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JI.B. BPECJIABCbKHH, 0.A. TATAPIHOBA, F0.M. KOPHTKO

MOB3YUICTh HAHEJEN HAJI3BYKOBUX JITAJIbHUX ATIAPATIB ITPHU ITEPIOIUYHIN 1T
TUCKY HOBITPAHOI'O IOTOKY

PosrmsiHyTO HEe3BopoTHE NedopMyBaHHS NIPH aepOAMHAMIYHOMY HarpiBaHHI Ta IEpiOAWYHIN Ail THCKY HMOBITPSHOTO MOTOKY IAHENi
HaJ3BYKOBOTO JITAJILHOTO anapaTy. HajaHo MaTeMaTnuHy HOCTAaHOBKY 3a/1adi MOB3Y4YOCTi TOHKHX O0OJOHOK O00epTaHHs, [0 HaBaH-
Ta)XeHI HOPMAJIIBHUM THCKOM, SIKMH Ma€ HOCTiiiHy Ta CKJIaJOBY, L0 MEPIOANYHO 3MIHIOETHCS. BHKOpPHCTaHO PIBHSHHS CTaHy, IO
OTPHMYIOTCS IIUIIXOM 3aCTOCYBAHHS aCUMITOTHYHOIO PO3KJIAJAHHS HEBIOMHX 3 IOJAIBIIMM OCEPEIHEHHSIM Ha Hepiofi 3MiHIo-
BaHHs Halpy)xeHb. HaBeleHo NpHKIIa YUCeIbHOTO PO3B’sA3aHHs 3aa4i JehopMyBaHHs HArpiTOl LITIHAPHYHOT HaHeNi, sSKa MiJJaHa
MIepiIOINYHIN [ii HABaHTAXKCHHS BiJl MOPHBIB IMOBITPSHOTO MOTOKY. 3 3aCTOCYBAaHHAM MPOTPaMHOTO KOMIUIEKCY UL PO3PaxyHKIB TTOB-
3y4OCTi TOHKHX OOOJIOHOK OOEpTaHHS METOAOM CKiHUYCHHHX €JIEMEHTIB BHU3HAYCHO PO3MOAUIM KOMIIOHEHTIB HAaIpyKEHO-
nedopMOBaHOTO CTaHy.

KonrouoBi ciioBa: maHens JITANBHOTO amapary, IOB3YYiCTb, MOBITPSHUN HOTIK, NepioANYHe HaBaHTAXKEHHs, 000JIOHKa obep-
TaHHS, METOJ] CKIHYEHHUX €JIEMEHTIB.

JI.B. BPECJIABCKHH, 0.A. TATAPHHOBA, I0.H. KOPBITKO

MOJI3YYECTb ITAHEJIEA CBEPX3BYKOBBIX JIETATEJIbHBIX AIIITAPATOB
P NEPUOJUYECKOM JEUCTBHUU JABJIEHUS BO3AYITHOT' O MIOTOKA

