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§4. 3agaun Ha COOCTBEHHBbIC 3HAYCHUSA

3agau Ha COOCTBEHHBIE 3HAYEHMSA — 3TO KpaeBble 3ajlaud Juis
cuctembl O/1Y, B KoTOpOW IpaBble YacTU 3aBUCAT OT OJHOTO WIIU
HECKOJIBbKHX MapameTpoB. CaMu 3TH mapaMeTpbl HEU3BECTHBI, K TOMY
e, pellleHre KpaeBOM 3a/1aul CyIECTBYET TOJIbKO IIPHU ONPEEIICHHBIX
UX 3HAUEHUSX, KOTOpPbIE HA3bIBAIOTCA COOCMBEHHbIMU 3HAYEHUAMU
KpaeBoil 3amauu. PemeHusi, COOTBETCTBYIOIIME 3TUM COOCTBEHHBIMU
3HAYEHUSIM, Ha3bIBAKOT COOCMBEHHbIMU (DYHKYUAMU 3aJIa9H.

[IpaBunbHasi MOCTAaHOBKA 3aj7lau Ha COOCTBEHHBIE 3HA4YEHUs TpelyeT
GbopMYyTHpPOBKM KOJIMYECTBA TPAHUYHBIX YCIOBUH, PAaBHOTO CyMMeE
Yyuciaa ypaBHEHUW W 4YMclia COOCTBEHHBIX 3HAau€HUM. DU3MUECKUMU
npuMepamMu 3a1ad Ha COOCTBEHHBIE 3HAUEHUS SBISIFOTCS, HalpUMeEp,
pacCMOTpEHHBIE B KaueCTBE NMPUMEPOB HUXKE YpaBHEHHE KoJeOaHU
cTpyHbl, ypaBHeHue IllpenuHrepa B KBaHTOBOM MEXaHHMKE U
YpPaBHEHUS BOJH B TUJPOJIMHAMUKE.

C BBIYHCIIUTETLHON TOYKH 3pEHUS, 3a7]aui Ha COOCTBEHHBIC 3HAYCHHMSI
OYeHb TIOXOKM Ha PACCMOTPEHHBIC BBINIE KpaeBble 3ajauyd. B
YACTHOCTH, JIUII MHOTHX W3 HHX TaKXe MPUMEHHUM METOJ CTPEIhObI
(cM. §3). Otnmume 3akiaO4aeTcs B HPUCTPENIKE HE TOJNBKO 110
HEJ0CTAIONTUM JIEBBIM TPAHUYHBIM YCJIIOBHSAM, HO €III€ M 110 HCKOMBIM
COOCTBECHHEIM 3HAYCHUSIM. COOTBETCTBEHHO, B KadyecTBE
HeZoCTaloNUX (MPOOHBIX) HAYaIbHBIX YCIOBUM METO/AA MPUCTPEITKU
CleNyeT BKJIIOYUTh W HaYaJlbHOE MPUOIMKEHUE [JII HMCKOMOTO
COOCTBEHHOTO 3HAYEHHS.

Ilpumep: 6onnoeoe ypasnenue

PaccmoTpuM MeTOAMKY peleHHs 33134 Ha cCOOCTBEHHBIC 3HAUCHUS Ha
KOHKPETHOM  TIpUMEpE  OIpPEACICHUs  COOCTBEHHBIX  YNPYIHX
konebanuii ctpyHsl. [Ipoduins konedanuil CTpyHsl y(X) OMHCHIBACTCS
JTUHEHHBIM ¢ depeHInaTbHBIM YPaBHEHHEM BTOPOTO MOPSAKA:
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3neck p(x) u q(X) — KECTKOCTh U IUIOTHOCTh, KOTOpBIE, BOOOIIE
TOBOPSI, MOTYT MEHSATHCS BIIOJb CTPYHBI. ECiM CTpyHA 3aKperuicHa Ha
000MX KOHI[aX, TO TPAaHUYHBIC

yCIOBUS 3a[aloTcsi B BHJE ¥(x)

y(0)=y(1)=0 (puc. 5).

ChopmynupoBaHHasi  3ajada
SBIISICTCSI YAaCTHBIM CIIy4aem
3agaun  [mypma—J/luysunna. 0 1 5
[Tockonbky periaeTcst cuctema
nByx OV, conepskamasi OaHO
cOoOCTBEHHOE 3Ha4eHUE K, TO, Ha TEepBBIN B3I, KAXKETCS, YTO 3a7a4a
TpeOyer 3ananus 2+1=3 ycnoBuil. OgHaKo, Kak JIErKO yOeauTbcs,
ypaBHEHHE KOJeOaHUIl CTPYHBI — JTMHEHHOE U OIHOPOAHOE, IIOATOMY,
B JIFOOOM ciydae, penieHue y(X) OymeT ompenesieHO ¢ TOYHOCTHIO 10
MHOXKHUTENA. DTO O3HA4aeT, 4YTO IPOU3BOJHYIO pPEIICHUs MOXKHO
3a/aTh MPOU3BOJLHO, Hampumep, y'(0)=1, uro um Oyaer TpeTbum
ycnoBueM. Torma kpaeByro 3a/1auy MOXHO pemiaTh Kak 3anady Koy, a
HNPUCTPENIKY BECTU TOJIBKO IO OJHOMY MapaMeTpy — COOCTBEHHOMY
3HAYECHHUIO.

