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CEKIIA 1. Ilpuknaowui 3a0aui ¢ mamemamuuyi

B.M. Ilempoecvkuii

Hayionanvna akademis cyxonymuux siticok imeni cemomana Ilempa Cazatioaunozo
Hayxosuui kepienux M.1. Copoxamuii, x.¢.-m.H., 0oyenm, npogecop kageopu
IHOICeHepHOT MexaHiKu (030POEHHS MA MEXHIKU [HIHCEHEePHUX BIlICHK)

SAJIEZKHICTD HACTOT KOJIMBAHDb EJIEMEHTIB HIABICKH BI/I
IXHIX IPYKHUX NIJKPIILUIEHD

30poiiHi cuiau YKpaiHu OCHAIICH]1 BEJIMKOI KUIBKICTIO 1HKEHEPHUX MAIIUH Ha
KOJICHIA OocHOBI. PoOoui opraHu HUX MalllMH B MpPOIEC] €KCIUTyaTaiii 3a3HaloTh
3HAYHUX HABAaHTAXEHb, 0 IPUBOJIUTS iX 10 MEPETIACHOTO 3HOITYBAHHS, a 33 IEBHUX
YyMOB 1 70 pyWHYyBaHHA. ElleMeHTH MiABICKM OOMOBOI MAIIMHU PO3MISIAAIOTHCS SK
NPYXKHI CUCTEMH, TOMY JI0 JOCHIIPKEHHS IXHbOI IMOBEIIHKH 3aCTOCOBYIOTH METOJU
Teopii KOJWUBaHb Ta CTIMKOCTI. 30KpeMa, HEOOXiJHAa Mojajbila po3poOKa METOIIB
JOCTIJPKEHHSI HENEpEepBHUX Ta HENEPEPBHO-IUCKPETHUX MEXAHIYHUX CHUCTEM,
e(eKTUBHUX CIOCOOIB 3HAXOJ/KEHHS iXHIX YaCTOT 1 KPUTUYHUX HABAHTAXKEHb SIK
¢yHKIi pizHuX napaMmerpiB. OcoOiuBe 3HAUYEHHS Mae€ po3poO0Ka aHATITUYHHUX
METOJIIB 1 OTPUMAaHHS Ha IXHIA OCHOBI IHXEHEPHUX PO3PaXyHKOBUX (OpMyI st
OLIIHKHM BIUIUBY PI3HOMAHITHUX (aKTOPIB: F€OMETPUUYHUX, KOPCTKICHUX, MAaCOBUX
XapaKTEPUCTHK, BIACTUBOCTEN HABaHTAXKEHb, XapAKTEPUCTUK CEPEIOBUIIA 1 T.N. HA
MaJil KOJIMBaHHS 1 CTIMKICTh 1€(OPMIBHUX CUCTEM.

HexTyrouu po3noiisieHor0 Macoro 0ajaky 1 BBAKAKOYH 10 BaHTaX 1 0ajka micis
NEepIIOro JAOTUKY HE BIIAUISIOTBCA 3HAWIEMO YacTOTy pE3yJbTYIOUMX BUIBHHX
KOJIMBaHb 1 11 3aJeXKHICTh BIJ TOYKU TpukiaagaHHs cuwiu P. IIpu npomy Oyaemo
BPaxOBYBATH TUIbKH BIUIMB 3rUHATIBHUX MOMEHTIB).
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Puc. 1. Cxema BUTbHO OTIEpPTOi 3aBaHTAKEHOT OATKHI

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

npHKIaaeHa B Toui a=1,4 ».3HaiiieMo 4acToTy BIIACHUX KOJUBaHb: f =77,5¢™
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PosrasiHeMo Temep BIUIMB MPY>KHOTO 3aKpIIUICHHS HA 4YacTOTYy KOJIUBaHb
cTepkHA. Po3risiHeMo BUNIAJ0K, KOJIM JTIBUN KiHEIh OAJIKU BUILHO ONEPTHIA, a TpaBui
NPY)KHO 3akKpilUICHWH (puc.2) OMpH  YMOBIi, IO PO3MOJUICHOI MacOl CTEP)KHS
3HEXTyBaHO. BBaxkaemo, 110 cTepKEeHb Ma€ MOCTIMHUM MTEPETHH.

SIkmo Bara Ganku wl Maja y MOpPIBHSHHI 13 Barow BaHTaxy P, To MoxHa 13
JIOCTaTHBOIO TOYHICTIO MPUITYCTHTH, IO MPOTHH OAJIKK MPHU KOJUBAHHAX MA€ TaKy
camy Qopmy, sSK mOpodiiab JiHIT CTaTUYHMX MPOTUHIB MpU il 30CEPeHKEHOTO
HAaBaHTA)XCHHA. Y 1[bOMY BUIIJKy TIEPEMIIIIEHHS TOTIEPEUYHUX Tepepi3iB Oyae TaKuM,
SIK 1 JUIsI HEBaromoi Oasiku, 70 SKOi MPUKJIaJeHO HaBaHTAKCHHS

W=P +£W|
35
YacToTa KOIMBaHb MPU I[bOMY CTAHOBUTHUME
f =73,8c*
[ToxuOka y MOPIBHAHHI 13 YacCTOTOK, OTPUMaHOIO O€3 ypaxyBaHHS Macu Oalku,
CTaHOBUTH MeHIIIe HixK 5%.
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Puc 2. Cxema Gasiku 13 MPY>KHO ONEPTUM KiHIIEM

JlocmiguMo BIUTMB SKOPCTKOCTI MPYKHUHU HAa YacTOTy KOJIMBaHb, B3SBIIU 3a
BHXIJIHI JaH1 YMCJIOBI 3HAYCHHS MONEPEAHBOI 3a7adil, SKIIO pajlyC BUTKA MPYKUHH
R=5cwMm, paniyc nmepepizy apoty r=1cm, KiTbKicTh BUTKIB N=8. J{is MaTepiany Oanku i
IPYKMHU BUKOPHUCTAHO cTayb Ctansb 3.

YacToTa KOIMBaHb OAJIKU TIPU [IbOMY OyJIe TaKOIO:
f =8,63¢c™"

OT1xe, npyXHE MIIKPIIJICHHS MPaBOTro KiHI OalKu MPUBOAMUTH 10 1ICTOTHOTO
3MEHIIEHHS YaCTOTH KOJIMBaHb CUCTEMH BaHTaX-0aka. YacToTa 3MEHIIIYEThCSA O1IbIIT
HIX y 8 pasiB. [IpyxHiI MiAKpIMJIEHHS €JIEMEHTIB MIiABICKM OOHOBOI MallMHU
3IIMCHIOIOTH CYTTEBUH BIUIMB HAa YaCTOTY KOJIMBaHb, a CaMe: YaCTOTH KOJIMBaHb MOXKHA
ICTOTHO 3MIHIOBATHM 32 PaxXyHOK NPYXHOTO 3aKIIUICHHA KIHIIB CTEPXKHS, SKUM
MOJICITIOEThCST  €JIeMeHT miaBicKu. [lim0ip XapakTepUCTHK MeTaly, 13 SKOTO
BUTOTOBJIAIOTHCSL €JIEMEHTH IMJIBICKM, YKCJa BUTKIB MPYXKHWH, HA 5K 11 €JIEMEHTH
OMHPAIOTHCS, PO3MIP IUX TPYXKWH, 1aBaTUME 3MOTY 3MIHIOBATH YacTOTH, a OTXKE
YHUKATU TaKUX MIKIJJTUBUX SIBUIIL, SIK PE30HAHC.
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I'.€. Makcumyk

Xepconcokuu HayioHarbHUU mexHiyHuU yHigepcumem

Hayxosuii kepienuk I'.A. Tynyuenko, 0okmop mexHivHux Hayk, npoghecop, npoghecop
Kagheopu uwoi mamemamukuy i MamemMamuyHo20 MOOeN08aAH s

3 ICTOPH MOJIEJTIOBAHHSA NIJIIIUITHUKIB KOB3AHHSI

OpmHuM 13 MPaKTUYHUX 3aCTOCYBaHb 3aJ1a4l PO PyX B’SA3KO1 PIIUHU MK JBOMA
KPYTrOBUMH MUJIIHAPAMHU € MOJCIIOBAHHS PYXy MacTHJIA B ITiIIMITHUKAX KOB3aHHSI.

Haiinpocrinie piBHIHHS y WIHAPUYHUX KOOPAUHATAX MOJIEIIOE PYX B S3KO1
PIIMHU MK BICECUMETPHUYHUMHU ITWITHAPAMU HECKIHUYEHHOI JOBXUHHU paaiyciB R 1 R
(R <R,), Ki 00€PTAIOTHCS 3 MOCTIHHUMHU KyTOBUMH IIBUAKOCTAME (1 i (!

—+=—-==0, (1)

ne $(r) — WBHIAKICTh PLAMHM, I — pajlaibHa KOOpAMHATA IMIIHAPUYHOI CHCTEMH
KOOp/IMHAT,

IIpHU TPaHUYHHUX YMOBAaXx:

‘g(Rl)zR:I.Ql Ta 3(R2)=R2Q2. (2)

I'panuyni ymoBu (2) 03HayarTh, L0 MIBHIAKICT, PIAMHM HAa MOBEPXHI
BIJIMOBITHOTO IUJIIH/Ipa TOBUHHA JIOPIBHIOBATH IIBUIKOCTI CAMOTO IIUJIHIpA.
3aranpHui po3B’s130K piBHIHHSA (1) Mae BUTIIAL:

,9=Ar+B.%, 3)

ne A 1 B — noBinbHI cTau, K1 BU3HAYAIOTHCS 3 TPAHUYHUX YMOB (2).
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I'pannuna 3amava (1-2) Boepie gociimkyBanacs B poooti MLIT. Ilerposa [1],
sKa 3a YacoM IyOJTiKallii BUNepepKyBasa iHii poooTH 3 1i€i TeMu. Tak, Tediro piAuHu
MDK IIJTIHIpaMHU, K1 00epTar0ThCs, Ha3UBaAIOTh Teuiero KyeTTa 3aBIsku 1ocimiiaMm, siKi
BueHui nmposoauB y 1890 p [2, C. 85].

3amaya g EKCIHEHTPUYHO PO3TALIOBAHUX UMJIHAPIB, SIKI 00epTaroThCs
HABKOJIO CBOiX Ocel, Briepiie Oyna po3rsiHyta M.€. XKykoBcbkuM B po0oTi [3]y 1887
p. Brepiie Bkazana pobota O0yna HagpykoBaHa B «IIOBiIOMIIEHHSX MaTEMaTUYHOTO
TOBApUCTBA MMPU XaPKIBCbKOMY YHIBEPCUTET1», Y OJAIBIIOMY IIs1 poOoTa OyJia KiJibKa
pas3iB IepeBUAaHA.

VY poGoti [3] BiA3HAYAETHCS, IO «...pyX PIAUHU 3 TEPTIM M1K KOHLIEHTPUIYHUMHU
HWTIHAPUYHUMY TIOBEPXHSIMH HE MOXKE TOSICHUTH TiIpOJIMHAMIYHUNA HAaIp, SKAN
HEOOX1IHUM 11 BPIBHOBAKECHHSI CWJIM THCKY IWMA HA MIAMIMIHUK, ... MOJIIOHMIMA
HaIllp MOXKHA OYIKYBAaTH INpU PYCl B’SI3KOi PIIMHUA MK JBOMa EKCIEHTPUYHUMU
MOBEPXHAMM KPYroBUX LWIIHAPIB». Briepuie Ha ue sBuiie M.€. )KykoBcbkuil BKa3ye
B 1886 p B pobGoti [4] i mpomoHye HaOmmkeHH po3B’s30K 3amadi. Y 1887 p
KykoBcbkuM M.€. 3HaiiieHO PO3B’SI30K 3adadl Il BUIMAJAKY, KOJU UWJIHIPH
00epTarOThCS B MPOTHUJICKHUX HAMPSAMKAX 3 PIBHUMH MIBUAKOCTSIMH [3].

VY iHmi# pob6oti [5], sika Hamucana JKykoBcbkuM M.€. y CHiBaBTOPCTBI 3
Yammuriaum C.O. B 1904 p., 3HaliAeHO TOYHUN PO3B’SA30K JIOCHIIHKYBaHOI 3a7adl 3
BUKOPUCTAHHAM OIMOJISPHUX KOOPJIUHAT 1y MPUITYIICHH] TPO MajTy BEJIMYUHY 3a30PY
MDK IITUIIOM 1 MIJMIKAITHAKOM. Y BCTYII 0 poOOTH [5] aBTOpH aHATI3YIOTh pPOOOTH
O. Petinonbaca ta A. 3ommepdensaa. Bigznadaersces, mo O. PeitHonbacoM 3HaliaeHO
HAOMIDKEHUN PO3B’SI30K TMPH 3HAYHUX CIPOIIEHHAX: B piBHAHHAX Hap’e-Crokca
BIIKUJAIOTBCSA BCl 1HEPIIAHI JOJAHKH, HEXTYEThCS KPUBHHOKIO IIOBEPXOHb, B
PIBHSIHHSIX PYXY BIJIKMAAIOTHCS JOJAHKH, TIOB’sI3aH1 3 CUJIaMU B A3KOCTI. Y Pe3yNbTari
UUX TMPUIYIIEHb pO3B’sA3aHHSA cucTeMu piBHsIHb Hap’e-CTokca 3BOIUTHCA 0
IHTErpyBaHHSI OJTHOTO PIBHSIHHS JUI TUCKY B MacTwii — piBHsHHS O. Pelinonbca [6].

VY poboti A. 3ommepdenbaa, sika Buitiiuia B 1904 p, BcTaHOBJIEHA aHATIOT1ST M1XK
3a/layero pyxXy PIAMHU MK €KCUEHTPUYHUMH LWIIHApPAMU Ta 3ajadl Mpo piBHOBAry
MPYXKHOT TUIACTHHH, SKa OOMEXeHa JBOMa CKCICHTPUYHUMH KojlamMu. Kpim Toro,
A. 3omMepdenbaoM OTpUMaHi PO3B’SA3KH IS IBOX OKPEMHUX BUITQJIKIB: BEJIMKUX Ta
MajiixX IIBUAKOCTEH oOepTaHHs 1muna. Bkaszani po6otm O. PeitnHonpaca Ta
A. 3ommepdenbaa ysiium 10 36ipku [6].

Pesynbratu, ski orpumani JKykoBcbkum M.€. Tta Yammurinum C.O.,
OOMEXYIOThCS BUTIAJKOM, KOJIU BECh 3a30P MK IIIUIIOM 1 MiAIUITHAKOM 3alTOBHEHUN
MaCTHUJIOM.

[Tomanpmia Teopiss 3MallyBaHHS MMIANIAITHUAKIB KOB3aHHS PO3BHBAETHCS
CTOCOBHO BpaxyBaHHs HENIHIMHUX wieHIB piBHAHb Haw’e-CTokca, HEMOBHOTO
3alIOBHCHHS MAaCTWJIOM 3a30py MK IIWIIOM Ta IMAMIAITHAKOM, BpaxyBaHHS
CKIHUEHHHUX PO3MIpIB MIAMIUITHUKA TOLIO [7].
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M I. Hlainoza

JIvsiscorut Hayionanobruu yHisepcumem imeri leana @panka

Hayxosuii kepienux B.M.@Dipman kaHouoam mexniuHux HayK, OOYeHm, 0OYyeHm
Kagheopu be3nexu HcummeoisiibHOCmi

BU3HAYEHHS KPUTUYHOI'O HABAHTAKEHHSI 3A 3THY 3
PO3TAT'OM IVIACTUYHUX EJIEMEHTIB KOHCTPYKIIN 3 OTBOPOM
TA TPIIHIUHAMMUM, BEPEI' AKUX KOHTAKTYIOTbH

VY pI3HMX Trajy3sX TEXHIKM Ta MPOMHCIOBOCTI HIUPOKO BUKOPUCTOBYIOTh
MJIACTUHYACTI €JIEMEHTU KOHCTPYKI[iM, OCKIJIbKA BOHHU € TIOPIBHSIHO JIETKI Ta JOCUTH
MirHI. i eemMeHTH 3 TeXHIYHOT TOYKU 30PY MOXKYTh MICTUTH KPYrOBiI OTBOpH, a Y
Mpoliect eKcIuTyaTalii y HIX MO>KyTh BUHUKATH TPIIMHONOAI0H1 1eDeKTH, K1 3HAYHO
BIUIMBAIOTh HA MILHICTh Ta IIJIICHICTh KOHCTPYKIIIi.

YTBOpeHHSI Ta TOMIMPEHHS TPIMIUH y PI3HUX €JIEMEHTAaX KOHCTPYKIIH MOXKe
MPU3BOJUTH 10 TpaHCHOPMYBAHHS BHYTPINIHBOI CTPYKTYPH 1 MOBEPXHEBUX IIAPiB
MaTepiajiB, 3MIHU YMOB €KCIUTyaTallii Ta 3HOCY IJIACTUHYACTHX €JIEMEHTIB JeTanen
MaIIWH, [0 HETaTUBHO BIUIMBA€ Ha JIIOAMHY Ta HABKOJMILIHE cepenoBuile. Yepes
YTBOPCHHSI Ta TOIIMPEHHS TPIMIMH 30UIBIIYIOTHCS HABAHTKEHHS B €JIEMEHTaX
KOHCTPYKLIN, CTUKax 1 CHOJYYEHHSX, 3HUXKYEThCS Hecyda 3JaTHICTh JeTaieil,
BUHUKA€E pyIHYBaHHS 00JaIHaHHA. Y € 1€ MPU3BOAUTH IO 3HIKEHHS CTPOKY CIIYyKOu
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TaKuX €JIEMEHTIB Ta JI0 3pOCTaHHs WMOBIPHOCTI aBapiiHUX CHUTYyalliil 1 30UIbIICHHS
E€KOHOMIYHHMX BUTpaT. BBaxkaerbcs, mo 63% apapiii y MammHax 1 MexXaHi3Max Mae
MICIIE CaM€ BHACIIJIOK HAasBHOCTI TPIIIMHOMOAIOHUX AedekTiB. ToMmy BaXIMBOIO
3a7a4er0 Oe3MeKH JKUTTEMISUIBHOCTI Ta MEXaHIKM € BH3HAYCHHS MaKCHMaTbHOTO
(KpUTUYHOIO) HABAHTAXKEHHA, K€ MOXY OYyTHM NPHUKIAACHE [0 IUIACTHHYACTOIO
eJIEeMEHTa KOHCTPYKIII1.

PosrnsHeMo HeCKiHUEHHY 130TPOIHY IUIACTHHY 3aBTOBIIKH 2N, sKa MICTUTh
ITIHAPUIHUHN (KpyroBHii) OTBip pamiyca R Ta cuctemy M nmoBinkHO OpieHTOBaHUX

IPAMOJIIHIMHUX HACKPI3HUX TPilluH 3aBIOBXKKH 2l (k =1 M ) BBaxkatumemo, 110
IUTACTHHA 3TUHAETHCS Ha OE€3MEKHOCTI pIBHOMIPHO PO3MOALIEHUMH MOMEHTaMu M
Ta M7 i posmaryerbes sycusimu By ta P,. O6nacts Beepenui KpyroBoro oTBopy

HO3HAYMMO Yepe3 S, 330BHI —yepe3 S, MiHiro, [e po3mimieHa K -Ta TpiluHa — 4yepes
L, , a koto — yepe3 L (mus. puc. 1).

Ha otBOp1 Oy/1eMO MaTH HACTYIHI KpailoB1 yMOBHU
Mrzo’Pr:O’GHr:O’THrQZO’XEL’ (1)

ne M, — 3THHAIbHUA MOMEHT, o, 1 ©,, — KOMIIOHEHTH TE€H30pa HaIpYy>KCHb Y
MOJISIPHIN cUcTeMi KoopauHaT, P. — y3aranbHeHa B ceHcl Kipxroda nepepizyBajibHa

cuia.
KpaiioBi yMOBH TJIaIKOTO KOHTAKTy O€periB TPIIIUH 32 TEOMETPUYHO JIHIIHOTO
M1IX0Ty MAatOTh BUTJISI

P*=P =0, M/ =M, =N,h,t},, =1, =0, X €L, k=LM, (2
2 .
o, . =o, =-N,/(2h), a[V”]+h-[ ow }:0, X el, k=LM, (3)
Ve Yk Vk Yk an 6Xk ayk

ne N, — xoHTakTHE 3ycwiuis Mixk Oeperamu K -To1 TpimuHwM, [f ] =f"— {7, 3Haukamu
“+” 1 “~” mo3HaueHi TpaHWYH1 3HAYeHHS (PYHKI[II MPU NPSIMYBaHHS TOYKH IJIOIIMHU
1o K -toi tpimumau npu Yy, — 0.
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Puc. 1. beamexHa niacTuHa 3 KpPpYroBHM OTBOPOM Ta CUCTCMOIO I[OBiJIBHO
pO3TallIOBAHUX Tle_[I/IH

[3 BUKOpHCTaHHIM KOMIUICKCHHUX TOTEHINATIB MIoCKol 3amaui [3-5], po3B'sa30k
chopMyJIbOBAHOI 3a/1a4l 3BEJICHUIN 70 3a7a4 JIHIKHOTO CHPsHKEHHS, Ha OCHOBI SIKMX
OTPUMAHO IHTETPAJIbHE PIBHSHHSA Ha MEX1 KpyroBOro OTBOpY, a KpailoBl YMOBHU Ha
Oeperax TpIIIMHU BAAIOCS 3a0BOJIbHUTH aHamiTU4YHO. [IpoBeneHo uncioBuil aHami3
KPUTUYHOTO HaBAaHTAXEHHS, TIPH SKUX €JIEMEHT KOHCTPYKIIii Oyie pyiHHYBaTHCS, TIPA
pPI3HUX MapaMeTpax 3ajadi, Ha OCHOBI SIKOro MOOYIOBAaHO BIAMOBIAHI TIpadivHi
3aJIEKHOCTI.
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Koszax Ceamocnaes

JIvgiscokuti OepoicasHull yHisepcumem Oe3neku HCUmmeoisibHOCHI

Hayxosuu kepienux M.®. Cmaclok, xkamouoam @izuko mMamemMamuidHux HAyx,
doyenm, doyenm Kageopu npukiaoHoi MamemamuKky i MexaHiKu

KPUIITOCUCTEMA EJIb-I'AMAJIA

Kpuntocucrema Enb-I'amans € anbprepHatuBoo A0 Kpunrocuctemu RSA i
3a0e3neuye Taky >k KpUINTOCTIHKICTh. be3neka anroputmy Enb-I"amans 6a3zyeTsbcst Ha
CKJIQJIHOCTI OOYHUCIIOBaHHS TUCKPETHHX JorapudmiB. Tomy ciiig BUKIIOYUTH Ti
BUIIAJIKH, Y SIKUX JIOTapu(PMyBaHHS MOKHA MPOBECTU €()EKTUBHO. 30KpeMa, MPOCTe
YUCIIO P CJiJ BUOMpATH TakK, MO0 4YUCIO p-1 Majo BETUKHUI MPOCTUH IUIBHUK,

1HaKIIIe CYNIEPHUK MOXKE CKopucTaTuch anropurmomM CinbBepa-Ilomnira-Xenmana.
l'enepyeannsa knrouie. BuOUpParOTh BENMKE MPOCTE YKMCIO [P 1 YUCIO ¢,

1<g<p-1 ske Mac B MyIbTHIUIKATHBHIA Tpymi [17 Bemukmii mopsgok. B
171ealbHOMY BUNAJKy ( —IMEepBICHUN KOpiHb 3a Moayiem pP. YUucia p 1  HEe €
TaEMHULICIO 1 epedyBaloTh B 3arajJbHOMY KOpHUCTyBaHHI. KoxeH aOoHEeHT BUOMpae
co0i BUIIaZKOBE YUCIO A y MPOMIXKKY Big 1 1o p—1 i o6uucmoe h=g* (mod p).
Biokpumuui kmou: p,q,h;  Taemnuii kmou:  a.
ugpysanus BindyBaetrhcs 6okamu. Koxken 6710k M BBa)kaeMo €J1€MEHTOM
3 [17,. Hosinomnenns M €[]’ meperBoproots B kpunroreker C el x[1°) Takum

YHUHOM:
e BHOMPAIOTH BUIAJIKOBE YKMCIO I Take, mo 1<r< p—1;

e obuncinoots C=(C,,C,), ae

¢,=9g"(modp), c,=Mh"(modp).

Hewugpysanns. D(C)=c, (Cii )71 (mod p).
Mpuxaax 1. Hexait p=43, ¢g=3, a=6. O6uncmumo h=3° (mod43) =41.
Maewmo siokpumuii kmou: 43, 3, 41.

[Ipunyctumo, o mudpyeThes yucioBa iHpopmallis 1 ToTpiOHO 3amudpyBaTi
noBimomsieHHs M =7. BubOepemo Bunaakose uuciio r, Hanpukman, ¢ =10. Toxi

¢, =3°(mod43)=10, c,=(7-41")(mod43)=30.
Orpumyemo kpunrorekcr C =(10,30).

HHewuppyemo  kpunmomexcm — C= (10, 30) , TOOTO  mepeBipUMO
CIIPABEAJIMBICTh KOHTPYEHIIIT

D(10,30)=30-(10°) " (mod43) =7.

10
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JliiicHo, nerko nepesiputy, mo 10° = 35(m0d 43). BukopucToByo4n anroputm

EBKutizia, MOKHA IEPEKOHATHUCH, IO OOEPHEHUM €JICMEHTOM JI0 elleMeHTa 35 3a
mod43 e enement 16. [daii nepesipumo, mo 30-16 (mod 43) =7, TOOTO MPUHIEMO

710 BUX1JHOTO IIHU(PPOBAHOTO MOBITOMJICHHS.

Kpunrocucrema Eabp-TI'amans Ha exinTuyHiii KpusBii

OOGuparoTh eTinTUIHy KpuBYy E (a,b) 1 TOUKY G Li€i KpUBOI BUCOKOIO MOPSIKY,
TOOTO Taky, o nG=0, Ae LIe 4uciao n Benuke 1 npocre. [lapamerpu xpuBoi Ta
nepesiK BIIKPUTUX KITIOUiB K,,k, TepearoThCsl BCIM KOPUCTyBauaM MEPExKi.

[Tpumnyctumo, 1o kopuctyBad A (Aica) Xxode nepeaaT MoBiJOMICHHS
kopuctyBaueBi B (boOy). BBaxxaTuMemo, 1110 MOBIIOMIICHHS TToAaHO y ¢hopmi uucia
M < p. KopuctyBau A BHUKOHYE TaKl Jii:

e oOupae BUIAIKOBE YUCIO F, 1<r<n;
e o0umcmoe R=rG, P=rY;=(xy), nae Y;=kG;
e samm@poye C =(Mx)mod p;
e HaJcHIac KOpUCTyBadeBl B mmudpreker (R,C).

Kopucrysau B micist oTpuManss mwu@prekcTy (R,C) BUKOHYE TaKi [ii:

e o0uncmoe Q=k;R=(x,y);

e posmmdpoye M =(Cx*)modp .
Jl5is 0OTpyHTYBaHHS IIHOTO AJITOPUTMY JOCTATHHO 3a3HAYMTH, IO

ksR =k (rG)=r(kyG)=rY,, TOOTO Q =P.

3ayBaxxumo, 110 Kpunrtocucrema Enp-I'amans wa eminTu4HIi KpuBii

BUKOPUCTOBYE CKaJsipHE MHOXEHHS TOYKH 3aMICTh MIJIHECEHHS 10 CTEMeHs 3a

BEJTUKMM MOJTYJIEM Y BUTIAJKY TPOCTOTO CKIHUEHOTO TIOJIA.
Hpuxmax 2. p=211 G=(22), E,(0-4), r=2, k;=2, M=2 Moxna

miJpaxyBaTH, o 241G = 0.

AJtica 00YHCITIOE :

R=2(2,2)=(0,209);

Y, =k,G =2(2,2)=(0,209), P=2Y, =(L1);
C=2-1(mod211) =2;

AJtica HajcHITae {(0 209), }

bo6 obuuciroe

2-(0,209)=(11);

2. M =2.1(mod211)=2.

OTxe, o0 oTpuMye BUXiHE MOBIIOMIIECHHSI M = 2.

> w e

=

11



VIl Beceykpaincvka konghepenyisn Kypcanmie ma cmyoenmis

JlitrepaTtypa

=

Bep6inpkuii O.B. Beryn no xpunrosorii / O.B.Bep6inbkuii. —JIbBiB.: BHTJI, 1998. —246¢.
2. M.B.3axapueHko AcumerpuuHi Meronu wupyBaHHs B TeleKoMyHikauisx. Hapuanbuuii
nocionuk / M.B.3axapuenko, O.B. Onanpkuit, JI.I'.Mosa, T.M. [lluakapyk. —Oneca: 2011.
—184 c.

A.C. Kapkoecokuii, 1.C. I puyesuu

Hayionanvna akademis cyxonymuux siticok im. cemovmana Ilempa Cazaunoauno2o
Hayxkosuii kepienux P.A. Kosanvuyk, k.m.H, 0oyenm, ooyenm Kageopu
[HOICEeHePHOI MexaHniKu (030pOEHHS Ma MEXHIKU [HHCEHEePHUX BIUICHK)

MATEMATUYHE MOJAEJTIOBAHHA TUHAMIYHUX ITPOLECIB
CIIEITAJIBHUX MAIIWH MUKJIOBOI Al

[pYHTOBHI JOCIIIKEHHS NEPEXIIHUX Ta YCTAJIEHUX PEXUMIB pOOOTH HACOCHUX
arperaTiB CHoelfialbHUX MAalllMH MOXHa 3JIMCHUTH JIMIIE HAa OCHOBI BpaxyBaHHS
B3a€EMOBIUIMBY €JICKTPOMArHITHUX KOJUBAJIbHUX SIBUIIl Y MAIIMHHHUX arperarax i
KOJIMBAJbHUX SIBUIIl Y BUKOHABUOMY MexaHi3Mi Hacoca. HeoOximHo mpuitmMaTu 10
yBaru MpyXKHO-AWCUIIATHBHI Ta IHEPIIHI BJIACTHUBOCTI JAHOK KPUBOIIUITHO-
MOB3YHHUX MEXaHI3MIB HAacOCa, HABaHTAXYBaJIbHI XapaKTEPUCTUKU NEpeIaBabHUX
IPUCTPOIB, 30KpeMa, (QPUKLIINHOI My(TH, 3aKOHOMIPHOCTI 3MIHH THUCKY PIAMHHU Ha
MOPIIHI Hacoca. Y 3B'SI3KY 3 eKCTPEMaJIbHUM XapaKTEPOM HaBAHTAXKEHOCTI €JIEMEHTIB
HACOCHHUX arperariB HaMIiTHJIUCS TEHICHIIIT 0 YTOYHEHHS 1X pO3PaxXyHKOBHUX MOJIENIeH
Ta OUIBII 3arajJbHOr0 KOMIUIEKCHOTO MIAXOAY A0 aHali3y AMHAMIYHUX IPOLECIB Y
HACOCHHUX arperarax.

JI71st mOCSATHEHHS 1i€T METH PO3B'A3YIOTHCS TaKl 3a/1ayi:

— po3po0Kka MaTeMaTHYHOI MOJEN 1 aJIrOpUTMY PO3PAXYHKY HECTAI[IOHAPHUX
MPOIIECIB Y HACOCHOMY arperari 3 ypaxyBaHHSM B3a€MO3B’SI3KY €JIEKTPOMAarHiTHUX
SBUIIl B aCUHXPOHHOMY JIBUTYHI 1 MEXaHIYHMX KOJIUBaHb y TPUBITHIA CHCTEMI, a
TaKOX HECTAJIOCTI 3BEICHOT0 MOMEHTY 1HEPIIli KPUBOIIMITHO-TIOB3YHHOT'O MEXaHI3MY
Hacoca Ta BU3BHAUCHHS BIUIMBY €KCIUTyaTalllMHUX MapaMeTpiB HA 3YCUIUIS Y MPYKHUX
JaHKaxX IPUBITHOTO MEXaHI3My HACOCa;

— PO3pO0JICHHS TEXHIYHUX PIIIECHb 1 MPAKTUYHUX PEKOMEHIAIIH, 1110 CIPSIMOBaH1
Ha 3HIKEHHS JUHAMIYHUX HABAHTAXCHb €JIEMEHTIB MPUBIAHUX CHCTEM 1
YIOCKOHAJIEHHS KOHCTPYKLIA 3’€IHYBaJIbHUX BY3JIIB HACOCHHMX arperariB OypoBHUX
YCTaHOBOK.

MexaHiyHa cUCTeMa HAaCOCHOTO arperary, 10 CKJIAJaeTbCs 3 aCUHXPOHHOIO
JIBUTYHA, ITMHOITHEBMAaTUYHOI My(TH, acOBOi Nepeaayi, peayKTopa Ta NOPUIHEBOTO
Hacoca, CXeMaTU4YHO 300pakeHa Ha puc. 1.

Ha cxemi mpuifHATI Taki Mo3HAauYeHHS: J; — 3BEJCHUN 0 KOPIHHOTO Bajla Hacoca
MOMEHT 1HepIIii poTopa IBHUTyHa; Jo — 3BEJICHUH 10 KOPIHHOTO Bajia MOMEHT 1HEpIIii
MEXaHI3My Hacoca; ¢ — 3BeJIeHa 0 KOPIHHOrO Bajia Hacoca JKOPCTKICTh MOCIITOBHO
3’€IHAHUX TPYKHUX JIaHOK (IIMHOMHEBMATHYHOI My(TH 1 MacoBoi mepenadyi); v —
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Mo 3BeJICHUN KOe(]illl€eHT JIHIMHOTO OIOopy
NPY>XKHUX  JIAHOK; Mg, —  3BEICHUH
€JIEKTPOMArHITHUNA MOMEHT JABUTYHA; Mo —
MOMEHT CHJI OIOpY PYXOBI, IO Ji€ Ha
KOpPIHHMI Bal Hacoca; @1, @2 — KYyTOBI
KOOPIMHATH.

JudepeHiianbHi  pIBHAHHSA — PYyXY
CJIEMEHTIB arperary, CKJIajeHl 3a CXEeMOIO
piBHsHHS Jlarpamxa Apyroro poay, MaroTh
BUTJISI

Jl

Puc.1. Po3paxyHkoBa cxeMa MEXaHI4HOT
CHUCTEMHU HAaCOCHOI YCTaHOBKH

d(plzcol; %:(02’
dt dt
d
Jl%"‘c(@l_q’z)*‘v(@l_@z):ME;»;
do, 10
J, dt2+§8(pz0)22_C((Pl_(PZ)_V(wl_(DZ):_MO’ (1)

ne Mg;=Mg-U, Mg — eneKTpoMarHiTHUM MOMEHT Ha Bajl JIBUTYHA; U — mepeaBalibHe
BiHOIICHHsT mpuBOAYy. IloyaTkoBi yMoBH iHTerpyBaHHs piBHsAHB (1) mpwmiiHATO
HYJIbOBUMH. B pe3ysibpTaTi CyMICHOTO IHTETpYBaHHS JudepeHlaIbHUuX PiBHIHb PYXY
MexaHIyHOoi cucteMu (1) 1 piBHSHB, IO ONUCYIOTh EJIEKTPOMArHiTHI SBUIIA B
ACMHXPOHHOMY JBUTYHI, OTPUMAHO YaCOBI1 3aJIEKHOCTI BEJIUYUH P1, (P2, ®1, W2, Mg, a
TaKOX KPYTHUI MOMEHT B MPY>KHIH JIaHL1

M :C((Pl _(P2)+V((’)1 —(1)2). (2)

3a pi3HUX 3HA4YeHb TUCKY Ha BUKHAlI Hacoca YHB-600 BU3HAYEHO MOMEHT B
MPYXKHIN JIAHI(l, €JIeKTPOMArHITHUNA MOMEHT, a TAKOX KyTOB1 IIBUAKOCTI pOTOpa JIBU-
ryHa Ta KOpPIHHOrO Bayiia Hacoca sK (yHkmii dacy. OcoOnuBe 3HAUYEHHS Mae
JOCITIJIKEHHS TIEPEX1THUX PEXUMIB POOOTH HACOCA, OCKUIBKHM came Tij] 4ac MycKy 1
raJIbMyBaHHS €JEMEHTHM Ta BY3JIM MPHUBIIHOI CUCTEMHU 3a3HAIOTh HAWOLIBIIMX
HABAHTAKEHb.

Po3pobOnena maremaTuyHa MOJEIb MOXE OyTHM 3acTOCOBaHa B CHCTEMax
aBTOMATU30BAHOIO MPOEKTYBaHHS HACOCHUX arperariB JJid 3a0€3MeUYeHHs] HaJeXHOi
TOYHOCTI PO3PAXYHKIB HAa MIIHICTh 1 NPOTHO3YBAaHHA  PECYpPCy €JIEMEHTIB
KOHCTPYKIIIM, a TaKk0oX 3 METOI MiABUIIEHHS €()EeKTUBHOCTI €KCIUTyaTallii HacocCiB
HUIIXOM PAlllOHATIBHOTO A000pY iX MPOJAYKTUBHOCTEH 1 pOOOUYMX HIBUIKOCTEH.

Jliteparypa
1. AmommH 10. A. JlunamMudeckue 3pQeKThl B KPHBOIIUITHO-TION3YHHBIX MexaHu3Max / FO.A.

Amomnz, A.D. Bonkos, /[.A. PeixyHoB // IIpobaemMbl MalIMHOCTPOCHUS U HAJIEKHOCTH MAalIHH.
2004. Ne 3. C. 15-19.
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5. Xapuenko €. B., KoBanbuyk P. A. BusHaueHHs 3BeICHUX MOMEHTIB iHEpIii HOPIIHEBUX
HacociB OypoBHX ycTaHOBOK // OmnTuMmizaiisi BUPOOHMYMX MPOIECIB 1 TEXHIYHHH KOHTPOJb Y
MamMHOOYAyBaHHI 1 mpmianoOynysBanni / Bicauk HarionaneHoro yHiBepcuteTy «JIbBiBChKa
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M.B. Mipownikos, T.I. Cmpyco

Hayionanvna axademis cyxonymmuux eiticox imeni cemomana I[lempa Cazcatioaunoeo
Hayxosuui kepienux: I'yaux H.M., k. ¢p.-m. H., Ooyenm, ooyenm kagheopu
[HOICeHepHOT MeXaHiKu (030POEHHS MA MEXHIKU [HIHCEHEePHUX BILICHK)

HOPMAJIbHUH 3AKOH PO3HOJILTY UMOBIPHOCTEN
Y 3AJIAYAX HA TOYHICTH CTPLJIbEA

JlocBiZ OCTaHHIX POKIB MOKAa3y€ BAXKIMBICTh 3aCTOCYBAaHHA OpPOHBbOBAaHUX
MaIllMH MiJ 4Yac BeJAeHHs OOMOBHX Jii, cTabim3aiii 0OCTAaHOBKHM MiKHAPOIHHUX
MUPOTBOPYMX, AHTUTEPOPUCTUYHUX Ta chemaibHux omnepamiil. Ilocriiine
YIOCKOHAJIEHHS Ta 3pOCTaHHS MOTEHINaTy Cy4YaCHUX 3aC001B YpaKeHHsI, I IBUIIICHHS
IIMOWHM, MIBHJKOCTI, TOYHOCTI Ta BHOIPKOBOCTI iX BIIMBY 3aroCTPIO€ MPOOIeMy
eheKTUBHOCTI OOHOBOT0 3aCTOCYBAHHS TAKUX MAIIIHH.

Excrinmyarariis nux MamwuH y CKJIaJHUX YMOBaX PyXy MEPECiYHOI0 MICIEBICTIO
MoKaszye, IO KOJMBAHHSA KOPIYCY TMPU3BOAWTH JIO TOTIPIICHHS BCiX HOTO
eKCIUTyaTalliHO-TEXHIYHUX XapaKTepUCTUK Ta BIIMBAE€ HA €(EKTUBHICTb BEIEHHS
BOTHIO. 3ayBa)KUMO, 1110 TOYHICTh CTPUJIOU € HaA3BUYANHO aKTyaJbHUM MUTAHHIM Ha
ChOT'OJIHI, OCKIJIBKA PO3CIIOBAHHS CHAPAIB BeE 10 30UIbIICHHS BUTPAT CHAPSIIB Ta
JI0 BUKOHAHHSIBOTHEBOTO 3aBJaHHs 3arajgoM. OIHHUM i3 BU3HAYAJIBHUX YHHHHKIB, 110
BIJIMBA€ Ha €()EKTUBHICThH BEJICHHS BOTHIO CXOJY, € KOJMBAHHS iIPECOPEHOT YaCTUHU
0O0MOBUX MaIlIVH.

VY nmaniit poOOTI MOCHIKYETHCS BIUTMBHEIIHIHHO-TIPY)KHUX XapaKTEPUCTHK
MiJBICKK HAa aMIUTITYJy Ta 4YaCTOTY BEPTUKAIBHUX KOJMBAHb MIIPECOPEHOI YaCTUHU
OOMOBUX MAIIIMH Ta HA TOYHICTh BEICHHS BOTHIO 13 CTAI[lOHAPHO BCTAHOBJICHOI HA HUX
CTpisienibkoi 30poi. MaremMaTuuyHuM amapaToM, IO TPHU I[bOMY 3aCTOCOBYETHCS, €
nudepeHItiagbHe PIBHSIHHS 30ypEHOTO PYXY MiIPECOPEHOT YaCTUHU Ta TaKl €JIeMEHTH
Teopii UMOBIPHOCTEH, SIK HETEPEPBHI BUITAJIKOBI BEJIMYMHU, HOPMAJIBHHUIA 3aKOH 1X
PO3IOATY, UMOBIPHICTh BIy4YaHHS HEIEPEPBHOI BUITAKOBOI BEIMYWHU B 3aJaHHM
1HTEpBAaJl.
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PoscitoBaHHsT  cHapsAiB  MIATa€  HOPMAJIbHOMY  3aKOHY  PO3MOJLTY
HMoBipHOCTEH. BiH BUpakae 3alIeKHICTh MK BEJIMYMHOIO BIJIXWJICHHS CHapsja Bij
IIEHTpa PO3CIFOBAHHS 1 UMOBIPHICTIO IILOTO BiaXuJeHHS. KOpOTKO 3aKOH pO3CIFOBaHHSI
CHapsaiB (HOPMYIIIOIOTh TaK: PO3CIIOBAHHS CHApsJIIB HEPIBHOMIPHE, CHUMETPHUYHE,
HeOe3MexHe.3a MIpy pO3CIFOBAHHS B 33/1a4ax Ha TOYHICTh CTPLILOM OEpyTh CEPETHHE
BIIXWJICHHSIM E — TIOJIOBUHY JOBXXHHH 1HTEPBATY, CHMETPUYHOTO BITHOCHO IEHTPY
pO3CitOBaHHSI CHapsAiB, B SKHM 3aJaHa HEMEpepBHA BeIWYWHA X MOMagae 3
umoBipHicTio 0,5, To06TO P{| X —m|<E}=05. ﬁMOBipHiCTB BIIyYaHHS HOPMAJIBHO

pO3MOJIIJIEHOT BEMMUYMHM X B 1HTEpBal (a, ) OOUHMCIIOITE 332  (POPMYJIOIO
— -m — —-Mm — X 202 .
Pla < X < ) =(D(ﬁ—j—d)(a—j,z[e (D(x):ife PYUdt  — 3BemeHa byHKIIisA
E E Jz o
Jlarnaca.llpoBeneni y po60Ti JOCHIKEHHS 11010 TOYHOCTI CTPiIbOM 0a3yrOThCs Ha
3aCTOCYBaHHI IIKAJIA PO3CIIOBAHHS CHAPS/IB Ta BIJIOMUX 3HAY€Hb 3BEJCHOI (PYHKITIT
Jlamutaca.

I.B. KponueénuusbKuii

Jlvsiscokut Hayionanouuu yHisepcumem imeni 1. @panxa

Hayxosuii kepienux A.O. Canuybka cm. sukiaday Kkagheopu npupooHuyo-
MamemMamuyHux HayK

BIIV/IUB PYXOMOI'O HABAHTA’KEHHS HA IIPY>KHO
JAE®OPMOBAHNU CTAH HIBITPOCTOPY

Po3Butok 1 mporpec OaraTbox Trajgy3edl NpOMHCIOBOCTI O€3MocepeIHbO
MOB’513aH1 31 CTBOPEHHAM HOBUX MaTepialiiB, IO MOEIHYIOTh B COO1 BUCOKI TEXHIKO-
eKCIUTyaTalliiiHi BJIACTMBOCTI 13 JOCTYITHOIO TEXHOJOTIYHICTIO BUTOTOBIICHHS 1
HU3BKOIO COO0IBapTiCTIO BUpoOHMIITBA. KoMIosuiiiitHi Marepiaaw 1 TEXHOJOTIl ix
OTpUMaHHA € OJHUM 3 HAMOUIBII HAYKOEMHUX 1 0aratooOIlsIFIOYMX HAMpPIMIB
MaTepiajio3HaBCTBA 3 MEPCHEKTHBOIO €()EKTUBHOIO 3aCTOCYBAHHS B 1HXKEHEpPHIH
MPaKTHIILI.

3BaproBaHHs BUOYXOM, BHACTIAOK IPUTAMaHHUX MOMY OCOOJIMBOCTEHN € OJTHUM
3 HaWOLIBII e(PEKTUBHUX, a B JACIKUX BHUIAJKAX 1 €IAHO MOXJIUBUM IUISIXOM
CTBOPEHHSI BHCOKOSIKICHMX OiMeTaneBux 1 OaraTomapoBUX KOMITO3ULIIMHUX
MatepianiB. 3BaprOBaHHS BUOYXOM 3a CBO€IO (DI3UYHOIO MPUPOIOI0 AYy>KE CKIIAJIHUN
IpoIIec, MO CTOCYEThCA 0arathbox (yHIAaMEHTAIBHUX PO3JLIIB MaTepiaJo3HaBCTBA,
MEXaHIKH, Ta30BOI JTMHAMIKH Ta 1H.

dopMyIroBaHHS 3a/1a41
[Tin TepMiHOM «3BaprOBaHHS BHOYXOM» PO3YMIIOTH SBHUIIE MIITHOTO 3'€ THAHHS
MOBEPXOHb METAJIEBUX TUI, MO BIAAPSIOTHCS TiJ JESIKUM KYTOM 1 TIPH I[bOMY
NpUHANMHI OJTHE 3 HUX po3ranseTbes 10 mBuakocTi 1800 ... 3000 m/c [3] npoxykTamu
neToHaril BUOyxoBoi pedoBHHH. [Ipy 1bOMY Cifl 3a3HAYUTH, IO BJIAaCHE BUOYX, a
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TOYHIIIIE €HEPT1s PO3MIMPEHHS MPOIYKTIB AETOHAIlT B JAHOMY MPOILIEC] BIITpa€e JTUIIIE
JIOTIOMIXKHY POJIb, 3a0€3MEUyI0UH MPUCKOPEHE MEPEMIIIEHHS TiJ OJIHE BIJIHOCHO Ta
3iTkHeHHsI. Di3uvHa mpupoja HKEepPeN TaKOoro MPUCKOPEHHS Till MOXe OYTH CaMOIO
PI3HOMaHITHOIO: €JIGKTPOMArHiTHE MoJje (IIpH MarHiTHO-IMITYJIbCHOMY 3BapIOBaHHI),
€Heprisi MOPOXOBOT0O 3apsily B rapMaTHOMY CTBOJIl, €HEPrisi BUOYXY €NEKTPUUYHOTO
MPOBIHUKA MPU IPOMYIIEHH] Yepe3 HbOTO CTPYMY Ta 1H.. AJie y BCIX BUMAAKaX CYTh
IPOIIECIB, M0 BiIOYBAIOTHCS MPU BUCOKOMIBUAKICHOMY 31TKHEHHI Y TBEpIUX Tijax
3aJTMIIIAETHCS HE3MIHHOKO [4].

Vn PxD)

Puc.1 Cxema 3amaui

Bci MeToiu 3BaproBaHHS BUMaratoTh JOTPUMaHHS [IEBHOTO KOMIUIEKCY MPaBHII
oxoponu mparli. Ha 3BaproBajibHUKa MiJ] 4ac 3BapIOBAHHS TJIABJICHHSM B T1i UM 1HIIIHA
MIp1 ICHY€ MOXJIMBICTh HEOE3MIEYHUX BIUIMBIB B 3B’ 513Ky 3 HACTYITHUMH (PAKTOPAMH:

® ypaKEHHS CJICKTPUYHHM CTPYMOM TMpPHU JNOTHKY O CTPYMOBEAYYHX YaCTHUH
CJIEKTPUIHOTO KOJIa;
YpaKE€HHS IPOMEHSIMU €JIEKTPUYHOI JYyTH OYeH 1 BIIKPUTOI TOBEPXHI MIKIPH;
OITIKH BiJl Kparejab METaly 1 IUIaKy MPU 3BapIOBaHHI;
OTPYEHHS IIKIJIMBUMH Ta3aMHU, 1110 BUIAUISIIOTHCS MPU 3BapIOBaHHI 1 IPU
3a0pyIHEHHI IPUMIIIEHB TTUJIOM 1 BUTIApaMU PI3HUX PEUOBUH;

® BUOYXHM Yepe3 HEeMpaBWIbHE MOBOHKEHHS 3 OaJlOHaMHU CTUCHEHOTo ra3y abo
yepe3 BHUPOOHUIITBO 3BAPIOBAHHS B €MHOCTSIX 3-T1J TOPIOYMX PEUOBUH, a00
BUKOHAHHS 3BapIOBaHHS MOONM3Y JIErKO3aMHCTHX 1 BUOYXOHEOE3MEeUHUX
PEUOBHUH;
MOKEK1 B/l pO3ILJIABJICHOTO METAITY 1 IIJIAaKy B MPOIIECi 3BapIOBAHHS;
TpaBMH Pi3HOTO POJIY MEXAaHIYHOTO XapaKTepy MPH MiATOTOBIII BaXKKHX BUPOOIB
JI0 3BapIOBaHHS 1 B TIPOIIECI 3BAPIOBAHHS.

3 MeTOo 3MEHIIeHHS HeOe3MEeKW YpaKEHHS EJNEKTPUYHUM CTPYMOM
3BapIOBAJILHUKY CJIiJI JOTPUMYBATUCS HACTYITHUX 3aXO/IIB:

® HajiifHA 130J1A11is1 BCiX, MPOBO/IIB, TIOB’SI3aHUX 3 KUBIICHHSM JKEpena CTpymy i
3BapIOBAJIBHOI AYTH;

® HaAIHUI NPUCTPIN eNEeKTPOAOTpUMAYA 3 TAPHOIO 130JIALIIEL0, SIKA TAPAHTYE, 1110
He Oy/Ie BHITAJIKOBOTO KOHTAKTy CTPYMOBEIYUNX YaCTHH €ICKTPOJOTpUMaYa 3i
3BapHUM BUPOOOM a00 pyKaMH 3BapHUKA,
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® poOoTa y CIPaBHO-CYXOMY CIENOJs31 1 pykaBuisix. IIpu poOOTi B TiCHHX
BIJICIKaX 1 3aMKHYTHX IMPOCTOPax 000B’I3KOBE BUKOPUCTAHHS T'YMOBHUX KaJIOIII 1
KUJIUMKIB, JDKEpEN OCBITJIICHHS 3 HAIlpyrolo He Ounbiie 6-12 B;

TakuM yuHOM B JaHiii poOOTI 3 BUKOPUCTAHHSM JAMHAMIYHOI 3a7adi Teopii
IPYKHOCTI 3MOJIETIbOBAHO XapaKTepHE JJIs TEXHOJOTTYHOTO MPOLIECY 3BapKH BUOYXOM
SIBUILIE XBUJICYyTBOPEHHSI HAa TTOBEPXHI HIDKHBOI 3arOTOBKHU. Buie3aznaueHi mpasuiia
OXOPOHHM TIpalli JOMOMAaraloTh YHUKHYTH Ypa)KeHb ITiJl 4ac 3BaplOBaJIbHOTO MPOIIECY.
CTtBOpeHHs Oe3MeyHrX YMOB TIpalli HalBaXJIHBIiIIa 3a7a4a Oy ab-sIKOr0 BUPOOHHIITRA.

Jlitepatrypa

1. Spemxo 3.M. ConiaibHO-€KOHOMIYHE MAIPYHTS (POPMYyBaHHS MOTHUBAIII] IIIOJI0 TOCHUIICHHS
BiJIIIOBITAJTLHOCTI 32 JOTPUMaHHS BUMOT oxoponu mpami / 3.M. Spemko, C.B. ITucapeschka,
B.M. ®ipman // Texunonomic. — 2014, — Ne10. — C. 36-37.

2. ®ipman [.B. [lomunka groauHu cepen MpuuruH BUpoOHHYOro TpaBMatusmy / 1.B. dipman,
C.B. Tumomyk, B.M. ®@ipman // Bicuuk JKUTOMUPCBHKOTO JEP>KaBHOTO TEXHOJIOTIYHOTO
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. I[usinvcoka

Xepconcokuil HayioHAIbHULU MEXHIYHUU YHIgepcumem

Hayxosuii kepienux C.B. Moiceenko, kanouoam mexHiuHux HayxK, OOyeHm, OOYeHm
Kagheopu sUWOi MamemMamuky i MamemamuyHo20 MOOeI08aHH s

MATEMATHUYHE MOJIEJIFOBAHHS ITPOLHECIB AEPOINHAMIKH
BITPOEHEPTETHYHHUX YCTAHOBOK (BEY)

ExoHomika YkpaiHu 1CTOTHO 3aJI€KHUTh BlJl 30BHIIIHIX MOCTABOK €HEPTrOHOCIIB.
J10 0JTHOTO 3 MEePCIEeKTUBHUX HAMPSIMKIB BUPILIEHHS! €HEPreTUUHO1 0e3neKku Y KpaiHu
BIJIHOCUTHCA  BITPOCHEPreTHKa, SK HaWJeneBuIe JHKEpeso  EeJNEeKTPOEHEepTii,
BUPOOJIIOBAHOI B MPOMHUCIOBUX MAacCIlITa0ax.

B naHuii yac OCHOBY BITPOEHEPre€THUKH CKIIAal0Th TOPU3OHTAIBHO-OCHOBI
ycranoBku ('O BEY). Ha ix wactky mpunagae Ommspko 85% BUpOOIIOBAHOI
eJIEKTpOCHEPTii. AJle BpaxOBYIOUM MOMIPHHM €HEPreTUYHUI BITPOBUN MOTEHIIAT
VYkpainu, anbTepHaTHBOIO, Ha HAIll TOTJIA, € BepTHKaIbHO-0choB1 BEY. Jlo mepeBar
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BO BEY MoxHa BiIHECTH: HU3BKUM MOPIT poOOUOiI IMIBUIKOCTI BITPY, BIJICYTHICTh
MEXaHi3My Opi€HTallli Ha BITE€p, MEHIIMM PiBEHb €KCILIyaTalliiHUX BUTpPAT, IPOCTOTA
dbopmu JomatTi, 3HWKEHUH piBeHb IMIyMy. € HEOOXIAHICTh B MIABUIICHHI PIBHS
po3ymiHHs aepoarHaMiuHuX nporeciB BO BEY yepes ixHio Maty BUBUEHICTb.

EdextuBnicte pobGotu Oynp-skoi BEY  Bu3HauaeTscsi KkoediieHTOM
BUKOPHUCTAHHA €HEprii BITPY (Koe(ilieHTOM MOTY>KHOCT1). OueBUIHO, aepoJuHaMIKa
rpae ocHOBHY poib B poOoti BEY. IlinBumennst notyxHocti BEY 1 30inbmenns
KoedillieHTa BUKOPUCTAHHS €HEprii BITPY MPHU3BENU O HEOOXITHOCTI BpaxyBaHHS
B3a€MHOTO BIUIMBY JIOTIaTe OJHA Ha OAHY, MOJS IMIBUAKOCTEH HABKOJO CaMOro
poropa. TakuM YMHOM, BUHHUKJIA TOTpeda y BUBUEHHI MTPOLeciB POPMYBaHHS 1 pO3Mady
BHUXPIB, a TAKOXX 1X BIUIMBY Ha aepoJarHaMIuHI xapakrepuctuku BEY.

['070BHMMHU TpyJIHOLIAMU B PO3paxyHKy HECTAlllOHAPHUX IMPOLECIB NpHU
oOtikanH1 potopiB BO BEY € edpextu nunaMmiyHOTo 3puBYy MOTOKY. /{0 TenepinmHboro
4acy JKOJHA 3 BIJIOMUX CIpPOLICHMX METOJUK HE JlaBaja MOXJIMBOCTI a/JIeKBaTHO
po3paxyBaTu aepoAMHAMIYHI XapaKTEePUCTUKHU POTOPIB B IIbOMY BUIIAAKY. Po3paxyHku
HECTaI[lOHAPHUX, TPUBUMIPHUX, TypOYJIEHTHUX MPOIIECiB, nepeadadaoTb moOya0By
JOCUTh CKJIQJHUX MaTeMaTHUHUX Mojenei. Taki mozeni €, 3 MaTeMaTUYHOI TOYKU
30py, CKJIQJHUMH CHUCTEMaMHM HENIHIMHUX JudepeHUlaJbHuX pPIBHAHb, I
PO3B’sI3aHHS SIKUX MOTPIOHE BUKOPUCTAHHA MOTYXHUX 00UHCITIOBAIIBHUX KOMIUIEKCIB.
Jlyis CTBOpEHHSI TaKMX MOJENied BUKOPUCTOBYETHCS MPAKTUYHO BECh amapar BUIIOI
MaTE€MaTUKHU: aHAIITUYHA 1 JudepeHLiaTbHa TEOMETpis, MaTeMaTUYHHM aHaii3,
TEH30pHE YHUCIEHHS, Teopis pPIBHAHb MareMaThuyHOl (i3uku. Po3B’s3aHHS Takux
CICTEM CTBOPIOE SIKICHO HOBHM pIBEHb TPOCKTYyBaHHS — TPOBEACHHSA
OOYHUCITIOBAILHUX EKCIIEPUMEHTIB, SIKI TOBHICTIO BIATBOPIOIOTH YMOBHM HATYpPHHX
eKCIepuMeHTIB. Takui TMIAXiJg € OCHOBOIO TMOPIBHAHO MOJIOJOI HAyKd —
obumcoBanbHOI riapoanaaMiku (Computational Fluid Dynamics — CFD).

OcCHOBOIO OOYHMCTIOBAJILHOI TIAPOAMHAMIKM BBaXKAETHCS CHUCTEMA DIBHSAHD
Hag'e-Ctokca. PiBusuas Ha’e-Ctokca, 110 BUKOPUCTOBYIOTh 3aKOHM 30€pEiKEHHS
MacH, IMMOYJbCY, €HEprii B TOE€AHAHHI 3 OCHOBHMMHU TEPMOJAMHAMIYHUMH 1
PEOJIOTIYHUMHU 3aKOHAMU, MICTATh MIHIMQJIbHY KUIBKICTh BUXIAHUX MPUIYIIEHb, 10
poOUTH iX HAWOIBII MOBHOKO 1 OOIPYHTOBAHOIO CHCTEMOIO PIBHSIHb MEXAHIKH P1IMHU
1 ra3zy. Came piBHsiHHA HaB’e-Ctokca (Ha BiAMIHY BiJ] piBHSAHb noTeHuiany i Eiinepa)
JTIO3BOJISIFOTH BIITBOPIOBATH peajibH1 (13UUH1 MIPOIIECH 3 HEOOX1THOK TOUHICTIO. Y TOM
e 9ac 3 MaTeMaTHYHOI TOYKU 30Py BOHU CTAHOBJISITh HAMCKIIAHIITY CUCTEMY PiBHSHb
MaTeMaTU4YHOI (P13MKH, 110 3aCTOCOBYIOTHCA 10 BUBYEHHS pealibHUX 00'ekTiB. s
nopiBHSHHSA, piBHIHHS MakcBema 1 [lIpeniarepa, 1o cTaHOBISATH OCHOBY KJIACHYHOI
CJICKTPOJMHAMIKM 1 KBAHTOBOI MEXaHIKM, € OUIbII TPOCTUMHU, 1 JOMYCKAIOTh
aHamiTHuHi (TouHi) po3B’si3ku. st piBHsHL Har’e-Ctokca curyailis oOepHEeHa, X
pPO3B’sI3aHHSI MOJKJIMBE TUIBKM HA OCHOBI YHCEIBHOIO EKCIIEPUMEHTY, TOMY IO
OUTBIIICTh  TEUiid, SIKI 3yCTPIYAIOThCS HA TMPAKTUI, € HECTAI[lOHAPHUMH,
TPUBUMIPHUMU 1 TypOYJICHTHUMH. XapaKTEPHOIO OCOOJIMBICTIO 3a3HAYEHOI CUCTEMU
PIBHSIHb € ii HENIHIAHICTh MPU HASBHOCTI AU(EpeHIlalbHUX JTOJAaHKIB APYroro
MOPSAAKY 3 MaJIUM MapamMeTpoM. Xoua ICHYHOUHUN PIBEHh OOUYHCIIOBAIBHOI TEXHIKH
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JI03BOJISIE BUKOPUCTOBYBATH IMOBHY IMOCTAaHOBKY MOYaTKOBO-KPaiOBOi TPHUBHUMipHOT
3a/1a4i, peajizallis B IHIyCTplalbHUX J0JaTKaX TaKOTO MiIX0/y 3aJUIIA€ThCS 3aHAITO
TPYAOMICTKOIO.

[TobymoBana aBTOpaMH MaTeMaTHYHA MOJEIb HAa OCHOBI HECTaI[iOHAPHUX
piBusiHb Hap’e-CTokca peani3yeThCs B JIBa eTanu: 1) po3paxyHOK IOJiB MIBUAKOCTI 1
TUCKY; 2) OOYHMCICHHA IHTETPAJIbHUX XapaKTEPUCTHUK POTOPIB: Koe]illieHTa
KPYTUIIBHOTO MOMEHTY W KOe(]iIlieHTa MOTYKHOCTI. Pe3ynbratu obumcieHs Ta ix
aHami3 mpencraBieHi B poOoTi [2]. [lana momens OUTBII pealicTUYHO OMHUCYE Ta
BIITBOPIOE PEKOHCTPYKIIIIO TeUii 1, SIK HACIITOK, (PI3UYHO OOTPYHTOBAHUI PO3IMOALIT
IHTErpaNbHUX XapaKTEPHUCTUK, aHDX ICHYIOUl IHXEHEpHI Ta EMIIPUYHI METOIUKU
IPOSKTYBaHHSI.

