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O HIXXHUX W BepXHUX (PYHKINAX
A d. Jlennn, JILA.Jlenun

Anvoranusg. /g nuddepeHnuaj bHOro ypaBHEHHSI BTOPOr0 HMOPSIKa JAeTCs OIpe-
JleJIeHNe BePXHUX U HUXKHUX (DYHKIHUi, CBIA3aHHOE C OJHOCTOPOHHEH JIOKAJIbHOI pas3pe-
MTIMOCTBIO.

VIIK 517.927

B pa6ore [1] ansa kpaesoii 3a1aun
" = f(t,x), z(0)==xz(27), 2(0)=2'(2n), (1)

rae f yaoBaeTBopgeT ycaosuio KapaTeogopu, Jaercs ciepyromee onpeaeaeHue HUKHIX
U BepXHUX (DYHKIHUIA.

Omnpenenenne 1. Oyuxnua o € Co,; HA3BIBACTCA HUKHEN (hyHKIIIEH KpaeBoii 3a1aun
(1), ecomm ms gioboro tg € B D_a(ty) > DVa(ty) nam Haiigercs OTKpbIThIii HHTEPBAJ
Iy raxoit, uro ty € Iy, a € W (Iy) u ays nouru seex ¢ € Iy o”'(t) > f(t, a(t)).

Oyukuusa § € Cy, HasbBaerTcs BepxHeil dyHKImeil Kpaesoii 3amaqu (1), ecau s
aoboro tg € R D™ B(ty) < DypB(ty) win Haiigercss OTKpHITBI uHTEpBaa [ Takoii, 4To
to € Iy, B € W?(Iy) u ana nouru Beex t € Iy 3"(t) < f(t,5(t)).

Buech Cor — MHOXKECTBO HENPEPBIBHBIX 27T mepuojudeckux GyHkuuii © @ R — R,
D_a(t), D~a(t), Dia(t) n DYa(t) — uncna Tduun, a W>(Iy) — muoxkecrso dyukiuii
x : Ip — R, nepBas npon3BoAHas KOTOPHIX a0COMIOTHO HENpephiBHA. MHOKECTBO HUKHUX
u BepxHUX (GYHKIUii B cMbicae ompeienenns 1 Oygem obosnauars udepes Ai(R, R) u
Bi(R, R).

B pa6ore [1] 6611 nocrasien soupoc. Ecim oy, ag € A1(R, R), 10 siBasiercst i max{ay,
as} € A1(R, R). Crenyrommuii npumep mOKa3bIBaeT, ITO 3TO HE Beerja Tak. [lycrs f(t, ) =
—2mpn t € [-m,0) u f(t,z) = 0 npu t € [0,7], au(t) = —t* — «t mpu ¢t € [—7,0),
ai(t) =t* — 7wt upu t € [0, 7] u 27 HepHOAMUECKH NIPOIOIKACTCA Ha BCIO 0Ch. $1CHO, 9TO
a; € Ai(R, R). Oynknus as(t) = oy(t) mpu t € [—m,7w/4] U [7/2,7]. IIycrs t; = 7/2 —
7/2¢, i = 2,3.... Coemungem Toukn (tor, oy (tor)), (tons1, a(tors1)), k = 1,2... oTpeskamu
U NPOJOJIZKUM TH OTPE3KH JI0 MEPeceveHus: ¢ NMPOJOJKEHHEM COCeJIHUX OTpe3koB. Ha
unTepBase [7/4, m/2] noaydaercs somanas ¢ 6eCKOHEUHBIM YUCIOM 3BeHbEB. UT0OOb n36a-
BUTLCS OT YIJIOBBIX TOYEK, CIUIAXKHBAEM UX € MOMOIILIO YT OKPYZKHOCTH, IIPH STOM JLyTH
JOJIZKHBL ObITH HUKe (v1. DyHKIUs (o(t) COBIAJALT ¢ MOJYUEHHON KPUBOH HA WHTEpBAJe
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[1/4,7/2]. dcuo, ato ay € A1 (R, R) npu 27 neprnoanaeckoM npoaoszKennu. QyHKus o =
max{aq, as} obramaer caepyomumu csoiicrBamu. Touka 7/2 aBasiercs npeaeabHON 11s
VIJIOBBIX TOUEK u (hYHKIMSA o B ToUKe /2 umeer npousBoanyio 0. Eciu a € A;(R, R), 10
B HEKOTOPOii OKPECTHOCTU TOUKH 7 /2 He JI0JIZKHO ObITH YIJIOBBIX TOYEK, YTO IPOTUBOPEYHNT
CBOICTBaM (.

