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OCOBJINBOCTI 3ACTOCYBAHHA OU®EPEHUINHUX PIBHAHb ANA
HABYAHHA ®I3UKU B YHIBEPCUTETI

KaHauaaT pisMKko-maTeMaTUYHUX HayK, AoueHT, ApmoneHko M. B.

KWiBCbKM HauUioOHanbHUM yHIBEpPCUTET TEXHONOrN Ta Au3anHy, YkpaiHa,

Yepkacu

3arnporioHogaHO MemoOd po38’si3y8aHHsT OUGepPeHUilHO20 PIBHSIHHS,
SKe ornucye rnpouec nipHaHHsa oniguysd y 800y. OnucaHo memod
B8U3HaYeHHs 8’a3Kocmi  piOUHU 3a 4YacoM II eumikaHHS 4epes
20pU30HMarnbHuUl Kaninsp 3 eepmuKasibHOI MOCYOUHU, 8UKOPUCMO8YHYU
3akoH [lyasetina. [lpoaHanizogaHO Mpouec MNePEHECEeHHs PeYo8UHU
83008 OucriokayitiHoi mpybku 3 OOHOYaCHUM [POHUKHEHHAM y 06°em,
guKopucmosyryu 8idrnogioHe duhepeHUitiHe Pi8HSTHHSI.

Knrouosi crniosa: @bisuka, OuepeHUilHi pPi8HSAHHS, MamemMamu4yHe

MoOesoeaHHs, i3udHUU ekcriepuMeHm, Ougbyasisi, 3akoH [Nyaseurnsi.

KaHOuGam bu3uKo-MamemMamu4yecKkux HayK, doueHm SpmorneHko M.
B. OcobeHHocmu rnpumeHeHusi OughhepeHuuanbHbIX ypasHeHuUU Orns
obyyeHus ¢pusuke 8 yHusepcumeme / Kueeckul HauUoOHaslbHbIU
yHUgsepcumem mexHornoauli u OusaliHa, YkpauHa, Yepkacchbl

[MpednoxeH memod peweHus OugpepeHyuanbHo20 YpasHEHUs,
KOmopoe oriuckbigaem [pouecc HbIpsHUS kKapaHOawa 6 80dy. OnucaH
Memod oripedesieHUs1 853KOCmu XUOKocmu nymemM U3MEPEHUsT 8peMEHU
€ee 8blmeKaHus 4Yepe3 20pU30HMarsbHbIU Kanuamnsp u3 eepmukarbHoU
rnocyOuHbl, ucronb3ys 3akoH [lyasedns. [lpoaHanu3upogaH rnpoyecc
nepeHoca seuwecmea 800s1b OUCIOKaUUOHHOU mpybKu ¢ OOHO8PEMEHHBIM
MPOHUKHOBEHUEM 8  0bbewm, ucronb3yss ~ coomeemcmeyrujee

ouchgbepeHyuarnbHoe ypasHeHue.
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[yaseuns.

M. V. Yarmolenko, PhD in Physics and Mathematics, associate
professor, Differential equations application peculiarities for teaching
Physics in university / Kyiv National University of Technologies and
Design, Ukraine, Cherkasy

