BCTVII

Brueprre 3 3ajiatamu 1o HaJ1e2KaTh J10 Teopil aAudepeHItiaJbHIX piBHAHb, BUE€HI 3IMTOBXHY/INCT HA MEXKi
XVI - XVII cronirs. Tak, nanpuxiaz, /Txx. Henep (1550-1617) - npu BusHaveHH] HATYPAILHOTO JIorapud-
ma, I, Tanimeii (1564-1642) - npu BuBuYeHH] aJiHHS BakKKOro Tija B cepemosuini 6e3 omopy, P.  Ilekapr
(1596-1650) i I.  Bappoy (1630-1677) - upu BupimeHHi 3a1a4 PO BU3HAYECHHS KPUBUX, JOTHYHI JI0 SKUX
MAalOTh 3a/laHy BiacTuBicrb (obepHeHa 3aja4a Ha JOTUYHI) Ta iH. BuBueHHsd 1uxX 3auad CTajgo HepeiyMOBO0
Jutst Halbnbmux BinkpurTie XVII cr. OpanM i3 1uX BiAKPUTTIB CTAOTh JudepeHIiaibiiai piBHsHHs. BoHn
Gysu Bunaiizeni I.  Heroronom (1642-1727). ( footnote [1] Tepwmin "nudepenijansue pisasiHus"OyB BBEIe-
uuii y Bxutok 1. JlehiGuinem (1646-1716).) Bunaxin BiH BBazkaB HACTIIBKU BayKJIMBUM, IIO 3arudpyBaB
HOro y BUIVISI/II AHATPAMU, CEHC sIKOI B Cy9YaCHMX TepMiHaX MOYKHA BIIBHO Tepelaru Tak: "3aKoHW MPUPOIH
BUPAXKAIOTHCA audepeHIiabHUMNA PiBHAHHAMMK " .

Bianosig#o 1o npuHiuny gerepMminoBanocti HeioroHa, BukaaaeHoro B "MaremarndHi Haga/ia HATY Paib-
HoT dismocodil" ("Principia") (1686 r.), Bech pyx MeXaHIYHOI CHCTEMH OJJHO3HAYHO BU3HAUAETHCS 11 IIOYATKO-
suM nonoxkernsaM ( z(tg) € RN ) ta nowarkosumvm memakoctavm ( (tg) € RNY).

3okpeMa, MOIATKOBE [TOJI0KEHHS Ta MIBUIKOCTI BU3HAYAIOTH IPUCKOPeHHs. [HImuMu cioBamu, icaye GyHK-
mag F:RN xRN x R — RN raka, mo

i = F(z,,1). (0.1)

Pieusians (0.1) noksaneno HeoToHOM OCHOBOIO MexaHiku. BoHO HasuBaeThes piBHsiHHsAM Hbrorona. Yuc-
jgo N | mo dirypye B Busnadenns pisusuag (0.1), 3a71€KUTh Bl TUILY MEXaHIYHOI CHCTEMH, MO MOCIIIKY-
Basu. Y pa3i MeXaHIqHOI CHCTEMHU 3 N MaTepiaJbHUX TOYOK ( 1 TiI), M0 PyXAIOThCs Y TPUBUMIPDHOMY €BKJIi-
nosomy tipocropi, N =n-3 (N =n-6). Buran dyukuil ' jis KOXKHOT KOHKPETHOI MeXaHIYHOI CUCTeME
BU3HAYAETHCS €KCIIEPEMEHTAJBHO.

Bceranossiennii s KOHKpeTHOI MexaHivHOI cucremu 3akoH (0.1) 1T pyXy npus3BOguTBH 110 HEOOXITHOCTI
BUPIIIEHHsT HACTYIIHOI, BXKe YUCTO MATEeMaTUIHOI, 3aa4i: Buxoasadn 3 (0.1) Ta MOYATKOBOIO CTaHy CUCTEMU

Q?(to) =29 i’(to) = Vo (02)

sHaliTu i1 nosoxkenss x(t) y Oylab-sakuii MoMeHT dacy t (y Mailbyrabomy abo y munysaomy ). [ammmMu cioBamu
noTpibHO 3HANTH po3B’sizok x(t) mudepeniianbroro pisHsHHs (0.1), MO 38I0BOJBHSE MOYATKOBI yMOBH
(0.2).
y . e . . _ 1 R3 N _ 3 .
OKpPEMOMY BHUITQJIKY OJIHI€T MaTepiajbHOI TOYKM Macu m = 1, IO PyXaeTbCs = i,
arigao apyroro 3akony Herorona pisasuuio (0.1). Ockinbku (0.1) gBisie cob6o0 piBHICTH JBOX BEKTOPIB, TO
IIPUPIBHIOIOYN BiJIMOBi/IHI KOMIIOHEHTH ITUX BEKTOPiB, OTPUMAEMO CUCTEMY DiBHSIHb

:il - F1($17$2,x3,j31,.f2,j337t)
.. . . . /
SCQ:Fg(xl,l’Q,l':’),Il,fEQ,xg,t) (01)
i3 = F3(w1, 22,23, 31, 2, 3, 1)

