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PEFY.JIHPI/BYIO]_HI/I‘I:/JI AJITOPUTM A. H. TUXOHOBA B HEKOPPEKTHBIX 3AJAYAX
HECTAIIMOHAPHOU JTUHAMMUKMH YIIPYTI'UX SJIEMEHTOB KOHCTPYKIINN

Omnucan peryspu3upyromuii anroputm axkagemuka A. H. THXOHOBa 1 ero MpUMEHEHUs! JUIsl pEIICHUs] HEKOPPEKTHBIX 3a/1ad MEXaHUKH aeGopMupye-
MO0 TBEPJOro Teld, BOSHHKAIONIUX MPU HCCICIOBAHUN HHTETPAIbHBIX YPABHEHMI, K KOTOPBIM MOTYT OBITh CBEICHBI 3aJaul HECTALIMOHAPHOIO Jie-
(opMHpPOBaHUS YIPYTUX 3JIEMEHTOB KOHCTPYKIHMH. B paMkax peryiaspu3HpyrOIIero aaropuTMa paccMOTpeHa KOHEYHOMEpHas alllpoOKCHMAanus He-
KOPPEKTHOU 3a7aud U crnakuBaromero ¢ynknuonana. Omucan mpuUMep PeleHHs TeCTOBOH HEKOPPEKTHOH 3aJaul C HCIOIb30BAaHUEM PEryJsipU3H-
pyrorero anropurma. Ocoboe BHIMaHHE yIEJIEHO BOIIPOCY BbIOOpaA apameTpa peryspH3aiii.

KuroueBble c10Ba: HEKOpPpEKTHas 3ajjavya, HECTAIMOHAPHOE HArpy)KeHHE, HHTErpajbHbIe ypaBHEHHUs BonbpTeppa, criiakuBaromui GpyHKIHO-
Hau, peryysipusupyromuii anroputm A. H. TuxoHoBa, napamerp perynspusaiuu.

BBenenne. Kak u3BecTHO, 33124l HECTAIIMOHAPHOTO Ae(hOPMUPOBAHUS YIPYTHUX 3JIEMEHTOB KOHCTPYKIIUU OTIHCHI-
BalOTCS JIMHEHHBIME T epeHInaIbHBIMHE ypaBHEHHSIMH B YaCTHBIX MPOMU3BOIHBIX MM MX cucteMamu [1 — 2]. Tlpu nx
AHAJIMTHICCKOM PCIICHUN OTHOCHUTCIIBHO HepeMeHHOﬁ BPEMCHHA t OJTHUM U3 Hanboiee S(I)q)eKTI/IBHI)IX METOOOB SBJIACT-
Csl UCTIOJIb30BAHUE OTEPAIMOHHOTO Hcuncienus [3 — 4]. B cmyuae ucnonbpzoBanusi nmpeodpazoBanus Jlammaca audde-
PCHIMATIBHBIM YPAaBHEHUSIM B TPOCTPAHCTBE M300PAKEHUIT COOTBETCTBYIOT areOpandeckue YpaBHEHUSI OTHOCHUTEIBHO
nepemeHHoi Jlarutaca s. TpyaHOCTh COCTOHT, Kak MPaBHIIO, TOJILKO B 0OpaTHOM NPeoOpa3oBaHUU CIIOKHBIX (YHKIHM.
Hcnonb3oBaHie TEOPEMBI O CBEPTKE MPH MOJYYSHUH OPUTHHAIOB (QYHKIMH IPUBOJUT K TOMY, YTO HCKOMOE pElICHHE
TIPEACTABISIETCS B BUJIE unmezpaaa /Jroamens (CBEpTKN):

u(t)=jﬂ(f)F2(t—f)df, (1)

KOTOPOE IIPH U3BECTHBIX QYHKUUX u(t), F,(t) 1 Hem3BeCTHOU (QyHKIMEH F| (1) ABIACTCA uHMESPanbHbIM YPAGHEHUeM
Bonvmepa I-20 pooa.

Takue ypaBHEHHS BCTPEUAIOTCS MPU PEIICHUH OOpAaTHBIX HECTALIMOHAPHBIX 3a/1a4 MEXaHUKH [5 — 6], koraa 3aBu-
CHUMOCTh W3MEHCHHUS BO BPEMEHH BO3MYIIAIONICH CHIIBI z(f) HEW3BECTHA, & M3BECTHHI €¢ KOCBEHHBIC MpOsBIcHUA. Ha-

npuMep, u(t) — 3TO U3MEHEHHS BO BPEMCHH TEPEMEIICHUH MK JeOpMali B HEKOTOPOI TOUKE AIIEMEHTa KOHCTPYK-
1IMH, BbI3BAaHHBIC ATOU cuioi. Kiaccuyeckuit Bua nHTErpanbHoro ypasuenus (1):

t
_[K(t—r)z(r)dr:u(t), ()
0

rae ¢pyHkuuio K (f) MPHHATO HA3BIBATH PA3HOCTHBIM SAPOM HHTETPATBHOTO YPaBHCHHUS.

Pewenne nHTerpanbHbIX ypaBHeHuit BosbTeppa (2) 3ayactylo sIBIIsieTCSl HEKOPPEKTHOH 3anavell. B padorax [7 —
10] mospoOHO omnMcaHbl YCIIOBHS HEKOPPEKTHOCTH 33j1a4 MAaTeMaTHYeCKOH (M3MKH, a TaKKe HEKOTOPbIe METOAbI MX
pelIeHus, HapuMep Memoo pezynapusayuu Tuxonosa.

