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JO IMIMTAHHSA 3ACTOCYBAHHS CYYACHOI MATEMATHKH B ITO3AKJIACHIN
POBOTI 3 MATEMATHUKU HA ITPUKJIAAI ITAPAJOKCIB PYXY HA 1OPOT'AX

Y cmammi posenanymo numanHa 3acmocy8anHs CyuacHoi MamemMamuKy 8 NO3aKIACHIl pooomi 3 MameMamuky Ha NpUKIaoi
NAPAOOKCI8 PyXy HA 00po2ax. 3anponoHOBAHO 3MICMOBe HANOBHEHHS WKLIbHO20 MAMEeMAmU4HO20 2yPIKa, y AKOMY NPOaHa-
JI308AHO CYHACHI QOCTIOHCEHHS CMOCOBHO PYXY HA 00po2ax ma iCMOpUYHi pakmu ix nossu, a maxko;ic 6paxyeanHs ix eniugy.
Hageoerno memoouuni xomenmapi 6UKOPUCMAHHS NPONOHOBAHO20 MAMEPIAy, aNbMEPHAMUSHT WUIAXU 1020 GUKOPUCHIAHHS,
30KpeMa npu npo8edeHHi MUICHI6 MAMEMAMUKU, HANUCAHHI YYHIBCOKUX 00CTIOHUYbKUX pooim y MAH.

Knrouosi cnosa: zypmrxosa poboma 3 MameMamuxu; nponyckKHA 30AMHICMb 00po2U; PAYIOHANbHICb 800ii6; NAPAOOKC
Bpaiieca; napadoxc Jloynca-Tomcona, napadoxce Ilicy-Hauima-/[oynca, nocmynam Jlvioica-Moepioorca.
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ON THE QUESTION OF MODERN MATHEMATICS’ APPLICATION
IN MATHEMATICAL EXTRACURRICULA WORK BY USING TRAFFIC’S PARADOXES

There is considered one of the ways to modernize the mathematical extracurricular work by using network’s and transport
modeling’s elements in this article. The reasons of this modernization are invariability the content of extracurricular work in
mathematics during long time. As usually extracurricular work in mathematics has either an entertaining nature (rebuses,
riddles, sophisms, crosswords, interesting historical problems, etc.) or parallel deepening of issues studied in a regular
mathematics course or preparation for various mathematical competitions. Currently, school mathematics education, in
accordance with legislative documents, should form the ability to mathematically describe real processes using modern
mathematical theories. Of course, the ideas of modern mathematics have a difficult terminology, a difficult mathematical
apparatus; therefore they should be conveyed in a simplified form, but without violating science, considering the age charac-
teristics and the level of students” mathematical training. In accordance with this, there are offers the school mathematics club’s
content, which examines modern research on traffic (road capacity, parameters affecting it, in particular traffic speed;
paradoxes that arise on roads in cities: the Braes paradox, the paradox Downes-Thomson, the Pigou-Knight-Dawns paradox,
the Lewis-Mogridge postulate) and the historical facts of their appearance, as well as taking into account their influence. It has
been proven that it is advisable to consider the proposed mathematical ideas with students, as this leads to a better under-
standing of speed limits on roads, the causes of traffic jams and the principles of urban planning in their adult life. The article
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also provides methodical comments on the use of the proposed material, as well as alternative ways of using it, in particular,
when conducting mathematics weeks, writing student research papers at Junior Academy of Science of Ukraine.
Keywords: mathematical club s work; road capacity; rationality of drivers; the Braes paradox; the paradox Downes-Thomson;

the Pigou-Knight-Dawns paradox; the Lewis-Mogridge postulate.

OCTaHOBKA NMPO0JIeMH. Y Cy4acHOMY CBi-

TI MaTeMaTHKa 3aCTOCOBYETbCS Y DPI3HHX

rajy3sax JIOACHKOI MisTIBHOCTI, iHOAI JI0-
BOJIi HEOUiKYBaHMX, TAKWX SAK: aHaNi3 JIHTBICTHIHUX
TEeKCTIB, po3MoJia BeTymHUKIB 10 3BO, TpaHCIIIaHTa-
IisT OpraHiB, pyX Ha JOpOTrax, MPHHIMUIN MiCTOOYyIy-
BaHHA. Y OULIBIIOCTI BHMAJKIB I€ IIOB’S3aHO i3 PO3-
BUTKOM TaKUX PO3JUIB NPHKIAJHOI MAaTEMaTHUKH, 5K
TEeopisl irop, MepeKeBe MPOrpaMyBaHHs, TPAHCIOPTHE
MO/IETIFOBaHHS TOLIO.

