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YIIPABJIEHUE TPEHUEM
HanuoHanbHbIN ABHALIMOHHBIA YHUBEPCUTET

IIpusedenvi eunome3svt 0 posiu 3ghghexma mpenus ¢ kocmonoeuy. B
NpeonoNoNceH Uy 00 2NEKMPOMACHUMHON NPUPOOe SMO20 A8NeHUs
8 MEXHUYECKUX NPUTIOHCEHUIX NPOYeCcy MPeHUs Cmagumcs @ co-
omeemcmaue ougpgpeperyuanvHoe YpasHeHue, onucvlearoujee ou-
HAMUYECKYIO  ANIEKMPOMASHUMHYIO KOMNOHeHny aggexm. Pac-
CMOmpeH npumMep NHOCMPOEHUS CKATAPHOZ0 Pe2yNamopa MemoooM
AHATUMUYECKO20 KOHCHPYUPOBAHUS Ol (PYHKYUOHANA ¢ OBOTIHbIM
UHMESPATIOM.

Beenenne. OCHOBHEIM KPHUTECPHEM COICPIKATEIBHOCTH MOCTPOC-
HUSl TCOPECTUYUCCKUX MPCACTABICHHH O SBICHHUSAX NPHPOABI SBICTCS
BO3MOXKHOCTh UX MPAKTHUCCKOT'O HCIONb30BAHUS, HAIPHMED, BBISBIIC-
HUS CTCIICHEH CBOOOMBI LICICHANPABICHHOTO BO3ACHCTBHS HA XapaKTep
ux nporekanus. Hammare cMa304HBIX Macen MO3BOSET CYIIECTBEHHO
VMECHBIIATh TPSHUE U H3HOC MexaHu3MoB. [Ipu TpeHuH B mpenenbHBIX
VCIOBHAX OONBIIMX HATPY30K H CKOpocTel (akrop cmasku tepser 3d-
(DEeKTHBHOCTb, U HA TMEPBBIH ITaH BHIXOJAT BHYTpEHHHE 3(]dekTr B
TPYIIUXCS TETax.

OpukiuonHsie 3P PexTH XapakTepHbl HE TONBKO A MPOLECCOB,
KOTOpBIC HPOUCXOMAT B TexHHKE. [Ipumepom mposBiacHUsS (QPUKIHOH-
HOro 3¢ (deKTa SABIMIOTCS MyNbCAPbl U KBA3apbl — 3BE3AHBIC OOBCKTHI,
M3IYYAIOLINE DHEPTUI0 B HANPaBJICHHHM OCH BpamueHus. Bosmoxnas
MPUYHHA HW3IYYCHHUS COCTOWT B HAIMYMH BHYTPCHHETO TPCHHUS HAa
VPOBHE HYKIOHOB, BO3HHKAIOIIETO BCICACTBHC YCKOPCHUS BPALICHUS B
MPOLIECCEe TPABUTALIMOHHOTO CXKATHS, YTO MPHBOAUT K WHTCHCHBHOMY
Pa3pVIICHHIO BEIIECTBA BOIHM3U OCH BPAIUCHHS, 0OOPA30BAHUIO KBAPKO-
BOTTIOOHHOH JKHIKOCTH, HCTCKAIOIICH (Kak, BUAMMO, MCHEE IMOABEP-
JKCHHOU MCHCTBHUIO TPABUTALIMM — SBJICHHUIO, CCI0BATCIbHO, 00ICe Xa-
PaKTEPHOMY 71 BBICOKHUX YPOBHCH OpraHH3allill MAaTCPHH) BAOIb OCH
BpaieHus. Beneacteue atoro oObekT TepsaeT Maccy U AeopMHpPYETCS,
mpuobperast ¢dopmy Topa. TpeHHE Kak CICACTBHEC OTHOCHTCIBHOTO
JBHOKCHHS BO3MOKHO TPOSBISCTCS AXKE B NMPEACTBHOM CIy4ac OTHO-
CUTENBHOT'O ABIKCHUS OJIM3KO PACIOIOKCHHBIX B BAKYYME TOHKHX Ta-
PAICTBHBIX 3CPKATBHBIX MOBEPXHOCTCH, UYTO MOXKET OBITH MPOBEPEHO
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3KCIICPUMEHTAIPHO MO aHajoruu ¢ usBecTHhM 3ddexrom Kazumupa,
COTJIaCHO KOTOPOMY O3TH IIOBEPXHOCTH MPHUTSITHBAIOTCS BCICACTBHC
OCIabJICHHUS CIIOHTAHHOM MOSIPU3ALIAK BaKyyMa MEKIY 3epkatamu. B pac-
CMaTpPUBACMOM CIy4dac uMeeM 3P deKT, KOTOPBIH MOKHO HA3BATH TAHTCHIIH-
amsHeIM 3¢idexrom Kazamupa, a cam nexomueii ekt B 3T0M caydac —
HOPMAJIbHBIM, 0003HAYAS HAMPABICHUC «CHJI PEAKLMH BAKYYMa», KOTOPBIC
JUTSL TAHTCHLIHAIBHOTO 3((heKTa SCTECTBCHHO HA3BIBATH CHIAMH TPCHHUSL.

