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CEKIIA 1. Ilpuknaowui 3a0aui ¢ mamemamuuyi

B.M. Ilempoecovkuii

Hayionanvna akademis cyxonymuux siticok imeni cemovmana Ilempa Cazaiioaunozo
Hayxosuii kepienux M.1. Copoxamuii, x.¢h.-m.1., doyenm, npoghecop kageopu
[HJICeHepHOT MeXaHiKu (030POEHHSA MA MEXHIKU IHIHCeHEePHUX BIUCHK)

SAJIEZKHICTD YACTOT KOJIMBAHDB EJIEMEHTIB III/IBICKH BIJ{
IXHIX ITPYKHUX NIJIKPIIIVIEHD

30poiiHi cunu YKpaiHu OCHAIIEHI BEIMKOIO KITBKICTIO 1H)KEHEPHUX MAIlMH Ha
KOJICHIA ocHOBI. Po0Ood4i opraHu IMX MalllMH B TMPOIECI €KCIUTyaTallli 3a3HaloTh
3HAYHUX HaBaHTAXEHb, [0 IPUBOJIUTH iX /10 MEPETIACHOTO 3HOITYBAHHS, a 33 IEBHUX
YMOB 1 JI0 pyliHyBaHHs. EineMeHTH miiBiCKA OOHOBOi MaIIMHU PO3TISIAIOTHCS SIK
MPY>KHI CUCTEMH, TOMY JI0 JOCTIIPKCHHS IXHbOI MOBEIIHKH 3aCTOCOBYIOTH METO/U
TEeOopli KOJMBaHb Ta CTIMKOCTI. 30KpeMa, HeoOXiJIHa MoAayibllia po3poOKa METOJIB
TOCITIJKEHHSI HETePEPBHUX Ta HEMEPEePBHO-AUCKPETHUX MEXaHIYHUX CHCTEM,
e(peKTUBHUX CMOCOOIB 3HAXO/KEHHSI iXHIX YAacTOT 1 KPUTHYHUX HABAHTAXKEHb SIK
dbyHKIIM pi3HEX MMapameTpiB. Oco0auBe 3HAYEHHS Mae€ po3poOKa aHATITHYHHUX
METOJ[IB 1 OTPUMAaHHS Ha iXHI OCHOBI IHXKEHEPHHUX PO3PaXyHKOBUX (POPMYJ IJis
OLIIHKM BIUJIMBY PI3HOMAHITHUX (PAKTOPIB: N€OMETPUYHHUX, JKOPCTKICHUX, MACOBHX
XapaKTEPUCTUK, BIACTUBOCTEH HABAHTAXKEHb, XaPAKTEPUCTUK CEPEIOBHUINA 1 T.M. HA
MaJii KOJIMBAHHS 1 CTIHKICTh 1€(OPMIBHUX CHCTEM.

HexTyroun po3moiijieHor0 Macoro 0ajaKky 1 BBAKAKOUH 110 BAaHTaX 1 0ajka micis
NEepIIoro JOTUKY HE BIAUISIOTHECS 3HAWJIEMO YacTOTy PE3yJbTYIOUMX BIIBHUX
KOJIMBaHb 1 11 3aJIGKHICTh BiJl TOYKW TpukiIaganHs cwim P. Ilpu mpomy Oyaemo
BPaxOBYBAaTH TUTbKH BIUTMB 3rHHATBHIX MOMEHTIB).
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Puc. 1. Cxema BiJIbHO ONEpTOi 3aBaHTaKEHOT OalIKu

3Hai1IeMO 9acTOTy KOJIMBaHb JIJIs TAKMX 3HAYCHb !
Marepian Oanku — paBotaBp Ne20; nomxkunHa Oanku |=2,1um; cuma P=1000H,

npuKIaaeHa B Toumi a=1,4 u.3Haii1eMo 4acTOTy BJIACHUX KOJHMBaHb: f =77,5¢"
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PosrnsnemMo Temep BIUIMB MPYXXHOTO 3aKpIIUICHHS Ha 4YacTOTY KOJIMBaHb
cTepxHs. Po3risiHeMo BUTIQAOK, KOJIH JIiBUM KiHELb OaJIKi BUTBHO ONEPTUH, a IpaBUil
OpYXKHO 3aKpiryieHui (puc.2) mpu  yYMOBI, IIO0 PO3MOJUICHOI0 Macol0 CTEp>KHS
3HEXTYBaHO. BBaxkaeMo, 1110 cTEep:KeHb Ma€ MOCTIHHUIN MEPETHH.

Sxmo Bara 6anku wl Mana y MOpIBHSHHI 13 Baroro BaHTaxy P, To mMoxHa 13
JIOCTATHHOIO TOYHICTIO MPUITYCTUTH, IO MPOTUH OaKU MPH KOJUBAHHSIX MA€ TaKy
camy ¢opmy, gk Tpodidas JHIT CTAaTUYHUX TMPOTHHIB MpU Jii 30CEPEIHKEHOTrO
HABAHTAXKEHHA. Y 1IbOMY BHIIAJIKy MEPEMIIIEHHS MMOMEPEYHHX Mepepi3iB Oye TaKuM,

K 1 1711 HeBaromoi 0ajKku, 0 AKOi MPUKIIAIEHO HAaBAaHTAKEHHS
W=P+ EWI
35
YacToTa KOJTUBaHb MPU I[bOMY CTAHOBUTHUME
f =73,8c™
[ToxuOka y MOPIBHAHHI 13 YaCTOTOI, OTPUMAHOIO O€3 ypaxyBaHHS MacH OaJku,
CTAaHOBUTH MeHIIIe HIK 5%.

/) Y

Puc 2. Cxema 0ajiku i3 Npy>KHO ONEPTUM KiHLIEM

JlocmiguMo BIUTMB SKOPCTKOCTI MPYXKUHU HAa YacTOTY KOJIMBAaHb, B3SBIIU 3a
BUXIJHI JJaH1 YUCJIOBI 3HAYEHHS MOMEPEAHBOI 3a7aui, SIKIIO pajJilyC BUTKA MPY>KUHU
R=5cwMm, paniyc nepepizy ApoTy I=1cm, KUTbKICTh BUTKIB N=8. J{1s1 MmaTepiany Oayku 1
IPY>KMHU BUKOPHUCTAHO cTayb Ctansb 3.

YacroTra KoaMBaHb OAJIKU PH LIOMY OyJI€ TaKOIO:
f =8,63¢c™

OTxe, Npyx’He TIAKPIIJIIEHHS MPaBOro KiHI OalKud MPUBOAMUTH 10 1ICTOTHOTO
3MEHIIEHHS YaCTOTH KOJIMBaHb CUCTEMU BaHTaX-0aka. YacToTa 3MEHIIIY€EThCST OLTbIIT
HIX y 8 paziB. [IpyxHi MAKPITUICHHS €JIEMEHTIB MIiABICKM OONOBOI MalluHU
3MIICHIOIOTH CYTTEBUM BIUIMB HA YaCTOTY KOJIMBaHb, a CaM€. YaCTOTU KOJINBAHb MOKHA
ICTOTHO 3MIHIOBAaTH 3a PaxyHOK MPYXKHOTO 3aKIMUICHHS KIHIIB CTEPXKHS, SKUM
MOJICTTIOEThCST  €J1eMeHT mifaBicku. [lim0ip XapakTepuCTHK MeTaly, 13 SKOTO
BUTOTOBIIIFOTHCSL €JIEMEHTH IMiJIBICKM, YUCJIa BUTKIB MPYXXHH, HA 5K 11 €JIEMEHTH
OMMPAIOTHCS, PO3MIP IUX TPYKUH, JIaBaTHME 3MOTYy 3MIHIOBATH YacTOTH, a OTXKE
YHUKATU TaKUX MIKIJJTUBUX SIBUIIL, SIK PE30HAHC.
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I'.€. Makcumyk

Xepconcokuul HayioOHAIbHUL MEXHIYHUL YHIBEpCUmem

Hayxosuii kepienux I'.Al. Tynyuenko, 0okmop mexHiyHux Hayk, npoghecop, npoghecop
Kagheopu 8UWOi MamemMamuku i MamemamuyHo20 MOOeI08aHH s

3 ICTOPII MOJAEJIOBAHHSA MIAIIUITHUKIB KOB3AHHS

OnHuM 13 IPAaKTUYHUX 3aCTOCYBaHb 3aJa4i PO pyX B’A3KO1 pIAMHU MK ABOMA
KPYTOBUMHM LIWJIIHPAMH € MOJEIIOBaHHS PyXy MacTHJIA B MIAIIUITHAKAX KOB3aHHS.

Haiinpocriie piBHIHHS y TWIHAPUYHUX KOOPAUHATAX MOJEIIOE PYX B’ A3KO1
PIIMHU MIK BICECUMETPUYHUMU ITUITHAPAMU HECKIHUYEHHOI JOBXKUHHU pajaiyciB R11 R
(R <R,), sIKi 06EPTAIOTHCS 3 MOCTIMHMUMH KyTOBUMH IBUIKOCTAMHU 1 1 Q!

a e T @)

ne 9(r) — MBUAKICTh PIAMHHU, I' — pagiadbHa KOOpPAWHATA HMJIIHAPUYHOI CHCTEMHU
KOOpJIMHAT,

IPU TPAHUYHUX YMOBAX:
‘9(R1)= RO, Ta l9(R2)= R,€,. (2)

I'panuyni ymoBu (2) 03HayaroTh, L0 MIBHIAKICTH PIAMHM HAa MOBEPXHI
BIJIMOBITHOTO IIWJIIH/pa TOBUHHA JIOPIBHIOBATH IIBUIKOCTI CAMOTO IIUJIHIpA.
3aranbHui po3B’s130K piBHIHHSA (1) Mae BUTIIAL:

3=Ar+B-%, (3)

ne A 1 B — NOBUIBHI CTaJIl, K1 BU3HAYAIOThCS 3 TPAHUYHUX YMOB (2).
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['pannuna 3amada (1-2) Bnepmie gocmimpkyBanacs B poooti M.IL. ITerposa [1],
sKa 3a YacoM ITyOJIiKaIlii BUrepepKyBaa s po0oTH 3 miei Temu. Tak, Tedito piAuHu
MDK ITUJIIHIpaMU, sIK1 00epTaroThCs, Ha3UBalOTh Teuicro KyeTTa 3aBIsiku gociigaMm, sSKi
BueHMi1 npooauB y 1890 p [2, C. 85].

3amaya JUIs EKCLEHTPUYHO PO3TAIIOBAHMX IHIIHAPIB, SKI 00epTaroThCs
HABKOJIO CBOiX OceH, Briepie Oyia po3rsiHyTa M.€. J)KykoBchkuM B po6oTi [3]y 1887
p. Briepmie Bkazana po6ota Oyaa HaapykoBaHa B «[10BiIOMICHHSIX MaTEeMaTHYHOTO
TOBapUCTBA MPU XapPKIBCbKOMY YHIBEPCUTETI», Y MOJANIBIIOMY L poOoTa Oyjia KiTbKa
pa3iB MepeBHIaHA.

Y po6orTi [3] BiA3HAYAETHCS, IO «...pyX PLAUHH 3 TEPTIM MK KOHIICHTPUYHUMU
MATIHAPUYHAMA TOBEPXHSIMH HE MOXKE TOSICHUTH TiIpOJWHAMIYHUN HAaIlip, SKAN
HEOOXTHUIM 711 BPIBHOBAKCHHS CHJIM THCKY INHMNA HA MiAMIMIHUK, ... MMOI10HUN
HaIip MOXKHA OYIKYBAaTH MPU PycCl B’S3KOi PIIMHA MK JIBOMa EKCIICHTPUYHUMU
MOBEPXHAMH KPYroBuX IWIiHAPIBY. Brepie Ha e sapumie M.€. XKXykoBcbkuil Bkazye
B 1886 p B poboti [4] i mpomoHye HaOmmKeHHI pPO3B’sA30K 3amadi. Y 1887 p
KykoBcbkuM M.E. 3HaiiIeHO pO3B’SI30K 3ajadi Uil BUMNAAKY, KOJIM UUJIHAPU
00epTaOThCs B MPOTHIICKHUX HANIPSIMKAX 3 PIBHUMH IIBUAKOCTAMU [3].

VY iHmiit poboti [5], axa HanucaHa JKykoBcbkuM M.€. y crmiBaBTOpPCTBI 3
Yammuriaum C.O. B 1904 p., 3HaiIcHO TOYHUI PO3B’SI30K JOCHIKYBaHOI 3aaa4i 3
BUKOPUCTAaHHAM OIMOJSPHUX KOOPJIMUHAT 1y NPUITYLIIEHH]I PO Majly BEJIUYUHY 3a30PY
MDK IIMIOM 1 MiJAIIMAITHUKOM. Y BCTyMi 10 poOOoTH [S] aBTOpH aHANI3yIOTh pOOOTH
O. Peltnonbaca ta A. 3ommepdensaa. Bigznadaerscs, mo O. PeitHosbacoM 3HalieHO
HAaOMMKEHU PO3B’SI30K MPU 3HAYHUX CHPOIIEHHAX: B piBHAHHAX Hap’e-Crokca
BIJIKUIAIOTBCSA BCl 1HEPIIHI JOJaHKH, HEXTYEThCS KPUBHHOIO TOBEPXOHb, B
PIBHSHHSIX PYXY BIJIKMIAIOTHCS JOJAHKH, TIOB sI3aH1 3 CUJIaMU B SI3KOCTI. Y pe3ynbTari
UX TPUIYIIEHh pO3B’s3aHHS cucTeMu piBHsIHL Haw’e-Ctokca 3BOIUTHCA 0
IHTErpyBaHHS OJHOTO PIBHSHHS IS TUCKY B MacTwjIi — piBHsHHA O. Peiinomnbca [6].

VY poboti A. 3omMmepdenbaa, ska Buinuia B 1904 p, BcTaHOBJICHA aHAIOT1S Mk
3a/1a4ueio pyXy PIAMHHM MK €KCIEHTPUYHUMHU HUJIHAPAMH Ta 3a7adl Ipo piBHOBAry
MPY>KHOT TUIACTUHH, SiKa OOMEXeHa JIBOMa EKCUEHTPUYHUMH Kojiamu. Kpim Toro,
A. 3omMmepdenbaoM oTpuMaHi PO3B’A3KH JJIsSl IBOX OKPEMUX BUIAQJIKIB: BEJIUKUX Ta
Majiux IIBUAKOCTeM o0epTaHHs 1mmna. Bkazani po6otu O. PeliHonbaca Ta
A. 3ommepdenbaa yBiinum 10 30ipku [6].

Pesynbratu, saxi otpumani JXykoBcekum M.E€. ta Yammrimum C.O.,
0OMEXYIOThCS BUITAJIKOM, KOJIM BECh 3a30p MIXK IIUIIOM 1 MiAIIMITHUKOM 3allOBHEHUN
MaCTHIIOM.

[lopanpimia Teopiss 3MalllyBaHHA MIAIIUMIHUKIB KOB3aHHS PO3BHUBAETHCS
CTOCOBHO BpaxyBaHHS HENIHIMHUX wieHIB piBHAHb Hap’e-CTokca, HETMOBHOTO
3alIOBHEHHS MAaCTHJIOM 3a30py MDK IIHAIOM Ta MAMIAITHAKOM, BpaxyBaHHS
CKIHUEHHHUX PO3MIPIB MiAMIUITHAKA TOIIO [7].
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M 1. Hlainoza

JIvsiscovkuti HayionanvbHull yHisepcumem imeri leana @panka

Hayxosuu kepienux B.M.@Dipman kanouoam mexnHiuHux HAyK, OOYeHm, OOYyeHm
Kagheopu 6e3nexu HcummeoisiibHOCHI

BU3HAYEHHA KPUTUYHOI'O HABAHTAKEHHA 3A 3TUHY 3
PO3TATOM IIIACTUYHUX EJIEMEHTIB KOHCTPYKIII 3 OTBOPOM
TA TPIIHUHAMM, BEPEI'N AKUX KOHTAKTYIOTbH

VY pi3HHX Tramgy3siX TEXHIKM Ta MPOMHCIOBOCTI HIMPOKO BHUKOPHUCTOBYIOTH
MJIACTUHYACTI €IEMEHTH KOHCTPYKIIH, OCKIJIbKA BOHU € TIOPIBHSIHO JIETKI Ta JOCUTH
MinHi. [li eneMeHT 3 TeXHIYHOI TOYKU 30py MOXKYTh MICTHUTH KPYTOBI OTBOPH, a Y
MpoIIeci eKCIuTyaTallii y HIX MOKyTh BUHUKATH TPIITUHOMOI0H1 1eDeKTH, K1 3HAYHO
BIUTUBAIOThH Ha MIIHICTh Ta IITICHICTh KOHCTPYKIII.

YTBOpeHHS! Ta MOIIMPEHHS TPIIIUH y PI3HUX €JIEMEHTAaX KOHCTPYKILIM MoOxke
NPU3BOJUTH A0 TpaHC(HOPMYBAHHS BHYTPIIIHBOI CTPYKTYpPH 1 MOBEPXHEBUX IIAPIB
MaTtepialiiB, 3MiHU YMOB €KCILTyaTallii Ta 3HOCY IUIACTUHYACTUX €JIEMEHTIB JeTayeH
MAIlIMH, [0 HETaTUBHO BIUIMBA€ Ha JIOAMHY Ta HABKOJHIIHE cepenoBuiie. Yepes
YTBOPCHHSI Ta TOIIMPEHHS TPIMIWH 30UTBIIYIOTECS HABAHTAKEHHS B €JIEMEHTaX
KOHCTPYKIIIA, CTHKAaX 1 CHOJY4YeHHSX, 3HUXKYEThCS Hecyda 3JaTHICTh JeTaiei,
BUHUKA€E pyHHYBaHHS 00JaIHaHHA. Y C€ 1€ MPU3BOIUTH IO 3HIKEHHS CTPOKY CITYKOU
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TaKUX €JEMEHTIB Ta J0 3POCTaHHsS HMOBIPHOCTI aBapiHUX CUTyalii 1 3017IbIIEHHS
EKOHOMIYHHMX BUTpaT. BBaxkaeTbcs, mo 63% aBapiii y MammHax 1 MexaHi3Max Mae
MICII€ caMe BHACTIOK HAsBHOCTI TPIMUHOMOMIOHUX aedekTiB. ToMy BaKIHUBOIO
3a/1aueio OE3MeKN JKUTTEMISUIBHOCTI Ta MEXaHIKA € BU3HAYEHHS MaKCHUMaJIbHOTO
(KpUTUYHOTO) HABaHTKEHHA, SKE MOXY OyTH TMPUKIAJACHE 10 IJIACTUHYACTOTO
eJIEeMEHTa KOHCTPYKIIii.

Po3rnsiHeMO HECKiHYCHHY 130TpPOINHY IUIACTUHY 3aBTOBIIKKM 2N, ska MICTHTBH
WIHIpHYHKN (KpyroBuil) oTBip pagiyca R ta cucremy M noBinsHO opienTOBaHMX

NPAMOJIHIMHUX HACKPI3HHUX TpilIuH 3aBHOBXKKH 2, (k =1 M ) BBaxatumemo, mo
IUTACTHHA 3TUHAETHCA Ha OE€3MEKHOCTI pIBHOMIPHO PO3MOIJICHUMHA MOMeHTaMu M
Ta M i posraryerses sycuwuiamu P Ta P,. O6nacTh BeepeHi KpyroBoro oTBopy
HI03HAYMMO uepe3 S*, 330BHI —uepe3 S, miHiro, 1 po3mimieHa K -ta Tpimuna — uepes
L, , a kono — uepe3 L (mus. puc. 1).

Ha oTBOp1 Oy/ieM0 MaTu HACTYIIHI KpailoB1 yMOBU

M =0, P=0,0,=0,7,,=0, xel, (1)

ne M, — 3ruHajdBbHUN MOMEHT, o, 1 0,, — KOMIOHCHTH TEH30pa HAIpPyXEHb Y
MOJIIPHINA cucTeMi KoopAuHaT, P, — y3aranbHeHa B ceHcl Kipxroda mepepizyBaibHa

cCHuIa.
KpaiioBi yMOBH TI'JIaJKOTO KOHTAKTy O€periB TPIMIMH 32 TEOMETPUYHO JIIHIHHOTO
M1X0y MAatOTh BUTJISI

P+:P7201M;/rk:M;k:Nkh’T}kak:TIYxk)’k:O’XKELklk:L—M’ (2)
2 -
01; :GI_7 ’ =—Nk/(2h), a[vn]+h'|: aW :|:O, Xk ELkl k:]-!M 1 (3)
Vi k Vi Yk axk axk 8yk

ne N, — konTakTHe 3ycmms Mix Geperamu K -toi Tpimmmm; [f|= f* — f~, 3Haukamu
“+” 1 “~” mo3HavyeH1 rpaHUYHI 3Ha4YeHHS (QYHKIM MPU MPSMYBaHHS TOYKH IJIOMIWHA
10 K -toi tpimuau mpu 'y, — 30
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Puc. 1. be3amexHa riacTuHa 3 KpyroBUM OTBOPOM Ta CUCTEMOIO JTOBUIBHO
PO3TAILIOBAaHUX TPILLIUH

[3 BUKOpUCTaHHIM KOMIUIEKCHHX IMOTEHIATIB IIOCKOI 3amadi [3-5], po3B's30k
chopMyJIbOBAHO1 3a/1a4l 3BEICHUIN J0 3a]a4 JIHIMHOTO CHpPSKEHHS, Ha OCHOBI SIKMX
OTPUMAHO IHTErpajbHE PIBHIHHS HAa MEXi KpyroBOro OTBOPY, a KpaloBi YMOBH Ha
Oeperax TpIIIMHA BIAJIOCS 3aI0BOJILHUTH aHATITHYHO. [IpoBe/ieHo YHCIIOBUIT aHaTi3
KPUTHUYHOTO HaBAaHTAXKCHHS, TIPH SKUX €JIEMEHT KOHCTPYKIIil Oye pyiHHyBaTuCs, IpU
pPI3HUX TMapamMeTpax 3ajJadi, Ha OCHOBI SIKOro IMOOYJOBAaHO BIJAMOBIAHI TpadivHi
3aJIEKHOCTI.
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Koszax Ceamocnaes

JIvgiscokuti 0epaoicasHutl yrisepcumem Oe3neKku HCUmmeoisibHOCmi

Hayxosuii xepienux M.®d. Cmactok, xanouoam @izuko mamemMamuyHux HAayx,
ooyenm, 0oyeHm Kageopu NPUKIAOHOT MamemamuKku i MexaHiKu

KPUIITOCUCTEMA EJIb-I'AMAJIA

Kpuntocucrema Enp-I'amans e ampTepHatuBoio no kpuntocuctemu RSA 1
3a0e3rnevye Taky K KpUNTocTiikicTe. besneka anropurmy Enb-I'amans 6a3yerbes Ha
CKJIaJTHOCTI OOYMCIIFOBaHHS JUCKPETHHX JjorapudmiB. Tomy cIiji BHKIIOYUTH Ti
BUIAJIKY, Yy SKUX JIOTapu(PMyBaHHS MOKHA NMPOBECTU €(PEKTHUBHO. 30KpeMa, MpoCcTe
JUCJIO P Ciifg BUOMpATH Tak, MO0 YKUCIO0 p-1 MaJlo BEIMKHH MPOCTHH IJIBHUK,

1HaKILIE CYNIEPHUK MOK€E CKOopucTaTuch anropurMmoM CuibBepa-Ilomira-Xenmana.
T'enepysannsa rnouis. BubupaioTh BeJMKE MPOCTE YUCIO P 1 YUCIO (¢,

1< g< p-1 sKe Ma€ B MyJIbTUILIIKATUBHIN IpyIIi Z*p BEJIMKUH MOPsI0K. B imeanmsHOMY
BUIAJIKY ( —MepBICHUI KOpiHb 32 MoayJieM P. Yucia P 1 ( HE € TAEMHULEHO 1
nepeOyBaroTh B 3araibHOMY KOpucTyBaHHI. KoskeH aboHeHT BuOupae co0l1 BUIIAIKOBE
4KCI0 @ y MPOMiDKKY Big 1 1o p—1 i o6umncmroe h=g?(mod p).

Biokpumuui kmou: p,q,h;  Taemnuii kmou:  a.

Hlugpysannsa BinOyBaeThes 6okamu. Koxxen 610k M BBakaemMo e1eMEHTOM
3 7,. Tlosinomnenns M €7 nepeTBoproroTh B kpuntotekeT CeZ x7Z’ Takum

YUHOM:
e BHOMPAIOTh BUMAJKOBE YKUCIO I' Take, 1o 1<r<p—1;

e obuncmorors C =(c,,C,), ne
¢,=9"(modp), c,=Mh"(mod p).

Hewugpysanns. D(C)=c, (Cla )_l(mod p).
Mpukaan 1. Hexait p=43, ¢g=3, a=6. O6uncmumo h=3°(mod43)=41.
Maemo giokpumuii kmou: 43, 3, 41.

[IpunycTtumo, o mudpyeThess YUCIoBa iHGopMalis 1 ToTpiOHO 3amudpyBaTH
noBimomiienHs M =7. BubGepeMo Bumaakose uncio r, Hanpukiaan, r =10. Tomi

c,=3"(mod43)=10, c,=(7-41")(mod43)=30.
Orpumyemo kpuntoreker C =(10,30).
Hewughpyemo kpunmomexcm C =(10,30) , T06TO mIEpeBipUMO CipaBeIMBICTD
KOHTpYEHIIIi
D(10,30)=30-(10°) " (mod43) =7.
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17\/[([])18,1111171111('61, wo Hac omouye.: mMunyie, cydacne, ,1[(!1?5)’1711/0

JliiicHo, nerko mepesipuTy, mo 10° = 35(mod43). BHKOPHCTOBYHOUH AIrOPUTM

EBKi1ifa, MOKHA IEPEKOHATUCH, 1110 0OEPHEHUM €JIEMEHTOM JI0 eJieMeHTa 35 3a
mod43 e enement 16. Jlaxi nepesipumo, 1o 30-16 (mod 43) =7, TOOTO MpHitIeMO

710 BUX1JHOTO HMIH(PPOBAHOTO MOBITOMJICHHS.

Kpunrocucrema Eabp-TI'amans Ha exinTuyHiii KpusBiii

O6uparoTh eninTHYHY KpUBY E (a,b) 1 TOUKy G wi€i KpMBOi BUCOKOTO IOPSJIKY,
TOOTO TaKy, o nG=0, Ae LiIe Yucio n Beauke 1 npocre. [lapameTpu kpuBoi Ta
nepesiK BIIKPUTUX KITIOUiB K,,k, TIepearoThCsl BCIM KOPUCTyBadaM MEPExKi.

[Tpunyctumo, 1o kopuctyBau A (Auica) xoue MepeaaTy MnoBiIOMICHHS
kopuctyBaueBl B (boOy). BBaxkarumemo, 1110 moBiIOMIIEHHS MOAaHO Y (popmi yucia
M < p. KopuctyBau A BUKOHYE TaKi aii:

e 0oO0uWpae BUMAIKOBE YUCIO I, 1<r<n;
e oOuncimoe R=rG, P=rY;=(xy), ze Ys;=kG;
e 3amudpoye C =(Mx)mod p;
e Hajcuiae Kopuctypauesi B mmudprekcr (R,C).
Kopucrysau B miciist oTpuMaHHs IU@pTeKcTy (R,C) BUKOHYE TaKi [ii:
e obuncimoe Q=Kk,R=(x,Y);
e posmmppoBye M =(Cx*)modp .
Jl1is 0OTpYHTYBaHHS IIHOTO AITOPUTMY JOCTATHBO 3a3HAYMTH, IO
keR=kg(rG)=r(ksG)=rY,, TOOTO Q=P.
3ayBaxkumo, 110 Kpunrtocucrema Enp-I'amans wa eminTu4HIi KpuBii
BUKOPHCTOBY€E CKaJSIPHE MHOXXEHHS TOYKHM 3aMICTh IMiJIHECEHHS JO CTENEHs 3a

BEJIUKUM MOJTYJIEM Y BHUIIAJKy IPOCTOTO CKIHUEHOTO TIOJIA.
Hpuxmaxg 2. p=211 G=(2,2), E,(0-4), r=2, k;=2, M=2. MoxHa

niapaxyBaty, mo 241G = 0.
Amica o0uucIIoe :
R=2(2,2)=(0,209);

Y, =k,G =2(2,2)=(0,209), P =2V, =(L1);
C=2-1(mod211) =2
Adica HajCcHIIae {(O 209), 2}.

bo06 o0unciroe
1. 2-(0,209)=(11);

2. M =2-1(mod211)=2.
OTtxe, bo0O oTpumMye BuXigHE MOBIAOMIIEHHS M =2,

e
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MATEMATHUYHE MOJEJIOBAHHS JUHAMIYHUX MPOLIECIB
CHEUIAJTBHUX MAIIIMH IUKJIOBOI AI1

[pyHTOBHI JOCIIKEHHS EPEXITHUX Ta YCTAJIEHUX PEKUMIB pOOOTH HACOCHUX
arperaTiB croellajlbHUX MallMH MOXHAa 3JIMCHUTU JIMIIE HA OCHOBI BpaxyBaHHS
B3a€MOBIUIMBY €JIEKTPOMArHITHUX KOJWBAJIBHHUX SIBHI y MAIIMHHUX arperarax i
KOJIMBJIbHUX SIBUI] Y BUKOHABYOMY MexaHi3Mi Hacoca. HeoOxigHo mpuiiMaTu 10
yBaru TNPY>KHO-JIMCUIIATHBHI Ta 1HEPUIMHI BJIACTUBOCTI JIAHOK KPHUBOIIUITHO-
NOB3yHHMX MEXaHI3MIB HAacoCa, HABAHTAXKyBaJIbHI XapaKTEPUCTUKH MepeJaBaIbHUX
MPUCTPOIB, 30KpeMa, (QPUKIIIHOT My(TH, 3aKOHOMIPHOCTI 3MIHM THUCKY PIIMHU Ha
HOpPIIHI Hacoca. Y 3B'SI3Ky 3 eKCTpEMaJIbHUM XapaKTepOM HAaBaHTa)KEHOCTI €JIEMEHTIB
HACOCHHUX arperariB HaMITHJIMCS TEHIEHIIT 10 YTOUHEHHS 1X pO3paxyHKOBHUX MOJeJen
Ta OUIBII 3arajJbHOTO KOMIUIEKCHOTO MIiAXOAY IO aHaji3y AMHAMIYHUX IPOIIECIB Y
HAaCOCHHUX arperarax.

JI71st HOCSATHEHHS LI€T METU PO3B'A3YIOTHCS TaKl 3a/1ayi:

— po3po0Ka MaTeMaTHMYHOI MOJEN 1 aJIrOpUTMY PO3PAXYHKY HECTAI[IOHAPHUX
MPOIIECIB Y HACOCHOMY arperari 3 ypaxyBaHHSIM B3a€MO3B’SI3KYy €JIEKTPOMArHITHUX
SBUIIl B aCUHXPOHHOMY JABUTYHI 1 MEXaHIYHMX KOJIUBaHb y MPUBIIHIA CHCTEMI, a
TaKO HECTAJIOCTI 3BEICHOI0 MOMEHTY 1HEpLIi KPUBOIIMITHO-TIOB3YHHOT'O MEXaHI3MY
HAacoca Ta BU3HAYEHHS BIUIMBY €KCIUTyaTalliiHUX MapaMeTpiB Ha 3yCHIUTS Y TIPYKHHUX
JaHKax TPHUBITHOTO MEXaHI3My HACOCa;

— PO3poO0JIeHHS TEXHIYHUX PILIEHb 1 MPAaKTUYHUX PEKOMEHALIN, 110 CIPSIMOBaH1
Ha 3HIDKEHHS JUHAMIYHUX HABAaHTa)XCHb €JIEMEHTIB MPHUBIAHUX CHUCTEM 1
YIOCKOHAJIEHHSI KOHCTPYKLINA 3’€JHYBaJIbHUX BY3JIIB HACOCHUX arperaTiB OypoBHX
YCTaHOBOK.

MexaHiyHa CHUCTeMa HAaCOCHOTO arperary, 110 CKJIaJa€ThCsl 3 aCHHXPOHHOTO
JIBUTYHA, ITMHOITHEBMAaTUYHOI My(TH, TacOBOi Tiepeadi, peayKTopa Ta MOPITHEBOTO
Hacoca, CXeMaTUYHO 300pakeHa Ha puc. 1.
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Mamemamuxa, wo nac omovye. Munyie, cydacune, ,1[(!175)’1711/(7

Mo @ Ha cxemi npuiiHATI Taki MO3Ha4YeHHS: Jq —
3BEICHUH /10 KOPIHHOTO Bajlia Hacoca
MOMEHT 1Hepuii poTopa ABUTYHa; Jo —
3BEJICHUH /10 KOPIHHOTO Bajla MOMEHT
1HepIlli MexaHI3My Hacoca; ¢ — 3BeJIeHa J0
KOpDIHHOTO Bajla Hacoca J>KOPCTKICTh
MOCJIJIOBHO 3’€IHAHUX TNPYKHUX JIAHOK
(mMHOMHEBMATUYHOT MY(pTH 1 TacoBOi
nepenavi); v — 3BEICHHM KOE(QIli€HT
JIHIMHOTO OMOpYy MPYXKHUX JIaHOK; ME; —
3BEICHUN  ENEeKTPOMAarHiTHUM  MOMEHT
IBUTYHA; Mo — MOMEHT CHJI OTIOPY PYXOBI, 1110 JIi€ HA KOPIHHUI Baj Hacoca; P1, P —
KYTOBI KOOPJIUHATH.

HudepeHmianbHl piBHAHHSA PYXy €JIEMEHTIB arperary, CKIaJeHl 3a CXEMOKO
piBHsiHHS Jlarpanka Apyroro poay, MaroTh BUTJISA

dp, . do,

=, ,; 0, ;
dt odt ?

Jl

Puc.1. Po3paxyHkoBa cxemMa MeXaHIqHOT
CHCTEMH HACOCHOI YCTAaHOBKU

d
‘]1%4_0(@1_@2)4_\}((’)1_@2): Mg, ;
do, 103
J, dt2+§8(pz 0322_C((P1_(P2)_V((’31_032):_Mo’ (1)

ne Mg,=Mg-U, Mg — eneKTpoMardiTHUM MOMEHT Ha Bajl JIBUTYHA; U — IepeaaBajibHe
BIHOIIICHHST NpuBOAY. IloyaTKoBI yMOBHM IHTerpyBaHHs piBHSAHL (1) mpHHATO
HYJIbOBUMH. B pe3ynbTaTi CyMICHOTO IHTETpYBaHHs JU(epeHIialbHUX PIBHAHD PYXY
MexaHIyHOi cucteMu (1) 1 piBHSIHB, IO ONUCYIOTh EJIEKTPOMArHIiTHI SBUIIA B
ACMHXPOHHOMY JIBUT'YH1, OTPUMaHO YaCOBI 3aJI€KHOCTI BEJIMYUH P1, (2, 01, 02, ME, a
TaKOXX KPYTHUI MOMEHT B MPYXKHIH JIaHII

M :C((pl_(Pz)'l_V((Dl_wz)' (2)

3a pi3HUX 3Ha4€Hb TUCKY Ha BHKHUJI Hacoca YHB-600 BH3HAaueHO MOMEHT B
NPY>KHIN JIaHI(1, €JeKTPOMATrHITHUNA MOMEHT, a TAKOX KyTOBI IIBUJKOCTI POTOpA JIBU-
ryHa Ta KOpIHHOrO Bayia Hacoca sK (yHkiii dacy. OcoOnuBe 3HAUYCHHS Mae
JOCITIJIKEHHS TIEPEX1THUX PEXUMIB POOOTH HACOCA, OCKUIBKHM came Tij] 4ac MycKy 1
raJibMyBaHHS €JIEMEHTH Ta BY3JM MPUBIAHOI CHUCTEMHU 3a3HAIOTh HAMOLIBIINX
HABAHTAKEHb.

Po3pobiiena maTemarnyHa MOJAENb MOXE€ OyTH 3aCTOCOBaHa B CHCTEMax
aBTOMATH30BAHOTO MPOEKTYBaHHS HACOCHHUX arperartiB Ajsl 3a0e3MedeHHs] HaJIeKHOT
TOYHOCTI PO3PAXyHKIB HAa MIIHICTh 1 TPOTHO3YBaHHS  pPECypCcy €JEMEHTIB
KOHCTPYKIIIM, a TaKOX 3 METOI0 MIABUIIEHHS €(DEeKTUBHOCTI €KCILIyaTalii HacoCiB
HUIIXOM PAlllOHATIBHOTO A000pY iX MPOJIYKTUBHOCTEH 1 pOOOUYMX HIBUIKOCTEH.
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Hayionanvna axaoemis cyxonymmuux eiticox imeni cemomana Ilempa Cazatioaunozo
Hayxosuii kepienux: I'y3ux H.M., k. ¢.-m. H., Ooyenm, doyenm Kagheopu
[HOICeHepHOT MeXaHiKu (030POEHHS Ma MEXHIKU [HIHCEHEePHUX BILICHK)

HOPMAJIBHUM 3AKOH PO3IOJALTY KUMOBIPHOCTEHN
Y 3AJAYAX HA TOYHICTH CTPLJIbBU

JIoCBiZT OCTaHHIX POKIB TMOKa3y€ BaXKIMBICTh 3aCTOCYBaHHA OpPOHBOBAHUX
MaIllMH MiJg 4Yac BeJAeHHsS OOMOBHX Jii, cTabim3aiii 0OCTAaHOBKHM MiKHAPOJIHHUX
MUPOTBOPYMX, AHTUTEPOPUCTUYHUX Ta cremiagbHux omnepamit. [locridine
YAOCKOHAJIEHHS Ta 3pOCTaHHS MOTEHINATy Cy4YaCHUX 3aC001B YPaKeHHsI, I IBUIIICHHS
IIMOWHM, IIBUJIKOCTI, TOYHOCTI Ta BHOIPKOBOCTI iX BIUIMBY 3aroCTPrO€ IMPOOIeMy
edeKTUBHOCTI OOHOBOT0 3aCTOCYBaHHS TaKWX MAIIIHH.

Excrimyarariis mux MamuH y CKIaQIHUX YMOBaX PyXy MEPECidYHOI0 MICIEBICTIO
MoKaszye, IO KOJWUBAaHHS KOPITyCY TPHU3BOAWUTH JO TOTIPIICHHS BCiX HOTO
eKCIUTyaTalliHO-TEXHIYHUX XapaKTepUCTUK Ta BIMBAE HAa €(EKTUBHICTb BEICHHS
BOTHIO. 3ayBa)KUMO, 1110 TOYHICTh CTPUILOM € HAI3BUYANHO aKTyaJbHUM MMUTAHHAM Ha
ChOTOJIHI, OCKIJIBKM PO3CIIOBaHHS CHApPs/IB Bele 10 301IbIICHHS BUTPAT CHAPSIIB Ta
JI0 BUKOHAHHSIBOTHEBOTO 3aBAaHHs 3arajoM. OIHUM i3 BU3HAYAJIbHUX YHHHHKIB, 110
BIJIMBA€ Ha €(PEKTUBHICThH BEJACHHS BOTHIO CXOJY, € KOJTUBAHHS TiPECOPEHOT YaCTUHU
OOMOBUX MAIIIHH.

VY nmaniit poOOTI MOCHIKYETHCS BIUTMBHEIIHIHHO-TIPYKHUX XapaKTEPUCTHK
MiJBICKK HAa aMIUTITYJy Ta YaCTOTY BEPTUKAIBbHUX KOJHMBAHB M1IPECOPEHOI YaCTUHU
OOMOBUX MAIIIMH Ta Ha TOYHICTh BEJICHHS BOTHIO 13 CTAI[lOHAPHO BCTAHOBJICHOI HA HUX
cTpisienibkoi 30poi. MareMaTuyHUM amapaTtoM, IO TPU I[bOMY 3aCTOCOBYETHCS, €
nudepeHIiagbHe PIBHAHHS 30ypEeHOTO PYXY MIIPECOPEHOT YaCTUHU Ta TaKi €JIEMEHTU
Teopii UMOBIPHOCTEH, SIK HETEPEpPBHI BUITAJIKOBI BEJIMYUHU, HOPMAJIBHUIA 3aKOH 1X
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Mamemamuxka, wo nac omouye: mumnyne, cydache, Maudymue

pPO3MOMILTY, UMOBIPHICTh BIIy4aHHS HEMEPEPBHOI BUMAIKOBOI BEIMYMHU B 3aIaHUIA
1HTEpBaI.

Po3citoBaHHS ~ CHapsiB  MIUISITA€  HOPMAJIBHOMY  3aKOHY  PO3IOJALTY
HMoOBiIpHOCTEH. BiH BUpakae 3aleKHICTh MK BEJIMYMHOIO BIJIXWJICHHS CHapsija Bij
IIEHTpa PO3CIFOBAHHS 1 UMOBIPHICTIO IILOTO BiAXUJIeHH. KOpOTKO 3aK0H pOo3CitOBaHHS
CHapsaiB (HOPMYIIIOIOTh TaK: PO3CIIOBAHHS CHApPs/IIB HEPIBHOMIpPHE, CHUMETPHUYHE,
HeOe3MexHe.3a Mipy pPO3CIFOBaHHS B 3a/1a4ax Ha TOUYHICTh CTPLIILOM OepyTh CepeIMHHE
BIJIXWJICHHSIM E — TMOJIOBUHY JOBXKHUHU 1HTEPBAITy, CHMETPUYHOTO BIJIHOCHO LEHTPY
pO3CIIOBaHHS CHapsiB, B SKUM 3ajJaHa HENEpepBHA BeJMYMHA X MONajae 3
iimoBipricTIo 0,5, To6TO P{|X —m|<E}=05. MMOBIipHiCTH BIIy4aHHS HOPMAIBHO

pO3NOAUIEHOT BEIMYMHM X B 1HTEpBal («,8) OOUMCIIOIOTH 3a (POPMYJIOKO
— -m —(aa—m — X 242 .
Pla< X < f) :CD(ﬁTj—CD(Tj, e o(x)=Lje”Udt — 3Benena byHKIIIs
P
Jlarmnaca.IlpoBeneni y po60Ti JOCHIKEHHS 100 TOYHOCTI CTpUIbOKM 0a3yroThCs Ha
3aCTOCYBaHHI IIKAJIA PO3CIIOBAHHS CHAPs/IB Ta BIJIOMUX 3HAY€Hb 3BEJACHOI (PYHKITI
Jlamutaca.

I.B. KponueénuusbKuii

Jlvsiscokut Hayionanvnuuu yHisepcumem imeni 1. @panka

Hayxosuii kepignuk A.O. Canuybka cm. sukiaday Kkagheopu npupooHuyo-
MaAmemMamuyHux HayK

BIIV/IUB PYXOMOI'O HABAHTAKEHHSA HA ITIPY>KHO
JJE®@OPMOBAHUI CTAH IBOPOCTOPY

Po3Butok 1 mporpec ©OaraThbOX rajy3edl MPOMHUCIOBOCTI 0Oe3mocepeaHbo
MOB’513aH1 31 CTBOPEHHAM HOBUX MaTepialiiB, IO MOEIHYIOTh B COO1 BUCOKI TEXHIKO-
eKCIUTyaTalliiiHi BJIACTMBOCTI 13 JOCTYIHOK TEXHOJOTIYHICTIO BUTOTOBIICHHS 1
HU3BKOIO COO0IBapTiCTIO BUpOOHMIITBA. KoOMIoO3uiiitHi Marepianw 1 TEXHOJOTIl ix
OTpUMaHHA € OJHUM 3 HAMOUIbII HAyKOEMHUX 1 0aratooOIlsIFIOYMX HAMpIMiB
MaTepiajlo3HaBCTBA 3 TMEPCHEKTUBOI €()EKTUBHOTO 3aCTOCYBAHHS B 1HXKEHEPHIN
MPaKTHIILI.

3BaproBaHHs BUOYXOM, BHACIAOK IPUTAMaHHUX MOMY OCOOJIMBOCTEHN € OJTHUM
3 HaWOLIBII e(PEeKTHBHUX, a B ACAKMX BHUIAJKAX 1 €IMHO MOXJIMBUM IIISTXOM
CTBOPEHHSI BHCOKOSIKICHMX OiMeTareBux 1 OaraTomapoBUX KOMITO3ULIIMHHUX
MaTepianiB. 3BaprOBaHHsS BUOYXOM 3a CBO€IO (DI3UYHOIO MPUPOIOI0 AYy>KE CKIAJIHUN
MPOIIEC, IO CTOCYEThCS OaraThoX (PyHIAaMEHTaIbLHUX PO3AUTIB MaTepiaio3HaBCTBA,
MEXaHIKH, Ta30BOi JMHAMIKH Ta 1H.

dopMyTrOBaHHS 3a/1a41
[Tin TepMiHOM «3BaprOBaHHS BHOYXOM» PO3YMIIOTH SBUIIE MIITHOTO 3'€ THAHHS
MOBEPXOHb METAJIEBUX TUI, IO BAAPSIOTHCS TiJ JEIKHM KYTOM 1 TPU IIHOMY

15



VIl Beceykpaincoka konghepenyin kypcanmie ma cmyoenmis

NpUHANMHI 0JTHE 3 HUX po3raHseThbes 0 mBuakocTi 1800 ... 3000 m/c [3] mpoxykTamu
neToHarli BuOyxoBoi pedoBuHu. [Ipu 1boMy CIiJl 3a3HAYMTH, 10 BIacHEe BUOYX, a
TOYHIIIE EHEPTisd PO3LINPEHHS MIPOIYKTIB I€TOHALII] B JAHOMY MPOILIECI BIITPaE JTUIIIE
JIOTIOMIXKHY pOJib, 3a0€3MeUyI0Yl MPUCKOPEHE MEPEMIIIEeHHS TU1 OJHE BIIHOCHO Ta
3iTkHeHHsI. Di3uvHa MpUpoJa HKepen TaKOro MPHUCKOPEHHS T MOXKe OyTH caMoro
PI3HOMAHITHOIO: €JIEKTPOMAarHiTHe 1oJje (IIpyu MarHiTHO-IMITYJIbCHOMY 3BaplOBaHHI),
SHeprisi MOPOXOBOT0O 3apsay B rapMaTHOMY CTBOJI, €HEprisi BUOYXY E€JIEKTPUIHOTO
IPOBITHUKA MPU MPOMYIIEHH] Yepe3 HhOTO CTPYMY Ta iH.. AJie y BCiX BHUIAJKax CyTh
MIPOIIECIB, IO BiOYBAIOTHCS IMPH BHUCOKOIIBHAKICHOMY 31TKHEHHI Y TBEPJUX Tilax
3aJIMIIAETHCSA HE3MIHHOIO [4].

'~ plxd

Puc.1 Cxema 3apmaui

Bci MmeToin 3BaproBaHHS BUMararoTh JOTPUMAHHS [IEBHOTO KOMIUIEKCY MPaBUII
oxoponu mpaili. Ha 3BaproBasibHMKa 111]] 4ac 3BapIOBAHHS TUIABJICHHSIM B T 4M 1HIIIN
MIp1 ICHY€ MOXJIMBICTh HEOE3MEUHUX BIUIMBIB B 3B’ 513Ky 3 HACTYITHUMH (PAKTOPAMH:

® YPAKEHHS CJIEKTPUYHUM CTPYMOM IpPU JOTHKY O CTPYMOBEAYYHX YAaCTUH
€JIEKTPUYHOTO KOJIa;
YPAKEHHS MPOMEHSAMU €JEKTPUYHOI YyTY OYel 1 BIIKPUTOI MOBEPXHI LIKIPH;
OIIKM BIJI Kpareab MeTaly 1 IUIaKy [PU 3BAPIOBaHHI;
OTPYEHHS MIKIJITUBUMH Ta3aMHU, 1110 BUIUISIIOTHCS MPU 3BapIOBaHHI 1 IPH
3a0py/IHEHHI IPUMIIIEHBb TUJIOM 1 BUTIApaMU PI3HUX PEUOBUH;

® BUOYXHM Yepe3 HEMpaBWIbHE MOBOHKEHHS 3 OaJlOHaMHU CTHCHEHOTO Tra3y abo
gepe3 BUPOOHMIITBO 3BAPIOBAHHS B €MHOCTSX 3-ij TOPIOYHMX PEUYOBHH, 200
BUKOHAHHSI 3BapIOBaHHS MOOJM3Y JIETKO3aMUCTUX 1 BHOYXOHEOE3NMEUHHUX
PEYOBHUH;
MOKEK1 BiJl pO3ILJIABICHOr0 METAITY 1 IIIJIaKy B MPOILIEC] 3BApIOBAHHS;
TpaBMH PI13HOTO POy MEXAHIUHOTO XapaKkTepy MpH MiATOTOBLI BaXKKUX BUPOOIB
JI0 3BapIOBaHHS 1 B TIPOIIECI 3BAPIOBAHHS.

3 MeTOoK 3MEHIIeHHS HeOe3MEeKW YpaKEHHS EJNEKTPUYHUM CTPYMOM
3BapIOBAJILHUKY CJiJ1 JOTPUMYBATUCS HACTYITHUX 3aXO0/I1B:

® HajiifHA 130JIA11is1 BCiX, MPOBOIIB, TIOB’ SI3aHUX 3 JKUBJICHHSM JKEpesa CTpyMy 1
3BapIOBAJIbHOL yIY;
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® HaJIIHHUMN NPUCTPIN ENEKTPOIOTPUMAYa 3 TAPHOIO 130JIALIIE€I0, SIKA TAPAHTYE, 10
He Oyjie BUMAIKOBOTO KOHTAKTy CTPYMOBEAYUYMX YAaCTHH €IEKTPOAOTprMaua 3i
3BapHUM BUPOOOM a0 pyKamu 3BapHHUKA,

e poOoTa y CIpPaBHO-CYXOMY CIIEHOJsA31 1 pykaBuisx. IIpu poOOTI B TICHHX
BIJICIKaX 1 3aMKHYTHX MPOCTOpPax 000B’I3KOBE BUKOPUCTAHHS IT'YMOBHUX KaJIOIII 1
KIJIMMKIB, JPKEpeJl OCBITIICHHS 3 HANPyrow He OibIie 6-12 B;

Takum ymHOM B JaHiil poOOTI 3 BUKOPHCTAHHAM JAWHAMIYHOI 3aJadl Teopii
IPYKHOCTI 3MOJIETbOBAHO XapaKTepHE JJIs TEXHOJOTIYHOTO MPOLIECy 3BapKH BUOYXOM
SIBUILIE XBUJICYyTBOPEHHSI HAa TTOBEPXHI HIDKHBOI 3arOTOBKHU. Buie3azHaueHi mpasuiia
OXOPOHHM TIpalli JOMOMAaraloTh YHUKHYTH YPa)KeHb ITiJl 4ac 3BaplOBaJIbHOTO MPOIIECY.
CtBOpeHHs Oe3MeyHuX YMOB Tpalli HallBaXIHBIiIIa 3a7a4a 0y ab-sIKOTO BUPOOHUIITBA.

Jliteparypa

1. Spemko 3.M. ComuiaibHO-€KOHOMIYHE MIATIPYHTS GOPMYBaHHS MOTHBAIII] 11010 TTOCUIICHHS
BIJIMOBIAAILHOCTI 32 JOTPUMaHHs BUMOT oxoponu mpaui / 3.M. Spemko, C.B. Iucapescrka,
B.M. ®ipman // Texnonomic. — 2014, — Ne10. — C. 36-37.

2. @ipman [.B. [Tomuika mronuHu cepe MpuarH BUpoOHUYOTO Tpamarusmy / [.B. @ipman,
C.B. Tumomyk, B.M. ®@ipman // Bicauk JKuToMupchKoro 1ep>kaBHOTO TEXHOJIOTTYHOTO
yHiBepcurety. — 2018. — Bun. 84, Ne 2. — C. 103-108.

3. Hutsaylyuk, V., Sulym, H., Pasternak, la., Turchyn, I. Transient Plane Waves Propagation in
Non-homogeneous Elastic Plate // Composite Materials: The Great Advance. Proc. of the
19th Int. Conf. Composite Materials, ICCM19 (Montreal, Canada, 28 July — 2 August
2013). P. 8890-8897.

4. Sulym, H., Hutsaylyuk, V., Pasternak, la., Turchyn, I. Stress-strain state of an elastic
rectangular plate under dynamic load // Mechanika. - 2013. - 19. No 6: - P. 620-626.

D.D. Iuginvcoka

Xepconcokul HaYiOHAIbHUU MEXHIYHUL YHIBEpCUmMem

Hayxosuii kepienux C.B. Moiceenko, kanouoam mexHiuHux HayxK, OOYeHm, OOyeHm
Kagheopu sUuWoi Mamemamuku i MamemMamuyHo20 MOOe0B8aHH s

MATEMATHUYHE MOJIEJIOBAHHSA TPOLHECIB AEPOAUHAMIKHA
BITPOEHEPTETHNYHHUX YCTAHOBOK (BEY)

Exonomika YkpaiHu 1CTOTHO 3aJI€KHUTh BlJl 30BHIIIHIX MOCTABOK €HEPTOHOCIIB.
J10 0JTHOTO 3 MEePCIEeKTUBHUX HAIPSMKIB BUPIIICHHS €HEPreTUYHOI Oe3neKkn Y KpaiHu
BIJIHOCUTHCA  BITPOCHEPIeTHKa, SK HaWJeneBule JHKepeso  eJNEeKTPOEHEepTii,
BUPOOJIIOBAHOI B MPOMHUCIOBUX MAacIlITa0ax.
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B nanmii yac OCHOBY BITPOCHEPIE€TUMKH CKIAJAal0Th TOPU30HTAIBHO-OCHOBI
ycranoBkun ('O BEY). Ha ix wactky mnpumamae Ommu3pko 85% BupoOmOBaHOT
eJIEKTPOCHEPTii. AJlle BpaxOBYIOUHM MOMIPHHM €HEPreTUYHUI BITPOBUN MOTEHIIAT
Ykpainu, anbTepHaTUBOIO, HA HAIll OIS, € BepTHKaIbHO-0cboBl BEY. Jlo mepesar
BO BEY MoxHa BiAHECTH: HU3BKHI MOPIr poOOUYOi MIBUAKOCTI BITPY, BIACYTHICTb
MEXaHi3My Opi€HTallii Ha BITE€p, MEHIIMM PiBEHb €KCILUIyaTalliiHUX BUTpPAT, IPOCTOTA
dbopmu Jomati, 3HWKEHUH piBeHb MIyMy. € HEOOXIAHICTh B MIABUIICHHI PIBHS
po3yMiHHs aepoarHaMiuHux nporeciB BO BEY uepe3 ixHi0 May BUBYEHICTb.

EdextuBnicte pobotu Oyab-sikoi BEY  Bu3HauaeTrbecs  koedilieHTOM
BUKOPHUCTAHHA €HEPrii BITPY (KOoePilieHTOM MOTY>KHOCT1). O4eBUAHO, aepoAMHAMIKA
rpae ocHOBHY poib B pob6oti BEY. IlimBumennst notyxHocti BEY 1 306inbmenus
KoedillieHTa BUKOPUCTAHHS €HEPrii BITPY MPHU3BETU JO HEOOXITHOCTI BpaxyBaHHS
B3a€MHOTO BIUIMBY JIOTIATe OJHA Ha OAHY, MOJS IIBHUAKOCTEH HABKOJO CaMOro
poropa. TakuM YuHOM, BUHUKIIA TOTPeOa y BABYEHHI ITPo1IeCiB ((OPMYBaHHS 1 pO3MaLy
BUXPIB, @ TAKOX iX BIUIMBY Ha aepoArHaMi4yH1 Xapakrepuctuku BEY.

['on0oBHMMHU TpyIHOIIAMH B PO3paXyHKYy HECTAI[lOHApHUX TMPOIECIB MpU
oOtikanH1 potopiB BO BEY € epextn tuHaMiyHOro 3puBYy NOTOKY. /{0 TenepimHboro
Yacy JKOJAHA 3 BIJIOMUX CIpPOLICHMX METOJUK HE JlaBaja MOXJIMBOCTI aJIeKBaTHO
po3paxyBaTu aepoAMHAMIYHI XapaKTEPUCTUKHU POTOPIB B IIbOMY BUIIAAKY. Po3paxyHku
HECTaI[lOHAPHUX, TPUBUMIPHHUX, TypOYyJIEHTHUX MPOIIECiB, MepeadayaroTb NoOya0BY
JOCUTh CKJIQJHUX MaTeMaTHUHUX Monenei. Taki mozeni €, 3 MaTeMaTUYHOI TOYKU
30py, CKJIQJHUMH CHUCTEMaMH HEMIHINHUX JudepeHIlialbHUX pPIBHSAHb, IS
PO3B’s13aHHS SIKUX OTPIOHE BUKOPUCTAHHS MOTYKHUX OOUHCIIOBAIbHUX KOMILUIEKCIB.
JlJis CTBOpEHHSI TaKMX MO BUKOPUCTOBYETHCS MPAKTUYHO BECh amapar BHUIIOi
MaTE€MaTUKHU: aHalITUYHA 1 JudepeHliaTbHa TeOMEeTpis, MaTeMaTUYHHWM aHami3,
TEH30pHE YHWCIEHHS, Teopis pPIBHAHb MareMaThdHOl (i3uku. Po3B’s3aHHS Takux
CICTEM CTBOPIOE SIKICHO HOBHM pIBEHb TPOCKTYBaHHS — TPOBEACHHSA
OOYHUCITIOBAILHUX EKCIIEPUMEHTIB, SIKI TOBHICTIO BIATBOPIOIOTH YMOBH HATYypHHX
eKCrepuMeHTiB. Takui TMIAXiJA € OCHOBOIO TMOPIBHAHO MOJIOJOI HAyKu —
obumcioBanbHOI riapoaunaaMiku (Computational Fluid Dynamics — CFD).

OcCHOBOIO OOYHMCITIOBAILHOI TIAPOAMHAMIKM BBaXKAETHCS CHUCTEMA DPIBHSAHD
Hag'e-Ctokca. PiBusuas Hap’e-Ctokca, 110 BUKOPUCTOBYIOTh 3aKOHM 30€peiKEHHS
Macy, IMIYJbCy, €Heprii B TMO€JHAHHI 3 OCHOBHMMH TEPMOJUHAMIYHUMH 1
PEOJIOTIYHUMHU 3aKOHAMU, MICTSATh MIHIMQJIbHY KUIBKICTh BUXIJTHUX MPHUITYIICHb, 110
poOUTH 1X HaKMOLIBII MOBHOIO 1 OOTPYHTOBAHOIO CUCTEMOIO PIBHSHb MEXAHIKU PIAVMHU
1 ra3zy. Came piBHsiHHA HaB’e-CTokca (Ha BiAMIHY BiJ] piBHAHb NoTeHuiany 1 Einepa)
JIO3BOJIIIOTH BIITBOPIOBATH peasibHI (D13UUHI MIPOIIECH 3 HEOOX1THOK TOUHICTIO. Y TOU
e 9ac 3 MaTeMaTHYHOI TOYKU 30PYy BOHU CTAHOBIISITh HAMCKIIAHIIITY CHCTEMY PIBHSHD
MaTeMaTUYHOi (PI3MKH, 110 3aCTOCOBYIOTHCS O BHUBYEHHS peaibHUX 00'ekTiB. Jliis
NOpiBHSHHSA, piBHSIHHS MakcBema 1 [lIpeninrepa, 1110 cTaHOBISATH OCHOBY KJIACHYHOI
CJICKTPOJMHAMIKM 1 KBAHTOBOI MeEXaHIKM, € OUIBII TPOCTUMH, 1 JOMYCKAIOTh
aHamiTHuHi (TouHi) po3B’si3ku. st piBHsHL Hap’e-Ctokca cutyariis o0epHEeHa, ix
pO3B’sI3aHHSI MOJKJIMBE TUIBKM HA OCHOBI YHMCEIBHOIO EKCIIEPUMEHTY, TOMY IO
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OUTBIIICTh TEUid, SKI 3yCTPIYAIOThCSI HA TMPAKTUIl, € HECTallOHAPHUMH,
TPUBUMIPHUMU 1 TypOYJICHTHUMHU. XapaKTEPHOI OCOOJIMBICTIO 3a3HAYEHOT CUCTEMHU
piBHSIHB € ii HENHIMHICTh MPH HASBHOCTI IUEpeHIabHUX TOJAaHKIB IPYroro
MOPSIIKY 3 MaJlMM TapaMeTpoM. XO4Ya ICHYIOUMH PiBEHb OOYMCIIOBAIBHOI TEXHIKA
JTI03BOJISIE BUKOPUCTOBYBATH IMOBHY IMOCTAHOBKY MOYaTKOBO-KPalOBOI TPUBUMIPHOI
3a/1a4i, peajizallis B IHIyCTplalbHUX J0JaTKaX TaKOTO MiIX0/y 3aJUIIA€ThCS 3aHAITO
TPYAOMICTKOIO.

[TobynoBana aBTOpaMu MaTeMaTH4Ha MOJIEJIb Ha OCHOBI HECTaI[lOHAPHUX
piBHsiHb Hap’e-CTOKCca peannizyeTbes B /iBa e€Tanu: 1) po3paxyHOK IMOMIB MIBUJKOCTI 1
TUCKY; 2) OOYHMCICHHS IHTETPaJbHUX XapaKTEPUCTUK POTOPIB: KoedimieHTa
KPYTUJIBHOTO MOMEHTY U Koe(]illieHTa MOTY>XHOCTI. Pe3ynpTatu obumcieHs Ta ix
aHami3 mpencraBieHi B poOoTi [2]. Jlana momens OUThIT peaiCTUYHO OMHUCYE Ta
BIJITBOPIOE PEKOHCTPYKIIIO TeYii 1, K HACHIIO0K, (PI3MYHO OOIPYHTOBAHUK PO3MOMALIT
IHTErpajJbHUX XapPaKTEPUCTUK, aHDK ICHYIOUl 1H)XKEHEpPHI Ta €MIIPUYHI METOAUKHU
IPOEKTYBaHHSI.

B panuii yac mozgemoBaHHa oOTikaHHS poTopiB BEY, 3 ypaxyBaHHsSIM Bcix
CYHpPOBIAHUX MPOIIECIB, JOCTYIHE JIHUIIE BEIIMKUM JOCIITHUIILKUM OpTaHizaiisaM, sKi
BUKOPHUCTOBYIOTh CYIEPKOMII'IOTEpU ab0 KIacTepu MNEPCOHATBHUX KOMII'IOTEPIB 1
MalTh  JIOCTaTHIA  piBeHb  (iHAaHCYyBaHHA.  BiacytHictb B YKpaiHi
BHUCOKONPOAYKTUBHUX KOMIT FOTEPHUX CUCTEM MPU3BOJIUTH 10 HEMUHYUYOTO PO3PUBY
MDK YKpaiHChKUMH 1 3apyO1KHUMH BUEHUMHU B 00J1aCTI O0UHUCITIOBATILHUX TEXHOJIOT1H,
B PEAJIbHUX MOXKJIMBOCTSIX MOJIEIIOBAHHS 3a7]a4 IPOMHUCIIOBOTO PIBHSL.