OTMeTHM, 9TO BCE MaTeMaTH4eCKHE acIeKThl (JI0Ka3aTelbCTBA, BO3ZMOXKHOCTH NMPUMEHEHHS METO/A Peryiisipu3a-
LM, CXOJUMOCTH, YCTOIHYMBOCTH U T.II.) AETAIBHO OIMMCAHBI B MHOTOYNCIICHHBIX TpyHax akademuka A. H. Tuxonosa n
ero mociuenosareneid [§ — 10], MOCBAMIEHHBIX COBPEMEHHON TEOPUH HEKOPPEKTHBIX 3a7]ad MaTeMaTH4YeCcKOH (hHM3HKH.
Haubomnpiee pa3BuTHe METON perymspu3anyuy THXOHOBa MOMY4YMI B 3amadax actpodusuku [10]. B HacTosmee BpeMs
PETyISPHO TOSBIIAIOTCS MaTeMaTHIECKHe paboTHI, TOCBSMMIEHHBIE 0000MECHISIM METOIa peryspu3anuu Tuxonosa [11],
a TaKk)Ke BOIPOCaM BeIOOpa mapamMeTpa perynspusanuu [12 — 13].

B a10i1 paboTte onuckIBalOTCs MPUKIIaAHBIE aCTIEKTHI peayaapuzupyouezo areopumma A. H. Tuxonosa, ocodeHHO-
CTH €r0 MCIOJIb30BaHUS MIPU PEUICHUN HEKOPPEKTHBIX HECTAIMOHAPHBIX 3a/1a4 MEXaHUKH, a TAKXKe BOIPOCHI, CBA3aHHbIE
¢ BEIOOPOM MapameTpa peryssspr3aliH.

Onucanue peryasipusupyioniero ajropurma. [Ipy uncieHHOM penreHH HEKOPPEKTHBIX 3a/lad He0OX0AUMO an-
MIPOKCHMHPOBATh MCXOJHYI0 OSCKOHEYHOMEPHYIO 337a4y KOHEYHOMEPHOH, JUIsi KOTOpOW pa3pabaThiBacTCsl alirOpUTM,
peanusyeMslii Ha O9BM. PaccmoTpuM perynsapusupyromuil alroput™ Ajs pelleHus UHTErpalbHOro ypaBHeHUs Boib-
teppa I-ro pona.

3anmnieM ypaBHeHue (2) B ornepaTopHoi Gopme:

Az=u, ze Z, ue U, 3)

rne Z u U — runp0epToBHI MIPOCTPAHCTBA; A — MHTETPATBHBIN OmepaTop, COOTBETCTBYIONTNH sapy K(f); z — HCKO-
Mast QyHKIUsI, COOTBETCTBYIOIIAs z(f); 4 — COOTBETCTBYET IpaBoii yactu u(t) .

KoHeuHo-pa3HOCTHAs anmpoKCUMAaIus BeIpakeHHsI (3) CTPOUTCS C MCIIOJIb30BAHUEM KBaApPaTypHBIX GopMyl (Ha-
npuMep, GopMyn memooda npaAMOy2onbHUKO8, Memooa mpaneyui W T.IL.). JJuckpemHuviM ananiocom Ui OTIEPaTOPHOTO
ypaBHEHHUS (3) SABISAETCS CHCTEMa JTMHEWHBIX alreOpanvdecKuX YpaBHEHHH, 3allicaHHas B MAaTPUIHOM BHJIC:
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Az=u, “)
rae A — MaTpuIla, COOTBETCTBYIOMIAs MHTEIPAIILHOMY OIEPaTopy A , 3J€MEHTHI KOTOPOH MOTYT ObITh HaHICHBI CO-
TJIACHO 3aBHCHMOCTH @; ; = K[(i— j)At]; At — mar aMCKpeTH3aluu M0 BPEMEHH; Z — BEKTOpP, COOTBETCTBYIOIIMMA He-
n3BeCTHON (QYHKIMH Zz(f); U — BEKTOp, COOTBETCTBYIOIIUH NMpaBOi yacTH (), 3J€MEHTHl KOTOPOTO OINPEEISIFOTCS
Kak u; =u(i-At).

OTMeTHM, 4TO B CIy4ae TUCKPETH3AIMH WHTETPAILHOTO oneparopa A, COOTBETCTBYIoIIero sapy K(t, 7), Ha ca-
MOM JieJIe BO3HUKHET YK€ HOBBI oneparop A, , coorercTBytomuil K, (¢, 7), Takoii uro, cornacio A. H. TuxoHony,

||A—Ah <hgoo, rae hg — Tak Has3blBaeMas IOTPEIIHOCTb AUCKpeTuzauuu. Tak xak hg; — 0, A1 IPOCTOTHI B

"WZ' =L,
MaTPUYHOM COOTHOIICHUH (4) ¥ Be3Jle B JaIbHEHIIIEM HHACKC /1 OyIeT OMyCKaThCs.
B ciyuae HEBBIPOXKIECHHOTO sIipa U XOPOIIO OOYCIOBICHHON MaTPHUIBI A , BO3MOXKHOCTH BBIYHCICHUS 00OpaTHOM
MaTpHILbI A c @, moxno MTOJTYYUTH CICAYIONIee BRIPAKECHHUE Tl HCKOMOTO BEKTOpa:
z=A"u. (5)
EC/u BMECTO TOYHOTO 3HAUYCHUS U = AE, HaM M3BECTHO NPUOIMKEHHOE 3HAUEHUE Uz, TAKOE UTO “u5 —;” <9,

rae 0 >0 — MOrpentHoCTb 3alaHust IPaBOM YacTH ypaBHEHHs (MCXOMHBIX JaHHBIX), TO U = L,[0,T],rne T — BenuunHa
BCEro MPOMEXKyTKa uccnepoBanus 1 =J-At, J — 4ucio maros mo BpeMeHH. M3 (u3ndeckux cooOpaKeHHH MOIKHO

CUUTATh, YTO TOYHOE PELIEHHE Z , COOTBETCTBYIOIIEE U , €CTh HENpepbIBHAS (PYHKIMS M MMEET IOYTH BCIOIY IPOU3-
BOJIHYIO, uHTerpupyemyto Ha [0, 7] ¢ kBazpaToM, TOI[a €CTECTBEHHO IOJOXUTb Z :W21 [0,7]. B omucanHo# mocra-

HOBKE 0151 6e3pasmeprozo ypasrenusi (3) crnaxuparomuii pyukiuonan A. H. TuxoHoBa UMeeT BHI:
2

M <= Az —uf? +alefly ©
rae o >0 — mapameTp peryispu3anuu.
B pasBepuyToM Buze (6) MOKHO 3amucaTh Tak:
T 2

Ma[z]:J' tK(t—f)Z(T)dT—u(t) dt+0!J{ zz(t)+[z'(t)]2 } dr .