B nanuit yac mozgemoBanHsa oOTikaHHs potopiB BEY, 3 ypaxyBanHsM Bcix
CYNPOBITHUX MPOILIECIB, JOCTYITHE JUIIE BETUKUM JOCIITHUIIBKUM OpraHi3allisam, ki
BUKOPHCTOBYIOTh CYNEPKOMIT IOTEPH a00 KJAacTepH MEPCOHAIBHUX KOMI'IOTEPIB 1
MalTh  JIOCTaTHIA  piBeHb  (iHaHCYyBaHHA.  BiacytHicth B YKpaiHi
BHUCOKOITPOIYKTUBHUX KOMIT FOTEPHUX CHCTEM IMPHU3BOJUTH JO HEMUHYYOTO PO3PUBY
MDK YKpaiHChKUMH 1 3apyO1KHUMU BUEHUMU B 00JaCTI OOUHCIIIOBATBHUX TEXHOJIOTIMH,
B PEATbHUX MOXKJIUBOCTSIX MOJICIIOBAHHS 3a7]a4 TPOMHUCIIOBOTO PiBHSL.

Jliteparypa
1. Tapacor C. B., Pemuun M. A., Ilomesoit O. b., Yammua W. b., Mouceenko C.B.
BrrancnaurensHas TUIPOIMHAMUKA Ha ciyxoe BETPOIHEPTETUKHU. Bicnux
Luinponemposcvkoco yu-my. Cepia: Mexanika. 2016. T.24, Ne 5, Bun. 20.
C. 38-48.

2. Tapacos C. B., Pequurt /I. A., Mouceenko C.B. UncneHHOe MoJenHpoOBaHUE MPOIIECCOB
aOPOJMHAMUKH  BEPTHUKAJIHHO-OCEBOW  BETPOIHEPTeTHUYECKOW YCTAaHOBKH. [Ipobiemu
obuucnosanbHoi mexauiku i miynocmi konempyxyiti. 2017. Bumn. 26. C. 153-167.

P.A. Jlesak

JIvsiscoruti HauionanvHull yHieepcumem imeni leana @panka

Hayxosuii kepienux B.M. @ipman kanouoam mexHivHux HayK, 00yeHm, 00yeHm
Kagheopu 6e3nexu HcummeoisibHOCmI
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BUABJIEHHS TPINIMHONOAIBHUX TEPEKTIB 1 OTBOPIB TA X
HEI'ATUBHUU BUJIIIB HA MIIIHICTb BESMEKHOI IIVTACTUHHA

3 MeToro 3a0e3MnedeHHs] HaaliHOT poOOTH PI3HUX €JIEMEHTIB KOHCTPYKIIIH, SIKi
MICTATh IJJACTHHU 1 B SKUX MOXYTh BHHHKATH TPIMWHU, 3I1ACHIOIOTHCS
poUTAKTHYHI 3aX0I1 331715 3aIM00ITaHHS POCTY TPIIIHH, SKi MOXKYTh CIIPUYHHHTH:

— MEXaHIYH1 MOIIKO/PKCHHSIMH BUITAIKOBOTO XapaKTepy, Kl MOXKYTh HETaTUBHO
BITUBATH HA MpaIe3aTHICTh JIOAUHYU Ha Pi3HI BUPOOHUY1 TIPOLICCH;

— MPOHUKHEHHS y TPIIIMHYN Pi3HUX HETaTUBHHUX CepeaoBHUI (TTWJI, BOJIOTA, TTAPH
KHCJIOT, JIYTIB 1 T.IH.).

[I1acTHU MIUPOKO 3aCTOCOBYIOTHCS Y MAIIMHOOYIyBaHHI Ta 6aratboxX ramys3six
TEXHIKH 1 POMHCIIOBOCTI, BOHHM € TIOPIBHSHO JIETKI 1 JOCTaTHBO HaAiiHi. B mporect
eKCIUTyaTallii eJIeMEHTH KOHCTPYKIli 4acTo MpaIfol0Th B YMOBAaX HEPIBHOMIPHOTO
HABAHTAXKEHHS, 1110 TPU3BOAUTH 110 Je(HEKTIB TUITY TPIIIUH, K1 MOXKYTh IPU3BECTH 10
pyWHYBaHHS  KOHCTPYKIlli, TOMY BaXXJIMBUM € BHU3HAYCHHS HAIMpPYKEHO-
nehOopMOBAHOTO CTaHy KOHCTPYKIIII.

Po3risiHeMO HECKIHYEHHY i30TpOIHY IUIACTHHY 3aBTOBIIKH 2N, sKa MICTHTh
KPYTOBHI OTBip pajaiyca R Ta TpimuHy, siKa po3TalloBaHa, K MOKa3aHO Ha puc. 1,
3aBIOBXKKHA 2| 1 skl BUIBHI BiJ 30BHIIIHBEOIO0 HaBaHTAXXEHHS. BBakatmMeMo, 1o i
JII€10 30BHINTHBOTO HABAHTAKEHHS HA HECKIHYEHHOCTI Oeperu TPIIUHA TPUXOJSITh Y
rJaKUA KOHTAKT 10 JIiHIT HA BEPXHii OCHOBI muacTuHHU. B muiommui OXy BBememo

MOJISIPHY CUCTEMY KOOpauHAT I 1 € 3 momrocom B Touti O 1 moispHOo Biccto OX.
BBakxarumeMo, 10 TpilIMHA 3HAXOAUTHCSA Ha BiAcTaHl X, Bl Toukn O, Tak IO

X, >R+I1cosa, ne a—xyr mix Biccto OX Ta TpimuHow0. [10oB’skeMO 3 TPILIUMHOO
nexapToBy cucremy koopauHat OXY,. Touku miuomman OXy, 10 CHiBHAJAOTh 3
KIiHIISIMH TPIIIIMHA ITO3HAYMMO 4epe3 a i b, o0macTh B cepeiHi KpyroBoro 0TBOPY —
uepe3 S, 330BHI — yepe3 S, miHiIO, Je po3MilleHa TpinmHa — yepe3 L, a Koo —
yepe3 L. BBaxkaTumemo, 1110 MIacTHHA 3THHAETHCS HA HECKIHYEHHOCTI PIBHOMIPHO
posnoninenumu Momentamu M.’ i M (nms. puc. 1).

Puc. 1.
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Po3B’s130K 3a/aui mojaMo y BUTUISIAL pO3B’SI3KIB ABOX 3aj7a4: TJIOCKOT 3a/1adi Ta
3a/1a4i 3rUHY IUIACTUHU; MIPH TaKUX KPaHoOBHUX YMOBaX:

or, =-N/(2h), of, =0, P*=0, M =hN,

i a
o[vy]/ox +h-| o°w/(exdy;) |=0, x €L,
M,=0, o,=0, 0,,=0, B =0, xel,

ne N — KOHTakTHE 3ycWJulsi MK Oeperamu TpILLMHU, O o, 1 0y

i’ Oy
KOMITIOHEHTH TEH30pa HanpyXeHb, a Uy, i V,;, — KOMIIOHEHTH BEKTOPA TIEPEMIIlICHb B

IUIOCKIN 3amaul, M, 1 Myl — 3TUHAJIBHI MOMEHTH, W — MPOTHH IUIACTUHU B 3ajadi

;
3ruHy IactuHu, P 1 P — y3aramsHeni B ceHci Kipxroda nepepizyBanbHi cuil,

[f]: f"—f7; smaukamm “4+” i “~” nosHaueHi rpaHWYHi 3Ha4eHHS QYHKLII Ipu

NpsAMyBaHHI TOYKH IUIOIIUHY 1O TPIIUHK npu Y, — 10.

BuxopuctaBim KOMIUIEKCHI MOTEHIIANN MJIOCKOT 3a/layl Ta KJIACHUYHOI Teopii
3TUHY IUUIACTUH, OTPUMAEMO 3a/adl JIHIMHOTO CHPSDKEHHS, PO3B’SA3aBIIM  SIKI
OTPUMAEMO CUCTEMY CHHTYJSIPHMX IHTETPAJIbHUX PIBHAHb Ha Oeperax TpimuHu. Lls
CHUCTEMa PO3B’sA3aHa YHCIOBOTO 3 BUKOPHCTAHHIM METOJy MEXaHIYHUX KBaJpaTyp.
KpaiioBi yMOBHU Ha M€K1 KPYrOBOT'O OTBOPY 3aJI0BOJICHI aHAJIITUYHO.

JIoCPKEHO KOHTaKTHE 3yCWJUISI MDK OeperaMu TpIIIMHU, KOE(IIEHTH
IHTEHCUBHOCTI 3yCHJIb Ta MOMEHTIB, a TaKOX KPUTHYHE HABAHTAKCHHS, SKE MOXKE
BUTPUMATH TIJIaCTHHA.

Po3B’si30Kk 11i€i 3amaui JO3BOJUTH BUSIBISATH AC(EKTH B TUIACTUHYACTUX
€JIEMEHTaX, OIL[IHIOBATH iXHIO HEOE3IEeKy, Ta HABAHTAXKECHHS SIKE MOXKE BUTPUMYBATH
mactuHa. Lle Moxke monepenkaTtu HeCHo/(IBaHE PYMHYBAHHS MEXaHIYHOI TEXHIKH, a
OTKE€ 1 YHUKHYTH aBapiil Ha BAPOOHUIITBI, POOOYUX TPaBM, Ta EKOHOMIUYHUX 30UTKIB.

Jliteparypa

®ipman [.B. [Tomunka monvnu cepe npuduH BUpoOHKUYoro Tpasmatusmy / I.B. dipman, C.B.
Tumomryk, B.M. ®ipman // Bichuk JKUTOMUPCHKOTO J€pKaBHOTO TEXHOJIOTTYHOTO YHIBEPCUTETY. —
2018. — Bum. 84, Ne 2. — C. 103-108.

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

MycxemumBuin H.M. HekoTopble OCHOBHBIE 3aaydl MaTeMaTHYeCKOH TEOpHH ynpyroctu. /
Mycxenumsuiu H.W.// M.: Hayka, 1966. — 708c.

Omnanacosuu B. K. /[BocTOpoHHIH 3THH IUNIACTHHU 3 KPYTOBUM OTBOPOM Ta TPIIIMHOIO 3 BPaXyBaHHSAM
KOHTakTy 11 OeperiB. Bicauk Jlonerpkoro yH-ty / B.K. Omanacosuu, M.C. Cno6ozsa. // Cep. A:
[Tpupoaunui Hayku. — Bum. 1, 2005. — c. 85-89.

M. I'opcym
JIvgiecokuil Oeparcasnuii yHigepcumem Oe3neKu HeummeoisiibHOCI
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Hayxosuii xepisnux T.B. I'embapa, kanouoam mexuiuHux HayK, OOyeHm, OOYEeHm
Kagheopu npukiaoHoi mamemamuxy i MexaHiKu

PEKYPEHTHA MATEMATHYHA MOJIEJIb TPYIIOBOI EKCIIEPTHOI
OLIHKU 3 BPAXYBAHHSAM IHJIUBIAYAJIbHOI OIIIHKH

VY ramy3i 3a0e3neueHHs O€3MeKH KUTTEMISILHOCTI BAXIMBUMH € MPOOIEeMHI
3aJa4l eKCHEPTHOI OLIHKH O00’€KTiB,  SKi OyAylOThCS  HA IHAUBIAYaIbHHUX
HEOJTHO3HAYHUX CYO €KTUBHMX OLIHKaX. PosrisHemo pimeHHS 3afadi moOynoBU
y3arajJbHEHUX OIIHOK OO’€KTIB MUIAXOM OOpPOOKM I1HAMBIAYyaJIbHUX EKCIIEPTHUX
OIIIHOK 00’€KTiB. Y BIAMOBIIHOCTI 3 TIMOTE30I0 PO Te, IO EKCIEPTH € JTOCTaTHBHO
TOYHUMH ‘‘BUMIPIOBaHHSIMU TPyINOBa OI[IHKAa OyAy€ThCS HA OCHOBI BUKOPHUCTAHHS
MeToaIB ycepenHeHHsa. lle BiamoBigae ToMy, IO 1HAMBIAYaJdbHI OIIHKH E€KCIIEPTIB
CTBOPIOIOTH KOMITAKTHY TpYIy 1 Yy $KOCTI HaWOLIbII Y3TO/KEHOI OIIHKU
BUKOPUCTOBYEThCSI MaTeMaTHYHE CIO/AIBaHHS (cepeqHe 3HA4YeHHs) a0o MeJiaHa
(HaOLTBIIT BUPOT1HA OIIIHKA).

[Mpuiimemo, 1mo 0 ekcrmepTiB MPOBEIH OIHKY M 00’ekTiB 1o | mokasHukam.
Pe3ynbTaTi OLIHIOBAHHS MOJaHI y BUITIAL BEIUYMH Xis", 1€ S — HOMEp eKcIepTa, i —
HOMep 00’ekTa, h - HOMep moka3HuKka (03HAKW) MOPIBHIOBAHHSA. SIKIIO OI[IHIOBAaHHS
00’€KTiB TPOBEIEHO METOJOM PAaHKyBaHHS, TO BEJIMUMHM Xis' € paHramu. SIKIo
OI[IHIOBAHHS OO0’€KTIB BHUKOHAHO METOAOM O€3MOCepeaHHOTO OI[IHIOBaHHS a0o
METOJIOM MOCJTiIOBHOTO HOPiBHAHHS, TO BEJMYMHH Xis" € urcIamu abo 6anamu. 3BicHO,
mo o0poOka pe3yiabTaTiB OI[IHIOBAHHS 3aJ€KUTh BiJ PO3TJISHYTUX METO/IIB
BUMIDIOBaHHs.  PO3INIAHEMO  CHOYAaTKy  BUNAAOK, KOJU  BEIMYUHH  Xis'
(s=Ldi=1mh=11) oTpuMaHi MeTomamm G6E3MOCEPEIHBOTO  OILIHIOBAHHA abo
MOCJIIJOBHOTO TTIOPIBHIOBAHHS 1, OTXKE, € YHUCIaMu ab0 Oaamu.

JIist  oTpuMaHHS TPYMHOBOi OIIHKKM OO’€KTIB B IIbOMY BHUIIQJIKy MOXKHA
CKOPHUCTATHCS CEPEHIM 3HAUCHHSIM OYIHKHU JIJIs1 KOKHOTO 00’ €KTY

% =3 qukoxt (i=Lm) )

h=1 s=1

ne (n — KoeillieHTH BariB MOKa3HHUKIB MOPIBHIOBAHHS 00’€KTiB; Ky — KoedilieHTH
KOMITETEHTHOCTI ekcnepTiB. KoedillieHTH BaroBux MOKAa3HUKIB 1 KOMIETEHTHOCTI
€KCIIepPTiB € HOPMOBAHUMHU BEJIMYMHAMMU:

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

KoeoimienTn BaroBux mNOKa3HUKIB MOXYTh OyTH BU3HA4YEH1 €KCIIEPTHUM HUIIXOM.
S0 (hs — KoedimienT Bark h — ro mokasHuKa, SKUi HAZa€ThCSA S — M €KCIIEPTOM, TO
cepenHiil KoedimieHT Baru h — ro mokasHuKa Mo yciM eKcrepraM J0piBHIOE

4, =30k (=1 ©
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KoedilieHTH  KOMIETEHTHOCTI  €KCHEepTIB  MOXHa  BHUpaxyBaTh IO
aroCTEepIOPHUM JIaHUM, T.T. IO PE3YJIbTaTaM OLIIHIOBAHHS 00’ €KTiB. OCHOBHOIO 1JI€€I0
IILOTO OOYMCIICHHSI € MPUITYIICHHSI PO Te, 110 KOMIIETEHTHICTh €KCIIEPTiB MOBUHHA
OIIHIOBATHCS IO CTEIEH1 Y3TOJKEHOCTI iX OI[IHOK 3 TPYHOBOIO OIIIHKOI 00’ €KTIB.
AJroput™M BuUpaxyBaHHS KO€(]IIIEHTIB KOMIIETEHTHOCTI €KCHEpPTIB Ma€ BHJ
PEKYPEHTHOI HPOLEIYPH:

d
Xi(t) = zxisksstil) (i =1,_m) (4)
s=1
m d
20 ZZ Xi, xi(t) (t=12..) ()
i=1 s=1
k(t) _iix x(t) —ﬁ (6)
s _l(t) — is 7 (S_’ )

OOuncnenns mnouuHaetbes 3 t=1. B ¢opmym (4) modarkoBl 3HAYEHHS
KOe(DILIEHTIB KOMIIETEHTHOCTI NPUIMAIOTHCS OJJHAKOBUMU 1 PIBHUMU

o -1

d

Toai mo wikt GopMyi TpynoBi OLIHKA O0’€KTIB MEPIIOr0 HAOMMKEHHs, Kohu t=1,
JOPIBHIOIOTH CepeHIM apu(METUUHUM 3HAUYECHHSM OLIHOK €KCIIEPTIB

K0 =35, =1 ()

Jaui BupaxoByeThes Benmunna A" mo gopmyii (8)

m

A0 = Zi x x{ (8)

i=1 s=1
1 3HaYCHHS KOe(ili€HTIB KOMIETCHTHOCTI MEPIIOro HaOIMKEeHHS 1Mo Gpopmyi (6)

1 & —
" =T 2 610 ©

BukopuctoBytoun koe(ilieHTH KOMIIETEHTHOCTI MEPIIOro HAOIMKEHHSI, MOYKHA
MOBTOPUTHU YBECH MIPOLIEC BUPAXOBYBaHHS MO OpMyJiaM 1 OTpUMATH MOCIiAOBHO
HACTYITH1 HAOJIM>KEHHS.

MoskHa pO3TIISTHYTH TaKOX BUIAI0K, KOJHU €KCIIEPTH MPOBOAATH BUMIPIOBAHHS
00’€KTIB B MOPSIKOBIM IIKaJIi METOJAOM PaHXyBaHHS TakK, [0 BEITUYNHU Xis" (e S —
HOMEp eKcIiepTa, i — Homep 00’exta, h - HoMep MOKa3HWKa IMOPIBHIOBAHHS 00’ €KTIB)
€ panrd. 3agauero oOpoOKM €  1moOyJoBa y3arajJbHEHOTO paHXXyBaHHS 110

23



VIl Beceykpaincvka konghepenyisn Kypcanmie ma cmyoenmis

1HAMBITyaJIbHUM PaHXKyBaHHSAM €KCIiepTiB. Jisi IpOCTOTH 3pyYHU € BUNIAZOK OJIHI€T
O3HAKH MOPIBHIHHS.

X.A. Tepmeka

JIvsiscokuti HayionanebHul yHisepcumem imeri leana @panka

Hayxosuui kepienux JLIO. @ipman, cmapwuii euxkiaday xageopu npupooHuyo-
MamemMamuyHux HayK

BUKOPUCTAHHS JE®OPMAIIMHOI TEOPII INIACTUYHOCTI JIJIsI
KJEMEHTIB KOHCTPYKIINA 3 TPIIIMUHAMMU

JochimKkeHHsT HaIpyKeHO-1e(POpMOBaHOTO CTaHy 3’€IHYBAIbHUX €JIEMECHTIB
KOHCTPYKIIM TiJ JI€I0 HEPIBHOMIPHOIO HABAaHTA)XXEHHS € HEOOXIIHUM €TaroM
PO3paxyHKy iXHbOi MIITHOCTI Ta HaAIAHOCTI. OCKUIBKUA TakKi €JIE€MEHTU KOHCTPYKIIIM
4acTO MalOTh KPUBOJIHIMHY MEXKY 1 3aiiMal0Th HE3B sI3HY 00J1aCTh, TO 3aCTOCYBAHHS
aHATITUYHUX METOJIB PO3B’SA3YBAHHS BIJIIOBIIHUX KPAaHOBUX 3a7a4 1yKe 0OMEKEHE.
[Ipn BHKOpHUCTAHHI MEXaHIYHMX KOHCTPYKLIM HEOOXIJHO BpaxOBYyBaTH YMOBH iX
eKCIUTyaTarii , o0 MpH J1ii Ha HUX PI3HUX YUHHUKIB HE YTBOPIOBAJIUCH TPIIIMHHU 1 HE
B1JI0YJIOCH pyHHYBaHHS KOHCTPYKIIII.

HasiBHICTB TpilIMH BIUTMBAE HA IUTICHICTD Ta MIIIHICTh €JIEMEHTIB KOHCTPYKITIH
1 MO’K€ IPU3BOJIUTH JI0 X pyHHYBaHHS. A 1€ CTBOPIOE PUBHUKH JJIS )KUTTS JIOAUHU Ta
MO>K€ HEraTMBHO BIUIMBATH HA HABKOJIMIIHE CEPENOBHILE, a TAKOXK IMPU3BOIUTH 10
BHUCOKHX €KOHOMIYHUX BTpAT Ta HEIACHUX BUIAJKIB, TPaBMYBaHb.

PosrasiHemMo MimiaHy KBa3iCTaTMYHY KpaloBY 3ajady Teopii HPYKHOCTI B
nepeMilieHHsIX B 00yacTi V 3 KpUBOMIHINHOIO MEXKEI0 X, sIKa MOJIENIOE HAMPYKEHO-
nedopMoBaHUil CTaH y TJIACTUHI 3 KBaJIpaTHUM a0COIIOTHO KOPCTKUM BKJIIOUEHHSIM
Ta po3pi3oM (puc.2). BoHa nosdrae B po3B’si3yBaHHI JIBOX PIBHSIHb PIBHOBaru

Div(C:g(U))+ X =0 (1)
3 MilIaHUMU KpalloBUMH yMOBaMH Ha ii moBepxHi X (X, UX  =X)
il;,=0%  Cigla)n|, =s° )

PiBustasa (1.1), (1.2) MOXyTh Tako>X OMHCYBATH KBa3iCTaTHMYHY PIBHOBAry
MPY>KHOIUTACTUYHOTO Tia 3a JedOopMaIiifHOI0 TEOpi€l IUTACTUYHOCTI, 30KpeMa
TEOpI€I0 MaUX MpYyXHO-TmacTuIHuX aedopmaiii O.A. Inprommnaa (TMIIIT/) 3a
HABAHTAKEHHA (aKTUBHUIM TIpoliec). 3B’ A30K HANPYKEHb 1 1eopMaliiid 111 aKTUBHOTO
npolecy y Uil Teopii Ma€e BUTIIS

o =3Key, 8 =2u(l-wle, )y, 3)
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nedopmairiii. 11{o6 oTpuMaTu piBHSHHS pIBHOBAr IS MOYATKOBO 130TPOITHOTO T1JIa 3

BU3HAYaJIbHUMHM CHiBBITHOIIECHHAMH (3), B (1) 1 (2) 70CTaTHRO MOKIACTH
Ciju = /1(5u ) ii0n + /U(Eu )(5ik5jl +6,0 j« )’

ﬂ’(‘c"u ) =K - (2/3)#(‘9u )7 ﬂ(gu ) = /,l(l— a)(gu )) (4)
O, &
HAaBRaAHT a3 eHHA
ot <k
POSBEaHT Ak eHHA
a‘ 1 I
g, &? g,

Puc. 1. I'padik 3anexknocti 0, ~ &, MIA Marepiany 3 JiHIHHUM 3MilIHEHHAM

Jnst maTepiany 3 TIHIHHUM 3MIITHEHHSIM (puc. 1), 30KpemMa Miji, allfoMiHIIO0 Ta IXHIX
crinagiB, Gynkiuis (e, ) Mae BUrISN

(1_7)(‘9u _gs)/‘gu y &y > &g,
ols, )= (5)
0, g <¢,,
ne y = '/ u —mapamertp 3mitHeHHs ;2 =t0a; 24 =tga’.
Jlns mportiecy po3BaHTaK€HHSI BU3HAYAIBHI CITIBBITHOIIIEHHS MalOTh BUTJISIT

oy = 3Key, sy =i + 2ule; —ef), (6)

BI/IMOBIAI0Th MOYATKY MPOIIECY PO3BAHTAKEHHS.

!

Jie KOMIIOHEHTH TEH30DIB €} 1 §j;

3a JOMOMOTOI0 YHCIOBOTO BapialliitHO-PI3HUIIEBOTO METOAY PO3B’SA3aHO IUIOCKI
3aaa4i gedopMaliiitHol Teopii MIACTUYHOCTI B IUIACTMHAX 3 KBAJIPaTHUM OTBOPOM
(>KOpCTKUM BKJIFOYEHHSIM) Ta po3pizoM. Takok MpoBeACHO YMCIOBUM aHali3 3aadl
Ta Mo0yA0BaHO TpadiuHi 3aJIEKHOCTI HANpyXeHb Ta Aedopmarlliii , Ha OCHOBI SIKUX
MOXHa BU3HAYUTH YU BiAOYyNeThCA pPyHHYBAaHHS €J€MEHTa KOHCTPYKIIi 4d He
BIJIOYJETHCSI.

OTxe, 3aCTOCYBaHHS TeOpii IUTACTUYHOCTI IS €JIEMEHTIB KOHCTPYKIIi 3
TPIIIMHAMHU JIO3BOJIATH BHSIBJISITH Ta TONEPEKYyBaTH PYHHYBaHHA 1 SIK HACIiJOK
y0e3meuuTs 00CIyroByOUYNi IEPCOHAN Bl TpPaBMaTU3My Ta HEIIACHUX BUIIAJIKIB.

Jliteparypa

3. ®ipman [.B. [lomunka qroauHu cepell Npu4YuH BUpoOHKYOro Tpamarusmy / [.B.®dipman,
C.B. Tumomyk, B.M.®ipman // Bichuk JKUTOMHPCHKOTO JIEpKABHOTO TEXHOJIOTTYHOTO
yHiBepcurety. — 2018. — Bumn. 84, Ne 2. — C. 103-108.
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Spemko 3.M. Bix pu3uK-opieHTOBAHOTO MiX0ay 10 3a0e3neueHHs 0e3MeKu 10 PU3UK-
opierroBanoro mucienss / 3.M. Spemxo, C.B. Tumomyk, B.M. @ipman // [loxxexna ta
TexHoreHHa 6esmneka. — 2017. — Ne 6. — C. 14-15.

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

Wnprommma A. A. [Tnactuanocts. OcHOBBI 0011Ie# MaTeMaTudeckoi Teopun / A. A. MnbrommH. —
M.: U3n-8o AH CCCP, 1963. - 272 c.

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

Hayionanvna akademis cyxonymuux siticok imeni cemomana llempa Cazaiioaunozo
Hayxosuii kepienux H.M. I'y3uk, k. ¢b.-m. 1., doyenm, ooyenm xageopu
[HOICeHepHOT MeXaHiKu (030POEHHS MA MEXHIKU [HIHCEHEePHUX BILCLK)

MATEMATHUYHA MOJEJIb 3AJTAUI ITPO PYX ITAPAINYTUCTA

VY po6oTi 3M0JIeILOBAHO CUTYAIIIIO MOJIBOTY Ta MOCAIKU 0COOM 200 YIMaKOBKHU
BaHTaxXy. JlocmimkeHHs 0a3yloTbcsi Ha MOOYAOBI PO3B’A3KIB AU(EPEeHIIATbHUX
PIBHSIHHS IPYTOTO MOPSIAKY 31 CTAIMMH KOE(IIIEHTAMHU.

[TapamyTtuct, maca sikoro cranoBuTh 103 Kr, 3icTpuOye 31 mBHakicTo 0,555 m/c
(B HampsIMKY oc1 abciuc) 3 0OPTY JiiTaka, SKUK B CBOIO YEPTY PYXAETHCSA 31 HIBUJIKICTIO
115 m/c (B Hanpsimky oci opauHar). Jlitak netuts Ha BucoTi 4000 M (y HanmpsiMKy oci
arutikat). Konu napamryTUCT 3aimuiiae jgiTak, BiH nepeOyBae Ha BUCOTI, JI€ OIIp MOBITPs
BBA)KA€THCS HE3HAUHUM. BiH nagae y BUIbHOMY NajiiHHI ipoTsarom 11,5 ¢, nani — Tsrae
3a KubLe. [1icis 1boro MOMEHTY, MOTo MaJiHHS CTa€ 3a/1a4€t0 Ha PyX Y TPUBUMIPHOMY
IPOCTOPl 3 HENOCTIMHUM MPUILBHILIECHHSM B3JOBX KOXKHOI OCl, OCKUIBKH Temep
NOTPiOHO BPaxoOBYBATH OMIp MOBITPAI.

Bubepemo cucremy KOOpJIWHAT TaKMM YHHOM: BiCh abciiuc Ox HampaBHUMO B
HaIpPSIMKY CTPUOKa MapanryTUcTa, Bicb opauHat Oy — B HAPSAMKY pyXy JiiTaka, KOJIU
MapamryTUCT BUCTPHUOYE, BICh amulikaT Oz € BEPTHKAJIBHOIO, a MOYATOK KOOPAMHAT
(Touka O ) 3HAXOJUTHCS Ha 3eMITl O€3MMocepeHBO i JIITAKOM B MOMEHT CTPHOKA.

[IpumyckatumMeMo, 110, KOJH TMApalIyTUCT BUTATYE KUIbIE, MapamryT
pPO3rOpPTAEThCS HEraiHO 1 BUHUKAE cuia TepTs (J000BUM omip 1 omip MOBITPS)
BenmunHOI0 D=dv?, ne d — KoedillieHT TepTd, v — IIBUIKICTH NapamlyTHCTA.
BBaxxatumemo, mo d =20, xoua 3a3BUYail 3Ha4eHHs] d Ba)XKO BU3HAUWTH, OCKUIBKU
BIH 3aJIE)KUTH BiJ OaratboX 3MIHHUX.

Kpim Toro, mpumyckaemo, 0 Cujia OMOPY MOBITPS MPHUKIAAAETHCS TUIBKU
y3I0BXK BEPTUKAJIBHOTO HAMPSIMKY 1 ii BIUIMB MOXe OYTH 3MOJIEIbOBAHMN SIK CHJIa
BEMUYMHOIO F =-bv, 1e 3HaK MIHyC BKa3ye Ha Te, IO CHJIa HaNpsMIIEHA MPOTU
HaIpsAMKY pyxy. 3HaueHHs KoedilieHTa onopy b npuiiMemo piBHuUM 10.

OpHOYacHO 3 PO3KPUTTAM MapalnyTa, MapalmyTHCT BiAYyBa€ CUIYy BITPY B
JTOoAaTHOMY HampsIMKy oci abcruc 31 mBuakictio 1,2 M/c. Bona Moxe OyTtu
3MOJIeNIbOBaHa, SIK CHjla BETUYUHOI0 G =b(w-V), ne b — BuOpanuii KoeQilieHT onopy,
V — HIBUJAKICTh MApAIyTUCTa, & W — IIBUIKICTh BITPY.
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3MOeN0EMO TIepII KijlbKa CeKYH/I Mics po3ropTaHHs maparnryTa. [lo-mepriue,
MU TIPUITYCTHIIU, IO PO3TOPTAHHS MapairyTa BinOyBaeTbcs MUTTEBO. [lapamryruct
najiae Iy e MBUAKO M1 9ac piHaapHOI CTaAll BIIbHOTO MaAiHHA 1 3HAYHO YIOBUIBHIOE
pyX A0 TOCTiHHOI (a00 rpaHWYHO1) MIBHAKOCTI MPOTATOM IEBHOTO MPOMIKKY Yacy.
ExcrnieprMeHTansHO BCTAHOBIICHO, 1I10, 115 epexiaHa (a3a TpuBae 3 CeKyHIH, 1 i1 9ac
i€l a3y mapanryTUCT Majae Ha 53 MeTpu BHU3.

Mera po6OTH — BH3HAYUTH 3arajibHANA Yac Pyxy, KOOPAWHATHA Ta IIBHIKICTh
MapanryTucTa B MOMEHT TPHU3EMJIICHHS.

A. Kosanenko

JIvsiscokuil OepocasHull yrHigepcumen 6e3neKu HCummeoisiibHOCHI

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

MATEMATUYHI METOJAU ONITUMI3ALILL CTPYKTYPH
TEXHOJIOTTYHOI CUCTEMHU

OCHOBOIO 3aCTOCYBaHHS 3allpOIIOHOBAHMX AHANITUYHUX METOMAIB € MOOYyJ0Ba
MaTeMaTHYHOI MOJIEN, sika 3B'A3yBaja O y SIBHOMY BUIVISIAI KPUTEPil €PEeKTHUBHOCTI
TEXHOJIOTTYHOT CUCTEMH 31 3MIHHUMH, IO OMUCYIOTH 11 CTPYKTYpY. JJIst TEXHOIOTTUHUX
MaIlliH TIOCHIIOBHOI 1ii Taka MOJiedb TOBHWHHA 3B'SI3aTH CTYIIHb KOHIICHTpALIi
orepariiii, TOOTO PO3MOMALT TEXHOJOTIYHOTO TPOIECYy MDK OKPEMUMH POOOYUMHU
MO3UIIISIMU, 3 €PEKTUBHICTIO TEXHOJOTIYHOT cucTeMu. O4eBHIHO, 110 11 €PEKTUBHICTD
BHU3HAYATUMETHCS XapaKTEPUCTUKAMHU Tpoliecy (opMyBaHHS SKOCTI BUpOOY Ta Mpoiiecy
TPAHCIIOPTYBAHHSI 3aroTOBOK BUPOOY MDK pPOOOYMMH MO3ULIAMH. SK TOKa3HUK
e(EeKTUBHOCTI ~ TEXHOJIOTIYHOI ~ CHUCTEMM  HaWyacTille  BUKOPUCTOBYIOTH  ii
MPOAYKTUBHICTb, COOIBApPTICTh OJMHMIN TMPOAYKIi abo coOIBapTICTh OJIMHHUII
IPOAYKTUBHOCTI. JIJi1 BUTOTOBIIEHHA BCIX €JIEMEHTIB KOHCTPYKUIi BHUpOOyY, SKi
3a0e3neyaTh MapamMeTpud MHOro $KOCTI, HEOOXIHO pealizyBaTH M eJIeMEHTApHUX
TEXHOJIOTIYHHUX MEePEX0/IiB, CyMapHa TPUBAIICTb SIKHX

m
to =2t
i1

ne ti - TpuBaNicTh pearizallii -ro TEXHOJIOTTYHOTO niepexoy. Lli TeXHomoruH1 nepexou
MOKYTb OyTH pealli3oBaHl Ha OJ(H1I poOoUiii MO3HUlIii, HA IBOX, TPHOX Ta B 3araJIbHOMY
BUMAJKy Ha N poOounx mno3ulisax. CKIAAHICTE TEXHOJOTIYHOI TMJCUCTEMU
BU3HAYAETHCS KUIBKICTIO OKPEMHUX POOOYMX MOJIYJIB a00 arperariB, siKa 3aJ€KUTh,
3/IEOUTBITNIOT0, TIMTBKK BiA CKJIagHOCTI BUpoOy. Ilpm 3pocTanHHi KUTBKOCTI poOOUMX
MO3MIIIH 3arajgbHa KUTBKICTh TIEPEXO/IIB 1, OTXKE, KUTBKICTh OKPEMHUX POOOYMX MOIYJIIB
YM arperaTiB He 3pOCTae, a 30UTBITYEThCS JIUIIE KUTBKICTh MEPEXO/IIB, 10 PEaTi3ytOThCs
napainensHo. [Ipore mpu 1bOMy 3pOCTa€e CKIAIHICTh TPAHCIIOPTHOI MiJICUCTEMH, SIKa
BKJIIIOYa€ OUIbIIy KUIBKICTh TPAHCHOPTHUX MOAYMIB Ui  MDKIO3UIIHHOTO
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TPAHCIIOPTYBAHHS, a II€ 3HWKYE HAMIMHICTD TEXHOJOTIYHOTO KOMIUIEKCY. SIKIIo
NPUNAHATH, IO TEXHOJOTIYHUHN TMpOIeC PO3MOAUICHHA 13 3a0€3MeYeHHSIM BHMOT
CHHXpOHI3AIlli omepaiid MmoMbK N poOOYMX TMO3WIH PIBHOMIPHO, a dac
TPAHCMOPTYBAaHHS 3aTrOTOBKH MK POOOYMMH TO3HIIISIMU CTAaHOBUTH {1, TO TPUBAIICTH
poboyoro nukiny T BU3HaUMTHCA SIK

T-lo ¢ (1)
n

TexHomoriuHa cucremMa CKIaJa€eThesl 13 TEXHOJIOTIUHOI MIACUCTEMH, 110 BKIIIOYAE
M poOOYMX MO/YJIIB, PO3MIIIEHUX Ha N pOOOYMX MO3UIISX, 1 TPAHCIIOPTHOI MiJICHCTEMH,
0 Mae€ N TPaHCHOPTHUX MOAy’diB. Hexalt BiIMOBH KOXHOTO pobodoro ado
TPAHCTIOPTHOTO MOAYJIS CTiHKi, TOOTO MIPU3BOASTH 0 3yIMIMHKH TEXHOJIOTIYHOI CUCTEMH
JUTSI BITHOBJIEHHS MTpane31aTHOCTI. [[MKIoBa MpOIyKTUBHICTh TEXHOJIOTTYHOI CUCTEMH:

QZEKF: o 1 : (2)
T to UNZAUN £
—+h 1+>Y 1+ >
n i=177i  j=1M

ne K - koe(ilieHT rOTOBHOCTI TEXHOJIOTTYHOI CUCTEMH; 0, Bj - IHTEHCUBHICThH BIJMOB
TEXHOJIOTIYHOI MIJCUCTEMU MpU peaizalii 1-ro TEXHOJOTIYHOrOo Mepexody Ta
TPAHCHOPTHOI MIJICUCTEMU TpH peanizanli 1-rT0 MDKIO3ULIAHOTO MepEeMIlEHHS
BIJIIOBIJTHO; Mi, Wi, - IHTEHCHUBHOCTI BiJIHOBJIE€Hb TEXHOJOTIYHOI 1 TPAHCHOPTHOI
MIJICHCTEM BIJMOBIIHO; M - KUIBKICTh TEXHOJIOTIYHMX TiepexodiB. [ ommcy
3aJIeKHOCTI ITMKJIOBOI TMPOAYKTHUBHOCTI TEXHOJOTIYHOI CHUCTEMH BiJl 3MIHHHUX, IO
OIMUCYIOTH 11 CTPYKTYPY (KITBKOCTI poOOYMX MO3MIIiH N), MPUITMEMO TaKi TOMYIIEHHS.

1. IHTEeHCUBHICTD BIOHOBJIECHHS TEXHOJOTIYHOI IMIJICUCTEMH HE 3aJIEKUTH Bl TOTO,
IIpU peatizallii SKOro TEXHOJOTIYHOTO MEePEXO/Iy cTajacs TEXHOJIOTYHA BIIMOBA, TOOTO

n1=nz=...=M.
2.IHTEHCHBHICTh BiJHOBJICHHS TPAaHCIOPTHOI MiJCUCTEMH HE 3aJIeKUTh BIJl TOTO,

Npy peanizalii SKOro MDKIO3UIIMHOIO MEpPEeMIIIEHHs cTanacsi TPaHCIIOPTHA BIIMOBA,
TOOTO W=Lo=...=L.

3.IHTEHCUBHICTH BiIMOB T€XHOJOTIYHOT MiACUCTEMU € QYHKIIIETO 11 CKIaIHOCTI,
sKa BM3HAYAETHCS CKJIAHICTIO BUPOOY, TOOTO KUIBKICTIO M poOOYMX MOAYJIB YH
arperartiB, II0 peali3ylOTh TEXHOJOTIUHI MEPEXOAH, 1 HE 3aJICKUThH B BapiaHTa ix
PO3MOAUTY TIOMIX POOOYUMH TIO3UITISIMH, TOOTO HE 3aJICKHUTH BiJl KUTHKOCTI N poOOYMX
TO3UIIIH, HA SIKUX 111 TEXHOJIOTIYHI MTEPEXO0I PO3MOIICHI.

4.IHTEeHCUBHICThH BIAMOBH TPAHCIIOPTHOI MIACUCTEMH MPOIOPIIiHA JO KUIbKOCTI
TPAHCTIIOPTHUX MOMYNIB ab0 arperariB, TOOTO 10 KUIBKOCTI POOOYUX TO3HIIIH
TEXHOJIOT1YHOI CUCTEMH, a IHTEHCUBHICTh BIJIMOBH OKPEMHUX TPAHCIIOPTHUX MOJTYJIIB
a00 arperartiB yCepeIHUMO JIJIsl BCIX MIKIO3UIIIMHUX TIEpEMIIEeHb, TOOTO B1=P2=...=P.
Toni Bupa3 /isi OpOYKTUBHOCTI 3aITUIIETHCS K
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1 1 1 1 3
Q=" 5= (3

t
O+tT 1+1Za,+n— Q+tT 1+ #_1 +n i_l
n 714 poon K (@) kr(B)

ne K(a)=K, . - xoedimienT roroBHocTi TexHosuoridyHo1 nmigcuctemu; Kr(B)=K: -
KOe(illlEHT TOTOBHOCTI OJHOTO TPAHCIOPTHOIO MOAYJsS. 3pOOMBIIM HEOOXiAHI
MEPETBOPEHHSI BUPA3y JUIsl MPOAYKTUBHOCTI, 3HAWAEMO HOTO €KCTpeMyM 3 YMOBH
EKCTPEMYMY OTPUMAEMO 3AJIEKHICTD [Tl BU3BHAYEHHSI ONTUMAJIBHOT KIJTBKOCTI pOOOYNX
MO3HUIIM TEXHOJIOTTYHOT CUCTEMH, aHaJli3 OTPUMAHOTO BUpa3y (d4epe3 rpOMi3IKICTh TYyT
HE TIPUBEICHUI) TMOKAa3ye, MO0 BEJIMYMHA ONTUMAIBHOI KUTBKOCTI POOOYMX TO3MITIH
TEXHOJIOTIYHOI ~CHCTEMHM HaWOUIbII YyTJMBa JI0 XapaKTEPUCTHK  HAAIHHOCTI
TPAHCHOPTHOI MIJCUCTEMH 1 IIBHJKO 3MEHILIYETHCS MPU MOTIPIIEHH! Koe(illi€HTa To-
TOBHOCTI TPAHCHOPTHUX MOIYJIB a00 arperaTiB. 3ayBaKMMO, IO 3aIlPOITOHOBAHMIA
MiX1T MOYKHA 3aCTOCYBaTH 1 JUIsl OIIHKA €(EKTHBHOCTI POOOTH CHCTEM Yy IHIIUX
ray3sx, HAPUKIIA] IJIs1 OIIIHKK ONITUMAJTLHOT KIJTbKOCTI I IPO3ILTiB

JUIS  JIKBiAAIi  HACHIAKIB HAA3BHYAMHUX CHTyaIlil, BUKOPHUCTOBYIOYH Ti XK
MaTeMaTU4yHl KpUTepii, HAMPUKIAJ KOe(DilllEHT TOTOBHOCTI TPAHCIOPTHUX MOIYJIIB
abo arperaTiB Ta 1H. KJIACHYHUM aHATITUYHUM [UIAXOM. 3pOOMBIIM HEOOX1/IHI
MIEPETBOPEHHSI BUPA3y /ISl IPOAYKTUBHOCTI, 3HANIEMO HOTO EKCTPEMyM:

1 1 1 1_kl
.M .
lo 1 1 +to 1 1 z| =%
L I R B R ey i e L R I
: Kpm Kt m : Kpm Kt m
to - 1
n 1 1 Kr.m _o
2 5 ;
1 lo
(to +t j 1+( 1J+n[k_ j FJFT 1+ S I
n P.M ™M P.M TM
- b

t ' t
Dt 14 1 —1(+n kl—l HZ(OHT) 1+ Kl —1{+n i—1
P.M T.M

3 YMOBHU HOTO €KCTPEMYMY OTPUMAEMO 3aJICKHICTh JIJISl BU3HAUEHHS ONTUMAIbHOT
KUIBKOCTI pOOOYMX MO3UIIIN TEXHOJIOTIYHOT CUCTEMHU B TAKOMY BUTJISIII:
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1+ ! -1
_to Kpm
Nopt = |-
t 1 1
Kt.m

[IpoBenemo rpadiunmii aHaai3 oTpumaHoro Bupasy (puc. 10.2), skuii mokasye,
[0 BEJIMYMHA ONTHUMAJILHOI KUIBKOCTI POOOYUX TO3HUINNA TEXHOJOTIYHOI CHCTEMHU
HAMOUTBII YyTJIMBA 10 XapaKTEPUCTUK HAAIMHOCTI TPAHCIIOPTHOI MIICUCTEMH 1 IIBUAKO
3MEHIIYETHCS MPH TOTIPIICHHI Koe(illieHTa TOTOBHOCTI TPAHCIIOPTHUX MOJYJIiB a0o
arperariB.

Puc. 1. 3anexHicTh ONTUMANBLHOT 32 MPOTYKTUBHICTIO KUTBKOCTI pOOOYHX TO3UITIH Bij
K. n Ta BITHOIIIEHHS

M. M. I'ynkoecokuii
JIvgiscokuti 0epoicasHull yHisepcumem Oe3neku HCUmmeoisibHOCHI
Hayrosuii kepienux O.FQ. Umup, kanouoam Qizuxo-mamemamuyHux HayK, 0OyeHm

TPAHCIIOPTHA 3AJTAYA B BAHKIBCBHKIW CITPABI

CydacHuil PO3BUTOK KOMIT'IOTEPHOI TEXHIKM 1 TEXHOJIOTIH, OararorpaHHe
BIIPOBA/PKCHHS aBTOMATHU30BAHMX 3acO0IB KepyBaHHsS, 30UIBIICHHS MAacIITadiB
BUPOOHMIITBA MPOAYKIIii, HECTAOUTbHICTh EKOHOMIYHOT CUTYAIlll TOTpeOy€e MPUHHATTSA
CBOEYACHUX PAIIOHATILHUX YMPABIIHCHKUX PIllIeHb. 3POCTaHHS OOCATIB iH(pOpMaIIii,
o OOpOOTIOETBCS MEHEKepaMH  MIANPUEMCTB 3HAYHO YCKIIATHIOE IPOIIEC
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NpUUHATTS pimieHb. [loTpeda NMpUNHATTS yHOpaBIIHCHKUX PIIIEHb BUPIIIYETHCS 3a
JIOTIOMOTOI0 JTOCJI/DKEHHS OIepalliii, K CYKYIHOCTI HayKOBHUX 3ac00iB Ha OCHOBI
3aCTOCYBaHHS MaTEMaTUYHUX KIJIbKICHUX METOIIB OOIPYHTYBaHHS PIIlIEHb B PI3HUX
raxy3sx JIFOACHKOI TIsUTbHOCTI.

Icaye pocratHbo ©Oarato e(EKTHUBHMX MPOTPAaMHHUX 3aco0iB, y SKHX
3alpoOTpaMOBAaHO BEJIMKA KITBKICTh MAaTEMAaTHYHUX METOMIIB, SKi JO3BOJISIOTH
PO3B’sA3yBaTH PI3HOMAHITHI 3a7]a4i Ta YHUKATH TPOMI3JKUX OOUNCIICHD.

[TporpaMuuii makeT aHaMITHYHUX 00uyHMciieHb Maple € moTy>KHUM 1HCTPYMEHTOM
BUPIIIIEHHS TIEBHUX 3a/a4d HE JIMIIE MAaTeMaTUYHOTO, & 1 €KOHOMIYHOTO XapakTepy
30kpema. Y mporpami Maple BOymoBaHO MakeT JUIsl pO3B’s3aHHS 3ajJad JIIHIHHOTO
nporpaMmyBaHHs simplex, skuii 6a3yeTbcsi Ha CUMITIIEKC-METO/I].

PosrisitHemMo TpaHCHOPTHY 3ajady sIK 3ajady JIHIMHOTO NpPOrpaMyBaHHS Y
OaHKIBCHKIiH cdepi.

3aoaua. Mepexa 3 5 0aHKIB Ma€ MOXJIMBICTb JIaTH KPEAUT Ha KaIliTaJlbHE
OYZIBHUIITBO 5 TPOMUCIOBUM 00’ €KTaM Tally3eBOro MiHicTepcTBa. OOCSTH KpeIuTIiB
HEOOX1THO IMOTaCUTH 3 ypaxyBaHHSIM BIJICOTKIB, SIKl 3aJ1aHl MAaTPHUIICIO:

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 MJIH. TPH. KPEIUTY.

MoXIHMBI BEIMUMHN KPEIUTY IS KOXKHOTO OaHKY CKJIaaroTh BiamosigHo 200,
350, 180, 300 Ta 200 MiH. TpH., a BapTICTh OyAIBHUIITBA 00’ €KTIB — BiANMOBIAHO 240,
150, 280, 170 Ta 160 miH. TpH.

3HalTH ONTUMAJIBHUI BapilaHT PO3B’SA3KY BKJIAJIEHHS KOUITIB 3 MAaKCHUMAaJbHOIO
BUTOI010 151 OaHKiB [1].

3ayBakuUMO, 10 B Il 3a7a4l CyMapHa BeJIMYMHA KPEIUTy OaHKIB CKJIAJaec
1230 miH. TpH., siKa € OITBIIOI 3a CyMapHy BapTiCTh OyIBHHUIITBA 00’ €KTiB, IO
ctaHoBUTh 1000 miH. TpH. B Takomy Bumaaky Oyjae BBEAEHO (PIKTMBHUUN MIOCTUH
00’€KT, B SIKOMY 3QJMIIUTHCS 1EH 3anuiIok ToBapy (230 MIH. IpH.), PU LBOMY
BiJICOTOK TIOTAllICHHs KpeauTy nopiBHOBaTUMe (. BukopucToByrouum mporpamy
Maple, po3B’s3yemMo 1110 3amauy [2].
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| > restart : with(simplex) :

240 i i e m m m
200 s 0.15 0.20 0.18 0.15 0.16 0 L1 e T3 T4 TS L6
350 250 0.16 0.18 0.16 0.20 0.18 0 Mo M2 Moz Mo g M s Mg |
= qg=| 180 |:h = - p=| 014 019 020 0.20 015 0 |:x:=| Mg Mg Fg 3 Mgy Mg g5 Mg g E’l'ai'
=
300 160 0.16 0.18 0.20 0.18 0.19 0 My My My s My g My s My
200 0.17 0.20 0.17 0.16 0.15 0
| 230 Mg | g 5 Plg 3 Mg g Mg 5 Mg o
= Erb [N
K g

5 5
> obmez = [[E'x'[z,1]—23[1],25('[1,2]—23[2],
[2,/]=a[2]

G
=56, 2. %'[1,/]=all], 25’

J=1 i=1 4
> maximize(F, obmez, NONNECGATIVE) :
> assign(maximize(F, obmez, NONNEGATIVE) )'x'=x'F'=F,
0 150 0 0 0 350

5 5 5
Y s, 3]=5[3], 2 w5, 4] =b[4], D, w1, 5]=5[5], D, X[, 6]
i=1 ' '

[ [

ZI'X'[3,J]=@[3],_ %4, 7]= 4], Z'x'[5,1'1=a[5]H :

i=1 i=1

40 0 0 130 0 180

5= ] 0 140 40 0 0

] 0 140 0 160 0
0

200 0 0 0 0

F=190.80

Po3B’si3anHsa 1i€1 3a7adi MPUBENO 10 BHUCHOBKY, IO BKJIAJACHHS KOIITIB 3
MaKCHUMAaJIbHOI BUTOI010 /7151 0aHKiB cTaHOBUTH 190.80 (MnH. rpH.). [Ipu ipomy 1mian
HaJIaHHS KPEAUTY 3 MAaKCUMAJIbHOKO BUTOJIO0 JIJIsT OaHKIB Oy/e TaKuM:
® 1-uii 6aHK HAZA€ KPEIUT APYroMy IPOMUCIOBOMY 00’ €KTy y po3mipi 150 MiH. rpH.;

= 2-uii 0aHK HaJa€ KPEAUT MEPIIOMY ITPOMUCIOBOMY 00’ €KTy y po3Mmipi 40 MIIH. TpH.
Ta 4YeTBEPTOMY — y po3mipi 130 MiH. rpH.;

= 3-uit 6aHK HaJa€ KPEIUT TPETHOMY IIPOMUCTIOBOMY 00’ €KTY y po3mipi 140 MiH. TpH.
Ta YETBEPTOMY — y po3mipi 40 MIIH. TpH.;

= 4-pif 0aHK HAJA€ KPEIUT TPETHOMY MPOMUCIOBOMY 00’ €KTy Y po3mipi 140 muH. rpH.
Ta ’aToMy — y po3mipi 160 miH. rpH.;

* 5-uii OaHK HaJa€ KPEeIUT NEePIIOMY MPOMHUCIOBOMY 00’ €KTy y po3Mipi 200 MIIH. IpH.

Jliteparypa
1. bex O.B., I'opoons T.A., ll]epboax A.®. 30ipHUK 3ama4d 3 MATEMAaTUYHOTO MPOTrpaMyBaHHS:
Hasuansuuii nociouuk. — JI.: “Maruomis 2006, 2007. — 212 c.
2. Ilpoxopos I'. B., Jleoenes M. A., Konbees B. B. Tlaker cumMBONIbHBIX BhrurcieHuit Maple V / T'. B.
[Tpoxopos, M. A. Jlenenes, B. B. Kon6ees — M: Komnanus Iletur, 1998. — 198 c.
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Pyoux Bmanii

JIvgiscokuti OepoicasHull yHisepcumem Oe3neku HCUmmeoisibHOCHI
Hayxosuui kepienux M. ®. Cmactok, kanouoam Qizuxo MamemamuyHux Hayx,
doyenm, doyenm Kageopu NPuKkIaoOHOi MamemMamuku i MeXaHiKu

MMPOTOKOJ OBMIHY KJIIOYEM

[1ix TPOTOKOJIOM CIIi/1 PO3YMITH MOCIHIIOBHICTD Y3TOPKEHHUX MPHUIHCIB, 3T1THO 3
SKUMH BIJOYBA€ThCA OOMIH IOBIIOMJICHHSMU MK CTOpOHaMHU a00 ydaCHUKaMH
MPOTOKOIY 3aJJIsl JOCATHEHHS MEeBHOI MeTu. [IpoTokon € mpukiIagoM YCHIIIHOTO
3aCTOCYBaHHS 1JI€OJIOTIT  BIIKPUTOrO KiIoda. TpaauiliiiHa cxema 3axucTy
KoH(DimeHiiHOoCTI 1HQOpMaIli IPYHTYEThCS Ha HASIBHOCTI HAJIMHOTO KaHAIy JJIst
OOMIHY TAEMHUM KITFOUEM.

IIpoTokoJ 06mMiny kiaouem. HaBegemo po3B’sa3anHs npobdieMu 0OMiHY KITIOUYEM,
a caMe pO3MVISTHEMO MPOTOKOJ EKCIOHEHI[IWHOTO OOMIHY KJIIOYEM. YUYaCHUKaAMU
nporokony € Amica Tta boO, sKI CHUIKyIOUMCh 4Yepe3 KaHall, 110 HMOBIPHO
MPOCIYXOBYETHCS, XOUYTh JOMOBUTUCH MPO CHNUIbHUN TaeMHUHN KiItod. OCh B 4OMY
MOJISATAE €W TPOTOKO:

1. Anica BUOMpae BEJMKE MPOCTE YUCIO P Ta MEPBICHUM KOPIHBb § 3a MOJIYJIEM P

1 BIIKpUTO nocuyiae p i g booOy;

2. Aunica BuOMpae BUMAJIKOBE YUCJIO a B Mexax Bia 1 gop-1, a bo6 Bunaakose

YUCJIO b B UX XK€ MEXKax;

3. Auica o04HCITIOE Urcito g* mod p 1 mocuiIae 1e 3HaueHHs booy, a bo6 obuucroe
g°mod p i mocumac 1e 3HaYeHHs AJici;
4. 1 Anica, 1 o0 00UHCTIOIOTE OJTHE 1 T€ 3K YHCIIO
(g°) mod p z(ga)b mod p = g* mod p,
sKe 1 NpUMaroTh B SIKOCTI KJlto4a K.
IMpukaan 1. Hexait p=97,9 =5. [Ipunycrumo,mo Asica BuOpasa yuciao a=12,a
bo6
yucino b=63. Toxi Amnica mocunae boOy 5%(mod97)=42, a bo6 mocumae Auici
5% (mod97)=75.. Toxi 060€ 0OYINCIIOOTH
75 (mod97) = 42% (mod 97) = 21.
OTxe criIbHUM TaeEMHUM KiTrod —11e K = 21.

CynepHuk, sSIKHii IEpPEeXOIUTIOE yCi MOBIAOMIIEHHST Mk AJicoro 1 bobom crae
BIACHUKOM ducel g*(mod p) 1 g°(mod p). OTxe mepes CynepHIKOM MOCTA€ HACTYITHA
oOYmCIIIOBabHA 33/1a4a:

Jlna 3a0anux
p.g.x,yell, ne 1<g<p-1 x=g*(modp), y=g°(modp), a1 neskux a,b

O6uuciuta z=g*(mod p).

L[5 3amaua ekBiBaJeHTHA A0 PO3KPUTTA KpuntocuctemMu Enp-I"amans, To6TO €
HEJIETKOIO 33J1a4€I0 TMCKPETHOTO JorapudmMyBaHHSI.
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Kpunrocrucremu Ha eTNTUYHUX KPUBUX OYIYIOTHCS TaK caMo, SIK B TIPOCTHX
CKiHYeHHX MoJIsiX. [Ipu iboMy i THECEHHS 10 BUCOKOTO CTEIICHS 32 BEIMKHM MOJTyJIEM
, 10 BHU3HAYa€ CTIMKICTh MHUQPY, 3aMIHIOETHCSI HA CKAIIPHHM JOOYTOK TOYKH
SMNTUYHOT KpUBOi. Jlani HaBeIeMO IPOTOKOJI OOMIHY KJII0OUEM Ha eNTHYHIN KPUBIi.

CTBOpeHHsl CHVIBHOTO KJIHYa Ha elinTU4Hii kpuBiil. DopMyeMO eninTUUHY
kpuBY E_(a,b):y?=x*+ax+b, BUOHpaeMo MpocTe YUCIo P i TOYKy G(X,y) eTINTUYHOI
KpuBoi E (a,b) mopaaky n, To0TO TaKy, mo nG(x,y)=0, e n — I0CTaTHBO BEIUKE II1JIe
4KUCII0, IKE MEHIIE HiXK KUIbKICTh TOUOK KpHBOi E (a,b).

DopmysanHs ChibHOO KI0Yd
1. Aumica obGupae uncio k, <n 1 TeHepy€e BIAKPUTHH K109 Y, =K,G.

2. bo0 obupae uncno k; <n 1 reHepye BIAKpUTUN KITtoU Yy =k G.
3. Auica renepye Taemuuit ko4 K =k,Y,, a bo0 —Taemuwmit ko4 kY,

O1xe Maemo

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

Taemnuu knou Anicu k,,

Taemnuu knoy boba ki,

Cninonuu maemuuu ko K.
Kopexmmuicmy

JificHo ko4 K — CIIUIBHUH Yepe3 Te,I0
KaYg = Ky (KsG) = Kgk oG = kg, =K.

Ipuxaan 2. @opmyeMo eninTuuHy KpuBy E (3,5):y? =x’+3x+5, BuUOHpaemo
pocTe 4ucino p=47 1 Touky G(5,45) emnrtudyHoi KpuBoi E (3,5) mopsuaky 61,
TOOTO TaKy, o 61G(x,y)=0.

DopmysanHs CHibHO20 KI0Ya
1. Aumnica obupae uncio k, =11<n=61 i reHepye BIIKpUTHI KIr0o4 Y, =11G =(11,37).

2. bo6 obupae uncio k, =17 <n==61 i renepye BIIKPUTHI KIIFOY Y, =17G =(44,43).
3. AunicareHepye TaeMHUM Kro4 K =k,Y; =11(44,43)=(9,3),a o6 —TaemHuii kirou

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

O1xe Maemo

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

Taemnuii knoy Anicu k, =11,

Taemnuti knrou boba kg =17,

Cninonuti maemnuti kuou K =(9,3).

CyTb nepexojy A0 eMNTUYHUX KPUBUX IMOJISATAE B 3aMiH1 BIJIHOCHO TOBUIBHOL
omnepartii
MITHECEHHS JI0 CTETEHs 32 BEITUKUM MOJIYJEM Ha MIBHJIIY ONEPaIliio CKaJsipHOTrO
MHOKCHHS Ha eJIINTUYHINA KPUBIi.
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BU3HAUYEHUHN IHTETPAJI Y 3AJJAYAX HA OBYUCJIEHHS JOBXKUHHA
JJAHITIOTI'OBOI JITHII

OpHuM 13 3aCTOCYBaHb BU3HAYEHOI'O IHTETpalia € OOYMUCIECHHS JOBXKUHU AYTH
iockoi kKpuBoi. Hexalt y mpsMOKYTHMX KOOpJMHATaX Ha IUIOLIMHI 3aJaHa KpUBa
piBHsSHHAM Y = f(X), ne ¢yHKmisa f(X) Ha BiApi3Ky [a,b] mMae HemepepBHY NOXIIHY.
Toni noBXWHA AYTH 111€1 KPUBOT 0OUUCITIOETHCS 32 (OPMYJIIOHO

| :lj)w/l+(f'(x))2 dx.