A method to solve differential equation describing of diving a pencil
infto water is proposed. Method to determine of liquid viscosity using
outflow time through narrow pipe applying the Poiseuille’s law is
described. Diffusion along dislocation pips inside a polycrystal grain
involving outflow from dislocation line using appropriate differential
equation is analised.
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Betyn. byab-gkui  isndHun  npouec Moxe OyTu  onmcaHun
BiANOBIOAHMM AUEepPeHUIinHUM  PIBHAHHAM. He KoXHe AaudpepeHuinHe
PIBHAHHA Mae aHaniTU4HMM po3B’A30K. MNpouecn andysil TeEX MOXYTb ByTu
onucaHi BignoBigHUMN AN EPEHLINHUMU PIBHAHHAMK. [Ons Toro, wob
andepeHuinHe  piBHAHHA  audysil  Mano  aHaniTM4HUn  po3B’A30K,
HeobXigHO pobuTn BIgNOBIOHI PIBMYHO NPUUHATHI  NPUNYLLEHHS, SKi
MOXYTb 3Ha4yHO cnpoctutn mogenb audoysit [1], [2], [3], [4], [5]. B
OCBITHBOMY npoueci OudepeHLUiHi PIBHAHHA MOXYTb 3aCTOCOBYBAaTMUCS
ANa BUBYEHHA (Di3MYHMX 3aKOHIB. [N OOCATHEHHSA Kpalloro pesynbstarty
HaByYyaHHA Yy 3aknagax Buwoi oceitn (3BO) peanbHun  isnyHuin
nabopaTtopHMn MNPaKTUKyM 3a MNeBHMMWU posginamu Qisvku mMmoxe OyTn

[IONOBHEHUIA KOMIMIOTEPHUM MOAENOBAHHAM TUX nabopaTopHUX pooiT,
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BMKOHaAHHA SKUX B pearibHOMy pexumi abo Baxko, abo Bumarae
MOLENBaHHS, WO A03BOSISE Kpalle 3p03yMiTK CyTb (Pisu4HMX npoueciB (Tak
3BaHa BipTyarnbHa goisnyHa nabopatopis [6], [7]).

Metoa 1. CeHc MeTony nonsrae B TOMYy, WO AudepeHuinHe
PIBHAHHS NEPETBOPIETLCA TaKMM YMHOM, LLOO BOHO cKnaganocsa 3 ABOX
CMiBMHOXHMKIB, OOUNH 3 AAKUX HEe MOXe TOTOXHO AOPIiBHIOBATU HyNH. ToAi
IHLUMA CNIBMHOXHWK Ma€e OOPIBHIOBATU HYSTHO TOTOXHO.

PosrnaHemo npouec nipHaHHA oniBusg y Boay. BignosigHe piBHAHHSA

Take:

ma=mg —F,, (1)
Oe m — maca oniBusd, a — MNPUCKOPeHHs onisuda, g=9,8 m/c?, Fa —
BUWITOBXYBasribHa cuna Apximega. OCKifbKM NPUCKOPEHHSA — uUe gpyra

noxigHa 3a 4Yacom Big NepeMilLleHHs, OTPUMaEMO:

a(t=0)=g, 7¥="="7- (2)

ae z — rmnbuHa 3aHypeHHa onisud, H — Moro AoBXuHa, Zo - rmubuHa
3aHYpeHHS OniBUSA Yy CTaHi piBHOBAru, Komnu cuna TSXKIHHA OOPIBHIOE CUNI
Apximena, p —ryctuHa Boau, p7- rycTuHa onisug. LLlykaemo po3B’a3oK y

TakoMy BUrNaai:

2

d°z dz g .
= cos( wt — = —Ss1n( ot
g cos(wt) | i (1), (3)

t2

t

z= % (—cos(wt))
10

= % (1 —cos(wt)) (4)
10,

0

MigcrasmBLum doopmynu (3) i (4) y dpopmyny (2) oTpymaemo:

(ﬂ_}ng - lj(l —cos(wt)) =0 (5)

OcKinbKku ﬂ,pyFMIZ CMIBMHOXHUK HE MOXe ,D,OpiBHIOBaTI/I HYJMHO TOTOXXHO AnA

6y,El,b-FIKOFO Yacy, TOMy OTPUMAaEMO:
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2 H

wl=8 T2 o VL (6)
yH ’ @ g

Ockinbky Yac nipHaHHA NPUBNU3HO AOPIBHIOE Yacy BUPUHAHHS, OCTaTOYHO

3HaxoauMo:

A ™

Akwo H=20 cMm, zo =10 cm (oniBeub nnaBae Yy cCTaHi piBHOBArun
HamonoBWHy 3aHypuBlwMCb Yy Boay), To [, ~ 1, =~ 0,3cekynou | wo
criBnagae 3 ekcnepuMeHTasribHO OTPUMaHUMK pesynbTaTamu.