OddekThl TPEHUST MOTYT UMETh U KOCMOIOTHUCCKHE IPHIIONKE-
HUA, KOHOCHOUA TPCHUA UMCCT HC TOJIBKO YUCTO TCXHUYCCKOC 3HAUC-
Hue. Tpenue — QyHAAMEHTATBHOE SIBJICHUEC MPHPOIBI, MPOSBIIIOMIECCCS
Ha PAasHbBIX YPOBHAX OpraHU3alluu MATCPUH.

B Texnuke, rae 3gQekTr M0 SHEPreTHIESCKOMY VPOBHEO COM3ME-
PUMBL € pacnojiaracMbIMU JJIs1 BHCIOHETO BOS,Z[CI\/'ICTBI/IH MOITHOCTSIMH,
VIIPABJICHUE TPEHUEM INPUHLHANHAIBHO BO3MOXKHO.

IMocranoBka 3amaun. Mcxomuaeim cormacuo [l; 2] mpuHEIMacM
MPCATIONOKCHAE O CYLIECTBOBAHHU BJICKTPHUYCCKUX TOKOB B IOBEPX-
HOCTHBIX COSX TPYIIUXCS BJICKTPOIPOBOAHBIX TET — TOKOB TpeHud. [lo
AHAJIOTUH ¢ THAPOMEXAHHWKOH, IO MPOLECCH HA TPAHHLEC OOTCKACMBIX
JKHIKOCTBIO TEJT OOBCANHSIOTCS B COOMPATETBHYIO KATErOpHIo 3 eKTOB
MOTPAHUYHOIO CJI0s, B CIIyYac TPCHHSI TBEPABIX TEN TakxkKe OyaeM TroBo-
PHUTB O MOTPAHHYHOM CJI0€, KOTOPBIH B OTIHYHE OT THAPOMEXAHUKH Oy-
JEM Ha3blBATh BHYTPCHHHM. B TakoM BHYTPEHHEM MOTPAHUYHOM CIIOE
BO3MOXKHBI 3(exTsl pasnol npupoasl. [lpu gocratouHo GOMBIIMX CKO-
POCTAX TPEHHS POJb BICKTPHUECCKHUX 3(PEKTOB YCHIMBACTCA. JNCKTPH-
YECKUE TOKH BO BHYTPCHHEM IHOTPAHHYHOM CIIOC MPHBOIAT K CHIBHOMY
HArpeBy, IUIABICHUIO U TOPCHUIO TPYIIMXCS YacTei, UxX ObICTpOMY pas-
pyvimeHuro. Ha mepBbii B3rmia co3macTCsl BICUATICHHC HEH30CKHOCTH
HEKENATENBHOTO PaspyLIMTENbHOro pasputis coobiTii. [lockomeky TO-
KH MPOTEKAIOT BHYTPU HEAOCTYITHOTO 00BEMa YaCTEH, MOMBITACMCS BO3-
JCHCTBOBATh HA HUX MPHIOKCHUEM BHCINHETO MAarHUTHOTO MO, KOTO-
poe chopmupyem Tak, 4To0bI OHO OBIJIO HAMTPABICHO MPOTHB MATHUTHOTO
MoJsl TOKOB TpeHus. Toraa BHeImHee ympasigromee moiae Oyaer co3na-
BaTh TOKH MPOTHUBOIOJIOKHOTO HANPABICHUA. BCIEACTBHE STOr0 MOXKHO
OKUJATh TOJIOKUTCIBHBIN TeXHUUCCKUM >(dekT, 3axmovaromuiics B