JocnimkeHHs pyXy Ha JOporax MPH3BEIH JI0 3MiH
y IPHMHLMUIAX CY4aCHOTO MICTOOYIyBaHHs, IO HacaM-
nepes MaroTh 3MEHILHUTH KUIBKICTh 3aTOPIB Y Merario-
Jicax. BusBHIOCEH, IO paIliOHANBHICTE MHCICHHS SK
BOJIiiB, TaK 1 €JIEKTPOHHUX ITiAKaKIHUKIB (CHCTEM HaBi-
rarmii) CTafoTh MPUIUHOIO TIEBHUX MAPATOKCiB. AJie To-
ODKHOIO METOIO TaKUX JOCTIPKCHB CTalla HAyKOBO 00-
IPyHTOBaHa IIBHAKICTD PyXy B MEXKaX HaCENCHHX
myHKTiB. B YkpaiHi Taki oOMexxeHHsT Oynu BBEICHI B
2017 p., ane 10CI BUKIIUKAIOTH )KBaBY JUCKYCIIO Y BO-
JTi{B, OCKIJIbKH TOJIOBHHI apryMEHT MPH IbOMY — CTY-
MiHb TPaBMyBaHHs i 4ac aBapiil. [Ipore Bce He Tak
oJHO3Ha4HO. Ha Hamry nymky, abu 3HATH Ll IMTaHHS,
BapTO MOYHMHATHA TOBOPUTH NPO MaTeMaTHYHUH OIKMC
pPyXy Ha Joporax Iie 3i LIKOJSIpaMH Il 4ac mo3a-
kiacHoi poboTr. Haifkpamioro ¢opmoro pobota Moxke
OyTH came TypTKOBa, 00 BOHAa OXOIUTIOE IIHpPIIE KOJIO
YYHIBCHKOI MOJIOMI, HDK (haKyJIbTATHBH, SKI CIIPSMO-
BaHi Ha po0OTY 3 YYHSMH, [0 MAFOTh CTIMKHI iHTEpec
JI0 MaTteMaTHKu. Tako)k O3HAueHWH Marepiayl MOXHa
3aIPOIIOHYBATH PO3IIISIHYTH ITiJl Yac TIKHIB MaTeMaTH-
KH, 200 i1 4ac HayKoBHX Jociipkerb y MAH Ykpainu.

BaxnMBUM 03Ha4Y€HMIA aCTIEKT € 13 TOYKH 30py CIpsi-
MOBAHOCTI Cy4acHOI MaTeMaTUYHOT OCBITH, SIKa, BiJIIIO-
BifiHO /10 3akony Ykpainu “IIpo ocBity”, Jlep»aBHOTO
craHmapTy 0a30Boi cepeiHbOi OCBiTH, KOHIenIii HoBoi
YKPAiHCHKOI IIKONM 3MICTy, IPOrpamMH 30BHIIIHBOTO
HE3aJIeKHOTO OIliHIOBaHHA 3 Marematuku [9; 8; 10;
15], moximkana (opMyBaTH 3[aTHICTH MaTeMaTHYHO
OIMCYBATH pealbHi IPOLECH i3 BUKOPUCTAHHSIM Cydac-
HHMX MaTeMaTUYHUX TEOPii.

Merta cTaTTi: IeMOHCTpALLisl OHOTO 31 IUISIXiB MO-
JIepHi3allii 3MIiCTy MO3aKJIaCHOT POOOTH 3 MaTeMaTHKH,
30KpeMa 3aCTOCYBaHHS! €JIEMEHTIB TPAHCIIOPTHOTO MO-
JICTIFOBaHHS (T1apaoKCiB PyXy Ha JIOpOrax) y T'ypTKO-
Biif poOOTi.

BuxJag ocHOBHOro Marepiajiy. 3MiCTOBE HAIloB-
HEHHsI [I03aKJIaCHOT POOOTH 3 MAaTeMaTHKH JaBHO yCTat-
KOBaHe 1 3a3BMYaii Mae abo po3BaKAIBHMI XapakTep
(pedycn, 3arayku, codizmMu, KpOCBOP/IH, LiKaBi icTOpHy-
Hi 33/1a4i TOII0), 00 MapalieJbHe TOTIHOJICHHS ITUTaHb,
1110 BUBYAIOTBCS Y PETYJISIPHOMY Kypcl (Ti %K TakH LiKaBi
ICTOpHYHI 3aJayi, 3a/adi MiJBHUIICHOTO PIiBHS CKJIaJ-
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HOcCTI), 200 ITIrOTOBKA J0 PI3HOMAaHITHUX MaTeMaTHy-
HUX 3Maradb. L[(0 cuTyaliro moTpiOHO 3MiHIOBATH 3a
PaxyHOK 3aCTOCYBaHHS ACSKUX (PAaKTiB CyJacHOI MPUK-
JIaaHOI MaTeMaTHKH. 3BIiCHO, i1el cyJacHOI MaTeMaTHKI
MAfOTh CKJIAHY TePMIHOJIOTIIO, CKIIAIHIUI MaTeMaTHd-
HHU{ amapar, TOMy JIOHOCHTH iX Tpeba y CIpOIIeHOMY
BUTIIAAI, ane Oe3 MOpyIIeHHS HAyKOBOCTI, BPaXOBYIOUH
BIKOBI OCOOJIMBOCTI Ta piBeHbh MaTeMAaTUYHOI MiATOTOB-
KM y4YHIB.

