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BEPTHUKAJIbBHBIE KOJIEBAHWA NOABU’KHOI'O COCTABA
INNAXTHOU NIOABECHOU MOHOPEJBbCOBOHA A10POI'N

Paspabomana mamemamuuecxkas mooenvb 83aumoOeiucmsauss NOOBUNCHO20 COCMABA
00po2cU ¢ NOOBECHBIM MOHOPEIbCOM NEPeMEHHOU dcecmKocmu no e2o oaune. Ha oc-
HOBAHUU NOJIYYEHHOU MOOeau onpeoenenvl AMNIUmyoObl 8ePMUKAIbHbIX KOJIeOaHuUll,
NOBOPOMbL MeENeHCeK U KY308d, KOMOPble 803HUKAIOM 80 8PEMSL OBUNCEHUS UWLAXMHOU
NO0BECHOU MOHOPENbCOBOl 0opoau. llpu >mom usmeHeHue HceCmKOCmU NYymu Nno
OluHe npoaema npeoCcmasiieHo 8 8uoe nepuooudeckol QyHKyuu, nepuoo no8MmopeHus
KOMOpoU coomeemcmeyem ONuHe cexyuu MoHopeavcd. Pewenue cucmemol ougge-
PEHYUATIbHBIX YPABHEHUL, ONUCHIBAIOUUX PA3PADOMAHHYIO MAMEMAMUYecKyio Mo-
0ellb, NOIYYEeHO C UCNONb308AHUEM Kadccuyecko2o memooda Pynee-Kymmul uemeep-
mozo nopsaoka. Hatioeno enusinue usmeHenus ckopocmu 08UNCEHUsL NOOBECHO20 IKU-
nasica, e2o mMaccol u Ko3ghpuyuenma oemnuposanus nod8ecKUu MOHOpeIbCca Ha 3HA-
YeHUus amMnaumyovl KoleOauull menedxcek u Ky308d. Ycmanoeneno, umo noooupas
AHCECMKOCMb NOOBECKU MOHOPENLCA, BOZMOIICHO CYUIeCNBEHHO CHU3UMb AMNIUMYObl
8ePMUKANbHBIX Kollebanull sxunadxca. Tlonyuennvie pe3yibmamol no3601sm 000CHO-
BAHHO YCMAHABIUBAMb NAPAMEMPbL NOOBECKU MOHOPENbCa U IKUNAxMCa OJisl Ycosep-
WEeHCMBOBAHUSL CYWECMBYIOWUX U NPOEKMUPOBAHUS HOBIX WAXMHBIX NOOBECHBLX
MOHOPENbCOBLIX O0PO2.

Kiaw4eBble cj10oBa. MaTeMaTudeckas MOA€J/Ib, IKHUIIAMXK, HOIlBeCHOﬁ MOHOPEJIBC,
BEPTHKAJIBHOC IEPEMCIICHUE, aMIVIUNTyAa KOJIeOaHUIA.

Ilpoonema u ee céa3b ¢ HAYUHBIMU U NPAKMUYECKUMU 3A0AUAMU.
JIJ1si COBpEMEHHBIX MOJBECHBIX MOHOPEIBCOBBIX JOPOTr XapaKTEPHBI BEp-
TUKaJbHBIC KOJeOaHus, MPOUCXOIAIINE BO BpeMs ee aBuxkeHus. Konebda-
HUS OOYCJIOBJICHBI U3MEHEHUEM MECT MPHUJI0KEHUN CHJI TSAKECTH TOJBEC-
HOT'O0 COCTaBa W COCTOSIHUEM MOHOPEJIBCOBOTO ITyTH, MO KOTOPOMY OH IIe-
pememiaercs. [10CKOIbKY MOHOPENBCOBBIM MyTh UMEET CTBIKM U COCTOUT
U3 CEKIIMH, COCTUMHEHHBIX MEXKIYy COOOW M TMOJBEIICHHBIX B MECTax CO-
€AMHEHUM, €T0 CTHIKK 00JIaJIat0T MOBBIIICHHON >KECTKOCTHIO OTHOCHUTEIh-
HO CBOJIHBIX YYaCTKOB MOHOPEJIbCA, YTO MPUBOAUT K U3MEHEHUIO HKECTKO-
CTH MYTU BIOJb €ro JJIMHBL. BO3HHMKaIONME MpU 3TOM KOoJieOaHUs HOCST
MapaMeTPUYECKUI XapaKTep WU BBI3bIBAIOT JOMOJHUTEIbHBIC JTUHAMUYE-
CKHE€ HATPY3KH, KOTOPBIE YEPE3 MOJABECKY MEPEIAIOTCA KPENU TOPHOM BbI-
paboOTKH, CHUXAs €€ yCTOWUUBOCTh. ClieIoBaTeNbHO, UCCIICIOBAHUE B3au-
MOJICUCTBUSA ITOJIBUAKHOIO COCTaBa C ITOJBECHBIM MOHOPEIBCOM SIBISIETCS
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aKTyaJIbHOW 3a7jauei.