Paccmotpeno HeoOpaTumoe aeopMUpOBaHHE TIPH a3POAUHAMHIECKOM HATPEBE M MEPHOJMIECKOM ACHCTBHU AABICHUS BO3IYIIHO-
ro MOTOKA MAHEIH CBEPX3BYKOBOIO JICTATENILHOIO anmnapata. IlpuBeneHa maremaTudeckas OCTAaHOBKA 33Ja4d MOJI3Y4YECTH TOHKUX
000JI04YeK BpaIleHHs, HArpy>KeHHBIX HOPMAJIbHBIM JIABJICHHEM, HMEIOIIUM MTOCTOSIHHYIO M IEPHOIMUYECKH H3MEHSIOIIYIOCS COCTaB-
Jsromue. Mcnonb30BaHbl ypaBHEHUS COCTOSHUS, KOTOPBIE MOJMYYatOTCs IIyTeM INPUMEHEHUS aCUMIITOTUYECKOrO Pa3jIoKCHUs HEeus-
BECTHBIX C IOCJCAYIOLUIMM OCPEIHEHHEM Ha NepUoJie M3MEHEHUs HanpspkeHud. [IpuBeneH mpuMep YMCICHHOrO PELIeHUs 3aiadu
neopMHUPOBaHHS HArpeToi LMIMHAPUYECKOH IaHEeNH, MOABEP)KCHHONW MEepUOANYECKOMY HArpyXEHHIO OT MOPHIBOB BO3YLIHOTO
notoka. C HCNOIb30BaHUEM NTPOrPAMMHOTO KOMILIEKCA JUISl pAacYeTOB MOI3y4eCTH TOHKHX 000JI0YEK BPAILEHHUs] METOJIOM KOHEUHBIX
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3JIEMEHTOB OIIPe/IeNIEHbl PacIIpe/IeNICHUs] KOMIIOHEHTOB HaNpPs)KEHHO-A€(OPMHPOBAHHOTO COCTOSHHS.
KnioueBble c/10Ba: MmaHenb JIETATEIBHOTO alIlapara, MoJI3y9ecThb, BO3MYIIHbINA HOTOK, IEPHOANYECKOE HATPyKeHHE, 000I0UKa
BPAICHNUS], METO KOHEUHBIX JIEMEHTOB.

D.V.BRESLAVSKY, O.A. TATARINOVA, JU.N. KORYTKO

CREEP OF SUPERSONIC AIRCRAFT PANELS UNDER THE PERIODIC ACTION
OF AIRSTREAM PRESSURE

Irreversible deformation of supersonic aircraft panel under the aerodynamic heating and periodical action of airstream pressure is
regarded. The distribution for airstream pressure which is obtained from the solution of aerodynamics problem, was simplified and
presented as a cycle with triangular form of pressure increasing-decreasing in a part of period with definite constant static component.
The mathematical statement of creep problem for thin shells of revolution loaded by normal pressure having constant and periodically
varying components is presented. The theory of finite deflections is used. Equations are derived for the case of conical shell. The con-
stitutive equations, which are obtained by use the method of asymptotic expansions of creep strain and scalar damage parameter with
subsequent averaging in a period of stress varying, are used. The form of these equations is similar to Norton law - Rabotnov-
Kachanov evolution equation with multiplayers represent the influence of periodic loading in each equation. Numerical simulation
was performed by use of programming complex for thin shells of revolution creep calculations. It uses the Finite Element Method
jointly with finite differences method for time integration. The example of numerical solution of the problem of deformation of heated
cylindrical panel made from duralumin alloy and subjected to periodical loading from airstream puffs is presented. The distributions
of stress-strain state components were obtained. The numerical results include distribution of normal deflection in the panel after 1000
seconds of flight as well as the von Mises stress relaxation curve. The analysis of obtained data shows the sufficient increasing of
normal deflections as well as stress redistributions. The necessity of consideration of current deformed state of the panel in the prob-

lem of analysis of airstream flow is discussed.

Key words: aircraft panel, creep, airstream, periodical loading, shell of revolution, Finite Element Method.

Beryn. Ilpu monboTax IiTajdbHUX amapariB 3 Haj-
3BYKOBHMH MIBHUIKOCTSMH BiOyBa€ThCA T.3B. aepOAMHA-
Mi4HE HarpiBaHHS TOBEPXOHb IXHIX KOHCTPYKTHBHHX
eneMenTiB [1]. Tlpu 1mpoMy BHACHIZOK il IMiJBUINCHHX
TEMIIEpaTyp Ta HaBaHTaXEHb Y MaTepiajl MOXYTb PO3BH-
BaTHCh JAedopMaliii MoB3yvocTi, sIKi MPU3BOAATH 10 He-
6e3reyHoro GOpMOYTBOPEHHS, HAIPHUKJIIAJ TaHeNeH JiTa-
mpHOTO amapaty. Ilpu iXHbOMY TpOEKTYBaHHI OI[iHIOBaH-
Hsl BIUIMBY CTaTHYHOI CKJIaJIOBOI aepOIMHAMIYHOTO THCKY
MIPOBOIMIIOCH B PE3yIBTATI PO3B’A3aHHS 3a/1a4 ITOB3yJOCTI
TUIACTUH y KJIACH4Hi# mocTaHoBi [2].