B pa6ore [2| ans ypaBHeHust

= f(t,x,2'), tel=]a,b, (2)

rie f ymoBrerBopser yciaopumio Kapareomopu, maeT ompejeseHne HUKHAX W BEPXHUX
dyHKIMiT, KOTOPOE pUBEJIEM B yJI00HOM JIjisl HAC BUJIE.

Onpenenenne 2. Oyukuuu «, 3 : I — R, yaoBaeTBopsionme ycjaoBuoo Jlunmuna,
HA3BIBAIOTCS HUKHEH W BepxHeil dyHKuusMH ypaBHeHust (2), ecam st JIOOBIX TOYEK
t1 € (a,b) uty € (t1,b), B KOTOPBIX CYIIECTBYIOT COOTBETCTBYIOIIIE IIPOU3BO/IHbBIE, BBIIOJI-
HSIOTCSI HepaBeHCTBA

o (ty) — o () > / F(talt), ol (1), 3)

Bts) — F(t) < / CF (), B (1))t (4)

MHOKeCTBO HUKHUX M BepXHUX (DYyHKIUI B cMbICIe onpeaenenus 2 Oyaem 0003HAYATH
gepe3 Ay(I, R) u By(1, R). Oupeesienue 2 eCTECTBEHHO B TOM CMBICJIE, UTO JIJIsi HUKHUX U
BepXHUX DYHKIMHA UMEETCsl 0JIHOCTOPOHHSS JTOKAIbHAS PA3PEUIMMOCTD, & U3 OJHOCTOPOH-
Heil JIOKaIbHOM paspemmMocT g GyHKmi «, § : I — R, yI0BIeTBOPAIONIUX YCJIOBUIO
Junmuna, ciaepyer, 4ro o u 5 yjaoBjaersopsior onpejesennto 2 (cm.[3]). [okaxewm, uro
HUZKHUE U BepxHHue (DYHKIUK [0 ONPEJEJCHUI0 1, ec/in uX paccMaTpuBaTh HA WHTEPBAJIE
I = [0,27], aBagoTca HUKHUME W BepXHUMEH (DYHKIUAMEU B CMBICJIE ONPEJeIeHus 2.
Kpome 310ro, mokazkeMm, 9to ecau o, &z € Ay(l, R), To max{ay, as} € As(I, R).

Paccmorpum 6os1ee obmmit Bonpoc. Kakumu cBoiictBamu o6J1a1aeT orpanndeHHas GyHK-
mg « : [ — R, ecim uMeeTcs 0JHOCTOPOHHSASA JOKAJbHAS PA3PENINMOCTD: I JIIO6O0T0
7 € I maiinyrca M,0 > 0 rakue, 9410 Jis JIOObIX t1,t0 € [ uz3 7 — 0 < t1 < ty <
T + 0 caeayer cyuecTBoBaHue penrenus ypasHenus (2) x : [t1,1s] — R, ans KoToporo
z(t1) = alty), x(ta) = alte), a(t) < x(t) < a(t)+M, t € [t1,ts]. dag sroro Bocmoab3yemcst
000O0IEHHBIME HUZKHIUMHI U BePXHUMHU (DYHKITUSIMA U 0000IIEeHHBIM pentenneM. Onpeennm
9TH MOHATUS W NPUBEJEM HEKOTOPbIe UX CBoiicTBa (cM. [4]).

