ДИФФЕРЕНЦИАЛЬНЫЕ УРАВНЕНИЯ
Видеоурок: https://www.youtube.com/watch?v=8JWEDcENUG0 
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uaneprerca b rogax) k= ;oo ~0,000447. Hepes wmammon zer

o mauATLHOM Macch pamms m, ocTameTcs Tombko m(10°) = mee T =
20,6 - 101%m,.

3. Tapmonnueckue koxeGamusi. IIDOHIBOZHYIO OT NPOM3BOL-
HOH [' QYEKIAW [ HAJMBAIOT 6MOPOH nPoU3GOONOE (ymKmEE f
1 obosmauaior f* (wnraercs: «Dp ABa mrpuxar), Hanpuwep:

sin’ x = cos x, sin” x =

cos’ x=-sin x, cos” x

Bropas IOM3BOXHA HOMOTaeT Goiee OAPOGHO HCCIEAOBATS 10~
Befenne (pykmuu. Tleppas NPOMIBORHAS €CTH CKOPOCTH HIMEHEHHS
QYRKIIH, & BTOPAS TPOKIBORHAS €CTH CKOPOCTS HIMEHERNS OTON CKO-
pocrn.

Anannaupys Gopuys: (7), MOKHO 3AMETHTS, ¥TO BTODHE HpO-
M3BOAHEIE CHEYCA # KOCHEYCA OTIMYAIOTCA OF CaMUX GYHKIHH TONBKO
amaxom. MHave roBops, 00e OTH GYHKIUH YAOBJETBODSIOT NpH BCEX
SRANEHMSX ADTYMeHTA { YDABHEHHIO

@ =-f .

B guoke, B MaCTHOCTH B MeXamiKe, GONBUIVIO DOXb HIDAIOT
ynKuuE f, KOTOPHE YAOBJETBOPAIOT YPABHEHMIO

17(8) = -0? (), ®

TAe © — NOIOKHTEARHAS NOCTOSHHAS.

Pagbepen oaaty M2 MeXAHMKH, OPHBOASILYIO K YDABHEHMIO
TaKoro Buga. TlycTe K MAPHKY MAccO M NPUKDEIUIEHA PACIONOMEH-
Hast TOPHIOHTANBHO NPYXMHA, APYFofi KOHel KOTOpOl oakpemien
(puc. 148), u nycTh B COCTOAHMM PABHOBECHS KOOPAMHATA X LEHTPA

265 torasameanman w torapudrnscekan Gymnn
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265 orusareasman n torapudmcey

0 0
Puc. 148 Prc. 149

‘mapuxa pasa Hymo. TIpK NepeMeImenHH EHTPA B TOUKY ¢ KOODAHHA-
Tolf x # 0 BOJHWKACT CHIA, CTDEMAMARCA BEPHYTS MIADHK B MOTOXKeE-
nue pasoecus. Cornacto sakomy [yKka oTa CHIA TPOMOPLHOHATHHA
nepemewenuio ¥, T. e. F = —kx, rae k — HOTORHTeNbHAR KOHCTAHTA
(puc. 149). To sropomy saxony Heworoma F = ma, N0STOMY, yauThi-
Bas, 4TO NDH ABHKEHUI IO IPSIMO YCKODERHe ecTh BTOPas TPOHIROL-
HAs OT KOODAHHATH, HMeeM:

ma(t) = mx" ()= F, 1. e. x" (1) —,: x(1).

Hnade rosops, ABWKeHse UEHTPA WAPMKA NOX AeHCTBHEM cu

yupyrocTs nogunHeno ypasemmio (8) npu o “1;:

Tlokasen, 4TO QUandeckan BeHuuHA, HOMEHAIOUIASCA BO BDe-
MeHM B COOTSTCTBMN C ypaBHeHueM (8), coBEpIIACT TaDMOHHYECKOE
KoneGasue (cM. 1. 7). Camo ypasenue (8) HA3KBAIOT Jugpepenyuals-
HbLM YPaGHENUEN 2APMONUNECKUT KOMOAHUL.