Ananuz uccnedosanunt u nyoauxayuii. B padorax [1, 2] uccieno-
BaHbl JUHAMUYECKUE MPOIECCHl KOJIEOAHUM PETbCOBBIX CPEACTB, ABHUXKY-
IIMXCS TI0 HAMpABJISIONIMM W B3aUMOJICUCTBYIOIINX C OCHOBaHUEM. Mc-
cienoBanus [3-5] mocBsmeHsl 0COOCHHOCTM (POPMHUPOBAHUS JIOIOTHH-
TEJbHBIX HArpy30K Ha apOYHYIO KPElb Y4aCTKOBBIX BBIPAOOTOK C MOABEC-
HBIMH MOHOPEJILCOBBIMU JIoporamu. B paborax [6, 7] npuBeeHbl 3aKOHO-
MEpPHOCTH B3aUMOJICUCTBHUS KOJIEC BATOHETOK IPU HAE3/I€ HA CTHIKU PEIlb-
COBOTO ITYTH.

Ilocmanoeka 3a0auu. Hactosimast CTaThs SIBISIETCS TMTPOJOJKEHUEM
YKa3aHHBIX BbIlIe padoT. L{enbio JaHHOTO UCCIEOBAHUS SBIISIETCA U3YyYe-
HUE IPOIECCa B3aUMOJICUCTBUS MOJABMKHOTO IKHUIAXKa C MOJBECHBIM MO-
HOPEIIbCOM M COCTABJICHUE MATEMAaTUYECKOW MOJEIH MPOLECcCa B3aUMO-
NEUCTBUS TIOABUYKHOIO IKHIAXKa C MOJIBECHBIM MOHOPEIBCOM JJIsl yCTa-
HOBJICHUSI PAllMOHAIBHBIX MAPaMETPOB MOJBECKU IIAXTHOW IOJIBECHOM
MOHOPEJIBCOBOU JTOPOTH.

H3noocenue mamepuana u pesyaobmamol. JIj1 UCCICIOBAHUN KO-
nebaHui TOJABUKHOTO COCTaBa PACCMOTPUM BEPTUKAIbHBIC KOJCOaHUS
Ky30Ba U TEJEKEK B MPOJOJbHON BEPTUKAIBLHOW IMJIOCKOCTH CUMMETPHUU
(puc. 1). CunTaeM, 4YTO OHM MMEIOT IO JIBE CTCIICHU CBOOOJBI, @ BCA MO-
nenb — mectb. Ky30B U TENEXKKU CBSA3aHBI MEXY COOON YIPYTHUMH U JTHC-
CUIIATUBHBIMU CBsI3aMU. Kojeca Tenexek nepeMeniaroTes o MOHOPEILCY
0e3 OTphIBa OT MOBEPXHOCTEH KadyeHHS Ha HIKHUX ToJikax. HepoBHOCTH
MOHOpPEJIbCA B MECTaX KOHTAKTa KOJIEC C JIEBOM W MPABOW CTOPOHBI MPH-
MEM PaBHBIMU. JTU HEPOBHOCTH, SIBJIIOIIMECS BHEIIHHUMU BO3MYIICHUSI-
MH CUCTEMBI CO CTOPOHBI MOHOPEIBbCOBOTO IMYTH, YCTAHABJIUBAIOTCA OT-
KJIOHEHUSIMU Pa3MEPOB MOHOPEIbCA U CKOPOCTHIO MOCTYIMATENHHOIO JIBU-
KEHHUS Ky30Ba C TEJICKKAMHU.