PeanpHi yMOBH pOOOTH JITAILHOTO amapaTty Xapak-
TEPU3YIOTHCS CIUIBHOIO €I CTATHYHUX Ta MEPIOJTUUHHX
HaBaHTaxeHb [3]. TakuM 4MHOM, NOBHa MOCTaHOBKA 3a-
Jladi po3paxyHKy Ae(OpMOBAHOTO CTaHy acpOJUHAMIYHO
HarpiToi MaHeni MPU3BOIUTH J0 HEOOXiTHOCTI BpaxyBaH-
Hi nedopmartiii moB3ydocCTi, SIKi BUKIMKaHI CyTIepIO3HIi-
€10 CTAaTMYHUX Ta 3MIHHHX 32 4acOM HampyXeHb. Y pasi
MIBUIKOTO 3MIHIOBAHHS HABAaHTAXCHb 3 YaCTOTAMH Bif
1 I'n npu KOJMBaHHAX KOHCTPYKTHBHOTO €JIEMEHTY y Ho-
To MaTepiani po3BUBAIOTHCS AedopMarii T.3B. THHAMIYHOT
MoB3y4oCTi [4], sika y TOpIBHSHHI 3 HaBaHTAXCHHSM 3
YHUCTO CTATHYHOIO CKJIQJOBOIO XapaKTEPU3YEThCS 3HAU-
HUM TIPUCKOPEHHSM LIBHIKOCTI Aedopmaliiii Ta CKopo-
YEHHSAM TePMiHY JKHUTTA.

JuHnamiyHa MOB3y4iCTh MaHeNeH JIiTaJbHUX anapariB
€ HOCHTh CKJIQ[[HUM MPOLIECOM, TOMY Ha INEpILIMX eTarax
HOTO JIOCHIIPKEHHSI MPOBOAMIOCH EKCIIEPUMEHTAJIbHO 3
METOK BH3HAUCHHS OCHOBHUX SKICHHX Ta KUIbKiCHHUX
3aKOHOMIpHOCTeH  [5-6]. Bu3HaueHHS  HampyKeHO-
ne(OPMOBAHOTO CTaHY Ta IOIIKOMKYBAHOCTI TpH IHWHA-
MIYHIA TIOB3YYOCTi MaHeNeH JTaabHUX arapatiB BAAJIOCh
MPOBECTH TIi3HIIIE, 3 3aCTOCYBaHHSAM METOIIB OaraTtrox
MacuTabiB Ta ocepeJHeHHsI Ha Mepioi Ui TpaHchopMma-
il BUXiAHOT TOBHOI CHUCTEMH JIU(EPEHIIHHUX piB-
HsHB [7]. OTpuMaHy IpH LFOMY TOYAaTKOBO-KpaloOBYy 3a-
nady OyJ0 po3B’si3aHO YMCEJIBHO, 3 3aCTOCYBAaHHIM METO-

JIIB CKIHUEHHUX €JIEMEHTIB Ta MPOrHo3y-Kopekiii. Po3po-
OneHHii MeTOx pO3paxyHKy JO3BOJISIB OTPUMYBATH
PO3B’SI3KM 3a/lau TUHAMIYHOI TTOB3yYOCTi IUIACTHH CKIIAJ-
HOI reoMeTpii IpH J1ii 0JTHO- Ta MOJIrapMOHIHHOTO HaBaH-
taxxeHHs. [IpoBereHa Bepuikallis METOAy Ta MpoOrpam-
HUX 3ac00iB IPOJEMOHCTPYBaJIa 3aJOBUIbHY TOUHICTh TIPH
MOPIBHSHHI YHCENBHUX 3 EKCIICPUMEHTAIbHIUMH TaHUMH.
Hanpuknan, y Mororpadii [8] HaBeZieHO pe3yiabTaTH Po3-
paxyHKiB IWHAMIYHOI TOB3YYOCTi MaHeJel 3i CIUIaBy
OT-4, excnepuMeHTaNbHI JaHi IS SKAX OMHCAHO Y PO-
6orax [5-6].