Jlitreparypa
1. Tapacor C. B., Pemuunr JI. A., Ilomesoit O. b., YHammua M. b., Mouceenxo C.B.
BrraucnurensHas TUIpOAMHAMUKA Ha ciyx0e BETPOIHEPTETUKH. Bicnux
[ninponemposcokoco yn-my. Cepia: Mexanika. 2016. T.24, Ne 5, Bum. 20.
C. 38-48.

2. Tapacos C. B., Pequurt /I. A., Mouceenko C.B. UncneHHOe MOJIEIMpOBaHUE MPOIIECCOB
A’POJIMHAMUKHN  BEPTUKAILHO-OCEBOM  BETPOIHEPTETUUCCKOW  YCTAaHOBKU. [Ipobremu
obuucno8anbHol mexauiku i miynocmi koncmpykyiu. 2017. Bun. 26. C. 153-167.
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P.A. Jlesak

JIvsiscokun Hayionanvuul yuieepcumem imeni leana @panka

Hayxkosuii kepienux B.M. @ipman kanoudam mexHiyvHux HayK, 00yeHm, 00yeHm
Kagheopu besnexu HeummeoisibHOCmi

BUABJIEHHS TPINIMHONOAIBHUX TE®EKTIB 1 OTBOPIB TA X
HEI'ATUBHUHU BUJITIB HA MIIIHICTDb BE3MEKHOI IIVTACTUHHA

3 MeToro 3a0e3MnedeHHs] HaliHOT poOOTH PI3HUX €JIEMEHTIB KOHCTPYKIIIH, SIKi
MICTATh IUJJACTUHU 1 B SAKUX MOXYTh BHHHUKATH TPIIIMHU, 3I1ACHIOIOTHCS
npod1IaKTUYHI 3aX0AH 3317151 3a1I001raHHs POCTY TPIIIUH, K1 MOXKYTh CIIPUUUHHUTH:

— MEXaHIYHI MTOIIKO/KCHHSIMH BUITaIKOBOTO XapaKTepy, SAKi MOKYTh HETaTHUBHO
BIUIMBATH Ha Mpale3AaTHICTh JIOJIUHHU Ha Pi3HI BUPOOHUYI MPOIECH;

— MPOHUKHEHHS y TPIIIMHYU PI3HUX HETaTUBHHUX cepenoBul (W1, BOJIOra, NapH
KHUCJIOT, JYTIB 1 T.1H.).

[InacTUHM MIUPOKO 3aCTOCOBYIOTHCA Y MAIIMHOOYIyBaHHI Ta 0araTboX Trairy3six
TEXHIKH 1 TPOMUCIIOBOCTI, BOHU € MOPIBHSHO JIETKI 1 JOCTaTHLO HaAilHI. B mporueci
eKCIUTyaTallli €JIeMEHTH KOHCTPYKIIi 4acTo MpaliolTh B YMOBAX HEPIBHOMIPHOTO
HABAHTAXKEHHS, 1110 TPU3BOAUTH JI0 Je(HEKTIB TUITY TPIIIHH, K1 MOXYTh IPU3BECTH JIO
pyWiHYBaHHS  KOHCTPYKIlli, TOMY BaXJIMBUM € BHU3HAYCHHS HAINpPY>KEHO-
ne(hOpMOBAHOTO CTaHy KOHCTPYKIIII.

Po3risiHeMO HECKIHYEHHY 130TpOIHY IUIACTHHY 3aBTOBIIKH 2h, sKa MICTHTh
KpyroBuil oTBip pamiyca R Ta TpimmHy, sika po3raiioBaHa, K IMOKa3aHO Ha pwuc. 1,
3aBIOBXKKHA 2| 1 K1 BUIBHI BijJ 30BHIMIHBEOIO0 HaBAHTAXXEHHS. BBakatuMeMo, IO ITiJ
J€0 30BHIIIHBOTO HABAHTA)KEHHSI Ha HECKIHYEHHOCT1 O€peru TPIlMHU NPUXOJATh Y
IVIaIKUMA KOHTAKT MO JIiHIT Ha BEepXHiN OCHOBI miactTuHu. B miomuni OXy BBeaeMo

MOJIIPHY CUCTEMY KoopauHat I 1 @ 3 momtocoM B Toutlli O 1 momsipHoto Biccto OX.
BpaxkaTuMeMo, 110 TpillMHA 3HAXOAWUTHCS Ha BiAcTaHl X, BiA Touku O, Tak 110

Xo > R+1cosa, ne a—kyt mix Biccto OX Ta TpimmHO0. [10B’s3KeMo 3 TPIIIMHOO
nekapToBy cucreMy koopauHaT O, Y,. Touku mmommuu OXy, MmO CHiBOAAAOTH 3
KIiHIISIMH TPIIIIMHA ITO3HAYMMO 4epe3 a 1 b, o0iacTh B cepeauHi KpyroBoro oTBOpy —

V%i%%Mojiiif

X1

Puc. 1.
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uepe3 S*, 330BHI — yepe3 S, yiHiI0, e po3MmilieHa TpimmHa — yepe3 L, a Koo —
yepe3 L. Baxatumemo, 10 MiacTHHA 3THHAETHCS HA HECKIHYEHHOCTI PIBHOMIPHO
posnoxinennmu Momentamu M i M7 (nus. puc. 1).

Po3B’s130K 3amadi mojgaMo y BUIUISIAI pO3B’SA3KIB JBOX 3aJiad: IIOCKOI 3a7advi Ta
3a/1a4i 3TUHY IUIACTUHU; TIPU TAKUX KPAHOBUX yMOBAX:

= N/(2), 0h, =0, PT=0, M =hN.

63713/1
o[vy]/ox +h-| O°w/(oxdy;) |=0, x €L,
M, =0, 0,=0,0,=0, R =0, xelL,

ne N — KOHTaKTHe 3yCHUIs MK Oeperamul TpIlMHH, Oy, Oy, Oy 1 Oy

KOMIIOHEHTHU TE€H30pa HaIpyXeHb, a U, 1 V,; — KOMIIOHEHTH BEKTOpa MEPEMILIEHb B

IUTOCKIN 3amadl, M. 1 M yw o 3TMHAJIbHI MOMEHTH, W — MPOTUH IUIACTUHU B 3ajiayl

r

3ruHy miuactuHu, P 1 P — y3arameHeni B cenci Kipxroda mnepepizyBaipHi cuii,

[f]: f*—f7; smaukamm “+” 1 “~” nosHayeHi rpaHW4Hi 3HaYeHHs (YHKLII OpH

IPSIMYBaHHI TOUKH IIIOLIUHY 10 TPIIIMHU IIpH Y, — 0.

BuxopuctaBim KOMIUIEKCHI MOTEHIIANN MJIOCKOT 3a/layl Ta KJIACHYHOI Teopii
3TUHY IUJIaCTUH, OTPUMAEMO 3a/adl JIHIMHOTO CHPSDKEHHS, PO3B’S3aBIIM  SIKi
OTPUMAEMO CUCTEMY CHUHTYJISIPHUX IHTErpaJIbHUX PIBHAHBb Ha Oeperax TpimuHu. [[s
CHUCTEMa PO3B’s3aHa YHCIOBOTO 3 BUKOPHCTAHHIM METOJy MEXaHIYHUX KBaApaTyp.
KpaiioBi yMOBHU Ha MEK1 KPYTOBOT'O OTBOPY 3aJI0BOJICHI aHAJIITUYHO.

JlocnmipKeHO KOHTAaKTHE 3yCWIUIL MDK OeperamM TpIIIMHH, KOE(ILIEHTH
IHTEHCUBHOCTI 3yCWJIb Ta MOMEHTIB, a TaKOX KPUTHYHE HABAHTAKCHHS, SKE MOXKE
BUTPUMATH TIJIaCTHHA.

Po3B’si30Kk 11i€i 3amaul JO3BOJUTH BUSBIATH JACHEKTH B IUIACTUHYACTUX
€JIEMEHTAaX, OI[IHIOBATH iXHIO HEOE3MeKy, Ta HABAHTAKECHHS K€ MOKE€ BUTPUMYBATH
mactuHa. e Moxke momnepemkaTu HECO/[IBaHE PYWHYBaHHS MEXaHIYHOT TEXHIKH, a
OTKE€ 1 yHUKHYTH aBapiil Ha BAPOOHUIITBI, POOOYUX TPAaBM, Ta EKOHOMIYHUX 30UTKIB.

Jliteparypa

®ipman [.B. Tlomunka nonunu cepe npuduH BUpoOHKUYoro Tpamarusmy / [.B. @ipman, C.B.
Tumomyk, B.M. ®@ipman // Bicuuk JKUTOMUPCBHKOTO JEepKaBHOTO TEXHOJIOTIYHOTO YHIBEPCUTETY. —
2018. — Bum. 84, Ne 2. — C. 103-108.

AwnnpeiikuB A. E. [IpoctpanctBennbie 3anaun Teopun tpemmut / A. E. Aunpeiikus // Kues:
HayxoBa mymka, 1982. — 348c.

Mycxenumsuiu H.M. Hekotopsle OCHOBHBIC 3aauyd MaTeMaTHYECKOW TEOpPHH ympyroctu. /
Mycxemumsumm H.WU.// M.: Hayxka, 1966. — 708c.

Omnanacosuy B. K. JIBocTopoHHI# 3TUH IJIACTHHU 3 KPYTOBUM OTBOPOM Ta TPIIIMHOIO 3 BpaXyBaHHAM
KOHTakTy ii OeperiB. Bicauk Jlonernpkoro yH-ty / B.K. OmanacoBuu, M.C. Crnobonsn. // Cep. A:
[Mpupoganyi Hayku. — Bum. 1, 2005. — c. 85-89.
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M. I'opcym

JIvgiscokuti 0epaoicasHutl ynisepcumem 6e3neKku HeummeoisibHOCmi

Haykosuii kepisnux T.B. I'embapa, xanouoam mexuiuHux HAyK, OoyeHm, OOYEeHMm
Kageopu npukiaoHoi Mamemamurxy i MexaHiku

PEKYPEHTHA MATEMATHUYHA MO/IEJIb FPYHOBO“i EKCIIEPTHOI
OIIHKMU 3 BPAXYBAHHAM IHAUBIAYAJIBHOI OINIHKHU

VY ranysi 3a0e3neyeHHs1 0€3MeKU >KUTTEMISIIBHOCTI BaXKIMBUMU € MPOOIEMHI
3a/1a4l  €KCHEPTHOI OIIIHKK 00’ €KTIB, K1 OyIyIOThCS Ha 1HJWBIIyaJbHUX
HEOJTHO3HAYHUX CYO €KTHBHHMX OLIHKaX. Po3risHemo pimeHHS 3afadi moOyaoBU
y3arajlbHeHUX OIIHOK OO0 €KTIB MUIAXOM OOpPOOKM I1HAMBIAyalIbHUX EKCHEPTHUX
OLIIHOK 00’€KTiB. Y BIAMOBIJHOCTI 3 TIMNOTE3010 MPO T€, IO €KCHEPTU € JOCTATHHO
TOYHMMH ‘‘BUMIPIOBAaHHSIMU TPYIOBa OI[IHKA OyAyeTbCS Ha OCHOBI BHUKOPUCTAHHS
MeToMIB ycepenHeHHs. Lle BianmoBigae TOMy, IO 1HAMBIAYyajdbHI OLIHKH €KCIEPTIB
CTBOPIOIOTh KOMIIAKTHY TpyImy 1 Yy $KOCTI HaWOLIbII Y3rOJKEHOI OLIHKU
BUKOPUCTOBYEThCA MaTeMaTU4YHE CIHOJAIBaHHS (CepelHE 3Ha4yeHHs) abo MeaiaHa
(HaMOLTBIIT BUPOT1HA OIIIHKA).

[Mpuiimemo, 1mo 0 ekcrmepTiB MPOBEIH OIIHKY M 00’ekTiB 1o | mokasHukam.
Pe3ynbTaTy OLIHIOBAHHS MOJAHI y BUIVISL BEJIUUMH Xis', JIe S — HOMep eKcepTa, i —
HOMep 00’ekTa, h - HOMep moka3HHKa (03HAKH) MOPIBHIOBAHHS. SIKIIO OIIHFOBaHHS
00’€KTiB IIPOBEJCHO METOIOM PAHKyBAaHHS, TO BEJIMYUHH Xis' € paHramu. SIKimo
OILIIHIOBAHHS O00’€KTIB BHUKOHAHO METOJOM O€3MOCEepPEAHhOr0 OIlIHIOBAHHSA a0o0
METOJIOM MOCJTiIOBHOTO HOPiBHAHHS, TO BEJMYHHH Xis" € urcaamu abo 6anamu. 3BicHO,
mo o0poOka pe3yiabTaTiB OI[IHIOBAHHS 3aJieKUTh BiJ] PO3MVISHYTHX METO/IIB
BUMIpIOBaHHA.  PO3rIgHEMO  CHOYAaTKy  BMNAAOK, KOIM  BEIMYMHH  Xis'
(s=1dji=Lmh=11) oTpumaHi MeTogaMm Oe3MOCEPETHHOTO  OILIHIOBAHHA 460
MOCJIIJOBHOTO TTOPIBHIOBAHHS 1, OTXKE, € YUcIaMu abo Oaamu.

JIist  oTpuMaHHST TPYHOBOi OIIHKKM OO’€KTIB B IIbOMY BHIIQJIKy MOKHA
CKOPHUCTATHCS CEPeHIM 3HAUCHHSIM OYIHKHU JIJIs1 KOKHOTO 00’ €KTY

X :ii%ksx; (i :l'_m) (1)

h=1 s=1

ne (n — Koe(ilieHTH BariB MOKa3HHKIB MOPIBHIOBaHHS 00’ €KTiB; Ky — KoedilieHTH
KOMIIETEHTHOCTI ekcrnepTiB. KoedillleHTH BaroBMx MOKA3HUKIB 1 KOMIETEHTHOCTI
€KCIIepPTiB € HOPMOBAHUMHU BEJIMYMHAMMU:

| d
thzl; stzl (2)
h=1 s=1

KoedimieHTn BaroBux mNOKa3HUKIB MOXYTh OyTH BHU3HAUEHI €KCIIEPTHUM IILISIXOM.
SKo (hs — KoedimieHT Bark h — ro mokasHuKa, SKUH HAJTa€ThCSA S — M €KCIIEPTOM, TO
cepeHil KoedimieHT Baru h — ro mokasHUKa Mo yCiM eKcIiepTaM JI0PiBHIOE
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4, =3 auk, (h=1) ©

KoedimieHTH  KOMIETEHTHOCTI  €KCHEpPTIB  MOXHa  BHUpaxyBaTh  IIO
aroCTEepIOPHUM JIaHUM, T.T. IO Pe3yJIbTaTaM OILIIHIOBAHHS 00’ €KTiB. OCHOBHOIO 1JI€€I0
IFOTO OOYMCIICHHSI € MPUITYLICHHS MPO T€, 10 KOMIETEHTHICTh €KCIIEPTiB MOBUHHA
OIIHIOBATHCS TI0 CTETEHI Y3TOMKEHOCTI iX OIIIHOK 3 TPYIOBOIO OIIIHKOIO 00’ €KTIB.
Anroput™M BUpaxyBaHHS KOE(]IIIEHTIB KOMIIETEHTHOCTI €KCHEPTIB Ma€ BUJ
PEKYpPEHTHOI POLIEAYPHU:

xO = Z x k&Y (i =1m) (4)

AV = ZZX XV (t=12,..) (5)

i=1 s=1
1 & —
k=~ 2 %X (s=1.0) (6)
i=1

OOuncnenns mnouuHaetees 3 t=1. B ¢opmyni (4) modarkoBi 3HAYEHHS
KOe(DILIEHTIB KOMIIETEHTHOCTI IPUIMAIOTHCS OJJHAKOBUMU 1 PIBHUMHU

k(O) =£

d

Tonai mo wikt GopMyi TpyrnoBi OLIHKA 00’ €KTIB MEPIIOro HAOMMKEHHs, Kohu t=1,
JOPIBHIOKOTH CEpeIHIM apu(hMETUUHUM 3HAUYECHHSM OLIHOK €KCIIEPTIB

1 d . I
xP ==S"x_(i=1m 7
1 d ; IS ( ) ( )
Jami BupaxoByerhest Benmmunna A mo popmyri (8)
m d
20 =373, ®)
i=1 s=1

1 3HaYeHHS Koe(Dilli€eHTIB KOMIIETCHTHOCTI TIEPIIOro HaOIMKeHHs 1o (hopmy.i (6)

k® = ﬂ(t)ZX X (s=1d) 9)

BukopuctoByoun koe(ilieHTH KOMIIETEHTHOCTI MEPIIOro HAOIMKEHHSI, MOYKHA
MOBTOPUTHU YBECH MIPOLIEC BUPAXOBYBAHHS MO0 POpMyJiaM 1 OTPUMATH MOCIiAOBHO
HACTYIH1 HAOJIM>KEHHS.

MoskHa pO3TIISTHYTH TaKOX BUIAI0K, KOJHU €KCIIEPTH MPOBOAATH BUMIPIOBAHHS
00’€KTIB B TOPSIKOBIM KAl METOJAOM PaHXyBaHHS TakK, 0 BETUINHU Xis" (e S —
HOMEp eKcIepTa, i — Homep 00’ekTa, h - HoMep MoKa3HWKa IMOPiIBHIOBAHHS 00’ €KTIB)
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€ paHru. 3agader0 OOpoOKM €  MoOyIoBa y3arailbHEHOTO paH)XyBaHHS TIO

1HAMBITyJIbHUM PaH)KyBaHHSAM €KCIepTiB. lJisi IpOCTOTH 3pyYHU € BUNIAJOK OJIHI€T
O3HAKH MMOPIBHAHHS.

X.A. Tepmeka

JIvsiscoruti HayionanbHul yHisepcumem imeri leana @panka

Hayxosuui xepienux JLIO. @ipman, cmapwuii euxkiaday xageopu npupooHuyo-
MaAmMemMamuyHux HayK

BUKOPUCTAHHS JE®OPMAIIMHOI TEOPII INIACTUYHOCTI JJISI
KJEMEHTIB KOHCTPYKIIHA 3 TPIIUHAMMU

JlocniakeHHsT HarnpyKeHO-1e(OPMOBAHOTO CTaHy 3’ €JHYBAJIbHUX EJIEMEHTIB
KOHCTPYKIIM TiJ J/Ji€l0 HEPIBHOMIPHOTO HABaHTAXCHHS € HEOOXIIHUM €TarnoM
PO3paxyHKy iXHbOI MIITHOCTI Ta HaAIMHOCTI. OCKUIBKUA TakKi €JIE€MEHTU KOHCTPYKIIIH
YacTO MAarOTh KPUBOJIIHIMHY MEXY 1 3aiiMarOTh HE3B SI3HY 00J1aCTh, TO 3aCTOCYBAHHS
aHATITUYHUX METOIB PO3B’S3yBaHHs BIJIMOBIIHUX KPAaHOBUX 3a7a4 1yk’e 0OMEKEHE.
[Ipyn BHKOpHUCTAHHI MEXaHIYHMX KOHCTPYKIIM HEOOXIJHO BpaxOBYBaTH YMOBH iX
eKCILTyaTarii , 100 MpH J1ii Ha HUX PI3HUX YUHHUKIB HE YTBOPIOBAJIMUCH TPIIIMHMU 1 HE
B1J1I0YJIOCh pyHHYBaHHS KOHCTPYKIIII.

HasBHICTP TPIIIMH BIUIMBAE HA LITICHICTh T MILHICTh €JIE€MEHTIB KOHCTPYKIIIN
1 MO’K€ IPU3BOJIUTH /0 iX pyHHYBaHHS. A 1€ CTBOPIOE PUBHUKH JJIS )KUTTS JIOAUHU Ta
MO’K€ HETaTHMBHO BIUIMBATH HA HABKOJIMIIHE CEPEIOBMILE, a TAKOXK MPHU3BOAUTU JO
BHUCOKHX €KOHOMIYHHX BTPAT Ta HEU[ACHUX BUIAJKIB, TPAaBMYBaHb.

PosrnsiHemMo wimmaHy KBa3iCTaTHYHY KpaWoOBY 3aj1ady Teopii MPY>KHOCTI B
nepeMilieHHs X B 00yacti V 3 KpUBOMIHINHOIO MEXKEI0 X, sIKa MOJIEIOE HAIPY>KEHO-
nedhopMOBaHUI CTaH y TMJIACTHHI 3 KBaJIpaTHUM aOCOIIOTHO KOPCTKUM BKIIFOUCHHSM
Ta po3pi3oM (puc.2). BoHa nosdrae B po3B’si3yBaHHI IBOX PIBHSIHb PIBHOBaru

Div(C :g(U))+ X =0 (1)
3 MIIIAHUMH KpailOBUMHU YMOBaMH Ha ii moBepxHi X (X, UX_ =X)
ily,=d°  Crig@)n|, =S° 2)

PiBustasa (1.1), (1.2) MOXyTh TakoX OMHCYBAaTH KBa3iCTaTUYHY PIBHOBAary
MPY>KHOIUTACTUYHOTO TiIa 3a Je(opMariiiHOI0 TEOpi€l0 TUIACTUYHOCTI, 30KpeMa
TeOpicr0 Majux mpyXHo-mmacTuuaux nedopmariii O.A. Inpromuna (TMIII) 3a
HABAaHTAKCHHSA (aKTUBHUM TIPoIIeC). 3B’ A30K HAMPYKEHb 1 1eopMaltiii 1711 aKTUBHOTO
MPOoIIeCy Y Iii Teopii Mae BUTIIS

oii = 3Ky, s =2ull- s, )y, 3)
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e S =0y — (1/3)0'kk5ij; & = &ij — (1/3)8kk5ij; £, =/€;€; — IHTEHCHUBHICTb TEH30pa
nedopmairiii. 11{o6 oTpuMaTu piBHSHHS pIBHOBAr IS MOYaTKOBO 130TPOITHOTO T1JIA 3
BU3HaYaJbHUMHM CHiBBiHOIICHHAMH (3), B (1) 1 (2) 1OCTaTHBO MOKJIACTH

Cij :ﬂ“(‘c"u )5ij5k| +,U(5u )(5ik5jl +5il5jk)’

ﬂ'(gu): K _(2/3)/u(5u )’ ;u(gu): /u(l_a)(gu )) (4)
O, &
HaeEaHT A eHHA
.t &
POSEAHT A CHHA
a‘ 1 [
g, g? e,

Puc. 1. I'padik 3anexHocti 0, ~ &, MUId MaTepiaiy 3 JiHIHHUM 3MILIHEHHAM

Jlist Mmatepiaiy 3 JiHIMHUM 3MIITHEHHSM (puc. 1), 30KpemMa Mijii, ATFOMIHIIO Ta IXHIX
crinagiB, Gynkuis (e, ) Mae BUrISN

(1_7/)(‘9u _85)/5u &y > s,

0, g <g,

ofz,)= (5)
ne y = u'/u —napamerp 3MitHeHns ;2 =tQa; 2u' =tga’.
Jl1s mpoliecy po3BaHTaXKEHHSI BU3HAYAJIbHI CITIBBITHOIIIEHHS MAalOTh BUTJISI

o =3Key;, s =) +2ule; ey, (6)

Jie KOMIIOHEHTH TEH30DiB €] 1 Sj BIINOBIIAIOTH MOYATKY POLECY PO3BAHTAKEHHS.

3a J0MOMOTOI0 YHCIIOBOTO BapialliitHO-PI3HUIIEBOTO METOAY PO3B’S3aHO TUIOCKI
3amaul nedopMallifHoi Teopii MIACTUYHOCTI B TUIACTHHAX 3 KBAaJPaTHUM OTBOPOM
(>KOpCTKUM BKJIFOYEHHSIM) Ta po3pizoM. Takok MpOBEAEHO YMCIOBUM aHali3 3aadl
Ta No0yA0BaHO TpadiuHi 3aJIEeKHOCTI HANpy>XeHb Ta Aedopmalliil , Ha OCHOBI SAKUX
MOXKHa BU3HAYUTH YW BiAOyNeThCS pPyHHYBAHHS €JIEMEHTa KOHCTPYKIII 4Yd He
B110y1€ThCS.

OTxe, 3aCTOCYBaHHS Teopli IUIACTUYHOCTI JJisi €JEMEHTIB KOHCTPYKIIi 3
TPIIIMHAMU JIO3BOJISATH BHSIBIIATH Ta TOMEPEIKYBATH PYyWHYBaHHS 1 SK HACIIIOK
y0e3meuuTh 00CIyroByIOUYNi IEPCOHAN Bl TpPaBMaTU3My Ta HEIIAaCHUX BUIIAJIKIB.

Jliteparypa

3. ®ipman [.B. [lomunka qroauHu cepell Npu4YMH BUpoOHKYOro Tpamarusmy / [.B.®Dipman,
C.B.Tumomyk, B.M.®ipman // Bichuk JXUTOMHPCHKOTO JIepKAaBHOTO TEXHOJIOTTYHOTO
yHiBepcurery. — 2018. — Bun. 84, Ne 2. — C. 103-108.
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Spemko 3.M. Big pu3uK-OpieHTOBAHOTO MigX0ay 10 3a0e3neueHHs Oe3NeKu 10 pU3UK-
opierroBanoro mucienss / 3.M. Spemxo, C.B. Tumomyk, B.M. ®@ipman // [Toxxexna ta
TexHoreHHa 6esmneka. — 2017. — Ne 6. — C. 14-15.

boxxunapuuk B. B. Enementu Teopii mnactuanocti Ta mirtHocti / B. B. boxkunapuuk, I'. T. Cynum.
— JIpBiB: CBiT, T. 1. —1999. — 532 ¢., T. 2. —1999. — 419 c.

Wnprommma A. A. [Tnactuanocts. OcHOBBI 0011Ie# MaTeMaTudeckoi Teopuu / A. A. UnpromuH. —
M.: U3n-8o0 AH CCCP, 1963. - 272 c.

O.C. Anopycenxo, /I.M. I'onuap, A.C. Yonka

Hayionanena axaoemis cyxonymuux giticok imeni eemomana Ilempa Cazatioaunozo
Hayxosuii kepienux H.M. TI'y3uk, x. ¢.-m. 1., Ooyenm, ooyenm Kagheopu
[HOICeHepHOT MeXaHiKu (030POEHHSA MA MEXHIKU IHIHCEHEePHUX BILICHK)

MATEMATHUYHA MOJEJIb 3AZTAUYI ITPO PYX ITAPALIYTUCTA

VY po0oTi 3M0/I€IbOBAHO CUTYAIIIIO MOJBOTY Ta MOCATKK 0COOU a00 YIMaKOBKHU
BaHTaxy. JlocmimkeHHd 0a3zyroTbcsi Ha MNOOYAOBI pO3B’SA3KIB JAH(PEpEHIIATBHUX
PIBHSHHS IPYTOT0 MOPSAJIKY 31 CTAIMMHU Koe]ilieHTaMu.

[Tapamrytuct, Mmaca sikoro ctranoBuTh 103 kr, 3icTpudye 31 mBuakicTo 0,555 m/c
(B HampsAMKY oci a0ciuc) 3 00pTy JiiTaka, SKUil B CBOIO YEPTy PYXAETHCS 31 MIBUAKICTIO
115 m/c (B HanpsaAMKy oci opauHart). Jlitak setuts Ha Bucoti 4000 M (y HanmpsIMKY OcCi
arutikat). Konu mapanryTucT 3anuiae jgiTak, BiH nepeOyBae Ha BUCOTI, JI€ OIip MOBITPs
BBa)Ka€ThCA He3HAUYHUM. BiH majiae y BUTbHOMY naiHHI IpoTsrom 11,5 ¢, nami — Tarue
3a kutbIle. [Ticis 11boro MOMEHTY, HOTO MaAiHHS CTA€E 33/1a4CH0 HAa PYX Y TPUBUMIPHOMY
MPOCTOP1 3 HEMOCTIMHUM MPUILIBUIINICHHSM B3J0BX KOXXHOI OCl, OCKUIBKH Temep
NOTP1IOHO BPaxoBYBaTH OMIp MOBITPS.

Bubepemo cucremy KOOpJAWHAT TaKMM YMHOM: BiCh aOciuc Ox HampaBUMO B
HaIpPsIMKY CTpUOKa MapalnryTUcTa, BIChb opauHaT Oy — B HANPSAMKY PyXYy JiiTaka, KOJIU
MapanryTUCT BUCTPUOYE, BICh ammikaT Oz € BEPTUKAIBHOIO, & MOYaTOK KOOPAHHAT
(Touka O) 3HAXOJIUTHCS Ha 3eMJIl OE3MOCEPETHbBO 1] JTITAKOM B MOMEHT CTPUOKA.

[IpunyckatumMeMo, 1110, KOJM TApAIIyTUCT BUTATYE KUIbIE, MapairyT
pPO3rOPTAETHCSl HETaWHO 1 BUHHUKAE cwia TepTs (J000BUM oOmip 1 Omp MOBITPS)
BemmuuHOIO D =dv?, ne d — KoedillieHT TepTd, v — MIBHAKICTH NAPAIIyTHCTA.
BBaxkatumemo, 1o d =20, Xx0o4a 3a3BHYail 3HAYeHHS d Ba)XKO BU3HAYMUTU, OCKIITBKH
BIH 3aJIE)KUTH BiJ OaraTboX 3MIHHHUX.

Kpim Toro, mpumyckaemo, 0 CHjia OMOPY MOBITPS MPHUKIATAETHCS TUIBKU
Y3JI0BK BEPTUKAJIBLHOI'O HAMPSAMKY 1 1i BIUIUB MOXKE OyTH 3MOJEIHOBAHUM K CHUJa
BETMYMHOIO F =-bv, e 3HaK MIHyC BKa3ye€ Ha Te, IO CHJIa HAmpsMJICHA MPOTH
HaIpsMKY pyxy. 3HaueHHs KoedilieHTa onopy b npuiiMmemo piBHuM 10.

OnHOYacHO 3 PO3KPUTTAM MapalnyTa, MapalryTHCT BiA4yBa€ CUIy BITPY B
JOIATHOMY HampsMKy oci abcnuc 31 mBuakictio 1,2 m/c. Bona wmoxe Oytu
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3MO/IEThOBaHA, SIK CHJIa BETMYMHOIO G =h(w-V), ne b — Bubpanuii koedimieHT onopy,
V — IIBUJIKICTh MApaIryTUCTa, @ W — IIBUJKICTH BITPY.

3MOJIeTI0eMO TIEpIIIi KUIbKa CEKYH]I TICis po3ropTaHHs mapainyta. [lo-nepie,
MU TIPUITYCTHIIU, IO PO3TOPTAHHS MapaimryTa BiOyBaeTbcs MUTTEBO. IlapamryTuct
najiae Iy»e MBUAKO IMi1 9ac piHaIbHOI CTaail BUIBHOTO MaAiHHS 1 3HAYHO YIOBIIBHIOE
pyX 10 TOCTiHHOI (a00 rpaHWYHO1) MIBHAKOCTI MPOTATOM IEBHOTO MPOMIXKKY Yacy.
ExcniepuMeHTanbHO BCTAaHOBJICHO, 10, I epexinHa (asza Tpusae 3 ceKyHIH, 1 i 9ac
i€l a3y mapanryTUCT Maae Ha 53 MeTpH BHH3.

Mera po6OTH — BU3HAYUTH 3arajlbHANA Yac PyXy, KOOPAWHATH Ta IIBHIKICTh
MapanryTucTa B MOMEHT TIPU3EMIICHHS.

A. Kosanenko

JIvgiscokuti 0epoicasHull ynisepcumem 6e3neKku HeummeoisibHOCmi

Hayxosuui kepisnux T.B. I'embapa, xanouoam mexuiuHux HAyK, OOYeHm, OOYEeHm
Kagheopu npukiaoHoi mamemamuxy i MexaHiKu

MATEMATUYHI METOAU ONTUMI3ALILL CTPYKTYPU
TEXHOJIOTTYHOI CUCTEMHU

OCHOBOIO 3aCTOCYBaHHSI 3alPONOHOBAHMX AHATITHYHMX METOMIB € ToOyAoBa
MaTeMaTHUYHOI MOJEN, sika 3B'A3yBaja O y SIBHOMY BUIJISIAI KpUTEpid €(PEeKTHBHOCTI
TEXHOJIOT'TYHOT CUCTEMH 31 3MIHHUMH, 10 OMUCYIOTH i1 CTPYKTYpY. Il TEXHOIOTTYHUX
MaIlliH TIOCTIIOBHOI 1ii Taka MOJeldb TOBHHHA 3B'SI3aTH CTYIIHb KOHIICHTpALIi
orepariiii, TOOTO PO3MOMALT TEXHOJOTIYHOTO TPOIECy MDK OKPEMUMH POOOYUMHU
MO3UIIISIMU, 3 €PEKTUBHICTIO TEXHOJOTTYHOI cucTeMu. O4YeBUIHO, 110 11 €PEKTUBHICTD
BHU3HAYATUMETbHCS XapaKTEPUCTHUKAMHU Tpoliecy (opMyBaHHS SKOCTI BUpOOY Ta Mpoiecy
TPAHCIIOPTYBaHHS 3arOTOBOK BUPOOY MDK pPOOOYMMH TO3UIIAMH. SIK TOKa3HHUK
e(deKTUBHOCTI ~ TEXHOJIOTIYHOI  CHUCTEMH  HaW4YacTillie  BUKOPUCTOBYIOTH 1l
MPOJYKTUBHICTh, COOIBAPTICTh OJMHUIN NPOAYKIIi abo coOiBapTICTh OJMHHIIL
NPOAYKTUBHOCTI. JIJi1 BUTOTOBIIEHHS BCIX €JIEMEHTIB KOHCTPYKUII BHUpOOY, SKi
3a0e3neyaTh MapamMeTpud MHOro SKOCTI, HEOOXIHO peaizyBaTh M eJeMEHTApHUX
TEXHOJIOTIYHHUX MEePEX0/IiB, CyMapHa TPUBAIICTb SIKHX

m
to = ztl ’
i=1

ne ti - TpuBaNicTh pearizallli -ro TEXHOJIOTTYHOTO nepexoy. L1 TexHonoriyHi nepexoau
MOXKYTh OyTH pealli3oBaHl Ha OJHII poOoUiii MO3Hullii, Ha IBOX, TPHOX Ta B 3araAJIbHOMY
BUMAIKy HAa N pobounx mosumisx. CKIATHICTh TEXHOJOTIYHOI IMiICHCTEMH
BU3HAYAETHCS KUIBKICTIO OKPEMHUX POOOYMX MOJYJiB a00 arperariB, sKa 3aJIeKUTh,
37IEOUTBINIOTO, TIIBKK BiA CKIagHOCTI BUpoOy. I[lpm 3pocTanHHI KUIBKOCTI poOOUYMX
MO3UITIH 3arajgbHa KUTbKICTh TIEPEXOIIB 1, OTXKE, KUTBKICTh OKPEMHUX POOOYUX MOJIYIIB
YH arperaTiB He 3pOCTae, a 30UTBITY€EThCS JIUIIE KUTBKICTh MIEPEXO/IIB, 10 PEaTi3yt0ThCs
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napanensHo. [IpoTe mpu 1bOMY 3pOCTa€ CKIAAHICTh TPAHCIIOPTHOI MiJICUCTEMH, SKa
BKIIIOYA€ OLIBIIY KIIBKICTh TPAHCHOPTHUX MOMAYIIB IS MUKIO3HUIIIHOTO
TPAHCTIIOPTYBAHHs, a 1€ 3HWXKYE HAMIMHICTH TEXHOJOTIYHOTO KOMIUICKCY. SIKIIo
OPUAHATH, [0 TEXHOJOTIUYHUM MpOoIeCc pPO3MOMIICHUNA 13 3a0€3MEeYeHHSIM BHUMOT
CHHXpOHI3AIli omepaiid MmoMbK N poOOYMX TMO3WIN PIBHOMIPHO, a dac
TPAHCIIOPTYBAHHS 3arOTOBKU M1 POOOYMMHM TMO3UIISIMU CTaHOBUTH tr, TO TPUBAIICTH
pobouoro nukiy T BUBHAYUTHCS SIK
t
n
TexHoJIOTIYHA CHCTEMA CKJIAJA€ThCA 13 TEXHOJIOITYHOI IMIJICUCTEMH, IO BKJIIOYAE
M poOOYMX MOYIIB, PO3MIIIIEHUX HA N pOOOYNX MO3UIIISIX, 1 TPAHCTIOPTHOI MiICHCTEMH,
0 Mae€ N TPaHCHOPTHUX MOAyJdiB. Hexailt BiIMOBH KOXHOTO pobodoro ado
TPAHCTIOPTHOT'O MOAYJIS CTIHKi, TOOTO MIPU3BOASTH 10 3yMMMHKH TEXHOJOTIYHOI CUCTEMHU
JUTSI BITHOBJICHHS TIparne3aTHoCTI. [[ukioBa NpolyKTHBHICTh TEXHOJIOTIYHOI CUCTEMHU:
1 1 1
Q — KF = . ) (2)
At 1+ Y S+ Y
n i=17 =1

ne K - koedilieHT rOTOBHOCTI TEXHOJOTIYHOI CUCTEMH; i, 3j - IHTEHCUBHICThH BIIMOB
TEXHOJIOTIYHOI MIJCUCTEMU MpU peajizaiii 1-ro TEXHOJOTIYHOro TMepexody Ta
TPAHCHOPTHOI MIJICKCTEMU TIPU peamizaili 1-T0 MDKIO3UIIHHOTO MepeMillleHHS
BIJITOBITHO; M;, Wi, - IHTEHCHMBHOCTI BIJIHOBJCHb TEXHOJIOTIYHOI 1 TPaHCHOPTHOI
MIJICHCTEM BIJMOBIIHO; M - KUIBKICTh TEXHOJOTIYHMX TiepexodiB. [ ommcy
3aJIeKHOCTI ITMKJIOBOI MPOAYKTHUBHOCTI TEXHOJOTIYHOI CHUCTEMH BiJl 3MIHHUX, IO
OIMUCYIOTH 11 CTPYKTYPY (KUTBKOCTI poOOYHX MO3MIIiH N), MPUITMEMO TaKi TOMYIIEHHS.

1. IHTEeHCUBHICTD BITHOBJICHHS TEXHOJIOTIYHOI ITIJICHCTEMH HE 3aJICKUTH BIJ TOTO,
IIpU peatizallii SKOro TEXHOJIOTIYHOTO MEePEXO/1y cTajacs TEXHOJIOTYHa BIIMOBA, TOOTO

ni=ne=...—M.
2.IHTEHCHBHICTh BiJHOBJICHHS TPAHCIOPTHOI MiJCUCTEMH HE 3aJIeKUTH BIJl TOTO,

Npy peanizalii SKOro MDKIO3UIIMHOTO MEpEeMIIIEHHs cTanacsi TPaHCIIOPTHA BIIMOBA,
TOOTO W=Lo=...=L.

3.IHTEHCUBHICTH BiIMOB TE€XHOJOTIYHOT MiACUCTEMH € QYHKIIIETO 11 CKIaTHOCTI,
sKa BM3HAYAETHCS CKIAIHICTIO BUPOOYy, TOOTO KUIBKICTIO M poOOYMX MOAYJIB YH
arperariB, 10 PEai3yl0Th TEXHOJIOTIUHI MEPEXOJH, 1 HE 3aJeKUTh B BaplaHTa iX
PO3MOAUTY TIOMIXX POOOYUMH TTO3UITISIMH, TOOTO HE 3aJICKHUTH BiJl KUTBKOCTI N poOOYMX
MO3UIIIN, Ha SIKUX 111 TEXHOJIOTIYH1 MePEeX0Id PO3MOILJIEHI.

4.IHTeHCHUBHICTH BIIMOBH TPAHCIOPTHOI IIJCUCTEMH IIPOIOPIIIHHA 10 KIJIBKOCTI
TPAHCTIIOPTHUX MOMYJNIB ab0 arperariB, TOOTO 10 KUIBKOCTI POOOYUX TMO3HIIIH
TEXHOJIOTTYHOI CUCTEMH, & IHTEHCUBHICTh BIJIMOBH OKPEMHUX TPAHCIIOPTHUX MOJTYJIIB
a0o0 arperatiB ycepeIHUMO JIJIs BCIX MIKIIO3UIIIHHUX TIepeMillieHb, ToOTo B1=P.=...=.
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Toni BUpa3 1t NpOYKTUBHOCTI 3aITUIIETHCS K

o 1 - 1 _ 1 _ 1 . (3

t 1m t
n E 2 Kr(a) k- (B)

ne K(a)=K, . - xoedimient roroBHocTi TexHosorigynoi nmiacucremu; Kr(B)=K:y -
KOEQIIIEHT TOTOBHOCTI OJHOTO TPAHCIOPTHOTO MOAYJA. 3pOOUBIIM HEOOX1IHI
MIEPETBOPEHHSI BUPA3y JUIsI MPOAYKTHBHOCTI, 3HAHAEMO HOTO EKCTpeMyM 3 YMOBH
EKCTPEMYMY OTPHUMAEMO 3ICKHICTD /I BU3HAYCHHS ONTHMAJIBHOT KIJTBKOCTI pOOOYNX
MO3UIII TEXHOJIOTIYHOI CHCTEMH, aHaJ13 OTPUMAHOTO BUPA3y (Uepe3 rPOMI3JIKICTh TYT
HE TIPUBEICHUI) TMOKAa3ye, MO0 BEIMYMHA ONTUMAIBHOI KUTBKOCTI POOOYMX TO3MITIH
TEXHOJIOTIYHOT CHUCTEeMHU HAMOUTBII YyTIWMBA IO XaApPaKTEPUCTHK  HaJIAHOCTI
TPAHCHOPTHOI MiJICUCTEMH 1 IMIBUJIKO 3MEHIIYEThCS MPHU MOTIPIIEHHI KoedillieHTa To-
TOBHOCT1I TPAHCHOPTHUX MOJYJIB a00 arperaTiB. 3ayBa)KMMO, IO 3alPOIIOHOBAHMI
MIJX1JT MOKHA 3aCTOCYBaTH 1 JUIsl OIIHKU €(EKTHUBHOCTI pOOOTH CHUCTEM Yy IHIIUX
ray3six, HalpyKJIa1 JUIsl OIIHKA ONTUMAJIbHOIT KUTBKOCTI T PO3A1TIB

JUIS  JIKBiAAIi  HACTHIAKIB  HAA3BUYAMHUX CHUTYyallili, BUKOPHUCTOBYIOUM TI XK
MaTeMaTU4H1 KpUTEpii, HaNpukKiaa KoedIlieHT TOTOBHOCTI TPaHCHOPTHUX MOJYJIB
abo arperariB Ta 1H. KJIACMYHUM aHAJIITHYHUM [UBSIXOM. 3pOOMBIIM HEOOX1IHI
NEPETBOPEHHSI BUPa3y JJIsl NPOAYKTHUBHOCTI, 3HAAEMO HOT0 EKCTPEMYM:

- 1
1 1 N 1 Kr.m —0
t 2 ’
O4T |1 [ —1j+n(l— j 04T 1+ “1l+n 1
n P.M ™ " P.M T.M
to -1
n 1 1 Kr.m

1———
1 1 o Kr

t t
Dt 14 i—l +n i—1 HZ(OHTJ 1+ i—l +n 1 -1
n P.M kT.M n KP.M kT.M J

3 YMOBH HOTO €KCTPEMYMY OTPHUMAEMO 3AJICIKHICTD JIJIsI BA3HAYCHHS ONTHMATBLHOT
KUTBKOCTI POOOYHMX MO3HIIIN TEXHOJIOTIYHOT CHCTEMH B TAKOMY BUTJISIIL
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1+ ! -1
_to Kpm
Nopt = |7+
tr 1 1
Kr.m

[TpoBenemo rpadiunuii anamiz orpuManoro Bupasy (puc. 10.2), axuil moxasye,
10 BEJMYMHA ONTHUMAIBHOI KUIBKOCTI POOOYMX TMO3MINA TEXHOJOTIYHOI CHUCTEMH
HANHOUIBII Yy TJIMBA 10 XapaKTePUCTHK HAAIMHOCTI TPAHCIIOPTHOI MICUCTEMH 1 IIIBUIKO

3MEHIITYEThCS TIPH MOTIpIIEHHI KOoedilliEHTa TOTOBHOCTI TPAHCIIOPTHUX MOJYJIB abo
arperariB.

Puc. 1. 3anexxHicTh ONTUMANILHOI 32 MPOTYKTUBHICTIO KUIBKOCTI pOOOYMX MO3UIIIH Bl
Ky T BITHOIIICHHS

M. M. I'yakoecoKuit
Jlvgiscokutl OepoicasHull yHisepcumem 0e3neKu HCUmmeoisibHOCmi
Hayxosuii kepienux O.FQ. UYmup, kanouoam izuxo-mamemamuyrHux HayK, OOYeHm

TPAHCIIOPTHA 3AJAYA B BAHKIBCBHKIN CITPABI

CyyacHuil PO3BUTOK KOMIT'IOTEPHOI TEXHIKM 1 TEXHOJIOTiH, OararorpaHHe
BIIPOBA/PKCHHSI ABTOMATHM30BAHMX 3acO0IB KepyBaHHS, 30UIbLICHHS MaciTadiB
BUPOOHMIITBA MPOAYKIIil, HECTAOUTbHICTh EKOHOMIYHOI CUTYallli MOTpeOye MPUUHSTTS
CBOEYACHUX PAI[lOHAIbHUX YIPABIIHCHKUX PIllIEHb. 3POCTaHHA 0OCSATIB 1HQOpMaIlii,
Mo OOpOOTIOEThCA MEHEHKepaMHu  MIANPUEMCTB 3HAYHO YCKIIQJHIOE TIPOIIEC
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NPUIHATTS pimeHb. [loTpeba MPUHHATTA yMHPaBIIHCHKUX PIMIEHb BUPINIYETHCS 32
JOTIOMOTOI0 JIOCIIJIKEHHST OTeparliii, K CYKYyITHOCTI HayKOBHX 3ac0o0iB Ha OCHOBI
3aCTOCYBaHHS MATEMAaTHYHUX KUTBKICHUX METOJIB OOIPYHTYBaHHS PIllICHb B Pi3HHUX
raTy3sX JIOJCHKOT TIsTTEHOCTI.

Icnye nmocratHpo Oarato eGEKTUBHMX MPOTPpaMHUX 3aco0iB, y SKHX
3alporpaMoOBaHO BEJIMKA KUIbKICTh MAaT€MAaTHMYHUX METOIIB, SKi JI03BOJSIOTH
PO3B’sI3yBaTH PI3HOMAHITHI 3a/1a4ul Ta YHUKATH TPOMI3JIKMX OOUUCIICHb.

[IporpamHuuii naket aHamITUYHUX 00UKCcIieHb Maple € TOTyKHUM 1HCTPYMEHTOM
BUPIIIEHHS MEBHUX 3a/lay HE JIMIIE MAaTEMAaTUYHOTO, & 1 €KOHOMIYHOTO XapakTepy
30kpeMa. Y mporpami Maple BOynoBaHO makeT ajisi po3B’si3aHHS 3aj1a4 JIIHIHHOTO
nporpaMmyBaHHs simplex, skuil 0a3y€eThCsl HA CUMIUIEKC-METO/I.

Po3srnsHeMo TpaHCHOpTHY 3afady SK 3a7ady JIHIMHOTO MpOorpaMmyBaHHS Yy
OaHKIBCBKIN cepi.

3aoaua. Mepexa 3 5 0aHKIB Mae€ MOXIIMBICTh JAaTH KPEIUT Ha KalliTajJbHE
OyIIBHHUILITBO 5 TPOMHUCIOBUM 00’ €KTaM Taily3eBOro MiHicrepctBa. O0OcsIru KpeauTiB
HEOOX1THO IMOTaCUTH 3 YpaxyBaHHSIM BIJICOTKIB, SIK1 33JI1aHl MATPULIEIO:

15 20 18 15 16

16 18 16 20 18
14 19 20 20 15
16 18 20 18 19
17 20 17 16 15

BIIMOBIHO 10 1 MIIH. TPH. KPEIUTY.

MoxI1BI BEIMUUHU KPEAUTY JJIs1 KOKHOTO OaHKY CKJIalaroTh BiAnmoBiaHO 200,
350, 180, 300 Ta 200 mMiH. TpH., @ BapTICTh OYIBHUIITBA 00’ €KTIB — BIAMOBIIHO 240,
150, 280, 170 Tta 160 muH. rpH.

3HaTH ONTUMAJIbHUNA BapiaHT PO3B’SI3KY BKJIAJEHHS KOIUTIB 3 MAaKCHUMAaJIbHOIO
BUTOJIOF0 Jij1s1 OaHKiB [1].

3ayBaxuMoO, 10 B I 3ajayli CyMapHa BeJIWYMHA KpeAuTy OaHKIB CKJIaaae
1230 miH. TpH., SiKa € OUIBIIOI 3a CyMapHy BapTICTh OyMIBHHUIITBA 00’ €KTIB, IO
craHoBuTh 1000 miH. TpH. B Takomy Bumanky Oyjae BBeAeHO (BIKTUBHUMN MIOCTUH
00’€KT, B SKOMY 3QJHMIIUTHCS IeH 3anuiiok ToBapy (230 MIH. TpH.), IPH I[LOMY
BIJICOTOK TMOTalieHHss Kpeauty popiBHioBatuMe (. BukopucTtoByrouu mporpamy
Maple, po3s’s3yemo 110 3amauay [2].
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| > restart : with(simplex) :

240 i i i m m m ]
200 s 0.15 0.20 0.18 0.15 0.16 0 L1 L2 L3 4 LS L6
350 250 0.16 0.18 0.16 0.20 0.18 0 Mo M2 Mo e M s Mae |
> g=| 180 |:bH = 170 cp= | 014 019 020 020 0.15 0 xi=| Mg Py, M4 m3,4 Pa g Mg g Zl'ai'
=
300 160 0.16 0.18 0.20 0.18 0.19 0 T A A T
200 0.17 0.20 0.17 0.16 0.15 0
230 Mg | Mg o Mg 3 Mg 4 Mg g Flg ¢
[}
:zrb [N
=

5 5
Wi, 41=041, 'L 518051, 2, '[i, 6]

N

1l
an
1l
an
Il
—

5 5 5
> obmez = Hz'x'[z,11—b[1],2'x'[z,zJ—b[z],z'x'[z 31=5[3],
i i i=1 i

|3
[2,/]1=al2], ;'x [3./1=al3],

[
=56, O 'L ]=all], O '

4= i=1 J
> maximize (F, obmez, NONNECATIVE) :
> assign(maximize(F, obmez, NONNEGATIVE) )\x'=x'F'=F;
0 150 0 0 0 50

o

[
5[4, 7] =al4], Z'x’[if]w[ﬂ“ :

1

S
I
—

I

40 0 0 130 0 180
x= 0 0 140 40 0 0

0 0 140 0 160 0
200 0 0 0 ] 0

F=190.80

Po3B’si3aHHs 1i€1 3a/1adi MPUBEIO JI0 BHUCHOBKY, IO BKJIQJICHHS KOIITIB 3
MaKCHUMAJIbHOIO BUTOI010 JIJ1s1 OaHKiB cTaHOBUTH 190.80 (MiH. rpH.). [Ipu upomy mian
HaJIaHHS KPEAUTY 3 MAKCUMAJIbHOIO BUTOJI0K0 /IJIs1 OaHKIB Oyjie TaKUM:
® 1-uit 6aHK HAZA€ KPEIUT APYroMy IPOMUCIOBOMY 00’ €KTy y po3mipi 150 MiH. rpH.;

= 2-uii 0aHK HAJAa€ KPEAUT MEPIIOMY MTPOMHUCIOBOMY 00’ €KTy y po3Mmipi 40 MIIH. TPH.
Ta 4YeTBEpPTOMY — y po3mipi 130 MiH. rpH.;

= 3-uif 0aHK Ha/Ja€ KPEAUT TPEThOMY ITPOMHUCIOBOMY 00’ €KTy y po3Mipi 140 MiH. TpH.
Ta 4YEeTBEPTOMY — y po3mipi 40 MIIH. TPH.;

®» 4-yii 6GaHK HaJa€ KPEIUT TPETHhOMY IIPOMHUCTIOBOMY 00’ €KTy y po3Mmipi 140 MiH. TpH.
Ta I’IToMy — y po3mipi 160 mMiH. rpH.;

* 5-uii OaHK HaJa€ KPEeIUT NEePIIOMY MPOMHUCIOBOMY 00’ €KTy y po3mipi 200 MIIH. TpH.

Jliteparypa
1. Bex O.B., I'opoous T.A., llepboax A.®. 30ipHUK 3aJady 3 MAaTEMaTHYHOTO MPOTrpaMyBaHHS:
Hapuansunii mociouuk. — JI.: “Marnoimis 20067, 2007. — 212 c.
2. Ilpoxopos I'. B., Jleoenee M. A., Konbees B. B. Tlaker cuMBONBHBIX Bbrunciaennit Maple V / T'. B.
[Tpoxopos, M. A. Jlenenes, B. B. Konbees — M: Komnanus Iletur, 1998. — 198 c.
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Pyoux Bmauniu

JIvgiscokuti 0epaoicasHutl ynisepcumem 6e3neKku HeummeoisibHOCmi
Hayxosuii kepienux M. ®. Cmactok, kanouoam Qizuxo MamemamuyHux Hayx,
ooyenm, 0oyeHm Kageopu NPUKIAOHOT MamemamuKku i MexaHiKu

IMTPOTOKOJI OBMIHY KJIIOYEM

[Tix mpoTOKOJIOM CITii PO3YMITH MTOCHIAOBHICTD Y3TrOPKEHUX MPHUITUCIB, 3T1IHO 3
SKUMHU BiOYBA€ThCS OOMIH TOBIJOMJICHHSIMH MK CTOPOHaMH a00 y4YaCHUKAMH
MPOTOKOIY 3aJJIsl JOCATHEHHS TEBHOI MeTH. [IpOTOKON € TMpUKIaIOM YCIIITHOTO
3aCTOCYBAaHHSA 17€0JIOTii  BIAKPUTOrO Kitoya. [paauiiiiHa CcXema 3axHUcCTy
KOHGIIEHIIIHOCTI 1H(pOpMAIl IPYHTYEThCSI Ha HASBHOCTI HAJIIWHOTO KaHANy IS
OOMIHY TAEMHUM KITFOUEM.

IIpoTokos 00Miny k04eM. HaBenemo po3B’si3aHHs MPOOIEMU OOMIHY KITIOUEM,
a caMe pO3MJISTHEMO MPOTOKOJ EKCHOHEHIIMHOr0 OOMIHY KIIOYeM. YYaCHUKaAMHU
nporokony € Amica Tta bo0, sKi CHITKYyIOUMCh dYepe3 KaHajl, 0 HMOBIPHO
MPOCIYXOBYETHCS, XOUyTh JOMOBHUTHCH MPO CHUIBHUN TaeMHUN KiIt04. OCh B YoMy
MOJIATAE 1€ MPOTOKOII:

1. Auica Bubupae BeIUKe MPOCTE YUCIIO P Ta NEPBICHUN KOPiHBb ¢ 32 MOAYJIEM P

1 BIIKpUTO nocuyiae p i g booOy;

2. Auica BuUOHMpae BHIAIKOBE YMCJIO a B Mexkax Big 1 go p-1, a bo6 Bunaakose

YHCIIO b B IIKX K€ MEKaX;
3. Aumnica obunciroe unciao g* mod p 11mocuiae 1e 3HaueHHs boOy, a bod o6unciroe

g°mod p i mocuae 1e 3HaYeHHs AJici;
4. 1 Amica, 1 bo06 00YHCITIOIOTE OJHE 1 TE K YHCIIO

(gb)Ei mod p z(ga)b mod p = g* mod p,

sKe 1 MPUIMAaroTh B SKOCTI Kiro4a K.
Hpuxnan 1. Hexait p=97,9 =5. [Ipunyctumo,mo Asica Bubpajna ynucio a=12,a

bo6
yucino b=63. Toxi Amnica mocunae BoOy 5%(mod97)=42, a bo6 mocumae Auici
5% (mod97)=75.. Toxi 060€ 0OUNCIIOOTH
75'%(mod97) = 42% (mod 97) = 21.
OTxe cnTbHUM TaEMHHM KITI0Y —11¢ K = 21,

CynepHuK, SIKUU MEepexoIuTioe yci MoBIAOMICHHS MIX Adicoro 1 bobom crae
BJIACHUKOM umcelt g*(mod p) i g°(mod p). OTxe nepes CynepHUKOM MOCTa€ HACTYITHA

00YHCITIOBAJIbHA 3a1a4a;
Jlnsa 3a0anux

p.g.x,yeN, ne 1<g<p-1 x=g*(modp), y=g°(modp), wisa nesxux a,b
O6uncmur z=g* (mod p).

[s 3amaua ekBiBaJieHTHA 0 PO3KPUTTA Kpunrocuctemu Enb-T'amans, To0TO €
HEJIETKOIO 33J]a4€0 TUCKPETHOTO Jorapu(pMyBaHHS.
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Kpunrocucrtemu Ha emNTUYHUX KPUBHX OYAYIOTHCS TaK Camo, SIK B TIPOCTUX
CKiHYeHHX MoJsix. [Ipu 1iboMy MiHECEHHS 10 BUCOKOTO CTEMEHs 32 BETUKUM MOJYJIEM
, 10 BHW3HAYa€ CTIAKICTh MHUQPY, 3aMIHIOEThCS HAa CKaJSPHUN JOOYTOK TOYKH
eNNTUYHOI KpUBOi. Jlani HaBeAeMO MPOTOKOI OOMiHY KIIOYEeM Ha eNINTUYHIN KPUBIH.

CTBOpeHHS CHIIBHOTO KJIKYA HA eJinTU4Hii KpuBil. DopMyeMO ennTuIHy
kpuBy E_(a,b):y?=x*+ax+b, BUOHpaeMoO MpocTe YUCIO P i TOYKY G(X,y) eTINTUYHOI
kpuBoOi E (a,b) mopaaxy n, To0TO TaKy, mo nG(x,y)=0, Ie n —J0CTaTHLO BEIMKE II1JIe
4HCII0, AKE MEHIIE HIXK KIIBKICTh TOUOK KpHBOi E (a,b).

DopmyeanHs CNibHO20 KIH0UA
1. Aumica obupae uucio k, <n 1 reHepye BIAKpUTHH ki1tod Y, =k,G.

2. bob obupae uncio k, <n 1 reHepye BIOKPUTHIA KITtoU Y, = k,G.
3. Auica reHepye TaeMHU# K104 K =Kk,Y,, a bo0 —Taemuamit kimou k,Y,.

OT1xe MaemMo

Biokpumuii kmou; E (a,b),G.

Taemnuii knoy Anicu K,

Taemnuu xmou boba ki,

Cninonuu maemuut knoy K.
Kopexmuicmo

JliticHo K04 K — CIIUJIBHUI Yepe3 Te,IT0
KuYg =K, (ksG) = kgk,G =kgY, =K.

Ilpukaan 2. ®opmyemo eninTuuHy KpuBy E (3,5):y?=x’+3x+5, BUOMpaeMo
npocte yucio p=47 i Touky G(5,45) emintuyHoi kpuBoi E (3,5) mopsaky 61,
TOOTO TaKy, mo 61G(x,y)=0.

DopmysanHs ChilbHO20 KI04a
1. Aumnica obupae uncio k, =11<n=61 i reHepye BIIKpUTHI K104 Y, =11G =(11,37).

2. bo0 obupae uncno k; =17 <n=61 i reHepye BIAKPUTHUI KI10Y Y, =17G = (44,43).
3. AuicareHepye TaeMHUH Ki1ro4 K =k,Y, =11(44,43)=(9,3),a bo0 —TaemHuil xirou

keY, =17(11,37)=(9,3).

OT1xe maemo

Bioxkpumuii kmou; E_(3,5):y* = x*+3x+5.

Taemnuu knrou Anicu k, =11,

Taemnuu xmoy boba kg, =17,

Cninvruit maemnuii kiwoy K =(9,3).

CyTb miepexojy 10 eMNTHYHUX KPUBUX TOJIATAE B 3aMiHI BIIHOCHO TIOBLIHHOI
omepairii
MiJHECEHHS /10 CTEMEHS 3a BEJIMKUM MOAYJIEM Ha IIBHIIIY ONEPAIii0 CKaIsSIPHOTO
MHOKEHHS Ha eJIINTUYHINA KPUBIil.
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BU3HAYEHUWHA IHTET'PAJI YV 3AJJAYAX HA OBUUCJIEHHSA JOBXKUHA
JJAHIIIOT OBOI JITHII

OnHUM 13 3aCTOCYBaHb BH3HAYEHOT'O IHTETpasia € OOYMCICHHS HOBXUHHU TyTH
I0cKoi KpuBoi. Hexail y NmpsAMOKYTHUX KOOpAMHATaX Ha IUIOLIMHI 3aJlaHa KpUBa
piBHsSHHAM Y = f (X), ne dyHkiis f(x) Ha BiAPI3KY [a,b] Mae HenepepBHY noxiaAHY. Tol
JIOBKMHA JIYTH I1€1 KPUBOT O0UHUCIIIOETHCS 32 (HOPMYIIOI0

I:?\/1+(f'(x))2 dx.

