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, [NABA 4

* AN®DEPEHLMAIBHBIE YPABHEHNS
N X NPUMEHEHUE
B MEAMLMHCKOW NPAKTUKE

4.1. OCHOBHbBIE MOHATUA U OMPEAENEHANA
ANODEPEHLIMANTBHOIO YPABHEHUA

MaremaTryeckure ypaBHEHUsI, OMMMChIBAIOIIME Pa3IMYHbIE MEIUKO-O1O0-
JIOTUYECKHUE TIPOIIECChI, OOBIYHO BKIIIOUYAIOT HE TOJHKO HEM3BECTHBIC (DYHK-
LIMY, HO U MX ITPOU3BOIHbBIEC: CKOPOCTHU, YCKOPEHUS U T. . UMEHHO Mo3TOMY
IJIST HaXOXIeHUST (PYHKIIMOHAJIBLHOM 3aBUCHUMOCTH MEXKIY 3aBUCUMBIMH W
HE3aBUCHMMbBIMU IMEPEMEHHBIMU HEOOXOAMMO YMETh COCTABJSITh U pelllaTh
ypaBHEHMSI, CoAepKaIle HEM3BECTHYIO (DYHKIIMIO, HE3aBUCUMYIO TTIepeMeH -
HYI0O U IPOU3BOAHBIE OT HEU3BECTHOM (YHKIIMM. TakMMU ypaBHEHUSIMU
OITMCHIBAIOTCSI OMOXMMUUYECKHE TIPOIIECCHI, ITPOMCXOISINEe B OpraHu3Me,
MPOLIECCH Pa3MHOXEHUS U rhben 0aKTepuil, paclpoCTpaHEHNUE UMITYJIb-
COB B HEPBHBIX 1 MBIIIIEYHBIX BOJIOKHAX U T. 1.

OnpepeneHune

PaBeHCTBO, CBsI3bIBaIOILEE HE3ABUCUMYIO MEPEMEHHYIO X, HEU3BECT-
HYI0 QYHKIMIO ¥ = f(X), a TAKXKE ee IIPOU3BOAHBIE V', V", ..., ™, Ha3bl-
BaCTCs 00bIKHOBEHHbIM OUPhepeHyUaNbHbIM YPABHEHUEM.

B 00b1KHOBEeHHBIX IU(PepeHLIMATbHBIX YPaBHEHUSIX HEU3BECTHOM SIBJISI-
eTcsl (PYHKIIMSI OTHOTO TIepeMeHHoro. OOl BUI ypaBHECHUS:

Fox, p, 9,5, ..) =0, (4.1)

roe F — u3BecTHas GyHKUMS, 3aIaHHASI B HEKOTOPOU (DMKCUPOBAHHOI 00-

JIAaCTH; X — He3aBHCUMasl TIepeMeHHast; y — 3aBUCUMas IiepeMeHHast (TO eCTh

3aBMCUMAas OT X) Y MOIJIEXANas onpeeNeHuo; y', y", ..., ¥ — ee mpous-
BOJIHBIE.



86 YacTb |. Matematiyeckuin aHanms
[Mopsinok auddepeHIaaIbHOrO YpaBHEHUS OIPEASISeTCS HAMOOIbIINM
MOPSIIKOM IIPOM3BOAHOM, BXOIIEH B ypaBHEHHUE.
Hanpumep, 2y’ + S5y + 3x =0 — ypaBHeHue I mopsinka, y” + 3xy’ +xy=0—
ypaBHeHue I1 nopsinka.

OnpepeneHue

Pewienuem ougpgpepenyuanvroeo ypasrenus Ha3biBaeTcs GyHKIMS Y = f(x),
KOTOpasi, OyIyum MoACTaB/IeHa B ypaBHeHMe (4.1), oOpallacT ero B TOX-
JIECTBO, TO €CTh JIeBasl 1 IpaBasi 9aCTU TOTO YPaBHEHUS JOJIKHEI OBITH
paBHBIL ['pacuK 3Toi (PYyHKIIMM HA3BIBACTCS UHMEZPANbHOL KPUBOIL.