Po3pobniennii MeTos 03BOJSIB BUKOHYBAaTH pO3pa-
XYHKOBE OI[IHIOBaHHSI MOB3Yy4OCTI TOHKOCTIHHUX €JIEMEH-
TIB TIpH MOCTI{HOMY CITiBBiJIHOILIEHHI CTaTUYHOI Ta Mepi-
OJIMYHOI CKJIaZI0BOI HABAaHTAKEHHS 3 BUCOKOIO 4acTOTOXO,
IO XapaKTepHO, HaNpHKIal, IS BpaxyBaHHsS BiOpariii
BiJl TBUTYHIB. MiXK iHIIMM, PEKUMH SKCILTyaTallil JTiTaib-
HUX arapaTiB MOXKYTh XapaKTepH3yBaTHCh W iHIIUMH M-
HAMIYHMMH BIUIMBaMH, SIKi B YMOBaxX aepOJHHAMIYHOTO
pO3irpiBy NMpHU3BEAYTH IO MOB3YYOCTi Y KOHCTPYKTUBHUX
eNIeMEeHTaX.

B po6orti [9] mpoBeneHO KOMIUIEKCHUH aHaITi3 TOBe-
JIHKH TIOJIOKHCTHX OOOJIOHOK IMpH Jii TPhOXBUMIPHOTO
MOTEHLITHOTO MOBITPSHOIO MOTOKY, BCTAHOBJIEHO (OpMY
3MIHIOBaHHSI TIEPEMIIlIEHb 32 YacOM IPH BUIBHUX KOJIH-
BaHHSX IMPH PANTOBill Jii OJHOTO MOBITPSIHOTO IMOPHBY.
Taki TOPHBH MOXYTh TIOBTOPIOBATUCH Ta MPHU3BOJUTH JI0
HepiOMMYHOrO BIUTUBY IMIYJIbCIB HAMPYXKEHb, 110 BHHHU-
KalOTh 3 MaJIOIO YaCTOTOIO.

V mi#f ctaTTi HAMAHO MIAXiM, M0 JTO3BOJISE TPOBOIH-
TH OIIHIOBaHHS HE3BOPOTHOTO Ae(hOpMyBaHHS PO3ITPITHX
NIPY HaJ3BYKOBHX IIBHIKOCTSX MOJNBOTY HaHeJIeld 0OLIHB-
KW JIITAIGHUX arapariB Bif Jii Halpy>KeHb, 0 Mepioand-
HO BHMHHKAIOTh BHACHIJOK KOJIUBAHb, SIKI OOYMOBIIEHI Jii-
€10 TIOPHBIB MOBITPSIHUX MOTOKIB. [yt BpaxyBaHHs Takoi
MOBTOPHOI Jii HaBaHTaXKEHb, 1[0 MOXKYTb MPHU3BOJUTH 10
MOB3YYOCTI y MaTepiaii maHemne, sk i y podorax [8, 10]
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3aCTOCOBAHO METOH, SIKWH 0a3yeThcs Ha TEPETBOPEHHI
BUXI/HOT CHCTEMH DPIiBHSHB IO CHCTEMH 3 YHCTO CTaTHY-
HUM HaBaHTA)XEHHSM 31 CIELiaIbHUMH PIBHSHHSAMH CTa-
Hy. BoHH OTpHMYIOTBCS 3 3aCTOCYBaHHSIM aCHMIITOTHY-
HHUX PO3BHHEHb Ta OcepelHeHHs Ha nepioi [10].