Omnpenenenne 3. yukiuu o, [ : [ — R HazpiBaoTcs PyHKIUSIMA C OrPAHUYIEHHBIM
usrubannem, ecam s Joboro t € (a,b] cymecrsytor Dja(t) u lim,_;— D;a(7), npuaem
Dia(t) > lim, ¢~ Dja(7), ans awo6oro t € [a,b) cymectBytor D,«(t) u lim, . D,aft),
npudeM D,a(t) < lim, ;4 D,a(t), ana awo6oro t € (a,b) Dia(t) < D,a(t); ana moboro
t € (a,b] cymecrsytor D;5(t) u lim,_,_ D;3(7), mpuuem D;3(t) < lim,_,_ D;3(7T), nis
aboro t € [a, b) cymecrsytor D, () ulim, ;4 D,3(t), upudaem D, B(t) > lim, ;4 D, 3(t),
ngist gioboro t € (a,b) DiB(t) > D,((t).

Baecw Dya(t) — neBast npoussoauas u D,a(t) -— npasast nponsBoaHast. COOTBETCTBYIO-
e Kaaccehl (pyHKIuil ¢ orpanundeHHpIM n3rubanuem Oy 1em o6o3uadarh yepes BBT (1, R)

u BB~ (I, R).
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Jlemma 1. Jlna « € BB (I, R) cupaBeIuBbl CJIEIyOIHIE yCIOBUS.

1. B xaxoii Touke 7 € (a,b] cymecrsyer lim; ., D,«(t), paBHblii

lim; ., Dja(t).

2. B kaxmoit touke 7 € [a,b) cymecrsyer lim;_.,, Dy« (t), paBubrii

limy_.. D,a(t).

3. B kaxoit Touke 7 € (a,b] cymecrsyer lim,_,,_ a(t).

4. B kax0it Touke T € [a,b) cymecrByer lim;_.; a(t).

5. B kax10it Touke T € (a,b) Bbimosnsiercst Hepasencro a(71) <

max{lim; ., «(t), lim; ., a(t)}.

6. Ecau B Touke 7 € (a,b] a(7) < limy_.— a(t), To Dija(T) = limy—,,— Dja(t).

7. Eciu B Touke T € [a,b) a(7) < limy_.1 a(t), To D,a(r) = limy_.4 D,a(t).

8. Ecou B Touke T € (a,b) limy_.,_ a(t) < limy_,; a(t), To D,a(T) = +00.

9. Ecin B Touke T € (a,b) limy,— a(t) > limy_.,4 a(t), To Dja(T) = —00.

Hns 8 € BB~ (I, R) cnpaBejInBbl aHAJOTUIHBIE YCJIOBHS.

Omnpenenenne 4. Orpannvennyo dyuknuio « € BB1(I, R) 6yaem HazsiBaTh 0600-
meHHoit HuKHel dyuknueii ypasuenus (2) u nucate a € AG(I, R), eciu « aBisiercs
HuzKHel GyHKuuel ypapaenus (2) 10 onpeIeeHnto 2 Ha JI0O0M KOMIIAKTHOM HHTePBAJe
J C I, Ha KOTOpOM OHa YIOBIETBOPSAET YCJIOBHIO Jlnummmuiia.

Orpannvennyo ¢ynkuuio [ € BB~ (I,R) 6yaem HasbiBarh 060OIIEHHON BepxHEit
dbyuknueit ypasuenus (2) u nucars § € BG(I, R), ecin 3 siBisiercst BepxHeil dbyHKImei
ypaBHeHust (2) 110 ompeesieHnto 2 Ha J000M KOMIAKTHOM uHTepBae J C I, Ha KOTOpOM
OHA YJIOBJIETBOPSET YCJOBUIO Jlummuma.

Onpenenenune 5. Oyuknuio x : [ — [ O6yaem Ha3bIBaTh 0OOOMIEHHBIM pPeIlleHHeM
ypasrenus (2), ecoim © € AG(I, R) N BG(I, R). MuoxkecrBo 06001ieHHbIX penennii 060~
snaunm depe3 SG(I, R).

