbku a+2mod(2n)=a, 10 b, =b,  +2. Ane x TOAl BCl Takl CKIEHKH
MaroTh BU/I: a=(1,b)3,b+2)5,b,+4)..2i —1,b, + 2i = 2)...2n—1,b, + 2n - 2).
OueBHUHO, 110 YHUCIIO TAKUX CKJIEHOK JOPIBHIOE 7.
k=2: ockimbku a+4mod(2n)=a, 10 b,=b, , +4. Ane x Toal BCl TaKl CKIEHKH

i

pO3NafaroThes Ha JIBI NIACKIEHKU ¢, Q, . O = Q; A ¢, , SIKI MalOTh BUJI:
a=(1,b)(5,b,+4)(9,b, +8)...(4i =3,b, +4i—4)...2n=3,b, + 2n—4) A
~G3,b,)(7,b, +4)(11,b,+8)...(4j-1,b, +4j—4)..2n—-1,b, + 2n—4).
OcCkUIbKM 27 TIOBHHHO JUIATHCS Ha 4, TO, OYEBHIHO, o #n = 2m. He Baxko
MOMITUTH, IO B MIJCKJICHKaxX 1HIAEKCH i, j =1,...,m.
AJie X TOJ1 YMCII0 BCUX TAKUX CKJICHOK JTOPIBHIOE 2m - (n—m)=2m-m.
k=3: OckUIbKH 271 MOBHUHHO OIIATHCS HAa 6, TO, OYEBHIAHO, IO 71=23m.
Ockimbku @ +6=a, 10 b =b,+6 Vie{4,.,n}. Tom Bci Taki CcKieiikn
pO3MafaThes Ha TPU MIACKIEHKU O, X,,0;: O =0 A0y A Q; 1 MAIOTh BUIL:
a=(1,b)(7,b,+6)(13,b, +12)...(6i = 5,b, + 6i — 6)...2n—5,b, + 2n—6) A
~(3,b,)(9,b, +6)(15,b, +12)...(6j =3,b, +6j —6)...2n—3,b, + 2n—6) A
A(S,b,)(11,b, + 6)(17,b, +12)...(6r —=1,b, + 61 —6)...2n—1,b, + 2n - 6).
He Baxko momiTuTH, 110 B MiJCKJICHKaX 1HACKCH I, j,» =1,...,m. ToMmy ducio
BCIX TaKUX CKJIEHOK CTaHOBUTH 3m-(n—m)(n—m)—m)=3m-2m-m.

k=i: OckUIbKH 21 TOBHHHO JUIMTHCA Ha 2i, TO, OYEBUIHO, IO AN =I-m.
Ockinbku « + 2i =@, TO BCl CKICHKH PO3MAJAIOThCA Ha [ TMIJACKICHOK, B KOXHIN 3
AKUX 10 m map. Takum 4MHOM, TOBTOPIOIOYX MIPKYBaHHS, aHAJIOTIYHI THM, K1 OyiH
BUKOPUCTAHHI B TEPIIUX TPHOX BHITAJIKAX, OTPUMYEMO, IO YHUCIO BCIX TaKUX
CKJICIOK CTAHOBHTh

im-(im—m)-((l'm—m)—m)-...-m=1L[Z-m=i!-mi=(i)!-(%)i,

110 ¥ TOBOJUTH CIIPABEIJIMBICTh CITIBBIIHOIIEHHS (§). O
Hacainok 4.1 Yucno Heiz3oMoppHUX jiarpaM 3 kinacy J. Moxe OyTH oOuHCIIEHe
3a (OpMyJIOIO
. 1 n) . (nY
a@ =Y e gl 2] a2 ©)
n ilni#n l l
Hacainok 4.2 AV =d -d"”, (10)

Matemartuka 45



Cropoxunosa O.B., Cropoxwunosa H.B., Kagy6oscekuii O.A.

5. Ymnciio HeekBiBajieHTHUX O —Aiarpam
3a nemoro Beprcaiina unciio opOiT rpymu mepecTaHoBOK D)

2n

IO J1€ HAa MHOXHHI

SnO , MOKHA OOYHMCIIMTH 3a JOIIOMOI'OXO CITIBBIIHOIIICHHS

» l (&
51O = ‘DZH Zle 0(77)_—” ;Fmsg( ) Zleg 7.)|, e (11)

7,=bo &', Fix_,(n)=
SIKUX 717 € aBToMOpdizmMoM. 3i CHiBBi,[[HOIHeHI) (9), (11) maemo

eﬁwzi gL :ZFmo ). (12)

77eD2

{D(@)e3)|a=n"oaon, neD;,|

— YHUCJO miarpam, IS

Ockutbky yucno O —paiarpaM CUMETPUYHUX BITHOCHO KOKHOI OCl JIBOKOJIOPOBOI'O
2n —1mabJIOHy € OJIHAKOBUM, TO

510 = %(d}:(m +Fix_, (T”)j - %(d:(o) +Fix_, (b)j (13)

Jlema 5.1 UYwucno O —piarpaM, CUMETPUYHUX BITHOCHO JOBUIBHOI OCI CHUMETpii
JIBOKOJILOPOBOTO 27 —IMIA0JIOHY MOYKHA OOYHCIUTH 3a JOTIOMOTOIO CITiBBiTHOIIICHD

D Cr@2m—-i)-D, n=2m
Z°(my=1"" (14)
D Qm—-i-Dl, n=2m+1

i=0

JloBe1eHHSsI. Hexait D"(ar) — miarpama, cumeTpudHa BigHOCHO oci /,. Tonxi 3
KO’KHOIO Xopaorw H.(2i—1,b)ea cknedll o HANEKNATh I CUMETpUYHA 1 XOpAa
H.(2n-2i+2,2n—b,+1). OueBuaHo, 0 MOXIMBAMH € CUTyalii, KOIH XOpia
CHIBIIJIAa€ 3 XOPJOI0 iif cumMeTpuuHoro. Taki Xopau Ajist 3py4HOCTi Oy/1IeMO Ha3uBaTu
Hepyxomumu a00 K CamoCUMempudHuMU.

He Baxxko MOMITUTH, IO MPH MAPHUX 7 = 2m YHCIO HEPYXOMHUX XOpI MOXKE
OyTH nuIIie TapHUM, a IPU HEMAPHUX 7 = 2m + |1 — TuIe HemapHUM.

Posrnssnemo Bumanok, xkonmu n=2m. IcHye nume m+1 CyTTeBO pi3HUX
BUIIAJIKIB, KOJH Jaiarpama Mictuth TouHo 2i (i =0,...,m) Hepyxomux xopa. Ti, 110

3anumuiucs 2(m —i) Xopj, He MOXKYTh OyTU HEPYXOMHUMH 1 yTBOPIOIOTh (m —i) map
B3a€EMHO CHUMETPUYHHMX XOpA. Yuciao crnocoOiB YTBOpEeHHS (m —i) Takux Tap
CTaHOBUTD
Cj(m_i) Copiyy - C -Gy CQm—i))!
(m—i)! C(m—i)- 2
Ockinbku MU posrisgaemMo Jjwmimie O —aiarpaMd, TO HE MOXe OyTH XOpJ, IO
CIOJTyYal0Th BEPIIMHU 3 HOMEpPaMH OJIHAKOBOi mapHOCTi. O4YeBHIHO, IO KOXKHA

HEpyXoMa XOpJAa CIOJy4Yae BEPIIMHU PI3HOI MApHOCTI. YTBOPEHHS Map B3a€EMHO
CUMETPUYHUX XOPJ CI1J pO3YMITU KEPYIOUUCH TPABUIIOM:
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KO>)KHOMY BHOOpPY 2 TOUOK 3 HEMApHUMU HOMEpaMH d,,d, OJHO3HAYHO CTABUTBHCH Y
BI/IMOBIHICTL Mapa TOYOK 3 NApHUMH Homepamu a, =a,(a,), a,=a,(a,) (nuB.
Teepmxennss 1.1). B pesynbraTi onepXKMMO Tapy B3a€EMHO CHMETPUYHHX XOPJ
(al,a'z);(az,a{) . Takum 4nHOM, IIpU 1 = 2m

2= 3 s =3 (2m =1y

VY Bumanky n=2m-+1 MOXIHBI JHIIE m+1 CYTTE€BO PI3HUX BHUIAIKIB. A
came, KoM Aiarpama MicTuTh To4HO 2i+1 (i=0,...,m) Hepyxomux xopx. Ti mio

sanummcs 2(m —i) XOpAu HE MOXYTh OyTH HEPYyXOMUMH W YTBOPIOIOTH (m —i)
rap B3aEMHO CUMETPUYHHUX XOPJ.

[IpoBiBIIIM aHANOTIUHI MIPKYBaHHS y BHWIIAJIKy 7 =2m, MAaEMO HACTyIHUH
pe3ynbTar

2(m—1i))! <

ZO n 21+1 ( . — 21+1 2 m—i 1 O
( ) Z 2(m71).(m_l-)! ;}: ( ( ) )

Teopema 5.1 Yucno op61T TpYIH TIEPECTAHOBOK Dj , IO Ji€ HA MHOXHUHI I,

BU3HAYAETHCA CHiBBiI[HOI]_IeHHSIM'
[n/2]

5O =2 g ¢ 3 ﬁ}—' —1 |, 15
: *2 ([2 , (15)

ne [q] — I1iJ1a YacTUHA YHCIIa ¢ .
JloBeaeHHs1 € HaciiakoM Jiemu 5.1 1 criBBigHOImEeHHS (13).

Hwxde HaBeneHo Bci Heizomopdui (mig miero rpymu C,,) 2 —KONBOPOBI
O — niarpamu Juis BUMajaKiB n =3;4;5.

AR
D98
RS

Puc. 2 Bci neizomop¢ni niarpamu 3 kaacie 3 Ta I, Binnmosiano

0800
@@@

0

OueBuano, mo m1s n=3;4 Heizomopdui 2 —konbopoBi O —giarpamu €
HeeKBiBAICHTHUMH i T1ia ieto rpymu gienpa D, . Tomy 6,7 =4, 5,9 =10.
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BN ICIP I
SO0
VEBEO,
WAODE,

Puc. 3 Bci neizomop@ni niarpamu 3 knacy J7
He Baxxko Oaumtw, 1m0 3a BUHATKOM miarpam 13 1 14 maBegeni HeizomopdHi
5—niarpamMu € HeeKBiBaJEHTHUMH T Jieto rpynu aieapa. Tomy 5,7 =27.

©
%

&
aF

3 4

0 1

@
O

7 8

6. Yuci10 HeekBiBaJIeHTHUX N — xiarpam
3a nemoro Bepucaiina umcno op6it rpymu miexpa D, , IO i€ HA MHOXHHI S:f ,
MOHA 00UUCIUTH 32 (HOPMYJIOIO

5 :%(d:w) +%iFix3N (z'l.)]. (16).
i=1 n

Ockinpku ymcno N —piarpaMm, CHMETPUYHUX BIJIHOCHO KOXHOI OCl CHMETpil
mabJOHy € OJHAKOBUM, TO BHKOpuUcTOBYIouM Hacminok 4.2, mMaeMo HacTymnHe
CH1BBITHOIIIEHHS

n n

* 1 sk * .
o :E(d ~-d? +F1X3N (b)j, e (17)
Fix_, (b) — umcmo N —piarpam, mnsd akux b € aBromopdizsmMoM, TOOTO 4YHCIO

N — piarpam CUMETPUYHUX BIJHOCHO OCi CUMETPIT [y, |, -

Jema 6.1 Yucno Z"(n) N —piarpaM, CUMETpPHMYHMX BiJHOCHO JOBiIBbHOI oOCi
cuMeTpii 11abI0Hy, MOYKHA OOYKCIIMTH 32 JJOIOMOTOIO CIiBBITHOIICHb

m—1

Y Cr-@m=-i)=DN-(2" =1), n=2m
Z"(my=4"" (18)
YO @m=-i) =D (2" =1), n=2m+1

JloBe/1eHHS. Hexaii D"(ar) — N — niarpama, CAMETPUYHA BIIHOCHO OCi [, |, .
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Toni 3 koxHOIO X0p1ror0 H, (a b, ) € o CKIIEHIll ¢ HAJECKUTh W CUMETpUYHA 1l Xopaa
H.(2n—a,+1,2n-b,+1).

Posrnsitnemo Bunmanok n =2m. IcCHye TinbKM m CYTTEBO PI3HUX BUIAJKIB. A
came, KOJIM JAiarpama MICTHTh B TouHOCTi 2i (i=0,...,m—1) Hepyxomux xopxa. Y
BUIAJIKY [ =m Jiarpama BusBwiack 0u O — aiarpamoro. Ti mo 3anumuiucs 2(m —1)
XOpA HE MOXYThb OYyTH HEpYXOMHUMH W YTBOPIOWOTH (m —i) TMap B3aEMHO

CUMETPUYHHUX XOpA. OCKUIbKM MM po3riisifaeMo auiie N —jaiarpamu, TO MOBHHHA
OyTu, UIOHaWMEHIIe, OJHAa Iapa B3aEMHO CHUMETPUYHHUX XOpJ, KOXKHa 3 SKHX
CTHOJy4Ya€e TOYKU 3 HOMEpaMH OJHAKOBOi mapHocTi. OTxe icCHye m —i MiJBUMAAKIB,
KOJM jiarpamMa MICTUTh TO4YHO 1<k <(m—i) map B3a€EMHO CHUMETPUYHUX XOP]I,

KOKHA 3 SIKMX CIIOJIy4a€ TOYKH 3 HOMEpaMH OJHAKOBOI MapHOCTI. Y TBOPEHHS TaKUX
nap ciijJi pO3yMITH KEPYIOUUCH MTPABUIIOM:
KO)KHOMY BHOOpPY 2 TOYOK 3 HENapHUMH HOMEpaMHu d,,d, OJHO3HAYHO

CTAaBUTHCA y BiJMOBIMHICTH TMapa TOYOK 3 TAPHHMH HOMepamu a, = a,(a,),
a,=a,(a,) (nuB. TBepmxenna 1.1). B pe3ynbraTi oaepKUMO Napy B3a€EMHO
CUMETPUYHHX XOPJL (al,az) Ta (ai,a'z), 10 MalOTh BKa3aH1 BIaCTUBOCTI.

Ti 2(m—i—k) Xopz 10 3aMUIIMIKCS, TOBUHHI YTBOPIOBATH (m —i — k) Tap B3aEMHO

CUMETPUYHUX XOpJ, KOKHA 3 SKHX CIOJY4Ya€ TOYKH 3 HOMEPAMH Pi3HOI MapHOCTI
(nuB. moBeneHHs emu 5.1). Tomy, HpI/I n=2m Maemo

ZN(”):EC;?' Z( H 2m—i-it1) 2(m_l_k) 1) j =

— mZ‘:Czi ' m—i (2(7’1’1 - l))' ' (2(m —i— k))y _
=\ G2 Qm—i—k)! 2770 (m =i~ k)

[ (2(m —10))! R ISRCUERNNES 1 _
_ioc" S j1 2D (m—i—k)! _Zo 2 kz_:‘k!-(m—i—k)! -
Cl - 2m =i 2i =i
S G e =S e )

[loBTOpIrOtOUM MIpPKYBaHHS I BUOAAKYy #n=2m+1, OIEpKUMO OYIKYBaHHM
pe3ynbTar.

O
Teopema 6.1 Yncno HEEKBIBAIEHTHUX JiarpaM 3 Kiacy . MOXHa OOYMCIUTH

3a JJOITOMOTOXO CIIBB1HOIIICHHS
* 1 *k * [Lﬂ 15|21 . 2l
5 =2 d. —af,,<0>+;cjHZ -(2([g]—z)—1)!!-(2H —1) (19)

JloBeeHHsI € HACIIIKOM JieMH 6.1 1 criiBBiiHOIIEHD (17).
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Puc. 4 Bci neizomop¢ni niarpamu 3 kaacie I Ta J) Bignosizno

O4eBuAHO, IO NpU # =3 BCl AlarpaMu € HEEKBIBAJICHTHUMU U MiJ1 JII€I0 TPYNIH
mienpa D) . V Bumanky n=4 giarpamu 51 6; 71 9; 81 10; 191 20; 21 i 22 €
eKBiBaJICHTHUMH (TIiA diero rpynu gieapa). I tomy icHye Touno 25-10+5=20
HeekBiBaJeHTHUX N — niarpam 3 4 XopJaMu.

Ha nyMKy aBTOpIB OCHIIKEHHS B I[bOMY HAIpPsIMKY MOXYTh OyTH YCHIIIHO
OpOJOBXKEHI 3a PaxXyHOK pO3B’s3yBaHHS 3a7ad Ha MiAPaXyHOK YHCIA
HEEKBIBAJIECHTHUX M —KOJbOPOBUX 7 —piarpaM. OpaepkaHi B poOOTI pe3ysbTaTH
MOXYTh OyTH €(EeKTHBHO BHKOPUCTAaHI B THUX Taly3sX HAyKd, /i€ BUHUKAIOTbH
1HBapiaHTH, CXOXI1 JIO0 KoJia 3 BIIMIYEHUMH TOYKaMH. 3 JCSIKUMH 3aCTOCYBaHHSIMHU
JIBOKOJILOPOBUX JIlarpaM B TOTOJIOT1T MOKHA O3HAHOMUTHCH B po0OOTI [4].

Jliteparypa
1. Riordan J. The distribution of crossings of chords joining pairs of 2» points on
a circle / Math. Comp. 29 no. 129, 1975, pp 215-222.
2. Stoimenov A. Enumeration of chord diagrams and an upper bound for Vassiliev
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4. Kaoyboscokuit O. Kiacudikamis BexktopHux mnomiB Mopca-Cmeitna Ha
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Tapaca llleBuenka. Marematuka, mexanika. — 2005, Bua. 14., C. 85-88.
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YAK 519.115.1: 519.175.3

Canpukina H0.C., Ma3yp C.1H0., Kapy6oBcbkun O.A.

]Cmy()eHKa S kypcy 2 epynu gizuxo-wmamemamuunozo gpaxyrememy CHITY,
ZCmyOem 5 xypcy 2 epynu izuxo-mamemamuunozo gpaxynomemy CHITY,
I loyenm kagedpu eeomempii ma memoduxu suxnadanus mamemamuxu CIITY

JABOKO0JIbOPOBI O—1iarpaMu 3 OAHUM YOPHUM LHUKJIOM

Bceranosneno Qopmynun ans migpaxyHKy uMciia sSK HeizomMopdHHMX (M i€r0
HUKJIIYHOI TPyINHu), TaK 1 HEEKBIBAJICHTHUX (BIIHOCHO il JlepalibHOI TPYyIH)
JIBOKOJIbOpOBUX O —iarpam 3 n XOpAaMH, K1 MalOTh OJUH IIUKJ IEBHOTO KOJIbOPY.

Kuarwuosi ciioBa: xopoosa odiacpama, yukn, yuxkiivunHa epyna, 2pyna oiedpa, jlema
bepncaiioa.

1. OCHOBHIi MOHATTHA TAa BU3HAYCHHS.

Os3navenns 1.1. Hexail Ha mIouIMHI 3a7aHe KOJO 1 27 TOYOK HA HBOMY, fKi €
BEpIIMHAMH MPABWIBHOTO 271 —KyTHUKA. P0310’€MO 111 TOUKM Ha 7 map 1 3’€JHAEMO
KOXKHY Taky napy xopnaorw. OTpuMaHy KOHCTPYKIIIIO (KOJIO 3 7 XOpAaMu Ha HbOMY)
Ha3MBaIOTh XOPJIOBOIO JIlarpaMolo 3 7 XopaaMu abo x n — aiarpamoro (puc. 1 a),b)).

12
10 3
9 4
8 5
a) 6 0
Puc. 1. a),b) XopnoBa 4 —pgiarpama; ¢) 2 —Koib0poBHii 271 —mada0H

Osnavenns 1.2. Iluknom 7 —niarpamu OyJeMO Ha3WBaTU TOCTIJIOBHICTh XOPIH 1
JyT KOJa, K1 yTBOPIOIOTH ToMeoMOop(HHIT 00pa3 opieHTOBAHOTO Koja — pHC. 2.

a) b)
Puc. 2. a) 2 —npiarpama 3 1-uM HUKJIOM; b) 2 —piarpama 3 3-Ma HMKJIaM#

Osnavenns 1.3 2 —KOJBOPOBOIO XOPAOBOIO  Jiarpamor0 OyAemMo Ha3uBaTu
n —aiarpaMmy, Ayrd Koja sKoi 1mo 4ep3i po3dapOoBaHO y JBa KOJIHOPHU TakK, IO OYib-
K1 CYCIIHI Ayru pi3HOro komwsopy. Hamami 2 —koiabopoBy n—paiarpamy OyaeMo
no3HavaTh D, a MHOKUHY BCiX Takux fiarpam — 3

n*
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Osunavennst 1.4 B —uuxinom (W —uukinom) giarpamu D' («) OymemMo HasuBaTH

MOCJTIIOBHICTh XOPJI Ta YOPHUX (OLTUX) IyT, AKI yTBOPIOIOTH TOMEOMOp(HUi 00pa3
(OpiIEHTOBHOI0) KoJa.

Hpuxaan 1.1 BusHaueHHs 4OpHHMX 1 OUIMX LMKIIB JIBOKOJBOPOBOI Jiarpamu
MPOUTIOCTPYEMO Ha MIPUKIIAAL Aiarpamu, 300paxeHoi Ha puc. 3 a) :
2 2

1 3 1 3

12 4 12 4
11 5 11 5
10 10 6
9 7 9 7
8 8

a) b)

Puc. 3: a) 2 —xkoasopoBa N —aiarpama; b) 2—koasopoBa O —jaiarpama

JIOBiIbHMM 4MHOM 3aJaMoO opieHTauilo Ha Komi aiarpamun D =D’ (a)
(HampuKiIaa IPOTH PyXy TOAMHHUKOBOI CTPLIKH).
Bunuiemo Bci YOpHI MUKIN Jiarpamu:
B, =(2,1)[1,8]1(8,7)[7,313,4)[4,2]; B,=(6,5)[5,12](12,11)[11,10](10,9)[9,6].
Tyt (,,-) — nyru giarpamu; [-,-] — ii XOpau.
AHAJIOTTYHO BU3HAYAOTHCS OUT [IUKJIIK Jlarpamu:
W, =(3,2)[2,4](4,5)[5,12](12,1)[1,8](8,9)[9,6](6,7)[7,3]; w,=(11,10)[10,11].

Osnavenns 1.5 2 —KoJIbOPOBY 7 —Jlarpamy, sika HE MICTUTh (MICTUTh) XOpJ, L0
CHOJy4alOTh BEPIIMHM 3 HOMEpaMH OJIHAKOBOi MapHOCTI, OyJeMO Ha3uBaTu

O — niarpamoro ( N — 1iarpamoro), a MHOKHHY TaKuX Jiarpam nosHadata 3. (3)).
3ayBaxenHs 1.1 SIkiio npoirHOpyBaTH KOJbOPH, TO KOXKHUN YOpHUA (OUTHN) UK
2 —xonbopoBoi O — miarpamu (IUB. HANIPUKIIAJ pHC. 3 b)) CHIBIAJAE 3 BIANOBIIHUM

[IUKJIOM 3BUYAMHOI IiarpaMu.
O3navennsi 1.6 MHoxuHy 2 —KoJbopoBuUx O —jaiarpaMm 3 OJHUM 4YOpHUM (a0o
OUTMM) THUKJIOM, MOOYIOBAaHUX HA JBOKOJHOPOBOMY 21 —1mabnoHi (auB. puc. 1 c))

OyzemMo mo3HadaTH J, , .

Osuavenns 1.7 J[Bi miarpamu D; i D, Ha3uBarOTh i30MOPYHHUMH, SKIIO OIHY
MOXHa OJICP>KaTH 3 1HIIOT B PE3yJIbTaTi MOBOPOTY HABKOJIO CIIJILHOTO LICHTPY.
Osunavenns 1.8 J[Bi giarpamu D, i D, Ha3uBalOTh EKBIBAICHTHUMH, SKIIO BOHHU €

ab0 130MopdHUMH, a00 X OJHY MOKHA OJIepKaTH 3 1HIIOI B pe3yJbTaTl IEPEBOPOTY
(I3epKaNbHOTO BIAOUTTS) Ta MOAATBIIIOTO MTOBOPOTY HABKOJIO CIUIBHOTO LIEHTPY.

binem moBHy iH(MOpMariito MOXXHa 3HaWTH, Hampukiaax B [3], [4], abo x
NONepeIHINA CTaTTI.
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2. Yucao O —aiarpaMu 3 0JHUM YOPHUM LHHMKJIOM.

OpieHTy€eMO KOJIO 2 —KOJIbOPOBOI AlarpaMu, HapHKIaa, IPOTU pyXy TOJUHHUKOBOI
ctpuiku (puc. 4). Toai koxuy O —niarpaMmy 3 OJJHUM YOPHUM LIUKJIOM MOKHA MOJIATH
y BUTJISA1 ITUKITY JOBXKUHU 7. [T0SICHUMO OCTaHHE

2 3
1 4 b,_, "1, b,
Wy W,
14 5
b, by
13 6
Weg W3
12 7
1 8 Do &
W W,
10 9 5 bs 4

Puc. 4 Hiarpama D(b)e3,,, b=(b,b,,b;.b,.b,.,b;.b,)
Iix 06x0dom b 1wopuux (6imx) nyr b, (w;) O —jiarpamu 3 OHAM YOPHHUM LHKIOM

(mouMHaOuM 3 BEPIIMHU HOMEpA 2m, AESIKOI YOpHOI IyTH bm1 OyZIeMo pO3yMITH

MOCIIOBHICT HOMEPIB YOPHUX YT b=(bm1,bj2,...,bj ) AKl 3yCTpIidaloThCi MpPH
n

CIIAyBaHHI 32 €IMHUM YOPHHM i IIUKJIOM (puc. 4).

OuyeBusIHO, MO JBa O0XOAM AYT OJHOTIO KOJBOPY 3aJal0Th OJHY M Ty XK
Jiarpamy, SKIIO IOCTIAOBHICTH YT OJHOTO OJICPKYETHCSA 3 IOCHTIJOBHOCTI AYyT
IHIIIOTO B pe3yJbTaTl MHUKJIIYHOI X MEpecTaHOBKU. ['eoOMEeTpHYHO IIe O3Hayae, 110
00xia ayr aiarpaMu OyB pO3MOYATHIA 3 1HIIOI TyTH, ajie B TOMY K HAIPSIMKY.

[Io6 yHUKHYTH Takoi HEOJHO3HAYHOCTI, JOCTATHHO OOXiJ €IUHOTO YOPHOTO
LUKy TounHaTy 3 Ayru b,. OCKUIBKM BCl JlarpaMu OyIyrOThCsS HAa OCHOBI IAOJIOHY,

TO (mpu (hiKCOBaHIN Opi€HTAIll) KOXKEH Takui UK (00X1/1) OJTHO3HAYHO BU3HAUYAE
XOpJH Jiarpamu, a oTKe i camy miarpamy. | HaBmaku.

3po3ymino, 1o s O —aiarpaM 3 OJJHUM YOPHHUM ITUKJIOM IEPECTaHOBKa b €
ITUKJIOM JIOBXXKUHK 7 . Hamami MHOKHMHY IHUKJIIB JTJOBKUHH

He Baxko BCTaHOBUTH, 110 4nCiO0 BCix O —aiarpaMm 3 OAHUM YOPHHUM (O1THM)
IIUKJIOM CcTaHOBUTH (n—1)!. JlilicHO, KOXXHY TaKy JiarpaMmy OJIHO3HA4YHO MO>KHa

MOJIaTH Y BUTIISAII LHUKITY (l,jz,j3,...,jn), J,# Jo opu k#=k', ne j, €{2,3,..,n} —
HOMEpH YT BiAMOBIAHOTO KOJIbOPY. TakuM 4nHOM

3,,|=(n-1). (1)
3.  Yucao Heizomoppuux O —jgiarpam 3 OTHUM YOPHUM (OLTUM) IUKJIOM
3'sicyeM0 TUTaHHSA TPO Te, Koiu aABi O —pgiarpaM 3 OAHUM 4YOpHHM (abo Oinmm)

IUKIOM € 13oMopdHUMHU. be3 BTpaTH 3aragpbHOCTI MIPKyBaHHS MpPOBEAECMO Jis
O — niarpaM 3 OJJHUM, CaM€ YOPHUM ITUKIIOM.

Hexaii D(b), b= (1,j2,j3,...,jn) — O —piarpama 3 OHUM YOPHUM ITUKIIOM.

PO3IIISIHEMO UK b'=(1+kmodn, j, + kmodn, j, + kmodn,..., j, + kmodn).
OdeBuHO, 110 Aiarpama D(b') 130MopdHa miarpami D(b). binbie Toro, He BaXXKO

BCTaHOBUTHU CHpaBeI[J'II/IBiCTL HaCTYIIHOI'O TBEPKCHHA
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TBepaxenns 3.1 JIsi O — miarpamu D(b) 1 D(b') 3 OJHHUM YOPHUM IIUKJIOM
130MOpdHI TOJI 1 JIKIIE TOJI, KOJIU ICHYE TaKe HaTypajibHE Kk, IO CIPaBIKY€EThCS
piBaicte  b'=b+kmodn=(1+kmodn, j, +kmodn,..., j, +kmodn)
Haragaemo, mo pnBa nukimm c,c, € CS, (HOBXUHU 7), ONMH 3 SKHX
OJICPXKYETHCS B pe3yJIbTATl IIUKIIIYHOI IEPECTAHOBKU €JIEMEHTIB 1HIIIOTO HE PI3HATH.
TakuMm 4nHOM, 3a1a4a PO MiAPaXyHOK 4ncia d, Heizomopduux O — miarpam

3 OJHUM YOPHHMM LIMKJIOM 3Belach [0 3ajadl Mpo MiIPaXyHOK YHUCIA BCIX
HEEKBIBAJICHTHUX LMKIIB 3 CS, BIIHOCHO Ali rpynu Z, .

B po6ori [2] (auB. Takox [1]) Oyio BcraHoBieHO, 10 ymcio d. opOit mil
rpynu Z, Ha MHOKUHI IMKIIB 3 CS, Moxe 6yTH oOuuciene 3a GopMyIIom0:

;é( J (zj | ?

[lepenuiiemMo mpaBy YacTHHY (2) y BUIJIAAl, SIKMH HaAWOUIbIIE BiAMOBIIAE
BBEJIEHUM ITO3HAYEHHIM 1 HOTpe6aM:

{55l o2

1 i—-1 1 ;
o Bl (2] A2k 2 0

3)

TakuM yuHOM, CTIpaBEIJIMBUM € HACTYIHE TBEPIKEHHS
Teopema 3.1 Yucno dfsl,,, (Czn) HeizomMopdHux O —pgiarpam 3 OJHUM YOPHUM

IIUKJIOM MOKe OyTH oOUHCIIeHE 3a I[OIIOMOI"OIO CHIBBIIHOIIEHD

+ Yo 2 )i () | @

iln,i#n

Fix, (fi):¢(?j-(i—l)!.(?J_ , e (5)

~

. l .
F1XSM(§) — 4HCIO JdlarpaM 3 Kiaacy 3,

d,=d (c;n) ‘\5

, JUI1 SKHX IIEpecTaHoBKa &' €

NG

aBTOMOP(I3MOM, TOOTO YUCIIO Aiarpam 3 J, , sIKI CAMOCYMIIIAIOTHCS MPU OBOPOTI

l,n?>
VA . .

Ha KyT @, =—-2i (32 TOAMHHUKOBOIO CTPILIKOIO).
n

3ayBaxkenHns 3.1 MipkyBaHHs, 3a JIOIOMOIOK SIKMX BCTAHOBJICHA ICTUHHICTH
OCTaHHBOT'O TBEPJIKEHHSI, HOCATH CyTO ajreOpaiuHuii xapakTep Ta 3aJUINAlOTh 3a
JAITYHKaMH BCIO TE€OMETPUYHY KapTUHY. Y 3B'SI3KYy 3 [IUM HaBEJAEMO KOMOIHATOPHO-
Tr€OMETPUYHE JIOBEJACHHS 1IbOT'0 TBEPXKCHHSI.

OueBugHO, MmO I JOBEJAEHHS Teopemu 3.1 JOCTaTHBO IIOKa3aTH
CIIPaBeIJIUBICTh CIIBBITHOIIEHHS (5).
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Jlema 3.1 Hexait n=i-k,i#n. Toxi uncio Fixy (fi) O —niarpaMm 3 OJHHM

. . . /2
YOPHUM IUKIIOM, AK1 CAMOCYMIIIAIOTHCA IIPU TOBOPOTI HA KYT @, = —- 2i CTaHOBUTH
n

s (=g M) - (2]
lesl,n(g)—qﬁ(i](z 1)!(1') .

JloBeneHus. 1) 3'1cyemo crnouyaTKy NWUTaHHS NOpPO Te€, KU BUJ MAalOTh
O —piarpamu, 1O 33J0BOJBHSAIOTH YMOBI JieMH. SIK OyJO BCTaHOBJICHO paHIIIE,
KOXHY TaKy JiarpaMmy MO>XHa OTOTOKHHUTH 3 ITUKIOM b=(1,12,l3,...,ln), €JIeMEHTHU

SAKOTO — HOMEpH YOPHHUX IyT JiarpaMu, L0 3yCTPIYAlOThCS MPU 00XO0J1 €IUHOTO
qopHOoro mukiy (auB. puc. 4). Orxke, Hexait D= D(b) — O —npiarpama 3 OJHUM

YOPHHM IIUKJIOM, SIKa CAMOCYMIIIAETHCS MPH MOBOPOTI HA KYT @, =—-2i .
n

Sk 1 panime, apudMeTUYH1 orneparii ciiji po3yMITH K TakKi, 0 BUKOHYIOTHCS
3a MojayJsieM n abo x 2n. OCHOBHa iesi MOJSITae y HACTYITHOMY:

: : . .
akiao O —jiarpama, sika camMo CYMIIIAEThCS MPU MOBOPOTI HA KyT —-2i,
n

MICTUTh XOPAY [1,212], TO BOHA MOBHHHA MICTUTU U XOpay [1+2i,212 +2i], B SKY

NepexXoJuTh Mepiia. 3a TUX CaMUX [OpPUYUH JlarpamMa MICTHTh U XOpAay
[1+4i,2], +4i], B AKy nepexoauTs apyra i T.1. TakuM 4MHOM:

AKIO BHoOpsiAkoBaHa mapa {1,/,}€b, To nukiay b NOBHHHA HanexaTu i
BIIOPSIKOBAaHAa  mapa {1+i,1, +i}, aHaJIOT1YHO {1+2i,l,+2i}eb
{1+i(k-1),l,+i(k-1)}€b;

SKIIO BHOpsiAKoBaHa mapa {/,,/,}€b, To nukiay b NOBHHHA Hanexaru i
BIOpsiAKOBaHA  mapa  {l, +i,,+i}, amanmoriuno  {/,+2i,,+2i}eb
{L,+i(k-1),, +i(k-1)}eb.

TakuM YMHOM, MHOXKMHA YOPHMX JyT diarpamu 3 3, , sSKa CaMOCYMIIIA€ThCs

IIPU TOBOPOTI Ha KyT —-2i , pO30HBAETHCS HA A MiAMHOXHUH — "dopHHX" GIOKIB [b 15
n

B KO)KHOMY 3 SIKUX T10 [ YOPHHX JIYT:

[bl] ={1,1,L,...,1.},

[b,]={1+i, 0, + il +i,...,L + 1},

[b,]= {1+ 26,0, + 20,0, + 2i,...,1 + 21}, ...,

[bk] ={1+(k-1)i,l, + (k-1)i,[; + (k=1)i,....[. + (k-1)i}

OnHak, IOKK HE3pO3yMUINM € MOPSAAOK BXO/DKEHHs Onokis [b,],[b,],..,[b,] A0
nukiay b= ([b,]...) Takoi niarpamu.
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2)  BzaemHe po3TamlyBaHHA IUX OJIOKIB OJHO3HAYHO BHU3HAYAETHCS BHOOPOM
O1noky, skuil ciaiaye 3a [b,]. binblie Toro, B 1eskoMy po3yMiHHI, 00Xix IUX OJIOKIB
3MIMCHIOETHCS 3 ISTKUM KPOKOM /1 . [TosicHUMO OCTaHHE:

IIpunycrtumo, mo b = ([b,][),]...) = (1,12,13,...,11.;1 +i,L + i+, + i;...).
Ockulbky UKy b HaylexuTh BHopsiakoBaHa napa {/,,1+i}, To {/, +i,1+2i}€b. lle
o3Hauae, 1o micis 610Ky [b, ] cuigye 6ok [b,] i T.4.. Tobro b=([b1[b,1[b;]...[5,]).
OTtxe, 00x1]1 0J10KIB 371HCHIOETHCS 3 KPOKOM A =1;

IIpunyctumo, mo

b= ([bl][b3]...) = (1,[2,13,...,11.;1 + 21,0, + 21,5, + 2i...,[ + 21';...)
OCKUIBKM LUKy b HalleXuTh BHopsakoBaHa napa {/,,1+2i}, To {/. +i;1+3i}eb, a
orxe 1 napa {/, +2i;1+4i} e b. Lle o3nauae, mo micns 010Ky [b,] cmigye 010k [b;] 1
T.1.. To6t0, b= ([b,1[b;]1[b5]...). OTKe, 0OXix OIOKIB 3IHACHIOETHCS 3 KPOKOM /1 =2
Takum uymHOM, Maemo piBHO (k—1) MOXIMBOCTEH NeEperpymyBaTH YOpHI

0510KU. AJie HE B KO)KHOMY 3 IIUX BUIAJIKIB MU OACPKUMO JlarpaMmy 3 OJHUM YOPHUM
uKiIoM. Tak, HampUKIad, s MapHUX k 00Xid 3 KPOKOM /=2 HE € MPUILYCTUMHUM,
OCKUJIBKM BIAMOBIHA JlarpaMa Mae€ JABa YOPHI IUKIH ([bl],[b3],...[bk_l],[bl]) 1

([6,1.[5,1...-[5,1.[5,]).

OdeBuaHO, IO Aiarpama OyJie MaTh OAWH YOPHUH ITUKJII JIUIIIE Y BUMAAKY KOJIA
00XiJ BIAMOBITHUX YOPHUX OJIOKIB 3AIHMCHIOETHCS 3 KPOKOM /1, B3aEMHO MPOCTHUM 3
k =2.ToOTo iICHy€ TOYHO ¢(k) CYTTEBO PI13HUX BHUJIIB TAKUX Jl1arpaM.

3) 3adikcyemMo TPUNYCTHMHA KpOK /A (B3aEMHO TPOCTHH 3 k), 3 SIKUM
3I1ICHIOETBCS 00X1 k& 4opHux Onokis (b, ],[b, ],....[D,].

Od4eBugHO, MO YTy b,2 Onmoky [b,] moxHa BHOpatm n—k crnocobamuy,

OCKUIbKHM k "opHHX Ayr 3 HoMepamu 1,1+1,...,1+i(k—1) 3aiiHsnu nepiui mo3uiii B
onokax [b,],[b,],....[b,];
oyry b,3 MOXHa BUOpaTu n— 2k crmocobamu, 00 micas BUOOPY YOPHOI ayTH 3

HOMepoM [, nyru 3 Homepamul [,,l, +i,...,[, +i(k—2) 3aiiHsnu apyri nosumii y
BIAITOBIIHUX OJIOKaX, 1 T.1.
OTxe, IpU KOXKHOMY MPUITYCTUMOMY KPOIIi /2 MOKHA YTBOPUTH TOYHO

(n=k)y-(n=2k)-....(n=(G-1)k)=(ik—k)-(ik-2k)-...-(k—(i-1)k) =
=k(i-1)-k(i-2)-k(i-3)-....k=k"" -(z’—l)!=(%)i71 -(i-1)!
pizHux O —aiarpam 3 OJIHUM YOPHHUM LUKIIOM, SIKI CaMO CyMIIIalOThCA MpU MOBOPOTI
Ha KyT w=2-2i.
3 ypaxyBaHHSIM TYHKTIB 2) 1 3) ICHy€ TOYHO ¢(%) : (%)i_1 -(i—1)! pizHux

Jiarpam, 1o 3aJ0BOJIBHSIOTh YMOBI JIEMHU. O
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3ayBaxenHs 3.2. € OuUIbII rITUOOKI MPUYUHU, IO XAPAKTEPHU3YIOTh T'€OMETPUUHHMA
3MICT 1 IPUPOAY BEJIUYMH, IO BXOJATh y ¢opmyny (5). Tak, Hanpukiaj, BeIHMYUHA
(i—1)! — e yncno O —aiarpam (3 i XOpJAaMu) 3 OJHUM YOPHUM ITUKIIOM.
OcHOBHa i7iesl TIOJISATAE B CIPABEAJIMBOCTI HACTYTHUX TBEPJIKEHB, SIKI HaBeaeMo 0e3
JOBEJICHHS
1)  Hexait b'=(1,q,,4;,....q;) — onna 3 (i—1)! O—niarpam (3 i xopmamu) 3
OJHUM YOpHUM uukioM. Tonmi, nokmasmu [b]={l,q,,q;,....,q,}, OIHO3HAUHO
BU3HAYAIOTHCS YOpHI O10ku [b,1,[D;],...,[D, ]. IIpn upomy:

1.1) npu HOBUIBHOMY HPUITYCTUMOMY KpOIL /4, 3 SIKUM 3A1HCHIOETBCA 00X/
1ux OJIOKIB, B1NOBiHA aiarpama b = ([b,]...) 3a10BOJIbHSAE YMOBI JIEeMH;

1.2) mpu nOBUIBHIA NHKIIYHIN TEPECTAHOBIIl EJIIEMEHTIB OAHIET IMO3MIII],
JiarpaMa 3HOBY 3aJI0BOJIBHSIE YMOBI JIEMU;
3BIIKHA BUILIUBAE, IO 3MIMCHUBIIK BC1 MOYKJIMBI IIUKJTIYHI IEPECTAHOBKU B KOXKHIH 3
i —1 no3uuii (mepiua no3uuis B KOXKHOMY 3 OJI0KIB (DiKCOBaHA), MU OJI€PKMUMO TOYHO

i-1 i1 - . .
(#) " =k"" pisnux giarpam 3 J, ,, sIKi 33/I0BOJIBHSIOTE YMOBAM JICMH.

2)  Sxmo x b'=(1,4,,9;,...,q;) HE € i —AIaArpaMOIO 3 OJHUM YOPHUM IUKJIOM, TO

IpU KOJHOMY / Ta HI NPU SKUX HUKIIYHUX TEPECTAHOBKAX EJIEMEHTIB OJHI€l
MO3UIIli, MU HE OJIEPKUMO Jllarpamy, 10 3a/10BOJIbHSE YMOBAM JIEMHU.

4. Yucso HeekBiBajieHTHUX O —aiarpam 3 OAHUM YOPHHUM IHUKJIOM
3acTocoBytouu jemMy bepHcaiina (nuB. Hamp. [3]), HE BaKKO BCTAHOBUTH, IO YUCIIO

sk _ * . . % . . ~
d, =ds (Dzn) opOiT rpynu mieapa D,,, WO gi€ HA MHOXHMHI 3, (44CIO
HeekBiBaieHTHUX (O —jiarpaM 3 OJHUM YOPHHM IIMKJIOM) BH3HAYAEThCS 34

JIOIIOMOT'OO CIIBBITHOIIIEHD

%(d:+Zl(n)), n=2m+1

=1, | nie (6)
E(d;; + (Z,,(n)+ 22,2(;1))}, n=>2m,

~

Z,(n) — uucno pgiarpam 3 J,,, OO0 € CUMETPUYHMMH BIJHOCHO (PIKCOBAHOI OCI

ILn>°
CUMETpIii, SKa MPOXOJUTH Yepe3 CEpPeAMHH MPOTHWICKHUX YOpHOI Ta OLIOi IyT
m1abJIoHy;

: ~ . : .
Z,,(n) (Zz,2 (n)) — YMCIIOo Aiarpam 3 3, , [0 € CHMETPUYHUMH BIJTHOCHO (DiKCOBAHOI

oCl CUMETpii, 0 MPOXOJUTh Yepe3 CEPeIWHU MPOTWICKHUX YOpHUX (O1IMX) IyT
mabJIoHy.

Jlema 4.1. ChopaBeqJIMBUMU € HACTYITHI PIBHOCTI

Z,(n)=2"-m, n=2m+1
Z,,(n)= 2" (m=1)!, n=2m (7)
Z,,(n)= 2" ml, n=2m
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/loBeeHHs.
1)  PosrasiHemMo cnoyaTKy BUIMAMOK, KOIU 7 =2m+1 — puc. 2 c). Koxny miarpamy

CUMETPUYHY BIJIHOCHO TI€BHOI OCl CHMETpIi, 0 MNPOXOJUTHh YEpe3 CepeuHU
OPOTWIEKHUX O17101 1 YOpHOI AYr (HaIpHKiIaX BIIHOCHO OCl /) MOXHa IOJATH Y

BUTJISI/II LIUKITY

! ! !/ !/
(B B sl BB, by b, ),
ne bl.'k — Jlyra CUMETpUYHA y31 b"k BIJHOCHO ocl [/, i, #1.

1|2 1|2 1| 2 1| 2
12 3 12 3 10 3 10 3
1 4 1 4
9 4 9 4
10 5 10 5
9 5 9 6 8 5 8 5
8 |7 @ 8 |7 b 7 6 C) 7 6 d)
Puc. § O —niarpaMu CMMeTPUYHI BiTHOCHO (pikCOBaHOI OcCi cMMeTpil

Hdyry b,.2 MOXKHa obOpatu (n—1) cmocoOom, MpU IBOMY 3 TOAAIBIIOTO
PO3TIIAy BUKITIOUAETHCS W Ayra CAMETPUYHA 00paHiif; TyTy bl.3 — (n—3) cnocobamu;
... 3 AYTY bl.m_2 —4 a nyry bl.m_1 — 2 cnocobamu. Tomy tipu n =2m +1 MaeMo

Zmn)=(nm-1)(n-3)..1=2(m)2(m—-1)-...-2-1=2" - m! (8)
2)  PosrmsHemo Tenep BUMAIOK KOJIU 1= 2m — puUcC. 5 a).

2.1) Koxny pgiarpaMy CHUMETPHYHY BIJHOCHO II€BHOiI OCi CHMETpii, IO
MPOXOJIUTh YePe3 CEPEeIUHM MPOTHICKHUX HYOPHUX IyT (HAMPHUKIIAA, BIAHOCHO OCi
lbl) MO>KHA TIOJATH Y BUTJISIL [IUKITY

(bl.:n_l....,b,.;,bl.'z,,bl.z,b,.3,...,bl.m_1, b ) bo=b
ae bl.'k — Jlyra CUMETpUYHA y31 bl.k BiJHOCHO ocl /[, , i, #1,i, #m+1.

Toni nyry bl.2 MOKHa obpatu (n—2) cmocobamu, MpU LBOMY 3 MOAAJIBIIOrO

pO3IIISly BUKIIOUAETHCA W Jyra CUMETpu4Ha oOpaHiil (mo0 3amobirtu cuTyarlii,

300paxkeHoi Ha puc. 5 c)); yTy b,-3 — (n—4) cnocobamu; ...; nyry b, L 4
crniocobamu; ayry b, LT 2 cnocobamu. TakuM YUHOM, IPU 1 = 2m MAEMO
Z,(n)=(n-2)(n-4).2=
=2m—-2)2m—4)..2=2m—-1)2(m-2)-...-2-1=2""-(m—1)! 9)

Ta oGcraBuHa, mo 4opHa ayra b, ,, HIOM "3amMMKae€" IMOCIIIOBHICTD YOPHHUX IyT
JlarpaMu € CyTT€BOIO, 00 MpH IHIIOMY ii pO3TallyBaHHI BIIHOCHO Iyru b, BUHHUKAE
CUTyallis nojioHa 70 Ti€i, sika 300pa)keHa Ha puC. Sb) , KOJIU CUMETpUYHa Jiarpama
Ma€ OUIbIIE OJTHOTO YOPHOTO IUKITY.
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2.2) Bci giarpaMu cUMETpUYHI BIIHOCHO OC1, 1[0 IPOXOJIUTh YEPE3 CEPEANHU
NPOTHICKHUX OLIMX Iyr (HampuKiIald, BIJHOCHO [ ,) MOYKHA IMOJATH Yy BUIJIAAL

OJIHOTO 3 M MOXJIMBUX (ISl HAIIIOT CUTYAIli1) [IUKIIB BULY

(8 el B [Bo] [0 2, 8, ).
(B el B [Bi] 2, B[], B b, ).

!/ 4 !/
([2]:6, 81, 5-sb, o7 el B0 [B1]).
ae b,.’k — Jyra CUMeTpUYHa Ay31 bfk BigHOCHO ocl [, i, #1,i, #m+1.

Toni, 3 ypaxyBaHHAM MyHKTY 2.1, HE Ba)KO 3p0OUTH BUCHOBOK, IO MPU 1 = 2m

Zz’z(n)=m-2’”_l-(m—1)! (10)
O
Teopema 4.1 Yucno HeeKBIBAJIEHTHUX Jlarpam 3 Kiacy 3, MOXXHa OOUMCIUTH
3a JI0IIOMOT'O0 CIiBBIIHOILIEHb
l(d;;+2'"-m!), n=2m+1
d =12 (11)

|
E(dn +2"7 (m+1)-(m=1)!), n=2m.
JoBeaenHsi € HaciigkoM Jlemu 4.1 Ta criiBBiHOIIEHB (6).

Hwxye HaBeseHO HEI30MOPGHI JiarpamMu 3 Kiacy 3, Ui II0YaTKOBUX 1 =4;5;6.

AR

Puc. 6 Bci Heizomop@Hi giarpamu 3 kiaacy 3

Hageneni giarpamu € HeekBiBaieHTHUMHU. Tomy d,” =3.

DO
DPROL

Pnc. Bci He130M0p(])H1 marpaMn 3 K.]Iacy

HageneHi piarpamu € Takox i HeekBiBaneHTHUMH. Tomy d; =8.
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D200
OLWIOD
ODDOLD

OB OD,

OCKUJIbKYM €KBIBaJICHTHUMU € HACTYIHI mapu jiarpam: 213; 51 6; 111 12; 23124, To
d; =20.

Ha nymMKky aBTOpIB MOCHIIKEHHS B I[bOMY HAIPSIMKY MOXYTh OYTH YCHIIIIHO
OPOJOBXKEHI 3a PAaxXyHOK pO3B’SI3yBaHHS 3a7ady Ha MIJAPaxXyHOK 4YHUCIa
HeekBiBasleHTHUX O — aiarpam 3 (iKCOBaHUMU YHCTIAMH IIUKIIIB KOKHOTO KOJIBOPY.

Opnepsxani B poOOTI pe3yibTaTh MOXKYTh OyTH €(EKTUBHO BHKOPUCTAaHI B THX
rayry3sx HayKH, JIe BHHUKAIOTh 1HBapiaHTH, CXOXi JI0 KOJia 3 BIAMIYEHUMHU TOUYKAMHU.
Bigomo, mo BkazaHi OO€KTHM BUHHUKAIOTh B 010jiorii. 3 JEIKUMU 3aCTOCYBAHHSIMHU
JBOKOJILOPOBUX JllarpaM B TOIOJIOT1i MOKHA O3HAMOMHUTHUCH B po0OOTI [4].
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[po umcio Hei30MOPPHHUX Ta HECKBIBAJICHTHUX XOPOBHUX Jliarpam

YAK 519.115.1: 519.175.3

MaHowuno T.0., Cipa M.l., Kapy6oBcbkun O.A.

'Cmyoenka 35 kypcy epynu SM—1 gisuxo-mamemamuunozo gpaxyrememy CHITV,
ZCmydemKa 5 kypcy epynu SM—1 ¢hizuxo-mamemamuunoeo gpaxyromemy CHI1Y,
3

Jloyeum kagheopu eceomempii ma memoouxu euxiaoanus mamemamuxu C/ITY

IIpo uncs10 HEI30OMOP(PHMX TA HECKBIBAJIEHTHUX XOPA0OBHUX
aiarpam

Bceranosneno ¢opMmynu A MiApaxyHKy 4HUCla K HEI30MOPPHUX (3 TOYHICTIO 10
MOBOPOTY), TaK 1 HEEKBIBAJIEHTHHX (BIIHOCHO [ii Jie€palibHOI T'PyNH) XOPIAOBHUX
aiarpaM 3 n xopAamu. J{Jis mo4aTKoBUX # HABEIEHO HE130MOp(HI 7 — iarpamu.

Kuarouosi ciioBa: xopoosa Odiacpama, uyuxniuma epyna, epyna Oiedpa, Jiemd
bepncaiioa.

Berym. VY 1998 porui He3anekHO OAMH Bi ogHOTO B pobortax [2], [3] 1 [4]
aBTOpaMH OyJI0 BCTaHOBJIEHO (OpMYNH JUIsl MiIPaXyHKY 4YHciia HeizoMoppHUX (3
TOYHICTIO JIO TOBOPOTY) XOpAOBHX #—aiarpaMm. B poOoti [2] ms migpaxyHKy
BKa3aHOi BEJIMYMHU OYyJI0O BUKOPUCTAHE TOHATTS JiHeapusayii, B [4] — einyesutl
0obymok, B [3] — Tak, 3BaHHI, niowamms. 30kpeMa, B pooOorax [2] i1 [4] Oymo
BCTAHOBJICHO (DOpPMYIH IJisi MiAPaxXyHKYy W 4YMClia HECKBIBAJICHTHHX (BIAHOCHO il
JieApanbHOT TPYIH) XOPJIOBUX 7 — Jliarpam.

B manniit poOoTi /s onxep:kaHHS BKazaHUX (OPMYT BUKOPUCTAHO 1HIIUHN
X111, SKUH peai3yeTbcss KOMOIHATOPHO-TEOMETPUYHUMHU METO/IaMH, Ta 0a3y€eThCs
Ha 17ei, 3almporoHOBaHOI B po0OOTI [5], mpHUCBSIYEHIH anropuTMy MOOYyAOBU
HE130MOp(HUX 7 —JiarpaM B 3aJI€KHOCTI BiJ 71 .

1. OCHOBHI NOHATTSA TAa BU3HAYEHHSA

Os3navenns 1.1 Hexali Ha MIONIMHI 33J1aHO KOJO 1 27 TOYOK HAa HBOMY, SKI €
BEpIIMHAMH MPABUIBLHOTO 27 —KyTHUKA. P0316°€MO 111 TOUKK Ha 7 Tap 1 3’ €IHAEMO
KOXHY TaKy napy xopaow. OTpuMaHy KOHCTPYKIIiIO (KOJIO 3 # XOpJAaMH Ha HbOMY)
Ha3MBaIOTh XOPJIOBOIO JlIarpaMoro 3 # XopJaMu, ado x »n — aiarpamoro (puc. 1 a,b) ).

a) b)

Puc. 1. a),b) Heizomop¢ni ase exiBanentni 4 — giarpamu; ¢) 2n—ma6ion

Hexaii D — xopmoBa miarpama 3 27 BepIIMHAMH. 3aHyMEPYEMO OCTaHHI
guciiaMu Big 1 A0 2n PyXalouyuch 3a TOJWHHHUKOBOKO CTPUIKOIO BiJI JIEAKOI
¢dikcoBaHOi TOYKU Ha Ko (puc. 1 c) ).
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[ToOynyemo nepecTaHOBKY < (1HBOJIOLIIO)

a b a, b, .. a b

1 1 2 2 :

a:(b A b" "j:(al,bl)O(az,bz)O...O(an,bn),
1 al 2 aZ n an

ne  a, 1 b, — HOMepH BEpILIMH JlarpaMu, siKl crojlyueHo xopzorw. Hagam 6ynemo

BBa)KaTH, IO BCl 7 —jiarpaMud OyAyIOThCS Ha OCHOBI 271 —mabnony — puc. 1 c).

Toni xoxxHa miarpama D = D(a) OJIHO3HAYHO BHU3HAYA€E MEPECTAHOBKY ¢ 1 HaBMaKH.

Osnavenns 1.2 IlepectaHOBKY «, IO BU3HA4Ya€ XOPAOBY JAlarpamy D(a) Ha
111a0JI0H1, OyZIeMO Ha3UBATU CKIEHKOIO, @ MHOKMHY TaKUX CKJICHOK Mo3Ha4yatu B, .
3ayBaxennsi 1.1 B mnoganpmiomy giarpamy D(a) Ta 1 Cckieiiky Oynemo
OTOTO>KHIOBATU. A MHOXHHY 7 — JlarpaM No3Hayatu J, .

JloOpe Bimomo [1], o gucio n —aiarpaM BU3HAYAETHCS BETMYUHOIO
!
d,=(2n-1)11=1-3-5-..-(2n—-3)-2n—1) = (2'”2) (1)
n:

Osznavennsi 1.3 /IBi giarpamu D (o) 1 D,(@') Ha3uBawoTh 130MOpGHHMH, SKIIO

OJTHY MO>KHA OJIEp>KaTH 3 1HIIOI B pe3yJIbTaTi HOBOPOTY HABKOJIO CIIJIBHOTO LIEHTPY.
Osznavennsi 1.4 Jliarpamu D(«) i D,(@') Ha3uBaroTh €KBIBAJICHTHHMHU, SIKIIO

BOHU € ab0 i3oMopdHUMHU, ab0 K OJHY MOKHA OJiepKaTH 3 1HIIOI B pe3yJbTari
MEePEBOPOTY (I3€PKATLHOTO BIIOUTTS) Ta MOBOPOTY HABKOJIO CIUIBHOTO LIEHTPY.
Osnauvenns 1.5 I[ukniyny rpymy mnopsaky 27, TOPOKEHY MEPECTaHOBKOIO

1 2 .. 2n-1 2
(2 ; 2n 1”], 6ynemo nosnauatu C, =1{c" |k =1,2,...,2n}.

He Baxko 6auntu, 1o Bci cumeTpii 2n —mabiiony (puc. lc)) OPOJKYIOTHCS

IIOBOPOTOM O (Ha KYT ¢ =2£) i 0CbOBOIO CUMETPI€IO (I3epKaIbHUM BiIOUTTSAM) b

o= 1 2 ... 2n—-1 2n b 1 2 .. n+l1 ... 2n—-1 2n
23 o 1) 1 20 . on+l L3 2 )

Takum uywmHOM, BCl cuMeTpii 2n—ma0JOHYy CKIAJaloTbes 3 4n  €JIEeMEHTIB
D, = {ai,ri =boo'|i= 1,...,2n} 1 YTBOPIOIOTH I'PYIy Ale/ipa MOPSIKY 47 .

binbm noBHy iH(pOpMaIlil0 MOKHA 3HANTH, Hanpukias B [2—4], [7].

2. Ymuciio HeizomoppHUX 7 —aiarpam

Sk BunnmBace 3 [3], uucio d, Hei3oMOpQHUX 7 —iarpam JOPIiBHIOE YHCITY d:‘n (Czn)

opOit nii rpynu C, Ha MHOXHHI XOpIOBHMX A —JlarpaMm, a SKIIO TOYHINIE — Ha
MHOXeEHI B, BianosigHux ckierok. Toxnl, 3a memoro bepHcalina Mae MicLie piBHICTh

. | 2n )
d”=d3n(Czn)—E~((2n—1)!!+q2}§t2n¢(?)-F1X3n(Gq)j, e (2)

Fix (o"’) — YUCIIO 7 —JiarpaM, HEPYXOMHX BITHOCHO JIii TPYIOBOTO €JIeMEeHTy o,
n

TOOTO YMCIIO 71 —Jiarpam, sKi CaMo CyMIlIarThCs MPU IIOBOPOTI HA KYT @, =3%-q 3a

TOJXMHHHUKOBOIO CTPLUIKOI0; ¢(z) — dyHkiist Efinepa.
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Teopema 2.1 Benmnumna Fix (a") Moke OyTH 0O4YHCIIeHa 3a JIONOMOIOIO
CHIBBIIHOIIECHHS
q/2
(g-DN- 2n , 2—n:21+1

Fix, (0*)= 1 1 3)

" g2l 2 g o)

Ycrer-nn| 2, oo

L =0 q q

JloBeneHHs. [Tosnaunmo wyepes T (2n, p) =Fix, (o"’ ), e pg=2n Ta

BCTAHOBUMO PEKYPEHTHE CITIBBITHOIICHHS ISl BETUYUHU T (2n, p) y KOXXHOMY 3
JIBOX BUIIAJIKIB, KOJIU p € HEMapHUM a0o0 X MapHUM BiJIMOBIIHO.

3aHyMepyeMO BEPILIUHU A —JIlarpaMH YMCiIaMu BiA 1 10 27 3a TOOAMHHUKOBOIO
cTpinkoro. ToOTo, posriasiHeMo 2n —11a0jaoH. 3 ypaxyBaHHSAM HyMeparlii BEpIIUH
JlarpamMu, BH3HAUUMO OO0BJCUHU XOPJ 3 TOYATKOM 1 KIHIEM Yy BEpIIMHAX I, j

BiAnoBiAHO, K (j—i)mod2n (i< j). 3adikcyemMo Aaji MHOXHHY BEPIIMH 3
HOMEpaMHu ¢,2q,..., pq (1€ pq =2n ), BUAUIUBIIN X Ha MA0JIOH] CEpe.T IHITUX TOYOK.

OTxe, po3rIsTHEMO XOpAM JlarpamMu 3 MOYaTKOM Yy BIJIMIYEHHUX BepIIMHAX
q,2q,...,pq . Skimo xopjaoBa jiarpamMa € HEPYXOMOI BIJHOCHO Jii TPYIOBOIO

enemMenty o’ (MOBOPOTY HAa KYT @, =3%-q), TO JIOBXKHHH XOpJl 3 TIOYAaTKOM Y

BIJIMIYCHUX TOYKaX IMOBUHHI OyTH PIBHUMH.
[TosicauMo: sKIO Jiarpama, Hepyxoma BiJHOCHO Jii TPYNOBOTO €IEMEHTY o,
MICTUTh XOpAY [q,l ] (1oBXkUHU [—g), TO OOOB'SI3KOBO IMOBHMHHA OyTH 1 Xopja

[2¢,/+q] B sIKY BOHA NEPEXOUTH NMPU MOBOPOTI Ha KYT @, =3~ - q . OCcTaHHs MOBMHHA
MEPEXOJIUTH B XOPAY [3q,l + 2q] 1 Tak Ja’i.
1) Sxwmo p HemapHe, TO 3 PIBHOCTI 21 = pq BUILUIUBAE, IO ¢ € MAPHHUM.

Od4eBuaHO, MO B IIHOMY BHUMAJKy HE MOXE BHHHKHYTH CHUTYaIlli, KOJU XOPAH, 3
MOYaTKOM Yy BIJIMIYEHHX TOuYkKax ¢,2q,3q,...,pq MalOTh KIHIIMU TOYKH 3 IIi€l

MHOXXUHU. BO p € HemapHuUM 1 ToMy Uil OJIHIET 3 BKa3aHMX TOYOK He Oyae MapH.

TakuM guHOM, JISI TOBXKWH XOpPJ 3 TOYATKOM Yy BIIMIYEHHMX TOYKAX, iICHYIOTh JIHIIC
2n— p MoxnuBocTei. [Ipudomy, Big BHOOPY MepIioi 3 BIAMIYEHUX TOUYOK 1€ YHCIIO

HE 3QJIEKUTh, OCKIJIBKH 3aJJaHHs MEPIIOi XOpIM OAHO3HAYHO BU3HAYae pemty (p —1)
XOpA. SIKII0 NpOIrHOPYBAaTH OJIHY 3 21 — p MOKJIMBHUX CYKYIHOCTEHN XOp[, TO 3aja4a
3BEIEThCA 10 3HAXOJKCHHS BEIUYUHU 1’ (2n -2p, p) (micna "BupalieHHA" p XOpI
BUJIAJIUTHCS 2 p TOYOK) — pHUC. 2 a).

Takum 4nHOM, MaeEMO PEKYpEHTHE CIiBBIJHOLLIECHHS
T(2n,p):(2n—p)-T(2n—2p,p). 4)
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c)
Puc. 2. IHigMHOKHHM XOPA AiarpamMu, IO € HEPYXOMOIO BiTHOCHO MOBOPOTY
HA KYT Z£.¢g 32 TOAMHHUKOBOIO CTPILIKOIO

BcraHoBMMO TpaHM4YHI YMOBHM [Jisi PEKYpEHTHOTO cHiBBigHOWIEHHs (4). A
came, mokaxemo, mo 7'(0, p)=1. Jlns nporo nocrartHeo noxaty senudury 7'(2p, p)

y HACTYITHOMY BUTJISAII
T(Zp,p):(2p—p)-T(0,p):p-T(O,p). (4.1)
OuyeBuzHO, 10 3 YMOBU 2n=¢gp=2p caiaye, mo g =2. | 3agaya 3BOOUTHCS 10
MiZipaXyHKy uMCIa BCiX p —JiarpaM, HEpPyXOMHX BiJHOCHO Jii eleMeHTy o
(MOBOPOTY Ha KyT @, =3%-2). AJe K BCi TaKi JliarpamMu BUYEPIYIOThCS CKIEHKaMu
BULLY o= (1,m)(3,m + 2)(5,m + 4)(7,m + 6)...(2n —1,m+2(p—- 1)).
OckUIbKH m € {2,4,...,2 p} , TO ICHy€ JHIIe p TakuX p —jiarpaM. 3BIIKH U
BUILINBAE, 1110 T (2 D, p) =p. Sk wmacmigok 3 (4.1), MaeMO CHpaBeIUBICTh
IPaHUYHOI YMOBH T(0,p)=1. (4.2)
2) Hexaii Tenep p € napuum. Tomi g Moxe OyTH SK MapHUM TaK 1

HEMapHUM YHCIOM. B 11bOMy BUTIQJKy MOKJIUBI JIB1 CUTYAIlli:
2.1) xomu Xopau, 3 MOYAaTKOM Y BIIMIY€HUX TOYKax ¢,2¢,3q,..., pq HE

MarOTh KiHIISIMH TOYKH 3 €] MHOKHHH. AHAJIOTIYHO MOMEPETHHOMY BHUIAJAKy MAEMO
PIBHO (2n = p) : T(Zn - 2p,p) TaKUX MOKIIMBOCTEHN — pucC. 2 b) ;
2.2) KOIW XOpId, 3 MOYaTKOM Yy BIIMIYEHUX TOYkKaxX ¢,24,3q,..., pq
MarTh KIHIIMH TOYKH 3 I[1€] MHOKUHH. ICHy€ €quHE MOXJIMBE TaKe pO3OUTTS Ha
napu, a caMme — puc. 2 c):
(2:(p/2+1)q)(2¢:(p/2+1)q +q)(3¢:(p/2+1)q +2q)...((P/2)q; pq).
ko npoirHopyBaty (BUIAIUTH) Il XOPJH, TO 3a7a4a 3BEJEThCA 10 3HAXOKCHHS
BeTUUMHU T (2n— D, p), 00 micns «BUIANCHHA» p/2 XOpA BUIAIUTHCS PIBHO p

BepIIMH. TakKuM YMHOM, y BUIIAJAKY MAPHOTO p MAa€EMO PIBHICTh

T(2n,p)=(2n-p)-T(2n-2p,p)+1-T(2n-p,p). (5)
BcraHOoBMMO TpaHM4YHI yMOBHU MJisi PEKYPEHTHOIO CHiBBiAHOWIEHHA (5). A
came, IMOKaKEeMO CIPaBeUIMBICTh PIBHOCTEH T (O, p) =T ( D, p) =1. (5.1)
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JIJis IbOTO JTOCTATHBO MOJATH BENUYUHY T (2 J22 p) y BUTJIAI
T(2p,p):(Zp—p)'T(O,p)+T(p,p):p-T(O,p)+T(p,p). (5.2)
OueBuaHO, 1O 3 YMOBU 2n=¢gp=2p ciuiaye, mo g =2. | 3amaga 3BoAUTHCS 10
MiIpaxyHKy YHCIa BCIX p —JiarpaM, HEpPyXOMHX BiJHOCHO Jii eleMeHTy o
(IOBOPOTY Ha KYT @, =3%-2). AJle % CKIIEHKH BCiX TaKUX JiarpaM MaroTh BU]I
o= (1,m)(3,m + 2)(5,m + 4)(7,m + 6)...(2n —1,m+2(p— 1)) , a0o0 X
a= (l,p + 1)(2,p + 2)(3,p + 3)(4,p + 4)(5,p + 5)...(p -1,2p —1)(p,2p) .
3BIJIKH 1 Ma€EMO, 1110 T(2p,p) =p+1. Tomy 3 (5.2) MmaeMo
T(0,p)=1=T(p,p). (5.3)
Ha puc. 2 a) 300paxkeHo Bci (iKCOBaHI BEPIIMHU 3 HOMEpaMmH ¢,2¢,3q,..., pq
Ta 00OB'A3KOBY MIAMHOXHHY XOPJ JAlarpamu, 10 € HEPYXOMOIO il JII€0 eJIEMEHTY
o’ (BIITHOCHO NOBOPOTY HA KYT @, =4%-q ) Julsd BUnmaaky 2n=28, g=4, p=17,
Ha puc. 2 b) 300pakeHO0 00O0B'A3KOBY MIAMHOXKHUHY XOpJ JllarpaMu, HEPYXOMOi
mig giero enementy of nmna Bumaaky 2n=30, g=5, p=6 Ta Hemae XOpH, IIO
CIIOJIy4aloTh BEPIIMHU 3 HOMEpaMHu ¢,24,3q,..., pq ;
Ha puc. 2 c) 300paXeHO €IMHUNA MOXJIMBUM BHUMANOK M XOpA, IO
CIIOJTy4aroTh Iapu TOUOK 3 HOMEpaMu ¢,24,3q,...,pq (2n=30, g=5, p=6).

Taxkum 4MHOM, 11 BEJIMYMHU ' (2n, p), Pq =2n MaroTh Miclie PIBHOCTI

(2 _|@n-p)-T2n-2p,p), 70,p)=1, p=2m-1
(2n.)= (2n-p)-T@n-2p,p)+T@n=p,p). T(p,p)=T(0,p)=1, p=2m
(6)

[To cyTi, HaM 3aMUIIAIOCH 3HAWTH BUpa3 s T (Zn, p) B SIBHOMY BHII IS
000X BUMA/IKIB (HEMAPHOTO 1 MApHOTO p ).

2.1) BcranoBumo ¢GopMmyity i PEKypEeHTHOrO CHiBBIOHOWICHHS (6) ams
BHIIAJIKy HEMAPHOTO p 3 TPAaHUYHOI YMOBOKW 7' (0, p):l. JUIst IbOTO JOCTATHBO

KUTBKICTh Pa3iB 3aCTOCYBATH II€ CIIBBIIHOIICHHS ISl 3HOB OTPUMAHHUX BEITMYMH
T(2n,p)=@2n-p)-TQ2n-2p,p)=2n-p)-(2n-3p)-T2n-4p,p))=
=(2n-p)-(2n=3p)-((2n-5p)-TQ2n-6p,p))=
:(2n—p)-(2n—3p)-(2n—5p)-...-(3p-T(2p,p)):
=2n-p)-2n-3p)-....3p-p-T0,p)=2n—-p)-2n-3p)-2n—-5Sp)-....3p-p=
=(pq—p)-(pqg=3p)-(pqg=35p)-....3p-p=plg=1)-p(qg=3)-p(¢=5)-..-3p-1p=

=p"-(g-1)!
Taxkum 4rHOM, IJI1 HEMApHUX p MaeMo (popMyity

T(Zn,p):pq/2 (g-D!', 2n=pq. (7)
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BcranoBumo Temep ¢Gopmylly B SBHOMY BUIUISIAL  JUIE  PEKYPEHTHOIO
CHIBBIIHOIIEHHS (6) y BUNIQAKY MAPHOTO p 3 TPAHUYHUMH YMOBAMH

T(p,p):T(O,p)zl.

BunumemMo nexiabka 4YJEHIB, 3aJlaHUX IIUM PEKYPEHTHUM CIiBBIIHOLIECHHSIM,
3MIMCHIOIOYW BUKJIQJIKU 1HIYKITE 32 ¢ :

2n=qp=lp=2p=3p=4p=5p=..

0) qg=0 T2n,p)=T0O0,p)=1=1+0-p.

1) q=1 Tn,p)=T(p,p)=1=1+0-p.

2) g=2 TCn,p)=TC2p,p)=CLp-p)TO,p)+T(p,p)=lp+1=
=1+1p".

3) q=3: T2n,p)=T@p,p)=Cp-p)T(p,p)+TC2p,p)=2p-1+p+1=
=1+3p".

4) g=4: T2n,p)=TAp,p)=Ap—-p)TC2p,p)+T(@p,p)=

=3p-(1+p)+(1+3p)=1+6p' +3p° =
=1+(1+2+3)p' +3p°.
5) g=5: T(2n,p)=T(p,p)=Gp-p)ITGp,p)+T(4p,p)=
=4p-(1+3p)+(1+6p1+3p2):1+10p1+15p2:
=1+(1+2+3+4)p' +15p°
6) g=6: T'(2n,p)=T(6p,p)=(6p—p)T(4p,p)+T(5p,p)=
=5p-(1+6p" +3p*)+(1+10p' +15p°)=1+15p' +45p> +15p° =
=1+(1+2+3+4+5)p' +45p> +15p°.
o oq=T: I'2n,p)=Tp,p)=Tp-p)ITGSp,p)+T(6p,p)=
=6p-(1+10p" +15p°)+ (1+15p"' +45p” +15p°) =1+ 21p' +105p> +105p° =
=1+(1+2+3+4+5+6)p' +105p° +105p°.

He Baxko 06aunty, M0 B KOKHOMY 3 PO3IVISIHYTUX BHUIAJKIB PE3YyJbTAaTOM €
MHOT'OYJIEH

,_,
B
=_

2]

Mq(P): a(q,j)- p’ cremens [¢/2], ne 2n=pgq, q=1,2,... .

J

Il
(=)

IIpuyom
(0= (ne )M, (p) M, (9)= pla-1)M, (), ().

O4eBUAHO, 110 OCTAHHE PEKYPEHTHE CITIBBIJHOLICHHS 3aJa€ TaKEe CAME PEKYpPEHTHE
CHIBBIHOILLIEHHS JJIs1 KOE(IIIEHTIB a(q, ]) =a, (q) MHOTOYJICHIB

M,,(p). M..(p). M,(p).
A came, Koe(diIIEHTH IUX MHOTOYJICHIB TOB'SI3aH1 CITIBB1IHOIIICHHSIM
a(q+2,j):(q+1)-a(q,j—1)+a(q+1,j). (8)
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2n=gq-p a,(q) a,(q) a,(q) a,(q) a,(q) A 411 (q) A (Q)
q=0 1 0 0 0 0 0 0 0
qg=1 1 0 0 0 0 0 0 0
q=2 1 1 0 0 0 0 0 0
q=3 1 3 0 0 0 0 0 0
qg=4 1 6 3 0 0 0 0 0
q=>5 1 10 15 0 0 0 0 0
q==6 1 15 45 15 0 0 0 0
q=17 1 21 105 105 0 0 0 0
q=3 1 28 210 420 105 0 0 0

TakuM ynHOM, TIOCTABIICHY 3a/1a4y MOJKHA 3BECTH J0 3a/1a4i MPO 3HAXOHKEHHS
(opmynu st obumcnenns koediuientis a(q, j) = a,(q) muorounesa M (p) npu

(hiKCOBaHOMY ¢ .
Inaykuiero no g noBeaemMo cnpaBeAIuBicTh GopMyJIn
a(g.j)=C-@j - V¥g, %j=0,...[qP2]. 9)
baza igayKumii:
a(l,O) =1, a(q,O) =1= CO -(2-0—1)” Vgq.

a(g.)=(142+...+(g-1))= Q(qz D_c (21-1)1 vg.

a(g+1,j) i
2 .

a(q+2,]) quz (2]—1)!! 9.1)

Jlnst uporo, B CHIIy CHOPaBEIJIMBOCTI PEKYPEHTHOIO CIIBBIIHOUIEHHS (6) uist

KOe(DILIEHTIB, JOCTaTHBO MNEPEBIPUTH CIIPABEIUBICTD PIBHOCTI

ClL-(2j-N=(g+1)-CVV-(2(j - -1+ CL - (2j -1 (9.2)
Po3ainmuBinu Ha (2 Jj— 3)!!, MaeMo

(g+2!Qj-1) _

CHNg—-2j+2)!

IIpunycrumo mwo ¢opmyna € BipHOw st koediuientis a(q,j—1),

JOBEAEMO, 110

(g+1)-q! . (g+D!-(2/-1) -

2j-2)q-2j+2)! 2HUg-2j+D)!

@(q+.2).(2 )= .1 +(q_2].+2)-(2]

2))! 2j-2)! 2))!

< (g+2)-(2j-1)=2j-(2j-1)+(2/-1)-(¢-2j+2) =

S(@+2)=2j+(@q-2j+2)<= qg=q.
OTxe, U1 TApHUX p CIPABIKYETHCS PIBHICTh

a(q,j):quf -(2]—1)!! Vj=0,..,[q/2].