PerieHne HEKOPPEKTHOU 3a/1a4K CBOJMTCS K OTHICKAHUIO MHHUMYMa CIUIQ)KHBAaIOIIEero GyHKinoHama inf M* [z]
zeZ

WIA €ro JUCKPETHOI'O0 aHaliora inf Ma [Z] I[I/ICerTI/ISaLII/IIO IpOomIC BCErO0 OCYMICCTBIIATH HAa OCHOBE KOHCYHO-
ze’Z

PA3HOCTHOH amMpOKCUMAIlMM C PAaBHOMEPHBIM M OJAMHAKOBBIM IIaroM cetok At =A7=T/J Ha otpeske [0,7]. IIpu
peanu3anuu BeuucieHn Ha OBM uccnenoBaHus MOKa3aiy, YTO YJOBIETBOPUTENIBHBIC PE3YJbTAThI MOIYyYAIOTCS yXKe
mpu J 2100. VYBenmdaeHre KOJMYECTBA IIaTOB BO BPEMEHHM BIICYET 32 COOOH YMEHBIIeHHEe Af, 9TO YK€ HeCeT HeKOTO-
poe perynspusupyroniee JeiicTBue, Kak MoKa3aHo, HanpuMep, B [7]. 3HauUTEIbHOE MOBBIIIEHHE KOIMYECTBA 1arOB BbI-
3bIBa€T OOJIBIINE 3aTPaThl MAIIMHHOTO BpeMeHH. [Ipu nmpoBeieHNN BBIYUCIUTENLHBIX KCIIEPUMEHTOB, ObLIO YCTaHOB-
JICHO, YTO TIPH PELICHUH TECTOBBIX 33/1a4 XOPOIIHE YCTOHYMBbIE PE3yIbTaThl ObLIN JOoCTUrHYTHI ipu J = 500 .
Takum 00pa3oM, COMJIACHO PETYIAPU3HUPYIOMIEMY aaroputMy THXOHOBAa pELIEHHE WHTETPAIbHOTO ypPaBHEHMS
Bonbreppa (2) 5KBUBAJICHTHO PEIIEHUIO PETYIISIPU3UPOBAHHON CUCTEMbI IMHEHHBIX YPaBHEHHI:
(ATA+aC)z=A"u, (7

rre AT - TpaHcTioHHpoBaHHast Kk A wMatpuma, C — cuMmMerpudHas TpexauaroHamsHas (J XJ ) MaTpuia, UMEroIas
BUJL

1+1/Aa7  —1/A72 0 ]
—1/A%  142/A%  —1/AF
c| 0 —1/A* 1+42/AF 0 0
0 0 0 1+2/A%  —1/Af?
0 0 0 ~1/A*  1+1/A¢ |
PemeHHe CUCTEMbI (7) MOKHO 3alucaTthb B SBHOM BU/JIC:
z=(ATA+aC)'A"u. ®)

Bobioop mapamerpa perysasipuzanuu. OnpesielieHHON CIOKHOCTBIO JUIS psijia UCCieqoBaTeIel sIBISICTCS] ONTH-
MaJlbHbIH BBIOOp mapameTpa peryisipusainud. [101poOHO paccMOTPUM BOIPOC BbIOOpA Mapamerpa peryiisipusaiud o
IIpH peIleHUH ypaBHEHMIH Bosbreppa [-ro poma ¢ HCIoabp30BaHUEM PETYISIPU3UPYIONIETO aroputMa THXOHOBA, peau-
3yeMoro Ha DBM.
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Krnaccudeckumu n Hanbosiee yIOOHBIMH METOJIAMHU BBIOOpA MapamMeTpa perysspu3anui & s OOJBIIUHCTBA 00-
PATHBIX 33124 SIBIITFOTCS METOJIbl MUHUMU3AIMH 10 & (YHKIIMOHATIOB HesA3Kl TUTIA:

R
|

rje 7 — TouHoe pellenue, 7% — MpUOIMKEHHOE, NOJyYEHHOE C UCMOIb30BAHHEM PErYISpU3Upyomiero aaropurma Tu-
XOHOBA NPHU PA3IUUHBIX X .

YkaxkeM, 4TO BBEJCHHUE U MUHUMU3aNUs QyHKIHOHANA (9) BOZMOXHA TOJIBKO B HEKOTOPBIX CIIydasiX, HalpUMep, B
TECTOBBIX 3ajJjadax, MPH TAPHUPOBKE U Jp., KOTJA U3BECTHO TOYHOE PEIICHUE WM €r0 OIeHKH. COOTBETCTBEHHO B 0OJb-
IIMHCTBE CJIy4aeB HEOOXOIMMO MCIONB30BaTh GyHKIMoHan Buaa (10). [Ipnyem, B 3aBHCHMOCTH OT KOHKPETHBIX 3aj1ad,
MHOT/Ia IPUXOJUTCS UCKATh TTT00ABHBIC 9KCTPEMYMBI, MHOTAA JIOKaJIbHBIC — TOTa yA00HO /I 6ojiee yAauyHOro BhIOO-
pa mapameTpa peryispH3aliKd BBOJUTH JOTOJHUTEIbHbIC (YHKIIMOHAIBI, UCTIONB3Ys PA3IHMYHYIO allpHOpHYI0 HH(OP-
Malui 00 UCKOMO# (PyHKIUK (OrpaHUueHHE BEJIMYMHBI M TOMY HOJ00HOE).

OTnenbHO paccMOTPHUM BIIMSHHUE MapaMeTpa peryisipu3aluyl IPHU PElIeHUH HEKOPPEKTHBIX 3a/1a4 MEXaHUKH, CBO-
JIIUXCSA K MHTETpaNbHBIM ypaBHEHUAM Bombreppa.

