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M3zyyaeTcsa cUHTyJIsipHas HadaJlbHas 3ajada Uil HEJUMHEHHOIro HeaBTOHOMHOIO OOBIKHOBEHHOIO
nrdepeHIINaTBHOTO YpaBHEHUS BTOPOTO TTOPSIKA, OTIPENEIEHHOTO Ha MOJTy0eCKOHEYHOM MHTEP-
BaJie U BBIPOXKIAIOLIETOCS 110 HAaYaJIbHBIM JaHHBIM [IJ1g (ha30BOi epeMeHHOM. 3a1aya BO3HUKAET B
IMHAMUKE BA3KOM HECXKNMAEMOI1 XKUIKOCTH KaK BCIIOMOTaTeIbHasI IIPY N3Yy4eHUU aBTOMOIETBHBIX
pEeLIeHNI ypaBHEHUI ITOrpaHUYHOIO CI0s1 WISk (PYHKLUMU TOKA C HYJIEBBIM I'PagydeHTOM JaBJICHUS
(TTocKomapasuIeIbHOE JIJAMIHAPHOE TeEYEHNE B ClIoe cMelneHus ). OHa TpeCcTaBIsIeT U CAMOCTOS -
TeJbHBIM MaTreMaTudyeckuil uHrepec. C mpruMeHEeHUEM MOJIyYEHHBIX paHee Pe3yabTaTOB 110 CUHIY-
JIIPHBIM HEJTMHEMHBIM 3agadaM Kolm 1 mapaMeTprudecKMM 3KCITOHEHIIMAIBHBIM psagaM JIamyHoBa
JIAI0TCS KOPPEKTHAasI TOCTAHOBKA M MOJIHBII MaTEMAaTUUYECKUIA aHAIU3 YKA3aHHOM CUHTYJISIPHOI Ha-
yajapHOM 3amaun. PopMyIMPYIOTCS OrpaHUYEHMs Ha “IlapaMeTp aBTOMOIEIBHOCTI” TSl TTI00aTb-
HOTO CYILIECTBOBAHMS PELIEHUI, IPUBOAATCS ABYCTOPOHHUE OLIEHKHU PEIIEHUI 1 pe3yabTaThl pac-
4eTOB (ha30BBIX TPAEKTOPHIA PEIIEHNI IUTS pa3IMYHbBIX 3HAYEHUI yKa3aHHOTO ITapaMmeTpa. bu6:. 14.
@ur. 4.

KiroueBble cjioBa: 1ByMepHBIC YPaBHEHMSI IOTPAHUYHOIO CJIOSI C HYJIEBBIM I'DAJIMEHTOM JIaBJICHUS,
ypaBHeHUe Mg (GYHKIMU TOKA, aBTOMOJEbHBIE pellieHus, HeanHeiitHoe OJY BToporo mopsiaka
17151 (pa30BBIX TPAEKTOPUIA C BBIPOXKIECHUEM MO HaYaIbHbIM JaHHBIM, CUHTYJISIpHAsI HaYaJIbHasl 3a1a-
ya, OrpaHUYEHUs] Ha MapaMeTp aBTOMOIEIbHOCTHU UISI IJI00AJbHOIO CYILECTBOBAHUS PEIICHUI,
JIByCTOPOHHME OLIEHKU PEILIeHU, pe3yIbTaThl PACUETOB.
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BBEAEHUE

Hacrosias pabora nononusiet [1]. B [1] maroTcst MaTeMaTuyecK KOppeKTHasI TOCTaHOBKA U CCIle-
JIoBaHUe “HadaiabHO-KpaeBoit” 3amaun (HK3) mjis He1nmHeHOro aBTOHOMHOTIO OOBIKHOBEHHOTO O -
depennuanpHoro ypaBHeHus (OY) TpeTbero mopsiaka, orpenaeieHHOro Ha BCeil BEIIECTBEHHOI OCH.
3anaya npuOJMXKEHHO OMUCHIBAET aBTOMOJEIbHBIC PEXXMMbI T€UEHU I BSI3KOI HECXKMMAaeMOM KUIKO-
CTH B CJIO€ cMellleHUsl (YacTHBIN Cclydyail — 3aja4a o IUIOcKoit “noiyctpye”). COIyTCTBYIOIIAsE CUHTY-
JIsIpHas1 HeJIMHeiiHas KpaeBas 3agada (Kp3), onpeneneHHass Ha HETIOJIOXUTEIbHOM BEIIIECTBEHHOM MO~
JIyOCH, TIPECTaBJISIET CAMOCTOSITSJIbHBIM MaTeMaTU4YeCKUil U (hu3ndecKuii nHTepec (OHa OXBaThIBaeT
3ama4yu 0 “3aTOIUICHHOM cTpye” , 0 “IpucTeHOYHOI cTpye” u ap.). [Ipu atoMm B [1] marorcs pa3Butue u
000CHOBaHME HOBOTO IMOJAX0/a, OTJIMYHOTO OT NMPUMEHSBILETOCS paHee clielualIcTaMu Mo MeXaHUKe
KUAKOCTU U Taza (cM. [2—4] u HIUTUpOBaHHYIO TaM JuTepartypy). st 000CHOBaHHOI MaTeMaTU4YeCcKOM
MOCTaHOBKHU yYKa3aHHbIX 3a/a4, UX JeTAILHOTO aHaJIu3a U YMCJIEHHOro pelleHus B [1] mpumeHsoTcs
pe3yabTaThl O CUHTYJISIPHBIM HelnHeHbIM 3agayaM Ko (3K), mankum ycToOUMBBIM HayaJlbHBIM
MHoroo6pasusMm (YHM) pellieHnit 1 mapaMeTpruueCKUM KCITOHEHLMAIbLHBIM psigam JIsimyHoBa, a Tak-
K€ aCUMITTOTUYECKUE METO/Ibl; TIPUBOISITCS PE3YIbTaThl YMCIEHHBIX 9KCIIEPUMEHTOB U O0CYXKIaeTCs
ux pusnyeckas UHTepnpeTalus.
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246 KOHIOXOBA, KYPOUKWH

Heo0xonmmMble ipenBapuTeabHbIe cBeAeHUS 13 [1] 00 mcxomHO 3amade IIpuBeIeHEBI 3IeCh B pasm. 1,
TMOCTaHOBKA U UCCJIEIOBAaHWE COMYTCTBYIOIICH HETMHEMHO CUHTYJISIpHOM 3amauu 151 (pa30BbIX TpaeK-
TOPUI1 pellieHNIA 3TOM 3a0a4y Tal0TCs B pasm. 2.

1. MPEABAPUTEJIbBHBIE CBEIEHW S Ob HMCXOJHOM CI/IHFYHHPHOIU/I
HEJIMHEWMHOMU 3AJAYE JJI1 ABTOMOJEJbHbLIX PELIHEHUU

JI7151 TOCTAaHOBKM M N3YYEHUST CUHTYJISIPHOM HeJIMHEMHOM HaYaTbHOI 3a/1auM, yKa3aHHOI B aHHOTA-
LIMM, TpeOyeTcs MpeaBapyUTeIbHO IIPUBECTU MOCTAHOBKY 3ama4yu U3 [1] 1 hbopMyIrupoOBKY HEKOTOPHIX
IIJIsl Hee OCHOBHBIX PE3YyJIbTaTOB.

B [2], [3] ocHOBHas 3agaya, paccMaTpuBaeMasi ganee B [ 1], chopMympoBaHa B BUIE

Q" + D" —[(m—1)/m|(®')’ =0, —oo<T< 0o, (L1)
lim ®'(t) =0, (1.2)

®(0) = 0, (1.3)

lgm”(¢(T)/Tm) = b, (1.4)

I1e MocTosiHHbIe m > 0 (mapamMeTp aBTOMOAEIBLHOCTU) U b > () — 3amaBaeMble BeJIMUMHbBI. DTa 3agaya
oIMO0YHO TpakTyeTcs B [2], [3] Kak TpexToueuHas KpaeBasi, Ha Ye€M 3[IeCh €1lle OCTAaHOBUMCS najiee (CM.
takke [1]).

CormnacHo yrBepxaeHUsIM B [2], [3] Henuneitnoe OAY (1.1) moaydeHO U3 IByMEPHOTO YpaBHEHUS
MOrPaHUYHOIO CJIOS IJisd (pyHKIIMU TOKa ¢ HyJIEBbIM I'paJMEeHTOM OaBjieHUs, a Bcsa 3amava (1.1)—(1.4)
OIMMCBHIBAET aBTOMOJEIbHBIN PEXXUM JJAMUHAPHOTO TEYEHUS B CJIO€ CMEIIeHUsI, KOTOPbIi BO3HUKAET
NP B3aNMOJEICTBUM ABYX HEOrPAaHWUEHHBIX TOTOKOB, BEPXHUIT U3 KOTOPBIX IBUKETCS, a HYDKHUIA ITO-
KOUTCSI.

OHaKO MCXOMHAS TOCTAHOBKA 3a1a4M B [2—4] He IPUBOAUTCI U, B YACTHOCTH, HE YTOUHSIETCS Xa-
paxkTep IBKEHMS [TOTOKA B BepXHeM ciioe. [1o-BuauMomy, BIepBbie 3Ta IIOCTAHOBKA MpuUBeaeHa B [1].
J1J1s1 MOJTHOTHI U3JIOXKEHUST KOPOTKO OIMUIIEM €€ 3/1ECh.

