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B HacTosiiiee Bpemsi AJisi ONMKCAaHUSI MPOLIECCOB B3aUMMOJICUCTBUS KoJieca U
penbca B OOJBIITMHCTBE CIIy4aeB MCIOJIB3YIOT MOJICTH, TTOCTPOCHHBIC Ha OCHOBE
pelIeHni 3a/1a4 TEOPUHU YIIPYTOCTH B MPEAMNOJIOKEHUN O TOM, YTO MPOIIECC CKOJIb-
YKEHUsI KOJIeca T0 PesIbcy 00YCIIOBIICH YIPYTUMH AehopMaliisiMu, BOSHUKAIOITUMU
B 30HE UX KOHTAKTa W MPEJICIbHBIM 3HAUCHUEM KacaTeIbHBIX HaNPsOKEHUH, Orpe-
JeIsIEMBIX HAa OCHOBE 3akoHa AMOHTOHa — Kynona. Takue pe3ynbrarsl ObLIM 1O-
aydeHsl PeliHonbacoM B 1875 1. mpu pernieHuu 3ajladyd 0 Ka4eHUH IIMHAPA 110
noyrmiockoct. CTporoe MOATBEPHKACHUE STOM THUIOTE3bI OBLIO BBIMOJIHEHO IO-
yTh 4epe3 cto jJetT ['onpamreiinom P. B. C Tex mop 3amada B3auMOIEMCTBUS KOJIE-
ca U pesibca Tak U PopMyIupyeTcs B paMKaxX TEOPUH YIIPYTOCTH.

[TepBbie mpakTUUECKUE PE3YAbTATHI €€ pelieHus Obuth nosydeHsl Kaptepom
®., a Hau6osee pynmamenTanpHbie Kankepom XK. B mocnennee BpeMs MOsSBUIIHCH
HOBBIC PEIICHUSI CMEKHBIX 3aj1a4, BbINIOJHEHHBIE ["'opsiueBoil U. I'., B ToM uncie u
3a/1a4 KadueHus: AehOPMUPYEMBIX TEJI C UCMOJb30BAHUEM OO0JI€e CIIOXKHBIX MOJIE-
JIel, YUUTHIBAIOIIMX YIIPYTUE U HEYNPYTUE CBS3H, TUCCUIIAIUIO, TPOKIAJAKU, KU I-
KH€ CMa3KH U T. II.

HNHTEepecHBIMU U OPUTHHAIIBHBIMH SIBJISIIOTCS] BBICKA3aHHBIE B padoTax A. 4.
Korana [18, 19] momoskeHus 0 TOM, 4TO 30HA KOHTaKTa HE pa3/ciieHa Ha JIB€, a Ipu
KaueHUU Teja Mo ynpyrou cpeje, 3arpy>KeHHOM MOMEHTOM, BO3ZHUKAIOT JBa BHUJIA
nedopmanmii. [Ipu 3TOM OTHOCHTENIBHASI CKOPOCTH MPOJIOIBHOTO TICEBIOCKOJIbKE-
HUSI MOXET OBITh MpEJCTaBJICHa aJIUTUBHBIM OOpa3oM B BHJE CYMMBbI JABYX CO-
ctaBsronux. OgHa U3 HUX 00YyCJIOBJIEHA YIIPYTUMU (KOHCEPBAaTUBHBIMU) Jiedop-
MallMsIMU KaTsIIEerocs Tejia U He CBsi3aHa C pacCesTHUEM DHEPTHH, a JIpyTrasi BbI3Ba-
Ha HEYNPYruM (AMCCUNIATUBHBIM) MPOCKAIb3bIBAHUEM OTHOCHUTEIBLHO OCHOBAaHUSI.
OnHako BOMPOCHI ONMUCAHUS AUCCUITATUBHOM YacTHU B3aMMOJICUCTBUS ITUX TEJ Ha
HAIl B3TJISIJI M3JI0KEHBI HEJOCTATOYHO YETKO.

Ha nam B3risaa 0o06a 3THUX MOJX0JIa MOTYT OBITh MCIIOJIB30BaHbl B pacyéTax
XapaKTepUCTUK B3aUMOJEHCTBUS KOJieca U Pejbca MPU KAU€HUHU, XOTSA OHU U HE

CBO60,Z[HI>I oT OHpeIleJ'IéHHI)IX HCOOCTATKOB. Bwmecte ¢ Tem AJI1 pEeIICHUs paccMaTt-
2



pUBaeMoil 3a1aun, MO-BUAUMOMY, aKTYaJIbHBIM SIBJISIETCSL U UCCIEAOBAHUS APYTHUX,
HE HCIOJIb3YEMbIX paHee MOJIeNeH, OCHOBAHHBIX HA TEOPETUUYECKUX MOJOKEHUIX
busuku nepopmupyemoro TBEpAOro tena. B Hacrosimieidl pabore aBTOpHI Ipe-
MPUHSJIA TIONBITKY PEIICHHS TaKOW 3aJayd C Y4ETOM JUCKPETHOIO CTPOCHUS
TBEPBIX J1e(POPMUPYEMBIX TE C UCIOIB30BAHUEM (DYHIAMEHTAIBLHOTO MOHATHUS O
JUCIIOKAIUSAX KPUCTAJUIMUECKOM PEeIEéTK MeTauioB. B paMkax 3Tol Teopuu auc-
Jokaruu (puc. 1) mpeacTaBisioT co00i 0COOBIM BU HECOBEPIICHCTBA KPUCTAIIIH-
YEeCKOM peméTKu, CBI3aHHbIA C OTCYTCTBUEM aTOMOB B KaKUX JHOO €€ y3lax; OHU
BO3HUKAIOT B IPOLECCE HU3TOTOBJICHUS JETAICW W SIBIAIOTCS HEOTHhEMJIEMOW Ya-

CTBIO KPUCTAJUIMYECKON PEIIETKH.
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Puc. 1. /Incnokanusi B KpUCTANIMYECKOHN pelieTKe MeTaJlIa B pouecce ABHKEHU MO/
AeiicTBHEM KacaTeJIbHbIX HANPSKeHMil (a) M MocJie BBIX0/Ia HA OBEPXHOCTD (6)

[Ipy mosiBIIeHUH AMCIOKALMK MPOUCXOAUT Pa3pbiB KPUCTAILTUYECKON pe-
IETKK METaJlla, PaBHBIA yaBoeHHOMY €€ mary 2 Al . B nanbHelmeM npu pacué-
Tax GyneM NMpUHUMATH, 4To BeamunHa Ar=2,2-10 "y [2]. Eciu mox neiictBrem
MIPUJIOKEHHBIX HATPY30K B JETAJIM BO3HUKAET CI0KHOE HANPSHKEHHOE COCTOSTHUE C
HaJIMYMEM KacaTeJbHbIX HANPsKEHWH T, TO, KOrJa CyMMapHbIe HamlpsHKEHHS B
HEKOTOPBIX 30HAX JAETAJIM HAYWHAKOT YJIOBJIECTBOPATH YCIOBUIO HAadajla TEKYUYECTH,

Hanpumep, Muzeca [22] (Tipu III0CKOM HANPSHKEHHOM COCTOSIHUH )

0',2{ +31° > cin, (1)



BO3HUKHET JBH)KCHUE JHUCIIOKAIMI C BBIXOJOM UX HA OBEPXHOCTh KPUCTAJJIA WA
netanu (puc. 1, 0).

Brixoxg aucnokanMu Ha TOBEPXHOCTh COMNPOBOXKIAETCS BBIACICHUEM BO
BHEIIIHIOKO Cpey PHEPTUM, KOTOpasi cocTaBiisieT 82B8. BmecTte ¢ TeM sHeprus akTu-
BallM OOMEHHOT'0 MpoIecca NMPU 00bETUHEHUH TOBEPXHOCTHBIX KBa3UCBOOOHBIX
aTOMOB KOHTaKTUPYIOIIHUX TEJI COCTABISIET MeHee 15B. DTO 03HAYAET, UTO MPHU BBI-
XOJl€ JUCIOKAMM Ha IIOBEPXHOCTH CO3JAIOTCA YCJIOBHUS CaMOIIPOU3BOJIBHOIO
YCTaHOBJICHHS (DU3UYECKOTO B3aMMOCHCTBUS MEX]y aTOMaMU KoJieca U peibca —
UHMEPMEManiouoH020 coeOuHeHus (3axeama), B KOTOPOM y4aCTBYET TpyIIa
aTOMOB.

[To nannsiM b. ABepOaxa, KOHIIEHTpalMsI AUCIOKALUA B Tpoiiecce aedop-
Malu{ yBEIUYNBAECTCS B 10° pa3. [loaTomMy BBIXOJ OJTHOW JMCIIOKAIlMHA HA IOBEPX-
HOCTh KaXXJIOM M3 B3aUMOJCHCTBYIONIMX JeTalled MPUBOJIUT K JJABUHOOOpPA3HOMY
BBIXOZlY Ha TOBEPXHOCTH 3HAYMTENIBHOTO YHCIA AUCIOKaImii oT ~10° 10 ~10° [3].
Hnst o6bsicuenust atoro 3¢ dexra Y. @pank u B. Pua npennoxuwim monenb «pas-
MHOXEHHS» (T€Hepalui) AUCIOKAlUi, MEXaHU3M KOTOPOUW MOJI00€H pa3MHOXKe-
HUIO MBUIBHBIX ITY3bIPEH.

