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BCTYII

MeTo0 BHUBYCHHS HABYAJIBbHOI JTUCIUIUIIHA «ACHMIOTOTHYHI METOAU
PO3B’sI3aHHS KpaHOBHUX Ta MMOYATKOBUX 3a7]au» € 3aCBOEHHSI acMipaHTOM CHCTEMaTH4-
HUX 3HaHb 3 ACUMOTOTUYHHMX METOIB PO3B’S3aHHS KpaHOBHUX 1 MOYATKOBHUX 3ajay
JUISL CUHTYJIIpHUX Tu(epeHIiaTbHUuX PIBHAHD 13 3MIHHUMHU KOe(iIlieHTaMH Ta iX cuc-
TEM JJIs OTPUMAHHS aHAJITUYHOTO PO3B’A3KY 3a3HAYCHHX 3a]1a4, 3 METOIO TOJaIbIIO]
e(eKTUBHOI peaimi3allii HayKOBOi MISUTBHOCTI (paxiBIg MPHUKIATHOT MaTEeMaTHUKH Y
ITUPOKOMY CIEKTPI1 MPOOIEeMaTHKH.

OCHOBHMMHU 3aBJIAHHSIMH BUBUYCHHS JUCHMIUIIHU «ACHUMNOTOTHYHI METOIU

PO3B’sA3aHHs KpaOBUX Ta MOYATKOBUX 331w €:

- OBOJIOAIHHS acmipaHTamMu 0a30BUMH 3HAHHSMHU IIOJI0 T1OPUIHOTO ACUMIITOTHY-
HOTO MiAXiy Ha 0a31 MeToy (pa3HUX THTETpaiB;

- 3acrocyBatu TiOpunuuii BKb-T"anbopkin MeTon A0 diHIAHUX AudepeHIiaIbHUX
PIBHSIHB 31 3SMIHHUMU Koe(illieHTamu;

- ONaHyBaHHS JOBEICHHS TEOPEMH NP0 ACHMITOTUYHHHI XapakTep TIOpUAHOTO
BKb-T"anbopkin po3B’s3Ky;

- 3aCBOEHHS OCHOBHMMH erTarnamu 1o0ynoBu riopugnoro BKb-T'ansopkin
pO3B’s3Ky AU(EepEeHIIaIbHOr0 PIBHAHHS YETBEPTOrO MOPSIAKY 31 3MIHHUMHU KOe-
dimieHTaMu;

- 3acrocyBatu TiOpugnuit BKb-I'anbopkin migxon A0 po3B’si3aHHS KpalloBUX 3a-
nad;

- o3HariomiieHHs 3 Ti6pugauM BKB-T"ansopkin po3s’sa3koMm uist piBHsHHS beccens;

- HaOyTTs BMiHHA oTpuMyBatu riopunne BKb-T'anbopkin HabnmkeHHs y KpailoBUX
3a/layax, Mo 3BOAATHCS 10 JIHIMHUX OudepeHlIaTbHUX PIBHSIHb YETBEPTOIO MO-
PAAKY31 3MIHHUMU Koe(illieHTamu;

- HaOyTTs BMiHHA 3HaxoauTu riopuanuii BKb-I"anbopkin po3B’s30k audepeHniiia-
JILHOTO PIBHSIHHSA CIIEUIAIHOTO TUIY 13 3MIHHUMH KO€(1IEHTaMU;

- 3aCTOCOBYBaTHM ACHUMITOTHYHUN MIJX1J 10 PO3B’SI3aHHS KpaloBUX 3a7a4 Ha OC-
HoBl BKb-BapiamiitHoro meropy.

Mixaucuunainaphi 38’ si3ku. Kypc «AcCUMOTOTHYHI METOAM PO3B’S3aHHS
KpallOBUX Ta MOYATKOBHUX 33Jlay» € JIOTTYHUM MPOJOBKEHHSIM Kypcy «Maremaruune
MOJICJIIOBAaHHSI CKJIQJHMX CHCTEM», 3aCTOCOBYE TOCBIJ, OTPUMAaHHUI 3100yBadamu
BUIIIOi OCBITH TIiJl YaC BUBYEHHSI JTUCHUILTIHU «YHCenbHI METOAN PO3B’SI3aHHS MeXa-
HIYHUX 3ana4y». HaOyTi npu BHBUYEHHI JAHOTO KypCy 3HAaHHS HEOOXIJTHI1 JJIi BUKO-
HaHHS TUCEPTAIIAHUX POOIT Ta / a00 MOMAIBIINOI TOCTITHUIILKOT ISITBHOCTI B Tally3i
«MaremaTHKa 1 CTATUCTUKA» Ta IHIINX Taly3siX HAYKU Ta TEXHIKH.



Tema 1 OCHOBHI ETAIIN B PO3BUTKY
ACUMIITOTUYHUX METO/IIB

byap-sxa ¢izuuna teopis, copMyIbOoBaHa Yy BCiil CBOiil 3arajJbHOCTI, IyXKe
CKJaJHa 3 MaTeMaTU4YHOI TOYKHU 30py. ToMy mpu po3poOIli Teopii 1 MoAanbIIOMy il
PO3BUTKY OCOOJHMBY POJIb BIAITPalOTh HAMMPOCTIIII TPAHUYHI BHUITAKH, IO TPUITYC-
KalOTh aHATITHIHUN Po3B’s130K. CaMe 3aBISKH BUKOPUCTAHHIO ACHUMIITOTUYHHX Me-
TOMIB YJIA€ThCSL CYTTEBO CIPOCTUTU MOOYAOBY po3B’sa3Ky. KpiM TOro, aCHMITOTHYHI
MIIXO0IH TICHO MOB’513aH1 3 (PI3MYHOIO CYTTIO TEOPIi, JO3BOJISAIOUN Kpallle MPOHUKHYTH
B Hel. JlocuTh 4acTo 1i METOAM J1al0Th MOMJIMBICTh €IMHOTO MIJIXOIY 10 PI3HUX, HA
NEepIINA MOTIIAM, 3a7a4, JO3BOJISIIOYM BUSBUTH iX MPUXOBAHY €HICTH Ta CIUIbHICTD.
Anle 3HAYHUM HEAOJIKOM AaCUMMOTOTUYHUX METOJIB € JIOKAJIBHICTh OJCPKYyBAHUX
po3B’s3KiB. B ocraHHIi 4yac 0araTo yBaru NpUIIISETHCS METOJAaM, IO JT03BOJISIOThH
PO3LIMPUTH 00JIACTH 3aCTOCYBAHHS ACUMIITOTUYHUX IT1JIXO/IIB.

B nmanoMy Kkypci Jekuii OOroBOPIOETHCA OJWH 13 HOBUX METOJIB 10
PO3B’sI3aHHS KpalloBUX 3a7a4 MaTeMaTUYHOI (PI3UKHU, 1110 3BOJATHCS /10 JIHINHUX JTU-
(depeHIiaabHUX PIBHSAHB 31 3MIHHUMHU KOE(ILIEHTAMU Ta MapaMeTpoOM IpPH CTapIIii
noxinHii, — riopuaauii BKb-I'anbopkin MeTos, sikuii 103Bosie OyAyBaTH HAOIMXKe-
HUM PO3B’S30K HA IIMPOKOMY 1HTEpBaJIl 3MIHU ITapaMeTpa.

3HayHa KUIBKICTh 3a/a4, 30KpeMa MEXaHIKH J1e(OpMIBHOIO TBEPAOTO Tija,
3BOJIMTHCS J0 PO3B’SI3aHHS 3BHYAMHUX JIHIMHUX TU(epeHIliaJbHuX PIBHAHB 31 3MiH-
HUMHU Koe(illieHTaMH, 1[0 BMIIIYIOTh MapamMeTp npu ctapuriii noxiguii. [lomxiGHi pi-
BHSIHHSI, SIK TIPABUJIO, HE MOXYTh OyTH po3B’si3aHil TOUHO. TOMY BUKOPHUCTOBYIOTH Pi-
3H1 HaOJMKEH1 METOIM: TIPH MAJIMX 3HAYEHHSX MapamMerpa — aCUMIITOTHYHI ITiIXO/IH,
3a MEeXaMH MaJloCTi — 4HceNibHl MeToau. [Ipu mpoMy, SIK MpaBuiIO, IHTEpBAJl 3MIHU
napameTpa, Ha SKOMY MOXJIMBE 3aCTOCOBYBAaHHS aCUMITOTHUYHOTO a00 YHCEIBHOTO
METO/Ty, 3aJTUIIAE€THCS HEBU3HAYCHHM.

INopunauit BKb-T"anbopkin MeTo 103BOJIsIE OYIyBaTH JOCUTH TOYHE HAOJH-
YKEHHSI HE3aJIeKHO BlJl BEJIMYMHU MMapaMeTpa IpH cTapiuii noxiaHii. OcHOBHa Yac-
TUHA JICKIIA MPUCBSYEHA JOCIHIPKEHHIO MOXJIMBOCTI BUKOPUCTAHHS T10pUIHOTO
BKb-T'anbopkin MeToy A po3B’si3aHHs KpailoBux 3aaad. [lokazaHo, 1o npu pis-
HUX 3HAQYEHHSX TMapamMeTpa JaHuM mifaxia 3a0e3rnedye JTOCTaTHIO BiJIMOBIAHICTh TOY-
HOMY PO3B’s3KY, KOJIM HOTO MOKJIMBO 3HAWTH, Ta BIJIOMUM HAOJIMKCHHM PO3B’SI3KaM.

3 BuxopuctanHsaMm TiopugHoro BKb-T'ambopkin wmeTomy opepikaHi HOBI
PO3B’S3KM 3aJlay MpO HaANpPyKEHO-IePopMOBaHUN CTaH Ta CTIMKICTh TOHKOCTIHHUX
000JIOHOK, TIPUIATHI Ha MUPOKOMY 1HTEpPBaJIl 3MIHU TTapameTpa. TakuMm 9UHOM, OYyJTu
YAOCKOHAJIEHI B1JIOM1 aCHMITTOTUYHI PO3B’SI3KH IMX 3a]1a4.

3acTtocyBaHHS T1IOPUIHOTO MiIXOY JA03BOJISIE 3HAYHO CIPOCTUTH MOIIYK Oa3u-
cHUX (PYHKIIIH B ME€TO/1 (hpa3HUX THTETPaJIiB.

1.1. OcHoOBHi eTanu B pO3BUTKY ACUHMIITOTUYHUX METOAiB
B nporieci nmi3HaHHA 1 B MparHeHH1 CTBOPUTH JIeTallbHY KapTHHY MPOILIECiB, 1110

B110YBatOTHCSI, AOCIIIHUK MPUXOJUTH JO0 HEOOXIMHOCTI OYyIyBaTH JAOCHTh CKJIAJIHI
MaTeMaTH4YHi MOJIENi, 1110, B CBOI YePry, BUMararTh YHIBEpCaIbHOTO, TECOPETUIHO



OOIPYHTOBAHOTO MAaTEMAaTUYHOrO amapary. AHall3 YCKIAQJHEHUX MOJENEeH YacTo
IPUBOJIUTH 10 CUCTEM AU(epeHIliaTbHUX PIBHSIHB, 1110, SIK MIPABUIIO, HE MOXYTb OyTH
po3B’si3aHi TOUHO. [IJ1 po3B’s3aHHs MOAIOHUX 3a7a4 JAOCITHUK BUMYIIEHUN KOPHUC-
TyBaTHUCS PI3HUMU HAOIMKEHUMH METO/IaMHU, 30KpeMa, aCUMITOTUYHUMH METOIAMHU.

B OCHOBI acMMNTOTMYHUX MIAXOMIB JIEKUTH 171ed PO3BUHEHHS IIYKaHOTO
PO3B’s13Ky B (pOpMaTbHUIA P IO CTEMEHSM JIEIKOro Majoro napametpa. [Ipu npomy
CTETICHEB1 PSAM €, K MpaBuiio, po30ixkHi. [Ipore HaOMMKEeHUN pO3B’ 30K, 3400y THI
HUIIXOM O0pHBY (pOpMaNbHUX PSAIB HA M-OMY YJICHI, BUABIISIETbCS] BEJIbMH MPUIAT-
HUM JUISl IIUJIOTO PSAY MPaKTUYHHUX po3paxyHKiB. OnepxkaHUN TaKUM YMHOM HaAOJIH-
KEHUU PO3B’SI30K MAa€ aCUMITOTUYHHUI XapakTep B TOMY PO3YMiHHI, IO BOHO Ha-
OJIMKAETHCS JI0 BIJMIOBIIHOTO TOYHOT'O PO3B’SI3KY HE MPH 30UIBIICHH] YKCIa M, a IpH
¢dikcoBaHOMY m 1 IIPY HAOIMKEHHI JI0 HyJIsl MaJjioro napamerpa. Uepes Te, 1m0 acuM-
OTOTUYHI METOJM JAIOTh MOXJIMBICTH OJIEP>KAaTH AHAJITUYHUN BHpa3 HAOIMKEHOTO
PO3B’SI3Ky, BOHU MIPUAATHI 1 JIJIs1 TOCTIIXKEHHS SIKICHOI KAPTUHU MOBEIIHKUA PO3B’SA3KY
Ha JeSIKOMY 1HTEpBaJll HE3aJIEKHOI 3MIHHOI.

He craBnsum 3a MeTy AaTH MNOBHHM OV 1O 1CTOPii BUHUKHEHHS 1 PO3BUTKY
ACUMIITOTHYHUX METOJIB Ta iX 3aCTOCYBaHb 1 MOCHJIAIOUYHCh Ha TaKl (PyHIaMEHTaIbH1
JOCIIIJKEHHS B 1M 0o0nacTi sk [7-9] Ta 1H., JaHWI PO3LN JIUIIE CTUCIIO XapaKTepu-
3y€ Cy4acHUM CTaH aCUMITOTUYHOI TEOPIii.

OcHoBu acumnroTmyHuM MetogaMm 3aknanu me K. Dyp’e, XK. Llrypm,
K. Jliysuwne [10]. OnHuM 13 yHIBEpcadbHUX METOJIB PO3B’SA3aHHS 3MIMIAHUX 3aJ]a4
MateMatuyHoi ¢izuku € meron Dyp’e, 3anpononoBanuii HuMm B 1807 p. Lleit meTon
MPUBOJUTH IO KPaOBOi 3aj1ayi, SIKa OMUCYETHCS 3BUUAWHUM AU epeHIliaTbHUM PiB-
HSIHHSIM, 110 MICTHUTH Jedkuil mapameTp. OCKUIbKU Takl AudepeHIlianbHl piBHIHHS
MaroTh 3MIHH1 KO€(IIIEHTH, TO BOHU, SIK MPABHUIIO, HE IHTETPYIOThCSA. TUILKU B OKpe-
Mux Bumnajakax Oyp’e Baanocs 3HalTH pO3B’SI30K 3a3HAYCHUX AU EpeHIliaIbHUX PiB-
HsiHb. L1 po3B’s3KK HA3UBaIOTh 1IE GyHAAMEHTAIBHUMH (PYHKIISIMH.

B 1838 p. pesynpraTtn ®@yp’e Oynu y3aranbHeH1 JliyBiuiem [10], sikuii 3ampo-
MOHYBaB METOJI PO3BUHEHHS JOBUIBHOI (PYHKIIT B psif MO PyHIaMEHTAIbHUM (DYHK-
LiAM KpaloBOi 3a/1aul, 3a4aHOi JIHIHHUM TU(EpEeHLIAIbBHUM PIBHSHHSIM JAPYroro mo-
PAAKY, 110 MICTUTh Benukuil mapamerp. Jani JliyBuLIb, BUKOPUCTOBYIOUM JIESIKI pe-
synpratu lTyp™my, po3B’si3aB 3amady mpo MmoOyAOBY aCUMITOTHYHUX (HOPMYI AJis
bynaameHTaIbHUX (QYHKIIN TudepeHiianbHOr0 pIBHAHHA MOPSAKY N 31 3MIHHUMU
Koe(imieHTamu.

3aBAsSKU MpalsiM MUX YYSHUX Teopis moOy0BH PO3B’S3KIB Iu(epeHIiaTbHUX
PIBHSIHB, 1[0 MICTATHh MapamMeTp, y BHUTIISAAI aCHMOTOTUYHUX (DOPMYI CTana JOCHUTH
MIBUAKO po3BHUBaTHUCh. [IpoTe i1 3acTocyBaHHS OOMEXYBaJIOCh JIMIIE 3’ SICYBaHHSM
XapakTepy 301’KHOCTI PO3BUHEHHS JOBUIBHOI (YHKINT B pax Mo GyHIaAMEHTAIBHUM
dbynkmisim. Hagami BusBWIOCH, MO I TEOpiss MoOXke OyTH 3acTocoBaHa O
pO3B’sA3aHHsl OaraThOX MPAaKTHYHUX 3adad. Tak, B mpausx Paynepa, Jlokka 1 [e-
Cmaap pesynbratu JIiyBiUIst Oy 3aCTOCOBaH1 10 PO3B’s3aHHS HAOIM)KEHUX PIBHSHb
pyxy cHapsana. [le-Crnaap BUKOpHUCTaB 1€l METOJ] NPU PO3B’sI3aHHI 3a/1a4l 00epTalib-
HOTO pyXy cCHapsga. ACHUMNOTOTUYHUN XapakTep poO3B 3Ky, ojepkaHoro [le-
Cnaapowm, OyB nokazanuii ['opHOM.



Benuke 3HaueHHS JUIsl pO3BUTKY aCUMITOTHYHOIO 300pa)XXeHHsI PO3B’SI3KIB JH-
depenmiaTpHUX piBHSIHL Maia 3HameHuTa npams A. [lyankape [11], B sikiil BiH cuc-
TEMaTHU3yBaB 1 3HAYHO PO3BHHYB aCUMNOTOTHYHY Teopito. Inmei Ilyankape moxmanm
MOYaTOK METOY Ae(POPMOBAHUX KOOPIUHAT, PO3BUHEHOMY IICHIS MHOT0 JIaUTX1/I10M
1 pAIOM 1HIIUX YYECHUX.

[Ipote mi gOCHIIKEHHS BIAHOCWINCH 10 y3arajllbHEHHs pe3ynbTariB JIlyBULIA 1
3BOJMIIMCH [0 CAMOCHPSDKEHUX AudepeHIlianbHuX piBHSAHB 1 iX cucteM. L{i oOme-
»keHHs1 Oy 3HATI B npaisix JI. [lnesinrepa [12], I'. Bipkroda [13], A.J1. Tamapkina
[14].

B 1936 p. Buitnuta npans Tpikit3iHchKoro [15], B sikifi TaHO MOBHUMN BUKJIA]
CTaHy MUTAHHS PO ACUMIITOTUYHE 300paKEHHS SIK OKPEMUX, TaK 1 CUCTeM U]epeH-
[1aJIbHUX PIBHSHB, 110 MICTSTh BeJIMKUM ntapameTp. Kpim Toro, B 1miit npaii Oyna y3a-
rasibHeHa  Teopis  Illnesinrepa—bipkroda—Tamapkina Ha  JTiHIAHI  1HTErpo-
mudepennianbHi piBHAHHA. B 1940-1945 pp. Buiinum nparmi B.C. Ilyrauesa [16], B
AKUX ACUMITOTUYHE 300pa’KEHHS PO3B’SI3KIB AA€THCS B OUIBII 3arajJbHOMY BUIJISIL,
10 JTO3BOJIMJIO PO3IMIMPHUTH 00IACTh 3aCTOCYBaHHS ACUMIITOTHYHUX METOIB 1 PO3MO-
BCIOJINTH iX Ha 1HIII KJIacu AU(EepeHIIaIbHUX PIBHAHbD.

[.M. Pannonopt [17], BukopuctoBytoun pe3yibratu B.C. IlyraueBa, noOyay-
BaB IEPETBOPEHHS, SIKI 3BOJATH IIMPOKHUM Kiac audepeHlladbHuX pIBHSIHB 0 Tak
3BaHOi CUCTEMH L -AiaroHagbHOTO BHUTJISAY, JUIS PO3B’S3aHHS SKOi HUM OyJIrd BHUBE-
JIEHl aCUMIITOTUYHI (OPMYJIM BITHOCHO HE3QJIEKHOI 3MIHHOI t B OKOJI TOYKH
t =+oo. Inei B.C. IIyrauesa, C.®. ®emeHko [18] BUKOpUCTaB NpH aCUMIITOTUYHOMY
PO3IICTUICHHI CUCTEMHU JIHIMHUX NU(EepeHiaIbHUX PIBHSHB 3 MTOBOJI 3MIHHUMHU KO-
edimieHTaMu.

Jlo poOIT MO aCUMITOTHYHOMY 300paKeHHIO PO3B’SI3KiB HEOOXI1THO BiIHECTH
takox [19] 1 [20], B sIKuX MpoBeIeHEe aCUMIITOTUYHE PO3IICTUICHHS CHCTEM JIIHIMHUX
nuepeHIiaTbHUX PIBHSIHB, IO MICTSTh BEJIMKUI MapaMeTp, Ha MiJICUCTEMU HUKYO-
TO TTOPSIZIKY.

3aKiHYyIOYM OTJISA KJIACHYHHMX Ipallb, IO BIJHOCITHCSA IO aCHMITOTHYHOTO
300paKeHHSI PO3B’S3KIB JAU(PEPEHIIAIbHUX PIBHSAHb, SIKI MICTATH MapaMeTp, Tpeda
B1/I3HAYUTH BHECOK TaKUX JOCHIIHUKIB, Ak B. Bazos [21], JI. Yezapi [22], P. Jlanrep
[23], H.M. Kpuiios, M.M. boromo60s, F0.0. Murpononscekuii [24-26], siki nmokna-
JIA TTI0YAaTOK HOBMM aCHMIITOTHYHHMM METOJaM B HEMHIMHIM MexaHiml. L{1 MmeTonu €
YHIBEpCAIBHUM arapaToMm Uil AOCTIHKEHHS KOJUBHUX mporieciB. Habmmkeni dop-
MYJIH, OICpKaH1 3a IOMMOMOTOI0 acUMIITOTHYHUX MeToiB Kpunosa 1 boromo6oBa, He
MICTATh CHHTYJISIPHUX WICHIB, IO JA€ MOKJIUBICTh MPOBECTH JOCIIIKEHHS KOJIUBHO-
o Mpolecy, X04 1 Ha KIHIEBOMY, ajie JOCTaTHhO BEJIMKOMY 1HTEpBal 3MIHU He3aJe-
YKHOT 3MIHHOI t .

bazytounce Ha metomax Kpwioa 1 boromo6oBa, MuTpomnoibChbkuii CTBOPHUB
cBiit MetoA [27], AKui T03BOJIMB HOMY JOCHIAUTH HECTAI[IOHAPHI KOJUBHI IIPOIIECH B
cucteMax 3 ojHiero 1 Oaratbma cTyneHsMu Bojdl. HO.O. MutponoibChkuil BHepiie
JOCITIINB BEJIbMU CKJIQ/IHI SIBUILA TTPOXOIKEHHSI CUCTEMH KpPi3b BHYTPIIIHIN 1 30BHi-
IIHIHA PE30HAHC IMPH BIUIMBI HA CUCTEMY MaJIUX 30ypeHUX NEPIOJUYHUX CUI. ACUMII-
TOTUYHI METOAX MUTPONOILCHKOTO CIPABUIIN IIOAOTBOPHUI BIUIMB HA AOCIIHKEH-
HS IIJIOTO PAAY SIK JIHIMHKUX, TaK 1 HEMHIMHUX, Tu(epeHIliaapHuX PIBHAHB. 3a JI0T0-



MOT'OI0 IIMX METOIB OYyJIM BUBYCHI HAMBAXKJIMBIII MUTAHHS SKICHOT Teopii AudepeH-
[laTbHUX PIBHIHB, @ TAKOXK BUPIIICHUN Psi/I TEXHIUHUX 3aBIaHb.