1. 1. Mamemamuueckoe onucarue ucxo0Hoii gpusuueckoii modeau
HaA OCHOGe 08YMEPHbIX YPABHEHUI NO2PAHUMHO20 CA0S

PaCCManI/IBaCTCH MaTeMaTU4ICCKad MOOCJIb TCUEHM A B CJIOC CMCIICHM A, BOGHUKAIOIIETO B pE€3yJIbTa-
T€ B3aUMOAEUCTBUSA JIBYX HCOTPaHMYCHHBIX CJIOCB BSI3KOI HECXKMMAaeMOM KNOKOCTH, BerHI/Iﬁ 13 KOTO-
PbIX IBUXKETCA (CO CTETIEHHOMU 3aBUCUMOCTbBIO FOpI/I3OHTaJTBHOﬁ COCTaBJISIOLIEH CKOPOCTH TECUCHUA OT
BBICOTBI), a HUKHUI TTIOKOUTCS. D,J'[H OonmrucaHuAa MOICIN NCITIOJb3YIOTCA IBYMEPHBIC YPABHCHMA ITOrpa-
HHMYHOTO CJIOA IJIA YCTAaHOBMBIIETOCA ITJIOCKOIIapaJlJICJIbHOTO JJAaMMHAPHOTIO TCYCHUA C HYJICBbLIM I'pa-
JUEHTOM JaBJICHUA:

u , du_ 9

ua—zwa—i—va—y‘;, x>0, yeR, (1.5)
Wy _ x>0, yeR (1.6)
ox dy

(cM., Hapumep, [5, o IX] u [6, m1. 1]). 3aeck (1.5) — ypaBHenwue INpanntis, a (1.6) — ypaBHeHUE He-
Pa3pbIBHOCTHU (HECKMMAEMOCTH ); OCh X HallpaBJieHa BIOJIb ITOTOKA U COBMAIaeT CO CBOOOIHOM JIMHUEH
TOKa, 4 U Vv — KOMITIOHEHTHI CKOPOCTU T€UEHMUSI BIOJIb U MOIepeK IMOTOKA COOTBETCTBEHHO, V > (0 — Ku-
HeMaTHIeCKU K03 PUITMEeHT BIA3KOCTH (B 6e3pa3MepHBIX TEPEMEHHBIX V = | ; cM. [6, ¢. 14] 1 mompo6-
Hee [1]).

YuutbiBast GpU3MUECKYIO MHTEPIIPETALIMIO MOAEIN 1 OlpeieieHue CBOOOMHOM TMHUU TOKa (2 TakKxKe
Ccnoco0 MOCTPOEHUSI HUXKE aBTOMO/JIEJIbHBIX PEIlIeHMiA), TToJlydaeM, uyTo 1 byHKIui u(x, y) u v(x,y)
TIOJDKHBI BBITIONTHATHCS ClIemyrolue ycaoBus Vx > 0:

yli)rpm u(x,y) =0, (1.7)
v(x,0) =0, (1.8)
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limu(x, y)/y" 1= Uy, limv(x,y) =0, (1.9)
yoeo yoeo

rne m u U, — 3amaBaeMble BeTUYUHHBI, m > () — yncnoBoil mapametp, U, > 0 — pa3MepHas BeJIWIUHa,
TaK 4ToO NepBoe u3 ycioBuii B (1.9) 3agaet noBeneHue u(x, y) B BEpXHEM CJIO€:

-1

u(x,y) ~Uyy™", x>0, y>1. (1.10)

Kak yxe ormeueno B [1], B 3agaue (1.5)—(1.9) paccmaTpuBatoTcst 3HaueHusI x > 0 U HUKaKuUe yCJio-

BUd Tipu x = 0 He 3aAal0Tcsl, TaK KaK MPU U3yYEHU U YCTAaHOBUBIIMXCS] aBTOMOJIEJIbHBIX PEXKMMOB Teue-

HUIi, HE 3aBUCSIIMX OT “IIPEAbICTOPUM” , 3aAaHUE MTPOU3BOJIBHOIO MPOGUIsS CKOPOCTeil B HEKOTOPOM
“HavyaJIbHOM” CEYEHUHM MTOTOKA CTAHOBUTCS HEBO3MOXKHBIM (MOApOOHee 06 3ToM cM. [7, c. 518]).

Hns ynpomenusd 3agauu (1.5)—(1.9) BBogutcs, Kak 0ObIMHO, GyHKLMSI TOKA (X, y), YTOOBI yIOBIIE-
TBOPUTH YpaBHEHUIO Hepa3phiBHOCTH (1.6). Torma, yduThIBast, YTO OCh X COBITAIAacT CO CBOOOTHOM JIM-
HUEU TOKa, IToJIydaeM COOTHOIICHUS

u(x,y) = aa—ij(x,y), v(x,y) = —%—1](x,y), y(x,00 =0 Vx>O0.

JUtst y(x, y) TIoJTy4aeM CUHTYJISIDHYIO 3aJa4y B 06CKOHEYHOI TTPaBoii MOTYIUIOCKOCTH:

2 2 3
WIY _WIY_\ IV 5o yeR, (1.11)
dy dxdy  dx dy dy
lim YY) _ g yyes o, (112)
Yoo ay
v(x,0)=0 Vx>0, (1.13)
lim (M /y’"‘lj =U,, lim YY) — o wx s o (1.14)
y—ree ay y—ee X

OtmeTuM eliie pa3, 4YTo OMMCaHHAas Bblllle TOCTAHOBKA MCXOMHOM 3a/1auM 1JIsi KOMIIOHEHT CKOPOCTH
TeueHUs1 (WM, KaK CJIeICTBUE U3 Hee, ISl (yHKIUMY TOKa) BIiepBble NpuBeacHa B [1] (B [2—4] oTcyT-
CTBYIOT KaK MTOCTaHOBKA MCXOMHOM 3a/1a4uu, TaK U CChIJIKM Ha TAKOBYIO B JIMTEpAType).

1.2. Ilepexo0 k cuneyasapHoll HeauHeliHol 3adaue 0151 A8MOMOOCAbHbIX YHKUUL
B xitacce aBToMonenbHbIX (DyHKIIMI, BBeAeHHBIX B [2], [3], pemienus (1.11) mpeactaBisitoTcs B BUIE

W(x,y) = o 2x"°D(1), (1.15)

1=0"y/x""  ©>0, m>0, vo=m/(m+1). (1.16)

Hns onpenenenus O(t) nonydaercs HenuHeliHoe OAY (1.1). lanee npu onucaHuU aBTOMOJIEIbHOTO
peXurmMa TeYeHUsI B CJIOe CMEIIeHHsI, BOSHUKAIOIIEM TIpU B3aMMOAECHCTBUY ABYX ITOTOKOB, BEpXHUI U3
KOTODBIX OBMKETCsI, a HYKHMM rmokoutcst, OY (1.1) momonHstercs ycaoBusimu (1.2)—(1.4), cMbICa KO-
Topuix B [2], [3] He nosgcHsieTcd (yenosue (1.4) Tam 3armcano B Bune ®(t) = bt +---, b > 0, m > 0).

boinee akkypatHo: OyneM uckath peieHus 3agadu (1.11)—(1.14) B kmacce aBToMOAeIbHBIX (DYHKITAA
(1.15), rme aBTOMOENbLHAS TTIepeMeHHas T B (1.16) 3aBUCUT OT ITapamMeTpa m, IIpUIeM CIIpaBeIIUBEI CO-
OTHOIIIEHUS (IUTPUX O3HAYAET IIPOU3BOIHYIO MO T)

u(x,y) = %—"y’(x, y) = XV g gy, (117)

v(x,y) = —g—if(x, y) = /mx_l/("’m[rd)'(r) — md(1)]. (1.18)

s pyskiu @O(T) moaydyaeM HeJIMHEHHYIO CUHTYJISIpPHYIO 3aa4y ¢ mapaMmeTpoM m > 0:

1) u3 ypasHenwms (1.11) u popmyn (1.15), (1.16) cnemyer aBroHOMHOe HenmuHeitHoe OY (1.1) TpeTbe-
TO TIOpSIIKa;

2) n3 tpedboBanwms (1.12) u coorHomeHus (1.17) BeiTekaeT npeaenabHoe yciaoBue (1.2);
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3) u3 (1.13) u (1.16) caemyeT BuITIOTHEeHUE YCaoBH B HyJte (1.3) (0Cch x COBITamaeT co CBOOOMHOI JIM-
Huell Toka, a T = 0 nipu y = 0);
4) nakoHen, u3 TpedboBaHuii (1.14) u dopmyna (1.17), (1.18) BeITeKalOT peaeIbHbIE COOTHOIIEHUS

lim[®'(t)/T" "' = Uy/[m/(v(m + )" "%, lim[1®'(t) — mD(T)] = 0,
T—>o0 T—oo
OTKyJa MoJjiyyaeM npeaeabHoe paBeHCTBO (1.4) U COOTHOIIEHUS

b= Uy/m)/[m/(v(m + )" U, = Uy(m,b,v) = mbim/[(m + 1)v]}"" 2. (1.19)
OxoHuaTeIbHO IIoay4YaeM (10 KpaiiHel Mepe, (pOopMajlbHO) CUHTYJISIDHYIO HEJIMHEWHYIO 3amady
(1.1)—(1.4) c mapamerpamu m > 0 u b > 0. U3 coorHomenuii (1.19) cnenyet, 4to 3agaHne BEJIMIUHEBI b
B ycioBud (1.4) skBuBaneHTHO 3aganuio U, B popmyine (1.10), KoTopasi OMUCHIBAET y -3aBUCUMOCTD I0-
pI/I3OHTa.HbHOI7[ COCTaBI[ﬂlOLLlI/lﬁ CKOPOCTH BEPXHEIro I1oToKa IIpu OOJIBIIINX ¥y 1 BJICYET Ka4Y€CTBEHHO
Pa3JIMYHBINA XapakTep ee nopeaeHuds npu m <1, m=1um > 1.

Kak yxe nmonrBepxaeHo B [1], ompaBoanuem npeamnonoxenuii (1.9), (1.10) st mpoduiist ckopocTu
MOTOKA B BEPXHEM CJIO€ B IIPUBEACHHON (DU3NYECKOM MOIENIU SBISIETCSI TO OOCTOSITEILCTBO, UTO JJIsI
¢dukcupoBaHHbBIX 3HaUeHU m: 1/2 < m < oo, u b > (0 3agava (1.1)—(1.4) onHO3HAYHO pa3peluma.

