EKOJIOI'TSA, OXOPOHA HABKOJIMIIHBOTI'O CEPEJOBHUIIIA TA 35AJIAHCOBAHE
MNPUPOJOKOPUCTYBAHHA

Munrnipupo/sl), peanuzyemoii copmectHo ESOK OOH, OOCP, FOHEIT u FOHU/IO [3,
4].

B 3akimroueHne MOXKHO CKa3aTb, 4TO OXpaHa Opr}Ka}OHleﬁ CpCabl — 3aaada
Hamero BCEKa, np06ﬂema, craBlias COHHaHLHOﬁ. Yto0bI B KOPHC YJIYUIIUTb
MOJIOKEHUE, TIOHAIOO0ATCS  LEJNCHANpPAaBICHHbBIE W NPOAYyMAaHHbIE JEHCTBHSL.
OTBeTCTBEHHas: W JCUCTBEHHAs MOJUTUKA MO OTHOIICHHIO K OKpY)KAIOUIEH cpeie
6yz[eT BO3MOJXHa JIMIIb B TOM CJIydac, CCJIM YCIOBCUCCTBO HAKOIIMT HAJCKHbLIC
JaHHBIC (6] COBPECMCHHOM COCTOAHNUN Cpcanbl, 000CHOBaHHEIE 3HAHUA (¢
BBaHMOHeﬁCTBHH BA>XHbBIX 3KOJIOTHUYCCKUX CI)&KTOpOB. A Tax)ke BOCIIUTAThH B KaxKI0M
rpaXJIaHuHe OepekKHOE OTHOIICHHE K OKpYXalollell cpeie dYepe3 MpPOBEJICHUE
MCPOIIpUATHA, IIOCBAIIICHHBIX 3KOJIOTUHU C IMPHUBJICUCHHUCM meaaroroB
0011e00pa3oBaTeNbHBIX MIKOJ TOpojia, OMOIMOTeKapel, MpeCTaBUTENIeH MPECChl U
YUPEXKIACHUN KYIbTYPHI.
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MATEMATHUYHA MOJEJIb IAPAMETPIB CBEP1JIOBUHHOI
JTETA3ALII

VY 3BSI3Ky 3 TOCTIHHUM 30UIBIIEHHSM TJIMOMHU BUIOOYTKY 1 IMiJABUIIEHHSIM
MPUPOIHOI Ta30HOCHOCTI BYTULISA, MUTAHHS Jerasailii BYIJICHOCHOI TOBIII CTa€ 4H
HeHaurojoBHimMM. Ha ChOrojHI Bce 1€ aKTyaIbHUMU € JOCHIIKEHHS, 10
CIIPSIMOBaHI Ha YJOCKOHAJICHHS TEXHOJIOT1M Jeras3aiiiHoi MiJArOTOBKH BYTULIS 0
BUIMKH, YJAOCKOHAJEHHS METOJIB MPOTHO3YBaHHS T'a30BOCTI OYMCHOTO BHOOIO Ta
METOJWK BHU3HAYCHHS KOJEKTOPCHKUX BIIACTHBOCTEW BYTIIBHUX IUTACTIB IS
YTOYHEHHS TPAaHWUYHO JOMYCTUMHUX HABAHTA)KCHb HA OYMCHUN BHOIN 3a (hakTOpOM
MeTaHoOe3meuHocTi [1].