IIpu o =0 u3 3aBucUMOCTH (8) MOKHO MOJIYUHTD CIEAYIOLIEE COOTHOIIECHHUE:

(ATA)z=ATu, (10)

KOTOPOE TPH COKPAIICHNN crpaBa ¥ ciea Ha A’ coBmamaer ¢ cooTHomenueM (3); oaHako cooTHomenwne (10) Takke

A=l (10)

MMEET MECTO, TOCKOJIbKY MHOT/Ia HEBO3MOKHO HAWTH A~ , HO yJIaeTcsi MPUOIM3UTEIHLHO BEIYUCIUTH (ATA)_I.

W3 cooTHOMmIEHU (8) BUAHO, YTO YEM MEHbIIIE 3HAYCHNE TTapaMeTpa peryasapu3allid ¢ , TEM MEHbIIas HETOYHOCTh
BHOCHTCSI B HCXOJIHOE ypaBHEHHE (2), TO €CTh IPU PABHBIX 3HAYCHUSIX (YHKIMOHAJIOB KEJIATeILHO OpaTh 10 BO3MOX-
HOCTU MEHBIINE 3HA4YeHUs MapaMmerpa peryispusanud. OQHAKO MPU OYEHb MallblX 3HAYEHUSAX (¢ CLUIAXKMBAIOLIMN
¢ynkuonan TuxoHoBa OyaeT UMETh OUCHb CIAOBIH CTAOMIM3NPYIOMHH AP (EKT 1 PH HE3HAUNTETBHBIX BO3MYIIECHHUIX
NPaBOM YacTH MHTErPAJILHOTO ypaBHEHHUsI pellieHne Oy/IeT HeyCTOHUNBBIM.

Tak ke ormMeTnM, uTo B (7) mapameTp peryisipu3ali yMHOXKaeTcss Ha MaTpuny C , 3JIeMeHTBI KOTOPOl IpoIop-

2
IHOHAILHEL 1/ At , TO €CThb MaTpuua C MOKeT COCTOSTh U3 J0CTAaTOYHO OOJIBIINX YHCET (B pPacCMOTPECHHOM HHWIKC IIPH-
. 1
MEpC 3TO BCJIUYHHBI ITOPAAKaA 109 +10 0 ), TaK KaK IIPpH UCCICAOBAHUHU NMEPCXOAHBIX IMMPOUECCOB, K KOTOPBIM OTHOCHUTCH

HecTallMOHapHOE (BBICOKOCKOPOCTHOE) Ae(OPMHUPOBAHUE YIPYTHX 3JIEMEHTOB KOHCTPYKIMH, aHAIN3UPYIOTCS OYEHBb
KOPOTKHE MPOMEXYTKHA BPEMEHH C JOCTATOYHO OOJIBLIMM YHUCIIOM IIAaroB JMCKPETH3aluu. B CBSA3U ¢ 9THM Ui HEHOP-

MHUPOBAHHBIX MaTPHIL ATA u C, MPUXOUTCS UCIIOJIB30BATh JOCTATOYHO MaJIbIe€ BEJIMYMHEI ITapaMeTpa PETYIsIpU3aliuu
(<1072,

Tak kak criaxuBaronnii pyHKInoHan THXOHOBa CIIPaBEAIMBO BBOJUTH TOJIBKO /T Oe3pa3MEpHBIX ONEPaTOPHBIX
ypaBHeHHH BHJa (3), paCCMOTPHUM BapHaHTHI Ilepexojia K 0e3pa3MepHoi 3aaue:

1) B ucX0tHBIX ypaBHEHMSIX MPOCTPAHCTBEHHBIE KOOPANHATHI OTHOCATCS K JUTHHE WJIM MIMPHUHE [UIACTHUHBI, & BPEMs
JICTIUTCSI Ha ATOT JKE TapaMeTp M YMHOXKAETCsl Ha XapaKTEePHYI0 CKOPOCTb (BOJH CIABHMIa WIM U3rHda), TO €CTh IepeMeH-

Hasi BpeMEHU OTHOCHUTCsI K BpPEMEHH ITpo0era BOJIHBI uepes miactuny. Hampumep: ¢, = l/ JE/(p(1-Vv)).

2) Ilepen nuckperu3anueil Bpems Oepercsi He B CEKYH/aX, a B JIOJISIX HAUOOJIBIIErO MEPHO/Ia 10 EPBOi rapMOHHU-
ke. Takke B criiaxuBaroneM (QYHKIIMOHAJE cliaraeMoe TPy UCKOMOH (DYHKIMH (Harpy3Ke) ACTHTCS Ha KBAJApaT CTaTH-
YEeCKOH KECTKOCTH MEXaHHUECKOW CHCTEMBI B UCCIIEAYeMOI TOUKe IUIACTUHBI. J[J1s ONMMCaHHOTO HUXKE MpUMepa B CIIy-

-2
Yac MCIOJIb30BaHUA YKa3aHHOTO BapruaHTa O6e3pa3MepI/IBaHI/I51 agpt =10".

3) Bce pasMepHble BeMUMHBI ACNATCS HA €AMHUYHBIE pa3MepHble KodhduuueHTsl. C TOUKH 3peHNST MUHIMHU3AIHN
BBIYHCIICHUH — 3TO caMblil OBICTPBII U TIPOCTOI METO/I, HO OH IIPUBOJNUT K OYCHb MAJICHBKUM BEJIMUMHAM IIapaMeTpa pe-

TyJIspu3anun o < 10720 . Vkaxewm, uto MPUBEJICHHBIE J]aJiee pacyeThl ObUIN BBIMOJHEHBI COTJIACHO ATOMY BapHaHTY Iie-
pexoja k Oe3pasmepHOit 3amade. [yt 3TOro cirydasi BO3MOKHA JIOTIOJHUTENIbHAST HOPMUPOBKA MATPHIL C LEbIO MPUBE-
JCHUS X 3JIEMEHTOB K BemanHaM mopsiaka 1+10, B Takom ciygae o € [0.001;10].