JlaHIrroroBa JiHis, i KaTeHApis (Bif jart. caténa — «IaHIory) — JiHisl, GopMy
AKoi HaOyBa€e THy4YKa OJHOPIHA HEPO3TSHA Ba)XKKa HUTKA abo JaHLIor 13
3aKpIIUIEHUMH KIHISMU. [IpoTsroM ctopid BiJOMi BU€HI JTOCHIIKYBaIU JaHIIOTOBY
JHI0, 3HAXOJIUITU 3aKOHOMIPHOCTI, TOCHIIKYBaJIM iX BlacTUBOCTI. Ha chorosHi Bike
B1JIOMO 0€3.114 MOXKJIMBOCTEH 1i 3acTocyBaHHS. B 00s1acTi TEXHIKM JIAHITIOTOBA JIHIS
BUKOPUCTOBYETHCSI B pO3paXyHKaX, MOB'I3aHUX 3 MMPOBUCAHHSM ‘“‘HUTOK — MPOBO/IIB,
TpociB Tom0. BoHa 3HaXOAUTh 3acTOCyBaHHA B OYIIBENbHIM TEXHINl TMpU
MPOEKTYBaHHI CKJIEMiHb. JIaHIIOroBa JIiHIS BUKOPUCTOBYETHCS TaKOXK B OyI1BHHUIITBI
apok (OCKITbKHM (popmMa apKu y BUTIIAJI NMEPEBEPHYTOI JIAHIIFOTOBOI JIHIT HAOUIbIIT
BJIAJI0O PO3MOJUIsE HaBaHTaKeHHs). OnHopimHa apka y (Gopmi mepeBepHyTOi
JIAHIIOTOBOI JIiHIT BIAUYBa€ TUIbKH AedopmMallii CTUCKY, alie He 371amy. Y TPSIMOKYTHUX
KOOpJIMHATaX pPIBHSIHHS JIAHLUIOTOBOI JIIHII 3alUCy€ThCs, 3aCTOCOBYIOUM (DYHKIIIIO

KOCHHYC T1epOoIIuYHuM, Y BUTTISI1
X X

X _a
y=ach—=—|e2 +e @ |
a 2

o . T
[TapameTp a, Ikl BXOJIUTh Y PIBHSHHS BA3HAYAETHCS 32 JOMOMOT 00 (hOopMyiu a = —,

ne T —HaTsr “HUTKKA’ Y BEPIIUHI, y — MUTOMA IIUIBHICTh MaTepiamy, 3 sSIkoro 3po0ieHa
“HuTKa”.
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X

X
BuzHaunMo JOBKUHY AYTH JIAHIFOTOBOI JIiHIT y ==| e° +e 5 | Bijg Touku M;(0,5)

N | Ol

0 M 2(5, 2% (e? +1)j. 3acTOCOBYIOYM HaBEJEHY Y poOOTi popMyIly, 3HAXOIUMO

i 71 i X X
5 5_p 5 5| = —
=7 1+ 28 " | dx=2]|e5 +e 5 dx:§(e—e‘1).
0 2 20 2

B.11. Piu
JIvgiscokuti 0epaicasHuli yHisepcumem Oe3neKu HCUmmeOoisibHOCHI
Hayxosuii kepienux O.F0. Umup, kanouoam Gizuxo-mamemamuyHux HayK, 00YeHm

3ACTOCYBAHHA IM®EPEHHIAJIBHUX PIBHAHD PYI'OI'O
HOPAAKY 10 PO3B’AA3YBAHHS 3A/TIAY 3 MEXAHIKH

HaiiGinpmr  epexkTMBHUMH METOJaMHd BHUBYEHHSI PI3HOMAHITHUX (DI3UUHUX
MpOLIECiB 1 SIBUILl € CTBOPEHHS Ta BUKOPUCTAaHHS MaTEMaTUYHUX MOJEJeH, sKi
JIOTIOMAraroTh 3p03yMITH (hi3UUIHHI MPOIIEC, Tat0Th MOXKJIMBICTh YCTAHOBUTH SKICHI Ta
KUIBKICHI XapaKTePUCTUKU MOro cTaHy. BUKOpPUCTOBYHOUM MaTeMaTW4HI MOJENi
MO>KHA Mepe0aYnTy TEBHUM MOJANBIINN PO3BUTOK MPOIIECY.

BuByaroun ¢i3uuHi SBUIA MOXXHA BUSBUTH JEIKY (PYHKIIOHAIbHY 3aJICKHICTh
MDK HEBIJOMHUMH XapaKTEPUCTUKAMH IMPOIIECY, MIBUAKOCTIMH iX 3MIHM W YacoM,
TOOTO 3HANTH PIBHSIHHSA, SIKI MICTSITh IMOX1J{HI HEBIJIOMUX XapaKTEPUCTUK Mpoiiecy. Y
0araTboX BUMAJKaX TaKOK 3aJEXKHICTIO Oylie nudepeHiaabHe piBHIHHS.

Yacto npu ckinanaHHl JudepeHiaJbHuX pIBHSIHb BUKOPUCTOBYIOTH (DI3MUHMIA
3MICT MOXIAHOI K IIBHMJKOCTI Mepediry mpouecy 1 Apyroi MOXiJAHOI SK IIBHUJKOCTI
3MIHM MIBUJIKOCTI, TOOTO MPUCKOPEHHsA. TakuM YWMHOM, ICHYIOTH Iu(epeHLIabHI
PIBHSIHHSI, K1 MICTATh HE TUIBKHU MEPILY NOXITHY Bl IIyKaHO1 (GyHKIIT, aje i moxXiaHi
BHUINKX TOpsAAKIB. Taki gudepeHiianbHl PiBHIHHS HA3UBAIOTHCA TU(epeHITiaTbHIMH
PIBHSHHSMH BUIIUX TOPSIIKIB.

PosrisHemo npuknaany 3aady, sKka MPUBOAUTH 10 AUGEPEHITIATHFHOTO PIBHSIHHS
JPYTOro NOpsKYy.

3aoaua. KonconpHa crampHa Oanka noBxkuHOWO AB = 6 M HaBaHTaxeHa
30cepekeHoro cunoro P =2-10" H B kinmi B. 3Haift piBHSAHHS mpyskHOI MiHii i
BM3HAYMTH BEJIMYMHY NPOTMHY KiHIA Oanku (Momyns npyxkHocti E=2,1-10" Ila,
MOMEHT iHepIlii HOoMepeyHoro epepisy BigHOCHO HeifTpanbHoi oci J =3-107* m?).

CkrnageMo MaTeMaTUYHY MOJIEb Ta 3HAMIEMO PO3B’ 30K 3aj1aul.

3ruHanpHui MOMeHT M mns mepepi3y 3 nentpoM B touti N(X; y) nopiBHIOE
MomeHTy cuiii P BimHOCHO Touku N, To6T0 M = P(l — X), sikmii GepeTbes 31 3HAKOM
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IUTI0C, (CUiia TIpUKIIaJieHa A0 OaJku crpaBa Bij mepepizy 1 o0epTae MpaBy YacTUHY
OaJIK1 3a CTPUIKOIO TOJIMHHUKA).
3 Kypcy onopy mMarepiajiiB BiIoMO, 110 audepeHIiagbHe pIBHIHHS NPYKHOT JiHIT
MaTUME BUTJIIS]T
M
E-J°

ne M — sruHanpHUN MOMEHT, E — MOTy/b IPY>KHOCTI, J — MOMEHT 1HEPIIii MONepeyHOro
nepepizy BIIHOCHO HeWTpanbHOi oci. Tol

d’y P
=——(—-x).
dx* E-J (=)
besnocepeHIM IHTETPYBAHHIM 3HAXOIUMO
dy P P (- )
—=——|(-x)d(l-x)+C,=————~— :
dx E-JJ =0 dl=0+C=—g7 =G

3BiJICH 3araibHUI pO3B’SI30K JUEPEHIIaTbHOTO PIBHSHHS

P (=% +Cx+C,.

"E-J 6
Crani C,, C, Busnauaemo 3 mouyatkoBux ymoB Y(0)=0, y'(0)=0,
P I°
O0=———+C,-0+C,, )
E-J 6 . P P |
TOOTO 3Bigen Cj=——-—, C,=———-—.
P I° E-J 2 E-J 6
=——— —+C.
E-J 2

[Tincranstoun 3HaueHHs C, Ta C, B 3aranbHHI PO3B’SI30K, OJIEPKYEMO IITyKaHE

__P Ixz—x—3
TN 3 )

[IporuHom Oanku HA3WBAETHCS OpAMHATA TMPYXKHOI JHII B PO3MISIHYTOMY
nepepisi.
Bennuuny nporuny h Ha xiHii Oanku B omepxyeMo 3 OCTaHHBOI PIiBHOCTI,
sagpoBoabHsroun yMmoBy Y(I)=h: h= PI = 2-10°-6° ~ 23 MM.
3E-J 3-21-10"-3.10"

[TigcTaBiastoun YUCIOBI 3HAYCHHS 1 MPUBOASYM iX JIO €IMHOI PO3MIPHOCTI,

2-10*-6°
3HAXOMMO BEJIMUUHY MPOTHHYy h = ~ 23 MM.

3-2,1.10".3-10

PIBHSIHHSI TIPY>KHOT JiHIT
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1. Ilonomapes K.K. CoctaBnenue auddepeHunanbHbIX ypaBHeHUH. MuHCK: Bpinmiimas mkona,
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2. Camotinenko A.M., Kpusowes C.A., I[lepecmiok M.O. JludepeHItianpHi piBHIHHS y MPUKIaIax i
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CEKIIIA 2. MamemamuuHni iOKpumms, ui0 IMIHUIU CEIM

B.M. Ilemposcvkuii, B.B. Konomicuw
Hayionanvna akademis cyxonymuux siticok imeni cemomana llempa Cazaiioaunozo
Hayxosuu xepienux O.B. Binaw, x.e.n.

MATEMATHKA TA ii POJIb Y BIMCHKOBIN CIIPABI

Marematuka — 1ie pyHAaMeHTalIbHA HayKa, sKa 3apojuiacs IIe /10 HAIOol epH i
JI0C1 aKTUBHO PO3BUBAETHCSI. MaTeMaTrka IMPOKO BUKOPUCTOBYETHCA MalkKe y BCIX
chepax KUTTA JIIOJAWHH, 30KpEMa y TOPTriBIi, OYyIIBHUIITBI, BUPOOHHIITBI PI3HHUX
MPEAMETIB, Y TOMY YHCII 1 30poi. MaTeMaTuka € OJJHUM 3 MOTY>KHUX 1HCTPYMEHTIB
Mi3HAHHS 1 BAKOPUCTAHHS 3aKOH1B 30p0itHOT 0OpOTHOM B T€OPii 1 MPaKTHUIll BIHCHKOBOI
cipasu. EdekTuBHE BUKOPUCTaHHS MaTEMAaTUKH Y BIMCHKOBIN cdepi CTaIo MOKINBUM
3aBMIIKM 3aCTOCYBAaHHIO €JIEKTPOHHUX OOYMCIIOBAJbHUX MAIWH, 3JaTHUX 3a
KOPOTKHUI yac BUPIIIYBAaTH CKJIAJHI 1 TPYAOMICTKI 3a/ad4l, MOB'sI3aH1 3 nepedyBaHHAM
ONTUMAJIbHUX PIIICHb.

CeHc 3acTOCYBaHHSI MaTEMAaTUYHUX METO/IIB B MPOLECaX YNpaBliHHA O0HOBUMU
JiSIMM ~ BIMCBK MOJsra€e B TOMY, 1100, BHKOPHUCTOBYIOUM 3HAHHS 3aKOHIB,
3aKOHOMIPHOCTEH 1 MPUHIMIIB 30pOiHOI 0OPOTHOU, CKOPOTUTH TEPMIHU HIATOTOBKU
MPUHAHATHX PIIICHD 1 MABUIIUTHU iX SKICTh, TOMOI'THCS HassBHUMHM CHJIAMH 1 3aco0aMH
HaWKpanmx pe3yiabTaTiB 00MOBHX Iiil.

3acTocyBaHHS MaTeMaTUYHUX METOMIB B TOEJAHAHHI 3 EJIEKTPOHHUMH
O00YHUCTIOBAILHUMU MAIlIMHAMM JIa€ MOKJIMBICTh BUPIIIYBATH 3aBJAHHS TaKOTO POy,
3a0e3Mneuyoun JOCUTh MIBUIKUANM 1 JOCTOBIPHUM MPOTrHO3 X0ay OOHOBUX IiN AJis
aHami3y OyIb-SKMX MOJIMBUX BapiaHTIB pilieHb. J[Ji1 CKOpOYEHHS TEPMIHIB 1
MJBUIIEHHS SKOCTI MPUHHATUX PIIIEHb HEOOX1IHO aBTOMATU3yBaTH Ipoliecu 300py 1
00poOku iH(dopMarlii (Tpo NPOTUBHUKA, CBOI MOKJIMBOCTI B pailoH1 OOMOBUX AiH) 1
BECh MPOIIeC BUPOOJICHHS PillIeHHs B 1i7IoMy. [le qocsiraeThes NUISIXOM BUKOPUCTAHHS
€JICKTPOHHUX OOYHUCITIOBAJIBHUX MAIIWH JJIsl BU3HAYCHHS HAWOUIbII €()EKTUBHUX
crioco01B TIOCATHEHHS KIHIIEBOT MeTH 0010, OOMOBUX i1 1 omepallii 1 CKJIala€ OJIHY 3
ICTOTHUX CTOPIH BUKOPHUCTAHHS MaTeMaTUKH Y 30poiiHiil 00pOTHOi.

MareMaTuka B CydaCHUX YMOBaX BIJIrpa€ Ay e BaXJHMBY POJib B JOCIHIIKEHHI
30pOiHOT OOPOTHOM 1 BAKOPUCTAHHI BUSBICHUX 3aJI€KHOCTEN 1 3aKOHOMIPHOCTEH, SIK1
BUSIBJISIIOTH CBOIO JIIF0 4Yepe3 MPHUHIMIHN BiHCHKOBOTO MHCTENTBA. MareMmaruka jaae
MOJKJIMBICTh HAMOUIBII TIOBHO BpPaxOBYBaTH 1 peali30BYBAaTH IIi TMPUHIIUIN 32
JIOTIOMOTOI0 BUPOOJIGHHA KUIBKICHUX pPEKOMEHAAll BUXOASYM 3 ypaxyBaHHs
KOHKPETHHX pealbHUX YMOB O00HOBOi mdiiicHOcTi. B 1mpomy sikpa3 1 KpHUIOTHCS
MO>KJIMBOCTI MAaTEMAaTUKH, TaK SK aHaATI3 1 BpaxyBaHHS KOHKPETHUX KUTbKICHUX 3MIH
MO3KYTh MPU3BECTHU 0 SIKICHUX 3MiH.

BiiicbkoBE MUCTELITBO € OCEpEAKOM 00MOBOTO JOCBIAY, HAKOMMYEHOTO IPOTATOM
O6aratbox cTouiTh. [100 BUSIBUTH 1 BCTAHOBUTH 3aKOHOMIPHOCTI 30poiiHOT 60pOTHOMH,
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noTpiOH1 Oy BUBUEHHS 1 aHaJ3 0araToBIKOBOIO JOCBIIY BeACHHS BO€H. J[o mosiBu
CJICKTPOHHUX OOUYHCITIOBAILHUX MAIIIUH 1 METO/11B MOJCITFOBaHHS OOMOBUX 1Ml 1€ OYB
€IMHO MpaBWIbHUA NUIAX. [HIMX 1nwuAxiB He Oyno. OgHak y MIpy pPO3BUTKY
MPUKIIAAHOI MaTEMATUKH, 30KpeMa METO/I1B MOJEIIIOBaHHs O0HOBUX i, 1 HIMPOKOTO
3aCTOCYBaHHS €JICKTPOHHUX OOYMCITIOBATBHUX MAITMH CTAHOBUIIE 3MIHIOETHCS.

MatemaTnka a1ae MOXKJIMBICTH MOJICTIOBATH OOHOBI 1ii, a OT)Ke, PO3KPUBATH 1
BCTAHOBJIIOBATH 3aKOHOMIPHOCTI BEICHHS 30p0itHOI OOpOTHOU 3a JOMOMOIOI0 Pi3HUX
MaTeMaTHYHUX Mojeneid. MopenioBanHs OOMOBHX Mili — 1€ 1HCTPYMEHT IS
MIPOTHO3YBAHHS MOXJIMBUX PE3yJbTaTIB OOHOBUX Mii Ta po3poOJIeHHS peKOMEHIAIIN
o X TUTaHYyBaHHIO 1 BeJileHHI0. CTaBIsIYM Pi3H1 YMOBH 1 BBOASYM Pi3HI BUXI1JHI JIaHi,
MOXHa 0aratopa3oBO BIJITBOPIOBATH Pi3HI CUTyallli, HAKOIMUYYBATH CTATUCTHUYHHM
MaTepiai, BUSBJISATH 3aJ€KHOCTI 1 3aKOHOMIPHOCTI, BU3HAYATH MPUHIIUINA BEJICHHSA
30pOiHOT 6OPOTHOM Ta 3HAXOAUTH ONTUMAILHE TAKTUYHE PIIICHHS.

OO0'eKTUBHICTh BUSBIICHHX 3aKOHOMIPHOCTEH Oyje 3aiekaTH BiJ aJeKBaTHOCTI
MaTeMaTUYHUX MoOjJeNied MOJenbOBaHUi TMpoiiecaMm 30poiiHoi OopoTbbu. Tak,
30KpeMa, JIJIsl BU3HAUCHHS KEPTB BOEHHUX 1M, TIHCHUX a00 MOTEHIIIHHUX, HANO1IbIIIe
3HAUEHHA MalOTh HACTYIIHI YOTUPHU Mojeni: monaens Jlandecrepa, y sIKii KUIBKICTb
YKEPTB NPONOPLIIHA O KUTBKOCTI CYTUYOK M1k 1HAMBIAYMAaMH BOPOTYIOUUX CTOPIH, a
HaNOUIbII aKTyaIbHOIO BOHA € TOA1, KOJIU JIB1 CTOPOHHU PO3TALIOBYIOTHCS Ha 3arajibHiii
TepuTopli; Moaenb (OcuIoBa, KOJU KUIBKICTh JKEPTB MPOIOPIIHA YHUCEIbHOCTI
MPOTUIICKHOTO OOKY; Mojaenb lleTepcoHa, KOMM KUTBKICTh >KEPTB BU3HAYAETHCS
YUCENBHICTIO CBOTO OOKY 1 YMM OuIbllle CBOIX MIABOJHHUX YOBHIB HECYTh 0OMOBE
YyepryBaHHs, TUM OlJIbIIE iX TUHE; MOJeIb BpekHi, KOJu KiIJIbKICTh KEPTB OAHOTO OOKY
MPOTIOPIIiiHA 10 KUTBKOCTI CYTHYOK, a 1HIIOT — JI0 YACETBHOCTI 11 IPOTUBHUKA.

OTxe, OTHUM 13 TIOTYXKHUX IHCTPYMEHTIB Mi3HAHHS Ta BUKOPHUCTAHHS 3aKOHIB
BIMHH B T€OPii Ta MPaKTHIIl BIHCHKOBOI CIIpaBU € MaTeMaTUYHE MO/IETIOBaHHs. MeToa
MOJICTIOBaHHS 3a3BHYal 3aCTOCOBYIOTH JJIi BUBUCHHS BUXITHUX 00'€KTIB TOI1, KOJIH
Oe3nocepeHe X BHUBYECHHS a00 3 SKUXOCh NMPUYUH HE3pydyHEe ab0 HEMOKIIUBE.
OCHOBHUMH NIISIMU, 3apajy SIKHUX CTBOPIOIOTHCS MOJENI, €: TIATBEpKEeHHsS abo
CIIPOCTYBAHHS PI3HUX TEOPIi 1 TOTE3; BUSBICHHS 3aJICKHOCTEH PI3HUX MapaMeTpiB
MOJIENTI, XapakTepy IiX B3a€MOJil B 4acl 1 MPOCTOPi, 3HAXO/KEHHS ONTUMAIbHUX
CHIBBIIHOLIEHb LHX MapaMeTpiB; 3aCTOCYBAHHS B SKOCTI CHUCTEM BIPTYaJbHOI
peabHOCTI.
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B.M. Bionui
JIvgiscokuti OepoicasHull yHisepcumem Oe3neku HCUmmeoisibHOCHI
Hayxosuui kepienux O.FQ.Ymup, kanouoam ¢izuxo-mamemamuitHux HayK, OOYeHm

JAUCKPETHA MATEMATHUKA Y IPOTPAMYBAHHI

OpHuM 13 HAWBUAATHINIMX BUHAXOIB XX CT. € CTBOPEHHS KOMIIIOTEpa —
yHIBEpCaTbHUI aBTOMAaTHYHUN TEpeTBOpIOBaY iH(opmallii, BU3HAYAIBHY pOJIb Y
CTBOPEHHI SKOTO BiIrpajy BUEHI-MAaTEeMAaTUKH. 3 MOSBOIO KOMIT'IOTepa y OaraTrbox
MaTeMaTHKIB BUHUK NIEPEPO3MO/ILT 3aI[IKaBIEHOCTI CBOIM MPEAMETOM JOCIIIKEHb. Y
CBOIO Yepry, KOMII'IOTEp BIUIMHYB 1 Ha caMy MaT€MaTHKy, a caMe BiH CTaB PyLIIHHOIO
CUJIOI0 Yy CTBOPEHHI HOBITHIX 1JIeM 1 3aJa4, COpPHSIB IMOSBI HOBUX JUCIHHUILIIH Ta
HaIpsIMIB MaTEMAaTUYHUX JOCTIHKeHb. 30KpeMa, 3’ IBUBCSI OKPEMUN PO3/ILIT CYy4acHOT
MaTE€MaTHUKHU — TUCKPETHA MaTeMaTHKa.

[cTopist uCKpeTHOT MaTeMaTUKH TIOB’sI3aHA 3 PO3B’SI3aHHIM CKJIAQIHUX MPOOIIeEM,
K1 TIPUBEPHYJIM yBary 0OararboX HAayKOBIIIB B TI 4M IHIIIN ramy3i MaTeMaTHKH.
Hampuknaz, B Teopii rpagis 6araro A0CIiKeHb OyJ0 BUKIMKAHO CIIPOOaMHU JI0BECTU
TEOpEMY YOTHPHOX KOJIbOPIB, BIiepIie chopMmysiboBaHy 1852 poky, ajie He JOBEIEHY 10
1976 (Kenner Amnmnens 1 Bombdranr XakeH — JOBEIM BUKOPUCTOBYIOUHM CYTTEBY
JIOTIOMOTY KOMII'tOTepa).

JluckpeTHa MaTeMaThKa — I1€ Tajdy3b MAaTEMAaTHKH, 110 BUBYAE BIACTHBOCTI Oy/Ib-
AKUX JTUCKPETHHUX CTPYKTYp. SIK CHMHOHIM 1HOAI BXXHMBAETHCS TEPMIH JMCKPETHHIMA
aHaJi3, 1o BUBYAE BIACTHBOCTI CTPYKTYp CKIHUEHHOTO XapakTepy.

['onoBHUM KpHTEpieM, 3a SIKUM PI3HOMAaHITHI PO3AUIA MaTEeMaTUKH (K Ti, 110
BUHUKJIM B JJaBHI1 9acH, TaK 1 Ti, IO 3’SIBHINCh Yy XX CT.) 00’ €IHYIOTH 11l Ha3BOIO
"mucKpeTHa MateMaTtuka', € Te, SIKe BIIHOIIEHHS BOHU MAlOTh JI0 TEOPii Ta MPAKTUKU
MPOCKTYBaHHS, BUKOPUCTAaHHS  EJICKTPOHHUX  OOYMCIIOBAIBHUX  MAIMH 1
nporpamyBaHHs. TOMy HNHMCKPETHY MAaTeMaTHKy OCTaHHIM 4YacoM CIIPaBeJIMBO
Ha3MBalOTh KOMIT IOTEPHOIO MaTeMaTHKO1O.[ 1]

Jlnst pi3HOTO PpIBHS TpOrpaMyBaHHS KOPHUCHI CBOI PO3IIIM  MaTeMaTHUKH.
Hanpuknan, ans 3D MonentoBaHHS — aHAJIITHYHA TeoMeTpis, Juisl mudpyBaHHS —
JiHIMHA anredpa Ta crarucThka. Marouum 0a30BI MaTeMaTH4HI 3HAHHS, MO-TIEpIIE,
PO3BHBAETHCS A0OCTPAKTHE MUCJICHHS, SIKE JJO3BOJINTH Kpallle MOUBUTHCS Ha 3aBJIaHHS,
po30UTH HOTO Ha JIOT14YHI YACTUHM, 3HANTH HOBI MIAXOAW 10 MOr0 BUPIIICHHS, I10-
JpyTe — OIliHKa CKJIaJHOCTI aJrOpPUTMIB, 32 JOTIOMOTOIO SKOi IO TOTO, SIK HAIHCATH
KOJ, MOTPIOHO 3pO3YMITH UM BUKOPHUCTOBYBATH II€H aJTOPUTM, YW B3arajii B3ATH
SKUICH 1HIIUH, 11100 BiH OyB O11b1I €()EKTUBHUM.

PosrnsitHemo pi3Hi  Teopii, sAKi BXOJATh B OCHOBHMI Kypc ‘‘/luckperHa
MaTeMaTHKa”, a TAKOXK B 1HIII MaTEMAaTUYH] JUCIIAILIIHU.

Teopis iHGopmamii — 1e po3aul KiOEpHETHUKHU, B SKOMY 3a JIOMTOMOTOIO
MaTeMaTHYHUX METOJIIB BUBYAIOTHCS CIIOCOOHM BUMIpIOBaHHS iH(MOpMaIlii Ta MeToau ii
KOJyBaHHS 3 METOIO CTUCHEHHS 1H(opMaIlii 1 HaAiitHOT mepeaayi KaHajJaMu 3B’ SI3KY.
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3acTocyBaHHS B JIOTIII MaTeMaTUYHUX METOMAIB CTAa€ MOXJIMBHUM TOHl, KOJH
CYIKEHHSI (OPMYIIOIOTHCSl JIESIKOI0 TOYHOK MOBOIO. Taki TOYHI MOBHU MaloTh Bl
CTOPOHM: CHHTAKCHUC 1 CEMaHTHUKY.

Bapro 3a3HaunTtH, 1110 Ha MPAKTHUIll O€3J11Y eJIeMEHTAPHUX JIOTIYHUX OIepalliil €
00OB’SI3KOBOI0 YAaCTHHOIO HA0OPYy IHCTPYKIIM BCIX Cy4yaCHUX MIKPOMpPOIECOpIB, 1
BIJIMOBIIHO BXOAWTH JO MOBH MporpamyBaHHs. Lle € ogHMM 3 HalBaKIUBIIINX
MPAKTUYHUX JOJATKIB METOJ[IB MaTEMaTHYHOI JIOTIKH, [0 BUBYAIOTHCS B CYYaCHHX
HiApyYHUKAX 1HPOPMATUKH.

Teopist rpadiB 3HAXOAWTH 3aCTOCYBAaHHS, HAMpPHKIAJd, B TeoiH(GOpMaLIHHUX
cucremax (I'IC). [ToOynoBani abo 3ampoekToBaHi OyAMHKH, CIIOPYIU, KBAPTAIH TOIIO
PO3MIISIAIOTECA K BEPIIMHM, a 3°€HYIOTH iXHI JOPOTH, 1HXKEHEPHI MEpexi, JIiHil
eJICKTpOIEpeIadi TOIIO — SIK pedpa. 3acToCyBaHHS Pi3HUX 00UHCIICHb, BAPOOJICHUX HA
TakoMy rpadi, T03BOJISIE, HANPUKIAT, 3HAUTH HAUKOPOTIIUN 00’i3HMN HUIIX abo
HaNWOIMKIMIA POTYKTOBUI Mara3uH, CIJIaHyBaTH ONTUMAJILHUNA MapIIpPyT.

Teopist irop — pO3MIT MPUKIAJHOT MATEMAaTUKH, SIKHA BUKOPHCTOBYETHCS B
COLIIAIbHUX Haykax (HailOuibllle B EKOHOMII), O10JIOTii, MOJITUYHUX HayKax,
KOMIT FOTEpHUX HayKaX (TOJIOBHUM YHMHOM [IJISl IITYYHOTO IHTENEKTY) 1 ¢ijmocodii.
Teopis irop HamaraeTbCsi MaTeMaTHYHO 3a(iKCyBaTH MOBEAIHKY B CTpaTE€r1dyHUX
CUTyallX, B SIKMX YCIIX Cy0’ €KTa, 110 pOOUTH BHOIp 3aJI€KUTh BlJ BUOOPY I1HIIHMX
YYaCHUKIB.

Teopis pillieHb — IAPUHA TOCTIKEHb, SKaMaTEMaTUYHUMH METOJAMUI0 CITIIKYE
3aKOHOMIPHOCTI BHOOPY JIFOAbMU HAWBHTIIHIIIUX 13 MOXJIMBUX AJIETEPHATHUB 1 Ma€e
3aCTOCYBaHHSI B €KOHOMIIIl, MEHEIP)KMEHTI, KOTHITUBHIN TICUXO0J0rii, iHhopMaTUIli Ta
O0YNCITIOBAJIbHIA TEXHILI.

OCHOBHUMMU 3aJlayaMU JUCKPETHOI MAaTEMATHKU €:

3’sICYyBaHHsI TOTO, SIKI BJIACTUBOCTI MAlOTh Ti YU 1HII AUCKPETHI 00’ €KTU pa3oM

3 3aJJaHUMH Ha HUX (PYHKIISIMHU, ONIepaIlisiMH, BITHOIIIEHHAMHU (aHaT13);

mo0y/1I0Ba JUCKPETHUX 00’ €KTIB, SIK1 3aJ0BOJIBHSIOTH 3aJJaHUM BIIACTHBOCTSIM

(cunres). [2]

Ha ceoroguimHii AeHb AWCKpETHAa MaTeMaTHKa BXOAWTH JIO0 HaBUYAIBHUX
nporpaMm 0aratbox (akyJabTETIB YHIBEPCUTETIB Ta IHIIUX BHUIIUX HaBYAIBHUX
3aknaniB. OgHaK TEMIH PO3BUTKY KOMIT IOTEPHUX CUCTEM, a OCOOIMBO MPOrPaMHOIO
3a0e3MeUeHHs TaKl, 1110 3HAHHS PO KOHKPETHI CUCTEMU, OTPUMAHI 1]l Yac HaBYaHHS,
4acTo yXKe€ € 3acTapUIMMU Ha MOMEHT Moro 3aBepuieHHs. DaxiBelb, sSKU Oaxxae
3aBXau OyTHM OOI3HAHMM W00 1JIel, HOBAaliil 1 mporpecy, Mae MmoadaTv Mpo
byHIaMEHTAIbHY TEOPETUUYHY MIATOTOBKY. DOPMYBaHHS 1HTEICKTyaIbHUX HABUUOK 1
BMiHb HEMHUCIUME 0€3 aKTUBHMX I1HAUBIAyalIbHUX MiH, 0e3 HaOyTTs CaMOCTIMHOTO
JIOCBIy ¥ TIPAKTUKH Y MPOIIEC] pO3B’sA3yBaHHS 3a/1a4, 1110, 0€3yMOBHO, € HalKpaIum
CIIOCOOOM 3aCBO€HHSI OyNb-SIKUX TEOPETUYHMX MATEMATHYHUX TOHSITh, METO/IIB,
KOHIIETIIIIH 1 pe3yIbTaTiB, MEPEBIPKH MPABMIHLHOCTI Ta MOBHOTH PO3YyMIHHS MaTepiany.
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JIvgiscokutl OepoicasHull yHisepcumem Oe3neku HCUmmeoisibHOCHI

Hayxosuii kepienux M.IKyciit, kanouoam neoacociunux HayK, OOyeHm, OOYeHm
Kageopu  NPUKIAOHOI MAMeMAMUKU ma MexaHiKu

POBOTH MUXAMJIA KPABUYKA — OCHOBA CTBOPEHHS IIEPIIOTO
KOMII'IOTEPA

V¥ 1937 poui amepUKaHCHKHI 1HXEHEP ATaHACOB TOPTaB JIBA TOMH MOHOTpadii
Muxaitna KpaBuyka ‘“Po3B’d3aHHs MHIMHUX JudepeHllaTbHUX Ta IHTErpajibHUX
PIBHSAHB . YKpaiHChKUI MaTeMaTHK MPOIIOHYBAB YHIKAJIbHI METO/IH, SIK1 CIPOLTYBaJIN
OOYHMCIEHHS 1 BIEpIIE JI03BOJSIM IX aBTOMATU3yBaTH. ATaHacoB OyB 3a KPOK BiJ
PO3pOOKH MEPIIOTO y CBITI KOMIT IOTEpa, aje HoMy XOTLIOCS 1Ie OIblIe JOCTIAUTH
reHiaJabH1 PIIICHHS YKpPaiHIIs.

[mxeHep Bupillye HampsiMy CKOHTaKTyBaTHCh 13 KpaBuykom i Bimmpasisie 10
KueBa mnucra, y sxomy 3a3Hauae: “Bama cepis poOIT 1010 po3B’sA3aHHS
nudepeHIiaIbHUX PIBHSIHB BUSBUIIACS TyKEe KOPUCHOIO Y MOii poOoTi”. Bin mpocuthb
BUCIIATH ¥ 1HIII HAYKOBI Mpalii.

Muxaitno KpaBuyk 0yB 3HaHOIO (Diryporo B HAyKOBHX Kojax Ykpainu. [2,15.]

Xnomnenp 13 BOJIMHCHKOro cena YoBHUIS 3MalKy BUSBUB XHMCT JO HaBYaHHS —
JIyubKy riMHa3110 3aKiHUY€ 3 MEIaJUII0, a 33 YCHIIIHICTh Ha (PI3UKO-MAaTEMAaTUYHOMY
¢dakynbTeTi KuiBchbKOTO yHIBEpcUTETy OTpUMYye cTuneHairo y 50 kapOoBaHIIB.
[Tpodecop JAmurtpo I'paBe HACTUIBKM MUILIAETHCSA CBOIM CTYJEHTOM, IO PEKOMEHIYE
MaTeMaTU4yHIA CHUIBHOTI 3BEPHYTH yBary Ha MOro HaykKoBl poOOTH. YUYEHOro
3alpoINyIOTh BUKIAJAATH Y KUIBCHKUX 1HCTHTYTaX Ta TiMHA3iIX — TaK WOTO yYHSIMHU
CTali JiereHaapHuii KoHCTpykTop pakeT Cepriii KoponroB Ta TBOpels meprmx
TypOOpEaKTUBHUX JABUTYHIB JUIS PAITHCHKUX BUHUIYBauiB Apxwu Jlronbka. [4,40.]

KpaBuyk i3nutTh 3 nekiisiMmu i 3a kopaoH. Haykosii B Toponro, [Tapuxy Ta
bononpi ciyxaroTh ¥OTO JMOMOBIAI TPO HAOMMKEHE IHTETpyBaHHS JIHIWHUX
nudepeHIiaTbHUX piBHSAHDB, TOMI K AMEPHKAaHChKA acolliallisi MaTeMaTHKIB 1 B3arai
MIPOTIOHYE TIepeiXaTh Ha IHIIMI KOHTHHEHT. KpaBuyk Biaxusie Bci mpomno3uiti. [3,15.]

HayxoBenb BIOCKOHANIOE TEOPiI0 MAaTEeMAaTUYHOI CTATUCTHKH, MaTpullb 1
BU3HAYHUKIB, PU IIbOMY CBOT MOHOTrpadii myoJikye yKpaiHCbKOIO MOBOIO U MEpIIUM
CTBOPIOE YKPATHCHKUI CTOBHUK MaTeMaTUYHUX TepMiHiB. CTyA€HTH pO3MOBIIAIH, IO
BIH HACTUIbKM TapHO BOJIOMIB YKPAiHCHKOIO, IO JAEXTO NMpoOupaBcs Ha HOro mapu
JIMIIE JJIsE TOTO, 1100 MOYyTH, K BiH po3mosJse.[1,10.]
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Taka nmo3uiist He mogo0aeTbes OubIIOBUKAaM. [IpoT MaremaThka MOYUHAIOTh
rotyBatu crpaBy. CaMe B 11eil HEIPOCTHI Yac, 9 BepecHs, aMepUKaHelb 1 BIANPABUTD
cBoro jucrta 10 Kuepa. JIlo KpaBuyka BiH Tak 1 He Jiiiie, aJKe BXKe 5 JHIB y razerti
“KoMyHicT” 3’BUTbCS THiBHA cTaTTs: “AkageMik Kpapuyk pexnamye Boporis”. [i
aBTOPH 3aIEBHSIIN, [0 POOOTH BUEHOTO ‘‘BUKJIMKAIM TIUOOKHUH THIB y BCIX YECHHX
paasSHCBPKMX  MaTeMaTWkiB”’, amke KpaBuyk He Jume  TATPpUMYE 3
“He0ylaroHaIIMHIMHU® MaTeMaTHKaMU JIPY>KHI 3B’S3KW, a ¥ HABITh BHJA€ KHUTH Yy
CHIBaBTOPCTBI. ATaHACOB PO II€ HIYOTO HE 3HAB 1, HE OTPUMABIIU BIAMOBIAI Ha
NEePIIUi TUCT, HAITUCAB Y JIMCTOMA/I1 10 YKpaiHChKOI acomianii KyJIbTYpPHHX 3B SI3KIB 3
1HO3eMHHMH KpaiHaMmu, Ji¢ 3HOBY IOMPOCUB HajiciaaTh omy MmoHorpadii KpaBuyka
po audepeHItianbHi pIBHSHHS.

MoxauBo, BU O MOIUIM JIOBIIATHCS, YU MOI JIMCTH JIHNUIM 10 Tpodecopa
KpaBuyka, 1 SIKIII0 Tak — YOMY BiH HE BIJINOBi/Ia€, — HAMKMCaB y JUCTI ATaHacoB. Xi0a
MIT ySBUTH aMEpHKaHellb, 110 TMPOBIJHOTO €BPOMNEHCHKOIO0 MaTeMaTuKa 3a
BUTAJJaHUMU 3BUHYBauyyBaHHSMHU 3acyAin Ha 20 poKiB B’SI3HMIII Ta 5 pOKIB 3aCJIaHHS.
3 JIyk’sHiBCbKOi B’SI3HMIN HOTO BiAnpaBisiioTh Ha Komumy moOyBatu 30510T0. 1942
POKY BUEHOTO HE cTaHe. Toro K poKy 3a 0keaHOM ATaHACOB pa3oM 3 iHxkeHepoM beppi
YCHIIIHO MPOTECTYIOTh NEPIIUNA y CBITI HU(PPOBUNA OOYMCIIOBAIBHHUI MPUCTPIA —
komm’rotep ABC (Atanasoff-Berry Computer), y sikomy BHepiie BHKOPHUCTAIN
JIBITKOBY CUCTEMY YMCJICHHS, €JICKTPOHHY JIOT1UHY CUCTEMY, ManepoBi neppokapTu, a
K 3alaM’ITOBYBaJIbH1 IPUCTPOI 3aCTOCYBAIM KOHJIEHCATOPH. [5,544.]

XTO3Ha YU MU KOJIMCh OM AOBIJATUCS MPO 110 ICTOpito, AKOU He mpodecop
koM MOMTUYHUX IOCHIIKEeHb YHiBepcuTeTy OTTaBu IBan KauaHOBCHKUH, KUl B
apxiBax YHIBEpCUTETY AMOBHM HATpamnuB Ha Il JUCTH 1 PO3MOBIB CBITY PO BHECOK
ykpainig. B Ham yac maremaruyHi pimeHHs KpaBuyka qormoMaraioTh HAyKOBISIM 3
YChOTO CBITY OOpOOJSATH Ta BITHOBIIOBATH 300pa)KCHHS BiJeOMaTepialiB,
pO3Mi3HABATH XapaKTep MyXJIUH Ta po3mu(pOBYBaTH apaOChKi pyKOIKCHI CIIOBA.

Jliteparypa:
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A.B. Bopucenko

Xepconcokuul HayioHAIbHULU MEXHIYHUU YHIgepcumem

Hayxosuii kepienux T.B. Manomyac, kanouoam mexHiduHux HayK, OOyeHm, OOYeHm
Kagheopu UWOi MamemMamuky i MamemMamuyHo20 MOOeI08AHH s

TAPMOHIUYHUH PSJI TA JTOBEJEHHS MOI'O PO3BIZKHOCTI

. . =1
SK BinOMO, 2apmoHiuHuUM pAOOM Ha3MBaeThCs g BULy ».—. Haspa psmy

n=1
NOB’SI3aHAa 3 THM, IO MOYMHAIOYM 3 APYroro 4ieHa psAay KOXXHHHA 4IeH psAay €
CepeHIM TrapMOHIYHUM IMONEPEIHHOT0 Ta HACTYITHOTO WIEHIB psAdy. Bmeprie Taka
Ha3Ba 3yCTPIYAEThCS B poOOTaxX aHIMNIIMCHKOIO MaTeMaTHKa, MEPIIOTo IMpPE3HUICHTAa
JloHAOHCHKOTO KOPOJIBCHKOTO TOBapUCTBa YiibsiMa bpaynkepa B 1668 p.
Yucio ¢ Ha3UBAETLCS cepedHim 2apmoniunum dvcen a i b, ko

1 1(1 1
===+
c Z(a bj

J171s1 TaApMOHIYHOTO PSITY MA€EMO:

1 1( 1 1
—==|—+—|, Nn22.
u, 2\u,, u

n

[lepmie Bimome JOBENEHHS PO3ODKHOCTI TapMOHIYHOTO Py HAJICKHUThH

¢paniry3pkoMy BaeHOMY Hikosro OpemMy 1 MicTUTBCs B Horo TBopi «Quaestiones super

geometriam Euclidis» (61 1350 p) [1, C. 281]. TpakTat He OyB HaAPyKOBaHH CBOT'O

yacy 1 BuidmoB apykoM y 1961 p. [2]. Josenennst Hikons Opema IpyHTYeETbCS Ha
O3HAIll TOPIBHSIHB PSJIIB 1 CY4aCHOIO HOTAIIIEIO BUTIISIIAE TaK:

1 1 (1 1 1 1 1 1
o=+ S [+ S+ HS+S [+>
2 (3 4) (5 6 7 8)

n:ln
1 (1 1 1 1 11
>I+—4+| —+—|+| ===+ |+..>
2 (4 4) [8 8 8 8]
1 1 1
>1+—+—+=+..
2 2 2

VY 1647 p IT’erpo Menrom naB qoBeeHHS IHIIUM MeTooM. Y 1650 p Buiinuia
npykom ioro podota «Novae quadraturae arithmeticae seu de additione fractionumy.
Y mitt kHu3l [T’etpo Menrom J0BOAWTH PO3ODKHICTH TapMOHIYHOTO PAIY,
criMparovuch Ha HepiBHicTh [4, C. 158-159]:

1 1 1 1

———+—+ > =,
3k-1 3k 3k+1 k
Jonanku rapmoHiuyHoro psany II’erpo Menroni rpynye y KiIbKOCTAX CTEIEHIB

TPIAKHU:
1 1 1 1 1 1 1 1 1 1 1 1 1
P e e I | e e A e A A ottt | T
T (2 3 4} Ks 6 7) (8 9 10) [11 12 13)}

s3]

44




Mame.ua/mz/\’a, o Hac ()m()Ll'\/’é‘.' ,1IUH}’.7€, (’)V’L{CICHL’, .\IélL?(j\r’lHHE?
>1+1+1+...

Copok pokiB notomy HMorann BepHyuti BUHANIIOB TpeTili METO NOBEJCHHS, a
IIe Yepe3 KiJibka POKiB YeTBEPTHI METO]I JOBEICHHS 3ampornonyBaB ko0 beprymi
[3]. O6uaBa noBencHHS OynH HaapyKoBaHi B poboTi Skoba bepryiti «Propositiones
arithmeticae de seriebus infinitis eqgrumque sum finitay.
SIxo6 bepryni nomituB [5], 1110 TapMOHIYHUH PsIT MOKE OYTH pO3KIIaICHUN Ha
TPyIH JT0IaHKIB:
-1 (111][111 1)
D=l S S ST |+
i 23 22)\5 6 7 5
PosrnsneMo ofHy rpymy 6€3 mepiioro g0JaHKa:

1 1 1 1
+ + ot = |.
[k+1 k+2 k+3 kzj

KinbkicTh 1OMaHKIB B Liil rpymi (k2 - k). HaliMeHIInii 10/1aHOK B KOXKHIM rpyri
— OCTaHHIi, TOMy MOYKEMO 3aIliCaTy HEPIBHICTD:

LENE S +...+i2>(k2—k)-i2=l—1.
k+1 k+2 k+3 k K k
Jlonamo 10 060X yactuH HepiBHOCTI 1/K:
1 1 1 1 1
—+ + + ot —>1.
k k+1 k+2 k+3 k

OueBHIHO, 110 WIEHU TFapMOHIYHOTO Py MOXYTh OyTH 3rpyHOBaHi y Ipymu,
CYMH SIKUX MEPEBUILYIOTh OJUHUIIIO:
ZE:1+[1+l+i)+[1+1+1+...+%j+...>1+1+1+...

5 6 7 5

3 mosiBo0 (QyHmameHTansHUX pobOIiT Ortoctena Komri Oyno 3’sicoBaHo, 110
PO301KHICTh TAPMOHIYHOTO PSTY MOXKE OYTH JOBEACHA Yepe3 TPAHMITIO TTOCITIIOBHOCTI
YAaCTUHHUX CYM, Ha MIJICTaBl 1IHTETpaabHOi 03Haku Ko Ta 6ararbox IHIIUX OIBIIT
MI3HIX PE3yNbTATIB 3 TEOPIi PAIIB.

VY3arajgpHEHHsI TapMOHIYHOIO pAy BIAICPalOTh 3HAYHY pOJb B aHATMITHYHINA
Teopii uncen. OgHe 3 TaKUX y3arajlbHEHb MICTUTHCS B rinoTe3l bepuxapaa Pumana
(1859) mono posrairyBaHHsI HETPUBIAJBLHUX HYMIB J3eTa-QpyHkuli. ['imore3a Pumana
B CYKYIHOCTI 3 rinote3ot0 Xpucrtiana [onpadaxa ckiaiaroTb BOCBMY IpoOiemMy
JeBina ['nb0epTa, sika A0 1HOTO Yacy JIMIIUIIACS HEPO3B I3aHOI0.
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5. Cymma psga  obparusix  kBagpatoB  (Basel — problem). Retrieved from  the
http://hijos.ru/2011/02/27/summa-ryada-obratnyx-kvadratov-basel-problem/

Al /louenko

Xepconcokuul HayioHaIbHUU MEeXHIYHUU YHIgepcumem
Hayxosuii kepienux T.I1. Binoycosa, cmapuiuii 6ukiaday
Kageopu suwoi mamemamuky i MamemamuiHo20 MOOeI068AHHS.

I'EOMETPIA ML.I. JOBAYEBCBKOI'O: IIVIAX BU3HAHHA

MaTeMaTuKi KOXHOi €MOXM 3ajJMIIAI0Th HAaIaJKaM HE TIIbKM HOBI1 TEOpii,
BIJIKpUTTS, PO3B’s3aHl 3ajadyi, ajie ¥ He po3B’s3aHi npobiiemMu. barato moxosiHb
YUYEHHMX HaMarajucsi po3raJaTd TA€EMHUII0 MOCTYJATY MpO MapajeibHl IpsMi, aie
HIKOMY II€ HE BAaBajoCs.

JlaBHbOTpenbkuit MareMatuk EBkiin, aBTop «Hawam», >kxuB 1 mpaifioBaB y
III cT. o H. e. B micTi Anekcaupii. B ycbomy cBiTi reomeTpito BUBUYaIu 3a EBKIIiIOM.
Ha ii ocHOBI 3BoiMIIMCA KiTacMYHA MeXaHika 1 (izuka. Tpiymdowm ii OyB Buxiny 1687
pori «MaTemMaTHYHUX Hadajd HaTypaibHOI (itocodii» I. HetoTona. 3akonu HeOecHOT
1 36MHO1 ME€XaHI1KU Ta (P13UKU BCTAHOBIIOBAIUCS B HUX B a0COJIIOTHOMY €BKJI1JJOBOMY
IPOCTOPI.

Ane Oynu B 3HAMEHUTIH KHU31 it Heomiku. Ix BusBMIM e cydacHuky EBKiiza.
barato marematukiB gonoBHIOBanu «Hauanay, BMOCKOHATIOBAIHN JJOBEICHHS OKPEMHX
TeopeM 1 (OpMyINIIOBaHHS PI3HMX O3HauYeHb. OCOOJMBO HEMOKOIB MAaTeMaTHKIB
jgoriyHui QyHnameHT «Hawam»: o3HaYeHHS BUXIIHHUX OO0’€KTIB, SIKUMH OIIEpYy€
reoMeTpis, BUOip akciom i mocrynariB. [loctynaramu EBkiti Ha3BaB BUMOTH, SIK1, SIK 1
akciomu, Tpeba Oyio mpuitMatu 0€3 JOBEACHB, 100 MOTIM Ha X OCHOBI JIOBOJWUTH
TEOpEeMH 1 BUKOHYBaTH TreoMeTpuuHi mnoOymoBu. Yortupu mepiri HOCTyJIaTH HE
BUKJIMKAJIM CyMHIBIB. AJie I[bOTO HE MOKHa OyJIO CKa3aTH NpPO OCTaHHIN, I ATHUN
noctynat EBkiizia. Y HpoMy HIII0CS TIPO mapasenbHi npsimi: «I komau mpsima, 1o naiae
Ha JIBl MPsSMi, YTBOPIOE BHYTPIIITHI OJJHOCTOPOHHI KyTH, CyMa SIKMX MEHIIA BijJ JBOX
MPSIMUX, TOJI1 111 IPSIMI, TIPOJIOBKEHI HEOOMEXKEHO, 3yCTPIHYTHCS 3 Ti€T CTOPOHH, 3 SKOT
g CcyMa MeHma Big ABoX npsmux». [1[o0 mnepeBipuTH NpaBUIBHICTH M’ SITOTO
nocrynaty, Tpeba Oyno HEOOMEXKEHO MpOMOBXKUTU mpsmi. Timpku 1e gaino O
MOJKJIMBICTh TMOOQYUTH SIK BOHH TMOBOJISATHCSA. 3PO3YMIJIO, IO MPAKTUYHO I[HOTO HE
MoskHa 31icHUTH. OTXe, I'ITHI MOCTYyaT MBHIIE Haragye Teopemy, sika moTpedye
JOBEACHHS, HIXK ICTUHY, IO MpuiiMaeThcst Ha Bipy. OueBuaHo, EBKII HamaraBcs
JIOBECTH T’ SITH MOCTYJIAT, aJie 3a3HaBIIM HEBa4i, HE TIOCIIIIaB 3aCTOCOBYBATH HOTO.
Moro mOCTiMOBHHKM, HAMAralO4HCh JOBECTH IUSITHH IOCTYNAT, MPUAMAIH
TBEpJDKCHHS, CKBIBAJIGHTHE I SITOMY TOCTyJaTy. Ha 10 XapakTepHy MNOMHIIKY
BKa3yBaB BXKE€ JaBHBOTpEIbKUi muciutens Apuctorens (381-322 no H.e.); dimocod
craponaBuboro cBity Ilpoxn [liamox (410-485); azepOaiimxkaHChKUN aCTPOHOM 1
MareMaTuk Myxammen Hampezu:uH Tyci (1201-1274); anrmiiicekuii MaTeMaTuk J[oH
Bamric (1616-1703); itamidicekmii Jiorik 1 wmarematuk Cakkepi (1667-1733);
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¢bpanny3pkuit Matematuk Jlexanap (1752-1833). Ase 3apojJku HOBOIO IIBHIKO
TUHYJIM BHACIJIOK BIKOBOi Tpaauilii He3amepedHoro aBTroputeTy EBkiinma. Kinern
KIHIIEM TAa€EMHHUINIO IT’SITOTO TOCTYJATY 3apagud OCOOUCTOi Oe3MeKd JAEXTO BUPIIIUB
kpaiie ooOMuHatu. HaBith kopoabs maremartukiB Kapn-®pigpix I'ayce (1777-1855),
MiCYMOBYIOUM OUIBII SIK JABOXTHCSUONITHIA MOEJUHOK 3 I'SITUM MOCTYJaToM, OyB
3MYIICHUN BU3HATHU: «...SIKIIO MM XOYEMO TOBOPUTH YECHO Ta BiABEPTO, TO Tpeda
CKazaTH, 110, 1o cyTi, 3a 2000 pokiB M1 HE MIIUIA B IIbOMY MTUTaHHI1 1aji, HDK EBKIim.

11 (23) mrotoro 1826 p. mpodecop Kazancrkoro yHiBepcurety Mukosna IBanoBud
JloGaueBChbKMI BUCTYNMUB Ha 3acijaHHl (PI3UKO-MaTeMaTHYHOro (aKympTeTy 3
JonoBiII0 HA TeMy «CTHCIUM BUKIIAJ OCHOB T€OMETpIl 13 CTPOTUM JOBEICHHSIM
TEOpEeMH MpOo mapalnenbHi JiHi». CrnodaTKy JO0MOBiIada CiIyXaiu yBaxkHO. Ta ckopo
ayJIMTOPisi HACTOPOXKUJIACh. «YSBIIIOBaHAa T€OMETPIsH», SKY IIAHOBHUM mMpodecop
pPO3KpUBaB TMepeJ cllyxauaMH, BUKJIMKala 3aMilllaHHS, BOHU 1i HE CIPUNHSIM.
JomnoBias Jlo6aueBcbkoro He 0OrOBOPIOBAIM, MHMCbMOBOIO BHCHOBKY Ha IOAAHUN
PYKOIIUC TaKOXK HIXTO HE HaBa)XUBCS JaTH. Pykomuc cxoBaiu B apxiBi. Aje 1ie HE
CHUHWIO BueHOro. Y 1829 pori Ha cTopiHkKax HaykoBOro >xkypHaiy «KazaHckuii
BECTHUK» 3’siBujacsi Horo mpains «lIpo wawama reometpiin. Ile OyB mnepmmit
JPYKOBaHUI TBIp 3 HEEBKIIOBOI reoMeTpii. ABTOp HE OOMEXUBCA BUKJIAIOM OCHOB
HOBOI MaTE€MaTUYHOI raidy3i, a ]aB MOYaTKU aHAJIITUYHOI T€OMETPii, BUKJIAB TEOPIIO
BUMiptoBaHH4. L[5t po6oTa 3HamMeHyBajIa peBOMIOLINHUN TEPEBOPOT Yy HAYIII.

TBip «IIpo Hauana reometpii» B 1832 p. Biaicnanu g0 Akanemii Hayk. Hanucatu
BIArYK nopyursid M. B. OctporpaiacbkoMy, IKM He 3p03yMiB BUKJIaJ HOBOI1 F€OMETpii
JlobaueBcbkoro. 1834 p. OyB poKOM HOBHUX BHUIPOOYyBaHb Jisi JloOayeBCHKOTO,
BIJIKDUTTS TE€HIaJbHOTO BYEHOTO IMiIJABAJTUCh TOCTPI KPUTHUI. YUEHUU MY>KHBO
3yCTpPiB HECTIPABEIJIMBICTD. Y C1 CHJIM BiH BiJIJIaBaB JAJIbIIi po3po0Ill HOBOI F€OMETIi,
JOCIIJKEHHSIM Y Taiy3l anreOpu, MaTeMaTHYHOTO aHali3dy, acTpOHOMIi, Teopii
HMOBIPHOCTEH.

VYnepiie mpo BeIuKe 3HaYEHHS CBOTO BIAKPUTTS BiH movyB juiie 31 TpaBas 1842
poky, komu mnpodecop ILI. KorenpHukoB BHroiocuB mpoMoBy Ha Temy «IIpo
yHepeHKEHICTh MPOTH MaTeMaTHKWy. Y IeH Yac Horo mpairi Bxke OyiIu BiIoMI BUCHUM
3axinHoi €Bponu. A B 1842 p. 3a npono3uiieto ["aycca JIoGaueBCbKOro 0AHOT0JIOCHO
oOpainu wieHoM-KopecioHeHTOM [ eTTinreHchkoro KopoaiBChkoro ToBaprcTBa HAyK.
VYce KUTTS BIH HECXUTHO WIIOB OOpaHUM IILISIXOM.

Tinbku micnst cmepti JlobaueBcbkoro (24 mororo 1856 poky) ioro reomertpis
JicTania MOBHE BU3HAHHS. TBOpPM BHUAATHOTO BYEHOTO TMEpeKiIafaiv Ha (ppaHIy3bKY,
1TaNiChKy, aHTTIACHKY Ta 1HII MOBHM HapoAiB 3axigHoi €Bponu. Yke B XX CT., KOJIU
3’SCyBajioCs, MO0 TOMOJIOTIYHA CTPYKTypa peasbHOro (Pi3MYHOTO MPOCTOPY HE €
€BKJIIJIOBOIO, a Mae€ CKJIQAHINIy npupoay, reomerpii JloGaueBchkoro cymauiocs
NEepeKUTH HOBUU Tpiymdp. BoHa cTasia TEOpeTUYHOIO OCHOBOIO TEOPii BITHOCHOCTI
HAyKH PO TEOMETPII0 (Pi3UUIHOTO TPOCTOPY-Yacy.
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J1.0. I'onuaposa
Jlvgicoruil Oeparcasnuii yHigepcumem Oe3neKu HeummeoisiibHOCI

Hayxosuii kepisnux O.E. Bacunvesa o0.m.n., npoghecop kagheopu npuxiaonoi
MamemamuKy I MexaniKu

BUBUEHHSI MATEMATHUKH HA OCHOBI TAKCOHOMII BJIYMA

CyyacHuil HayKOBUM MPOrpec CTaBUTh MEPe]] CUCTEMOIO OCBITH IPUHIIUIIOBO HOBI
3aBJaHHA:C(HOPMYBATH OCOOMCTICTh JIOAWMHHU,E(PEKTUBHO PEaryrouoro Ha IOCTIHHI
3MIHM TEXHOJIOTII SIK Ha CBOEMY pPOOOYOMY MICHI TakK 1 B LIJIOMY TEXHOJOTTYHOMY
naHokKy. ChbOroZIeHHS CTa€ Jie/lalll CKJIQJHIIINM,III0 BUMarae BMiHHS BUPIIIyBaTH
CKJIaJH1 MPOOJIEMU,KPUTUYHO CTABUTUCH 10 OOCTaBHH,ITOPIBHIOBATH aJIbTEPHATHBHI
TOYKH 30pYy Ta MpHUIMATH CcaMOCTiiHI BuUBaXkeHi pimeHHs.[locTynoBo TpanuiiiHi
METO/IM HaBYAHHS 3MIHIOIOTHCS IHHOBAI[IWHUMU, IO CIIPSIMOBAHI Ha THTEIEKTYaTbHUN
PO3BUTOK OCOOHMCTOCTI.

BaxxnuBo BiI3HAYKTH, 1110 TEXHOJIOT1S PO3BUTKY KPUTUYHOTO MUCIICHHS TOTIOMArae
CaMOCTITHO BH3HAYaTH HANpsIM y BHUBYEHHI TEMHM 1 CaMOCTIHHO BUPINIYBaTU
po0IeMu, TOOTO «MUCITHUTH MO-CIPABKHBEOMY».

Kputnune MUCICHHS — II€ MHCIEHHS BHIIOTO IOPSAKY; BOHO CIIHPAETHCS Ha
oTpuMaHy 1H(}opMallito, YCBIIOMIICHE CIIPUUHATTS BJIACHOI PO3YMOBOI AiSTLHOCTI B
IHTeNeKTyallbHOMY cepeioBuilli. OTHaK pIBEHb KPUTUYHOCTI BUSHAYAETHCS HE TIIBKU
3armacoM 3HaHb, @ W OCOOWCTICHUMH SIKOCTSIMH, YCTaHOBKaMH, MEPEKOHAHHSIMHU.
KputnunicTs 0cOOMCTOCTI MOBWHHA OyTH CHpsIMOBaHAa Ha aHai3 1 OIIHKY CBOIX
MO>KJIMBOCTEH, OCOOMCTICHUX SIKOCTEH, BUMHKIB, IOBEIHKH B IILIIOMY.

Takconowmist biiyma y cepi MaTeMaTHku, sIKk OCHOBHHI 3aci0 (hOpMyBaHHS HABUYOK
XXI cromiTTs, BU3HA4Ya€ criocoOun kiacudikaiii po3yMOBUX YMiHb, MIOYMHAIOYU Bij
HaWMPOCTIMNX HAaBYAJBbHHUX JIH 0 HaHOLIbIN ckiIamHux. bermkamin biym 1 Horo
KOMaH/1a pO3pOOHIIH 1€pAPXit0 PO3YMOBUX YMiHb, Y sIKii OUTBIIT BUCOKI P1BHI MUCJICHHSI
BKJIFOYAIOTH yC1 Mi3HABAJIbHI BMIHHS HUKYHUX PIBHIB.

[Tipamina biryma — cuctema, sika 31aTHa OPraHi3yBaTH Ta BIOPSIKYBATH AiSUTBHICTh
BIJIMOBIHO JI0 PI3HHMX PIBHIB OCBITHIX ITiJICH.

PiBHI «aHami3y» Ta «CUHTE3Y» — PIBHI PO3BUTKY MUCJIEHHS 3 BUKOPHCTAHHSIM
HaO0yTHUX 3HaHb Ta yMmiHb. Lli piBHI nependavyaroTh BUKOPUCTAHHS 3HAHb U yMiHb Y
3HalloMHUX a00 HOBUX CHUTYyalsiX. SIKIIO MOMEepeNHbO MOSCHUTH MPOLEC BUKOHAHHS
3aBJIaHHS, TO PO3B’A3yBaHHs OyJe NEMOHCTPYBATH JIMIIE 3HAHHSA Ta PO3YMIHHSA
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BHUBUYEHOI'O MaTepially, B 1HIIOMY BUIAJIKy - BUKOPUCTOBYIOTHCS 3HAHHS Ta HABUYKU
y HOBUX CHUTYaIIsIX.

