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EAL

BriBOABI

HUcnons3osanue paspaboTagHOro pabouero oprana
B HEKOTOPBIX Clly4asx OyAeT O4eHb 1eNecoo0pasHo.

B nanHoM paspabGoTaHHOM paouyeMm OpraHe co3[aroT-
Csl HampaBJIEHHbIE TIOTOKM TPYHTa, ¥ TE€M CaMbIM I10-
HIDKAIOTCS SHEPreTUYEeCKUe PacxXolbl Ha HErpoU3BO-
IUTENIbHOE CMELIMBAHME TIPYHTa, Ppa3pabOTaHHOTO
paGoyuM OpraHoM [MpH €ro TPaHCIIOPTHPOBAHUM.
[poBeneHre  SKCMEPUMEHTANBHBIX  WCC/ELOBaHHIA
Mozenn paspaboTaHHOTO pabodyero opraHa rokasaio,
yto Osiaropaps TOMY, YTO [PYHT TIOYTH MIHOBEHHO
W3BIMAETCA M3 30HBI PE3aHUs, SJHEPreTHYECKHE pacxo-
bl yMEHBOIWINCH B 1,2 pasa, a NalbHOCTH BbiHOCA
rpyHra yBesuiack B 1,28 — 1,3 pasa.
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HEJHWHEWHBIE KOJEBAHUA OIIOPHOI'O KATKA
C BHEITHEI MACCHUBHOW HIMHON

A.T. SInunk, K.T.H., O.B. CraxoBckmii, k.T.H., H.B. Koxanoscknii,
K.T.H., CT.Hay4H.coTp., C.B. IlaBaenko, Hay4.corp.,
XapbKoBCKHil HHCTHTYT TaHKOBBIX Bolick HTY “XIIN”

Annomayus. IIpednooicena memoOuxa UCCie008aHUll HeNUHENHbIX KONeOAHUU OROPHO20
KamKa ¢ GHewHel wunoll yucnoseim memooom. Tlonyuena ckenemmas npamas 6ubPayUoH-

HO20 npoyecca.

Karouesnle cn06a: QUHAMUYECKAs HAZPYHCEHHOCMb, BUODAWUOHHAS AKMUBHOCMb, ONOPHbIU

Kamox, 0emMnduposanue, XapaKkmepucmuKa.

BBenenue

TMoBBILIEHHE TATOBBIX U CKOPOCTHBIX BO3MOMKHOCTEH
OBICTPOXOJHBIX T'YCEHMYHBIX mamus (M), uX 3K0-
HOMMUYECKMX M JKCIUTyaTalMOHHBIX IOKa3aTese
HAIPAMYIO CBSI3aHO C NpoOJieMOM CHIDKEHHs IWHA-
MUUecKOW ¥ BUOPAaLMOHHON HArpyXeHHOCTH OIOp-
HbIX KaTKOB, BbIcokas OUHAMHMYECKAs HarpyxeH-
HOCTb M BHOpaUMOHHAs aKTUBHOCTh OMOPHOTO KaTka
ABJIIETCS OCHOBHBIM (DPaKTOPOM CHMWKEHUs pecypca
paboThl BCEX 3JIEMEHTOB ONOPHOrO y3ia, MOBBILIE-

HHUA NOTEPh MOUIHOCTH Ha IEPEKaTHIBAHME OTIOPHBIX
KaTKOB, CHIDKEHMS KOMGOPTHOCTH 3KUIaxa H CO-
XpaHHOCTH MEepeBO3MMOro rpy3a, TOYHOCTH W Ha-
JeXKHOCTH paboTel NMPUOOPOB M CPENCTB CHCTEM
YIpPaBJIeHVS ¥ aBTOMATHUKH.