VCTPAaHEHUH WM YMCHBIICHUH HEXKenateabHoro Harpesa. [Ipu atom cy-
[ICCTBCHHA MPUHLIUIHUATBEHAS HCBO3ZMOXKHOCTh OC3BIHEPLIMOHHOTO YIIPaB-
JcHUs, OOYCIOBICHHAS MArHUTHBIMH CBOMCTBAMH 3JCMCHTOB TPCHUS,
YTO CIEAYCT VUUTHIBATH MIPU MMOCTPOCHHH CHCTEMBI YIIPABICHUSL.
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IMocTpoenne perynsitopa. I[lpu Takoif mocTaHOBKE 3aJatd OHA
CBOJMTCS K TOCTPOCHHIO PEryiaTopa, oOeCICUUBAIOIIECTO CTAOUIH3a-
LU0 HYJICBOTO 3HAYCHHS CYMMAapHOTO MArHHUTHOTO MOMS C YICTOM
HWHEPLHOHHOCTH 00bekTa U perymaropa. OObEKT yNpaBICHUS OMHIICM
TuHEHHBIM TudEepeHIHATEHBIM YPAaBHEHUEM

X=ax+bu=f(x,u), (1)
[IC X — HampsHKCHHOCTh CYMMApHOTO MArHWTHOTO TOJS; ¥ — HAmIps-
JKCHHOCTh IIPUJIAracMOro BHCIIHETO YIIPABIIIOIIECTO MATHUTHOTO OIS
a W b — mapameTphl — YaCTHBIE MPOU3BOAHBIE OT MPABOH HacTH f C€O-

OTBETCTBCHHO MO (! U b, ONPCACICHHBIC B YCTAHOBHBLICMCS PEKHUME.
OntumMuzupyrommi (yHKIHOHAT 330a0dM B BUAC JBOWHOTO HHTErpania

[ve)ee)
i= [ [(px2 +gk® +rut +su — ey —c,v)(dt)? )
00
OH COOTBETCTBYET OIPAaHUYCHUIO MOBEACHHS (PYHKIMH Vv = qxz
bennmana B Buze guddepeHIUanbHOrO YPaBHCHHS BTOPOTO MOPsAKA
.. . 2 .2 2 -2
V+ov+e,v=px " +gt" +ru” +su” =o . (3)
B ypaBrenusx (2) u (3) mapameTpsl ¢; U ¢; BRIOPaHbl U3 YCIOBHS
VCTOWYHBOCTH U alCPUOIMIHOCTH OJHOPOAHOTO YPaBHCHUS
V+ev+ce,v=0. 4)
napamMeTpel p, g, ¥, § — M3 YCIOBHS MONOKUTENbHON OMpPEAETEHHO-
CTH BBIPAKCHHS ().
VYpaBrenue (3) mpeacTaBUM B HOPMaTIbHOH (opme
. . . 2 .2 2 .2
V=Y, Vy = pX° + @7+ rut +su” -y, —cyv (%)
Cucteme (5) cooTBeTCTBYET cUCTEMa (PYHKIMOHAIOB — BEKTOP-
HBIH IBYXKOMIIOHCHTHBIH (DyHKIMOHAI C KOMIIOHCHTAMH /| H [,

i ={-v,dt ; iy = [—(px* + g& +ru’ +s1” — v, —c\)dt ©)
0 0

His cuctembl PyHKIMOHAIOB (6) 3amUIIEM CHCTEMY YPaBHCHHIMA
benmvana [3].