IIporuiecc HaxoXXAeHUS pelLIeHUs] HA3bIBACTCSl UHmMezpuposanuem ougge-
peHuuanrvhoeo ypaeuenus. JInddepeHnanipbHOe ypaBHEHHE HMEET OECKO-
HEYHOE MHOXECTBO pelleHUit. DTO CBA3aHO C TEM, YTO B MpOIlecce MHTET-
PUPOBAHUS BBOASTCS MOCTOSTHHBIE MHTeTpupoBanus: C — i ypaBHEHUS
I mopsnka, C1 " C2 — s ypaBHeHUs 11 mopsinka u T. n. OOIIee pelieHue
nuddepeHIMaTbHOTO YpaBHEHMS H-TO TopsiaKa OyaeT UMETh BUJIL:

y=fx,C,C,..,C).

d
Hanpumep, naHo nuddepeHIanbHOe ypaBHeHue y' = 3x%, d_y =3x2.
x
IMpeacTaBuM ero B Buie: dy = 3x’dx; BO3bMeM UHTErpaj OT JIEBOii U MpaBoii

353
YacTH ypaBHEHUS: Idy = I3x2dx . [omyyum y = % +C ,y=x"+ C— obuee

peluerue upgepenyuanbHo2o ypasrerus, KOTOpoe BKIIIOYAET IIPOX3BOIbHYIO
noctosgHHyI0 C. ['padmuKOM pelieHus SIBISIeTCS CEMEMCTBO KyOMUECKNX T -
nep6oJ1, oTinyaromuxcs Ha BenuuuHy C (puc. 4.1).

VA

Yo |-————==

-
- |
I

=y

S
<Y

/C
1

Puc. 4.1. O6uiee pemeHue nudpdepenumans-  Puc. 4.2, YactHoe perueHue nuddepeHiu-
HOTO YpaBHeHUs y' = 3x* ATBHOTO YPaBHEHUS
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st Toro 4TOoOBI M3 OOIIEro pemIeHUs BBIACIUTH OOHO, YACTHOE
pelieHUe, HeoOXoaumMo K AuddepeHLIMalbHOMY YpaBHEHUIO N00aBUTh
HEKOTOpPBIE TOIOJTHUTENbHBbIE ycioBHMS. OOBIYHO 3amaloTcsl HavyaJlbHbBIE
YCJIOBHUSI, KOTOPBIEC SIBJISIOTCSI MaTeMaTUUYECKOU 3aluChlo HayaJlbHOIO CO-
crostHus mpotiecca. Ecim 3a1aHo 3HaYeHKe X = X, U COOTBETCTBYIOIIEE EMY
3HaueHue y, = f(x,), To MOXHO onpenenuth 3Ha4eHue C. Takum obGpasom,
MOXHO HalTU yacmHoe peutenue nuddepeHuraipHoro ypapuenus. Ha rpa-
(rKe 3TOMy COOTBETCTBYET OIHA KpUBasi, CoAepKalllasi TOYKY ¢ KOOpANHA-
Tamu x, U y, = flx,) (puc. 4.2).

4.2. METO bl PELUEHMA HEKOTOPBIX
ANODEPEHLIMANbHBIX YPABHEHNI

Bri6op Metoma pemreHust nuddepeHInaIbHOro ypaBHEHUS 3aBUCUT
OT €ro Bua. AHATUTUYECKOE PELlIEHUE Pa3pabOTaHO JIUIIb JIJIST HEKOTOPBIX
BUIOB NN bepeHINATbHBIX YPABHEHU, 00Jiee CIOXHBIE PEIIAOTCS C MO-
MOIIbIO MPUOIMKEHHBIX YACIEHHBIX MeTonoB Ha DBM. Paccmorpum He-
KOTOpbIE METONBl pELIEHUs] TMpOCTeUIInX Aud@epeHIManTbHbIX YpaB-
HEHUN.