Tomy n7ist mapHUX p MAEMO OCTaTOUHY (HOPMYITY
[4/2]

T(2n,p)= ZCZJ (2i-

-1

. p’, 2n=pq. (10)
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3. Yuci10 HeeKBiBAJICHTHUX XOPAOBHX 7 —Alarpam
3a nemor bepHcaiina (nuB. Hamp. [7]), HE BaXKO BCTAHOBUTH, IO YHUCIO

d”=d, (D4n) opbit Tpymu ngieapa D, , mo i€ Ha MHOXHHI I, (YMCIO

HEEKBIBAJICHTHUX 71 — Jilarpam) BU3HAYAETHCA 3a JOIMIOMOTOIO CITiBB1IHOIIICHHS

dr =%(d; +%-(Zl(n)+Zz(n))j,):[e (11)

~

Z,(n) — uucio pgiarpam 3 J,, IO € CHUMETPUYHHMMHU BIOHOCHO (DIKCOBAHOI OC1

n?
CUMETDII, sIKa MPOXOAUTH Uepe3 (JAiaMeTpabHO) MPOTHIICKHI BEPLIIMHU MIa0JI0HY;

Z,(n) — 4ducno pgiarpaM 3 3, M0 € CUMETPUYHUMM BIAHOCHO (DIKCOBAHOI OCI

n?o

CUMETDII, 110 MPOXOUTh Yepe3 CEPEeIUHU MPOTUIICKHUX TYyT MabIoHy — puc. 3.
2

10 3
9 4
8 5
7 6
Puc. 3 Bici cumertpii 27 —madsony (n=135)

Teepakenns 3.1 J[ns JOBUIBHOTO HATYPAJIBHOTO 7 > 2 CHPABIXKYETHCS PIBHICTD
Zl(n):Zz(n—l). (12)
Jlema 3.1 UYwucno xopaoBux n—jiarpaM, CUMETPUYHHMX BIJIHOCHO JOBUIBHOI OCI

CUMETpIi, IO MPOXOJIUTHh UYepe3 CEpPeAWHU MPOTHUICKHUX Iyr Ia0J0HY MOXKHA
OOYMCIIUTH 3a JOIIOMOTOX0 CITIBBIIHOIIEHD

2 1
L , =2
ey T
Z,(n)= ” 1 (13)
I , n=2m+1
" §(2i+1)!-(m—i)! e
JloBeneHHsl. Hexait D(a) - nmiarpama, 1O € CHUMETPUYHOIO BiJTHOCHO

3a3Ha4yeHol ocl cumerpii mabnony. Hexan mami a, (i=1,...,n) — HOMEpH BEpUIMH
111a0JIOHY, 1110 JIeXkKaTh 110 OJUH OIK BiJ OCl CUMETpii, a b, — HOMEpU CUMETPUUYHUX [0
HUX BepmuH. OYeBUAHO, MO0 MOXKIWBUMH € CUTYaIlil, KOJIH XOpAa € CUMETPUIHOIO
BIJIHOCHO OCI. 3T1IHO BBEJICHMX IMO3HAYEHB, BC1 TaKi XOPAU MaIOTh BU/I [ai,b,.]. s

3pY4YHOCTI OYyJIeMO Ha3UBaTH iX Hepyxomumu ado X camocumempudHuMu.
3ayBaxumo, IO MPU NApPHUX 7 = 2m YKUCIIO0 HEPYXOMHX XOpJ MOKe OyTH JInIIe
MapHUM, a [IPY HEMMAPHUX 7 = 2m + 1 — AuIIe HenapHUM.

Posrmsinemo Bumanok, xonmu n=2m. IcHye nume m+1 CyTTeBO pi3HUX
BUMAJIKIB, KOJIM Jiarpama MicTUTh TouHo 2i (i=0,...,m) HepyxoMux xopa. Ti, 1o

3anuImImcs 2(m —i) XopJ, He MOXYTh OyTH HEPYXOMUMHU 1 YTBOPIOIOTH (m —1) map
B3a€EMHO CUMETPUYHHX XOP/I.
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[po umcio Hei30MOPPHHUX Ta HECKBIBAJICHTHUX XOPOBHUX Jliarpam

YTBOpEeHHS Map B3a€EMHO CUMETPUYHUX XOPJI CIi pO3YMITH KEPYIOUUCH TIPABUIIOM:
KOXKHOMY BHOOpY 2 TOYOK 3 HOMEPAMU @;,d; OJHO3HAYHO CTABUTHCS Y BiIMOBIAHICTH

napa CUMETPUYHHMX TOYOK 3 HOMepamu b,, b,. Toxl MOxHa oxepxaTd JBI mapu
B3aEMHO CUMETPUYHUX XOP/I (ai,aj),(bi,bj) Ta (ai,bj),(aj,bi).
Yucno crnocobiB yTBOpEHHsI (m —i) TaKuxX Map CTAaHOBUTH

c: 2-C 24..-C;-2-C3-2 Q(m —i))!

2m—i) 2(m—i—1)

(m—i)! C (m=i)

Tomy npu n=2m mMaeMo

_N 21‘.(2(’”—1'))!: N n! _(2(m—i))!: u n!

(m—i)! (m—i)!
VY Bumnagky n=2m+1 MoxiuBi nume m+1 CyTT€BO PI3HMX BHUIAJKIB. A
came, KOIH jiarpama mictuth To4HO 2i+1 (i=0,..,m) Hepyxomux xopa. Ti, mio
sanmumncs 2(m —i) XOpAu HE MOXYTh OyTH HEPYXOMHUMHU W YTBOPIOIOTH (m —i)

nap B3a€EMHO CHUMETPUYHUX XopA. [IpoBiBmIM MipKyBaHHS, aHAJOTIYHI BHIAJKY
n=2m, MaeMO HaCTYITHUHA pe3ybTaT

e 2m D)) n!
Z,(ny =3 ¢ . Cm =) :
200 =26 ) g‘(ziﬂ)!-(m—i)! -
TBepaxenns 3.2 JIJ1st TOBITBHOTO HATYPAILHOTO 77 > 2 Ma€ MiCIle PiBHICTh
[n/2] n!
Z,(n)= (14)
121 JH(n=2j)"
JloBeneHHst 3BOJIUTHCA /IO 3BUUAWHOT IEPEBIPKU TOTOKHOCTEH
m 1 m 1 m 1 m 1
= Ta = :
g‘(zi)!.( —i)! ,Z;{; L(2m—2))! g(ziﬂ)!-( —i)! JZ;J L(2m—(2j-1))!

Teopema 3.2 Uucno HEeKBIBAICHTHHX (BIAHOCHO [ii JieApanbHOI TPYIH)
XOpIAOBUX n—JiarpaM Moke OyTu oOuucieHe 3a JIOMOMOTOK HACTYyIMHUX

CHIBBIIHOIIEHD
[1/2]
d:*:%(d:_l_%(zz(n—l)-i-zz(n) )9 VA (n) Z

Joj ),z[e (15)

BEJIMYMHA d, BU3HAYAETHCS 32 CIIBBIAHOMICHHM (2).
CnpaBeyiuBICTh T€OpEeMHU € HacaigkoM TBepmxensb 3.1 1 3.2 Ta cniBBigHOIIEHD (2),

3).

Hwxye naBeaeni Bci HeisomopdHi 3 — 1 4 — giarpaMu BiIMOBITHO.

@, &, OB
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OueBuaHO, MO BCl HEI30MOpQHI 3 —jaiarpaMu HEEKBIBAJICHTHI 1 M €O
rpynu gieapa. Tomy d;” =5.

LY
o
N
O

DL
RN

0 1 2

Als
«:
«
Ko
B
L&

3 4 5 6 7 8

3a BUKIIOYEHHSAM Jlarpam 7 Ta 8 Hei3omopdHi 4 -—qiarpaMu €
HECKBiBaJICHTHUMH U mij aiero rpymnu aieapa. Tomy d), =17 .

3Ha4yeHHs BeIMYMHU d, TpU n =35 Brepuie OyJo BCTAaHOBJICHO y poOoTi [6], B siKiii

HaBeJICHO BC1 79 HEEKBIBAJIGHTHHUX 5 — Iiarpam.

Takum YMHOM, 3alpPONOHOBAHWM B POOOTI MiAXiJ JIO3BOJMB BCTAaHOBHUTH
dbopMynu IS MApPaXyHKY 4YHCIa SK HEI30MOpPGHUX, TaK 1 HEEKBIBAJICHTHHX
XOPJIOBUX A — aiarpam.

3 IeSIKUMH 3aCTOCYBAHHSIMU XOPJIOBHX JllarpaM MOXHa 03HaloMUTCh B [2], [6].
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Ipo mincranoBku ['acmapa Momxa

BnusHeub T.P., MNaweHko 3.M.

'Cmyoenka 5 kypcy @isuxo-mamemamuunozo gaxynomemy CHITY,
*loyenm kagedpu aneebpu CIITY

IIpo nmincranoBku I'acnapa Mon:ka

B Hamomy >KHUTTI MM 1HOJI 3yCTpi4aeMoOCs 3 IIKaBUMH 3aJja4aMH-1rpaMu, pO3B’ 30K
SKUX MOYKHA 3HAWTH 3a JOIIOMOTOI0 Teopii MmiACTaHOBOK. [1].

3aoaua Kononma 3 36 kapT Tacyerbcs HacTynHUM uyuHOM. Konoma Oeperbes
JUIEBUM OOKOM BHHU3 B JIIBY PYKY 1 KapTu 3BEpXy MO OJHINA MEpPEKIaJaloThCs B
IpaBy pyKy, IpUUOMY B IpaBiii pyIll BOHH MOYEPTrOBO KIAAYTHCSA TO 3BEPXY, TO
3HM3Y THX KapT, Kl 10 I[bOTO Yacy Bxke 310panuch B mpasiil pyui. CKUIbKH pa3iB
HEOOX1THO TOBTOPUTH TaKy IEPECTAHOBKY, 100 B KoOJIOAI OyB BiJHOBJICHUU
MOYaTKOBUM OPSAI0K? [1]

Buknukae iHTepec BIJNOBIAb Ha MUTAHHSA I11€1 3a7a4l y BUMAAKY 271 KaprT.
[TizcTaHOBKH, SKI XapaKTepU3YIOTh MEPETBOPCHHS i€l 3a1avi y BHITAJAKY 27 KapT,
MaroTh Ha3BY MiJICTaHOBOK ["acmapa MoHnyka. A BiMOBiAbL JaHOT 3a7a4il CITIBIIaJA€ 31
3HAYCHHSMHU MOPSAJIKY BIAMOBITHUX IT1JICTAHOBOK.

Hampuknan, npu n=35 micnga mepuioi NepeTacoBKH 3aHyMEpOBaH1 IIO-
MOPSAAKY KapTH PO3TAIIYIOTHCS HACTYITHUM YHHOM:

{10) (&) (6) (4 (2) ) 3) (5) (1) ()
1 2 3 4 5 6 7 8 9 10’

a BIAMOBiMHA miAcTaHOBKa ['acmapa MoHnka, sKa BKasye HOMEp MiCIs, Ha SKe
MEPEXO0IUTh KOXKHA KapTa, Ma€ BUTIISI;

B 1 23 4 5 6 7 8 9 10
PZl6 57 4839210 1
Bunukae HeoOXiHICTh JOCHIANTH IMiacTaHOBKH ['acriapa Monka cremneHs 2n,

3HAUTH 1X aHAMITUYHY (HOPMYIY, HOCTIAUTH 3aJEKHICTh MOPSJKY IUX IT1ICTAaHOBOK
BIJl 71.

[Tomiyaemo, 1110 B JOCIIJKYBaH1i MIACTAHOBI MMapHI €JIEMEHTH B 21 J10 2
B1I0OpaXkaroThCs B eJIeMeHTH Bin 1 10 7, a HemapHi Bix 1 1o 2n—1 — B eleMeHTH Bif
n+1 no 2n. Toal MOXKeMO oJiepKaTH aHAITHYHY (POpMYJTy TIJCTAaHOBKU ¢ [ acmapa

Momxa creness 2n :
(D).

Bigomo, 1m0 [JOBUIBHY IIJICTAHOBKY MOXKHa PO3KJIAcTH y J00YTOK
HE3ICKHUX IUKIIB, TOPSAJOK TakKoi IMIJCTAHOBKH JIOPIBHIOE HAWMMEHIIOMY
CIIJILHOMY KpaTHOMY JIOBXXKHMH IMX IMKJIB, a HaOIp JOBXHH YCIX IHUX IUKJIIB
HA3UBAETHCS TUIIOM MiACTaHOBKH. [1].

n+l—t npux=2t
P(x) =
n+t npux=2t-1Lt=12,..,n
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TBepaxenns 1. IlincranoBka ['acriapa Monxka creneHst 2n OyJe MaTu HEPYXOMY
TOYKY TUIBKM Yy BUIAIKY, KOJIM 21+ 2 JOUIMTBCA HAa 3, MPUYOMY BOHA €JIMHA 1

JOPIBHIOE %(n +1).

JloBeneHHs. Hexaii x — Hepyxoma Touka miacTtaHoBKH ¢ [acmapa Momxka
crenens 2n (@(x)=x). Tomi 1<x<2n.

1. Hexaii x=2t= gn(x) =n+1-t=2t=3t=n+1=1uIe 4ucio ¢ iCHye€, KOJH

n+1 naimutees Ha 3 (a 3HaUUTH 27 + 2 AUIMTHCS Ha 3), TPUYOMY BOHO €JIMHE, TOII
2 2n+2

x:§(n+l): 3 ,1<x<2n.

2. Hexait x=2t-1=¢(x)=n+t=2¢-1=t=n=1=x=2n+1>2n, mo
HEMOXIINBO. TBGpI[)I(eHHSI JOBECACHO.

[IpoBiBiIM aHami3 TUMIB 1 3HAYEHb MOPSAKIB MiIcTaHOBOK ['acapa Monxa B
3QJIKHOCTI BiJ] KOHKPETHUX 3HaYeHb n = 1, 2, ..., 18 (T1abmn.1), BUHUKAE rimoresa.

Tinoresa. Skmo creminp migcranoBku Ilacmapa Momka nopiBHioe 2°, 1o i
nopsiiok k +1.

B nmaniit Tabmumi 1 3aHeceHi TakoXX pe3yJbTaTH JOCTITKEHHS THIIIB
nigcranoBok [acrapa Momska crenenst 2° Ta 3HadeHb ix mopsiakiB mpu k=6, 7, 8.

Hpu k=6 wuncio 2°=64=7-9+1. Poskiamemo mincranoBky Iacmapa
Momxa crenens 2° B 106yToK HesanexHUX MuKiiB. Tak sk uncno 2° +2=66:3, o

MiJCTaHOBKAa OyJie MaTH HEPYXOMY TOYKY %:22, a 3HAQYUTH 1 LUK @, :(22)

nopxkuHn 1. Inmi nwknm  Oyaemo OyayBatu  sIK OpOITH  BCIX  €JIEMEHTIB,
KOPHUCTYIOUUCH aHAMITHYHOIO (opmyioro (1) miactanoBku ['acmapa MoHxka creneHs

2°. TIo6yyemMo CHOYATKY IUKIT O(l,(p):

1=2-1-1 ¢(1)=2°+1=33,

33=2-17-1 ¢(33)=2°+17 =49,

49=2-25-1 ¢(49)=2°+25=57,

57=2-29-1 ¢(57)=2°+29=61,

61=2-31-1 ¢(61)=2°+31=63,

63=2-32-1 ¢(63)=2"+32=064,

64=2-32  p(64)=2"+1-32=1.
¢, =0(1, 9)=(1,33,49,57,61,63,64), iioro noBxuHa KOpiBHIOE 7.

Tak gk 2¢ O(l, (p), TO O(2,(p);t O(l,go) 1 moOymayeMo MK
¢, =0(2,0)=(2,32,17,41,53,59,62).

Amnanoriuto, 3 ¢ O(l,(o),O(2, (0), TOMY @5 = 0(3, go): (3,34,1 6,25,45,55,60),
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[po migcranoBku ['acmapa MoHxa

0, =0(4,9)=(4,31,48,9,37,51,58), ¢, =0(5, p)=(5,35,50,8,29,47,56),

9s =0(6,9)=(6,30,18,24,21,43,54), ¢, =0(7,p)=(7,36,15,40,13,39,52),

8egs, Ve,

9, =0(10, ) =(10,28,19,42,12,27,46), ¢, =0(11, ) =(11,38,14,26,20,23,44).
JIOBXXKMHHM BCIX IIUX ITUKIIIB IOPIBHIOIOTH 7.

[HIMX MHMKTIB HE iCHYE, OCKUIBKH BCi 20=64=7-9+1 umcen BXOIATh B
3HaleHl LMKIU @y, P,...,P,, a HiAcraHoBka ['acnmapa Monxka creneHs 26
PO3KIIAIA€ThCS B JTOOYTOK JIEB’SITH IUKIIB JOBXKUHK 7 1 OJTHOTO ITUKITY JOBXWHHU 1,
mae tun (7,7,7,7,7,7,7,7,7,1) = (7x9,1) i nopsinoxk HCJI(7,1)=7=6+1.

AHaNOTIYHUMHU MiJpaXyHKaMH OJIEPXKAHO, IO OpU k=7 4Yuciao2’:(7+1)
(27=128=8-16), a migcrtaHoBka l'acrrapa Momka  crermeHs 2 pO3KIATAEThCS B
N0OYTOK MIICTHAAIATHA LMKJIIB JIOBXXKUHHU 8, Ma€ THUI <8,8,...,8>:<8><16> 1 TIOPSI0K
8=7+1; npu k=8 uucno 2°=256=9-28+4. Tun nigcranosku 'acmapa Momxa
cremens 2° Ma€ BHIJIAL <9,9,...,9,3,1>:<9><28,3,l>, a TOpSAOK JIOPIBHIOE
HC/(9,3,1)=9=8+1.

Taoauns 1
3HaveHnHs nopsakiB nincranoBok I'acnapa Mon:ka.
2n THI MOPAI0OK
2=7! <> 2
4=27 | <3,1> 3
6 <6> 6
g§=23 |<44> 4
10 <6,3,1> 6
12 <10,2> 10
14 <14> 14
16=2% | <5,5,5,1> 5
18 <18> 18
20 <10,10> 10
22 <12,4,3,2,1> 12
24 <21,3> 21
26 <26> 26
28 <9,9,9,1> 9
30 <30> 30
32=25% |<6,6,6,6,6,2>=<6x4,2> 6
34 <22.11,1> 22
36 <9,9,9,9> 9
6 <7,1,7,1,1,1,7,7,7,1> =<7 x 9, 1 > 7
27 <8x16> 8
28 <9x28,3,1> 9
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Jlan1 oOuMcieHHs MIATBEPIKYIOTh BUCYHYTY TINOTE3y, aje€ HE JTOBOASATH ii.
3pobumo nieski cnpoOu AoBeCTH AaHy rinoresy. [lo-mepiie, po3riasHeMO MOKIIMBI
UKW, Ha $IKI MOXe OyTH pO3KiajeHa mijJcTaHoBKa ['acmapa Monxka creneHs

-1 . .
2k (n:2k ) Hns toro, mo6 rimoTe3a MOIJia CHPaBAUTHCH, JIOBKUHHM BCIX ILHX

UKJIIB OBUHHI OyTH nimbHUKaMu k + 1. Kopuctyrounce popmysoro (1), 3naiigemo
opbity O(L¢):

1. x, =1 —Henapsne , (xz2t—1,g0(x)=n+t) t, =1,

2. x, =9(x,)=p(1)=2""+1 —nenapme, t, =27 +1;

3. x;=0(x,)=p(2 +1)=2""+2"2 +1 — menapwe, #; =27 +2°7 +1;
4. x;=0x;)= (2 +2"2 +1)=2""+22 42" 41 — HemapHe,

t, =27 42" 2 4y

k. x, =281+ 25 2 4 428 41 —menapre, 1, =2"7 + 2" + 428 41
KL x,,=0(r )= #2524 42 1 1)=2" 4252 4 25 20 41,
3BepHeMo yBary mo, 2°+2'+..+2"' — cyma k WiIeHIB reoMeTpUYHOI

nporpecii, sika gopirioe 2° —1, Tomi x,,; =@(2 +2"7+..+2'+1)=2" — napnue,

(x=2t,p(x)=n+1-1) t,=11¢,,=2"";
k+2. p(2")=2"+1-2""=1.

Tomi MaeMo, 0 HUKII ¢, =(1,2"*1 +1,2F g2k L 28 0k +...+2+1,2") — 11e
opOira ,0), Woro noBxkuHa k + 1. ToOTO, 0JIepIKYEMO
poiTa O(1 k+1.Tob PKY

Teepmxenns 2. Ilopsmox migcranoBku I'acmapa Momxka cTemens 2° iIUThCSA Ha
k+1.

INmoteza Oyma © JgoBemeHa, SKIIO JIOBECTH, IO OCTaHHI  €JIEMEHTH
YTBODIOIOTH OPOITH 3 JOBKHHOIO, KA € JUIBHUKOM (k +1).

Hamu po3risiHyTO MOXJIMBI THITM IIiJCTaHOBOK I'acmapa Momxka crenens 2°
nmpu 9<k <18 (tabn.2), skl 3a70BONBHSAIM O BHCYHYTIM rimore3i. Bci mi tumm
MMOBUHHI 33/I0BOJILHATH TBEPKCHHIO | 1 JJOBKUHU BCIX B3a€EMHO MPOCTHUX IUKJIIB, Ha
TOOYTOK SIKMX PO3KJIAMAEThCS MiACTAaHOBKA, MOBUHHI OyTH AUTbHUKamMu k+1, Toml
HalMEHINE CIIJIbHE KpaTHE WX JOBXKHUH, IO CIIBIIAJa€ 31 3HAUCHHSAM MOPSJKY IH€l
MIJICTAHOBKHU, JOpiBHIOE k+1. JlaHuii aHam3 MOXeE€ JONMOMOITH Yy IOJAJIbIIOMY
JIOBEEHHI T1IIOTE3N.
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Ipo mincranoBku ["acmapa MoHxka

Taoaunnga 2
Iependauysani 3HaYeHHs NOPsAKIB mizcTanoBok IN'acnapa Mon:ka crenens 2°

CTenmiHb THII NOPSIA0K

2’ <10x51,2> abo HCK(10,2) =
<10xx,5%2y,2x(5t+1)> =HCK(10,5,2) = 10

210 <11x93,1> HCK(11,1)=11

2" <12x170,4,4>, a60 <12x170,6,2>, HCK(12,4) =HCK(12,6,2)=
a00 <12xx,6xy,4xs,2%xt> =HCK(12,6,4,2) =12

2" <13x315,1> HCK(13,1)=13

25 <14x585,2>a60 HCK(14,2) =
<14xx,7Tx2y,2xT7t+1> =HCK(14,7,2) = 14

2" <15x1092,3,1> a6o HCK(15,3,1) =
<15xx,5%y,3%xs,1> =HCK(15,5,3,1)=15

2P <16x2048> a60 16 =
<16xx,8xy,4xs,2%xt> =HCK(16,8.4,2,)

210 <17%x3855,1> HCK(17,1) =17

217 <18x7281,9,3,2 >, abo HCK(18,9,3,2) =
<18x7281,6,6,2>, a6o = HCK(8,6,2) =
<18xx,9%y,6x5,3%xp,2xt> = HCK(18,9,6,3,2) = 18

18 <19x262143,1> HCK(19,1)=19

Jlirepatypa
1. Kanysrcnun JI.A., Cywancxuii B.M. Tlpeobpa3zoBaHusi U MepecTaHOBKU. — M.:
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2. Kocmpuxun A.U. Beenenue B anredpy. — M. : Hayka. 1977.
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i . ) . .
Acnipanmka mexaniko-mamemamuunozo gaxyrvmemy Kuiscokoeo HayionanibHo2o
)Z/Hieepcumemy im. Tapaca Llleguenka,
Acucmenm kagheopu anceopu CHITY

3acTocyBaHHSA HMKJIIYHMX KOAIB B TEOPili KOXYBAHHA

B crarTi posrnsiHyTa iCTOpisSi BUHUKHEHHS KOJIB, MUTaHHS MOOYJOBH KOIYHOUMX 1
JEKOAYIOUHNX MPHUCTPOIB, a TAKOXK MUTAHHS 3araJibHOI TEOpii JIHIHHUX Ta IUKITIHUX
KOJIiB.

Kuarw4oBi cioBa: ninitini koou, yukiiuni Koou, CKiH4eHHe noJe.

Koau 3'ssBunncs B rinuOOKild CTApOBUHI y BUIJISAL KPUNITOTpaM (MO-TPELbKU —
TalHONUCY), KOJIM HHUMH KOPUCTYBaJUCS IS 3aCEKPEUyBaHHS BAXIJIMBOTO
MOBIJIOMJICHHS BiJl THX, KOMy BOHO He OyJo mpusHaueHe. Bike Bimomuii rpenpkuii
ictopuk ['eponoT (V cTomiTTs 10 H. €.) HABOJWB MPHUKJIAAN JUCTIB, 3pO3YMIIUX JIUIIIE
st onHoro anpecara. ChapraHili Maid ChelialbHUNA MEXaHIYHMM Mpujaj, 3a
JIOTIOMOTOI0  SIKOTO BXKJIMBI TOBIJIOMJIEHHSI MOXHa OyJI0 mHcaTd OCOOJIHUBUM
criocoboM, 1110 3abe3rneuye 30epexeHHs] TaeMHulll. BiacHa cexkperHa az0yka Oyna y
HOmis Ile3aps. B cepeani Biku 1 emoxy BimpomkeHHS HaJl BHHAXOJOM TaEMHUX
mu@piB MpalroBayio OaraTo BUAATHUX JIIOJEH, B iX yuchi ¢imocod PpeHcuc bekow,
KpyrHi MmaTtematuku Opancya Bier, [[xeponamo Kapmano, /Jxon Bammic.

3 yacoM mouainu 3'SBISTUCS MO-CIPaBXHLOMY CKIanHl mudpu. OauH 3 HUX,
0 BXKMBAETHCS 1 TOHWHI, TOB'I3aHM 3 1M'iM BueHoro abara 3 BioprOypra
Tpitemiyca, sikoro 10 3aHATh Kpumnrorpadiero croHykana, MaOyTb, HE TUIbKHU
MOHACTHPCBKA CaMoTa, aine 1 morpeba 30epiraTH BiA PO3TOJIOCY MEsKi ITYXOBHI
taeMHuuIli. Pi3Hi XI/ITpOMy,Z[pl MPUHOMH KOTYBaHHS 3aCTOCOBY BN ¢ pyBaATEHUKA
py TANChKOMY JBOpI 1 JIBOpax €BPOMEHCHKHX KOpOJiB. Pazom 3 mMmcTenTBOM
muppyBaHHS PO3BUBAJIOCS 1 MHCTEUTBO JAemM(poBKH, abo, 5K KaxKyTh,
KpUIITOAHAII3Y.

VY 3aBmaHHSA KOJyBaHHS BXOJUTH 30BCIM HE 3aCEKpPEUyBaHHs IOBIIOMIICHbB, a
1HIIa MeTa: 3poOHUTH Mepefady MOBIIOMIIEHb IIBUAKOI, 3PYYHOK 1 HaAIMHOIO.
[lpu3HayeHui njs i€l METH KOIYIOUWM MPHUCTPIM 31CTaBIs€ KOXHOMY CHMBOJIY
TEKCTY, KWW TepeacThCs, a 1HOAl 1 UMM ciioBaM abo dpaszam (IMOBIAOMIICHHSIM)
MEeBHY KOMOIHAI[I}0 CUTHAJIIB (MPUUHATHY JIJIs TIepeaadi 1Mo JaHOMY KaHaly 3B'S3KY),
3BaHy KOJIOM ab0 KOJOBUM CJIOBOM. [Ipu niboMy omepaiiiro mepexiaay noBioMIEeHb B
MIeBHI IMOCJIOBHOCTI CUTHAIIB Ha3WBAIOTh KOJYBAaHHSIM, a 3BOPOTHY OIIE€pallifo, IO
MOHOBIIIOE [0 MPUUHATHX CHUTHaNaX (KOJOBHUM CJIOBaM) TIOBIJJOMJICHHS, SIKE
nepeaaBain, — ICKOTyBaHHSM.

BiamiTumo Bigpa3y ok, MmO pi3HI CHAMBOJM a00 TOBIJOMJICHHS TOBHHHI
KOJIyBaTHUCS PI3HUMHU KOJOBUMH CJIOBAMH, 1HAKIIIE 32 KOJAOBHUMH CIIOBAMHU HE MO>XHA
OyJi0 O BITHOBUTH MOBIJOMIICHHS, SIK1 TIEpeIaBaIu.
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3acTocyBaHHS HUKIIYHUX KOJIB B TEOPil KOAYyBaHHS

IcTopuyHO Tepmmii  KOA, TPU3HAYEHWH IS Tepefadi  MOBiJTOMIICHb,
MOB'AI3aHUM 3 IM'IM BUHaX1IHKUKA Tenerpaduoro anapary Cemtoens Mop3e 1 BiZOMHUIA
BCIM sIK a30yka Mop3se. Y upoMy Koji KOHi OykBi a00 1u(pi 31CTaBIAETHCA CBOA
MOCJTIIOBHICTh 3 KOPOTKOYACHHUX (3BaHUX KparkaMu) i TpUBaduX (TUpE) IMITYJIbCIB
CTpyMy, IO PO3AUIAIOTHCS May3aMH. [HIIUN KOJ, TakoX MIUPOKO TOLIMPEHUN B
tenerpadii (kog bomo), BUKOPUCTOBYE i KOAYBaHHS JBa €JIEMEHTapHI CUTHAIU —
IMITYJIBC 1 TIay3y, PU IbOMY KOJIOB1 CJIOBa, 10 31CTABJISIIOTHCSA OyKBaM, CKJIaAar0ThCS
3 I'SITU TaKUX CUTHAIB.

Konu, 1mo BUKOpPHCTOBYIOTH JBa pi3HI €JIEMEHTapHI CUTHAIHM, HA3WBAIOTh
IBIAKOBUMU. 3pydHO OyBae, BIABOJIKAIOYUCH Bif iX (DI3UYHOI IPHUPOAM, TTO3HAYATH
mi aBa curHanu cumBoamu O 1 1. Toxmi KOMOBI ClioBa MOKHA TMPEICTABISATH SK
MTOCJTITOBHOCTI 3 HYJIIB 1 OJTUHUIIb.

[lepmmii xTO 3pO3yMiB, MO [JIi KOAYBAaHHS JIOCUTh JBAa CHUMBOJIH, OYB
@®pencuc bekoH. J[BIMKOBHI KOJ, KMl BiH BUKOPUCTOBYBAaB B KPHUOTOrpApiUHUX
LJISX, MICTHB I'ITUPO3PsIIHI (K 1 B koAl bono) cioBa, cknaaeni 3 cumodis 0, 1.

Konu 3 mepeBipkaMu Ha MapHICTh HA3UBAIOTH JIHIUHUMU KoOoamu (JIBIAKOBI1
JHIMHI KOAW HA3UBAIOTh TAKOX epynosumu). SIKIO KOJAOBUHN MIAMIPOCTIp B IPOCTOPI

L, Ma€ PO3MIPHICTb k, TO BHKOPHUCTOBYIOTH JUIsl OUIBIIOI BH3HAYEHOCTI TEPMIH
NiHiAHKHA (1, k)-KOI.

€ nyxe 6arato mpUYMH, MO SKUX JIHIAHI KOAU € HAaWBAKIIMBIIIMMU B TEOPIi
KoayBaHHsA. OfHa 3 HUX MOB’S3aHA 31 3PYYHOCTSIMU Yy BHUSIBJIICHHI 1 BHUIIPABIICHHI
NOMWIOK. [HIIa MpUYMHA — 11€ MOKJIMBICTh KOMIAKTHOTO 3aJaHHs Kopy. [lificHo, y
pasi JIHIHHOTO KOJY HeMae HeoOXITHOCTI BKa3yBaTH MOBHUMN CIUCOK KOJOBUX CIIB,
aJ/pKe KOJI IIJIKOM BU3HAUYEHHUM CUCTEMOIO JIIHIMHUX PIBHSHB!

b, x, +b,x, +...+b,x, =0,

b, x, +by,x, +...+b,,x, =0,

b.x +b,x,+.+b x =0

mn-"n

ab0 MaTpHIIEIO 111€T CUCTEMU (NEPEBIPOYHOI0 MAMPUYELD):

b, b, .. b,
| by by b,
bml bm2 bmn

Hapgani mu npumyckaTUMeMO, 110 PAIKU L1€T MATPULI JTIHIHHO HE3aIeKHI.

Jlo iHIIMX mepeBar JiHIMHUX KOAIB, SIKi MOB'SA3aH1 3 MONEPEeIHIMU, BITHOCATHCS
OpOCTI aIrOpUTMU KOAYBAaHHA 1 JEKOAYBaHHs, IO JIETKO pPeai3yloThCs
€JIEeKTPOHHUMH CXE€MaMHM IepeMuKadiB. B3arami, MoXHa cka3zatd, o OypXJIuBUU
PO3BUTOK TEOPil KOAYBaHHS, KWW BiIOYBABCSA B OCTAHHI ECSTHIITTS, TOSCHIOETHCS
rOJJOBHUM YHMHOM THUM, IO JO JIHIHHUX KOJIB TMPUKIAIEHUN A00pe pPO3BUHEHHI
amapar JIIHIAHOI anredpu 1 Teopli CKIHYEHHUX TTOJIB.

Cepen niHIMHUX KOIIB OCOOJIMBO BaXKJIMBY POJIb T'PAIOTh TaK 3BaHI YUKIIYHI
KoOu. 3 psAly MPUYUH BOHU € HAMOUIBII I[IHHUM HagO0aHHSAM Teopii komyBaHHA. [1o-
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nepIie, BOHU JOMYCKAIOTh 1€ KOMIIAKTHIIIUN OMKC, HIXK TOBUIBHI JiHIMHI koau. [1o-
Jpyre, alfOpUTMUA KOJyBaHHS 1 IE€KOJIYBaHHS, IO € JUIsS JIIHIMHUX KOJIB, MOXYTb
OyTH B 3aCTOCYBaHHI J0 LMKJIIYHMX KOJIB 3HAYHO CIPOILEHI; OUIbII TOro, AJs
[MUKITIYHUX KOJIB ICHYIOTh CBOI OCOOJHMBI METOJIW JACKOAYBaHHS, SKI HE MOKHa
3aCTOCYBaTH JI0 IHIIMX JIHIMHUX KoaiB. Hapeiri, mo cBOili CTPYKTypi III KOIU
17IealbHO TIPUCTOCOBAHI1 JI0 peajizallli B CydaCHUX TeXHIYHUX MPUCTPOSX.

Cepen UHMKIIYHHUX KOJIB OCOOJMMBY MPAKTUYHY BAXJIMBICTh Ma€ OJHH
CHeIlialbHUN KJac KOJIB, 3alpONOHOBAHUX AaMEPUKAHCHKUMH MaTeMaTHKaMu
boy3om, Hoyaxypi 1 XokBinremoM. Lli koau Tak 1 HazuBaroThcs Kogamu bUX — 3a
MMOYaTKOBMMH OYKBaMH MPi3BHII IMX MaremaTukiB. Teopis koxaiB bBUX Buxomuts 3a
paMKH I1i€l CTATTi, 1 MU TUIBKU MOSCHUMO B JIEKUIBKOX CJIOBaxX, SKUM YHHOM BOHH
BU3HA4YalOThCA. i1 boro Ham OyJie MOTpiOHO JesKi T0AAaTKOBI BIAOMOCTI 3 Teopii
TIOJTIB.

[OBOpPUTUMEMO, IO MiAMHOKMHA F € HigmoneM nons F, SKWoO F € 1mojie
o010 onepauiii Ha F . CripaBeaanBa Taka TeOpeMa:

s 6y0b-aK020 cKinuenno2o noia F ModcHa éKkazamu cKindenne none F, ujo
3A0080bHAE HACMYNHUM YMOBAM.

1. F ¢nionone noas F;

2. F micmumb n KOpeHié pieHanns X" —1=0;

3. He icHye nouns, sike 3a0080abHsAE eracmusocmam 1 i 2 i wo maec menuwe
eniemenmie, Hisxc F .

Hexalt Tenep st mojisi F BKa3aHO MOJIE F 3 BinactuBoctsamu 1-3. Hexait o —
NPUMITUBHHIA €JIeMEHT T0Js F , a YMcha s 1 / Taki, 0 eJEMEHT o Ma€ MOPAAoK n i
s+1<q,I€ g — YUCIIO €IEMCHTIB ITOJIS F. Lukniunui xoa Ha3uBaeTbes kKojgom bUX
(3 mapameTpamu n, s, [ ), SKIIO BiH CKJIAJAE€THCS 31 BCIX MHOTOYJIEHIB CTENEeHS <n—1 3
KoedilieHTamMu 13 F , CEpel KOPEHIB AKUX MICTATHCS BC1 €JIEMEHTH.

as’ as+1’ as+2’“.,as+l
MoxHa 10BeCTH, IO KOJ0Ba BIJACTaHb TaKOTO Kojay He MeHma [+2. OTxe,
BapIiIOIOUU NapaMeTpH n,s,/, MU MAaEMO MOKJIUBICTh OTpuMyBaTH kKoau bUX 3 Oymb-
KOO BIJICTaHHIO, TOOTO Ti, SIKI BUIPABIISIOTh Oyb-sKE 3ajaHe yncio momMuiok. Lle
JOTIOBHIOETBCS THUM, IO JUIsl BKa3aHMX KOJIB PO3POOJIEHI 3pydYHl aJIrOpPUTMH
JIEKOJTyBaHHS, 3aCHOBAaHI Ha OOYMCIICHHSX B CKIHYEHHUX MOJAX 1 IO JIETKO

peai30BYIOThCS aBTOMAaTUYHUMU €JIEKTPOHHUMU MPUCTPOSIMHU.
Jlitepatypa
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JocnimkeHas npobieMu CTIHKOCTI KpunTorpadiyHux cucTeM

TatbaHuukoB A.O.
Cmyoenm 5 kypcy 1 epynu ¢izuxo-mamemamuunozo ¢paxyromemy CHITY

docnigxeHHA npobnemMu CTinKocTi KpuntorpadivyHMx cuctem

[ToOynoBaHO OOYMCITIOBAIBHO 3aXHUIICHY KPUIITOCHUCTEMY, Ky NMPOTECTOBAHO
Ha ToBijoMJieH1 aoxuHoto B 1028-k (k= 1, 5, 10, 20, 100) cumBomiB. [lokazano
3aJIeKHICTh yacy pobotu anroputMmis mudpysanss (7,.), nemudpysanns (7,C) ta

aJiropuT™My JamaHHs Koy (7,) BiJ JOBXKUHU MOBIIOMIIEHHS (N).

KawouoBi caoBa: kpunmocucmema, meopemuxo-ingpopmayiva  cmitKicmo,
0OUUCTIOBATIBHA ~ 3AXUWEHICMb,  NONIHOMIANbHI  Al2OPUMMU,  eKCHNOHEHYIUH]
aneopummu

CTpiMKUEl ~ PO3BUTOK OOYMCITIOBANIBHOI ~ TEXHIKH Ta  PO3BUTOK
TEJEKOMYHIKaLIMHUX MEPEX BeAe N0 HEOOXIHOCTI CTBOPEHHS CUCTEM OE3MEYHOTrO
30epiraHHs Ta nepenaBaHHs KOoH()1IeHHOI iHpopMaii. 11 3aBaHH BUPILIYIOTHCS
3a IOMOMOI0K0 KpUnTOorpapiyHuX aJirOPUTMIB 3aXHUCTY 1H(OpMaIii.

CimetictBo BijoOpakeHb MmU(pPYy B CYKYIHOCTI 3 MPOTOKOJAMHU, IO
BUKOPUCTOBYIOTHCS, YTBOPIOIOTH KPUIITOCUCTEMY. 3JATHICTh KPUIITOCUCTEMU
NPOTUCTOSITU aTakaM oJiepKajla Ha3By KpUNTOTrpadiuHOi CTIMKOCTI KPUITOCUCTEMH.
Criiika kpunTocucTemMa 3ade3neuye 3axucT iHGopMallii MpoTAToM TPUBAJIOrO Yacy,
HE3BaXXAI0YM HA 3YCUJUIS CYNPOTHBHUKA, IO BOJIOJIE€ 3HAYHUMHU MaTepialIbHUMH,
THTEJIEKTyaIbHUMH ¥ 00UYMCITIOBAIBHUMH pecypcamMu. [CHy€e pI3HUIIS MK TEOPETHKO-
iH(bOopMaIliiHOIO CTIHKICTIO (200 TEOPEeTUYHOI CTIMKICTIO) 1 OOYHCIIOBAIILHOIO
3axuIIeHICTI0O (a00 MPakTUYHOIO CTIMKICTIO) KpumnrocucreMu. Kpunrorpadiuna
CHUCTEMa HA3MBAETHCS OOYHMCITIOBAIHHO 3aXHUIICHOIO (200 00YMCIIOBAILHO CTIHKOIO),
SKIIO HaWKpamuid 3 MOXIMBUX aQITOPUTMIB, II0 37aMYyIOTh 1ii, BHMAarae
HEBUIIPABJAHO BHCOKHX BHUTpPAT OOUYMCIIOBAIBHHUX pecypciB. bepyunm mno yBaru
MOTYXHICTh Cy4acHMX KOMI'FOTEPIB, MOYKHA BBaKATH, 110 2" omnepailii, HeoOXiTHux
I 371aMy udpy, e Ta MeXa, BUXOISUHU 3a Ky alrOpPUTMU 3JIaMy CTarOTh 3aHATO
noporumMu. Takum YMHOM, SKIIO MiHIMallbHe 4ucio N omepailiii, HeoOX1THUX
aJIrOPUTMY, IO aTaKye JaHy KPUIITOCHCTEMY, Oijblie 3a 2%, TO TOBOPSTH, 10 BOHA
OOYHCITIOBAIFHO 3aXMIIEHa. 3ayBaXMMO, IO HISKY peallbHy CHUCTeMy HE MOKHa
OOIPYHTOBAaHO BBa)KaTH OOYMCIIOBAIFHO 3aXMIINEHOI0, OCKITBKA MU HE 3MOXKEMO
JIOBECTH ONTHUMAJIbHICTh 3HAMJEHOro MeToAy 3JaMmy. ToMy Ha MpakTHUIll MH
BU3HAYAEMO ii 3aXUIICHICTh B OOYMCIIOBAIHLHOMY BIAHOIIEHHI B TOMY BHUMNAJKY,
SKIO Kpaliuil 3 BIIOMUX aJITOPUTMIB JJIs ii 3J1aMy BHUMara€ HEMpPUITYCTHMO BEJIHKOI
KUIBKOCT1 OOYHCIICHb.

TakuM YWHOM, OOYHMCIIOBANIBLHO, a00 JOKA30BO, CTiMiKa KPHUIITOCHCTEMA €
CTIKOIO CTOCOBHO CYNPOTHMBHHKA, YU1 OOUUCITIOBANIbHI pecypcu oomexxeHi. HaBith y
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TOMY BHUIAJKYy, KOJHM CYNPOTUBHUK BOJIOAIE€ OUIBIIMMHU, aje OOMEKEHUMU
pecypcamu, BiH yce 1€ He 3MOXKE 31aMaTh CUCTEMY .

[Ipy BUBYEHHI OOYUCITIOBAIHLHO 3aXUIIIEHUX CXEM HEOOX1THO:

— moxdaTH Mpo JOBKHUHY KIoua, 00 SKIO pO3MIp KJIOYa Malldid, TO B
CYNIPOTMBHMKA IIJIKOM MOXE BHCTaYUTH PECypCiB s 3JIamy
KPUITOCUCTEMH;

— CTEXHUTH 32 OCTAHHIMU aNTOPUTMIYHUMHU JOCSATHEHHSIMU W PO3BUTKOM
KOMI'FOTEPHOI TEXHIKH.

BinpuricTb KpUNTOCHCTEM, IO AaKTHBHO EKCILTyaTyIOThCS B Hall dac,

OOYMCITIOBAJILHO 3aXUILEHI.

3 iH1oro OOKy, cUCTeMa Ha3WBAETHCS aOCOIIOTHO CTIMKOI ad0 JOCKOHAJOLO,
AKIIO MU HE OOMEXKYy€eEMO OOYMCIIOBAIBHOI MOTYXHOCTI CYNPOTHMBHHKA. [HakIe
KOKy4M, KPUITOCHCTEMa JOCKOHAJa, SKIIO iI HE MOXKHA 3jaMaTH HaBiTh 3a
JIOTIOMOTOI0 HECKIHUEHHOTO 4ucia oneparlid. OTke, He3aJIeKHO BiJ aITOPUTMIYHHUX
JIOCSITHEHb 1 JOCKOHAJIOCTI OOYMCIIIOBAIBHOI TEXHIKHU, aOCOJIOTHO CTIMKY CXeMy
371aMaTH HEMOXKJIUBO.

J1o 06unCTIOBAIBHO CTIMKUX CHUCTEM MOHA BITHECTH KPUIITOCUCTEMH:

— DES;
— RSA;
— Onel amans.

OpHax 111 cucTeMH He € a0COMIOTHO CTIMKUMU.

[I1o6 omiHuTH OOYMCHIOBANILHY CKJIQJHICTH 3a7adl (IIBUIKICTH POCTY 00'eMy
NOTPIOHUX ISl PO3B'sI3aHHSA III€T 3a7]a41 00UMCIICHb Yepe3 3pOCTaHHS i PO3MIPHOCTI)
NOTPIOHO OLIHUTU €(PEKTUBHICTH aITOPUTMY, 33 JOMOMOIOI0 SKOTO MOXKHA 3HAMTH
pPO3B'SI30K 3amadi. ANTOPUTM € e(PEeKTUBHHM, SKIIO BIH PO3B'S3y€e 3amady Ha
NPUMHATHUX JUJIS1 KOPUCTYBaya yMOBax, 1 Hee()eKTUBHUM — B IPOTHBHOMY pa3i.

[TonsitTa “edekTUBHOCTI” TMOB'sI3aHE 3 yciMa OOYUCIIOBAIBHUMHU PECYPCAMH,
NOTPIOHMMHU JJi1 poOoTH anroput™my. [Ipu BUKOpHCTaHHI KOMITHOTEPIB L€ MOXE
OyTH KUIBKICTh CIIOXKHMTOI €JIEeKTpPOeHeprii, 00'eM BHKOpPUCTAaHOI mam'sTi (30Kpema,
ONEpaTUBHOI), 4yac poOOTH aNropuTMy 1 T.IH. AJie HaiyacTille JIOMIHYIOYUM
dbakTopoM € OOMEXKEHHsS Ha yac, TOMy ‘‘HailleeKTHBHIIIMI® SK MpaBUIO O3HAYAE
“HaMIIBU NN .

Yacosa cknaounicme JnaHoro amroputMy A — o¢yskais  f,(n), dka

BU3HAYAETHCS K HAMEHIIMN 4Yac, JOCTATHIN ISl po3B'si3aHHs OyAb-gKoi 3ajadi i3
BXOJIOM JIOBXHHH # . Peanizalisi anropuTMy Ha pealbHOMY KOMIT'IOTEp1 Jy>Ke MOTaHO
NiJAA€ThCSl ONMKCY 1 aHaji3y 3arajbHOMaTEeMaTUYHUMH 3aco0amu. 30KpeMa, BOHA
3a4HOI0 MIPOI0 3JIEKUTh BiJ KOHCTPYKTUBHHUX OCOOJMBOCTEH TaHOrO KOMI'IOTEpa.
ToMy npu TEOpETUYHOMY aHaji31 €ePEKTUBHOCTI AJITOPUTMIB 3a3BUYAN OOMEKYIOTHCS
HOPIBHAHO MPOCTUMHU OOYHUCIIOBAIBHUMU MOJEISAMU 3 OOMEXEHUM HabopoM
€JIEMEHTapHHUX OIlepalliil, KEpyr4YHCh F'OJOBHUM YNHOM 3PYUHICTIO iX BUKOPUCTAHHS.
HaiinonmynspHimoro 3 HUX € MamuHa Teropiara. KibkicTh KpoKiB poOOTH MalllMHU
TotopuHra n0 pe3yJbTaTUBHOI 3YNUHKHW HA3UBAETHCA uYacoM pobomu MallUHU
TrlopiHra Ha BXOJI X .
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JocnimkeHas npobieMu CTIHKOCTI KpunTorpadiyHux cucTeM

Osnavenns 1.  Aneopumm, aAxkuii Ha HeCKIHYEHHIU NOCAI008HOCMI 6X00i8 poOUMDb
Maky KibKiCmb KPOKIB, 3aNediCH)Y 810 N, KA Modce OYymu 00MeHceHa 3a 00NOMO20H0
NONIHOMY, Oe N O008MCUHA 6X00Y, HA3UBAEMbCA NONIHOMIanbHUM. I[Ipo makutl
aneopumMm Kaxicymo, wo 6iH 6UMa2ae NOATHOMIAIbHO20 YAC).

[ToniHOMIaNBHI QITOPUTMHU BIANOBIIAIOTH 3arajibHUM YSBJICHHSIM IPO IIBUIKI
a00 e(exTuBHI alropuTMU. 3ajady, SKy MOXKHA pO3B s3aTH 3a JOMNOMOTOIO
MOJIIHOMIAJILHOTO aJTOPUTMY CJiJi BBaXXaTH JIETKOI. B ripmomy BUMAIKy TaKHii
QITOPUTM MOKHA BBaXaTH IIBUJKUM JIMIIE AaCUMITOTHYHO, a Ha BITHOCHO
HEBENIMKHUX BXOJ/IaX aJITOPUTM MOXE MPAIIOBATH JOBTO.

O3navennst 2.  Aneopumm, KUl HA HECKIHYEHHIU NOCIIO08HOCMI 8X00i8 poOUMDb

Oinbwe sax 2" kpokie, 0e n 0oedcuna 6xody, a c¢>0 — Oesaka KoHcmawma,
HA3UBAEMbCsL eKCnonenyinum. IIpo maxuil aneopumm Kaxcyms, wo 6iH eumMazac
eKCNOHEHYIIUHO20 HaCY.

ExcrnioHeHIliiHI ~ aJrOpUTMH  BIJNOBIJIAIOTh  3arajbHUM  YSBJICHHSM PO
MOBUIbHI, Hee()EKTUBHI HA Mpalll arOpUTMU. 3a/auy, sIKy MO>KHA PO3B sI3aTH JIUIIIE
3a JIOTIOMOT'OF0 €KCITOHEHITIHHOTO alTOPUTMY CJIi/I BBaXKaTH BaXKKOIO.

Ski1o HatypajgbHe Yuciio /7 MOJa€eThesl B CUCTEMI YUCIICHHS 3a OCHOBOIO &, TO
foro 3anuc Mae 1oBxuHy [log, n]+1, a aIrOPUTM € MONIHOMIATBHUM TOJI 1 TUIBKH
TOJI, KOJIM 4Yac Horo poOotu Ha BxoAl n (noBxkuHM [log, n]+1) oOmexeHuit
dynkuiero  c(log, n)’ ana  neskux koHctant c¢>0 i d>1. Anroputm €
CKCIOHCHIIIMHAM, SKIIO Ha BXOJI 7 (TOYHINIe, HA HECKIHYCHHIH IOCIIIOBHOCTI
TaKUX BXOJiB) 4ac #oro po6oTH mepeBuIIye cn’ A AesKuX KOHCTaHT c,d > 0.

O3navennst 3. Aneopumm HA3UBAEMBCS WIBUOKUM Y CEPEeOHbOMY, SKWO OJis
nepesa)cHoi Oibuocmi 6x00i6 008HCUHU N BIH € WBUOKUM.

[IBuakuil y cepeTHbOMY JITOPUTM € XOY 1 eKCTIOHEHIIIITHUM, alie MOXKe OyTH
IIIJIKOM MPHUIATHUM ISl TPAKTUYHHUX MTOTPEO.

Teopema /{na snamanns ['(*,0) wugpy nompiono 30itichumu He menute Hidxe 2"
KDOKIS.

[ToOynoBaHO OOYMUCITIOBAIBHO 3aXUIIEHY KPUIITOCUCTEMY, Ky MPOTECTOBAHO
Ha IMoBiIoMJIeHI JoBxkuHOI0 B 1028 -k (k= 1, 5, 10, 20, 100) cumBo:iB. JlocaiKeHo
MOXJIMBOCTI TaK 3BaHOI IMAaCHBHOi aTakuh, TOOTO aTaku Ha IMQp, OpU SKIK

aTaKylOYud MOXKE JOCIITUTH TITbKH IMHM(PPOTEKCT 1 3a HUM IOBHHEH MOHOBUTHU
TAEMHUN KJIFOY.

Tabmuus 1 umrocTpye 3MiHy 4Yacy poOoTu anroputmiB mudpysanHa (7.),
nemngppysanss (7,C) ta anroputMmy jJamaHHs koay (7)) B 3a1€KHOCTI Bi JOBXKHHHU
noBigomieHHs (N):
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Tabmuus 1
k N TC T])C TD
1 1028 0.7 0.7 >0.9
5 5140 1.8 1.8 >3.7
10 10280 4.5 4.5 >8.2
20 20560 10.0 10.0 >21.1
100 102800 | 137.1 137.1 | >293.4

B ocTaHHBOMY CTOBIYHUKY CTOITh 3HaK > TOMY, IO ITOPUTM TECTYBaBCS Y
BUIAJIKY HAWUCHPHUSATIMBIINIOMY Jisi CyNEepHUKA, TOOTO MPUITYCTUIIH, IO JOBKHUHY
KJItoua Brajanu oapaszy. TectyBanusa npoBoauiiocs Ha EOM Celeron, 1100 Hz, 256
O3Y.
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IneMnoTeHTH BiHILIEBUX TOJIOMOP(QiB HAIIIBIPYII

BoHpap €.0.

Macicmpaumka cneyianbnocmi  «Mamemamukay Incmumymy  ingpopmayitinux
mexHoo2iu Jlyeancoko2o nayionanvHo2o yHieepcumemy imeni Tapaca Lllesuenka

laeMnoTeHTN BiHUEeBUX rorilomopdis HaniBrpyn

Y po0oTi ONTUCYIOTHCS 1IEMIIOTEHTH BIHIIEBOTO TOJIOMOP(QY HAMIBIPyNu 3 HYJILOBUM
MHOYKEHHSIM (TIpaBUX HYJIIB, JIIBUX HYJIIB) Ta CAMETPUYHOT HAIIBIPYIIH.

Kuarwuogi cioBa: ranieepyna, sinyeguii 2conomopg, ioemnomenm.

1. Beryn. Ha cboromHi icHye psia HamiBrpynoBHX KOHCTPYKLIM, IO IUTIAHO
MpaIO0Th y CTPYKTYpPHI Teopli HamiBrpyn. Baxxnuse micie y 1poMy psil 3ailmae
OJlHA 3 YHIBEPCAJIbHUX 3arajbHOAIreOpaiyHuX KOHCTPYKUIH — KOHCTPYKLIsS
BIHLIEBOTO J00YTKY, SIKa IOoyaja aKTMBHO BMKOPUCTOBYBATUCS y TEOpii HAIMIBIPYII
miciis orpuMaHHs KpoHom 1 Poyn3oM CTpyKTypHOI TeopeMu sl CKIHYEHHHMX
MOHOI[IiB.

3apa3 3'IBUIUCS Pi3HI y3araJIbHEHHs] KOHCTPYKIIIi BIHIIEBOTO 100YTKYy. OqHUM
3 TaKUX Yy3arajlbHEHb CTaja KOHCTPYKIlS BIHIIEBOTO ToJIoMOp(y, SIKy BU3HAYUB
VYcenko [1] 1 BuUKOpUCTaB il ONKUCAHHS OYJOBU HAIMIBIPYNH €HAOMOP(I3MIB IIJIKOM
O-mpoctux HamiBrpyn. [HImIMM y3aragbHEHHSIM € KOHCTPYKIIS JABOOIYHOTO
HaAMIBIPSIMOro JO0OYTKY, B TEpMiHAX SIKOT 3aKycmiio Ta YceHKo [2] onmucanu OyI0BY
HaMIBrpynu eHAOMOpGi3MiB Ta 000JIOHKH 3CYBIB KBasiperyJspHOi HamiBrpymnu Pica
MaTPUYHOTO THUITY.

Meroro naHOi poOOOTH € OINUCAaHHSA 1JEMIIOTEHTIB BIHUEBHX To0JIOMOp(]IB
3aJlaHUX HaMiBrPYIL.

2. OcuoBHi nousitTa. Hexait (S,*) — noBipHa HamiBrpyma, 3(X) — cHUMETpUYHA
HamiBrpyna Ha MHOXuHI X, Map(X,S) — HamiBrpyma ycix BIJOOpakeHb 3

MHOKHHH X y HamiBrpymy S 3 omeparfi€io "e" MMOTOYKOBOTO IIiJICYMOBYBaHHS:
x(yl -,uz) =X, * xu, st Beix x € X, yy, 1, € Map(X,S).

Sxmo @ e 3I(X), To yepes Kergp = {(x, V)eXxX|xp=yp } MO03HAYaTUMEMO
BIJIHOIIIEHHS PIBHO3HAYHOCTI @, a 4epe3 Im¢@ — o6pa3 1poro nepeTBOPEHHS.

Hna  feMap(X,S), oe€EndS noxmagemo  fag =fo,  T00TO
x(fag)=(xf)o ans Beix x € X. Lliero yMOBOIO M1 KOXKHOrO ¢ € EndS BU3HA4YeHO
nepeTBopeHHs ¢ HamiBrpynu Map(X,S), sxe € ii ennomopdizmom. Ilpu npomy
BUHUKA€E roMOMOpisM « : End S — End Map(X;S):0— ay.

Hnsa feMap(X,S), 71€3(X) noknagemo fa, =tf, T0OTO uHepes fa,
TMO3HAYNMO eTeMeHT i3 Map(X,S) takuii, mo x(fay)=(xr)f amsBeix x € X. Ipu

IIbOMY BHHHUKa€e aHTUTOMOMOPD13M «, : I(X) = EndMap(X;S): 7+ .
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Kpim Toro, s noButbHux 7 € 3(X),0 € EndS maeMo ooy =oga;, .

Ha nexaproBomy noOytky End S x Map(X;S)x 3(X) BU3HAUMMO OIEpaniio:
(0570, 0,57,) = (M p08 - .08 57,7)
Ui BCIX 73,,7, € End S, ¢,,¢, € Map(X;S), 7,,7, € 3(X). Lla MHOXMHA 13 3aaHOIO

BUIIE OMNEPALI€l0 € HAMIBrPyMNoOl, II0 HA3MBAETHCSA BIHLEBUM TrojoMoppom [2]
HamiBrpynu S Ta cumeTpuyHoi HamiBrpynu I(X) 1 mo3Hauvaetscss HWr[ X, S].

bynemo  kopucTyBaTHCsi ~MaTpU4YHOIO  peajizallielo  Iiei  KOHCTPYKIIII.
CkopuCTaBIINCh MO3HAYCHHAMH fag = fo,fa, =7f, 3anumeMo omepairo

(m 0)(772 Oj:[ﬂﬁz 0 ]
2N D) Ot 0, 1T, ’

JI€ O— 30BHIIIHII aHyJATOP.

MHOXXCHH TaK:

3. ImemmoreHTHM BiHIHEBOro roJoMOp(y HamiBrpynmu JiBHX HYJIiB Ta
CHMETPHYHOI HamiBrpynu. EleMeHT e HamiBrpynu S Ha3MBAETHCS 1IEMIIOTEHTOM,
SKIO e*e=e. HamiBrpynma S Ha3MBaeThCsl HAMIBIPYIOK JIBMX HYJIB, SKIIO
a*b=a mascix a,be§.

Hexaii L —HamiBrpyma jgiBuX HyJiB. 3ayBaKUMO, 10 OYy/Ib-5IKE€ IEPETBOPECHHS
HamiBrpymu L e ii eanomopdizmom, otxe, EndL = S(L)

n o ) C . )
Jema 1. Enxementr g-= e HWr[X,L] € 1HEMIIOTEHTOM TOAl W JHIIE TOMI,

4
xKomu n° =1, k- =k iXpc Ly.
/loBeneHHs. Hexait a e HWr[ X, L] — 11€MIIOTEHT.
., _(n o)\n o) (n o n o N
Tom a” = = = =a. 3a O3HAYEHHSIM PIBHOCTI
¢ K )\p K oK K ¢ K

JIBOX €JIEMEHTIB BiHLIEBOTO FOIOMOP(Y OTPUMYEMO 77 =17°, (@ = PIIeKQ, K=K .
PiBHICTb @ = @nek@ eKBiBaJIeHTHA YMOBI X@ = (X@)n s OyIb-IKoro x € X .
A 1e o3Hayae, mo X c Ln.

o : :

Hexaii a= (77 Je HWr[X,L] takuii, mo 77,K — i1eMNOTeHTH 1 x@ € Imn
@ K

115t ToBUbHOTO X € X . Kopuctyrounchk TuM, 110 77 1AE€MIIOTEHT, MAaEMO (X@)1 = X,
T00TO P17 = . Toni

a = = 5 = = =Aa. O
QY K Q0 K PneKp K on K Q0 K

Axmo S— noBinbHA HamiBrpyna , To uepe3 /(S)OyaemMo mo3HadyaT¥ MHOXKHUHY BCIX
igemnoteHTiB  HamiBrpynu S. Haragaemo, mo mneperBopeHHs o€ 3(X) €
1IEMIIOTEHTOM TOJA1 W JMIIE TOJl, KOJIM HOro OOMEXKEHHS Ha CBOEMY 00pasi €

84 IMomryku 1 3naxigku. Cepis: ¢pizuko-MaremMaTuyHi Hayku. Bumyck 1, 2010



IneMnoTeHTH BiHILIEBUX TOJIOMOP(QiB HAIIIBIPYII

TOTOKHIM IIEPETBOPEHHAM (AMB., Hamp., [3]). Yepe3 C|' mo3HayaeTbcs KUIBKICT BCIX

m — eJIEMEHTHHUX ITIAMHOKHAH TaHOI # — €JIEMEHTHOI MHOKHUHU.
Jlema 2. Hexait X — noBubHa MHOKHHA TTOTY>XHOCT1 1. Toi

1 1(3(X))] ZC"k" *

JloBeieHHsl. Hexaii mepeTBOpeHHS (pe] (J(X )) take, mo |Ime|=k

3posyminio, mo 1<k <n. fdxkmo k=n, TO ICHye €IUHUN 1AEMIIOTEHT — TOTOXKHE
MEPETBOPEHHS MHOXKHUHU X .
Hexait 1<k <n. Ockinbku st Oynb-akoro x € Ime x@=x, 10 Oyab-akuit

enmemenT 3 X \ Im¢@ moxe BimoOpaxkaTucs y noBineHUi enemeHT 3 Im¢@. Toxi Bchoro
inemmoTenTiB 3 (ikcoBaHnM o6pasoM Ime OGyme k"*. Bpaxoyrounm, mo
MiMHOKHUHY i3 X HOTyXHOCTi kK MoxHa o6patu C' crnoco6aMu, OTPHMYEMO, 110

inemnotenTiB y J(X) B SKMX TOTYKHIiCTb 00pasy nopisHioe k Oyae Crk"™*. Orxe,

n—1 n

3a npasutom cymn | 1(3(X))| =D Cik"* +1=) Cik"™. O
k=1 k=1

Jlema3. Hexait X,L Ttaki mMHOXuHH, mo |X|=n, |L|=m. Toal KUIbKICTH

BIIOPSAKOBAHUX map (7,¢), ne nel (S(L)) , p€Map(X,L), takux mo XocLn,

m
nopisrioe Y Crk™" ™.

k=1
JloBeneHHsI. Hexaii ne [(S(L)) takui, mo |Imny|=k (1<k<m). llpu
no0y1oBi BimoOpaxenus @ € Map(X,L), mo 3agoBosbHse yMoBy X¢@ C L7, Oyab-
KUY eneMeHT 3 X Moxke BimoOpakaTucs y AoBUIbHHM eneMeHT 3 Im7. OTxe, Takux
BimoOpaxkeHb Oyjae k”. 3a nemoro 2 imemmoreHt 77, |Imn|=k, moxHa oOparm
Ctk™™*  cnocobamu. Tomi kimbkicT mnap (7,9) Takux, mwo @& Map(X,L),
ne I(S(L)) ,|Impl=k i Xpc Ly, 6yne CXk"*k" =C k™" . 3a npasunom cymu

km+n—k ) O

m
IIyKaHa KUTbKICTh TIOPIBHIOE ZC *
k=1
3 nem 1-3 BurunBae

Teopema 1. Hexait X, L Ttaki MEHOXuHH, 0 | L|=m, | X |=n. Toni

|1 (EWr X, L])|= S S,

i=l j=l1

4. IpeMmoreHTHM BIHIEBOro roJOoMOpP(dy HAmiBrpynu mnpaBuxX HYJIB Ta
cuMeTpu4YHOi HamiBrpymu. HamiBrpyma S Ha3uBaeThCsl HAIMIBrPYyNOK IPAaBUX
HYJiB, KO a*b=>b nua Bcix a,be€S. Hexalli R — wHamiBrpymna npaBux HYJIB.

Bynb-sike neperBopeHHs HaniBrpynu R € 1 engomopdizmom, otxe, EndR = S(R)
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Jema 4. Enement 4= (77 Oje HWr[X,R] € 1IEMIIOTEHTOM TOAl ¥ JMIIE TO.I,
0 K

xkomd n° =7, K =x 1 Kerk < Kerg.

JloBeneHHsI. Hexaii aec HWr[ X,R] — 1IEMIIOTCHT. Tomi

a = = = = ) 3a O3HAYECHHSIM
» KNP K PNeKQ K Kp K Q0 K

PIBHOCTI IBOX €JIEMEHTIB BIHIIEBOT'O TOJIOMOP(]Y OTPUMYEMO TaKi YMOBH:
n=n.p=Kp.Kk=x".

Hexait (x,y)e Kerxk — noBuibHa mapa. Tomi s Oyab-sikoro x € X Maemo

XQ = XK@ = yk@ = y@ , T0010 (X,y) € Kere . Takum unnom, Kerx < Kerg.

n

Q K

1IEMIIOTEHT, TO (x,xic) e Kerk nmna Bcix xe€X. bepyun n0 yBaru, 1o

Hexan mia a:( jeHWr[X ,R] BHUKOHYIOTbCA YyMOBHU JieMH. OCKIIBKH K

Kerx < Kerg, orpumyeMo (x,x/c) € Kerg, 3Biaku x¢ = xx¢@ . Toni

a” = = = = =d. O
o Kk )\p K PneKp K’ Kp K @ K

Jlema5. Hexaii X,R taki MHOXwmHH, mo |X|=n,|R|=m. Toal KuIbKicTh
BropsiakoBanux map (k,¢), e kel(3I(X)), @eMap(X,R), Takux 1o

n
Kerk < Kerg, nopisrioe Y Cyk"*m".
k=1
JloBeneHHsl. Hexait x € 3(X) — imemmoTeHT Takui, mo |Imx|=k, 1<k <n.

Sk BimoMO 3 neMH 2 KUIBKICTb TakKUX 1JE€MIIOTEHTIB C,f kK" Jms  KOKHOTO
inemMIoTeHTa MoXHa ToOyayBatH m" BimoOpaxeHbp @ € Map(X,R) 3 ypaxyBaHHAM

ymoBu Kerx < Kergp. Takum unHOM, 3a MpaBWIOM JOOYTKY KUIBKICTH BCIX

BIIOPSAIKOBAaHUX Map i1eMnoTeHTiB (X ) panry k ta enemeHTiB @ € Map(X,R), mo

* . Toni mykaHa KibKiCTh JOPiBHIOE

n
S CHE .
k=1

3a/I0BONIbHAIOTH YMOBi nemu Oyne Cr k" “m

besnocepennim HacmigkoMm iem 2,4,5 €
Teopema 2. Hexait X,R Taki MHOXUHH, O | R |=m, | X |=n. Toxi

|1 (HWAX,R])| = iicjc,{,k"—k "
j=1 k=1

5. IneMnoTeHTH BiHIEBOro roaoMopdy HamiBrpynu 3 HyJJbOBMM MHOKEHHSIM Ta
cuMeTpu4HOi HamiBrpynu. Hamisrpyna S 3 Hynem 0 Ha3MBa€eThCS HaIIBIPYMOIO 3
HYJILOBUM MHOEHHSM, SAKIIO @ * b =0 s BCix a,be S.
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Hexaii M —HamiBrpymna 3 HyJbOBUM MHOXEHHSIM, a V, — KOHCTAHTHE HYJIbOBE
BiJI0OpaXkeHHs 3 MHOKMHU X 'y HamiBrpymny M [3]. OueBHAHOIO € Taka Jema.

Jlema 6. Exement a = (77
@ K

2 2 .
KU 1° =1, K =K1@Q=v,.

je HWr[X,M] € ineMIIOTEHTOM TOJi ¥ JIHIIIE TO/II,

3’s1cyeMo Al 3 SIKUX €JIEMEHTIB CKJIaJaeThbes HamiBrpyna EndM .
Jlema7.  IleperBopenns @ e JI(M) e ennomopdismom HamiBrpymn M toxi i

nutie Toai, ko @(0)=0.

JloBeneHHsI. [Mpumyctumo, mo @€ EndM 1 @(0)#0. Toxi mis Oymb-sKux
a,b e M maemo @(0)=@(ab)=p(a)p(b)=0, mo cynepednTs TpPUMyIIeHHIO. Takum
guHoM, @(0)=0.

Hapmaku, sxkmo ¢eJ(M) take, mo ¢@(0)=0, T0o mms Gyab-skux a,beM
@(ab) =p(0)=0=@(a)p(b).Otxe, ¢ € EndM . m
Jlema 8. Hexait s € N, M taka mHOuHa, 0 | M |=s +1. Tonmi

s+1
| I(EndM)|=) CIli
i=1
JloBeneHHsl. Hexait ¢ — inemnorenT HamiBrpynu EndM Takwmii, 1110 ‘Im(p‘ =1,

1<i<s+1. BpaxoByroun, mo ¢(0)=0, Takux ¢ moxHa udpatn C' ' crocobamu.
OckilbKM Ha CBOEMY O0pasi ¢ i€ TOTOXKHO, TO OyAb-SIKMM €J1EeMEHT 3 MHOXKUHHU
M \Im¢@ moxxe BimoOpakaTucs y JOBUIBHHH eleMeHT 3 Im¢@. Otxke, MOXKHA MMOOY-

s+1
nysati C' ' inemnorentis panry i . Takum uunom, | I(EndM)|= ZC;_lis_"“ .0
i=1
3 1eM 2,6 —8 BUIIJIMBAE
Teopema 3. Hexait s € N, X, M taki mHOxunH, 10 | X |=n,| M |=s+1. Toxni
n_ s+l
‘ I(HWi X, M])‘ B3 Wealer iy i)

Jj=1 i=l
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Vkonos AWM., Hagrouuii B.A., KanumoeT A.3, Mockans /].C.

di3uka

Ykonos A.U., HaagTtounn B.A., KanumbeT A.3, Mockansb [.C.

'denupanm kageopwr usuku CIIIY,

pogheccop kadedpwr Gusuru CITIY,

S Cmapwuii npenodasamens kagedpor Gusuxu CITTY,
Accucmenm xagpedpuvr pusuxu CITIY

O NpuMEHMMOCTH METOTUK ONpeAeJIeHUS MapaMeTPoB
PEKOMOMHALIAY HOCUTEJIEH 3apsiaa

K NIPUIIOBCPXHOCTHBIM CJI0SIM ITOJYIIPOBOIHUKA

B TexHoIOrusAX U3roTOBICHUS MOTYHIPOBOIHUKOBBIX TPUOOPOB UCIIOIB3YIOTCS
pa3Hble  METOAbl  MOJU(UKAIMK  MPUIIOBEPXHOCTHBIX  CIIOEB  KPUCTAILJIOB,
HaIpaBJIeHHO M3MEHSIOMUX MX (PU3NYECKHE CBOWCTBA: JIETUPOBAHHE MPUMECIMH,
oO0JyuyeHHE 4YaCTUI[AMU BBICOKMX DJHEprui, uUiMdoBaHHE U MEXaHUYECKOe
nonupoBanue [1]. Kpome Toro, cpoiicTBa HpUIOBEPXHOCTHBIX ciioeB Ge, Si u
KpUCTAIIOB THHa Aj3;Bs MOTyT CyIIECTBEHHO HW3MEHSATHCS 32 CUET TEeHEpaluu
CTPYKTYPHBIX Je(PEeKTOB Tocie HHU3KoTeMIepaTypHoro aedopmupoBanus [2-4].
W3meHeHne CBOWCTB TOJMYNpPOBOJAHUKA BCieACTBHE oOpa3oBaHusi JedEKTOB
CTPYKTYPBHI (IUCITOKAINNA, TOYEYHBIX NEe(PEKTOB M WX arjoMepalnii) OIEHUBAIOT IO
U3MEHEHUIO CTPYKTYPHO — YYBCTBUTEJIBHBIX JJIEKTPUUECKUX MapaMETpoB —
muddy3noHHON nnmuHE ~ TpoOera HEPaBHOBECHBIX HocwTeNed 3apsiiga Lp m ux
BpeMeHU *KU3HU T [5]. M3BecTHbie MeTOAMKM [5] ompeneneHusl 3TUX MapameTpPOB
MO3BOJIAIOT onpeneauTs Lp u T 11t oo0bema kpuctamwioB. [loaToMy BaxHOM 3agaueit
JAHHOW pabOThl ObUIO M3YYUTh BO3MOXKHOCTH ompeneneHus Lp U T uisi TOHKHUX
MIPUITOBEPXHOCTHBIX CJIOEB KPUCTAILUIOB U HAWTH KPUTEPUU NPUMEHUMOCTH METOJIHUK
OLICHKH 3THX MapaMeTPOB JIJIsl IPUIMIOBEPXHOCTHBIX CJIOEB U 00BEMa Pa3IeibHO.

PaccmaTpuBany METOIUKH 3JIEKTPUUYECKOTO U CBETOBOIO 30H/A.

Memoo rnekmpuueckozo 30n0a

OTO MEeTOJ, OCHOBAaHHBII Ha MOJYJISILIMA POBOAUMOCTH B TOUEYHOM KOHTAKTE
METaJUIMYECKOr0 30HJa C IOBEPXHOCTBIO IOJYNPOBOJHMKA. B OCHOBY Teopuu
METOJIa TMOJIOKEHO PAaCCMOTPEHUS] (PU3NYECKUX MPOLECCOB B MOJIYNPOBOJHUKE MpPHU
CO3JJaHMM B HEM HEPAaBHOBECHOM KOHLIEHTpALMM HOcUTeNnen 3apspa. Ecim
KOHLIEHTpAaLM1 HOCUTENEH 3apsi/ia U3MEHSIOTCS B pe3yJIbTaTe MPOLECCOB FEHEPALIH,
pexoMOMHaMy, a Takxke TudPys3uu u apeiida, To ypaBHEHUE HENPEPHIBHOCTH UMEET
BU/I:
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IJIsL OJICKTPOHOB

a—n:g—r+g5+ldivjn (1)

ot e
JUISL TBIPOK

%zg'—r'+g%+§divjp (2)
rae g g - CKOpOCTb T€HEpalMH OJJIEKTPOHOB M [BIPOK B pe3yJbTaTe BCEX
€CTECTBEHHBIX MPOIECCOB  (TEIJIOBBIX, ()OHOBOTO HM3JIYy4Y€HHUs); B OOIIEM clydae
g7g";

r, ¥' - CKOPOCTh  PEKOMOWHAIIUM  HJIEKTPOHOB M  JIBIPOK,  OOYCJIOBIICHHAS
€CTECTBEHHBIMU MPOLIECCAMU;

gr g'r - Pe3yJIbTUPYIOLIAs CKOPOCTh TE€HEpPAllMi HOCUTEIICH, BbI3BAHHASI BHEIIHUMU
BO3JCHUCTBUSIMU,

JmJp - TUIOTHOCTH 3JICKTPOHHOI'O U JBIPOYHOI'O TOKOB.

B obmem ciydae 7, MOXKET 3aBHCETb OT p, a T, OT n. B ciaydae mpumecHoro,
HampuMep SJEKTPOHHOTO TOJYNPOBOAHMKA, KOrAa n>>p, W TpPU YCIOBUHU, YTO
KOHIICHTPAIlUM HEPaBHOBECHBIX HoOcUTeNned Mambl, T.e. Ap < p u An=Ap<<n,
BEJINYMHA 7, HE OyzeT 3aBHceTh OT n. Torna,) =1, u

oA _ A 3)
ot 7,
PelenneM 3TOro ypaBHEHHs OyIeT
Ap =Apye 4)

N3 koTOpOro BHIIHO, YTO KOHIIEHTpAIUs H30BITOYHBIX JBIPOK YMEHBIIAETCS C
TEYCHHUEM BPEMEHU BCJIEACTBUE PEKOMOWHAIMH MO SKCIIOHEHIINATLHOMY 3aKOHY C
IOCTOSIHHOM BpPEMEHU 7, KOTOpas Ha3bIBAECTCS BPEMEHEM JKU3HH HEOCHOBHBIX
HOCHUTENICH 3apsga — JBIPOK B AJCKTPOHHOM TOJYMPOBOAHUKE WM 3JIEKTPOHOB B
JIBIPOYHOM TIOJYIIPOBOJHUKE. 3HAUYCHHE BPEMEHH JKM3HM HEOCHOBHBIX HOCHUTEICH
3apsaa Kak I Pa3IudHbIX MOJTYIPOBOJHUKOBBIX MATEPUATIOB, TaK U JJII OAHOTO H
TOTO K€ Marepuaja 3aBUCUT B CHJIBHOW CTEIICHH OT KOHIICHTPAIMH JC(PEKTOB B
KpHUCTaJIe, KOTOPHIE CO3/Ial0T TITyOOKHE YPOBHH B €T0 3allpPEIICHHON 30HE.