JlaHIrorosa JiiHis, 9d KaTeHApis (BiJ JIaT. caténa — «IaHIIo») — JIiHisg, GopMy
AKoi HaOyBae THyYKa OJHOpPIHA HEpPO3TsSHKHA BaKKa HUTKA aldo0 JIAHLIOT 13
3aKpIIUIEHUMH KIHISMU. [IpoTsiroM ctopid BiJOMi BU€HI JTOCHIIKYBajid JAHIIOTOBY
JIHIIO0, 3HAXOIWJIA 3aKOHOMIPHOCTI, JOCIKYBaJIM iX BJIacCTUBOCTI. Ha choroaHi Bxke
B1JIOMO 0€3.14 MOKJIMBOCTEH 1i 3acToCcyBaHHs. B 0051acTi TEXHIKM JIAHIFOTOBA JIHIS
BUKOPUCTOBYETHCS B PO3pAXyHKaX, MOB'SI3aHUX 3 MMPOBUCAHHSAM “‘HUTOK — MPOBO/IIB,
TpociB Tomi0. BoHa 3HaXOAUTh 3acTOCyBaHHS B OyIIBENbHIM TEXHINl TMpU
MPOEKTYBaHHI CKJIEMiHb. JIaHIIOrOBa JIiHIsS BUKOPUCTOBYETHCS TaKOX B OyAIBHHUIITBI
apok (OCKITbKH (hopmMa apKu y BUTJISAII NEPEBEPHYTOI JIAHIIFOTOBOI JIHIT HANOUIbIIT
BJIAJIO PO3MOJUIsIE HaBaHTaKeHHs). OnHopimHa apka y Gopmi mepeBepHyTOi
JIAHITIOTOBOI JIiHIT BiAUyBa€ TUIbKH Aedopmarlii CTUCKY, alie He 371amMy. Y MPSIMOKYTHUX
KOOpJIMHATaX pPIBHSIHHS JIAHLUIOTOBOI JIIHII 3alUCY€ThCs, 3aCTOCOBYIOYM (DYHKIIIIO

KOCHHYC T1epOOoIIYHUM, Y BUTTISIL
X

X

X al 5, .7a

y=ach—=—|e2 +e 2|
a 2

o . T
[TapameTp a, IKMif BXOJIUTD Y PIBHSHHS BU3HAYAETHCS 32 JOMOMOT 00 (hopMyJiu a = —,

ne T —HaTAT “HUTKHU’’ Y BEPIUHI, y — MUTOMA IIIIBHICTh MaTepiaiy, 3 sikoro 3pobieHa
“HUTKA”.
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X

X
BuznauumMo 1oBKUHY AYTH JIAHIIOTOBOI JIIHIT y==|e® +e ° | Bijg Touku M;(0,5)

N | o1

10 M 2(5, % (e? +1)j. 3acTOCOBYIOUYM HaBeACHY Y poOOTI (popMyITy, 3HAXOIUMO

2
= = X X

5 ] A
=] 14| ——— dlej ed>+e S dx:g(e—e‘l).
0 2 20 2

B.I1. Piu
JIvsiscokuil OepocasHuil yrigepcumenm 0e3neKu HCummeoisiibHOCHI
Hayxosuii kepienux O.FQ. UYmup, kanouoam @pizuxo-mamemamudux HayK, OOYeHm

3ACTOCYBAHHA IM®EPEHHIAJIBHUX PIBHAHD APYI'OI'O
HOPAAKY 10 PO3B’A3YBAHHS 3ATIAY 3 MEXAHIKH

HaiiOuibil  epeKTUBHUMHM METOJaMU BHUBYEHHS PI3HOMAHITHUX (PI3UYHUX
NpOLIECIB 1 SIBUIL € CTBOPEHHS Ta BUKOPUCTaHHS MAaTEMaTUYHUX MOJENEH, SIKi
JIOTIOMAraroTh 3p03yMITH (Bi3HUHH MPOIEC, TaF0Th MOXKIIMBICTh YCTAHOBUTH SIKICHI Ta
KUIBKICHI XapaKTepUCTUKU MOro cTaHy. BUKOpPHUCTOBYHOUM MaTeMaTW4HI MOJEi
MO’KHA NIEpeI0AYNTH MEBHUM MOAATBIINNA PO3BUTOK MPOLIECY .

BuByaroun ¢i3uuHi SBUIA MOXXHA BUSBUTH JEIKY (PYHKIIOHATbHY 3QJICKHICTD
MDK HEBIJOMHUMH XapaKTEPUCTUKAMH IMPOIIECY, IMIBUAKOCTSIMH iX 3MIHH W YacoM,
TOOTO 3HAWTH PIBHAHHS, SIKI MICTSATh MOX1JHI HEBIIOMUX XapaKTEPUCTHK Mporiecy. Y
0araTboX BUMAJKaX TAKOIO 3aJIEKHICTIO Oyie nudepeHiaabHe pIBHAHHS.

Yacto npu cknanaHHl udepeHiaJbHuX pIBHSIHb BUKOPUCTOBYIOTH (DI3MUHMIA
3MICT MOXIAHOI K IIBHJIKOCTI Mepediry mpouecy 1 Apyroi MOXiJAHOI K IIBHUJKOCTI
3MIHM IMIBUJIKOCTI, TOOTO MPUCKOpEHHA. TakuM YMHOM, ICHYIOTH IU(epeHLIaTbHI
PIBHSIHHS, K1 MICTATh HE TUIBKU NEPILY NOXIHY B/l ITyKaHOT PYHKII, aie i MOoXiH1
BUILIMX MOPsAAKIB. Taki qudepeHuianbHl piBHAHHA HA3UBAIOThCS TU(epeHIabHUMU
PIBHSIHHSMU BUIIUX TOPSI/IKIB.

PosrisHemo npukiaaHy 3agavy, sika MPUBOAUTH 10 AU EpEHITIaTbHOTO PIBHIHHS
JPYroro NopsaKy.

3aoaua. KouconbHa crTanmbHa Oanka JoBxkHHOHO AB =06M HaBaHTaxeHa
30cepekeHoro cunoo P=2-10° H B kinmi B. 3HaiiTh piBHAHHA NpyXHOI JiHii i
BU3HAYUTH BEIMYMHY IIPOTHHY KiHLS Oanku (MOmyib mpyxkHocti E =2,1-10" Ila,
MOMEHT iHepIIii HOoMepeyHoro epepisy BigHOCHO HeifrpanbHoi oci J =3-107* m?).

CxtazieMo MaTeMaTUIHY MOJIENb Ta 3HANIEMO PO3B 30K 3ajadi.

3ruHanbHui MOMeHT M st mepepisy 3 nentpom B toultli N(X;Y) AopiBHIOE
mMomeHTy cuii P BimHocHO Touku N, To6T0 M = P(l — X), skuii GepeThCst 31 3HAKOM
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IUTIoC, (Cuja MpUKIaaeHa A0 OalKu CIpaBa BiJ mepepidy 1 o0eprae mpaBy YacCTHHY
OaJIK¥ 3a CTPUTKOIO TOAMHHKKA).
3 Kypcy onopy maTepiajiiB BiIoMo, o audepeHItiaabHe PIBHIHHS TPYXKHOT JiHIT
MaTUME BUTJIS
M
E-J°

ne M — 3ruHanbHHU MOMEHT, E — MOy b IpY»KHOCTI, J — MOMEHT 1HEpIlii MONepeyHOTro
nepepi3y BIAHOCHO HENTpanbHOI oci. Toxi

d’y P
=——(—-x).
dx* E-J (=)

besnocepenHiM IHTETpyBaHHIM 3HAXOIUMO

dy__ P rq_ _ __P (=9
== E‘Jja x)d(I—x)+C, = C,.

dx E-J 2

3BiJICH 3araiibHUI po3B’A30K AU EpPEHITIaTbHOTO PIBHSIHHS
__P (=X X +Cx+C,.
"E-J 6

Cram C,, C, BusHauyaemo 3 mouyarkosux ymoB Y(0)=0, y'(0)=0,

3

0= L +C,-0+C,, )
E-J 6 . P | P |
TOOTO 3Bigecn C,=———,C,=———-—.
P |2 E-J 2 E-J 6
O=————+C,.
E-J 2

[TincraBnsroun 3Hadenns C, ta C, B 3aranbHUN PO3B 30K, OJEPKYEMO IIyKaHE

P X
y=——IX*-=|.
2E -J 3

[IporuHoM OakM Ha3WBAETHCS OpAMHATA MPYXXHOI JHII B PO3MVISIHYTOMY

PIBHSHHS MPY>KHOT JIHIi

nepepisi.
Bennuuny nporuny h Ha kiHimi Oanku B omepxyemMo 3 OCTaHHBOI PIiBHOCTI,
_ PI® 2-10*-6°
3agoBosbHs0ur yMoBy Y(I)=h: h= = ~ 23 MM.

3E-J 3.2,1-10"-3-10
[ligcTaBisitoud YUCIOBI 3HAYEHHS 1 MPUBOMASYM iX JO €IUMHOI PO3MIPHOCTI,
2-10*-6°

3HAXOJIUMO BEJIMUMHY Mporuny h = ~ 23 MM.

3.2,1-10*-3.10"

Jliteparypa
1. Ilonomapes K.K. CoctaBnenue nuddepeHunanbHbIx ypaBHeHUH. MuHCk: Bpinniimas mikona,
1973. - 560 c.
2. Camotinenko A.M., Kpusowes C.A., I[lepecmiok M.O. JludepennianbHi piBHIHHS y OpUKIaaax i
3amadax. — K.: Buma mkoma, 1994. — 455 c.
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CEKIIIA 2. MamemamuuHni ¢iOKpumms, ui0 IMIHUIU CEIM

B.M. Ilempoecvkuii, B.B. Konomicuyp
Hayionanvna axaoemis cyxonymmuux eiticox imeni cemomana Ilempa Cazatioaunozo
Hayxkosuii kepienux O.B. binaw, k.e.n.

MATEMATHUKA TA ii POJIb Y BIMCbKOBIN CIIPABI

Matemartuka — 1ie pyHIaMeHTaIbHa HayKa, SKa 3apoJuiacs IIe 0 HaIloi epu i
JI0C1 aKTUBHO PO3BUBAETHCS. MaTemMaTnka MIMPOKO BUKOPUCTOBYETHCS Maibke y BCIX
chepax KHUTTA JIIOAMHHM, 30KpEMa y TOPTriBIl, OYyIIBHUITBI, BUPOOHHUIITBI PI3HHUX
IPEIMETIB, Yy TOMY YHCII 1 30poi. MaTeMaTuka € OJHUM 3 MOTY>XKHUX 1HCTPYMEHTIB
MI3HAHHS 1 BAKOPUCTAHHS 3aKOHIB 30p0itHOT 0OpOTHOM B T€OPii 1 MPAKTHUIIl BIHCHKOBOI
cupasu. E(ekTHBHE BUKOPUCTAHHS MaTEMATHUKH Y BIMCHKOBIN cepl CTATI0 MOKIMBUM
3aBJIKM 3aCTOCYBaHHIO €JIGKTPOHHUX OOYMCIIOBAJbHUX MAIIMH, 3JaTHUX 3a
KOPOTKHUI yac BUPINITYBaTH CKIIAJHI 1 TPYJAOMICTKI 3a/ad4i, MOB's13aH1 3 nepe0yBaHHIM
ONTUMAJIbHUX PILLIEHb.

CeHc 3acTOCYBaHHS MaTeMaTUYHUX METOJIIB B IIpOLiEcax yIpaBiiHHA 00H0BUMHU
JiSIMA ~ BIUCBK TMOJSiTa€ B TOMY, 11100, BHUKOPUCTOBYIOYM 3HAaHHS 3aKOHIB,
3aKOHOMIPHOCTEH 1 MPUHIUIIB 30pOiHOT O0OPOTHOU, CKOPOTUTH TEPMIHU MIATOTOBKU
NPUIAHATUX PIIEHB 1 MIJBUIIUTH 1X SIKICTb, JOMOTTUCS HAsBHUMU CHJIAMH 1 3ac00aMu
HalKpalux pe3yjabTaTiB 00MOBHX 1.

3acTocyBaHHSA MaTeMaTUYHUX METOMAIB B TOEJAHAHHI 3 EJIEKTPOHHUMH
OO0YHCITIOBAILHUMHU MAIIMHAMH JIa€ MOKJIMBICTh BUPINIYBAaTH 3aBIaHHS TaKOTO POy,
3a0e3Mneuyoun JOCUTh MIBUAKUANA 1 JOCTOBIPHUI MPOTrHO3 Xoay OOMOBUX I AJiA
aHami3zy OyJb-KMX MOJJMBUX BaplaHTIB pilieHb. J[JI1 CKOpOYEHHS TEPMIHIB 1
MIJBUILLEHHS IKOCTI MPUMUHATUX PIILIEHb HEOOX1IHO aBTOMATU3yBaTH MPOLeCcH 300Dy 1
00poOku 1H(dopMarlii (mpo MPOTUBHKKA, CBOT MOXKJIMBOCTI B paiioHi O0HOBUX Adiil) 1
BECh MMPOIIeC BUPOOICHHS PIICHHS B IiJIoMYy. L{e qocsaraeThes MUISIXOM BUKOPUCTAHHS
€JICKTPOHHUX OOYMCIIOBAIbHUX MAIWMH JUUISi BU3HAUYEHHSA HaMOUIbII e(eKTUBHHUX
croco0iB TOCATHEHHS KIHIIEBOT MeTH 0010, OOMOBHUX JIIH 1 orepalii 1 CKJIajia€ OJIHY 3
ICTOTHUX CTOPIH BUKOPHCTAHHS MaTeMaTUKU y 30pOiiHii 00pOTHOi.

MateMaTrka B Cy4yaCHUX YMOBaXx BIJITpa€e Jy»e BaXXJIHBY POJIb B JOCIHIKEHHI
30poitHOT OOPOTHOM 1 BUKOPUCTAHHI BUSBIICHUX 3aJIC)KHOCTEH 1 3aKOHOMIPHOCTEH, SIKi
BUSBIISIIOTH CBOIO JIIF0 Yepe3 MPUHIIUIHN BiHICBKOBOTO MHCTENTBA. MaTeMaTHKa Jae
MO>KJIMBICTh HaAMOUIBII TOBHO BpaxoBYBaTH 1 peajizoByBaTW 11 TPUHIMOHN 32
JOTIOMOTOI0  BUPOOJIEHHS KUIBKICHUX PEKOMEHJAIl BUXOASYM 3 YypaxXyBaHHS
KOHKPETHUX peajbHUX yMOB O00HOBOi JiiicHOCTI. B 1boMy sikpa3 1 KpHIOThCA
MO>KJIMBOCTI MaTEMAaTUKH, TaK K aHAJI3 1 BpaXyBaHHSA KOHKPETHUX KiJIbKICHUX 3MIH
MOKYTb MIPU3BECTH JI0 SIKICHUX 3MiH.

BiiicbkoBe MUCTELTBO € 0OcepeIKOM 00HOBOI0O 10CBiAY, HAKOIMMYEHOT O MPOTITOM
O0aratpox cTomiTh. [1l00 BUSBHUTH 1 BCTAHOBUTH 3aKOHOMIPHOCTI 30pOiiHOT 60pOTHOMH,
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noTpiOHI Oy7TM BUBYEHHS 1 aHaAJ3 0araToBiKOBOTO JOCBIMY BeleHHS BOE€H. Jlo mosBu
SJICKTPOHHUX OOYUCITIOBATILHUX MAIIMH 1 METOIB MOJCITIOBAaHHS O0MOBHX il 11e OyB
€IVMHO TPAaBWIbHMA NUIAX. [HMUMX 1nwiaxiB He Oyno. OmHak y Mipy PO3BHTKY
MPUKJIATHOI MAaTEMATHKH, 30KpeMa METO/IIB MOJCITIOBAaHHS OOHOBUX i, 1 IIMPOKOTO
3aCTOCYBaHHS €JIEKTPOHHUX OOUMCITIOBAIbHUX MAIINH CTAHOBUILE 3MIHIOETHCA.

MaremaTuka aa€ MOKJIMBICTh MOJIeNIIOBaTH OOMOBI JIii, a OTXKE, PO3KPUBATH 1
BCTAHOBJIIOBATH 3aKOHOMIPHOCTI BeJIeHHS 30poitHOT 00pOTHOM 3a TOTIOMOTOK0 PI3HUX
MaTeMaTHIHUX Mojeneld. MojentoBaHHS OOMOBUX I — 1€ 1HCTPYMEHT IS
IIPOTHO3YBAHHS MOKJIMBUX Pe3yJIbTaTiB OOMOBHX JI Ta pO3POOIECHHS peKOMEHaIlIi
1o X TIaHyBaHHIO 1 BeJieHHI0. CTaBIsIYM Pi3HI YMOBH 1 BBOJISIUM Pi3HI BUXI1JHI JaHi,
MO’KHa 0aratopa3oBO BiITBOPIOBATH Pi3HI CUTYyallii, HAKONWYYBATU CTATUCTHUYHUN
MaTepian, BHUSBJISATH 3aJCKHOCTI 1 3aKOHOMIPHOCTI, BU3HAYATH MPUHITAIIA BEICHHS
30poitHOI OOPOTHOM Ta 3HAXOAUTH ONTUMAJIBLHE TAKTUYHE PIILICHHS.

OO0'eKTUBHICTh BHUSIBICHUX 3aKOHOMIPHOCTEH OyJie 3ajexaTH BiJl aleKBaTHOCTI
MaTeMaTUYHUX MOJIeJel MOJIeIbOBaHUM MpoliecaMm 30poiHoi O0opoThOu. Tak,
30KpeMa, JiJisi BU3HAYEHHS KEPTB BOEHHUX [, A1CHUX a00 NOTCHIIIMHUX, HAO1IbIIIE
3HAYEHHA MalOTh HACTYIIHI YOTUPU Mojeni: Monenpb JlaHdecrepa, y SIKIM KUIBKICTb
YKEPTB MPOMOPIIIIHA IO KUTBKOCTI CYTUYOK M1k 1HJAUBIIyMaMH BOPOTYIOUUX CTOPIH, a
HaNWOUIBII aKTyaIbHOIO BOHA € TOJ1, KOJIU JIB1 CTOPOHU PO3TaIlIOBYIOThHCS Ha 3aralibHIN
TepuTopii; Mojenab OcHuIloBa, KOJIU KUIBKICTh JKEPTB MPOIMOPIiiHA YHCEIbHOCTI
MPOTUIICKHOTO OOKY; Mojenb lleTepcoHa, KOMM KUIBKICTh KEPTB BU3HAYAETHCS
YHUCEJIBHICTIO CBOTO OOKY 1 YMM OuIbllle CBOiX MIJBOJHUX YOBHIB HECYTh 0OOMOBE
yepryBaHHs, TUM OUIbIIIE X THHE; MOJIENIb BpekHi, KOJu KUTbKICTb )KePTB OJIHOTO OOKY
MPOMOPIIiiHA 10 KUIBKOCTI CYTHYOK, a IHILOT — JI0 YACEIBHOCTI 1l IPOTUBHHKA.

OTXe, OHUM 13 TOTY>KHUX IHCTPYMEHTIB Mi3HAHHS Ta BUKOPHUCTAHHS 3aKOHIB
BIHM B TE€OPii Ta MPAKTHIIl BIHCHKOBOI CITPaBU € MaTeMaTUYHE MOJEIIOBaHHA. MeTon
MOJICTIOBaHHS 3a3BHYail 3aCTOCOBYIOThH JIJIsl BUBUCHHSI BUXITHUX OO'€KTIB TOA1, KOJIU
Oe3mocepeHe iX BHBUEHHS a00 3 SKUXOCh MPUYMH HE3pyuyHEe ab0 HEMOXKIIMBE.
OCHOBHUMH UUISIMU, 3apajgy SIKMX CTBOPIOIOTHCS MOJENI, € MIATBEPIKEHHsS abo
CIPOCTYBaHHS PI3HUX TEOPI 1 rOTe3; BUSABICHHS 3aJI€KHOCTEW PI3HUX MapaMeTpiB
MOJIETI, XapakTepy iX B3aeMOAll B dYaci 1 MPOCTOPi, 3HAXOHKEHHS ONTHUMAaJIbHUX
CHIBBIIHOIIEHh IHUX TMapaMeTpiB; 3aCTOCYBaHHS B SKOCTI CHUCTEM BIPTYalbHOT
peaIbHOCTI.
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B.M. Bionui
JIvgiscokuti 0epaoicasHutl yrisepcumem Oe3neKku HCUmmeoisibHOCmi
Hayxosuii kepienux O.FQ.Ymup, kanouoam @izuxo-mamemamudtux HayK, OOyeHm

JUCKPETHA MATEMATHKA Y ITPOI'PAMYBAHHI

OnHuMm 13 HaWBUAATHIIIMX BUHAXOMIB XX CT. € CTBOPEHHS KOMII'IOTEpa —
yHIBEpCaJIbHUI aBTOMATUYHMIA MepeTBOpIoBayY 1H(GOpMaIlii, BU3HAYaIbHY pOJIb Y
CTBOPEHHI SKOTO BiJirpaJii BUYEHI-MaTeMaTHUKHU. 3 MOSIBOIO KOMIT'IoTepa y 0araThox
MaTeMaTUKIB BUHUK MEPEPO3IOIiT 3aIliKaBICHOCTI CBOIM MPEIMETOM JOCIIKEHb. Y
CBOIO Yepry, KOMIT FOTEp BIUIMHYB 1 Ha cCaMy MaT€MaTHKy, a CaMe BiH CTaB PYIIIHOIO
CHJIOI0 y CTBOPEHHI HOBITHIX 1JIeM 1 3aJa4, COpPHSIB IMOSBI HOBUX JHMCITUILIIH Ta
HaIpsMiB MaTEMAaTUYHUX JOCIIKEHb. 30KpeMa, 3’ IBUBCS OKPEMUN PO3ALIT CydacHO1
MaTEeMaTHKH — TUCKPETHA MaTeMaTHKa.

IcTopist IUCKpeTHOT MaTeMaTUKK MOB’s13aHa 3 PO3B’SI3aHHAM CKJIaJHHUX MPOoOiIeM,
Kl TPUBEPHYJIM yBary OararbOX HAyKOBLIB B TId YM IHINIA ramxy3l MaTeMaTHKH.
Hanpuknaz, B Teopii rpadis 0araro A0CIiKeHb OyJ0 BUKIMKAHO CIIPOOaMH JIOBECTU
TEOpEeMY YOTHPHOX KOJIBOPIB, BIiepiie chopMmyliboBany 1852 poky, ane He JOBeJIEHY 110
1976 (Kenner Amnmens 1 Bonbdranr XakeH — JOBeIM BUKOPUCTOBYIOUH CYTTEBY
JIOTIOMOT'Y KOMIT'TOTEPA).

JluckpeTHa MaTemMaTuka — 1€ rajqy3b MaTeMaTHKH, 110 BUBYAE BIACTUBOCTI OY/Ib-
SAKUX JIUCKPETHHUX CTPYKTYp. SIK CHMHOHIM 1HOAI BXKHMBAETHCS TEPMIH JIUCKPETHHIA
aHaJi3, 0 BUBYAE BIACTUBOCTI CTPYKTYp CKIHUEHHOT'O XapaKTepy.

["'onoBHUM KpHUTEpieM, 3a SIKUM PI3HOMAHITHI PO3JUIM MaTEMaTUKH (K Ti, 11O
BUHUKJIA B JIJaBH1 4acH, TakK 1 Ti, 0 3’SIBWINCH Yy XX CT.) 00’ €IHYIOTh 1]l Ha3BOIO
"MUCKpeTHA MaTemMaTuKa'", € Te, sIke BIIHOLIEHHSI BOHU MalOTh J0 TEOpIi Ta MPaKTUKU
MPOCKTYBaHHS, BUKOPUCTAHHS  CJICKTPOHHUX  OOYMCIIOBAIBHUX  MAIUH 1
nporpamyBaHHs. TOMy AHCKPETHY MaTeMaTHKy OCTaHHIM 4YacoM CITPaBEIJIMBO
HA3MBAaIOTh KOMIT FOTEPHOIO MAaTeMaTUKO1O.[ 1 ]

Jnst pi3HOTO PIBHS TpOrpaMyBaHHS KOPUCHI CBOI PO3AUIM MaTE€MaTHKH.
Hanpuknan, ans 3D monentoBaHHS — aHAJIITUYHA TeOMETpis, Juisl mudpyBaHHS —
JiHIAHA anreOpa Ta crarucThka. Maroun 0a3oBi MaTeMaTH4HI 3HAHHS, MO-TIEpIIE,
PO3BUBAETHCS A0CTPAKTHE MUCIICHHS, SIKE JJO3BOJIUTH KPallle MOJUBUTUCS Ha 3aB/IaHHS,
PO30MTH HOTO Ha JIOTIYHI YaCTHHHU, 3HAMTH HOBI1 IMIJXOAHM O HOro BUPIIICHHS, I10-
Jpyre — OIlIHKAa CKJIAIHOCTI aJTOPUTMIB, 32 JIOMOMOTOIO SIKOi JI0 TOTO, SIK HAMHCATH
KOJ, TIOTPIOHO 3pPO3YMITH YW BUKOPHUCTOBYBATHU II€H aTOPUTM, YW B3araji B3ATH
SKUUCH 1HIIUH, 11100 BiH OyB O11bII €PEKTUBHUM.

PosrnssHemMo pi3H1  Teopii, SIKI BXOJATh B OCHOBHMH Kypc “‘JlMckpeTHa
MaTeMaTHKa’’, a TAKOK B 1HIIII MaTEMaTHYHI1 JUCITAILIIHH.

Teopis iHpopmamii — 1€ po3aull KiIOEpHETHUKH, B SKOMY 3a JIOIIOMOTOIO
MaTeMaTUYHUX METOJIB BUBUAIOTHCS CIOCOOM BUMIPIOBaHHS 1H(OpMAIii Ta METOH ii
KOJyBaHHS 3 METOIO0 CTUCHEHHS 1H(OopMallli 1 HaAliiHOT nepeaayl KaHajJaMu 3B’ SI3KY.
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3acTocyBaHHS B JIOTII[l MaTeMaTHYHUX METOIB CTAa€ MOMKIJIMUBHM TOJ1, KOJH
CYIKEHHSI (hOPMYITIOIOTBCS JICSIKOI0 TOYHOIO MOBOO. Taki TOYHI MOBH MAaroTh JBI
CTOPOHU: CHHTAKCHC 1 CEMaHTHKY.

BapTto 3a3HaunTH, 110 HA MPaAKTUII 0e3JiY eJIeMEHTapHUX JOTTYHUX ONepalin €
000B’SI3KOBOI0 YaCTHMHOIO HAaOOpY IHCTPYKIHA BCIX CYYaCHHX MIKpPOIPOIECOpIB, 1
BIJIMOBIJTHO BXOJUTH J10 MOBHU mporpamyBaHHA. lle € omHuM 3 HaWBaXKIMBIIINX
MPaKTUYHUX JOJATKIB METOJ[IB MaT€MaTHYHOI JIOTIKH, 1[0 BUBYAIOTHCS B CYYaCHHX
MiJpYyYHUKAX 1HHOPMATUKH.

Teopis rpadiB 3HAXOAWUTHh 3aCTOCYBaHHS, HAIPUKIAQA, B TreoiH(OpMAaIlIHHUX
cuctemax (I'IC). [ToGynoBani abo 3anpoekToBaHi OyIUHKH, CIIOPYIU, KBApTaJIX TOIIO
PO3MIANAIOTECS SK BEPIIMHU, a 3°€HYIOTH iXHI JOPOTH, 1HXEHEPHI Mepexi, JiHii
eJICKTpOIIepenadi Tomo — K pedpa. 3aCTOCYyBaHHS PI3HUX 0OYHCIICHb, BUPOOJICHUX HA
TakoMy rpadi, J03BOJIS€, HANPUKIAL, 3HAWUTH HAUKOPOTWIMH 00’i3HMN HUIsIX abo
HaNOIMKYMI MPOTYKTOBUI Mara3uH, CIUNIaHyBaTH ONTUMAJIbHUA MapUIpyT.

Teopis 1rop — poO3ILT NPUKIAJHOI MATEeMATUKH, SIKUA BHUKOPHCTOBYETHCS B
COIllaJIbHUX Haykax (HaillOuLIbIIe B EKOHOMIIll), O10JIOTIi, MOJITUYHUX HayKax,
KOMIT IOTEpHUX HayKax (TOJIOBHMM YHMHOM JJISI IITYYHOTO 1HTENEKTY) 1 (pimocodii.
Teopist irop HamaraeTbCs MaTeMaTHYHO 3a(iKCyBaTU TMOBEAIHKY B CTpaTeridyHUX
CUTYallisIX, B SIKMX YCIIX Cy0’€KTa, [0 pOOUTH BHOIp 3aJ€KUTh BiJl BUOOPY 1HIINX
YYaCHHKIB.

Teopis pilieHb — HapuHa JI0CTIIHKEeHb, SKaMaTeMaTUYHUMU METOJIAMUIOCIIIKY€E
3aKOHOMIPHOCTI BHOOPY JIFOAbMU HaWBUTITHIIIUX 13 MOXJIMBUX AJIbTEPHATHUB 1 Ma€
3aCTOCYBaHHSI B €KOHOMIIIl, MEHEJ[KMEHTI, KOTHITUBHIN MCUXOJOTii, iHPOopMaTHIIl Ta
00YHCITIOBAILHIN TEXHII.

OCHOBHHMMH 33JJa4aMH JTUCKPETHOT MAaTEMATUKH €:

3’SCyBaHHSI TOTO, SIKI BJIACTUBOCTI MAlOTh Ti YU 1HII AUCKPETHI 00’ €KTH pa3oM

3 3aJJaHUMH Ha HUX (QYHKIIISIMU, ONIepallisiMH, BITHOIIIEHHAMHU (aHaT13);

mo0y1I0Ba JUCKPETHUX 00’ €KTIB, SIK1 3a0BOJIBHSIOTH 3aJaHUM BIIACTHBOCTSIM

(cuntes). [2]

Ha croromgmimmHii aeHh AWCKpPETHAa MaTeMaTHKa BXOAWTH JIO HaBYAJIBHUX
nporpam Oaratbox (aKkyJabTETIB YHIBEPCUTETIB Ta IHIIUX BHUIIUX HaBYAIBHHUX
3axnaniB. OHaK TEMIHM PO3BUTKY KOMIT FOTEPHUX CHCTEM, a OCOOIMBO MPOTPaMHOTO
3a0e3MeUeHHs TaKl, 110 3HAHHS PO KOHKPETHI CUCTEMHU, OTPUMaHI ITiJl Yac HaBYaHHS,
4acTo YK€ € 3acTapilMMH Ha MOMEHT Horo 3aBepiicHHs. daxiBelb, SKkuil Oaxkae
3aBkaM OyTh OOI3HAHMM IMOAO i7el, HOBAIlli 1 mporpecy, Mae moadaTh IIpo
byHIaMEHTAIbHY TEOPETUYHY MIATOTOBKY. @OpMyBaHHS IHTEIEKTYaTbHUX HABUYOK 1
BMIHb HEMHUCIMME Oe3 aKTMBHHMX IHIAUBIAYyalbHHUX Miii, 03 HaOyTTs CaMOCTIMHOIO
JIOCBIJIy ¥ MIPAKTUKHU Y MPOIEC] pO3B’I3yBaHHSA 3aj1ay, 1110, 0€3yMOBHO, € HAWKpaIIUM
CIIOCOOOM 3aCBO€HHS OyIb-SIKUX TCOPETUYHMX MATEMAaTHYHUX TIOHSITh, METO/IIB,
KOHLIETILIIN 1 pe3yIbTaTiB, IEPEBIPKH MPaBUIBLHOCTI Ta IOBHOTH PO3yMIHHS MaTepiay.

41



VIl Beceykpaincoka konghepenyin kypcanmie ma cmyoenmis

Jliteparypa
1. Tpoxumuyx P.M., Hiximuenxo M.C. ]JluckpeTHa mMaTemaTWKa B MPHKJIAgaxX 1 3ajadax: HaBd.
nociouuk / P. M. Tpoxumuyk, M. C. Hikituenko; M-Bo ocBith i Hayku Ykpainu, KuiB. Hall. yH-T iM.
Tapaca llleBuenka. — Kuis: KuiBcbkuii yniBepcuret, 2017. — 248 c.
2. lllesuenxo I'.B. luckperna maremarrka. HapuanbHo-MeToanunTii mocionuk / I'. B. [lleBuenko —
K.: AYT, 2015. - 158 c.

I.B.Yepesau

JIvgiscokuti 0epaoicasHutl yHisepcumem Oe3neKu HUmmeoisibHOCmi

Haykosuii kepienux M.IKyciit, kanoudam neoazcociunux HAayK, OOyeHm, OOYeHm
Kageopu  NpuKIAOHOi MamemMamuKy ma MexauiKu

POBOTU MUXANJA KPABUYKA — OCHOBA CTBOPEHHS IEPLIOIO
KOMIT'IOTEPA

VY 1937 porii amepuKaHCHKHI 1HX)EHEP ATaHACOB rOpTaB JBa TOMU MOHOTrpadii
Muxaitna KpaBuyka “Po3B’s3aHHsl JiHIMHUX AudepeHIlialbHUX Ta I1HTETPaIbHUX
PIBHSIHB . YKpaiHChKHI MaTeMaTHK MPOTIOHYBAB YHIKAIbHI METOJIU, SKi CIIPOIIYBaJIH
OOYHMCIICHHS 1 BIIEpIIE JTO3BOJSUIM 1X aBTOMAaTuU3yBaTH. ATaHacoB OyB 3a KpOK BiJ
PO3pPOOKH MEPIIOTO Yy CBITI KOMIT'IOTEpa, aje HOMYy XOTUIOCS Ie OUIbIIe JTOCTIIUTH
reHiaJIbH1 PIIIEHHS YKPATHIIA.

[HxeHep BUpIlIye HampsiMy CKOHTaKTyBaTUCh 13 KpaBuykowm 1 BiampaBiisie 10
KueBa nucra, y skomy 3a3Havae: “Bama cepis poOIT 1m010 pO3B’sA3aHHA
nu(epeHIiaIbHUX PIBHSAHB BUSIBUIIACS A€ KOPUCHOIO Y MOild poOOoTi”. BiH NpoCcUTH
BUCJIATH 1 1HIII HAYKOBI Mpalll.

Muxaiino KpaBuyk 0yB 3HaHOIO (DIrypOr0o B HAYKOBHX Kojax YKpainu. [2,15.]

XJomensp 13 BOJMHCHKOTO cena YOBHUIIS 3MaNKy BUSIBUB XHCT 0 HAaBYaHHS —
JlyupKy riMHa3110 3aKiHUY€ 3 MEIaJUTio0, a 33 YCIHIIIHICTh Ha (i3UKO-MaTeMaTHYHOMY
dakynpTeTi KuiBchbKOTO yHIBEpCHUTETYy OTpuMye cturneHnairo y 50 kapOoBaHIIiB.
[Tpodecop Jmutpo ['paBe HACTUIBKM MUIIAETHCS CBOIM CTYJEHTOM, IO PEKOMEHIYE
MaTeMaTU4HIA CHUIBHOTI 3BEPHYTH yBary Ha MOro HaykKoBl poOOTH. YUYEHOro
3aMpoNIyIOTh BUKJIAJIATH Y KUIBCHKUX 1HCTUTYTaX Ta TIMHA31sX — TaK HOT0 yUHSAMH
CTaJin JIeTeHJapHuil KoHCTpyKTOp pakeT Cepriii KopoiboB Ta TBOpElb MEPIINX
TypOOpEaKTUBHUX JABUTYHIB JUIS PAATHCHKUX BUHHIYBauiB Apxwumn Jlronbka. [4,40.]

KpaBuyk i31uTh 3 nekuissMu ¥ 3a kopjaoH. Haykosui B Toponto, Ilapuxy Ta
Bononbi cilyxaioTh HOro MAOMOBIAI TPO HAONMKEHE IHTErpyBaHHS JIIHIMHHUX
nudepeHiaIbHUX PIBHSAHD, TOJ1 SIK AMEpUKaHChKa acolliallisi MaTeMaTHKIB 1 B3araii
MPOIIOHYE NMEPEiXaTh Ha 1HIIUM KOHTUHEHT. KpaBuyk Biaxusisie Bci mpono3uiii. [3,15.]

HaykoBellb BIOCKOHAIOE TEOPIF0O MaTEMAaTUYHOI CTAaTUCTUKH, MaTpHUIb 1
BU3HAYHMKIB, PU LIOMY CBOT MOHOTpadii myOIiKye YKpaiHCbKOIO MOBOIO M MepIIuM
CTBOPIOE YKPATHCHKHI CIOBHUK MaTeMaTUYHUX TepMiHiB. CTyJACHTH PO3MOBIIANH, IO
BiH HACTUIBKM TApHO BOJIOJMIB YKPaiHCHKOIO, IO JEXTO MpOoOWpaBCcs Ha HOTO Mapu
JIMIIE [Tl TOTO, 11100 MOYyTH, SIK BiH po3mosise.[1,10.]
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Taka mo3uirist He mog00aeThes OimbIoBUKaM. [IpoTn MaremMaTnka MOYUHAIOTH
rotyBaTu crpaBy. Came B IIeil HEIPOCTHH Yac, 9 BepecHs, aMepHUKaHelb 1 BIIIIPABUTh
cBoro jucrta 10 Kuepa. /o KpaBuyka BiH Tak 1 He Hiije, aJpke BXKe 5 JHIB y Tra3eTi
“KoMyHicT” 3’sBMTbCS THiBHA cTaTTa: “Akxazemik Kpasuyk peknamye Boporis”. Ii
aBTOPU 3aIEBHSIIM, 110 POOOTH BUEHOTO “BUKJIMKAIM TJTUOOKUHN THIB y BCIX YECHHX
paAsHCBKMX  MareMmaTukiB’, amke KpaBuyk He nume miaATpuMye 3
“HebnaroHalIftHUMK MaTeMaTHUKaMH JPY>KHI 3B’SI3KH, a ¥ HaBITh BHJAE€ KHHUTH Y
CIIBaBTOPCTBI. ATaHAcoOB IpO I1I€ HIYOrO HE 3HAB 1, HE OTPUMABIIM BIJIMOBIAI Ha
NEPINIA JTUCT, HAIUCAB Y JIMCTONAA1 10 YKPaTHCHKOI acoliallii KyJIbTypHUX 3B’ SI3KIB 3
1HO3€MHUMH KpaiHamu, J€ 3HOBY MOMPOCHUB HajiciaaTh Homy moHorpadii KpaBuyka
po audepeHItiaabHl PiBHIHHS.

MoxauBo, BU O MOINIM JIOBIIATHCSA, Y MOI JIMCTH MIANUIM 10 Ipodecopa
KpaBuyka, 1 SIKIII0 Tak — YOMY BIH HE BIAMOBIJA€, — HaMKUcaB y JUCTI ATaHacoB. Xi0a
MII YSIBUTH aMepUKaHellb, W0 MPOBIJHOIO €BPONEHCHKOTO MaTeMaTHKa 3a
BUraJIaHMMU 3BUHYBaYyBaHHAMHU 3acyAuin Ha 20 poKiB B’ SA3HULII Ta S POKIB 3aCIaHHS.
3 JIyx’siHiBChbKO1 B’si3HMII Horo BianpasisitoTh Ha Komumy goOyBatu 3070T0. 1942
POKY BUEHOT'0 He cTaHe. Toro x poky 3a okeaHOM ATaHACOB pa3oM 3 iHxkeHepoM beppi
YCHIITHO TPOTECTYIOTh MEPIIUNA y CBITI HU(PPOBUN OOYUCTIOBAILHUN TPUCTPIA —
komir'torep ABC (Atanasoff-Berry Computer), y sikoMy Brepiie BUKOPUCTAIU
JBIMKOBY CUCTEMY YMCJICHHS, €IEKTPOHHY JIOTTYHY CUCTEMY, TTaniepoBi nephokapTu, a
K 3araM’AITOBYBaJIbH1 IPUCTPOT 3aCTOCYBAIM KOHJIEHCATOPH. [5,544.]

XTO3Ha YU MU KOJIMUCh OW JOBIJAIHMCS IMPO If0 1CTOpito, KO He mpodecop
[Ixonu momTHYHUX JoCHKeHb YHiBepcuTeTy OTTaBu IBan KauaHoBChKUM, SIKUT B
apxiBax YHIBEpCUTETY AMOBHM HaTpamnuB Ha Il JUCTH 1 PO3MOBIB CBITY PO BHECOK
yKkpainis. B Ham yac matematuudi pimeHHs KpaBuyka nornomararoTh HayKOBIISIM 3
yChOTO CBITY OOpOOJsITM Ta BIJHOBIIOBATH 300pa)KCHHS BiJeOoMaTepialiB,
pO3MI3HABATH XapaKkTep MyXJIUH Ta po3WK(pOBYBaTH apaOChKl pyKOIKCHI CIOBA.
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A.B. Bopucenko

Xepconcokuu HayioHaIbHUU MEeXHIYHUU YHIigepcumem

Hayxkosuii kepienux T.B. Manomyac, kanouoam mexuiuHux HayK, OOYeHm, O0YeHm
Kageopu suwoi MamemMamuky i MamemamuiHo20 MOOeI08AHHS]

TAPMOHIYHMIA PSIJT TA JOBEJAEHHS 1OT0O PO3BI)KHOCTI

) . =1
SIk BiZOMO, 2apmoniuHuM padom Ha3UBAaeThCs Psi Bugy » —. Hassa psmy
=1 N

MOB’s3aHa 3 TUM, IO MOYMHAIOYM 3 JPYroro WieHa psiAy KOXKHUM WIeH pAly €
CepeHIM TrapMOHIYHUM IMONEPEIHHOTO Ta HACTYIHOTO 4WIEHIB psady. Bmepie Taka
Ha3Ba 3yCTPIYAEThCS B poOOTaX aHMINMCHKOTO MaTeMaTHKa, TEPIIOTO MPE3UICHTA
JIoH1I0HCBKOTO KOPOJTIBCHKOTO TOBapUCTBa Y bsiMa bpaynkepa B 1668 p.
Ymucio ¢ Ha3UBAETLCA cepeOHim zapmoniunum dvcen a i b, sKio
1 1(1 1
c 2(5 Bj
J171s1 TApMOHIYHOTO PSITY MAEMO:

1 1( 1 1
S eI ==, n>2.
un 2 (unl un+lJ

[lepmie BigomMe JOBENEHHS PO3ODKHOCTI TapMOHIYHOTO Py HAJICKUTH
¢bpaniry3pkoMy BueHOMY Hikomro OpemMy 1 MicTUTBCS B Horo TBopi «Quaestiones super
geometriam Euclidis» (611 1350 p) [1, C. 281]. TpakTat He OyB HaApyKOBaHHH CBOT'O
yacy 1 BuimoB apykom y 1961 p. [2]. Joeenenns Hikons Opema IpyHTY€EThCS Ha

03HaI_[1 HOplBHHHB pSII[lB 1 CY4YaCHOIO HOTaHICIO BUTIJIAAA€ TaK:

=1 1 (1 1) (l 1 1 l)
D=l 4 S H S ST+ [+
~n 2 \34)\5°6 7 8

1 (1 1 1 1 1 1
SI+—+| —+=|+|=F+=—F+=F+=|+..>
2 \4 4 8 8 8 8

VY 1647 p IT’etpo Menroi gaB AoBeAeHHS 1HIIUM MeTooM. Y 1650 p Buiinuia
npykoM toro pooota «Novae quadraturae arithmeticae seu de additione fractionumy.
YV miit kHu3l IT’etpo MeHrom A0BOAUTH PO30OIKHICTE TAPMOHIYHOTO Sy,
criMparovuch Ha HepiBHicTh [4, C. 158-159]:

1 1 1 1

——— > =,
3k-1 3k 3k+1 k
Jonanku rapmoHiuyHoro psangy II’erpo Menromni rpymnye y KUTbKOCTSX CTEIEHIB

TPINAKHU:
=1 1 1 1 1 1 1 1 1 1 1 1 1
Z—:1+ el B B e el B B e el e e +..>
2 e 2 M b s Cragag |
>1+1+ (EJJ{})J{E) +..>
2 3 4
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>1+1+1+...

Copok poKiB MMOTOMY Horann bepHyu1i BUHANUIIOB TPETid METO JOBEICHHS, a
1€ Yepe3 KiIbKa POKIB YeTBEPTHI METOJ JOBEJACHHS 3ampornonyBaB ko6 bepnymti
[3]. OOuaBa noBeneHHs Oy HaapyKOBaHi B poOoTi SIkoba beprysmti «Propositiones
arithmeticae de seriebus infinitis eqgrumque sum finitax.

k00 Bepuymii momituB [5], 1110 rapMOHIYHHN P MOKE OYTH PO3KJIaJAeHUIN Ha
IpyNH JI0IaHKiB:

-1 (111)(111 1)

P R e Rl ik =t SR T L

i 23 2 5 6 7 5
PosrnsneMo ofHy rpymy 6€3 mepiioro g0JaHKa:

1 1 1 1
+ + +ot— |
k+1 k+2 k+3 k
KinpkicTs 7101aHKIB B LiK TpyIIi (k2 — k). Haiimenmmuii 1o1aHOK B KOKHIN TpyIi
— OCTaHHIi, TOMy MOYEMO 3alliCcaTy HEPIBHICTD:

t .1 +...+i2>(k2—k)-i2: 1
k+1 k+2 k+3 k k
Jlonamo 10 000X yacTuH HepiBHOCTI 1/K:
1,1 1 11,

=+ + + +.
k k+1 k+2 k+3 k?

O4eBUIHO, 110 WIEHH TAPMOHIYHOTO PSAY MOXKYTh OyTH 3rpYyINOBaHi y TpymH,

CYMH SIKUX MEPEBUILYIOTh OAMHUIIIO:
zl=1+(1+l+%)+(1+1+1+...+%j+...>1+1+1+...
=N 2 3 2 5 6 7 5

3 mosiBo0 (QyHmameHTansHUX pobOiT Ortoctena Komri Oyno 3’sicoBaHo, 110
PO301KHICTh TAPMOHIYHOTO PSATY MOKE OYTU JOBEICHA Yepe3 TPAHUITIO TTOCIII0BHOCTI
YAaCTUHHUX CYM, Ha MIJICTaBl IHTETpaabHOi 03Haku Korr Ta 0araTbox I1HIIUX OLIBIIT
MI3HIX PE3yabTaTIB 3 TEOPIi pAIIB.

VY3arajgpHEHHsI TapMOHIYHOIO PAIY BIAIrpalOTh 3HAYHY pPOJb B aHATITHYHIN
Teopii uncen. OHE 3 TaKUX y3arajdbHEHb MICTUTHCS B rinoTe3l bepuxapaa Pumana
(1859) mono posrairyBaHHS HETPUBIAJIBHUX HYMIB J13eTa-QpyHKuli. ['imoTe3a Pumana
B CYKYITHOCTI 3 rinmoTte3ot0 Xpucrtiana [onpabaxa ckiaiaroTh BOCBMY MpoOsieMy
JeBina ['nb0epTa, sika A0 1HOTO Yacy JUIIUIIACI HEPO3B I3aHOI0.
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5. Cymma psga  oOpatHeix  kBagpatoB  (Basel — problem). Retrieved from  the
http://hijos.ru/2011/02/27/summa-ryada-obratnyx-kvadratov-basel-problem/

Al /louenko

Xepconcokuu HayioHatbHUU MexXHivHUU yHigepcumem
Hayxosuii kepienux T.I1. binoycosa, cmapuiuii 6uxkiaday
Kagheopu uWOi MamemMamuky i MamemamuyHo20 MOOeI08aHH s

I'EOMETPIA ML.I. JOBAYEBCBKOI'O: HIIVIAX BU3HAHHASA

MaTeMaTuki KOXHOi €MoXW 3ajJUIIAI0Th HAIllaJKaM HE TIUIbKM HOBI TEOpii,
BIJIKpUTTS, PO3B’sA3aHl 3ajadvi, aje W He po3B’si3aHl mpobsieMu. barato mokoJiHb
YUYEHMX HaMarajaucsi po3raJaTd TAEMHUIIO MOCTYJNATy MpO MapajesbHl OpsMi, aie
HIKOMY LI€ HE BAABaJIOCH.

JaBHborpenpbkuii matemMatuk EBkiin, aBrop «Hawam», >kMB 1 mpaitoBaB y
III cT. 10 H. e. B MicTl Anekcanpii. B ycbomy CBiTI reoMeTpiro BUBYaAIM 3a EBKIIiOM.
Ha 1i ocHOBI 3BoAMIMCS KiIacuYHa MexaHika 1 gizuka. Tpiymdom ii OyB Buxiay 1687
poui «MaremaTHUHUX Hayad HaTypaiabHOi ¢imocodii» I. Herotona. 3akonn HeOecHOT
1 3eMHO1 MEXaHIKU Ta (PI3UKU BCTAHOBIIOBAIUCS B HUX B a0COITIOTHOMY €BKJI1JJOBOMY
IPOCTOPI.

Ause Oyau B 3HAMEHUTIN KHHU31 ¥ HEJIOTIKH. Ix BusIBHIIH 11IE cydyacHuku EBKiiga.
barato marematukiB gonoBHIoBaIu «Hauanay, BIOCKOHAIIOBAIHN JOBEIEHHS OKPEMHUX
TeopeM 1 (OpPMYNIIOBaHHS PI3HMX O3HA4YeHb. OCOOJMBO HEMOKOIB MaTeMaTHKIB
joriyauit QyHnameHt «Hauam»: o3HaYeHHS BUXIIHUX OO0’ €KTIB, SIKUMH OIEpPYE
reoMeTpis, BUOip akcioM i nocrynaris. [loctynaramu EBkiij Ha3BaB BUMOTH, SIK1, SIK 1
akciomu, Tpeba Oyyno mpuitMatu 0€3 JOBEACHb, 100 MOTIM Ha X OCHOBI JOBOJUTH
TEOpPEMH 1 BUKOHYBaTH TI'€OMETpUYHI MOoOynoBU. YoTHWpu mepii MOCTyJaTH HE
BUKJIMKAJIM CyMHIBIB. AJle IbOTO HE MOKHa OyJO CKa3aTh MpO OCTaHHIW, I ATUN
noctynaT EBkiizia. Y HboMy HIIIIOCS PO napanienbHi npsmi: «I konu npsima, 1o nagae
Ha JIBl NpsIMi, YTBOPIOE BHYTPILIHI OJJHOCTOPOHHI KYyTH, CyMa SIKHX MEHINA BiJl ABOX
NPSIMUX, TOJI 111 IPSIMI, TPOJOBKEH1 HEOOMEXKEHO, 3yCTPIHYTHCS 3 TI€EL CTOPOHH, 3 AKOI
I cymMa MeHma Big ABox mnpsmux». [1lo0 mnepeBipuTH NPaBUIBHICTH I’ SITOTO
nocTynaTty, Tpeba Oylo HEOOMEXKEHO MPOMOBXKUTH TNpsimi. Tutbku 1e gano O
MO>KJIMBICTh MOOAYUTH SIK BOHU TOBOJSATHCA. 3pO3YyMINO, IO MPAKTUYHO IHOTO HE
MoskHa 311icHUTH. OTXXe, N'ITHIl MOCTyIaT MBU/ILIE HAraaye TeopeMy, sika moTpedye
JOBEAICHHS, HIXK ICTUHY, IO NpuiiMaeThest Ha Bipy. OueBumHo, EBKI HamaraBcs
JIOBECTHU I’ SITHM MOCTYJIAT, ajie 3a3HaBIIN HEB/aul, HE MOCIIIIAB 3aCTOCOBYBATH HOTO.
[oro TmOCHiOBHHKM, HAMAralO4uch JOBECTH IUSTHH MOCTYJAT, NpHilManu
TBEp/DKEHHS, CKBIBaJCHTHE II'SITOMYy MocCTyiary. Ha 10 XapakTepHy MOMUIKY
BKa3yBaB BXK€ JaBHBOTPEIbKUN Mucinutenb Apucrotensb (381-322 no H.e.); ¢igocod
ctaponaBuboro cBity Ilpokn Jliagox (410-485); azepOaliyKaHCHKUM aCTPOHOM 1
mateMatuk Myxammen Hacipegain Tyci (1201-1274); anrnificekuii MaremaTk J>koH
Bammic (1616-1703); irtamidicekuii sorik 1 matemartuk Cakkepi (1667-1733);
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¢dpanmy3pkuii MatemaTuk Jlexannp (1752-1833). Ase 3apojiku HOBOTO IIBHJIKO
TUHYJM BHACJIIIOK BIKOBOI Tpanauilii He3amepeyHoro aBToputery EBkiiga. Kineup
KIHIIEM TAaEMHHUITIO I SITOTO TIOCTYJaTy 3apaaud OCOOMCTOi Oe3MeKH JEXTO BUPIIIUB
kpamie oOmMuHatd. HaBith kopoabs maremarukiB Kapn-@pinpix I'ayce (1777-1855),
M1JICYMOBYIOYM OUIBII SK ABOXTHCSYOJITHIN MOEIUHOK 3 II'SITUM TOCTYJIaTOM, OYB
3MYILIEHUN BU3HATH: «...SIKIIO MU XOYEMO TOBOPUTH YECHO Ta BIABEPTO, TO Tpeda
CKa3arTu, 1110, o cyTi, 3a 2000 pokiB MU HE MIILIK B IIbOMY MTUTAHHI J1aji, HX EBKIiI.

11 (23) motoro 1826 p. npodecop Kazancrkoro yHiBepcuteTy Mukosia IBaHoBHY
JlobaueBchkuii BHUCTYNMB Ha 3aciiaHHl (Di3UKO-MaTeMaTHYHOrO (HaKyJIbTETy 3
JOMOBIA/I0 HA TeMy «CTHUCIUN BHUKJIAJ OCHOB T'€OMETpIi 13 CTPOTUM JIOBEICHHSIM
TEOpEeMH MPOo TapalenbHi JiHi». CrodaTtKy J0MoBigada CiyXadn YBaKHO. Ta ckopo
ayJUTOpis HACTOPOXKHIIIACh. «YSBIIOBaHA TEOMETpisH», SIKy HIAHOBHHUN Mpodecop
PO3KpHBaB IMepe] CilyXayaMH, BHUKJIWKaJla 3aMIIIaHHS, BOHM 11 HE CHPUIHSIIN.
Homnoiae JloGaueBChKOT0 HE OOrOBOPIOBANIM, MUCHMOBOTO BHCHOBKY Ha IOJaHUMA
PYKOMNHC TAaKOX HIXTO HE HaBaXXUBCA JAaTHU. Pykomuc cxoBaiu B apxiBi. Aye e He
COUHWIO BuYeHoro. Y 1829 pomi Ha cTOpiHKax HaykKoBOro sxkypHainy «KazaHckuid
BECTHUK» 3’siBunacs Horo mpans «lIpo Hawama reomertpiin. Lle OyB mnepmuii
JTPYKOBaHUI TBIp 3 HEEBKIII0BOi reoMeTpii. ABTOp HE 0OMEKUBCS BUKJIAJOM OCHOB
HOBOT MaTEMaTUYHOI rajiysi, a JaB MOYaTKHA aHAJIITUYHOI T€OMETpii, BUKIIAB TEOPIIO
BUMiproBaHHs. L[s1 po6oTa 3HaMeHyBajIa PEBOIOLIMHUI TIEPEBOPOT Y HAYIII.

TBip «IIpo Hauana reometpii» B 1832 p. Bimicnanu g0 Akanemii Hayk. Hamucatu
BiryK nopyurmiin M. B. OcTporpaiacskoMy, IKUi He 3p03yMiB BUKJIa HOBOT1 F€OMeTpii
Jlo6aueBcbkoro. 1834 p. OyB pokoM HOBHX BuINpoOyBaHb mjisi JloGaueBchbKOrO,
BIJIKDUTTS TE€HIAJbHOTO BYEHOrO MIJJABAJIUCh TOCTPId KPUTHUIL. YUEHUUA MY>KHBO
3yCTpiB HECTIPABEIIMBICTh. Y C1 CHJIM BiH B1JIJIaBaB AaJbliiid po3po0Lil HOBOi F€OMETPIi,
JTOCIIKEHHSIM Y Taiy3i anreOpu, MaTeMaTHYHOIo aHali3dy, acTpOHOMIi, Teopii
HMOBIPHOCTEH.

VYnepiue npo BeIrKe 3HaYEHHS! CBOTO BIAKPUTTS BiH o4uyB siniie 31 TpaBus 1842
poky, komu mnpodecop IL.I. KorenbHukoB BurojsocuB mpoMoBy Ha Temy «IIpo
yIepeKeHICTh MPOTH MaTeMAaTUKWy. Y 1€l yac Moro mpaiii Bxke OyJu BiIOMI BUSHUM
3axinnoi €ponu. A B 1842 p. 3a npono3utieto ["aycca JIo6aueBChKOro 0HOTOJIOCHO
oOpayu 4iieHOM-KopecToHieHTOM ['eTTinrencbkoro KoposiBchbKOro TOBaprCTBa HAYK.
VYce KUTTS BIH HECXUTHO WUIITOB OOPaHUM IUISIXOM.

Tineku micnst cmepti JloGaueBcbkoro (24 motoro 1856 poky) Horo reomeTpis
JicTana TOBHE BM3HAHHS. TBOpW BHIATHOTO BUEHOTO MEpEKIadaid Ha (PpaHITy3bKYy,
1TaIChKY, aHTJIIACHKY Ta 1HIT MOBHU HapoiB 3axinHoi €Bponu. Yxe B XX CT., KOJIH
3’SCyBajIoCs, IO TOIOJOTIYHA CTPYKTypa peaJbHOro (i3UMYHOTO MTPOCTOPY HE €
€BKJIIZIOBOIO, @ Mae€ CKIQAHINIy mnpupoay, reomerpii JlobaueBchkoro cyaunocs
MepeXKuTH HOBHM Tpiymd. BoHa cTama TeOpEeTUYHOI OCHOBOIO TEOpPIi BiAHOCHOCTI
HAyKHU PO FEOMETPI0 PI3UYHOTO IPOCTOPY-Yacy.
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/1.0. I'onuaposa
Jlvgiscokuti 0epaoicasHutl yHisepcumem Oe3neKu HCUmmeoisibHOCmi

Hayxosuui kepisnux O.E. Bacunvesa 0.m.n., npoghecop kagheopu npuxiaoHoi
MamemamuKky I MeXaniku

BUBUEHHSI MATEMATUKH HA OCHOBI TAKCOHOMII BJIYMA

CyyacHuil HAyKOBUHM MIPOTPEC CTaBUTH MEPE]] CUCTEMOIO OCBITH MPUHITUIIOBO HOBI
3aBJaHHA:CHOPMYBATH OCOOMCTICTH JIOAUMHU,e)EKTUBHO pEaryryvoro Ha IMOCTIHHI
3MIHM TEXHOJIOTIl SIK Ha CBOEMY POOOYOMY MICIll TaK 1 B I[IJIOMY TEXHOJOTIYHOMY
JaHII0KKY. ChOTOJIGHHSI CTa€ Jiefalll CKIJIQJIHIIIMM,III0 BUMarae BMiHHSI BUPIIITYBaTH
CKJIaJH1 MPOOJIEMU,KPUTUYHO CTABUTUCH 10 OOCTaBUH,ITOPIBHIOBATH aJbTEPHATUBHI
TOYKM 30py Ta IpHUIMATH CaMOCTIMHI BUBa)keH1 pimeHHs.llocTynoBo Tpaguuiiini
METO/IM HABYAHHS 3MIHIOIOTHCS] IHHOBALIHHUMU, IO CIIPSMOBAHI HA 1HTEJIEKTYaJIbHUN
PO3BUTOK OCOOUCTOCTI.

BaxnuBo BiA3HAUNTH, 1110 TEXHOJIOT1sI PO3BUTKY KPUTUIHOTO MUCITICHHS OTTOMArae
CaMOCTITHO BH3HAYaTH HAOpsIM y BHUBYEHHI TEMH 1 CAMOCTIMHO BUPIIIyBaTH
npo0JieMH, TOOTO «MUCIIUTH MO-CIPABKHBOMY).

KputnuHne MUCHEHHS — 1€ MHCIEHHS BHIIOTO MOPSIKY; BOHO CIHUPAETHCS HA
oTpuMaHny iH(}opmaIlito, yCBiIOMICHEe CIPUUHATTS BJIACHOT PO3YMOBOI JIISIIBHOCTI B
IHTENIEKTyaIlbHOMY cepenoBuiili. OfHaK piBEHb KPUTUIHOCTI BUBHAYAETHCS HE TUTBKH
3armacoM 3HaHb, @ W OCOOMCTICHUMHM SIKOCTSIMHU, YCTAHOBKAMH, TEPEKOHAHHSIMH.
Kputnunicte 0coOMCTOCTI MOBHHHA OyTH CHpsIMOBaHa Ha aHali3 1 OILIHKY CBOIX
MOXJIMBOCTEH, OCOOUCTICHUX SIKOCTEH, BAMHKIB, TOBEIHKH B LILJIOMY.

Takconomist biryma y cepi maremaTku, sk OCHOBHHI 3ac10 popMyBaHHS HABUYOK
XXI ctomiTTs, BU3HA4Yae cocoOu kiacu@ikaiii po3yMOBUX yMiHb, IOYMHAIOUU Bij
HaWMPOCTIIMX HABUAJIBHUX 1A 10 HaWOULIbIN ckiIamHux. benmkamin biym 1 Horo
KOMaH/1a pO3pOOHMIIH 1€PAPXII0 PO3YMOBUX YMiHb, Y sIKIi OLTBII BUCOKI pIBHI MUCIIEHHS
BKJIIOYAIOTh YCi Mi3HABAJIbHI BMIHHS HUKYHMX PIBHIB.

[Tipamina biiyma — cuctema, sika 31aTHa OpraHi3yBaTH Ta BOOPSAJIKYBATH AiSUIbHICTh
BIJIMOBITHO /10 PI3HMX PIBHIB OCBITHIX IIiJICH.

PiBHI «aHamizy» Ta «CUHTE3y» — PIBHI PO3BUTKY MUCJIEHHS 3 BUKOPHCTAHHIM
HaO0yTUX 3HaHb Ta yMmiHb. Lli piBHI mependavyaroTh BUKOPUCTAHHS 3HAHb U yMIHBb Y
3HAOMUX a00 HOBUX CUTYAIlsX. SIKIIO MOMEPENHbO MOSCHUTU TPOIEC BUKOHAHHS
3aBJaHHS, TO PO3B’A3yBaHHS OyJe NEMOHCTPYBATH JIMINE 3HAHHS Ta PO3yMIHHS
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BUBYCHOTO MaTepially, B IHIIIOMY BHITQJIKy - BHKOPHUCTOBYIOTHCS 3HAHHS Ta HABUUYKH
y HOBUX CHUTYaIlisX.