Eciin 0606miennoe pemenne x € SG(I, R) yaosiaerBopser ycioBuio JIunmmuia, To 0HO
ABJgETCS penienneM ypasaenus (2). 3amernm, uto ycaosue © € SG(I, R) 95KBUBaJIEHTHO
caenyiomuM ycaopuam: GyHkmug x : [ — R uMeeT NpOM3BOIHYIO B KaxKIOi TOYKe
I, BO3MOXKHO paBHYIO +00 mim —o0, &' HeupepbiBHA M ecjum Ha uarepsaste J C [ ne
NPUHAMAET 3HAYeHUil +00 WM —00, TO & -— pellleHne ypaBHeHus (2) Ha wHTepBaje J.
Ompenenenne 4 eCTeCTBEHHO B TOM CMBICIE, 9TO JJIsi OOOOIEHHBIX BEPXHUX W HUKHUX
bYHKIUI nMeeTcs OJHOCTOPOHHAA JIOKaJIbHAas 0OODIIEeHHAs] Pa3pelIuMOCThb, & U3 OJIHO-
CTOPOHHEH JIOKAJTBHON OOOOIEHHON pa3pemnMOCTH I OrPAHNYeHHBIX (DYHKIMiA o, 3 :
I — R caepyer: o u  yI0BIETBOPSIOT OLPE/IEJICHUIO 4.

Teopema 1. Ecin jis orpanundennoit dyukiun « @ [ — R umeercs: 0JiHOCTOPOHHSISA
(cBepxy) JIOKaJIbHasT PA3PENTMMOCTh, TO & Ha (a, b) yIOBIETBOPSET JTOKATHHOMY yCIOBHIO
Jlunmuna, HepaBeHCTBY (3), CyMecTBYIOT peaenbl limy . a(t) = ag, lim_,— a(t) = ay,
limy_ot Dya(t) = o, limy_p— Dia(t) = ap m

ala) > ag AN (| al, |[< oo Va, =-0), ala)>a, A, =+00, (5)

ald) > ay A (] ay |< 0o Va,=400), «a(b) > ayAay=—o0. (6)

Ecnu png orpannvennoit ¢dpyukunu [ : I — R uMeercss 0JHOCTOPOHHSIS (CHU3Y)
JIOKaJIbHAS PAa3PEmuMocTh, TO (3 Ha (@, b) y0BI€TBOPSET JOKAIBHOMY YCJI0BUIO Jlunmmna,

HepaBeHCTBY (4), cymecTByIOT mpeneabl  limy . 0(t) = Ba, iy S(t) = G,
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limy .y D,B(t) = B, limy_p— DiB(t) = By n
Bla) < Ba A (| By |[< 00V B, = +00), Bla) < fBa By = —00,

Bb) < B A (| By [< ooV By =—00), B(b) <Py B, = +oo.

HokazarenbcTBo. OnHOCTOPOHHSS JIOKAIbHAS PA3PENIMMOCTh ABJSETCS YaCTHBIM
CaydaeM OJHOCTOPOHHEH JIOKaJIbHOI 0000menHoit paspemumoctu. CiemoBaTebHo, o €
AG(I, R) u moxkuo npumensars jemmy 1. [Tycrs 7 € (a,b). U3 ycnosuit 3 u 4 jemmvbr 1
crenyer cymecrBoBanue limy ., a(t) u limy_, 4 a(t). Ecom limy_,— o(t) < limy_., a(t),
T0 u3 ycaopus 8 seMMbl 1 D7) = 400 u B J11060i OKPECTHOCTH T HET OJHOCTOPOH-
ueii paspemumocru. Anajorununo, ecsan limy ., «a(t) > limy 4 a(t), 10 u3 ycaosus 9

aemmvbl 1 Dja(7) = —o0 u B J11060#i OKPECTHOCTH T HET OJHOCTOPOHHEH Pa3PeInMMOCTH.
Caenosarenbno, limy ., a(t) = limy_. a(t). 13 yeaoust 5 semmbr 1 caenyer a(7) <
lim ., a(t) = limy_,; a(t). BEcmn a(r) < limy,— a(t) = limy_.; a(t), To B a10060i

OKPEeCTHOCTH T HET OJHOCTOpOHHEeH paspemumoctu. ClegoBaTeNbHO, (v HEIpephIBHA HA
(a,b). U3 ycaosuit 6 u 7 gemmbl 1 u onpeesnennii 3 u 4 ¢j1eayl0T HEpaBEHCTBA

lim Dya(t) = Dia(7) < Dya(r) = lim D,aft).