Jutg manmpHeIero onuieM HEKOTOphIe CEMEMCTBA YACTHBIX PETYJIIPHBIX U CUHTYJISIPHBIX peleHU
OY (1.1), KoTophle MOJIy4arTCsI METOAAMU IMMOHKeHUS TTopsaaka 3Toro OJ1Y u He SIBIsII0TCs pelleH-
avu 3agauu (1.1)—(1.4): Hapsmy ¢ oueBuAHBbIMU petneHusIMu ®(T) = const Vm € R, O[Y (1.1) umeer, B
YaCTHOCTH, CJIEAYIOIIHE cCeEMeiCTBA PeIlICHUIA:

1) nnsg kaxnoro m : (m # 0) A (m # —1), CylIeCTBYET OJHONapaMeTPUIECKOE CEMEMCTBO CUHTYIISIP-
HBIX pelleHUt

M _ 6m
Don(1—7)=———, T,€R, (1.20)
(m+1)(t—1,)
C OCOOEHHOCTBIO TUTIA TIOJIIOCA B KOHEYHO! TOYKE T = T ,; [IPU 9TOM JUIst m = 1/2 CylIeCTByeT NByXIia-
paMeTpruiYeCcKOoe CEMEICTBO CUHTYIISIPHBIX PellleHUI
@) _
D 12(T—1T,,a) = acoth(a(t—1,)/2), a,1,€ R, (1.21)
KoTopble nepexoasT B petieHus (1.20) pu a = 0;
2) nns1 me {1/2;1;2;00} CylIECTBYIOT AByXIapameTpuueckue cemeictsa peweHuit d, (T —1,,a)
(a,7, € R), onpeneneHHbIX IOOATHEHO — HA BCEli BELIECTBEHHOM OCH:

(I)l/z(t —1,,a) = atanh(a(t — 1,)/2), (1.22)
O (1-1,,0) = a(t-1,), D(T-T,,a) = a(t1-1,), (1.23)
D_(T—-1,,a) = alexp(a(t—1,)) —1]. (1.24)

B (1.20)—(1.24) mpon3BOJIbHbBIE BEJIMYUHBI T, U T, — MAPAMETPBI CIBUTA, @ — OTJIMYHOE OT HYJIs PO~
M3BOJIBHOE YUCJIO.

1.3. Ymounenue nocmanoexu cuneyaspHoli HeauHeliHol 3a0auy 0451 a6MOMO0eNbHbIX QYHKUUL

B [2], [3] 3amaua (1.1)—(1.4) B uCcXxOmHOM BMAE HE M3y4aeTCS 1, B YACTHOCTH, (PUBNIECKUIT CMBICIT
ycaoBuit (1.2)—(1.4) He mosicHsieTcsl. [t ee M3yYyeHUsT UCIOIb3YIOTCS METObI MTOHMKEHUS TTopsiaKa
OHY (1.1), uHBapMaHTHOIO OTHOCUTEIBLHO ABYX TPYMII MpeoOpa3oBaHMii monodus. B pesynbraTe B (ha-
30BOM IIPOCTPAHCTBE HOBBIX “He(U3NUESCKNX’ MEePEeMEHHBIX BOZHUKAET IByMepHas HeJIMHeHas THA -
MUYECcKasi cucTeMa ¢ OCOOEHHOCTSIMU Ha Tak Ha3biBaeMoii cepe Ilyankape (monsitue cepnl [Tyanka-
pe, a TakKe IMIPUHLIMIIBI aHAJIN3a 3aJaHHbBIX Ha Heil HeMMHEHBIX JUHAMUYECKUX CUCTEM BTOPOTIO I10-
psiaKa, IpaBble YacTU KOTOPBIX — MHOTOWIEHBI, CM., Harpumep, [8, 1. VI]). IIpoBeneH moBojbHO
CJIOXXHBIN Ka4eCTBEHHbBII aHAM3 TIOBEACHUSI BCEX TPAEKTOPUI pellieHUit Ha 3TOoM cdhepe ¢ oTOopoM
HYKHBIX, 1 OIMCaHa HEIpOoCTas Mpolieaypa BO3BpalllcHUS K pellIeHUSIM UCXOMHOM 3amauu B (pu3ude-
CKUX IepeMeHHbIX. Hukakue pacueTsl Wit 3Toi 3aga4uu B [2—4]| HE OCYIIECTBIISIUCH (BOOOIIIE TOBOPSI,
HETIOHSITHO, YTO U KaK MOXHO MOCYUTATh B UCXOMHBIX (PU3NUYECKUX MIEPEMEHHBIX TIPU TAKOM CJI0XXHOM
MOAXo[Ae 3TUX padoT), IIPUBEICHBI TOJIBKO Ka4eCTBEHHBIC MJLTIOCTPALlUY ITOBEICHUS TPAeKTOPUIA pellie-
Huii Ha cepe [lyankape mist HEKOTOPBIX 3HAYCHUM ITapaMeTpa m.
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MareMaTr4ecKy ApYroii momxom ocyluecTBiaeH B [1], mpu kotopom 3amada (1.1)—(1.4) usydaercs B
HMCXOIHOM BUJE C IIPUMEHEHNEM HEKOTOPBIX Pe3yIbTaTOB KJIacCuuyecKoro Tpyaa JIssmyHosa [9], a Takke
ny6aukainuii [10—12], a uMeHHO, pe3yJbTaTOB MO0 CUHTYJISIpHBIM HeJnHeltHbIM 3K, rmagkuMm YHM pe-
IIeHWI W ITapaMeTPUIECKUM 3KCIIOHEHIIMAJILHBIM psigaM JISmyHoBa j11 aBTOHOMHBIX CUCTEM HeJIM-
Heliubix OY.

Oo6patumcsa K moaxony [1], Tme mpexae Bcero 3aMedeHo, YTO HEJIMHEMHasT CUHTYIISIpHAs 3ajada
(1.1)—(1.4), onipeneneHHasi Ha Bceii BeLIECTBEHHOI OCU, HyXXaaeTcsl B 00jiee CTPOroii MaTeMaTUu4eCcKoi
IIOCTaHOBKE M BBITEKAIOIICH 13 Hee 0oJiee TOUHOI TpakToBKe. B yacTHOCTH, yciioBue (1.2) 6onee TOYHO
O3HavyaeT CTPEMJICHUE PEIeHUsI TPU T — —oo K cTallmoHapHoi Touke O0Y (1.1). B (pazoBoM npocTpaH-

3 '
ctBe R” mepemeHHBIX (O, D', ") OAY (1.1) UMeeT 6eCKOHEYHOE MHOXKECTBO CTAIIMOHAPHBIX TOUEK (110~
JIOKEHUI paBHOBECHS):

(@, d"),(a) = (-a,0,0), acR. (1.25)
Y‘{I/ITbIBaﬂ TIIOHATUE OOITYCTUMBIX ITPEACIIBHBIX YCHOBI/Iﬁ Ha 6CCKOHC‘1HOCTI/I IJ49 CUCTEM HEJIMHEMHBIX

aBToHOMHBIX OV (cM. [10—12]), ycinoBue (1.2) caeayeT 3aMeHUTh Ha 6oJiee TOYHOE TTpeieJIbHOE YCIIO-
BHE C HEM3BECTHBIM NTapaMeTpoM a > 0:

Tll>ri exp(—eD){P(7) + a,P'(7), P"(7)} = {0,0,0} Ve:0<e<a (1.26)

DTO yclIoBHE OTBeYaeT 3KCIIOHEHIIManbHOMY cTpeMiieHuio pemeHuidi OAY (1.1) mpu T — —oo K HEIIO-
IBUXKHOM Touke (1.25) TMna ncesno-rumnepooandeckoro ceaia (moapoodHee cum. [1]).

VYcnosue (1.26) mopoxmaeT JIOKaJbHO cUHTYIsApHYI0 HenunHeiHyio 3K (1.1), (1.26), kotopast npu
(uxkcupoBaHHbIX 3HaUeHUsIX a > 0 U m = ( o6samaeT ONHOIMapaMeTPUUECKUM CEMECTBOM PEIICHUIA.
DT pelreHNs PeaCcTaBUMBI OMHOTIapaMETPUISCKUM SKCITOHEHITHAIBHBIM psimoM JIsSITTyHOBa, a UMeH-
HO, CIIPaBeINBO

YrBepxaenue 1. [Ipu 100vix 3a0annsix a > 0 u m # 0 cuneyaspuas neaunetinas 3K (1.1), (1.26) umeem

odHonapamempuueckoe cemeiicmeo pewenuii ©,,(T,a,d). Imu pewenusa npedcmasumbvl 3KCNOHEHUUANBHBIM
psadom Jlanynoea

®D,.(T,a,d) = —a + dexp(at) + Zh,d[ exp(lat), 1<%, TeR, (1.27)
=
rne d — mapamerp, |d exp(at)| mano, a kosghduyuenmor by ne 3aeucsmomd (I > 1, h = 1):
I-1
h = Zk(w—k)hkh,_k /[alZ(l—l)], [=23,...; (1.28)
k=1 m

B YaCTHOCTH, u3 (1.28) cienyer, uto h, = —1/(4am),h, = (m + 4)/(72a2m2),....
B npedeavrom cayuae m — oo cuneyaapuas Heaurneinas 3K (1.1), (1.26) umeem deyxnapamempuueckoe
cemeticmeo mounvix peutenuii ®_(T,a,d), cywecmayroujux 2100a16HO HA 8Cell BeUeCMBEHHOI OCU:

®_(T,a,d) = —a+dexpar), 1€R, (1.29)
ede a ud — napamempot, a > 0,d € R.
3aMeTuM 3[1eChb, YTO JJIs1 MPUBEAEHHBIX B M. 1.2 HEKOTOPBIX YACTHBIX PEILIEHUI CIIpaBeIMBbI YTBEP-

SKOEHWS: IPU JIIOOBIX 3a1aHHBIX @ > 0 pyHKIMU d)‘(giz,:gql 2P(T=1,a), D )H(T—1,a), P.(T—T,,a) ABISIIOT-
Cs pelleHUsIMA CUHTYIsIpHo#t HenmuHelHoi 3K (1.1), (1.26); oHU TipencTaBUMbI psaamu JIsimyHoBa
(1.27), (1.28) c cOOTBETCTBYIOLIMMU 3HAYEHUSIMU TTapaMeTpa d:

dng 10(a,T,) = “2aexp(—at,), dip(a,T,) = 2aexp(—aty), d.(a,T,) = aexp(—at,).
IMpuHuMas Bo BHUMaHMe pe3yabTathl [ 10—12], moayyaem Takske ciaeayroliee
YrBepxaenue 2. [Ipu atobbix 3adannsbix a > 0 u m # 0 6 okpecmnocmu cmayuonapHoii mouxu (1.25) 6

3 . . Lo
gazoeom npocmpancmee R nepemenroix (d), (O db") 3HaueHUs peuweHuli cuneyaapHoi Heauneinoi 3K (1.1),

1
(1.26) obpa3zyrom uneapuanmmnoe oMmHOCUMEAbHO T 00HOMepHOe aHarumuyeckoe YHM M )(a, m), komopoe
3adaemcs 08YMs HeAUHEUHbIMU COOMHOUEHUIMU:

MP@,m): ®+a=p(P",a,m), @ =py(D",a,m). (1.30)
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3decw {p,(y),p,(y)} — pewenue cuneyaapHoii HeauHeiiHol 3adavu muna Jlanynoea:

d — d _
-ﬂpwﬂidw@=%-ﬁﬁwﬂidwﬂ=nme,Am, (131)
dy m dy m

P1(0) = p,(0) = 0. (1.32)

Pewenue {p,(y,a,m),p,(y,a,m)} amoii 3adauu (c gviposicdernuem 6 Hyie N0 HAYAAbHbIM OAHHBIM) CYU4ECMBY-
em, eOUHCMBEHHO U 2010MOpPHO 6 mouke y = (:

P =D by P =Dy BI<A, A >0, (1.33)
k=1 k=1
b =1/a’, ¢ =1/a, (1.34)
k-1 1 k-1
Ce = { (lclbk—/ - m_zlclcsck—/—mﬂ /(ak), (1.35)
=1 m =
k-1 1 k-1
b, = [ck + Z(lb,bk, —m—_Zlb,csck,mH Jak), k=273,..; (1.36)
=1 m =

6 wacmuocmu, u3 (1.34)—(1.36) credyem, umo ¢, = 1/(2ma4), b, = 3/(4ma5), ..
B npeoeavnom caynae m — o 3adaua (1.31), (1.32) umeem mounoe pewerue

P(3,a,0) = y/a’, py(y,a,) = y/a, (1.37)

1 o
mak umo, ¢ cuny (1.30), oonomepnoe YHM M )(a, ©0) CMAHOBUMCSA NUHEUHBIM, Cyujecmayem 2100a1bHO HA

R’ u nopocdaemces 3navenusamu peuwenuti (1.29).

Takum o6pa3zoM, 3HaYEHUS peIIeHN I, TOCTPOCHHBIX B YTBEPKACHUH | M MpeacTaBUMbIX OJHOMNApa-
MEeTPUYECKUM BKCITOHEHLIMAJIBHBIM psiioM JISIITyHOBA, TIOPOXKIAIOT B OKPECTHOCTHU CTAallMOHAPHOI TOY-
K4 (—a,0,0) dazoBoro npocTpaHcTBa R’ nepemMeHHbIX (P, P', ®'") nHBapuaHTHOE OTHOCUTEIBHO T Ofl-
HoMepHoe HemHetHoe YHM; ato YHM 3anaetcs aByMs HenuHeTHBIMU cooTHoIeHsIMHA (1.30), cBsI-
3pIBaoIIMMU nepeMeHHble @, @' u ®". Torma B KoHeyHOI Touke T = —71, T > 1, mmonay4daloTcs aBa
HEeJIUMHEWHBIX ycaoBus ajist 3HaueHut ®(-7"), ®'(-T) u ®"(-T"). Takum obpazom, 1151 1OCTATOYHO OOJIb-
IIUX KOHEUHbIX 3HaYeHUl 1], T < 0, ipenenbHoe ycioBure (1.26) 5KBUBAJICHTHO JIByM HEJTMHEWHBIM CO-
OTHOIIIEHUSIM, OIPEAE/ISIOIIMM YCTONYUBYIO cerapaTpucy cenja, Tak uro 3agada (1.1), (1.26), (1.3) —
JIByXTOUYEUYHasl KpaeBasl.

B utore nosyyaem, 4to Ha MHTepBajie — < T < () ornpenesieHa cUHTyasipHas HeauHelHas Kp3 (1.1),

(1.26), (1.3) (a Ha orpeske [-T',0] — sKBUBaJICHTHas e peryisipHas aByxrodedHass Kp3) ¢ moioxxuresnb-
HBIMU TlapaMeTpaMu a 1 m. McciiemoBanne BecrioMoratensHoit Kp3 (1.1), (1.26), (1.3), onpeneneHHOM

HaR_, mpoBeneHo B [ 1, pasn. 3]: mokazaHo, yto npu GuKcupoBaHHbX a > 0 um > 1/3 pemienue ®,,(T, a)
9TOM 3a1aYM CYIIECTBYET U EMMHCTBEHHO, 1 TIOJIyIeHBI €0 IBYCTOPOHHUE OLIEHKH, TIPUYeM IPU 3a1aH-
HOM m 2 1/2 pellleHre HeoTpaHUYEHHO MPOI0JIKaeTcs BIpaBo, a ipu m: 1/3 < m < 1/2, OHO CUHTYJISIp-

HO — UMeeT 0co6eHHOCTh Thna nomoca Ha R, . Tpu m: m € {1/3,1/2,}, Kp3 (1.1), (1.26), (1.3) umeer
TOYHBIE peISHUS, TIPEACTABIISIONINE CAMOCTOSITEIbHBIN (PU3NYECKUiT MHTEepeC.

3ameTUM 31€Ch, UTO TOUHOE petenue @, 5(T,a) Kp3 (1.1), (1.26), (1.3) 3amaercs CIOXHOM HesBHOM
¢dopMyI10ii, KOTOpasi B JTaHHOM padoTe He npuBoauTcs (cm. [1]).

1.4. @opmyaupoexu ocHosHbix meopem u3 [ 1] 0as cuneyaapuoil Heaurnetinoii Kp3

Teopema 1. [lpu ar06bix 3adannvix m 2 1/2 u a > 0 cuneyaspunas neauneinas Kp3 (1.1), (1.26), (1.3),
onpedenennasn Ha R_, umeem eduncmeennoe peuwenue O, (T,a); OHO ecmb CMpPo2O 603pACMAOULAs BLINYKAAS

dyukyusa, npunaosexcaujas cemeticmay (1.27), (1.28) npu nexomopom d = d,(a) > 0, npuuem cnpasedruéu.
08ycmopoHHUe oyeHKU

alexp(at) — 1] £ ®,,(1,a) < atanh(at/2), 1€ R, a<d,(a)<2a (1.38)
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Teopema 2. /s pewenuii cuneyaaproi neaunetnoi Kp3 (1.1), (1.26), (1.3) npu m: 0 < m < 1/2, caedy-
rouue ymaepicoeHust Cnpaseonussbl:

1) 0as aroboti gpuxcuposarnnoii napwt 3navenuii {m,ay:1/3 <m<1/2,a > 0, Kp3 (1.1), (1.26), (1.3) ume-
em edurncmeenHoe peuwernue @, (T,a); OHO ecmb cmpo2o 603pacmawas GYHKYUA, NPUHAOAeHCAUas cemeli-
cmey (1.27), (1.28) npu nexomopom d = d,(a) > 0, u cnpaéedarugv: 08ycmopoHHue oueHKU

atanh(at/2) < ®,(T,a) < D, 5(1,a), TR, 2a<d,(a)< 2a\3 exp(n\/§/6); (1.39)

2) npu m: 1/3 < m <1/2, pewenue ®,,(1,a) umeem mouky nepeeuba t = 1,, € R_, onpedeasemyro coom-
HoweHuem

Tin
®,, (T, P (5, 0) = 22 [ (@), (5,00 ds, T, € R,
m —oo

u He cyuwjecmeyem 2nobanvho Ha R — umeem noaroc nepgoeo nopsadka e mouxe T= T,(a,m) > 0, 2de
1,(a,1/3) = 21tx/§/(3a) ut,(a,m) > 1,(al1/3) Vm:1/3 <m <1/2;
3) npu aroboix m: 0 < m <1/3, ua > 0 Kp3 (1.1), (1.26), (1.3) pewenuit ne umeem.

3nech 3HaueHus d, ;(a) = 2a\3 exp(n\/§/6) uT,(al/3)= 2n«/§/(3a), Hapsiny ¢ HesiBHOUM hopMyJioit
st byHkumu @, 5(T,a), momydeHsl B [1].