3aBgaHHs I PIBHSI «OIIHIOBAHHS» HETPATUIIINHI 1 BAMAraroTh TIMOOKUX 3HAHb 3
npeaMeTa, a TaKkoK BMIHHA aJaNnTyBaTH Il 3HAHHS O BUPIIICHHS 3aBAaHb. J{is
peaizali piBHIB «3HaHHS» Ta «PO3YMIHHS» HOBUU MaTepiall 3 MaTEeMaTHKU
KOPHCHO I10JIaBaTH y BUTJISAI1 OJIOK-CXeM, TaOJInIlb, MATIOHKIB, TIipaMif i T.i. OcTaHHii
eTar rnepeadayae came TBOPUMH IIJIX1]] ,0CKUIBKH JIOBOJUTHCS MPAIOBATH 3 PI3HUMU
Jmoxepenamu iHbopmarrii. Takuii miaxia BUBUIBHSE Yac A1 PO3B'sI3aHHS CUCTEMHU YCHUX
1 TMCbMOBHUX 3aB/IaHb, CIPSIMOBAHMX HAa CaMOPO3BUTOK OCOOMCTOCTI, (hOpMYBaHHS
KomreTeHIlli. bararopazoBe MoBTOpeHHS MaTepialy B HaMpi3HOMaHITHIIIMX (hopMax,
TpyITyBaHHA 1 MMOJa4a MaTepianxy pi3HUMHU CIIOCOOaMH JOBOJSATH, 0 HABYAHHS ITiJT
CHJIY BCIM.

CrorojHi KOMI'IOTEp peaJlbHO CTa€ HE3aMIHHUM IOMIYHUKOM OyJIb-KOTO B
omaHyBaHHI 1H(GOpPMAIIHHUX IIOTOKIB, JOIIOMarae MOJICNIIOBAaTH Ta 1IIOCTPYBATH
mpoliecH, siBuIia, o0'ekT Ta momaii. Oco0IMBO BaXJIMBUM € Te, IO, CydYacHl
KOMM'IOTEPHI TEXHOJIOT1i B MOEJHAHHI 3 HOBITHIMHM OCBITHIMU TE€XHOJIOTISIMHU CTalOTh
epeKTUBHUMHU  3aco0amMHM  pO3BUTKY  MHCIEHHA. CTBOpPEHHS  IpE3eHTalli,
MaTeMaTUYHUX Ta3eT, KapT 3HaHb, JllarpaM, CXeM, TaOJIUIlb, OMMUTYBAJILHUX (POPM, OH-
JaiiH irop Ta BIpaB, BIJEO TOIIO 3a JOMOMOIOI0 KOMIT IOTepa MOKa3ye CIocoou
MOETHAHHS KPUTUYHOTO MUCJICHHS 3 MATEMAaTUKOI0, YHAOUHUTH MaTepiall.

3Haroun OJIyMIBCHKI PiBHI PO3BUTKY KOTHITMBHOI c()epu MOKHA BU3HAYUTH, XTO
3/IaT€H JI0 3aCTOCYBaHHS, aHAII3y, CHHTE3y MaTepiaixy, a XTO IIe 3HAXOASAThCA Ha
HUKYHMX PIBHSAX.

BucHoBku

[Ipu perynsipHoMy 3acTocyBaHH1 TakcOHOMII b.biryma migBuUIyeThCcsi MOTHBALIA 10
IpEeIMETA, KOKEH Ma€ MOKJIMBICTD MPALIOBAaTH B 1HIWBIAYaJIbHOMY PEXUMI, & TAKOXK
3’ABISIOTECA HABUYKA poOOTH B Mapax, TIpylax, pPO3BUBAIOTHCA HABUYKU
CaMOOI[IHIOBaHHS 1 B3a€MOOIIHIOBAHHS, TOJIMIIYEThCS 3aCBOEHHS Matepiany,
M1JBUILYETHCS AKICTh 3HAHb 3 IPEIMETY, OLIHIOBAHHS PE3YyJIbTATIB HABYAHHS [TPO30pE
1 o0'exTuBHe. HaBuanpHuil mpouec crpusie po3BUTKY HaBUYOK MUCIIEHHS BHCOKOTO
piBHSA, (pOpMYyBaHHIO KPEaTUBHOCTI.

[nTepec 10 BHMBUEHHS MaTeMaTUKU Oarato B YOMY 3aJIeXHUTh BiJ TOro, SK
MPOXOMISATH 3aHATTS. 3aCTOCYBaHHS IHHOBAIITHUX METOAIB POOOTH JT03BOJISIE 3pOOUTH
Horo HeTpaauIliiHUM, ICKpaBUM, HACHYCHUM, HAITIOBHIOIOYH MOTO 3MICT 3HAHHSMH 3
IHIIMX HAOYHMX 0OJacTei, 110 MEepeTBOPIOIOTh MATEMAaTUKy 3 O0'€KTy BHBYEHHS B
3aci0 OTpUMAaHHSI HOBUX 3HAHb.
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10.10. Knan

JIvsiscoKrutl deporcasrull ynigepcumem 6e3neKu HCUmmeoisibHOCI

Hayxosuii kepienux O. E. Bacunvesa, 0.m.H., npogecop kagedpu npukiaouoi
Mamemamuky I MexaniKu

MATEMATHKA B ’)KUBUX OPT'AHI3ZMAX

MaremaTuka - 11¢ HE TUIbKM YiTKa CHCTeMa 3aKOHIB, TeopeM 1 3ajady, ajae M
yHIKaJIbHUN 3aci0 CHiIKyBaHHs, mepenadi iHdopMaiii, Mmi3HaHHS Kpacu. MareMaTH4Hi
3aKOHOMIPHOCTI JIiIOTh OJTHAKOBO €(EKTHUBHO Yy KpHUCTalaX 1 )KUBUX OpraHi3Max B aTOMi
i y Bceciti. Bcei mpomecu B KMBUX OpraHi3Max MpH iX BUBYEHHI 3apa3 Maibke
000B’3KOBO MOJICITIOBATH MaTeMaTH4HO. JKuBa mpupoja 3podmta 6e3mid "BUuHaXoiB",
K1 JIIOJU 3pO3YMIIM 1 3MOIJIM MOBTOPUTH JIUIIE MPHU BIANOBIAHOMY PIBHI PO3BUTKY
HAyKU 1 TEXHIKU. [CHye crieniagpHa Hayka - OlOHIKA, SIKa BUBYA€E "MATEHTH NpUpoOan'.
BusiBnserscs, o iX MOXHa 1HOJI BUKOPUCTOBYBATHU 1 B "MIOJICHKIN' TEXHIIII.

VY kuBUX oprasi3mMax '"Bce HaBMaku'": HEPBOBIM KIITHI (HEWPOHY) HPHUPOJHO 1
MPOCTO 3/IIMCHIOBATHU Olepallii 3 MO3UTUBHUMU 1 HETATUBHUMU JAiicHUMHU "dnciamu', a
JU1s1 TOTO 100 "BBakaTU'" HaBITH JI0 ABOX , MOTPIOHA CHUCTEMA 3 JEKUJIBKOX HEUPOHIB -
npuMITUBHUNA "Mo30K". TpynHomi B 3'iICyBaHHI NUTaHHA NOpPO Te, SIK HacHpasl
B1I0YBAa€ThCSl BUPIMICHHS Ti€l YW 1HIIOI 3ajJadi, MOB'A3aHl 3 THUM, 10 3arJISIHYTH B "
KEPYIOUM IEHTP" -B MO30K - Iy>KE BAXKKO. Y IIbOMY CEHC1 MO30K MTOKH 1110 6arato B YoMy
"yopHUH AMUK': MOKHA 0AYUTH, K€ 3aBJIaHHS MOMY 3alpONOHOBAaHA, MOXKHA Oa4yuTH,
KU BIH BUJA€ PE3YJIbTAT, - @ OCh L0 BIOYBAETHCS BCEPEAMHI, PO 11€ BIAOMOCTEH 1I1e
ayke 1 ayke majgo. TuM Oinble IiKaBa 1 Ba)KJIuBa poOOTa, sKa JIO3BOJIMIIA Maike
oe3nocepeHb0 T00AYUTH, SIK 116 poOOTa MO3KOBUX HEHPOHIB MPU BHUPIIMICHHI JESIKUX
3aB/IaHb.

Benuky posb y camiii Matemaruiii 1 ii 3aCTOCYBaHHI BiJITPAa€ 3BOPOTHUMN MPOIIEC
nepeKsaay reoMeTpuyHoi iHpopMallii Ha MOBY yucen. ToMy BUKOPUCTAHHS 11 B 610J10T1i
posmnoyanochk Haipanime. Jlani omepailii BUKOPUCTOBYIOThCA y OaraThoX 3ajadax Ta
00YHMCIICHH] TaHUX MMPUPOTHUX 00’ €KTIB UM 1HIIOI 010J0T1YHOT CTPYKTYpH. TOMYy € reBHa
METO/IMKA y BUKOHAHH1 010JI0T1YHOT 3371a4l Y PI3HUX acHeKTax apu(PMeTHKU.

«Oui 1 jorapupmm». 30pOBI PEUENTOPH, TaK camMo, SK 1 IHIIN - CIYXOBI,
TEeMIIepaTypHi 1 T. JA., OTPUMYIOTh CHUTHAJIW 13 30BHINIHBOTO CBITY; BOHM TOBWHHI
nepeaaT 30poBy iH(OpMaIlito B MO30K TOYHO 1 cBoedacHo. [lepenaya curHaiiB BijJ OKa
JI0 MO3KY 3JIIACHIOEThCS HEWpOHAMHU 'TOPOroBOro" THITy - aHAJOTOBUU CHOCIO
BUSIBJSIETHCS HEMPHUJIATHUM TIPU TIepeaadl CUTHAIIB Ha JOCHUTh BENIMKI BiJICTaHI. A y
MOPOTOBUX HEWPOHIB, K YK€ TOBOPWIOCS, BCl IMITyJbCH aOCOJIOTHO OJHAKOBI, 1
BIJIOMOCTI PO BEJIMYMHY BX1AHOTO CUTHATY 11 HEHPOHHU MEepPEeAat0Th 3MIHIOIOUN YaCTOTY
iMysscanii. OTxe, JiHIAHA 3aJIKHICTh MK BXITHUMU Ta BUX1THUMH CUTHAJIAaMH B pasi
o4l BUSBJISETHCA HeAoUUIbHOW. [ mificHO, B Tpupoal B UbOMY BHUIAAKY
BUKOPUCTOBYETHCS 1HIIA PYHKIIS1, JOCUTH CKJIAJIHA.
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B miHiiHIN 3aM€KHOCTI PIBHUM MPUPAIIEHHSM apryMEHTY BIANOBINAIOTh PiBHI
npupocty (QyHKIi, abo, 110 Te K came, JIiHIHHA 3aJIeKHICTh IEPEBOAUTH apu(PMETUIHY
IPOrpeciio 3HaUYeHb apryMEHTy B apu(METHUHY K Mporpecito 3HaueHb GyHkiii. Komu
MU MAa€eMO CHpaBy 3 (YHKII€I0 y = aX, TO PIBHUM MIPUPOCTY apryMEHTY BiJAIOBIIa€
pPIBHOMIpHUW BIiIHOCHUM TipupicT ¢yHKii. Hanpukian, npu NOCTIHHUX yMOBax
MPOKMBAHHS 1 HEOOMEKEHUX pecypcax Tak 3pOCTa€ YUCEIbHICTh OY/Ib-SKO1 MOIYJIAIIIi:
YHCJIO OCOOMH 3a KOXKHHM pik 30ubmIyerbest Ha 10%, To6TO B 1,1. Llg BnactuBicTh
30pOBUX PELENTOPIB, 110 BUPOOMIIOCS B XOJI €BOJIOLI, JT03BOJISIE OKY MpallOBATH
e(hEeKTUBHO 1 EKOHOMHO, 3a0e3Meuy€e MOXKIIUBICTh JoOpe crpuitMatu KoHTpacT. L{ikaBo,
0 OIHCaHa 3aJIekKHICTh MK 30BHIIIHIM CUTHAJIOM (PO3JpaTyBaHHSIM) 1 CUTHAJIOM,
CIIpUiMaHUM MO3KOM (BITUYTTSM),KMM cCro4daTKy Oyna BusiBnieHa? 3poOuB 1ie
¢panny3pkuit Buenuit I1. byrep me B XVIII cromitri. Ha mouatky XIX cromitra
HIMeUbKkui ¢i13iosor 1 mncuxojor E. Bebep pAeTanbHO BHBYMB 3B'A30K MK
PO3paTyBaHHM 1 BiIUyTTsIM. BiH 3'1cOBYBaB, ik MOTP1OHO 3MIHUTHU SIKHICh MOJPA3HUK,
1100 JIF0JIMHA TOMITHJIA 111 3MIHU. BUSBUIIOCS, BITHOIIIEHHS 3MiHU BEJIMYUHU MMOIpa3HUKA
JI0 MOT0 MEPBICHOTO 3HAYEHHS € BEJTMYMHA MOCTIHHA:

ne I - mipa mompasuuka, & - mpupict mogpasHuka, k - koucranta Bebepa.

Koncranta BebGepa 3anexxuth BiJl TOTO, IKUH perientop aparyerbes. Hampukian,
npu cripuidaaTTi Baru k = 1/30. Ile o3nauae, 1110, Koau groauHa TpuMae Bantax y 100 T,
BOHA IMOMIYa€ HOTO 3MiHY MpH 30UTbIIIeHH] Baru Ha 3,4 1, a i71s1 BaHTaxy B 200 r moTpioHO
Haj0aBka y 6,7 p. [l BucoTu 3Byky KoHcTaHTa Bebepa nopiaroe 0,003, my1s TydHOCTI
3ByKy - 0,09 i 1. 1. Buxonsum 3 ekciepumeHTiB Bebepa, iHIMN HIMEBKUH (izionor i
ncuxosior I'. dexnep chopmynoBaB 3HaMeHUTHI 3akoH Bebepa-®exuepa. Biguyrrs
pPOCTYTh B apu(pMETUUHIM MpoOrpecii, KoJU po3apaTyBaHHSA 3pOCTAE B T€OMETPUUHIM
nporpecii. [{eit 3akon OyB omyOikoBanuil B kHu3l @exHepa "Enementu ncuxodizuku' B
1859 poui. Tam xe Oys10 NPUBEAEHO 1 MATEMAaTUYHUN BUpa3 3aKOHY:

E=alogl+b

ne E - mipa BiquyTTs, a i b - koHCTaHTH, | - Mipa po3apaTyBaHHS.

Bucnoexu
MateMatuka BHOCUTh B O10JIOT1IO TyX MONIYKY, IO MPUCBSIYEHUN MOTIUOICHOMY
BHBUCHHIO B)KE€ HAasSBHMX 3HaHb a00 X BHBUYCHHIO IIOKM III¢ HE3BIMaHUX oOjacteit. J[o
pedi, y MeuexBOCTa HEMae€ 3IHWIN, 1, 3HA4YuUTh, Hemae miadpparmu. BTiMm, HaBIThH
BpaxyBaHHs eexTy miadparMu He pATYE CUTYaIlli, OCKUIBKU 3MIHIOETHCS OCBITICHHS
BCchoro Ha 1-2 mopsaku. OTxe, B )KUBUX OpTaHi3Max MPOXOJATh MPOIECH MepepoOKH,
nepenadi iHopmarli 1 BUKOPUCTaHHS 11 3 METOIO YIpaBJiHHA. EBOIIOIS TOCTYIIOBO
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3HaxXoauTh BAadl Gopmu 00poOku iHPOpMaIil, 1 i GOPMHU MAIOTh YUMAJIE CXOXKICTb 3
MaTeMaTUYHUMU omnepanisiMi. Taki XUTpoIli eBOJIONIi MU i Ha3Balu "'MaTEMaTHKOIO B
KUBUX opraHizmax'. ToMy BUKOPHCTaHHS MaTeMaTHYHUX TEXHOJOTIH B O10JOTIYHOMY
IPOIEC] € MOCUTHh BAXJIMBHUM KPOKOM Y BHPIIICHHI MEBHUX OI0JOTTYHUX MPOOJIEM.
3aBIsAKH iX BHUPIIICHHIO JOCSATAETHCA HEBUIMMA CTOpPOHA CIIBPOOITHHUIITBA MIXK
010JI0T1YHOIO Ta MATEMATUYHOIO CUCTEMaMH, sIK1 BIIKPUBAIOTHCSI HOBUMH T'PaHsIMHU .

Jliteparypa

1. l'opkaBuii B.K. Marematnuna craructuka: HaB4. nociOH./I'opkaBuii B.K.,fIposa B.B.-K.:B/I
«IIpodecionam» 2004 p.

2. Koudoposuu A. I'. Matemartuka ciay>KuTh JIFOAMHI: JUIA CT. WIK. BiKy. - K.: Pax. mk., 1984.

3. I'pymiko M. T1.,Muxnym C. I.,Xowmtok I1. I'.. Biomerpis :HaBu. moci6. 11 cTyA. BUIIUX HABY.
3aKII.

/. I'. Kyxapcvka

JIvsiscokuil OepocasHuil yHigepcumem 0e3nexu HCummeoisibHOC

Hayxosuui kepienux O. E. Bacunvesa, 0. m. H., npoghecop kagheopu npukiaoHoi
Mamemamuxy i Mexauiku

MATEMATHUKA TA APXITEKTYPA

ApxiTekTypa - HaijaBHIIa cdepa JIOACHKOT AisUIbHOCTI. ['OJOBHMI CeHC
MOHATTS apXiTEKTypa MOJISIrae B TOMY, IO L€ CYKYNHICTh OyA1BENb Ta CHOPYA PI3HOTO
MPU3HAYEHHS, 1€ MPOCTIP, CTBOPEHUM JIFOAMHOK 1 HEOOXIAHE AJii MOro >KUTTSA Ta
ISUTBHOCTI.

ApPXITEKTYpHI aM'ITKH, 1110 JIANUIA A0 HAC 3 TIIMOMHU CTOJIITh, TONOMAararTh
HaM 3pO3yMITH LU, HOTJISIAM, AYMKH, TPAAUILIIT 1 3BUUKH, YSBIICHHS PO Kpacy, piBEHb
3HaHb JIIOACH, SAKI KOJNHCh XWIM Ha 3emMil. BoHu moBUHHI Oy CTBOPIOBATH
KOM(OPTHI YMOBH JJi PI3HOI MISUTBHOCTI JIOJWHU. 3BEACHI COPYAN MOBUHHI OyTH
MIIIHUMH, OE3MEYHUMH 1 JOBIO CIYXXKHUTH JIOJISIM. AJle JIOJWHI BJIACTHBO IIE I
IparHeHHs 1O Kpach, TOMYy BcCe, L0 BOHA POOHUTb, BOHA HaMaraeThCcsi 3pOOUTH
KpPacUBUM.

O®paniy3pkuii apxiTekTop 1 Teopetuk apxitektypu Jle KopOrospe ckazas:
«MaremaTHKa - 11e BeJIMYHA CIOPY/a, CTBOPEHA YSBICHHIMHU JIIOAUHU, JUISl TII3HAHHS
BcecBiTy». MaremaTuka Ta apXiTekTypa AyKe MOB’s3aH1 MK 00010, 1 OJIHE 1 1HIIIE —
1€ KyJIbTypa, 3 apXiTEKTypOI0 MaTeMaTHKa MO€IHaHA HaOUIbIe, BOHA SIBJsiE COOOIO
HEeB11’€MHY ii YacTUHY. AJDKeE JIsl TOTO, 100 OTPUMATU TapHY CHOPYAY, sIKa TPOCTOITh
JIOBI'1 POKH, Tpeba MPOBOJUTH TOYHI PO3PAaXyHKH. A TyT BXKE€ He OOIUTHCH 0e3
MaTE€MaTUKH.
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[Tounnatouu 3 mipamif 1 3aKIHUYIOUHM CKJIQJHUMU KOHCTPYKIISIMU CY4acHOTO
IU3aiiHy, apXiTeKTypa 1 MaTeMaTuka OyJiu HepOo3puBHO 3B's13aHi. [1o cyTi, HEMOXIIHBO
3pO3yMITH apXITEKTYpPHUN AU3aiH, HE PO3TIISIIal0ud MAaTEMATHKY 0337y HBOTO.

BukopucTtoBytoun maTeMaTHKy, MH MOXKEMO CIpoOyBaTH 3pO3YMITH MpPOSB
apXITEKTYpPHOTO 3aJyMy JaJIeKO 32 MEXaMU MPOCTUX BUMIPIOBAHb. 3a JIOIOMOTOIO
MaTeMaTUKH MOXYTh OyTH TIOSCHEHI TaKl acMleKTH, SIK MPOIOPIS 1 CUMETpis.
ApPXITEeKTOpH, TIOETHYIOYM MATEMATHKYy 1 Cy4acHI TEXHOJOTIi, MOXYTh CTBOPIOBATH
1HHOBAIIITHI (HOpPMHU.

KynbToBi Oy/iBIl Y BChbOMY CBITI OyJIM CIIPOEKTOBAH1 3aB/SKHM MaTEMAaTHII, SKa
MOX€ BBaXATHUCS TEHIEM apXiTekTypu. Ilpu ckinagaHHI TMJaHy HalyacTiie
BUPIIITYETHCS TEOMETPUYHA 3a7a4a po po30uTTs irypu Ha yacTuHU. OOOB'I3KOBO
BHKOPHCTOBYEThCS IIOHATTS MacmTaly. BiH 300paxye IIaH 3 TOYKH 30Dy
MaTEeMaTHKH, IPEACTABISIOYMMOr0 Yy BUIIAMITIEIPITypH, sgKy MoxHa Oyino 0
noOavYuTH, NTUBJISIYNCH HA HEI3BEPXY 3 MPaBOro 1 JiBOro 0oky. BUKOHYIOThCS pi3HI
PO3pPaXyHKH JJI1 O0YHCIICHHS KIJIbKOCTI HEOOX1THOTO MaTepiaty.

Konmen 3 BHUIIB MHCTEITB TaK TICHO HE TIOB'SI3aHUN 3 TC€OMETPIEIO, SIK
apXITEeKTypa. ApXiTEKTypHI TBOPH KHUBYTh Y MPOCTOP, € MOT0 YACTHHOIO, BIIUCYIOUUCH
B IeBHI reomeTpuyHi Gopmu. KpiM TOro, BOHM CKJIalalOThCAd 3 OKPEMHX JAeTajei,
KOXKHA 3 SIKUX TaKoX OylyeTbcsa Ha 0a3l NEBHOrO IeoMeTpUyHOro Tuta. Yacto
reoMeTpudHi GopMH € KOMOIHAIISIMU PI3HUX T€OMETPUYHUX T1II.

3 TOYKHM 30py MaTEMaTHKH B apXITEKTYpHUX CIOPYJIaX BCIX YaciB MTAHY€E €IHICTh
guciaa 1 Qirypu. 3BiJICM BHUIUIMBA€ BHUCHOBOK MPO HEOOXIIHICTh 3aCTOCYBaHHS 1
BJIOCKOHAJICHHSI MaTEMaTUYHUX METOJIB B apXITEKTYpHIM KOMIO3MIIiI, TaK SIK caMme
BOHH, K a0CTpaKiliisi, 103BOJIATh 00'€HATH 3aCO0M rapMOHI3allii.

JloOpe 3HaTM MareMaThKy MOTpiIOHO HaBITh NPU BUKOHAHHI MOPIBHSHO
HECKJIaJTHUX KpeclieHb. APXITEKTOPYU BUKOPUCTOBYIOTh B CBOIM poOOTI MareMaTH4HI
bopMysu, TEOpEMU Ta BIACTUBOCTI reoMeTpuuHuX (iryp. Tepmin “3omo0tuii nepepis”
BBIB Jleonapno na Binui. Lleil Bigomuii XynoXKHUK, MaT€MaTUK IMpPU 300pa’KeHHI
J10JIe BUKOPUCTOBYBAB ‘‘30JI0TUH Tniepepi3”. be3 Hboro He 0OINTHCh B MUCTEUTBI i
apxiTekTypi. EBKi1 po3poOHB T€OPit0 BIAHOLIEHD 1 MPOMOPIIi 1 BUKOPUCTOBYBAB iX
py MOOYI0B1 MPABWIILHUX I1'ATH- Ta ACCITUKYTHUKIB Ta MPU MOOYI0B1 IPABUIBHUX
JIBAHAAMATH- 1 JIBAAUSTUKYTHUKIB. [lUM KOpPHCTYIOTBCS apXiTEKTOpU 1 JOTErep.
“3o70THii Iepepi3” HA3UBAIOTh TAKOXK TAPMOHIYHUM a0o0 MIJICHHAM B KpallHbOMY Ta
CepeHbOMY BimHOIIEHHI. Pe3ynbrar pobOTH apXiTeKTopa MOBUHEH OyTH TOYHHUM.
Moro mepcrnekTHBHUH PUCYHOK MOBHHEH BiMOBINATH MPaBHIaM IeOMETpii, 30KpeMa
HapuCHOI. B mepcrnekTUBHOMY pUCYHKY MEPEXOATh BiJ 3arajlbHUX PUC 10 JETaleH.
Creninb cTUii3alli BAUOMPAOTh B 3aJIEKHOCTI BiJl MaciITady 300pakyBaHOTO 00’ €KTa.
OTxe, HI OAWH apXITEKTOp HE O0INeThca 0e3 3HaHHS TeMH, MaclITad, MPOMOPIis.
Bupa3HicTh pUCyHKa, KpEcICHHS MOXKHAa JOCSIITH TUIBKA J00pe pPO3BUHYTUM
NOYYTTSAM JIHIT 11 NPONOPUIAHOCTI, TOBIIMHUA 1 MPaBUIBHUM PO3MIILIECHHSM,
PIBHOBArol0 Ha PUCYHKY IUIOLIMH 1 JIiHIHM, CBITJIA 1 TIHI.

Cumetpis - 1€ BpPIBHOBQKEHICTb, YMHOPSIKOBAaHICTb, Kpaca, JIOBEPIICHICTH,
JOIUTBHICTh. Bynb-sika apxXiTEeKTypHa CIOpy/Jia BUKOPUCTOBYE cUMeTpito. CuUMeETpis
3aCTOCOBYETHCS B OyIIBHUIITBI, TEXHIIIl Ta MOBCSIKICHHOMY JKUTTI.
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[Tounnaroum 3 mipamig 1 3aKiHYYIOYH CKJIQJIHUMH KOHCTPYKIISIMH CYyYacHOTO
TU3aifHy, apXITeKTypa 1 MaTeMaThka OyJu Hepo3puBHO 3B's13aHi. [1o cyTi, HEMOXKIHBO
3pO3yMITH apXITEKTYpPHHUN AW3aliH, HE PO3TJISAAl0YM MaTeMaTUKy T03ady HBOTO.
BukopuctoByroun wmaTeMaTHKy, MH MOXEMO CHpPOOyBaTH 3pO3yMITH TIPOSB
apXITEKTYpPHOTO 3aJyMy JaJIeKO 32 MEXaMU MPOCTUX BUMIPIOBAHb. 3a JIOIOMOTOIO
MaTeMaTUKH MOXYTh OyTH TIOSCHEHI TaKl acMleKTH, SIK MPOIOPIS 1 CUMETpis.
ApPXITEeKTOpH, TOETHYIOYM MATEMATHKYy 1 Cy4acHI TEXHOJOTIi, MOXYTh CTBOPIOBATH
1HHOBAIIITHI (HOpPMHU.

Xoya BCl MM 3HA€EMO, IO apxiTeKTypa HE ICHyBajia O 0e3 BUKOPHCTaHHS
MaT€MaTUKH, MM PIIKO 3aMHCIIOEMOCS TMPO CKJIQJHICTh 1 aOCTPaKTHICTb
MaTEeMaTUYHUX PIBHSAHD, SIK1 TPAIOTh BU3HAYAIBHY POJIb B ICIKUX 3 CAMUX YHIKAITBHHIX
OymiBenb CBITY.

KynbToBi Oy/1iBIIl Y BCbOMY CBITI OYyJIM CIIPOEKTOBAH1 3aBSIKM MAaTEMATHII, sSIKa
MOX€E BBa)XaTHUCSI TEHIEM apxiTEeKTypu. [lesxi Biomi NpUKIAAX TakuX OyiBEllb:
Xmapouoc Mepiekc (TheGherkin) B Jlonaoni, Ky6iuni Oyaunku (Kubuswoning) B
Porrepname, Cobop Casroro CimelictBa (SagradaFamilia) B bapcenoni 1
[TaBinronEndesa (EndesaPavilion) B bapcemnomi.

Bci 111 OyaiBiai HaBOJATH Ha TYMKY PO T'€HIaJIbHICTh MaTEeMaTHKH.

€2unemcuvKi nipamiou:

HaliMinHImMME apXiTEKTYPHUMH CIIOPYJIaMU JTOTETIEp BBAXKAIOTHCS ETUNETCHKI
nipamigu. Bonu MawTh (GopMmMy NpaBUIBHUX UYOTUPUKYTHHX mipamia. Came 1
reoMeTpuyHa Qopma 3abe3neuye HaOUIbITY CTIMKICTh 332 PaxXyHOK BEJIMKOI IO
ocHoBu. dopma mipamiu 3abe3reyye 3MEHIIEHHS MacH M0 Mipl 301IbIIIEHHS] BUCOTH
HaJI 3eMJICIO.

Kapkacna cucmema:

ETanom po3BUTKY apXITEKTypHUX KOHCTPYKI[IM cTaja KapKacHa CHCTEMA.
Kapkac mie ouostoBaB crHopykeHHs, OpaB Ha ceO€ OCHOBHI HaBaHTAKCHHS. Y
MaTeMaTHuIll Ta MHUCTENTBI JBI BEJIMYMHU YTBOPIOIOTH 30JIOTUU TMepepi3, SKIIO
CIIBBITHOIIEHHS 1X CYMHU JI0 O1IBIIOT BETUYMHU JOPIBHIOE CIIBBIHOIICHHIO O1JIBIIIOT
710 MEHIIo1. Briepiie 3anmpornoHoBaHe JaBHLOTPEILKIM MaTeMaTHKOM EBKITiIoM

d=(a+b):a=a:b

BucHoBku
MaremMatuka, siK KOJIHa 3 1HIIUX HAaYK, TICHO TIOB’si3aHa 3 apXITEKTYPOIO.
Bona pomomarae pomatm MIIHOCTI CHOPY[i, a TaKOXX CTBOPHUTH IIUIICHE,
rapMoHilHe ii CIpuiHATTA. MaTeMaTHKa HaluXxae apXiTeKTOPIB HAa CTBOPEHHS HOBUX,
[[IKaBUX Ta HETIOBTOPHUX (POpM.

Jliteparypa
CremanoB M. «Apxitektypay, 2003 p. — C.5-6.
Sxymesa I'. «/loBinHuK mKOIsipa: MaremaTuka», 1995 p.
Cwmonuna H. 1. «Tpanuuii cumetpii B apxitekTypi». M., 1990.
I'muxin f1. /1. «Mertonu apxiTeKTypHOi rapmMoHii». — 1976.
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I.B.Cemennwk

JIvgiscokuti 0epaoicasHutl yrisepcumem Oe3neKu HCummeoisibHOCmi

Hayxosuii xepienux O.E.Bacunvesa, 0. m. H., npoghecop Kagheopu npuxiaoHoi
Mamemamury | MexaniKu

MATEMATHUKA B BIMCbKOBIHN CIIPABI

Hisikoi mocToBipHOCTI HEMa B HayKax Tam, Jie HE MOXHa 3aCTOCYBAaTH Hi OJIHIET
3 MaTEeMAaTHYHUX HayK, 1 B TOMY, III0 HE Ma€ 3B'SI3Ky 3 MaTEMaTHKOIO.

OnHUM 13 TOTY>KHUX 1HCTPYMEHTIB Mi3HAHHS T4 BUKOPUCTAHHS 3aKOHIB BIiHU B
TeOopli Ta MpaKTHUIll BINCHKOBOI CIpaBH € MaTeMaThka. BoJIoMiHHS MaTeMaTHYHUMU
METOJAMH MOX€E 3a0€3MEeUUTH MOJATbIINN IHUOOKHI PO3BUTOK BIMCHKOBOI CHPABH 1
K 00’ €KTUBHHUM IHCTPYMEHT aHaNi3y AaTH MOXJIHMBICTh 3p03YMITH CYyTHICTh IPOIIECIB
30pOHHOTO MPOTUCTOSHHS, BUSBUTH MOr0 KUIBKICHI 3aKOHOMIPHOCTI, 1 BiAMOBIIHO,
3HAWTH ONTUMAaJIbHE TAKTUYHE PIIICHHS Ta BaplaHTU OOMOBUX M.

MareMatrka Jae MOXJIMBICTh MOJCIIIOBATH OOMOBI JIii, a OTXKE, 1 PO3KPUBATH
MpUHANMHI OCHOBHI 3B'SI3KM B IMpollecax BeJeHHA 30poitHOi O60poThOu. [HIIMMU
clioBaMHM, MareMartuka B moegHaHHi 3 EOM nae MOXIUBICTH PO3KpUBATH 1
BCTAHOBJIIOBAaTH 3aKOHOMIPHOCTI BeACHHS 30poHHOI OOpOTHOH, 3aCTOCOBYIOUH
€JICKTPOHH1 OOYMCITIOBAJIBHI MAILIMHU 1 Oy IyI0Ud pi3H1 MOJIEN1. 3aal0uu pi3HI YMOBU
1 BBOJISIYM PI3HI BUX1JIHI 1aH1, MOKHa 0aratopaszoBo (CKiJIbKM HEOOX1THO) IPOrpaBaTu
pi3HI cHTyalli, HAaKONMMWYyBaTH CTAaTUCTHMYHUWA Marepiai, BHUSBISATH 3aJ€KHOCTI 1
3aKOHOMIPHOCTI, BU3HAYATH MPUHIIUIHN BEACHHS 30pOHOI OOPOTHOH.

OO'eKTUBHICTh 1110 BHUSBISIOTHCS 3aKOHOMIpHOCTEW Oyzae 3anexard B
aJIeKBaTHOCTI MaTEMaTUYHUX MOJIeJIel MOIeJIbOBaHUM Mpoliecam 30poiiHOT 00POTHOM.
[{imkoM 3po3yMijio, IO Takl MOJEN MOXYyTh OYTH CTBOpEH1 JOCBIIYEHUMHU
KOMaHIupaMHu-BO€HaUadIbHUKaMu  (odirepamMu-onepaTopaMu) B CHIBIPY>KHOCTI 3
MaTeMaThKaMHu 1 iHkeHepaMu. MojientroBanHs O0MOBUX i - MPEKPACHUM IHCTPYMEHT
B pPyKax BOEHAYaJbHUKIB JIJI MPOTHO3YBAHHS MOXKJIMBUX PE3yJIbTaTiB 00MOBUX JIIH, a
OTXKe, 1 JUIl BHPOOJICHHS PEKOMEHJAIlIM 100 iX IJIaHyBaHHS Ta BEJASHHS. SIKIIO
MOJICJIIOBaHHs O0HOBUX il - 11€ YHIBEpPCAIbHUIM METO/I, TO 1HIIII MAaTEMaTUYHI METO/IH,
0 BXOJATH JO 3araJlbHOT0 MaTeMaTWYHUH apceHaj, MAl0Th IIMPOKI MOKJIMBOCTI
BUPILIECHHS! TPUBATHUX 3aBJaHb NIPU peaiizalii NPUHIMUIIB BIHCAKOBOIO MUCTELTBA.
3a 1omoMorow pizHUX MareMaTHdHux MeToAiB 1 EOM € MOXIUBICTH BUPOOISATH
KUIBKICHI peKOMEHAAIIIT AJIs IPUMHATTS PIIeHb B PI3HUX OOHOBUX CUTYaIlISX.

3acTocyBaHHS PI3HOMAHITHUX METOJIB ONTUMI3aIlli O0MOBUX [ CBOIX BIMCHK
SKpa3 1 CKJIAJa€ CYyTHICTh 3aCTOCYBAHHS MAaTEMATHKH Y BIMCBKOBIi cripaBi. [Ipu nipomy
CJiJ MaTH Ha yBa3i, MO Il METOAM MOXYThb 1 TOBHMHHI 3aCTOCOBYBATHUCS SIK TPU
pO3paxyHKax, IO MPOBOJATHCS BPY4YHY, Tak 1 3 BukopuctanHsiM EOM. HeobximgHo
TaKOXX MaTH Ha yBa3i, IO B Iiil CIIpaBl HE MOXKe OYTH HISIKUX 111a0JI0HIB 1 TpadapeTis.
[Tpornecu 30poiiHOi OOPOTHOM PO3BHUBAIOTHCS 32 MPUTAMAaHHUMU i 3aKOHAMH. 3aaya
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MaTEMAaTHUKH - HAaHO1IBIII TOYHO BpaxyBaTH B IIUX MPOIIECcax KUTbKICHI 3MiHH, SIK1 TIPU
TOCSITHEHHI TIEBHOTO PiBHS MPHUBOIATH M0 sIKiCHUX 3MiH. OTke, maTeMatnka i EOM
JAI0Th KOMaHIUpaM yCiX pPaHTIB MOXJIMBICTh TOB'SI3yBaTH OCHOBHI (iTocO(ChKi
KaTeropii: KUIbKICTh, MIpy 1 SKICTh, 1 TUM CaMHM CTalOTh B pyKax KOMaHAHMPA
HaWBaXJIMBIIIUM 30pO€l0, MOKIMKAHUM JOMOMaraTd HOMY JOMaraTHCs YCIiXy Y
BUPIIIECHH] TOCTABJICHUX 3aBAaHb.

Huni mocmimxeHHs omepaliiii-iie KOMIJIEKCHA MaTeMaTHYHa JAUCIMILUIIHA IO
3aliMa€THCSI PO3POOKOIO 1 3aCTOCYBaHHSIM METOJIB MPUHHATTS ONTHUMAIBHUX PIllIEHb
Ha OCHOBI MOOYJIOBY 1 aHAII3y MaTeMaTHYHUX MOJENIeH B pi3HUX cdepax JHOACHKOT
JISIIBHOCTI.

[Ticast oTpruMaHHS KOHIENTYadbHOI MOJAENI 3a7aui JOCTIPKeHHS Omepalii, sK
IpaBUJIO, B TEPMIHAX TI€I Tally3i, B SIKIil BOHA BUHUKIA , Hallepuie ,Io He0OX1HO
3pO0OMTH — 1€ TEeperTH Ha MOBY MaTeMaTHKd . Takuil mepexij Ha3uBaloTh
dopmanizariero 3anaui Ilponenypa dopmanizaiii 3aga4di He € OAHO3HAYHOIO ,TOMY
BJIJIUi ii BUOIp CKJIagae camocTiiHy npobsemMy. [Ipu ii BupilieHHi ToTpiOHO 3HANWTH
KOMITPOMIC MDXK JIBOMA, MO CYTi , aHTarOHICTUYHUMHU OakaHHSIMU : 3 OJAHOTO OOKY
SKOMOTa TOYHIIIIE BiJ0OOpa3uTU peasibHe (PYHKITIFOBaHHS JOCIII)KYBaHOI CUCTEMHU , A 3
1HIIOTO- MOOYIyBaTH JTOCTATHBO MPOCTY MAaTEMaTUYHY MOJEIb, 110 Y KIHIIEBOMY
M1JICYMKY JI03BOJIUTH OTPUMATU JOCSHKHHUM pe3yJibTar .

BucHoBKkHn

OTxe, MaTeMaTHKa € HEB1J]'€MHUM YHHHUKOM Yy BEJIEHHI BIICHKOBUX CIIpaB, 0€3
HEi He MOXJIUBO JIOCSATTH TOYHOCTI PO3paxyHKIB B Migax. Tomy 6e3 MareMaTuku Oyib-
K1 BINCHKOBI Jii HE OYIyTh JJaBaTU XOPOIIOTO PE3yJbTaTy B MOJAIBIIIOMY PO3BUTKY
noii.
Jliteparypa

1. JlutBur M. M. MeToauku onepaTUBHO-TAKTMYHHUX PO3paxyHKiB: HaBd. mocid. / M. M.
JlutBun, A. b. Mucuk, 1. C. Katepunuyk. — Xmensuuupkuii : Bun-so HAJIIICY, 2004. — C. 82.

2.A0uyk B. A. CnpaBouHuK 110 uccienoBanutoonepanuii / B. A. A6uyk, @. A. MaTBeiiuyk,
JI. IT. TomameBckuii / mogo6m. pea. ®. A. Matseituyka — M. : Boenusaar, 1979. — 368 ¢

3. Ky3nenos 0. H. MaremaruueckoenporpammupoBanue / FO. H. Kysuenos, B. 1. Ky3y6os,
A. b. Bonomenko. — M. : Breicmras mkoia, 1980. — 300 c.

56



Mamemamuxa, wo nac omovye. Munyie, cydacune, ,1[(!175)’1711/(7

I.A. Buzinnuii

JIvgiscokuti 0epaoicasHutl yrisepcumem Oe3neKku HCUmmeoisibHOCmi

Haykosuii kepienux M.I1. Kyciit, kanouoam nedacociuHux Hayx, O0OyeHm, OOYeHm
Kageopu  NpuKIAOHOi MamemamuKy ma MexauiKu

BUHAXO/JAM HIKOJIX TECJIN

bezniu BunaxonaiB Hikonu Tecnu, sikum 3apa3 90-100 pokiB, Bce 1€ 31at0ThCS
HaM (aHTacTUYHUMH. BiH nependayaB cBOT BUHAXOAU, OyIydH IIIE MiATITKOM.

baraTo loro BUHaxoAiB 1 PO3BUTOK €IEKTPOEHEPIETUYHOI CUCTEMH B IILIIOMY,
NMOBIPHO, € HACTIPaB/Il BIATBOPEHHAM CHUCTEMH IIepeadi eHeprii 1o BCii 3eMHIH Kyi.
Bxe na mouatky 1899 poky Tecna mepenaBaB eneKTpOMAarHiTHE BUIPOMIHIOBAHHS
Kp13b TOBIIY 3€MJI1 1 3aMaJIFOBaB OJIMCKAaBKHU Ha BIACTaH1 I’ SITH MUJIb.

Hikom Tecna npunucyroTh CTIIbKA BCUISIKMX BUHAXO/IIB, III0 MOKHA MIOJIyMaTH,
HIOM BIH CTBOPHB BEJMKY YAaCTUHY Cy4yacHOI MpHKIaaHOI Hayku. HaBememo mepenik
Horo HalOIBIINX BUHAXO/IIB, Ha 5Kl Tecia qiCHO OTpUMaB MAaTEHTH.

1. ABTOMaTUYHUUN YOBEH.

VY 1898 pomi Tecna oTpumaB nateHT Ha aBroMaTudHuil yoBeH (Ne 613 809),
MIJIBOJTHUM YOBEH, SIKMH MPHUBOJAMBCA B 10 eJeKTpuKorw. Llei miaBoaHUil YOBEH
JKUBHUBCSl  €JICKTPOCHEPTi€l0, Ky OTPUMYBaB 3a JOMOMOrow mpuiiMauda. Exepris
aKyMyJIloBajach B OaTapesiX, 1 €JICKTPUYHHMM MiJABOJHUNA YOBEH MIT YIPaBJISTUCS
JTUCTAHIIHHO. B aBTOMAaTHYHOTO MiIBOJHOTO YOBHA € BIACHUM T'€HEepaTOp, TBUHTOBHIA
JBUTYH Ta 1HII OaraTOYMCIICHHI MeXaHi3MH. | BCl Il MEXaHi3MH YNPaBISIOTHCS
JMCTaHIIIIHO, 0€3 IPOTiB, 3a I0MIOMOI0I0 €JIEKTPOMArHiTHUX KOJIUBaHb, HABEJICHUX Ha
KOHTYp, TOMIIIEHUI B YOBHI, IKUH pearye Ha i KOJUBaHHS.

2. EnextponvHaMiyHa iHIYKIIHA JTaMTIa.

VY 1894 poui Tecna oTpuMaB NaTeHT HA €NEKTPOAMHAMIYHY IHIYKUIAHY JaMITy.
EnextpoaumnamMiuHa iHAYKIIHHA JJaMIa — 11€ PI3HOBU/I JIaMIIH, SKa, 32 MOro CJIOBaMH,
Mae BEJIMKY MepeBary nepej JJaMramu, BXXKMBaHUMH y TOM 4ac.

3. besnomarna typ06ina Tecnu.

VY 6e3nomnarniii TypOini (mateHt Ne 1 329 559 Bin 1916 p.) mis pyxy piaunu abo
rasy uepes JIBUTYH BHKOPHUCTOBYETHCS HAOIp TUCKIB, MO oOepTaroThcs. besmomnarHi
TypOIHA MOXYTh BUKOPUCTOBYBATHUCS B MIBUJIKICHUX CyJHAX Ha MOBITPSHIIN MOy
abo B mpocTux Hacocax. Lle#t Tum nBuryHa BBakaeThcsi HaOUIbI eeKTUBHUM, B 20
pasiB KpallluM, HDK 3BHYaWHI TypOiHH, 1 HOrO JO CHOTOAHINIHBOTO JHS HE TOYalv
BUKOPHCTOBYBATH.

4. ®oroanapar st fymok Tecnu.

Ile Oys, imoBipHO, HalaHTacTUyHIIMI BuHaxig Tecnu, mpucTpit ams
doTorpadiit xymok. Tecna sikoch B 1933 potii, konu ifomy Bxe Oyino 78 pokiB, CKa3as:
«S xouay pororpadyBaru gymku... Y 1893 poiri B X041 [EIKUX AOCTIIKEHD S OTPUMAB
YIIEBHEHICTh B TOMY, 110 TIEBHUM 00pa3, chopMOBaHUl B JyMKax, MOKe BiAoOpakaTu
10 1 CTBOPIOBATH SIKMIICh 00pa3 Ha CITKIBII OKa, KE S MOKY BBa)KaTH BIAMOBIIHUM
anaparoM. Lle mpuBeno MeHe 70 i€l TenebaueHHs, Ipo Ky 5 TO1 orojocuB. Mos ies
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mojsiraia B TOMY, IO TOTPIOHO CTBOPUTH IITY4YHY CITKIBKY, Ha SKI{
Bi0OpakyBaTUMEThCS 00pa3 modayeHoro 00’ €KTy, CX0Ky Ha IIaX1BHULIIO, 1 ONTUYHUN
HepB». Tecna Ha TOM yac mepecTaB Bipa3y pO3KpUBATH BCl J€Talli CBOTO BUHAXOY .
[{s nuTaTta B3sTa 3 IHTEPB’IO JUISI Ta3€TH Y BHUITYCKY, IPUCBSIUEHOMY O€3MPOBIAHUM
texHosorisaM, 10 BepecHs 1933 poky.

5. Tenenoprartiis 1 MalIMHa yacy.

VY mnonyisipHHUX ICTOPISAX MPO MOJOPOXKI Yy Yaci, TaKUX SAK EKCHEPUMEHT
«Dimanenpdis» abo npoekT «MoHTayK», IIIJIKOM OYEBHIHO, IO CEKPETHI
JOCITIDKEHHS MEepeMIIIeHb B Yacl 1 TeJenopTalii 3armo3udmin jaemo 3 pooit Tecmu.
SAxmo Tecna nificHo reHiil (a 6arato XTo BBaXka€ HOro reHieM), BiH MIr MO0y yBaTH
CBOIO BJIACHY MAIlIMHY 4Yacy 1 TMOAOPOXKYyBaTH B MalOyTHE abo0, MOXIHBO,
TenenopryBaTucss Ha Mapc. A Moxke, BiH MOOyAyBaB JiTalO4y TapuiKy 1 BIJUIETIB,
31MITYBaBILIN BIACHY CMEPTb.

6. Ilepmuit TemeaBTOMAT.

[TaTeHT Ha KOHCTPYKIIIO BEPTHKAJILHOTO armapary 3 BEPTHKAJIBHUM 3JIETOM 1
nocaakor OyB oTpumanuii 3 ciuds 1928 poky. lle OyB ocTaHHI 3amaTeHTOBaHHIA
BuHaxia Tecnu. Ilicas Hboro BUeHUM OLIbIIIE HE MMOIaBaB Ha 3700yTTs MMATCHTIB Hi Ha
OJINH CB1M BUHAXI/.

Tecna OyB CXOXWM Ha JIMBAKyBaTOro Ieposi 3 MHUHYJIOTo. MakTUYHO IIe
«JTFOAMHA, 110 BUIIEPEIMIIA CBIM Yacy.

Jliteparypa:

1. bernu Hukonac. Hwukomna Tecna u ero apsBoiibckoe opyxue : Hayuno-nomymnsipHoe uznpanue /
bernu, Hukonac, Maunusr, Jlxus ; Ilep. ¢ anrn. K.Ko3eipea; [Ipenucn. aBt.; Xynox. [1.Bonkis. -
M. : flyza : DKCMO, 2009. - 384 c.

2. Jlepemr JIroOko. JlroGko [epem npo Mukony ['oromnsi, Mapka Tsena, Hikony Tecny, Anb0epra
Enmreitna, Crisena Kinra [Tekct] : Onoinanns / leper, JIlro0ko. - K. : I'pani-T, 2007. - 72 c.

3. http://ceprekrasno.com.ua/nevidomi-vynahody-nikoly-tesly.htm Hesizomi Bunaxomu Hikomn
Tecnu.
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CEKIIA 3. Icmopia mamemamuxu

I'. Byonuk

JIvgiscokutl OepoicasHull yHisepcumem 6e3neKku HCUummeoisibHOCmi

Hayxosuui kepisnux O.M. Tpycesuu, xanouoam @Qisuxo mamemamuyHux HAayx,
odoyenm Kagedpu NpuKIaOHOi MamemMamuKky i MexaHiKu

BJIE3 TACKAJIb

bnez Ilackame — ¢pany3pkuii piocod, MuCbMEHHUK, (i3UK, MATEMAaTHK.
OpauH 13 3aCHOBHHMKIB MAaTEMaTUYHOTO aHaIli3y, TeOpii KMOBIPHOCTEH Ta MPOEKTUBHOI
reoMeTpii, TBOpElb MEpPIINX 3pa3KiB JIYWIbHOI TEXHIKH, aBTOP OCHOBHOIO
3aKOHY TAPOCTAaTUKUA. Bimomuit  Takox BIIKpUTTAM  (popmynn GiHOMIATBHUX
Koe(]ili€HTIB, BUHAXOAO0M T1JIpaBJIIYHOIO Mpeca M MIpHUIa Ta IHIIUMH BIIKPUTTIMHU.
ABTOp 3HamMeHUTUX «Jlymok» Ta «JIMCTIB A0 TpOBIHIIAA», SKI CTadd KJIACHUKOIO
(dhpaHITy3bKOi JiTepaTypH. Ha 4eCTh [Tackans Ha3BaHA OJHUIIS
BuMiproBanHs THCKY ([Tackais), a TakoXk momysisipHa MOBa nporpaMmyBanHs Pascal.

[Tackans HapoauBces 19 uepBHs 1623 poky B micti Kitepmon-®eppan (OBepHb)
B POJIMHI T'OJIOBU MOJIATKOBOTO. biie3 pic 001apoBaHOIO0 JUTHUHOIO. Horo 6arbko EThen
CaMOCTIMHO 3aliMaBCsi OCBITOIO XJIOMYMKa; EThbeH cam HemoraHo po30upaBcs B
MaTeMaTulll — JAPYXuB 3 MepceHHOM 1 Jle3aprom, BIIKpUB 1 JOCIIIKYBaB HEBIIOMY
paHiie areOpuyHy KpuBY, IO BIATOJ1 OTpUMaja Ha3By «paBiuk [lackans», BXxoaus
JI0 KOMICI1 3 BU3HAYEHHS JJOBTOTH, CTBOPEHOT Pimesbe.

VY ciuni 1640 poky poauna [TackaniB nepeixana no Pyana. bies, sikuii po3nouan
CBOE HaBYaHHS 3 PaHHBIO JUTHHCTBA 1] KEPIBHUIITBOM CBOTO 0aThKa, MPOJIOBKYBaB
OMMAHOBYBATH Pi3HI HAyKOBI JAuMcUMIUNIHUA. bateko bneza 3a pogom cioyxOu
B Pyani (mocama  i"nTenganta Hopmanii) 4acTo 3aliMaBCA CTOMJIUBUMH
pO3paxyHKaMH, CHH TakKOX JoromaraB HWOMy B pO3MOAUNI TMOAATKIB 1 MHUT.
3ITKHYBIIUCh 3 TpagullliHUMU crnocobamu oOuucieHb, [lackanb BU3HAB iX
HE3pYYHMMH 1 3aJyMaB CTBOPUTH OOYMCIIOBAJIbHUN MNPUCTPIM, SKUA MIT Ou
JOTIOMOTTH CHPOCTUTH po3paxyHKu. Y 1642 pomi (y 19 poki) Ilackans mouas
CTBOpEHHs CBO€i JIIUMJIBHOI MaIIWMHU «acKaJliHu», B I[bOMY, 32 MOr0o BJIACHUM
BU3HAHHSAM, HOMY JOMOMOTJIM 3HAHHS, OTpUMaHi B paHHi poku. Mammna [lackans
BUTJISIIANIa SIK  CKPUHBKA, HAMOBHEHAa YHWCJICHHUMH, TIOB'A3aHUMU OJHA 3
OJTHOIO 3y04acTow Tepeaadecto, mectepHsamu. Yucna, sxki Tpeda Oyno momatu abo
BIIHATH, BBOJWJINCS BIJMOBIHUM IIOBOPOTOM KOJIIAT, MPHHIUAI POOOTH
IPYHTYBABCs Ha paXyHKY 00€pTiB.

KaBanep ne Mepi, Benukuil MaHYBAJIBHHK a3apTHUX ITOp, 3alpONOHYBaB
[Tackamo B 1654 porii po3B'si3aTu A€sKi 3aja4i, 1[0 BUHUKAIOTh 3a MEBHUX ITPOBUX
yMmoB. [lepuie 3aBganHst ne Mepi — Npo KUIbKICTh KUJKIB JIBOX TpaJIbHUX KOCTEM,
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MiCTsl SKOTO WMOBIPHICTH BHTpAIly IEPEBHINYE WMOBIPHICTH Mporpairy, — Oyia
BUpiIeHa HUM camuM, [lackaem, @epma 1 PobepBanem. Y Xozi po3B's3aHHs Ipyroi,
Habararo CKJIaJHIIIOI 3a1a4i, B 1ucTyBaHH1 [lackans 3 depma, 3aki1a1aloThCsl OCHOBU
Teopii IMOBIPHOCTI.

[Tackans cTBOprOE «Tpaktar mpo apuPMETHYHUNA TPUKYTHUK» (BUAAHUUN
B 1665 porii), 1€ J0OCHiKye BIACTUBOCTI «TpUKyTHHMKA Ilackans» Ta Horo
3aCTOCYBaHHS B IM1JIpaXyHKY YHCJIa CIOJYK, HEe BAAIOYUCH 10 anredpaivHux Gopmyd.
TpuxkyTHHK [Tackans — e re€OMETPUYHO, Ha 3pa30K TPUKYTHHUKA,
poswminieHi 6iHoMianbHl  KoedimienTu. Ile maTeMarnyHe TMOHATTA Ha3BaHO Ha
yecTh briesa Ilackans. Panu tpukytHuka Ilackans yMOBHO NMpOHYMEpOBaH1 3TropH,
MMOYMHAIOYH 3 HYJILOBOTO, 1 YKCJIa B HIDKHBOMY PSIZIi BITHOCHO YHCEI Y TIOTIEPEAHBOMY
PsIl 3aBXKIU PO3MIIIEHI CTyIiHYAcTO i HaBckic. [100yyBaTH e TpUKyTHUK ITPOCTO.
KosxHe 4Kcio B KOXKHOMY psifii OJICPKY€EMO, JOAABIIN JIBa YKCia, PO3MIILIECHI Bropi
(3miBa 1 cipaBa). Skmio 3miBa abo crpaBa HEMae 4Yucia, IMiJICTaBIIEMO HYJIb Ha HOTO
Micie. OTHUM 3 I0JIaTKIB 0 TpakTaTy Oyna pobota «IIpo miacyMoByBaHHS YHCIOBUX
CTereHiBy, Je [lackanb nponoHye METOl MipaxyHKy CTETEHIB YMCEI HATYpaJbHOIO
pamy.

[Ile omuum 3  gocimimxeHsM  OyB  3akoH  [lackams  (ocHOBHe
PIBHSHHSI T1IPOCTATHKK) — THCK Ha PITMHY B CTaHI TEIJIOBOT PiBHOBAru MepeaaeThCs
B YCIX HarpsiMKax oJiHakoBo. Ha ocHOBI riipocTaTiuHOro 3akoHy Ilackans mpaiforoTh
PI3HOMAHITHI TiAPaBIIYHI MPUCTPOIi: TAIBMIBHI CUCTEMH, T1IPaBIiYHI MPECcH TOIo. Y
3akoHi [Tackast MoOBa /1€ HE PO TUCKH B PI3HUX TOUKAX TAPABIIYHOT CHCTEMH, a IIPO
30ypeHHsI TUCKY B P13HUX TOUKAX, TOMY 3aKOH CIPaBEIJIMBUM 1 1J1 P1JIMHU B TIOJI1 CHIIA
TSOKIHHA. Y pa3l pyXOMOi HECTUCIMBOI PIAVMHU MOKHa YMOBHO TOBOPUTU MPO
crpaBeIMBICTh 3akoHy [lackas, 60 moaBaHHs TOBIUIHHOI CTAIO01 BETUYUHH 0 TUCKY
HE 3MIHIOE BUJly PIBHAHHS pyXy piauHu (piBHAHHS Eiinepa abo, sIKIIO BpaXOBY€ThCA
nist B'A3K0CTl, piBHsAHHSA Hap'e — CTokca), oHaK y IbOMY BHUMNAJKy TEPMIH 3aKOH
[Tackaiisg 3a3BU4ail He 3aCTOCOBY€eThCs. Jlsi cTucanBuUX pinuH (ra3iB) 3akoH [lackans,
B3arajli KaKy4H, HECTIPaBEIJTUBU.

31658 poky 3mopom's Ilackamsi MMBUAKO TMOTIPIIMIOCE. 3a CyYaCHUMH
MIPKYBaHHSIMH, TIPOTSATOM BChOTO KUTTS [lackanp cTpaxaaB Bil KOMIUIEKCY
3aXBOPIOBAHb: PAK MO3Ky, KHIIKOBHI TyGepKyibo3, peBMaTH3M. Moro THiTHIA
¢db13uuHa Cc1abKIiCTh, MepeciiayBalii >KaxjuBl roysioBHI Oomi. Bocenu 1661 poky
[Tackanb nmoainuBes 3 reprorom Je PoaHoM i7ie€10 CTBOPEHHS ACIIEBOTO 1 JOCTYTHOTO
BCIM CITOCOOy TepecyBaHHsI B 0araToMiCHUX Kaperax. ['eplior CTBOPUB akiliOHEPHE
TOBApUCTBO I peamizamii 1poro mpoekty 118 Oepesnst 1662 poxy B Ilapmxi
BIIKPUBCS TEPIIMA MapIIpyT TpPOMAJCHKOTO TPAHCIOPTY, HA3BaHOTO 3TOIOM
oMmHIOycoMm. 19 cepnust 1662 poky micis TpuBanoi xBopobu bnes Ilackans momep.
[ToxoBanu #ioro B napadisibHiit nepksi [lapuxa Cen-Erben-aro-MoH.

Jlireparypa:
1. Conomarun B.A. Ucropus Hayku. V4. noc. — M.: [IEPCD, 2002 — 352 c.
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https://uk.wikipedia.org/wiki/%D0%91%D0%BB%D0%B5%D0%B7_%D0%9F%D0%B0%D1%81%D0%BA%D0%B0%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%93%D1%96%D0%B4%D1%80%D0%BE%D1%81%D1%82%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B8%D1%81%D0%BA
https://uk.wikipedia.org/wiki/%D0%A0%D1%96%D0%B4%D0%B8%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%BC%D0%BE%D0%B4%D0%B8%D0%BD%D0%B0%D0%BC%D1%96%D1%87%D0%BD%D0%B0_%D1%80%D1%96%D0%B2%D0%BD%D0%BE%D0%B2%D0%B0%D0%B3%D0%B0
https://uk.wikipedia.org/wiki/%D0%91%D0%BB%D0%B5%D0%B7_%D0%9F%D0%B0%D1%81%D0%BA%D0%B0%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%93%D1%96%D0%B4%D1%80%D0%B0%D0%B2%D0%BB%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%B5%D1%81
https://uk.wikipedia.org/wiki/%D0%9D%D0%B5%D1%81%D1%82%D0%B8%D1%81%D0%BB%D0%B8%D0%B2%D0%B0_%D1%80%D1%96%D0%B4%D0%B8%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/1658
https://uk.wikipedia.org/wiki/%D0%9F%D1%83%D1%85%D0%BB%D0%B8%D0%BD%D0%B0_%D0%B3%D0%BE%D0%BB%D0%BE%D0%B2%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BC%D0%BE%D0%B7%D0%BA%D1%83
https://uk.wikipedia.org/wiki/%D0%A2%D1%83%D0%B1%D0%B5%D1%80%D0%BA%D1%83%D0%BB%D1%8C%D0%BE%D0%B7
https://uk.wikipedia.org/wiki/%D0%A0%D0%B5%D0%B2%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%BC
https://uk.wikipedia.org/wiki/1661
https://uk.wikipedia.org/wiki/18_%D0%B1%D0%B5%D1%80%D0%B5%D0%B7%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/1662
https://uk.wikipedia.org/wiki/19_%D1%81%D0%B5%D1%80%D0%BF%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/1662
https://uk.wikipedia.org/wiki/%D0%9F%D0%B0%D1%80%D0%B8%D0%B6
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A.A.9opuoobaii

JIvsiscoKuil Oepacasruil yHisepcumem 0e3neKku HcummeoissibHOCI

Haykoeuu xepisnux 0.0. Kapadun, kanouoam ¢hisuxo-mamemamuyHux HayK, 00YeHm
Kagheopu npukiaoHoi mamemamuxy i MexaHixu.

IT'PHU, AKI 3HA€ BECbH CBIT

IIlaxm — cTpareriyda Irpa Ha CHCI[iajbHIN JOIINII, II0 Ma€ Ha3By IMIAXIBHULS M
nmojaiieHa Ha 64 CBITJII Ta TeMHI KIITUHU TOJsI, MK 16 cBitnmumu (Oimmmu) 1 16
TEeMHUMHU (4OpHHMH) (IrypaMHd 3a BCTAHOBJICHHMH [UIsI HHUX [paBHJIaMU
nepecyBaHHs. J1Jis mepeMoru noTpiOHO MOCTaBUTH MaT CYNEpPHHUKY, 3aCTABUTU HOTO
3natucs abo XK SKIIO 1€ Tpa Ha Yac, TO Y HbOr0 TOBHHEH 3aKIHYUTHUCH Il 4ac abu
BU3HATH MOT0 TaKUM, 1110 IPOrpaB. ICHye MOi1 MK YaCTUHAMU T'PH B IIaXH, a CaMe:
€0’ 10T, MG 1 €H b,

VY 1o rpy rparoTh MUTbHOHHM JtoAcH y Bchomy cBITI. Illaxu moxonmsTs Bif
CTapOJIaBHbOI 1HJIIMNCHKOT TPU YaTypaHra, sika, KpiM TOTO, € WMOBIPHUM IMPEAKOM
CXIIHMX CTpaTeTiyHUX 1rop: csHI, 4aHri 1 ckori. lllaxu norpanunu no €Bponu B 9
CTOJIITTI, micysi 3aBotoBaHb OmeitsiiB B Icnanii. @irypu HaOyau CBOET HUHINIHBOT
cunu B Icnanii HanmpukiHIN 15 CTOMITTA; MpaBuia CTaHAAPTU30BaHO B 19 CTOMITTI.

