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OPTAHI3ALIVMHMA KOMITET:

[onosa:
Ky3uk Auapii JaHnaoBu4, IpopekTop 3 HAYKOBO-AOCHIIHOI poO0oTH JIBBIBCHKOTO
JeP>KaBHOTO YHIBEPCUTETY Oe3rnexku KUTTEISUTBHOCTI, TIOKTOP

CLTBCBKOTOCTIOAPCHKUX HAYK.

3acmyrnHUKU 20/108U:

Penxac Amnapiii 'HaToBMY, KaHIMAAT TEXHIYHMX HAYK, HAYaJIbHUK HABYAJIbHO-
HAyKOBOTO IHCTUTYTY HuBLIbHOTO 3axucty JIAY BX/;

Taniti Poman Map’ssHoBHY — JOKTOp (Di3MKO-MaTeMaTHUYHUX HaAyK, mpodecop,
3aBilyBau Kadeapu npukiaaHoi MaremMaTuku 1 mexaniku JIJIY BXI;

MenbmukoBa QOuabra BosogumupiBHA, 3aCTYNHUK HayajlbHUKA HaBYaJbHO-
HAyKOBOTO 1HCTUTYTY wMBUIbHOTO 3axucty JIAY BX], kanaupmatr ¢izuxo-
MaTEMaTUYHUX HAYK, JOLICHT.

YneHu opekomimemy:

BacuabeBa Ogena EpyapaiBHa — KaHAMIaT TEXHIYHUX HAYK, JOIEHT, JOILICHT
kadeapu npukiaaHoi MaremMaTuku 1 Mmexaniku JIJIY BXK/;

I'embapa Tapac BacuiaboBMY — KaHIWJIAT TEXHIYHUX HAYK, JOILEHT, JOLICHT
kadeapu npukiaaHoi MaremMaTuku 1 MmexaHiku JIJIY BXK]/;

J3100a Jlinia degopiBHA — KaHIUJAT TEXHIYHUX HAYK, JIOLEHT, JOIEHT Kadeapu
MpUKIaIHOI MaTeMaTuku 1 Mexaniku JIJIY BXK/;

KapaObun Oxcana OuexkcanapiBHa — KaHauaaT (i3UKO-MaTEMaTUYHUX HayK,
JIOLIEHT, JOLIEHT Kadeapu npukiaaHoi MmatemaTuku 1 mexaniku JIJIY BXK/;

Kyciiit MupocaaBa IropiBHa — kaHauaaT meaaroriyHuX HayK, OIEHT, JOILIEHT
kadenpu npukiIaaHoi Marematuku 1 mexaiku JIAY BX]I;

IMazen Ouer KOpiiioBu4 — noxropant JIJIY BXJI, kanaunat TeXHIYHUX HAYK;
Craciok Mapra ®@enopiBHa — kaHauaatr ¢i3MKO-MaTeMaTUYHUX HAyK, JOIICHT,
JIOLIEHT Kadeapy MPUKIATHOT MAaTEMaTHKU 1 MEXaHIKH;

TpyceBnu Oxcana MupocaaBiBHa — KaHauaaT ¢Gi3UKO-MaTeMaTHYHUX HaYK,
JOLIEHT, JOLIEHT Kadeapu NMpuKIaaHoi MmaTemMaTuky 1 Mexaniku JIY BX/I;

Umup Oxcana FOpiiBHa — kaHauaat ¢i3uko-MaTeMaTUYHUX HAYK, JOLEHT, JOIEHT
kadeapu npukiaaHoi MaremaTuku 1 mexaniku JIJIY BXK/I.
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CEKIIA 1

NPUKIIAOQHI 3A0A4YI B MATEMATULI
B.T. bBanoza

HamionanpHa akaiemisi CyXoImyTHHUX Biiicbk iMeH1 reTbMaHa Ilerpa Caraitmaqnoro
Hayxouii kepiBuuk: Cokynvceka H.b., K.¢h.-m.h.

JOCJIIJUDKEHHA HECTAIIOHAPHUX PEXMMIB POBOTH MAIIIMHHNX
ATPEI'ATIB CIIEUIAJIBHOI'O ITPU3HAYEHHA

MeToro pobOTH € OTpUMaHHS PO3PAXYHKOBUX 3aJICKHOCTEH IS TOCIIKEHHS
BIUIMBY IIBHJAKOCTI TMO3JOBXHBOTO PYyXy poOodoro oprany, (i3uKo-MexaHIuHUX
XapaKTepUCTHK CUCTEMH, i1 30BHIITHHOTO 30ypeHHs Ha KOJIMBAHHS poOOYOTo Oprany
[13M-2.

OO0’€eKT MOCHIIKEHHSI — KOJMBHI MPOLECH pOOOYMX OPraHiB CIELiali30BaHUX
1HKEHEPHUX MaIlUH.

Jlnst moOy0BH MaTEeMaTUYHOI MOJENl KOJIMBHUX MHPOLECIB Y THYYKUX TiIax
po3rasaaeTbecss O€3MEKHO Maluid eleMEHT CcepeloBHIla. BBakaeTbcs, IO BiH
nepeOyBae y CTaHi JMHAMIYHOI PIBHOBAru, MI0 JAa€ MOXKJIMBICTH CHOPMYIIOBATU
BIAMOBIAHE AudepeHIiaibHe PIBHAHHSA ISl  ONHCY JHUHAMIYHOTO IIPOIIECY.
Ckopucrasmucs npuHuunomM JI’AmamOepa, 3HaxoauMo audepeHIialbHe piBHAHHS
13 YAaCTUHHUMU NOX1JHUMH IPYTrOro NOpsaKy

(m7st JoCiKEHHST AMHAMIYHUX MPOIIECIB Y TBOBUMIPHUX CUCTEMAX 13
CTaJIOO IIBUJIKICTIO HOBI[OB)KHBOFO pyxy y 3miHHuX Eiinepa)

Uy + VU, — (a® =V *)u,, — = of (U,U,U,,U,U,,U,,t)

XX !

AHATITHHHHI OTTHC KOHTaKTy rquKoro eleMeHTa 110 Beﬂyqoro Ta BEJACHOTO
OapabaniB 3a0e3Meuy0Th KpaiioBl yMOBH. [[71s1 3a1a4i npo nmonepevHi KOJIUBaHHS
PYXOMOI CTPIYKH , III0 BUKJIMKAHI €KCIIEHTPUCUTETOM IIKIBiB, KpailoBl YMOBHU MalOTh
BUTJISIT

ul,_, =esin(Qt) ul,_, =esin(Qt)
ne €, € eKCHeHTpI/ICI/ITeTI/I JIIBOTO Ta npaBoro IIKIBIB BIAMNOBIAHO, €2, €2,
KpPYTOB1 YaCTOTH iX 00€pTaHHS.

[Ipu nocaigKeHH1 BAKOPUCTOBYETHCS TPUHIIUIT CYTIEPIIO3HULIIT KOJIMBAaHb, SIKUN
J03BOJISIE TPAKTYBATU JUHAMIYHUHN MIPOLIEC Y BUTJISAI CYMH NPSIMOi 1 BIIOMTOT XBHIII,
10 PYXArOThCS Y IPOTHIICKHOMY HAMPSMKY.

u(x,t)=®(x —at)+ d(x +at)
ne A — MIBUAKICTH NOIIMPEHHS XBUIIb [0 CTPYHI (44 CTPHIKHIO).

AHaniTiyHl Ta rpadiyHi 3aJeKHOCTI MAIOTh 3MOTY NPOAHATi3yBaTU BIUIMB
(b13UKO-MEXaHIYHUX, KIHEMAaTUYHUX Ta TEOMETPUYHUX XaPAKTEPUCTHK HA OCHOBHI
napameTpH mporiecy (4acTora, XBUJIHOBI YKCIIa) Ta 3pOOUTH HACTYITHI BUCHOBKHU:

- JJ1s1 OUTBITUX 3HAYEHB IMBUIKOCTI MO3/I0BXKHBOTO Pyxy y aBoBuMipHuXx ['ECII

(3a HE3MIHHUX IHIIIUX TTAPAMETPIB) YACTOTA BIACHUX KOJMBAHb € MEHIIIOIO;

- mist ioBuMipHUX ['ECII mpuBoay O1bI10T MIUPUHU YacTOTA BIACHUX KOJUBAHb €
MEHUIOK0;
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- 32 3HAYHUX MIBUJIKOCTEH MO3JOBXHBOTO PyXy YACTOTa BIACHUX KOJHMBAaHb CTa€
PIBHOIO HYJIEB1, TOOTO MPOXOAUTDH 3pUB KOJIHUBAHbD.

MeToauKy NomMpeHHs: OCHOBHUX 171€M XBUIILOBOI TEOPIi pyXy MOXKHA
y3arajJbHUTH 1 Ha OUTBIN CKJIaJH1 ABOBUMIPHI CUCTEMH MPUBOJIY, 4 CaMe —
JIBOBHMIPHI CHCTEMH, 1110 B3a€MOJIIOTh 13 30BHIIIHIM cepeloBHIIEeM. JIuHamMIuH1
IpOLIECUy TaKUX CUCTEMaX OMUCYIOThCA AU epeHIliaJbHUM PIBHSAHHAM Y YaCTUHHUX
noxijgaux tuny Kneitna-I'opmona

U, +2Vu, —(a? V2, —y%u,, +pu=0,
1€ B — mapamerp, 1110 BU3HAYA€ MPY>KHI BIACTUBOCTI CEPEIOBHUILIA.

BUKOpUCTOBYIOYM METOJT OMUCY AUHAMIYHOTO MPOIECY Y BUIJISAI HAKIadaHHS
JBOX XBWJIb (MPsAMOI Ta BIAOMTOT) PI3HUX TOBXKHH IMOKA3aHO, IO MO3J0BXKHIN pyx
CepeIoBHINA:

- CIIOTBOPIOE (JOPMY TUHAMIYHOTO TPOIIECY;

- BIUTUBAE HA BJIACHY YaCTOTY KOJUBAHb;

- 32 3HAUHUX BEJIMYMHH IIBUIKOCTEH MO3J0BXKHBOTO PyXy MNPUBOAUTH JO 3pPUBY
JTUHAMIYHOTO TIPOIIECY.

VY po60Ti BCTAaHOBJIEHO, II0:

-IIBUJIKICTh TIO3JI0BXKHBOTO PYyXY CYTTEBO BILTMBAE HA YACTOTY BIACHUX KOJIMBAHb
CUCTEMHU.

-4aCcTOTa KOJIUBaHb 3aJICKUTH BiJ] HATATY ABOBUMIPHOTO THYYKOTO €JIEMEHTA.
-30UJIbLICHHS] IIUPUHU THYYKOTO €JIEMEHTa TaKOX CYIPOBOIKYEThCS 3MEHILIEHHSIM
YaCTOTU KOJIUBAHb.

-iICHYy€ JIesIKe KPUTUIHE 3HAYEHHS IIBUIKOCTI TIO3I0BKHBOTO PYXY, 3a IKOT'0 4acTOTa
KOJIMBaHb CTA€ PIBHOIO HYJIEBI 1 MPOXOAUTH 3pPUB KOJIUBAHb.

-aMILTITYAU OPAMOI Ta BITOUTOI XBUJIb Y JIIHIMHUX MOJEIIAX ABOBUMIPHUX THYUKHUX
CJIEMEHTIB MEXaHIYHMUX CHCTEM BH3HAUYAIOTHCA KpPallOBUMHM Ta IMOYaTKOBUMU
YMOBaMH.

JIOCTOBIpHICTh PO3POOJIEHOI METOJMKM Ta OTPUMAHUX PO3PAXYHKOBUX (POPMYI
M ITBEPKYEThCA IpaHUYHUM repexoaoM ¥ — 0 13 SKOI'0 BHILUIMBAIOTH BI1IOMI
pEe3yNbTaTH ISl BUMAJIKY OJTHOBUMIPHUX MO3/I0OBXKHBO-PYXOMUX THYYKUX €IEMEHTIB,
anpu y —0Ta\/ —s 0— B1IOMI KJIIaCH4HI Pe3yJbTaTH.

Jliteparypa

1.Bacunenko M.B. Teopis komuBaHb 1 cTilikocTi pyxy: miapyunuk / M.B. Bacunenko, O.M.
Anexcenuyk. — K. : Buma mkomna, 2004. — 525 c.

2.ITaBmume B.T OcHOBH KOHCTpYIOBaHHS Ta PO3paxyHOK JeTaneil mamuH. — JIbBiB: Adima, 2003.
—567 c.

3.Cokin Bb.I. XBunboBa Teopist pyxy y JOCTIIKEHHI HENIHIHHUX KOJUBaHb JBOBUMIPHHX 00’ €KTIB,
SIKI XapaKTePU3YIOThCS CTaJO0 MBUJIKICTIO mo3A0BkHBOTO pyxXy / B.I. Cokin, O.I. Xutpsk, M.b.
Cokin // 36ipHUK HaykoBUX Impaupb “BicHuk JIbBIBCHKOIO JEpKABHOTO YHIBEPCUTETY Oe€3NeKH
xutTemisubHOCTI”. — JIpBiB. — 2010. — Ne 4. — C. 55-60.

«Mamemamuxa, wo nac omouye: Munyne, cyyacue, maroymuey, 29 bepesns 2019 4



A.B. Jlaukis
HarmionanpHa akageMisi CyXOImyTHUX BiHChK iMeH1 reTbMana [letpa Caralimagnoro
Hayxoswuii kepiBauk: Bpyoaescokuii I.U., k.T.H., 101IeHT

HocaigkenHs: BiOpaniiHOro TpaHCHoOpTEpPa AJIs NepeMillleHHSI MACMBHUX
cremiajJJLHUX BAHTAKIB

TpancropTep — 1€ TEXHIYHMH NPUCTPIA I TEPEMIMIEHHsS BaHTaX1B a0o

0cOOOBOr0 CKJIagy Ha II€BHY BiJICTaHb. IX MOXHA MOJIIMTH Ha JBa THIIM:
1) TpaHcmopTHi 3acoOM Ha KOJICHOMY a00 TYCEHHYHOMY XOJy, MPHU3HAYCHI, 5K
MpaBWjIo, I TPAHCIOPTYBaHHS HAa BEIUKY BIJACTaHb;, 2) TPAHCHOPTHI 3acobm
Oe3rmepepBHOT il ISl MEPEMIIICHHS MTYYHUX a00 HACUITHUX BaHTAXiB (KOHBEEPH).

Teopiss mpouecy BiOpamiifHOTO TpaHCHOPTYBaHHA — CKJIaJHa HayKOBa
mpoOjema, SKii TNPUCBSYCHA BEIWKA  KUIBKICTh  JIOCHIKEHb, B  SKHX
BUKOPHUCTOBYIOTHCSl PI3HOMAaHITHI MaTeMaTW4HI Mojeni mpouecy. B mporeci
BIOpalIiHOTO MEPEMIIIEHHs JeTaldl y BHUIVISIAI TOYKM Maco M MO HIOPCTKIM
TUTONIMHI, HAXWJICHOT O TOPU3O0HTY Mijl KyTOM ¢ Ha JIeTajb A1I0Th HACTYIHI CHUJIM: MQ
— CHWJIa TSDKIHHS; CWIIa 1HepIi (Mpy He3aJeKHOMY BIOPOIMPHUBOII TOPU3OHTAIBHIX 1
BEPTUKAJIBHUX KOJIMBAHHSX 11 JOLULIBHO PO3KJIACTH HA MOB3J0BXKHIO MX; 1 HOpMaJIbHY
my, cknanosi); F,,— cwia Tepra; N— BepTukanbHa peakmis, § — HPUCKOPCHHA
BUIBHOTO MajiHHA. TyT, SIK 1 Jaybliie, TOYKOI IMO3HAYEHHS NU(EPEHIIIOBaHHS TI0
yacy t, Xy 1 Y; — 1aHl KOOPJAMHATHA PYXy HECYHYOi IJIONMIMHU BIJMOBITHO B3JOBXK U 32
HOPMAJUTIO JI0 HEl B HEpyxoMmiil cuctemi koopaunat X;0,Y; (puc.2.1.); @ — gacroTa
KOJIMBaHb.

[Tix giero BiOparlii 3 KPyroBOIO YacTOTOIO @ JETallb 3a MEP10]] KOJIUBAaHb KOB3a€
BIIEpE] 1 Ha3aa, 3YNUHAIOYHUCH 1 MiJCKAKYIOUH, aje MEePEMIMAEThCA 3 TOCTIHHOIO
CEPEIHBOI0 MBHIKICTIO V, SIKY MO’KHA BU3HAYUTH 3a (HOPMYJIOF0.

V=AwK,,

ne K,— 6e3po3mipauii KoeilieHT MBUAKOCTI, SIKUM 3aJICKUTh Bl JEKIIBKOX
0e3p0o3MIpHUX MMapaMeTpiB, MEPII 3a BCE MapaMeTpa KyTa Haxuiy K, mapameTrpa KyTa
B1Opanii Ks 1 napamerpa nepeBantaxenas W,

K, =" Kg= Ar gy = Ay (2)
r yf grcosa
ne Ay, Ay~ BIJIMOBIAHO aMILTITYIM TOPU30HTAIBHIX 1 BEpTUKAIBLHUX KOJUBAHb.

-0
Puc.1. Cxema firoumnx Ha JeTaJib CWI B Npoleci BIOpoTpaHCOPTYBAHHS
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JudepenuianbHi pIBHSAHHS BIIHOCHOTO pPyXy JA€Tajl B PyXOMidl cHCTeMl
koopauHat XOY, :KOpPCTKO 3B’ s13aHUH 3 BIOPYIOUOIO MOBEPXHEI0, BUXOIAYH 13 aHATIZY
JII0YMX CHUJI, 3alUITYThCS TaK:

mX =-m¥; —mgsina +F,,,
my =-my,; —mg cos« + N (3)

BBakaeTbcsi, 110 OMOPOM TIOBITPS MOXHa 3HEXTYBaTH, CuJa TepPTA
i7icai3oBaHa y BUIIIAII «CYXOro» TepTs, a KoedimieHTH TepTs fKOB3aHHS 1 CIIOKOIO
piBHI MIXK 00010, TOOTO:

Frp = —fNsignx npu X0
—fN< < Ep< < fNopu X=0 (4)

BiOpoTpaHcropTyBaHHs TpH OPSIMOJIHIMHUX KOJUBaHHSAX, OCOOJIMBO B
663Bi,[[pI/IBHI/IX PeKUMaXx, KoM y=0, BUBUEHO 1OCTaTHHO AeTanbHO. B MoHOTpadii [3]
posrn;IHyn nep10J:[HqH1 pPEeKUMU B16pOTpaHCHOpTyBaHH$I 3 TOCTIHHOIO CepenHbOI0

IHBI/II[KICTIO HepeMIHleHHSI BU3HA4YEHI MEXI iX 1CHYBaHH$I 1 CTII/IKOCTI BI/IBGI[CHI
(bOpMy.TII/I JJIA BU3HAYCHHS CCpCI[HI:Ol IIIBHI[KOCTI.

Jlitepatypa

1. CnuBakoBckuii A.O., IpsukoB B.K. Tpancnoprupyromme mamuHbl — Mocksa:
Mammnoctpoenue, 1983.

2. Pabunosnu A.H., SIxumoBuu B.A., boeuko B.}O. ABToMarndeckue 3arpy30uHbie
ycTpoiicTBa BuOpauonsoro tuna. — Kues: Texnuka, 1965.

3. [ToBimaiimo B.O. BibOpamiitai npomecu Ta obnamHanHs: HaBy. mociOnmk. — JIbBiB:
Bun-Bo Ham. yu-ty “JIpBiBchKa momitexHika”, 2004.
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Kapkoscbkuii A.C.
HarmionanpHa akageMist CyXOIyTHUX BiiiChK iMeH1 reTbMana [lerpa CaraiimagHoro
Hayxoswuii kepiBauk: KoBanabuyk P.A., KaHIuaaT TeXHIYHUX HAYyK

HEPEXIIHI TIPONECHU B HACOCHUMX AI'PEI'ATAX
CIIELIJAJIBHUX MAIINH

[pyHTOBHI HOCIiIKEHHS TEPEXiTHUX Ta YCTAJIEHUX PEXMMIB pOOOTH HACOCHUX
arperaTiB CHeljiaJbHUX MAallliH MOKHA 3JIMCHUTH JIMIIE HAa OCHOBI BpaxXyBaHHS
B3a€MOBIUIMBY €JIEKTPOMATHITHUX KOJWBAJIbHHUX SBHILI Yy MAaIIMHHHUX arperarax 1
KOJMBAJIBHUX SIBUI y BUKOHABYOMY MeXaHi3Mi Hacoca. HeoOXximHo mpuiiMaté 10
yBaru TNPYXKHO-IMCUIIATABHI Ta 1HEPIIHHI BIACTHBOCTI JIAHOK KPHWBOIIHUITHO-
MOB3YHHUX MEXaHI3MIB Hacoca, HaBaHTaKyBaJbHI XapaKTEPUCTHKHU TEpPEAaBATbHUX
MPUCTPOIB, 30KpeMa, PpUKIIHOT My(PTH, 3aKOHOMIPHOCTI 3MIHM THUCKY PIIUHU Ha
MOPIITHI Hacoca. Y 3B'A3KY 3 eKCTPEMAIBHAM XapaKTePOM HaBAaHTAKEHOCTI €JIEMEHTIB
HAaCOCHUX arperaTiB HaMITWIMCS TEHJEHLIi A0 YTOYHEHHS iX pO3paXxyHKOBUX
Mojiesied Ta OUIbII 3arajlbHOTO KOMIUIEKCHOTO MIAXOJYy J0 aHallizy JAMHAMIYHHX
IPOLECIB Y HACOCHUX arperarax.

Jlis noCATHEHHS 11€1 METH pO3B'sI3yI0ThCS TaKl 3a7aul:

— po3poOka MaTeMaTHYHOI MOJEJNI 1 alrOpUTMY PO3PaxyHKY HECTalllOHApPHUX
IPOLECIB Y HACOCHOMY arperaTi 3 ypaxyBaHHSIM B3a€MO3B’SI3Ky €JIEKTPOMArHITHUX
SBUIIl B aCUHXPOHHOMY JBUTYHI 1 MEXaHIYHUX KOJIMBaHb y MPUBIIHIA cHUCTeMi, a
TaKOX HECTaJIOCTI 3BEICHOI0 MOMEHTY 1HEpIUIi KPUBOIIMUITHO-IIOB3YHHOI'O MEXaHI3MY
HAcoca Ta BU3HAYCHHS BIUIMBY €KCIUTyaTalllHHUX MapaMeTpiB Ha 3yCHILIS y MPY>KHUX
JAHKaX MPUBIIHOTO MEXAaHI3My HAcoca;

— pO3pOoO0JICHHS TEXHIYHUX PIlICHb 1 MPAKTUIHUX PEKOMEH AL}, 10 CIPSMOBaH1
HA 3HIDKEHHS JUHAMIYHUX HABaHTaXCHb C€JIEMEHTIB TMPHUBIAHUX CHUCTEM 1
YIOCKOHAJICHHSI KOHCTPYKIIIM 3’€THYBAJIbHUX BY3JIB HACOCHUX arperariB OypoBHUX
YCTaHOBOK.

MexaHiyHa cCHCTEMa HAaCOCHOIO arperary, 10 CKJIaJa€ThCsl 3 ACUHXPOHHOIO
JBUTYHA, IIMHOITHEBMAaTUYHOI My(TH, TAaCOBOI Iepeayl, peAyKTopa Ta MOPLUIHEBOIO
Hacoca, CXeMaTU4HO 300pakeHa Ha puc. 1.

Mo @2 Ha cxemi npuitHATI Taki Mo3HA4YCHHS: J; —
3BEICHUH /0 KOPIHHOTO Baja Hacoca
MOMEHT 1Hepuii poTtopa nBuryHa; J, —
3BEICHUH /O KOPIHHOTO Bajga MOMEHT
1HepIil MexaHI3My Hacoca; ¢ — 3BeJIeHa JI0
KOPIHHOTO  Bajla Hacoca JKOPCTKICTh
MOCITIZIOBHO 3 €HAHUX TPYKHHUX JIAHOK
(IMHOMHEBMATHYHOT My(TH 1 TAcCOBOI
nepeaadi); v — 3BeACHUN Koe(illieHT
JIHIAHOTO OMOpY NPYXHHUX JIaHOK; Mg, —
3BEJICHUM  €JIEKTPOMArHiTHUH  MOMEHT
nBUTYHA; My — MOMEHT CHJI OTIOPY PYXOBI, 1110 JIi€ HA KOPIHHUI Ball HAcoca; P1, (P —
KyTOB1 KOOpPJIMHATH.

J)

Puc.1. Po3paxyHkoBa cxema MeXaHI4HOT
CHUCTEMHU HACOCHOI YCTaHOBKHU
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JudepenuianbHi piBHAHHA PyXY €JIEMEHTIB arperary, CKJIaJeHi 3a CXEMOIO
piBHsiHHS JlarpaHka Apyroro poay, MatoTh BUTJISI

dp, . do,

=®,, —=M,,
dt Hodt ?

d
31&+C((P1_(P2)+V(@1_(’32): Mg, ;

dt
do, 10]
J, 242 2(’322_C((P1—(Pz)_\’(ml_(’JZ)Z_MO’ (1)
dt 2 0o,

ne Mg, =Mpg-U, Mg — enexTpoMarHiTHUM MOMEHT Ha Baji JBUTYHA; U — MepeaaBajabHe
BiJIHOIIEHHSI TpuBoay. IlouaTkoBi yMOBHM iHTerpyBaHHs piBHSHB (1) mpuitHATO
HYJTBOBUMH. B pe3ynbrari cyMicHOro iHTErpyBaHHs AU(epeHIliaIbHUX PIBHSIHB PYXY
MexaHigyHoi cuctemMu (1) 1 piBHSHB, IO OMHUCYIOTH CJICKTPOMATHITHI SBUIA B
ACUHXPOHHOMY JIBUTYHi, OTPUMAHO YaCOBI 3aJICKHOCTI BEIMUUH P71, (2, ®1, 02, M, a
TaKOXK KPyTHUI MOMEHT B MPY>KHIH JIaHIII

M :C((pl_(Pz)+V(O)1_OJ2)' (2)

3a pi3HMX 3Ha4YeHb THCKY Ha BUkUAI Hacoca YHbB-600 BU3Hau€HO MOMEHT B
NPYXKHIN JaHIl, €IeKTPOMArHITHUA MOMEHT, a TAaKOX KyTOB1 IMIBUAKOCTI pOTOpa JIBU-
ryHa Ta KOpIHHOro Baja Hacoca sK (QyHKiii yacy. OcoOfMBe 3HAYCHHS Mae
JOCJIIDKEHHS TIEPEXiTHUX PEKUMIB pOOOTH HAcOCa, OCKUIBKU caMme TiJ 4ac MyCKY 1
raJIbMyBaHHSI €JIEMEHTH Ta BY3JIM MPUBIAHOI CUCTEMHU 3a3HAIOTh HANOUIBIINX
HAaBaHTAXKCHb.

Po3pobnena matemarnyHa MOJENb MOXE OyTH 3aCTOCOBaHAa B CHCTEMax
aBTOMATHU30BAHOTO MPOEKTYBaHHS HACOCHUX arperartiB AJisi 3a0e3MeYeHHs] HaJIe)KHOT
TOYHOCTI PO3PAaXyHKIB HAa MIIHICT, 1 TPOTHO3YBaHHS  pPECypCy €JEMEHTIB
KOHCTPYKIIIH, a TaKOX 3 METOI0 MIJABUIIEHHS €(PEKTUBHOCTI €KCILTyaTallli HacocCiB
IUIIXOM PalliOHATBLHOTO J000pY 1X MPOAYKTUBHOCTEH 1 pOOOYHX IIBUIKOCTEH.
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B.B. Konomieuw
HarmionanpHa akageMist CyXOIyTHUX BiiiChK iMeH1 reTbMana [lerpa Caraiijaqnoro
Hayxoswii kepiBuuk: Beauuko JI/1., k.p-M.H, TOIIEHT

BIIIMB OIIOPY IIOBITPA HA ITMHAMIKY PYXY KVIJIb
BUITYIIEHUX 3 AK-74

BusnaueHHsT KiHEMaTHYHUX TapaMeTpiB pyXy CHapsaiB, MiH Ta KyJb
IPYHTYIOTbCSI Ha BUKOPHUCTAaHHS €TaJOHHOI (YHKIII omopy Ta OaliCTUYHOIrO
Koe(IlLi€HTY, IKUi Mae TIeBHE 3HAUYEHHS JJI1 KOXKHOTO TUITYy CHapSIIiB.

HaiikpammmM crmoco6oM BH3HAUYEHHS OaliCTUYHOTO KOE(IIIEHTY € OCHAIICHHS
CTpUIBOMINA TMpUJIaiaMyd Ta 1HCTPYMEHTaMH, sIKi 3a0e3nedarh sSKICHE MPOBEACHHS
KOHTPOJIbOBAHUX TECTOBUX CTPLIK0. OJHAK MPOBEIEHHS TaKWUX JOCHTIJIIB € JOPOre i
TEXHIYHO CKJIaJIHE.

OCHOBHM TEOPETUYHHUX IOCHIIKEHb 30BHIIIHBOI OANICTUKUA KyJb Ta CHapAMIiB,
BHUKJIA/ICHI B poOOTax Ta HAYKOBHX CTATTSIX, IPYHTYIOTbCS HAa BU3HAYEHHI CHJIH
71000BOT0 OMIOPY MOBITPS 3AJIEKHICTIO

_pVErd? ic \Y
2 4 v
ABtomar KanamHukoBa € HaWOUIbII MOMUPEHUM THUIIOM aBTOMATHYHOI
cTpinenbkoi 36poi. Moro KOHCTPYKIis Bi3HAYAETHCS 3HAYHOIO IPOCTOTOIO i
XapaKTEPU3y€e€ThCsI BUCOKUMHU OOMOBUMHU Ta €KCILTyaTalllHHUMU BJIACTUBOCTSAMH. Y
CBITI € 3HayHa KUIBKICTh 3pa3KiB CTPLICIBKOI 30poi, SKI po3po0JeHI Ha OCHOBI
Mojeni apromara Kananaukosa, 3 epeKTuBHUME 00HOBUMU BIACTUBOCTSIMHU.

R

—

Po3rnsmaeTsest pyX KyJii B TIOBITpi Ha sIKY JIIOTh CHUIM: Bara Kyimi — P 1 moGoBuii
omip noBiTps — R.

v

—

I

O >
X

Puc. 1. Cxema pyxy Kyl B HOBITpi
Ha ocHOBI MeToaMKu B (PYHKIIOHAJIbHY 3aJIEXKHICTh CHUJIM JIOOOBOTO OMOPY
MOBITPSL PyXy KyJi BHU3HAYA€THCS OKPEMO Ha eTamax il pyxy 3 HaJA3BYKOBOIO Ta
J03BYKOBOIO IIBUJKOCTSX, TOOTO 3MiHY MOr0 BEJIMYMHU OMKUCYIOTh (POPMYIIOIO

- vy i

a

R(t) = ¢y pasx(V (1)

Ockinbku Kyiis BuiiTae 3 ctBosia AK-74 3 Haa3BYKOBOO MIBUJIKICTIO V, = 900% ,
TO PO3B’A3YEThCS cUcTeMa MU epeHIliabHUX PiBHSIHB, ipu (1=1).
Cx pa S XX (2 .2)0’5(1+7i+ﬂi)
e N
Vaﬂi
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CxPaSx 2 (,2, ,2\050+7+5)
————— X"+
Vaﬂi
[Tin wac po3p’si3yBaHHA cuCTeMHU TUGEPEHIIATFHUX PIBHSIHb 3 MOYaTKOBHUMHU

yMOBaMH Ta TPAaHUYHHMHU YMOBAaMH OpaliUCh TaKi 3HAYCHHS MapaMeTpiB: Maca Ky,
MOYaTKOBA IIBUIKICTh, KaiOp, IJIOIIa MONEPEYHOro Iepepidy, TI'yCTHHA IOBITPS.

MeTo10M MOCITiIOBHUX HAOIMKEHb OTPUMAITM HACTYIIHI 3HAYEHHS BeJInunH C,=3,34

mZ =-mg

71=—0,48 i f,=-0,007, mo 3abe3neuye He3HAYHE BiIXMUIIEHHS MiX TEOPETUYHHMHU i

EKCIIEPUMEHTAIbHIMH 3HAYCHHSIMH TapaMeTpiB pyXy KyJl y BHUNAAKy ii JIeTy 3
HAJ3BYKOBOIO IIBHUJIKICTIO.

[Ipu BeneHi CTpUILOM OJHUM 3 HaWBAXKIUBIIIUX (PAKTOPIB € BIUIMB BITPY Ha
KIHEMaTU4YHI TapaMeTpu pyxXy Kyii. BinxujeHHs BITpoM — IIe HeACTEPMIHOBAHHI
dakTop, SKUM € HAMBaXIUBIIIOW IPOOJEMOI0 MPpU CTPUIHO1 Ha BETUKI BiaJjalli.
PeanpHuit BiTep, Ha BCIM JUISHIN JIeTy KyJi, XapaKTePU3YEThCS 3MIHOK HOro
HANpsIMKIB, 3aBUXPEHHSM, pANTOBUMU MOPUBAMH, BEPTUKAIBHUMHU MOTOKAMH.
BumipsBuIM MBUAKICTE 1 HANIPSIM BITPY B OJIHIA TOYIIl, BU HE MOYKETE BBAXKATH, 10
1€ BITHOCUTHCS J0 BCI€T TPAEKTOPII.

JepuBaiiss — e HaACHiIOK 3a0e3MeyYeHHs1 CTallIbHOCTI pO3TalllyBaHHS KyJl B
MpocTopl BHACHIAOK ii oOepranHsMm. Cralimizamis AOCATAETHCA 3aBASKH TOMY, IIO
00epTaHHS KyJIi HABKOJIO CBOEI MOB3JIOBXKHBOI OC1 pOOUTH 1i CTIHKOIO, 1 ISl CTIMKICTD
CIJIBHIIIIE ACPOAMHAMIYHOTO TEPEKUIAI0Y0r0 MOMEHTY CHJIH, MPHUKIAJACHOTO 0
HocHuKa Kymi. OpmHiero 3 (opmys, sika HAOJIMKEHO BU3HAYA€ BEIUYMHY JEpHUBaIlii
KyJIi, Ma€ BUTTISIL:

y=0,03175 (s o fv - +1’2)¢,83

3HaueHHs BEJIMYMH JEpuBallli BU3HAUYECHHI TEOPETUYHO A00pe CIIBNAJaOTh 3
€KCIIEpUMEHTAJIbHUMU, MPU CTPLILO1 Ha Bigdanb A0 600 MeTpiB BKIIOYHO, a MOTIM
pPO30KHOCTI ~ 3pOCTalOTh. 3HAUEHHA  BEJIMYMHMU  JIEpUBALlli  KyJl, CYTTEBO
BIJIPI3HSIOTHCA BiJl 3HAYEHb OTPUMAHUX .
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MeTOA0M HaliMeHIuX kBajapariB / B.I. I'pabuak. — JIpBiB: ACB. —2012. — Bun. 2 (7). — C. 20-24.
2. ImutpueBckuii A.A. BHemHss OaymicTrKa: yd4eOHHK [UIst CTYICHTOB BY30B / A.A. JIMUTpUEBCKHUH,
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3. TapacoB B.M. OcHOBHI MOJOXE€HHS 30BHIINIHBOI OANICTUKH pPaKeT 1 CHapsAiB: HaBYAJIbHUI
nocionuk / TapacoB B.M., Tumomenko P.I., Copoka B.C. — K.: HAOVY, 2002. — 60 c.
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B.JI. Tumauk
HarmionanpHa akageMisi CyXOImyTHUX BiHChK iMeH1 reTbMana [letpa Caralimagnoro
Hayxoswuii kepiBuuk: Beauuko JI/1., k.¢.-M.H., TOLIEHT

BIIJIMB JIEMIT®EPHUX ITPYICTPOIB HA KIHETHUKY BAJIA BIMCHKOBOI
MAIIIMHA

MexaHiuHi 3’€THaHHS CYIIPOBOKYIOTh KUTTA JtoauHM. [1i1 yac BOEHHUX Jiid
IpaIoe TUCAYl OJUHMIIL TEXHIKH, MPU I[bOMY KOXXHOI CEKYHIU MIK CO00I0
3’€IHYIOTbCS TUCSYl JeTaned. 3’eIHaHHs AeTajell miJ 4ac pyxy Ie Ty’Ke BaXKJIuBa i
BaKKa 3a7a4a MammHOOYAyBaHHS. Y CydacHOMY MAIIMHOOYTyBaHHI MPHUCTPOI JJIS
nepeaadi 00epTOBOro pyxy Ta 00OEpPTOBOrO MOMEHTY 3 OJHOTO Bajia Ha IHINWH, SIKI
pO3MilIeHI CHiBBICHO, ab0 13 Baja Ha BCTAHOBJICHY Ha HbOMY JIeTalb HAa3WBAIOTh
MypTamH.

VY HaykoBiil po0OOTiI OyJI0 TPOBEACHO aHAJ3 BILTUBY MY(TOBOTO 3’€THaHHS Ha
KOJIMBAHHS BEJCHHMX BajliB, BUCBITJIICHO MPUHUUI poOOTH MY(TOBUX 3’€JHAHb, SIKI
BUKOPUCTOBYIOTHCS Y BINCHKOBIM TEXHIIII.

Mertoto poOOTH € Mpe/ICTaBICHHS YCTAJICHUX YSABICHb PO MEXaHIUHI 3’ €THAHHS
1 MyQTH.

VY mepmomMy po3aiiai po3KpUTI 3arajibHi BiIOMOCTI MpO My(PTH , Y JAPYyroMy
kinacudikaiis MyQdT, y TpETbOMY OCOOJIMBOCTI BUKOPUCTaHHS MY(T Yy BIMCHKOBIN
TEXHII ,30KpemMa po3rsaaiuct My(QTd KOpOOKH Iepesad i TOJOBHOTO (PPUKIIIOHY
MOJKOBOI 3emuiepuitHoi MamuHu [I3M-2, y yeTrBepTOoMy po3iiiai Oynao MPOBEICHO
TEOPETUYH1 AOCTIPKEHHS BIUIMBY MPYKHOIO MY(TOBOTO 3’€IHAHHS HA JUHAMIKY
BaJla KOPOOKH Iepezay.

MyQTi npuBOIIB 3A1MCHIOIOTh 3 €HAHHS BaJiB, KIHII SIKUX MIAXOASATH OJUH 10
OJTHOTO IIITFHO a00 PO3BEACHI HAa HEBEIWKY BiJIICTaHb, MPUIOMY 3’ €THAHHS ITOBUHHO
JIOTyCKaTH Tepeaady oO0epTalbHOrO0 MOMEHTY BiJ OJHOTO Bayia A0 iHmIoro. Bamm y
OUTBIIIOCTI BUMAJKIB PO3TAIIOBaHI TakK, IO TEOMETPUYHA BICh OJIHOTO CKJIAJa€e
MPOJIOBXKEHHSI TEOMETPUYHOI OCi Jpyroro Baja. Pimmie reoMeTpudHi Bicl BaliB
po3TaIioBaHi mija AeIKUM KyTOM OAHWH 10 ofHOTO. HeoOXiaHICTh 3acTOCyBaHHS My(PT
BUKJIMKAaHA pI3HOMaHITHUMH OOCTaBUHAMH: OTPUMaHHSM JOBTUX BajiB, IO
BUTOTOBIIAIOTBCS. 3 OKPEMHX YAaCTHH; KOMIICHCAIIEI IIKIJJIMBOTO  BIUTUBY
HECITIBBICHOCTI BaJliB, IOB’S3aHOI0 3 HETOYHICTIO BHTOTOBJCHHS a00 MOHTaXY;
HaJ@aHHSIM OJIHOMY 3 BajliB JI€IKOI PYXJHMBOCTI; 3MEHIICHHSM JHHAMIYHUX
HABAHTA)KE€Hb; BMUKAHHSM 1 BAMUKAHHSIM OJHOTO 3 BaJliB IPU MOCTIHHOMY 0OepTaHH1
JIPYroro Ta AESKUMH 1HIUMU. My(]TH 3aCTOCOBYIOTh TaKOX JUIsl 3’€IHaHHS BaJliB 3
3yO4acTUMM KOJieCaMH, IIKIBaMH MAcOBUX IepeAad Ta IHIIMMH JeTansiMu. Mydtu
MIPUBOJIIB, IO 3aCTOCOBYIOTHCS B CY4aCHOMY MaIIMHOOYIYyBaHHI, 32 TPU3HAYCHHSM,
NPUHIUAIIOM i1 Ta KOHCTPYKIIE€I0 HAA3BUYANHO YKMCICHHI Ta pI3HOMAaHITHI. 3a
MPUHIIAIIOM 11 BOHM AUISATHCS HAa MEXaHIYHI, €JIEKTPUYHI 1 TIAPABIIYHI; 32 03HAKOIO
KEpOBAaHOCTI - Ha HEKEpOBaHi (HE JIOMYyCKAalOTh pO3'€JHAHHS BalliB B TIPOIECI
poOOTH); KepoBaHi (I03BOJISIIOTH MMPUMYCOBO 3'€THYBaTH 1 PO3'€IHYBATH MPOBILAHUM 1
BEJICHUI BaJM B IMpoIieci poOOTH); CAaMOBPsIIHI (aBTOMAaTUYHO PO3'€IHYBATH BaJl TPU
3MiHI 33/IaHOTO PEXUMY POOOTH); iHII (HATPHUKIIAJA KOMOIHOBAHI, 110 CKJIAIAlOThCS 3
HEKepoBaHOi 1 KepoBaHoi abo camokepoBaHoi My(dt). Bymo mnpoBemeHo mneBHa
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KUIBKICTh OOYHCIICHb, 3 IKUX HaM CTaJi0 B1JIOMO, IT[O: TTIOYaTKOBI YMOBH MalOTh BILJIUB
Ha JUHAMIKY pyXYy JIMIIE HA TIOYaTKy B3a€MO/Ii BEAy4Oro Bally 1 BEJICHOI IECTEPHI ; B
YCTaHOBJICHOMY PEXHMI IMHAMIKA PyXy MEXaHIYHOI CHCTEMHU 3aJI€KUTh JIUIIE BiJ
JI0YOTO 30BHINTHBOTO CHUJIOBOTO HaBaHTAKEHHS; Ha IMOYATKY PEKUMY 3aIyCKy B JIifO
NpyXHOi MyQ)TH BeAyYH BaJ 3a3HA€ BIUIMBY KOJHMBHHUX IIPOIIECIB; 3POCTaHHSI
YKOPCTKOCTI TIPY)KHOI My(pTH cropusie pi3Kid mepegadi KPyTHOTO MOMEHTY BIJ
BEy4OT0 BaITy /IO BEICHOI IECTEPHI.

PoGoTa Moke OyTH BUKOpPHCTaHA y MAIIMHOOYyBaHHI JIJIsl TIOKPAIIEHHS pOOOTH
MypTOBHX 3’€IHaHb, IO B CBOIO 4Yepry  3a0e3MedynTh 3MEHIIEHHS dYacy Ha
MIPOBEICHHSI PEMOHTY BIMICHKOBOI TEXHIKU
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M.I. Hlanan, O.C. Ilomanenko
JlbsiscbKuli OepycasHuli yHisepcumem 6e3nexku #HummeoianbHoCMi

Haykosuti kepisHuk Bacunvesa O.E., kanouoam mexHiuHux HayK, O0YeHm, NOJKOBHUK CLYHCOU
YUBLILHO20 3AXUCMY

INPOI'HO3YBAHHA ITOKEXK HA IIIIACTABI CTATUCTUKHA ICHC

PsaTtyBaHHa Jilogeil — cmpaBa JOBOJI  HempocTa. Bci  3HaOTH  1eBi3
psaTyBanpHUKa: «3amnobirtu. Bpsarysatu. [Jomomortu». Komm s mopstyHky Ta
JOTIOMOTH TOTPiOHA mpodeciiina Ta ¢i3udHa MiAroToBKa, TO ajs 3amooiranas HC —
noTpioHo ii mepenbauntu. Came B HampsIMKy IPOTHO3YBAHHS IOYKEXK HAyKOBII
BEJIyTh MOCTIMHY Ta KPOIITKY POOOTY.

Mertoro podoTu € po3poOka METOY METOJ IPOrHO3YBAHHA MOXKEX Ha IMIJCTaBl
CTaTUCTUKH 1X BUHUKHEHHS 3 BUKOPUCTAHHAM CTaTUCTUYHUX KOPEJSALIMHUX 3B’ SI3KIB.
CraTucTuuH1 3B’A3KH MOXYTbh OyTH Ayke CcKiaaHuMU. HaiOuibin mpocTuM BUAOM
CTaTUCTUYHOIO 3B’SI3KY, KM Ma€ BaXJIMBE NMPAKTUYHE 3HAYEHHS, €, TaK 3BaHMI,
KOpeJsiiiHui 3B’s130K. KopensuiiiHuii 3B’A30K MOke OyTHM MNpPSAMOJIHIKHUM a0o
KPUBOJIIHIAHUM.

KopesuiiHIMI HA3UBAIOTH PiBHAHHA BUIIsALy Y, = f(X). Jlis OTpMMAHHS 1IbOTO

PIBHSIHHS HEOOXIZHO B TEpIIy Yepry BCTAHOBUTU HASBHICTh 3B’SI3Ky MDK HOTro
YUHHUKAMU 3a JIOTIOMOTOI0 KoedilieHTa KOpesaiii s TpAMOIIHIMHUX 3B S3KIB 1
KOPEJSALIMHOTO BITHOIIEHHS IS KPUBOJIHIMHUX 3B’SI3KiB. MeETOJ CTaTUCTUUYHUX
KOpEJSALIMHUX 3B’A3KIB MK BUIIaJIKOBUMH BEJIMUMHAMU PO3TIIAIAE€THCS HA MPUKIAII
BUHUKHEHHSI B TpoIleCi JIKBIAIlll MOXKEX Ta HACHIAKIB HAJI3BUYAWHUX CUTYyallli
TPaBMYIOYMX YMHHUKIB, IO TPU3BOIUTE A0 MIOPIYHOTO OTPUMAHHS TPaBM OCOOaMU
panoBoro Ta HadanpHuIlbkoro ckimany JCHC VYkpainu. Pesynbraté anamizy
OTPUMAHOTO PIBHSHHS JJIS TPOTHO3YBAHHS TPAaBMYIOUMX UYMHHHUKIB TOKa3ajH, IO
CepeIHE 3HAYCHHS TPABMYIOYHMX YMHHHKIB Ta 1X KiJIbKICHA YacTOTa BUHUKHEHHS Ha
kidenb 2018 poky y mopiBHsHI 3 2017 pokOM MpakTUYHO HE 3MiHHIOCS. ToMy Ha
MiZICTaBl PO3TIISIHYTOTO METOJY Ta PE3yJIbTaTiB OOYMCICHb OyJIO BCTAHOBJIEHO, IO
MK BUTIQJIKOBUMH BEITMYMHAMHU, SIKI CTOCYIOTHCSI CTaHY OpraHi3ailii MmoxeKoraciHHs
Ta  TMOXESKHO-PATYBAIBHUX  pOOIT, HAWOUIBII  JOMIILHO  BCTAHOBIIOBATH
KPUBOJTIHIMHUN KOPEJSIIIHHUN 3B’SI30K 3 OTPUMAHHSAM KOPEJAIIWHUX PIBHSHb Ha
M1JICTaBl pe3yIbTaTiB CTATUCTUYHUX JTaHUX.

Bukopucranns nanux cratuctuku JJCHC no3Bofniao mporHo3yBaTy 0 KiHIS
2019 poxy BUHUKHEHHS TOXKEX Ha YKpaiHl, OpsIMUX 30UTKIB BiJ HHX, 3aruoeni
JOJIeH TOIO 3 BUKOPUCTAHHSAM PIiBHSHB PI3HUX THITIB JIJI1 BUSHAUYCHHS CEPEIHBOTO
KUIBKICHOTO 3Ha4Y€HHS O00’€KTa, SIKUHA pPO3TJISJAEThCS, a4 CaM€ CEepeAHE 3HAUYCHHS
3arajibHOi K1IJILKOCTI MOXKEXK 3a pik, mounHarouu 3 2015 poky:
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Puc.1. JluHamika CTaTUCTUKH MOXKEXK: 1 — KUIBKICTB MOXKEXK IO POKaX 32 CTATUCTUKOIO; 2 —
MOJIIHOMIiaJIbHA 3aJICKHICTh; 3 — CTETICHEeBA Ta CKCIIOHCHITIAIbHA 3aJIKHOCTI (criBnanm); 4 —
MPSMOJTIHITHA 3aJIEKHICTb.

JUisi mpOrHO3yBaHHS pE3yJbTaTIB 332 OTPUMAHUMM PIBHSHHSAMU HEOOXIJTHO
CIIOYATKY 3a iX JOMOMOTOI BHU3HAUWUTU CEPEAHI CTAaTUCTUYHI 3HAYEHHS YMHHUKA 32
BIJIOMUI OCTaHHIN 3BITHHM MEpIOJ, a MOTIM CEPEHI 3HAYECHHS HA MPOTHO30BAHUMN
nepio, TOOTO 10 KIHISI TEPMIHY MPOTrHO3YBaHHS. [Iicisi bOro BU3HAYUTH B1ACOTOK
30UTbIIEHHSI 200 3MEHILIEHHS LUX JaHUX 1 BpPaxyBaTH ILI0 3MIHY 3 BUKOPUCTaHHSAM
OCTaHHIX 3BITHUX CTaTUCTUYHUX JAHUX, L0 1 Oy/e MPOTHO30BaHUM PE3YJILTATOM A0
KIHLA TEpMiHY MpOrHO3yBaHHA. Po3poOneHuii MeToa MPOTHO3YBaHHS TMOXKEX
JI03BOJIsI€ IPOTHO3YBATH 1X BUHUKHEHHS Ha 1epioa He Oublie sk a0 0,5...1 poky. s
OUIPLI TOYHOTO MPOTHO3YBAHHA IOXKEX HEOOXIHO MAaTW CTATUCTHYHI JaHl 3a
KOXKHMHM MICSI[b POKY. 3 METOI0 YIOCKOHAJIEHHS METOLy HEOOX1IHO BECTH
CTaTHCTUKY MOKEX HE TUIBKU 3a 1X 3arajbHOIO KUIBKICTIO, @ TAKOXK 3 BUKOPUCTAHHSAM
BIIMOB1AHOT Kiacudikalii 3a 00’ eKTaMu, Ha IKUX BOHH BUHUKIN. TOOTO Ba)KJIMBO HE
TIJIBKH JIIKBIIYBaTH MOXKEXKY, a epeAdayuTH 1i, A1 4Oro 1 Npu3HayeHa MaTeMaTH4Ha
CTaTUCTHKA.

Jlitepatypa:

1. ®epe B.A., Pomanuenko O.B. Meroau orinku ¢inancoBoro pusuky // @inancu YKpaiHu.
1997. - Ne 2. C. 47-52.

2. Haka3 ICHC VYkpainu Big 16.08.2017 Ne 445 “ITpo 3a0e3neueHHs BeICHHS 00Ky IMOXKEK

3. TocranoBa KM VYkpainu Bix 29 mororo 2012 p. N 306 "IIpo 3aTBepKeHHS KPUTEPIiB,
3a IKUMU OLIIHIOEThCS CTYMIHb PU3UKY BiJl POBAHKEHHS IOCIIOIAPCHKOI AiSIIbHOCTI Ta
BU3HAYAETHCS MEPIOAMYHICTD 3IICHEHHS TUITAHOBUX 3aXO0/IiB IEP>KaBHOTO HATJISIITY
(KOHTpOJII0) Y cpepi TEXHOT'CHHOT Ta MOXKEXKHOI Oe3mexu’.

4. IOpuenko B.O., Mazypenko B.IL., I'ynosuu O.J1., Coxonoserkuii LI1., 'aBaza A.O.
HaBuanbsauii nocioHuk «PexoMenaalii 3 MpUuiHATTA pillieHb 0JJ0 pearyBaHHs Ta JIIKB1IAIi0
HACJIIJIKIB HAI3BUYAMHOT CUTYaIlil 00’ €KTOBOTO PiBHS».
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AJO. Axynin, B.B. llocunaiixo
JlbsiscbKuli OepycasHuli yHisepcumem 6e3nexku ¥ummeoissnbHocmi

Haykosuti kepisHuk Bacunvesa O.E., kanouoam mexHiuHux HayK, OOYeHm, NOJKOBHUK CLYHcOU
YUBLILHO20 3AXUCMY

ONTUMIBALISA MOKEXKHUX HACOCIB HA CTAII PO3POBKH

B 64-my pori Hamoi epu micto Pum Oyio mailike 3pyHHOBAHO B HACIIIOK
MacmTabHOI TOXKeXi, Ky HE BAajIocs MpUOOpKaTh MpoTiaroM TkHA. CboroaHi
MOXKEXHI MIAPO3ALIM MalTh BCE HEOOXigHE OONaJHAHHA Ta TEXHIKY, 100
JIOKaJTi3yBaTUCSA, JIKBIYBaTH TMOXKEXKY Ta BPITYBAaTH >KUTTSA, MAilHO 1 HABKOJIMIITHE
cepenoBuie. Ajie 4ac HE CTOITh Ha MICIi, BAMOTH Ta 3aJadi, SKi CTaBJIATh MEPE.
MOKEXKHUM O0JIaJTHAHHSIM TOCTIMHO 3pOCTal0Th, 1 Ha CHOTOJHIIIHIA J€Hb TOCTPO
CTOITb THUTAHHA ONTHUMI3Allll MapamMeTpiB TMOXKEKHUX HACOCIB, IO MOCTIIHO
MPALOIOTh B HA/ICKJIATHUX YMOBAX.

Hanpuknan, camuii po3moBCIOKEHUN TOXEKHIH aBTOMOOLT, All-40, Ha
akomy BcraHoBieHuil Hacoc [IH-40YB. Hacocamu 111€i cepii ocHairyBaau
npaktuyHo Bcl BiTum3HsHI All 1 AHP, TOGTO OCHOBHI mMOXeEXHI aBTOMOOLII
3arajbHOrO npu3HaueHHs 3 70-X pokiB. ToMy Ha ChOTOAHIIIHIA JEHb IMOCTAJO
NUTaHHS ONTHMI3allli OCHOBHUX IHapaMeTpiB MOXKEXKHOro0 Hacoca IIe Ha cTajii
PO3pOOKHU BUXOJSYM 3 YMOB IIPOEKTHOIO po3paxyHKy.OTxe, Oyna po3poOieHa OJ0k-
cXema ajlrOpUTMY JUIsl ONTUMAJIBLHOTO po3paxyHKy napametpiB Hacoca [IH-40YB na
ocHOBI cepenosumia Delphi

Delphi € nHamamkom MmoBu mnporpamyBaHHs Pascal. Lleii mpomykr Oys

W Teomerpusi napamerpn pobouoro xoneca - o X
o 2 e 43¢ | 06aicrenmn nenasvd | Moo npoeparns |
Orrimi3aUis P oeKTHOIo POIPAXYHKY HACooa By oo o B o
35 B IR o LIS [ o] i
@ - é ) N Copansii AaMeTp Brias KpoeiK ncnarelt Brodant
N "2 5 4 [T i K7 e
| =] I
Jowlo duowrp Ko M 3K Co2/1HA NN0LLS NONEPEHOTD NPy CIDATBHOI KaMapH
L o [ [
Unpia ncnarei e evcsi Miviianba LA NCNEpeHOro NEpepiay cpakHal Kenepi
o) s oo onig |
Wiprsa Aonareit wa s e
— w = =
dx . [ S _ A i
Puc.2. Bikno nporpamu Puc. 2 Bikno nporpamu
L el

Puc.1.3anyck nporpamu

CTBOPEHMI 3 HAJ3BMYaiHO 3pyyHUM IHTepdeiicom, Ha 0a3l SIKOro MOKHa OyJo
CTBOPUTH Oe3id mporpam pizHoro npuszHaueHHs. Ilell BuHaxin M030aBUB
MPOrpamicTiB OaraTbOX 3yCWJIb JIJIsSi CTBOPEHHS IIPOTPaM.