OO6uacTu 3axBaTa Ha3bIBAIOT AKMUGHBIMU YEeHMPAMu. DTU IEHTPHI 00yana-
I0T KBa3UCBOOOJHBIMH aToMaMH. B3anMHOE pacmosioKeHHe 3TUX aTOMOB He 00s-
3aTeJIbHO JIOJKHO OBITH COTJIACOBAHHBIM; KaK MPaBUJIO, OHM OKa3bIBAIOTCS CMeE-
NIEHHBIMH TI0 Pa3HBIM KoOopauHaTaM. Eciu cMmernienne OyeT MEeHbIIe YIBOEHHOTO
1ara Kpucraummdeckoi pemérku 2Ar, To IpoMCXOAUT NPOLECC CAMOIPOU3BOIIb-
HOTO OOBEAMHEHUS aTOMOB, MPUHAJICKANTUX KPUCTATUIMIECKUM PEIIETKaM B3au-
MOJCUCTBYIOMMX TeNl. Takoe 00beIMHEHNE aTOMOB HAa3hIBAIOT, KaK BBIIIE YKE TO-
BOPUJIOCH, HHTEPMETA/UIOUIHBIM COCIMHEHUEM (3aXBAaTOM), a aKTHBHBIN LIEHTP —
namuom 3axeama. B 3TOM ciiyyae npu BO3/I€MCTBUM HOPMAJIbHOWU M KAacaTeJIbHON
CHJT TIPOM30UIET 00BEIMHEHNE KPUCTALUTMIECKUX CTPYKTYP ABYX T B OJHY, UTO
HAa3bIBAIOT X0J100HOU C8APKOI, BHI3BIBAIOIIEH MPOLIECC CIEIJICHUS KOJIECa U Pelib-

ca.



PaccmoTpum NpUHIMIBI TOCTPOCHUS MOJENIEU OJHOBPEMEHHO NMPOUCXOMS-
IIMX MPOLIECCOB CLEIUIEHUS U CKOJBKEHUS KoJjieca W pesibca. B mepBom mpubiu-

KCHUHN 6y,Z[€M CUHUTAThb, YTO IIpHU BBaHMOHeﬁCTBHH KoJIeCa U pCiibCa ABUKCHHUC

JACITOKAIMKM MPOUCXOJUT IO JCUCTBUEM IMPHUBEACHHON CHIIBI F“p, HaIlpaBJICH-

HOU BJOJIb pesibca M BBIYMCIISIEMON MO aHajloruu ¢ ycioBueMm (1) B mpeanosioxe-

HHH PABCHCTBA HaprDKeHI/Iﬁ BO BCCX TOYKaAX IINIOCKOCTH KOHTAKTA.

Fup = IT? +3F} 2)

rac F‘EZ) — OKBUBAJICHTHAA KacCaTCJibHad Cujia, COCTOsAIAass N3 CyYMMBI HauOoJIbIICH

KacaTenbHOH cuibl -y, BO3HMKaloIell B NMATHE KOHTAKTa OT JEHCTBUs BEPTH-

KanbHOM cunbsl 11 , A KacaTeJIbHOM CHUJIbI F‘EZ , HpHJ’IO)KGHHOfI B IIITHC KOHTAKTa OT

PeCiIbCa K KOJICCY JIOKOMOTHBA.

Xots YCIIOBHC Museca u SBISCTCSA TOYCYHBIM, MOXHO IIPpU OLOCHKEC 3aBHCH-
MOCTH MCKAY BCPTHUKAJIbHBIMHU W T'OPHU30HTAJIbHBIMH CHJIAMH B KOHTAKTC HCIIOJIb-
30BaThb Cro, rpcarojarasi, 941o B K&)KI[OI‘/JI TOYKC IIFITHA KOHTAKTa HOPMAJIbHBIC 1 Ka-

CaTeJIbHBIE HAIIPSKEHNS] HEU3MEHHBI.
ByneM cuurtath, 9TO KacaTelbHas cHla -y COCTOMT M3 ABYX ClaraeMbIX.
[lepBas U3 HUX ONpENEAETCS pPEe3yNbTaTaAMU PEIICHHS] KOHTAKTHOM 3a/1a4d TEOPUU

yrpyroctu [9], u3 KoTopoit u3BecTHO, uTo MOJ aelicTBueM cuibl Il makcumym

KacaTebHbIX HANpsKeHHH T pacrosaraercs Ha rmyoune 0,480 < b < 0,785, rae
b — Menbmas momyock smmIca KoHTakTa. B COOTBETCTBHE C TEOpHUEH YIPYroro

koHTakTa I'epua B Tabn. 4.1 [9] npuBesieHbl 3HAUEHHS T B 2TOH TOUKe, H3Me-
maomuecs B npenenax 0,300 < T4 <0,32511. B mepsom npubmmkeHuu

IPUMEM, 4TO T =0,31211 wn co3maércsa HKBUBAJIEHTHOW KAaCaTEJIBHOW CHIION

max

F.1, cocrapmsmomeif Takyro e mgomo ot HopMambHOH cumet IT, T. e.

F. =¢. I ,rne g, =0,312.



Bropoe cmaraemoe F

Tl OIIpCACIIACTCA CYMMOI>’I FpaBHTaHI/IOHHOﬁ CHJIBI B

pexuMe JIBIXKEHUS HKUIaKa Ha BbIOETe M3-3a €ro M3BHIIMCTOTO JIBHXKEHHUS, 00Y-
CJIOBJIECHHOTO KOHYCHOCTBIO OaH/1a’ka M JOJU CWJIbI TATH. JTO JBHKEHUE ONpeJie-

JBICTCA ITCOMCTPHUYICCKUMU TIapaMCTpaMH KOJICCa U PCJIbCa. OHO cocTOHUT M3 MOIIe-

pEeYHBIX KojeOaHuil (0THOCA) KOJIECHON Maphl y(t) = Yo Sin,t, Be3bIBatomIEro
€€ TIOBOPOT Ha yroa @ (t) (6okoBast KauKa) U yIrJIOBOTO MepeMelieHrs (BUIISTHIUS)

Q, (t) OTHOCHUTEJIbHO BEPTUKAIBHOW OCH Z, MPOXOJIAIICH depe3 €€ LEHTP Macc

(puc. 2):

9, ()= % y(t)=— y\(;;oc cosa,t = —@,Cosayt .
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Puc. 2. Cuibl, 1eHCTBYIOIIHE HA KOJECHYIO APy NPH W3BUJIMCTOM JABHKEHUN
B NIPOEKIHMAX HA BEPTHKAJIBbHYIO (@) H TOPH3OHTAJIBbHYIO (0) MJIOCKOCTH



3zech: Y — MOJIOBMHA 3a30pa B PeNbcoBOM konee (2 Yo=14mm); ®; — coOCTBEH-

Has 4acTora Kouebanuii ®; =Vy — paguyc OaHJa)xa KOJECHOU mapsl,

M; S — TIOJIOBHHA PACCTOSHHS MKy KpyraMH KaTaHus KOJec, M; | — YKIOH KO-
HUYECKOi yacTh OaHmaxa KoJiecHo mapsl (korycHocts) 1 =1gB = = 0,05) u
Yo®c¢ |
P20 = = Yo,/ (3)
Vy I'5S

JLLII
Bropoe cnaraemoe F; ompenensercs rpaBuTanuoHHbIME cuiaMu g

JILII o o
Fy " [11], BO3HHMKAIONMMH B TOYKAX KOHTAKTA JICBOTO U MPABOT0 KOJIEC MO JICH-
crBuem cubl 11 .

. JLLII JLII o
C y4€ToM 3TOr0 MakCHMAaJbHBIC BEJIMUYUHBI CHI Fy ™ u Fy " B3aMMOJIEH-

CTBHS KOJIEC U peibcCa € y‘{éTOM 000MX cllaraeMbIX OIIPCACIIATCA BBIPAKCHUAMMU:

—. 2
Frgél;x :H\/1+3|:Gr1+lq’20] ) (4)

R
i
Fraxy = 11,/1+3 Gﬂ“”_rgyo : (5)

B TAroBoM pexume JBMXKEHHUS K OTHMM CHJIaM J0OaBISAIOTCS NPOEKIMU Ha
KOOPJIMHATHBIE OCH CHIIBI Tsrn (VE), NPUJI0KEHHOM K KOJlecy. JTa Cuiia 3aBU-
CHT OT CyMMapHON CKOPOCTH NEPEMELICHMS TOYKHA KOHTAKTa KOJIeCa OTHOCHUTEIb-

HO penbca Vy = M5, KOTOpas CKIaAbIBAETCA U3 CKOPOCTEH JBMIKEHMS DKMIIaXKa
(ueHTpa KoJseca) V U CKOJILKEHUS TOUKH KOHTAKTa 10 PENLCY V. :
Vs =V 4V,
[IpeacTaBuM CUITy TATH Kak:
Fe(Vs) =6 (ve) T,

rae G, (VZ ) — O0e3pa3MepHbIi KOADPUIIUESHT TSTH.



