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O. I1. IIPIIIIEHKO, T. T. YEPHOI' OP

AHAJII3 HPUKJIAZIB 3ACTOCYBAHHS TU®EPEHIIAJIbHUX PIBHSTHb B XIMIYHIA TA
XAPYOBIU TEXHOJIOI'TL

B crarTi HaBeseHO MPHKIAAN BUKOPHCTAHHS MU(EPeHNIINHNX PiBHAHb B XIMiuHiN Ta XapdoBili TexHOOrii. 30KkpeMa, AU(EpeHIiaNbHI PIBHIHHSL
LIMPOKO BUKOPHCTOBYIOTHCS B PI3HOMAHITHUX Tajly3sX Cy4acHO! HAyKH i TeXHiKU. ToMy Teopis qudepeHLialbHUX PiBHSIHB, SK OKpeMa TeMa B Kypci
BHUIIIOI MaTEMATHKH, MOCIJa€ BaXIIMBE MICIlE B CHCTEMI MiATOTOBKH (haXiBI(iB 3 MeXaHIiKH, ()i3HKH, €JIEKTPOTEXHIKH, XiMii Ta MalIMHOOYyBaHHSI.
IToxazaHa MO>KJIUBICTb BUKOPUCTAHHS JH(epeHNiaTbHUX PIBHSHB IIPU PO3B’ I3aHHI PI3HOMAHITHHX XIMIYHHX 3aad.

KaiouoBi ciioBa: ximis, audepeHiiianbpHe piBHSIHHS, Peakilis NepIIoro MopsjaKy, pedoBHHA, KOHICHTpALliS PEeYOBUHH, MIBUIKICTh PeaKii,
MaTeMaTH4YHA XiMisl, XiMi4Ha 3a/1a4a, MaTeMaTuka B Ximii.

O. I1. IIPHIIEHKO, T. T. YEPHOI' OP
AHAJIN3 IPUMEPOB ITIPUMEHEHUSA JIN®PEPEHIIUAJIBHBIX YPABHEHUI B
XUMHUYECKOW Y IUIIEBOM TEXHOJIOT U

B cratee mnpuBeneHB! NpUMEpHl pelleHHs JU(GEpPEeHIHANBHEIX YpaBHEHHH B XHMHYECKOH M IHINEBOH TeXHoJoruu. B wacTHOCTH,
muddepeHnHanbHble yPaBHEHUS IIHPOKO HCIONB3YIOTCS B Pa3sHOOOPA3HBIX OOJACTAX COBPEMEHHOH HAayKd M TeXHHUKH. IlosToMy Teopms
muddepeHIHaNbHBIX ypaBHEHHI, Kak OTAeNbHAs TeMa B Kypce BBICIICH MAaTeMaTUKH, 3aHHMaeT BaXKHOE MECTO B CHCTEME IIOATOTOBKU
CIICUAJIMCTOB 110 MEXaHHKe, (PH3UKe, HIEeKTPOTEXHUKE, XUMUH U MalIHHOCTpoeHuIo. ITokazaHa BO3MOXKHOCTb HCIIOIb30BaHUS U (epeHInaIbHbIX
YpaBHEHHUH IIPH PeNICHUH Pa3HOOOPa3HBIX XUMUYECKUX 3a/1ad.

KiioueBble caoBa: xumust, nudepeHHaIbHoe ypaBHEHNE, PeaKiys IIePBOTO IOPsAKa, BEIIECTBO, KOHICHTPAIMS BEIECTBA, CKOPOCTH
peakIuy, MaTeMaTHIecKasl XUMUS, XUMHUIeCKas 3a1a4a, MAaTeMaTHKa B XUMHH.

O. P. PRISHCHENKO, T. T. CHERNOGOR
ANALYSIS OF EXAMPLES OF APPLYING DIFFERENTIAL EQUATIONS IN CHEMICAL AND
FOOD TECHNOLOGIES

The article deals with applying mathematics in chemistry and chemistry-technology. Specifically, differential equations are extensively used in
various fields of science and technology. That is why the theory of differential equations, as a separate topic in the course of higher mathematics, is
of major importance in educational system of future mechanics, physicists, electrical engineers, chemists, mechanical engineers etc. A possibility of
using differential equations in solving various chemical problems is demonstrated. Some chemical technology problems are exemplified whose
general solution is reduced to separating variables equations, first-order linear differential equations, second-order linear homogeneous differential
equations. It is noteworthy that in solving chemical technology problems we deal with all of these types of differential equations. First-order
homogeneous differential equations are applied in solving the following problems: chemical compounds chlorination; chemical agent consumption
with maximum end product yield in complex reactions. Second-order non-homogeneous differential equations with constant coefficients are used in
solving problems of a system of reverse reactions running at constant volume; continuous hydrolysis of solid fat in a spray column. Second-order
differential equations which allow reduction of order are utilized for problems such as liquid movement in capillaries. Second-order linear non-
homogeneous differential equations with constant coefficients are applied to solve various problems, e.g. to find a law of motion of a particle that
falls as a precipitate in a liquid having no initial velocity.