l'onoBHa MeTa Cy4acHOi OCBITH — BHUXOBAaHHSI CBi-
JIOMOTO 4JIEHa Cy4aCHOTrO CYCHIIbCTBA Ta “...Qopmy-
BaHHS CTAaBJICHHS JI0 MATEMATHKH SIK HEBiI'€MHOI CKJIa-
JIOBOT 3arajibHOI KYJIbTYPH JIFOJMHU, HEOOXiAHOT yMOBH
ii MIOBHOIIIHHOTO JKUTTS B Cy4acHOMY CYCIIUIBCTBI Ha
OCHOBI 03HAMOMJIEHHS 3 iI€IMH 1 METOIAMH MaTEMATH-
KU SIK YHIBepCcaIbHOI MOBH HAYKH 1 TEXHIKH, e(heKTUB-
HOTO 3ac00y MOJICTIFOBAHHS 1 JOCITIIKCHHS TIPOIIECIB 1
SIBUII HABKOJIMIITHEOTO CcBiTy” [13; 14]. Came eneMeHTH
CYYacHOI TPUKIIaJHOI MaTeMaTHKA JAIOTh 3MOTY SIKO-
MoOra Kpaie peani3yBaTH ApYyry Te3y, a JesKi 3 HHX
Oe3mocepeIHLO BIUIMBAIOTH Ha Tiepiny. MoBa iae npo
MaTeMaTH4YHEe MOJICIIOBAaHHS PyXy Ha JOporax i mpo
OB sI3aHi 3 UM [apaJIoKCH, 1o Oyiu chopMyiboBaHi
y Apyriid nonoBuHi XX CT., aje JMIIeHb Ha MOYaTKy
XXI cT. noyau akTMUBHO BUKOPUCTOBYBATUCh B €KOHO-
MIYHO PO3BHHYTHX KpaiHaX, OCKUIBKU caMe B HUX TOCTPO
CTOiTh TIpoOJIeMa 3aTopiB, MOOYIOBH OaraTopiBHEBHX
JIOpIT, HOBHUX PO3B’s30K HAa HAsIBHUX JIOPOTax Ta HOBHUX
mBHIKICHHUX Aopir. [lapamoken pyxy Ha TOporax yMOB-
HO MOXHa TOJUIMTH Ha JBa THIIA: OXHI IOB’s3aHi 31
HMIBUJIKICTIO pyXy TpaHCcHopTHHX 3aco0iB (T3) Ta ix di-
3WYHUMHM PO3MipaMy, IHIII — 3 TEOMETPIEI0 CaMHX JI0-
pir. IIpu onmci pyxy Ha JOpPO3i TOJIOBHOKO YHCIIOBOO
XapaKTePUCTUKOIO € TIPOIYCKHA 3aTHICTh, TOOTO KiJTb-
KICTh MAIIIWH, 10 TIPOXO/IUTh B OWHHMINO Yacy uepes ii
MONIePEYHUIA riepepis. BUsSBHUIIOCH, 1110 [T KOHKPETHOT
JIOPOTH I[e YHCIIO € CTaJHM 1 MOPIBHIOE TPOITYCKHIH
3JJATHOCTI HAWBY)KYOI il UISTHKY, a MaKCHMAaJlbHE 3HA-
YeHHs1, [0 NPUHHATE Ha ChOTOJHI B OUIBIIOCTI KpaiH
cBity, popieHIOE 1500 o/rox Ha 1 mosocy, xo4a neski
JIOCITITHUKA JEMOHCTPYIOTh ACHIO OLIbIIe 3HAUCHHS —
1882,3 ox/roxa [11]. Ha 1ie 3HaueHHs He BIUIMBAIOTDH Hi
AKiCTh acanpTy, Hi BigOifiHUKH, HI po3miTka. OTXe,
SIKILO IMPOKE LIOCE 3 YOTUPHOX I10JI0C Y JESKOMY Mic-
Il 3BYKY€ETBCS J0 JIBOX, TO MPOITYCKHA 3JaTHICTH BCi€i
JIOPOTH JIOPiBHIOE TMPOITYCKHIN 3MATHOCTI caMe BY»K9OT
TITISTHKH.

[HImMi NapaioKc, Mo MOB’s3ye MBHUAKICTH PyXY Ta
MPOITYCKHY 3AaTHICT IOPOTY MOXKHa orucaty Tak. He-
xail N (om/rom) — IHTEHCHBHICTH pyXy aBTOMOOLIIB
(TIpomycKHa 3/1aTHICTB), V (KM/TOJ) — HMIBUJKICTD PYXY
Ta ( (0JUKM) — TYCTHHA MOTOKY aBTO, TOJi BOHH TIOB’sI-
3aHi criBBiqHOMEHHsM N = QV.
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st 3amexHICT Ta peabHi 3aKOHH PyXy MOKa3yOTh,
III0 3MiHa OJJHOTO i3 TTapaMeTpiB TATHE 32 COO0I0 3MiHY
IHIIIOTO: TaK, IPH MBUAKOCTI pyXy 200 KM/TOXI TyCTHHA
MOTOKY CTaHe J{y>kKe Majioto, 00 BOIl 3MyIIEHI BUTPH-
MYBAaTH OiJIbIIYy JIUCTAHILIO, 1, BINOBIIHO, MPOITyCKHA
3[aTHICTh — 3MEHILIMTHCS, Ta Oylle MEHILOI, HiX MPH
mBuaKocTi 60 kM/roa. OTpuMaHUii BUCHOBOK CyTiepe-
YUTH 37I0POBOMY TITy3Iy.

BusBnsieTbes, 1m0 aHaNOTIYHUEN eeKT Jae 1 3HU-
JKCHHSI IIIBUAKOCTI PyXy aBTOMOOLIS: TYCTHHA IOTOKY
Pi3KO 3MeHIIyeThCs, Ko V < 20 KM/ TOZ.

HemninifiHIiCT 3aJIKHOCTI TPOITYCKHOI 3IaTHOCTI
JIOPOTH Ta MIBHAKOCTI PyXy TPAHCIOPTY IIPU3BOJHTH
JI0 MO>KJIMBOCTI BU3HAYEHHS IIBUIIKOCTI, TIPH AKiH CIIO-
CTEepIraeThCsi MAaKCUMyM IPOIYCKHOI 3[aTHOCTI: .
JUTSL CYXOro TOKPHUTTS — 55 KM/To; 71 MOKPOTO II0p-
CTKOTO MOKpUTTSE — 50 KM/Tof; JUIsl 3MiIIAHOTO Haka-
taHoro — 35-40 km/ron...” [16]. Lli po3paxyHku Ha
piBHI 3i cTyneHeM TpaBMaru3auii npu JITII i nexxats B
OCHOBI OOMEKEHHsI IIBUIKOCTI PyXy B MiICTax, IO HE
TaK JaBHO BBENICHI B YKpaiHi.