Ha ocHoBanmu mccienoBanuii [1], oTHOCAIUXCS K JKEIE3HOIOPOK-
HOMY TPAHCIIOPTY, OOBIYHO HEPOBHOCTH PEIHCOBBIX HUTEH alIPOKCUMU-
PYIOT HEIPEPHIBHOM CHHYCHO-KOCHHYCHOHN IEPHOINYECKON (DYHKITHUCH,
Hanpumep,

n1(t)=ng sin o, t, (1)
€ 77, — AMIUIATYa HEPOBHOCTH PEJIbCE;

— Y4aCTOTAa BO3MYILECHUS OT HEPOBHOCTEHN PEJIbCA C AJIUHOW BOJIHBI
Vi
1)

W

L,, paBHasd @, =27

Vn — CKOPOCTb ABHIKCHHA SKHUIIAXKA.
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Puc.1. PacuerHasa cxema KoseOaHMIl ITOABECHOTO DKUIIAXKA .
1 — MoHOpENhC; 2 — XOA0Bas TEIEKKA; 3 — Ky30B

JI1s1 MOHOPEIJIBCOBOTO MYTH NIMHA HEPOBHOCTHU BOJIHBI COOTBETCTBY-
€T JIJIMHE CEeKIUU MOHOpebea, modtomy L. = L. OgHako annpokcumanus
(1) MmoxeT OBITh MCITOJI30BAaHA IS YIPOIIECHHBIX BBIYUCICHUH, ITOCKOJIb-
KY HE YYUTHIBAET HAJTUIUE CTHIKOB U M3TU0 MOHOpETbCA.

[TonBecHOM MOHOpPENIBCOBBIM MYTh IS TOPHBIX MPEANPHUSITUH,
UMEIOIUN TIOJABECKY B MECTE€ CTHIKOB, MOXET OBITh ammpOKCUMHPOBAH

(puc. 2)
n(t)= %770 QSin 0 t+ 8| +[sino t— 8, - 26, )+ Nmsin @1,

rlie 17y — HauOOoJIbIINM IPOru0 CEKIIMU MOHOPEINbCA;
0, —JIMHA CTBIKA MOHOPEJbCA,;

Ny —BBICOTA HEPOBHOCTH CTBIKA COCEAHMX CEKLMK MOHOPEIBCOBOIO
MyTH.
Ecin HepOBHOCTH MOHOPENBCOBOTO IMYTH B MECTE KOHTAKTa IEPBOM
0 XOAY JBIJKEHUS KOJIECHOW mapbl 1, (t)=n(t), TO B MecTe KOHTaKTa
BTOPOM MO XOJy JBUAKEHUS KOJECHOW Mapbl 3TOM TEIEKKHU, YCTAHOBJICH-
HOMW Ha paccTOSIHUH 2|, , IepeMELICHNE C YUE€TOM 3aIla3/bIBaHus Oyaer
n,(t)=nsinw, '[—\2/i :

n
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n(t), MM 77T iﬂ(t), MM/C
\ ¢ 711 \ o 7114
- X ’//L \ ’//l|_ 2’1
qo BN ,/ N, ,/ A
l/(\ /] ‘/\ /] 1>

-15 -0,2
0 1 2 3 4 5 X, M

Puc.2. BepTukaabHbie BO3MYIIEHUS TOJIBECHOTO MOHOPEILCOBOTO MyTH
(mpu L=3™; ny =-15 ™M™, n,, =—1,5mmMm, 6., = 0,1 m):
@ — COOTBETCTBYIOIIEE BO3MYILIECHUIO BEPTUKAIBLHOE
IEpPEMEICHUE KOJIECHOU Maphl;
6 — MPOU3BOJIHASI OT BEPTUKAIBHBIX BO3MYILICHUI

AHAJIOTMYHO JUId BTOPOH IO XOJaYy JBIXKEHUS TEIEKKH, PacIojo-
YKEHHOM Ha pacCTOSIHUH 2|, :