1.5. OcHoenoii peaynomam 045 cuHeyAspHoil Heauneinoi HK3

Hnst Bceit mcxomHoii 3amaun (1.1)—(1.4) 3HaueHMe HapaMeTpa a He SIBJISIETCS IPOM3BOJILHBIM:
a = a(b) Haxomutcs u3 TpeboBanms (1.4), eciim Takoe moBenenue permenuii Kp3 (1.1), (1.26), (1.3), ipo-
JIOJKEHHBIX BITpaBo, cipaBeminBo (U3 [1] cienyet, 4yTo 310 uMeeT Mecto nipu m: 1/2 < m < «). B pe-
3yJbTaTe, Npu (GUKCUPOBAaHHOM 3HaYeHUU napametrpa m > 0, 3amayga (1.1)—(1.4) pasouBaeTcst Ha ABE —
CUHTYJISIpDHYIO IByxToueuHylo Kp3 ¢ mapameTpoM, 3alaHHYI Ha HETOJOXUTEIbHON BellleCTBEeHHOM
nonyocu, u 3K Ha MoI0XUTEIBbHOI MOJyOoCcH, Aaiolnyio npomokenue pemenust Kp3. B [1, pasd. 4]
dbopmynupyloTcsi OKOHYATENbHbIE OTPAHUYEHHUST HA TTapaMeTp aBTOMOJieJIbHOCTU m: 1/2 < m < o, Ta-
PaHTUPYIOLIME CYIIECTBOBAHUE U €AMHCTBEHHOCTh pelleHus ucxoaHou 3agaum (1.1)—(1.4), xotopyto
IO MOHSTHBIM NMpuuyrHaMm HasbiBaeM HK3. (HanomHuM elie pas, yto B [2], [3] 3amaua (1.1)—(1.4) omu-
0OYHO TpaKTyeTcs KakK TpexToueyHasl KpaeBas.) [latoTcst IByCTOPOHHUE OLIEHKU PELIeHUs U UCCIIeny-
I0TCSI €r0 CBOMCTBA JJIsl pa3JIMUHbIX 3HaUYeHUI MmapameTpa aBToMonenbHocTu. [Ipu 3TOM aHanuTHue-
ckast byHkuus @, ,(T,a) sBasercss st HK3 (1.1)—(1.4) BepxHuM pellieHneM Ha R_ v Hy>XKHMM pelire-
HueM Ha R,, a ¢dynkuus ®_(1,a) — HaobopoT. IlpensioxeHbl YMCIEHHbIE METOObl M MPUBEICHBI
pe3yabTaThl pacyeToB. Kpome Toro, Hapsigy ¢ YMCICHHBIM MoJelupoBaHueM (YHKIIUM TOKa (Kak
(byHKIIMM aBTOMO/IEJIbHOI NEpeMEeHHOI), BIIEpBbIe MPUBOASTCS HEKOTOPBIE pe3yJIbTaThl paCYeTOB Tpa-
€KTOpMIA YacTHIl B TIJIOCKOCTH MOTOKA.

ITpu 3TOM BaxKHBIM SIBIISIETCS CIemyIOlee 3aMeYaHre O TIpUMeHEHNH MacITaGHBIX TTpeobpa3oBa-
HUU 1ipu pemieHUn cuHryasipHoit HenmHeliHoit HK3. Ilycts cunrynsgpras HenuHerHas HK3 (1.1),
(1.26), (1.3), (1.4) onHO3HAUYHO pa3pelIMMa Ipu 3aiaHHbIX m > 0 u b > 0, u nyctb D, (T,a) — ee pelie-
HUe, rae a = a(b). YToObl HAWTH ATO pellleHre, TOCTaTOYHO peluTh ykazaHHyto HK3 nipu a = 1. [eii-
CTBUTEIIBHO:

1) peliraeM COMyTCTBYIOLIYIO CUHTY/ISIpHYIO HenHeHyo Kp3 (1.1), (1.26), (1.3) ipu a = 1 (cM. Me-
TOnBI BeIYKCIeHui B [1]) m Haxonum d = d,,(1) > 0 u cooTBeTcTBYyMOIIEE perieHne @, (T,1) (3nech 1 na-
nee d = d,(a) — nmapameTtp psina JIsmyHosa (1.27), (1.28));

2) nponoskas pewenHue @, (1,1) 115 T > 0 Kak perreHue 3K ¢ HailieHHPIMU HAYaJIbHBIMU JAHHBIMU
B Touke T = 0, rosryyaeM 3HayeHue b = b, (1) > 0;

3) 3HaueHue a = a(b) > 0 nns 3agaHHoro b > 0 B (1.4) HaXoIUM € TTOMOIIIbIO MaCIITaAOHBIX MPeoodpa-
30BaHU

b,(a) = b,(1)a"" >0, a=ab)=[b/b,(D]""™" >0; (1.40)
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@ur. 1

4) uckomoe peuenue ®,(T,a) u 3HaueHue napamerpa d = d,(a) > 0, tne a = a(b) onpeneneHo B
(1.40), oKOHYaATENbHO MOJIy4aeM C IOMOIIBIO IIPeoOdpa3oBaHUL

o, (t,a) =ad,(at1), 1R, d,(a)=ad,(1)>0. (1.41)

3unauenwus b, (1) u d,,(1), BoOOLLE TOBOPSI, HE MOTYT OBITh ONPENEIEHbl METOIAMU JTOKAIBHOTO aHa-
JIM3a ¥ HAXOMSATCS YUCIICHHO (CM. IJIst 3TUX BenuuH [1, Tada. 2, 3]). (B cnpaBeninBocTy COOTHOIIEHU
(1.40), (1.41) HeTpyaHO YOEOUTHCS HEMMOCPEICTBEHHO. )

Teopema 3. [Ipu ar06bix 3adannbix b > 0 u m: 1/2 < m < oo, cuneynrapunas neauneiinas HK3 (1.1)—(1.4),
onpedeneHHas Ha 6cell Bew,eCmeer ol ocu, umeem edurncmeenroe peuterue @, (T,a,b), ede a = a(b) > 0, u
caedyroujue ymeepucoeHus: Cnpageonusol:

(i) @,,(t,a,b) — sunyxaas na R_ monomonno eospacmarowas na R gynkyus, npunaosexcawas cemeti-
cmay (1.27), (1.28) daa nekomopoeo d = d, (a,b) > 0 u yoosiremeoparoujaa oepanuenuam

alexp(at) — 11 £ ®,,(7,a,b) < atanh(at/2), - <1<0,
atanh(at/2) < ®,(1,a,b) < alexp(at) —1], T> 0;

(ii) pewenue ® (T, a,b) moxcem bvims noayueHo caedyrouum oopazom: gurxcupyem a =1 u onpeodensem
pewenue O, (1,1) Kp3 (1.1), (1.26), (1.3), xomopoe 6 cuny meopemsi 1 cyusecmgyem, eOUHCMEEHHO U RPUHAO-
aexcum cemeiicmay (1.27), (1.28) npu nexomopom d = d, (1), npodoaxcennoe énpago, 3mo peuierue yooene-

meopsiem npedeavromy coomuouenuro lim_,_[®@,,(t,1)/7"] = b, (1) > 0, 021 okoHuamenvHo20 HaxoHcOeHus
uckomoeo peuwenusn @, (1,a,b) npu t € R ucnoavzyem coomnowenus (1.40), (1.41).

Ha ¢ur. 1 nna nHamsinHocTy npenctabiaeHbl rpaduku u3 [1] pemenuit HK3 (1.1)—(1.4) npua =1nu
pa3HbIX 3HAYEHUAX [TapaMeTpa m.

Acumnrorudeckoe noseaeHue peiieHus: O, (T,a, b) npu 6onbuux T > 0 TOAPOOHO UCCIEAOBAHO B
[1], Ha yeM ocTaHABIMBATHCS HE OyIEM.

2. KOPPEKTHAS ITOCTAHOBKA, NCCIIEJOBAHWE N PELLIEHUE
CUHI'YJIAAPHOW HAYAJIbHOW HEJIMHEWHOW 3AJAYN
A ®A30BbIX TPAEKTOPUUN PELLIEHWUM OV (1.1)

Kak mokaszano, B yactHocTH, B [2], [3], mopsook OAY (1.1) moHMXKaeTcs, ecliu B3SITh NCKOMYIO
dyHkimio ® B KauecTBE HE3aBUCUMOI TTepEMEHHOM U BBECTU HOBYIO UCKOMYIO (hyHKIIHIO f(P), KOTO-
past Bnojab Tpaekropuu ®(t) OAY (1.1) 3amaercs B Buie

do
f(@() = E(r). (2.1)
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Hns f(P) monyyaem HeaBToHOMHOe O1Y BTOpOoro nopsiaka (3aech 1 aajiee Touka 03Ha4aeT Mpou3Bo/I-
Hy10 110 P):
F+ FP+®f —[(m—=1)/m]f = 0. (2.2)

B [3] cunrynspHas 3amada mist OY (2.2), cooTBeTcTBYIoMIas ucxonHoi 3agave (1.1)—(1.4), cdop-
MYJIMpOBaHa CIEIyIOIINM 00pa3oM (B 0003HAUYEHUSIX TaHHOI pabOTHI):

F+ P +0f —[(m=1)/m|f =0, —a<® <o, (2.3)
f=a(q>+a)—4i(c1>+a)2+0((c1>+a)3), ® — —a+0, (2.4)
m
£ = mp/m eIy m(m = 1)(m =2) 2/mqy-2/m 0@ "), @ = o (2.5)
m+1 ’ ’ ’

ronea > 0, m > 0.

IIpu atom B [3] mpenenabHble ycioBust (2.4), (2.5) paccMaTpuBalOTCsS KaK TpaHUYHbBbIE, W 3a1a-
4a (2.3)—(2.5) TpakTyeTcs Kak nByxTodedHas cuHrysipHas Kp3. B [2] B pasnoxenun (2.5) npucyTCTBY-
eT ellle OJHO cJlaraeMoe, SIBJISIOIIeeCs] SKCIIOHEHIIMAIbHO YObIBalollell (hyHKIME C IIPOU3BOJIbLHBIM
MOCTOSTHHBIM MHOXMUTeNIeM (KaK OyIeT BUOHO M3 OajlbHEMIIEro MCcCIedOoBaHUsSI, 3TO cliaraeéMoe
JIEeMACTBUTEILHO JOKHO MPUCYTCTBOBaTh). OmHaKo B [3] 3TO ciaraeMoe OIrylleHO (€ro mMpuCyTCTBHUE C
MPOM3BOJIbHOM TTOCTOSIHHOI HE comacyeTcsl ¢ IMoHMMaHueM 3anadu (2.3)—(2.5) Kak IBYyXTOUYEUHOI
KpaeBoit).