-0 minfov, + 2% pesan ™
ov . . . o, o, .
_EZ :rru]_m{—px2 —gt —ni’ —si’ +¢v, +e,v +§f(x,u)+a.2 u}
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IlepBoe ypaBHeHHE cucTeMbl (7) BBIMOMHSAEM TOXICCTBEHHO,
BTOPOE HCIONB3YEM Ul HAXOXACHHS CKOPOCTH HM3MCHEHHUS YIpPaBIc-
Hust. Oynkuuro benmvana O6yaem uckaTe B BUAC KBAAPATHIHOH (HOPMBI

v=gx’. (®)

Bo BTOpo¢ ypaBHeHue cuctemsl (7) BXOAUT BTOPAS MPOU3BOTHAS
ot ¢yakuuu beanvana, onpeacnacHHas u3 ypasaeHus oonekra (1) (aBa
MOCICAHNX ClIAaracMbIX). 3amuimeM BeIpakeHue A Hee. Ilocrienosa-
tenmepHO auddepenuupysa BeipaxkeHue (8) msa pasa, uz yvpasHenus (1)
MOTIY4acM

Vv = 2qxx = 2qx(ax + bu) = 2aqx® + 2bgxu
V = 2a’qx® + 6abgxu + 2b*qu* + 2bgxai. ©

IMoxncrasasst coorHoenue (9) B ypaBuenue (7) U nmpupaBHUBAS

MPOU3BOJHYIO [0 CKOPOCTH YIIPABICHHUSI HYIIIO, HAXOIUM
U= s_lqu . (10)

IMoxacrasum manee Berpakerue (10) Bo Bropoe ypaBHeHUE cuctemsl (7),

IOy 9HM
b*s7'x? - ¢* + (4a*x* + 6abxu + 2b*u* + 2¢,(ax* +bxu) +c,x*)-q —

— px* —g(ax+bu)* —ru* =0,
WJIH, IPUBOAS YWICHBI IPH OJUHAKOBEIX CTEIICHSX ¢
Aq* +Bg+C=0. (11)
W3 ypasuenus (11) nalizem 3naucHue g
¢, = (B B> —44C)/(24)- (12)
u noactasus (12) B (10), mony4uM perynsaTop mo COCTOSHHIO B 3aMKHY-
ToM BHAC. BO3MOXKHOCTE MOCTPOCHHS PETYIATOpa MOKAXKEM HA IPHME-
pe Heycroituusoil cuctemsl (1) mpu a =1, b =1. I'paduxu nepexox-
HBIX TpoLeccoB B cucTeMe (1) mpu pasHBIX 3HAYCHHAX MApaMETPOB
(hYHKLIMOHANA, TOKAa3aHbl HA puc. 1-3.

e 1 I
e | U N U AT
: VAN LU
; - . IR T
- \‘ W) !

=
Puc.1. U3MeHeHNE perymupyeMol BEAHYUHBI U YIIPABACHUA MPU 3HAUCHHAX
MapaMeTpoB p =g =r= s=¢; = =1
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Puc.2. 3MeHeHue peryaupyeMoil BETHYUHBL H YIIPABICHH PH
3HAYCHWIX mapameTpos p =g =r =s5=0,1 ; ¢, = ¢;= 10; 100; 1000

. fl fl f |
B \ /A f\ ] i A I |0
o5 ~_ N I/ \ VAN VAN A W LI A
° /1 /] J A/ [ A AL
o ~INT T =N \ 27—\ 7=\T\ \ =
N \J 1/ I/ \/ AR VAR \
as N\ \[ M \ \/ 1l \
\ | \ \ | \