Inei FO.O. MuUTpomnonbCcbkoro oaepkaiu CBiil MOAATBIINN PO3BUTOK B Mpallsx
rioro uucinenHux yuHiB: b.I. Moceenkosa [28], B.Il. Py6anuka [29], O.b. JIukoBoi
[30], B.I. ®omuyka [31], O.M. Camoiinenka [32], J.I. Maptunioka [33], B.I'. Kozo-
muing [34] Ta iH.

Cropenuii M.M. boromto0oBum meTon ycepeaHeHHs [35] onepxaB mojaib-
muid po3BuToK B mpansgx FO.O. Mutponosnbcskoro [36], B.M. Bosocosa [37], LI
I'ixmana [38], M.A. Kpacuocennscbkoro 1 C.I'. Kpeitna [39]. I3 ocTaHHIX AOCIIIKEHD
o 1[bOMy MeToay Tpeba BuzHauuTH [40], 1€ METOA ycepeaHEHHS! BUCOKOTO MOPSIIKY
3aCTOCOBYETHCS /I yMOBHO MEPIOAUYHUX CUCTEM.

Xou acumnrotuuHi Metoau Kpunosa, boromo6osa 1 MUTpONOnIbChKOTO CTBO-
peH1 JJi CIEeIaJbHOTO BUAY HENMIHIMHUX NU(epeHIiaibHUX PIBHSAHB (PIBHSHB 3 Ma-
JIOI0 HEJIIHIWHICTIO), 1X 1J1e1 CIIpaBWJIM BEJIMUE3HUN BIUIUB HA JOCHIIPKCHHS JITHIMHUX
mugepeHIiaTbHuX PIBHAHD 31 3MIHHUMU Koedimientamu. [.3. IllTtokano [41] ctBopuB
METOJI, SIKHW JTO3BOJISIE YCTAHOBUTHU KPUTEPIi CTIMKOCTI 1 HECTIMKOCTI pO3B’SI3KIB JIi-
HIMHUX CUCTEM JAU(PEPEHIIAIbHUX PIBHAHb, 0 MICTATh MAJIHI mapaMeTp.

I'.I. biprok [42] 1 [.I. KoBTyH [43] y3aranbamiu pe3yibtatu [Tokana [41] nns
HEJIIHIMHUX PIBHSHb HA BUIAJ0K HECKIHUEHHOBUMIPHHUX IIPOCTOPIB.

[IuTaHHAMH 3BIJHOCTI CUCTEM JIHIMHUX OU(EpeHLIaTbHUX PIBHSIHb, IO MIC-
TATh BEJMKUN mapametp, 3aiimaBcsi K.A. bpeyc [44]. HuMm nokazaHo icHyBaHHS Tepi-
OJIMYHOI aHATITUYHOI MATPHIl, 32 JOMOMOIOI0 SKOi MOYaTKOBY CHCTEMY JIHIMHUX
nudepeHIiaIbHUX PIBHSIHB 3 TEPIOJUYHUME KOoe(DilliEeHTaMH MOKHA MPUBECTHU JI0 CH-
CTeMU JU(EPEHINIATBbHUX PIBHAHD 3 TOCTIMHUMH KOE(iIl1EHTAMHU.

Psn pyHmaMeHTansHUX TEOpEM IO Teopii 3BITHOCTI AU EpEeHITIabHUX PIBHIHB
onepxani H.I1. €pyrinum [45]. HuM oka3zaHa TakoX MOXJIUBICTh 3aCTOCYBaHHS Me-
TOAY YCEpPEIHEHHS J0 NeSIKUX Au(epeHIialbHUX PIBHSAHD 3 MOBOJI 3MIHHUMHU KOedi-
mieHtamu [46].

[Tpami C.®. ®emenka [47, 48], mo 3’sBunucs B 1948-1949 pp., noknanu noya-
TOK CUCTEMAaTUYHOMY BUBUYEHHIO AU(EpEHIIadIbHUX PIBHAHD 3 MOBOJII 3MIHHUMU KO-
edimientamu. C.®. DemreHko [47] po3risiHyB pe30HAHCHUM 1 HEPE3OHAHCHUM BUMA-
K1 AUQepeHIialbHOro piBHAHHA Apyroro nopsaky. Hum OyB goBeneHuii acUMMITO-
TUYHUUN XapakTep NoOyAoBaHMX po3B’si3kiB. KpiM Toro, BiH IOBIB BEJIbMHU BaXKJIMBI
TEOPEMH, IO BIIHOCATHCS IO PO3MICIUICHHS CHCTEM JIIHIMHUX AudepeHIiiaIbHuX pi-
BHSIHb.

Pesynasratn C.®. ®emenka [47] Oynu 3actocoBani [.H. Capinum, B.H. [le-
Bemwto, O.I. Kyxiem 1 O.A. Topomxko [49-50] no 3HaxomkeHHS HAOIMKEHUX
PO3B’s3KiB TU(PEPEHINIATBHOTO PIBHSIHHS, K€ OMKUCYE 3YCUIUIS, 1110 BUHUKAIOThH B II1a-
XTOBHUX HITHIMAIBHAX KaHATaX.

Teopiss acHMNTOTUYHOTO po3iierieHHs, po3poosieHa C.D. demenko [8] mis
CKIHUEHHOBHUMIPHUX MPOCTOPIB, Oyja 3BepHyTa HAa HECKIHYEHHOBUMIpPHI MPOCTOPHU
FO.A. Haneupkum [51-52] 1 C.I'. Kpetinom [53]. Ili3Himie pi3HOMaHITHUMH MTUTAHHS-
MU Teopii aCUMIITOTUYHOTO posmieruieHHs 3amanucs M.I. Ilkine [54-55], M.M.
CrapyHn [56], A.T'. lmroxin [57] Ta iH.



dyHaaMeHTallbHI pe3yJIbTaTH MO JOCTIHKEHHIO NudepeHIliaIbHUX PIBHSIHD 3
MaJIuM MapaMeTpoM TPH YaCTHHI MOX1THUX, Y SK MPUHHATO IX TEHep HA3WBaTH, CH-
HTYJISIpHO 30ypeHuX piBHSHB, onepkaB A.M. Tuxonos [58-59] (cmouatky st ofHO-
TO PiBHSHHS, a IICJIA [IbOTO I CHCTEM TAKMX PiBHSHE). Moro ixei 3HaiLIM CBOE Bi-
noOpakxeHHs B Mpalsgx 0araThboX JOCHITHUKIB. Tak, CHHTYJISApHI JIiHINHI AudepeHItia-
JbH1 PIBHSIHHS 3 MAJIMM MMapaMeTPOM MpPU YACTHHU MOX1THUX JTOCIIKYBAJIUCh TAKOXK
[.C. I'papmrreiinom [61], B.M. Bonocosum [62], K.B. 3agupaxoii [63].

BenbMmu BaxiMBI pe3ysbTaTd B MUTAaHHI ACUMITOTHUYHOTO 300pa)KeHHS
PO3B’SI3KIB TaKMX PIBHSHB ojiepkaHi A.b. BacunbeBoro 1 i1 yunsmu [64-65], ski 3a-
CTOCOBYBAJIM TIPHU MOOY/I0BI aCUMIITOTUKH PO3B’SI3KY CHUHTYJISAPHUX PIBHSHb METOJ
MIPUMEKOBUX (PyHKIIIM. MaTeMaTH4H1 OCHOBHU IIbOTO METOy OYJIM 3aKJIaJIeH] B Mpaiii
M.I. Bimmmka 1 JI.A. Jroctepauka [66] B 1957 pori. B ocranHiii yac MeTo1 MpUMEKO-
BUX (PYHKIIIHf HaOyB CBOIO MOJANBIIOTO PO3BUTKY. Tak, MOKHa Bi3HauuTH [67], B
AKIA 1MOOYJOBaHO aCUMITOTUYHE PO3BUHEHHA 3anaui Ko, onucaHoi BUPOIKEHOIO
CUCTEMOIO PIBHSHb, IO y3arajJbHIO€ Biome po3BHHEHHS A.b. BacunbeBoi. B [68]
ONMHMCAHUN AJITOPUTM MOOYJOBU KYTOBUX INPUMEKOBUX (PYHKLIA y pa3l KyCKOBO-
TJIaIKUX KPAalOBHUX YMOB.

[IIupoKo 3aCTOCOBYETHCSA MPHU PO3B’SI3aHHI PISHOMAHITHUX 3a/ad METOJ 3pO-
IIyBaHUX aCUMOTOTUYHUX PO3BUHEHb. Lleil miaxi € y3araJbHEHHSAM Teopli mpume-
YKOBOTO IIapy. Ines jJokanbHOI 1 rI00anbHOl anpoKcUMalii (BHYTPIIIHBOTO 1 30BHi-
ITHBOTO PO3BUHEHD), MICIS BOTO 3POIIYBAaHUX, 3ACTOCOBYBAJIACH JI0 OKPEMHX 3ajad
e B MUHYJIOMY BiIll JEIKUMH BIJOMUMH YUYCHHMH, TounHaroun 13 Jlammaca. ITicns
OTO 114 i71es Oyna po3BuHyTa B npansx JI. [Ipannris 1 y3araibHeHa HUM B METOJ
PO3B’sI3aHHS CUHTYJISIPHUX PIBHSHB. 3HAYHUI BHECOK Y PO3BUTOK IILOTO METOJY BHIC
Ban-/laiik [69-70]. I3 ocTanHIX IOCTIKEHb TI0 BUKOPHUCTAHHIO IIbOTO0 METOy Tpeda
Big3HaunTH [71-72]. KpaiioBi 3amadi, 1110 OMUCYIOTHCS SIK 3BUYAWHUMH PIBHIHHIMH,
TaK 1 pIBHAHHIMU 3 YACTUHHUMM TOXITHUMU 1 MICTATh MAJIMK MapaMeTp, AOCTIIKEH1
B [73-74 ]. Tpeba Bia3HAUUTH TaKOXK [75-79], B SIKUX 3a JOMIOMOTOI aCUMITOTUYHUX
METO/IIB OJIEp>KaHI I[IKaBl pe3yiabTaTH Uil AudepeHialbHUX PIBHAHD 3 NEPIOJUYHH-
MU Koe(DillieHTaMH 1 MaJIUM ITapaMeTPOM IPHU MOXITHUX.

B ocrtanHi poku 3a 1OMOMOTOI0 aCUMOTOTHYHUX METOJIB 0YyJIO po3B’si3aHO Oa-
rato npakTUyHuX 3anad. Tak, B [80] meToau 30ypeHHsI 3aCTOCOBYIOThCA A0 3ajadi
HAIlIJIEHHS IPOMEHIB B T'JIPOAKYCTUYHOMY XBHJIEBO/II 31 C1a0KO 30ypEHOI0 HUKHBOIO
Mmexero. B [81] moOymoBaHmil anropuTM aCUMITOTHYHOI JIOKami3allii 3a1a4 po3CisH-
HS 3 HEKOOPJAMHATHUMU KOpJIOHAMH. BUKOpHUCTaHHS METOMy OCepeaHEHHS /10 3a/aadl
po GIIBTPAII0 PO3MEUCHOTO Ta3y Yepe3 MOPUCTE CEPEIOBUIIE T03BOJIUIIO OJIepKa-
TH JIOCTaTHHO MPOCTI TU(EPEeHITIaTbHI PIBHIHHS 1 aHANTHYHO JOCTIIUTH TETUIOBHMA
pEeXUM aKTUBHOI 30HU aBapiriHoro ooky YHAEC [82].

Baxxko mepeomiHUTH pojib aCUMOTOTHUYHUX METOIB TMpHU PO3B’s3aHHI 3a7ad
MexaHiku. Tak, 3HaUHUN PO3BUTOK Cy4acHI aCUMITOTHYHI METOJU OJACPKAJId B TEO-
pii TIacTUH 1 000JIOHOK, JIe HAsBHICTh MaJoro mapaMeTpa IUIKOM O4€BHUIHA. 3 BUKO-
PUCTaHHSIM METOJIIB KUIBKOX MaciuTaliB 1 ocepeaHeHHs B [83] po3B’si3aHa 3amada
PO HarpykeHo-1ePopMOBaHUN CTaH peOpucTtux 000sioHOK. B [84] 3a momomororo
MeToay bosioTiHa MPUBOAUTHCS aHATITUYHUN PO3B’A30K 3a/1aul MPO HEHINHI KOJIHU-
BaHHS MMOJIOTO1 [MIIHIPUYHOI 0OOJOHKH.
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Tema 2 TIBPUJHUN ACUMITOTUYHWN IIAXIJ
HA BA3I METOY ®A3HUX IHTEI'PAJIIB

2.1 Meton ¢a3uux interpanis (merox BKB) Ta iioro 3acTocyBanus

Cepeo beszniui acumnmomuyHux memooie ocooiuse micye 3aumae memoo gasz-
HUx inmezpanie (a6o memoo BKbB [85]), sikuti € docmamubo nomyscHuUM HAOIUICe-
HUM Memo0oM pP0o38 SA3aHH OUpePEeHYIATbHUX PIBHSHb 3 NAPAMEMPOM i WUPOKO 3d-
CMOCOBYEMBCA 6 HAYYI I MEeXHIYL. 36UUatiHO yell Memoo 0OMeHCYEMbCI 3HAXOONHCEH-
HAM MINbKU NEPULO20 YleHa ACUMNIMOMUYHO20 PSO).

Cnouatky MeTo]l (ha3HUX IHTETPaIiB 3aCTOCOBYBABCS JI0 PIBHSIHb BUIY

2
?ﬂx\gv‘FhZQ(X,h)W:O, (1.1)

ne h — Benukwuii mapamerp; q(x, h) — nesika PyHKIIis.

[Ipu nesikux ymoBax Ha (| HAOJMKEHI PO3B’SI3KH I[LOTO PIBHSAHHS MalOTh BU-
W0

w=gq " exp| <ih [ \/qdx 1+0(%} . (1.2)
0

®opmynu (1.2) mepectatoTh OyTH BIpHUMH TMOOJIM3Y TOYOK MOBOPOTY — 3HA-
YeHb HE3aJIeKHOT 3MIHHOT X, B AKUX (QYHKIIIS q(x, h) MEPETBOPIOETHCA HA HYJIb.

Ak nume B cBoix mociimkeHHsx Jk. Xeminr [85], mepine 3acTocyBaHHS Ha-
onxeHux po3B’sa3kiB o Meroay BKbB nanexuts Kapiini [86], sxuil po3risiHyB cre-
1laJbHE PIBHSIHHS, 110 HA3UBAETHCS TENep pIBHAHHAM beccens, 1 onepxkaB HaOIMxKe-
HUM PO3B’A30K LBOTO PIBHSHHS NPH BEIMKUX 3HAYECHHSX HE3aJEKHOI 3MIHHOI.
Jliysuib [10] 1 I'pin B 1837 poui noOyayBany aCUMOTOTHYHI PO3B’SA3KU ISl OLTbII
3arajibHUX PIBHSIHB, alie TUTbKU B TUX 00JaCTSAX HE3aJEKHOI 3MIHHO1, [0 HE MICTAThH
TOYOK MOBOPOTY. 3HAUHUI BHECOK B TEOPIIO ICHYBAHHS aCUMIOTOTHYHUX PO3B’A3KIB
Ha 1HTEpBaJi, BUIbHOMY BiJl TOYOK MOBOPOTY, BHIC XOpH.

Yumanuit po3sutok y ctBopenHs: Metony BKbB BHic [Ix. Ctokc, axuil BcebiuHO
BUBYMB PIBHSHHS, 1110 Ha3UBAETHCS 3apa3 piBHAHHIM Epi. Came iloMy HaleKUTh Biji-
KpUTTS (PaKTy pO3PUBHOCTI ACUMOTOTHUYHUX (HOPMYJT IPH JTOCATHEHH] MMEBHUX JIHIHN 1
crioco6u o0y 10BH HETIEPEPBHUX aCUMITOTHUK.

Cucremarnuno BKb-nabmmkenHs: ctocoBHO piBHSHB Buay (1.1) cramu 3acto-
COBYBATHCh TUIbKH micis mosiBu pobit Bentnens, Kpamepca, bpimmoena i Ixe-
bdpica.

Bcebiuno edexTH, MoB’si3aH1 3 TOUKaMu OBOPOTY, nocuiaus ['ane B 1915 pori
y 3B’SI3KY 3 PO3MOBCIO/I)KEHHSIM CBITJIa B ITOBOJII 3MIHHOMY IIapyBaTOMY CEpPEIOBUIIII.
B 1920 poui ®aynep, BUBUaOUYM aepoJArMHAMIKy 00€pTOBOIO CHapsija, MPUUILIOB JI0
CUCTEMU TPETHOTO MOPAJIKY, IO CKIAAAETHCS 13 ABOX OAHOPIIHUX AUQPEPEHIIATBHUX
piBHsIHB. BukopucTtoBytoun meto XopHa, BiH 30y/lyBaB JJIsl IUX PIBHSHb CTaHAAPT-
H1 BKb-po3B’s3ku.
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Tlxeddpic, posrasaaroun QyHKIii MaTtke B 3B’ 13Ky 3 BUBUCHHSIM BUIBHHUX KO-
JUBaHb BOJM B €JIINTHUYHOMY 03epi, Brepiue cuctematusyBaB BKbB-po3s’ssku, Bu-
BYAIOYH TOJIOBHUM YHHOM €(DEeKTH, OB’ s13aH1 3 TOUKaMU MTOBOPOTY.

Ongep [87] nocnigu BenuunHy moxuOku BKb-po3B’s3kiB 1 3acTocyBaB oaep-
KaHl HUM pe3yJbTaTu A0 QYHKIH napabomiyHoro mumHapy 1 yukmiit beccens Be-
JMKOTO TOpAKY. Takok BiH PO3IIIIHYB PIBHSHHS 3 IBOMa TOYKaMH IOBOPOTY, TOU-
HUH pO3B’s30K SIKOTO MOXe OyTH BHpakeHHi depe3 (yHkimii Bedepa. Omsep [87]
0JIep>KaB aCUMIITOTUYHI PO3BUHEHHS JIJII PO3B’SA3KIB, MPUJIATHI Y BCI KOMIUICKCHIM
o0nacTi, 3a nonomororo HabmmxeHbs BKb 1 HaOmmkeHsp, 110 BUKOPUCTOBYIOTh (DYHK-
uii Epi. Xeminr [85] po3riisiHyB piBHSHHS 3 JOBUJIBHUM YHCJIOM TOYOK IMOBOPOTY 1 BU-
BYUB 00JIaCT1, B IKUX aCUMIITOTUKA € PIBHOMIPHOIO.

3HayHUl BHECOK B po3BuTOK Mertoay BKB BHecnu Takox Illnesinrep [12],
bipkrod [13], Tamapkin [14], Bazop [88] Ta iH., siKi MOOyayBaJii aCUMOTOTHYHI
PO3B’S3KM JHIMHUX AU(PEPEHIIANbHUX PIBHSIHb 1 OMHOPIAHUX CUCTEM JIIHIMHUX -
dbepeHLiaNbHUX PIBHSAHB B 00JIACTSIX, 1[0 HE MICTATH TOUOK MIOBOPOTY.

Barato nikaBux imeil ctocoBHo BukopuctanHs merony BKbB no cucrem 3Bu-
YallHUX JIHIAHUX JUQEpeHIliaIbHUX PIBHSAHb MICTUThCS B mpamsx M.M. MoiceeBa
[89-90] i C.P. Crina [91-92].

PiBHSIHHAMH 3 TOYKaMU MOBOPOTY 3aiimManuch JlopoaHiuuu [93], Panmomnopt
[17], JTanrep [94].

B [74], [95] meTron BKDB omnucanuii B 3acTocyBaHHI JI0 JIHIMHUX audepeHIia-
JLHUX PIBHSIHB 3 YACTUHHUMU TTOX1THUMHU.

[caytoTh cipo6u Bukopuctanua metoxy BKb He Tinbku 115 TiHIAHUX PIBHSHb,
ajyie TakoX 1 JUIsl pAMy HEMHIMHUX nudepeHnianbHux piBHsAHb. Tak, B mpar B.IL.
MacnoBa [96] npornonyetbest komruiekcHuit metos, BKbB mist po3B’si3ky HemiHIHHUX
3a/lay KBAaHTOBOI MEXaHIKW, PIBHSHHS KpUCTAIIYHUX TrpaTiB Ta 1H. Onepkai
PO3B’S3KHU JIOKAJII30BaH1 B OKOJI JI€IKUX KPUBHUX YM MOBEPXOHb. KOHCTPYKIIis TaKux
PO3B’S3KIB ONUPAETHCS HA TaMUIBTOHIB (POPMaJi3M MEXaHIKM BY3bKHX >KMYTKIB 1 Bi-
JIOM1 COJTITOHH1 PO3B’S3KH BIJIMIOBIIHUX JTBOBUMIPHUX 3a]1a4.

[lixaBuit miaxij A0 pO3B’sI3aHHS HENIHIMHUX 3aJad JTUHAMIKH HEOJHOPITHUX
MEXaHIYHHUX cUcTeM 3a Jomnomororo Metoay BKb 3anpononoBaHumii B mpansgx aBTopa
1 ioro yuHiB [97-99]. e niaxia rpyHTYEThCS Ha 171€i NOJBIMHOTO aCUMITOTUYHOIO
PO3BUHEHHS, SIKE BUKOPHUCTOBYETHCS IJI OJEP)KaHHSA PO3B’SI3KY B OyIb-SKOMY Ha-
OV KeHH1 B 30BHIIIHINA 1 BHYTpIIIHINA acuMmnToTHKkax. [Ipum moOynoBi BHYTPIIIHBOT
ACUMIITOTHKN BUKOPUCTOBYETHCS METOJT (ha3HUX IHTETPAITIB.