PosrnsnaeTscst HacTymHa 3ajava: BYTUIBHUN IUIACT, BMINIY€ BUIBHUN ra3 B
MIKpOMOpax 1 TpIlIMHAX, TUCK SIKOTO JOPIBHIOE Pp,., y miact, Briau® MacuBy,
npoOypeHa CBEp/IJIOBMHA, JTOBXKMHA SIKOi B JIKIJIbKA pa3iB MepeBUILye ii giametp. B
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CBEP/IJIOBHHY HArHITa€ThCA piguHa. [IpumycTumo, 1o BYTiUTBHHUA CKEJIEeT 130TPOTTHHIMA
3a MEXaHIYHUMHU BJIACTUBOCTSAMHM 1 PIJIMHA PYXAEThCS TJIOCKO-pajiaabHO. ByrinsHui
MacHUB 3HaAXOAMUTHCS B Ti[POCTATUIHOMY TIOJIi 3yCHJIb, IO CTUCKAIOTh THTCHCHUBHOCTI
q (koedimieHT 6OKOBOrO po3Mopy BBakaemo piBHUM 1). CBep/sIOBMHA 3HAXOIUTHCS
JaJIeKo BiJ JCHHOI MOBEPXHI, TOMY BIUIMB PyXy PIAMHU Ha MEPEPO3NOALT HANPYT Y
BYTUJILHOMY CKeJIeTI HOCUTh JIOKAJIbHUHN XapakTep. MaTemMaTHUHO 3a1a4a Moxe OyTu
chopMyIhrOBaHa SIK TUTacKa 3aj1a4a Teopii MPY>KHOCTI (B paMKax Iutackoi Aedopmairii)
UIA TUIOUIMHM 3 KPYTOBHM OTBOPOM pajiycy [, IIO MOJEJIOE CBEP/JIOBUHY.
[InommHa Ha HECKIHYEHOCT! CTHCKAEThCS 3YCHIUIIMU ( 1 PIBHOMIPHO PO3MOIIJICHUM
32 KOHTYPOM OTBOPY CTHCKAlOYMM HAaBaHTaXEHHSIM — Py, pIBHUM 3a BEIUYHHOIO
TUCKY PiJIMHU HAa CBEPJIOBUHY.
Cruckaroue HaBaHTa)XEHHA (| Ma€ BUTJISIL

fL:_},H'(l_m]_m'plm (1)

BpaxoByemMo MoxMBicTh 3MiHM KoedimieHTa omopy b (BemuunHa, 3BOpPOTHA
MIPOHUKHOCTI) B 3aJICKHOCTI BiJl AeopMaliii ByriJIbHOTO ckelieta. BBaxkaemo, 1o j0
HaTHITAHHS PITUHA B HEIOTOPKAHOMY BYTUILHOMY MacHBi KoedilieHT omopy b e
BEJIMYMHA TIOCTIiMHA 1 piBHA Dg. B mporieci HarHiTaHHs PiAWHY, 0 HE CTHCKAETHCS 1
nedopmMaliii ByriJIbHOTO CKeJIeTa BiH 3MIHIOETHCS 1 Ma€ BU:

b=b,+f-e+a-e, (2)
HactynHi  piBHSHHS  ONMCYIOTh  (UIBTpALil0 PIAMHU 1  HAOpPY>KEHO-

nedopMOBaHMI CTaH B TOJAPHIA cucteMi koopauHat (f, 0) mns 3amadi, IO
PO3IIIAAETHCA.

ﬂ+ﬂ_mﬂd_!ﬂ=g,
dar 4 r dr
E(rvr]:{]- . (3)
(bﬂ—k,{?-e—l—a’-er]-ﬁr:—d—p,
-

CIiBBiTHOIICHHS, IO ITOB’I3yFOTh KOMIIOHEHTH HAIPYXEHb BYTUIBHOTO CKEJIeTa
3 KOMIIOHEHTamMH Jedopmalii, y3sATi y BUIMJISAl 3akoHy ['yka 11 130TpOmHOro
CepeI0OBHILIA.

Koedimieatn (M) 1 (n) moB’s3ani 3 moaysiem npyxHOcTi (E) 1 koedimienTom
[Tyaccona (V) BiIOMUMU CITiBBIHOIIICHHSIMH.