Po3po6iena HaMmu mporpamMa 3/1aTHa 3a JiiueHl CEeKyHAU 3pOOUTH PO3PaXyHOK
OCHOBHHX TapaMeTPiB MOKEKHOTO HACOCY, a came: BX1THOTO
miaMeTpy poOo4Yoro Kojeca, CepeIHbhOro JlaMeTpy BXIJHUX KpPOMOK JIOTaTeH,
IIMPUHU JIONIATed Ha BXOJ1 1 BUXOJ1, a HaWBaXXJIUBIIIE, 1110, MpOorpamMa OOUYHUCIIIOE
MaKCHMI30BaHMI Hallip Hacoca, MAaKCHUMI30BaHy BHUTpaTy Ta OaraTo 1HIIMX
MMOKA3HUKIB.
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o
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MiHranssa NAoW S Nonepewsoro

Kinksicte nonared

Puc.3. Bikno npozpamu

Po3pobka HaBITH HAMEHIIOI AeTalll TOTpedye MaTEMAaTUYHUX PO3PAXYHKIB,
a 10 TOJl TOBOPUTU MPO YJOCKOHAJICHHS Ta ONTUMI3AIII0 OJHOTO 3 OCHOBHMX

enemeHTiB I1A - moxxexxHoro Hacoca? OTke, MaTeMaTHKa Ta IPOrpec 3aBXau mopyq!

Jliteparypa:

1. 3anumarensHoe [Iporpammuposanue Delphi/ [C.CumonoBuy, I'.EBcees]

2. ABToMOOUITBHI TpaHCcTIOPTHI 3aco0u. OcHoBU KoHCTpYKIii. / [S. L. [Tinropenpkuii, M. 1.

Cuuescbkmii; A. M. JlomiHik]

3. ABTopedepart nuceprallii migBUIICHHS e()EKTUBHOCTI TACIHHS MOXKEXK MOKEKHUMHU
aBTOMOOUISMH 3 BiJILIEHTPOBUMU MOKEeKHUMH Hacocamu / [1. JI. YimaniBcbkuid|
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B. C. Camoiinenko
JIveiecvKkuii 0epocasnuil ynigepcumem 0e3neKu HeummeoiaabHocmi
Haykoeuit kepienuk /[3100a JI. @., kanouoam mexHivHux HayK, O0ueHm

3acrocyBanHs piBHsiHHS JlarpaHika nJist J0CJIiIKeHHSA KOJIUBAHb MEXaHIYHUX
CHCTEM

CrilikicTh pyXy MEXaHIYHOI CHCTEMH 3a [ii 30BHINIHIX HaBaHTaXCHb
BU3HAYAETHCS, Tepel yciMm, ii JAMHAMIYHUMHU BIacTHUBOCTAMH. lli BiacTuBOCTI
3aJIe’KaTh BiJl IPY)KHUX TTAPAMETPIB CHCTEMH, 9aCTOT BJIACHUX KOJMBAaHb, THHAMIYHOT
MiAaTAMBOCTI CKJIAJHUKIB CUCTEMHU Ta CIOCO0y HaBaHTaXCHHs. [l JTOCHIKEHHS
BJIACTMBOCTEH MEXaHIYHMX CHCTEM CTBOPIOIOTH JAMHaMIuHI Mofeini. J(uHaMiyHUMH
MOJIETIIMH  BBaXAlOTh CYKYIHICTh (OpMaii30BaHUX pPO3PaAXyHKOBUX CXEM Ta
MaTeMaTUYHUX MOJIEJICH, SIK1 3a MEeBHUX MPUITYIICHb OMUCYIOTh JUHAMIYHUHN TIPOIIEC.

BaxxnmnBoro XapakTepUCTUKOIO THHAMIYHOT MOJIENI € YHUCIIO CTYNEHIB BUTBHOCTI,
TOOTO YUCIIO HE3AICKHUX y3araJbHEHUX KOOPAHMHAT, IO OJHO3HAYHO BH3HAUYAIOTH
MOJIOKEHHS TMHAMIYHOT CUCTeMHU Y Oyb-skuil pikcoBaHW MOMEHT 4dacy t. 3a mi€ero
03HAKOI0 PO3PI3HSIOTH AMHAMIYHI CUCTEMHU 31 CKIHYEHUM Ta HECKIHYEHHM YHCIOM
CTyIEHIB BiIbHOCTI [1, 2].

Jnst cknagaHHs AUQEpeHIiabHUX PIBHAHb KOJHMBHOTO PyXy MeEXaHIYHOI
CUCTEMHU 31 CKIHUCHHM YHCIIOM CTYIEHIB BUIBHOCTI BUKOPHUCTOBYIOTH PIBHSHHS
Jlarpamxa apyroro poxay [2]:

d|oT orR o -11 i
el Bl I e ( ):Qj; (1=12,.,n), (1)
dt{ aq; | aq; aq;
ne T — kiHeTHYHa eHeprisa cucremu, R — aucunatuBHa ¢(yukiis Pemes, 1 —
NOTeHIllalbHa €Heprisi cuctemu, Q — y3aragpHeHl CUIM, ( — Yy3arajbHEHI

KOOpAWHATH, (| — y3arajibHEHI MIBUAKOCTI, N — YUCJIO CTYIEHIB BUIBHOCTI CUCTEMH,

SKe JOPIBHIOE YUCITY y3aralbHEHUX KOOPJAUHAT.
Jlnst TpumacoBoi MexaHiuyHO1 cuctemMu (puc. 1) y3araibHEHI KOOpJIWHATH Ta

y3araJbHEHI IBUAKOCTI JOPIBHIOKOTE: O, =@;; 0, =@,; 0; = @;; dd(?[l ¢, = dd(fl =w,;
dg, _. _do, dg, doy : )
= =w,), — = =w®,. Bupasm g1 KiHeTH4HOI T,
a RTTar % Tw % T o PP

NOTEHIabHOI [/ eHeprii Ta AucunaTuBHO1 GyHKIII R MaloTh BUTIS:
I .2 I .2 I -2
TP 1P [sPs :
2 2 2

C C
Hzgl((Pz _(pl)z +EZ((P3_¢2)2;

k. . ) k, . )
= El(¢2 _(01)2 +?2(¢3 _¢2)2 , (2)

Puc. 1. Po3paxyHkoBa cxema )
TPUMACOBOT MEXaHIUYHOI CUCTEMHU ne 11,1, — MomenTH iHepumii  Mac

CUCTEMH; C;; C, — KOE(DILIEHTH KOPCTKOCTI;

k,; kK, — koedimienTn nemndypaHHs.
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BupaxyBaBmm y Bupaszax (2) moxiaHi: 3a y3araJbHEHUMH IIBHAKOCTSMHU Ta
4acoM BiJ KIHETUYHOI €Heprii, 3a y3araJlbHeHUMH KOOPAMHATAMH BiJ MOTEHIIAIbHOT
eHeprii Ta  JAMCHUNATUBHOI  (yHKII{, OTPUMYEMO CHUCTEMY  OJHOPITHHUX
nudepeHIiaTbHUX PIBHAHB APYTOro MOPSIKY:

d’p, , (do_do |

" dt21+k1( ) te(®me)=0
d’p dp, de dp, do -

I, dt22_k1( dtl_ dt2 +k, d—tz_d_ts —C (o —9,)+¢, (0, —,)=0; (3)
d’p dp, de

. dt23_k2( o) lPme)=0

.

3a po3B’a3KOM crucTeMu qudepeHIliaaTbHuX piBHSIHB (3) MOXKHA TOCTIIUTH BUTBbHI
KPYTWJIbHI KOJNMBAaHHS TPUMACOBOI MEXaHIYHOI CHUCTEMH Ta BH3HAUYUTH YaCTOTU
KOJIMBaHb.

Jliteparypa
1. Apro6onesckuit M. Y. Teopuss mexanusmoB u mamuu / M. . AproboneBckuii . — M.:
Hayxka, 1975. — 640 c.
2. Bubpanuu B Texnuke: CrnpaBounuk B 6-tu T. / Pen. coBer: B. H. Yenomeii (npexn.). — M.:
MamuHoctpoenune, 1978. — T. 1: Konebanus nuHeiHbIX cucteM / mox. pen. B. B. Bonoruna. —
1978. - 352 c.
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0.0. Pagiituyk
HarmionanpHa akageMisi CyXOImyTHUX BiHChK iMeH1 reTbMana [letpa Caralimagnoro
HayxoBuii kepiBauk: Copoxamuit M.1., k.}.-M.H., JTOIICHT

JIMHAMIKA EJIEMEHTIB MEXAHIYHUX CUCTEM BOMOBUX
KOJICHUX MAIIMH

30poitHi cuiam YKpaiHM OCHAIllEHl BEJIMKOIO KUIBKICTIO OOMOBUX KOJICHUX
MamH. PoOodi opraHu mMX MalidH B TPOIEC] eKCIuTyaTamii 3a3Hal0Th 3HAYHHUX
HABaHTa)XEHb, 1110 MIPUBOJIUTH X O TEPEIIACHOTO 3HOLTYBAHHS, a 32 TICBHUX YMOB 1
10 pyhHyBaHHs. EnemeHTH migBicku 0OMOBOT MAalllMHU PO3TIIANAIOTHCA K MPYXKHI
CUCTEMH, TOMY JI0 JTOCIIDKCHHS iXHBOI MOBEAIHKH 3aCTOCOBYIOTh METOAU Teopil
KOJHMBaHb Ta CTIHKOCTI. 30Kpema, HeoOXigHa Mojasblia p03p061<a METO/IiB
JIOCTI/DKEHHSI HEMEepepBHUX Ta HEMEPEePBHO-TUCKPETHUX MEXaHIYHUX CHUCTEM,
e(deKTUBHUX CMOCOOIB 3HAXO/KEHHS IXHIX YacTOT 1 KPUTUYHHX HABaHTAKEHb SK
¢yHKHi pizHux napaMerpiB. OcoOauBe 3HAUYEHHS Mae€ poO3poOKa aHATITUYHHUX
METO/IB 1 OTpUMaHHS Ha iXHI OCHOBI 1HXEHEPHUX PO3PaXyHKOBUX (OPMYJ s
OLIIHKM BIUIMBY PI3HOMaHITHUX (AKTOPIB: T€OMETPUYHHUX, KOPCTKICHUX, MACOBHX
XapaKTEPUCTHK, BIACTUBOCTEH HAaBAaHTa)XKEHb, XapaKTEPUCTUK CEpeloBUIIA 1 T.II. HA
MaJl KOJIMBaHHS 1 CTIMKICTH J1e(OPMIBHUX CHUCTEM.
HexTtyroun po3mojiaeHo0 Macorw OalKd 1 BBaXKAlOUM IO BaHTaX 1 Oajka IMmicis
MEPIIOTO JOTHUKY HE BIIIUISIOTHCS 3HAWIEMO YacTOTy pe3yJbTYIOUMX BUIBHUX
KOJIUBaHb 1 ii 3aJIeXKHICTh BiJl TOUKHW NpukiananHs cuiu P. Ilpu upomy Oyaemo
BpPaxOBYBAaTH TUIbKHU BIUIMB 3TMHAJIBHUX MOMEHTIB).

A
Y

Puc. 1. Cxema BiJIbHO OIEPTOi 3aBaHTaXXEHOI Oalku

3HaiiIeMo 4acTOTy KOJIMBAHb JJI TAKUX 3HAUCHbD:
Mmarepian Oanku — gBotaBp Ne20; nomkmna Oamku |=2,1u; cuma P=1000H,
npuKIIaaeHa B Toumi a=1,4 ».3HaleM0 4acTOTy BJIaCHHX KOJIMBaHb: f =77,5¢"

PosrnsaeMo Temep BIUIMB MPY)KHOTO 3aKpIIJICHHS HA 4YacTOTy KOJHMBaHb
cTepkHs. Po3rasiHeMo BUTIAJOK, KOJIM JIIBUM KIHEIh OAJIKU BIJIbHO ONIEPTHH, a PaBHA
MPY>KHO 3aKpirieHud (puc.2) Mpu  YMOBI, IO PO3MOJIJICHOI0 MAacOI CTEpPKHS
3HEXTYyBaHO. BBaxkaeMo, 110 CTepKEHb Ma€ MOCTINHUI MepeTUH

Sxmo Bara Oanku wl Mayia y MOpPIBHSHHI 13 Baror BaHTaxy P, To mMoxHa 13

JIOCTaTHHOIO TOYHICTIO MPUITYCTUTH, IO MPOTUH OaTKu MPH KOJUBAHHAX MA€ TaKy
camy (opmy, sk mpodiab JiHII CTaTUYHUX MPOTHHIB TMPHU il 30CEePEHKEHOrO
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HABaHTa)XCHHA. Y [[bOMY BUIAJKy TIEPEMIILIEHHS TONEPEUYHUX epepi3iB Oyne TaKuM,

K 1 1711 HeBaromoi 0ajku, 10 K01 MPUKIIAIEHO HAaBAHTAXKEHHS
W=P+ 17 wli
35
YacToTa KOJIMBaHb MPHU [IbOMY CTAHOBUTHUME
f =73,8c*
IToxubka y MOpIBHSAHHI 13 YacTOTOK, OTPMMAHOK 03 ypaxyBaHHsS Macu OaJikw,
CTaHOBUTH MeHIIIe HiXK 5%.

K

o a

Puc 2. Cxema 6anku 13 Npy»KHO ONEPTUM KiHIIEM

JlocnmiauMo BIUTMB KOPCTKOCTI MPYKUHU HA YaCTOTY KOJIMBaHb, B3ABIIM 3a BUXIJIHI
JlaH1 YUCJIOB1 3HAYEHHS MOIEPEAHBOI 3aj1adil, SKIIO PajalyC BUTKa MpyXuHU R=5cMm,
paaiyc mepepidy ApoTy I=1lcM, KuUibKicTh BUTKIB N=8. Jlns marepiany Oanku 1
NpY>KMHU BUKOPHUCTAHO cTayb Crtanb 3.
YacroTa KonMBaHb O0aJIKu IpH IIOMY OyZIe TaKOIO:

f =8,63c™"
Otxe, TpyXHE MIAKPIIJIEHHS MPaBOro KiHIS Oallki NPUBOAUTH JO 1CTOTHOTO
3MEHIIIEHHS YacTOTH KOJIMBaHb CHUCTEMH BaHTax-Oamka. YactoTa 3MeHIIyETHCS
OunblI HIXK y 8 pa3iB. [lpykHI MIAKPIMUIEHHS €IEMEHTIB MiABICKH 00MOBOI MalllMHU
3MIACHIOIOTh CYTTEBHM BIUTMB HAa YacTOTy KOJIMBaHb, a CaMe: YaCTOTH KOJIMBAaHb
MO>KHa ICTOTHO 3MIHIOBaTH 33 PaxyHOK MPYKHOTO 3aKIMJIEHHS KIHIIB CTEPXKHS, IKUM
MOJIETIIOEThbCST  eneMeHT TiaBicku. [limbip xapakTepucTuk MeTany, 13 SKOTO
BUTOTOBJISIIOTHCS €JIEMEHTH ITiABICKH, YHCJIA BUTKIB MPYKHH, HA SKI Il €JIEMEHTH
OMHPAIOTHCS, PO3MIP LUX MPYKUH, JaBaTUME 3MOTY 3MIHIOBAaTH YacTOTH, a OTXKE
YHUKATH TaKUX MIKIJJTUBUX SIBUIIL, SIK PE30HAHC.

Jliteparypa
1.ITogpurano M.A. / Jlunamuka aBromobuns. B.II. BonkoB, A.A. bo6omko, B.A. IlaBnenko,
B.JI. ®aiict, .M. Knen, B.B. Penpko, M.A. Tlonpurano. Xapskos: XHAJLY, 2008. - 424c.
2.Tumomenko C.II. Konebanus B unxkenepHom aene / C.I1. Tumorienko; nep. S.I'.IlanoBKoO ¢
3-ro amepukas. u3jl., nmepepad. coBmectHo ¢ J.X.fAurom.- 2-¢ u3zn., crep.- M.: URSS; Kom. Kuura,
2006. - 439c.
3.T'amyk I1.B. / JliniitHi Mozmemni qucKkpeTHO-HenepepBHUX MexaHiuHux cucteM. JI.M. 3opiii, JIbBiB:
VYkpainceki Texnosorii, 1999. - 372 c.
4. b.1.Cokin, P.A.Haniscbkuii, M.I".I'pybens. BiacHi BepTukaabH1 KOJIMBAaHHS KOPIYCY aBTOMOOLIS
3 ypaxyBaHHSAM HENIHIHHUX XapaKTepUCTUK NpYyKHOI miaBicku. HaykoBO-BHpOOHUYHMH >KypHAI
“ABTromMoOiTEHUH TparcopT”.-2013.- Ne5(235). - C. 15-18.
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C.A. Py3ak
HarmionanpHa akageMisi CyXOImyTHUX BiHChK iMeH1 reTbMana [letpa Caralimagnoro
Hayxoswii kepiBauk: IIAK P.M., noueHT kadeapu 1HKEHEPHOI MEXaHIKU

AOCJIIJKEHHA BIUIMBY IPYXXKHUX XBUJIb
HA ®OPTUDIKALIMHI CIIOPY 11

[Tix yac mpoekTyBaHHS 1HXEHEPHHUX CIIOPY] (30KpeMa 1 BINCHKOBHX), B MPOIIECI
OYyJIIBHHUIITBA 1 JJISI PEKUMHHX CIIOCTEPEIKEHb 3aCTOCOBYIOTh Ire0(13MuHI METOJIN.

Jlns OyAiBHUITBA 1HKEHEPHUX CIOPYJ BUKOPUCTOBYETHCS CEMCMiYHA PO3BIJKA,
jAKa Ja€ HalliHI BIAOMOCTI MPO CTAaHOBHILE TEOJIOTIYHUX TUT 1 Hpo ix (i3uko-
MexaHiuHl BracTuBoOCTi. g iH(opmarlliss BpaxoByIOThCS Mij Yac MPOEKTYBaHHA Ta
OyIiIBHHIITBA.

Jns iHTepmpeTanii JaHuX CeMCMIYHOI PO3BIAKM BUKOPHCTOBYIOTH I€BHI
CEMCMOJIOTIYHI METO/IH, SIKI TPYHTYIOTHCSI Ha YSBJICHHSIX Mpo (i3M4HI MPOLECH, II0
B110yBaroThcs BcepennHi 3emii. CelicMiuHI BIUIMBH, PKEPETAMU SIKOTO MOXKYTh OyTH
BUOYXH 3yMOBJIIOIOTh IMHAMIUHY 110 Ha HAaBKOJIMILIHE CEPEIOBUIIE 1 IEPEBAKHO HA
IpyHTH. LI BIUIMBU € BUMYIIEHUMH MEXaHIYHUMU KOJMBAHHSAMHU YaCTOYOK IPYHTY,
nepenani Bijy 00’ €KTIB-KEpet uepe3 MpoMixHe (T€0JoridHe) CepeIOBUIIE 0 PI3HUX
IHKEHEPHUX OO0 €KTIB, VISl SKUX 1€ CEPEIOBUIIE € OCHOBOI (yHIAMEHTIB abo
BMIIIIYIOYUM CEpEOBUIIEM. SIKIIO MPU OMY TIPChKI MOPOJU € MIITHUMHU 1 MAIOTh
IPYXH1 BIACTUBOCTI, TO BOHM 3/aTHI MepeaaBaT XBuil (BiOpallito) Bija JpKepena 10
00’exta. SKmo )k 00’€KTOM NEPBUHHOTO (3 OOKYy JKepesa) CEHCMIYHOTO BIUIMBY
BUSIBJISIFOTBCSL BIJHOCHO CJIa0K1 JAMCHEPCHI I'PYHTH, TO MOJKJIMBI HE3BOPOTHI 3MIHH
iXHBOI CTPYKTYpH 1 K HACHIJAOK IIbOT0 — 00 ’€MHI 3MIHM TOBIII Nopia 1 Aedopmariii
noOyJoBaHUX Ha HIM OyIWHKIB 1 cnopya. OTe, MIUHICTh 1HXEHEPHHUX CIOPY.
3HAYHOIO MIPOIO 3aJIEKUTh BiJl iX OCHOBH — OCAJ0BOi TOBII 36MHO1 KOPH, Ha SIKiH
po3TamoBaHo 3a0ya0By. Y [bOMY BHUNAQAKY, NMPH HEMPABUILHOMY YSBICHHI IPO
OynoBYy 3€MHOI TOBIII, BUHHKAIOTh HemepemdadeHi KaracTpodiyHi pe3yibTaTH.
BaxxauBum METOOM TakUX AOCHIIKEHb € MAaTEMaTUYHE MOJEIIIOBAHHS XBUIBLOBOTO
noJisi. BUKOpUCTaHHS IbOrO METOly 3yMOBJIEHE TJIMOMHHOIO OYTI0BOIO 3€MHOI KOpH B
CEHCMIYHOMY, IHXKEHEPHOMY, aKyCTUYHOMY Jliama3oHax Ta  MPaAKTHYHOIO
HEJOCTYIHICTIO JIOCHIIHAX 3pa3KiB g 0e3MocepeIHhOr0 EKCIEPUMEHTAIBHOTO
BUBYECHHS.

Bnacniiok BuOyxoBoro po3kiany BuOyxoBoi peuoBunu (BP) y razax, pigunax i
TBEPJUX TLJIaX HA MEXI MOALTY TBOX CEPEIOBUIN BUHUKAE ynapHa XBuis [1].

3 BUPIBHIOBaHHSIM MEPEIHBOTO (PPOHTY yAapHOi XBWJII B CEPEIOBUIII
CIOCTEPITra€eThCs ii Mepexiy] y XBUIIO CTUCHEHHS. XBWJISA CTUCHEHHS Ha BIJIMIHY BiJ
yAapHOi XBWJIl 3MIHIOETHCSI JIOCTATHBO IUIABHO, IIBHAKICTH TMOIIUPEHHS 30YyIKCHBb
JOPIBHIOE MIBUAKOCTI 3BYKY B 1bOMYy cepenoBuull. [Ipu 3HMKEHHI Trpaji€eHTa
HaANpy>XEeHb 3racaHHsl €Heprii XBWJIb 30UIbIIYEThCS Yepe3 Te, 110 MiABUILYETHCS
B’SI3KICTh cepeoBuIla. B 00macTi mommpeHHsT XBUIb CTUCHEHHS CEPEIOBUIIE BEIE
cebe He TPYKHO, 1 Y HhOMY BHHHUKAIOTh 3aJMIIKOBI Aedopmarlii, mo BEAyTh IO
MOPYIICHHS CYHIIbHOCTI OymoBu cepenoBuia [2]. 30Ha MOMIMPEHHS [HX
nedopmartiii oOMexxena mpaktudHo 120 — 150 pamiycamu 3apsmay. ami xBuuis
CTUCHEHHS IEPEXOJIUTh Y MPYKHY XBHIIIO (puc. 1).
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Puc. 1. OGnacTi nomuMpeHHs y1apHUX XBWJIb, XBUJIb CTUCHEHHS 1 CEHCMIYHUX:
ty — 9ac HapocTaHHS HanpyskeHb Bix 0 10 max; ts — yac crnajaHHs HaMPYXEeHb Bij
max 10 0; I - BigHOCHHUH paziyc 3apsay [3]

PyitHyBaHHS KOHCTPYKIIIT MiJ AI€0 TPYKHOI XBUJII HACTA€ B TUX BUMAAKaX, KOJIH
HAmpyXeHHsI B 11 eeMEeHTaX MEepPEeBUIIYIOTh ACSIKYy MEXY, BIAaCTUBY Mmarepiaty, 3
SKOTO IIl €JIeMEHTH BUTOTOBJEHI. HampyxeHHs, B3arani Kaxydu, OyJayTh OUIbIINMH,
KoJM OunplIl epopmanii eneMeHTiB KOHCTpyKLii. Jledopmallii ) KOJIMBHOI CHCTEMHU
OyAyTh 3pOCTaTH 3a 3aKOHOM, OJIM3BKUM O MPOMOPLIHHOCTI KOPEHIO KBaAPATHOMY
BiJl IOTEHITIAIBHOI eHeprii cuctemu [4].

3B'130K M1 BEJIMYHMHOIO IIBUAKOCTI KOJMBAHHS IPYHTIB 1 PYWHYBAHHIMHU MOXKE
pO3IIIAIaTUCA K BKa31BKa HAa 1CHYBAaHHSI 3aJIEKHOCTI MiX JepopMallisiMu €JIeMEHTIB
CHOPYIU 1 €HEpri€lo KOoJMBaHHs IpyHTIB. Ha OCHOBI NpUHHATUX NPUIYIIEHb IS
nedopmartiii d ciopyau orpumMano Gopmyiry

33—
m/m
g G |
T2 T2
v __ "0 y24.2 ‘0
r Jﬁl (algr]z) *r (elg r)2

ne d medopmartis criopyam, M - Maca 3apsay BHOYXOBOI pEYOBHMHH, I - BiAJIAIb Bij
BUOYXY N0 TOYKH CIIOCTEpEXEHHsS, 7> — TMepioj] KOJWBAHHS IPYHTY, [ — TMEpiof
BJIACHUX KOJHMBaHb CIOPYJIH, Y € BEIUYMHOIO, IO 3aJICKUTh BiJ 3racaHHs BIACHUX
KOJIMBaHb CIIOPYAH, V B 3aJICKHOCTI BiJ I' 1 C HAOyBae 3HA4YEHb, 110 JICKATh B MEKax
Bix 1 10 2, & — 4KcIo, MO 3aJSKUTh Bl BIacTUBOCTEH IpyHTY. Ll dhopmyna moxe
OyTH 3acTOCOBaHa JjIsl BCTAHOBIICHHS PO3MIPIB CEMCMIYHO HEOE3MEUHMX 30H IT1J1 4ac
BUOYXIB.

Jlitreparypa
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2. Hosarmkuit B. Teopust ynpyroctu / B. Hoankwmii. — M.: Mup, 1975. — 520 c.
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1983.—520c.
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0.0. I0oin
Hayionanvha axkademis cyxonymuux giticok imeni cemomana 11. Cazatioaunoco
Hayxosuui kepienux X.1. Jlimguncoka, x.m.u,. doyenm xkageopu IM(OTIB)

PO3PAXYHOK HA MIIHICTb OCHOBHHUX EJIEMEHTIB
PATYBAJIBHOI'O ITPUCTPOIO CIIEHTAJIBHOI'O TIPU3HAYEHHASA

[Tin yac mpoBeneHHS OOWOBMX BUHHMKAIOTH CHUTYyallli, KOJU € HEOOXITHICTh Y
BUKOPUCTAHHI PATYBAIbHUX MPUCTPOiB. (OCOOJMBO 1€ CTOCYETHCA BHUMAJKIB,
MPOBEICHHS PATYBAIBHUX POOIT y MICIIX 0OararomnoBepxoBOi 3a0yJ0BH, A€ TakKi
MIPUCTPOi MOKYTh 3aCTOCOBYBATHCS JIJIsl BUBUIBHEHHS JIFOACH 3 T1i]] 3aBaJiB OyAMHKIB.
3a MOMOMOTOI0 PATYBAJIBHUX MPUCTPOIB MOXKIIMBE MITHITTS SIK 0COOOBOTO CKIIATy,
Tak 1 BaHTaxy (OoempumaciB, CopsHKeHHS, 30poi, MPOIYKTIB Ta 1HIINX BAKIMBUX
MpeaMeTiB JJi1 BeIAeHHS OOMOBUX [ill) HAa TMEBHY BHCOTY y BHIAJKY, KOJHW 1HIII
IUIAXU JOCTYIy BiACYTHI. Y BOJONa3HIA CHpaBl pATYBaJIbHI MPUCTPOI MOXKYTh
3aCTOCOBYBATHCS Ha BOJIOMMAxX MJisd MIAHSATTS CHApSIiB 3 JHUINA BOJONM IMija 4Yac
PO3MIHYBaHHS TOMIO.

OaHuM 3 TakuX TPUCTPOIB € pATyBalbHUU mpucTpiit «TpuHir», craTudHa
MIIHICTh HIT SIKOTO OIllHEHAa HE T[IOBHICTIO, OCKIUIBKM TpU MPOEKTYBaHHI
BpPaxOBYBAaBCS JIMIIIEC BUITAI0K, KOJIM HIXKHI OIIOPH HIT PO3MIILIEH] B OJIHIM TUIOLIHHI.

Mertoro po0OOTH € aHajai3 CTaTUYHOI Ta AWMHAMIYHOI MIIHOCTI €JIEMEHTIB
KOHCTPYKIIT CTEPKHEBOTO PATYBAJIBLHOTO MPUCTPOIO « TpUHIr.

Y poOoTI MPOBOAMBCSA PO3PAXYHOK MOB3JIOBXKHIX CHJI 32 PI3HOTO PO3MILICHHS
HWKHIX ONOp CTepkHIB. JlJI1 TphOX BHUIAJIKIB TAaKOrO PO3MIIICHHS BU3HAUYEHI
reOMETPUYHI TTapaMeTpH, 3alucaHl Ta po3B’si3aHl CUCTEMH PIBHSHb 11 BU3HAYCHHS
CTUCKAJIbHUX 3YCUJIb Y HOTaX NPHUCTPOIO, OTPUMAaH1 YMCIIOBI 3HAYEHHS MO3J0BXKHIX
CUJI y CTEPXKHSX JJIsl IBOX BapiaHTIB HaBaHTakeHHs mpuctporo (5 ta 8 kH), Takox
BU3HAYEHI CTaTH4YHI HANpY>XEHHS CTUCKY B HOrax IMPUCTPOIO 3a 2 BaplaHTIB
HaBaHTaXeHHA. J[1s1 000X BUMAAKIB HABAaHTAXEHHS Ta TPHOX CHOCOOIB PO3MIIIEHHS
OTOp HIT PATYBAJIHHOTO MPHUCTPOIO 3HAYEHHS HANPYKEHb CTUCKY Y HOTaxX €
MEHIITMMH, HIXK JOMYCTUMI1 JJisi cTalll HanpyxeHHs. OTxe, YMOBU MIIHOCTI Ha CTUCK
y pa3i CTAaTUYHOTO HABAHTAXKEHHS PATYBAIBHOTO MPUCTPOIO BUKOHYIOTHCS.

Hora mpuctporo 3 (mora 3 nebGigkoro) mepebyBae B yMOBax MO3J0BXKHbBO-
MONIEPEYHOr0 3TMHY, Ha Hel OAHOYacHO Ji€ cTucKanbHa cuia N, ta MmomeHT M,

KU YTBOPIOEThCS CHJIOI0 HaTATy KaHata F. 3a po3paxyHKOBYy cxeMy HOTH
MPUCTPOI0 MPUKHAIM OanKy Ha ABOX IIAPHIPHUX oOmopax. Y poOOTi 3amucaHe

d?x N, M sinky
~+—2-X= ——+
dy® El, = El.k*sinkl Ell
PIBHSIHHSL TPY>KHOI JIiHIT OaJIk¥, BIANOBIIHO [0 SIKOTO BHU3HAYEHE MaKCHUMalbHE
sinkl,
sinkl
k =,/N,/El, . OTpuMano 3HaYeHHs MaKCUMAIbHUX HATIPYKEHb y pasi MO3I0BKHbO-

Yy Ta pO3B’A3aHE X =-— % y nudepeHiianbHe

3HAUYEHHS 3TMHAJLHOTO MOMEHTY Yy mepepi3l crepxHs-Horu 3: M =

3rmax

MOMEPEYHOro 3rMHY HOrM 3 3a JABOX BaplaHTIB HABAHTAXKEHHAX Ta TPHOX CHOCOOIB
PO3MIIIEHHSI HIXKHIX OTMOp HIT MPUCTPOr0. SIK BUAHO 3 pe3yJsibTaTiB OOYUCIEHb, Mij

«Mamemamuxa, wo nac omouye: Munyne, cyyacue, maroymuey, 29 bepesns 2019 23



9ac TO030BXXHBO-TIOTIEPEUYHOTO 3TUHY NPH HABAaHTAXEHHI MPHUCTPO0 cwioto 8 kH,
YMOBA CTaTUYHOI MIITHOCTI JJIs1 HOTH 3 HE BUKOHYETHCs. [1i/1 yac HaBaHTa)KEHHS HOTH
3 nebiako cuioro 5 kKH y pasi po3MilieHHs IBOX HIT PATYBAJbHOTO MPUCTPOIO HA
M1IBUINEHH] BUCOTOO 20 CM pO3paxyHKOBI HaNpyXeHHsS B HO31 3 ayxe HaOJMKeHi
70 JOMYyCTHUMOTO HampyXeHHA. ToMy Takuii BHITaJOK TOTPIOHO TEpeBIpUTH HA
JTUHAMIYHY MIIHICTb.

[Tin gac o6epranHs J1e0iIKH €NEKTPOIBUTYHOM Ha HOTaX MPUCTPOIO BUHUKAIOTh
3Ha4H1 BiOparii. [ OUIbII TOYHOI OIIHKMA MIIHOCTI HIT TPUCTPOIO MPOBEJICHE
TCOPETUYHE JOCITIDKCHHS TUHAMIYHOTO HABaHTAKEHHS, a caMe aHalli3 KOJMBHHUX
MPOIIECiB, IO BiAOYBaIOTHCS y HO31 3 M 4ac BiOpariiiHoro HaBaHTakeHHs. [1ix gac
poOOTH BiJ €IEKTPONPUBOAY YHACIIIOK OOEpTaHHS HE30alaHCOBAHUX Mac JICOITKH
BUHHKA€E 30yproBajbHa cuia F (t) = F,sinQt, mo BukINKae BiOpariro KOHCTPYKILI,.

) .. ) F .
Y pobotri mnoOymoBane X+2nx+a)2X=—°S|nQ(t), w=+clm, n:i Ta
m

2m
po3B’si3aHe AMQEpeHIliaibHe PIBHIHHS BUMYIICHUX TMONEPEYHUX KOJMBAHb HOTHU 3
7e017IKO10 3 ypaxyBaHHSIM 30yproBajIbHO1 CUIIH
F T e’
_ —nt H 0 H ’
(Xx=Ae " (sinat +¢)+ 7 1- o~ . -Sin(Qt —w). 3  po3B’s3KYy

PIBHSIHHSI BUIHO, 1110 HOTA MPUCTPOIO 3 JIEOIKOI0 Oepe ydyacTh y ABOX KOJMBaJIbHUX
pyxax. [lepmum KoIMBaIbHUM MPOLECOM € BUIbHI 3racaroui KOJUBAaHHS 3 YAaCTOTOIO
@ Ta amIuniTyao0 A, SKI BU3HAYAIOThCS MOYATKOBUMHU yMmoBamu. J[lpyruii
KOJIMBAJILHUM MPOILIEC MTPOXOIUThH 3 YACTOTOIO 30ypIOBANILHOI CHJIM Ta 3CyBOM (a3 .
I{i KoJMBaHHS HE 3racailoTh, a HPOJOBXKYIOThCS mmia miero cuau F(t). Orpumano

dbopmyny IS BU3HAYCHHS aMIUTITYJId BHUMYIICHHX KOJIMBaHb Ta IS JUHAMIYHOTO
koe(dimieHnTa. BusHaueHO YacTOTy BUIBHUX KOJMBaHb JIeOiIKH Macoro 21 Kr Ta
KPYTOBY 4acTOTy 30yproBajbHOI cuiid. OCKIJIBKY YaCTOTa BUIBHUX KOJIMBAHb JICO1IKH
Habararo Oulbla BiJ YacTOTH 30ypIOBAJIbHOI CHJIM, TO PE30HAHC Y TakKii
KOJHUBAJILHINA CUCTEM]1 HE BUHHKAE.
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YK 512.8
BIHAPHU METO/I MITHECEHHSA 10 CTENIEHS 3A MOJIYJIEM TA
KPUIITOCUCTEMA RSA
bopmuux B.
Craciok M. @, x.(.-M.H., 1011eHT, JIbBIBCbKUI Jep)KaBHHUI YHIBEPCUTET OE3MEKH

SKUTTENISUILHOCTI

3anporionoBana B 1977 p. kpuntocuctema RSA € uYuM HE HaWMOTYXKHIMIOKO
KPUINITOCHCTEMOIO 3 BITKPHUTUM KITFOUEM.

['eneparist kirodiB B kpuntocucreMi RSA momsirae y BHOOpI AOCHTH BEIMKHX MPOCTUX

gucen P 1 . s ix noOyrky BusHaueHa ¢yskuis Eitnepa gp(n):(o( pq): n—p—q+1. Hami
BHUITAJJKOBUM YHWHOM BHOUPAIOTH C€JIEMCHT € TaKul, [0 HEe IEepPEBUIIYE 3HAYCHHS go(n) 1
HCI[(e,(p(n)) =1. Toni 3HaxomaTh iHBepcito d 10 emeMeHTa € 3a MOJyJeM (p(n),T06To

PO3B’S3yIOTh KOHIPYEHILIO
ed =1(mod p(n)). (1)

KonrpyeHiiiro (1) MOXHa PO3B’s3aTH, HAINPUKIIA, METOJOM JIAHIFOTOBUX JApPOOiB. Sk

pe3yabTaT OTPUMYIOTS :

Biokpumuui knou: e, n;

Taemnuii kuou:  d.

[udpysanns BinOyBaeTbest O1okamu. i bOTO MOB1IOMIIEHHS 3alUCYIOTh y HU(POBIi
dbopmi 1 po30MBalOTH Ha OJIOKH Tak, 110 KOXKEH OJIOK BU3HAYA€ YHCIIO, K€ HE nepeBuirye N. biok
M po3risaeTbes SIK eNeMeHT Kinbls Z, = Z 1 nZ.

Anroput™ mu¢ppyBanHs E B cucremi RSA nonsrae y minnecenni M no cremens e 3a
MoJryaeM N.

E(M)=M*(modn) (2)
(2) —ue 6ok kpunrorekery C=E(M).
AnroputMm aemmmdpysanns D 6noky kpuntorekcty C monsrae y nigHecendi C 1o
creneHi d —TaeMHOTO KITf04a i€l KPUITOCHCTEMH, TOOTO
D(C)=C"(modn).
Omxe , sk Oauumo, sK Juis MUQPYBAHHS KPUNTOTEKCTY, Tak 1 M HOro

nemudpyBaHHs MOTPIOHO BMITH MiTHOCUTH YHUCIIO IO CTENEHS 3a AaHUM MoayieM. OCKUIbKH Yucia

p,q,N mpu onmucaHoMy (OpMYyBaHHI KJIIOYIB MOBHHHI OyTH JOCTaTHHO BEIMKHMH, TO MOTPIOHO

MaTu C(beKTI/IBHi AJIITOpUTMHU HiIlHeCCHHH A0 CTCIICHA 3a MOIYJICM. O,Z[HI/IM 3 TaKHuX aHTOpI/ITMiB €
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BiOMUH 111e 70 Hamoi epu B [Hii OGiHapHUIT MeTO, KMt Oa3yeThCsl Ha MOAaHHI Moka3Huka d, 10
SKOTO MIJHOCATh YMCIO a 3a MOIYJeM Yy JIBIHKOBIM cucTeMi YHCIeHHS. SIKIIo moTpiOHO 3HaiTH

a“ (mod m), TO 0JIaMO TIOKa3HHUK 0 y BHIJISII
d=(d,.d,,..d.dy), def01l, d=3d2
i=0

Toni pe3ynbTaT migHeceHHs A0 cTemeHs a' 3a MOAYZeM M MOXHA BHPA3HTH TaKOIO

[[((a"" Far ) at- j J ato (3)

=a’.

PEKYPEHTHOIO MPOILIETyPOI0

dy 2" +dy 1 2" 4d,y 2" 2 4t dg 20

=a
n-1
[Tpu oMy BuTpavaeTsest N+ Z d, <2n<2log,d MHOXEHB.
i=0
Npukaan. Hexait p=>53,q=67. Toni n=3551 i ¢(n)=3432. BuGepemo e=1021
i, poss’ssaBiy Kourpyenuiro 1021d =1(mod3432),3naiinemo  d =1237. IpumycTumo,mo Ham

noTpiOHO HamicmaTu moBigomiieHHs «HI», skomy BiamoBimae umdpoa dopma M =1711.
[Tomatoun umcno €=1021 ngifikoBum ymcimom €=21111111101 i 3actocyBaBmm npouenypy (3),
3Haiinemo uncnoBuil kpunro texer C =1844(mod3551). Mogaroun aani Taemunit kmou d =1237

nsirikoBuM yrciiom d =10011010101 i 3acTocyBaBIM peKypeHTHY mpouenypy (3),

2\2

ne a=1844, npuitnemo no BuxinHoro texcry B mudposiii popmi D(C)=1711(mod 3551).
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T.1. Cmedghanis

Jlvgiscoruii Oepaicasruil yuisepcumem 6e3neKu HeummeoisibHOCmi
Hayxosuii kepienux M.@. Cmacrok, kanouoam Qizuxo MamemamuyHux Hayx,
ooyenm, 0oyenm Kageopu NpuKIaOHOi MamemMamuKky i MexaiKu

RSA AJITOPUTM —AJI'OPUTM KPUIITOTPA®DII 3
BIAKPUTUM KJIIOYEM

RSA — acumeTpu4Huil aJroput™m mu(pyBaHHS, BIIMIHHOI PHCOI0 SKOTO €
PO3AUICHHS KJIIOYiB Uil mm@pyBaHHS Ta po3mudpyBaHHs. [Ipu mpoMy KiTtod s
mudpyBaHHS HE BHUMarae CcekpeTHocTi. lleli anropuT™ TpyHTYEThCS Ha
O0OYHMCITIOBANIbHIN CKJIATHOCTI 337129l (paKTOpH3allii BEIUKUX IUTUX YHACETI.

Kpunrocuctema RSA  crajla mepmor0  CHCTEMOIO,  IPHAATHOIO 1
utst A pyBaHHs, 1 U1 TEPPOBOTO MIIUCY.

Icmopis cmeopenns. OnyoiikoBaHa B aucronani 1976 poky crarrs Yirdinma
Hibdi 1 Maprina Xemnmana «HoBi HampsMku B KpunTorpadii» InepeBepHyIia
ysIBJICHHS Mpo KpunrtorpadiyHi CHUCTEMHM, 3aKJaBIIM OCHOBH Kpumrorpadii 3
giokpumum xarouem. Po3pobnenuit srogom anroputm ibdi - Xemnmana 103BoJIsB
JIBOM CTOPOHAM OTpPUMATH 3arajibHUil CEKPETHUN K04, BUKOPUCTOBYIOUH
HE3axXUIIeHUN KaHan 3B'sa3ky. OpHak Ied ajdropuTM HE BHUPIIIYBaB MpoOIeMy
ayreHtudikamii. be3 107aTKOBUX KOIITIB KOPUCTYyBadl HE MOTJM OyTH BIIEBHEHI, 3
KUM CaMe BOHU 3T€HEPYBAIM 3araJIbHUM CEKPETHUM KITIOY.

BuBumBIy 1110 cTaTTIO, Tpo€ BueHUX Ponanbn Pusect, Ani Ilamip 1 Jleonapa
AnneMan 3 MaccauyceTchKoro TexHosioriynoro iHctutyty (MIT) mpuctynunm no
MOIIYKIB MaTeMaTU4HOi (YHKINI, sKa O J03BoJsIa pealizyBaTd ChHOPMYIbLOBAHY
Virping Hibdi 1 Maprinom XemaMaHOM MOJENIb KpUNTOrpadiuHOro CHUCTEMH 3
BIAKpUTUM KitoueM. [licist poOotu Han Outblnl HiK 40 MOXJIMBUMU BapiaHTaMu iM
BJAJ0CA 3HAWTU IIyKaHui anroput™M. Cuctema OyJia Ha3BaHa 3a MEPIIMMHU JITepaMu
IPI3BHIIL ii TBOPIIIB.

Onuc aneopummy. Anroput™ RSA CKIIaaeTbes 3 4 eramiB: reHepalisi KIoviB,
mudpyBaHHs, nemudpyBaHHs Ta PO3MOBCIOKEHHSI KITIOUIB.

I'enepayis knrouie. BubuparoTh 1Ba JOCUTH BEJMKI IPOCTi yucia P 1 q. Jms ix
T00yTKYy n=pq 3HAXOIATh 3HAYECHHS byHKLii Einepa
¢(n)=(p-1)(g-1)=n—p—-q+1. Jlani BUNaAKOBMUM YMHOM BHOMDAIOTH EICMEHT
€, 1110 He mepeBulLye 3HaueHHs @(N) i B3aeMHO npocte 3 HuM. Jlis BHOpaHOro e

3HAXOITh eneMeHT d < ¢(N) Takwuii, 1o CIpaBIXye KOHIPYCHIIIIO

ed =1(mode(n))

Sk pe3ynbTar noKnaaaroTh:

Biokpumuii knrou: e,n.

Taemnuti kmow.  d.

Hugpysanus BinOyBaeThcst 0j0kamu. {151 bOro MOBIAOMIICHHS 3aMUCYIOTh Y
dpoBii Gpopmi 1 po30MBaAIOTH HA OJIOKU TaK, IO KOXKEH OJIOK IMO3HAYa€ YUCIIO, SKE
He nepeBuinye N. ToOTo, skmo ONOK 3amucaHUil y BUTISAAl JBIKKOBOTO CJIOBA
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JOBKUHM M, TO NMOBHHHA BUKOHYBATUCH HEPIBHICTE 2" < N. Biok M po3risgaerses
SIK €JIeMEHT Kutblisl Z, =7 /N7 1 K Takuii, 10 MOXE MiTHOCUTHUCH IO CTETCHs 3a
Moynem N.

Anroput™m mmdpyBarHs E B cuctemi RSA monsrae y migHeceHnHi 610ky M
710 CTEIEHA €. 3aMuCy€eEMO L€ TaK

E(M)=M*(modn).

B pesynprari oTpumyroTh 010K Kpunrorekcty C = E(M ),;IKHI?I € 1uppoBUM
3aIlMCOM SIKOTOCh €JIeMeHTa KUIbLs 7 .

HHewugppysanna. Anroputm pemudpyBanns D Onoky kpunrtorekcty C
noJsirae y mignecenni C no crernenst d, To0To

D(C)=C"(modn)
Biokpumuii knou €,n onpunioonoroms.
ANTOPUTM TEHEpPYBaHHS KIIOUIB BHKOPHUCTOBYE TMPOIEAYPY IOPOKCHHS

MPOCTUX YHCEI 3 BHUKOPUCTAHHAM KpuntorpadiuHo HaAidHOrO TeHeparopa
BUMAJAKOBUX YHcen 1 ainroput™M EBkimina as PO3B’sI3aHHST  KOHTPYEHIIIT

ed El(mod ¢7(n)). B anproputmax mmdpyBaHHS 1 JemM(ppyBaHHs IM1IHECEHHS 0

CTETNIEHSI BHUKOHYETHCS 3a JIOMOMOTOIO0 OIHAPHOTO METOAY, SKHH BHUKOPHUCTOBYE
MOJAaHHS CTEIICHS B ABIMKOBIA CHUCTEMI.

besnexa ancopummy RSA nobGynoBaHa Ha MPUHINII CKJIATHOCTI (hakTOpHU3aIlii
HUIMX YHCeNl. 3HaXOMKEHHS TAaeMHOro Kioda O, SKHii HE ONPHIIIOJHIOETHCS, B
cuctemi RSA € ekBiBajleHTHUM A0 (akTopm3alii 4yuces, Mo € J00YyTKOM JIBOX
POCTHX.

Kpuntocuctema RSA BukopucraHa y pi3HUX NOpOJAYKTaX, Ha PI3HUX
mnaTdopMax 1y 6ararbox rainy3sx. Bona BOynoBaHa B KOMEPIIiHI NPOTYKTH, YUCIIO
AKUX  TOCTIHHO  3pOCTaE. Takoxk i1  BUKOPUCTOBYIOTH  OIEpalliiHi
cucremu Microsoft, Apple, Sun i Novell. B anapatHomy BukoHanHi RSA anroputm
3aCTOCOBAHMI B 3aXHINCHHUX Tese)OHAX, HA MEpeKHUX muiaTax Ethernet, ma cmapr-
KapTax, IIMPOKO BUKOPUCTOBYETHCS B KpunrorpadiuHoMmy obmanHanHi. KpiMm Toro,
QITOPUTM BXOJUTh JO CKJIaQy BCIX OCHOBHUX MPOTOKOMNIB I 3aXUIIEHUX
komyHikamiii Internet, B Tomy uwmcai S/IMIME, SSL, S/WAN, a TaKOXK
BUKOPUCTaHUN B 0OaraTbOX YCTaHOBAX, HAINpHUKIaA, B YpPSAOBUX CIyxk0ax, Yy
OLIBIIIOCTI KOpIOpalliid, B ep>kaBHUX J1aboparopisx 1 yHiBepcurerax. Ha ociap 2000
POKY TEXHOJOTIi 3 3acToCyBaHHsIM anroputMy RSA Oynu minen3oBani monay 700
KOMITaHIsIMHU.

Ha mnpaktumi kpunrocucreMa RSA 4acTo BHUKOPHUCTOBYETHCS pa3oM 3
KpunrorpadiyHol0 CHUCTEMOIO cekpeTHoro kimoua tuny DES nns mmdpyBanns
noBiioMJeHHs KitoueM RSA 3a qonomororo nudpoBoro KOHBEpTa.

Jlitepatypa

SAmenxo B.B. Beeaenue B kpunrtorpaduto. —M.: MITHMO. 2012.-348 c.
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B.B. bacurok

Jlvgiscoruii Oepaicasruil yuisepcumem 6e3neKu HeummeoisibHOCmi

Hayrosuii xepisnux T.B. I'embapa, xanouoam mexuiduHux HAyK, OOyeHm, OOYEeHm
Kagedpu npukiaoHoi Mmamemamury i MexaHiKu

MATEMATHWYE MOJEJIOBAHHS MATHITHOT NICJISI JUISI
HEPYWHIBHOI'O KOHTPO.TIO

MaremaTuyHu OMUC SBHINA MarHiTHOI micisamii [1] € akTyaabHOIO 3a7adycio
PO3BUTKY METOJIB HEPYHHIBHOTO  KOHTPOJIIO  BIIMOBIJATBHUX  €JIEMCHTIB
KOHCTPYKILINA, oco0iauBo mpu arpecuBHoMy BIUuBi BoaHio Ha AEC. [locmigumo
BIUTMB CKIHYEHHOI MBHUIKOCTI pelaKkcallii MarHeTHOTO IMMOTOKY Ha MarHeTHY IICIISIII0
EIEKTPOIPOBIAHOTO TiMa. EKcrmepuMeHTanbHI AOCHIHKEHHS MAarHiTHO IMCIsIii
3pyYHO TMPOBOJUTH Ha IWIIHIPHUYHUX 3pa3kax. ToMmy po3riasiHEMO TuUIO Yy ¢dopmi
JOCTaTHBO JOBTOTO LWJIIHAPA, SIKAHA TOMIIIEHO y 30BHIIIHE OJHOPIAHE MAarHiTHE
MoJje, BEKTOpP HANpPYXXEHOCTI SKOTO OpIEHTOBAaHUM B3AOBXK OCl IWJIIHIpA:
H={0,0,H,} Tino mepebyBac y cTaHl MarHiTHOi pIBHOBar¥, TOOTO HOro

HAMarHi4€HiCTh BHU3HAYACTLCA K M, ={0,0,xkH,}. ¥ MOMeHT yacy t=0 30BHILIHE

MarHeTHe IOJIE 3HMKAE 1 y TUIl MOYMHAETHCS pejaKcallis HaMarHEYeHOCTI. 3MiHY
MarHeTHOTO MOJIsl B paMKax 3alpOINOHOBAHOT MaTEMAaTUYHOI MO/JIEN1 ONMUCY€E PIBHSHHSA
SKe, 32 YMOB OCBbOBOi CHUMETPIi: H={0,0,H(r)}, e r — pajiajibHa KOOpAWHATa,

HaOyBa€ BUTJTISITY

@ZH(”)JFE oH(r.t) _ cpo(éHétr’thom} 8Ha(;’g)exp(— oc(t—Q))dGJ (1)

or? r or 5

P03B’s130K LIbOTO PIBHAHHS HEOOX1IHO MIANOPSAAKYBATH KPaillOBUM yMOBaM
OH (¢
H(r), =H,, H(),, =0n0, O/

3acTocyBaBlid  mepeTBOpeHHs  Jlammaca  mpuXoaMMoO 10 TakKoro
nudepeHiaIbHOro pIBHAHHS Uit 300paxkeHHs H; (r,p):

. =0, H(t)

ERCIN")

" 1 ' H.
H, +-H, —Gyop(]+ o ) H, -~ |=0, 3)
r p—I—O! P

3arajJbHUN PO3B’SI30K SKOTO, 110 33I0BIIBHSE YMOBY OOMEXEHOCTI, Ma€ BUTJISI]T

H aK
Hy(r,p)-—"%=Al, G/J()P(l + jr (4)
4 4 +a

ze IO(X) — ¢yHK1is beccens HyTbOBOTO MOPSJIKY.