[Taxu, gk oaHa 3 HAWMOUIMPEHIIINUX CIOPTUBHUX ITOP CYYacCHOCTI, TIOEHYE B
co01 eJieMeHTH MUCTENTBA (YSIBH), HAyKH (JIOTTYHO-TOYHUN PO3PAXyHOK) 1 CIIOPTY.

[Tepuuii 3aralbHOBM3HAHUN YEMITIOH CBITY 3 IIaxiB, rpocMelictep Binbreiabsm
Creitnin, 3aBoroBaB cBill TUTYN B 1886 porii.

QI[E € unenom MidxxcHapoOHo20 ORIMRILCbKO20 KOMimemy, 110 MOXHA

pO3IIIA/IaTH SIK BU3HAHHSI IaX1B BUJIOM CITOPTY.

[TounHarouu 3 Apyroi MojaoBUHU 20-TO CTOMITTS, 3alPOrPaMOBaHi Ha TPy B IIaXU
KOMIT'IOTEPH, TPAIOTh 31 3pOCTAIBHUM YCITIXOM, 32 CHJIOIO I'pH Habarato oO1MIIOBIIH
HaWCUIIBHIIMX TpaBiiB cepen mroae. [lounnatoun 3 1990-x pokiB, KOMITIOTEPHHIA
aHai3 poOUTh 3HAYHUI BHECOK Yy TEOpIIO IIaxiB, 0cobarBo B exammiii. Komm'torep
IBM Deep Blue craB mepiioro MaiimHO, sKa 370Jajla YUHHOTO YEeMITiOHa CBITY 3
maxiB y matdi, koau BiH nepemir ['appi Kacmaposa B 1997 poui. [losiBa cunbHUX
IIAXOBHUX PYIIiiB, SIKI MPAIOI0Th Ha TOPTATUBHHUX IPHUCTPOSX, MpU3BETIa J0 BCE
0111101 3aKJIOMIOTAHOCTI, III0JI0 «YUTEPCTBA» HA TYpHIpaX.

[Ilaxy MarOTh BUXOBHE 3HAYEHHS: CIIPHSIOTH PO3BUTKY KOHIICHTpAIlli yBaru,
BMIHHS JI0JIaTH TPYIHOIII Ta IJIaHYBaTH BJIACHI i1, JIOTTYHO MUCIUTH. OCKIIBKH Y TPl
B IIIaXU BUSBIIAIOTHCS OCOOJIMBOCTI JIFOACHKOI OCOOMCTOCTI, IX BUKOPUCTOBYIOTH SIK
MOJICIb JUIi HAyKOBUX JOCHIDKCHb Yy TICHXOJIOTIi Ta TIeJaroriii. Ix Takox
BUKOPHUCTOBYIOTH JJIs MOJICTIOBAHHS CUCTEM LITYYHOTO 1HTEJIEKTY.

Tetpic — Bigeorpa-ronoBosioMka, po3pobnena Onekciem Ilasxxcummuosum ta
rioro koneramu. [leprmna Bepcist rpu Oyna npezacTtaieHa 6 yepBusa 1984 poky, koiu
BiH mpaitoBaB B OI] Axademii nayx CPCP B Mocksi. Ha3By rpu aBTOp CTBOpHB
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https://uk.wikipedia.org/w/index.php?title=%D0%90%D0%B1%D1%81%D1%82%D1%80%D0%B0%D0%BA%D1%82%D0%BD%D0%B0_%D1%81%D1%82%D1%80%D0%B0%D1%82%D0%B5%D0%B3%D1%96%D1%87%D0%BD%D0%B0_%D0%B3%D1%80%D0%B0&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%86%D0%B3%D1%80%D0%B8_%D0%BD%D0%B0_%D1%81%D0%BF%D0%B5%D1%86%D1%96%D0%B0%D0%BB%D1%8C%D0%BD%D1%96%D0%B9_%D0%B4%D0%BE%D1%88%D1%86%D1%96
https://uk.wikipedia.org/wiki/%D0%A8%D0%B0%D1%85%D1%96%D0%B2%D0%BD%D0%B8%D1%86%D1%8F
https://uk.wikipedia.org/wiki/%D0%86%D1%81%D1%82%D0%BE%D1%80%D1%96%D1%8F_%D0%86%D0%BD%D0%B4%D1%96%D1%97
https://uk.wikipedia.org/wiki/%D0%A7%D0%B0%D1%82%D1%83%D1%80%D0%B0%D0%BD%D2%91%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D1%8F%D0%BD%D1%86%D1%96
https://uk.wikipedia.org/w/index.php?title=%D0%A7%D0%B0%D0%BD%D0%B3%D1%96&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%A1%D1%8C%D0%BE%D2%91%D1%96
https://uk.wikipedia.org/wiki/%D0%90%D1%80%D0%B0%D0%B1%D1%81%D1%8C%D0%BA%D0%B5_%D0%B7%D0%B0%D0%B2%D0%BE%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F_%D0%9F%D1%96%D1%80%D0%B5%D0%BD%D0%B5%D0%B9%D1%81%D1%8C%D0%BA%D0%BE%D0%B3%D0%BE_%D0%BF%D1%96%D0%B2%D0%BE%D1%81%D1%82%D1%80%D0%BE%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%9C%D0%B8%D1%81%D1%82%D0%B5%D1%86%D1%82%D0%B2%D0%BE
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D1%83%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D0%BF%D0%BE%D1%80%D1%82
https://uk.wikipedia.org/wiki/%D0%A7%D0%B5%D0%BC%D0%BF%D1%96%D0%BE%D0%BD%D0%B0%D1%82_%D1%81%D0%B2%D1%96%D1%82%D1%83_%D1%96%D0%B7_%D1%88%D0%B0%D1%85%D1%96%D0%B2
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%BB%D1%8C%D0%B3%D0%B5%D0%BB%D1%8C%D0%BC_%D0%A1%D1%82%D0%B5%D0%B9%D0%BD%D1%96%D1%86
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%BB%D1%8C%D0%B3%D0%B5%D0%BB%D1%8C%D0%BC_%D0%A1%D1%82%D0%B5%D0%B9%D0%BD%D1%96%D1%86
https://uk.wikipedia.org/wiki/%D0%9C%D1%96%D0%B6%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B8%D0%B9_%D0%BE%D0%BB%D1%96%D0%BC%D0%BF%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D0%B8%D0%B9_%D0%BA%D0%BE%D0%BC%D1%96%D1%82%D0%B5%D1%82
https://uk.wikipedia.org/wiki/%D0%9E%D0%BB%D1%96%D0%BC%D0%BF%D1%96%D0%B9%D1%81%D1%8C%D0%BA%D1%96_%D0%B2%D0%B8%D0%B4%D0%B8_%D1%81%D0%BF%D0%BE%D1%80%D1%82%D1%83
https://uk.wikipedia.org/wiki/%D0%A8%D0%B0%D1%85%D0%BE%D0%B2%D0%B8%D0%B9_%D1%80%D1%83%D1%88%D1%96%D0%B9
https://uk.wikipedia.org/wiki/Deep_Blue
https://uk.wikipedia.org/w/index.php?title=Deep_Blue_%D0%BF%D1%80%D0%BE%D1%82%D0%B8_%D0%93%D0%B0%D1%80%D1%80%D1%96_%D0%9A%D0%B0%D1%81%D0%BF%D0%B0%D1%80%D0%BE%D0%B2%D0%B0&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%9A%D0%B0%D1%81%D0%BF%D0%B0%D1%80%D0%BE%D0%B2_%D0%93%D0%B0%D1%80%D1%80%D1%96_%D0%9A%D1%96%D0%BC%D0%BE%D0%B2%D0%B8%D1%87
https://uk.wikipedia.org/wiki/%D0%A8%D0%B0%D1%85%D0%BE%D0%B2%D0%B8%D0%B9_%D1%80%D1%83%D1%88%D1%96%D0%B9
https://uk.wikipedia.org/w/index.php?title=%D0%A7%D0%B8%D1%82%D0%B5%D1%80%D1%81%D1%82%D0%B2%D0%BE_%D0%B2_%D1%88%D0%B0%D1%85%D0%B0%D1%85&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%9F%D1%81%D0%B8%D1%85%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%9F%D0%B5%D0%B4%D0%B0%D0%B3%D0%BE%D0%B3%D1%96%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%B4%D0%B5%D0%BE%D0%B3%D1%80%D0%B0
https://uk.wikipedia.org/wiki/%D0%9F%D0%B0%D0%B6%D0%B8%D1%82%D0%BD%D0%BE%D0%B2_%D0%9E%D0%BB%D0%B5%D0%BA%D1%81%D1%96%D0%B9_%D0%9B%D0%B5%D0%BE%D0%BD%D1%96%D0%B4%D0%BE%D0%B2%D0%B8%D1%87
https://uk.wikipedia.org/wiki/6_%D1%87%D0%B5%D1%80%D0%B2%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/1984
https://uk.wikipedia.org/wiki/%D0%90%D0%BA%D0%B0%D0%B4%D0%B5%D0%BC%D1%96%D1%8F_%D0%BD%D0%B0%D1%83%D0%BA_%D0%A1%D0%A0%D0%A1%D0%A0
https://uk.wikipedia.org/wiki/%D0%9C%D0%BE%D1%81%D0%BA%D0%B2%D0%B0

VIl Bceykpaincvra xonpepenyis kypcanmis ma cmyoenmis

MOETHABINN TPEIbKUA MpediKec «TeTpa-» 31 CIOBOM «TEHIC» — YIIIOOJIEHOIO TPOIO
[TaxxuTHOBA.

IIpaBuaa rpu. Bunaakosi ¢irypku TeTpaMiHO Magal0Th 3BEPXY B MPSIMOKYTHY
CKISHKY mmpuHOI0 10 1 Bucororo 20 KIiTUH. Y MOJBOTI TpaBellb MOXKE MOBEPTATU
Gbirypky Ta pyxaTu ii Mo TOpU3OHTaNl. Takok MOXHa «CKuUAaTu» (IrypkKy, ToOTO
IPUCKOPIOBATH 1i TaJiHHSA, KOJW BXKE BHPINICHO, Kyau (irypka MOBHHHA BIACTH.
dirypka JIeTUTh, IOKH HE HaTKHETHCS Ha 1HIY (QIrypKy ad0 Ha JTHO CKJISHKHU. SIKIIO
IIpU [IbOMY 3alTOBHUBCSI TOPU3OHTAIBHUHN psin 3 10 KIIITOK, BiH Mpormajgae i Bce, M0
BUIIE HHOTO, OIYCKAETHCS HA OJHY KJITKYy. Y CIEIialbHOMY TOJIi TpaBelh 0avunuTh
birypky, sika Oyae CaiayBaTH MICISA MOTOYHOI — IS IMiJIKa3Ka J03BOJISE TJIaHYBaTH
cBoi mii. Temn rpu mocTynmoBo 30uUTbmIyeThCs. ['pa 3aKiHIY€EThCs, KOMM HOBa (Pirypka
HE MOJKE IIOMICTUTHCS B CTakaH. I paBers oTpuMye 0aau 3a KOXKHY (PirypKy, TOMY HOTO
3aBJaHHSI — 3alOBHIOBATH PSIIM, HE 3alIOBHIOIOYH CaMy CKIISTHKY SIKOMOTa JOBIIIC,
1100 TAKUM YMHOM OTPUMATH SIKOMOTa OuTbIIEe OAIB.

HapaxyBannsa OauaiB. Ilpu HapaxyBaHHi OamiB 3a JiHII KUIBKICTH 0alliB
3a3BUYA 3QJIKUTH BiJl TOTO, CKIJILKM JIiHIA puOpaHo 3a oauH pa3. Hampuknan, B
KUTaChbKUX KOHCOMIX «Brick Game», mnonymsapuux B CHJ B 1990-x pokax,
HapaxyBaHHs 0ajiB 3a3Buyait Oyso takum: 1 miHigs — 100 Ganis, 2 miHii — 300 6autis,
3 nminii — 700 GaniB, 4 miHii (To6TO, 3pobuTH Terpic) — 1500 6aniB. TobTO, YnM
OlIbIIIe JIIHIM TPUOUPAETHCS 32 OJIUH pa3, TUM OLIbIIE BIIHOMICHHS KIJIbKOCTI 0ajIiB 10
KuIbKoCT1 JiHiN. [{ikaBo, 1m0 mempicom B 0araThb0X BEpCIX T'PU TaKOX HA3UBAETHCA
JTis1, MICIIA SIKOTO 3HUKAE oj1pa3y 4 minii. Lle MokHa 3po0uTH JIuIIe OJTHUM CIIOCOOOM —
CKUHYTH «manuiio» (¢Girypky, B AKid BCl KJIITHHH PO3TAlllOBaHI Ha OJHINA JiHIT) B
«IIAXTy» MHUPUHU | 1 TIMOUHM SIK MIHIMYM 4.

Jliteparypa:

«Kommnozunnu Ha maxmaTHou nocke», H. 3enenykun, A. MonacBaHnckuit
«IlaxmaTtHbie okoHuanue» 0. ABepbaxa

Bikinenisa «IllaxmaTmy

Bikinenis «Tetpic»
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https://uk.wikipedia.org/wiki/%D0%93%D1%80%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0_%D0%BA%D0%BE%D0%BD%D1%81%D0%BE%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/Brick_Game

Mamemamuxa, wo nac omovye. Munyie, cydacune, ,1[(!175)’1711/(7

A. Auynvuak

JIvgiscokuti 0epaoicasHutl yrisepcumem Oe3neKku HCUmmeoisibHOCmi

Hayxosuii kepisnux O.M. Tpycesuu, xanouoam @izuxo mamemamuyHux Hayx,
doyenm Kapeopu npuxkiadHoi mamemamury i MexaniKu

OI'FOCTEH JIYI KOIIII

Ortocten Jlyi Komri — Bizomuit gppaniry3pkuii Mmatematuk. Ortocted Jlyi Ko
OyB CHHOM BHCOKOTIOCTABJICHOTO ()PaHITy3bKOTO MYHIIUMAIBLHOTO CiIy)00BIs. ITin
gac Ppaniry3bkoi peosrollii 6arbko Kol BTpadae poOoTy, 1 CiM'sl mepehkIKae B
MICTO ApKeH, Jie XJIOMYHK 1 OTPUMYE MOYAaTKOBY OCBITY.

Ane, Konu moniTM4YHA OOCTaHOBKA B KpaiHI CTa€ CIHOKIiMHOW0, ciM'as Kool
noBeptaeTbes B [lapuxk. OrrocTeHa mpuiMaroTh B Kpallly B TOM 4ac CEPEAHIO KOy
Mmicta - LlentpansHy mkony IlanTeony. 3a yac HaBYaHHS XJIOMYUK OAEPKYE YUMAJIO
HAropo/i 3a yCIiXy y BUBUEHHI JIJATUHCHKOI MOBH 1 TyMaHITapHUX HayK.

[Ticnsa mxomu Kour Bupinrye 3q00yBatu ax 1HKEHepa 1 34a€ BCTYIHI ICIUTH
Ha (akyJbTeT, HAOpaBIIU MpU IOMY cepenaHid Oan. 3 TlomiTexHIYHOI MIKOIM BiH
BuycKaeThes B 1807 p. ITotim Bin HaBuascs B Ecole des Ponts et Chaussées (IIkoma
MOCTIB 1 JIOpir), AKy 3aKiHYy€ 3 JUIUIOMOM LMBUIBHOTO iHkeHepa. Hamam Ko
npairoe HaJl Oy1IBEIbHUM MIPOEKTOM BIMCHKOBOIO MOPTY, ajle, HE JUBJISTYUCH HA BCIO
CBOIO 3alHATICTb, BCE X 3HAXOJIUTh 4Yac /JI MIATOTOBKM HAyKOBUX 3alHUCOK 3
matemaTuku. CBOi 3aMITKM BIH mpeacTaBuTh nepes; OCHOBHUM  BIJIUIEHHSM
(pi3uunux 1 maremarnunux Hayk) [HcTuTyTy @panmii. ¥ mucromani 1815 p Komr
OepeTbcs 3a BUKJIQJAHHS MaTEMaTUKH JAPyrokypcHukam B [lomiTexHiuHii mkomi. A
pPOKOM Ti3HIIIE BIH BXe€ cTae mnpodecopoM 1mkonu. Ilounnaroun 3 1824 p
nyOJIKyrOThCs 3HauyIll podotu Ko 3 maTematuku. | B 11eil ke nepioJl BiH OTPUMYE
MPOIO3HuIlii BUKIagaTh ogHoyacHo B Konex e @panc 1 Ha DakynbTeTi IpUpoIHUINX
Hayk [lapu3pkoro yHiBEpCcHUTETY.

VY 1825 p Komni dopmymtoe «Teopito (PyHKIIIH KOMIUIEKCHOT 3MIHHO1», SIKa
BBAXKAETHCA OJIHIEI0 3 KJIIIOUOBHX pOOIT B 00JacTi mMaTeMaTtukd. PokoM mi3Hilie
Ortocten JIyi Kol BBOAWUTH 4iTKE BUBHAUEHHS «BUPAaXyBaHHA (QYHKIIID» Ta JOBOJIUTh
TeopeMy Telmopa 1 00YMCIIIOE «3aMIIKOBUN uieH» Teopemu. Y 1830 p, micis
MacoBux 3aBopymieHb B [lapwxi, Komri 3anumiae OaTbKiBIIMHY 1 TMOJOPOXKYE TIO
[Beitapii, Capaunii 1 Yexii. 3rogom Bripo1oBxk poky Orrocter Jlyi Kol qoBonuts
«IHTerpanbHy Teopemy Korriy.

VY 1838 p yuenwuii nosepraerbes B [lapmwk. Bin Bukinanae B Cepenniii 1yxoBHii
IIKOJTi, 3aiMa€ThCS MIATOTOBKOIO BUMTEIIB JI0 BUKJIAAAIbKOI poOoTu. BaxkmuBy poib
Ko 3irpas 1 B xuTTi Katonuupbkoro iHcTuTyTy. [Tomep Ko 23 tpaBus 1857 p.

PoGotn Komi HanexaTh 10 pi3zHMX oOjacTeld MaTeMaTUKU. YChOro K BiH
HanmucaB 1 omyOmikyBaB  moHax 800  pobGiT 3 apudmeTHku 1 Teopii
qucel, anredpu, MaTeMaTUYHOIO aHai3y, AUPEPEeHIIIAIbHUX PIBHAHb, TEOPETUYHOT 1
HeGecHOI MexaHiku, MaTeMaTiuHoi disuxu. Moro «Kype anamizy» (1821), «Pestome
JIEKIIA 4YuCIIeHHS HecKiHYeHHO Mamnux» (1823), «Jlekuii 3 gomaTKiB aHai3y o0
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reomeTpii» (1826—1828). Y HuX BiH JaB 03HAUCHHS MOHITTS HETIEPEPBHOCTI (PYHKIII1,
4iTKO 0Oy yBaB Teopii 301KHUX PsAiB, (30KpeMa, BIIEpIe YCTAHOBUB TOYHI YMOBH
301KHOCTI psimiB Teiimopa 10 manoi GyHKINT 1 TPOBIB BUPa3HY MEXY MIXK 301KHICTIO
IFOTO PsITy B3araii 1 301KHICTIO 10 JaHOi (PYHKIII1; BBIB MOHATTA pajiyca 301KHOCTI,
JIOBIB T€OpEMYy MpO JOOYyTOK JBOX aOCOJIOTHO 301KHUX PsIiB), AaB O3HAYCHHS
1HTerpasa sk TpaHulll CyM, JIOBIB ICHYBaHHSI 1HTErpaJliB BiJl HEMEpEepBHOI QyHKIIII.

Benukoro 3acnyrorwo Kormri € Te, 1110 BiH pO3BUB OCHOBH TEOPii aHATITUYHUX
GyHKIIIH KOMIUIEKCHOI 3MiHHO1 3akiafeHl 1me B 18 cromitrri JI. Efnmepom i XK.
J'Anam6epom. Oco0aMBO BEIMKE 3HAYEHHS! MAIOTh TakKi pe3yibTaT, oTpuMani Kori:
reOMETPUYHE MPEACTABICHHS KOMIUIEKCHOI 3MIHHOT SIK TOYKH, sIKa TIEPEMIIIAEThCS B
TUIONIMHI TUM YU 1HIIMM MUIIXOM 1HTETPYBaHHS, BUPAXKEHHS aHATITHYHOT (PYHKITT Y
BurisiAl iHTerpana (interpan Komri), Ta po3kian (yHKINI B CTETIGHEBHM ps;
pO3pOo0Ka TEOPil JIMIIKIB 1 11 3aCTOCYBaHHS A0 PI3HUX MUTaHb aHATI3Y.

B o6nacti Teopii amdepeHiianbHUX piBHAHL Kol HamexaTh: ITOCTaHOBKA
OJIHI€T 3 HAMBAXKJIMBIIIKMX 3arajibHUX 3a/1ad Teopii qudepeHIiaibHuX piBHIHG (3a/1a4ua
Koiiii), OCHOBHI TeopeMU iICHYBaHHSI PO3B'SI3KY sl BUMAAKY JIMCHUX 1 KOMITJIEKCHUX
3MIHHUX (JJI1 OCTAHHIX BIH PO3BUHYB METOJ] Ma)KOPAHT) 1 METOJ IHTETpyBaHHSA
PIBHSHb 3 YaCTHHHMMH TOXigHUMHU 1-ro mopsaky (merox Komri— wmeton
XapaKTepUCTUYHUX cMyT). Y reometpii Kol y3araabHuUB TeOpito OaraTorpaHHUKIB,
JlaB HOBHUH CITOCIO JOCIIDKCHHSI MOBEPXHI 2-TO MOPSJKY, JOCTIIKYBaB JIOTHYHI,
HampsIMHI 1 KBaJpaTypy KpUBHX, YCTaHOBUB IIpaBWJIa 3aCTOCYBAHHS aHAJI3y JI0
reoMeTpii, a TaKOXX PIBHSHHA TUIOLIMHU 1 MapaMeTpUYHE MPEACTABICHHS MPAMOi B
POCTOPI.

B anreOpi BiH 1HaKmie JOBIB OCHOBHY TEOpPEMY TEOpli CHUMETPHUUYHUX
OaratowieHiB, pPO3BUB TEOPII0 BH3HAYHUKIB, 3HAMIIOBIIM BCl TOJOBHI iXHI
BJIACTUBOCTI, 30Kpema Teopemy. Lo TeopeMy BiH mommpuB Ha MaTpuii. Komr
HaJIeXaTh TEPMIHU «MOJYJIb» KOMIUIEKCHOTO YHCIIA, «CIIOIYYEeH1» KOMIUIEKCHI YHCTIa.
VY Teopii uncen Ko Hanexats: 1oBeeHHs Teopemu Depma npo 6araToKyTHI YUCTa,
OJIHE 3 JOBEJEHb 3aKOHY B3a€MHOCTI, a TaKOX JOCIIDKEHHS 3 Teopii IINX
anredpaiuHuX 4ucell, y SIKUX BIH OTPUMAaB PsJ pe3yJIbTaTiB, Mi3HILIE B 3arajbHIMIIN
dbopmi BCTaHOBJICHUX HIMEIIbKUM MaTteMaTtukoM ['. Kymmepom.

Bin nepiuii BUBUMB 3arajqbHE HEBU3HAUYECHE KyOlUHE PIBHSHHS 1 1aB TEOPEMU
PO HEBU3HAUCHI KBAJpaTHI PIBHAHHS 1 TMOPIBHAHHS 3 OJIHAKOBUM MOJYJEM 1
3arajJpHUM po3B'si3koM. Komr Hamexath TakoX JOCHIHKEHHS 3 TPUTOHOMETPI,
MEXaHIKH, TeOpii MPYKHOCT1, ONTHUKH, aCTPOHOMII.

XKonen marematuk - 3a BUHATKOM Xi0a 1m0 Jleonapna Eitnepa - He 3amummB
nicisi cebe CTUTbKM HayKOBHX Ipallb, sik Ortocten Komii.

Jliteparypa

1.boosine B. B., Oriocren Jlyn Komm. Ouepk ero Xu3HU M JeSTeNbHOCTH, «DHU3UKO-
MaTeMaTHYECKHEe HAYKU B MX HACTOSIIEM | mpomeamemy», 1887, 1. 3, Ne 1-3
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Mamemamuxa, wo nac omovye. Munyie, cydacune, ,1[(!175)’1711/(7

C. Myxa

JIvgiecoruili Oepocasruil yHigepcumem Oe3neKu HCummeoisibHOCmI

Hayxosuii xepisnux O.M. Tpycesuu, K.¢h.-m.H., Ooyewm KagheOpu npuxkiaoHoi
Mamemamury | MexaniKu

KAJIBKYJIATOP TACKAJIA

bnez TIlackanp - oauH i3 3aCHOBHHUKIB MaTEMaTHYHOTO aHaIi3y, Teopii
HMOBIPHOCTEH Ta MPOCKTUBHOI TEOMETPii, TBOPEIb MEPIIMX 3Pa3KiB JIYMIHHOI
TEXHIKH, aBTOP OCHOBHOTO 3aKOHY TiPOCTAaTUKHA. Bimomuii TakoX BiIKPUTTAM
dbopmynu 6iHOMIATBHUX KOE(IIi€HTIB, BUHAXOIOM T1ApaBIIvyHOTO TIpeca i MIIpHIia Ta
IHIIMMU BIAKPUTTSIMU. ABTOp 3HAMEHUTHUX «JlyMok» Ta «JIMCTIB 10 pOBIHIIANAY, SIKI
CTaJIM KJIACUKOIO (hpaHILy3bKOi JITEPATYPH.

[Tackanp Hapoauecs 19 uepsus 1623 poky B Micti Kiiepmon-®eppan (OBepHb)
B POAMHI TOJIOBU nojaTkoBoro ympaniiHHs Etbena Ilackans i Antyanertu beros,
nouku ceHemang OBepHi. Y IlackaniB Oyno Tpoe niteir — brnes 1 1Bl Horo cectpu:
mouopia — JKakiiH 1 crapma — JXKunsbepra. Matu nomepia, konu biesy Oyno 3
poku. Y 1631 pomi cim'st mepeixana o [aprxka.

[Tackanb-0aThKO TOTPUMYBABCS PUHIIUITY, 32 SIKUM CKJIAHICTh IpeAMeTa Maja
BIIMIOBIIATH PO3YMOBUM 3A10HOCTSIM IUTHHU. 3a HOro IIJIJaHOM JaBHI MOBHU bie3 maB
BUBYATH 3 12-TH, a MaTeMaTuky 3 15-16 - piunoro Biky. MeTon HaBYaHHS MOJISTaB y
MOSICHEHH] 3araJIbHUX TOHATH 1 TPABWJI Ta HACTYIMHOMY TEPEXOMdi JO0 BUBUCHHS
OKpeMHX  TUTaHb. TaK, 3HAHOMJITYM  BOCBMHUPIYHOTO  XJIOMYHMKA i3
3aKOHAMH TPaMaTHKH, CITUTBHUMH JIJI BCiX MOB, OaTbKO MaB Ha METi HABYHTH HOTO
MUCJIUTH PALIIOHAIBHO. Y 10Ma MOCTIHHO MPOBOAMIMUCS OECiAM 3 MUTaHb MATEMATHUKH
1 bne3 Ham3BHYalHO IiKaBUBCS UM mpeaMeToM. baTbko, skuii moOOKOBaBCs, IO
MaTeMaTHKa 3aBaJuTh CHHOBI  BHBYATH JATHHCHKY Ta TPEUIBKY MOBH,  OOIIISB
3BEPHYTHUCS 10 MAaTEMAaTUKU B MallOyTHbOMY. SIKOCh Ha 4eproBe 3alUTaHHs CUHA PO
T€, 10 TaKe reoMeTpis, ETbeH KOPOTKO BIAMOBIB, IO 1€ CIIOCIO KPECIUTH MPABHIIbHI
birypu 1 3HaAXOIUTH MIXK HHUMH MPOMNOPIli, TPoTe 3a00pOHUB HOMY OyIb-sKi
nociikeHHs B il cdepi. Ognak bre3 Ha camMOTi 3aX0AUBCS BYTIJUISIM KPECIUTH Ha
1031 pi3Hi Girypu 1 BUBYATH ix. He 3Hat0uM reoMeTpuyHUX TEPMiHIB, BIH Ha3WBaB
JIHIIO «IAJIMYKOI0», a KOJIO «KUJIBIIEM).

bne3 Ilackanb CTBOpUMB CBiff MEXaHIYHUN KaJbKydsTOp Yy Biui 19 pokiB
y 1642 porii, criocrepirarouu 3a poOOTOK CBOro 0arbKa, SKUW MpaloBaB 301pHUKOM
MOJATKIB 1 0yB 3MyIIEHUI 4acTO BUKOHYBATH JOBI1 1 OOTSKIIMBI PO3PaXyHKH.

[Tpubnu3Ho 3a 10 pokiB BiH nmoOyxyBaB Ouibiie 50 Mojeneil KalbKyJIaToOpiB, B
TOMY YHCI1 1 BJOCKOHAJEHY MOJIeIb MEXaHIYHOro KajabKyjsiTopa. JlemoHcTpalis
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po6ouoi MozeIl MEXaHIYHOTO KalbKyJsiTopa BigOymacs B 1645 poui 1 3auByBana
CepeIHbOBIUHY €BpOIY KPacoIO 1 TOYHICTIO CBOTX MEXaHI3MiB.

Marmmuna [lackans sBisiia co00r0 MEeXaHIYHUN TPUCTPIN y BUTIISI ITYXJISIIKH 3
YUCJICHHUMH, TOB'S3aHUMH OJHMH 3 OJIHUM 3y0YacTOlO MEpe/lavyol0 IIECTEPHIMHU.
Uncna BBOAWIMCA B MaIlMHY 3a JOIMOMOTOIO BiAMOBITHOTO TIOBOPOTY HaOipHUX
kommat. Ha KokHe 3 WX KOMIIIAT, [0 BiAMOBIIadl OJTHOMY JIE€CATKOBOMY PO3PSAY
yucia, Oynu HaHeceHl moainku Big O mo 9. Ilpm BBeaeHHI yucia, KOJiIaTKa
MPOKpyYyBaIUCS A0 BIAMOBIAHOT 1uppu. 3pOoOMBIIN MOBHUNM O00EPT HAJIMILIOK HAJl
1udporo 9 KOMIIATKO MEPEHOCHIIO Ha CYCITHIN PO3psl, 3CYBalOUU CYClTHE KOJIIIIATKO
Ha | mo3wurtito. [lepuri BapianTtu «Ilackaniam» Manu m'sTh 3y04acTHX KOJIiC, M3HIIIE 1X
KUTBKICTh 30UIBIIMIIACS JO IIECTH a00 HABITh BOCHMH, IO JO3BOJISJIO MPAIIOBATH 3
BEJTMKHUMH YHCIaMH, ax 10 9999999,

BignoBine 3'sBisiacs y BEpXHIM 4acTHHI MeTaieBOro kopmycy. OOepTaHHsS
KommaTr OyJi0 MOXJIMBE JHIIE B OJHOMY HAIMpSIMKY, BUKIIOYAIOYH MOKJIHBICTH
Oe3mocepeIHbOr0 OINEepyBaHHS BII'€MHUMH 4YHCIaMU. THM HE MEHIIE, MalluHa
ITackams mo3BOJIsIa BUKOHYBAaTH HE JIMINE JOJABaHHSA, ajie ¥ 1HIII Omeparlii, aie
BUMarajia Mpu LbOMY 3aCTOCYBaHHS JIOCUTb HE3PYUYHOI MPOIEAYypU IMOBTOPEHHS
CKJIaJlaHHs. BilHIMaHHS BUKOHYBAJIOCh 3a JIOIIOMOTOIO JIONIOBHEHB JIO JICB'ATKH, SIKi
JUISL TOTIOMOTH KOPUCTYBaYy 3'SBJISUIMCS y BIKOHII, PO3MIIIICHOMY HaJl BUCTaBJICHUM
OpUT1HAJIBHUM 3HAYCHHSIM.

HesBaxaroun Ha mepeBarn aBTOMATHYHHUX OOYMCIEHb BUKOPUCTaHHS
JIECATKOBOI MAIIMHK Ui PIHAHCOBUX PO3PaXyHKIB y paMKax Jdit04oi B TOW 4ac y
®paHiiii rpomoBoi cucteMu 0yIi0 BaXKKUM. Po3paxyHKH BENUCS B JIIBpax, Cy Ta JCHBE.
Y miBpi HapaxoByBasiocs 20 cy, B cy— 12 gense. 3po3ymMiuio 110
BUKOPUCTAHHS JECATKOBOI CHUCTEMHU YCKIAAHIOBAJIO 1 0€3 TOro HEJNEerkuid mpolec
OOYUCIIEHb.

Mamuna [lackans crama ApyruM peaibHO MPAIFOIYUM OOYMCITIOBATEHUM
IpUCTPOEM Tricis paxiBHuKa Binbrensma Illikapaa, ctBopenoro B 1623 porri.

T.0. €E¢pemosa, 1.B. Buzoonep

Xepconcokuu HayioHAIbHULU MEXHIYHUU YHIgepcumem

Hayrosuii  xepisnux  I.B. Buzoonep, cmapwuii e6uxknaoau Kagheopu euujoi
MamemMamuxy i MamemamuiHo20 MoOent08aHHs;

MEPIINA Y CBITI IPOT'PAMICT - AJTA ABI'YCTA JIABJIENC

VY 1975 pomi minictepctBo 060oporu CIILIA mpuitHsIO pillIeHHS PO MOYATOK
pPO3pOOKH YHIBEpcalbHOI MOBHU TporpamyBaHHs, sika B 1980 porri Oyna Ha3BaHa
"Anma", Ha dyecth Amm Asryctu JlaBnelic, KiHKM, fKa omnucaga pooOoTy
O0OYHMCITIOBAJILHOT MAIIMHY Ta CTajia MEPIIUM B CBITI MIPOrPaMiCTOM.
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https://uk.wikipedia.org/wiki/%D0%94%D0%B5%D0%BD%D1%8C%D1%94
https://uk.wikipedia.org/wiki/%D0%94%D0%B5%D1%81%D1%8F%D1%82%D0%BA%D0%BE%D0%B2%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/1623

Mamemamuxa, wo nac omovye. Munyie, cydacune, ,1[(!175)’1711/(7

Ana Agrycra Jlasneiic (10 rpynnsa 1815 p — 27 nucronaga 1852 p) — enuHa
3aKOHHO HapoOpPKeHa JOHBbKA aHriiichkoro moera jopnaa Jxopmxa I['opmona
BaﬁpOHa 1 ioro mpykuHU BikoHTecH BenTBOopT — AHHU [3a0enm Minbenk. batpku
TIBYMHKHU PO3Ty4YMInCA, Komu Al OyB nuine pik. JJOHbKY BI/IXOByBaJIa MaTH, fKa
Oyna HpI/ICTpaCHO 3aXOIUIeHa MaTEeMAaTUKOIO 1 aJpKe Majla MPi3BUCHKO "KOpoJjeBa
napasienorpamis". [{ro cBOI0 mpucTpacTh BOHA Nepeiaia MajJeHbKii A, HaWHSBILIN
JUIS. TOMAIIHbOI OCBITH BIJIOMHX aHIJIIMCBKMX BYUMTEIIB, K1 CTajJW BUKJIAAATH Ii
anredpy, TPUTOHOMETPIIO 1 ACTPOHOMIIO.

Tsira 10 3HaHB Ta Mpane3aTHICTh JaTH MOXJIMBICTD AIBYMHI MO3HAHOMUTHCS 3
BUJIATHUMHU OcCOOUCTOCTSIMHU Tiei emoxu: Maiikiom ®apaneem, JleBijgom
bproctepom, UYapns3om Bircronom, Yapawszom JlikkeHcoMm Ta iHmmMH. Y ii
XapakTepl NOeAHYBAIUCSI POMAHTHYHI YSIBICHHS MPO CBIT 1 OIHOYACHO Bipa B CUITY
3HaHb. BoHa nucana 3 Ti€o K NPUCTPACTIO PO MAaTEMAaTUYH1 OOYUCIEHHS, 3 SIKOIO
i 0aThKO IMcaB JIFOOOBHI OaiaIu.

B 1833 p Ana no3HaiioMumacs 3 JIOJIMHOIO, sIKa peajtizyBajia ii HayKOBI aMOiIlii.
Ile 6yB Yapnp3z be6Oimx (1791-1871), Omuckyuuit MOCTITHWK, BWHAXIiTHUK,
npodecop KemOpumxcrkoro yHisepcutery. B Toil yac BUKOHYBaBCSl BEJIMUE3HUI 32
o0caroM  TPOEKT 31 CTBOPEHHS  TaOiWllb 3HaYeHb JiorapudmiB  Ta
TPUTOHOMETPUYHUX (PYHKIIIN, 1 beOO1 K MpisiB Mpo Te, 00 aBTOMATU3yBaTH IO
poGoty. Bin 3agyMaB 3'eiHaTH 171€10 MEXaHI4HOI apupMeTuyHOi MamuHu ['oTdpina
JleitOHira 3 iJ1e€r0 MPOrpaMHOro YIPaBIiHHSI M CTBOPUTH aHATITUYHY MAITUHY —
npooOpa3 cy4acHOro Komm'rorepa. Bike nBa A€CSITUIITTS BUEHUM IMpaIlOBaB Haj
IPOEKTOM aHAJITUYHOI OOUMCITIOBAIIBHOI MAIIIMHU, SIKa BKItoYaia O B co01 pyHKITIT
apu(pMeTUYHOI TaM'sAT1, yIIpaBIiHHS, BBEACHHS 1 BUBEICHHA 1H(opmarliii. MamuHa
He Oyra 3aBeplieHa yepe3 BIJICYTHICTh rpoieid B ypsanai. beOOIk onucaB CBOIO
MAIIIUHY, K4 3MOTJla 0 BUKOHYBAaTH OOYMCIICHHS 3 TOUHICTIO JIO ABAISATOrO 3HAKY
micis KOMU. AJla Ty’e 3aX0oNnuiiaca BUHaXoAKoo Yapib3a.

Ha nouatky 40-x pokiB be0011x Hanpy>KeHO MpaloBaB HaJl BIOCKOHAJICHHIM
CTPYKTYpU CBO€i aHANITUYHOI MAIIMHU. 1[I apXiTekTypa BKe HaOIMKEHO
BianoBigana cyyacHuM EOM. V Hiil Oynu npucyTHI BCl TP KIIACUYHUX CKJIAJ0BHX
KOMI'IOTEpa: yHPaBISIOYUN MPUCTPI, CXOBULIIE (TENep MU Ha3UBAEMO L€
naM'aTTIO0) Ta apupMETUIHUN TPUCTPIN . ApUPMETUUHHUIN TPUCTPi MaB anapaTHy
MIATPUMKY BCIX YOTHUPBHOX i apupmetruku. OCHOBHA mporpama 3aHOCHJIACS Ha
OapabaH (Kepyrouuil TPHUCTPii), Ha TOAATOK JO HEi MOTJIM BHUKOPHUCTOBYBATHCS
nepdokaptu. beOOK MPOMOHYBaB CTBOPUTH MEXaHI3M Uil TieppopyBaHHS
udpoBUX pe3ybTaTIiB HA METaNIeBUX MuIacTUHKax. J[s 30epiranns ingopmariii B
nam'aTi BYUSHUH 30MpaBCsi BUKOPUCTOBYBATU HE TUILKH NepdOKapTH, a il MeTajeBl
JUCKH, SIKI OyJlyTh MOBEpTaTUCA Ha ocl. MeTraneBi MIACTUHKU 1 METaJIeBl JUCKU
MOXYTh TEHEep PO3IIAJATHCS HaAMMU SIK JajeKi MPOTOTUIIM MAar”iTHUX KapT 1
MAarHiTHUX JHUCKIB.

VYV 1842 p Yapnw3 be66imx OyB 3ampomieHuil B TypUHCHKUN YHIBEPCHUTET
3pOOUTH JIEKLIIIO PO CBOIO aHANITUYHY MaluHy. Bin nmonpocus rpaduxio JlaBneric
MEpPEeBECTH JIEKIII0 Ha aHIJIIChKY Ta CYNpPOBOJUTH TEKCT KOMEHTapsmu. Jlexi
JlaBnelic BuTpatuia OuIbllle POKY Ha IO poOOTy, MICHs 4YOro 3amucu Oynu
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omy6sikoBaHi. Bonn BMimgyBanu 52 CTOpIHKM KOMEHTapiB, B SKHX WILIOCS PO
pO3pOOKy TUTaHy oOIepaiiid i aHaJITUYHOI MaluHU — Ie 1 OyJo Tmepiie
nporpamyBasHs. [i "onepauii” HaAIAIM 0GYUCIIOBATILHY MAIIMHY HEHMOBIPHOIO
3MIaTHICTIO MpAaIIOBaTH 3 anredpaidyHuMu (popmyaamu, BOHa modauuna B il MalInHi
OlIpIIME TTOTEeHIaN, HiK caM be0O1mK. Ana ABrycra npejctaBuiia TpHU MIeplini B
CBIT1 OOYHCIIOBaJIBHI TPOTPaMM, CKJIQJCHI HEI I MalldHU: IMporpama s
BUPIIICHHS JBOX JIHIMHUX alreOpaidyHuX PiBHSAHB 3 JIBOMa HEBIJIOMUMH, IPU OIHKCI
SIKO1 TepIlla 3aCTOCyBaJIa MOHATTS 'poOounX KOMIpok' (poboumx 3MiHHUX). [pyra
nporpama OyJia ckjiaaeHa Ajis 0OYMCICHHS 3Ha4eHb TPUTOHOMETPUYHOT PYHKIT 3
OaraTokpaTHUM ITOBTOPEHHSM 3aJIaHO1 MTOCTIJOBHOCTI 00UHCIIOBAILHUX OIEpaIlii.
Jlns  1iei mporpamMu  Ana BBela TOHATTA '"HUKIT — TIOHATTSA OJHIET 3
(GyHIaMeHTAIbHUX KOHCTPYKLIA CTPYKTYpHOrOo TporpamyBaHHs. B  Tpertiit
nporpami, MpU3HAYeHId s 0OpaxyBaHHS uucen bepHysul, BOHAa BUKOpHCTala
PEKYpPEHTHI BKJIQJICH] [TUKJIU.[2 ]

Ieit opuriHagIbHUI KOMEHTap, BKIIOYAIOYU KOMIUIEKC pO3pOOOK MPOTPaMHOTO
3a0e3nedeHHs 1711 O0YMCIIOBAIbHOT MAIIMHU, IKHI KIHKa poOHiIa Ha MPOTS31 POKY
Ta JOKJIana JI0 MepeKiIaay, BUIBUBCS Ha0araTo MuUpIIe 1 TIMOIIe caMOro BHHAXOTY
aHTIIHCHKOTO BUEHOTO. JIaBieiic He TIIbKU Y0CKOHANIMIIA HOTO IUISIX PO3yMiB, a
1ie ¥ 3poOuia BeIU4e3HUu KPoK y mepeadadeHH1 kiacudikalii mociayr, ki Moria
0 3miiicHIOBaTH Taka oO4uMCIIOBaibHAa MamivHa. BoHa mucana, 1m0 MOXIIMBOCTI
00YHUCITIOBAILHUX MAIIIMH B MaOyTHROMY Oy Iy Th IOIIUPIOBATUCS HA TaKl QyHKITIT,
SK JIOT14HI BUCHOBKH Ta MIPKyBaHHS, OpraHizaiis GyHIaMeHTAIbHUX JTOCHIIKEHb
y raigy3l HayKd, MHCTENTBa, My3uill. BueHa BuCIOBWIA TyMKy, IO MallllHA
3aMIHUTH JIOJUHY B Pi3HUX 1H(OPMAIIHHUX NpolLecax, NOB'I3aHUX 3 YIPABIIHHAM
Ta KOHTPOJIEM.

HesBaxkarouu Ha Te, 1m0 mammHa be00imxka Tak 1 He OyJia CKOHCTpyHOBaHa 3a
KUTTS AW, 19 BUJATHA KiHKA, sKa 3arjigsHyja Ha POKU BIEPE, 3aCITyKEHO
BBAXKAETHCS MEPIINUM B CBITI IPOrPaMiCTOM.

Jlitreparypa
1. Aiizekcon B. InHoBaTopu: Sk rpymna xakepiB, FeHiiB Ta I'1KiB 3iHCHUIA HU(PPOBY PEBOIIOLIIO
/ B. Aitzexcon — Kuis : Ham ®@opwmar, 2017. — 488 c.
2. https://www.imena.ua/blog/11-ada-lovelace/
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JJEOHAP/ EUJIEP - HAUBUJATHIIINNA MATEMATHK 18-TO
CTOJITTS

Jleonapn Eiinmep napomuscs 15 xBitHa 1707 p. B M bazens, B IlIBeitmapii.
Hezabapom micis HapOJKEHHsI CHHA, POJWHA IepeiKIkae B MicTeuko Pien. VY
TPUHAIUATE pokiB Elnep-mononmmii BcTynae 10 ba3enbcbkoro yHiBepCUTETY, 1 B
1723 p. otpumye cTyminb marictpa ¢inocodii. Y cBoiit auceprarii Einep nopiBHioe
dinocodii Hetotona i Jekapra. Morann BepHymmi, skuii 1aBaB XJIOIYHMKOBi 110
cy0oTax NpHUBaTHI ypOKH, IIBUAKO PO3MI3HAE BUAATHI 3A10HOCTI XJIOMYUKA J0
MaTE€MaTUKH 1 TEPEKOHY€E HOro 3aJIMIIUTH PAHHIO TEOJIOTIIO 1 30CEpEeAUTHCS Ha
mateMaruui. 17 TtpaBHs 1727 p. Eilnep npuxoauTe Ha CiykO0y A0 MEIUYHOIO
BiIZIUIEHHS [MmepaTtopcbkoi pociiichkoi akaaemii Hayk B CankTt — IletepOyp3i, ane
Maike BiIpa3dy K NEpexXoJuTh Ha MareMaTuyHuidl ¢akynabrer. OpHaK dYepes
3aBopyiieHHss B Pocii, 19 uyepus 1741 p Eitnep nepeBoauthcsi B bepiiHCbKy
akazemito. Tam ydeHuil mpocaykKuB OIM3bKO 25 pOKIB, HAITMCABIIM 32 1I€H Yac MOHa[
380 naykoBux crtateil. Y 1755 p. #ioro obuparots iHo3eMHuM wieHoM llIBeacwkoi
KOPOJIIBCHKOT aKajieMii HayK.

JuBoBrKHUM y nisibHOCTI Eifniepa Oyso Te, 1m0 BiH 30BCiM HE 3aMHUKAaBCS B
MaTeMaTHIll. YYEHUH YyJOBO 3HAB KpallMX MHCHbMEHHUKIB CTapOJaBHBOTO CBITY,
CTapOJaBHIO JIITEpaTypy 3 MaTeMaTHWKH, ICTOpi0 BCIX YaciB 1 HapoMAiB, MOBHU
CTapoJaBHI Ta CXifgHi, 3aximHoi €Bpomu, O0TaHIKy, XiMil0, (i3UKy, aHATOMIIO 1
MeauuuHy. CBOIMU 3HaHHSIMU Bpa)kaB CIIELIAICTIB 13 LIUX Tajly3ei 3HaHb. BiH Mmir,
HaIpUKJIaJ, TPOYUTATH Hamam'siTb BClO «EHEIAy» 1 HaBITh Ha3BaTH MEpILl H OCTaHHI
PSAAKMA MOEMU Ha KOXKHIM CTOPIHII TOTO BUJAHHA, SKUM KOpPUCTyBaBcd. BueHuil 3
HACOJIOJIOI0 CITyXaB MY3UKY 1 Hal#caB TPaKTaT 3 MAaTEMAaTUYHOI TeOpii My3UKH.

Ocobucrte xutts Einepa Oyno TskkuM. Y HBOTO TOMepia JIpYy>KWHA 1 BiH
OJIPY>KUBCSI BApYTe. 3 TPUHAIATH JITEH BICIM MOMEPJIO B PAaHHBOMY JAUTHHCTBI. Y
1771 p. mig 4ac moxexxi 3ropiB Moro OyJAMHOK 1 Maike Bce MaitHO. JlenBe BCTUTIIN
BUBECTH 3 Tajaroyoro OyJAMHKY CIINOr0 BYEHOTO 1 BPATYBATH BEJIUKY KUIBKICTbH
pykomnuciB. Flomy npoomnepyBaiu oko i 4acTkoBo moBepHy.H 3ip. I1[o6 He Tpammiocs
YCKIIQIHEHB, JTIKapl 3a00pOHUIIN TIPAIIOBATH. 3PO3yM1LJIO, 110 1boro Eiiiep BUKOHATH
He Mir. ToMy, TIOHOBMBIIM CHIIM, TPOJOBXKYBAaB MNpAIIOBAaTH. MOro eHepris He
BUuepnyBanach 1 B 70 1 75 pokis.

Macmrabu nopoOky BueHOro BpaxkaroTh. [loHag 886 HaykoBuX mpails, cepen
akux Ounbil ik 20 Benukux 2-, 3-ToMHUX MoHorpadiil. B emicronsipHiil criaamuHi
HamiuyeThess 0u3bk0 3 000 nmuCTIB, OUIBIIICTD 3 SIKUX € HEBEJTUKUMHU 3aKIHYEHUMHU
HAYKOBHMH TTOB1JOMJICHHSIMH.

[Ipo Benmue3Hy 1 mOCTiHY mpare3gaTHicTy Eilnepa cBigyath HE TIIBKH
OImyOJIIKOBaHI HUM TIpalli, a ¥ po3B's3aHi 3ajadi, SKi MPOMOHYBAIHCH [lapu3bkoro
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aKaJeMi€r0 HayK. 3a yCHIlIHe pO3B's3aHHs 1X BiH oaepKyBaB npemii 3 1738 mo 1772
pik, Bchoro 12 pa3, y 1752 p. — onepkaB nozBiiiHy mpemiro. Einep OyB uieHOM
0araTb0X 1HO3EMHHX aKaJaeMii 1 HayKOBUX TOBapucTB. [lapm3bka akamemis Hayk,
CTaTyTOM fIKOi mependadeHo mraT TUbkH 13 40 akaieMikiB, BpaXOBYIOUHM BHKIIIOUHI
3aciyru Einepa nepen Haykoro, oOpaiia iioro B TpaBHi 1755 p. «1moHaa mraT» CBOiM
1HO3EMHUM YJICHOM.

Eiinep po3BHHYB KiJIbka HOBUX MAaT€MAaTUYHUX JHUCIMIUIIH, SIKI JI0 HBOTO
nepeOyBajau JIMIIE B 3apOAKOBIM (opmi: Teopito 3BHYAHHMUX JAudepeHIiaIbHUX
PIBHSHb 1 B YAaCTHHHUX IOXIAHUX, BapiallifHe YMCIICHHS, €JIEMEHTapHy TEOPIIo
(GYHKIIIH KOMIUIEKCHOI 3MIHHOI; PO3KJIaJaHHI0 (PYHKIIN Y TPUTOHOMETPHUYHI PSJIU,
Teopii cnemianpbHuX (DYHKITIH 1 BU3HAYCHUX IHTErpaliiB, TudepeHIiaabHii reoMeTpii
MOBEPXOHb.

VY 3B'I3Ky 3 pO3BUTKOM KapTtorpadii BUCHHl pO3pOOUB TEOPII0 KPUBU3HU
MOBEPXOHB, TEOPII0 PO3TOPTYBAHUX MMOBEPXOHB 1 KOHPOPMHUX MEPETBOPEHbD.

VY HaBualbHMX MOCIOHMKAx 1 HAYKOBUX Ipalsix BUYEHOIro € Oarato 3aaad 3
CJIEMCHTApHOI MaTEeMaTHKH, TOCTYITHHX YYHSM CepeaHboi mKkoiau. Jleski 3 Hux
MOKJIAJIM TOYAaTOK HOBUM PO3/1IaM MaTEMAaTUKH, HAIPUKJIaA: Teopii rpadis, TONOJOTIi
Ta 1HIMM. barato MareMaTu4HUX MOHSATH €JIEMEHTApPHOI MaTEMaTUKU HA3BaHO IM'AM
T€HIAJIbHOTO BUEHOTO.

Elinepy Hanexats 4y10B1 1 HaJ[3BUYaitHO cy4acHi cioBa: «Hemae Hayku, sika 0
He OyJia TMOB'I3aHa 3 MAaTEeMaTHKOIO, HAYKH, SKa, AKIIO0 BOHA Ma€ OyTH TPYHTOBHO
po3po0JieHO0, HE BHUMarajga O 3acTOCyBaHHS BHINOI MareMaTtukuy. Kpamum
MIITBEPKEHHSIM IIUX CJI1B € caMa TBopuicTh Einepa. ®di3uka, MexaHika, aCTpOHOMIS,
ONTHKA, TIAPOTEXHIKA, Kaprorpadis, Teopis MEXaHI3MIB 1 MallluH, A€pOHABTHKA,
OayticTUKa, apXiTeKTypa, (Pi310JI0Tis 1 TEOPisi My3UKH — OCh J1aJIEKO HETIOBHUI Mepestik
rajxy3ey 3HaHb, y AKUX npairoBas Eiep.

Jlireparypa:

1. A. JI. BoeBona 3aiikaBUTH MaTeMaTUKOK: (METOAMYHI MaTepiaiaul AJs MiABUIIECHHS 1HTEpPECY 10
MaTeMaTHKH): MeToOMUYHUH MOCIOHWK. — 2-T¢ BUJI., J0oTNOoB. 1 iepepod. — Biaawums:, DOIT «Jlerkyn
B.M.», 2012. — 181c.

2. Irop Makapos. [HBecTHIlii B «ancTyto HayKy» // Cankm-Ilemepbypeckuii ynusepcumem : KypHalL.
— 7 6epe3nst 2006. — Ne 4 (3726).
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AJITOPUTM I'AYCA JIsA BUBHAYEHHA JATHU BEJIMKOHSA

Bemuknenr  (Bockpecinna  Xpuctoe, Ilacxa) —  HaiigaBHime
XPUCTUSHCBHKE CBATO, TOJIOBHE CBSITO OOTOCIIyKEOHOTO POKY, IO BCTAHOBJIICHO
Ha yecTh Bockpecinnus Icyca Xpucta. Bockpecinusa XpHuCToBe — 11€ TIepeXi Bl
CMEPTI J0 KUTTS, 3BIIILHCHHS HAC BIiJl TATAps TPIXiB, IEPEXiJ] JIIOAUHU 3 paOCTBa
IpiXiB Ta 3J1a A0 cBOOOaM Jr00OBI Ta jaoOpa. TpamullisiMd IOTO CBSATA €
BenukonHe mpuBITaHHSA, OCBSYEHHA BenMKOAHBOTO KOIIMKA, BiJIBIIYyBaHHS
ponuuiB. J[ata cBATA HE € CTAJIOKO 1 KOKHOTO POKY OOUYHUCIIOETHCS 3a MICSYHO-
COHSIYHHMM KaJICH/IapeM.

325p.B wmicti Hikes (HuHi I3Hmk, Typewuwmna) BigOyBcs Ilepumii
Bcenencekuit Co6op. Ha Hpomy Oyiio npuitHATO:

*IpUAHATH Ha"BIYHI 4Yacu" B OCHOBY XPHUCTHUSHCBHKOTO JIITOYHUCIEHHS
I0JIIAHCHKUI KaJleH1ap;

*IlepKBa HE TMepexoauTh Ha HoBuil cTuip;

snipuiinsgTuii Hikelicbkuit CUMBOJI BipH;

*cBsiTO [lacxu CBATKyBaTU B MepIIy HEJLTIO MICIs MOBHOTO MICSIIs, sKa
HACTAE MICJIsl TOBHOTO MICSIIS, 1110 HACTAE IMICII BECHSIHOTO PIBHOJICHHS.

Anroputm Tayca oOumcineHHss natm BenukomHs - MaTeMaTHYHUN
QITOPUTM, TIPU3HAYCHUH JIJIs1 BUSHAYCHHS JTHS CBATKYBaHHS BenukoaHs B Oy/ib-
AKOMY poOIll. 3ampoONOHOBAHO BIEpIIE HIMEIbKUM MaTemMaTukoM Kapiom
['aycom B1800p.

["ayc HaBiB numie ¢popmynau 6e3 nosicHeHb. [10CHEHHSI KO)KHOTO KPOKY aJIfTOPUTMY
naB npodecop bazenbcbkoro yHiBepcutety ['epman Kinremin B1870p.

Anroputm ["ayca ansa odurcnenns gati BenukogHs:

1.Po3ainutu HOMep poky Ha 19 1 BU3HAUWTH 3aJIUIIOK BiJl JIJICHHS 4.
2.Po3ninuTi HOMEp POKY Ha 4 1 BUBHAYMTH 3aJIUIIIOK BiJT AUTCHHS D.
3.Po3ainutu HOMEpP POKY Ha 7 1 BUSHAYUTHU 3QJIUIIOK BiJl JUICHHS C.
4.Po3ainutu cymy (19a+15) na 30 1 Bu3HauUnTH 3a1U110K d.
5.Po3ainutu cymy (2b+4c+6d+6) Ha 7 1 BUBHAYUTH 3aJIUIIOK €.
6.Busnauutu cymy f= d+e.
7.J0 04.04 (4xBiTHs) nonaTw f.

Hasenemo nmpukinaan o6uncienHs 1atu BenukoHs Ha 11e# 1 Ha HACTYITHUN POKH.

N=2020 N=2021

a = [N/19]=6 a=[N/19]=7

b= [N/4]=0 b=[N/4]=1

c=[N/7]=4 c=[N/7]=5
d=[(19a+15)/30]=9 d=[(19a+15)/30]=28

e = [(2b+4c+6d+6)/7]=6 e=[(2b+4c+6d+6)/7]=0
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f =d+e=15 f=d+e=28

4.04+1=4.04+15=19 kBiTHA 4.04+1=4.04+28=2 TpaBHi

Jlireparypa:

C. KynikoB. Hutka gaciB.«Hayka»,1991

IIpo crapwuii Ta HOBUI cTri//«B cBiti iHGpopMaTuku» Ne 114(«Indopmaruka» Ne 20/2008).
Kinkenin I'.O6uncnenns Xxpuctusticbkoro Benukoans /MatemaTHaHUA 301pHUK
MockoBChKOTO MaTeMaTuuHoro ToBapuctsa. M.,1870.T.5.C.73-92.

wnh e

T. I'agpunenko

JIvgiscokuti OepoicasHuil yHisepcumem 6e3nexu HeUmmeOoisiibHOCHI

Hayxosuii kepienux O.M. Tpyceeuu, xanouoam @Qizuko mamemamudHux HAYK,
doyenm Kagpeopu NpUKIaAOHOT MamemMamuKuy i MexaHiKu

BIJIOMI YKPAIHCBKI MATEMATHUKHA

M. B. Octporpaacekomy (1801-1861) Hane)kuTh OJHE 3 HANIIOYECHIIIMX MiCIlh
B icTopii CBITOBOI MaremaTuuHoi Hayku. Jliama3oH HayKoBOi TBOPYOCTI
OcTporpajacbkoro HaJA3BUYaWHO IIMPOKHM: AudEepeHiliaibHe Ta I1HTerpajbHe
YUCJICHHS, anredpa, Teopist uucen, AudepeHIiiaibpHa reOMeTpist, TEopis HMOBIPHOCTEH,
MaTreMatuyHa (i3uka, BapialliiiHe YHCJICHHS, aHAJIITHYHA MEXaHiKa, Teopis ynaapy,
OasicTuKa.

I ®. Boponuit (1868-1908) HamexuTh 10 KOTOPTH HAWBIIOMIIINX
YKpaiHCBKMX MaTeMaTHUKIB MHHYJIoro. BusHanuii daxiBigMu sSK OOuH 13
HAWSCKpPABIMIMX TaJaHTIB y ramy3i Teopii yucen Ha Mexi XIX-XX cromite. 0.
Boponuii 3a cBO€ KUTTS BCTUT HAJPYKyBAaTH BChOTO ABAHAIUATH cTaTeil. Ase AKux!
BoHu panu momToBX sl pO3BUTKY KUIBKOX HOBUX HAIPSIMKIB B aHAJIITUYHINA Teopii
yucen, anreOpaiyHiil Teopli Yucen, FreOMeTpii Ynuces, sIKl HUHI aKTUBHO PO3BUBAIOTHCS
y 6araTtbox KpaiHax.

M. I1. KpaBuyk (1892-1942) - aBrop nonan 180 po6it, B ToMy uucii 10 KHHT i3
PI3HUX pO3ALIIB MareMaThku (aiaredpa 1 Teopis yucelsl, Teopis (YHKLIA AIMCHOI i
KOMILJIEKCHOI 3MIHHMX, T€Opis AU(PEpEeHIIAIbHUX Ta IHTETPAJIbHUX PIBHSAHb, TEOPIs
HMOBIPHOCTEM 1 MaTeMaThuyHa CTaTUCTUKA, ICTOpisl MaTeMaTuku Toino.) L{i HaykoBi
nparli yBIMIIUIIM O CKapOHUII CBITOBOI HayKu. Ternep ICHYIOTh Ha CTOPIHKAaX HAYKOBHUX
nociixeHb MHorowieHnn KpaBuyka, MomenTu KpaBuyka, ocumaropu KpaBuyka.

B. U. JleBunpkuii (1872-1956) - 0CHOBOMOJIOKHUK MaTEMaTHYHOI KYJIbTYPH
HaIoro Hapoay'", - Tak ckazaB npo Bomnomumupa JleBuipkoro axamemik Muxainso
Kpasuyk. Bemuxkoto 3aciayroro B. JleBuiibkoro 0yso Te, 110 BiH 310paB 1 BHOPSIKYBaB
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MaTepiaiy 3 yKpaiHChbKOI MaTeMaTUYHOI TepMIHOJIOri, 110 Oynia HaapykoBaHa B 1903
p. OCHOBHOIO IUISHKOIO HayKOBOi pobotu mpodecopa B. JleBuibkoro Oyia
Teopis aHAmMTUYHUX GyHKUOIA. BiH 3aliMaBcs TakoX TEOMETpi€lo, anredporo,
nudepeHiiaTbHUMI PIBHIHHAMHU Ta ICTOpI€I0 MareMaTuku. barato yBaru mpuaiiss
TEOpPETUYHIN (Di3HUIll Ta ACTPOHOMI].