2.2 PO3BUTOK TiOPpUIHOI0 ACUMITOTHYHOTO MiAX01y

3 pO3BUTKOM OOUYMCITIOBAILHOI TEXHIKM B OCTaHHI JCCATHUPIUYS 3pOCIO 3HA-
YEHHS! aCUMIITOTUYHUX METOMIB, IO 3aCTOCOBYIOTHCS UISI PO3B’sI3aHHS PI3HOMAHIT-
HUX 3a7a4 pa30M 3 YUCJIIOBHMH METOJIaMH, MPHU IIOMY JOMOBHIOIOYHM OJIMH OIHOTO.
Tak, HanpukJaj, B 0araTboX BHUIAJIKaX ACUMITOTUYHUN BHpa3 3py4YHO BUKOPUCTOBY-
BaTU SIK HYJIbOBE HAOJMXKEHHS MPU YMCIOBUX PO3paXyHKax. Alie HallOUIbII TMOBHO
B32€MO3B 30K YHCJIOBUX 1 ACUMITOTUYHUX METOJIB MPOSBISIETHCS B TOMY, IO OJ-
HUM 13 ICTOTHMX MOMEHTIB B TEOPii TOTO YH IHIIOIO YHCIOBOIO METOJIY € JOCIHi-
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JUKEHHSI aCUMIITOTUYHHMX BJIACTUBOCTEH JESKUX PIBHSAHD, SIKI BiANOBIIAIOTH I[OMY
MeToy. Tak, pi3HHUIIEB] CXEMHU JIJIsl YUCIOBOTO PO3B’SI3KY AU(EPEHIiaIbHIX PIBHIHD
[100-102] wmicTste nesikuii Manuii mapamerp h (Kpok), i IpW BUKOPUCTaHHI TaKOl
cxemu Tpeba OyTH YIIEBHEHHM, ITI0 PO3B’S30K PI3HUIIEBOI CUCTEMHU, BIAMOBIIAIOYO]
HaJaHI{ cXeMi, MPU JOCTATHRO MAIMX h OJIM3BKO 0 PO3B’SA3KY BUXITHOTO AUdEpeH-
iaTbHOTO piBHIHHS. Tak camo, mpu perynspusaiii HEKOPEKTHO MOCTaBICHHUX 33134
[103] BBOOUTHCS MOTIOMIKHE PIBHSHHS, [0 MICTUTh MM PETyJIApU3YIOUNN Iapa-
METp, 1 TIUTAHHS TOJIATa€E Y BCTAHOBJIEHHI OJIM3BKOCTI (110 PO3YMIETHCS B JICSIKOMY
MIEBHOMY 3HAY€HHI1) PO3B’sI3KYy I[bOT'0 JOIMOMIXKHOTO PIBHSHHSA J0 PO3B’SA3KY BUX1THOT
3ajaqi.

Inest moenHaHHS ACUMITOTUYHUX METOJIIB 3 YUCIOBUMHM IMOKJIAJEHA 1 B OCHOBY
I1JIX0/Ty, HaBEJICHOTO B 1111 poOoTi. BCi aCMHMIITOTHYHI METOIM MAKOTh PSJ HEJOIKIB,
TOJIOBHUM 13 AKUX € 0OMEKeHa 00JacTh 3aCTOCYBaHHS aCUMITOTHYHUX PO3B’S3KiB.
[Ipu 3011bIIEHH] MAJIOTO NapamMeTpa MoxuOKa IUX METOMAIB Pi3Ko 3pocTae. BuHukae
HEOOXITHICTh 3aJIy4eHHS B pO3B’SI30K BCE OUIBIIOT KUIBKOCTI WIEHIB pPO3BUHEHHS, 110
B OLIBIIOCTI BUNAJAKIB ICTOTHO 30LIBIIY€E CKJIAAHICTh 004KcieHb. Came TOMYy BUHU-
Ka€ HEOOXIHICTh «IOJIMIIEHHS» ICHYIOUOTO aCUMITOTUYHOTO PO3B’s3Ky O€3 3aiy-
YEHHs OUIBIIIOrO YUCIIA YIEHIB PO3BUHEHHS.

3HayHa yBara B OCTaHHIM 4ac MPUILISETbCS METOJIaM, SIK1 JI03BOJISIFOTh HA0JIH-
YKYBaTU TOUYHUN PO3B’A30K MPH Pi3HUX 3HAYEHHAX napameTpa. Came 10 TaKuX MigXo-
JiB MOkHA BijiHecTH [lane-anpokcumaliii, 3pollyBaHHs TPAaHUYHUX aCUMIITOTHK, Me-
TOJ peHOpMaJIi3allli Ta iH. Y KOKHOTO 3 IIUX METOIIB € CBOi CHIIBHI 1 CJ1a0Ki CTOPOHH.

[Ile omHUM MAXOMO0M, SIKMM «IOJIMIIYE» PO3B’A3KU, OTPUMaHI 3a IOMIOMOTOI0
METO/IB 30ypeHHs, € TIOpUIHUN aCUMOTOTUYHUNA MeToA. BiH IpyHTYEThCS Ha TOE-
HaHHI SKOT0-HE0Y/Ib ACUMIITOTUYHOTO PO3BUHEHHS MeToy [ anbopkiHa, 1 ONMUPAETh-
Csl Ha 171e1, ONUC SAKUX MICTUTBCS B IpalsgX aMepUKaHCHKUX JAOCHIIHMKIB ['ipa 1 AH-
nepcena [104-108]. Tloegayroun B co0i HalKpallli CTOPOHU METOJIB 30ypeHHs 1 Me-
toay ['anbopkiHa, rOpUAHUI aCUMITOTUYHHUIA METOJl B 3HAYHIA Mipl KOMIEHCYE iX
HEJOJIIKH.

Meron I'anwopkina (a6o meron byOnoa-I'anbopkina [109]) OyB mo6pe Bimo-
MU B POCIHCBHKIM HayKOBIH JiTeparypi no npausM byOHoBa 1 ['anbopkiHa, B SAKUX
el MeToJ 3aCTOCOBYBABCS JI0 3ajay MPY>KHOI pPIBHOBArM CTPHKHIB 1 TOHKUX Tjac-
TtuH. [licas uporo manui miaxin OyB peanizoBanuid B mpaingsx [lynkana (1937 p.),
MPUCBIYCHUX JUHAMIIN aBiariiHux KOHCTpykii. Ilicas mporo bipkmi 3actocyBas
mMerona ["anbopkiHa 10 PO3B’si3aHHS 3a7a4i PO HECTAI[IOHAPHY TEIUIoNepenady muis-
XOM PO3IJIAy €KBIBAJIEHTHOTO €JIEKTPUYHOTO KOHTYpY. B Hain yac icHye Bejmka Ki-
apKicTh Moaudikariit meronay ["ampbopkina [109]. Tak, moxxHa Buminutu meton [ a-
JHOPKiHA 3 KIHIIEBUMHU €JIE€MEHTaMH, CIIEKTPaIbHI METOIU, METOJ TPAHUYHUX eJIeMe-
HTIB Ta iH. Benuka KiUIbKICTh MPUKIAIHUX 3a71a4 PO3B’SI3YETHCS 32 IOMIOMOTOI0 METO-
ny lanbopkina. Tak, B [110] uei miaxig 3aCTOCOBAHMMA ISl IHTETPYBAaHHS PIBHSAHD
pyxy aeporutany. [Ipaus [111] npucBsiueHa po3B’si3aHHIO IHTETPaIbHUX PIBHAHD LIU-
JIHJIPUYHOTO 1 MIOCKOTo BiOpaTopiB. MoaudikoBanuit meros ['aqbopkiHa Ha OCHOBI
METOJy KIHIIEBUX €JIEMEHTIB 3acTOCOBaHMM B [112] myisa MojenroBaHHs HaIBIPOBII-
HUKOBHX ITPHUJIA[IIB.
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OCHOBHUM HeAOJIIKOM MeToly ['anbopKiHa € CKIaJHOCTI ONTUMAIbHOIO BUOO-
py 0a3ucHUX (QYHKITIH, SKi B OIBIIIOCTI BUMAAKIB BUOMPAIOTHCS IHTYITUBHO, OO ajiro-
pUTMY MOOYI0BH TakuxX (DYHKIIN B 3aradbHOMY BUIJISIII HE icHYe. ['10puaHuii acum-
OTOTUYHUA METOJ BUPILIYE IO TMpoOieMy, BUIEPEIKYIOUN MPOIEC ONTUMI3AI] Mo
MeTony ['anbopkiHa 3HaXOKEHHSIM Oa3uCHHX (YHKIINA MO OJHOMY 13 aCHMITOTHY-
HUX METO/IIB.

[lepma 3ragka mpo MOXKIMBICTD T1IOPUIHOTO MiAXOAY MICTHUTHCS B Mparsiax Ax-
meaa Hypa i ioro cmiBaBTopiB [113-114] cTocoBHO 3amau HETIHIHHOI MEXaHIKH.
[Ipote B ux mpartisix Oy BUKOPUCTaHI JIMIe Jiesiki ocHOBHI npuHiunu. B 1983 po-
11 dinkom 1 Petinbontom [115] Brepie Oyno aHO omuc riOPUIHOTO aCHMITOTHY-
HOTO METO/Y 3 MaTeMaTUYHOI TOUKH 30py. HalO11b111 MOBHO 1 TTMOOKO JaHHUM METOT
nocniauau ['ip 1 AHnepceH, sKi 3aCTOCOBYBAJIM TIOPUAHMM MIAX11 A0 PI3HOMaHITHUX
KJIaCiB U (pepeHIialIbHUX PIBHSIHb.

[nes riOpUIHOTO0 ACUMIITOTUYHOTO METO/Yy MICTUTBCS Y HACTYITHOMY.

Hexaii He0OX1HO pO3B’sI3aTH ACSIKY KpaloBy 3a7ady:

A(u,e)=0, (1.3)
ne A — nudepeHiiaasHui onepaTtop; U (X) — mIykaHa (yHKIIisl, BU3HAYCHA B JCSKIM
obnacrti (iHTepBaii) D 3MiHU X; & — mapamerp.

KpaiioBuMHu yMOBaMU MPUIMAIOThCSI OJHOPIIHI KpaliOBl YMOBH.

3acTocyBaHHA T1OpUIHOTO aCUMITOTHUYHOIO METOJY BiIOYBAa€ThCS B JBa €Ta-
nu. Ha mepmoMy erammi OyyeThCs aCHMOTOTUYHE PO3BUHEHHS u B OKOJII OJTHOTO YH
OinbIe crenianbHUX 3Ha4eHb napamerpa € (s =¢,, p=12,.,P)

n,—1

u= Zukpakp (e)+ O(Ofnpp (€)), (1.4)

. . 1 k
e {akp (5)} — MeBHA ACHMIITOTHYHA MOCIIIOBHICTE (HAPHKIA, ¢, =& ).

DyHKIT U BU3HAYAIOTHCSA OJHUM i3 ACHMITOTHYHHX METOJIB, 30KpeMa, ['ip u
AHIEpCEH BUKOPHUCTOBYIOTH (opMallbHE aCHMNTOTHYHE PO3BHHEHHS a00 METOJ
3pOITyBaHUX ACHMIITOTUYHUX PO3BUHCHD.

. o . cee p .

Ha npyromy erami 3uaiifeHi GQyHKII Uk BUKOPUCTOBYIOTHCS SIK KOOPJIMHATHI

dbynkuii aa metony ['ampopkina. st iporo ampokcumartis po3B’si3ky 3amadi (1.3)
BIJIIIYKYETHCS Y BUTIISIL

0=> su, (1.5)

ae O,— HeBIJOMi apaMeTpH.
JInst BU3HAUEHHs apaMeTpiB O, BUKOPUCTOBYeTbcs MeTof ['anmbopkina. Tak,

(1.5) migcraBnsieTsest B piBHSHHSA (1.3), 1 CTAaBUTHCS yMOBa OPTOTOHAIBHOCTI OJIEp-
KQHOTO TAKMM YMHOM Binxuiay 10 N koopauHaTHUX QyHKIIH U; y BCii obmacti D

N
[A] D 8u,.6 pdx=0,j=1,...,N. (1.6)
D i=1
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PiBusaas (1.6) sBistoTh coboro cuctemy N anreOpaiuHuX piBHSHB BiJIHOCHO
N HEBIIOMUX O,.

B cBoix nmpamsix ['ip 1 AraepceH BUIIPOOYBaIM JTaHWK METOJ Ha JESIKUX MPOC-
TUX TIPUKJIaAaXx, siKl I0MyCKalOTh TOUHUN PO3B’ 30K, 1 3aCTOCYBAJIM JI0 PsIIy MPHUKIIa-
nHuX 3anad. Tak, B [104] po3rismaeTbes po3B’ 130K 3a7a4l BU3HAUCHHsI eHeprii Hera-
PMOHIYHOTO OCIIIISITOPA 32 JOTIOMOI'0I0 TOPUIHOTO aCUMITOTUYHOTO MeToy. Kpa-
HOB1 YMOBH 3aJ1al0ThCSl HA HECKIHUEHHOCTI.

B [105] moOGynoBane riopuaHe HaOIMKEHHS PO3B 3Ky IU(EepeHIlaTbHOTO Pi-
BHSIHHS JIPYTOTO TMOPSAKY 31 3MIHHUMU KO€(III€EHTAaMU 1 MaJluM MapaMeTpoM IpH
ctapmii noxigHid. e HabmkeHHsT 0a3y€eThest HA METOI 3POITyBaHUX aCUMITTOTHY-
HUX PO3BUHEHB B MO€AHAHHI 3 MeTo/IoM ["anbopkina. [lum ke MeTo10M MPOIOHYETh-
Csl pO3B’sI3aHHS 3aJ]1a4l Ha BJIACHI 3HAYEHHS 1 BJIacH1 QyHKIIT JiHIHHOTO qudepeHiiia-
JpHOTO onepatopa. He3anexxHa 3MiHHA Ma€ HECKIHUEHHI IpaHMIll BapiroBaHHA. Ta-
KOX B I1{ Ipalll IpONOHY€EThCA PO3B’S30K 3a/1ayl BU3HAUYECHHS YaCTOTH MPOCTOI Me-
XaHIYHOI CUCTEMHU, MaTEMAaTHYHA MTOCTAHOBKA SIKOT 3BOJIUTHCS 10 HENHIHHOTO Aude-
PEHIIIaTBFHOTO PIBHSIHHS 3 MaJIUM [MapaMeTPOM, 110 BXOJUTh B CTPYKTYpPY HENIHIHHO-
O 4IEHa.

[Ipang [106] nmpucBsiueHa po3B’s3aHHIO 337a4 MaTeMaTUYHO1 (13UKH, K1 3BO-
JATbCA 110 iHTerpo-audepeHIiatbHuX PiBHAHB. IX PO3B’A30K OyIyeThCs 3a JOMIOMO-
rO0 TOPUIHOTO MiAXOAY Ha OCHOBI (POPMAILHOTO ACUMITOTHYHOTO PO3BUHEHHS 110
CTENEHSM 1 JoraprudmaM mMayioro napamerpa. Ik MojenapH1 po3B’si3aHi AB1 3a7a4l Te-
opli TOHKHUX 00OJIOHOK.

B [107] posrasinyTa HeniHiHA 3a/1a4ya, sika 3BOJIUTHCS 10 PIBHSHHS PeitHob -
ca Juisl KOB3HOI onopu. ['iOpuaHuiA po3B 30K OyAy€ThCsl HA OCHOBI METOAY 3POIILY-
BaHUX ACUMITOTHYHUX PO3BHHECHbB, OJCPKAHUX JIJIT MAJIOTO 1 BETUKOTO 3HAYCHb Ta-
pamertpa.

[Tpaus [108] mpucBsiueHa po3B’sA3aHHIO 33j1a4, SIK1 3BOJATHCS J0 JIHIMHUX JH-
(depeHiaabHUX PIBHAHb 3 YACTUHHUMHU NMOXITHUMHU. ['10puaHuil po3B’sI30K Oy1y€Th-
Csl HAa OCHOBI CIIEHIAJIbHO MiAI0paHUX aCUMITOTHYHUX (DYHKIIIH.

VY BciX I’STH Tpalsix oAeprKaHl pe3ybTaTH TIOCUTh TOYHO CHIBIAJAIOTh 3 pe-
3yJbTaTaMU 4YMCENbHUX METOAIB. [IpoTe Tpeba Bim3HaumTh HactymHe. ['10pumHuin
METOJ Ha OCHOB1 (hOPMaJIBHOTO ACUMITOTHYHOTO PO3BUHEHHS Ja€ MPHUUHATHI pe-
3yJbTaTH JIUIIE TIPU HEBEIWKHUX 3HAYCHHSX TMapameTpa. BukopucranHs riOpumaHOTO
X0y HAa OCHOBI METONY 3pOIIyBaHUX ACHMIITOTUYHHX PO3BUHEHBH YCKIIATHEHO
4yepe3 TPYIHOII 3HAXO/HKCHHS aCUMITOTHYHUX (YHKIIH 1 mOTpedye H0JaTKOBOTO
aHamizy audepeHIliaabHOro PIBHSHHSL.

Oco0suBHii 1HTEpEC 711 pO3B’sI3aHHA KpaHOBUX 3a/1ad MEXaHIKU 1e(QOpPMIBHO-
ro TBEPJIOTO Tijla CTAHOBJIATH AU EpeHIlialbH1 PIBHAHHS 3 TApaMeTPOM IIPU CTapIlii
noxinHii. [Ipyu npboMy mapameTp MOXe€ BXOAMTH B PIBHSHHS 3 CaMOro MOYaTKy abo
BBOJIMTHCS MITYy4HO. Hampukian, MaiuMu rmapaMeTpamMu B Teopii 000JOHOK MOXYTh
BUCTYIMATH TaKl BEJIMYMHHM, SK BITHOIIEHHS TOBIIMHU OOOJIOHKH JO pajiyca, BITHO-
IICHHS HOPMAJLHOTO MPOTHHY 0 pajiyca, BIAHOMIEHHS 3THMHHHUX >XOPCTKOCTEH
KOHCTPYKTHBHO-OPTOTPONHOI 000sI0HKH. [lapameTp Takok MOXke XapaKTepu3yBaTH
MaJuil BIIXWJI BUXIHOI 00JIaCTl BiJl KPYTrOBOi, BUXIJHOI 3MIHHOI TOBITUHU BiJl TTOC-
TIAHOI 1 T.JI.
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MeTonoMm, SIKUi TOCUTh YaCTO BUKOPUCTOBYIOTH Ul PO3B’sI3aHHS TaKHUX 3a]a4
y BUIIAJKYy, KOJIM MapaMeTp Maiuii, € MeTo] (pa3HUX IHTErpajiB. Ajle Ha MPaKTHUIIL
JIOCUTD YacTO OyBalOTh BUIMAIKU, KOJIH JESKHUI MapaMeTp Moke OYTH SIK MaJliuM, TaK 1
BEJIMKUM.

ToMy BuHUKIIA 1€ TOEAHAHHS TOCTaTHBRO BuBYeHOTO MeToay BKDB 3 meTomom
["anpopkina, sika O6FOB0pIO€TBC$I y Kprl aexuid. Metoa ¢aszHux 1HTErpajiB A03BO-
JIsI€ YIIOBUTH CTPYKTYPY PO3B’A3KY, 1 TUM CAMHUM, BUTJIST AalIPOKCUMYIOUHMX (DYHKIIIH
B MeTo/11 byOHOBa-I"anbopkiHa. BUukopucTaHHs KpUTEPit0 OPTOrOHAIBHOCTI JO3BOJISE
3HayHO «rnominmuuT»y BKB-po3B’sa30k Toxl, koau nmapaMmerp nepecrae OyTH MajuM.
Opnepxxane TakuM unHOM TiOpuaHe BKbB-T"anbopkiHn HaOMM>KEHHS 3HAYHO PO3LIMPIOE
00J1acTh 3aCTOCYBaHHs METOAY (pa3HUX 1IHTETpaiB.

baraTo cyyacHMX HayKOBUX Te€Opiil OyqyeThcs 3a JOOMOTOK aCUMITOTUYHUX
I1AXO0/1B, SIKI TO3BOJIAIOTh IPOHUKHYTU B CYTh SIBHIL, CIIPOCTUTH 3aBJaHHS 1 CTBOPHU-
TU €IUHUM MIIX1A 0 iX po3B’sa3aHHA. ToMy po3MIMpeHHs 00J1acTl 3aCTOCYBAHHS acH-
MIOTOTUYHUX METOIB € OJTHUM 3 HaWBXKJIMBIIINX 3aBAaHb Cy4YaCHOI aCUMITOTHYHOI
Teopii.

INopuanuit BKb-T"anbopkin MeTo, po3po0Ka SKOro MokJjajeHa 3a MeTy JIuce-
pTaliifHoi poOOTH, 3aBASKHU MOEIHAHHIO B 001 MeToy (ha3HUX IHTErPalliB 1 METOTY
Bby6HoBa-I"anbopkiHa, 103BoJIsI€ Oy1yBaTh PO3B 30K KPaHOBUX 3a7a4 MEXaHIKHU Je-
(OpMIBHOTO TBEPAOIO TLIA, IO 3BOAATHCS A0 JIHIMHUX AU(PEpEHIIATbHUX PIBHAHB 31
3MIHHUMU Koe(illieHTaMH, Ha IIUPOKOMY THTEpBaJIl 3MIHU MapameTpa.

2.3 BUCHOBKH

bazamo cyyacnux naykosux meopiti 6y0yemsbcs 34 00NOMO20I0 ACUMNMOMUY-
HUX nioxo0is, sKi 00360JIsI0Mb NPOHUKHYMU 8 CYMb A6UW, CNPOCMUMU 3A80AHH |
cmeopumu €OUHULL NioXio 00 ix po3e’sazanus. Tomy pozwupenus obaacmi 3acmocy-
BAHHS ACUMIMOMUYHUX MeMOOi8 € OOHUM 3 HAUBANCIUBIUUUX 3A80AHb CYUACHOI acu-
MARMOMUYHOL meopii.

T'iopuonuti BKH-Ianvopkin memoo 380Ky NOEOHAHHIO 8 COOL Memoody (ha3Hux
inmeepanie i memody bybnosa-I anvopkina, 00360/5€ 6y0ysamu po3e s130K KpAuosux
3a0a4 MamemamuyHoi QizuKu, wo 3600MbCsi 00 JIHIUHUX OUpepeHYialbHUX DIBHSAHb
31 3MIHHUMU KOeqhiyieHmamu, Ha WUpOKOMY THMepeai 3MiHU napamempa.
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Tema 3 TIBPUJHUAMN BKB-T'AJIbOPKIH METO/ I KOI'O ONUC
B 3ACTOCYBAHHI JO JIHIMHUX JUPEPEHIIAJIBHUX PIBHSIHB 31
3MIHHUMHU KOE®ILHIEHTAMNA

V yux nekyiax wnasooumecs onuc 2iopuonozo BKB-Ianvopkin memooy
D038 A3aHHA KpAUlosux 3a0ay, wo 3600mbcCsl 00 TIHIUHUX OuhepeHYialbHUX PiGHsHb
31 3MIHHUMU KOe@iyicHmamu ma napamempom npu cmaputii noxiouiu. 3okpema, 0
ougepenyianbHo20 piGHAHHS OPY2020 NOPAOKY 0YOYEMbCA 3AMKHYMUL AHATIMUYHULL
PO38’A30K 1 00800UMbCA ACUMNMOMUYHUL XAPAKMED Yb020 PO38 [A3KY Npu HAOIU-
orceHHi napamempa 0o Hynsa. Hadaemocs onuc 2ibpuonoco BKB-I anvopkin memooy &
3aCcmocy8anti 00 OuhepeHyialbHo20 PIBHAHHA 4emeepmo20 NOpsAOKY 3i 3MIHHUMU
Koeghiyienmamu.