IMocTanoBKa 3a7a4i Ta MeTO PO3B’SI3aHHA

Sk @ y poGori [8], Ans MOB3ydOCTi NpHU MeEpioauy-
HOMY HABaHT&)XCHHI PO3IJISIHEMO MOCTAHOBKY 3aiadvi y
MacuITabi noBineHOro 4acy. [lanens mitansHOTO anmapary
POBIIISIAETECS SIK TOHKOCTIHHA HE3aMKHyTa OO0OJIOHKA
obepranHs. HaBemeMo MmMOCTaHOBKY 3aiadi, BUKOHAaHY 3
3aCTOCYBaHHSM OCHOBHHUX ITOJIOKEHb TEOpPil MOB3ydYOCTi
Ta Teopii 00OJIOHOK TS BUTIAKY CKIHUCHHHUX IPOTHHIB.

VY 3B’A3Ky 3 THM, L0 Y PO3paxyHKax BHKOPHCTOBY-
€ThCS CKIHYEHHUH eeMEHT KOHIYHOI 00O0JIOHKH, 3aIlulle-
MO BIJITIOBIIHI T€OMETPUYHI CITiBBiJHOILEHHS, YTOYHIOIO-
YH 3aJeKHOCTI 32 PaXyHOK HENIHIHHUX NOJATKOBHX Jie-
(hopmartiii y cepenHHiIT MOBEPXHI:
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KU, el, ¢", y — niniiiHa ¥ HeniHilHA CKiIamoBi Aedopmarrii
CepeMHHOI TOBEPXHi, 3MIHIOBAHHS KPUBH3H Ta KPYTiHHS;
f Ta s — KOOpAMHATH y CEPEIMHHOI MOBEPXHi; z — HOpMa-
JbHA KOOpZMHATA.

3acTocyeMo BapialliifHy MOCTaHOBKY 3amadi. Jlis
KOHIYHOTO €JIEMEHTY OOOJIOHKH OCHOBHE PIiBHSHHS, IIO €
€KBIBAJICHTHHM CTaTHYHUM DIBHSHHAM Ha OyZAb-IKOMY
KpOIIi 32 4acOM NMPUHMAa€e HACTYITHHUIA BUTIISL;
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3B’A30K MK KOMIIOHEHTaMH IEBiaTopy Hampy>KeHb
s;; Ta 1eopMalisMK TOB3y4OCTi ¢; KOHKPETH3YEMO PiB-
HSAHHSAMH CTaHy. Po3risiHeMo BUIamok Jii HaBaHTa)KEHHS
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0", HATIPYXEHHs ¢, 10 3MIiHIOETBCSA i3 UKIIIYHO Y4acTO-

tor0 f; =1/T 3a nepiox po6ouoro wukiy 7. Ilpeacras-

JSI0UM HATPY’KeHHS o mepioamanamumM psizoM Dyp'e 3 koe-
¢biientamu a; Ta b, (k=1, 2, ...):
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Hapai, piBHSHHS IUKIIIYHOT TOB3YYOCTI IIpH KOMOi-
HOBaHOMY HaBaHTa)XKEHHI NMpuiiMaeMo y BuTisiai [8]:
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Jis Bu3Ha4YeHHS KoeimieHTiB M, SKi BHKOPHCTO-
BYIOTBCSI B (YHKIIAX g,, TONEPEAHBO OOYHCITIOIOTHCS
eKBIBAJICHTHI HAIPYXEHHS 0, 0,

CdopmynsoBana 3amada pO3B’SBYETHCI METOIOM
ckinuennux enementiBe (MCE). 3acTocoBaHO 4YOTHPBOX-
BY3JIOBUH CKIHYEHHHMH €lIeMEHT TOHKOI 000JIOHKH 00ep-
TaHHS 3 CbOMa CTYNEHAMH cBOOOAM Yy By3ii. Jlo po3paxy-
HKIB 3aiy4eHo po3pobnenuii B HTY «XIII» nporpamuuii
KOMIUIEKC JUIsl aHajli3y IMOB3Y4OCTi OOOJIOHKOBUX KOHC-
tpykuiid «SCC v 4.8» [8].