MakcumanbHble 3Ha4YCHUS IMPOCKIINN ATOM CHUJIBI HA KOOPANMHATHBIC OCH 6y—

AYyT paBHBI:
Fex (V2 ) =6y (Vg ) T cose, =g, (v )IT;
Fuy (V2 ) =6 (Vg ) T sing, =6, (v ) 119,

Torna nins pesxxuma TATM HAMOOJBIINE CHIIBI B3aUMOJIEUCTBUS KOJIEC U PElib-

(6)

COB OIIPpCACIIATCA BbIPpAXKCHUSAMU

—. 2
|:r‘]n1:3tl§<x :H\/1+3|:GK(VZ)+GTX+l(PZO:| ; (7)
y 2
’ _ [ 14— J0
Frgal?(y_” 1+3 QK(VZ)(PZO"'QTX'H 1+? (8)
Bynem CUUTATB, 41O UMEHHO TH KacaTelIbHbIE CHJIBI

F JILII I: JLII | F JILIT
max max X’ ' maxy U SABJAIOTCA IPHUBCACHHBIMU CHJIAMH, BbI3bIBAIOIIMMH

JBUKEHUE JUCIIOKALMI MPY B3aUMOJIEUCTBUM KOJIECA U PEIIbCa.
N3BeCTHO, YTO MPOXOXKACHUE OJHOW IMCIOKAMU B MaTepHalle U BBIXOJ €€

Ha [MOBEPXHOCTH SKBMBAJIEHTHO CABUTY B KPUCTAJUIMYECKOM PEMIETKE HA BETMUHHY
e€ mocrostanoit Ar . Ilpu stom Beipemsiercs sueprus AE;=85B (1oB=1,60207 Hm)
HE 3aBHCHMO OT BUJIa JUCIOKAIlMK (JMHEHHAs, BUHTOBAS U T. IL.). ByJaeM cuuTars,
YTO 9Ta PHEPrus paBHa paboTe A, SKBHBANEHTHON KacaTenbHOM cumbl 4 Ha my-
™ Ar:

AE;=A; = FAr=85B. 9)

J,0

max Ha ToM xe mytn Al ok-

Bmecre ¢ Tem pabora A kacarensHbix cui
BUBAJICHTHA YBEJIWYCHUIO MOTEHIMAIBHON SHEPTUN KPUCTAIUIUYECKON PELIETKH 110

BEJTMYHNHBI AET

A_.=AE

T T

= F AT (10)



1 co31aeT He oxHy, a N nucnokanuid. Torna MOXKHO HAWTH TO YUCIIO AUCIIOKA-

MUN KaK:
A. AE. FAr 22.107%%,
n =—=% — T _ 12 _ ’ Fﬂ.ﬂ,n
YA, AE; 8B  1282.10 Bpy ™
_ 4 — an
W n,=1692-10"F p (11)

e koaddurment 1,692-10* umeer pasmeprocts H -1 :

£
Konuenrpanusa auciokanui Ha €IUHUIYY IO KOHTAKTa N q 1pH I0-

CTOSTHHOM TaHI'CHIIMAJIBHOM IAaBJICHHUHU ONPECACIIACTCA, KaK.

. N, 1692.10° _ . P
N SH == Fax (Vz). |:M J (12)
0 0

rac SO — IJ1omaab IIATHA KOHTAKTAa KOJIECa U pClIbCa, KOTOPYIO CHUTACM BO3MOXK-

HBIM OIPEICIINTD U3 PEIICHUS] KOHTAKTHOM 33/1a4l TEOPUU YIIPYTOCTH.

[TpumeM, 4TO JJIs1 HEU3HOIIEHHBIX KOJIEC 3TO MATHO UMEET (HopMy JILTHUTICA,
II0manab KOTOPOro SO =mab, re @ u b — gmuEE nonyocelt »>nnnca mAaTHA
KOHTakTa. MI3BeCTHO, 4TO JUIsl KOJieca 3JIEKTPOBO3a quaMeTpoM 1,25 u penbea TH-

. a— -3 _ -3 —4 2
na P65 stu nonyocu pasuer: a=8-10" “u u b=6-10""m, Torna So~ 1,510 “w’,

[Tocne moacTaHOBKY ATUX BEIMYUH B BhipakeHue (12) momyunm:

* -2
N* =1,12810°F2" (vy), |:M } (13)

max

3aKOH JBW)KCHUS TUCIOKAIMI B OOIIEM Clydae 3aBUCUT OT 4HCla pa3iuy-
HBIX TUIIOB HECOBEPIIECHCTB KPUCTAUIMYECKON CTPYKTYphl. B Hamem ciaydae pac-
CMATPHUBAETCS TMHAMHKA JBW)KCHUS JTMCIIOKAIIMU B MaTepuaje ¢ HAKJIEIoOM, KOTO-
pBIN XapaKTepeH ISl IOBEPXHOCTHBIX CJIOEB pefibca. B 3TOM cilyyae 3akoH JIBU-

YKEHUS JUCIIOKAIMKN OTpeNIeIieTCs BHYTPSHHUM HaIpsHKEHUEM B MaTepualie, o0y-

7 ..
CIIOBJICHHBIM HAKICIOM, ZOCTHUraromuM BenunduHel Gy, ~ 10" Ila. Yuér unep-



[IUOHHOCTU JBWKEHHMS JTUCIIOKAIIMN BBINOJHSIOT, BBOJA B (13) momonHUTENbHBIN

0e3pa3MepHBIl MHOKUTETh

Frax (Vz)

SOGBH

0,25
(14)

du3znyecKoe B3aMMOECICTBUE MEKIYy aTOMAMH KOJIEca U PEIbca HEBO3MOXK-
HO IIPU HAJIMYMK OKHCHBIX MJIEHOK HA MX MOBEPXHOCTAX. OHAKO, MTPHU MONa aHUH
Ha IJIEHKY MOJIEKYJ BOJBI, IJIEHKA pa3pylIaeTcsi. ITOMY CIOCOOCTBYET BBICOKOE
BEPTUKAJIHOE JIABJIEHUE OT KOJIECa Ha PENbC, Pa3Indnue B 00BEMHBIX AepopMalu-
X U Kod(hPUIMeHTaxX TEIJIOr0 pacIIMpEeHUsi MeTauia U IUIEHKH, a TaK K€ CKOJIb-

YKEHHE KoJjieca MO peyibey. DToT 3PdeKT Oy/ieM YyUUThIBaTh C TOMOIIbI0 KO3 Du-

NUCHTA pa3spylICHUs IEHKU Ap , PAaBHOI'O OTHOIICHHWIO BCIIMYMHBI ITOBCPXHOCTU

paspyienus wiéHkn AS, K BeIUMuUHE MOBEPXHOCTH KOHTAKTa KOJECA U PENbea

SO . 3aBUCUMOCTbH 3TOT'O OTHOIICHHS OT OTHOCUTCIIbHOM CKOPOCTH CKOJIB)XCHHA € ,

YUYUTHIBAIOIIAs] HATPEB KOHTAKTUPYIOIIKUX T, peacTapieHa B [20] B Buze:

2 4
Ap(e)=1,15(s)o’3exp 53 —10e + 20’ o€
2,2-10%e+ 300 5¢“+0,le+1
niin
A, =115A4, (15)
rae 8=VCK= Ver :
Vg VA4V,

Takum 00pazom, paspylieHHE TOBEPXHOCTHBIX TUIEHOK B TMSATHE KOHTAKTa,
co37a€T YCJIOBHS ISl YCTAHOBJCHUS (PU3MUECKOTO B3aUMOJCHCTBUS MEXKIY aTo-
MaMH KOJIECA U PEJIbCa.

Kpome Toro, n3BecTHO, 4TO C POCTOM CKOPOCTH JehopMaIiiu 30HbI KOHTAK-
Ta, KOTOPYIO OyJ€M CUUTaTh PABHOM CKOPOCTH IEPEMELIEHHS TOYKU KOHTAaKTa Vs,
MIPOUCXOIUT YBEIMYCHHUE YHUCIIA TUCIOKAIUMA. DTO siBICHWE Oy/IeM YYHTHIBATH C

HOMOILBIO KO3 UIMEeHTa Hy . 3aBHCHMOCTh KOTOPOTO OT CKOPOCTH JIBIKCHHS

10



Hy (VZ) HOCHT Tapaboindeckuii xapakrep [22] co ci1abo BhIpaKCHHBIM MaKCH-

mymoM 1ipu V < 100m/c:

~

1, npuVy <10 el
(16)

/\

Hy

-2 2 10743
7107wy +0,022v5 048107 g
2’5+VZ c c

"

[TogoOHas 3aBUCMMOCTh HAOJIFOAACTCS TIPU CBApPKE YJIBTPA3BYKOM.

C y4eToM JBWKEHUS TUCIOKAIMK, KO3 HUIIMEHTa pa3pylIeHUs TJIEHKH U
BO3PACTaHUsI CKOPOCTH TE€HEpAlMHU JHUCIOKAIUN W3MEHUM BBIPAKEHUE ISl KOH-
HeHTpauu auciaokanuii (12), BBeAs B HEro AOIMOJHUTEIBHBIC Oe3pa3MepHbIe
MHoxutenu (15) u (16):

F (V ) 0,25
N, =1,297-10°p, (vz) Ay (€) Fam (V) rgax—z , (17)
00&n

ChopmynupyeM NPUHIMIB TOCTPOCHHS MOJEICH CIEIUICHUS Kojieca C
PEIBCOM U CKOJIbXKEHHS KOJIeca MO PeJibCy, MPUHATHIC B TAHHOU paboTe.

ITporecc cuenuieHust Kojieca U pesibca OyJeM paccMaTpuBaTh MPH CIICTYIO-
IIMX JOMYIICHUSIX:

— cuenjieHue npeocmaeisiem coO0i MUKPORPOUECC, NPOUCXOOAUWUIL HA NJ10-
uwia0Ke KOHMaKma, 6 6UOe 63AUMOOCUCHEUA ZPYNNDbL AMOMOE Koecd U penvca
(3axeam), ocyuiecmensaemvlii 6 pezyibmame 00pPaA306aHUA AKMUBHBIX UECHMPOS
3a cuém Oelcmeus HOpMaiIbHO20 U KACameabHo20 0a61eHU,

— UMerwanca Ha NOBEPXHOCMU KOHMAKMA OKUCHAA NIEHKA ¢ HAHEeCEHHbIMU
Ha Heé 3a2PAHEHUAMU PA3PYULAENCa 6 NPOUecce CKONbIHCCHUA U3-3a Hazpeea U
Pa3nuduil 8 8eIUUUHAX KOIPPuyuenmos mennoeozo u 00vEMHO20 pacuiupenus

memaia u oxKucjia,

— Cu1a 63aUMOO0CUCMEUA MeXHCOY KOJIeCOM U PelbCoM FKp AGNACMCA CymMMap-

HOU cunou paspyuienusn zaxeamoe 6 30He€ KOHmakma, m. é. 30H, 6 KOmMopbvlx
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YCMAaHo8UNOCh (puzuyeckoe 83aumoodelicmeue mexcoy cpynnamu amomoe Koie-
ca u penpca.