Paccmotpum oOpaser] moaynpoBOJHUKA Yepe3 TOUCUHBIH KOHTAKT ¢ KOTOPBIM
BBOJISIT HOCUTENH 3apsiia TpU IMOMOIIU UMITyJIbca ToKa. CIyCTsI HEKOTOPOE BpeMs /3
(Bpemsi 3aJep:KKH)  TOCJI€ OKOHYAHUS WHKEKTUPYIOUIETO HMITYJIbCa, B TEUEHHUE
KOTOPOTO MPOUCXOTUT peKoMOMHAIus U AU(Gy3ust NHKEKTUPOBAHHBIX HOCUTENEH,
gyepe3 oOpasel] MpOoIycKaeTcss BTOPOM, M3MEPUTEIbHBIM HMITYJbC ToKa. [lageHue
HampsDKEHUsT Ha oOpasie HaOmogaeTcss ¢ moMoripio  ocumiuiorpada. [lpu
MPOXOXKJICHUH HWMITYJIbCOB TOKOB uepe3 00Opaser] MPOUCXOIUT yMEHBIICHHE
COTMPOTHUBJICHUS] B TMPUKOHTAKTHOW 30HE BO BpEMsl WHXXEKIIUA HOCUTEIECH,
MPUBOJISIIECe K YMEHBIICHWIO TAJCHHUS HaNpsDKEHUS Ha olpasie, TaKk KaKk TOK
co3aaeTcsl MOCTOSHHBIM. [loaToMy mMmmmyssc HampspbkeHuss U He moBTOpSeT (hopmy
UMITyJIbca TOKa, a HMEET Craj, OOYCJOBJICHHBI BO3pacCTaHUEM KOHIICHTPAIIHH
HocuTenen (puc. 1).

®dizuka &9



Vkonos AWM., Hagrouuii B.A., KanumoeT A.3, Mockans /].C.

I, a U, 5

L [_'_J1 _____________ U2
U; A - -
/ rd
!
/
!
!
R S o . >
tg t t3 t
Puc. 1 Nmmynbewl ToKa (a) u HanpskeHus (0) Ha oOpasiie

[To OxkOHYaHMHM MEPBOr0, MHKEKTUPYIOUIETO MMITyJbCa TOKa IMPOLECC HHKEKIUU
HOCHUTeJIeH B oOpasel NMpeKpaiaercs, U KOHICHTPAIUs HEPABHOBECHBIX HOCHTEIICH
3apsiia HAUMHAET YMEHBIIAThCS 3a CuUeT mpolecca pekoMOuHaiuu. CTpyKTypHbIE
neheKTh B MPUITOBEPXHOCTHOM 30HE MOJIYTPOBOTHUKA SIBJISTFOTCS
PEKOMOMHAIIMOHHBIMU IEHTPAMH U CYUIECTBEHHO BIIMSIIOT Ha BpeMsl JKHU3HU
HEPABHOBECHBIX HOCHUTENICH 3apsiia. Y MEHBIICHUIO KOHLEHTPAIIMM HEPaBHOBECHBIX
HOCUTEJIEH 3apsjia COOTBETCTBYET YBEJIMUYECHHE COMPOTUBICHUS oOpasna u
BO3BpAIlEHUE €r0 K UCXOHOU BeIMUUHE (puUcC. 2).
U2
Us Uszes

— e — e ——— ——

/
/ \
i

Otzy t3p taz tzg tas tzg b
Puc.2  3aBHCHMOCTH aMIUTUTYbl HAIMPSDKEHUS H3MEPUTEIHLHOTO UMITYJIBCA OT
BpeMeHI/I 3aI[ep)KKI/I.

MeToaoM MOAYTSIIUN TPOBOJAUMOCTH OIPENestoT 3G (HEeKTUBHOE 3HAYCHUE BPEMEHU
KU3HU B 00beMe KpucTaiuia. Mcrmonp3yroT aHaTUTHYECKYIO 3aBHCUMOCTh BH/Ia
U, (00)—U,(t)=const (5)

JUIS 4Yero cieayeT MmocTpouTh rpaduxu pasHoctu HampsbkeHud Uy(o) — U,(t) B
3aBHCHMOCTH OT BPEMEHH t, B moyiorapudmuyeckom macirade [6].

[Ipu co3manum Kakum — JUOO COCOOOM MOBBIIIEHHOW KOHIEHTpaluu Je(eKTOB B
MPUMIOBEPXHOCTHOM cjioe Ha 3aBucuMoOcTsIX In[Uy(wo) — U,(t)]=f(t;) OsuI10
oOHapykeHo [3], 4To mpu ManbIX U OONBIIUX BpEMEHAX 3aJEPKKH U3MEPUTEIHHOIO
HMMITYJIbCA HAMPSOKEHUS] TOSBISAIOTCA yYacTKU € pa3HoM kpyTtusHoi (puc. 3). B
o0jracTM A KpyTH3HAa KpHUBBIX [UII KPHUCTAJUIOB N — THUMA C [OBBIIICHHON
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KOHLIEHTpanue 1e()eKTOB 3HAYMTENBHO BhIIIE, YeM B obnactu B npu t,=(1-3)t,, rae
HaxoJST BpeMs >KU3HU JBIPOK i r1yOuHbl kpuctamia. Hamu Obuto oOHapyx)eHo
[3], 4TO mociie ynaneHusi NOBEPXHOCTHOrO cliosl ¢ JepopMalMOHHBIMU JeeKTaMu
KpyTH3Ha Y4YacTKOB B OOJacCTM A CHHXAETCS U CTAHOBUTCS MaJO OTIUYMMOW OT
KPYTHU3HBI y4acTKOB B.

Teopernyecku ObLIO MOKa3aHO [3], YTO MOSIBIEHUE YYACTKOB YBEJIMUYEHHOMN
KPYTHU3HBI CBSI3aHO C MOBBIIICHHONW KOHIEHTpAalel ne(eKTOB B MPUIIOBEPXHOCTHOM
cJioe.

B nmanHOif paboTe BBIMIOJIHEHBl JOMOJHUTEIbHBIE HSKCIEPUMEHTAIBHbBIE
U3MEPEHHs MApaMETPOB peKOoMOMHANMU Lp M T, MO HAKIOHY KPHUBBIX YYacCTKOB
3apucumocteit InAU= {{(t,), koTopbie mpuBeneHHI Ha puc. 3.

Infl k(=) -1 (t]

0100 200 300 400 500 teme

Puc. 3 ['paduk 3aBucumocteit InAU= {(t,), CHATBIE B pa3HBIX TOYKAX MO BHICOTE
n—Ge, nepopMUpPOBaHHOrO  IUKIAMU  CXKATUS-pa3rpy3kd.  MakcumaiabHoOe
HANPSDKCHHE B IUKIE ckatus 20 K'C/MM®, BpeMs OIHOTO IMKIA 2 4aca, MOIHOE
BpeMsi ucnbiTaHuit 24 yaca. OxHoBpeMeHHoe Y3 oOmyuyeHue Ha vactore 22,5 k'
npu MomHocTy 5 BT. I'paduk 1 cooTBeTcTBYET HAaMOOIBIIEH MIIOTHOCTH e(HEKTOB B
TOYKE U3MEPEHUs, 3 — C YIaJICHHBIM J1e(DEKTHBIM MOBEPXHOCTHBIM CJIOEM.

B SKCIIEpUMEHTE HCMOB30BaTH 00pasibl n—Ge, pasmepamm 3x4x10Mm°,
nedopMUpoBaHUe BBIONHAIOCH BAoib [110] Oonbmiero wusmepenus (10mm).
OHOBPEMEHHO KpHUCTAIBI OOJIyYaldH YJIbTPAa3BYKOM MIpPH IMJIOTHOCTH MOIIHOCTH 5
Br/cm® u T=310K. JIiast 06pasLoB ¢ yaeabHOH MpoBOgHMOCThI0 6=50 Cm/M (p=20
OM-cM), NOABMIKHOCTBIO IBIPOK W, =0,17 m> ‘B ¢! mpu Toxe mmxexumm 10 MA u
IJIUTENBHOCTH MMITyabca 250 MKC Hali[ileHHbIE 3Hau€HHs T, B oOnacTu B KpusbIX
OKa3aJMCh PaBHBIMHU T, = 250MKC, Y4TO COOTBETCTBYET 3HAYCHUIO, YKa3aHHOMY B
cepTu(UKaTe U XapaKTepusyeT T, I oO0bema Kpucrtamia. OZHAKO I y4acTKOB
KPUBBIX B 00mactu A T, OKa3alUCh 3HAYUTEIBHO MEHBIIMMH U  XOPOILIO
KOPpEIUPOBaHHBI C ITUIOTHOCTBIO CTPYKTYPHBIX Ae(PEKTOB MO BbicOTe oOpaszma [3].
JIJisi IpOoBEpKU MOCTAEAHUX PE3YJIBTATOB WCIOJIB30BAIM BTOPOM METOJ — CBETOBOTO
30H/a, B KOTOPOM H30BITOYHBIE HOCHTEH 3apsijia MoCe TeHepaliy MepeMeIatoTcs
BJI0JTb TIOBEPXHOCTHOTO CJIOA.

Memoo ceemoeozo 30n0a

OcHoBaH Ha reHepanuu M30bITOYHBIX (HEPABHOBECHBIX) HOCHUTENEH 3apsna,
BO3ZHUKAIOLIUX B PE3YJIbTATE JIOKATBHOTO O0JTYUYEHHUs MOBEPXHOCTU KpUCTAILIA JIy4OM
cBera. Torjga KOHIIEHTpPALMU 3JEKTPOHOB N(X) M ABIPOK P(X) MEHAIOTCS OT TOYKH K
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TOYKE, T.e.  SBISIIOTCA (YyHKUMSAMU KoopAauHaTel x. Ilo 3ToiMl mnpuunHe B
HEOJHOPOJIHOM  TMOJYNPOBOAHUKE JODKEH BO3HUKHYTh AU(P(GY3UOHHBIA TOK
ANIEKTPOHOB W JbIpOK. Bo3HukHOBeHHE Ju((PY3MOHHBIX TOKOB MPUBOJIUT K
BO3HMKHOBEHUIO IIPOCTPAHCTBEHHBIX 3apsAJ0B U CTATUYECKHUX AICKTPUYECKUX IOJIEH
E, nmpenmsrcrByromux — OpoTekaHuto  1u(pdy3noHHBIX  TOKOB.  llockoibky
AJIEKTpUYECKOe oJie £ co3aeT aApeilpoBble TOKU JIEKTPOHOB U JBIPOK, TO IOJHBIE
AJIEKTPOHHBIN U JBIPOYHBIA TOKU PaBHSIOTCA cymMMe AU(PPY3UOHHBIX U IperOBBIX
TOKOB:

} dp
J,=peu,E—eD, o (6)
J. = peu,E—eD, dn (7)
dx

TIE My, My— TTOIBUKHOCTH JIEKTPOHOB U JILIPOK COOTBETCTBEHHO.

Paccmotpum  Oonee  moapoOHO  Bompoc O aU(Py3um  HEOCHOBHBIX
HEPaBHOBECHBIX HOCUTENICH 3apsiia MPU HATMYWN BHEITHETO JIEKTPUICCKOTO 1o E.
JlomycTrM, 9TO UMEeTCs TTOJTYITPOBOHUK p-THIIA, TIOTIEPEYHOE CEUCHHE KOTOPOTO
3HAYMTEJIPHO MEHbIe ero JiauHbl. Yacte oOpasma (—/<x<0) ocBemaercs
CJ1a00MNOTJIOMIAIOIIMMCS  CBETOM, TaK YTO MPOUCXOJUT paBHOMEpHasi TeHepanus
HOCHUTEJIeH 3apsia BO BceM o0beMe OocBelleHHOW oOmactu obOpaszina (puc.4). Ilycts
KOHIICHTpAIsi OCHOBHBIX HOCUTENEH p, BEJIMKa MO CPABHEHUIO C KOHIIEHTpAIMEH
HEOCHOBHBIX HEPaBHOBECHBIX HOCUTENEH /n, BpeMs >KM3HU KOTOPHIX 7,. K 00pasiy
MPWIOKEHO AJIEKTPUUECKoe ToJie F, TaKk 4YTO HOCUTENIM MOTYT JApei(doBaTth B 3TOM
AIIEKTPUYECKOM MoJie U AU PyHIUPOBATH B HEOCBEIIEHHYIO 00J1acTh 00pasia.

KoHrieHTpausi HEOCHOBHBIX HOCUTENEH /An MOXET OBITh OIpeaeiicHa B
pe3ynbTaTe penieHus] ypaBHEHUS HETIPEPHIBHOCTH

@=—£+lcﬁvjn +g, (8)
ot T e

n

An o o
1€ — — YJICH y‘-II/ITBIBaIOH_II/II/I pCKOM6I/IHaL[I/IIO HOCHTCJICH,
T

n

L, . o
—divj, — AMBEPreHIs NOTOKAa HEOCHOBHBIX HOCUTEIIEH;
e

g — CKOPOCTh T€HEpaIlMi HOCUTEJIEH CBETOM.

OAn
B crammonapnom ciydae 8—:0 pacnpeneieHue KOHIIGHTPAIMd HEOCHOBHBIX
t

HOCUTEJIEH BIOJIHP OCH X B  HEOCBENIeHHOW dYactu obOpasma  (g=0).
[IpomuddepennmpoBaB BeIpaKEHUE ISl TUIOTHOCTH JJIEKTPOHHOTO ToKa (7)
MOJCTaBUB divj, B ypaBHEHHE (§), U IOJIyIUM

An d*n dAn
——4+D +uE—=0 9
—+D, S E- 9

n

U IIPY OKOHYATEJIHbHOM pEeIeHUH YpaBHEeHHUs (§) MOIyduM

X

An=const-e ™ (10)
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47\ 4p

CeeT

! -THI
5

777
7
s
-1 0 X -1 0 X
Puc. 4 OnHoMepHas Mojienib 00pasiia Puc. S Pacnipenenenune KOHLIEHTpauu
HEPABHOBECHBIX HOCUTEJIEH 3apsia
BJI0JIb 0Opasia
Taxkum oOGpa3zoM, B 00JacTH TE€HU MO 00€ CTOPOHBI OT OCBEIICHHOW YacTH oOpasma
KOHIICHTPAIMsl HEOCHOBHBIX HOCHUTENEH CIaJaeT MO SKCIOHEHIMAIbHOMY 3aKOHY
(puc. 5). B orcyrctBue 3nekTpuueckoro mojs (E=(), Korma uMMeeT MECTO TOJBKO
muddys3us  HOcuTened H  3apsAna, OKCIOHEHLIMAJIbHBIA  CHaa  HOCUTENeH

CUMMETPUYHBIA M ONpeNesieTcss BeNU4YuHou Lp=./D,z,, KOTOpas Ha3bIBaeTCs

i dy3UOHHON JUIMHON HEOCHOBHBIX HOCHUTENEH 3apsga (B JaHHOM Cilydae
AIEKTPOHOB).
HszmepumenvHas ycmanoska u Memoouxa usmepeHuil

. 6 [] 7 .
R, mA A
2 1__H yo
Obpaszel; 3 p 4 L 1 @) =
| LA |5 ¢ T:
28

Puc. 6 Cxema ycTaHOBKM s omnpeAeneHus  AUPQGY3UOHHOM  UITMHBI
HEOCHOBHBIX HOCHUTENEH 3apsana. | — namma ocBeTuTens, 2 — JWH3a, 3 —
KAMEpPTOHHBIN NpepbiBaTelib; 4 — KOJUIEKTOp; 5 — Aepxkatenb, 6 — U30upaTeabHbIi
yeunutens (fy=394 I'n); 7 — ociimiorpad Cl— 68; 8 — uHIAUKATOP MEPEMEIICHUS

Bo3Hukaromuii 1mpu OcBelIeHHH 00paslla CUTHajl PErUcCTpUpPYETCs B IENU
BOJIb(PpaMOBOro Kosuiekropa. IlocTosiHHOE cMelleHHue Ha KOJUJIEKTOp MOJaeTcs OT
Oarapen b (puc. 6), BeIMYMHA CMEIIEHUS YCTAaHABIMBAETCS IMOTCHIIMOMETPOM R.
ConporusiieHne R, CIyKUT Harpy3kou kKosuiektopa. C HETO CHUMAETCsl IEPEMEHHOE
HanpsDKEHUE, KOTopoe  (uKcupyercss  ocumwuiorpagoM. ITO  HaNpsHKEHHE
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MMPONOPHUOHAIIBHO KOHIOCHTPAIMKN HCPABHOBCCHBIX HCOCHOBHBIX HOCHUTEJICH BOIU3HU
KOJIJICKTOpa U, CJICA0BATCIILHO,

lgu~lgAn=const - %0,43 (11)
L, - 0,43Ax , (12)
Algu

rje Ax — BeIuYuHa MepeMenieHus oopasiia OTHOCUTEIBHO CBETOBOI'O 30H/1A;

A u — U3MEHEHUE HANPSKEHUSI Ha Harpy3Ke P epeMenIeHUH Ha AXx.

3nas quddy3noHHYIO JIMHY Lp HEOCHOBHBIX HOCUTENEH 3apsiia, MOKHO ONIPEACIIUTh
MX BpPEMSI KU3HU

s —Ltp (13)
rae D, — koapurment nuddy3uu 31eKTpoHOB B p — Ge.

Pe3ynomamot 08yx memoouk usmepenus 01a n — Ge.

1. MeTon 3neKTpru4ecKoro 30Ha.

t;,MKC 25 50 75 100 150 200 300 400
1gAU 3,11 2,64 2,14 1,87 1,1 0,92 0,69 0

Ortcroaa t,5.50=33MKC, Ipu Dp:44CM2/C.

L,=,D,r, =0,48 Mm.

2. MeToza cBETOBOT'O 30H/A.

Ax,Mxm 0 50 100 150 200 250 300 350 400
lgAU 1,78 1,763 1,74 1,7 1,66 1,623 1,58 1,54 1,505
Haiinennslie 3nauenus Lp=0,5mm, 1,=56,8 MKC.

N3 cpaBHeHus pe3ynbTatoB (1) m (2) cneayer AOCTaTOYHO XOPOIEe COOTBETCTBHE
MEXIy M3MEpeHMsMHM Lp M T, HalJCHHBIMU pasHBIMH MeToAMKamu. Kpome Toro,
MOXHO, IO — BHIUMOMY CUHUTATh H3MEPEHUS] STUX MAPAMETPOB MPU MaIbIX
3aJ€PKKAX METOJOM DJIEKTPUYECKOT0 30HAa KOPPEKTHBIMHU.
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UccnenoBanue ponu TuapoPOOHBIX B3aUMOICHCTBUN ISl YCTOMYNBOCTH O€Ta-IIITTHIIBKU

ByTteHko P.A., Koctukos A.Il.

lCmydeHm 5 xypca epynnot SM—2 guzuxo-mamemamuuecrxozo gpaxynoemema CI'TIY,
*Toyenm xagpedpvl usuxu CIITY

HUccaenoBanne posu ruipo¢GoOHBIX B3aUMOAECTBHH JJIsI
YCTOMYHUBOCTH OeTa-IINMUJIbKH

MeToaoM M/IM c¢ ucnosib3zoBanueMm Y M|

[Ipouiecchl, MPUBOISIIME K CAMOIPOU3BOIBHOMY CBOPAUMBAHUIO MOJIEKYJ
OEKOB B HOpMAaJbHBIC, €CTECTBEHHBIC («HATHUBHBIE») CTPYKTYpbI, MPOUCXOAST B
KUBBIX KJIETKAaX HEMpPephiBHO W 0Oe30muO04yHO0. JIt0Oble OTKIOHEHUS KOHEYHOM
CTPYKTYpBl O€liIKa OT «HATUBHON», MPUBOAAT K HAPYIIECHUIO €ro (YHKIIMOHAIbHBIX
CBOMCTB. B Oenkax BBIACISIOT TPH THUIA PETYISPHOW BTOPUYHON CTPYKTYPBI:
cnupanb, Oera-nucT U u3rud. Yactora, ¢ KOTOPOH STH HECKOJBKO 3JIEMEHTOB
BTOPHYHOUN CTPYKTYPBI OOHAPYKUBAIOTCS B CBEPHYTHIX (HATUBHBIX) O€IKaX, MpUBEIIa
K TOMY, 4YTO MHOTHE HCCIIEJOBATENH 3aHSIIUCh MIOMCKOM MOJIEJIEH CUCTEM, B KOTOPBIX
XOpOILIO ONO3HaBaeMas BTOPHYHAA CTPYKTypa HAOIIOAAEeTCsl NpPU  OTCYTCTBHH
TPETUYHON CTPYKTypbl. Takue cucteMbl 00€CHEeYMBAIOT BO3MOXKHOCTb OTIENHTh
CYILIECTBEHHbIE CBOWCTBA BTOPUYHOM CTPYKTYpbl Oeika OT 3(P(HEKTOB TPETUUHOU
CTPYKTYPHI.

Onna w3 HambOoJsiee yAadHbIX Mojened — [B-mmwibka u3 6enka G (2gbl).
[lepBoHauanbHO ATy MOAENb YJIAI0Ch HAUTH OMOXUMHKAM, NMPUYEM OBbLIO HAJEKHO
MOKa3aHoO, YTO OTOT (parMeHT MOJeKyJlbl Oenka B NPOOMpPKE CIOCOOEH K
o0paTUMOMY pa3BOPAYMBAHUIO-CBOPAYMBAHUIO B HATUBHYIO CTPYKTYpYy. 3areMm
nocJyieIoBai psf paboT, B KOTOPBIX MPOIECCH pa3BOpayMBaHUA-CBOpaYMBaHUs [3-
IINWIBKY U3YYaINCh NapajuieIbHO TPAAUIMOHHBIMU METOJAMU HCCIICIOBAHUS U
METOJaMU KOMITBIOTEPHOT'O MOJICIMPOBAHMS JMHAMUKA MOJIEKyJd. B pe3ynbrarte
OBUIO MOJIyY€HO AOCTATOYHO MHOTO MHTEPECHBIX AaHHBIX, UMEIOIINX OTHOLICHHE K
PACKpBITHIO MEeXaHu3Ma caMocOopku PB-cTtpyktyp /1/. B mocnegHee BpeMs nosBUIIACH
BO3MOYKHOCTbh HAOJI0JIaTh 32 MPOLIECCOM Pa3BOpauMBaHUs MOJIUIENITHIHON IEMOYKH
MOJIEKYJIbI IPY MEXAHUYECKOM BO3JACHCTBUU. DTO JMOO IKCIEPUMEHTATBHBIA METO
Atomuoit CunoBoit Mukpockonuu (ACM), nubo oOauH W3 BapHAHTOB MeETOAA
MOJICIMPOBaHUSl JUHAMHMKU — YIpaBisieMas MoJiekyJsapHas auHamuka (YMJD).
Meton ACM Ha CEerogHsIIHUNA JIEHb UMEET €lIe OYEHb MHOI'O OrpaHUYECHUN U HE
MOYET IMPUMEHSTHCS K MAJICHbKUM MoOJieKynaM. s merona YM/ orpannuenuii He
cymectByeT. Iloaromy MBI  BOCHOJIB30BAIMCH  IMOCIAEAHUM  METOJIOM  JUIA
uccienoBanus P-mmuibku. Oco60e BHUMaHUE MPU ATOM MbI YACISUIA TUAPOHOOHBIM
B3aUMOJICHCTBUSM B HCCIIEYEMOM IOJUIICTITHIE.

Muorumu 3KCriepuMeHTamMu (CM., Hampumep cchUIkd B /1/) moka3zaHo, 4TO
¢parmeHT s3Toro Oenka u3 16 aMUHOKHCIOTHBIX OCTaTKOB HMEET BTOPUYHYIO
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CTPYKTYpPY [B-ININUIBKH, COBMAJAIONIYIO CO CTPYKTYpOM 3TOro (hparMeHTa B COCTaBE
Ooenka. IlokazaHo Takke, 4TOo Hcchaeayemas [(-IINUiIbKa CTAOMIM3UpPYETCS
BOJIOPOJIHBIMU CBSI3SIMU MEXK]Ty TTPOTUBOJICKAIIMMU aMUHOKUCIOTHBIMU OCTaTKaMH U
ruipooOHBIMU B3aUMOACHCTBUSIMU MEXy ABYMs mapamu octatkoB: Trp43—Val54
nu Tyr4d5—Phe52. Hameli 1enpio OBUIO  BBISICHUTH  POJdb  THAPOPOOHBIX
B3aUMOJICUCTBUI B CTaOWIM3alUU CTPYKTYphl [B-mimuibku. [ias 3Toro Mbl
BOCIIOJIb30BAIMCh METOJOM MYTallMii — 3aMeHbl OJIHUX OCTaTKOB Ha JpyTHE.
WccnenoBanre JUHAMUKA CTPYKTYPBHI BBITIOJNHSAJIOCH METOJOM MOJIEKYJISPHO-
nuHaMudeckoro mognenupoBanus (MJIM) /2/ ¢ ucmonb3oBaHWEM  IIPOILEAYP
yrnpasisieMoil MoJieKysipHod auHamuku (YM]I).

CxemaTu4ecKky NEPBUYHYIO U BTOPUYHYIO CTPYKTYPbI HCCIIETyEMON MOJIEKYJIbI
MOXHO MPEJICTaBUTh B BUJAE IIMUIbKU, HA CBOOOAHBIX KOHIAX KOTOPOW HAXOIATCS
amuHokuciaoTHbie octaTku Gly41 (N-kouen) u Glu56 (C-koneir). AMUHOKUCITIOTHBIC
octatku Asp47, Ala 48, Thr49 u Lys50 o6pa3ytoT 001acTh U3ruoda mnmibKu:

Gly41 - Glu42 - Trp43 - Thrd4 - Tyrd5 - Asp46 - Asp47
Ala48
Thr49

Glu56 - Thr55 - Val54 - Thr53 - Pheb52 - Thr51 — Lys50

B paBHOBECHBIX YCIOBHSX INPH KOMHATHOM TeMIeparype MpeicTaBiIcHHAS
dbopma P-IIMUIBKA MOJIEKYJIBI CTAOMIIU3HPYETCS BOJOPOIHBIMHU CBS3SIMHU MEXKIY
MIPOTUBOIIOJIOKHBIMU OCTAaTKaAMHU:

Gly41---Glu56, Glu42---Thr55, Thr44---Thr53, Asp46---Thr51,

Asp47---Lys50

Kpome BogopoaHbIx cBsi3eil, cTaOUIBHOCTh [B-IIMWIbKH, B COOTBETCTBUHU C
JUTEPATYPHBIMU JAHHBIMH, 00ECIIEUNBAIOT TUAPO(POOHBIE CBSI3U MEXKAY OOKOBBIMU
rpynnamMy HEMoOJAPHBIX THAPOPOOHBIX aMUHOKHUCIOTHBIX OCTaTKoOB: Trp43----Val54,
Tyr45----Phe52.

[Iponiegypa MOArOTOBKM MOJEKYJIbl K KOMIIBIOTEPHOMY MOJACIHPOBAHUIO
(cuMynsMK) AMHAMHUKYA TPOBOJMIACH TO cTaHAapTHOW meroauke /3/. Ilpomemypsi
YM/] 6buTH aHAJIOTUYHBI IPOLIETYypaM, pa3pabOTaHHBIM paHee /4/.

HaOnronenne 3a mpoiieccaMd HW3MEHEHHS MNPOCTPAHCTBEHHOM CTPYKTYpbI
MOJIEKYJIbl OCYHIECTBIISIIM HECKOJbKUMH crioco0amMu. OJIUH U3 HUX — BBISBICHUE
KOHMAakmo& B MOJIEKyJe M Tocleayomiee HaOMo/IeHHe 3a KOHTaKTUPYEMBbIMU
atomamMu MoJekyinbl. [lo omnpenenenuto, xoumaxmom wmexnay atomamu Co-Co
HA3BIBAIOT TaKWe JBa alb(a-yriIepoaHbIX aTOMa OCHOBHOM IIEMH MOJIEKYJI, KOTOPBIC
HE SBISIIOTCA COCEIHUMH BJOJIb LI€NH, W PACCTOSHHE MEXAY KOTOPhIMU HE
MpEBBIIAET 3aJaHHON BenunHbl. Kak npaBuio, 3Ta BenrunHa coctanisia 5,4 A.

B OonbMHCTBE HAIMX SKCIEPUMEHTOB (prkcupoBasiock nonoxenue Ca 41-ro
AMHUHOKHCJIOTHOTO OCTAaTKa, a PACTATUBAIOIIYIO CHITY MPUKJIIAIbIBAIN K atoMy Ca 56-
ro aMHHOKHCIOTHOTO oOcTaTka. HampaBieHue NpWIOKEHHOW CHUJIbI BBIOMPATIOCH
BJI0JIb MIPSIMOM, COETMHSAIONIEH YKa3aHHbIE AaTOMBI.
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Uccnenosanue posu rugpooOHBIX B3aUMOICHCTBYIM [T YCTONYUBOCTH OeTa-IIMUIBKH

Ha puc.] mnokazaHel HEKOTOPBIE pE3yJIbTaTbl OJHOW M3 CEPUM HAIIUX
AKCIEPUMEHTOB N0 YM/] B-mmnmibku U ee MyTaHTa, B KOTOPOM aMHUHOKHCJIOTHBIE
octratku Trp43, Val54, Tyr45, Phe52 3amenens! Ha ananuH (Ala). Tem cambiM ObLI0
pEe3KO  yMEHbILIEHbl TruApodoOHbIE B3aUMOJAEWUCTBUS COOTBETCTBYIOUIMX Map
OCTaTKOB.

Puc.1. PactsaruBanue B-mmunbku (ciaeBa) U ee MyTaHTa (CIpaBa) B BOJIE C
noctossHHOU cuioi 200 nH, remneparypa — 300K. HenonBrxHbIi aTOM —
Ca 41 amMUHOKHCIOTHOrO OCTaTka, ymnpaisieMbld arom — Ca 56
AMUHOKHCIIOTHOI'O OCTaTKa, 00a 3T aToma noka3aHsl B Bujie chep Ban nep
Baanbsca. BBepXy — MoJieKysbl 10 Hayajga pa3BOpauYMBAHUSA, BHU3Y — YEpPE3
300 nc. PucyHOK mojiy4eH ¢ moMoliibio mporpamMmmsl VMD /3/.

W3 pucyHka XOpOmIO BHUIHO, YTO IpPH OJAMHAKOBBIX YCIOBHUSIX MYTAaHTHas
MOJIEKYyJIa pa3BOpauyMBacTCs OBICTpEE, YeM €€ HATUBHBIA aHajor. OTOT BBIBOJ
NOJATBEPXKJIACTCSl W HAIUMMU  HAOJIOJEHUSIMH 32 XapaKTepoM 3aBUCHUMOCTHU
paccrostHuil Mexnay atomamu C,-C, KOHTakToB OT BpemeHH. Ha puc.2 Takue
3aBHCUMOCTH TIOKa3aHbI JIJIsl MOJIEKYJIbI-MyTaHTa. XOPOIIO BHIHO, YTO BCE KOHTAKTHI
pa3pyliaroTcs MPaKTHUYECKH OJHOBPEMEHHO, TOT/Ia KaK B HATHUBHOW IIIMUJIBKE STO
IPOUCXOAWIIO TOCIEA0BaTENbHO, MpHueM c 3aaepxkkamu Ha Tex mnapax C,-C,,
KOTOpBIE  COOTBETCTBOBAJM  IapaM  OCTAaTKOB,  CBSI3aHHBIX  T'HAPOPOOHBIM
B3aMMOJEHCTBHEM. DTO O3HA4yaeT, 4To TUAPOPOOHBIE B3aMMOICHCTBHS CIIOCOOHBI
3¢ (HEeKTUBHO MPOTUBOICHCTBOBATH PA3BOPAUNBAHUIO MOJIEKYJIBL.
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Puc.2. 3aBucumocts oTkiaonenuii (Deviation) paccrosauii Co-C, 0T 5,4 A
MEXy YKa3aHHBIMU aTOMaMU yrIJiepoja MyTaHTa [B-IINMUILKU U3 Oeika
2gb1 B Boat mpu 300 K ot Bpemenu (MUKOCEeKyH ). PacTsokeHre MOJIEKYJIbI
MPOU3BOAWIN € MOCTOsIHHOM crutoi 200 mH.

Takum oOpazom, Halld Pe3yiabTaThl MO3BOJSIOT YTBEPXKIATh, YTO HMEHHO
ruapodoOHBIE B3aUMOJCUCTBUS  SBJSIOTCS  KJIIOYEBBIMH, OTBETCTBCHHBIMU 34
CTaOWIBHOCTh P-mmuiabku. Ponb BOMOPOTHBIX CBS3€H B HCCICIOBAHHOW HaMU
MOJIEKYJIE, BUAUMO, CBOIAUTCS CKOPEE K NOAACPKAHWID KOHEUYHOW CTPYKTYpBI, K
PETYJIMPOBKE AETAIEN 3TOU CTPYKTYPHI.
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HccnenoBanre NpoMeKyTOYHBIX COCTOSIHUN CaMOCOOPKHU OEJIKOB METOIaMHU MOJICTUPOBAHUS

KpuBoweeHko [J.A., Koctukos A.ll.

]CmyOeHm 5 kypca epynnot SM—-2 guszuxo-wmamemamuuecrxozo gpaxynoemema CI'TI1Y,
? Toyenm kagpedpur usuxu CITTY

HccaenoBanne nNpoMeKyTOYHbIX COCTOSIHMI CAMOCOOPKH
0eJIKOB MeTOIaMM MOJAeJIMPOBAHUA

MOJICKYJISIPHOW TUHAMUKH

BrisicHeHne mexaHu3Ma caMOOpPraHW3alMM OejiKka Ype3BhIYAHO Ba)XHO IS
MMOHMMAHUSI MOJICKYJIIPHOW OMOJIOTHM KIIETKH, SBJISETCS KJIIOUOM Ui TOHUMAaHMS
Toro, kak koj JmuHeiHoi JIHK mpeBpaiaercs B kieTounyio (GyHKIUIO TIpU COOpKe
aKTUBHOTO OeJka-pepmMeHTa.

[TpobGnema camoopranuzaiuu 0eika B TPEXMEPHYIO CTPYKTYPY J0O CHUX TOp He
pemieHa. Kakue BOpochl COCTABIISIOT 3Ty Mpodiaemy? OAuH U3 TJIaBHBIX BOIPOCOB —
MOHSAThH, KAKUM 00pa30oM OJHOMEpHAas IEeNoYKa MePBUYHON CTPYKTYpPHI Oelika 3a/1aeT
TPEXMEPHYIO CTPYKTYPY MOJIEKYJbI. [IoMCK anropuTMoB, yHpaBisioOMMX ITPOLECCOM
camMmocOOpku Oenka, MPUBET K TMOHUMAHHWIO TOTO, YTO 3TOT CJIOXHBIM MpOIeCcC, B
KOTOPBIH BOBJICYCHO OOJIBIIIOE YMCIO aTOMOB MOJICKYJIbI Oelika, riI00aabHO JTOHKEeH
OBITH HDHEPreTHUYECKU BBITOJHBIM. B pesynprare cdopmupoBaiach wuues o
HEOOXOJMMOCTH YYUTHIBATh XapakTep peiabeda MOBEPXHOCTU MOTECHIIMATBHOMN
sHepruu Oenka. [lepBoHayaibHO B CBOMX TEOPETUUECKUX pabOTaX MHOTHE aBTOPHI
MoApa3zyMeBaAIM, YTO MPOIECC CaMOCOOPKU BCErja MPOXOIUT Uepe3 OINpe/eeHHbIE
IIPOMEKYTOYHBIE COCTOSIHUSA TaK, YTO BECH MPOLIECC NIEPECTPOUKHU IPOCTPAHCTBEHHOM
CTPYKTYpbl MOJIEKYJIbl OOECHEUYMBAETCS MOCIEAOBATEIbHBIM IEpe0OpOM TaKHUX
NPOMEINCYMOUYHBIX COCMOAHUU, KAXKI0€ TMOCIEAYIOIIEE M3 KOTOPBIX 3HEPreTUYECKU
0oJiee BBITOAHO, YEM MPEIbIIYIICE.

[TouckoM  MPOMEXKYTOUHBIX  COCTOSHMM  OBUIM  3aHSITBl ~ MHOTHE
HKCIIEPUMEHTATOPbl U TeopeTuku /1/. B pe3ynbrare mosBUIICS LENbIA Pl MOJEIEH
caMOoCcOOpKH OEJIKOB, B KOTOPBHIX O0Opalajioch BHHMaHHE Ha pa3HbIC aCIMEKThI
MPOLIECCOB MPOCTPAHCTBEHHOW OPraHU3alMU JJIMHHOW MOJMIICOTUIHON IEMOYKH
Oenmka. DTH MOJENN HE MOTEPSUTH CBOEH aKTyalbHOCTH, O0JIee TOro, UX JalIbHEHIIee
Pa3BUTHUE MTPOUCXOIUT U CETOJIHS.

B nameii pabote ucciieoBaioch MPOMEXKYTOUYHOE COCTOSTHHUE pa3BOPaYMBaAHUS
MOJIEKYJIbI Oelika YOUXUTUHA MPU BO3JEHCTBUU MEXaHUUECKUX CHII.

B kauectBe MeTOoma WMCCIEAOBAHUS HCIOJIB30BAH METOJ MOJIEKYJISIPHO-
nuHamuueckoro  MozaenupoBanHus (MIM). Mbl  HCHOAB30BaAIM  MpOrpamMmy
mozaenupoBanuss NAMD /2/. Meron uccnenoBaHusi, BEIOpaHHBIM HaMU B paMKax
MJIM — ynpasnsgemasi MosiekyJigpHas nuHamuka (Y M), mo3BosisieT BO31eiCTBOBATh
MEXaHUYEeCKH He JI0ObIe Y4acTKHM MOJIeKyJbl. [Ipm mMexaHuueckoM BO3/IEHCTBHH
MOJIOKEHUE OJHOT0 M3 aTOMOB MOJIEKYJbl (PUKCUPYETCs, ITOT aTOM B JaJbHEHIIeM
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HEMOJBW)XEH. BTOpol aTom, ynpapisieMblii, U3BMEHSIET CBOE MOJIOKEHUE MOJHOCTHIO
KOHTpoJiupyeMbIM criocoboMm. B mporpamme NAMD Bo3MOXHBI JBa crnocoda
YOpPABJIECHUS JABWKEHUEM YIPABISIEMOrO aToMa: MOCTOSIHHAsA CKOPOCTh WJIM
MOCTOSIHHAs Cuja, NPWIOKEHHas K 3TOMy artoMy. B ToM u apyrom ciydae B
MPOLIECCE CHUMYJSILIMM JAUHAMUKU MOJIEKYJIbl, OHA PAaCTITHBAETCA MO 3aJaHHOMY
aIrOpUTMYy, B KOHIE MPOLECCA PACTATMBAHMS YYACTOK MOJIEKYJbl MEXKIY IBYMS
YHOOMSHYTBIMA aTOMaM{ CTaHOBHUTCA JuHeHHbIM. HaOmionenue 3a neransmu
npolecca pacTsITMBaHUA JAeT YHUKAIbHYI0 MH(GOPMAILUIO O BHYTPUMOJIEKYJISIPHBIX
CWJIaX, AaHAJOTMYHO WH(POPMALUA TOJy4aeMOM METOJOM AaTOMHOW CHJIOBOU
MUKPOCKOIIUH.

[Ipouenypa MOATOTOBKM MOJIEKYJBl K KOMIBIOTEPHOMY MOJAEINPOBAHUIO
(cuMymSIMK) AWHAMHUKA TPOBOJMIIACE MO cTaHmapTHOW Mmeroauke /3/. [Ipomemypsi
YM]I ObutH aHATOTUYHBI IPOIEAYpaM, pa3paboTaHHBIM paHee /4/.

HaGnronenue 3a mnpoueccaMd M3MEHEHHs] IMPOCTPAHCTBEHHOW CTPYKTYpBI
MOJIEKYJIbI OCYIIECTBIISIIM HECKOJNBKUMHU criocoO0amMu. OOUH U3 HUX — BBISIBICHHE
KOHMAaKmo& B MOJIEKyJe M Tocleayoliee HaOMI0IeHHe 3a KOHTAaKTUPYEMbIMU
aTOMaMHU MOJIEKYJIbI.

[To onpenenenuto, konmaxkmom mexny aromamMu Ca-Co. Ha3bIBarOT TaKUE J1BA
anb(a-yraepoAHbIX aToMa OCHOBHOM IIeMM MOJEKYJ, KOTOpble HE SBISIOTCA
COCEJIHHMH BJIOJIb LENHU, U PACCTOSHHUE MEXKIY KOTOPHIMU HE IMPEBBIIIAET 3aJaHHON
BemuuuHbl. Kak npaBuiio, 5Ta BeIMunHa cocTapisna 5,4 A.

W3 mnpenBapHUTENbHBIX SKCIEPUMEHTOB /4/ OBUIO YCTaHOBJIEHO, 4YTO €CJIH
¢ukcupoBath mnojoxkenne aroma Co 48-ro0 aMHHOKHCIOTHOIO OCTaTka, a
PaCTITUBAIOIIYI0 CHIIy NPUIOXHUTh K atroMy Co 76-r0 aMHHOKHUCIIOTHOTO OCTaTKa
yOMXWUTHHA, MOXHO HAOJIIOJaTh MPOMEKYTOUYHOE COCTOSHHE pa3BOPAYUBAHUS
MOJIEKYJbI. DTO cocTtossHUe Haomoaanock A0 200-300 nc. B Hamux skcnepuMeHTax
AHAJIM3UPOBAIIOCH HE TOJBKO 3aBUCHUMOCTb OT BPEMEHH PACCTOSHHUS MEXKIY
HEMOJBMKHBIM U YIIPaBJIsIEMbIM aTOMOM (CTaHIApTHBIN noaxo B meroae YMJI), Ho
U JApyrue napaMerpsl MOJEKyJbl. B yacTHOCTH, Ha puc.l moka3zaHa 3aBUCUMOCTB OT
BPEMEHU CYMMBI PACCTOSHUN KOHTAKTOB. BHJHO, 4TO 3TOT MapaMerp OCTaBaJICA
MPAKTUYECKH MOCTOSAHHBIM A0 250 MC M TOJBKO MOCJIE 3TOTO HayMHaN PacTd. ITO
O3HAauaeT, 4YTO HE TOJbKO BTOpPUYHAs, HO U TPETHYHAs CTPyKTypa Oenka B
IPOMEXYTOUHOM COCTOSTHUM OCTaBAJUCh ONM3KUMHU K HATUBHOW CTPYKTYpE BILIOTH
a0 250 mnc HecMOTpsT Ha JCMCTBME IOCTOSSHHOM — pacTATMBAIOLIEH  CHUIIBL.
CymiecTBEHHOE HapyLIEHWE CTPYKTYpbl HPOUCXOJUIM TOJBKO MOCIE MOMEHTa
BpeMenu 250 mc.
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Puc.1. 3aBucuMoCTh OT BpEMEHH CyMMBbI PacCTOSIHUM Mexay aromamu Ca-
Ca wmonekynbl Oenka yOMXUTHHA, MOAYUHSIIOUIUMUCA  KPUTEPUIO
«KOHTaKT». PacTsykeHre MOJEKyIbl IPOBOAWINA C MOCTOSIHHOM cuitor 500
nH, temneparypa — 300K. Henoasuxusiit atom — Co 48 aMMHOKHUCIOTHOTO
OCTaTKa, yrpasisieMblii aToM — Ca. 76 aMUHOKUCIIOTHOTO OCTATKa.

Kak BUAHO U3 pUCYHKA B MPEJICTABIECHHON 3aBUCUMOCTH UMEETCSI JOCTATOYHO
IIPOTSKEHHBIN YYacTOK, HA KOTOPOM MPUJIOKEHHAS IOCTOSIHHAS CUJla PaCTATMBAHUS
HE TMpUBOAWIA K 3aMETHOMY pPa3BOPAUMBAHUIO MOJIEKYJbl. OTOT Yy4YacCTOK
COOTBETCTBYET MPOMEKYTOUHOMY COCTOSIHUIO MPOLIECCA Pa3BOPAYMBAHMS MOJIEKYJIbI.
bonee mnoapoOHOE H3ydYeHHE TMO3BOJMIIO TMOHATH XapakTEp MPOMEKYTOUHOTO
COCTOSIHHUSI.

Bo MHOrux skcrnepMMeHTax 3TOW CepUU MOXKHO OBLUIO 3aMETUTh, YTO IOCIE
500-600 nic nmepecTpoiika MPOCTPAaHCTBEHHOM CTPYKTYPbI MOJIEKYJIbI 3aBEpLIAIach U B
JalbHEWIlIeM MOJeKyla ocTaBajach HeusMeHHOU. Ilone3nyro wuHpopManuio o
IUHAMUKE IPOCTPAHCTBEHHOW CTPYKTYpbl MOJeKydsl pgaetr puc.2. Ha Hewm
n300pakeHa 3aBUCUMOCTb OT BPEMEHHM KOJMYECTBA KOHTAaKTOB B MOJIEKyJe Oelika.
BuaHo, 4To B HAYaILHBIM MOMEHT OTO KOJHMYECTBO COCTaBIsIO OKoyuo 25-30
KOHTAaKTOB, B KOHIIE Iepr0/ia HaOII0ACHNUS KOJIMYECTBO KOHTAKTOB YMEHBIIAIOCH 10
15. Kak BBISICHMIOCH, OCTaBIIMECS KOHTAaKThl HAXOAATCS B TEX YACTAX MOJIEKYJIBI,
KOTOpBIE HE IMOJABEPrajuch BO3MYLIEHUSM B HAIIMX SKCIEPUMEHTax. JTO O3HAYaeT,
BUIUMO, YTO OTAEIbHBIE YYaCTKH MOJEKYJbl Oellka CIOCOOHBI HE3aBUCUMO
00pa30BbIBaTh HATUBHYIO CTPYKTYpy. OTa HE3aBUCUMOCTb MPOCTPAHCTBEHHOU
CTPYKTYpbl ~ pa3HbIX  y4YaCTKOB  MOJEKyJbl  Oelka  SBISETCS  XOPOLIUM
MOATBEPKJACHUEM OJIHOM M3 TMIOTE3 O MEXAHM3ME CBOPAYMBAHMS-PA3BOPAYMBAHUS
0enkoB. B COOTBETCTBMM € 3TUM MEXaHM3MOM CHayajla 00pa3yloTcs BTOPUYHBIC
CTPYKTYpbl Oeyika (CrupaibHble YYAaCTKU U [B-CTPYKTYpPHI), @ 3aT€M 3TH CTPYKTYPHI
O0BEAUHSIOTCS B €IMHYI0 KOMITAKTHYIO TPETUUHYIO CTPYKTYPY.
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Puc.2. 3aBucumocth 0T BpeMeHM KojudecTBa KOHTAKToB Coa-Ca,.
OcranbHbIE YCIOBUS KaK HA puc.l.

B mnocinenyromux cepusix JKCHEPUMEHTOB Mbl BBIICHSIM, KaK BIIUSIOT
BHEIIHME YCIIOBUS Ha CTa0WJIBHOCTh HPOMEXYTOUHOro cocTosHusa. Haumbonee
WHTEPECHBI, Ha HAall B3IVIAJ, pE3YyJbTaTbl M3YYEHHs] TAKHX 3aBUCUMOCTEH OT
TEMIIEPATYpbl. MBI BBIIIOJHUIN HECKOJBKO CEPUM 3KCIIEPUMEHTOB, B KOTOPBIX
IpoLeaypa MEXaHUYECKOTO PACTATUBAHUS MOJIEKYJIBI COBMELIANACH C YBEIIMUYEHUEM
TeMrepaTrypsl oOpasia.

XOpoIIO M3BECTHO, YTO MOBBILICHHE TEMIIEPATYPBl IPUBOAUT K Pa3pyLICHUIO
IPOCTPAHCTBEHHON CTPYKTYpbl MOJIEKYJl O€JIKOB, MPUYEM OTOT MPOLECC, Kak
MpaBUJIO, 3aTparuBaeT OJHOBPEMEHHO BCE y4YaCTKM MOJeEKysbl Oenka. Hackonbko
HaM H3BECTHO, BBINOJHUTH B PEAIBHBIX YCJIOBHUAX, C HCIOJIb30BAaHUEM ATOMHOTO
CUJIOBOTO MUKPOCKOMA, PACTSKEHUE MOJIEKYJIBI IPU MPOU3BOJIBHOM TEMIIEpaType HE
MPEACTABIACTCS BO3MOXKHBIM [0 TEXHUYECKUM TMpUYMHaM. KoMIbIOTEpHBII
HKCIEPUMEHT CBOOOIEH OT TaKMX OTPAHUYCHU.

W3 Hammx pe3ysibTaTOB HCCIECIOBAHUN IPOMEKYTOYHOIO COCTOSIHMS IIpU
pa3HBIX TEMIIEPATYpax CIELYET, YTO 3TO COCTOSHUE IIPU IOBBIIIEHUHU TEMIIEPATyPbI
CTAaHOBUTCSI MEHEE CTaOMIIbHBIM.

Oo6napyxeHno, uro mociie 300 mc KOJIMYeCTBO KOHTAKTOB, JJIsi KOTOPBIX IIO-
IIPEKHEMY  BBINOJHAECTCS KPUTEPUM «KOHTAKTa», YMEHBIIAETCS OT CPEIHEro
3HadyeHus 25 1o 10. MHTEepecHO, 4TO KONMMYECTBO KOHTAKTOB K KOHILY CUMYJISIUU HE
PaBHO HYJIIO, T.€. HECMOTPS HA DKCTPEMAJIbHBIE YCJIOBHUS, HEKOTOPBIE YYaCTKHU
MOJIEKYJIbI O€JKa OCTAaBAJINCh HATHBHBIMU, HEMOBPEKIECHHbIMU. CpaBHUBas 3TOT
pe3yibTaT ¢ pe3yJibTaTaMUd aHAJIOTMYHBIX HAOIIOJEHUN, HO 0€3 y4acTusi METOJIUKH
YOPABJISIEMOM MOJIEKYJIIPHON NUHAMHMKH, MOXKHO 3aMETUTh, 4TO 0€3 MpUMEHEHHs
Metoauku Y MJI ipu BEICOKOW TeMrepaType MoJieKyJia ObICTPO TepseT BCE HATUBHBIE
KOHTaKThI. [[prunHbI TaKoTO pa3inuuus OyAyT BBISICHATHCS B MOCIEAYIOMINX paboTax.
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HccnenoBanue KOrepeHTHOM JUHAMUKH 0€JIKOB

KoMIproTepHOE MOJICTUPOBAHHE MOJICKYJIIPHON TWHAMUKH OWOTIOJMMEPOB B
HACTOSIIEEe BpEeMs IIMPOKO MCHOJB3YIOTCS JJII M3YyUYEHUS WX CBOWCTB, CTPYKTYPHI,
TUHAMUKA W TEPMOJIWHAMUKH. B dYacTHOCTH, ObUT TIPEMIIOKEH M Pa3BHT METOJ
M3YYCHUS KOTEPEHTHBIX CBOWCTB AaTOMHBIX OCIWJUIATOPOB O€jaka, B KOTOPOM
MOJICKYJIa TOJABEPraeTCs KPAaTKOBPEMEHHBIM BO3MYIICHHSIM, a 3aTeM HaOJI01aeTCs
OTKJIMK CUCTEMBI. MeTO/] Ha3bIBaIOT TEMITEPaTyPHBIM 3XO.

CyTb SBJICHUS 3aKIIOYAETCS B clieytomeM. /[BrmkeHne aToMOB B TII00YIISIPHBIX
Oemkax MOXHO OIHKCaTh Kak Ha0op c1abo B3aMMOJCHCTBYIOIIMX TapMOHMYECKHX
ocHuuIITOpoB. I[lpy 3TOM  JWHEWHBIE CYNEPHO3UIIMM  CXOJHBIX  aTOMHBIX
OCHIIJIISITOPOB  O0pa3yrOT TaK Ha3bIBaeMble HOpPMaibHbICE MOIBI. [loCKONbKy B
HOPMAaJIbHBIX MOJIaX Y4YaCTBYIOT HHAWBHUAyaJbHBIE ATOMHBIE KOJEOAHHWS pPa3HbIX
4acTel MOJIEKYJIbI, TO MOXXHO TOBOPUTH O JEJOKAIHM3AIMA HOPMAJIBHBIX MOJ IO
BCEMY O€NKy. DKCIIEpUMEHTAILHO CYIIECTBYET BO3MOKHOCTh CHHXPOHU3AINH, Yepe3
COOTBETCTBYIOIIIEEC BO3MYIIECHUE, STUX HOPMAIBHBIX MO/, MEPEBOS CHUCTEMY B Tak
Ha3piBaeMoe (ha30BO€ KOTEPEHTHOE COCTOSHUE, B KOTOPOM HOPMAJIBHBIE MOJIbI
koneOmores B ¢ase. CTeneHb KOTEPEHTHOCTH CHUCTEMBI MOXKET OBITH OIpeiciicHa
BTOPBIM CHTHAJIOM, KOTOpPBIA, HHTepdEpUpys C KOTEPEHTHBIMH HOPMaIbHBIMU
MOJIaMH, MOJKET TIPHUBECTH K pE30HAaHCaM, KOTOPbhIC HA3bIBAIOT 3XO W MOTYT
PETHCTPUPOBATHCS AKCIIEPUMEHTATIBHO.

[lenpto naHHOW paboOTHI OBUIO HCCIEIOBAaHHE OCOOCHHOCTEH JIHUHAMHUKH
HCCIIETyEMBbIX MOJICKYJI OEJKOB B YCJIOBHSAX BO30YXKJICHHS B HHX KOT€PEHTHBIX
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koneOanuil. [losiBneHne W 3aTyXaHWe KOTE€PEHTHOCTH B OelikaxX MpOSIBISIOTCA B
a¢dexTe TemmepaTypHOro 3X0. B wacTHOCTH, Oblla MOCTaBIE€HA 3aja4a BHISICHHUTD,
CYHIECTBYET M 3aBHCHMOCTH IapaMeTpOB TEMIEPATypPHOTO 5XO OT BTOPUYHOU
CTPYKTYPbI MOJIEKYI.

B kauecTBe MeToIa WUCCIENOBAaHUSA HCIOJIb30BAH METOJ] MOJEKYJISIPHO-
JuHaMu4eckoro  MojenupoBanus (MJM). Mel  ucnosib3oBagu  IporpaMmmy
monenupoBanusi NAMD /2/. Tlpouenypa NOArOTOBKH MOJIEKYJIBI K KOMIBIOTEPHOMY
MOJICIMPOBAHUIO (CUMYJIAIMKA) AMHAMUKHA TPOBOJMUJIACH TIO HAIIEH CTaHIapTHOM
metoauke /3/. Hekoropble mpueMbl MOJETUPOBaHMs ObUIH pa3paboTaHbl paHee /4/.
OcHOBHasE 4acTb METOJMKHU PETUCTPALUU TEMIEpPAaTypHOro 3X0 M 00pabOTKU
pe3yJIbTaTOB BBIMIOJIHEHBI B HACTOSILEH padoTe.

B kadectBe OOBEKTOB HCCIIEJOBAaHMI MBI BBIOpaiu Tpu Oejka, OJM3KUX IO
pa3MepamM, HO CHJIBHO Pa3iUYaloIIUMCs 0 HaOOpy IMPOCTPAaHCTBEHHBIX CTPYKTYp. B
onHoM u3 OenkoB (lubq.pdb) mpucyrcTBOBanmM o-cnupaib U P-CTpyKTyphl. Bo
BTOpoM Oenke (1bdd.pdb) Bropuunast cTpykTypa comeprkaia MpakTHUYECKH TOIBKO O
cnupanu. Tpernit Genok (lcsp.pdb) mpakTuueckm HE coAepKadl CHUPATBLHBIX
CTpyKTyp. Hmke moapoOHO ommcaHbl HallM JaHHBIC Ui OJHOTO M3 MCCIEAYEeMBbIX
oenkoB — 1bdd, mnga ocranbHBIX O€IKOB MPUBOAATCS TOJBKO OKOHYATEIbHBIC
pe3yJIbTaThI.

[Tocne mpuBeneHUsT MOJIEKYJIbl B PAaBHOBECHOE COCTOSIHHE MPH HOPMAaJIbHBIX
ycioBusix (Temneparypa — 300K, naBinenue — 1 atm), Obl1a BBITIOJIHEHA CIICIMAIbHAS
CUMYJISIIIUSL /I HaXOXKJIEHWS TapaMeTpPOB aBTOKOppESIHOHHOW (yHkumu. U3
NOJyYEHHBIX  JIAHHBIX Mbl  MOJIYYMJIM  SKCIIOHEHIMAJIBbHOE  IPEJCTaBICHUE
aBTOKOPPESIUOHHON (PYHKIIMH:

CTT () =exp(—t/ TO)

[TokazaTenb SKCIIOHEHTHI, BEIUMCICHHBIN HAMH JIJISl UCCIIEIyEMOTO OelKa:
7o = 2,648 dc (2,648 1077 ¢)

B nmocnemyrommx OSKCIepUMEHTax Halled 3amadeil  Oblma TeHepanus
TEMIEPATYPHOTO 3XO M BBIICHEHHE CKOPOCTH 3aTyXaHHs KOTE€PEHTHBIX KOJeOaHMil.
WNHaye roBops, mepea HaMH CTOsUIa 3a/Jada BBIICHUTH, KaK JOJITO COXPaHAETCA
BO3MOXHOCTb HAOJIIOJIEHUS TEMIIEPATYPHOIO X0 IMOCJIE MPOLIEAYPhI €0 FEHEPALIMH.

Ha puc.l npexncraBieH rpaduk, U3 KOTOPOrO MOXHO MOHATH MPOLEAYPY
reHepaluuu TemmeparypHoro 3xo. B aumanazone ot 0 ¢c mo 500 ¢c BbimonHsiach
CUMYJIALIMS JTUHAMUKH MOJIEKYJIbl MPU TIOCTOSIHHOM Temmeparype Ty (B IaHHOM
ciydae — 370 K). Ha 500-i1 demTocekyHlie CKOPOCTH aTOMOB MPUHYIUTEILHO
cOpachlBalMCh K 3HAUYEHUIO, COOTBETCTBylIIeMy temneparype T; = 0K,
(CHHXpOHHM3UPYIOIIMK  CHUTHalI), 3aTeéM B  CHUCTEME  CaMOIPOHU3BOJIHHO
yCTaHaBJIMBajIach HOBas TeMIiepaTypa Ha ypoBHe T¢/2, mpu 3TOM BCE OCHUIUISTOPHI
MOJIEKYJIbI CTaHOBSITCS KorepeHTHbIMH. Ha 700-i deMTOCeKyHAe BBIIOMHSICS 2-i
copoc Temmeparypsl (TecTupytomuii curdain). [locime aToro Beaercs HaOIOIeHUE 32
cUCTeMON 0e3 Kakux-TuOO BO3JCHCTBUI M Yepe3 OMpPENEICHHOE BPEMS MOXKHO
HAOJIOMaTh KPAaTKOBPEMEHHBIN cOpoc Temmeparypsl (TeMmrepaTypHoe 05xXo0). B
MIPEICTABIICHHOM SKCIIEPUMEHTE CUTHAN 9X0 Haxoautces pu 900 de
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Puc.1. Tunmu4HBIA SKCIEPUMEHT O HAOJIOJACHHUIO TEMIIEPATypPHOTO 5XO.
ITpu 500 dbc u 700 ¢ Temmeparypa TPUHYIUTEIBHO cOpachiBalach 10
HyJs, ipu 900 e BuaEH curHan TeMnepaTypHoro 3Xo.

Bropoe mepeHazHaueHHe CKOPOCTEH IMOCIie BPEMEHH 3aJIePKKH tau SIBISETCS
(GOHIHUPYIONIUM CUTHAIOMY», KOTOPBIM TECTUPYET CTETICHh KOTEPEHTHOCTH CHCTEMBI
B MOMEHT, KOrja OH mpuMeHsieTcs. [yOmHa X0 W MOMEHT BPEMEHH, KOTJIa OHO
IPOUCXOANT, SIBISIOTCS KOJMYECTBEHHBIMH XapaKTEPUCTUKAMH KOTEPEHTHOCTHU
BHYTpPEHHEH TUHAMUKH OEJIKOB.

The echo depth as a function of time
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Puc.2. 'nyOuHa 5x0 kak ¢pyHKIMsS BpeMeHu a1 Oenka 1bdd.

Mbl mpoBeNM CEpUI0 CUMYJSIHUKA TEMIEPATYPHOIO 3XO Uil  Pa3HbIX
MPOMEXKYTKOB BpeMEHU (tau) MEXIy CHHXPOHU3BHPYIOIIMM U TECTHPYIOIINM
uMItysibcamMu cOpoca Temriepatypel — oT 100 ¢c mo 2000 d¢c. PesynbraTs
MCCJICIOBaHMs 3aBUCUMOCTH TIyOMHBI CUTHAJIAa TEMIEPATYypHOTO 3XO OT BPEMEHH
MEKTy CUHXPOHHU3UPYIOIIUM U TECTUPYIOIINM CUTHAJIaMU MTOKa3aHbl HA pUC.2.
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JlanHble, TIPENCTABICHHbIE HA pHC.2 MOXHO TPEJICTaBUTh B BHJE
OKCMOHEHIINATHHON 3aBHCUMOCTH (CIUTIOIIHAS TUHUS HA PUCYHKE) BUJA!
AT = B(1) *exp(=t/ f(2))
rane AT — riybuHa TemmepaTypHoOro sxo, (1) — ammiuryga 3KCIOHEHIUATbHOU
3aBUCUMOCTH, [(2) — mapameTp, UMEIOIIUN CMBICT BpemeHu aedazupoBku. U3
HaIIMX JAHHBIX ObUTH ToNTy4eHsbl napameTpol S(1) u F(2):

B(1)=34,4 B(2) = 1048 dc.

Takum o6pazom, Bpems neda3supoBKU A UCCIEAyeMOro Oeika oKa3aioch
JIOCTaTOYHO OOJBIINM, OKOJIO | MHUKOCEKYHABI. DTO O3HAYaeT, 4To jAe]a3supoBKa
HOPMAJTBHBIX MOJI JUISI aTOMOB O€JIKa OTHOCUTEIIBHO MEJICHHBIN MPOIIECC, HECMOTPS
HAa HaJIWYMC aHTAPMOHWYHBIX BKIIAJIOB B IOTCHIIMAT B3aWMOJICHCTBUS aTOMOB.
JpyruMu ciioBamMu, €ciii 00€CIeYnTh KOTEPEHTHOCTh BCEX OCIMIUIITOPOB MOJICKYJIBI
Oelka, TO 3Ta KOTePEHTHOCTh cOoXpaHsieTcs B TeueHue 1 nc. Ecnu yyecTs, uro MHOTHE
KojeOanust B Oelke MMEIOT rnepuoja mopsaka 1 ¢c, TO MOHATHO, YTO 3a BpeMs
mopsnka 1 mc (1000 ¢c) mpomsoitmer mopsaka 1000 konebaHwii  Takux
OCIHIIJIISITOPOB, T.€. KOTEPEHTHOCTh COXPAHSAETCS B TEUEHHWE OYEHb OOJBIIOTO
BPEMEHU.

AHaOTUYHBIC YKCIIEPUMEHTHI MBI BBITIOJHUIN JUTSI IBYX APyTux OeinkoB: lubq
u lcsp.

B Ttabmume 1. mpencTtaBieHBI XapaKTEPUCTHKU BCEX TPEX HCCICTOBAHHBIX
HaMU OEJTKOB, a TaK)Ke IMOJyYEHHBIE W3 HAIIMX JaHHBIX MapaMeTPhl TEMIIEPaTypPHOTO
9XO0.

Tabauma 1. XapakTepuCTHKU OENKOB. Ty — TMapaMeTrp aBTOKOPPEISAIIMOHHON
byHKIMH, T4 — BpeMsl 1ea3upoBKH.
benok (ko) | a-cnupans, % | P-cTpykTypa, % To (c) 14 (c)
1bdd 60 - 2,65 1048
lubq 23 34 2,43 782
lcsp 4 55 2,67 1094

CpaBHuBasi pe3ynbTaThl HKCHEPUMEHTOB IO HAOIIOJEHUIO TEMIIEPATyPHOIO
9X0 IJISl TPeX HCCIENyeMbIX OEIKOB MOXHO 3aMETUTh, YTO MmapameTpsl 3¢ dekta
TEMIEPATYPHOTO 3XO HE KOPPEIUPYIOT C OCOOCHHOCTSIMU MPOCTPAHCTBEHHOM
CTPYKTYpbl MOJIEKYJ. M3 Hammx mnpeaBapUTENbHBIX HOKCHEPUMEHTOB MOXHO
MPEANOIOKUTh, 4TO 3(PPEKT TeMIepaTypHOro 3X0 MOMKET 3aMETHO 3aBUCETh OT
IJIOTHOCTH YITAKOBKH MOJIEKYJIbI O€JIKa, B YaCTHOCTH OT TeMIIepaTypbl oOpasua.

[ToaBong nToru Hamed padboThl MOKHO 3aKITIOYUTH CIEIYIOLIEE.

TemneparypHoe 95xX0  MOXET  ObITh  TOJ€3HBIM  JUISl  BBISCHEHHS
aHTApMOHUYECKUX CBOMCTB OENKOBBIX crcTeM. Haim pe3ynbTaThl MOKa3bIBalOT, YTO
3aTyXaHue TJayOuMHBl 5X0 Kak (YyHKUUS BPEMEHM MOXET JaTh I[OJIE3HYIO
UH(GOPMAIIMIO O BPEMEHHOM LIKajie KojaebaTeabHON JeKOrepeHTHOCTH.
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UccnenoBanne g-CiMpajbHbIX CTPYKTYP MOJUIECNTHIOB H
0€JIKOB € UCII0JIb30BAaHMEM METO0/1a

Yupasasemoii MoJjiekyasspHon JJuHaMUKHU

[Ipobrema camoopraHu3aluu (CaMOIPOU3BOJIBLHOIO CBOPAUYMBAHUS) OEIKOB
COCTOMUT M3 LEJOT0 PAZla CIOXKHBIX BOIPOCOB, OTBETHI HA KOTOPBIE IBITAKOTCA HANTHU
O4YeHb OOJIBIIOE KOJIUYECTBO UCCIEIOBATEIILCKUX TPYII, B KOTOPHIE BXOIAT (PU3UKH,
0O10JI0TY, MAaTEeMaTHKH.

Bropuunast cTpykTypa O€NKOB TMpeACTaBiIeHa HAa00OpOM P-CTPYKTyp U
CIUpPaIbHBIX Y4acTKOB. OJIMH U3 CaMbIX PaCIPOCTPAHEHHBIX CIUPATBHBIX 3JIEMEHTOB
BTOPUYHOM CTPYKTYpbl O€NKOB — o-criupasib. CTpyKTypa o-crnupaiun oOpasyercs,
€CJIM JIMHEHAs 1IEN0YKa aMUHOKHUCIIOT CBOPAYMBAETCS B CIUPailb, B KOTOPOUM Kaxaas
AMUHOKHKCJIOTa 00pa3yeT BOJOPOJHBIE CBSI3M C COOTBETCTBYIOIICH YETBEPTOU
aMHUHOKHUCJIOTOM BJOJb 3TON ke Ienodyku. HecmoTpss Ha Oomblioi mporpecc B
MOHUMAaHUU MPOIIECCOB 00pa30BaHUs U pacnaja CIUPaAIbHBIX CTPYKTYP, CYIIECTBYET
IEJBINA Psifi BOMPOCOB, OTBETHI HA KOTOPHIE JIMOO OTCYTCTBYIOT, JTMOO HEJOCTATOYHO
u3y4eHsl /1-2/.

CreneHb yCTOMYMBOCTH O-COUPAJIEH MO OTHOLICHUIO K Pa3JIMYHbIM BHEIIHUM
BO3JICUCTBUAM, MEXaHU3MbI OOpa30BaHUs M paclajia CupaIbHbIX CTPYKTYpP — 3TO T€
BOIIPOCHI, K KOTOPHIM HMEET IpPsSMOE OTHOIIEHWE aaHHas pabdorta. B wacTHOCTH,
3a/1aueii JTaHHOW padoThl OBUIO HMCCIEAOBAHHWE YCTOMYMBOCTH K MEXaHHMYECKOMY
BO3JICHCTBHUIO O-CITUPAIBHBIX CTPYKTYp B O€lTKax W MOJENBHBIX MOojunenTuaax. B
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KaueCTBE OCHOBHOI'O OOBEKTA MCCIIEI0OBAHUS Mbl BHIOpaIM HEOOJBINON OEIOK U3 Tpex
O.-Criipasiel, yImakOBaHHBIX B KOMIIAKTHBIN «Imy4yek», Ko 6enka — 1bdd.

B kayecTBe MeTOa UCCIENOBAaHUS HCHOJb30BAH METOJ MOJIEKYJISIPHO-
JuHaMudeckoro  MojaenupoBanus (MJM). Mbel  ucnosib30Bagud  Iporpammy
moaenupoBanuss NAMD /3/. Meron uccinenoBaHus, BRIOpaHHBIM HaMH B paMKax
M/IM — ynpasisiemas MoJsiekyJisipHast tuHamuka (Y M), mo3BoJiieT BO3/1eCTBOBATh
MEXaHUYECKH HE JIOOBIE YYacTKH MOJEKyJbl. Kak TpaBmiio, mpu MEXaHHYECKOM
BO3JICHCTBUH TIOJIO)KEHHUE OJIHOTO M3 aTOMOB MOJIEKYJIBI (DUKCUPYETCs, 3TOT aTOM B
JanpHelieM OylieT HenmoABWXEH. BTopoil aTtom, Toxke 1000, HM3MEHSET CBOE
MOJIOKEHHE TIOJIHOCThIO KOHTPOJUPYEMBIM CIIOCOOOM, — 3TOT aTOM HAa3bIBAIOT
yopasisiembiM. B mporpamme NAMD Bo3MOXHBI JBa crnocoda yHpaBJICHUS
JBIDKCHHEM YIIPABIIEMOr0 aTroMa: TMOCTOSIHHAs CKOPOCTh WJIM TOCTOSIHHAsl CHUJa,
MPUJIOKEHHAsT K 3TOMy atomMy. B ToM u apyrom ciiydae B Mpoliecce CUMYJISIINU
JTUHAMUKH MOJIEKYJIbI, OHAa pAaCTATUBAETCA MO 3aJaHHOMY AQlfOPUTMYy, B KOHIIE
MPOIIECCa PACTATUBAHUS YYACTOK MOJIEKYJIbI MEXAY ABYMSI YIOMSHYTHIMA aTOMaMH
CTAaHOBHUTCS JIMHEWHbIM. HaOmronenue 3a neraisiMud Tpolecca pacTsIruBaHUs JaeT
VHUKAIbHYI0O HH(POPMALMI0 O  BHYTPUMOJEKYJISPHBIX  CHJIaX, aHAJOTHYHO
uHdOpMAIUHU TIOTy4aeMOli METOJ0M aTOMHOM CHIIOBOM MUKPOCKOTIHH.

B wyactHOCTH, HaC MHTEpECOBAJI BOTIPOC, YTO MIPOUCXOIUT C MOJICKYJION Oernka,
€CJIM OJJHA M3 €€ COCTaBIIOMMX (OJHA M3 TpPEX O-CHpajeil) pa3BOpauYMBAETCS.
Jpyroii Borpoc — Ha KOTOPBII Mbl XOTEIH MOJTYYUTh OTBET, MOKHO JIU OOHAPYKUTh
KOOIEPAaTUBHBIM XapaKTep BOAOPOAHBIX CBS3EH YAEPKUBAIOIIUX CTPYKTYpPY O-
CIIUpaIu.

[Iponiegypa MOATOTOBKM MOJEKYJIbl K KOMIIBIOTEPHOMY MOJCIHPOBAHUIO
(cumyJsiMy) JUHAMUKU TPOBOAWIACH [0 HAIled CTaHAApTHOW MeToauke /4/.
[Tponeaypst YM]] ObUTH aHATIOTMYHBI MPOLIETYypaM, pa3pabOTaHHBIM paHee /5/.

[Ipu pactsaruBaHUM MOJEKYJBI C MOCTOSIHHOM CKOPOCTBIO MbI OOHAPYKWUIIH,
YTO 3aBHUCUMOCTBH TPHUJIOKEHHON K MOJIEKYJe PacTATUBAIONIEH CHUJIBI OT BPEMEHU
UMEET YeTKO BbIpaxkeHHbI Makcumym (800£300 nH) ¢ mnocnenyromum
yMEHbIIEHUEM Ccuiibl. OKa3aloch, YTO CPEAHSS O-CHUpabHAs 4YacTb MOJIEKYJIbI
OCTaeTCsl MPAKTUYECKU HEM3MEHHOM BILIOTH /10 JOCTHKEHUS MakCUMyMa cuiibl. Ecin
MNPUHATH BO BHUMAHHE, YTO MPHU PACTSITUBAHUM MOJIEKYJbl MNPHUIOKEHHAS CHUJa
KOMIICHCUPYETCS BHYTPUMOJEKYJSIPHBIMUA CHJIAaMH B3aUMOJCHCTBUS, CTAHOBUTCS
OYEBHUJHBIM, UYTO MaKCUMAaJIbHOE 3HAYEHUE JITUX CHJI B HCCIETyEMON MOJICKYJIe
coctaisier (800+300 nH). Ilocie mocTukeHHsi 3TOr0 MakCMMyMa Mbl HaOJIIOaIn
pa3pylI€HHE BCEX TPEX O-COUpAIed MOJIEKYJIbl M HUX B3aUMOJEUCTBUA APYr C
apyroMm. llog mnpupomod cui B3aMMOJIEUCTBUS B JAHHOM CJIydae, CIeayer
MOAPa3yMEBATh BHYTPUMOJICKYJISIPHBIE BOJOPOJAHbBIE CBsI3U. M3BECTHO, YTO MUMEHHO
BOJIOPOJIHBIE CBSI3M OTBETCTBEHHBI 32 CTPYKTYPY O-CIIUpajeil. YUUThIBasi CKa3aHHOE,
MHTEPHpETalns COOBITHM, MPOUCXOISAIINX MMOCIE JOCTUHKEHUS MAKCUMyMa, CBOJIUTCS
K pa3pbIBy BCEX BHYTPUMOJEKYIISIPHBIX BOAOPOIHBIX CBsi3ell. B pe3ynbrare OenkoBas
ro0yna TMepexoJUT B COCTOSHUE BBITAHYTOM TMOJMIENTHIHON IEMOYKH, C
MIOJIHOCTHIO HAPYILLIEHHON TPETUYHOU U BTOPUYHOU CTPYKTYPOH.
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Crenyromuii KOMIIBIOTEPHBIN JKCHEPUMEHT C TOW K€ MOJIEKYJIOM, HO MpHU
MOCTOSIHHOM pacTsaruBaromie cwie, paHod 500 nmH, mo3Bonwn Jyynie MNOHSATH
XapaKkTep B3aUMOJEWUCTBHI, OTBETCTBEHHBIX 3a CTAOMJIBHOCTH MPOCTPAHCTBEHHOM
CTPYKTypel Mojekynsl. Ha pwuc.l mnokazaH oauH U3 pe3yJbTaTOB  TaKOIo
JKCIIEPUMEHTA.
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Puc.1. 3aBucumocts pacctosiHusl OT BpeMeHUu Mexy N-koHuoM (atom Ca
I-ro ocratka) u C-xonmom (atom Co 60-ro ocratka) mosekynsl 1bdd B
Boze. PacTsbxenue monekynsl npoBogwin npu 300 K ¢ noctossHHON cuitoit
500 oH.

Kax BuaHO M3 prCyHKa B TIPEICTABICHHON 3aBUCUMOCTH UMEETCS JOCTATOYHO
MPOTSDKCHHBIN yYacTOK, Ha KOTOPOM TPUIIOKEHHAS TIOCTOSTHHAS CHJIa PaCTATHBAHMUS
HE TPHUBOJIMJIA K 3aMETHOMY pa3BOPAYMBAHUIO MOJICKYJIBI, COIMPOBOKIAEMOMY
YBEITUYCHHEM PACCTOSHUS MKy KOHIITAMU MOJIEKYJIBl. DTOT y9aCTOK COOTBETCTBYET
IPOMEXYTOUHOMY COCTOSHUIO TIpOIlecca pa3BOpauyMBaHHUS MOJIEKYJbl. bonee
MoJIpOOHOE W3YYCHHE IO3BOJIMIIO TMOHATH XapakTep MPOMEXYTOYHOTO COCTOSHHSL.
Oxkazanock, 4To 3TO HauboJee yCTOWYNBas [IEHTPaIbHAsl YaCTh MOJIEKYJIBI U3 TPEX OL-
cnupaiiel, OObEIWHEHHBIX BOJOPOJIHBIMU CBS3IMH B KOMITAKTHYIO TPETHYHYIO
CTPYKTYPY — «IIy49EK» CTHpAJICH.

[TockombKy W3 TMPHUBEACHHOTO JKCIICPUMEHTA HEJb3s MOHATH CYIIECTBYET JIH
Kakas-TuO0 pa3HUIla MEXIYy BOJAOPOIHBIMH CBSI3IMHU BHYTPH KXKIAOW U3 OL-CITHPATICH
U BOJOPOJHBIMH CBSI3SIMH MEXAY O-COUPAISIMH, MBI BBITIOJHUIN  CEPHUIO
OKCIIEPUMEHTOB, B KOTOPBIX MEXaHHMUYECKas CHjla PaCTATHBAHUS TPHUKIIAILIBAIACH
TOJILKO K OJHOH W3 TpeX Oo-Chupaie MoJekynbl. Kpome TOro, Mbl HMeH
BO3MOXXHOCTh OTACIUTH JIO00M W3 (PparMeHTOB MOJEKyJIbl Oellka U 3aTeM
UCCIIeIOBaTh ATOT ()parMeHT Kak OTIEIbHYI0 MOJIeKyly. B TakoMm skcrmepuMeHte
MOJIHOCTBIO ~ MCKJIIOYAINCh  BHYTPUMOJICKYJISIPHBIE  CHJIBI  B3aMMOJICHCTBUSI,
OTBETCTBEHHBIC 3a TPETUYHYIO CTPYKTypy Oenka. HekoTopbeie pe3ynbTaThl TaKuX
AKCIIEPUMEHTOB TIPUBEICHBI HIKE.
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Ha puc.2 nokas3ana 3aBUCMMOCTb OT BPEMEHM PACCTOSHUS MEKIY ABYMS
KOHIIJaMHM OJIHOM M3 O-CIUpajed MOJIEKYJbl IIPU €€ PACTATMBAHUU C MOCTOSHHOU
CUJIOW, OCTaJbHbIE YaCTH MOJEKYJIbl IIpU 3TOM MOIVIM CaMOIIPOU3BOJIBHO
nepecTpanBaTh CBOIO IMIPOCTPAHCTBEHHYIO CTPYKTYPY Tak, UTOObI B Ka)KJblii MOMEHT
BPEMEHH COOTBETCTBOBATh PABHOBECHOU KOH(UTYpaIiH.
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0 ‘I(lJO 260 360 4‘..]0 S(l)U E‘;JO ?ElIO 860 960 1000
time (ps)
Puc.2. 3aBUCMMOCTP OT BpPEMEHHM pPACCTOSHUSA MEXIY HENOABUKHBIM

atoMoM Ca 40-ro ocrarka u ynpasisgembiM aToMoM Ca 60-ro ocrarka Jjis
Mosiekyibl 1bdd B Bojge. OcTtanbHOE — Kak Ha pUCyHKe 1.