TIpoBepM, 4TO IPH MOGHX NOCTOTHHBX A U ¢ DYHKUHT

7(t)=Acos (ot + )
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mawy=mro@y =T, e Ty xw)
m

nave rosops, ABWKEHse LUCHTPa LIAPHKA MOX AelcTBHEM CIHX
YUpYToCTH TOZUERENO ypapHeHmio (8) npu w = “11&
m

Tlokasen, 4TO QUandeckan BeHuuHA, HOMEHAIOUIASCA BO BDe-
MeHH B COOTSETCTBHI C ypaBHEHWeM (8), COBEPIIACT raPMOHMYECKOE
KoneGasue (cM. 1. 7). Camo ypasenue (8) HA3KBAIOT Jugpepenyuals-
HbLM YPaGHENUEN 2APMONUNECKUT KOMOAHUL.

TIpoBepM, 4TO IPH MOGHX NOCTOTHHBX A U ¢ DYHKUHT

()= Acos (of + 9) ©

ects pemenwe ypasmemns (8). B camom fere, moxbayscs bopmysoi
AR MpOMaBOTHON CTOKHOM YHKIMM, TOTyuAeM:

()= ~Aw sin (o + ¢),
17 ()= -Aw? cos (ot + ¢) = ~w?f ().

BepHo u ofparHoe: moGoe pemenue ypasuenus (8) ects QyHK-
nus supa (9), npuem oSsrano BEGupaoT A > 0, ¢ € [0; 2x]. Hoxasa-
TENLCTRO OTONO BLIXOZNT 3a PAMKH LIKOALHOFO KYPCa.

TIpoU3BOTEHbIE TOCTOAHHEE A W @ MOXHO ONDENETHTS, eCTi
sagamst navansmste yeaosus £(0) = yq, /(0) = b

P 4. Hagemwe Tex » armocepmoit cpese. Paccmorpum Goree
cntommbiii npnmep. [Ipw magenns Ten B aTMOCdepe HYKHO YIHTHBATE
cOmpoTHBIEHNE BOIAYXA. DKCIEPHMEHTAILHO YCTAHOBIEHO, UTO CHIA
CONDOTHRACHHS BODLYXA NPONODLMOHATEHA CKOPOCTH XBHGKERHS,
T.e. cuna F, peficreyiomas ma temo, passa F (1) = mg - kh' (t),
TAe m — macca Tena, g — YCKOpeRHe CBOGORHOro mamemms, h () —
KoopAmHATA Ha mpaMON (ock Oh HANPABJEHA BEPTHKAILHO BHW3),

TeabHan  TorapudMmecKan Gy
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k — xoappunment nponopumosansHocTy. Ilo BTopoMy saxomy Haioto-
ma F = ma, nostomy nonyuaem ypasHemue

ma" ()= mg k2 (), T.e. (=g~ 2 2(t)
KoTopoe YAOGHO paccMaTpuBATS Kax AvddbepeRIMATEROE ypaBHeHHe
v ©=g-bo(t) meb=%>0, (10)

omHOCHTeNLHO CKOPOCTH JBKeRMS b (¢) = 2' (t). [Lua TOTO uTOGH mpu-
BecTi 970 YPABHeRIIe X IRAKOMOMY BUAY, BECAEM HOBYIO HEHIBECTHYIO

I3 Al
b b
mue (10) sanwcuBaeres B Buge
VO =by), ey ()= -by(),
pemenns Kotoporo yxe masectmsi: y(f) = Ce¥. Ciepoparensio,
€
v (1)

@ymxmmo y (1) = £ -v (), Toraa y' (1) [

v m]' v’ () u ypasse-

@ynxuus y = e yousaet va R, IDH oTOM ee SHAUEHHS HeOTPA-
HiieHHO yMemsmaiotcs npu mospactammm f (r.e. Ce -0 mpm
t - co gua moGoro C). DTo 03@AUAET, UTO CKOPOCTH NPHGIHIKACTCS

X TOCTOSHHOMY JHATOHIIO £, KOTOPOE JABMCHT OT BEMHIMHB KO-

IgenTa mponopusonanbHOCTA k ® Macch m. Hampumep, mp da-
TAUKHBIX NPHIKKAX (IAPALIIOT He PACKPHIT!) BTA CKOPOCTh PABHA MPH-
MepHO 50 M/c, & CKODOCTS IAPALIIOTHCTA DM TpHaEMTemHH (OTAA k
SHAUNTeNEHO Gombie) OKOTO 4—5 M/c.