Craity iHTeTpyBaHHSI 3HaXOJUMO 3 TPAHUYHOI YMOBH
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A=- el (5)

Plo[\/GﬂOP(IJF - jR}
p+a

Buxopucrasim TeopeMy po3kiaay, 3HAXOAUMO PO3B'SI30K 3a/1a4l

H(r,t)=Ho§2anJo(anRj i t) I <) B

n=1 tojl(an) (12]( _ OLZK
iy —— > | prl1+

Corvaf) U o vof

ne t, =ou,R?*; J 1(an) — ¢yHkiis beccens nmepuoro mopsiaky; &, — KOpeHl QyHKIIi1

beccens HynboBOro HOpHIIKyJO(an ); R — paniyc numinpa;

2 2\2

2
p, =0.5 aur+8}[¢ + ocur+aL —4ocaL (7)

0 t0 1:0

30KkpeMa, KOJIM « — oo (MarHeTHa pesiaKcarlisi BiJICyTHs), criBBigHOmEHHS (6)
HaOyBa€ BUTJTISTY

H(r.1)- Ho’izﬁl(&)exp ) ®)

e p, :t U JIAs eKCHEepUMEHTAJIbHOIO MOCHIHKEHHS MArHITHOI ITiCIsImii

oMy

3pyYHO BUMIPIOBATH EIEKTPOPYIIiiHY cHiIy (€.p.C.) eleKTpoMarHeTHol iHayKii E ,
sAKa BUHUKAE€ B KOHTYpPl1 NMOBKOJA HWIIHApa. EnextpopyiniiiHa cuia BU3HAYAETHCS
IIBUJKICTIO 3MIHM MAarHeTHOro MOTOKy @, y TONEpeYHOMy TMepepisl Tijia.
Po3paxyHkn TOKa3ylOTh,II0 TapaMeTp O CYTT€BO BIUIMBAE Ha 3MiHY e€.p.C.

eJIeKTpOMarHeTHoi IHaykmii E :

= ®)

Jliteparypa:
1. Conongax M.T. MaTemaTuyHa MOJIelIb MAarHETOTEPMOIPY>KHOCTI (hepoOMarHeTHUX
Ti1 // @i3. — xiM. Mexanika marepianiB. — 2001. - Nel. — C.7 — 16.
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B.T. bamwk

Jlvgiscoruii Oepaicasruil yuisepcumem 6e3neKu HeummeoisibHOCmi

Hayxosuui xepisnux T.B. I'embapa, xanoudam mexuiuHux HAyK, OOYeHM, OOYeHMm
Kagedpu npukiaoHoi Mmamemamury i MexaHiKu

MATEMATHYE MOAEJTIOBAHHSI CUT'HAJIIB CHCTEM
MOHITOPUHI'Y HA/I3BBUYAUHUX CUTYAIIIN

[Ipolieci BHUHHMKHEHHSI Ta PO3BUTKY HaJA3BUYAWHUX CHUTyallld (MOXKexXi,
3aUMJICHHS, BUKHJ  HEOE3MeYHWX  pEYOBMH Ta  rasiB,  paJiOaKTHBHE
BUIIPOMIHIOBAHHS, TOIIO) JUISL SIKUX PO3POOJIAIOTHCS CUCTEMH MOHITOPUHTY, 4acToO €
MOIIMPEHHSIM OyAb-IKUX 30ypeHb (3MiH) - TeMIlepaTypH, KOHIIEHTpallii 4aCTUHOK,
HAMPYKEHOCT] TMOJIA, OTKE, BIAMOBIAHO A0 iX MPUPOAHU, MOXKYTh ONMUCYBATHUCA SIK
MOIIMPEHHS (3MiHA) IEIKUX CUTHAJIB JaBadiB.

[Ipu npoMy B OaraTbOxX BHIIaJKaxX HeMae HEOOXIJHOCTI B OMUCI MpOIECy B
TPUBUMIPHOMY THpOCTOpi (TOMY IO YacTMHA 3MIHHUX - a0o 3aiexHi, abo
HAJITMIIIKOBI), 1 YMCJIO IPOCTOPOBUX 3MiHHUX GyHKIIT F (X, Y, Z, t), ska onmcye mose
KOHTPOJI0 MOke OyTu 3meHmieHe. CTOCOBHO camoi (PyHKIIIT /11arma3oHu 3HA4Y€Hb, B
MeXax SKUX MOXYTh 3MIHIOBATHUCS 3MIHHI, Ha MPAKTHUIl 3aBXKIA OOMEXKEHI -
po3mipaMu 00'€KTa, TPUBAIICTIO MPOIIECY 1 YaCOM MOr0 CHOCTEPEKEHHS, OJHAK IpU
MaTeMaTUYHOMY OIHUCI MPOLECy 3MiHHI B 0aratboX BUMAJKaX 3py4HO PO3IJISAATH SIK
HeoOMexeH1 (HampuKiIaa, 3MIHIOIOTBCS BiI —oc J0 +o). Hampuknan, sKio
dbopmyeThCcsi 00'€KTUBOM BIJIEOKAMEPHU ONTHYHE 300pa’K€HHS, TO 3 MaTEMAaTHYHOI
TOYKHU 30py MAEMO CIIPaBY 3 PO3MOJILIOM THTEHCHUBHOCTI MOTOKY BUIPOMIHIOBaHHS
| (X, Yy, 1), K QyHKIIi 3MIHHAX TBOX MMPOCTOPOBHUX KOOPJIUHAT 1 4acy; a cuja CTpyMy
I (t) B enexTpuvHOMY KOJIi € (PYHKIliS TUIbKH Yacy (YHCIO MPOCTOPOBUX 3MiHHUX
3MEHILYETHCS A0 HYJIS).

Kpim Toro, y OaraThoX BHUNAAKax MPEICTaBISIIOTh 1HTEpec (200 MOXKYTh
pPEECTpYBATUCA) TUIBKM MPOCTOPOBI PO3MOIIIM JESKUX BEJIUYUH. 30Kpema,
300paxkeHHss Ha 2D MoHITOpI € pe3ynbTaT peecTpailii JBOBUMIPHOTO PO3MOILITY

t2
CBITJIOBOI  eHeprii E(x,y):jl(x,y,t)dt, orpuMmaHoi  (QoroenemeHToM  (abo

4
OaratoeeMeHTHHUX MpUitMadeM 300pa)KeHHs) 32 Yac eKCIO3UIIii At =t, —t, .

Hanani npuiiMmemo, mo mijg TepMiHOM '"curHaiu" OyayTh MaTHCS Ha yBasi
¢yHKUII yacy B mepuly 4yepry, ik BIATYK (peakuist) Fc (#) ¢i3uyHOi cuctemMu Ha
30BHIIIHIN BIUIUB (00ypeHHs) Fex (1).

[Ipu uboMy, B cuily Ali NPUHLMIY NPUYUHHOCTI, B MOMEHT 4acy t; BUXITHUI
curHain Fc (t;) cucteMu MOXKe 3aJie)KaTH BiJl CUTHAIYy Fex (1) B MOMEHTH 4acy ¢ <t,,
TOOTO BiJ BXIJHOIO CHUTHANy B JAHUH MOMEHT 4Yacy 1 B MHUHYJIOMY, aje€ HE MOXe
3aJIe)KaTH BiJl MaOYTHIX 3Ha4YCHb F8x (7).

[Tix "300pakeHHaM" Hamami, K MpaBUIIO, OyJe MaTUCS HA yBa3i JIBOBUMIPHHIA
posnoaia F (X, y) ( "sckpaBicTs'"), BiAMOBIIHE MPOCTOPOBOTO PO3IMOILTY MOTYKHOCTI
OyAb-SIKOTO PEECTPOBAHOTO BUIPOMIHIOBAHHS, HAIPHUKIAJ BUKIMKAHOTO IMOXKEXKEIO
1H(payepBOHOrO BUIIPOMIHIOBaHHS. ApryMeHT t 3a3Buyail Moxke OyTH BIJCYTHIM,
TOMY 10 OUIBLIICTh CUCTEM pEeeCTpallii 1 BIATBOPEHHS 300pa)KeHb MpaltoiTh adbo 3
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¢dikcoBaHuM (He3MIHHUM) 300paxkeHHsIM ((poTodikcaris), abo 3 TUCKPETHUM H4acoM
(mokagpoBHii BilEOCUTHAN 3 MEBHOIO 4acToTor. CepenHe 3HAYEHHS SICKPABOCTI
300paXkeHHSI, SAKIIO0 S — Mo 300pakeHHs, MOYKHA BU3HAUUTH SIK

1
(FOxy)s = I Foxyyaxdy .
HKHIO 306pa>K€HH5{ IIPpOCTOPOBO HC 0o0OMEXeHE TO CCPCAHE 3HAYCHHA MOKHA
MIPUKHATH:
(F(x,y)) = lim 1 {]‘ a_f F(x, y)dxdy
a0 AL L, 3 o : (2)

Hexait ¢ynkmis F(x,y) 1HTErpoBHa Ha HECKIHUCHHOCTI 1 Ha HECKIHUCHHOCTI
puiiMae 3HaYCHHS HYJIb, TOJI1 JIs OI[IHKH 3pYYHO BUKOPHUCTATH 1HTETpaJl SCKPaBOCTI

F = T TF(X, y)dxdy. 3)

—00 —00

ABTOKOpENsLiHA PYHKIIIS MOXKE MOKa3aTH 3B’ 130K CUTHAJY, @ CAME 3aKOHY
3MIHM BEJIMYMHHU 3 «KOIIIEI0» CaMOTro ce0e, 3MIIIEHOI0 Ha JIeKY BEJIMYHHY 4acy.
[IpakTiuHe 3acTOCYyBaHHA MOXKHA [TOKA3aTH Ha MPUKJIaAl Takoro aHamizy. Hexaii mpu
OI[IHI[I TOKA3HUKIB SCKPABOCTI 3a JIOMIOMOT0I0 aBTOKOPEJISIIHOT PYHKIIIT BUSBICHO
3B’SI30K (KOPEJISLII0) M1k JAHUMH B MOMEHT CIIOCTEPEXKEHHS 1 5 XBUIIMH TOMY.
OTxe, SIKII0 5 XBWJIMH TOMY OYB BIJI3HAUEHHH PICT SICKPABOCTI, TO 1 3apa3 OYIKYETHCS
il 3pocTanHHs. TakuM YUHOM BUSIBIIIE€THCS HAsIBHICTh a00 B1ICYTHICTH 3B’ s13KYy. Ilicis
BUSBIJICHHS 3B 513Ky 31HCHIOETHCS MOUTYK MPUYMH (HApUKIaa e MOXe OyTH
PO3BUTOK MOXKEX1). ABTOKOPENSALIHHI (PYHKIIIT MOKHA OOUUCIUTH 32 (POpMyJIaMu:

r(t)= [F(r)F (z-t)dr, @
r(x,y) = I IF(TX,Ty)F (z, — %7, —-y)dr dz, 5)

a MpU HYJIOBOMY 3HAY€HHI apTyMEHTIB (PYHKI[IT TPUIIMaIOTh 3HAYE€HHS €HEpriil.

Jlitepatypa:
1. Hazapenko M.B. TeopernyHi 3acaau Ta IPUHIUIN TOOYIOBH MOJAENEH TMHAMIYHUX
npoIieciB Ta iX perynaropis: [MoHorpadis] /M.B.Ha3apenko. — Kpusnii Pir: JlioHic,
2010.-204 c.
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L.B. bopooin

Jlvgiscoruii Oepaicasruil yuisepcumem 6e3neKu HeummeoisibHOCmi

Hayxosuui xepisnux T.B. I'embapa, xanouoam mexuiuHux HAyK, OOYeHM, OOYeHMm
Kagedpu npukiaoHoi Mmamemamury i MexaHiKu

TEXHOJIOI'TI YAT-BOTIB TA IX MATEMATHYHI OCHOBH

Ha croronmni puHok 4aT-O0TIB MicJsl CTajii Miapy 1 eKCIEPUMEHTIB MEPEUIIOB B
CTaJI110 TOHKU TEXHOJIOT1# 1 Bepudikalii epekTuBHOCTI iIHCTpyMeHTY. [ToHITTS «4aT-
00Ta» 3aMIHIOETbCA OUTBII MAcCIITAOHUM 1 TOBHOIIHHUM. Temep i€ PO3MOBHHUMI
mrygnuii  iHTenekT, Conversational Al. Kowmanii 3acTtocoByroTh Horo s
CHIJTKYBaHHA 3 KII€HTaMH Ha caiiTaXx, B MeECEHKepax, MOOUTbHUX J0JaTKax i
po3yMHUX mnpucTtposix. o6 «3po3ymiT» MOBY, 4YaT-00T 3ICTaBIs€ CKa3aHE 3
dbpazamMu BEIMKOTO YHWCJA IHIMUX JIOACH, HAa SKUX OOT HaB4aBcs. BiH 3HAXOIUTH
no1i0HOCTI 31 3pa3kamu ¢pa3, BUZHAYAE TeMy MUTAHHS 1 BUKOHYE 3alpOrpaMOBaHy
Ha e TUIl MUTAHHS Ai0. Y JIIOJUHUA BUHHUKAE UIIO31s, 10 OOT HOTO po3ymie: Jiie
JIOTIYHO, pearye sK JoauHa 1 miarpumye Oecimy. Ha 1mifi 1mro3ii 3acHOBaHMiA
3HameHuTH# TecT Thiopinra (Anan Meticon Treropunr (Alan Mathison Turing, 1912-
1954) - BigoMuii aHIIIHCHKUN MaTEMaTHK, (paxiBelb B 00JaCTi MATEMAaTUYHOI JIOTIKH,
iHbopMaTKU Ta Kpunrorpadii.): SKIIO CyAls HE 3MIT BU3HAYUTH, OOT 3 HUM
CHUIKYEThCS a00 JIIOAMHA, TEXHOJIOTiISl MPOXOJUTH YCIIIIHE BUMPOOYBAHHS.
Po3yMiHHS - Cy0'€KTHBHA «BEIIMYUHAY, SIKY CKJIaJHO BUMIipsTH. Microsoft mpoBouia
JOCHIIKEHHST €()eKTUBHOCTI CUCTEMU PO3IMi3HABAHHS MOBH 1 CUCTEMHM BIJIOBIJICH Ha
MUTAHHS MO 3aJaHoMy Habopy TectiB B 2017-2018 pokax, oOuABI BUABUIUCS
e()eKTUBHILIE JIFOAEH, MPOUILIOBIIYU TECT 3 MIHIMyMOM NOMMIOK. Lle cTano notyxHum
IMITYJIbCOM JIJIs1 PO3POOHHKIB IHTEJIEKTYaIbHUX CHCTEM.

HaBuanHs 4dar-00Ta CXOXKe Ha HaBUYaHHS JIIOJWHH. JIFOMM 3 TUTHHCTBA BMIIOTH
BiTOKPEMJTIOBATH BXKJIMBE Bij IIyMYy, BPaXOBYBaTH KOHTEKCT PO3MOBH, PO3YMITH
PI3HY BUMOBY OJHHUX 1 THX € (ppa3, HampuKIIaI «KapaTH HE MOKHA TTOMUITYBaTHY.
Ane 4var-00T MamMHa, HOro CHoyatKy MOTPIOHO HABUUTU TAKOTO PO3YMIHHS 3
JIOTIOMOTOI0  T€XHOJIOT1H. «P03yMHUI» aCHCTEHT MOBHHEH BIPHO MEPETBOPIOBATH
3BYKH B CJIOBA, PO3YMITH CEHC IMUTAHHS, BpaXOBYBAaTH KOHTEKCT OECiIM 1 BiIMOBIIATH
aJIcKBaTHO KOHTEKCTy. Bce Ime - KOMIUIEKC MOBHHMX TEXHOJIOTIH 1 TEXHOJOT1H
po3yminHs npupoanoi mMoBu (NLU). HaBuanus nimuThes Ha Kijbka eramiB. Ha
MEePIIOMYy €Tari MallldHa TiJIbKA PO3Mi3HA€ O3HAKH 3BYKY, a CaMme 3 MaTeMaTH4HOI
TOYKM 30py - Horo uuppoBl xapakrepucTukd. [loTpiOHO BHU3HAYUTH 1
IHTEpPHPETYBaTU LI XapaKTEPUCTHKU TaK, N[00 Ha BUXOJl BUHIUIO Te, IIO CKa3aia
moauHa. 3 UM OaraTo MpoOjeM: OCHOBHUM 3amUT MOTPIOHO BIIOKPEMUTH BiJl
IIYMIB, PO3II3HATH Pi3HI 32 3HAUECHHSIM, aJie OJIHAKOBI 32 3ByYaHHSM CIIOBa
(«MHJIa» 1 «MUIJIOY»), 3 KUIBKOX BapiaHTIB BUOpAaTH HaWOUIbII ajeKkBaTHUM. Yar-0o0T
BUKOPHUCTOBYE MOBHY 1 aKyCTH4YHY MoOJieii. BOHM momepenHbO HABYAKOTHCS Ha
BEITMYE3HOMY 00Cs31 TaHUX, HAKOMUYIYIOTh JOCBiJ. AKYCTUYHA MOJICNIb B PEaTbHOMY
Yaci MepeBOUTh 3BYK B IU(PpoBUil opMat, Hapizae Ha O6€31114 MIKPOBIAPI3KiB, MIOCH
nmoaiOHe Ha po30OHUTTS Mpu OOYMCICHHI 1HTETpana, 1 BCTAHOBIIOE (DYHKIIIOHATBbHE
CITIBBIJTHOIIICHHS KO>KHOTO B1JIpi3Ka JIO IIEBHOI YaCTHHH CJIOBa. TakuX CITIBBIIHOIICHb
HEHMOBIpHO OaraTo: MOBHa MOJENIb BUOYJIOBY€ MOCIIIOBHICT, HE TUIYTAIOYH CXOXKI
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3a 3By4aHHSIM YaCTUHHU CHIB 1 Il cioBa. dpa3a KopucTyBaya MepeBeeHa B TEKCT,
asie ceHc 1 OaxaHHsI KJIl€HTa He BU3HaueHi. Ha npyroMmy ertami «po3yMHHMI1» aCUCTEHT
MOYMHAE JISTH AK JIOJUHA - CMIBBIAHOCUTH (Ppasy 31 3pa3KkaMu, Ha SIKHX HaBYaBCH, 1
3HAXOAUTh HAWOUIBII OJIM3BKI 3a 3MICTOM. BIH MHCIHTH KJIacaMH, CIIIBBIIHOCSYU
HOBUM 3amMUT 3 OAHUM 3 HUX. A Kjacu (OPMYIOTBCS B 3aJI€XKHOCTI Bif chepu
3acTOCyBaHHs 00Ta: OaHKIBCHKI MOCITYrd, O(OPMIICHHS 3aMOBJICHb, KOHCYJbTAIl 3
BaHTa)XOIEPEeBe3eHb, TOIIO. Hampukian, B Ki1ac «3a0pOHIOBATH HOMEPY» TOTPAILIATh
dpaszu «xoudy 3a0pOHIOBATHY, «SIK 3aMOBHUTHY», KyMOBH OpOHIOBaHHS» 1 HECTaHAPTHI,
BUJlY «3a0poHIOBaTH sAK». IlocTymoBo BimOyBaeThbCs HaBUYaHHS 0O0Ta, 1 BIH MOXE
CaMOCTIHHO BU3HAYaTH OJIM3BKI 3a 3MICTOM 3amuTH B Iiei kiac. Ha Tpetbomy erami
TEXHOJIOTIS BcepenuHl 4aT-00Ta TOBHHHA BpaxoOBYBaTH KOHTEKCT Oeciau.
HaHpI/IKJ'IaI[, NUTaHHS «IK Oyne» mpuadaTd aBlaKBUTOK «IO-aHTIIIHCHKHU?» MOXKHA
pO3Mi3HATH 1 SK 3alUT JI0 CHCTEMHU OpOHIOBAHHS AaBIaKBUTKIB, 1 SIK 3alHT [0
nepeKiagaya.

OCHOBHA TEXHOJIOTIsI Cy4acHUX OOTIB - po3yMiHHs npupoaHoi moBu (NLU). Bona

JI03BOJISIE MAIIIMHI PO3YMITH KOPUCTYBayiB 1 3allyCcKaTH MOTPIOHI mapaMeTpu s
00poOku 3amutiB. Jyis 1IbOTO MOTPiOHI  TEXHOJOTIYHI pIIIEHHsS, TOB'3aHl 3
00poOKOI0 MPUPOAHOI MOBH. JI0 HMX BIIHOCHUTHCS MiaXia m0 oOpoOku (rule-based,
CTATUCTUYHHM, T1IOPUIHMIT), TEXHOJIOTI] PO3MI3HABAHHS 1 CHHTE3Y MOBH, TEXHOJOTI1
BIIPOBA/KEHHSI 4aT-00Ta B Oi3HEC-MpoliecH Kommadii (xMapHi abo JsokanbHi). Lle
BEIIMYC3HUNA 1 JyKE TMEPCIEeKTUBHUN PHUHOK, SKOMY €KCHEPTH IMPOTHO3YIOTh
3poctanus 10 $ 16 mapa 10 2021 poky. Po3pi3HAIOTBECS 1 TEXHOJIOTIT HaBYaHHS Yart-
6otriB. HalOuIbll KOHKYPEHTOCIIPOMOXXHUMU HAa PHUHKY CTaJId  TEXHOJOTIi
MAIIMHHOTO HaBYaHHS 3a MPUHIIMIIOM HEHpOMepexk, KOJIM 4yaT-00Ta HaBYAIOTh Ha
BUOIpKax Biamosizeil. Momy mokasyroTh Hpuknamu ¢pa3 KIi€HTiB, a BiH BYHTHCA
nomimati Taki ¢pa3d 1 CXOXI 3 HUMH 3a 3MICTOM B MOTpiOHUEN Kkimac. Yum
e(eKTUBHILIE AJITOPUTM, TAM MEHIIE MPUKIIAJIIB MOTPIOHO, 100 HABYUTH OOTA.
BaxnuBoro B 1ili mporpamHiid TEXHOJOTi € poJib JIHTBICTIB. JIIHTBICTH
bopMyIIOI0Th TTpaBUiIa, 3a SKUMU 4aT-O00T BUMTHCS PO3YMITH CEHC CKa3aHOTO, a HE
IpOCTO MIyKae «kiarodi» B TekcTi. LI ¢axiBii BMIIOTH MporpaMmyBaTd 1 MHUIIYTh
ClleHapii moBeaiHku OoTa Ha cremanbHid MoBi Just Al DSL. Taki ¢axiBmi B4aTh
OOTIB pPO3YMITH YHWCIIBHUKH, HANUCaHl TEKCTOM, pO3IMi3HaBaTH CeHC (pa3u 3
JIPYKapCbKUMHU TTOMHJIKAMU, CJICHTOM a00 HaBITh HETOYHHUM TOPSAKOM CIIB.
VY iHTEepHET - Mepexi € 0arato CKpiHIIOTIB 1 MOCTIB, 110 BUCMIIOIOTH BIJMOBIJII Yat-
00TIB. AJle HE MEHIIAa KUIbKICTh MyOJIIKaliid HAa TeMy MOMMUJIOK CHiBpOOITHHKIB. B
000X BUMAaJKax MpoOJeMH OJHAKOBI: MMOBEPXHEBE IJIaHYBAHHS 3aBJaHHs, O1Ha 0a3a

BIJINMOBIICH, HEMAE Yacy Ha JI0JJaTKOBE HABUAHHS.

Jliteparypa:
Tyrymesa H. A. Vcnosnb3oBaHue 4aT-00TOB B pa3iW4HBIX c(epax IOBCETHEBHON >KHU3HU //
Mormnopnoii yuensrit. — 2017. — Ne21. — C. 36-39. URL https://moluch.ru/archive/155/43920/
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B.C.. Camoiinenko

Jlvgiscoruii Oepoicasruil yuisepcumem 6e3nexu HeummeoisibHOCmi

Hayxosuui xepisnux T.B. I'embapa, xanoudam mexuiuHux HAyK, OOYeHM, OOYeHMm
Kagedpu npukiaoHoi Mmamemamury i MexaHiKu

MATEMATHYHA MOJIEJIb TA IHTEP®ENC ITPOT'PAMM FDS

3 ToukM 30py YHMCeabHHX MeToniB y mporpami FDS (Fire Dynamic Simulator),
NpPU3HAYCHIA JUIS MOJENIOBAHHS TOXEX, BUKOPUCTOBYETHCSI METOJ CITOK: BCS
o0jacTb MaTeMaTWUyHOi MoJedi pOo30MBaeThCS Ha mMapaneneninenn (OcepeaKu
PO3PaxyHKOBOI CITKH), PO3MIpH SIKUX 33JalOThCS KOPUCTYBA4YeM 1 B BEPIIMHAX ITUX
napasneNenineiB BiI0yBaeTbCA PO3PaXyHOK PI3HUX XapaKTePUCTHK 3aaayi. Takum
YUHOM, YMM MEHIIIE PO3MIP CITKH, TUM OUIBII JAETaJbHUM OyJie PO3PaxXyHOK, 1 TUM
noBiie BiH TpuBatume. [Iporpama po3Bosisie MopentoBaTh OO'€KTH CKIAJIeHl 3
napaJieJIeine/[iB  po3TalloOBaHUX TOPU3OHTAIBHO. SIKIIO HEOOXITHO MOJEIIOBATH
00'eKT, 10 Ma€ TMOXWJIl CTIHKM, WOrO MOXHa NPEJICTABUTH SK BEJIUKY KUIbKICTbH
HEBEJIMKUX TMapajesenine/iB, po3TaimoBaHux cxogamMu. Ha mexi 3amaHoi o0Jsacti
3a/1al0ThCSl TPAHUYHI YMOBH(001aCTh, HANPHUKIIAA, MOXHA OOMEXHUTH CTIHKaMU 13
3aJ]aHOI0 TEMIEpaTyporo, ab0 BKa3aTH, IO BOHA HE 3MIHIOETHCS 10332 30HOIO
pO3paxyHKy). YcepeauHi 3aaaHoi 00jacTi MOYKHA CTBOPIOBATH OO'€KTH CKJIAJCHI 3
napayiesieninesaiB. Y mux o0'€KTiB MOXKIIMBO 3a7aBaTv pi3Hi (i3UYHI BIACTUBOCTI, B
TOMY YHUCJI1 1X MOXHA BBa)KaTH 3aMUCTUMHU.

OcCHOBOIO /11 MaTEeMaTUYHUX MOJIeNIeH TOXEX € PIBHSHHS, 110 BHPAXKAIOTh
3aKOHM 30€pEeXEHHSI MacH, IMITYJIbCYy, €HEPTii 1 MaC KOMIIOHEHTIB B PO3IJIAIyBaHOMY
MajgoMy o00'emi. 3akoH 30epeKeHHS Macu CTBEpIXKYE, 10 Yy 3aMKHEHIH
CHUCTEMI CyMapHa Maca BCiX pEUOBHH 30€piracThCcsi, HE3BaXaroud Ha  OyJb-sKi

BHYTPIIIIHI porieck. MaTeMaTuuHO 3aKOH OMUCY€EThCS PIBHIHHSAM 30€peKEHHS MaCH:

op O _
at+8xj(p.uj)_0' (1)

PiBHsAHHS 30€peKEHHS IMITYJIbCY:

0 0 ap aTij

—(pu)+—lp-uu)J=—"+_T+p-g,. 2
~p-u) x (p-uj-u;) ox, Tox, P9 (2)
JIns HBIOTOHIBCHKUX PIJWH, 110 NJISITaloTh 3akoHy CTOKca, TEH30p B’SI3KUX

HarnpyKeHb BU3HAYA€THCS (HOPMYJIOIO:

| M M e 3
feh ox; o) 3 H ox, ®)
PiBHSIHHS eHeprii:

d d op ofxn on) af

- .h + — 'U"h =4 ] — ¢ — _7J’ 4
e oun)=3 ox;\ ¢, ox; | ox, 4)

J p i

T
me h=hy+ c,-dT+> (Y, -H,) - CTaTM4YHA EHTANIBIIA CyMilLi;
To k
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Hy — TerutoTa yTBopeHHs K-ro KoMIoHeHTa;
Cp = %Yk -Cpx — TEIUNIOEMHICTH CYMIIII1 ITPH CTaJIOMY THCKY;,

0f — paaualiitHuii HOTiK eHeprii B HAPAMKY X; .
PiBHsIHHS 30epeKeHHS XIMIYHOTO KOMIIOHEHTa K:
0 0 0 oY,
7(ka)+7(puJ Yk)zi p- Dik
ot OX;| OX; OX;
Jlns 3amukaHHs cucTeMu pPiBHSIHB (1) - (5) BUKOPHUCTOBYETHCA PIBHSHHS CTaHy
11eanpHoro razy. Jjist cymini ra3iB BOHO Ma€ BUTIIS:

p:p-RO-T-Z—, (6)

ne Ro— yHiBepcanpHa ra3oBa crana;
My — MosipHa Maca K-ro KOMITOHEHTa.

+S,. (5)

HaliBaxmuBIIMMH XapaKTEPUCTUKAMH 3aMMHUCTHX 00'eKTIB B rporpami FDS e€:
terutota 3ropsuHs (Heat_of _combustion) - ¢i3uynmii 3MicT 1i€i BETUYUHE B TOMY,
10 BOHA MOKa3y€ CKUIbKU TeIUIa BUILISETHCS TIPU 3TOPSIHHI MajivBa. Y mporpami 1s
XapaKTEPUCTUKA PEYOBUHU BHUKOPUCTOBYETHCS Pa30M 3 TYCTHHOIO JJisi OOYHMCIICHHS
KUIBKOCT1 €Heprii oJep:KyBaHOI NpH 3ropsHHI nanuBa. PenepHa Ttemmeparypa
(reference temperature) - B mporpamMi XxapakTepuCTHKa TOPIHHS, SKa OKa3ye MU SKii
teMriepatypi 3ropae 1/10 yactka pedyoBuHu. Ll BennunHa xapakTepu3ye MIBUIKICTD
poliecy Mmiposi3y, a, 3Ha4Th, 1 MIBUJIKICTh TOPIHHS B IiIoMy. YuM MeHIe pernepHa
TeMIlepaTypa, THUM TpPU MEHIIH TeMmmeparypi BUAUISETbCS TOCTaTHS KIJIbKICTh
3aMHUCTOr0 Ta3y Juisl MIATPUMKUA Tpoliecy TopiHHs. Jjig 3M1HCHEHHS PO3PaxXyHKY
KOPUCTYBau CIOYAaTKy TMHIIE TEKCT PO3PaXyHKOBOI mporpamu B daiiml 3
pacmmpeHsasM tXt, motim 1eit (aiin 3amyckaeThcsi Ha BUKOHaHHS B mporpami FDS,
sKa 3aluCy€e Pe3yJbTaTH PO3pPaxyHKIB B psiji Ciy)00Bux (Qaitnis. Jns nomanbiioi
pobotu 3 1wMu (aiimaMu BUKOPUCTOBYIOTH Mporpamy Smokeview, cremiaiabHO
npu3HaYeHy JUIsl Bizyani3alii MojentoBaHHs. TyT € Taki 3pyd4Hi IHCTPYMEHTH: 3pi3
Ttemriepatyp: 2J1 - KoJipHa giarpama, 1o mokKasye B siKiii 00JacTi 1 sika TeMIeparypa
3a JOTIOMOTOI0 PI3HMX KOJIbOPIB, IIKajda TEMIIepaTyp Ui MOPIBHSHHSA KOJIbOPY 3
TeMrneparyporo B rpamycax Ilenwcis, 3/] rpadika, mo mokasye o0yacTi BUALICHHS
eHeprii 1 IKajlia Moka3zye SKUU KOJip BIJNOBIJA€ MEBHUM BUIIJICHHSAM €HEPTIi,
Bi3yasli3allisi 3rOpsiHHS PEYOBHHM: PEYOBHHA MOKA3Y€ThCS MEBHUM KOJHOPOM 1 MpHU
3rOpsiHH1 YacTUHA (KYOMKH) PEUOBUHU 3HUKAIOTH 1 BUAUISIETHCS] €HEPTis.

Jliteparypa:
1. TlycroiT M. O. MoaentoBaHHS TOIMUPEHHS TOXKEX1 BCEPEIMHI OYyIiBENb YTPUBUMIPHOMY
pocTopi MeToaoM KITHHHUX aBToMmariB / M. O. IlycroBit // Cucremu ympapiiHHS,
HaBirarfii Ta 3B's3ky. - 2013. - Bumn. 1. - C. 164-168.
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CEKIIA 2

MATEMATUYHI BIOKPUTTA, LLJO 3MIHUTIN CBIT

M.B. MipomHikoB
HarmionanpHa akageMist CyXOImyTHUX BiliChK iMeHi reTbMana [letpa Caralimagnoro
HayxoBuii kepiauk: I'y3uxk H.M., kanauaar Qizuko-MaTreMaTHdHUX HAyK

BILIUB JIMHAMIKH IMIJAPECOPEHOI YACTUHHA BOMOBHUX
KOJIICHUX MAIIIUH HA PO3CIIOBAHHSA CHAPA/IIB

B ymoBax cporojeHHss Bce OUIbIIE MHUPOTBOPYMX Ta IHIIUMX BIMCHKOBUX
orieparlii MpoBOJATHCS 3 BUKOPUCTaHHSAM OoioBux kojicHux MamuH (BKM). Bonu
XapaKTEPU3yIOThCS BUCOKUM CTEMEHEM 3aXHUCTy OCOOOBOTO CKJIAAy BiJl YpaKeHHS,
MaHEBPEHICTIO, KEPOBAHICTIO, BHUCOKOIO €(QEKTUBHICTIO BEJCHHS BOTHIO 13
BCTAHOBJIEHOT Ha HUX 30poi. OAHaK, eKcIUTyaTallisl [UX MAaIIWH Yy CKIaJHUX yMOBaXxX
pPYXy MEpeciyHOI0 MICLEBICTIO, MOKa3ye, 110 KOJIMBAHHS KOPIIYCY MNPU3BOIUTH JI0
MOTIPIICHHST BCIX MOro eKCIUTyaTalllfHO-TEXHIYHUX XapaKTepUCTUK Ta BIMBA€ Ha
e(eKTUBHICTh BeJeHHS BOTHIO. [Ipy 1IbOMYy OJHUM 13 BU3HAYAJIIbHUX YWHHHUKIB, IO
BIUIMBa€ Ha €(EKTUBHICTb BEJIEHHS BOTHIO CXONy, € KOJMBaHHS MiJAPECOPEHOI
yactunu (ITY) BKM. Ile crocyethcss BKM, 3a 6a3y koTpux BUOpaHO I1aci CepiitHOTO
BUPOOHMIITBA KOJICHUX TPAHCIOPTHUX 3aCO0IB 1 Ha SIKE JOJATKOBO BCTAHOBJIEHO
OpOHBbOBaHUM KOpPIyC Ta CTpUICIbKY 30poro (KynemeT, rpaHatomeT). Ha
CHOTOAHINIHIN JeHb Takl MamuHu € i Ha 030poenHi 3CY. Cepen Hux KpA3 Cougar,
KpA3 Spartan-APC, Ko3zak-2, bapc-8 tomo.

bponboBaHuli KOpITyC CHOpHYMHSE 3HAYHE 30UIBIICHHS Bark II1IPECOPEHOL
YaCTHHM, a BIJ TaK CTaTUYHY Jedopmalliio MPYKHUX aMOPTHU3aTOpIB, W HU3KY
eKcIuTyaTariinux ocoOmmBoctei. [1030yTucs HaBeIEHMX BWINE HENIONIKIB MOXKHA
IUIAXOM MOJIEpHI3allii CHUCTeMH TiIPECOPIOBAHHS, BUKOPHCTOBYIOUM IS TaKHX
MaIllMH  aMOPTU3aTOPH 13  HEJNIHIMHOIO  (IMPOTPECHBHOI0 YU  PETPECUBHOIO)
XapaKTePUCTUKOIO CUCTEMU M1IPECOPIOBAHHSL.

VY naniit po60Ti po3po0IeHO MaTeMaTUYHUHN anapatT JJIsl HOCIKEHHS BIUIUBY
HEJTIHIMHO-NIPY>)KHUX  XapaKTepUCTUK MIABICKM HAa aMIUNTYyAy Ta 4acTOTy
BEPTUKAJIBHUX KOJMBaHb MigpecopeHoi yactuiu BKM Ta oTpuMaHO po3paxyHKOBI
3aJIEKHOCTI JIJIs1 BUBHAYEHHS 1X BIUIMBY Ha TOYHICTH BEJACHHS BOTHIO 13 CTalllOHAPHO
BCTAHOBJICHOT HA HUX CTPLIELbKOT 30poi. ba3oto /uisi BUBHAUEHHS LIUX XapaKTePUCTUK
CIIYUTh AU(epeHIlianbHe pIBHAHHS 30ypeHoro pyxy nigpecopeHoi yuactuau bKM Ta
HOpMaJIbHUN 3aKOH PO3MOJIITY BUIAJAKOBHX BEJIWYUH, 10 BUKOPUCTOBYETHCS NPHU
JOCIIJIKEHHI1 SIBUIIIA PO3CIIOBAHHS CHAPS/IIB.

[Tokazano, mo BcranoBneHHs: HAa BKM CII i3 mporpecuBHOIO 41 PErpeCcUBHOIO
CIWJIOBUMHU  XapaKTEPUCTHKAaMH aMOPTH3aTOPiB TMPHU3BOAUTH JI0 SKICHO HOBOI
XapakTepucTuku konuBaHb [IY: mepiom, a, OTKe, YacTOoTa BIACHUX KOJIMBAaHb
3QJIEKUTh B aMIUTITyAW; JJIS TMIJABICKA 13 PErpeCUBHUM 3aKOHOM 3MIHH
B1JIHOBJTIOBAJIHOT CHUJIM YaCTOTA BIACHUX KOJWBAHb JJIsl OUIBIINX 3HAYEHb aMIUTITYIH
€ MEHIIOW; HaWOUIbII e(QEeKTUBHO MPOBOIUTHLCA BEICHHS BOTHIO CXOHy 13
CTal[lOHAPHO PO3MIIIEHOI CTPLIeIbKOi 30poi 3a perpecuBHOi xapakrepuctuku CIIL.
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T.II. Ilerpyyenko
Hamionanenuit yniBepcuteT «JIbBIBChKa MOJITEXHIKA
Hayxoswuii kepiBauk: bpoasik O.51., kanauaaTt Gpizuko-MaTeMaTUYHUX HAYK, TOICHT

ITPO 3AJJAYI, SAKI IPUBOJATH 10 PO3IIOALTY ITYACOHA

CydacHuil pO3BUTOK TeEOpii WMOBIPHOCTEH XapaKTEPU3YEThCS 3arajbHOIO
3aI[IKaBJICHICTIO HEIO, a TAKOX IIMPOKUM ii MPAKTUYHUM 3aCTOCYyBaHHSM. BueHi 3i
BCHOT'O CBITY HAMAraroThCsl 30araTUTH 110 HAYKY HOBUMH BaXJIMBUMU PE3YJIbTATAMH.
Buxopuctanns teopii KIMOBIpHOCTEH B €KOHOMIII, (i3ulll, XiMil Ta 6araTboX 1HIINX
HayKaxX HalKpalle MOSICHIOE TI MPUYHHH, Yepe3 sKl 32 OCTaHHI ACCATUIITTS Teopis
HMOBIPHOCTEH TepeTBOpHiIach B OAHY 3 OoOjacTeld MaTeMaTUKH, SKa HaWIIBHIIIIE
PO3BUBAETHCH.

OfHMM 3 OCHOBHHUX MOHATH TeOpii MMOBIPHOCTEH € TMOHSATTS BHUIIAIKOBOT
BEJIMYMUHU. SIK BiZIOMO, BHMAJKOBOIO BEIMYMHOIO HA3WBAIOTH BEJIMYUHY, SKa B
pe3yabTari BUMPOOYBaHb HAOyBa€ OJHOTO 1 TUIBKH OJIHOTO MOKJIMBOTO 3HAYCHHS,
HEBIJJIOMOT'0 SIKOTO CaMe, 3aJIeKHOTO BiJl 0ararboX BUIAJKOBHUX MPUYMH, K1 HaNEpe[
HEMOJKJIMBO BpaxyBaTH. J[0 MpUKJIaAiB BUMAAKOBUX BEIMYUH MOXKHA BIIHECTU YUCIIO
BUKJIMKIB, SIKI TIOCTYIAIOTh Ha TEJEPOHHY CTAHINIO 3a 100y, MOXHUOKY 3Ba)KyBaHHS
TiJJa Ha aHAIITUYHUX Barax, MOCHIJIOBHICTb BHUXOJYy 3 JIaay JeTajedl MalluH,
BIJICTaHb, SIKY IIPOJICTUTH KYJISI P BUCTPLI1 3 TBUHTIBKHU TOIIO.

Hexail mpoBOAMTBHCS N  HE3aIEKHUX BUIPOOYBaHb, B KOXHOMY 3 SIKMX
HWMOBIPHICTB MOsIBY To/11 A 1opiBHIOE P. Po3risiHeMo BUMAIKOBY BETUYUHY X , AKa

BU3HAYA€ YMCJIO MOSBM Moaii A y Iiil cepii BUnpoOyBaHb. SIKIIIO YUCIO P JTOCHUTH
Maje, N — BeJluKe, a PN= A, ToO UMOBIPHICTh P, TOrO, 110 BUIIQIKOBA BeIWYUHA X

y A y
npuiiMae 3Ha4eHHA M obOuuciroeTbest 3a ¢opmynoro Ilyaccona p, ~ e Leit
m:

3aKOH PO3MOAUTY Ha3WBalOTh posnojaiioMm Ilyaccona abo po3MoAiIOM PiJIKICHUX
nonii. Y Hamii  poOOTI MpeACcTaBICHO MPHUKIAAM 3ajlad, MiATBEPHKEHUX
€KCIIEpUMEHTAJILHO, K1 TPUBOMASTH 110 po3noaity [lyaccona.

3aoaua npo padioaxmusnuil posnao [1]. PagioakTuBHa pe4OBHHA BUIIPOMIHIOE
o dactuHku. [lomis, ska moyisirae B ToMy, IO YHUCIO & YAaCTUHOK, K1 32 MMPOMIKOK
yacy t mocsraroTh 3aJaHOi TOYKHM MPOCTOPY, MpHiiMae ¢ikcoBaHe 3HA4YeHHsS K, €
MPHUKIIAI0OM BUMIAJKOBOI BEMUYMHHU 3 po3noaisioMm [lyaccona. [linTBepKeHHSIM 1IIHOTO
dakty OyB Bigomuii gocinin Pesepdopaa, Ueasika, Emica.

3aoaua npo 3miny xpomocom 6 xaimuuax [2]. ONPOMIHEHHS KUBUX KIITUH
PEHTIeHIBCbKUMHU TPOMEHSMH BEAE 10 TOro, [0 OKPEMI XPOMOCOMHM 1 KJIITHHAX
3MIHIOIOThCS. JlOMIOKM KIITHUHM MiAJIal0ThCsl BIUIMBY MPOMEHIB, WMOBIPHICTh 3MIHU
3QIMIIAETECS TOCTIHHOK, a unciao N, kmitur 3 K 3MiHaMM HiANOPSAKOBYETHCA

posnoauty Ilyaccona. Ha miarBepmkenHs uporo (axrty Oyno mposeneHo 11 cepiit
JIOCJII/IIB.

3aoaua npo pospusu cuapsaoie [3]. Sk nupukiam 3amadi MPOCTOPOBOTO
PO3IOIITY BUMAJAKOBUX TOYOK PO3TJISTHEMO CTAaTUCTUKY Ma/iHb CHAPSIIB B MiBJACHHIN
yactuHl Jlonnona mig vac Jpyroi CiToBoi BiiiHU. Teputopis, ska po3risganach,
Oyna nmoxminena Ha N =576 o6mnacreit miomero t =1/4xe. km. Yucno N, o6nacreii, B
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SKHUX BiOy/noch K MamiHb CHApsIiB — MPUKIIA] BUIIAIKOBOI BETUYUHU 3 PO3MOILIIOM
IlyaccoHna.

3a0aua npo menegpoune 3’comammns 3 HenpasuivHum Homepom  [4].
Crocrepexxerns Beioch 3a N =267 HomepiB. Busisuinocs, mo gucio N, HoMepis,
SsKi Manu K HenmpaBWIbHMX 3’€lHAaHb — BHIIQJKOBAa BEJIMYUHA 3 PO3IOILIOM
ITyaccomna.

3a0aua npo 6axmepii [5]. Cepis 3 8 eKCHEpHUMEHTIB, SKi MPOBOIWINCH HA
Jari, mokasana 1o gucio kaapariB N, 3 k OGakrepismu, SKi i MiKPOCKOIIOM
BUTJISLIAJH SIK TEMHI IUISIMKH, — BUIIJIKOBa BeIMYMHA 3 posnoaiiom [lyaccona.

Jlitepatypa
1. Rutherford, Chadwick and Ellis. Radiations from radioactive substances. — 1920. —
Cambridge. — 265 p.
2. Catcheside D., Lea D. and Thoday I. Types of chromosome structural change induced by the

irradiation of Tradescontia microspores // Journal of Genetics. — 1945-1946. — No 47. — P. 113-136.

3. Clarke R. An application of the Poisoon Distribution // Journal of the Institute of Actuaries.
—1946. — No 72. — P. 48-51.

4. Thorndike F. Applications of Poisson's Probability Summation // The Bell System
Technical Journal. — 1926. — No 5. — P. 604-624.

5. Matuszewski T., Supinska J. and Neyman J. Zentralblatt fiir Bakteriologie, Parasitenkunde
und Infektionskrankheiten // 1l Abt. — 1936. — P. 95-98.
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Bipcma T.B., Hikimuun /1.0.

Jlvgicokuti OeparcasHutl yHisepcumenm 6e3neKu HUmmeoisiibHOCmi

Hayxosuii kepienux Bacunveea O.E., kanouoam mexuiuHux HayK, OOyeHm, NOJKOBHUK CIYHCOU
YUBLILHO20 3aXUCY

POJIb MATEMATHYHOI OCBITH Y MIPO®ECIHHINA NIITOTOBII MEJIAYHUX
INPAIIIBHUKIB

[Ipouecu, o BigOyBalOThCS B AaHMW Yac y BCiX cepax KHUTTA CyCHUIbCTBA,
BHCYBAaIOTh HOBI BUMOTU 10 mpodeciiiHux sxoctedt (axiuiB. CydacHuil erar
PO3BUTKY CYCITUILCTBA XapPaKTEPU3YETHCSA SKICHOIO 3MIHOIO ISITBHOCTI METUIHOTO
NEpCOHANY,sIKe  TMOB'A3aHE 3  IIMPOKHUM  3aCTOCYBaHHSM  MaTeMaTUYHOTO
MOJICITFOBAHHSI, CTATUCTUKH Ta 1HIITUX BAXJIUBUX SIBUIIL, III0 MAIOTh MICIIC B MEANTHIN
npakTtuii. OcHOBHA MpobiiemMa TOJsIrae B TOMY, II0 HEMAa€ 3arajlbHUX KPHUTEpIiB
3JI0pOB'sl, @ CYKYITHICTb IMOKAa3HUKIB JJI1 OJHOTO KOHKPETHOTO Maili€eHTa (YMOBH, KOJIU
BiH BiguyBae ce0e KOMGOPTHO) MOXKE ICTOTHO BIAPIZHATUCA BIJ TaKUX JKe
MOKAa3HMKIB JUIsl 1HIIOTO. [Ipu mpaBuiabHOMY 3aCTOCYBaHHI MaTeMaTUYHHM MIJIX1 HE
BIJIPI3HSAETHCS ICTOTHO BiJ IT1IX0/Ty,3aCHOBAHOT'O MPOCTO HA 37J0POBOMY TTY3/1.

MareMaTiyHi METOAU MPOCTO OUIBII TOYHI, 1 B HUX BUKOPUCTOBYIOTHCS OLIIBII
YiTKI (popMyJItOBaHHS 1 OUIBII MIUPOKHUIM HAaOIp MOHATH, ajie BCE OJJHO BOHU MOBHUHHI
OyTH CyMmicHI 13 3BMYAaHUMH CJIOBECHHUMH MIpKyBaHHSMU. ETtam mocTtaHOBKU
3aBJaHHs OyBa€ TPYJIOMICTKMM 1 3aiiMae JOCUTH Oarato 4dacy. Ajie came pi3Hi
NOMISIAM Ha MpoOJeMy MaTEeMaTHKIB 1 MEIUKIB, SIKI € MpeICTaBHUKAMU JBOX
BIIMIHHMX 3a CBO€I0 METOJOJIOTIEI0 HAYK, JONOMAralTh OTPUMATH HaMKpaliuii
pe3ybTart.

B nmaHuii yac OCHOBHHMM 3aBJaHHSIM BHUBYEHHS IUCHUINIIHM "Martematuka" €
030pO€HHS CTYACHTIB MAaTEMAaTUYHHUMU 3HAHHSIMHU Ta BMIHHAMH, HEOOXITHUMH JIs
BUBUYCHHSI CHEIIAIbHUX TUCIUILUIIH 0a30BOTO PiBHA, a B BUMOTax 10 mpodeciiHol
MiTOTOBICHOCTI (paxiBIls 3asBJICHO BMIHHS BHUpINIyBaTH TpodeciiiHi 3aBaaHHS 3
BUKOPUCTAaHHSM MaTEMaTHYHUX METO[IB. Take BBEJICHHS HE MOXKE HE MO3HAYaATUCS
Ha pe3yJibTaTax MaTeMaTUYHOI MiJTOTOBKM MeauKiB. JlaH1 pe3ynbTaTd MOKa3yIOTh,
10, BUBYAIOUYM MAaTEMaTWKy, HaJalll MEINpaliBHUKK HAaOyBalOTh Ti YW 1HIII
npodeciifHO-3HaYyIll SKOCTI Ta BMIHHSA, a TaKOX 3aCTOCOBYIOTh MaTeMaTHYHI
MOHSTTS 1 METOJIM B MEAWNYHIN HaYIIl 1 MPAKTHII].

[IpodeciitHa cripsiMOBaHICTh MaTEMATUYHOI MIJATOTOBKH B MEIWYHUX OCBITHIX
yCTaHOBaxX  IOBHMHHAa  3a0e3ledyBaTd  MIJBUIIEHHS  PIBHA  MaTeMaTU4YHOI
KOMIIETEHTHOCT] CTYJE€HTIB-MEIMKIB, YCBIJOMJICHHS IIIHHOCTI MATeMaTUKW IS
MaiOyTHHOI MPOQECIiHOT MISUIBHOCTI, PO3BUTOK 3HAYYIIUX SIKOCTEH 1 NMPUHOMIB
pPO3YMOBO1 MisTBHOCTI, OCBOEHHS CTYACHTaMH MaTEMaTHYHOTO amapary, 1o
J03BOJISIE  MOJICJIIOBATH, AHAJI3yBaTU 1 BHPINIYBATH €JIEMEHTApHI MaTeMaTH4HI
npodeciiiHo 3HauyIll 3aBJaHHS, 110 MAOTh MICIIE B MEAUYHIM HAyIll 1 MPaKTHII],
3a0e3neyyroun HACTYMHICTh (OpMyBaHHS MaTeMaTU4YHOI KyJIbTYPH CTYAEHTIB BiJ
MEPIIOTo A0 CTApIIMX KypciB 1 BUXOBaHHS MOTPEOU Y BIOCKOHAJIEHH] 3HaHb B raiy3i
MaTEMAaTHKH Ta 11 JOJATKIB.

CroyaTKy CTaTHCTHKA 3aCTOCOBYBAaJIacs B OCHOBHOMY B Tajiy3l COIlaJIbHO-
€KOHOMIYHUX HayK 1 Jemorpadii, a 1e HeMUHy4Ye 3MYIIyBajo JOCIIAHHUKIB OLIbII
rMOOKO 3alMaTHCS THTAHHSIMU MEIUIIMHU. 3aCHOBHUKOM TEOpPii CTaTUCTHKU
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BBa)XAa€ThCs Oenbrifickkuii cratuctuk Anonbd Kerne (1796-1874). HaitaktupHimmm
MPUXWIBHUKOM BUKOPUCTaHHS CTaTHUCTHUKA OYB OCHOBOIIOJIOKHHUK BIMCHKOBO-
momboBoi  Xipyprii  M.LIIuporoB. JlogaTok CTaTHUCTHKKA Ui BU3HAYCHHS
JIarHOCTUYHOT BaXKJIMBOCTI CUMIITOMIB 1 T1IHOCTI Omepalliii MO)KHa pO3TJIsAIaTH SK
BaXJIMBE MpUIA0AHHS HOBITHBOI Xipyprii .Y 60-ti pokn XX CTOMITTS, MiCs
OYEBHUIHUX YCHIXiB MPUKIAJTHOI CTATUCTUKH B TEXHIIll 1 TOUHUX HayKaX, 3HOBY IOYaB
3pOCTaTH 1HTEpEC JO0 BUKOPUCTAHHS CTaTUCTUKH B MeaulivHi. B.B. Annaros y crarti
«IIpo posib MaTeMaTuKu B MeAULIMHI» NHcaB: «Han3BuyaitHO BaxMBa MaTeMaTH4HA
OIlIHKa TEepareBTUYHUX BIUIMBIB HA JIOAWMHY . HOBI JiKyBalIbHI 3aX0/I1 MalOTh MPABO
3aMIHUTH COOOI0 3aXOIH, 1110 BXKE BBIMIILIM B MPAKTUKY, JIUIIE MICTs 0OIPYHTOBAHUX
CTaTUCTUYHHX BUIPOOYBaHb MOPIBHUIIBHOTO XapakTepy» .Bemmuesne 3actocyBaHHS
MOXKE€ OTPUMATH CTATUCTUYHA TEOpis B IMOCTAHOBI KIIHIYHUX Ta HEKIIHIYHUX
BUIMIPOOYBaHb HOBUX TEPANEBTUUYHUX Ta XIpypriyHux 3axoxiB. [Ipoinum Ti yacw,
KOJIM 3aCTOCYBaHHSI CTATUCTUYHUX METOMIB y MEIWIIMHI CTaBUJIOCS IIiJT CYMHIB.
CratucTuyH1 TIXOIU JIeKaTh B OCHOBI Cy4acHOTO HAYKOBOTO IOIIYKY, 0€3 SKOTro
Mi3HaHHS B 0araThOX Tally3iX HAyKW 1 TEXHIKHM HEMOXJIHBO. HeMOXJIMBO BOHO 1 B
rajqy3i MeIUIMHU. MeauvyHa CTaTUCTUKA MOBHMHHA OyTH HAIllJIeHAa HAa BUPIIICHHS
HAWOUIBIII BHUPAXKEHUX CY4YaCHUX MpobiieM y 3710poB'T HaceneHHs. OCHOBHUMU
npoOjieMaMu  TYyT, SK BIJIOMO, € HEOOXIAHICTh 3HMKEHHS 3aXBOPIOBAHOCTI,
CMEPTHOCTI Ta 30UIBIIIECHHS TPUBAIOCTI KUTTSI HACEICHHS.

BignoBimHo, Ha JgaHoMy eTami OCHOBHA 1HQopMarlis TIOBHHHA OYyTH
HNOPAIKOBaHA BUPIIMICHHIO IOTO 3aBlAaHHA. [IOBHHHI JeTanbHO MPOBOJUTHUCA
JaHl, [0 XapakTepU3yloTh 3 PI3HUX CTOPIH MPOBIOHI NPUYUHHA CMEPTI,
3aXBOPIOBAHOCTI, YACTOTY 1 XapakTep KOHTAKTIB XBOPHUX 3 MEIUYHUMHU YCTaHOBAMH,
3a0€3MEUCHHS] HYXKJICHHMX HEOOXIIHUMU BHJIAMH  JIIKyBaHHS, BKJIIOUYAIOYH
BHCOKOTEXHOJIOTTUHI. OTXe, MeIMLIMHA B HalIll KpaiHi OyJe Ha HaJeXHOMY DIBHI
JUIIEHb TOAl, KOJIM BOHA B TOBHOMY 00CSI31 i1 OCTaTOYHO MO€IHAE ceOe 3 BETUYHOIO
MaTeMaTHKOIO.