3.1 ®opmasbHe 300paxenns riopuaHoro BKb-T'anbopkin po3B’si3ky Ji-
HifiHOT0 IM(epeHiaIbHOro piBHAHHSA 3i 3SMIHHUMH Koe]ilieHTAaMHU, 110 MiCTUTH
napaMeTp NpU CTAPUIif MOXiAHIN

Hexait noTpi6HO 3HANTH pO3B’ 30K JIHIKHOTO AU EPEHIIaTbHOTO PIBHSHHS
LU, x,&)=0, (3.1)
ne L — neskuil MiHIMHUN AudepeHIiiaibHUM oriepaTop MOpsaKy n; U — nrykaHa QyH-
KI[is; X —3MIHHA; & — Iapamerp.
3MiHHA x HAJIEKUTh NIEBHOMY BIIPI3KY [a,b] 1 U 3agoBonbHAE Aesiki KpaioBi

YMOBH Ha KIHIISIX I[bOTO BiJIpi3Ka.

Bynemo posrasgaTi TUIBKK Taki KpailoBl 3ajayi, i SIKUX PO3B’S30K ICHYE, 1
BiH enuHwMii [116].

3anponoHoBaHuil B poOOTI TiOpUIHUN METO MOEHYE B cOO1 1B MIAXOAM: Me-
Toa ¢a3HuX iHTEerpatiB 1 Meto ['anbopkina. Ha nepromy erari po3B’si30k 300paxa-
€ThCS y BUTTISIL

U (x.2)=exp| [ 71w (00 | 2

a i=0
ne 7;(&) — 3anaHa aCHMITOTMYHA IOCIIIOBHICTB; W/, (X) — HeBioMi QyHKLi.
Biamosinno no merony BKbB Bupas (3.2) migcTaBnsieTscs y BUXIAHE PIBHSHHS

(3.1). 36mparoun koeilieHTH HpHU OJHAKOBUX CTCICHSIX IapaMerpa &, JICTAaHEMO
PEKYpPEHTHY CUCTEMY PIBHSHB JJIs BU3HAUEHHS HEBIAOMUX (QYHKIIIH Y, (X) .

Ha npyromy erami nepmri N +1 acumnroTunux (yHKIIA BUKOPHUCTOBYIOTHCS

K KoopauHaTHI GyHKIIT Ayis MmeToxy byoHnoa-I"anpopkina, 1 HAOIUKEHHS PO3B’A3KY
piBHsHHSA (3.1) OyayeThcs y BUTIISIII

X N

U, (X,£) =exp j 5,(&)w, (X)dx |, (3.3)

a i=0

1e o, (8) — HeBioM1 (yHKIIIT mapaMeTpa e .
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Jlnst BusHauenns Hesinomux & (&) (i=0,...,N) Bupas (3.3) niacrasiserscs B

piBHsiHHA (3.1). Y pe3ynbTaTi AicTaHeMO JOOYyTOK mpaBoi 4acTHHU (3.2) 1 JIesKOro
BUpa3y, B SIKOMY CTapllll NOXIJHI QYHKLIH v, (X), 3HAWJIEHUX Ha TIepIIoOMY eTarli,

MaroTh mopsAgok N—1, a came

LU, X, &)=exp IZN:dWidX X

> i0
B (3.4)
d dn 1
XR(WO,...I/IN, dl/)l(o,... dX:iN ,50,...5N,X,8J.

[3 yMOBU PiBHOCTI HYJIIO ITPaBOi YaCTHHU PIBHAHHS (2.4) BUTLIMBAE

n-1
R(l//o,...t//,\,,ddl'//0 .. d" vy bo) ..5N,X,5j:0. (3.5

x | odx"t O

B 3aranpHOMy BuIajaky croiBBiIHOIIEHHS (3.5) HE BUKOHYEThCS. TOMY, BIIIOBITHO
no merony ["anbopkina, ymoBa oproroHaynbHOCTI Biaxuwity R mo N +1 xoopaunart-
HUX QYHKUIN v, (X) Ha BIAPI3KY [a,b] MPUBOJUTH JIO CUCTEMHU alreOpaiuHux piB-

HAHDb BUTJIAOY

b n-1
d d :
IR(WO,---WN, dl'/)l(o,.. Y 0Oy, X, ), dx=0,i=0,...N.  (3.6)

' dxnfl
PiBusians (3.6) ABIAIOTH CO0010 cUcTeMy N +1 anreOpaidHUX PiBHSIHB BiTHOCHO
HeBioMuX §;. B 3aranmpHOMy Bumaaky cucrema piBHSHB (3.6) pO3B’sI3ye€ThCsl yuCe-

apHO. OpHak, B pPsAAl BUNAIKIB MOXJIMBO OJCPKATH 3aMKHYTHH aHATITHYHHUI
po3B’s130K piBHsIHHS (3.1).

3.2 3acrocyBanns riopugnoro BKb-T'anabopkin metoay a0 po3B’si3aHHS
AU(pepeHtiaJIbHOI0 PIBHAHHSA APYroro NopsiaAKy 3i SMiHHUMH Koe@iuieHTaMu

[ToOyayemo Ha BIAPI3KY [a,b] riopuanuit BKb-I"anbopkin po3B’s30k nudepe-

HIT1aJILHOTO PIBHSHHS BUTIISTY
2

d<uU
g* o —g(x)U =0, (3.7)

ne U(xe)= Re(U (X,e)) +i Im(U (X,g)) — IIyKaHa KOMIUIEKCHO3HA4YHA (YHKILif,

110 3a/I0BOJIBHSIE HA KIHLAX BIJpi3Ka Takl KpaliloBI yMOBHU
U(a,e)=U,, U(be)=U,. (3.8)
®yukis g(x) € BioMa aHaliTHYHA KOMIDIEKCHO3HAYHA (DYHKIIis, [0 HE Tepe-
TBOPIOETHLCS B HYJIb Ha BIAPi3Ky [a,b].

Ha nmepmomy etami, 3rigno 3 merogoM BKbB, 300pazumo po3B’si30k piBHSHHS
(3.7) y Burmsizi

U(x,&)=exp j(s‘lwo +y, ey, + ...)dx , (3.9)
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ne v, (X) — HeB1IoMI1 QyHKIIII.
OOMeXyIOUNCh, HAIPUKJIIAJ, OJIHUM YJIEHOM PO3BUHEHHS (3.9), 3amuiieMo Iie-
puty 1 apyry noxijaHi U, (X, 8)

du t _

%:exp( j P 1y/0dxjg W (2.10)
dU 0o - 5 d
dTV;/KB:exp['!‘g 11//de)(8 2;#02 +& l%). (3.11)

[TincraBumo cmiBBigHomienus (3.9)-(3.11) y Buxiane piBusuus (2.7), i 30upa-
1our Koe(ilieHTH Ipu &°, qicTaHEMO PIBHAHHS [/ BU3HAUYEHHS IIyKaHOT (PyHKIIT v

wo —9(x) =0, (3.12)
3B1JKHU BUTIKAE, 1110
AEENCIC) (3.13)
Ha apyromy erari 300pa3umMo po3B’si30k U(x,e) piBHsHHS (3.7) y BUIIISII
Uy (x,€)= eXp(I50W0de- (3.14)
[lepmra 1 gpyra moxigHi Oy IyTh MaTH BUTJISA
du h
dxH = exp[ J; 50t//0dX]5owo, (3.15)
U ( 22 dy
dsz =exp !501//0dx Oy Vo + 0, dxo : (3.16)

VY pesynbTaTi mifcTaBiACHHS criBBigHOIICHD (2.14)-(3.16) y BuXinHEe piBHAHHS
(3.7), nicranemo Bupa3 IS BiIXUITY

R= 82(55%2 +6, ddlxj— g(x). (3.17)

3acTOCOBYIOUYM TeTEp KpUTEpild opToroHanbHOCTI byOHOBa-I"anmkopkina y ¢op-
Mi (3.6) 1 ypaxoByrouH, 1110
dy, _ 9'(x)
dx  +2./g(x)’

AiCTaHEMO KBaJpaTHE PIBHSIHHS Ul BU3HAUYEHHS HEBIJOMOIO IapaMmerpa O, TaKoro

(3.18)

BUTIAAY
b

502_[32 (igg(x)jdx + 50_?52 g’(X)dx - T(igi(x)]dx =0. (3.19)

2

P03B’30K 1IbOTO PIBHSIHHS 3aIUILETHCS TAKUM YHHOM

a
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501,2 =

1ggb)—g(a)
4[ g2 (x)dx

il

2

(b) g(a)
4 j g (x)dx

3.20)

Ocrarouno riopuaauii BKb-TI"abopkin po3B’s30K BUXigHOTO piBHSIHHSA (3.7) 3
ypaxyBaHHsM (3.20) HaOyBa€ BUTIIS LY

U, (x,&) =C, exp JX. M iz+ M Jg(X)dx |+
2 4jg (x)dx \g 4jg5(x)dx
+C, exp J‘ gga)s—g(b)_ iz N ggb)s— g(a) Ja()dx (3.21)
2 4J.95(x)dx \g 4Ig5(x)dx

PosrasitueMo BUMaaok, Koiau QyHKILs (X) € JIIACHOIO 1 HE MEePETBOPIOETHCS B

HYJIb Ha BIJIPI3KY [a,b]. Tonl MOXIMBO, 11O g(x)>0 abo g(x)<0. 3anuiiemMo

po3B’s130K (3.21) 11 KOXKHOTO 13 X BUTIAIIKIB.
Komn ¢ (X) >0, riopuaamnii BKB-T'anbopkin po3B’s30k HaOyBae BUTIISITY

UH(x,g):expj §> 9(b) g(x )l clchf 1, ggb>;9<a> g(X)dx +
4] g?(x) a\g 4] g2 (e
reysh [e] 90 -0@) | oG (3.22)
a\g 4] g2 (x)dx

Komn g(x) <0, po3s’si30k (3.21) 3anuuiersest y BUMTISA
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U, (X&) = exp'xf—

(x| C,cos| gi M
a\ 4| g2 (x)dx

3.3 BUCHOBKH

5| a0 Jo(x)dx |.

4] g2 (x)dx

(3.23)

3 euxopucmanuam 2iopuonozo BKB-I'anvopkin nioxody 3000ymuti ananimuy-
HUUL PO36 ’A30K JHILHO20 OUepeHYianbH020 PIBHAHHA 31 3MIHHUMU Koegiyienmamu,
wo micmums napamemp npu Cmapuditi NOXiOHi.
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Tema 4 ACUMIITOTUYHUI XAPAKTEP I'NBPUIHOI'O
BKB-I'AJIBOPKIH PO3B’A3KY

Tiopuonuu BKB-I'anvopxin po38’si30k 6y0yemvcsi HA OCHOBI PO3GUHEHHS 3d
Memooom ¢hasHux inmezpanie. Tomy modxcemo o4iKysamu, wo npu MAaiux 3HAYeHHX
napamempa 2iopuonuti BKb-1 anvopkin po38’a30Kk Mac acumMnmomudHull Xxapaxkmep.

4.1 Teopema mnpo acumnroTuuyHicth TriopuaHoro BKb-T'aabopkin
PO3B’SI3KY

3rinHo 3 [90] dyHKMIi0O Z(X, 5) OyIeMO Ha3suBaTH & -aCUMITOTHYHHM
PO3B’S3KOM, KOJIU JIJISI KOXKHOTO X € [a,b] IIyKaHU PO3B’A30K MOXKEMO 300pa3uTu y
BUTJIA1
U(x,&)=2(X,&)+w (X e)e", (4.1)
ne v (x &) — ynkuis, oomexena npu & — 0.

Hosenemo acuMntoTuuHicTh ri0puaHoro BKB-I"anbopkin po3B’ 13Ky piBHSIHHS

gU"+wW (x,&)U =0 (4.2)
Ha BIJIPI3KY [a,b] 3 KpallOBUMHM YMOBaMu
U(a)=U,,
U (b)=U,. (4.3)

Teopema 2.1. Konu ichye poss’szox U (X&) kpaiiosoi 3anaui (4.2)-(4.3), a
byHKITIS W(X,e) — mudepeHIiioBaHa 1o X Ha Bipi3Ky [a,b], HE MEPETBOPIOETHCA B
HYJIb Ha IbOMY BIJIPI3KY 1 33JJ0OBOJIbHSE YMOBY o <W< ff Ha [a,b] , TOJI1 17151 KOJKHO-

ro X € [a,b] , OyHKIIis

U, :Clexput +1, /iz—tz jjx‘wdx)+c2 exput —1, /iz—tz ]dex} (4.4)
& a & a

e

(oW (ab)—w (b) (4.5)

4I widx
a
€ &-aCUMIITOTUYHHUM PO3B’SI3KOM PiBHSIHHSA (4.2).

/loBeieHHs1 TeOpeMHu.
3Haiiiemo nepiry i Apyry noxiasi riopuaaoro BKB-TI'anbopkin po3s’si3ky (4.4)

U/, :Clexp&Hi‘/iz—tz)[wdx}(t+i,/i2—t2jw+
& a &
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N

oo
{lafore o ffere)
+C exp([t—l\/:jiwdex
{0}

[TincTaBuBmm (4.6) i (4.7) y Buxigue piBHsIHHS (4.2), TiCTAaHEMO

Ul +wU, =Clexp(£t+i‘/i2—t2JdeXJX
& a
242,02 HP 1 2 2 : 1 2 !
x{ZetW +2ig Wt,/—z—t +& [t+|,/—2—t ]WJ—
& )
_-1_2X 24202 i 20002 1_2
+C,exp| | t—1I,/——t dex 2eT°W = 2le"wt, [— —t7 +
& a )

& [t - i\/;]w} :Clexp[[t + i\/?ﬁwdxj[t + i\/;jx

X(ZthWZ+gzw')+C28Xp£{t—i /g_]-Z_tZJJ.WdXJ{t_i /&_tz y

x(ZthWZ+gzw’):gZ(th+ﬂj(Clexth+i iz—tZ]_[wdx x

W £ .

x(t+i /iz—tZ]W-I-CZeXp({ —i /i—t jjwdxj[t— iz tzjw ]:
&

£
=82(2tW+ ﬂju;
w

Taxum unHOM, U, € 3arajibHUM pO3B’SI3KOM PIBHSHHS

gU], —gZ(ZUNJrﬂjU,'4 +wU, =0.
w
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BukopucroBytrouu croci0, skuit 3actocopanuii y [90], mo3nayumMo

D=U-U, (4.10)
1 3anuIIemMo piBHSAHHS (4.2) TaKUM YHHOM
U ”—52[2tw+ ﬂjU'+WZU :—52[2tw+ ﬂju’. (4.11)
w w
ITo3zHaunmo
W
f :—(Ztvv-l——j. (4.12)
w

Bigaimaroun i3 piBHsHHS (4.11) piBasHHS (4.9) 1 BUKopucToByrouH (4.12), mic-
TaHEMO PIBHSHHS, IKOMY 33JI0BOJIbHsIE PyHKIIs D

g’D"+ & D'+ W'D =¢g*fU". (4.13)
Ha xinmsx Bigpiska [a,b] GyHkiis D 3a10BoBHAE KpaiioBi yMOBH
D(a) =0,
D(b) ~0. (4.14)

PiBusinug (4.13) MokeMO po3risaaTH sIK HEOAHOPIIHE PIBHSHHS BIJHOCHO D.
Toni 3rimno 3 [117] y Bumaaky, KoJIM BIJANOBIJHA JIIHIAHA OJHOPIJHA 3ajladya Mae

. " . (1 L%
TPUBIAJILHUN PO3B’SA30K (116 BUKOHYETHCS, KPIM BHUIIAJKY exp(Zl — —tzjwdxj =1,
&£
a

IHTerpajbHe 300paXCHHS PO3B’ 3Ky JiHIHHOT HeoaHOPinHOT 3anadi (4.13)-(4.14) mae
€UHUN PO3B’SI30K

D =¢? j G(x,s) f (s)U'ds, (4.15)

ne G(x,s) — gynxuis I'pina sanadi (4.13)-(4.14).
DOyHKIisN G(X,S) BU3HAYCHA TIPU X € [a,b], Se [a,b] 1 TIPH KOKHOMY S € [a,b]

Ma€ Takl BIACTHBOCTI: MIPU X # S 3aJ0BOJIbHSE BIANOBIAHE JiHIMHE OJHOPIJIHE PIB-
HSTHHS

&’D" +&*fD'+w?D =0, (4.16)
npu X=a i X=b ¢yskmis G(X,S) 3aJ10BOJIbHSIE KpaioBi ymoBHu (4.14), mpu X=S
dyskis G (X, S) HEeTepepBHa Mo X, a i MOXi/IHA M0 X Ma€ PO3PHUB IMEPIIOTo POy 31
cTpubKoM, siKuii KopiBHIoe 1/&° .

[Ilo6 3Haiith ¢ynkuito ['pina 3amaui (4.13)-(4.14), Tpeba moOOymyBaTH
po3e’s30k D, (X)#0 piustaus (4.13), sikuii 3a10BosIbHAE THLIe meputy (X =a) Kpa-

1oBy ymoBy (4.14), i po3s’si30k D, (X) # 0, sKuit 3aJ0BOJIBHSIE IPYTy KPAHOBY YMOBY.
[ToznaunMo 1Ba NiHIKHO He3ajekHiI po3B’si3ku piBHsHHA (4.13) U, Ta U,,,,
TOOTO
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™t

UHl—expu iz—tz)_xfwdx} (4.17)

UHz_expL[— % ]dex]. (4.18)

Toni ¢pynkuii D, 1 D, MoxyTs OyTH BU3HaueHi, K

D, =U,,-U,,, (4.20)

U, exp( |,/——t jwdxj Ho (4.21)

Oynkmiro G (x, S) IIYKAEMO Y BUTJISI

_|#(s)Dy(x), as<x<s;
G(X’S)_{W(S)DZ(X), s<x<h.

OyHKIT ¢(S) 1 t//( S) BUOWPAIOTHCS TakK, 11100 BUKOHYBAJIMCh YMOBH, MOKJIa/Ie-

(4.22)

H1 Ha ¢yHK1io0 ['piHa, ToOTO, 1100

w(s)D,(X) = ¢(s)D,(x);
w(S)DL(X) — #(s)D!(X) = iz (4.23)
3Biacu
_ D, (s)
¢(s) = &% (D,(s)D}(s) — D}(s)D,(s))’ (4.24)
_ D, (s)
w(s)= &2(D,(s)Dy(s) - D;(5)D,(S))’ (4.25)
[To3HauuBIIN

=Dy(s)D;(s) - Di(s)D,(s), (4.26)

P*
b
- 1 2
e*:exp[Zl,/—z—t dex];tl, (4.27)
& a

i BpaxoBytoun (4.26)-(4.27), nicranemo

P*:(UHl_UHZ)(UI,—H_e*UI'—m) (U HZ)(UHl_e*UHz):
=(UH1U,'42 UH1UH2)(1 e ) (4.28)
BpaxoByrounu te, 110
U,'ﬂ:UHl[tJri /%—tzj:wdx, (4.29)
' : 1 2 h
Uiy, =Uy, | t=i |5 —t* | [wdx. (4.30)
&
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OyJieMo MaTu
: 1 : 1 (
P*=2i1-e*), |5 -t'wU,U,, =2i1-¢e*), |5 —t*w- exp(ZtJWde. (4.31)
& P "
3anumemo po3B’ 30k 3aaadi (2.36)-(2.37) 3a momomororo ¢yHkii ['pina

D:(UHl(X)—UHz(X))I (UHl(S)_e*’UHZ(S))f(S)U’(S) ds +

2 2i(l—e%) i—tzw-expLthwdsJ

& a
HUn (967U, 00) | s DOV E)_ge (g
*2i(1-¢%) glz—tzw-exp[ZtIstj

a

3poOuMO JesiKi OLIHKH

|UH1|=|UH2|=eXp[tIWdeSexp(t,B(b—a)), (4.35)
f w w
—| =12t + —| < 2|t| + =7, .
‘w‘ ‘ & 4 min w? 4 (4.36)
[a,b]
exp[Zthdx] >exp(2ta(x—a))=N, (4.37)
pI(&
N =T >0 438
~|lexp(2ta(b-a)), a<0, (4.38)
BpaxoBytoun (4.36)-(4.38), moxkeMo 3amnucaTu
exp(2tB(b—a))[1+e*| 5 |}
DI< “—1U'(s)ds|. _
D= e V'O (4.39)
— t
&
[lozHaunBoIM
l+e*
C=exp(2tp(b—-a -, 4.40
p(2tB(b-a)— (4.40)
OTPUMAEMO
C
IDJ< —2—U,-U,]. (4.41)
J1-t?g?
OyHKITIS
Ale)= —Cﬁ U, U, (4.42)
1-t%g?
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oOmexeHa ipu £ — 0.
TakuM 9MHOM, ITO3HAYHBIIN

Ko S
J1-t?e?

U-Uyl<e-K, (4.44)

IO JOBOJAUTH ¢ -aCUMNTOTHUHICTH T10puaHoro BKb-T'ansopkin po3s’szky (4.34) pi-
BHsHHs (4.13).

U, -U], (4.43)

JIICTAaHEMO OIIHKY

4.2 BUCHOBKH

Teopema noBeneHa.
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Tema 5 IOBYOBA I'BPUTHOI'O BKB-T'AJIBOPKIH PO3B’A3KY
JAANPEPEHIIAJIBHOI'O PIBHAHHA YETBEPTOI'O NTOPAIKY 31
SMIHHUMU KOE®IIIEHTAMHA

3aznauumo, wo oughepenyianvHi piHAHHA YemMEepmo20 NoOpsAOKy ma ix cucme-
MU 3HAX00SAMb OOCUMb UUPOKE 3ACMOCYBAHHA Y 3a0a4ax mMamemamuyHoi Qisuxu,
30KpeMa y po36’A3aHHI aKmyaabHUux npoodiem MexaHiku 0eghopmo8arHo2o meepoo2o
mina npu po3ensoi HanpyHceHo-0ephopmMosanoco CMary ma CMiuKoCcmi HeOOHOPIOHUX
CMPUICHIB MA NAACMUH MA 000JIOHOK, A MAKONC Y CYMICHUX HANPAMKAX HAYKU I me-
XHIKU.