3aBJaHHs I PIBHS «OI[IHIOBAHHS HETPAAMIIINHI 1 BUMararoTh TIMOOKUX 3HAHD 3
IpeaMeTa, a TaKoX BMIHHS aJanTyBaTH IIl 3HAHHS [0 BUPIIICHHS 3aBlaHb. s
peasizallii piBHIB «3HaHHS» Ta «PO3YMIHHS HOBHI MaTepiall 3 MATEMAaTUKHU
KOPHCHO I10JIaBaTH y BUTJISAI OJIOK-CXeM, TaOJINIIb, MAIIOHKIB, IipaMif i T.i. OcTaHHii
eTan nepeadadae caMe TBOPYMM MiAXiJ ,0CKITLKH JOBOAUTHCS MPAIIOBATH 3 PI3SHUMU
mxepenamu iHbopmarrii. Takuii miaxia BUBLIbHSE Yac 11 PO3B'SI3aHHSI CHCTEMH YCHUX
1 MMCBMOBHX 3aBjaHb, CIPSIMOBAaHUX HA CAMOPO3BHTOK OCOOHMCTOCTi, (popMyBaHHS
KoMIeTeHIlii. bararopazoBe MOBTOpeHHs MaTepialy B Halpi3HOMAaHITHIIINX (opMax,
IpYITyBaHHS 1 MMojlaya MaTepiaay pi3HUMH CIOCOOaMH JOBOJSATH, III0 HABYAHHS Mij
CHITY BCIM.

CporojiHi KOMIT'IOTEp peajbHO CTa€ HE3aMIHHUM IOMIYHUKOM OylIb-KOTO B
OMMaHyBaHHI 1H(OpPMAIIHHUX TMOTOKIB, JOMOMAara€ MOJENIOBaTH Ta UIIOCTPYBaTH
mporiecy, sBuIa, 00'ekT Ta moxdii. OcoOIMBO BaXJIMBHM € Te, IO, CYy4YacHi
KOMI'IOTEPHI TEXHOJIOTIi B MO€HAHHI 3 HOBITHIMH OCBITHIMU TE€XHOJIOTISIMH CTalOTh
eheKTUBHUMU  3aco0amMu  pO3BUTKY  MucieHHA. CTBOpPEHHS  IpE3CHTAallii,
MaTeMaTUYHUX Ta3eT, KapT 3HaHb, JiarpaM, CXeM, TaOJHUIlh, OMMUTYBaILHUX (OpPM, OH-
JaliH 1rop Ta BMpaB, BiAEO TONIO 3a JOMOMOIOI0 KOMIT'IOTEpa IMOKa3zye CIocoOU
MOETHAHHS KPUTHYHOTO MUCJICHHS 3 MAaTEMAaTHKOI0, YHAOUHUTH MaTepiall.

3Haroun OJIyMIBCHKiI PIBHI PO3BUTKY KOTHITUBHOI C)epy MOKHA BU3HAYUTH, XTO
3IaT€H 10 3aCTOCYBaHHS, aHATI3y, CHHTE3y MaTepiany, a XTO Ie 3HAXOAAThCS Ha
HUKYHMX PIBHSAX.

BucHoBku

[Tpu perynsipHoMy 3acTocyBaHH1 TakcoHOMIi b.biryma migBuinyeThcst MOTUBAILIIS 10
MpeIMeTa, KOKeH Ma€ MOXKJIMBICTD MPAIIOBAaTH B 1HAUBIIYaTbHOMY PEXKUMI, & TAKOK
3’SBIIAIOTBCS HABUYKA PpOOOTH B TMapax, TIpynax, pO3BUBAIOTHCA HABUYKU
CaMOOIIIHIOBaHHS 1 B3a€MOOIIHIOBaHHS, TOJIMIIYEThCS 3aCBOEHHA Martepiany,
M1JBUIIYE€THCS AKICTh 3HAHD 3 IPEAMETY, OLIHIOBAHHS PE3yJIbTaTIB HABYAHHSI IPO30PE
1 00'extuBHe. HaBuanbHMil mpoliec cupusie PO3BUTKY HABUYOK MHUCIEHHS BHUCOKOTO
piBHS, (POPMYBaHHIO KPEATUBHOCTI.

[aTepec 10 BHWBUYEHHS MaTeMaTHKA 0arato B 4YOMY 3alleKHUTh BiJ] TOTO, fK
MPOXOJSTh 3aHATTA. 3aCTOCYBAaHHS IHHOBALIITHUX METOAIB POOOTH J103BOJIsiE€ 3pOOUTH
HOro HeTpaauIlIiHUM, SICKpAaBUM, HACHYECHUM, HAITIOBHIOIOYM MOT0 3MICT 3HAHHSIMH 3
IHIIMX HAOYHMX OOJIacTeH, 110 MEPETBOPIOIOTh MATEMATUKY 3 00'€KTy BUBYEHHS B
3aci0 OTpUMaHHS HOBUX 3HAHb.

Jliteparypa

https://www.criticalthinking.expert/
http://www.myshared.ru/

Bbenmxamin biym «TakcoHOMIsI OCBITHIX HLJIEH
https://naurok.com.ua/
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10.10. Knan

JIvsiecovKull OeporcasHull yuisepcumem 6e3neku HCUmmeoisibHOCmI

Hayxosuui kepienux O. E. Bacunvesa, 0.m.H., npogecop kageopu npukiaouoi
MamemamuKky | MexariKu

MATEMATHKA B ’)KUBUX OPI'AHI3BMAX

MaremaTuka - IIe HE TUIBKM YiTKa CHCTEMa 3aKOHIB, TeopeM 1 3ajad, aje M
YVHIKQJIbHAN 3aci0 CIUIKYBaHHS, Tepeaadi iHpopmarii, m3HaHHS Kpacu. MaremaTudHi
3aKOHOMIPHOCTI JiF0OTh OJTHAKOBO €()EKTUBHO Y KPHUCTAJIAX 1 )KUBUX OPTraHi3Max B aTOMi
i1 y Bcecsiti. Bci mporiecn B JKMBHX OpraHi3Max MpH iX BHUBUYEHHI 3apa3 Maibke
000B’sI3KOBO MOJIEIIOBaTH MaTeMaTnyHo. JKuBa mpupojia 3pooria 6e3iid "BUHaxoiB",
K1 JIIOJU 3pO3YMIJIN 1 3MOTJIM MOBTOPUTH JIUIINE TPHU BIAMOBITHOMY PIBHI PO3BUTKY
HAyKW 1 TeXHIKU. [CHye cremianpHa Hayka - OlOHIKa, SIka BUBYA€E "MATEHTH MpUpoau".
BusiBnsieTses, 1m0 iX MOKHA 1HO/1 BUKOPUCTOBYBATH 1 B "TIOJCHKIN" TEXHIII.

VY kuBUX opranizmMax "Bce HaBHaku': HEPBOBIN KIITII (HEMPOHY) MPHUPOIHO 1
IIPOCTO 3/1MCHIOBATH orepallii 3 TO3UTUBHUMHU 1 HETATUBHUMH JIHCHUMHU "yuciamu', a
JUIs TOTO 1100 "BBa)kaTH'" HABITH JIO JBOX , MOTPIOHA CHUCTEMa 3 JCKLJIbKOX HEHPOHIB -
npuMiTUBHUN "MO30K". TpynHomii B 3'siCyBaHHI TUTaHHS PO Te, SK HACHpaBi
B1I0yBa€ThCS BUPIMICHHS Ti€l YW 1HIIOI 3ajadi, MOB'A3aHl 3 THUM, IO 3arJISTHYTH B "
KEepYIOUYHUH LIEHTP" -B MO3OK - AY’KE BAXKKO. Y I[bOMY CEHCl MO30K MTOKH 1110 0arato B YoMy
"yopHuil AMUK'": MOXKHA OAYUTH, SIKE 3aBIAaHHS MOMY 3allpOIIOHOBAHA, MOKHA OauMTH,
KWW BIH BUJAE PE3YJIbTAT, - a OCh 110 BIIOYBAETHCS BCEPEIUHI, MIPO i€ BIJIOMOCTEH I11e
nyxke 1 ayxe mano. Tum Ounblie IiKaBa 1 BaXkJMBa po0OTa, sika J103BOJIMJIA Maiike
Oe3nocepelHb0 MO0AYUTH, SIK 1€ poOOTa MO3KOBUX HEHPOHIB MPHU BUPIIICHHI JESKUX
3aBJIaHb.

Benuky posib y camiii MateMaruii 1 ii 3aCTOCYBaHHI BIJITPA€ 3BOPOTHUI MPOILIEC
nepekIialy TeoMeTpudHoi iHdopmallii Ha MOBY uKcen. ToMy BUKOPUCTaHHS i1 B 010J10T11
po3mnoyanochk Haipanime. JlaHi onepalii BUKOPUCTOBYIOThCA y 0OaraThOoX 3ajadax Ta
00YHMCIIEHH] JaHUX MPUPOJHUX 00’ €KTIB UM 1HIIOI O10J0TTYHOT CTPYKTYpH. TOMY € IeBHA
METO/IMKA Y BUKOHAHH1 O10JI0T1YHOT 33/]a4l Y Pi3HUX acleKTax apu(pMeTHKU.

«Oui 1 jorapudmu». 30poBI peLENnTOpH, TaK caMo, SK 1 IHII - CIIYXOBI,
TEeMIIepaTypHi 1 T. JA., OTPUMYIOTh CUTHAJIM 13 30BHIIIHBOTO CBITY; BOHM MOBUHHI
nepeaTy 30poBy 1HGOpPMAIlII0 B MO30K TOYHO 1 cBoedacHo. [lepenaya curnaiiB BijJ oka
JI0 MO3KY 3JIMCHIOETbCS HEMpoHaMHu 'MOpPOroBoro" THUIY - aHAJOTOBUH CHOCIO
BUSIBJISIETHCS HEMPUJIATHUM TPU TNE€peaadl CUTHAJIIB Ha JOCUTh BEJIMKI BiJCTaHi. A y
MOPOTOBUX HEHPOHIB, SIK Y€ TOBOPWJIOCS, BCl IMITYyJIbCH aOCONIOTHO OJHAKOBI, 1
BiJIOMOCTI MPO BETUIHHY BX1JTHOTO CUTHaTTy 11l HEWPOHHU TIePEAAIOTh 3MIHIOIOUU 4acToTy
1MHyJ’IBC3H11 OTxe, NiHIIHA 3a€KHICTh MIXK BX1IHUMHU Ta BUXITHUMH CUTHAJIaMHU B pasi
oul BUSBISETHCS HemouuipHOto. [ milficHO, B mOpHpoAl B I[bOMY BHUIAJKY
BUKOPHCTOBY€ETHCS 1HIIA (PYHKIIISI, TOCUTDH CKJIa/IHA.
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B nmiHifHIA 3a7€XKHOCTI PIBHUM NPUPAIICHHSM apryMEHTy BIJINOBIIAIOTH PIBHI
npupocty GyHKIIii, ado, 10 Te K caMe, JIiHIHA 3aJIeXKHICTh NTePEBOUTh apU(PMETHUHY
IIPOTPECio 3HAYCHb apTYMEHTY B apu(METUUHY XK Iporpeciio 3HadueHb (yHKIi. Komu
MU MAaEMO CIpaBy 3 (PYHKIIE€I y = aX, TO PIBHUM IPUPOCTY apryMEHTy BIJIOBiIA€
piBHOMIpHUH BimHOCHHM mpupicT ¢yHkii. Hampuxman, mpu MNOCTIHHUX yMOBax
POXKUBAHHS 1 HEOOMEKEHUX Pecypcax Tak 3pOCTa€ YHCENbHICTh OyAb-IKO1 MOIMYJIALIi:
YUCJI0 OCOOMH 3a KOXHUH pik 30umbmyerhess Ha 10%, To6T0 B 1,1. Il BIacTuBicTh
30pOBHUX PEIENTOPiB, MO BUPOOUIIOCS B XOJ1 €BOJIONII, JO3BOJISIE OKY IpaIfOBaTH
e(pEeKTUBHO 1 EKOHOMHO, 3a0e3Ieuye MOXKIIUBICTh 100pe crpuitmMaT KoHTpacT. L{ikaBo,
IO OMNHMCaHa 3aJIEKHICTh MK 30BHIIIHIM CHUTHAJIOM (PO3JpaTyBaHHSM) 1 CHUTHAJIOM,
CpuiiMaHUM MO3KOM (BIIUYTTSIM),KUM CIOYaTtky Oyna BusBieHa? 3poOuB 1ie
bpanmy3skuii BueHuit I1. byrep me B XVIII cromitri. Ha mouatky XIX cromiTrs
HIMEIbkUil  ¢i3ionor 1 mncuxonor E. BebGep paeTansHO BHBUMB 3B'SI30K  MIXK
pO37paTyBaHHIM 1 BiIUyTTsIM. BiH 3'icOByBaB, sik MOTPiOHO 3MIHUTHU SKUHCH MOJIPa3HUK,
1100 JIF0IMHA TIOMITHIIA 111 3M1HU. BUsSBUIIOCS, BITHONIEHHS 3MIHU BEJTMYMHU MOIPA3HUKA
710 MOT0 MEPBICHOTO 3HAYEHHS € BEJTMYNHA MOCTIHHA:

ne I - mipa nonpasuuka, A - npupict noapasHuka, k - koucranta BeGepa.

Koncranta Bebepa 3anexxutb BiJ TOTO, IKUH penentop aparyerbes. Hampukiman,
npu cnpuiHATTi Bark k = 1/30. Lle o3Hauae, 110, konu JroauHa Tpumae Bantax y 100 r,
BOHA ITOMIYa€ HOTO 3MiHY ITpH 30UTbLIEHH1 Bar Ha 3,4 1, a 1715 BaHTaxy B 200 r noTpiOHO
Haj0aBka y 6,7 p. Jlns Bucotu 3Byky koHcTanTa Bebepa nopisaroe 0,003, 1151 rydHOCTI
3ByKy - 0,09 i 1. 1. Buxonsuu 3 ekciepuMenTiB Bebepa, 1HIMi HiMEIbKU (i310J0T 1
ncuxogyor I'. ®exnep chopmyntoBaB 3HameHUTUN 3aKkoH BebOepa-Dexnepa. Biguyrrs
pOCTYTh B apuMeTHUHIM Mporpecii, KOJu po3JpaTyBaHHS 3pOCTA€ B T€OMETPUYHIN
nporpecii. Lleit 3akon 6yB onmyOnikoBanuii B kuu3zi @exnepa "Enementu ncuxodizuku" B
1859 pori. Tam ke OyJio MPUBEACHO 1 MAaTEMAaTUYHUM BUPa3 3aKOHY:

E=a-lag!+b’

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

Bucnoeku
Marematuka BHOCUTH B 010JIOTII0 AyX IMOIIYKY, IO MPUCBIYCHUM MOTIUOICHOMY
BUBUYCHHIO B)K€ HAasBHUX 3HaHb a00 K BUBUEHHIO MOKH IlIe HE3BiJaHUX obOnacter. J[o
peyl, y MeuexBOCTa HeMae 3iHHUIl, 1, 3HA4UTh, Hemae aiadpparmu. BTim, HaBITH
BpaxyBaHHs e(ekTy miadparMu HE PATYE CUTYaIlli, OCKIJIBKH 3MIHIOETHCS OCBITJICHHSI
BCcboro Ha 1-2 mopsiaku. OTke, B )KUBUX OpraHi3Max MPOXOJ[Th MPOLECU MepepoOKH,
nepenadi iHdopMallii 1 BUKOPUCTAHHS 1i 3 METOK YINpaBiiHHA. EBOMIONIS MOCTYIOBO
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3HAXOJUTh BAadi GopmMu 00poOku iH(opMarllii, 1 111 GopMH MaIOTh YMMAJIE CXOXKICTh 3
MaTeMaTHYHUMU OmepamissMi. Taki XUTpOIIli €BOJIIOMII MU ¥ Ha3BalK "'MaTEMaTHKOIO B
)KUBHUX opraHizmax". ToMy BUKOpPUCTaHHS MaTEeMAaTUYHUX TEXHOJIOTIA B O10JIOTTYHOMY
MPOIIECl € JOCUTh BAXKJIHWBUM KPOKOM Yy BHUPIIICHHI MEBHUX O10JIOTIYHUX MPOOJIEM.
3aBAgKM X BUPIMIEHHIO JOCATAETbCS HEBUIMMA CTOPOHA CIIBPOOITHUIITBA MIX
010JI0T1YHOIO Ta MATEMAaTUYHOIO CUCTEMAaMH, K1 BIAKPUBAIOTHCS HOBUMHU IPAHSMU .

Jliteparypa

1. l'opkaeuii B.K. Marematnuna cratuctuka: HaB4. nociOH./I'opkasuii B.K.,fIposa B.B.-K.:B/]
«IIpodecionam» 2004 p.

2. Kondoposuu A. I'. MaremaTtuka CiiyXuTh JIIOJUHI: s CT. WK. BiKy. - K.: Pax. mk., 1984.

3. I'pymiko M. I1.,Muxnym C. I.,Xomtok I1. I'.. Biomerpis :HaBu. moci0. 1Jis cTyA. BUIIAX HaBY.
3aKII.

/. I'. Kyxapcoka

JIvgiscokuti 0epaicasHull yHisepcumem Oe3neKu HCUmmeoisibHOCHI

Hayxkosuii kepienuk O. E. Bacunwvesa, 0. m. 1., npoghecop kaghedpu npuxiaouoi
MamemamuKy I MexaniKu

MATEMATHUKA TA APXITEKTYPA

ApxiTekTypa - HaigaBHima cdepa JIOACHKOT MISUIbHOCTI. ['OJOBHHI CEHC
MOHSATTS ApXITEKTYpa MOJISITa€ B TOMY, IO 1€ CYKYIMHICTh Oy/A1BEb Ta CIIOPY/ P13HOTO
MPU3HAYEHHS, 11€ MPOCTIp, CTBOPECHHUM JIFOAMHOIO 1 HEOOXiAHE I MOTrOo KUTTS Ta
TISUTBHOCTI.

ApPXITEKTypHI aM'ITKH, 1110 TIANUIA 0 HAC 3 TJIMOWHH CTOJITh, TIONIOMArarTh
HaM 3pO3yMITH 11, TOTJISAN, AYMKH, TPAAUIIIT 1 3BUYKH, YSBIICHHS PO Kpacy, piBEHb
3HaHb JIOAEH, SKI KOJIUCh XWX Ha 3emul. BOHM MOBHHHI OyJM CTBOPIOBATH
KOM(OPTHI YMOBH JIJIsl PI13HOT AISTILHOCTI JIFOAWHU. 3BEJIEHI CIOPYAN MOBUHHI OyTH
MIIIHUMH, O€3MEUYHUMH 1 JOBIO CIYXXUTH JIOJISAM. AJie JIFOAWHI BIACTUBO IIE U
IparHeHHs 10 Kpacw, TOMYy BcCe, II0 BOHA POOWTH, BOHA HAMAaraeThCs 3pOoOHTH
KpPaCHBHM.

@paHiy3bKuid apxiTekTop 1 TeopeTuk apxitektypu Jle KopOro3be ckazas:
«MatemaTHKa - 11e BeIMYHa CTIOPY/a, CTBOPEHA YSIBICHHIMH JIFOJAWHU, JUTS TTI3HAHHS
BceciTy». MaTemarturka Ta apxiTeKTypa AyXe OB’ si3aHl Mk co0010, 1 OHE 1 1HIIIE —
e KyJIbTYpa, 3 apXITEeKTypOIO0 MaTeMaTuKa MoeAHaHa HailO1IbIIe, BOHA SIBJISIE COOOI0
HEB1JI'€MHY 1i YaCTUHY. AJDKE JJIS TOTO, 00 OTPUMATH TapHy CIIOPYAY, SKa MPOCTOITH
JIOBT1 POKH, Tpeba MPOBOJUTH TOYHI PO3PAXyHKH. A TyT BxKe HE OOINTHCH 0e3
MaTEeMAaTUKH.
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[Tounnaroun 3 mipamig 1 3aKIHYYIOYH CKJIQJHUMH KOHCTPYKIIISIMH Cy4acHOTO
J3aiiHy, apXITeKTypa 1 MaTeMaTrKa OyJIu Hepo3puBHO 3B's3aHi. [1o cyTi, HEMOXKIHBO
3pO3yMITH apXITEeKTYpHUHN AU3aliH, HE PO3TIISAA0YM MAaTEMATUKY 033y HbOTO.

BukopuctoByroun MareMaTuky, MM MO>KEMO CIpPOOyBaTH 3pO3YyMITH MpPOSIB
apXITEKTYpHOTO 3alyMy JaJieKO 3a MEKaMU MPOCTHX BUMIPIOBaHb. 3a JOTIOMOTOIO
MaTeMaTUKH MOXXYTh OyTH TOSICHEHI Taki acCHeKTH, SK IPOTMOPINS 1 CHUMETPisl.
ApPXITEKTOpH, MOEAHYIOYHM MaTEMaTHKy 1 Cy4acHI TEXHOJIOTii, MOXYTh CTBOPIOBATU
IHHOBAIIHI (HOpMHU.

KynbpToBi OyiBii y BChOMY CBIiTi OyiH CIIPOSKTOBAHI 3aBIASKH MaTEMAaTHIIl, SKa
MOKE€ BB@XaTHUCA TeHIEM apxiTekTypu. [lpu cknagaHHi MiaHy HaifyacTimie
BUPIIIYETHCS T€OMETPUYHA 3a]a4a Ipo po30uTTs Pirypu Ha yacTuHU. OOOB'SI3KOBO
BUKOPUCTOBYEThCSI TOHATTA MacimTady. BiH 300paxkye IJIlaH 3 TOYKH 30py
MaTE€MaTUKH, TPEJICTABISIOUMMOrO Yy BUIIAMITIEIDIrypr, sKy MoOxHA Oyno O
no0aynTH, NUBIAYMCH HA HEI3BEpXY 3 MPABOro 1 JiBOro O00Ky. BHKOHYIOTBCS pi3HI
PO3paxyHKH JJI1 OOUYHMCIICHHS KUTBKOCTI HEOOX1HOTO MaTepiay.

XKoxen 3 BUAIB MUCTENTB TaK TICHO HE TOB'SI3aHUA 3 TEOMETPIE0, SIK
apxiTeKTypa. ApXiTEeKTypHI TBOPH KUBYTh Y POCTOP, € HOT'0 YACTUHOIO, BIIUCYIOYUCH
B NEBHI reomeTpuuHi (Gopmu. KpiM TOro, BOHH CKIIaJIalOThCsl 3 OKpPEMHUX JEeTajeil,
KOXHA 3 SKHUX TakoX Oynyerbcsi Ha 0a3l MEBHOrO IE€OMETPUYHOro Tuia. Yacrto
reoMeTpuyHi (opMu € KOMOIHAIIIMH PI3HUX TEOMETPUYHUX T1JI.

3 TOYKM 30py MaTEMATHKH B apXITEKTYPHHUX CIIOPYJaX BCIX YaCIB MTAHYE €IHICTh
yucna 1 Qirypu. 3BIJICM BUIUIMBAE BHCHOBOK MPO HEOOXIAHICTh 3aCTOCYBaHHS 1
BJIOCKOHAJICHHS] MAaTEMAaTUYHUX METOJIB B apXITEKTYpHI KOMIIO3MIIli, TaK K caMme
BOHH, K a0CTpaKIIis, JO3BOIATh 00'€THATH 3aCO0M TapMOHI3aIlii.

JloOpe 3HaTH MaTreMaTwKy TMOTpiOHO HaBITh TNPU BUKOHAHHI MOPIBHSHO
HECKJIAJTHUX KpEClieHb. APXITEKTOPYU BUKOPUCTOBYIOTH B CBOIM pOOOTI MaTeMaTHuHi
dbopmyiH, TEOpEMU Ta BIACTUBOCTI reoMeTpuuHux ¢diryp. Tepmin “3omoTuit nepepiz”
BBiB Jleonapno nma Biwui. Ileii BimoMmii XygoXKHHK, MaTeMaTHUK MpH 300paKeHHI
J0JIel BUKOPUCTOBYBAB ‘30JI0THH Tiepepi3”. be3 Hpboro He 0OIWTUCH B MUCTEITBI U
apxitektypi. EBkiin p03p06HB TEOPIiI0 BIIHOIIEHB 1 MIPOIOPIIiii 1 BUKOPUCTOBYBAB iX
py TOOYI0B1 MPAaBWIILHUX IT'ATH- Ta ACCATUKYTHUKIB Ta MPU MOOYI0BI IPABUIBLHUX
JBAHAIATH- 1 I[BaI[I_I}ITI/IKYTHI/IKlB [luM KOPHUCTYIOTBCS apXiTEKTOpU 1 JOTETep.
“3onotuii nepepiz” Ha3UBAIOTh TAKOK FAPMOHIYHUM a00 JIJIEHHSM B KpallHbOMY Ta
cepelHbOMY BiHOIIEHHI. Pe3ynbTaT poOOTH apXiTeKTopa MOBUHEH OYyTH TOYHHM.
Joro mepcrekTHBHUI PHCYHOK MOBHHEH BiINOBIATH MpaBHIaM TeOMeETpii, 30KpemMa
HapuCHOI. B mepcrnekTHBHOMY PUCYHKY TIEPEXOJIATh Bif] 3arajbHUX PUC IO JETAICH.
Cremninb cTUII3aIll] BUOMPAIOTH B 3aJICKHOCTI BT MacmiTady 300pakyBaHOTO 00’ €KTa.
OTxe, HI OOWH apXITEKTOp HE 00iieThcs 0e3 3HaAHHS TeMH, MacIITad, MPOTOPITis.
Bupaznicts PHUCYHKA, KDECICHHS MOXHA JOCATTH TITBKH  JT0Ope PO3BHHYTHM
MOYyTTAM miHID 11 TPOMOPIINHOCTI, TOBIIMHM 1 MPaBUJIBHUM PO3MIIICHHSIM,
PIBHOBArol0 Ha PUCYHKY IUIOUIMH 1 JIiHIHM, CBITJA 1 TiHI.

CumeTpis - 1€ BpPIBHOBKEHICTh, YMOPSAIKOBAHICTh, Kpaca, JTOBEPIICHICTH,
JOIIBHICTh. By/b-sika apxiTeKTypHa Cropyaa BUKOPUCTOBYE cuMeTpiro. Cumetpis
3aCTOCOBY€ETHCS B OYIBHUIITBI, TEXHIIlI Ta MOBCAKICHHOMY JKUTTI.
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[Tounnaroum 3 mipamifg 1 3aKIHYYHOYH CKJIQJHUMH KOHCTPYKIISIMA Cy4acHOTO
J3aiiHy, apXITeKTypa 1 MaTeMaTrKa OyJIu Hepo3puBHO 3B's3aHi. [1o cyTi, HEMOXKIHBO
3pO3yMITH apXITEKTYpPHHUM AW3aiiH, HE PO3TJISAAl0YM MaTeMaTUKy M03ady HBOTO.
BukopuctoBytoun MaTeMaTUKy, MH MOXKEMO CHOpOOyBaTH 3pO3yMITH MPOSB
apXITEKTYpHOTO 3aJyMy JAaJieKO 32 MEKaMu MPOCTHX BUMIPIOBaHb. 3a JOTOMOTOIO
MaTeMaTUKH MOXXYTh OyTH TOSICHEHI Taki acCHeKTH, SK IPOTMOPINS 1 CHUMETPisl.
ApPXITEKTOpH, MOEAHYIOYHM MaTEMaTHKy 1 Cy4acHI TEXHOJIOTii, MOXYTh CTBOPIOBATU
1HHOBAIIIHHI (hopmu.

Xoya BCl MU 3HAEMO, IO apXiTEKTypa HE icHyBajga O 0e3 BHUKOPHUCTaHHS
MaTeMaTHK{, MK PIIKO 3aMHUCIIOEMOCS TIPO CKJIAIHICTh 1 aOCTpaKTHICTb
MaTeMaTUYHUX PIBHAHD, SIK1 IPAIOTh BU3HAYAIBHY POJIb B IEIKUX 3 CAMUX YHIKAJIbHHUX
Oy/iBEIb CBITY.

KynpToBi Oy/iBIl y BChOMY CBIT1 OyJIM CIPOEKTOBAH1 3aB/ISIKM MaTEMATHIIl, SKa
MOKE€ BBaXKATUCA TEHIEM apXiTeKTypu. [leski Bimomi MpUKIAAN TakuX OY/IiBEIb:
Xmapouoc Mepiekc (TheGherkin) B Jlonnoni, Ky6iuni Oynunku (Kubuswoning) B
Porrepname, CoGop Casroro CimeiictBa (SagradaFamilia) B bapcenoni 1
[TaBinronEndesa (EndesaPavilion) B bapcemnomi.

Bci 11 OyaiBai HABOJATH HA TYMKY MPO FeHIabHICTh MaTEeMaTUKH.

€2unemcoKi nipamiou:

HaliMitHIIIMMH apXITEKTYPHUMH CIIOPYJIaMU JOTETEP BBAKAOTHCS €TUINETCHKI
nipamigu. BoHu MaroTh (opMy NpaBWIBHUX YOTHUPUKYTHHX mipamia. Came s
reomMeTpudHa gopma 3ade3nedye HaWOIbITy CTIMKICTh 32 PaXyHOK BEJIMKOI IO
ocHoBu. dopma mipamiu 3a0e3rneyye 3MEHIIEHHS MacH M0 Mipl 301IbIIEHHS] BUCOTH
HaJl 3eMJICIO.

Kapxacuna cucmema:

Etanom po3BUTKY apxXiTEKTypHHX KOHCTPYKIIM CTajda KapKacHa CHUCTEMa.
Kapkac mie owosmtoBaB cHopymKeHHsS, OpaB Ha cebOe OCHOBHI HaBaHTAXEHHS. Y
MaTeMaTvIll Ta MHUCTEITBI JBl BEJIMYMHHU YTBOPIOIOTH 30J0TUN TEpepi3, SKIIO0
CHIBBIIHOIIEHHS iX CYMH JI0 OUIBIIIOT BETUYMHH JIOPIBHIOE CITIBBITHOIICHHIO O1TBIIIOT
710 MEHIIOo1. Briepiiie 3anpornoHoBaHe JaBHOTPEILKUM MaTeMaTHKOM EBKITiIoM

&=(a+b):a=a:b

BucHoBku
MaremaTuka, sIK )KOJHa 3 1HIIIUX HAyK, TICHO MOB’si3aHa 3 apXiTEKTYPOIO.
Bona pomomarae pomatv MIIHOCTI CHOPY[I, a TaKOXX CTBOPUTH ILILIICHE,
rapMoHIiHe ii CIpUIHATTA. MaTeMaTuKa HaJuxae apXiTeKTOPIB HA CTBOPEHHS HOBUX,
I[IKaBHX Ta HETIOBTOPHHX (POpM.

Jliteparypa
CrenanoB M. «Apxitektypa», 2003 p. — C.5-6.
Sxymesa I'. «/loBigHUK mKOIspa: MaTeMaTuka», 1995 p.
Cwmonuna H. I. «Tpaauuii cumerpii B apxiTekTypi». M., 1990.
I'makin 4. 1. «Metoau apXiTeKTypHOi rapMoHii». — 1976.
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Hayxosuu xepienux O.E.Bacunvesa, 0. m. H., npoghecop kagheopu npuxiaoHoi
Mamemamuku I MexaniKu

MATEMATHKA B BINCbKOBIN CIIPABI

Hisikoi 1ocTOBIpHOCTI HEMA B HAyKax Tam, Jie HE MOXHa 3aCTOCYBAaTH Hi OJIHI€T
3 MaTEMaTUYHUX HAyK, 1 B TOMY, III0 HE Mae€ 3B'I3KY 3 MAaTEMaTUKOIO.

OmHUM 13 TOTYXKHUX IHCTPYMEHTIB I13HAHHS Ta BUKOPUCTAHHS 3aKOHIB BiffHU B
Teopli Ta MpPaKTULl BINCHKOBOI CIIpaBU € MareMaTuka. BojoJiHHA MaTeMaTHYHUMU
METOJJaMU MOXKe€ 3a0€3MeUUTH MOAATBIINNA TTIMOOKUI PO3BUTOK BIMICHKOBOI CIPaBH 1
K 00’ €KTUBHHMM IHCTPYMEHT aHaNI3y AaTH MOKJIMBICTh 3p03YMITH CYTHICTh IIPOLIECIB
30pOMHOTO MPOTUCTOSIHHSA, BUSIBUTH MOT0O KUIbKICHI 3aKOHOMIPHOCTI, 1 BiAMOBIIHO,
3HAUTH ONTUMAJIbHE TAKTUYHE PIIICHHS Ta BaplaHTU OOMOBUX Mii.

MareMatrka J1a€e MOXJIMBICTh MOJEIIOBATH OOMOBI [Iii, a OTXKE, 1 pO3KPUBATH
NpUHAIMHI OCHOBHI 3B'SI3KM B Ipollecax BeAeHHs 30poiHoi O00poThOu. [HIIMMU
CIIOBaMM, MareMaThka B mnoegHaHHi 3 EOM 1ae MOXIUBICTH pO3KpUBATH 1
BCTAHOBJIIOBaTH 3aKOHOMIPHOCTI BEJEHHS 30poiHOI OOpOTHOM, 3aCTOCOBYIOUU
€JIEKTPOHHI 00YMCITIOBAIbHI MAIIMHU 1 Oy IyI04YM Pi3H1 MOJIENI. 3aat0un pi3HI YMOBU
1 BBOJISIYM P13HI BUXIJHI JaH1, MOYKHA 0araropa3oBo (CKiJIbKKA HEOOX1IHO) MpOTrpaBaTu
pi3HI cHTyallli, HAaKONMWYyBaTH CTAaTHUCTHYHUNA Martepiaji, BHUSABISATH 3aJEKHOCTI 1
3aKOHOMIPHOCTI, BU3HAYATH IPUHITUIN BEJACHHS 30pOHOI OOPOTHOM.

OO0'eKTUBHICTh III0 BHUSBJISIOTHCA 3aKOHOMIPDHOCTEM Oyae 3aiekaTd  Bif
a/IeKBaTHOCTI MaTeMaTUYHUX MOJIEJIEN MOJIeIbOBAHUM IIpoliecaM 30poitHOT 60poTHOU.
[{inkoM 3po3ymijo, IO Takl MOJENl MOXYTh OYTH CTBOPEH1 JOCBIIYEHUMU
KOMaHJMpaMu-BO€HaUaJbHUKaMHu (odinepamMu-ornepaTopaMu) B CHIBIPYKHOCTI 3
MaTeMaTUKaMH 1 IHKeHepaMu. MozentoBaHHs O0MOBUX 1 - MPEKPACHUN THCTPYMEHT
B pPyKax BO€HAUYAJbHUKIB JJI IPOTHO3YBAaHHS MOKJIMBUX PE3yJbTaTIiB O0HOBUX JIIH, a
OTXKe, 1 JUIsl BUPOOJICHHS PEKOMEHJAIllM 100 iX IJIaHyBaHHS Ta BEJEHHS. SIKIIO
MOJIETFOBaHHsI O0MOBHX 11 - 1€ YHIBEpCAIBHUN METO/I, TO 1HIIII MaTEMaTUYHI METOH,
IO BXOASTH JO 3arajJbHOr0 MaTeMaTHMYHUN apceHall, JaloTh LIUPOKI MOKJIMBOCTI
BUPIIIIEHHS TPUBATHUX 3aBJaHb NIPH peaii3allii MPUHIUIIB BIHCHKOBOTO MHUCTEIITBA.
3a A0MOMOTOI0 Pi3HUX MareMaTudyHuX MeToaiB 1 EOM € MOXIUBICTH BHPOOISTH
KUIBKICHI PEKOMEHAITIT )1 MPUHHATTS PIICHb B PI3HUX OOHOBUX CUTYAITISX.

3acTocyBaHHS PI3HOMAHITHUX METOJIB ONTHUMI3allii OOMOBUX i CBOIX BIHCHK
SIKpa3 1 CKJIaJla€ CyTHICTh 3aCTOCYBAaHHS MaTeMaTUKHU Y BiiicbKOBIH cripasi. [Ipu upomy
CNIil MaTW Ha yBa3l, UI0 IIl METOAU MOXYThb 1 MOBMHHI 3aCTOCOBYBATUCA SIK NPHU
po3paxyHKax, 110 MPOBOAATHCS BPY4YHY, Tak 1 3 BUkopuctanHsiM EOM. HeobOxigHo
TaKOK MaTH Ha yBas3l, 10 B Il cripaBi He MOKe OYTH HISIKMX 111a0JI0HIB 1 TpadapeTis.
[Iporecu 30poiiHOT OOPOTHOM PO3BUBAIOTHCS 32 MPUTAMAHHUMU i1 3aKOHAMU. 3ajaya
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MaTeMaTUKH - HAMOUIbIII TOYHO BpaxXyBaTH B IIMX Ipoliecax KUIbKICHI 3MiHH, SIKI TIPH
JIOCSITHEHH1 TIEBHOT'O PIBHS MPHUBOJATH 10 sAKiCHUX 3MiH. OTxe, maTemaTtnka i EOM
Jal0Th KOMaHIMpaM YCiX paHTiB MOXKIUBICTH TOB'S3yBaTH OCHOBHI (i0CcO(CHKi
KaTeropii: KiIBbKICTh, MIpy 1 SIKICTh, 1 THM CaMHM CTalOTh B pyKax KOMaHAHMpa
HAWBaXJIMBIIIUM 30pO€I0, MOKIMKAHUM JOMOMaratd HOMY JOMaraTHCsS YCIIXYy Y
BUPIIICHHI TOCTABJICHUX 3aB/IaHb.

Huni nocnimxeHHs omeparii-iie KOMIJIEKCHA MaTeMaTU4YHa JUCIMILIIHA IO
3aliMa€eThCSl pO3POOKOIO 1 3aCTOCYBaHHSIM METOAIB MPUNHATTS ONTHUMAIbHUX PIIICHb
Ha OCHOBI OOY/IOBU 1 aHaNi3y MaTeMaTHYHUX MOJENEN B PI3HUX cdepax JOACHKOT
JISIIBHOCTI.

[Ticyist oTpuMaHHST KOHIIEOTYaJIbHOT MOJIEN 3a7adi JOCHIKCHHS omepariii, sk
MpaBujIo, B TEPMIHAX TI€l Tally3l, B sIKii BOHA BUHUKIIA , HaWIepIIe ,i0 He0OX1THO
3pO0OMTH — 1€ TEepelTH Ha MOBY MaTeMAaTHKW . Takuil mepexiJ Ha3uBalTh
dbopmanizariero 3amadi JIlporeaypa dbopmanizaiii 3agayui He € OJHO3HAYHOIO ,TOMY
BJIAJIMH ii BUOIp CKJIaJae camocTiHy npoosemMy. IIpu ii BupilieHH1 TOTpiOHO 3HAWTH
KOMIIPOMIC MIXK JIBOMA, MO CYTl , aHTarOHICTUYHUMHU OaXaHHSIMU : 3 OAHOTO OOKY
SKOMOTa TOYHIIIE BiJOOpa3UTH peasibHe (PYHKI[IFOBaHHS AOCIIIKYBaHOI CUCTEMHU , A 3
1HIIOro- MOOyAyBaTH TOCTaTHBO MPOCTY MAaTEeMaTH4YHY MOJENb, 110 Y KIHIIEBOMY
HiJCYMKY J103BOJIUTh OTPUMATHU JOCSKHUI pe3ynbTar .

BucHoBKkn

OT1xe, MaTeMaTHKa € HEB1J]'EMHUM YMHHUKOM Yy BEJIEHHI BIICHKOBUX CIIpaB, 0€3
HEl HE MOXJIMBO JTOCSTTH TOYHOCTI pO3paxyHKiB B Jiax. Tomy 6e3 maremMaTuku Oy/ib-
K1 BIMCBKOBI il HE OYIyTh JaBaTU XOPOLIOrO PE3yNbTaTy B MOJANBIIOMY PO3BUTKY
MOJIM.
Jlireparypa

1. JlutBu M. M. Meroauku onepaTUBHO-TAKTUYHUX PO3paxyHKiB: HaBdy. moci6. / M. M.
JlutBun, A. b. Mucuk, 1. C. Karepunuyk. — Xmensauiipkuii : Bua-so HAJIICY, 2004. — C. 82.

2.A6uyk B. A. CnpaBouHuk 1o uccienoanutoonepanuii / B. A. A6uyk, ®@. A. Martseituyk,
JI. TI. TomameBckuit / momo6m. pea. @. A. Marseituyka — M. : Boeauzgat, 1979. — 368 ¢

3. Ky3nenos 0. H. Matematnueckoenporpammuposanue / FO. H. Kysuenos, B. 1. Ky3y6oB,
A. Bb. Bonomenko. — M. : Bricmrast mkoia, 1980. — 300 c.
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I.A. Buzinnuii

JIvgiscokuti OepaicasHull yHisepcumem Oe3neku HCUmmeoisibHOCHI

Hayxosuii kepienux M.I. Kyciit, kanouoam nedacociuHux Hayx, O0oyeHm, OOYeHm
Kagheopu  NPUKIAOHOI MAMeMAMUKU Ma MexaHiKu

BUHAXOJAM HIKOJIX TECJIN

besniu BunaxoniB Hikomm Tecnwm, sikum 3apa3z 90-100 pokiB, Bce 1Ie 31aI0ThCS
HaMm ¢paHTacTuyHUMU. BiH nmepenbavyaB cBoi BUHAaX0au, OyIydu IIE MiJTITKOM.

baraTo #ioro BUHaxo/iB 1 PO3BUTOK €JIEKTPOCHEPTETUYHOI CUCTEMHU B IILJIOMY,
HMOBIPHO, € HACITPaB/il BIITBOPEHHIM CHUCTEMH Iepeadi eHeprii mo BCiil 3eMHIM KyJIl.
Bxe na mouatky 1899 poky Tecna nepenaBaB eIeKTpOMAarHiTHE BHUIIPOMIHIOBAHHS
Kpi3b TOBIIY 3€MJII 1 3aIajitoBaB OJMCKaBKHU Ha B1JICTaH1 I’ ITH MUJIb.

Hikomi Tecna mpunucyoTh CTUTBKH BCUIIKUX BUHAXO/IIB, 110 MOYKHA MTOAyMaTH,
HIOW BiH CTBOPHUB BEJIMKY YaCTHHY Cy4YacHOI MpuKIaaHOI Hayku. HaBegemo mepemk
1oro HaOUIBIIMX BUHAXO/IIB, HA sIKi Teclia MIiCHO OTpUMaB MaTeHTH.

1. ABTOMaTHYHHI YOBCH.

VY 1898 poui Tecna oTpumaB nateHT Ha aBTroMaTuyHUil yoBeH (Ne 613 809),
MIJIBOJTHUA YOBEH, SIKMU MPUBOAMBCA B J1I0 elekTpukoro. Lled miaBoaHuii 4oBeH
JKUBHUBCS  €JICKTPOCHEPTIE€I0, Ky OTPUMYBaB 3a JOTIOMOTOI0 TpwiiMada. Exepris
aKyMyJiloBajach B OaTapesiX, 1 €JIeKTPUYHHMHA IMiJABOJHUNA YOBEH MIT YIPaBISATUCS
JMCTaHIliHO. B aBTOMaTUYHOIO MiIBOJIHOTO YOBHA € BJIACHUM reHepaTop, TBUHTOBUI
JBUTYH Ta 1HII OaraTo4MciieHHI MeXaHi3Mu. | Bci Il MeXaHI3MU YIpaBisSIOTHCS
JTVCTAHIIIIHO, 6€3 IPOTIiB, 3a JIOITOMOI'0OI0 €JICKTPOMATrHITHUX KOJIMBaHb, HABEJICHUX Ha
KOHTYp, TOMIIIICHUI B YOBHI, IKUH pearye Ha 11l KOJTUBaHHS.

2. EnexTponuHamiyHa iHIyKIIIMHA JTamIia.

VY 1894 pomi Tecna oTpuMaB MaTeHT HA €NEKTPOAMHAMIYHY 1HIYKIIIAHY JIAMITY.
EnexrpoaunamMivHa iHAYKITIHHA JIaMIia — I1€ PI3HOBHU/I JaMIIH, SKa, 32 HOT0 CJIOBaMH,
Mae BEJIMKY TIepeBary nepes JaMinaMu, BXXUBaHUMH Yy TOU Yac.

3. besnonarna typ6ina Tecmu.

VY 6e3nonaruii TypOiHi (mateHt Ne 1 329 559 Bin 1916 p.) anst pyxy piaunu adbo
razy uepe3 JABUTYH BUKOPHUCTOBYETHCA HaOIp JIUCKIB, 110 00epTaroThCs. besnonarHi
TypOIHA MOXYTh BUKOPUCTOBYBATHCS B IIBUJKICHUX CyAHAX Ha MOBITPSHIN MOy
abo B mpocTux Hacocax. Llell Tumn nBUryHa BBakaeThbcsi HaOUIbII e(heKTUBHUM, B 20
pa3iB KpamuM, HiK 3BUYaiiHI TypOiHH, 1 HOTO O CHOTOJIHINTHBOTO JTHA HE TOYajH
BUKOPHCTOBYBATH.

4. ®oroanapar st 1yMok Tecnu.

Ile OyB, ¥moBipHO, HaldaHTacTUYHIIMI BuHaxig Tecnu, TmpuCTpit mms
doTorpadiit ;ymok. Tecna sikoch B 1933 porii, konu ifomy Bxe Oyio 78 pokiB, CKa3as:
«51 xouy dororpadysatu AyMKu... Y 1893 poirl B X041 IEIKUX TOCTIIKEHB 51 OTPUMaB
YIEBHEHICTh B TOMY, 1110 IEBHUI 00pa3, chopMOBaHUI B AyMKax, MOXe BIAOOpaxxaTu
JIIFO 1 CTBOPIOBATH SIKUMCH 00pa3 Ha CITKIBII OKa, SIKE S MOXKY BBa)kKaTH B1IIOBITHUM
anapatom. Lle mpuBeno MeHe 110 171ei TenedadueHHs, Mpo SIKY s TOA1 OToJI0CUB. Most 111es
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nojsrajla B TOMY, IO TMOTPIOHO CTBOPUTH IITYYHY CITKIBKY, Ha SKIi
B1I00OpakyBaTUMEThCS 00pa3 modaueHoro 00’ KTy, CX0KY Ha IIaX1BHHUIIIO, 1 ONITUYHUM
HepB». Tecna Ha TOH Yac mepecTaB Bifpa3y pO3KpUBATH BCi JeTalli CBOTO BUHAXOY.
[{s nurTaTta B3sATa 3 IHTEPB’IO JUISI Ta3€TH Y BHITYCKY, IPUCBSIYEHOMY O€3MPOBITHUM
texHoJorisiM, 10 BepecHs 1933 poky.

5. Tenemnoprailis 1 MalIMHA Yacy.

Y momyispHUX ICTOPIAX MPO MOAOPOXKI Yy dYaci, TakuxX SK EKCHEPUMEHT
«Dinanenvdis» abo mpoekT «MoHTayk», IIUJIKOM OYEBUAHO, IO CEKpPEeTHI
JOCITIJIKEHHS TePEMIIIeHb B Yacl 1 TeJenopTalii 3armo3uduin Aemo 3 pooiT Tecm.
Sxmo Tecna mificHo reHii (a 6arato XTo BBaXka€ MOro reHieM), BiH MIr moOyyBaTu
CBOIO BJIACHYy MAIIMHY 4dYacy 1 TMOAOpPOXyBaTH B MailOyTHE abo, MOXKIHBO,
TejenopryBaTucs Ha Mapc. A mMoske, BiH moOy/yBaB JIITalouy TapuiKy 1 BIJJIETIB,
31MITYBaBIIU BJIAaCHY CMEPTb.

6. Ilepuuii TeneaBTOMAT.

[TaTeHT Ha KOHCTPYKIIIIO BEPTHUKAIBHOTO amapary 3 BEPTUKAIbHUM 3JIETOM 1
nocaakor OyB oTpumanuii 3 ciuds 1928 poky. Lle OyB ocTtaHH1 3amaTeHTOBAHMIA
BuHaxija Tecnu. Ilicas Hboro BUeHU OUIbIIE HE MMOJIaBaB Ha 300YTTs MMATEHTIB Hi Ha
OJIUH CB1il BUHAXII.

Tecna OyB CXOXHMH Ha JMBAKyBaTOro repos 3 MuHyjnoro. ®dakTtuyHo ue
«WJIIOIMHA, 10 BUNIEpEAIa CBIMA Yacy.

Jlireparypa:

1. bernu Huxonac. Hwukomna Tecna u ero apsiBosnbckoe opyxkue : HayuHo-monymnsipHoe uzianue /
bernu, Hukonac, Mauuunr, [xxuH ; Iep. ¢ anrin. K.Koseipesa; [Ipenuci. aBt.; Xynox. [1.Bonkis. -
M. : fly3a : OKCMO, 2009. - 384 c.

2. epem JIroOko. JIroOko [epem nmpo Muxomy I'oromnsi, Mapka Teena, Hikony Tecity, AnpbepTa
Enmreitna, CriBena Kinra [Tekct] : Onoiganns / Jlepem, JIro0ko. - K. : I'pani-T, 2007. - 72 c.

3. http://ceprekrasno.com.ua/nevidomi-vynahody-nikoly-tesly.htm Heimomi Bunaxomu Hikonu
Tecnn.
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CEKIIA 3. Icmopisa mamemamuku

I'. Byonuk

Jlvgicokuil Oeporcasnuii yHigepcumem Oe3nexu HeummeoisiibHOCI

Hayxosuii kepisnux O.M. Tpycesuu, rxanouoam @izuxo mamemamuyHux HAayx,
doyenm Kagpeopu npuxkiadHoi Mamemamuxy i MexaHiKu

BJIE3 TACKAJIb

bne3 Ilackans — ¢paniy3pkuii ¢ginocod, MUCbMEHHHK, (i3UK, MaTeMaTHK.
OpauH 13 3aCHOBHUKIB MAaTEMATUYHOTO aHaJ13y, TEOpii IMOBIPHOCTEN Ta MPOEKTUBHOI
reoMeTpli, TBOpEUb MEpIIMX 3pa3KiB JIYWIBHOI TEXHIKH, aBTOP OCHOBHOIO
3aKOHY TIAPOCTAaTUKU. Bigomuili Takox BIAKPUTTIM (OpMYIH OlHOMIAIBHUX
Koe(DiIieEHTIB, BAHAXOJIOM T1APaBIIYHOTO Mpeca i MIMpHIla Ta THIIUMH BIAKPUTTSIMHU.
ABTOp 3HamMeHUTHX «JlymMok» Ta «JIUCTIB 10 mpoBiHLIaNa», Kl CTAIN KIACHKOIO
¢panuy3pkoi  miteparypu. Ha  gects  Ilackans ~ Ha3BaHa ~ OJMHUISA
BuMiproBaHHs THCKY ([Tackaip), a Takox momyIisipHa MOBa rporpamyBanHs Pascal.

[Mackayb HapoauBes 19 yepsHs 1623 poky B Micti Kinepmon-®eppan (OBepHb)
B POJIMHI FOJIOBH MOJaTKOBOT0. Biies pic o6napoBanoio auTHHOW. Moro 6athko EThen
CaMOCTIMHO 3aiiMaBCsi OCBITOIO XJIOMYWKa; ETheH cam HemoraHo po30upaBcs B
MaTeMatull — ApyKuB 3 MepceHHoM 1 Jle3aprom, BIAKPHB 1 TOCHII)KYBaB HEBIOMY
paHiilie aireOpuYHy KpHUBY, 1110 BIATO1 OTpUMaia Ha3By «paBiuk [lackamnsy, Bxoaus
JIO KOMICI11 3 BU3HAUEHHS JIOBIOTH, CTBOPEHOi Pimesnbe.

VY ciuni 1640 poxy ponuna [Tackanis mepeixana go Pyana. bies, sikuit po3nodas
CBOE HaBYAHHS 3 PAaHHBIO JUTHHCTBA Tl KEPIBHUIITBOM CBOTO OaThKa, IPOIOBKYBaB
OMMAHOBYBAaTH Pi3HI HAyKoBl aucuuiuliHd. bateko brneza 3a pomom ciyxOu
B Pyani (mocama inTenmanta Hopmanmaii) wacto 3aiimMaBcs CTOMIIMBUMH
pO3paxyHKaMH, CHH TaKOX JorloMaraB HWOMY B PO3MOAUNI IOAATKIB 1 MHUT.
3ITKHYBIIMCh 3 TPaguIllHHUMHU crocodamMu oOuuciaeHb, [lackamp BU3HAB iX
HE3PYYHHMH 1 3aJyMaB CTBOPUTH OOYMCIIOBAIBHUN TMPUCTPiIH, SKUA MIT Ou
JOTIOMOTTH CHPOCTUTH po3paxyHku. Y 1642 pomi (y 19 pokiB) Ilackans mouas
CTBOpEHHsI CBO€1 JIIYMIBbHOI MaIIMHU «MacKalliHW», B I[bOMY, 3a HOr0 BIACHUM
BU3HAHHSAM, MOMY JIOMOMOTJIM 3HAHHS, OTpPUMaHl B paHHi poku. Mammuna [lackans
BUTJISAJIa SIK CKPWHBbKA, HAIIOBHGHAa YHWCJICHHUMH, TIOB'S3aHUMH OJHA 3
OJIHOKO 3y0YacToro mepeaaucto, mecrepHsaMmu. Ywucia, ski Tpeba Oyno gomatu abo
BIIHATH, BBOJWINUCS BIJMOBIAHUM IOBOPOTOM KOJIIIAT, MPUHIUI POOOTH
I'PYHTYBaBCS Ha paXyHKY OO€pTiB.

KaBanep ne Mepi, BenMKHWil MMaHyBAJIbHUK a3apTHUX Irop, 3amporoOHYBaB
[Tackamo B 1654 porii po3B'si3aTu JesKl 3a7adi, 110 BUHHKAIOTh 3a IEBHUX ITPOBHUX
ymoB. Ilepmie 3aBnanust 1e Mepi — mpo KIIbKICTh KUJAKIB JIBOX T'PAJIbHUX KOCTEH,
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MICIA SIKOTO WMOBIPHICTh BHUTpally IMEPEeBHUIYE WMOBIPHICTH Mporpaimry, — Oyra
BUpilIeHa HUM camuM, [lackanem, @epma 1 PoGepBanem. YV xoji po3B'sa3aHHs Ipyroi,
HabaraTo CKIaAHIMIOI 3a1a4i, B tucTyBaHHI [lackans 3 depma, 3aK1a1al0Tbcsi OCHOBH
Teopii IMOBIPHOCTI.

[Tackamb cTtBOproe «TpaktaT Tpo apudMETHUYHUNA TPUKYTHUK» (BHIAHUN
B 1665 pori), me OOCTiIXKye BIACTUBOCTI «TpuUKyTHHMKa Ilackams» Ta #oro
3aCTOCYBaHHS B MIJPaxyHKY UMCia CHOJYK, HE BJAIOYUCH A0 anreOpaiuHux (GopMyiL.
Tpukytauk  Ilackams — 1me  TeOMETpUYHO, Ha  3pa30K  TPUKYTHHUKA,
po3mimieHi OiHomianbHI KoedimienTu. Ile MaremaTWyHe IIOHATTS Ha3BaHO Ha
yecth bneza [lackansa. Psgu tpukyTtHuka [lackans yMOBHO MpOHYyMepOBaHi 3ropw,
MOYMHAIOYH 3 HYJILOBOTO, 1 YKCJIa B HIBKHBOMY PSiJIi BIIHOCHO YUCEN Y MONEPETHLOMY
PSAIl 3aBXKIM PO3MIIIIEHI CTyIiHYacTo i HaBckic. [1o0yayBaTH 11e¥l TpUKYTHUK IIPOCTO.
KoHe 4uciao B KOXHOMY psJll OJEPKYEMO, TOJABIIN JBA YKUCIA, PO3MIIIEHI Bropi
(3miBa 1 crpasa). ko 31iBa a00 crpaBa HEMae YUCIa, MMiJICTaBIIEMO HYJIb Ha HOTO
micuie. OgHUM 3 TOAATKIB JI0 TpakTaTy Oyna podota «IIpo mijgcyMoOByBaHHS YHCIOBHUX
CTemneHiBy, fe [lackans mponoHye METO MiAPAXyHKy CTEMEHIB YUCET HATypabHOTO
pany.

Ille omaum 3  pocmpkeHsM  OyB  3akoH  Ilackams  (OCHOBHE
PIBHSHHS T1IPOCTaTUKN) — THCK Ha PiAMHY B CTaHi TEIJIOBOI PIBHOBArd MEPEIaEThCsI
B YCIX HaNpsAMKax 0JHaKoBO. Ha 0CHOBI rijpoctatnyHoro 3akony [lackais npaiftororhb
PI3HOMaHITHI T1JIpaBiIiyHl MPUCTPOI: rajJbMIBHI CUCTEMH, TIPaBII4YHI IPECH TOLIO. Y
3akoHi [Tackanst MoBa iijie HE PO TUCKU B PI3HUX TOUKAX TAPABIIYHOI CHCTEMH, a IIPO
30ypeHHS TUCKY B PI3HUX TOUKaX, TOMY 3aKOH CIPaBEIJIUBUH 1 7151 P1AMHU B MOJI1 CHIIH
TSOKIHHA. Y pa3l pyXOMOi HECTHCIHUBOI PITUHW MOXHA YMOBHO TOBOPHUTH TIIPO
CIpaBeNIMBICTh 3aKoHY [lackansi, 60 J0/aBaHHS JOBUIBHOI CTAJIOT BEIMYUHU JIO TUCKY
HE 3MIHIOE BUJTy PIBHAHHS pyXy piauHu (piBHsHHS Eiinepa abo, sIKI0 BpaXxOBYETHCS
nist B'A3koCTi, piBHsSIHHS HaB'e — Ctokca), 0lHaK y I[bOMY BHUIIQJKy TEPMIH 3aKOH
[Tackais 3a3BU4ail He 3aCTOCOBY€eThCA. [[71st cTucamBux pinuH (rasiB) 3akoH [lackans,
B3arajii KaKy4H, HECTIPaBEIJTUBU.

3 1658 poky 3mopom's Ilackanms MmIBUIKO MOTIPHIMIOCE. 3a CyYaCHUMH
MIpKyBaHHSIMH, TPOTATOM BChOTO KUTTS Ilackamp cTpakgaB BiJl KOMIUIEKCY
3aXBOPIOBAaHb: PaK MO3KY, KHIIKOBHH TyGepKyib03, peBMAaTH3M. Moro THiTHIa
¢13u4Ha CcnabKiCcTh, MEpeciHiAyBalid *axJiMBl TojoBHI Oomi. Bocenun 1661 poky
[Tackans moainuBes 3 Tepriorom e PoaHoM i71e€r0 CTBOPEHHS ACTIEBOTO 1 JOCTYITHOTO
BCIM CIocoOy mepecyBaHHsI B O0araTOMICHUX Kaperax. ['eplior CTBOpHUB aKI[IOHEpHE
TOBAapUCTBO AJiA peanizaiii uporo npoekty 1 18 Oepesns 1662 poky B Ilapmxki
BIIKPUBCS MEPUIMA MapupyT TpPOMAJCHKOTO0 TpPAHCIOPTY, HA3BaHOTO 3T00M
oMmHIOycom. 19 cepmusi 1662 poky micnst TpuBanioi xBopoou bries Ilackamb momep.
[ToxoBanu #toro B mapadisbHii 1iepksi [lapmwka Cen-Erben-ar0-MoH.

Jlireparypa:
1. Conomarun B.A. Uctopus Hayku. Yu. oc. — M.: TIEPCD, 2002 — 352 c.
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II'PHU, SAKI 3HA€ BECbH CBIT

IIIaxm — crTpareriyda rpa Ha CHCIiajdbHIN JOIII, III0 Ma€ Ha3BY INaXiBHULS |
nojizieHa Ha 64 CBITII Ta TEMHI KJIITUHU MMOJs, MK 16 cBiTimmu (Oiumu) 1 16
TEeMHUMHU (YOpHUMH) (irypaMu 3a BCTAaHOBJICHMMH JUIsI HHUX TpaBUJIaMU
nepecyBaHHs. [|y1st mepemMoru moTpiOHO MOCTAaBUTH MaT CYNEPHHUKY, 3aCTaBUTH HOTO
3matrcs abo XK SKIIO IIe Tpa Ha Yac, TO y HbOTO TIOBHHEH 3aKIHYMTHCH Il Jac adwm
BHU3HATHU HOTO TaKWM, 110 TTpOrpaB. ICHye MOILT MiXK YaCTHHAMHY TPH B IIaXH, & CaMe:
71e0’ 10T, MG 1 €HIIIIIb.

VYV uro rpy rparoTh MUIBHOHU JIOACH y Bcbomy CBITI. [llaxm moxomarh Bij
CTapO/IaBHbOI 1HAINCHKOI T'PU YaTypaHra, sika, KpiM TOro, € UMOBIPHUM MPEAKOM
CX1IHMX CTPATET1YHUX Irop: csAHLI, YaHri 1 ceori. lllaxu norpanumu no €Bponu B 9
CTOJIITTI, micyst 3aBoroBaHb OmensaniB B Icnanii. dirypu HaOyau CBO€1 HUHIITHBOL
cwid B [cranii HanmpukiHi 15 cTOMTTS; mpaBuiia CTaHAapTU30BaHO B 19 CTOMITTI.

[Ilaxu, sk 0HA 3 HAMMOIIMPEHIIINX CIIOPTUBHUX ITOP CY4YaCHOCTI, TIOEJIHYE B
co01 eneMeHTH MUCTeNTBa (YsIBU), HAYKH (JIOTTYHO-TOYHUHN PO3PAXYHOK) 1 CIIOPTY.

[lepmmmii 3araibHOBU3HAHUN YEMITIOH CBITY 3 IIaXiB, rpocMmeiicTep Binbrensm
Creitnin, 3aBoroBaB cBiii TUTYM B 1886 porii.

QIIE € uneHoM MidcHapoOHO20 ONIMRILCbKO20 KOMimemy, IO MOXHa

PO3TIIAIaTH K BU3HAHHS IIAaXiB BHJIOM CIIOPTY.