- 2l . 2(1; +1,)
773(t)=7715'n607( ——kj H n4(t):nls|na)T(t—t—kJ_
Vi Vi,

Cucrema muddepeHIuaIbHBIX YpaBHEHHUM, OIMMCHIBAIONMIAS JTH KO-
nebaHus, MOXKET OBITh IIPECTaBICHA

(M2, +2b, 2, —by 2y — by 2¢p +2C, 2y —C, 2y —C Zip =0;

Ik + 20 Igdy — bl 2y + il 24p + 20 1gpy — Ol 2y + il Zgp =0;

My Zyy — B 2 + by 24y + byl dy — Cz +C 2y + by +2b 241 +

+ 26,2y = byiy (£) + byrip (t) + oz () + 172 (1)

316y + 200y + 2018 @y = byl () — byl (2)+ (2)
+Celymy (t)—celyma (1)

My Zyp =By 2y + By 2ip =Byl dy — C i + €y 2ep — Sy +2b¢2¢5 +

+ 20245 = byt (t)+ byrig (t)+ cema (t)+ ¢4 (t);

Jtfr2 + thltz(btz + 2Ct|t2(0t2 = byly773(t) = bely7ig (t) + celimg (t) — celymy (2).

N

roe my, M, — OpuBCACHHAsA Macca Ky30Ba M IIPUBCACHHAA MacCa TCIICKKHU

Y 4aCTU MOHOPEIIbCA,;
Jy,Jt — TpUBENECHHBII MOMEHT WHEPLHMH Ky30Ba W NPHUBEIACHHBIN

MOMCHT TCJIC)KKH C YaCThIO MOHOPEIIbCA,
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Z,, — JIMHEHHbIC TIepeMerieHus Ky308a B1oiab ocuOzy ;
Zi1,Ztp — JMHEWHbIE NEpeMelleHHus] Tenexek Baonb ocu Oy u

0,25 (3mecy u manee uHIEKC 1 COOTBETCTBYET MEPBOU IO XOIY JBHIKE-
HUS TEICHKKH, a 2 — BTOPOi);

@y — YTIIOBBIE TIEpeMeEIIeHHs Ky30Ba BOKPYT ocu OXy ;

Oi1,Pip — YITIOBBIC TIEPEMEHICHUS Teaekek BOKpYr oceit OyXy
O2Xt2;

Cy by — K03(pPHUIMEHTHI KECTKOCTH M BSI3KOTO COMPOTHUBIICHUS TTOJI-
BECKH KYy30Ba,

Ci,Dy — KOD(POUIMEHTBI KECTKOCTH W BS3KOTO COMPOTHBIICHUS Te-
JISKKA ¥ MOHOpEJhCa.

[TepBoe 1 BTOpOE ypaBHEHHs M3 CUCTEMBI (2) OTHOCATCS K KoJyeOa-
HUSM KY30Ba, TPEThE U YETBEPTOE — KOJICOAHUSIM TIEPBOU MO X0y JABHKE-
HUS TEJIEKKH, a MATOE U MIECTOe — BTOPOH IO XOIy JABMIKEHUS TEICKKH.
Ot KonebaHus SBISIOTCA MapaMETPUYECKUMH, ITOCKOJbKY BO BpeMs
JBIKCHUS TEJIEKEK BJOJb MPOJIETa MOHOPEIhCa KECTKOCTh MEPHOaUYe-
CKH M3MEHSETCS. bimke K CTBIKY >KECTKOCTh MOHOPENbCca OMpEeAcsieTCs
KECTKOCTHIO MOJIBECKH, a OJIMKE K CEPEAMHE CEKIIUU — U3TUOHOM KECTKO-
CThIO Oasik¥, U3 KOTOPOW M3TOTOBJIEH MOHOpENbC. KECTKOCTh MOABECKHU
3aBUCHUT OT apaMETPOB MPUMEHIEMON KPYTJI03BEHHOM 1IENU U criocoda ee
KpEIUICHUS B TOPHOI BBIPAOOTKE.