5.1 ®opmanbHuii po3B’A30K

[ToOyayemo Ha BIIPI3KY [a,b] riopuanuii BKb-I"anbopkin po3B’s30k nudepe-
HI1aJIbHOTO PIBHSHHS YE€TBEPTOrO MOPSAJKY 3 HapaMeTpPOM

d*U du dU dU
54( 0 +91(X’5)W+ gz(x,g)W+g3(X,8)Wj—g4(X,5)U =0,

(5.1)
ne g, (X,g), i=1...,4 — anamitnuni QyHKII, BU3Ha4YeHi Ha [a,b], AesdKi 3 IKHX MO-
XYTbh TOTOKHO JOPIBHIOBATH HYIIIO.

Hexaii pynkiis U 3a70BOJIbHSIE AesIKI KpaliOB1 YMOBH Ha KIHIIX BiJIpi3Ka [a, b]

VY BIANOBIZHOCTI 3 METOAOM (pa3HUX IHTErpaTiB 300pa3uMO PO3B’SI30K PIBHSH-
Ha (5.1) y Burmsii

Uwke = eXp(j81WodX]- (5.2)
Toni nepmi wotnpu noxigi U, , OyayTb MaTH BUTIISLY
dUye _ [ -1
T expug w,dX [y, (5.3)
2 X ,

d:% - exp(jgll//odx}(gzl//é +& 7y, ) (5.4)

dSUWKB —ex ](‘ Ty dx [ £73° + 3272 oo "
W‘ Pl |€ V¥, E Yoyt38 YWy € Wy | (5-5)

4 X ' "
d:% = exp(f Elwode(“l/fé‘ +6 Yoy, +AETY, +

2
+382(W0) +81ij. (5.6)
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[MincraBnsroun Bupaszu (5.5)-(5.6) B piBusuus (5.1) 1 30uparoun KoedilieHTH
npy &°, DiCTaHEMO PiBHSAHHS BHITISLLY

vi - 9,(x,8) =0, (5.7)

wo =39.(% &) (5.8)

Takum uunoMm, 3100yTe omHOowieHHe BKDB-po3BuHEHHS PO3B’SI3KY pIBHSIHHS
(5.1). OmHak o0y I0BaHUH PO3B’SA30K HE YPAaXOBYE BILTUBY JIPYTOT0, TPETHOTO 1 YeT-
BEPTOr0 YCHIB LbOTO piBHAHHA. [ ix ypaxyBanus HeoOxinHo BKbB-po3B’s30k Oy-
JyBaTH 3 BUKOPUCTAHHSIM KUTBKOX UYJICHIB PO3BHHEHHA, a00 HIyKaTH (PYHKIIIO v, 3

ypaxyBaHHIM iHIIUX KoedirieHTiB piBHAHHS (5.1). OOuaBa 111 MAX0IM TOCUTh CKJla-
JH1 1 HE 3aBXJU 3/1ACHEeHHI. 3actocyBaHHs TiopuaHoro BKbB-T"anbopkin meTony B
IIbOMY BHITQJIKy J03BOJISIE BAKOPUCTOBYBATH MPOCTUIN BUTIIAN QYHKINI y, 1 OgHOYA-
CHO ypaxyBaTH BIUIMB yciX koeimieHTiB piBHSHHA (5.1) Ha mIykaHwii po3B’sI30K.
OcTaHHE JOCATAETHCS 3aBIASKH BUKOPUCTAHHIO KPUTEPiI0 OPTOroHaiIbHOCTI ['ambop-
KiHa.

Onumemo ckazaHe OUTbII TOKJIAAHO, JJIS I[bOTO 300pa3uMO pO3B’SI30K PiBHSH-
Ha (5.1) y Burmsii

3BIIKA

U, (x,&)= epr@Jz//odx). (5.9)
Toni nepui yotupu noxigui pyukuii U, OyayTs maTu BUIIIST
dXH =exp [:‘;50l/lodX]5ol//0, (5.9)
d’U h ,
dXZH = epr%V’odXJ(@fV/S + 50'//0)’ (5.10)
3 X
dXsH = EXP(J‘%WodX](@?WS +35 oy + 50'7”6,)' (5.11)

- eXp[M%dX)(%‘% + 653 gwh + 455w +

+367 ()" + 5 (5.12)
Binxun piBasaus (5.1) HaOyae BUTIATY
R=&* (853 + 685wy + 453wy +357 (wy) + S +
+0,(%,8) (S35 + 305w awe + Syws ) + G, (%,6) (Sawe + Sywrg ) +
+05(X, €)0¥, — 94 (X, ). (5.13)

Buxopucranss KpuTepito OpTOrOHAIBHOCTI [anbopKiHa Ja€ MOKIIUBICTH 3aITd-
CaTH PIBHSAHHSA AJIsl BU3HAYCHHS HEBIIOMOTO O, TAKUM YHHOM
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k.05 + K, 05 + k07 + K0, +k, =0, (5.14)

e
b
k, = j gty lax, (5.15)
X a
= [(6"w3y' + gurg ) dx, (5.16)
b
K, J(484l//§ we+3s"w, (vs) +3awiws + gzl/fg)dx, (5.17)
: b
K I(g WoWo + 9WoWo + QoW + O4Wo )d (5.18)
: b
I 4W0 (5.19)

Po3B’s130K anreOpaidHOro piBHAHHSA 4YeTBEPTOro Mmopsaky (5.14) BUKOHYEThCsS
YHUCEJIbHO, TOMY IO TIIBKH B PAJIl BUMAJIKIB MOKIIMBO HOTO PO3B’ 30K 300pa3uTH B
aHAMITUYHOMY BUIJIAL. Js 4yucenpHOT peanizallli MOLIYKY pPO3B’S3KIB PIBHSHHSA
(5.14) icuyroTh cremianbHO BOyAOBaHI mporeaypu. Hampukian, B IHTETpOBaHOMY
po3paxyHKoBoMy cepenoBuiii Mathcad BuzHaueHHs po3B’s3KiB MOJIHOMIAIBHOTO Pi-
BHSIHHS BUKOHYETBCS 3a gornomororo GyHkiii polyroot (k).

Pesynbrarom po3B’si3Kky piBHSAHHSA (9.14) OynyTh 4OTUPHU 3HAYEHHS &y MPU BH-
O0p1 KOOPAUHATHOIO OJTHIET 13 (PYHKITIN

Yo = +W’ (5.20)

Vo, =—39(X, &), (5.21)
W =+ 9(X, ), (5.22)
Yoa :_i\/4 g(X,é‘), (523)

aki mpu miacTaHoBil B (9.13) mamyts riOpuanuii BKb-I'anbopkin po3s’szok. [pu
IIbOMY Ma€ MicCIle TaKa TeopeMa.

5.2Teopema npo He3aJIeKHICTh BUOOPY PYHAAMEHTAJIbHUX
(yHKUii po3B’A3KY

Teopema: riopuannii BKb-I"anbopkin po3B’s30k piBHsAHHS (5.1) ocTraeThcs He-
3MIHHUM TIpH BHOOPi Oyb-skoi 3 pynkuii (5.20)-(5.23).

Bubepemo xoopamHaTHOO (GYHKINIO wo;. Hexalh mpu Takomy BuOOpi
po3s’s3kamu piBHsHHSA (5.14) 3 koedinientamu Ky, K, K,, K;, K, Oynyte &y, 0p,,
Op3s Oy~ TOml TpH mincTaHOBLI B TiOpuaHUN po3B’si30k (5.14) mimiHTerpaJbHUMU
(yHKILIIMHU YOTUPBOX HE3AJIEKHUX PO3B’SA3KIB OYIYTh Oy g1: OpoWors GosWorr OoaWor -

Bubepemo koopauHaTHOIO (DYHKLIIO g =—yor. Toxal piBHsHHS (5.14) mepe-
NUIIETHCS Yy BUTIISAAL
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—k, 0 +k S —k,0F +k, 5, —k, =0. (5.24)

Po3Bp’s13kaMu 1IbOTO PIBHSAHHA OyIyTh: —O,;, —802, —803, —8g4 . [Ipy migcTAHOBIII

B po3B’s30Kk (5.14) migiHTerpaIbHUMH BHUpa3zaMH OYIyTh: —3g1wgr =dg1Wo1,
0002 = W01 0002 = O0sWor: —O0aWoz = OpqWor - SIK BHIHO, Pe3yNbTAT HE 3MiHMB-

csl.
BisbMeMO KOOPIMHATHOIO QYHKIIIO W, =1y, . B 11boMy BHNAIKy piBHSHHS

(5.14) nmepenumeThCs TAKUM YHHOM
ik,0p +kos —ik,0; —k,0, +ik, =0. (5.25)
Po3B’s13kamMu 1[bOTO PiBHAHHS OymyThb: —10,,, —10y,, —10y;, —16,,. IIpu mixcra-
HOBII 1MX po3B’s3kiB B (5.14) migiHTerpasibHi BHpa3d MaTUMYTh BUIJISL
100 W o3 = OWor: —100Wos = OoWors —100aWos = OpaWors —100aWos = Goily - Bucminmnii
PO3B’A30K 3aJUIIMBCS 0€3 3MiH 1 B IIbOMY BUIIAJIKY.
Bubepemo tenep y,, =—iy,,. PiBusauns (5.14) Oyzxe Mati BUIIIS
—ik, 05 + k0% +ik,00 —k,0, —ik, =0. (5.26)
Po3B’s13kaMu IbOTO PIBHAHHS OyIyTb: 10y, 10y, 10y, 10,,. IlincraBusioun mi
po3s’s3ku B (5.13), gmicramemo mimiHTerpambHi  QYHKOI: 0,y = O Wy,
100, Wos = OpoWors 10Wos =Wy 100Wos = Oy - ToMy TiOpumumit BKB-T"ansopkin
pPO3B’sA30K OyJie TAKUM CaMUM, K IpU BUOOP1 KOOPAUHATHOIO (PYHKIIT ;.

Takum 4MHOM, BC1 YOTHUPHU PO3B’SI3KH, 3100yTi migctaHOBKOKO (QyHKik (5.20)-
(5.23) y Bupas (5.13), maroTh OJHAKOBHI BHUIJIAA. TOoMy mpu MOOYI0BI TiOPUIAHOTO
BKb-T"anbopkin po3B’si3Ky KOOPJAMHATHOIO MOXE BUOWUPATUCH Oynb-sKa 13 (DYHKIIIHI
(5.20)-(5.23).

Teopema noBezneHa.

I3 ypaxyBaHHSAM J0BeJCHOI TeopemMu MoxkeMo 3amucatd riopuaHuii BKb-
["anbopkiH pO3B’SA30K

U, =C, exp[jémwode +C, exp[f&oz%dx] +C, exp( .[ 503W0dX] +

+C, exp[ | 504%dxj. (5.27)
5.3 BucHoBKH

3 suxopucmanuam 2iopuoroeo BKB-Ianvopxin nioxody nobyoosanuil auani-
MUYHUL PO368 30K KPatlogoi 3a0adi, Wo ONUCYEMbCA JIHIUHUM OUupeperyianbHuM pi-
BHAHHAM 31 3MIHHUMU Koeghiyienmamu i napamempom npu cmaputiti noxiowii. J{ns
ougheperyianbHo20 PIBHAHHS Yemeepmoco NOpsOKy 3000YMull 3aMKHYMUU AHATIMU-
YHULU PO38 'A30K. JJ08edenUll acuMnmomudHUll Xapakmep ybo2o po3e8 'sa3Ky. ¥ eunaoky
PIBHANHHA Yem8epmo20 NOPAOKY 31 3MIHHUMU Koeghiyienmamu no6yo0oeanuil 2iopuo-
Huti BKB-I anvopkin po3e 's30K i 6kazani 0esKi 0cooausocmi ybo20 nioxooy.
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Tema 6 3BACTOCYBAHHSA I'IBPUIHOI'O BKB-I'AJIBOPKIH HIAXOAY 10
PO3B’SI3AHHSI KPAWTOBUX 3AJTAY

B yiu nexyii e2iopuonuti  BKB-I'anvopkin nioxio 3acmoco8yemuvcs 00
pOo38’A3anHA  pA0y Kpauosux 3a0ad, AKI ApU NeGHUX YMO8aX Malomb MOYHUL
Pp0o38°a30K. 3icmasnenHs came 3 MOYHUMU PO38 SA3KAMU Oaiomb HAUOIIbULY YynesHe-
HICMb 8 NPABUNLHOCHI 3000YMUX pe3yIbmamis.

6.1 TI'iopuauuiit BKb-TI'ajibopkin po3B’si30K JAesiKkUX PiBHAHBL JPYroro Ino-
PSIAKY.

[Tobynyemo riopunnuit BKb-TI'ansopkin po3s’s30k piBHsiHHS Eifnepa

2
¢ ‘ZX‘; +Xi2u ~0. (6.1)
IIpu £° <4 icHye TouHM po3B 30K piBHAHHS (6.1), skuii Mae Burnsz [118]
U (X, &) = C,v/x cos(wIn x) + C,+/xsin(wIn x), (6.2)
(S
1 1
o= 277 (6.3)
@Oynkiis (6.2) Ma€ TOUKHA PO3PUBY, KOITU
2 2 2

£= : (6.4)
Jaz? +1 V1677 +1 n*z% +1
3anuiiemMo po3B’s30K piBHsAHHA Einepa 3a nonomoroto metony BKD 1 ridopua-
HOTO miaxoxy. JJis iboro crmodaTky 300pa3uMo po3B’s30K piBHsAHHSA (6.1) y BUrIsmi

Ui (X, €) :eXp(J‘(gll//o 'H//l)dxj- (6.5)
1
[Ticns mincTtanoBku Bupasy (6.5) B piBHsiHHA (6.1) Oyaemo maTu

h 1
exp j(g’lwo + 1y, )dX (1//()2 +efyl +2eyp, + & dv, +&° Ay, + —zj =0. (6.6)

! dx dx X
3piBHIOIOYH KOE]IIIEHTH MTPU OJTHAKOBUX CTETICHX MmapaMeTpa & y Bupasi (6.6), mic-
TaHEMO PEKYPEHTHY CUCTEMY NU(EpeHILIaIbHUX PIBHSAHb Il BU3SHAUYCHHS HEBIJO-

MUX QYHKITNA yqo 1 yq

l//é + — = 0,
X (6.7)
2y, + Po—0
X
3BiJCH 3HANIEMO
i
l//O = i—’ (68)
X
1
=—. 6.9
WV ox (6.9)



Takum unHOM, 17151 piBHsIHHS Efinepa (6.1) 3a mornomororw merony (a3zHux iH-
TerpajiiB mo0yI0BaHO TaKWi HAOIMKEHUHN PO3B 30K, SIKU YPaxoBYeE JABA WICHU PO3-
BUHCHHS

UWKB(x,g)zclﬁcos(lln x)+C2\/§sin(1In xj. (6.10)
& &

I'opunauit BKb-I'anbopkin po3B’sa30Kk MOOYyIyeMO 3 BUKOPUCTAaHHSM OIHOTO
qjieHa pO3BUHEHH. {7151 11b0ro 300pa3umo HaOIMKEeHUM po3B 30K piBHAHHSA (6.1) y
Burjsil (3.2), ne GyHkis yo BuzHaveHa B (6.8). Toxal Bigxui piBHSHHS, 10 MOTpe-
Oye miHimi3alii, HaOyBae BUTIISALY

1 Fi 1
R:gz(_5§F+§OFj+F' (611)

3aCTOCOBYIOUYM KpUTEpiil OopTOroHanbHOCTI ["anbopkiHa, MicTaHEMO KBajpaTHE
PIBHSIHHSA JUI1 BU3HAYEHHS HEBIIOMOIO 0

o1
8 £i6, —==0. (6.12)
&
3Biacu 50 3alIMIICThLCA Y BUTJIAA1
i (1 1
S =F—+, 5= 6.13
° +2 g 4 (6.13)

Takum unHOM, riOpuaHuii BKB-TI"anbopkiH miaxig JacTh Take HAOJIMKEHHS TO-
YHOTO pO3B’ 513Ky piBHsHHS (6.1)

U, (x,&) =C,/xcos(vInx) + C,</xsin(vInx), (6.14)
TyT yepe3 v mo3HauYeHa BEJIMYMHA

1 1
v=,|———. 6.15
s> 4 ( )

6.2 3icTaBJIeHHA 3 TOYHUM PO3B’A3ZKOM

Sx BunHO, Ti6puaHUI po3B’ 30K (6.14), moOymoBaHM 3 BUKOPUCTAHHSM OJTHO-
ro 4jeHa PO3BUHEHHS, CIIBNAAA€E 3 TOYHUM PO3B’sI3KOM (6.2) piBHSHHS y TOH Yac, siK
po3B’s30k (6.10), moOyaoBanuii 3 BUKOpucTaHHsIM ABowieHHOro BKb-po3BuneHHs,
BIJIPI3HSAETHCS BiJ] TOYHOTO pO3B’s3Ky. [lonMBUMOCH, HACKIIBKMA 1CTOTHI 11 BIIMIHU
IIPY pi3HUX 3HAYCHHAX IMapamMerpa ©.

[TopiBHSIEMO TaKOX TOYHUH PO3B’SI30K 3 YHUCEIBLHUMHU pE3yNbTaTaMu, 3100yTH-
MU 3 BUKOPHCTAHHSIM METOY MPHUCTPIIIOBaHHS B IMOEAHAHHI 3 MeTo1oM PyHre-KyTTa
yetBepToro nopsaky [119]. OcobmuBy yBary OpHALTUMO TOYHOCTI YHCEIBHOIO
PO3B’S3Ky P MaJIMX 3HAYCHHSX TMapaMmeTpa €.

Hexait urykana dynxuis U (X, 5) 3aJI0BOJIBHSIE TaKl KpaiiloBl yMOBU

U(1)=U (e)=1. (6.16)
Topi, sk BunHO Ha puc. 6.1, mpu U (X,&) po3s’s130k, 3100yTuit 3 JOIOMOr00

YHCEIbHOTO METO/TY, 1a€ MOMITHY MoxuOKy. [Ipu BenbMu mManux 3Ha4eHHSIX Mmapame-
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Tpa, 1o BuruBae 3 [119], oOuucaroBaibHA MOXMOKA YHUCEIBHUX METOJMIB MOXKE
MBUAKO 3pocTaTu. [le yacTo He M03BOJsE TOCATTH MPUHHATHOT TOYHOCTI TS MaJIHX
3HA4YCHb MapameTpa ¢ . ['10puaHe HaOIMHKEHHS 1 O3B’ 30K 3a METOA0M (ha3HUX iHTE-
TpajiB CHIBIAAAIOTh 3 TOYHUM PO3B’SI3KOM.

[TpumiTka. Yci OOYHCIEHHS BHUKOHYBAJIHCh B 1HTEIPOBAHOMY CEpPEIOBHILI
Mathcad (onuc poro mporpaMHoOro NpoaAyKTy MOXkHa 3Haiitu B [119]).

[Ipoctexxumo 3a pe3ysibTaTamul, 3M00yTUMH 3 BHKOPHCTAHHIM IMX MiIXOIIB,
KOJIM TIapaMeTp ¢ cTae OumbIIMM 3a oauHuIo. Ha puc. 6.2 300paxkeni rpadiku, 3710-
Oyri gt e=15. [iOpugHui 1 4YMCEIBbHUM PO3B’SA3KH 30Iral0ThCd 3 TOYHUM
po3B’s3koM, Metoa BKb nae momitHy moxuOky. Lle cBiquuth mpo Te, 10 3 pOCTOM
napameTpa MeTo pa3HUX THTErpajiB CTa€ MEHII TOYHUM.

[{ixaBo MPOCTEXKUTH 3a PE3yJIbTATAMH IIUX METOJIB NMOOIU3Y TOYOK CHHTYJISIP-

Hocri. Tak, Ha puc. 6.3 HaBeneHi rpadiku st € —> 2(47z2 +1)_]/2 (mpu £=0,313), na

-1/2
puc. 6.4 nns € —> 2(167[2 +1) ! (mpu & =0,159). Sk BugHO, MeTon BKb nae 3nauny

NOXUOKY MpU HAOJMKEHH1 O TOUOK CHHTYJISIPHOCTI 1 CTAa€ HENPUWHATHUM MPU TaKHX
3HAYCHHSX ITapaMeTpa e .

U ?J

15t

A

1.0 1.17 1.26 1.34 1.43 1 1.6 1.69/1.77 1.86 1.95 2.03,R.12 2.2 2.29 258 2.46 2.55 2.63 2.72

-05 }
X

-1 F

-15

21

—e— TouH.po3s. —o— [iBp.po3B. 5 BKB-po3s. —*— Yucen.poss.

Pucynox 6.1 — 3ictaBneHHs HaOMMKEHUX PE3YJIBTATIB 3 TOUHUM PO3B’SI3KOM PIBHSIH-
Ha (3.1) mpu £ =0,05
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117

1.08

1.06

1.04 |

1.02

0.98 |

0.96 |

0.94

1 1.091.17 1.26 1.34 1.43 1.52 1.6 1.69 1.77 1.86 1.95 2.03 2.12 2.2 2.29 2.38 2.46 2.55 2.63 2.72

x
—*—TOYH.pPO3B. —&— [ibp.posB.  —A— BKB-poss. —*— UYucen.poss.

Pucynok 6.2 — 3icTaBineHHsS HaOJIMKEHUX PE3yIbTaTIB 3 TOUHUM PO3B’SA3KOM PIBHSH-
Hs (6.1) mpu £ =1,5

12 13 13 14 15 16 1.7 1.8 19 1.9 2.0 21 22 23 24 2

-100

-120

-140 L

—o— TouH.po3B. —E— Ti6p.posB. —&— BKB-po3s. —*— Yucen.poss.

Pucynox 6.3 — 3icTaBieHHs HaONMKEHUX PE3yJIbTATIB 3 TOUHUM PO3B’A3KOM PiBHSIH-

Hs (6.1) mpu ¢ =0,313

['OpuaHuit MeTOA TOBHICTIO MIOBTOPIOE TOUYHUN PO3B’s130K. [Ipu Takux 3HaUCH-
HAX TlapaMeTpa ¢ YHCENIbHI pe3ysbTaTH Malke He BIAPI3HSIIOTHCS BiJl TOYHOTO
pO3B’A3KY.
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150

100 T

50 1

1.09 1.17 1.26 1.34 143 1.52 1.6 1%

—&— TouH. po3s. —8—Ti6puoH. poss. —4a— BKB -po3B. —*— Yicen.poss.