B paMKax 3THUX I[OHYHICHI/Iﬁ CHJIa BSaHMOHGﬁCTBHH MCIKOY KOJICCOM U PCJIIb-

CoM FRP paBHa:

Ny n;, nNg
=1 j=1 i=1
3ILCCI) J — YHUCJIO MATEH 3aXBaTa Ha KOHTAKTHOH IJIOIIaAKE, | — YHUCJIO B3a-

HMOI[@fICTBI/Iﬁ MCXKIY aTOMaMHM KOJIECa W pCiibCa B OJHOM IISITHC 3axBara, Fj —
CyMMapHas Cujia BBaHMOHGﬁCTBHH B OJHOM 3aXBarTe, n3 — YHCJO IIATCH 3aXBaTOB,
nB — YHCJIO BSaHMOHCﬁCTBHﬁ MCKAY aTOMaMHM KoJieCa 1 pcCiibCa B OJHOM 3aXBaTce,

Fji — CHJIa BBaHMOHeﬁCTBHH MCXKOAY ABYMS aTOMaMH KOJICCAa M PCIbCa B OOHOM

3aXBaTc:
U
ara
BIIGCI) U 0 — QHCPIUA CBA3U OJIHOT'O MOJIA B MCTAJIJIC

(Ug = 2,5-104 Mote [ mons), N, — uancio Asorampo (N, = 6,02-1023 MOJlb_l),
I, — PaccTosHME MEXIy B3aWMOJIEHCTBYIOIIMMH aTOMaMmM, KOTOPOE NMPHMEM PaB-
HBIM JMaMETPY HepBoii boposckoii opoutsr (I, = 2, 3-10_10M). Torna

4
U 2,5-10 _
Fji=—>= - —5=1,806-107%, Iociu=H. (20)
Nala  6,02:10%° x2,3-10

3uas F ji » MOXKHO HalTH F j CYMMAapHYIO CHIIy B3aMMOJCHCTBUS B OJHOM

3aXBaTe Fi=ngFj.
[Ipu 3TOM Oymem cuuTaTh, YTO YUCJIO B3aUMOJEHCTBUI MEXIy aToOMaMu

KOJIECa U pClibCa B OJHOM 3aXBaTe nB OIIpCACIIACTCA OTHOIICHUEM!
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n, = e (21)

rac SHCK — IuIomaab UCKaXCHUs, B IIPCACIIaxX KOTOpOfI ATOMBI, HaXOJAIIHUCCA Ha

IIOBCPXHOCTHU KOJICCA U PCIIbCA, c1a00 CBSA3aHBI C aTOMaMH BHYTPH O6’béMa;

Si — IJ1omaab BSaHMO,HefICTBI/ISI | — TBIX aTOMOB KoJieca 1 peiabca.
Ot Iiomaaun HpI/I6JII/I)KéHHO MOXHO CHHUTATH IUIOIIAAAMUA KPYI'OB C paauy-

camu I

HCK A1 «KKpyra UCKaXXCHUS)» U I’O A1 «KKpyra B33HMOI[€I>1CTBH$I>); X MOX-

HO NPHHATH PaBHBIMH I 0. ~ 3-10_6M u Iy = 3'10_10M. [TosTOMY OTHOIIICHHE

(21) cocTaBur:

S nr2

nB — HCK — HCK — 108 . (22)
S; i’
I 0

Torna CyYMMapHas Cujia B33HMOII€I>'ICTBPI$I B OJHOM 3aXxBaTcC 6YII€T paBHaA:

F;=n,F; =1,806-107, 4. (23)

JlomycTnM, YTO YUCIIO IATCH 3axBaToB [, paBHO 4UCIy AMCIOKamud N,

BBIIIEIINX Ha MOBEPXHOCTh U ompeaeseTcs Ha ocHoBe (11), kak mpousBeaeHue

KkoHuenTpaiuu auciokaruit N 1o (17) Ha nnomaies nATHA KOHTaKTa Kojieca U
pembca Sy =mab:
n,=n,=N,S,. (24)
Torzia cua B3aHMOZICHCTBIS MEKTy KOllecoM 1 penbeoM ) Gysier pasna
_ _ -2
FKp = ngFj =1,806-10 NnSO WIH

Fn (V ) 0,25
Fep = 2,342-10%0 A (8) SRt (v )| M2 (25)

max
00gn

Ecnu BeIn4MHA IUIOMAIN KOHTAKTa PaBHA Spy = mab ~ 1, 5107 a2 , TO
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0,25
) Frax (Vz )

FKP (Vzi 8) =3,513-10° l'lyApO (8) Fina (VZ ST

max

(26)

N3 popmymn (25) u (26) ciemyeTt, 4To criia B3aUMOJICUCTBHS KOJIeca U pebca

FKp 3aBHCHUT HE TOJIbKO OT OTHOCHUTEIBbHOU CKOPOCTH CKOJIBKCHUS €, HO U OT ao-

COJIIOTHOM CKOPOCTH ABHKCHUA TOUKH KOHTAKTA 3THUX TCJI VZ , HTO COOTBCTCTBYCT

MHOT'OYHCIICHHBIM SKCIIEPUMEHTAM.
Jlanee pacCMOTpUM JOMYIICHHS, B PaMKax KOTOPBIX ONPEACIMM IPOIECC
CKOJIB)KEHHSI KoJIeca MO penbCy. JIOmyCcTHM, 4TO CKOJIb)KEHHe Kojeca IO PebCy
POUCXOTUT BCIICICTBHUE:
— paspyuieHus UHMeEPMemaniouOHblX cOeOUHeHuil Ha NAMHe KOHMAKmd, 6bl-
3b16al0U4E20 CKONbICEHUE KOJlecd NO PenbCy, Komopoe Gyoem uHmepnpemupo-
8amb KaK NPOUecc «CXA0NbIGAHUS OUCIOKAWUIL), bIUIEOWUX HA HOGEPXHOCHLb
KOHmMaKkma, — mpanciayuoHHoe (nepeHocnoe) niacmuyieckoe meueHue (coeuz
0e3 oeghopmauuu);,
— Imom co8uz NPOUCXOOUM NOO OCUCHEUEM HOPMAIbHO20 U MAHZEHUUATbHOZ0
OaesieHuil Om Kojieca Ha pebe, ONPedeiloUUX CKOPOCHb CKOJIbHCEHUSL MOYKU
KOHMAaKmMa Koieca no peibcy, HanpasieHHyio 6 CHOPOHY CKOPOCHIU 0GUMNCEHUS
(no HanpaeieHUI0 MAHZEHUUATbHOZ20 OAGEHU).
PaccMoTpuM Mojiesib CKOJIBKEHUS KoJieca Mo PelibCy, MOCTPOCHHYIO B COOT-
BETCTBHE C 3THUMH JOMYyIICHUAMHU. J[Is1 3TOr0 mpeacTaBUM BEIMUYUHY CKOPOCTH

CKOJIBXKCHHS KOJIECA JIOKOMOTHUBA 110 PCIILCY B BUJC

_AX
CK_E’

rne AX — cymMapHas BeIMYMHA TPAHC/IALMOHHOTO MEPEMEILEHHS, HACTYIIAOIIE-

v (27)

IO B PE3YJbTATE «CXJIOMBIBAHUSY) AUCIOKAMA OT JEHCTBUS TAHTCHIMAIBHOWU CHU-
JIBI,
At — BpeMs DKCIIO3MIUM KOJIeCa Ha IATHE KOHTAKTa, KOTOPOE ONPENEIAETCS

BEJIMUYMHOM HpOI[OJ'IBHOﬁ OCH JJIJIIMIICAa KOHTAaKTa 2b H CKOPOCTBIO NBUKCHUS:

14



_2b_ 2

At = .
VZ Tl'.aVZ

(28)

3uauenne AX OTIPEIEISACTCS] KOJTMIECTBOM JTUCITOKAITUI nll (11), a Takxe

UX «CXJIONBIBAHUEM», T. €. CABUTOM B CTPYKTyp€ MarepHuaja pejibca Ha BEIHUYHUHY

14
M.

IIOCTOSTHHOM €r0 aTOMHOW PEUIECTKH Ar = 2,2:10
AX =n,Ar. (29)
DTO COOTHOIIICHHE SIBIACTCS MPUOIMKEHHBIM, TaK KaK U3 BCETO KOJIMYECTBA JUC-

JIOKALIUH nll TOJIBKO HEKOTOpasi UX 4acTh AACT ONpEeNEIEHHbINA BKJIaJ B CO3JaHUE

MNCPCMCIICHUA AX , TaK KaK HpI/I6JII/I)KéHHO HNX MOXXHO CHHUTATb PAaBHOMCPHO pac-

TIpeIeEHHBIMU 110 TIOBEPXHOCTH KOHTakTa. OHAKO TTOKa eI He y1aJ0Ch PEITUTh
3a/1ady onpezesnenus goau I, BHOCAIIEH BKIaa B 9Ty nehopmarmio.