JIUTsT 3HAXOJIPKEHHST KOMIIOHEHT 1 (t), 22(t), 3(t) poss’sisky x(t) BekTopHoro pisastaHs (0.1). Y pasi merep-
MIHOBAHOTO MPOIECY MEil PO3B’SI30K OJJHO3HAMHO BU3HAYAECTHCS TTOYATKOBUM CTAHOM CHCTEMH

x1(to) = wo1, x2(to) = wo2, x3(to) = o3, (0.2))
Z1(to) = vo1, da(to) =wvo2, Z3(to) = vos3. '

3sigcu sicno, mo pisaguang (0.1) €, B3araai KaxKydu, BeKTOPHOIO (HOPMOIO 3alluCy JesdKol cucreMu gude-
PEHIaJIbHUX PIBHSIHD, il PO3B’I3KOM AKOI CJIiJI B2Ke pO3yMiTH HAOIp KOMIIOHEHT BEKTOD - PyHKIT z(t) , mo
3aJI0BOJIbHSIIOTH OJHOYACHO BCIM DIBHSHHSM CHCTEMH T4 MOYATKOBAM yMOBAM.

BakmBoio 0cobJuBIiCTIO HABEIEHUX PIBHSHD Ta CUCTEM DIBHSHD € Te, 10 HeBinoMma BeKTOp-QyHKIlis (a6o
11 KommonenTHn) € (GyHKIil oHi€0 3MiHO©O .

Ha mouatky XVIII mouynnae 3apo/izKyBaTucs i Teopis qudepeHIiaJbHuX PiBHIHD i3 YaCTUHHUMU TTOXiTHU-
MU, PO3B’SI3KaMu AKX € (PYHKIII 6araTbox 3MiHHUX. BignpaBHUM IIyHKTOM CTaJia TYT OJHA 3 HaiibaraTimmx



naciaingkamu 3amada X VIII cromitrsa - 3amada npo kosmBauHs crpyuu. Hero mikaBuscs e I Tastineir, ase
rineku B.  Teitop 3amouarkyBas i1 MaTeMaTuaHui po3s’s30K (1715 p.). Skimo nepegatn y cumposiax jaude-
PEHIIAILHOIO YUCJIEHHST BCTAHOBJIEHUI HUM 3aKOH ODEpHEHOI IMPOMOPIIHHOCTI IPUCKOPEHHS] TOYKU CTPYHU
[IpU TIOTIEPEYHOMY KOJIMBAHHI Ta PaJIiycy KPUBU3HU CTPYHU B Tiil K€ TOYI, TO MOXKHA CKA3aTH, IO JIJIs
MaJIuX KOJIMBaHb BiH JIMITIOB PIBHAHHS

Py _ 2%

ot? ox?’
Came piBHSIHHSI CTPYHH, 10 KOJIMBAEThCH, 3anucas Jamsambep (1749 p.), orpuMas Brepie Horo poss’si3oK y
BUIJISIJII CYMH JIBOX JOBIJIbHUX (DYHKITIi

(0.3)

y = f(x + at) + varphi(z — at).

TyT po3B’si30K Yy € PYHKINE ABOX 3MIHHUX & Ta .
Orxe, mo Take gudepeHIiagbue piBHIHHS !

OznauenHst. Jludepenyiasvrum pieHAHHAM HA3UBAETHCS OY/b-sKe CIIiBBIIHOIEHHS, IO OB A3y€ He3a-
JieskHi 3MiHHI, HeBlmoMy QyHKIIO Mux 3MIHHMX (MOXKJIMBO BeKTOD - dyHKIII0) Ta i1 noxiani (abo qudepen-
miajm) JI0 JesdKOro HopsiKy BKiodHo. HaliBuinuii i3 nopsakis noxignux (a6o audepenniaiis), 1o MUCTUTD
PIBHSIHHSI, HA3UBAIOTH NOPAJKoM IU(EPEHIIaIbHOIO PIBHIHHS.

dAxio y piBHsAHHI He3a/€XKHA 3MIHHA OJIHA, OT0 HA3WBAIOTH 36UYAUHUM TUMEPEHITIATbHIM PIBHIHHSM,
iHaxie - audepeHniajbHUM PIBHAHHAM 6 4ACTMUHHUL NOTIOHUT.

PiBusnns, B akoMmy 1ryKaHa (GpyHKIS € BEKTOP-PYHKINED, HA3UBAIOTh CUCMeMO0 TMepeHIiaIbHuxX PiB-
HSIHb.