Pe3y/ibTaThl  IKCTIEPHMEHTAIBHBIX  MCCIIEL0BaHUH
BUOPOHArPYXKEHHOCTH KOpmyca CKopocTHpix ['M
MOKa3bIBAIOT CBA3b AMIUIUTYIHO-4aCTOTHOTO Criek-
tpa BuOpaum#t kopnyca ['M ¢ amMIIHTyQHO-
YACTOTHBIM CIIEKTPOM BO3JAEHCTBHUI, QopMUpYyEMBIX
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OTIOPHBIMH KaTKaMH, KaK OCHOBHBIMH y3naMu ¢op-
mupoBanust BuOpaimil. OcoOGeHHO 4HeTKO 3Ta CBA3b
NPOCNIEKUBAETCA HA TBEPIBIX U KAMEHMCTBIX OCHO-
BaHMAX, yKaTaHHOHM rpyHTOBOM nopore. HaTypHsle
CCeJ0BaHUA BUOPOHArpyKEeHHOCTH KOPITYyCOB CKO-
pocTtHeIX I'M ¢ pa3sHbIMM THUMaMH OIOPHBIX KAaTKOB
nokasanu Goyee BRICOKHH oOImMi ypoBeHb M Gosiee
IHPOKUI YaCTOTHBIN crekTp BUOpanmi y ONOpHbIX
KaTKOB C BHYTpEHHEH aMoprusauueil. B nocnennem
cTyyae B 4acTOTHOM criekTpe BuOpauumii kpome oc-
HOBHOM TIapMOHMKH, COOTBETCTBYIOLIEH IIaroBoi
4acToTe BO3MYILIEHHs, NPUCYTCTBOBAIU €LIe ABE-TPH
BECOMBIE FapMOHHKY Ha 4acTOTaX, KpPaTHbIX LIAro-
BOM yacToTe. 3HAYMTESILHO MEHbIUIUN o6wui ypo-
BeHb U OoJiee y3KUil YaCTOTHBIH criekTp BHOpaluit Ha
kopryc I'M ¢opMupyercs OMOpHBIM KaTKOM C Ha-
py)XHOI MacCHBHOM mmMHOM. OIHAKO IS MOCIEeIHNX
Ha BBICOKMX CKOPOCTAX [BH)KEHMA B YacCTOTHOM
CrieKTpe BHOpaLMii MPOCIEXUBAIOTCA BECOMBIE rap-
MOHHKM Ha HM3IIUX 4acTOTax, MO CPaBHEHHIO C OC-
HOBHOH IIaroBof BO3MYINAOWIEH 4acTOTOM, COCTaB-
nsrowmeit 1/2, 1/3 3Tot 4acToThl. DTH HEJWHEHHbIE
SBJIEHNS B TIPUHIUNE HE MOIYT ObITh OOBACHEHBI C
MOMOLIBIO JTMHEHHON MOJENH OTMOPHOIO Yy3/la XOM0-
BOH yactu I'M, 00bIYHO MPUMEHAEMOM NPU UCCAEN0-
BaHusAX [1].

Llesib ¥ mocTaHOBKA 3a4a9YH

llenbro paboThl sABNAETCS MCCIEHOBaHUA OCOOEHHO-
CTedl OWHAMUKHM OIOPHOIO KaTka ¢ HapyXHOW Mac-
CUBHOW IIMHOM Y BBIACHEHWs YCIOBHIl BO3HUKHOBE-
HUS B OTIOPHOM Y3Jie CyOrapMOHMYECKUX KoyeOaHuid.
B cBsA3u ¢ HanuUMeM B UCCIEAyEMO CUCTEME Cylie-
CTBEHHOM HEJIWHEHHOCTH, CBA3AHHOW Kak C HeIu-
HEWHOCTBIO JKECTKOCTHOM XapaKTEPUCTUKU HapyX-
HOM MacCHBHOM IIMHBL, TaK U C XapakTEPOM HEyIep-
KMBAIOIIEH CBs3U OMNOPHOIO KaTka ¢ OeroBoil no-
POXKOH TYCEHMLbl, NPU MCCIEAOBAHUA NpPUMEHEH
METO[] YUCJIEHHOTO 3KCNEPUMEHTA.