M. O. 3apunpskuii (1889-1961): naykosi iHTepecu M. O. 3apUIBKOTO OXOILTIOIOTH,
TOJIOBHUM YMHOM, TEOPII0 MHOXKHMH 3 alNreOporo JIOTIKH Ta Teopito (QyHKIUINA A1HCHOI
3MiHHOI. BiH mocCmipKye MOXigHI MHOXHHH METOJAMH aJIreOpH JIOTIKH, BUXOMSYA
TUIBKH 3 KUIBKOX OCHOBHHX aKCiOM 1 HE KOPHUCTYIOUHCH 1HITUMU T€OMETPUYHUMHU
MipkyBaHHsMH. Kpim Ttoro, M. O. 3apuibkuii 3aiiMaBCs TEOPI€I0 BUMIPHUX
NIEPETBOPEHb MHOXXHH, TOOTO TaKUX TOMEOMOP(GHHUX IEPETBOPEHB, SKI IEPEBOSITH
JIOBUIbHY BUMIPHY MHOXKHHY B 1HIITY MHOXKHHY TaKOTO % POJYy. A TaKoX BiH 3aliMaBcCs
JEeSKUMU TEOPETUKO-UYHCIIOBUMH MTUTAHHSIMHU.

B. M. I'mymkoB (1932-1982): tBopuwmii 31iT B.M. ['mymikoBa Bpakae CBOEFO
HecTpuMHICTIO. [[iana3oH oro 3axorieHb OyB HaJI3BUYANHO MIUPOKUM: (inocodis,
MaTeMarturka, Qi3uka, Jireparypa, 6otaHika. BiH BUB4YaB OKpeMi JUCIUILIIHU B 00Cs31
BY3IBCBKHX KypciB. Po3B'sizaB m'saTy y3aranbHeHy mpobiemy ['inmpbepra, oaHy 3
HANCKIIQHIIIUX B Cy4dacHii anreOpi. BaxuBi pe3ynbTatu J1icTaB B TEOpii IUGPOBUX
aBTOMATIB, B Taly3l 3acTOCyBaHb OOYMCIIOBAJIBHOI TEXHIKM B KEPIBHUIITBI
BUPOOHMYMMHU TpoliecaMu Ta ekoHoMmiul. Ilix ioro kepiBHULTBOM OyJiM CTBOpEHI
yHIBEpCalbHI €JIEeKTPOHHO-00UKCIIOBaiIbH1 Mamman "Kuis", "J{Hinpo", cepii MammH
,,Mup” Ta 111 EOM.

10. JI. danenpkuit (1926-1997) — BCecBITHBO BiOMHUII MaTeMaTHK, TOPAICTh
BITUM3HSIHOI Hayku. OCHOBHI Mpalli BYEHOTO MPUCBAYEHI JOCTIPKEHHIO CY4YacCHHX
npo0ieM MaTeMaTUYHOrO aHami3y, Teopii WUMOBIPHOCTEH, Teopii AudepeHIiaTbHUX
PIBHSAHBb 1 MaTeMaTU4HOI (Pi3uku. [[o ckapOHMII CBITOBOI JIITEpATypy 3 MAaTEMATHKH 1
TeopeTuyHol (izuku yBinuia BaxiuBa (opmyna Jlanenskoro-TpoTrepa mpo
MYJIbTUILTIKATUBHE MIPEICTABICHHS €BOJIIOLIMHOIO IHTETpaa.

FO. O. Murpononschkuit  (1917-2008) — 3a poku cBoei Mmaibke 60-pigHOi
HaykoBo1 AisuibHOCTI HO.O. MuTponosibcbkuii oTpuMaB (PyHIaMEHTAJIbHI HayKOBI
pEe3yJbTaTH B TATY31 ACHMITOTUYHUX METO/I1B HEJIIHIMHOT MEXaHIKH, IKICHOTO aHai3y
HETIHIMHUX CHUCTeM JHU(EpEeHLIAIbHUX PIBHAHb MNpU 30YypEeHHSX, JOCHIIKEHHI
KOJIMBHUX MPOLECIB Y HEMHIMHUX CUCTEMAX.

A. B. Cxopoxon (1930-2011): Bigomuii yKpaiHChKHI MAaTEeMAaTHK, IO MPAIFOBAB
y cdepl Teopii CTOXaCTUYHUX AU(EepeHIiaTbHUX PIBHSAHb, TPAHUYHUX TEOPEM IS
BUIIAJIKOBUX MPOLIECIB, PO3MOAUIIB Y HECKIHUEHHOBUMIPHUX MPOCTOPAX, CTATUCTUKU
BUIMAJKOBUX IMPOIECIB, MAPKOBCHKUX MPOIIECIB.

A. M. Camoiinenxko (Hap. B 1938p.) € ogHuM 13 TpOBIAHKMX (PaxiBIliB 3 AKICHOT T€OPii
3BUYAMHUX TudepeHIladbHUX PIBHSAHB 1 TE€Opii HEMHIMHUX KoJiMBaHb. BiH mpoBiB
OpUTIHANBHI ¥ TTIMOOKI HOCTIKEHHS Ta MO0Y/lyBaB T€Opit0 30ypeHHs 1HBaplaHTHUX
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TOpPOIAaNbHUX OaraToBUIIB JUHAMIYHHUX CHCTEM, CTBOPUB HOBI Ta PO3BUMHYB B1JOMI
ACUMNTOTHYHI METOJM HENIHIHHOT MeXaHIKH, PO3poOMB TEOpil0 0araro4acTOTHUX
KOJIMBaHb.

Jlireparypa:
1. Marematuka VYxkpainu [Enekrponnmii pecypc]. - Enexktpon. nani. - Pexum npocrymy:
http://www.refine.org.ua/pageid-2962-2.html. - 3aro:. 3 TuTyn. ekpany. - MoBa: ykp.

10. /lybac

JIvgiscokuti 0epaoicasHutl yHisepcumem Oe3neKu HCUmmeoisibHOCmi

Hayxosuii kepisnux O.M. Tpycesuu, xanouoam @izuxo mamemamuyHux Hayx,
ooyenm Kagedpu NpuKkIaOHOi MamemamuKkuy i MexaHiKu

MATEMATHUYHI BIAKPUTTA, 11O 3MIHUJIN CBIT

Po3BUTOK MareMaTWKH HIKOJU HE IEpPEecTaEe JUBYBAaTH CBOIMU BIAKPUTTSIMHU.
[Ipocti dopMynu 1 po3paxyHKH, MOXKYTh 3MIHUTU CBIT. CyyacHe CyCHUIbCTBO, Ha
Kajb, 3ACOUIBIIOTO CHpUWMAaE MaTeMaTHUKy IPOCTO SK IIKUIBHUN TMpEeIMET, He
3aMUCIIIOIOYUCH HAJ TUM, IO 1€ BEJIMKAa CEpilo3Ha Hayka, IeBHAa 0coOJMBAa MOBA,
IHCTPYMEHT, SIKHI J1a€ 3MOTY MOJICJIFOBATH PI3HOMAaHITHI MPOIECU MPAKTUYHO B YCiX
chepax xutts. MaremaTuka Ckpi3b. | KOXXKEH MOXke 3HAWTH ''CBOI" MaTeMaTHKY.
AJxe, HaBITh TUCbMeHHUK JIbtoic Kepoin, sikuit HanucaB «Atica B KpaiHi 4yiecy», OyB
MateMatukoM, Harmoneon bonanapt nucaB MareMaTuyH1 npaui

IIpocTa ykpaincbka aiBunHa MapuHa B’si30BchbKa, po3B’si3aina 3a1auy CTOJITh,
3a mo 1 3100yna npemito SASTRA Ramanujan Prize-2017 po3mipom B 10 THCsY
noJiapiB. OprkoMITeT MOSICHUB IPUCYIKEHHS peMii B's:30BChKiN THM, 110 11 pO3pO0KH
MaTUMYyTh CEpHO3HUI BIUIUB y MaOyTHHOMY Ha JUCKPETHY F€OMETPII0, aHATITUYHY
TEOpir0 yucen Ta rapMoHiHuii aHams. Y 2016 poxy B'si3oBcbka po3B's3ana 3agady
MaKyBaHHS KyJib Y §-BUMIPHOMY MPOCTOPI Ta, Y CIIBaBTOPCTBI, — B 24-BUMIPHOMY.
Panimre 3amady makyBaHHsS KyJb OyJIO pO3B'SI3aHO JIMIIE IS TIPOCTOPIB 13 TphOMa 1
MEHIIIE BUMIpaMH, a pO3B'si3aHHs TpUBUMIpHOro BUmaaky (rinore3u Kemnepa) Oyio
Bukiaznene Ha 300 cropinkax Tekcty 3 BUkopuctanHsaM 50 000 psiikiB mporpamMHOro
kony. HatomicTe po3B'sizanHs B's30BCchkOi 8-BUMIpHOro BUMAAKY 3aiimae numie 23
CTOPIHKH Ta € «IpUrojioMiIyroue npoctum». Ha nocmimkenns miei 3anayi B's30BcbKy
HAJMXHYB KWIBChKMI MaTeMaTuk AHapid bonmapenko. Han poss'szanHsiM BoHa
npairoBanga jaBa poku y bepmini. ¥V kBiTHI 2017 poxky MaremMaTHYHUM 1HCTUTYTOM
Knes Mapuni  B'sizoBcbkiii  nipucymkeno JoCaiaAHUIIBKY HAropoay 3a MNpPOPHUBHY
poOOTy HaJ 3ajadyaMy TaKyBaHHS KyJb Y PO3MIPHOCTSIX BICIM Ta JABAAISNTH YOTHUPH.
3 paBHIMHMX 1 OUIBIN BIJIOMHX BIJKPUTTIB MOXHA 3rafaTd « TpUKyTHHK Pemox.
Tpuxkytauk Perno oOMexye Hernagka 3aMKHYTa OMyKJia KpHUBa, SIKa HOCUTH TaKy X
Ha3By. BoHa moxomuTh Bia Mpi3BUINA HIMEIBLKOro MexaHika @panma Peno, skwii
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MEPIIUM TIPOJEMOHCTPYBAB CTANICTh IIUPHHH I1i€l PIrypu 1 BUKOPHCTOBYBAB ii y
CBOTX MEXaHi3Max.

Ane KpiM BUPIINIEHHS Ba)XXKUX 3ajJlad, MaTeMaTHKa TaKOX JOMOMarae B
3BMUYaiiHuX TOOyTOBUX peuax. Tomy Apwucrorens, bekon, Jleonapao ma Binui Ta
0arato IHIIMX BEJIMKUX PO3YMIB JIIOACTBA 3alMajuCsl MUTAHHSIM B3a€MO3B’SI3KY
MaTteMaTuKH 1 ¢igocodii. 3 MaTeMaTUUYHUX JOKYMEHTIB, SIKI JIMIILINA O HAC, MOYKHA
3pOOUTH BUCHOBOK, IO HaBiTh B JlpeBHhOMY €TUNTI OYyJIM CUJILHO PO3BHHYTI Taly3l
MaTeMaTHKH, TTOB's13aH1 3 pillleHHIM eKoHOMIuHuX 3anad. [lamipyc Paitaaa (6:1. 2000
p. 10 H.e.) TOYMHABCA 3 OOIIMHKHM HABYUTH '"3po0jeHOMY U OOIpyHTOBAHOMY
JOCITIKCHHIO BCIX peuei, po3yMiHHIO IXHIX CYTHOCTEH, IMi3HAHHIO BCiX TAEMHHUIIB'.
B cBoili KHU31 BiH pO3IOBIIa€ MPO TE, IO HE KOKEH MOXKE MOTIOOUTH MaTEMAaTHKY, ajie
OyIbp-XTO 371aTeH ii 3p03yMiTH. Takok aBTOp PO3MOBIB PO CBOE BIIKPUTTS 3 TIEPIIIOIO
pobotoro 3 Akiiaem Benkarerniem, iioro gaBHiM criBaBTopoM. J[o 1iboro ioro podota
OyJia my>ke TeXHIYHO. B nesxoMy ceHcl BoHa Oyiia mpeicTaBlieHa TEOpeMaMHu, sIKi BiH
MIT' IOBECTH, OCKIJIbKH 3HaB 0arato IepeoBUX METOIIB 1 BMIB iX 3aCTOCOBYBaTH. Y
MPOEKTI 3 AKIIIa€M BiH BIIEpIIIE 3pO3YyMiB, 1110 MalOUu rapHy 1J1€10, MU MOXKEMO JOCITTH
yCHIXY Yy CTapiid mpoOsieMi 3 BUKOPUCTAHHSM €JIEMEHTAPHUX METOIB — BOHU JIOBEIH
Te, 110 MOXHa OyI10 goBectr 50 pOKiB TOMY, ajie HIXTO Mpo 1€ He noaymas. Lle aificHo
3MIHIOE CTOCYHKH 3 TIPEIMETOM — YCBIJIOMJIEHHS TOTO, 1110 I1I€ € 6arato XOpouux e,
K1 «IIPOCTO JIEXKATh HA TTIOBEPXHI», aJie iX IIe HIXTO HE COPMYITIOBAB. 3aBSKU TAKUM
JIFOJISIM, SIK 111 aBTOPH 1 3’ IBJITFOTHCSI HEHMOBIPHI BIIKPUTTSI, SIK1 3MIHIOIOTh CBIT.

[Ile omHuM MaTeMaTHUYHUM TeHiEM BBaxkaeTbes Jxopmxk [anmir. bymyuwm
acIipaHTOM YHIBEPCUTETY, OJIHOTO pa3y BiH CII3HUBCA Ha 3aHSTTS 1 MPUHHSB HAITUCAH1
Ha JIOIIIl pIBHSHHSA 3a JOMAallHE 3aBJaHHA. BoHO 31amocsi HWOMy CKIIQJHIIIE
3BUYANHHOrO, aje 4epe3 KidbKa JIHIB BIH 3MII HOro BUKOHATU. BusBuiocs, 1o BiH
BUPILIUB JIBl «HEPO3B'si3aH» MpoOJIEeMH B CTATUCTHULI, HAJ SIKUMU Ouimca Oarato
BUCHMX. 3apa3 HOro BBaXkaloTh «0aTbKOM JIHIMHOTO MPOrpamyBaHHs (MOPsSA 3
pansHcbkuM MatematukoM JI. B. Kantoposuuem).

Takox icHye aHrmiicbkuii Marematuk AOpaxam ge MyaBp, BiIOMUM
nepeBaxHo  4epe3 popmyay MyaBpa, TmpamsMd  Ha  TEMH ~ HOPMAaJbHOTO
po3noauTy Ta Teopii “WMoBipHOcTel. [[ikaBo, 110 B JITHHOMY BiIli, BIH OJHOTO pa3zy
BUSIBUB, III0 TPUBAIICTh MOro CHY 3pocTac Ha 15 xBunuH B JeHb. CKIaBIIu
apu(pMETUYHY MPOTPECit0, BIH BU3HAUMB JIaTy, KOJIM BOHA focsria 6 24 roguu - 27
muctomnana 1754 poxy. ¥V 1eii 1eHb BiH 1 TOMED.

[Ilo crocyeTbcs TeoMeTpii, TO MJOBIMM dYac BBaxkajgocs, IMo PelHxapn
pO3paxyBaB BCl MOXKIIUBI (POPMYJIH 1 OLIbIIIE TAKUX M'ITUKYTHUKIB HE ICHYE, ajie B 1968
poui marematuk P.b.Kepunep (RB Kershner) 3naitmos me tpu, a Piuapg Ixeiimc
(Richard James) B 1975 poui A0BiB iX yuCiO 10 AEB'ATH. Y TOMy X poul 50-piuHa
aMepuKaHChbKa JIOMOrocrojiapka 1 JroOuTeNlbka MaTeMatuku Mapmkopl Paiic
(Marjorie Rice) po3poOuina BiIacHUM METOJ| HOTAIll 1 MPOTATOM JEKIIBKOX POKIB
BIJIKpUJIa e YoTUpH I'ssTUKyTHUKA. Hapemrti, B 1985 pori Ponsd ITaitn qoBiB uncio
¢bIiryp A0 YOTUPHAIIIATH.

AJle OJHMM 3 HaAWMPOCTIHUX 1 B TOH JX€ Yac OJHUM 3 HaWTCHIaIbHINIUX
BBakaroTh flHa Binmana, skuii 3700yB MOMYJSPHICTE THUM, IO TEPIIUM BXUB 1
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omyOJIiKyBaB CydacHI 3HAKH IUTIOCA 1 MiHyca. J[exTo agymae, 1o MaTeMaTHKOO ITOBHUHHI
3aiiMaTucs TUIbKU HaykoBIl. OfHAK 11 Hayka MOTpiOHA BCIM HaMm. AJDKE, KOJHU BU
KYIIy€Te II0Ch Y Mara3uHi, poOuTe pEMOHT Y KBapTUPi a00 CiIyXaeTe MpOrHO3 MOro/u,
TO, HACTIPAB/ll, BAKOPUCTOBYETE OCHOBH 1 BEJIMKI BIIKPUTTS L1€1 0COOIMBOT HAYKH.

Jlireparypa:
1. Kononenxo O.}O. AKTyasbHi IPOGNEMH CTANOr0 PO3BUTKY: HABYANBHO - METOAMUHMH mociGuuk / O.10.
Kononenko. —K.: JIIT «IIpiaT cepsicy, 2016. — 109 c.

. Jleciok

JIvgiscokutl OepoicasHull yHisepcumem 6e3neKku HCUummeoisibHOCmi

Hayxosuii kepisnux O.M. Tpycesuu, xanouoam @isuxo mamemamuyHux Hayx,
ooyenm Kagedpu NpukIaOHOi mMamemamuxy i MexaHiKu

3 ICTOPII MATEMATHUKHU

OCHOBOIO OCHOB HAyKOBO-TEXHIYHOTO MPOTPECy € JaJIbIINN PO3BUTOK HAYKH,
30KpeMa MaTe€MaTHKH, MPUKIATHE 3HAYCHHS SKOI OyXe Beluke. A BceOIUYHUM
PO3BUTOK OyIb-1KOT HayKW HEMOXJIUBUNU 0Oe3 riubokoro aHamizy ii ictopii. [o
MUHYJIOTO 3BEPTAIOTHCS 3 P13HUX NpuuuH. JIeHOHII, HAIPUKIIAJ, 3acTepiraBs, M0 XTO
X0ue OOMEXHUTHCS Cy4YacHHMM O€3 3HaHHS MHUHYJIOro, TOM HIKOJM HE 3pO3yMi€
CY4acHOTO.

[cTopiss MaremaTMKu Ma€ OcCOONMBY NpHUBAOJMBICTh. 3anadl W TEOpEMH,
JIOBEJICH1 COTHI 1 TUCSY1 POKIB TOMY, 3aXOILTIOIOTh HAC CBOEID KPACOK0, BUTOHYEHICTIO
JOTIYHUX MIPKYBaHb TaK caMmo, SK 3aXOIUTIOBAJIM BCl TOMNEpPEIHl IOKOJIHHS.
[leperoprarouu CTOPIHKM MHUHYJIOTO HAyKH, MU TEPEKOHYEMOCS, IO HalOuIbII
MOKJIald MaTeMAaTUYHUX 17ed, MOHSTh, 3a7ady, Kl MOTIM 00'€IHYBaJIUCh Yy Teopii,
MICTATBCSl Y TPAKTUYHINA OISUIBHOCTI JIOAWHU. BOHM BLUIMTI B cydacHl (opMmu
TEOPETUYHOIO TyMKOIO BUCHUX PI3HUX €MOX 1 HapoAiB. BogHOUac MOMIyKH po3B's3KiB
O0aratb0X MaTeMaTUYHMUX 33Jlad HE pa3 MPUBOAWIM BUEHUX JIO BIIKPUTTS HOBHUX
MaTeMaTUYHUX (PaKTiB.

Marematrka — o/Ha 3 HalWpeBHIMX HayK. [lepiri MaTemMaTH4H1 ySIBIECHHS 1
MOHSATTS JII0JIMHA (popMyBaja B TMMOOKIN TaBHUHI, PO3B'S3YI0UM HAUIPOCTINI 3a/4a4l
MPAKTUYHOTO XapakTepy. Y CKIaIHIOBaIUCI (opMHU TPYAOBOi IISUIBHOCTI, 1 Mepes
JIOJIMHOIO MOCTaBaJIM CKJIAJHIINI 3a7adi, JAJi1 pOo3B'SI3yBaHHs SKUX BOHa (hopmyBana
HOBI MaTeMaTUYH1 TIOHSTTS, CTBOPIOBAJIA MATEMATHYHI TEOPIi.

OTxe, mMaTemMaTHKa pPO3BUBAJIACA IIiJl BIUIMBOM JBOX TOJIOBHUX CTHUMYJIIB:
noTped MPaKTUYHOI AISUIBHOCTI JIIOAWMHU 1 JOTIKM PO3BUTKY CaMOi MaTEeMaTUKH. 3a
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nepioau3ariiero BumatHoro marematrka A. M. KommoropoBa maTemaTrka mpouIia
YOTHUPHU OCHOBHI MEPIOU PO3BUTKY:

1. 3apoxeHHss MaTeMaTUKU — Bij rIuMOokoi napHuHU 10 VI—V cT. 10 H. e., To0TO
JI0 TOTO Yacy, KOJIM MaTeMaTHKa CTa€ CaMOCTIMHOIO Tally3310 TEOPETUYHOIO 3HAHHS 31
CBOIM BJIaCHUM IIPEIMETOM 1 METO/IOM.

2. Enementapna matematuka — Bijt VI—V cT. 10 H. €. a0 kxinmg XVI c1. V 1eit yac
dbopMyBaliics OCHOBHI TEOpii, MO0 CTOCYIOThCS MAaTEMaTHKW CTajuX BEIUYHUH. Y
HaJpax MAaTEeMAaTHKU CTaJuX BEJIUMYMH 3apOJKyBaJUCS 1 PO3BUBAIMCS 1€, AKI Ha
kiHenb X VI cT. mpuBeau 10 CTBOPEHHS MEePeIyMOB BIIKPUTTS aHAIITHYHOI TreoMeTpii
Ta aHali3y HECKIHYEHHO MaJMX — JIBOX OCHOBHHUX JIMCUHUIUIIH KJIACUYHOI BUIIO1
MaTeMaTuKi. BoHM BUBYAIOTH BJKE HE CTAaHU, @ 3aKOHOMIPHOCTI 3MIHHUX BEJTUYHH.

3. CTBOpeHHs1 MaTeMaTUKH 3MIHHUX BemunH — KiHenb X VI — cepeauna XIX ct. Ha
MoYaTKy IbOTO Tepiony (paniry3bkuii ydeHudt P. JlekapT cTBOproe aHagiTHYHY
reoMeTpito, a anriiicekuil yuenuit 1. HetoToHi Himerpkuii yuenumii I'. JleiOnin —
aHaJ13 HeCKIHYCHHO MajiuX. 3a HEeBEJIMKUN MPOMDKOK yacy a0 cepeannu XIX cT. 'y
MaTeMaTHUIll CKJIaJIMCS Maibke BCl MaTreMaTH4Hl Teopii, SAKI HHHI Ha3WBaIOTh
KJIACHYHUMHU OCHOBAMH CY4YacCHOI BUIIIOi MaTEeMAaTHUKH.

4., CyyacHa MaTeMaTHKa XapaKTEPU3YEThCS IIBHJIKUM 3POCTAaHHIM 00'eMy
MPOCTOPOBUX (DOPM 1 KIIBKICHUX BIIHOILIEHb. Y 3B'SI3KYy 3 IIUM po3lupuiiaca cdepa
3aCTOCYBaHHS MaTEMAaTHKH, BUHUKJIO 0araro HOBMX MaTEMAaTHYHHX TEOpIH, SKi
MPUBEIN JI0 CTBOPEHHS EJIEKTPOHHUX OOuYMCIIOBaIbHUX MamuH. OCTaHHI CcTalv
MOTY>KHUM 3HAPSAASAM JIOCHIDKCHHS TJIMOWHHUX 3aKOHOMIPHOCTEH MPHUPOAHN 1
pO3B'sI3yBaHHSI HAWCKIAHINIMX 3a/lad Yy PI3HUX Tajdy3sx MPaKTHYHOI JisSUTbHOCTI
JIFOJTUHHU.

[lepmmii nepion icTopii MaTeMaTUKU O€31IMEHHUM, X0ua MaTEeMaTUKY 3aBXKIU
TBOpWIH JtoAu. Came 3aBAsIKA TePOTYHUM 3YCHUIUISIM TUCSAY 1 TUCSY MEPIIONPOXIIIIB
MaTEMaTUYHOTO TMOIMIYKY 3apOoJKyBaIKCs 1 (OpMyBallMCa HAUTIPOCTIII MaTeMaTH4HI
ySIBIICHHS 1 TOHATTS. AJie IMEHA MEePIIUX MaTEeMaTHKIB 3aTyOMIHCS.

VY koxHUH mepiof] iCTOpli HAyKW BUJIATHI MAaTEMATUKH € MEPIIOBIAKpUBAYAMHU
HEBIJJOMHUX paHIIllle TEOpEeM, PO3B'SA3KIB 3ajJlay, 3a SIKUMH 4acTO BIJKPHUBAJIUCS HOBI
TOPU30HTHU HAyKU. Y BUEHUX OyiM pi3Hi goii. OH1 3aKUIIU CJIaBH 1 6e3cMepTs 1ie 3a
KUTTSI, IHIIAM CYJIWJIOCS MPOUTH CKJIaJHI NUIAXU, TOJAUIMTH TParidyHy JOII0 ILITUX
HaApO/IIB, K1 CTAaBaJIM KEPTBAMH KPUBABUX BOEH 1 MOJTITUYHUX NIEPEBOPOTIB.

barato BU3HauyHUX MaTEMaTHUKIB CTAJIM 3pa3kaMu 0€33aBITHOI BIIJITAHOCTI HaYII,

naTpioTaMud CBOTO Hapoidy.A. EWHIITEHHNHCAB, MO «...MOpPaJIbHI SKOCTI BHUJIATHUX
JIOJIE MaroTh, MOXJIMBO, OUIbIII€ 3HAYEHHS JJISI TAaHOTO TMOKOJIIHHS 1 BChOTO XOIy
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icTOpii, HDK YHCTO IHTENEKTyadbHI mocsarHeHHS. OcTaHHI 3alie)KaTh BIJ BEJIHYI
XapakTepy 3HAYHO OUTBIITO0 MIPOTO, HIXK MPUHHATO BBAKATI.

Jlireparypa:
1. O.1. Bopoain IcTopist po3BUTKY HOHATTS NPO YKMCIO i cucTeMu yncieHns. / Bopoxin O.1.— Kuis:
Pansucepka mkoita, 1978. — 102 c.
2. ML.I. KoBannoB MarematnuHa Xxpecromaris: Anredpa i mouatku anamnizy. / Kosanios M.I. — Kuis:
Pansuceka mkoia, 1977. — 215 c.
3. A.I'. Kondoporuy Maremaruka ciyxuth JtoauHi. / Kondoposua A.I'. — Kuis: PagsHcbka mkorna,
1984. - 192 c.
4. ML.II. Manantok CtexuHKu 10 KopeHiB ictuad. / Manantok M.I1., Bosusik I'"M. — TepHominb:
30py4, 1993. — 58 c.
5. B.A. Conomarun. Ucropus nayku./ B.A. Conomarun V4. moc. — M.: IIEPCD, 2002 — 352 c.
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CEKIIA 4. Mamemamuka i cy4acHicmo

A.P. Ceupuo, B.C. @iopa

Hayionanvna akademis cyxonymuux siticok imeni cemovmana Ilempa Cazaiioaunozo
Hayxosuii kepienux O.C. Bb.1. Cokin, 00kmop mexuiunux Hayx, npogecop, 3a8idyeau
Kagheopu iHdceHepHOT MeXaniku (030POEHHSA MA MEXHIKU IHIHCEHEePHUX GIUCHK)

BIIJIUB KOJIMBAHB HIJIPECOPEHOI YACTUHHU KOJICHUX
TPAHCIIOPTHUX 3ACOBIB HA IX EKCILIYATAIINHI
XAPAKTEPUCTUKHU

PosrnsnaeTbcsi NUTaHHS BIUIMBY MPYKHO-AEMI(YIOUMX XapaKTEPUCTHUK
CHUCTEMH IIIJIPECOPIOBAHHS CIEIIaIbHOI KOJICHOI TEXHIKM Ha TakKi eKCIUTyaTalliiHi
XapaKTEPUCTUKU SIK TUIABHICTh X0y, CTIUKICTh PYXY B3/IOBX KPUBOIIHIMHUX JUISHOK
HUISAXY, IEPEBAaHTAXKEHHS Ha BOJAIS i Yac pyXy B3JOBXK LUISAXY 13 HEPIBHOCTAMHU YU
NEPECIYCHOI0 MICUEBICTIO. {71 bOr0 BHKOPUCTAHO BIJHOCHO HE CKJIAaAHY(PI3UYHY
MOJIEJIb TPAHCTIOPTHOTO 3aco0y. OCOOMUBICTIO ii € Te, 1[0 BOHA, X0Ua BPAXOBYE TIILKU
BEPTUKAJIbHI ~KOJIMBaHHS IMIJPECOPEHOI YaCTHUHH, MNpoTe JUIsi HEl MpYKHI
XapaKkTepUCTUKA aMOPTHU3aTOPIB OMUCYIOTHCS HEJIIHIMHUMU CIIBBITHOIIEHHAMU
nedopmMarii. Y 3BA3Ky 13 BKa3aHHM, MaTeéMaTWyHa MOJEIb BKa3aHUX KOJHUBAHb —
HENHIHE Au(epeHIianbHe PIBHIHHS IPYroro nopsaaky. s 3pydHocTi noOyaoBH 1
aHai3y pO3B’SI3Ky BKa3aHE PIBHAHHS 3allMCAaHO BIJHOCHO CHUCTEMHU BIIIKY 13
IOYAaTKOM Y TIOJIOKEH1 CTaTUYHOI pIBHOBaru mijpecopeHoiMacu. Y BKazaHOMY
BUTAJIKY AUGpeHIliaTbHEe PIBHSIHHS HE30ypEeHOTo PyXy € OJHOPIAHHUM, a BiJl TaK IS
OMMCAHHS 3aJEKHOCTI YacTOTH (Mepiody) BIACHUX KOJMBAHb BIJ aMIUIITYId
OTPUMAHO Y 3aMKHYTOMY BUTJISI/II AaHANITUYHY 3aJI€KHICTb.

oo camoi aMIuTiTy i1 HE30YPEHOT O PyXY, TO BOHA BU3HAYAETHS IOYATKOBUMU
ymoBamu. KpiMm 11bOTO, /UIS BUKOPHCTAHHS OTPUMAHHUX PE3yIbTATIB I IIUPOKOTO
CHEKTPY KOJICHOI TE€XHIKH, 32 0a30Bl MapaMeTpH, SKI OMUCYIOTh CUCTEMY IiJIBICKU
BUOpAaHO TakKi XapakTepHi ISl KOJIICHUX aBTOMOOWIIB MapaMeTpu SIK CTaTUYHA
nedopMariiss MiAPEcOpeHol YacTUHUTA TMapameTp, SKUK BKa3ye Ha BIIXWICHHS
NPY>KHUX BIJIACTUBOCTEW CHUCTEMH IMIJIPECOPEHHS BlJ JIHIMHOrO 3akoHy. Tomy y
IPaHUYHOMY BHUNAJKy 13 OTPUMAHHUX pE3YyJbTAaTIB OTPUMYIOTHCS  KJIACHYHI
CHIBBIAHOLIEHHS, SIKI CTOCYIOTHCSI BEPTUKJIBHUX KOJMBaHb MIJPECOPEHOI YACTUHU 3a
JTHIAHO-TIPYKHUX XapPaKTEPUCTUK CUCTEMU TT1PECOPEHHS.

o crocyeTbest 30ypeHOTro pyXy (BIUTHBY HEPIBHOCTEH NMUISIXY YU MEepPeCcideHol
MICIIEBOCT1), PO3JIIHYTO HAWIMpPOCTIIIMM BUMANOK: PyX aBTOMOOLIS 31 CTajol0 3a
BEITMYMHOIO IMBUIKOCTI Ta CiHycoigaibHOipopmu HepiBHOCTEH. [Tokazano, m10:

-3a OUIBIIMX 3HAY€Hb BEJIWYUH CTaTHYHOI Jedopmariii  TpyKHUX
aMOpTU3aTOPIB aMILTITyAa BUXOAY 13 HACTYITHOI HEPIBHOCTI € JIeNI0 OIBIIO;

- 32 OUIBIIMX BEJIMYMH HIBUAKOCTEH PyXy B3IOBX IUIAXY 13 HEPIBHOCTIMHU
aMIUTITy/1a BEPTUKAIbHUX KOJIMBAHb € MEHIIIOIO;
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- KPUTUYHE 3HAYEHHS IIBHJKOCTI CTIHKOTO PyXy 3aJ€XKUTh BiJl aMIUIITYyIU
KOJINBaHb.

A.T. Comux

Hayionanvna axaoemis cyxonymmuux eiticox imeni cemomana Ilempa Cazatioaunozo
Hayxosuii kepienux X. 1. Jlimguncoka, k.m.n., ooyeum kagheopu

IHOICeHepHOT MeXaHiKu (030POEHHS MA MEXHIKU [HIHCEHEePHUX BILICHK)

TPAHCIHIOPTHA 3AJIAYA Y BIMCBKOBIN CIIPABI

VY BIMCBHKOBIHM CIIpaBl 4acTO 3yCTPI4alOThCs 3ajadi, SIKi Ha3UBAIOTh 3aJauaMu
posnoauny. lle Hacammepesn 3amadi po3noAuLTY 3aco0iB MIJCUIICHHS, TPAHCIOPTHI
3a/1ayi, 3a/1a4l BUOOPY ONTUMAJIBHOIO MOEIHAHHS PI3HOMAHITHUX OOHOBUX 3aco0iIB,
noOy0BH AKHAHKpanioi 000pOHH, BUOOPY ONTUMAIBHOI CUCTEMHU 030pOEHHS TOIIO. Y
TaKuX 3ajja4ax MoTpiOHO BUKOHATH TMEBHI OMepallii 3a 00MeXeHO1 KIIbKOCTI PECYPCIB,
IPOTE JOCTAaTHBOI JUIsl iX BUKOHaHHSA. Jleski omepaiii MO>KHa BUKOHYBATH PI3HUMU
crocobamu, ane He BCl omepallii OyJayTh 3/1MCHEHI HaWKpalydM CIOCOOOM uepe3
BIJICYTHICTB pecypciB. OCTaHHS yMOBa 1 CTBOPIOE TPYAHOII Y BUpIIIEHHI 3a/1a4. Sk
HACJIZIOK MOTPIOHO BUOpATH TaKUil pO3MOALT PECypCiB, MPU AKOMY OyJe OCSTHYTa
HaNOUIbIIA cyMapHa €(PEKTUBHICTb.

MatematnuHe QOpMYJIOBaHHA 3aJad pPO3MOAULY MOJSIrae B HACTyIHOMY:

NOTPiOHO 3HAWTH TakWi pPO3MOALT pecypciB X;, j=1n, npu sxomy KpuTepiid

n
K :Zc jXj JHocsrae MakCHMyMy 1 BHKOHYIOTBCS OOMEXEHHsS M0 pecypcax
j=1

n - -
Zaijxj <b; (i=1n, j=1n), a Takoxx yMOBa HEBiJI’EMHOCTI BEJTHYNH X; 20.
j=1

Sk1o Bcl KOe(ilIEHTH @ TOPIBHIOIOTH OJUHUII, TO TaKa 3a/laya € TPAaHCIOPTHOIO
3a/1auero. 3ajaya npo ONTUMabHE MPUKPITIJIICHHS CKIIAIIB 10 OOMOBUX MIAPO3AUIIB 1
YACTUH TaKOX 3BOJIUTHCA 10 TPAHCHIOPTHOI 3a1a4l. MaTteMaTtnyHe (hopMyJTFOBaHHS L€l
3ayayi: € M cknaaiB — myHKTiB BignpasiaeHas (I1B) A, 4,, ..., A, B KOXXKHOMY 3 SIKUX
CKOHIICHTPOBAH1 3alach SKUXOCh OJHOPIIHUX BaHTaXIB Yy KUIBKOCTI BIJIOBIIHO
a,, ay, ..., a, ONUHUI, N 000BHX YacTHH — MyHKTIB npu3Havyenss (I111) By, B,, ..., B,
, AKi MOJaBajik 3asiBKH BimmoBigHo Ha b, D,,..., b, omunuie BanTaxy. Cyma Beix

m n
3asiBOK JIOPIBHIOE CyMi1 BCIX 3aracis: Zai = Zb j - BiioMi BUTpaTh Ha MEpeBE3CHHS
i=1 j=1
Cij oquHMI BaHTaxy 3 KoxHoro IIB A4; mo xoxwuoro IIII B;. Ilin BuTparamu B
3aJIEKHOCTI BiJI yMOB MOYKHA PO3YMITH BUTPATH 4Yacy, TPAHCIIOPTHUX 3aco0iB abo kK
BapTICTh.
[ToTpiOHO ckilacTU TakWil ONTHUMANBHUM TUTAH TIEPEBE3CHHS (3BIAKH, KyaH 1
CKUIbKH OJMHUIIb BE3TH), 1100 BCl 3agBKKM OyJIM BUKOHAaHI, a 3arajbHa BapTICTh YCIX
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nepeBe3eHb OyJia MiHIMalnbHOO. [103HAUMMO Xjj — KUTBKICTh OJAMHULID BAaHTAXY, SKUN
BianpasisitoTh 3 i-ro [IB A; B j-mit TII1 Bj. CyKymHICTh 4YMCeN Xjj HA3MBATHMEMO
«IJJAHOM TIEPEeBE3€Hb», a caMi uucia Xjj — «IepeBe3CHHSAMW». BOHU MOBUHHI
3aJJOBOJIGHSATH HACTYITHHM YMOBaM: - CyMapHa KUIbKICTh BaHTaxXy, SKHN

noctaBisieTbes 3 KoxHoro 1B y Bci I, mae OyTu piBHOIO 3amacy BaHTaxy B JAaHOMY
n

MyHKTI: inj =4a;, 1=1,m; - cymapHa KUIbKICTh BaHTaXy, SIKHI JOCTaBISIETHCA B
j=1

m
koxeH [1I1 3 ycix 1B, moBuaHa OyTH piBHA 3asBI1i, AKa mogaHa nanum [111: Z Xij = b i
i=1

m n
J=1n; - cymapHa BapTiCThb ycCiX mepeBe3eHb K = chi jX; TOBHHHA OyTH
i=1 j=1
MiHIMalIbHOMO. [le 3amaya miHIHHOTO NpOrpaMyBaHHS 3 BIANOBIAHUMH YMOBaMH 1
MIHIMI3YIO4OI0 JiHIHHOI GyHKIiE K.

Bci onepaiii 1m10/10 3HaX0/)KEHHIO PO3B’SI3KY 3a7ja4l — ONTUMAIBHOTO TUIAHY —
3BOJIATHCS. JO TEBHUX MAaHIMYJAIiNA Oe3nmocepeiHh0 3 TaONuIelo, /1€ B JEIKOMY
MOPSIJIKY 3aMucaHl YMOBHU TpaHCIOPTHOI 3aaaul: ciircok [1B 1 II1, 3asBku 1 3amacu, a
TaK0X B [IPaBOMY BEPXHbOMY KYyTi KO’KHOI KJIIITUHKH BapTICTh NepeBe3eHsb Cij. [1o mipi
3aIlOBHEHHS 11i€1 TaOunLl B ii KIIITUHKAX MPOCTABIIAIOTH CaMl IEPEBE3EHHS Xij.

Ha noyatkoBoMy eTami Juisl 3HaXO0JI)KEHHS pO3B 3Ky CKJIAJIal0Th OMIOPHUH IJ1aH,
B SIKOMY BIJIMIHHI BIJl HyJIsl HE OLIbIIe, HIX M+ N —1 0a3ucHuX nepese3eHb. s nboro
BUKOPUCTOBYIOTh METOJ MIBHIYHO-3aX1IHOTO KyTa a00 METOJl MIHIMaJIbHOIO
enemenTta. Ilepexim BiA OJHOrO OMOPHOTO IUJIaHY JO IHIIOTO 3IMCHIOIOTH 3a
nornoMoror nukiny. Cumniexc-vemoo BU3HAYA€ TMpaBHIIa TEPEXOay BiJ OAHIEL
TaOJIHII IepeBE3€eHb O 1HIIO].

VY pob6oTi po3B’si3aHa 3ajaya Mpo 3a0e3MeyeHHs S5 apTHIEPINCHKUX YacTHH
Ooenmpunacamu, siki 30epirarotecsi Ha 4 ckiagax. BusHaueHo, 3 SKOTO CKIaay sAKid
JaCTHHU HEOOX1JTHO IMOJIaBaTH OOENPHUIIACH TAKUM YHHOM, 11100 3araJbHUM IUISIX, SIKUHA
MIPOXOJIUTh TPAHCTIOPT, OYB MiHIMAJIBLHUM. 3a/1a4a po3B’A3aHa aHAJITUYHO, a TAKOX 32
nonomororo nporpam Excel Ta Mathcad.

VY tabu. 1 BkazaHui MUIAX B1J KOXKHOTO CKJIaAy A0 KOXKHOI YaCTUHU, HEOOX1/THICTh
B Oo€empuacax i HassBHICTb iX Ha CKJIaJaxX, a TAKOX ONTUMAIbHUM TIJ1aH.

Ta6n. 1. OnTuManbsHUi 1Al 3a7a4l

K-16 00€-
IIB T B1 Bz B3 B4 Bs HpI/IHaCiB y
1B

A 0o 1800 400 O o MO 5 705500 OO 3000

A o 101,00 80 |1000 1201500 60| o 8O 4800

As 1800 90| o 100] 550 100} 4 80} , 110 2000

P , 40| 8 |, 100| , 100 , 150 2000
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HeoOxigHicTh

1800 2700 4200 1500 2600 12800
y Ooenpunacax
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0./. Cmawescvkuit, B.M. FOoin
Hayionanvna akademis cyxonymuux giticok im. cemovmana Ilempa Cazaiioauno2o
Hayxosuii kepienux T.A I'nosa., K.¢h.-m.H

JOCJIJI)KEHHSI BOTHECTIMKOCTI BOEMMPUIIACIB ITPHU iX
3BEPII'AHHI

BuHuKHEHHS TOXKEX Ha CKiIamax Jyis 30epiraHHs OoempumnaciB Ta BHOYXOBHX
PEUOBUH € JOCUTh aKTyaJlbHOI MpoOJeMaTHKO Uisl cbhoroieHHs. Ha ckmamax
ooenpunacie 3CY Ha JaHuil yac CKjanacs CUTyalisd, Ky MOKHA BU3HAYUTH SK
KpUTUYHY 1 HaltHeOe3neuHinry. [1po 1ie cBiqyaTh nosii, ki BAHUKIN HEOJHOPA30BO 32
KOPOTKUI NMPOMIKOK 4acy. [Ipuknagamu Takux macmTabHHX KatacTpod € 0a3u mij
HoBobOornaniBkoro, LIBiToxoro, JlozoBoro Ta bamakmiero. OcHOBHUM (akTopoM
BUHUKHEHHS Ta IIBUAKE TOMIMPEHHSA TaKUX MOXKEX Ha CKiIamax s 30epiraHHs
OoenpunaciB € HempaBUJIbHE 30€piraHHs, a TAKOX HEsSKICHA BOTHECTIiKa 0OpoOka
nepeB’ssHoi Tapu. JIIkBijaiis moxkexi Ha ckiagax Jjis 30epiranHs Ooemnpumnacis, 0e3
MaclITaOHUX HACIIAKIB, MOKJIMBA JIMIIE y TEPII XBWIMHUA. ToMy s 3ano0iraHHs
TaKUX HACJI1/IKIB BUHUKA€E HEOOX1IHICTh TPOBECTH OCIIIPKEHHS BIUTMBY BOTHECTIMKO1
oOpoOKM Ha TeMIiepaTypHE TOJie O TOBIIUHI CTIHKA JEpEeB’SIHOI Tap, B AKIA
30epiraroTbcs OOEMpHUIIacy.

OnHuM 3 HAMOUTBII MOMIMPEHUX MaTepialiB JJisi BUTOTOBIICHHS Tapu € JepeBUHA
Ta 1i Moaudikaili, Kl 3a TPYMOK TOPIOYOCTI BIAHOCATHCS 10 TPYNU MaTepialiiB
CepeHbOoi 3aiMUCTOCTI. Tak, SIK BUIbHUM JOCTYI KUCHIO CITPUSIE TECTPYKIIIT IEPEBUHU
1 IPUCKOPEHHIO TPOIECY TOPiHHS, TO I 3aMo0IraHHs I[LOTO MPOIeCy 0OpPOOISIOTh
Tapy BOTHE3aXHMCHUM MOKPUTTAM. BoruesaxucHa oOpoOka Tapu J103BOJISIE HAAATH
JI€PEBUHI 3JaTHOCTI MPOTUCTOATU il MOJIYM s Ta MOLWIMPEHHS WOro moBepxHew. B
3aJIEKHOCTI BiJl €PEKTUBHOCTI OOpPOOJIEHHSI CTIHOK TapH, BOTHE3aXMILEHA JI€PEBHHA
MOXe KJIacu(PikyBaTHCh SIK BaKKO3aiiMucTa abo Bakkoroproua. [1ig mi€ro TermioBoro
MOTOKY BHpPOOM 3 JEPEBUHU MOXYTh 3aliMaTHcs (MpU Temreparypi OJU3bKiHA 10

230 C BinOyBaeTbcs 3aiiMaHHS JIEPEBUHU COCHH, a MPU 3HAYCHHI TEMIEpaTypH

420 C — camozaiimanHs). Y mpamsx [1,2,3] MOCHIIKY€ETBCS MOXIIUBICTD
BOTHE3aXHUCTy JIepeB’sTHOT Tapu 1Jisi 30epiraHHs OO€mpumaciB 3a JOTOMOTOIO
npocodyBasibHOI cymimi JICA — 2 Ta BorHezaxucHux MOKpuTTiB “@enikc — JI1” 1
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“@enikc — JIb”. Ane y 3a3HadueHHMX TpaIsgX HE JIOCITIHKEHO 3MiHY 1HTEHCHUBHOCTI
TEIUIOBOTO MOTOKY B 3aJICKHOCTI BiJl PI3HHULI TeMrepaTyp (akena moxyM’ st MOKexl 1
TapH, a TAaKOK HE BKa3aHO, SK BIUIUBAE CTYMiHb YOPHOTH TOKPHUTTS CTIHOK Tapu Ha
TEIJIOBUH TMOTIK B 3aJIS)KHOCTI BiJl BiJAauli 10 MOXKexi. Y poboti [4] Big3HaueHO, 110
reKCOreH (C 3H6N606) - BTOpMHHA BHOYyXOBa PEYOBHHA, 110 BXOJUTH JO CKJIAIy

Hal6iIbIT HeGe3meyHnX GOemprIIaciB Mae Temmeparypy cramaxy 230 C, a TpoTu
(C7H 5 N306) Temmeparypy cranaxy — 290 C . Tomy BpaxoBytoun hi3uko-ximiumi
XapaKTePUCTUKH Ta TEeMIepaTypy IUIaBieHHs rexcoreny 204,1 'C, xpuruuHa

TeMIepaTypa mist 6oenpumnacis ckiaagae 190-200 C .

IIpu nocnikeHH1 TEIIOOOMiIHY BHUIPOMIHIOBAHHS MDK (DaKeJIOM IOJyM s
MOYXKEK1 Ta CTIHKOIO Tapy MOTPIOHO BU3HAYUTH KUJIBKICTh €HEprii BUMIPOMIHIOBAHHS
dakena, sfKa MOTJIUHAETHCSA CTIHKAMU Tapu. s 1bOr0 BUKOPUCTAEMO 3aKOH
Credana-boasumana [5]

4 4
T T
=567 2| —| L €10 W o,
dc 100) (100j 12 Vi (1)
81 ¢ 82 o . 13 9
€ € o, = — 3BE€IECHUU CTYIIIHb YOPHOTHU CUCTEMHU IOJIYM S-

€, +€,—€ &

Tapa”; €, — CTYHIHb YOPHOTH MOBEPXHI CTIHKU TapH; €, — CTYIIHb YOPHOTH (hakea
noJyM’st; Y, , — KyTOBUH KOe(]IIlieHT BHUIPOMIHIOBAHHS; [, — TemImepaTypa
noBepxHi Tapu, K ; T, — remneparypa ¢akena, K.

JIns mocniikeHHsT 1HTEHCUBHOCTI TEMJIOBOTO MOTOKY, MOTPIOHO BU3HAYUTH
KYTOBUH KOE(ILIEHT BUTPOMIHIOBAHHS.
SIkuio mmpuHa dakena TopiBHIOE C, MUPHUHA JepeB’sTHOI Tapu D, a Bigams Mik HUMU
h, To KyTOBHUI KOE(DIillI€EHT BUTPOMIHIOBAHHS BU3HAYAETHCS HACTYITHUM YHHOM

2 2
Yy, = 1 . (b+cj +4 — (Ej +4 (2)
p.¢ (W h h
h

BpaxoByroun Bci ¢aktopu Ta (i3UUHI NapameTpu Tapu 1 (akena Mmoiaym s
MPOBEJICHI TOCTIKEHHS, K1 Jal0Th MOKJIUBICTh BU3HAUUTH O€3MEYHY BIJICTaHb Tapu
JI0 TIOJIyM'sl TIO’KEXK1 B 3aJIEKHOCTI BiJI IHTEHCUBHOCTI TETJIOBOTO MOTOKY Ta YOPHOTH
MOBEPXHI TapW, a TaKOX 3ampoIlOHOBaHA METOJWKA JOCIIKEHHS BEIUYUHU
TEIIOBOTO MTOTOKY MOJyM’ s TIOKEXK1, IKUH MOTJIMHAETHCS TapOIO.

Jliteparypa
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M. Kynpikoe

Jlvgiecokuil Oeparcasnuii yHigepcumem 6e3neKu HCummeoiinbHOCmi
Hayxosuii kepienux M. ®. Cmactok, kanouoam Qizuxo MamemamuyHux Hayx,
ooyenm, doyenm Kageopu NpukIaoHOi MamemMamuKy i MexaHiKu

EJIIITUYHI KPUBI

ACHMETPpUYHUMHU KPHUIITOCHUCTEMaMH, 110 0a3yIOThCsl Ha CNINTUYHUX KPUBUX
HaJ| CKIHUYEHHMH TIOJISIMHM, 3alMaeTbCi pO3ALI Kpunrorpadii, [0 Ha3UBAETHCA
SINTUYHUM KPUTITYBAHHSIM.

binbmiicth mpoAyKTIB 1 CTaHIApTIiB Kpuntorpadii 3 BIIKPUTUM KIHOYEM
0asyerbcst Ha RSA. OpnHak, Yy 3B’A3Ky 3 PO3BUTKOM METOJIIB KPHUIITOAHAMI3Y 1
o0uuCTIOBANIbHOT TeXHIKK Y RSA 3’SBUBCS KOHKYPEHT — €NINTUYHA KpUunrorpadis.

Xoua eNnTUYHI KPUBI JOCHTIKYBAIUCH OUIBIII SIK COTHI POKIB, IHTEPEC 10 HUX
BUSIBJISTM TUIBKY BY3bK1 CIICHIAIICTH 3 TEOPii uncel Ta aaredpaiunoi reometpii. [Ipote
B 1986 pol1il 0JHOYACHO 1 HE3AJIE)KHO OJUH BiJ OJTHOIO0 aMepUKaHChKI MmaTeMaTuku H.
Ko6mnin Ta B.Mutiep 3anponoHyBaii BUKOPUCTATH €IINTUYHI KPUB1 JJIs MOOYI0BU
KPHUIITOCUCTEM 3 BIIKPUTHUM KITFOUEM.

Buznauenns 1. ExinTuunoro kpuBoto E Haj nonemM F Ha3WBAa€eThCs CYKYHHICTh

TOYOK, KOOPJIMHATH SIKUX CIPABIKYIOTh KyOI4HE PIBHSIHHS

y2 +aXy+ayy= X3+azoX2 +8,,X + 8y, (1)

ne a;eF, i,j=01

Busznavennsi 2. EninTtuuHa kpuBa E HA3UBAETHCA CUHSYAAPHOIO, IKIIO HA E

IcHy€ xo4a 0 0JiHa ocobauea moyka, TOOTO TOUKA, B SIKiil BUKOHYIOTbCS YMOBHU:
I o, Lo, (2)
X oy

B iHmomMy Bunaaky KpuBa E Ha3UBAETHCS HECUHYAAPHOIO.

HecunrynsapHi eninTuyHi KpUBi € TIaJKUMHU, TOOTO HE MalOTh TOYOK 3BOPOTY 1
camo IMEepPETUHIB, 1 B JOBUIbHIHN 1X TOYIl MOXHA MpoBecTU A0THYHY. CaMe 111 eNinTHYHI
KpHB1 BUKOPUCTOBYIOTh B KpUnTorpadii.
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Mamemamuxka, wo nac omouye: mumnyne, cydache, Maudymue

Haityactime B kpunrorpadii BUKOPHCTOBYIOTh E€IINTHYHY KpPUBY y GopMi
Benepmrpacca
y* =x*+ax+b. (3)
Po3srisiHeMo kyOGiuHe piBHSHHSA, K€ IOPOLKEHO €IINTHYHOK KPUBOIO (3),
X’ +ax+b=0 (4)

()
Tom

e skmo D<O0, To piBHSAHHA (4) Mae TpH pi3Hi AilicHI KopeHi «, S,y . Tunosuit

1 HOTO JTUCKPIMUHAHT

rpadik eninTHYHOI KpHBOi (3) B IIbOMY BHIAJKy —II€ KPHBA, SKa CKIaIA€ThCS 3
nBox yactuH (Puc.1);

e ko D=0, TO B IIbOMYy BUNAAKY PiBHSHHSA (4) Mae JiBa JiMCHI KOpeH1 a, f3, 3,
IBa 3 AKUX onHakoBi. Toxi Touka (;0)—ocobauBa, a kpuBa (3) —CHHIYJISpHA
(Puc.2);

e sk D>0,To anreOpaiuHe piBHAHHS (4) Mae OAMH AIMCHUN KOPIHB 1 JIBa
KOMILJIEKCHO crpsikeHi. I'padik eninTudHoi KpuBoi (3) B LIbOMY BUIAIKY
300paxeHnuii Ha Puc.3.

Puc. 1 D<0 Puc.2 D=0

Puc. 3 D>0

Orxe, eninTU4Ha KpuBa (3), Ky MOKHA PO3IVIAAATH HAJl AOBUILHUM IOJIEM, €

HECUHTYJISIPHOIO 32 YMOBH D = 0. ToMy yMOBOIO HECHHTYJIIPHOCTI €INTUYHOI KPUBOI
(3)Haz CKIHYEHHUM II0JIEM XapPAKTEPUCTUKU P € yMOBA

4a° +27b*  0(mod p"). (6)
Cumetpis kpuBoi (3) BiTHOCHO oci Ox J1a€ HATJsAHE BU3HAYCHHS TOYKH, IO
oOepHeHa /10 33JIaH0T TOYKH eIMTUIHOI KPUBOI.
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VIl Beceykpaincoka konghepenyin kypcanmie ma cmyoenmis

Busnavenns 3. OOepHEHOIO 10 TOYKM P(X;y) HECHHIYJISAPHOI €INTUYHOI
KPUBOI BBXKAETHCS TOUKA —P(X;—Y).

BaxxauBuMU BIacCTUBOCTSIMH HECUHTYJISIPHUX €JNINTUYHUX KPUBUX € HACTYITHI:
e JIOBUIbHA IIpsIMa, SIKa MPOXOJUTH uUepe3 Bl Pi3HI TOUKH EIIMNTHYHOI KPHUBOL

NePEeTHHAE 1[I0 KPUBY B €IMHIN TOYII];
® JIOTUYHA JIO ENMINTHYHOI KPUBOi B JOBLIBHIN TOYIl, OKPIM TOYKU TMEPETUHY,

NEPETHUHAE II0 KPUBY III€ B OJHIM TOYIII.

L1i BIacTUBOCTI HECHHTYJIAPHOI €NINTUYHOI KPUBOI TO3BOJIAIOTH 3a7aTH Ha Hii
OTepallilo, SIka HA3UBAETHCS OTIEPAIIIEI0 JOJaBaHHS TOUOK KPUBOI, 1 SIKa OTIMCYETHCS
HACTYITHUM BU3HAYCHHSIM.

Busnauennsi 4. CyMmoro ABOX TOYOK P 1 Q elMINTHYHOI KPUBOI HA3MBAETHCS

Touka R=P+Q, gKa € 00epHEHOIO 0 TPEThOI TOYKU MEPETUHY EIINTUIHOT KPUBOT

1 IPsIMOT, 110 MPOXOJUTH uepe3 Touku P 1 Q (Puc.4).
Ay

N

Puc.4
Akmo x Toukn P 1 Q cmiBmagaroTh, TOOTO P=Q, TO omeparis J0J1aBaHHS

P+P=2P=R - piBHOCWJIbHA MIOJIBOEHHIO TOYKU P, T006TO R=2P (Puc.5).
Ay

Puc.5

3ayBaXUMO.ITI0 Y BUTIAAKY P =Q ciuHa PQ cTa€ JOTUYHOIO /IO KPUBOI B TOYII
P 1, TAKUM YMHOM, F'€OMETPUYHO TOJBOEHA TOouka 2P —Iie TOuka oOepHEeHa [0
TOYKH TIEPETUHY I[1€1 JOTUYHOT 3 KPHUBOIO.
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Mamemamuxa, wo nac omovye. Munyie, cydacune, ,1[(!175)’1711/(7

3anuiemo [1,2] KOOPAMHATH TOYKU R =P +Q =(X;;y;) Yepe3 KOOpAUHATH
JOMAHKIB P(x;y;) 1 Q(X,Y,):

X, = A2 =X — X, /1=y2_y1.
Y3=/1(X1_X3)_y11 X=X
AHaori4HO 3aKIIEeMO KOOPIAUHATH NOABIHHOI TOUKU R(Xy;Y,)=2P(X; ;).
X, = A2 —2X, Soa
Y3 :/1()(1_)(3)_)’1’ 2y1

[Ilo6 moOymyBaTu TPymy TOYOK EJINTHYHOI KPWUBOi, HaM 3HAJOOUTHCS IIIE

HEUTpallbHUH (HyJIbOBUI) eIEMEHT i€l rpynu O(X;e), UIA KOro NpuiMeMo
P+(-P)=0

JUIS. TOBUIBHOI TOYKHM €JINTHUYHOI KpuBOi P. BBejeHHS HEUTpaabHOTO €JIEMEHTa
BUIIPABJIOBYIOTh Takl MipKyBaHHs. [IpsiMa, 1m0 mpoxoauTe yepe3 Touku P 1 —P
NEPHEHANKYJIIPHO A0 OCl a0CHUC MOBMHHA MAaTU TPETIO TOYKY MEPETUHY LbOTO
NEPIEHIUKYJIAPA 3 INTHYHO0 KPUBOO. TOMY MOKHA IPUMHATH, 110 LS TPETS TOUYKA
WiJie 0 HECKIHYEHOCTI B3JI0OBXK OCl opAMHAT. Taky TOUKy BBa)XarOTh TOYKOIO
SJINTUYHOI KPHUBOi, HA3UBAIOTh HECKIHUEHHO BI00QeHO MOYKOol 1 TO03HAYaloTh
O(x;).

Bunatauii ¢ppaniy3skuii marematuk A.llyaHkape 10BIB, [0 MHOKHHA TOYOK
€IINTUYHOI KPUBOI pa3’oM 3 HECKIHYEHHO BIINAJIECHOI0 TOUYKOI O(X;) YTBOPIOE

KOMYTaTUBHY I'pYIly BIIHOCHO Omepallii J0JaBaHHs TOYOK.

OCKUIbKY MU PO3TJIAJAEMO EJINTUYHI KPUB1 HaJ CKIHYEHUMU MOJISIMH, TO JJaMO
HACTYIHE

Buznauennss 5. ['pymnoro TOYOK €MNTHUYHOT KPUBOI HAJ CKIHYEHUM IOJIEM
GF (p) Ha3MBa€TbCS MHOKMHA TOYOK, KOOPAMHATU AKHUX HAJEkKaTh LIbOMY IIOJIO 1

CIIPaB/KYIOTh KOHIPYEHIII0 y*=Xx’+ax’+b(modp), sAxkmo p=23 abeGF(p), a
IJIs1 JUCKPUMiHAHTA (5) BUKOHY€TbCS YMOBA HECUHTYJISIpHOCTI (6). Jlo rpymu TOYOK
€JIITUYHOI KPUBOI HAJIE)KUTh HECKIHUEHHO BiJilajieHa Touka O(X;).

I'pyna To4yok eninTuyHoi KpuBoi y* = x°+ax®+b(mod p) no3HavaeTscs E (a,b).

Ipukaax eTinTHYHOI KPUBOI HA/I CKIHYEHHUM I10JIeM.

Hexall GF(p)=GF(17) i1 E;,(a,b)=E;(3,5): y*=x>+3x+5(mod17).
MoskHa epeKOHATUCh, IO TOYKAMU I1€1 eTINTUYHOI KPUBOI € 23 TOUKHU:
(13),(1,14),(2,6),(2,11),(4,8),(4.9).(5.3),(5.14),(6,1),(6,16),(9.8),(9.9).(10,7)(10,10),

(11,3),(11,14),(12,1),(12,16),(15,5),(15,12),(16,1),(16,16),0.

5\ 29
3ayBaXKMMO, 1110 TUCKpUMiHAHT D 11i€l KpuBOi gopiBHIOE 1° +[§) = 0.

OT:Xe eNninTuyHa KpUBa —HECUHTYJISIPHA 1 HAJl TIOJIEM JIACHUX YHUCEI 300paKaeThes,
K Ha puc.3.
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Aukoeuir Ilagno
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OCHOBHI BIIOMOCTI ITPO EJIHITUYHI KPUBI, SAKI
BUKOPUCTOBYIOTb B EJIIITUYHINA KPUIITOTPA®II

JI1st BUKOpUCTaHHS €MINTUYHUX KPUBHUX HAJl CKIHUCHUMU MOJISIMU B €IIIITUYHIN
Kkpunrorpadii moTpiOHO 3HATH iX OCHOBHI BJIACTHBOCTI, Ha SKMX 0a3ylOTbCs
BIIMOBIAHI adrOopuT™MU. ONHIIEMO 111 BJACTUBOCTI.