t—7— t—7+
Ecmu limy_,,— Dja(t) = 400, To D,a(T) = +00 u B 71060l OKPECTHOCTH T HET OJHO-
cropouteii pazpemnmoctu. Ecu limy_.. Dya(t) = —oo, To Dja(T) = —00 u B 1100600
OKPECTHOCTH T HET OJHOCTOPOHHeH paspemumoctu. Ecam limy_., Dja(t) = —oo, To
Dia(1) = —00 u B 1060i OKPECTHOCTH T HET OJHOCTOPOHHEH paspemmmoctu. Ecan
limy_..y D,a(t) = 400, To D,a(T) = 400 u B J11000ii OKPECTHOCTU T HET OJHOCTOPOHHEI
paspemumoctn. Cie10BaTeaIbHO,

—00 < lim Dya(t) = Dia(r) < Dya(r) = tl—lg}&- D,a(t) < +o0. (7)
13 (7) n ycaoswuii 1, 2 semmbl 1 ciaeayer, 970 B HEKOTOPOit OKPECTHOCTH TOYKHU T (DYHKI[HSI
a yposaersopsier yeaosuio Jlnnmmna. Ciaenosarensno, Ha (a,b) dyHKIus o ya0BaeTBo-
psIeT JIOKAJILHOMY yCJI0BUIO Jlunmmia, a u3 onpejenenus 4 CIeayer, 4TO BBIIOJIHSIOTCS
uepasencrsa (3). CymecrBoBanue npeaenos  limy_, aft), limy_, af(t), lim .y D,aft)
u lim; ., Dya(t) cieayer u3 ycaosuii 3 u 4 gemmbt 1 u onpenenennii 3 u 4. Ecin aa) < oy
win a(a) = a,A\al, = 400, 10 B 110001 OKPECTHOCTH @ HET OJIHOCTOPOHHEI PA3PEITUMOCTH.
Ananornano, ecan a(b) < ap mm a(b) = ap A ) = —00, To B JI000# OKpecTHOCTH b HET
OJIHOCTOPOHHE paspermmumoctu. Ciie10BaTeIbHO, cpaBe bl yeaosus (5)-(6).

[IpuBeeM mpuMepbl, KOTOPbIE MOKA3BIBAIOT BO3MOKHOCTH BCEX CIydaeB ycaoBus (5).
Myers I = [0,1], f = 0, a(0) € {0,1}, a(t) = 0, t € (0,1]. f = 0, a(0) € {0,1},
alt) = -2t € (0,1]. f(a') = =22, 2’ > 0mu f(2') =0, 2’ <0, a(0) = 1, aft) = t'/2,
t € (0,1].

BbIsicHUM, JIJI KAKHX U3 9THX CJIy9aeB OJHOCTOPOHHSs JIOKAJTbHAS DA3PEINTHMOCTh
oyner Bcerga. Cayuailt a(a) = ag, | o, |< 0o, a(b) = ap u | a; |< oo coorBercTBYeT
OTIPEJIEJICHUIO 2, W OJHOCTOPOHHSSI JIOKANbHAS PA3PEIIUMOCTh ecTh. Ha mpuMepax moka-
JKEM, UTO JIJIs BCEX OCTAJIbHBIX CJIyuaeB ycjioBus (5) 0JHOCTOPOHHEH JIOKAJIbHOI paspe-
muMoCTH MozKeT u He ObiTh. [lycrs [ = [0,1]. f(2') = 227, a(0) =1, a(t) =0, t € (0, 1].
Pemenus 3amaun Kommn 2" = 22, x(0) = 1, 2/(0) = —0,5¢""/2, ¢ > 0 umeor Buj
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z(t) = (c — )2 — /2 + 1 u ne goxomar g0 ampu t > 0. f(t,z,2') = 22", x> 1 — t1/2,
flt,z,2') = 22360, 0 + Y2, 1), 1 —tY2 > o > "2 u f(t,z,2') = 0, v < —t'/2, rye
S(r,y,2) = (w+ |y —a | — | y—2z| +2)27 a0) = 1, a(t) = Y2, ¢t € (0,1].
ft,x,2') = 22°, ¢ > —tY2 f(t,x,2") = 22536(0,xt'/% + 2,1), —tY/2 > x > —2t1/2,
ft,m,2') =0, 0 < =262 a(t) = =2tV t € . f(2') = =22, 2" > 0m f(2') = 22",
r <0, a0) =1, alt) = tY2 -1, t € (0,1]. BameTnm, 4To I IPaBOil YacTH BUIA