Jlitepatypa:
«Matemartnka B MeguaHi» https://medytsyna.com/matematika-v-med
2. UkrBukva.net «Marematnka B wmeaunuHi»  https://ukrbukva.net/60692-Matematika-v-
medicine.html
3. «Maremaruka i meguiaHa» http://www.slideboom.com/presentations/901178
4. dapmaneBt «Hasimo wmarematnka wmenunuHi» http://fp.com.ua/articles/zachem-meditsine-
matematika/

=
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M.IL Illanan
JlbsiscbKuli OepycasHuli yHisepcumem 6e3nexku #HummeoianbHoCMi

Haykoesuli kepisHuk Bacunveea O.E., kanouoam mexnHiyHux HayK, OOYeHm, NOJIKOBHUK CLYHCOU
YUBIILHO20 3aXUCTY

MATEMATHKA - 3AIIOPYKA YCHIIIHUX JIXA MNIAPO3ALIIB JCHC

JI¥0/ICTBO TIOCTIMHO IIyKa€ MOXJIMBICTH INEPEMIIICHHS Ha BEJIMKI BIJICTaHI 3a
MiHIMaJbHUM yac. Y Hally ernoxy HaiOiIbIll MacOBUM HA3€MHHM TPAHCIOPTHUM
3ac000M € aBTOMOOUTb. ABTOMOOITb — KOJICHHM TpaHCIOPTHUM 3aci0, SKHii
MIPUBOJIUTHCS B PYX JDKEPEIOM €HEprii, a TaKoXK MallllHa, KA CKJIa/Ia€ThCs 3 COTCHb
MEXaHi3MiB, KOKEH 3 SKHX MPAIIO€ 3aBASKU 1HIIOMY. 3MOTY MOCIIJOBHO CIIOIYYHUTH
[l MEXaHI3MH, Ta HAJAroJWTH iX poOOTy Ja€ MaTeMaTWKa Ta MPUKIAJTHA MEXaHiKa.
[Toxexxanit aBToMo011h (ITA) — Mammaa HabaraTo CKIaHIIIA, HIK JETKOBHH, TOMY
npoekTyBaHHS Ta moOynoBa IIA moTpelyroTh HeaOusAKOi POOOTH KOHCTPYKTOPIB,
1HXKEHEPIB Ta MAaTEMATHUKIB.

ITA excrulyaTyloTbcs B yMOBax HaJBHUCOKUX HAaBAaHTa)XEHb Ta €KCTPUMAJIbHUX
temneparyp. Tomy, Ie MiJ Yac iX HIPOEKTyBaHHS Ta BHUTOTOBJIEHHS B HHX
3aKJIaJal0Th MMABUINEHUN 3amac MIITHOCTI. J[BUTYH ke MpH JIKBiAaIii HaA3BUYANHUX
cutyamiii y 80% BHIaIKiB Mpaiioe Ha MakCUMaJbHUX oOepTax. BiamosigHo Horo
pecypc Ta peMOHTOINPUAATHICTD € Ty’K€ BaXJIMBOIO CKIafoBOK0. I1ig yac cTBOpeHHs
JIBUTYHA KOHCTPYKTOPH NPHUAUIAIOTH bOMY OaraTo yBaru, po3paxoBYIOUd 00’ €MH
HUTIHAPIB, 00’ €M KaMepH 3ropsiHHSA Ta X1/ MOPIIHS.

nD? , _
vV, = = S — 06 em nMJIiHApPa

- D? ,
V.= T 06 €M KaMepH 3rOpAHHA
Vy =V, + V. — noBHUH 06’ eMuuIingpa

v .
E= V—A —Xix mopuiss.
C

MaremaTuka 3aMIIAETBCS TOPYY 1 I Yac TOBCAKACHHOI JISUIBHOCTI
nigpo3aiie JICHC npu poboti 3 TexHikor. HamiiHICTh TEXHIKM 3aJICKHUTH Bl
AaKoCTi 11 o0cimyroByBanHs. [1i yac 1boro 3HOBY He 00IWTHCH O€3 i1 BEIMYHOCTI, X04a
1 enemenTapHoi. Bosii nmepeBipsArOTh piBEHb BOJM B IIMCTEPHI Ta MIHOYTBOPIOBaYa B
0axky, piBeHb Macja B KapTepi JBUTYHa, JIO(PT PyIbOBOTO KoJieca, CIeliaIbHUMU
MpWIalaMd BUMIPIOETHCS HAINpyra Ta CIPaBHICTh EJIEKTPOMEPEX1, MEepPEBIPAETHCS
TUCK TMOBITpA B IIMHAX, pPIBEHb EJIEKTPOIITY B aKyMyJIATOpHUX Oarapesx.
3aBepiyeThcsi OOCITYrOBYBaHHSI aBTOMOOUIS NEPEBIPKOIO MOKEKHOIO Hacoca Ha
CyXUi BaKyyM, NaJiHHS PO3pixKeHHs Mae OyTu He MeHie 100 mm/2,5xB.

Marematuka, SIK 1€ HE JAUBHO, OTOYYE pATYBAJbHUKIB 1 Ha CIyxOl.
MaremaTu4Hl pO3paxXyHKH CTAalOTh y HAroil MmijJ 4ac poOOTH Tra30UMO3aXHCHOT
cinyxOu. Han3BuuaiiHi cuTyamii He TOBTOPIOIOTBCS Ta  1HOAI  OyBaroTh
HernepenOauyBaHuMu. [Ipy BEIMKUX MOXKEXKAX Ta 3aIUMIICHHSX, KOJU 1CHY€ MoTpeda
NOPATYHKY  JIIOACH, TMOXKEeKHUK OJAra€  130JI0IOYMH  MpoThra3 1  CTae
ra3oJlMMO3axUCHUKOM. TyT 3HOBY He OOIMTHCH 0e3 (pyHAaMEeHTaIbHOI HAyKH Ta
MaTEeMaTHUYHUX 3aJIeKHOCTEH, TOMY IO BIJ HHUX 3aJ€KUTh HE TIIBKU JKUTTS
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MNOTEPHUINX, a 1 )KUTTA PATYBaJbHUKIB. Takumu ¢GopMyliaMu KOPUCTYETHCS MOCT
Oe3reku, B TOM Yac, K JIaHKa ra30IMMO3aXHUCHOT CITy>)KOM TIPAIfioe€ y HEPUIATHOMY
JUTSL TUXaHHS cepefoBuIi. Po3paxoByeThbcsl BCe: KOHTPOJBHUM THUCK, TIPU SKOMY
NOTPIOHO BUMTH HA YMCTE MOBITPSI, 3aIMIIOK TUCKY A1t podotu B HIIC, vac pobotu
Ha MICII ITOXKEXI.

[Ipu 3BHUYAMHMX TOXKEKaX MaTEMAaTHUYHHMH 3aJICKHOCTIMU KOPHUCTYIOTHCS SIK
PAIOBI TOXKES)KHUKH, HAaYaJIbHUKHM KapayJsiB, Tak 1 mMTa0HI KoMaHaupu. JIikBimaiis
HaJ[3BUYANHOI CUTYaIlll pO3IIOYNHAETHCS 3 BHI3AY CHEIIaIbHOTO aBTOMOOLIS Ta HOTo
cmiayBanHas Ha micie HC. 1 nume matemarwii Bigomo, sIK Iie 3pOOMTH 3a JIIYEHI
XBUJIMHU:

. oL

Ve
BusnadaeMo wac mpsiMyBaHHS Ha MOXKEXKy, e L — BijcTaHb Bif 9acTUHU 10 MiCIIs
noxkexi, kMm; V.. — cepeaHss WBUIKICTb PyXy MOXKEKHHX aBTOMOOUTB. Komnu

HiApO31 MpuOyB Ha MICIE TOXKEXK1, KOMaHIUP OLIHIOE OOCTaHOBKY, 3arpo3u Ta
PO3MIPH TOKEXKI:
R=05"V,+ 1y + Vy(Tgp — 10) + 0,5  V}j T05 — pamiyc moxkexi

Bci po3paxyHku poOisTBCS MHUTTIO, @ TOJl PO3MOYHMHAETHCS Baxkka poOoTa —
JIOKadi3amisl Ta JIKBIIALIS Moxexl. Bimpa3y )k HE0OX1JHO po3paxyBaTH yac poOOTH
BOJISIHUX CTBOJIIB:

= Wam Z(NpWp)

P E(Np. Gy )60

VY cmpaBi NOPSITYHKY JtOJIeld OpiOHUIIL HEMAaEe, TOMY KOXHa Jis mependadeHa
CratyTOoM, TOYHUMH HayKaMu Ta YeCTIO.

T, — gac poOOTH BOJSHUX CTBOJIIB

Jliteparypa:
1. ABtomMoOinpHI TpaHcnopTHi 3aco0u. OcuoBu koHcTpykuii. / [f. 1. Ilimropenskuit, M. L
Cuuenchkwii; A. M. JlomiHik]
2. OcHOBHM MiATOTOBKM Ta3omuMo3axucHuka. HaBuampauii mociouuk. / [Kosamumua B. B., Jlym
B. L., ITapxomenko P. B.]
3. Tloxexna taktuka / [P. B. [Tapxomenko, 1. O. Yanwuii, /1. 1. BoiiToBu4]

«Mamemamuxa, wo nac omouye: Munyne, cyyacue, maroymuey, 29 bepesns 2019 43



C.-A. I. Myxa
Jlvgiscoruii Oepaicasnuil yuisepcumem 6e3neKu HeummeoisibHOCmi
Hayxosuii kepienux Umup O.F0., kanouoam Qhizuxo-mamemamuyrux HayK, OOYeHm

3ACTOCYBAHHSA NAKETY MAPLE 10 PO3B’SAI3YBAHHA 3AIAY
JIHIMHOTI' O TPOT'PAMYBAHHSI

Jliniline mnporpaMmyBaHHS — 1€ METOJA JOCSITHEHHS HaWKpaloro IeBHOTO
pe3yabTary (Takoro SK HaWOUIbIIMKA TPUOYTOK abo HalMeHIIa BapTICTh) Y
MaTeMaTH4IHINA MOJIel Yii BUMOTH IIPEACTaBJICHI yepes JIHIMHI BITHOIIEHHS.

binemr ¢opmanbHO, JNiHIHHE MpOrpaMyBaHHS € TEXHIKOIO JUIsl ONTHUMI3alii
JTHIAHOT MUTbOBOI (YHKINT, 1m0 OOMEXeHa JIIHIWHUMU PIBHSAHHIMH 1 JIIHINHUMHA
HEpIBHOCTAMM. Ii JOMycTMMa MHOKMHA € OMYKJIOK 00IacTio, fKa BH3HAYEHA SK
MEPEeTUH CKIHYEHHOI KUIBKOCTI MIBIPOCTOPIB, KOKEH 3 SKHX BHU3HA4Ya€ JIiHIMHA
HepiBHicTh. Ii 1inmboBa (yHKIiA € nilicHO3HayHa (YHKIiS BU3HAYEHA HA LLOMY
0araTorpaHHUKY. AJTOPUTM JIIHIKHOTO MPOrpaMyBaHHS 3HAXOJIUTh TOYKY Ha
OaratorpaHHuky, Ae 1 QyHkKIisl HaOyBae HaAWOLIBIIOTO UM HAWMEHIIOTO 3HAYEHHS
AKIIO TaKa TOYKA ICHYE.

JIist po3B’si3yBaHHS JBOBUMIPHUX 3aja4 JIHIMHOTO MpOrpaMmyBaHHsS, TOOTO
3a/lay 13 JIBOMa 3MIHHMMH, a TaKOX JI€IKUX TPUBHUMIPHUX 3a/Jad 3aCTOCOBYIOTH
rpadiuHUil METO/, IO TPYHTYETHCA HA T€OMETPUYHIN THTEpHIpeTallii Ta aHaTITHYHUX
BJIACTUBOCTSX 3aja4 JIHIAHOro mporpamyBaHHs. OOMeXeHE BHUKOPUCTAHHSA
rpadiqHOr0 METOy 3yMOBJICHE CKIIAQJHICTIO MOOYI0BM OaraTorpaHHUKa PO3B’S3KIB Y
TPUBUMIPHOMY IIPOCTOP1 (711 3a7a4 3 TpbOMa 3MIHHUMM), a TpadiuyHe 300paKeHHS
3a/1a4i 3 KUIbKICTIO 3MIHHUX OUIBIIE TPhOX B3araji HEMOKJIUBE.

OTtxe, po3B’s13aTH 3aJavy JIIHITHOTO MporpamMyBaHHs rpapiyHO O3HAYA€E 3HAUTU
TaKy BEpIIMHY OaraTOKyTHHUKa pO3B’A3KIB, Y pPE3yJbTaTl MIJCTAHOBKU KOOpPAUHAT
AKOI B JIIHIMHY IIIIbOBY QPYHKIIIO, 11 PyHKIIs1 HAOyBae HAMOUTLIIOro (HAHMEHIIOTO)
3HAYEHHS.

BukopucroBytoun 3acobu nporpamu Maple mobyayemo nomyctumy o0acTh Ta
3HaWEMO PO3B’ 130K HACTYIHOI 3a/1ayi.

3aoaua. ABiakoMmIiaHisi Ha 3aMOBJICHHS apMii MOBMHHA TiepeBe3Tu He MeHie 700
BICHKOBOCITYKOOBITIB. ABIaKOMITaHIsl MAa€ Y CBOEMY PO3IOPSIKEHHI JIBa TUITH JIITAKIB.
Jlitak mepmioro tumy nepeBo3uth 30 macaxupiB 1 Mae ekimax 3 oci6. Jlitak apyroro
TUMY TiepeBo3uTh /0 macakupiB 1 Mae ekinax S5 oci6. Excrutyarariiss omHOro Jitaka
nepioro tumy komtye 95000 rpH., a mitaka apyroro tumy — 9000 rpH. Ckiibku
MOTPIOHO BUKOPUCTATH JIITAKIB KOKHOTO TUITY, 100 3aTpaTu Oysu MiHIMaIbHUMU? J{71st
(opMyBaHHs €KiMaXKiB JITaKkiB MOYKHA BUKOpUCTaTH He Obiie 60 ocio. [2].

JlaHi 3a7a4i 3aMuIIeMo y BUTJISI TaOIHIIL.

Lun riraxis | mun Il mun Oo0OMexxeHHs
Ocoba
[Tacaxupu 30 70 He meHnie 700
Exinax 3 5 He OlpIre 60
Excmyarartist omoro | 5000 rpa. | 9000 rpH.
JiTaka
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MatemaTnyHa MOJAENTh JAHOTO MPOIECY Ma€ BUTJISA: MIHIMI3YBaTH 3aTpaTu
F (X, X,) =5000x, +9000x, — min 3a yM0BH BUKOHAHHS OOMEKEHb

30x, + 70x, =700,
3%, +5X, <60,
X =0, X,20,
ne X, X, — KUIbKICTb OIMHULb JiTaKiB BiANOBIAHO |-ro Ta |l-ro Tumis,
[ToOynyemo gomycTumy 001acThb.

> restart:
> with(plats) :
> ineg = {30x1 + 70, = 700,3 % +5x, <60,x; =2 0,x, = 0};
Treg = {0 oy, 02, 700 30, + 70x,,3x +5x, = 60}

> megua.f(x'rzeg, x;=0.12.5,x,=4.5 ..12.5)

124
114
104

0 2 4 4 H 10 12

BukopucroByroun mporpamy Maple, po3s’s3yBaHHs 1i€i 3amadi € JTOCHTH
npoctum [3].
| > restart
| > with(simplex) :

> fi= 3000 x; + 9000 x.; ineq = {SOxl + 70x, = 700,3 x; +5x, 60,x, 20,x, 2 0};
S=5000x, + 9000 x,
ineg = {0 a0, F00 €30, +70x,, 3x +5x, < 60}
B minimize ( f, ineq);
{x1=0,x2=10}

=> assign (minimize( f, tneg) ); f

30000

Jliteparypa
1. ITonos KO./[. JIuneiiHoe U HeMUHEWHOe porpaMMupoBanue: Yued. nocodue. — K.: M3n-so KI'Y,
1988. - 188 c.
2. Kapp 4., Xoys Y. KonnuecTBeHHbIE METObI IPUHATHUS PELICHUH B YIPABICHUU U IKOHOMHKE. —
M.: Mup, 1966. — 464 c.
3. Ilpoxopos I'. B., Jledenes M. A., Konbees B. B. Ilaker cuMBOIbHBIX Beruuciennii Maple V / T'. B.
[Ipoxopos, M. A. Jlenenes, B. B. Konbees — M: Kommnanus [etur, 1998. — 198 c.
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JIL1. Konybak
Jlvgiscoruii Oepaicasruil yuisepcumem 6e3neKu HeummeoisibHOCmi
Hayxosuui kepienux Umup O.F0., kanouoam Qhizuxo-mamemamuyrux HayK, OOYeHm

ICTOPISI BUHUKHEHHS TEOPII TPA®IB TA IX 3ACTOCYBAHHS

[Tepma pobGorta 3 Teopii rpadiB, MO0 HAICKHUTH BIJIOMOMY IIBEHIIAPCHKOMY
matematuky JI. Eiinepy, 3’aBunacs B 1736 p. Cnouatky teopist rpadiB 31aBanacs
JIOCUTh HE3HAYHUM PO3JIIJIOM MAaTeMAaTUKH, TaK sIK BOHA Maja CIpaBy B OCHOBHOMY 3
MaTEeMaTHYHUMHU po3BaraMu u ronoBosioMKamu. OJHaK MOAAJbIINNA PO3BUTOK
MaTeMaTHUKH 1 0COOJIMBO ii JOATKIB JAJI0 CHIIBHHUH MOMTOBX PO3BUTKY TEOPii rpadis.
Bxe B XIX cronitti rpady BUKOPUCTOBYBAIUCSA MIPH MOOYIOBI CXEM.

B nanwmii gac us Teopis 3HaAXOAMTH YHMCICHHE 3aCTOCYBAaHHS B PI3HOMAaHITHHUX
MPaKTUYHUX MATAHHSIX. OTpUMaHHS TOJANBIINX CYTTEBUX PE3YJIBTATIB Y 1IN Tamy3i
naTyioTh cepeauHoro XIX cromitrs. OpHak MOYaTOK TPOBEACHHS AKTHBHUX
CUCTeMAaTUYHUX JOCHIPKEHb Ta CTaHOBIEHHS Teopli rpadiB SK OKPEMOro
ABTOPUTETHOI'O PO3JIUTY CydacHOi MaTeMaTUKU BinOysocs e maibke 100 pokiB 1o
ToMy, ToOTO B cepeauHi XX cromitra. Came 3 1p0oro vacy rpad crtae OfHIE 3
HAWUTIOMMUPEHIIUX 1 HAUTOMYJISPHIIIMX MaTEMaTUYHUX MOJeIel y Oararbox cdepax
Hayku 1 TexHikd. KapTuHka y BUTIAAl HAOOpPY TOYOK Ha TIUIOMIMHI Ta JIHIM,
OPOBEACHUX MIXK JEIKMMH 3 HHUX, CTajla 3pyYHOIO 1 HAOYHOI (POPMOIO 300paKeHHS
HAWPI3HOMAHITHIIIUX 00’ €KTIB, HpoueciB Ta SIBUII.

Benukoio Miporo 1€ MOB’S3aHO 3 BHHUKHEHHSIM, OypXJIMBHM PO3BUTKOM Ta
MOIIMPEHHSM EJIEKTPOHHUX OOYHMCIIOBAILHUX MAIlMH 1, SK HACIIJOK, 3HAYHUM
3pOCTaHHSM  pOJIi  3aJad  JUCKPETHOTO  XapakTepy. Marematuka  BiX
"00ciIyroByBaHHs" MepeBaKHO (I3UKU MEPEXOIUTH A0 MPOHUKHEHHS CBOIX METOMIB
y IHII cpepu ITOACHKOI AisUIbHOCTI. OJHUM 3 TOTYXHUX 1HCTPYMEHTIB TaKOTro
MPOHUKHEHHS € Tpad.

I3 cyTo popmanbHOT TOUKH 30py rpad MOKHA PO3TISAIATH SK OJIMH 3 PI3HOBU/IIB
anreOpaiuHoi cucTeMu (a came, sk MOJICIIb), @ OTXKE, 1 BCIO TeOpito rpadiB — K po3 LI
cyuyacHoi anrebpu. CropaBai, pe3ylbTaTd Ta METOAM ainreOpu  IUPOKO
BUKOPUCTOBYIOThCS B Teopii rpadiB. OgHak 3a OCTaHHI MIBCTOJITTS aKTUBHOTO
IHTEHCUBHOTO Ta €KCTEHCUBHOTO PO3BUTKY TeOpis TpadiB BUPOOUIa CBOIO JOCTATHHO
cnenuiuHy BIacHy mpobieMaTtuky 1 Merojoiiorito. Ha crorogni Teopis rpadis €
OJIHIEI0 31 CKJIAJIOBUX MATEMAaTHYHOIO arapary KIOEpHETHUKU, BAKIUBUM PO3IIJIOM
IUCKPETHOI MaTEMaTUKHU.

B nmanwuii yac MOXXHa BKa3aTH PO3UIA YMCTOI MaTEeMAaTHUKH, HAMPUKIIAA TeOpis
MaTeMaTUYHUX BIJIHOUIEHB, B AKUX TEOpis rpadiB CIyKUTh NPUPOJIHUM anapaToM; 3
IHIIOT CTOPOHM, 1Sl Teopis 3HaXOAUTh ©Oarato 4YHCIEHHI 3aCTOCYBaHHS B
PI3HOMAaHITHUX MPAKTUYHUX MUTAHHAX: MPYU BCTAHOBJICHHI PI3HOTO POJY BIJTHOIICHbD,
OpY BUPILIEHHI TPAHCIOPTHUX 3ajJlay, 3aJad Npo MOTIK B CITHI Ha(TOMPOBOIIB 1
B3araji B mporpamyBaHH1. Teopis rpadiB Temep 3aCTOCOBYETHCS 1 B TAKMX 00JIACTIX,
K €KOHOMIKa, TICUXOJIOTis 1 61070risa. MaTreMaTuyHi po3Bar i rOJOBOJIOMKH TaKOXK
3QIMIIIAIOTHCS] YACTUHOIO TeoPii rpadib.

«Mamemamuxa, wo nac omouye: Munyne, cyyacue, maroymuey, 29 bepesns 2019 46



OcranniM yacom Tpadum 1 TOB’s3aHI 3 HUMH METOAW JIOCIIKCHb
BUKOPHUCTOBYIOTHCSI TIPAKTUYHO B yCIX PO3AUTAX Cy4acHOI MaTeMaTHKH 1, 30Kpema,
JHACKPETHOI MAaTEMATUKHU.

I'pad € maTeMaTMYHOO MOJEIII0 HANMPIZHOMAHITHINIUX OO0 €KTIB, SBHII 1
IIPOIIECIB, IO JOCIIKYIOThCS 1 BAKOPHUCTOBYIOTHCSI B HAYIll, TEXHIIll Ta HA TIPAKTHUIII.
KopoTko onumiieMo HalBigoOMIIII 3acTOCYBaHHS Teopii rpadis.

Hanpuxknan, y Burisiai rpada MoxXyTh OyTH 300pakeHi:
-CJICKTPUYHI 1 TPAHCIIOPTHI MEPEXKi;
- iHdopMaIliifHI 1 KOMIT FOTEPHI MEPEexi;
- KapTH aBTOMOOUIbHUX, 3aJII3HUYHUX 1 TOBITPSHUX LUISAXIB, Ta30- 1 HAQTOMPOBO/IIB;
- MOJIEJTI KPHUCTAJIIB;
- CTPYKTYPH MOJIEKYJT XIMIYHUX PEYOBHH;
- MOJIEII irop;
- pi3HI MaTeMaTH4HI O00’€KTH (BIJHOIICHHS, YAaCTKOBO BIIOPSJAKOBAHI MHOXXHUHH,
PEIIITKH, aITOPUTMH 1 IPOTPaMH TOIIIO);
- T1a01pHUHTH;
- IJIaHU A1ISUTHHOCTI 200 IJIaHW BUKOHAHHS MIEBHUX POOIT (PO3KIIAIN);
- FeHEAJIOT14HI1 JAepeBa TOIIIO.

3a monomororo rpadiB MOKHA PO3B’sA3aTH Pi3HI 33/1adl, 30KpeMa:
- IONIYK 3B’ I3HUX KOMIIOHEHTIB Y KOMYHIKAI[IHHUX MepexKax;
- TMOWIYK HaWKOpOTIIMX, ‘“HaiijemeBmux’ Ta “HAUOPOXUMX’ INUIAXIB Yy
KOMYHIKAIITHUX Mepexax;
- moOy/J10Ba KICTSIKOBOT'O JIEPEBa: 3B ’A3HICTh 3 HAWMEHIIIOI MOXJIMBOIO KIJIBKICTIO
pedep;
- MOLIYK MAaKCUMAaJIbHOI TeUii JAJI1 TPAHCIIOPTHOI MEPEXI1, B sIKI BUBHAUYEHO BXI1JIHI Ta
BHXIJIHI BEpIIMHU Ta MPOMYCKHI COPOMOKHOCTI pedep;
- eiyiepiB IUKII: 001MTH BCl pebpa (KOHTPOJIb A1€3JATHOCTI MEPEXK1);
- po3dapOyBanHa rpadiB: po3papOyBaHHS Treorpa@iyHMX KapT, YKIaJaHHS
PO3KJIaJIB, PO3MIIIIEHHS PECYPCIB TOIIIO;
- TUTAHApHICTHh TpadiB: MPOEKTYBAHHS IPYKOBAHUX EJIEKTPOHHUX Ta EJICKTPUYHHUX
CXeM, TPAHCIIOPTHUX PO3B’ 30K TOIIIO;
- 3HAXOJ/KCHHS IICHTPIB Tpada: BepIInH, MaKCHUMalbHa BIJICTaHb BiJ SIKHUX JO BCIX
IHITMX BepIUH rpada € MiHIMAIbHOO (“CTOJIUIIB”) TOIIIO.

Jliteparypa
1. Kyopsasyes E.M. ViccnenoBanue omepamuil B 3ajadax, ajJropuTMax W Mmporpammax. — M.:
Panmo u cBsa3p, 1984. — 184 c.
2. Ope O. Teopus rpados. — M.: Mup, 1980. — 336 c.
3. Vuncon P. Beaenue B Teoputo rpagos. —M.: Mup, 1977. —207c.
4. Xapapu @. Teopus rpados. — M.: Mup, 1973. — 300 c.
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M.M. I'yakoecokui
Jlvgiscoruii Oepaicasruil yuisepcumem 6e3neKu HeummeoisibHOCmi
Hayxosuii kepienux Umup O.F0., kanouoam Qhizuxo-mamemamuyrux HayK, OOYeHm

ICTOPIA BYJIEBOI AJITEBPHU

Sk He NTMBHO, HE3BAXKAIOUM HA T€, 110 Y IIKOJ1 BUBYAIOTH aire0py, 6araTo y4Hi,
a 3roJIoM 1 IOpOCJIi, HE MOXKYTb BiANoBICTH Ha 3anuTaHHs: “lllo Take anrebpa?”

Anrebpa — 11€ HayKa, sika BABYA€ MHOXXHUHU JISIKUX €JIEMEHTIB 1 111 HaJl HUMHU.

HameBHO, HEOTHOPA30BO BHHHUKAIO 3alHTaHHA: “JIJIs1 9oro moTpiOHO BBOJHMTH
JiTepyu 3aMicTh IHGP 1 9u moTpiOHO Ie B3araimi poOutw?”. | TIIBKK IMi3HIIIC
IIEPEKOHYEMOCH, SIKi IepeBard IpHy BUPIMICHHI 3aBJaHb Ja€ anredpa B IMOPIBHIHHI 3
apu(METHKOI0. ICHYIOTh Pi3HI BHIHM alreOpH, cepel HUX HAWOUIBII BITOMHUMH €
JiHIAHA anrebpa, anredpa CTPyKTyp, aredpa Kijienb, aaredpa Joriku, ado, Mo Te X
came, anredpa byus.

Jlorixa sk Hayka copmyBanacs B 4 CT. 70 H. €. Ii CTBOPHB TPEIbKHIl ydeHHUI
Apicrotenb. CIIOBO «IOTiKa» MOXOAUTH BiJl TPEIBKOTO “JI0roc”, 1o 3 OJHOTO OOKY
o3Hayae “coBo” ab0 “BUKIAN’, a 3 1HIIOTO MHCJIEHHS. Y TIYMauyHOMY CIIOBHHUKY
Oxerosa C.I. ckazano: “Jlorika — 11e Hayka Mpo 3aKOHU MUCJTICHHS .

OcHoBononoxkHukoM — anredpu  byns  BBaxkaroTs [xopmika byms, —sikwuit
HapoauBcs B Aurmi 2 nuctomama 1815 poky. Bce cBoe XUTTS BiH MpalroBaB
BUUTEJIEM MaTeMaTUKH 1 (I3MKM B IMIKOJI. 31 CHOTajiB MOro y4HIB BIJIOMO, SIKE
BEJIMUE3HE 3HA4YCHHs HajaBaB bynb po3BUTKY TBOpUMX 3Ai10HOCTEH yuHIB. [lpu
BHUKJIAJll HOBOTO MaTepially BiH NHparHyB JO0 TOTO, 100 HOro y4dHi cami 3aHOBO
«BIAKpUBaIN» JesaKki dhopMmyiau 1 3akoHHu. Jliama3oH HaykoBux 1HTepeciB byms OyB
Iy’K€ IIUPOKUN: B PIBHIM MIpl MOro IiKaBWJIM MaTeMaTHKa 1 JIOT1IKa — HayKa Mpo
3aKOHM 1 popMHU MHCIEHHA. B Ti yacu jiorika BBa)kajlacs I'yMaHITapHOKO HAYKOIO, 1
Oarathbox, xT0 3HaB Jlxopmxa bynsa, auByBamo, SK B OJAHINM JIOJAWHI MOIJIH
y>)KMBAaTHCS TOYHI METOJM ITI3HAHHS, BIACTHUBI MaTeMaTHKaM, 1 CyTO OIKMCOBI METOIU
JIOTIKU. AJie BUEHOMY 3aXOTIJIOCS 3pOOMTH HAyKy MPO 3aKOHU 1 (HOPMHU MUCIICHHS
TaKOI0 X CYBOpPOIO, SIK 1 OyAb-siKa 3 MPUPOJHUYMX HAYK, CKAXKIMO MaTeMaTHKa YH
¢i3uka. s uporo bynb cTaB mo3Hadyatu OykKBaMU HE 4YHCIA, SK 1€ POOUTHCS Y
3BUYANHIN anreOpi, a BUCJIOBIIOBAHHS 1 MOKAa3aB, 10 TAaKHUMH PIBHAHHSIMU, TYXKE
CXO0XKUMHU 3 ajreOpaiyHUMU, MOYKHA BUPIIIYBATH MUTAHHS PO ICTUHHICTD 1 XUOHICTh
BHCIIOBIIIOBaHb, 3pO0JICHUX JIOAMHOK. Tak BuHMKIA anredpa byns. byneBy anreopy
Jlxopmoxk Byne omucaB y cBoidt kHU31 “Marematnunuii anamiz joriku” (1847), 1
OLIbII JETaNbHO y HACTYIHINA KHU31 “/lociijkeHHs 3akoH1B AyMKu(1854).

Axne we 3ag0Bro 1o xopmka byns Himenskuid ¢pinocod 1 marematuk ['otdpin
Jleitoniny (1646 - 1716) Bhmepiie BHUCIOBHUB 1€H0 PO CTBOPEHHS HAYKH, SKa
MO3HAYUTH BCl MOHATTS 3BHYAHOT pO3MOBHOI MOBH CHMBOJIaMHU 1 BCTAHOBHUTH JICSKY
HOBY anreOpy s 3’ €JHAHHS IUX CHMBOJTIB.

B Hamn gHi anreOpa JOTIKM CTaja HaWBaKIMBIIIOK CKIIAJIOBOIO YACTHHOIO
MaremaTtuku. OmHe 3 11 3aBmaHb — II€ PINIEHHS BCUISIKUX pIBHSHb, YHCJIOBI
CIIBBIHOIIEHHS B SIKUX 3aMIHEHO OyKBEHUMHU. BIIBIIICTh maM’ATae, sk BUPIIITYyBaTH
PIBHSIHHS IPYTOTO 1 TPETHOTO CTyIeHs 3 OykBeHUMU koeditientamu. Tak ot, byns y
CBO1HM HOBIH anreOpi CKOpUCTABCS BCIMA IUMH (POpMyTIaMH 1 MPaBUIIAMHU.
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HoBuwm B anre6pi byns € Te, 1m0 eneMeHTH MHOXXHHH, SIKI B HIil BUBYAIOTHCS, €
HE YMCIaMH, a BUCJIOBIIOBAHHAMMU. SIKIIO MpU BUPIIICHHI 3BUUAWHUX anreOpaiuHux
pIBHSIHb BU3HAYa€ThCA, SIKOMY 4YHCIy JOPIBHIOE HEBiOME X, 3BHYaiiHa anreOpa
IIyKae BIAMOBAb Ha 3anuTaHHs: “Ckinbku?” Anre0Opa JIOTIKM IITyKae BIJAMOBIAL HA
3aMUTaHHS: “9W MPaBUJIBHO T€ YM 1HIIE BHUCIOBJIIOBAHHS, MO3HAYeHE OYKBOIO X?”
3MICT BUCJIOBIIIOBaHHS TYT HE IpaloTh HisIKO1 poii. KojkHe BHCIIOBIIOBaHHS MOXKE
OyTH TUIbKU a00 ICTUHHHUM, 200 XUOHUM. BOHO He MOke OyTH HAIlOJIOBUHY ICTUHHUM
1 HaroJOBUHY MOMMJIKOBUM. B sIKOCTI MpuKJIaay MOKHA 3rajlaTi KUJaHHs kepeda 3a
JIOTIOMOTOI0 MOHETU. Po3risigaroTbess TUIBKM JBa CTaHU MOHETH — ‘“‘openr” abo
“pemka”. 3a momosieHicTIO cTopiH “open” — 1e TAK, a “pemka” — 1me HEMACE.
Hiski iHII1 MPOMIXKHI TIOJIOKEHHS B ainreOpu JIOTIKM HE BPaxOBYIOThCS, XO04a BOHU U
MoxJuBl. [ligkuHyTa MOHETa MOXXe BMAcTU Ha PeOpO, AOKOTUTHCS MO MiII031 JI0
HIKKH CTUTBISE @00 CTOMY 1 Tak 1 3aJUIIUTUCA Y BEPTUKAIBHOMY IMOJIOXKEHHI, a TO 1
B3arajii MPOBAIUTUCA B MHMPOKY muIMHY B miaino3i. (Ilo anamorii 3 elxekTpudHuMU
CXeMaMHU JIBl OCTaHHI CHUTYyallli MOXXHa pO3IVIAJATH SK HECHPaBHICTb y BUIJISII
00ropiJioro KOHTaKTYy).

B 11 naneki yacu anredpa by:ns, Ha *aib, IMPOKOrO MOUIMPEHHS HE OTpUMAaJIa.
3H0BY «BiaKpuB» anredpy byns Kinox llennon. ¥ 1938 pori, Oyayuu 1me CTy1eHTOM
MaccauyceTcbKoro TEXHOJIOTIYHOTO 1HCTUTYTY B Amepuri, monoauid Knox nosis,
mo anrebpa byns MOBHICTIO MIAXOAUTH Il aHaNi3y 1 CHHTE3y pEJIeHHHX 1
NEpPEMUKAIBHUX CXeM. 3 JomoMoror anreOpu bysis mMoxHa Ty’ke MpOCTO CKJIacTh
CJIEKTPUYHY CXEMY aBTOMaTa, L0 Mpaiioe Ha pene. s 1bOoro, BUSBISETHCS,
MOTPIOHO TUIBKM TOYHO 3HATH, 110 TOBUHEH pOOUTH aBTOMAT, TOOTO MOTPIOHO MAaTH
anroput™m ioro pobotu. Tak Oyna 3akiazeHa OCHOBa Teopii MU(GPOBUX MAIlHH,
nirounx 3a npuHiunoMm TAK um HI.

Jlitepatypa
1. Knunu C. Matematudeckas joruka. — M.: Mup, 1973. — 480 c.
2. Hosuxkog I1.C. DnemeHTbl MaTeMaTudeckoi joruku. — M.: Hayka, 1973. — 400 c.
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O.. bozoanos

Jlvgigcoruii Oepoicasruil yuisepcumem 6e3neKu HeummeoisibHOCmi
Hayxosuii kepienux 0.0. Kapabun, kanouoam ¢hizuxo mamemamuyHux Hayx,
ooyenm Kagheopu NpuKIaOHOi Mamemamuxy ma MexaHiKu

JESAAKI ACIHEKTH PO3B’SI3YBAHHS AJITEBPAIYHUX PIBHSHb
IPATOI'O TA BUIIUX CTEIIEHIB

MartemaTuka, sIK OJHAa 3 HaWCTapOAABHIIIMX HAyK, 3apojaujacs 3 MOTped
OPAaKTUKU. ByIIBHULITBO, BUMIPIOBAHHS IUIONI 3E€MEJbHUX JUISTHOK, TOPrOBEJbHI
pPO3paxyHKU MOTpeOyBali BMIHHS BUKOHYBAaTH apU(METHUYHI OOYHMCIICHHS, a TaKOXK
[EBHUX T'€OMETPUYHUX VSIBJIEHb. 3r0JI0OM MaTeMaTthka chopMmyBajacsi y IEBHY
CUCTEMY, K CKJIaJl0Ba YaCTHHA 3arajbHOr0 KOMIUIEKCY HAayKOBUX 3HaHb. [loTpeOu
IIPUPOJIO3HABCTBA, TEXHIKM TOCTIMHO CTaBWJIM TEpeJ JIFOJbMHM HOB1 3ajadyi, sKi B
CBOIO Yepry CTUMYJIIOBAJIM PO3BUTOK camoi MareMaTuku. BogHouyac mporpec B camiit
MaTeMaTHIIl M1/IBUIYBaB €EKTUBHICTh MATEMATUYHUX METO/IIB.

Pons MareMaTuku B pI3HMX Traiy3sX JIOACBKOI [ISJIBHOCTI 3 4YacoM
3MIHIOBaJIacd, MPUYOMY 3ajeXalla B OCHOBHOMY BOHA BiJ JIBOX (PAaKTOpPIB: PIBHA
PO3BUTKY MAaTE€MaTUYHOrO arapaTy 1 CTyleHs 3piIoCTI 3HaHb NPO TOW UM 1HIIMMA
JOCJIIIKYBaHUN 00’ €KT, TOOTO MOXKJIMBOCTI ONMUCATH HAHICTOTHIII HOTO BIACTUBOCTI
MOBOI0O MAaT€MAaTUYHUX TMOHATH a00, SK KaxKyTh, MOXJIUBOCTI NOOyAyBaTH
MaTeMaTUYHy MOJIEIb IIbOTO 00’ €KTA.

OnHMM 3 OCHOBHHMX BH[IB MAaT€MaTHYHUX MOJENEH € PIBHSHHS, BUBUYECHHS
SKOTO MOYMHAETHCS 3 HAUIPOCTIIIONO BUMAJIKY — OJIHE PIBHAHHSA MEPIIOrO CTEIEHS 3
OJTHUM HEBIJOMHUM, a IMOTIM TOMNIMONIOETbCA B JBOX HaNpsAMKax: MEpIIMA —
PO3IIIAAAIOTECSL CUCTEMM JIBOX 1 TPbOX pIBHSAHb IEPIIOrO CTENEHs 3 JBoMa 1,
BIJIMOBIAHO, TPhOMA HEBIIOMUMH; IPYTUH — BUBYAETHCS OJHE KBaJpaTHE PIBHSIHHS 3
OJIHUM HEBIJIOMHM 1 JIeSIKI OKpeMl TWUIHM pPIBHSAHb, IO JIETKO 3BOMASTHCA [0
KBaJpaTHUX, HAIPUKIIAJI, BIIOME O1KBaJIpaTHE PIBHSHHS.

BincyTtHicTe GopMyn [uisi po3B’si3yBaHHS PIBHSHb BHILMX CTENEHIB HE CIIIJT
BBa)XaTU AYXK€ MPUKPOI 00CTaBUHOIO. OCKIIBKM KOE(MIIIEHTH O1IBIIOCTI PIBHSIHB,
AK1 JJOBOJIUTHCS PO3B’A3yBaTH (P13MKaM Y 1HKEHEPAM, € BEIMYMHAMU, 3HANIEHUMH B
pe3ynbTaTi BUMIPIOBaHb, TOOTO HAOIMKEHUMH, @ TOMY KOPEHI MOTPIOHO 3HATH JIUIIE
HaOJIMKEHO, 13 33J1aH0I0 TOYHICTIO. Lle nano momroBx 10 po3poOKU pi3HUX METOIIB
HAOJIMKEHOTO PO3B’SI3KY PIBHIHB — rpaiyHUX Ta YUCEIbHUX.

3 MOSIBOIO KOMIT IOTEPIB POJb TAaKUX METOMIB OCOOJIMBO 3pOCIa, OCKUIBKH
3aBJSKHM IM BJAJIOCS ICTOTHO PO3LIMPUTH KJIac 3aJ1ad, pO3B’sI3yBaHUX 3a JOMOMOIOIO
PI3HUX KOMIT FOTEPHUX TPOTPaM.

TakuM YMHOM, NOCTA€ MUTAHHS HE MPO MPAKTHUHY MOKJIUBICTH BiALITYKaHHS
KOPEHIB, a Mpo iX icHyBaHHs. Binomo, 1110 iICHYIOTh KBaJpaTHI PIBHSIHHS 3 A1IMCHUMHU
Koe(illieHTaMH, Kl HE MarOTh MIMCHUX KOpEHiB. Po3risgaioun KBajpaTHI piBHSHHSA,
a TaKOXX PIBHSAHHSA TPETHOTO Ta YETBEPTOTO MOPSAKIB y MHOXHHI KOMIUIEKCHHX
yucen, OOOB’SI3KOBO BIAIIYKAIOTHCS iXHI pPO3B’SI3KM. BUHUKae NUTaHHSA: 4d He
3HAMIEThCSl TaKe PIBHAHHS IT'STOTO YW BHUUIIOTO CTEMEHS, SIKE HE Ma€ >KOIHOTO
PO3B’SI3Ky, HABITh Yy MHOXHHI KOMIUIEKCHUX 4YHCEJ 1 YU HE JOBEAEThCA st
BIJIIIYKAHHSI PO3B’A3KIB TAKUX PIBHSAHb MEPEXOJUTH 10 OUIbII IIMPLIOT MHOXHHH
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Yypcesa, HIK KOMIJIEKCHAa MHO’KMHA? BiamoBiah Ha Iie 3alMTaHHSA Ja€ TaK 3BaHa
OCHOBHA Teopema aireOpu, sika CTBEPIXKY€E, II0 KOXHE PIBHSIHHS 3 JOBUIBHUMH
YUCIOBUMH KOe(QIIEHTAaMH Ma€ KOpPEHI, MPUUYOMY KOPEHIB LMX CTIIbKH, SKUN
CTEIIHb PIBHSHHS.

BuBuenHss anreOpaiuHUX PpIBHSHb € BaXJIMBUM MIATPYHTTSIM IS
pO3B’s3yBaHHS PI3HUX 3a7a4 3 KypCy BHIIOI MaTE€MaTUKH, HaNpUKIad, IJs
OOYHCIICHHS 1HTErpalliB 3a JOMOMOTOI METOJy HEBH3HAUCHMX KOE(QIIIE€HTIB, s
3HAXOM)KCHHSI KOPEHIB  XapaKTePUCTUYHOTO PIBHSHHA, SIK€ BHUHUKAE TMpU
PO3B’sI3yBaHHI JHIMHMX JOU(epeHIliaTbHUX pPIBHSIHb BHIIMX MOpsAakiB. [lpu
PO3B’s3yBaHHI TaKWX 3a7a4 BUHUKAIOThH PIBHIHHS

aX"+ax" '+ ... +a,=0, (1)
JBY YaCTHHY SIKMX NOTPIOHO MOJATH Y BUTIISAIL
Ao(X — X1)-(X = X)-...-(X = Xn) = 0,
1€ X1, X,. .., Xy — KOopeHi piBHsHH (1).

Binomo Te, 110 KopeHi piBHAHb MEPIUIOTO, IPYroro, TPEThOTO Ta Y€TBEPTOTO
CTEICHIB BUPAXAIOThCS Uepe3 iX KoedIlieHTH 3a JOMOMOTOI CKIHYEHHOT KOMO1HAaIi{
anreOpaiuHux i, TOOTO III PIBHSHHS PO3B’SA3YIOThCS B paaukanax. LlikaBo, yu
aHaJOriyHa KapTUHA CIIOCTEPIraeThes 1 AJI PIBHSIHB CTEINEHS, BUILIOTO 3a YETBEPTHIA?
Hacnpasni, e He Tak. BpaeTbcs nuiie BUIIIUTA OKpEeMi BUAM PIBHAHBb M STOTO
CTENEHs, IO 3BOJATHCS 1O PO3B’SI3yBaHHS PIBHAHb HWXKYHMX CTENEHIB abo 10
JBOWIEHHOTO PIBHSHHSA

Y +q=0,
BCl 3HAYEHHS KOPEHIB SKOTO BU3HAYAIOTHCS 3a (OpMyJsior0 J00yBaHHS KOPEHS
KOMITJIEKCHOTO Yucia: Y = ﬁ :

J1o piBHSIHB, 1110 PO3B’SI3YIOTHCS B pajuKaliax, HAJIEKATh, 30KpeMa, TaK 3BaHE
CUMETPHUYHE PIBHSIHHS
agX° + apxt + ax + ax’ +ax +a =0,
SIK€ MOKHA 3BECTH JI0 BUTJTISAY
(X + 1) + ay(x° + )X + ax(x + 1)x* = 0
1 mepekoHaTucs, o X = — 1 € Horo kopeHneM. [HII KOpeH1 3HaAEMO B pe3yJbTarTi
pPO3B’s3yBaHHSl PIBHSHHS UYETBEPTOTO CTEIEHS, SKE IICTAaHEMO, MPHUPIBHSIBIIU [0
HYJIS YaCTKY B1J] AUICHHS JIIBOi YACTUHU PIBHSHHA Ha X + 1.
B3zarasi, cuMeTprudYHUM PIBHSAHHSIM N - TO CTENEHS HA3MBAETHCS airedpaiuHe
PIBHSIHHS
X" +axX" T+ax" 2+ . Faxi+ax+a,=0,
y axoMy koedimientu mpu X" 1 X" " piBHi.
[Ile oguH TUN PIBHSHB BUILUX CTEMEHIB, SIKI PO3B’A3yIOThCS B paguKaax, €
TaK 3BaHl TPUWICHHI PIBHAHHS, TOOTO PIBHSHHS BUIY
ax™+bx"+¢c=0,
sIKE 3aMiHOKO X'= t, 3BOAMTHCS 10 KBaIPaTHOTO PiBHSIHHSL.

Jliteparypa.

1. Ilemposcokuii HU.I. Jleximu 1O Teopur OOBIKHOBEHHBIX JU(PhEpeHITNATHHBIX
ypaBHeHui. — M.: Hayka, 1970. — 280 c.
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M.II. Kynpikoe

Jlvgiscoruii Oepaicasruil yuisepcumem 6e3neKu HeummeoisibHOCmi
Hayxosuii kepienux 0.0. Kapabun, kanouoam ¢hizuxo mamemamuyHux Hayx,
ooyenm Kageopu NpUKIAOHOT MamemMamuKkyy ma MexaHiKu

ICTOPIA HYJIA - BIL HEBYTTA 10 BEJIMYI

TepMmin «udpa» B nepekiaal 3 apadChbKoi 03HaYae «HYJb». TUIBKH 3 4acoMm
JlaHE CJIOBO TOYaJM BUKOPHUCTOBYBATU I TO3HAYEHHS OYy/b-SIKOTO YHCEIHHOTO
CHUMBOITY.... B OCHOBI Hayku, TEXHIKH 1 MaTeMaTUKU JISKUTH HIIlO. 3BUYAIHO, 1€ -
HIIO, BUPAKEHE YUCIOM HyIb. [1[00 MOBHICTIO YCBIJOMHUTH 3HAYEHHS 1 CHUITy HYJIS,
HaM MOTPIOHO 3a3UPHYTH B 1CTOPII0 MOrO HAPOIKEHHS 1 OypeMHUH IUISIX A0 CIIaBH,
AKAA KOMY JOBEJIOCS IIPOUTH.

Konremnist Hy71s icCHyBaja 3 JaBHIX 4aciB. 3rajiki PO Hel 3'IBISIOTHCS Yac Bij
Yyacy y BaBWJIOHCHKUX TpPaKTaTax 1 HamMcax Maiis, J€ HyJb BUKOPHCTOBYBAJIU MJIs
po3paxyHKiB KaneHaaps. CTapoiaBHi BUYCHI BUKOPUCTOBYBAIIM HYJb AJISl IO3HAYCHHS
BIJICYTHOCTI YMCIIa, SIK MM I1e pooumo B yuciax 101 yu 102, mo0 mokazatu, mo B
cepenHiil mo3ulii HeMae BenuuuHU, KpaTHoi 10. Munyno maibke ABa TUCSYOMITTS,
Hepil HK HyJdb Y BChOMY MOro MaTeMaTUYHOMY OJIMCKY BU3HAJIW TMOBHOIIHHUMU
guciom. | cranocs nie B Iaaii. 3a cnoBamu marematuka Anekca bemtoca, Iaais Oyna
1IeaJIbHUM MICIIEM JUIA I€T HOI].

Ines, mo HIimoO Moxke OyTH YUMOCH, TIMOOKO BKOpPEHWJIACS B 1HIIMNCHKY
KyJIbTypy. SKIIO iCHye MOHATTS "HipBaHU" - cTaHy HEOYTTS, B SIKOMY BCl Balll
TypOOTH 1 Oa)kaHHA 3HHUKJIM, YOMy O HE CTBOPHUTH CHELIaJbHUNA CHUMBOJ MJIs
MMO3HAYEHHs1 BIACYTHOCTI Bchoro? Ileil cMMBON Ha3BajaM CJIOBOM wuiyHba", sIKe
BUKOPUCTOBYIOTh M JIOC1 JUIsl MO3HAYEHHS SIK MOHSTTS BIJICYTHOCTI, TaK 1 Camoro
qrciia HyJb.

Xoua Bci 1HII TU(PHU, SKUMU MU KOPUCTYEMOCSI CbOTOJIHI, MMPOTITOM 1CTOPIi
KapJUHAIBHO 3MIHUJIM CBOIO (DOpMy, HYJIb BiJ] TTOYATKY MO3HA4YaBCs KoysoM. OHaK,
3TiTHO 3 1HIIMCHKUM MICTHIIM3MOM, KpyTria (opma HyJs O3Hadae KOJo >KUTTS, a0o,
SK HA3WBAJIM MOTO 1HIYCH, "3Misl BIUHOCTI" (3TOpPHYTa B KIJIbIE 3Misl CUMBOJII3yBajia
HECKIHUCHHICTb).

CxoKeHHs yucia HyJIb Ha BepiinHy ciaBu B VII ctopiudi BigOynocs B mepiry
4yepry 3aBJsSIKW 1HIIHCbKOMY acTpoHOMY bpaxmarynTi. B maremaTuili 4uciio 1IyHbs
MoYaay BUKOPUCTOBYBATHU HE JIMIIIE HA MMO3HAYEHHS BIJICYTHOCTI 1HIIIOTO YKCTIa, aje i
B OOUMCIIEHHSX, SIK 1 Oyab-sIKe 1HIIE 4Kciio. Binrenep Hyiabp MokHa Oylno J01aBaTH,
BIIHIMATH 1 MHOXXHUTH Ha HbOTO. 3 JIJIEHHSM Bce OyJ0 TPOXHU CKIJIQJHIIIE, ajie IS
npo0JieMa MoCTpusiiia BAHUKHEHHIO OKPEMOTO YyIOBOTO PO3JLITY.

[Ticns Toro, sik Hydb 3aBotoBaB mo3wuilii B [liBaeHHiN A3ii, BIH BUPYIIUB Ha
bnusbkuii Cxin, Ae WOro majiko HiATPUMAIM 1CJIaMChKI BUYEHI 1 BHECIH B apaOCbKy
CUCTEMY 4YHUCJEHHS, SKY MH BHUKOPHUCTOBYEMO ChOroAHi. [leski icTOpuKH
CTBEP/KYIOTh, 110 TMOXO/DKEHHS HyJs B [HIII I[IJIKOM HECTpPaBEIIMBO CTEPIH 3
icTopii, 1 0 HAcHpaB/i HaIlla CUCTEMa YHCJICHHS NMOBHHHA HAa3WUBATHCS 1HIIHCHKO-
apabcpkoro. OpHak, monmpu IHOOKO IyXOBHHM Ta IHTENEKTyalbHHH IOYATOK,
MoIaJbIlla 1CTOPISt YuCiIa HyJb CHOBHEHA 3amekioi 6oporsbu. Hymnbs mpuiimor g0
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€Bpomnu 3a 4aciB XpUCTUSHCHKUX XPECTOBUX MOXOJIB MPOTH iciaMy, KOJIU Oyab-sKi
17ei apabiB, HaBITh y MaT€MaTHIIl, 3yCTPIYau 31 CKEIICHCOM Ta BEJIMKOIO HEJIOBIPOIO.

Y 1299 poui Hynb 3aboponHmnn y PuopeHuii pa3oM 3 yciMa apaOChbKUMH
udpamMu, OCKUIBKA BBaXKAJIOCS, 110 BOHU 3a0X0YYIOTh IaxpaiictBo. Hynb mMoxHa
JIETKO T1ApOOUTH, MEPETBOPUBIIM HOT0 Ha JIEB'ITh, a00 YoMy O HE J0JaTH KiJIbKa
HYJIIB y KIHIIl paxyHKY, 11100 po3IyTH IiHY?

Jlo Toro X HyJlb MIT' 3all0OYaTKyBaTU HEOE3MEYHUN MpereaeHT, OCKUIbKA BiH OYyB
KOPJIOHOM MDK JIOJaTHIMH 1 BiJI’€MHUMH YHCJIaMH, a BII’€MHI YUCJIa Y3aKOHIOBAJIU
MOHSTTS OOPTIB 1 TPOIIOBOTO KPEIUTYBaHHS.

Hyns, sx 1 Bci apaOcbki nudpu, octatouHo BU3HaMM juiie B XV ctomitTi. Ha
Toit 4yac OKCGOpPICHKUI YHIBEpCHUTET ICHYBAaB BXK€ KITbKa CTOJITh, a 3aBISKH
JIPYKApCTBY BXKE MTOBHUM XOJIOM TIOITUPIOBAIINCS KHIKKH.