MeTton 2. Po3rnsHeMO npouec BUTIKAHHA PIgVHU 3 BepTUKanbHOI
NOCYyAUHN BUCOTOK Hop Yepe3 ropusoHTanbHUN Kaningp pagiycom R,
po3TalwioBaHuin Binga i AgHa. 3acTtocyeMo 3akoH [lyasenns (piBeHb pigvHu
H 3meHwyeTbCA):

_ ApR*ndt
&L

av dV =—-dHrR’, Ap = pgH . (8)

Y copmynax (8) 3acTtocoBaHi Taki no3HayeHHs: dV — o6’emM pigunHwm,
LLIO BUTIKAE 3 Kaninapa 3a vac dt, Ap — pi3H1Ua TUCKIB PigVHN MiXK BXO40M
y Kaningp Ta Buxogom 3 Kanindpa, L — goeXuHa kaningpa, p - ryctmHa
pidvHW, n — B’[A3KICTb piguHW, R1 — pagiyc BepTUKanbHOI MNOCYAUHW.

OTtpumaemo BignosigHe andepeHLUinHe PIBHAHHS:

_dH _ pgR'dt
H SRL )
Rt H
Y, ’ . —In 2 = pE = In(=2
dKe Ma€ Takmum pO3B A30K: H, 8R1277L ( 2R) .

(10)
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PgR 4t
SR’L ln( )

OCTaTOYHO OTPUMAEMO: m=

(11)

Bigomo, wWwo B'a3KicTb PpiauH 3MEHWYETbCA 3  NiABULLLEHHAM
Temnepatypu, TOMY eKCNepUMEHTM NPOBOAUIINCA ANA XONOAHOI Ta
rapsdoi sBogun. LuniHgpmnyHa nocyauHa mana Bucoty Ho =120 mm Ta
BHYTPIWHIA pagiyc Ry =21 MM, kaningdp maB goexuHy L =103 MM Ta
BHYTpIWHIN pagiyc R =1,32 mm. XonogHa Boaa (7=20°C) Butekna 3
nocyauvHn 3a 4ac tws=47 cekyHO, a rapsida Boga (7=90°C) BuTekna 3
NOCYOMHWN 3a Yac fz23p=38 cekyHO. 3 nigBULLEHHAM TemMnepaTtypu ryctuHa
BOOM 3MeHWYyeTbcA. TabnuyHi 3HaveHHsa Taki ([8], Tabn. 5 Ha c. 550):
p(T=20°C) = 998ke/m3, p(T=90°C)=978ka/m3. OBUMCNEeHHs 3a hopMYoto

(11) aanuv Taki pesynbTaTu:
(T ~ 2000)rng4
SR/ Lln( )

n(T =20°C) = ~ pt-2,143-107 = 1,005 -10"I1a - c

, Lo cniBnagae 3 Ta6J'II/I‘—IHI/IM 3Ha4YeHHAM B’a3KOCTi Boan ansa T=20°C ([8],
Tabn. 10 Ha c. 551),

o 4
p(T =90 cmapgR

n(T ~90°C) = ~ pt-2,143-107 = 0,797 10 Ia - c

SR’ Lln( )

TO6TO B’AI3KICTb BOAM 3MeHLIJy€TbCF| Ha 0,03:10° Ma‘'c npu NiABULLEHHI
Temnepatypy Ha koxHi 10°C. MeTton Mae Ayxe Xopowy TOYHICTb i
A03BONSAE [EMOHCTPyBaTM 3MiHY B’S3KOCTI PI3HMX pianH Big 3MiHK
Temnepartypu, agke Ans Uuboro HeobxigHi nuwe TepMoMeETp i CEKYHOOMIp.