B neiicTBUTENILHOCTH K€, KaK IMoKa3aHo Aajee, 3amada (2.3), (2.4) SBasieTCsl CUHTYJISIPHON Havalb-
Hoii. Ee KoppeKTHast HOCTaHOBKA JaHa HIDKe. DTa 3aJadya MMeeT eAMHCTBEHHOE pellleHre 11T KaXKI0ro
m = 0, a BeIpaxkeHue (2.5) maeT ITIaBHBIM WIEH aCHUMITOTHYECKOIO IIPEACTaBICHUS PElIeHUs IIpU
m > 1/2 u 6onpiiux ® > 0.

2.1. Ilocmanoska cuneynsapHoil HavanbHoll 3ada4u o5 Heaureinoeo OY,
8bipoxcdaroweocs no (azosoil nepemenHol

Paccmorpum OJ1Y (2.2) ¢ Touku 3peHus JaHHOI paboThl. 3aMeTUM, YTO cooTHoleHue (2.1) u pa-

BEHCTBO
f(@(1)) = ®"(1)/P'(1) (2.6)

BBIIOJIHSIOTCS BOoJb Tpaekropuu OY (1.1).

ITycte ®(T) — perenue cuHryasgpHoit HenrHeitHo# 3K Ha 6eckoneunocTH (1.1), (1.26). [TpuHuMas
BO BHUMaHMe popMyitel (2.1)—(2.6), ycroBue (1.26) mpu T — —oo, yTBepkaeHUe 1 1 paznoxenue (1.27),
Tojy4aeM TpeneiabHble ycnoBus s pemennit OAY (2.2) npu @ — —a +0: limg_,_,,o f(®P) =0,
limg_, 440 f(P) = a.

B pesynbraTe monydaeM CUHTYISIpHYIO HenuHeliHy1o 3K:

(ff +®f) =[2m—-1)/m]lf, @ > —a, (2.7)
d>1—i>2}+of(q)) =0, <1>1—i>92+0 f(CD) -4 (2.8)

roe O/1Y (2.7) coBmamaert ¢ (2.2), HO IpeACTaBIEHO B OoJjiee YIOOHOM BUJE.

ITyctb Teneps ®(T) — pelieHue cuHryasipHoit HenuHeitHoit HK3 (1.1)—(1.4) nng 3apmanubix b > 0,
a=alb)>0um:1/2 < m < oo (BcooTBeTcTBUU C TeopeMoii 3). Torna pemenue f(P) CUHTYJISIpHOM He-
muHeitHo 3K (2.7), (2.8) D10IKHO yIOBIETBOPSTH IPEaeIbHOMY YCIOBUIO

lim[ F(@)/D" ™" = mb"", b>0, 1/2<m< o (2.9)

IIpexne Bcero pacCMOTpUM CUHTYJIsIpHYI0 HellmHeiHyto 3K (2.7), (2.8) nipu m = 0. s ee pene-
HUIA, B YaCTHOCTH, BBITIOJIHEHO COOTHOILIIEHIE

[}
(@) (@) + Of (@) = [2m ~ 1)/m]j f(s)ds. (2.10)
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Ortcrofa HETPYAHO MPOBEPUTD, YTO CIIPABEIJIUBO

Canencrue 1. [lIpu m = o u m = 1/2 cywecmsayrom mounuie pewernus f, (D,a) cuneysapHoi HeauHeil o
3K (2.7), (2.8):

Jo(®,a) = a(D + a), (2.11)
fip(@,0) = (@ - @%))2. (2.12)

(Omu pewenus, ecmecmeenno, He yoosaemeopsarom ycaoguio (2.9).) lna ucxoownoii cuneyaapuoi 3K (1.1),
(1.26) pyuryus (2.11) coomeemcmeyem mounomy peuwseruio ®_ (T — 1,,a), onpedeaenromy popmyaoii (1.24);

npu a’ > @ yuryus (2.12) coomeemcemeyem mouromy peuweruio @, (T — Ty, a), onpedenennomy 6 (1.22),
a npu a <@ — MOYHOMY peuleHUo q)ifgg,l 2(T—1,,a), onpedenennomy 6 (1.21).
3ameuanue 1. O/1Y (2.7) ”HBapUAHTHO OTHOCUTEIbHO 3aMeHbI IIEPEMEHHBIX
frow = 10, @y, = P/a.
Torna B 3amaue (2.7), (2.8) 1oCTaTOYHO MOJOXUTH @ = 1, TaK KaK CIIpaBeIJIMBO COOTHOIIIEHUE
[(@,0) = @’ f(@/a,)). (2.13)

B manmpHeitmeM, ocTaBisas a B opMyniax, B YMCISHHBIX IpUMepax moyaraeMm a = 1.

2.2. Bcnomoeamenvras cuneyaapras 3K 0as neaunetinoeo OY ¢ peeyasipHoii 0co6eHHOCMbIO
8 Hy/e U pa3peuumMocms UCXOOHOI 8bipONCOeHHOU 3a0auu

W3 cunrynspHoit HenuHeitHo# 3amadu (2.7), (2.8) cnenyet, utro OJ1Y (2.7) BeIpoxkaaeTcs 1o ¢a3o-
BOI iepemeHHoU 1ipu @ — —a + 0. YToOHI ncciienoBaTh 3TO BRIPOXKACHUE, MOJTOXUM

f(@) =A@ +a)’[1+0(1)], f(P)=aAD + )" '[1+o(1)], (2.14)

F=o0-DAD®+a)* [1+0(1)], ®——a+0, (2.15)
roe o > 0.
IToncranoBka (2.14), (2.15) B (2.7) naet (B miaBHOM nipu @ — —a)
a0 — DA (D + a)* > + A (D + @) + 0A(D + a)” —
— a0AD® + a)* " = [(m —1)/mA® + a)* +... = 0.

YT00bI YAOBJIETBOPUTHb 3TOMY COOTHOILICHMUIO ITPU b - —d, IPpUPAaBHACM HYJIIO CYMMY cjlara€MbIX C
HanMMEHBIIMMU cTeneHssMu. Torma IIOJIyYUM COOTHOIIICHU A

200-2=o0-1, A+ A(-a)=0,
OTKyZna
a=1, A=a (2.16)
Hanee, yantbiBast opmyisl (2.13)—(2.16), ocyliecTBUM 3aMEHY ITepeMEHHBIX:
t=®/a+1, t>0, f(<b)=f(t)=a2t[1+x(t)], (2.17)

rae lim,_,., x() = 0. U3 (2.17), B yacTHOCTH, caenytoT GopmyJbl (30ech U Jajnee ITPUX 03HaYaeT 1ud-
¢depeHIIMpoOBaHME 11O 7):

f@) = F@®/a=dl+xO+1x®)], F@) = F@®)/a’ =200 +1x"0). (2.18)
Ucnonwzysa (2.7), (2.8) u (2.17), (2.18), nonyuaeM cuHryasipHyio HenuHerHyo 3K mig OY otHocu-

TeJTbHO HOBOI McKoMOI pyHKINH X (¢); 310 OJ1Y MMeeT peryisipHyto o0COOEHHOCTb B Touke ¢ = () (ky1ac-
cu(UKALIMIO 0COOBIX TOYEK MJIsi CUCTEM JIMHEMHBIX 1 HenuHeHbX OAY cMm. B [13], [14]):

2. n

"3ty +x =G +n@em), >0, (2.19)
lim () =0, lim[ry'()] = 0; (2.20)
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Gt ty) = 0 [+ = 1=t (L+0)7 [t + 1], (2.21)
ne,m)=—t/m, m=0. (2.22)

3amernmM, uto pyHKUUA G(2,7, ty') TomoMopdHa B Touke (4, %, 1y') = (0,0,0), m yro n3 (2.21), (2.22)
CJIEYIOT paBeHCTBA

G(1,0,0) =0, a—G(r,o,O) =0, a—G'(O,O,O) =0, m0,m)=0.
X ary)

J11st COOCTBEHHBIX 3HaYeHUM A auHeitHoro OY
Pt 3+ =0, >0, (2.23)

umeeM MA —1) + 31 +1= 0, otkyna A, , = —1. Torna cunrynspnas muneiinas 3K (2.23), (2.20) umeer
TOJILKO TPUBHUAJILHOE PELIEHUE, a U3 PE3Y/ILTATOB 0 CUHTYIsApHbIM 3K mia Henuneiinsix OAY (cM., B
4acTHOCTH, [ 15, Teopema 5] u 6ubnmorpacduio TaM) BeITEKAET CAEAYIONIEe

Yreepxkaenne 3. is ar0b6oeo m = 0 cuneyasapuas neauneiinas 3K (2.19)—(2.22) umeem edurcmeenHoe

peulerue X(m)(t); OHO A65emcsa 2010MOpPHOU GyrKyuell 6 mouke t = (:

x"O =1 <t 1,>0, (2.24)
k=1
20e noocmanoeka (2.24) ¢ (2.19) daem

v =—1/(4m), %\ =k +1)7 x
(m) = (m) ., (m) (2-25)
X=X+ m(k = Dm = [l +3) + 1" x bk =2,3,..;
=1

013 m = oo u m = 1/2 cnpaeeoaueo
y2@y=0, x"“@0)=-1)2. (2.26)
Kpome moeo, npu m > 0 cnpagedaugol coomuoutenus

x™0) =0, [x"10)=-1/(4m) <0, [x"1'0) = (2m —1)/(36m"),

omkyda
x"1'(0) >0, 1/2<m<e [x"?10)=0; [K™I"(0)<0, 0<m<1/2.