OTMeTnM, 9TO B CIydae pa3MEpHOTO OTEPAaTOPHOTO YpaBHEHHS B OOpaTHBIX HECTAIIMOHAPHBIX 3a/1a4aX MEXaHUKH
ne(pOopMHUPYEMOT0o TBEPAOTO TeIa MOKHO UCIIOJIb30BaTh MOAUGMUIIMPOBAHHBIN CTIIXKUBAIOIIUI (DYHKIIOHAT BUIA:

M“[z]=||Az—u||; +(6‘(*)2'Ci |:a)min2'||z||iz +| iz:| ’

rae o — Ge3pa3MepHEIi mapaMeTp peryisIpu3aliy B pa3MEpHOH 3a1aue; ¢, — CTATHIECKast )KECTKOCTh CUCTEMBI B HC-

/|
Z

cnez[yeMoﬁ TOYKE; W, — MAHAMaJbHAA CcOOCTBEHHAs YaCcTOTa KOJIeOAHUN TIJIACTHHBI. I[H}I OIMMCAaHHOT'O B CTAaThC MPH-

Mepa a:pt =107,

IIpumep penieHusi 00paTHOW HEKOPPEKTHOI 3amauu AJas ynpyroaedopmupyemoii miacTuHbl. PaccMoTpum
JETATLHO YHCIIEHHOE pelieHre 00paTHOH HEKOPPEKTHOHW 3aJa4yu U MPSIMOYTOJILHON MIApHUPHO OMEPTON IIIACTHHBI
CpeIHel TOJIINHEI, aHAJIOTUIHON n3NokeHHOU B [14]. [TockonbKy 3/mech OyIeT ONMUCaH BEIYUCITUTEIBHBIA SKCIIEPUMEHT
10 peIIeHUI0 00paTHON 3a7a4uH, TO, B OTIMYUE OT PEaJbHBIX SKCIICPUMEHTAIBHBIX NCCIICAOBAHIN, TOYHAS 3aBUCHMOCTD
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BO3MyILIArONEH cuibl OyneT u3BecTHa. COOTBETCTBEHHO JISI TAKOH TECTOBOW 3aJaull MMEETCsl JOMOJIHUTEIbHAsl BO3-
MO’KHOCTB OICHKH TOYHOCTH WACHTHU(UKAIINN BHEITHEH HArPy3KH MPH PAa3HBIX 3HAUCHUAX MapamMeTpa peryisipu3anni.
[Tpn uneHTHUKANY HEM3BECTHOM HECTAMOHAPHOW HArpy3ku P(f), nelicTByromeH Ha IIACTHHY, 110 U3BECTHBIM

HM3MEHEHMsIM nporuda w(f) B HEKOTOPOW TOYKE IUIACTHHBI, BHI3BAHHBIM 3TOH CHIIOH, Kak pa3 HEOOXOANMO pellaTh UH-
TerpaibHoe ypaBHeHue Bonbrepa I-ro pona

j[K(t—z')P(r)dz'zw(t), an

rae K(l) — €TI0 AP0, KOTOPOC OMPCACTIACTCA Ha OCHOBAHUUN aHAJIUTUICCKOI'O UIIN YUCJICHHO-aHAJIUTUYCCKOI'O PCIICHUA

psIMO¥t 3a7a49u (TO ecTh CUCTeMBI Au((hepeHIINATBHBIX YPAaBHEHUI B YaCTHBIX MPOU3BOIHBIX). Kak mokas3aHo B [5 — 6,
11] sgpo K(¢) nnst npsIMOYTOJIbHBIX IUIACTUH UMEET CIAEAYIOUIUI BUIL:

0 oo 2
K(t)= ZZZQM sin @y, (1) .
k=1n=1 j=1

HOpHI[OK MpOBEACHUA BbIYUCIIUTCIBHOI'O SKCIIEPUMCHTA 11O PCIHICHUIO 06paTHOI>i H€KOpp€KTHOI7[ 3aJa4u OBLI npu-
HAT CICAYIOINUM:

e [IpeaBapuTenbHO 3a/1aBaNack BO3MYINAIOMIAs Harpy3Kka P(1) (TIoITyBOJTHA CHHYCOUIBI ONPEACTICHHON aMIUTUTY-
IIBI).

® 113 cootnomenus (11) onpenensnuce 3HaUeHUS Tporuda v_v(t) [IpY JEUCTBUY 3aJaHHON HArpy3KHU.

e BMmecTo TOUHBIX 3HaUeHUH W(f) B KadecTBE MCXOJHBIX JAHHBIX JJII 00paTHOM 3a1aun 3aaBauCh MPUOIIKEH-
HBIC 3HaUCHUS W (¢) . Boamymenue ¢ ypoBaeM 0 =10% 0CYIIECTBISUIOCH 110 3aBUCHMOCTH:

ws (£) = w(t)+ Wy -0 Rd (1),
IIE€ Wy, — MaKCMMaJlbHOE 3HaYeHHE NPporuda miacTUHb NPY JeHCTBUM HArPY3KH ;(t) , Rnd(t) — cnydaiiHple yncia B
nuanazone [—1;1].

e Ypapuenue (11) pemanock npyu TOYHO 33IaHHON HYHKIMN v_v(t) U BO3MYIIEHHON Wg(f) NMpaBo# yacTw.

® [Ipou3Bo/uJICs BBIOOP ONTHMAIIBHOTO MapaMeTpa peryisipu3aliH.

o [Ipou3BoaMIaCh OIICHKA TOYHOCTH WACHTU(HUKAIIMY 10 33aHHOW BO3MYIIAIOIICH HATPY3Ke F(t) .