Hcenenoanue HesIMHeHBIX Koae0anmii
OMOPHOr0 KaTKa ¢ BHeIUHeH IHHON

B [1] npu nuHeitHO# mocTaHOBKE HccienoBaHa BUO-
palUMoOHHAas Harpy>KeHHOCTh OCH OITOPHOTO KaTka
(OK) mon Bo3meiicTBHEM KHHEMATHYECKHX BO3MY-
LIEHNAX, 3aaBaeMbIXx 000y KaTka OGeroBoi HOPOXK-
Kol TyceHuubl. B ykasaHHO# paboTe OrnopHbIH KaTok
NPEACTAaBIEH B BUJIE JIMHEHHOH YMPYroBs3KOH Ler-
HOH CHCTEMBI C [JBYMSI CTEreHsAMHU CBOOOABI (CM.
puc.l). B npuHsATON pacueTHOH MOAENHM IepeMelle-
HHE MacC OTCHUMTHIBACTCA OT IIOJIOKEHMSA IIOJIHOM
pasrpy3ku OK. IlonoxurenpHOH KOOpAMHATE X,
OMpeZeNsomled nepeMelleHne  MNOAPECCOPEHHOM
Macchel m, , COOTBETCTBYET AeopMalys CxKaTud yIi-

pyroro sieMmeHTa nonasecku. KoopiauHata x, ompe-

JensdeT NepeMelieHre HETOAPecCOPeHHOM MacChl
m,, a TOJNIOXHUTEILHOW pa3sHOCTH KOOPIAWHAT

(x, ~x, ) cooTBeTCTBYET AehopMauus CKaTHa YIpy-
roro anemenTta OK.

Fi(xy, %) - &
m
| _ &
Fy [(eymx) Gepmy)] rLI ’
my
h(t)

Puc.1. Pacuernas mozens auHamuku OK mpu kuHe-
MaTHYECKOM BO3MYLIEHUH

B [1] yxa3biBaeTcs, YTO NpUHATAs pacyeTHas MOJEIb
onuceiBaeT JuHaMuKy OK c BHyTpeHHe#t amopTu3a-
uuedt. OgHako, Kak oTMe4yeHo B [1], aTa xe Mozens
npuroaHa u 1ns onucanua auHamuku OK c Hapyx-
HOM LIMHOW NP YCIIOBHH, €CIH MOJNIOXKUTE m, =0 U

K 3HA4YCHMIO m, le/lﬁaBl/lTb MPEeXHEE 3HAYCHUE m, .

3znech cnemyeT OTMETHTh criedyromee. B npuseneH-
HOHl pacuyeTHOM MOJENM YNpYro-BA3KHE XapaKTepu-
cTukn ympyrux onemeHToB OK  F(x,x) n

Fy[(x,—x),(x,~x)] nonaramuce IHHEHHBIMH

¢yHkumaMu cBoux aprymeHTtoB. B cmywae OK ¢
BHYTPEHHE! aMopTH3alued MoCielHee Ipearioso-
KEHNe ABJIAETCA NPaBOMOYHBIM, TaK KaK JIMHEHHBIH
XapakTep 3aBUCHMOCTH YOpPYrod BOCCTaHaBJIHMBAIO-
med cuisl oT aedopmanuu Fi(x,) obecneuusaercs

nedopManyeii CABUra CUMMETPUYHO HArpyXeHHOIo
no BceMy o0bBeMy MaccHBa PE3MHOBOTO 3JIEMEHTA
OK. B ciyuae xe kaTka ¢ Hapy»XHOW IIWHOH Xapak-
Tep 3aBUCUMOCTU YNpPYrod cuisl oT AedopMauuu
uMeeT HenuHelHbil xapakTep. [Tocnennuit obycios-
Jjied geopMalMsAMHI CKATHA M CJIOKHBIM XapakTepoM
pacripeniesieHis. HanpskeHWH B TIEPEMEHHOM ILATHE
KOHTaKTa LIWHBI IpY ee HarpyxHuu. Ha puc. 2 npexn-
CTaBjeHbl JKECTKOCTHBIE XapaKTEPHCTHKH YNpyrHX
aneMeHToB OK ¢ BHyTpeHHeH aMopTH3alMel TaHKa
T-64 (kpuBas 1) u OK c HapyxHOM mmHOM Tanka T-
80 (kpuBas 2), MOATBEPXKIAIOLIME BbIIIE HU3JIOXKEH-
HOE.