Ille onuH mapasokc pyxy Ha Aoporax, OB sI3aHUI
13 IMBHJIKICTIO pyXY, Mae Ha3By JloyHca-ToMIicoHa, sSKuit
Oymo chopmynpoBaHo y 1960-X pp.: cepeona wiguo-
KiCmb pYXy 61ACHO20 MPAHCHOPHLY 3AAENHCUMb GIO WO~
Kocmi, 3 AKOW OICmaromscs 00 Micys NpPUSHAYeHHs
Kopucmyeaui 2pomadcvkozo. ToOTO: 1O Tipmie po3-
BUHYTHIl TPOMaJICHKUII TPAHCIIOPT, TO OUIbLIE JIOACH
00MpaIOTh BIACHHI, 3MEHIIIYIOUH “TIPOBI3HY’ 3JaTHICTH
JIOPOTH IO KUIBKOCTI JIrozieH (a He aBto). [Tpu 1ipomy 1o-
TIPIIYETBCS 1 JOPOXKHS CUTYALsl: OBIPHUBILIM Y TIOJIII-
IICHHS TIPOITYCKHOI 3JATHOCTI JOPOTH B TOJIMHH TIiK, Ha
Hel MOYMHAOTh BUDKIKATH BOJIIL, SIKI paHille HaMara-
JIMCSI KOPUCTYBATHCS HEIO Y 11032 MIKOBUMH T'OJJMHAMH.
OoOunBa 1i (hakTopH MOPYIIYIOTh TPAHCIIOPTHY PIBHO-
Bary, MpU3BOATH N0 BUOYXOBOTO 3POCTaHHS ITOTOKY
ABTOTPAHCHOPTY HAa PO3IMIMPEHIH J0p03i, BHHUKHEHHIO
1Ie OUIBIIMX 3aTOPIB Ta IMOTIPIICHHS 0OCIYyrOBYBaHHS

1IouaTok
PYXY

Ha TPOMAICHEKOMY TPAHCIIOPTi, IO PYXa€ThCsS BHII-
neHoro cmyroro [2]. IpuxmamoMm mposBy MHapamokcy
JoyHcona-Tomricona moxke Oyt AMcTepram, Kl y
1970-x pp. maiike Bech IPOCTOIOBaB y 3aTopax. [Iu-
TaHHs1 OyJIO pO3B’sI3aHE 3a JIOTIOMOTOI0 PO3BUTKY IpO-
MaJICbKOTO TPaHCHOPTY, BEJOCHIIE/IB i BEJOJOPIKOK
[12]. BucHoBOK: Ui 3MCHIIICHHS YHCIIa 3aTOPIB Ta 1X
PO3MipiB NOTPIOHO 3MIHIOBAaTH YSBJICHHS IPO MICBKY
JIOTICTHKY 3 IPIOPUTETOM 3araJIbHOTO HaJl IPUBATHUM 1
HaWOLTBII 3aIliKaBICHUMH B IIbOMY ITOBHHHI OyTH aB-
TOMOOLTICTH.

Hacnigkom mapamokca [JloyHca-TomricoHa € mapa-
nokc Iliry-Haitrni-HloyHca: dodasauns anvmepramus-
HUX Oopie, KO oou 00Upams mMapuwipym payio-
HANbHO, NPU3B0OUMb 00 CHILIKOT pigHO6azU: 6Ci i0ymb
HA 67ACHOMY MPAHCNOPMI, a 2POMAOCHKUL MPAHCHOPM
sanuwaemovcst nopodichiv [2]. Ane yac mpoizay Oyne
3aJIMILIATHCS OJTHAKOBUM SIK Ha TPOMAaJICbKOMY, TaK 1 Ha
BJIACHOMY TPAHCTOPTi. TOOTO 30UIBIIIEHHS TPOITYCKHOT
3MATHOCTI JOpIr (IOJaBaHHS TOJIOC PYyXy, albTepHAa-
THUBHHUX JIOPIT) TOTIPIIy€e CUTYAIlF0 Ha OPOTax 3 TOY-
KU 30py iX “mepeBi3HOCTI”.

Cxoxwii edext chopMyTH0BaHO HIMEITPKAM BUCHIM
J1. Bpaecom y 1968 p., mo Hapasi € 6a30BUM MapagoK-
COM MEpEXEBOTO INPOrPaMyBaHHS 1 Ha3BaHUH iM’sIM
3raflaHOTO0 BUYCHOTO: OYOIGHUYMEO HOB0I dopozu, o
108 ’A3y€ ICHYI04i dopoel, MOJICe NOKIPULUMU CUMYAYTTIO
y eciil mpancnopmuii mepedici [2; 1; 7]. Tobto 30ib-
IICHHSI MIPOITYCKHOT MOTY>KHOCTI MEPEXi 32 YMOBH, 1110
Cy0’€eKTH pyXy cami OOMparoTh cOOi MapuIpyT, MOXKe
3HU3UTH 3arajibHy NPOJIYKTHBHICTb.

Hpuxnag 1. Tpamumiiino [7] mapamoxc bpaeca
MPOTIOHYETHCS PO3TIIIHYTH TaK: Ha cxemax (puc. 1, 2)
MIMPOKi JJOPOTH, TIOMiveHi K A i B, BoHH HikomHm He
MOXXYTb BUSIBUTHCS TIEPETIOBHCHUMH, Yac PyXy SKHUMH
cxmamae 25 xBwinH. HasBHICTE Mapagokcy 3aeKuTh
BiJI iCHYBaHHS TOpoTH X.