4.2.1. BUOOEPEHLIMATIbHBIE YPABHEHIA
MEPBOIO NOPAAKA
C PA3AENAIOLLMMNCA NEPEMEHHBIMIA

VpasHenue Buga P(x, y)dx + Q(x, y)dy = 0 Ha3bIBaeTCS ypasHeHuem ¢
pazdensrowumucs nepemeHnusimu, ecnu oyakunu P(x, y) u Q(x, y) paznaralor-
Cs1 Ha MHOXMWTEJIU, 3aBUCSIIINE KAX/Ibli1 TOJILKO OT OJJHOM MepeMEeHHOI:

S Ldx + ¢,(x)¢,(v)dy = 0. (4.2)

[Toce pasneneHust EPEMEHHBIX, KOTIa KaXIblii WieH OyIeT 3aBUCETh

TOJIbKO OT OIHOM MEepPEeMEHHOM, OO MHTETpal ypaBHEHUSI HAXOMIT I10-
YJIeHHBIM UHTETPUPOBAHUEM:

[ ey (2D g, g (4.3)
¢ (x) H)
PenrenneM sToro ypaBHeHUS OyIET:
Fx) +o(y)=C,mmy=y(x) + C.

[TocToSIHHOM MHTErpUPOBAHUS TIPU 3TOM MPUAAIOT BUI, YOIOOHBIN IS
JAJIBHEMIIErO YIIPOIIEHUsI PEIIEHNS.
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IIpumep 4.1. Hatitu penieHue ypaBHeHUS:

d
Y _ x(l + y2 )
dx
Pewenue. lanHoe ypaBHEHUE pa3[ejvM HA MHOXUTENW, 3aBUCSIIUE

TOJIBKO OT OTHOUW MEPEMEHHOM:

d
4 5= xdx.
1+y
ITpouHTETpUpPYEM JIEBYIO M TTPaBYIO YacTH YpaBHEHUS:
[ =
2 I+y

x
MONY4YUM: arctgy = - +C.

Oo61mee pelnreHe OyaeT MMETh BUI:
2
y=tg > +C|. <

IIpumep 4.2. HaiiTu o011iee 1 YacTHOE pellleHre YpaBHEHUS

Y_ v
npu x, = 2, y, = 8. v x+2
Pewenue. dy  dx
v ox+2
[Tpounrterpupyem: dy dx
'[ o '[ x+2

Orcrona: Iny| = Inx + 2| + InC. ITorenuupys, noayuum y = C(x + 2). D10
ob1ee penieHre ypaBHeHUs. [logcTaBuM HavaibHBIE yciioBus, Haiinem C.
8§=CQ2+2),C=2.

Torma yactHoe pemieHne — y = 2(x + 2).<

Ipumep 4.3. Haiitu yacTHOe penieHue ypaBHeHuUs 3y°y' = y° + 1 npu
x,=0,y,=2.
Pewenue. TIpoBenem pazneneHue MepeMeHHbIX U TPOMHTETPUPYEM TTpa-
BYIO U JIEBYIO YaCTHU: 2
J 3y dy= J dx.

y3+1

BBenieM HOBYIO NepeMeHHylo u = y* + 1, Torna du = 3y’dy. Nanee:
du
—= jdx;
u

In)y’ + 1| = x — InC.
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[Motenuupys, noayaum C(y* + 1) = ¢'. TlogcTaBuM HavalbHbIE YCIOBUS
C2+1H=é=1,C =3 Torma ¥ =39¢* —1. D1o yacTHOe pewenue. <

4.2.2. INHEWHBIE AN DEPEHLMATbHbIE
YPABHEHUSA MEPBOIO NOPAAKA

OnpepeneHune
YpaBHeHUs BUaa

Y+ p(x)y =q(), (4.4)
rae p(x) u g(x) — HernpepbiBHbIC (DYHKIIMU, HA3BIBAIOTCS AUHECHHbIMU
oughghepeHyuaNbHBIMU YPABHEHUAMU NEPBO2O NOPAJKA.

VpaBHeHue (4.4) HazbpIBaeTCs JIMHEHHBIM, TaK KaK HeM3BeCTHAsT (PyHK-
1Yl y Y €€ IIPOM3BOAHAs y' BXOHST B ypaBHEHME B MIEPBOI CTEIIEHU, TO €CTh
3aBUCAT OT X JINHEWHO.