f(t,z) cayqait a(a) > ag A o) = 400 u a(b) > ap A o = —00 HEBO3MOKHBI, a BO BCEX
OCTAJILHBIX CJIY9agX HMEETCS OJHOCTOPOHHSA JOKAIbHAS PA3PEIINMOCTh. DTO CleIyeT U3
TOr0, YTO B JJAHHOM CJIydae Jiio0oe 0000IeHHOe pellleHue SB/IseTCs PellleHneM YpaBHEeHUsI
= f(t,z).

Tenepn MOxkHO NOKazaTh, 9t0 w3 o € Aj(R,R) cienyer a € Ay([0,27], R) mnsa
cyxenns o Ha unrepsas [0, 2m]. 113 Teopemsr 2.4 paborsr [1] ciemyer, uro pis o mmeercs
OJJTHOCTOPOHHSS JIOKAJbHAs pa3pemuMocThb. Cie0BaTeIbHO, MOXKHO IPUMEHHUTH T€OPeMy
1, u3 KOTOPOIt caeayer, uro « yaosaersopsier Ha (0, 27) JoKaAbLHOMY yCa0BUO Jlummuna.
Ho mno onpenenenuio 1 Bce Touku R pasuonpasubl s «. [losromy « yuosierBopsier
yesopuio Jlummmuna Ha [0, 27]. Caenosarenbho, o € As([0, 27, R). Anamoruvno u3 [ €
By (R, R) cnenyer (3 € By([0,27], R).

Ecnu o, ag € As(I, R), To mokazkem, uro o = max{ay, as} € As(I, R). 13 paborsr [4]
caenyer, uro « € AG(I, R). Ho « yaosnersopsier ycaosuio Jlummuua. CiiegoBaresbho,
o € AQ(I, R)

Insa 3anaun dupuxiie

" = f(t,x), z(0)=0, xz(r)=0 (8)

B [1| maercs caemyroinee onpe/iesieHne HUKHAX U BePXHUX (DYHKIHIA.

Ounpepenenne 6. Oynkuusa o € C([0,7]) HaspiBaeTcs HuKHel GyHKINEH Kpaesoii
sagaun (8), ecau gua moboro to € (0,7) D_a(ty) < DYa(ty) nim naiigercsa oTKpbITHI
unrepsan Iy C (0,7) Takoii, uro ty € Iy, « € W'(Iy) n moutu g seex ¢ € Iy o'(t) >
f(t,a(t)), a(0) <0u a(r) <O0.

®ynknus [ € C([0, 7]) nasviBaercs Bepxueii byukuneil kpaesoii 3a1aun (8), ecau s
moboro tg € (0,m) D~ ((ty) > D4 f(ty) nin Haiinerca orkpbiTeiii nuaTepsan Iy C (0,7)
Takoit, uro ty € Iy, B € W2 (Iy) u mouru nna seex t € Iy 3"(t) < f(t,3(t)), 3(0) > 0 un
B(m) > 0.

MHuo2kecTBO HUZKHUX U BepXHUX (DYHKIUI B cMbIc/Ie otpejiesierns 6 Oyiem 0603Ha4aTh
uepes Ag([0, 7], R) u Bg([0, 7], R). Bamernm, uro u3 o € Ag([0, 7], R) u 3 € Bg([0, 7], R) ne
crepyer a € Ay([0, 7], R) u B € By([0, 7], R). HeiicrBurensno, nycrs f = 0, a(t) = —t/2,
te 0,7 uBt)=t"%t 0,7

Bregem omnpeenenne BepXHUX U HHKHUX (DYHKINNH, HECKOJIHKO 0000IIAOIIee Ope Ie-
Jieue 2.