Jliist Toro, 1106 gictarucs Bif Touku “TlouaTok py-

b

Kingens
PYyXy

Puc. 1. Cxema napagokcy Bpaeca 6e3 nogaTkoBoi 1oporn

xy” mo Toukn “Kineup pyxy” € apa nuwixu A i a. Yac
pyxy Bix “IlodaTtky pyxy” mo I0po3i @ 3aJeXHTh Bij
IIUTBHOCTI TIOTOKY 1 piBHMH KibKocTi aBTOoMOO1IB (T)
nogiteHomy Ha 100. Hlnax Bin “Tlowatky pyxy” mo
JIOpo3i A He 3aJIeXKUTH BiJ] KUTHKOCTI aBTOMOOLIB 1 cTa-
HOBUTH 25 XBWJIMH. AHAJIOTIYHA CUTYaIlisl 3 JOPOTaMH
b ta B: wac pyxy mo moposi b no “Kinis pyxy” crano-
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BuTh T/100, ac pyxy moporoto B — cknagae 25 xBruivH.
Hopora X — gyxe KOpoTKa JI0JIaTKOBa A0pOra, Mpoi3.
KOO 3aiiMae mpuOmM3HO O XBUIMH, TOOTO Mepemile-
HHS 110 Hili MHTTEBE.

3a BizcyTHOCTI goporu X Ha Mapmpyt aB 3aiima-

N . : N
THME Hlo + 25 XBIINH, BifIOBiIHO IUIIX Ab — on +25
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xBwinH, A€ N; 1 N, — KIJIBKICTE aBTO Ha BIATOBIIHUX
JsHKax @ Ta b. SIk6M omuH 3 WX HUBIXiB OyB KO-
poTIHM, TO piBHOBara Oyna O BiICYTHS, OCKUJIBKA KO-
JKEH pallioHaJIbHUN BOJIA MEpEeKIIOUMBCs O Ha OLIBLI
KOPOTKHH MapuipyT.

Ipumycrusimy, mo 3 Touku “IloyaTok pyxy” Buixa-
70 2000 aBTOMOOGILTIB, TOmI, ocKimbkH N; + N, = 2000,
MO>KHa 3pO3yMITH, L0 CUCTEMa MpHiiie 10 PIBHOBAry,

ko Ny = N, = 1000. BignosigHo, He3aleKHO Bi 00-
1000

paHOro MUIIXY PYXY, aBTOMOOLITs Oyze B 1opo3i oo T

25 =35 XBUIHH.

A
IIogaTtok

PYXY

JomaBarHst goporu X, PU3BOAUTE JI0 TOTO, IO BCi
Bofii OymyTs OOMpaTH MapHIPyT ¢ TOPIiBHSIHO 3 Map-

MIPYTOM A, OCKUTBKH IIeH MapIIpyT BUMarae y Haifrip-
T _ 2000 .
LOMyY BHIAZKY —— = —— = 20 XBHIIMH, HATOMICTh Map-

mpyT A rapaHToBaHO 3aiiMae 25 xpmwmH. [1oTiM KoXkeH
parioHaTbHUN BOMIN, MIPKYIOUM aHAIOTIYHO, BiIIaCTh
nepeBary KopoTkuMm IwuixoM b go mynkry “Kinenn

29
pyxy".
Orxe, MapipyT aXb it KOXKHOTO BOJIISI CTAHOBH-
2000 =~ 2000
mMMe —— + —— = 40 XBUIHH.
100 100

Kizens
PyxXy

Puc. 2. Cxema napanokcy Bpaeca 3 101aTKOBOIO 10pOroio

TobTo micns OyAiBHHIITBA TOAATKOBOI JOPOTH Yac
PyXy 30UTBIIMBCS HA 5 XBUIIUH.

SxOu Boxii JOMOBHIHCSA MiXK COOOI0 HE BUKOPHC-
TOBYBAaTH MOpOry X, TO BOHH 3€KOHOMMIHU O Iieil Jac,
aJie OCKIIbKM KOKEH OKPEMHMIl BOJIW IparHe BUrpaTH
9ac, KOPUCTYIOYHCH JOPOTO0 X, TO TaKUH PO3MOALT He
€ COIIAIbHO ONTHUMAIIBHUM, y YOMY, BJIaCHE, 1 TmoJsirae
po3rysiayBaHuii mapagokc. KpiM Toro, 30UIbIICHHS
aBTOMOOLTIB, HanpuKiIag Ha 25 %, IpH3BeAe 10 TOro,
Yyac pyxy Ha4eOTO Ha “KOpOTKii” 3 TOYKH 30py pa-
IOHABHOTO BOis J0po3i aXb 3pocre maibke Ha
50 %.

Hpuknag 2. PosriasiHemMo MaTeMaTW4yHy MOAEb
napanokcy bpaeca sik pyx okpeMux aBTOMOOLTIB depe3
JIOPO’KHIO CITKY, a HE TIPOCTO 4epe3 CEPEelHIO MIBUII-
KICTh Ta 4ac y J0po3i, 10 OyJia MpoJeMOHCTPOBaHA Y
po0oTi [6], B siKiif MOKa3aHO OLIbII peasiCTUYHE PO3-
MilleHHst jopir. Tormosoris cxeMd Ta cama, 1o i B

TpUKIaz 1, ane BiAPi3HAETHCS TEOMETPIs CAMUX JIOPIT.
Sk i paHime, Tpeba mictatucs Bix myHKTY “‘TlodaTox
pyxy” mo mynkty “Kineus pyxy”, Bimpizku moporu A i
B, sk 1 paHimie, mUPOKi 1 He CXWiIbHI 10 3atopis. Jo-
poru a i b mpsiMitin Ta KOPOTIIH, ajie HATOMICTh BYXKUi.
IMpu Hyn0BOMY TpadiKy IBHAKICTH MAIIAHA HA @ 1 b
Taka X, sk 1 Ha A 1 B, ame 3i 30iNbIIeHHSIM HaBaH-
Ta)KEHHS! HIBUJIKICTb I1a]1a€.