C y4yeToM 3T0ro, n3MeHeHue Ko3(h(PULUEHTA KECTKOCTH C, 110 JJIMHE
MpoJieTa MOHOPEJIbCa MOXKET OBITh MPEACTABICHO B BUJE NEPUOIUUECKOM
(GyHKIMH, IEPUO]T TOBTOPEHUS KOTOPOU COOTBETCTBYET JIMHE CEKITUU L

Cy =Cpp 1—%km1Qsina),t+5m\+\sinw,t—5m\—25m)—km2\sinwrt\ ,

rae ¢, — kKo3(h(PUIUEHT KECTKOCTH OJBECKA MOHOPEIbCOBOIO IIyTH;
Kmi — K03 pUIMEHT N3MEHEHHs KECTKOCTH MOHOPENIbCA B CEPEIUHE

IpOJIeTa CEKIHH,;
Kpo — KO3(P(QUIMEHT HM3MEHEHHs >KECTKOCTH MOHOpENIbCa B 30HE

CTBIKA.
3HaueHue K03 UIMEeHTa N3MEHEHUS JKECTKOCTH K, ; ONpenesercs

OTHOIIIEHUEM >KECTKOCTU OaJIKh B CCpCAHC IIPOJICTa K KCCTKOCTH IIOMI-
BECKH, a km2 — OTHOHICHHUEM XKECTKOCTHU CThIKa K KCCTKOCTHU IIOJABCCKMH.

Ha pHuc. 3 ITOKa3aHO KaK M3MEHSETCS JKEeCTKOCTh MOHOPCIIbCAa C YBCINYC-
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HHUEM JJIMHBI TPOUJICHHOTO ITYTH I10 MPOJIETY CEKIUU. Y Ka3aHHAs 3aBUCH-
MOCTh TOJIy4€HA JJI CHEAYIOIUX 3HAYCHUM BXOASAIINX MapaMeTPOB

Cpy =2,06-10"H/™; 5, = 0,1 M; k,; =051k, = 0,1.

VE 1
—
/, o .
: - - - i - - - eh—
L/2 ()m
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Puc.3. U3menenue ko3¢ duirieHTa KeCTKOCTU MOHOPEIHCOBOTO MyTH
BJI0JIb €r0 IMpoJieTa

Pemenne cucteMsl (2) ¢ y4eToM HEPHOIUUECKAX BOSMYILICHUH U 13-
MEHEHHS KECTKOCTH MOHOPEILCOBOIO IIYyTH IOIYYEHO C IPUMEHEHHEM
MmaKeTa NMpUKIaAHbIX mporpamM Mathcad. [{ns pemenus mpuHAT MeTOXR
Pynre-KyTra ¢ aBTOMaTH4ECKUM BBIOOPOM IIara, MCHOJb3YOUIMHA (yHK-
muto Rkadapt. JlanHbIH MeToq MO3BOJISIET HAXOAUTH perieHus Tuddepen-
LMAJIbHBIX YPABHEHUH, COJEP)KAIIMX IUIABHBIE U OBICTPO MEHSIOIIUECS
00JacTH.

3aBUCHMOCTH BEPTHKAJIBHBIX KOJICOAaHMM Ky30Ba z, , IEPBOU z, U

BTOPOU Z;, 110 XOAY IBHKCHUS TEJIEKEK PUBEICHBI HA puc. 4. 31ech Tak-
K€ IOKa3aHbl YIVIbI IOBOPOTHI Ky30Ba ¢, , IEPBOU ¢y U BTOPOH ¢, TEIIE-