Benuuunu, mo XapakTepusyloTh MPYKHO-IEPOPMOBAHUN CTaH, € (YHKIISIMH
MOTOYHOT KOOPAUHATH I 1, SIK HACHIIOK, KOMIIOHEHTH Jaedopmartii (er), (€y) moB’si3aHi
31 3mimieHHaM (U) GopMyiamMu, 110 B MOJSAPHIA CHCTEMiI KOOPAWHAT MAarOTh BUIJIS
[2]:

du u
€r=E-€E=:-€rS=B' (4)
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CdopmynboBaHi I'paHUYHI YMOBH 3 3HAHHS TOTO, IO TIPH PYyCi piAMHA TOBHICTIO
BUTICHSI€ BUIBHUH T'a3 1 HA TPAHUIIl PO3MOALTY Ta3-piauHa (I = ) TUCK PIIMHU MOXKHA
BB)XaTH PIBHUM THUCKY Ta3y B HEIOTOPKaHOMY BYTUILHOMY IUTACTI.

Otpumaemo nudepeHiiiiiHe piBHSHHS MEPIIOTrO MOPSAKY BIJHOCHO HEBIIOMOI
¢byskuii (p). [HTErpyroun 1e piBHSHHS 1 BPaxoBYIOYM, 11O Ha CBEPIJIOBHHI THCK

pLAMHU JOPIBHIOE (Py), MAEMO:
kej—1
7

p=np,+ Z_?:l M; G (rﬂ — r"!‘l). (5)

Koedoiuient (M;) mae Burmsiz:

Mj:C[ﬁ(kj+1)+2-a-kj]
k— 1

JIiist BU3HAUYEHHS IPYXKHO-1€(POPMOBAHOr0O CTaHy MaeMo 3aj1auy tuna Jlsme s
IJIOLMHU 3 KPYTOBUM OTBOPOM pajiyca (I'b) 1 TpaHUYHUMH YMOBaMU

o, =q—(q—0,) (D),
0o =q+(q—a3)-(2). (6)

Otpumani chiBBigHOImECHHS (6) ONUCYIOTH MPYXHO-IeHOPMOBAHUN CTaH
BYT'UIBHOTO CKeJeTa, PO3MOAUT TUCKY 1 TMOJ€ IMIBUAKOCTEH pIAMHU B MpPOILECi
HarHiTaHHS.

AHani3 OTpUMaHUX PE3yNbTATIB MOKA3ye, 110 MPU OJHUX 1 TUX K€ 3HAYCHHSX
monynst FOnra (E) 1 xoedimienta Ilyaccona (v), mmactoBoro Tucky ra3y (Ppy) 1
rbunn  3anaraddga  (H), npyxHo-me@opMoBaHuii CTaH BYTUIBHOIO CKeEJeTa,
3HAYEHHS TUCKY PIAMHM 1 KOe(DilieHT onopy (MPOHMKHICTH) CYTTEBO 3aJ€XaTh Bij
koedirieHTiB (B) 1 (a).

31 3meHmeHHs M koedimieHTiB () 1 (o) TUCK piIMHU, PO3MOALT TOJIA HANPYT i
nedopmailiii mparHyTh 10 BUIAJKY, KOJU KOE(]IIIEHT OMOpYy € BEJIMYMHA TOCTIiiHA,
piBHa b=Dby OTxe, koau 3HaueHHs KoedimieHTiB (B) 1 (o) ckiagaroTh He OIbIiTe 10-
15% Bim BeawumHH by, TO TIpH PINICHHI 3a/Ja4 3 HATHITAHHS PIAWMHU B TPYKHUN
BYTUIbHUH MJIACT MOXHA BBAXATH, 10 IPOHUKHICTh BYT1JIS MOCTIHHA.

[IpuxoaguMo BHCHOBKY, IO OOJIK 3MIHM HPOHUKHOCTI BYTUJIBHOTO MAacHUBY
MPU3BOAUTL JI0 3HIDKCHHS 3HAUY€Hb KOMIIOHEHT jAedopmalliii 3a aOCOIOTHOIO
BEJIMYMHOI0, HOPMAJIbHOT KOMIIOHEHTHU HAIpPY>KEHb (Gr) 1 TUCKY PIAUHU B 00pOOIICHIi
o0nacTi y TMOPIBHAHHI 13 CHUTyaIll€l0, KOJIM KOEQILUIEHT OMNOpYy BBAXAETHCA
KOHCTaHTOIO.