Omnpenenenune 7. Orpanndennbie pyHKIun o, 3 : [ — R, yI0BIETBOPSIONINE JIOKATb-
HoMy ycsoBuio Jlummmua na (a, b) n nepasencrsam (3)-(4), Ha3bIBAIOTCS HUKHEI 1 BepXHei
dbyuknusavu ypasuenus (2), ecin

ala) > a, = tlim+a(t) A (ol = tlirrzr D,a(t) = —ooV | al, |< 00),

a(b) = ap = lim a(t) A (af = lim Dia(t) = +ooV | @ [< o0),
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Bla) < o = lim () A (B, = lim Dy5(t) = +ooV | 5, [< 00),
B(b) < By = Jim Bt) A (8, = Jim Di3(t) = —ooV | 3 |< 00).

MH02KecTBO HUKHUX U BepXHUX (DYHKIUI B CMbIC/Ie oTipejiesierns 7 6yieM 0603Ha9aTh
gepe3 A(L, R) n B(I, R).
JlemMma 2. Bce mpenesnibl, KOTOpble YIaCTBYIOT B ONpeJIe/IeHUN 7, CYIIeCTBYIOT.
HokazareabcTBo. [Tokaxkem, uro mpejen limg .,y «(t) cymecrsyer. TIpeamnonoxmm
HPOTUBHOE:
lim,_,, =a <ap =lim.a(t). (9)

[Iyctrb M € (0,00), ¢1 € R, ¢3 € (—00,¢1), g € L(1,[0,00)) ¥ BBIIOJHSIOTCS YCIOBHSI
| at) K M, t eI, | fit,r,2)) |[< g(t),t € I, x € [-M,M] u 2’ € [cg,c1]. Haitnem
b1 € (a,b) Takoe, 4TO

/bl g(t)dt < ¢ — co. (10)

113 ycnosuga (9) crenyer cymecrBoBanue ¢ € (a,by) u d € (¢, by) Takux, 910
D,a(c) > ¢; > co > Dja(d). (11)

Ho u3 [4] cnenyer, uto mins uuxkueit dynkuun o u3 (11) ciaeayer HepaBeHCTBO

d
¢ —c < / g(t)dt,

qro nporusopednt (10). Ocranbuble coydan PACCMATPUBAIOTCS AHAJIOTUYHO.

Teopema 2. Ecu o € A(I,R), 8 € B(I,R), a < [ u mexay a u (3 cupaBejnBo
yesosue [Ipegepa [5], To Mexxay o u 5 mveercst riiobaibHasi pa3penmMocThb: st JTFOOBIX
c€la,b),de (c,b],Celale),B(c))uD e [a(d), 5(d)] cymuectByer pemmenue z : [¢,d] — R
ypasenust (2), yaosiersopsiomniee ycaosusam x(c) = C, z(d) = D n a(t) < z(t) < ((t),
t € lc,d.

HokazarenscTBo. fcno, uro o € AG(I, R) u § € BG(I, R). U3 pabors [6] ciienyer,
910 MeKIY o 1 [ umeercst 0bobIeHHast riaobatbHast paspermmocts. VI3 yenosus [Tpenepa
cJIeflyeT, 4To Jiroboe 0000IIeHHOe pellleHre ypaBHeHusl (2) sBJISeTCs pelleHueM.

Teopema 3. Eciu orpanndennsie GyHKIun o, 3 : I — R yI0BIETBOPSIOT YCJIOBHSIM:
a < (3, mexay a u [ cupapenmuso yceiaosue Ilpenepa n umeercs riobaabHas pa3peln-
mocth, 10 o € A(I,R) m 3 € B(I, R).

JokazareabcTBO. 13 ri106a/ibHOi Pa3penmMoCcT CeayeT OJHOCTOPOHHSS JIOKaIb-
Hag paspemumocTh. CreoBarebHo, MOKHO HpuMeHuTh TeopeMy 1. Cayuan afa) > ag A
al, = +oo u a(b) > o, A a = —oo uckiovaworcs yeaosueM lpenepa. CirenoBaresbHo,
acA(l,R)u € B(I,R).

s npasoii wacru suga f(t,z) ycnosue [penepa cupaseanuBo. CiegnoBaresibHO,
Ag([0, 7], R) C A([0,7], R) m Bg([0, 7], R) C B([0, 7], R).