Keywords: chemistry, differential equations, first-order reaction, substance, substance concentration, reaction rate, mathematical chemistry,
chemical problem, mathematics in chemistry.

BCTle. MO:KIIMBOCTI PO3BUTKY KOMIIETCHTHOCTEH HAyYKOBOI'O ,HOCJIiﬂ)KGHHH BI/IKJ'Ia,Ha‘IiB Ta CTy,HGHTiB €

MIXBY31BCHKHX KOMIUIEKCHUX IIPOCKTIB TICHO IOB’S3aHI  MiJABUINEHHS KOHKYPEHTOCIPOMOXHOCTI  YKpaiHCBKOI
3 NWTaHHAMM KiIacu(ikalii yciX BHIIB B3a€MO3B’SI3KIB  TEXHIYHOI OCBITM Ha CBITOBOMY pPHHKY IIUIIXOM
JUCIMIDTIH Y MeXax KypciB 3a HaBYaJbHHMH  PO3pPOOKH Ta BIIPOBA/PKEHHS IHHOBAIIMHMX Mojenel Ta
mporpamMaMi, a  TakoXK ~ BHOOpDOM  JIONAaTKOBMX  METOMiB. XiMiYHa Ta XapuyoBa TEXHOJIOTii BHBYAIOTH

VHIBEpPCAJIIbHUX KOMIIETEHTHOCTEH. MaTtemaTuka Jisi  BJIACTHMBOCTI  PI3HOBHIIB CHPOBHHHM Ta IPOXMYKTIB,

IH)KEHEpIB  XIMIKiB-TEXHOJIOTIB — [¢ B Mepury 4Yepry
KOPHCHHM IHCTPYMEHT JUIi pO3B’si3aHHS 0Oararbox
XIMIKO-TEXHOJIOTIYHUX TIpodjeM Ta 3amad. Baxko
3HAWTH TaKWH PO3IIT MAaTEMAaTHKU, SKWA 30BCIM HE
BHUKOPHCTOBYETHCS JUTSI BUPILIEHHS [IUX ITPOOJIeM Ha yCix
CcTafisix I1X aHamizy. 30KpeMa, OCHOBY CTaTHCTHYHOI
TEPMOAMHAMIKM  CKJIQJa€  Teopiss  WMOBIpHOCTEH,
OprafHiyHa XiMis I Tepea0aueHHs] BIIACTUBOCTCH
CKJIAJIHUX OpTaHiYHUX MOJIEKYJ BHKOPHCTOBYE TEOpii0
rpadiB, OCHOBHMH IHCTPYMEHT XIMIUHOI KIHETMKH —
mudepeHIianbHl  pIBHSAHHS, XiMiYHa TEpPMOJMHAMIiKa
IIMPOKO  BHUKOPHCTOBYE  METOAM  TOMOJOrii  Ta
nudepeHIianpHol reoMeTpii [ 1-9].

IMocranoBka npodiemMu y 3arajibHOMY BHIJISIAL
Ta ii 3B'130K i3 BAKJINBHMH HAYKOBMMH YH NPAKTHY-
HUMH 3aBJAAaHHSIMH. METOI0 NpENCTaBICHOrO y CTaTTi

3aJIeKHICTh 1X BJIACTHUBOCTEH BiJi YMOB TEXHOJIOTTUHHX
PeKUMIB — TEMIlEpaTypH, THCKY, KOHILEHTpamii Ta iH.
Tomy nayxe 4YacTo XiMiKaM-TE€XHOJIOTaM JIOBOJHUTHCS
mocimkyBaTi GyHKIT onHieT a00 KUTPKOX 3MiHHHX. SIK
BiJIOMO, OCHOBHHH CIOCIO JOCHipkeHHS (QYHKINI 11e
aHaii3 11 moxinHoi [10-18]. Hanpukmazn, npu po3B’si3aHH1
3aBIaHb 3  (IBMKO-XIMIYHMM  3MICTOM  MOXHa
PEKOMEHyBaTH TaKy HOCIiIOBHICTb Iiii:

1. BcraHoBHTH, SIKUM 3aKOHOM ITiJITIOPSIAKOBYETHCS
JIaHWH TIpOLIeC Ta BUPILINTH, 110 BHOPATH 32 HE3aJIEeKHY
3MiHHY (HampHKIal, 4ac f) i mo 3a IIyKaHy (YHKIIO
(Hanpuknanm, x =x(z) ).