Puc. 6. Mooenv 3a0auu (8)

Ecnu cumtare cTpyHy omHOpOmHOHM, TO p(X)=const u q(X)=const, u
ypaBHeHue (8) nprodpeTaeTr BUA:

y"()=-k"y(x). )

[lepen tem, Kak mEpEeNTH K €ro peHICHUIO, CKaK€M HECKOJIBKO CJIOB O
cMmblcie ypaBHeHus. Ha camoMm pene, konmebaHMsl CTPYHBI — IPOLECC
TUHAMHUYECKU, T.e. JBUKEHHUE MPOo(uiis CTpyHBI Y(X) ecTh (QyHKIUsS
BpeMeHHU Y(X,t). DTO SBIICHHE OMUCHIBAETCS ypaBHEHUEM B YaCTHBIX
MPOU3BOIHBIX:

O y(x.t)_ 2 & y(x.t)
ot ox’
VpaBHEHHSI B YaCTHBIX MPOU3BOMHBIX OyIyT PaCCMOTPEHBI B paMKax

cienyomield maBbl (M BOJHOBOE YpaBHEHHE OyAeT OAHMM M3 TeX
IPUMEPOB, KOTOPHIE CTAaHYT WIIOCTPUPOBATh COOTBETCTBYIOIINE

(10)
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YUCJICHHBIEC aITOPUTMBI). B npeanonokuTh, 4To UCKoMas (yHKLIUS
y(x,t) mmeer Bun y(x)-exp(iot), TO OKaKETCA, YTO YpaBHCHHE B
yacTHBIX npou3BogHbIX (10) mepexogur B Oojee  mpocToe
oObIkHOBeHHOE JuddepeHnranpioe ypaBHeHue (9), mpuuem ero
napameTpsl (CKOPOCTh BOJIHBI C, €€ 4acTOTa ® U BOJIHOBOE 4MCIO K)
CBSI3aHBI COOTHOIICHHUEM:

c=w/k. (11)

Koneuno, npusenennsle ypaBHeHus (9) u (11) umeror mnpoctoe
AQHAJIMTUYECKOE PELIEHUE (B BUAE COOTBETCTBYIOLIMX IAPMOHHYECKHUX
¢GyHKUMi), YTO JaeT HaM JIONOJHUTENbHBIM MOBOA IPOBEPUTH
IIPABWJIBHOCTb YHUCJIIEHHOTO PELICHHUS.

[TonoOHO pemieHHIO OOBIYHBIX KpPaeBBIX 3a/4a4, 3aJadyd Ha
COOCTBEHHBIE 3HAYEHUs TAKXKE MOXHO pellaTb HOpU I[OMOIIU
anroputMa cTpenbObl. OpraHu30BaB MPUCTPEIKY IO COOCTBEHHOMY
3HadeHuo k, MmoxxHo oTbickath pemenue OV (9) y(x.k), koropoe (c
3a/1aHHOM TOYHOCTbIO) YAOBJIETBOPUT IPAaBOMY I'PaHUYHOMY YCIJIOBUIO.
CooTBeTCTBYIOIIMI ANrOpUTM yAOOHO 3amucarb, Mogo0Ho (6), yepes
¢ynkuuio f(k) HeBA3KHM BBINOIHEHUS (HYIEBOI0) KPaeBOIro yCIOBHS HA
[IpaBOM IpaHULE:

f(k)=y(x=1,k). (12)
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f(k)

Puc. 7. Buo ¢pynxyuu nessasku f(k) (12)

Pacuer ¢ynkumu f(k) mis BomnoBoro ypaBHenus (9) mpuBeneH Ha
puc. 7, 3 KOTOPOTO BUIHO, YTO aIreOpanyecKoe ypaBHEHHUE

f(k)=0 (13)

UMeeT He O/I1H, a OECKOHEUHOEe MHOXKECTBO KopHeil. [Tonokenne aByx
NEepBbIX KOpHEH, T.. COOCTBEHHBIX YHCEN 3a7a4d K OTMeueHO
NYHKTHPOM. YTOOBI OTBHICKATh YHCICHHBIM METOIOM HECKOJIBKO
IEPBBIX COOCTBEHHBIX YHCEJ, CIEAYET NPOCKAHUPO8AmMb 3HAYCHUS
napaMmeTpa, BbIOMpas IMOCIeJOBaTelIbHbIE HadyaJIbHBIC MPUOIMKESHUS
k={0, h, 2h,. ..} (rme h— manplii mar ckaHWpOBaHHS) M 3amycKas
BCSIKMH Pa3 aJITOPUTM IPUCTPEIIKH.

3Hasi aHATUTHYECKOE BBIPAKEHUE ISl COOCTBEHHBIX 3HadueHUU k=NTT,
JIETKO YOSTUThCS B IPABUIIBHOCTH KOMITBIOTEPHOTO PEIICHUS 3a/1a49H.
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Puc. 8. Cobcmeennvie ghynxyuu 6011068020 ypasuenus (9)

ITocne Toro, kak COOCTBEHHBIE 3HAYEHUs OINPEICICHBI MOCPEACTBOM
NPUCTPEIIKH, OCTAeTCsl PEIINTh COOTBETCTBYIOIHME 3amadn Kormm,
YTOOBI MOMYYUTh CaMU pemieHus y(x,k), T.e. coOcTBeHHbIE (PYyHKIUU
3amaun. YeTsIipe MepBhIX COOCTBEHHBIX (DYHKIMH, PACCUNTAHHBIC MPH
nomory anroputma Pynre-KyTThl, mokasansl Ha puc. 8.

Eme pa3 ormerum, 4yTo 00a pHUCYHKAa TONXYYEHBI TPH TTOMOIIN
YHUCJICHHOTO pelleHus 3a1auu (9), a UMEHHO, aJlrOpUTMa IPUCTPEIIKH.
KoneuHo, B HUX JIETKO yrajpIBaeTcs (rapMOHUUYECKHE) aHAIUTUYECKHE
peuicHus.
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