Tpiymd myns BindyBcst y XVII cTomiTTi, KoM BiH CTaB OCHOBOIO JE€KapTOBOT
cucteMu koopauHat. OHAK, YBIMIIIOBIIN B CHIIy B 100y BiapomkeHHs, HyJIb 3HOBY
CIPUYMHUB 3amekii cymepeuku. [lepir 3a Bce cTosna mpoOiema TiJ€HHS Ha HYIb.
[Ile OutblI 3amuTyTaHe MOHATTS JUIEHHS HYJA Ha HYJb JISAIJIO B OCHOBY OJHOIO 3
PO3/UTIB MAaTEMAaTUKH - MATEMAaTUYHOTO aHa3y.

Hynp, sxkuit po3mMexoBye a0JaTHI 1 BiJI’€MHI YMCIIa, BOJIOAIE YHIKaJbHUMH
MaTEeMaTUYHUMHU BIACTUBOCTSAMU. lle mapHe, He Mae 3HaKa HaTypaJbHE YHCIIO.
JloiaBaHHs 1 BIIHIMAHHS 3 HYyJIEM HYJIS HISK HE BIUIMBA€ HA YHUCIIO, MHOXKEHHA Ha (
nae Hynb. [[ieHHS Ha HyJIb BBaXKA€ThCS HE Ma€ CEHCY OIlepalli€ro, sKa y pasi
BUKOHAHHS B KOMIT IOTEPHIN IPOrpaMi MOXE 3aBaTU CUCTEMI 1CTOTHOT IIKOJIH.

Came y cnpo06i nuteHHst Ha O BUSIBUBCS CEHC 30010 B KOMIT IOTEPHIN CHCTEMI
kpeiicepa BM® CIIA «Hopkrayn», sxuii BinoyBcs Bocenn 1997 poky i npussiB 10
HECaHKITIOHOBAHOTO BIJKITIOUEHHS PYyXOBOI yCTaHOBKW. HeKOpeKkTHE CTaBIEHHS 0
YyluClia, 110 O3HAYa€e «HINO», IMEPETBOPWIIO MOTYKHUI BIMCHKOBUW KOpaOenb B
0e3nopagHy HEPYXOMY IiTb.

Hynb BUHMKaEe B 00JIACTSAX HE TUIBKK YACTO MaTeMaTH4HUX. [lopir 4yTHOCTI B
akycTuill mnpuiiMaetbest 3a (. biHapHe YMCIEHHS, M0 TMOCITYXXHUJIO OCHOBOIO JIS
CTBOPEHHSI Cy4YaCHHUX OOUHCIIOBAIBHHUX MPHUCTPOIB, € TMO3UI[IHHOI0 CHCTEMOIO
YUCJICHHS 3 OCHOBOIO JiBa. Lle o3Hauae, 1m0 BCl JaHi, 10 BBOJATHCS B KOMIT IOTEPHI
CUCTEMHU, KOAYIOTHCS TIOEHAHHSAM JIBOX CUMBOJIIB — OJMHMUIII 1 HYJISI.

Jlitepatypa:
https://ru.wikipedia.org/wik https://www.bbc.com
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CEKIIA 3

ICTOPA MATEMATUKU

B. T. bamwk
JIveiecoKuii 0epocasnuil ynigepcumem 0e3neKu HeummeoiaabHocmi
Haykoeuit kepisenuk /[3100a JI. @., kanouoam mexHivHUx HayK, 00UeHm

da30Bi NOPTPETH KOJUBAHb OJJHOMACOBOI IMHAMIYHOI CHCTEeMH
3 MAJIUM TePTAM

HaBaHTa)keHHSd Ha NpPYXKHY KOHCTPYKIIIO MOXE BHKJIMKATH CTaTU4YHY a0o
JUHAMIYHY BTpatTy cTiikocTi. CTaTUYHA BTpaTa CTIMKOCTI XapaKTePU3YETHCS MOSBOIO
CYMDKHOTO TIOJIO’KEHHS piBHOBaru. JlnHaMiuHa BTpaTa CTIMKOCTI BUHUKAE TOM1, KOJIU
TepTs cTae Bia eMHuM. [Ipukmamom AuHaMidyHOI BTpAaTHU CTIMKOCTI € TaJoONmyBaHHS
o0JieICHUIMX TPOBOJIB MOBITPSHUX JIIHIM eJeKTpornepenad BiJ il BITPOBOIrO
HABaHTa)XCHHL.

[losiBy nMHAMIYHOI HECTIMKOCTI pO3TJSHEMO Ha MPUKIAAI  OJHOMAacCOBOI
JUHAMIYHOI CUCTEMHU 3 ManuMm TepTsaMm (puc. 1). MarepianpbHa TOoYka Macor M
MIATPUMYETHCS MPY>KHOIO JIAHKOIO 3 KOPCTKICTIO C Ta JeMiipepoM 3 KOoePilieHTOM
B’SI3KOr0 TEPTS «, SIKUA CTBOPIOE CUJIy OIOpPY, MPOMOPLIMHY A0 MIBUAKOCTI X
(F,, = aX). JudepeHiianbHe piBHIHHS PyXy TaKOl JMHAMIYHOI CUCTEMH Ma€ BUTIIS]T
[1, 2]

c X+2nx£k*x =0; (1)
A o C
el m ae 2n=—; k?*=—,
ot m m
TR A . . . .
Puc. 1. PospaxyHkoBa I[I/Icl)epeHI_IlaJ'IBHOMy piBHsiHHIO (1) BiamoBigae
cxema nimilinoi  XAPaKTEPUCTUYIHE PIBHSHHS:
OJHOMACOBOI  JIMHAMIYHOI A2+2ni+k? =0. (2)
CUCTEMH 3 TePTAM KopeHi boro XxapakTepucTUYHOTO PIBHIHHS

A, =—-ntn?—k*,

PosrisineMo BUNagokK, KOJIM KOJMBAaHHA BiI0YBaIOTHCS 32 MAJOro JI0JaTHOTO ado
Bin’emuoro tepts (N° <k?). Y 1poMy pasi KOpeHi XapaKTepHCTHUHOTrO PiBHAHHS (2)
KOMIIJIEKCHO-CIIPSDKEH1 3 Bix’eMHOIO A, =-Nt ik a6o momatHor A4, =nz ik
TiHCHO YacTuHOI. P0o3B’ 130K (1) Mae BUTIIsAI

x = ae™ cos(kt — ), (3)
7€ 3HaK «MIHYC» B TOKA3HHUKY CTETEHS y pa3i JOJATHOTO TEPTs, 3HAK «ILIHOC» -
Bi1’eMHoro. [licns audepenuiroBanus (3) oTpuMaeMo:

x=-a-k-e"sin(kt —p+¢,), (4)
ne k =k?—n?, tge, :iE

Ha ¢a3zoBiit mmomuni (X, X) 3a mogatHoro Tepts piBHsIHHS (3) Ta (4) 300paxae

CIMEMCTBO 3aKpydeHUX crmipasie (puc. 2, a); 3a BIJI’€MHOTO TEPTS —PO3KPYUEHUX
cripaneit (puc. 4, a). OcobnmuBuMHU TOYKK (ha30BOI IJIOMIMHU € CTIMKUN (puc. 2, a)
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abo Hecrtiiiku# (puc. 4, a) poxycu. 300paxarouu rpadik 3aI€KHOCTI IEPEMIIICHHS X
BiJ yacy t, oTpuMyemo rpadik 3racarouux KOJHMBaHb (pHUC. 2, 0), XapaKTepHUX IS
KOJMBaHb MAasTHHKa y TOBITpl. Y (a30Biil MIOmuMHI 3MIHHUX X Ta X HasBHUIM
CTifiKu# (OKyc, MO MEePEeXOAUTh y KOJa UM eJINCH IJIS CHCTeMU Oe3 3racaHHs.
TpuBumipHHUil rpadik TAKOTO aCUMITOTHYHO CTIHKOTO pyXy y MpOCTOpI 3MIHHHUX X,
X Ta t, mokazaHui Ha puc. 3.

X X

Puc. 2. Criiikuii ¢pokyc Ta rpadik
3racarouux KOJIMBAHb JIHIMHOI JUHAMIYHO]
CUCTEMH 3 TEPTAM

Puc. 3. Tpaextopis pyxy ¢asoBoi
TOUKH y pasi cTilikoro (okyca

V¥ pa3zi Hecrtilikoro ¢okyca (puc. 4, a) pyx ¢a3oBoi TOUKU BiOyBa€eThCS 3i
3pOCTaHHSAM KOJUBaHb (puc. 4, 0).

X x

Puc. 4. Hecriiikuii ¢pokyc Ta
TpaekTopis pyxy (HazoBoi TOUKH

OT1xe, cuiioBa Jiisl HA TIPY>KHY KOHCTPYKIIIIO MOXE BUKJIMKATHU TIOSIBY BiJ]’€EMHOTO
TepTs. Y TakoMy pa3i KOHCTPYKLIS BTpaydae CTIMKICTb, KOJU CTIAKUI (OKYC
nepexoauTh y HecTiikuil. Taka BTpaTa CTIMKOCTI CYMPOBOJKYETHCS HApOCTAHHIM
KOJIUBHOTO pyXy. [Is1 yHUKHEHHS rajonyBaHHs MPOBOIB Ta 3MEHILEHHS aMILTITy 1A
iX KOJIMBaHb 3aCTOCOBYIOTh CIELIalibHI BIOPOTaCHUKH Ta IeMII(EpHI PO3IMIPKH.

Jliteparypa
1. Bacunenko H.B. Teopus xonebanuii. / H. B. Bacunenko — Kues: Buma mxkomna, 1992. —
430 c.

2. Tommncon JIx. M. T. HeyctoitunBoctu u karactpodsl B HayKe U TexHuke. — M.: Mup, 1985.
— 254 c.
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A. Il. Pomanuyk
JIveiecvKkuii 0epocasnuil ynigepcumem 0e3neKu HeummeoiaabHocmi
Haykoeuit kepisenuk /[3100a JI. @., kanouoam mexHiuHux HayK, 00yeHm

IHoreHuianbHa eHeprisg MamMHu KatacTpod 3imana

3 morisAy OUHAMIKKM cucTeMa TiepeOyBae y CTaHl CTIMKOI piBHOBaru, KOJIH
BOJIOJIIE MIHIMYMOM TIOTCHIIIaJIbHOI  €Heprii. SIKIo mMOTeHIliadbHa EHepris
JUHAMIYHOI CHUCTeMH HaOyBae MaKCUMaJIbHOTO 3HauyeHHS abo Ha 11 rpadiky €
MEPETUHH, TO CTaH PIBHOBAru CHCTEMH € HECTIMKUM. BuBunTH 111
SBHILA JIETANbHINIE MOXHA 3a JOMOMOIOI0 MPOCTOI MEXaHIuHOI
CHUCTEMH, SIKy HA3WBalOTh MAIIMHOK KatacTpod 3imana. [1, 2].
CxeMy MalIWHM, SKa CKIAJAEThCSA 3 TUCKA 1 Ta ABOX MPYKHUX
TYMOK 2, moka3aHo Ha puc. 1. OOumBi TyMKH 3’€IHAHI TOMIXK
coboro Ta 3 quckoMm y touri C. Jluck Moke moBepTaTucs Ha KyT
€ noBkoia oci, mo mMpoxoauTh yepe3 Touky O . OxHy 3 IpyKHHUX
T'YMOK HEpPYXOMO 3akpiruieHo B Toulll A. Jlo KiHIIS Ipyroi rymMKu
y Toulll B 3akpimieHo omiBeln. SKIIO OTiBIEM HATSITHYTH TYMKY,
JUCK 3aliMe€ TI€BHE TIOJIOKCHHS, MOBEPHYBIIKUCH JOBKOJA OCI.
Konu nepemimaru touky B 3 omiBuem, Auck 1 moBepTaeThcs.
BusBnsieTscsi, mo 3a JeAKUX TEpPeMilleHb OJMIBI, Malie
3MIHIOBaHHS HOTO TMOJIOKEHHS 3/1aTHE BUKIUKATH KaTacTpody. Ls
Karactpoda Tmoisrae y TOMY, IO 3a MaldX Ta IJIaBHUX
NepeMIlIeHb OJIBISI, JUCK panTOBO CTPUOKOM IOBEPHETHCS Y
HOBE IIOJIOKEHHSA. SIKIMO BIA3HAYMTH Ha IUIOIMHI MICIIS BCIX
TaKHX KaTacTpod, TO OTpUMYIOTh KpuBY K — KpUBY Katactpod.

Puc. 1. Cxema mamunu karactpod 3imaHa

3rigao 3 [1] mpuitmMaemo, Mo MOBXUHU HE Je()OPMOBAHHX TYMOK OJTHAKOBI Ta
nopiBuooTh | =1, Binctanp OC =0,5, Bigctanb OA=2. IloTpiOHO BHU3HAYUTH
MOJIOKEHHSI HMXKHBOTO BICTPs KpUBOI KatacTpod — Touku P. 3 ocbOBOi cuMeTpii Ha
puc. 1 3po3ymino, mo Touka P posmimena Ha oci cumerpii. Komu touka B 3
OJIIBIIEM TEPEMIIIYETHCS B3JIOBXK OCI CHUMETpIi, 3aBXKIM € TOJIOKEHHS PIBHOBATH,
koau 6 =0. BiamoBimHO A0 NPUHIMUITIB JAWHAMIKH, Touyka P po3MilieHa Tam, 1e
pIBHOBara 3MIHIOETHCS 31 CTIMKOI (JIOKaJbHUN MIHIMYM MOTEHIIAIbHOI €Heprii) Ha
HECTINKY (JIOKaJIbHUI MaKCUMYM TIOTEHIIIAJIbHOT €HEePTii).

[puitmaemo, mo |, ta |, € moBXWHAMM TYMOK y TOJIOKEHHI, KOJH JTUCK

NOBEPHYTUN HAa MUl KyT 6, AKUW ONM3bKUI J0 HYJsl, OJHAK HE JOPIBHIOE HYJIIIO
(6+0). 3a 3akonoM ['yka moTeHIiadbHA SHEPTis CUCTEMHU B OKOJIi CTaHy PiBHOBAaru
JOPIBHIOE CyMI MOTEHUIAIbLHUX eHeprii Aedopmaiiii 000X r'yMOK:

i) :%(z1 _1) +§(12 1Y, (1)

ne C — Koe(DilieHT MNpy>KHOCTI Marepialy TyMOK. 3 ypaxyBaHHSM JOBXXHH
Hese(OpMOBaHUX TYMOK BUpa3 sl MOTEHIIAbHOI €Heprii 3auIleMo TakK:
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11(6) = %(z1 —1) +%(12 ~1)’. )

JIuck moBepTaTUMEThCs Ha KyT € Tak, 110 3aBXKAM MIHIMI3yBaTU MOTEHIIATbHY
e”eprito. OTke KyT MOBOPOTY AUCKa & Oyae BHYTPIIIHIM MapaMeTPOM CUCTEMHU.

BusznaunMo noBxuHH JAeOpPMOBAHHMX TYMOK Yepe3 3aJaHi TeOMETpUYHI
napaMmeTpu 1a KyT €. 3a Teopemoro [lidaropa:

12 =(0A-0Ccos8) +(OCsind)’ =(2-0,5c0s6)" +(0,5sin ). (3)
3a masoro kyta 6 poskimageMo GyHkiii Cosé, Siné B psau Teinopa:
2 4 3 95

cosf=1-—+——...,SiINO0=0 ——+——...
21 41 3! 5l

3 ypaxyBaHHSM IbOTO BUpa3 (3) HaOyae BUTIIALY:

|2={2—o,5[1—9—2j] +(5)z+0(4),
1 2 2

ne O(4) no3naueHo pyHkiiro 4-ro mopsaky. ITicis crnpoiieHs oTpuMaeMo:

9 9 4
12=24+60°+0(4)==|1+—6°+0(4) |,
i=2 %) 4( : ()j

abo
3 4 2
l, ==|1+=6°+0(4) | . 4
=31gorrow) @
Jns mopanpliMx OOYHMCIEHb BHUpa3 y AyXKkax B (4) poskiaaemMo B s
1
4 2 1 4 ,
1+§¢9 +0(4) :1+§ 1+§0 +0(4) . 3 ypaxyBaHHSAM I[LOTO MAEMO:
3 1
|, ==+=60>+0(4). 5
15573 (4) (5)

Buxopasun 3 aHaJIOT1YHUX MIPKYBaHb, OTPUMAEMO, II1O:
1 S
|z:(5+_j_—‘92+0(4)- (6)
2) 2(2s+1)
VYpaxoByrouu (5) ta (6) B (2), oTpUMy€eMO JJisl MOTEHIIATBHOT €HEPrii MallluHUA
KaTtacTpod 3aJeKHICTh:

_C|l (1Y, (1) s2s-D)
H(Q)—2|:4+(s 2} +6 (3) 2(23+1)}r0(4)' (7)

3a BupazoMm (7) MOXKHA BHU3HAUYMTH MOTEHUIAJIbHY (DYHKIIIO AJIg KatacTpopu
301pKH.
Jliteparypa
1. ITocton T., Ctroapt U. Teopus katactpod u ee npuioxenus. — M.: Mup, 1980. — 607 c.

2. Tommncon JIx. M. T. HeyctoitunBoctu u karactpodsl B HayKe U TexHuke. — M.: Mup, 1985.
— 254 c.
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Kpasuyenko K.E., Kmets P.P., Kotok A.IO.
HarmionanpHa akageMisi CyXOImyTHUX BiHChK iMeH1 reTbMana [letpa Caralimagnoro
Hayxoswuii kepiBauk: Ilerpydyenko O.C., kaHAUIaT TEXHIYHUX HAYK

MATEMATHKA I BINCbKO: ICTOPUYHUU ACIHEKT

Hemae 000B’A3Ky IMOYECHINIOIO 1 HEOOXITHINIOrO, HDK 3aXHIIaTH
batpkiBuuHy. IIpoTe Ha CKIIbKHM Yy BIMCBKOBHX Mpodecisx moTpiOHa MaremaTuka?
VYxke B J1aBHbOETHNETCHKUX Tamipycax 1 IIyMEepO-BaBUIOHCHKUX KIMHOMUCHUX
Ta0JIMYKaX 3HAXOJUMO TOpPaJAM IIOAO 3aCTOCYBaHHS MaTEMaTHKU Y BIMCHKOBIM
copaBi. /[[ns BoeHayaNbHUKIB, IHTEHJAHTIB HABOAWJIMCS 3pa3Kku pO3B’SI3aHHS
MPAaKTUYHUX 3a/1ay: BU3HAYUTHU KUIBKICTh BOTHIB, SIKI MOXYTh BHKOIIATH pIB 3a
MeBHUM 4Yac, abo 3HAWTH Yac, 3a SKWKM 3ariH BOTHIB MOXE 3MIMCHUTH TEpexil Ha
MIEBHY B1JICTaHb.

3 yacoM MaTeMaTHKa CTajla OJJHUM 3 HAaHMOTYKHIIIUX IHCTPYMEHTIB Mi3HAHHA 1
BUKOPUCTAaHHA Ha MPAKTHUIL 3aKOHIB 30p0itHOI OOPOTHOM Ta CaMO3aXUCTy. 3 BEIMKUM
yCHIXOM 3aCTOCOBYBaB 1ii y BIMCHKOBIM CIHpaBl TEHIAJbHUNA JIaBHBOTPEILKUIA
MaTeMaTuk Apximesa, sSkuil kepyBaB 000poHOr0 Cipaky3 BiJi PUMCBKHX apMmiil i
3arvHyB BiJl M€4a PUMCBHKOIO BOiHA.

Ycnasnenomy nonkoBoauesi O.B. CyBopoBy HanexuTh OJUCKyunid adopusm:
”MatemMaTuka - TiMHacTUKa po3yMmy’ . BiH 3apaau nepeMoru BMiB yce po3paxyBaTH.
Heominena 3aciyra MareMaTWKiB Yy  BJIOCKOHAJ€HHI BIMCBKOBOi  TEXHIKH.
M.B. OcTtporpaacbkuii MaTEMaTUYHO PO3PAXyBaB TaKy KOHCTPYKIIIO TapMaTH, TUCK
MOPOXOBUX T'a3iB y sIKiii 00epTaB HABKOJIO OCI CHEI1aIbHO BUTOTOBJIEHI CHAPSAIH, IO
3a0€e3MeuyBaio BEJIUKY JadbHICTh MOJIBOTY.

Oco0auBO BaXXJIMBOKO Oyjia poJjib MaTEMaTUKUA B CTBOPEHHI W YJOCKOHAJICHHI
HOBOI 0Oo0#OoBOi TexHikM. BoHa HapomKyBaJlach Ha MIIHOMY (yHIaMEHTI
TEOPETUYHUX JOCIIKEHb MaTeMaTHUKiB. Bi3bMeMoO, HanpuKIIaJ, aBialliio, A€ y4acTb
MaTEeMaTUKH Bpaxkatoda. Po3B’si3aHHA MaTeMaTUKaMH MPOOJIEM aepoJIMHAMIKU J1aJIo
3MOTY aBIaKOHCTPYKTOpaM JOCATTH OJUCKY4YMX PE3yJbTaTiB Yy BIOCKOHAJICHHI
OOMOBUX JIITAKIB.

KonctpykTopu 00#10BOi TEXHIKM TBOPYO BHUKOPHUCTOBYBAIHU 3100yTKH BUECHUX
crapmoro nokomiHHs. Tak, pesyiabraté K.E. IlionkoBChKOro 3 pakeTHOI TEXHIKH
OyJM BUKOPHUCTaHI MPU CTBOPEHHI mpocnabienux “Katiomr”, ski HAaBOJAWIIM Kax Ha
Bopora. CripoOu 3acTOCyBaTH MaTeMaTHKY ISl OMUCAHHS 30pOMHOrO MPOTUCTOSHHS
Ta MPOrHO3y Koro po3BUTKY podwiucs mie B XVIII ct. Bonn noB’s3aH1 3 iMeHaMu
I'enpixa Jlnoitna ta I'enpixa [itpixa bromopa. Jlnmoitn mochimkyBaB KUIbKICHHUI
3B’SI30K MK p13HUMHU (PaKTOpamH, 1110 BIUTMBAIOTH HA XiJ Ta pe3ysbTar 0010. bpronos
IPOJIOBXKHUB  MMoyaTi JImoigoM JOCHIKEHHS 1 CYTTEBO pO3LWUPUB  chepy
BUKOPHCTAHHS MaTEeMaTHKU Yy BOEHHOMY MHCTeUTBi. [IpoTe 1i AOCHiKEeHHS Maiu
cepiio3H1 HeAOTIKHU 1 10 novyaTKy XIX cT. BTpaTUIM CBOE 3HAUCHHS.

HactymHa cmpo0Ga Marematu3yBaTH  BO€HHE  MHCTEUTBO  HAJICKHUTh
anriiiicekomy marematuky @. Jlanuectepy. Y cBoiii poOoTi «BiiiHa Ta MOBITpsHI
cunn» (1916p.) BiH BBIB pIBHSHHS, 110 OMUCYIOTHh 3aJIEKHICTh BTpaT BIMCHK BiJl iX
KOHIICHTpAIlli MPU 3aCTOCYBaHHI pi3HUX TUIIIB 30poi. Came I1i PIBHAHHS € OCHOBOIO
JUTSI HAYKOBOTO JTOCIIIJPKEHHS 3aKOHIB BEJIEHHS BIWHU 3 METOIO CKOPOTUTHU TEPMIHH
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MIATOTOBKY Ta TPUUHATTS PIllleHb 1 MIABUIIUTH iX SKICTh, JOCATHYTH HasBHUMH
cuiaMd Ta 3aco0aMu HaWKpalmux pe3ynbTariB  OoifoBux mii. JlocmimxeHHs
audepeHuiadbHuX piBHSIHb JlaHuecTepa, a TakoX MMOOyAOBaHMX Ha ix 0asi
pPO3IIMPEHUX Ta YCKJIAJHEHUX Mojenei, 3 BukopuctanHsM [IK mae MoxiuBicTh
noOyIlyBaTl JOBIMOCTPOKOBUN MPOTHO3 OOMOBHUX pillleHb, 3IMCHUTH aHali3 Oyib-
SKAX MOXJIMBUX BapiaHTIB pillleHb, BH3HAYUTH HAMOUIBII €(pEeKTUBHI CHOCOOU
JOCSITHEHHS KIHIIEBOT METH, OOMOBHUX JIiil Ta ornepariil.

IcTopruHMii OCBIJ MOKa3ye, IO PO3BUTOK CHOCOOIB Ta (opM 30pOMHOTO
IPOTUCTOSIHHS 1 MOTO BENIEHHS MPOTIKAaE HE XAOTUYHO, a 3aKOHOMIPHO, B NEBHOMY
mopsinky. Ili 3aKOHOMIpPHOCTI BiOOpakaroTh OO0 €KTHUBHI TPOIECH Yy BEICHHI
OoioBux niidi. BOHM BUKIMKAIOTHCS MEBHHUMHM NPUYUHAMH B PE3yJbTaTi B3a€MOJIi
PI3HOMaHITHUX MaTepialbHUX Ta COIIAIbHO-TIOJITHYHUX OOCTAaBHH, 110 BU3HAYAIOThH
X1/1 30pOMHOT0 MPOTUCTOSHHSI.

Bkazane ciuyxuTh 0a3010 s MOOYJOBHM MAaTeMAaTHYHUX MOJENEH, sKi
HalyacTile OMHCYIOThCA audepeHIliabHUMU  piBHAHHAMU. J{udepenmianbHi
PIBHSIHHS OTPUMYIOTH 3 YMOB, IIO 3B'S3YIOTh MapaMeTpH MOJIEIhOBAHOI CHCTEMH,
KOPUCTYIOUMCHh (DI3MUHUM 3MICTOM TOXimHOT: sKkmo X=X(t) — meBHUI Mmapamerp

. . o . . X . .
MOACII1, 10 3aJICKUTH Bl 4aCy t , TO UOTO MOX1AHa X = a € MBUIKICTIO 3a 3M1IHHOIO

X, BIAMOBIJHO JApyra noxigHa X — npumBHAMEHHAM. O4yeBUIHE OOMEXKEHHS, IO
HaKJIaJ1al0ThCs Ha (PYHKI[IO X : BOHA MOBMHHA OyTH AU(DEPEHIIIIOBaHOIO.
3 ypaxyBaHHSIM BKa3aHHUX CHPOIIEHb MAaTEMAaTUYHOIO MOJEILIIO0 BEACHHS 0010
€, cucTeMa JudepeHiiaJbHUX PIBHSIHb

X = —SX Y,
. (1)
y=-SX
3 ITIOYAaTKOBUMHU YMOBaMI/I
X(0) = X,, Y(0) =ys,. (2)

ne X(t) — yrcenbHICTh apMil OJHI€T 13 BOPOTYIOUHMX CTOPiH (HA3BEMO iX «CHHIMUY) B

MOMeHT uacy t, Y(t) — uncenbHiCTs apMii APYroi cTopoHn («uepBoHuX»), 10, Yo —

MoYaTKOBa YMCENBHICTh apMil CHHIX Ta YepBOHMX BignoBigHO. CepenHs
e(EKTUBHICTD CTPIIBOM «CHHIX» 1 «YEPBOHMX» 331AEThCS KOHCTAHTaMH S, 1 S,.

Hanpuknazn, sxkuo S, =0,7, T0 B cepeiHboMy 3 KOXKHUX 10 MOCTPLIIB «4epBOHUX) 7

BPAKAlOTh  COJIIATIB TMPOTHBHUKA. Takum YMHOM, mapameTpu S, 1 S,

XapaKTEepU3ylOTh TEXHIYHI XapaKTepUCTUKH 30poi 1 HABUKM cojjaT, sKi ii
BUKOPUCTOBYIOTh, @ TAKOK TAKTUYHY I'PAMOTHICTb 1 JOCB1 KOMaHAMUPIB.

OTtxe, BUIIIa MaTEMATHUKa € BAKIIMBOIO CKJIAJIOBOIO MPHU MIATOTOBI MailOyTHIX
odiuepiB-KOMaHIUPiB.
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1O. Henexa

Jlvgiscoruii Oepaicasruil yuisepcumem 6e3neKu HeummeoisibHOCmi
Hayxosuii kepienux M.@. Cmacok, kanouoam Qizuxo MamemamuyHux Hayx,
ooyenm, 0oyenm Kageopu NpuKIaOHOi MamemMamuKky i MexaiKu

A®IHHI HITUPPU

Kpunrorpadiss chorogni —Iie HalBaKJIMBIIIA YacTHMHA BCIX 1H(OpMAIIHUX
CUCTEM: BiJ] €JIEKTPOHHOI MOIITH JI0 CTIILHUKOBOTO 3B’SA3KY, B/l JOCTYIY 0 MEPEXi
Internet 10 €1EKTPOHHOT TOTIBKH.

B npomMy moBiIOMIIEHHI PO3TISTHEMO OAMH 3 BUAIB aiHHOTO MH(Py MPOCTOi
3aMIHU —AIHIUHUL WUPp .

A¢inHuil niHIHHUKA mU@p BUKOPHUCTOBYE B SIKOCTI Kiroua aBa yucna. Lli
Yyclia BHU3HAUAIOTh JIHIAHY 3aJIEKHICTh TOPSIKOBUX HOMEPIB  CHUMBOJIIB
KPUINITOTEKCTY BiJ] MOPSAIKOBUX HOMEPIB BIAMOBIAHUX CUMBOJIB BIIKPUTOTO TEKCTY B
angasiTi, AKU BUKOPUCTOBYEThCS. APIHHUN U(p —11€ YACTKOBUU BUMAI0K OLIbII
3arajJbHOTO MOHOA(aBITHOrO MUGPY MiICTAHOBKHU.

Onuc anzopummy wugpyeanns. Hexail 3amaHo andasiT po3mipy M (ToOTO
andasit ckiagaeTscs 3 M mitep). [leperymepyemo OykBu 11bOT0 anaBiTy YMUCIAMU 3
niamazony 0,...,m—1.

Kmou: mapa gmcen a,b, O0<ab<m, HC,H(a,m) =1, ToOTO umMcma a 1

M — B3aEMHO IPOCTI.
Hlugpysannsa: Y noBiIOMIICHHI, sk MOTPIOHO 3amm@pyBaTH, KOXKHA JiTEpa X
3aMIHIOETHCS JIITEPOIO

E(x)=ax+b modm.
Hewugppysannsn: Y KPUNTOTEKCTI KOKHA JIiTEpa X' 3aMIHIOETHCS JTITEPOIO
D(x')=a™(x'—b) modm,
ge a-a- =1 modm. Yucno a™', ke € OCHOBOIO IS Aemu(pyBaHHS, HA3UBAETHCS
iHepcicrlo uywncna a BigHocHO uymcia M. Ile uywmcmo wmoxHa 3HAlTH alo,
BUKOPUCTOBYIOUM ainropuT™M EBkimiga B Kuibll 7, abo0 po3B’s3aBIIXA JIIHIAHY
KOHTPYeHIIiIo a-a ' =1 mModm MeToI0M JaHIIOroBUX ApooiB.
Jlerko nmepeKkoHaTUCh, IO ONucaHe Mu(ppyBaHHs KOpekTHE. J[ificHo,
D(E(x))=a™(E(x)—b) modm=
=a*(((ax+b)modm)—b) modm=

=a'(ax+b—b) modm=x modm.

Ilpuknao 1.. Marouu ximou 3,4 posmmdpysaru kpunroteker EJJEKIEJNESR
B aHTJiHChKOMY amndaBiTi, KU CKIATa€eThcs 3 26 nitep. 3ayBaKUMO, IO TEpIia
miTepa andasiTy HymepyeTbes yrciom 0.

st nemmdpyBaHHsS MOTPIOHO 3HAWTH 1HBEPCitO uncia 3 BIAHOCHO uucia 26.
3actocyBaBiu anroput™ EBkmiga go umcen 26 i 3, smaitnemo a ' =9. Jlerko
nepesiputy, mo 3-9 =27 =1 mod 26.

HemmdpyBanHs JOMIBHO MOAATH TaOIUIICIO
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Kpunrorekcr EJ |J |E/K|I |[E|]J |[N|E|S |R

X' 419 |9 (4 /10|8 |4 |9 |13|4 |18 17
9(X—4)m0d 26 |0 |19/19|/0 (2 |10|0 [19|3 |0 |22 |13
Biakputwii AT |T A KI{A|T AW |N
TEKCT

Orxe mu otpumanu Biakputuii Ttekct ATTAC AT DAWN, skuii MoxHa
nepeksactu Tak : ATAKA HA CBITAHKY.
Ipuxnao 2. BukopucTtosyioun kmou 5,1, posmmdpysatu kpuntorekct UBIIBB

B yKpalHCbKkOMy aidaBiTi. Po3B’s3aBmm koHrpyeHmiro 5X=1mod33, 3Haitnemo
Xx=57"=20. I 3H0BY nojamo aenmdpyBaHHs TaOIHIEIO

Kpunrorekcr u b I I B | b

X' 13| 1 11| 12 2 |1
20 ( X — 1) mod 33 91 0 2 122120 |0
Biakputnii 3 A B T P A
TEKCT

Kpunmoananiz. Y pasi mudpyBaHHs MOBIIOMJIEHb YKPAaiHCHKOIO MOBOIO (M =
33) icuye 297 HerpuBianbHuX adiHHUX MHUQPIB, HE BpaxoByroud 33 TpuUBIANIbHI
mdpu Leszaps. Lle uncno nerko mopaxyBaTu, 3HaIO4M, 1110 iICHYye Bcboro 20 ymcen
B3a€MHO mpocTux 3 33 1 meHmmx 33 (a e 1 € MoxJIMBI 3HaueHHs a). KoxxHomy
3HAUYEHHI0 @ MOXYTh BIANOBIIATH 33 pi3HUX JTOJATKOBUX 3CYBH (3HAU€HHs b);
TOOTO BCHOrO iCHye 660 MOXIMBUX KIHOYIB. AHAJIOTIYHO, ISl ITOB1AOMJICHB
AHTIIHCHKOI0 MOBOIO (TOOTO m = 26) icHye 312 MOXIJIMBHX KItOUiB . Taka oOMexeHa
KUIBKICTh KJIFOUIB MPU3BOJUTH 10 TOTO, IO CUCTEMA BKpail HE KPUIOCTIMKA 3 TOUKH
3opy npuHuuny Kepkrogdcaro

OcHoBHa Bpa3NuBICTh MUEGPY MOJSITa€ B TOMY, IO KPUNTOAHATITUK MOXKE
3'scyBaTH (LIUIIXOM YaCTOTHOI'O aHaJli3y, MOBHOIO Mepedopy , BrajyBaHHs ado Oyab-
SIKAM 1HIIAM CIIOCOOOM) BIJMOBIIHICTh MK JJBOMA JOBUIBHUMH JIITEPAMHU BUX1THOTO
TEKCTY 1 KpUNTOOTEKCTY. ToMal KJIH0Y MOXe OyTH 3HAWJIEHUM HUITXOM PO3B’sI3aHHS
CUCTEMHU pPiBHSAHb. KpiM TOTO, OCKIIBKM 8 1 m - B3aEMHO MPOCTI, 1€ JO3BOJISIE
3MEHIIUTH KUTBKICTh IEPEBIPEHHUX KITFOUIB JIJIsI IOBHOTO TIEpedopy.

Ha kinens cmig 3ayBakuTH, mo adiHHWN mm@p BUKOPUCTOBYBaBCS Ha
NPaKTUI[l KUIbKa CTOJITh TOMY, @ CBhOTOJHI HMOTO 3aCTOCYBaHHS OOMEXYEThHCS
31€0LTBIIIOTO UTFOCTPALISIMUH OCHOBHUX KPUIITOJIOTTYHUX TOJIOKEHbD.

Jlitepatypa:

1. Bep6iupkuit O.B. Beryn no kpunrosorii / O.B.Bep6itpkuii. —JIsBiB.: BHTJI,
1998. -246c¢.
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M.M. I'yakoecokui

JIvgiscokuil OepoicasHuil yHisepcumem 6e3nexu HeummeoisibHOCmi

Haykosuii kepisnux 0.0. Kapabun, ooyemm, xanoudam @izuko-mamemamuyHux
HayK, 0oyeHm Kageopu NPUKiIaoHoi Mamemamuru i MeXaHiKu

INPOBJIEMA IPATUKYTHHUKIB

Y CBiTI MaTeMaTUKU CEHCallis: BIAKPUTO HOBHUHM BUJ M'ITUKYTHHKIB, IO
MOKpUBarOTh IiomMHy. [lomyk Takux ¢Iiryp BXe CTO POKIB € OHIEIO 3
HAWIIKaBIIINX MaTeMaTHYHUX 3a4a4. [['ITUKYTHUK 3aUIIAI0ThCS €IUHOI0 (HIryporo,
BIIHOCHO $IKOi 30epiraeTbcsi HeBU3HAYCHICTH 1 3arajgka. Lle Bchoro 15-i Bua Takux
N'ATUKYTHUKIB 1 MepIInid, BIAKpUTHiA 32 octanHl 30 pokiB. [lnomumHa mokpuBaeThCs
TPUKYTHUKAMH 1 YOTUPUKYTHUKAMHU OyIb-5KOi POpMH, a OT 3 M'SSTUKYTHUKaMU BCE
Habararo ckiagHime 1 mikasime. [IpaBuiibHI M'SITUKYTHUKH HE MOXKYTh HOKPHUTH
IUTOLIUHY, ajie JEsIKI HeMpaBUJIbHI M'STUKYTHUKU MOXYTh. [lomryk Takux ¢iryp Bxke
CTO POKIB € OJIHI€I0 3 HAUIIIKABIIIUX MaTeMaTUYHUX 3a]1a4.

Kgect nmouaBcs B 1918 porii, konun matematuk Kapn PeitHxapy BigkpuB m'sith
nepmux nigxoasmux ¢iryp. Josruil yac BBaxanocs, mo Peitnxapn po3paxyBaB Bci
MOXJIMB1 (popmynu 1 OuTbllle TakuX M'ATUKYTHHUKIB HE icHYe, aiie B 1968 pori
matematuk P.b. Kepmnep 3naiimos e tpu, a Piuapa Jxeitmc B 1975 pori 10BiB ix
YUCIO 10 JeB'ATH. Y TOMy K poii S50-piuHa aMepuKaHChbKa JOMOrocrojapka i
mo0uTenbka matemMaTuku Mapmxopt Paiic po3poOuiia BiacHM MeTon HOTauli i
MPOTArOM JEKIIbKOX POKIB BIAKpHWIJA 1€ YOTHpPU N'ATUKYTHUKH. Hapemti, B 1985
poui Ponbd IITaitH 10BIB uncino Giryp 10 YOTUPHAALATH.

[T'ATUKYTHUKY 3aUIIAIOTHCA €IMHOI0 (DIryporo, BIAHOCHO SIKOi 30epiraeThcs
HEBU3HAUYCHICTH 1 3aragka. ¥ 1963 porii Oysio 10BeACHO, IO ICHYE BCHOTO TPU BUIU
IIECTUKYTHUKIB, 1110 MOKPUBAIOTh MomuHy. Cepel OMyKINX CEeMHU-, BOCbMH- 1 TaK
Jaji -KyTHUKIB Takux HeMae. A oT 3 "[leHTaronoM" oKy He BCE SICHO J0 KIHIIS.

J10 ChOTOHINITHBOTO JTHA OYyJI0 BiJOMO BChOTO 14 BUIIB TaKUX M'SITUKYTHUKIB. BoHM
300pakeHi Ha LTIOCTpaIlii.
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[Ipobnema knacudikaiii ONyKiIUX I’ SITUKYTHHUKIB, SKUMU MOKHA 3aMOCTUTH
IUIOUINHY, € KPaCUBOIO 1 JOCUTh MPOCTOK0 MaTEMaTUYHOIO 337a4el0, TOCTYITHOO IS
pPO3yMIiHHS HaBITh JIiTsAM. L mpolGiema Bke MPOTITOM CTa POKIB HE Ma€ MOBHOTO
BupiteHHs. Po3B’s130k 115010 3aBanHHs 3 18-1 mpobsemoro ['insoepra.

[Tpotsirom 30 pokiB HIXTO HE MIT 3HANTH HIYOTO HOBOTO, 1 OCh HApPEIITi
OBroodikyBaHe BimkpurTsa! Moro 3pobunma Tpyma BYeHMX 3 BalIMHTTOHCHKOTO
yuiBepcurety: Keiici Mann, Jxennidhep Maxmaya 1 Jesin Jdepo. Ock sk BUrIsgae
MaJICHBKHAW KPACEHb.

A = 60° a=1
B =135° b=1/2
1
C =105° C= —F——F7—"
V2(v3-1)

D =90° d=1/2

E =150° e=1/2
"Mu Biakpwin ¢irypy 3a JONOMOIOK KOMITHOTEPHOrO mepedopy BEIUKOi, aje
0oOMEKEHO1 KIUIBKOCTI BapiaHTiB, — Kaxe Keiici MaHH. — 3BH4YaiflHO, MU JyXKe

CXBUJIOBAHI 1 TPOXU 3IMBOBAHI, 110 BAAJIOCS BIJIKPUTH HOBUM BUJ M'SITUKYTHHUKA'".
BiakputTs 3ma€ThCs 4YMCTO aOCTPAaKTHWM, ajie HACMIpPaBIi BOHO MOXE 3HAUTH
MpakTHUYHE 3acTocyBaHHA. Hampukiaz, y BUpoOHHUIITBI 0OpOOHOT MITUTKH.
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[Tom HOBUX IT'ITHKYTHHUKIB 10 ITOKPUBAIOTH IVIOIKWHY, HAIICBHC IIPOAOBXKHUTHCA.
9

Jliteparypa
bess I'.I1. I'eomeTtpis mapkeris/I'.I1. bers. — K.: Bexa, 2007. — 88c.
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JILA. Xinwk

JIvgiscokuil Oepoicasruil yHisepcumem 6e3nexu HeummeoisibHOCmi
Hayxosuii kepienux 0.0. Kapabun, kanouoam ¢hizuxo mamemamuyHux Hayx,
ooyenm Kageopu NPUKIAOHOT MamemMamuKyy ma MexaHiKu

ICTOPIA IHTET'PAJIBHOI'O YNCJIEHHA

[HTerpyBaHHs 3ycTpiyaeTbes 1€ B AaBHbOMY €runTi, nmpubmuzno y 1800 mo
H.C., €ETUMETCHKUNA MaTeMAaTHUYHUI Malipyc AEMOHCTpye 3HAHHS (GopMynn 00’ emy
ciugoi mipamigu. [lepmum BiTOMUM METOIOM JIJIsi PO3pPaxyHKY 1HTETpaJiB € METO.
BuuepnanHs Epokca (mpubimmsHo 370 mo H. €.), SKUii HamaraBcsl 3HAWTH TUIOI 1
00’emu, po30MBarOYM iX Ha HECKIHYCHHY KUIBKICTh YaCTHH, IS SKUX TuToma abo
00’em Bxke Bimomui. Ilelt meTom OyB MIAXOIUICHUN 1 PO3BHHYTHH ApXimeaoMm, i
BUKOPUCTOBYBABCA JJI PO3PAXyHKY IUIOLI Mapadosi 1 HaOIMKEHOTO PO3PaXyHKY
IO Kpyra. AHAJIOTI4HI METOau Oynu po3poOsieHi HesanexxHo B Kurtai y 3-omy
cToJiTTI H.€. JIto Xyeiem, Ikl BUKOPUCTOBYBAB X JJISI 3HAXO/>KEHHS TUIONI KpyTa.
Lle#t metoxn OyB 3roioM Bukopuctanuid 1310 YoHrmmm asis 3HaX0KeHHs 00’ eMy KyJIi.

dyHnaMeHTanbHUNW  BHecOK EBmokca B MaTeMaTUKy CKIIaJla€  METOJ
BUYEpHaHHs, M0 OTpuMaB Taky Ha3By B XVII crT. 1 3acTocoByBaBcsi cTapogaBHIMU
NPy JIOBEICHHI TEOpeM, TMOB’S3aHUX 3 OOYMCICHHSM IUIOINI, OO0’€MIB W 1HIIUX
BeMMYMH. BiH BBaXaeTbcsl MNEpPIIMM BaplaHTOM Teopili TrpaHullb. Apximen
YIOCKOHAJIMB METOJ] BHuUepmaHHs EBAokca 1 yCHIIIHO KOPUCTYBaBCS HUM IS
JOBEICHHs Oaratbox TeopeM. TyT 1 3aKiaZeH]l NOYaTKH IHTErpalbHUX METOIB. [lyxe
BOXJMBUM JJI1 CTAHOBJICHHS I1HTETPAJIbHOTO YHUCIEHHSA Oylio YAIOCKOHAJICHHS
Apximenom 111€i JleMokpita mpo po30UTTS MJIOCKUX (QIryp Ha €JIeMEHTapHi MOJIOCH,
0 «3aloBHIOIOTHY (Irypu, 1 Tila Ha IIapu, IO 3aMOBHIOOTh iX. Takux
eJIeMEHTapHUX YaCTUH MOTJIO OyTHM HECKIHYEeHHAa MHOXXHMHA a00 CKIHYEHHE YHCIIO.
Humu mismu  Apximen mnepenyBaB ifesim Kemepa 1 KaBanmpepi y BU3HauYeHHI
YUCJIOBUX XapAaKTEPUCTUK PI3HUX T€OMETPUUHUX 00’ EKTIB.

Hactynaumu, XT0o 3p0o0uB HEaOMSKUI BKJIa/ y 3aCTOCYBAaHHSI IHTETpayia CTaju
I'ordpin Bimsrensm Jleitoninn ta Icaak HeroTon. ¥V 1708 pormi crnamaxHyB CyMHO
Bimomuii cmip Jleitbnina 3 HpIOTOHOM TPO HAYKOBHM TPIOPUTET BIIKPUTTSA
mudepeHniaabHoro yucienHs. Bimomo, mo JlelOHin 1 HploToH mpamtoBanu Haj
nudepeHiaIbHUM YUCIeHHSIM. Bigomo Takox, 1mo HbIOTOH CTBOPHB CBOIO BEPCIIO
MaTeMaTUYHOTO aHali3y, «MeTOoJ (IIroKCUi», X04 1 omyOJiKyBaB CBOI PE3yJbTaTH
nuiie 6arato pokiB notomy. JIeiOHil nepmuM onyOsIiKyBaB YMCIEHHS HECKIHYEHHO
Majgux 1 po3poOMB CHUMBOJIKY, SKa BHUABWJIACS HACTUIBKA 3pY4YHOIO, MLIO il
BHKOPHCTOBYIOTb i Ha ChOTOIHIIIHIH CH .

®opmyna HproTrona-JIeliOHilla — pae CHIBBIIHONIICHHS MIX OIEpaIlisiMH
OoOYHMCIIEHHS BU3HAYEHOTO IHTErpaja [y oO4YHCIeHHs TmiepBicHOi. dopmyna
HrroTona-JleitbHia — ocHoBHA opMyIia IHTETpaIbHOTO YUCICHHS.

[Ticnst 3namennoro yacy HerotoHa 1 JIeliOHIa po3BUTOK 171€1 1IHTerpaia mimoB
B JIBOX HampsMax: IHTETpaj, IO TPaKTyBaBCS SK MexXa JACSIKOlI CyMH, TEBHUU
1HTEerpal, 3HaXOAUB OLIbIIE 3aCTOCYBAHHS MPU BUPIIICHH] 3a7a4 caMOi MaTeMaTUKH,
MeXaHIKd, (PI3UKHU, TPOHUK B TEXHIYHI HAYKH 1 CTaB BUKOPHUCTOBYBATHCH y BCIX

rajqy3sx OpUpoAHUX HayK. Kiac 1HTerpoBHUX (YHKIIA BeCh 4ac MOIMOBHIOBABCH.
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HaliBaxxnuBime 3acTOCyBaHHS  HEBM3HAYEHOTO IHTErpaja  BIIHOCHTBCS 0
IHTErpyBaHHs Au(epeHIlialbHUX PIBHSAHB, CKJIaJ0BUX MOTYTHBOTO anapary 6aratbox
HayK.

Hes3Bakaroun Ha CTPIMKHI pPO3BUTOK BUKOPUCTaHHS Ii€i (OpPMYJIH, BUEHI
3IITOBXHYJINUCh C JACSKUMH TpoOiemamu. OOYMCIIEHHS JAESIKUX IHTErpaiiB IIo
dbopmyn Herotona — Jleibnina MicTuiio B cobi aesiki mapajaokcu. [lepimm 3BepHYB
Ha 11e yBary JI’Amam6ep B 1768 pori — nomiTus, 1o dhopmynor Herotona—Jleibnina
HE MOKHA KOPHUCTYBAaTHUCS TPH OOYMCIICHHI IHTETpajliB y SKHUX ITIIHTErpajbHa
byHKIIE Ha TPOMIKKY I1HTEIpYBaHHS TEPETBOPIOETHCS B HECKIHYCHHICTb.
AnbpTepHaTUBHUI croci® BupimeHHs wi€i nmpobiemu 3ampononyBaB OrtocteH Jlyi
Komri. HeBusnauenuit interpan Ko BBiB sIK YaCTUHHUN BUTIAJ0K BU3HAYCHOTO, TIPU
3MIHHIM BepxHii Mexi. BiH OBIB HENMepepBHICTh TAKOTO IHTErpaia Mo BEpXHii Mexi
1 TeopeMy Tpo Te, LIO0 MOXiJHa HOro MO BEpXHIM MeXi piBHA MiAIHTETPaIbHIN
¢ynkiii. Komi noBiB Takox crpaBeanuBicte (popmynu Hprotona-JleitOnina. Bin
BHCJIOBUB TIOJIOKCHHSI, TOB’si3aHI 3 JAU(EpEHIIOBaHHAM 1 IHTETPYBaHHSAM TIO
napamerpy.

3naBasnocs 0, BCl BaplaHTH BUKOPUCTAHHS Ta BJOCKOHAJIEHHS SIK BU3ZHAYEHOTO,
TaK 1 HEBHU3HAYEHOrO IHTErpaja pO3MIAHYTI Ta LIHUPOKO BHUKOPUCTOBYIOTHCS
MaTeMaTHUKaMH TOr0 4acy, aj€ BCE B HAIIOMY JKHUTTI NOTpeOye BJOCKOHAJIECHHIO Ta
inTepnperamnii. Tak y 1912 pormi 3’sBuiiocst y3arajiibHeHHs iHTerpaia JleGera —
inTerpan A. Jlamxkya (1884-1973), mo BukinkaB HOBI gociimpkennas. Y 1930 p. A L
Konmoropos omy6iikyBaB poOOTy, y KOTPiii OXOMHUB yC1 IHTErpaau SK MEX1 pI3HUX
iHTerpanpHl cyMm. IHTerpan KoamoropoBa 3HAMIIIOB 3aCTOCYBaHHS B MaT€MAaTHYHIN
(13u11l, MpY MaTeMaTUYHOMY OOTPYHTYBaHH1 KBAHTOBOI MEXaHIKH.

VY po3BUTOK MOHATTS 1HTerpana, okpiMm KonmoropoBa, 3poOwin 3HaYHUI
BHecok 1 1 Matematuku. e I1. JI. YeOumen (1821-1894), A. A. Mapxkos (1856-
1922), A.M. Jlsmynos, II. H. JIy3in (1883-1950), A. 5. Xinuin (1894-1959).

Jliteparypa

1. Bipuenko H.O. Hapucu 3 Metoauku BukIaaanHs Buioi matematuku. — K. 2006. —
396 c.
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O. bomko

JIvgiscokuii [eporcasnuu Yuisepcumem beznexu Kummeodisnvnocmi

Hayxosuui kepisnux M.LKyciii, kanouoam neoacociynuti HayK, OOYeHm, OOYeHm
Kagedpu npukiaoHoi mamemamuxy i MexaHiKu

ICTOPISI BAHUKHEHHS TEOPII TPA®IB

PononauansHukom Teopii rpadiB € BiJOMHIN MIBEHIIAPCHKUMA, HIMEIBKUHN 1
pociticbkuii MmaTeMatuk Ta (izuk Jleonapa Einep. Y 1736 poril B ogHOMY 31 CBOIX
JUCTIB BIH (POPMYJIIOE 1 MPOIOHYE PO3B’si3aHHSA 3adadi mpo ciM KeHircOep3pkux
MOCTIB, III0 CTaja 3roJ0M OJIHIECI0 3 KJIACMYHHUX 3a1ad Teopii rpadis. Teopis rpadis
PO3IIIAIA€ThCA K OJHA 3 TUIOK TOMOJIOTii; Oe3mocepeqHE BiIHOIIEHHS BOHA Mae
TaKOX JI0 ajireopu 1 10 Teopii uncen. ['padu eeKTUBHO BUKOPUCTOBYIOTHCS B TEOPIl
IJIaHyBaHHS Ta YIPaBIIHHSA, Teopli pO3KIaiB, COIOJIOTIi, MaTeMaTUYHINA
JIHTBICTHIll, €EKOHOMIIIi, 010JIOT1i, MEUIIUHI, reorpadii.

I'pad — e MHOXkHMHA JESKHX TOYOK Ta crnoci0 ix 3’eqHaHHsA. [Ipuknagamu €
TeHEaJIOTIYHe JIEPeBO, CXEMa BOJOMOCTAYaHHsS, EJIEKTPOIIOCTAYaHHSA, MPOIECY
BUPOOHMIITBA, OJIOK-CXEMa AJITOPUTMIB Ta 1H.

I'padbom G Ha3MBaeTLCSA HEMOPOXKHA MHOXHHA eneMeHTiB V(G) — BepmuH
rpada i ckiHueHHa cykynHicTh E(G) HeBnopsakoBanux map einemeHtiB 3 V(G) -
pebep.

[cHyrOTh pi3HI criocobu 3aanHs rpadiB, cepesl AKUX HaHOUIbII 3pyYHUMH Ta
TAMH, 110 MIMPOKO 3aCTOCOBYIOThCS € Taki: aHAMITHUYHUNA, TEOMETPUYHHIM,
MAaTPUYHUM.

['eomeTpuune 300pakeHHs Tpada € y 6ararbox BHUMAJKaX CUMBOJIYHUM Ta
UTIOCTPYE 3B’SI3KM MK BEPIIMHAMM, OIUIBHO 3a/1aBaTy rpad aHaTITHYHO. J[J1d boTro
BUKOPUCTOBYIOTH MaTPHIILI.

Marpuieo cymikHocti rpadga G 3 MHOXHHOK BEpHIUH {Vi, Vo, ..., Vq}
Ha3uBaeThTCs MaTpuus A=(ajj) po3mipy NXN, y sKili KOKEH €JIEMEHT ajj JOPIBHIOE
KIJIBKOCTI pedep, K1 3’€IHYIOTh BEPIINHHM Vi Ta Vj.