Pucynox 6.1 — 3ictaBieHHs HaOMMKEHUX PE3YJIbTATIB 3 TOUHUM PO3B’SA3KOM PiBHSIH-
Hs (3.1) mpu £ =0,159

6.3 BUCHOBKH

Ha ocHOBI iprBeA€HOTO aHAJI3y BUKOPUCTAHUX HAOIMKEHUX METO/I1B MOKEMO
BIIMITUTH Take: 3acTocyBaHHs meTony BKbB 3 BHKOpHUCTaHHSM JBOX 4JIEHIB PO3BH-
HEHHS Ja€ NPUUHATHI Pe3yJIbTaTH JUIIE JUIsl MAJIMX 3HAYeHb mapaMmerpa €. 31 3011b-
HICHHSM TTapaMeTpa Iel MiXiJ CTa€ HeJOCTaTHhO TOYHUM. He3amoBisibHI pe3ybTa-
TH METOJ (pa3HUX IHTErpajliB AEMOHCTPY€E MOOJIU3Yy TOUOK CHUHTYJSpHOCTI. Uucenb-
HUW OiAXiA JOCUTh A00pe HaOIMKye TOUYHUM PO3B’SI30K BCIOJU 3a MEXaMu 00J1acTi
Majux 3Ha4eHb napamerpa €. 3actocyBaHHA riopunnoro BKb-T'ansopkin miaxony 3
BUKOPHUCTAHHSAM OJIHOTO 4JIeHa PO3BUHEHHS J03BOJISIE NICTaTH TOYHUM aHaTITUUHUN
po3B’sa30k piBHsHHS Eitnepa.
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Tema 7 TIBPUIHUI BKB-TAJIBOPKIH PO3B’S130K
JJIsA PIBHAHHSA BECCEJIA

[To6ynyemo riopunuuit BKb-I"anbopkin po3B’si30k mist piBHsSHHS beccens, ke
Ma€ TOYHHUN PO3B’SI30K B cremianbHuX QyHKLisSX. JJo mporo piBHSHHS ab0 HOro mMo-
mudikaiid  3BOAATHCSA JEsSIKI 3amadl MEXaHIKM, HalpukKiIag, PO HaIpyKEHO-
nedopMOBaHHI CTaH aHI30TPOMTHUX 00OJIOHOK 0OEpTaHHS.

7.1 ®opMaabHUH PO3B’S30K

B 3aranpHOBKHMBaHOMY BUTJISIII PIBHSHHS beccens 3anucyeThCsi TAKUM YUHOM
d?V dv
>+ X——+(x* =n?)V =0. (7.1)
dx dx
Tounuii po3B’si30k piBHAHHS (7.1) M7 MUIMX 3HAYEHBb MMapaMerpa N MOXKEMO
3aMucaTH 3a JI0MOMOT0I0 crieiaabHuX QyHKIin [118]

V(%) =C,J,(X)+C,Y, (%), (72)
ne J, (X), Y, (X) — OecceneBl QYHKIIT n-TO MOPSAKY MEPIIOTO 1 IPYroro poay Bif-

X2

MOBI1JTHO.
Jlst o0y noBu ridopuaHOTo po3B’sa3ky 1 BKb-HabmmkeHHs 3anuieMo piBHSIHHS
(7.1) B kaHOHIuUHIH Qopmi. {15 IBOTO BBEIEMO 3aMiHy

v(x) =2

W, (7.3)

dv. 1 du U

dx  Jx dx 2% (7:4)

dz\/_leU_ldU+3U (75)
dx>  Jx dx S dx 4y '
3a 1onoMororo Takoi 3aMiHM piBHSHHA (/.1) HaOyBae BUTIISI LY
d’U 4n® -1
+|1- U=0. 7.6
dx? [ 4x? ] (7.6)
Benemo napamerp
1
E=— (7.7)
1 3armumieMo piBHSHHA (7.5) B Takiit popmi
dU (4x°+1 1
g + -— |U=0. 7.8
dx* ( 4x’n* X’ (7.8)

[Tpu migcraHoBIl MeTOAy (pa3HMX IHTETpaiB B piBHSIHHS (7.7) AicTaHEMO Ta-
KU BUPA3

1 d
eXp[ [y, + t/fl)dX]( W +EWL 28y, te d‘/)/(o
1

+
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dx 4x°n®> X

[IpupiBHIOIOYM KOe(DilliEHTH MPU OJHAKOBUX CTEMEHSIX MapaMmerpa & y BUpasi
(7.9), micraneMo peKypeHTHY CHUCTeMy AuepeHIIaTbHUX PIBHIHb IS BU3HAYCHHS
HEeB1IOMUX (QYHKLIN W/, 1 ¥,

d 4x*+1 1
+&° l//1+[ X +2 ——Z]JzO. (7.9)

2
T

0 2.2 2
4an1,// X (7.10)

2p gy, +——==0.

3BiCH 3HANIEMO
1 4x*+1
Vo :i\/F_W’ (7.1
-1d 1 4x*-1

=——In = ————|. 7.12
V/l 4 dX (XZ 4X2n2 ] ( )

Meron ¢a3HHX 1HTErpamiB Ja€ Takuid HAOJIMKEHUN po3B’A30K piBHAHHS becce-

s (7.1)
4n? ¢ |4n? -1
WKB(X) D\/4 2 _A%?2_1 exp _!:|: A2 —1:|dX]+

an? sl [an? 1
+D24\1/4n2_4xz_1exp£.[ "ae —1}dx], (7.13)

a

INopunnuit BKb-T"anbopkin po3B’si30k MOOYAyeEMO 3 BUKOPUCTAHHSIM OJIHOTO
YJieHa po3BHUHEHHSA. IS 1[bOro 300pa3uMo HAOJMKCHHUH pO3B’SI30K piBHSIHHS (7.7),
ne GyHKIis v Bu3HaueHa y (7.12). Toxi riOpuaHuii po3B’ 130Kk HaOyBa€e BUTIISTY

Vv, —El\/—expj.([A+\/n +A2 ——Mde+

Xn

X 2
+E2%expj£[A—\/n2+A2}\/i2—4x—2+21jdx, (7.14)

X 4x°n

e

g(a) —g(b) 1 4x*+1
A= T W0

_[g”(x)dx

Ha puc. 7.1-7.3 nOpiBHIOIOTBCS pe3yNbTaTH, 3400yTi 3 BUKOPUCTAHHSAM T10pH-
nHoro miaxony, metony BKDB, uncensHOi anmpokcumariii, 3 TOYHHUM PO3B’SI3KOM JIJIsI
PI3HUX 3HAUYEHb NIapaMeTpa & .

Jl1st po3paxyHKy OyiIu B3sTI Taki KpaiioB1 YMOBH

(7.15)
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V(1)=V(2)=5. (7.16)

[IpocTexrMo 3a TOUHICTIO 3100y THX PO3B’SI3KIB, KOJIHU MAPAMETP & BUXOAUTH 3a

MeX1 MajocTi mapameTpa &. Tak, Ha puc./.l mOpiBHSHHS MPOBOAUTHCS i & =1,

[ToTpiGHO Big3HAYUTH, IO MIPH TAKOMY 3HAU€HI mapamerpa N =1 po3B’s30K piBHAHHSA

(7.1) mpoxomuTh uepe3 ocobauBy TOUKy npu X =1. Sk BUAHO, YMCENTbHA alPOKCHUMa-

ITis MaiiKe CIIBMAAae 3 TOYHUM pO3B’si3KoM. ['1IOpuaHMIA MiaXia Ja€ HE3HAYHY MMOXH-

OKy (MakcuMasbHa BiJHOCHA rnoxubOka ckinagae 0,9%). PesynpraTty, 3100yTi 3 BUKO-

pUCTaHHSAM MeToay (ha3HUX IHTErpajliB 3HAYHO BIJIPI3HSAIOTHCA BiJ TOYHOTO
pPO3B’A3KY.

7.2 Anaji3 ynceJIbHUX pe3yJbTATiB

[Ipoananizyemo 3100yTi pe3ysIbTaT AJisl MaJIUX 3HA4eHb napamerpa ¢ . Ha puc.
7.2 moka3aHuil po3B’s130K piBHsAHHA beccens, moOyaoBaHui 3 BUKOPUCTAHHAM T10pH-
nHoro miaxoxy, metony BKB Ta uncensnoi anpokcumartii aisa & =0,1. Sk BugHO, B
bOMY BHMAJKy JOCHTh N0Ope HaOIMKYIOTh TOUHUHN PO3B’SI30K TOpUIHE PO3BHHEH-
Hs Ta HaOJIVOKEHHS 32 METOJOM (pa3HMX IHTerpaiB. YucenbHU po3B’ 30K I MaJIo-
0 3HAUCHHS ITapaMeTpa JIa€ 3HauHy MOXUOKY, sika 3pocTae, Koau X —D.

54 ¢

52

48 t

46

44 t

4.2

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

—e—Tou4H.po3B. —=2— Ti6p.po3B. —&— BKB-0Hab. —<— BKB-1Hab.—e— Yucen.poss.

Pucynox 7.1 — 3ictaBieHHs HaONMXKEHUX PE3YJIbTATIB 3 TOUHUM PO3B’A3KOM PIBHSIH-
Ha (7.1) mpu ¢ =1
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10 ¢

1 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2

—e— TouH.po3B.—5— [i6p.po3B. —a— BKB-0Ha6. —%— BKB-1Ha6.—e— Yvicen.poss.

Pucynok 7.2 — 3icTaBineHHsS HaOJIMKEHUX PE3yIbTaTIB 3 TOUHUM PO3B’A3KOM pPIBHSH-
Ha (7.1) mpu £=0,1

Ha puc. 7.3 mnsa mporo x 3HaueHHs & = 0,1 HABOAATHCS PE3yiabTaTH, 3400yTi
JUTSL TIEPIIUX MOXIAHUX HAaOIMOKEHUX po3B’A3KiB piBHSAHHA beccens. ['Opunnuii mia-
XiJ 1 HaONMKEeHHsI 32 METOAOM (ha3HHMX IHTErpaiiB AOOpEe anpOKCUMYIOTh TOYHHM
po3B’s130K. YncenbHe HAOIMKEHHS MPU TAKOMY 3HAYEHHI MMapaMeTpa & Ja€ HEeNpuil-
HATHUN pe3yabTaT. HallO1IbIIMiA BIAXWII YHCETBHOTO PO3B’A3KY Bl TOUHOTO CIIOCTE-
piraetsest mpu X —D.

U

—o— TO4YH.po3B. —5— Ti6p.po3B. —a— BKB-0Ha6.—x— BKB-1Ha6—e— Yuc.poss.

Pucynok 7.3 — 3icTaBieHHs NEPIIMX MOX1THUX PO3B’sA3Ky piBHAHHSA (7.1) 1 HaOmIKe-
HUX po3B’s3kiB pu £ =0,1
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31 3MeHmeHHaM napametpa ¢ riopuaHuit BKb-TI"anbopkin MeTos 103BOJISIE ic-
TaTH JIOCUTh TOYHI pe3yabTaTH. OOuncIOBaIbHA MOXHOKA YHCETFHOTO PO3B’SA3KY 31
3MEHIIEHHIM ¢ 30UblnyeTbes. Tak, B Tabu. 3.1 HaBedeHi pe3ynbraru, 3100yTi Tpu
c=0,05.

7.3 BUCHOBKH

Ax 6uono nHa npuknadi pisnannus beccens, ciopuonuti BKB-Ianvopkin memoo
00380J15€ dicmasamu 00CUMb MOYHI PO38 A3KU, K NPU MATUX 3HAUEHHAX napamempa
& Makx i 3a mMexcamu Maiocmi napamempa, wo 00380J5€ po3umupumu 001acms 3a-
CMOCYBAHHSA ACUMNIMOMUYHUX MEMOOIB.

T'iopuonuti BKB-I'anvopkin nioxio 0036015€ 00epicysamu 00CUmMs MOYHI pe-
3YIbMamu npu MAaKux 3HAYEHHAX napamempd, KOJIU ACUMNMOMUYHI abO YucenbHi
Memoou 0aroms 3HAYH) NOXUOKY.
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Tema 8 'IBPU/THE BKB-T'AJIBOPKIH HABJIM)KEHHA Y KPAMOBHUX
3AJAYAX, IO 3BOAATHCA 10O JIHIMHUX TUPEPEHIIAJIBHUX
PIBHAHb YETBEPTOI'O HOPAAKY31 SMIHHUMHU KOEDIINIEHTAMHA

AxmyanvHi 3a0a4i meopii 000J0HOK [ NIACMUH, HANPUKIAO, 3A0aAY HANPYHCEHO-
oeghopmosanozco cmany ma CmitlKocmi, a makoxc 3a0ay menjionposioHoCmi ma men-
JIO-MACOO0OMIHY ONUCYIOMbCA OUGhepeHYianbHUMU DIGHAHHAMU Yemeepmo2o NOPsOK).

8.1 Po3B’s130K piBHSAHHSI CNIEeNiaJIbHOIO TUITY

PosrnsiHemo piBHSIHHS BUIY:
g'U®-Q(x)U =0, (8.1)
Je & — NeSIKui mapamerp.
PosrasiueMo okpemuil Bumnagok piBHsAHHS (8.2), KOJIU HOro MOKEMO 3alucaT y
BUTJIAI1

1
ﬁuw—¥U=Q (8.2)
IcHye TOUHMIA PO3B’SI30K IILOTO PIBHSIHHSA, AKUWA Mae BUTIISIA [118]
1 1 .1 1
U(x,&) =Cx’sh—+C,x*ch—+C,x’sin—+C,x’cos—. (8.3
X Xe Xe Xe

[Tobynyemo ribpuanuit BKb-I"anbopkin po3B’s130K 1[bOTO PIBHSHHS 1 TOPIBHSI-
€MO HOTO 3 TOYHUM. 300pa3uBIIHN PO3B’ 130K piBHAHHSA (8.2) y Burisaai (2.66)-(2.70) i
M1JICTaBUBILY i BUpa3u y (8.2), Bu3HAUNMO (QPYHKIIIO Y/,

1
Yo _\/X_t- (8.4)

byaemo nrykatu po3B’ 30K piBHSHHS (8.2) y BUTIISAIL
Uy (x,) :eXp[JgoWode' (8.5)

Binxun piBasiHHS (8.2) Oyae MaTh BUTIISAL

1 9 A
R=g4£§§x5—%5§x 4 +21—5:5§x 2 —%d)x 4)—X5. (8.6)

3acTOCOBYIOUYM KpUTEPiH OPTOroHabHOCTI ["anbopkiHa A0 LBOTO BIAXMILY, JiC-
TAHEMO PIBHAHHS AJIs1 BU3HAUECHHS HEBLIOMOTO O,

koS + kS5 + K07 + ke, +k, =0, (8.7)
ne
_ 4 -21/4 —21/4\. _ 3 -5 -5).
%_—Eﬂb —a ), M_E@ ~a”);
. 255 ~19/4 —19/4\. _ 65 -9/2 -9/2\.
ko == (07 —a ), ko= (07 —a);
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4 ovs  _oua
k== (0" —a™").
21e
Po3B’s13aBiu anredpaiune piBHAHHS Y€TBEPTOro nopsaky (8.7) 1 miicTaBUBIIN
3HaleH1 3Ha4YeHHs y (8.5), mictaHemMo riOpuaHMiA po3B’ 130K piBHAHHS (8.2)

U, =C,exp Iéolx‘5’4dx +C, exp I502x‘5’4dx +

+C,exp| [S,xdx |+C, exp| [5,,x % dx |. (8.8)

a a

8.2 3icTaBJ/ieHHs HAOJIMKEHUX Pe3yJIbTATIB 3 TOUHUM PO3B’SI3KOM

Pesynbraty 3icTaBieHHs HaOIMKEHb, 300yTHX 3 BUKOPUCTAHHSAM TlOPUIHOTO
MIIX0Ay 1 MeToay (Da3HUX IHTErpaliiB, 3 TOYHUM PO3B’SI3KOM JIJIi MAJIMX 1 BEJIMKUX
3Ha4YeHb MapamMeTpa ¢ HaBeaeHi Ha puc. 8.1 1 puc. 8.2.

Ha puc. 8.1 nopiBasHHS poBoauthes it € =10. [{nst po3paxyHky Oymu B3ATI
TaKl KpailoBl yMOBH

U(l)=1 U(2)=5 U’'(1)=1 U’'(2)=L1 (8.9)

Ax BUIHO, TiOpUHE HAOJMKEHHS IMOBHICTIO TMOBTOPIOE XapaKTEp TOYHOTO
po3B’s3Ky. HaOnmxenns 3a merogom BKbB nae 3nauy noxuoOky.

Ha puc. 8.2 pesynpraTu nopiBHio0ThCS npu & =0,5. /{1 uporo po3paxyHky

Oymu B3SIT1 Takl KpaloBI yMOBU
U(l)=¢, U(2)=s, U'(1)=5 U'(2)=-5 (8.10)
Tiopuonuti nioxio i 6 ybomy 8unaoxy 00360J5€ dicmamu 8elbMU MOYHUL HA-

OudCeHUll P38 30K pieHAHHA (8.2). Po36’a30Kk 3a Memooom pasnux inmeepanie 8
YbOMY BUNAOKY € MEHUL MOYHUM.

5.0
4.5
4.0

3.0
25
20
1.5
1.0
0.5
0.0

1 1.1 1.2 1.3 14 1.5 1.6 1.7 1.8 1.9 2

X
—— TouHwu posB'asok  —B— lMbpuaHun BKB-IanbopkiH po3s. —&— BKB - po3B'asok

Pucynok 8.1 — 3icTaBneHHs HaOJIMKEHUX PE3YyIbTaTIB 3 TOUHUM PO3B’A3KOM PIBHSH-
Hs ipu € =10
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1.800 |
1.600 |
1.400 |
U 120 |
1.000 }
0.800 |
0.600 |
0.400 |
0.200 |
0.000

1 1.1 1.2 1.3 14 1.5 1.6 1.7 1.8 1.9 2

—— TouHwit po3s'asok —=— BKB-lan. poss. —*— BKB poss'asok

Pucynox 8.2 — 3ictaBieHHs HaOMMKEHUX PE3YJIbTATIB 3 TOUHUM PO3B’A3KOM PIBHSIH-
usa apu € =0,5

8.3 BucHOBKH

Taxum yunom, odepacanuti 2iopuonuti BKB-I anvopkin po3s’si30x ougpepenyia-
JIbHO20 PIBHAHHA Yemeepmoz2o nopsaoky (8.2), axuil Mac mouHull po3e 30K 6 eleMeHt-
mapHux @Qynkyiax. 3icmasienHs 3000ymux pe3yibmamis nokazaio 00CMAamHbo 6U-
COKY MOYHICMb 3aNPONOHOBAHO20 MeMOOY OJisl 00EPIHCAHHS HADIUNCEHUX AHATTMUY-
HUX P0O38°53Ki68 0aH020 KIAcy OupepeHyiaroHux pieHsHb CUHSYIAPHO20 MUNY i3 3MIH-
HUMU Koeiyichmamu.
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Tema 9 NBPUIHUIN BKB-TAJIBOPKIH PO3B’SI130K
JAUPEPEHIIAJIBHOI'O PIBHAHHA CIIEINIAJIBHOI'O THUITY I3
SMIHHUMU KOE®IIIEHTAMHA

Hicmanemo eiopuonuii BKB-I anvopkin po3e ’sa30x ougheperyianbHoco pieHsHHs
CUHRYNIAPHO20 MUNY, SIKe MAE MOYHUL PO38 30K 6 CNeyiaNbHUX QYHKYIAX, KOaU Koe-
QiyicHmu pisHAHHA MAOMb NEGHUL 8U2TAO.

POSFJIHI[a€TI>CSI piBHHHHi[

g“(u @ +ﬁu"'+ﬁ2u"+i3uj—(1—§4}u =0, (9.1)
X X X X
ne
A=2-4a; A=6a’-2v*-1
A =[2(v* —a’)— (2a -1) |(2a +1);
A =(a’—v?)(a® +4a+4-Vv?);
o, Vv — IesKl mapaMeTpH.
TouHuii po3B’S30K BOTO PIBHAHHS 3 JIOBUJIBHUMHU KpaHOBUMH yMOBAaMH 3aIlu-
Cy€TbCsl B TakoMy BUTJIsifl [118]

U =x%CyJ, ( j+C2Y (8j+C3 (:]+C4KV[§} (9.2)

Jlns moOynoBu TiOpuUaHOrO po3B’si3ky piBHsAHHS (9.1) 300pasumo croyatky
pO3B’s30K Yy MeToay (a3Hux iHTerpaiiB. [liacTaBuBIM BUpa3u 3a METOAOM (pazHUX
iaTerpais B (9.1 ), Bu3HaUMMO (PYHKLIIO ¥/,

vo=41-3. 93)

Bynemo miykatu po3B’si30ok piBHsAHHS (9.1) y BHIIIS/I 3aIPOTIOHOBAHOTO TiOPHIHOTO
M1IX0Ty

U, (X&) = eXp[I5o‘//odX]1 (9.4)

Biaxui piBHsaHH (9.1) 3amMUIIETHCS TAKUM YHHOM

R=&"(Sws +633yiws +Adayaps +35; (w4) +Sw )

+84i<503 > + 3% Yo, "‘50‘//0)4—‘94 A&(ézy/g +50l//6)+
+84i50‘//0 (1 %) (9.5)

3acTOCOBYIOUM KpUTEPil opToroHanbHOCTI ["ampopkiHa Ao Biaxuiy (9.5), mic-
TAaHEMO DPIBHSHHA JUI1 BU3HAUEHHS HEBLIOMOro O,. Po3p’s3aBiimn anredpaiyne pis-

HSIHHSI Y€TBEPTOTO MOPSIAKY 1 MiACTaBUBLIM 3100yTi 3HaueHHs B (9.3), nicraHemo rio-
puIHUI po3B’ 30K piBHAHHS (9.1)
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Uy, =C,exp| [ Sy | +C,exp| [ Syopodx |+Coexp| [ Syapedx |+
+C, exp I&M%dx : (9.6)

9.1 IlopiBHsIHHS PO3B’SI3KIiB JJIf1 BEJUKHX i MaJMX 3HAYEeHb NMapaMeTpa
ACHMITOTUYHOTO PO3BHHEHHS £ 3 TOYHMM PO3B’SI3KOM

Pe3ynbpTatt mopiBHAHHA PO3B’SI3KIB JIJISl BEJIMKUX 1 MaJlUX 3HAYEHb MapaMeTpa
& 3100yTHX 3 BUKOPHUCTaHHSAM TriOpuaHoro migxoxy ta metony BKDB, 3 TouHum
pO3B’A3KOM HaBejieHl Ha puc. 9.1-9.2. Po3paxyHKu NpOBOJMINCH JIJIsi TAKUX Kpaio-
BUX YMOB

U(1)=5 U(2)=5 U'(1)=10, U'(2)=-10. (9.7)

[TpoBenemo 3icTaBieHHs I BEJIMKUX 3HAUYCHb MapameTpa & Sk BUIHO Ha
puc. 9.1, mia ¢ =100 ribpugHe HAOTMKEHHS JOCHUTH TOYHO ITOBTOPIOE XapakTep
po3B’s3ky piBHSHHS (9.1). Pesynpratu, 3700yTi 3 BUKOPUCTaHHSIM METOMy (pazHUX
IHTErpajiB € MEHII TOYHUMHU.

Ha puc. 9.2 HaBeneHe 3icTaBieHHs pe3yNbTaTiB, Koiu ¢ <1. Ik BUAHO Ha rpa-
¢iky, 1151 & =0,333 TOuHICTh T1IOPUAHOTO MIAXOAY BHUIIA, HI)K TOYHICTh METOAY (ha3-
HUX IHTETpaIiB HAa BCbOMY BIIPI3KY 3MIHH X.