1. BiowiykanHs mouok eninmuyHoi Kpueoi Had CKIHYeHUM Nojaem
[lykatn TOYKM eminTHYHOI KpuBOi y°=x’+ax’+b Haj CKIHUCHUM IOJIEM

GF (p) IPOMOHYEMO 32 TAKOK CXEMOIO:

® 3HATH BCl KBaIpaTU4HI JIMIIKK 32 MOJYJIEM p 1 KBaJpaTH JJiA HUX;

o oOumcimTH X’ +ax’ +b 11st KOXKHOTO X € GF (p);

® SKIIO JJIS JIEIKOr0 KOHKPETHOTO 3HAYCHHS x e GL( p) X’ +ax® +b=A BusABHUTBCS
KBaJIpaTHYHUM JIMIIIKOM, TO PO3B’sI3aTH KBaJApaTHE PIBHSAHHS y° = A 1 OTpUMAaTH
JIB1 TOYKH €TINTHYHOI KPUBOI (x;\/K) 1 (x; p —\/K);

® SKIIO X IPU AEIKOMY xeGL(p) X’ +ax’+b=A BUABHTBCS KBAAPATHIHUM
HEJIMIIKOM, TO TOYOK 3 TAaKOK0 aOCLMCOI0 Ha EIINTUYHIN KPUBIA HEMAE.

® SKINO IJIS AESIKOTO x eGL(p) X +ax’+b=0, To Takiif abcuuci BiamoBigae ogHa
TOYKa (x;0).

Mpuxaan 1. 3HaiTH BCi TOYKH eTIOTHYHOT KpUBOi y* = x> +3x+5 misa p=17.

e 3Haiinemo kBaapatuyHi mmky: 1,2,4,8,13,15,16
1 KkBagpatu: 2=6°, 8=5% 13=8%, 15="72

® BHUKOPUCTOBYIOUM 3alPONOHOBAaHI pPeKOMEHAAIll, 3HAIeMO TOUYKH EIINTUYHOI
KpUBOI:

(1,3),(114),(2,6),(2,11),(4,8),(4,9),(5,3),(5,14),(6,1),(6,16),(9,8),(9,9),(10,7)(10,10),
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Mamemamuxa, wo nac omovye. Munyie, cydacune, ,1[(!175)’1711/(7

(11,3),(11,14),(12,1),(12,16),(15,5),(15,12),(16,1),(16,16),0.( ;0

2. Hucno enemenmis epynu mo4ox eiinmuyHoi Kpugoi
Busnavenns 1. Yucio eneMeHTIB IpynM TOYOK EJNTHYHOI KPUBOI  E, (a,b)

HaJ| [IOJIEM GL(p) HAa3UBAECTbCSA NOPAOKOM Yicl 2pynu i nosHadacmocs Ne.
Me:xi nmopsaKy rpyny TOYOK €IINTHYHOI KPUBOi HaJ 1ojeM GL(q), A€ q=p',

BU3HAYAIOTHCA TEOPEMOIO Xacce.
Teopema Xacce. Ilopsmok N Tpynu TOYOK €MINTUYHOI KPUBOI HAaJl CKIHUEHUM

oJIEM GL(q), 9= p" BU3HAYEHUH HEPIBHICIO

q+1-2/9 <Ng <q+1+2q. (1)
3 HEpIBHOCTI (1) BHIUIMBAE, IO YHCIIO TOYOK ENINTUYHOI KPUBOI IEPEBUIIYE

3arajbHE YHUCJIO €JIEMEHTIB MOJIsl HAa BETUYMHY MEHIIOr0 MOPSAAKY, Hik O (\/a )

VY BUmanKy NpOCTOro CKiHYEHOrO Mojs GL(p) Aasd mopsaaky N, elTnTHYHOI
kpuBoi y’=x’+ax’+b € TouHa ¢opmyna Ha MOBI cumBoxy Jlexxanapa s
KBaIPATUYHUX JIAILIKIB [ 2]

NE=p+1+pZ1 % , (2)

p
KBaApPaTUYHUM JIMIIKOM, Y1 HCIIMIIIKOM 3a MOOYJICM p.

ze [LX)] — cuMBoJ JIexxanipa, To0TO [mJ =+1 B 3aJI€)KHOCTI B1J] TOTO0,4H € f (X)
p

Ilpuxaan 2. IlepexoHATHCh, BAKOPUCTOBYIOUHU (DOpMyITy (2), IO YMCI0 TOYOK N
eTinTUYHOI KpUBOi y* = X° + X+4 HaJ HoJIeM GL(23) ZOPIiBHIOE 29.
3. Tlopsoox mouxu eninmuunoi Kpusoi
Buznavennst 2. IlopsakoM TOYKM P e E; Ha3MBAETLCS HAUMEHULE HAMYPATIbHE
yucno n, 0Jisl K020 nP = O.
SIkmio Touka P(x;y) €MINTUYHOI KPMBOI HAJl CKIHYEHUM II0JIEM MA€ MOPATIOK n,
TO CTPaBEIJIMBI HACTYITHI TBEPIXKCHHS:
e MHOXHHA {O, P<2P,...(n-1) P} YTBOPIOE IUKJIIUHY MATPYyIy B E, (a,b);
® TOPSIIOK JOBUIBHOI TOYKM EJIINTUYHOI KPHUBOI € JUIBHUKOM YHCJIa TOYOK
eJINTUYHOI KpUBOT N;

® gKIIO Nn=Ng, TO TOYKA HOPAAKY N € TBIPHUM €IEMEHTOM I'PyIH E ;

E?

® [IpU HAJICKHOMY BHOOpI MapaMeTpiB & 1 b MOXXHA JTOOUTHUCH TOTO, 00 YHUCIIO
TOYOK EJNTUYHOI KPUBOi OYyJIO MPOCTHM YHCIOM, 1 TOMI KOXHA TOYKa
eTINTUYHOI KpUBOi, OKpiM Touku O, € TBIpHUM €JIEMEHTOM TPYyIH E,.

Ipuxiaan 3. 3HalTH TOPANOK TOYKHM P (1;3) €JINTHYHOI KPUBOI E, (2,6).
Po3B’si3aHHsl. 3HailieMO KOOpJAWMHATU TOYKH 2P 3a (opMysiamMH MOJBOEHHS
[12] . Maemo
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VIl Beceykpaincoka konghepenyin kypcanmie ma cmyoenmis

A= 3'16+2 =g=305 2(mod7), x,=4-2=2, y,=2(1-2)-3=-5=2(mod7).
OT:xe KOOPIMHATH TOUKH 2P = (2;2). 3Hai1eMO KOOPIMHATH TOUKHU 4P 3a GOopMyIaMu

IIOABOEHH: . Maemo

y) z# =0(mod7), x,=—4=3(mod7), y,=-2=5(mod7).

AHaNOrI4YHO 3HANIEMO KOOPAMHATU TOYKU 8P.MaeMo
2=39%2_8_85 4 _5(mod7), x, =25-6=19=5(mod7),

10 3 35

Y, =5(3-5)-5=-15=6(mod7).

3HaliIeMO KOOPJAMHATH TOYKH 3P =2P+P =(2;2)+(13) 3a (opmynamMu [OAaBaHHA

TOYOK [1,2]. Maemo
izilz—lzG(modU, X, =36-3=33=5(mod7), y,=6(2-5)-2=-20=1(mod7).

3HaineMo 11P =8P +3P =(5;6)+(51) =(5;6)+(5—6). OCKIIbKM III TOYKH JIEXKaTh Ha

BEPTUKAJIbHINA MPSAMIA x =5 CHMETPUYHO BIAHOCHO OCi adcUuC, TO iX cCyma JOPIBHIOE
HECKIHYEHHO BlINaJeHId Touli O(x;). OTKe 11P=0 1 NOPANOK TOYKH P(13) B
IPyIi TOYOK €IINTHYHOI KPUBOI E, (2,6) AopiBHIOE 11.
4. Jluckpemme no2apupmysanus Ha eLinmuyHit Kpusi

Omneparliss MHOKEHHS Ha €TINTUYHINA KpUBIM — 1€ aHaJIor orepalii M HECeHHs
JI0 CTEMEHsI B CKIHYEHOMY Ioii. ToMy B eNNTHYHIN KpunTorpadii B poji mpsmMoi
3a/ladyl MaeMO 3aja4y CKaJSIPHOTO MHOKEHHS TOUYOK KpHBOI, TOOTO OOYMCIIECHHS
Q=mP mnsa Bimomux m i p. OOepHeHa 3a7a4a 3a TPATUITIE€I0 HA3UBAETHCS TUCKPETHUM
jorapudMyBaHHSM Ha €TINTUYHIN KPUBIi 1 TOJISATAE Y BIAIIYKaHHI JIs 3aIaHUX TOYOK
P i Q kpuBoi Takoro umcia m, mo Q=mP. CriiikicTs muQpyBaHHS Ha SIINTUIHAX
KPUBUX  BHU3HAYAETHCA  CKIAMHICTIO  PO3B’SI3aHHS  3a7adi  JUCKPETHOTO
jorapuMyBaHHS Ha TPyl TOYOK LUX KPUBHUX.
5. Bubip eninmuunoi kpueoi i 6a3060i mouxu

3a3Buuail, B eNINTUYHIN KpUNTOrpadii BUKOPUCTOBYIOTH EIINTHYHI KPUB1 HaJ
MIPOCTUM TI0JIEM 1 MOJIEM XapAKTEPUCTUKH 2.

['enepariist eMINTUYHOT KPUBOT 3IHCHIOETHCS 32 HACTYITHUMH KPOKAMHU:
e BUOIp XapaKTepucTuku nois [anya;
e BUOIp KOE(ILIEHTIB ENINTUYHOT KPUBOT;
e oOYHCIIeHHS IOPSAKY N. TPyIU TOYOK KPHBOI;
e BUOIp 0a30BOi TOUKU G(x;y) KPHUBOI;

® BHU3HAYCHHS MOPAIKY 0a30BOT TOUKH KPHUBOI.
Opna 3 rapanTiii Toro, mo BMOpaHa ToYKa G (x;y)ENNTHYHOI KPUBOI 3reHepye

rpyIy TOYOK
SJNINTUYHOI KPUBOi — 1€ TaKUil BUOIp KPHUBOI 1 MOJIS, M SKUX KIJIBKICTh TOYOK N

KpPUBOi € IPOCTE YKcio. B 1iboMy BUNAAKYy AOBUIbHA TOUKA EIINTUYHOI KPUBOI OyJie
TBIPHUM €JIEMEHTOM IPYNH TOYOK I[I€] KPUBOI.
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®enepanbHi crangaptd 00poOkm 1HpoOpManii (FIPS) pekoMeHayroTs 10
CKIHUCHHUX TIOJIIB, Ic p Mae nomxkuHy 192, 224, 256, 384, 521 Oit i mous GF(Z’”), e

m mae nopxuny 163, 233, 409, 571 Oitr. Hanmpukian, ogHa 3 X KPUBUX
y® =x*+317689081251325503476317476413827693272746955927 x +
+790528966078787587181205720257.
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POJIb BUILIOI MATEMATUKHA Y ®OPMYBAHHI
COEPHU IUBVIBHOTI'O 3AXHUCTY

Ax Bigomo [l] UMBIIBHUM 3aXMCT - 1€ 3aXHCT HACEJEHHS, TEpPUTOpIi,
HABKOJIMIITHLOTO CEPE/IOBHINA Ta TPUPOJHOTO CEPEAOBHINA BiJi BHHHUKHCHHSI
HaJ3BUYAWHUX CUTyallld Ta iX JikBigauis. 11 quBUIEHOIO 000POHOI PO3TIISIAI0Th
rajqy3b HayKd, siKa BUBYA€ TEOPETUYHI, HAYKOBO-TEXHIUHI, €KOHOMIYHI, €KOJIOT14HI
npoOemMu, K1 BUKIMKAIOTh MOPYUIEHHS HOPMAJbHUX YMOB JKUTTA Ta iSTILHOCTI
JIOJIeH Ha OKpeMiil TepuTOpii, BHACHIIOK aBapiil, kKaracTpod, CTUXiIHOTO jrxa ado
HEOE3MEeYHOTO BUMAJAKY, 110 MPU3BEIN a00 MOXYTh MPU3BECTH O HEMOXKJIUBOCTI
MPOKMBAHHS HACEJICHHS Ha 3a3HadeHi TepuTopii abo 00'ekTi, MPOBEACHHS TaM
rocroAapyoi AsUIbHOCTI, 3aru0eni /el abo 10 3HAYHUX MaTepialbHUX 30UTKIB.

PosrisitHeMo posib BUIIOT MATEMATHKY SIK TATy31 HAYKU Y KUTTI JIIOJIUHU, & CaMe
y GyHKIIOHYBaHHI c(epr NMUBUIBHOTO 3aXHCTy. SIK BiJOMO, BHIa MaTeMATHKa
BXOJIUTh B HABYAIBHHUH TIJIaH TEXHIYHMX Ta JACAKHX 1HIIMX CICIHiaTbHIUX HaBYAIbHHUX
3aKjajiB, BKJIOYAaE B ce0e pO3AUIM AHATNTHYHOI TEOMETpii, €JIEMEHTU JIHINHOT
anreOpu, AudepeHIiaibHe Ta IHTErpajbHE YHMCIEHHA, AudepeHIiaabHl pPIBHIHHSA
TOWIO. MEeTo0 KypCy BUIIOI MATEMATUKU € O3HAWOMJICHHS 3 OCHOBHUMHU METOJIAMU
BUIIOT MaTEMaTHUKH, HEOOXITHUX IS PO3B'A3YBaHHS TECOPETUYHUX Ta MPAKTUIHHX
3aMaq9  (GI3MKA 1 MEXaHIKH, BUPOOUTH HABUYKHM MATEMATHYHOTO JOCIIKSHHS
MPUKIAAHUX 337a4, PO3BUHYTH T€OMETPUYHY IHTYIIII0 Ta HABYUTH AITOPUTMAM
anreOpaiunux jgociimkeHb. 1100 oO0YMCIUTH WMOBIPHICTP BHHUKHEHHS IOl
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https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D1%83%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%96%D0%B8%D1%82%D1%82%D1%8F
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%80%D0%B8%D1%82%D0%BE%D1%80%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%90%D0%B2%D0%B0%D1%80%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%9A%D0%B0%D1%82%D0%B0%D1%81%D1%82%D1%80%D0%BE%D1%84%D0%B0
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D1%96%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%B3%D0%B5%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%92%D0%B8%D1%89%D0%B0_%D0%B0%D0%BB%D0%B3%D0%B5%D0%B1%D1%80%D0%B0
https://uk.wikipedia.org/wiki/%D0%92%D0%B8%D1%89%D0%B0_%D0%B0%D0%BB%D0%B3%D0%B5%D0%B1%D1%80%D0%B0
https://uk.wikipedia.org/wiki/%D0%94%D0%B8%D1%84%D0%B5%D1%80%D0%B5%D0%BD%D1%86%D1%96%D0%B0%D0%BB%D1%8C%D0%BD%D1%96_%D1%80%D1%96%D0%B2%D0%BD%D1%8F%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%A4%D1%96%D0%B7%D0%B8%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%85%D0%B0%D0%BD%D1%96%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%86%D0%BD%D1%82%D1%83%D1%97%D1%86%D1%96%D1%8F
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BUKOPHCTOBYIOTh 1II€ OIHMH 3 PO3/iTiB BHINOI MaTeMaTHKH. Tedpist IMOBIpHOCTE} 11e
O3/ MATEMATHKH, 1110 BUBYA€E 3aKOHOMIPHOCTI BHITQIKOBHX SBHIII: BUIIAIKOBI ITO/I1,
BHIIQJKOBI BEIMYMHHM, iXHI (YHKINI, BIACTHMBOCTI M omeparii Hag HUMH. Teopid
WMOBIPHOCTEH €  TIATPYHTSAM  MaTeMaTHYHOI  CTaTHUCTHKH, M0  IIHPOKO
BUKOPHUCTOBYETHCS JIJISI ONTUCY ¥ BUBYCHHS PI3HOMAHITHUX TEXHOJIOTIYHUX IMPOIIECIB,
3BaXKalO4M Ha iX CTOXaCTHYHICTh. TakuM YMHOM MH MOXKEMO OOUYMCIUTH IMOBIPHICTh
MOKEeKHOT HeOe3MeKH Ha JIaH1M TePUTOPii B MEBHUI MOMEHT YM KUIBKICTh MOMKJIUBUX
MOCTPOXJAAINX, YA IMOBIPHY 30HY YpaXeHHs TOIIO. MaTemMaThuyHa CTaTUCTHUKA
IIUPOKO BUKOPHUCTOBYE METOAU TEOpii MMOBIpHOCTEH Il MOOYIOBH 1 NEPEBIPKHU
MaTeMaTHYHUX Mojelell. Ii MeToAu pO3IIMPIOIOTH MOMKIMBOCTI  HAayKOBOTO
nepeadadeHHs 1 paioHaIbHOrO IPUUHATTS pIIICHHS 6aratbox 3ajad, Jie mapaMeTpu
HE MOXKYTbh OyTH 3'ICOBaHi1 Y¥ KOHTPOJIbOBAHI 3 JOCTATHHOIO TOYHICTIO.

BononminHsS  3HaHHAMH  MaTEMaTHYHOTO, CTAaTUCTUYHOTO  aHATI3y Ta
MOJICITIOBAHHS TOTPIOHO IS PO3B’SI3aHHS CHEIliali30BaHUX 3a/1ad Ta MPAKTHIHUX
po0OIeM, JOCTIIKEHHS MPOIIECIB 1 CUCTEM CTOXACTUYHOI MPUPOX, YMIHHS JOHECTH
CIeIiajicTaM 1HIIUX Tally3ed pe3yJbTaTH JOCIIKeHb. 3HAHHS Ha PIBHI HOBITHIX
JOCSITHEHb, HEOOXIJIHI JUIsl JOCHIIHMIBKOT ab0 MPakTUYHOI IISIIBHOCTI Yy cdepi
MaT€MaTUKH, CTaTUCTUKA Ta IXHIX MPAKTUYHUX 3aCTOCYBaHb. 3JIaTHICTb
3aCTOCOBYBaTH MMOBIPHICHO-CTATUCTUYHI METOAM B MIKIUCIUILIIHAPHOMY KOJEKCI
[{MBUIBLHOTO 3aXUCTY, IK OCHOBA 30€pe)KEHHS HACEJICHHS Ta 00’ €KTIB IHPPACTPYKTYpHU
B HQI3BHYAMHUX CHUTYaIlisfX, mepeadadae 3aXucCT BiJ KaTacTpod, CTUXIMHHUX JIHX,
BOEHHUX JI1¥ TOIIO; TTOKEKHA Oe3MeKa B CBOIO Uepry nepeadadae 6e3nexy npupoHoro
CEpelIOBHUIIA, TPOMAJICBKUX Ta KUTJIOBUX OYIiBEINb, CUIbCHKOTOCIIOAAPCHKUX YT1/ib,
TPAaHCHOPTHUX 3aco0iB. Y TNEBHMX YaCTUHAX, 3BUYalHO, LI CKIJIAIOBI O€3IMEKH
MEPETUHAIOTHCSA, 30arauyroTh Ta B3a€MOJIOITOBHIOIOTH OJTHA OJHY B KOHTEKCTI.

VY cdepi MUBUTBHOTO 3aXHUCTY BHINA MAaTeMaTHKa BUKOPUCTOBYIOTHCS HACTYITHUM
YUHOM:
e (CraTthcThKa BHKOPHUCTOBYETHCS OpraHaMH IUBITLHOTO  3aXHCTYy IS

3ano0iraHHs HaA3BMYAMHUX CUTYyallll Ta TOXEX MIUITXOM 3amoO0iraHHs
HAWTIPIIOT MOXJIMBOCTI PO3B’s3aHHS MpoOJeMu (CKJIaJlaHHS ONEePaTUBHUX
IJIaHIB Ta KapTOK, TaKTUYHI MOXMJIMBOCTI MIJPO3UTIB HAa MOMXEXKI 3TiAHO 3
IJJAHOM 3JIyYEHHS CHUJI Ta 3aCO0IB MO TOMY UM 1HIIIOMY 00’€KTY, PO3PaxXyHOK
MOXJIMBOTO  TMOIIMPEHHS  MOXEX1 ab0  pO3MOBCIOJKEHHS  HACIIAKIB
HAJ3BUYAHOI CUTYyaIlil);

e [IpopaxoByIOThCS MOXIIMBI BTPATH M1J] YacC MOXKeXki a00 HaI3BUYATHOT cUTyallii
opraHamu JIep»aBHOTO Harjisiy Ta KOHTPOJIO, Ta poOUTHCS MpodiIaKkTUKa M0
3armo0iraHHIO HAJ3BUYAWHUX CUTYaIlli Ha 00’ €KTI,

e (CKJalaHHA eKCIUTyaTaliifHUX KapTOK Ha aBTOMOO1JIb ( BAKOPUCTAHHS TTAJTMBHO-
MaCTUJILHUX MaTepiajiiB Ta 3aC001B MOKEKOTaCIHH).

Otox ponb BHUIOI MaTreMaTukd y (opMmyBaHHI chepu LUBUIBHOTO 3aXUCTY
OaratorpaHHa, TOMy IO 3a JOINOMOIOI MaTeMaTUYHUX METOJIB PO3B’A3YHOThCS
0arato NpUKJIAIHUX 3a7a4 [IUBIILHOTO 3aXUCTY Ta IUBUIBHOI OOOPOHH.
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https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%92%D0%B8%D0%BF%D0%B0%D0%B4%D0%BA%D0%BE%D0%B2%D0%B0_%D0%BF%D0%BE%D0%B4%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%92%D0%B8%D0%BF%D0%B0%D0%B4%D0%BA%D0%BE%D0%B2%D0%B0_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
https://uk.wikipedia.org/wiki/%D0%A4%D1%83%D0%BD%D0%BA%D1%86%D1%96%D1%97_%D0%B2%D0%B8%D0%BF%D0%B0%D0%B4%D0%BA%D0%BE%D0%B2%D0%B8%D1%85_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD
https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D1%81%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D1%96%D1%8F_%D0%B9%D0%BC%D0%BE%D0%B2%D1%96%D1%80%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9
https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D1%82%D0%B5%D0%BC%D0%B0%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%B4%D0%B1%D0%B0%D1%87%D0%B5%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D1%96%D1%8F_%D1%80%D1%96%D1%88%D0%B5%D0%BD%D1%8C
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D1%85%D0%BD%D1%96%D1%87%D0%BD%D0%B8%D0%B9_%D0%BF%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80

Mamemamuxka, wo nac omouye: mumnyne, cydache, Maudymue
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M. Camomiok

Jlvgiscokuti 0epaoicasHutl yrisepcumem Oe3neKu HCUmmeoisibHOCmi

Hayxosuii kepisnux O.M. Tpycesuu, xanouoam @isuxo mamemamuyHux HAYK,
doyenm Kagpeopu npuxkiadHoi mamemamuxy i MexaniKu

HPOBJEMMU TUCAYOJITTA

Ham cBiT OaratorpaHHuii, IliIKaBUi Ta BOJHOYAC TA€EMHMYMM 3 OaraTbma
HEBUpIICHUMHU TIpobOsieMamu. Po3risitHeMo Jaesiki HEBUpIIIEHI 3ajadi B 00J1acTi
MaTEMAaTHKH Ha CHOT'OIHIIIHIN Yac.

IIpobaema P = NP nonsirae B HacCTYMHOMY: SIKIIO MO3UTHBHY BIJNOBIAL Ha
SAKECh MUTAHHS MOKHA IIBUJIKO nepesipumu (3a MOJIHOMIAIBHUM Yac), TO YK IpaBa,
10 BIAMOBIAb HA II€ K MHUTAHHS MOJKHA IIBHAKO 3Haumu (3a MOJIHOMIAJIBHUN 4ac 1
BUKOPHUCTOBYIOUH NOJIIHOMIaIbHY Mam'siTh)? Hampukiasn, uu BipHO, 1110 cEpe Ynuced -
2, -3, 15, 14, 7, -10, ... € Taki, mo ixHa cyma nopiBHioe 0 (3amaga mpo cyMmu
miIMHOXKUH)? BianoBins max, Tomy mo -2 - 3 + 15 - 10 = 0 nerko mepeBipuTH 3a
JIOTIOMOT'O0 KUJTBKOX J0/IaBaHb (1HPOpMaIlio, HEOOX1THY JJIsl IEPEBIPKU MO3UTHUBHOT
BIJIMIOBI/T, HAa3WBalOTh cepTudikaroMm). Un BHUILIMBA€E 3BiJICH, IO TaK CamoO JIETKO
nimiopatu 11 uncna? IlepeBiputu ceptudikaT Tak camo JETKo, K 3HAUTH HOro?
3maetbes, o miidpaT Yncia CKiIaaHime (He JOBEACHO).

BignoBine Ha mutanHs npo piBHICTh kiaciB P 1 NP Bu3znauuna 6, uu JificHO
3aBJIaHHSI JICTIIC TepeBipuTH, HK BUpimmTH P # NP. AGO BUPIIIUTH HACTUIBKA XK
npocTo, sk 1 mepeBiputd P = NP. {e MokHa 3acTOCOBYBaTH /10 BCIX MOAIOHUX 3a/1a4,
a HE TUIBKM JO 3ajadl Mpo CyMH MIJIMHOXHUH. TakoX el MPUHIUI MOXKe OyTH
3aCTOCOBAHMUHU 10 3aJ1a4, BIAOBIIb Ha sIK1 cknaaHima, Hixk TAK um HI.

Bignocunn Mk kiacamu P 1 NP posrisgaiorbest B Teopli  00UMCITIOBAIBHOL
CKJIaJTHOCTI (pO3/ily TeOpli aJropuTMiB), IO BHBYAE PECYpCH, HEOOXIJIHI JIs
BUpIIICHHS JIesIKOi 3ajaul. HalzaranpHimi pecypcH - 1€ 4ac (CKUIbKH TMOTPIOHO
3pOOUTH KPOKIB) 1 Mam'siTh (CKUIbKM MaM'aTi MOTPIOHO AJis BUPIIICHHS 3ajadi). 3
Bu3HaueHHs kiaciB P 1 NP Binpasy BummBae Hacainok. [IpoTe 1oci HI4OTO HE BiJIOMO
PO CTPOTICTh I[LOTO BKIIFOUEHHS, TOOTO UM ICHY€E aJlTOPUTM, siKUil JexuTh B NP, ane
HE JIeXKUTh B P. SIKII0 Takoro anropuTmy He ICHY€, TO BCl 3aBIaHHS, 1[0 HaJEXaTb
kiacy NP, moxxna Oyje BupinryBaTé 3a MOJIHOMIAIBLHUN Yac, M0 3HAYHO CITPOIILYE
oOumucroBanpHI omepariii. 3apa3 Haicknaanimi NP-3amaudi (Tak 3Bani NP - moBHi
3a/ayi) MOKHA BHPINIUTH 32 EKCIOHEHIIWHUNM dYac, M0 Maibke 3aBXIu €
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https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_P
https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_NP
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https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_P
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https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_P
https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_NP
https://uk.wikipedia.org/wiki/%D0%9E%D0%B1%D1%87%D0%B8%D1%81%D0%BB%D1%8E%D0%B2%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D1%96%D1%81%D1%82%D1%8C
https://uk.wikipedia.org/wiki/%D0%9E%D0%B1%D1%87%D0%B8%D1%81%D0%BB%D1%8E%D0%B2%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D1%96%D1%81%D1%82%D1%8C
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D1%96%D1%8F_%D0%B0%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC%D1%96%D0%B2
https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_P
https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_NP
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%96%D0%BD%D0%BE%D0%BC%D1%96%D0%B0%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D1%87%D0%B0%D1%81
https://uk.wikipedia.org/wiki/NP-%D0%BF%D0%BE%D0%B2%D0%BD%D0%B0_%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D0%B0
https://uk.wikipedia.org/wiki/NP-%D0%BF%D0%BE%D0%B2%D0%BD%D0%B0_%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D0%B0
https://uk.wikipedia.org/wiki/NP-%D0%BF%D0%BE%D0%B2%D0%BD%D0%B0_%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D0%B0
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HEMPUIHATHUM. Brepine mnuTaHHs Tpo PIBHICTH KiaciB  Oyjlo MOCTaBJICHO
HezanmexxHo Kykom i Jlepinum y 1971 p.  Ha  chorommimmHii  1eHb  OUIBIIICTH
MaTEMaTHKIB BBAKAIOTh, IO IIi KJIACH HEPIBHI. 3TiHO 3 OMUTYBaHHSIM, TPOBEICHUM
y 2002 p. cepen 100 BueHux, 61 mroamHa BBaXkae, M0 BiJMOBIIb — «HE PiBHI», 9 —
«piBHI», 22 HE 3MOTJM BIAMOBICTH 1 § BBaXKaIOTh, IO TIMOTE3a HE BUBOIUTHCS 3
MOTOYHOI CHUCTEMH aKCiOM 1, TakKUM 4YHHOM, HE MoOXke OyTh JoBeneHa ado
CIIPOCTOBAHA.

3apa3 npobnema piBHOCcTi kiaciB P 1 NP € oanieto 13 cemu npoOiem
TUCSYOJIITTA, 32 BUPIMIEHHS sKOi MareMatnyHuil 1HCTUTYT Kiles npu3HauuB npemiro
B MuIbiioH gonapiB CIIA. V¥V cepnni 2010 poky amepukaHChKHM TOCHinHUK BiHaii
Jleonmanikap HajiCIaB JAESIKUM BUCHHM Ha MEPEBIPKY CBOE JOBEACHHS HEPIBHOCTI P #
NP. CriBern Kyk Ha3BaB 0ro mpenpuHT «BITHOCHO CEPHO3HOIO CIIPOOOI0 BUPIIICHHS
npobnemu P npotu NP».

Hasegemo rimore3y T'omka, 1o € BaxJIMBOI0O MpoOJieMOro airedpaiyHol
reoMmeTpii. Bona Oyna cdopmynboBaHa MIOTIAHACBKUM MaTeMaTHKOM BinbsiMom
Bomnancom Jlyrnacom I'omka B mepion Mk 1930 - 1940 pokamu. I'imoTe3a onucye
KJIACH KOTOMOJIOT1 HA ~ KOMIUIEKCHHUX  INPOEKTUBHMX MHOTOBHJIAX,  peaji30BaHI
anreOpaivHuMu migMHOroBuAaMU. TooTo 1ukm ['omka € koMOiHAIIIME 00'€KTIB, 110
MaroTh T€OMETPUYHY THTEPIIPETAIlII0, — aIreOpaiuHuX UKJIIB.

VY nBaAusTOMY CTOJITTI MATEMATHKX BUHANIIUIA TTOTYKHI METOJIN TOCI1IKEHHS
dbopmu cxnagHux o0'exTiB. OCHOBHA 1Jiesl MOJIsITa€ B TOMY, 1100 3'sicyBatH, 70 SIKOT
MIpH MU MOKEMO alpOKCUMYBaTH (OPMY JAHOTO 00'€KTa, CKIICIOIOUN Pa3oM IMPOCTI
Tima 3pocTtarodyoi po3mipHocTi. lleit meTon BHSBUBCS €(QEKTUBHUM TIPH  OIHUCI
PI3HOMaHITHHUX 00'€KTIB, 10 3yCTpidaroThcs B MatremaTull. [Tpu npomy Oynu He sicHI
r€OMETPUYHI OOTPYHTYBAaHHS METOJY: B JICAKUX BUMAAKax OyJI0 HEOOX1THO J10J1aBaTH
YaCTHHHU, 110 HE MAJIM HisIKOTO T€OMETPUIHOTO TIIyMAveHHSI.

I'inoreza  Ilyankape BBaXaeTbCsi ~ HAWBIAOMINIOW  3aJa4€r0 TOMOJIOTII.
HedopmanbHo Kaxyuu, BOHA CTBEPIXKYE, IO BCSIKUM «TPUBUMIPHHIA OO'€KT», LIO
BOJIOJIIE€ JAESKUMH BJIACTHUBOCTSIMU TPUBUMIPHOI cepu (HAMPUKIIAJ, KOXKHY IETIIO
BCEPE/IMHI HhOTO TOBUHHO OyTH MOKIJIMBO CTSTHYTH), 3000B'sa3aHuil OyTu cheporo 3
TOUHICTIO 10 aedopmarii. [moresy chopmynsoBano Aupi Ilyankape y 1904 p.
Crpobu noBectu rinoredy IlyaHkape, ik ycmiliHi, Tak 1 HEBAaJi, MPUBEIHU A0
YHCIEHHUX MPOCYBaHb Yy TOMOJOrIi pi3HOMaHiTh. JloBeaeHHs rinote3u I[lyankape (1
3arajpHINIOL TiMoTe3n TepcToHa TMpo TreoMEeTpu3alliio), OMyOJiKOBAHO TIIBKU
B 2002 p. I'puropiem Ilepensmanom p.)

I'inore3a bepua — CBinnepTona - Jlaiiepa onucye MHOXHHY palliOHaIbHUX
PO3B'SI3KIB  PIBHSIHb, $IKI BU3HAYAIOTHCS ENINTHYHOIO KpuBow. lle € BiaKpuTOIO
npoOJieMOI0 y Teopli uucesl 1 HMIMPOKO BHU3HAHA SK OJHA 3 HAWOUIbII CKJIaTHUX
MaTeMaTuyHux mnpobiem. ['inore3a Oyna BuOpaHa B SIKOCTI OJHIET 3 ceMH IpoOsieM
TUCSYONITTS, BKIIOUeHUX MareMaTuaHuM iHCTUTYTOM Kites mo criucky 3amad 3a siki
3aMpONOHOBAHA MIPEMIIO 3a Meplile MpaBuiIbHE T0BeAeHH . ['1moTe3a Ha3BaHa Ha YeCTh
MatemaTukiB bpaitana bepua ta [litepa CBinHepToHa - [laepa, ski copmysiroBaau
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rinmote3y B mepirni monoBuHi 1960-X pOKIB 3a TOMOMOTOI0 MAITMHHUX OOYHCIICHB.
Cranom Ha 2016 pik 10BEJCHO JIUIIIE OKPEM1 BUMIAJKH TIMOTE3H.

Jlirepatypa

1. Kononenko O.IO. AxryanbHi mpoOJieMH CTaJIOr0 pPO3BUTKY: HaBYaJIbHO -
metonuaanii mocionuk / O.10. Kononenko. —K.: JIIT «IIpinT ceppicy, 2016. — 109 c.

B.B. I'voem’rok

JIvgiscokutl OepoicasHull yHisepcumem 6e3neKku HCummeoisibHOCmi

Hayxosuui kepienux O. O. Kapaoun, kanoumam @izuxo-mamemamuidHux HAyK,
doyenm Kageopu NpUKIAOHOT MAmemMamuKuy i MexaHiKu

MATEMATHKA B ITPAX

CTBOpEHHS 1rop 37a€ThCA YUMOCH ILIKABUM 1 JUIsl 0araTbOX CTalo0 MPUYUHOIO
oYaTH IporpaMyBaTH, OAHAK PO3poOKa irop BUMarae BiJl PO3pOOHHKA HETIOIaHOIO
3HAaHHS MaTeMaTUKU. AJie IKOi KOHKpeTHO? MaTtemartuka - HeoOXi/1Ha TUCIUILIIHA, 110
BUMarae Hajie)KHOT'O BUBUEHHS B po3po011l KoMI'TOTEpHOI I'pu. MaTtemaruka - 11e Bce,
KOJIM CIIpaBa JOXOJUTH 10 PO3pOOKH 1rop -- MOYMHAIOYH BiJl MOAIIMBOCTI PO3paxyBaTu
TPaEKTOPIIO NTHUII B Ipi Angry Birds 10 MOKJIMBOCTI YIIEBHUTHCS, 1110 TIEPCOHAXK MOXKE
CTpUOHYTH 1 MPU3EMJIUTUCS Ha3aa Ha 3eMito. be3 MareMaTtuku irpu mpocto O He
MpaloBagu: MEPCOHAX HE 3MIT OM MiJHIMATUCS MO CXWUJy a00 KOB3aTH 3 HBOTO,
BUITYCTUTH KYJIIO 31 CBOEI PYIIHUI a00 HaBITh NPOCTO cTpuOaTh. Maremaruka - 11e
MyKa B TOpTI, SIKHA IrpOBI PO3POOHMKHM HA3MBAIOTh KIHIIEBUM MPOILYKTOM.
MartemaTka BUKOPUCTOBYEThCSA B KOXXHOMY 3 aclEKTiB po3poOku rpu. Maya -
mporpama, sika 3amucy€ BCl BEpIIUHM, HOpMali3ye OOMIH PEYOBHMH MOJeNiel B
MaTeMaTu4Hii GopMi 1 JO3BOJISIE pO3POOHUKAM CTBOPIOBATH II1JI1 CBITH 200 OKPEMHX
MIEPCOHAXIB, 11100 T1 HABITH HE 3aMUCITIOBAIUCS TIPO MaTeMaTukKy. [Ipoctumu cioBamu,
BH MOXKETE HalmmcaTh Mojielb ['o/131/u B OJI0KHOTI 1 OTIM BIIKPUTH ii B Mporpami.
Opnak OlnpIlla YacTMHA MATEMATUKHU BXKUBAETHCA MPSAMO IMiJI 4ac TPU ITPOBUMHU
IBUKKaMU. BOHU BUKOHYIOTH Jy’K€ BaKJIUBY poOOTY, Tak sk 0e3 Hei rpa mpocTo He
3Moxe icHyBaTH. CTBOpEHHS JBIKKA BKJIIOYA€ B cede qyske 6arato MatemaTuku. Och
JesiKl IPUKJIaand: XBUIIl KPacUBO BAAPAIOTHCS 00 Kpai Bamoro kopabis B Assassin's
Creed: Black Flag, kyni cBuCTSTH, mpoiTatouu Haj Bamioro roiosoro B Call Of Duty,
kpacuBa aHiMaiis B Ul, ska, 10 TOro », TeHEPYEThCs MpoleaypHo, ApudT Ha
mBuakocTi 80 kimomerpi Ha roguHy B Need For Speed, Conik moxe 0irtu, a Mapio
MO>Ke CTprOaTH KOB3aHHS BHU3 MO TOpi Ha cHOyOopAl B SSX, pakeTa BiApUBAETHCS Bijl
3emui B Kerbal Space Program. Konu Mapio ctpubae, BiH He TpocTO cTprbOa€e B3AOBXK
NpsIMO] JIiHI1, BIH OMUCYE Mapadoiry cBOiM cTpruOkamu. Amxke Oyio 6 AMBHO, SIKOU BIH
BIJIPUBABCS BiJl 3€MJI1, TIOTIM JIETIB BIEPE/ IO MPSAMIi JIiHii, @ TOTIM TaK camo MPSIMO
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VIl Beceykpaincoka konghepenyin kypcanmie ma cmyoenmis

omyckaBcs BHU3. Lle 6 Burnsgaro 6e3rmy3no 1 HenpaBmwibHO. A Kerbal Space Program
- 1€ B3araJi CyliJibHa MaTeMaTHKa, TaK K TaM BUKOPUCTOBYETHCS HAHOUIbII TOUYHA
CUMYJISIISl HBIOTOHIBCHKOT (PI3UKH € yciMa ii 3aKOHaMHU.

Po3xiyim MaTeMaTHKH, sIKi BUKOPHCTOBYIOThHCSI B CTBOPEHHI irop: anreopa,
JTMCKpEeTHA MaTeMaTHKa TPUTOHOMETPIis, MaTeMaTUYHUIN aHai3, JiHiiHa anreopa.

HaiiBaxiuBini NOHATTA AJs PO3POOKHM Irop 3 TOYKH 30py MAaTEeMATHKM:
BEKTOPH 1 X CKaJISIpHUHN 1 BEKTOPHHI T00YyTKU BEKTOPH, B1IOOpakeHHs, MaTpuill. Bee
paszoM, K MpaBUJIO, BUKOPUCTOBYETHCSA B po3BUHEHUX irpax AAA-piBus. IIpocti x
Irpy 3a3BUYail BUMAraloTh MEHIIIE MATEMATUKHU.

Sk MaTeMaTHKA BUKOPUCTOBYETHCS B MPOTrpaMyBaHHi.

MatemaTukoro B irpax Moke Ha3uBaTHUCS MPOCTO AoAaBaHHS X 1 Y, MaHIMyJIIOBaHHS
CUHYyCcaMH, KocuHycaMu Toio. OJHaK B JESIKUX BUNAAKAX HAJl peaizaii€ero Oy.b-
KO0 MpaBuiia B Tpl NOTPIOHO MOAYyMaTH FOJAUHY-ABI. SIK MPUKJIIAJ] MOKHA OTJISTHY TH
Ha TaKl MpoILIEeCH, sIK CTBOpeHHA BeKTopiB, Ha3BaHux MAX SPEED 1 MIN SPEED, 1
JOJIJaBaHHs 1X B I'POBHM LIMKII Ui NEPEBIPKU IIBUJIKOCTEH, pO3pPaxXyHOK HIBUAKOCTI
KOCMIYHOTO KOpaOiid, nedopmailiss MOBEPXOHb MPHU 3ITKHEHHI 1 3MiHA TPAEKTOPII 1
IIBUJKOCTI B 3aJIeXKHOCTI BiJ cwid yaapy. Came ToMy KOMIIaHii, 110 3aliMaroThCs
pO3pOOKOI0 1rOp, BHUMAraroTh BiJ CBOiX CIIBpPOOITHUKIB 3HAHHS MaTE€MaTUKHU 1
ITOPUTMIB. 3HaHHS TaKUX peuei He MPOCTO JOMOMOKE PO3POOUTH JIOTIKY TPH, aje 1
SKICHO JOIOMOXE ONTUMI3yBaTH caMy TPy, 3HAaXOJS4M aJbTEPHATUBHI ILISAXH, SIKI
JOTIOMAararoTh YHUKHYTH 3aiBUX oOuucieHb. Tak 1o temnep, Koiau OyJeTe 3aJaBaTu
NUTAHHS 1O CBOI'O BUUTENS MAaTEMaTUKH, YU OyJie MOTpiOHA BaM MaTeMaTuKa B KUTTI,
MaiTe Ha yBasi, IO SKIIO BU XoueTe OyTH PO3POOHUKOM Irop, TO Tak, aOCOIIOTHO
TOYHO OyJIe TOTPIOHO.

Jesiki pedi, iKi NOBHICTIO CIUPAIOTHCSI HA MATEMATHKY: CUMYJISIISA P1IUH,
aHiMalis, aJroOpuUTMH, apXITEKTypa IrpOBUX JBMXKKIB, HAlMCaHHS ITPOBOI JIOTIKH,
aHamiTHKa Ta 30ip JaHUX, PO3PAXyHOK KaJpiB B CEKyHAy, irpoBa (¢izuka, rpadika
[eiinepu, mMITy4HHUI 1HTEIIEKT, MPOIIEAYPHA TeHEepallisi, Bi3yali3ailis MOoJIIrOHiB.

X.B. Meuyc

JIvsiscokutl Oeporcasruil yHisepcumem be3neku HCUmmeoisibHOCmi

Hayxosuii kepisnux 0.0. Kapadun, kanouoam hizuxo-mamemamuirHux HayK, 0OYeHm
Kagheopu npukiaoHoi mamemamuxy i MexaHiKu

HOBA HOPMAJIBHICTb. CTATUCTHUKA

Cratuctuka panTtoM cTajga KpPYTOK 1 MOJHOIO. 3aBASKH IOSIBI 1HTEPHETY,
IHTEPHET-TOPIIBIIl, COLIAJIBHUX MEPEXK, MPOeKTy «l'eHom moauHW» 1 1UdpOBIH
KyJbTYpI 3arajioM, CBIT TeTep MOYUHAE APYXKUTH 3 JaHUMHU. MapKeTOJOTH yBaKHO
BUBYAIOTh Haill 3BUYKH 1 cMaku. Crerncmyx0m 30upaloTh [JaHi Tpo Halie
nepeOyBaHHsI, €JIEKTPOHHI JUCTH W TenedoHHl M3BiHKH. DaxiBIll 31 CHOPTUBHOI
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CTaTUCTHKH >KOHTJIIOIOTh YACIIAMU, BUPIITYIOYH, SKUX TPABIIIB MMPOIATH, SIKUX KYIIUTH,
a SKMX — TOCATUTH Ha JIaBKy 3amacHuX. TOX M0 Take CTAaTUCTHKA 1 SK HEIO
KOPUCTYBATHUCh?

TepMiH «cTaTUCTHKa» TOXOIUTH BiJ JIATUHCHKOTO «status», IO O3HayYae
MOJIOKEHHS, CTaH sBUI. HHUHI TepMiH «CTAaTUCTUKA» BUKOPUCTOBYIOTH Y KIJIBKOX
3HAYEHHSX:

. JlaHl, K1 XapaKTepu3yrTh MacOB1 CyCIJIbHI SIBUIIA;

. nporiec 30upanHsi, 30epiraHs 1 00poOIeHHS JaHUX PO MACOB1 CYyCHUIbHI
SBHINA, TOOTO Taly3b MPAKTUYHOI [ISUTBHOCTI, CHOpPSIMOBAHOI Ha OJEp KaHHS,
0o0poOJICHHS, aHalli3 1 BUJAHHS MACOBUX JIAaHMX MPO SBHUIIA 1 MPOLECH CYCHIJILHOTO
KUTTS;

. HayKa, SiKa BUBYAE€ BEJIWYWHY, PO3MIPH 1 KUIBKICHY CTOPOHY MacCOBHX
CYCITUTBHHUX SIBHINl Y HEPO3PHUBHOMY 3B'SI3KYy 3 SKICHOIO CTOPOHOIO IHMX SIBHII, 3 iX
COLIAJIbHO-EKOHOMIYHHM 3MICTOM

Po3risiHeMo KOPOTKO 3MICT KOXKHOTO 3 BH/IB CTAaTUCTUKU 33 TPAAULINHOIO
CXEMOI0 iX TOIiTy.

MaTteMaTH4YHA CTATHCTHKA — 1€ Taly3b MaTeMaTUYHUX 3HaHb. BoHa
pO3po0JIsie parioHadbHI MpuoMHu (cmocoOM) cucTemMaTu3allii, oOpoOKH 1 aHamizy
TAHUX CTAaTHCTHYHUX CIIOCTEPEKEHbh MACOBUX SBUI 3 METOI BCTAaHOBJICHHSI
XapaKTEPHUX I HUX CTATUCTUIHUX 3aKOHOMIPHOCTEH, BUKOPUCTAHHS T HAYKOBUX
1 IPaKTUYHUX BUCHOBKIB.

3arajbHa TeOpifi CTATHCTHKHM MICTUTh TPUHIWNKA CTATUCTUYHOI HAyKH
CTOCOBHO PI3HUX CTOPIH CYCHIJIBHOTO KUTTS, TOOTO 3arajbHl MpaBWiIa 1 METOJIU
CTAaTUCTUYHOTO JOCTi/DKeHHs. BoHa po3poliisie MOHATIMHUN amapaT CTaTUCTHYHOL
HAyK{, CUCTEMY KaTeTropiil, po3risiac y 3arajibHOMy BUTJIAI METOAM 30HMpaHHA,
3BEJICHHS, Yy3arajlbHeHHS 1 aHami3y cTaTHCTHYHUX AaHuX. Kypc 3arampHoi Teopii
CTATUCTHUKH MOOYI0BaHUH BIJIIMOBIIHO JI0 CTaAil CTATUCTHYHOTO JTOCIIIKEHHS.

CouiajibHa CTaATUCTHKA — rajly3b CTATUCTHKH, SIKa BUBYAE KUIBKICHY 1 AKICHY
CTOPOHM MAaCOBUX CYCHIJIBHHUX SIBHIIl 1 TIPOLIECIB, IO BiJOYBAIOTHCSA B COIllaIbHOMY
KUTTI, 1 po3podiise [HTErpoBaHy CHCTEMY TMOKa3HUKIB 3AIMCHEHHS COIllajJbHUX
MPOIIECIB 1 SIBUIII.

ExoHoMiuHa cTATHCTHKA SK TATY3b €IMHOI CTATUCTUYHOT HAYKH, CTUPAIOYNCH
Ha TOJIOKEHHS 3arajibHOI TEOpli CTATHUCTUKH, BUBYAE KUIBKICHY CTOPOHY MAaCOBHX
CYCNUIBHMX SIBULI 1 TpOLECIB y cdepl maTepiaibHOTO BUPOOHHUIITBA 3 METOIO
BUSIBJICHHSI TMPOMOPIINA TEHJEHUIA 1 3aKOHOMIpPHOCTEH iX pO3BUTKY. ToOTO BOHa
KUIBKICHO XapaKTepU3ye 110 EKOHOMIYHUX 3aKOHIB, JAOCIIIXKYE 00CST, CTPYKTYpY 1
JTUHAMIKY SIBHIII, TIOKA3y€ B3a€EMO3AICKHOCTI EKOHOMIYHUX TMPOIIECIB 3 ypaxXyBaHHAM
KOHKPETHUX MPUPOJIHHX Ta ICTOPUIHUX YMOB PO3BUTKY CYCITLIbCTBA.

Iany3eBi cTAaTUCTUKM BUBYAIOTH MOKA3HUKH MPOIIECY BUPOOHMIITBA B TATTY35X
MaTepiaTbHOTO BUPOOHHIITBA (CLITLCHKOMY T'OCIIOIAPCTBI, IPOMHUCIOBOCTI), B Taly3sX,
JIe TIPOIOBKYETHCS MPOIIEC BUPOOHUIITBA Y cepi 00iry (TOPTiBIIA, 3B'SI30K, TPAHCIIOPT
TOIIO); TTOKa3HUKUA pOOOTH Traimy3eil HeBUPOOHHUOI chepr (KUTIOBO-KOMYHATHHOTO
roCIoAapcTBa, Hayku, (HI3WIHOT KYJIBTYPH 1 CIIOPTY TOIIIO).
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VIl Beceykpaincoka konghepenyin kypcanmie ma cmyoenmis

OT1xe, ¢l BU3HATH, III0 CTATHCTHKA Y HAIIl Yac JIOIIOMara€ HaM y BCbOMY, Ta 1
SK TIpeIMET BOHA BIJIITPA€ BAXKIIUBY POJIb.

Jlireparypa:
1. Buau craructuk Ta nousatTs. [areprer pecypc: https://buklib.net/books/35935/
2. Mo rake cratucruka? Inrepuer pecypc: https://studfile.net/preview/5921911/

B.C. Akoeuyk

JIvsiscokutl OeporcasHuil yHisepcumem be3neku HCUmmeoisibHOCmi

Hayxosuii kepisnux 0.0. Kapabun, kanouoam ¢izuxo-mamemamuyrux HayK, 00YeHm
Kageopu npukiaoHoi mamemamuxy i MExaHixu.

30JI0TUI NEPETUH. CYYACHE BUKOPUCTAHHS

3 daBHIX 4YaciB JIIOJM HaMmarajucs TMi3HATH CBIT 4epe3 IMOIIyK TapMOHIi i
nockoHanocTi. 3 yaciB [lidharopa BBakamu TapMOHIMHUM MO, B SKOMY MEHIIA
YaCTHHA BIJJTHOCUTHCS 10 O1IbII01, SK O1IbIIa YaCTUHA BITHOCHTHCS JI0 BCHOTO IIIJIOTO.
B enoxy Biapomxenns Jleonapno na Binui Ha3BaB Takui MO 30JI0TUM NIEPETUHOM,
a Jlyka Iladomi - GokecTBEHHOI mpomopiliero. Jleski cydacHi BYEHI BIEBHEHI, IO
HACTaB MOMEHT, KOJIM 30JI0TUM Tepepi3 MOBUHEH 3alHATH CBOE JIIUPYIOUE MicCIle B
€IUHIN Hayli MalOyTHbOro. BBaxkaeThbcs, M0 MOHATTS NPO 30J0TUH TEPETHH
3anpoBaguB [lidarop. YTiM, icHye mpumymieHHs, mo Ilidharop 3amo3uyuB 3HaHHSA
30JI0TOTO TIEPETUHY Y ETUIITSH 1 BABUJIOHSH.

Inei Hidaropa y cBoix mocmimkeHHax nmpoxosxus Ilnaton. Moro mianor Timeit
BUCBITJIIOE MaTeMaTU4yHI ¥ ecTeTuyHl nepekoHanHs mmkomu Ilidaropa 1, 30kpema,
MUTAHHS 30JI0TOTO TIEPETUHY.

B anTuuHiii mitepaTypi, 0 AlMILIIA O HAC, 30JI0TUM IEPETUH BIIEPUIE 3rady€e€ThCs
B «Ilouatkax» EBkiiga — y 2-il KHU31 Ha€ThCsl TeOMETPUYHA MOOYA0BA «30J0TOTO
nepetuny». [licns EBkmiga toro BuBvanu 'incuki (II ct. 1o H.e.) Ta [Tanm.

Y cepenHboBiUHIA €Bpomi 13 «30J0TUM MEPETUHOM)» 3HAUOMUIUCH 32
apabcekuMu  mepeknagamu  EBkimima. CekpeTH «30JI0TOTO TEPETUHY» PEBHO
oOepirayiics i Oysv BiJIOM1 JIUIIIE€ YTAEMHUYCHUM.

B enoxy BinpomkeHHs iHTEpec A0 30J0TOr0 TEpepidy cepel YYeHHX 1
XYJI0OKHUKIB MMOCUJIMBCS, 30KpEMa, Y 3B'SI3KYy 3 MOT0 3aCTOCYBaHHAM, SIK Y T€OMETIi,
TaKk 1 B MHCTEITBI, OCOOJMBO — B apXiTekTypi. Bemuky yBary oMy mHpuaiiuB
Jleonapno na Binui. Came BiH 1aB CIIBBIJHOIICHHIO HA3BYy «30JIOTHH TMeEpepi3»
(mar. Sectio aurea). 1509 poxy y Bewnenii Oyno Bumano kuury Jlyku I[lagomi
«bokecTBeHHa MPOTOPILisH» 3 OJIMCKyYe BUKOHAHUMU 1LTIOCTpalisiMU (BBaXKAIOTh, 110
ix 3poouB Jleonapno na Binui). Hag TtumMu x mpobGiemaMu mpaitoBaB AJbOpexT
Miopep y HimeuunHi.

I3 wacoM npo 3070THIT IEpepi3 aemto 3a0yiau. 3HOBY MOT0 «BIAKPUBY» HIMEIbKUN
nocmigauk Anosb®d Lleisinr y cBoiit npami «Ectetnyni nocmimkerns» (1855 p.)
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https://uk.wikipedia.org/wiki/%D0%9B%D0%B5%D0%BE%D0%BD%D0%B0%D1%80%D0%B4%D0%BE_%D0%B4%D0%B0_%D0%92%D1%96%D0%BD%D1%87%D1%96
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https://uk.wikipedia.org/wiki/%D0%9B%D1%83%D0%BA%D0%B0_%D0%9F%D0%B0%D1%87%D0%BE%D0%BB%D1%96
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Mamemamuxka, wo nac omouye: mumnyne, cydache, Maudymue

[Tin «mpaBUIIOM 30JI0TOTO TMEPETUHY» B apXITEKTypl Ta MHCTENTBI 3a3BUYAM
PO3YMIIOTHCS KOMIMO3HUIIlI, 1[0 MICTATh MPOMNOPIIii, OJU3bKI O 30JI0TOTO MEPETUHY.
[Ipo 30710THI IEPETUH 3TaAYETHCA HE JIMIIE B MaTeMaTHIll, a 1 B My3HIll, MUCTEIITBI,
apxiTeKTypi (HalyacTimie), 610JI0T1T Ta MEIULIMHI.

JlIronuHa cnpuitMae MpeaMeTH, 10 ii OTOYYIOTh, 3a (GOpPMOI0. A IIKABICTh JI0
dbopmu OyJIb-SIKOTO TIpEAMETY MOKe OyTH BHUKJIMKaHa a00 >KMTTEBOIO HEOOXITHICTIO,
a00 x kpacoro popmu. Popma, B OCHOBI IMOOYIOBH SKOI JIe)KaTh KOMOTHAIIISI CUMETPIi
1 30JI0TOTO MEPETUHY, CIPUSIE HAUKPALIOMY 30POBOMY CIIPUIHSTTIO M MOSIBI BIAUYTTSA
KpacH ¥ rapMoHii.

[{ine 3aBxaM CKIAAAETHCS 13 YACTUH, YACTUHU PI3HOI BEJIMYMHU NepeOyBalOTh Yy
MEBHOMY BIJIHOILIIEHHI OJWH JI0 OJHOTO il 10 1iyioro. [TpuHIKI 30J0TOTO NMEPETUHY —
BUILHI TTPOSIB CTPYKTYPHOI i (PYHKIIIOHATBHOT JJOCKOHAJIOCTI LIJIOTO 1 HOr0 YacTUH Y
MHCTEITBI, HAaYIIl, TEXHII i TPTPOIi.

Hanpukinmi XIX — moyatky XX cT. 3’IBWJIOCS YUMAJIO YUCTO (POPMATTICTUUHUX
TEOPid MPO 3aCTOCYBAHHS 30J0TOr0 MEPETUHY Y TBOPAX MUCTEITBA M apXiTEKTypH. 3
PO3BUTKOM JM3aliHy W TEXHIYHOI €CTETHKH YWHHICTH 3aKOHY 30JI0TOTO IEPETUHY
noIMpuiIacs Ha KOHCTPYIOBAHHS MallIWH, MEOTIB 1 T.JI.

besnocepeHiM 4YMHOM 3 TPABUJIOM 30J0TOTO TEPETUHY TIOB'A3aHE 1M'S
1Taniiicekoro matemaTtuka Jleonapno ®@i6onauyi. B pe3ynbrari BUpileHHs: 0JHOTO 13
3aBJlaHb BUCHHMM BUHIIIOB HA MOCIIOBHICTh YUCEN, BijoMy Ternep sk psa Pidonayyi:
0,1,1,2,3,5,8,13,21,34,551T. 1.

Ha ToTOoXHICTB I11€1 TOCIIIIOBHOCTI 710 30J10TO1 MPOIOPIIii 3BepHYB yBary Kemiep:
«BOHA BJIAIITOBAHA TaK, 110 JIBa MOJIOAIINUX WICHH IT1€] HECKIHYEHHOI MPOTOPIIi B CyMi
JAl0Th TPETIA uJieH, a OyJb-sIKi JBa OCTAaHHIX YJIGHM, SIKIIO iX CKJIACTH, JAl0Th
HACTYIHUI WIEH, IPUYOMY Ta K MPONopList 30epiraeTbes 10 HECKIHUEHHOCT1». 3apa3
pan ®diboHauui - 1e apupMeTUUYHA OCHOBA JJIsI PO3PAXYHKIB MPOMOPIIN 30JI0TOTO
MIEPETUHY y BCIX roro pOsIBaXx.
Jleonapno na Binui Takox 6araTo 4acy NpUCBSATUB BUBYEHHIO OCOOJIMBOCTEH 30J10TOTO
mepepizy, IIBUJLIC 33 BCE caMe HOMy HAJIGKHTh i caM TepMiH. MIOro MaliOHKH
CTEPEOMETPUYHOTO TiJIa, YTBOPEHOTO MPABUILHUMH MATUKYTHUKAMH, JTOBOJATH, 110
KOXXEH 3 OTPUMAaHUX MPU PO3THHI MPSMOKYTHHUKIB Jla€ CITIBBIJHOIICHHS CTOPIH B
30JI0TOMY nepepisi.
3rofoM MPaBUIIO 30J0TOTO MEPETUHY MEPETBOPUIIOCS B aKaJIeMIuHy PYTHHY, 1 TIIbKA
dbimocod Anonnd lleizunr B 1855 porri moBepHyB Homy npyre KUTTS. BiH 10BiB
MIPOTIOPIIiT 30JI0TOTO MEPETHHY J0 a0COIOTY, 3pOOUBIIH 1X YHIBEPCATLHUMU TSI BCIX
SIBUII] HABKOJIMIITHLOTO CBITY. BTiM, HiOTO «MaTtemMaTnyHa MPUPOHICTH) BUKIIMKAIA
0arato KpUTHKHU.

Jlitreparypa

1. I'panr ApakenssH MatemaTuka 1 uctopus 3ootoro cedenus. — Jloroc, 2014. — 404 c. ISBN
978-5-98704-663-0.

2. Crenik H. €. «I"'apmoHist naBHbO€TUIIETCHKOI apxiTektypu.» ['ipku: BI'CXA. 2009, 108 c.

3. Bikinenis. 30710Tuit mepeTuH.
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VIl Bceykpaincvra xonpepenyis kypcanmis ma cmyoenmis

K.E. Kpaguenko, P.I. Cmawkie

Hayionanvna akademis cyxonymuux siticok imeni cemovmana Ilempa Cazaiioaunozo
Hayxosuii kepienux O.C. Ilempyuenxo, k.m.H., 0oyeum Kagheopu

IHOICeHepHOT MeXaHiKu (030POEHHS MA MEXHIKU IHIHCEHEPHUX BIUCHK)

MATEMATHKA - I1IE HE HY/THO

«2020 pik B Ykpaini orojoimeHo PokoM MaTeMaTHKH.»

KoeH, xTo x0ue Matu 3aTpedyBaHy i BUCOKOOIUIauyBaHy Mpodecito, MOB'13aHy 3
1mKkuHIpUHTOM 4H [T, CTBOPEHHSIM UM aHATI30M BEJTUKHUX JAaHUX, XTO X0U€ HABUUTHCS
MUCIUTH  (HE3aJIe)KHO BiJ TOro, TyMaHITapii BIH YW TeXHap), OyTH
KOHKYPEHTOCIPOMOXKHUM, TeorpadiuHO YHIBEpCAIbHUM 1 peasi3yBaTUCA B KUTTI, —
MOBUHEH 3HaTU MaTeMaTuky. | Pik MaremaTuku — q00pa Harojia moroBOPUTH Mpo il
NOMYJISIPU3alil0 Ta MNpO Te, SIK MEPETBOPUTU I MpEeAMET 13 «IIPUMYCOBOTO» Ha
yII00JICHUID.

MareMatrka Ma€e MUHYJIE, Cy4yacHe Ta MailOyTHE.

"Bin [Namines, skuit Mir Ha3BaTH MIBUJIKICTh KYJIi, IO KOTUTHCS JTOHHU3Y CXHUJIOM, 1
710, HanpuKiIaa, 6030Ha Xirrca, iICHyBaHHS SIKOTO JOBEJIU MAaTEMAaTUUYHHUM IIJITXOM - 70
TOTO, SIK BUSBUJIM CaMy YacTKy, - ISl 3/IaTHICTh nependayaTd iICHyBaHHS pede, sKi
HIXTO HE 0auMB, 37A€THCSI MEH1 IPUTOJIOMIUTMBOO", - HanrcaB Cepxio.