[TounHarouu 3 Apyroi noaoBUHU 20-T0 CTOIITTS, 3alpOrpaMOBaHI Ha TPy B IIaXU
KOMIM'IOTE€PH, TPAIOTh 31 3pOCTAIBHUM YCIIXOM, 3a CHJIOIO I'py Habarato oO1MIIOBIIH
HallcUIbHIIIMX TpaBliB cepex droaei. [lounnaroun 3 1990-x pokiB, KOMIT'IOTEpPHUIA
aHaii3 poOUTh 3HAYHUI BHECOK Yy TEOpII0 1IaxiB, 0co0arBo B eHaumuil. Kommn'torep
IBM Deep Blue craB nepiiior ManmHOO, sika 3710J1aJla YUHHOTO YEeMITIOHA CBITY 3
maxiB y matyi, konu BiH nepemir ['appi Kacmaposa B 1997 pomi. [losiBa cunbHUX
[IAXOBUX PYUIIiB, SKI MPAIlOI0Th HAa MOPTATUBHUX MPHUCTPOSAX, MpHU3BENa J0 BCE
OUIBIIIOT 3aKJIOMOTAHOCTI, MIIOJI0 KYUTEPCTBAY HA TypHIpaX.

[Ilaxu MarOTh BUXOBHE 3HAYCHHS: CIPHSIIOTH PO3BUTKY KOHIICHTpAIlii yBarw,
BMIHHS JIOJIATH TPY/IHOIII Ta TUTAHYBATH BJIACHI i1, TOT14HO MUCIUTH. OCKUIBKH Y TPi
B IIIaX{ BUSBIAIOTHCS OCOOJIMBOCTI JIFOJACHKOI OCOOMCTOCTI, IX BUKOPUCTOBYIOTH SIK
MOJIeb JUISi HAayKOBUX JOCHIPKEHb Yy TICMXOJIOTIi Ta Tearoriiii. Ix Takox
BUKOPHCTOBYIOTH ISl MOJICTIOBAHHS CUCTEM IITYYHOTO IHTEIICKTY.

Terpic — BiJeOrpa-rojIoBooMKa, po3poodiieHa Onexciem Iladxcumnosum Ta
roro xoneramu. Ilepia Bepcis rpu Oyna npezactaieHa 6 yepBHst 1984 poky, xonu
BiH mpaitoBaB B O] Axademii nayx CPCP B Mockgi. Ha3By rpu aBTOp CTBOpUB

61


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

CYKPAIHCbKA K epenyis Kypc 6 cmyoeHmi
VIl Beceykpaincwvra kongepenyia kypcanmis ma cmyoenmis

MOEHABIIN T'PEIBKUN TPedIKC «TETpa-» 31 CIOBOM «TEHIC» — YIIOOJICHOI T'POI0
[Ta>xxutHOBA.

IIpaBuia rpu. Bumnankori Qirypku TeTpamMiHo Najal0Th 3BEPXY B MPSIMOKYTHY
CKIISIHKY 1mupuHOoto 10 1 Bucotoro 20 KmTHH. Y TOJIBOTI TPaBellb MOXKE MOBEPTATU
¢birypky Ta pyxatd ii mo ropu3oHTami. TakoX MOXHaA «CKUAaTu» (GIrypky, ToOTO
MPUCKOPIOBATH 11 MAJIHHSA, KOJHM BXE€ BHPIMICHO, Kyau (irypka MOBWHHA BITACTH.
dirypka JIETUTh, IOKK HE HATKHETHCS HA 1HINY (PIrypKy ad0 Ha JIHO CKIISHKHU. SIKIIO0
P 1[bOMY 3aIIOBHUBCS TOPU3OHTAIBHUHN psia 3 10 KIITOK, BiH Mpomaaae i Bce, 10
BUIIIE HHOTO, OMYCKAETHCS HA OJHY KIITKY. Y CHEIialbHOMY TOJIi TpaBelb 0a4YnuTh
birypky, saxa Oyae cliayBaTH Micis MOTOYHOI — IS MiJKa3Ka J03BOJISIE MJIaHYBaTH
cBoi aii. Temn rpu mMocTynoBo 30LIbITYEThCA. ['pa 3aKIHUY€ETHCS, KOJIM HOBa (pirypka
HE MOXe€ MTOMICTUTHUCS B CTakaH. [ paBels oTpuMye 0aiu 3a KOxKHY QIrypKy, TOMy HOro
3aBJIaHHS — 3allOBHIOBATH DS, HE 3allOBHIOIOYM CaMy CKJISIHKY SIKOMOTa JOBIIIE,
1100 TaKUM YMHOM OTPUMATH SIKOMOTa OLTbIe OaliB.

HapaxyBanusi 6auaiB. [Ipu nHapaxyBanHi OaniB 3a JiHIT KUIBKICTH OaiB
3a3BUYai 3aJ€KUTh BIJl TOTO, CKUIbKHM JIIHIA mpuOpaHo 3a oauH pa3. Hanpukman, B
kuTaiicbkux KoHcolsix «Brick Gamey, momymsipuux B CHJI B 1990-x pokax,
HapaxyBaHHs OamB 3a3Buyai Oyiao TakuM: 1 maiHiss — 100 6amiB, 2 minii — 300 6ais,
3 minii — 700 GaniB, 4 ninHii (To0TO, 3pobuTH Tetpic) — 1500 Oani. ToOTO, YUM
O1IbIIIE JIIHIM TPUOUPAETHCS 32 OJIMH Pa3, TUM O1JIbIIIE BIIHOIICHHS KIJILKOCT1 0ajiiB 110
KiabKoCT1 miHiN. [likaBo, Mo mempicom B 6araTbOX BEPCIsAX I'PU TaKOXK HA3UBAETHCS
Tis1, MICIIA SIKOTO 3HUKAE ojipasy 4 minii. Lle MoxkHa 3poOUTH JTHILIEe OAHUM CITOCOOOM —
CKUHYTH «manuuio» ((pirypky, B Kiid BCl KJIITHHM PO3TallOBaHI Ha OJHIN JiHIT) B
«IIAXTy» MUPUHU | 1 TTHOMHU SIK MIHIMYM 4.

Jliteparypa:

«Komno3uunu Ha maxmaTtHou 1ocke», H. 3enenykun, A. MonacBaHckuit
«[IlaxmaTtHbie okoHuaHue» 0. ABepbaxa

Bikinenis «llaxmaTtuy»

Bikinenis «Tetpicy

el AN
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OI'FOCTEH JIYI KOIII

Ortocren Jlyi Ko — Bimomuii dpaniry3skuii Marematuk. Ortocten Jlyi Komri
OyB CMHOM BHCOKOIIOCTaBJICHOTO (PpaHIly3bKOTO MYHIIHMOAILHOTO CiyKO00BIs. [T
yac Dpaniry3pkoi peBomrollii 6aTbko Komri BTpauae poboTy, 1 CiM'sl mepeixmKae B
MICTO ApKeH, i€ XJIOMYUK 1 OTPUMYE TTOYATKOBY OCBITY.

Ane, Konmu mMmodiTHYHA OOCTaHOBKA B KpaiHi CTae CrokiiHorw, ciM's Ko
noBepTaeThbes B [lapmk. OrrocTeHa npuiiMaroTh B Kpallly B TOM 4ac CEPEIHIO KOy
Mmicta - llentpanpHy mkony I[lanteony. 3a yac HaBUaHHS XJIOMYUK OJEPKYE YUMAJIO
HAropo/Ji 3a yCIiXu y BUBYEHHI JIATUHCHKOT MOBH 1 TyMaHITapHUX HayK.

[Ticns mxonu Ko Bupinrye 3100yBaTu ax iHKEHepa 1 3/1a€ BCTYMHI ICIUTH
Ha (akynpTeT, HAOpaBIIM MpU 1bOMY cepenHii 0an. 3 TlomiTexHIYHOI MIKOIU BiH
BUIycKaeThes B 1807 p. Ilotim Bin HaBuascs B Ecole des Ponts et Chaussées (Ikomna
MOCTIB 1 JIOpIr), sIKy 3aKiHUye€ 3 JUIUIOMOM IMBUIBHOTO iHxkeHepa. Hagam Ko
npaitoe HaJ OyaiBEIbHUM ITPOEKTOM BIMCHKOBOTO MOPTY, aji€, HE TUBIISTYUCH HA BCIO
CBOIO 3alHATICTh, BCE X 3HAXOIWUTH Yac /I MIATOTOBKH HAyKOBUX 3alHCOK 3
MatemaTuku. CBOi 3aMiTKM BIH MpeacTaBuTh Imepel OCHOBHUM BiIIJICHHSIM
(p13uunux 1 maremarnuHux Hayk) [HcTuTyTy ®panmii. ¥ mucronmami 1815 p Komri
OepeTbcs 3a BUKJIAJAHHS MAaTEMaTUKHU APYyrokypcHukam B [lomiTexHiuHii mKomi. A
pOKOM Tmi3HIIIE BIH BXe cTae mnpodecopoM tmkonu. [lounnarounm 3 1824 p
nyOJiKyt0ThCs 3HauyII poodotu Ko 3 MmaTematuku. | B 11e#i ke mepioj] BiH OTPUMYE
MpoIo3uIlii BUKiIagaTu ogHouacHo B Konex ne @panc i Ha DakynbTeTi IPUPOTHUIUX
HayK [1apu3bKOro yHIBEpCHUTETY.

VY 1825 p Komni dopmynioe «Teopito (PpyHKIIH KOMIUIEKCHOI 3MIHHOI», SKa
BBAKAETHCA OJHIEID 3 KJIOYOBHX pOOIT B 007acTi MaTeMaTWKd. PokoM mi3Hile
Ortocten Jlyi Kol BBOAUTB 4iTKE BUBHAUEHHS «BUPAXyBaHHs (YHKIIID» Ta JOBOIUTH
Teopemy Telmopa 1 00UMCIIIOE «3aTUIIKOBUN uieH» Teopemu. Y 1830 p, micns
MacoBux 3aBopyiieHb B [lapmxki, Komn 3anumiae OaTbKiBIIMHY 1 MOJOPOXKYE IO
[Beitapii, Capaunii 1 Yexii. 3rogom Brpo1oBxk poky Ortocten Jlyi Kouri qoBoauth
«InTerpanbny Teopemy Kormiy.

VY 1838 p yuenwuii nosepraerbes B [lapmxk. Bin Buknanae B CepenHiil 1yxoBHii
IITKOJI1, 3aiMa€ThCs MIATOTOBKOIO BUUTEIIB IO BUKJIAAAIbKOI poO0oTH. BaxiuBy poJib
Komri 3irpas 1 B xutti Karonmuueskoro inctutyty. [Tomep Ko 23 tpasus 1857 p.

Po6otu Komii nHamexaTs 1m0 pi3HUX oOJacTeil MaTeMaTHKH. YChOTO XK BIiH
HamucaB 1 omyOmikyBaB moHan 800 pobit 3 apudmeTtukum 1 Teopii
quces, aredpu, MaTeMaTUIHOTO aHami3y, AudepeHITiaTbHIX PIBHSAHb, TEOPETHUYHOI 1
HeGecHOi MexaHiky, MaTeMaTHuHoi (isuku. Moro «Kype anamizy» (1821), «Pe3tome
JIEKII 4YHCIIeHHS HeckiHueHHO manmux» (1823), «Jlekmii 3 momaTkiB aHami3zy 10
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reomeTpii» (1826—1828). Y Hux BiH JaB 0O3HAYEHHS MOHATTS HEMEPEPBHOCTI QYHKIIII,
YiTKO MOOYyBaB Teopii 30DKHUX PsAIIB, (30KpeMa, BIIEpIlle YCTAHOBUB TOUYHI YMOBH
301kHOCTI psafiB Teiopa 10 maHoi PyHKINT 1 TPOBIB BUPA3HY MEXY MiX 301KHICTIO
IIbOTO PSAY B3araii 1 301KHICTIO 10 JaHO1 (PYHKIII1; BBIB MTOHATTS pajiyca 301:KHOCTI,
JIOBIB TeOpeMy MpOo AOOYTOK IBOX aOCOJIOTHO 301KHHMX PSIIB), JaB O3HAYCHHS
1HTEerpasna ik rpaHulli CyM, JOBIB ICHYBaHHS 1IHTErpajiiB BiJ HETIEPEPBHOI (QYHKITI.

Benukoro 3aciayroro Komri € Te, 1o BiH pO3BHB OCHOBH TEOpii aHATITHUYHUX
¢byHKIi# KOMIIeKCHOT 3MiHHOT 3akianeHi me B 18 cromitti JI. Eimepom 1 K.
J'Anam6epom. Oco0aMBO BEMHMKE 3HAYCHHS MAIOTh TakKi pe3yibTaTH, oTpuMaHi Korri:
TEOMETPUYHE MPECTABICHHS KOMIUIEKCHOI 3MIHHOT SIK TOUYKH, sIKa TIEPEMIIIAE€ThHCS B
IJIOIIMHI TUM YU 1HIIUM HUITXOM 1HTETPYBaHHS; BUPAKCHHS aHATITHYHOI PYHKIIT y
BUrisiAl iHterpania (imterpan Komri), Ta po3kian (QyHKIT B CTENEHEBUU Ppsi;
po3po0Ka Teopii JIMIIKIB 1 1i 3aCTOCYBaHHS JI0 PI3HUX MMUTAaHb aHATI3Y.

B o6Gnacti Teopii mudepenmianbHux piBHAHL Kol Hamexarb: MOCTaHOBKA
OJIHI€T 3 HAMBAXTUBIIINX 3araJIbHUX 3aJ1a4y Teopii TudepeHiiaapHuX piBHSHD (3a/1a4a
Korri), ocHOBHI TeopeMu iCHYBaHHS PO3B'SA3KY ISl BUMAAKY JIMCHUX 1 KOMILIEKCHUX
3MIHHUX (JIJI1 OCTaHHIX BIH PO3BMHYB METOJ Ma)XOpPaHT) 1 METOJ I1HTErpyBaHHS
pPIBHSHb 3 YaCTMHHUMHU MOXIIHMUMH 1-ro mnopsanky (meron Komin — wmerton
XapaKTEPUCTUYHUX cMYT). Y reometpii Kol y3araibHHUB Teopito OaraTorpaHHHKIB,
JlaB HOBUM CIIOCIO JOCHIKEHHSI MOBEPXHI 2-T0 MOPSJKY, MOCTIIKYBaB JIOTHUYHI,
HampsMHI 1 KBajpaTypy KpHUBHX, YCTAaHOBHB IIpaBWjia 3aCTOCYBAHHS aHAIIZYy 0
reoOMEeTpli, a TaKOXK PIBHSAHHA IUIOLIMHU 1 MapaMeTpUYHE MPEACTABICHHS MPAMOi B
POCTOPI.

B anreOpi BiH 1HaKmie JOBIB OCHOBHY TEOpEeMYy Teopli CHUMETPUYHUX
OararousieHiB, PO3BUB TEOPII0 BU3HAYHUKIB, 3HAWIIOBIIM BCI TOJOBHI iXHI
BJIACTUBOCTI, 30Kpema Teopemy. Llto Teopemy BiH momupuB Ha Matpuii. Ko
HaJIeXXaTh TEPMIHU «MOJTYJb» KOMIUIEKCHOTO YHCIIA, «CIIOJIYYEeH1» KOMILJIEKCHI YUCa.
VY Teopii uncen Ko Hanexats: qoBeeHHs TeopemMu Depma rnpo 0araToKyTHI YKCIa,
OJIHE 3 JOBEJCHb 3aKOHY B3aEMHOCTI, a TaKOX JOCTIHKEHHS 3 Teopii IIMX
anreOpaiuHuX YHcell, y SIKUX BIH OTPUMAaB Psijl pe3yJbTaTiB, Mi3HINIE B 3arajlbHININ
(dbopmi BCTaHOBJIEHUX HIMELbKUM MaTeMaTtukoM I'. Kymmepowm.

Bin nepuuii BUBUMB 3arajbHe HEBU3HAUYCHE KyOlUHE PIBHSIHHSA 1 1aB TEOPEMU
PO HEBU3HAUEHI KBAJpaTHI PIBHAHHS 1 TMOPIBHAHHS 3 OJHAKOBUM MOAYJEM 1
3arajJbHUM po3B's3koM. Kol Hanexatb TakoX JOCHIKEHHS 3 TPUTOHOMETPI,
MEXaHIKH, Teopii MPY>KHOCT1, ONTUKH, aCTPOHOMII.

XKopen marematuk - 3a BUHATKOM Xi0a 1o Jleonapna Eilnepa - He 3anumuB
micist cede CTUTbKYA HAyKOBHX Mpallb, ik OrtocteH Komii.

Jliteparypa

1.bo6bauH B. B., Oriocren Jlym Komm. Ouepk ero >Xu3HU W JeATenbHOCTH, «Dusmko-
MaTeMaTUYeCKHe HAYKH B MX HACTOSAIIEM U Tipomeamem», 1887, T. 3, Ne 1-3
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C. Myxa

JIvgiscokutli depoicasnuti yHigepcumem Oe3neKu HCUMmmeOisIbHOCHI

Hayxosuu xepisnux O.M. Tpycesuu, K.¢.-m.H., Ooyenm KagheOpu npuxiaoHoi
Mamemamuku I MexaniKu

KAJIBKYJIATOP TACKAJIA

brmes Ilackane - oauH 13 3aCHOBHHKIB MaTEMaTHYHOTO aHalidy, Teopii
HMOBIPHOCTEM Ta TPOCKTHUBHOI TE€OMETpii, TBOpElb IEpPHIUX 3pa3KiB JIYUIBHOT
TEXHIKM, aBTOP OCHOBHOI'O 3aKOHY TiIpOCTaTUKH. BigoMuii TakoX BIIKPUTTIM
dbopmynu OiHOMIATBFHUX KOE(DIIIEHTIB, BUHAXOIOM TiAPaBIIuHOTO Mpeca il mIpuIa Ta
IHITUMU BIAKPUTTSMU. ABTOp 3HAMEHUTHUX «J[yMOK» Ta «JIUCTIB 10 TpOBIHITIATAY, SIKI
CTaJIA KJIACHKOIO (hpaHITy3bKOi JITEPATyPH.

[Tackanp HapoauBcs 19 uepBusa 1623 poky B micti Kinepmon-®eppan (OBepHb)
B POJIMHI TOJIOBU MOJAATKOBOro ymnpapiiHHsA Ethena Ilackans i Antyanertu beros,
nouku ceHemanst OBepHi. Y IlackaniB Oyno Tpoe miteit — brne3 1 ABI HOro cecTpu:
monoama — JKakiiH 1 ctapma — JXuns6epra. Matu nomepna, ko biesy Oyno 3
poku. Y 1631 poi cim's nepeixana go Ilapuxka.

[Tackanb-0aTHKO TOTPUMYBABCS MPUHITUITY, 33 TKUM CKJIQHICTh ITPeMETa Majia
BI/IMOBIATH PO3YMOBHM 3J10HOCTSIM JTUTHHH. 3a HOTO TUTAHOM JaBHI MOBU bie3 MaB
BUBYATH 3 12-TH, a MaTeMaTuky 3 15-16 - piyHOro BiKy. MeTO/1 HABYaHHS TIOJISITAB Yy
MOSICHEHH1 3araJIbHUX TMOHATH 1 MPaBWJI Ta HACTYMMHOMY IEPEXOAl O BHUBYCHHS
OKpeMHX  TuTaHb.  Tak, 3HAHOMJIAYM  BOCBMHUPIYHOTO  XJIOMYHMKA 13
3aKOHAMH TpaMaTHKH, CIIUJIBHUMH JJIsI BCIX MOB, 0aTbKO MaB Ha METI HaBUUTH HOTO
MUCJIUTH PAIIOHAIBHO. Y I0Ma MOCTIHHO MPOBOIUIUCS OECiAM 3 MUTaHb MaTEMaTHUKU
1 bre3 Han3BUUaliHO IIKAaBUBCS MM MpeaMeToM. baThko, sikuili 1moOoroBaBcs, IO
MaTeMaThKa 3aBaJUTh CHHOBI BHBYATH JIATUHCBKY Ta TPEIbKY MOBH, OOIIISB
3BEPHYTHUCS IO MaTEMaTUKHA B MallOyTHROMY. SIKOCh Ha 4yeproBe 3alMTaHHs CHHA MTPO
T€, U0 Take reoMeTpisi, ETbeH KOPOTKO BIAMOBIB, IO 1€ CIIOCIO KPECIUTH MPaBUIIbHI
¢birypu 1 3HaXOIUTH MIXK HHUMH MPOMNOpIIi, NTpoTe 3a00pOHUB HOMY OyaAb-sKi
nociipkeHHs B ik chepi. Oqnak bie3 Ha caMOTi 3aX0AMBCS BYTUUISIM KPECIUTH Ha
ni7U1031 pi3Hi Qirypu 1 BUBYaTH ix. He 3Hat0uM reoMeTpuyHUX TEPMiHIB, BiH Ha31BaB
JIHIIO «HAJTHYKOI0», 4 KOJIO «KUIBLIEMY.

bnes Ilackans CTBOPWB CBili MEXaHIYHMN  KaJbKyIaATOp y Billi 19 pokiB
y 1642 porii, cioctepirarouu 3a poOOTOI0 CBOTO OaThKa, SIKWW MPAIfOBaB 301pHUKOM
MOJIaTKIB 1 0yB 3MYILIEHUI YaCTO BUKOHYBATH JIOBT1 1 OOTSXKIIMBI PO3PAXyHKH.

[Tpubau3no 3a 10 pokiB BiH moOyayBaB Ouibie 50 Monenei KaabKyJIsaTopiB, B
TOMY YHCI1 1 BJOCKOHAJIEHY MOJIeSh MEXaHIYHOTO KajbKyisiTopa. JlemoHcTpallis
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poboUOoi MOJENl MEXaHIYHOTO KaJlbKyjlsTopa BimOymnacs B 1645 pori 1 3auByBajna
CepeIHbOBIUHY €BPOIY KPacolo 1 TOUHICTIO CBOTX MEXaHI3MiB.

Maimuna Ilackans siBisiiza co60r0 MeXaHIYHUN MPUCTPINA Y BUTIISAI ITYXJISIKH 3
YHCICHHUMH, TIOB'SI3aHUMHU OJHMH 3 OJHHM 3yOUacTOl MEepenador0 IIECTePHIMH.
Yucna BBOAWIMCA B MAallMHY 3a JOMOMOTOIO BiJMOBIAHOTO TMOBOPOTY HAOIpHHUX
komimar. Ha KokHe 3 IUX KOJIIAT, M0 BiANOBIAAIA OJTHOMY JECATKOBOMY PO3PSIAY
yucia, Oynu HaHeceHl moaunku Bix 0 mo 9. Ilpu BBemeHHI umcia, KOJIIIATKa
IPOKPYUYyBaINCA 0 BiAMOBIAHOI mu(pu. 3poOUBIIM MOBHUN 00€pPT HAMIUIIOK HaJ
1 poro 9 KOMIMATKO MEPEHOCUIIO Ha CYCIIHIN pO3psijl, 3CYBAIOUH CYClIHE KOTIIIATKO
Ha 1 mo3wurtito. [lepmr BapianTu «Ilackamiam» Manu m'saTh 3y0UacTUX KOJIIC, MI3HIIIE 1X
KUIBKICTh 30UIbIIKIIACS 70 MIeCTH a00 HaBIThb BOCHMHU, IO JIO3BOJISIIIO MPAIIOBATH 3
BEJIMKMMM YHCIaMU, ax 10 9999999,

Bianosinp 3'sBisuiacs y BEepXHiM yacTHUHI MeTayieBoro kopmycy. OGepTaHHs
KOJIimar OyJ0 MOXXIIMBE JHIIE B OJHOMY HANpPsIMKY, BHUKJIIOYAIOUYHM MOKJIUBICThH
0e3MocepeTHbOr0 OINEpyBaHHS BIJ'€EMHUMHU YHCIaMU. [TMM HE MEHIIE, MalllhHa
[lackays n03BOJIsIa BUKOHYBAaTH HE JIMINE JTOJaBaHHs, ajie ¥ 1HIII omeparii, aie
BUMarajga Mpu I[bOMY 3aCTOCYBaHHSI JIOCUTh HE3PYUYHOI MPOIEAYypHU MOBTOPEHHS
CKJIaJlaHHs. BiHIMaHHS BUKOHYBAJOCh 3a JOTIOMOTOIO JOMOBHEHB JI0 JEB'SITKH, SKi
JUTSI TOTIOMOTH KOPHCTYBauy 3'SBIISTUCS y BIKOHIII, PO3MIIICHOMY HaJl BUCTABJICHUM
OpHUTIHATHPHUM 3HAYCHHSIM.

He3Baxaroun Ha mnepeBarn aBTOMAaTHYHHUX OOYMCIEHb BUKOPUCTaHHS
JECATKOBOI MAaIIMHU JUIsl (DIHAHCOBUX PO3PAXyHKIB y paMKax A10YOi B TOW yac y
®paHi1ii rpooBOi cUCTEMHU 0YJ10 BaXKKUM. Po3paxyHKuU BeHCs B JIIBpax, Cy Ta ACHbE.
Y miBpi HapaxoByBajocs 20 cy, B cy — 12 genbe. 3po3yMmuio IO
BUKOPHUCTAHHS JECSATKOBOI CHUCTEMH YCKJIAJHIOBAJIO 1 0e3 TOro HeJerkuil mpoiec
OOYHNCIIEHB.

Mammna Ilackans crasia ApyruM peaabHO MPAIIOIYUM OO0YHMCIIOBATHLHUM
mpUCTpOEM Ticis paxiBHuka Bimsrensma Illikapaa, ctBopenoro B 1623 porii.

T.0. €gpemosa, 1.B. Buzoonep

Xepconcvkuul HAYIOHATbHUL MEXHIYHUL YHIBepCUmem

Hayxosuii  xepisnux I.B. Buzoonep, cmapwuii eukiaoau Kageopu euujoi
Mamemamuxy i MamemamuiHo20 MOOelH0BAHHS.

MEPIINAMN Y CBITI IPOTPAMICT — AJIA ABI'YCTA JIABJIENC

VY 1975 poui minictepcTtBo 000oponn CIJA mpuiiHANIO pillIEHHS MPO MOYATOK
PO3pOOKH yHIBEpCaJIbHOI MOBHU TporpamyBaHHs, sika B 1980 poui Oyna Ha3zBaHa
"Anma", Ha dyecth Anau ABryctu JlaBieiic, KIHKHM, SKa oOnucaja poooTy
OO0YHCITIOBAJIFHOT MAIIIMHU Ta CTaja MEPIIUM B CBITI IPOTPaMiCTOM.
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Ana Asrycra Jlasneiic (10 rpyans 1815 p — 27 nuctonana 1852 p) — eauHa
3aKOHHO HapojpPKeHa JOHbKa aHriiiickkoro moera jopnaa [lxopmxa ['opaona
Baiipona 1 ioro apyxuHu BikoHTecu BeHTBOpT — AHHU [3a6enum MinGeHk. batbku
JIBYMHKH PO3TYUUIHCS, KOU Al OyB nuine pik. JIOHbKY BHXOByBaJIa MarTH, siKa
Oyna HpI/ICTpaCHO 3axOIlJIeHa MAaTEMAaTHKOIO 1 a/Ke mala leBBI/ICBKO "KopoJieBa
napanenorpamis”. L{1o cBoIo mpucTpacTb BOHA nepeaana MajdeHbKii AJll, HaWHSABIIN
JUISL TOMAIIHBOI OCBITH BIIOMHX aHIJIIMCBKUX BUMTEIIB, K1 CTajld BUKJIAATH 1i
anredpy, TPUTOHOMETPIIO 1 ACTPOHOMIIO.

Tsra 1o 3HaHB Ta Mpare31aTHICTh JaJTH MOXJIMBICT AIBYMHI TO3HAHOMUTHCS 3
BUJIATHUMH OCOOMCTOCTSIMU Tiei emoxu: Maiikiom @apaneem, JleBigom
bprocrepom, UYapipzom Birctonom, Yapnb3om JlikkeHcoM Ta IHIIMMH. Y Tl
XapakTepi MOETHYBAIUCS POMAHTUYHI YSBJICHHS MPO CBIT 1 OAHOYACHO Bipa B CHITY
3HaHb. BoHa mucana 3 Ti€lo X MPUCTPACTIO MPO MAaTEMaTUYH1 OOUUCIIEHHS, 3 KOO
il 6aThKO MucaB J0OO0BHI Oanaiu.

B 1833 p Ana no3naifoMusiacs 3 JIt0JIMHOIO, sIKa peallizyBalia il HayKoB1 aMOiIli.
Ile 6yB Yapnnp3z be66imx (1791-1871), Onmuckyuyuil IOCHIIHUK, BUHAXI1JIHUK,
npogecop KemOpumxcbkoro yHiBepcuTeTy. B Toll yac BUKOHYBaBCs BEJIMUE3HUH 32
0o0cAroM TpPOEKT 31 CTBOPEHHS TaOJWLb 3HAa4YeHb JiorapupmiB  Ta
TPUTOHOMETPUYHUX (PYHKUIH, 1 be0O1K MpisiB Mpo Te, 00 aBTOMATU3yBaTH IO
poOoTy. BiH 3agyMaB 3'€e1HaTH 171€10 MEXaHIYHOI apuPMeTUIHOI MamuHu ['oTdpina
JleitOHila 3 1/1e€r0 MPOrpaMHOro yIpaBiIiHHSA i CTBOPUTH aHAJTITUYHY MAIIUHY —
nmpooOpa3 cydacHOro komm'torepa. Bike JBa AeCATWIITTS BUCHHUH MpaifoBaB Haj
MIPOEKTOM AHAIITUYHOI OOYHCIIIOBAIBHOI MAILIMHH, sIKa BKJtoYaia O B co01 pyHKIIIi
apu(pMeTUIHOI TaM'sAT1, YIIpaBJIiHHS, BBEJACHHS 1 BUBEICHHS 1H(opMarrii. MamHa
He Oyna 3aBeplieHa 4yepe3 BIJACYTHICTh rpoinei B ypsiai. beGO1k omucaB CBOIO
MaIlMHY, SKa 3Morja O BUKOHYBaTH OOYMCIICHHS 3 TOYHICTIO JI0 IBAAISTOTO 3HAKY
micist KoMu. Aa Ty’ke 3aX0muiiacsi BUHaxoikoro Yapiib3a.

Ha nmouatky 40-x pokiB be00611k Hanmpy>KeHO MpaItoBaB HaJl BIIOCKOHAJICHHSIM
CTPYKTYpH CBO€i aHamiTMUHOI MalIMHM. li apXiTekTypa BKe HaOIMKEHO
BinoBigana cyqacHuM EOM. V Hiit Oynu npucyTHI BCl TP KIIACUYHUX CKIIAJOBHUX
KOMIT'IOTEpA: YIPABJISIOUMNA MPUCTPIM, CXOBUIIE (TENep MU HA3UBAEMO LI€
naM'saTTi0) Ta apu(pMETUYHUN TPUCTPId . ApUPMETUYHUN NPUCTPIN MaB arapaTHy
HOIATPUMKY BCIX YOTUPBHOX Al apupmeTriku. OCHOBHa mporpama 3aHocuiacs Ha
Oapaban (kepyrouuil TpUCTpiil), HA TOAATOK JI0 HEi MOTJIM BUKOPHUCTOBYBATHUCS
neppokapti. beOOimK NPONOHYBaB CTBOPUTH MEXaHI3M Uil mnepopyBaHHS
u(pOBUX PE3YNbTATIB HA METAJIEBUX IJIACTUHKAX. /(s 30epiranns iHdopmarii B
naMm'sTi BUeHUW 30MpaBCsi BAKOPUCTOBYBATH HE TUTbKH MepdoKapTH, a il MeTasenl
JUCKH, SIKI OyJyTh MOBEpTATUCSA Ha Ooci. MeTraneBi MJIACTHHKY 1 METaJeBl JUCKU
MOXYTb TeIep pO3TISAaTHCS HaMU SK JajeKi MPOTOTUIM MarHiTHUX KapT 1
MAar"iTHUX JUCKIB.

VY 1842 p Yapnp3 be06imx OyB 3ampornenuit B TypUHCBKHI yHIBEpCHUTET
3pOOUTH JIEKIIIIO PO CBOIO aHANITUYHY MaIuHy. Bin monpocus rpadunio JlaBnetic
NEPEeBECTH JICKI[II0 HAa aHIIIIChKY Ta CYNPOBOAMTH TEKCT KoMeHTapsimu. Jlemi
JlaBnelic BuTpaTuia OUIbIIE POKY Ha IO poOOTy, MICAS YOro 3amucu Oyiu
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onyOJikoBaHi. BoHu BwMiltyBaau 52 CTOPIHKM KOMEHTapiB, B SIKMX HIIUIOCS PO
pPO3pOOKY TIUIaHY oOmepaiii Jjs aHaJITHYHOI MallMHM — Iie 1 OyJo Tmepiie
nporpamyBaHHs. [i "omepariii" HamiAIM 00YNCTIOBATILHY MAIIMHY HEHMOBIPHOO
3/IaTHICTIO IIPAIfIOBATH 3 ajdredpaiunumu popMynamMu, BoHa mobadria B 11 MaIlIuHi
OupIIMil moTeHIian, HiX cam be0OimK. Axa ABrycra mpeicTaBuiia TpH MepIli B
CBITI OOYMCIIOBANBbHI MPOTpaMH, CKJIAJACHI HEIO JJIs MaIluHHU: Iporpama s
BUPIIICHHA JBOX JIIHINHUX anreOpaiuHuX piBHSAHB 3 ABOMAa HEBIJOMUMH, TIPU OIHCI
SIKOT TIepIIIa 3acTOCyBaia MOHATTS ''poOounx KoMmipok" (pobounx 3MiHHKX). [Ipyra
nporpamMa Oyina ckiajeHa Juisi OOYMCIIEHHS 3HAaU€Hb TPUTOHOMETPUYHOT PyHKIIIT 3
OaraTokpaTHUM MTOBTOPEHHSM 3aaHOI IMOCITIIOBHOCTI 0OUNCITIOBAIbHUX OTIEPAITii.
Jlns  miei mporpamu  Ajla BBeJNa TOHATTS 'IUMKJIW — TIOHATTA OJIHIET 3
byHIaMEHTAIbHUX KOHCTPYKIIIM CTPYKTYpHOTO TporpamyBaHHs. B Tpetiit
nporpami, mpu3HaueHid s oOpaxyBaHHs yucen bepHyiii, BoHa BUKOpHCTaa
PEKYpEeHTH1 BKJIaJIeH] ITUKIIN.[2]

Lle¥i opuriHagbHUN KOMEHTap, BKIOYAIOUU KOMILJIEKC pO3pO0OK MPOTPaMHOTO
3a0e3nedeHHs JIJIs1 O0YMCIIIOBAIBLHOT MAIlIMHU, SIKUH )KIHKa poOuiia Ha MPOTS31 POKY
Ta JOKJIaja J0 MepeKiaay, BUSBUBCA Ha0arato mupiie 1 TIubIie caMmoro BUHaXoIy
aHTJIIMCBhKOr0 BUeHOTO. JIapieic He TUTbKH YJIOCKOHAIMIIA MOTO NUISIX PO3AYMIB, a
e i 3poOuia BeJIMUE3HUN KPOK y nepeadadeHH1 kinacu@ikaliii mociyr, sski Morjia
0 3IMCHIOBATH TakKa OOYMCIIIOBaJibHA MaminMHa. BoHa mmcaia, 1o MOXKJIHBOCTI
0OYHMCTIOBAIBHUX MAILIMH B MAOyTHROMY OYyTh OIIUPIOBATUCS HA TaKl PyHKIIII,
AK JIOT14YHI BUCHOBKM Ta MIPKYBaHHs, OpraHi3auis (yHIaMeHTAIbHUX JOCTIIKEHb
y Taiy3i HayKH, MUCTEITBA, My3ulll. BueHa BucioBuia DyMKy, IO MalluHa
3aMIHUTH JIOJUHY B PI3HUX 1HOOPMAIIIHHUX Tpollecax, MOB'I3aHUX 3 YIPaBIIHHIM
Ta KOHTPOJIEM.

He3Baxatouu Ha Te, 1o mammmHa be60imxka Tak 1 He OyJia CKOHCTpyHOBaHa 3a
KUTTS AW, U BUJATHA KIHKA, sIKa 3aryisHyjJa Ha POKU BIEPE], 3aCIyKEHO
BBAXKAETHCA MEPIIUM B CBITI IPOTPAMICTOM.

Jliteparypa
1. Aiizekcon B. InHOoBatopu: Sk rpyna xakepiB, reHiiB Ta I'1KiB 3/JiliCHUIa U(PPOBY PEBOIIOLIIO
/ B. Aiizexcon — Kuis : Ham ®@opwmar, 2017. — 488 c.
2. https://'www.imena.ua/blog/11-ada-lovelace/
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O.T.boiiko

JIvgiscokuti OepoicasHull yHisepcumem Oe3neku HCUmmeoisibHOCHI

Hayxosuii kepisnux M.IKyciit, kanouoam neoazociunux HayK, OOyeHm, OOYeHm
Kagheopu NpuxiaoHoi mamemamuxuy ma MexaHiKu

JJEOHAPJ ENJIEP - HAUBUJATHIIIUN MATEMATHK 18-T'O
CTOJIITTS

Jleonapn Eiimep napomuscst 15 kBitHsa 1707 p. B M baszens, B IlIBetinapii.
Hezabapom micnsi HapoJKEHHS CHHA, POJMHA TMepeixkmIkae B MicTeuko PieH. Y
TpUHAALATH pokiB Elnep-mMonoammii BcTymae 10 ba3enbchbkoro yHiBEpCUTETY, 1 B
1723 p. orpuMye cTyninb marictpa ¢igocodii. ¥ cBoiit qucepTarii Eiinep mopiBHioe
dinocodii Heiotona i Jlekapra. Morann BepHymmi, skuii 1aBaB XJIOIYMKOBi I10
cy0oTax NpHUBaTHI YpOKH, IIBHAKO PO3Mi3HAE BUAATHI 3A10HOCTI XJIOMYUKA JO
MaTEeMaTUKH 1 TEPEKOHYE MOro 3aJMIIUTH PaHHIO TEOJIOTII0 1 30CepeAuTHCS Ha
mateMatuui. 17 tpaBHs 1727 p. Einep npuxoauTs Ha CiIyxkO0y 0 MEIUYHOIO
BIJITIIEHHST [MIiepaTopchbkoi pociiichkoi akanemii Hayk B Cankt — [letepOyps3i, aje
Maiike BIJIpa3y K MEpEeXOoJUTh Ha MareMmaTuuyHuid (Qaxynbrer. OgHaK uepes
3aBopyuieHHss B Pocii, 19 uepBus 1741 p Eiinep nepeBoauthcs B bepiiHCbKy
akageMiro. Tam ydeHu IpoCayKuB OJIM3bKO 25 POKIB, HAIMMCABIIIM 3a 1€l Yac IOHa/I
380 naykoBux crtateil. Y 1755 p. fioro obuparots iHo3eMHUM uieHoM llIBeacwkoi
KOPOJIIBCHKOT akaieMii HayK.

JuBoBM)HUM y aisnbHOCTI Elinepa Oyno Te, 110 BiH 30BCIM HE 3aMHUKAaBCS B
MaTeMaTHuIll. YUYeHUH 4yJO0BO 3HAB KpalluX MHUCbMECHHHKIB CTapOJaBHBOIO CBITY,
CTapOJaBHIO JIITEpaTypy 3 MaTEeMaTHKH, ICTOPil0 BCIX dYaciB 1 HapoJiB, MOBHU
CTapoJaBHI Ta CXiaHi, 3aximHoi €Bpomu, O0TaHIKy, XiMil0, (Pi3UKy, aHATOMIIO 1
MeauiuHy. CBOIMU 3HAHHSIMU BpaXkaB CIICIIAIICTIB 13 IIUX raixy3ei 3HaHb. Bin wmir,
HAIPUKJIAJ], TPOYMUTATH Hamam'siTh BClO «EHEIMy» 1 HaBITh Ha3BaTH MEpIIl # OCTaHHI
PSAIKYA TOEMH Ha KOXKHIM CTOPIHIIl TOTO BHJIaHHA, SKUM KOpPUCTyBaBcs. BueHuii 3
HACOJIOZO0 CIIyXaB MY3UKY 1 HAITMCAB TPAKTaT 3 MAaTEMAaTUYHOT TEOPii My3UKH.

Ocoobucrte xutts Eiinepa Oyno TsSKKUM. Y HbOrO MoMepia APy UHA 1 BiH
OJIpY>KUBCS BApYre. 3 TPUHAIUATU JITEH BiCIM MOMEPJIO B PAHHBOMY AUTHHCTBI. Y
1771 p. mia 4ac mokexi 3ropiB Horo OyAMHOK 1 Maibxke Bce maiiHo. Jlease BCTUTIIN
BUBECTH 3 Majaroyoro OYyAMHKY CIINOrO0 BUYEHOrO 1 BPSTYBATH BEJIUKY KUIBKICTb
pyxonucis. loMy npoomnepyBaiu oKo i 4acTKoBo moBepHy.H 3ip. I1[o6 He Tpanmmocs
YCKJIQJIHEHB, JIIKapl 3a00pOHUIIN MpAIFOBAaTH. 3p03yMiJIO, 110 1Iboro Eilnep BUKOHATH
He Mir. ToMy, TOHOBMBIIM CHIIM, IPOIOBXKYBAaB MPALIOBATH. MOro eHepris He
BuyepiyBaiach 1 B 70 1 75 poxkis.

Macmtabu nopoOKy BU€HOTO BpaxkatoTh. [loHan 886 HayKoOBUX Tpailb, cepen
akux Ourbmr sk 20 Beaukux 2-, 3-ToMHUX MoHorpadii. B emicTomspHiii cnaammHi
HamuyeTbes 0au3bko 3 000 nucTiB, OUIBIIICTD 3 SIKUX € HEBEJIMKUMH 3aKIHUEHUMHU
HAyKOBUMHU TTOBITOMJICHHSIMHU.

[Ipo Benmmue3Hny 1 MOCTIWHY mpane3naTHicTh Einepa cBigyath HE TUIBKH
omyOJiKOBaHI HUM TMpailli, a ¥ po3B's3aHi 3ajadi, sSKi MponoHyBaMCh [lapu3bkoro
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aKaJeMi€r0 HayK. 3a YCIIIIHE pO3B'si3aHHs 1X BiH oJiep>KyBaB npemii 3 1738 mo 1772
piK, Bcroro 12 pa3, y 1752 p. — ojaepxaB mojBiiHy mpeMito. Eisiep OyB uneHoM
0araThbOX 1HO3EMHHUX aKaJeMiil 1 HayKOBUX TOBapuCTB. Ilapusbpka akaaemis Hayk,
CTaTyTOM SIKOi mependayeHo mTaT TUIbKH 13 40 akaaeMikiB, BpaXOBYHOYH BUKIIOUYHI
3acimyru Einiepa mepes Haykoro, oOpaia ioro B TpaBHi 1755 p. «moHam mraT» CBOIiM
1HO3EMHHM YJICHOM.

Eitnep po3BHHYB KiJbKa HOBHX MaTeMAaTUYHUX AUCLUMILUIIH, fKI 10 HBOTO
nepeOyBany JUIIE B 3apOJAKOBIH (QopMi: TEOpil0 3BUYANHMX AHQEPECHITIATBHIX
pPIiBHSHb 1 B YAaCTHHHHUX TIOXITHUX, BapiallifHe YWCIEHHS, CJIEMEHTApHY TEOpito
GYHKIIH KOMIUIEKCHOT 3MIHHOT; PO3KJIaJaHHIO (PYHKIIA y TPUTOHOMETPHYHI PSJIH,
Teopii cremiaabHuX (YHKIIN 1 BUBHAYCHUX 1HTErpalliB, AudepeHiaibHINi reoMeTpil
HOBEPXOHb.

VY 3B's3ky 3 po3BUTKOM KapTtorpadii BUEHUN pO3pOOUB TEOPiIO KPUBU3ZHU
MOBEPXOHB, TEOP1I0 PO3TOPTYBAHUX MOBEPXOHD 1 KOHPOPMHUX TIEPETBOPEHb.

VY HaByanbHMX MOCIOHMKAX 1 HAyKOBHUX MpalsiX BYEHOTO € Oararo 3ajgad 3
€JIEMEHTapHOI MaTEeMaTHUKH, OCTYIMHHUX Y4YHAM CEepeaHbOl mKoid. Jleski 3 HHX
MOKJIAJIM TTIOYAaTOK HOBUM PO31IaM MaTeMaTUKH, HATPUKJIa1: Teopii rpadis, TOMOIOTI]
Ta 1HMMM. barato MareMaTHYHUX MOHSATH €IEMEHTAPHOI MAaTEMAaTUKHA HA3BaHO iM'SIM
TeH1aJIbHOr0 BYEHOTO.

Elinepy Hanexxarb 4yJJ0BI 1 HaJI3BUYailHO cy4acHi cioBa: «Hemae Hayku, sika 0
He Oyra MoB'si3aHa 3 MAaTEeMAaTHKOIO, HAyKH, SIKa, SKIIO BOHA MAa€ OyTH I'PYHTOBHO
po3po0JIeHOI0, HE BUMaraja O 3acTOCYyBaHHsS BHINNOI MaTeMaTtuku». Kpammm
MIATBEPAKEHHSIM 1IUX CJI1B € caMa TBopuicTh Eiinepa. Pi3uka, MexaHika, aCTPOHOMIS,
ONTHKA, TIAPOTEXHIKa, Kaprorpadis, Teopis MEXaHi3MiB 1 MalllMH, aepOHABTHUKA,
OasnicTuka, apxXiTeKTypa, (pi310710ris 1 TeOpist My3UKH — OCh JAJIEKO HEMOBHUMN MEepeiK
rajay3eu 3HaHb, y SIKUX npauroBas Enep.

Jliteparypa:

1. A. JI. BoeBoma 3aiikaBUTH MaTE€MaTUKOIO: (METOIWYHI MaTepiaiu JJis MiABUIIICHHS 1IHTEPECY 110
MaTeMaTHKH): MeToauuHUi MociOHUK. — 2-Te BHUJ., J0MOB. 1 nepepod. — Binnui:, dOIT «Jlerkyn
B.M.», 2012. — 181c.

2. Irop Makapos. [uBectutlii B «uuctyro Hayky» // Cankm-Ilemepbypeckuti ynusepcumem : KypHal.
— 7 6epe3nst 2006. — Ne 4 (3726).
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H.B. €Enanuunuyeea

JIvgiscokuti OepoicasHull yHisepcumem Oe3neku HCUmmeoisibHOCHI

Hayxosuii kepienux M. 1. Kyciit, kanouoam nedazo2iuHux Hayx, 0oyeHm, 00yeHm
Kagheopu npukiaoHoi mamemamuxy ma MexaHiKu

AJITOPUTM I'AYCA JJIsI BUBHAYEHHA JATHU BEJIMKOAHA

Bemuknenr (Bockpecinns Xpuctoe, Ilacxa) —  HaligaBHime
XPUCTUSHCHKE CBATO, TOJOBHE CBIATO OOTOCIYXKEOHOTO POKY, 110 BCTAHOBJICHO
Ha yecTh Bockpecinus Icyca Xpucra. Bockpecinus Xpucrose — 11e nepexia Bij
CMEpTI /10 JKUTTS, 3BUILHEHHSI HAC BiJ TATaps IPixiB, MEepeXiJl IIOIUHU 3 paOCTBa
rpixiB Ta 31a A0 cBoOoAM JO0OBI Ta moOpa. TpamuiisiMu ILOTO CBSTA €
BenukomHne mpuBiTaHHS, OCBSYCHHS BeTMKOAHBOTO KOIIMKA, BiJBITyBaHHS
ponuuiB. Jlata cBTa HE € CTAJIOO 1 KOXKHOT'O POKY OOUYHUCIIOETHCS 32 MICSIUHO-
COHSIYHHUM KaJICHJIapeM.

325p.B wmicti Hikes (wuni I3nmk, Typewunna) BinOyBcs Ilepmmii
Bcenencbkuit Cob6op. Ha HhoMy OyJ10 mpUiHSTO:

*MPUUHATH HA"BIYHI 4Yacu" B OCHOBY XPUCTHUSHCHKOTO JIITOUHMCIICHHS
I0JIIaHCHKUH KaJeHaap;

*lIcpKBa HE IepexoauTb Ha HoBuil ctwiib;

snpuiinaThii HikelicbK1il CUMBOJI BipH;

*cBATO [lacxu CcBATKyBaTW B Mepuly HEIUTIO MICIA MOBHOTO MICSIIS, SIKa
HACTAE MICJIsi TOBHOTO MICSIIS, 1[0 HACTAE MICISl BECHSIHOTO PIBHOJICHHS.

Anroputm layca oOuucineHHss natu BenukogHs - MaTeMaTUYHUN
NTOPUTM, TIPU3HAYCHUH 71 BU3HAYCHHS JTHS CBATKYBaHHS BenukoaHs B Oyab-
SKOMY PpOIli. 3amporoHOBAaHO BIIEpIIEe HIMEUBKHM MaTteMatukoM Kapiom
["aycom B1800p.

["ayc naBiB jumie ¢opmynu 6e3 mosicHeHb. [10sSICHEHHS KOXHOTO KPOKY aJITOPUTMY
naB nipodecop bazenbcbroro yniBepcutety ['epman Kinremin B1870p.

Anroputm ["ayca ans oburcnenns gatu Benvkomns:

1.Po3ainutu HoMep poKy Ha 19 1 BUBHAYNTH 3aJUIIOK BiJ] IUICHHS 4.
2.Po3ainuti HoMep poKy Ha 4 1 BU3HAYUTH 3JIUIIOK Bij AieHHs D.
3.Po3niuTy HoMep poKy Ha 7 1 BUBHAUWTH 3aJIMIIOK BiJ] I1JIEHHS C.
4.Pozainutu cymy (19a+15) na 30 1 Bu3HauUnuTH 325IMII0K d.
5.Po3ainutu cymy (2b+4c+6d+6) Ha 7 1 BU3HAYUTH 3QJIMIIIOK €.
6.Buznauutu cymy f = d+te.
7.J10 04.04 (4xBitHs) nonatu f.

Hagpegemo npukiiaayu oouncieHds gatu BenukoaHs Ha 11eii 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+f=4.04+15=19 kBiTHA 4.04+1=4.04+28=2 TpaBHi
Jlireparypa:

C. Kynikos. Hutka uacis.«Hayka»,1991

IIpo crapuii Ta HOBUH cTmi//«B cBiti iHpopmaTtuku» Ne 114(«Indopmarukan Ne 20/2008).
Kinkenin I'.O6uncnenns Xxpuctustiebkoro Benmukoans /MatemMaTHaHHA 301pHUK
MocKOBChKOTO0 MareMaTuyHoro toBapuctsa. M.,1870.T.5.C.73-92.
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T. I'agpunenko

JlvsiscoKuil OepocasHull yrHigepcumenm 6e3neKu HCummeoisiibHOCHI

Hayxosuii kepisnux O.M. Tpycesuu, rxanouoam @isuxo mamemamuyHux HAayx,
ooyenm Kagedpu npukIaoHoi MamemamuKkuy i MexaHiKu

BIIOMI YKPATHCBKI MATEMATUKHA

M. B. Octporpancskomy (1801-1861) HanekuTh OIHE 3 HAUTIOYESCHIIIMX MICIh
B ICTOpli CBITOBOI MaTreMaTWyHOl Haykd. Jliama3oH HayKoOBOI TBOPYOCTI
OcTporpajacbkoro HaA3BMYaHO UIIMPOKHM: AWQEpeHiialbHe Ta I1HTerpajbHe
YUCJIEHHs, anreOpa, Teopis uncen, qudepeHiiagbHa reoMeTpisi, Teopist UMOBIPHOCTEH,
MaTreMaTtuyHa (i3uka, BapialliiiHe YUCIICHHS, aHAJIITHYHAa MEXaHiKa, Teopis yaapy,
OaricTHKa.

[ ®&. Boponmii (1868-1908) HasekuTh 0 KOTOPTH HAWBIIOMIIINX
YKpPaiHCbKMX MaTe€MaTWKIB MUHYyJIOro. BusHanuii ¢axiBugMu [K OJUH 13
HAMsCKPABIIIMX TAJAHTIB y Taiy3i Teopii yucen Ha Mexi XIX-XX cromite. ..
BopoHnuii 32 CBO€ JKUTTSI BCTUT HAJAPYKYBATH BChOTO ABAHAAUATH CTaTEU. AJie AKUX!
BoHu manu momtoBX SISl pO3BUTKY KUIBKOX HOBUX HAIPSIMKIB B aHAIITUYHINA Teopii
yucen, anreOpaiyHiil Teopii yucen, reoMeTpii ynced, ikl HUHI aKTUBHO PO3BUBAIOTHCS
y Oaratbox KpaiHax.

M. I1. KpaBuyk (1892-1942) - aBrop nonaxn 180 po6it, B ToMmy umcii 10 kHur 13
PI3HHX PO3UTIB MaTeMaTUku (anredpa 1 Teopis uducen, Teopis (QYHKIINA TIACHOI 1
KOMITJIEKCHOI 3MIHHHX, TeOopis AU(PEPECHINIAIBHIX Ta IHTETPAIBHHUX PIBHSHB, TEOPIs
WMOBIPHOCTEM 1 MareMaThuyHa CTaTUCTHKA, ICTOpisS MaTeMaTuku Tomno.) Lli HaykoBi
npaili YBIMIIIN 40 cCKapOHUII CBITOBOT HayKu. Tenep iCHYIOTh Ha CTOPIHKaxX HayKOBUX
nociimkeHs MuHorowienn Kpasuyka, Momentu KpaBuyka, ociimiatropu KpaBuyka.

B. U. JleBunpkuii (1872-1956) - 0CHOBOMONOKHUK MaTEeMaTHYHOT KYJIbTypH
HAIIOro Haponay', - Tak ckaszaB npo Bomogummmupa JleBunbkoro akagemik Muxaiiino
KpaBuyk. Bemukoro 3acmyroro B. JleBuiipkoro 0yiio Te, 1110 BiH 310paB 1 BIOPSAKYBaB
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MaTepialii 3 YKpaiHChKOT MaTeMaTHYHOI TePMiHOJIOTIi, 10 Oyna HaapykoBaHa B 1903
p. OcHOBHOIO UISIHKOIO HayKOBOi pobotu npodecopa B. JleBuipkoro Oyna
TeOpis aHANTHYHMX (QYyHKIIHA. BiH 3aiiMaBcs TakoXX TIeoMeTpi€ro, auredporo,
nvdepeHIiaTbHIMHE PIBHSHHSMM Ta 1CTOpi€l0 MaTeMaTUKW. baraTo yBaru mpujiisB
TeOpeTHUHIN (Hi3uIll Ta aCTPOHOMII.

M. O. 3apunpkuii (1889-1961): Haykosi iHTepecn M. O. 3apHUIIbKOTO OXOIUTIOIOTh,
TOJIOBHHUM YMHOM, TE€OPIF0 MHOXKHH 3 ajareOporo JIOTIKH Ta Teopiro (QYHKINNA TIMCHOT
3MiHHOI. BiH JIOCHipKy€e MOXIJHI MHOKHMHH METOJIaMH ajireOpu JIOT1KH, BUXOJSTUH
TIIBKK 3 KUTBKOX OCHOBHHX aKCIOM 1 HE KOPUCTYIOUWCH IHIIMMH T€OMETPUYHHMU
mipkyBaHHsMH. Kpim Toro, M. O. 3apunbkuil 3aiiMaBcsi TEOpi€l0 BUMIPHHUX
NEPETBOPEHb MHOXHH, TOOTO TaKMX rOMEOMOP(HUX MEPETBOPEHB, K1 MEPEBOIATH
JOBUIbHY BUMIPHY MHOKMHY B 1HITY MHOKHHY TaKOT0 % POJy. A TaKOX BIH 3aiiMaBCs
JESTKUMHU TEOPETHKO-YMCIIOBUMU MU TAHHSAMHU.

B. M. I'mymkoB (1932-1982): tBopumii 3miT B.M. ['mymkoBa Bpakae CBO€IO
HeCcTpUMHICTIO. [[1ana3oH ioro 3axormieHb OyB HaJ3BUYANHO MIUPOKUM: (inocodis,
MaTeMaTtuka, pi3uka, Jreparypa, 0otanika. BiH BUBYaB OKpeMi JUCLHUILUIIHU B 00Cs31
BY3IBCBKHMX KypciB. Po3B'sizaB m'saty y3aranbHeHy mnpoOnemy ['inpbepra, omHy 3
HaAMCKJIaJHIIIUX B Cy4YacHii anreOpi. BaxiuBi pe3yabTatu JiCTaB B T€OPii HUPPOBUX
aBTOMATiB, B Tajy3l 3aCcTOCYBaHb OOYHUCIIOBAJIbHOI TEXHIKA B KEPIBHUIITBI
BUPOOHMYMMHU TIporiecaMu Ta ekoHowil. Ilix #ioro KepiBHUIITBOM OyJnd CTBOpEHI
yHIBEpCaIbHI €JIeKTPOHHO-00uHCIoBaIbH1 Mamman "Kuis", "J[Hinpo", cepii mammH
,Mup” ta iami EOM.

1O. JI. Janeupkuii (1926-1997) — BCECBITHBO BiJIOMHII MaTeMaTHK, TOPICTh
BITUM3HSAHOI Hayku. OCHOBHI TIpalli BUEHOTO MPHUCBSIYEHI JOCHITKEHHIO CYy4acHUX
npo0eM MaTeMaTUYHOTO aHai3y, Teopil WMOBIPHOCTEH, Teopii AuQepeHIaTbHIX
PIBHSHB 1 MaTeMaTH4HOI (Pi3uku. [[o ckapOHMII CBITOBOI JIiTEpaTypy 3 MATEMATHKH 1
TeopeTnuHoi (izukum yBiknuia BaxumBa (opmyna Jlanenpkoro-TpoTrrepa mpo
MYJIbTUIUTIKATUBHE TIPEICTABIICHHS €BOJIIOLIMHOTO 1HTETpaIa.

0. O. Murpononschkuit  (1917-2008) — 3a poku cBoei Maibke 60-piuHOi
HaykoBoi AisuibHOCTI FO.O. Mutpomnonbcbkuii oTpuMaB (pyHIaMEHTaIbHI HayKOBI
pe3yabTaTH B Taly31 aCHMOTOTUYHUX METO/1B HEIIHIIHOI MEXaH1KH, SIKICHOTO aHaJi3y
HETIHIHHUX CHUCTEeM IU(PEPEHINAIbHUX PIBHAHb NpU 30YpPeHHSX, TOCHIKEHHI
KOJIMBHHX MPOIECIB Y HEMHIMHUX CHCTEMaX.

A. B. Cxopoxon (1930-2011): Biomuii yKpaiHChbKHI MaTEeMAaTHK, 10 MPaIfOBaB
y cdepi Teopii cToxacTHUHHUX AUEpEeHIlaTbHUX PIBHSIHB, TPAHUYHUX TEOPEM IS
BUITAJIKOBUX TPOIIECIB, PO3MOAUIIB Y HECKIHUCHHOBUMIPHUX MPOCTOPaX, CTATUCTUKU
BUITAJIKOBUX IPOIIECIB, MAPKOBCHKHX ITPOIIECIB.

A. M. Camoitnenko (Hap. B 1938p.) € ogauM 13 IpoBiAHKUX (PaxiBIiB 3 AKICHOT TEOPii
3BUUYaiHUX TU(EpeHLIaTbHUX PIBHSAHD 1 Teopli HEMHIMHMX KOIMBaHb. BiH mpoBiB
OpUTiHANBHI ¥ TIMOOKI AOCTIKEHHS Ta MOOYAyBaB TEOPil0 30ypeHHs 1HBaplaHTHHUX
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TOPOiNaJIbBHUX OaraToBUIB TUHAMIYHUX CHUCTEM, CTBOPHB HOB1 Ta PO3BUHYB B1JIOMI
ACHMIITOTUYHI METOJM HENMHIHHOI MEXaHIKH, PO3pOOHB TEopit0 0araTo4acTOTHHX
KOJINBaHb.

Jlireparypa:
1. Maremaruka Ykpainu [Enextponnmii pecypc]. - Enektpon. nani. - Pexwum pocrymy:
http://www.refine.org.ua/pageid-2962-2.html. - 3aro:. 3 Tutyin. ekpany. - MoBa: ykp.

10. /lybac

JIvgiscokuti OepoicasHull yHisepcumem Oe3neku HCUmmeoisibHOCHI

Hayxosuii kepisnux O.M. Tpycesuu, rxanouoam @isuxo mamemamuyHux Hayx,
doyenm Kageopu NpUKIAOHOT MamemMamuKy i MexaHiKu

MATEMATHUYHI BIAKPUTTA, IO 3SMIHUJIN CBIT

Po3BUTOK MaTeMaTWKH HIKOJM HE TEpPECTaE AWBYBAaTH CBOIMU BIAKPUTTSIMHU.
[Ipocti opMynu 1 po3paxyHKH, MOXKYTh 3MIHUTU CBIT. CydyacHe CycHuIbCTBO, Ha
kKab, 37EOUIBIIONO CIpUWMAE MAaTeMAaTHKy NPOCTO SK WIKUIBHUN TpEeAMET, He
3aMUCIIIOIOUMCh HAaJl TUM, IO II€ BEJMKa cepiio3Ha HayKa, MEeBHA 0COo0JIMBa MOBA,
IHCTPYMEHT, SIKMI JJa€ 3MOTY MOJICIIOBATH PI3HOMAHITHI MIPOLIECH MPAKTUYHO B YCIX
chepax xkuTTs. MatemaTuka Ckpizb. | KOKeH MoOXe 3HaWTH ''CBOK" MaTeMaTHKY.
Anxe, HaBITh TUChMeHHUK JIbtoic Kepon, sikuii HanrcaB «AJtica B KpaiHi uyiec», OyB
MareMatukoM, Hamoneon bonamnapT nucaB maTeMaTuyHi mpaiii.