PaccMoTpenibie NPHMEPs MO3BOJIAIOT HAM NOHATS, HACKOMBKO
MONIHBIM ANNADATOM HCCIEIOBAHHA ABIAIOTCA AMGpEpEHIMATEEbIE
ypaiemns. Otewn GACTO 7IEMEHTAPHEIE JAKOHbI, YIDARIAIONIA KAKUM-
GO NPOIECCOM, SAMUCLBAIOTCA B BHAe AHGGEPCHIMIATLHLX ypaBhe-
ik, Jl1st TOro uTOGhI BISCHUT, KAK TPOLECC PASBEPTLIBAETCS BO BpEMe-
HM, NPHXOAMTCS 9TH AM((EPEHIMATEHEE YDABHEHHS PelIaTh.
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44. MousiTe 0 ANAIDEPEHLUANBHBIX YPABHEHUAX

1. Henocpencrsemmoe maTerpupoBanme. B xoze pelnenus
37184 €CTECTBOSHARNA ACTO BOSHHKAIOT COOTHOMIERUA, CBAIHBAIOLINE
mpoUsBORHEe HeKOTOpOl GYEKIMM (NPBYI, BTOPYIO K T. K.), caMy
Ty QyHKNUI W HesasucuMylo mepewennyio. Hampusep, corracmo
BTOpoMy daxony HEIOTORA NIpH ABWKEHMH DO NPAMOM MaTepHATHHON
ToukM mocTosMEOM Maccki m cmpasefiua Gopyra F = ma, rae
F — cuna, BuswBaomas ApmKenue, @ — yckopenue Touku. IIycts
cuna F saBucHt Tombko oT spemeni f, T.e. F = F (). Benommnas,
uTO yCKODEHMe eCT BTODAA NPOMABOXHAA KOODAMHATH! [0 BDEMEHH
(@ (8) = x" (1)), monyuaem AUbEpERIMATLNOE YPABHEHNE OTHOCHTETb-
HO ymKmEE x (¢)

Ft)=ma(t), r.e. 2 (ty="1",

A% pememns KOTOpOTo CHaUATA HaXoRMM X' (f) Kak mepsoopas-
Ft

ayio gysxmmn T, a satem m x (f) xax mepsooSpassyo dyHKmEE
m

(1) = ' (). OBImee permeRue JABHCHT OT ABYX TPOMBBOTLHEIX HOCTO-
amEmX. J[1 TOTO WTOGH X HAWNTH, OGHIYHO SATAIOT KOODWMHATY
W CKOPOCTS B KaKOH-THGO MOMEHT BpeMesH L.

B Opuwep 1. llpu sepruxamsuom ABMNeRHU [OA KeficTBHEM
B TAECTH KOOPAHATA h (f) TOWKH equmuuHOM MACCH YEOBIe-
TBOAIET AHdipepeHNMANLHOMY VpaBHeHWIo (och Oz HAUpaBJeHa Bep-
THKABHO BHM3):

=g

Obmee pemenue 5T0ro YpaBHeHNS MMeeT BUX:

Rt h‘,+v“z+% e by = h (0), vy =1 (0).

Bazan iy # Dy, MBI HONYWHM YK eIMECTSEHHOS pemeHNe,
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mat_anal 1 warevaria -

Keprst Kak ycraosurs Mo,

A% pememns KOTOpOTo CHaUATA HaXoRMM X' (f) Kak mepsoopas-
Ft

ayio gysxmmn T, a satem m x (f) xax mepsooSpassyo dyHKmEE
m

v(t) = ' (t). OBmee permenTe 3ABMCHT OT ABYX TPONIBOTHHEX HOCTO-

amEmX. J[1 TOTO WTOGH X HAWNTH, OGHIYHO SATAIOT KOODWMHATY
W CKOPOCTS B KAKOH-THOO MOMEHT BpeMesH f.