CnencrBue 2. /lns ar06020 m > 1/2 pewenue X(m)(t) cuneynapuoi Heauneinoi 3K (2.19)—(2.22) cywe-

cmagyem enobanvho Ha R, u yooeasemeopsiem nepagencmay X(m)(t) >—-1VreR,.
I'pacduku K cnencrBuio 2 mpuBeaeHbI Ha QUT. 2.

Dur. 2
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Boiee Toro, Kak HECJIOKHO IIPOBEPUTH, 115 to6oro m = (0 HenmmHeitHoe OJ1Y (2.19) He UMeeT CUH-
TYJISIDHBIX PeIIEeHU ¢ 0COOEHHOCTSIMU TUIIA T10JII0Ca B KOHEUHBIX TOUKax ¢ > 0.

YuuTbiBasi yTBepxXKIeHUe 3, cleAcTBUe 2, cooTHoleHus (2.17) 1 ToT akT, 4YTo AJIsl TI0OOro KOHEeY-
Horo @ > —qg pemenust HeauHeitHoro OAY (2.7) He UMEIOT 0COOEHHOCTEM TUMA MOII0Ca, OKOHYATEIIb-
HO TMoJIy4aeM, 4To CIipaBeIjinBa

Teopema 4. /[15 at06vix a > 0 u m = 0 cuneyasapuas Heauneiinas 3K (2.7), (2.8) umeem edurncmeennoe
pewenue f,(®,a); ono aeraemca eonomop@roi gynkyueii 6 mouke ® = —a:

(@, a) = a(® + a)| 1+ Zx‘k’”)(d) +a)/d" |, (2.27)
k=1
2de Koagpuyuenmol Xﬁ:") (k 2 1) onpedenenvt pexyppenmubimu coomrouweHuamu (2.25); npu m = o u
m = 1/2 cuneyasprnas neaunetinas 3K (2.7), (2.8) umeem mounvie peuienus

Jo(@,0) = a(®@ +a), [f,)(P,a)= (@ —®%)/2 = a(® + a)[1 — (D + a)/(2a)].

boaee moeo, npu m: 1/2 < m < oo, pewenue f,(®,a) cuneyrapuoii Heauneiinoi 3K (2.7), (2.8) cywecmayem
2100a1bHO U 5645eMCs NOA0HCUMENbHOU YHKYUel Ha uHmepaane (—a, o).

N3 (2.27), (2.25) npu ® + a — 0, B YaCTHOCTHU, TOJIydaeM

_<I>+a+(2m—1)((l)
dam 72a’m

3ameuanme 2. B [2], [3] npuBomsaTcs ABa IEPBBIX ClaraéMbIX B pasioxeHuu Buaa (2.28) (cMm. 3mech
dopmyy (2.4)), HO XapaKTep HpeacTaBlIeHUsI He o0cyxkaaeTcs. ToyHoe yTBepKAeHME CIICIYET U3 IIPU-
BEICHHBIX BHIILIIE PACCYXIESHUI, a WiIeHBI cxoasierocs psaa (2.27) HaxoasTcss (popMallbHOI TToacTa-
HOBKOI1 3TOro psiaa B (2.7).

2
£.(®@,a) = a(® + a) {1 = a) } +0((® + a)*). (2.28)

2.3. Acumnmomuueckoe nogedenue Ha beCKOHeYHOCMU peuleHuil UCXOOHOU CUHEYAAPHOIU 3adadu
0ns paznuunblx 3Haveruti m > 0

M3ydeHune miobaabHOTO MOBENEHNUS pellieHuid CMHTYIsipHoM HeluHeHou 3K (2.7), (2.8) nna pas-
JIMYHBIX 3HaUYCeHUI MapameTpa m > 0 MpencTaBiisieT JOBOJbHO CIOXKHYIO 3a1ay4y.

YT0OBI MPOSICHUTD KauecTBeHHOE MoBeaeHue peteHuiit OAY (2.7) npu 6onbiiux @, moaoxum
(@) = BO[1+0(1)], @ — o, (2.29)
IMoncrasnss (2.29) B (2.7) u yaepxuBasi NIaBHbIE YWICHBI, ITOJTy4aeM
BBP - 1)d* 2 + B 0™ + BRD® — [(m —1)/m|BD" +... = 0. (2.30)

IMpupaBHuUBas HyJI0 cyMMy ciiaraeMbix B (2.30), ObICTpee BCero pacTyIux Ipu 0oJbiuux @, momxyyaem
JIBa cJIyJasi:

Cayyaii I. Hau6onbmas creniens B (2.30) pasHa 3. Torna
B=(m-1)/m, m>0, (2.31)
u napametp B ( B = () siByisieTcst CBOOOIHBIM; AEACTBUTEIBHO, B 3TOM CIIydae UMEEM
P-2=-2/m<(m-1)/m=.
Cayyaii I1. [Ise HanGonbimx crernenu B (2.30) coBmanarot: 2 — 2 = 3; Toraa
B=2, B=-(m+1)/(6m)<0, m>0. (2.32)

Hamnm 60Jtee CTporoe 1oKa3aTeJIbCTBO CYIIECTBOBAHUS CEMEMCTB peIIeHUI ¢ TTIOMOIITBIO 3aMeHBI 3a-
BHUCUMOI1 IepeMeHHOI B (2.7):

[(@) = BOP[1+ Z(®)]; (2.33)
3nech QyHKUUA Z(P) DOJDKHA YIOBJIETBOPATH YCIOBUAM limg,_,.. Z(®P) = limg_,.. Z(®)=0.
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[Monyuyaem mis Z(®) cunrynaspHyto 3K Ha 6ecKOHEYHOCTH:

Z +[4B/® + @' P/B|1Z +[(2B* = B)/D*1Z + @ P /B(1+Z)" -11Z +

2.34
+(1+2)"' 22+ OB - B)/D* +[B—(m—1)/m)/(BD*) =0, D >1, (239

lim Z(®) = lim Z(®) = 0. (2.35)
D—oo () JEENCHY

3ameuanme 3. B cayuae Il cunrynsgpHag HenuHeliHag 3K Ha 6eckoHeuHoctH (2.34), (2.35) Bcerna
MMeeT TpUBHalIbHOE pelieHne Z = 0; To ke BepHo B ciryvae [ mpu m = 1, korna 3 = 0, uipu m = 2, KO-
rna f =1/2 (B = 0 npoussosnbHo). Torna npenacrasienue (2.33) naeT TOYHbIE PELIEHUS fi;,, U fi,,
OLY (2.7), koTopble He SIBISIIOTCS peleHus MU cuHryasipHoit 3K (2.7), (2.8):

fiim = @ (m +1)/(6m), m =0, (2.36)

fu=B,  fi,=B®. (2.37)
Hna wucxomnoro OIY (1.1) dynkuusa (2.36) COOTBETCTBYeT TOYHOMY CHHTYJISPHOMY pELICHUIO

d)gilzg’m(r—rp,a), onpenencHHoMY ¢opmyioit (1.20), a ¢yakuum (2.37) maloT TOYHBIE PELICHUS

D,(T—1,,a) u D,(T - 1T,,a), onpenesneHHbIe hopMynamu (1.23).
3ameuanus 1 cayyas L [lpu m > 0 u B = (m —1)/m umeem
1-B=1/m, 28°-B=(m—-1)(m-2)/m". (2.38)
OcyiiectBuM B (2.34), (2.35) 3aMeHY He3aBUCUMOI1 TIepEMEHHOIA:

x = @mV/m @ = /) (2.39)

Torna, o6o3Havas 4 (x) = Z(P(x)) u yuntbhiBas paBeHcTBa (2.38), u3 (2.34), (2.35) noxydaem mjis 4 (x)
CUHTYJISIpHYIO HeJIuHeHy1o 3K Ha 06CKOHEUYHOCTHU, 3aBUCSILYI0 OT B = 0 1 m > () KaK OT ImapaMeTpoB
(lTpux o3HavaeT nuddepeHIMpoOBaHNE MO X ):

2+2{ m +4m—3}+2(m—1)(m—2)+

Bm+1) x(m+1) (m+1)°x*
m Sl 1> S1502, (m—1)(m —2) 0 > (2.40)
M _qa+z 'z v+ 2z 2) s
+B(m+1)[( +7Z) 1Z'+(1+2) + 1R x ,
lim Z(x) = lim Z'(x) = 0. (2.41)

CornacHo [ 14], HenuHeiiHoe O/1Y (2.40) uMeeT UpperyasipHyr0 OCOOEHHOCTb paHTa l Mpu x — oo, U
BEPHO Cllenyloiee

VYreepxkaenne 4. /1ns a066ix B # 0 um > 0 cuneyaapras neauneiinas 3K (2.40), (2.41) umeem wacmuoe
peuwerue 0(x) = 6(x, m, B), komopoe npu 60abuiux X npedcmagumo QopmarbHbimM poom

0(x,m, By = > 6, /x", (2.42)
=1
2de Koaghgpuyuenmol paznoxcenus HAxo0amces gopmanvroil noocmanogkoii psoa (2.42) ¢ O1Y (2.40):
0, = B(m—1)(m —2)/[m(m +1)], (2.43)
0, =2mt D _dm=3, 5, m=-Dm=-Dlg |k 0...0,.mB). k=34, (244
mk—-1)| m+1 (m+1)
30eco F,_| noayuaromes usz éeauvun 0,,...,0,_, ¢ NOMOWBIO MOALKO ONEPAUUL MUNA CAONCEHUS U YMHOJCe-