C yuérom (28) u (29) BenmMYMHY CKOPOCTH OTHOCHUTEILHOTO CKOJIbKEHUS
MO>KHO OTIPEJICTTUTh KaK:
Ve _ AXvy 7@ N

C

vy 2bvy 25,

T
IlAr = NnEaAr.

—-14
[TIoncTaBuB B 3TO BBIpa)KEHUE 3HAUECHUE Ar ~ 2,2-10 M | Iony4nMm

g=3,454-10"%aN

uiu ¢ yu€toM (17) nist KOHLIEHTpaIuu JUCIOKAAA N 1

F (V ) 0,25
e=4,48-10"%ap A o (e) Fn (vg )| 222 (30)
SOGBH
IIpu a =810~ 3m 10 BBIP@XKEHHE TIPUMET BHUJI:
0,25
Foos (v
g=3,584-10"p, A o (&) Fam (Vz) Finix (V2) . (31)
SOGBH
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Takum 06pazom, momydeHHbIe GopMyitbl (26) u (31), TO3BOISIOT PaCCUATATH
BEJIMYMHBI CUJIbI CIEIJICHUS, KAK CHJIbl Pa3pylIeHUs ‘3aXBaTOB’’, BO3HUKAIOIINX Ha
IUIOIIAKEe KOHTAKTA, @ TAKKE CKOPOCTH CKOJILKEHMSI KoJieca 0 PEeNibCy, KaK CKO-
POCTH «CXJIOTIBIBAHUS TUCIIOKAIMI», HA OCHOBE TPAHCSIIUOHHOTO MIaCTUYECKOTO
TEUEHHUSI MaTepralia KOJeca U pelibca Ha KOHTAKTHOM rromaake. OTMETHM TaKxKe,

YTO MX OCHOBOM SIBJISIETCSI BEJIMYMHA KOHIOCHTPpAaIUHU ,ZII/ICJIOKaHI/Iﬁ B IIITHC KOHTAaK-

Ta N}I, onpenensiemas ¢opmynoi (17). Kpome toro, uz (26) ciemyer, 4yto cuia

B3aPIMO,Z[CI>'ICTBPISI KOJICCa U PCJIbCa ABJIACTCA ¢)YHKHH€ﬁ ABYX aprymMCcHTOB CKOPO-

CTH ABWKCHUA VZ U OTHOCHUTEJIbHOM CKOPOCTH CKOJIBKCHHs €, 4TO JAaBHO HC-

MOJIL3YETCS MPU PEIICHUHU TITOBBIX 3aJia4 MO YCTAHOBJICHUIO BECOBOM HOPMBI MO-
€3/1a U UCCIICIOBAHUIO MPOILIECCOB CPHIBA U BOCCTAHOBIICHUS CUECIUICHUS KOJIEC JI0-
KOMOTHBOB C PEJIbCaMH.
JIns mpoBepKH aA€KBAaTHOCTHU MPEITIOKEHHOW MOJEIN B3aUMOJCHCTBUA KO-
Jieca U peiibca ObUIM BBINIOJIHEHBI pacuérhl o (popmynam (26) u (31) xapakrepu-
Fep (Vs €)
17

CTUKHU CLEIJIEHUSA \V(VZ, 8) = , T. €. 3aBUCUMOCTU KO3 dulieHTa

CUEIUICHUS OT CKOPOCTEN JBHKEHUS VZ M CKOJIbXKCHUS € WU VCK = SVZ. Takue

3aBUCHMOCTH (pUC. 3, @) pUBENEHBI B [5] A1 2JIEKTPOBO3a ¢ ACHHXPOHHBIMHU TSI-
roBbIMU dJIeKTpoaBUTaTeNs MU S252 upmbl «Cumency». [1oatomy pacuérsl ObuIN
CIENaHbl MPUMEHUTEIBHO K OT€YECTBEHHOMY 3JIeKTpoBO3y 20C10 Takxke ¢ acuH-

XPOHHBIMH TAT'OBBIMHU 3JICKTPOABUTATCIIIMHU. HpI/I 9TOM YUYUTBIBAJIOCH, YTO CHIIbI

FAU u 2!

max X m£< y OTPEJICTIAIOTCA TIO dbopmynam (7) u (8) ¢ yd€TOM CHUIIBI TATH JIO-
KomoTuBa F (VE), ONPEAEIAEMON €ro TArOBOW XapaKTepUCTUKOH. Pe3ynbrarsl
pacuétoB (puc. 3, 6) UMEIOT JOBOJILHO CXOXHIl xapaktep. Hekoropoe paznmuue
MEXKIy PUCYHKaMu 3, a 1 3, 6 B 001acTn Manbix Vs U 0ONbIKX V. O0BACHIETCS
pa3IMuMeM B TapaMeTpax M XapaKTEPUCTUKAX 3TUX BJIEKTPOBO30B.
JlononHuTenbHAs MPOBEPKa aJEKBATHOCTU MPEJIOKEHHON METOJIUKH IpO-

THO3HUPOBAHUS IIPOLECCCOB BSaHMOHCﬁCTBHH KOJIEC U PECIBCOB Obl1a BBINIOJIHEHA Ha

16



OCHOBE CpPAaBHEHUSl SKCIEPUMEHTAIILHOW KpPUBOW CIICTUICHUS \|Icu(8) (puc. 4,

kpuBas 1), monyuennoit @ bapeemnom u pacuéTHoi KpuBOil 2, MOTYYEHHOU MO

MpeaIaracMon Me

@)
W 2

TOIUKE.

V.ku/u

100

Puc. 3. [loBepXHOCTH cLeNJIEHHS: @ — N10 IKCTIEPUMEHTATbHBIM JaHHBIM
JJIs1 DJIEKTPOB03a S252; 6 — mo pe3yJjbTaTaM pPacuéToB s djiekTpoBo3a 29C10

Wen

0.35

0.30

0.25

0.20

0.15

0.10

0.05

0

€ %

\ 5
<< 1
—
\.
0 0.1 0.2 0.3 0.4

0.5

Puc. 4. 3aBucumMocTs KOI(PpPUIIHEHTA CHENJIEHNUSI 0T OTHOCHUTEJIbHOI CKOPOCTH CKOJIbKe-
HHS: 110 IKCIIEPUMEHTAILHBIM JaHHbIM D.bapsesia kpusas (1); Mo pesyjabraramM pacueToB
NPH NOC/Ie10BaTeIbHBIM Bo30y:xa1ennu T/l kpusas (2) , npu He3aBUCMMOM BO030Y KICHUHU
T/ xkpuBasn(3).

Kak BHUIHO M3 3TOrO pUCYyHKa pPe3y/bTaThl pacu€ra (KpuBas 2) UMEIOT yJIO-

BJIETBOPUTENIBHYIO CXOUMOCTh C SKCIIEPUMEHTAIbHBIMH JaHHBIMH (KpHBast 1).

17

€



Kpome Toro, 6bi1a BhIMOJIHEHA MPOBEPKA CXOAMMOCTH PE3yIbTaTOB pacyéra

3aBUCHMOCTCH MakCHMalbHBIX 3Ha4CHHH KOd(hQHUUHUEHTa CUCIUICHUS Wgo, OT

CKOpPOCTH JIBUKEHHUS JIOKOMOTHBA, KOTOPbI€ CPABHUBAINCH C AIMIHPUUYECKUMHU,
MPUBEICHHBIMU B MPaBUIIaX MPOU3BOJCTBA TATOBbIX pacuéToB (IITP) nna nByx
IpyImn 3aeKTpoBo30B (puc. 5): kpussie 1 — mas BJ122, BJ123, BJI8 u kpusbie 2 —
st BJI60, BJ160P, BJIS0, BJI80", BJIS0", BJI8O".

Jlns ynoOcTBa cpaBHEHUsI OBLIN OIpeesieHbl HOPMUPOBAHHBIE 3aBUCHUMO-

WVocn (V)
Vécn (0) ’

CUEIUICHUS IIPU HYJIEBOW CKOPOCTH JABMKEHHMS. M3 prUCyHKa BUAHO, UTO PACUETHBIE

H
CTH Yoy (V) = r7e B 3HaMEHaTesle CTOUT 3HaueHue Kod(pduiimeHTa

H
U SMITMPUYCCKHUC KPUBBIC \Ilcu (V) TAKKC MMCIOT YAOBJICTBOPUTCIBbHYIO CXOIU-

MOCTB
H
Ven
.t
0.9
0.8
0.7 P—— LT P /—j—
N
2.6 -
o 20 40 60 20 100y M/ u

Puc. 5. HopMupoBaHHble KpUBBIE CleNJIeHHs, 0J1y4eHHbIe IKCIIEPUMEHTATbHO

—CILIONIHbIE JIHHUH, H PACYETHASI— MYHKTHPHAS JINHUSA
kpusbie 1 — naa BJI22, BJI23, BJIS; 2 — nas BJI60, BJI60", BJIS0", BJIS0', BJIS0P, BJI80"

Takum ob6paszom, rpaduku, NMPUBEICHHBIE HA PUCYHKaX 3 — 5, CBHJACTEIb-
CTBYIOT O KOPPEKTHOCTH TMPEII0KEHHOW MOJIENIM TpoIliecca B3auMOIACHCTBUS

KOJI€Ca U peCiibCa.
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JIL,IT
bynem cuurarh, 4TO CUIIBI Fxﬁx,yv omnpenesiemMbie 1o (26), SBASIOTCS KO-

I
s¢uumentamu npogonsHoro Ky u momepeunoro kJ;’ KPHIIOB JIEBOTO U IIPABO-

o KOJICC. Torz:a IMOIICPCUYHBIC U IIPOAOJIBHBIC CHUJIBI KpHUIlIa MOKHO paCCUUTATh IIO

HN3BCCTHBIM BBLIPAKCHUAM

JILIT JLII_ JLII JILII JILIT_ JILIT
Fry =ky ey R =kaex™, (32)
JILIT
\Vhes/ VJI,H
CK
B KOTOPBIX €y =ﬁ, ey =Lﬁ“ — OTHOCHTENIbHBIE TONEPEYHbIE U
V+Vegy V+ves

IIPOAOJIBHBIE CKOPOCTH CKOJIBKEHUS JIEBOTO M IIPABOT0O KOJIEC, 00YCIOBIECHHBIE U3-
BUJIMCTBIM JBUKEHMEM KOJIECHOW Mapbl U OIpelesieMble 10 U3BECTHBIM (pOpMYy-
JaMm.