Puc.3. 3MeHeHue peryaupyeMoil BETHYUHBI H YIIPABICHH PH
3HAYCHWIX mapameTpos p =g =r=0,1; 5= 0,01; ¢; = ¢, = 1000

W3 rpadukoB BHAHO, YTO YeM MEHBLIC MAapaMeTp &, TeM OONMbIIe
CKOPOCTb M3MCHEHHS YIPABICHHUSA W TeM OBICTPEE 3aKAHUMBACTCS MEpe-
xoaHbIi mponecc. M3 cpaBHeHus rpadmkos, n300paskoHHBIX HA pHc. 1-3 ¢,
CHIEAYET, YTO YCHJICHHUE OTPAaHMYEHHMs, HAKIAAbIBAEMOIO Ha YIIPABICHUE,
TIPUBOINT K YBEIUUEHHIO JITUTEILHOCTH TIEPEXOIHBIX ITPOLIECCOB.

KparHble ¢pyHKuHoHaNbI H npouecchl TpeHus. U3BecTHO, UTO
Ha TPYLIMXCS MOBEPXHOCTIAX OOPa3yIOTCA OMU3KHE K MEPHOANICCKHM
(BOMHOBBIM) HAPYLICHUAM LICPOXOBATOCTH, PAa3HbIC BTOPUYHBIC CTPYK-
Typsl. Bo3mMo)kHA aHATOrHs ¢ KBAHTOBOMEXAHHUCCKHMH MPEICTABICHHU-
SMH, KOTJA BOITHOBAS (PYHKIMS YACTHLBI HMEET HECKOIBKO MAaKCHMY-
MOB, XapaKTePH3YIOINX €€ Haubolee BEPOSATHOE MoiokeHue. Bomno-
Bbic 3¢ ekt onmchiBarOTCA AUGGHEPCHIUATPHEIMH YPABHCHUAMH C
YaCTHBIMH HPOW3BOAHBIMU BTOpOro mopsaka. Ompenensis AeHcTBHE C
MOMOIIbIO JBOWHOIO HHTErpaa, MoIyvyacM VpPaBHCHHS, WACHTH(HIIU-
pyeMBIE ¢ TIpoLiecCaMU TPEHUS. BMecTo 4acTHIIBI paCCMOTPHUM 3JICMCHT
TPYIICHCS MOBEPXHOCTH, HIH MEPECCUCHUE HECKOIBKHX 3JIEMCHTOB B
ClIly4ae MHOTOKOMIIOHEHTHOI'O MaTepHaza — AT ydeTa oOpa3oBaHHA
BTOPHYHBIX CTPYKTYp. PaccMorpuMm cnyuail ogHONW KOMIOHEHTH. Bwme-
CTO CIO’KHOTO ONHUCAHHS €r0 B3aUMOJCHCTBHA C APYTHMH 3IIEMCHTAMU
Ha OCHOBC I'TyOOKOrO MOHWUMAHHS BHYTPCHHHX INPOLICCCOB HA MHUKPO-
VpOBHE OYAEM MPOCTO ONHUCHIBATH €r0 MOBEACHUE, CUUTAS C€rO IMOTUH-
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HEHHBIM BaPHALIMOHHOMY HPHHLIMITY A7l OTPEACICHHS ICHCTBHS B BUIC
i
&=V +e,f +o+ %X - H)d)> (13)
fylo
rae V(X) — QyHKIUS MUHUMAJIBHOTO 3HAYCHUSI ACUCTBHS &, PABHAS HY-
J¥O B OTCYTCTBUE HAPYIICHHI MOBEPXHOCTH TPESHUS; €1 U ¢; — HACTPOECH-
HBIC TTApaMeTPhl; ¢ — (PYHKIMS BHEIIHETO BO3ACHCTBHS, VIUTHIBAIOLIAS
jasneHue, temmeparypy; W=0V/DX — nepemcHHas, CONPSDKEHHAS C
NPOCTPaHCTBEHHBIM BekTopoM X; X =F(®) — auddepeHimanbHas
CBsI3b, OMHCHIBAIOMAs ABMKeHHE npu Tperuu; H = W'F —¢ynxuus Ta-
MHUJIBTOHA; ' — CHMBOJ ONEPALUN TPAHCIIOHHUPOBAHUSL.