2. Buxogsuu 3 yMOB 3aBIaHHSI
MIOYaTKOBI YMOBH (HANPHUKIAA, X, = x(Z,) ).

BU3HAYUTHU
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3. BimoOpasutu BCi HasBHI B 3a7adi BEIHMIWHHU
4epes f, X, X, BUKOPUCTOBYIOUM TIPH IbOMY (i3nuHMii
3MICT TIOXiZHOI SIK IIBMAKOCTI 3MiHM 3MIHHOI X B
JIOCITIPKYBAaHOMY TTPOILIECi.

4. Buxomsuum 3 YMOB 3aBAaHHS Ta Ha IIiACTaBi
(GI3UYHOrO 3aKOHY, SKOMY MiIIOPSAKOBYETECS TaHWH
TIpOLIEC, CKJIACTH TU(epeHIliaJbHe PiBHIHHS.

5. 3HaliTi 3araybHUN iHTErpan audepeHiaIbHOro

PiBHSHHSI.

6. 3a MOYAaTKOBHUMM yMOBAMM 3HAWTH YaCTUHHUUI
PO3B’S30K.

IIpn po3B’s3aHHI BeNUKOI KUIBKOCTI  (i3HKO-

XIMIYHMX 3aJa4 CiIif 3HATH, [0 MMBUIKICTL 3MIiHHU
3MIHHOI BEJIMYMHU MTPOIOpIIiiiHA 3HAYSHHSM Ii€] 3MiHHOT
B mepmiii cremeni. Taki mporecH Ha3WBAIOTHCSA
MIPOLIECaMU TIEPIIOTO MOPSIIKY 1 ONMUCYIOTHCS PIBHSHHSIM:

dx e
—=hkx. V pasi ximiuboi peakuii BeIMYHHH, IO

dt

BXO/IATH /10 Hel, 03HAYaIOTh: X — KiJIbKICTh PEYOBHHH B
OqMHUI 00'eMy, kK — TOCTIHHY BEJIMUMHY NIPH 3aJaHii
TemIiepaTypi (craja MBUIKOCTI peakiii), f — Jac.

Jlo Takux IpoLEciB CijJ BiIHECTH paiOaKTHBHUI
posmaj, 3MiHa KOHIIEHTpalii po3urHy, XiMIUYHY peakiio,
IO NPOTIKaE BIAMNOBIAHO A0  CTEXIOMETPHUYHOTO
piBHSHHS TUITY A— B, 3aKOH OXOJIO[PKEHHS Tijia Ta iH.

BukiiagaHHs 0CHOBHOT0 MaTepiaiy J0CTiTKeHb.

PosrisiHeMo fesiki 3amadi Uil pO3B’SI3aHHS SIKUX
3aCTOCOBYIOThCS TU(EepEeHIIIANIbHI PIBHSIHHSL.

[Mpuknan. €MHICTD, CTIHKH SKOi YTBOPIOIOTDH JIESKY
MOBEPXHIO  00epTaHHA 3  BEPTHKAIBHOIO  BicClO,
HAllOBHEHA pIOUHOK A0 Bucotd h. Hexait y nHi
MMOCYIMHU 3pOOJICHO OTBIp 3 IUIOMICIO f, depe3 SIKHid
pinnHa BuTiKae 3 mocyauHu. [loTpiOHO BHM3HAUMTH Hac,
HEOOXimHUH M TOro, m00 pigWHA OImycTHiacs o
3aJaHoro piBHA ab0 BUTEKIA MOBHICTIO. 3a yMOBH, IIO
MIPOTSATOM BCHOTO IIPOLECY HE BiOYBA€THCS NPHUILTUBY
piAMHM B TOCYAMHY 1 IO PI3HMIEI0 THUCKY IOBITPS B
MOBEPXHI 1 y BHXIZIHOTO OTBOPY MOXKHa 3HEXTYBaTH,
BU3HAYUTH Yac, KU 3HaHOOUTHCS AJIsl TOrO, 100 PiBEHb
PIAVHY B NWTIHAPWYHIA TOCYIWHI 3HU3WBCS BHACIIIOK
BUTiKaHHA pigman Ha 0,6 M, SKImIO JiaMerp
OWTIHAPUYHOL TIOCYIWHA 3 M, OTBIp Y THI IOCYINHU Ma€
niamerp 57 MM, MocyauHa, HarmoBHEHa pinuHO0O 10 1,8
M. BusHaunTH, yepes3 CKiNbKM Yacy BHTE4YE BCS BOja 3
MIOCY/IVHHU.