N3 pucyHka BUAHO, 4TO OT MOMEHTAa Hadana pactsaruBaHus 10 300 mc
pacCTOsTHUE MEXKYy YKa3aHHBIMUA aTOMaMH BO3PacTajio MOYTH M0 JIMHEHHOMY 3aKOHY.
HeOonbmas ocodoenHocTs Habmomanack B auanasode 150-200 c. B aTtom guamaszone
BPEMEH MOKHO 3aMETHTh HEOOJIBIIIYIO «CTYyNeHbKY». CpaBHUBAS 3Ty «CTYIMEHBKY» C
IJaTO Ha puc.l, MOXHO cJenaTh BBIBOJ, YTO B JAaHHOM Cllydae IMPOMEXKYTOUHOE
COCTOSIHHE TIPU Pa3BOPAYMBAHMH MOJIEKYJBI JHUOO OTCYTCTBYET, JIMOO OHO OYEHBb
c1a00 BBIPAXKEHO, T.€. HE UMEET YE€TKO BHIPAKCHHBIX CBOMCTB.

bonee momoOHOe wWcciaenoBaHWE TO3BOJMIO HAaM  yCTaHOBHTH, YTO
Ha0r0/1aeMas «CTYTNEHbKay OTpa)kaeT B3aMMOJICHCTBUE PACTITUBAEMON Ol-CITUPAIIH C
OCTJIPHOM 9aCThIO MOJICKYJIBI, T.€. OTpa)KaeT HATMYHE TPETUIHON CTPYKTYpPHI OelIKa.
[Ipy BBIMOJHEHWH aHAJIOTMYHOTO JKCIEpPUMEHTa ¢ ()parMEHTOM MOJICKYJIbl Oelika —
MOMUNEenTUAHON nenoykod oT 40-ro g0 60-ro0 aMHHOKHCIOTHBIX OCTAaTKOB MBI
HaOJIIOANI TUHEHHYIO 3aBUCUMOCTh 0€3 MPU3HAKOB «CTYIMEHbKU». M3 pe3ynbpratoB
TaKOro JKCHEPUMEHTa, Mbl MOXKEM CJelaThb BBIBOJ, YTO B HCCIEAYEMOM
MOJIMIENTU/IE CO CHUPAIBHON CTPYKTYpPOM B3aMMOJEHUCTBUSI MEXAY JIFOOOU mapoit
COCEJIHUX BHUTKOB CHUPAJIM paBHOMNpPaBHbL. VIMEHHO mMOATOMY pa3BOpaurMBaHUE
CIMpajy TMPOUCXOJWIO OJHOBPEMEHHO Ha BCEX €€ YyuacTkax, T.e. IO
KOOIEpaTUBHOMY MEXaHU3MY.
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Xyabko B.B., Koctukos A.T1.

'Cmyoenmra 5 kypca epynnvr SM=2 gusuko-mamemamuueckozo gaxynomema CIIIY,
*loyenm kapedpur gusuxu CITTY

UccaenoBanue CBOpaAaYuBAHNS-PA3BOPAYNBAHUS 0€JIKOB
TepMO(PUIbHBIX OPraHU3MOB

C UCMOJIb30BAHMEM MeToAa YnpasJjsgeMoil MoJjieKkyasspHol
JInHaMuUKH

[Ipy BBISICHEHMM MHOTHX BOIPOCOB O (PYHKITUSAX OCIIKOB, HAPYIICHHSIX STHUX
GYHKIMA TPUXOAWTCS BBIACHATH OOJBIION KpPyr BOIMPOCOB, OTHOCSIIMXCS K
cTpykrype Oenka. [IpeacraBnenust 0 NnepBUYHOM, BTOPUYHOM, TPETUYHOU CTPYKTYpE
MOJICKYJIBI O€JIKa TO3BOJISAIOT YIOPSIOYMTh MACCHB BOIPOCOB O CBSI3H CTPYKTYPBI
Ocnka W ero (PyHKIIMH, HO CaMH BOMPOCHI YaIlle BCETO OCTarTCcsA Oe3 orBera. B
YaCTHOCTH, HET YETKOrO0 TOHHMMAHHS, MOYEeMy HEKOTOPbIE OPTaHHM3MBbI CIOCOOHBI
HOpPMaJIbHO (PYHKIIMOHUPOBATH MPH IKCTPEMAJIbHBIX YCIOBHSIX (OYEHb HU3KHUX HJIU
OYCHb BBICOKHX TeMIIepaTypax, BEICOKUX JaBJICHUSX U T.II.). SICHO, UTO TIIATEIBHOE
M3YyUYCHHE BCEX KOMIIOHCHTOB TaKHUX OPraHW3MOB IIPEJICTABISIET O€3yCIOBHBIN
WHTEpEC.

B Hameii pabore ucciaenoBancs oauH u3 0enkoB (1csp), BXOIAIINUMA B COCTaB
TepMOHIIBHBIX opranu3moB /1/. Hambonee spkoit 0COOCHHOCTBIO 3TOro OeiKa
SBJIIETCSI €70 TPOCTPAHCTBEHHAsI CTPYKTypa — HAOOp 3JIEMEHTOB [-CTPYKTyphl 0Oe3
KaKUX-JTHOO MPU3HAKOB CIUPATBHBIX CTPYKTYP.
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B kadecTBe MeTOna MCCIEAOBAaHUSA WCIIOJIB30BaH METOJA MOJEKYJISIPHO-
auHamuyeckoro  moxenupoBanus  (MJIM). Mpel  ucnonb3oBaid  [porpammy
MozaenupoBanuss NAMD /2/. Meton uccienoBanusi, BRIOpaHHBIM HAMH B paMKax
MJIM — ynpasisiemas MoJsieKysipHas fuHamuka (YM]), mo3BosisieT BO3/1eMCTBOBATh
MEXaHUYEeCKH He JI0Oble Y4YacTKHM MOJIeKyJbl. [Ipy MexaHnyeckoM BO3JEHCTBUU
MOJIOKEHUE OJIHOTO U3 aTOMOB MOJIEKYJIbl (DUKCUPOBAIIOCH, 3TOT aTOM B JaJIbHEHIIeM
Obul HEenmoJABMXEH. MeXxaHWYecKkoe BO3JICHCTBUE MPHUKIAABIBACTCS K JIIOOOMY
IPYyroMy aToMy MOJIEKYJIbI, T.€. OH MOKET U3MEHATh CBOE IOJIOKEHUE ITOJHOCTHIO
KOHTPOJIUPYEMBIM CIIOCOOOM, — 3TOT aTOM Ha3bIBalOT yIpaBiisieMbIM. B mporpamme
NAMD B03MOXHBI JBa Croco0a yIpaBJICHHS IBUKEHUEM YIIPABISIEMOTO aToma:
IIOCTOSIHHAsI CKOPOCTh WJIM IIOCTOSIHHAS CHJIA, IPUJIOKEHHAS K 3TOMY atoMy. B Tom n
APYroOM CiIy4dae B IMPOLECCE CUMYJLILUM MOJIEKYJa PACTATMBACTCS IO 33aJaHHOMY
QITOPUTMY, B KOHIIE IPOLECCA PACTATMBAHMUS YYACTOK MOJIEKYJbl MEXKIY IBYMs
YOOMSIHYTBIMH aTOMaMHU CTaHOBUTCS JuHEHHbIM. HaOmionenue 3a aeramsamu
Ipolecca pacTsIrMBaHUS AA€T YHUKAJIBbHYIO MH(OPMALUIO O BHYTPUMOJIEKYJISPHBIX
cujax, aHaJIOTMYHO HUH(pOpMAIUU TOJy4yaeMOW METOJOM aTOMHOM CHJIOBOM
MHUKPOCKOTIUH.

[Iponienypa mMOATOTOBKM MOJEKYJIbl K KOMIIBIOTEPHOMY MOJCIHPOBAHUIO
(cuMynsiUMK) JUHAMUKM TPOBOJMIACH [0 Haled CcTaHgapTHOW Metoauke /3/.
[Tpouemypst YMJI Obu aHAaTOTUYHBI IPOIIEAYypaM, pa3pabOoTaHHBIM HaMU paHee /4/.

Ha puc.] moka3aHbl pe3yapTaThl OJHOIO M3 HAIIMX JKCIEPUMEHTOB. B 3TOM
skcriepuMenTe pactaruBaromas cuna 500 nH npunoxena k aromy Col mocieIHero
aMUHOKHMCJIOTHOTO ocTtatka. Atom Co mepBOro aMHHOKUCIOTHOTO —OCTaTKa
OCTaBAJICA HEMOJBWXHBIM. M3 pHCyHKa BHJHO, YTO PAaCCTOSHHME MEXIYy 3STUMU
aTOMaMM YBEIMYMBANOCh O MaKCHMalbHOrO 3HaueHus mnopsaka 230A. Dro
MaKCUMAaJIbHOE paccrosiHue COOTBETCTBOBAJIO IIOJIHOCTBIO BBITSIHYTOU
NOJIMIIENITUIHOM 1enouke Oenka. Kak BUAHO W3 pUCYHKa B IPOLIECCE PACTATHUBAHUS
MOJIEKYJIbI HaOJIofaeTcs He MPOCTO TIUIagkas JMHEMHas 3aBUCHUMOCTh. MOXHO
3aMETUTh, YTO B JIBYX OOJIaCTSAX rpaduka yBeIWYEHHE PACCTOSHUS MEXAYy KOHIIAMH
MOJIEKYJIbI HE HaOJI0Ja’d0Ch MPU HAJUYHMKM MOCTOSHHOM pacTATMBAIOIIECH CHUJIbI, HA
rpaduke npu 3TOM HaOJIIOAATMCH HEOOJIBILINE «CTYIEHbKNY.

Jlns mocneyromero aHanu3a HalluX pe3yJIbTaTOB UCIOJIb30BATUCH HECKOIBKO
METO/IOB HaOJIIOJIEHHUsI 32 OJIHUM M TEM >Ke mpolueccoM. B nmaHHOM ciydae Mbl
CUMTAIM TIOJIE3HBIM  BOCIIOJB30BaThCA IOHATHEM  «KOHTAKThD»: KOJHMYECTBO
KOHTaKTOB, CyMMa PacCTOSHUM MEXJly BCEMU KOHTAKTAMHU MOJIEKYJIbI. DTO OCOOEHHO
BaXKHO, IMOCKOJIbBKY HaOJI0OJIEHUE 32 IMHAMUKON KOHTAKTOB SIBJISIETCS OOIIETIPUHSATON
METOJMKON B paboTax Mo M3YYCHHUIO MOJEKYIspHOU nuHamuku. [lo ompenenenuro,
konmaxkmom Mexay aromMamu C,-C, Ha3bIBAIOT TAaKWE JABA O.-YIJIEPOAHBIX aTOMa
OCHOBHOM ILENMU MOJEKYJ, KOTOPbIE HE SBJISIOTCS COCEAHUMH BJOJb LENH, H
PAcCTOSIHUE MEKy KOTOPBIMHM HE IPEBBIIIACT 3aJaHHOM BenuuuHbl. Kak mpaswuiio,
5Ta BenMuuHa cocTapisna 5,4 A. Ha puc.2 nokaszaHa 3aBHCHMOCTb OT BPEMEHM
KOJIMYECTBA KOHTAKTOB B MOJIEKYJIE.
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Puc.1. 3aBucUMOCTh pacCTOSIHUSA MEXKYy HENOABHKHBIM U YIIPABISEMbIM

aTOMOM OT BPEMEHM Il MOJIEKYJIbI 1csp B Boge. PacTskeHne mMoeKynbl
MIPOBOAWIIM C MOCTOAHHOM cunon 440 nH.

Kak BugHo u3 puc.2 mocie 550 1C KOJIMYECTBO KOHTAaKTOB B MOJIEKYJIE
PaBHAJIOCh HYJIO, T.€. K 3TOMY MOMEHTY BPEMEHHM MNpPOCTPAHCTBEHHAs CTPYKTypa
Oesika ObLIA MOJHOCTBIO pa3pylleHa.

Number of CC contacts, Angstrom
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Puc.2. 3aBucumocth OT BpemeHHM KoauyecTBa KOHTakToB Coa-Ca,.
OcranbHble yCIOBUS Kak Ha puc.l.

IIpy aHamm3e pe3ynabTaToB JKCIEPUMEHTOB IIPU  pa3HBIX 3HAYEHUAX
pacTATrMBAIOIEH CUJIbl HaM YyAAJIOCh YCTAaHOBUTb, 4YTO MOJIEKyJa B IIpoLEcce
pa3BOpAYMBAHUA ITPOXOAUT YEpe3 JBa NMPOMEKYTOUHBIX COCTOSHMS C ITOBBIIICHHOU
YCTOMYMBOCTBIO K JEHMCTBUIO BHEIIHUX BO3MYLIEHUN. B pe3ynbrare Takoro aHainsa
CTaJ0 SICHO, YTO B IIEPBOM IPOMEXKYTOYHOM COCTOSSHMM HECMOTPS HA JECUCTBHE
paCTATMBAIOIIEH CHIIBI LIEHTPAJIbHAS YacThb MOJIEKYJIBI OCTaBalach YIAKOBAaHHOU
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KOMIIAKTHO (H€ Hapylajzach HpoCTpaHCTBeHHas [-cTpykrypa). Hapyuenus
IPOCTPAHCTBEHHOW  CTPYKTYphl  HAOMIOJANMCh  TOJNBKO  JJISI  HECKOJIBKHX
AMHUHOKHCIIOTHBIX OCTaTKOB Ha C-KoHIlE W Ha N-KOHIIE MOJUMENTHIHON HENOYKU
oenka. HarnsgHo 310 MOKHO BUJeTh Ha puc.3. Ha pucynke 3 moka3zaHbl HE TOJBKO
HEMOJBW)XHBIA U YIPABISIEMbI aTOM, HO U T€ aMUHOKHCIIOTHBIE OCTaTKU BOJM3HU C-
KOHIIa ¥ N-KOHIIa, KOTOpPbIE Ppa3AesiOT HEU3MEHUBINYIOCS YacThb MOJEKYJIbl OT
M3MEHUBIICHCS (paCTIHYTOMN).

Bo BTOpOM NpOMEXYyTOUYHOM COCTOSIHUM pa3BEpHYTa BCsI MOJIUMENTHUIHAS
nenoyka Oeika Kpome HEOOJNBIIOro IEHTPATbHOTrO ¢parMeHra B-cTpykrypsl — [-
mnuiabkd. Ha puc.3 3ToT pparMeHT npeacTaBiieH B BUJIE IIUPOKUX JICHT B CEPEIUHE
pHUCYHKA.

Puc.3. TlpoctpaHcTBeHHass CTPYKTypa MOJIEKYJbl Oenka lcsp mocie
pactsaruBanusa ¢ cwiord 375 mH B Teuenne 600 mc. HemoaBuKHbIM U
yOpaBiasieMbld aTOMBI TMOKa3aHel B Bujae cdep, mig 12-ro u 57-ro
AMHUHOKHUCJIOTHBIX OCTaTKOB IOKa3aHbl BCE UX aTOMBI (KPOME BOJIOPOJA),
OCTaJIbHAsI YaCTh MOJICKYJIbI IIOKa3aHa CILUIOIIHOM JICHTOM.

B mocneayronmx SKCOEPUMEHTAaX Mbl BBISICHSUIM CTENEHb YCTOWYMBOCTH
HalJICHHBIX HAMHU IPOMEXYTOUYHBIX COCTOSSHUM IIPU BO3JIEUCTBUM HE TOJIBKO
MEXaHWYECKUX BO3MYIIEHUM, HO M BBICOKOM Temmeparypbl. B pesynbprare Ham
YJAJO0Ch TMOKa3aTh, YTO IOBBIIICHUE TEMIEPATYpPbl HE MPUBOAUT K CYHIECTBEHHBIM
W3MEHEHUSIM JUHAMHUKUA CTPYKTYpPhl MOJIEKyjabl. O0a MPOMEXKYTOUHBIX COCTOSHHS
MOKHO PETUCTPUPOBATH U MIPU BBICOKOM TEMIEpATypeE.

OueHb UHTEPECHO CPABHUTH HAIM PE3YJIHTATHI C PE3YJIbTATAMHU AHAJIOTUYHOIO
uccinenoBanus Oenka lbdd c BwicOKMM cojaepkaHueM o-CTPYKTypbl (Ma3sypuHa,
2010). Oxazanocs, uto s 6enka 1bdd Takke MOXXHO BBIOpaTh YCIOBHS, B KOTOPBIX
HAOJIFOMA€TCSI  OTHOCUTENHHO  CTAaOWMJIIBHOE TMPOMEXKYTOYHOE COCTOSHUE TIPH
pa3BopavYMBaHUU MOJICKYJbl. Kak BBISICHUIIOCH B YIIOMSHYTOW paboTe CTaOMIBLHOCTH
MPOMEKYTOUHOI'O COCTOSIHMSI O€JiKa C BBICOKUM COJEPKAaHUEM O-CTPYKTYPhI
oOyCJIOBJIEHA B3aWMOJIEUCTBHEM TpeX O-CIUpaJiel Jpyr ¢ Jpyrom, T.e.
B3aMMOJICUCTBUEM THUITUYHBIM TSI 3-CTPYKTYP.
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HUccnenoBanne cBopaunBaHUsI-pa3BOPAYMBAHUS OCIKOB TEPMOQPIIIBHBIX OPTaHHU3MOB

Takum 00pa3om, W3 Hamied pabOThl MOXKHO CJENIaTh BBIBOJ, YTO BBICOKas
CTaOMJIBHOCTh Oeyika lcsp u3 TepMOPUIBLHOIO OpraHu3Ma OOYCIIOBJIEHa HWMEHHO
BBICOKHM COJIEp>KaHHEM [B-CTPYKTYp B 3TOM OeJKe.
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IHdbopmaTUKa Ta MeToAuMKa TI BUKNagaHHA

Adanunniok K.B., Benuuko B.€.

ICmydeHmKa 5 kypcy macicmpamypu gizuxo-mamemamuunoco gaxyromemy CHIIY,
“3asioysay kagedpu arcebpu CHITY

HaoOam:keHi MeToau po3B’A3KY 3a7a4i PO PIOK3aK

B crarti posrnsayta NP-nmoBHa 3agava npo prok3ak. HaBeneHi pi3HOMaHITHI METOIU
il po3B’si3anHs. HaBeneHi OCHOBHI MIPUHIIUIKM EPCIEKTUBHUX METOJIIB — TeHETUYHUIN
QJITOPUTM Ta aJITOPUTM MYpPAIIUHOI KOJIOHII.

KaouoBi ciaoBa: 3adaua npo prok3ak, ceHemuuHull ancopumm, aieopumm
MYPAUUHOI KOJIOHII.

MaTteMaTH4YHA MNOCTAHOBKAa 3agaui. Hexal 3agaHa cKiHYeHAa MHOKHMHA
0=1{4,.9,....q,}, U1 KOXKHOIO ¢, €Q BiZOMa BapTicTh ¢, i BU3HAYEHUIl 00’eM a,.
Takox € prok3ak 06’emom B. HeoOxigHO 3amakyBaTh PIOK3aK Tak, MO0 3arajibHa
BapTICTh 3allaKOBaHUX MpeAMETIB Oyia SKHaWOLIbIIOW, a iX 3arajdbHUN 00’€M He
nepeBuIlyBaB B . TpaauiliiiHO BBaXKAalOTh, IO c¢;,a;, B — 11711 HEBIJI €MHI YHCTA.

BBenemMo aBiHiKOB1 3M1HHI XXX
. x;, =1, IKII0 MPEAMET g, € 0 0OpaHui JUIsl YIIAKOBKU;
. x, =0 B IPOTHUJIC)KHOMY BUIIAJIKY.

Tomi 3amadya Tpo PIOK3aK 3BOJUTHCS JI0 HACTYMHOI 3adadi JIHIHHOTO
[IJIOYNCETTFHOTO MPOTpaMyBaHHS 3 OyJIeBUMH 3MIHHUMU: 3HAWTH Taki 3HAYCHHS
3MIHHHX X,,X X > TIPH SIKHX JOCATa€ThCA MAKCUMYM CyMH

1%
w=3cx. (1)
1 BUKOHYETHCSI 0OMEKEHHS )
i a;x; < B. (2)
P

SK10 € TUTbKM ofHe 0OMEXeHHs BUAY (2), TO 3a/layy MpoO PIOK3aK Ha3WBAIOTh
OJIHOBUMIPHOIO, B TPOTUJICKHOMY BUITAJIKy — OaraTOBUMIPHOIO.

Ils 3amaua mae cknagHicth NP-noenoi 3anadi, ToOTO 11 MOKHA PO3B’S3aTH 3a
MOJIIHOMIAJILHUM Yac Ha HeJIeTepMiHOBaHii MaivHi TropiHra.

Orasia BizoMux mMetoiB po3B’sizaHHs 3aaadi. NP-noeni 3anadi, K1 9acTo
BUHHUKAIOTh HA MIPAKTHIIl, HACTUIPKA Ba)KJIUBI, 110 BIJIMOBHUTHCS BiJl iXHIX PO3B’S3KIB
HEMOXJIMBO. 3BHUYallHO, HeMae Haaid mnoOyayBaTH A HHUX MOJIHOMIaIbHUN
anroputM. OJIHaK TI€ 1IIe HE O3HAYAE, M0 3 JAHOIO 33/1aYei0 B3arail HIY0ro He MOKHA
3pooutn. Ilo-mepimie, MOXe BUSBUTHCS, IO JACSKHA EKCIIOHEHTHUN aJTOPHTM,
HaIpUKJIaJd, nepeOOpHUid, MpaIoe NPUHHATHANA Yac Ha peasbHUX JaHuXx. [lo-gpyre,
MOXHa CMpPOOYBaTH 3HAUTHU TOJIHOMIAIBHUN QJITOPUTM, IO JAa€ HE ONTUMAJIbLHUI
PO3B’A30K 3a7a4i, a OJM3bKHUI 10 HHOTO, TOOTO HAOTMKEHUI PO3B’SI30K.
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Habmkeni MeToan po3B’sI3Ky 3ajjadi Mpo proK3aK

3HalTH HaOMMKEHUM PO3B’S30K MOKE OYyTH ILIJIKOM JTOCTaTHHO JJII IMPAKTUYHOTO

3aCTOCYBaHHS.
Jlo HaOMM>KEHUX METOIB ISl 3a]1a4i PO PIOK3aK BITHOCSTH:
. KaJ10H1 aJITOPUTMU;
. QITOPUTMHU MYPAITUHO1T KOJIOHIT;
. T€HETHUYHI aJITOPUTMH Ta 1H.
Kanionuii aaropuT™m 1S 3a71a41 PO PIOK3aK MOJIATA€ B HACTYITHOMY:
. CIOYaTKy MHOXKHHA TMPEIMETIB @ YHOPSAKOBYETHCA 3a 3MEHIICHHSIM

«IHATOMOI IIIHHOCTI» (200 IiHU OJWHUII Baru) MPEIMETIB, TOOTO TakK, MO0

a, a a

G585 S5,

. MOTIM, TTIOYMHAIOYH 3 TTOPOKHBOT MHOXKUHH, 10 HAOIMKEHOTO PO3B’SI3KY
Q' (cnoyaTKy BOHO TMOPOXKHE) MOCIIIOBHO JTOAAIOTHCSA MPEIMETU 3 YNOPSAKOBAHOT
MHOXWHU (;

. Py KO)KHOMY 4YEproBOMY JOJaBaHHI MpPEIMETa B PIOK3aK BUKOHYETHCS
NepeBipKka, 4Yd HE IMepeBeplIye/TIepeBUIye? HOro Bara BEJIMYMHH TOTO 00'emMy
PIOK3aKa, 110 3aJIUIITUBCS;

. 3aKIHUYCHHS TIEPEryisiay BCIX MPEAMETIB 3aBepliye Mpolec Mo0yaoBU
HaOJIMKEHOT 0 PO3B’S3KY 3a/aui PO PIOK3aK.

AJITOPUTM MYPAIIMHOI KOJIOHII 0a3yeTbcsi Ha aHalli3l MOBEIIHKH MYypax.
ToOTo anropuT™M BUKOHYE Ti cami Jii, SKi MOXYTh BHUKOHYBaTH MypaxH IiJl 4dac
MOIIYKY HUISIXIB A0 MpeAaMeTy. s KOoKHOro Mypaxu Jisi B3SITU MPEAMET 3aJCKUTh
Bl TPhOX CKJIQJOBHX: IMaM’ATI Mypaxu, Ba)JIMBOCTI Ta BIPTyaJbHOrO CIITY
dbepomoHny.

[laM'aTh Mypaxu — 1€ CIOHCOK B3SITHX MYypaxoOlo TMPEIMETIB, sKI B3STH
MMOBTOPHO HEMOXJTHBO. TaKoX B CIMUCOK HEOOX1THO BKIIOUUTH Ti IPEIAMETH, B3SBIIIH
Kl MU TOPYIIyEMO OOMeXeHHs 3a 00’eMoM prok3aka. [lo3HaunMo yepe3 j, CIHCOK

IIPEAMETIB, K1 k -Ta Mypaxa MO>Ke B3sITH Ha iTeparltii .

BaxnuBicth — BenuunHa, oOepHEHa 00’ eMy npeaMera: 7] = 1/ a;, a, — 00’em
i -ro mpeameTy. BaxiuBicTh — 11e JIOKaJibHA 1H(GOpMAIlis, sSika BUpaKae eBPUCTHYHE
OakaHHS B3SATH TPEAMET, YMM MEHIIE TPEeJMET, TUM OuIblle OakaHHS ITOKJIACTH
HOro B PIOK3aK.

Bipryanbnuii ciuin GpepoMoHy 7, Ha NPEIMETI j € MIATBEPIKEHE JOCBIIOM
Mypaxu Oa’KaHHSI B3SATH MPEAMET .

BaxnuBy ponb B MypallMHMX aQIrOpuTMax BIAIrpae HMOBIPHOCHO-
MPOTIOPIIIiHE MPABWIIO, IKE BU3HAYAE UMOBIPHICTD k -T'O MypaxH B3ATH MPEAMET j Ha

iTepaii ¢:
[5o] 1]

P(=12 n 0] '[”/}ﬂ |

Oa ]g']k

jed,
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1e a, — IBa mapaMeTpa, 10 33Jal0Th Bary ciiay (epoMOHY 1 BOXKIUBICTh MIPU
BuOOpi Mapupyty. Ilicas Toro, sk BCl Mypaxyd HAmOBHWUJIM CBOI PIOK3aKH,
BiIOyBaeThCcs 3MiHA ciiay (epoMoHy Ha mpeaMerax. Mypaxa k BiAKIagae Ha
NPEeIMETI j HACTYIHY KUIBKICTh (PEPOMOHY:
- (T, (1)), axwo jeT, (1),
Mjﬂk(t):{q [T, (1)), sxwo j € T, ()

0, axwo jeT, (1),
ne 7T,(t) — Hablp mpeaMeTiB y k-ro Mypaxu Ha itepamii ¢; f(T,(t) —
BXKJIMBICTB 1IbOT0 HAOOPY MPEAMETIB; g — IMapameTp.

JUis  TOCTIPKEHHS BCHOTO TPOCTOPY MPEAMETIB HEOOXiTHO 3a0e3MeuuTu
BUMApOBYBaHHA (EPOMOHY 3a  TPABHIIOM: T,(t+D)=(1-p)-7,(O)+Az,;(t), A

At; =Y Ar,(tf), m — KiIbKICTb Mypax B KOJNOHii, pe[0]] — KoedimienT
k=1

BUMApOBYBaHHS (PEPOMOHY.

Ha nmouwatky ontumizaimii KUlbKicTb  (EpOMOHY MNPUMMAIOTh  PIBHOIO
HEBEJIMKOMY JOAaTHbOMY uuciy. KinpKicTh Mypax MOXHa Ha3HAUYUTH PiBHY
KUIBKOCTI MPEIMETIB.

I'eHeTHYHMI aJrOpUTM 0a3yETHCS HA €BOJIIOIIMHUX MPUHIIMITAX CIIAKOBOCTI,
MIHJIUBOCTI 1 PUPOTHOTO BiIOOPY. 3araibHy CXeMy F€HETUYHOTO aJITOPUTMY MOKHA
MPEJICTaBUTH HACTYITHUM YHHOM:

®opMyBaHHS Orinka
II0YaTKOBOI :> Oy :> Pesynbrar

MOITYJIS LT

Cenexis

11

CxpelnryBaHHS

11

Myrartis

Puc. 1. 3arajibHa cxeMa reHeTUYHOI 0 AJITOPUTMY.

['eHeTHUHMIT aNrOPUTM TMpAIlOE 3 TMOMYJSIIE0 OCOOMH, B XPOMOCOMI
(TeHOTHIT) KOXHOT 3 SKHX 3aKOJOBAHO MOXKJIMBHM po3B’s30K 3amadi (penorum). Ha
MOYaTKy POOOTH aNropuTMy MNONyJALis (QOpMYyeTbCs BUNAAKOBUM YHHOM (OJIOK
«DopmyBaHHS TMOYATKOBOI momyJsuii»). Jnas Toro, mo0 OLWIHUTH SKICTh
3aKOJIOBAHUX PO3B’SI3KIB, BUKOPUCTOBYIOTh (YHKIIIO MPUCTOCOBAHOCTI, SKa
HE0OX1/1Ha Il OOYMCIIEHHS TPUCTOCOBAHOCTI KOXKHOT 0cOOMHU (070K «OI1HIOBaHHS
MOMYyJISIIi»). 3a pe3ynbTaTaMU OILIIHIOBAaHHS OCOOWMH HAMOUIBII MPUCTOCOBAHI 3 HUX
BuOUparThes (050K «Cenekiisi») sl cXpenlyBaHHs. B pe3ynbrari cxpenryBaHHS
BUOpaHUX OCOOMH 3a JOMOMOTOI0 BXXHMBAHHS T'€HETMYHOIO OlepaTopa KpOcoBepa
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Habmkeni MeToan po3B’sI3Ky 3ajjadi Mpo proK3aK

CTBOPIOETHCSI TOTOMCTBO, T€HETHYHA 1HQOpMaLis SIKOTO (OPMY€ETbCS B pe3yJbTarti
OOMIHY XpOMOCOMHOIO iH(pOpMalll€l0 MDK OaTbKIBCBKMMHU OcoOMHamu (OJI0K
«CxpemryBanHs»). CTBopeHl Hamagkud (HOPMYIOTh HOBY MOMYJISIII0, MNPUYOMY
YacTHHA HAIAJKIB MYTy€ (BUKOPHCTOBYETHCS T'€HETUUHMI OmepaTop MyTallii), 110
BUPAXKAETHCSI Yy BUMAJIKOBIM 3MiHI iX reHoTumiB (O010k «Myrtamis»). Etan, 1o
BKJIFOYAE MOCTIOBHICTh «OIiHIOBaHHS MOMyJAIii»y — «Cenekiisy — « CXpelryBaHHs»
— «MyrTaris», Ha3UBAEThCS TMOKOMIHHSAM. EBoIomis momymsmii CKIagaeTbes 3
MOCJI1JIOBHOCT] TAKUX TTOKOJIIHb.

Jlnst komyBaHHs 1HOpMAIIii cKkopucTaeMocsi HacTynmHuUM. KoxHa Xpomocoma
MpeCTaBIisie cO00I0 OITOBUI PSZOK, B IKOMY 3aKOJIOBAHO PO3B’sI30K 3amayi. ToOTo,
SKIIO TMEBHUU mpeaMeTr MU OyneMo OpaTu 0 pIOK3akKa, TO U I[bOTO MPEIMETY
MOCTAaBUMO Y BIIMOBIAHICTH 1, SKIIO mpeaMeT He OepeMo 0 PIOK3aKa, TO TaAKOMY
npeaMeTy MOCTaBUMO Yy BIAMOBIAHICTH yucio 0.

dopMyBaHHS MMOYATKOBOI MOMYJIALIi, SK MpaBUiIo, POPMYETHCS BUIIATKOBHM
yrHOM. [Ipu oMy reHu iHiliani3yBaqucs BUNAAKOBUMHU 3HAYECHHSAMH.

OuiHIOBaHHS MOMYyJsALii HEOOXigHE [JIsi TOoro, o0 BUSIBUTA OUIBII
MPUCTOCOBAHUX 1 MEHIII MPUCTOCOBAHUX OCOOMH. /{7151 miipaxyHKy MPUCTOCOBAHOCTI
KOXHO1 OCOOMHHM BUKOPUCTOBYETHCS (DYHKIIISI IPUCTOCOBAHOCTI (111JIbOBA (DYHKILis)

fi=1(G),
ne G, = {gik |k=12,...,.N } — XpoMocoMa i -0i 0COOMHH, g, — 3HAYEHHs k -T0 I'eHa i-0i
0COOMHHM, N — KIJIbKICTh T'€HIB B XpOMOCOMI.

Cenexiisa (Bi0ip) HeoOxijnHa, 100 BHOpaTH OLIBII MPUCTOCOBaHI OCOOUHHM
JUISL cXpelryBaHHA. [cHye 0e3i14 BapiaHTIB CEJNEKIIil, OMUIIIeMO HaWOIbII BiAOMI 3
HUX.

Cenexuisi pyJieTkn. Y [aHOMYy BapiaHTI CeJIEKIlii BIPOTiHICTb, IO i-Ta
ocoOMHA BI3bME YyYacThb Yy CXpeUlyBaHHI p,, MPONOpLiAHA 3HAYEHHIO ii

MPUCTOCOBAHOCTI f, 1 JOPIBHIOE
/i
2
J
[Ipotiec BimOOpy OCOOMH AJisg CXpEllyBaHHS Harajaye Ipy B «pynieTrky». Kpyr

PYJIETKH JUIMTHCS HAa CEKTOPH, NPUUYOMY IUIOMIA i-TO CEKTOpa MpOIOopIliiiHa
3HaueHHIO p,. Ilicis 1mporo »n pasiB «oOepTaeTbes» pyJeTka, 1€ n — PO3MIP

P =

NOMYJIALIi, 1 0 CEKTOPY, Ha SIKOMY 3yNHUHSETHCS PYJIETKa, BU3HAYAETHCS OCOOMHA,
BUOpaHa JIJIsi CXpelryBaHHS.

Cenexknia ycikanusaMm. [Ipu BinOopi ycikaHHSAM Miciasi OOYHCIECHHS 3HAYEHb
MPUCTOCOBAHOCTI AJIi CXPEUIyBaHHS BUOMPAIOTHCSA /-n KpallUX OCOOHMH, ne [ —
«TIOPIr BiACIKaHHD», 0</<1, n — po3mip momyssuii. YuM MeHIe 3HaYyeHHS /, TUM
CWIBHINIE THUCK CeJeKIii, TOOTO MEHIIe IaHCIB Ha BWXHUBAHHA Yy IIOTaHO
MIPUCTOCOBAHUX OCOOMH. SIK mpaBuiio, BUOMparoTh / B iHTepBaii Bix 0,3 g0 0,7.
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Typuipamii Bigdip. VY pa3l BUKOPUCTaHHS TYpPHIPHOTO BILAOOpY JUIs
CXpeUlyBaHHS, SIK 1 MpPU CENEKUli PYJIETKU, BIAOMPAOThCA n 0coOuH. Jljis uporo 3
MOMYJISIIIi BUMAJAKOBO BUOUPAIOTHCA ¢ OCOOMH, 1 HAWOLIBII MPHUCTOCOBaHA 3 HUX
JIOMYCKA€EThCs 10 cXpenryBaHHs. ['oBopATh, 10 (HOpMyeThCsS TYypHIp 3 ¢ OCOOUH, ¢ —
po3Mip TypHipy. Lls omnepartiist moBTOprOeThCsl n pasiB. YuM Oublle 3HAYEHHS ¢, TUM
OuTbIle THUCK cenekili. BapiaHT TypHipHOTO BIIOOpPY, KOJM (=2, Ha3WBaIOTh
OiHapHUM TypHipoM. TUNOBI 3HAYEHHS PO3MIpPY TYpHIpY ¢ =2,3,4,5.

BiniGpani B pe3ynbTarti cenekiiii ocoonHu (6aTbKiBChKi) CXPEUIYIOThCS 1 TAl0Th
MOTOMCTBO. XPOMOCOMH HamIaJKiB (OPMYIOThCS B Mpoleci 0OMiHY T€HETUYHOIO
iHpopMariiero (i3 3acTOCyBaHHSIM OIlepaTopa KpocoBepa) MK OaTbKIBCBKUMU
ocobuHamu. CTBOpEHI TaKUM YMHOM HAIIAJIKM CKJIAIAI0Th MOMYJISII0 HACTYITHOIO
MOKOJIHHA. PosrmggaTmmMeMo BHIIAJOK, KOIM 3 Oe3miul 0aThbKIBCHKMX OCOOHH
BUIIQJIKOBUM YMHOM BHUOMPAIOTHCA 2 OCOOMHU 1 CXPEILyIOThCA 3 BIPOTITHICTIO P,

BHACJIIJIOK YOTO CTBOPIOIOThCA 2 Hamaiku. Lleil mporiec moBTOproeTbesa 10 THX Hip,
MOKKW HE OyJe CTBOPEHO 7 HallaJKiB. BIpOrigHICTh CXpellyBaHHA P. € OJHHUM 3

KJIFOUOBUX MMapaMeTPiB FT€HETUYHOTO aJITOPUTMY 1 B OLIBIIOCTI BUMAJKIB 11 3HAUEHHS
3HAXOAUThC B Alana3oHi Bixg 0,6 1o 1.

KpocoBep mnpaitoe HAcTynmHuM 4YHMHOM. s OJHOTOYKOBOrO KpocoBepa
BUOUPAIOTh TOYKY PO3PHUBY 1 XPOMOCOMH OaTbKiB OOMIHIOIOTHCS 3HAYCHHSIMHU
MOYMHAIOYM 3 11€1 TOYKU 1 A0 KiHIA. {15 ABOTOYKOBOro KpocoBepa B XpOMOCOMax
0aTbKIB BUNIAJKOBO BUOUPAIOTH JBI TOUKH. [10TIM XpoMocomu O6aTbKiB OOMIHIOIOTHCS
MDK COO0I0 T€HAMH, 10 3HAXOAATHCS MK BUOpAaHUMH TOYKAMHU.

OmnepaTtop MyTallli BUKOPUCTOBYETHCSA JJII BHECEHHS BUMAIKOBUX 3MIH [0
xpomocoM ocobuH. lle no3Bossie «BUOMpATUCS» 3 JTOKAIBHUX €KCTPEMYMIB 1, THM
camMuM, epeKTUBHIIIE TOCIIPKYBAaTH MPOCTIp nomryky. Tak camo, sk 1 JuIst oneparopa
KpOCOBepa, ICHY€ BIPOT1AHICTh BXKUBAHHS MyTallii P, .

Taoauns 1
Ne . MeToA rinok i Me'l_'o,q FeHeTUYHMN
OuiHka . AWHaMIYHOro
n/n KOpPAOHIB anropuTtm
nporpaMmyBaHHA
cepeaHs TOYHICTh 0.9986 N/A 0.8258
1 | ximkicrs 1253 1126877 1000
00YHCJICHDb
cepeaHsi TOYHICTh 0.9995 N/A 0.9026
2 | KiIbKicTS 3103 3235522 1000
004YMCJIeHDb
cepeaHs TOYHICTh 0.9998 N/A 0.9661
3 | KiabKicTs 121963 6074444 1000
00YHCJIeHDb
cepeaHs TOYHICTh 0.9997 N/A 0.9942
4 | ximbkicts 83676 8132412 1000
004YHCJICHDb
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VY cepii eKCEPUMEHTIB PO3IJISJAINCH OKPEMI 3aBIaHHS, SIKI BUPILIYBAIUCh
METO/IOM TUIOK 1 KOPJIOHIB, METOAOM JIMHAMIYHOTO MPOrpamMyBaHHS 1 T€HETUYHHUM
anropuTMOM. EKCHepMMEHT TMoKa3aB, IO /s 3HAXOMKEHHS ONTHMAaJIbHOTO
PO3B’SI3Ky KJIACHYHI aJITOPUTMH BUKOPUCTOBYIOThH OUIBINY KIJIBKICTh OOUMCIIEHb, HIK
reHeTUYHUM J1s momyJsiuii. [Ipote, cepenHst TOYHICTh KJIACUYHOTO aJITOPUTMY BHUIIIA.

OTpuMaHi pe3yJbTaTH JIO3BOJISIIOTH TOBOPUTH TPO HEOOXIAHICTH TOIIYKY
OUTHIII TOYHHUX HAOIMKEHUX METOIIB PO3B’SI3aHHS 3ajadl Mpo prok3ak. OgHuUM 3
TaKMX HaMpsMKIB € BUKOPUCTAaHHS TaK 3BaHOTO «METONy JOCBIIY» SIK IS
T€HETUYHOTO aJITOPUTMY, TaK 1 JIJIsl AITOPUTMY MYPAITUHOT KOJIOHI].
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Acucmenm kagheopu aneedpu izuxo-mamemamuunozo gaxyromemy CHITY

AJropuTMu nNo0yJ10BH ONMyKJI0i 000JIOHKH

OcTaHHIM YacoM reoMeTpHYHI PO3PaxXyHKH CTAIOTh BCE OUIbII BaXKJIMBUMU B
TaKMX Taly3sX, fK KOMIT'IoTepHa Trpadika, poOOTOTEXHIKa Ta aBTOMAaTHU30BaHa
po3poOka, ToMy (opma 00’€KTa — OHA 3 OCHOBHUX MOTO BiactuBocTed. OnHI€EO 3
OUTHII TMOMIMPEHOI 3a7ad OOYHUCITIOBAIBHOI TEOMETpii € moOyJoBa OMYyKJIOi
oOosionku. I[lpu BenMkux MacuBax JaHUX PO3B’SA30K 3a/adul MOXKE 3aliMaTH JyKe
Oaratro yacy, TOMY IIOTpiOHO 3HAaTU Ta BMITH BHKOPUCTOBYBAaTH PI3HOMAaHITHI
I1JIXO/IH JI0 3HAXOJKEHHS OIYKJIOi 000JI0HKH. Po3riistHeMo aeski 3 HUX.

OmnykiicTe 0OaraToKyTHHKa 3 BepmmHamu P,,...,P, skl nepepaxoBaHl B

MOPSAKY MOro 00Xojy, JErKo MEPEBIPUTH, SIKIO OOUMUCIUTU 3HAKU KOCHX JI0OYTKIB

|PP,BP, ]|, i=ln (ne P ¢ P,a P,

[ A0 A Y G £

— P,). SIxmo Mu 3HaeMO HampsIMOK

00X0Jly, TO 3HAaK KOCHUX MOOYTKIB JJii OMYKJIOr0 OaraTOKyTHHKA BU3HAYECHWH: MPU
00X0al 3a TOAMHHHUKOBOIO CTPLIKOI BCi KOCi JOOYTKHM BII'€MHI, a MpPOTH
TOJIMHHUKOBOI CTPUIKH — JIOJATHI.

Onyki0r0 000JIOHKOIO JI€AKOI 33JaHO1 MHOKWHU TOYOK HA3UBAETHCS MEPETUH
BCIX OMYKJIMX MHOXHH, K1 MICTATb 3a1aHy MHOKHUHY. J[JIsI KIHIEBOi MHOKHUHU TOYOK
OITYKJIOIO OOOJIOHKOIO 3aBXIU OyJe ONMyKIM 0araTOKyTHHK, BCl BEPIIMHH SKOTO €
TOYKAMH BHUX1THOI MHOKHHHU.

.
Lt

Puc. 1. AJroputm nmo0yA0BH OIYKJIOI 000JI0HKH 3a MeToaoM /[xapBuca

3aBAaHHS MOJISITA€ B TOMY, 100 JUIst 3371aHOT KIHIIEBOT MHOKMHH TOYOK 3HAUTH
BEPIIMHHU OIYKJIO0i OOOJIOHKM L1€i MHOXHHHU. ByJeMo mepepaxoByBaTH BEpLIMHU B
MOPSIIKY 00XOAy TPOTH TOAWHHUKOBOI CTPUTKH. [[1s edexkTuBHOrO pilmeHHs ITi€l
3a1a4l ICHye KuUIbKa pi3Hux anaroputmiB [l, 2]. IlpuBegemo HailOuIbII mpocTy
peaiizallito OJHOTO 3 HUX — anroputmy [[xapsuca. Lleit anroputm iHOAI HA3UBAIOThH
«3aropTaHHsIM mogapyHkay (puc. 1).

[lepepaxyBaHHSI TOUOK IIYKAHOI I'PaHUIl OMYKJIOro 0araTOKyTHHUKa MOYHEMO

13 TpaBOi HWKHBOI TOUYKH P sKa 3aB1IOMO HAJIEKUTh I'PAHULl OMYKJIOi OOOJOHKHU.

ITo3Haunmo 1 KOOpAUHATH (xl, yl). HacTtynHoro npu 3a3HayeHOMY MOPSIAKY 00XOy
Oyze Touka Pz(xz, y,). Jlerko 6aumTH, MO BOHA, BOJNOI€ TAKOIO BIACTUBICTIO, IO BC
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AnropuTMu o0yI0BU OMYKIIOT 000JIOHKH

IHIII TOYKM JIEKATh <«JIBOPYY» BiJ BekTopa PP, TOOTO OpIEHTOBAaHUN KyT MIXK

BekTopaMu B P, ta PK HeBim'eMHHH 11 Oyab-sikoi 1HIIOI Toukn K Hamoi

MHOUHU. JlJI1 3HaXO)KEHHS MOTPiOHOT TOUKH P, mepeBipsieMO BUKOHAHHS YMOBU

[P1P2,RK } >0 3 yciMa ToukamMu K . SIKIIIO TOYOK, SIKI 3a/IOBOJILHSIFOTH 1[I YMOBI,

JIeKiJIbKa, TO BEPIIMHOIO NIYKaHOro OaraTOKyTHHKA CTaHE Ta 3 HHX, I SIKOT

—_—

noexkuHa BekTopa PP, =(x, — X,, ¥, — ¥, ) MAKCUMaJIbHa.

bynemo pobutu Tak camo ¥ gami. [lpumyctumo, 1m0 BXKe 3HaijeHa i-Ta
BEpIINHA Pl.(xl.,yl.) OIyKy10i 000JOHKU. [ HACTYyNHOI TOYKH Pm(xm,yiﬂ) KOCl1

N0OyTKH HEB1 €MHI JIJIS BCIX TOUOK K . SIKIIIO TaKMX TOYOK JEKUIbKa, TO BAOMPAEMO

Ty, Ul AKOi BekTop PP, Mae HailOuiblry ToBXuHY. be3nocepeaHbo MoOLIyk Takoi
TOYKHU MO>KHA 3A1iicHIOBaTH Tak. CIIo4aTKy MU MOKEMO BBa)KaTHU HACTyNHOMO, (i+1)-

10, OyAb-sAKy TOYKy. IloTiM 0OuUHCIIOEMO 3HAYEHHS [PI.P P K ], pO3TIIAIal0un B

i+127 i+l
skocTi K BCl 1HIN TOYKH. SKIIO AJIS OJHIET 3 HMX 3a3HAUYCHE BUPAKCHHS MCHIIIC
HYyJISI, BB@XA€MO HACTYMHOI 1 Ta TMPOJOBKYEMO TMEPEBIPKY I1HIIUX TOYOK
(aHQJIOTIYHO aNrOpUTMY IMOLIYKY MIHIMAQJIBHOIO €JIEMEHTa B Macubi). Skmo x
3HAUEHHS BUpPa3y JOPIBHIOE HYJIO, TO MOPIBHIOEMO KBAJIpaTH JOBXHH BEKTOPIB. Y
pe3yabTtari 32 O(N) omepalliif yeproa BepIIMHA OMYKI01 000J0HKH Oy/1e 3HaAlIeHa.

[TponoBxyroun 110 IpoUEeAypy, MU paHO a0o MI3HO MOBEpHEMOCS A0 Touku P . Lle

Oyne o3HavaTH, 1o OIMyKJa 000JIOHKA MO0y T0BaHa.

[Ipu po3B’sa3Ky JnaHOi 3a7adi y BUNAAKY IUIOYMCETBHUX KOOPAMHAT MH
MOBHICTIO MOXEMO YHUKHYTH 3aCTOCYBaHHA [IHCHOI apu(pMETHKH, a OTKe,
mo30yTHCs BiJ BTpaTH TOYHOCTI OOYHMCIIEHb. B MpPOTHBHOMY BHUIAJKy B pilIEHHS
MOXXYTb OyTH BKJIIOYEHI «3aiiB1» TOUKH, OJM3bKI 10 TPAHUIIl OMYKJIOi 000JIOHKH, a00
HE BpPaxOBaHi JIeAKl 3 «OTPIOHKX» TOYOK. CKIagHICTh AaHOro airoputMmy O(mN),

7€ m — KUIbKICTh TOYOK B OIYKJIii 000JIOHIIl, B HAUTIPIIIOMY BUTIAJKY piBHE N .
HaBeneMo ofHy 3 MOKJIMBUX peanii3aliid pIIIEHHs JaHOi 3a7adl alrOpuTMOM
JlxapBuca. MHOXHHA BUXITHUX TOYOK 3HAXOJUTHhCS B MAaCHBl a, BCl TOUKH, SKI

HaJIeXXaTh OMyKJIii 000JI0HII, Oy/1IeMO 3aliCyBaTh B MaCHB b .
type dot = record x, y: integer; end;
var a, b: array[1..100] of dot;
min, m, i, j, k, n: integer;
function vec(al,a2,bl,b2: dot): integer;
{kocuin pobyTok BekTOpiB ala2 Ta blb2}
begin
vec := (a2.x - al.x)*(b2.y - bl.y) - (b2.x - bl.x)*(a2.y - al.y)
end;
function dist2(al,a2: dot): integer;
{KBagpaT AOBXWHW BeKTOpa ala2}
begin
dist2 := sqgr(a2.x - al.x) + sqgr(a2.y - al.y)
end;
begin
readln(n);{KiNbKiCcTb TOYOK}
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fori:=1tondo
read(ali].x, a[i].y);
{nowyK NpaBoi HUXKHbLOI TOYKM }
m:=1;
fori:=2tondo
if ali].y < a[m].y then m :=i else
if (a[il.y = a[m].y) and
(a[i]l.x > a[m].x) then m :=i;
b[1] := a[m]; a[m] := a[1]; a[l1] := b[1];
k:=1;
min := 2;
repeat {Mowyk HacTynHOI BEPLWMHMN ONYKI0i 060NOHKU}
forj:=2tondo
if (vec(b[k],a[min],b[k],a[j]) < 0) or
((vec(b[k],a[min],b[k],a[j]) = 0) and
(dist2(b[k],a[min]) < dist2(b[k],a[i])))
then min :=j;

k:=k+1;
b[k] := a[min];
min := 1;

U
until (b[k].x=b[1].x) and (b[k].y=b[1].y); {nokn He OTPUMAEMO 3aMKHEHY JIOMaHY}
forj:=1to k - 1 do {BuBig pe3ynbTaty}
writeln(b[j].x,' ',b[j].y)

end.

Icnye 1HmME anropuT™m pimeHHs 1€l 3agadl  (anroputMm ['pexema) 3
oOumncnoBanpHO0 ckiIagHicTIo O(NlogN), BiH 0a3yeTbcd Ha MONEPEIHBOMY
COpPTYBaHHI TOYOK BHXIJHOI MHOXHHHU 3a 3HAYEHHAM KyTa B MOJIAPHIA CHCTEMI
KOOpPJIMHAT 13 IIEHTPOM B OJIHIA 13 TOYOK OMyKi0i 00osoHKH. ToOTO HAWOLIBII
TPYJAOMICTKOIO 3a/1a4€l0  BUSBIISIETBCS CaM€ COPTYBaHHS BUXIJHUX TOYOK.

—_—

CopTyBaHHS TOUYOK MOKHA POOMTHU 3a 3HAKOM KOCOTO JOOYTKY [PIB7EE+1]7 ne P —

OyIp-sika BEpIIMHA OMYyKJI0i OOOJIOHKHM (HANpUKIAN, TpaBa HWKHA TOYKa). Y
BIJICOPTOBAaHOMY MAacCHBI TOYOK BCl 3a3HauyeHl MOOYTKH MOBWUHHI OyTH HEB1J €MHI.

—_—

Toukn 3 PpIBHUMH KyTamH ([PIPZ.,PIP }:0) pPO3TAlIOBYIOTBCSI B IOPSAIAKY

i+1

30UIBLICHHS JOBXKHUH BIIIOBIIHUX BeKTOpiB P P (puc. 2).

\

| ———4/
!,}L—__
_— P,

Puc. 2. Bepminau onyk10i 000J10HKM MHOKHHHM TOYOK
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AnropuTMu o0yI0BU OMYKIIOT 000JIOHKH

Jam B mneperyiami 3a ['pexeMoM BUKOPUCTOBYETBCS CTE€K, Y SKOMY
30epiratoThCs TOUYKH, SIKI € KaHAUAATaMH B OMYKIy 000JIoHKY. CrodaTtKy B CTEK
MOTpaIUIsie IepIa 3 BiACOPTOBAHUX TOYOK. [10TIM — CycCiiHS 3 HEIO BepUIMHA OITYKJIOl
000JIOHKH. SIKIIO Ha MepHIoMy 13 MPOMEHIB TOYOK JEKUIbKA, TO L€ TOYKa I[OTO
npomeHns P, ska HaiOuibln BijgnaneHa Bin P. Hexail y BepumuHi cTeka nepedyBae

Touka P . Po3rissHEMO HAacTyNnHy B MHOPSAKY 30UIBIIEHHS IMOJSIPHOTO KyTa TOYKY
BuX11HOI MHOXMHH P . Iloku nurgHka namanoi P, P, P He cTaHe OIyKJOH, 31 CTEKa
BUJAIAETHCS yeprosa Touka P . Jlam P nepexonuts 10 creky. [1ix yac 3akiHUEHHS

nepernisiiy BCiX TOUOK y cTell OyayTh mepeOdyBaTH BC1 BEPIIMHU OMYKJIOi 0OOJOHKH.
Tak sik Oynb-gKa TOYKa AOJAETHCS B CTEK PIBHO OAMH pa3, Ta i BUIAJSETHCSA BOHA 3
HBOT'O HE OLIbIIE OAHOrO pazy, TOMy yac meperisay ctaHoBuTb O(N). HaBenemo

peamizalilo caMe€ Takoro mneperisiay. Jlisi Hao4HOCTI COPTYBaHHS IPOBEAEMO
«OynbOAKOBUMY aJITOPUTMOM. Y SIKOCTI CTE€Ka BUKOPUCTAEThCA MacuB b. Onucu
3MIHHUX Ta (PyHKIIH 30iratoThCS 3 HAaBEJACHUMH BHILIE.

type dot = record x, y: integer; end;
var a, b: array[1..100] of dot;
min, m, i, j, k, n: integer;
function vec(al,a2,bl,b2: dot): integer;
{kocnin nobyToK BekTOpiB ala2 Ta b1b2}
begin
vec := (a2.x - al.x)*(b2.y - bl.y) - (b2.x - bl.x)*(a2.y - al.y)
end;
function dist2(al,a2: dot): integer;
{KBagpaT AOBXWHW BeKTOopa ala2}

begin

dist2 := sqgr(a2.x - al.x) + sqr(a2.y - al.y)
end;
begin

readin(n);

fori:=1tondo

read(a[i].x, a[il.y);
{nowyk npaBoi HWXXHbOI TOUKN}
m:=1;
fori:=2tondo

if ali].y < a[m].y then m :=i else

if (a[i]l.y = a[m].y) and

(alil.x > a[m].x) then m :=i;

{3anunwemo ii Macne 060/10HKN }

b[1] := a[m];

a[m] := a[1];

a[l1] := b[1];

{iHWIi TOYKN COPTYEMO MO 3HAYEHHIO MONSIPHOrO KyTa}
fori := n downto 3 do

forj:=2toi-1do
if (vec(a[1],a[jl,a[l],a[j + 1]) < 0) or
((vec(a[1],aljl,al1],alj + 1]) = 0) and
(dist2(a[1],a[j]) > dist2(a[1],a[j + 11)))
then
begin
b[n] := a[jl;
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afjl :=alj + 1];
a[j + 1] := b[n]
end;
{nowyk Apyroi BepwnHn 06010HKN }
i=2;
while vec(a[1],a[i + 1],a[1],a[2]) = 0 do
ir=i+1;
b[2] := a[i];
b[3] :=a[i + 1];
k:=3;
fori:=i+ 2tondo
begin
{nepeBipka OnykKocCTi}
while vec(b[k-1],b[k],b[k],a[i]) <= 0 do
k := k-1;{BnMaansemo TouKy 3i cTeka}

k:=k+1;
b[k] := a[i] {nobaBnsiEMO TOUYKY B CTEK}
end;

for j := 1 to k do {BuBig pe3ynbraTy}
writeln(b[j].x,"' ',b[i].y)
end.

Takum unHOM, OYJIO PO3MIISIHYTO aJTOPUTMHU IOIIYKY OIYKJIOi OOOJOHKH ISt
MHOXMHM TOYOK Ha IUIOIMHI. Ha HHMX cnMpaeThcs pIIEHHS BEIMKOI KIIBKOCTI
CKJIAJHUX, 30KpEMa OJIMIIaAHUX, 33/1a4, TOMY IX PO3yMIHHS Ta BUKOPUCTaHHS Ha
MPAKTHULI € TyXKE BaXKIHBUM.
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Bukopucranus cepenosuina MS Excel st po3B’si3aHHS onTHMI3aliiiHUX 3a1a4 BUOOPY

CamaHuos 0.0, NMipyc €.M.

ICmydeHm 2 kypcy XHYPE, cnexyianvHicme «IIpoepamua indcenepisy,
*Cmapwuii suknaday kagedpu areebpu CHITY

Buxopucranus cepenosuma MS Excel 15 po3B’si3anns
ONTUMI3aNIMHUX 32124 BUOOPY

CrarTs mpucBAY€Ha PO3B’S3KYy ONTUMIZAIIMHUX 337a4 €KOHOMIKH 32 JOIOMOTOIO
HanOymoBaHOTO 3ac00y «Ilomryk po3B’s3kiB» cepenoBuma MS Excel

KuarouoBi ciioBa: onmumizayitina 3aoaua, nouyk po3s sa3Ky,3a0a4a euoopy.

Jns BupimeHHsT OyJb-1KOT €KOHOMIYHOI 3a/adyl MaTeMaTUYHUMH METOJaMU
HeoOXimHa MOOyI0BAa MaTeMaTWYHOI MOjeNi. AHaTi3yluW HasBHY iH(opMaIliio,
JTIOMHA TIpUiMae pirmeHHs. SIKiCTh MPUHUHATOTO PIMIEHHS 3aJICKUTH BiJ] 0aratbox
(dakTopiB: BiJ A0CBiNY, 3HAHb, TOYHOCTI HAsBHOIO 1H(QOpPMAIII€I0, IHTEAEKTY, IHTYILIi
1 T.0I.

VY 0GaratboX CHUTyaIlisIX MH 3aCTOCOBYEMO MOJEII, PO3pOOJICHI paHiIle, aje
iHOA1 TpebOa moOyayBaTH HOBY Mojelb (a00 MoaudikyBaTH cTapy) CaMOCTIHHO.
[IpaBunpHuil BUOIp MOJENl € MEPIIMM KPOKOM Ha MHUISAXY OJEPKaHHS PIIICHHS.
MaremaTuyHi MoOJiell B €KOHOMIIll TMOBHHHI OyJyBaTHUCS B TIPOIECi Jiajory
€KOHOMICTa — TMpaKTUKa 3 MareMatukoM. Ilicis Toro, sk Mojenb MoOyaoBaHa, MH
BUPIIIIYyEMO OTpUMaHe MaTeMaTH4He 3aBAaHHsA. OtTpuMaHe pimieHHS Tpeba
MEePEeBIPUTH HA TPABAOIMOMIOHICTIO 1 3 TOYKM 30py MaTeMaTHKa, 1 3 TOYKH 30pY
exoHomicTa. Ha miit cranii Mojienb 4acTo yTOUHIOEThCS.

Ax mobyayBatn marematuany monens? [lpu moOymoBi Momxeni Tpeba BUOpaTu
OCHOBHI, CyTT€BI O3HaKuM OO'€KTa 1 3amMcaTH iX Ha MOBI MareMaTtuku. Crodatky
Tpeba 3pO3yMITH CUTYyallll0 Tak, 100 1i MOkHa OyJ0 PO3MOBICTH I1HIIIN JIFOAWHI.
[ToTiM BU3HAUUTH MaTEMaTUYHY MOBY, Ha siKiii Oyne OyayBaTHCs Hailla MOJENb.
3aMiCTh TOTO, 1100 CKa3aTH «Tpeba 3HANTH IUIaH Aiil», CIiJ BKa3aTH, K MO0 MOXKHA
(dbopmanizyBaru.

[Tnman moxxe OyTH 3aaHUil BU3HAYCHHSIM 3HAYEHHS 3MIHHUX X, ), a00 BeKkTOopa
z=(z,2,,++,2,), @60 marpumi A i T Jlanmi HEOOXiZHO BH3HAYUTH MHOXKHHY

JOMYCTUMHUX BapiaHTiB, TOOTO MHOXXHUHY OOMEXeHb, fAKId JONMyCTHMI BapiaHTH
MOBUHHI 3a70BOJIbHATU. Ilicms 1poro Tpeba BIAMOBICTM Ha 3alUTaHHS K
MOpPIBHIOBATH BapiaHTU?». 3a3BUuYail BHU3HAYae€ThCA Jeska (QyHKIiS (BOHA
HA3MBAETHCS LUJIBOBOIO (PYyHKIEI abo ¢yHKIE KOpPUCHOCTI). [l mopiBHSHHS
JIBOX JOMYCTUMHUX BapiaHTIB MU JIJIi KOKHOTO 3 HUX IMIJIPaXOBYEMO 3HAYCHHS Ii€l
GyHKIIIT 1 OTOJIONIYEMO KpallluM T€ 3HAYEHHS, 3a SIKOTO 3HA4YeHHS (PYHKIli OlIbIe
(abo meHTIIe).
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Y pesynbrari Oarato Mojeied MO)XKHAa 3amucaTH Yy BUIUISAL  3a1adi
MaTEMaTUYHOTO TIPOTPaMyBaHHS.

3naiitu max f(x), xe 4, ae f(x) — uuiboBa QyHKIIT , a A MHOXHUHA
JIOTTyCTUMHUX BapiaHTIB.

VY Bunazaky, skmo (yskiis f(x) — JiHiiHA, a MHOXXMHA OOMEXKEHb 3aJaHa
CUCTEMOIO JIIHIHHUX PIBHAHb 1 HEPIBHOCTEH, 3a/laya MaTeMaTUYHOTO MPOTrpaMyBaHHs
MEPETBOPIOETHCS Y 3a/1auy JIIHIMHOTO MPOTrpaMyBaHHS.

PosrisHeMo onHy 3 onTHMI3alifHUX €KOHOMIYHUX 3a/lad , TaKk 3BaHy 3aJady
PO MPU3HAYCHHS.

IlocTanoBka 3apaui. [Ipunycrumo, mo € n pizHUX poOIT A; , A5, ..., A, 1 n
MexaHi3MiB B; , B, , ..., B,, KOXXHHUH 3 SKUX MOXE€ BUKOHATH OyIb-iKy poOOTy, ajue 3
HEOJTHAKOBOIO e(eKTuBHICTIO. [IpOAyKTUBHICTD MeXaHi3My B; MpU BUKOPHCTaHHI
pobotu A; no3Hauumo uepe3 Cj;, i = 1,..., n; j = 1, ..., n. HeoOX11HO Tak po3MnOIUINTH
MEeXaHI3MH 10 poOoTax, ™mOO0 cyMapHuil eQekT Big iX BUKOHaHHSI OyB
MakcuManbHuM. Il 3amadya  3BeTbCsl  3adauero  eubopy abo 3adayero npo
npusHavenns. DopMaIbHO BOHA 3aIMCYETHCS TaK.

HeoOxigHo BuOpaTH Taky TMOCTIOBHICTh €JIEMEHTIB {Cl,jl,Cz,jz,---,Cm} 3

C11 C12 Cln
¢, ¢, - C L
matpui C=| > 72 1, 06 cyma ZCk In OyJa MaKCUMAaJIbHOIO 1 MIPU
P
Cnl Cn2 Cnn

IIOMY 13 KOKHOTO psAjiKa 1 ctoBis Marpuili C Oyiio BUOpaHO piBHO OJIUH €JIEMEHT.

Jnst po3B’si3aHHSL TAKOTO POy 3a7ad HaiuyacTillle 3aCTOCOBYIOTh TaK 3BAHUU
«YTOPCBKHU METOI.

AJTOpUTM yTOPCHKOTO METOAY CKJIaJa€ThCsl 3 MOMEPEIHbOr0 €Tamy 1 He
OunbIIe, HIXK (71-2) TOCHIIOBHO BUKOHYBaHUX iTepalliid. KoxkHa iTepallis nos's3aHa 3
€KBIBaJICHTHUMH IEPETBOPIOBAHHSIMH MATPHIll, OTPUMAHOI BHACIIJOK MPOBEIEHHS
MoNepeHbLO1 1Tepallii, a TaKOXK 3 BUOOPOM B Hiil MAKCUMAJIBHOTO YKCIIa HE3aJEKHUX
HymiB. KiHIIEBUM pe3ynbTaToOM 1Tepallii € 301IbIIEHHS] YUCia He3aJeKHUX HYJIB Ha
OJIMHUIIIO. SIK TUIBKUA YMCIO HE3aJIeKHHX HYJIB JIOCSATHE 71, TO MpoliemMy Habopy
BUPIIIEHO, a ONTUMAJIbHUN BapiaHT MPU3HAYEHHS BU3HAYAETHCA MO3ULISAMHU
HE3aJIC)KHUX HYJIIB B OCTAaHHINA MaTpHIII.

Ilonepeoniti eman. Biamykyl0oTh MakCUMaJbHUN €JIEMEHT B j-My CTOBIIII Ta
BC1 €JIEMEHTH I[bOTO CTOBIIIIS MOCIIIIOBHO BIIHIMAIOTh BiJ MakcuMmaibHOro. Hazpany
Mpolelypy BUKOHYIOTh Haj ycima ctoBmisiMu matpuii C. B pe3ynbrari oTpuMyroTh
MaTpPULIIO 3 HEBII'€MHUMH €JIEMEHTaMH, Y KO)KHOMY CTOBIIII SIKOi € Xo4a O OAWH
HYJIb.

Jam posrasgaroTh 1-W pAOOK  OJEpKAaHOI MAaTpHIll, BIAMIYKYIOTh i
MIHIMAJIbHUNM €JIEMEHT a: 1 BIJl KOXHOTO €JIeMEHTa JaHOro psJKa BIJHIMAIOTh
MiHIMabHUM. [{f0 mpoueaypy mNOBTOPIOIOTH 3 yciMa psankamu. B pesynbrari
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orpumaemo matpuiro Cy (Cy ~ C), B KOXKHOMY PAJIKY 1 CTOBMIIN SKOi € Xoua O oJUH
Hysb. Onucanuii npouec neperBopeHHs: C B Cy 3BEThCS 3BEICHHSIM MATPHIII.

3HaxoAMMO JOBUIBHUM HyJb Yy TMEpHIOMY CTOBOII U BiAMIYaEMO HOTO
31poukoro. Jlani nepernsiiaemMo Apyruil CTOBIENb, 1 SKIIO B HbOMY 3HAlIEThCS HYIb,
IO PO3TAIIOBAaHUN B PSJIKY, J€ HEMA€ 1€ HYJA 13 31pOYKOI0, TO BIIMIYAEMO HOTO
31pOYKOI0. AHAJIOTIYHO TIEPErisiIaEMO OJWH 3a OJHUM BcCl croBmii Matpuii C, #
BIIMIYa€EMO, SKIIO MOXJIMBO, HACTYIHI HyJ 3HakoM "*". OueBWaHO, MmO HYII
Marpumi C,, BigmideHl 3IpOYKOI0, € HezaleKHMMH. Ha 1mpoMy momepenHii eram
3aKIHYY€ThCA.

(k+1)-a imepayia. Ilpunyctumo, mo k-my itepariro Bke MPOBEICHO
BHACHiIOK 4oro oxepkano Mmatpumio C. SIkmo B Hi BXE € PIBHO 7 HYIIB 13
31pOYKOI0, TO MPOIIEC PO3B'A3aHHS 3aKIHUY€ETHCS. B IHIIIOMY BUNIQAKY MEPEXOAUMO J0
(k+1)-1 iTepamii.

KoxHa iTepaliisi IOUYMHAETHCA MEPIINM, a 3aKIHUYYEThCS APYTUM eTarnoM. Mix
HUMU MOX€E JEKUIbKa pa3iB MPOBOAMTHCS Mapa eramiB: TpeTid -nepumuid. [lepen
MIOYATKOM ITepalli 3HAKOM «+-» BUAULIIOTH cTOBOLI MaTpulll Gy, sIKI MICTATh HYJI 3
31ipOYKamHu.

Illepwuii eman. Ilepermsaaatrors HeBUAUIeHI cToBII C. SKIIIO B HUX HEMaE
HYJIbOBUX €JIEMEHTIB, TO MEPEXO/ATh J0 TPEThOro eTamy. B iHIIOMY BUTIAJKY, SKIIO
HeBHAUICHUN Hynb MaTpulll C. 3HaHEHO, TO MOXKJIMBUN OIWH 3 JBOX BHUIAJIKIB: 1)
PAMIOK, 110 MICTUTh HEBUJICHUH HYJIb, MICTUTh TaKOX 1 HYJIb 13 31p04Kor0; 2) Iei
PSAZIOK HE MICTUTH HYJIA 13 31POUYKOIO.

VY npyromy BHUMaaKy MEPEXOAUMO OJIpa3y JIO JPYroro eramy, BiAMITUBIIN IIeH
HYJIb IITPHXOM.

Y nmepmoMy BUNAAKY 1€ HEBUIUICHUH HYyJIb BIIMIYAIOTh IITPUXOM 1
BUJIIJISIIOTHh PSIIOK, B SIKOMY BiH PO3TAIIOBaHUN (3HAKOM «+» MPaBOPYyY Bif psaKa).
[lepernsinatoTh 1el PsAOK, 3HAXOMATH HYJb 13 3IPOYKOI0 I CKACOBYIOTH 3HAK «+»
BUIIJICHHS CTOBII, B IKOMY PO3TAIIOBAHO JaHUHA HYJIb.

Bigrak mnpornsgaioTe I1ied CcTOBHOEIb (KW BXE CTaB HEBUAUICHUM) 1
BIJIITYKYIOTh Y HbOMY HEBUIJICHUH HyJb (200 HYJl), B SIKOMY BiH PO3TalllOBAHMM.
Lelt Hynb BIAMIYAIOTH MITPUXOM 1 BUAUIAIOTH PSIIOK, Jie BIH po3TamoBanuil. [ami
PO3IIIANIAI0Th LIEH PSAJOK 1 NIYKAIOTh Y HbOMY HYJIb 13 31DOUYKOIO.

Ileit mpomec 3a CKIHYCHHE YHCIO KpPOKIB 3aKIHUYYETHCS OJHHUM 3 JIBOX
pe3yibTaTIB:

1) Bci Hymi wmatpuii G BUSBWIMCA BHIUIEHUMHU, TOOTO PO3TAIIOBYIOTHCA Y
BUJIIJICHUX PAIKAaX a00 CTOBMIAX. To1 MEPEXOASATh 0 TPETHOTO €TaITY;

2) 3HailIeTbcsl TAaKUM HEBUIUIEHUH HyJIb B PSAKY, B SIKOMYy HEMae HyJs 13
3ipoukoro. Toal nepexoAsTh A0 APYroro eraiy, BIAMITUBILN LEW HYJIb IITPUXOM.

Hpyeuit eman. Ha mpomy erami OymyroTh TaKui JIAHIFO)KOK 13 HYJIB
Matpull Cg.: BUXIAHUI HyJdb 31 IITPUXOM, HYJb 13 31POYKOI0, IO PO3TAILIOBAHHUNA B
OJTHOMY CTOBIILI 3 MEpPUIUM HYyJE€M, MOTIM HyJb 13 IITPUXOM, PO3TAIIOBAHUI B
OJTHOMY PSIJIKY 3 MOTMEPEIHIM HYJIEM 13 31pOUYKOIO 1 T.1.
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MoskHa JOBECTH, IO OMUCAHMM Mpoliec MOOYAOBH JIAHITIOKKA OJHO3HAYHUH 1
CKIHYEHUH, TIPU I[bOMY JIAHIIO’KOK 3aBXKJIU MOUYMHAETHCA 1 3aKIHUYETHCS HYJEM 31
IITPUXOM.

Jlasti HaJ| eleMeHTaMU JTAHITIOXKKA, 110 3HAXOMUTBCS Ha HermapHux Micisx (0 )-,
CTABHMO 3ipOYKHM, 3HUIIYIOUM iX HaJ eIeMEHTAMH Ha MApHHUX MO3HIsAX (To6To 0 ).
Binrak 3HuIIy€MO BCl TO3HAYKU TUITY IITPUX HaJ eneMeHTaMu C. 1 3HAKU BUAUICHHS
«+t». KibkicTh He3aneXHUX HyJIB 30UIbIIY€EThCA Ha onuHuL0. Ha npomMy (k+1)-wa
iTeparlist 3aKiHIY€ThCA.

Tpemiu eman. Jlo pOTO €Tamy MEpPEeXOIATh IMICIS MEPIIOTO, SKIIO BCi
vy matputl G. BuaUieHi. Y 1bOMY BHUIAAKY cepel HeBUIUICHUX JieMeHTIB C.
3HAXO/SITh MIHIMAJILHUN ¥ TI03Ha4aroTh Horo yepe3 h (h > 0). Bigaimatots h Big ycix
enemeHTiB MaTpulll C., pO3TalllOBaHUX y HEBUJUICHHX PsAIKaxX 1 JOJAIOTh JO BCIX
€JIEMEHTIB BUJIUIEHUX CTOBILIB. B pe3ynprari oTpuMytoTh HOBY Matpuuio C.,
ekBiBaJIeHTHY 110 G 3ayBakuMo, 1110 MIPU TAKOMY MEPETBOPEHHI1, BC1 HYJII 3 31pOYKOIO
Marpuni G 3anumarotbess HydassMH 1 B C’y., KpIM TOro, B Hiil 3'SBJISIOTHCS HOBI
HeBUJILIeH1 HyJl. ToMy mepexoaTh 3HOBY /0 MEPIIOTO eTanmy. BUKOHABIIM MEpIInii
eTar, 3aJeXXHO BijJ Horo pe3yipTaTy abo MmepexoisiTh 10 APYToro eraiy, abo 3HOBY
MOBEPTAIOTHCS HA TPETIiH erarl.

[licrs CKIHUEHHOTO YMClia MMOBTOPIB Mapa €TariB TPeTid-nepinidi 000B'13K0BO
3aKIHYUTHCS TEpexoJoM Ha napyruii ertam. Ilicis HWOro BHUKOHAaHHS KUIBKICTB
HE3aJIC)KHUX HYJIIB 301IBIIUTHCS HA OJIUHUITIO 1 (K+1)-a 1Tepallis 3aKiHYUThC.

A Temep pO3MISTHEMO SIK MOKHA PO3B’SA3aTH JIaHy 3ajady B cepefoBuim Ms
Excel. Yotupu poOiTHHKa MOXKYTh BUKOHYBAaTH YOTHPHU BUAU poOiT. BapTocTi pobirt
3aJ1aHO HACTYITHOK MATPHULEIO.

1 4 6 3
9 10 7 3
4 5 11 7
8 7 8 5

B wmiii mMatpumi psAaKd BiANOBIAAaIOTh POOITHMKAM , a CTOBMII — poOoTam.
HeoOxigHO ckilacTy MmilaH BUKOHAaHHS POOIT Tak, m00 Bcl poOOTH OyJid BUKOHAHI ,
KOKHUM pOOITHUK OyB 3aBaHTAXKEHUH TUIBKHU OJHIEI0 pOOOTO0, a CyMapHa BapTiCTh
poOiT Oyrna MiHIMalbHOIO. Big3HaunMo, 10 JaHa 3ajada € 30ajlaHCOBaHOIO, TOOTO
KUIBKICTh POOIT CHIBHagae 3 KUIBKICTIO pOOITHHMKIB. SkOu 3amaua Oura He
30aJ1aHCOBaHOO, TO TIepe] MOYATKOM ii pO3B’sI3Ky HEOOX1aHO 30alaHCyBaTH, BBIBIITH
BIICYTHIO KUIBKICTh PSAJIKIB a00 CTOBIMYHMKIB 3 JOCTATHBO BEIUKUMHU IHITpadhHUMHU
BapTOCTSIMU POOIT.