W3 pusuueckux cooOpakeHUM ACHO, 4TO Jaxke MJIs
uccienoBanus quHaMuk OK ¢ BHYTpeHHeH aMopTH-
3anuelt Takas JinHeliHas mozens OK ¢ mocTaTouHOH
IUIs TIPAKTHKA TOYHOCTBIO MOXET ObITh HCIIOJIB30Ba-
Ha TOJNLKO MpU PaccMOTPEHMH MasbIX KonebGaHuH.
D70 00YCJIOBIEHO TEM, YTO IPH 3HAYECHMAX PA3HOCTH
koopauHat (x, —x, )< 0 cucTema CTaHOBHTCA Cylue-

CTBEHHO HEJWHENHOM (TaK Kak NpU 3TOM peakuws
HeyIepKUBaroLIeil CBsA3M GEroBOM NOPOXXKH I'yCeHH-
UBI CTAHOBUTCS PaBHOH HYIIIO).
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B nanpHeiimem OyneM paccMaTpuBaTh koneGaHHs
noapeccopennoit maccel OK ¢ HapyXHOW MMHOH,
B030y»/daeMble HEPOBHOCTAMHU OEroBoii HOPOKKU
TyCEHHUIbl. YUHUTBIBAs BbILIE CKa3aHHOE, ypaBHEHHS
KOTOPbI€ OMNMCHIBAIOT BBIHY)KAEHHBIE KOJeOaHUA
noapeccopednor Maccel OK ¢ HapyHOH MIMHOM,
MOTI'yT OBITh NIPEACTABNEHbI B BUIE

mx, +cx +kx - F[(x, - x),0% - %)]=0;

1
F[(xz _xl)n(xz ——)'c] )] = [i + P(t), ( )

rae P, — crarudeckas 3arpy3ka ONOpPHOrO KaTka,
P(t) — nuHaMmdeckas peakuus GeroBoi JOPOKKH
TYCEHHIIBI.
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Puc. 2. JKecTkoCTHble XapaKTEPUCTHKH YNpPYruX
onementoB: 1 — OK ¢ BHyTpeHHelt amMopTH3a-
uueif; 2 — OK ¢ HapyxHO# IKHOM

PacceuBanue >Heprud npu kojebGaHUsAX, ornpenesse-
MO€ TUIOLIAJBI0 METIH Tuctepesuca (CM. puc. 2), B
NIPUHATON pacueTHONM MOJENU NpeJCTaBIeHO B BHIE
SKBUBAJIEHTHOTO BsI3KOro comnpotusneHus. [Ipuse-
HEHHBIA KO3(Q(UIMEHT BAIKOCTH k, OMpenensics us
YCJIOBUS PaBEHCTBA pacCerBaeMBIX IHEPrHUif 3a LUK
kojebanuii peansHoil cuctemsl W(A) U npuBeneH-
HOH yNpyro-Bsi3koii ee MOJeNH, B BUJIE

y(4) =nk,04*, )

rie A,® — aMIUIUTY[a ¥ 4acToTa KojebGaTeibHOro
npolecca.

B ciydae KMHEMaTHYeCKOTO BO3MYILICHHUS 3aKOH H3-
MEHEHHST KOOPAMHATEl X, Npu ABWxeHuH I'M 3ama-

10T HEPOBHOCTH GeroBoM mOpoXKKH. Tak kak Hac WH-
TEPECYET aMIUIMTYIHO-YaCTOTHBIA CIEKTp HEJUHEH-
HBIX kojebanuii OK, To XapakTep M3MEHEHHS 3THX
BO3MYILIEHHH MOXKHO MPEACTaBUTh B BUIE

h(tr) = Bsinot, 3)

KOTOPOMY COOTBETCTBYET PaBHOMEPHOE MPSIMOJIH-
HeliHoe aBikeHre I'M 1o poBHOMY Y4acTKy MecCT-
HocTu. Torma pemeHue 3agaui CBOOUTCA K MHTErpH-
POBaHUIO IIEPBOrO ypaBHeHMsA cucteMsbl (1). UHTer-
pUpOBaHKE TPOBOAMIOCH IO MeTtody Pynre-Kyrra
MpPY HaYalbHbIX YCIOBHAX, onpenenseMblx u3 (1) mws