Amnanorom joporn X € KOPOTKUII MICT y LIEHTpi
KapTH, III0 MA€ Ti caMi BIIaCTUBOCTI, 110 1 y TpUKIai 1.
Jns MocTy € aBa cTaHW: “3a0JIOKOBAHO” — CHUTYaIlist
BIICYTHOCTI 1mUBIXy X, Ta “BiIKPUTO” — BIATIOBIIHO
HasBHOCTI nutstHKA X. Ha puc. 3 micTt BigkpuTHid i mo
HBOMY BIiIOYBaeThCs pyxX aBTOMOOUTIB. [Ipm mpomy
BOJIii MOXKYTh 00paTH KOPOTKY J0pOry ab abo JoBIIY
AB. TlotiM ManMHu pyXarThCcs OOpaHUMH Maplpy-
TaMH, IiJKOPIOIOYHCH OOMEKECHHSIM IIBHAKOCTI Ha
KOXKHOMY BIJIPI3KYy.

Kineus
PYXY

piuka

ITouarok

PYXY

Puc. 3. Cxema 10 napagoxcy Bpaeca 3 npuxiany 2

MaremaTH4HI PO3paxXyHKH B MEXaxX PO3TILIHYTOI
MOJIeINI, M0 MPEACTABICHI B POOOTI [6], MICTAThCSA Y
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TaONMMILIX. SIK BHIHO, BIIKPHUTTS MOCTa YHOBUIGHHIIO
PYX Ha BCIX YOTUPHOX MapIIpyTax.
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JIO IUTAHHA 3ACTOCYBAHHSA CYYACHOT MATEMATHKH B ITO3AKJIACHIN
POBOTI 3 MATEMATHUKHN HA TPUKJIAJI ITAPAJOKCIB PYXY HA IOPOT'AX

Taonuys 1
Curyanis “Mict 3akputo”
Mapuipyr KinpkicTs Marma Cepenniii yac y 1opo3i
Ab 520 1,802 roz.
aB 480 1,639 ron.
AB 0 0 roz.
ab 0 0 rogx.
3aranom 1000 1,721 ron.
Taonuyn 2
Curyanis “Mict Binkpuro”
Mapiipyr KinpkicTs ManmH Cepenniii yac y 1opo3i
Ab 320 1,972 ron.
aB 304 1,918 ropx.
AB 124 2,116 ron.
ab 252 2,024 rox.
3arajiom 1000 2,007 roa.

HesBaxkatouu Ha Te, 110 mMapipyramu Ab i aB pa-
¢ix OyB Ha 3 % MEHIINM, HDK y MONEpeHiil cuTyamnii,
MaIlIFHaM Ha IMX MapiipyTax moTpioHo Ha 9—1 % Oinb-
IIe Yacy Jyisi 3aBepIICHHS MOT3aKH. Mapripytu ab i
AB BUSBHIKCH I1I€ MOBUTHHIIIIAMH.

HaiisickpaBiliiMu IpyUKiIaiaMy IPOSIBIB MapagokCcy
Bpaeca B peasibHOMY JKUTTI €: TOMIMIICHHS CUTYAIlii Ha
Joporax y LItyTrapTi micnst 3aKpuTTsL U1 pyXy OJHi€eT
3 cekwiit HoBoi poporu (1968) [4]; 3akpurTst 42-i Bymm-
1i Ha Manrerreni (Heio-Mopk) (1990), 1110 cKopoTHIIO
KUTBKICTB 3aTOPIB y IIbOMY paiioHi [3].

Ockinbku napanokc Bpaeca € 6a3oBuM U1 Mepexe-
BOT'O IIPOTPaMyBaHHsI, TO HOTO MPOSIBY CIIOCTEPIraloTh-
Cs HE TUIBKH TIPH PYCi aBTOMOOLUIBHOTO TPAHCIIOPTY.
Tak, HanpHKIIaJL, y CHCTEMax JICUCHTPAII30BaHOT eHep-
roreHepalii (Ha NpHUKIAAl BITPONApKiB 00’€IHAHNUX B
OJIHYy Mepexy) abo B Mepexax HalliBIIPOBIIHHKIB, 1e
TPaHCIIOPTHUMH apTepismu Oyiu By3bki (150-500 Ha-
HOMETpIB) CTPYMOIIPOBI/IHI KaHaU (CIoYaTKy po3pa-
XYHKH, @ MOTIM €KCIIEPUMEHTH JIOBEJIH, 11O J0JaBaHHS
I1Ie OZHOTO KaHAIy 10 BXKE HAasBHUX HE CIpHUSE MiJBH-
IICHHIO e()eKTUBHOCTI MEPEXKI).

OcranHiif (hakT, MO CTOCYEThCS PyXy Ha JOporax i
Ma€ TpaKTHYHE MiITBEPKEHHS, — 1ie TiocTyrnar JIproica-
Morpimka (1990): wo 6invwe Odopie 6ydyemuvcs, mo
Oinble 3’5181AEMbCA MAWUH, 1 TIe, 31 CBOTO OOKY, TIpO-
BOKYE 3 9acOM TIOSIBY 3aTOpiB. YacoM HOBI IOPOTH 3HU-
KYIOTh IPOOJIeMy 3aTOpiB, ayie BUSBIIETHCS CaMi 3a-
TOPH TIEPEMIIITYIOThCS B 1HIIIE MiCIle B TPaHCIOPTHii
Mepexi [2; 5].