Tak, HATPUKIA1, PIBHAHHS

d ,
d—f = a(t)z + b(t), eV —zy' = sin(zy), 2ux du = (u? + 2?)dx

€ 3BuYaiiHnMu udepenIiajbHIMI PIBHAHHSAMHE [IEPIIOrO MOPSIKY, a PIBHAHHSI

n—1

d’n
u™ = l;]pku)u('f), =ty - -

3BUYAfiHIMU JU(EPEHITATBHIMA PIBHAHHAMHA 7 -T'O HOPSIKY.
Cucrema (0.1') e mpukiagom cucreMu 3BUYIaiiHUX AUbEPEHIANTBHIX PIBHSHD APYTOTO MOPSIIIKY.
ITpukianamu JudepeHniaJbHUX PIBHSHD B YACTUHHUX MOXiTHUX € mopsay 3 (0.3) HacTynHi JBa piBHSIHHS
BiJITOBITHO TIEPITIOTO Ta JIPYTOTO MOPSJIKIB
Ju oT 9 <82T o’T  0*T

:cy%+(w+y)—:% - =a 5+ 55 ) ta (a,q=const).
Ox Oy ot ox?2 = 0y?2 022

Hamani Mu posrigmatuMemo Juiine 3Buvaiini audepennianbhi piBasausg. udepenmianbui piBHIHHS B
YaCTUHHUX ITOXIJIHUX BUBYAIOTHCs B Kypci "Meromu maremarndanol ¢isukm".

Posp’s130k 3BHMuaitHOro mudepeHIiaabHOro PiBHSIHHS BU3HAYAETHCS 110 PI3HOMY B 3aJI€XKHOCTI B rya-
KicHUX (DYHKITIOHAJIBHUX BJIACTUBOCTEN CIIIBBIIHOIIEHD, 110 OMUCYIOTH Iie piBHsHHsS. Hasmasmi min poss’askom
36U4aTH020 JUPEPENUTANDHO20 DIBHAHHA T - 20 NOPAJKY, MU HANYACTIIIE POZYMITHMEMO 7 - pa3 JaudepeH-
[iioBaHy Ha JIestKOMy 3B’st3aHOMY TIpoMiKKy Jo € R dynkiio abo Bekrop-dyHkiio (y pasi cucremn), npu
[iJICTAHOBII SIKOT y PIBHAHHS 3aMiCTb IIyKaHO! (DYHKIT OTPUMYEMO TOTOXKHICTH Ha Jj .

Ile BuzHauUeHHST HAJAJI YyTOYHIOBATUMETHCSI B IPOIECI PO3IVISAY KOHKDETHHX KJIACIB 3BUYAHUX aude-
PEHITIAJIbHIX PiBHSIHD.

IcTropist po3BUTKY Teopil mudepeHIliaIbHIX PIBHIHDb BKA3y€ Ha BeJNYe3HEe 3HAUYEHHs JJIsi 3aCTOCYBAaHbD.
B:xe no xinmg XVIII crosiTTss BoHa BHpOCTa B OJHY 3 HANBaKJIMUBIMIAX MATEMATHIHUX JUCIUILIH i cTa-
Jla, OCHOBHHM allapaToM MaTeMaTHYHOTO IIPUPOIO3HABCTBA. Bimomuil dpaHiy3bKnii MaTeMaTuk, (pisuk Ta



acrponoM IT’ep Cimon Jlammac (1749-1827) crBepizKyBas, IO BECh BCECBIT 3 MATEMATHYIHOI TOYKH 30PY €
BEJIMYE3HOI0 CYKYIIHICTIO JupepeHIfiaJbHIX PIBHSHD.

It migTBepapKeHHs 1€l Te3W 3BEPHEMOCsI 10 KOHKPETHHX MPUKJIAMB AudepeHIiaJbHuX PiBHAHD, IO
BUHHUKAIOTH HA MPAKTHII.

1. ITaginusa kamento Ha 3emJtto. /locsix nokasye, 1o

m

W , (Faﬂiﬂeﬁ) , (04)

T=-g, g=98
Jie T - BHCOTA KAMEHIO HaJI MOBEPXHEK 3eMJIi.
Maninug 3 Beaukol Bucoru. 3akod Lasies (0.4) mae o6Mexkeny o6JacTh 3acToCyBaHHs. Bimnosigno 10
GBI TOYHOTO EKCIIEPUMEHTATLHOTO 3aKOHY MaIiHHaA, BiAKpuToMy HBIOTOHOM, TPUCKOPEHHST 0OepHEHE TTPO-
MOPIIIHHO KBaIpaTy BijacTaHi Bif menTpy 3emui:
2

. T
x:—gr—g, ne r=rg+ . (0.5)

2. KonuBanbhi cucremu. Majii KoJimBaHHS MagTHUKA ab0 TMPYKUHMU.

e

JJ1d MagdTHUKA.
Tounimmii onmuc KOJIMBaHb MasgTHUKA, (He 000B’I3KOBO I\/Ia.HI/IX) OPUBOIUTH JO 3aKOHY

¥ = —ksinx. (0.7)
V pasi MasgTHUKA 3MIHHOI JOBXKWHI BUHUKAE DiBHSIHHS
i =—a?(t)x.

IIpukamom MasiTHIKA 3MIHHOI JOBXKWHU € TOMTaIKa: 3MIHIOIOUN CTAHOBUIIE CBOTO IIEHTPY TsXKiHHS, JTIOIITHA
Ha TofiTajIKaxX MEPIOINIHO 3MIHIOE BEJIMYNHY ITapaMeTpa « .