Po36’si3anns. Kinbkicts pinuan dQ , M0 BUILTHUBAE
3a yac dr 31 IIBUAKICTIO ), 4Y€pe3 OTBIp, OYEBHIHO,
onHo fwdr.
OpoTroM 4acy dr Oyle BBaXkaTuci HE3MIHHOO,
3HM3UTHCS 32 IEH 4Yac 3 JESIKOI IMIBHAKICTIO @ Ha

BUCOTY @dr , a OTXKe, 00CAT piAMHH B NOCYAHHI
3MEHIIUTBCS Ha BenmunmHy Fodr. g Benmuuna

PiBenp pimunu, mnoBepxHs [ sKoi

MIOBUHHA  JIOPIBHIOBATH  BEJIMYHHI dQ. 3simcu
OTPUMYEMO:

dQ = fodr = Fodr (1)

abo fo, =Fo. 2)

3rifHO i3 3aKOHOM, HIBHJIKICT (), BHTIKaHHS

piIUHU 3 OTBOpY 3 ILIOILLEIO IOIEPEYHOro mepepizy f
JIOPIBHIOE INIBUIKOCTI, SIKy HaOyBae BUIBHO Najaroye
TiJI0, IPOUIIIOBIIY BiJICTaHb, PIBHY BUCOTI CTOBIIA PiANHA
HaJl OTBOPOM.

BBenemo Tenep NMpSAMOKYTHY CHCTEMY KOOpIHMHAT,
B3sIBIIM 3a Bichb OX BiCh MOCyIWHH, a 3a Bick Oy Oynb-
Ky HEepHEeHANKYISIPHY 10 HEl IpsMy, IO JISKHTh B
IUTOLIMHI, 3 SIKOIO CIIBMajaja IHOBEpXHS pIJUHM Ha
movaTky mpouecy (B MomeHT 7 =0 ). Bice Ox HanpaBumMo
BEPTUKAJIBLHO BHM3. TOAi, 3TiHO 3 BHIIEBKA3aHUM
3aKOHOM MM OTPUMAEMO AJIs IIBUAKOCTI BUTIKAHHA @), 3

OTBOPY B MOMEHT 7 HACTYIIHHMH BUPa3 @, = +/2g(h—x),
Jle g — TPHUCKOPEHHS CHJIM TSKIHHA, s — IOYaTKOBA
BHCOTa cTOBNA pinuuau (ipu 7= 0); X — piBEHb B MOMEHT
7. IliacraBisioud 3HAUEHHS @), dbopmyny (2),
OTpPUMAaeMO BHpa3 Ul IIBUAKOCTI @ TaiHHA PIBHA B
MOMEHT 7 :

~L J2gt=) 3)

SAxmo eMHiCTh Mae (QopMy  BEPTHKAIEHOTO
mwtiHAgpa abo mpu3Mu, TO F mocTiliHa: SKIO X €MHICTD
SBISIE COOOI0 TUTO OOepTaHHsA, TBIpHA SKOTO Mae

piBnsHHs y = f(x) (puc. 1), 10 F = 7y°.

TN

)
- /9

Xv

Puc. 1 —I'paciuna mozens nporecy

IMincraBnsroun —— B piBHAHHA (3) 3aMicTh @),
dr

OTpUMAEMO:

dx f«/2g(h X) abo dr =

Fdx

T T

P03B’ﬂ3y10q1/1 PIBHSIHHS, MaeMO:

F~N2
=——ZJh-x+C.
Ty "

CKOpHCTAaEMOCH ~ TIOYAaTKOBMMH  yMOBaMH: B
MIOYaTKOBUH MOMEHT 3aKiHUEHHS 3HWKEHHS piBHSA
piavHY TOpiBHIOE HYIIO. 3HAYNTH, K07 =0, T0 x=0.

Otxe:

fF Im'

F\2
fff’
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f@(ﬁJT).

OtpumaBm  Gopmyny, IO J03BOJISE BHU3HAYWTH dac,
HEOOXiTHUH AJIs1 OITYCKaHHS PiAMHM J0 33JaHOTO PiBHSA,
MiJCTaBUMO B HEl JaHi 3ajadi 1 BH3HAYMMO 4ac,
HEOoOXiTHUH AJIs1 TOro, MO0 PiBeHb PiIAMHY 3HU3UBCS HA

0,6 M, g=9,8Mm/c’; h=1,8M; x=0,6M:

3BIOKH 7 =

2 2
 — 7d _ 3,14-9 _53.6;
4
2 2
fm:ﬁz’ :3,14 0,057 —0,003;

53,6-1,4
= JL8=1,2)~2
0T 0003F( 2)= 20

Jly1s BU3HaUeHHS Yacy, HeOOXiHOrO JUIsl TOrOo, 100
BCS piAMHA BUTEKIA 3 MNOCYAMHU x =/, OTPUMYEMO

opmyay:

F\2 53,6-1,4
=207 1,8=169
fff - ooosf XB

[Mpuknan. OTpumaTty piBHSHHS XIMIYHOI peakiii,
IO CKJIQJAETHCS 3 J[BOX pEaKLiil IepHIoro IOpsSaKy
k &, . .
A——B—=—C (mocii/10BHA peaKiisi), 32 yMOBH, 10
BiZIoMi cTajli INBMAKOCTI peakwii x, ,x, ,x. , @ TAKOXK
0 0 0

BU3HAUMTH KOHLEHTPALil0 Xz B MOMEHT 4acy
120 ¢, sxmo  x, =0,28 kmonv/ M,k =2,5-10"¢™",
-3 —1 _ _
k,=5,5-10 ;x5 =0, x, =0.
Pose’szanns. Hexait x4, X, Xc¢ — BiAOOBiAHO
KOHLeHTpalii pedoBuH 4, B, C.
PiBHSHHS IIBUIKOCTI peakwiil U pe4OBUHU A:
dx,
= kx, @
dt

PedyoBuHa B yTBOPIOETBCS 3 PEUOBHHU A, TOMY
IIBUAKICTE YTBOPEHHS PEUYOBMHM B  mporopiiiina
KOHLIGHTpALlil pe4OBUHH A4 Yy BIANOBIIHUH MOMEHT Yacy
t. Cama peuoBnHa B € mkepenom pedoBun C i
LIBHAKICTH po3naay (3BOPOTHOTO TPOLECY YTBOPEHHS)
pedoBuHM B mponopuiiiHa Ioro KoHHOEHTpamii Yy
BiMOBiTHWI MOMEHT 4acy. Li 1Ba mporiecu IpoTiKaroTh
OJJHOYACHO; IIBUKICTh 3MiHHM KUIBKOCTI B BU3HAYa€THCSA
piBEstHESIM [10-12, 14-17]:

7: =kx, —k,x;. Q)

[IBunkicte peakmii yrBopeHHS pedoBuHH C
BH3HAYAETHCS KOHIICHTPAIIIEIO Xp, BIiIIMOBITHE PIBHSIHHS
Mae€ BUTIIS;

e
dt

Jist piBHsHHS (4) MaeMo:
—kyt
Xy=x,€ ", (7N

=k,x,. (6)

Sxmo ¢popmyy (7) BuUKopucTaemMo y piBHSHHESA (4) i
(5), To orpumaemo niHiliHe nudepeHIiaTbHe PiBHIHHS
TIEPILIOTO MOPSAKY:

dx ht
7:+k2x3 = kxA,e ™.

P03B’s13y104H 1€ PiBHSHHS, OTPHMAEMO:
dx o,

7:+k2x5 kx, =U@)V (@),
=U'V@+U@V' (@),
UV +UV'+ UV =kx, e, V'+k,V =0,

a —=—k Idt InV =—kt,V=e™,
V

1 —kyt __ —kt
Ue™ =kx,e™,
kx

— (ke — 1
dU =kx, e =

ef(kl k) C,
kz - kl

kx,,
kz _kl

—kat

)t~y
e hihlght | Co! |

Xp =

npu t:O,xB:xBO:

®)
k x
ks Y ek
=xg e +———(e" —e™).
kz - kl
3ayBaxuMo, W0 X. JCIie BU3HAYHTH HE 3

piBHSHHS (6), a 3 piBHAHb MaTepianpHOro 6amancy (7) i

(8).

PiBHsIHHS MaTepiabHOTO OaaHCy Ma€ BHUTIISL
X, + Xy +Xe =X, +X,+ x5 3BLICH

— kit

Xo =X, +Xp +Xo =X, —Xp =X, +X, +X, —X, € " —
kyx
—ky 1 —kyt —ky
—Xy € —’—k A;( (e —e™).
OTpuMaBIIM  DPIBHSHHS  IIOCITIJOBHOI  XIMIYHOL

peaxuii, BU3HauMMO 3 PiBHAHHA (8) KOHIEHTpaLilo X, B

BaﬂaHI/Iﬁ MOMCHT 4YacCy IIpyd 3aJaHuX IOYaTKOBUX
YMOBax:

x=0- e—5~5-10’3-120 2,5- 1073 -0,28 .
5,5-10%-2,5-10"
(e‘2~5'10’3-120 _8_5’5.1073'120) ~ 0,1 1xmons/ M’

Bicnux Hayionanvnozo Texuiunoeo Yuisepcumemy «XIII». Cepis: Innosayitini
docaidicen s Y HayKogux pobomax cmydenmis, 2018, Ne 40 (1316) 41



Innosayitini 00CnioNceHHs. Y HAYKOSUX pobomax cmyoermis

ISSN 2220-4784

[puknazn. JliBuit KiHEIb CTEPXKHS, JOBXUHA SKOT'O
JIOPIBHIOE L MATPUMYETHCS IIPH MOCTIHHIN TeMmepaTypi
T, a mpaBuii — npu nocriiixii Temnepatypi 7, <7, .