CTaTHYECKHX YycaoBuH 3arpy3ku OK, ¥ nosydeHHsIX
B BUJE

x=P[c, x=PF[c+Al, % =0,

rae Al, — crarudeckas medopMalus HApYKHOM IIu-
Hel OK, onpenensemas u3 ypaBHeHHS

P =, Al — Al =Ml =0,

[To pesynpTaTtaM HHTETPHPOBAHMA MEPBOTO ypaBHeE-
HUA CHCTeMBbl (1) aHaNM3MPOBANKCH aMIUTUTYIHO-
4acTOTHBIE XapaKTEPUCTHKU KojebaTenbHOro mMpo-
Hecca ¥ BBIABISUIMCH YCJIOBHsS MOSBIEHUS B aMILIM-
TyJHO-4aCTOTHOM CIIEKTpE IPOOHBIX TAPMOHHK, TO
cybrapMoHMYeckux KoseGaHuil (CoueTaHHMit 3Hade-
HHAM aMIUIUTYJ BO3MYLIAIOUIMX BO3OEHCTBUH B u
3HAYEHUH KO3(P(HUUUEHTOB IeMN(UPOBaHUA k, U
k,). C 3T0i1 1IeNbI0 B aNTOPUTME CUETa HCIOJB30Ba-
Jach MpoIenypa rapMOHHYECKOTO aHanu3a koseba-
TEeJIBHOTrO mpouecca. Tak Kak [eNbl0 HCCIeIOBAHUA
OBLIO BBIABICHUE CYOTapMOHHK C OPOOHBIMH YacTo-
TaMu © / 2, ® / 3, To paznoxeHue B pax Pypoe ocy-
LIECTBIIOCH Ha Tiepuone 7', paBHOM

P B
/6 o

KpussM 1, 2, 3 (puc.3) cOOTBETCTBYIOT aMIUIATY bl
BO3MYIIAIOILETO BO3JEHCTBHA OEroBOH JOPOKKH

ryceHuupl B = {2,5-10’3“;1,5-10'3“;1~10'3“} , COOT-
BeTCTBEHHO. KpuBbie 1, 2, 3 — COOTBETCTBYIOT aM-
IUIATYZiaM APOOHBIX TapMOHUK A, , BOSHHKAIOIINUX
Ha 4acTOTaX BO3MYIUEHHs f, Bo3Mymawouieil GyHk-

MK (3) ¥ UMEIOLMX YacTOTHI, PaBHLIE MOJOBHHAM
3HaYeHMIl YaCTOTBI OCHOBHOH rapMOHMKHM Koneda-
TEJIBHOTO NpoLecca.
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Puc. 3. 3aBucMMOCTH aMILTUTYAbl OCHOBHOM U Opo6-
HOW FapMOHUK OT OCHOBHOM HacTOTHI (YaCTOTHI
BO3MYILEHUS)

KpuBble MoTydeHs! NpU MPUBEAEHHOM KO3(DPHLIMEH-
Te BA3KOCTH Kk, , COOTBETCTBYIOIIEM KO3 (QUIMEHTY
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THCTEPE3NCHBIX NOTEph WHHBI A = 0,2 W NMpu npuse-
JieHHOM ko3¢ duuumenTe Ba3kocTu &, = 1. [Ipouenypa

ONpeleNeHus aMIUIMTYAHO-4aCTOTHOTO CIIEKTpa KO-
nebaTenbHOrO Mpolecca BKIOYalach MO HCTEUEHHIO
JOCTaTOYHO OOJIBIIOrO MPOMEXYTKAa BPEMEHH C MO-
MEHTa Hayajla MHTErpUPOBAHUSA, KOTAa B CHUCTEMe
YCTaHABAMBAJIUCh YUCTO BBIHYKIECHHBIE IEPUOIIYE-
CKHe KojieOaHu.

BriBoabI

[lo pesynbTaTam aHanu3a MPOBENSHHBIX HCCIEI0Ba-
HU GBUTH CHeaHsl ClleAyOILFe BLIBOIBL.