HUs; npu 5mom 041 uacmuozo pewenus 0(x) = 6(x, m, B) 3K na 6eckoneunocmu (2.40), (2.41) psod (2.42)—
(2.44) agaaemcea acumnmomu4ecKum pasnoxiceHuem npu 60AbuUx Xx.
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IMocne nmoacTaHOBKM pa3HOCTU w(x) = V4 (x) — 6(x) B (2.40), (2.41) noynygyaeTcsi CUHTYJISIpHASI HEJIU -
HeliHasg 3K Ha 6eckoHeUYHOCTH WISt W(X):

w"+w'[ m +4m_3}+w(m_1)(m_2)+
Bm+1) (m+1)x (m+1)"x*

m ' . O o
+ m{(w + OGO +w+6(x)) " — 11— 0'CO[(1+6(x) ™" — 1} + (2.45)

F W +0x)) (1+w+0(x)" = Ox)’1+06(x)" =0,

lim w(x) = lim w'(x) = 0. (2.46)

X—o0

OcrTaBiisist TOJBbKO TaBHbIe WieHbl B OJ1Y (2.45) mist w(x) ¢ koadduumeHTaMu, CTpeMsIIIMMUCS K HYJTIO
He ObIcTpee, YeM 1/x mpu x —> oo, ojyyaeM JuHeitHoe OJ1Y:

2
B(m+1) x(m+1)

IMpu B > 0 umeeM nipencrasieHre w(x) = Px “exp(—a;x) Ui OMHONAPaMETPUYECKOTO CEMECTBA pe-
meHuit OY (2.47), cTpeMsIIIuXCs K HYJIIO IPU X — oo, e P — NPOU3BOJIbHAS OCTOSIHHAS,
a =m/[Bm+1)]>0, a =0Gm +4m—>5)/(m+1). (2.48)
Torna us [9, pa3n. 23] cnenyer

Yreepxaenne 5. [ arobvix m > 0 u B > 0 cuneyaapuas neauneiinas 3K (2.45), (2.46) ¢ danuvimu Ha
beckoHeuHocmu umeem 0OHOnapamempuueckoe cemelicmeo peutenuii w(x) = w(x, B,m, P); amu pewenus
npeocmaegnaomest IKCNOHEHYUANbHBIM NApamempu4eckum psoom Jlanyrnosa

w(x,B,m,P) = Px “exp(-ax) + z C.(x)P* x " exp(—kax),
k=2

ede a, u a, onpedenenvt ¢ (2.48), P — napamemp, a ¢pynxyuu C,(x) (k = 2, 3, ...) umerom npu 6o1vuiux
x > 0 nopsdok pocma He @viute cmeneHHoeo.

CyMMUpys IpUBEAEHHBIE YTBEPKAEHUS U IPUHUMAs BO BHUMAHKS 3aMEHBI IIEPEMEHHBIX, TTOIyYa-
eM Cieaylolee

YrBepxkaenne 6. /11 aob6o2o0 m > 0 neauneiinoe OAY (2.7) umeem deyxnapamempuueckoe cemeiicmao
peuenuii f, (D, B, D), komopoe npu 6oavuiux noroxcumenvuwvix ® npedcmaeumo 6 eude

[(@, B, D) = BO" " {1+ 0@ m, B) + DO™

(2.49)
x exp([—m/(B(m + 1)@ ™)1+ o(1)]}, @ — oo,

ede B u D — napamempuot, B > 0, n, = -(3m* + 4m — 5)/[m(m +1)], a 6(x, m, B) onpedenero 6 ymeepicde-
Huu 4.

3amevanns ans caydas I1. B atom ciyyae TouHoe pelieHue ipu m > 0 f = —<I>2(m +1)/(6m) He co-

OTBETCTBYET HUKaKOMY INI0OajbHOMY peleHmIo, a 3K Ha 6eckoHeuHocTH (2.34), (2.35) mpuHUMaeT BUL
(cM. 3ameuaHue 3)

O Z +[2(m+ 4)/(m+ D)]®Z +6Z —[6m/(m+ D][(1+ Z)"' —11®Z +
+(1+ 2 (@2)Y =0, ®>1, lim Z(®) = lim Z(®) = 0.
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2.4. Ocnosnoii pezynomam 0as caywaa m: 1/2 < m < oo

B ykazanHoM cirydae penieHue cuHryJisipHoit HeauHeliHo# 3K (2.7), (2.8) cyiiecTByeT I100abHO 1
MOJOXUTENbHO Ha (—a, o) (cM. Teopemy 4). CrnenoBaTeibHO, NpencTtabieHue (2.49) uMeeT MecTo st
O6ombinx ® U HEKOTOPBIX 3HaUEeHU B > 0 u D.

Hanee, myctb O(T) — perieHue cuHryasipHoit HeauHeitHot HK3 (1.1)—(1.4) miist HeKoTtophix b > 0 u
m: 1/2 < m < o (cM. TeopeMy 3). Torna peuienune f(P) cuHTyIsIpHON HavalibHOI 3amauu (2.7), (2.8)
JIOJIKHO YIOBJIETBOPSITH yeiioBuio (2.9), T.e. B (2.49) umeem B = mb"".

Teopema 5. Ilycmo gynxyua f,, (D) = f,,(P(1)) npu 3adannom m: 1/2 < m < oo, aeaaemcs peuieHuem
cuneyasapuoi neaunetinoi 3K (2.7), (2.8) edoav mpaexkmopuu ®(t) = D(T,b), omeeuaroweii peuieHuro CuH-
eyasaproi HK3 (1.1)—(1.4) das ¢puxcuposannoeo b > 0. Toeda

(i) f,,(®) yoosremsopsem ocpanuueHusm
(@ -®))2< f,(®)<a(®+a), -a<d<a,
0< f(®)<a(D+a), P>a

(ii) 0na Koneunvix ® npedcmaenenue pewenus f,,(®) daemca meopemoii 4;

(iii) npu 6oavwiux nosoxcumenvuvix O oasa pewenus f, (D) cnpasedaueo npedcmaenenue (2.49), ede
B=mb"", a D — napamemp.

-1 m—1)/m -2/m -2 m—1)/m -3/m-1
X q)( V = ¢ / 5 X ¢( 4 = (I) / gens

U popMyiinl (2.42)—(2.44), 13 TeopeMbl S MPUOIMKEHHO IToJydaeM

£ (@) = b/ "M m(m—1)(m—2) pmm O(q)—l—3/m) "
um o (2.50)
+ Dq>“2exp(——c1>"”“’/’”j[1 +o(l)], @ —> oo,
m+1

e ®, = —(2m2 +4m — 4)/[m(m +1)], D = const (cp. c yKopoueHHO# (popmyoii (2.5), B KOTOPOit ony-
IIEHO SKCITOHEHITNAJIFHO YOBIBaOIlee craraeMoe, XOTSI B [2] OHO MPUCYTCTBYET, CM. TaM (hOpMYITy
(1.10), 1 coBmagaet ¢ popmyJoii (2.50)).

Ha ¢wur. 3 mpencrasieHsl rpaduky pemieHnii cuHrysipHoii HenmHetHou 3K (2.7), (2.8) B mpenno-
JIOXKEHUSIX TEOPEMBI S.

-5 -10 =05 0 05 10 15 20 25 30

®@ur. 3. CHusy BBepx: m =: 0.5 (turpuxoBasi tunHus); 0.55, 0.6, 0.7, 0.8, 1.0, 1.5, 7.0 (crutoLIHbIC TUHUHN); oo (ILITPUXOBASI
JIMHUS).
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®ur. 4. Cripasa HasteBo: m =: 1/2, 255/512, 31/64, 11/24, 5/12, 1/3, 1/4, 1/8, 1/16.

2.5. 3ameuanus k cayuaro m: 0 < m <1/2

B sToMm cnyyae pemieHue f,,(®) cuHryasipHoii HenuHeliHoi 3K (2.7), (2.8) MOXET MEHSITh 3HaK B HE-
KOTOpPOM KOHEUYHOI Touke @ = @ Torma B OKpeCTHOCTH 3TOM TOUYKHU OyIeT

zero*

fF=(f/2 ~const, f~+/C, 1D,ero — D,

rae C, — KOHCTaHTa. CnenoBarenbHO, @ = O
MHOT03HAaYHOM (DYHKITUCIA.

SIBJISIETCSI TOYKOM BETBJICHUA, 1 pCIICHNUEC CTAHOBUTCA

Zero

I'pacduku pemienuii f,,(®) cunrynspHoit HenuHeiiHoi 3K (2.7), (2.8) s aTOrO Cilydasi npencrasie-
HbI Ha ur. 4.

SAK/IIOYEHHE

B 3akitoyeHre OTMETUM, YTO aHAJIM3 CUHTYJISIPHBIX 3afay 1ist HequHeHbIX OY, BO3HUKAIONIUX B
MOJEJISIX €CTEeCTBEHHBIX HAayK, CBSI3aH C OOJIBIIMMU TPYIHOCTSIMU, YTO BBI3BIBAE€T OCOOBIN MHTEpEC K
TeM 3amadaM, KOTOPhIE JOMYCKAIOT JOCTATOYHO ITOJHBIA MX MaTeMaTUISCKUII ¥ YMCICHHBIM aHaIN3.
ITonxon K KOHKpETHOM 3amadye TUAPOAMHAMMWKN, OTIMCAHHBIN B [1] ¥ JOTTOJIHEHHBIN B HACTOSIIICH pa-
60Te, MOXET IIPEACTaBIISITh MHTEpeC U A1 Apyrux 3amad. OTMeTuM elle pas, 4To B [2—4], B oTIn4ue ot
[1] m manHOIT pa®OTHI, HUKAKKME pacyeThl He IPUBOAATCS (KaK y>Ke OTMEUaIoCh, BOOOIIE TOBOPsI, HEMO-
HSITHO, YTO U KaK MOXXHO MMOCUYUTATh B UCXOIHBIX (DU3UYECKUX TTEPEMEHHBIX IPU TAKOM CJIOXXHOM MO/ -
XOJIe ATUX padoT).
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