IIpu pacuerax cpeanHHas MIOCKOCTD ITACTUHBI COBIAAaa C MIOCKOCThI0 xOy JeKapTOBOIl CHCTEMBI KOOPIUHAT.
PacdeTsr mpoM3BOMIINCH TIPH CIEAYIOMHX 3HAYCHUAX: P = 7890 Kr/m> ;v=03; E=207- 10" IMa; h=0.04mMm; [=
=0.6 M, m=0.4 M. KoopiuHaTel TOUKU NPUIOKEHHA BO3Mylaromeil Harpysku: x, =0.4M, y, =0.3 M. KoopaunaTsl
TOUKH, 3HAUEHHs IPOrnda B KOTOPO MCTONB30BATINCh NIPU pelleHny o0paTHoi 3agaun: x; = 0.25 M, y, = 0.1 m. Uncno
YJICHOB B COOTBETCTBYIOIIUX JBOMHBIX psiax Dypre 50X 50.

Ha puc. 1 noxasanbl U3MeHEHHs BO BpeMeHHU rporuda w,(f) = v_v(t) , HAWJIEHHOI'O B PE3yJbTaTe PELICHUs MPSIMON
3aJ]a4¥ — TOYHBIE 3HAYECHUs ITPABON YaCTH ypaBHEHHUs (KHpHAas KpUBasi) U Ws(f) — HETOYHO 3aJaHHBIC 3HAYCHUS IPABON
YaCTH, UCHOJIb3yEMbIE B KAUECTBE NCXOJHBIX TAaHHBIX (TOHKAs KpUBasi).

HewusBectHas Bo3MyIaromniast Harpy3ka P(f) ompenensnack U3 BelpakeHus Bufa (8). Ecnu BeinmucaTts MaTpuIly Ipu
BEKTOpE, COOTBETCTBYIOIEM MCKOMOW Harpyske Ui peryJsipu3MpOBaHHOI cUCTeMa JTMHEHHBIX YpaBHEHMH, TO BHUJHO,
uto oHa Oyner umerh aBa craraembix (A’ A +a-C). OueBHaHO, 4TO MeMeHTHI Matpuisl - C, comepianiye napa-
METp pery/spH3aIiy He JODKHBI TIPEBBIIIATh WIH ObITh 3HAYNTEIHLHO MeHbIIE deMenToB Matpuibl (AT A). Jlns nau-
HOTO PAacyeTHOro CIIy4as MAaKCHMaJbHEIC 3HAYCHHs MeMenToB MaTpuibl (AT A) Gbum mopsaxka 2-107"% | MuHuMans-
HbIE 3HAYCHHME JUTS B3ATHIX 110 MOJLYJIIO SJIEMEHTOB 3T MaTpuibl (A’ A) Gbimm mopsiaka 5- 1072% . MakcnmaibHoe 3Ha-

yeHne >neMenToB Matpuilsl C I MceexyeMoro mpoMeskyTka Bpemenn 0buto paBHo max(C) =7.813- 10° wmn TTOpSII-
ka 10'°. CreoBaTensHo, 11 OMICAHHOTO CIydast MAPAMETpP PEryIpH3ALEH ¢/ TOKEH HAXOIHUTHCS IPHMEPHO B [Ha-
nasone ot 107%.107 =107 10 1072107 =107, CIABUHYTOM Ha 10* . Taxum o0Opa3zoM B Hacrosmiel padoTe Belu-
YHMHA IapamMeTpa peryssipu3aliy uccieoBallach B JUalla30He O € [10_35 ;107 ] VYkakeM, 4TO Ha HEKOTOPBIX U3 IO-
CJIE/TyIOLIMX PUCYHKOB JJIsl y100CTBa aHaJIN3a [10Ka3aH He BECh IMaIa3oH, a TOJIBKO €ro 4acTb.

IIpyuem, IpH PELICHAN TECTOBOI 3a/[a4H, XOPOLIO BHIHO, YTO IIPH 3HAYCHHX ¢ =10 > NpHOIMKCHHOE PEIICHHE
MTOJTyYaJIOCh HETOCTATOYHO TOYHBIM, @ MaKCHMAaJIbHAsI aMIUTATY/Ia TTOJTydaiach CHIBHO 3aHIKECHHOH, pHC. 2, T JKUPHOH

KpUBOH COOTBETCTBYET TOUYHas cwia P(t), a TOHKOW — HIEHTU(DUIIUPOBAaHHAS. DTO OOYCJIOBIECHO TEM, YTO ClIaraeMoe

a-C npessimaer matpuiy (A’ A), comepxkariyio sapa HHTErpaabHOrO ypasHenus. Ilpu Bcex o >107> curyarus
ycyryousiercsi 1 HaliieHHOe TPUOIMKEHHOE PelIeHuEe He HMEET CMBICIA.
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Puc. 1 — McxonHble qaHHbIC U 00OpaTHOM 3a1a4m. Puc. 2 — Bo3mymaromas u ornpeencHHas MpHOIMKEHHO HATPY3-
KH.

Jlnst BEIOOpa ONTHMANIBHBIX 3HAYCHUH MapaMeTpa peryisipu3aluy ¢f IpU PeIICHUH PETryIsIpU3NpOBaHHON cHCTe-
MBI JIMHEHHBIX ypaBHEHHUH (5) MCCIIEI0BATINCH HECKOJIBKO (PYHKIIMOHAIIOB, rpaMuecKrue 3aBUCHMOCTH KOTOPBIX IPHBE-
JICHBI HIDKE. YKa)KeM, 4TO Ha BCEX ITUX rpadukax mapameTp peryisipusalvy sl HarJsIHOCTH OTJIOXKEH BJOJIb OCH
abcrcc B lorapuMUIecKoi mIKae.