ITpu g(x) = 0 ypaBHeHue (4.4) Ha3bIBACTCS AUHEUHbBIM OOHOPOOHBIM YPa8-

HeHuem. ,
vy +px)y=0. 4.5)
DTO ypaBHEHUE SABJISIETCS YPAaBHEHUEM C PA3IAEISIOIIMMUCS ITEPEMEHHbBI-
MM, U €To peleHne OyaeT UMeTh BUI;

L =—p(x)dx.
y

[IpounTerpupyem: d
[ =] pxydsx;
y
In |y| = —J. p(x)dx +InC.
[MoTeHLMpYsI, TOaYyYrM oOlliee pellleHre ypaBHeHUS (4.5):
y=Ce P (4.6)

Ecmm g(x) # 0, To ypaBHeHMe (4.4) HA3BIBACTCS AUHEUHBIM HEOOHOPOOHbIM
VDAGHEHUEM.
OO011iee penieHre JUHEHOTO HEOMHOPOIHOTO YpaBHEHHSI UMeeT BUIL:

y(x)= o P (C + jQ(x)ej g (X)dxdxj. 4.7)

IIpumep 4.4. Haiitu o61ee penieHue ypaBHeHus1 y' + y-2cosx = ().
Pewenue. CoriacHo dopmyne (4.6) Haiinem I 2cosxdx =2sinx, Torma
y = Ce*™, <
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IIpumep 4.5. Haiitu ob1iiee pereHue ypaBHeHus )’ + yx = x.

Pewenue. CpaBHUBasl JaHHOE ypaBHEHUE ¢ hopmyinoii (4.4), o0o3HAUNM
p(x) =x, g(x) = x. Torma cormmacHo popmyie (4.7)
2

e—jp(x)dx _ e—_[xdx —e 7.

’
2

x2 X2 2 .
q(x)e7dx= xel2dx=[e2d x_2 237;
J J Jera|

2 2 x2

y:e_z[C+e2J:1+Ce_2. <

Ilpumep 4.6. HaiiTu yacTHoe pelleHHMe ypaBHEHUs » +—y=23Xx mpu
X

x=1,y=1. |
Pewenue. O6o3Hauum p(x)=—, g(x) = 3x. Torma
X

dx
olreds _ I il

YuuTsiBas, uto ™ = x, UMeeM
1 1

eflnx — 1 =
PR

3jx-xdx:3jx2dx:x3;

y:%(C+x3).

C
IloncraBUM HavyajibHbIE YCJIOBUS 1—T+l; C =0. Torga yacTHOe pellle-

Hue umeet Bui: y = x-. <

4.3. IMHEWHbIE OQHOPOHLIE
ANDOOEPEHLUNANbHBIE YPABHEHUSA BTOPOIO
NMOPAOKA C MOCTOAHHBIMWN KOO OULMEHTAMMU

OnpepeneHune
Jluneiinbim 00HOPOOHBIM OughghepeHyUanbHbIM YPAGHEHUEM 8MOPO20 NO-
PAOKA ¢ NOCMOSHHbIMU K03ghuyuenmamu Ha3bIBaeTCsl ypaBHEHYE BUA:

I’ ! J—
ay"+ay +tay=0,
TIe a,, a, U a, — NEeHCTBUTEIbHbIE YUCIIA.
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J71 HaxOXIEeHWS OOIIETO PEIIeHUs] COCTABISIOT XapaKTePUCTAYECKOE
ypaBHEHUE aok2 + ak + a, = 0, KoTOpO€e MOJy4YaeTCs U3 TaHHOTO ypaB-
HEHUS 3aMEeHOU (PYHKIUK ¥ €eNUHUILIEN, a MPOU3BOIHBIX Y’ U} — BEIUYU-
HOW k B CT€NEHU, PaBHOI MOPSAKY IPOM3BOIHOI, TO €CTb COOTBETCTBEHHO
Ha kv Kk’

Hanee pemaioT KBagpaTHOE ypaBHEHME, KOPHM KOTOPOTO ONpPENEJISIOT
o popmyJiam:

[ 2 [ 2
—a, ++a; —4aya, —a; —+\Ja; —4a,a,
kl = k = .

s V) —
2a, 2a,

31ech BO3MOXKHBI CJIEAYIOLINE CIydau.
1. Ecimm KOpHM XapaKTepUCTUUECKOTO YpaBHEHUS IeUCTBUTEITBHBIC
u pasHble (k, # k,), To OOLIMM pELIEHUEM ypaBHEHMsI OyIeT PyHKLUA

y=Ce"* +Cpe,

rae C, u C, — NpOU3BOJILHBIE TOCTOSTHHBIE.
2. Ecnmu KOpHM XapaKTepHUCTUUYECKOTO YpaBHEHUs NelCTBUTENbHbIE
v paBHble (k, = k, = k), To OOLIMM PELIEHUEM YPaBHEHHUS OyIeT (PyHKLMSI

y=Ce"+ Cxe™, mmy=e*(C, + Cyx).
3. Ecnu KopHU XapaKTepHCTUYECKOTO YpaBHEHUsI MHUMBIE (kK = +bi), TO
O0IIMM pellleHneM YpaBHEeHUs OyaeT (pyHKIIMS
y = C\cosbx + Cgsinbx.

4. Ecau KOpHM XapaKTepUCTHUYECKOI'O YPaBHEHMSI — KOMIUIEKCHBIE CO-
npsekeHHble yucia (kK = a = bi), To oOLIUM pellleHueM ypaBHeHUs Oyner

HKI WA
byHKI y= e‘”‘(Clcosbx + Czsinbx).

IIpumep 4.7. Haiitu ob1iee pereHre ypaBHEHUS
V' + 8y + 15y =0.
Pewenue. CocTaBUM XapaKTepUCTUYECKOE YPABHEHUE U PEILINM €TO:
K+ 8k+ 15=0;
k,=—=3; k,=—=5.
O6miee penteHue AuddepeHIIMaTbHOTO YPaBHEHUS UMEET BUI:
y=Ce >+ Ce™ <

ITpumep 4.8. Haiitu o61iee permenne nuddepeHImaIbHOro ypaBHeHUS
V' — 8y + 16y =0.
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Pewenue. CocTaBUM XapaKTEpPUCTUYECKOE YPAaBHEHHUE U PELLIKUM €ro:
K —8k+16=0;
k =k,=4.
Oo6mee pemreHre aud@epeHINAIBPHOTO YpaBHEHUS UMEET BU:
y=e"(C, + Cyx). <

IIpumep 4.9. Haiitu o61iee permenune nuddepeHIMaIbHOTO YpaBHEHUS
y'+y=0.
Pewenue.
k,+1=0;
k=i, Toe i=-1.
OO1ee peleHrue JaHHOTO YpaBHEHUS UMEeT BUI:
y = C,cosx + Csinx. <

ITpumep 4.10. Haiitu ob1iee pemieHue nuddepeHINaTIbHOTO YPaBHEHMS
y'—4y +13y=0.
Pewenue.
K — 4k +13=0;
k, ,=2%3i
OO0111ee pellieHUe JAHHOTO YpaBHEHUs UMeeT BU/;:
y = e™(C,cos3x + C,sin3x). <