Jlis po3B’s13Ky AaHoi 3a/1a4il modyayeMo MaTeMaTuyHy Mojenb. Hexaii 3MinHa

X; = 1, sxmo i-TuM pOGITHUKOM BHKOHYEThCS j-Ta poOoTa, Ta Xy = 0, axmo i-Tum

pPOOITHUKOM HE BUKOHYETHCS j-Ta poOOTa.
Toxi Mmoenb Mae HACTYTHUM BU :
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4 4
MOTPiOHO MIHIMI3YBaTH Z = Z Zcij * X s
i=1j=1

4
py 0OMEKEHHIX inj =1,je [1,4],
j=1
4
inj =1lie [1,4],xy- e{0l}ie [1,4],j S [1,4].
j=1

Jisa po3B’s3aHHS JaHOi 3a7adi BHECEMO JaHl B TaOMUI0 cepefoBuiia MS
Excel. B xomipku Al:D4 BHecemo 3Haue€HHS MaTpUIll BapTocTeil poOiT. B komipky
Gl Bmumemo «Bapricte pobGiT ». biok xmitun F2:15 BigBegemo mij IIykaHi
HeBiioMl. B xomipky J1 BHecemo uinpoBy ¢yskuiro «=CYMMIIPOU3B(F2:15;
Al1:D4)», sika oOuuciatoe 3aranbHy BapTICTh poOIT. B komipku J2..J5 BiamoBigHO
BHecemo opmynn «=CYMM(F2:12)», «=CYMM(F3:13)», «=CYMM(F4:14)»,
«=CYMM(F5:15)», B xomipku F6, G6, H6, J6 BiamoBigHO BHecemMo GHOpMYIIH
«—CYMM(F2:F5)», «=CYMM(G2:G5)», «=CYMM(H2:H5)», «<=CYMM(U2:15)».

Po3’s130k naHoi 3ajmadl mpo NMPU3HAYEHHSI MPOBEAEMO 3a JIOMOMOTo. 3acoly
«Ilouck pemenuit»y. Tobto Bubepemo komauay Cepsuc, llouck pewenus (Tools?
Solver). TloTiM 3amMOBHUMO BIKHO JIQJIOTy, IO BIIKPUETHCSA, TOOTO 3allOBHUMO BCi
OJIsL ITLOTO BiKHA Jiayiory. B mone «ycTaHOBUTH MENEBYIO sS4ekKy» Brumemo $I$1.
B OGmomi mepemukadiB BHOpaTH «MHUHUMAJIbHOMY 3HAUCHHIO». B mone «u3MmeHss
saeiikm» Brmmemo $F$2:$1$5. B mosne oOMexeHb MOTPiOHO BMMCATH HACTIIHI
ooMexenHsa : $F$2:$I1$5 <1, $F$2:$I$5 = nenoe, $F$2:$1$5=> 0, $F$6:$1$6 = 1,
$J$2:8J85 = 1.

B BikH1 miasiory IlapameTrpnl MONIYKY pO3B’SI3Ky BCTAaHOBHUTH (HIaXKOK
Jluneiinas moodens. Ilicng HaTUCKaHHS KHONKU BbimosaHuth (Solve) 3acid momryky
PO3B’SI3KY 3HaliJle ONTUMAIBHUN PO3B’SI30K.
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Compyonuk ¢akyromema sxonomuxu u ynpaenenuss CITIY

B03MOKHOCTb H CJIOKHOCTH PACIIO3HABAHUSA KOHEYHOTI'0
rpadga KoJJIEKTUBOM areHTOB

PaccmarpuBaercs 3agada pacro3HaBaHHs HEM3BECTHOrO rpada KOJIEKTUBOM
areHtoB. J[Ba areHTa-uMcclieqoBaTeNsl MEpeABUTAOTCA TOo Tpady, H3MEHSAIOT U
CUMTHIBAIOT METKM Ha »JJeMeHTax rpada U mnepenaroT HHPOPMALUIO areHTy-
HKCIIEPUMEHTATOPY, KOTOPBIA CTPOUT MPEACTaBICHUE HCcleayeMoro rpada.
IIpenmoxen aJTOPUTM, KOTOPBIN pacno3HaeT 0001 KOHEYHBIN
HEOpUEeHTUpOBaHHBIN Tpad. Jlns pacrnoznaBanusi rpada areHtam TpeOyercs 2
paznuyHbBIe Kpackd, KyOuueckoe (OT duclia BepmidH rpacda) YuCiIO IIaroB u
KBaJpaTU4Has naMmsTh. MeToa ocCHOBaH Ha MeTojie 00xoja rpada B riyOuHy.

1. Bsenenne

OcHOBHOUM  mpoOJEeMOl  KOMNBIOTEPHOM  HAyKh sBIsETCAs  mpobiema
B3aMMOJICUCTBUS YNPABISAIOIIEH U yIpaBIsieMOl cucTteM (yHpaBIISIONIEro aBTomMara,
areHTa W €ro ONepaldoOHHON cpeapl). B paccMOTpeHHOM HIKE ciydae
B3aMMOJICHCTBUE ATUX CUCTEM MPENCTABISIETCS KaK MPOLECC NEPEMENIEHUS areHTOB
no rpady cpensl. llenenanpaBieHHOe NEpEMEIIEHUE areHTa B €ro OnepalnuoHHOM
cpelle HEBO3MOXHO 0e3 (opMupoBaHHsS IOCTATOYHO MOJHOM Mojenu cpeabl. B
BOIIPOCE MOJICTMPOBAHUS ONEPAIMOHHBIX CPEJ] ONPEACNICH Psii MOJAXO0/I0B, OJTHUM U3
KOTOPBIX SABIIAETCS TOMOJOTUYECKH. B 3TOM ciydae areHty gpoctynmHa MHpOpMaIus
TOJIBKO O CBSI3SIX MEX]Yy Pa3IUYHBIMU O0JIACTSIMH CPENbl U HEIOCTYIHA METpUUYECKast
U aroputMuueckas nHbopmals o cpejie. 3a4acTyro mo100Hasi CUTyalusi BO3HUKAET
B poOotuke [l]. Tomomornyeckue MOJENH MPEACTABISIOT €000 Tpadsl ¢
MOMEUYEHHBIMU PA3JIMYHBIMU CIIOCOOAMU BEPIIMHAMU, AYTaMH, UHITUACHTOPAMH.

B Hacrosiee BpeMsi BbIICTUINCH TPU OCHOBHBIE 33J]a4M UCCIICIOBAHUS CPEJIbI
areHroM: 1) camorokanu3anus areHTa; 2) KOHTPOJIb COOTBETCTBHSI MOJEIH CPEIbl U
caMoi cpenbI(TIpoBepKa KapThl); 3) MOCTPOCHUE areHTOM MOJIENU KapThl cpeasbl [1].
3afgadya pacmo3HaBaHUsA Cpeabl (MOCTPOEHUS KapThl) C MOMOIILIO TEX WM HHBIX
CPEICTB areHTa HaxOAMUTCS B LIEHTPE BHHUMAHUS U €W IMOCBSILIEHO 3HAYMUTEIIBHOE
KoJandecTBOo pabor. OAgHAKO Ha Hall B3TJISJ, Mallo MCCIENOBaHA BO3MOXHOCTbh U
CJIOHOCTh pacrio3Hanus rpada 6ojee 4eM OJHUM areHToM [2].

B mnacrosmeit pabore mpemsio)keH HOBBIA alNTOPUTM pacrno3HaHusi rpada B
KOTOPOM MCIOJIB3YETCA TpU areHra: naBa areHTta-ucciegosatens (AUW), kotopswie
NepeMeIIarTcs Mo rpady, U areHt - skcnepuMmeHTaTop (AD), KOTOPBI MPUHUMAET
coobmennsi AV u mo HUM CTPOUT MPEACTaBICHUE HCCIeayeMoro rpada, mpuueM,
OCHOBHO€ BHHMAHHE YZEJIEHO aHAJIM3y TOr0, YTO M KAK PACIIO3HAETCS HAa KaXXIOM
niare ajaropuTrMa.
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2. OcHoBHbIE onpeeieHUus: 1 0003HAYEHU S
2.1 Packpamennsie rpagbl

PaccmarpuBaroTcs KOHEYHBIC, HEOPUCHTHpPOBaHHBIC Tpadpl 0Oe3 MeTenb u
KpaTHBIX pebep. Bce neompenensembie monsTus oOuien3BecTHol. Ilycte G=(V,E) -
rpadp, y KOTOpPOro » - MHOXKECTBO BEpIIMH, E - MHOXECTBO pebep, T.e.
JBYXDJIEMEHTHBIX MOJMHOXKECTB (u,v), Tae u,veV . Tpo#iky ((u,v),v) OyaeM Ha3bIBaTh
UHIHAAEHTOPOM (““TOYKOM MPUKOCHOBEHHsS ') pebpa (u,v) ¥ BEPUIUHBI v. MHOXKECTBO
TaKMX TpPOeK o0003Ha4yuM [. MHOXECTBO L=V UEUI Ha30BeM MHOXECTBOM
aneMeHToB rpada G. DyHkumen packpacku rpadha G HazoBeM OTOOpakeHHE
u:L—{w,r,y,b}, Tie w HHTEPIPETUPYETCA KaK OeJIbIi IBET (KpacKa), r - KPaCHbIM, y
- XKEITHIH, b - uepHsbIit. [1apa (G, 4) Ha3pIBae€TCS paCKPALIEHHBIM rpadoMm.

[TocnenoBaTenbHOCTD  uy,us,.u; TOMNAPHO CMEXHBIX BEPIIMH HAa3bIBACTCS
nyTeMm B rpade G, a k - muHa nyTtd. [Ipu u; =u; 3TOT MyTh HA3bIBAETCS ITUKIIOM.
OKpecTHOCTBIO O(v) BEpIIMHBI v OyJIeM Ha3bIBaTh MHOXKECTBO 3JIEMEHTOB Tpada,
COCTOSIIIEEe U3 BEPIIMHBI v, BCEX BEPIIUH u CMEXKHBIX C v, BCeX pebep (v,u) W BCex
uHIUAEHTOPOB  ((v,u),v),(v,u),u). MOIIHOCTE MHOXKECTB BEPIIMH V U pebep E
0003HaYUM 4epe3 n U m COOTBETCTBEHHO. SICHO 4TO mS@. N3omopduzmom

rpada G u rpada H HA30BEM TaKyl OUEKLUIO ¢:Vg —Vy, 410 (v,u)e E, TOYHO
torna, korma (p(v).p(u))eE,. Takum o6pasom, uszomMopduble Ipadbl pPaBHBI C
TOYHOCTBIO 10 0003HAUEHUS BEPIINH U PACKPACKU UX IEMEHTOB.
2.2 MoOnJIbHbIE AaTeHThI

MoOunbHbIE areHTel 4 W B TepeABUTAIOTCS Mo Tpady W3 BEPIIMHBI v B
BEPUIMHY u 10 PeOpy (v,u). [Ipr 3TOM areHThl MOTYT U3MEHSTh OKPACKY BEPIIHH v,u ,
pebdpa (v,u), nanuaeHTopoB ((v,u),v),((v,u),«). Haxoascs B BepuiMHe v, areHThl 4 U B
BOCIIPUHUMAIOT (“BHIAT’) METKH BCEX 3JEMEHTOB OKPECTHOCTH O(v) M Ha 3TOM
OCHOBAHMH OMPEIENISAIOT MO KakoMy peOpy OHU OyIyT IepeMmelarbcs U Kak OyayT
nepeKpanmBaTh dJeMEeHTHl rpada. AD mepenaer, MpUHUMAET U UIACHTHQHUIHPYET
coobmenuss AW, oOnagaeT KOHEYHOH, HEOIPAaHWYEHHO pacTylled BHYTPEHHEU
namsThl0, B KOTOpOM (uKcupyeTcs: pe3yibTaT GyHkiuuoHupoBanus AW Ha xaxaom
miare, ¥, KpoMe TOro, MOCTENEeHHO BhICTpauBaeTcs MpejacTaBienue rpadga G BHavyanie
HEU3BECTHOTO areHTaM, CIIMCKaMu pedep U BepIIUH.
2.3 IlocTraHoBKa 3aaum

TpeOyetcs pazpaborath Takod anroput™m (QyHkIMoHupoBanus AW (t.e.
NepeBIKEeHHS 10 Tpady, packpacku €ro 3JIEMEHTOB U mepenadn napopmanuu AD)
u AD (BocctaHoBieHus Tpada Mo JaHHbIM noidydeHHbIM oT AW), uto AU Oynyun
MOMEIEHbl B MPOM3BOJIBHBIC BEPIIMHBI MPOU3BOJIBHOTO HemsBecTHOro AW u AD
rpada G, BCEe 3JIEMEHTHI KOTOPOTO OKpAIICHBI IIBETOM w, Yepe3 KOHEYHOE YHCIIO
maroB 00OMIyT ero, momaroBo nepenaBas AD mHpopmainnoo. AD B CBOIO o4epeab,
UCIIOJNIb3Ys ATy MH(POPMAIIMIO, Yepe3 KOHEYHOE YMCIIO IIaroB BOCCTAHOBUT rpad H,
nzoMopdHsliil G, T.e. pacno3Haer G.
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3. PacnoznaBanme rpaga

[Ipennaraemsplii aJIrOpUTM OCHOBAaH HAa CTPAaTE€rMU IMOMCKa B TIIyOMHY. OTa
CTpaTerusi TakoBa: areHThl MJIYT «BIJIyOb», MOKAa 3TO BO3MOKHO, BO3BpAIIAIOTCA
Ha3aJ, UUIyT APYTro# MyTh C €II€ HE MOCEIICHHbIMU BEPIINHAMYU W HE TIPOWUICHHBIMU
pebpamu, B ciaydae OOHAPYKEHUsI CMEKHON BEPIIMHBI OKPAIICHHOW B «4YXOI» IIBET
METUM BCE€ Mepeuieku U3 TEKyIIeW BEepIIMHBI B 4YyXyH 00JIacThb W cOooOIaeM
BTOpoMy AU, yepe3 AD 0 HEOOXOTUMOCTH BEPHYTHCA M PACIIO3HATH MOMEUYEHHBIC
nepemieiiku. [loka BTOpoOil areHT HE pACIO3HAET BCE TMEPEIICHKH, BBHIOOP
JAJIbHEUILIEr0 MyTH MEePEMEIICHHUS] TEPBbIM areHTOM H3MEHsieTcsi. B Hem mouck
NEPELICHKOB BBINOJHACTCA HEMOCPEACTBEHHO IEPE] IMPOBEPKOM  BBINOJHEHUS
YCIIOBHM, CBSI3aHHBIX C PACIIO3HAHWEM JE€peBa, MOCTPOEHHOro naHHbIM AWM. Ecnm
OTCYTCTBYIOT BCE BO3MOJKHBIE BapUaHThl IEPEMEICHUS, HAIWYUE KOTOPBIX
IpoOBEpsAETCS A0 NPOBEPKH HA HAIWMYME MEpelleiika, TO MpU OOHApYKEHUHU €ro,
TEKYIIM AareHT OCTAaHABIMBAETCS N0 TOTO MOMEHTA, II0Ka BCE ITOMEUYEHHBIC
nepemeky He OyAyT paclio3HaHbl BTOPBIM areHTOM.

Crpaterust nmoucka B riayOHMHY XOpoIIO M3BecTHA. M3BecTeH psij aaropuTMoB
MoKCKa B IIyOMHY A u3BectHoro rpada. [lpennaraemas Huxe ctparerus o0jgaaaet
psnom ocobeHHoctel. Bo - mepBrIX, Tpad G areHtam He u3BecTeH. Bo - BTOpBIX, pu
MPOXOXKJIEHUHM BepIIMH Tpada G areHThl CO3[AI0T HESIBHYIO HyMEpaluio
MPONJCHHBIX BEPIIMH: MPU MEPBOM IIOCEIICHHH BEPUIMHBI OHA OKPAaIIUBAETCS
KpPacHbIM I[BETOM, €CIIM 3TO areHT 4 U JKEJIThIM LIBETOM B Cllyyae areHta B u eil
(dbaKkTUUECKH CTaBUTCSA B COOTBETCTBUE HOMED, PABHBIN 3HAUCHHIO TTepeMeHHo Cy A
st arenta A wim Cu B nnsa areHta B. ATeHT A BeIeT HyMepaluio HEYETHBIMU
YHUCJIaMH, @ areHT B YeTHhIMHM, IpyruMu cioBamu nepeMeHHble Cu A u Cu B
INPUHUMAIOT COOTBETCTBEHHO HEYETHbIE M 4YeTHble 3HadeHus. Ha ocHoBe 3Toi
HyMepalil ¥ IMPOUCXOJUT BOCCTaHOBIEHHE rpada myrem moctpoeHus rpada H
nzoMopdHoro G. B mpoliecce moucka areHThl CTPOSIT HESBHbBIE JEPEBbS MOMCKA B
rJIyOMHY U OTHOCUTENBHO 3TUX JEPEBBLEB BCEe pedpa pa3fesitoTCsl Ha IPEBECHBIE, T.€.
MPUHAJIEKAIINE IEPEBbSIM M OKPAILIMBAEMbIE MIPU MEPBOM MPOXOKIACHUU MO HUM B
KpacHbI (KeNThIi) 1[BET, 00paTHbIE — HE MPUHAJICKAIIUE JEPEBY U OKpalllMBacMble
Ipy TMEPBOM IMPOXOXKIECHUM B YEpHBIM LBET U pedpa Nepelieku, KOTOphIe
COENIMHAIOT AepeBbsi. JlpeBecHble pedpa MpoXOoATcs Kak MUHUMYM JBa pa3a U Mpu
MOCJIEIHEM MTPOXO0/I€ OKPALIUBAIOTCS ar€HTOM B UEpPHBIN LIBET, OOpATHbIE MPOXOAATCS
1 pa3, a peOpa nepeneiku mMpoXoATCs KaKIbIM areHTOM T0 KpaifHei Mmepe 2 pasa.

JlpeBecHble peOpa pacrno3HAIOTCsS areHTaMu MpU MEPBOM IMPOXOJAE MO HHUM.
Kpacubie (xentbie) BepmuHbl Tpada G, Ha KaXIOM IIare aaropurma, oOpasyroT
KpacHbIN (GKenThIN) myTh. C MOMOIIBIO ATOTO MYTH PACIO3HAIOTCA 0OpaTHBIE pedpa,
P MPOXO/JI€ B HOBYIO BEPIIMHY KPACHBIA (3KENTHIN) MyTh YUIMHSAETCS, IIPU MIPOXOJE
Hazax (B cCily4ae €ClIM 3TO HE BO3BpaT I pACIO3HAHMUS NEPEIICUKOB) —
YKOpauMBaeTcsl, IpU pacro3HaBaHUU oOpaTHOro pedpa — He u3MeHsiercs. Bepminna,
y KOTOpOM BCE€ MHUMICHTHBbIE peldpa pacro3HaHbl KPACUTCA YEPHBIM. AJITOPUTM
OKaHYMBaeT palboTy, KOI/1a KPACHBIM U KENThIM MyTH CTAHOBSTCSA MyCTBIMH, & BCE
BEPIUMHBI YEPHBIMH.
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Paccmotpum asiroputm paboThl areHTa A:
AreHT A Kpacut (u(v):=r);

3amnpoc AN;

if AN=0 then do

3anpoc F;

if F=0 then METUM IIEP A(v),

else BRIBOP XOJ/[A A(v);

end do;

else PACII IIEP A(v);
PaccmoTpum npoliienypol, HCHOJb3yEMbIE B JAHHOM aJTOPUTME.
METHM IIEP A(v):

PN B LD =

AreHT A 3anpammBaer y AD 3HaY€HUE TIEPEMEHHON £

if E=0 then BBIFOP XOJ/A _A(v);

else do

9. AreHnt A4 BoinonHseT npouenypy @PUKC A(v);

10. go to 2 anroputma 00x0/a;

11. end do;

12. end do;

BBIBOP_XO/IA_A(v):

if B O(v) 00HapY>KEHO PeOPO, Y KOTOPOTO (u(v,u)=wyand(u(u) = u(v)=r) then do
Arent A4 BoinonnseT npouenypy PACII A(v);

go to 2 anroput™ma 06x07a;

end do;

else if B O(v) 0OHapyXeHO PeOpO, Y KOTOPOTO (u(v,u) = wyand (u(u) = w) then do
AreHT A4 BoinonuseT npouenypy BIIEPE/] A(v);

go to 2 anroputMma o0X0/a;

end do;

9. else if B O(v) ecTb peOpO, Y KOTOPOTO (u(v,u) = wyand (u(u) = y) then do
10. Arent A4 Boinonusiet npouenypy CTOUT A(v);

11. go to 2 anropurma o6xo/a;

12. end do;

13. else if B O(v) ecTb pedpo, y KOTOPOTO (u(v,u)=y) then do

14. Arent A4 Boinonusiet npouenypy CTOUT A(v);

15. go to 2 anroput™Ma 00X0/1a;

16. end do;

17. else if B O(v) ecTb pebpo, Y KOTOPOTO (u(v,u)=rland(u(u)= y)then do

18. Arent A4 Boinonusiet npouenypy CTOUT A(v);

19. go to 4 anropurma o0xo/a;

1. if 8 O(v) oGHapykeHO peOpo, Yy KOTOPOTO (u(v,u) = wyand (u(u) = y) then do
2. AreHt A4 Beimonuset npouenypy METHUM AB(v);

3. go to | naHHOU NpOLEAYPHI;

4. end do;

5. elsedo

6.

7.

8.

e AN e o e
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20. end do;

21. else if B O(v) ecTb peOpO, y KOTOPOTO (u(v, u)=r)and(u(v)=r)and(u((v,u)v)=r) then do
22. Arent A Beinonuset npouenypy HA3AHA A(v);

23. go to 2 anroput™ma 00X0/a;

24. end do;

25. else arent A BeimonnseT npouenypy CTOIl A4;

PACII _IIEP _A(v):

Z=K

if B O(v) oOHapyxkeHO pedpo, Y KOTOpPOro (u(v,u)=y) then do

if (K = Z)or(K =1))and(Z #1)) then Arent A Bomonusier PACII_ABB(v);
else AreHt A Beimonuset npouenypy PACII ABBb(v);

AreHT A 3anpammBaer y AD 3Hau€HUE epeMeHHOoH K

if K# 0 then go to 2 nanHO# TIPOLIETYPHI;

else AreHT A BoinonHseT npouenypy ObH A(v);

if Z# 1 then do

. ifB O(V) €CThb pe6p0, T.4. (,u((v,u),v): r)and(,u(v,u): b)and(,u ((v,u),u): r) then do

10. Arent A4 Beimonuset npouenypy BIIEPE]/] AR N(v);

11. go to 9 nanHOI poLEAYPHI;

12. end do;

13. else if B O(v) ecTb pedPO, T.9. (u(v,u)=r)and(u(u) = r)and(u((v,u),u) = r)then do

14. Arent A Beinonuset npouenypy BIIEPE/] AR(v);

15. go to 13 paHHOU npoLeAYPHI;

16. end do;

17. else go to 2 anroputma 00x0/1a;

18. end do;

19. else go to 13 nanHo# npoLeAyPHI

20. end do;

21. elsedo

22. Arent A Bemounnset npouenypy OTCTVII A(v);

23. go to 2 1aHHOU NPOUEIYPHI;

24. end do;

BIIEPE)] A(v): arent A BbeiOupaer u3z O(v) mpousBoiibHOE pedpo (v,u), y
KOTOPOTO zdvu)=w,u(u)=w, TIEPEXOAUT 11O HEMY B BEPIIMHY #, OKpALIMBasi IPU 3TOM
pt(vae)=r, () = r, u((vou)u) = r, BBIIOJIHSIET V:=u ¥ 3anmuchiBaeT B crincok M: BITEPEJ[ A;

HA3AJ] A(v): arent A BbiOupaer u3z O(v) npousBojibHOE pedbpo (v,u) y
KOTOpOro ((,u(v,u):r)and(y((v,u),v):r))ana(,u(v) :r) U IIEpEXOAUT II0 HEMY B BCPIIHMHY U,
OKpaIIUBast TIPH 3TOM x(v):= b, u(v,u):= b, BBHITIOIHSIET V. =u W 3alIUCHIBAET B CITUCOK M:
HA3AJL_A;

CTOHUT A(v): areHT A He BBIOJHSIET HUKAKUX JEUCTBUM, B M 3aMUCHIBAET:
CTOUT A;

METHM AB(v): arentr A BbeiOupaer u3z O(v) pebpo (v,u) y KOTOpPOTO
(u(v,u)=wland(u(u)=y), TmepexomuT MmO HeMy B  BEpIIMHY 1, OKpalIUBas

S I O i e

Ne)
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u(vu):=r, u((vu)u):=r, BHIIONHAET v.=u U 3anMChIBacT B crincok M: BIIEPEJ] AB, na
CIIeAYIOIIEM mare areHT A BBIOMpAET u3 o) pebpo, y
KOTOPOIO ((1(v.u)=r Jand(u(v) = y)) ¥ HEPEXOAUT MO HEMY B BEPILIKMHY U, BBIIOIHAET V:=U U
3anuckiBaeT B cnucok M: HA3AJ[ AB;

PACII _ABB(v): arent A Boibupaer uz O(v) pebpo (v,u) y KOToporo u(v.u)=y u
IIEPEXOMUT 110 HEMY B BepmIMHY u, OKpammBas u(v.u)=r, u((v,u)u):=b, BBIIONHSET
v:=u ¥ 3anucbiBaeT B crnucok M: BIIEPEJl ABB. Ha cnenyromem miare areHTt A
BBIOKpaeT u3 O(v) pedpo (v,u) y kKotoporo ((u(v.ux)=r)and(u((v,u)v)=5)) 1 mepexomur 1o
Hemy B BepumiuHy u okpamuBas u((v.u)v):=r,u(v.u):="b,u((v.u)u)=r, BeINOHIET V:=u 1
3anuceiBaeT B cnucok M: HA3AJ ABB;

PACIT_ABBb(v): arent A Boibupaet u3 O(v) pebpo (v, u) y KoToporo u(v.u)=y
¥ NEPEXOAUT MO HEMY B BEpPUIMHY u, okpammBas u(v.u):=r, u((v,u)u):=b, BEImOTHSIET
v:=u u 3anucbiBaeT B crnucok M: BIIEPE]l ABB. Ha cnenyromem miare areHt A4
BeIOKpaeT u3 O(v) pedpo (v, u) y kotoporo ((u(v.u)=r)and(u((v,u)v)=5)) n nepexomur mno
HeMy B BepmMHY u, okpammBas u(vu)=b, u((vu)u)=b, BHIONHAET V:=u wu
3anuchiBaeT B cnucok M: HA3AJI ABB;

BIIEPEJ] AR N(v): arent A BbiOupaeT uz O(v) pebpo (v, u) y KOTOpPOTo
(u((v.ue)v) = rYand( g (v,) = b)and(u((v.u)u)=r)m TIEpEeXOAUT TO HeMy B BepIIMHY 1,
okpammBas u((v,u)v)=b, u((v,u)u):=b, BBHINONHAET V:=u W 3aIUCHIBAET B CIOHCOK M:
BIIEPEJ] AR N;

BIIEPEJ]] AR(v): arent A BweiOWpaer u3z O(v) pebpo (v,u) y KOTOpPOTO
(2(v,u) = r)and(u(u) = r)and(p((v,u)u)=r) ¥ TIEPEXOAUT TO HEMY B BEPIIUHY U, BBITOIHSICT
v:=u u 3anucbiBaet B M: BIIEPE][ AR;

OTCTYII A(v): areatr A BeiOMpaer wu3 O(v) pebpo (vu) 'y
KOTOPOTO ((1e(v,u) = r)and id(v,u).v) =) ¥ TEPEXOAUT MO HEMY B BEPUIMHY U, BBIIOIHSIET
v:=u u 3anucbiBaeT B M: OTCTVII_A;

DUHKC _A(v): arent A4 3anuceiBaet B M: DUKC A;

OBH A(v): arent A4 3anucsiBaet B M: ObH A;

PACII _A(v) (pacno3nanue oopamnozo peopa):

1. Arear A BwiOupaer u3z O(v) npousBoibHOE pedpo (v, u) y

K0TOpOro ((u(v) = u(u) = r)and(u(v,u) = w)) ¥ IEPEXOMUT 1O HEMY B BEPIIUHY U;

2. Arenr A xpacut u(v,u)=5;

3. Arent A4 BbiOupaer u3 O(u) npousBoibHOE pedpo (u, [) y KoTOpOro

(2(u,0) = r)and (u((,1),0) = r)and(u (1) = r) ¥ IEPEXOAMT 1O HEMY B BEPLIKHY /;

4. u:=l;

5. Arent A 3anucsiBaet B M: PACIT A

6. while B okpectHoctn O(u) ectb pedbpo (4,), y KOTOpOro

(2 (e, 1) = rYand (p((,0),1) = )and (u (1) = ) do

7. areHT A nepexoaut no peodpy (u,/) B BeplnHy /;
u:=l;

9. Arenrt 4 3anuceiBaet B M: OTCTVYIINIL_A;

*
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10.
11.

end do,
Arenrt A4 3anuceiBaet B M: PEBPO_PACIIO3HAHO A;

CTOII A(v): areHt A kpacut u(v):=b, areHT A OCTaHABIMBAETCHI.

AnropuTM palboThl areHTa B aHanoruyeH alnroputMmy paboThl areHTa A.
Anroputm «BoccTanoBieHue»:

WX R W=

10.
11.
12.
13.

Cu_A:=1; (cuemuux yucna nocewenuvix epuiur epaga G acenma A)
Cu_B:=2; (cuemuux yucna nocewenuvix éepuiur epaga G acenma A)
AN=0;

BN:=0;

N _A:=0; (homep epuiunbl U3 KOM. Mbl nOMeualu azenmom A nepeuietiku)
N_B:=0; (Homep 6epuiunbl u3 KOm. Mbl nomeuanu azenmom B nepewietiku)

.

a;
=0
:=0; (xonuuecmeso nepeuwieiikos uz seputuvl N _A)

:=0; (konuuecmeso nepewietikos uz eepuiunvl N_B)

E:=0; (ecru E=1, mo na npeowvioywem wace acenm A nomemu nepeuieex)
L:=0; (ecru L=1, mo na npeowvioywem wace acenm B nomemun nepeuieex)
i:=0; (noocuem Homepa 6mopoii epuiuHbl nepeulelixa u 0Opamuozo peopa

onsi A)

14. j:=0; (noocuem nHomepa 6mopoii gepuiunbl nepeutelixa u 0opamunozo pebpa

15.

ons B)
t:=1; (OnunHa cnucka HOMepPO8 epuLUH KPACHO20 NYML)

16. p:=1; (0runHa cnucka HOMEPO8 BePULUH HCENMO20 NYMU)

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.

r(t):= Cu_A; (Homepa epuiur KpacHo2o nymi)

y(p):= Cu_B; (Homepa sepuiun dcenmozo nymiu)

Vu:={1,2};

Ex=9;

While (M= & )or(N= Q) do

if M= & then do

[IpounTats B Mes coobienre u3 M u yaauTh ero u3 ouepenu M;
OBP _CII _A();

end do;

if N+ then do

[Tpountats B Mes coobiienne u3 N ¥ y1alnuTh €ro u3 ouepeau N;
ObP _CII B();

end do;

end do;

Ileuats Vy, Eg.

PaCCMOTpI/IM HCIIOJIB3YCMBLIC B AJITOPUTME «BOCCTAHOBJICHHUC) IPOLCAYPHI.
OBP_CII_A():

l.
2.
3.

if Mes= «BIIEPE]1_A» then BITEPEJ] A();
if Mes= «BIIEPE]_AB» then BIIEPEJ] AB();
if Mes= «BIIEPEJ]_ABB» then BIIEPEJ ABB();
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if Mes= «HA3AII_ A» then HA3A/ A();
if Mes= «HA3AJl_ AB» then HA3A/] AB();
if Mes= «HA3AJl. ABB» then HA3A4J] ABB();
if Mes= «DUKC A» then DUKC A();
if Mes= «OBH_A» then OFH A();
0. if Mes= «PACI1_A» then PACII A();
10.  if Mes= «OTCTVYIIL_A» then OTCTVII A();
BIIEPE]] A(): Bbinonnsiercss cepust omnepauuid: Cu A:=Cu A+2; t:=t+l;
r(t):=Cu_A; Vy:=VyU{Cu A}; Ey:= Eqy{rt-1), r@t)};
HA3AJ] A(): u3 cniucka r(1)...r(t) ynansercst 31eMeHT r(t), t:=t-1;
BIIEPE]] AB(): F npucBauBaeTcsi 3HaueHue F+1;
HA3AJ] AB(): E npucBauBaeTcs 3HaueHue /;
BIIEPEJ]] ABB(): Ey:=Ey\J{N B, r(t-i)};
HA3A/[ ABB(): K npucBauBaetcs 3HaueHue K-1;
OTCTYII A(): i npucBauBaeTcs 3HaueHue i+1;
DUKC A(): BemmonsstoTcs onepauu: N A:=Cu_A, BN:=1 u E:=0;
OBH A(): otmensiercst komana «Hazaay s A (AN:=0), u i:=0;
PACII _A():

XN bh

1. TIpouutats B Mes coobuienue u3 M u ynaauTh €ro;

2. While Mes=«OTCTYIIUJI A» do

3. i:=itl;

4. end do;

5. Eg:=Eqy{r@),r(t-i)};

6. i.=0;

[Iponeypbl 00pabOTKH CIIMCKA COOOIIEHUM OT areHTa B aHaJIOTUYHBI.
4. CBojicTBa aJIrOpUTMa PaCHO3HABAHUA

Teopema 1 BrImoyiHss aNrOpUTM paclio3HABaHUsI, areHThl PACIlO3HAIOT JIF000M rpad
G C TOYHOCTBHIO 10 U30MOpGU3Ma.

Teopema 2 BpemeHHas CIOXKHOCTh aIrOPUTMa pAcHO3HABaHMS paBHA O(n°), a
eMKOCTHast - O(n?) . [Ipy 3TOM aIropUTM UCIONBL3YET 3 KPACKH.

5. BriBoabI

Beinonssist anroput™m pacnioznaBanusi, AW u AD ctpost rpad H uszomopdHbIi
uccienyemomy rpady G. Ilpu stom xaxaomy AWM TpeOyercss 2 Kpacku, OJHA W3
KOTOPBIX COBMAJaeT Mo usery maiga oodoux AW. AJATOpuTM OCTaHABIMBAETCS 4Yepes3
KOHEYHOE 4YMCJIO MIArOB, YHCJIO KOTOPBIX SBISETCS BENMYMHOW O(n’). Ilpu sTOM

CMKOCTHAas CJIOKHOCTBb CCTh BCIIMYHMHA O(nz) .
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CbowmkiH B.C., Nnma3oBa B.B.

I
Loyeum kagheopu ceomempii ma memoouxu euxnadanus mamemamuxu C/I1Y,

2

Acucmenm kagheopu ceomempii ma memoouxu suxiadanus mamemamuxu CHITY

BuB4yeHHsi nuTanb «@opMaJtizanisi i MOJAeJIOBAHHA» B
«IkiTbHOMY KYpCi IHPOPMATHKHN TA METOAUKH il HABYAHHA»

VY mkinpHIA 1HGOPMATHUIIl YITKO OKPECJEHI IT’SITh OCHOBHUX 3MICTOBHO-
METOUYHUX JIHIN KypCy:

e  TiHIA iHDOpMaILi;

TiHIS 1HPOPMAIIITHIX CUCTEM;

JiH1g Gpopmatizalii 1 MOJIeIFOBaHHS;
JiH1s 1HGOPMAaIIMHUX TEXHOJIOT1H;

JHIS aNTOPUTMI3allii Ta MporpaMyBaHHS.

MixnpeaMeTHICTh 1H)OPMATUKHU J1a€ MOXKIIUBICTH BUKOPUCTOBYBATH OTPUMaH1
3HAaHHS TMPAKTUYHO B YCIX Taly3ax MPUPOJAHUYUX Ta COLIaJbHUX HayK. Tomy
dbopmyBaHHs 1HPOPMAILIIHOI KyJIbTypy YUYHIB IOCTA€ 3 4acOM JIHCHO aKTyaJbHOIO
npo0JIeMOI0, BUPIIICHHS SIKOT CTa€ JJI BUATENIB 1HPOPMATUKHN HATaJbHOIO 33/1a4€HO.
OCHOBHUM KOMIOHEHTOM 1H(OpMAIIiHOI KyJIbTypU MOKHAa BBa)XaTH BMIHHSA
MEPEXOIUTH B1J] 3MICTOBHOT'O HATIOBHEHHSI 3HAHHS 10 MOJIEILHO1 (hopMarizali boro
3HAHHS 1 HaBMaKku. A JyIsl MIATBEPKEHHS 111€1 Te31 HEOOX1THO JTI0JaTKOBO 3a3HAYUTH
PO BMIHHS, TIOB’S3aHI 3 JOCHDKCHHSMU 1H(QOpMAIiHHUX MoOAeIer vy
KOMIT FOTEpPHOMY CEpPEIOBHIIIL.

3anopyKor JIOCATHEHHS I1€1 METH € SIKICHAa MiJArOTOBKAa MalOyTHIX YYHUTEIB
1H(bOpMaTHKH 70 TpoBeAeHHS Takoi podotu. KoxkeHn BunTenb iHGOpMAaTUKU TTOBUHEH:

e 3 oAHOrO OOKYy, IMiJl Yac aHalli3y YMOBH 3ajadi Ta moOyaoBH ii iH(opMaiiiHOT
MOJIeN1 3HATH, y SIKOMY IPOTpaMHOMY CEpEIOBUIII MOXKHA 1[I0 MOJENIb 00poOHUTH, HE
00MEXYIOUUCh MOYKJIMBICTIO MOB IPOTPaMyBaHHS;

® 3 JIpyroro, Mamw4u BEJIUKY KUIbKICTb PI3HOMaHITHHUX MPOrpaMHUX 3aco0iB,
OpIEHTYBATHUCS B KJIacax 3ajay, siki MO>KHA pO3B’S3aTH 3a JOTIOMOT'OI0 IIMX 3aCO01B.

VY nporueci npodeciitHol mMArOTOBKHU 3 MUTaHb 1H(OOPMAIIIITHOTO MOJICIIFOBAHHS
MaiOyTHINA yIuTeIh 1HPOPMATUKY MMOBUHEH OBOJIOJIITH:

® 3MiCTOM Teopii iHPpOpMAIIITHOTO MOIETIOBAHHS 1 (hopMaizallii;

e OnepaliifHUIMU BMIHHSMH 1 HABUYKAMU 31 CTBOPEHHS Ta OMPALIOBaHHS MOJENEH
y KOMII'IOTEpHOMY CEpEOBUI, TOTOBHICTIO CHCTEMAaTHYHO BHUKOPHCTOBYBATH
IHCTpYMEHTaJbHI MporpamMu sK 3aci0 opraizaimii CBO€l AISUIBHOCTI, BMIHHSMU
YXBAJIIOBAaTU pIIIEHHS, SKI MalTh OyTH BUPOOJIEHI HAa OCHOBI YCECTOPOHHBOTO
aHai3y OTPUMaHUX Pe3yJIbTaTiB KOMIT FOTEPHOTO JOCIIIKEHHS;

® METOJUKOI TPOCKTYBaHHS TMpOLECY HAaBYAHHA Y4YHIB KOMII IOTEPHOMY
MOJICJIIOBAaHHIO 13 3aCTOCYBaHHSIM IPOTpaM  3arajbHOr0 Ta  CIELIaJbHOrO
IpU3HAYEHHS K 3aC00y HaBYaHHS.
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TeopeTnyHi OCHOBM HABYAJIBHOTO MOJENIOBAHHS PO3TIANAIOTHECA B KypCi
«IIIKT Ta MeTonMka ii HaBYaHHS» y KOHTEKCTI OBOJIOJIHHS 3HAHHSMU MPO OCHOBHI
eTamny po3B’sA3aHHs MPAKTHYHOI 33/a4l: NOCTAHOBKA 3ajadi, Ho0ya0Ba MOJEN1, BUOIp
roroBoro [13, po3poOka anropuTMy po3B’si3aHHS 3a/1a4l 3 BAKOPUCTAHHIM BUOPAHOIO
[13, nmociniKeHHs aNrOpUTMY 3a KOMII FOTEPOM, aHa13 Pe3yJIbTAaTiB.

3aKkpilUIeHHS] TEOPETUYHUX 3HaHb 3 MOJICIIOBAHHS BIJOYBAa€eThCcsl Ha
CEMIHAPCHKUX, MMPAKTUYHUX Ta JabopaTopHux 3aHATTIX 3 Kypcy «IIIKI ta metoauka
il HapuaHHs». KoMIIekcn UX 3aHITh MOYKHA PO3UIMTH Ha JIB1 B3a€MOIOTIOBHIOKOY1
rpymnu:

1. 3ansarTsa, 1m0  Oe3mocepeHhO  CYNMPOBOKYIOTh  BUBUCHHS  TEMU
«MopenroBanHs i popmaizarii.

2. 3aHaTT, K1 nependadaroTh 3aCTOCYBaHHS 3HAHB 13 00JIACTI MOJIETIOBAHHS B
IpoIeCi po3B’A3yBaHHS 33]a4 3 1HIIMX PO3JALTIB MIKUIHHOI 1H(HOPMATUKH.

[lepma rpyma 3aHATH CYNPOBODKYETHCS OMPAIIOBAHHSAM  CTYIACHTAMHU
OCHOBHMX MOHSTH PO3JILITY, OCMUCIEHHSIM iX CYTHOCTi, pOJIi, €TaliB Ta METOJIB iX
¢dopmyBanHs. CTyJeHTaMu BiANPAlUbOBYIOTHCS BMIHHS YTOYHIOBAaTH  JIaHl Y
HEJIOBU3HAYEHUX 3aJladyaX, YMOBM iX ICHYBaHHsS, BU3HAYalOTbCs Traidy3l HayKH,
amapar SKoi 1acTb 3MOry MoOyayBaTh MOAEIb iX po3B’si3aHHs. CTyJIEHTH Ha0yBalOTh
HaBUYOK (popmatizaliii TeKCToBOi 1 rpadiuHoi iHGopMalii. Po3risgatoTbes mijacTaBu
s kiaacudikarii Mojenei, BU3HAYAlOThCS PIBHI 3aCBOEHHS YYHSMH 3MICTY IIHX
MOHATh. BBl AeTambHO PO3MISAAIOTHCS MOHATTS 1H(QOpMAIIHOI, MaTeMaTHYIHOI,
IMITaIiiHOT MOJICJIEH Ta METO/IIB, K1 MOKJIAJeHO B OCHOBY IMOOYOBH X MOJIEICH.
Ha ceminapchkux 3aHSATTSAX B pedepatuBHid GopMi CTYyACHTH O3HAHOMIIIOIOTHCS 3
PI3HOMaHITHUMH MOJETISIMU Ta iX POJUTIO B TUX YW 1HIIUX HAYKOBUX TOCII1IKEHHSX.
Ha mmx ’xe 3aHATTSIX CTyJAEHTaM IMpPOIMOHYEThCsS MOOyAyBaTH MOZENl 3amad 3i
MIKUTbHUX MIAPYYHUKIB a00 3 1HIIMX METOAMYHUX MOCIOHUKIB, OOTOBOPIOIOTHCS
nporpamMHi 3aco0u, fKI MOXYTb OyTM BHUKOPHCTaHI Ui peajizalii po3poOieHux
Mozeneit.. Ileit mpoiiec, sSIK MpaBUIIO, CYIPOBOKYETHCS PO3POOKOIO BIAMOBITHUX
KOHCIIEKTIB YPOKY 4H iX (hparMeHTIB.

3aBepiIyeThCs Iepiia rpyna 3aHsaTh LHUKIOM Ja0OpaTOpHUX pOOIT, HA SKUX
3MIMCHIOETHCS BHUBYEHHS PI3HUX MOJEJNEH 3a JOMNOMOTOI IEBHUX 3aco0iB
MOJICJTFOBAHHS: CTYJICHTH B KOMIT IOTEPHOMY Kjaci (pOHTaIbHO ab0 1HAMBITYaTbHO
OyIyrOTh KOMIT'IOTEpHI Mol 3a7ad, M0 OyJdu pO3MJISHYTI Ha MPAKTUIHUX
3aHATTSIX, a00 3a/1ay, 1HIWUBIAyaIbHO 3alPOIIOHOBAHUX KOKHOMY 3 HHUX. B skocti
3ac001B MOJIETIOBaHHSI MOXYTh OyTH, HANpPHUKJIad, TEKCTOBI ¥ rpadidHi penakTopH,
enekrponni Ttabmuui, CYBJ[ Tomo. VY monmanpmioMy KOMITIOTEpPHI MOZENi
J1arHOCTYIOTBCS, TMPOBOJUTHCS ~ €KCHEPUMEHTANbHE  JOCHIKEHHS, OTpHUMaHi
pe3yNbTaTH aHATI3YIOThCS.

Jlo moOyn0BU Mozenell yunuTenb HaiuacTilie 3BEpPTaeThCs MiJ] 4ac pO3B’I3aHHS
3a7a4 3 BUKOPUCTAHHSIM €JEeKTPOHHUX Tabmuis. ToMy, TOTYyIOUHCH 10 Takoi poOoTH,
CTYJICHTH PO3B’s3yIOTh OaraTto 3ajad, B OCHOBI SKHUX JIKaTh MaTEMaTU4YHE 1
IMITallliHE MOJENIOBaHHSA. BUKOPUCTOBYIOTBCS PEKYpPEHTHI (HOpPMYJH, PI3HOCTI
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BIIHOIIICHHSI, CKIHYEHHI CYMHM, YMCEJIbHI METOJIM, IO 3aCHOBaHI Ha OTPUMAaHHI
BEJIMKOI KUTBKOCTI peaii3alliil croxacTuaHoro npotecy (Mmerog Monte-Kapio) torro.
HaBengemo neski 3amayi, 1Mo MOXYTh OyTH 3amporNOHOBaHI CTYJIEHTaM Y
MpoIieci BUKOHAHHS JIabopaTOpHOTro MpakTukymy 3 «IlkiaeHOTO Kypcy iHGOpMaTUKH
Ta METOIMKH 11 HaBUaHHS) .
3agauya Nel.
Merta MOaEIOBaHHS.
Busnaunte cBoro ineanbHy Bary. [loOynyiiTe TaOIM4Hy MOJENH, 1110 BU3HAYAE
Ballly i7icaJIbHY Bary, Ja€ PeKOMEHIAIIIT 10 ii BPeryJII0BaHHIO, a TAKOX BU3HAYAE THII
CTaTypu. 3a JIOMOMOTOI0 IIi€l MOJENI CKIAIITh BIAMOBIAHI XapaKTEPUCTHKU IS
CTYJCHTIB BaIllOl TPYTIH.
[HbopmartiitHa MOJIETb.
JloBruit yac mu KopuctyBaiucs ¢GopmMmynoro bpoka: Bara 10piBHIOE 3pOCTaHHIO
B canTuMetpax Mminyc 100. 3apa3 BBefieH1 NONPaBKH AJisl PI3HUX MPOIOPIIiil TiJa.
—  Skmo 3pict menmie 155 cM, BigHimMaiTe 95.
—  Big 155 no 165 cm - Bigaimaiite 100.
— 3pict 165 - 175 - Bigaimaemo 105.
— 3pict Buie 175 cm - BigaiMaemo 110.
Huni B Moai gopmyna inaexcy macu tina - IMT. Ille fioro 3ByTh iHAEKCOM
Ketne. Tpeba po3ainuTe cBOIO Bary B KilorpamMax Ha 3pOCTaHHS B METpax, 3BEJICHE B
KBaJIpar.

— 3aiiBa xyauHa: HUxk4e 19,5.

— Hopwma: pesynwtat Big 19,5 mo 24,9.
— Hapgmumxkosa Bara: 25 - 27.9.

—  Osxwupinns 1-oi mipu: 28 - 30,9.

—  Oxwupinns 2-oi mipu: 31 - 35,9.

—  Oskupinns 3-oi mipu: 36 - 40,9.

—  Oxupinns 4-oi mipu: OinbIne 41.

AHTpONOJIOTH HA3UBAIOTh TPbOX OCHOBHUX THIIIB CTAaTypH: AacTEHIK,
HOPMOCTEHIK, TIIePCTEHIK.

ACTEHIK - JIIOJIMHA 3 TOBIMMHU HOTaMU 1 pyKaMu, By3bKUMU IUIEUUMa, CTErHAMHU
1 TpyAHOIO KIITKOI0. OOMIH PeUOBHH 3JI€TKa MiBUIIIEHUH.

HopwmpcreHik - HOpMalibHA JIOJIMHA 3 HOPMAJIBHUM OOMIHOM peuoBUH. Takux
outpmicte. [loBHOTa 3arpokye Mpu HENPABWILHOMY KUBJICHHI 3 TEpEeBaKaHHSIM
BHCOKOBYTJIEBOJIHUX MPOAYKTIB, 3arOCTPEHOMY CHISUYHUM CIIOCOOOM KUTTSI.

['imepcTeHik - TroauHa 3 MUPOKUMH TUIEYNMa, YKOPOUCHUMH PyKaMH, HOTaMH,
muero. Takux Ie B HAPOAI HA3HMBAIOTh «IMUPOKOKOCTHME». OOMIH pedOBHH
cnoBiTbHEHUH. TOMy HUM OUTBIIT BCHOTO 1 3arpo’Ky€e MOBHOTA.

Skuii Tin Baioi cratypu?

Benukum 1 BKa31BHUM MNajblsIMU IMPaBOi PyKH OOXBAaTUTE 3am'sCTs JIBIA B
TOMY MiCli, A€ BHUCTymnae Kictouka. OOXBaTwid JIErKO, HaBITh 3 MepedopoM -
acmenik. OOXBaTWUJIM, HABITH HANPYXXHUTHUCS JIOBENOCA - Hopmocmenix. OOXBaT He
BUHILIOB, SIK HE CTAPAIIUCH, - 2inepCmeHix.
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MareMaTu4yHa MOJICIb.
VY BIAMOBIHI KOMIPKH BHECTH (POPMYIIH:

e Bara, wo pekomeHayetbca: =ECJIN(B2<155;B2-95;ECJIN(N(B2>155;B2<165); B2-
100; ECIN(N(B2>165;B2<175); B2-105;B2-110))).

e 3ayBaxeHHA: Y Bac =ABS(C2-E2).

e IHpekc macu Tina: =C2/(B2*2/10000).

e fiarHo3: =ECJIM(M(H2>19,5;H2<24,9);"nopma"; ECJIN(H2<19,5;"3aiiBa Xy auHa";
ECIIN(M(H2>25;H2<27,9); "napmumkosa Bara"; ECJIM(M(H2>28;H2<30,9);" oxxupinus 1-o1 mipu
" BCJIM(U(H2>31;H2<35,9); "oxupinns 2-i mipu"; ECJIA(U(H2>36;H2<40,9);"oxupinms 3-i
Mmipu";"oxupinas 4-1 mipu"))))))

e Twun ctatypu: =ECJIN(D2="nerko";"acteHik";ECJIN(D2="3

Tpyaom";"HOPMOCTeHIK";"rinepcTeHiK")).
Komn’roTepHHuil €KCIIEPUMEHT.
Tadoauus 1.
PicT Bara Oo6xBaTt Bara, wio 3ayBaxeHHs: IHAeke .
- peKoMeH- macwm DiarHo3 | Tun ctatypm
NOAVHU | NIOAVHU KUCTi Y Bac (xr) .
AyETbCA Tina
182 96 3 TpyZIOM 72 saiiux | 24 | 28,98 | JNIPENR | wopmocterik
-oi mipu
175 63 nerko 65 Hepoctae | 2 20,57 Hopma acTeHik
175 98 3 Tpyaom 65 3amBux 33 32,00 O;f?fnli':):ﬂ HOPMOCTEHIK
165 123 He 55 3amBuXx 68 45,18 OKNPIHHA rinepcTeHik
obxBauyto 4-i mipun
165 70 3 TpyzoMm 55 saiteux | 15 | 25,71 | MAAMMLE o omocTeni
koBa Bara
145 43 nerko 50 Hepoctae | 7 20,45 HopMa acTeHik

BucnoBku: Ilpote cmin BpaxoByBaTd, mI0 Aedki (paxiBli BBa)XaroTh, IO
HUHINTHI HOPMH Baru 3aHmkeHi. OTKe K0 BU, BUBUMBIIY TaOIHITIO, BUSIBUTE, 1110 3
KUTOTpaMaMu TPILIKK nepedpaiiv, ajie 13 370poB'ssM Bce rapasi, TO 1 He MyuTecs 3
cxynHeHHsM. He BapTo 3a Oynb-sfKy IiHY CKHJIATH Bary HW)KYE BKa3aHUX HOPM
I[IHOIO BJIACHOTO 3/10pPOB's!

3agauya Ne2.

Meta monentoBanHs. CKJacTd MOjeNb OIOpUTMIB JJii KOHKPETHOI JIOJUHU
B1JI BKa3aHOi MTOTOYHOI JIaTH (IHS BIJIIKY) Ha MICSIL BIEpPE 3 METOI MOJAIBIIOTO
aHai3y MOJIEN.

[ndbopmartiitHa MoJIeTb.

OO0'exT “mroguHa”

— Mae KepoBaHi mapaMeTpH: JaTa HAPOKEHHS; IeHb BIJUTIKY; TPUBAIICTh IPOTHO3Y.
— Ma€ HEKepOBaHI MmapaMmeTpH (KOHCTaHTH): mepiof ¢Gi3uYHOTO IUKIy: 23 JHI;
nepioj eMOIIHHOTO IUKTY: 28 AHIB; MEPio IHTEIEKTyalbHOTO UKITY: 33 AHi.

MatemaTuyHa MOJIETb.

dopMynu 7151 pO3paXyHKIB:

R, = sin(zz—ﬂ;) - p13nuHMl LUK R, = sin(22—7;x) - eMOIIHHUH [UKIT;

. 2mx . .
R = s1n(§) - IHTEJIEKTY ATbHUM [IVKJI;
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Komn'torepHa MoJiens.

Jlis MojentoBaHHs BUKOPHCTOBYEMO CEPENOBHUIINE EJIEKTPOHHOI TaOmuIll, B
AKIM 1H(QOpMaliifHa 1 MaTeMaTH4Ha MoJiel 00'€IHYIOThCS B TAOJULIO, SIKa Ma€ B
o0racrTi:

* BUXIJHI JaH1 — KOHCTAHTHU 1 KEPOBaHI MMapaMeTpu;

* PO3paxyHKOBI JIaHi (pe3yJIbTaTH).

KoM’ 1oTepHHUil €KCIEpUMEHT.

Taoauus 2.
Mepioa disnyHoro LUmkny 23 [JaTta HapogeHHs 22.04.1976
Mepiog eMoUiiHOTO LKy 28 [aTta Bigniky 20.01.2010
Mepiof iHTENEKTYannbHOro LMKy 33 Tpuanictb nporHosy | 30
PesynbTtaTtu.
I:IOpﬂp'KOBM DisnyHnn EmouinHun IHTEenekTyanbHW1
N OeHb
20.01.2010 | -0,52 0,97 -0,10
21.01.2010 | -0,27 1,00 -0,28
18.02.2010 | 0,89 1,00 0,62
19.02.2010 | 0,98 0,97 0,46
Hiarpama 1.
1,50
(1):(5)8 - ./. \\ - - - ; ®duzneckoe
) 0,00 x\ T T T T T T T —% T T g \'\ T T T T = = *3MOLMOHanbHOE
-0,50 ~ s o “ = = WHTennekTyansHoe
-1,00 —_— == -

-1,50

— M 1" N O

11
21
23
25
27
29

AHai3 pe3yiabTaTiB:

3a miarpaMor0 y4eHb MOKE€ BH3HAYUTH JICHbB JJISl peajtizaiii CBOro OCBITHBOTO
NOTEeHLIaNy, IeHb A7 BiABITyBaHHs TeaTpy ado My3€l0, IeHb JUIS MOMIMIIEHHS CBOIX
CIIOPTUBHHX JOCSTHEHb.

3agaua Ne3.

Meta moxemtoBanHsA. CKIaCTH MOJETh PO3PAXYHKY, YHCEIBHOCTI 3pOCTal0v0l
MOMYJISIIi BOBKIB, OO YHCEIBHICTh 3ailliB Oyja BITHOCHO CTaOUIHbHOIO (TOOTO
nopiBHoBajga npubauzHo 1000) mpoTsAroM mepHIuxX IM'ATH  POKIB  1CHYBaHHS
nomyJsitii. SIK  3MIHIOBAaTUMETHCS UYUCEIBHICTh MOMYJALii 3ailsd MpOTArOM
HacTynmHux m'atu pokiB? [IpencraButu gaHi rpadidHo.

Buxinni nanHi:

— ITlouarkoBa umcenpHICT, TOMyJIsMii 3aiiist (keptBu) — 1000 ocobuH

(N;, =1000).

— IlouaTkoBa uncenbHICTh MOMyJsALil BoBKa (Xmxkak) — 20 ocoOun (N, =

20).

— UYacTuHa momymsmii 3a#Id, M0 BIKWJA JI0 KIHIS KOXHOTO POKY,
301IBIITY€ CBOKO yncenbHICTh Ha 30 % (P, =0,3)

—  Piunwmii mpupict nomynsauii BoBkiB — 10% (P, = 0,1).

—  OpnuH BoBK crioxkuBae 1o 40 3aifiiB mopik (R, = 40).

—  CMepTHICTb 3ailisl MO IHIIUX MPUYUHAX JOPIBHIOE HYJIIO.

—  CMepTHICTh BOBKIB JJOPIBHIOE HYJIIO.
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Bcix HaOyTux B pe3ynbTaTi pO3paxyHKIB 3HAUYE€Hb MalOTh OYyTH LIIMMHU
HEB1J’€MHUMH YUCIIAMH, OCKIJIbKM BOHM BKa3ylOTh Ha a0COJIOTHY KIJIBKICTh TBapUH.
He MoxxHa okpyritoBaTH 3HaueHHs. MokHa OpaTu JuIle i1y YaCTUHA.

MareMaTtuyHa MOJIETIb:

N, =1000 P,=0.1. N,=N,
P,=0,3 Nyo=? N,=(N,- N,* Ry,) * (1+ P,)
RIB =40 NB = NBO + NBO* PB

ExcniepMeHT y cepeioBuIII eneKTpoHHUX Tabuuib Excel
VY 3apma”H1 NMOTPIOHO MiAIOpaTH TaKy MOYATKOBY KiJIBKICTh BOBKIB, MPU SKIH
YUCEIBHICTh 3aMIliB MIHIMAJIbHO 3MIHIOBATUMETBCS MPOTITOM IMEPUINX M'SITH POKIB
icHyBaHHs. [Tim0npaTy moyaTkoBe 4nuciio Oy1eMo y TuehKy Ngo.

Taoauus 3.
3anui (ymoBsa) Bosku (ymoBa) KinbkicTb BOBKIB
N30 P3 Rh; PB NBoO
1000 0,3 40 0,1 5 Jiarpama 2
Poku 3anui BoBku
0 1000 5 1200
1 1040 5,5
2 1066 6,05 1000 1
3 1071,2 6,655 = s00 - - _H_( e
4 1046,5 7,3205 = I o
5 979,784 | 8,05255 S e L e« o bl
6 854,9866 | 8,857805 gl = ¢ 45 BT 8 S T_
7 650,8767 | 9,743586
8 339,4733 | 10,71794 -1000
9 -116,018 11,78974 Porm
10 -763,89 12,96871

Amnani3 pesynbTariB: [Ipy BUBYEHHI JiarpaMyd MOKHA 3pOOUTH HACTYIHI
BuBoaM. [lOpiBHSHO HEBelWKa TOMYJAIIS BOBKAa B II'SAITh  OCOOMH  3/JaTHa
CTPUMYBATH 3POCTAHHS MOMYJISAIIT 3aiIs 1 BIPOJOBX MEpIInX 5-6 POKIB ICHYBaHHS
HiATPUMYBATH i1 IPUOIU3HO Ha OJTHOMY PiBHI.

3amaua Ne4.

VY310BXK pIUKU 3HAXOJATHCS AUISTHKY MOCIBIB MEIOHOCHUX POCJIMH: €CHapIieT,
COHSIIIIHUK, TPEeUYKa, OBOYI, a TAKOXK € (PPYKTOBHM cajl, MOCAJAKa JIUIH, BEIUKUH JTyT 3
pizHOoTpaB'sM. [ToTpiOHO BuOpaTh MicLie PO3TAllyBaHHS MACIKU, BUXOJSYM 3 TAKUX
KpUTEpIiB: Mmacika Mae OyTH MOOIM3Y PIUKH 1 BIACTaHb BiJl HEl O caMOi BUIAJIEHOT
MEJIOHOCHOT AUISTHKA Ma€e OyTHU MiHIMaJIbHE MOKJIUBUM.

Meta monentoBanHs. CKIIACTH MOJIEb MOUIYKY MICISI PO3TalllyBaHHS MACIKH,
110 33JI0BOJIbHSIE YMOBI 3a/1a4i.

[HdbopmarriitHa MoJenb:

—  JUTHbHHII PIYKH BBAKAETHCS MPSIMOJIIHIHHOLO;
—  BUOUpAEThCS CUCTEMA KOOPJMHAT, y sKii Bick OX HampsMIIeHa B3JOBXK
pluKy;
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— B III{ CHCTEMI 3aJal0ThCSl KOOPJMHATU PO3TAIlyBaHHS 7 MEIOHOCHHX
JTITBHULG (€CTaplieT, COHAIIHMUK, Tpedyka, OBOYi, (PPYKTOBUU caj, Mocajaka
JIUTIH, JIYT 3 PI3HOTPaB'sIM) 3 ypaxyBaHHSIM TOTO, 1[0 BOHH 3HAXOATHCS 3 000X
CTOPIH PIYKH;

—  IIUPUHOIO PIYKK MOKHA 3HEXTYBATH;

—  IOYaTOK KOOPJUHAT MOEAHYEMO 3 a0CIIMCOI0 camii JTiBi1M AUTBHUILL

— JIOBXKMHA [IJIBHUII PIYKH OOMEXKYETbCS aOCIIMCOI0 caMoi IpaBoi
MEJIOHOCHOI AIJIHHHIII;

— Ha JaHOMY TIPOMDKKY PpO3TJISIAIOTHCSA KIHIIEBE YHCIO MOYKJIMBHUX
MOJIOKEHb TACIKH, IO 3HAXOMATHhCS Ha OJHIN BifCTaHl Apyr Bia apyra ( mar
TUCKpEeIUTAIlii);

—  JUIA KOYKHOT'O ITOJIOKEHHS MAaclKU OOYHMCIIOETHCS BIJICTAaHB Bl KOXKHOIL
MEJIOHOCHOT AUTHHUIIL Ta Cepe]l HUX BUOUPAEThCS HAO1IbIIA BIJICTAHb.

[ykanuii pe3yabTaT € MOJO0KEHHM MMACIKK Ha Oepe3l pIuKH.

MareMaTH4Ha MOJIEIIb:

—  BIACTaHb MK TOYKaMH 3HAXOUMO 3a

GopMy010 R =/(x, ~x,)* + (3, = 2" ;

— I KOXHOTO TIOJIOKEHHS IaciKh 3HAXOAuMO 7 BiJICTaHeW (10

KOXKHIHM IUTBHMITN) 1 cepel HUX 3HaX0MMO MaKCHUMaJIbHY BiJICTaHb;

—  cepea MaKCHUMAaJIbHUX BiJICTaHEH 3HAXOAMMO MiHIMaIbHY;
— 3HalijleHa MiHIMaJdbHa BIJCTaHb  BIJINOBia€  KOOpJWHATAM

MTOJIO’KEHHS ITaCIKH.

Komn'rorepHa mopens. [iid MOJETIOBaHHS BUKOPUCTOBYEMO CEPEIOBHIIEC
CJICKTPOHHOT Tabnuill, B AKIM 1HpoOpMaIliiHa 1 MareMaTH4Ha MoJei
00'eTHYIOThCS B TaOJIHUIIO, KA Ma€ JB1 00J1acTi:
—  BHUXIJHI JaH1 — KOHCTAHTH 1 KEpOBaHI MapameTpu;
—  pO3paxyHKOBI AaHi (pe3yJabTaTH).
KoM’ 1oTepHUH eKCIEPUMEHT:

Tabaunns 4.
A B C D E F G H I J K
1 Iar = 2 KM
2 KOQPHHHMH IonoxeHHs maciku
NIJIBbHUALD

3 [ Ne X y 0 2 4 6 8 10 12 14
4 11 0 2 2,0000 | 2,8284 | 4,4721 6,3246 8,2462 10,1980 | 12,1655 | 14,1421
512 1,5 -3,5 3,8079 | 3,5355 | 4,3012 | 5,7009 7,3824 9,1924 11,0680 | 12,9808
6 |3 3,8 -13 13,5440 | 13,1240 | 13,0015 | 13,1848 | 13,6616 | 14,4028 | 15,3701 | 16,5239
71 4 6 15,5 16,6208 | 16,0078 | 15,6285 | 15,5000 | 15,6285 | 16,0078 | 16,6208 | 17,4428
8 |5 8,5 12,5 15,1162 | 14,0890 | 13,2853 | 12,7475 | 12,5100 | 12,5897 | 12,9808 | 13,6565
916 9,5 -14 16,9189 | 15,8824 | 15,0416 | 14,4309 | 14,0801 | 14,0089 | 14,2215 | 14,7054
10] 7 14 5 14,8661 | 13,0000 | 11,1803 | 9,4340 | 7,8102 6,4031 5,3852 5,0000
11 Makc.: 16,9189 | 16,0078 | 15,6285 | 15,5000 | 15,6285 | 16,0078 | 16,6208 | 17,4428
12 Miuim. | Bigcranb.: | 15,5000
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BuicHOBKM 10 3ajayi: TakuM 4YMHOM Maciky Tpeba BCTAHOBIIOBATU B 6 KM BIJ
abciucy camoi JIiBO1 MEJOHOCHOT NUIBHUII O171s1 PIUKH.

Pamku cTarTi HE [03BOJIAIOTH PO3IJISIHYTH BECh CHEKTp 3aaad, IMIo
MPOIMOHYIOTHCA CTYJEHTaM, aje 3ayBaXMMO, 110 TOJIOBHUM MpU iX BiaOOpl € iX
NPUKJIAAHUN «GKUTTEBUI» XapakTep. B 3amauax He 3aBkKIU 3p03yMIIO0 IO JTAHO» 1
«IK 1€ TI0JIaTU», «I0 Tpeba OTpUMATH» 1 «B SIKOMY BUTJIAI», SIKUW MaTeMaTUYHUN
amapar 3aJliaTi 1 B SKOMY IIPOIrPaMHOMY CEpPEOBUII peani3yBaTd. 3 HAIIOl TOYKU
30py, HAaBUYUTH YYHIB [ISITH B CXOXHX CHUTyalllIX - € TOJOBHOIO 3a/1auero
1H(hOpPMATHKHY.
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1. bouxun A.M. Meroauka tnipenogaBanusi nHGopMaTuku: Yued. mocodue. - MH.:
Beimn.mk., 1998.- 430 c.

2. Indopmaruka: Iligpyunuk nus 10—11 k1. 3aranbHOOCBIT. HaBY. 3aKiajiB/
[.T.3apeupka, A.M.I'ypxkiii, O.FO.CokonoB. ¥ 2-x gact. Y. 2. — K.: ®opym, 2004. —
288 c.

3. Jlanuux M.I1. v np. MeTtoauka npenoaaBaHus HHPOpMATHKU:. Yuel. mocodue
JUISL CTYAEHTOB Mel. BY30B. - M., «Akagemusi», 2001 r. 624c.
4.  Mopsze H.B. Meronuka HaBuaHHs iHGopmatuku. Y. II Meroavka HaB4aHHS

iH(popmartiiinux texnonorii. — K.: HaBuanbna kaura, 2003. —288 c.

OBuaposa O.l.
Cmapwuii suxnaoay kageopu areeopu CHITY

Opramni3zanis caMOCTIHHOI pO0OTH CTYAECHTIB T'YMAHITAPHUX
CHeHiaJbHOCTEHd MPY BUBYECHHI TN CIUILIiHA

«Indgopmaruka ta T3H»

31aTHICTh CTYACHTA IO CAMOCTIHHOTO HaBYAaHHS JIC)KUTh B OCHOBI KPEJIUTHO-
MOJYJIBLHOI CHUCTEMHU TMIArOTOBKH KajapiB. IIpobGnema dopmyBaHHS HABUYOK JO
CaMOCTIMHOT pOOOTH y CTYJEHTIB B YMOBaX OCOOHMCTICHO OPIEHTOBAHOTO HaBYAHHS €
aKTyaJIbHOIO 1 KITFOYOBOIO B CUCTEMI SIKICHOI MATOTOBKM MailOyTHIX (haxiBiiiB. [1]

CygacHa oprani3arisi HaBUYaHHS Yy BUIIMX HABYAIBHHUX 3aKjIaJax IMOTpedye
KapAuHAIBHOI TepeOymoBH. 3 HAIIJIEHOCTI Ha 3amaM’ STOBYBAHHS TOTOBUX 3HAHb
HEOOXITHO TMepedTH a0 (GOpMYBAaHHS BMIHHS TBOPYO HABYATHUCS, MNEPEPOOISTH
HAyKOBI 3HAHHS Ha CYCHUIbHUN JOCBIJ 10 TOTPEO MPAKTUKU.

Takum 9MHOM, OCHOBOIO BUKJIAJaHHS y BUIMX HaBUYAIHHUX 3aKJIaJIaX TOBUHEH
CTaTU METOJIOJIOTIYHUNM MPUHIUIT ISUIBHICHOTO MIAXOy, IPU peatizailii SKoTro He
BUKJIaJlay HABYA€, a CTYJCHT HABUAETHCS CaM B MPOIIECI BJIACHOI AlIsUIbHOCTI. Poub
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BHUKJIaJlada B TAaKUX YMOBaX IEPETBOPIOETHCS HA POJIb OpraHizaropa HaBYAIBHOI
JISITBHOCT1 CTYJICHTIB, a HE JIFOJIMHU, KA JIUIIE NepeIae CBO1 3HaHHS.

CamocrTiiiHa poboTa € BaXJIMBUM 3aCO00M OpraHi3allii HaBU4aJbHOIO MPOLIECY B
MeJaroriyHuX HaBYAJIIBHUX 3aKJIaJlaX, OCKUIbKH MaiOyTHIM BYHMTENh MOBUHEH OyTH
MIJTOTOBJICHUH 10 MPOIECY CaMOBIOCKOHAJICHHS, IMIJBUINECHHS CBO€i KBajidikarii,
TBOpUOro nouryky. CamocTiiHe HaBUYaHHS — 1€ IIJISAX 10 eAaroriyHoi TBOPUOCTI.

AKTHBHICTh OCOOHMCTOCTI CTyJ€HTa BHUSBISIETbCS y TIOCTAHOBIl METH
caMocCTiiHOI poOoTH, i1 IUIaHyBaHHI, BH3HAauYeHHI 3aco0iB, camMoMoOimi3aIii Ta
CaMOKOHTpOJIi, OIIHII pe3ynbTariB. CamocTiiiHa poOoTa BUMAara€ iHTEHCHBHOIO
MUCJICHHS, BHUIIICHHS pPI3HOMAHITHUX TII3HAaBaJbHUX 3aJiad, BEJCHHS 3alluCiB,
OCMMCJICHHS Ta 3araM’ iTOBYBaHHs HaBYAIbHOI 1H(OpMAIii.

Jlns 3a0e3meueHHs SKOCTI CaMOCTIMHOTO HaBYaHHS CTYJIEHTa HEOOX1THO
CTBOPUTH MEBHI YMOBH:

1) cucreMatuuHe BUKOHAHHS CTYJICHTaMH BCIX BHU[IB CAMOCTIMHOL
poboTH, 1m0 nNoTpedye YiTKOro rpadika caMocTiHHOI poOOTH CTyJEHTa Ta
3a0€3IeUeHHsI BIJIIMOBIIHOTO KOHTPOJIIO;

2) KOMIUIEKCHUH MiAXiA 10 CaMOCTIMHOI poOOTH, TPH SKOMY
CTYJCHT IIiJI Yac CaMOCTIMHOTO HaBYaHHS CIUPAEThCA Ha 1HQOpPMAIliIO
OTPUMAaHY IiJT Yac JIEKIIii, IPAKTUYHOTO 3aHSTTSI, TOPIBHIOIOUHU MPU LILOMY
iH(bOpMaIlilo 3 pI3HUX JPKEpEN, JOMOBHIOIYM Ta YTOYHIOIOYH OTpPUMaHi
3HAHHS;

3) HeoOxigHICTh (POpMYyBaHHS y CTYJICHTA Mi3HABAJIBLHOTO 1HTEPECY,
Mi3HABAJILHOT MOTHBAIL[ll HABYAHHS;

4) HaykoBe, HaBYAIbHO-METOAWYHE, TEXHIYHE 3a0€3MCUCHHS
MiTOTOBKY CTYJCHTIB. [2]

BropoBamkeHHss B HaBYaJIbHUN Mpollec 3aco0iB CydacHUX i1H(OpMaIiitHuX
TEXHOJIOT1H TaKOXX CIPHSIE 3MiHI XapaKTepy Mi3HaBAIbHOI AISIILHOCTI CTYJEHTIB y 01K
i1 OUIBIIIOT CAMOCTIMHOCTI 1 TOIITYKOBOTO XapakTepy.

Haguanbsna nporpama nucturiinu «ladopmaruka ta T3H» mist rymaniTapHux
CHerianbHOCTe Mepeadadae caMoCTiiiHYy poOOTy CTYAEHTIB, OCKIIbKH KUIBKICTh
TOJIMH, BIABEACHUX MJisi AyJUTOPHUX 3aHATh HE MOXKE OXOMHUTH BECh HaBYAIbHHM
MaTepiai IaHOTO KypCy.

[Tpu BuBuenHi mucuurutiau «lupopmaruka ta T3H» 3actocoByroThbest pi3Hi
dopMu caMoOCTiifHOI pOOOTH CTYIEHTIB: 3aKpilUIEHHS JEKUIHHOTO MaTepiaiy,
BUBYCHHS TCOPETUYHOTO MaTepialy BHU3HAYEHUX TEM, BHKOHAHHS 1HIWBIIyaTbHUX
3aB/IaHb, MIJTOTOBKA O BUKOHAHHS JIaDOpaTOpHUX pOOIT, HANMCAHHS pedepariB i
T.4. IIpy pOMy CTYJE€HTHM BUKOPHCTOBYIOTH PI3HOMAaHITHI JKepena iHdopmarii —
NIJPYYHUKH, METOJWYHI TOCIOHMKHM, JKypHaJM, a TaKOX 3aco0M Cy4dacHHUX
iHQOpMaIITHUX TEXHOJIOTIA — Mepexy IHTepHeT, eNEeKTPOHHI MiAPYYHUKH,
JIOBIJTHUKH 1 T.II.

CamocriitHa po0oTa € HEBIJI'EMHOIO CKJIQJIOBOIO Oy/b-siK0i, OocBiTH. OJHAK 4H
HE HaAWBAXIIMBIIIE MiCIle, SK 3a 00CATOM, TaK 1 3a 3HAYCHHSM, BOHA 3aiiMae y
HABYAIBLHOMY IPOIIEC] CTYICHTa-3a0YHHKA.
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[Ipu 3a04HOMY HaBUYaHHI OCOOJMBO JOIILHUM € TIEPEHECEHHS aKIEHTY 3
MPIOPUTETY AISUIBHOCTI BUKJIa/a4ya Ha CAaMOCTINHY Mi3HABAJIbHY JIAJBHICTh CTYAECHTA,
Ha CTBOPEHHSI Y HHOT'O MO3UTUBHO-EMOIIIHOTO BIAHOIICHHS 10 HaBYaHHS. [ 1 ]

Oco6sBa yBara nNpuIiII€TbCsl CAMOCTIMHIN pOOOTI MpU BUBUCHHI JUCIUTUIIHU
«Ilndopmatuka ta T3H» cryaeHTamMu 3a04HOrO BAJLTY, /1€ AJI1 ayAUTOPHUX 3aHATH
BIIBOJUTHCS Juiie 6-8 roaud. Tomy OUIbIIy YacTHHY HABYAJbHOIO Marepiany
CTYJIGHTaM TPUXOJIUTHCA BUBYATH CaMOCTiHO. [lpu 1bOMY BHHHKAIOTH JESIKI
poOJIeMH Ta TPYIHOIIII.

[Tomryk HeoOXimHOI JiTepaTypu, Uil BHUBYEHHS 3a JIOMOMOTOI0 HEi TeM,
BIJIBEJICHUX Ha CAMOCTIMHY poOOTy MOTpeOdye MEBHOTO Yacy Ta 3yCHJIb CTYJEHTIB -
320YHUKIB. AJie B yMOBaX HETPHUBAJIOI 32 4aCOM CECii Ta MEePEBAHTAKEHOTO PO3KIIATY
3aHATH HA 320YHOMY BIiJI1IEHH]1 3pOOUTH 1I€ JOCUThH CKIIAJHO.

Jiia GibI e(eKTUBHOTO Ta PalliOHaTHHOIO BUBUYEHHS HaBYAIBHOTO MaTepiay
CTyJICHTaMU 3a04HOi (OpPMHU HaABUaHHS HaMHU PO3POOJIEHI METOAUYHI MOCIOHUKH
«Indpopmatuka ta T3H», «BukopucranHs 3aco0iB cy4acHUX 1H(POpPMaLIHHUX
texHosorii 1 T3H Ha ypokax MoBM Ta miTepaTypw», sKI JOCTYHHI KOXXHOMY
CTYJICHTY.

[{i MeToauyHl TMOCIOHUKU B CTHCIIM, TOCTYyHHIA (OpMI MICTATH TEOPETHUYHI
BIJIOMOCTI OCHOBHMX TE€M JIaHOTO KypCy, a TaKOX 3aBAaHHS JUIsi BUKOHAHHS
1abopaToOpHUX POOIT, KOHTPOJBHI 3alUTAHHS, CIIUCOK PEKOMEHIOBAHOI JITEpaTypH
JUTST OUIBI ITOTJIMOJIEHOIO BUBYEHHS KOXKHOI TEMH.