3. ITorenniiini cucremu. Hexait U : R3" — R - dynkiis, mo nudepeHnitoeTses, i Hexait mq, . .., My, -
- monmarHi yucaa. Pyx n Todok mac mq,..., M, y IDOTEHIIITHOMY I0JIi 3 TOTEHITIIHHOIO eHeprieio U 3a1a€Thest
CHUCTEMOIO JTi(DePeHIiaIbHIX PIBHSIHD

ou
m;&; = ———qquad(i = 1,ldots,n). (0.8)
8331'
IIpu n =3 Ta
mi1ms moms mims
U=-— — _
21 — a2l flw2 — 23] (a1 — a3

I CHCTeMa, CKJTAJA€ OAHY 3 HANBIIOMIMMX i HEBUPIIIIEHUX IO TEMEPINTHHOTO Yacy HEOeCHO MEXaHIIHIX 3a,1aT
TPHOX TiJI.

IIpu n=21U = —% e = (23 —i—x%)% , MH Ma€MO CHCTEMY JIJIs BUSHAYEHHS TPAEKTOPII PyXy OJHi€el
IJTAaHETU HABKOJIO 1HIIOI.

OueBuHO, M0 PO3MJIAHYTI Buile npukaagau pisagnb (0.4)-(0.7), € npukaagaMu MOTEHIGHHAX CHCTEM.

(dkwuit Burssx MaoTh s Hux GyHkigl U 7).

4. PagioakTuBHuii po3nan ejeMeHTiB. Po3riisaemo 1o 3a1a1y 3 OiIbIT >KUTTEBOTO TOTJISITY.

YV 1940 p. Buixasa Ha nHikHIK y nepeamictsa micta JI. y @pannil rpymna cryaentis. 1lin gac nikxika BoHK
TOMITHIIN, 10 cODAKA, OJHOTO 3 XJIOMIB, sIKY B3sIU i3 COO0I0, 3HUK. BUPyIIUBIIN HA TIOILYKH, BOHU BUSIBUJIA,
o cobaka BIAB y IVIMOOKY sIMy 1 He MOyKe BHOpaTucst camocTiitHo. XazsiiH cobaku 3iCTpUOHYB y sIMY, 100



JIOIIOMOI'TH CBOEMY TICy. AJte BUSIBHJIOCH, IO sIMa OyJIa OTBOPOM y CTeJi cTapojiaBHBOI medepu. Ha crinax
reuepu OyJin MaJIFOHKH, 110 300parkyioTh OJIEHIB, JUKUX KOHEeil Ta TBapWH, CXOXKUX Ha cydacHux Oyrais. Ile
BUIIAJIKOBE BIIKDUTTSI CTAJIO CEHCAIliero. KpiM HACTIHHOrO »KUBOMKCY 1 IHIIMX apXeoJIOriyHuX 3HAXIIOK Oy-
JIO BUSIBJIGHO BYT1/IJIsA, IO 3aJIUIINIOCH micist 6araTTs. [Ipobsema, sKy HeoOXiHO BUPININTH, HACTYIHA: 9U
MOYKHA 3 IIUMU 3aJIUIMTKAMI BYTi/IIs 3’sCyBaTH, sIK JaBHO medepa Oyia HacesaeHa jgoapMmu. JJobpe Bimomo, 1o
BYTIJIIST — Tie 3ropijie JepeBo, i M0 y BCIX HEXKUBUX OPTAHIYHUX PEUYOBUH YaCOM Bi0YyBAIOTHCs MEBHI 3MiHU.
Takoxk BijIoMO, 10 BCi YKUBI OPraHi3Mu MiCTSITh B ATOMHM BYTJIeIo, imeHoBaHi C' 12y O™ | Iepmmuit eeMeHT
crabiibamit, apyruil - pagioaktuBHuii. KpiM TOro, BigHOIIEHHS MiXK X KIJTBKOCTSIMUA B OY/b-SIKOMY KIBOMY
opramizmi mocriitno. OfHAK 3 MOMEHTY, KOu opramism smumpae, C'?, Gymnyunm pagioaxTHBHIM, KiTbKicHO
3MEHINYEThCsI 3 9aCOM 3a PaxXyHOK PO3IMaJjly, TOMY IO He BidyBaeThcs iioro nomosaenHs. OTke, KITbKICTDH
C' y mepTBOMy Opramizmi Ta i1 BimHomenns mo kimbkocri C'? 3MiHIOIOTHCH 3 YACOM. 3MIHHEMM BEJIHYH-
HaMu B Tii€l 3aja4i Oy/1yTh: KiTbKIiCTD C™ rta uac. 3amexxHicTh OfHIET 3 IHX BeIMYMH Bij iHmO! mossrae y
vactynHoMy. [IIBUIKICTE PaioaKTHBHOTO PO3IIa/y PEUYOBUHHU IIPSIMO MIPOMOPIIiiiHa foro KijabKocTi, TOOTO Mu
MOKeMO oTpuMaTu jgudepeniiiiine piBHsiHHs. Hexail ¢ Bu3Hadae 9ac, IOYNHAIOYH 3 TOI'O MOMEHTY, siK JI€PEBO,
3 FIKOT'0 BUHIILIO BYTi/IS, HOMEPJIO; & Bu3Hadae Kinbkicts O y Byrimi y wac ¢ . Toxi MuTTeBa mMBHIKICTS,