Hanpuxknan, nis rpaga

v

1y

Uy
MaTpHIlS CYMIKHOCTI 3alTUCY€EThCS Y BUTIISII
1110
1 0 21
1 2 01
0110
3a OyAb-IKOI MAaTPUIICI0 CYMDKHOCTI MOKHA MMOOYAyBaTH OpPIEHTOBHHIA
rpad. Tomy 3amicTh rpadiB MOKHA PO3TIISIAATH BIAMOBIIHI MATPHIII.
OxpiM MaTpHIll CYMIKHOCTI, JUIsl TPOCTOTO Tpada 3 MHOKUHOIO BEPITUH {Vy,
Vy, ..., Vu} 1 MHOKHHOIO pebep {ey, €, ..., €m} OYAYIOTh 1 MATPUIIIO 1HIIUACHTHOCTI,
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A=(a;j) po3mipy MXn, y sAKii KOXXKE€H €JIeMEHT ajj JOPIBHIOE 1, SKIIO BEpIIUHA Vj
1HIIUIeHTHA pebpy €; 1 0 — y MPOTUIE)KHOMY BUIIAJIKY.

s opieHTOBaHUX TrpadiB y MaTpHIll IHIUACHTHOCTI BHKOPUCTOBYIOTH HE
gumie 0 ta 1, a1 —1. Y upoMmy BuUnaaky 1 cTaBisTh TOI, SKIIO Jyra € MOYaTKOM Y
JaHii BepimHi, —1 — 11 KiHIeM.

el=(1,2), e2=(1,3), e3=(3,2), e4=(3,4), e5=(4,3)

11000
-10-100

0-111-1

000-11

3 nomnomororo rpadi 300paXkaroTh XIMIYHI CIOJYKH, PI3HOMAHITHI TIPOIIECH
Ta B3a€MO3B’SI3KU Y PI3HOMaHITHUX Tanmy3sx. [Ipore € 3amaui, siki po3B’sI3yIOThCS 32
JIOTIOMOTO10 Teopii rpadis.

3azaya mpo Mepexy J10pir.

[ToTpiOHO N MICT CHOMYYUTH MEPEXKEIO JOPIT, 00 X0o4a 3 OyAb-SIKOro MicTa
MOXHa Oyno O moOpaTucs OO0 1HIIOTO, a CymMapHa JOBXKHMHA jopir Oyna ©
HalMEHIIOO.

[{ro 3amayy Ha3MBAIOTh TAKOX 3aJa4€l0 MPO MIHIMAJIBHY 3B’s3Ky. MoBOO
rpadiB MU MOBHUHHI 3HAWTW MIHIMaJIbHHUI miarpad (abo ckener) 3B’sI3HOTO rpada,
BEpPUIMHAMU SIKOTO € MICTa.

OTtxe, Teopito rpadiB MOXKHA 3aCTOCOBYBATH JIJIsl BIIOOPaXKEHHS 3B’ SI3K1B MK
eJIeMEHTaMH, ONHCATH AaHAIITHYHO y BUIVISIAI MaTpHllb CYMDKHOCTI  Ta
IHIMJEHTHOCTI, @ TAKOX BUKOPUCTOBYBATH MPHU PO3B’SA3yBAHHI PI3HOMAHITHUX 3a/1a4.

Jliteparypa:
1. Cnekropcekuit 1. A. Jluckperna matrematuka.— K.: «Ilomitexuikay,. 220
c. ISBN966-622-136-5
2. benor B. B., Bopo6itor €. M., IllatanoB B. €. Teopis rpadiB— M .
Buma. mikomna, 1976. — C. 392.

3. bepx K. Teopis rpadis ta ii 3actocyBanns. M.: 1JI, 1962. 320c.
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CEKIIA 4

MATEMATUKA | CYHACHICTb

B.C. Tokapcvka

JIvgiscokuil OepoicasHuil yHisepcumem 6e3nexu HeummeoisibHOCmi

Hayxosuii kepisnux T.B. I'embapa, xanouoam mexuiuHux HAyK, OOyeHm, OOYEeHMm
Kagedpu npukiaoHoi Mmamemamury i MexaHiKu

IHPOI'PAMHE MATEMATHUYHE MO/JIEJIIOBAHHS B CEPEJIOBUIII
GPSS

[Ipu cTBOpeHHI mMporpamM IMITAIliHHOTO MOJEITIOBAHHS BUHUKAIOTH 3aBJIaHHS,
3araibHi JJI1 MIMPOKOro kiacy moxeneil. Lle opranizamis mnceBmonapauieabHOTO
BUKOHAHHSl QJTOPUTMIB, AMHAMIYHUN PO3MOAUT Ham'siTi, omepaiii 3 MOJIEIbHUM
gacoM, IMITaIlis BHITQJKOBHUX IPOIECIB, BEJICHHS MAcHBY IOJiH, 30ip 1 oOpoOka
pe3yNbTaTiB MOJENIOBaHHA. [l moJiermeHHss BUPINIEHHS LUX 3aBJaHb CTBOPEHI
creriaigbHl MpoOJIeMHO-OpPIEHTOBAHI 3acO0M (ITpOrpamMHi CUCTEMU), SIKI HA3UBAIOTHCS
MOBaMH MOJICIIOBAHHS. 3a CTPYKTYpOIO 1 TWpaBWJIaMH MPOrpamMyBaHHS MOBH
MOJICJIIOBaHHS MOAIOHI 10 aNTOPUTMIYHUX MOB BHUCOKOTO piBHs. OpHa 3 HAWOLIBII
nomupenux MoB moaemntoBanHs € GPSS / PC (General Purpose Simulating System) —
3arajbHOIIIHOBA CHUCTEMa MOJICTIOBAHHS, IO PEali3ye€ThCs Ha MEPCOHATBHOMY
komm'torepi. Cucrema GPSS opieHToBaHa Ha kiac 0O0'€KTiB, poriec
(YHKLIOHYBaHHS SIKHX MOKHA NPEICTaBUTH y BUIJIAAI O€3/iul CTaHIB 1 MpPaBHII
NEepexoly 3 OJHOTO CTaHy B 1HIIWM, [0 BU3HAYAIOTHCS B JAUCKPETHIN MPOCTOPOBO-
yacoBii obOnacti. [lpuknagamu Takux O00'€KTIB € BUPOOHUYI 1 OOYMCIIOBAIBbHI
CUCTEMH, KOMI'IOTEpHI MeEpexi, CUCTEeMH Tepeadl MoBIIOMIIEHb TOmo. B akocTi
(GopManbHUX MOJENEe Takux O0'€EKTIB BUKOPUCTOBYIOTH CHCTEMH MaCOBOIO
o0CITyroByBaHHs, aBTOMAaTH, CTOXacTU4yHl Mepexi, mepexi I[lerpi 1 T.m. Cucrema
GPSS / PC wictute Oinbmie 40 mporpamMHuX OJOKIB 1 HaOip (PYHKIIOHAIBHHUX
00'eKTIB y BWIJSAI TpPaH3aKTiB, 4epr, NOpHUCTpoiB, ¢yHKmiM 1 T.4. Koxken 3
dbyHKIIIOHATBHUX OJIOKIB 1 00'€KTIB siBsi€e cO00I0 HaAOIp MporpaMHHMX 3aco0iB, IO
BUKOHYIOTh Ti a00 iHmn ¢yHkmii. OyHKiioHanbHUNE 00'€KT Mae CBOI CTaHAApTHI
gucioi atpubytu (CYA). Tpanzaktu (Tpanzakiiii TA) iMITyIOTh KOPHCTYBauiB
CUCTEMH, 3asiBKU JO CUCTEMH, BUMOTH, 3BEpHEHHS 10 cUcTeMH 1 T.A. KoxkeH TpaH3akT
Ma€e 1HAMBIAyaJbHUNA HOMEp, HOMEep OJIOKYy, B SIKOMY BIH 3HAXOAMUThCH, 1 HAOIp
CTaHAAPTHUX YHCIIOBUX aTpUOYTIB.

Posrinsitnemo mnoOynoBy iMitamiiiHoi mogeni  3acobamu  GPSS  World Ha
HAaCTyTHOMY MPHUKIAAl CKJIAQJHOI MaTeMaTW4yHOI 3aJadl CHCTEM  MacOBOIO
ob6ciyropyBanHs. Koxni 1145 XxBWIMH Ha BepceTat Jyisi 0OOpoOKU HAAXOIUThH JETab.
Yac o0poOku neranmi Ha BepcTaTi AOpiBHIOE 9+3 xBuiuHU. Jlerani, OYIKYHOTH
00poOKM, TUMUYACOBO 30epiratoThcsi Ha crenaxi. [1oTpiOHO BU3HAYNUTH HEOOXITHY
EMHICTh CTeJIaXKa 1 BIZICOTOK Yacy, MPOTATOM SKOTO BepcTaT Oyje MpOCTOIOBATH MPHU
00poO11i THCsU1 AeTaneir. Moaenb CKIIaaeThCs 3 TPhOX OCHOBHUX €JIEMEHTIB:

1. BBenenns TpaH3akTiB (zeTajneit) y Moienb 3 inTepBasioM dacy 11 +5xas.
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2. Yepra (ctenax). TpaH3akTu MPOXOAATH BUIBHO Yepe3 UepTy, SKIIO PO3TAIOBAHUN
3a HEIO MPUCTPiH BUIbHUM. SIKIIIO 5K MPHUCTPI 3alHATHI, TO TPAH3AKT 3aTPUMYETHCA B
4ep3i 10 TUX Mip, TOKU BOHA HE 3BUILHUTHCA.

3. IIpuctpiii (Bepcrar). Ilicist Toro sk B MPUCTPii BXOAUTH TPAH3AKT, BIH MPOTATOM
nesikoro 4acy (9+ 3 xB.) BBAXAEThCS 3alHATAM (BepcTaT 00pobisse aetanb). [licus
3aKIHYEHHS LbOTO 4Yacy TPAH3AKT BUXOAUTH 3 IPUCTPOIO, 1 BIH MOXKE MOYaTH
00CITyrOBYBaHHs 1HIIIOI'O TPAH3aKTa.

IIporpamuuii kox, rpadivyHa peasnizalis IporpaMu Ta 3BIT IPEICTaBICHI Ha puc.1.

B8 cpss word - United Model 13 L e e N 3 T e
Fle Edt Search View Command Window Help

EEERL
 Untitled Model 123 - PLOTS o | B 8| Cuntited Model 12sim - JOURNAL o | | &

032519 00:54:45 Model Translation Begun.

0312519 00:54:45 Ready.

0325119 00:5717 START 1000

0325019 00:57:17 Simulation in Progress.

0325019 00:57:22 The Simulation has ended. Clock is 11037.290306.
03/25/19 00:57:22 Reparting in Untitled Model 1.2.1 - REPORT Window.

11080
Time

KinbkicTs B 4epai =—

(Y Untled Model 122 - QUEUE ENTITES ol 3 | 3 united Mode! 1 o B8R
Mozenb TexHOTOTRO! CHCTEMI MACOEOT 00CTYTOBYBAKHA
Lucation‘ j EI M M ﬂ . TIYTOEY
Fnd  Contre Hat  Step GENERATE 115
; : ‘ QUEUE Stells
. | Entry Co.. Zero Entry C.. | Maximum Co.. | Average Cont.. Average Tim.. | Average Tim..  Retry Ch. SFIZE Stanck
I 1 % 2 0107 17 2809 0 DEPART St
ADVANCE 93
RELEASE  Stanck
TERMINATE !
1 11 b
For Help, pressFL Report s Complete. Clock

Fi
B2 : L 039
1K ., s I"I[:\ "i ‘} il

25032019

Puc.1.

[3 3BiTY mporpaMu BUILUIMBAE, 10 MAKCUMAJIbHUNA pO3MIp Yepru CTAaHOBUTH 2. Takox
y 3BITI € 0arato MpakTUYHO HEOOX1JHUX YKMCIOBUX PO3B’S3KIB 3aj]ayi: cepeHIi yac
OUIKYBHHS B 4ep3i, KIIIbKICTbCTh «HYJIBOBHX» BXO/IIB, TOIIIO.

Jliteparypa:
1. 0. [Iapamnos O. H., Hep6enmuer B. /1., Cemponon [l. €. Cucremuuii ananiz. — K.: KHEY,
2003. - 154 c.
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B.O. Oniithux
Jlvsiscoruii Oepaicasnuii yrisepcumem Oe3neKu HeummeoisibHOCmi
Hayxosuii kepienux Umup O.F0., kanouoam Qhizuxo-mamemamuyrux HayK, OOYeHm

CTAHOBJIEHHS JIHIHHOI'O TIPOTPAMYBAHHS

Koxna mroauHa moAHs, HE 3aBXAM YCBIIOMIIIOIOYH II€, BHUpIIIYE MPoOiIeMy
OTpUMaHHs HalOUIBIIOro eeKTy, IPU BUTPATI NMeBHUX KommTiB. Komtu 1 pecypeu €
OOMEXEHUMH BEJIMYMHAMH, a TOMY JIOBOAMTHCS IIATH Jy>K€ OO0ayMaHo, IJisi TOTO
mo6 gomortucs Oaxanoro. Ilo6 gocarTu HalOUTBIIOrO eeKTy, Malouu OOMEXKEH1
KOITH, Tpeba CKIIACTH IulaH, abo mporpamy Aiil. Ilpu BupieHHI TPOCTHX 3aBAaHb
MPUITYCTUMO MOXHA BHKOPHUCTOBYBATH METO/M, 3alporoHOBaHi Iie B JlaBHbOMY
€runTi, npu OyIiBHUITBI nepiuoi mipamiau. Binome gocroBipue mxepeno — [lamipyc
Punpa — xonekiis MaTeMaTHYHUX 3a]1ad, 10 BKIOYa€ B ceOe 3aBIaHHS pPO3PAXYHKY
00cCsATY 1 YMCIIO LEeru, HeOOXITHUX IS TipaMian, po3paxyHOK TeMIMIB OyAiBHUIITBA,
J103BLI 3a0€3MeUeHHS MMPalIBHUKIB XapuyBaHHAM, BIATOYMHKOM, IHCTPYMEHTAMH.

Opnak, 3pocTaroya CKJIaJHICTh TEXHOJIOTTYHOTO BUPOOHHIITBA, HOBI BUMOTH JI0
MIBUKOCTI pO3paxyHKiB, mopoauiu HoBe 3HaHHA. Y 1938 pomi JI. B. Kantoposuy
PO3IUISIHYB 3aJlayl MakcUMI3allii JiHiiMHOI (opMHu OaraTboxX 3MIHHUX NPU HASIBHOCTI
BEJIMKOI KUTBKOCTI 0OMEXEHb y (opMi JHIMHUX pIBHOCTEW Ta HepiBHOCTEH. Y 1939
poui JI. B. KantopoBuu omny6iikyBaB poooty «MarteMaTuuHi METOAU OpraHizaii i
IUTAaHYBaHHS BUPOOHMIITBAY, B SIKIM OMHUCaB 3aBJaHHS €KOHOMIKU 3 BUKOPUCTAHHSIM
MaTeMaTUYHUX METOJMIB 1 TMM CaMUM 3aKJIaB OCHOBH JIIHIHHOTO IporpaMyBaHHS.
AJNTOPUTMIYHI METOJIU, IO JO3BOJISIIOTH BUPIMIMTH OUIBII 3arajibHy 3ajady, M0
BKJIIOYA€ TMIOB'SI3aHE BUPOOHUITBO 1 O€3/114 MOXIMBUX CHOCOOIB BUPOOHUIITBA
KOXKHOTO MPOAYKTY, Kl MI3HIIIE CTAJIX BIAOMI K JIIHIMHE HpOrpaMmyBaHHS abo
JiHIAHA onTUMIi3alis, oTpumanu Haropoau HoOeniBebkoi npemisimu [1]. Tlpo cBoe
BIIKPUTTS BIH TMHCaB: «..5l BHUSABUB, 10 IIMPOKUN Jlarla30H 3aBJllaHb
HAWPIZHOMAHITHIIIIOTO  XapakTepy, IO CTOCYIOTbCS HAyKOBOI  Oprasizaiiii
BUpPOOHUIITBA (TIMTAaHHS ONTUMAJIBHOTO PO3MOMLTY POOOTH MAIIMH 1 MEXaHi3MiB,
MiHIMI3aIi BiXO/IB, KPalloro BUKOPHUCTAHHS CHPOBHHU 1 MICIIEBUX MaTepialiB,
najanBa, TPAHCIOPTYBAaHHA, 1 TaK Jaji), TPU3BOAUTH 110 (POpMyIIOBAaHHSA €IUHOI
Ipynu MaTeMaTUYHUX 3a7a4 (€KCTpeMasbH1 3a/1a4l).... »

Y mnporpami Maple BOymoBaHo makeT s pO3B’sA3aHHS 3a4ay JIHIKHOTO
nporpamyBaHHs simplex, sikuil 6a3yeThcsi Ha cUMILIEKC-MeTol. [IpoaemoHCcTpyemMo
Moro Ha 3aJa4l Npo IUIaHYBaHHS BUPOOHHUIITBA.

3aoaua. 1linnpueMCTBO BUTOTOBIISIE TPU THUIM WIKIPSIHUX BUpPOOIB: A, b Ta B.
KoxHuii tvn npoAykuli MOBUHEH MPOWTH MNPUHAWMHI JBI 3 TPhOX BUPOOHUUMX
TUTBHUIb, SIKI HA3UBAIOTHCS TyOMIIBHOIO, PO3KPIMHOIO 1 3aBeplIalibHOI0. PoOounii yac
KOXKHOI JUJIBHUII MPOTATOM MICSIT OOMEXeHUH Tak: AyOusbHa — 320 roauH Ha
Micsllb, po3kpiitHa — 400, 3aBepmianibia — 160. Ha BUTOTOBICHHS OAMHUII TPOTYKITIT
tuny A mnotpi6bHo 0,2 roguHu poOotu AyOmibHOI AuibHML, 0,6 TonuH poOOTH
po3kpiiiHoi 1 0 roguH 3aBepmanbHOi. Ha BurotoBnenns tuny b motpiouo 0,3 rox.,
0,5tox. 1 0 rox. Ha BUTOTOBJIEHHS TUIy B — BiamosinHo 0,4 rox., 0,4 rox. 1 0,8rox. I3
BpaxyBaHHSIM HAaKJIQJIHUX BHUTPAT NPUOYTOK BiJ KOXHOI OJWHHUIN TPOIYKITT
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CTaHOBUTUME 6 TpH. Anis Tuny A, 7 rpH. ansg tuny b 1 10 rpH. qis tuny B. 3Haiitu
MaKCUMAaIIbHO MOKJIMBHIA IPUOYTOK IMiIPUEMCTBA 3a MicsIb poooTH [2].
Jlani 3aa4i 3anumnieMo y BUTIISA TaOJHII.

Tun mKipsiHUX
> BHPOOIB A b B Po6ounii yac

Bupoouunyi
IIJIBLHUAI
JlyOmiibHa 0,2 ro. 0,3ro. 0,4rox. |320rom.
Po3zkpiiina 0,6 ron. 0,5 ron. 0,4 ron. 400 rop.
3aBepiajibHa 0 rox. 0 ron. 0,8 ron. 160 rox.
[TpubyTok 3a 6 TpH. 7 TpH. 10 rpH.
OJIMHUITIO TPOAYKIII{

MaremaTtnyHa MoJieslb BUPOOHMYOIO MPOLIECY MA€ BUIVIAJ: 3HAWTH HalOinIbIIe
3HaueHHs npuOyTKy F (X, X,,X;) =6X, +7X, +10X, > max 3a yMOBM BHUKOHaHHSI
00MEKEHb

0,2x, +0,3x, +0,4x, <320,
0,6x, +0,5x, +0,4x, <400,
0,8x, <160,
X 20, x,=20, X,=0,
1€ X, X,, X3 — KUIBKICTb OJUHUI TOTOBOI MPOAYKLII BIAMOBIAHO A, b5 Ta B.

BukopucroByroun mporpamy Maple, po3s’s3yBaHHs 1i€i 3amadi € JTOCHTH
npoctum [3].
[> restart,
TTiTRIFOUaEMO TTaKeT simplex
[> with(simplex)
3amaemMo GYHKI0 MeTH f T CHCTeMY 00MeXeHs -- HepiBHOCTEH ineq
> fi= 6" x + 7- x, + 10-x3; ineq =— {0.2- x + 0.3- x, + 0.4-x3 = 320, 0.6- x + 0.5-}:2 + 0.4-x3 = 400, 0.8
cxy =160, %) = 0,3, 20,2, = 0};
f=6x +7x,+ 10x,
ineq = {0 = x), 0< Xy 0< Xa 0.8 Xy < 160, 0.2}::1 + 0.3 x, + 0.4 Xy < 320, 0.6 x + 0.5 x, + 0.4 Xy = 400} O

SHAXOHMO MaKCHMyM (YHKI /° IIPH 3aanifi cHeTeMi o0MeKeHE -- HepiBHOCTEH ineq
> maximize( f, ineq);
{xl =0, X, = 640.0000000, Xy = 200.} @

:3HaX0;J;Ir[MO MaKCHMANBHE 3HAUeHHd (VHKIG [ B OINTHMATBHIN TOUI
> assign(%).f,

6480.000000 (6]

Jlitepatypa
1. Ilonos FO./]. JluneitHoe u HENMHEITHOE MporpaMmupoBanue: Yuebd. mocodue. — K.: Uzn-Bo KI'Y,
1988. — 188 c.

2. Kapp 4., Xoys Y. KonnuecTBeHHBIE METOIBI IPUHATHUS PEIICHUH B YIIPABICHUU U DKOHOMHKE. —
M.: Mup, 1966. — 464 c.

3. Ilpoxopos I'. B., Jleoenes M. A., Konbees B. B. Tlaker cuMBOJIbHBIX BerurcieHuit Maple V / T'. B.
IIpoxopos, M. A. Jlenenes, B. B. Konbees — M: Komnanus Iletur, 1998. — 198 c.
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B.11. Bepeorwx
JlbsiscbKuli OepycasHuli yHisepcumem 6e3nexku #HummeoianbHoCMi

Haykosuti kepisHuk Bacunvesa O.E., kanouoam mexHiuHux HayK, O0YeHm, NOJKOBHUK CLYHCOU
YUBLILHO20 3AXUCMY

MATEMATHUKA B HAYKAX TA X KUTTI JIIOAUHHU

S0 yBa)XHO TOJAMBHUTHUCS MO CTOPOHAX, POJIb MATEMATHUKH B JKHUTTI JIFOJUHU
ctae oueBuaHO0. Komm'torepu, cydacHi TenedoHU Ta iHIIAa TEXHIKAa CYyIPOBOIKYIOThH
HAaC KOXXEH [IeHb, a iX CTBOPEHHS HEMOXJHMBE O€3 BUKOPHUCTAHHS 3aKOHIB 1
PO3paxyHKIB BEIMKOT HAYKH.

Jlis mouaTKy BapTO 3pO3YyMITH, IIO0 B3arajii sBise co0Ol0 MmareMmaruka. Y
nepexsiaal 3 JaBHbOTPELbKOI caMa 11 Ha3Ba O3HAYa€ «HAayKa», «BUBUYCHHs». B OCHOBI
MaTeMaTHKH JIeKaTh OIepallii IMiJIpaxyHKy, BUMIPIOBaHHS Ta onucy ¢Gpopm 00'€KTIB.
BnactuBocTi peanbHUX 00'€KTIB 171€ali3ye€ThCsl 1 3aUCYIOThCS Ha (hOpMalIbHIN MOBI.
Tak BimOyBa€eThCs iX MEPETBOPEHHS B MaTeMaTuyH1 00'ekTH. YacTuHA 1/1€a130BaHUX
BJIACTUBOCTEH CTalOTh aKcloMaMu.3 HHUX IIOTIM BHUBOJSTHCSA 1HII CIPaBXKHI
BJIacTUBOCTI. Tak hopMyeThCS MaTeMaTUYHA MOJIEIIb PEATBHO ICHYIOYOTO 00'€KTA.

MareMaTuky MOXHAa TOAIIMTH Ha JB1 B3a€EMOJONOBHIOIOYI  YaCTHHHU.
TeopeTnuHa Hayka 3aliMa€ThCsi TIMOOKMM aHANII30M BHYTPIIIHIX MaTeMaTUYHUX
cTpykryp. Ilpuknagna - Hajgae cBOi Mojem I1HIIUM AucHuiIiHaMm. di3uka, Ximis,
aCTpOHOMIS, 1HXKEHEPHI CHUCTEMH, MPOTHO3YBAHHS 1 JIOTIKA BUKOPUCTOBYIOTH
MaTeMaTUYHUN amapar NOCTIHHO. 3 HOTro JO0MOMOTOI POOJSATHCS BIAKPUTTS,
BUSBIIIIOTHCS 3aKOHOMIPHOCTI, MPEAyrajuBaroTcs Moili. Y IIbOMYy CEHCl 3HAuY€HHS
MaTEeMAaTHUKH B )KHUTTI JIFOJIUHA HEMOXJIHBO TTEPEOIIHUTH.

OpHak He HACTUIBKM OYEBHIHA POJb MAaTEMaTUKH B KUTTI JtoauHu. Criau
IapHIll HayK MPUCYTHI 1 B TyMaHITApHUX 3HAHHAX. 37aBajocs 0, moe3is — CyIIbHa
pOMaHTHKA 1 HATXHEHHS, HIA HeMae Miclig aHami3dy 1 po3paxyHKy. OgHaK JOCHUTH
3rajjaTé BIpIIoBaH1 po3mipu (aM0, xopei, ampubdpaxwii), sk TPUXOAUTH PO3ZYMIHHS,
10 MaTeMaThKa 1 TyT JOKJajla CBOIO PyKy. PUTM, cioBecHMiT a0 My3UYHUMN, TAKOX
OMHCYETHCS 1 TPOPAXOBYETHCA 3 3ACTOCYBAHHSM 3HAHD I11€1 HAYKH.

Jns nuceMeHHHMKa a00 IICMXO0JIOTa YacTO TakKli BaXXJIWMBI IIOHATTS, SIK
JOCTOBIPHICTH 1H(POpMaIlil, OAMHUYHUN BUTIAJIOK, Y3araJibHEHH 1 Tak faji. Bci BoHn
ab0 Oe3nocepeHbO € MaTEMAaTUYHUMU, 00 OyIyIOThCSI HA OCHOB1 3aKOHOMIPHOCTEH,
PO3pO0JICHUX LAPUIICIO HAYK, ICHYIOTh 3aBJSKH 11 Ta 3a 11 mpaBUIaMHu.

Jopocmi mroau micias 3aKiHYeHHS YHIBEPCUTETY a00 KOJEIKYy HE MEepecTaroTh
IIOJHS BUPIIIYBAaTH MaTeMaTH4H1 3aBIaHHs. Sk BCTUTHYTH Ha moizn? Buiine 3
KUJIorpaMa M'sica MPUrOTYBAaTH Beuepro AJs aecath ocio? CKIIbKU KaJopid B cTpaBi?
Ha sxuii yac Buctaunth oaniei mammouku? I{i 1 6araro iHII TUTaHHS MaIOTh MPSME
BIJIHOIIICHHS 70 IapHIll HayK 1 06e3 Hel He BUPIIIYIOThCSI. BUX0OauTh, MaTeMaTHKa B
HAIIOMY JKUTT1 HE3pMMO MPUCYTHIN MPAaKTHYHO MOCTiHO. [Ipudomy Haitdacrimie Mu
[ILOT'O HABITH HE IIOMIYaEMO.

CyvacHu# TEXHIYHUN MIPOTPEC TICHO MOB'SI3aHUMN 3 YCKIIATHEHHSIM Ta PO3BUTKOM
MareMaTuyHoro amapary. Komm'torepu Ta tenmedoHu, JiTaku 1 KOCMIYHI amaparu
HiKoJIu O He 3'aBwimcs, He Oyap JIOJAM Bigoma mHmapuis Hayk. OpHaK poJib
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MaTeMaTUKU B KUTTI JIIOJAWHW IIMM HE BUYEpIyeThcs. Hayka pomomarae nuTuHI
OCBOIOBAaTH CBIT, HaBYa€ OLIbII €PEeKTUBHINA B3aEMOJIi 3 HUM, (HOPMYyE MHCICHHS
TAOKPEMi PHCH XapakTepy.

OTo, 1151 HayKka He CTOITh Ha MICIII, a PO3BUBa€ThC. He MOkHa 4UiTKO CKa3aTH,
AKOI0 MaTeMaTrka Oyjie 3aBTpa, a/>Ke BUCHI MOXKYTh BUHAUTH Oarato 4oro HOBOro. S
JyMaro, SIKIO MPUAUISATH OlIbIIE YBard 11 Haylli, TO MOXKHA JOCSATTH OaraTo ycIliXiB
B 1k cdepi. OTke, MaremaThka — IlikaBa HayKa, sKa BaXJWBa [JI HAIIOTO
cycniibeTBa. KoxeH 3 HAac MOBUHEH 1i 3HATH, XOU HE BCl IOCKOHAIBHO 1€ MOXKYTh
3po0uTH, aje caMy 6a3y MaTeMaTHUKH BCl TIOBUHHI BUBYATH.

Jlymaro, MO)kHa pOOWTH BHCHOBOK, IO MaTeMaTHKa — BaKJIMBa HayKa, SKY
MMOBWHHI 3aCBOITH Bci. BomHo9ac, 1€ ckiagHa Hayka, sika He i CHIy BCIM YYHSIM.
AJKe BCl TEMH IIOB’si3aHI MIXK CO0O0I0, AKIIO HE BHMBYMB, II[OCH OJHE, TO IHIIE
BUBUHMTH O€3 MOIEepeaHhOr0 Martepiany Oyae Habarato ckiaadimie. MaTtemaThka
TaKOXK TOTpeOye YBaXKHOCTI, OJWH HEBIpHUW KpPOK 1 Bce Oyne HEMpaBWIBHO.
Marematrka oTOuye HAc CKpi3b. Hamr OynWHKHM CKJIaeHi 3 Pi3HUX T€OMETPUIHHUX
¢iryp, mebim, npeamMeTu — Bce 1e TexX (Qirypu. be3 maTtemMaTUKu MH HE 3MOXKEMO
MopaxyBaTH TPOINl Ta 3aIUIATUTH 3a TOBAp B MarasuHi, MOJUIMTH MOPIBHO pi3HI
IPOJYKTH (Ta 1 HE TUIBKH MIPOJYKTH), B JOPOCIOMY KHUTTI MU HE 3MOKEM TIPABUIILHO
po3paxyBaTd CBIM ciMeiHMI Oropker. He 3MokeMo IIOCh MmigKa3aTH CBOIH
MaJIeHbKIM TUTHHI, SIKa HE OyJ]le 3HATH, K PO3B’SI3YIOTHCS Taki 3a7adi Ta MPUKIIAIH.
Marematuka notpioHa ckpi3b, 6€3 Hei Hijie He 001HEThCS.

Jlitepatypa:

5. HOpuenko B.O., Mazypenko B.1., I'ynosuu O./1., Cokonoebkuii LI1., ['aBaza A.O.
HaBuanbnuii nociOnuk «Pexomenaaiii 3 mpuitHATTS pillieHb 1010 pearyBaHHs Ta J1KB1AALi0
HACJIIJIKIB HA/I3BUYAMHOT cUTYaIlil 00’ €KTOBOTO PiBHS».

6. UkrBukva.net «Maremarrka B MeaunuHi» https://ukrbukva.net/60692-Matematika-v-
medicine.html

7. ABTOMOOUIBHI TpaHcOpTHI 3aco0u. OcHoBM koHCTpyKLii. / [S. I ITiaropenskuii, M. 1.
CuueBchkuii; A. M. JlomiHIK
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M.O. 3agimin, H.A. Illgeo

Jlvgiscokuti /leporcasnuil Ynisepcumem besnexu Kummeodisanvrnocmi

Hayxosuii kepisnux M.I1.Kyciit, kanouoam neoacociunuil HAyK, 0oyeHm, O0OYeHm
Kagheopu npuxiaoHoi mamemamuxy i MexamiKu

MATEMATHKA Y IICUXOJIOI'TI

BuByatoun MareMaTuKy Ta NICUXOJIOT1I0 BUHUKAE MUTAHHA: SIK JBl TaKUX PI13HUX
32 CBO€IO CYTTIO HAyKM MalOTh Psiji MEBHUX CHUIBHUX ocoOiuBocTeit?! 3 18 cr.
OCHOBHMM METOJIOM JOCIIJKEHb TCUXOJIOTii OyB METOJ] CaMOCHOCTEpPEKEHHS, 3a
JIOTIOMOT'OI0 SIKOTO HE MOXHa 0YyJI0 pOOUTH HISIKMX TOYHUX BUMIPIOBaHb. AJi€ SIKIIIO B
18 cT. cTBepIKYBaIM, IO MCUXOJIOTIS HIKOJIM HE 3MOKE CTaTh TOYHOIO HayKolo, 00
BUMIPIOBaHHS Y HI HE MOXJIMBI, TO BXKE€ Y CY4aCHOMY CBITI MU CM1JIO TIOETHYEMO II1i
HayKH.

Opniero 3 mpo6sieM MaTEMATHKH 1 ICUXOJIOT1] € mpoOemMa MoBU. Bukopuctanus
MaTeMaTUYHUX METOAIB /I BHUBUYEHHS IICHUXOJIOTI, TaK caMoO 1 IICUXOJOTli HpH
MPOEKTYBAaHHI CKJIAHUX CUCTEM, BUMArae Jijisi CBOrO OIMUCY €IMHOI TEPMIHOJIOTIYHO1
MoBU. Tak, 4KOIO TICUXOJoraM 1 BHAA€TbCA CHOPMYIIOBATH [JIi MaTeMaTHKIB
KOHKPETHUU CEHC MOCTaBJIEHOI MPO0OJIEMH, TO MaTEMaTUKaM HalyacTille He BIa€ThCs
JOHECTH J0 TCHXOJIOTIB 3MICT MaTeMaTH4YHHX pe3yibTaTiB. Kuura @. I'epOapra
«IIcuxomnoris K HayKa», 3aCHOBaHa Ha JOCBiJi, MeTadi3uIll Ta MaremaTuill. Bona
CTajla NEPIIOK TEOpi€ro, L0 CIMPAETbCS HAa T€ KOJIO SBUILI, sIKI Oe3mocepeaHbo
JIOCTYITHI KOXKHOMY, TOOTO 30CEepe/KEHHI Ha TOTOIll YSBJIEHb, 110 3MIHIOIOTh OJIUH
OJIHOTO B CBiJloMOoCTi. MabyTh, [. @. ['epbapTy neprioMmy HajlexKuUTh TyMKa IMpO TE,
IO BJIACTUBOCTI TMOTOKY CBIJIOMOCTI — 1II€ BEJIMYMHU 1 BOHM MIJIATAIOTH
BHUMIPIOBAHHIO.

MaremaTuyHi 3aco0u [Ji1 BHUBYEHHS I1HTENEKTY, 3710HOCTEH OCOOUCTOCTEH
CTaJM CTBOPIOBATH AHIJIOMOBHI BY€HI. 3'IBWJIOCS TMOHATTA «perpecis», 1 Oyiu
BUBEJICHI pPIBHSAHHS, IO BHUPAXKAIOTh II0 3alleXKHICTb. Perpecis - 1e MeroA
MaTeMaTUYHOI CTATUCTUKH, SIKWHA BUBYAE 3aJICKHICTh CEPEAHBOTO 3HAYEHHS Oyib-
SIKO1 BEJIMYMHU BiJ Bapiailiii 1HIIOI BETWYUMHHU, a00 NEKIUIbKOX BEIUYHMH (Y IOMY
BUIAJKY  BUKOPHUCTOBYIOTh  MHOXHHHUM  perpeciinuii  ananmi3). I[lonsrra
perpeciiinoro ananizy BBIB ®D.I'anbToH, sKUM ycTaHOBUB (DAKT BU3HAYEHOTO
CIIBBIAHOIIEHHS MK 3pOCTOM OaThKIB Ta iXHIX JOPOCIUX JiTed. Bin momMiTtus, 1O y
0aTbKIB HAWHMKYOTO 3pPOCTY JITH BHUSBISIOTBHCS JICIIO BHINMMH, a y OaTbKIB
HAWBUILOTO 3pPOCTY — HIDKYUMHU. Takoro poay 3aKOHOMIPHICTH BIH Ha3BaB
perpeciero. lleit MeToq BHKOPUCTOBYETHCSA IEPEBAXKHO B  IICUXOJOTIYHHX
JOCIIKEHHSX JJI1 BUPIIMICHHS 3aBJIaHb OB’ S3aHUX 3 OI[IHKOIO OY/b-SKOTO BILTUBY
(HampuKIaa BIUIMBY IHTEJIEKTyalbHOI 00apOBaHOCTI HA YCHINIHICTH TOIIO) TPH
KOHCTPYIOBaHHI MCUXOJIOTTYHUX TecTiB. dpeHncic ['anbTOH y CBOi CTYAEHTCHKI POKU
3ayBakKUB, 1[0 PEUTUHT YCHINIHOCTI CKJIaJIaHHS BUIYCKHUX ICTIMTIB 3 MaTeMaTUKH
BUMIPIOETBCS  Bi JICKUJIBKOX THCSY JO JACKUIBKOX CcoTeHb OamiB. [lizHire,
BpaxyBaBIIM PO3/1J TAJaHTIB, [ aJbTOH MPUUIIOB A0 AYMKHU MpPO T€, IO CIELiaIbHI
BUIIPOOYBaHHS I03BOJISIIOTH MPOTHO3YBATH MOAAJIbIII KUTTEBI yCHIXU CTYAEHTIB. Tak
B 21 CTONITTI HAPOJAUBCS «TATTOHOBCHKUI» METOJ TECTIB. [71€10 TECTIB MiIXOMIWIN
bpaHIly3pKi TICUXOJIOTU-CTBOPUBIIM TEPIIl TECTHU MJId TECTyBaHHS COIaJIbHO

«Mamemamuxa, wo nac omouye: Munyne, cyyacue, maroymuey, 29 bepesns 2019 76



Bimcramux mitedi. lle crTamo moyaTkOM BUKOPUCTaHHS TAaKOTO METONYy 5K
MICUXOMETPUYHA TECTOJIOTIS , 110, B CBOIO Yepry, COPUUYMHHIIIA 32 COOOI0 PO3BUTOK
MICUXOJIOTIYHUX BUMIpIOBaHb. OCOOMMBY pOJb y TCHUXOJOTIYHUX BHMIPIOBAHHSIX
3aiimae aHriicekuil iHxenep - Yapnp3 Crnipmen. Bin BBaxaB, 110 Jj1si OOYMCIICHHS
Kopessiii MK Oanamu nmoTpiOHa cremiaiibHa Mipa. CripMeH 3amporoHyBaB TEOPIIO
«reHepanbHOro» ¢akropa, 10 BU3HAYAE CHUIBHY MIHJIMBICTh 3MIHHUX TECTOBHX
pe3yNbTaTiB, a TAKOkK PO3POOMB METO]I BUSBICHHS I[LOTO (PaKTOpa 32 KOPEISIIHHOIO
Mmatpuniero. Ile OyB mepmmit Meron (akKTOpPHOrO aHamidy, SKUH CTBOPEHUN B
[ICUXOJIOTII 1 I8 IICUXOJIOTIYHUX [UIEH.

BunpinaroTre ABI Tpynmd  MaTeMaTHYHAX  METOMIB: METOAM  MaTEeMaTHYHOTO
MOJIETIIOBaHHS  (AOCHIMKEHHS  TICMXOJIOTIYHUX  SIBUII  4yepe3  MOoOyI0BY
3aKOHOMIPHOCTEH  (PYHKITIOHYBaHHS, [ISUJIBHOCTh JIIOJMWHA B  Pi3HOMAaHITHUX
CUTYyaIlisiX), CTATUCTUYHI MeToau. MeToau MPUKIATHOT MaTeMaTUYHOI CTaTHUCTHKHU
3aCTOCOBYIOTBCS B TICHXOJIOTIi 31e0UIblIoro it OoOpOOKH eKCIepUMEHTaIbHUX
nanux. OCHOBHa MeTa 3aCTOCYBAaHHS CTAaTUCTUYHUX METOMIB — ITiIBUIIICHHS
OOTPYHTOBAHOCTI BHCHOBKIB Yy TICHUXOJOTIYHUX [JOCHIJDKEHHSAX 3a PaxyHOK
BUKOPHUCTAHHS T€Opii IMOBIPHOCTI.

Mu MOX)eMO BUKOPUCTOBYBATH CTATUYHI METOAM TICUXOJIOTIi y : TaOyJrOBaHHI
Ta rpadiyHOMY BHpa3l JaHUX; Teopili CTATUCTUYHOIO BHUCHOBKY, SKa
BUKOPUCTOBYETbCS JUIsl Tiepea0aueHHs pe3yJbTaTiB 3a JaHUMHU ICUXOJIOTTYHOTO
00CTeKyBaHHS.

OTxe, MaTeMaTU4Hl METOJIU POOJISATH MPOIEC TOCHIKEHHS TCUXOJIOTIYHUX
ABUI OUIBII YITKUM, BIOPSJAKOBAaHUM Ta paunioHanbHUM. He3Baxaroun Ha
0e3MeXHICTh a0CTpakIliid, MaTeMaTHKa Ma€ BUXIJHI MOJIOKEHHS (T€ caMe MOHSTTS
YHuCia), 3MICT SKHX IMOB’S3aHUI 13 3aKOHOMIPHOCTAMH (PYHKI[IOHYBaHHS JIHOJCHKOI
TICUXIKH.

Jlitepatypa:
1.®.I'epbapt «Ilcuxomoris sk HayKa, 3aHOBO 3aCHOBaHA Ha JAOCBifi, MeTai3uIll Ta MATEMaTHUILI».
2.Knumuyk B.O. Buknananus kypcy ‘“MareMaTHdHi METOIU y ICUXOJOrii” B yMOBaxX KpEeAUTHO-
MOJYJIBHOI CUCTEMH.
3.Tenetiko A. b. MareMaTuKO-CTaTUCTUYHI METOAH B COIIOJOrIi Ta IMCUXOJOTII:HaBY. MOCIOHHUK /
A.B. Teneiiko, P. K. Yopseii . — Kui : MAVII, 2007. — 418c.
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Maneuw /I.P.

JIvgiscokuiti [eporcasnuu Yuisepcumem besnexu JKummeoisanvrocmi

Hayxosuui kepisnux M.LKyciii, kanouoam neoacociynuti HayK, OOYeHm, OOYeHm
Kagedpu npukiaoHoi mamemamuxy i MexaHiKu

Po3B'fi3aHHS €KOHOMIYHOI 32/1a4i P 32CTOCYBAHHI MOXiJHOI

[ToHATTS TOXIAHOI MIMPOKO BHUKOPUCTOBYETHCS TMPHU PO3B’SI3aHHI 3a1a4
€KOHOMIYHOTO 3MICTy. EKOHOMIUHI 3a/1a4l MOAUIAIOTHCS Ha ACKiIbKA THIIIB, MPOTE
3a/a4l Ha OTPUMAaHHS MIANPUEMCTBOM MaKCHUMAaJIbHOTO MPUOYTKY MPU MiHIMAIbHHUX
3aTpartax BiJHOCSTHCS 10 HAWBAKIMBIIINX 3a/1a9 €KOHOMIKH.

Posrngnemo 3amady: ¢ipMa MOHONOJICT HparHe JAOCATTH MAaKCHUMAaJIbHOTO
npuOyTKy. BusHaunMo oOcsr nponaxiB Ta IIHU Ha JIBOX PUHKAaxX Ta 3°SCYEMO, .IKY
TaKTUKY JUIsl TPUOYTKY MOTPIOHO 3aCTOCYBATH.

Hexait dyHKkiist 3araibHUX BUTpAT (GipMHU Ha JIBOX pPUHKAX MA€ BUTIISL:

TC=30+20Q (1),

a (PyHKII1s IONUTY Ha TOBAp Ha JIBOX PUHKAX :
Q.1=25-0.5P; (2) Ta Qp=10-0.1P,(3).

MoHONOJICT MpOoJa€e OAHAKOBY MPOAYKIIIO0 HA ABOX PUHKAX, aje 3a PI3HUMU LIIHAMH.
3HarO4YM MOMUT 1 BUTPATH BIH MOKE NMPUUHATH MPABUIbHE €KOHOMIYHE PIIIEHHS 1
JOCSITTA MaKCUMI3allil BIaCHOTO MPUOYTKY.
Jliis mouaTKy 3HaiieMo (YHKINIO 3araibHOT BUPYYKH Ha KOKHOMY PUHKY:

TR, =P;Q:(4)
Buznauumo 3 (2) yomy nopiBHioe Py
P1-50-2Q; Ilixcrasastoun ue B (4), ogepkumo: TR;= (50-2Q,) Q;=50Q, -2Q22
Amnanorigdo P, =100_10Q,
TR, = (100-10Q,)Q,=100Q,-10Q,
Busnaunmo opasy QyHKIII0 IPaHUYHOI BUPYUYKH OKPEMO JJIsi KO)KHOTO PUHKY:

MR (Q1) = (TR1)'=50-4Q; (5)

MR; (Q,) = (TR,)'=100-20Q, (6)
Tenep noTpiOHO BUSHAYMTH BEJIMUMHY I'PAHUYHOI BUPYUKHU:
MC= (TC)' =20 (7)

Makcumizaiis npuOyTKy nocsraetbest ko MR=MC. BusHaunmo o0csr npoaaxy
OKpEMO Ha KOKHOMY pUHKY. JlJ1s iboro npupiBHsieMo piBHOCTi (5) 1 (7) Ta (6) 1 (7)
50 —4Q,=20; 100-20Q,=20

4Q,=50-20 20Q,=100-20
4Q,=30 200Q,=80
Q:1=7,5 Q=4

Tenep MoxeM0 3HAUTH IIHY Ha KO)KHOMY MOHOIIOJIbHOMY PHHKY:

P1=50-2x7,5=35; P,=100-10%4=60.

Otxe, ¢ipma AOCATHE MaKCUMalIbHOTO NPUOYTKY, SKIIO Ha MEPIIOMY PHUHKY
pojiaBaTuMe 7,5 TUC. OJ. MPOYKIIii 3a 1IHOO 35 TpH. 32 OJMHMITIO MPOAYKIIii, a Ha
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JIPYroMy PUHKY MpoaaBaTUMe 4 THC. OJI. MPOAYKINi 3a 1iHOI0 60 TPH. 32 OJWHUIIIO

MIPOJTYKITii.
3HalinemMo 3a Takux yMoB 3aranbHuil jgoxia ¢pipmu: TR=(TR;+TR)-TC=P;Q;+P,Q,-
TC=P;Q;+P,Q,-30-20 (Q:+Q,)=35%7,5+60x4-30-20x11,5=262,5+240-30-230=242,5

Jlitepatypa:

1. O.B. Omiinuk, 1.€. Tumuenko «OmiMmmiagHi 3aBIaHHI 3 €KOHOMIKNY,
BU1aBHULITBO «Panok», Becra 2007 pik.

2. BM. Tpim «Buma wmarematuka s eKoHOMICTiB». Iligpyunuk. JIbBiB.
Bunasanuwmii neatp JIHY imeni IBana ®@panka. 2011. 552 c.
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P.I. Kywka

Jlvgiscoruii Oepaicasruil yuisepcumem 6e3neKu HeummeoisibHOCmi

Hayxosuii kepisnux 0.0. Kapabun, ooyenm, xanoudam @Qizuko-mamemamuyHux
HayK, 0oyeHm Kageopu NPUKiIaoHoi Mamemamuku i MeXaHiKu

HEBUPIHIEHE B MATEMATHIII

Heposp'szani MaremaTudHi MpoOieMHU —Iie TIMOTe3H, 10 BUAAIOTHCS BIPHUMHU,
ajie JoTenep He JOBElEHI. Y HAayKOBOMY CBITI MOIYJISIpHA MPAaKTHKA CKIIaJaHHS
BIJIOMUMH BUCHUMH a00 OpraHi3aIlisiMHu CIIMCKIB BIIKPUTHX MPOOJIEM, aKTyaJlbHUX Ha
CydacHHM MOMEHT. 30KpeMa, BIJIOMHMH CHOUCKA MaTeMaTHYHHX MPOOJIeM
¢€: IIpo6nemu I'imebepra, [Tpodnemu Jlanmay, [Ipobmemu TUCSIOIITTS.

IIpobnemu linbbepma - cnucok 3 23 KapAWHAIBHUX TPOOJEeM MaTeMaTHKH,
npenacraBiaeHnii  JlaBugom I'impbeprom Ha apyromy MixkuapoaHomy Konrpeci
maremaTtukiB y Ilapmwxki 1900 poui. Toai mi mpoGiemu, siki OXOIUIIOBAIA OCHOBHU
MaTeMaTUKU He OyiM po3B's3aHi. Y Haml yac po3B'sa3aHi 16 npobduem 3 23. Ille 2 He €
KOPEKTHUMU MaTeMaTUYHUMHU TpoOiemamu (ogHa cdopMysibOBaHa 3aHAITO
pPO3IUIMBYACTO, 100 3pO3yMiTH, pO3B'A3aHAa BOHA YM Hi, IHINA, JajeKa BIJ
po3B'si3aHHA, — (i3UUHA, 2 HE MaTeMaTuyHa). 3 5 mpobJieMm, 0 3aTHUIIUIUCS, 1B HE
PO3B'sI3aH1 HISIK, @ TPU PO3B'SI3aH1 TUIBKH JIJIs1 YACTKOBUX BUTIAIKIB.

IIpobnemu Jlanoay - icHye 0araTo BIAKPUTHX IHTaHb IOAO MPOCTHX YHUCEN,
HaWBioMill 3 sKUX Oynu mnepepaxoBaHli Eamynnom Jlanmay nHa II’stomy
Mixuapognomy KoHrpeci maTeMaTHKIB.

llepwa npobnema Jlanoay (Ilpobnema I'onpadaxa ). JloBectu abo cnpoctyBarty,
1[0 KOXKHE MMapHE YMCI0, OlIbIIE JBOX, MOKE OYTH IPEJICTABIIEHE Y BUJl CYMH JBOX
MIPOCTUX YHCEII, @ KOXKHE HEMapHE YUCII0, OUIbIIE 5, MOKe OyTH MpeCTaBICHE Y B/
CYMH TPHOX IMPOCTUX YUCE.

llpyea npobnema Jlanoay. Un MHOXKMHA TPOCTUX YUCEI, PIZHUI MDK SKUMHU

JIOPIBHIOE 2, HECKIHYEHHA?

Tpemsa npo6nema Jlanoay (I'inoresa Jlexanapa ). Un mpaBHIIbHO, IO Mik n? i

(n + 1)? 3aBxau 3HAIIETHCS TIPOCTE YNCIIO.

Yemsepma npobnema Jlanoay. Un MHOXHMHA TIPOCTHX umcen BUAy n? + 1

HECKIHYEeHHA?

Ilpobnemu  mucawonrimms - me CciM  MaTeMaTUYHUX  MpoOdem,
Bu3HaueHnX MarematnynuMm iHcturytoM Kies 2000 poxy, oxapakTepu3oBaHi
K «BaXJIMB1 KJIACUYHI 3aj]adi, PO3B'SI3aHHS SIKUX HE 3HAWJIEHO BIPOJOBXK Oararbox
POKiIB». 3a po3B'si3aHHS KOXKHOI 3 IuX mpobsieM iHcTUTyTOM Kitest 3ampornoHoBaHO
mpu3 y po3mipi 1 000 000 momapis CIIA. KinbkicTs mpo0iem y mepeniky (cim) 0yio
00paHO BUXO/JSIYU 3 TOTO, 0 3aCHOBHUK 1HCTUTYTY, OOCTOHChKMI MisbiioHep Kiieid,
BUJIIJIMB Ha MpeMii CiIM MUIbHOHIB JI0JIapIB — MO MUIBAOHY 3a BHUPIIIEHHS KOXXHOI
npoosemMH.

Pisnicms xnacie P i NP . [lutanns nonsirae B TOMY, 94 JJIS BCIX 3a/1ad4, JJIsl STKUX
KOMII'IOTEp MOJK€ IIBHUAKO NEPEBIPUTH 3aJaHUM  aJITOPUTM BIH TaKOX MOXE
HMIBUAKO 3HAUmu 1€ PO3B'I30K.
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lI'inome3za Xooorca. BaxnuBa npoOiema anreOpaiunoi reomertpii. ['imore3a omucye
KJIACH KOTOMOJIOTIM HA ~ KOMIUIEKCHHX  TNPOEKTUBHUX MHOTOBUAX, peali3oBaHi
anreOpalYHIUMHU M AMHOTOBUIAMH.

I'inomesa Ilyanxape (0osedewna). I'inore3a CTBEP/KYE, IO BCSIKUM «TPUBUMIPHHM
00'eKT», 10 Ma€ JIeIKl BJIIACTHBOCTI TPUBUMIPHOI cepu (30Kkpema, KOKHA METIIs
BCEPE/IMHI HhOTO CTATYETHCS ), Ma€ OyTH cheporo 3 TOUHICTIO 0 AedopMmairii.

I'inome3a Pimana. I'inoTe3a cTBEpJKY€E, IO BC1 HETPUBIaAbHI HYJI MarOTh JIHCHY
gacTuny 1/2.

Teopis Anea— Minca. IloTpiObHO pgoBecTH, MO JISI  OYJb-SIKOI IPOCTOL

KOMITaKTHOI KaiopoBanoi rpymu G kBaHTOBa Teopist Sura — Minca st mpocTopy
4 - o o

R™ icHye it Mae HEHYTLOBUH ACPEKT MACH.

Piguanns Has'e — Cmoxca. Cucrema piBHSHbB, IO ONUCYIOTh PyX B'SI3KO1 PIIMHM,
OJIHA 3 HAWBaXXJIUBIIIKUX 3aja4 riipoanHaMikyd. He3Bakaroum Ha BaXJIMBICTh 3aj1adl,
ICHYBaHHS TJIQJAKHUX PO3B'S3KIB 31 CKIHUEHHOIO KIHETHYHOK €HEPri€0 MaTEMaTUYHO
HE JIOBEJICHO.

T'inomesa bepua i Ceinnepmona-/laepa. I'imoTe3a MOB's13aHa 3
PIBHSIHHSIMU €TINTUYHUX KPUBUX 1 MHOKMHOIO TXHIX paIliOHAIbHUX PO3B'S3KIB.

Jliteparypa:

[Tpo6iemu I'inpbepra, 36ipHUK 3a penakiieto I1. C. Anekcanapona, M.,
Hayxka, 1969 p., 240 c.
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CEKI[IA 5
IOCTATI B MATEMATULI

O. Twinaoens
JIvsiecoKuil incmumym eKoOHOMIKU | mypu3my
Hayxoeuii kepienux Canuyvka A.0O., cm. guknaoay

BHECOK KAPJIA ®PIIPIXA I'AYCCA Y PO3BUTOK MATEMATHUKHU

Kapn ®piapix ['aycc — HiMeENbKUN MaTeMaTHK, aCTPOHOM, (hi3UK-TEOPETHK.
Byayun Buxiaumem 3 HaWOIAHIIIMX BEPCTB CYCIHIILCTBA BXE y Bili 19-TH pOKiB
BBa)KaBCS KpAIIUM €BPONEHCHKIM MaTE€MaTUKOM TOTO 4acy.