TakuMm 4yMHOM, Ha MPUKIAl JIHIMHUX AU(EpPEHITIATbHIX PIBHSIHb Y€TBEPTOTO
MOPSZIKY, SIKI MAlOThb TOYHUH PO3B’A30K, MoKazaHa edexTuBHicTh TiOpuaHoro BKb-
["anbopkiH MeTOMy, KMl JO3BOJSIE HAOMMKYBAaTU PO3B’SI3KM PIBHAHb MPH PI3HUX
3HAYCHHSX MapaMeTpa ¢ .

8.000
7.000
6.000
5.000
4.000
3.000
2.000
1.000

0.000

1 1.1 1.2 1.3 14 1.5 1.6 1.7 1.8 1.9 2

—¢— TouHuit po3B'sisok  —=— BKB-Tan. poss.  —*— BKB-po3B'siaok

Pucynok 9.1 — 3icTaBneHHs HaOIMKEHUX PE3YyIbTATIB 3 TOUHUM PO3B’A3KOM PIBHSH-
Hs npu ¢ =100
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10.000
9.000
8.000
7.000
6.000
5.000
4.000
3.000
2.000 |
1.000 |
0.000

1 1.1 1.2 1.3 14 1.5 1.6 1.7 1.8 1.9 2

—o— TouHui po3s'as3ok —=— BKB-lan. poss. —*— BKB-po3B'A30K

Pucynok 9.2 — 3icTaBineHHs HaOIMKEHUX PE3YyIbTaTIB 3 TOUHUM PO3B’A3KOM PIBHSH-
Hs ipu ¢ =0,333

9.2 BUCHOBKH

11i0s00suu niocymox nposederHo2o 3icmasienHs 3000Vmux pe3yibmamis Ois
ouepenyianbHux pisHAHb 0pY2020 i 4emeepmo2o NOpsOKy 3i 3MIHHUMU KOoeqhiyicH-
mamu ma napamempom npu cmapuiiii NOXiOHIU, SKI MArOmMb MOYHUL PO38 130K, MO-
Jrcemo 8io3Havumu, wo 3anpononosanuil 2iopuonuti BKb-I arvopkin memoo mac 6u-
COKY MOYHICMb HA WUPOKOMY THMEPBAL 3MIHU napamempa, 00360104U MAKUM Y-
HOM Oicmasamu €OUHUL PO38 130K NPU PI3HUX 3HAUEHHSX E.

Kpim moeo, npu po3e’sizanni oughepenyianvHux pieHsaHb wemeepmozo nopsioK)y
nooanvule SUKOPUCMAHHS 2IOPUOHO20 NIOX00Y 003B80JISE 3HAUHO CHPOCUMU NOULYK
KOOPOUHAMHUX (DYHKYIL 8 MemOoOi (ha3Hux inmeepanis.
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Tema 10 ACHMIITOTHYHUI MIIXLI 1O PO3B SI3AHHS KPAIHOBHX
3AJIAY HA OCHOBI BKB-BAPIALIIITHOTO METOIY

3anponoHOBaHW HOBUM MiAX1A J0 PO3B’SI3KY KpalOBUX 3aady MEXaHIKH, SK1
OTHUCYIOTHCS JMHIHHUMU TU(EepeHIIaTbHUMU PIBHAHHAMHU 31 3MIHHUMHU Koe]illieHTa-
MU § MapaMeTpoM MpH cTapuux noxiaHux — riopuaanit BKb-Bapiamiitamii miaxiz.
[Tigxin npumyckae coiibHE BUKOpPHCTaHHA MeTony ¢aszoBux iHterpaiiB (BKb-
HaOJIMKEHb) 1 JOCTAaTHLOT YMOBH ICHYBaHHS €KCTpeMyMy (yHKITIOHANA, [0 peati3ye
PIBHSIHHS 3a7a4i. 3aCTOCYBaHHS IIJIXOAY J03BOJIs€ OyyBaTH HAOIM)KEH1 aHATITHYHI
PO3B’A3KH 33/1a4 13 BUCOKMM CTYIIEHEM Ha IIMPOKOMY IHTEpBaJi 3MiHH MapaMeTpa.

10.1 Beryn

Jlupepenyianvui pieHAHHA 31 3SMIHHUMU KOoe@iyienmamu Kpauosux 3a0ad, 30K-
pema 3a0a4 MexaHiku, 60A€mMbCs GUPIUUMU AHATTMUYHO TUULe 8 OKPEMUX BUNAOKAX.
YV 36°a3Ky 3 uum unuxkae neobXiOHicmb iX HAOIUNCEHO20 PO38 SA3AHMHS.

Ceped nabnudceHux nioxoodis, wo 00epiHcalu po36UmMK)Y y HaAul 4ac, HApPIiGHi 3
YUCENbHUMU MeMOOAMU 3HAYHE Micye 3aUMaroms aHaAIiMmuyHi nioxoou: npsami eapia-
yiuni memoou ma Hesapiayitini (byonoea-I anepxuna, 30yprogans).

Axuwo ougepenyianvhe pigHaHHA 3a0a4i Micmumos 6e3pO3MIPHULL NAPAMEMP €
(manuti abo eenuKutl), HAOAUNCEHUL PO38 SA30K DIGHAHHS 3PYUHO ULYKAMU Y GUeIA0l
ACUMNMOMUYHO20 PO3BUHEHHSI 8 OKOJII 00H020 YU Oilbue cneyiailbHUux 3Ha4yeHb na-
pamempa. 3HatioeHi 8 makuil cnocio po36 s3KuU JIOKAIbHI N0 napamempy 30ypo8aHHs
¢, MobmMo 00cs2aomsb 3a008LILHOI MOYHOCMI HA 8Y3bKOMY IHMEpPBAli 3MIHU Napa-
mempa. Tomy nepcnekmusra 3a0aya acCUMRMOMUYHOL MAMeMAMUKU NoJisiedae y 6io-
wyKaHui 3acobie, a mouHiuie npoyeodyp, AKi 00360J5I0Mb NOJINULYBAMU HAOIUICEH]
PO38 ’a3KuU, n00Y008aHi 3a 00ONOMO2010 KIACUYHUX ACUMNMOMUYHUX MemoO0i8, pOo3ul-
PIOIOYU MAKUM YUHOM 001aCcmb iX eqheKmusHo20 3acmocy8anHs.

Moowcna nazeamu psao nioxoodis (6 rimepamypi 6oHU JicMAalU HA38Y 2IOPUOHUX),
SAKI 0a3zylomvesi Ha i0ei no0y0o8u «YmouHIOY020» pPO38 A3KY, 8 OCHOBI SIK020 Jle-
JHCUMb NOCAIO08HICMb KOOPOUHAMHUX (DYHKYIU ACUMIMOMUYHO20 PO3GUHEHHS | He-
gidomi napamempu. AKwo cneyiarbHUM CnoOcobOM GU3HAYUMU NApamempu, mo
«YMOYHIOYUILY 2IOPUOHULL PO38 30K BUXIOHO20 PIBHAHH 000pe Y32004CYEMBCS 3
«MOYHUM» PO36 A3KOM HA WUPOKOMY IHMeps8ani 3MiHU napamempa 30YpIO8aHHs 3d-
oaui. Jlo 2ibpudHux nioxodie BiOHOCAMbCA, HANPUKIA0, Nioxoou 30Ypro8aHb-
T'anvopxina i BKB-I'anvopkina, saxuii 0ocums 0emaibHo 002080pi068ascs Ha nonepe-
onix nexyisix. Okpeme micye ceped npoyeoyp, wjo 00380JIA€ YCYBAMU HEPIGHOMIp-
HICMb ACUMNMOMUYHUX PO38UHEeHb 3atimae anpokcumayis Ilaoe [3].

10.2 OcHoBHa iges riopuanoro BKb-Bapianiiinoro migxoay

OOroBoprOETLCA 171e TOEHAHHS MPUHOMIB MPSIMUX BaplallliiHUX Ta HeBapia-
IMHUX METO1B. 3ampOIOHOBAHO MIAXi 10 PO3B’sA3aHHS KpaOBHX 3a/1ady MEXaHIKH,
10 OMUCYIOThCS JIHIMHUMU AU epeHIliaIbHUMU PIBHSIHHIMU 31 3MIHHUMU Koedilie-

HTaMH 1 IMapaMeTpoM Ipu crapiriit noxiaHii (riopuauuii BKb-Bapiamiiinuii miaxin),
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KU JT03BOJIsSIE OyMyBaTH HAONMKEHUH aHATITUYHWMA PO3B 30K 3a7adi BUCOKOTO
cTymneHto ToyHocTl. [1ifxia mpuryckae CrijibHe BUKOPUCTAHHS METONy (ha3HHUX 1HTe-
rpaniB (BKb-nabmmkens) [4] 1 1oCcTaTHbOT YMOBH iICHYBaHHSI €KCTpeMyMy (DyHKIIIO-
HaJa, IKUW pealizye piBHAHHA KpaloBoOi 3a1adi.

Tax, Ha mepmomy ertari HaOMMKEHUN aHATITUYHUIN PO3B’SI30K KpaloBoi 3a1aui
BU3HAYAETHCS 32 JIOMOMOT0I0 MeToy ¢azHux iHTerpamiB. Ha ocHOBI 3HaiiieHOT acu-
MOTOTUYHOI nocigoBHOCT! GyHKIiH BKB-po3BuHeHHs OyayeThcss HOBHM «yTOYHIO-
10unii» po3B’sa30K. Ha gpyromMy erami HEBIOMI IMapaMeTpH «yTOUHIOIOUOT0Y» T10pu/I-
HOTO PO3B’SI3Ky BU3HAYAIOTHCS MPHU JOCTIKEHHI Ha eKCTpeMyM (YHKIIT KIHIIEBOTO
qucia 3MIHHUX, YV SIKY MEePETBOPIOETHCS BUXITHUM (PYHKIIOHAJ IPH MiACTAHOBIN B
HBOT'O T1IOPUHOTO PO3B’SI3KY.

Po3B’s3yeThCsl KpalioBa 3ajaya, sika OMMCYETHCS JIHIMHUM nudepeHIialbHUM
PIBHSAHHIM TOPAIKY N 31 3MIHHUMH Koe(illeHTaMu 1 O0€3p03MIpHUM IapaMeTpoM
30ypeHHS ¢

&' [y + P (Y™ + .+ p(X)Y ] +a(xe)y =0, (10.1)

ne pynkiisa g(X,&) =0 Ha inTepBam X e[a;b] Ta rpaHUYHUMH yMOBaMHU

y@s=~A, y@=A, ... y"@=A,,
y(b)=B,, y'()=B, ... y"*'(b)=B,,..
Ho piBasab Burisiay (10.1) moske OyTH 3Be/ieHa 3Ha4YHA KIJIBKICTh 3a7a4 CTaTH-
YHOTO 1 JUHAMIYHOTO Jae(QOopMyBaHHS HEOJAHOPITHUX TOHKOCTIHHUX KOHCTPYKIIIH.
be3po3mipHMil mapameTp ¢ BUHHMKAE B PIBHSAHHI 337a4l TPUPOAHO MPU BBEJAEHHI 0€3-
PO3MIpHUX 3MIHHUX, IPEJICTABISAIOUN COO00, HAIPUKIIA/I, BIACHY YaCTOTY KOJIUBaHb,
BIJIHOIIIEHHS] HAlMEHIIOro 10 HAOUIBIIOro JIHIMHUX PO3MIPIB KOHCTPYKIIi, 1 T.M.
Manumu napamerpamu B T€Opii 000JOHOK MOXKYTh BUCTYNATH TaKl BEJIMYMHU, K Bi-
JTHOILIEHHS TOBILMHU OOOJIOHKHM A0 pajlyca, BIAHOLIEHHS HOPMAJIBHOTO MPOTHUHY A0
pajiyca, BIIHOIIEHHS 3TIHHUX >KOPCTKOCTEH KOHCTPYKTHMBHO-OPTOTPOITHOI OOOJIOH-
KH.

(10.2)

Meron ¢aznux interpanis (BKb-nabnmxkens) € eekTUBHUM 3ac000M 1TOOYI10-
BU HAOMMKEHUX PO3B’SA3KIB PIBHSAHb 3a3HAYCHOTO THIMY. BiAMOBIAHO 10 METOIY
po3B’s30k piBHsAHHSA (10.1) mrykaeThest y BUTIISAA1 (HOPMAIBHOTO PO3BUHEHHS:

y:exp.fZg"‘lc,uj dx, (10.3)
i=0

ne {v j} — MOCTIAOBHICTh (PYHKITIH, YJICHU SIKOT MOXXHA BU3HAYUTH IICJIS TT1JICTAHOB-

ku po3BuHeHHs (10.3) y Buxigne piBasHHA (10.1) Ta moganbmoro po3s’s3aHHS PEKY-
PEHTHOI CHCTEMH PiBHAHB BiHOCHO {y/;}.

TpeOa BiA3HAUWTH, 110 Y BUIMAJKY PIBHSHb BUIIUX MOPSAKIB BUZHAUEHHS 4YJie-
HiB {y/;}, ] >1 possunenns (10.3) € nocuts TpyaomicTkuM. ToMy B IpHKIagHUX 3a-

Javax 3BUYAiiHO OOMEXYIOThCSl BU3HAYCHHSIM HYJIHOBOTO 1 mepinoro wieHiB BKb-
po3BunenHs (10.3), mo npu Manux & 3abe3rneuye 3aJ0BUIbHY TOYHICTh TOOYA0OBAHO-
ro Ha ocHoBI po3BuHeHHs (10.3) BKB-po3s’sa3ky piBusuus (10.1).
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TyT BUHUKAIOTh, IO MEHIIINA Mipi, IBa BAXKJIUBUX MUTAHHS, sIKI BHHUKAIOTh TIPU
po3B’s3aHHi 3a1a4i MmeTo oM BKb-HabmmkeHb:

1) obmacts edexktuBHOrO 3acrocyBanns orpumannx BKb-po3’s3kiB 3a mapame-
TPOM ¢,

2) sx nomimmutd BKb-po3B’si3ku, SKIIo ¢ mepecrae OyTd MaauMm.

3rigHo 3 podoToro [5]: «Skmo npu & — 0 mae micie 3MICTOBHA aCHUMITTOTHKA,
TOJIl TIPH & —> 00 TAKO0X MOXHA OJEP>KaTH JCAKUI pO3yMHHN aCUMITOTHUYHHUHN MpO-
nec». Omxe, cnpoOa BIAMOBICTH Ha MOCTaBJIEHI MUTaHHS Yy CYKYITHOCTI 13 JaHUM
MPUHIIUIIOM CaM€ 1 HaBOJATh Ha 1/Ie0 TOPUIHOTO ACUMIITOTHYHOTO MIiAXOY, SKUH
3apOIIOHOBAHO Y JAaHii poOOTI.

Hapegemo Metoauky nosiniieHHs (a00 «yTOUYHEHHS») pO3B’s3KiB KpalloBoi 3a-
nadi (10.1), (10.2), mo moOynoBaHi Ha OCHOBI BuKopucTanHs Metonay BKB-
HaOJIMKEHb.

dopmabHEe «yTOYHIOIOYE» PO3BUHEHHS po3B’si3ky 3amaui (10.1), (10.2) (ma-
3BEMO MOTO TOpUIHUM) 33]1aMO y BUTJISAL

N
yzexpj'zﬁjyxj dx,, (10.4)
=0

ne {y;} —snaineni N +1 «xoopmunataux» ¢ynkuii possunenns (10.3), a {0;} ne-
BIJIOM1 MapaMeTpH, IO MiAJIAraloTh BU3HAUYCHHIO. BOHU MaroTh OyTH came TaKhMH,
o po3B’s30k Y, (X, &,0,...,0y), No0ynoBaHni Ha ocHOBI po3BuHeHHs (10.4), «sik-
HalOMMXK4e BIAMOBIAB OM TOYHOMY PO3B’S3KY BHUXITHOI 3amadi». CdhopMmynroeMo
puHUKI Bu3HadeHHs napametpis {6;}, j=0,..,N ribpumnoro poss’ssky.

B ocCHOBI 11bOT0O MPUHIIKITY JICKUTH 1€ 3aMIHM BUXITHOI KpailoBOi 3amadi
(10.1), (10.2) BapiamiitHOrO 3ama4ero MPO EKCTpeMyM (DyHKITIOHANA, IS SIKOTO PiB-
usuHs (10.1) € B 3aransHOMY Bumaaky piBHsSHHSIM Eiinepa-Ilyaccona.

Otxe, akmo ¢GyHKIioHan V[y(x),e] € (YyHKIIIOHAJIOM, JOCIIIKEHHS SKOTOo Ha

ekctpeMyM peanizye piBHsHHA (10.1), a ribpumauii po3s’s3ok Y, (X, &,0,,...,0y) €
po3B’si3koM KpaioBoi 3amadi (10.1), (10.2), To npu Oyab-SKHX HEBIIOMHUX 3HAYCHHSX
80,8118y PO3B’A30K Y (X,€,80,..,0y) HOTparuisie 10 N -IapaMETPUYHOrO CiMEHCTBa
npunyctTuMux (QyHKIIN BapiamiiHoi 3amadi, TOOTO (QYyHKINA, HA SKUX (DYHKITIOHAT
V[y(x),e] MOXK€ JOCIATraTH CKCTPEMYyMY.
[pu mixcranoBui Yy (X,&,0,,...,0y) ¥ bynkuionan V[y(X),&], ocranHiii crae
bynkmiero N 3MiHHHX
V([T (X%8.500y ), € |=4(5,- 8y ). (10.5)
JlocmipkeHHs Ha ekcTpemyM ¢yHkionana V[Y(x),&] neperBoproeThest Ha 10-
CIi/pKeHHsT ekcTpemyMy (yHkuii ¢(dy,...,0y) (10.5). Heobxinna ymoBa icHyBaHHs
excTpemyMy (yHkiionana OV[Yy,&]=0, TakuM 4ynHOM, €KBiBaJ€HTHA CHUCTEMI DiB-

{%_0, 9 _o . 99 _g. (10.6)

HAHDb

6, 05, EEN
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Po3B’s3aBiim cucremy (10.6), MoxkHa ofepskat HaGip O, ,0, ,..., 0y , IPH IKOMY
Ha QyHKOii Y, (X,g,ég ,51*,...,5,2) nocsaraeTbes exctpemyM ¢yHkiionana V[y(x),e].
Cama ¢yHKOIA Y, (x,g,ég ,51*,...,5,2) npu 1poMy Oyje IMIyKaHUM TiOpUIHUM

po3B’si3koM kpaiioBoi 3amadi (10.1), (10.2), skwuit 30iraeTbcs i3 TOYHUM PO3B’SI3KOM
HE3aJIEXKHO BiJ] BEJIMUMHU MTApaMETPy ¢ .

Hagenenuii BKb-Bapiariiiauii miaxin gaiai 0yjae 3acTOCOBaHO /10 MOOYA0BU Ha-
OJMKEHUX aHATITUYHUX PO3B’SA3KIB KpaOBHX 3aja4, sIK1 OMUCYIOThCS PiBHAHHAM Epi
Ta PIBHAHHAMHU becens Apyroro mopsaky 3 METOIO MoKa3aTH €(eKTUBHICTh MIAXO.Y.
3rafani piBHSHHS, SBIISAIOUM COOOIO PIBHSHHS 13 3MIHHUMH Koe(illieHTaMHu, MaloTh
TOYHI AHAJITUYHI PO3B’SI3KU. 31CTABICHHS HAOIMKEHHX PO3B’A3KIB 3rajJlaHUX PiB-
HAHb, 3HaWgeHux 3a jgomnomororo BKb-BapiamiitHoro migxomy, 13 TOYHUMH
PO3B’s3KaMHU JJal0Th HAWOLIbIIY YIEBHEHICTh B PABUIIBHOCTI 3I00YTHUX PE3YyJIbTATIB.

10.3 IpukJaau 3acTOCYBaHHS MiAX01y

Posrasituemo piBasiHHS Epi:
gy —xy=0, (10.7)
Jie £ TMOYATKOBO Mepen0avyaeTbCsi MaaIuM O€3p0O3MIPHUM MapaMeTPOM.
['pannyH1 yMOBH 715 piBHSAHHA (7) NIPUAMEMO TaKUMH:
y(@)=Ai y(b)=B, (10.8)
ne a<b<0. Bemmunam a i b oOpani Bix’€MHMMH, OCKIIBKM BUIJISA TOYHHX
po3B’s3kiB piBHsHHA (10.7) misg ob6nacti X <0 (ociuuiALis) 3 MOTJIALY IXHBOTO MOpi-
BHSIHHS 3 OTPUMaHMMU HaJlalll HAOJIM>KEHUMU PO3B’°SI3KaMH 3/1a€ThCs OB 1IKABUM,
HIXK pO3B’S3KiB Ju1st 00macti X >0 (excrmoHeHTHUH 3picT abo cra).
Ha nepmomy etami nooynyemo Habmmkenuii BKB-po3s’sizok piBasiaas (10.7).
JIBousienne BKb-po3BuHEHHS Ma€e BUTIISI

y =exp [ (e 7y, +y,)dx. (10.9)
[MTinctasusmm (10.9) y Buxigue piBasHHS (10.7) 1 310paBmm koedilieHTH MpH
OJIHAKOBHX CTYNEHSX &, OAEPKUMO
JUISL TIOPSTKY &°

wi-x=0, (10.10)
IS TIOPSAKY &'
2wy, +y, =0. (10.11)
3 piBnstsb (10.10), (10.11) 3Haiigemo
+i(—x)"?, x<0,
= 10.12
Vo { +x¥2 x>0, ( )

Ta

o1



== I (10.13)
———1Inx, x> 0.

Ha ocnogi (10.9), (10.12) i (10.13) 3arameuuii BKB-po3B’s30k piBasHHS Epi
(10.7) B obmacTi x<0 Mae BUTIISI;

Yos (%, €) = (=x)¥* [cl cos%.s‘l(—x)?’/2 +¢,sin %g‘l(—x)”} . (10.14)

ne C,,C, — JOBUIbHI MOCTIiHHI, 10 BU3HAYAIOTHCS 3 TpaHndHUX yMOB (10.8).

[To6ynyemo riopuanuit BKb-Bapiamiiinuii po3B’s30K, 3aCHOBaHWUN Ha PO3BU-
HEHHI BUTJISIAY

Y =exp [ (S + S)dx, (10.15)
ne v, 1y, — dyHkuii, Bu3Hadeni Gopmynamu (12) 1 (13), a 5, 1 o, — HeBigOMI napa-
METpPH.

3rigno 3 (10.15) 1 (10.12), (10.13) 3arajapHuii riOpUIHUI pO3B’ 30K AJ1s1 001ac-
Ti X<0 Oyjae MaTh BUTJIS

¥, (X, &) = (—x) ™/ [al cos§50 (—x)¥* +a,sin %50 (—x)”} . (10.16)

1€ a,,a, — NOBUIbHI IOCTINHI.