*eK. M3 3Toro pucyHka BUJIHBI IPU3HAKU HAJIIOKEHHUI HA KOJCOAHUSI HU3-
KOM 4acTOTHI C OOJIBIIION aMIUTUTYI0M KOJeOaHU BICOKOM YaCTOTHI C Ma-
JBIMHA AMIUIATYIaMU. AHAJIW3 NOKAa3bIBAET, YTO BBICOKOYACTOTHBIE TAPMO-
HUKHU KOJIeOaHUU SBIISIOTCS CJICICTBHEM HAJIOKEHUS KOJICOAHHMM TEIeKEK
Ha MOHOpEJIbCE Ha KojeOaHus Ky30Ba.
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Pe3ynprathl perieHus mokasaHsl B Bujae (ha30BbIX quarpamm (puc.5),
MPEACTABIISIIOIINX 3aBUCUMOCTh CKOPOCTH MaplHaIbHBIX MACC TEIEKEK U
Ky30Ba OT UX COOTBETCTBYIOIIUX JUHEUHBIX IepemenicHui. [lonyuennbie
PEILICHNS MOKA3bIBAIOT, UYTO ITOCIE MEPEXOJHOIO MPOILECCa YCTAaHABINBA-
IOTCSl KOJICOaHMs TTIOCTOSTHHON aMILTUTY Il C YACTOTOM BO3MYIIICHUSI.
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Puc.4. 3aBUCMMOCTH BEPTUKAIBHBIX KOJICOAHUI BO BPEMEHU
a — IMHENHBIE IEPEMEILICHUS; O — TOBOPOTHI
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Puc.5. ®a3oBeie quarpamMMbl KOJIeOaHU: @ — 3aBUCUMOCTh CKOPOCTH
TEJIeXKKHU Vi OT €€ IMHEUHOT O MepeMEICHUS Zy1; O — 3aBUCHMOCTD
CKOPOCTH Ky30Ba Vy OT €ro JJUHEHHOIr 0 IepeMeIIeHUs Zx
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CrnenyeT OTMETHTh, YTO TapIHabHAS YacTOTa BEPTUKAIBHBIX KO-
neGaHui TeNeKKH paBHA @y = +/C; /M, . Jns Tenexku, korqa My = 0,1 T u
C =0,67-10" H/m, w; = 259 ¢t Bciu me YIUTHIBATh MAcCCy TEIEKEK H
MOHOpEJIbCa, TO MapIihajbHas YacToTa KojieOaHus Ky30Ba OyaeT

o — 2CCy
“yme(e + o)

Jls Ky30Ba ¢ mapameTpaMd M, = 8 T U Cy, = 3,0-10"H/m rapIu-

aNbHAs 4acToTa @, = 37 ¢\

3Ha4YeHHs aMIUIMTYZ KoJieOaHUil TeneXeK M Ky30Ba B 3aBUCHMOCTH
OT CKOPOCTH JIBWKEHHS BarOHETKH MpUBeAEHBI B Ta0d. 1. 3mecy aMIumTy-
b, YKa3aHHBIC B YUCJIUTENE, MOJIyYeHb! Juid m, = 1 T, a B 3HamMeHaTese —

m, = 8 T. IIpy BBINOJIHEHNNU PACUETOB CKOPOCTh JIBUKECHHUS SKUIIAXKA BAPh-

nposanack oT 1,0 mo 5,0 m/c. lemndupoBanre B cucTeMe IepBOHAYATHHO
HE YYMUTHIBAIOCh W KO3GPUITMEHTHI AeMI(UPOBAHUS TPUHUMAIUCH PaB-
HBIMH HYJTIO.

Tabun. 1. AMOuTy bl KojeOaHui TeJIEkKEK U Ky30Ba
TUTSL Pa3IMYHBIX CKOPOCTEHN JBUKECHUS

TMapamerp CKOpoCTh IBIXKEHUS, M/C
Pa3MEPHOCTH 1.0 20 3.0 4.0 5.0
7 MM 238 238 24,2 23,2 23,2
t 23.7 20,0 22 4 24.0 25.1
7 MM 251 20,8 23,7 249 24,4
t2 242 225 221 231 24.6
131 12,5 13,6 133 13,1

Zk y MM

13,0 12,6 12,6 11,8 13,9
10-3 32,0 32,0 37,0 36,0 32,0
P11 - » Pal 32.0 32,0 37,0 36,0 32,0
10-2 38,0 38,0 38,0 43,0 41,0
P » palt 38,0 38,0 38,0 43,0 41,0
10-3 15,9 15,0 15,8 15,8 16,6
Pk » pall 15,3 15,1 15,1 15,1 15,8
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N3 Tabn. 1 BUaHO, 4TO B paccMaTpMBaE€MOM JIMaIla30HE CKOPOCTEH
IBIDKCHUS aMIUIATYABI KOJICOAHWM MPUHHUMAIOT JTOBOJBHO BBICOKHE 3HA-
yeHud. g oKuMnaka ¢ Maccou Ky3oBa 1 T JIMHEHHBIE NEPEMEILEHUS 74
u3Menstores ot 23,2 no 24,2 mm, z,, — ot 20,8 no 25,1 mm, z, — o1 12,5
1o 13,6 mM. YrioBsle nepemenieHus ¢, Bapbupyrorcs ot 0,032 ngo 0,037
pan, ¢, — ot 0,038 no 0,043 paxg u ¢, —or 0,015 no 0,017 pan. Yeenu-
YeHHE MacChl Ky30Ba JI0 8 T MPaKTHYECKH HE MPUBOAUT K CYIICCTBEHHOMY
M3MEHEHHIO YIJIOBBIX IIEPEMEIICHU.