Hapoauscss 30 xBitHs 1777 poky B OJHOMY 3 HIMEUBKHX KHA3IBCTB —
bpaynamBeiiry. Uutatu 1 mucatu HaBuuBCS caM. [lepmmM 3aXOIICHHSM Yy TIKOJI
ctana apudmeTrka. ¥ 9 pokiB BIAKpUB (IT1J] Yac MIKIIBHOTO YPOKY) GOpMyiIy CyMHU
apu(pMeTUYHOI mporpecii

[Ticns 3akinuenHi rimHasii [aycc y 1792 pomi BctynuB o KapomiHcbhkoi
KOJIeT1i, 16 CUCTEMaTUYHO 1 TMOTJIUOJICHO CTYil0OBaB MaTEeMaTU4HI JUCIUILIIHUA. Y
el mepios 03HaOMHUBCS 3 TBOpaMHU TaKMX BUJATHUX MaTeMaTWKiB, sik JleoHapn
Eitnep, XKozed-Jlyi Jlarpanx 1 ocobnuBo Icaak Hetoron. Enoxansuuit TBip HetoToHA
«MaremaTuuHi Havajia HarypaibHOi ¢inocodii» cnpaBuB Ha [aycca rimboke
Bpa)KEHHS 1 3aMajiiB HEBIACUMUM MOTAT A0 MaTEeMATUYHUX JOCTIIKEHb, SIKUW TPUBAB
BIIPOJIOBXK YCHOT'O XKHUTTSL.

Bbyayun crynenTom ['eTTIHreHCBKOTO YHIBEpcHUTETy l'aycc po3modaB CBOi
MaTeMaTHuHl JociiypkeHHs. Y 1795 pomi BuHaiimoB Tak 3Banmii «Meton
HalMEHIINX KBajapatTiBy, y 1796 pori po3B's3aB KiIacuyHy 3aJa4dy Mpo MO KoJia, 3
AKOi BHUILTHBAIa MOOyAOBa MPaBMWIBHOTO |7-KyTHHKA, 1 HAMKMCAB BEIUKY i BaXKIUBY
npamo «Apu@MeTHdHi JOCIIIKEHHS», MPUCBAYEHY OKPEMUM NUTAHHSAM TeOpli
gucen 1 Bumoi anredpu, ska Oyna HaapykoBana y 1801 pomi. 'aycc moxmamno
PO3BUHYB TEOpIIO KBAJAPATHUHUX JIMIIKIB, YIEpIIe JOBIB KBAJAPATUYHUN 3aKOH
B3a€EMHOCTI, MO HOBOMY JOKJIAJHO PO3POOMB TEOPII0 KBAAPATUYHHUX (HOPM, SKY
panime moOyayBaB Jlarpanx, BHUKIAB Teopito MmoaUTy Kkoina. MoxHa 63
nepeOUTbIIIeHh CKas3aTH, IO Teopis Yucel, SK Hayka, Moyajga CBO€ CIpPaBXHE
ICHyBaHHs caMe 3 JtociikeHb [Maycca.

3 1796 poky I'aycc Beme KOpPOTKHI HIOJIGHHUK CBOiX BIAKPUTTIB. bararo mo
BiH, No10HO 10 HeloToHa, He myOnikyBaB, xoua e OynM pe3yibTaTH BUHSATKOBOI
BaXKJIUBOCTI.

Jo 24 pokiB ['aycc yBiiIIOB /10 YKclia HAMBIAOMIIIMX MaTeMaTuKiB €Bponu. Y
30 poKiB BBa)KABCS BXKE «KOPOJIEM» €EBPOMEHUCHKUX MaTEMAaTHKIB.

['muboke MPOHUKHEHHS B CYTh MPEAMETa, CMIUJIUBICTh TYMKH, HECTaHIAPTHUI
Oiaxig 70 CTaHAapTHUX TpoOjieM  Jo3Boyimyid  ['ayccy  cTBOpuUTH O3y
(GyHIaMEHTAIbHUX JOCHIJI)KEHb Y BCIX OCHOBHHMX O0JACTSIX MaTeMaTHKU: ajireopi,
Teopii uwmcen, audepeHIladbHIA 1 HEEBKIIJOBIA TreoMmeTpii, B MaTeMaTUYHOMY
aHai31, Teopii PyHKIIH KOMIIJIEKCHOT 3MIHHOT, TeOpii IMOBIPHOCTEH, TEOPIi TSXKIHHS,
KJIACUYHIA Teopli ENeKTPUKM 1 MarHeTu3My, a TaKOX B Tally3siX TEOPETUYHOI

aCTpOHOMI1, Te0/Ie31i 1 MEXaHIKH.
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https://uk.wikipedia.org/wiki/1795
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https://uk.wikipedia.org/wiki/1801
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https://uk.wikipedia.org/wiki/%D0%86%D1%81%D0%B0%D0%B0%D0%BA_%D0%9D%D1%8C%D1%8E%D1%82%D0%BE%D0%BD

1830 — 1840 poxu aycc mpucBSTHB TeopeTnuHiit disuii. Moro mocmimkenns
B I} Tramy3l 3HAYHOIO MipOI0 OynM pe3ylbTaTOM TICHOTO CHUIKYBaHHSA 1 CIIJIBHOI
HaykoBoi pobotu 3 Bimbrenbmom BeGepom. Pazom 3 Bebepom ['aycc cTBOpuB
aOCOJIIOTHY CHUCTEMY €JIEKTPOMAarHiTHUX OJMHHMIL 1 CKOHCTpyroBaB y 1833 poi
nepumii y HiMeudnHi eJeKTpoMarHiTHuii Tenerpad. MoMy HaleXHTh CTBOPEHHS
3arajbHOI TEOpil MarHeTU3My, OCHOB Teopli moTeHIiany 1 0arato iH. OTxe, BaXKO
BKa3aTW TaKy rajay3b TEOPETUYHOI YW MPUKIATHOT MaTeMaTuku, B siky 0 ['aycc He
BHIC ICTOTHOTO BKJIQJy.

["aycc muniaHO TpallfoBaB y Pi3HUX Tally3sx HayKH, IPOTE caM 4acTO TOBOPUB:
«5 Bech BigmaHui MaTtemaTuill». MareMaTwky BiH BBaXKaB IApUICI0 HAyK, a
apumeTuKy — mapuier0 mMareMatukd. B oOuucieHHsX y aymii oMy He Oyio
piBHUX. 3HaB HamaMm'sTh TMepIIl JECATKOBI MHU@pu Oarathox Jorapumis 1
KOPHUCTYBAaBCS HUMH MTPU HAOIMIKEHUX OOUHCIICHHSX Y Ty MIII.

["aycc OyB mepiuM, XTO MOYaB BUBYATH BHYTPILIHIO TE€OMETPII0 MOBEPXOHb.
Hum Oyna BU3HAUeHa XapaKTEpHUCTHKA MOBEPXHi, TaK 3BaHA «rayccOBa KPUBU3HAY,
AKa HE 3MIHIOETbCS MpHU 3rHHAHHAX. lle BIAKPUTTSA JIATI0 B OCHOBY PIMAaHOBOI
reometpii. ¥ 1827 pori onyOsikyBaB CBOIO MOBHY Teopito moBepxoHsb. [Ipari 'aycca
3 nuQepeHIalbHOI TeOMETPIi CTaIM BIAMPABHOIO TOYKOIO B PO3BUTKY Ii€1 HAYKH Y
HACTYITHOMY CTOJITTI.

VY raiy3i MaTeMaTH4HOTO aHali3y ['aycc Tak caMo 1OMIrcsi 3Ha4HUX BUCOT. Bin
IPOCYHYB TEOPII0 CHEMiaIbHUX (QYHKIIN, pPSAIiB, pO3pOOMB 4YHUCEIbHI METOIH,
YIOCKOHAJIMB PillieHHs 3a1a4 MaTeMaTHuHoi (izuku. oMy HaleXUTh MaTeMaTHYHA
TEOpisl MOTECHLIATY.

[Naycca Hepiako Ha3uBalTh crnagkoemiiem Einepa. Bonu oOuaBa HOCHIN
HepopmanbHE 3BaHHS «KOPOJb MAaTEMAaTHUKIB» 1 YAOCTOLIMCS IMOCMEPTHOIO
TOBAXKHOTO KapTy: «BiH TepecTaB 00UHCIIOBATH i KUTH». IX PiZHOI0 MOBOIO Oyna
HIMEIIbKa, ajle HAyKOBI Mpalll o0uaBa BBaXKajdW 3a Kpalle Nnucatu JaThuHow. ["aycc
BUSIBUBCS OCTaHHIM JIATHHICTOM cepejl KPYIMHUX yUYeHUX €BpOIH.

Uepes rmOuHY BIAKPHUTTIB, PI3HOCTOPOHHICTh, PO3KPUTTS HOBHX, HEBITOMHUX
70 TOTO 3aKOHIB TPHUPOAU B Tamy3l (i3uku, reojesii, MaTeMaTUKU CYYaCHUKH
BBakanu ['aycca HalikpamuM MaTeMaTukoM cBity. Ha menanmi, BurotosineHiii y 1855
poIIi Ha OT0 YecTh, BUTpaBipyBaHo Hamuc: «Kopoab MaTeMaTUKIBY.

Im's Bemukoro MareMmaruka 3aHeceHO Ha KapTy Micsis. 300paxkenns Kapia
["aycca € Ha rpomoBiii 6ankHOoTI HiMmeuunnu BapticTio B 10 Mapoxk.

Jlitepatypa
1. Crpoiik /1. S. KpaTtkuii ouepk ncropuu matematuku / [lep. ¢ nem. u gomn. U. b. Tlorpe6sicckoro.
— W3n. 4-e. — Mocksa: Hayka, 1984.
2. benn O. T. Tropus! maremaTtuku. — M.: IIpocBemenue, 1979.
3. bronep B. I'aycc: buorpaguueckoe uccnenoanue / Ilep. ¢ anria. — Mocksa: Hayka, 1989.

4. Konmoropos A. H., FOmkeBuu A. I1. Marematuka XIX Beka. T. 1. Matemaruueckas joruka.
Anrebpa. Teopus uncen. Teopust BeposiTHocTel. — M.: Hayka, 1978.
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https://uk.wikipedia.org/wiki/%D0%A4%D1%96%D0%B7%D0%B8%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%BB%D1%8C%D0%B3%D0%B5%D0%BB%D1%8C%D0%BC_%D0%95%D0%B4%D1%83%D0%B0%D1%80%D0%B4_%D0%92%D0%B5%D0%B1%D0%B5%D1%80
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BB%D0%B5%D0%B3%D1%80%D0%B0%D1%84
https://uk.wikipedia.org/wiki/%D0%9C%D0%B0%D0%B3%D0%BD%D0%B5%D1%82%D0%B8%D0%B7%D0%BC
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D1%82%D0%B5%D0%BD%D1%86%D1%96%D0%B0%D0%BB
http://www.math.ru/lib/book/djvu/istoria/bell.djvu
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BB%D0%BC%D0%BE%D0%B3%D0%BE%D1%80%D0%BE%D0%B2,_%D0%90%D0%BD%D0%B4%D1%80%D0%B5%D0%B9_%D0%9D%D0%B8%D0%BA%D0%BE%D0%BB%D0%B0%D0%B5%D0%B2%D0%B8%D1%87
https://ru.wikipedia.org/wiki/%D0%AE%D1%88%D0%BA%D0%B5%D0%B2%D0%B8%D1%87,_%D0%90%D0%B4%D0%BE%D0%BB%D1%8C%D1%84_%D0%9F%D0%B0%D0%B2%D0%BB%D0%BE%D0%B2%D0%B8%D1%87
http://djvu.504.com1.ru:8019/WWW/a5d285a3a1b9867d419ac34eeab8834c.djvu
http://djvu.504.com1.ru:8019/WWW/a5d285a3a1b9867d419ac34eeab8834c.djvu
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%83%D0%BA%D0%B0_(%D0%B8%D0%B7%D0%B4%D0%B0%D1%82%D0%B5%D0%BB%D1%8C%D1%81%D1%82%D0%B2%D0%BE)

O. Ilexapcoka
Jlvgigcoruii Oepaicasnuil yuisepcumem 6e3neKu HeummeoisibHOCmi

Hayxosuii kepisnux O.M. Tpyceeuu, xanouoam @izuxo mamemamuyHux HAayx,
ooyenm Kageopu NPpUKIaAOHOi Mamemamuxy i MexaHiKu

EPATOC®EH KIPEHCHKHWI: OBUMCJIEHHS PAJITYCA 3EMJII

VY Il croniTTi n0 Hamoi epu Oi0iioTeKapeM 3HAMEHUTOI AJIEKCaHIPIACHKOI
oi6omorexku Epactodhenom KipeHcbkuM OyB TpoBeJeHHWN BiAOMHH, OJIUH 3
HaWJaBHIMWX (i3MYHUX CKCIIEPUMEHTIB, B PE3YJIBTATI SSKOTO OYyJI0 BUMIPSHO pajaiyc
3emii. Eparocden Kipercekuit (276 pik g0 H.e.-194 pik 10 H.e.) - TaBHbOI'PEIILKHUI
MaTreMaTuk, acTtpoHoMm, reorpad 1 moer. Cur Ermaoca, ypomkenerns Kipernu.
[TepeOpaBmiich moTiM B AdiHu, BiH Tak TICHO 30JM3uBCs 31 Koo [lnarona, mio
9JacTO Ha3WBaB ceO€ MIATOHIKOM. Pe3ynbTaToM BUBUCHHS HayK B ITUX JBOX IEHTpax
Oyna enuukinoneanyna epyauuis Eparocdena. [{ap I1tonemeit Il EBeprer nopyuus
romy 3aBigyBanHs OeKkcaHIpiichKoi 010mi0TeKO0r0 (3 235 POKY 110 H.€.).

HaiiBinomima reorpagiyna podora EpaTocdena, Mo 3HaXOAUTHCS B TICHOMY
3B'SI3KY 3 aCTPOHOMI€I0, TOJIATaaa y BUMIPI IOBKUHU 3eMHOTO MepuaiaHa. KopoTkwii
BUKJIaJ IIi€i poboTu BimomMo HaM 3 Tpaktaty Kieomena "IIpo kpyroobOepraHHs
Hebecnoro 3Boay'": "BumiproBamns 3emii 3a  Eparocdpenom". Eparochen
po3paxyBaB pajiyc 3emili, He mokuaaruu €runty. Bid 3HaB, 1110 y TIOJIyJEHb i Yyac
JIITHROTO coHllecTossHHSA B Micil CyeH (cydacHa Ha3Ba AcyaH, €rumer), COHIIE
3HAXOJIUJIOCS. MPSIMO HaJ T0JI0BOK0. BiH Ai3HABCSA MO 1€ 3aBISKHA TOMY, IO COHIIC
BIJICBIUY€ 3 JIHA TJIMOOKOTO KOJIOAS3s, a JIF0JMHA, L0 3arjsjaaia Tyaud B Led dac
3akpuBaia coboro BinouTTss Conig y Boji. o HbOTO mpuiiniuia 1ymMKa, BUMIPSATH KT
nigHeceHHs: COHIIS B MOJIYJIEHb TAKOTO K caMoro JHs B OnekcaHapii.

Lleii ™Meron moyAraB y BHUMIPIOBAHHAX 3a JIOMOMOTOK 3MEHIIEHOIrO
300paKEeHHS] TAKOTO TPHUKYTHHWKA, SKAW MaB TMPAaBWIBHUA KYyT MDK BEPTHKAJILHO
BCTAHOBJICHUM CTpHKHEM 1 Horo TiHHio. [lei kyT ctaHoBUB mpubimu3Ho 7° adbo 1/50
koJa. [Ipunyckaroun, 1o 3emiis Kpyria, 3Har4M BijcTaHb 1 Hanpsamok 0 CyeHa,
BiH 3p0OMB BUCHOBOK, 1110 pajiyc 3emui € B 50 pa3iB O1IBIIOO 32 IO BiJACTaHb.

i 3nanHs mpo po3mip €runty Oyinu pe3yabTaToM poOOTH OararboX MOKOJIiHb,
0 3A1MCHIOBAIM I'€0/Ie3UYHI MOJ0poXKi. PaxiBHUKM ¢apaoHa maiM BiANOBIIb, IO
Bifctanb Mk CyeHoM 1 Omekcanzapieto cranoButh 5000 cramiii (mudpa sika Oyna
BCTAaHOBJICHA paHimie). MOXIMBO 11 BiJACTaHb OyJla BCTAHOBJEHA IUIAXOM
BUMIPIOBaHHS 4acy, sikuil Tpeba Oysno BUTpaTUTH abu 310satu nuisx Big CyeHy 10
Onekcanapii Ha BepOmtoai. Kapn Caran po3noBigaB, mo Eparocden 3ammatun
JIOJIMHI TPOUTH HUISAX 1 BUMIPATH BiAcTaHb. € aymka, mo Epatocden Bukopucras
OnimMniicbKy CTajail0 SK Mipy BIACTaHi, 10 CTAHOBUTH 176.4 M, 110 O3Ha4ae, IO
paniyc 3emii cranoButh 44100 kM, moxuOka B 10 %, a iTamificbka cramais B 184.8 m
ctana (300 pokiB Mi3HiIIE) 3arajibHO BU3HAHOKO BEJIMUYMHOKO JTIOBXKUHM CTa/lli, 110 B
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https://uk.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D1%96%D1%83%D1%81_%D0%97%D0%B5%D0%BC%D0%BB%D1%96
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%83%D0%B4%D0%B5%D0%BD%D1%8C
https://uk.wikipedia.org/wiki/%D0%90%D1%81%D1%83%D0%B0%D0%BD
https://uk.wikipedia.org/wiki/%D0%97%D0%B9%D0%BE%D0%BC%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%9A%D0%B0%D1%80%D0%BB_%D0%A1%D0%B0%D0%B3%D0%B0%D0%BD
https://www.youtube.com/watch?v=mUxmCXSmtVo&t=3m15s
https://www.youtube.com/watch?v=mUxmCXSmtVo&t=3m15s

pesynbTati gae paaiyc 46100 kv, moxubka B 15 %. Marouu TorodyacHi HeIOCKOHA1
1HCTpyMeHTH BUMIiproBaHHs EpaTocden HaBpsa-un Mir Ou TOuHIIe BUMIpSITH. Ta BiH
3pOoOUB N'ITh OCHOBHUX MPUIYIIECHb (KOIHE 3 SIKUX HE € 17I€aTbHO TOYHHM):

1. Illo mucranmisa mixk Onekcanpiero 1 Cyenom cranosmita 5000 cramiid,
2. 1o Onexkcanapist 3HaXOAUTHCA TOYHO Ha MiBHIY Bij CyeHy

3. Illo Cyen 3HaxoauThCs Ha TpoOITiKy Paka

4. 1o 3emis € iaeanbHOIO ceporo.

5. 1o mpomeHi, 1110 BUIPOMiHIOIOThCSI COHIIEM € TTapajiesbHI.

3rogom Epatocden okpyriumB pe3yabTaT A0 OCTATOYHOTO 3HaueHHs B 700
cTamii, 1 B pe3ynbrari oTpuMaB pajaiyc B 252000 cramiif, ckopimie 3a Bce BiH
nepepaxyBas 1€ JJIsl CIIPOIICHHS pO3paxyHKIB, OCKUIBKU OUIBIIE YKCIIO I1TUThCS 6€3
3anumiky Ha 60. B 2012, Eatoni A6pe Mopa noBropuB po3paxyHku Epatocdena i3
OB TOUHUMHU BUMIPIOBAaHHIMH; B pe3yibTaTi BiH oTpuMaB ynciio B 40074 kwm, sike
BijIpi3HsA€ETHCS HA 66 kM (0.16 %) BiH 3arajqbHO MPUHHATOTO 3apa3 MOJSAPHOIO pajiiyca
3emui.

Eparocpen Temep BIAIITOBXYBAaBCA BIJ CBOIX 3HaHb HpPO  3EMIIIO.
BukopucToByoun cBOi BIAKPUTTS 1 3HAHHS PO pO3MIp IUIAHETH 1 (POpMy, BIH MOYAB
il mamoBatu. B Onekcanapiiicbkiii 010110TeIll BIH MaB JIOCTYH JI0 0araTh0X KHUT, B
AKUX MICTWJIMCA PI3HOMAHITHI BIJJOMOCTI Ta YSBJIECHHS TMpO CBIT. Y CBOIl
TpbOXTOMHIN po0oTi «I'eorpadis» (I'penpkoro: Geographika) BiH omucaB i BUKJIaB
CBO1 JIOCTIPKEHHS MPO CBIT, HABITh PO3AUIUBIINM 3E€MIIIO Ha M'STh KIIMAaTUYHUX 30H:
JIBI 3aMEep3JMX 30HU HABKOJIO TOJIIOCIB, JBl MOMIPHUX 30HU 1 30HY, IIO OXOILTIOE
€KBaTOP 1 TPOIIKH.

Kpim Toro, Eparocden BunHaiimos reorpadito. CTBOpUB TEPMIHOJIOTIIO, SKa
BUKOPHUCTOBYETHCS 1 ChOro/iHi. EpaTocdeH BUKOPUCTOBYBaB mapaiesii 1 MepuaiaHu,
100 3'€JHATH KOKHE Micle y cBiTi. Tenep MoxHa OyJIO OLIIHUTH CBOIO BiICTaHb BiJl
BIIJANIEHUX Miclb Ha 3emyi. Y reorpadii Oynu nmokaszaHi Ha3zu Outbi Hix 400 micT
Ta iX pO3TalllyBaHHSA: IOTO HIKOJM paHilie He Oyyo aocsarHyto. Ha »xamp, ioro
reorpadist 3aryousiacst B ictopii, ajie ii ¢parMeHTH MOXHAa CKOMITIOHYBATH 3 THIIUX
BEJIMKUX 1CTOPUKIB, Takux sk [Lmini#, [Toni6iit, Ctpabon 1 MapkiaH.

Cyna Jlekcukon ommcaB Eparochena sk vévtaBlog (Pentathlos), mo mosxHa
nepexyIacTy sk "pizHoOIYHA droAuHA", 00 BiH OyB yMuIuid y Oarathox pedax. Buennii
OTpYMaB TPi3BUCHKO bera, ToMy 110 BiH po3yMiBcsl B 0ararbox pedax, 1 HaMaraBcs
OBOJIOZIITH Oy/b-sKOIO 1H(OpPMAIli€l0, ajleé BCE TaKH HE 3MIT JOCATHYTH BEIUKHX
3HaHb Yy dYomych oaHoMy. CtpaboH BBaxkaB Eparocdena maTeMaTHKOM cepen
reorpadis 1 reorpadom cepesr MaTeMaTHKIB.

Jlitepatypa:
1. Ckpxuncska M.B. Epatochen Kipencwkuii [Enexkrponnuii pecype] / Enumknonenist icropii
Vipainn: T. 3: E- / Peaxon.: B. A. Cmoniii Ta in. HAH Ykpainn. Incrutyr icropii Yipainu. - K.:
B-Bo "Hayxkoga nymxka", 2005. - 672 c.
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https://uk.wikipedia.org/wiki/%D0%A2%D1%80%D0%BE%D0%BF%D1%96%D0%BA_%D0%A0%D0%B0%D0%BA%D0%B0
https://uk.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D1%96%D1%83%D1%81_%D0%97%D0%B5%D0%BC%D0%BB%D1%96
https://uk.wikipedia.org/wiki/%D0%A0%D0%B0%D0%B4%D1%96%D1%83%D1%81_%D0%97%D0%B5%D0%BC%D0%BB%D1%96

Kicine IBiTana, ct. rp. F'PCXT/18
JIbBIBCHKMl IHCTUTYT €KOHOMIKH I TYpU3MY
Crt. Bukiaagay ®@ipman JLIO.

HIJIbC XEHPIK ABEJIb : )KUTTEBUI LHLJISIX, BIIKPUTTS,
JOCJIKEHHS

VY miBaeHHO-3ax1HIM yacThHI HopBerii Ha KUIBKOX MaJIGeHBKHUX OCTPIBIISX
PO3KHMHYJOCS HeBesnuke pudanbchke cenumie dinneit. Tam, y ciM'i mactopa AGens
5 cepmast 1802 p. HApOAMBCS XJIOMYHK, SIKOTO Ha3Baau HinbcoMm XeHpiKOM.

batbko y4ywB HOro rpaMoTH, a KOJM CHHOBI MHUHYNIO 13 pokiB, BiAmaB [0
kadenpanbHOi KoM B M. XpucTiadii (3 1925 p. Ocno).

3a kopoTkuil yac AOenb BUBYMB €JIEMEHTapHY MaTEeMaTHKy 1 3BEpHYBCS [0
BUUTENS 3 TPOXaHHSAM 3alHATHCS 3 HUM Bumor. lllicTHaansaTupiuauii ydeHb
mBUAKO BUBUMB mpaui Heiotona, Eitnepa, ['aycca, Jlarpamka Ta iHIIUX BUIATHUX
MaTe€MaTUKIB TOro yacy. B ocTaHHI nBa poku AOelb IIKaBUBCSA MHUTAHHSAM IPO
MOJKJIMBICTh PO3B'SI3aTU PIBHSAHHS M'STOTO 1 BUIIMX CTENEHIB y panukanax. Coi
JOCIIKEHHS 3 1Iboro nuTanHsa Himbe mokaszaB XonbmoOoe.

3a pik 10 3aKiHUYEHHs IKoau momep Oatbko Abensa. Kpim Hinmbca, 3 matip'to
3AMIIUWINCh Moo Opatu 1 cectpu. | xou Hinmbe onepkyBaB y kadenpalibHiii
IIKOJII CKPOMHY CTHUIICHIIIO, ajie B35B Ha CBO€ YTPUMaHHS MoJoAmoro oOpara. Y
yepBHi 1821 p. AOenp 3akiHYMB WIKOJNY 1 CKJIAB €K3aMEHH B YHIBEPCHUTET
M. Xpuctianii. Moro 3HaHHS 3 MATeMATHKN OLIHMIM HAHBUIIIMY GalaMH.

Bocenu 1822 p. AbGenp ycHmimHO CKJIaB €K3aMEHHM 3 OOOB'SI3KOBUX MJI BCiX
CTYJIEHTIB TpPEIMETIB, IO JaBajJi0 HMOMY MpPaBO 3alMaTUCAd TUIbKU YIIOOJIEHOIO
crpaBoro. BiH 1 caMm yke HamucaB Kuibka ctarei. Cnuparoyuch Ha JOCIIIKEHHS
BUJIaTHOTO (paHiy3pkoro martematuka Jlexanapa, AOenb Mo4YaB JIOCKOHAJIIIE
PO3POOJISITH TEOPIIO ENINTUYHUX (QYHKITIH.

Mosnoauii mMaTeMaTUK HE T[epecTaBaB TaKOX I[IKABUTUCA TUTAaHHAM IPO
MOJKJIMBICTh PO3B'SI3aTH B pajJMKaiax PIBHAHHS I'SITOrO 1 BHUINUX CTemneHiB. barato
MaTEMaTUKIB BHCIOBIIOBAIIO JyMKYy, IO Taki PIBHSHHS B3araji po3B'A3aTH B
paavKaiax HEMOXKIIMBO. AJIe HIXTO 3 HUX HE MIT JIOBECTH I[bOT0, 00, SIK BIJIOMO, ICHY€
0araro piBHSHB I'ATOTO 1 BUIIIUX CTETICHIB, SIKI B paJKaliaX po3B's3aTh MOXKHA.

AGens wnampukinmi 1823 p. moBiB Teopemy Mpo Te, MO0 3arajbHI PIBHSIHHS
I'ATOr0 1 BUIIMX CTETCHIB PO3B'SA3aTH y pajaudKansax HEMOXJIuBO. BomHouac BiH
3HAMILIOB Pi3HI IPYNH PIBHSIHB BUILUX CTENEHIB, K1 pO3B's3yI0ThCS Y pajukaiax. Tak
Ha JEB'ATHAALATOMY poIll XUTTS Hinbc mocsAr BepIIMHM, MIIKOPUTH SIKY JOCI HE
BIIaBAJIOCS )KOJHOMY MaT€MaTHKY.

Hanpukinmi 1824 p. yHiBepcUTET OOMIrCs NpU3HAUYCHHS AOENI0 HEBEIHMKOI
nepkaBHoi cruneHAii. Ile maBano WOMy MOXKJIMBICTH TOiXaTH 3a KOPAOH, 100
MiATPUMATH 3B'SI3KM 3 TOTOYaCHUMH BYCHUMH-MaTeMaTHKaMHU Ta JTIOMOBHTHCH IPO
IpyKyBaHHS CBOiX Ipallb Y MaTeMaTHYHUX XXypHanax, 60 B camiii Hopgerii Takux
MOJIUBOCTEH HE OYJI0.

VY BepecHi 1825 p. pa3om 3 kimbkoma ToBapuiiamu Hinbc npuOys y Komenrares.
Jlatcbki BueHi pamwim AOento moixath B bepiliH 10 HIMEIBKMX MaTeMaTHKiB,
MoKa3aTu CBOI Mpail "KOpoyilo MaTeMaTHKiB" — ciaBHO3BICHOMY ['accy. ix mopaau
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30iranucs 3 6axxanHaMm Hinmbca moBiie momanapyBaTH 3 Apy3siMu. Tak BiH 1 3poOuB,
BUPYILIUBIIH 3 HUMHU 70 cTonuii [Ipyccii.

bepniHchKi MaTeMaTUKHU NPUXHIBHO MOcTaBuincs 10 Abens. Bonu nonomaranu
oMy JlicTaBaTH HAWHOBIIIY JIITEPATYpy 3 MUTaHb, SIK1 HOTO IIKaBUIIH, CYIPOBOIMIH
B MOJIOpOKax Mo MicTy. JJis MaTeMaTU4YHOro KypHaly, o Buxoaus Toal y Ilpyccii,
AGenp 3a 3uMy 1825/26 poky HamucaB 6 cTaTei, 3aJUINMB iX HIMEIBKUM APY3SIM 1
HaBecH1 1826 p. moixaB nami, ane He B Ilapmxk, sk mependauanocs paxime. Jpy3i
nopaawid Homy ixatu go @Ppaniii depe3d ABcTpito Ta Iramito — migHECTH CBii
KyJIbTYpHUH pIBEHb, a BOJHOYAC JOMNOMOITH iM, reodi3uKkaM, IPOBOJAUTU
00U CIIEHHS.

B cepenuni mita 1826 p. Abens mpuixaB no Ilapmxka. 3HalloMUX y HBOTO HE
Oyno, a 3 BUAATHUMHU MaTeMaTHKaMHU-aKaJeMiKaM{d BCTAHOBHUTH JiIOBI CTOCYHKHU
Oyno ayke BaXXKO. AJie MOJIOAI MaTeMaTUKH IIBHIKO 3pO3yMUIM TpParHeHHsS
Mosiooro BYeHoro 3 Hopgerii. Bonu Bigkpuim Uit HbOTO JIBEpi CBOiX O010Ji0TEK,
3aBK/IM 3aIIPOITYBAIM HOTO Ha JIEKII0 KOTOCh 13 BUAATHUX (Pi3UKIB UM MATEMATHKIB.
V IMapwuxi Hinbc HamosieranBo B3sBCS 3a poOOTY.

Hampuxkinmi >xoBtHa 1826 p. AbGenb OyB NMpuCyTHIM Ha 3acigaHHl Akajaemii
HayK, Ha SKOMY cekperap AkajaeMii JONOBIAaB MpO TOJAHUI HOPBE3BKUM
MaTeMaTUKOM MeMyap. 3a yXBaJOK akKaJeMiKiB poOOTy NepeJald Ha peLeH3yBaHHS
Jlexxannpy 1 Komri.

Bocenu 1827 p. AGento TOpydmiii THMYAcOBO 3aMilaTi npodecopa XaHCTIHA,
KU BUIXaB 3 €KCIEIULIELO.

VY weii yac y bepmini Bigkpuiacs [lpyccbka akagemis Hayk. Himeunbki npysi
HaMarajucs BJIAITyBaTH Tyau AOeins Ha poOOTy, 3alpollyBaid HOro HaBlAATHCS 10
bepnina. Tum yacom y HIMEIBKOMY MaT€éMaTHYHOMY XYpHaJll MOYaJId APYKYBATHUCS
ctatTi AGens. 3 HUM CTajdu JIMCTYBATHCS BUJATHI MaTeMaTuku €BpOIH, 30Kpema
Jlexxanzp 1 Ko,

Hinsc Xenpik A6enb nomep 6 kBiTHsA 1829 p. [ToxoBanu ioro Ha KJIaJAO0BHILI Y
®ponanai. Ha Mmorumi apy3i ciopyauiu CKpOMHUHM MaM'ITHUK.

UYepes 43 poku micis bOr0 BUMIILIO HAWITOBHIINE BUIAHHS TBOpIB AOens, a B
1902 p. y 3B'S3Ky 3 CTOpiUYsIM 3 JHA MHOr0 HAPOJKEHHS, YHIBEPCHUTET MicTa
XpucTiaHii BuaaB JoKIaaHy Olorpadiro TaJaHOBUTOIO MaTeMaTHKa Ta HOTo JIMCTH JI0
JpY31B 1 BUCHUX.

Tenep KoXKHUM, XTO BUBYAE BUIILY MAaTEMATHKY, 3HAE, 110 1M'ss AOesi yBIYHEHO
y HaWpI3HOMAHITHIMX po3Aitax Ii€i Hayku. € psg Teopem Alens, abemnesi
inTerpamu, Gpynkuii AGens, abenesi rpymu, popMynn i neperBoperHs Abens... Moro
mparl iICTOTHO BIJTUHYJIM HA PO3BUTOK yCI€l Cy4aCHOI MaTEMAaTHKHU.

Jlitepatypa:

1. http://osvita.ua/vnz/reports/biograf/23727/
2. https://uk.wikipedia.org/wiki/Hinsc_T'enpik AGemb
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I1. O. CmpuoicescovKuii
Jlvsiscoruii Oepoicasnuil ynisepcumem 6e3neKu HeummeoisibHOCmi

Hayxosuui kepisnux Kyciii M. 1., xaHauaaT menaroriyHuX Hayk, JOIICHT, JOIEHT
Kadeapu NpUKIaIHOT MATEeMAaTHKH 1 MEXaHIKH.

KIHKN MATEMATHKHU XX CTOJITTA

3 MOMEHTY CTBOPEHHS MepIInX apupMETUYHUX MPUKIIAIB Ta T€OMETPUUHUX
¢biryp y po3BUTOK MaT€MaTHKH BKJIQJaldd CBOIO JYIIy HE JIMILE YOJIOBIKH. 3 JTaBHIX
JIaBEH KIHKaM He JJaBajiy MOXKJIMBOCTI HaBYATUCS, MATH OCBITY, BUBYATH, a TUM Taye
BJIOCKOHAJIIOBATH T€, IO BKe OyJI0 3amucaHo KUMOCh. JIWIe ocTaHHI JEKiIbKa
CTOJIITh JKIHKM OTPUMaJIM MOJIMBICTh X04a O HABYATHCSA 1 MaTh OCBITY 1 TOMY
ChOT'OJIHI MU PO3IJITHEMO JIEKUIbKa BUAATHUX PAJASTHCHKUX Ta YKPaiHCHKHX JKIHOK, 110
3poOUIIH CBiif BHECOK y PO3BUTOK MaTEMAaTUKH Y ILIIOMY.

[Tounemo mu 3 Mapunu Bonomumupisau [llep6ounu. Hapoaunacs Bona 11
rpyaHs 1958 poky B M. XapkiB. Ilicns 3akiHueHHA Ko, y 1976 poui BeTynuia 10
XapKIBCBKOIO JIEPKABHOT'O YHIBEpCUTETY, SKHM 3akiHumia y 1981 pomi 3a
cnemianpHicTIO «MatemaTtuka». [loyana HaBuatuch B acmipanTypi 1 B 1986 porii
3aXMCTUJIA KaHIUJATChKY AHMCEpTaliio Ha Temy «Jleski acMMNTOTHYHI MpoOsieMu
CTaTUCTUYHOI (pi3ukm». [licias 3akiHueHHs JTOKTOpaHTypu MapuHa y @Dizuko-
TEXHIYHOMY 1HCTUTYTI HU3bKHUX Temneparyp imeHi b. I. Bepkina HAH Vkpainu y
1997 poui 3axucTuia TOKTOPChKY AUCEpTaliio Ha TeMy «Mojesi cepefHboro mojis y
CTaTUCTUYHIN (i3uii Ta Teopii BUNAAKOBUX MaTpullby. Ha maHwii MOMEHT
TOJIOBHUMHU HamnpsIMKaMH ii JOCHKEHb € Teopis BUMAJAKOBUX MaTpHUlb, 30Kpema
€pMITOBU Ta JIMCHO-CUMETPUYHI MAaTpU4HI MOJEJi, YHITapHI MaTpU4YHI MO,
aHcamMO11 cyM Ta A00YTKIB BHIIQJIKOBUX MAaTpUIlb, aHCaMOll 3 He3aJe)KHUMHU
eJIEeMEHTaMH, aHcaMOJl pIAKAX BUIAJKOBUX MAaTpUllb Ta BHUNAAKOBI rpadu;
CHeKTpajbHa Teopis IU(EpPEeHUINHUX Ta CKIHYEHHO-PI3HULEBUX ONEpPaTopiB 3
BUIMAJKOBUMH Ta Maibke MEepioUYHUMH KoedillieHTaMu, 30KpemMa OoOepHEeH1 3ajadi
Teopii PO3CIIOBaHHS [JIsi TaKUX OIMEpaTopiB; TOYHO Ta ACUMITOTHYHO TOYHO
PO3B'sI3yBaHl MOJIeJl B3a€EMOJIIFOUYMX BIOPSIKOBAHUX Ta HEBIOPSIKOBAHUX CHUCTEM,
30KkpeMa (ha3oBi MEPETBOPECHHS Ta METOAM OOUMCIIOBAHHS BaXKJIMBHX BiAMOBIIHUX
¢13uuHnx xapaktepuctuk. Mae Haropoxy — mpemiro HAH VYkpaimm im. M. B.
OcTporpachbkoro 3a cepito npailb «IMOBIpHICHI 3a/1a4i Ha TPyIax Ta B CIIEKTPAIbHIN
Teopii» (2008). 3apa3 oapyxeHa 1 Ma€e IBOX JITEH.

CeiTiiana Maitbopona Hapomwnacs 2 depBHs 1981 poky B M. Xapkis.
3akiHuuBIIM XapkKiBcbkuil yHiBepcutTeT B 2001 porri, BoHa 3100yia ABa AUIIOMU
Marictpa B Traimy3l (piHAHCIB 1 B ramy3i NpukiIaaHoi matematuku. Y 2005 poui
3aXMCTUJIA KaHIUJATChKY IUCEpTallil0 B yHiBepcuTeTi Miccypi mij KepiBHULITBOM
Mapiyca Maiitpeeil. 3apa3 mpairoe npodecopoM MaTeMaTHKd B MIHHECOTCHKOMY
yHiBepcuTeTi. Ii  JOCHiZKEHHS  CTOCYIOTbCA  TapMOHIHHOrO  aHamizy Ta
nudepeHiaIbHUuX PIBHSAHD, B TOMY YMCII KPalloBUX 3aJa4 JJi €INTUYHUX PIBHSHbD.
Bona npairoBana B ABCTpasliiichKOMY HaIllOHAJIBHOMY YHIBEPCUTETI, YHIBEPCUTETI
mraty Oraiio 1 bpayncekomy yHiBepcureri. 3 2008 poky Maiibopoaa mpairoBaiia B
yHiBepcuteTi llepnpto, a y 2011 pormi mnepeiinuia B yHiBepcuTeT MIiHHECOTH.
CeiTmana 3 2010 mo 2015 poxu mparoBaia TaKoXK HAYKOBUM CITIBPOOITHUKOM
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Cnoan. Y 2015 pomi Oyna oOpana wWieHOM AMEPUKAHCHKOTO MaTEMaTHYHOTO
ToBapuctBa. B 2016 poui oTpumana 3BaHHs npodecopa B yHiBepcuTeTi MiHHECOTH.
Y 2013 poui BuOOpona mpemito Acomiamii s kiHOK B matemartuni Sadosky 3a
JIOCIIIJKEHHS B aHa131.

TuuikeBuy Perina Mocumisaa — Giopychkuii MaTeMaTHK, BitoMuil daxiBerb
B cdepl «reopii rpadiB», MToKTOp (Pi3zuKO-MaTeMaTHYHUX Hayk, npodecop. Perina
Wocunisua napommmacs 20 sxoBtHA 1929 poxky B MiHcbky. ITicas YCHiIIHOTO
CKJIaJIJaHHS ICTIUTIB BOHA MOCTyNuja Ha (izuko-marematnuHuii Qaxynbrer BIY,
SKUK 3akiHuuia B 1952 pori. B 1mipomMy >k polll BOHa MOCTYMIJIA B acHipaHTypy,
3aKIHYMBIIM $KYy, TouYaja BHUKIAJaTH Ha piaHoMy Qakynereti. Y 1959 pomi
3aXUCTHIIa KaHAUJIATChKY AucepTaiiio. ¥ 1984 poui B [ncturyTi kibepHetuku im. B.
M. T'mymkxoBa AH VYPCP (KwuiB) 3axmctuia IOKTOPCHKY AHMCEpTAIlil0 MO TeMi
«AnreOpaiuni MeToau Teopii rpadis» - JaHa JOKTOPChKA AuUcepTallis Oyia mepIioko
B PagsHchkoMy coro3i 1o Teopii rpadi. Y 1986 porii i mprCBOEHO BUCHE 3BaHHS
npodecopa. Perina MocumiBHa Bene akTHBHY HAayKOBO-JIOCIiXHHIIEKY isTBHICTS.
BoHa € 3aCHOBHUKOM 1 KEpIBHUKOM O110pYChKOT HayKOBOI IIKOJU Teopii rpadis, sika
OoTpUMasla CBITOBE BH3HAHHsA. BBena e€IuHUII HOBAaTOPCHKUN Kypc anreOpu 1
reoMeTpii, SIKUi [K 1 paHilie HIKOJIM HE BHUKJIaJaBcs HI B ogaHoMy 3 By3iB CPCP
(3aMicTh OKpemMHuX KypciB anreOpu 1 reomerpii Hewo crniibHO 3 A. C. denenko
Briepiie B CPCP OyB npountanuii €eAMHUN Kypc MUX AUCIUILIIH). ABTOpP 1 1HIIIaTOp
BUKJIaJIaHHA Ha (akyibTeTl Kypcy «BBeieHHs B MaTeMaTHKy», SKUWA HE BXOAUB IO
[bOT0 B HaBuUaJbHI I1aHu yHiBepcuTeTiB CPCP. Bona — oauH 3 aBTOP1B KOJIEKTUBHOI
npani «Jlekuii 3 Teopii rpadiBy - mepmworo miipydyHuka 3 Teopii rpadiB He TIIBKU B
CPCP, a i1 3a lioro Mexamu. «JIekii 3 Teopii rpagis» pazom 3 CYIyTHIM 3aJa4HUKOM
MepeBe/ICH] Ha aHTIIIChKY MOBY 1 BUJaH1 32 KopaoHoM. [ligrorysana 17 kanauaaTis
1 1 nokropa ¢i3uKo-MaTeMaTUYHUX HAyK, KOTpl MpalOl0Th B YHIBEpCUTETaX
binopyci, Benukoi bpuranii, CIIA, Kanagu, B’ernamy 1 ['Binei. ABTop Oubmie 100
HayKOBHUX 1 HAyKOBO-METOJAMYHUX POOIT, y ToMy uncil 14 nociOHUKIB 1 MOHOTpadii,
TPH 3 SIKUX MEPEKIIAJACHO HA aHTIIIHCHKY MOBY 1 BUJIAaHO 32 KOPJIOHOM.

Jliteparypa:
1. Yuctsikor B./l. Po3noBiai mpo matematukiB. — MiHchk: Buina mkona, 1966.-
410 c.

2. FOmkeBuy A.IL. Ictopis matematuku Ykpainu. — M.: Hayka, 1968. 592 c.
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M.B.Tuc, 10.B.AInuyk

JIvsiscokutl OeporcasHutl yHigepcumem Oe3nexu HCUummeoisiibHoCmi

Hayxosuii kepisnux M.1. Kyciii, kanouoam nedaco2iunux Hayk, 0oyeHm, 0oyeHm Kagpeopu
NPUKIAOHOT MamemMamuKu

MATEMATHUKA I MUCTELTBO
Mamemamuxa 6on0dic He MinbKU
Icmunolo, aie I 6UWol Kpacoio,
X0JI0OHOI0 [ CY80pPOI0, NOOJIOHON
KpAci CKyI1bnmypu.
bepmpan Paccenn

MaremaTuka Ta MHUCTELTBO: Ha CHOTOJIHINIHINA JIeHb 111 JABI BeJUKI cdepu
KYJIbTYpH CIPUUMAIOTHCS SK JIBa IMOJIOCH 1 HABITh K JIB1 MPOTHAIIOUI CHUJIH, B TOM
yac, KOJM HacIpaB/l BOHM 3B’s3aHl MIIHUMHU TyTamu. Marematuk [[xeppi Kinr
OMKCY€E MATEeMAaTHKy SK MHUCTEUTBO, 3a3HAYMBIIH, 10 «KIOYAMHU 10 MaTEeMaTHKU €
Kpaca Ta €JIETaHTHICTh, @ HE HYJHICTh Ta (OPMaJIbHICTH». MaTreMaTuky MOKHA
BUJIUTUTH y 0aratbOX BUJAX MHUCTELTBA, HAMPUKIIAJ MYy3Hlll, TAHI1, apXITEKTYpi.

MaremaTuka i apxiTekrypa.

3 ycixX BUIB MUCTELTBA apXITEKTypa, MaOyTh, OJIMK4YE 3 YCIX JO MATEMATHKU:
TOMY 10, 32 OCHOBY KOHCTPYKIIH MOKJIaJ€HI HAUTOYHINI pO3paxyHKU. Y JaBHUHY,
OKpIM BIJOMHUX HHHI JIEB'SITU MY3, ICHyBaJla 1 My3a MaT€MaTHKH, TOOTO MaTeMaTHKa
BBa)KaJIacs MHCTCIITBOM PIBHUM acCTPOHOMIi, My3a SKOi BXOAWTh B CKJIaJl CBHUTH
ArmomioHa — BaTakka yciX My3. Byab-sika apXiTeKTypHa CIOpyJa BUKOPUCTOBYE
cuMetpito. Myun BUIMIIME MicTa, MOXKHA CIIOCTEpIraT, sIK TeoMeTpH4Hi dGopmu
BUKOPUCTOBYIOTBCS B  apxXIiTeKTypi. Jluime [gockoHane 3HaHHS apXiTEKTOPOM
MaTeMaTHKHU Ja€ MOXJIMBICTh MMOEIHATH 3/1aBajOCh O MPOCTi reoMeTpudHi Gopmu (
Taki sIK: KyO, eNirnc , KoJio, HMWIIHAP) YV CKIaAHY MY3HMKY BHUIIYKaHUX OyiBElb.
Pesynbrar po0OOTH apxiTekTopa MOBUHEH OYTH TOYHUM, HOT0 NEPCIEKTUBHUN
MAaJIIOHOK IMOBUHEH BIJNOBIIaTH MTpaBUiaM reoMeTpii.

MaremaTuka i JiTeparypa — ABa KpuJia HAaTXHeHHH.

Binoma sk miteparop 1 Marematuk Codis KoaneBcbka mpo maTeMaTUKY
TBepauia Tak : «lle Hayka, ska moTpeOye Ayxke OaraTo (aHTasii; HE MOXHa OyTH
MaTeMaTUKOM, B TOM k€ yac He OyAy4uHu MOETOM B CEpIIi».

OaHuM 3 HaWOLIBIIMX MATEMATHKIB , sSIKUM OyB 4yqoBuUM moeroMm, € Omap
Xavism. Bin 3aBepmuB MOOYIOBY TE€OMETPUYHOI Teopli KyOIUHHUX pPIBHSHb.
[TapanenbHO 13 3aHATTSMU HAYKOIO XalsiM CTBOPIOBAB CBOI BIPIIIi.

[TincymoByr0uM, MOKHA 3 YIIEBHEHICTIO CKa3aTH, III0 MaTEMaTHKa 1 JiTeparypa
— 11€ BIYHI HayKu. 3 HalJaBHIIIKX YaciB BIJJOMO, III0 MATEMATUKa BUUTh MPABWILHO 1
MOCIIZIOBHO MUCJIUTH, JIOTIYHO MIpKyBaTH. He MeHII BaxkimBa 1 JiTepaTypa, L0
J03BOJISIE JIIOJIMHI BUCJIOBIIIOBATU CBOI1 JYMKH, MOUYTTs, eMolli. TiIbKU B TICHOMY
B3a€EMO3B’SI3KY 1LIMX HAyK JIIOJWHA BiIYyBaTUME ce0€ CIHOKIMHO, BIIEBHEHO,
KOM(OPTHO B IIbOMY BETUYE3HOMY CBITI 3arajioK.

My3uka — MaTeMaTHKAa MO4yTTsA. MaTeMaTHKa — My3UKa po3yMmy.

[Tounnaroun 31 ckiagaux ¢yr baxa 10 4ynoBUX MiCEHb CYYaCHUX BHUKOHABIIIB
My3WKa W MareMaThka HEMHUHYy4Ye TNEepEeTHHAIOThCA. KpiM OCHOBHHX CHoco0iB
BUKOPUCTAaHHS MaTEMATUKU B TEOPIl My3UKH ¥ My3WYHUX MO3HAYEHHAX (HAMPUKIIA,

«Mamemamuxa, wo nac omouye: Munyne, cyyacue, maroymuey, 29 bepesns 2019 90



B aKopAax, My3UYHOMY pO3Mipi, 10 BKa3y€ KUIBKICTh YaCTOK B TakKTi, a00 HOTax 3
TOYKOIO, sIka 30UTBIIyE TPHUBATIICTh HOTH Ha TMOJIOBHHY) MY3UKa € JDKEpeIoM
JIOCTKEHb y 0OaraTbOX MaTeMaTUYHHX Tally3sfX, TaKuX sK aOCTpakTHa anrelpa,
TEOpiss MHOXKHH 1 Teopis uucel. JlocaimkeHHs MoKa3aau, 1Mo eIkl My3W4dHI TBOPH
CTalOTh OUTBII TOMYJISPHUMU W JyXe MOIIMPEHUMHU BUKIIOYHO 3aBISKH CBOIN
«MaTEeMaTH4YHIN» CTPYKTypi. TakoX MOCHITHUKK TEepEeKOHaHHI, IO [ITH, SKi
HABYAIOTHCS TPaTH HA MY3UYHUX I1HCTPYMEHTaX, IOKa3ylOTh 3HAYHO KpaIIHid
pe3yJbTaT MpU BUPILICHHI 3aBJaHb, 10 BUMAraloTh 3aJy4eHHS MPOCTOPOBO-YACOBOT
opieHTali. YacTKoBO II¢ TOB'SI3aHO 3 KIIBKICTIO MEPETHHIB MK MY3WYHUMH M
MaTeMaTHYHUMHU HaBUYKaMu. Hampukiaj, MOHATTS «4acTHHA—LILIE», 0 HEOOXiaHe
Ui PO3YMIHHS 3BHYAWHUX JECSITKOBUX JpoOiB 1 BIJICOTKIB, y BEJHKIA Mipi
BITHOCUTBCS U 70 PO3yMiHHSI puTMy. [ paMOTHHI My3HWKaHT 3000B'sI3aHUI MOCTIHHO
MOJYMKH pO30MBAaTH PUTM Ha PiBHI CKJIaA0BlI (1 KOHTPOJIOBAaTH HOTro), moou
MPABUIIBHO B1IOOpakaTH pUTMIYHUN MATIOHOK TBOPY.

OTxe, 10 MaTeMaTuka, BiJOOpakae HE TUIBKU ICTHHY, ajieé 1 HE3pPIBHSIHHY

Kpacy.

Jliteparypa:
1. BonommuHoB A. B. «MaremaTtuka tTa Muctentsoy», 2000 p.
2. https://vsiknygy.net.ua/review/782/
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€. lI'aina
JIvgiscokuil Oepoicasnuil ynisepcumem 6e3nexu HeummeOoisibHOCI

Haykosuii kepisnuxk O.M. Tpycesuu, xanouoam @isuxo mamemamuyHux HAayx,
ooyenm Kagpeopu npuxkiaoHoi Mamemamury i Mexauiku

«MATEMATHKA 3 JJAJJEKOI'O MAUBYTHBOI' O»

Anoncekuii mMatematuk CiHiduli MOTIA3YKI CTBEP/XKY€E, IO BUPIIIMB OJHY 3
HaWOIBIINX MPOOJIEM CydacHOi MaTeMaTHKU. AJIe HIXTO HE MOXE II€ IMiATBEPAUTH
4y crpocTyBaTH. Moro HaykoBumii JOpOGOK Bpakae CBOEIO MacinTabHicTio. IT'STcoT
CTOPIHOK — OOCSAT TEKCTY, SIKUM MOXX€ MOXBAJIUTHUCh HE KOXKE€H T'yMaHITapiid, He
Ka)KydH B)KE MPO MaTeMaTHKa. AJjie He TUIBKH KilbKiCTh Mae 3HaueHHs. Moro mpars
Ma€ IIAaHCH CTaTh MaTeMaTHYHOI OOMOOI0 U 3amo4aTtkyBaTh aOCOIIOTHO HOBY
MaTeMaTUKy — «MaTEMaTHUKY 3 JIaJIeKOr0 MailOyTHHOTO», SIK BUCJIOBUBCSI OJUH HOTO
KOJIera.

Excuentpuunuii simoHcbkuid MaremaTuk CiHidi MOTIIBYKl CTBEPIIXKYE, IO
IOBIB rinote3y abc — ogHy 3 HalOUTBIIMX MPoOIeM Teopil uucen. A mob 3poOuTH
e, MoMy JOBENOCh IMEPEBEPHYTU CaMi OCHOBM MAaTEMaTUKH, TMOYHMHAIOYH 3
apu(pMETUYHUX J1i 1 TeOpli MHOKHH, SIKI BABYAIOTh B IMOYATKOBUX KJIAcaX CEPEIHbOI
IIKOJIH.

I'inoTe3a abC HaIEKUTH 10 MOJIOMX ITPOOIeM Teopii uncen. Ii copmymosau
HE3aJIC)KHO OJMH BiJ ozHOoro Maremarnku Jlesix Maccep i [bkosed Ocrepie y 1985
i 1987 pp., Tomy ii Takox Ha3MBaIOTh TinoTezor Maccepa-Octepne. i cyTb m0cHTD
npocra. s Oynb-aKoro aiiicHoro uucia I > 1 icHye He OuIblle TPhOX HaTypalbHUX
yrcen a, b i ¢, 11 IKuX BUKOHYEThCs yMOBa @ + b = ¢, sikiio a, b i ¢ B3aemHo mpocri,
TOOTO y HUX HEMAE CMUIbHUX JIUILHUKIB, @ C — iX paJuKall.

Amke mo6 nmosectu rinmoresy abc, Ciniuyi MoOTia3yki BUHAKMIIOB HOBHM
HaIpsIMOK TeOopii 4uces, SKWA HEWMOBIPHO aOCTPaKTHHI HaBITh 3a CTaHJApPTaMU
YuCTO1 MaTeMaTuKu. «KoJu BU 11e YMTa€Te, Y BAC BUHUKAE BIUYTTS, [0 TIEpe]] BaMU
TEKCT 3 JaJEeKOro MaildyTHporo abo 3 iHmoro BcecBiTy», — MPOKOMEHTYBAaB CBOi
Bpa)kKeHHS MaTeMaTuK 3 YHiBepcuteTy Bickoncuna-Mexicona [Ixopaan Ennenoepr.