3 aHami3zy pe3ynbTaTiB CIIAYE, IO Yepe3 ACSIKUM Yac Mmicis MOYaTKy IPOBEACHHS
3axX0/ly 3 HarHiTaHHs PiJMHU, Y BYTUIBHOMY MacHBI BCTAHOBIIOETHCA: KOEPIIIEHT
OTOpy MpUiiMae MiHIMaIbHE 3HAYCHHS HA CBEPJJIOBHHI (TPOHUKHICTH HAWOLIbINA B
JaHU MOMEHT 4acy), a MOTIM 30UIbLIYEThCSA MO Mipl BiAAAJEHHS BIIUO MacHUBY
(MPOHMKHICTH BYTLILISI 3MEHITY€ETHCS).

291



EKOJIOI'TSA, OXOPOHA HABKOJIMIIHBOI'O CEPEJOBHUIIA TA 35AJIAHCOBAHE
MNPUPOJOKOPUCTYBAHHA

[ToGynoBaHe pilIeHHS JO3BOJISIE OIIHUTH THCK TiIPOPO3PHBY B 3aJI€KHOCTI BiJ
Gbi3MK0-MeXaHIYHUX BIACTUBOCTEH 1iactal2, 4, 5].

dopmyna BU3HAYCHHS THCKY PIAMHH 03BOJISE BU3HAYUTH KPUTHYHUN THCK
PIIMHU 111 KOHKPETHOTO BYTUIBHOTO IIaCTa B 3aJICKHOCTI BiJl (pi3MKO-MEXaHIUHHUX
BracTuBocTed BYruwis. Lle mo3Bosisie KepyBaTH MPOLIECOM HATHITaHHS PIAUHH B
3aJJaHOMY PEKUMI.

[licnss mpoBeneHHS  TIAPOAMHAMIYHOI  OOpOOKHM, TIOYMHAETHCS  MPOIIEC
ra3oBUAUICHHS B CBEpAJIOBUHY. JIJIs OLIHKM KITBKOCTI Ta3y MOXKHA CKOPUCTATHCS
PIBHSHHSIMH, 1110 OMKICYIOTh HECTANIMH mporiec GpinbTparii razy [3] .

[Ticns psmy meperBopeHb GyHKIA p(X,t) B obmacti (0, l+) B mepmomy
HaOJIMDKCHHI 3aITUIIEThCS Y BU/II:

oo (2n+1)mx —(2n+1)mcT
p?(x,t) = ¥=,B,sin exp—_ = 5 (7)
e bz _ p® (p(x.ty)

k

B,=4l,(p?—p5) ((-1)"+ 05(2n + 1) Exﬂe-xp{:—% (2im—n)—1)"1-sin ((2'[}11 —n—
(A2

1) g) —(2(m+n)+1)1sin ( :”?H))m_i}

: ®)

Takum 4YMHOM, JaHa MaTeMaTH4YHAa MOJENIb JO3BOJIAE JO IPOBEICHHS
riAPOAMHAMIYHOI OOpPOOKH BYTUIBHOIO MacHBY MPOBECTH OILIHKY HOro (hi3uko-
MEXaHIYHUX MMapaMeTpiB 1 00paTH ONTUMAIIBHUI PEXUM HarHITaHHS.

BpaxoByroun pimeHHs1 3ajayi HECTIMKOi (uUIbTpamii razy 1 3HaKOUM BUXITHY
ra30HOCHICTh BYT1JIBHOTO MAacHBY, MOKHAa B KOKHUUA MOMEHT 4acy MPOBECTH OIIHKY
CTYTICHs Jiera3allii Byrijuisi, TOOTO e(EeKTUBHOCTI JAHOTO 3aXO/y.
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