B tabin. 2 moka3aHbl 3HAUCHUS aMILUTATY]] KOJeOaHMI TEISKEK U Ky-
30Ba ¢ yuyeToM AeMirpupoBaHus. Macca Ky30Ba MpUHUMAJIACh PaBHOM 8 T,
a cKopocTh ABmxkeHus — 2,0 M/c. YKa3aHHBIC B YHCIIMTENIEC aMILIATYIbI I10-
aydenbl ansa by, =0,05..2,0; b,= 0, a B 3HameHatene — b, = O0;
by =0,05...2,0. IlepBbii ciyyail COOTBETCTBYET YNpPYro-aeMnpupyromei
II0JIBECKE MOHOPEIIbCAa U JKECTKOM MOJBeCKe Ky3oBa (0e3 moapeccopuBa-
HUS U JeMII(HUpOBaHUs), a BTOPOH — JKECTKOM IMOABECKE MOHOpPEIhCa U
ITOIPECCOPHUBAHHUIO Ky30Ba.

Tabun. 2. AMIMTy bl KOJIeOaHUN TENEKEK U Ky30Ba JIsl Pa3IUIHBIX
3HaYeHUH Kod(pdurmenta neMnpupoBaHus MOJIBECKA MOHOPEIbCa
(mpu V,= 2 m/c)

Mapamerp, Kosddunuentsr nemnduposanns b, ,b,, xH ¢/ m
pa3MepHOCTh 0 0,05 0,2 1,0 2,0
Zt1» MM 20,0 %’% %’% %% %%
Zt7, MM 22,5 %’% %’% %% %g
Z » MM 12,6 %g %% %’% %g
oa 10| 20 | B0 | 55| B0 | %o
oa0ma w0 | 5| B0 B RO
Pk .10—3’ par 15,1 %’% %’% % %g
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AHanmu3 Tabj. 2 TOKa3bIBaeT, 4YTO YyBEIMYECHHE KOI(PDUIIMESHTOB
nemMiupoBaHus TPUBOJAUT K CHIDKCHHUIO aMIUTUTYyH KojebaHui. OmgHako
UX BIIMSHUE HEpaBHO3HA4YHO. JlJI mepBoOro ciaydas, Koraa b, NpuHUMAeT

sHaueHuss or 0 mo 2,0 xH'c/mM, amMmiuTynsl TUHEWHBIX TEpeMeEIIeHUN
yMeHnbiaroTes Ha 9...31%, a yriossie — Ha 21...40%. J{ns BTOporo ciydas
MIPOUCXOUT CHUKCHUE aMIUIUTY/] TUHEWHBIX nepeMentiennit Ha 1...16%, a
YIJIOBBIE MIEPEMEILICHUST OCTAIOTCA MPAKTUYECKH 0€3 N3MEHECHUN.

Bbvi6oovl u nanpaenenus oanvhemumux uccieoosanuit. Pazpabo-
TaHHAasT MaTeMaTU4yecKas MOJENIb OIUCHIBAET MPOIIECC B3aUMOACHCTBUS
MOJABMKHOTO DKHIMAXa C TMOABECHBIM MOHOPETBCOM U YUYUTHIBACT W3MEHE-
HUE >KECTKOCTH MYyTH MO JJIMHE mnpojera. [lonmydyeHHble pe3ynbTaThl MO-
3BOJISIT OOOCHOBAHHO YCTAaHABJIMBATh MapaMETPhI MOJIBECKM MOHOpEbCa U
SKHMaXa JJIsl YCOBEPIIEHCTBOBAHUS CYIIECTBYIOIIUX W MPOEKTHUPOBAHUS
HOBBIX IIAXTHBIX MOJBECHBIX MOHOPEIHCOBBIX JIOPOT.