Pacemorpum Bompoc o KosmdecTBe yriioBbix Tovek st o € A(I,R) w 3 € B(I, R).
[IycTh

A={te (a,b): Da(t) < Dya(t)y, B={te (ab): D) > D,B(t)}.
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Teopema 4. Eciu « € A(I,R) u f € B(I,R), To MuoXecrBa A u B He (osiee 1em
CYETHBHI.
HokazarenscTBo. [lycrs ¢ € (a,b), d € (¢,b), € € (0,00) u

A, ={t € [e,d] : Dya(t) — Dya(t) > e}.

[TokazkeMm, aTo A. COAEPKUT KOHEYHOE YHCJIO AEMEHTOB. [IperoioKuM MpOTUBHOE.
Torma gia A. cymecrByer npeaenbHas Touka 7. [Ipumenss ycaosus 1,2 jeMMbl 1, moJry-
qaeM nporuBopeune. CienoBaTenbHo, A He 60J1ee 4eM c4eTHO. AHAJOTHIHOE YTBEPIK/IeHIEe
CIpaBeIIuBo U A B.

Ha npumepe nokazkem, 4TO MHOXKECTBO yIJIOBbIX Touek s « € A(l, R) moxer
ObiTh Beoay miaotHbM. Ilycrs [ = [0,1] mu f = 0. Tloctpoum BOTHYTYI0 (DYHKIHIO CO
BCIOJ/IY TLJIOTHBIM MHOXKECTBOM VIJIOBBIX TOUYEK. Bo3bMeM paBHOOEIPEHHBIH TPEYTOJTbHUK
¢ ocHopanumeMm Ha uuTepsate [0,1] ocu ¢, Bpicoroit hy = 57! um Bepmumnoit BHu3. Ha
OOKOBBIX CTOPOHAX TPEYTOJTbHUKA CTPOUM PaBHOOEIPEHHbIE TPEYTOJTbHIKI C OTHOIIEHUEM
OCHOBaHMs K BbICOTE paBHBIM 52, IIpo10/12Kas 9TOT IPOLECE, 0Ty YUB BOPHYTYIO (byHKITHIO,
KOTOpasi UMeeT BCIOJy IJIOTHOE MHOYKECTBO YIJIOBBIX TOYEK.

Crmcok aurepaTypbl

[1] C.De Coster and P.Habets, Upper and lower solutions in the theory of ODE bound-
ary value problems: classical and recent results, Non linear analysis and boundary

value problems for ordinary differential equations, courses and lectures. — N 371,1-
78.

[2] U.T.Kurypamze, O HEKOTOPBIX CHHTYJSIDHBIX KpaeBbIX 3ajadax st
HeJTMHEITHBIX OOBIKHOBEHHBIX JIuddepeHnajlbHblX YpaBHEHN BTOPOTO MOPS/IKA,
Jnddepenn.ypasuenns, 1968, 1.4, N 10, 1753-1773.

[3] JI.A.Jlenun, O nousitusix HuzKHel u Bepxuei dyukwit, Inddepeni.ypaBnenmus,
1980, T.16, N 10, 1750-1759.

[4] A.¢.Jlenun, JI.LA JlenuH, Kpaesbie 331291 JUTST 0OBIKHOBEHHOTO
nuddepeHnuaIbHOro ypaBHeHns BTOPOro mnopsjka, Pura, 1988.

[5] K.W.Schrader, Existence theorems for second-order boundary value problems,
J.Different.Equations, 1969, v.5, N 3, 572-584.

[6] JI.A.Jlenun, OOGOOIIEHHBIE DpelleHus W Pa3PeNUMOCTh KDPAeBBbIX 3aJad  JIjIsi
nucdepeHnuaabHOro  ypaBHeHHsI BTOPOTo mopsijiaka, uddepeni.ypasuenus,
1982, .18, N 8, 1323-1330.

A. Lepin and L. Lepin. On upper and lower functions.
Summary. The upper and lower functions definition is given, which relates to the
one-sided local solvability.
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A. Lepins, L. Lepins. Par augSejam un apaksejam funkcijam.
Anotacija. Otras kartas diferencialvienadojumam tiek dota augsejo un apaksejo funkci-
ju definicija, saistita ar vienpusigu lokalu atrisinamibu.
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