MeToa 3. [udepeHuinHi piBHAHHA NepeHeceHHs peyvyoBMHU (rpouec
Aandpysii) nogibHi oo andepeHUinHnX piBHSAHb TENNONPOBIAHOCTI:

dm 1 dC

i(t,x) = ——=—-D"—"
J(t,x) it pS I (12)
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Y opmyni (12) 3actocoBaHi Taki MO3HaYeHHs: j(tx) — LWBMAKICTb
NepeHeceHHss peyvYoBUHU (ryCTMHaA MOTOKY pPedvYoBWHM) , dm — mMaca
PEYOBMHN, AKa MNEPEeHOCUTbCA 3a 4Yac df, p — ryctuHa peqyoBMHU, SKa
nepeHocuTbCHd, S — nnowa, 4yepes 9Ky peyoBuMHa nepeHocuTbed, D -
koediuieHT audysil, dC — 3MeHLEHHA BIQHOCHOI KOHUEeHTpauil Ha
NPOMIKKY dx B3OOBX HanpamKy Audysii. ['yCTMHa MNOTOKY pPeYvYOBUHU
3anexuTb fK Bif Yacy, Tak i Big KoopAuHaTW, TOMY PiBHAHHA (12) moxe
MaTWh aHaniTUYHUM PO3B’A30K NuLle ANs OyKe CNpOoLeHUX Moaenen, dkKi,
npoTte, i3aM4HO npaBuSibHO BigobpakalTb BigMNOBiAHE dABULLE. Takum
aBuemM Moxe OyTu  andysia B3OOBX OMCIOKAUiMHUX TpPyOoK 3
OOHOYaCHUM MNPOHUKHEHHAM Yy o6’eMm. Todi 3amicTb pIiBHAHHA (12)
OTPMMAEMO Take PIBHSAHHSA, 9Ke MOXe OyTu po3B’sa3aHe aHaniTU4Ho [2]:

dy@) _ A4 5 @)

- d .
o y@) A

Lle piBHAHHA MOXe ByTn cnpou_LeHe(:zile YUHOM:
dzd(;) =24- 23%’ (1), ne z()=u()v(t) =y (1), (14)
) gy + u(r)( e 2%’ v(r)j 24 (15)
MpunyweHHs d‘;(;) + 23\%1 V(1) =0 pae Taknit po3s’s3ok:
v(t) = g _ o , ne m” = 3Bdt% abo m =./3B, t%_

(16)
Moganblunin npouec po3B’sisyBaHHA HaBegeHO Y poboTi [2].

OcTaTo4YHO OTPMMAEMO:
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4
Y de™ rl—e V"
B - 3p3 2i _A (17)
d d l+e V7

y(t) =

ae i — ysBHa oauHuus, To6TO i?=-1. Lle PiBHAHHS € TOYHMM PO3B’A3KOM
piBHAHHA (13), a HabnwkeHWn 3aKkoH, SKUA (QI3MYHO nNpaBUITLHO

Bigobpaxae gudysito B3OOBX OUCMOKaUiMHMX TPyOOK 3 OOHOYaCHMM

b2
o — 6
NPOHUKHEHHAM Yy O0O0’eM, Takui: )’(f)—(B—j 1> 106T0 rnnbuHa
d

MPOHUKHEHHSA NPOMOpPLiHA KOPEHHIO LWOCTOro cTeneHs 3 Yacy amdyail.
BucHoBOK. 3anponoHoBaHi MeToAu CKnagaHHA Ta po3B’dA3yBaHHA

AnpepeHUiNHNX PIBHAHb ONS KOHKPETHMX (PisUYHMX 3apad, a came: ans

onucy npouecy nipHaHHA ofliBUA Yy BOAY, AMA ONMUCY NpoUecy BUTIKAHHS

pi,El,I/IHI/I yepes FOpMSOHTGJ’IbHI/IVI KaI'IiJ'IFlp 3 BepTI/IKaJ'IbHO.I' nocyauHwn, ans
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