3 koo eiement C'* posnanaeTnes, BUSHAYAETLCS Y MATEMATHYHIX CHMBOJIAX % . Terrep Bpaxyemo, 1o
s MBUAKICTE mponopiiiiina . Tosi piBHAHHAM, IO BUPaXKAIOTh Iei 3aKOH, Oye

dx

— = —kux, (0.9)

dt
ne k- mojaTHS cTaja, a 3HAK — HOKasye, Mo Kitbkicrs x C'* 3menmyerses 3 wacom. Jlerko G6auuru, mo
3aI0BOJIbHATH IIOMY PIBHAHHIO MOXKYTD JiAIe (PYHKIT1

z(t) = Ae™Ft, A = const. (0.10)

OcTaHHE CIIBBIIHOIIEHHS JA€ HAM 3aJIEXKHICTh MixK & 1 t, aje BOHO He Ja€ HaAM BIJIMNOBiIi, OCKLILKN
My He 3Haemo 3Hadenb A i k. Tomy Tpeba ckopucraTucs Ti€l0 I0JATKOBOK iH(MOPMAILEO, Ky MU IIe
He BPaXOBYBaJU. Y MOMEHT 4acy, Kojiu JiepeBo Bmupae, To6ro npu ¢t = 0, 3 (0.10) orpumyemo =z = A -
Kinbkicrs C'% y sxusomy sepesi. 3 ximii Bizomo, 1m0 4epes 10 pokis micis cMepTi JepeBa y HbOMY 3alH-
maerbea 99,876/ C* . 3 maTeMaTHdHOIO TOUKHM 30py Iie o3Hadae, mo mpu t = 10 maemo x = 0,99876 - A .
Hincrasngoun ni suadends (0.10), orpumaemo

0,99876- A= A-e 1% = 0,99876 = ¢ 71 —
k= —0,1-1n0,99876 ~ 0,000124.

Taxkum uunoM, (0.10) 0CTATOUHO NEPENUITIEThCs y BUIIIsII

r=A- 6—0,000124157 (011)
ne A-ximpkicts C1* B mepesi B Moment ioro zarubesni. Pisnannsg (0.11) Bupaskae 3a1esKHICTb MizK KiTbKicTO
x Ta gacoMm t. Mwu BOPUTY MifANIN 10 BiAMOBiAI Ha MUTAHHS HAIOTO 3aB/AaHH:d, SIK JABHO medepa Oyl
3acesieHo. [IpoBogsan ximiunuil anasiz ByTiijis, BUY€HI BCTAHOBUJIM BiJIHOIIEHHS MiXK C™2 i C™ na Toit
MOMEHT, Ko Oyso BinkpuTo meuepy. IIOpiBHIOIOUH IIe BigHOINIEHHS 3 mOCTifHEM BimHOmenHaM Mix C12
i C', mo Mae B kmBOMy JiepeBi 6yJI0 BCTAHOBJIEHO, MO BiJ wacy, aK Jepeso crajmam, 85,5/ C* 6ymio
prpageno. Orxe, samummiocs 0,145 A pewopuru C'4 . Ilincrasnsioun ne snagenns @ (0.11), orpumaenmo

0,145 - A= A. e 0000124t 4 _ 15553

TOOTO TIeYepy OYJIO HACEJIEHO JIFOIbMU MpuOan3HO 15,5 THCcsAdi POKIB Ha3aI.
5. PiBusinag BcecBiTy. Tak uacro i Hebe3migcTraBHO HA3WBaOTh PiBHsiHHS EMuen-Dayiepa
" ¥ o
Yy = £t |y|° signy.

Bowno Bmepire 3’aBusiocss B acrpodizudnux pociikennax P. EmMaena, mpoBefeHUX y ApyTiil MOJTOBUHI
XIX cToMTTS Ta NMPUCBAYEHUX BUBYEHHIO PO3MOALIY 30psaHol pedoBunu. Ha mouarky XX cTOMTTS BOHO BU-
Hukae B poborax JI.Tomaca ta E. @epmi momo posmoiiy eJeKTpoHIB y TsKKoMy aTromi. Hasasri piBHsSHHS



Emuen-®ayepa 3ycTpivaeTbcs B Ta30Biit AuHAMIIN, MeXaHIIl PinH, PEIATUBICTCHLKIM MexaHiIl, Teopil mia3-
MM IIPOJIYKTIB 3rOopsiHHsI Ta 6araThboX IHINMUX 00JIACTSX MPUPOIO3HaBCTBa. Toit dakT, MO abCOIIOTHO Pi3Hi
SIBUINA ONMUCYIOTHCS PIBHAHHSIMHI OJHOTO 1 TOIO K BUJy OCOOJIMBO HAOYHO CBiYaTh PO €IHICTH HABKOJIUIII-
HBOTO CBITY.