[lpy xecTKOM XapakTepe YNpyro-Bs3koi XxapakTepu-
CTHKM HapyXHOHM IIMHbI KonebaTejbHBIM mHpouecc
nozpeccopeHHo# Maccsl OK oTHOCHTENbHO cTaTHYe-
CKOTO TOJIOKEHHs PABHOBECHS XapaKTepH3yeT mare-
MaTtuueckyro moaens OK ¢ Hapy)XKHOM LIMHOH, Kak
MATKYIO HEJMHEHHYIO KoJIe0aTelbHyIO CHCTEMY.

OcHOBHBIM  ()aKTOpOM, ONPENEIAIOMUM BO3MOXK-
HOCTh BO3HHKHOBEHHS CyOrapMOHHYECKHX KoJyieba-
HUl{, UX ypOBEHb M AMANa30H 4acToT, ABJIAETCS KO-
3((GUUMEHT TUCTEPE3UCHBIX MOTEPh HAPYXKHOH ILHHBI
(mpu HOCTaTOYHOW aMIUTMTYZE BO3MYMLIAIOLIEr0 BO3-
neifctus B > 8-107 M). OIHAKO THUCTEPEe3UCHBIE T0-
TepH OKa3bIBAaIOT ciiaboe memndupyrouiee BO3AeHCT-
BUE Ha aMILTUTYXy KosieGaHMit MOAPeccCOpeHHOM Mac-
cbl OK B pe30HaHCHBIX peXHUMax, KoTopas ONnpenens-
eTcs IPUBEICHHBIM KO3 (HULIMEHTOM BA3KOCTH X, .

CybrapMoHmueckue KoneOaHus NPaKTHYECKH He
NPOABIAIOTCS TpH  3Ha4YeHMIX  Kod3dduumeHToB
ky,22wn k 20,5 mnsa 3HaueHW# aMIUIMTYd BO3MY-

waromwero sosaeicteus B <1-107 m. IMpu Gonbiumx
aMIUIMTYJaX BO3MYLIAIOLIEr0 BO3AEHCTBUA HMMeEeT
MECTO OTPBIB OMNOPHOIO KaTka OT 6eroBod AOPOKKU
ryceHuusl. C poctoM uncna otpeiBoB OK ot Gerosoit
JOPOXKH I'yCEHULBI aMIUIUTYAa APOOHOM rapMOHUKH
4,,, 3HAYUTEIbHO BO3pacTaeT W MOSABIAETCS APoO-

Has TapMOHMKA 4, ;.

[IpennoxeHHass MeTOAMKa MCCIENOBAHUA HENHHEMH-
HbIX kosebanuit OK ¢ Hapy»XHO! IIMHOM MO3BOJIAET

Ha IUIOCKOCTH NapaMeTpoB {B,kz(A)} BbIIEJINTh

001acTH, B KOTOPHIX CyOrapMOHHYECKHE KOjeGaHus
peanbHO He BO3HHKAIOT. DTO [aeT BO3MOXXHOCTB
00OCHOBAHHO 3a/1aBaTh PalMOHAJIBHBIE TEXHUYECKHE
TpeOOBaHMA HA «IVIAAKOCTH» W FEOMETPHUIO OETrOoBOM
JOPOXKKM M ONTUMHU3HPOBATh JKECTKOCTHBIE W IO-
[JIOLIAIOINME CBOMCTBA HapyxHOM wwumHBl OK mno
00001EHHOMY KPUTEPHIO MHHHMYMa IIOTEph Ha Te-
peKaTbIBaHHE OMOPHBIX KATKOB M B XOJOBOM 4YacTH
IpH JOMyCTUMOM YPOBHE BHOpOHArpy>XeHHOCTH
kopryca ['M.

Jlutepatypa
1. lnatoHoB B.®. {unHaMuKa M HAAEXKHOCTh ryce-

HIYHOTO ABIXUTENA. — M.: MalnHocTpoeHue,
1973.-232c.

Penenzent: E.E. Anekcanmpos, mpodeccop, A.T.H.,
HTV “XIIN".
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