4.4. MIPUMEHEHUE AN DEPEHLIUATIbHBIX
YPABHEHWUW MEPBOIO NMNOPAAKA
ANA PELLEHUNA 3A0AY

Pemrenne 3amad ¢ momMoinbio auddepeHINANIBHBIX YPaBHEHUIT MOXKHO
pa3dUTb Ha HECKOJIbKO 3TAIlOB. BO-TEPBbIX, HEOOXOAMMO (hOpMaIn30BaTh
YCIIOBUS, B KOTOPBIX IPOTEKAIOT M3ydaeMble IIPOIIECCHI; BO-BTOPHIX, BEHI-
OpaTh 3aBUCUMBIC U HE3aBHCUMBIE IE€PEMEHHBIC; B-TPETbUX, OIPEICIUTh
GYHKIMOHAJIBHBIE 3aBUCMMOCTA MEXIY HUMHM, a ITOCJIE 3TOTO TEePEeUTH K
pEelICHUIO YPaBHEHUSI M aHAIM3y MOJYYEHHbIX pelleHuil. B ypaBHeHUsX,
OIMMCHIBAIOIINX MEINKO-O0MOJIOrMYEeCKHE MPOIIECChl, B KAYECTBE HE3aBUCH-
MO TMEepEeMEHHOI 4Yallle BCEro MCIOJb3YeTCS BpPEeMEHHAsT KOMIIOHEHTA.
HMMeHHO mo3TOMY MCKOMasl (PYHKIIMSI OOBIMHO ONMCHIBAeT M3MEHEHHE He-
KOTOPBIX ITApaMETPOB OMOJIOTMIECKUX CCTEM BO BPEMECH.
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PamuoakTuBHblil pacnan. M3BecTHO, YTO CKOPOCTH pacraga pagnoaKTUB-
HOTO BEILIeCTBa IPSMO IPOITOPILMOHAIbHA YMC/TYy HepacIaBIIMXCSI pagroaK-
TUBHBIX saep. Torma IN

—=-AN, (4.8)
dt
rne dN/dt — cKopoCTb paMOaKTUBHOTO pacrana; N — KOJWYeCTBO Hepac-
MAaBIIMXCS PAAMOAKTUBHBIX SIIEP; A — ITOCTOSIHHAS paclana, XapaKTepu3ylo-
1asi paTioakKTUBHOE BEIIECTBO. 3HAK «—» YKa3bIBA€T, YTO KOJIMYECTBO He-
pacIaBILIMXCS siIep YObIBAE€T CO BpEMEHEM.

Boipaxkenue (4.8) npencrasisieT co0Oi ypaBHEHUE ¢ pas3aessiOIIMMUCS

rmepeMeHHBIMU. Pa3mennM rmepeMeHHbIE M IPOMHTETPUPYEM YpaBHEHHE:
N '
dN
N ifa,
N, N 0
rae N, — HavyaJbHOE KOJMYECTBO HEPACTIABLIMXCS AIEP, TO €CTh NMpH £ = 0,
N — Tekylee KOJMYECTBO, TO €CTh B MOMEHT . (OcTaibHbIe TTapaMeTPhI Te
Xe, 4yTo U B popmyiie (4.8).)
Haiinem omnpenesieHHbIe MHTETPAIIBL:

N
In| N[ =-ny:
InN-InNy=-At;

lni: —\t.
N

IMoreHuupys, noayuum: N = Noe*”.

DTO pellleHWe MOKa3bIBaeT, YTO KOJIMYECTBO HEPACIABIIUXCS SIep
YMEHBIIAETC I10 3KCIIOHEHIIMAJbHOMY 3aKOHY M 3aBUCUT OT BPEMEHU U
MHOCTOsIHHOM pacnana (puc. 4.3, a).

Pa3vHoxenue Oakrepmii. Eciu GakTepuu oOWUTalOT B OJIArompusSTHOMN
cpene, TO CKOPOCTb MX Pa3MHOXEHHsI OyAeT IMpOIOpLIMOHAbHA pa3Mepy
nonyaauuu. Takoe IIpedroioXeHWe OIMCHhIBaeTcs auddepeHINaTbHBIM
ypaBHEHHEM: dx

dt
rne X — KOJIUYECTBO OakTepuii; k — Ko3(hGUIIMEHT MPONopILMOHATbHOCTH.

Torna, paznensist IepeMeHHbIE ¥ MHTETPUPYS JIEBYIO U TIPaBYIO YacTH ypaB-
HeHus (4.9), nomydum:

kx, 4.9)
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N 4 N
A >N,
N, 1 N k>0
k=0
k<0
0 7 kt
a 0

Puc. 4.3. I'paduku, oTobpakaronye: ¢ — pamloaKTUBHBINA pacai; 6 — pa3sMHOXeHMe OaKTepHit

rae N, — HavyalbHOE KOJIMYECTBO OakTepuil; N — KOIMYECTBO OakTepuii B
MOMEHT #. BEramcisist onpeneieHHbIe UHTETPaIbl, TTOTY4YHM:

Injx[} =k, 1nN£O=kz, N = NoeH.