B Opuwep 1. llpu sepruxamsuom ABMNeRHU [OA KeficTBHEM
CHIBL TAECTH KOOPAHATA h (f) TOWKH emumuuHON MACCH YEOBIe-
TBOAIET AHdipepeHNMANLHOMY VpaBHeHWIo (och Oz HAUpaBJeHa Bep-
THKABHO Biia):

K0 =g

Obmee pemenue 5T0ro YpaBHeHNS MMeeT BUX:

Rt huwuu%, tae hy = h (0), vy=v (0)

Bazan iy W Uy, MBI HONYSHM YK EIMECTSEHHOS POIICHNE,

Boobime mepnooGpaskyio F A1s (YHKIMM [ MOXHO paccMaTpm
BaTh KaK pemennue npocmeiiutezo OUBHEPEHYUANLHOZ0 YPAGHEHUS

F(x)=1(x) a
rae f(x) — nammas @ymknus, F(x) — pellenue 3T0r0 ypaBHEHHS.

2. Jlunddeperuuaninoe ypaBHERHE MOKAIATCIBHOTO POCTA W
TOKA3ATeBHOTO YOMBANNA. Petienie MHOTHX 38/a4 (HSHKH, TeXHH-
i, GHOTOTHH  CONMATBLIX HaYK CBORMTCA X 3a1a¥e HAXOMUEHIHA
byRKUuE, YIOBTETBOPAIOMIMX AH(DGEPERINATLEOMY YDABHEHHIO

1'(x) = kf (x), @

Tae k — mexoTopas KomcTamTa.

263 Hosamreawman w orapuipw

AU

SR =R bl

109
1711200





image3.png
@ Mailru: nows,

suemeprc X | [ Mowra Mailru

mat_an:

3mas dopuyny mpoMsBOxEOY mOKAdETENBHOM (YHKWIMH, Aerko
JAOTARaThCS, uTO pemenvem ypaBHeHs (2) ABiseTCS MoOAs GYKLHA
suga

1 (x)=Cer, ®)

ae C — nocrosmmas. Tax xax C POMIBOTLRO, y AH(epeHIUATLHO-
10 ypaBierus (2) GeCKOHEWHO MHOFO pelteHu.

Jloxaxem, wro ApyrMx pememmit, xpome dymkuuit suaa (3),
ypasmerye (2) He myMeer. JIIA HTOTO PACCMOTPHM NPOHIBOTLHYIO GYHK-
M0 f, VIOBTTBOPAINYIO YDABHEHMIO (2), M BCHOMOTATETBHYIO
ymxmmo

&) =1 @) et @
Haitzem ee mpoussoxuyio:
8'(x)= ' (x) " + [ (x) (e = f' (x) e — kf (x) e,
Tloperannasn kf (x) BMecto f'(x) us ypasmenus (2) monywu:
£(x)= kf (2) e — kf () eF = 0.

Mo pasencTsa npomsRoREOH GymKIEM £ HymO Creyer, uTo £ (x)
upw Beex x. Mo (4) monysaew:

f(x)e*=C, orxyaa [(x)=Cet,

9TO W TPEGOBATOCH AOKASATE.

Bameuamme. B NPHBEEHHMIX BINe PACCYHACHNAX MBI IDEA-
nonaranH, 4TO BYHKUMA f ONDEleNeHA ¥ YAOBAETRODRET ypaBHe-
HAI (2) HA Beell WHCIOROH IDAMOM. B KOHKDOTHEIX J8JAYAX UACTO
TPEXORATCA DACCMATPUBATH (YHKIWH, VAOBIETBOPSIOMUE VpABHe-
HHI0 (2) TOTBKO HA HEKOTOPOM mpomexyTke. EctecTsemmo, 4To B Ta-
oM cayuae Gopuyxa (3) GyAeT AasaTh obliee PeIIeHME JAKATH TOKO
Ha NPOMEXXYTKe, HA KOTOPOM BHINOJHseTcA ypasHenue (2).

CMBICH ARQXEPEHIHATLHOO YPABRERHA (2) 3AKOUACTCA B TOM,
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8'(x) = kf (x) e™** — kf (x) e™*

Y3 paseHcTBA NPOH3BOAHOH DYRKIMHE g HYMO CAEAYeT, UTO g (¥)
npu Beex x. Ua (4) noxyuaem:

f(x)e*=C, orxyma f(x) = Ce*,

4T0 B TpeGoBATOCh AOKAIATE.