6. Teopis ximiuynmx peaxkifiii. OgHUM i3 OCHOBHUX 3aKOHIB TeOpil MBHAKOCTEH XIMIYHUX peakIiiil €
3aKOH JII0YNX Mac, 3TiTHO 3 IKUM IMBUIKICTh XiMITHOT peaKIlil Mpu cTaJIiif TeMIepaTypi mpomnopiiiiina 106y TKy
KOHIIEHTPAIIil PEYOBHH, IO Yy Iei Yac vacy € y peakiiii, To0To

dr _ k(a — ax)(b— Bx),

dt
ae a i b - 0b0’emu ABOX XIMIYHUX PEYOBUH; HA MOMEHT ¢ B XiMiYHY PEAKIIiIO BCTYIUJIO (T IEPIIOl PEIOBUHA
i Bx - apyroi pedoBUHU.

IIpu momemoBanHi HGioXiMiYHMX peakKIiiii 1acTo JTOBOAUTHLCST BPAXOBYBATH €(MEKT BiJl MOBIABHO i MIBUIKO
MIPOTIKAIOYMX IIPOIECIB. SK pe3ysbTar o/lepKyI0Th y 3araJbHOMY BUIIQKY T.3B. CHHTYJISIDHI CHCTEMU jude-
peHIiabHuX piBHsSHB. [IpomeMoHCcTpy€eMO Tie Ha puKIal peaxyii Biaoycosa XKabomurncvkozo, KO HaeThCs
PO OKUCJIEHHS BiJl JIMMOHHOI KHCJIOTH

6@*x+ — g2’ —x

dr Yy—q Y,

d

dfzz:—y—Fth—xy, (0.12)
%—x—z

pdt_ ,

ae x =[H Br Oy, y=[Br7], z= [Ce™], 0<e, ¢g< 1, p> 1. Vi Bxiani sminni ta napaverpu
JIOJIATHI,

7. 3aBmanusa npo eeKTUBHICTh peKJIaMu.

[IpumycTrMmo, 110 TOProBUME YCTAHOBAME PEAI3YEThCS MPOAYKILiss P, Mpo sIKy B MOMEHT 4Jacy t 3-TTOMixK
MOTEHIIHHNX MOKYMIiB [N 3HAE Juile & MOKYyMIiB. /I mprcKopeHHs 30y Ty JaHO PeKJIaMHi OTOJIOIIEHHS IO
pastio Ta 1o Tenesizopy. Hactymnna indopmariis mpo TpOLyKIHIo MOITUPIOETHCS cepel TOKYIIINB 3a JOTOMOT0I0
CIIIJIKyBaHHSI OJIH 3 OJHUM. EKCIIepUMEHTaIbHO BCTAHOBJIEHO, IO IICJ/Is PEKJIAMHHUX OI'OJIOIIEHb IIBUIKICTh
3MIiHU YMCJIa 3HAIOYUX PO MPOJYKITI0 PP MpomnopIiiifHa K 3HAIOUNX IIPO TOBAP MOKYIIIB, TaK 1 KITHKOCTI IMo-
KYIIIIB, IO PO HBOTO HE 3HAIOTH. SIKIO MPUITYCTUTH, IO YAC BiAPAXOBYETHCS 3 MOMEHTY BUXOY PEKJIAMHOIO
OTOJIOTIIEHHS, KOJIX TIPO TOBAap JIi3HAJIOCH % aogneii (1 <Y < N), o upuxoaumo 10 audepeHiajabHoro
DIBHSIHHS

dr
dt
N

3 TIOYATKOBOIO YMOBOIO T = 3 3a t =0.

Ile piBHsIHHSI HA3UBAIOTH A02ICMUYHUM. IM OIUCYETHCSI TAKOYXK PO3BUTOK OY/Ib-sIKOI HAYKH.
Posp’sikeMo j1aHe piBHSIHHS:

kx(N — x) (k>0)

dz dz 1 /1 1
Z=kx(N—-z) = ———  —kdt+— — | =+ —— | = kdt.
dt o @) (N —x) N <x+N—x>

IIpoinTerpysasiu #oro, oTpuMaeMo

x NC kNt
= CMN == —— .
N -z c . 14 C ekNt

TokJsaBimy, K ckasaHo panimte, x(0) = % , OTPUMAEMO

N
14+ (Y —1)e kNt”

Tr =



B exonomiuwiit sriTepaTypi 11e piBHSIHHS Ha3UBAIOTH PiBHAHHSIM JIOTiCTUYHOI KpuBoi. Ha MasioHKy 300paskeHo
rpadik miel kpuoi pu Y = 2.

8. 3akoHU PO3MHOX>KEHHSI.

3aKOH HOPMAJILHOIO PO3MHOYKEHHsI. SIKINO MPUILYCTUTH, 0 BeJnduHa 610/10ridHol momyssiil (KiabKicTh
6akrepiii y wammi Ilerpi uu pub y crasky) mopiBuioe z € R 1 mBuikicrs i1 npupocry nporopiiiina Ha-
sIBHI#I KLIBKOCTI 0COOMH (Ile TIPUITYIEHHsT BAKOHYETHCS TIPU JTOCUTH BEJIMKIN KiTBKOCTI T2Ki), TO OTpUMAEMO
JudepeHItiaibue PiBHIHHS HOPMAJJIHLHOTO PO3MHOYKEHH S

T =k, ne k>0.