IMonyunam 3KCIOHEHIIMAIbHYIO KPUBYIO, KOTOpasl 3aBUCUT OT BPEMEHU
u k. Ecu k > 0, To KonuecTBO 0akTepuii OyaeT BO3pacTaTh MO 3KCIIOHCH-
LMaIbHOMY 3aKOHY, Tpu k < 0 — yObIBaTh, a Npu k = 0 — ocTaBaThbCsl Ha
TMIOCTOSTHHOM YpOBHe (puc. 4.3, 6). 17151 onipeieieHNs 3HaYeHNST kK HeOOXOmM -
MO MMETh JOIOJHUTEIbHBIE CBEACHUS 00 U3MEHEHUH YMCIIEHHOCTU OaKTe-
pHii 32 KOHKPETHBIN MMPOMEKYTOK BpEMEHM.

Bryrpusennoe Beenenmne aekcrposbi (I'mokoswr®). [Ipy BHYTpHBEHHOM
BBEJIEHUU C IIOMOILBIO KalEeJbHULBI CKOPOCTh MOCTYIUIeHUs [JI0KO3b* B
KPOBb [TOCTOSIHHA U paBHa c. B kpoBu I'ioko3a* pasnaraercs u yaansercs U3
KPOBEHOCHOIM CHCTEMbI CO CKOPOCTbBIO, IPOIIOPLXOHAIBHON UMEIOLIEMYCS
konmuectBy Iimokosbl®. Torna nuddepeHuuanbHOE ypaBHEHUE, ONIUCHIBAIO-
1ee 3TOT MPOIIECC, UMEET BU/I;

X, (4.10)
dt
e x — KonuuecTso [oKo3bl® B KpOBU B TEKYIIMII MOMEHT BPEMEHMU f; ¢ —
CKOPOCTb MOCTYILIEHUS [JTI0KO3bI* B KPOBb; 0L — MOJIOXUTEIbHAS TIOCTOSIHHASL.
3amnuiieM 3TO ypaBHEHUE B BUIIE:

X +tox=c.
DT0 HEeOTHOPOMHOE TMHEeITHOe muddepeHInaaTbHOe YpaBHEHHE TIEPBOTO
TopsifiKa, 1 ero ooliee pelieHrue HaxoauTcs 1mo dopmyie (4.7):

x(t)= oo (k + Icejadtdtj =e (k + cIe‘”dt) =

_ c car €
=e ™| k+—-e* |zke ™ +—,
a a
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rae k — MOCTOSTHHASI MHTeTpUpOoBaHMsI. YTOOBI HATH ITOCTOSTHHYIO k, HE00-
XOIVMMO 3HaTh HauaslbHOe 3HaueHue [moKko3s* B kposu x(0).

Torna
x(0)=k+<,
o
k=x(0)-<.
o
YactHoe pemeHne ypaBHeHus (4.10) umeeT BU:

x(t) = ¢ + [x(O) - E} e .
a a

Ipu yBenuueHUM BpeMeHU ypoBeHb [JII0KO3bI® B KpOBM NPUOIMKAET-

C
CAIK —.
o

4.5. 3AJAHN
AN CAMOCTOATE/IbHOIO PELLEHAA

4.1. Haiitu o61iee pemenue nuddepeHIIMaTbHbIX YPaBHEHU METOIOM
pazzeneHus MepeMeHHbIX:

1)y =2 2) y' = sinx;
)y =2x+1; 4) y' = ycosx;
5)xy'—y=0; 6) y' = 2xy;

7) 3xdy = 2ydx; 8)xy +y=0;
9) exyf= l, 10)y’=e3"+'.