[Ipocra ykpainceka niBunHa Mapuna B’s30Bchka, po3B’sizana 3ajaqy CTOJITh,
3a mo 1 3700yna npemito SASTRA Ramanujan Prize-2017 posmipom B 10 THCS4
noJiapiB. OprkoMITET MOSCHUB IPUCYKEHHS MpeMii B's30BChKil TUM, 1IO 11 pO3pOOKH
MaTUMYyTh CEpHO3HUI BIJIUB y MalOyTHHOMY Ha JUCKPETHY F€OMETPII0, aHATITUUHY
TEOpi0 YKceN Ta rapMoHiiiHuii anamiz. Y 2016 poky B's30Bchka po3B's3ana 3agaqy
NAaKyBaHHS KyJib y §-BUMIPHOMY IIPOCTOP1 Ta, y CIIBABTOPCTBI, — B 24-BUMIPHOMY.
Panimre 3agady nakyBaHHs Kyjib OyJiO pO3B'SI3aHO JIMIIE Uil IPOCTOPIB 13 TphOMa 1
MEHIIIE BUMIpaMH, a po3B's3aHHs TpuBUMipHOTO BUMaaky (rimore3u Kermaepa) Oyiio
Bukiaznene Ha 300 cTopinkax Tekcty 3 BukopuctanasM 50 000 psiakiB mporpamMHOTro
koxy. HaTtomicTe po3B'sizanHs B'sa30BChkOi 8-BUMIpHOTO BUMAAKy 3aiimae murine 23
CTOPIHKH Ta € «IIPUTOJIOMIITYIOU€e pocTuM». Ha mocmimkenns 1iei 3ama4i B's30BCbKy
HaJMXHYB KHIBChKMM MaTeMaTwk AHnpid bormapenko. Han po3B's3aHHsIM BoHa
mpaioBasia aBa poku y bepmini. ¥V kBitHi 2017 poxy MaremMaTH4HUM IHCTUTYTOM
Knes Mapuni B'sizoBcbkiii mpucymkeno JloCHigHUIIBKY HAropoay 3a MPOPHUBHY
po0OOTY HaJ 3ajauaMu TIaKyBaHHS KYJIb Y PO3MIPHOCTSX BICIM Ta JABalSITh YOTHUPH.
3 gaBHIMMX 1 OUTHIN BIIOMHUX BIJKPUTTIB MOXHA 3rajaTd « TpukyTHUK Penoy.
TpuxkyTHuk Peno oOMexye Heriagka 3aMKHyTa ONyKJa KpUBa, SIKa HOCUTh TaKy X
Ha3By. BoHa moxoauTh Bija Mpi3BUIlAa HiMelbkoro mexanika ®panma Peno, sxuit
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NEepIIUM TPOJEMOHCTPYBAB CTANICTh IIUPHUHM 1€l PIrypu 1 BUKOPUCTOBYBAB ii Y
CBOIX MEXaHi3Max.

Ane kpiM BUpIIICHHS BaXXKUX 3a/ad, MaTeMaThKa TaKoX JOoloMarae B
3BUYalHUX ToOyTOBUX peuax. Tomy Apucrorens, bekon, Jleonapno ma Binui Ta
0arato 1HIMMX BEIMKUX PO3YMIB JIFOJACTBA 3aMaWCs TUTAHHSM B3a€EMO3B’SI3KY
MaTeMaTukd 1 pinocodii. 3 MaTeMaTHUYHUX JOKYMEHTIB, SIKi JIMILUIA A0 HAC, MOYKHA
3poOUTH BHCHOBOK, ITI0 HaBiTh B JIpeBHhOMY €TrunTi Oy CHILHO PO3BUHYTI Tally3i
MaTeMaTHKH, TTOB'sI3aHil 3 pillleHHIM eKoHOMIuHUX 3anad. [lamipyc Paiirma (6:1. 2000
p. 10 H.e.) TMOYMHABCA 3 OOIISIHKM HABYUTH '3poOJieHOMY ¥ OOTpYHTOBAaHOMY
JOCTIKEHHIO BCIX peyeil, pO3yMIHHIO TXHIX CYTHOCTEH, Mi3HAHHIO BCIX TAEMHUIb'.
B cBoili KHU31 BiH pO3MOBIJIA€ MPO TE, IO HE KOKEH MOXKE MOTIOOUTH MaTEMATUKY, aJie
OyIb-XTO 3/1aTeH ii 3p03yMITH. Takok aBTOpP PO3MOBIB PO CBOE BIIKPUTTS 3 TIEPILIOIO
pobotoro 3 AkiaeM Benkareniem, Horo gaBHIM criiBaBTopoM. Jlo 11boro #oro podota
Oyna ayke TeXHIUHOI0. B neskomy ceHcl BoHa Oyiia mpeicTaBieHa TEOpEMaMH, sIKi BiH
MIT JIOBECTU, OCKIJIbKU 3HAB 0araTo mepeoBUX METOIB 1 BMIB iX 3aCTOCOBYBaTH. Y
MPOEKTI 3 AKIIIa€M BiH BIIEPIIIE 3p03yMiB, 1110 MAaIOUU TapHY 17€10, MU MOKEMO JTOCSTTU
YCIIXY Y CTapii mpobJieMi 3 BAKOPUCTAHHIM €JIeMEHTapHUX METOJIB — BOHHU JIOBEJIN
T€, 1110 MOKHA OyJ10 JoBecTH 50 pOKiB TOMY, aje HIXTO Mpo Iie He moaymas. Le aiicHo
3MIHIOE€ CTOCYHKH 3 TIPEAMETOM — YCBIJIOMJICHHS TOTO, II10 I1I¢ € OaraTo XOpoIuX 171eH,
K1 «IPOCTO JIEKATh HAa TOBEPXH1», ajie iX 1€ HIXTO He ChOPMYJIIIOBaB. 3aBISIKA TAKUM
JIIOJISIM, SIK 111 aBTOPH 1 3’ SIBJISIFOTHCSI HEUMOBIPHI BIIKPUTTSI, SIK1 3MIHIOIOTh CBIT.

[Ile omHMM MaTeMaTUYHMM TeHleM BBaxkaeTbes Jxopmx [anuir. byayum
acripaHTOM YHIBEPCUTETY, OJTHOTO Pa3y BiH CMI3HUBCS Ha 3aHATTS 1 IPUUHSIB HATMCaH1
Ha JIOIIII PIBHSAHHSA 3a JOMAaIllHE 3aBAaHHA. BoOHO 31amocsi oMy CKIIaJHIIIe
3BHYAHHOTO, ajie 4epe3 KiabKa JIHIB BiH 3MII HOro BHKOHATH. BusBmiocs, 1mo BiH
BUPIIIUB JIBl «HEPO3B'si3aHI» MPOOJIEMH B CTATUCTHUIIl, HAJ SIKUMU Ouivcsa Oarato
BUEHUX. 3apa3 HOro BBa)XaloTh «0aTbKOM JIHIHHOTO MPOTpaMyBaHHS» (TMOPSI 3
pansHchkum matemaTrkoM JI. B. Kantoposuuem).

Takox icHye aHrmiicbkuii MaTeMaTuk AOpaxam e MyaBp, BiJIOMUI TEPEBAKHO
yepe3 (opmyny MyaBpa, mpaisMu Ha TEMH HOPMAJIBHOTO PO3MOALTY Ta Teopii
nMoBipHocTei. [likaBo, 1110 B JIITHHOMY BiIli, BIH OJJHOTO pa3y BUSIBUB, 10 TPUBAIICTh
Horo cHy 3poctae Ha 15 xBuUiIuH B AeHb. CKIaBIIM apU(PMETUUHY MPOrPECito, BIH
BU3HAYMB JaTy, KOJU BOHa Jocsria 6 24 roauH - 27 nuctonana 1754 poky. Y el neHb
BiH 1 IOMep.

[Ilo crocyeThcss reomeTpii, TO JOBrMM Yac BBaxkanocs, 1o PeitHxapn
po3paxyBaB BCl MOXKJIMBI POPMYJIHU 1 O1JIbIIE TAKUX M'SITAKYTHUKIB HE ICHYE, ajie B 1968
pomi matematuk P.b.Kepumep (RB Kershner) 3naitmos me tpu, a Piuapa Jlxeimc
(Richard James) B 1975 pomi A0BiB ix yucio 10 AeB'sTH. Y ToMy X poili 50-piuna
aMepUKaHChKa JIOMOTOCHojlapka 1 JroOuTellbka MaTeMaThukd Mapmkopl Patic
(Marjorie Rice) po3poOuna BiacHH METOA HOTAIll 1 MPOTITOM JEKUIBKOX POKIB
BIJIKpHUJIA IT[e YOTHPH I'STUKyTHUKA. Haperti, B 1985 porti Ponsd [lTaitn qoBiB uncio
Gbiryp 10 4OTUPHAIIATH.

AJle OHUM 3 HAWMPOCTIMX 1 B TOH >K€ Yac OJAHUM 3 HaWTCHIATBHINIUX
BBakarTh fHa Binamana, skuii 3700yB MOMYJISPHICTh THM, IO TMEPIIUM BXKHUB 1
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OImyOJTiIKyBaB Cy4acHI 3HaKH IUTr0ca 1 MiHyca. JIeXTo aymae, o MaTeMaTHKOR TOBUHHI
3aiiMaThcs TITBKU HaykoBIll. OfHaK 111 HayKa MOTpiOHa BCIM HaMm. AJDKEe, KOJIH BH
KYIy€eTe I0Ch Y MarasuHi, poOUTe PeMOHT y KBapTHpPi 200 CIyXaeTe MPOrHO3 MOTO/IH,
TO, HACIIpaB/ll, BAKOPUCTOBYETE OCHOBH 1 BEJIMKI BIAKPUTTS I11€i 0COOIUBOT HAYKH.

Jlirepartypa:
1. Kononenko O.}O. AKTyanbHi IIpoGIeMH CTAaNOro PO3BUTKY: HABYANBHO - METOAMUHMIA mociGruk / O.10.
Kononenko. —K.: JIIT «IIpiaT cepsicy, 2016. — 109 c.

. Jleciok

JIvgiscokuti 0epaicasHuli yHisepcumem Oe3neKu HCUmmeoisibHOCHI

Hayxosuii kepienux O.M. Tpycesuu, xanouoam @Qizuko mamemMamuyHux HAyK,
doyenm Kageopu NpuKIAOHOI Mamemamury i MexaHiKu

3 ICTOPIi MATEMATHUKHA

OCHOBOIO OCHOB HAayKOBO-TEXHIYHOTO MPOTPECY € NAIbIINA PO3BUTOK HAYKH,
30KpeMa MAaTEeMAaTHUKH, TMPUKIATHE 3HAYCHHS SKOi JyXe Beluke. A BCeOIUHMIA
PO3BUTOK OYJIb-KOi HAayKH HEMOXJIMBHM 0€3 TImOokoro anamizy ii ictopii. [o
MUHYJIOTO 3BEPTAIOThCS 3 pi3HUX MpU4MH. JIeOHIll, HanpuKiIa:, 3acTepiras, U0 XTO
X0ue OOMEXKHUTHCS CydacHMM O€3 3HaHHS MHUHYJIOr0, TOW HIKOJIM HE 3PO3yMi€
CY4acHOTO.

IcTopis matemaTuku Mae ocOONHMBY NpHUBAOIMBICTH. 3amadl W TEOpEMH,
JIOBEZICH1 COTHI 1 TUCAY1 POKIB TOMY, 3aXOILUTIOIOTh HAC CBOEIO KPACOI0, BATOHUYEHICTIO
JOTIYHUX MIPKYBaHb TaK camo, SK 3aXOIUTIOBAJIM BCl TOMEPEIHI TOKOJIIHHS.
[leperopratoum CTOPIHKM MHHYJIOTO HAyKH, MH TMEPEKOHYEMOCS, IO HaNOibII
MOKJIaId MaTeMAaTHYHHUX 17eH, MOHsATh, 3a7ad, SKi MOTIM 00'€IHYBaJIHCh Yy TEopii,
MICTATBCSI Y TPAKTUYHINA OISUIBHOCTI JIOAWHU. BOHM BiUTI B cydacHl ¢opmu
TEOPETUYHOIO TYMKOIO BUCHHX PI3HUX €MO0X 1 HapoAiB. BogHoUac Monryku po3B'sa3KiB
0araTb0X MaTeMaTHYHHMX 3aJlad HE pa3 MPUBOAWIM BUCHHUX OO BIAKPHUTTS HOBHX
MaTeMaTUYHUX (PakTiB.

Marematrka — ojHa 3 HaWApeBHIMMX HayK. [lepini MmaTemMaTU4H1 ySBIECHHS 1
MOHSATTS JIt0/IMHA (popMyBaja B TIMOOKIN TaBHUHI, PO3B'SI3YI0UN HAUTIPOCTINT 3a/1a4i
MPAKTUYHOTO XapakTepy. Y CKIaAHIOBATUCA (GOPMH TPYIOBOI MisUIBHOCTI, 1 Tepen
JIOJIMHOIO TOCTaBaJIM CKJIQJIHIMNII 3ajadi, JJI1 pO3B'SI3yBaHHs SKUX BOHa (hopmyBasa
HOBI MaT€MaTUYH1 MOHSTTS, CTBOPIOBAJIA MATEMATH4YHI TEOPIi.

Otxe, mMaremMaTHKa pO3BUBAJIACA IIiJl BIUIMBOM JBOX TOJIOBHUX CTHUMYJIIB:
noTped MPaKTUYHOI AISUTBHOCTI JIFOAMHU 1 JIOTIKM PO3BUTKY CaMOi MaTeMaTHKH. 3a
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nepioau3aiiiero BugaTHoro matematuka A. M. Koamoroposa mareMatuka npouiuia
YOTHPU OCHOBHI NIEPI0JIU PO3BUTKY:

1. 3apomKeHHS MaTeMaTUKH — BiJl TIMOOKOI AaBHUHU 10 VI—V cT. 110 H. €., T00TO
JI0 TOTO 4Yacy, KOJIM MaTeMaTHKa CTa€ CAaMOCTIMHOIO Tally33i0 TEOPETUYHOTO 3HAHHS 31
CBOIM BJIACHUM TIPEIMETOM 1 METOJIOM.

2. Enementapna matematuka — Big VI—V ct. 10 H. e. 1o kiausg XVI cT. V 11eit yac
dbopMyBanucs OCHOBHI TEOpii, IO CTOCYIOTbCSI MATEMAaTHKH CTajJUX BEIUYHMH. Y
HaJpaX MaTeMaTUKH CTAaUX BEJIWYUH 3apOJKYBaJUCS 1 PO3BUBAIMCS i7ei, sIKi Ha
kiHeub X VI cT. mpuBenu 10 CTBOPEHHS MEPEAYMOB BIAKPUTTS aHATITHYHOI TeOMeTpii
Ta aHal13y HECKIHYEHHO MajuX — JIBOX OCHOBHUX AMCIUIUIIH KJIACUYHOI BHUILO1
MaTeMaTUKU. BOHM BUBYAIOTh BJKE HE CTAHU, @ 3aKOHOMIPHOCTI 3MIHHUX BEJIUYMH.

3. CTBOpEHHS MaTeMaTHKH 3MIHHUX BeTWYuH — KiHelb X VI — cepeauna XIX ct. Ha
novyaTKy IpOro mepiofy (paniy3pkuii yuenuit P. JlekapT CTBOpIO€ aHATITUUHY
reOMETpIl0, a aHrmicbkui yuyeHud 1. HeioroHi Himenpkuil yuenuii I'. JleitOnin —
aHaJl3 HECKIHYEHHO MajiuX. 3a HEBEJIMKUI MPOMDKOK 4acy 1o cepeaunu XIX cr. 'y
MaTeMaTull CKJIAJUCA Maike BCl MaTeMaTH4yHl Teopii, fKI HUHI Ha3UBAIOTh
KJIACHYHUMU OCHOBAMU CYYACHOI BUIIIO] MATEMATHUKHU.

4. CydacHa MaTeMaTHKa XapaKTePU3ye€TbCAd MIBUAKUM 3pPOCTaHHAM 00'eMy
POCTOPOBUX (HOPM 1 KITBKICHUX BIAHOIIEHB. Y 3B'SI3KY 3 IIMM po3MIUpHiIacs cdepa
3aCTOCYBaHHS MaTEMAaTHKW, BUHUKJIO 0Oararo HOBMX MaTEMaTHUYHHMX TEOpIid, sKi
NPUBEIN O CTBOPEHHS EJIEKTPOHHUX OOUYMCIIOBAIbHMX MalivH. OCTaHHI CcTalu
NOTYXHUM 3HApPALASAM JOCHIDKEHHS TJIMOMHHUX 3aKOHOMIPHOCTEH MPUPOAMN 1
pO3B's3yBaHHs HAWUCKIAOHIIIMX 3a/ady Yy PI3HUX rajgy3sX MNPaKTHYHOI AisUIbHOCTI
JHOJIUHHU.

[Tepmmii mepion icTopii MaTeMaTUKu O€3IMEHHUM, X0ua MaTEMaTUKY 3aBXKIU
TBOpUIH Jroau. Came 3aBAsIKM FepOTYHUM 3yCHIUISIM TUCSY 1 TUCAY MEPLIONPOXIIIIB
MaTEMaTUYHOTO MOUIYKY 3apOJKyBalKcs 1 GOpMyBaIMCA HAUIPOCTIII MaTeMaTH4HI
YSIBJICHHS 1 TOHATTS. AJie IMEHa MepUINX MaTeMAaTHKIB 3aryOUIIHCS.

VY koxHUI Tepiof] iCTOpli HAyKW BUJIATHI MaTEMATUKHU € MEPIIOBIAKpUBAYaMHU
HEBIJIOMUX paHIIlle TEOPEeM, PO3B'SA3KIB 3a7ad, 3a SKUMH 4YacTO BIJKPUBAIMCA HOBI
TOPU30HTU HayKu. Y BUeHUX Oynu pi3Hi Aoii. O/HI 3aKUJIH cllaBu 1 6e3cMepTs 1Ie 3a
KUTTS, HIIAM CYAWIOCS TMPOWUTH CKJIAJHI NUISXH, MOAUIATH TParidHy JOJIO IIITUX
HaApPO/IIB, K1 CTABaJIM JKEPTBAMH KPUBABUX BOEH 1 MOJTITUIHUX NIEPEBOPOTIB.

bararo Bu3HauyHUX MaTeMaTUKIB CTAJIA 3pa3kaMu 0€33aBITHOI BIIITaHOCTI HAYIII,

naTpioraMu cBoro Hapopay.A. EWHImTeiiHnmucaB, 1m0 «...MOpajbHI SKOCTI BHJIATHHUX
JIOJIeH MaloTh, MOKJIMBO, OLIbINIE 3HAYEHHS JJISl IAHOTO TIOKOJIIHHS 1 BCHOTO XOIY

77



VIl Beceykpaincvka konghepenyisn Kypcanmie ma cmyoenmis

icTOpii, HDK YHCTO IHTEJIEKTyalbHI JocsArHeHHs. OcTaHHI 3ajie)KaTh BIJ BeEJIMYl
XapakTepy 3HaYHO OUTBIIOK MIPOIO, HIXK MMPUUHSITO BBAKATH.

Jlirepartypa:
1. O.I Bopoain IcTopis po3BHTKY IOHATTS PO YKCIO 1 cucTeMu uucnenns. / bopoxain O.1.— Kuis:
Panmgucepka mxona, 1978. — 102 c.
2. ML.I. KoBannoB MaremarnuHa Xxpecromaris: Anredpa i moyatku anamnizy. / Kosanios M.I. — Kuis:
Pansucepka mkoia, 1977. — 215 c.
3. A.I'. Kondoporuy Maremaruka ciyxuth JtoauHi. / Kondoposua A.I'. — Kuis: PagsHcbka mkorna,
1984. - 192 c.
4. ML.II. Manantok CtexxuHku 10 KopeHiB ictuad. / Mananiok M.I1., Bosusik I.'M. — TepHominb:
30pyu4, 1993. - 58 c.
5. B.A. Conomarun. Ucropus nayku./ B.A. Conomarun Vu. moc. — M.: [IEPCD, 2002 — 352 c.
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CEKIIA 4. Mamemamuka i cy4acHicmo

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

Hayionanena axaoemis cyxonymuux eiticox imeni cemomana I[lempa Caeatioaunozo
Hayxosuui kepienux O.C. b.1. Cokin, 00kmop mexHiuHux HayK, npogecop, 3a8idyeau
Kagheopu iHdceHepHOi MexaniKu (030pOEHHS Ma MeXHIKU IHIHCeHEePHUX BIUICHK)

BILIMB KOJIMUBAHB IIJIPECOPEHOI YACTUHHU KOJICHUX
TPAHCIIOPTHUX 3ACOBIB HA IX EKCILTYATALINAHI
XAPAKTEPUCTUKHA

PosrnsmaeTscsi TUTaHHS BIUIMBY MNPYKHO-AEMI(YIOUHX  XapaKTEPUCTHUK
CUCTEMHM IIJIPECOPIOBAHHS CHEIIAIbHOI KOJICHOI TEXHIKM Ha Taki eKCIUTyaTarliiHi
XapaKTEPUCTHUKU SIK TUIABHICTb X0y, CTIMKICTh PYXY B3[0BX KPUBOIIHIMHUX JUISTHOK
HUIAXY, IEPEBAHTAXKEHHS Ha BOJIS MiJ Yac Pyxy B3J0BXK IUIAXY 13 HEPIBHOCTSAMU YU
MEPECIYCHOI0 MICIEBICTIO. {71 1[bOr0 BUKOPUCTAHO BITHOCHO HE CKJIAAHY()I3UUHY
MOJIe/Ib TPAHCTIOPTHOTO 3aco0y. OCOOIUBICTIO ii € Te, III0 BOHA, X0Ua BPaXOBYE TIILKU
BEPTUKAJIbHI KOJMBAaHHSA MIAPECOPEHOI YAacTUHHU, TMpOoTe Uil HEl MpyXKHI
XapaKTEPUCTUKU aMOPTHU3aTOPIB OMHUCYIOTHCS HENIHIMHUMH CIIBBIIHOLIEHHSIMU
nedopManii. ¥ 3BA3KYy 13 BKa3aHMM, MaTeéMaTHUyHa MOJIEJb BKa3aHUX KOJIMBAHb —
HeNHIiHEe AudepeHIfiaibiHe pIBHSIHHS APyroro nopsanaky. Jis 3pydHocti moOyaoBH 1
aHajizy pO3B’SI3Ky BKa3aHE pIBHSHHS 3allUCAaHO BIJHOCHO CHCTEMH BIIIIKY 13
MOYaTKOM Yy TMOJIOKEHI CTAaTUYHOI PIBHOBArW MijipecopeHoiMacu. Y BKa3zaHOMY
BUMAJIKY AU(pEHIIalbHe PIBHSIHHS HE30ypEHOI0 pyXy € OJHOPIAHUM, a BiJl TaK IS
ONMMCAHHS 3aJEKHOCTI 4YacTOTH (MepioAy) BJIACHUX KOJIMBAHb BIJ aMIUIITYIU
OTPUMAHO Y 3aMKHYTOMY BUIJISII1 QHANITUYHY 3aJI€KHICTb.

[Iloao camoi aMIuIITY 1M HE30YPEHOTO PYXY, TO BOHA BU3HAYAETh TOYATKOBUMHU
ymoBaMu. Kpim 1bOTO, /Ui BUKOPUCTAHHS OTPUMAaHMX PE3yNbTaTiB I IIUPOKOTO
CHEKTPY KOJICHOI TEeXHIKH, 32 0a30Bl MapaMeTpH, AKi OMUCYIOTh CUCTEMY IiJBICKU
BUOpaHO Taki XapaKTEepHI I KOJICHHUX aBTOMOOLTIB MapaMeTpu SK CTaTHYHA
nedopmarlisi MIAPECOPEHOT YACTHMHHUTA TIapaMeTp, SKUM BKa3ye Ha BIIXWICHHSA
OPYKHUX BJIACTUBOCTEM CHUCTEMM MIAPECOpPEHHS BiA JIIHIMHOTO 3aKkoHy. Tomy Yy
IrPAaHUYHOMY BHIIAJKy 13 OTPUMaHMX pe3ydbTaTiB OTPUMYIOTHCS KJIACHUHI
CHBBITHOIIEHHS, SIKI CTOCYIOTHCSI BEPTUKJIBHUX KOJUBAHb MIJPECOPEHOI YaCTUHU 3a
JTHIAHO-TIPY>KHUX XapaKTEPUCTUK CUCTEMU T1PECOPEHHS.

[Ilo cTocyeTbest 30ypeHoro pyxy (BIUIMBY HEPIBHOCTEH HIJISAXY YU MEPECIUCHOT
MICLIEBOCTI1), PO3JISIHYTO HAWMPOCTIIIMA BUMAOK: PyX aBTOMOOLIS 31 CTalow 3a
BEJIMYMHOIO IMIBUKOCTI Ta CiHYycOinanbHoipopmu HepiBHOCTEHN. [TokazaHo, 110:

-3a OITpIIMX 3HAYeHb BEJMYMH CTaTU4YHOI JedopMallii  TPYKHHX
aMOPTHU3aTOPiB aMIUTITYla BUXO/Y 13 HACTYITHOI HEPIBHOCTI € ACIO OIBILIOIO;

- 32 OUIBLIMX BEJMYMH MIBUAKOCTEH pyXy B3MIOBXK IUISAXY 13 HEPIBHOCTAMHU
aMIUTITYJ1a BEPTUKAJIbHUX KOJUBAHb € MEHIIIOIO;
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- KpUTUYHE 3HAYCHHS IIBHAKOCTI CTIHKOrO PyXy 3aJ€XHUTh BiJ aMILUNTYAH
KOJIMBaHb.

A.T. Comuk

Hayionanvna akademis cyxonymuux siticok imeni cemomana llempa Cazaiioaunozo
Hayxosuii kepienux X.1. Jlimquncoka, k.m.1., ooyeum kagheopu

[HJICeHepHOT MeXaHiKu (030POEHHSA MA MEXHIKU IHIHCeHEePHUX BIUCHK)

TPAHCIIOPTHA 3AJIAUYA Y BIMCBKOBIH CIIPABI

VY BINCBKOBIHN CIpaBl 4acTO 3yCTPIYAIOThCS 3ajaui, sIKI HA3UBAIOTh 3aja4aMU
posnoauty. Ile Hacammepen 3amadi po3mojauly 3aco0iB MiJCHICHHS, TPAaHCIIOPTHI
3a/1ayi, 3a/1a4li BUOOPY ONTUMAJIBLHOTO MOEIHAHHS PI3HOMAHITHUX OOMOBUX 3acO0iB,
noOy10BH SKHANWKpaIoi 000poHH, BUOOPY ONTUMATIBLHOI CUCTEMHU 030pOEHHS TOIIO. Y
TaKuX 3a7a4ax MoTpiOHO BUKOHATH TIEBHI OIepallii 3a 00MeXeHO01 KIIBKOCTI PECypCiB,
MpOTE JOCTATHBOI JUIsl iX BUKOHaHHS. Jlesiki omepailii MOKHa BUKOHYBATH PI3HUMU
criocobamu, ajie He BCi omeparii OyAyTh 3A1HCHEHI HaWKpallluM CIOCcOOOM uepes
BIJICYTHICTB pecypciB. OcTaHHS YMOBa 1 CTBOPIOE TPYAHOLI Y BUPILIEHH] 3a1a4. Sk
HACHII0K MOTPIOHO BUOpATH TaKUil pO3IMOALIT PECYpCIB, MPU AKOMY OyJie JOCSATHYTa
HalOUIbIIA cCyMapHa €(PEKTUBHICTb.

Matematnune QOpPMYJTIOBaHHA 3aad PO3MOAUTY TMOJSITa€ B HACTYIHOMY:

nOTPiOHO 3HAWTH TakWi PO3MOALT pecypciB X;, J=1 N, mpu skomy KpuTepiii

n
K :Zc jXj JHocsrae MakCHMyMy 1 BHKOHYIOTbCS OOMEKEHHs TI0 pecypcax
j=1

n

Zaijxj <b (i=1n, j=1 n), a Takox yMOBa HEBi €MHOCTI BeTHUNH X; 20.
j=1

Sk1o Bcl KOe(ilI€HTH @ TOPIBHIOIOTH OJUHUII, TO TaKa 3a/laya € TPAaHCIOPTHOIO
3a/1auero. 3ajaya npo ONTUMabHEe MPUKPITIIICHHS CKJIAIIB 10 OOMOBUX MIAPO3ALTIB 1
YaCTUH TAKOX 3BOJIUTHCS 0 TPAHCIIOPTHOI 3a1a4l. MarematuuHe (popMyIIIOBaHHS L€l
3amadi: € M ckianiB — nyHkriB BianpasineHss (IIB) A, 4,, ..., 4., B KOXKXHOMY 3 SIKUX
CKOHIIEHTPOBAHI 3amacu SKUXOCh OJIHOPIHUX BAHTAXIB y KUIBKOCTI BIAMOBIIHO
a,, a,, ...,a, OTUHUIIL, N 00HOBUX YacTUH — MyHKTiB npusHadeHus (I111) By, B,, ..., B,

, SIKi TOJaBayM 3asBKHM BiamosigHo Ha b, D,,...,0, ommumie Bantaxky. Cyma Beix

m n
3asiBOK JIOPIBHIOE CyMi BCIX 3aracis: Zai = Zb j - Biomi BUTpaTH Ha MEPEBE3CHH
i=1 j=1
Cij omuHMIl BaHTaxy 3 KoxHoro [IB A; mo xoxwuoro IIII B;j. Ilin BuTparamu B
3aJIEKHOCTI BiJI yMOB MOYKHA PO3YMITH BUTPATH 4Yacy, TPAHCIOPTHUX 3ac00iB abo kK
BapTICTh.
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[ToTpiOHO CKJIACTM TaKUil ONTUMAJIBHUM IIJIaH TEpPeBe3CHHS (3BIAKH, KyIu 1
CKUIbKH OJMHUIIb BE3TH), 11100 BC1 3asIBKHM OyJIM BHKOHAaHI, a 3arajbHa BapTICTh yCiX
nepeBe3eHb Oyia MiHIMalIbHOW. [103HaUNMO Xjj — KUIBKICTh OJAMHHULID BAaHTAXY, IKAN
BianpaBisitoTh 3 i-ro [IB A; B j-uii [II1 Bj. CykymHIicCTh Yucen Xjj HA3MBATUMEMO
«IJJAHOM TIEPEeBE3CHb», a caMi uuciaa Xjj — «IepeBe3eHHAMU». BOHM MOBHHHI
3aJIOBOJIbHATH HACTYTHUM YMOBaM: - CyMapHa KUIBKICTh BaHTaXy, SKHH

nocrtaBisieThes 3 KoskHoro [1B y Bei [1I1, mae 6yTu piBHOIO 3amacy BaHTaXy B TaHOMY
n

MyHKTI: inj =a;, 1=1,m; - cymapHa KUIBKICTh BaHTaXy, SIKHI JIOCTABISETHCS B
i=1

m
koxeH [1I1 3 ycix [1B, moBunHa OyTH piBHa 3asBIil, sika nogana ganum [1I1: Z xij =b;
i=1

m n
J=1n; - cymapHa BapTicThb YyCiX mepeBe3eHbp K = chi jX; moBuHHA OyTH
i=1 j=1
MiHIMaJIbHOMO. [le 3amava JiHIKHOTO NpPOrpaMyBaHHS 3 BIANOBIAHUMH YMOBaMH 1
MIHIMI3YIO4OI0 JTiHIHHOW GyHKIiE K.

Bci onepaiiii 110710 3HaX0/KEHHIO PO3B’SI3KY 3a7a4l — ONTUMAIBHOTO TUIAHY —
3BOJIATHCS JO TMEBHUX MAaHIMYJSIINA Oe3nocepeHh0 3 TaONUIEI0, A€ B JICSIKOMY
MOPSIJIKY 3alMcaHl YMOBHU TpaHCHopTHOT 3anayi: criucok [1B 1 I111, 3asBku 1 3amacu, a
TaK0X B [IPaBOMY BEPXHbOMY KYyTi KOKHOI KJIIITUHKH BapTICTh NepeBe3eHsb Cij. [1o mipi
3aIlOBHEHHS 11i€1 TaOunLl B ii KIIITUHKAX IPOCTABIIAIOTH CaMl IEPEBE3EHHS Xij.

Ha noyatkoBoMy eTami [uisl 3HaXO/I)KEHHS pO3B’ 3Ky CKJIaJIal0Th OMIOPHUH I1J1aH,
B SIKOMY BIJIMIHHI BIJl HyJIsl HE OLb1Ie, HiXk M+ N —1 0a3ucHux nepese3eHb. s nboro
BUKOPUCTOBYIOTh METOJ MIBHIYHO-3aX1IHOTO KyTa a00 METOJl MIHIMaJIbHOIO
enemenTta. Ilepexim BiA OJHOrO OMOPHOrO IJIaHY JO IHIIOTO 3IMCHIOIOTH 3a
nonomMorow 1ukiny. Cumniexc-memoO BU3HAYa€e MpaBuia MEPeXOoAy Bil OAHIET
TaOJIHII IepeBE3€eHb O 1HIIO].

VY pob6oTi po3B’si3aHa 3ajaya Mmpo 3a0e3MeyeHHs S5 apTHIEPINCHKUX YaCTHH
Ooenmpunacamu, siki 30epirarotecsi Ha 4 ckiagax. BusHaveHo, 3 SKOTO CKIany sKid
JaCTHHU HEOOX1THO IMOIaBaTH OOENPHUIIACH TAKUM YHHOM, 11100 3arajJbHUM IUISIX, STKAHA
MIPOXOJIUTH TPAHCTIOPT, OYB MiHIMAJIBLHUM. 3a/1a4a po3B’sA3aHa aHAITUYHO, & TAKOX 3
nonomororo nporpam Excel Ta Mathcad.

VY Tabun. 1 BkazaHui MUIAX BiJ] KOXKHOTO CKJIaAy A0 KOXKHOI YaCTUHU, HEOOX1THICTh
B Oo€empuacax i HassBHICTb iX Ha CKJIaJax, a TAKOX ONTUMAIbHUM TIJ1aH.

Ta6n. 1. OnTuMansHui IIaH 3aga4l

K-15 00€-
B i B B> Bs B4 Bs npunacis y
1B
A 0o 1800 400 O o MO 5 70500 OO 3000
A o 015300 80 |1000 10| 4500 0| o 8O 4800
As 1800 0| o 100] 559 100} 4 80} , 110 2000

81




VIl Beceykpaincvka konghepenyisn Kypcanmie ma cmyoenmis

A 0 140 0 80 3000 100 0 100 0 150 3000
HeoOxingnicth 1800 2700 4200 1500 2600 12800
y 6oenpunacax
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0./. Cmaweecvkuit, B.M. FOoin
Hayionanvna akademis cyxonymuux giticok im. cemovmana Ilempa Cazaiioaurnozo
Hayxosuii kepienux T.A I'noea., K.¢h.-m.H

JOCJAIIXKEHHSI BOTHECTIMKOCTI BOEITPUIIACIB ITPH iX
3BEPII'AHHI

BuHuKHEHHS TOXKEX Ha CKianax Jyis 30epiraHHs OoempumnaciB Ta BHOYXOBHX
PEUYOBUH € JOCUTh aKTyaJbHOIO MpoOJeMaTHKOIO JUisl chorojeHHs. Ha ckmamax
ooenpunacie 3CY Ha JaHuil yac cKianacs CUTyallis, Ky MOKHAa BHU3HAUUTH SIK
KpUTUYHY 1 HaliHeOe3neuHimy. [Tpo ue cBiqyaTh nojii, siki BAHUKJIM HEOJHOPA30BO 32
KOPOTKHUI NPOMDKOK yacy. [Ipuknagamu Takux macmtaOHUX KatacTpod € 0asu mij
HoBobornaniBkoro, ILIBiToxoro, JlozoBoro Ta bamakmiero. OcHOBHUM (akTopom
BUHUKHECHHS Ta IIBUAKE TOIIMPEHHS TaKWX MOXKEX Ha CKiIamax ajs 30epiraHHs
OoenpunaciB € HenpaBuibHE 30epiraHHs, a TaKOX HEsKICHa BOTHECTiiiKa 0OpoOka
nepeB’sHoi Tapu. JIIKBijaiis moxkexi Ha ckiagax Jjis 30epiranHs boemnpumnacis, 0e3
MaclITaOHUX HACIIJIKIB, MOKJIMBA JIMILIE y NEPIIl XBWIMHUA. TOMy i 3ano0iraHHs
TaKUX HACJII/IKIB BUHUKAE HEOOX1IHICTh MTPOBECTH JTOCIIIIPKEHHS BIJTUBY BOTHECTIAKOT
oOpoOKHM Ha TeMIlepaTypHE TOJie 1O TOBIIMHI CTIHKMA JCPEeB’SHOI TapH, B SKid
30epiraroThcs OOEMpHUIIacH.

OnHuM 3 HAMOUTBHI MOMIMPEHUX MaTepialliB JjIsl BUTOTOBJICHHS TapH € JIEPEBUHA
Ta 1i Moamdikaiii, SKi 3a TPYHMOK TOPIOYOCTI BIAHOCATHCS N0 TPYNH MaTepiajiB
CepenHbOoi 3aiMUCTOCTI. Tak, K BUIbHUM JOCTYI KUCHIO CITPUSIE TECTPYKIIIl IEPEBUHA
1 IPUCKOPEHHIO MPOIIECY TOPIHHS, TO JJISl 3aM00IraHHs OTO MPOIECY 00POOITIOTH
Tapy BOTHE3aXHMCHUM MOKPUTTSAM. BoruesaxucHa oOpoOka Tapu J03BOJISIE HAAATH
JIEPEBUHI 3JaTHOCTI MPOTUCTOATH i MOJyM’sl Ta MOIIMPEHHSI HOro moBepxHero. B
3aJIEKHOCT] BiJl €PEKTUBHOCTI OOpPOOJIEHHSI CTIHOK TapH, BOTHE3aXMILEHA JI€PEBHHA
MOXe KiIacu(]ikyBaTHCh SIK BaKKo3aiMucTa abo Bakkoroptoua. [1ig mi€ro TemioBoro
MOTOKY BHpPOOM 3 JEpPEBUHU MOXYTh 3ailMaTucs (Mpu TeMmiepaTypl OnM3bKii 10

230 C BinOyBaeThCs 3aiiMaHHS JCPEBUHU COCHH, a IIPHW 3HAYCHHI TeMIIepaTypu
420 C - camozaiimanHus). Y mnpamax [1,2,3] IOCHIIKYETBCS MOXKIIHUBICTh
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BOTHE3aXUCTy JEpeB’siHOT Tapu i 30epiraHHs OO€mpuIiaciB 3a JIOTIOMOTOIO
npocouyBasibHOI cyMimii JJCA — 2 Ta BorHe3axucHux NMokpuTTiB “@enikc — AI1” 1
“@enikc — JIB”. Ane y 3a3HaueHUX Mpargx He JOCIIKEHO 3MIHY 1HTEHCHUBHOCTI
TEIJIOBOT'O TTOTOKY B 3aJISKHOCTI B1Jl Pi3HUII TemrepaTyp ¢akeia moayM s TOxkKexKi 1
TapH, a TAaKOXK HE BKA3aHO, K BIUIUBAE CTYMiHb YOPHOTH TMOKPHUTTS CTIHOK Tapu Ha
TEIJIOBUH TMOTIK B 3aJIS)KHOCTI BiJl BiJAauti 10 MoXexi. Y poboti [4] Big3HauEHO, 110
TeKCOTCH (CsHeNeoe) - BTOpUHHA BHOYyXOBa PEYOBHHA, IO BXOJUTH IO CKJIATy

HalOLThIIT HEOE3MEeYHUX OOEMpHUIaciB Ma€e TeMIeparypy cnaiaxy 230 C,a TPOTHII
(C7H5 N306) TemmepaTypy cranaxy — 290 C . Tomy BpaxoByioun (i3uKko-XiMiuHi
XapaKTepUCTUKUA Ta TEMIEparypy IUIaBIeHHs rekcoreny 204,1 C, KpPUTUYHA

TeMIeparypa /st 6oenpumnacis ckiaagae 190-200 C .

[Ipn npocnikeHH! TEemI000MiHY BHIPOMIHIOBAHHS MUK (DakesioM MoJyM s
MOEX1 Ta CTIHKOIO Tapu MOTPIOHO BU3HAYUTHU KIJIBKICTh €HEPT1li BUIIPOMIHIOBAHHS
(dakena, sAKa MOTJIMHAETHCA CTIHKaAMU Tapu. i1 IOr0 BUKOPHUCTAEMO 3aKOH
Credana-boapumana [5]

T 4 T 4
0.5 (i) (35 [ v W

€, -€ )
ne € 5, = 1 =2 — 3BEJICHUM CTYIMIHb YOPHOTH CHUCTEMHU “‘TIOJIYyM’si-

Tapa’; €, — CTYNIHb YOPHOTH IIOBEPXHI CTIHKM TapH; €, — CTYIIHb YOPHOTH (pakeia
HONMyM’sl; Y, , — KYTOBHH KOE(QII[i€eHT BUMNPOMIHIOBaHHS; [, — TemIeparypa
nosepxHi Tapu, K ; T, — remneparypa daxena, K.

Jns nocnipKeHHS 1HTEHCHBHOCTI TEIJIOBOTO MOTOKY, MOTPIOHO BHU3HAYMTH
KYTOBHUH KOE(IIIEHT BUTPOMIHIOBAHHS.
Skuro mmpuHa ¢akena TOpiBHIOE C, IIUPHUHA JEpeB’THOI Tapu D, a Biggaie Mi>k HUMU
h, To KyTOBUII KOE(Dilli€EHT BUITPOMIHIOBAHHS BU3HAYAETHCS HACTYITHUM YHHOM

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

BpaxoByroun Bci ¢aktopu Ta ¢izuuHi napameTpu Tapu 1 (akena momaym’s
MPOBEJICHI TOCTIIKEHHS, K1 JAaI0Th MOXKJIUBICTh BUBHAUUTH O€3IE€UHY BiJICTaHb TapH
JI0 TIOJIyM'sl TIO’KEX1 B 3aJIEKHOCTI BiJl IHTEHCUBHOCTI TEIJIOBOTO MOTOKY T4 YOPHOTHU
MOBEPXHI Tapu, a TaKOX 3alpolOHOBaHA METOJWKA JOCHTIKCHHS BEJIUYUHU
TETJI0BOT0 MOTOKY MOJIYyM’ s TIOXKEX1, SIKUW MOTJIMHAETHCS Tapolo.
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M. Kynpikoe

JIvgiscokuti 0epaicasHull yHisepcumem Oe3neKku HCUmmeoisibHOCHI
Hayxosuii kepienux M. ®. Cmactok, kanouoam Qizuko MamemamuyHux Hayx,
ooyenm, 0oyenm Kageopu npukiaoHoi MamemamuKky i MexaHiKu

EJIIITHUYHI KPUBI

AcCUMETpUYHUMH KPUNITOCUCTEMAaMHU, IO 0a3ylOThCsl HA ETINTHYHUX KPUBHUX
HaJ CKIHUYEHHMH TIOJISIMHM, 3alMaeTbCi pO3ALT Kpunrorpadii, 110 Ha3UBAETHCA
SIINTUYHUM KPUTITYBaHHSIM.

binbuiicTh MpOAYKTIB 1 CTaHAAPTIB KpunTorpadii 3 BIAKPUTUM KIHOYEM
0a3yerbcst Ha RSA. OpnHak, Yy 3B’$3Ky 3 PO3BUTKOM METOJIIB KpHUIITOAHAM3Y 1
00UYHMCIIOBANIbHOT TEXHIKK Y RSA 3’4BUBCS KOHKYPEHT — €NNINTUYHA KpUnrorpadis.

Xoua eNnTHYHI KPUBI JOCIHIKYBAIUCH OUIBII SIK COTHI POKIB, IHTEPEC 10 HUX
BUSIBJISLTM TUIBKU BY3bK1 CIICLIANIICTH 3 TEOPil uKcel Ta ainredpaiunoi reomerpii. [Ipote
B 1986 polii 0JHOYACHO 1 HE3aJIEKHO OJIMH BiJl OJHOTO aMEepUKaHChKI MmaTemMaTuku H.
Ko6min Ta B.Minnep 3anmponoHyBaiy BUKOPUCTATH €TINTUYHI KPUB1 AJi1 MOOYA0BH
KPUITOCUCTEM 3 BIAKPUTUM KITFOUEM.

Busnauyenns 1. EnintuyHoro kpuBoto E HajgmosieM F Ha3MBAa€THCS CyKYTHICTD

TOYOK, KOOPJAMHATH SAKUX CIPABIXKYIOTh KyOl4HE PIBHSIHHS
V¥ + XY + 80,y =X+ 8, X X + 8, (1)
ne a;eF, i,j=01

Busznavennsi 2. EninTtuuHa kpuBa E Ha3UBAETHCA CUHIYAAPHOIO, IKIIO HA E

IcHy€e xo4a 0 0JiHa ocobauea moyka, TOOTO TOUKA, B SIKI BUKOHYIOTHCS YMOBHU:
of of
—=0, —=0. (2)
2 oy

B iHmomMy Bunaaky KpuBa E Ha3UBAETHCS HECUHYAAPHOIO.
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HecunrynsipHi eminTu4H1 KPUBI € TJIAAKUMU, TOOTO HE MalOTh TOYOK 3BOPOTY 1
caMo MEPETHHIB, 1 B IOBUIBHIHN 1X TOYIIl MOYKHA ITpoBecTU AOoTHYHY. CaMe 111 eTINTHYHI
KPUB1 BUKOPUCTOBYIOTH B KpUIITOTpadii.

Haituactime B kpunrtorpadii BUKOPHUCTOBYIOTH EIINTHYHY KpUBY y (opmi
Benepmrpacca

y> =x®+ax+b. (3)

PosrisineMo KyGiuHe pIBHAHHSA, AK€ IOPOUKEHO €IINTHYHOIO KPUBOIO (3),

X’ +ax+b=0 (4)

D- @3 +®2. (5)
Toni

e saxkmo D<O0, To pIBHAHHA (4) Ma€ TpHU pi3Hi JIACHI KOpeHi «,f,y . Tunosui

1 HOTO TUCKPIMUHAHT

rpadik ennTUYHOI KpUBOi (3) B LIbOMY BUIIAJKY — L€ KPUBA, KA CKIaJACThCSA 3
nBox yactuH (Puc.1);

e skmo D=0, TO B LbOMY BUIAJKY PIBHAHHS (4) Mae ABa AiMCHI KOpeHl «,f,f3,
IBa 3 AKKUX oxHaKoBi. Toxi Touka (;0)—o0co0nuBa, a KpuBa (3) —CHUHTYJIApHA
(Puc.2);

e skmo D>0,To anrebpaiune piBHAHHS (4) Ma€ OJIWH JTIACHUN KOPIHB 1 JBa
KOMIUIEKCHO crpsikeHl. I'padik eninTHYHOi KpHBOi (3) B IbOMY BHIIAJIKY
300pakenuii Ha Puc.3.

| A &Y r
s / .
I e P af ™2 -
L U g
l.____ - o - .
\ ,
Puc. 1 D<0 Puc.2 D=0
D>0
ll ¥ r
Y
T X
— e
_ N
Puc. 3 D>0

Orxe, elinTuyHa KpuBa (3), AKy MOKHA PO3IIAATH HaJ JOBUIBHUM IIOJIEM, €

HECHHTYJISIPHOIO 32 YMOBH D # 0. ToMy yMOBOIO HECHHTYJISIPHOCTI €NTUYHOI KPUBOT
(3)Hax CKIHYEHUM II0JIEM XapPAKTEPUCTUKU P € yMOBA
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43° +27b% = O(mod p”). (6)
Cumertpiss kpuBoi (3) BITHOCHO OCl Ox Jia€ HaIrJIsAHE BU3HAYCHHS TOUYKH, 110

oOepHEHa J10 33/1aHO01 TOYKH €JIINTUYHOI KPUBOI.
Busnauenns 3. OOepHEHOIO 10 TOYKM P(X;y) HECHHIYJSAPHOI €TINTHYHOI

KPHBOI BBKAETHCA TOUKA —P(X;-Y).

BaxxnuBUMM BIACTUBOCTSIMHU HECUHTYJISIPHUX €IINTUYHUX KPUBUX € HACTYITHI:
e JIOBUIbHA TpsIMa, sIKA MPOXOIUTH Yepe3 JBI Pi3HI TOUKH ENINTUYHOI KPHUBOI

MIEPETUHAE IO KPUBY B €IMHIN TOYIII;
® JIOTUYHA JIO ENMINTHYHOI KPUBOi B JOBLIBHIN TOYIl, OKPIM TOYKU TMEPETUHY,

NEepPEeTUHAE 1[I0 KPUBY I1I€ B OJHIN TOYIII.

i B1aCTUBOCTI HECUHTYJSIPHOI EMINTUYHOI KPUBOT JTO3BOJISIIOTH 3a7aTH Ha Hiif
OIepallito, IKa HA3UBAETHCS ONEPALIIEI0 JOJaBaHHS TOUOK KPUBOI, 1 SIKa OMIUCYETHCS
HACTYITHUM BU3HAYCHHSIM.

Busnauyennst 4. CyMmor0 ABOX TOYOK P 1 Q edINTUYHOI KpUBOI HA3UBAETHCA

Touka R=P+Q, sKka € 00epHEHOIO A0 TPEThOI TOUKU MEPETUHY EIINTUYHOT KPUBOT

1 IPsIMOT, 110 MPOXOJUTH Yepe3 Touku P 1 Q (Puc.4).
Ay

|

-
ol

Puc.4
Sxmio x Toukn P 1 Q cmiBmagaroTh, TOOTO P=Q, TO omepallis 101aBaHHS

P+P=2P=R — piBHOCWJIbHA MMOJIBOEHHIO TOUKU P,T00TO R=2P (Puc.5).
Ay

Puc.5
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3ayBaxuMo.1110 y BUNaaKy P=Q ciyHa PQ cTae JOTUYHOIO O KPUBOI B TOMYIII
P 1, TAKMM YHWHOM, T€OMETPUYHO IOJBOEHA TOYKa 2P —I1¢ TOYkKa OOEpHEHA [0
TOUYKH MEPETUHY IIi€1 TOTUYHOI 3 KPUBOIO.

3anuiuemo [1,2] KoOpaAuHAaTH TOYKH R=P+Q =(X,;;y;) 4€pe3 KOOPAMHATH

JOMAHKIB P(x;y;) 1 Q(X,Y,):

X3:/12_X1_X27 i:yz_yll
y3=ﬂ“(xl_x3)_y11 X=X
AHaOTI4YHO 3aIMIIEMO KOOPIUHATH NOABIHHOI TOUKU R(Xy;Y,)=2P(X;Y,).
X, = A% —2x,, L3+
Ys ZE(Xl—X3)—y1, 2y1

[Ilo6 moOyayBaTu Tpymy TOYOK EIINTHYHOI KPUBOI, HaAM 3HAJOOUTHCS IIIE

HEUTPaAILHUMI (HyJILOBUI) €IEMEHT Li€i rpynu O(X;e0), I IKOTO IPUAMEMO
P+(-P)=0

JUIS JTOBLIBHOI TOYKHM ENINTUYHOI KpUBOi P. BBeneHHS HEHTpanbHOrO eJeMEeHTa
BUIIPAaBAOBYIOTh Taki MipkKyBaHHA. [Ipsima, mo nmpoxoauTb depe3 Touku P 1 —P
HNEPIEHIUKYJIAPHO 10 OCl abCHMC MOBMHHA MaTH TPETI0 TOUYKY MEPETUHY LIbOTO
NEPIEHIUKYJIIAPA 3 MNTHYHOI0 KpUBOO. TOMY MOXKHA MPUIHATH, 110 LISl TPETS TOUKA
WJe 0 HECKIHYEHOCTI B3JI0OBXK OCl opAMHAT. Taky TOUYKy BBa)XarOTh TOYKOIO
eJINTUYHOI KPHUBOi, HA3UBAIOTh HECKIHYEHHO GI00aNeHOI0 MOYKOol0 1 TO3HAYaloTh
O(X;oo).

Bunatuuii ¢ppaniy3skuii marematuk A.llyaHkape 10BiB, 0 MHOKMHA TOYOK
€JINTUYHOI KPUBOI pa3oM 3 HECKIHYEHHO BIINAJIECHOI0 TOYKOK O(X;0) YTBOPIOE

KOMYTaTUBHY I'pYyIly BIJIHOCHO OIepalii J0JJaBaHHs TOYOK.

OCKUIBKY MU PO3TJIAIAEMO €JINTUYHI KPUB1 HaJ, CKIHYEHUMU TMOJISIMU, TO JJaMO
HACTYIIHE

Buznauennss 5. ['pynoro TOYOK €MNTHYHOI KPUBOI HAJ CKIHYEHUM IOJIEM
GF (p) Ha3MBA€ThCA MHOKMHA TOYOK, KOODJMHATH SKUX HAJEkKaThb LbOMY IIOJIIO 1

CIIPAaBKYIOTh KOHIpyeHIIo Yy’ =x’+ax’+b(modp), dAkmo p=23, abeGF(p), a
JUISL TUCKPUMIHAHTA (5) BUKOHYETBCSA YMOBA HECHHTYJIAPHOCTI (6). Jlo rpymu To4oK
eJINTUYHOI KPUBOI HAJIE)KUTh HECKIHYEHHO BiJ|1aJIeHa ToUKa O(X;0).
. . e 2 a3,
I'pyna TO4OK elmnTuIHol KpUBOi y* = X’ +ax* +b(mod p) mo3nadaerses E (a,b).

Ipuknax eTinTHYHOT KPUBOI HA/I CKIHYEHUM MOJIEM.
Hexait GF(p)=GF(17) i E,(a,b)=E;,(35): y*=x"+3x+5(mod17).
MoskHa epeKOHATUCh, IO TOYKAMU I1€1 eTINTUYHOI KPUBOI € 23 TOYKH:
(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),
(11,3),(1114),(12,1),(12,16),(15,5),(15,12),(16,1),(16,16),O.
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2
3ayBaXXMMO, 1110 JUCKpUMiHAaHT D mi€ei KpuBoi gopiBHIOE 1° +(gj = 2749 >0.

OTxe eninTUYHA KPUBa —HECUHTYJISIPHA 1 HaJl IOJIEM JIMCHUX YUCEN 300paXKaeThCs,
K Ha puc.3.

Jlirepatypa

5. M.B.3axapueHko AcuMeTpUuYHI MeTOAW MmHU(pyBaHHS B TeleKOMyHikamisx. HaBuampHuii
nocionuk / M.B.3axapuenko, O.B. Onanpkuii, JI.I'.Mosa, T.M. Illuakapyk. —Opneca: 2011.
—184c.

6. Ko6mun H. Kypc Teopun uncen u kpuntorpaduu / Kobmury .. — Mocksa.: Hayka, 13a-
Bo TBII, 2001. —260 c.

Aunxosui Ilagno

JIvgiscokutl OepoicasHull yHisepcumem 0e3nexu HeUmmeoisibHOCmi

Hayxosuui kepienux M.®. Cmacrok, xamouoam @izuko mMamemMamudHux HAyx,
ooyenm, doyenm Kageopu npukiaoHoi MamemamuKry i MexaHiKu

OCHOBHI BITOMOCTI ITPO EJIIITUYHI KPUBI, AKI
BUKOPUCTOBYIOTb B EJIINITUYHIN KPUIITOIPA®II

J{1s1 BUKOpUCTAHHS MINTHYHUX KPUBHUX HAJl CKIHUCHUMU TOJISIMU B €TINTUYHIN
kpunrorpadii moTpiOHO 3HATH iX OCHOBHI BJIACTMBOCTI, Ha SIKMX 0a3ylTbhCA
BIIMOBIAHI anropuT™MU. ONMUIIEMO 111 BJACTUBOCTI.

1. BiowykarHs mouok eninmu4Hoi Kpueoi Haod CKIH4eHUM Nnojiem
[Ilykatn TOYKH eminTHYHOI KpuBOi Yy’ =x’+ax’+b HaJ CKIHYCHHM TMOJIEM

GF (p) MPOTIOHYEMO 32 TAKOK) CXEMOIO!
® 3HANTH BCl KBaIpaTU4HI JIMIIKU 32 MOJYJIEM p 1 KBaJApaTH JJi HUX;

e oOunciuTH X’ +aX’ +b 1y1st KOXKHOTO X € GF (p);

® SKIIO JUISl AEAKOTrO KOHKPETHOIO 3HAYEHHS x € GL ( p) x®+ax’ +b=A BUABHUTBCS
KBaJIpaTHYHUM JIMIIIKOM, TO PO3B’s3aTH KBaJApaTHE PIBHSAHHS y° = A 1 OTpUMAaTH
JIB1 TOYKH €IINTUIHOI KPUBOT (x;«/K) 1 (x; P —«/K);

® SKIIO X IPH JEAKOMY xeGL(p) X’ +ax’+b=A BHABHTBCA KBaAPaTHIHUM
HEJIMIIKOM, TO TOYOK 3 TaKOK a0CIIMCOIO HA €NIINTUYHIN KPUBil HEMaE.

® SKINO JUIS IEIKOrO xeGL(p) X’ +ax*+b=0, To Takiit abciuci BifnoBigae oxHa
TOYKa (x;0).

Mpuxaan 1. 3HaiTH BCi TOYKH eTIOTHYHOT KpUBOi y° = x® +3x+5 misg p=17.
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e 3Haiiemo kBaapatuyHi umky: 1,2,4,8,13,15,16
i kBagpaTu: 2=62, 8="52, 13=8?, 15="7".

® BHUKOPHCTOBYIOUHM 3aIPOIIOHOBAaHI PEKOMEHJAIll1, 3HAHEMO TOUYKU €IINTUIHOT
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),
(11,3),(11,14),(12,1),(12,16),(15,5), (15,12), (16,1), (16,16),0.(x; =)

2. Hucno enemenmis epynu mo4ox eiinmuyHoi Kpugoi
Busnauennst 1. Yucio eneMeHTIB rpynu TOYOK ENNTUYHOI KPUBOI  E_(a,b)

HaJl IIOJIEM GL(p) Ha3UBAETLCS NOPAOKOM yi€i 2pynu i nosnavaemocs Ne.
Me:xi nmopsaKy rpyny TOYOK €lNINTHYHOI KPUBOi HaJ 1ojeM GL(q), A€ q=p",

BU3HAYAIOTHCA TEOPEMOIO Xacce.
Teopema Xacce. Ilopsgok N, rpynu TOHYOK €TINTUYHOI KPUBOI HAJl CKIHUEHUM

noJeM GL(q), g=p" BU3HAYEHUH HEPIBHICIO
q+1-2q <N, <q+1+2/q. (1)
3 HEPIBHOCTI (1) BHILIMBAE, IO YHCIIO TOYOK ENINTUYHOI KPUBOI IEPEBUIILYE

3arajbHE YHUCIIO €JIEMEHTIB MOJIsl HA BETUYMHY MEHIIOr0 MOPSAIKY, HIXK O(\/a )

VY BUNAIKy MPOCTOrO CKIHYEHOrO HOJIs GL(p) A HOpAAKY N eIiNTHYHOI
KpuBoi Yy’ =x’+ax’+b € TouyHa Qopmyna Ha MOBI cuMmBOdy JlexaHapa s
KBaIPATUYHHX JIMIIKIB 2]

L f(x
N.=p+1+ Z[QJ (2)
x=0 p
f(x) f(x) ..
ne | ——Z |—cumBoda Jlexanapa, ToOTO | —~2 | =+1 B 3aJI€KHOCTI BIJl TOTO,9H € f (%)
p p

KBaJpPaTUYHUM JIMIIKOM, YU HEJUIIKOM 32 MOAYJIEM p.
Ilpukaan 2. IlepeKkoHaTHCh, BAKOPUCTOBYIOUU (POPMYIILY (2), IO YHUCIIO TOYOK N¢

eNiNTHYHOI KpuBOi y* = X* +X+4 Haj 1MojeM GL(23) JOpiBHIOE 29.

3. Ilopsook mouku eninmu4noi Kpusoi
Busnavenns 2. Ilopsankom To4ku P e E, Ha3MBACTHCA HAUMEHUIE HAMYPATbHE

yucno n, 0Jis AK020 nP = O.
Skio Touka P(x;y) €JNNTUYHOI KPUBOI HaJl CKIHUEHHUM IOJIEM Ma€ MOPATOK n,
TO CTIPaBEJIMBI HACTYITH1 TBEPIXKCHHS:
® MHOXHHA {O, P<2P,...(n-1) P} YTBOPIO€ LMKIIIYHY MIATPYILy B E_(a,b);
® TIOPSIIOK JOBIIBHOT TOYKM EINTUYHOI KPUBOI € JUTHHUKOM YHCIIa TOYOK
SMNTHYHOT KPUBOT N;

e SKmO N=N, TO TOYKa MOPAAKY N € TBIPHUM €JIEMEHTOM Ipynu E ;
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® [IpU HAISKHOMY BHOOpI MapaMeTpiB & 1 b MOXKHA TOOUTUCH TOTO, 100 YKCIIO
TOYOK €JINTUYHOI KPUBOi OYyJI0 MPOCTHM YHCIOM, 1 TOAI KOXHa TOYKa
€TINTUYHOI KpUBOi, OKpiM ToukH O, € TBIPHMM €IEMEHTOM IPyIH E,.

Ilpukian 3. 3HalTH NOPAIOK TOYKK P(1;3) E€IINTUYHOL KPUBOI E,(2,6).
Po3p’si3anHs. 3HalileMO KOOPAMHATH TOYKUA 2P 3a (opMyjamu MOJBOEHHS

[12] . Maemo
2=3142_50 35 o(mod7), x,=4-2=2, y,=2(1-2)-3=-5=2(mod7).
6 66 : i

OTxe KOOPIMHATU TOUKHU 2P = (2;2). 3HalIEMO KOOPIMHATU TOUKH 4P 3a GOopMyIaMu

IIOABOEHH: . Maemo

1= 3-4é.1+2 EO(m0d7), X, :_453(m0d7), A =_255(m0d7).

AHaJIOTIYHO 3HAWIEMO KOOPAMHATH TOYKH 8P. Maemo
_39%2_8_85_49_5(mod7), x,=25-6=19=5(mod7),
10 3 35
y; =5(3-5)-5=-15=6(mod 7).