Oyuxiua V(X) urpaer JBOHHYIO poib — BOTHOBOH (DYHKIINM, U B
paccMaTpuBacM CIyYae TAKXKE OIMUCHIBACT HMCKAXKCHUS IMOBEPXHOCTH
Ttpenus. Kak u B cnyuae moctpoenus perynsaropa, aercrsue (13) npen-
CTaBUM B HOpManbHOH (hopMe Mapbl WHTErPAIOB MEPBOH KPATHOCTH.
O06o03Ha4as MOABIHTErPATIBHOC BEIPAKCHHE Uepe3 I, 3amuiemM

. . t
W=r,V,=W, wnm 81=|1—V2dl‘; gzzt‘l.—Wdl" (14)
Lo %

His cucrembr dyukuponanos (14) samuimeM yCIOBUS SKCTPEMY-

Ma Jiiepa;

_%4_1%:0; _87W+187W—0' (15)
DX dtDX DX dtDX
Ilepeoe ycnosue B cucreme (15) oOpaimaercst B TOXKASCTBO B CH-
or, .
Jy OIIpeeneHus V, = DXIT X . Bropoe ycnosue (15) npuHuMaeT Bug
DX 'DX DX DX (16)
oV o,
Cornacuo Beipaxenuem (16) V, = = o F(o), mostomy,

OIyCKas MHIACKC Mpy (YHKIHM MHHAMAJIBLHOTO 3HAYCHUS (DYHKITHOHANA,
ypasaeHue (16) samuiem kak
2 2
LP:a—w+c1 o +e aTV F(w)+016F(a;)6l+026l+6£. a7
DX otDX DX DX DX DX DX DX
Vpasuenue (17) 10myckacT NePUOANUCCKUE PEIICHUS, B TOM CITY4ac

COOTBCTCTBYIOLIHC OOPA30BAHHIO PETY BIPHBIX CTPYKTYP MPH TPCHHHL.
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BeiBoabl. Tpenne saBnseTcs GyHIAMCHTATIBHBIM SBICHUCM MPH-
poabl, ero 3QQeKTH ONUCHIBAIOTCS YPABHCHHAMH MaTeMaTHYECKOH (u-
3WKH, MapaMeTpbl KOTOPBIX MOKHO HACHTH(UIIUPOBATH COTJIACHO KC-
nepuMeHTaM. Bo3aMoskHO yripaBiieHHE IpoLeccaMy TPCHHS.
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Hagseneno rinore3u mpo poxb eekra TepTsa B KOCMOIOTII, 3a MPUIYIICHHS PO
CJICKTPOMATHITHY MPHPOAY IIHOTO SBUINA B TCXHII MPOLECY TCPTA CTABHTHCS Y
BIANOBIMHICTS JH()epeHIATbHE PIBHAHHA, INO OMHCYE EICKTPOMATHITHY KOM-
TIOHEHTY €()EKTY, 1 PO3TILIAAETHC MPUKIAA MOOYA0BH CKAISIPHOTO PEryIATOPA
MCTOAOM AHATITHYHOTO KOHCTPYIOBAHHA PETYIATOPIB A ()YHKLIOHATA 3 TO-
JBIHHAM 1HTCTPAIOM.

Puc. 3, cimcok miT. 2 HakM.

Antonov V. K. Control of friction

Hypothesis of the friction effect role at the cosmology are proposed. Assumed
that this phenomen at the technical applications is appropriated to the different
equation that describes dynamical electromagnetic component of effect. Exam-
ple of the scalar regulator is proposed for the functional with double integral
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