B nanpHeiieM, ¢ 1EJIbI0 YTOYHEHUS! MOJYYEHHBIX 3aBUCHUMOCTEH,
IJIAHUPYETCSI TIPOBECTU AKCIIEPUMEHTAJIbHBIE HUCCIEAOBAHUS KOJICOAHUM
IMOJIBUKHOTO COCTaBa MOJBECHOW MOHOPEIBCOBOU JTOPOTH B IIAXTHBIX YC-
JIOBUSIX.
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BepTukanbHi KOJMBAHHS PYyXOMOT0 CKJIaAy IIAXTHOI MOHOPEHKOBOI I0POTA

Po3pobneno mamemamuuny mooensv 3aemooii pyxomo2o ckiady 0opo2u 3 ni08iCHO
MOHOPEUKOI0, WO MAE 3MIHHY HCOPCMKICMb 8npo0o0sdic il nporvomy. Ha niocmasi
OMPUMAHOT MOOEi BUSHAYEHO AMNIIMYOU 8EPMUKAILHUX KOAUBAHb, NOBOPOMU BI3KIE
[ Ky306a, AKI BUHUKAIOMb NIO 4AC pPYXy WAXMHOI NIOBICHOI MOHOPEUK080oi 00pocuU.
Tlpu yvomy 3miny sxcopcmxocmi wasxy 6npooo8iHc NPoibOmy NPeoCmasileHo ) 6Uis-
0i nepioduuHoi hynkyii, nepio0 no8mMoperHs AKoi 8ION08I0AE V08HCUHI CeKYii MOHO-
petiku. Piwennus cucmemu OugpepenyiarbHux pieHAHb, WO ONUCYIOMb PO3POONEHY
MamemMamuyiy Mooeib, OMPUMAHO 3d OONOMO20H0 KIACUYHO20 Memody Pynee-
Kymma uemeepmoco nopsoky. 3naiideno éniug 3mMiHu wWeUOKOCMI pYXy HIOBICHO20
eKinaoicy, 1oeo macu ma xoegiyicumy oemnghysanus nio8icKu MOHOPEUKU HA 3HAYEH-
HS amMnaimyou KOJIUBAHHs 8i3Ki6 I Ky308). Bcmawnoeneno, wo nioouparouu scopcm-
Kicmb NiOGICKU MOHOPEUKU, MONCAUBO ICIOMHO ZHUSUMU AMNIIMYOU 8EPMUKANbHUX
Koausaus exinaxcy. Ompumani pe3yromamu 00360J5Mb 0OIPYHMOBAHO 8CHAHOBIIO-
samu napamempu nio8iCKU MOHOpPeUKU ma exinaxcy O0jisi YOOCKOHANeHHs OIoHux i
NPOEKMYBAHHS HOBUX WAXMHUX NIOBICHUX MOHOPEUKOBUX OOpi2.

Kiaro4oBi ciioBa: MareMaTHYHA MOJAeJb, €Kilaxk, MiABiCHA MOHOpelKa, BepTHU-
KaJIbHe MepeMillleHHs, )KOPCTKICTh, aMILTITYAa KOJINBAHb.

V. Gutarevych. Donetsk National Technical University
Vertical Oscillations of the Rolling Stock of Mine Suspended Monorail.

We developed a mathematical model of the interaction of the rolling stock of the road
with suspended monorail of variable stiffness along its length. On the basis of this
model we determined the amplitudes of vertical oscillations, carriage and body turn-
ings which occur during the movement of the mine monorail. With this the change in
stiffness of the way along the length of the span is presented in the form of the peri-
odic function, the repetition period of which corresponds to the length of the section
of the monorail. The solution of the system of differential equations describing the
developed mathematical model is obtained using the classical Runge-Kutta fourth-
order method. We found the effect of the speed variation of the suspended vehicle, its
mass and monorail damping coefficient of suspension monorail on the values of the
amplitude of the carriage and body oscillations. Choosing the stiffness of the mono-
rail suspension one may significantly reduce the amplitudes of the vertical oscilla-
tions of the vehicle. The obtained results will allow setting reasonable parameters of
the monorail and vehicle suspension, to improve existing and design new suspended
monorails.

Keywords: mathematical model, vehicle, suspended monorail, vertical motion,
stiffness, amplitude of oscillation.
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