3HaliIeMO KOOPIAMHATH TOYKH 3P =2P+P=(2;2)+(13) 3a (QopMmylamMu 104aBaHHA

TOYOK [1,2] . Maemo
i:il:—ls6(mod7), 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). OCKUIbKM III TOYKH JIEKaTh Ha

BEPTUKAJIbHIN MPSMIA x =5 CHUMETPUYHO BIAHOCHO OCi abciuc, TO iX cyma JIOpiBHIOE
HECKIHYEHHO BiINaNeHId Touli O(x;o0). OTKe 11P=0 1 IOPANOK TOYKH P(13) B
IPYIIi TOYOK €IINTHYHOI KPUBOI E, (2,6) AopiBHIOE 11.
4. Jluckpemmue nocapupmysanus Ha elinmuyHitl Kpusii

Oneparliss MHOKEHHS Ha EJNTUYHINA KpUBIM — 1€ aHaJIor ornepauli miAHECEeHHs
JI0 CTENEHsI B CKIHYEHOMY Moii. ToMy B eNnTH4YHIA Kpunrorpadii B posii mpsmMoi
3a/1a4l MaeEMO 3ajJlayy CKaJsIPHOTO MHOXKEHHSI TOUYOK KpHBOi, TOOTO OOYHCIIECHHS
Q=mP nmnsa Bimomux m i p. OOepHeHa 3a7a4a 3a TPATUITIE€I0 HA3UBAETHCS TUCKPETHUM
jorapudMyBaHHSM Ha €TINTUYHIN KPUBIH 1 MOJISTAE y BIANTYKaHHI JJIS 3aIaHUX TOYOK
P i Q kpuBOi Takoro umcia m, mo Q=mP. CriiikicTs mupyBaHHSI Ha SIINTATHAX
KPUBUX  BU3HAYAETHCA  CKIAMHICTIO  PO3B’S3aHHS  3a7adi  JUCKPETHOTO
jgorapudMyBaHHS Ha IPyIl TOYOK LUX KPUBHUX.
5. Bubip eninmuunoi kpueoi i 6a3060i mouxu

3a3Buuail, B NINTUYHIN KpUOTOrpadii BUKOPUCTOBYIOThH €IINTHUYHI KPUBI Ha
MIPOCTHUM TIOJIEM 1 MOJIEM XapaKTePUCTHKH 2.

['enepariist eMINTUYHOT KPUBOT 3IHCHIOETHCS 32 HACTYITHUMH KPOKaMHU:
e BHOIp XapaKTepucTUKH moJjs [anya;
e BHOIp KOE(DIIIEHTIB ENINTUIHOT KPUBOT;
e 0o0OuncneHHs MOPIKy N, Tpymu TOYOK KPUBOT;

e BuOip 0a30BOI TOYKK G(x;y) KPUBOI,
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® BHU3HAYEHHS MOPAIKY Oa30BOT TOUKH KPHUBOI.
Onna 3 rapanTiii TOro, 10 BUOpaHa TOYKa G(x;y)€ENINTHYHOI KPUBOI 3re€HEpye

IpyIy TOYOK
SJNTUYHOI KPUBOT — II€ TaKuil BUOIp KPUBOI 1 MOJIA, IS SIKUX KIJTBKICTh TOUOK N

KPUBOI € MpoCTe YUCIo. B 1bOMy BUTIQAKY JOBUIbHA TOYKA ENINTUYHOI KPUBOI OyJe
TBIPHUM €JIEMEHTOM TPYIH TOYOK IT1€1 KPUBOI.

®enepanbHi  crangaptd 00poOku iHpopmanii (FIPS) pekoMeHayroTh 10
CKIHUCHUX TIOJNIB, e p Mae nomxkuHy 192, 224, 256, 384, 521 Oit 1 mosis GF(Z”‘), e

m mac gosxuny 163, 233, 409, s71 6it. Hampukiaz, oJHa 3 [UX KPUBHX
y> =x>+317689081251325503476317476413827693272746955927 x +
+790528966078787587181205720257.
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Hayxosuii kepisnux O.M. Tpycesuu, xanouoam @isuxo mamemamuyHux HAayx,
ooyenm Kagedpu npukIaoHoi MamemamuKky i MexaHiKu

POJIb BUIIIOI MATEMATUKHA Y ®OPMYBAHHI
COEPHU IUBVIBHOTI'O 3AXHUCTY

Ak Bimomo [1] HUBUIBHUN 3aXUCT - 1€ 3aXUCT HACEJECHHS, TEPUTOPIi,
HABKOJIMIITHLOTO CEPE/OBHINA Ta TPUPOJHOTO CEPEOBHUINA BiJT BHHHUKHEHHS
HAJ3BUYAHUX CUTYyallii Ta iX mikBimamis. [1ix muBuUTbHOI0O 000POHOIO PO3TISAIAIOTH
rajiy3b HayKkd, sSika BUBYAE TEOPETHYHI, HAYKOBO-TEXHIUHI, EKOHOMIYHI, €KOJIOT14HI
mpoOIemMu, AKi BUKIMKAIOTh MOPYIICHHS HOPMAJbHUX yYMOB JKUTTA Ta JisSTILHOCTI
JIOJIeH Ha OKpeMiil TepuTOpii, BHACHIIOK aBapiil, KaracTpod, CTUXIMHOTO jrxa ado
HEOE3MEeYHOTO BUMAJKY, 10 MPU3BEIN a00 MOXYTh MPHU3BECTH O HEMOXKJIUBOCTI
MPOKMBAHHS HACEJICHHS Ha 3a3HAdeHi TepuTopii abo 00'€kTi, MPOBEACHHS TaM
roCIoAapyoi AsUTbHOCTI, 3aru0ei Jiro/iel abo 10 3HAYHUX MaTepialbHUX 30UTKIB.

PosrisHeMo poJib BUIIOT MATEMATHKH K TaTy31 HAYKH Y JKUTTI JIFOIMHH, a CaME
y (QyHKIiOHyBaHHI cdepu IUBITBHOTO 3aXUCTy. SIK BiOMO, BHIA MaTeMATHKa
BXOJIUTh B HABYAILHHI IJIaH TEXHIYHHMX Ta JCIKUX 1HIIMX CHEIiaJIbHUX HaBYaJIbHUX
3aKjajiB, BKJIOYAaE B ce0e pO3AUIM aHATNTHYHOI TEOMETpii, €JIEeMEHTHU JIHINHOT
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https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D1%83%D0%BA%D0%B0
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VIl Beceykpaincvka konghepenyisn Kypcanmie ma cmyoenmis

anreOpu, audepeHiialibHE Ta I1HTErpajibHE YHWCIEHHS, OuQepeHIliaibHl PIBHIHHS
TOIIO0. MeTor0 Kypcy BHUIIOI MAaTEMaTUKU € O3HAMOMJIEHHS 3 OCHOBHHUMH METOJaMHU
BUIIOT MAaTEMAaTUKH, HEOOXIIHHUX JUIsl PO3B'SI3YBaHHS TEOPETUYHUX Ta MPAKTUYHHUX
3aa4  (PI3UKA 1 MEXaHIKM, BUPOOUTH HABUYKHM MATEMATHYHOTO JOCIIKESHHS
NPUKIAAHUX 3a7a4, PO3BUHYTH TEOMETPUYHY IHTYIIII0 Ta HABYATH aJITOPUTMAM
anredpaigaux gocmimkeHb. [llo0 o0umciuTi WMOBIPHICTP BUHHMKHEHHS TOIT
BHKOPUCTOBYIOTh IIi¢ OJMH 3 PO3/iNiB BHIIOT MaTeMaThky. Tedpis iiMOBIpHOCTE! 11e
PO31T MaTEMAaTHKH, III0 BUBYAE 3aKOHOMIPHOCT1 BUMAIKOBUX SIBHIII; BUITAIKOBI MO/Ii1,
BUITAJIKOB1 BENWYMHM, iXHI (DyHKIIi, BIACTUBOCTI W omeparii Hax HUMH. Teopis
HMOBIPHOCTE €  TIATPYHTSIM  MaTeMaTHYHOI  CTaTHUCTUKH, IO  IIHAPOKO
BUKOPUCTOBYETHCS JUIsl ONTUCY ¥ BUBYEHHS PI3HOMAHITHUX TEXHOJIOTTYHUX MPOIECIB,
3Ba)XAI0YM HA iX CTOXAaCTUYHICTh. TaKMM YMHOM MH MOKEMO OOYMCIIUTH IMOBIPHICTh
MOKEKHOT HeOe3MEeKH Ha JIaH1d TepUTOPii B TEBHUM MOMEHT UM KUIbKICTh MOMJIMBUX
MOCTPAXKJAINX, YU IMOBIPHY 30HY YpaKE€HHsI ToIlo. MaTemaThyHa CTaTHUCTHKA
IIMPOKO BUKOPUCTOBYE METOAM TEOpPii MMOBIpHOCTEH Mg MOOYIOBH 1 MEPEBIPKU
MaTeMaTHYHUX Mojedeil. [i MeTomu pO3IIMPIOIOTH MOKIMBOCTI HAYKOBOTO
nepea0ayeHHs 1 parioHaIBLHOTO MPUHUHATTSA PIIIEHHs 0araThox 3ajad, Je MmapaMeTpu
HE MOXKYTb OYTH 3'sICOBaH1 Y KOHTPOJIbOBAHI 3 1IOCTaTHHOIO TOYHICTIO.

BononminHs  3HaHHAMH  MaTEMaTHYHOTO, CTAaTUCTUYHOTO  aHATI3y Ta
MOJICITIOBAHHS TIOTPIOHO JJIS PO3B’SI3aHHS CIEIIaTi30BaHUX 3a7ad Ta MPAKTHIHUX
npo0JieM, JOCIIIKEHHS MPOIECIB 1 CUCTEM CTOXACTUYHOI MPUPOIU, YMIHHS JIOHECTH
CHieliajicTaM 1HIIMX Taly3edl pe3yJbTaTH JOCHIIKEHb. 3HAHHS Ha PiBHI HOBITHIX
JIOCSITHEHb, HEOOXIJIHI JUIsl JOCHIAHMIIBKOT ab0 MPakTUYHOI MISJIBHOCTI Yy cdepi
MaTeMaTUKH, CTaTUCTUKA Ta IXHIX TMPAKTUYHUX 3aCTOCYBaHb. 3/IAaTHICTH
3aCTOCOBYBaTH HMOBIPHICHO-CTATUCTUYHI METOAM B MIKIUCIUILIIHAPHOMY KOJIEKCI
[{uBUIBHOTO 3aXUCTY, IK OCHOBA 30€pe)KEHHS HACEICHHS Ta 00’ €KTIB IHPPACTPYKTYpH
B HQI3BHYAMHUX CHTYaIlsAX, mepeadadae 3aXucCT BiJ KaTacTpod, CTUXIHHUX JIHX,
BOEHHUX JI1¥ TOIIO; TTOXKEKHA Oe3IeKa B CBOIO Uepry nepeadoadae 6e3mexy mpupoaHOro
CEpelIOBHUIIA, TPOMAJICBKUX Ta KUTJIOBUX OYIiBEINb, CUIBCHKOTOCIOAAPCHKUX YTi/ib,
TPaHCHOPTHUX 3aco0iB. Y TEBHHUX YAaCTUHAX, 3BUYAWHO, III CKJIAIOBI Oe3meKu
MEPETUHAIOTHCSA, 30arauyroTh Ta B3a€MOJIONTOBHIOIOThH OJTHA OJHY B KOHTEKCTI.

VY cdepi MUBUTBHOTO 3aXHUCTY BHUIA MaTeMaTHKa BUKOPUCTOBYIOTHCS HACTYITHUM
YUHOM:
e (CrarMcThKa BHKOPHUCTOBYETHCS OpraHaMH IUBIIBHOTO  3aXHCTy IS

3ano0iraHHs HaJA3BMYAMHUX CUTYyallll Ta TOXEX MUIIXOM 3amoO0iraHHs
HAWTIPIIOT MOJIMBOCTI PO3B’s3aHHS MpoOsieMu (CKIaAaHHS ONEPATHBHUX
IJIaHIB Ta KapTOK, TaKTUYHI MOMJIMBOCTI MIAPO3IUTIB HAa MOXEXKI 3TiAHO 3
IUTAHOM 3aJIy4€HHS CHJI Ta 3aco0iB [0 TOMY UM IHIIOMY O0’€KTY, pO3paxyHOK
MOXJIMBOTO  TIOIIMPEHHS  IMOXEXI ab0  PO3MOBCIODKCHHS — HACIIIKIB
HaJ[3BUYANHOI CUTYaIlI);
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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
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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

Mame,lxtamu/ca, wio Hac omouye: Murnyue, cyidche, .1ICIL2(/)}’H'ZH€

e [IpopaxoByIOThCS MOKJIMBI BTPATH 1] Yac Moxkexi ab0 Haa3BUYAHOT CUTYaIlil
OpraHamu Jep>KaBHOTO HATJISAy Ta KOHTPOJIO, Ta POOUTHCS MPO(dilaKTHKA I10
3aro0iraHHIO HAA3BUYAMHUX CUTYyAIllll Ha 00’ €KTI;

e (CkJaJaHHA eKCIUTyaTalliiHIX KapTOK Ha aBTOMOO1JIb ( BUKOPHUCTAHHS MaJTUBHO-
MaCTHJIBHUX MaTepiaiiB Ta 3aC001B MOKEKOTACIHHSA).

OToX poOJb BUIIOI MaTeMaTuku y (opMmyBaHHI cepu HUBIIBHOTO 3aXHUCTYy
OaratorpaHHa, TOMy LIO 3a JOMOMOTOI0 MaTEMAaTHUYHHX METOJIB PO3B’S3yIOThCA
Oarato MpUKIATHUX 337a4 [UBUIFHOTO 3aXHMCTY Ta IUBUIEHOI 00OPOHH.

Jlirepatypa

1. Oniiinuk I1.B., Omensuyk C.T., Yammk B.B., ITenmso I. M., Kapnenko B.B., Omiitaux C.II.,
I'ymenrox B.B. Husinenuii 3axuct.: [ligpyanuk miust BMH3 1V p.a. Binauns: Hosa kawura, 2013 —
328 c.

M. Camomiok

JIvgiscokutl OepoicasHull yHisepcumem Oe3neKu HeummeOoisibHOCmi

Hayxosuui kepisnux O.M. Tpycesuu, xanouoam @Qisuxo mamemamuyHux Hayx,
ooyenm Kagpedpu NpukIaoHoi MamemamuKkuy i MexaHiKu

IMPOBJIEMHU TUCAYOJIITTA

Ham cBit OaratorpaHHuii, IiKaBUil Ta BOJAHOYAC TAaEMHUYMM 3 Oararbma
HEBHUpILIEHUMHU TpodsiieMamu. Po3risiHeMo Jeski HEBUpIIIEHI 3a1adl B 00JacTi
MaTE€MaTUKHU Ha CbOTOJIHILIHIN Yac.

IIpoGaema P = NP monsirae B HaCTYNmHOMY: SIKIIIO MO3UTHUBHY BIAMOBIIL Ha
SKECh MUTAHHS MOXHA MIBUKO nepegipumu (3a MOJIHOMIAIBHUAN Yac), TO YU MpaB/a,
10 BIJMIOBI/Ib HA 1€ K MUTAHHS MOXHA IIBUJKO 3Hatmu (3a TMOJIHOMIAJBHUMA Yac 1
BUKOPHCTOBYIOUH MOJTIHOMIQNBbHY Mam'siTh)? Hampukian, uu BipHO, 1110 cepest unuced -
2, -3, 15, 14, 7, -10, ... € Taki, mo ixHga cyma jgopiBHioe 0 (3agada Mpo CyMHu
nigMHOXHH)? BianoBiae mak, Tomy mo -2 - 3 + 15 - 10 = 0 nmerko mepeBipuTH 3a
JIOTIOMOTOI0 KUIBKOX J1o/1aBaHb (1H(opMallito, HEOOXiaHY IS IEPEBIPKU MTO3UTUBHOT
BIJIMOBI/II, HA3uBalOTh ceprudikarom). Uu BUIUMBAE 3BiJCH, IO TaK CaMO JIETKO
nigiopatu ui umcna? IlepeBiputu cepTudikaT Tak camo JErko, SiK 3HAUTH HOro?
31aeThes, 10 MiAIOpaTH Ynciia CKIaaHiIIe (He T0BEICHO).

BianoBinps Ha nmuTaHHA Opo piBHICTH KiaciB P 1 NP Bu3Hauwmna 0, 4yu JiiicHO
3aBJIaHHS JICTIIE MepeBipuTH, HIK Bupimutu P # NP. AGo BUPIIINTH HACTUIBKU K
npocTto, sk 1 nepeiputu P = NP. Ile MmoxHa 3acTOCOBYBaTH /10 BCiX MOAIOHUX 3a/1a4,
a He TUIBKM J0 3ajadi Mpo CyMH MiJIMHOXHUH. Takox 1€l MpUHUUIT MOXKe OyTu
3aCTOCOBAHUH 10 3aj1a4, BIAIIOBIJIb Ha K1 ckiagHima, Hixk TAK g HI.
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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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Bignocunun mix kimacamu P 1 NP posrisgaioTbcsi B Teopii 0OUYHCIIOBAIBLHOT
CKJIaIHOCTI (pO3alTy Teopii aJrOpUTMIB), IO BHUBYAE PECYpCH, HEOOXITHI IS
BUpIIICHHS Jeskoi 3anadi. HaifzarampHimi pecypcu - 1e 4ac (CKUIBKHA TMOTPIOHO
3pOOUTH KPOKIB) 1 Mam'siTh (CKUIbKK MaM'aTi MOTPIOHO AJisi BUPIIICHHS 3ajadi). 3
Bu3HaueHHs kiaciB P 1 NP Biapasy BuruiuBae Hacnigok. [Ipore goci HIYOro He BiIOMO
PO CTPOTICTh IILOTO BKJIIOYEHHS, TOOTO UM ICHY€E allrOPUTM, sIKui j1exxuTh B NP, ane
HE JIOKUTHh B P. SIKII0 Takoro aaropuTMy HE iCHY€, TO BCl 3aBIaHHS, 110 HAJIEKATh
kiacy NP, MoxHa Oyze BUpINIyBaTH 3a MOJIHOMIQIBHHMA Yac, M0 3HAYHO CITPOIIYE
oOumcroBanbpHI omepartii. 3apa3 Haiicknamnimi NP-3amaqi (tak 3Bani NP - moBHI
3a/ayi) MOJKHA BHPINIUTH 3a CKCIOHEHIIWHWNA dYac, IO Maibke 3aBXIu €
HEMPUUHATHUM. Bnepiie mnuTaHHsS TIpO  PIBHICTh KiaciB  OyJlo  IMOCTaBJICHO
HezanexxHo Kykom 1 Jlesinum y 1971 p. Ha ceoromuimHii AeHb OUIBIIICTD
MaTeMaTHKIB BBa)XalOTh, IO IIi KJIaCH HEPiBHI. 3T1AHO 3 ONMUTYBAHHSAM, IIPOBEICHUM
y 2002 p. cepen 100 Buenux, 61 nroguHa BBaxkae, M0 BIAMOBIAL — «HE PIBHI», 9 —
«piBHI», 22 HE 3MOIVIM BIJMOBICTH 1 8 BBaXarTh, IO TINOTE3a HE BUBOIUTHCS 3
MOTOYHOI CUCTEMH aKCIOM 1, TAKMM YMHOM, HE MOKe OyTH JJoBeieHa a00 CIpOCTOBaHa.

3apa3 npoosiema piBHOcTI Ki1aciB P 1 NP € oniHi€ro 13 cemu 1po6ieM TUCSYOTITTS,
3a BUpilIEHHS sKoi MaremaTuunuii 1HCTUTYT Kies mnpu3HauMB NpeMilo B
MuteioH nonapie CHIA. VYV cepnHi 2010 poky amepukaHCbKUM HOCHIIHMK BinHaii
Jleonanikap HaAiciaB JESIKUM BUCHHUM Ha MEPEBIPKY CBOE JOBEACHHS HEPIBHOCTI P #
NP. Crien Kyk Ha3BaB HOro NpenpuHT «BIJHOCHO CEPHO3HOIO CIPOOOI0 BUPILLIEHHS
npobnemu P npotu NP».

Hapegemo rimore3y I'omxka, 1mo € BaxIMBOIWO MpoOsieMor0 anredpaigyHol
reometpii. Bona Oyna copMynboBaHa IIOTIAHJICHKUM MaTeMaTUKOM Binbsimom
Bomnancom Jlyrimacom I'omka B mepion mixk 1930 - 1940 pokamu. I'imoTesa onucye
KJIaCK KOTOMOJIOTIH Ha KOMIUIEKCHHUX TMPOEKTUBHUX MHOTOBHAX, pealli30BaHi
anredpaiuHUMH MmiaMHOTOBUAaMH. To0TO 1ukiu ['ompka € koMOiHaIIIME 00'€KTIB, IO
MaroTh T€OMETPUYHY THTEPIPETAIliI0, — aIreOpaiuHuX IUKJIIB.

VY aBaauaToMy CTOJIITTI MATEMATUKH BUHANUIILIN TIOTYKHI METOIU JOCIIIIPKCHHS
dbopmu cknagHux o0'extiB. OCHOBHA 1/esl MOJSITa€ B TOMY, 1100 3'sicyBaTH, 70 SIKOT
MIPH MU MOKEMO alpOKCHUMYBAaTH (pOpMy aHOTO 00'€KTa, CKIICIOOYHM pa3oM IMPOCTI
Tia 3pocTaroyoi po3MipHOCTi. Lleit meTon BHSBUBCS €(PEKTUBHUM MIPHU OIHUCI
PI3HOMAHITHUX O0'€KTIB, 110 3yCTpidaroThcs B MaTeMaTulll. [Ipu uboMy Oysu He scHI
r€OMETPUYHI OOTPYHTYBAaHHS METO/Y: B JISAKUX BUMAAKax OyJI0 HEOOX1IHO J10J1aBaTH
YACTHUHU, 1110 HE MaJIM HiSIKOTO T€OMETPUYHOTO TIIyMaueHHSI.

Iimore3a Ilyankape BBakaeThCsd HaAWBIIOMIIIOK 3a7a4ye€l0  TOMOJIOTII.
HedopmanbHo Kakyuu, BOHA CTBEPIKYE, IO BCSIKHM «TPUBUMIPHHIA O00'€KTY», IO
BOJIOJIIE€ JCSKUMH BJIACTHBOCTSIMU TPUBUMIPHOI cdepu (HAMPUKIA, KOXKHY IMETIIO
BCEpENHI HHOTO MOBHHHO OYTH MOXIJIUBO CTATHYTH), 3000B's13aHMi Oyt ceporo 3
TouHicTIO 70 nedopmarii. ['imore3sy cpopmymnpoBano Aupi Ilyankape y 1904 p.
Crpobu nosectu rinore3y [lyankape, sik ycmimiHi, Tak 1 HEBAaJl, MPUBEIH 0
YHUCIIEHHUX MPOCYBaHb Yy TOMOJOTrii pizHOMaHITh. JloBeaenns rinmotesu [lyankape (i
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3arajpHIIoOi TinoTe3n TepcToHa TMPO TreoMeTpu3allilo), OMyOJIKOBAHO TIIbKH
B 2002 p. I'puropiem Ilepenpmanom p.)

I'inore3a bepua — CBinnepToHa - Jlailepa omnucye MHOXHHY palllOHATbHUX
PO3B'SI3KIB PIBHSHB, SIKI BH3HA4YalOThCA EININTHYHOIO KpuBow. lle € BigkpuToro
mpo0IeMor0 y Teopli Yncen 1 MIMPOKO BU3HAHA SIK OJHA 3 HAWOLIBII CKIIATHUX
MaTeMaTH4HUX mpodbnem. I'imoTe3a Oyna BuOpaHa B SKOCTI OJIHI€T 3 CEMHU MPOOIeM
TUCSYOJIITTS, BKIIFOUCHNX MaTtemaTudHuM iHCTHTYTOM Kitest mo crmcky 3amau 3a siki
3alpoIOHOBAHA PEMIIO 3a MepIlie MpaBUiIbHE JoBeneHHs. [ inoTe3a Ha3BaHa Ha YeCTh
MateMatukiB bpaitana bepua ta Ilitepa CBinneptoHna - Jlaepa, sixi chopmymroBanm
rinore3y B mepiiid mojgoBuHi 1960-X poKiB 3a JOMOMOTOI0 MAalIMHHUX OOYHUCIICHb.
Cranom Ha 2016 pik JOBEACHO JIUIIIE OKPEMi BUITIAJIKU T1OTE3H.

Jliteparypa

1. Kononenko O.}O. AkxkryanpHi npoGieMu CTajJoro po3BUTKY: HaBUYalIbHO -
metonmaani mocionuk / O.10. Kononenko. —K.: JIIT «IIpinT ceppicy, 2016. — 109 c.

B.B. I'yoem’1ok

Jlvgiscokuti 0epoicasrull yHisepcumem 6e3nexku HeummeoisibHOCmi

Hayxosuii kepienux O. O. Kapabun, kanoumam ¢hizuxo-mwamemamudHux HayK,
doyenm Kagpeopu NpUKIaAOHOT MamemMamuKy i MexaHiKu

MATEMATHKA B ITPAX

CTBOpEHHS ITOp 3/1a€THCA YUMOCH IIKaBUM 1 JJisi 0araThb0X CTaJI0 MPUYUHOIO
MoYaTH MporpaMyBaTH, OJHAK PO3poOKa iIrop BUMAarae BijJ po3pOOHHMKA HEMOTAHOTO
3HAHHS MaTeMaTUKH. AJie IKoi KOHKpeTHO? MaTeMaTtrka - HeoOX1Ha TUCIIUILIIHA, 110
BHMarae HaJie)KHOTO BUBUEHHS B po3po0Ili KOMI'TOTEpHOI rpu. MaTemaruka - 11e Bce,
KOJIM CITpaBa JOXOIUTh 0 PO3POOKH 1rop -- HOYMHAIOYH BiJl MOKIIMBOCTI pO3paxyBaTH
TPaEKTOPIO NTULl B Ipi Angry Birds 10 MOKIJIMBOCTI YIIEBHUTHCS, III0 MEPCOHAK MOXKE
CTpUOHYTH 1 MPU3EMJIUTUCS Ha3aja Ha 3eMito. be3 MareMatuku irpu mpocto O He
MpaIoBagu: MEPCOHAXK HE 3MIT OM MiJHIMATUCS MO CXWUJy a00 KOB3aTH 3 HBOTO,
BUITYCTUTH KYJIIO 31 CBO€i PYLIHUIl a00 HaBITh NPOCTO cTpuOaTH. Maremaruka - 11e
MyKa B TOPTi, SIKHA IrpOBI PO3POOHUKM HA3MBAIOTh KIHIICBUM IIPOTYKTOM.
MaremaTtka BHUKOPHCTOBYETHCS B KOXKHOMY 3 aclekTiB po3poOku rpu. Maya -
mporpama, sika 3amuCcy€ BCl BEpIIMHH, HOpPMali3ye OOMIH PEYOBUH Mojeled B
MaTeMaTu4Hii GopMi 1 JO3BOJISIE pO3POOHUKAM CTBOPIOBATH II1JIi CBITH 200 OKPEMHX
MIEPCOHAXIB, 1100 T1 HABITH HE 3aMHUCITIOBAIACS TIPO MaTeMaTHKy. [Ipoctumu ciioBamu,
BH MOXKETE HaIMcaTH MoJielb [ 0131/ B OJI0KHOTI 1 OTIM BIIKPUTH ii B Iporpami.
OpHak OuTblla YacTUHA MAaTEeMAaTUKH B)XXHBAEThCS MPSAMO TiJ 4Yac TpU ITPOBUMHU
JNBKKaMU. BOHM BUKOHYIOTH Jy’K€ BaXKJIMBY poOOTY, Tak K 0e3 Hei rpa mpocTo He
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VIl Beceykpaincvka konghepenyisn Kypcanmie ma cmyoenmis

3Moxe icHyBaTu. CTBOpPEHHS ABUKKa BKIIIOYA€E B ceOe Ayxke Oararo matemaTuku. Och
JesIK1 MPUKIaJN: XBUJI KPacUBO BIIAPAIOTHCS 00 Kpai Bamoro kopabss B Assassin's
Creed: Black Flag, kyni cBucTsTH, mpoiTatouu Haj Baiioro roiosoro B Call Of Duty,
kpacuBa aHiMauis B Ul, sika, 70 TOro X, reHEpYyeTbCA MPOLEIYpHO, ApUPT Ha
mBuakocti 80 kinomeTpi Ha roauny B Need For Speed, Conik moxe 6irtu, a Mapio
MO3Ke CTpUOATH KOB3aHHS BHU3 110 ropl Ha CHOYOop/1 B SSX, pakeTa BiAPUBAETHCS Bl
3emui B Kerbal Space Program. Konu Mapio ctpubae, BiH He TpocTO cTpUOaE B3IOBXK
npsIMOi JIiHI1, BiH onucye napadboiry cBoiM cTpuOkamu. Amke O0yno 6 TUBHO, SIKOU BiH
BIIpUBABCS BiJl 3eMJIi, TOTIM JIETIB BIEpE] MO MPsAMIii JIiHIi, a MOTIM TaK caMo IPSIMO
omyckaBcs BHM3. [le 6 Burnsgaro 6e3rmy3no 1 HenpaBuwibHO. A Kerbal Space Program
- 1Ie B3arajii CyIllJIbHa MaTeMaTuKa, Tak SIK TaM BUKOPUCTOBYEThCS HANHOUIbII TOYHA
CUMYJIALIS HbIOTOHIBCHKOI (P13UKH C yCiMa i 3aKOHAMU.

Po3ninu MaTeMaTUKH, IKi BUKOPUCTOBYIOTHCSI B CTBOPEHHI irop: anrebpa,
JIMCKpETHA MaTeMaTHUKa TPUTOHOMETPIsl, MAaTEMaTUYHUI aHai3, JIiHiiHA anredpa.

HajiBa:kuBimi MOHATTA AJIs1 PO3POOKH irop 3 TOYKH 30py MATEMAaTHKH:
BEKTOPH 1 X CKJISIPHUIN 1 BEKTOPHUHN TO0OYTKU BEKTOPH, BiIOOpaskeHHs1, MaTpuili. Bee
pa3oMm, sIK MpaBWJIO, BUKOPUCTOBYETHCS B po3BUHEHUX irpax AAA-piBHa. [Ipocti x
irpu 3a3BUUail BUMararoTh MEHIIIE MAaTEMATHUKH.

Sk MaTeMaTHKA BUKOPUCTOBYETHCS B MPOTrpaMyBaHHi.

MaTeMaTuKOI0 B irpax Mo>Ke Ha3MBaTHCS MPOCTO JoAaBaHHA X 1 Y, MaHIMyJIIOBaHHS
CUHYCaMH, KOCHHycaMu Tolo. OIHAaK B JESIKMX BUNAAKaX HaJ peaii3auiero Oyb-
SKOTO MpaBwiIa B TPl MOTPIOHO MOTYyMaTH TOAUHY-ABI. SIK MPUKIIA] MOKHA TOTIISTHYTH
Ha TaKl MpoILIEeCH, sIK CTBOpeHHA BeKTopiB, Ha3BaHux MAX SPEED i MIN SPEED, 1
JIOJaBaHHs 1X B ITPOBUH UK I MEPEBIPKH MIBUAKOCTEH, PO3PAaXyHOK IIBUIKOCTI
KOCMIYHOTO Kopabiisa, nedopmarllisi MOBEPXOHb MPHU 3ITKHEHHI 1 3MiHA TPAaeKTOpIi 1
IIBUIKOCTI B 3aJIEKHOCTI BiJ cuiM ynapy. Came TOMy KOMIaHii, 110 3aiiMarOThCs
PO3pOOKOIO0 1rOp, BHUMArarOTh BiJ CBOiX CIIBPOOITHHKIB 3HAaHHS MAaTEMaTHKH 1
ITOPUTMIB. 3HaHHS TaKHX peueii He MPOCTO JOMOMOKE PO3pOOUTH JIOTIKY T'pH, aje 1
SAKICHO JTIOTIOMO’KE ONTHMI3YBaTU CaMy TPy, 3HaXOJS4YM abTEPHATUBHI NUISIXH, SIKI
JIOTIOMaraloTh YHUKHYTH 3aiiBUX oOuucieHb. Tak 1o Tenep, Kojau OyaeTe 3ajaBaTu
MATAHHS 10 CBOTO BUUTENSI MAaTEMAaTHKHU, YU OyJie MOTpiOHA BaM MaTeMaTHKa B )KUTTI,
MaiiTe Ha yBa3l, U0 SIKIIO BH X04eTe OyTH pO3pOOHUKOM Irop, TO TaK, aOCOIIOTHO
TOYHO OyJie TOTP1OHO.

Jesiki pedi, siKi NOBHICTIO CIUPAIOTBLCSI HA MATEMATHKY: CUMYJISLIS P1IUH,
aHIMallisl, aJrOpPUTMH, apXiTEKTypa IrpOBUX JBIKKIB, HAIMCAHHS ITPOBOI JIOTIKH,
aHajiTHKa Ta 301p JaHUX, PO3PaxXyHOK KaJpiB B CEKyHAY, IrpoBa (i3uka, rpadika
[eiinepu, mMITyIHHUI 1HTEIIEKT, MPOIICAYPHA TeHEepaIlisi, Bi3yasi3ailis MOoJIrOHiB.

X.B. Meuyc
JIvsiscokutl OeporcasHuil yHisepcumem Oe3neKu HCUmmeOisibHOCMi
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Hayxosuii kepisnux 0.0. Kapabun, xanouoam gizuxko-mamemamuyHux HayK, 00YeHm
Kagheopu npukiaoHoi mamemamuxy i MexaHiKu

HOBA HOPMAJIBHICTb. CTATUCTHUKA

CraTucTuka pamnToM cTaja KPYTOI 1 MOJHOIO. 3aBASKH TOSIBI IHTEPHETY,
iHTepHeT-TopriBﬂi COLllaJIbHUX Mepex, Mpoekty «['eHoMm moguHu» 1 HUdpoBiit
KyJbTYpi 3arajiom, CBIT Terep MOYMHAE JIPYKUTH 3 JIAHUMH. MapKeTonorH YBa)KHO
BUBYAIOTh Hamll 3BUYKH 1 cMakd. Crencimyx0m 30uparoTh JaHi Tpo Halie
nepeOyBaHHsI, €JICKTPOHHI JUCTH W TenedoHHI M3BiHKH. DaxiBIll 31 CHOPTHUBHOI
CTaTUCTUKHU >KOHTIIIOIOTh YHCTIAMH, BUPIIIYIOUH, SIKUX TPaBIIiB IPOAATH, SIKUX KYITHTH,
a SKUX — TOCAJUTH Ha JIaBKy 3amacHUX. TOX IO Take CTaTHUCTHKA 1 SIK HEIo
KOPHUCTYBAaTHUCh?

TepMiH «cTaTUCTHKa» MOXOIUTH BiJ JIATUHCBKOIO «status», HI0 O3Haydae
IOJIO’KEHHS, CcTaH sABMIL. HHHI TepMIH «CTaTHCTHKa» BUKOPUCTOBYIOTH Yy KIIBKOX
3HAYCHHSIX:

. JIaHl1, SIK1 XapaKTepU3yl0Th MACOB1 CYCIJIbHI SBHILA;

. npoiiec 30upanHsi, 30epiraHHs 1 00poOJIEHHS JaHUX PO MACOBI1 CYCITUIbHI
SBMUIA, TOOTO Tally3b NPAKTUYHOI MJISUIBHOCTI, CHOPSIMOBAHOI Ha OJIep KaHHS,
oOpoOJIeHHs, aHai3 1 BUJAHHS MACOBHUX JAHUX PO SBUIIA 1 MPOLECH CYCILILHOTO
KUTTS;

. HayKa, fIKa BUBYA€ BEJIMYMHY, PO3MIPH 1 KUIBKICHY CTOPOHY MacOBHUX
CYCIJIBHUX SIBUIL Y HEPO3PUBHOMY 3B'SI3KY 3 SIKICHOIO CTOPOHOIO LHMX SIBUII, 3 iX
COLIAJIbHO-EKOHOMIYHHM 3MICTOM

PosrissHeMO KOPOTKO 3MICT KOXHOTO 3 BHJIIB CTaTUCTUKHU 3a TPaAUIIAHOIO
CXEMOIO X MOALTY.

MaTtemaTH4YHa CTATHCTHKA — I[I€ Taly3b MaTeMaTHYHUX 3HaHb. Bona
po3po0JIsie pallioHaIbHI MPUHOMHU (CTIOCOOM) cucTeMaTu3ailii, 0OpoOKH 1 aHali3y
JaHUX CTAaTHCTUYHUX CIOCTEPE)KEHb MAaCOBHX SBUII 3 METOI0 BCTAHOBJICHHS
XapaKTepHUX JJIs1 HUX CTATUCTHYHUX 3aKOHOMIPHOCTEH, BUKOPUCTAHHS /1711 HAYKOBUX
1 IPAaKTUYHUX BHCHOBKIB.

3arajibHa Teopisi CTATHCTMKM MICTUTh TPUHIUIN CTATUCTUYHOI HAYKH
CTOCOBHO PI3HUX CTOPIH CYCHUIBHOTO HUTTS, TOOTO 3arajbHi TMpaBuja 1 METOIU
CTAaTUCTUYHOTO JOCTipKeHHS. BoHa po3po0iisie MOHSATIMHUN amapaT CTAaTUCTUYHOI
HAyK{, CUCTEMY KaTeTrOpiil, po3risiac y 3araibHOMy BUTJIAI METOAHM 30HMpaHHS,
3BEJICHHS, Yy3arallbHEHHS 1 aHami3y cTaTHCTHYHUX AaHuX. Kypc 3arampHOi Teopii
CTATHCTUKH ITOOYAOBAHMI BIATOBIIHO IO CTAIIM CTATHCTUYHOIO JTOCIIIKCHHS.

CouiajibHa CTaTHCTHKA — raly3b CTATUCTHUKH, SIKa BUBYAE KUIBKICHY 1 AKICHY
CTOPOHM MAaCOBUX CYCHUIBHUX SIBHII 1 TIPOLIECIB, IO BiAOYBaIOTHCS B COIIAIbHOMY
KUTTI, 1 po3podiise IHTerpoBaHy CHUCTEMY MOKa3HUKIB 3A1MCHEHHS COLlaJbHUX
MPOLIECIB 1 SIBUII.

ExoHoMIYHA CTATHCTHKA 5K Taly3b €IMHOI CTATUCTUYHOI HAYKH, CITUPAIOYHCH
Ha TIOJIOKEHHS 3arajibHOI TEOpli CTATUCTUKH, BUBYAE KUIBKICHY CTOPOHY MAaCOBHX
CYCIIJIBHUX SIBUII 1 MpoLEciB y cdepi MarepialbHOrO BHUPOOHMIITBA 3 METOIO
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BUSIBJICHHS TIPOTIOPIIM TEHACHIINH 1 3aKOHOMIPHOCTEH iX pO3BUTKY. TOOTO BOHaA
KUTBKICHO XapaKTEepPHU3Ye JIIF0 €KOHOMIYHUX 3aKOHIB, JOCIIJKYE 0OCST, CTPYKTYPY 1
JTMHAMIKY SIBUIL, ITOKa3y€ B3a€MO3AJIEKHOCTI EKOHOMIYHUX IMPOLIECIB 3 ypaxyBaHHSIM
KOHKPETHUX MPUPOJHMUX Ta ICTOPUYHUX YMOB PO3BUTKY CYCIIbCTBA.

Iany3eBi cTaTHCTUKM BUBYAIOTH MIOKA3HUKH MPOIIECY BUPOOHUIITBA B TATY3SIX
MaTepiaTbHOTO BUPOOHHIITBA (CLITLCHKOMY TOCIIOIAPCTBI, IPOMHUCIIOBOCTI), B Taly3sX,
i€ TIPOIOBXKYETHCS MPOIIEC BUPOOHUIITBA Y cepi 00iry (TOPTiBIIA, 3B'SI30K, TPAHCIIOPT
TOIIO); TTOKa3HUKHA POOOTH raimy3eil HeBUPOOHHUOI chepr (KUTIOBO-KOMYHATHLHOTO
TOCIIOIapCTBA, HAYKH, (P13UYHOT KYJIBTYPH 1 CIIOPTY TOIIIO).

OTxe, cii1 BU3HATH, 1[0 CTATUCTUKA y HAIIl Yac JIOTIOMarae HaM y BChbOMY, Ta 1
SK TIPEeIMET BOHA BIJIITPAE BAKIUBY POJIb.

Jliteparypa:
1. Bwuau cratuctuk Ta nousatTs. [arepHer pecypc: https://buklib.net/books/35935/
2. Mo rake craructuka? Iarepuer pecypc: https://studfile.net/preview/5921911/

B.C. Akosuyk

JIvsiscokuil OeporcasHuil yHisepcumem Oe3neKu HCUmmeoisibHOCmi

Hayxoeuii kepienuxk 0.0. Kapadun, kanouoam (izuko-mamemamuytux HayK, 00YeHm
Kagheopu npuKIaoHoi Mamemamury i MexaHixu.

30JI0TUM NEPETUH. CYYACHE BUKOPUCTAHHS

3 aBHIX 4YaciB JIIOJM HaMarajaucsl Mi3HATH CBIT 4Yepe3 MOUIYK T'apMOHIi 1
nockoHanocti. 3 4aciB Ilidaropa BBakanum rapMOHIMHUM MOJ11, B SKOMY MEHIIa
YaCTHHA BIIHOCHUTLCS 10 OUIBIIOI, IK OLIbIIA YaCTHHA BIAHOCUTHLCS 4O BCHOT'O ILI1JIOTO.
B enoxy Binpomkenns Jleonapao na Bindi Ha3BaB Takuii MO 30JI0TUM MIEPETHHOM,
a Jlyka Iladomi - GokecTBEHHOI mpomopiliero. Jleski cydacHi BYEHI BIEBHEHI, IO
HACTaB MOMEHT, KOJIM 30JIOTUI Tepepi3 MOBUHEH 3alHATH CBOE JIIUPYIOUE MICIlE B
€IUHIM Hayli MaiOyTHbOrO. BBakaeThbcs, M0 TOHSATTS MPO 30JIOTUH TEPETUH
3anpoBaguB Ilidarop. YTiM, icHye mpumnymieHss, mo Iliharop 3amo3uyuB 3HaHHS
30JI0TOTO TIEPETUHY Y ETUIITSH 1 BABUJIOHSH.

Inei ITidaropa y cBoOiX AOCHIKEHHSIX NPoAoBKUB [L1aToH. oro mamnor Timen
BHUCBITJIIOE MaTeMaTU4HI ¥ ecTeTHuHi nepekoHaHHs mkoiau Ilidaropa i, 30kpema,
MUTaHHS 30JI0TOTO TIEPETHHY.

B anTuuHiii mitepatypi, o AiiiIIa 10 HaC, 30JI0TUHM EPETHH BIIEpIIIe 3raAy€eThCs
B «Ilouatkax» EBkimiga — y 2-i KHM31 Ha€ThCs TeOMETpUYHA MOOYA0BA «30J0TOTO
nepetuny». [licnst Epkmina ioro BuByanu ['incuki (II ct. 1o H.e.) ta [Tamnm.

Y cepenHpOBIUHIA €Bpomi 13 «30JI0TUM IEPETHHOM» 3HAWOMIUIMCH 3a
apaOcbkumu  mepekiagamu  EBkimiga. CekpeTd «30JI0TOTO TMEPETUHY» PEBHO
oOepiranucs i Oy BiIOMI JIMILE YTAEMHUYECHUM.

B enoxy BimpomkeHHs iHTEpeC A0 30J0TOrO0 TEpepidy cepel YYEeHHX 1
XYJIOKHUKIB TTOCUJIUBCS, 30KpEMa, Y 3B'SI3Ky 3 WOTO 3aCTOCYBaHHSM, SIK Y T€OMETDIi,
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https://studfile.net/preview/5921911/
https://uk.wikipedia.org/wiki/%D0%9F%D1%96%D1%84%D0%B0%D0%B3%D0%BE%D1%80
https://uk.wikipedia.org/wiki/%D0%9F%D0%BB%D0%B0%D1%82%D0%BE%D0%BD
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https://uk.wikipedia.org/wiki/%D0%95%D0%BF%D0%BE%D1%85%D0%B0_%D0%B2%D1%96%D0%B4%D1%80%D0%BE%D0%B4%D0%B6%D0%B5%D0%BD%D0%BD%D1%8F

Mamemam UuKa, wo Hac omodye.: MuHyue, cyudcHe, .\IélLLl(j'lf’ﬂ'ZHE,‘

TaKk 1 B MHUCTENTBI, OCOOJMBO — B apXiTekTypl. Bemwky yBary iomy npuaiivB
Jleonapno na Binui. Came BiH JaB CITIIBBIJHOIIEHHIO HAa3BY «30JIOTUH Tepepisz»
(mat. Sectio aurea). 1509 poky y Benenii Oymo Bumano kuury Jlykm Ilagoi
«bokecTBeHHa MPOMOPITis» 3 OJIMCKy4Ye BUKOHAHUMU LTIOCTpalisiMy (BBaXKarOTh, 1110
ix 3po6uB Jleonapmo ma Binui). Hag Tumu x mpoOiemamu mpaioBaB ATbOpexT
Hiopep y HimeuuuHi.

I3 vacom mpo 30510THIT Iepepi3 Aeio 3a0ynu. 3HOBY HOTO «BIAKPHUBY HIMEIIBKHIA
nocmigauk Anonsd Lleisinr y cBoiit npami «Ecretnani gocmimkeHas» (1855 p.)

[lin «mpaBUIIOM 30J0TOr0 MEPETHHY» B apXITEKTypl Ta MHUCTELTBl 3a3BHYaii
PO3YMIIOTBCS KOMIIO3HMIII1, IO MICTATh MPONOPLIi, OJU3bKI J0 30JI0TOTO MEPETUHY.
[Ipo 30510THI MepeTHH 3ralyeEThCsl HE JIMILE B MATEMATHIIl, @ i B My3HUlll, MUCTEITBI,
apxiTekTypi (HaitgacTimie), 610J10T11 Ta MEUIIMHI.

JlronuHa cpuitMae MpeaMeTH, 10 ii OTOYYIOTh, 32 (OPMOI0. A IIKaBICTh J0
dbopmu OyJIb-IKOTO TIpeAMETY MOKe OyTH BHUKJIMKaHa a00 KUTTEBOIO HEOOX1THICTIO,
a00 x kpacoro hopmu. Popma, B OCHOBI IMOOYI0BH SKOI JIe)KaTh KOMOIHAIIISI CUMETPii
1 30J10TOT0 MIEPETUHY, CIIPUSIE HAMKPAIIIOMY 30pOBOMY CIIPUUHSTTIO 1 TTOSB1 BIAIYTTS
KpacH ¥ rapMoHii.

[{is1e 3aBKIM CKIIAAETHCS 13 YACTUH, YACTUHM PI3HOI BETMYMHU 1epeOyBatOTh Yy
MEBHOMY BIJIHOILIIEHHI OJWH JI0 OJHOTO ¥l 10 1ijioro. [TpuHIUMI 3070TOT0O NMEPETUHY —
BUILUU TTPOSIB CTPYKTYPHOT i (PYHKIIIOHATBHOI JOCKOHAJIOCTI LILJIOTO 1 HOTO YacTUH y
MHCTEIITBI, HAayIll, TEXHII i TPTPOIi.

Hanpuxkiami XIX — noyatky XX CT. 3’ IBHJIOCS YUAMATIO YUCTO (POPMATICTUUHUX
TEOP1il PO 3aCTOCYBAHHSI 30JI0TOTO MEPETUHY Y TBOPAX MUCTEUTBA M apXITEKTypH. 3
PO3BUTKOM JM3aliHy ¥ TEXHIYHOI €CTETUKU YMHHICTH 3aKOHY 30JI0TOr0 MEPETHHY
MOIIMpHUiIacs Ha KOHCTPYIOBAHHS MallIUH, MEOJIB 1 T.JI.

besnocepenHiM 4YMHOM 3 TPaBUJIIOM 30JI0TOTO TMEPETUHY TIOB'I3aHE 1M's
iTaniiicekoro matematuka Jleonapno ®@idonauui. B pe3ynbrari BUpieHHs: OAHOTO 13
3aBJaHb BUCHWM BHMIIIOB HA TOCIIIOBHICTh YHCEIN, BIIOMY Tenep sK psx DidoHauyi:
0,1,1,2,3,5,8,13,21,34,551T. 1.

Ha ToToXHICTh I11€1 TOCIIIIOBHOCTI 710 30J10TO1 MPOIOPITii 3BepHYB yBary Kermiep:
«BOHA BJIAIITOBAHA TAK, IO IBa MOJIOAIINX YWICHH I1€1 HECKIHYEHHOI MPOMOpIIii B CyMi
JAl0Th TPETIA 4jieH, a OyJb-sKi JBa OCTAHHIX YJIGHW, SIKIIO iX CKJIACTH, JAl0Th
HACTYMHUI YIEH, TPUYOMY Ta 5K MPOIOPIIis 30epiraeTbes 10 HECKIHYEHHOCTI». 3apa3
pan ®diboHauyi - 1e apupMeTUUYHA OCHOBA JJIsI PO3PAXYHKIB MPOIMOPIIN 30JI0TOTO
MIEPETUHY y BCIX roro MpOsIBaXx.
Jleonapnao na Bindi Takox 6araTo 4acy NpUCBSATHB BUBYEHHIO OCOOJIMBOCTEH 30J10TOTO
mepepidy, MBHMIC 33 BCE caMe HOMY HAIGKHTb i caM TepMiH. Moro MaiioHKH
CTEPEOMETPUYHOTO TiJIa, YTBOPEHOTO MPABUIBHUMU MATUKYTHUKAMH, JTOBOJSATH, 110
KOXXEH 3 OTPUMAaHUX NpPH PO3THHI MPSMOKYTHUKIB Jla€ CITIBBIIHOIICHHS CTOPIH B
30J10TOMY nepepisi.
3rof0M MPaBHUIIO 30JI0TOTO MEPETUHY MEPETBOPUIIOCS B aKaJIEMIUHY PYTHUHY, 1 TITBKH
dbimocodp Anmonnd Ileizunr B 1855 pori moBepHyB Homy apyre >KuTTs. Bin m0BiB
MIPOTIOPIIIT 30JI0TOT0 MEPETUHY S0 a0COJIIOTY, 3pOOUBIIH 1X YHIBEPCATBHUMU JIJIS1 BC1X
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VIl Beeykpaincovra konghepenyia Kypcanmie ma cmyoeHmia

SIBHIIl HABKOJIMIITHHOTO CBITY. BTiM, HOTO «MaTeMaTHYHA MPUPOIHICTHY BUKIMKAIA
0araTo KpUTHKH.

Jlitepatypa

1. T'pant Apakensa MatemaTuka u uctopus 301o0toro ceuenus. — Jloroc, 2014. — 404 c. ISBN
978-5-98704-663-0.

2. Crenik H. €. «I"apMoHist naBHbOErHNETCHKOI apxiTekTypu.» ['ipku: BI'CXA. 2009, 108 c.

3. Bikinenis. 3010THi IEpEeTHH.

K.E. Kpasuenko, P.I. Cmawkie

Hayionanvna akademis cyxonymuux siticok imeni cemomana llempa Cazaiioaunozo
Hayxosuii kepienuk O.C. [lempyuenxo, x.m.H., 0oyenm kagpeopu

[HOICEeHepHOT MeXaHIKu (030POEHHS MA MEXHIKU IHIHCEHEePHUX BILCHK)

MATEMATHKA - I1IE HE HYJIHO

«2020 pik B YkpaiHni orojyionmeHo PokoM MaTeMaTHUKH.»

Kosen, xTo x04e MaTu 3arpedyBaHy i BUCOKOOIIIauyBaHy podecito, MoB's13aHy 3
1HXUHIpUHTOM 4M [T, CTBOPEHHSIM UM aHAJI130M BEJTUKHUX JaHUX, XTO XOU€ HaBUUTHUCS
MUCIUTH  (HE3aJIe’)KHO B TOro, TyMaHiTapii BIH YW TEXHap), OyTH
KOHKYPEHTOCTIPOMOKHHUM, TeorpadiqHO yHIBEpCaTbHUM 1 peali3yBaTUCS B KHUTT1, —
MOBUHEH 3HATH MaTteMatuky. | Pik Marematukun — qo0pa Harojia moroBOPUTH MpO ii
MOMYJISIPU3AIII0 Ta TPO TE, K MEPETBOPUTH ILIEH MPEAMET 13 «IIPUMYCOBOTO» Ha
YIIO0ICHUI.

MareMaTrka Ma€ MAHYJIE, Cy9acHe Ta MaOyTHE.

"Bin [Nanines:, skuit Mir Ha3BaTH MIBUJIKICTb KYJIi, 110 KOTUTHCS JOHU3Y CXUJIOM, 1
110, HanpuKiIaa, 6030Ha Xirrca, iCHyBaHHS SIKOTO JJOBEIM MaTEeMAaTUYHUM IIJITXOM - JTO
TOTO, SIK BUSIBUWIM CaMy 4YacTKy, - LISl 3/IaTHICTh NependavyaTy ICHyBaHHS peyei, sKi
HIXTO HE 0auMB, 34A€THCSI MEHI IPUTOJIOMILIMBOK", - Hanucas Cepxio.

"[llo Take Maremaruka: MoOJIenb, oOmnuc, meradopa peanrbHOCTI - abo cama
pEaNbHICTH?

[1 minsTe Ha a0CTpakTHY (YUCTY) MAaTEeMATUKY 1€ T1 YACTUHH MaTEMaTUKH, SIKi 111e
HE 3HAWNUIM CBOTO MPHUKIAAHOTO 3acTtocyBaHHs. [IpocTtime kaxyum, abcTpakTHa
MaTeMaThka - II€ He TNpPUKIaJHa MaTeMaThka. XapaKTepPUCTUKAMH YHUCTHUX
MaTeMaTUYHUX T€OPiil € a0CTPaKTHICTh, CTPOTICTh Ta Kpaca.

YucTa MaTeMaTHKa HE HAMAraeThCsl OTPUMATH 3HAHHS TIPO CBIT, @ CTBOPIOE CBOI, 3
CXOKHMMH TIPaBUJIAMHM. 11 LIJUTIO € CKOpillle 3aJ0BOJIEHHS CAMOTr0 MaTeMaTHKa Bij
3aCTOCYBaHHS METOAY, Ta HOro Kpacu. C€IMHUM METOJaMH MAaTEMaTHKH 3BICHO
€ IeNyKIIis Ta ysiBa.

Bona omnepye o0'ektamu B igeasibHOMY (Bia ciioBa "izes") CBiTi, 3 BJIACHUMH
3aKOHAMM Ta HAJA€ IM JOBUIBHUX BIACTHUBOCTEH. IcTOpis mokasye 1o o01acTi YUCTOI
MaT€MaTUKH 3 YacOM CTalOTh MPHUKIATHUMHU, 1 CKOHCTPYHOBaHI aOCTPaKTHOIO
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Mamemamuxa , WO Hac omodye.: MuHyiie, cydacHe, ma i (7]’ MHE

MAaTEMaTHKOK OO0'€KTH, MOXYTh 3HAXOJWTH CBOE 3aCTOCYBaHHS B MOJEIIX
MPUKIIATHOT MAaTEMAaTUKH.

Hampuxiran Tak 0yio 3 TeOpi€ro 4rced, ska He Majia CBOTO 3aCTOCYBaHHs ax 110 20
CTOJIITTS, KOJIK 3'IBMJIaCh cydacHa Kpunrorpadis. Tak Oyio 3 yaciB apeBHbOI I 'perii,
Xoy4a ¥ TOJll MaTeMaTuKa BUKOPUCTOBYBAJIACh B apXiTeKTypi ¥ mitouncneHHi. [lutara
3 "[cTopii 3axigHoi dinocodii” beprpana Paccena:

«EBKJIi] 3HEBa)KaB MPAKTUYHY KOPUCHICTH SIKY BIPOBaKyBaB IlnatoH.
KaxyTp, 1110 0IMH y4eHb NPOCITYXaBIIU JOKA3H, 3alIUTaB, SIKYy KOPUCTh BiH
oTpuMae Bij BuB4YeHHs reometpii. Toi EBkiin mokimmkaB pada i ckazas: «Jlai
IOHAKYy MOHETY, OCKUIbKM BiH HEOJMIHHO TOBHHEH OTPUMYBATH BUTOAY 3
TOTO, 1110 BUBYa€». OJIHAK MPE3UPCTBO J0 MPAKTUKU BUSBUIIOCH IPArMaTUYHO
BUMpaBaanuM. HixTo He mpuIryckas 3a 4aciB rpeKiB, 1[0 BUBYCHHS KOHIYHUX
nepepi3iB  MpuHece sSIKy-HeOyabp KOpuUCTh: ane, HapemTi, B XVII
crouitti ["aninel BIAKPUB, IO CHAPSIN pyXaroThes 1o napabdosi, a Kemep -
10 IJIAHETH pyXaroTbed Mo enincax. HecmoaiBano Ta poOota, sIKy Ipeku
BUKOHAJIU 3 YUCTO1 JTF00O0BI 10 TeOpii, CTajia KJIt0UeM J0 BEJCHHS BIMHU 1 10
PO3BUTKY aCTPOHOMI1.»

MatemaTka HE € HYAHOI 1 HE ILIIKABOI HAyKOIO, MiJTBEPIKEHHSIM LIbOMY €
pekpearliiiHa MareMaTuka ab0 MaTeMaTU4yHE M03BULIS — 1€ 3arajibHUil TepMiH
JUISL 3aHATh, SKUMH 3aliMalOThCs 3 METOO LIKABOCTI, & HE JIJIsl HAYKOBO-IIPUKJIAIHOTO
npo¢eciiHOro 3acTOCYBaHHS; OJHAK peKpealiiiHa MaTeMaTHKa HE € BUKIOYHO
cheporo amaropiB. BoHa yacTo BKIIIOUYae MaTeMaTH4YHI TOJOBOJOMKH Ta IrpH, IO
4acTO MPUBAOIIIOE NITEH Ta JOPOCIHUX.

Haii0inpmi  BIZIOMUMHM  TE€MaMM  pEKpealiiiHoi MaTeMaTUKHM €  Marivi
KBaJpaTH, GpakTayiu, JOT14HI TOJIOBOJIOMKH Ta MaTeMaTUYHI IIaXOB1 3a/1aui.

k110 MaTeMaTUKy CKa3aTu CI0BO “‘(poKyc” — BIH CIEpIIy Mojaymae mpo (pokyc
eJsinca, napadou M rinepoosu (1€ creuiaibHl TOUYKH, SIKI BU3HAYaI0Th 11 QIirypH).

JUist BCiX 1HIIMX cjoBa ‘“‘mMaTemaTuka” 1 “(pokycu” B OJTHOMY pE€YEHHI MOXKYTb
3[1aBaTUCh JUBUHOIO — aJieé MaTEMATUKy TaKH MOXXHA 3aCTOCOBYBATH Y BCIX Tally3siX,
B TOMY YMCJII i B po3Barax. MarematnuHi OKyCH AyXke 3py4Hi JJIs TUTAYOrO CBATA,
HAyKOBOTO (pecTHBaIO, HE3BUYAMHOTO YPOKY — MOKHa OOIWTHCH 0€3 CKJIaJHOIO
obOnagHaHHs Ta cnienedexTiB. Ayne caM (OKYCHUK MMOBUHEH BMITH JO0OpE paxyBaTH B
rojioBi (>KOAHI He3BWYaWHI 3M10HOCTI HEMOTPiOH1) 1 3HATH KUIbKA MaTEMaTUYHHUX
MpaBUJI Ta 3aKOHOMIPHOCTEH — O3HAKH MOIHHOCTI, B TOMY uucii Ha 7 Ta 11, Kijbka
MPUHOMIB TIBUAKAX PO3PAXyHKIB Ta HECKJIAIHY TaOMWYKy JJiS BU3HAUCHHS [IHIB
THKHSL.

30BCiM TpoCTUM IUTAYUN (POKyC — mpocuMo 3arajgatd yucio Big 1 mo 20
(mo3HaunumMo yepes X), 1 ITOMHOXHUTH e YUCJIIO Ha 3.
['msgadi maroTs oTpumati 3x. [oTiM mpocumo gogatu 10 3x 24, MOAITUTHA OTPUMAaHUH
pe3yJabTar Ha 3 1 BIJTHSITH BIiJl HBOTO 3ayMaHe YUCJIO.
Temnep nerko BrajaTu, 110 OTpUMarOTh Tisaadi: (3x+24):3=8. Bragamm!

Tpouku cknagHimmit Gokyc — migidae 1 ayauTopli TPETbOKIACHUKIB 1 JJIs
nopocnux. [IpocuMo 3agyMatu TphOX3HAUYHE YHUCIIO — Take mob Apyra nudpa Oymna
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MEHIIIA 3a Mepuly, a TPeTs MEHIlIa 3a Apyry. AnreOpaiyHuil 3amuc Takoro 4ucia:
100a+10b+c.

3 3agymMaHOro 4HclIa BigHIMaemo “mnepeBepHyre” uymciao 100¢c +10b+a.
“IlepeBepTaemMo” pe3yiabTaT 1 JJOJAEMO HOTO J0 paHillle OTPUMAHOI PI3HUIIL.
A Ttenep “BrangyeMo” orpumany cymy — e 1089.

Hanpukiaz, HamM ymoBaM BIJIIOBIJAE 3aJyMaHe ynucio 432.

['msama4i BUKOHYIOTH oOuncienHs: 432-234=198
198+891 miiicno nopisuioe 1089. Ile nerko noBectn —
100a+10b+c — (100c +10b+a) = 100 (a-c) + c-a = 100(a-c-1) +90 +(10+c-a).