Ha ocHoBe BblpaxeHuil (32) s cuil Kpurma ObUIM BBIIIOJHEHBI PAacueThl
CBOOOIHBIX OOKOBBIX KOJEeOaHUN 37IeMEHTOB 3JekTpoBo3a BJI10” kak HeauHE#-
HOU cucteMbl Tipu ckopocTsax aAsmwxkenus 40, 60, 90, 175 u 190 km/4. B xadectBe
Ha4yaJbHBIX YCIIOBHMM 3a1aBaJICsA OTHOC IEPBOM MO X0y ABUKEHUS KOJIECHOU Mapbl
Yo =0,007 m.

Ha puc. 6, a — 6 npuBeieHbl pe3ybTaThl pacyeTa CBOOOJHBIX OOKOBBIX KO-

nebanuii mpu ckopocTsax apmwkenus 60, 175, 190 km/4 B BuIe peanu3anuii mporec-

COB KoJe0aHMI OTHOCa yKH(t) IIEPBOM MO XOAY JIBWKEHHUs KOJECHOM Iaphl, a
TaK)K€ UX aMIUIMTYIHBIX CIEKTPOB Ayxn( f )

Bunno, 9To cBOOOAHBIC KOJIEOAHUS OTHOCA KOJECHOW Maphl MPU CKOPOCTHU
nBrkeHUs1 60 KM/4 HOCAT 3aTyxarouui xapakrep ¢ yacroroi 0,7 I'u. IIpu ckopo-
ctu 175 xM/4 KonebaHust TPOUCXOMAT ¢ YacTOTo 2,53 ['11 1 mpakTUYECKH HE 3aTy-
XaroT, a mpu ckopocTu 190 KM/4 ABMIKEHHUE CTAHOBUTCS HEYCTOMUYUBBIM, BO3HUKA-
I0T aBTOKOJICOaHUS ¢ aMIUIUTYI0M ~ 8,5 mM. KpuTrnueckasi CKOPOCTh MO YCJIIOBUIO

YCTOWYHUBOCTU JBUKEHHUSI COCTABIISIET VKp =176Kkm / u, a KOHCTPYKIIMOHHAS CKO-

pocts V, < Vip / \/§ ~ 102 xm/u, 4T0 COOTBETCTBYET TEXHUYECKHM XapaKTEPH-
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CTHKaM UCCIIeAyeMOro 3aekTpoBo3a BII10°.
Takum oOpa3om, MO pe3yiabTaTaM HCCIEAOBAHHUS CBOOOTHBIX KoJieOaHUM
MOJKHO CJIEJIaTh BBIBOJ O TOM, YTO OIHCAaHWE CHJI B3aUMOJCHUCTBHUS KOJIEC U PEIlb-

COB MOKHO BBIITOJIHATH HA OCHOBC HHCHOK&HHOHHOﬁ MOACIN CUCIIIICHUS.

|
|
1
|
|
|
|
07 o5\1 L5 2 25 3 85 f,m

6 fmax 0,7
4
VKn '-1 0-3 M A-‘.‘m --] 0 ., M
64
' 031
44
i 024
2-.
1! |
l‘illjllllllllillllhilli 011 [
f!f"""V‘T(T!TYf'TTT\l?T |
] — |
—&~ 00 o5 1 15 2 25\ 3 35 f,In
P fmax 2,53
3
Vi 103»M A}N""lo , M
7 )l
3 4t
Janaaannann i 8l
"UVVWVWV U\F q te |
3 i |
. |
I |
—.F 1
00 05 1 L5 '\3 35 f,0n
Froae =2,93T11

Puc. 6. Peanm3zanuu npoueccos KoJIe0aHHH 0THOCA NIEPBOM KOJIECHOM Mapbl M UX
aMILUTUTYAHbIE CIIEKTPHI PH CKOPOCTAX ABMKeHus 60 (a), 175 (6)
u 190 km/4 ()
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Peanuzamnus cremieHns Kojeca ¢ PebcOM 3aBUCUT OT MHOTHX (PaKTOpPOB,
MOMUMO (PU3UYECKUX TPOIIECCOB HETIOCPEACTBEHHO CBSI3aHHBIX CO cieruieHneM. K
HHUM OTHOCATCSl BEJIMYMHA TOKA M BPAIIAIOIIETO MOMEHTA 3JIEKTPOJABUTATEIIS, TU-
HAMUYECKOE B3aMMOJICVCTBUE MYTH C MEXaHUYECKOW CHCTEMOW 3KUIAXka, OTACIb-
HBIX T€Jl B 3TOM CHCTEME MEXIy COOOM, a TaKKe C €ro TSATOBBIM IJICKTPOBUTATE-
JIEM.

JIst cocTaBneHusl ypaBHEHHM KOJieOaHUI peabHash TEIEeKKa JIEKTPOBO3a C

0CEBOM cXeMOl 20—20 3aME€HEHa KHHEMAaTUYE€CKOW MOJIENIBIO IPUBEICHHOM puC. 7.

kV

2a,, gf,. % Bu

a

Puc. 7. KunemaTnyeckas cxeMa JBYXOCHOH JUHAMHUYECKOH MOJeJIH CHCTEMBbI
IKMINAK-NMYTh (BUJ COOKY)
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Puc. 8. Kunemaruyeckas cxemMa 0JHOro K0JICCHO-MOTOPHOI0 0JI0Ka

Kak BumHO u3 puc. 7 u puc. 8, paccmaTprBaeMasi MEXaHUYECKasi CUCTEMA

uMmeer 21 creneHb cBOOOABI OT BEPTUKAIBHBIX KOJIEOAHMIA: TPU CTETIEHH CBOOOIbI

COOTBETCTBYET KOJEOAHUAM MOANPBLITUBAHUS Zy, TAJOMUPOBAHUSA Pyy ¥ OOKOBOK
KauK{ TEJEKKHU (Pyy; 1BA TATOBBIX JBUIATENsl UMEIOT MO JBE CTENEHU CBOOOABI —
HOANPBITUBAHUE Zyg1,2, U TATONMPOBAHKE (Pyy1.2; JBE KOJECHBIX MAphl UMEIOT IO

JABE€ CTENEHH CBOOOABI — IOMIPBITUBAHUE Zyn1,2 U OOKOBAs Ka4YKa (yyq1,2; YETHIPE

TOYKHU IIYTHU I1OA KOJIECAMH MMEIOT I10 OI[HOI;'I CTCIICHHU CBO60I[I)I — HOANPBIT'MBAHUC
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Kpome Toro, B cucteme umeercs 6 creneHeld cBOOOJbI OT KPYTHIIBHBIX KO-

ne0aHMii: YeThlpe Kojieca MUMEIOT 10 OJHOM CTereHH CBOOO/bI — Yrosl IOBOpPOTa

JILIT ) o
(Py;cl 2 OTHOCHUTCIIbHO OCH y; ABa AKOPA TATOBBIX ABUIdaTCIICH — II0 OAHOU CTCIIC-
9

HH CBOOOJIBI — yTOJI MOBOPOTA (g 9 OTHOCHTENBHO OcH Y. Ilpu 5TOM KpyTHIIBHBIE
b

KoJieOaHMs KOJNIEC BO3HUKAIOT MO ICHCTBUEM PAa3HOCTH MOMEHTOB TSATOBBIX JBH-

rarenieit M, u cun cuerenns M, ecmn xe M, < M, To kpyTmbHEIE

KoaeOaHus HE BO3HHUKAIOT, HO ITOABJIICTCSA CKOPOCTH CKOJIBKCHUSA, COOTBETCTBYIO-

11asi 3aBUCUMOCTHU FKp (VE, 8).

B MOACIH JJICKTPOMAIHUTHBIX U JJICKTPOMCXAHNYCCKHUX IIPOUCCCOB B TAI'O-
BbIX ABUI'aTCIIAX YYHUTbIBAJIACh HEJIMHEHHOCTD KpI/IBOﬁ HaMaronm4vMBaHHWA U BUXPC-
BbIC TOKHM. BeanuuHEI 3. A. C. OIIPCACILINCE OJIA CYMMapHOﬁ YaCTOThI BPpalllICHUA

SKOPSI:

Puz = Qg + ri(v +Vc1c)'

K
biiok-cxema nporpaMmbl, OMUCBHIBAIONIIEH 3T MPOLIECCHl B KOJUIEKTOPHOM
TATOBOM JIBUTaTeJIe MOCIEA0BATEIbHOIO BO30YXKACHUS PUBEICHA HA puUC. 9.