IoB3yyicTh HMAIHAPUYHOI NaHeJi NpU Nepioguy-
Hiii Aii THCKY MOBITPSIHOrO MOTOKY .

PosrnsHemo 3amady medopMyBaHHS TpU TEPioaud-
Hif il MOBITPSHOTO TOTOKY IMMIIHAPHUYHOL TaHEei
(puc. 1), sxopcTKO 3aKkpimieHy 3 ycix 0okiB. ['eomerprani
posmipu  obomonku: a=4wm, f=20°, R=9m,
h=0,002 M. OOCOJOHKAa BHUIOTOBJEHA 3 AQJIOMIHICBOTO
crapy D16T Ta piBHOMIpHO Harpita 10 TeMIIeparypu
325 °C, ¢i3uko-MexaHiuHI KOHCTAHTH NP SKiil IOpiB-
HIOIOTH: MOJyIb TIpykHOCTI E = 3,3 x 10° MITa, koedirti-
entT Ilyacony v =0,3; KOHCTaHTH, IO BXOJATH O BU3HA-
gampHOro  piBHsHHA  (4) B =2,109x10% (MIla) "/c,
n=11,8. ¥ 3B 3Ky 3 THM, II0 PO3MJILAAEThCS Aehopmy-
BaHHA Ha KOPOTKOMY BIAIPI3Ky uacy, SIKMH BiJIOBiiae
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MOJILOTHAM YMOBaM, HaKOIIMYEHHS IOIIKOJUKYBAHOCTI He
BPaxOBYEThCA y pO3paxyHKax (mpuiiMaerscs D = 0).

)\

Pucynok 1 — ®dopma 00010HKH

OO0omn0HKa HABaHTa)KEHA CYMICHOIO JiI0 CTATHYHOTO
naBantaxenus 0.1 MIla Ta HaBaHTa)KEeHHSI, 1[0 3MIHIOETh-
cs1 3a HOPMOIO 1IUKITY, HABEIEHOTO Ha puc. 2. [i mpuitHaTO
OCepeHEeHOI0, 0e3 BpaxyBaHHS 3MIHIOBAHHS HAIPYKEHb
npu IXHBOMY 3aTyXaHHi. BBakae€TbCs, IO NpH MOPHBI
Tuck 3a 0,2 ¢ JOXOIUTh 10 MaKCUMAJIBHOTO 3HAYEHHS Y
nepiozai 0,5 MIla, noTim 3a Takuii X NPOMIKOK Hacy Ia-
JIa€ IO CTaTUYHOTO 3HAYCHHS, K¢ U 30epiraeTbcs mpoTs-
roMm 3,6 c.

P, MNa
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0 0.20.4 a4
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Pucynok 2 — ®opma nukiry 3MiHIOBaHHS THCKY Ha O0OJIOHKY

[Micns ananmizy 30DKHOCTI JaHMX YHCENBHHX pO3pa-
XYHKIB IIPUHHSTO CKIHYEHHOEJIEMEHTHY ciTKy 3 200 eie-
MEHTIB. AHaJII3yBaJIMCh PEXHUMHU 3 Ta 0€3 MPUCYTHOCTI il
NOPUBIB THCKY — CTaQTHYHE HABAaHTAXXCHHS THCKOM
0,1 MIla Ta mepiogn9yHe 3 UM CEPEIHIM 3HAYCHHSIM THC-
Ky Ta OIMCaHOI0 (opMoro UKIy. Po3paxyHKH IpOBeEeHO
st gacy B 1000 c.