OTpuMaHMi pe3yJIbTaT 3aBXKIN

100(a-c-1) +90 +(10+c-a) mmoc mepeBepuyTe unciao 100(10+c-a) +90 +(a-c-1) =
= 900+180+9=1089.

/l. Kyxapcoka

JIvgiscokutl OepaicasHull yHisepcumem Oe3neku HCUmmeoisibHOCI

Hayxosuui kepisnux T.B. I'embapa, xanouoam mexuiuHux HAyK, OOYeHm, OOYEeHm
Kagheopu npuKIaoHoi Mamemamuxy i MexaHiku

HPOI'PAMYBAHHSA MATEMATHUYHHUX 3AJIAY MACOBOI'O
OBCJIYTOBYBYAHHS JJIsI OIHKU EBAKYAIIT

[Iporpamuuii maker cucremu GPSS opieHTOBaHMi Ha Kiac 00'€KTiB, MpOIIEC
GYHKIIOHYBAaHHS SIKUX MOXHAa TPEACTaBUTH Yy BUTIIAAI O€3iui CTaHIB 1 MPaBHII
nepexoay 3 OJHOTO CTaHy B 1HIIHWM, 1[0 BU3HAYAIOTHCS B JUCKPETHIA MPOCTOPOBO-
4yacoBiil 00J1acTi, a MPUKIaAaMH TaKMX OO'€KTIB € BUPOOHWYI 1 OOUYMCITIOBAIIBHI
CUCTEMH, KOMI'IOTEpHI  MeEpexki, CHUCTEeMU Tiepelayl MOBIIOMJIEHb TOMIO. 3
MaTEeMaTUYHOI TOYKHM 30pYy II€ BIJOMI 3a/Ja4i CUCTEM MAacOBOTO OOCIYroBYBaHHS, SIKi
4acTO aHAJITUYHO PO3BS 3aTH HEMOXKJIMBO. TOMY BaKJIIMBUM € CTBOPEHHS aJIeKBaTHOI
IMITaIIHOI MOJIeJIl TEXHOJIOTIYHOI CHCTeMH, HANpPUKIaJ B MPOrpaMHOMY MaKeTi
GPSS. 3a po3rasHyTOI0O METOIMKOIO MOXKHA BHPINIyBaTH MPOOJEMHI 3aBIaHHS
JKBIJALIl HACHIKIB HAJA3BUUYAMHUX CUTYaIllld, HAPUKIIA] — 4Yac JIKBIAAIIT MOXKEK,
€BaKyallito HaceJeHHs, JIKBIallli MOBeHEe! Ta 6araTo 1HIIUX.

PosrasiHeMo moeTanmHo iMiITalliHy MOJEIb €BaKyallli 13 CIOPYIu 3 MOKIJIMBUM
YTBOPEHHSM 4Yepr BIJMOBIAHO JIJIsl CKJIQICHOTO mporpamHoro koay (puc.l). 'otyemo
nporpamy A0 MojentoBaHHs 3a myHKToM MeHio "Command / Create simulation".
[lepernsn crany uepr 3aiicHioemo 3a "Window / Simulation / Queues window". Jlys
3amycky MojentoBanHs BukopuctoByeMo "Command / START", BeiBmm "START
1000. Ilpu upoMy 3amyCTHJIOCS MOJETIOBaHHS OOpPOOKHM THCSYlI TpaH3aKTIiB
(BimnmoBimae emakyariii tucsui mroneit). Ilin gac monemoBanns y BikHi "QUEUE
ENTITIES" BimoOpaxaeThcsi 1H(OpMaIls MPO TMOTOYHHM CTaH YEpPrd MOJEi
"STELLAJ" (tabn. 1). ¥V Bikai "PLOTS" BimoOpaxaetbcs rpadik 3MiHHM dHCIa
TpaH3akTiB B uep3i. Lle 103BosiE MPOCTEKUTH AUHAMIKY 3MIHU JIAaHOTO MapaMerpa,
BUSIBUTH MOMEHTHU TMEPEBAaHTAXEHb 1 T.J. 3HAYCHHS, SIK€ BiJOOPa)KEHO B CTOBIIII
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"Maximum Content" y Bikai "QUEUE ENTITIES", Bu3Hauae HeOOXigHY €MHICTh
cTenaxka (KUIbKICTh JroJed B ouikyBaHHI eBakyarii0. Y crommmi "Utilization"
(BIICOTOK BUKOPHCTaHHS) BiIOOpakaeThCs 3HAUCHHS, 10 BHU3HAYA€ YACTKy Yacy
(KoediIlieHT 3aBaHTAXKEHHS ), KOJIM €BaKyallliHUN BUX1J OYB 3ailHATHUMA. SIKIIO y BiKHI
"PLOTS" He BumHO A0CTaTHBO Tpadiku (SKI AMHAMIYHO 3MIHIOIOTHCS B 9aci), CIif
3MIHUTA MaciiTadyBaHHs, y "Max Value" 3HaueHHS 3MEHIIYEMO, 3‘SIBISETHCA
nonatkoBe BimmoBimHe BikHO "PLOTS". Taki nmii mokHa moBTOproBaTu (1o Oyio
30KpeMa 1 B HAIIOMY BHIAJKYy). 3alyCTUJIM TaKOX MOJIEITIOBAaHHS OOpOOKH, IJis
HAOYHOCTI poOoTH mporpamu, mgomatkoBo 500 i 10000 tpamzaktiB. Pe3ymbratn
noka3zaHo B Tabmumi 1, puc.l, 3ayBakuMo, IO TPEACTaBIIEHI JaHl JIaloTh Oarato
iH(opMalii npu eBakyallii, MAaKCUMaJIbHUNA PO3MIpP YTBOPEHOT UEPTH, PO3MIp Uepru Ha
eBaKyalllfHOMY BHMXOJl B JaHUI MOMEHT 4acy, 3py4HOI0 € Tpadiuna iHbopmarlis
BUHUKHEHHS Yepr Y 4aCcOBOMY Jl1ana3oHi Ta iH. "HynboBi Bxoau" — 03HaYa€e KIIbKICTh
€BaKyHOBaHUX, 110 YHUKHYJIW 4Yepru. Takuii 4UCENbHHUIM aHalli3 MOXKHA J0JIATKOBO
BUKOPHCTOBYBATH JJI OIIHKM €(PEKTUBHOCTI €BaKyallii JIo e 31 Copy.

TaGmum sz 1
QUEUE MAX | CONI | ENIE ENTE @ AVE. AVE. | AVE.(- EETR
Y Y CONT | TIME o) Y
(0
2 Homep  Maren | Joswoung Jasamns Kome  Cepednnr | Cpedni | Cpednili  Kinericn
43 abo MaTeHA | wpANS | R-cMR #HPTRO-  S0SMCU- i e E
§  HaESG  dosmu danudl | exodis SWLy WG wEpSu | owinysH | owirRysan  mipansan]
e D Hel DMOMER SXodiE -HA S HAS RS, 10
YEE ugpsi | wepd fe5  owik)yo
STy EH- E
HA CRELY M
# TR O- &
S0
axad is
0 STELLA 1 a 1004 893 0.007 0.150 1.404 0
I
1.1.1.
0 STELLA 1 ¥ 2000 17 0.008 0174 1.510) 0
I
112
0 STELLA 1 0 30040 2637 0.009 0.181 147¢ 0
I
113,
I STELLA 1 0 3500 3067 0.009 0.185 1.485 0
I
L14
W STELLA 1 0 13500 11848 0.008 0.177 1449 0
I
L1.5.
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ﬁ GPS5 World - Untitled Model 1.7.5im:5 - X
File Edit Search View Command Window Help

D@ 4|56 57w

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

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

BlsTeLLa 0 3500 3065 1
< >
o = | = = Y Untitled Model 1.1.5im - JOURMAL =B |
04411419 20:48:40 Reporting in Untitled Model 1.1.3 - REPORT -
Window.

04f11{19 20:50:55 START 500

04711119 20:50:55 Simulation in Progress.

04411419 20:52:01 The Simulation has ended. Clock is 73691.372108.
04411/19 20:52:01 Reporting in Untitled Model 1.1.4 - REPORT
Window,

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

QUEUE STELLAJ
SEIZE STANOK

DEPART STELLAT
ADVANCE 16.3

For Help, press F1 Report is Complete. Clock

~ tm 7z Q) YKP

11.04.2019

1O. Axyoosuu

JIvgiscokuti 0epaicasHull yHisepcumem Oe3neKu HUmmeoisibHOCHI

Hayxosuii kepisnux T.B. I'embapa, xanouoam mexiuHux HayK, OOyeHm, OOYEeHm
Kagheopu npuKiaoHoi Mmamemamuxy i MexaHiKu

MATEMATHUYHA OLIHKA 3A MATPUIISIMU ITAPHUX ITOPIBHAHDB
Y3AT'AJVIBHEHOI'O PAH’KYBAHHA 110 PAH)KYBAHHSAM EKCIIEPTIB

BaxxnuBoro 3amayero aJeKBaTHO! E€KCIEPTHOI OIIHKKM € MaTeMaTUYHHA aHaii3
y3araJlbHeHOTO PAHXKyBaHHS TO 1HAMBIAYaJbHUM paHXyBaHHSM excreptTiB. [l
MPOCTOTH PO3TISTHEMO CIIOYAaTKy BHUMAJOK OJIHIET O3HAKW TMOpPIBHSIHHS, KoxkHe
paH)KyBaHHS MOYKHA TOJIATH Y BUTJISAII MATPHII MAPHUX MTOPIBHIHB 3 €JIEMEHTAMHU, 1110
BU3HAYAIOTHCS 110 TPABIITY

1| npu Xig 2 X

s _ is — =—_. :— 1
Vi of npu x. <x, (s=1d;i,k =1,m) (1)

IIe Xis 1 Xks - PAHTH, SKI HAAIOTHCA S — M eKCepToM 1 — My 1 K — My 00’ ekram.
) y y
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SIkmio € d ekcrepTiB, TO KOXKHHUIA 3 HUX Ja€ CBOE PAH)KyBaHHS, SKOMY BiJIIIOBIIa€
MaTpHUILA MApHUX MOPiBHAHB. TakuM YHHOM, KUTBKICTh MATPHUIlh MAPHUX MOPIBHIHD
JIOPIBHIOE YKCITY €KCTIEPTIB.

BBenemo BigcTraHp (METPUKY) MK MATPUIIIMU TApHUX IOPIBHIOBAaHb, SKY
OyaeMo BUpaxoByBaTH 1o GOpMyJIi:

dsl = Z| yisk - yilk | (sl =1,_d) (2)

i,k=1

CyTb 1BOro BHpazye B TOMY, WO BIJCTaHb MDK MAaTPULSIMA TapHUX
MOpIBHIOBaHb BU3HAYAETHCS UYHMCIOM TOPO3PATHOI PO30IKHOCTI yCIX 3HAYEHb
€JIEMEHTIB MaTpHIll (Tak 3BaHa MeTpUKa XeMMiHra). BUKOpHCTOBYIOUH 11F0 MATPHIIIO,
BU3HAYAEMO Yy3arajbHEHE PaHXKyBaHHS SK TaKy MATPHUIIO MapHUX MOPIBHSHb, SKa
HalKpaliyM YUHOM Y3TOJIKY€ThCS 3 MATPULIIMU TAPHUX MOPIBHIHb, SIKI OTPUMYIOTHCS
3 paHKyBaHb eKkcrepTiB. [IOHATTS HaWKpaloro y3roJKEHHs Ha MPAKTHIl YacTille
yChOT'O BU3HAYAIOTh 5K Mediany . MemiaHa € Taka MaTpUIlsl MapHUX MOPIBHIOBAaHb,
CyMa BIJICTaHIB BiJI SIKOi JI0 YCIX MaTpHIlb MAapHUX IMOPIBHIOBaHb, OTPUMAHHUX
eKCIIepTaMu, € MiHIMaJIbHOIO

d m
| Yik lI= n;)iikn z Z| yisk — Yi | (3)

s=1i,k=1

JloBeneHo, 1o modyaoBa MaTPHUIll MAPHUX MOPIBHSIHB, sIKAa BIJIMOBITa€E MeIiaH1
3MIIMUCHIOETHCS. MO0 TPUHIIMITY TPOCTOI OIIBIIOCTI TOJOCIB €KCHEPTIB JJISi KOKHOTO
eseMeHTy MaTpuili. Lle BuTikae, B epiry 4epry 3 TOTO, 110 MOJYJIb PI3HHUII 3MIHHUX B
(3) nopiBHIOE a00 OAMHUII, A00 HYJIFO, TOMY MOJIYJIb Pi3HHMIII JOPIBHIOE KBaPaTy i€l
pizuuili. OmycKkarouu MpOMIXKHI BUKJIAJIKH, Y TIIICYMKY OTPUMYEMO HACTYyITHE:

) d m m d
min ZZ| yisk — Yi |: ”ﬁx Zyik (aik _E) (4)

vk ik i k=1

d
ne &, =Y Vi ,ad — KiIbKiCTb €KCIIEPTIB y IPyMi.
s=1

MakcumyM 10 3MIHHUM Yik, fIKI npuiiMaroTh 3HadueHHs (0,1 mocsiraeTbcst 1o
HaCTYITHOMY IIpaBHIIY:

1 npu a, > d
. ik =
Yik = 2 (5)

d
0 npu a, <E

Benuuunu ajx € KUIBKICTIO TOJIOCIB, TIOJJAHUX €KCIIEpTaMH 3a TIepeBary i — ro
00’ekty K — My 00’ekty. Tomy B y3arajibHEHIH MaTpwili MapHUX MOPIBHIOBaHb Y
BiJIIOBITHOCTI IO ONTHMAJIbHUX TMpaBwI pimreHHs (4) B iK — My eneMeHTI cTaBHThCS
onuHUI, T.T. mpuhiMaetbesa, Mo O;>0Oy, sKkmo OUTbIIEe TOJOBUHU EKCIIEPTIB
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BHCJIOBHJTUCS 32 II0 mepeBary. TakuM 4HMHOM, BCi €JIEMEHTH y3arajibHEHOI MaTpHIIi
MapHUX MOPIBHIOBaHb BU3HAYAIOTHCS 110 MPABUITY O1JIBIIOCTI TOJIOCIB.

Y  pO3rasHyTOMYy aIropuTMi MOOYJOBM y3arajlbHEHOI MAaTpHIll MapHUX
MOpIBHIOBaHb MOJKHa BpPaxyBaTH KOMIIETCHTHICTh EKCIEPTiB INUISIXOM BBEICHHS
KoeQiII€HTIB KOMICTEHTHOCTI Ks y criBBigHOImEeHH (3):

d m
Iyic s min > >k Vi = Vi | (6)

s=1i,k=1

BukoHyroun nepeTBOpeHHs, OTPUMYEMO HACTYITHE MPaBUIIO MOOYAOBH y3araibHEHOI
MaTpHlll TAPHUX TOPIBHIOBAHb, KOJHM BPAaXOBYIOTHCS KOEQIIIEHTH KOMIIETEHTHOCTI
excrepTiB Ks(s=1,d):

1 npu b, > 1
Yik = % (7)
0 npu b, < 5

Jie BEIMUUHHA Dix I[OpiBHIOIOTBZ
d
by = K.Y G,k =1m) (8)
s=1

Benuunna mopora B (8) mopiBHIOE Y2 00 BeNMYUHH Dik MOXHa po3rIsIaTH K
IMOBIPHICTB TOTO, IO 1 — i 00’€KT Ma€ mepeBary Haa K — M 00’ ekToMm.

[Ipu HasBHOCTI JEKUIBKOX CHUTYallli EKCIEePTH YIOPSJIKOBYIOTh 00 €KTH
(pieHHs) 4719 KOXKHOT CUTYyallii OKpeMo.

A.l Cenuw

JIvgiscokutl OepaicasHull yHisepcumem Oe3neKu HCUmmeoisibHOCI

Hayxosuii xepisnux O.E. Bacunveea, 0. m. H., npogecop Kagheopu npukiaonoi
Mamemamukru I MexamiKu

E®EKT AKOPYBAHHA YU AIPY/KBA 3 MATEMATHUKOLIO?

3BUYANHUIN KaJIBKYJISATOP MOYKE BUKOHYBATH MaTEMaTUYHI OOYHCIICHHS B THUCSUY
pasiB BipHIIIe, HDK JIOAWHA. A 4Yd 3HaeTe Bu, M0 JIOACBKHH MO30K 3JIaTHHUI
BukonyBatu 1016 onepartiit B cexkynny. 2KojeH koMn'toTep Ha Takuii 00csT poOOTH HE
3MaTHUN. AJie TIpU IbOMY JIFOJCHKUNA MO30K — BKpad HeHaAiiHuil mpuctpiii. Hamri
crioraau CyO'€KTHBHI, ypuBUYacTi 1 MiHIMBI. CpuiHATTS 1 00poOka iHhopmarlii mpo
HaBKOJIMIIHIO JIHCHICTh MalOTh Oe3lu ApiOHMX BHKPHUBIEHb BiJ CIPaBXHBOI
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naiicHOCTi. HeTOoYHOCTI 1 MOTpINIHOCTI B HAIIOMY CIPHHHATTI HA3UBaIOThCS
KOTHITUBHUMH BUKPUBJICHHAMU. OTXKE, pO3TIISTHEMO OAMH 13 KOTHITUBHUX BHUJIIB.

SAxopyBanHs a00 MpuUB'sa3Ka 4r (HOKYCyBaHHS — 1€ KOTHITUBHE YIIEPEIKCHHSI, SIKE
OMHKCY€ 3BUYAWHY CXWIBHICTH JIIOJACH TpPH TMPUHUHATTI pIllIEHb HAATO CHJIBHO
MOKJIAJATHCS Ha TIEPIITUH 3aIPOIIOHOBAHUH MIMATOK 1HMopMartii («sikip»). B mporeci
NPUIHATTS pillleHb, SKOPYBaHHS BIAOYBAa€ThCA, KOJM JIOJIMHA BUKOPHUCTOBYE
MOYaTKOBY 1H(GOpPMAII0 JJIsl MPUHUHATTS TOMANBIIMX pimieHb. OTpUMYIOUYHM HOBY
iH(opMalI1ito, MU CITIBBITHOCHUMO 11 3 B’K€ HAsIBHUMU JaHUMH. OCOOJIMBO 1€ CTOCYEThCS
YHUCEeN, 0T)KE — MATEMATHKH.

SxopyBaHHS Ta KOPUTYBAaHHS — II€ TICHXOJIOT1YHA €BPUCTHKA, 1110 BITUBAE HA TE,
K JIFOJU 1HTYITUBHO OIIHIOIOTH WMOBIpHOCTI. BiAMOBIHO 110 11i€1 €BPUCTUKH, JIFOAU
MOYHMHAIOTH 3 HESIBHO 3aIIPONIOHOBAHOIO M OPIEHTUPY («SIKOPS») Ta KOPUTYIOTh MO0
JI0 JIOCATHEHHS CBO€I OLIHKU. JIto[MHa MOYMHAE 3 Mepuioro HaOMMKeHHs (SKip), a
MOTIM pOOUTH MaJICHbKI KOPUTYBAHHS Ha OCHOBI JI0JIATKOBOI 1H(OpMaIrii.

['inote3y npo eBpUCTUKY SKOPYBaHHS Ta KOPUTYBaHHsI BIiepIie BUCYHYJU Eimoc
Tepceki Ta Jlenien Kaneman. Po3risiHemMo mnpukiian, Koiau 0e3 MaTeMaTHKd He
o01iiTuCh. B oHOMY 3 X mepimx A0CIiPKEeHb, YYaCHUKIB MOMPOCUIH, IPOTATOM 5
CEeKYyH/] TOMHOKUTH YKCJIa B1JI OJHOIO /10 BOCHMH, ajie B IBOX BapiaHTax: abo sk 1 X 2
x3x4x5x6x7x8,a00 00epHeHO 8 X 7X6X5x4x3x2x 1. OCKUIbKU B y4aCHUKIB
He OyJi0 yacy nopaxyBaTH MOBHY BIAMNOBIJb, BOHM OyJIM BUMYIIEHI HAJATH OI[IHKY
nicis AEKUTbKOX NEePIINX MHOXKEHb. Konu iX pe3ynbTaT iX MHOKEeHHs OyB MaiiuM (60
PS MOYMHABCS 3 MAJIUX YHCEI) — cepellHs OoliHKa Oyna 512; konu HaBnaku — 2 250
(ITpaBunbua BiamoBigr — 40 320).Pi3HOMaHITHI AOCHIIXKEHHS MOKa3ylOTh, IO
SKOPYBaHHS JTy>KE€ BaKKO YHUKHYTH.

IcHye 6ararto (hakToOpiB, K1 BIUIMBAIOTh Ha €PEKT IKOPYBAHHS:

Hacrpiii. 3HauHa KUIBKICTh TOCIHIJIKEHb BUSIBUJIA 3B’ 30K MI)K CYMHUM HaCTPOEM
Yy JEenpeci€ro 3 OUIbII MIMPOKOI Ta TOYHOKO OIIHKOK mpobieM. Yepes 1ie, paHHi
JOCIIIJIPKEHHSI BHCYBAJIM TEOPil0, IO JIIOJMHA 3 OUIBII JENPECHBHUM HACTPOEM
BUKOPHCTOBYBAaTUME SIKOPYBaHHS MEHIIE, HIK OUIbII 3amoBoJieHi moau. OgHak
OCTaHHI JIOCIII/DKEHHSI BKAa3yIOTh Ha MPOTWICKHUA €(DEKT: CyMHI JIIOJIU 3 OLIbUL00
WMOBIPHICTIO BUKOPHUCTAIOTh SIKOPYBAHHS, HIXK JIFOJU 31 MACTUBUM a00 HEUTpaTbHUM
HACTPOEM.

HocBin. Panni gocmipkeHHST BCTAaHOBWJIM, IO €KCHEpTH (JTIOIU 31 3HAYHUMU
3HaHHSMH, TOCB1IOM a00 crieliadIbHUMH 3HaHHSMH B MEBHIM ray31) YNHIIN OLTbIINN
CynpoTuB edekty skopyBaHHsA. OaHaK, 4YHCJICHHI HACTyMHI JOCIIIKEHHS
MPOJIEMOHCTPYBAJIH, 1110 X04a JOCBIJ MOXE JIEKOJIU 3HU3UTH €(PEKT, HABITh EKCIIEPTH
NIAAI0ThCA SKOpYBaHHIO. [IUTaHHS 3aiMIIaeTbes BIAKPUTUM. AJi€ YUM TIUOIIMMHU
OyoyThb MaTeMaTHU4HI 3HAHHS, THUM IMOBIpHIIIE, IO €(EeKT SKOpYBaHHA MOXKHA
MIHIMI3yBaTH.
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Ocobucrictb. JlocmipkeHHS BKa3ald HAa KOPEIAIIIO BIUIMBY SKOPYBaHHS 3
OUTBIIICTIO 3 M'ATH BEJIUKUX PUC 0COOUCTOCTI. JIF0 11 3 BUCOKOIO TOOPO3UWIMBICTIO Ta
CYMIIIHHICTIO 3 OUIBIIIOK0 WMOBIPHICTIO MIAIOTHCS BIUIMBY SKOPYBaHHS, a BUPaXeH1
EKCTpaBepPTH — MeEHIIIe. [HIIe JOCIIKEHHS MToKa3aJio, 10 OIBII BIIKPHUTI 10 HOBOT'O
JOCBI Ty OUTBIIE T IaI0ThCS SKOPYBaHHIO. Le nuire prucu xapakTepy Ta MCUXO0JIOT14HI
MOPTPETH, ajie BApTO BPAaXOBYBATH IHTEJIEKT Ta BIAMOBIMHO (PyHIaMEHTAIbHI 3HAHHS
MPUKJIATHUX Ta TEXHIYHUX HaAYK.

BucHoBkn

BB BUTIAAKOBUX TPHB’SI30K-IKOPIB 0AaraTo 9oro MOSICHIOE MPO BiTHOIICHHS
MDK gBoMa cucteMaMu. EdexT skopyBaHHS 3aBXIHW JOCHTIDKYBAIM HA TPUKIAIL
3aB/aHb 13 (OPMYBAHHS CYJIXKEHb 1 3/IIIICHEHHSI BUOOpY, 5Kl BUKoHye CucTtema 2, 1110
MpaIftoe 3 YUCIAMH, a OTKE 3 MATEeMaTHKOIO, BUTATHYTUMU 3 am’a1i Cuctemoro 1
MHUMOBOJII ¥ aBTOMaTU4HO. TakuMm ynHOM, CrucTema 2 CXWiIbHA ITi/1JIaBaTUCS BILUIUBY
MPUB’S30K, SIK1 MOJETIIYIOTh BIIHAXO/KEHHS Oynb-sKkoi iHpopmailii B mam’arti. 1o
toro x Cucrema 2 HE KOHTPOJIIOE I[LOTO. AJie MU Temep 3HAEMO, IO CHUCTEeMa
MOBIJILHOTO MUCJICHHSI 1 MaTeMaTHKa «ClaMChK1 OJTU3HIOKI.

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

JIvgiscokuti 0epoicasHull yHisepcumem 6e3neKu HeummeOoisibHOCmi
Hayxosuii kepienux O.FQ. Umup, xanouoam gizuxko-mamemamuyHux HayK, 00YeHm

PO3B’SI3AHHS 3AJTAYI ITPO PAJIOAKTABHUM PO3IIAJ

VY pizHux chepax MiSUTBHOCTI JIOJMHUA BUHHUKAE 0arato 3ajady, siki OMUCYIOThCS
PIBHSHHSIMHU, 110 MICTATh MOX1AHI (yHKIiH. [le Tak 3Bani qudepeHiiaabHl pIBHSIHHS.
[Tpunyctumo BinOyBaeTbCs NEAKUM Tpoliec Hanpukian, (isuuHuil, ximiuauid. Hac
I[IKaBUTh NI€BHA (DYHKIIIOHAJIbHA XapaKTePUCTHKA JIAHOTO TIPOLIECY, TOOTO 3aJIEKHICTh
Bl 4Yacy, TeMmIepaTypu Tija, II0 OXOJOJKYEThCS a00 KUIBKOCTI PEYOBUH, SKi
YTBOPIOIOTHCA B pe3yJIbTaTi XIMIYHOI peakiii. SKiio noBHa iH(popMalis Ipo XiJl [bOro
MpoLIECYy € JOCTAaTHBOIO, TO MOKHA CIpoOyBaTH MOOYAyBaTH HOro mMaTeMaTH4HY
MozieNlb. Y 0ararbox BHUIIJKaX TaKOW MOJEU0 Oyae audepeHiiaabHe PIBHSHHSA,
OJIHUM 13 PO3B’SI3KIB SIKOTO 1 € IIyKaHa (PyHKI[10HATbHA 3aJI€KHICTb.

Po3rnsiHeMo 3aauy mpo po3naj paaioaKTUBHOI pEYOBUHHU.

108


https://uk.wikipedia.org/wiki/%D0%92%D0%B5%D0%BB%D0%B8%D0%BA%D0%B0_%D0%BF%27%D1%8F%D1%82%D1%96%D1%80%D0%BA%D0%B0_(%D0%BF%D1%81%D0%B8%D1%85%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F)
https://uk.wikipedia.org/wiki/
http://iqholding.com.ua/
https://belziuk.com/

Mame.uammca, wio Hac omouye: Murnyue, cyidche, .\ILILLIG\"/HHET

3aoaua. 1lIBuakicTe po3maay pajaito MPsSMO MPOMopliiiHa HasBHIA HOro maci.
BusHauuTu, sSIKUii BiICOTOK MacH pajiito po3naaerbes uyepe3 200 pokiB, SKIO BiIOMO,
o mepioa miBpo3maay pajiro (mepiog dYacy, 3a SKOTo pO3MafeThCs TMOJIOBUHA
ICHYIOUOi MacH pajiifo) cTaHOBUTH 1590 pokiB.

CkiazeMo MaTeMaTHYHy MOJIEIb Ta 3HaIeMO pO3B 30K 3a/1a4i.

Bimomo, 110 MmBHUAKICTE pO3Maay pajiil0 BUMIPIOETHCS HOTO KIJIBKICTIO, sSKa
posmanacs 3a oquHHMIEo yacy. Hexait m = m(t) — maca pazito B MoMeHT yacy t. 3a manmii

npomizxok gacy Al , xinexicTs paiio, sika posmanacs pisaa K-M-At, ne k— xoedirient

npornopiiiHocTi. Llg KinbKicTh, sika OepeTbcs 13 3HAKOM “ — 7, Tak SK Maca
3MEHIIYeThCA, A0PiBHIOE TpUpocTy MacH 3a yac Al To6To
Am=-K-m-At. (1)

[oxinuBimm 06usi yactuay pisHocTi (1) Ha Al Ta nepefimonmm 1o rparnmi npn
At—0, opmepxumo 1udepeHuianbHE — PIiBHSAHHA — HEPIIOr0  MOPSAAKY 3
B1JIOKPEMJTIOBAHUMH 3MIHHUMH

dm
dt

BinokpeMuBIIM 3MiHHI, OPUXOAMUMO JO JU(EpPEHUIATBLHOTO pPIBHSIHHS 3
BIJIOKPEMJICHUMU 3MIHHUMU

—k -m

am_ .4t )
m
[IpoiHTerpyemMo JiBy Ta MpaBy YaCTUHU PiBHIHHA (2). Matumemo
Inm=-k-t+InC.

BHKOpHUCTOBYIOUM OCHOBHI BJIACTMBOCTI JIOrapu(MiB, MICHS MOTEHIIIOBaHHS,
OJIEPXKYEMO TaKy 3aJICKHICTh

m=C.e ™. (3)
Hexaii B o4aTKOBUIi MOMeHT yacy [ = 0 maca PaJl0aKTUBHOT PEUOBUHU OyIia
BiZoMa 1 cTaHoBMIa M, . [loyaTkoBa yMoBa MaTuMe BUTTISAL
m(0) =m,.
[TizcTaBnsitoun MOYaTKOBY YMOBY Y PiBHICTS (3), MAaTUMEMO
k-0
m,=Ce™",
3BigcH C =m,.
TakuM YMHOM, 3QJIEKHICTh MacH PaJilOaKTUBHOI PEYOBUHU BIJl 4acy MaTHUMeE

Burjsi (puc. 1)

m=m,-e*". (4)
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m1~

Mo

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

VY Bupasi (4) 3aauIraeThCcs HeBLIOMUM KoedilieHT K. 3 yMOBH 3a1a4i BiJIoMO, 1110
Mepioj 4Yacy, 3a SIKOro pO3MaeThCsl IMOJOBHMHA ICHYIOUOiI MAacH pajiil0 CTAaHOBUTH
T = 1590 pokiB. OTxe, TOBUHHA BUKOHYBaTUCh YMOBa

m(1590) = % |

TOOTO

m, -
0 —mge 1590k
2

abo
1590k =—In2, k ~0,00044.
TakuMm 4MHOM, IITyKaHa 3aJIeKHICTh
m(t)=m,-e
KinbkicTe panito, sskuid He po3naaerbes yepes 200 pokiB
m(200) =m, -e > =m .e** =0,915m,.
OTtxe, uepe3 200 pokiB po3naaeThes auie 8,5 % pajiro.

-0,00044

Jliteparypa
1. Camoiinenxo A.M., Kpusowes C.A., Ilepecmiok M.O. [ludepeHuianbHi piBHSIHHA Y NPUKIATax i
3amadax. — K.: Buma mkoma, 1994. — 455 c.
2. Pyoascoxuii FO.K., Kanentox I11., Tayiti P.M. ma in. 36ipHuUK 337124 3 Au¢epeHiiaTbHIX PiBHSIHb:
Hagu. nmoci6bnuk. — JI. Bua. HanionansHoro yHiBepcutety “JIbBiBchbKka nositexHika”, 2001. — 244 c.
3. I'epacumuyyx B.C. Buma matemaruka. [ToBauii kypc y npuknagax i 3aaadax / B.C. 'epacumuyk,
I'.C. Bacunwsuenko, B.1. Kpasmos // HaBu. noci6. — K.: Kauru Ykpaiau JIT, 2009. — 578 c.
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M.A. Illynvocenxo

Xepconcokuul HayioHAIbHUU MEXHIYHUU YHIgepcumem

Hayxosuui kepienux H.B. Cmapyn, kanouoam mexuHiuHux HayK, 0oyeHm, npoghecop
Kageopu suwoi mamemamuky i MamemamuiHo20 MOOeI08AHHS.

IMPOBJEMH KOHCTPYKTHUBHOI TEOPIi IEPETBOPEHb 3BUUAMHNX
JANO®EPEHIIAJIBHUX PIBHSAHD

OpauM 13 e(eKTUBHUX CIOCOOIB PO3B’sA3aHHS AU(EPEHIIaTbHIUX PIBHIHDb €
3BEJICHHS JOCIiKYBAHOTO PiBHSIHHS JI0 BUTJISALY 1HIIIOTO PiBHSHHS, PO3B’ 30K SKOTO
€ BigoMuM. I[lepiie mnepeTBOPEeHHs 3allpOIIOHOBAHO HIMEUBKUM MAaTEMaTUKOM
E.E. Kymmepom y 1834 p st 3BMUaiHUX OJHOPIHUX AUQEPEHIIATbHUX PIBHSHb
apyroro nopsaaky [1]. Bid po3risiaB nepeTBOPEHHS PiBHSIHD BUIY:

d’ d
—5 Y(X)+p(x)-—=y(x) +a(x)- y(x) =0 (1)
dx dx
d’ d 2
FY(Z)+P(z)-d—Y(z)+Q(z)-Y(z):O )
Z z

3a JJOIIOMOTOI0 I1JICTAHOBOK:

z=2(x), Y(2) =m(x)y(x). 3)
JUISL 3HAXOJDKEHHST KOHKPETHHUX BHpAa3iB MIACTAHOBOK (3) HEOOXIAHO pO3B’s3aTH
HeNHIMHEe AudepeHIiianbHe pIBHIHHS TPETHOTO MOPSAKY:

g 2 Y _ d
2. -3 —Z— X =0
dz - dx’ 2 (dzdx Z(X)] dx? 2+ ’

ne Z 1 X — GyHKII1 3MiHHUX Z 1 X, 5IKi 3anexath Bij koedimientiB P 1 Q piBasHHS (2) Ta
koedirmieHTiB P 1 g piBHsHHA (1).

VY 1837 p ¢pannyspkuit marematuk Koszed JlyBULIb TOBIB MOMIIMBICTH
MPEACTABICHHS 3BUYAWHOTO JIHIMHOTO JU(EPEHINAIBHOTO PIBHSIHHS JAPYTroro
MOPSKY:

d? d 4
L0+ P Y0+ @0+ 2r(0)-y () =0 @
y BUTJIAJII HOPMAJIbHOI (DOPMHU, sIKA TENEP HOCUTH HOTO 1M ’S1:
d 2
L) (1ol n(e)=0, ®

1e A — mapamerp.
[Tepexin Big piBHAHHS (4) M0 piBHAHHS (5) 3MIMCHIOETHCS 32 JOTIOMOTORO
T1JICTAHOBOK:

1E)=P00y0), £=[Jr@at, ©0)=4r() ~exp[§ | p(t)dtJ ,

e p(x)eCt, q(x)eC, r(x)eC?, r(x)>0.
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Y poborax pociiickkoro matematuka JI.M. Bepkopuua [3], mouuHaroum 3
1960-x pokiB, TOCTIHKYIOTHCS MMUTAaHHS MOXKIIUBOCTI (pakTopu3arii 1udepeHIiiaTbHIX
orneparopiB. 30kpeMa, B poboti [4] moBemeHo, mo A Toro, moO piBHAHHS (6)
MIPUBECTH JI0 BUTJISATY piBHAHHSA (7):

2
L0080 y09+2,(0-Y(9 =0, ©)
2
%z(t)+bl(t)-%z(t)+bo(t)-z(t) =0, (7)
ne a (x),b (x)eck, k=0;1,
3a JOMIOMOTOI0 MiJICTAHOBKHU:
z=v"(x)-y(x), dt =u(x)dx,
zie u(x),v(x) C*, u(x)-v(x) =0,
HEOOX1/THO 1 IOCTATHBO, II00 BUKOHYBAJIUCS CIiBBIAHOIICHHS:
{ —20'v ™t —u'u +b(t)-u=a,(x);
I / 2 ) (8)
v +a,(x)v" +a,(X)v—by(t)-u‘v=0.

JUist okpeMux BUNAAKIB 3HayeHb KoediuieHTiB &,(Xx)=0; b (t)=0; by(t) =Const
IIpU pO3Bsi3aHHI cucTeMu (8) orpuMytoTh piBHsIHHS B.I1. €pmakoBa, sike HUM BriepIie
nociimxeHo B 1880 p mig uac #oro pob6oru B IMmeparopcbkomy KuiBcbkomy
yHiBepcuteTi CBsatoro Boioaumupa (aunai KHY im. T.I. IlleBuenka) [5]:

V" +a,(x)v—b,-v?=0.

Y 1950 p E. IliHHI He3ale)HO JOCIIIUB BIACTHUBOCTI LIOTO PIBHSHHSA, HE
3HAIOYH PO PE3yJIbTATH CBOTO Morepeanuka [6].

Takum 4uHOM, IJI1 TOTO, MO0 3HAWTH BUpPA3U 3aMiH, SKI BUKOPHCTOBYIOTHCS
MIPU TIPUBEJICHHI OJHOTO 3BUYAHOTO AU(EPEHIIATHFHOTO PIBHSIHHS JI0 1HIIIOTO, HABITh
B JIIHIHHOMY BHITaJIKy, TOTPIOHO PO3B’sA3aTH HEIIHIMHE 3BUYaiiHE nudepeHiiaibae
piBHSHHS. SIK BiIOMO, OTpUMATU aHATITUYHHUIA PO3B’S30K TAKOTO PIBHSIHHS MOKHA B
Jy’Ke 0OMEXEH1H KUIBKOCTI BUMAKIB.

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. ®akTopuzamuss u npeoOpazoBanus AuddepeHInanTbHbIX
ypaBHeHnl. Metonbl u npunoxenus. Mocksa: HULL «Perynsapnas u xaotnueckas
nuHaMmukay, 2002. 464 c.
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9. bepkoBuu JIL.M. O mnpeobpazoBanun auddepeHInalIbHBIX ypaBHEHUM THITA
[Itypma-JInyBuiiga. OyHKIIMOHATIBHBIA aHAIU3 U ero npuioxkenus. 1982. T. 16.
Beoim. 3. C. 42-44,

10.EpmaxoB B.I1. [Iuddepenunanbupie ypaBHEHUS BTOPOro MOpsaKa. Y CIOBUS
MHTETPUPYEMOCTH B KOHEUYHOM Buie. YHusepcumemckue uszsecmus. Kues, 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

Hayionanvnuti nicomexuiunuti ynigepcumem Yxpainu

Hayxosuui kepienux H.I1. IIpoyax, 0okmop ¢hizuxo mamemamuyHux Hayxk, 0oyexm,
3asidysay Kagheopu mamemamuxu i i3uKu

TPUKYTHUK PEJIO: BJJACTUBOCTI TA 3ACTOCYBAHHA

TpukyTHuk Peno € HalTIpOoCTIIIO Micis KoJjia PIryporo cTajioi IUPUHHU.

\\_///

[le mimocka omykia reomMeTrpuuHa @irypa, sika YTBOPIOETbCA NEPETHHOM TPbOX
OJIHAaKOBHX K1 pajiiyca a 3 IeHTpaMH, PO3MIIIEHUMH Y BEpUIMHAX PIBHOCTOPOHHBOTO
TPUKYTHHUKA 31 CTOPOHOIO &. Ynco 8 Ha3WBarOTh MIMPUHOKO OTPUMAHOI Dirypu.

[ToGynoBa TpukyTHHKa Peno 3a 10moMOTor0 0JHOTO JIHUIIE UPKYJIIS 3BOUTHCS
JI0 TTOCJI1JOBHOTO MIPOBEACHHS TPhOX PIBHUX KiJ1. LIeHTp mepioro kojia MoxkHa 00paTu
JIOBUIBHO, IIEHTPOM JPYroTro — MOXe OyTH Oy/b-sKa TOYKa MEPIIOTO KoJia, a [IECHTPOM
TPETHOr0 — OYJb-Ka 3 IBOX TOUOK MEPETUHY MEPIIUX JBOX KIJI.

TpukytHuk Peno mae HacTynHi e1acmugocmi ma xapaxmepucmuxu.

. 3 ycix (iryp cTanoi MIMPHHHM JIHIIE TPUKYTHUK Pesio | K010 MaroTh HCHTPaIbHY
CUMETPIIO.
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*  TpukytHuk Peno mae HaiiMeHITy oy cepes ycix ¢iryp craioi HIMpUHU a.

*  Yepe3 KOXHY BEpIIMHY TPUKYTHHKA Peno, Ha BiAMIHY BijJ IHIIUX KOO
TPaHUYHHUX TOYOK, IPOXOJUTH HE OJJHA OTIOPHA MpsIMa, @ HECKIHYEHHA MHOKHHA
OMOpHUX TpsAMuX. KyT MK KpailHIMH MPSIMUMHU IILOTO «ITyYKa» HA3HBAETHCSA
KyTOM Oi1s1 BEpIIMHHM, € HAaWMEHIIUM cepel ycix (iryp cTajioi HIHMpUHHU 1
nopiBHIO€E 120°.

" [1;moma TpukyTHHKa Peno: S = %(71' —+/3)a?
= [Tepumerp: p=rma
. Paniyc Bonucanoro kosa: r= (1— %)a
n Pam R a
aZlyC OMKHCAHOTO KOJa: =—7=
Y V3

TpukyTHuk Peno 3HAWIIOB CBO€ 3aCTOCYBaHHS Yy OaraThboX MPHUKIATHUX
po3poOkax. Jleski 3 HUX HaBeIeMO HIDKYE.

B kinni 1940-x @.I'. Bankens npuaymMaB cXxeMy JBUTYHa Oe3 KOJIHYATOTO Bajia
— MpUIIAy KU epEeTBOPIOE MOCTYNAIBHUNA PyX MOPUIHIB B 00EpTaHHS BaJly MOTOpA.
B iioro nBuryHi, sSskuii Ha3Bajau pOTOPHHUM, HEMa€ HMIIHAPIB. TiM0 110 Ha3UBa€THCA
pOTOpOM IIpH 00EpTaHHI MOCTIHHO TOPKAETHCS CTIHOK KaMEpH JABUTYHA, PO3JLISIOUN
poOoumii mpocTip Ha Tpu YacTHHU. B nBUryH1 Bankens poTop B nepepi3i — TPUKYTHUK
Peno.

Caepiio 3 nepepizoM y (opmi TpUKyTHHKA Peno 1 pikydyuMu KpOMKamH, IO
30iraroThCs 3 MOr0 BEpUIMHAMH, JI03BOJISIE OTPUMYBATH MaiKe KBaJIpaTHI OTBOPH 3
OpSIMUMH CTOPOHAMH, ajie 3aKpyrieHMMu Kytamu. OmHak mpu oOepTaHHI TaKoro
CBEpJIa MOro HEeHTp He OyJie 3ajHuIaTuCs Ha MICl, K 1€ BIIOYBAa€ThCS Y BUIAJIKY
TpaJAMIIIHUX CIipaJbHUX CBepjen, a OyJe ONucyBaTh KPHUBY, IO CKIANAETHCS 3
YOTUPBOX Iyr eininciB. ToMy MaTpoH, B SIKOMY 3aTHCHYTE CBEpJJIO, HE MOBHHEH
NEPELIKOKATH LIboMy pyXy. JlaHe cBepasio 1 maTpoH A0 HHOTO 3amareHTyBaB ['appi
VYarrc B 1917 porti.

TpukytHuk Peno BHKOPHCTOBYETBbCS B KYJAQUKOBHUX MeEXaHI3MaxX HIBEHHHUX
MAalIUH JUIs 3Ur3arono1i0Ho1 CTpoUYKH. SIK Ky1auoK TpPUKYTHUK Pesio BUKOpUCTOBYIOTh
1 HiMeIbKi ToauHHUKapi Manydaktypu A.Lange & Sohne B MexaHi3max HapydHUX
roguHHKKIB «Lange 31».

Panimie TpukyTHUK Peno BUKOpHCTOBYBaBCS B IpelepHOMY MeXaHi3Ml B
KIHOTIPOEKTOPAX.
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Hlymux O.

JIvsiscokutl OeporcasHuil yHisepcumem de3neku HCUmmeoisibHOCMi

Hayxosuii kepisnux 0.0. Kapabun, kanouoam ¢hizuxo-mamemamuyrHux HayK, 00YeHm
Kagheopu npukiaoHoi mamemamuxy i MexamiKu

DOPAKTAJI - KPACA MATEMATHUKU

VY momryky HOBOTo 300pakeHHs, TOTO, IO MU Iie He Oauymau Ha Oir-Oopaax,
pekiamax Ta (raepax, mporpamicTu, AU3aitHepH, CydacH1 Xy 10KHUKH 3BEPHYIIHCH JI0
MaTEeMaTHKH, BIIKPUBIIHU 71 ceOe Ta CBITY (PpakTanpHy rpadikor, KOTPY MIHAPOKO
BUKOPUCTOBYIOTb.

Man.1.®pakTanbHi MaTIOHKHA

CknanHe Ta He 3po3yMmisie, Ha NEPIINK Mo, NoHATTA. Ppakran 1 ppakTaibHa
TeOMeTpis, K1 3’ sBriIMCA B KiHL1 70-X, 3 cepearHu 80-X pp., MILIHO YBIMIIUIN Y BXKUTOK
MaTeMaTuKiB 1 mporpamicTiB. CiaoBo (ppakran yTBopeHe BiJl JaTHHCbKOTO fractus i B
nepeKsIaal 03Havae "ToH, 10 CKIaaaeThes 3 pparmMenTi". Bono Oyiio 3ampomnoHoBaHe
benya MannensOpotom B 1975 pori i TO3HAYEHHS HEPETYISPHUX, IIPOTE
c1abonoIIOHUX CTPYKTYp, SKMMHU BiH 3aiimaBcsa. HaliBimomimumu ¢dpakTaabHUMU
00’€KTaMU € JiepeBa: BiJl KOXKHOT T'UIKH BIAXOATh MEHII, CX0X1 Ha HEl, BII HUX - III¢
MeHmn. KpiM nepeB, ¢pakTaJbHUMHU BJIACTUBOCTSAMH BOJIOAIIOTH Oarato 00'€KTiB
KUBOI 1 HEXHMBOI MpUpoau (Kopa AepeB, IBITHA KamycTa, XMapu, CHDKHUHKA, 3a
bpakTalbHUMU aJITOPUTMAaMH POCTYTh KpHUCTAJM Ta POCIUHM). BiacTuBicTh
dbpakTtanbHOI rpadikd - MOACIIOBATH 00pa3y KUBOI MPUPOAN OOUYUCIEHHS - 4acTO
BUKOPUCTOBYIOTh  JJIS ~ aBTOMAaTW4YHOI  TeHepalii HE3BHYHHUX  UTFOCTpAIIiil.
Haiinpocrimum QpaktaibHUM 00'€KTOM € (PpaKkTaIbHUN TPUKYTHUK.
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Vo VR

Mai.2 ®pakraabHi TPUKYTHUKH.

OpaktanbHa Tpadika Oepe CBIM moYaTOK 3 (pakTaIbHOI T'eOMETii.
Hapomxenns dpakragbHOI TeoMeTpii NPUUHATO TOB'SI3yBaTH 3 BUX0A0M B 1977 porri
kauru Mannensopota «The Fractal Geometry of Nature». ®@pakTanoM Ha3uBaeTbCs
CTPYKTYpa, 10 CKJIAIAE€ThCS 3 YaCTHH, KOTP1 moAiOH1 10 mioro. CamMonoai0HICTh —
OJIHAa 3 OCHOBHUX BiiacTUBOCTEN (pakTaiiB. O0'€KT Ha3UBAIOTh CAMOIIOAIOHUM, KOJIH
30UJIbIIIEH] YaCTUHU 00'€KTY CXOKI Ha caMm O0'€KT 1 oAuH 10 oAHOoro. dpaxraabHa
rpadika, sk 1 BEKTOpHA, 3aCHOBaHA HA MaTeMaTUYHUX oOuuciaeHHsX. OnHaK 6a30BUM
CJIEMEHTOM € MaTeMaTH4Ha (opmyla, HiKMX 00'€KTIB y mam'sTi KOMI'toTepa He
30epira€TbCsi 1 300pakeHHsI OyAyeThCS BHUKIIOYHO 3a piBHAHHSIMH. DpakranbHa
rpadika MICTUTBCA Yy TaKeTax JJId HAyKOBOI Bi3yamizamii Juisi MOOYIOBU SIK
HAWIPOCTIINX CTPYKTYp, TaK 1 CKIAJAHMX UIOCTpaliid, IO IMITYIOTh MPUPOJIHI
IpoLIECH Ta TPUBUMIPHI 00'€eKTH. ICHYIOTH Taki BUIM (PpaKTaliB: r€OMETPHUYHI,
anreOpaiuHi, croxactuuHi. [1o0ynoBa (pakTaibHOTO MalOHKa MOXE BIIOYyBaTUCS 3a
JESKUM aJITOPUTMOM a00 IUIIXOM aBTOMAaTUYHOT reHeparlii 300pakeHb 3a JOTIOMOT 00
o0YHCIIeHb 32 IEBHUMU (DopmynaMu. 3MiHA B aIrOpUTMax ad0 3HauYeHb KOC(IIIEHTIB
y ¢opMynax mpu3BOAUTH 10 Moaudikaiii 300paxkenns. OpakranbHy rpadiky 4acto
BUKOPHUCTOBYIOTh ISl TpadivyHOrO MPEACTABIACHHS JaHWUX I 9ac MOJICIIOBAaHHS
NEesSKUX TpoLEeciB, JUIsli aBTOMATUYHOI TeHepalii aOCTpakTHHX 300pa’KeHb, Y
pO3BaXKaJIbHUX Mporpamax. Sk 1 koxkHa rpadika yu nporpama ¢pakraibHa rpadika
Mae CBOi MepeBaru Ta HeJO0JIKH.

[lepeBaru ¢pakranbHOi rpadiku:

1)Mari oOcsru qaHux.

2)IIpocTora Moaudikarii 300pa>keHb.

3)MoxIHBICTh AeTai3alli 300pasKeHHS.

Henoniku ¢ppakransHoi rpadiku:

1)AOcTpakTHICTD 300paKeHb.

2)HeoOXi1HICTh BUKOPUCTAHHS JOCUTh CKJIQJHUX MAaTeMaTUYHUX TOHSTH 1
bopmyL.
®dpakTany MMPOKO 3aCTOCOBYIOThCS B Hayll. HalOunbll KOPUCHMM 3acTOCYBaHHS
dpakTaniB € y KOMO'IOTEpHIN Hayii - (pakTajbHe CTUCHEHHS naHux. Dpakranu
BUKOPHCTOBYIOTHCS B HAPTOXIMIT MPU MOJENIOBaHHI MOPUCTUX MaTepiaiB, B 010J10Ti1
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JIJIS1 OTIUCY BHYTPIIIHIX OpraHiB, B MEUIIMHI JIJIs1 BITOOpayKeHHS OUTTSA cepiis, y Ppi3uIl
IpU  MOJICTIOBAaHHI  HEMIHIMHMX TporeciB. DpakTaad BUKOPHUCTOBYIOTh B
KOMITIOTEpHHUX Irpax, Jne penbedHa MICIEBICTh, 3a3BU4Yai, € (paKkTaIbHUM
300paxeHHs M. Sk 6aunMo 3 BHIIE MepeniyeHoro, ¢gpaktanpHa rpadika moTpiOHa
YCIOJIH, TOMY 11 PO3BUTOK € OJJHUM 3 HAWBAKIIUBIIINX 3aBJIaHb CHOTOJICHHSI.

M.A. IHumbana

JIvgiscoKull OeparcasHull iIHCMumym eKOHOMIKUY § MypPUsmy

Hayxosuii kepienux JI. FO. @ipman cmapuwiuti sukiaoay kageopu
NPUPOOHUYO-MAMEMAMUYHUX HAVK

KITHOYE OBJINYYA MATEMATHUKHA

[IpoTaroM CTOINITH 3aHATTS MAaTEMaTHKOI BBAYKAIHCS HEXKIHOYOIO CIIPABOIO,
ajie, He3BaXKal0uM Ha JAUCKPUMIHAIIIO, 3HAMIUIOCA KIJbKa *XIHOK-MaTEMAaTHKIB, SKi
BUCTYNWJIM MPOTH YCTAJICHHX 3BUYAIB 1 MOPSAKIB , BOHH 3aKapOyBaM CBOi IMEHA B
icTopii MaTemMaTuku. Yepes3 MOKOJIIHHS, JIIOJICTBO BUHMIILIO HA HOBUU €Tarl PO3BUTKY
HAyKW Ta YCB1JIOMUJIO, IO TIpallsl >KIHOK IIHYETHCS Ha PIBHI 13 40JI0BI4OK0. JKIHKH ¥
[[bOMY HaNpsSIMKy CTBOPWJIM HAYKOBI Mpaill Ta MIAPYYHUKHA , SKI 30araTuiiu
CKapOHMITIO CBITOBOI MaTEMAaTUYHOI JIITepaTypH.

Cepen )KIHOK-MAaTeMAaTHKIB HAaHO1IbII BIIOMUMU MOCTAIOTh nepea HaMmu [ 'inatis
Onexcanpapiiiceka, Codis AnoBcbka, Codisa KoBaneschka.

3n10Ha 1 TaaHOBUTA KiHKa-MatemaTuk ['imatis Onekcanapiiicbka, TalaHT SKOi
OezxanicHo 3HUIIUIU. BoHa Hapoawnacs 1 xkuia B Onexkcauapii B 370-415pp. I'inatis
OyJa mepiuioro )KIHKOI0-MaTeMaTukoM, ¢inocodom, acTpoHOMOM 1 J1ikapeM. Bona Oyia
BCEOIYHO OCBIYEHOIO, IO Ha 1i MyMKY 3BaKaJld BCl BYEHI TOTO dYacy. biuckydi
s3pibHoCTi Iinatii He 3amUIIMINCL HeMOMiueHUMH. [if Gyna 3amporoHoBaHa Kadeapa
dinocodii B Onekcanapii, A€ 1 movanach il HayKoBa JisIbHICTh. Bike 1ieit hakT cam 1o
co01 OyB HelimoBipHuM. JKiHKa Ha doni kadenpu! Asne, MaOyTh, ii TanaHT OyB Takui
SCKpaBUH, 10 BUECHI MY>KI 3BKUJIUCH 3alPONOHYBATH i CYTO «40JIOBIUMM mocT». Ti
ypHUBYaCTI B1IOMOCTI Tpo ['inariro, siki JIAILIK 10 HAC, CBIIYATh PO TE, 1110 32 CBOIMU
bimocopchbkuMu ToOTNIAIAaMU  BOHa Oyna mociinoBHuilero Ilmarona, 3ailimanack
TIYMau€HHSM HOTO TBOPIB, a TakoX TBOPIB Apuctorens. ['inmatis Onekcanapiiicbka
JISJTBHO TIOIIMPIOBajia HEOIUIATOHIBCHKI IMOTJISAN, a TAKOXK Hamucajga KOMEHTapl J10
npailb [Jiodanta i Anosuonis. [Ipote, Haykosi npaii ['inaTii He 30epernucsa. Ha xanb,
nons inatii Tpariuna. Ii BOMM ognoro 6epesnesoro aus 415 poky , BIeHb Ha OJHil
3 LEHTpaJdbHUX Bynulb OnekcaHnapii, BOMIM MO 3BIPSYOMY Ha odax y OaraThbox
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KUTEJIIB CTapOJaBHLOTO MicTa. HeBHMHHE TUIO HEMMOBIPHO TajJaHOBHUTOI KIHKHU
CHaJIMJIM Ha OararTi .

Benukwuit crig mo co6i 3amummina npodecop Codis OnexcanapiHa SIHOBChKa
(1896-1966 pp.) - BugaTHUI POCIHCHKII MaTEMATHK; IEpIa y CBIiTi kiHKa-1mpodecop
1 unen xopecrnoHAeHT [letepOyp3pkoi akagemii Hayk. Codis Oyna mpodecopom
MeXaHiKo-MaTeMaTH4HOTo pakyapTeTy MY | 11 iM’s MiITHO Bpi3anocs B maM’siTh BCIX
THX, XTO B Halllll KpaiHi OB’ A3aHUM 3 JIOT1KOIO Ta icTopieto. [Ipo SAHOBCHKY 1 i1 BHECOK
y Hayky HanucaHo He Tak Oarato. Jlo 70-piuuss Codii OnexcanapiBau Oyna
omyOJIiKOBaHa CTATTS MPO Hel B )KypHaT «YCHIXHM MaTeMaTHYHUX HAYK», a MICHs ii
cMepTi — psaa HekposoriB . Y 1970 pori yuenb SHoBchkoi dinocod J.I1.I'opcbkuii
MOMICTUB POOOTY PO HEI B OJHOMY JIOriKo-(pinocodpcbkomy 30ipHUKY. Ha modatky
1980 p. mobipka psiAy HEBENMKUX CTaTell —CHOrajiB Mpo HEi 3’sBUAcAd y 301pHHUKY
«KiHKH-PEBOIIIOIIIOHEPH 1 BUCHI». SIHOBCbKA CTBOPUIIA HOBHUI HAIIPSIM Y HAYIIl - CBOIO
IIKOJIy METOJOJOrli HAayKOBOrO 3HAaHHA. BoHa moeqHyBana TEOpEeTHMYHUM MOLIYK 3
MPOIAraHjol0 HAyKOBUX 3HAHb, BUKIAJAHHS CIEIIAIbHUX MUTaHb MaTEMaTHYHOI
JIOTIKHU - 3 YCTAaHOBKOIO Ha T€, 1100 3pOOUTH JHOCATHEHHS HAYKU HAaJ0aHHSIM IIUPOKOI
ayJuTOpli, BKJIIOYAIOUN IIKOJAPIB. YnTana Ha TPhOX 3aX1JHOEBPONEUCHKUX MOBaX,
3aB)K/IM 3HaJa PO HOBI pe3yJIbTaTH y CBITOBIMH JIOr14HOI Hayll. Bona Oyna iHiiaropoM
nepekasy (yHAaMEHTAIbHHUX JIOTIYHUX Ipallb 3apyODKHUX aBTOPIB. pelaryBaia ix,
nucaia 0 HUX TepeAMOBH, KOMeHTapi. SlHOBCbKa BUMJacs BCE JKHUTTA, WILIa B
Mi3HAHHI Bech 4ac Bmeped. I BoHa 3apxam Oyjia rOoToBa JO CMEPTI 1 IpalfroBaa,
3HAIOYM, 1110 3aBTpa ii MOXK€ He cTaTh. Bousi, TepmiHHS 1 cuia ayXy B Hid Oynu
HE3BUYAMHI.

Codis Bacuniua Koanecbka (1850-1891 pp.) BumatHHil poOCIHCHKHIA
MaTeMaTuK; TIepuia >KIHKa Yy CBITI JKIHKa-mpodecop 1 4YJIEH- KOPECHOHACHT
[TerepOyp3bkoi akagemii Hayk. Codis BacuniBHa noBena Teopemy AudepeHiiaibHuX
PIBHSHb 10 YACTHHHMX MOXIJHMX, SIKa B Hall yac HOcuTh iM’si Komri-KoBaneBcbkoi;
JOCITIIIIA CKJIa/IHI TEOPEMHU MaTEMAaTUYHOTO aHaJIi3y; MOsSICHUIIA 3aKOH MEXaHIKH PO
o0epTaHHs TBEpJOTO TiJIa HABKOJIO HEPYXOMOI TOUKH; AOMOBHMIA poOoTy Jlammaca 3
JOCIIKEHHST CTPYKTypH Kinenb CarypHa. BoHa aBTOp XymoxHiX TBOpiB «Croraau
nuTUHCTBa», «Hirimictuka». Jlaypeatr mpemii bopaena Ilapuspkoi akamemii Hayk.
Haii0is1b11 BaXKIMB1 AOCIIIKEHHS BIIHOCATBCS 10 TeOpii oOepTaHHS TBEPAOrO Tija.
KoBaneBchbka BiaKpusia TpeTid KIACHYHUN BUIAJOK PO3B’SA3aHHS 3aJayl Ipo
oOepTaHHs TBEPIOTO TiJla HABKOJO Hepyxomoi Toukd. [lum mpocyHynma Bmepen
pimeHHst 3anayi, posnoudaroi Jleonapgom Einepom 1 XK. JI. Jlarpamxkem. [loBena
ICHyBaHHSA aHanmiTU4HOro (rosomMopumx) pimeHHs 3amadi Komr mis  cucrem
nudepeHIliaTbHuX PIBHSAHD 3 TMPUBATHUMH TIOXITHUMH, IOCIIKyBaja 3aBlIaHHS
Jlannaca npo piBHOBary kbl CatypHa, OTpuMana Apyre HaOJMKEeHHS.
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Baxxkum 1 yacom HeOe3nmeyHUM OYyJIO KHUTTA 1 HAyKOBa JIsUIBHICTH JKIHOK-
MaTeMaTHKiB, SIK1 CBOEIO MPaIleio, HAIIOJIETIUBICTIO 1 3aB35ATICTIO 3aBOIOBAJIM BCECBITHE
BU3HAHHS HApiBHI 3 YONIOBIKAMU- MaTeMaTHKaMH. IX iMeHa He MosHa 3a0ysatu. Lli
JIIOJTM BIJITAIM CBOE KUTTS HAyIll. 3apaju HAC, 3apajy CBOiX HamankiB . ToMmy Hamr
00OB'SI30K - MaM'sATaTu iX 1 MPOAOBXKYBATH iXHIO cripaBy. OCOOIMBO 1€ CTOCYETHCS
JKIHOK - MaTEMAaTHKIB. Bes IX QISUIBHICTD - 1€ JKUTTEBUI [TOIBHUT.

Jliteparypa
1. https://travel-in-time.org/uk/tsikavi-istorichni-postati/gipatiya-i-

oleksandriyska-tragediya.
2. https://dovidka.biz.ua/sofiya-kovalevska-biografiya-skorocheno.
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