Po3p’s30k (10.16) HeoOxiaHO miakoputu rpaHudHuM ymoBam (10.8), nus toro,
mo0 QyHKUisA Y, moTpanuia J0 CIMEHCTBAa NPUIYCTMMUX (YHKILIN BaplaliiHOI 3a-
nayi juist GpyHKIloHana

VIy,e] :—% [[£2 (v %y ], (10.17)

JOCIIJKEHHST IKOTO Ha ekcTpemyM peanidye piBHsHHs (10.7). IlincranoBka ridopu/-
Horo po3B’s3ky (10.16) npu BuzHavyennx &, =& (d,,0;) 1 &, =a,(5,,d,) no dyHKLio-
Haiy (10.17) neperBoproe fioro Ha QyHKIIIO MApaMeTPIB Oy, O, :

V[T 1= 4(6,,8) .

Hocnimxenns ynkuii ¢(J,,0,) Ha eKCTpeMyM MPUBOIUTH 10 PO3B’SI3aHHS CH-

{% _0 92 _g. (10.18)
05, 05,

CTEMU PIBHSHB

10.4 Bisyauaizanist 3100yTux po3B’si3KiB

Tak, Hanpukiajg, NpU TPAaHUYHUX yMOBax Yy(-1)=2 1 y(-0.3)=1 Ta 3HAYCHHI
¢=03 i3 cucremu (10.18) moxHa 3Haiitu (J,,0,) =(£3.532,1.242) . Ha pucyHkax
10.1, 10.2 ans manoro BUMAAKy Moka3aHa rpadiuna peamizaiis GyHKLii ¢(3g,8;), sKa
J0CSATaE CBOTO eKCTpeMyMy (MakcumyMmy) y touni (6,,0,) = (+£3.532,1.242) .
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1 35 oo

Puc. 10.1 Puc.10.2

Bsaraui, noBepxus ¢(J,,0,) CUMETpHYHA BITHOCHO IOYATKy KOOPAUHAT (pHC.
10.2) i 3 ymoB (10.18) Bu3HauaeThCs Mapa 3Ha4eHb {J,}, 10 CUMETPUYHI BiTHOCHO
HyJs. SIK BUSBIAETBCS, 3HAK O, HE BIUIMBA€ HAa OCTATOYHUH BUIIIAN TiOPUAHOrO
pO3B’A3KY.

Hwxye mobynoBani rpadiku po3B’si3kiB piBHsAHHS Epi: Tounoro (kpyru), BKb-
po3p’s3ky (10.14) (mynktup) 1 riGpuanoro po3B’sizky (10.16) (HenepepBHa JiHis)
npu 3HadeHHsX &£=0.1; 0.2; 0.3 i1 rpannunux ymoBax Y(-1)=2, y(-0.3)=1 (puc.

10.3-10.5), 3nauennsx &=0.5 i ymoBax y(-1)=2, y(-0.2)=4 (puc. 10.6), e=11
y(-1) =y(-0.2) =2 (puc. 10.7), ¢=3 1 y(-1) = y(-0.2) =-2 (puc. 10.8). I'iOpuanuii
PO3B’A30K 30iraerbes 13 TOUHUM Po3B’si3koM, Metoa BKbB nae momiTHy moxuOky, 1o
CBIIYUTH MPO 3MEHILEHHS KOr0 TOYHOCTI 3 POCTOM IapameTpa.

- 08 < 06 04 1 08 <08 04

Puc. 10.3 Puc.10.4
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A 08 <06 04 - 08 -C)J:(.G 04 02
Puc. 10.5 Puc. 10.6

2.1

-1.85- ~ 3
2.0581

a s Y
1.9 7 W
2¢

1.86+

1.9

-1 08 06 04 02

Puc. 10.7 Puc. 10.8

Ha ocHOBI HaBeneHOro aHamnizy pe3ysbTaTiB MOXHA BIJI3HAYUTHU, IO 3aCTOCY-
BanHs metony BKbB no posm’sizanns piBusuus Epi (10.7) 3 BUKOpHCTaHHSIM JBOX
YJIEHIB PO3BUHEHHS J1a€ MPUMHATHI PE3yJIbTATH JIUILE JJI MAIUX 3HaYeHb MapaMeTpa
& . Mix tum, riopunnuii BKb-Bapianiiinuii miaxij J03BOJISIE OJepKaTH HAOJIMKEHUN
aHAITHIHUA PO3B’si30K piBHAHHA (10.7), KUl MOTOMKYETHCA 3 TOUHUM PO3B’SI3KOM
IIPU PI3HUX 3HAYEHHSIX NapameTpa 30yproBaHHS &, SK BEJIMKHUX, Tak 1 Manux. ['10pu-
JHUHM pO3B’SI30K OTPUMAHO Ha OCHOBI ABOYJIEHHOTO PO3BUHEHHS.

10.5 3acrocyBanHs niaxoay A0 po3B’si3Ky piBHsiHHS Becesis

Posrasiemo piBasiHHS becens y ¢opwmi:
2

y”+§y’+ /12—% y=0, (10.19)

ne A —napametp, K — mopsaok piBHAHHSL.

Jo piBusnH: (10.19) abo fioro moaudikariii 3BOAATECA EsIKI 3a7a4l MEXaH1KH,
HaIMpUKJIad, PO HaMpy>KeHO-Ae(POPMOBAHUN CTaH aHI30TPOIHUX OOOJIOHOK 00ep-
TaHHS Ta BJacHI KojuBaHHS Kpyrioi ractuHu. PiBHsHHs (10.19) mae Tounmii
PO3B’SI30K B CIICLIAIbHUX (PYHKIIISX.

3pobumo 3aminy A’ =1/¢® y piBusani (10.19) v BUrISL, MO 3py4HO IS HO-
oynosu BKb-po3B’s3ky:
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2 " 1 ’ 2k2
ey +;y +l1-¢ Z y=0, (10.20)

JIe TIOYaTKOBO MpPHUITyCKaeMo & <<1.
['pannuni ymosu 1y1st piBHAHHSA (10.20) BizbMeMO y BUTIISAII
y(@=A 1 yb)=8B, (10.21)
ne O<a<b.
Jlast Toro, mo6 ¢yukuis 1—s°k?/x? B pisnstani (10.20) Ha intepBani x e[a,b]
HE MaJia HyJIB (a BUX1JIHE PIBHSHHS, BIIMOBIIHO, TOUYOK MOBOPOTY), HEOOXITHO J0-
tpumyBartucs ymoBu &K €[0,a) U (b, +00). Jlana ymoBa He MOpPYIIY€ CIIIBHOCTI Mip-
KyBaHb HIOJ0 MOOyA0BH HaOmmxeHoro po3B’si3ky piBHAHHA (10.19), ame, sk Oymo
BIJI3HAYEHO, JO3BOJISIE B [IbOMY pa3l HE MaTH CIIpaBy 13 PIBHAHHSM, 10 MICTUTh TOY-
Ky TIOBOPOTY.
OTxe, migcranoBka aeouwieHHoro BKbB-possunenns (10.9) y pisusuus (10.20)
JI03BOJISI€ 3HANTU:
21,2 /2 1\/2
+(&%*/x*=1)"", gk>b,
Yo=1 . V2 (10.22)
+(1-°K/x*) 7, ek<a,

1, BIAIIOBITHO,

v _1,/,0 —%diln(gzkz/x2 —1)—2i, ek >b,
p=—pt—=1 1§ 4 (10.23)
2y, ———In(l—gzkz/xz)——, gk < a.
4 dx 2X

Ha ochogi BusHauenux ¢ynkmin (10.22), (10.23) moxna oaepskaru 3aranbuuii BKb-
po3B’s30k piBHsHHS (10.20).

BukonaBmm HeoOXigHI omepallii Juisi JBOYJIESHHOTO TiOPUIHOTO PO3BHHECHHS
(10.15), moGynoBaHoO 3araibHMii riGpuaHuil po3B’si30K piBHaHHs (10.20). Moro Heo6-
XiqHo migkopuTH TpaHudHuM ymosam (10.21) mis Busnawennsa d; =d;(0,,6;) i

g,=9; (0,,9,) , a nami miacTaBuTH y QyHKIIOHAT

b 2
V[VH] = %J|:52y'2 _[1_ & %j y2:|XdX = ¢(50’51) )
skuil peanizye Buxinue piBHsHHSA (10.20). Jocmimkenus ¢ynkuii ¢(J,,0,) Ha excr-
pPEMyM JI03BOJII€ BU3HAYUTH LIIyKaHI1 apaMeTpH 8,3, .

Hwxue na pucynkax 10.9-10.12 mopiBHIOIOTECS pe3yiabTaTH PO3B’SI3aHHS PiB-
HsHHa becens (10.20) 3100yTi 3 BukopuctanusiM BKbB (nmynktupna ninis) 1 ri0pui-
Horo BKb-BapianiitHoro miaxoiB (HemepepBHa JiHisA) 13 TOYHUM PO3B’A3KOM (KPYTH)
TUTSI BIJIIOBITHUX BUIIA/IKIB: k=1 ¢£=0.1 y(0.2)=1y@Q1)=2;
k=2, £¢=0.6, y(0.3)=1y@1)=2; k=1/7, ¢=1 y(03)=y()=-1, a rakox
k=1/10, £=2, y(0.3)=y(@)=1.
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0.984

-1.024
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-1.04+ 0.94
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0.92 N .
106 R
04 06 _ 0 1

. 06 0.8 1
Puc. 10.11 Puc. 10.12

Ax MoxnHa O6aunth 3 rpadikiB, BKb-Bapiamiitauii miaxia 103BoJsE€ OJIepKaTH
HaOIMOKEHUN T1IOpUIHUN PO3B’ 30K PIBHAHHS becens apyroro mopsiaky, mo IJIKOM

30Ira€ThCsl 3 TOUHUM JJIS TUX 3HAYCHb Mmapamerpa 30yproBaHHs ¢, ko mMetoa BKbB
Jla€ He3a0B1IbHI PE3YJIbTATH.

10.6 BucHOBKH

Ha nexyii o62060prosanace ides cmeopeHHs Ha OCHO8I Memooy (pa3Hux inmee-
panieé (BKBb-nabnusicenb) H08020 acumMnmomu4Ho20 nioxo0y 00 po38 s3aHHs Kpauo-
8UX 3a0ay, 30KpeMa 3a0ai MeXaHiku HeoOHOPIOHO20 cepedosuya, AKuil ou 6ys nos-
basnenutl 0CHo8H020 Hedoniky memooa BKb-noxkanvnocmi BKb-po36’a3kie no mano-
My napamempy, mobmo 3HaAYHOI 3aJ1eHCHOCI iX MOYHOCMI 810 8eUYUHU Napamempa
po3suHenHs. [locmamus yMoea iCHYy8aHHs ekcmpemymy QYHKYioHana, wo peanisye

PIBHANHHA Kpaulosoi 3adaui, € npoyedyporo, AKa 00380A€ NOLNWUMU ab0 «YMOYHU-
muy Habaudxceni BKb-po3e’3ku. 3aznauumo, wo oanuii memoo modxce o6ymu 0/ ege-

KMUBHO20 PO38 SA3aHHs OUDePEeHYIATbHUX PIBHSIHb 3 MOYKOI0 NOBOPOMY 8I0N0BIOHUX
30044 MexaHIKuU.
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JlogaTok

PO3KJIAA KYPCY 3A TEMAMMU I KOHTPOJIBHI 3ABJJAHHA

Tuknenn Tema 3aHATTS KounTpoJubHuii 3axix KiapkicTs
i BHJ 3aHATTA oaJgiB
3micToBUH MOaYIh |
Twxnenb | | Ocnosni emanu 6 po3eumky acumnmo-
Jlexmis 1 MUYHUX Memo0ie
Twxnens 1 | Tiopuonuii acumnmomuunuti nioxio na | TeopeTnuHe ONUTYBAHHS TPU 5}
Jlexuris 2 bazi memooy aznux inmeepanis. 3aXHCTI TEOPETHKO-
Metox ¢da3aux iHTerpaniB  (MeTOX | MPAKTUYHOTO 3aBAaHHS |
BKB) Ta #ioro 3actocyBaHHS
Twxners 2 | Po3BUTOK T1OpUIHOTO aCUMIITOTHYHOTO | 3BIT MPO BUKOHAHHS 1 3aXHCT 5
Jlexuist 3 miaxXo1y TEOPETUKO-TIPAKTUYHOIO
3aBga”Hsa 1
3MiCTOBHIA MOTYIH 2
Twxnens 2 | liopuonuii BKB-Ianvopkin  memoo i
Jlexuis 4 1l020 onuc 8 3acmocCy8aHHi 00 JNIHIUHUX
ougeperyianvHux pieHsAHb 31 3MIHHUMU
Koepiyienmamu
dopmanbHe 300pakeHHS TiOPUIAHOTO
BKb-T'anbopkiH po3B’sI3KYy JTiHIHHOTO
nudepeHIialbHOrO PiBHAHHA 31 3MiH-
HAMH KOe(]illl€HTaMH, M0 MICTHTH Ta-
pameTp IpH CTapuIii moxiaHin
Twxnens 3 | 3acTocyBaHHs riOpuaHOro BKb-
Jlexuist 5 ["anbopkiH MeTony A0 PO3B’SI3aHHS AU-
(depeHLiaTbHOr0 PiBHAHHS APYTOro mo-
PAAKY 31 3MIHHUMH KOeillieHTaMH
3MiCTOBUN MOAYJb 3
Twxnens 3 | Acumnmomuunuii xapaxmep 2iOpuoHo-
Jlexuist 6 20 BKb-I'anvopxin po3e’sa3zky
Teopema nmpo acMMITOTHYHICTH TiOpH-
nHoro BKbB-T"anbopkiH po3B’si3Ky
Twxnens 4 | Ilooyoosa eiopuonoco BKb-I'anvopkin | TeopeTudHe OMUTYBaHHS MPU 5
Jlexuist 7 | po38’a3ky ougepenyianvhoco pieHsHHs | 3aXUCTI TEOPETHKO-
yemeepmozo NOpAOKY 3i 3MIHHUMU KO- | IPAKTUYHOTO 3aBJaHHS 2
eghiyienmamu
PopMaIbHUNA PO3B’SI30K
Twxnens 4 | Ilo6yoosa 2cibpuonoco BKB-Ianvopkin | 3BIT PO BUKOHAHHS 1 3aXHCT 5
Jlexuiss 8 | po3s’sa3ky OughepenyianbHo2o piHAHHS | TEOPETHKO-MPAKTUIHOTO
uemeepmozo NOpsAOKy 3i 3MIHHUMU KO- | 3aBIaHHS 2
egiyienmamu
Teopema npo He3aNeXHICTb BUOOPY
dyHIaMeHTaIbHUX (DYHKIIH pO3B’S3KY
3micToBUi MOTyIb 4
Twxnens 5 | 3acmocysannss  ciopuonoco  BKB- | TeopeTuyHe onuTyBaHHS TIPH 5
Jekuist 9 | I'anvopkin  \nioxody 0o po36’szamms | 3aXUCTI TEOPETHKO-
Kpauosux 3a0a4 MPAKTUYHOTO 3aBJaHHS 3

INopunamnit BKB-I'anbopkin po3B’si30k
JeSKHUX PIBHSHB IPYTOro HOPSIKY
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Twxnens 5 | Iiopuonuti BKb-Ianvopkin po3sé’sa3ok | 3BIT PO BUKOHAHHS 1 3aXHUCT
Jlexuist 10 | ons pieuauns bBeccens TEOPETUKO-TIPAKTUYHOTO
PopMaIbHUNA PO3B’SI30K 3aBJaHHs 3
Twxnens 6 | liopuonuii BKB-I'anvopkin po3e’s30x
Jlexuis 11 | ona piensanns beccens
AHaJ1i3 YMCEIbHUX PE3yJIbTATIB
3MicTOBHIA MOIYJIb 5
Twxnens 6 | [iopuone BKbB-Ianvopxin Habaudicenns | TeopeTHIHE OMUTYBAHHS TIPH
Jlexuis 12 | y kpaiiogux 3adauax, wo 3600amvbcsi 00 | 3aXUCTi TEOPETHKO-
JIHIUHUX OuepeHyianbHux pieHsAHb Ye- | TPAKTUIHOTO 3aBIaHHs 4
meepmo20 NopsiOKy3i 3MIHHUMU Koei-
yicHmamu
P03B’5130K piBHSHHS CIIEIIAJIBHOTO THITY
Twxnens 7 | I'iopuone BKB-Ianvopkin nabaudicenus | 3BIT PO BUKOHAHHSA 1 3aXHCT
Jlekuis 13 | y kpaiiosux 3adauax, wo 3600amvbcsi 00 | TEOPETHKO-TIPAKTUIHOTO
JIHIUHUX OugepenyiaibHux pieHsAHb Ye- | 3aBIaHHS 4
meepmo2o NopsiOKy3i 3MIHHUMU Koei-
yicumamu
3icraBieHHsT HaOMMKEHUX DPE3yJbTaTiB
3 TOUHHUM PO3B’A3KOM
Twxnens 7 | iopuonuiit BKB-I'anvopkin  po3e’si30k
Jlexuis 14 | oughepenyianvruoco pieusnHa cneyiaib-
HO20 muny i3 SMiHHUMU Koe@iyicumamu
[TopiBHSHHS pO3B’S3KIB JJIA BEIUKUX 1
MaJliX 3HA4YeHb MapaMeTpa € aCHMIITO-
TUYHOTO  PO3BUHEHHS 3  TOYHHM
pPO3B’SI3KOM
3MICTOBUN MOAYJIB 6
Twxnens 8 | Acumnmomuunuu nioxio 0o | TeopeTnuHe ONMUTYBAaHHS MPH
Jlexuist 15 | po3e’azanns kpaiiosux 3a0au Ha OCHO8I | 3aXUCT1 TEOPETHKO-
BKb-sapiayitinoco memooy MIPAaKTUYHOI'O 3aBJAHHS 5
OcHoBHa imes riopunHoro BKbB-
BapialifHOro MiAX0ay
Twxnens 8 | [Ipukiagun 3acTocyBaHHS MiIXOTy 3BIT PO BUKOHAHHS 1 3aXMCT
Jlexuis 16 TEOPETUKO-IIPAKTUYHOIO
3aBJaHHA 5
Twxaenp 9 | Bizyamizanis 3100yTHX po3B’sI3KiB TeopeTnuHe ONUTYBaHHS IIPU
Jlexuis 17 3aXUCTI TEOPETUKO-
MPAKTUYHOTO 3aBJaHHS 6
Twxnaens 9 | 3actocyBaHHS MIAXOAY M0 PO3B’S3KY | 3BIT MPO BUKOHAHHS 1 3aXHCT
Jlexuis 18 | piBusiHHs becens TEOPETUKO-TIPAKTHYHOTO

3aBJaHHA 6

HpOTHFOM CCMECTPY acnipaHT BUKOHY€ 6 TCOPCTUKO-TPAKTUIHUX 3aBJaHb OO0 KOXHOTO 3

HIICTHOX 3MICTOBUX MOy iB. CyTHICTb 3aBJaHHS:

npogecmu 81ACHOPYY NOOPOOUYI 8CIX BUKTIAOOK, HABEOEHUX HA NEeKYIAX 3MICIMO8020 MOOYIIS;

3a nompebu 3acmocysamu 00Hy 3 CUCEM KOMN TomepHoi aneebpu.

JI0 KOXHOTO TEOPETUKO-TIPAKTUYHOTO 3aBIAaHHS MOTPIOHO CKJIAcTU 3BIT MNP0 BHKOHAHHS
TeOPeTHKO-MPAKTHYHOI0 3aB/IaHHS, SKUI TOSCHIOE BCi €Tally BUKOHAHHS pOOOTH. 3BIT CKiajia-
€TbCA B €JIEKTpOoHHOMY BuUTisiai 3a Bumoramu JICTVY 1 posmimytotsest Ha tuatdopmi CE3H 3HY
Moodle. Peanizaiiisi OKpeMHX BHKIJIAIOK, IIPOBEACHHUX 3a JOMOMOIOI CHCTEMH KOMIT IOTEPHOI al-

reOpu nepeadavae 1opydeHHs 0 3BITY BiAMOBiAHOTO (hailiy.
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3axMCT NPAaKTHYHUX 3aBJaHb € OOOB’S3KOBUM 1 TOTpeOye TMOSICHEHHS BCIX €TamiB
PO3B’sI3aHHS 3aBJIAHHS.

Po3noais 0asiB 3a okpemMe TeOpeTUKO-NPAKTHYHE 3aBJAHHSA:
1) TeopeTHuYHE ONMUTYBAHHS IIPH 3aXKCTI TCOPETUKO-IPAKTHYHOTO 3aBJaHHs — 710 5 OalliB;
2) 3BIT PO BUKOHAHHS 1 3aXHUCT TEOPETUKO-TIPAKTHYHOTO 3aBJaHHs — JI0 5 OaJIiB.

3AJIIK. ITiocomoska npezenmayii 3a oopanoro memoro ma ii 3axucm.
3n00yBau BUILOI OCBITH JOKTOpa (inocodii
1) ob6upae 3ama4y 3a TEMATHKOIO CBOTO JUCEPTALIIMHOTO JOCITI IKEHHS;
2) pO3B’S3y€ OJIHHUM i3 aCHMITOTUYHUX METOJIiB, BUBYCHUX B KYPCi;
3) 00YHCITIOE BIIXMICHHS Mi’K aCHMITOTHYHUAM PO3B’SI3KOM 1 PO3B’A3KOM, OTPUMAHHUM iHIIUM
METO/IOM;
4) poOHUTH BUCHOBKH;
5) pe3y/bTaT MOAA€ Y BUTIISI IPE3CHTAILIIT;
6) 3axuimae OTpUMaHi pe3yJIbTaTH Ha 3aJIIKOBOMY THIKHI.

Po3nmozais 60aJiB 3a 3aJikoBe 3aBIAHHA:
1) BUKOHAHHS 3aBIaHHS OLIHIOETHCS 10 10 OatiB;
2) mpeseHTallist pe3ysbTariB — a0 10 6ais;
3) nomoBizk 3a pesynbraTamMu — 10 10 Gais;
4) BIAMOBiAb HA MMTAHHS MPUCYTHIX, Y TOMY YKCIIi BUKIaaa4a, — 10 10 Gauis.
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HaBuanbHe BugaHHA
(YKpaiHCBKOIO MOBOIO)

BikTop 3axaposuu ['pumrak
Haranis MukomaiBaa /[’ saeHko
€rreniit Banepiitosuu [lanacenko

ACUMIITOTUYHI METOJM PO3B’SI3AHHSA KPAMOBHUX TA
IHOYATKOBHUX 3ATAY

HaBuyaJbHMi NOCIOHMK /1A 3100yBaviB CTyNIeHs BHIIOI OCBITH J0KTOpa (ij1o-
codii cneniaabHocTi «IIpukiagHa MaTeMaTuKa

Pentensenr C.1. [ 'omeniox
Bignosinaneuuii 3a Bunmyck C.M. I pebeniok
Kopexrop H.M. /] ’auenxo
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