Crig 3a3Ha4YMTH, 110 3aBJAAHHS J0 JJA0OpaTOPHHUX POOIT KPIM TPaAUIIIHHUX, 110
CIIUPAIOTHCS HA BUKJIAJICHUN TEOPETUYHUN MaTepian Ta MPUKIAAN, BAKOHAHHS SKHX
PO3MIIIEHO B SIKOCTI 3pa3KiB, MICTITh 1€ ¥ 3aBAaHHS TBOpPYOro Xapakrtepy. s
BUKOHAHHS 3aBIaHb TaKOro TUIy OaXaHMM € BHUKOPUCTaHHS Cy4YacCHUX
1HbOpMaIIHHUX TEXHOJIOTIH.

BukopucranHs 1aHux MOCIOHUKIB JI03BOJISIE OUTbII €()EKTUBHO OpraHizyBaTH
HAaBUAJIbHUM TIpolleC  IMiJI Yac YCTAHOBUOi Ta €K3aMEHAIilHO1 cecii, OUIbII
paIioHaJbHO BHUKOPHCTOBYBAaTH HaBUaJIbHHM dYac CTyACHTaMHU 3a04HOI Qopmu
HaBYaHHS, 1110 Ma€ MO3UTUBHI BIATYKHU 3 OOKY CTYJIEHTIB Ta BUKJIA/1aviB.

Nitepatypa
1.  Kanawnux HI'., Bepmecen B.JIl. CamocrtiitHa po0OoTa — TOTYXHHUH 3acid
Cy4YacHOi OCBITH 1 BUXOBaHHS. — 3anopixxs, 2005.
2. Ilanacenxo E.B. CamocriiiHa poOOTa CTYAEHTIB y BHILOMY M€IaroriyHOMYy

HaBUYaJIbHOMY 3akJjaji // PigHa mkomna. — 2007, — Ne 5.
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BaTtyHina B.I.
Acucmenm kagheopu anceopu CJ/I1Y

MyJabTUMeiHHA MPe3eHTallis AK CYYaCHUH 3aCi0 HABYaHHA

B crarri po3misiHYTI THTAaHHS TIABUIICHHS MOTHBAIlli HaBYaHHS IIISTXOM
BUKOPHCTAHHS CyYaCHUX KOMIT IOTEPHUX TEXHOJOTINH. 30KpeMa pO3TSHYTE MUTAHHS
BUKOPHUCTAHHS CIAWJOBUX TMPE3CHTAIId 3 BUKOPUCTAHHSAM TINEPTEKCTOBUX
MOCWJIaHb, ayA10 Ta B1JIEO BCTABOK.

KuarouoBi cioBa: cyuacui komn’tomepHi mexHonozii, mexHiuHi 3acobu HABUAHHS,
Cnauoosi npezenmayii.

[Ilo6 ycmimHO pO3BUBATH Ii3HABAJbHI IPOIECH B HABYAJIBHIN ISJIBHOCTI,
HEOOX1JTHO TIyKaTH OLIbIN CydYacHi 3aco0M ¥ MeToAW HaBuaHHA. BukopucraHHs
KOMIT'IOTEpa 3 MOro BEJIMYE3HUMH YHIBEPCATIBHUMH MOKJIMBOCTSIMU 1 Oy/ie OJHUM 3
TaKUX 3aco0iB.

[lepconanbHuil KOMIT'IOTEp - yHIBEpCAJbHUN HaBYaIbHMUN 3aci0, 110 MOXeE
OyTH 3 YCIIXOM BHUKOPHUCTAaHO Ha pPI3HOMAHITHUX 3a 3MICTOM 1 Oprasi3aiii
HaBYAJIBHUX 1 M03ayPOYHUX 3aHATTSX.

3acTocyBaHHA KOMI'IOTEPHUX 1HPOPMALIIMHUX TEXHOJIOT1M Y HABYaHHI - OJIHA 3
HaNHOUIbII BaXJIMBUX 1 CTIMKUX TEHJEHLIA PO3BUTKY CBITOBOTO OCBITHBOI'O MPOLECY.
[HpopmariitHa TEXHOJIOT1A HABYaHHS - 1€ MPOLIeC MIATOTOBKY 1 nepeaadl iH(opmarii
3ac00aMH KOMIT'FOTEPHOT TEXHIKH.

MynsTuMeniiiHa ¢opma MpeCcTaBIeHHS HaBUYalbHOI 1H(OpMAaIlii HaWOIIbII
aKTyaJbHa Ha CbOTOJIHIIIHINA JIEHb Y 3B'SI3KY 3 KOMIT'IOTEPHU3ALII€I0 MPOIIECY HABUYAHHS.
3 METOI PO3BUTKY OCOOMCTOCTI TMOTpiOHA 1HIIA METOIWKA TIPE/ICTaBICHHS
HABYAIHLHOTO MaTepially: BOHA MOBUHHA CIIPUSATH PO3BUTKY MHCIICHHS 1 MI3HABAIBHOI
aKTUBHOCTI, 3a0e3medyBaTd I1HIMBIAyalbHY TPAEKTOPII0 HABUYaHHA. Y JaHOMY
KOHTEKCTI HAOYHICTh BHMarae Oe3lepepBHOI MPUCYTHOCTI BUKIaAada, abo
Oe3mocepeIHb0 KEPYIUH MPOIECOM CIPUUHATTA W TepepoOku iHdopmarltii, ado
BIpTyaJIbHO — 4Yepe3 OpraHizaiilo ¥ CTPYKTypy HaBYaJIBHOTO MaTepialry 3
ypaxyBaHHSAM ICUXOJIOTTYHUX OCOOIMBOCTEN CIPUUHATTS KOMI'TOTEPHOT 1HPOpMAIii.

Haii6inpm gocTymHuM 3aco00M 7l CTBOPEHHS BIACHUX KOMITIOTEPHUX
HaBUYAJIbHUX MPOJYKTIB € mporpama Power Point — malicTep CTBOpEeHHS Mpe3eHTalliil.
Buknagau moke MepeTBOPUTH MPE3CHTAII0 B 3aXOIUIIOIOUMNA CHociO 3amydeHHs
CTYJICHTIB B OCBITHIO NIsUTbHICTH. [IpruoMy mpe3eHTalliss MOKe CTaTH CBOEPIIHUM
IUTAHOM 3aHSTTS, WOro JIOTIYHOIO CTPYKTYpOIO, TOOTO MOXe OyTH BUKOpPHCTaHa Ha
OyIIb-IKOMY eTalll 3aHsITTs a00 Ha OyIb-IKOMY BHJ1 3aHATTS, OyJb TO: BUBUYEHHS
HOBOTO MaTepiary abo 3aKpilieHHs, KOHTPOJIb 3HaHb a00 JOMAIITHE 3aBIaHHS TOIIO.
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MynbTUMeIIHHA MPE3eHTAllisl K Cy4acHUH 3aci0 HaBYaHHS

[Ipe3enTaniss  Ja€  MOXIMBICTh  BUKJIAJady  BHUSIBUTH  TBOPYICTH,
1HAUBITYaJIbHICTh, YHUKHYTH (OPMAJIBHOTO MIAXOAY 10 NMPOBEACHHS 3aHATh. BoHa
3a0e3nedye BUKJIaJaqy MOXKIUBICTb JJIS:

¢ iHdopMaIiITHOT M ATPUMKH;
UTIOCTpYBaHHS;
BUKOPUCTaHHS PI3HOMaHITHUX BIIPAB;
€KOHOMII yacy i MarepiaJibHUX 3ac001B;
PO3IIKUPEHHS OCBITHBOTO MPOCTOPY YPOKY.

3aBAsSKA BUKOPUCTAHHIO TIPE3CHTAIlIN Y CTYACHTIB CIIOCTEPITAETHCS:
® KOHIEHTpAIlisl yBaru;
® BKJIIOYCHHS BCIX BHUJIB Mam'siTi: 30pOBOi, CIYXOBOi, MOTOPHOI,
acoI1aTUBHOT;
e OurbIIe MBUAKE U TTIMOOKE CIPUIHATTS MaTepialy;
® IIIJIBUIIICHHS IHTEPECY O BUBUCHHS MIPEAMETA;
® 3pPOCTAaHHS MOTHUBAIIIl 10 HABYAHHS.

Ha »anp, BUKOpUCTaHHsS Npe3eHTalld BHUKJIaJadyaMH IiJ 4ac HaBYaJIbHOI'O
MPOIECY YacTO 3BOJUTHCS 10 3aMiHM HAMUCIB Ha JomIIl. ['oJOBHHUMH mepeBaramu
BUKOPHCTAHHS HaBYAJbHUX MPE3CHTALlI Y HaBUYaJIHLHOMY IPOLIEC] € IHTEPAKTUBHICTD
1 migBumieHa e(eKTHBHICTh CHPUMHATTA. 3acCTOCYBaHHS KOJIbOPIB, Tpadiku i
aHiMalli, 3BYKy, CyYacHMX 3aco0IB BIJICOTEXHIKA JO3BOJISIE MOJEIIOBATU
PI3HOMaHITHI CUTYyalli i cepeloBUIlla, PO3BUBAIOYY MIPH I[bOMY TBOPYI il Mi3HABaJIbHI
3/110HOCTI1 Y4HIB.

[Ipe3enTarniii CHpusitoTh TMEPETBOPEHHIO 3aHATTSA B IHTEPAKTUBHY JiIO.
InTepakTMBHE HaBUaHHA — 1€ cCHeliaibHa ¢opMa opraHizaili Mi3HaBaJIbHOI
TISUTBHOCTI, IO JTO3BOJISIE 3AIMCHUTH B3a€MOJIII0 BUKJIaJada 1 CTyJCHTA, CTYJEHTA 1
KOMI'IOTEpa, 10 Ma€ LUIKOM KOHKPETHI i mporro3oBaHi uimi. OfHa 3 Takux el
CKJIaJIa€ThCSI B CTBOPEHHI KOM(MOPTHUX yYMOB HaBYAHHSA, TaKUX, MPU SKUX CTYACHT
MOYyBa€ CBOIO YCIIIIHICTb, CBOI IHTENEKTyaJlbHYy 3aMOXHICTb, IO pPOOUTH
OPOAYKTHBHHM CaM TpOIleC HaBuaHHSA. Bin BHKIIagada 3alle)XUTh OpTaHi3yBaTu
HaBYAJILHUHN MPOLIEC 32 TOTIOMOTOIO MPE3eHTAIllil TAKUM YHHOM, IO MPAKTUYHO BCI
YUHI BUSABIISIOTHCS 3aJTy9€HUMH B TIPOIIEC Mi3HAHHS.

Ham pgocBig 3acTocyBaHHS KOMITIOTEPHUX CIIAMJAOBUX IPE3CHTAIlId Yy
HaBYAJIBLHOMY IPOIIEC] MAKPECIUB 0€3CYMHIBHI IEPEBary IbOro BUIYy HAaBYAHHS:
e iHTerpauis TINepTeKCTy (BUKOPUCTAHHA TINEPHOCHIAaHb) 1
MyJbTUMeEIA (00'€THAHHS ayauo-, B1I€O- 1 aHIMAIIHUX €(EeKTIB) y €IUHY
NPE3EHTALII0  JI03BOJIsIE  3pOOMTH  BHUKJIAJ HABYAJIBHOIO  Mareplaiy
CHUCTEMHUM, SICKPABHM 1 MIEPEKOHIINBHM;
® CIOJyYEeHHsS yCHOTO JEKIIHHOrO MmaTepialy 3 JAEMOHCTpPAIIIEI0
cinaiia-(iTeMy 103BOJISIE KOHIICHTPYBAaTH yBary CTYJEHTIB Ha OCOOJIMBO
BOKJIMBUX MOMEHTaX HABYAJIHHOTO MaTepiamy.
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®opMu 1 MiCIle BHUKOPUCTAHHA MYJbTUMEIINHOI mpe3eHTauii (ado HaBITh
OKpeMOro 1ii cliaifla) Ha 3aHATTI 3aJIeKaTh, 3BUYAWHO, BIJ 3MICTY IILOTO 3aHATTS,
METH, 10 CTaBUTh BUKIanmad. [IpoTe, Hama mpakTHUKa T03BOJSE BUILIUTH ACSIKi
3arajibHi, HAaOUIBIT €(pEeKTUBHI MPUMOMH 3aCTOCYBaHHS TaKUX MOCIOHUKIB:
e [lpu BuBYEHHI ¥ 3akpilieHHI HOBOro Marepiany. Jlo3Bosse
UTIOCTpYBaTH  PI3HOMAHITHUMH  HAOYHUMHU  3aco0amu. 3aCTOCYyBaHHS
0COOJIMBO KOPUCHO B THX BHIQJKaxX, KOJW HEOOXITHO MOKA3aTH JUHAMIKY
PO3BUTKY SIKOTO-HEOYIb MPOLIECY.
e J[ns mornuOIeHHs 3HaHb, K TOAATKOBUN MaTepiall 10 YPOKIB

Bukopucranas KoMI'IOTEpiB y HaBYAJIBHIN AISUTBHOCTI Ha Cy4yacHOMY eTarli
BUTJISIJIA€ IIJIKOM IIPUPOJIHHUM 3 TIOTJISAY CTYJICHTA 1 € OJTHUM 3 €(pEeKTUBHUX 3aCcO0IB
M1BUIIEHHS MOTHUBAIIIT 0 HABYAHHS 1 PO3BUTKY TBOPUYHUX 3A10HOCTEH.
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NMununeHko B.1O.
Cmapwuii suxnaoay kageopu anreeopu CHITY

IIpo BIpoBa:KeHHA MaTeMATHYHHUX MAKETIB Yy HABYAJIbHUM
npouec

CydacHe JIIOJICTBO TE€pEXUBA€ TIEPioJl CTAHOBJIEHHS 1H(OpMAIIHHOTO
CyCHIbCTBA, OJHUMH 3 OCHOBHHUX BHJIIB JISUIBHOCTI SIKOTO CTalOTh BHUPOOHHUIITBO 1
BUKOPHUCTaHHA 1H(poOpMalii, a KOMI'IOTepU3allil € YacTHHOI I[bOTO IMPOILIECY.
[npopmariiss cTa€ TONOBHUM pPECYpCOM HAayKOBO-TEXHIYHOTO 1 COIaJIbHO-
€KOHOMIYHOTO PO3BHUTKY CBITOBOi CHIIHHOTH Ta ICTOTHO BIJIMBA€ HA MPUCKOPEHUU
PO3BUTOK HAYKH, TEXHIKM 1 PI3HHX Tajly3el rocrnojapcTBa, I'pa€ 3HA4YHYy poOJib B
Mpoliecax BUXOBAaHHA 1 OCBITH, KyJbTYPHOT'O CIIJIKYBaHHS MIXK JIIObMH, & TAKOXK B
IHIIUX CcOoLlaIbHUX obOyacTsXx. O4ueBUIHO, 110 iH(QOpMaTHU3allis OCBITH € KIOUYOBOIO
YMOBOIO PO3BUTKY CYCIIUJIBCTBA, BOHA HAKJIaJa€ CBIM BIJOMTOK HE TUIBKKH Ha
OpraHizallif0 3HaHHs B Cy4YacHIM KapTHHI CBITy, ajie ¥ Ha CIOCOOM 1 MPUHOMH
MUCJICHHSI.
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[Ipo BpoBaKEHHS MaTEMaTUYHUX MAKETIB Y HABYAIBHUHN MPOIIeC

Cohorogni B y4yOOBOMY TMpoOIeCl BHUIIOI IIKOJM pa3oM 3 MOBaMHU
MporpamMyBaHHs, €JICKTPOHHUMH TaOJUISIMH TIPOIIOHYETHCSI BUKOPHUCTOBYBATH Taki
3acoOu 1HQOpMAIIHHUX TEXHOJOTIM, SK I1HTErpOBaHI MaTeMaTU4YHI TMaKETH,
CTBOpEHHsI SIKUX OyJsio mouate mie B 80-1 pOKM MUHYJIOTO CTOpiuYsi, IPOTE PiBEHb
iHTepdeicy MmakeTiB, 10 J03BOJMB €()EKTHBHO BUKOPHUCTOBYBATH iX B y4OOBOMY
npoiieci, OyB JOCATHYTUM TUIBKK HAIMPUKIHI JBAALSATOTO CTOMITTSA. MaTeMaTUuHUA
MaKeT 3 MOTJIAAY IMEJaroriku € AUAAKTHYHHM 3ac000M HaBYaHHS, SIKE 32 HasSBHOCTI
BIJIMOBIAHOT METOJIWKH BHKJIAJaHHS JO3BOJISE ONTHUMI3yBaTH Yy4OOBHH IpoIleC.
MaremMaTuyHuil nakeT 3 norsaay iHpopmaTuku - 1€ iHdopMarlliiiHa TEeXHOJOTis,
MpU3HAYeHa JIJIi aBTOMATH3allli BUPINICHHS MaTeMaTHYHHMX 3aBJAaHb B PI3HUX
raiy3siX HayKd, TEXHIKM Ta OCBITH, IO IHTETPYE€ B ce0Oe CydacHHA 1HTepcbeHc
KOpPHUCTYyBaua, BI/IpHHyBaHH}I MaTeMaTUYHUX 3aBAaHb (SK YHCEIbHHUX, TaK 1
aHAMITHYHUX) 1 3aco0M Bi3yamizaiii pe3ysbTariB po3paxyHKiB (oOuuciens). OmHa 3
TOJIOBHUX TEepeBar MaTeMAaTHYHUX ITaKETIB TOJSATAE B TOMY, IO BOHH, 3BUTLHSIOYH
KOpPUCTYBaya BIJI PYTMHHUX OOYMCIIEHb, BUBUIBHSIOTH 4Yac ISl OOAyMYyBaHHS
QITOPUTMIB BUPIIICHHS 3aBJaHb 1 CIOCOOIB iX PpIIIEHHS, JAal0Th MOMJIMBICTD
IpeACTaBICHHS PE3y/bTaTiB OOUYMCIEHh MAaKCUMAaJIbHO B HAaO4HIA ¢Gopmi, a TaKoxX
MarTh BOyJ0BaHI (pyHKIIII, IO MICTATh peajizallifo Toro abo I1HIIOr0 YHUCEIHHOTO
METOJY.

HoBi mupoki MOKIMBOCTI JIJIsl BAOCKOHAJICHHS MaTeMaTHIHOI OCBITH Ha BCIX
il eTamax — BijJ IUJIECIPSIMOBAHOTO HaBYaHHS 1 OCBITH JI0 KOMIUICKCHOI IIJATOTOBKHU
MOaUHU 110 TpodeciiiHol AIsSUTbHOCTI 1 camopeani3allii HaJaloTh YHIBEpCaJbHI
MaTeMaTu4H1 mporpamHi npoaykru tumy Mathcad, Maple, MatLab, Mathematica 1
T.1H.

VYHiBepcaabHI MAaTeMAaTHUYHI TMAKETH JAl0Th MOXIIMBICTH JIETKO peani3yBaTu
CTaHJAPTHUMHU 3aco0aMU TPOTpaMU HAWBAXKJIMBINIT 3 METOJUYHOI TOYKH 30Dy
npuHmnu: “Big mpocroro no ckiagHoro” 1 “MakcMManbHa HAOYHICTh 1 3pYUYHICTD
poOGotu”. Ilepmmii npuHuun 3a0e3neuye MOEAHAHHS 1HAMBIAYaJbHUX 1HTEPECIB
CTYJIEHTIB 1 UIECOPSIMOBAHOTO (OPMYBaHHA y HHX HABHUYOK CaMOCTIMHOI
Hi3HABAIBHOI MisubHOCTI. Moro peaizaliis Ja€ MOXKJIUBICTh CTyJACHTaM 3aCTOCYBaTH
JUISL BUPIIIEHHS! TOTOYHOT'O OCBITHHOTO 3aBJaHHS Pi3HI CIOCOOM, CXeMATUUYHUN OIHC
AKUX MOKHA JaTh TaKMM YHWHOM: CTAaHJApPTHE pIIIeHHS 3aaadl (BUKOPHUCTAHHS
mporpamMu  SIK  “HAANOTYKHUM KaJIbKyJISATOp” Uil BUKOHAHHA pO3pPaxyHKIB 3a
QIrOpUTMAaMHM, 3alPOIIOHOBAHUMHU BHKJIAJauyeM); TMOTJIUOJNICHEe pIIIeHHs 3ajaadi
(craHnmapTHEe DpilIeHHS 3ajadi, [0 CYNPOBOKYETHCS CAMOCTIHHUM aHai3oM 1
pO3pOOKOI0  aNrOpWTMy  pIIIEHHS  3a7adi); NOrHOJeHe  BHUBYCHHS  CyTi
JOCTIKYBaHUX  3aKOHOMIPHOCTEH (mornmmubneHe  pimieHHS — 3ajadi, 10
CYTPOBOLKYEThCS “BIpTyaJIbHUMH  eKcliepuMeHTamu’’). Peamizarfiss  mpuHIUTY
«HaouHicTh 1 3pydHICTE» 3a0€3MEUYETHCS]  CTAHIAPTHUMH  MOKIUBOCTSIMU
yHIBepCaTbHUX MaTEeMAaTHYHUX TTAKETIB.

MeToanYHOI0 OCHOBOIO POOOTH 3 MAaTEMaTUYHUMH MAKETaMH € KOMIUJICKCHUN
1 AX1]T, 1110 ITOJISTa€c B
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® [IOCTYIIOBOMY YCKJIQJHCHHI1 BXXMBaHUX 1H(OpPMaLIMHUX TEXHOJOTIH 1o Mipi
3pocTaHHs KBajiikaiii CTyJeHTa 1 MiJABUIICHHS CKJIAJIHOCTI 3aBJaHb, IO
BUHUKAIOTh MEPE] HUM;

® Y3ro/PKEHOMY IMJIBUINEHHI PIBHS 3HaHb B 00JacTi HOBHUX 1H(OpMaIIHHUX
TEXHOJIOT1 1 PO3MIMPEHHI ITTMOMHY 3HAHB, MPUI0AHUX 3 THIIUX JUCIUTLIIH;

® [IOCTYNOBOMY, BIJI Kypcy 10 KypcCy, MOCWUJIEHHI MOTHBalli y CTYyJIE€HTa [0
CaMOCTIHHOTO  BHWBYCHHS 1 BHUKOPHCTAHHS  MOXJIHMBOCTEH  CyYacHHX
iH(pOpMaIIiHUX TEXHOJIOTIH 3a pPaxyHOK IIOCTYNOBOIO  YCKJIQJHEHHS
BUPILTYBaHUX 3aBJaHb 3 MPOPUILHUX TUCUUILIIH.

BrpoBa/pkeHHSI MaTeMaTHYHHUX ITaKeTiB B y4OOBHI Mpolec MOKa3ye, o
pa3oM 3 PO3BUTKOM HABHYOK POOOTHM 3 HOBUMH TPOTPAMHHMH IPOJAYKTAMH
3a0e3neuye (opmMyBaHHS MaTeMaTHYHOI OCBITH SK B paMKaX KOHKPETHOI
JTUCIUIUTIHU, TaK 1 BIOPOJOBX BChOTO HABYaHHA Y BY3l, 3 IOCTYIOBUM
MEPETBOPEHHAM KOMIT'IOTEpa B pyKaxX CTYJIEHTa 3 IHCTPYMEHTY YMCeIbHOI 0OpOOKH B
1HCprMeHT aHaJnsy 1 T3HAHHS HABKOJUIIHKOTO CBITYy. [Ipm IBOMY JIOCATAETHCS
MiIBUIIEHHS PIiBHS 3HaHb B 00JACTI MaTeMaTHYHHUX po3paxyHK1B 1 pO3MIUPEHHS
rIMOWHY 1 3HAHB, MPUA0AHNX 3 HINIUX JUCIHILIIH, Y TOMY YHCII 13 CTICTIaThHUX.
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I'ymanitapu3ariist IKUTEHOT MPOQIIEHOT OCBITH: BCi 32 Ta IPOTH

MeToouka BUKnagaHHA MaTeMaTUKun

NypkoBcbka H.O.
Cmyoeumxa 5 kypcy epynu SM-1 gizuko-mamemamuunozo gpaxynememy CHITY

I'ymaniTapusanisi mkijibHOI NPogLILHOI OCBIiTH: BCi 32 Ta
NMPOTH

AHoTaunif. Y I0CKOHAJIEHHS MPOLeCy HaBYaHHS CTAPIIOi IIKOJIH, 30KpeMa BBEICHHS
foro mpo@UIBHOCTI, BHSIBWIO 3HAUYHY KUIbKICTh MpoOJieM, TIOB’A3aHUX 3
BUKJIAJaHHIM HEnpoQIbHUX MpEAMETIB y Kiacax pi3HOi mpoduibHOCTI. MeTtoro
JaHOI CTaTTI € BUCBITJIICHHA MpoOJeM, MOB’S3aHUX 3 BHKJIAJAHHIM MATEMATHKH Y
KJIacaxX COIIaJIbHO-TYMaHITapHOTO MNpoQuUII0 Ta HABEICHHS MOXIHUBUX IIUISAXIB
BUXOJIy 3 CUTYyalIlii, [0 BUHUKJIA.

KarouoBi cinoBa: npoginizayis, eymanimapuuii npogine, Konyenyis npoghinernoco
HABYAHHS, NPOGhecilina ma YYHIBCbKA KOMNEMEeHMHOCMI, Memoou HA8UAHHSL.

IHocranoBka mpobsaemu. [IpoOieMoOr0 JOCHIIKEHHST BUCTYNA€ BU3HAUCHHS
JOUIIBHOCTI BIIPOBA/DKEHHS Ta aHali3 HEIOJIKIB mpodini3amii 3 HarojiocoM Ha
ryMaHITapHUUA HaxXw B Cy4yacHIM OCBITI 1 HemOaje BIJHOIICHHS JI0 BUKJIAJAHHS
MaTeMaTHUKH B KJIacax 3 TAKUM YKIOHOM.

AHauiz gpociimxenb i myOgaikamiid 3 temm. Lliero mpobiieMoro 3alimanucs
Oarato JOCIIIHUKIB Ta HayKOBIIB, 30kpema B. I'y3zeeB, B. I'puropenko, H. bi6ik, O.
[Tanimesa. Kaxxyun OUIbII A€TANBHO, CJI1JT HATOJIOCUTH, 110 POOOTH BKa3aHUX BUIIE
HAyKOBIIIB CTOCYIOTbCS BH3HAUEHHS KOHKPETHUX MNUISAXIB YAOCKOHAJEHHS IMPOIECY
npodinmizamii Ta CTBOpEHHS YMOB i Horo ontumizamii. Tak, Hampukmam, O.
[lanimeBa po3pobmia mporpamy coenkypcy s MaiOytHix BumteniB BH3, mio
BUKJIAJIATUMYTh y KJIacaxX BIAMOBIIHOTO Mpoduro. B 1bomy 30ipHHUKY dyXkKe HiTKO
OKpECIIeHI TOJIOBHI MUTaHHS, Ha SK1 CJ1JI 3BE€pHYTH yBary IMpu MiAroToBI (axiBIliB
nporo HanpsAMmky. B. I'y3zeeB, B. I'puropeHko mpoBoaaTh poOOTy MO BU3HAYEHHIO
3MICTy MaTEeMaTHYHOTO MaTepiaiy, [0 Mae OyTH BKJIIOYEHHMH Yy MPOrpaMu KIIaciB
BimmoBimHoro mnpodimo. H. bibik 3aliMaeThcs TPoOJIEMOIO  BIIPOBAKCHHS
npo(UILHOrO HAaBYaHHS B MEJAroriyHiil Teopii Ta mpakTuilil. BoHW 3akianu OCHOBH
npoOiemMu, 10 BU3piBaja 3 CaMOro MOYaTKy peQopMyBaHHS 3arajbHOl IIKUIBHOI
OCBITH.

IlocTanoBka 3aBaaHHsi. ['0JIOBHUM 3aBJaHHSIM HAIOi CTATTI € MPOBEICHHS
JOCIIIKEHHSI, SIKE BUKPUBAE KPU3UCHI sIBUIIA Y chepl TpodiIbHOT OCBITH.

Mertonyka BUKIaJaHHSI MaTeMaTUKNA 155



I'ypxoscska H.O.

Buxiaan ocHoBHOro marepiany gochigkeHHsi. [licias BBeleHHS B OCBITHIM
kpyroo6ir Konuenuii npogiasHoro HaB4anHs [3], uo Oyya 3aTBepKeHa PillIEHHAM
kozerii MiHocBiTH 1 Hayku Ykpainu Big 25.09.2003 1 po3pobOiieHa Ha BUKOHAHHS
3akony Ykpainu "IIpo 3aransHy cepennto ocBiTy" ( 651-14 ), mocranoBu KabGinery
MinictpiB  Ykpainu Big 16.11.2000 p. N 1717 ( 1717-2000-nn ) "IIpo mepexin
3araJIbHOOCBITHIX HaBYAJIbHUX 3aKJIa/iB Ha HOBUU 3MICT, CTPYKTypy 1 12-piuHuit
TepMIH HaBYaHHA", pEeKOMEHAAIlli IM0J0 BUKIQJAaHHSA KOHKPETHUX IPEIMETIB
nepeTepnian CyTTeBUX 3MiH. He crtama BUHATKOM 1 MaremaTuka. barato cyyacHux
OCBITSH 1 HayKoBIIiB, 30kpema B. I'y3eeB, B. I'puropenko, BBaXaroTh, IO
BHUKJIaJaHHA MaTEMaTUKH B 3aJEKHOCTI B Mpo(dUII0 MOBUHHO MPOBOJIUTHUCH «ITO-
pizHOMY» [2]. Ajle caMe PO3yMIHHS CIIOBa «IO-PI3HOMY» € JIy’)Ke aOCTpaKTHUM Ta
cy0’extuBHUM. Ha cydacHomy etami HalOUIbII BENMKI XBUJIIOBAHHS BHUKJIHKAIOTH
NUTAHHS, 110 MOB’S3aHl 3 BHKJIAJAaHHSIM BKA3aHOTO MPEAMETa Yy Kiacax COIaJIbHO-
ryMaHiTapHoOro mnpodumo HaB4yaHHS (uiojoriyHui, ¢iaocodcbkuil, MNpPaBOBHIA,
ICTOpUYHO-TyMaHITapHuil Ta 1H.). lle moscHIoeThC AeKiIbKOMa npuuuHamu. [lo-
nepiie, 1€ TUTaHHS € TOCUTh MaJIO BUCBITJIIEHUM y CyYacHI METOAMYHIN JIITepaTypi
(Ha BIOMIHY, HaINPUKIAJ, BiJ KJIaciB (HI3UKO-MATEMAaTHUYHOTO Ta EKOHOMIYHOIO
npodiniB  HaByaHHs). [lo-gpyre, 1ie Jyke HHU3BKHNA pIBEHb METOJUYHOT
3a0€3MeUYeHOCTI HaBYAJIBHOTO MPOLIECY y I[bOMY HANpPsMKY (HEIOCTaTHS MiArOTOBKA
¢daxiBiiB Mpu poOOTI 3 YUHIMHU-TYMaHITapisiMU, a BIpHilIe ii BiICYTHICTh, HECTaua
MIIPYYHUKIB Ta METOJUYHOI JiTepaTypu Ta iH.). I[lo-TpeTe, 1€ BUCOKHH CTeMiHb
HEBMOTHMBOBAHOCTI HaBYAJILHUM IpoliecoM caMuMu yuHsIMU («Hagimio s Oyny BUnTH,
SKIIO BCE OJHO HE 3pO3yMil0?»), HEMOXJIUBICTh 11 3a0€3MEUCHHS BUYUTEISAMH Ta
BUKJIaJauaMH, 1 K HACJiJIOK, Hej0ane CTaBIeHHS 10 BUKJIaaHHs MaTeMaTHKU Y IIUX
Kjmacax 1 300Ky BukiagadiB («HaBimo mNOSICHIOBaTH, SKIIO BOHM BCE OJHO HE
3po3ymitoTh?»). Takoxx Tpeba 3BepHYTH yBary Ha cHenudiKy Y4HIB KJaciB
COIllaIbHO-TYMaHITapHOTO MNpodUII0 HABYAaHHS, 1[0 CTOCYETHCS ICHUXOJOTO-
(b13M0J0r14HO1 XapakTepucTuku Takux y4HiB. H. BiOik rymaniTapiiB xapakTtepusye
Tak: «MpiiiHUKK 3 sicKpaBUMHU (aHTa31sIMU 1 ysIBOIO. Y CBOIM MOBEJIHIIl CXHJIbHI
MOKJIAJIaTUCS Ha 1HTYIliI0, OLIbIIE JOBIPATHCS MOYYTTIO, HIXK CB1JIOMOCTi. BiacTusi
OypXJIMBI €MOIIiiTH1 peakIlii, HeBMIHHs TpUMaTu ce0e B pykax. ApTUcTUYHI. M sK1 110
cebe 1 Bcix HaBkoJo cebe. Biakputi. ExctpaBeptu. Hereprsui» [1]. O.B. Ilanimera,
gK 1e O JKOPCTKO HE 3ByYaslo, HaBOJIUTh TaKe «BU3HAYCHHS» YYHIB KJIACIB
TYMaHITapHOTO MPOQUIIO: «IPaBOMIBKYJIEBI ocobu 3 ycimMa Hacmigkamm» [4]. Ak
3a3HAYarOTh MPOBIIHI HAYKOBIIl y Traidy3i MCUXoJorii Ta (izionorii, mpodiieMa HaBIThH
HE B TOMY, IIO0 MpPaBWJIBHO BHUKJIACTH Ta MOSCHUTH, @ B TOMY WLIO JOKOpPiHHE
IPOTUPIYYS JISKUTh B MICUXOJIOTIYHIN OpraHizauii po3yMoBOi TisSIbHOCTI BUMTENS Ta
yu4HIB, 00 BUWTEIb MaTEMaTHKH 1€, Mepul 3a Bce, JIOJUHA-aHATNITHK, a Y4YCHb-
ryMaHiTapii — JIOAMHA-€BPUCTUK. ToMy JieBOBa 4yacTMHA NpoOJieM Yy BHUKJIAaJaHHI
MaTE€MaTUKH YYHSAM-TYMaHITapisiM CTOCY€TbCS HEBIAMOBIAHOCTI TpodeciitHmx
AKOCTEW BMKJIA/ayiB O KpUTEPIiB Mpoliecy HaByaHHA. B 3aranbHOMYy BHUIAIKYy, 1€
MOHA Ha3BaTH CBOEPITHOIO  MPOOJEMOIO  BHUPOOJICHHS  KOMIIETEHTHOCTEH
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JIOCTaTHBOI'O PIBHS (MaTeMaTUYHHMX Ta NMPOQeciiHuX) K 3 OOKYy y4HS, Tak 3 OOKY 1
BUKJIaJaua.

Mu BBaxkaeMo 3a MOTPiOHE HABECTH CBOIO CyO’€KTUBHY TOYKY 30pYy 3 MPUBOY
IIOT'0 MUTAHHS Ta BUCBITIUTH HAWOUIbII AOLUIBHI IUIAXW BUXOMAY 13 CHUTYaIlii, 10
BUHUKIIA.

Hamu OyB mpoBeneHuid aHalli3 CTaHy BHUKJIQJaHHS Ta BUBYEHHS MATEMATHKHU.
PoGoTa mpoBoaunace 3 yuHsmu Jinero ClIoB’SHCBKOTO JIEPKABHOTO I1€1aroTi4HOTrO
YHIBEPCUTETY 3araibHOi KuTbkocTi 115 dyomoBik. OcoOnmBa yBara NpuIiIsIACh
KJlacaM COIIaJIbHO-TYMaHITApHOTO TPO(DUII0 HaBYaHHS, Cepel SKUX 1CTOPHKO-
TYMaHITapHUN Ta (UIOJOTIYHUN KJacu JoTmpodiI-HOTO HANpsiMy HaBuaHHS (9 Kiac)
Ta TyMaHITapHHUH, GUIOCOPCHKUN Ta MPAaBOBUM KiIach MNPOQPUIBHOTO HAIMPSIMY
HaBuanHsa (10-11 xmacw). Jlns mopiBHAHHS OynaM TakoXX OMUTaHI y4HI (i3HKO-
MateMatnaHoro npodiuto Hapuanus (11 kmac).

AKIIGHT y HaloMmy JOCHTiDKCHHI CTaBUBCS Ha BHSBICHHS «IOCKOHAIOTO)»
BUMTENS Ta BU3HAUYEHHS DPIBHA 3HaHb CyYaCHUX CTApPIIOKIACHUKIB 3 MaTEMaTHKH
KJIaCIB COIL[laIbHO-TYMaHITapHOTO Npo(ut0 HaBuaHHA. Takok MM JOTOPKHYJIHCH
BUJIUICHHS KOHKPETHUX (haKTOPIB BMOTUBOBAHOCTI YUHIB-TyMaHITapliB 3 MaTeMaTUKH
Ta MPUYHH ii BIZICYyTHOCTI.

[lepm 3a Bce HAac XBWIIOBAJO MNHUTaHHS MpPO T€, YW ULIKABIATHCA YUHI
MaTEMaTHUKOI 1 OTPUMAHO Ty>Ke He BTIMHUN pe3ynbTaT: 80% MIKOJSIpIB BBaXKAIOThH
MaTEeMaTUKy HE I[IKaBOIO 1 MPOMOHYIOTh 3MEHIIUTH KUIbKICTh TOJUH 1i BUBYEHHS,
xoua 75% 3 HUX BBaxae 3a MOTPiIOHE 3aCBOEHHS MATEMAaTHYHOI'O MaTepiainy «Iuis
3arajJbHOKYJIBTYPHOTO  PO3BUTKY». SIKI K TNPUYMHU  BUKJIMKAIM  TaKHUM
CTpUOKOIOMIOHNI perpec 3aIlikaBICHOCTI  MaTreMaTukow? Mu BUIUIIA PS
HANOUTBII «IOMYJISIPHUXY MPUUKH, 110 BKa3yBaJH YUHI Y IPOIECi OMUTYBAHHS:

o He po3yMiHHs Matepiany (40%);

o HeyBaxHICTh (15%);

J JiHOLT, KoMl toTepHi irpu (20%);

o npodeciitna HekomneTeHTHICTh BuuTens (10%);
o BIJICYTHICTh 1HTEpecy Ao npeameta (15%).

Cnig 3a3Ha4uTH, U0 HE BMOTHUBOBAHICTh BUBYEHHSI MAaTEMATUYHUX AUCIUILIIH
MOSICHIOETHCSL TUM, 1110 Y4HI HE OOMparoTh B3araji MaTeMaTUKy OCHOBOIO JJisi CBOEi
MaiOyTHBOI TIpodeciitHoi aismbHOCTI (85%), TOMY 1 BIAHOLIEHHS 0 HEl BIAMOBIAHE.
A Ti, XTO BC€ X TaKH 3BAKMBCS Ha TaKUW KPOK, 3MYIIIEHI 3aiiMaTUCsI MAaTEMAaTHUKOIO
nomnatkoBo (45%). Tomy He nmapma Jaesiki METOIUCTH TMiAIAMarOTh IUTaHHS PO
3aKOHHE OOIPYHTYBaHHS PEMETUTOPCTBA. AJi€ 3 IHIIIOTO OOKY, TAaKHM 3aX1J] MOCTAaBUTh
MiJ CyMHIB KOMIIETEHTHE BUWKIJIQJaHHS MAaTEMaTUKH IMKUTbHUMHU BYUTEIIMH. [0
IUTIOCIB TaKOT'O PO3BUTKY MOJIM BOHM BIAHOCATH MaTepiaibHUN acmekT. Toai X ,
SKIIO JUBUTHUCS I1I€ OUTHINI PaMKaTbHO BUHHMKAE TyXe MOopedyHe muTaHHs: Hasimio
mKosia B3arail nmoTpiOHa? Taka HEBTINIHA CTATUCTHKA BUKJIMKAE HU3KY 3alHUTaHb,
TOJIOBHUM 3 SIKMX CTAa€ MUTAaHHS TMPO JOUUIBHICTh BIPOBAKEHHS COIIAIbHO-
TYMaHITAPHOTO NpOoDUI0 y cepenHio IKoiay. Yu € HeoOXITHUM Takuil Kpok?
HaBenemo 3 mporo mpuBOdy jAeski crmocTepexeHHs. Ha xamb, sk 3’sicyBasiocs, B
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YYHIB TOAIOHMX KJIaciB 30BCIM HE PO3BHHEHE a0OcCTpakTHe MHCIEeHHS. CrpoOyeMo
nosicHuTy 1ieit axt. [lounHatoum 3 5-ro KjJacy MM HaMaraeMocCh pO3BHBATH B AITSIX
IIPOCTOPOBE YSIBJIEHHA. Ajie YoMy OaraTboM YuHsM y 10-my Kiaci mpu BHUBYEHHI
CTEpEOMETpIi JIy’)KE€ BaKKO YSBUTU NpPOCTOpoBl (pirypu? BucHOBOK Hampouryerbcs
caM 1o co01. Y4HI HE BMIIOTh «YSBJISATH» 1 TOMY BUBUECHHS T€OMETPIi CTA€ Il HUX
Toptypamu. lle miATBEp/UKYIOTH 1 pe3ynbTaTd ONWUTyBaHHA, amke 90%
CTapIIOKJIACHUKIB BBAXKAIOTh anreOpy OUIBII MPOCTOIO Ta 3pO3YyMIJIO0, 00 «TaM
HeMae 3a7ad Ha JoBelneHHs». HaBememo mie oauH ¢akT. AHami3yroud NPUYMHU
BUOOPY JaHOTO MPO(LITI0 MOXHA CKa3aTH, IO B TAKKUX KJIacaX OMUHSIOTHCS Ti JITH,
0 HE MOTpanwid B kiacu iHmMHX npodiniB. Came Taky MPUYUHY, JOCTIBHO «HE
BHUCTAYWJIO MICLs» 3a3HauMiIu 55% onuraHux. Mu BBakaeMo, 1110 HE BAPTO CTABUTH
NUTAHHS PO CKacyBaHHS JAaHOTO BUAY MPOMLII0 TaK KaTETOPUYHO, aJKe 1110 OyIyTh
pOOUTH T1 y4Hi, IO 30BCIM HE OTPUMAJIH HAXWUJIB JO MATEMaTUKU CYTO CIaIKOBO?
Ha namy nymky, oduparouu npodiib Jr0JuHa TOBUHHA HE KEPYBAaTUCA ApIyMEHTAMHU
o TUIy: «Tam Oyje Jermie», «cjaaBa OoTy, TaM HE Ma€ MaTeMaTHKW», a OOupaTu
CBIIOMO TMOKJIAJAal0YiCh Ha CBOi MPUPOJHI ocoOmmBocTi. ToMy y Harojai craHe
IICUXOJIOTIYHA J1arHOCTUKA HAaXWIIB Y4HsI, Ky Oa)kaHO NMPOBOJUTH MOYMHAIOUU 3 -
ro Kjacy.

BaxnuBuM € TakoX 3MICT MAaTeMaTHYHOTO Marepially B Kjacax COIaJIbHO-
rymaHiTapHoro mnpo¢imo. Ha Hamy 1OymMKy, € HEJOPEYHHM «KpaMCaHHS»
HAaBYAJIILHOTO 4Yacy A0 2 TOJWH MaTeMaTHKH Ha TWKAeHb. CHpOIIEHHS MOBHUHHO
BHUPaXXaTUCh, TEPII 32 BCE B MOJICTIICHHI MaTeMaThuyHoro Oa3ucy. B domy BOHO
nosiirae? JIoCmiIHUKU BU3HAIOTh ICHYBAaHHSI O€3MOCEPENHbOr0, CTUXIMHOTO 3B’SI3KY
MDK BMIHHSM PO3B’S3yBaTH MaTeMaTH4HI 3a7adl 1 MOMJIMBICTIO OyTH BUIBHOIO
moauHOK0. CUHOHIMOM BUIBHOI JIIOJMHUM € TIpaMOTHA JIIOAUHA, TOMY OJHA 3
HaWBaXUIMBIMIMX IIJICH MPU HABUYaHHI MaTEMaTHUKU — JIOTIYHO TpaMOTHE BOJIOJIIHHS
MoBo. He npaBonucoM, 3BM4aiiHO, @ BMIHHSIM TOUYHO BUPA3UTH CBOIO TYMKY, TOUYHO
3pO3YMITH, 1110 CKA3aHO UM HAIMCAHO.

[Icuxonoru IrHOPYIOTH CKJIAJHICTh PEAJbHOTO MXUTTEBOIO MMHCICHHS, SKE
IPOSIBISETHCS Y TUIAHYBaHHI JIOAMHOIO CBOTO KHUTTA, y MPUHHATTI HAMBaXKIUBILINX
pitess. [lboMy MOkHa 1 TOTPIOHO HABYATH Y IKOJI. | HABYAHHS MUCTIEHHIO, KE i1e
Ha YpOKax MaTeMaTHUKH, y IIbOMY MPOIIECi BIIIrpa€e Ay»ke BaKIUBY POIIb.

["oBOpsYM MPO HaBUYAHHS MAaTEMAaTHKH, MOBA MTOBUHHA WTH HE MPO CTaHIAPTHI
3a/1a4i 3 3aJIaYHUKIB — iX, MOXJIMBO, Y KHTTI HIKOJM ¥ HE 3yCTPIHETHCS, ajie MPOo
NIEpPeHECEHHSI HAaBUYOK MUCICHHS Ha JXKUTTEBI mpobiemu. OTXe, MOTPIOHO BUMTH
JiTe OyTH OUIBIN IHTEJICKTyaIbHUMU TIPHU IMIJAXOl JI0 KUTTEBUX Mpodiiem. I TyT
MaTEMaTUKy HE 3aMIHUTH HIYUM.

OnHUM 13 OCHOBHHMX IMHTaHb € MUTaHHS MPO T€, SIKUMH SKOCTSMHU ITOBHHCH
BOJIOJIITH BYUTEIh MaTEMaTHUKH, 100 AilicHO HaBuuTH. Ha cydacHomy etami HaOip
KOMITETCHTHOCTCH, SIKI TTOBUHEH MAaTH BYUTEIh B CBOEMY IEJArorivHOMY apceHai
3miHuBCs. [IpoBeieHM aHaTi3 MoKa3aB, 0 Ha JyMKY YUYHIB BiH € HACTYITHUM:

158 [Momyku 1 3Haxigku. Cepisi: ¢pi3uko-MaremMaTuyHi Hayku. Bumyck 1, 2010



I'ymanitapu3ariist IKUTEHOT MPOQIIEHOT OCBITH: BCi 32 Ta IPOTH

KpPEaTUBHUU;
JIOOpHiA;
00I13HAHUI;
PO3yMIIOUUH;
YBaXHUU,
CIIPABEIJINBHI;
KOMYHIKaOeIbHUM;
3 MOYYTTSAM TYMOPY;
° CTUJILHUM;

Otxe, Mu 6aunMo, 110 Buurens 1e nepin 3a Bce He TUIbKkU [Ipodecionan, aine i
JIroquna. SIK11o Ka3aTu Mpo Taky CKIANOBY sIK «JIt0auHa», TO CyMIIIHHOMY BYHMTEIIO
JIOTIOMOKE KPOMITIIMBA Tpails Haj co00r0, CAaMOBMXOBAHHS Ta TEPHIiHHA. A 10 X
CTOCY€EThCS MpodeciiiHOi KOMIIETEHTHOCTI BUMTENsA MaTeMaTuku? lle CyKymHICTh
BIAMOBIAHUX (OpM, METOMIB Ta 3aco0iB BHUKIQJaHHSA, BMIJIE Ta JOIUIbHE
BUKOPDUCTaHHA SKUX 1 (opMye KpeaTHBHE CBITOOAUEHHS BYHUTENA.  3arajiom,
KpEaTUBHE VYSBICHHS HE OOMEXKY€ETbCS TMPOCTUM BUKOPUCTAHHSM BKa3aHUX
€JIEMEHTIB, 1€ MEPII 32 BCE CYKYITHICTh SIKOCTEH, [0 «XapaKTePU3YIOThCS 31aTHICTIO
710 TIPOYKYBaHHSI TIPUHIIMIIOBO HOBUX i1ei». ToMy BUNTEIh MAaTEMATUKH COITIaTLHO-
T'YMaHITapHOTO KJIacy — IIe JIIoAuHa oOmapoBaHa, TBopua. | ToMy, Ha Hamry AYMKY,
nepea BUINOK TIEAAroTidHOI0 OCBITOIO CTAa€ 3aBJaHHS BUXOBAHHSI caMe TaKHX
¢daxiBiiB. OIHUM 13 3aXOJIIB 3 MPUBOJY TAKOT'O BUXOBAHHS MOYKE CTaTU BBEJCHHS
CHEIIaTbHOT0 KypCy, CIPSIMOBAHOTO Ha MIATOTOBKY KaJpiB TAKOTO HANpsIMy poOOTH.

[e#t kypc Mae BKIIIOYATH 3arajibHl METOJIM POOOTH 3 YUHSIMU-TYMaHITapisIMU Ta
BUpOOJNIEHHsI creriadbHuXx (opM Ta 3aco0iB poOOTH Yy BIAMOBIIHUX YMOBAaX.
[IpuuoMy He abu sike MicIle Ma€ MOCICTH BUPOOJICHHS Hale(EKTUBHIIMIUX CIOCOOIB
3aCTOCYBaHHS BKa3aHUX METONIB Ta (opM, IO MOBUHHI MiANOPSIKOBYBATHUCH
3araJbHUM HOpPMaM HaBYaJIBLHOTO MPOILIECY.

Ane mporo Oyne 3amano. ToMy BUMTENh MMOBUHEH CaM BUPOOJISITH BiAMOBIIHI
METOau poOOTH 31 IIKOJASpaMU-TYMaHITapissMi. Y  HaroJl CTaHe BMIHHSA
aJIanTyBaTHUCS 10 YMOB HAaBUAJILHOTO TpoIleCy, TOOTO OaunTu ounma y4dHs. | B IibomMy
JIOTIOMOXKYTh TPUHUOMH EUJIETUKH, aJeropii, yocoOJieHb, 3HaHHS TBOPIB BIJIOMHX
CBITOBUX NHCHMEHHUKIB, HANpHKIaa, «Ajuca B CTpaHE 4yaec», SKUA Mae IyKe
BEJIMKMA MAaTeMAaTHYHUNA TOTEHIal. Takok MOKHa BUKOPHUCTOBYBATH 1CTOPUYHHIMA
Marepiajl, SICKpaBl HarjIsHl MOCIOHUKH, €JIEMEHTH T'pH. AJie BCl Il METOJU MOBHUHHI
MaTd B coOl BIAMOBIJIHY JIiTepaTypHy KaHBY. Came TyT 1 OyayTh BCTAHOBIIIOBATUCH
PI3HOMAaHITHI MIKIIPEAMETHI 3B’ S3KH.

He tpeba Ttakoxx 3a0yBaTu MpO YYHIBCBKY MaTEeMaTU4YHY KOMIIETEHTHICTb,
PIBEHb SAKOT MPSIMHUM YUHOM 3aJICKUTh BiJ PIBHS 3HAHb, IKUH € JI0BOJII HU3bKHUM:

o HU3BKUH piBeHb (15%);
o cepeHiil piBeHb (55%);
o JOCTaTHIN piBeHb (25%);
o BHUCOKHUH piBeHb (5%).
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Cnig TakoX 3a3HAYUTH, 110 OLIBII BTINIHUM BHUSIBUBCA «0akaHWil» pIBEHb
3HAHb YYHIB:

HU3bKUH piBeHb (5%);

cepenHiii piersb (30%);

noctatHii piBeHsb (50%);
o BUCOKUH piBeHb (15%).

Came 1st po30DKHICTh Yy PIBHI 3HAaHb YYHIB BKa3zy€ Ha TJIMOMHHI TPoOeMu

MIPOIIECY HaBYaHHS MaTeMaTUKH y KJlacax CoIliabHO-TYMaHITapHOro mpodiiro, sKi
MU MO>KEMO TMOA0JATH, PyXaloYiCh BKa3aHUM IUISIXOM.
BucnoBku. OTxe, OKpeclieHa BHILE CHUTYyallld BUKIUKAE HE aOW AKi XBUJIIOBAHHS.
ToMmy MeTOI0 yChOTO HAYKOBOTO CYCHUIBCTBA € BUPOOJICHHS JOIUIBHUX METOMIIB Ta
MPUIOMIB yIOCKOHAJIEHHS Tpollecy TyMaHiTapu3alii Ta mpodumiszaiii cydacHoi
MIKITEHOT OCBiTH. [Ipu 1IbOMY TOJOBHUM € HE 3HIKEHHS $KOCTI OCBITH, IO €
HAWBXJIMBIINIUM 13 3aBJaHb. 1OMY TOJOBHUH yrmop Tpeba HakiIagaTH HA METOAH
MOTHBAIIHHOT cepu (3acobm EUACTHKH, BUKOPHCTAHHS ICTOPHYHOTO MaTepiany,
3aBJaHh 3 TBOPYUM TyMaHITAPHUM CHOPSIMYBaHHSAM). AJe, TpU I[bOMY HE CIiA
3a0yBaTy Mpo MiABUIIEHHSA (HaxoBOi MIATOTOBKH, BUXOBAHHS «IHTEIPOBAHOTO»
BUKJIaJla4ya, KMl OKpPIM HEeNepeBEepUIEHOr0 BOJIOIIHHS MPOo(eciiHUMU HABUYKaMU Ta
BMIHHSIMH, OyJle MaTu F'yMaHITapHUA TBOPYMI MOTEHIlia)l, TaKUil co0l «MaTeMaTHK-
¢inosor». ToMy, Ha Hally AYMKY, IPOLIEC «CTBOPEHHS» «JOCKOHAJIOT0» BUUTEIIS MA€
MOYMHATUCH 3 BY3IBCHKOI MIATOTOBKM Ta HE OOMEXKYBATHCh JIUIIE CIELUKYPCOM, 3
HEBEJIMKUM 00CSITroM maTepially, a MPOXOJUTH Yepe3 YBeCh HaBUaJbHUU MpOIEC Ta
YAOCKOHAIOBATUCH IPOTATOM YChOTO HKHUTTS.
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ITpo MeToaMYHI 0COOIMBOCTI BUKOPUCTAHHSI IHTEPAKTHBHUX METO/IIB B TIPOLIECI HABYAHHS MaTEeMAaTHKH

YepHux KO.1.
Cmyoeumxa 5 kypcy epynu SM-1 gizuxo-mamemamuunozo gaxyrememy C/I1Y,

IIpo MeToaAMYHiI 0CO0JIUBOCTI BUKOPUCTAHHSA iHTEPAKTUBHUX
METOIB B NPOLECi HABYAHHA MATEMATHUKHU

AHoTamisi: Y cTaTTi pO3MVISIAIOTHCA TUTAHHS, TIOB’SA3aHI 3 OCOOJMUBOCTAMHU
BUKOPHUCTAHHSAM IHTEPAaKTUBHUX METOJIIB Ha ypOKaxX MaTeMaTUKHU. AHaIi3yIOTbCA
npobyieMu, SKI COPUYUHSIOTH HETNPUNHATHE CHIBBIAHONIEHHS  «3aTpaTh —
e(EeKTUBHICTh». BUALIAIOTECA 1 XapakTepU3ylOThbCS TEXHOJOTIi IpymoBOi poOOTH,
HaNOUIbII MPUNUHATHI 151 HABYAHHS MATEMATUKH.

Kuarw4oBi ciaoBa: immepakmugni memoou HAGYAHHA, IHMEPAKMUBHI MEXHOJIO02II,
2pynosa poboma.

Jlorika po3BHUTKY Cy4acHOI ITUBLII3AI] CTaBUTh MEPE]] OCBITOIO 3aBIAaHHS, IS
BUKOHAHHS SKUX HEOOX1THO (OPMYIIOBATH HOBI KOHIIENITYyalbHi 1/1€1 HABYaHHS, 110
OpraHivyHO MOEAHYIOTh €JIEMEHTH TPAIUIII Ta IHHOBAIIIH.

Cy4acHOMY HaBUYaJbHO-BUXOBHOMY IIPOIIECY TpPUTAMaHHI TEepeBaKaHHS
BepOaJbHUX METOJIB HABYaHHS 1 BUXOBAaHHS, HEJOOIIHKA 3HAYEHHS CITUIKYBaHHS
HIKOJISIPIB ISl PO3B’A3yBaHHS MPOBIJHUX 337a4 1 3aBJlaHb Ha ypoKax MaTeMaTHKH,
BIJICYTHICTh IIIKaBHX JJIS YUHIB (JOpPM Ta METOIIB OpraHi3allii HaBUaJbHOI A1STbHOCTI
Tolo. ToMy HaBYAJNBHOIO MOTPEOOI0 CYYaCHOI CHUCTEMHU OCBITH IPU BHUKJIAJaHHI
MaTEeMaTHKHA € BIPOBA/KCHHS HOBHX ()OpPM Ta METOJIIB HaBYAHHS 1 BUXOBAaHHS, IO
3a0€3IeUyI0Th PO3BUTOK OCOOHMCTOCTI KOXKHOTO IIKOJIsApa. Po3B’s3aHHIO i€l
npoOiemMu, Ha TyMKY (axiBIliB, CIPHUSIE BIPOBAHKEHHS 1HTEPAKTUBHUX TEXHOJIOT1i
HABYAHHS HA yPOKaX MAaTEMAaTUKH.

[HTEepakTUBHUMH Ha3MBAIOTh METOJH, IO JTO3BOJISIOTh BUUTHCS B3a€EMOJISITH
MDK COOO0; a HaBUAaHHSA — IHTEPAKTUBHHUM, SKIIO BOHO MOOYIOBaHE HA B3a€MOJIIi
BCiX, XTO HAaBYAETHCS, BKIIOYAIOUHN Teaarora. «[HTepakTUBHHMI — O3HA4Ya€ 3/1aTHICTh
B3a€EMOJIISITU YU 3HAXOJUTUCH B PEXKUMI Oeciid, T1aJoTy 3 YUM-HEOyAb (HampuKIa,
KOMIT F0TepOoM) a00 KUM-HeOyab (JroauHor0)» [2]. OTXe, IHTEpaKTUBHE HAaBUYAHHS —
1€ MEepIIl 3a BCE A1aJI0OT0OBE HABYAHHS, B XO/I1 SIKOTO 3/IIMCHIOETHCS B3a€MO/Iis BUUTEIS
Ta y4HS.

3a yacu PagsHcbkoro Coro3y BUKOPUCTAHHS 1HTEPAKTUBHUX METOMAIB IIMPOKO
npakTukyBasiocst y 20-x pokax XX cT.(IpoeKTHH, 1abopaTopHO-OpUragHuil METO,
BUPOOHMYI, TPYIOBI €KCKypcii, mpaktuku). llomanbima po3poOka IUX METOIB
npucytHs B mpaigix B.O.CyxommmHcbkoro (60-Ti pp.), a TakoXX B  «II€Aaroriii
criBrpari»(70-80-Ti pp.) , mpo siKy roBopuiiocsi B pooorax B.D. Illaranonra, III.A.
Amonamini, C.H. JlucenkoBoi Ta iH. OcoOnMBOi yBarm 3aciayroBy€ JIOCBIA
aMEPHUKAHCHKUX KOJIET, OCKUIBPKM B OCTaHHI JCCATIIITTA XX CT. TaM MPOBOIUIIUCS
0araTO4YMCIIEHH] €KCIIEpUMEHTH Ta HAyKOBI JOCTIIKEHHS B 00JacTi 1HTEPaKTUBHHUX
METO/11B, po3p00JIeH1 BIIMOBIIHI PEKOMEH AT ISl BUMTEIIB.
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Hocnipxenns, npoBefeHi y 80-X pp. HallOHAIbHUM TPEHIHTOBUM LIEHTPOM
(CIIA, wmtatr Mepinena), mokazaiu, 0 1HTEPAKTUBHI METOJU JO3BOJISIIOTH PI3KO
30UIBIIMTH  BIJCOTOK 3aCBOEHHS MaTepially. Pe3ynabTaTM 1bOro JOCHIIKEHHS
BiIOOpakeHO Yy Jiarpami, sKa
OoTpUMaJla Ha3By  «Iipamiga
HaBYaHHS».

Ha mifi nmiarpami mMokHa
nmo0aunTy, MO0 HaHMEHIINN
IOPOLEHT 3aCBOEHHS  MAalOTh
MACHMBHI METOJIUKH (JIeKiisi-5%,
yutanug — 10%), a HallO1IbIIHIA
—  IHTEpaKTUBHI (JAMCKYCIiHI
rpynu — 50%, mpakTuka udepes
niro — 70%, HaBYaHHS 1HIINX YU
HeraitHe Bukopuctaus — 90%)

[2].

canocitl line
“Umayy

AR EEP—
2 N T B B E

Yce BuKIaleHEe BHIIE
30BCIM  HE  O3Hayae, WIO
MOTPiOHO BUKOPHUCTOBYBATH
JUIIEe IHTEpAKTUBHE HaBYAHHS.
J1o TOro X MM 3HAEMO YyJOBHUX
MeJaroriB, JEKIii SKMX Maike TOCIIBHO 30eperiucs B Hallii mam’sti. € Taki y4Hi,
AK1 100pe 3aCBOIOIOTH Marepiaj MpU YMTaHHI (PO3BMHEHA 30pOBa IMam ATh). Aje
MO’KHA MOTOAUTHUCS, 1[0 B CEPEAHBOMY 3aKOHOMIPHICTB, BIIOOPAXKEHY «IIIPaMiIO0»,
MOXXYTh TMPOCIIIKYBaTH MPAaKTUYHO yCl MEAArorw, Ta He Tpeda 3aldyBaTH, IO IS
HaBYAHHS Ba)XJIUBI BC1 PIBHI Mi3HAHHS, KOKHOMY 3 SIKUX MpUTaMaHHI CBOI METOAMYHI
0COOJIMBOCTI.

MaremaTuka — ofHa 3 HAMCKIAIHINIUX TUCIMIUIIH, 1[0 BUBYAETHCSA Y IIKOJI.
Tomy nepen Hamu nocTtae npoodseMa, JUisl po3B’sI3aHHS K01 MU MIOBHHHI:

® TIpPOaHai3yBaTH IHTEPAKTHUBHI METOJUKHU Ta TEXHOJIOTII;
® MPOBECTH X KIacupikalliio;
® BU3HAYUTH MOXKJIMBICTh X BUKOPHUCTaHHS HA yPOKaX MaTEMaTHKH.

AHali3 JiTepaTypd IMOKa3aB, II0 MOXHA BUIUIMATH KUIbKa Kiacuikaiiit
iHTepakTUBHUX TexHoJoTiH [1],[3],[4]. Koxna kinacudikalis 3ajieKUTh Bij TOTO, XTO
1 IK po3yMi€ TOW UM 1HIIMK MeTO 4K npuiioM. Haildiib BITOMUMU € TaKi:

® TEXHOJOTIi KOOINEpaTUBHOrO HaB4aHHS (pobOoTa B Mapax, poTaIliiHi
TpiiiKU, Kapycenb, IBa — YOTUPU — BC1 pa3oM, pobOTa B MaluxX Tpynax,
KOJIO 11ei);

® TEXHOJIOTIi KOJIEKTUBHO — IPYHOBOr0 HaBUaHHS (MIKpO(OH, HE3aKIHUCHI
pEUYEeHHs, MO3KOBHM IITYpM, HaBYalOYM — y4uych ab0 «bpoyHIBChKHID»
pPyX, aXypHa IUJIKa, IePEeBO PIlIEHb );

® TEXHOJIOT1i CHUTyaTHBHOTO MOJICTIOBaHHA (CUMyJAlii abo iMiTalliiHi
Irpy, CyJI0B€ CIIyXaHHs, POJIbOBa I'pa);

Hasuaung IHIIY

3“(‘!” OCYaa
= i Hilpy - .
I"[)u( ST/ GO .
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e TexHoJorli auckyciitHux nutadb (Meton [TPEC, 3aiimMu mo3wuitito, 3MiHH
MO3UIIII0, HETIEpEepBHA IIKajla JyMOK, AUCKYCisl, TOK-I0Y).

Pe3ynpTaT ONMUTYyBaHHA BYMTENIB Ta MpPaKTHKa CBIQ4aThb MpO Te, IO B
peaJpHOMY HaBYaHHI TUIBKM HEBEJIMKAa KUIBKICTh BYHUTEIIB BUKOPHCTOBYE
IHTEpaKTUBHI MeToau. HecTanmapTHi YpOKM MPOBOASTHCS Ty>K€ PIAKO, Haildacriiie
miJ] 4ac MepeBIpOK Ta arecTalliid, KOJW BiJI BUMUTENS OUIKYIOTh Ha IIOCHh IlIKaBe,
HE3BUYAHE.

Opranizariis IHTEpaKTUBHOTO HABYAHHS BUMArae€ Bij] BUMTEISI BHCOKOTO PIBHS
OiATOTOBKM K METOJIMYHOI, sKa BHM3HAYa€e 3MICT Ta METOIU TPOBEACHHSA
HECTaHJIAPTHOTO YPOKY MaTeMaTWKH, Tak 1 mpakTuuHoi. [ligroroska, mepir 3a Bce,
nependadae MOJCIIOBAHHS JKUTTEBUX CHUTYyallid, BHUKOPUCTaHHS POJIBOBUX ITrOp,
CHUIbHE BUPILIEHHS MPOOJIEMHU HAa OCHOBI aHali3y 0OCTaBHH Ta BIANOBIIHOI CUTYalIli.
MaremaTuka, Ha BIIMIHY BiJ T'yMaHITapHUX AMCLMILIIH, 3aiMa€ThCA MpOOJIeMaMU
abCTpaKTHOTO XapakTepy, SKi MAlOTh JOCUTH OMOCEPEAKOBAHHUH 3B'I30K 3 KHUTTSIM.
ToMy mocuTh 4acTO MPOMOHOBAHI AJI OMNPAILIOBAHHS IHTEPAKTUBHUMHU METOJAMU
npo0JieMH BUSIBISIOTHCS HAAYMAaHHMH, 3aMICTh TOTO, II00 CHPHUSITH MOTHBYBaHHIO
JOCSTHEHHSI HaBUYaJbHUX IIUJIEH, 3MIILYIOTh iX Ha Apyruil miuaH. Toal akTUBHICTH
YYHIB 3aMHUKAETHCS Ha COOL.

AHami3 3HaYHO1 KIJIBKOCTI MyOIiKaliid moKaszas, 1[0 MPOIMOHOBaHI MPUMOMH 1
HaBITb KOHKPETHI PO3pOOKH YpOKIB HaBpsiA 4d OynyTh BUKOPUCTAHI y peaTbHOMY
HaBYaJIbHOMY Tpoueci. HazBeMo mpuyrHM TaKOro MOJI0KEHHS:

—MpPOBEACHHA IHTEPAKTUBHOTO YPOKY MOTpedy€e JOBrOTPUBANOI MiATOTOBKHU;
BUMTENb MAa€ BU3HAUMTH IIUJI1 1 3a]1a4i, sIKi MOTPiOHO peasi3yBaTH Ta pe3yJbTaT, IKUM
BIH OYIKY€ BiJl Y4YHIB, HAMITUTH IUJISAXH ii JTOCATHEHHS; MOOYIyBaTH MOJEIb YPOKY;
3aBYACHO OpPraHI3yBaTH IMiITOTOBKY YYHIB;

—aKTUBHE OIEpPYBaHHA CKIAQJHUMH MaTeMaTHYHHMHU KaTeropisiMu y ix
B3a€MO3B’SI3KY 1 B3aEMOTNIPOHUKHEHHI, TO0Y/10BA I[IKaBUX 1 3HAUMMHUX MAaTEeMaTUUYHUX
MOJIeNIel HaXKallb BUSIBJISIOTHCS CKJIQTHUMM JJIsl OUTBIIOCTI BUYUTENIB, @ IHTEPAKTUBHI
METOIU OTPeOYIOTh BOJIOIIHHS TAKMMHU BMIHHSIMH B1Jl YUHIB;

—BUKOPUCTAHHS OINMCAaHUX TEXHOJOTM moTpedye 3HA4YHO OUIBIIMX 3aTpaT
HABYAJIBHOTO 4YacCy y TMOPIBHAHHI 13 TPAAUI[IHHUMHU, TOMY iX BUKOPUCTAHHS €
BUIIPABJAHUM JIMIIE 332 YMOBH 3HAYHOTO MIABHUILEHHS €()EKTUBHOCTI HAaBYaHHS
MaTEeMaTHKH;

—JIOBOJII YacTO y MPOMOHOBAHMX Y JITEPaTypl IUIsl BUUTENIB PEKOMEHJAIIAX
HEBIPHO TPAKTYIOTHCA 1 OMHUCYIOTHCS BIANOBIAHI MPHUMOMH, MiJ MOJHUMHU Ha3BaMu
peabHO KPUIOTHCS BCIM T0OpE BIAOMI TPAIUIIHI METOIU ONUTYBAaHHS,

—Y4HI HE 3BUKJIH JI0 OAI0HOTO poy poOOTH Ha YpoILll 1 TOMY BUMUTENO OyBae
Iy’e BaXKO CKOHIICHTPYBATH X yBary Ta JOCSTTH MocTaBlieHoi metn. Hampukian, B
IpoLecl AUCKYCIi Ha YpoIll BUMTENb MOBUHEH KOHTPOIIOBATH KOXXHHUI KPOK YPOKY,
00 JIy’Ke 4acTo Lel MEeTO/l MPU3BOJIUTD 10 HEXTYBaHHS OCHOBHOI AUJIAKTUYHOI METH,
Ky OyJI0 MOCTaBJIEHO HAa MOYATKY YPOKy. Sk HachmigoK — ypok Oyje HeBAAIUM, Yac —
MapHO BTPAYEHUM.
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OcTaHHIM 4acoM KapJAWHAJIbHO 3MIHUJIUCS YMOBHM HaBUYaHHS. BUTBIIICTH MIKLT
Ma€e HalexkHe oONagHaHHS, HANpPUKIAA: IHTEPAKTUBHI JOUIKH, MYJbTUMEIIHHI
MPOEKTOPU TOIIO. 3aCTOCYBAaTH TakKl TEXHOJIOTIi Il MIATOTOBKH 1 MPOBEICHHS
IHTEPAKTUBHOTO YPOKY HEBaXKKO. 3a YMOBH, IO B IIKOJl HAJICKHUM YHHOM
BUKJIQJIAEThCS 1H(POpMATUKA, YUHIM MOKHA 3alpOMOHYBATH CTBOPUTU KOMIT IOTEPHI
Mpe3eHTalli 1 TpoJEeMOHCTpYBaTh iX Ha ypoil. KOpUCHO MPOBOIUTU TAKOTO POIY
poboty 3 yunsimu 10 — 11 kiaciB, 0co0JIMBO Ha ypoKax crepeomeTpii. [HKomm yuHsam
BXKO YSBUTH CKJaJHI TEOMETpUYHI Tila Ta iX KOMOiHaIlii, a KOMII IOTEepHI
mpe3eHTallli CIpOITYIOTh e Mpolec 1 IEMOHCTPYIOTh YCi €IeMEeHTH MOOYAOBH 0
HalBOXJIMBIIUX  jgetasied. Ha BmacHOMy JOCBil MM BIEBHUJIWCS, IO
BUKOPHCTOBYBaTH 1HHOBAIIiHI TEXHOJOT1i Ha YpOIll HEBAXKO 1 4acy ISl IbOTO
noTpioHO HebaraTo. Taki ypoKH JOMOMAararoTh YYHSIM TMPOSIBUTH CBOi KpeaTHBHI
3M10HOCTI, PO3BHHYTH MPOCTOPOBE YSBICHHS, PO3MIMPUTH KPYrosip, MiABUIIUTU
iHTepec 10 BUBYCHHS] MATEMAaTHKH.

Amnani3 mitepatypu [1], [5], [7], onuTyBaHHS BUKUTENIB — MPAKTUKIB Ta BIACHUHN
JIOCBIJT TO3BOJIsIE 3pOOUTH BUCHOBOK, IO OJTHUM 13 HAWOUIbII MPUUHITHUX METO/IIB,
XapaKTEepHUX I HABYaHHS € TpynoBa poOoTa (TEXHOJIOTIl KOOMEpPaTUBHOIO Ta
KOJIEKTUBHOTO HaB4aHHs). Taka popma poboTH He MOTpPeOy€e BEIUKUX KOIITIB JUIS
peanizariii, 3aiimae Hebarato 4acy Jyis MiATOTOBKHU Ta 3 JIETKICTIO BUKOPUCTOBYEThCS
Ha ypokax. [IpoGimemMa HEroToBHOCTI Y4HIB 10 mOAIOHOI (opmu opraxizaiii
HaBYAJILHOTO TMPOLIECY, 3 SKOI0 MOXE 3ITKHYTHCS BYHUTEINb, JIOJIAETHCS JTOCHUTH
IIBUIKO.

I'pynoBa ¢opMa HaBYaHHS MOBHMHHA OJIHOYACHO PO3B’SI3yBaTH TPU OCHOBHI
3ajaui:

® KOHKDPETHO — Mi3HaBaJbHY, IO TIOB’A3aHa 0e3MM0CepeIHHO 3 HABUYAHHSM;

® KOMYHIKaTUBHO — PO3BUBAJBHY, sIKa CHpusie (HOPMYBAHHIO OCHOBHHX
HABUYOK CIIJIKYBaHHS BCEPE/IMHI Ta 32 MEKaMU JaHOI IpyIH;

® COIlaTbHO — 30pIEHTOBaHY, II0 BHXOBYE TPOMAISHCHKI SIKOCTI,
HEOOX1TH1 JJI aJieKBaTHOI coltiamizamii iHauBiga y comiymi. [3]

Kpaca mporo meromy moinsdrae y TOMy, IIO y4HI Bcie€i rpymu o00’enHaH1
CHUJIBHOIO METOIO 1 3HAIOTh, 110 YCIIX POOOTH 3aJI€KUTh BiJl MpaIli KO)KHOTO — TITLKH
TOJ1 MOXHa JIOCATTH OCOOMCTOI METH, KOJIA TOBApHILIl MO TPYIMi TAKOXK JOCATHYTh
yCHiXy.

BaxxnuBo onTUManbHO MOEAHYBATH B 3aJ€XKHOCTI BIJ LIUJIEH YpPOKYy, (popmu
oprasizaiii MI3HABAJIbHOI MAISUIBHOCTI, METOAM HABYaHHSA Ta 3MICT HAaBYAJIBHOIO
Mmatepiany. baxkaHo, BUBUEHHS HOBOI TEMHU IOYaTH 13 3HAOMCTBA YYHIB 3 IJIAHOM
BUBYCHHS JaHOI TeMH a00 CyMICHOTO TIJIaHYBaHHS (B 3aJIEKHOCTI BiJl KOHKPETHOTO
KJIacy), IKMH CKJIaJa€MO y BUTJISA1 TaOJIHII.

3 Tabmuii y4Hi OayaTh, Ha SKHX YypoKax Oyje 3AIMCHIOBATUCS BHUBYCHHS
HOBOTO MaTepially, KOHTpPOJb, pedieKkcis, KOpeKIlis; ae pobdoTa opraHizoBaHa IO
rpynax, IHIWBiIyaldbHO, (DPOHTAIBHO, HA SIKAX YPOKaxX OIIHKKM OTPUMAIOTh BCI.
CamocriifHi po6OTH MponoHyeMo AudepeHiioBati. Ha Ham mornusa, y4Hi OLIHATH
JOCTYMHICTh TaKOi 1H(pOpMaIlii.
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OpraHizanisi IHTEpaKTUBHOTO HaBYaHHS MOE 3/A1MCHIOBATHCH Ha OyIb-SIKOMY
eTarl BHBYEHHS TEMH, B 3aJ€KHOCTI BIJ 3MICTY HaBYaJIbHOIO MaTepiaily, piBHS
MIATOTOBKH KJIaCy BUKOPUCTOBYIOTHCS PI3HI METOJM HaBUaHHA. AJle HalyacTille Ipu
BHMBUYEHHI HOBOTO Martepiany ajsi (OpMyBaHHS TEOPETUYHUX 3HAHb BUKOPHUCTOBYIOThH
poOJIEMHO-TIONTYKOBI METOAM, OCKUIBKK JIJI OopraHizailii podoTn HeoOxiaHI 6a30Bi
3HaHHSA 3 TeMu. Ha erami ¢dopmyBaHHS 3HaHb, BMiHb 1 HaBUYOK PENPOIYKTHUBHI
METOJY IOCTYIIOBO MOKHA 3MIHUTH Ha YaCTKOBO IIOIITYKOBi, OCKIJIBKH HEOOX1THO
dbopMyBaHHS BMiHb YYHIB BHUKOPHCTOBYBATH OTpPHMaHI 3HAHHS B HECTaHIApTHIMH,
3MiHeHi! cuTyarlii. KpiM Toro, Ha 1bOMy €Tari, a TaKOXX Ha eTarl y3arajJbHEeHHs Ta
cUCTeMaTHu3allli 3HaHb Ta BMIHb MOXHA BHKOPUCTOBYBAaTH TIPOOJIEMHI Ta
JOCTITHULIBKI METOM, METOJI TPOEKTIB.

Bukopucrtanus ¢opm rpymnoBoi poOOTH 3anexarhb BiJl JAHOTO THILY YPOKY,
«Habip» mux popm Takox BH3HAYAETHCA 3MICTOM HaBYAJIBLHOTO MaTepialy, piIBHEM
MiTOTOBKH KJ1acy, HASIBHICTIO Yacy.

[Ipn 1HTEpakTMBHOMY HaBYaHHI BaXJIMBE MicClle 3ailMae opraHizaiis
HaBYaJIbHOrO MpocTopy . HeoOXiAHO IIykKaTh oNTHUMalibHI BapiaHTH PO3TAlllyBaHHS
y400BHX MICIIb B 3aJICKHOCT1 BiJ KUJIBKOCTI TPYII, YKCJIAa YYHIB Yy KOXHIM rpymi. Y
BIJINOBIAL HAa TaKUM MaHEBpP y YYHIB BUHHUKAE BIJAIMOBIJIHA peEaKIlisi: TOTOBHICTH
BKJIFOUUTHUCS B MPOLEC HABYAHHS.