CrpuxkeHb 3pobneHnit 3 MeTaiy 3
TEIUIONPOBITHICTIO A y BUTIISII OpycKa Malloi TOBIIMHH
3 IEpUMETPOM IONEPEYHOro Iepepisy P M 1 IUIomero
nepepizsy A M>. KoedillieHT TemnoBiamadi Bif moBepxHi
CTPIDKHSI 1O HaBKOJIMIIHBOI'O CEPEIOBHINA ¢ MOXE
OyTy IPUHHATHI TOCTIHHUM.

Temrmeparypa HaBKOJIMIIHBOTO cepenoBHuIIa
nopiBaioe  7;. TloTpiOHO BCTAaHOBHUTH 3B’S30K MIiX
TEMIIEpaTypOIO CTEPXKHS B OyZIb-sIKiil TOUMI 1 BiCTaHHIO
i€l TOYKN BiJl rapsvoro KiHIls, 32 YMOBH, IO CTEPKEHb
JIOCUTh TOHKHH; SIKIIO TETJIONPOBIIHICTH HOrO BEIHKa,
TO MH MOXEMO 0e3 CyTTEBOI NOMMIKH 3HEXTYBAaTH
TeMITepaTypHUMHA rpajiieHTaMu B HaIpsIMKax,
MEPIECHANKYSIPHUX 10 OCI  CTepXKHS, 1 IpHUIHSATH
MOCTIHHY TeMIeparypy B KOXHIM TOYNI HOIEpEeYHOro
riepepizy, HepreHuKyIsIpHoro oci Ox.

Po36’a3annn. JlocniauMo mporec po3noBCIOHKESHHS
TeIJIa B E€IEMEHTapHOMY BI/IPI3Ky MOBXMHOIO dX Ha
BIJICTaHI X BiJl TOrO KiHIIS CTEpP)KHS, TEMIIEpaTypa sSKOTro
t1 (puc. 2).

o — dx —— o
[

N

Puc. 2 — I'pachiuna mozmens TermiooOMiny

KinpkicTs Teruia, mo NpoXoauTh 3a 4ac dr d4epes
TIEPETUH CTEpPXKHS, IO 3HAXOAUTHCS Ha BIJICTaHI X BiX
MOYaTKy CTEpXHs, 3TiJHO Teopii Temonepenadyi, Oyne
JTIOPIBHIOBATH:

—lAﬂ dr.
dx

KinpkicTe Temma, mo mpodmnnio 3a Yac dr 4epes

MONIEPEYHUNA Tepepi3, M0 3HAXOMUTHCS Ha BiJICTaHi
X + dx BiJ] TIO4aTKy, Oyme:

2
—ﬂ,A d_T+dZ
x  dx

dx |drt.

JlinsHKa crepikHs, po3TalloBaHa MK Iepepizamy,
BilJAJICHUMHU BiJl ITOYaTKy Ha BIICTaHAX X 1 x +dx,
BHACJIIOK TeIUIoNnpoBigHOCTI HaOyBae 3a dac dr
KUIBKICTh TeIIa, IO MAOPIBHIOE PI3HMII BKa3aHUX
KIJIBKOCTEH, TOOTO:

a’T
x2

3a TO# ke yac BTpaTa TelUia Bif Ili€l JIITHKA B
HaBKOJIMIIIHE cepeloBHILE Oy/ie CTAHOBUTH:

AA dxdr.

aPdx(T—T,)dz.

Ane Tak sk ,HOCJ'Iiﬂ)KyBaHI/Iﬁ HaMu IIpouec €
CTaHiOHapHI/IM, TO

da’T
AAd—dxdr = aPdx(T -T))dr.
x

Ocraroyno TIPUXOANMO 10 HACTYITHOT'O
JudepeHIiaTbHOrO PIBHAHHS:
d’T  aP

=—(T-T). 9
L) 9

. aP
Hexait A =a’" . 3ayBaXHMOo, 10 IpH I, = const :
d(T-T) _dT d(T-T)_d’T
dx e’ dY’ dx’

ToMy piBHAHHI MOXe
HaCTYITHOMY BHTJISI:

OyTn mepemucaHo y

d’(T-T) _

= a*(T-T)=0.