SlckpaBUM NPUKIIAIOM MPOSBY MOCTyiary JIproica-
Morpimka € posmmpenHs aBroctpagu Keri B Micri
X’rocrowi, mrat Texac (CHIA). 3a nanumu MiHictep-
crBa TpaHcnopty CILA, na noyarky 2000-x pp. Tpadik
TYT BTpHYI TIEPEBHIIyBaB HOPMY, 3aKIaJieHy 1pu Oy 1iB-
HMIITBI, Ta moce Oysie 3aBaHTa)keHe 1o 11 ToJ] Ha JIeHb.
Byno npuitHATO pillIeHHs! BUTPATUTH 2,8 MIIPJI. 10J1apiB
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1 posmmpuTH 19-KiTOMETPOBY AUITHKY IIOCE 0 HEUMO-
BipHHX 23 cMyT, 110 # Oy1o 3pobmero y 2008 p. Iicms
BIIKPUTTS OHOBJIEHOI JOPOTH 4Yac TOI3IKH Yy TOXUHY
MK BiMUyTHO 3MeHImBes. Ajie Bxxe y 2011 p. yac moi3a-
KM 3HOB T0YaB 3pocTaty, a y 2014 p. noi3aka movana
3aiimati Ha 51 % Oinbine yacy, Hik y 2011 p. Ta mo
PEKOHCTPYKIIii 3arajioM.

YacTUHHUM BHIIAAKOM MocTynary JIbroica-Morpimka
€ mapanokc JloyHca-TomcoHa, siKuid OyaI0 pO3TISIHYTO
BHUIIE. 3alpoNOHOBAaHWI MaTepiall KOXXEH BYHUTEIb
MO)XE BHKOPHCTOBYBATH Ha CBIH PO3CYH, TPYIYIOUH
JIEKUTbKA 3aHSTh 33 CXOXKMMH TeMaMH a0o, HaBIIaKH,
BCTaBILIOUH (DaKTH 1 3a/1adi, 3 HUMH I1OB 5[3aHi, JI0 3aHATh
TYPTKa, TIPOBOJLUM TTapayieli 3 TeMaMH, 1110 BUBYAIOTh-
csl y KJ1aci, a0 pO3IIMPIOIOYH TIepeslik BUKOPUCTOBYBa-
HUX KOMIETEHTHICHUX 3aBJiaHb Ha ypokax. Hanpukma,
(hopMyIy IHTEHCHBHOCTI pyXy IIJIKOM MOYKHA PO3IJIsi-
JIaTh y 7-My Kiaci (psiMa nporopuiiHicTs), a Gpopmy-
Jly, IO OMHKCYE MPOIYCKHY 3matHicTh goporu 3 [11]
posiopatu 3 yursmu 10-11-x, siki BUBYAIOTh MaTeMa-
THUKY Ha TOTJIHOJIEHOMY piBHI, a JJIsI OCOOJHMBO 3arli-
KaBJICHUX — JIOCTIIUTH 1l Ha €KCTPEMYM.

3 pospaxyHKamu 10 TapaJiokcy bpaeca, HaBene-
HUMH Yy TIpUKIJIafi 1, MOXKHA TOEKCIIEPUMEHTYBATH Y
TaKuil crocio: CrovaTKy BYMTENb HPOIMOHYE 3 sICYyBaTH
9n Oyzie BUKOHYBATHCS IIeH MapagoKc MpH 3MEHIIeHH]
kinmekocti MammH g0 1000, 36uiemenHi go 3000, ado
30UIBIICHH] Yacy MpOi3my IiNSHKaMU 10 35 XBWJIHH,
a00 HacKUTBKH Tpeba 301IBIIHUTH KUTbKICTh MAIII|H, 00
gac mpoi3my 30utbmmBea Ha 45 %, a mOTiM HPOTIoHYE
YYHSIM CaMOCTIHHO TifidpaTé Taki mapamerpH, 1o 0
MapaJlokc He MaB Micld (crocTepiraiacst piBHOBara),
a00 > BUKOHYBaBCS. TakoX y4HIB MOKHA JOJyYHTH
Jio 300py iH(opManii Mpo MiATBEpPKEHHS PO3IIITHY-
THX TapajfiokciB. SIKIIO >k BpaxyBaTH TOW (akT, IO
OUIBILICTD MEPIIOPKEPEIT € aHTJIOMOBHUMH, TO IO PO-
60Ty MOXKHA JIOPYYUTH YUHSIM, IO HIKABJISATHCS aHIIIIN-
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JIO MUTAHHA 3ACTOCYBAHHA CYYACHOT MATEMATHKH B ITO3AKJIACHIN
POBOTI 3 MATEMATHUKHN HA TPUKJIAJI ITAPAJOKCIB PYXY HA IOPOT'AX

ChKOIO MOBOIO. Lle macTe rapHi pe3ynpTaTH I dac
TIPOBE/ICHHS TIKHIB MaTEeMAaTHKH, TIDKHIB aHTIIHCHKOT
MOBH Ta iH.