HOCKOHBKy MOMCHT TAT'OBOI'O ABUTIATCIIA, HpOHOpHI/IOHaHBHBIﬁ IMPpOU3BCIC-

HUIO TOKA JBUTATENS HA €ro MarHUTHbIN motok M . C IlBI @D , npuIIoKEH K KO-

necy KONECHOM maphl M co3/1aéT cuty Taru F ., To 35ekTpoMarHuTHBIE U 3IEKTPO-

MEXAHUYECKHE MPOLIECCHl B TATOBOM JBHUTaTENE CBS3aHbl C MEXaHUYECKUMH IIPO-
[eccaMy peain3aluy CUEIJICHUS U KOJIeOaHUSAMU TEIEKKH.

CoBMecTHOE pellleHUE YPaBHEHUN 3JIEKTPOMArHUTHBIX U 3JIEKTPOMEXaHUY e-
CKHMX IPOLECCOB B TATOBBIX JBUTATEIISIX MOCIEA0BATEIILHOIO U HE3aBUCUMOTO BO3-
OyXIeHUs, a TaKKe MPOIECCOB MEXAaHWYECKUX KOJICOAHMM TEIEKKH, MO3BOJIUIO
MCCIIEIOBATh MPOLIECCHI CPbIBA U BOCCTAHOBJICHHS CUEIUICHUS, BO3HUKAIOIINE MPU

IMPCBBIIICHUA CHUJIOU TSATH CHUJIBI CHOCIUICHUA, IIPU HAC31C HA «MACJISIHOC IIATHO» Ha
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penbcax, P MOJICHINKE MEeCKa U T. T. PacyeTsl 3TUX mpo1ieccoB ObUTHA BBHITOTHEHBI
UL IIHPOKO PACIPOCTPAHEHHOTO 3IekTpoBo3a BJIS0”, macca moesna Gbiia mpu-
HaTa paBHoi S000T.

[Ipouecc «Hae3zna» Koja€caMu 3JEKTPOBO30B € IMOCIEA0BATEIbHBIM U HE3a-
BUCHUMBIM BO30YK/ICHHEM JIBUTaTeIel Ha MacJIsTHOE MATHO Ha TTIOBEPXHOCTH pejibca
(puc. 10) MomenrpoBaICsl CHIDKEHUEM B JIBa pa3a JCHCTBYIOMICH CHIIbI CLICTUICHHUS
JIEBOTO KoOJIeca.

HpI/I HaAC3AC 3JICKTPOBO3a C HE3aBUCUMOM CHCTEMOU B036Y)KI[CHI/IH JABHUTI'a-

Tells JICBBIM KOJIECOM Ha MAC/ISHOE ISITHO HPOUCXOIUT Pe3koe CHIKeHue Feyy, a
Fcunp. Heckombko Bospactaer (puc. 10, e). CHmkenne Fy, BbI3bIBaCT yBEIMUeHHE

ckopoctu ckoibxeHus € (puc. 10, 2). OgHako cpbiBa CLEIJICHUSI HE TIPOUCXOJIUT,
CuJia TATH 3a CYET POCTAa CKOPOCTH YMEHBIIAETCS M CTAHOBUTCS YEPE3 OJIHY CEKYH-

Ny TOCJie Hae3/la Ha MSTHO PaBHOM CYMMapHOW CHIIE€ CLETUIEHUS KOJIECHOM Maphbl

Fcu (puc. 10, 3). Tok sikopst yMeHbIIaeTcs mpuMepHo Ha 15%, BoccTaHaBIMBAsCh

710 TIPSKHEW BETUYMHBI TIocte mecToi cekyHanl (puc. 10, 6). Ha mecroii cexynae

€n Fcu BOCCTAHABJIMBAIOTCA JI0 UCXOJIHOTO YPOBHS.

Takum 00pazoM, 3JEKTPOBO3 C HE3ABUCUMOUN CHCTEMOW BO30YXKICHUS MpU
Hae3/le Ha MAacisSHOE TATHO, B IIEJIOM, HE HCIBITHIBAET OYKCOBAHMSI W, CITYCTS
HIECTh CEKYH/, B IOJJHOM 00bEME BOCCTAHABIMBAETCS CLEIIJICHUE.

[Ipu Hae3ne JIeBBIM KOJIECOM Ha MACJISIHOE IISITHO 3JIEKTPOBO3a € MOCIEA0BA-

TEJIBHBIM BO30YXICHHS JBHUTATENIEH CO BTOPOW CEKYHIBbI HACTyMaeT OyKCOBaHUE
oboux koJjec (puc. 10, 3); € HauMHAsA ¢ 3TOr0 BPEMEHH, MOHOTOHHO YBEJIUYHBACT-
cst. Tok skopst K BoCcbMOM cekyHae ymenbinaercs 10 S00A (puc. 10, a, 6), Fcu
CTAHOBHUTCS MCHBIIIC CHUJIBI TSATH, TPUYEM X MaKCUMaIbHOE pa3INure HACTYMaeT K
momenty 1= 6c¢.

B 5TOT MOMEHT BpeMeHH MPOUCXOAUT BOCCTAHOBIICHUE YCIIOBUN TSI CIICTI-
JISHNUs, OJTHAKO TIporiecc OykcoBaHMs He npekpamaercs Cmia tarn . ocraercs

00JIbIlIe CYMMApPHOW CUJIbI CIEIICHUS Fcu (puc. 10, o).
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a6 —TOKOB ABUTaTeElisA, AKOPA U B036y)Kl]eHI/lﬂ; 6 U 2— OTHOCUTCJIBbHBIX CKOpOCTeﬁ
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DT0 03HAYAET, YTO HAIMYNUE MACIITHOTO TSTHA HA TTIOBEPXHOCTH PEIIbCa MPHU-
BOJUT K INIyOOKOMY OyKCOBaHHIO 0€3 BOCCTAHOBJICHUS CIICTUICHUS 3JIEKTPOBO3a C
MocJieIOBaTeIbHBIM BO30OYKIeHueM nBurateneid. [Ipu Haeszme JEBBIM KOJIecoM
AIIEKTPOBO3a C MOCIEI0BATENBHBIM BO30YK/IEHUEM JIBUTATeNIel Ha MACIISIHOE TISIT-
HO B MHTEpBajiax BpeMeHH 2¢ — 6¢ mpu 2¢<t<2,08c., u mpu 5,98¢<1<6,08¢ mpowuc-
XOJHUT pe3koe KojebaTenpHoe yBeanueHue € (puc. 11 a u 6), koTopoe co Bpeme-
HeM 3aryxaeT. Komebanust IeBoro kKoseca MpoUCXoIsAT ¢ YacToTon ~62,5/ i, a npa-
BOro — ¢ yactoToil =72,5. [IpuueM kosiebaHusl TPaBOro KoJjieca OTCTAIOT 1Mo (paze
Ha TU OT KOJIEOAHUM JIEBOTO.

XapakTepUCTUKy CHEIUICHUS MOXXHO paccMaTpuBaTh Kak (pa3oByr0 TPaeKTO-
pHUIO B KOOpJMHATAX I:Fcu; 8] Ha OCHOBE cliieaymolero. Benuunna cuisl 1o 3a-
KoHY HpI0TOHa mponopuuoHanbHa YCKOPEHUIO, a € SBISETCS CKOPOCTBIO, II03TO-

MY KOOPJIUHATHI I:Fc 8] npornopioHalbHeI [ X; X]. B cBOtO ovepenn da3oBbie

1w’
TPAaEeKTOPUU B KOOpArHATaX [X; X | HOJ00HBI TpacKTOpHsiM B KoopauHaTax [ X; X].
[Ipu OyKCOBaHWU MOCTYMATEIBHYIO CKOPOCTh JIBMKECHUS KOJieca JIOKOMOTH-

Ba MOKHO CUMTATh BEIMYMHOM MOCTOSHHOM, Torma koopauHatel [F €l u

c’?
[ X; X] mponopiirioHasIbHBL. DTO 03HAYAET, YTO XapPAKTEPUCTUKY CIEIUICHUs (pHC.

12) MOXHO paccMaTpuBaTh Kak (PazoByO TPACKTOPUIO B KOOpJMHATAX [ Fcu , €].

[TocTpoenue pa3zoBbIX TPAEKTOPHIl OBLIO BHIMOJHEHO MYTEM 3aMepa B OJIHO-
VMEHHBIE MOMEHTBI BPEMEHH BEIMYMHBI CWIIbI CLEIUIEHUS] U OTHOCUTEIBHOM CKO-

poctu ckonbxkeHus Ha puc. 10, 6 u oc, a Takxke puc.10, 2 u 3. ®azoBbie NOPTPETHI

Fcu = f(s) KOJICOAHHWM CBUJIETEIBCTBYIOT O BO3HMKHOBEHHMH B 000MX CIy4asix

aBTOKOJICOAHUM JIEBOTO KOJieca Ha HauaJabHOU cTaauu OykcoBanus (puc. 12, a u 0).
TpaekTopust n300paxkarolie TOYKHU AJIA JABUTATENs MOCIEA0BATEIbHOIO BO30YXK-
nenus (puc. 12, a) sBiseTcs He 3aMKHYTOM, YTO CBUAETEIBCTBYET O HEYCTONYHBO-

CTH TpoIecca aBTOKOJICOaHUM JIJIsi IBUTATEIIS TTOCJIEI0BATEILHOTO BO30YKICHUS U
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o3HaYaeT Tiybokoe OykcoBaHne 0€3 BOCCTAHOBJICHUS CIICTUICHUSA. B 3To#l Tpaek-

TOPUU UMEETCS OJIUH BRICOKOYACTOTHBIN IIUKJI C YacTOTOM ~62,51 .