4.2. Haiitn yacTHble penieHue muddepeHINaabHbIX YpaBHEHU MeETO-
JIOM pasesieHUsI TIEPEMEHHBIX:

1) xdx = dy; y(1) = 0; 2) xdx =dy; y(2) = 1;

3) ydy — xdx =dx; y(2) =0; 4) 2xy' = y; y(9) = 6;

5) X' = y; y(0) = 5; 6) 2y'\Nx =y; y(4) =1;

7= ye)=1;  8)y +ytgx=0;y(0) =2,
Inx

4.3. Haitti obuiee pelreHre JTWHEHWHBIX THPdepeHINaTIbHBIX YpaBHEe-
HUM NIEPBOTO MOPSAKA:

1) (x + y)dx + xdy = 0; 2) (o + y*)dx — 2xydy = 0;

Hxy'=x+y 4) y' = ycosx;

5y —y=e¢; 6) xy' + 2y =4;

7) y—xy’:ylnf; 8) xy' =2y +x*.
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4.4. Haiitn ob1iee penieHre TUHEHHBIX OMHOPOAHBIX b hepeHIINaTb-
HBIX YpaBHEHU I BTOPOTO MOPSIIKA C MOCTOSIHHBIMU KO3 dDUIIMEeHTaMu:

1) y" — 3y =4y; 2)y" =5y +6y=0;
3)y =10y +26y=0; 4y -5 —6y=0;
5)y"+4y +4y=0; 6) y" + 10y" + 25y =0.

4.5. CocraButh guddepeHIINaIbHEIC YPaBHEHUS W HAWUTH YacTHEIE pe-
LIEHUSI.

1. KoHleHTpalMsl JIeKapCTBEHHOTO IpernapaTa B KPOBU YMEHbIIAeTCs
BCJICIICTBUE BEIBEICHUS BelllecTBa M3 opraHm3Ma. CKOpOCTh YMEHBIICHMS
KOHIIEHTpallu1 MPONOpLUKMOHAIbHA KOHIIEHTPAlUU BEleCTBa B JaHHBIIA MO-
MeHT. OTIpeenTh 3aBUCUMOCTb KOHIICHTPAIIM JAHHOTO BEIeCTBa B KPO-
BU OT BpEMEHM, €C/IM B HayaJlbHBII MOMEHT BpPEMEHU OHa ObLIa paBHA
0,2 mr/n1, a 9epe3 23 4 yMEeHBIIMIACH BABOE.

2. CKOpOCTh pacTBOpPEHUSI IEKAPCTBEHHOIO BEllIECTBa B TabJIeTKaX MPoO-
MOpIMOHAIbHA KOJIMYECTBY JIEKapcTBa B TabieTKe. MI3BecTHO, uTO Tipu = 0
m = m,. HaiiTu 3aKOH pacTBOpPeHMS TabNETKH, €CIIM TIEPUO IIOJyPacTBOpE-
Hus T.

3. Haiiti 3aKOH pocTa MMaJIOYKOBUIHBIX KJIETOK C T€UEHUEM BPEMEHMU,

dl
€CJIM CKOPOCTh pOCTa KJIETKU IPOTNOPIIMOHAIbHA ee IIMHE /, E:(oc—B)l,

rae o ¥ 3 — TapamMeTphl, XapaKTepU3YIOIIUe YCIOBUs POCTa KIETOK; [ = [
npu t = 0.

4. CKOpOCTb COKpallleHWsI MBIIILBI  ONUCHIBAETCS  ypaBHEHHUEM
dx

E=B(x—x0), i€ X, — TMOJIHOE COKPAIIEHWE MBI, B — MOCTOSHHAS

BeJIMYMHA, 3aBUCSIIASL OT HArPy3KHU; X — COKPALEHWE MBIIILbLI B JaHHbIA
MOMeHT ¢. HaiiTu 3aKOH coKparieHusT MBIIIIE, eciin x = 0 mpu ¢ = 0.

5. CKopocTh pocTa MUKPOOPTaHU3MOB IIPONOPLIMOHAILHA MX KOJIUYECT-
BY B JaHHbI MOMeHT. B HaualbHbIi1 MOMeHT uMenoch 100 MUKpooOpraHu3-
MOB, 1 X YMCJIO YABOWIOCH 3a 6 4. HaiiTu 3aBMCMMOCTb KOJIMYECTBA MUKPO-
OPraHU3MOB OT BPEMEHHM M KOJIMYECTBO MUKPOOPTaHU3MOB Yepe3 CYTKH.