Ile piBHsHHA Mae mocriiHi Koedinientn. Horo
3araJbHUI po3B’sI30K Oye:

T-T =Ce"+C,e™. (10)
[Ipu  po3p’s3aHHI  NPUKIAAHUX  337ad  JUIS
3HAXO/DKEHHS  JIOBUTHHUX  CTAIAX MOXYTh OyTH

BUKOPHCTaHI TPaHWYHI YMOBH: B IIOYaTKOBiil TOUIi
crepkHs, To0T0 npux =0, 7 =7, Ta y KiHUeBil, TOOTO
npux=qa, T =T,. Toxi 3 piBasanns (10) 3Haxoxumo:
— . _ _ al —al,
I,-T.=C,+C,; T, -T, =Ce” +C,e™™. (11)
3 nux piBHAHb MoxHa Bupasutu C, i1 C,uepe3
BizgoMi BesnmuuHY. Po3B’sa3ytoun piBHsaHHA (11) momo C,
i C, orpumaemo:

_(L-T)-([-T)e™"

C 5
2shal
(T, -T)e™ —(T,-T,)
C, = . Sy
2shal

IMincranoska sHauens C, i C, B piBHAHHA (11) nae:

(I, —T)shax+ (T, -T))sha(L - x)
shal ’
OTpUMAaBIIH PiBHSIHHS, 1[0 BCTAHOBIIIOE 3aJICKHICTD
MIDX TeMIepaTyporo 7 i KOOPIUHATOIO X TOYKH HATPITOTO
CTep)KHS, BH3HAYMMO, 30KpEMa, TEMIepaTypy CTep KHS
3aBJIOBXKKHK | M B TOUYLIl, BiAJajCHIN BiJ] JIIBOrO KiHIIS HA
Bincranb 0,4 M, 32 YMOBH:

T-T =
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A
T, =0; (l=10KKaJI/M2'FOZ['rpaI[,F=72,5;

A=330 — @1 .
M- TOJ - TPaj

T =47,9-shl, 48-0,4+95,8-sh1,48(1—0,4) ;

ExcriepuMenTanbHi  3aJ1€KHOCTI BHTOTOBJICHOTO 3
MOMieTHJIeHy BHpPOOY MaloTh TpadivyHi 3aJeXHOCTI
KoedilieHTa TermIonpoBigHoCTi A (puc. 3a) i koedinieHTa
TEMITepaTyporpoBoAHOCTH o (puc. 30), Tak camo 5K i
TEIUIOEMHOCTI C, (pUC. 4) HeNiHIMHOrO XapaxTepy, IO
YCKJIQJIHIOE ~ PO3B’S3aHHA ~ MaTEMaTHYHOTO  OMHCY
nporiecis TerionposigaocTi [10-18].

T =126,7°.
0,6
0,15
~ ﬁ i o
e ~
=
E 03 S 2 N
= A\ g o AN
[=]
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5 04 = 2 0,05
- \/
0.3 0
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Temmneparypa Temneparypa
a
Puc. 3 — 3anexuicts koedimieHtiB Bin Temneparypu s I[IOBIl: a — TemmonpoBignocti; 6 —
TEMITEPaTypOIPOBOJHOCTH
g /
2 /
ool
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5 05 ]
= N
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Puc. 4 — 3anexHicTh TMUTOMOI TEINTOEMHOCTI (Cp) Bix Temuepatypu st [19BIT

Pi3ka 3miHa 3HaYeHb KOCQIIIEHTIB TEILUIOMPOBITHOCTI i
TEMIIEpaTypOIIPOBOJHOCTH TIPH TeMmIieparypi (a3oBoro
TIepex oy IOB's13aHa 31 3MiHOIO 3Ha4YeHb C, Y Wil o0JacTi,
SK IIe TMOKa3aHO Ha pHUCYHKY 4. Po3rsarHyra o0Gnactb
Nepexoy IOB'si3aHa 3 MOJIAWCIIEPCHICTIO ToiiMepy i
PO3XO/UKCHHSME B 3[aTHOCTI KPHCTANI3YBATHUCS JUIS
MaKpOMOJIEKYJ Pi3HOI JOBXMHH. B y3araneHeHiit ¢opmi
HE3aJISKHOI BiJl 00OpaHOi CHCTEMHM KOOpAWHAT PiBHSHHS
TEIUTOIPOBITHOCTI Ma€ BUTIIS;

o _ vt +i,
ot pC

P
e o — Koe(illieHT TeMIepaTypoIrpoBOAHOCTH; V2
— omeparop Jlammaca mis T; G — iHTCHCHUBHICTB

BHYTPIIIHBOI'O TEIIOBUIIICHHS B CHCTEMI BiHECCHA IO
ONUHHILI 00'eMy, Kal/cM>-cC.