9. CriBicHuyBaHHS BHUJIiB.

Haiimpocrirma, Hairpy6ima Momaeanb, Mo omucye 60poTh0y MBOX BUIIB XMXKaKa 1 KEPTBU IOJISATAE B Ha-
crymHOMY. PO3TyIssHeMO cTaBOK, B IKOMY »KUBYTH PUOM JIBOX BHUJIIB, CKaXKiMO, Kapaci Ta myKu. Akom myk me
OyJ10, Kapaci & PO3MHOXKYBAJHUCA O 32 HOPMAJBLHUM 3aKOHOM PO3MHOXKEHHsI & = kx . Ko y — KiabKicTb
YK, CJIiJ] BpaxXyBaTu Kapacis, 3’ ineHunx mykaMu. Mu npuirycTumMo, 1Mo KiJbKiCTh 3yCTpideil Kapacis 3i mryKa-
MM MIPOIOPIIINHO K YUCIY KapaciB, TaK 1 YACIy TIyK; TOJIL JJIsl IIBUIKOCTI 3MIHHA YHCJIa KapaciB OTPUMAEMO
PiBHSHHSA

T =kx — axy.

IITo crocyeThbest 1myK, TO 6€3 KapaciB BOHU BUMHUPAIOTh: § = —ly , IpU HASBHOCTI KapaciB MOYUHAIOTH PO3-
MHOXKYBATHCS 31 MIBUJKICTIO IIPOMOPIIHHOI YUCTy 3’1IeHnX Kapacis:

y = —ly + bxy.
TakuMm 9wHOM, MU MPHUXOIUMO O CHUCTEMU JU(PEPEHIAJIbHAX PIBHIHD HAWIIPOCTIIIOl MOJET XUXKAK -
2KEPTBa

T =kx — axy
y = —ly + bxy

IIs momesis HazWBaeThes MozeuTto JloTka - Bosibreppa Ha iM’st aBTOpIB.
10. MogearoBaHHSI B MeIUI[MHI.
Mogenb 3iMaHa pobOTH CEpIist OMUCYEThCsI CUCTEMOIO PIBHSHD

EL =T —T3—Y
Y=z

Je €- MaJiiil mapamerp, Trg = onst.
Mopenb 3pocTaHHS PAKOBOI IMIyXJIUHU - CHCTEMOIO

2
. aozy3
Y=y — T
ne A, «; (i=1,2), ¢— nomarui napamerpu.
Biamosigmo 10 3aK0HY BHUIIPOMIHIOBAHHS TeIJia MBUIKICTH OXOJOKEHHS Tija y MOBITPI mpomopiiiiina
Pi3HUII MiXK TEMIEPATYPOIO Tijla Ta TEMIIEPATypPOIO MOBITPs, TOOTO.

dxr

= k(e —
dt (I‘ a’)?

Je T - TeMIeparypa Tijla B MOMEHT 4Yacy t; a— TeMIepaTrypa MOBiTps; k— momarHiit koedilieHT mpomop-
MIHOCTI.

11. 3aBnanHsa npo mnepeciaigyBanHsi (KpuBa Norosi). MiHoHOCeNbs MOUMHAE TIEPECTiTyBaHHSI TIi/T-
BOJIHOTO YOBHA, SIKUI 3HAXOAUTHCs Ha Bijcrani 3 kM Bix Hboro. IlIBuakicrs MiHOHOCIS BJBi4i OiJbIla 3a
NIBUJKICTD TBOAHOrO Y0BHA. IIOTPIOHO BU3HAYMTH TPAEKTOPiO (JHIIO PyXy), MO AKifi MOBUHEH PyXaTHUCh



MiHOHOCEI[b, 1100 BiH IPOMIIOB TOYHO HAJ MiBOIHUM YOBHOM, SIKIO OCTAHHIM Bipa3y 2K MiC/sd MOYaATKY
repecJIiyBaHHs iijle Ha OBHI IBUIKOCTI MPSIMAM KypCOM y HeBijomomy Hampsimi. JIst Bupitmenss: cop-
MYJIBOBAHOI 3aJ[adi BBEIEMO MOJIsIpHI KoopauHatu 7, 6 TakuMm dwHOM, 1mo0 mojroc O 3HAXOAMBCH y TOUIN
BUSIBJICHHSI TIiIBOIHOTO YOBHA, a MOJSPHA BiCh 7 IIPOXOAWIA Uepe3 TOUKY, V SKilf Ha MOMEHT BHUSIBJICHHS
nepebyBaB MiHOHOCeIb. Ilogabin MipKyBaHHS I'PYHTYIOTHCSA Ha HACTYMHUX MipKyBauuax. Hacammepemn, mi-
HOHOCITIO Tpeba 3alHATH TaKy IMO3UINI0, MO0 BiH 1 MiBOAHUI YOBEH 3HAXOIMINCSA HA OAHIN BijcTani Bimg
nosroca O. IToriM MiHOHOCEIL TIOBHHEH pyXaTucs HaBKOJIO mojoca O 3a TaKOK TPAEKTOPIEr, 1106 00uI-
Ba pyxomi 00’eKTH Bechb 4dac nepeOyBaJin Ha OfHakoBOI Bijgcrani Bix Touku O. TiibKu B IbOMY BUIAIKY
MiHOHOCEIb, oMuHa4N mosroc O, mpoiife Ha/l mABOIHAM YOBHOM. 31 CKA3aHOTO BHUIINE CJII, IO CIIOYATKY
MIHOHOCEIb TIOBUHEH HTH MpsMuM Kypcom o Todkn O 10 TUX Mip, MOKU BiH HE ONMMHUTHCS HA Till camiii
BizcTani x Bix mosroca O, mo i migBoguwmit voBeH. OYeBUIHO, IO BiICTaHL T MOXKHA 3HANTU 3 PIBHAHHSA
T= 32_1) L = =1 (km). Tenep, siximo "3ycrpivi"He BinOys0Cs, TO MIHOHOCEIH MAE HAJIAI] PYXATHCA HABKO-
s10 ogiroca O (y HaIpsIMKY pyXy BapToBuii cTpijiku abo IpoTH), BIIAISAIOYICH BiJl OCTAHHBOTO 31 MIBUJIKICTIO
migBoaHOl 4oBHU v . Po3KimagemMo MBUIKICTh MiHOHOCIA 2v Ha JBi CKIQJIOBi: paJliajibHy v, 1 TAHTEHIIHY
v, . Pamianpia ckmamgoBa - 1ie JiHIHA MBUAKICTD, 3 KOO MIHOHOCEIb BiIgaseThbes Bim mosoca O, To6TO
vy = % . Tamrenrmiitna ckaag0Ba — 1€ JiHiliHA MBUAKICTL 00EpTAHHST MIHOHOCIISI MO0 Toioca. Bora mopis-
do