Bameuanme. B NPUBEJERHbIX BhIIe PACCYRICHHAX MBI IDEA-
moRaraNM, Wro GHKNNA f ONpeleleHa M YAORIETRODFET ypamHe-
HmO (2) Ha Beelt YMCIOBOK UPAMOH. B KONKDETHLIX JazavaXx 4acto
IPHXOZHTCH DACCMATDHBATH (YHKINMH, VAOBIETBODSIONIMe ypaBHe-
HHIO (2) TONbKO HA HEKOTODOM NpOMesyTxe. ECTECTBEHEO, 970 B Ta-
KoM cayuae popmyxa (3) 6T aBaTh obiiiee PEIISHHE SAIAUH TONLKO
HA IpOMe’KYTKe, HA KOTODOM BAIOIHSETCS ypasHemwe (2).

CMICH AEQbePEHIHATLROrO YpABHEHHA (2) 3AK0TACTCA B TOM,
4TO CKOpOCTS HIMeHemus GYHKLHM B TOYKe ¥ NPONODUMOHATHHA IHA-
“termI0 camoii yHKIME B 5TOM TouKe, DTO YPABHEHMe WACTO BCTPeda-
©TCA IDH DEIIeRH NPAKTHYECKHX Sajad.

M Opumep 2. (Paanoaxtusmuit pacnax.) Ilycrs B HavarbHui
MOMEHT BeMEHH MACCA PAMOAKTHBHOTO BENIECTEA PABHA:

m(©)=m,. ®)

DKCHEPHMEHTATLHO YCTAHOBIEHO, WTO CKOPOCT YMEHbIIEHHA
macckl Bemectsa m (t) co BpeMeHeM ! NPONOPLHOHAJBHA €r0 KO-
nmvectsy, T.e. m'(t)=-km (t), rae k> 0. Kak nokasano seime,
m(t) = Ce’™. Koncraura C maxogurca u3 yenosust (5). A mmenno
npu ¢

my=m(0)=Ce™*° 1. e C=m,.
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Oxonsatesro nonysaem:
m () = mpe k. ®)

PaccMOTpeHHBIl IDHMED THIWEH: Tl BHIETHTS W3 6ECKO-
HewHOTO e pemenik AdPEPEHIRATHHOTO YPABHEHHS OXHO, OGb-
KO TpeGyerc eme BEECTH HANATLEbIe YCI0BAS (B HANIeM CIyuae 3T
yezoste (5)).

Tpomesyrox spemenn T, wepes KOTOPi MACCA PANMOAKTHE-
HOTO BeIIieCTBA YMEHbIIAETCH B 2 A3A, HAIHBAIOT NEPUOJOM NOAYPAC-
nada sroro semectsa. 3uas T, MokHO Haiith k. Tax Kax

1

m(T)=3my, 1 0. mee™" LIm,,

eem e =1,

2
Cnenosatenso, e*” = 2, kT = In 2, orkyna k ‘112.
Hanpuwep, ann paaua T = 1550 ner. Tootomy (ecam Bpems

nawepserca n rogax) k=02 ~0,000447. Hepea maamon zer

OT HAuAJBHOH MACCH pajMs m, ocTarerca Tomsko m(10%) =mee 47 =

20,6 - 101%m,,

3. Tapmonnueckue koxeGamusi. IIDOHIBOZHYIO OT NPOM3BOL-
HOH [' QYEKIAW [ HAJMBAIOT 6MOPOH nPoU3GOONOE (ymKmEE f
1 obosmauaior f* (wnraercs: «Dp ABa mrpuxar), Hanpuwep:

sin’ x = cos x, sin” x =

cos’ x=-sin x, cos” x

Bropas IOM3BOXHA HOMOTaeT Goiee OAPOGHO HCCIEAOBATS 10~
Befenne (pykmuu. Tleppas NPOMIBORHAS €CTH CKOPOCTH HIMEHEHHS
YHKIWH, & BTOPAS IPOMIBOAHAS €CTH CKOPOCTS HIMEHEHMS BTOM CKO-
pocrn.

Anannaupys Gopuys: (7), MOKHO 3AMETHTS, ¥TO BTODHE HpO-
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