"[llo Take MaremaTuka: MOJENIb, OINHKC, MeTadopa peadbHOCTI - abo cama
peabHICTh?

[i ninaTe Ha aGcTpakTHY (YKMCTY) MATEMaTHKY Lie Ti YACTHHU MAaTEeMaTHKH, sKi IIe
HE 3HAWIIA CBOTO MPUKJIATHOTO 3acTocyBaHHs. [IpocTimie kaxxydw, aOCTpakTHa
MaremMaTuka - 1€ He NpPUKIaJHa MaTeMaThkKa. XapaKTEePUCTUKAMU YUCTUX
MaTeMaTUYHUX TE€OPiil € aOCTPaKTHICTh, CTPOTICTh Ta Kpaca.

Uucrta MaTemaTuka HE HAMaraeTbCsl OTPUMATH 3HAHHS PO CBIT, @ CTBOPIOE CBOI, 3
CXOKHMH TIPAaBUIIAMH. i IMIIO € CKOpille 3a/0BOJEHHS CaMOrO0 MAaTeMaTHKa Bif
3aCTOCYBaHHs METOAY, Ta Moro kpacu. €IMHUM METOJAMU MaTEMaTUKH 3BICHO
€ ICAYKIliS Ta ysBa.

Bona onepye o0'ekramu B ineanpHOMY (Bin cioBa "ifes") CBiTi, 3 BJIIACHUMH
3aKOHAMM Ta HAJA€ IM JOBUIBHUX BIACTHUBOCTEH. [cTOpis moKasye 1o o01acTi YUCTOT
MaTeMaTUKH 3 YacOM CTalOTh MPUKIATHUMHU, 1 CKOHCTPYHOBaHI aOCTPaKTHOIO
MaTEMaTUKOK OO0'€KTH, MOXYTh 3HAXOJWTH CBOE 3aCTOCYBaHHS B MOJEISIX
MPUKJIATHOI MATEMATHUKH.

Hanpukiaz tak 0yio 3 Teopi€ro yuced, sika He Majia CBOTO 3aCTOCYBaHHs ax 70 20
CTOJIITTS, KOJIU 3'siBUJIach cydyacHa kpunrorpadis. Tak Oyino 3 yaciB apeBHboi [ 'perii,
Xo4a i TOJ1 MaTeMaThKa BUKOPUCTOBYBAJACh B apXITEKTypi U JiTouncieHHi. [{urara
3 "IcTopii 3axigHoi dinocodii”" beprpana Paccena:

«EBKJII/] 3HEBaXKAB MPAKTUYHY KOPHUCHICThH Ky BIPOBaKyBaB IlmaToH.
« KaxyTp, 1110 OMH y4eHb MPOCIyXaBIIH JTIOKa3H, 3aMUTaB, Ky KOPUCTh BiH
oTpuMac Bij BUBUeHHs reomeTpii. Tomi EBkiig moksmkaB pada i ckazas: «/Jlait
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Mamemamuxka, wio Hac omouye: MuHyie, CyyacHe, MatlOymHe

IOHaKy MOHETY, OCKUJIbKMA BIH HEOJMIHHO TMOBHHEH OTPUMYBATHU BUTOIY 3
TOTO, 1110 BUBYa€». OJIHAK MPE3UPCTBO J0 MPAKTUKU BUSBUIIOCH IPArMaTUYHO
BUIpaBAaHuM. HiXTo He mpuITyCKaB 3a 4aciB IPEKiB, [0 BUBUECHHS KOHIYHUX
nepepiziB puHece  sAKy-HeOyab KOpHCThb: ane, HapemTi, B XVII
cromiTTi ["aniniel BIAKpHUB, 110 CHAPSIIM pyXatoThes 1Mo mapadosi, a Kerep -
IO TUTAHETH PYXaroThcs Mo emincax. HecrmomiBaHo Ta poOoTa, SIKy TPEKH
BUKOHAJIM 3 YMCTO1 JIF00O0BI JI0 Teopii, cTajia KJIroueM 70 BEJICHHs BIMHU 1 J10
PO3BHUTKY aCTPOHOMII.»

MaremaTuka HE € HYJHOI 1 HE I[IKaBOIO HAYKOI0, IMATBEPKCHHSIM IbOMY €
pekpeariiiHa maTemMaTHka a00 MaTeMaTW4YHE O3BULISL — 1€ 3arajlbHU TEPMIH
JUTSI 3aHSATD, SIKUMH 3aiMalOThCS 3 METOIO I[IKaBOCTI, a HE JIJIl HAYKOBO-IIPUKJIIAHOTO
npodeciiiHOro 3acTOCyBaHHS; OJHAK peKpealiiiHa MaTeMaTUKa HE € BUKIIOYHO
cheporo amaropiB. Bona yacTo BKIIOUa€ MaTEMaTU4HI TOJIOBOJIOMKH Ta irpH, IIO
4acTo MPUBAOIIIOE NITEH Ta JOPOCITHX.

Haitbinpmr  BigoMMMH  TeMaMH  peKpealiiHOi  MaTeMaTUKH € MaridHi
KBajJpaTH, GpakTaliy, JOT19HI TOJOBOJIOMKH Ta MaTeMaTHYHI IIaXOB1 3a/1aui.

SIko MateMaTHKy cka3zaTd CJI0BO “(OKyc” — BIH CIEpILy HojayMae mpo GoKyc
eninca, napaboJid uu rinepoosiv (1e creriaibHl TOYKU, K1 BU3HAYAIOTh 111 Qirypn).

Jlns BCiX 1HIIMX clioBa “‘maTeMatuka” 1 “¢GoKycu” B OJHOMY PEUYEHHI MOXKYTb
3/1aBaTHCh JUBUHOIO — aJle MATEMAaTHKy TaKH MO’KHA 3aCTOCOBYBATH Yy BCiX ray3sx,
B TOMY YHMCJII ¥ B po3Barax. MateMaTtuuHi (POKYCH JIy»Ke 3py4H1 JIJIsl TUTSYOTO CBSITA,
HayKOBOTO (pecTuBalt0, HE3BUYAHHOIO YPOKY — MOKHA OOIMTHCH 0€3 CKJIaJHOro
oOnaaHaHHs Ta cneuedekTiB. Ayne caM (OKYCHUK MTOBUHEH BMITU A00pe paxyBaTu B
rojioBi (3KOAHI He3BMYalHI 3M10HOCTI HEMOTPiOH1) 1 3HATH KUJIbKAa MaTEeMaTUYHHX
MIpaBUJI Ta 3aKOHOMIPHOCTEN — 03HAKH MOIHHOCTI, B TOMY uucii Ha 7 Ta 11, Kijbka
MPUHOMIB TIBUAKUX PO3PAXyHKIB Ta HECKJIAJIHY TaOMWYKy IJiS BU3HAYEHHS JHIB
THXKHSI.

30BCiM TIpoCTUN IUTAYUN (POKyc — mpocuMo 3arajgatd yucio Big 1 mo 20
(mo3HauyuMOo yepes X), 1 ITIOMHOKHUTH (S YUCIIO Ha 3.
['smagi maroTe orpuMatu 3X. [ToTiM mpocumo poaatu 10 3x 24, MOAIIMTH OTPUMAaHHUMA
pe3yJabpTar Ha 3 1 BIJTHATH BIJl HBOTO 3ayMaHe YUCJIO.
Tenep nerko Brajatu, o OTpUMarOTh Tisaadl: (3x+24):3=8. Braganu!

Tpomku cxknagHimmii Gokyc — migiiae 1 ayJuTopli TPETbOKIACHUKIB 1 JJIs
nopocnux. [Ipocumo 3aymMaTl TpbOX3HAUHE YUCIO0 — Take o0 Apyra mnudpa Oyna
MEHIIIa 3a TepIry, a TPETS MEHINA 3a ApPYyTy. AnreOpaidHuil 3alyic Takoro YHCIIa:
100a+10b+c.

3 3amymaHoro uucia BigHiMaemo “‘mepeBepHyte”’ umcio 100c +10b+a.
“IlepeBepTaemMo” pe3yabTaT 1 TO0MAAEMO HOTO [0 paHille OTPUMAHOI PI3HHIII.
A Ttenep “BramyeMo” oTpumany cymy — 1e 1089.

Hanpuknan, HammM yMoBaM BiMOBIAa€ 3axyMaHe ynuciio 432.

I'msimadi BUKOHYIOTH oO0unciieHHs: 432-234=198
198+891 miiicao nmopiBaroe 1089. Ile nerko noBectn —
100a+10b+c — (100c +10b+a) = 100 (a-c) + c-a = 100(a-c-1) +90 +(10+c-a).
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VIl Beceykpaincoka konghepenyin kypcanmie ma cmyoenmis

OTpuMaHuii pe3yabTaT 3aBXKIu
100(a-c-1) +90 +(10+c-a) mmoc nepeepuyte urcio 100(10+c-a) +90 +(a-c-1) =
= 900+180+9=1089.

/l. Kyxapcoka

JIvgiscokutl OepoicasHull yHisepcumem 6e3neKku HCUmmeoisibHOCmi

Hayxosuii kepisnux T.B. I'embapa, xanouoam mexuiuHux HayK, OoyeHm, OOYeHm
Kagheopu npuKiaoHoi mamemamuxy i MexaHiKu

MMPOTPAMYBAHHS MATEMATUYHMX 3AJJAY MACOBOT'O
OBCJYTOBYBYAHHS JIJIS1 OLIHKU EBAKY AL

[Iporpamuuii maker cucremu GPSS opieHTOBaHMI Ha Kiac 00'€KTiB, TMPOIIEC
(YHKILIOHYBaHHS SIKUX MOXHa NPEACTaBUTH Yy BUIUIAAI O€3/iul CTaHIB 1 MPaBHII
NEePEexXoly 3 OJHOTO CTaHy B 1HIIMMU, IO BU3HAYAIOTHCS B JAUCKPETHIN MPOCTOPOBO-
4yacoBiil o0yacTi, a MPUKIAZaMU TaKuX OO'€KTIB € BUPOOHHYI 1 OOYMCIIOBAJIbHI
CUCTEMH, KOMI'IOTEpHI  MeEpexki, CHUCTEMU Iepe/ayl IMOBIIOMJIECHb TOMIO. 3
MaTEeMaTUYHOI TOYKHU 30pPYy II€ BIJOMI 3a/a4i CUCTEM MAacOBOTO OOCIYroBYBaHHS, SIKi
4acTO aHAJITUYHO PO3BS 3aTH HEMOKIUBO. TOMY BaXJIMBUM € CTBOPEHHS aJIeKBATHOL
IMITalIMHOI MOJIETl TEXHOJIOTIYHO1 CHCTEMH, HANpHKiIaa B MPOTpaMHOMY TMaKeTi
GPSS. 3a po3risHyTOI0 METOAMKOI0 MOKHA BHUPINIYBaTH TPOOJIEMHI 3aBIaHHS
JKBIJAIli HACHIIKIB HAJ3BUYAMHUX CUTYaIllld, HAPHUKJIA] — Yac JIKBiAAIT MOXKEK,
€BaKyallilo HaceJeHHs, JIKBIallli MOBEeHEe! Ta 6araTo 1HIIUX.

PosrasHeMo moeTtanHo iMITallifHy MOJENb €BaKyallii 13 CIOPYIU 3 MOXIJIMBUM
YTBOPEHHSM 4Yepr BIJAMOBIAHO JJIsl CKJIAJICHOTO MporpamMHoro konay (puc.l). 'otyemo
nporpamy A0 MojentoBaHHs 3a MyHKToM MeHio "Command / Create simulation".
[epermnsin crany depr 3aivicaioemo 3a "Window / Simulation / Queues window". s
3anycky MopentoBaHHs BukopuctoByeMo "Command / START", BeiBmu "START
1000. Ilpu upoMy 3amyCTHUJIOCS MOJCIIOBAaHHS OOpOOKM THUCSYl TpPaH3aKTIB
(BimmoBimae eBakyarii tucsdi sroaei). Ilim gac monemoBanHs y BikHI "QUEUE
ENTITIES" BimoOpaxaeTbcsi 1H(OpMaIlis MpPO TMOTOYHMA CTaH 4YEpPrd MOJEI
"STELLAJ" (tabn. 1). ¥V Bikuai "PLOTS" BimoOpaxaetscsi rpadik 3MiHHM 4HcIa
TpaH3akTiB B 4ep3i. Lle m03Bosie MPOCTEKUTH AUHAMIKY 3MIHU JIAHOTO Mapamerpa,
BHSIBUTH MOMEHTH IEPEBaHTaXCHb 1 T.J. 3HAYCHHS, SKE BiJ0Opa)kKeHO B CTOBMII
"Maximum Content" y BikHi "QUEUE ENTITIES", Bu3nauae HeoOXiAHY €MHICTb
cTenaxka (KUIbKICTh JtoAed B ouikyBaHH1 eBakyarii0. Y crosmui "Utilization"
(BIICOTOK BUKOPHUCTaHHS) BIJIOOpa)Ka€ThCs 3HAYEHHS, IO BU3HAYAE YACTKy 4acy
(koedilieHT 3aBaHTAXKEHHS ), KOJIM €BaKyalliiHUi Buxia OyB 3alHATUN. SIKIIO0 y BiKHI
"PLOTS" He BUAHO nOoCTaTHBO rpadiky (K1 JUHAMIYHO 3MIHIOIOTHCS B 4Yaci), CJIiJ
3MIHUTH MacmTa0yBaHHg, y "Max Value" 3HaueHHS 3MEHIIYeMO, 3‘SBISE€THCA
nonaTtkoBe BianoBigHe BikHO "PLOTS". Taki aii mMokHa moBToproBaTH (110 OyJio
30KpeMa 1 B HAIIOMY BHIMAJKYy). 3amyCTWIM TaKOX MOJEIIOBAaHHS OOpOOKH, AJis
HAOYHOCTI poOoTu mporpamu, ngomatkoBo 500 i1 10000 TtpanzaktiB. Pesynbratu
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Mamemamuxka, wo nac omouye: mumnyne, cydache, Maudymue

noka3zaHo B Tabmumi 1, puc.l, 3ayBakuMo, IO MpPEACTaBIEHI JaHl JalTh Oarato
iH(popMallii mpH eBaKyallli, MAaKCUMaIbHUI PO3MIp YTBOPEHOT Uepru, po3Mip Yepru Ha
eBaKyallifHOMy BHXOJll B JaHUW MOMEHT dYacy, 3py4HOI0 € rpadiuHa iHpopmarllis
BUHUKHEHHS Yepr y 4acoBOMY Jiamna3oHi Ta iH. "HynboBi Bxoau" — 03Havya€e KUTbKICTh
eBaKyWOBaHMX, 10 YHUKHYJIW 4Yeprd. Takuil 4yMCcenpbHHUI aHali3 MOXXHA JI0JIaTKOBO
BUKOPHUCTOBYBATH JIJIsl OIIIHKU €()eKTUBHOCTI €BaKyarlii JTrojiel 31 Copy/I.

Tatmumz 1
QUETUE MAX | CONT | ENIR ENTE  AVE. AVE. | AVE.(- EETR
Y Y CONT | TIME o) Y
(0
12 Howep  Marew | Toswoung Sasamws Fome  Cepednn | Cpedni | Cpeowmili  Kinericn
43 abo MOTEHA | wEpAIS | R-CME GHWTIRO-  GOSNCL- i e B
§  Hassa  dosmcu danull | sxoadis Sy Ha wEpsu | owinysw | owirysan  mipansan]
s pra H MOMER axodis -HAS HAS RIS, 10
UEDEL yepsi | wepsi fe3  ouiR)VROH
S EH- B
HA CREYY MO
H)TR O- &
S0
sxod is
0 STIELLA 1 0 10) 393 0.007 0.150 1404 0
I
1.1.1.
0 SIELLA 1 a 2000 1770 0.008 0.174 1.510 [
I
112
0 STIELLA 1 a 3000 2637 0.009 0.181 1479 0
I
1.13.
I STELLA 1 a 3500 3067 0.009 0.185 1483 0
I
114
W STELLA 1 a 13500 11848 0.008 0177 1.449 0
I
1.1.5.
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VIl Beceykpaincoka konghepenyin kypcanmie ma cmyoenmis

@ GPS5 World - Untitled Model 1.1.5im:3 - X
File Edit Search View Command Window Help

DI @] &|%(6 57w

fas} o || & | R f &S] o |[® ] 2R
Lacstion | ~| g ﬂ ﬁ
Find Continue  Halt Step

Queue Entity Current Co... | Entry Co... | Zerc Entry Cou... | Maximum Con... | Averac

Blstena 0 3500 3065 1
< >
o) = [ = | 52 | Y Untitled Model 1.1.5im - JOURNAL [ o =
04711f19 20:48:40 Reporting in Untitied Model 1.1.3 - REPORT "
Window,

04f11{19 20:50:55 START 500

04,1119 20:50:55 Simulation in Progress.

04411419 20:52:01 The Simulation has ended. Clock is 73691.372108.
04411419 20:52:01 Reporting in Untitled Model 1.1.4 - REPORT
Window,

O = [=2=]1|8 ===
GENERATE 21.6 )

QUEUE STELLAJ
SEIZE STANOK
DEPART STELLAT
ADVANCE 16.3

For Help, press F1 Report is Complete. Clock
20:52
o bm gz o)) YKP 1

11.04.2019

Puc.1

1O. Axyoosuu

Jlvgiscokutl OepaicasHull yHisepcumem Oe3neKku HCUmmeoisibHOCmi

Hayxosuii kepisnux T.B. I'embapa, xanouoam mexuiuHux HAyK, OOyeHm, OOYEHM
Kagheopu NpuUKIaoHoi Mamemamuxu i MexaHiKu

MATEMATHUYHA OLIHKA 3A MATPULAMU TAPHUX ITOPIBHAHb
Y3ATAJIBHEHOI'O PAH’KYBAHHA 110 PAH)KYBAHHAM EKCIIEPTIB

BaxnuBoro 3amadero ajeKBaTHOI €KCHEPTHOI OLIHKKA € MaTeMaTUYHUN aHaji3
y3arajlbHeHOTr0 paHXyBaHHS M0 1HAWBIAyaJbHUM pAaHXKYBaHHSM ekcrnepTiB. Jlis
MPOCTOTH PO3TJITHEMO CIIOYaTKy BHUMAJOK OJHIE€T O3HAKU TOpPiBHSAHHA, KoxHe
paHXyBaHHS MOKHA MMOJIATH Y BUTJISAJII MAaTPHIIl TAPHUX TOPIBHIHB 3 €JIEMEHTaAMHU, 1110
BU3HAYAIOTHLCS 10 TIPABUITY

1| npu X 2 X _

;= =% (s=Ldiik =1 1
e =0 pu . <x. =EK=1M) (1)

JIE Xis 1 Xks - PAHTH, SIKI HAIAIOTHCS S — M €KCIIepToM 1 — My 1 K — My 00’ ekTam.
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Mamemamuxa, wo nac omovye. Munyie, cydacune, ,1[(!175)’1711/(7

SIkmio € d ekcrepTiB, TO KOXKHUIM 3 HUX Ja€ CBOE PAaH)KyBaHHS, SKOMY Bi/IIIOBiTa€e
MaTpULd MapHUX MOPIBHSAHB. TakuM YMHOM, KUTBKICTh MATPHUIh MAPHUX MOPIBHAHD
JIOPIBHIOE YHCITy €KCTIEPTIB.

BBenemo BiacTaHb (METPUKY) MDK MATPUISIMU TMApHUX MOPIBHIOBAHb, SIKY
OyJ1IeMO BUpaxOBYBaTH MO (PopMy.Ii:

dy =1 Vi — Vil (s,1=1,d) ()

i,k=1

CyTp 1BOro BHpa3zye B TOMY, WO BIACTaHb MIDK MAaTPULIIMHU MapHUX
MOPIBHIOBAaHh BHU3HAYAETHCS UHUCIOM TIOPO3PSIHOI PO30IKHOCTI YCIX 3HAYCHD
€JIEMEHTIB MaTpHlli (Tak 3BaHa MeTpuka XeMMiHra). BUKOpruCTOBYIOUH 110 MaTPULIIO,
BHU3HAYAEMO Yy3arajJlbHEHE PaH)KyBaHHS K TaKy MATPHUINIO MapHUX IOPIBHIHB, sKa
HaWKpamyuM YUHOM Y3TO/IKY€EThCS 3 MATPULIIMU TAPHUX MTOPIBHIHB, SIKI OTPUMYIOTHCS
3 paHXyBaHb ekcrepTiB. [IOHATTS HalKpaloro ys3ro/UKeHHs Ha MPAaKTUII YacTille
yChOTO BU3HAYAIOTh SIK Meldiany . MeniaHa € Taka MaTpUIlsl MApHUX MOPIBHIOBAaHb,
CyMa BIJICTaHIB BIJI SIKOI JI0 yCIX MaTpUlpb IAPHUX MOPIBHIOBaHb, OTPUMAHHMX
eKCIIEPTaMHU, € MIHIMAJILHOIO

d m
| Yi IF ”y‘iiknz Z| Yie = Yic | (3)

s=1ik=1

JloBeneHo, 1o nmo0yaoBa MaTpUIll MAPHUX MOPIBHSIHB, sIKa BIJINOBIAa€ MeI1aH1
3MIMCHIOETHCSL TIO MPUHILMIY MPOCTOI OLIBIIOCTI TOJOCIB €KCHEPTIB ISl KOKHOTO
eseMeHTy MaTpuili. Lle BUTikae, B mepury 4epry 3 TOro, o MOJYJib PI3HHULI 3MIHHUX B
(3) nopiBHIOE 200 OAMHUII, a00 HYJIFO, TOMY MOJYJIb Pi3HHMIII JOPIBHIOE KBAPATY i€l
pizHuL. OmycKarouu NpOMIXKHI BUKJIAIKH, Y TIJICYMKY OTPUMYEMO HACTYyIIHE:

) d m . m d
”y‘ilkn Z Z| Yic = Vi | = ”ﬁx Z Vi (@ — E) (4)

s=1i,k=1 i,k=1

d
ne a, = Yi , a d — KiUIbKiCTb €KCIIEPTIB y IPYIi.
s=1

MakcumyM 10 3MIHHUM Yik, K1 npuiiMaroTh 3HaueHHs (0,1 mocsiraeThesi 1Mo
HAaCTYITHOMY ITpaBUILy:

d
1 npu g, =2 —
Yik = 2 (5)

d
0 a, <—
npu ik 2

BenuunHaM ajx € KITBKICTIO TOJOCIB, MOJJAHUX €KCIIepTaMH 3a MepeBary i — ro
00’ekty K — My 00’ekty. ToMy B y3arajibHEHIM MaTpHili NMapHUX TOPIBHIOBaHb Y
BIJIMIOBITHOCTI /IO ONTUMAJIbHUX TipaBuil pimeHHs (4) B iK — My eeMeHTi cTaBUThCS
onuHMI, T.T. npuiimMaeTbes, mo O;>0Oy, sk OUIbIIEe TMOJOBUHU EKCIEPTIB
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VIl Beceykpaincoka konghepenyin kypcanmie ma cmyoenmis

BUCJIOBIIIMCS 32 ITI0 TiepeBary. TakuM YMHOM, BCi €NIEMEHTH y3arajibHEHOI MaTpHIli
MapHUX MOPIBHIOBAHb BU3HAYAIOTHCS IO MPABUITY OLIBIIOCTI TOJOCIB.

Y  pO3risHYyTOMYy airoputMi NOOYIOBM Yy3araldbHEHOI MATPHUIll MapHUX
NOPIBHIOBaHb MOJKHA BPaxXyBaTH KOMIICTEHTHICTh CKCIEPTIB IIISAXOM BBEICHHS
KOE(]IIiEHTIB KOMIIETEHTHOCTI Ks y crtiBBitHOMIECHHS (3):

d m
i lle=min > >k, [ ¥ = Vi | (6)

s=11i,k=1

BukoHy104YHM TIEpeTBOPEHHS, OTPUMY€EMO HACTYITHE MPABUIIO MOOYIOBH y3araabHEHOI
MaTpulll MapHUX IMMOPIBHIOBaHb, KOJU BPAXOBYIOTHCS KOE(IIEHTH KOMIIETEHTHOCTI
ekcrepTiB Ks(s =1,d):

1 npu b, Z%
Yik = 1 (7)
0 npu b, < 2

JIC BEIIMYUHHU Dix TOPIBHIOIOTH:
d
by = st yisk (i,k=1m) (8)
s=1

Benuunna nopora B (8) mopiBHIOE Y2 00 BenMuuHH Dik MOXHA pO3rIISIaTH K
IMOBIPHICTB TOTO, 110 1 — I 00’ €KT Mae mepeBary HaJ K — M 00’ ekToMm.

[Ipn HasiBHOCTI JEKUIBKOX CHUTyallld €KCIEePTH YIOPSAKOBYIOTh 00’ €KTH
(pimeHHs) AJ1 KOYKHOI CUTYaIlii OKpeMo.

Al Cenuw

Jlvgiscokuti 0epoicasHull yHisepcumem Oe3neKu HeummeOoisibHOCmi

Hayxosuii xepisnux O.E. Bacunveea, 0. m. H., npogecop Kagheopu npukiaoHoi
MamemamuKry I MeXaniKu

E®EKT AKOPYBAHHA YU APY/KBA 3 MATEMATHUKOIO?

3BUYalHUN KaNbKYJISTOP MOXE BUKOHYBAaTH MaTeMaTHUHI OOYHCIECHHS B TUCSUY
pasiB BipHille, HDK JOAUHA. A uM 3HaeTe Bu, 10 JIOACBKUN MO30K 374aTHUMN
BukoHyBatu 1016 onepartiii B cexkynny. XKojaeH KoMI'toTep Ha Takuil 00csar poOOTH He
3MaTHUNA. AJie TIpU 1bOMY JIIOACBKUIA MO30K — BKpail HeHaAiiiHuil npuctpii. Harmn
cnoraau cyO'eKTHBHI, YpUBUYACTI 1 MiHJIMBl. COpuiHATTS 1 00poOka iHdopmarlii mpo
HABKOJIMIIHIO JIMCHICTh MaroTh O34 JpiOHUX BUKPHUBJICHb BIiJl CHPABXKHbBOI
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17\/[([])18,1111171111('61, wo Hac omouye.: mMunyie, cydacne, ,1[(!1?5)’1711/0

niicHocTi. HeTtoyHocTi 1 TOTPINIHOCTI B HAMIOMY CHPUHHSATTI HA3UBAIOTHCSA
KOTHITUBHUMH BUKPUBJICHHAMU. OTXKE, pO3TIITHEMO OAMH 13 KOTHITUBHUX BHUJIIB.

SxopyBaHHs a00 puB'sI3Ka 4K (POKYCYBaHHS — I1€ KOTHITUBHE YIIEPEHKCHHS, K
OMKCY€ 3BHYANHY CXWUJIBHICTH JIOJACH TpH TPUUAHATTI pIIICHh HAATO CHUIIBHO
MOKJIAJIaTUCS HA TIePIINH 3alpOoNOHOBaHUH IMATOK 1HdopMailii («sikip»). B mporeci
NPUMHATTS PpillieHb, SKOPYBAaHHS BiTOYBa€ThCS, KOJH JIIOJMHA BUKOPHUCTOBYE
MOYATKOBY 1H(GOpPMAIII0 I MPUAHATTS TOMANBINNX pimeHb. OTpUMYyIOUH HOBY
iH(DOopMaIrito, My CIIiBBITHOCHUMO ii 3 B>)ke HasIBHUMHU TaHUMHA. OCOOIHBO I1€ CTOCYETHCS
YHUCEeN, 0T)KE — MATEMATUKH.

SxopyBaHHS Ta KOPUTYBaHHS — II€ IICHXOJIOTIYHA €BPUCTHKA, 1110 BILIUBAE HA TE,
SK JIFOJU 1HTYITUBHO OIIHIOIOTh WMOBIpPHOCTI. BiAMOBITHO 110 I1i€1 €BPUCTUKH, JIFOIH
MMOYMHAIOTh 3 HESBHO 3alPOIIOHOBAHOIO 1M OPIEHTUPY («SIKOPS») Ta KOPUTYIOTh HOTO
JI0 JIOCATHEHHS CBO€ET OLIHKU. JII0JMHA MOYMHAE 3 TEPIIOTO HAOMMKEHHS (SIKip), a
MOTIM pOOUTH MaJICHbKI KOPUTYBAHHS HA OCHOBI JI0JIATKOBOI 1H(OpMaIrii.

['inoTe3y npo eBpUCTUKY SKOPYBaHHS Ta KOPUTYBaHHsI BIiepiie BUCyHyiu Eiimoc
Teepceki Ta [enien Kaneman. PosrmsHeMo mpukiaa, Koid 0€3 MaTeMaTHKH HE
oO1iiTich. B oHOMY 3 iX mepuX AOCTIIKEHb, YYACHUKIB NOMPOCUIIH, MPOTITOM 5
CEKYH/] TOMHOKHUTH YKCIIa BiJ] OJHOTO JI0 BOCHMH, aJie B JIBOX BapiaHTax: a0o sk 1 x 2
x3x4x5x6x7x8,a060 00epHeHO 8 X 7Xx 6 X 5 x4 x 3 x 2 X 1. OCKIIBbKY B Y4aCHHUKIB
He OyJIo Yacy MopaxyBaTH MOBHY BIAMOBIIb, BOHU OyJid BUMYIICHI HAJaTH OIIHKY
micys AEKUTbKOX MEePIINX MHOKEeHb. Komu iX pe3yibpTaT iX MHOKEeHHS OyB ManiuM (60
PSI IOYMHABCS 3 MAJIMX YHUCEIN) — CepeliHs olliHka Oyna 512; konu HaBmaku — 2 250
(ITpaBunbHa BignmoBige — 40 320).PizHOMaHITHI JOCHIKEHHS TMOKa3ylOTh, IO
SKOPYBaHHS JTy’K€ BOKKO YHUKHYTH.

IcHye Gararto (hakTOpiB, K1 BIUIMBAIOTh HA €PEKT IKOPYBAHHS:

Hacrpiii. 3HauHa KUTBKICTh JTOCIIJIKEHb BUSIBUJIA 3B’ SI30K MI>)K CYMHUM HaCTPOEM
Y JIETIPECI€I0 3 OUTBII MIMPOKOIO Ta TOYHOIO OIIHKOO mpobnem. Yepes 1ie, paHHi
JOCIIIJIKEHHSI BHCYBAJIM TEOPilO, IO JIIOJMHA 3 OUIBLI JENPECUBHUM HACTPOEM
BUKOPUCTOBYBAaTUME SIKOPYBaHHS MEHILE, HIK OUIbII 3a10BoJieHl Jioau. OaHak
OCTaHHI JIOCIIIJIKEHHSI BKAa3ylOTh Ha MPOTUICXKHHUN €PEeKT: CyMH1 JIIOAU 3 OLIbUl0r0
WMOBIPHICTIO BUKOPUCTAIOTh SIKOPYBAHHS, HIXK JIFOAM 31 IACTUBUM a00 HEUTpaIbHUM
HACTPOEM.

HocBin. PanHi mociikeHHsST BCTAHOBWJIM, IO €KCHepTH (JIoau 31 3HAYHUMU
3HaHHSMH, TOCBIJIOM a00 CIieliaIbHUMU 3HAHHSIMU B TIEBHIM TalTy31) YUHUIN OUTBIIHIMA
cynpoTuB edekry skopyBaHHSA. OgHaK, 4YHCJICHHI HACTyIHI JOCIIKESHHS
IIPOJICMOHCTPYBAJIH, 110 X04a JOCBIJ MOXE JICKOJIM 3HU3UTH €(EKT, HABITh EKCIICPTH
MIIAI0ThCS SAKOPYBaHHIO. [IUTaHHS 3aMMIIAETHCA BIAKPUTUM. AJIC UMM TIHOIIHMMHA
OynyTh MaTeMaTH4HI 3HAHHS, THUM IMOBIpHIIIE, MO €(PEeKT SKOpYyBaHHS MOXKHA
MIHIMI3YyBaTH.
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https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D0%B9%D0%BD%D1%8F%D1%82%D1%82%D1%8F_%D1%80%D1%96%D1%88%D0%B5%D0%BD%D1%8C
https://uk.wikipedia.org/w/index.php?title=%D0%95%D0%B9%D0%BC%D0%BE%D1%81_%D0%A2%D0%B2%D0%B5%D1%80%D1%81%D1%8C%D0%BA%D1%96&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=%D0%95%D0%B9%D0%BC%D0%BE%D1%81_%D0%A2%D0%B2%D0%B5%D1%80%D1%81%D1%8C%D0%BA%D1%96&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%94%D0%B5%D0%BD%D1%96%D0%B5%D0%BB_%D0%9A%D0%B0%D0%BD%D0%B5%D0%BC%D0%B0%D0%BD
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OcobucricTh. JlochiKeHHsT BKa3ald HA KOPENAIII0 BIUIMBY SKOPYBaHHS 3
OUTBIITICTIO 3 M'SITH BEIMKUX PUC 0COOMCTOCTI. JIt011 3 BUCOKOIO TOOPO3HUTIUBICTIO TA
CYMITIHHICTIO 3 OUTBIIIOI0 MMOBIPHICTIO TAAIOTHCS BIUITMBY SKOPYBaHHS, a BUPAXKEH1
eKCTpaBepTH — MEHIIE. [HIe JoCiPKeHHS TOKa3ajo, 10 OUTBII BIAKPUTI 10 HOBOTO
JIOCBI11y OLIIbIIIE T1AI0ThCS SKOpYBaHHIO. Lle muie pucu xapakTepy Ta IICUX0JIOTYH1
MOPTPETH, ajie BapTO BPAXOBYBATU 1HTEJEKT Ta BIAMOBIAHO (yHIAMEHTAJIbHI 3HAHHS
MPUKJIATHUX Ta TEXHIYHUX HAYK.

BucnoBknu

BB BUMagKoBHX MPUB’SA30K-SKOPIB O6arato 4oro IMOSCHIOE PO BITHOIICHHS
MDK JBoMa cuctemamu. EdexT skopyBaHHS 3aBXIU JIOCTIHKYBaId Ha TMPUKIAIl
3aBIaHb 13 (OPMYBaHHS CYKEHB 1 3/IICHEHHSI BUOOpY, sKi BUkoHye Cuctema 2, 1o
MpaIoe 3 YHCIaMH, a OT)KE 3 MaTEMAaTHKOIO, BUTITHYTUMH 3 I1am’saTi Cucremoro 1
MHMOBOJI1 i aBTOMaTU4HO. TakuM uynHOM, CHcTeMa 2 CXWiIbHA IMiAAaBaTUCS BILTUBY
MIPUB 30K, SIKI MOJIETIIYIOTh BIJHAXOJ/KEHHS OyIb-sKoi iH(opMmaiii B mam’arti. [o
toro x CucreMa 2 HE KOHTPOJIOE IBOro. AJle MU TEmep 3HAEMO, IO CHUCTEMA
MTOBIJIEHOTO MHUCJICHHS 1 MaTeMaTHKA «ClaMCBbK1 OJTM3HIOKI.

Jliteparypa
1. https://uk.wikipedia.org/wiki/
2. Jenien Kaneman«MucaeHHS IIBUJKE 1 TOBLIBHEY
3. http://igholding.com.ua/
4. https://belziuk.com/
K.IO. Casuun

Jlvgiscokutl OepaicasHull yHisepcumem Oe3neKku HCUmmeoisibHOCmi
Hayxosuii kepienux O.10. Umup, kanouoam @izuxo-mamemamuyHux HayK, 00YeHm

PO3B’SI3AHHSI 3AJIAUI ITPO PAIIOAKTUBHUM PO3MA /]

VY pizHux cdepax AiSILHOCTI JIOJAWHU BUHUKAE 0araTo 3ajiad, Kl OMUCYIOThCS
PIBHSIHHSIMU, 110 MICTATh noxiaHi GyHkii. Lle Tak 3BaHi qudepeHIianbH1 pIBHIHHSL.
[Ipunyctumo BimOyBaeThCs NEAKU Tpoliec Hampukian, (i3udHui, xiMmiuauid. Hac
I[IKaBUTh TIeBHA (DYHKITIOHATbHA XapaKTEPUCTHUKA IAHOTO TIPOIIECY, TOOTO 3aJICKHICTD
BiJl 4acy, TeMIEpaTypu Tija, IO OXOJOKYEThCS ab0 KIIBKOCTI PEYOBHH, SIKi
YTBOPIOIOTHCS B PE3yJIbTATI XIMIYHOI peakirii. Skiio moBHa iH(GOpMaIlis Ipo XiJl [OTo
IpoLECy € JOCTaTHbOIO, TO MOXHA CIpoOyBaTH MOOYAyBaTH HOro MaTeMaTH4YHY
MoOzeNb. Y 0arathbOx BHUIIaJKaX TAaKOK MOJEUTI0 Oyne audepeHIiaabHe PIBHSHHSA,
OJTHUM 13 PO3B’S3KIB AKOTO 1 € IIyKaHa (yHKI[IOHAJIbHA 3aJIEKHICTb.

PosrnsiHeMo 3a1auy mpo po3maj paaioaKTHBHOI pEYOBHHHU.
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17\/[([])18,1111171111('61, wo Hac omouye.: mMunyie, cydacne, ,1[(!1?5)’1711/0

3adaua. 1IBuakicTh po3nagy pajilo MpsSMO MPOIOpLiiHa HasBHINA Horo maci.
BusHauuTy, sikuii BiICOTOK Macu pajiito po3naaerbes uyepe3 200 pokiB, SKIO BiIOMO,
0 TepioA MiBpo3magy paiito (mepiog dacy, 3a SIKOTO PO3MaACThCS IOJIOBHHA
ICHYIO4O01 MacH pajiro) ctaHoBUThH 1590 poxkis.

CxitaieMo MaTeMaTUYHY MOJIEJNb Ta 3HAIEeMO PO3B 30K 3ajaui.

Bigomo, 1m0 MBUAKICTE PO3MAaay pajil0 BHUMIPIOEThCS MOT0 KUIBKICTIO, sIKa
po3manacs 3a oauHUINO yacy. Hexait m = m(t) — maca paaito B MOMeHT 4acy t. 3a
manuit mpomixkok dacy Al, kimekicts papito, sika posmanacs pisaa K-M-At, me k —
Koe]ilieHT mponopiitHocTi. LI KiIbKICTB, ika OepeThCs 13 3HAKOM ““ — 7, TaK K Maca
3MEHILY€eThCsA, I0PiBHIOE IpUpocTy MacH 3a yac Al To6To

Am=-K-m-At. (1)
Hoainupmu o6usi yactunu pisHocTi (1) Ha Al Ta nepeiimonim 10 rpanuni npu
At—0, onepxumo  mudepeHmianbHE — pPIBHAHHA ~ HEpPIIOTO  THOPSAKY 3
B1JIOKPEMITIOBAHUMH 3MIHHUMHU
dm =—k-m.
dt
BimokpemuBIM 3MiHHI, OPUXOAUMO JI0 JUEpPEHIaIbHOTO PIBHAHHS 3
BIJTOKPEMJICHUMH 3MIHHUMU

am_ .4t )
m
[IpoinTerpyemo JiBy Ta MpaBy YacTUHU PiBHAHHA (2). MaTtumemo
Inm=-k-t+InC.

BukopucToBytouM OCHOBHI BJIACTUBOCTI JIOTapu(dMiB, MICIS MOTEHIIIOBAHHS,
OJICPKYEMO TaKy 3aJICKHICTh

m=C-e ", 3)
Hexaii B mouarkosuii MmomenT yacy { =0 maca pagioaxTusrOi pedoBuHu Gyna
BIJIOMa 1 cTaHOBHJIA M, . [ToyaTkoBa yMOBa MaTume BUIJIA
m(0) =m,.
[lizcTaBnsitouM MOYATKOBY YMOBY Y PiBHICTb (3), MATUMEMO
k-0
m,=Ce™",
3B1acu C =m,.
TakuMm 4YMHOM, 3aJEXKHICTh MACH PA/IOAKTMBHOI PEUYOBMHM BIiJl 4acy MaTHUMeE

BUTIISIA (puc. 1)

m=m,-e*". (4)
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ma

0 T t
Puc. 1. I'padik 3anexxHicTh MacH paJl0OaKTUBHOI PEUOBHUHHU BiJl Yacy

VY Bupasi (4) 3auiaeTbcs HeBiIOMUM KoediltieHT K. 3 yMOBH 3a7adi BiJIOMO, 1110
nepioj, yacy, 3a SIKOro pO3MaJeThCsl MOJIOBMHA ICHYIOUOI Macu pajil0 CTaHOBUTh
T = 1590 pokiB. OTxe, IOBUHHA BUKOHYBaTUCh YMOBa

m(1590) = % |

TOOTO

m -
=2 —mge 1590k
2

abo
—1590k =-In2, k ~0,00044.
Takum yuHOM, IIIyKaHa 3aJIeKHICTh
m(t)=m,-e
KinbkicTe paniro, sskui He po3naaerbes yepes 200 pokiB
M(200) = m, - e *%2 —y . 0% = 0,915m,
OTtxe, uepe3 200 pokiB posnanerbes autie 8,5 % paito.

-0,00044-t

Jlitepatypa
1. Camotinenko A.M., Kpusowesn C.A., Ilepecmiok M.O. [ludepeHiianbHi piBHAHHS Y NpUKIagax i
3agadax. — K.: Buma mxkona, 1994. — 455 c.
2. Pyoascoxuii FO.K., Kanentok I1.1., Tayit P.M. ma in. 30ipHuK 33124 3 qudepeHIiaTbHIX PiBHSIHB:
Hagu. noci6uuk. — JI. Bun. HanionansHoro yHiBepcutety “JIbBiBchka nomirexsika”, 2001. — 244 c.
3. I'epacumyyx B.C. Buma matemaruka. [ToBamii Kypc y nmpukimanax i 3amadax / B.C. I'epacumuyk,
I'.C. Bacunwsuenko, B.1. KpaBuos // HaBu. noci6. — K.: Kauru Ykpainu JIT, 2009. — 578 c.
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M.A. Illynvocenxo

Xepconcokuu HayioHatbHUU MexHivHuU yHigepcumem

Hayxosuii kepienux H.B. CmapyH, kanouoam mexuHiuHux HayK, 0oyeHm, npoghecop
Kagheopu UuWOi MamemMamuku i MamemMamuyHo20 MOOeI08aHH s

MPOBJEMUA KOHCTPYKTHUBHOI TEOPIi IEPETBOPEHb 3BUYAMHUX
JTU®EPEHIIAJIBHUX PIBHSIHD

OnuuM 13 edeKTUBHUX CIIOCOOIB PO3B’s3aHHA TU(EpeHIiaIbHUX PIBHSHb €
3BEJICHHS JOCIII)KYBAaHOTO PIBHIHHS 10 BUTJIALY 1HIIOTO PIBHSHHS, PO3B’SI30K SKOTO
e BigomuM. Ilepmie mepeTBOpPEeHHs 3alpPOIIOHOBAHO HIMEIBKUM MAaT€MaTHKOM
E.E. Kymmepom y 1834 p nns 3BMYaliHUX OJHOPITHHMX AU(PEPEHIIAIbHUX PIBHSHb
apyroro nopsaaky [1]. BiH po3risinaB nepeTBOPeHHS PiBHSIHD BUIY:

d’ d

v y(x)+ p(x) i y(x)+q(x)-y(x) =0 (1)
d—ZZY(z)+P(z)~iY(z)+Q(z)-Y(z):0 2)
dz dz
3a JOIOMOT'OIO M1JICTAHOBOK:
2=12(x), Y(2)=m(x)y(X). 3)

JUISL 3HAXOJDKEHHST KOHKPETHHMX BHpa3iB MiACTAaHOBOK (3) HEOOXIAHO pO3B’s3aTH
HeiHiiHe AudepeHITiaibHe pIBHIHHS TPETHOTO MOPSAKY:

2
d® d? d?
2- z(x)-3- z(x) | —Z-—z(x)+ X =0,
dz - dx? ) (dzdx ) dx? ()

ne Z 1 X — yHKIii 3MiHHUX Z 1 X, K1 3a7exaTh Big koedimieHTiB P 1 Q piBHsaHHS (2) Ta
KoediiieHTiB P 1  piBHsSHHSA (1).

Y 1837 p ¢panmy3ekuit matematuxk Kozed JlyBiyuib JOBIB MOXKJIUBICThH
NPEACTABICHHS 3BUYAMHOTO JIHIMHOTO AU(PEPEHLIATBHOIO PIBHSIHHS JAPYTroOro

HNOPSAKY:

d? d
2 YO+ P00y () + (q(x)+ Ar(x))- y(x) =0 (4)
y BUTJISI1 HOpMaTbHOT (hOpPMHU, SIKa TEHep HOCUTH HOTO 1M’ S:
)+ (i ele)nle)=o0, (%)

e A — mapamerp.
Ilepexin Bixg piBHAHHS (4) 10 piBHAHHS (5) 3A1MCHIOETHCA 3a JOMOMOIOO
M1JICTAaHOBOK:

1) =200y, £= [, @)= m-exp(g ] p(t)dt} ,

ne p(x)eCh, q(x)eC, r(x)ecC?, r(x)>0.
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Y pobotax pociiickkoro matematuka JI.M. Bbepkopwua [3], mouwHaroum 3
1960-x pokiB, JOCTIIKYIOTHCS MUTAHHS MOXJIMBOCTI (pakTopu3alii n1udepeHIiaTbHuX
orepaTopiB. 30kpema, B poboti [4] moBemeHo, mo mis Toro, moO piBHSAHHS (6)
MPUBECTU JI0 BUTIISITY piBHAHHA (7):

d’ d
g YR Fa)- 2y () +3,(x)-y(x) =0, (6)
2
A0 +HO- 20 +5,0-20) =0, )

ne a (x),b (x)ec*, k=0;1,
3a IOTIOMOTOFO TiICTAHOBKHU:
z=0""(x)-y(x), dt=u(x)dx,
1e u(x),v(x) e C?, u(x)-o(x) =0,
HEOOX1THO 1 IOCTATHBO, 1100 BUKOHYBAJIUCS CITIBBITHOIICHHS
—2v'vt —u'uT +b(t)-u=a,(x);
{U” +a,(X)0 +a,(X)v—Dby(t)-ulv=0. (8)

JIyist okpeMux BUTAAKIB 3HaueHb KoediiieHTiB a,(X)=0; b (t)=0; b,(t) =Const
P pO3Bsi3aHHI cucTeMHU (&) oTpuMytoTh piBHsIHHS B.I1. €pmakoBa, sike HUM BIiepiie
nocimipkeHo B 1880 p mig wac #Horo poboru B IMmeparopcbkomy KuiBcbkomy
yHiBepcuteti Csitoro Bonmogumupa (ruai KHY im. T.T. IlleBuenka) [5]:

v" +a,(x)v-b,-v*=0.

VY 1950 p E. IliHHI He3anexHO AOCIIIUB BIACTHUBOCTI LIOIO PIBHSHHS, HE
3HAIOUHW PO Pe3yJIbTaTH CBOT'O MoIepeaHuKa [6].

TakuMm yKMHOM, 1IJi1 TOTO, 100 3HAWTH BUpPA3U 3aMiH, Kl BUKOPHUCTOBYIOThCS
IIPU MPUBEJICHHI OJTHOTO 3BUYAHOTr0 AU(epeHI1aIbHOrO PIBHSHHS 10 1HIIOTO, HABITh
B JIIHINHOMY BHIAJIKy, OTPIOHO PO3B’sA3aTH HEJHIWHE 3BUYaiiHe audepeHiiaabHe
piBHAHHS. SIK BIIOMO, OTPUMATH aHATITUYHHIA PO3B’A30K TAKOTO PIBHSIHHS MOYKHA B
Jy’K€ 0OMEXEH1H KIJTbKOCTI BUIAJIKIB.

JliTeparypa:

6. Kummer E. E. (1834). De generali quadam aequatione differentiali tertii ordinis.
Journal fiir die Reine und Angewandte Mathematik. 100, 1-9. (reprinted from the
Programm des evangelischen Koniglichen und Stadtgymnasiums in Liegnitz for the
year 1834).

7. Liouville J. (1837). Sur le developpement des fonctions ou parties de fonctions en
series don’t les divers termes sont assujettis a satisfaire a une meme equation
differentielle du second continent un parametre variable. Journal Math. 11, 16-35.

8. bepkoBuu JI.M. ®akrtopuzanuss u npeoOpazoBaHus AU epeHInanbHbIX
ypaBHeHu. Metoasl u npunoxenusa. Mocksa: HULL «PerynsapHas u xaotuueckas
nuHaMuka», 2002. 464 c.
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9. bepxoBuu JL.M. O mpeobpazoBanuu audQepeHnanbHbIX ypaBHEHUN THIA
M typma-JInyBusis. @yHKIMOHAIBHBIA aHanu3 U ero npuioxenus. 1982. T. 16.
Brin. 3. C. 42-44.

10.EpmakoB B.II. luddepenunanbapie ypaBHEHHs BTOPOTO MOPSAIKA. Y CIOBUS
UHTETPUPYEMOCTH B KOHEUHOM BujE. YHusepcumemcxue uzsecmus. Kuen, 1880.
Ne 9. C. 1-25.

11.Pinney E. (1950). The nonlinear differential equation y”+ p(t)y+c-y®=0.

Proceedings of the American Mathematical Society. 1, 581.

LIO. ITumbaniok

Hayionanvnuii nicomexuiunuii ynigepcumem Yxpainu

Hayxosuii kepienux H.I1. IIpouax, ookmop @izuxo mamemamuyHux HayK, OOyeHm,
3agidysay Kageopu mamemamury i izuxu

TPUKYTHUK PEJIO: BJACTUBOCTI TA 3ACTOCYBAHHA

TpuxyTHUK Peno € HalpoCTiiIoro Mmicis Koja Giryporo CTanoi ITUPUHH.

v

[le miocka omykia reomeTrpudHa ¢irypa, sika YTBOPIOETHCA TEPETHMHOM TPbOX
OJIHAKOBHX KU pajiiyca a 3 IEHTpaMH, PO3MIIICHUMH Y BEpUTUHAX PIBHOCTOPOHHBOTO
TPUKYTHHUKA 31 CTOPOHOIO &. UKo 8 Ha3WBarOTh MIMPUHOIO OTPUMAHOI Dirypu.

[TobynoBa TpukyTHHKA Pero 3a 701MOMOTOI0 OJTHOTO JIUIIE [UPKYJIIS 3BOJAUTHCS
710 TIOCJTITOBHOTO MPOBECHHS TPhOX piBHUX KiJI. L[eHTp mepioro koyia MokHa oOpaTH
JOBUIBHO, IEHTPOM JIPYTOTO — MOKe OyTH Oy/Ib-sIKa TOYKa MEPIIOTO KOJia, a IEHTPOM
TPETHOTO — OY/Ib-5IKa 3 IBOX TOUOK MEPETHHY MEPIINX JBOX KiJI.

TpukyTHUK Peno Mae HACTYIHI 81acmugocmi ma Xxapakmepucmuxu.

. 3 ycix (iryp cTayioi MUPHHHM JIHIIE TPUKYTHUK Pesto | K010 MaroTh [IEHTPaIbHY
CUMETPIIO.
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*  TpukytHuk Peno mae HaliMeHIITy oLy cepen ycix Giryp crajoi HHpUHY a.

*  Yepe3 KOXHY BEpIIMHY TPUKYTHHMKa Peno, Ha BIAMIHY BIJ IHIIMX HOTO
TPaHUYHHUX TOYOK, POXOJUTH HE OJJHA OTIOPHA MpsIMa, a HECKIHYEHHA MHOKHHA
OMOpHUX TpsMuX. KyT MK KpailHIMH MPSMUMH IILOTO «ITyYKa» HA3HBAETHCS
KyTOM Oi1s BEpUIMHH, € HAaWMEHIIUM cepen ycix ¢iryp cTanoi MUPUHH 1
nopiBHIO€E 120°.

= ITioma TpukyTHHKa Peno: S = %(ﬂ' —/3)a?
= ITepumerp: p=rma
. Paniyc Bnucanoro kosa: r= [1— %)a
. Pasiyc omnmcanoro xKojia R=—2
JIlyC OMUCAHOTO KOJIa: = 73
3

TpukyTHuk Peno 3HaAWIIOB CBO€ 3aCTOCYBaHHA y OaraThbOX MPUKIATHUX
po3poOkax. Jleski 3 HUX HaBeJAEMO HIDKYE.

B kinmi 1940-x @.I". Bankens npuayMaB cxemy JABUTyHa 0€3 KOJIIHYATOTO Baya
— IpUJIaay SKUH MePETBOPIOE MOCTYMAIBHUHA PyX TOPIITHIB B 00epTaHHS Baly MOTOpA.
B iioro nBuryHi, sikuif Ha3Bajau POTOPHUM, HEMA€E MUIIHAPIB. T1I0O M0 HA3UBAETHCS
poTopoM Tpu 00epTaHH1 MOCTIHHO TOPKAETHCS CTIHOK KaMEpH JBUTYHA, PO3IUISIOUN
poOoumii mpocTip Ha Tpu YacTHHH. B nBUryH1 Bankens potop B nepepisi — TPUKYTHUK
Peio.

Caepaiio 3 mepepizoM y popmi TpukyTHUKA Perno 1 piKydruMu KpOMKaMH, IO
30IraroThCsl 3 MOro BEpIIMHAMU, JO3BOJISIE OTPUMYBATH Maibke KBaJpaTHI OTBOPH 3
OpsIMUMH CTOPOHAMH, ajieé 3aKpyrieHMMH KyTamu. OpHak npu oOepTaHHI TaKoro
CBEp/Jia MOro LEHTp He Oyne 3alMIIaTUCs Ha MICLI, 5K 1€ BIAOYBA€TbCS y BUIAIKY
TpaJAMLIIHUX CIIpadbHUX CBepien, a OyAe ONMUCYyBaTU KPHUBY, LIO CKIAIAETHCA 3
YOTUPHOX MAYT enirnciB. ToMmy maTpoH, B SIKOMY 3aTHCHYTE CBEpAJIO, HE TOBHHEH
MIEPEIIKOKATH IboMy pyXy. JlaHe cBepasio i maTpoH A0 HHOTO 3amaTeHTyBaB [ appi
VYarrc B 1917 pori.

TpuxkyTHuk Peno BUKOPHCTOBYETHCA B KYyJIAYKOBHX MeEXaHI3Max HIBEHHUX
MAIIHMH 715 3Ur3arornoAiOHo1 CTpOUKH. K KyIauoK TPUKYTHUK Peo BUKOPUCTOBYIOTh
1 HiMeIpKI roguHHMKapi Manydaktypu A.Lange & Sohne B MexaHi3max Hapy4HHX
roauHHUKIB «Lange 31».

Panime TpukyTHMK Peno BUKOpPHCTOBYBaBCS B rpeiidepHOMY MeXaHi3Mi B
KIHOIIPOCKTOPAX.
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Hlymux O.

JIvsiscoKuil Oepacasruil yHisepcumem 0e3neKku HCummeoisyibHOCHI

Hayxosuii kepienux 0.0. Kapabun, kanouoam pizuko-mamemamudnux HayK, OOYeHm
Kagheopu npuKiaoHoi mamemamury i MexamiKu

DOPAKTAJI - KPACA MATEMATHUKHU

VY mouryky HOBOro 300paskeHHs, TOro, 0 MM Ie He Oaumnu Ha Oir-Oopnax,
peknamax Ta ¢uiaepax, mporpamicTH, AU3aifHepH, CydacHi Xy10)KHUKH 3BEPHYIHCH JI0
MaTeMaTUKH, BIIKPUBIIHK 711 cebe Ta CBITY (pakTaibHy Ipadikor, KOTPY HIUPOKO
BUKOPHCTOBYIOTb.

Mai.1.®pakTaabHi MATIOHKH

CkianHe Ta He 3po3yMmisie, Ha EPIIN MorJisl, noHATTA. dpakrtan 1 PppakTaibHa
reoMeTpis, siki 3’ ssBuitucs B KiHIi 70-x, 3 cepenuau 80-X pp., MIIIHO YBIMIILTH Y BYKUTOK
MaTeMaTuKiB 1 mporpamicTiB. CiaoBo (ppakran yTBopeHe BiJl JIATUHCHKOTO fractus i B
nepekIiajii 03Havae "Toi, 1m0 ckianaeTbes 3 hparmeHTiB". BoHo 0yIio 3anpornoHoBaHe
benya Mannens6porom B 1975 poul i MO3HAYEHHS HEPETYJSIPHUX, MPOTE
c1a0onoI0HUX CTPYKTYp, SKUMHU BIH 3aiimaBcsa. HaliBimomimmmu ¢pakTtaabHUMU
00’€KTaMU € JiepeBa: BiJl KOXKHOT T'JIKU BIXOJATh MEHIII, CX0XK1 Ha HEl, B/l HUX - IIIe
menmni. Kpim gepeB, dpakTaqbHUMU BJIACTUBOCTSIMH BOJOJIIOTH Oarato 00'€KTiB
JKUBOT 1 HEXHBOI MpUpoau (Kopa JepeB, IBITHA KamycTa, XMapW, CHDKHUHKA, 3a
dbpakTaTbHUMU aNTOPUTMAMU POCTYTh KPHUCTAJIM Ta POCIHMHH). BiacTuBicTh
dbpakTanpHOI rpadikd - MOACITIOBATH OO0pa3H KWUBOI MPUPOAM OOYMCICHHS - 9acTO
BUKOPUCTOBYIOTh  JJIS ~ aBTOMATUYHOI  TIeHepalii HEe3BHMYHHUX  UIIOCTpAIliil.
Haiinpocrimum QpaktaibHUM 00'€KTOM € (PpaKTaIbHUM TPUKYTHUK.
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Vo VR

Man.2 ®pakranbHi TPUKYTHUKH.

@OpakranpHa Trpadika Oepe cBii mToyaTOK 3 (pakTaJIbHOI TEOMETPIi.
Hapomxenns gpaktaabHOi TeoMeTpli MPUHHATO MOB'sI3yBaTh 3 BUX010M B 1977 porii
kauru MannensOpota «The Fractal Geometry of Nature». ®@pakTanoM Ha3UBa€ThCA
CTPYKTYypa, IO CKJIAJIA€ThCS 3 YaCTHH, KOTP1 MOAI0H1 10 11ijoro. CamMono1i0HICTh —
OJIHa 3 OCHOBHUX BIacTUBOCTEH (ppakTaniB. O0'eKT Ha3UBAIOTH CAMOIOIIOHUM, KOJIU
301UJIbIIIEH] YAaCTUHHU OO0'€KTYy CXOX1 Ha cam 00'e€KT 1 oAuH N0 ogHoro. dpakTaibHa
rpadika, K 1 BEKTOpHA, 3aCHOBaHA HA MaTeMaTUYHUX 00uncCiIeHHsIX. OqHak 60a30BUM
€JIEMEHTOM € MaTeMaTH4Ha (popmyiia, HISKMX OO'€KTIB y maM'aTi KoMm'toTepa He
30epiraeTbcsi 1 300paxeHHs] OYyIyeThCS BUKIIOYHO 3a pIBHSHHSIMHU. DpakTalibHa
rpadika MICTUTbCA Yy TMaKeTax Uil HAyKOBOI Bizyamizalii Juisi MOOYJIOBU SIK
HAWTPOCTIIUX CTPYKTYpP, TaK 1 CKIQJAHUX UIIOCTpaIiid, MO IMITYIOTh NPUPOJIHI
mpolecu Ta TPUBUMIpPHI 00'€ekTH. ICHYIOTH Taki BUIM (pakTaiB: T€OMETPHUYHI,
anrebpaiuni, croxactuuHi. [ToOyoBa (pakTanbHOro MalltoHKa MOXKE BiAOyBaTuCs 3a
JEAKUM aITOPUTMOM ab0 MUISIXOM aBTOMATHUYHOI T'eHepallii 300pakeHb 3a 101OMOT010
oOuuciieHb 3a MeBHUMH (hopMmysiamMu. 3MiHA B aaropuTMax abo 3HaueHb KOS(IIIEHTIB
y ¢opMyrax npu3BoauTh A0 Moaudikaii 300paxkeHHd. OpakranbHy rpadiky 4acTo
BUKOPUCTOBYIOTh 1Jisi rpalyHOrO MPEACTABICHHS AaHUX IiJ Yac MOJEIIOBAaHHS
NeSKUX TPOLECiB, JUIsi aBTOMATUYHOI TeHepalli aOCTpakKTHUX 300pakeHb, Y
po3BaXKaJIbHUX Mporpamax. Sk 1 kokHa rpadika yu mporpama ¢pakraibHa rpadika
Mae CBOI IIepeBaru Ta HeJO0JIKH.

[TepeBaru dpakransHOi rpadiku:

1)Mani o0Ocsru gaHux.

2)IIpocTora Moaudikallii 300pa>keHb.

3)MoOXIuBICTh AeTani3allii 300pakeHHS.

Henomniku dpakransHoi rpadiku:

1)AGCTpaKTHICTD 300paKEHb.

2)HeoOXiiHICTh BHKOPHUCTAHHS JOCHUTHh CKJIQJHUX MAaTeMaTHYHUX IOHSTH 1
dbopmy.

@pakTanu MHUPOKO 3aCTOCOBYIOTHCS B Haylll. HalOuIbll KOPUCHMM 3aCTOCYBaHHS
bpakrTaniB € y KOMO'IOTEpHIH Haylll - (ppakTajbHE CTHUCHEHHsS AaHuX. DpakTaniu
BUKOPUCTOBYIOTHCS B HAPTOXIMIi TPU MOJIEIIOBAHHI MOPUCTUX MaTepiaiiB, B 010510111
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JUISL OTIMCY BHYTPILIHIX OpPraHiB, B MEAMIIMHI 7S B1IOOpakKeHHs OUTTS ceplls, y i3l
Opu  MOJENIOBaHHI  HEMHIMHMX TmpoueciB. @PpakTaqu BUKOPHUCTOBYIOTH B
KOMM'IOTEpPHUX 1Irpax, Ji¢ pelbedHa MICIEBICTh, 3a3BUYal, € (PpaKTaaIbHUM
300paxkeHHsAM. Sk GauuMo 3 BHUILE TepenideHoro, ¢pakraibHa rpadika moTpiOHa
YCIOJIM, TOMY i1 PO3BUTOK € OJHUM 3 HAWBKJIUBIIIHNX 3aBJIaHb CHOTOJICHHSI.
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