['pynu moxkHa dopmyBatu 3a OakaHHSM camMuX YYHIB ab0 3a OakaHHIM
BUWTEJIA, B 3aJIEKHOCTI BIJ TOTO, YOTO OYIKY€ BUYMTENIb BIiJl T'PYMOBOi POOOTH.
HaiinommpeHnimuMu € po30UTTs YUHIB MO Hapax, 1no 3 — 5 ocid y KoxHii rpyri, aie
HE BUKJIIOYAIOTHCS U 1HIIN KOMOIHAIII1, 3aJIe’KHO BiJl KUTBKOCTI YUHIB.

['pynn npanroroTh 3a TAKOK CXEMOIO:

® OJEPXKYIOTh BiJI YUYUTENS YITKY IHCTPYKIIIO II0JI0 BUKOHAHHS MEBHOTO
3aBJIaHHS;

® BUKOHYIOTH CBO€ 3aBJIaHHS JOTH, IMOKHU BCl Y4YHI Pyl HE TOTOBI JaTH
BIJMOBIAb HAa MOCTABJIEHE 3alIUTAHHS;

e OOMIHIOIOTHCS 1H(OPMALIIEIO 3 WIEHAMH 1HIIOI TPYNH, CTBOPIOIOYM HOBI
Ipyny 3 NpeICTaBHUKAMH, IO Mald 1HIIE 3aBAaHHS, TOOTO BYaThCH,
HABYAIOYM OJMH OJHOTO;

e 00’€IHYIOTbCSI B KOJIO OJHOAYMIIIB 3 METOIO0 TMEPEBIPKU BUKOHAHHS
3aB/IaHb, IOCTABJICHUX YUUTEIIEM.

[Ipe3eHTarniisi TpymnmoBOro pO3BUTKY IIOCTaBIEHOI 3ajayl, aHali3 3ajadi,
pediiekcis, 3araJbHU BUCHOBOK IIpo poOOTYy y Trpymnax, JoAaTKoBa iHQopmarlis
BUYUTEJISI IS TPYIL.

[lin yac mepeBipku BUKOHAHHS 3aBJIaHb TPYN B1AOYBa€ThCA SIK 1HIUBITyallbHA,
TaKk 1 TPymnoBa 3BITHICTb, KOJIM Y4HI JENETyIOTh MPEACTaBHUKA JUJISl 3aXUCTy CBOIX
pE3yNbTaTIB 1 32 BUCTYIIOM OLIHIOETHCS POOOTa rpynu abo BUMTENh BUOUpAE cam
y4HS, IKUI OyJ1e 3HaHOMHUTHU yCiX MPUCYTHIX 3 pOOOTOIO CBOET TPYIIN.

BaxnuBum etamoM € aHamiz ypoky, peduexcis. BuuTenb moxke mpoBecTu
aHKETyBaHHs, TECTyBaHHS, 3alpONOHYBaTH YYHSIM MPOBECTH  aHaNmi3 13
BUKOPUCTAaHHAM PI3HOr0 poAy Metoauk. Ilix gac rpynoBoi poOOTH BUMTENh BUKOHYE
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pi3HI (YHKLI: KOHTPOJIOE X171 poOOTH B IpyIax, BIANOBIJA€ HA MUTAHHS, PETYIIIOE
CyNepeyKkd, MOpsAAOoK poOOTH, MPU HEOOXIIHOCTI JIONOMAarae OKpeMHM Y4YHSM a0o
rpymi.

['pynoBa dopma poboTn Moxke OyTH 3aCTOCOBaHAa Ha ypOKax pPI3HUX THIIIB.
BaxyimBo onTuManbHO TMOEIHYBAaTH B 3aJEXKHOCTI B IUIeH ypoky, dopmu
opraHizailii Mi3HaBaJbHOI MISUILHOCTI, METOJM HABUYaHHS Ta 3MICT HaBYaJbHOIO
Marepiary.

BucHoBku. Y pe3ynbpTaTi opraHizainii HaBYalbHOI JISUIBHOCTI 13 3aCTOCYBaHHSIM
IHTEepaKTUBHUX TEXHOJIOTIH Ha YpPOKaxX MaTeMaTUKH B Y4YHIB PO3BUBAIOTHCS W
YCKJIaIHIOIOTHCSI TICUXIUHI TPOIECH — CIPUHHATTS, Tam’ aTh, yBara, ysBa TOIIO;
BUSIBJISIFOTBCS TakKl JIOTI4HI Oomepalii K aHaii3 1 CUHTEe3, a0CTpaKIlis i y3arajJbHEHHS,
(bopMyIOTbCsl BOJIA W XapakKTep TOIIO; NPH BHKOPUCTAHHI PI3HOMAHITHHX BHU/IIB
TBOPYOI MISJIBHOCTI Ha YpPOKax B YYHIB PO3BHUBAIOTHCS MaTeMaTU4HI 3110HOCTI Ta
MPOSIBIISIETHCS 1HTEpEC 70 MpeaMeTa. Benuka KUTbKICTh PI3HOMAHITHHUX 1 IOCTYITHUX
YYHSIM BHUJIB pOOIT, BKIOUEHHUX Y 3MICT 3HaHb, JI€ 3aCTOCOBYIOTHCS 1HTEPAKTHUBHI
TEXHOJIOT'11, 1a€ MOXXUBY ISl PO3YMY, PO3BUBAE YSBY, CIOCTEPEIKIUBICTh, POLIUPIOE
KpyTo3ip, 3HAHOMHUTH 3 BAXJIMBUMHU €JIeMEHTaMU MpodeciifHOl MisUIbHOCTI, BIUIUBAE
Ha (OPMYBaHHS CTIMKMX Mi3HABAJIBHHUX IHTEPECIB, a B MallOyTHbOMY — 1 Ha BHUOIp
POy 3aHSTh, OB’ SI3aHUX 3 MAaTEMATHKOIO.

CkiagHicTh opraHizaiii Takux YpOKiB MOB’si3aHa MEPII 3a BCE 3 MiJATOTOBKOIO
BUYMTENS 1 yUHIB Ta 3 yMOBaMH, SIKI CTBOPEHO B HaBYAJIbHOMY 3akiaji. Bukopucranus
IHTEpaKTUBHUX (PopM poOOTH Mae OyTH OOyMOBJEHE NHeEpIl 3a Bce €(EKTHBHICTIO
peanizalii HAaBYaJIbHUX Ta BUXOBHUX LIJIEH CUCTEMH YPOKIB.
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BuKkopucTaHHS IPOEKTHUX TEXHOJIOTIH HA YpOKaxX MaTeMaTHKU

NMununexko B.1O.
Buumens suwoi kamezopii, cmapwuti guumenv 301 Ne 10 m. Cnos’saucox

BuKOpUCTAHHSA NPOEKTHUX TEXHOJIOTIN HA YPOKAaX
MATEMATHKH

Jlyis Toro, mo0 MiATPUMYBAaTH y Y4HIB IHTEpEC /10 3HAaHb Ha ypOKaX MaTEMaTHKH,
HeoOX1THO OyAyBaTH HAaBYAHHS HAa AKTUBHIM OCHOBI, Yepe3 MOIUIbHY ISIbHICTH
y4H$, TOTOJUBIIHNCH 3 HOr0 0COOUCTHM iHTepecoM. [IpiopuTeT B 11bOMY BIAHOIICHHI
HAJICKUTh MPOEKTHO-IOCTITHULIBKOMY METOJTY.

[Ipouiec HaB4YaHHS MO METOY MHPOEKTIB — MPOLEC ABOCTOPOHHIN; ISl YCHIXY
HAaBYaHHS MOTpiOHA HE TIIBKM BHCOKAa SIKICTb POOOTHM BUMTEINsA, aje€ 1 aKTUBHA
TISUTBHICTh YYHIB, iX Oa)kKaHHA OBOJIOAITH NEpelIaBaHUMHU BUMTENEM 3HAHHSAMH, IiX
HEBracalouui 1HTepec A0 HaBuaHHA. Jlyig TOro, mjo0 ydeHb clpuiiMaB 3HAHHS SIK
JIACHO TIOTPiOHI, HOMY HEOOX1THO MOCTABUTH Iepe]l COOOK 1 BUPIMIMTH 3HAYYIIY
JJIS1 HBOTO MP00JIeMy, Y3(ITy 3 "KUTTSI, 3aCTOCYBATH JUIsl 1l BUPIILIEHHS [I€BHI 3HAHHS
1 yMIHHS, Yy TOMY YHKCJI1 1 HOBI, SIK1 I11¢ HAJCKUTh MPUAOATH, 1 OTPUMATH y pe3yJIbTaTi
peaNbHU, BIAUYTHUHN pe3yJIbTar.

[IpeseHTanii MOpPOBOAWINCH MPOTATOM BCHOTO YPOKY 1 HEPEMEXalIuch 3
TISUTHHICTIO YUHIB. Pe3ynpTaT nepeBepiinB Bci MOT OYiKyBaHHS — JITH 3aXOMUITUCS, 1
KOJIU s 3amUTalia, XOTUIM O BOHU caMi CIpoOyBaTH CTBOPHUTH LIOCHh MOJIOHE, TO MO
BUpa3y iX o0JMY g 3po3yMijia, IO el TalM 3aJUIIMBCS 32 MHOIO. 3 L€l MUTI S 3
YYHSMHU T0Yajia IpalioBaTH HAJl PI3HUMHU MpoekTaMu. J[o KiHIISI HABYaJIbHOTO POKY
MU CTBOPWJIM JEKUIbKa MPOEKTIB, cepel SKUX 1 1H(QOpMalIiHO-TOCTIAHUIIBKI, 1
MIPaKTUKO-OPIEHTOBAHI, 1 OTJIS0BI, 32 TAKUMH TEMAMMU:

S ki1ac
1. Po3B’si3yBanHa  piBHAHB. MaHapyemo obnactamMu  YkpaiHu.  (po3nii
”HarypanbHi uyucna”, tema: "PiBHSIHHS.)
2. Ypoxk noBTopeHHs 3 TeMu: “HarypanpHi uncia”. MaTteMatndHa Bepcisl Ka3Ku
O.Toucroro 3010THil KITFOYMK, a00 mpuroau bypatino™.
3. Hii 3 necsatkoBumu apodamu. [lmanetn COHIYHOT CHCTEMU.
4. [aTerpoBanuii ypok 3 marematuku Ta ictopii. Tema: “Benmka Ilepemora.
VY3aranpHEHHS Ta CUCTeMaTH3allisl 3HaHb 3a Kypc 5 Kiacy’”.
5. «BincotkoBi po3paxyHku. Po3B’s3yBaHHA mpukiagHuX  3amad.  [likaBi
Mi3HaBaJIbHI 3a/1a4l Ha BIJICOTKM.

6 kiac
KoopnunatHa momuHa. MaTtematuyHa reorpadisi, IHTETpOBaHUM YpOK.

8 ki1ac
1. “T"onoc Bogu”. Po3B’si3yBaHHs KBaIpaTHUX PIBHSHb.

2. Teopewma Ilidaropa.
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11 kaac
1. [Tipamigu HaBKOJIO Hac.
2. IlepBicHa. [HTerpan.

OCKUIBKH 111 IPOEKTH OYJM B OCHOBHOMY TIJTOTOBJICHI O KIHIIS HaBYAJIbHOTO
POKy, TO BOHHM 3irpajd HEOI[IHUMY pOJb MiJ dYac MiJCyMKOBOTO TOBTOPCHHSI
BUBUEHOTO Marepialy Ha ypokax MareMaTHku. [lim 9ac MiATOTOBKH TPOEKTIB,
Ipaiooud B Tpymax 3a IHTepecaMH, y4YHI 3MOIVIM 31 BCI€I0 BHHAXIJJIUBICTIO,
KMITJIMBICTIO TIPOSIBUTH CBOi TBOpPYI JapyBaHHS, BUWJIMCS 1 MepedManu OJUH Y
OJTHOTO T€, YOTO HE YMIJIA CaMi, JUIMIIMCA CBOIM JIOCBIJIOM 3 TOBapUILIAMHU.

Takum YWMHOM, TPEICTABISIIOYM HA TMPE3CHTALIAX OpOeKTH TMiA  dac
1JICYMKOBOTO TIOBTOPEHHS, 51 JOOMIIACS BiApa3y ACKIIbKOX I1IEH:
1. y4HAMH 3 1IKaBICTIO OYB MOBTOPEHUI BUBUCHUI MaTepia;
2. mig yac poOOTH HAJ MPOCKTaMH BOHHU 3MOTJIM JI3HATHCS OaraTo HOBOTO 1
MO3HAHOMUTH 3 HOBUMHU 1 LIIKABUMU BIJIOMOCTSIMH 1 ()aKTaMH CBOiX TOBApPHUILIB;
3. WKOJSApl BYWIMCA MpaLIOBaTH 3 JOJATKOBOIO JITEPATypor0 1 3alMaiucs
MOITYKOM HOBOI 1H(opMarlii B IHTepHeTI;
BUXOBYBJIM B COO1 YMIHHS CIyXaTH TOBAPHUIIIB 1 OI[IHIOBATH 1HIII MPOEKTH;
PO3BUHYJIM IHTEPEC 10 MIPOCKTHOI TISIILHOCTI;
BUMJIMCS TIPAIFOBATH B KOJIEKTUBI;
HaBYMJIUCS] CAMOCTIMHO TIJIAHYBAaTH CBOIO JISITbHICTD.

N s

[linBomsium miACYMOK, MOXHA 3 YIEBHEHICTIO CKaszaTH, IO YPOKH 3
BUKOPHUCTAHHSAM HOBHUX TEXHOJIOT1H, a caMe TEXHOJIOTii MPOEKTIB, IKOMAPAM JIyske
no/100al0ThCs, Ha HUX y4YHI BUaThCS HE TUIBKM 3aCTOCOBYBATH YMIHHSI 1 HaBHYKH,
OTpUMaHi Ha YpoKax MaTeMaTHUKH, aje 1 caMl aKTMBHO BKJIIOYAIOTHCS B Mi3HABAIbHY
JUSTIBHICTh, 3HAUOMIISITBCS 3 peais MU CyYacCHOT'O KHUTTS, BUAThbCS AaKTHUBI3YBaTH
CBOIO TBOPYICTH 1 IHAMBIAYaJbHICTh, BUaThCS 3ACTOCOBYBATH MaTeMaTU4HI 3HAHHS Ha
MPaKTHULIL.

JIst BUMTENS pe3ybTaT Takoi poOOTH TaKOX BaXKJITMBUM: HOTO y4HI CAaMOCTIHHO
3100yBalOTh  HOBI  3HAHHS, BYAaThCS  aHAI3y  HECTAHJAPTHUX  CHUTYAaIliH,
CUCTEMATU3YIOTh TONIYK pIIlleHb, 3aKPIIUIIOIOTh 3HAHHS, OTPUMAaH1 BIiJ BYUTEI,
po3BuBaIOTh cede. Ha Takux ypokax BiiOyBa€ThCs €JHAHHS BUUTEINS 1 YUHIB.
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YykapiHa 1.B.
Cmyoeumxa 5 kypcy epynu SM-1 gizuxo-mamemamuunozo gpaxyrememy CHITY

IIpo ymoBH CTBOpeHHH | QYHKIiOHYBAHHA MIKIJIBHOTO
MiIPYYHUKA MATEMATHKHU

AHOTAaIlisI: y CTaTTI pO3MJISIIAI0OTHCS MMUTAHHS, TTOB’S13aH1 3 YMOBAMH CTBOPEHHS 1
GyHKIIOHYBaHHS NIKUTBHOTO MIAPYYHUKA MATEMATHKH.

KuarouoBi ciioBa: niopyunux, niopyyHuKomeopeuHsi.

Ha cyuacHomy eTani po3BUTKY YKpaiHChKOI HalllOHAJbHOI IIKOJIM OHOBJICHHS
I yIOCKOHAJICHHS 3MICTy HaBUaHHs mepeadadae sKiCHI 3MiHM B TEOpii Ta MPaKTHUII
M1JIPYYHUKOTBOPEHHS, OCKIJIBKU CYCIUIbHI W JIepKaBHI BUMOTU JI0 SIKOCTI OCBITH
JIETEPMIHYIOTh 1 HOBI BUMOTH JI0 HaBYAJIbHOI KHUTH. 3alpOBaKCHHS JIEPIKaBHOTO
OCBITHBOTO CTaHAApTy, HOBOi CTPYKTypH IIKOJH, AaKIEHT Ha CaMOCTIAHE
OTIpaIlIOBaHHs HABYAJIBLHOTO MaTepially MOTPeOYIOTh 1 HOBOTO MiipyuHuKal7].

VYTiM, cydacHi [OCHIJPKEHHS 3acBIIYYIOTh HE 3aBXKAM BHUCOKY SKICTb
MIKUTBHUX MIAPYYHHUKIB, 30KpeMa: HEBIAMOBIAHICTh €BPONEHCHKUM CTaHAApTaM,
BIKOBHM 1 TICHUXOJIOTIYHUM OCOOJMBOCTSIM JIITEH, MEepEeBAaHTAXKEHICTh MaTepiajamH,
BIJICYTHICTh CIPSIMOBAHOCT1 Ha HAOYTTsI CTUMYJIIB 1O HABYAHHS TOLIO.

[Icuxomoro-neaaroriudi  (yHKIIl MIKUIBHUX MIAPYYHUKIB JOCHIIKYBaJIU
M. bypna, H. Bypunceka, 0. T'uis0yx, O. dycaBuupkuii, I'. Koctiok, 1. Jlepuep,
H. Menuunceka, B. Onuiyk, M. Puunk, H. Tanu3zina, C. SIkumaHchKa Ta iH.

IcTopito HaBUaNbHMX BHJAHb SK COIlAJIbHO-TIEAATOTIYHOTO (PeHOMEHY
BuBdyasin icropuku nenaroriku (JI. bepesiBceka, H. birmanens-binockanenko,
T. I'aBpunienko, T.3aeropoans, O. 3amamkina, [. Kypmsak, [. Pycnak,
O. Cyxomnunceka, b. Ctymapuk Tta iH.). IlemaroriuyHi acmekTH UTIOCTPATUBHOTO
opopmiteHHST miApy4yHUKiB po3pobmsmu  FO. Anranm, [. bait, H. 'onuaposa,
S1. Koqmok, B. PuBuuH Ta iH.

CTBOpeHHs SKICHOTO MiJpy4yHHMKAa — CIpaBa HEHUMOBIPHO CKIaAHA 1
BIJINIOBIIaJIbHA, SIKa BUMAarae BUCOKOIO MpodecioHani3My, HAyKOBOT Yd IPEeIMETHOT
KOMIIETEHTHOCT1 i MOPaJIbHO-IIPABOBOI BINOBIIaJIBHOCTI.

[Ipn mpoMy ciig mam’sTaTd, IO MAPYYHHK — 1€ HacamIepea HaByajibHa
kHura. J[o Toro »k KHMra HaJ3BUYAMHO CKJIaJHa (UM HE HAMCKIQJHIIIA), SKa Ma€ He
MPOCTO BIATBOPIOBATH 3MICT 1 CTPYKTYpPY SKOICh HAyKH, rajy3i 3HaHb a00 1HIIOI
dhopmu corrianbHOTO 10cBiNYy. BoHa moBuHHa:

— TMO-TIepIlie, BIATBOPIOBATHU IIEH 3MICT sSKOMOTra TOYHIIIE, 0e3 HaAMIpHUX
CIPOUIEHB 1 TEPEKPYUECHb;

— MO-JIpyre, BIATBOPIOBATU MOTO CTUCIIO 1 3B’ SI3HO;

— TO-TPETE — JOCTYIIHO, 3pO3yMUIO U, Oa)kaHo, IIKaBO IS JItOJIe TIEBHOTO
BIKY, TIEPEBaYKHO JITEH 1 MOJIO/II;
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— TMO-YeTBEpTE, MepeaBaTy Il 3MICT i3 Hamepe]] BU3HAUYCHOI HaBUYaJILHOIO,
BUXOBHOIO YHM PO3BHUBAJILHOIO METOI0, IO 3aJal0ThCi CYCHUIBHUMH — Ta
OCOOMCTICHUMH LIIJIIMUA OCBITH TOIIIO.

OcTaHHIM YacoM y 3B’s3KY 13 3MIHOIO NMAapaJUIMH 3arajibHOi CEpeIHBOT OCBITH
3HOBY TOCTPO TIOCTadu MpOoOJeMHU MIAPYYHUKA Ta MiAPYYHUKOTBOPEHHS. BonHu
NPOSIBISIETbCS y OaraThoX acmekrtax. B ymoBax peopMu mijipydyHrKa MaTEMaTUKH
BUSIBUBCS PSiJ CEPUO3HUX TPY/THOIIIIB.

Opniero 3 TakuX MpoOJIeM € BU3HAYEHHS 3MICTY Ta CTPYKTYpU IIKIIBHOTO
nigpyynuka. [liIpydHUKH MaTeMaTWKH BIAMOBIJAIOTH MPOTpaMi, aje MOPSIOK
pPO3TalllyBaHHS OKPEMHUX PO3ILIIB HE € KOpeKTHUM [2]. 3 TOUKM 30py Oararbox
(daxiBIiB Ta BUUTETIB-MPAKTUKIB OKpEMi MIAPYYHHKHU € JTOBOJI MEPEHACHUYECHUMH 1
HaJ3BUYAWHO CKIaAHUMU s yuaHiB [1, 10, 11].

He menm cepito3Hor mpobaemMoro € mpodeciiiHa HerOTOBHICTh BUUTENIB JI0
HOBOBBE/ICHb. 3HAaYHA YaCTHHA BYMUTENIB HE JOKIAAA€ 3yCHWJIb JO YCBIIOMIICHHS
METOJAMYHOI KOHUEMNIi MoOyJ0BU MIAPYYHHKA, PO3YMIHHS OCOOJMBOCTEN JOTIKH
noOyJJ0BM OOIpyHTYBaHb TOIIO. TMM OUIbLIE, IO aBTOPU HIAPYUYHHKIB Y OKPEMHUX
BUMAJKaxX caMi JOMYCKalOTh HEIO0ATICTh Y XapaKTepUCTHKAX KOHIIEMIIIT i pyYHHUKa,
K HAIIPUKJIa/ 3ayBaXKEHHS PO «KOHKPETHO-AEAYKTUBHUNY» BUKJIA] T€OMETPUYHOTO
MaTepialy OCHOBHOI HIKOJM Ta «4aCTKOBO-aKCIOMATHMYHUI» METOJ OOIPYHTYBaHb
[8].

Ha nutanns «YoMy BU KOPUCTYETECh caMme UM MIAPYYHUKOM?» HaiuacTiiie
MOKHA TIOYYTH JIMIIIE BIAMOBiAL: « ToMy 110 Il MiAPYYHUKH HATIUIIUIA 0 MIKIIBHOT
610mioTexkn». ToOTO, sikuM OM HEBAAIMM He OYB MiJIPyYHUK, BUMTEIh HE Mae
MO>KJIMBOCTI 3aMIHUTH HOro Ha iHIIWH, 60 He Mae BUOOpY. 3BICHO, BUMTEIH MOXKE
npuadaTH NOTPIOHI MIAPYYHHUKH 3 MPEAMETY ISl KOKHOTO KJIacy 3a BJIACHI KOILITH.
AJe X KOXEH pIK KyIyBaTH MiIPYYHUKH, sIKI IMIOHYIOTh BUUTEIIO, AJsi OATHKIB €
3aHAJTO JOPOTUM «3aJOBOJICHHSAM». THM made, Km0 iX Tpeba KymyBaTH HE 3
SIKOTOCh OKPEMOT0 TIPEIMETY, a Y KOMIUICKTI.

Ha cyuyacHomy erami y 0aratbox HIKOJaX BIACYTHI KOMIUIEKTH MIJPYYHUKIB
JUTS BCIX KiaciB 3 5 mo 12, siki Oynu 6 HanmucaHi € JMHUM aBTOPCHKUM KOJIEKTHUBOM Ta
B TOBHIM Mipl BIAMOBianu © mporpami cepeaHboi mkoju. lle mpuzBoguTh 110
NOPYUICHHS IPUHIIMITY HACTYTHOCT1 Y HAaBYaHHI.

Jly’xe akTyalbHUM € MUTaHHS MPO MOMUJIKU Y MIAPYYHUKAX 3 MATEeMaTHKHU.
Tak, y miapy4Huky 3 anreOpu MIECTUKIACHUKAM TPOIMOHYEThCS 3araM’siTaT, 10
«HucnoBuii MHOXKHHK OyKBEHOTO BHpa3zy Ha3uBalTh koedimieHTom» [9, c. 227].
Ane aBTOpH YOMYyCh HEe OepyTh 1O yBarw Te, mo OyKBEeHHI BUpa3 MOXE MaTH i
BurAa 3a+2b 1 B {bOMY BUIAJKY CTa€ HE3PO3YMUIUM, SIKUH 3 YUCIOBUX MHOXKHHKIB
CJIJT BBOXKATH MOTO KOE(PII[iEHTOM.

Y ToMy 3K MIAPYYHHWKY Jaili CTBEPIKYETHhCH: «SIKIMO OOWABI YaCTUHU
PIBHSIHHS IOMHOKUTHU a00 MOJUIATHA HA OJHE ¥ T€ caMme 4Yuclo, BIIMIHHE BiJ] HYJIA,
TO HOBE PIBHSHHA 3aJMIIATHCS MpaBwibHUMY» [9, c. 232]. IlpaBaa, sike piBHSIHHS
CIIiT BBaXAaTU «IPABWIBHUMY», UIA YYHS 3aJMIIA€TbCI TaeMHHIIC0, 00 cepen
MaTEeMaTUYHUX MOHATH TAKOTO 3HAUTH HE BAACTHCS.
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B iHmomy miapyunuky [3, c. 42] aBTOpH MOSACHIOIOTH, 110 «3alicH, CKIAAeH]
3 yucen 1 OyKB, CIOJYYEHHUX 3HAKAMU BIIHOIIEHb, HA3WBAIOTh BUpa3aMu». 3 1IbOTO
MOSICHEHHSI 3pa3y K BUIUIMBAaE, o0 4a =8 cIiJ BBa)XaTh BUpazoM, aine 3a+ 2D
BUpa3oM He Oyze. HaBpsa un XTOCh 3 MATEMATHKIB 3 IIUM ITOTOJUTHCS ...

3 BUAAHHSA y BUAAHHSA B MIAPYYHHUKY aureOpw 1 moyaTkiB aHamizy mis 10

: . 1 3
KJIacy MM 3ycTpidaeMo «DyHKIis x = SV ¢(y) HasuBaeTBCS OGEPHEHOIO 10

2
dyskmii y=2x+3=f(x)» [10, c. 99]. Lle MaTeMaTH4HE PEYCHHS MA€ JOTI4HY

CTpYKTYypy o3HaueHHs1 Dfd = Dfn, Xo4ya 3a CMHUCIOM BOHO HE MOXE BBa)KaTUCA

O3HAUEHHSM.
Ha HacTymHi# cTOpiHII MOXHA 3HAUTH TaKy Mapy O3HAYECHb:
. «DyHkmis  f, sgka Mae OOEpHEHy, Ha3uBae€Tbcs 0O0opoTHOIO» [10,

c.100].
. «ObepHeHoo 10 1aHoi 060poTHOT PyHKINT y = f (x) HA3UBA€ETHCS TaKa

byHKIISA X = q)( y) , sIKa KOXKHOMY y 3 MHOKMHH 3HA4€Hb QPYHKIIT y = f (x) CTaBUTh

y BIMOBIHICTh €IMHE YMCIIO0 X 3 ii oOmacti Bu3HaueHHs» [10, ¢. 100].

[{i «o3HaueHHsS» YTBOPIOIOTH MOPOYHE KOJIO, OO0 Mepiie 3 HUX «BHU3HAUAEN
000pOTHY (YHKIIIIO, K TaKy, [0 Mae OOEpHEHY, a Apyre — o0epHeHy (PYyHKIIO 10
000poTHOI. binbiie Toro, apyre 3 LMX O3HAY€Hb HE BIANOBIAAE MPUUHATOMY Y
MaTeMaTull TPAaKTyBaHHIO OOEpHEHOi (yHKUIi. 3BUYaHO, CIOAIBATUCA, L0 Y4HI
YCBIIOMJIATh CMHUCI TOTO, MPO 10 WAETHCSA B IIMX O3HAYEHHSIX, MaOyTh, HE BapTO: B
KpalioMy BUIAJIKY 111 Ba O3HAYEHHS OY1yTh (POpMaJbHO 3aBUEHI HaraM ATb[9].

Ti x aBTopu B TeMi «BcTym no0 craructuku», posrisgatoun «CepenHi
3HAYCHHS», YOMYCh BIIHOCATH JO HUX CEPEIHE KBaAPATHYHE BIIXUJICHHS C 1 B KIHIT
naparpady pobJsiTh BUCHOBOK, 110 «Po3risHyTi Moy, MeniaHy 1 cepeHl 3Ha4eHHSI
HA3MBAIOTh MIpaMu IEHTpadbHOI TeHaeHuii» [11, c. 286]. Ane 3araibHOBIAOMO, 11O
cepelHe KBaJpaTHYHE BIAXWJICHHS HE € TUM TOKa3HUKOM, IO XapaKTepH3ye
HEHTPaJbHy TEHICHII0 CTaTUCTUYHOI BUOIPKH, 60 BOHO SKpa3 Ja€ YABICHHS IPO
«BEJIMUMHYY CTETICHI BIAXUIICHHS BiJ HEl.

Ha >xanp, mepemik MNOMWJIOK y UWIKUIBHUX MIIPYYHUKAX 3 MAaTEMAaTUKH
HABEJCHUMH BUIIE NMPUKIAJaMH HE BHUEPIYETHCS, IO JIa€ MiJCTaBy TOBOPUTU HE
TUIBKHM IIPO HarajbHy HEOOXIJHICTh YTOUHEHHS KOHLENTYalIbHUX 3acaji BUKJIAJACHHS
MaTepiany OKpeMHUX TEM, a U JOOIpAaIlOBaHHS 3MICTY MiIPYYHUKIB 3 MATEMATUKH Ta
METOJUYHUX MaTepiajiB 10 HUXx[9].

[Tpu cTBOpeHHI OYyb-SKOTr0 MiAPYYHHUKA MOBUHHI BPAXOBYBATUCS HacaMIIepe/]
1HTEepEeCH MOro KOpUCTyBaya — YUHS YM CTYACHTA, iXHI BIKOB1 MCUXO0-(}1310JI0T1YHI Ta
1HIII 0COOIMBOCTI M MOXJIHBOCTI. TOMY KO/€H MiAPYYHUK HE TOBUHEH MOTPAILIATH
B HABUAIBHHUM 3aKJIaJl, HE IPOMWIIOBIIA MONEPEAHHOI HAYKOBOi, METOJIWYHOI,
TiriEHIYHOT TOIIO OILIHKM W HE OTPUMABIIM BifmoBigHOro rpuda MiHicTepcTBa
ocBiTH 1 HaykH (“‘PexomennoBano” abo “3arBepmxeHo”)[S, c. 99].

3BUYaiiHO, HaWKpalMi MiIpyYHUK HE MOXE 3aMIHUTH >KMBOTO CJIOBa
BUUTENSA, a € JIMIIE 1HCTpyMEHTOM y Horo pykax. [Ipore abu meil iHCTpyMeHT
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BUKOPUCTOBYBaBCSI €(QEKTMBHO 1 TIPaMOTHO, NOTPIOHO, 100 MIArOTOBKA
neJarorivHuX KajapiB OOOB’S3KOBO BKIIIOYAJa BIANOBIAHI KypcH 3 Teopli Ta
METOJMKY MIApYyYHUKa. MeToanuH1 0COOIUBOCTI 1 MOKIIMBOCTI PI3HUX MIAPYYHUKIB
MOBUHHI TOBHIIIE BHUCBITIIOBATUCH 1 aHATI3yBaTHCS HAa CTOPIHKAX MeAarorigyHoi
npecH, a po3MJIisii HOBUX MIJIPYYHUKIB 13 KOKHOTO MpEeAMETa MOBUHEH MOCTIIHO
3M1MCHIOBATUCS B CUCTEMI MICIISAUIIIIOMHOT OCBITH TEIaroT14HUX KaapiB.

Heo06ximHOI0 yMOBOIO €(EeKTUBHOTO BUKOPHUCTAHHS MIKUIBHOTO MiJIPYYHUKA €
nijgecnpsimoBaie  (GOpMyBaHHS B YYHIB CIELIAJbHUX HABUYOK poboTH 3
MaTeMaTUYHUM TEKCTOM, SIKE HE MOK€ BHYEPIIyBAaTUCh POOOTOI0 y MO3aypOUHHI
gac. OCTaHHIM YacoM CYTTEBO 3MIHWJIOCH BIJIHOIICHHS YYHIB JI0 YWTAHHS KHUTH
B3arajii, a MaTeMaTuyHoi, B 0coOmuBocTi. ToMy 3HayHa yBara BUWTENsS MOBHHHA
OyTH MpuUiIeHa OMPAIIOBAHHIO MaTepialy MiApyYyHUKa Oe3MOocepeHbO Ha YpOIIi.
VY4HI MalOTh OTPUMATH CIICIAJIbHI MPUTIUCH, TTaM’ ITKU TOIIO. [Ipu 11s0My HOIITBHO
BUPOOUTH B YYHIB CTIHKHA IMYHITET 1O BHUKOPUCTAHHA NOCIOHMKIB, SKI 3a
AQHAJIOTIEI0 13 HA3BOKO HEMOTPIOHOI 1 HAaBITh WIKIJJIMBOI XK1 MOXHa Ha3BaTH
«eMITTSIM». JI0 LOTO PO3psiy BIAHOCATHCS yCl 0€3 BHHSATKY «pPEIICOHUKH), SIKI
Ha)kajIb BUITYCKAIOTHCS MPAKTUYHO OJHOYACHO 3 yCIMa MIIPYUYHUKAMHU 1 301pHUKAMU
3a1a4. HasiBHICTH Takoi JiTepaTypy KajaidyuTh YUHIB 1 BOMBa€ MaTeMaTUYHY OCBITY.

ABTOpHU Cy4YacCHHUX MIJIPYYHHUKIB, 5Kl € (axiBISIMU CBOTO MPEIMETY, HE 3aBKIU
BPaxOBYIOTh OCHOBHI BHMOTH JIO OpraHizaiii 3acBO€HHS iX 3MICTy, ITHOPYIOTb
MOJIOKEHHST Teopli 1 METOAMKM HaBUYaHHSA, BHUCBITJIIOIOTH Y AUCHPOMNOPIIii
TEOPETUYH1, EeMIIPUYHI Ta MPAKTUYHI KOMIOHEHTH 3MICTY, PO3KPHBAIOTh HOTO B
OJHIM cTaHmapTHIN Jorimi. Taki MAPYYHUKH 1 TMOCIOHMKH HE JONOMAararmTh, a
3aBa)KAIOTh YYMUTEJIEBI BHUKOPHCTOBYBAaTH PO3pPOOJIECHI TUIAKTUKOI 1 METOIUKOIO
pi3HI TUOM YPOKIB, HE 3a0e3MeuyloTh JOCTaTHBOIO MIPOID PO3BUTOK TaKUX
NICUXIYHUX MPOLECIB, K YCBIAOMJICHHSI MaTepialy, OCMUCIIEHHS 3B’ A3KIB MIXK HOTO
eJieMeHTaMu, (POpMYBaHHS BMiHb 3aCTOCOBYBATH 3HAHHS Y CTaHJAPTHUX 1 3MIHEHUX
yMoBax. A po3poOKa MiJpyyHHKA TBOPYOK TPYIOI0, y SKy OyayTh BXOIUTH
CHEIAJIICTH 3 TIEAAroriKy Ta MCUXOJIOT11, a He TUIbKU BUUTEI-IIPEAMETHUKH, 3MOXKE
YCYHYTH HEJOJIKHU MIIPYYHUKIB METOAUYHOTO XapakTepy [4, c. 165].

VY 3B’3Ky 3 BIACYTHICTIO Yy MIJIpyYHUKAaX Ha3BAaHUX aCMEKTIB, BEIIUKUI TsArap
Jsirae Ha po3yM 1 npodeciiine oOgapyBaHHs BUUTENs. BiH TOBUHEH KOMIICHCYBATH
BC1 BaJu MiIpyYHUKA, KU MaB Ou Jomomaraty oMy 0e3 J0JIaTKOBHX 3aTpaT 4acy
1 3yCWIIb TJIaHYBaTH W OpraHi30BYBAaTH MPOBEJCHHS YPOKY.

Bunycknuku mneparoriuanx BH3 octanHpOro uwacy 3ayBaxyloTbh, IO
3MICTOBHO HOBOMY BHUKJIQJIaHHIO CTYACHTIB HE HAaBYAIOTh JaJeKO HE 3aBXAu (00 y
BHKJIaJlaya 31 CTaXEeM € JICKIlli, HalmiCaHl KUTbKa POKiB TOMY, a HOBI HEBIJIOMO, 4H
e po3poOuTh). A y IIKOJI €HTY31acT 13 Cy4aCHUM pPO3YMIHHSIM 3MICTy OCBITH
MIBUJIKO “TIPUXOJUTH 70 po3yMy’, 00 TUCHYTH KOJIETH CTaporo 3arapTyBaHHs, SKi
BBa)KAIOTh HEIOPEYHUM IIOCh 3MIHIOBATH. TparuisieThCs 1 HaBMakW: HaJA0aHHS
MUHYJIOr0 0€33alepevyHo BIJKHUIAI0Th, HATOMICTh BHKJIAJIaHHS 32 HOBHM 3MICTOM
yepe3 Horo Tak 3BaHy “HIOMHOCTIEYEHICTh” HaO0yBa€ CHOTBOPEHOTO BUTJISY.
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3aranoM TBOPYICTh YYMUTENsl MOXKE 3TIaKyBaTH HEJOJMIKA UM KOMIICHCYBAaTH
HEIOBHOTY ITiIpyYHHUKA.

OCKUIBKM MIIPYYHUK € OJJHUM 13 JIPKEpesl OTPUMaHHs yYHAMHM 1H(opMallli, He
MOXXHa HE 3pOOHUTH 3ayBa)K€HHS IPO MOXKJIUBI HOB1 Horo Gopmu, MOB’s3aHl 3
BUKOPUCTAHHSM KOMIT IOTEPHUX TE€XHOJOT1. HuH1 3’sIBUIOCS YMMalo eeKTPOHHUX
MIIPYYHUKIB 13 (13UKH, 1CTOPIi, EKOHOMIKH, Teorpadii, IHIIKUX AUCHUIUIIH. Haxansb
NPUIHATHOTO BapiaHTy MiIPyYHUKA MAaTEeMAaTHKHU MOKH 110 He icHye. byno 6 moope,
100 JUIsl KOKHOTO JAPYKOBAHOTO €IMHOTO MiJIPyYHUKA 3 OKPEMOTO MpeameTa 0yiio
PO3pO0JICHO €NEKTPOHH] BapiaHTH, a TAKOXK PI3HI JJOJATKOBI €JIEKTPOHHI TOCIOHUKH,
K1 O BUKOPUCTOBYBAIM MYJIbTUMEAIIHI 3aco0u. JIOUUIBHO pO3MOYaTH CTBOPEHHS B
VYkpaini HalicydacHIIMX 3ac00iB HaBYaHHS W HayKOBOTO MPHJIAIL, 110 CIIPUITHME
BIPOBA/DKCHHIO B KUTTS MIAPYYHHUKIB MaiOyTHROro. bakaHo He po3polOssTu
JECATKA PI3HUX MIAPYYHUKIB 13 KOXXHOI IIKUIHPHOI TUCIUIUIIHU, a CTBOPIOBATH
TBOpYl TPYNU AJisi PO3POOKH €IMHOTO OCHOBHOI'O MIAPYYHHMKA JJis BIAIOBIJHOTO
npodiIl0 HaBYaHHS, $KI MOXYTb IIIBHUJIKO TIOHOBJIIOBATHCS, 3MIHIOBATHCH 1,
MO>KJIUBO, CTAaHYTh OCHOBOIO TSI HEIPYKOBAHUX MIIPYYHHUKIB Y MAaHOYTHHOMY .
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MeTtoauka BuknagaHHs pismku
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DopMyBaHHS EKCIIEPUMEHTAJIBHUX YMiHb YYHIB IIPU
BUBYCHHI Qi3MKH y 0a30Bill IIKOJIi

VY cydacHMX yMOBax pO3BUTKY CYCILIbCTBA MEPE] LIKOJIO 0COOIMBO TOCTPO
nocrae mpobiremMa MIATOTOBKM HE «HOCIIB 3HaHb», a aKTUBHHUX, MHCISYNX
0COOMCTOCTEM, K1 3aTHI HE JIMIIE OPIEHTYBATUCS Ta MPUCTOCOBYBATUCA 10 HOBHX
YMOB, ajie i 3MIHIOBATH iX, Mi3HABAaTH OTOYYIOYHI CBIT Ta BIUNIMBATH Ha HbOro. Came
TOMY TIEPIIOYEPTrOBUM 3aBIAHHSM, IO MTOCTAE MEPEa YUUTEIeM, € 030pPOEHHS YYHIB
CUCTEMOIO YMIHb 1 HAaBHYOK HaBuajbHOI mpaul. Big cdopmoBaHOCTI 1UX yMiHB
3HAYHOIO MIpPOIO 3aJIe’KaTUME HABUEHICTh ITEH, TEMITH MEPEePOOKH 1 3aCBOEHHS HUMU
HAyKOBO{i Ta T€XHIYHOI 1HGOpMAIIli 1 B OCTATOYHOMY TIJICYMKY SIKICTh 3HaHb YUHIB.

VY HaByaHH1 (13UKHA TPOBITHY POJIb BIIITPAIOTh €KCIIEpUMEHTaIbH1 BMiHHS. Lle
00yMOBJICHO TUM, 110 (i3UKa — EKCIepUMEHTaIbHA HayKa. YcCl 11 BHUCHOBKH 1
JOCATHEHHS CIIMPAIOTHCS HA MPABUIIBHO MMOCTABICHUHN €KCIIEPUMEHT, CIIOCTEPEKEHHS
1 BUMiptoBaHHs. ToMy OJIHMM 3 TOJIOBHUX 3aBJaHb Kypcy € GopMyBaHHS 1 PO3BUTOK B
YYHIB €KCIIEPUMEHTAIBHUX YMIiHb 1 JOCIITHUIIKUX HABUYOK.

Jlo cborogHi HeEMae YITKOITO BHYEPHHOIO BHU3HAYECHHSA, M0 Take
eKCIIEPUMEHTaIbHI BMIHHI. MU po3AUILeMO TyMKy 0ararboX aBTOpIB, Ta BBAXKAEMO,
10 OLIBIN BIAJIMM € PO3YMIHHS MiJ €KCIIEPUMEHTAIPHIMHI YMIHHSMU TaKUX YMiHb,
SK1 JO3BOJIAIOTH YYHSM YCIIIIHO 3A1HCHIOBAaTH CAMOCTIHHY €KCIIEPUMEHTaJIbHY
JUSTTBHICTD, TPOBOJUTH AOCITIIKEHHS.

3 orJyiAly Ha HEOJHO3HAYHOCTI, 10 TPAIUISIOTECS B METOAMYHIN JITEpaTypi Ta
HaBYAJIBHUX MpOrpaMax MO0 MOBHOTO BHYEPITHOTO CIHCKY E€KCIEPUMEHTaTbHHUX
yMiHb Y4YHIB, MU 3alpONOHYBAJIM BJIACHUU MEPENiK YMiHb, SKUW IPYHTYEThCS Ha
aHai3l HaBYaJIBHUX mporpamM 3 (I3UKH, HAYKOBO-METOJAMYHOI JIITepaTypH,
y3arajibHeHH1 MepeIoBOTr0 MeAaroriyHoro JO0CBIY Ta BJIACHUX CIOCTEPEKEHHSIX 3a
€KCIIEPUMEHTAILHOIO JAISUTHHICTIO YUHIB Ha YPOKax (hi3UKH.

[IpoGnemi ¢opMyBaHHS EKCIEPUMEHTAILHUX BMIHb, MPHUCBSYCHA BEJIMKA
KUIBKICTh  gociikenb A.B.YcoBoi, A.A. bo6posa, H.B. Koueprinoi, I.C.
Boitnosuua, O.C. KonikoBoi. Ta ckiazeHi pekoMeHaallii, BiIHOCSATHCS MEPEBaXHO 10
YUYHIB CTapIIMX KJIACIB 1 CTYJIEHTIB, TO/I SIK OCHOBH 3aCBOEHHS €KCIIEPUMEHTAIHLHOTO
BUIY MISJIBHOCTI, MOTPIOHO HAMoOJErIuBo (OpMyBaTH BXKE B ChOMHX 1 BOCBMHUX
knacax. Jlo Toro x i JOCHIKEHHs, IPOBEJCHI paHimie, a podiT, MPUCBIYCHUX
(GbopMyBaHHIO €KCIIEPUMEHTAIBLHUX YMiIHb Y4YHIB 0a30BOi IIKOJU Ha SKICHO HOBOMY
piBHI, 3 BHUKOPHCTAHHSIM I1HHOBAI[IMHUX TEXHOJOrIA HaBYaHHSA, HAa CBHOTOJHI
HEJOCTaTHBO.
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VY cydacHii OCHOBHIM ILIKOJI pPiBEHb C(POPMOBAHOCTI E€KCIIEPUMEHTATbHUX
YMiHb Y4HIB, HeJJocTaTHIN. Lle 00yMOBI€HO THM, IO MO-TMEpILe, Mporpama 3 Qpi3HukKH,
MICTUTh MEPETIK YMiIHb Ta PEKOMEHAYE iX (popMyBaHHs, 0e3 Oyb-sikoi cuctemu. Ilo-
apyre, (opMyBaHHS €KCIEPUMEHTANIbHUX YMiHb BUMAara€ JOCTaTHbOI KUIBKOCTI
oOJajiHaHHs, 110, HAWYacTille, He MalTh B CBOEMY pO3NOpsKEHH1 mikoyd. [lo-
TpeTe, BIAMOBIAHA JISTIbHICTE MOTpeOye O6araro yacy Ha yporili. ChOrogHi, yUuTEIO
JIOBOJIUTHCS BUPIIIYBATH MPOOJIEMY, SIK YIIUIBHUTH MaTepiail - 3a MEHIIY KUJIbKICTh
rOJUH BCTUTHYTH BUKOHATH IMPOTpaMy, 3aKJIaJeHy CTaHaapToM. ToMmy Mi3HaBaJlbHa
TISUTBHICTh YYHIB HOCUTH, B OCHOBHOMY, PENPOAYKTHUBHUN Xapakrtep. Sk pe3ynbrar
JTH, BUKOHABIIM B MpOIECi HaBYAHHA KIJIbKa COTE€HBb JOCIIIIB, JI0 MOMEHTY
3aKIHYEHHS CEpPEeAHbOI IIKOIM HE MOXYTh BHU3HAYUTH XapaKTEpHI pHUCH
EKCIIEPUMEHTY SIK METOAY HAayKOBOTO Mi3HAHHS, BUAUIUTH B HHOMY OCHOBHI Omepartii
Ta BUKOHATH iX CAMOCTIITHO.

OTxe, IpH YMOBAaX, Kl HUHI CKJIAIHCS y CEPEIHIN MIKOJII, YMIHHS CaMOCTIITHO
MPOBOJIUTU E€KCIIEPUMEHT, CTAaBUTH HAWMPOCTINI JOCHIAM (POPMYIOTHCS B YUHIB
BKpail MOBUIBHO. 3 OTJIsy Ha IIe, MU MTOCTaBUIIM 3aBJIaHHS CKOpEryBaTu (hopMyBaHHs
EKCIIEPUMEHTAIBHUX YMIHb Ta PO3TJISTHYTH «CTaHIAPTHUN BUMAJ0K» MOXKIMBOCTI 1X
HaOyTTA.

CyyacHuil 3MICT Kypcy (I3UKH CTBOPIOE€ CHPHUATIMBI yMOBU ISl HAOyTTs
YUHAMHU 0a30BO1 KO €KCIIEPUMEHTAIbHUX BMiHb. OCHOBHUMHU HalpsIMKaMH I1bOTO
IPOLECY € BUKOHAHHS €KCIIEPUMEHTY, EKCIIEPUMEHTAIbHUX 3aB/IaHb, CIIOCTEPEKEHb.

Hapuanpuuii ¢Gi3M4HMI E€KCIEPUMEHT K OpTraHidHa CKJIaJoBa METOIUYHOL
cucTeMu HaByaHHs (i3uku 3abe3nedye (opMyBaHHS B Y4YHIB HEOOXITHHUX
OPAKTUYHUX  yMiHb, JOCHIJHUIIBKAX HAaBUYOK Ta OCOOHMCTICHOTO JIOCBIIY
eKCIIEPUMEHTAIbHOI MAISUNIBHOCTI, 3aBASKU SIKUM BOHHU CTAalOTh CHPOMOXKHHUMHU Y
Mexax HaOyTHUX 3HaHb PO3B’SI3yBaTH IMi3HABAIBHI 3aBIaHHA 3aco0aMu (Hi3UIHOTO
EKCIIEPUMEHTY.

Jig Toro mo0 Yy4yHI MOIJM SIKICHO OBOJIOAITH OCHOBaMHU (DI3MYHOIO
€KCIIEPUMEHTY, HEOOXIJHO CIUIaHyBaTH pOOOTYy BYMUTENS Ta CTBOPUTU CHUCTEMY
3aB/JlaHb, BUKOHAHHS SIKUX Mepeadayano 6 GopMyBaHHS €KCIEPUMEHTAIbHUX BMiHb.
[lin 4ac BHUKOHAHHS YYHSIMHU PI3HUX BHUIIB (HI3UYHOTO EKCIIEPUMEHTY MOXHA
3aMpoONOHYBATH 3aBJaHHs, siKi HaBeleHl y poboTtax [lapko B.JI. IIpoananizyBaBiiu
iX, MM JIANUTM BUCHOBKY, IO JJIsi YCHINIHOTO (DOpMYyBaHHS €KCIIEPUMEHTaIbHUX
yMiHb HaWKpalle CIyryBaTUMYTh €KCIEPUMEHTAJIbHI 3ajadi, eKCIEpUMEHTAJIbHI
3aBJaHHS TBOPYOTO Ta JIOCHTITHUIIBKOTO XapaKTepy, B TOMY YHCII JOMAIIIHI.

MeTo0 eKCrepuMEHTAIbHUX 3a7a4 € (QOpPMYyBaHHS B YUHIB BaKIUBOI
MICUXOJIOT1YHOI yCTaHOBKM: 3HAHHA MOTPIOHI JUIsl TOTO, 00 iX 3aCTOCOBYBaTH Ha
npakTuii. ExcnepuMenTanbHi 3a/1a4l HaBYAIOTh YYHIB CTABUTH METY €KCIEPHUMEHTY,
IUTAHYBaTH XiJ BHUKOHAaHHS 1 BHUKOHYBaTH €KCIIEPUMEHT, POOUTH BIANOBIJIHI
BUCHOBKHU. Taki 3aiadi MOXyTh OyTH TOCTaBJeHI Ha OyJb-SIKOMY €Talll ypOKy, ajie
Py 1bOMY 3MIHIOIOThCS AUAAKTUYHI (YHKIT 3a7a4, METOJIMKA IOCTAHOBKHU iX
PO3B's13yBaHHS.
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Haragaemo, 1o ncuXoJoro-neJaroriyHol0 OCHOBOK (OPMYBAaHHS BMIHB €
IisbHICT. Ta He Oyab-sika [ISUIBHICTh MPU3BOAUTH JO 1X (OpMyBaHHS.
OOOB’SI3KOBUM aTpUOYTOM JiSUIBHOCTI  MOBHUHHA OyTH OPraHi3oBaHICTh. Y IIKOJII
OCHOBHUMHM (opMaMH OpraHizoBaHOI MISUIBHOCTI € ypOK (IeMOHCTpaliiHuil Ta
(bpOoHTANBHUN E€KCTIEPUMEHT, J1a0opaTOpHI POOOTH, pOOOTH (PIZUUHOTO MPAKTUKYMY),
JIOMAIITHI JIOCTIAM Ta CIIOCTEPEX)EHHs, To3akiacHa pobora (y4acTb y TYpTI,
BUTOTOBJIEHHS CaMOpPOOHMX mpuiaaiB), ¢akyiapraTuBu. Koxkna dopma 3aHATH Mae
CBI{ CIIEKTP MOXKJIUBOCTEN y PO3BUTKY €KCIIEPUMEHTAIBHUX BMiHb.

Metonuku QopMyBaHHSA yCiX BHJIIB €KCIIEPUMEHTAIBHUX YMiHb, HE MO>KHA
po3rnagaTi  BiokpemieHo. Hampukian, posrasgaioud MeTOAuKy (OpMyBaHHS
YMIHHS BUKOHYBaTH €KCIIEPHUMEHT, MU TOPKAEMOCS METOMUKHU (POpMyBaHHS YMIHHS
TUTAaHYBAaTH Ta MIATOTYBATH €KCIIEPUMEHT, a TAaKOX METOAUKH (HOPMYBAHHS YMIHHS
3MIACHIOBATH  BHUMIPIOBaHHA, OOpOOJSATH Ta  IHTEPOpPETYyBaTH  pe3yibTaTd
excriepuMenTy. Ilpum posrmsai  Meroguku (OpPMYBAaHHS YMIHHS —POBOJUTHU
CTIOCTEPEKEHHS, MA TaKOX PO3TIIIAEMO BHUIIE 3a3HAYCHI METOIUKH.

[lounnatu ¢GopMyBaHHS EKCIEPUMEHTAJbHUX YMIHb Yy CYyYacHIM mIKoui
noTpiOHO, Hacammepen, 3 O3HAWOMJIEHHS 3 TaKMMH METOJaMU Ii3HAHHS, SK
CIIOCTEPEKEHHSI Ta EKCHEPUMEHT, 3 OCOOJMBOCTSAMH IIUX METOJIB, 3 OCHOBHHUMHU
CTPYKTYPHUMH €JIEMEHTaMH, 3 SKUX CKIagaloTbcs Il Meroau. [loTiM HeoOxigHO
BUPOOUTH BMIHHSI BUKOHYBATH KOKHY /110 (OCHOBHY CKJIQJIOBY IisTTBHOCTI), 8 Hajaui
CYKymHICTh nii. s dopmMyBaHHS BMIHHSI aHali3yBaTH PE3yJIbTaTH €KCIEPUMEHTY
MO>XHa BUKOPHCTOBYBATH TaKli METOJIM HAaBUAHHS, K METOJ MPOOJIEMHOTO BUKIIATY,
METOJI HaBYAJIBHUX JEMOHCTpallii, QpoHTasbHa Oecima Ta 1HmI. ['onoBHE
chopMyBaTH IITICHE YSBICHHS PO CIHOCTEPEKEHHS Ta €KCIIEPUMEHT, SIK METOIU
Mi3HAHHS.

[lepmri  kpokw, moao (opmMyBaHHS EKCIEPUMEHTAILHUX BMIHb YYHIB
Kpamaropcbkoi 3araabHOOCBITHROI MIKOJIW Ne35 Hamu Bxke 3po0JieH] Ta OTpUMaHi
no0pi pesynbTaTu. [iTM BXKEe HE IHTYITMBHO BHUAUISIIOTH CIIOCTEPEKEHHS Ta
EKCIIEPUMEHT, a i Ha3UBAIOTh X XapaKTepHI 03HAKH, 3a3HAYAIOTh METY, YMOBH, TUIaH
MPOBENICHHS, pOOJISATH BUCHOBKH PO MPOBEICHE JOCIIIIKEHHS.

Bce me, Oyno  JgoCATHYTO JEAKMM TMIEPEIiKOM i, sIKI MM TpPOBEIU B
HaBYAJIbHOMY 3aKJIaJll, a came:

— BHECJIM KOPEKTUBU B KaJCHJAApHO-TEMAaTHUHE TUIaHyBaHHs (i3uku 9 dizuko-
MaTeMaTUYHOTO Kiacy (rmporpamu 12-piyHoi HIKOIH), sIKI Iepen0avdaroTh BiIMOBIIHY
IIJIECIIPSMOBAHY JisUTHHICTB;

— po3pobwin pi3HI (OpMHU HABUATBHUX 3aHATH, HA SKUX 3alpONOHYBAIA
HaMpSAMKH Aii, 3aCO0H, BUAN €KCIIEPUMEHTATBHUX YMiHb, 110 MOXKIUBO CHOpMyBaIU
B YUHIB 3 TeMU « MartiTae moie;

— po3poOwiM Marepiaiav, MO  O3HAHOMIIIOIOTH YYHIB 3 OCOOJIHBOCTSIMHU
EKCIICpUMEHTAJIbHUX BMiHb, HaBUYalOTh HAOyBaTH I1X TIPH CIHOCTEPEKCHHSX,
(GpOHTATBEHUX EKCIIEPUMEHTaX, BUKOHAHHI OCHITHUIBKUX Ta KOHCTPYKTOPCHKHX
3aBJaHb, PO3B’SI3aHHI EKCIIEPUMEHTAJIBHUX 3a7a4 B Kjacl, JIOMalllHIX yYMOBaxX Ta
M03aKJIACHUX 3aX0J1ax.
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[IpoBeneHe qOCIIAHUIITBO A03BOJISIE HAM CTBOPUTH METOJAWYHI MaTepiaiu, sKi
JOTIOMOKYTh TMOYHMHAIOYOMY (haxiBLIO OpraHi3yBaTH TaKy Ba)KJIUBY Ta BKpai
HEOOX1JHY poOOTYy MO (hOPMYBAHHIO EKCIEPUMEHTAILHUX BMIHb.

XKonen BuMTenb HE MOBUHEH 3a0yBaTH MpoO Te, IO caMe Bia pPIBHI
c(hOpMOBAHOCTI €KCIIEPUMEHTAIbHUX YMIHb 3aJI€KHUTh YCHIX MallOYTHBOI JISUIBHOCTI
auTuHU. Hi ouH 3akiiaj OCBITH HE MOKE€ HABYMTH CBOT'O BUITYCKHHKA BChOMY, AaTH
oMy pelentu Ha BCl BHUNAIKH SKUTTSA, ajie BiH MoOke 1 3000B'si3aHHil 030pOiTH
BUITYCKHHMKA JIOCBIJIOM HAyKOBOTO Mi3HAHHA, SKUM JaCTh 3MOTY, B MIpy MOTpeOH
3aCBOIOBATM HOBY 1H(OpMAIIiIO, JOMOBHIOBATH 3HAHHSA,  PO3IIUPIOBATH CBIif
Kpyro3ip. 3 Orisily Ha BUKIAJEHE, 0COOIMBOrO 3HA4eHHS HaOyBae (popmyBaHHS B
MOJIOZII BXX€ Yy MIKUIBHOMY BIIll CTIHKOrO 1HTEpeCy 10 3HaHb, O30pO€HHS ii
HAaBUYKaMU 1 BMIHHSIMH, SIKI MICTS 3700yTTA CEpeIHbOI OCBITH 3a0e3mneyaTh JIIOANHI
MOJKJIMBICTh HE BIJCTaBAaTH BiJ MPUCKOPEHOTO HAyKOBO-TEXHIUHOTO mporpecy. Came
A0 TaKMX YMiHb 1 HaleXxaThb eKCIIepUMEHTalbHi, fKi € (yHIaMEHTOM MJis
camooprasi3zailii, CaMOpPO3BUTKY OCOOHCTOCTI.
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IrpoBi TexHoJI0Ti# HA YpPOKaX (PiZUKH

OcTtaHHIM YacoM B YMOBax peopraizailii CTpyKTypH OCBITH OCOOJIUBO TOCTPO
MoCTae MUTaHHS (POPMyBaHHS 3allIKaBJICHOTO CTABJIEHHS YYHS /10 BUBYEHHS IEBHOTO
npeaMeTy, 30kpeMa (pizuku. dizuka — oJiHa 3 HeOAraTboX MAUCIUILIIH, KA MOXE 1
MOBMHHA MaTH 3HAYHY 3aIlIKaBJIEHy HEI0 ayJIUTOPII0, OCKUIBKH ii HEOOX1IHICThH 1
MPaKTHYHY 3HAYMMICTh JOBOIATH (DAKTUYHO BCl1 JiF0Yl HA CHOTOJHI MPHUJIAIH,
MPUCTPOI, KOHCTPYKIIiT B TOOYTI Ta Ha pOOOTI.

€ pi3HI NUIIXHW aKTUBI3AIlil HABYAIHHOI MIsITBHOCTI 3 (Di3UKH B OCHOBHIN (1 HE
JIMIIIE) TIKOJI, aje HaWOLIbIl €PEKTUBHUM 3-TIOMDK IHIMUX 3aBISKH BPOKCHIN
CXUJIBHOCTI BCIX KMBHX ICTOT IO HBOTO € 3aCTOCYBaHHS I'POBOTO METOJY HaBYaHHS,
o0 € JOCUTh JOBEIECHHM Ha ChOrojHl (akToM. 3aBASKH LbOMY, BUUTENl 3
OaraTopiyHUM CTaXeM, HaMaralroyuch 3alliKaBUTH YYHIB CBOIM MPEIMETOM Ha
ypOKax, IMIUPOKO BUKOPUCTOBYIOTH ITPOBY ISIIbHICTH. SIKIIO BIAETHCS BUSBUTH B
YUHIB IIUPUNA IHTEPEC, 3a]TyUUTH iX J0 CHIBHOI TBOPYOCTI, TO L€ BXKE YCIIX BUUTEIS,
1€ KPOK JIUTHHU J0 pO3yMiHHS (hi3UKH, 3aKOHIB PO3BUTKY Bceeciry.

I'pa, sBaseTbCs NPOCTUM Ta OJIM3BKUM JIIOJAMHI CIIOCOOOM  Mi3HAHHS
HABKOJIMIITHBOT JINCHOCTI, € HaWOUIbIl MNPUPOJHUM Ta JAOCTYHHUM MUISIXOM [0
OBOJIOJIIHHSI TUMH a00 1HIITMMHU 3HAHHSIMH, BMIHHIMHU Ta HABUKaMHU.

I'pa, six oxHE 3 HAWMAMBOBIKHIIIMX SIBUII JIFOJACHKOTO XUTTS MpUBEpTaia 10
cebe yBary (dinmocodiB ta mocmigHukiB pizHuXx enox (Ilmaron, Apucrorens, ['erens,
[Iunnep, Crnencep).

Y BITUM3HSHIMA TEAAroriyHiil JiTepaTypi 3yCTPIYalOThCA PI3HI MOTSAAN 1
MiXOMU 0 CYTI TUAAKTHUYHUX MOXIUBOCTEH irop. [leski Bueni, Hampukian, JI.C.
[y6ina, JI.I. KprokoBa Ta iHWmI, BIJZHOCATH iX N0 MeTOAIB HaBuaHHs. Y.IL.
benepkanoBa, H.H. boroMmonoBa xapakTepu3yroTh Irpu gk 3aci0 HaB4YaHHS. IrpoBy
JUSIBHICTE sIK mpoOnemy pospoOmsuin [l Ymmuacskuid, ILIL. brnoncekmii, C.JI.
Py0iHmreiis.

Haiirnu6ime TexHosoris rpu sk GopMu oprasizailii 1 BAOCKOHAJICHHS y400BOTO
nporecy posrinsnyra C.®. 3anpko, }0.C. TonuukoBuM 1 C.M. TiOHHMKOBOi, sK1
BBAXKAIOTh, 1110 JO PO3BUTKY TeOpii MPOOJEMHOTr0 HAaBYaHHS, il OCHOBHUX IOHSTH,
NPUHIIMAITIB, METOIB I'pa HE MOIJIa OTPUMATH, 1 HE MaJla IeJaroridyHoi JIOTIKH
noOyZI0BH Hi B aCHEKTI AUJAAKTUYHOI IHTEPIpETallii CTPYKTYpH 1 3MICTy MpoOieM, Hi
B aCIIEKTI OpraHizamii 311HCHEHHS MMPOIECy TPH.

OTxe, 3pOo3yMiJio IO I TeMa JOCHTh aKTyajlbHA 1 IIKABUTh HE JIWIIE
¢inocodiB, OaTbKiB Ta BHUXOBATElNiB, a i BUMTENIB, TOMY IO IrPOBI TEXHOJOTII y
IIKOJIi TIOYaJId BUKOPUCTOBYBATH MOPIBHSAHO HEJABHO.

AKTyalbHICTh NPOOJIEMU MOCUITIOETHCS TUM, 110 CEPEIHS IIKOJIa IEPEXOIUTD 3
11-piunoi Ha 12-piuHy, a 3HAUUTh, 3MIHIOIOTHCA NPOrpaMu NpeaMeTiB. B nboMy poii
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1o mporpami 12-pivyHoT HIKOJIM BOEPILE HABYAIOTHCS YUHI 9-T0 Kilacy 110, 00yMOBUIIO
HAC 3aCTOCOBYBATH IrPOBI TEXHOJIOTII caMe y I[bOMY KJIaCI.

VY cyudacHiil 1IKOJI TPy 3 METO aKTUBI3alii Ta 1IHTEHCU(IKalli HABYAIHLHOTO
Mpoliecy BUKOPUCTOBYIOTh SIK Ha ypoOIll Tak 1 B mo3aypouHuil yac. HaBuanbHa rpa
nependavae iIrpoBe MOJEIIOBaHHS MOJIM Ta SBHUIILL, 1110 BUBYAIOTHCS, BOHA TAKOX Ma€
YITKO MOCTaBJICHY METY HaBYaHHS Ta BIATIOBIIHUNA MET1 pe3yJbTarT.

JupakTuyHa rpa crupuse MIIBUIEHHIO PIBHS KyIbTypu yuHs. Cepen irop, 1Mo
BUKOPUCTOBYIOTh YUYHUTENI, TEPEeBaalOTh KPOCBOPIH, YAWHBOPIW, BIKTOPUHU
(O.Ilpynakosa). OnHak, MiABUILYIOYH PiBEHb 3HAHb YYHIB, BOHH HE BIUIMBAIOTH HA
iXHI I[IHHICHI Opi€HTallii, cBiIoMicTh. BogHouac icHye Garato irop, po3poOiaeHux sk
3apyODKHUMH, TaK 1 BITYM3HSHUMHU TIearoraMi, CIPSMOBaHMX Ha (POpPMYBaHHS
CHUCTEMHOTO MHCIIEHHS, CBIIOMOCTI Ta IIHHICHUX OpI€HTAIlll, MPUPOTOOXOPOHHOI
TISJIBHOCTI.

€IMHOTO MOIJISIAY HA CTAaTyC IPU B HaBUaHHI Hemae. J[eski BUeH1 BBaXKalOTh ii
METOJIOM HaBYaHHS, 1HIII — 3acO00M HaBYaHHSA a00 HaBiTh (OPMOIO HaBYAHHS. Y
OyIb-IKOMY BUIIQJIKy I'pa CTUMYJIIOE MMi3HABAJIbHY aKTUBHICTh YUHIB.

VY nupakTil HeMae €uHOI Kiacudikallli HaB4aJIbHUX 1TOp, KOKEH JAOCIITHUK
IPONOHY€E CBOIO Kiacudikaiio. Ha wHamry aymMKy, HaWOLIbII BAANIOK SIBISETHCS
knacudikars I'. CeneBko.

v 3a BUIOM JiSTIBHOCTI: (Di3U4HI (PYXJIUBI), IHTEIEKTyalIbHI (PO3yMOBI), TPYAOBI,
collaibHi, IICHXO0JIOTTYHI

v 3a  XapakTepoM IMENaroriyHoro  TMpoIlecy: HaBYar4Yi, TPEHYBaJbHI,
KOHTPOJTIOIOYI, y3arajbHIOI0Ul; Ii3HABAJIbHI, BUXOBHI, PO3BUBAIOYl; PENPOIYKTHBHI,
NPOAYKTHBHI, TBOPUl; KOMyHIKaTHUBHI, 11arHOCTUYHI, Tpo(opieHTaIlIifH] Ta 1HIIII.

v 3a xapakTepoM IrpOBOi METOIMKHU: TPEIMETHI, CIOXKETHi, POJIbOBi, IIIOBI,
IMiTaIiiiHi, Irpu-apaMaTru3arii.

v 3a mpeAMETHUMHU 00JaCTAMU BUAUISIOTH ITPH 3a BCIMa MIKUIBHUMU ITUKJIAMHU.
v 3a IrpoBUM CEpeOBUILIEM: 3 MpeaMeTamMu Ta 0€3 HHUX, HACTUIbHI, KIMHATHI,
BYJIMYHI, MICLIEB1, KOMII FOTEPHI Ta 3 pI3HUMU 3ac00aMu IEPECYBAHHS.

VY HaBYaJIbHOMY MPOIEC BUKOPUCTOBYIOTH PI3HI BapiaHTHU I'pU. 32 METOJAUKOIO
POBEJICHHS, TUJIAKTHYHOIO METOIO Ta LUISIXaMH 1i IOCATHEHHS IrpH MOAUIAIOTHCS Ha
IMITaIliiiH1, pOJIbOB1, CIO’KETHI, IrpHU-3MaraHHs, Irpu-apaMaTH3aIlii.

O.C. T'azman BBaxkae, IO B TMEPIIy YEpPry Irpu MOTPIOHO PO3AUIUTH Ha
HACTYITHI BUIH:

1. Irpu 3 ¢dikcoBaHUMHU BIJKPUTUMHU MpaBHiIaMu (OUIBIIICT AUAAKTUYHHUX ITOD,
Mi3HaBaJIbHI Ta PyXJIMBI, IHTETIEKTyalbH1, My3H4HI1, iIrpu-3a0aBH Ta aTPAKI[IOHN).
2. Irpu 31 CKpUTUMU MpaBUIaMH (CIOKETHO-POIBOBI ITPH).

KoxeH mMocCmimgHMK TMpOTOHYyE CBOKO Kiacudikaiiro, sKa THUM ado I1HIIUM
BIJIPI3HSIEThCS BiA Kimacudikamii iHMAX. AJle HE3BaKAIOUM HA BIIMIHHOCTI, yciMa
aBTOpaMM BHIUISAIOTHCS TaKl BUIU 1rop, SIK (PpOHTaNIbHI, 1HAWMBIAyaldbHI, TPYIOBI,
CIO’KETHO-POJIbOBI.

Jly’)xe BaKIMBUM TUTAaHHSM € TPaBWJIbHE BUKOPWUCTAHHS irop Ha ypoii, 00
HaBITh JY’KE 11KaB1 I'pU MOXKYTh HAIIIKOIUTH.
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[Ipu mpoBeneHi ypoky (Pi3MKH 3 BUKOPUCTAHHSAM AUAAKTUYHOI TPU BUUTEIIO
HEOOX1JTHO MPOJAYMAaT HACTYNHI NUTaHHS METOJUKH, BUsBIeHHI KoBanenko B. I'.

1. Sxi BMIHHS Ta HaBUKHU B 001acTi (PI3UKH YUYEHUKH 3aCBOATH B MpOIleC] rpu?

SIki po3BMBarOYM Ta BUXOBHI I1iJ11 CTaBJSATHCS IIPU MPOBEACHHI I'pH?

CK171bKM YUYHIB OyJie MpUMMAaTH y4acTh y rpi?

Skl TMIaKTUYHI MaTepiaJid Ta HAOYHOCTI 3HAA00AThCS y XO1 Tpu?

Sk 3 HAMMEHIIIO0 BTPATOIO Yacy MO3HAMOMUTH YUHIB 3 MIpaBUIaMu?

Ha axuii yac po3paxoBaHa rpa?

Sk 3a0e3neunTH y4acTh y Ipi BCiX YUHIB?

Sk opraHizyBaTH CIIOCTEPEKEHHS 32 AITHMHU, 100 BUSBUTH iX aKTUBHICTH?

8. SIkuif BHCHOBOK CJIiJl TOBIIOMUTH YYHSIM HANpPUKIHII Tpu?

BukopuctaHHS Tpu y HaBYAIBHOMY TPOIECI BHMAarae IOTPUMYBATUCS JESIKUX
TIPABUIT:

1. I'pa noBuHHa OyTH MOMEPETHBOIO CXOIUHKOIO J0 OUTBII BAKIUBUX PEUCH.

2. I'pa mOBHHHA CKIHYMTHUCS PaHillIe HI’)K HAOPUIHE YUHSIM.

3. I'pa moBMHHA MPOXOAMUTH ITi/T HATJISIAOM BUNTEIS.

BaxxiuBuM  muTaHHAM  ITPOBOI  JISTIBHOCTI €  BpaxyBaHHSA  BIKOBUX
ocobnmuBocTe yuHIB. [Ipu iX mnpaBUILHOMY BpaxyBaHHI Ta JOTPUMAaHHI I1HIIUX
000B’SI3KOBUX BHUMOT Y YUHIB 7-X, 8-X KJIaciB, PU BUKOPHUCTAHHI IFPOBUX MOMEHTIB,
dbopMyeThCsl CTIMKUN 1HTEpeC A0 po3risay Gi3munux sBum, B 9-10-x kmacax
crierianbHO migiOpaHi iIrpu COPUSIFOTh PO3BUTKY 1HTEPECY JO MOSCHEHHS IUX SBUII, a
B 11-my (12-my) Ki1aci — iX CBITOIISIIHOMY TOSICHEHHIO.

[Ipu cucrtemaTHYHOMY BHKOPUCTAHHI Ha YpOKax IrPOBUX TEXHOJOTIH
CIOCTEPIraloThCs HACTYIIHI PE3yJIbTaTH:

v bOpMYyIOThCSI TaKi SIKOCTI OCOOMCTOCTI SIK TEpITHHS, HAIOJETIUBICTD,
BiJIMTOBIIATHHICTB, IIKaBICTh, CIPSIMOBAHICTH JI0 MI3HABAIBHOL MISITHHOCTI;

v BUPOOJISETHCA BMIHHSA CaMOCTIMHO 10OYBaTH 3HAaHHS Ta 3aCTOCOBYBATH iX Ha
MPaKTHIII;

v CTBOPIOETHCSI TO3UTUBHUN MOPAJbHO-TICUXOJIOTIYHUNA KJIIMaT B Kiacl I
PO3BUTKY OCOOMCTOCTEH YUHIB;

v M1JIBUIY€THCS pIBEHb PO3BUTKY KOMYHIKAaTUBHUX HABHUKIB YUHIB,;

v\ pO3BHBA€ETBHCS CIIOCTEPEKIIMBICTD, BMIHHS Oa4WTH HE3BHYAWHE B 3HAMOMHUX
peuax.

Came Taki pe3yJabTaTH MU CIOCTEpIraiv MiJl Yac MPOBEICHHS IeNaroriyHoro
excriepuMeHTy y 9 kiaci (teMa «EnekTpuuHuii cTpyMm y pI3HHX CEpPEIOBHIINAX))
negaroriyHoro CoB’SHCHKOTO Jilel (TyMaHITApHOTO HAampsIMKy HaB4YaHHS). Sk
MOKa3yIOTh 0araTopidHi JOCHIIMA BUYMTENIB, YUHI CEPEAHIX IIKLUI, JIIEiB, 0COOIMBO
Y4HI TyMaHITapHUX KJaciB, HE BOJIOAIIOTh HEOOXIIHUMHU IHTENEKTYaIbHUMHU
HABUKAMU JIJIS TJIMOOKOTO PO3YMIHHS SIBHIII, TPOIIECIB, OMMMCAHNX B JAHUX PO3JiJIaX.
B Takux cuTyarisx BYHTEIb BHKOPHUCTOBYE albTEPHATHUBHI METOJW HaBYaHHSI,
HaIpUKJIaJ IrpOB1 TEXHOJIOTTII.

OTxe, TMPOBOASYM CKCIEPUMEHT MH, Maibke Ha KOXHOMY YpOI,
BUKOPHUCTOBYBAJIM IrPOB1 MOMEHTH TaKi SIK:

Nk
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v' KpocBopa — Ha ypoli BHMBYEHHS HOBHMX 3HAHb — IPU3HAYCHHH IS
BIJIMIPaIlbOBYBAaHHS HOBUX TOHSTH. YUHI PO3TayBajll KPOCBOPJ, CKIABIIHM KITFOYOBE
CJIOBO, MOSICHIOBAJIM MOTO 3MICT (TeMa «EJIEKTpUYHUN CTPYM B METaJax»)

v' AYKIIiOH — IPOITOHYBAJIK IS IEPEBIPKH 3HaHb (TeMa «EnekTpuynuii ctpym y
piauHax» — aykiioH «llo3o010T pydKy»);

v' KoHKypc Ka3KkapiB — BHKOPHCTOBYBAJIM JUIi POOOTH 3 MiAPYYHHKOM — B
JIOMAIIIHIX YMOBAaX; y4Hi, TPOYUTABIIU Taparpad miapydHUKa, CKIagald 32 3MICTOM
Ka3ky (tema «EnexktpuyHuil CcTpyM y HamiBIpoBigHMKax» - ka3ka «I[lomopox
€IEKTPOHYUKAY);

v 3amaya 6€3 BUMOT — YYHSIM HaBOJMJIM YMOBH 3a71a4, B SIKUX HE C(HOPMYITHOBaHI
Bumoru. lllkomsipam Tpeba Oyno cCKJIACTH 3amWTaHHS 10 OIMMCAHHS CHUTYyallil Ta
BIANOBICTH Ha HUX (Tema «Enekrpuunmii ctpyMm y HamiBrpoBinHukax» — «lloracu
CBITJIO Ha BIJICTaHI»);

v [lepeBepTHI — 3aBIaHHS MOJSITIM Yy CKJIaJaHHI CIiB — (PI3UYHUX MOHATH — 13
JITEpP, U0 HAMMCAHI HA KapTKax, PO3KPUTTI iX (PI3UYHOTO 3MICTY Ta XapaKTEPHUCTHIII
(Tema «ENeKTpuYHUM CTPyM y razax»: «apKci» — iICKpa, «arym — ayra).