3a DaHMMH YHCEIHHOTO MOJETIOBAHHS BCTAHOBIICHO,
110 MIPY BIICYTHOCTI NMEPIOJAUYHHUX MTOPHUBIB THCKY MOB3Y-
YiCTh MPAKTUYHO HE BiOYBa€eThCs Ta 30€piraeTbesi po3Io-
JIJT IPOTHHIB, 1110 BiJIOBIIAE ITPYKHOMY Ae(hOpMYBaHHIO.
AJe pu BpaxyBaHHI IIepioANYHOCTI J1ii HOPHBIB MOBITPS-
HOTO NOTOKY Ma€ Miclie TIOB3y4iCTh MaTepiary 0O0JIOHKH.
PesynpraTi po3paxyHKIB Ul BHUIAAKy MEPiOJUYHOTO
HaBaHTa)KCHHs NPEJICTaBJICHO Ha pHC. 3-5.

®opmy  gepopMoBaHOTO CTaHy TIaHENi IPH
t=1000 ¢ y BUIISOI PO3MOILUTY HOPMAIBHUX BY3JIOBHX
MepeMIIIeHb IPEACTABICHO HA PUC. 3, a TXHIM po3moaii 3a
IOBKUHOI0 ¢ y mepepisi f= 10° — Ha puc. 4. Makcuma-
JbHE 3HAuYeHHs NPOTMHY Mae€ Miclie y LEHTpPaIbHOMY IIe-
pepisi nopieHo€E 1,78 MM.
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Pucynox 3 — Po3mnozin HOpMaIbHUX NMPOTHHIB ITaHeNi
npu ¢ = 1000 ¢

& x0.1,Mm

T ""§?.,-§§ E §m§'§
Pucynok 4 — Po3noin HOpMaibHUX MPOTHHIB MaHE]
y nepepisi f= 10°mpu ¢ = 1000 ¢

[Tpu moB3y4ocTi MaTepiary maHelni BigOyBaeThCs ic-
TOTHA pellakcallis HampykeHb. SIK mpukiax, Ha puc. 5
HaBeIeHO rpadik 3MIHIOBaHHS Y Yaci MaKCHMalbHOTO
3HAYEHHS IHTEHCUBHOCTI HAINPYKEHb.
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PucyHok 5 — 3MiHIOBaHHS y Yaci MAKCHMAITLHOTO 3HAYCHHS
IHTCHCHBHOCTI HAITPY>KCHb

SIk BUIHO 3 OTPHMAHUX PE3YJbTATIB, NEPIOIUYHE
HaBaHTAXXEHHsI MaHeNli TUCKOM BiJ| MOPHUBIB MOBITPSIHOTO
MOTOKY MOXKE MPHU3BECTH JI0 ICTOTHHUX 3MiH Y ii Hampyxe-
HO-/1e()OPMOBAHOMY CTaHi.

BucnoBku. B crarTi HagaHo miaxix A0 OLIHIOBaHHS
Halpy»XeHO-/1e()OPMOBAHOTO CTaHy IPH MOB3Y4OCTi TOH-
KOCTIHHUX OOOJIOHOK 0OepTaHHS, IO HaBaHTaXKEHI Iepi-
OIIMYHOIO JI€I0 Bil TOPHBIB MOBITPSHUX MOTOKIB. OTpH-
MaHHUHA PO3IOALT MPOTHHIB, IO MPAKTUIHO TOPIBHIOE TO-
BUIMHI OOOJIOHKH, XapakTepu3ye 3MiHy 11 notouHoi ¢op-
Mmu. Take 3MiHIOBAaHHS, IIOYMHAIOYH 3 IEBHOI'O MOMEHTY,
KOJIM M BXK€ HE MOJKJIMBO HEXTYBaTH, Ma€ OyTH BpaxoBa-
HE IIpU PO3B’sI3aHHI aepOJMHAMIYHOI 3a/1aui BCTAaHOBJICH-
HSl PO3MOIUIIB TUCKY IIPH OOTiKaHHI 00OJIOHKH.
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