BucHoBKkM Ta mepcneKTHBH MOAAJIBIIOTO PO3-
BHUTKY [aHOI0 HAmpsIMKY. Y TIIPOIIOHOBaHIH poOOTI
HaBeZeHI AesAKi 3aaa4i XiMIYHOI TEXHOJOrI, 3aralbHHUi
PO3B’SI30K SIKUX IPU3BOANTH HAC 10 PiBHSHB 3
BiJIOKPEMITFOBAHUMHU 3MIHHHAMH, o JIHIAHAX
mudepeHIiadbHUX  PIBHSHb NEPIIOro TOPSAKY, 10
TMHIAHAX ~ OFHOpITHWX  JAU(EpEHIIATbHAX  PIBHSIHB
npyroro nopsaky. Ciin 3a3Ha4uTH, 10 TP PO3B’A3aHHI
3aja4 XiMIYHOI TEXHOJOrii MM 3ycTpidaemocs 3 yciMa
UMY TATaMH Ju(epeHIliabHIX PIBHSIHD.

Tak, 3 OMHOpITHUM TU(EPEHITIATFHIM PiBHIHHIM
TIEPIIOro MOPSAKY MH 3yCTpi4aemMocs IIpH PO3B’sI3aHHI
3a]1a4: TPOLEC XJIOPYBaHHs OPraHIYHKUX CIIONYK, BUTpaTa
peareHTy TpH MaKCHMaJlbHOMY BHXOII I[JILOBOTO
MPOAYKTY B CKIAQJHHUX PpEaKIisX; 3 HEOXHOPIIHUMHU
mudepeHIiaIbHIME  PIBHAHHAMHU JIPYTrOro IOPSAKY 31
cTamuMu KoedilieHTaMu — MY po3B’sI3aHHI 3a/1a4:
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cucteMa OOOpPOTHHMX pEakliif, II0 MpOTIKaTb NpHU
mocTiiHOMY 00’emi, Oe3MepepBHHI TPOIEC TiIPOTi3y
TBEPIOrO0 JKAPY B PO3MWIIOBANBHIN  KOJOHIN; 3
IUpEepEHITIATbHIMA PIBHSHHSAME JPYTOro MOPSAKY, IO
JIOITYCKAIOTh 3HIDKEHHSI TOPAIKY — pPyX pITUHA B
Karisapax; 3 JIHIAHIM HEOAHOPITHUMHA
mudepeHIiaJbHIME  PIBHAHHSAMHI JIPYrOro IOPSIAKY 31
CTaJIMMHU KoedilieHTaMH — TIpH PO3B’sSI3aHHI OaraTbox
3a/a4, 30KpeMa, HANpPUKIAL, TPH 3HAXOKCHHI 3aKOHY
pyXy YacTWHKH, LI0 BHIAIae B oOcajg B pinuHi 0e3
IIOYATKOBOI IIIBUKOCTI.

B maHiii cTaTrTi MH PO3IIISIHYIU TUTBKH JCKLITbKA
MIPHUKIIAIIB, SKi JAFOTh YSABJICHHS PO TE, SIK MaTeMaTHKa
BHUKOPHCTOBYEThCSL B XiMii. Bonm ¢opmyrors xoua,
3BUYAHfHO, HEMOBHE VSBICHHA TMPO 3aj1adi, sKi
PO3B’SI3YIOTh XIMIKH 32 JOMOMOT'OI0 MaTEMaTHKH.

Bzaemonist XIMIKIB Ta MaTeMaTHKIB HE
00OMEXYETBCS PO3B’SI3aHHSA TUIBKH XIMIYHHX 3a7ad.
[HKONMM 1 B XiMiUHIM TEXHONOTII BUHHKAIOTH aOCTpakTHI
3a/1adi, sIKi MPUBOMATH HABITH JIO ITOSIBM HOBUX OOJIacTeH
MaTeMaTukd. Tak, MaTeMaTHKH [0 IBOr0 dYacy
MpamioTh  HAA  JIOBEICHHSIM  JIPYTOro  3aKOHY
TEPMOJIWHAMIKH, SKAH € OJHAM i3 OCHOBHUX 3aKOHIB
Xximil, a U1 caMuX IHKCEHEpiB XIMIKiB  HOro
CIPaBeTUBICTh OYCBHUIHO BUILTUBAE i3 BCiX BiJOMEX Ha
el 4Yac eKCIepUMEHTAIbHUX JaHMX IIpo  XiMidHI
pEYOBHMHHM, XIMIUHI peakmii 1 BiINOBIOHI XiMigHI
TEXHOJIOTI.
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