Cam aBTOp Kaxke, IO WOT0 TEOpisi CTAHOBUTH «PI3HOBHJI MIHIATIOPHOI MOJENI
TOTO, YAM € MaTeMaThKa B JIIOJCHKOMY CyCHUIbCTBI». CKIaAHICTh, 3 SKOK HOTO
CIIPUHMAIOTh MOTO KOJIETH, — II€ KOIis Ti€l CKJIATHOCTI, 3 SIKOIO pEIlTa YJICHIB
CYCIUJIbCTBA CHPUMMAIOTh MaTeMAaTUKiB. [HIMMMHU cloBaMH, 1€ «MaTeMaTuka s
MaTeMaTHKiB», 800 MaTeMaTUKa B KBaJparti.

[lpans  myxe  BiggajieHa BIJ ~ CTaHJAPTHOI ~ MAaTEeMaTHYHOI  TEOpii.
BigmroBxyrounch Bin apudmMernunoi Teopii TeixMmromnepa, reomeTpii Apakenosa i
tonosorii ['omxka, BiH mocTtaBUB coOl 3a MeTy pe@opMyBaTH MaTEMAaTUKY 3HHU3Y
JIOTOpH, MMOYMHAOYM 3 ii HaWBaXKIIMBIIIUX OCHOB Y TE€OpPii MHOXHH 1 JiarpaM BenHa,
K1 € aKClIOMaMHU HaBITh JJIS1 IIIKOJISIPIB.

IBan decenko, KU € OJHUM 3 YOTUPHOX MAaTEMAaTUKIB (IHII JIBOE — KOJIEIU
Mortiazyki 3 RIMS, me omun — 3 OputaHchkoro EKceTepchKOro yHIBEpCUTETY),
KOTp1 3asiBUJIM, IO 3pO3YMUIA HOTO Tpalli, MOSICHIOE, IO CYTh HOTO BCEOCSKHOT
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CUCTEMH MIKYHIBEpPCAJIbHOT F€OMETPIl B TOMY, 110 LI YKCIa HAJIEKHUTH PO3TIISIIaTH
y 30BCiM HOBOMY CBITI, BIIKHIAI04H JOJIaBaHHS W PO3TIISIIAI0YA MHOXKEHHS K IOCh
IUIMHHE 1 HecTaje. 3BUYHI JJI1 Hac apuMeTHuHl Aii € TUIbKA OJHUM BHUMAIKOM 3
117101 HU3KU CTPYKTYP, MOJIOHO /10 TOTO, SIK KOJIO € CIeIliaJIbHUM BUAOM elirnca. Sk
nepegae  deceHko, MOTIA3yki TOpiBHIOE ce0e¢ 3 MaTeMaTUYHUM TiraHTOM
['poTenaikoM, 110 HE 3BYYUTh HECKPOMHO. «Y Hac Oyld MaTeMaTUKHU Nepel HUM 1
Tenep OyAyTh MICIs HhOTO», — 3a3Hauae PeceHko.

[Ipobyiema monsirae B TOMY, IO Ti KUJIbKA MaTE€MAaTHUKIB, K1 3pO3YMUIMA IIparli
MoTia3yKi, CBOEIO Yeproro, BTpavyal0Th 3JaTHICTh MOSICHUTH 1 iHImmM. «He pocuthb
MIPOCTO MATH TapHy ifet0 — Tpeba 1m1e i BMITH MOSCHUTH ii iHmmM. JIfoqm MaroTh
mpaBo OyTH EKCICHTPUYHUMU. SIKIO BiH HE XO4e MOJOPOKYBATH, WOTO HIXTO HE
npuMyIrye. Ase Ko BiH Xxoue OyTH BU3HAHUM, TO MYCHUTh MHITH Ha KOMIIPOMICY», —
xaxe [epa Danrinre.

Yci, XT0 unTaB nOBeACHHS MOTIIB3YKI, 3QIMINIAINCH 3 BIIKPUTAM POTOM.
Jlexoro 30mia 3 MaHTENIWKY HOTO po3yora, Maie MeCiaHChKa MOBa, SKOIO BiH
onucyBaB cBOi TeopeTuuHl 1HCTpykii. Cdepy, sKy BIH CTBOPUB, BIH Ha3BaB
«MDKYHIBEpPCAJIbHOIO TreoMeTpieton. «MaTeMaTHKH NEepeBaXHO dyXKe CKPOMHO
OMHUCYIOTh CBOI PO3pOOKM M HIKOJM HE CTBEPAXKYIOTh, L0 3pOOMIIM PEBOJIOLIIO Y

Bcecsiti», — kaxe Ixozed Octepne 3 Ilapusbkoro yHiBepcutety iM. Il'epa Ta
Mapii Kropi, onuH 3 aBTOpiB TinoTe3u abC, sKui 0JHUM 3 MEPUINX MPOYUTAB CTATTI
MoTia3yKil.

Huni HaaTo paHo ctBep/KyBaTH, yu npaili Cididi MOTiA3yKl pyXaTUMYTbCs y
OiK cnpuiHATTS, K 1e Oyno y Bunagky I'. Ilepenbmana, yu, MOXKIMBO, iX CIITKA€E
1HIIa 10714 1 CBIT iX BiakuHe. [Ipuknanom apyroi nepcnekTuBH € MmaTeMatuk Jlyi e
bpanwx 3 VYuiBepcutety Ilepasto B Inmiani. ¥ 2004 p. BiH omyOiiKyBaB BapiaHT
pO3B'sI3Ky rinore3u PiMaHa, SiKy BBa)XarOTh HAaWOUIBIIOI MPOOJIEMOI0 MAaTEMATHUKH.
OpnHak oro po3B'si30K HE MPUNHSIIN, OCKIJIBKH BIH OyB HaJTO CKJIAIHUM i criupaBcs
Ha TBEPJKEHHS, SIKI HE € 3araJIbHO BU3HAHI.

MosxnuBo, mapaneiab TYT He 30BCiM Baasa. HaBiTh SIKIO JOBEJACHHS TIMOTE3H
abC BuUABHUTHCS XUOHUM, inei MOTIA3yKi 3 9acoM MPOCOYYBATUMYTHCS BCEpEIMHI
MaTEeMaTUYHOI CIUIBHOTHU. «ba3ylounch Ha TOMY, 1110 5 PO HHOTO 3HAIO, UMOBIPHICTh
TOTO, 110 B HOT0 IpAaLsIX € PEBOJIIOLIITHI 1 BEJIbMHU BAXKJIMBI 1]I€1, € 1y’)KE BUCOKOIO»,
— xaxe [»xopnan Ennentepr.

Jlitepatypa:
1. https://zbruc.eu/node/46842 - Davide Castelvecchi. The biggest mystery in mathematics:
Shinichi Mochizuki and the impenetrable proof
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0. /lemenko
JIvgiscokuil Oepoicasruil yHisepcumem 6e3nexu HeummeoisibHOCmi

Haykosuii kepisnux O.M. Tpyceeuu, xanouoam @isuxo mamemamuyHux HAayx,
ooyenm Kagpeopu npuxkiaoHoi Mamemamury i Mexauiku

JOCKOHAJII YN CJIA

Po3B’s3aHHS CKIaHUX MATEeMAaTUYHHX MPOOJIEM IyKe 4YacTo MOB’SI3yIOTh 13
3axorieHHsM dopteril. [lagiHHO MatremMaTHdHO1 hOPTEIl 3a3BUYAM TIEpeaye TpUBaia
Ta HarnoJsierjauBa ob6siora. Croyatky po3BIAYIOTHCS HUIAXW MIIXOMY A0 LMUTAIENl —
MOXJIMBI HUISIXM iX BHpimieHHsA. [IoTiM 1o 4ep3i 3axOIUIIOIOThCSA IO3MINI, SKi
BIIKpUBAIOTh jJocTyll A0 ¢dopreri. Ilicna mporo moynmHaeTbes mtypm. | Hapemri,
IIACITMBUM MOMEHT — B3ATTsI (opTeri.

[Ticns mamiHHS dYeproBoi MaTeMaTH4HOi (OpPTEIll IMOYHMHAETHCS IEpPIoj
IIBHJIKOTO IIPOCYBAHHS BIIEPE]I: OJHA 332 OJHOIO BHPIIIYIOTHCS BEIWKI 1 Mai 3amadi,
BUSIBJISIIOTBCS. A0COJIIOTHO HECIOJIBAHI 3B SI3KH, BIIIIYKYIOTHCS BaXXJIMBI MPAKTHYHI
3aCTOCYBaHHSI.

OnHe 3 HaMOLIBII HEBUPINIEHUX 3aBJaHb 3 MaTeMaTUKHA IIOB’S3aHE 3
TOCKOHAIMMH duciiaMd. Yepe3 CKIaAHICTh 3HAXO/KEHHS JOCKOHAIUX YHCel i3
JTAaBHUHUA BOHHM BBAKAIOTHCS O0kecTBeHHMMH. CepeqHbOBIYHA IIEpKBa BBaXKaja, IO
BUBYEHHS JJOCKOHAJIMX YMCEI BeJle JO CIACIHHSA AYIII, 1 TOMY, XTO 3Hailic HACTYITHE
JIOCKOHAJIE YUCJIO Oy/ie TapaHTOBaHE 0JIayKEHCTBO.

B naBHMHY iCHYBaJlo EpEeKOHAHHS, IO CBIT JOCKOHAJIMN caMe TOMY, 1110 BiH
CTBOpEHMI 3a 6 MHIB. TaKOXK PYKH JIFOJAMHU BBAXAIOTHCS JIOCKOHAIMMHU, OCKUIBKU B
10 manpmsax MicTuTbes 28 dasaHr.

Ski yncia Ha3UBAIOTHCS JOCKOHAIMMHU?

JlockoHasie 4MCIIO — 1€ HaTypaJbHE YHUCIO, SKE JIOPIBHIOE CyMi BCIX CBOIX
JIJTBHUKIB OKPIM CaMOT0 YHCIIa.

Haiinepme nockonane uucino Oyno BuHaiineHe B CrapomaBniil I'pemii. Lle
qucio 6.

6=1+2+3.

HactynmHum 1O0CKOHAIMM YUCIIOM € 4ucio 28.

28=1+2+4+7+14

Binomuii Buenuid Maptin ['apaHep B 1aHOMY 4YMCIl BBaXKaB OCOOJIMBUM CEHC,
OCKIJIbKH MICSII[b OHOBITFOETHCS 3a 28 JHIB.

Hacrymnai nBa uncna Oynu BuHaiaeni Eskimigom B IV cTomTTi 10 H.€.

496=1+2+4+8+16+ 31+ 62+ 124 + 248,
8128=1+2+4+8+ 16+ 32+ 64 + 127 + 254 + 508 + 1016 + 2032 +4064.

EBkitiiom Oysio MOBEICHO HE JIHIIE ICHYBaHHS JBOX HOBUX JOCKOHAIUX YHCET,
ajie i BUBEACHO (pOpMyITy JIJIsl OIIYKY MapHUX JOCKOHAIUX YHCEIT:

2P~1(2P — 1), e 2P — 1 — npocTe yKcIIO.

JIBi Tucsui pokiB ToMy Eiimepom Oyno noseneHo, umo ¢opmyna EBkiiga
MICTUTH JIMILIE TIApHI YKCIIa, aje HE JOBEJCHO, 110 JOCKOHAJIMMHU HE MOXYTh OyTH
HETapHi.

BuennmMmu Takox J0oBeAcHI IIKaB1 BJIACTUBOCT] JOCKOHAINX YHUCET:
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- Bci pockonani yuciaa TpUKYTHI (SKIIO B3STH JOCKOHAJIE YUCJIO KYJb, TO 13 HHX
MO>KHa CKJIACTH PIBHOCTOPOHHIN TPUKYTHUK);

- Bci mockonani yncna, okpiM 4mcia 6, MOXKHA 3alKdcaTd y BUIJISAL CyMH KyOiB
MOCJIJOBHUX HEMAPHUX HATYpPaIbHUX YHCEN,
13+33=1+27=28
13+ 33+ 5%+ 7% =496

- Cyma BenmuuyuH, OOEPHEHUX BCIM JiJTPHUKAM JOCKOHAJOTO YHWCIA, BKIFOYAIOUN
HOT0 caMoT0, 3aBXKIU JOPIBHIOE 2.

MHOTOKYTHUKHM TaKOX MAOTh HEMIEPEPBHUMN 3B’ SI30K 3 JIOCKOHATTUMU YUCIIAMH:
KBanpar: 4 ctoponu + 2 giaronani = 6 (JJOCKOHaJIE YUCIIO);
BoceMmukytHuK: 8 cTopin + 20 miaronanei = 28 (10CKOHaJE YUCIIO);
32 — kytHHK: 32 cTopoHU + 464 miaroHani = 496 (10CKOHAIE YUCIIO).

B XVII croniTTi qockoHal uyucia mykaB (PpaHiy3bkuid maremaTuk MapeH
Mepcens. Bin npunyctus, mo npu p = 17, 19, 31, 67, 127 1 257 ¢opmyna EBkinina
na€e JockoHaie uucio. [IpoTe mepeBIpUTH CBO€ MPUIYIICHHS HE 3yMIB 4epes
ckIanHicTh obumcienb. [IpaBoty Mepcenna mist p =17, 19 1 31 nmosiB B XVIII
cronitti Jleonapya E#nep. [li3uime BusiBUIacCh MOMUIIKOBICTh Tiepen0adeHs st p=67
1257, 110 He 3aBaykae HA3UBATH uncia BUTIALY 2P—1 yucinamu MepceHHa.

Ha cworogui Bimomo 48 wuymcen MepceHHa 1 BIAMOBIAHMX iM IMapHUX
nockoHanmux uucen. [lounmHaroun 3 1997 poky iX MOUIyKOM 3ailMaeTbcsl KOMaHJIa
po3noauieHux oobuucneHb 3 Mepexi [nrepHer GIMPS. 48-¢ yucno Oyno 3HaiineHe
came Tak y motomy 2013 poky. e 2°°%".1 _ maiiGineme 3 Bimomux mpoctmx
gricen Mepcenna. JIo 1mporo dacy BigOyBaeThCS MOMIYK JAOCKOHAIMX YHCEN Ta
JOBEJIEHHS TOTO (haKTy, 110 JOCKOHAIMMHU HE MOXYTh OYTH HeMapHi YKcia.

Jlitepatypa:

1. 3.I1. Xanenska, B.B.Hapsnosuii. MarematnuHa jorika ta Teopist anroputmis: HaBu.migpyd. . —
Kponusaunpkuiti: PBB KAIIT im. B.Bunnnuenka, 2017. — 128 c.
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C. Myxa
JIvgiscokuil Oepoicasruil yHisepcumem 6e3nexu HeummeoisibHOCmi

Haykosuii kepisnuxk O.M. Tpycesuu, xanouoam @isuxo mamemamuyHux HAayx,
ooyenm Kagpeopu npuxkiaoHoi Mamemamury i Mexauiku

KAJIBKYJATOP HACKAJIA

bnes Ilackamp - oauH 13 3aCHOBHHKIB MAaTEMaTHYHOTO aHAaJi3y, Teopii
HMOBIPHOCTEH Ta MPOEKTUBHOI TE€OMETPii, TBOpPEIh IMEPIIUX 3pa3KiB JIYUIBHOT
TEXHIKH, aBTOP OCHOBHOTO 3aKOHY TiAPOCTATUKU. BimomMuil TakoxX BiIKPUTTIM
dbopmynu OiHOMIaNBHUX  KOe(IIlE€HTIB,  BHHAXOJAOM  TiIPaBJIYHOrO  Mpeca
! mmpuia ta 1HIMMUA BIAKPUTTAMU. ABTOp 3HamMeHUTHX «Jlymox» Ta «JIucTtiB 10
MPOBIHITIANAY, K1 CTAIM KJIACUKOIO (PPAHITY3bKO1 JTITEPATYpPH.

[Tackans HapoauBcs 19 yepBHs 1623 poky B Micti Kitepmon-®eppan (OBepHb)
B POJIMHI TOJIOBU MOAATKOBOro ymnpaBiiHHa ETbena Ilackans i Antyanertu berow,
nouku ceHemans OBepHi. Y IlackaniB Oyno Tpoe aiteit — bie3 1 aBi fioro cectpu:
Mosoama — JKakimiH 1 crapma — JXunsbepta. Matu nomepna, konu biesy O0yno 3
poku. Y 1631 pori cim's nepeixana no [lapuxa.

[Tackayb-0aThKO MOTPUMYBABCS NPHUHIIMITY, 32 SKAM CKJIQAHICTH IpeaMeTa
Majia BIJINOBIAATH PO3YMOBHUM 3AI0HOCTSM AWTHUHU. 3a HOro IJIAHOM JaBHI MOBH
bne3 maB BuBuatu 3 12-1H, a MmaTemaTuky 3 15-16 - piunoro Biky. MeTon HaB4YaHHS
MOJIATAB Yy TOSICHEHH1 3arajbHUX IMOHATH 1 MPaBWJI Ta HACTYMHOMY MEpPEeXOil 0
BUBUCHHS OKpPEMHUX TMHWTaHb. Tak, 3HAHOMIISIYM BOCBMHUPIYHOTO XJIOMYUKA 13
3aKOHAMH I'paMaTHKH, CIIUJIBHUMH JIJIS BCiX MOB, 0aThbKO MaB Ha METI HAaBUUTH HOTO
MUCJIUTH PAIIOHATIBHO. Y I0Ma MOCTIHHO MPOBOIUIUCS OECiAM 3 MUTaHb MAaTEMATHUKU
1 bnes Ham3BUualiHO MIKaBUBCS UM MpeaMeToM. baTbko, sikuii moOoroBaBcs, IO
MaTeMaThKa 3aBaJIUTh CHHOBI  BHUBYATH JIATHHCHKY Ta TPEIBKY MOBH,  OOIIIsB
3BEPHYTHUCS JI0 MAaTEMaTUKHA B MallOyTHbOMY. SIKOCh Ha YeproBe 3aUTaHHS CHHA PO
T€, UI0 Take reoMeTpisi, ETbeH KOPOTKO BiAMOBIB, IIO 1€ CIIOCIO KPECIUTH MPABUIIbHI
¢Girypu 1 3HaXOIUTH MK HHMMH MPOMNOpLIi, NpoTe 3a00pOHUB HOMYy OyaAb-sKI
nociipkeHHs B 1id cdepi. Ognak bie3 Ha caMOTi 3aX0AMBCS BYT'ULISIM KPECIUTH Ha
171031 pi3Hi GIrypu 1 BUBYATH iX. He 3Hat0uM reoMeTpuyHUX TEPMIHIB, BiH Ha31BaB
JIHIIO «ITAJIMYKOIO», a KOJIO «KUIBIIEM.

bne3 Ilackanb cTBOPMB CBii MEXaHIYHUN KaJdbKyJsITOp y Billi 19 pokiB
y 1642 porii, criocTepirarouu 3a poOOTOI0 CBOTO 0aThKa, SKUW MPAIfoBaB 301pPHUKOM
MOJIaTKIB 1 OyB 3MYIIIEHUI 4aCTO BUKOHYBATH JIOBT1 1 OOTSKIMBI pO3paxyHKH.

[Tpubau3no 3a 10 pokiB BiH moOyayBaB Oinbie 50 Mojenel KaabKyJIsaTopiB, B
TOMY YHCJ1 1 BJOCKOHAJIEHYy MOJIeTTh MEXaHIYHOrO KajbKyisTopa. JlemoHcTparis
poOouoi MOJENi MEXaHIYHOTO KallbKyJsTopa BigOynacs B 1645 poui 1 31uByBana
cepenHbOBIUHY €BpOMY KPaCOIO 1 TOYHICTIO CBOIX MEXAHI3MIB.
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Mamuna [lackans sBisia co0010 MEXaHIYHUHN IPUCTPIN Y BUTIIAAI HIYXJISIKA
3 YHCJICHHUMH, TIOB'I3aHUMHU OJWH 3 OJHHM 3yOUacTOI0 TEpeador0 MECTEPHIMHU.
Yucna BBOAWIMCA B MalIMHY 3a JOIMOMOTOIO BIAMOBIZHOTO TMOBOPOTY HaOIpHUX
Kommat. Ha Ko)He 3 IuX KOJMIIIAT, [0 BiAMOBIJAIH OJTHOMY JI€CATKOBOMY PO3PSIY
yucaa, Oynu HaHeceHl momiaku Big 0 mo 9. Ilpum BBejeHHI YwMclia, KOJIIIAaTKa
IPOKpyYyBaJIMCA A0 BIANOBIAHOL 1M(pHu. 3poOUBIIM MOBHUIM 00€PT HAUIUIIOK Haj
mudporo 9 KoOMIIATKO TEPEHOCUJI0O Ha CYCIAHIA po3ps]l, 3CYBalOUMd CYCIJIHE
KojiimaTtko Ha 1 mosumito. Ileprni Bapiantu «IlackamiHm»y Manu I'STh 3y04acTHX
KOJIC, MI3HIIIE IX KUIBKICTh 30LIbIIMIIACA OO0 IIecTH a00 HaBITh BOCBMH, IO
JIO3BOJISIIO MPALFOBATH 3 BEJIMKUMH YHCIaMU, ax 10 9999999,

BinnoBiap 3'sBisnacs y BEpXHiM 4YacTHUHI MeTaleBOro koprycy. O6epTaHHs
KOJImar OyJ0 MOXJIMBE JUIIE B OJHOMY HAIpPSMKY, BUKIIOYAIOYA MOXKIIWBICTH
0e3MoCepeTHbOTO ONEpPYBaHHS Bil €MHUMH YHCIaMHA. TUM HE MEHINE, MalliHa
[Tackans m03BOJsUIa BUKOHYBAaTH HE JIMINE JOJAaBaHHs, aje W 1HII omeparii, ane
BUMAaraja Mpu I[bOMY 3aCTOCYBaHHSI JIOCUTh HE3PYYHOI MPOLETYpH MOBTOPECHHS
CKJIaJlaHHs. BilHIMaHHS BUKOHYBAJIOCh 3a JIONIOMOTOI0 JIOMIOBHEHb 10 JICB'ATKH, SIKi
JUTSL IOTIOMOTH KOPUCTYBauy 3'SBJSUIMCS Y BIKOHII, PO3MIIICHOMY HaJl BUCTABJICHUM
OpUTiHAJIBHUM 3HaueHHsM. He3Bakaroum Ha TepeBard aBTOMAaTUYHUX OOYHCIICHb
BUKOPHUCTAHHS JECATKOBOI MaIIMHU JUTsl (J1IHAHCOBUX PO3PAXYHKIB Y paMKax Jir04oi B
Toil yac y @paHIii rpomoBoi CcuUCTEMU OyJ0 BaXKKUM. Po3paxyHKu Beucs
B JIiBpax, Cy Ta JieHbe. Y JiBpi HapaxoByBaiocs 20 cy, B cy — 12 aenne. 3po3ymisio,
10 BUKOPUCTAHHSA JIECATKOBOI CHCTEMHU YCKIIAHIOBAJIO 1 0€3 TOro HeNerkui mpoiec
oOuucnensb. He3pakaroun Ha 3arajibHe 3aXOIUICHHS, MAlllMHA HE MPUHEca OararcTaa
cBoemy TBopIr0. CKIaaHICTh 1 BUCOKA BapTICTh MAIIMHU B MOE€IHAHHI 3 HEBEIUKHUMU
00UYHCITIOBAILBHUMHU 310HOCTSIMH CITY>KHJIM MEPEIIKOJIO0 il IIUPOKOMY MOIIUPEHHIO.
TuM He MeHIN, 3aKiIaiecHuil B OCHOBY «llackaiiHW» TPUHIMII TOB'S3aHUX KOJIIC
Maibxe Ha TpU CTOJIITTS CTaB OCHOBOIO TUISt O1IBIIOCTI
CTBOPIOBAHUX OOUUCIIIOBAILHUX MPUCTPOIB.

Mammuna Ilackans crama ApyruMm peajgbHO MPAIIOYUM OO0YHMCIIOBATHLHUM
npucTpoem Ticis paxiBuuka Bimerensma Illikapma, ctBopenoro B 1623 porri.
VY 1799 poui nepexin @paniiii Ha METPUYHY CUCTEMY, TOPKHYBCSI TaKOX 11 TPOIIOBOI
CUCTEMH, fAKa CTaja, HapemTi, JecATkoBorw. OpHak, MNPaKTUYHO O
nouatky XIX cTomTTS CTBOpEHHA Ta BUKOPUCTAaHHS OOYMCITIOBAIBHUX MAIlUH
sanmumanocs  HeBurigauMm. Jlume B 1820 pomi Hlapne  Kcas'e Toma  ge
KonpMmap 3amareHTyBaB nepiimidi MEXaHIYHUA KaJbKYJSTOP, SIKUM CTaB KOMEPIIITHO
YCIIIIHUM.

Jliteparypa:
1. Conomarun B.A. Ucropus Hayku. Yu. oc. — M.: [IEPCD, 2002 — 352 c.
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https://uk.wikipedia.org/wiki/%D0%A4%D1%96%D0%BD%D0%B0%D0%BD%D1%81%D0%B8
https://uk.wikipedia.org/wiki/%D0%93%D1%80%D0%BE%D1%88%D0%BE%D0%B2%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://uk.wikipedia.org/wiki/%D0%9B%D1%96%D0%B2%D1%80
https://uk.wikipedia.org/wiki/%D0%A1%D1%83_(%D0%BC%D0%BE%D0%BD%D0%B5%D1%82%D0%B0)
https://uk.wikipedia.org/wiki/%D0%94%D0%B5%D0%BD%D1%8C%D1%94
https://uk.wikipedia.org/wiki/%D0%94%D0%B5%D1%81%D1%8F%D1%82%D0%BA%D0%BE%D0%B2%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/w/index.php?title=%D0%9E%D0%B1%D1%87%D0%B8%D1%81%D0%BB%D1%8E%D0%B2%D0%B0%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D0%BF%D1%80%D0%B8%D1%81%D1%82%D1%80%D1%96%D0%B9&action=edit&redlink=1
https://uk.wikipedia.org/wiki/1623
https://uk.wikipedia.org/wiki/1799
https://uk.wikipedia.org/wiki/%D0%9C%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%BD%D0%B0_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%B2%D0%B8%D0%BC%D1%96%D1%80%D1%8E%D0%B2%D0%B0%D0%BD%D0%BD%D1%8F
https://uk.wikipedia.org/wiki/XIX
https://uk.wikipedia.org/wiki/1820
https://uk.wikipedia.org/wiki/%D0%A8%D0%B0%D1%80%D0%BB%D1%8C_%D0%9A%D1%81%D0%B0%D0%B2%27%D1%94_%D0%A2%D0%BE%D0%BC%D0%B0_%D0%B4%D0%B5_%D0%9A%D0%BE%D0%BB%D1%8C%D0%BC%D0%B0%D1%80
https://uk.wikipedia.org/wiki/%D0%A8%D0%B0%D1%80%D0%BB%D1%8C_%D0%9A%D1%81%D0%B0%D0%B2%27%D1%94_%D0%A2%D0%BE%D0%BC%D0%B0_%D0%B4%D0%B5_%D0%9A%D0%BE%D0%BB%D1%8C%D0%BC%D0%B0%D1%80

M. Camomwok
Jlvgiscoruii Oepaicasruil yuisepcumem 6e3neKu HeummeoisibHOCmi

Hayxosuii kepisnux O.M. Tpyceeuu, xanouoam @izuxo mamemamuyHux HAayx,
ooyenm Kagpeopu npuxkiaoHoi Mamemamuxy i Mexauiku

INPOBJIEMH TUCAYOJITTA

Ham cBiT OararorpanHuii, miKaBUi Ta BOJHOYAC TAEMHHYMN 3 Oararbma
HEBUPIMICHUMHU TIpoOjeMamu. Po3ristHeMo Jaesiki HEBHUpIIEHI 3ajadi B 00J1acTi
MaTeMaTUKH Ha CHOTO/IHIIIHII Jac.

IIpo6aema P = NP nonsirae B HAacCTYNMHOMY: SKIIO TO3WTUBHY BIJIMOBIIb Ha
SAKECh MUTAHHS MOKHA IIBUJIKO nepegipumu (3a MOJIHOMIATLHUN Yac), TO Y MpaB/a,
10 BIJIMOBI/Ib HA II€ K MUTAHHS MOJKHA IIBUIKO 3Hatimu (3a MOJIHOMIAIBHUHN Yac 1
BUKOPUCTOBYIOUM TIOJIIHOMIaNbHY Tam'sTh)?  Hampukman, 4u BipHO, 1O cepen
gucen -2, -3, 15, 14, 7, -10, ... € taki, mo ixHa cyma gopiBHioe 0 (3a71a4a po CyMH
nigMHOXMH)? Binmosinb mak, Tomy mo -2 - 3 + 15 - 10 = 0 nerko mepeBipuTH 3a
JOTIOMOT'O0 KIJIBKOX J10J1aBaHb (1HQopMaLio, HEOoOXIAHY JJIs NEPEBIPKU MO3ZUTHBHOL
BIAMOBIAI, Ha3MBaIOTh ceprTrdikaroM). Un BUIUIMBAc 3BIACH, IO TaK CaMO JIETKO
migioparu i yucia? IlepeBiputu ceptudikaT Tak camo JIErKO, SIK 3HAWTH Horo?
3naeThes, 0 MiAi0paT YKciia CKIaIHIIIe (HE I0BEJICHO).

BianoBiges Ha muTaHHg npo piBHICTH kiaciB P 1 NP Bu3Hauuna 0, yu JificHO
3aBJaHHS JIETIIe nepeBipuTd, HiXK BUpIUTA P # NP. AG0 BUPIIIUTH HACTUIBKHU X
npocto, sk 1 mepeBiput P = NP. Lle MoxHa 3acTOCOBYBaTH 110 BCIX IOIIOHUX
3a/1a4, a He TUIBKHU JI0 3aJ1a4l PO CyMH IIIMHOXHH. TaKoX e MPUHITUIT MOXe OyTH
3aCTOCOBAHUM JI0 3aJa4, BIANOBIAL Ha K1 ckiagHima, Hik TAK um HI.

Bignocunn wmik kmacamu P 1 NP po3risimaroTbesi B T€opii  00YMCIIOBaIBLHOL
CKJIAJIHOCTI (PO3/ALTy TEOpli aJrOpuUTMIB), IO BUBYAE PECYPCH, HEOOXIAHI s
BUpIIICHHS JesIKoi 3anadi. HalzaranpHinn pecypcu - 1e 4ac (CKUIbKM MOTPiOHO
3pOOUTH KPOKIB) 1 Mam'siTh (CKUIbKM MaM'sTi MOTPIOHO Jig BUPIMIEHHS 3aaadi). 3
Bu3HaueHHs kjaciB P 1 NP Bigpa3y BumiuBae Haciuinok. [Ipore moci Hidoro He
B1JIOMO IPO CTPOTICTh LILOTO BKJIKOYEHHS, TOOTO YU ICHY€E alNTOPUTM, SIKHI JIEKUTH B
NP, ane He nexuts B P. fkio Takoro aaroputMmy He ICHYE, TO BCl 3aBIaHHS, IO
Hanexath kiaacy NP, moxxHa Oyne BUpillyBaTH 3a MOJIHOMIaJIbHUN Yac, 10 3HAYHO
CIpoliye oO0UMCIIOBalbHI onepartiii. 3apa3 Haiickimaguim NP-3amadi (Tak 3Bani NP -
IOBHI 3a/1a4yl) MOXHA BUPIINIUTH 3a CEKCIIOHEHIIWHUN Yac, M0 Maike 3aBXKIU €
HEMIPUUHATHUM. Brmepiie mnuTaHHS TpoO PIBHICTh KiaciB Oyjlo MOCTaBJICHO
HezasexxkHo Kykowm 1 Jlepinum y 1971 p.  Ha  chorogHimHiii  1eHb  OUIBIIICTH
MaTEeMaTHKiB BBAXKAIOTh, IO Il KJIACH HEPiBHI. 3T1THO 3 OMUTYBaHHSM, IIPOBEICHUM
y 2002 p. cepen 100 Buenux, 61 nrogmHa BBa)ae, 10 BIAMOBIIb — «HE PIBHI», 9 —
«piBHI», 22 HE 3MOTJHU BIAMOBICTH 1 § BBaXKarOTh, IO TIMOTE3a HE BUBOJUTHCS 3
MMOTOYHOI CHCTEMHM aKCioM 1, TaKUM YMHOM, HE MOXKe OyTuh jgoBereHa abdo
CIIPOCTOBaHA.
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https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_P
https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_NP
https://uk.wikipedia.org/wiki/%D0%A1%D0%B5%D1%80%D1%82%D0%B8%D1%84%D1%96%D0%BA%D0%B0%D1%82_(%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D1%96%D1%81%D1%82%D1%8C_%D0%BE%D0%B1%D1%87%D0%B8%D1%81%D0%BB%D0%B5%D0%BD%D1%8C)
https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_P
https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_NP
https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_P
https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_NP
https://uk.wikipedia.org/wiki/%D0%9E%D0%B1%D1%87%D0%B8%D1%81%D0%BB%D1%8E%D0%B2%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D1%96%D1%81%D1%82%D1%8C
https://uk.wikipedia.org/wiki/%D0%9E%D0%B1%D1%87%D0%B8%D1%81%D0%BB%D1%8E%D0%B2%D0%B0%D0%BB%D1%8C%D0%BD%D0%B0_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D1%96%D1%81%D1%82%D1%8C
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D1%96%D1%8F_%D0%B0%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC%D1%96%D0%B2
https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_P
https://uk.wikipedia.org/wiki/%D0%9A%D0%BB%D0%B0%D1%81_%D1%81%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%96_NP
https://uk.wikipedia.org/wiki/%D0%9F%D0%BE%D0%BB%D1%96%D0%BD%D0%BE%D0%BC%D1%96%D0%B0%D0%BB%D1%8C%D0%BD%D0%B8%D0%B9_%D1%87%D0%B0%D1%81
https://uk.wikipedia.org/wiki/NP-%D0%BF%D0%BE%D0%B2%D0%BD%D0%B0_%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D0%B0
https://uk.wikipedia.org/wiki/NP-%D0%BF%D0%BE%D0%B2%D0%BD%D0%B0_%D0%B7%D0%B0%D0%B4%D0%B0%D1%87%D0%B0
https://uk.wikipedia.org/wiki/%D0%A1%D1%82%D1%96%D0%B2%D0%B5%D0%BD_%D0%9A%D1%83%D0%BA
https://uk.wikipedia.org/wiki/%D0%9B%D0%B5%D0%B2%D1%96%D0%BD_%D0%9B%D0%B5%D0%BE%D0%BD%D1%96%D0%B4_%D0%90%D0%BD%D0%B0%D1%82%D0%BE%D0%BB%D1%96%D0%B9%D0%BE%D0%B2%D0%B8%D1%87
https://uk.wikipedia.org/wiki/1971
https://uk.wikipedia.org/wiki/2002
https://uk.wikipedia.org/wiki/%D0%90%D0%BA%D1%81%D1%96%D0%BE%D0%BC%D0%B0

3apa3 mpobnema piBHocTi kimaciB P 1 NP € opnieto i3 cemu mpobiem
TUCSYOJIITTS, 32 BUPIMIEHHS SKOi MareMatnyHuil iHCTUTYT Kiles mpu3HAUMB MPEMIt0
B MinbiioH gonapis CIHIA. V cepnui 2010 poky amepukaHChbKUM AOCHIIHUK BiHaii
Jleonanikap HajiciaB JeSIKUM BUYCHUM Ha MEPEBIPKY CBOE JIOBEJICHHS HEPIBHOCTI P #
NP. Crien Kyk Ha3BaB MOro MPENPUHT «BIAHOCHO CEPHO3HOIO CITPOOOI0 BUPIIICHHS
npobsemu P mpotu NP».

Hapengemo rimore3y I'omka, 1m0 € BaxJMBOI0O IpoOJieMOr0 ajire0paiuyHol
reomerpii. Bona Oyna cdopmynboBaHa MIOTIAHACHKUM MaTeMaTUKOM Biibsimom
Bonnancom Jlyrinacom "'omxka B mepioa Mk 1930 - 1940 pokamu. I'iroresa onucye
KJIACH KOTOMOJIOTIM HA ~ KOMIUICKCHUX  IMPOEKTUBHUX MHOTOBHJIAX, peaji30BaHi
anreOpaiayHrMH miIMHOTOBUAaAMHU. T0o0TO 1kiau ['omka € koMmOiHAImisIMH OO0'€KTIB,
10 MAIOTh T€OMETPUYHY 1HTEPIPETAIi0, — aNreOpaidHuX UKIIB.

Y  aBamnATOMy  CTOJNITTI MAaTEMAaTHKW BHHAWILIM  TOTYXHI  METOIU
nociimkeHHss Gopmu ckaaaHuX 00'ekTiB. OCHOBHA ifes MOJSITa€ B TOMY, MI00
3'sCcyBaTH, A0 SIKOi MIpHU MU MOXEMO allpOKCHUMYBAaTH OpMy JaHOro 00'ekTa,
CKJICIOIOUM Pa30M TMPOCTI Tila 3pocTarouoi po3mipHocTi. Lleil Meton BusiBUBCA
e(EeKTUBHUM IPU OMHUCI PI3HOMAHITHUX 0O0'€KTIB, IO 3yCTPIYAIOTHCS B MAaTEMATHIII.
[Ipu upoMy Oyiu He SICHI TEOMETPUYHI OOTPYHTYBAHHS METOMY: B JCSIKUX BUMAJKAX
Oys0 HEOOXITHO JO0JaBaTH YacTHUHH, II0 HE MaJld HISKOIO0 TE€OMETPUYHOIO
TIIyMa4yeHHS.

I'inoresa  IlyaHkape BBa)XacTbCsd  HAWBIJIOMINIOW  3a/1a4€H0 TOMOJIOTII.
HedopmanbHo Kaxy4yu, BOHA CTBEPIDKYE, 110 BCAKUI «TPUBUMIPHHUHA O0'€KT», IO
BOJIOJIIE€ JESKMMH BJIACTHUBOCTSIMHU TPUBUMIPHOI cepH (HAMPHUKIIAL, KOXKHY IETIIO
BCEpPEUHI HHOTO MOBHUHHO OYTH MOXIJIMBO CTATHYTH), 3000B's13aHuid OyTH ceporo 3
TOYHICTIO a0 aAedopmarii. [imotedy chopmymnpoBano Anpi Ilyankape y 1904 p.
Cnpobu noBectu rinorte3y llyankape, sk ycmilmiHi, Tak 1 HEBAAJl, HPUBEIH 0
YUCJIIEHHUX MPOCYBaHb y TOMOJOTIi pi3HOMaHITh. JloBeaenns rinore3u Ilyankape (1
3araJibHINION rinoTe3u TepcToHa Mpo  TeOMETpH3alliin), OmMyOJIKOBAHO TIUIBKU
B 2002 p. 'puropiem Ilepenbmanom p.)

I'inore3a bepua — CBinHepToHa - Jlaiiepa onucye MHOXHUHY pPalliOHAJIbLHUX
PO3B'SI3KIB  PIBHSIHb, $IKI BHU3HAYAIOTHCS CIINTHUYHOK KpuBow. lle € BiakpuTOrO
npoOJIeMOI0 Y Teopii Yuces 1 IIMPOKO BH3HAHA SK OJHA 3 HAWOUIBII CKJIaJHUX
MaTeMaTuyHuX mpobsiem. ['inore3a Oyna BuOpaHa B SIKOCTI OJHIET 3 ceMH Ipodiem
TUCSAYOJIITTS, BKIIOYEeHNX MaremMatnuyHuM iHcTUTYyTOM Kitest 1o cucky 3amgad 3a siki
3aMpoNoOHOBaHa MPEMII0 3a Tepie MpaBWIbHE MOBeAeHHsS. ['imore3a Ha3BaHa Ha
yecTh MaremaTukiB bpariana bepua ta Ilitepa  CsinHeprona - Jlaepa, ski
chopMmymoBaJIM TiMmoTe3y B Tmepmriii mojoBuHI 1960-X pokiB 3a JOMOMOTORO
MamHHUX o0uncienb. CtaHoM Ha 2016 pik JOBEJAEHO JIMIIE OKPEeMi BHUIAIKU
TIMOTE3H.

Jlitepatypa:
1. Kononenko O.10. AKTyasbHi IpoGIEMH CTANOr0 PO3BUTKY: HABYAIBHO - MeTOAM4HHIT nTociGHuK / O.10.
Kononenko. —K.: IIT «IIpiuT cepricy, 2016. — 109 c.
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https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B1%D0%BB%D0%B5%D0%BC%D0%B8_%D1%82%D0%B8%D1%81%D1%8F%D1%87%D0%BE%D0%BB%D1%96%D1%82%D1%82%D1%8F
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B1%D0%BB%D0%B5%D0%BC%D0%B8_%D1%82%D0%B8%D1%81%D1%8F%D1%87%D0%BE%D0%BB%D1%96%D1%82%D1%82%D1%8F
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%B8%D0%B9_%D1%96%D0%BD%D1%81%D1%82%D0%B8%D1%82%D1%83%D1%82_%D0%9A%D0%BB%D0%B5%D1%8F
https://uk.wikipedia.org/wiki/%D0%94%D0%BE%D0%BB%D0%B0%D1%80_%D0%A1%D0%A8%D0%90
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https://uk.wikipedia.org/wiki/%D0%A1%D1%82%D1%96%D0%B2%D0%B5%D0%BD_%D0%9A%D1%83%D0%BA
https://uk.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%B5%D0%B1%D1%80%D0%B8%D1%87%D0%BD%D0%B0_%D0%B3%D0%B5%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%B5%D0%B1%D1%80%D0%B8%D1%87%D0%BD%D0%B0_%D0%B3%D0%B5%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%BB%D1%8C%D1%8F%D0%BC_%D0%92%D0%BE%D0%BB%D0%B0%D0%BD%D1%81_%D0%94%D1%83%D0%B3%D0%BB%D0%B0%D1%81_%D0%93%D0%BE%D0%B4%D0%B6
https://uk.wikipedia.org/wiki/%D0%92%D1%96%D0%BB%D1%8C%D1%8F%D0%BC_%D0%92%D0%BE%D0%BB%D0%B0%D0%BD%D1%81_%D0%94%D1%83%D0%B3%D0%BB%D0%B0%D1%81_%D0%93%D0%BE%D0%B4%D0%B6
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D0%B3%D0%BE%D0%BC%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%9C%D0%BD%D0%BE%D0%B3%D0%BE%D0%B2%D0%B8%D0%B4
https://uk.wikipedia.org/wiki/%D0%9F%D1%96%D0%B4%D0%BC%D0%BD%D0%BE%D0%B3%D0%BE%D0%B2%D0%B8%D0%B4
https://uk.wikipedia.org/w/index.php?title=%D0%90%D0%BB%D0%B3%D0%B5%D0%B1%D1%80%D0%B0%D1%97%D1%87%D0%BD%D1%96_%D1%86%D0%B8%D0%BA%D0%BB%D0%B8&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%90%D0%BF%D1%80%D0%BE%D0%BA%D1%81%D0%B8%D0%BC%D0%B0%D1%86%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%A2%D0%BE%D0%BF%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F
https://uk.wikipedia.org/wiki/%D0%90%D0%BD%D1%80%D1%96_%D0%9F%D1%83%D0%B0%D0%BD%D0%BA%D0%B0%D1%80%D0%B5
https://uk.wikipedia.org/wiki/1904
https://uk.wikipedia.org/w/index.php?title=%D0%93%D1%96%D0%BF%D0%BE%D1%82%D0%B5%D0%B7%D0%B0_%D0%A2%D0%B5%D1%80%D1%81%D1%82%D0%BE%D0%BD%D0%B0_%D0%BF%D1%80%D0%BE_%D0%B3%D0%B5%D0%BE%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D0%B7%D0%B0%D1%86%D1%96%D1%8E&action=edit&redlink=1
https://uk.wikipedia.org/wiki/2002
https://uk.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B5%D0%BB%D1%8C%D0%BC%D0%B0%D0%BD_%D0%93%D1%80%D0%B8%D0%B3%D0%BE%D1%80%D1%96%D0%B9_%D0%AF%D0%BA%D0%BE%D0%B2%D0%B8%D1%87
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D1%96%D0%BF%D1%82%D0%B8%D1%87%D0%BD%D0%B0_%D0%BA%D1%80%D0%B8%D0%B2%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D1%96%D1%8F_%D1%87%D0%B8%D1%81%D0%B5%D0%BB
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B1%D0%BB%D0%B5%D0%BC%D0%B8_%D1%82%D0%B8%D1%81%D1%8F%D1%87%D0%BE%D0%BB%D1%96%D1%82%D1%82%D1%8F
https://uk.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%B1%D0%BB%D0%B5%D0%BC%D0%B8_%D1%82%D0%B8%D1%81%D1%8F%D1%87%D0%BE%D0%BB%D1%96%D1%82%D1%82%D1%8F
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%B8%D0%B9_%D1%96%D0%BD%D1%81%D1%82%D0%B8%D1%82%D1%83%D1%82_%D0%9A%D0%BB%D0%B5%D1%8F
https://uk.wikipedia.org/w/index.php?title=%D0%91%D1%80%D0%B0%D0%B9%D0%B0%D0%BD_%D0%94%D0%B6%D0%BE%D0%BD_%D0%91%D0%B5%D1%80%D1%87&action=edit&redlink=1
https://uk.wikipedia.org/w/index.php?title=%D0%9F%D1%96%D1%82%D0%B5%D1%80_%D0%A1%D0%B2%D1%96%D0%BD%D0%BD%D0%B5%D1%80%D1%82%D0%BE%D0%BD-%D0%94%D0%B0%D1%94%D1%80&action=edit&redlink=1

3MICT

banocza B.T., Coxkyascoka H.b. JIOCIIKEHHSA HECTAIIOHAPHUX
PEXUMIB POBOTHU  MAIIMHHUX  AI'PETATIB  CIIEHIAJIBHOI'O
TIPTIBHAUEHHS ..ottt 3
Maukie A.B., Bpybnescexkuii ILH. JIOCIIJDKEHHS  BIBPAIIIIHOI'O
TPAHCIIOPTEPA JUJIA TIEPEMIINEHHA MACHMBHUX CIEHIAJIBHUX
BAHTATKIB.....coo ittt et e sbb e e be e e nneee e 5
Kapkoecvkuit A.C., Kosanvuyk P.A. IIEPEXIJIHI ITPOHECHU B HACOCHHUX
AT'PET'ATAX CIEHIAJIBHUX MAIIHWH. ... 7
Konomieuv B.B., Beauuxko JI1./[. BIUJIAB OIIOPY IIOBITPA HA JIMHAMIKY
PYXY KVJIb BUIIYIHEHUX 3 AK-74. ... 9
Humaux BJI., Benuuxo JIJ., BIIJINB JEMIIGEPHUX IIPUCTPOIB HA
KIHETUKY BAJIA BIMCBKOBOI MAIIMHM. ..........oivviiiiiieiiieee 11
Hlanan M.I., Ilomanenuxo O.C., Bacunvesa O.E. IIPOIT'HO3YBAHH T1OXEX
HA TIIJICTABI CTATUCTUKU JCHC. ... 13
Axynin A.1O., Ilocunaiiko B.B., Bacunveea O.E. OIITUMIZALIA TTOXEXHNX
HACOCIB HA CTAIII PO3BPOBKU. ...coouiee e 15
Camoinnenko B.C., /[3r06a JI.@. 3ACTOCYBAHHS PIBHAHHA JIATPAHXA
JUIA JOCHIJKEHHA KOJIMBAHb MEXAHIYHUX CUCTEM.................... 17
Paoiiiuyx 0.0., Copoxamuii M.I. IMHAMIKA EJIEMEHTIB MEXAHIYHUX
CUCTEM BOMOBUX KOJIICHUX MAIIMH. .......ovvviiiiiiiaaiiiiiiiiiiiiaeee, 19
Pyzak C.A., Ilax P.M. JOCJIJDKEHHSA BIUIMBY ITIPYXXHUX XBUJIb HA
GOPTUDRIKALIMHI CIIOPY I ..., 21
H00in0.0., Jlimjuncoka X.I. PO3PAXYHOK HA MIIHICTE OCHOBHHUX
EJIEMEHTIB PATYBAJIBHOI'O I[MTPUCTPOIO CITIEIIAJIBHOI'O

IPUBHAUEHHS. ... e 23
Bopmuuxk B., Cmaciox M.®. BIHAPHUI METO/I INITHECEHHS J1O CTEIEHS
3A MOAVJIEM TA KPUIITOCHUCTEMA RSA...cctiiuiiiiiieiiniiierinienecinnnnn.. 25
Cmegpanie  T.I.,.Cmaciox M.®@. RSA AJITOPUTM -  AJITOPUTM
KPUIITOI'PA®II 3 BIAKPUTUM KJTIOUEM........ ..o, 27

«Mamemamuxa, wo nac omouye: Munyne, cyyacue, maroymuey, 29 bepesns 2019 100



BaznwokB.B., I'eméapa T.B. MATEMATUYE MOJIEJTIOBAHHSI MATHITHOI

HICJIAAIL JUIST HEPYUHIBHOT'O KOHTPOJTFO. ..., 29
bamiwx B.T., I'embapa T.B. MATEMATUYE MOJEJIFOBAHHSA CUT'HAJIIB
CHUCTEM MOHITOPUHI'Y HAJI3BBUYAMHUX CUTYAIIN. ... 31
Bopooin I.B., I'eméapa T.B. TEXHOJIOTTI YAT-BOTIB TA IX MATEMATHYHI
OCHOBH. ... e 33
Camoiinenxo B.C., I'embapa T.B. MATEMATUYHA MO/JEJIb TA [HTEPDENC
TTIPOTPAMU FDS. ... e 35

Mipowmnixos M.B., Tysux H.M. BIUIMB JUHAMIKW TIIJJPECOPEHOI
YACTUHM BOMOBUX KOJICHMX MAIIMH HA PO3CIIOBAHHSA

CHAPSIIIB. ..o e e e e e et et e e eaan 37
Ilempyuenxo T.II., bpooax O.A., 11IPO 3AJIAYI, AKI IIPUBOIAATH A0
POSIIOAITY ITYACOHA. . ..o e 38

Bipcma T.B., Hikimuun J/[.0., Bacunveea O.E. POJIb MATEMATHUYHOI
OCBITU V ITPODECINHIN IMIrOoTOBUI MEJUYHUX ITPAIIIBHUKIB...... 40
Hlanan M.I,. Bacunscea O.E. MATEMATUKA — 3AIIOPYKA YCHIIIHUX AIN

HIAPO3IIIIB HCHC . . ..o e 42
Myxa C.-A.l, Umup O.I0. 3ACTOCYBAHHA ITAKETY MAPLE 10
PO3B’SI3VYBAHHS 3AIAY JITHIMHOI'O [TPOTPAMYBAHHS.................... 44
Konybax JII., Ynup O.FO. ICTOPISI BUHUKHEHHS TEOPII TPA®IB TA IX
SBACTOCYBAHHS. ... e 46
TI'ynkoscokuii M.M., Umup O.FO. ICTOPISA BYJIEBOI AJITEBPU................... 48
bozoanoe 0., Kapaoun 0.0. JIEAKI ACIIEKTU PO3B’SI3YBAHHS
AJITEBPAIYHMX PIBHSHB IT’SITOI'O TA BULIIUX CTEIEHIB.................. 50
Kynpikoe M.II., Kapaoun 0.0. ICTOPIA HVJIA - BIJA HEBYTTA 10O
BEJIMUL. .. e 53
Bamwx B.T., /I3106a JI. ®. DA30BI IIOPTPETU KOJIMBAHb OJJHOMACOBOI
JJUHAMIUHOI CUCTEMU 3 MAJIUM TEPTSAM..........ociiiiiiiiiiiiin e, 95
Pomanuyx AL, /[3wo6a JI.@®. TIOTEHLIAJIBHA EHEPITA MAIIIWMHU
KATACTPO®D 3IMAHA . ... e S7

«Mamemamuxa, wo nac omouye: Munyne, cyyacue, maroymuey, 29 bepesns 2019 101



Kpaeuenko K.E., Kmemo P.P., Komok A.IO., Ilempyuenko O.C. MATEMATHUKA 1

BIMCBKO: ICTOPMYHUI ACTIEKT.......ouiiiiiiiiiiieeeeeiiiiiie e, 59
Henexka IO., Cmacrok M.@. AOIHHI IIUDPU ........cooiiiiiiiiiiieiinn, 61
TI'yakoecokunn M.M., Kapaoun O.0. [IPOBJIEMA IT’ATUKYTHUKIB............... 63
Xinwk /I.A., Kapaoun 0.0. ICTOPIA IHTET'PAJIBHOI'O UYUCJIEHHA. ........... 66
Bomko O., Kyciii M.1. ICTOPISI BAHUKHEHHS TEOPII TPA®IB.................. 68
Toxkapcvka  B.C., Temobapa T.B. TIPOTPAMHE MATEMATHUYHE
MOJEJIIOBAHHA B CEPEJJOBUIII GPSS.......oo e, 70
Oninnuk B.O., Umup 0.10. CTAHOBJIEHH JIIHIMHOT' O
[TPOTPAMYBAHHIS. ... e 72
Bepeowk B.Il., Bacunvesa O.E. MATEMATHUKA B HAVYKAX TA XUTTI
JIHOIIUHIL. . . e 74
3agimii M.O., Illgeo H.A., Kyciit M.I. MATEMATUKA VY IICUXOJIOTITI...........76
Maneuv J.P., Kycii M.I. PO3B'SI3AHHSI EKOHOMIYHOI 3AJIAUI IIPU
BACTOCYBAHHI ITOXIJTHOL. .....ooiiiiiiiiiiiii i, 78
Kywixa P.I1., Kapaoun 0.0. HEBUPIILIEHE B MATEMATUII...................... 80
Twrnaoens 0., Canuyvka A.O. BHECOK KAPJIA ®PIJIPIXA TAYCCA VY
PO3BUTOK MATEMATUKH. ..o 82
Iexapcvka O., Tpycesuu O.M. EPATOCO®EH KIPEHCHKUI: OBYMCJIEHHS
PAJIIYCA BEMIIL. ..., 84
Kiciny I[., ®@ipman JLIO. HUIBC XEHPIK ABEJIb : XUTTEBUM IIISAX,
BIAKPUTTA, AOCHIIKEHHS. ... 86
Cmpuoicescokuii I1. O., Kyciu M.1. )XIHK11 MATEMATUKM XX CTOJIITTA...88
Tuc M.b., Anuyk 1O.B., Kyciu M.I. MATEMATUKA I MUCTELITBO............. 90
Taina €., Tpycesuu O.M. <AMATEMATHUKA 3 JAJIEKOI'O MABY THHOI O».92
Hemenko O., Tpycesuu O.M. JJOCKOHAJITUUCIIA. ... 94
Myxa C., Tpyceeuu O.M. KAJIbKYIJIATOP ITACKAJIA. ... 96

«Mamemamuxa, wo nac omouye: Munyne, cyyacue, maroymuey, 29 bepesns 2019 102