€
a

0.014

0.010

0.006 ; ‘ ;
1.98 2 2.02 2.04 2.06 2.08

0.236r

0.235F

0.234

t,C

5.98 6 6.02 6.04 6.06 6.08

0.233 ;

Puc. 11. 3aBucumoctu S(t) Nnpu 0yKCOBAaHUM IJIEKTPOBO3a € MOCJIEA0BATE]IbHbIM BO3-

Oy:KIeHHeM JBUTaTes el P Hae3/1e JIEBbIM K0JIECOM HA MaCJIsIHOE MATHO B HHTEPBAJIaxX
BpemMeHH 2¢ — 6¢:
a—2cst<2,08¢c; 6 —5,98¢<t <6,08c: 1 — 1eBoe KoJIeCO; 2 — MPaBOE KOJIECO
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Puc. 12. XapakTepucTHKH CleNJIEHNUS JIEBOT0 KOJIeca JIOKOMOTHBOB € NMOCJIe0BaTeIbHbIM (a)
U He3aBHCHMBIM (0) BO30Y:KIeHHEM B YCJIOBHSIX Hae31a HA MaCJIsSIHOE MATHO.

IIpu sToM (azoBast TpaeKTOpHS Fcu = f(s) JUUT JIBUTATENSI C HE3aBUCH-

MBIM BO30YXJEHUEM SIBJISIETCS 3aMKHYTOM, UYTO CBUJETEIHCTBYET O BO3HUKHOBE-
HUU CTAIlMOHAPHOTO PEKUMa aBTOKOJICOAHUIA C YCTOMYUBBIM MPEACTHHBIM IIUKIOM
(puc.12, 6). B 310l TpaekTOpUN MUMEIOTCS BHICOKOYACTOTHBIC IUKJIBI C YaCTOTOMN

~62,51u, a TaKKe OJINH HU3KOYaCTOTHBIN UAKII C JacTOTOU
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= ——————=0,24Iy. B 3HaMmeHarene 3TOTO BBIPAXKEHUS CTOSAT MOMEHTHI
6,25¢—-2,0c

spemenn (puc. 10, 3), coorsercTByromue cpuiBy cuemienus npu t =2,0¢ u Boc-
CTaHOBJIEHHUIO CLIETLUICHHS Ha IpexHeM yposre npu t = 6,25¢.

W3 mpakTWKU 3KCIUTyaTallud 3JIEKTPOBO30B C TOCIIECIOBATEIHHBIM BO30YXK-
JICHUEM JIBUTaTeJiell M3BECTHO, YTO MPHU Hae3/le Ha MAacisiHOE ISITHO JJisi BOocCTa-
HOBJIEHUS CLEIUIEHHs MOAAIOT MECOK moj Oykcyromee koneco. IIpencraBum mo-
JIeJIb TaKOM MOJICHITIKY MPU CIAEAYIOIIUX YCIOBUSAX: B MUHTEPBAJI BPEMEHU CO 2¢ TIO
4,5¢ neBoe KoJieco TJOKOMOTHBA Hae3KaeT Ha MacisiHOE MATHO; ¢ 4,5¢ o 6¢ ycno-
BUSL IS BOCCTAHOBJICHUS CLICTUICHUSI OCTAlOTCSl HA UCXOJHOM YPOBHE; Ha 6¢ UM-
MyJICHO CO CKBOXXHOCTHIO 0,1c 4eThIpeXKpaTHO MOJAIOT MECOK Moj oba KoJeca.
[Togaun mecka UMUTHUPYETCSA MYTEM YBEIIMYECHHE CHUJIbI clieruieHus B 1,3 pasa or
CUJIBI CLICTUICHUSI UCXOJHOTO YPOBHSI.

[Ipu Hae3ne Ha MacisIHOE TSATHO KoJieca 3eKTpoBo3a (puc. 13) HaunHaeTcs
npoiiecc OyKCOBaHUS;, TIPU ITOM TOK sikopsi ymeHbiaercs ¢ 8504 no 7204 (puc.
13, a@). OTHOCHUTENBbHAS CKOPOCTh CKOJIBKECHHUS € YBEIMYMBACTCS HA MOPSJIOK; CH-
Ja cuerieHus K 4,5¢ 1eBoro koseca yMeHblnaeTcsa ckaukoM Ha 50%, a mpaBoro —
ckaukoM Bo3pactaeT Ha 30% (puc. 13, 8). [locne 3TOTO CHUIIBI CIICTUICHHUS JICBOTO U
MPaBOro0 KOJEC HECKOJIBKO BO3pACTalOT N0 2,2¢ U Jalie€ HAYMHAIOT IUIABHO
yMeHbIaThcsi. B MoMeHT BpemeHU 4,3¢ 3TH CUJIbI CTAHOBSATCS OJIMHAKOBBIMU U

MpOoaO0JIKAarOT z[aanefImee MCOJICHHOC CHHMIXXCHHC. CYMMapHaSI CHJjia CHOCIIJIICHUA

FCII HU3MCHACTCA aHAJIOIrN4HO CHJIC CHOCIIJICHHA JICBOI'O KOJ€Ca, HO Ha MCHBIIMC

BenuuuHbl (puc. 13, 2). Cuna TArm ¢ pocTOM € yMEHBIIAETCs, HO MPEBBIIIAET

Fcu , U3-32 4eTO MPOUCXOIUT IPoIiecc OyKCOBAHUS.

Ha miecToit cekyHie mpouCcXouT UMITYJIbCHAS T0/1aua Mecka moj kKojeca. B

pe3yiabTare, Fcu TaK)K€ HAYMHAECT CKAYKOOOpa3HO HM3MEHATHCS, HO TPU ITOM

HauMMEHbIIME €€ 3HAUCHMS OKA3bIBAIOTCS HUKE CHUJIbI TITH U mponecc 6YKCOBaHI/IH

HE Ipekpamaercsa. TONbKO IOCHe YETBEPTOrO MMITYJIbCAa IOACBINKU IIECKA
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HanMeHblee 3HaYeHne -, okaseiBaercs Bbiure, yeM . u mporecc GykcoBaHus

e
IMpCKpamacTCA.
a)
I, A
200
850
200
750
70O
650
600, L 5 4 = - > Py o 10
; : 5
t,C
0.
& 0
0.14
0.12
0.1
0.08
0.06
0.04
0.02
o i i . | | | | | i
1 2 3 4 5 I3 7 8 [5) 10 t’ Cc
ch xkH
6)
35
30
25
20 E
i
H
T T T T~ i
- H
15 ] \\\ §
F ~J
CIL,JI Y
10 i ) i | i . ; i J
1 2 3 4 = [ 7 8 > 10
t,C

t,C

Puc. 13. 3aBucuMocTH OT BpeMeHH NPH “Hae3/1e” JeBbIM K0J1eCOM JJOKOMOTHBA HA MACJISIHOE MSATHO
B MHTepBaJie 2 — 4,5¢ 1 noJAa4yM Nnecka 1oj Jepoe KoJieco 3JIeKTPoB03a ¢ ABUrarejieM Iocjae10Ba-
TeJIbHOT0 BO30YK/IeHUS:

a —TOKA IBUTATEJIsI, 0— OTHOCHTEIbHOI CKOPOCTH CKOJIb/KEHHS, 6— CHJIBI CLeNVICHUsI IPABOTO0 M Je-
BOI'0 KOJI€C; 2— CHJIA TSATH H CyMMAapHOI CHJIBI clellIeHUsl 10 000MMH KoJ1ecaMu
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CKOpOCTh € HaUMHAET YMEHBIIATHCA, Fcu — YBEJIMYMUBATHCS U B MOMEHT BPEMEHU
8,5¢ 3TH BEIMUYMHBI JOCTUTAET CBOMX MEPBOHAUYAIbHBIX 3HAUeHUU. [Ipu 3TOM TOK
JIBUTATENS U CUJIA TATH YBEJIUYMBAIOTCS U B MOMEHT BpPEMEHU &,5¢ MX BEIMYUHBI
TaK)Ke JOCTUIaeT CBOMX IEPBOHAYAIbHBIX 3HAYEHUH.

[TpuBeneHHbIE pe3yabTaThl AAIOT HATJIHOE NPEACTaBICHUE O DJIEKTpOMar-
HUTHBIX, 3JEKTPOMEXAHUYECKHX U MEXaHMUYECKHX MPOLECCaX, MPOTEKAOIMIMNX Kak
B DJIGKTPOJIBUTATENIAX C PA3UYHBIMU CHCTEMaMU BO30YXKICHHsI, TaK U HEMOCPE-
CTBEHHO B IISITHE KOHTAKTa KOJIECA C PEIILCOM.

Takum oOpazoM, npeasioKeHHass MOJENb B3aUMOICHCTBUS KOJieca U pelibea,
OCHOBaHHas Ha UCIOJIb30BAHUU (DPU3UUECKUX MPEICTABICHUAX O HECOBEPLICHCTBAX
KPUCTAJUIMYECKOW PEMIETKH METaNIOB, 00ECIIEUYMBAET aJIEKBaTHOE ONMMCAHUE MPO-
1ECCOB OOKOBBIX KOJIEOAHUI pPEbCOB IKUITAKEN, & TAKIKE MPOLIECCOB CPhIBA U BOC-
CTAaHOBJICHHSI CLEIUICHHUS JIOKOMOTHBOB, TATOBBIE JBHIaTEIM KOTOPBIX MOTYT
UMETh KECTKUE — KOJUIEKTOPHBIE ABUTATENN MOCIEI0BATEILHOIO BO30YKIECHUS U

MATKHUC TAT'OBBIC XAPAKTCPUCTHUKH — KOJUICKTOPHBIC MAIBHUIATCIIM HC3aBUCHMOI'O

BO36y>K,Z[eHI/I$I N ACHMHXPOHHLBIC TAT'OBBIC IBUT'aATCIIN.
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