B pesynbTaTi mgociipkeHHs HaMU OyJIO BIIMIYEHO, IO YacTO MEPEMOXKIISIMHU
ITOp CTAHOBJIATHCA «CJIaOI» y HaBYaHHI y4yHi. B X0zl IrpoBOi JisJIBHOCTI y HUX
IPOSBIISIIOTHCS TEPIIHHA Ta HAIMOJETIUBICTh, TOOTO Ti SIKOCTI, IKMX iM HE BUCTayae
IPY CUCTEMATUYHIN MiITOTOBIII IOMAITHHOTO 3aB/IaHHS.

3aXONUBIINCH TPOIO, YUHI HE TIOMIYAIOTh, 1[0 BUATHCA, 3allaM’ ATOBYIOTh HOBE,
OpIEHTYIOTHCS B HE3BUUAWHUX CUTYAIIIsIX, @ TAKOXK MOTIOBHIOIOTH 3a11ac CBOIX TMOHSTH,
ySIBJIEHb, PO3BUBAIOTH (haHTa3ito. IrpoBi eneMeHTH JalTh 3MOTYy BYHUTENSM
3alliKaBUTH YYHIB 1 MPOTATOM JOCHUTh TPUBAJIOTO Yacy MIATPUMYBATH iXHINA 1HTEpeC
70 CKIIQTHUX THTaHb, BIIACTUBOCTEH 1 SBWIN, HA SIKUX Y 3BUYAMHUX yMOBax
30CEpeIUTH yBary JiTell HE 3aBXIW BAAE€TbCs. b HDK y OyAb-aKiil 1HIIINA
TUSITBHOCTI, B KOJICKTUBHIN TPl BUABIISIOTHCS OCOOUCTI SIKOCT1 KOKHOTO, (DOPMYIOThCS
CTOCYHKH 3 POBECHUKAMHU.

Irpy BaXJIMBO MPOBOAWTH CUCTEMATHYHO ¥ IIJIECHIPIMOBAHO Ha KOXKHOMY
3aHSTTI, MIOYMHAIOYU 3 €JIEMEHTAPHUX ITPOBUX CHUTYAIliil, MOCTYNOBO YCKJIaTHIOOYH
I ypI3HOMAaHITHIOIOYH iX Y Mipy HaKOIMYCHHS B y4YHIB 3HaHb, BUPOOJICHHS BMIiHb 1
HAaBUYOK, PO3BUTKY JIOTTYHOTO MUCJIECHHS, BUXOBAHHS KMITJIMBOCTI, CAaMOCTIMHOCTI,
TOOTO TakKMX SKOCTEH IHTENEKTyalnbHOI cdepu, 5K XapakTEepU3ylTh TBOPUY
OCOOUCTICTb.

Takum 9MHOM, Tpa € CBOEPIAHHUM IOIITOBXOM JJIsi TBOPYOTO TOIIYKY HOBUX
HaBYAJIBHUX TEXHOJIOT1H, 110 3a0€3MeUyr0Th IHTEHCH(DIKaIliI0 Y400BOTO MPOIIECY.
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OninHuk P.B., dineHko M.A.
! oyenm xagpeopu izuxu CAIY,
2Cmydehtmxa 5 kypey epynu SM=2 ¢izuxo-mamemamuunoco paxyromemy CHITY

3acTocyBaHHSI METOYy NMPOEKTIB HA YPOKaX QIi3MKHU y cTapuIii
IKOJII

Ha Tmi rambokux couiagbHUX 3MiH Y BCbOMY CBITI CIIOCTEPITa€ThCs 3arajibHa
CHPSMOBAHICTh HAa TyMaHI3allll0 OCBITH, TOMY 3 IOYaTKy JEB'THOCTUX POKIB XX
CTOJNITTSI CHUCTEMa OCBITH 3HAXOAWTbCA y cTaaii pedopmyBaHHs. HeoOximHicTbh
pedopM BUKIIMKaHA, 30KpEeMa, THM, 1110 cy4yacHe 1H(opMaliiiHe CyCIIbCTBO CTABUTh
nepej BCiMa TUNamMu y40OBHMX 3aKJaJiB 1, MEPII 3a BCE, MEPE] IIKOJIOK 3aBJIaHHS
MIJTOTOBKU BIAMOBIJHUX BUIYCKHUKIB, 3JJaTHUX aJanTyBaTHUCS JO KUTTS B I[bOMY
cycniibeTBl. OCh 1 3apa3 Halla CHUCTEMa CepeHbOi OCBITH IepeldyBae y crajuii
nepexoay Ha HOBY Mporpamy — rporpamy 12-pidyHoi OCBITH.

PedpopmyBaHHs CcUCTEMHU OCBITH COpsiMOBaHe, y TMepuly 4depry, Ha
NEPEOCMHUCIIEHHS 1[JIeH Ta MIHHOCTEW OCBITHHOTO mpoliecy. Lle BminBae He nuiie Ha
Mepersii 3MICTy Ta METH, a U METOAIB HaBuyaHHS. J[0 TOro * y CBITI Mporpecye
TEXHOJIOTIYHUNA HANpSIMOK PO3BUTKY CYCHUIbCTBA Ta JIIOACTBA B IIJIOMY, IO
3YMOBIIIO€ BUKOPUCTAaHHSI HOBHX 3aC001B HaBUaHHS — KOMIT IOTEPHHUX TEXHOJIOT1H. 3a
JaHUX OOCTAaBUH y CyYaCHHX IEJAroriB 3’ IBUJIOCS MEPIIOYEProBe 3aBIaHHS — MOIIYK
HOBUX MEIArOri9YHUX TEXHOJOTIMH.

Benuky mikaBicTh y TenaroriB, K TEOPETHKIB, TaK 1 MPAKTHKIB, BUKIUKAJa
TaKa MeJaroriyHa TeXHOJOT 1S K METOJ] IPOEKTIB.

Meron npoektiB BuHUK mie Ha modatky XIX cr. B CIIA. Cnouatky mneit
TEPMIH 3’SIBUBCS B MPAKTUIIl MIATOTOBKHU 1HXkeHepiB 11e B 1824 pori. [lepury cipoOy
BUKOPHUCTAHHS MPOEKTHOI TEXHOJIOTIi JJisg opraHizaiii HaB4aHHs 3poouB C. Penni,
ajie BIH HE JIaB JAaHOMY METOJAY NeAaroriyHoro oO0rpyHTyBaHHs. JleTanbHU po3riis
npoOjieMa opraHizailii HaBUYaHHS 3a METOJOM IMPOEKTIB oTpuMana B poborax [I.
Heroi, B.X. Kimmarpuka, E. Komiarca Ta in.. lleit meron 3HaWIIOB CBOE
BiJIOOpa)KE€HHs B MENaroriyHii Teopii Ta mpakTHill pi3HuUX KpaiH: Bemukoi bpuranii,
CIIA, Himeuuwnu, bensrii, @iangaaii, Itanii, Hinepnanais, bpaswunii, Anonii Tomro.
VY mmx kpaiHax HOBA IeNaroriyHa TEXHOJIOTIS JOCHUTh YCHINIHO ceOe MpOosBHIIA i
Yac MeJaroriyHux eKCHEpUMEHTIB i HUHI BUKOPUCTOBYETHCS SIK Y TOBHOMY OOCS31,
TaK 1 B OKPEMHX 11 elleMeHTax.

MeTto/ MpOoeKTIB LIKaBUTh HE JHIe 3apyOKHUX negaroris. [lounnaroun 3 20-
X pokiB XX CT.. III€F0 TEXHOJIOT1€}0 AKTUBHO 3aiiManucs i BiTun3HsAHI negaroru: H.K.
Kpynceka, H.M. Tymnaiikos, I1.B. Apxanrenscekuii, b. Jleitan, C.T. laupkuii, B.B.
Irnats’eB, M.B. Kpynenina, B.M. lllynerin Ta iH.. CyyacHl miaxoau 10 MPOEKTHOI
TEXHOJIOT1l 3HAWIUIM CBO€ BigoOpaxkeHHs B poborax [I. €pmakoma, O.M.
KobGepnuka, €.C. Tlonara, C.O. Cucoena 1a iH..

Cnpobyemo po3ibpatucsi, y YoMy MOJIArae CyTHICTb METOIy TTPOCKTIB.
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YiTKOro BU3HAUCHHS METOAY MPOEKTIB HEMAE. Y MIUPOKOMY PO3YMIHHI METOJT
MPOEKTIB (3 TPEIBKOr0 — «IOCIHIPKEHHS») — 1€ CUCTEeMa HaBYaHHs, 3a SKOI y4HI
Ha0yBalOTh 3HAHb B MpPOIEC] TUIAHYBAHHS Ta BUKOHAHHS 3aBJaHb-IIPOEKTIB, SKi
MOCTYIIOBO YCKJIQHIOIOTHCS. Y OLIbII BY3bKOMY PO3YMIHHI METOJ MPOEKTIB — IIe
CYKYIHICTh TIEJaroriyHuX MNPUMOMIB Ta omeparlii, 3J1MCHIOBAHUX BHUKJIAJadyeM Ta
YYHSIMH Y TIPOIIEC] TISUTBHOCTI 3 METOI aKTHBI3allli Mi3HABAJILHUX 1HTEPECIB yYHIB,
HalpaBJICHUX Ha OTPUMAHHSA Ta 3aKpIIJICHHS HOBUX 3HAaHb, YMIHb Ta HAaBUYOK,
PO3BUTOK TBOpUYMX 3M10HOCTEH Ta HAOYTTS JMAOCBily MNPAKTUYHOTO BUPIIMICHHS
CaMOCTIIHO MOCTaBJICHUX 3aBJaHb

[3 Ha3BM Ta BHU3HAYEHHS METONy MPOEKTIB 3PO3YMLIO, IO JJsi OpraHizaiii
HaBYaHHS 32 JJAHOIO MEIarori4yHOI0 TEXHOJIOTIE 3aCTOCOBYIOTh MTPOEKTH.

[TpoekT — 11e criemniagbHO OPraHi30BaHUN BUUTEIIEM 1 CAMOCTIHO BUKOHYBaHUHN
VYHSIMH KOMIUIEKC [ii, 0 3aBEPIIYIOTHCS CTBOPEHHSM TBOPYOTO MpoaykTy. €.C.
[TonmaT moB’s13yBaB MPOEKT 3 MPOOIEMOI0, IO «MOKE O3HAYaTH CIPABKHIO CUTYAIlIO
TBOPYOCTI».

Meroa mpoOEKTIB 3aBXKIU OPIEHTOBAHWI Ha CaMOCTIMHY AiSUIBHICTh YYHIB —
IHAUBIAyallbHy, MapHy, TPYMHOBY, SKy VY4YHI BHUKOHYIOTb NPOTATOM IEBHOIO
B1JIp13aHHS Yyacy.

[3 BUKOpUCTAHHAM METOJy MPOEKTIB JCIIO 3MIHIOETHCS POJIb BUUTEINS: BIH CTAE
OpPIEHTUPOM ISl YYHIB, IO CIPSMOBYE iX Mi3HABAIBHY MISIIbHICTD y HEOOXiJIHE 3a
OCBITHBOIO MPOTPAMOIO PYCIO. 3a3BUYAil BUUTEJIEM JAIOThCA NMEPBUHHI 3HAHHSA, SIKI
YYHI MOTIM ITiJT THJIGHUM TOTJISIOM BUUTENIS TIOTJIHUOIIOI0TE CAaMOCTIHHO, MMPOXOITIn
IUISXOM JIOCTITHUKA, SKHH B)KE BIAKPWUB NEBHUM 3aKOH, JIOCTIIUB IIEBHE SIBHUIIE
ToI0. TakKUM YMHOM, YYHI MatOTh MOXJIMBICTh BIIYYTH ceO€ MEPIIOBIIKPHUBAYAMHU.

Ha 30pi cBOro icCHyBaHHSI METOJ] TPOEKTIB BUKOPUCTOBYBABCSA 31€OUTBIIOTO SK
TEXHOJIOTIS BHPOOHULTBA TMPOAYKTY CIOXXKHMBAHHS, TOOTO HOro 3acTOCOBYBAIH
31€OUTBIIOT0 y TPOLeCi BHUKJIAJaHHS TPYJIOBOIO HaBUYaHHsI. B Ham yac MeTon
IPOCKTIB TaKOX aKTHBHO BHKOPHUCTOBYIOTH IIiJ] Yac BUKJAJAHHS 1HO3EMHHUX MOB,
1H(popMaTHKH, (P13UKH, ACTPOHOMII TOLIO.

BuxopuctanHs MeTo/ly MPOEKTIB BHUMAarae peTeibHOi oprasizaiii poOoTH sK
y4Hs, Tak 1 camoro Buutens. [lounHatu Tpeba 3 YIOCKOHAJIECHHS KajeHAapHO-
TEeMaTUYHOTO TUTAaHYBaHHSA: B HhOMY HEOOX1JHO Mepen0auynuTy pi3HI BUIU AISIBHOCTI
Ta ii 3MICT, 10 BIAMOBIJAIOTh MPOEKTHIM TEXHOJIOT1i HaBYaHHS (CTBOPEHHS MPOEKTIB,
PO3B’sA3aHHS HECTAHAAPTHUX MPOOJIEM, BAKOPUCTAHHS MisUIbHICHOT TEXHOJIOTIT 1 T.11.).

Mu cnopoOyBanu BHKOPHCTaTH METOJ TMPOEKTIB Yy TEAarorivHoMy
eKCIIEpUMEHTI Tpu BHUKIagaHHI (izuku y 11-My Kjaci meaaroriyHoOro JILEK M.
CrnoB’aHCBK (i3UKO-MaTEMaTHYHOTO MPOQUITIO, /1€ 3aPOIIOHYBAIIA YUHAM PO3POOUTH
MIPOCKTH TEMH « XBHJIHOBA OMITHUKAY.

Bimomo, 1110 po3pi3HsAI0Th TaKi BUIU MPOEKTIB:

"  JJOCIIJHHIIBKI;
" TBOpYI;
" rpoBI;
" iH(opMaIriitHi.
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VY npakTtuii BUKIaAaHHsS (Pi3UKM 3 00paHOi TeMH B Jillel MM BHKOPUCTAIU
OCTaHHI — 1H(OpMaliliHI, AKI COpsIMOBaHI Ha 30upaHHs 1HQOpMaLli MpPO AESIKUN
00’ekT, sBUILE, 11 aHa3, y3aranbHeHHs (akTiB. Takl mpoekTu moTpedyroTh A00pe
IPOyMaHOi CTPYKTYPH:

" MeTa MNpPOEKTy, MOro akTyaJabHICTh, METOIM OTPUMaHHS Ta oOpoOka
1HdOopMaIii;

" pe3yibTar;

" TIpe3eHTAIlisl.

[Ipn BuBuYeHHI TemMu «XBWJIbOBA OMNTHUKA» YYHAM OyJIM 3amporOHOBaHI
npoekTu Ha TeMu: «BomokonHHa omTmka Ta ii 3acTtocyBaHHs», «CBITJIOBOIU Y B
TexXHill Ta mooyTi», « TaeMHHII MUIBHUX MiXypiB», «KonbOpoBi sSBUIIA B IPUPOID».
besnocepenHbo Ha ypokax ydHI MOBHUHHI OyJiM OMaHyBAaTH MPOEKTHY TEXHOJOTIIO
IIUISXOM CTBOPEHHS MiHIi-IPOEKTIB. IpYHTYIOUMCH Ha TEKCTH MOCIOHHUKIB Ta
NIJPYYHUKIB, BJIACHI TMOMNEPEAHI CIOCTEPEKEHHS BOHU OOrOBOPIOBAIM TEMH:
«Becenkay», «llonspuzauis ta aBTOMOOLIBY», «IHTEpdepeHlis — 1ue Kpacuso!»,
«JIudpaxiis — mikaBo!».

BaxnuBuM B 111 poOOTI HaM BOAYaeThCAd HE TIIBKM i KIHIICBUU pe3yJIbTaT
(IpoeKT), a Mmpollec MOeTaHoi, periIaMeHTOBAaHOl MIsUIbHOCTI yCiX MOro y4acHHKIB
(o3HaueHHs MeTu, 30upaHHsa 1H(opMaiii, aHami3, (QOpMyIOBaHHS BHCHOBKIB,
nojanHs iHpopMaii 1 T.11.).

VY cBoili poOOTI MU MJIaHYyBaJU Pi3HI 32 TPUBAIICTIO MMPOCKTH:

— KOpPOTKOTpUBai (KUIbKa YPOKIB);
— CEepeaHBOI TPUBAJIOCTI (BIJ THXKHS 10 MICSIIS).

Y nonanpmiiid iSIBHOCTI MU IUIAHYEMO JIOBTOTPUBAJl MPOEKTH (KUIbKA
MICSIITIB).

Y HamoMmy nOoCHiAl MU TPOBOAWIN pPOOOTYy HAA TPOSKTOM IIOYPOKY,
BUAUISIIOUM 7-15 XBWIMH [ TOSCHEHHS, OOTPYHTYBaHHS Ta CTHUMYJIIOBAaHHS
TisIbHOCT] yuHIB. [IprBoguMO puOIN3HY MOCIIIOBHICTD ISJIBHOCTI BUMTENS Y XO/1
oprasizaiiii poOOTH y4HIB HaJl TPOEKTOM.

1-i ypOK: MOSICHEHHSI CYTHOCT1 MOHSATTS «IIPOEKT» Ta «IPOEKTHOI JISITbHOCTI»;

2-#1 ypoK: 00roBOpeHHs po0JjieM, ikl He0OOX1THO JOCHIIUTH;

3-if ypoK: pO30OMTTS Kjacy Ha rpymnu Ta OOrOBOPEHHS TUITY AISUTBHOCTI Y4HIB
KOYKHOI JTOCITITHUIIBKOT TPYIIH;

4-#1 ypok: OOrOBOpPEHHS TE€M ISl TOCHII)KEHHS KOXKHO1 TPYIIH;

5-it ypok: BUOIp T€M MPOEKTIB Ta IX MOTUBYBaHHSI;

6-11 ypOK: CTBOPEHHSI JIOTTYHOTO JaHIIF0)KKA MOMJIMBOCTEH TOCIIKEHHS TEMU;

7- ypoK: TMOKa3 y4YHSM SIK MOXKHA JOCIITUTH Oynb-siky Temy («Sk Oum 1e
3po0uB 17»);

8-11 ypok: 00TOBOpEHHS Kepe iH(popMaiii;

9-ii ypok: BHOIp AOMOBIJAaYiB, PO3pOOKa TE3UCIB JOMOBIAl AJIA MalOyTHHOTO
NPE3CHTYBaHHS PE3yJIbTaTiB MPOCKTY;

10-#1 ypok: nmpe3eHTallisi NpoeKTy.
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3acTocyBaHHS METOJy IPOCKTIB Ha ypoKax (pi3WKH y CTapIuiii mKkoi

VY XoJil IOCHIIKEHHS CTaJIO 3p03yMLII0, 1110 YYHSIM HallIKaBille BUCYBAaTH CBOT
BJIACHI TIIIOTE3HU Ta, HA OCHOBI1 JOOYTHX y XOJ1 MIATOTOBKH MPOEKTY 3HAHb, TOBOAUTH
CBOI1 TeOpli.

SIK BUCHOBOK 3ayBa)KMMO, LII0 METOJ| IPOEKTIB JO3BOJIAE IEUI0 BUXOIAUTH 32
paMKu Mporpamu, MOTUBYBAaTH BUBUYEHHS (DI3UKH, 3aKPIILIIOBATH TEOPETUYHI 3HAHHS
Ha NPaKTHLl, TIMOOKO II3HABaTH 3aKOHM NPHUPOAM Ta BHU3HAYATU KOPUCHY Ta
npaBAuBy 1H(pOpMaIlil0 y Hamomy Oarato iH(OpMaIliiHOMY CYCHUIbCTBI, a 3a
BIJICYTHOCTI 00JIaIHAHHS — III€ ¥ CAaMOCTIHO BUTOTOBJISTH JIEAK] TIPUJIAIH.
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Bonpocsl cuHepreTuku B Kypce (pu3uKu

[Tpo6GiieMbl coBepIIeHCTBOBAaHUSI 00pa30BaHUs, COKpAIIEHHUs] OTCTaBaHUS €ro
OT COBPEMEHHOI'O COCTOSIHUSI HAYKU OYEHb aKTyaJIbHbI B IIEPHOJ OBICTPOIrO pa3BUTHUS
nocyieqHeld. OrpoMHOE KOJMYECTBO MOSIBISIOIIMXCS TEOPHM M 3KCIEPUMEHTAIBHBIX
(akTOB HEBO3MOKHO BTUCHYTh B paMKH COOTBETCTBYIOIIEH AUCHUILINHBL. Ho B 3TOM
HET U HeoOXoauMocTH. Hy>KHO y4uTh, T1aBHBIM 00pa30oM, HE TOMY «4TO JyMaTbhy, a
«KaK AyMaTb» B COOTBETCTBHHM C COBPEMEHHBIM MHUPOBO33pEHUEM. JMIaKTHUYeCKOU
00paboTKe MojJIe’)kaT B NEPBYIO OYEpPEIb TE€ HANpPABICHUS Pa3BUTHS HAYKH, T€
OTKpBITUSI, KOTOpPbIE BHOCSAT HOBOE€ B €CTECTBEHHOHAYUYHYIO KApTUHY MHDA,
W3MEHSIOT MPEACTABICHUS O HAYYHOW PAallMOHAIBHOCTH. B mocneaHue necaTuiieTus
O0COOEHHO TPUBIIEKATEIbHBIM B ATOM OTHOIIEHHUM SBIISETCS MEXJIMCUUILTMHAPHOE
HaIlpaBJICHUE HUCCJIEAOBAaHUN OTKPBITBIX HEIMHEWHBIX cucteM, kotopoe I'. XakeH
Ha3Bal cuHepretukou. [lo MHeHuro uneHa-koppecnonjgenra PAH M.B.
BonpkeHmTEllHAa  CHHEpPreTMKa — HOBOE€  MHPOBO33PEHHE, OTJIMYHOE  OT
HBIOTOHMAHCKOro KiaccuiuaMa. Ha MexayHapogHoM (uiaocockoM KOHrpecce B
2002 r. (r. MockBa) cuHepreTrka Obljla Ha3BaHa SAPOM (POPMUPYIOMICHCS KapTUHBI
MHpa IIOCTHEKJIacCu4YecKor Hayku X XI Beka.

CunepreTuka, HeIMHEHHAs JTUHAMHKA OBICTPO pa3BuBatoTca. CUnUTaeTCs, 4TO K
HACTOSIEMY BpeMEHH CGOPMUPOBAIUCH TPU MapajurMbl CcuUHepreTuku [1].
VYuuTsiBass BpeMsi MOSBICHUS COOTBETCTBYIOLIMX KOHUENTYaJbHBIX CXEM, MOJENeH
[OCTAHOBKM UM  peleHus mpoOsieM, TMepBOM MOXHO Ha3BaThb Mapagurmy
CaMOOpIraHM3alMi, BTOPOM — MapajurMy JIE€TEPMUHUPOBAHHOTO Xaoca, TPEThel —
napagurMy caMOOpPraHW30BaHHON KPUTUYHOCTH WIIH MMAPAIUTMY CIOKHOCTH.

Hama pabota mocssiiieHa mpoOiemMaM COBEpIIEHCTBOBaHMS OOpa3oBaHUS B
COOTBETCTBUM C MNEPBBIMH JBYMs MapagurMaMu. Bompochl, CBS3aHHBIE C TPETbEM
napagurmMon (M3ydyeHue CBOMCTB MAacIUTaOHO-MHBAPUAHTHBIX CHCTEM, CTEIIEHHBIC
3aKOHBI PaCIPEIEIEHUS U T.11.), — TEMBI JJIS [TOCJIEIYIOIUX UCCIIETOBAHU.

B nurepatype mno aumpaktuke (U3MKKM TOpU3HAETCI HEOOXOIUMOCTh U
BO3MOXXHOCTh ~ YYUTHIBATh  MMAPAJUTMbl CHHEPreTUKH 1mpu  (HOPMHUPOBAHUU
conepkanus pusmdaeckoro oopazoBanus [2-4]. B HeKoTOpHIX 001Ie00pa3oBaTEIbLHBIX
yueOHbix 3aBeneHusx (MockBa, CaparoB, IKeBCK) IUIaHHpPyETCS U3y4YCHUE
DIIEMEHTOB CHUHEpreTukud. Kpome Toro, cuMmraercs OOlIenpu3HaHHBIM, YTO
CUHEPreTUYECKUE MPHUHIIUIBI TOJKHBI ObITh IOJIOXKEHBI B OCHOBY 00pa30BaTEIbHbIX
TexHojorui. Ilegarormka mMeer Ael0 C OTKPBITBIMM HEIWHEHWHBIMHU CIIOXKHBIMU
CUCTEMaMHU: COJIep>KaHhe 00pa30BaHMsl, CUCTEMA 3HAHUM W YMEHHMM ydaluxcs U T.1.
NMeHHO Takue cucTeMbl u3ydyaeT cuHepreruka. OauH u3 ee ocHoBateneit ¢pusuk I'.
XakeH B TMOCJEIHME TOJbl 3aHSJICS pa3pabOTKONM CHUHEPreTHYecKOro Moaxonaa K
M3YUYCHHIO JEATEIbHOCTA MO3Ta.
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Bomnpockl ciuHepreTuky B Kypce GU3UKH

Hamu oroOpana MuHuMManpHas 10 00beMy cHUCTEMa TMOHATUA U
MPEICTABIICHU, BAKHBIX JIJIS1 METOJIOJIOTMYECKOTr0 OCHOBAHUS Kypca (DU3UKHU:
-~ COOTHOLUEHUE IUHAMUYECKUX W CTATUCTUYECKUX 3aKOHOMEPHOCTEH, MOHATHE
JNETEPMUHUPOBAHHOTO Xa0Ca;
— IIOHATHE HEyCTOWUYMBOCTH U €€ POJIb B BOJIIOLIMY IIPUPOIHBIX CUCTEM;
- TMOHATHE HEJIMHEHHOCTH, JMHEHMHOCTh KakK IepBO€ NPUONMKEHUE B TO3HAHUU
HEJIMHEWHOW peaJlbHOCTH, CBOMCTBA HEJIMHEUHBIX CUCTEM.

VYcnex HBIOTOHOBCKOM MEXAHMKM TpUBEN K JUJIMTEIBHOMY TOCIOJCTBY
yOeXKJAeHus1, 4YTO TEPBUYHBIMU, HaubOojiee (PyHAAMEHTAIbHBIMU  SIBIISFOTCS
IUHaMH4YecKkue 3akoHbl. C TMOSABIEHMEM KBAaHTOBOW MEXAaHHMKH IIOJOKECHUE
U3MEHWJIOCh — TpHU3HaHA (PYHIAMEHTAIBHOCTh CTATHCTHUYECKHX 3aKOHOB B
MUKpOMHpE. XOTs MOUCK «CKPBITBIX IapaMeTpPOB» MPOJIOJLKANICS A0JAro. Bo BTOpoii
noioBuHe XX BeKa CTajo SICHO, YTO CTAaTHCTUYECKOE OIMCAHHUE SIBIAETCS
(GbyHIaMEHTAbHBIM HE TOJIbKO B MUKPOMHUPE, HO U Ha MAaKPOCKOIIMYECKOM ypPOBHE
CTPYKTYPHOU OpraHU3aLU MaTEPUU.

3HaMEHaTEIbHO MPU3HAHHUE, CHCIAHHOE MPE3UJEHTOM MEeXIyHapOJHOro
COI03a TEOPETHYECKON M TPHKIaAHOW MexaHuku B 1986 r.. «Mbl Bce TiyOOKO
CO3HAaEM CErofHs, YTO  HHTY3Ma3M HallUuX MPEAIIECTBEHHUKOB IO IOBOAY
BEJIUKOJICTTHBIX JTOCTUKEHUN HHIOTOHOBCKOM MEXaHUKHU MOOYIUI UX K 000OIIEHUSIM
B 3TOM 00JAaCTH ... KOTOpbIE, KAK Mbl TeNepb NMOHUMAaeM, ObUIM JIOXKHBIMH. Hac He
MOKUJAET KOJUIEKTUBHOE JKEJIaHWE MPU3HATh CBOIO BHHY 3a TO, YTO MbI BBOJIMJIU B
3a0y’KJI€HUE IMIUPOKUE KPYyrd OOpa3oBaHHBIX JIOJEH, pPACHpPOCTpaHsIs HUIAEH O
JNETEPMUHUA3ME CHUCTEM, YIOBJIETBOPSIOIIMX 3aKOHaM JBMKeHUs HbroToHa,- uzaew,
KOTOpbIE, KaK BbIICHWIOCH Tmociae 1960 r., oka3anuch HENPaBUIbHBIMIY.
(Ilutupyetcs mo [5, ¢.85]). «JleTepMUHU3M, J10IATOE BpeMs Ka3aBIIUHCS CHUMBOJIOM
HAay4YHOTO T[I03HAHUS B HACTOSILIEE BPEMS CBEIECH JO TIOJIOKEHHUS CBOMWCTBA,
CIIPAaBEJIMBOTO TOJIBKO B OrPAHMYEHHOM Kpyre CuTyauui», - AokasbiBaeT .
[Ipuroxun [5]. Kpome Toro, BCIEACTBHE YPE3BBIYANHON YYBCTBUTEIBHOCTH
OOJBIIMHCTBA TUHAMUYECKUX CUCTEM K Ha4aJIbHBIM YCIOBUAM («3(hdekT 6abouxm»)
U BBITEKAIONIEMY OTCIO/Ia CBOMCTBY HEYCTOWYHMBOCTH TpaeKTopuil ((ha30BbIX
TPAEKTOPHIA), BEPOSITHOCTH OOPETAIOT OOHEKTUBHBIN CMBICIL.

AHanu3 pe3yJabTaTOB AHKETUPOBAHUS y4HUTeled (QU3MKM TOKa3zaj, YTo
MIPUMEPHO TOJIOBUHA U3 HUX CUUTAET MEPBUYHBIMH, Haubosiee (QyHIaMEHTAIbHBIMU
JUHAMHMYECKNE  3aKOHOMEPHOCTH.  YTBEPKIEHHE O  BO3MOKHOCTH  KakK
CyOBEKTHUBHOT0, TaK U OOBEKTHUBHOT'O XapaKTepa CIIy4yalHbIX COOBITUM, TPUBEACHHBIC
B yueOHOM 1tocoouu miis 10 k1. [6], HE cMOT OOBSICHUTh HU OJWH M3 yUUTENCeH. DTH
JaHHBIE CJEAyeT Y4YWUThIBaTh TpU (QOPMUPOBAHUU COJCPKAHUS (PU3UUECKOIrO
oOpa3zoBanus. Kak u3BecTHO, CyOBEKTHBHAsi HMHTEpIpETalUsi HMEET CBOUM
MCTOYHUKOM Hamie He3HaHue. OObEeKTUBHAs WHTEpIpeTalys BO3MOXKHA IS
HEYCTOMYMBBIX TMHAMUYECKUX CHCTEM Ja)Ke€ IIPU MaJIOM YHCIIE€ YACTHII.

[loHATHE HEYCTOMYMBOCTH JAMHAMUYECKUX CHUCTEM U, CJIEAOBATEIBHO,
MPEJCTaBICHUS O HEOOXOAMMOCTH HECBOIMMOIO BEPOSTHOCTHOIO HX OIMHUCAHMS,
BIIOJIHE JOCTYIHBI HE TOJIBKO CTYJAEHTaM, HO M ydallumcsl 00I1eo0pa3oBaTEIbHbBIX
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LIKOJI [7]. JluHamuueckass ~ HEYCTOWYMBOCTh  JBWIKEHHS  BBIPAXKAETCS
HKCIIOHEHIMATIBHON pPaCXOJMMOCTBI0 ONM3KMX B HAaYaJbHBIE MOMEHT TPAEKTOPHI.
CneactBueM 3TOro SBIAETCS HUX MEpEMENIMBaHHE (CUCTEMa B OrPaHUYEHHOM
o0beMe). DTO TMO3BOJSET MMPU H3YYEHUU MOJEKYISPHOH (QU3MKU TEperTH ot
OMKCAHMS CHCTEMbl Ha OCHOBE YPAaBHEHUW IBMKEHUS 4YaCTHUIl K 0oJjiee MPOCTOMY
ONMHMCAHUIO C MOMOIIbIO (DYHKIIMH, CTIIaXEHHBIX MO0 00beMy IMepeMEeNIMBaHusi. ITO
pajuKallbHO MEHSET CIoco0 OINUCaHUs, CUCTEMa YacTHIl 3aMEHSETCS CIUIOIIHOM
cpenoii. [Ipu sTom HapyiaeTcs BpeMeHHasi CUMMETPHS, MOSBIISIETCSI HEOOPAaTUMOCTb.

Mopa Ha CUHEpPreTHKy IIpuBeia K IOSBICHHIO HE COBCEM KOPPEKTHOTO
y4eOHOro Mmatepuana, (OPMHUPYIOLUIETO MPHUBBIYKY K IOBEPXHOCTHOCTHU 3HAHUI.
Hampumep, B 0THOM M3 MOCKOBCKHX IIKOJI MPEUIAraeTcs 3HAKOMUTh y4alluXcs C S-
teopemoit KnumontoBuua FO.JL. (http://sins.xaoc.ru/lections/lection_10_03.html).
[Io HamieMy MHEHHIO 3TO BO3MOXKHO, B JIYYIEM CIIy4ae, B Kypce TEOPETHYECKOM
¢u3uku. Peubr wupger o0 yCTAaHOBIEHMHM KPHUTEPUEB OTHOCUTEIIBHOW CTENEHU
YHOOPSAIOYEHHOCTH CTAallMOHAPHBIX COCTOSIHUW B TPOCTPAHCTBE YIPaBISIOLIUX
napameTpoB. Eciu 3a Hauano oTcyera CTeNeH! XaOTUYHOCTH MPUHATH CTALIMOHAPHOE
COCTOSIHME, COOTBETCTBYIOIIEE HYJIEBOMY 3HAUYCHHIO YIPABJISAIONIETO MapaMeTpa, To,
[0 MEpe YIAJEHUus OT 3TOr0 COCTOSIHUS BCJIEACTBUM W3MEHEHHUS YNPABJISIOLIETO
rnapaMeTpa, 3HAa4€HUE DSHTPOIMH, OTHECEHHOE K 3aJaHHOMY 3HAYEHUIO CpPEAHEN
SHEpPruu, yMeHblnaercs. [y Toro, 4To0sl JOKa3aTh 3TO YTBEPKIACHUE, HYKHO 3HATh:
KaHOHWYECKoe pacnpeneneHue ['md0ca, cBs3b IHTpONUU ¢ QYHKIMEH pacrpeaesieHus
JUISL HEPAaBHOBECHBIX COCTOSIHUM, C1I0CO0 MEpeHOPMHUPOBKU (PYHKIIMH PacIpeleIeHUs
Y SHTPOIIMH K OJTHOW U TOM kK€ SHEPrur. ECTECTBEHHO, B CPEAHEN LIKOJIE CAETATh 3TO
HEBO3MOXKHO.

Takum o00pazom, Tak Ha3bIBaeMble MAPaTUTMbl CHHEPIreTHUKU JOJIKHBI
YUUTHIBAThCS MPH (POPMHUPOBAHUM COAEpKaHUA (PU3MUECKOTO O0pa3oBaHUSA KaK B
BBICIIMX, TaK M B 00IIe00pa3oBaTeNbHBIX YUYEOHBIX 3aBEICHUAX NPHU YCIOBHH
JOCTYITHOCTH Marepuana. Kpome Toro, co CBOMCTBAMHU OTKPBITHIX HEITWHEUHBIX
CUCTEM HYXHO 3HAKOMHUTb OYIyIIMX YYHUTEled BcCeX cCHeuuaibHOCcTe Ha 0aze
IIKOJIBHBIX 3HAHUM MO0 MAaTEMATHUKE.
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’Cmapwuii rabopanm kagedpuvi pusuxu CITIY

Bonpocs! ¢puitocopuu
B Ipouecce npenoaaBaHusa kypca «Onruka

«B cnose CBET 3akimtouna Bcs pusnkay
Yuibsam bparr

Hlupokre BO3MOXKHOCTH i (OPMUPOBAHUA Y CTYACHTOB HAy4YHOTO
MUPOBO33pEHUs, 51 POPMUPOBAHUS AUATJCKTUUECKOTO MBIIUICHHUS COAEPKATHCA B
npolecce npenoaaBaHus Kypca « OnrTukay.

OcHoBHast 3amadya (QOPMHUPOBAHUS MHUPOBO3PEHUS — JaThb CTyJIEHTaM
HEKOTOpYI0 cyMMY (hustocoCKUX 3HAHUM, MPUYEM OYEHb BaXKHO YTOOBI 3TH 3HAHUS
MPEBPATUIIUCH B YOSKICHHUS.

Pemenune 3TOM 3a7auM OYEBUIHO HEBO3MOXKHO B OTPBIBE OT HW3Y4YEHUS
KOHKPETHBIX (PU3UYECKUX SIBICHHM, 1 OCOOEHHO B OTPBIBE OT MpEnofaBaHUs Kypca
«OnTukay.

[Touemy? [eno B TOM, 4TO B JaHOM Bompoce yudeHue o cere (OnTuka)
3aHMMaeT TJIABEHCTBYIOILLEEE MECTO Cpelu Jpyrux paszzaenoB ¢usuku. Benp
OCHOBHBIE TMpEACTABIEHUS O CBETe YEJOBEK BbIpabaThiBad emE Ha 3ape
nuBwin3anu, 6o 80% wuHbopmamu 00 OKpyKaroleM Hac MaKpOMHUPE MBI
IIOJIy4aeM IPH ITOMOILH 3PEHHUSL.

Emé B I Beke no H.3. Jlykpeumii B cBoeil 3HameHUTO mosme «O mpupone
BeLEH» TOBOPWI: «...OTTOro cTpax BCEX CMEPTHBIX OOBEMJIET, YTO MHOI'O BHJIAT
ABJIICHHUA Ha 3emJie U Ha HeOe. KouxX NpUYMHBI HUKAaK YCMOTPETh U IOHATH HE
YMEIOT. . ..

Wcropust pa3BUTHUA Y4Y€HUST O CBE€Te€, B CBOIO O4Yepellb, HarJSIIHO
MOATBEPKIAET HEOOXOJIMMOCTh M3YYEHHUS! ONTHYECKUX SBJICHHA BO B3aUMOCBS3H C
KaTeropusiMM 1 3aKoHaMU (pUII0COPCKON HAYKH.

HakoHen, He HalO0 OCOOBIX JOKA3aTeNbCTB, YTOOBI OCO3HATh Ty OIPOMHYIO
pOJIb, KOTOPYIO BBINOJHSET ONTHYECKAas HAyKa, ONTHYECKAas IPOMBILIJIEHHOCTh B
HapOJHOM XO3SIIICTBE B YCKOPEHHH HAYyYHO-TEXHUYECKOT0 IIporpecca.

B coBpemeHHBIX yueOHWMKAX TIO ONTHKE BompocaM ¢uinocopun u
METOJIOJIOTUM OTBOJMTHCS JOBOJBHO CKPOMHOE MeCTO. OUEBHMJIHO 3TO CBS3aHHO C
IPOLECCOM NEPEeCTPOMKM U C HEOOXOJUMOCTBIO IOMCKAa HOBBIX IOJXOJ0B
WHTEPHPETALNN TE€X WIH UHBIX SIBICHUI.

[lo MHeHHMIO aBTOPOB pewmaTh 3adady (OPMHUPOBAHUS Yy CTYJEHTOB
MUPOBO3pEeHHS YPPEKTUBHOE BO BpEeMs UTEHUS JIEKIIHi, 10 KpaiiHeil Mepe, HaUMHATh
pemarb 3Ty 3aady. B 3ToM ciiydae BO3MOXKHBI JBa BapuaHTa — JUOO HW3Jararhb
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BONIPOCHl ¢uiaocouu B BUAE CHELHAIBHON JEKUUU B KOHIIE ONPEACIEHHON TEMBI
(wu Mojyst), MO0 U3JlaraTb OJJHOBPEMEHHO C M3yYaeMbIM MaTEPUAIOM.

ABTOp, uMTas JIEKIUU I chelualbHOCTH «Pu3nkay, HU30paH BTOPOM
BAPUAHT, UMEHHO 3TOT BapHaHT IJI0JIOTBOPHEE.

PaccmaTpuBas riaBHbIE MCTOPUYECKHE JTallbl Pa3BUTHS YUYEHUS O CBETE,
HEO0OXOIMMO MOJYEPKUBATH, YTO Pa3BUTHE ONTHUYECKUX TEOPUN — 3TO Mpolecc BCE
0osnee TiIyOOKOTO W TOJHOTO PACKPBITUS TPHUPOABI CBETA, KaK JUATCKTUYECKUN
IPOLECC NMPUOINKEHUSI K TIO3HAHUIO UCTUHBI.

«B Teopur moO3HAHUSA, KaK M BO BCEX JPYrUX OOJACTIX HAYKH, CIEAyeT
paccyXaaTh JUAJICKTUYECKH, T.€. HE NPEAIoaaraTb HEM3MEHAEMbIM HAIlle CO3HAHUE,
a pas3OupaTh, KakuM O0Opa3oM U3 HE3HaHWs sBisieTcss 3HaHue...» (B.W.Jlenun,
«Matepuanusm U SMOUPUOKPUTHULIHZMY ).

[IpakTrueckast UCTOPUSA Pa3BUTHA ONTHKHU BIUIOTH 10 KOHIA XIX Beka — 310
O0oppba MeXAy KOPIYCKYJSPHBIMH W BOJHOBBIMH IPEACTABICHUSIMU O CBETE.
OO1en3BecTHO, YTO aBTOpUTET HBIOTOHA HEraTMBHO TOBJIMSJI HA pPa3BUTHE
BOJIHOBOW TEOpUHU CBETa, POAOHAYaIbHUKOM KOoTOpodM B KoHIEe XVII Beka Obu1
mosoiol [toiirenc. Jlumie uepes moaropa crosietust Oyarogaps OpeHento BOJIHOBAS
TEOPHS B MOJHON Mepe NOoJIyyusa CBOE pa3BUTHE.

Bce 3TO MOXKHO KOHCTAaTHMPOBATh KAaK BBINOJHEHHE 3aKOHA €IUHCTBA U
OOpBHOBI TPOTHBOTIOJIOKHOCTEH.

Bo3HUKHOBEHHE AJIEKTPOMArHUTHOW TEOPUHU CBETa, B KOHEUYHOM cyeTe ObLIO
IIOATOTOBJICHO MPEALIECTBYIOIUM Pa3BUTUEM TEOPETUYECKOW MBICIU, B YACTHOCTH
BotHOBOU Teopun @penens. Cama uaes poawiach U3 MOTPEOHOCTEH MPaKTUKH,
OKCIEPUMEHTaNbHbIE (PaKThl M3 BJICKTPOAMHAMHUKH  TOJACKA3bIBAIA  YUYEHBIM
JAJIbHEUIINN ITyTh PA3BUTHSI ONITHKH.

HarnsimapiM mpuMepom moATBepkaeHUs GUI0CO(DCKUX KaTeTOPUd SBISETCS
BO3HUKHOBEHUE CIIEIMAIBHOM TEOPUU OTHOCHUTEIJIBHOCTH. Bo-nepBrIx,
Bo3HUKHOBeHHE CTO 03Ha4yaeT He 4TO MHOE, KaK pa3pelieHue MPOTUBOPEYNN MEXKITY
CTapblM M HOBBIM COJICPKAHWEM IPUHLHUIIA OTHOCHUTEIBHOCTH B COOTBETCTBHUH C
3aKOHOM €JJMHCTBA U OOPHOBI MPOTUBOPEUUH.

B camom Hauane msydenus tembl «llonsipu3anusi cBeTa» BO3HUKAET BOIPOC:
KakuMm TpeOoBaHMSIM JOKHBI COOTBETCTBOBATH (PU3MUYECKHE Tea, C MOMOIUIBIO
KOTOPBIX MOXHO OOHApyXHUTh aCCUMETPUIO (&, CIIeOBATEIbHO, W TOMEPEYHOCTD)
CBETOBBIX KoJiebanuii? Mcxonas u3 BBIIIEYNOMSHYTOTO 3aKOHa O B3aUMOCBSI3U
SBJIICHUA W TIPEAMETOB MPHUPOJBI, MOXKHO CHENaTh BBIBOA: (U3MUYECKHE Tema, C
MOMOILBIO KOTOPBIX MOXHO OOHApPYXUTh aCCUMETPHUIO (a 3HAYMUT MOJISPU3ALHIO)
caMU JIOJKHBI 00J1a1aTh aCCUMETPUEN CBOMX CBOMCTB.

Hakomnenue skcnepuMeHTaNbHBIX (akTOB K KOHITY XIX cToseTus co3gayio
CUTyallMIO, KOrja OOBSCHEHHUS IEJOoro psija ONTUYECKUX SBICHUH OKa3ajoch
HEBO3MOKHBIM C TOYKH 3PEHHS BOJIHOBBIX CBOMCTB AJIEKTPOMArHUTHOTO U3TyYEHHUS.

B wyacTHOCTH, MMEHHO B JTOM CHTyallUM OKA3aJuCh TAaKUE OINTHYECKHUE
ABJICHUS KaK TEIJIOBOE M3IyuyeHue, PorodapdhekT, JIOMUHECLICHIIMS, JaBJICHUE CBETA,
u a.p. Hanpumep, mnomnbiTke OOBACHUTH TEOPETUUYECKH OMNBITHYIO KPHUBYIO
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pacripefielieHuss JHEpPruu B CIEKTpe aOCOJIIOTHO YEPHOro Tejla BO3HMKJIA TakK
Ha3bIBaeMasi «yJbTpaduoisieToBasi KatacTpoda» — PACXOXKIECHUE TEOPETUUECKON
KPUBOM C ONBITHOM B 001aCTH yJIbTPA(PUOIETOBOM YaCTH CIIEKTPA.

Brixon u3 cosmaBmieiics cutyarnuu 0wl npenioxkeH M.Ilmankom B 1900r.
MOCPEJICTBOM COBEPLICHHO HOBOM THIOTE3bl — HW3JIYYEHHE U TOTJIONICHUE CBETa
POUCXOJIUT HE HENPEPHIBHO, a OTAEIbHBIMU MOPUUAMHM, MOTYYMBIIMMU Ha3BaHUE
KBaHTOB CBETa. OJTU TMPEACTABICHHUS PACIPOCTPAHWINCH 32 TPENETbl ONTUKH H
TeTeph COCTABIISIIOT OCHOBY COBPEMEHHOM (PU3UKH.

PemuTenpHas JOrMKa CTapbhiX MPEACTABICHUNM W BO3HUKHOBEHHUS HOBBIX —
XapaKTepHas yepTa JUATCKTUYECKOTO MyTH Pa3BUTUS HAYKH, B TOM 4Kclie onTuku. U
B TO XK€ BPEMs, CKOJBKO OBl PEBOJIIOIIMOHHOW HE ObLIAa JIOMKAa CTaphIX BO33PCHHI,
HOBasi (pU3MUYECKasl TEOpHUs, €CIM OHa TIy0)Ke BCKPBHIBACT CTPOCHHE M CBOWCTBA
MaTepHH, BCETIa COJACPKUT B c€OE IIIEMEHTHI CTapOil TEOPHUH.

HeoOxoauMo mOmMYEepKHYTh, YTO «HET HAJIOOHOCTH TPHUXOAUTH B yXKac IO
MOBOJY TOTO, YTO CTYICHb IIO3HAHWS, Ha KOTOPOH HAXOAWTCS  COBPEMEHHOE
€CTECTBO3HAHWE, TaK)Ke€ HE OKOHYATEJbHA...YCIOBHBIM B IIO3HAHWH SIBISIFOTCS
npenensl MPUONIMKEHUsT HAIIMX 3HaHUM K aOCONMIOTHOM HCTHHE, HO O€3yCIOBHO
CYIIECTBOBAaHHE JTOW MCTHHBI M HEYKJIOHHOE MPUOJIMKEHWEe K HeW Hallero
no3HaHus» (O.IHrenwc, AHTH-{1opUHT).

B cratee mpecnenoBanach JUIb OJHA II€JIb — MPUBJICYh BHUMAHUE YUTATEIS
K TIOCTAaHOBKE 3TOTO BOIIPOCA, a TAKXKe YOSAUTh B HEOOXOIMMOCTH JATbHEHIIIETO ero
U3Yy4YEeHHS, BO3MOXKHO C TOMOIIBIO COTpyaHuYecTBa Kadenpa pusuku u Kadenps
dbunocodumn.
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OBuapeHko B.I., Kocens C.O.
" oyenm xagpeopu izuxu CAIY,
2CmydeHmKa 5 xypcy epynu SM=-2 ¢hizuxo-wmamemamuunoeo ¢haxynomemy CHITY

HInsixu y10CKOHAJIEHHA 3HAHb MEPUIOKYPCHUKIB 3 IIKIJIBLHOIO
Kypcy ¢isuku

B cdepi mopepHizaiii megaroriyHoi OCBITM OJHE 3 MPOBIIHMX MICIh 3aiiMae
BIIPOBA/PKCHHSI CyYaCHUX 3ac00iB HaBYaHHS. Benuka posb B peaizallii boro nuisxy
HAJICKUTh CAMOCTIHHIN pOOOTI CTYICHTIB 1 KOHTPOJIIO 3HaHb Ta BMiHb BUUTHUCS.

B mikonax asis OIIHKYM pe3yNbTaTiB HABYAIBHOI MISUIBHOCTI 3alpOBaJIKYy€EThCS
30BHILIHE OIIHIOBAaHHS BHITYCKHHKIB, fKE€ Mae Oarato TmepeBar. 3 METOI0
yIOCKOHAJIEHHS MIArOTOBKM MalOYTHIX BUMTENIB IIKUI MPU BUBYEHHI (DI3UKK MOKHA
TEX 3alpPONOHYBAaTH TaKU THI KOHTPOJIO 3HAHb K BHYTPIIIHE TECTYBaHHA. TeCTH
HaBYAJILHOCTI MOXXHA BUKOPHUCTOBYBATH Ha BCIX eTamax JUAaKTHYHOTO Tporiecy. 3 ix
JOTIOMOT'OK0 MOKHA MPOBOJIUTHU MONEPEAHIN, MTOTOUYHNUNA, TEMATUYHUMN 1 M1ICYMKOBHMA
KOHTPOJII 3HaHb Ta HABUYOK CTYJAEHTIB 3 JAHOI AMCIUIUIIHU. 3pO3yMiIO, HE BCI
HEOOXIJTHI ~XapaKTePUCTUKH 3aCBOEHHS MOXHA OTPUMATH, BHUKOPUCTOBYIOUU
TECTyBaHHS, Takl, HANpPUKIAA, AK YMIHHS KOHKPETH3yBaTH CBOIO BIAMNOBIAb
MpUKIaJaMH; 3HaHHS (AKTIB, YMIHHS JIOTIYHO 1 JOKa30BO BHCIIOBIIOBAaTH CBOI
JTYMKH, JESKI 1HII XapaKTepUCTUKU 3HaHb. A 11€ 3HAUYUTh, IO TECTYBaHHS MOBUHHO
000B’3KOBO BUKOPUCTOBYBATUCH 3 IHIIMMH TPATUIIHHUMH (HOpMaMH 1 METOJIaMU
MIEPEBIPKHU.

CTyneHTU-NIEpIIOKYPCHUKH, $KI MOCTYNWIM BYUTHCh B IE€AAaroriyHUM
yHIBEpCUTET, 1 OyayTh MaOyTHIMH BUMTENSIMHU (DI3UKH, TOBHUHHI MAaTH HE TUIBKH
JIOCTaTHIM, a Habarato BUIUI piBEHb 3HaHb Ta BMiHb 3 IIKUIBHOTO KypCy (i3HKH.
AJjie GUIBLIICTH CTYJCHTIB MPHU BCTYIl B YHIBEPCUTET CKIAJAIN ICIIUTH 32 TECTAMH 3
MaTeMaTuKU. A TOMy MU NOBUHHI OyTH BIEBHEHI, IIO0 CTYACHTH MarOTh IEBHI
3HAHHS 3 WKUIBHOTO Kypcy (PI3MKHM 1 MatOTh HABUYKU PO3B’SI3YBAHHS TECTIB PI3HOTO
TUIY 3a MIKUTBHOI TporpaMoro. st mporo Oyino mpoBeAeHO MOYaTKOBHI KOHTPOJIb
3HaHb Ta BMIiHb CTYyJACHTIB. bynu 3amporoHOBaHI TECTOBI 3aBIaHHS, SKI 10
CKJIQJHOCT1 JIOPIBHIOBAJIM T€CTaM 30BHIIIHHOTO TECTYBAHHS JJII BUITYCKHUKIB IIK1J.
[Ipy cTBOpeHHI TECTIB HaBYaJbHI €JEeMEHTH, SKi Tpeba OyJio TMepeBipuTH,
BU3HAYAJIMCh Ha OCHOBI (YHKIIOHATBHO-CTPYKTYPHOTO aHali3y MpPOrpaMHOIO
matepiany. [licns BU3HAYEHHS IMX €JIEMEHTIB BCTAHOBIIFOBABCS HEOOXITHUN PIBEHb
3aCBOEHHS KOKHOTO 3 HUX:

1) penponyKTUBHHI piBeHb, AKUN 3abe3neuye QopmanabHe CHPUHHATTSA
OCHOBHOT'O HaBYAJIBHOT'O MaTepialy MporpaMu 0e3 BIIbHOTO BOJOIIHHS HHM;
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HInsxu ynocKOHaJeHHs 3HaHb EPIIOKYPCHUKIB 3 MIKUTBHOTO KypCy (Qi3UKH

2) aHaJITUKO-CUHTETUYHUN pIBEHb, IKMM 3a0e3reuye BUBUECHHSI HABYAIbHOTO
MaTtepialy B BIANOBIJIHOCTI 3 BUMOraMM HaByaibHOi mporpamu. Ha mpomy piBHI
CTYJIEHTU MOBHHHI BMITH aHai3yBaTu (13UYHI CUTYaIlll 3 BUKOPUCTAHHAM (DI3UUHUX
3aKOHIB;

3) TBOpuMil piBeHb, SIKUM Tependadyae TIMOOKE BHUBUCHHS HABYAIBHOTO
MaTepialy, XapaKTepU3YETbCs 3JaTHICTIO JO pO3B’SI3yBaHHSA HECTaHAAPTHUX
HaBYAJIbHUX 3a/1a4.

10+
@
£ 8
Q
=}
2 6
o — —
3
E 2]
¥
0 -

100 115 118 123 128 132

KinbkicTb TecToBux 6anis

Puc .1

3aBnaHHs ckimaganock i3 35 tectiB, ne 30% Oyno muTaHb, K1 BIAMOBIIAIOTH
penpojyKTUBHOMY plBHIO 50% mnuTaHp aHATITUKO-CHHTETUYHOMY plBH}O 1 20%
MUTaHb, 10 BiJAMOBIAAIOTH TBOPYOMY piBHIO. B (1)OpMyBaHH1 MUTaHb 1 BIATOBIAEH
BUKOPHCTOBYBAJIach TEPMIHOJOTIS CTAaOUTBPHUX MIAPYYHHUKIB 3 (I3UKA. 3HAHHS
CTYJICHTIB OI[IHIOBAJIM 3a MPABWJIAMH 30BHIIIHHOTO TECTYBAaHHS BUITYCKHHUKIB IIKLI.
3a eTajJoOHHHUI PO3MOALI OLIHOK OyB MPUUHATHI HOPMaJIbHHUI PO3MOALI OLIIHOK HA
iaTepBam (100...200) 6amiB 13 cepeanim 3HaueHHsIM 150 1 cepeIHbOKBAAPATUYHUM
BinxuieHHsaMm 20 GaniB. Ha puc. 1 mokazaHa miarpama po3nojiay TECTOBUX OaliB,
OTPUMAHUX MPHU MOYATKOBOMY 3pi3y 3HaHb, KA CBIIYUTH MPO HU3BKY MOYATKOBY
MiJITOTOBKY CTYACHTIB 3 MIKIJILHOTO Kypcy (Pi3UKH.

Mu no6auunnu, mo 100% cTyaeHTiB MaroTh 0alld HUXKYE CepeHbOro, TOOTO iX
3HAHHS MalOTh PENPOIYKTUBHHUM pPIBEHb 1 HEBEJIMKAa YAaCTHHA MAIOTh HABUYKH, SIKI
HajieXkaTh JO0 AaHATITHKO-CHHTETHYHOrO pIBHA. BuXOasun 3 1HMX pe3yJbTariB,
BUHMKAE TMOTpebda B HEOOXITHOCTI Takoi poOOTH 31 CTyJIEHTaMH Ha 3aHATTIX 3
HMIKUTBHOTO Kypcy i3ukH, sika fama O 3Mory OUIBIIOCTI CTYAEHTIB JOCSTTH
JIOCTaTHHOTO PIBHS 3HAHb Ta BMiHb, MO0 MOTIM iX YJOCKOHAJIUTH 1 MIAHITH HA
TBOpUMiA piBeHb. JJIT BUKOHAHHSA ITi€] METU HEOOX1MHO OyJIO 3HAWTH Taki METOIH i
3aco0u poOOTH 31 CTyACHTAMU Ha 3aHATTIX, MO0 Yy HHUX 3’sBUjiaca morpeda
3aiiMaTHcs caMOOCBITOI0. T1IBKY TUTIIHA poOOTa CTYJICHTIB 1 BUKJIA/IauiB JIOTIOMOXKE
JKBIyBaTH HEJOJIKK B 3HAHHSIX CTYAEHTIB. [[s monermeHHs poOOTH BUKIIAgaya 1
CTyJICHTIB Oyj0 po3poljeHo OaraTo TECTIB PI3HOI CKIAIHOCTI 3 KOXHOI TEeMH
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pPO3AUTIB «MEXaHIKa» Ta «MOJIeKyJisipHa (i3uka». Lli TeCTM BUKOPUCTOBYBAIHCH
BHUKJIaJIa4eM TIPU MPOBEACHHI ayJAUTOPHUX 3aHATH, CTYACHTAMH JUIsI iX CaMOCTIHHOI
poboTH, I JOJATKOBUX 3aHATh BUKIAMaya 31 CTYACHTaMH, ISl PI3HUX THUITIB
KOHTPOJIFO 3HAaHb CTYACHTIB. MeTOau4yHl Marepiajid BKJIIOYAId HE TIIbKH TEKCTH
3aBJlaHb, @ TAKOXK BKa31BKH JI0 PO3B’sI3Ky HECTAHJAPTHUX 3aBJaHb, BIAMOBII J0 BCIX
TECTIB, 110 JaBaJi0 3MOTY CTYJEHTOB1 MPOBOJAUTH CaMOKOHTPOJb. Bcei 111 MaTepianu
OyJu JOCTYIHI BCIM CTyAeHTaM, 60 OyJin HaJpyKOBaHI Ta ICHYBaJIHM B €IEKTPOHHOMY
Burisimi. [licmsa perenbHOi pobGoTu Oylio MpoBeAeHE MIJACYMKOBE TECTYBaHHS.
[TimcyMKoBe 3aBJIaHHS CKJIaajaoch 3 35 TecTiB, aje ix ckiaa OyB 3HAUHO BUIIMH, HIXK
B IMO4YaTKoBoMYy 3pi3i: 5 % - pemnpoayktuBHOro piBHs, 60 % - aHamiTUYHO-
cuatetuydoro, 40 % - TBopyoro piBHA. Pe3ynpTaT TecTyBaHHS HaBEICHO Ha
PUCYHKY 2.

Yucno ctyaeHTiB

100 123 136 145 158 170 173 191 197

KinbkicTb TecToBux 6anis

Puc. 2

KinbkicTh CTyACHTIB, sIKI MAlOTh PEUTHUHT BUILE CEPEIHBHOTO ckiianae 67 %, a
HIKYe cepenHboro 33 %. PesymbraTé eKCHEpUMEHTY CBIT4aTh PO aKTUBI3aIlilo
MI3HABAIBHOI MISUTBHOCTI CTYACHTIB, MIABUINEHHIO 3aI[iKaBJICHOCTI 1 TBOPYOTO
X0y 10 MPOIECy HaBYAHHS, PO MIABUIICHHS X PIBHS 3HAHb TA BMiHb.

TakuM YMHOM, BIPOBAKCHHS TECTYBaHHS B YYOOBHU IpOIEC IMOKA3aJIo,Ilo
BOHO Ma€ TMO3UTUBHI HACTIJIKUA 1 MOKe OyTH BUKOPUCTAHUMN TOPAI 3 TPATUIIHHUMHU
dbopmamu HaBYaHHSI.
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OBuapeHko B.[., YepHuwosa O.B.
! Toyenm xagpeopu izuxu CHITY,
ZCmy()eHMKa 5 kypey epynu SM=2 @isuxo-mamemamuunozo gaxyromemy CHITY

Opranizanis camMOCTIiHOI pO0OTH NEPIIOKYPCHUKIB NPH
BUBYCHHI Qi3uKH

CamocriitHa poboTa — 1e poboTa CTYICHTIB, SKa IUIAHYETHCS Ta BHUKOHYETHCS TIO
3aBJaHHIO 1 METOJAMYHOMY KEPIBHMIITBY BHKIajada. BoHa HeoOXi/lHA HE TUIbKU IS
OBOJIOIHHS JUCHUILIIHOIO, ajie 1 Juisi (popMyBaHHS HAaBUYOK CAMOCTIHHOI poOOTH
B3araji; y40oBOi, HayKoBOi, podeciiiHOl TISAIBHOCTI, JJII TOro 100 CaMOCTIIHO
BUPIIITYBaTH TPOOJIEMH, 3HAXOJUTH KOHCTPYKTHUBHUN BHXIJ 13 KPH30BOI CHUTYyallii
TOIIIO.

Hezanexuno Bin cnemianizaiii 1 Xapakrepy poOOTH, Oyab-IKUH MOYMHAIOUMMA
CreliagicT MOBUHEH MaTh (yHIaMEHTAJIbHI 3HAHHS, TPoQeciiiHl BMIHHA 1 HABUYKH
JUSITTBHOCTI, TOCB1JT COMIAJIBHO-OIIIHOYHOT poOoTH. L{i cki1agoBi oCcBITH POPMYIOTHCS B
MPOIIECl CaMOCTIMHOI poOOTH CTyAEHTIB. Buila mkona BIIpI3HAETLCA Bl CEPeAHBOT
METOJI0JIOTiEI0 Y40OBO1 POOOTH 1 CTYIIEHEM caMOCTIHHOCTI HaBuaHHs. CaMocTiiiHa
poboTa — He camollyib, a 3acid O60poTbOM 3a TIMOOKI Ta MIlHI 3HAHHSI, 3aci0
¢bopMyBaHHsSI y CTYJIEHTIB YMIHb 1 HAaBMYOK 3aCTOCOBYBaTH 3HAaHHS Ha MPaKTHIIL,
PO3BUBATH aKTUBHICTH 1 caMOCTiiHICTh. OpranizaiiiiHi ¢opMu HaBYaHHS MOBHHHI
BIJIPI3HSTHCS BiJ MIKUTbHUX, OO CTYJCHTH IHAKIIIEC CTaBIATHCS 0 HaBYaHHI. BoHM
Y3TrOJDKYIOTh METY HaBYaHHS 31 CBOIMH MPAaKTHYHUMH MOTpeOaMHu, >KUTTEBUMH
MJIaHAMU 1 TIEPCIIEKTUBAMHU Y BIJMOBITHOCTI 31 CBOIM MPOQECiHHUM CTaHOBIICHHSIM.
CrpsiIMOBaHICTh IHTEPECIB CTYJICHTIB MEJAroriYHUX By31B Ha OBOJIOJIHHS MPOQECIEI0
MOBMHHO 3HAWTH BIAOOpaKEHHsI HacaMIepes1 Y 3MICTI MPOMOHOBAHUX iM 3aBIaHb IS
CaMOCTIiHO1 poOOTH.

3rifHO 10 TOJOKEHHS IPO OpraHi3allil0 HABYAIBHOTO MPOIECY Y BHUIIMX
HaBYAJIbHUX 3aKJIaJiaXx, caMOCTiiiHa poOoTa CTYyACHTIB € OJHIEI0 13 popM opraHizamii
HaBYaHHS, IPUIOMY CaMOCTiliHa poOOTa CTY/ICHTIB € OCHOBHUM 3aCO00M OBOJIOJIIHHS
HAaBYAIHLHUM MaTepiajioM y 4Yac, BIIbHUN BiJ OOOB’SI3KOBHX HABYAIBHUX 3aHSTh.
HaBuanpuuii yac, BiIBEICHHI 711 CAaMOCTIITHOI poOOTH CTYJIEHTa, PETIaMEHTY€EThCS
po6OYrMM HaBUAJLHHUM IIJIAHOM 1 TIOBUHEH CTAHOBUTH He MeHIe 1/3 Ta He Oinbie2/3
3arajJpbHOTO OO0CSTY HABYAIBHOTO 4Yacy CTYACHTA, BIJIBEICHOTO I BHUBYCHHS
KOHKPETHOI JUCIUIUIIHUA. 3MICT CaMOCTIHOI poOOTH CTyJeHTa HaJ KOHKPETHOIO
JTUCITUTUTIHOKO BH3HAYAETHCS HABUAJIHHOIO MPOTPAMOI0 TUCIUILIIIHU, METOANYHUMHU
MatepiajlaMi, 3aBJIaHHsIMU Ta BKa3iBKaMU BUKJIaaya.

JUis TpaBWIIbHOI OLIIHKKM C(OPMOBAHOCTI BMiHb Ta HAaBHUYOK CaMOCTIMHOI
poboTH 1 e(PEeKTHUBHOCTI METOMIB, fKI 3aCTOCOBYIOTHCS TM€JaroraMu, BaKJIMBO
BU3HAUYUTHU BIANOBIAHI KpuTepii Ta piBHI. B ocTaHHIi yac 0COOJMBO BaKJIUBE
3Ha4YeHHs1 HaOyBae€ BHM3HAUCHHs KPUTEPIiB Ta pIBHIB CPOPMOBAHOCTI BMiHb Ta
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HAaBUYOK MI3HABAIBHOIO XapaKTepy y 3B’SA3Ky 3 THUM, IO BMIHHA CaMOCTIIHO
HaOyBaTH 3HAHHS PO3TVBIIAETHCS K OJHE 3 BOXKIIMBIIMINX 3aBaaHb HaB4aHHA. OmHE 3
BAKJIMBILIUX MMI3HABAJILHUX BMIHb — BMIHHSI HA0YBaTH 3HAHHS HA OCHOBI CAMOCTIMHO1
poOOTH 3 IPYKOBAHUM TEKCTOM. AHaI3 BUIIB IIsUIBHOCTI 3 YUOOBOIO Ta JI0JJaTKOBOIO
JITepaTypor0 TMOKaszaB, IO Ha TMEpIIOMY Kypcl CTYyACHTIB Tpeba HaBYUTH
palioHaJbHUM 3aco0aM oprasizallii caMocCTiiHOI poOoTu. sl 1bOro MU MpOBENIU
pSI 3aHATh, HA SKUX BYWIM CTYACHTIB pOOOTI 3 KHHUIOIO: 3HAXOJWTH y TEKCTI
BIIMOBiZAl HAa THTAaHHS, IO TNPOIOHYBAJIWCH BHKJIAgadeM; BMIHHIO ITOSCHIOBATH
MaJIOHKH, aHaji3yBaTu Tpadiku, TpamroBaTd 3 TaONHISIMU, KOPUCTYBATHCH
IpEAMETHUMH TMOKKYMKAMH. 3 METOIO MOTJIMOJICHHS 1 CHCTeMaTHh3allli OTpUMaHuX
3HAHb MPOBENTH PsiJI CEMIHAPCHKHX 3aHATh, HA SKUX CTYJACHTH BUWINCH aHATI3yBaTH
CUTYyaIlll0, BHCJIOBIIIOBAaTH CBOIO JAyMKy 1 3axumaru ii. ®dopmyBaHHs
EKCIIEPUMEHTAIPHUX BMIHb Ta HABHYOK MPAKTHUYHOTO XapaKTepy CTYyJICHTH
Ha0yBarOTh, BUKOHYIOUH J1JA0OOpaTOpHI poOOTH. Jly’Ke BaKJIMBO MPOIyMaTH METOJIUKY
MPOBEJEHHS J1abOpaTOpHUX pOOIT Tak, 100 BOHA JaBajga CTYAEHTaM IIHPOKI
MOXJIMBOCTI JUIsi TPOSIBICHHS 1HIIIATUBM 1 CaMOCTIMHOCTI B 3HAXOJKECHHI
ONTUMAJIbHUX 3aC001B PO3B’SA3KY MOCTABICHUX 3a/1a4.

VY mnporneci HaBuaHHS (i3ulll HEOOXITHO MPABWIHHO TMOEAHYBATH PI3HI BHJIH
naboparopuux poOit. HeoOximHo mam’staTH, 0 OOOB’S3KOBa YMOBa YCHIIIHOTO
BUKOHAHHS CTyJEHTaMU JabopaTOpHUX poOIT 3 eJeMeHTaMu JOCHIDKCHHS —
OBOJIO/IIHHS €JIEMEHTAPHUMHU BMIHHSMH, 0€3 SKMX HEMOXKJIMBE BUKOHAHHS BaXKKHUX
nocmigiB. Tomy BHKIamadyy HEOOXIHO BKJIIOYATH JI0 Yy40OBOrOo Mpolecy
nabopaTopHi poOOTH SK TOCHITHUIIBKOTO XapaKTepy, HAJal04Yu CTYyJIEHTaM OlIbIIe
CaMOCTIHHOCTI y 1X BUKOHAHHI, TaK 1 pOOOTH MPAKTUYHOTO XapaKTepy, rapMOHIHHO
ix moegHyoun. Pa3oM 3 THM HEOOXiTHO MParHyTH TOTO, 100 MPU BUKOHAHHI KOXKHOT
poOOTH CTYACHTH IMi3HABAIW IIIOCh HOBE: BIAKpPUBAIM i1 cebe MOXKIUBICTH
3aCTOCYBaHHsl OUIBII paliOHAIBHUX 3ac00iB BHUMIPIOBAHHS BEJIMYWHU, YSIBISUIH
XapakTep 3aJEKHOCTI, sIKA MOB’A3YE 1i 3 IHIIUMH BEIUYMHAMM, 31HCHIOBAIH TIEPEHIC
BMIHb Ha BUMIPIOBAHHSI 1HIIIMX BEJTMYMH 1 T. 1H.

3BiJICM BHCHOBOK — BHKJIaJauyy HEOOXIJHO pO3pOOMTH TakKli METOJIUYHI
peKoMeHaIlli, OCHOBOIO SIKMX Oyyin O BIEBHEHICTh BHKJajada y JOCTATHOCTI yCI€i
MoTNepeHL0T TEOPETUYHOT 1 MPAKTUYHOI MIATOTOBKHU CTYJIeHTIB. Bci 1 pekoMenaarii
MU BpaxoBYBaJld TIpH poO3poO0Ill METOAMYHUX MaTepialiiB 10 BUKOHAHHIO
1abopaTOpHUX POOIT.

[lle omauM 13 HAWBAXKIMBIMIUX 3aC001B Ha6YTT$I yMiHb Ta HaBUYOK
MPAKTUYHOTO 3aCTOCYBAHHS HAYKOBHX 3HAHb € PO3B’SI3YBaHHS (I)IBI/II-IHI/IX 3amad.
OpnHouacHOo 1€ 3aci0 PO3BHTKY ~MHCIICHHS, cbopMyBaHHﬁ BOJI 1 Xapakrepy
ocoOmmBOoCcTl. Y TmeaBy3l — 1€ OAMH 13 B@XKIMBIMMX 3acO0IB MIiATOTOBKHU
KBaTi(hiKOBAHOTO BUUTENS (DI3UKHU.

Y HaOyTTI yMiHb Ta HaBUYOK PO3B’SI3KYy 3a/lay BUpIIIAJIbHE 3HAYEHHS Mae
caMOCTiliHa HpaLs CTYIeHTIB. MIeThcs He JuIe Ipo BUKOHAHHS TOMAIIHIX 3aBIaHb,
ajle 1 akTUBHY YYacTh Ha MPAKTUYHHUX 3aHATTAX, PO CaMOCTIHHE pPO3B’S3yBaHHS
KOHKYPCHUX Ta OJIMIIIaJHUX 3a7ad, WIAEThCS MPO CUCTEMATUYHY POOOTY KOXKHOTO
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cTyneHTa Jljig uboro My Mmigiopaiyd Mo KOXKHIM TeMi Kypcy 3MICTOBHI 1 HaBYaJbHI
3a/ayi, po3poOOMIM CUCTEMY MUTaHb, AKI MEpPEBIpUIM O TOTOBHICTh CTYJEHTIB B
TEOPETUYHOMY IUIaHl, 3aJIy4WIM CTYAEHTIB JI0 CaMOCTIMHOIO pO3B’S3Ky 3ajad.
binbiicTe ayAMTOPHUX 3aHATH MPOXOAWIA HE 3a TPAJULINHOI CXEeMOI0 (OJMH
pPO3B’sI3y€, a 1HII KOMIIITH), a 32 CXEMOIO, KOJU KOXXHHUM CTYJEHT CaMOCTIMHO
pO3B’s3y€ 3a7ady, a MOTIM MEepel ayJIUTOPIEI0 3aXUINA€E CBil MeTOA PO3B’SI3KY, a
CTYJCHTH PEIEH3YIOTh 1 3alpONOHOBYIOTH CBIM miaxia. lle BHOCHTH TBOpPUMIA
XapakTep B ayAUTOPHY POOOTY 1 BUPOOJIsi€ 3aIliKaBIEHICTh Y CTYJIEHTIB, aKTUBI3YE 1X
Mi3HABAJIBHY JiSJIbHICT. TakKUM YWHOM, HAIl eKCIIEPUMEHT II0Ka3aB, IO
e(deKTUBHICTh CAMOCTIHHOI poOOTH OaraTo B 4YOMY 3aJ€KHTh HE TUIBKH B
npoBapkeHHi HoBux popm CPC, a i Big MeToauuHOro 3a0e3mneyueHHs 1i€i poOOTH.
ToMy Ha mouaTKy 3aHSATh BCIM CTyA€HTaM OyJHM 3ampONOHOBaHI Taki METOIMYHI
MaTepiau:

1) nexuii B e1€KTPOHHOMY BaplaHTI;

2) CIMCOK OCHOBHOI Ta JIOAATKOBOI JIITEpATypH O KOKHOI TEMU PO3/ILIIB;

3) iHCTpyKLIi JO BUKOHAHHS Ja0OpaTOpHUX POOIT, € BKa3aHI METOAMYHI
peKOMeHallli M0 BUKOHAHHIO Ta MHUTAHHS KOHTPOJIIO 3HAHb 3 I[OTO TUIY POOOTH
CTYJICHTA;

4) MeToauyHI Marepiaii MO PO3B’SI3Ky 3aJad, B SKOMY BKa3aHO SIKHM
TEOPEeTUYHUN MaTepilajl CTYACHT MOBMHEH 3HAaTH, NMHUTAHHS CAMOKOHTPOJIO IUX
3HaHb, OCHOBHI THMH 3aJad CEPEIHbOI 1 MIABUIICHOI CKJIAJHOCTI, TPEHYBaJIbHI
3a/ayi, 3a1a4l MIIBUINEHOT CKIATHOCTI IS CaMOCTIMHOTO pPO3B’A3KY, 3aBJIaHHS
KOHTPOJIIO LIbOTO TUITY POOOTH BUKJIAAaYeEM.

Bucokuii piBeHb SKOCTI OCBITH B3araji 1 HaBYaHHS 30KpeMa 3a0e3MedyeThbCs
Oaratbma (akTOpaMu, HABAXKIMBILIUMH CEpe]] AKUX € 3AI0HOCTI CTYJEHTIB Ta IXHI
OakaHHS TOCSATHYTH YCHIXIB Y MEBHIN ramxysi NpeAMETHUX 3HaHb, PIBEHb BOJOJIIHHS
BUMTEJIEM TEJaror1YHOI0 MaCTEPHICTIO 1 TEXHOJIOT1€H0 BUKIIAIaHHsI, IHPOpMAIlIHHO-
METOMYHA 3a0e3MeUeHICTh HaBYAJIBHOTO Mpoliecy, eheKTHBHA chcTeMa KOHTPOIIIO
SKOCTI HaBUaHHS TOIIO. Pe3ympTaT poOOTH 3 MEPHIOKYPCHUKAMH MO peajizarii
ONTUMAJIbHUX METO/IIB CAMOCTIMHOI pOOOTH 1 KOHTPOJIIO 32 HEIO MOKa3aB I0:

1. 3HAYEHHs CcaMOCTIHOT POOOTH CTYACHTIB y MpOIECi HAaBUYAHHSI HACTUIBKHU
BEJIMKa, 110 ii Tpeba MiIaHyBaTH, YTBOPIOBATH JIJIsl HEl crieliaibHl (JOPMH Ta METOIH;

2. Tpeba BpaxoBYyBaTH,IIO B Kypcy /10 Kypcy ii 3Ha4eHHS Ta 00’ €M MOBUHHI
3pocTaTy;

3. nmns JOCSATHEHHS MakcuMmainbHuX pe3ynbrariB 3 CPC HeoOxigHO MatH
METOJIMYHI MaTepiaid, sIKi MOBUHHI OyTH TOCTYIHUMH ISl KOKHOTO CTYICHTA.

4. Tpeba HaBUHMTH CTYACHTIB PAIllOHAILHUM 3aco0aM OpraHizarlii caMmoCTiitHOT
poOOTH.

TinbkM BUKOpPUCTaHHS BCIX LUX 3acO0IB y CYKYIIHOCTI Jla€ MOKJIMBICTb
HIArOTyBaTH BUCOKOKBAII(PIKOBAHOTI'O BUMUTEIIS.
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