BucnoBkn. Y 2022 p. mig HalmM KepiBHULITBOM
Oyra HamMcaHa 1 3axXMIleHa HayKoBa po0OTa B Mexax
Marnoi akazeMmil HayKk YKpaiHu mpo mapanokc bpaeca
Ta TPOBEACHO aHAJI3 PyXy Ha JESKUX TUITHKAX JOpir
CyMm, 110 OyJIi pO3IINPEHi, 3 TOUYKHU 30py BiJIKJIAICHOTO
nonury. PosrisiHyTHil y cTaTTi MaTtepiaj CTOCOBHO Ta-
PazoKCiB pyxy Ha Joporax Oyre KOPHUCHHM KOXHOMY
BHUKJIa[IaueBl MATEMATHKH, y4HSIM Ta CTYAEHTaM, OC-
KUTBKH BiH IEMOHCTPYE 3aCTOCYBaHHS MATEMATHKH IO
pCaNBHUX TIPOIIECiB, TOTIMNOTIOIYN PO3YMIHHS MeXa-
HIKH pyXy Ha JOpOraX, IPUYHHN 00MEKEHb IIBHIKOCTI
Ha JIoporax, HOsIB 3aTOpiB Ta IPUHLMIIB MiCTOOYIy-
BaHHS, a OTPUMYBaHI IPY [IbOMY 3HAHHS € Cy4aCHHMH
1 aKTyaJbHUMU.
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SMICT I CTPYKTYPA BAKAJIABPCBKHUX ITPOI'PAM
3A AYAJIBHOIO ®OPMOIO HABUYAHHS B YHIBEPCUTETAX HIMEUYWHHA

YV cmammi npoananizosano 3micm i cmpykmypy 6axkanaspcokux npocpam 3a OyaibHOW QOpMOI0 HAGYAHHA 6 VHieep-
cumemax Himeuuunu (Koonepamuenuii depacasnuii yHieepcumem baoen-Biopmembepea ma Yuisepcumem [yiicoype-Eccen).
30iticneno ananiz GIMYUHAHUX [ 3aPYOIHCHUX HAYKOBUX OOCTIONCEHb 3 NUMAHL MOOepHIi3ayii euwoi ocgimu. LLnaxom cucmem-
HO20 BUBHEHHS OCBITNHIX OOKYMEHMIB 3a3HAYEeHUX 3aKIA0I8 8UIOT OCEIMUL BUSHAUEHO MOOei OVATbHO2O HABYAHHSA 8 HIMEYbKUX
VHIGEPCUMEMAX, OXAPAKMEPUZ0BAHO CIPYKIYPY Ma 3MICI OCEIMHbOI 6aKAIABPCLKOI NPOSPAMU, PO3KPUMO 3MICM Npeo-
MEmHUX MOOY/I6 OUCYUNIiH 3a cneyianvhicmio “Menedocmenm. biznec-aominicmpyeanns” Yuieepcumemy [{yicOype-Eccen.
Cmamms micmumb J102iYHO CIMPYKMYPOBAHI BUCHOBKU 3a MeMolo 0ocnioxcents. Hasedeno nepenix nepcnexmus nooanbuiux
00CONHCEHb 3 O3HAUEHO20 NUMAHHS.

Knrouogi cnoea: oyanvua gopma; baxkanagpcoka npospama, oceimibo-npogeciiina npospama, yHieepcumem, 3micm Hag-
uanns; Hivewuuna.
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CONTENT AND STRUCTURE OF BACHELOR’S PROGRAMMES
IN DUAL MODE OF STUDY AT GERMAN UNIVERSITIES

Modern education should prepare young people to work in the knowledge economy, and specialists in different fields should
find common ground in the process of professional interaction. Today, there are heated discussions in Ukraine and around the
world about the effective organization of education and training at various levels. No country is completely satisfied with the
state of education, which is because the global economy is constantly in a dynamic state, and not everyone is ready for it.
Therefore, studying and borrowing foreign experience in the field of educational innovations will lead to continuous improvement of
national educational systems and training of highly qualified specialists who will be competitive both in the domestic and global
labour markets. More and more young people in European countries, including Germany, are choosing a special practice-
oriented form of education in cooperation with a company — dual education. No other form of education has developed so
rapidly in recent years and has undergone such a transformation in public perception. Educational policy and industry agree
that the potential of dual learning is far from being exhausted, so studying the practice of its implementation is a very relevant
and timely topic of research.

The article analyses the content and structure of bachelor’s programs in the dual mode of study at German universities
(Cooperative State University of Baden-Wiirttemberg and University of Duisburg-Essen). An analysis of domestic and foreign
scientific research on the modernization of higher education is carried out. By analyzing the educational documents of these
higher education institutions, the author identifies the models of dual education in German universities, describes the structure
and content of the bachelor’s degree program, and studies the content of subject modules of the disciplines in the specialty
“Management. Business and Administration” at the University of Duisburg-Essen. The article contains logically structured
conclusions on the research topic and forecasts the prospects for further research on this issue.

Keywords: dual form; bachelor s program; educational and professional program; university; content of study.

OCTaHOBKA MpodiemMu. €BpoiHTerpaiii-
HMH TOCTYIT YKpaiHW NPUBOANTH 10 3MiH
B YCIX Tally3sIX JIEp>KaBHOTO CEKTOpY, B

TOMY 4ucii ¥ B ocBiti. 3 2018 p. BiTuM3HsIHA cucteMa
OCBITH Bce OUIbLIE OPIEHTYETHCS Ha IPAKTUKO-OPI€H-
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TOBaHY MIATOTOBKY MOJIOAUX (axiBLiB y mpodeciitHux
(podeciiiHO-TeXHIYHNX), (DAaXOBHX MEPEABHIIMX Ta
BHIIMX 3aKJIaZax OCBITH. 30KpeMa, MOBa Hyie 1po BIIpo-
Ba/DKEHHS €JIEMEHTIB JlyalibHOI (JOPMHU HaBYaHHS, IO
niependayae napanelibHe ONaHyBaHHS TEOpii B 3aKiai
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