Ha puc. 3 nmoka3ansl pyHKIMOHAJBI THIIA HEBSI3KH, HA OCHOBE KOTOPBIX 3a4acTyl0 BHIOMpAETCS Mapamerp perylis-
pH3aLMu:

B ciryyae HETOYHO 3aaHHOMU IIPAaBO YACTH UHTEIPAILHOIO YPaBHEHUS Wg(f) (QyHKIMOHAI HEBS3KH MOXKHO 3alld-

2
caTh B BUJE: HA'P“ -wW 5“1 (puc. 3, @); B TECTOBOH 3a/1a4€ MbI MOYKEM YBHUAETh BHJ ATOTO (DYHKI[MOHANA JJISI HEBO3-
>

_ 2
MYILEHHOH npaBoil yactu w(t) — “A -P“ —w“l (puc. 3, 0).
2
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Puc. 3 — Bun pyHKUINOHANIOB THIIA HEBSI3KH
a — HeBsA3Ka T BO3MYILEHHOM MPaBOi 4acTh; O — HeBS3Ka I TOYHO 33AaHHOM MPaBOH YaCTH.
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Puc. 4 — Bux dpyHKImoHana «cCyMMapHOH Harpy3ku»
a — 0Ch Op/IMHAT OTJIOKEHA B OOBIMHOM 1IKaJe; 6 — OCh OPJUHAT OTJI0KEHA B JIOrapH()MHUCSCKON LIKATIE.

VKaxceM, qTOo (byHKI_[I/IOHaJ'I HCBA3BKHU AJIs1 TOYHO 3aI[aHHOfI HpaBOﬁ YacCTU JOJDKCH CTPEMUTHCA K HYJIIO U HA pUC. 36
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BHJIHO, YTO NIPU 3HAYCHUAX & < 107>/ 3HaueHus (yHKIMOHAA IPAKTHYECKH IPHOIIKAIOTCS K Hyo. OHAKO, B Cllydac
HETOYHO 33aJJaHHOH (BO3MYILCHHO) TpaBOif YacTH 3HaUCHUs ()YHKIIMOHAJA JOJDKHBI CTPEMHUTHCS HE K HYIIIO, a K HEKO-
TOPO# Mayioll KOHCTAHTE, MPOTIOPIIMOHAILHON YpoBHIO ItymMa O . Kak mpaBuiio, BO BCEX peabHbIX 3ajauax MPUCYTCT-
BYIOT IOIPEIIHOCTH U3MEPEHUs], YCHIICHUsI, Tpeo0pa3oBaHusi U TOMY 110100HOE, B 3TOM Cily4ae HEOOXOMMO MCKaTh HE
r100abHBIH, a JTOKAJIBHBIN 3KCTpeMyM ¢(yHKIMOHama. Ha puc. 3, @ MOXHO BBIJENUTH AWANa30H BEIOOPA IMapaMeTpa pe-

TYJSIpU3AIHA O € [10_31; 10_26] .

JIs yMEHBIIEHHS STOTO JHana3oHa He0OXOAMMO BBOJIUTH JOTOIHUTENbHBIC (DYHKIIMOHAJBI, UCTIONB3YS Pa3sind-
HYI0 anpuopHyio uHpopmarmoo. Hanpumep, QyHKIHOHAT «CyMMapHOW Harpy3Kd», KOTOPBIA MOJKHO TPAKTOBATh KaK

2
MpeAcTaBIeHNe MUHIUMYMa dHEpPTrud (MUHUMYyMa pa0OoThl BO3MYINAIONIEH HArpy3Ku) — Hp““l (puc. 4,a). Ha puc. 4,6
2

IIOKa3aH 3TOT XK€ (I)yHKLII/IOHaJ'I, TOJBKO IJIA y,I[O6CTBa aHaJin3a OCb OpAUHAT TAKXKC OTJIOKCHA B JIOFapH(i)MH‘leCKOfI IIKa-
JIC.
OTMCTI/IM, qTOo Ipe6yeMLIe NepeMCIICHUS TIITaCTUHBI 6yZ[yT BBI3BAHBI MHHHMaHBHOfI, HO HC HyHeBOfI CPIHOP'I, a CJic-

JIOBATEIHHO, B UCCIIEyEeMOM JJIs TTapaMeTpa perysisipu3aiiy uana3oHe & € [10_28; 10_26] .

I/IHTepeCHOC YTOYHCHHC MOXHO IOJIYYWUThb, BBEASA OTPAHUYCHUEC HAa OTKJIIOHCHHUEC BBIYUCICHHOI'O IO I/I,IleHTI/I(i)I/I].lI/I-

POBAaHHOMN CHJIE TIPOTHOa OT MCXOIHOTO: HA~P“ -w 5“C (puc. 5). PaccmaTpuBasi 3TOT (YHKIIMOHAJI B COBOKYITHOCTH C

IpeAbIAYIUMHE (PHC. 2 — 4), MOXKHO NPEIIIONOKHUTD, YTO O, = 10777,

5.10

L ’
2-10° /
ol /
1100 -
7
10
11022 14107% 141077 141072 141077 141070 1410720 141078 1167 1410720 1107
_35 -ir _25
10 10 10

Puc. 5 — K BeIOOpy mapamerpa peryispu3aiim.
Taxoxe, KOTr/1a IMEeTCs] BOSMOKHOCTh HCITONB30BATh JOTIOHUATENHFHYIO alPHOPHYI0 HH(POPMALIUIO O «TJIaJKOCTH»

HUACHTH(UINPYEMON HATPYy3KN MOXKHO HCCIIEI0BATh JIOMOTHATEIbHBIC ()YHKIIMOHAIBI «TJIaIKOCTH»: (P“)"

2
—puc. 6, a
3

u “(P"’)’“C — (puc. 6, 0). M3ydas ¢pyHKIHOHATH Ha (pHC. 6), MOXKHO TaKXKe BBIACIHTD O € [10_28; 10_26] 1 0COOCHHO

—27
a=10"".
6
13110 1-10f
10 10
I
100"
" 1-10°
1-10
110" y
- nom - e110% s
—_— —_—
s
110 110°
110’
2
10" 1 L - - - - - - a0 35 323130 20 3827 ) 26 25
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Puc. 6 — Biusiaue nmapameTpa peryisipu3aiyi Ha TIIaaKoCTh HASHTUQHUITIPYEMOH Harpy3KH
a — QyHKIHOHAII «IJIaJKOCTH» B METPHKE [, ; 0 — QyHKLUHOHA «IJIagKocTH» B MeTpuke C .
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B TecToBrIX 3a1auax, a TaKKe MPH MPOBEICHIH SKCIIEPUMEHTAIBHBIX HCCICTOBAHUSAX C TOYHO U3BECTHBIMH TapH-
POBOYHBIMH HArpy3KaMH IIOSIBIACTCS BO3MOJKHOCTH OICHHTH TOYHOCTH PEIICHHS OOpaTHOH 3agadd (OTHOCHTENBHYIO
MTOTPEITHOCTD WACHTH(PHUKAINN HATPY3KH) 110 CIIeIyIONIeii 3aBUCHMOCTH:

1

j[P“(;) —TD(t)] dt

|-,

5, ="

1

j?(t)dt N Hl_)”Ll .
0

I'paduik «OTHOCHUTEIBHOMN MOIPEITHOCTH HACHTU(UKALIMKA HATPY3KH» TIOKA3aH Ha PHC. 7.
Ha puc. 7 sBHO BHAHO, 4TO I paCCMOTPEHHOTO MpUMepa pacueTa camble JyJIIne pe3yabTaThl pPelIeHns oopat-

HO HEKOPPEKTHOH 3a/1a4M MOJIyYCHbI IIPH 3HAYCHUSX [TAPAMETPa PEryISpH3aALUH (&, = 107 (xak u npeamonaranock

paHee, 13 aHanKu3a QYHKIIMOHAJIOB MPEACTABICHHBIX Ha puUC. 2 — 6).

—2 /=2 ~
DyHKIMOHAN BUA HP“ —PHZ / “P“z Ha puc. 8 nMeer eie Gosiee APKO BBIPAKEHHBII IKCTPEMYM NPpH &, =10 2,
2 2

2
10
10
wom o
0.1
2
10" p.01- - - - - - - - - - -
1167 1167 11633 10072 11670 11670 100070 11678 1067 100070 110
_35 =i -25
10 10 10
a
Puc. 7 — Ouenka «ro4HOCTH» UIEHTU(UKAIINH.
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Puc. 8§ — Boi6op onTHUMansHOTO MapaMeTpa pPerysipu3alim.
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Puc. 9 — V3menenue naeHTHOUINPOBAHHON HATPY3KH BO BPEMCHU

a — mapamertp perymspmsamn 0 =107°;6 - a=10"";6- a=102;2- a=10"%.
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Ha puc. 9 nokaszansl rpa¢ukn uAeHTH(GUINPOBAHHON BHEIIHEH HATPY3KU IPU PA3IHMYHBIX 3HAYCHUAX MapaMeTpa
peryssipu3aiyy — TOHKast KpUBasi M TECTOBasI Harpy3Ka — IMOJTYBOJIHA CHHYCOUJIBI (TOJICTast KpUBas).

Ha puc. 9, a napametp peryspusamun & =10>° — Moka3aHbl B L[eJI0M HEIUIOXHE Pe3y/IbTaThl, OJHAKO H3-33 «BGO-

JBIION» (¢ YACTHYHO «3aHIKCHBI» MaKcUManbHble 3HayeHus. Ha puc. 9,6 a=a,, = 107" — BumHO XOpoMIee CoBMa-

JeHHEe TeCTOBOM M MAeHTH(HUIMPOBaHHONW Harpy3ku. Ha puc.9,6 a = 102 — HaumHAIOT CHILHO TpOSIBIATECS dphek-
ThI, BBI3BAHHBIC «3alIyMIICHHEM» HCXOJHBIX JAHHBIX. PUC. 9,2 COOTBETCTBYET 3HAUCHMIO MapaMeTpa perysipu3annu

-2 -2
a=10"%, stor PUCYHOK AEMOHCTpUpYET, uTo npu o <10 ¥ _ BIHSIHHE CTIIaKHBAIOIIErO ¢ynkmonana A. H. Tuxo-
HOBa HEJOCTATOYHO.

BeiBoasl. B HacTosmiedi paboTe omMcaHO TPUMEHEHHE PETYJSIPU3UPYIONICTO aIrOpHTMa  aKaJeMHKa
A. H. TuxoHOBa /iIsl peLICHUs] HEKOPPEKTHBIX 3a/1a4 MEXaHUKU Ae(OPMHUPYEMOTO TBEPAOTO Telld, BO3HUKAIOIINX MPU
HCCJICIOBAaHUN UHTETPAJIbHBIX YPAaBHEHUI, Ha MPUMepe pelieHHs 00paTHOH HEKOPPEKTHOM 3a/a4u UACHTH()UKAIIMN He-
M3BECTHOW BO3MYIIAIONIEH HArPy3KH, BBI3BIBAIOIICH HECTAI[OHAPHOE Ae(h)OPMHUPOBAHKS dJIEMEHTa KOHCTPYKIIMH B BUJIE
miactusbl. [Ilpumenenne PA TuxoHOBa MO3BOJSIET MOIy4YaTh JOCTATOYHO YCTOMUMBOE PEIIEHUE W JAaeT XOPOIIHe pe-
3yNbTaTHl MPU «3aITyMJICHHBIX>» HCXOAHBIX JaHHBIX. OHAKO Cephe3HOE BHUMAHNE HEOOXOAUMO YACIATh BEIOOPY Mapa-
MeTpa peryisipu3aliy, KeaaTellbHO BBIOMPATh €ro Ha OCHOBE aHalM3a HECKOJBbKUX (DYHKIMOHAJIOB, 0A3UPYIOIINXCS HA
HCTIOB30BaHUY aNpUOpHON MH(popMaImu 1o onpeaensieMoil ¢pyHkmuy. CyIIecTBEHHOE BIMSHHE HA BEIUYMHY Tapa-
MeTpa peryspru3alnui OKa3bIBaIOT MPOIETyPHI IIepexoaa K 0e3pa3MepHBIM OTIepaTOPHBIM YPaBHEHUSIM TIepe/l BBEICHHU-
€M CIUIQ)KHUBAIOIETO ()YHKIIMOHAJA HITH HOPMHUPOBAHUS MATPHIL.
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