HIOE JIOOYTKY KyTOBOI IIBUJKOCTI 7 Ha pajiyc 7, TOOTO vT = T% . Ockinpku 3a JIOTIKOIO 38791 v, = v,

vy = /(20)2 — 2 = V/3v. Orpumyemo cucTeMy ABOX AudEpPeHIiaTbHIX PIBHAHD

dr de
— =, r— = /3w,
dt dt

sIKa BUKJIIOYEHHSIM 3MIHHOI ¢ MOXKe OyTH 3BeleHa /10 PIBHSIHHS

dr df

r V3
. 6
Woro poss’sizkom 6yne © = Cev? . Cragy C 3HaX0OIMMO 3 yMOBH, II0 HA IOYATKY PYXy HABKOJIO IIOJIHOCA
r=1160=0,romi C'=1.Takum yuHOM, 106 BUKOHATH CBOE 3aBJAHHS, MIHOHOCEIIL TOBUHEH MTPONTH JIBA
KIJIOMeTpH IPSIMUM KyPCOM J0 MiCIlsl BUSIBJIEHHS IIi/IBOJTHOI'O YOBHA, & IIOTIM pyXaTHcd 110 clipayi r = e

12. 3aBgaHHst MaTeMaTUYHOrO aHaji3y. Hexail moTpibHo o6uncnTy 3ajIe2KHUi BiJT mapaMerpa iHTe-

rpaJt
“+ o0

I(a) = / e~ 20T g
0

IIpomndepenmiroBaBmm #oro 3a mapaMeTpoM ¢ , OTPIMAEMO

—+oo —+oo
dI
- = / 2pe™ " 207y = / e 20w d(—x? — 2ax)+
da
0 0
+oo

+2a / R T 2al(a).
0

Takum auHOM, 17151 BUPIIIIEHHS IOCTABJIEHOIO 3aBIAHHS HEOOXITHO pO3B’sd3aTn cucreMy AudepPeHIiiHIK

PiBHSHB

%:261/[—1

+o0 5
I0)= [ e™® dxz@
0

OCKUIBKY 3aKOHHM, IO JIIOTh y HPUPOJI Ta B CYCHIJIbLCTBI, NPUBOAATH 10 JaudepeHIiaJbHUX PiBHSHD,
BUHUKAE HEOOXiTHICTh HABUUTUCS 3HAXOIUTU YU JIOCTI/IKYBATU PO3B’A3KM PI3HUX TUIIB JudepeHIiaIbHuX
PiBHSIHB.



[Iporiec 3Hax02KEeHHS PO3B’3KiB AudepeHItiaaIbHIX PIBHIHD HA3UBAIOTh IHTErPYBAHHSIM PiBHAHB. KO
BCl PO3B’sI3KU PIBHSIHHSI BIIAE€THCSI OTPUMATHU y BUIJISIII JIeSIKUX CHIBBIIHOINIEHB Bij iIHTErpaJiB Bij ejemMeH-
TapHuX (DYHKIINA, TO KaXKyTh, 1[0 PIBHSIHHS IHTETPYEThCS B KBaJIPATYPH.

3amaqn mo0Oy10BU METOMIB iHTerpyBaHHs NudEpeHIiaJbHuX PIBHAHD Ta JIOCJII2KEHHST BJIACTUBOCTEN ca-
MUX PiBHSAHB - CKJIAIA€ MIPeaMeT Teopil gudepeHIiaJlbHuX PIBHIHD, IK HAYKU, KA MPEICTABIIAE CAMOCTIHHIH
PO3/1i1 MaTeMaTUKU.



