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OBOCHOBAHHUE METOJIUKHN AHAJIM3A KOM®OPTA
N BE3OITACHOCTHU IIPU ITEPEBO3KAX ITACCA’KHPOB
3A CYET YMEHBbIIEHUS BUBPAIIMOHHOM
HATPY KEHHOCTHU KY30BA TACCAXKUPCKOI'O BAT'OHA

[Tpoananu3upoBaHbl HATYPHBIE XOJOBBIC HCITbI-
TaHMs, KOTOpblE OBIIM IPOBENCHBI 3apyOEKHBIMU W
OTEYECTBEHHbIMH CHELUANCTaMH. BEBISBICHBI CO0-
CTBEHHBIE 4acTOThl M (opMbl KojebaHWil Hecylen
KOHCTPYKLIUHU Ky30Ba, KOTOpbIE OKa3bIBAIOT CaMOE 3Ha-
YUTEIBHOE BIWSHHE Ha ypOBEHb KOM(OpPTa MacCaKu-
poB. PexoMeH10BaHbI KOHCTPYKTHUBHBIE PEIICHUS, KO-

TOpbIe obecnieyar OObIIYI0 0€30MacHOCTh U KOM(OPT
MacCaXXUPOB MpPU TOE3IKe B OTCUYECTBCHHBIX Macca-
KUPCKUX BarOHax.

KuaroueBble ciioBa: Ky30B, MacCaKUPCKUI Ba-
rOH, KOM(}OPT, KECTKOCTHBIC CBOICTBa, COOCTBEHHBIC
YacTOTHl, BHOpaLMOHHAs HArpPYKCHHOCTb, HHACKC
KoMdopTa.

D.Ya. Antipin, E.V. Lukashova, P.D. Zhirov

JUSTIFICATION OF TECHNIQUE FOR COMFORT AND SAFETY
ANALYSIS AT PASSENGER TRANSPORTATION ON VIBRATION
LOAD DECREASE OF PASSENGER CAR BODY

The purpose of the work is to increase comfort
and safety of railway passenger transportation, at the
expense of passenger car body vibration load decrease.
The analysis of the investigations carried out and
dedicated to the definition of rigidity property impact
upon the level of passenger comfort and traffic safety
has shown that the first mode of vertical bending
impacts considerably upon car body dynamic behavior.
The analysis of vibration load impact upon passenger
car body was carried out in accordance with Dumitriu’s
technique. As apposed to the investigations carried out
earlier in the paper the data on car metal structure
acceleration are obtained through the methods of
mathematical modeling based on solid and finite
element models.

On the basis of the data obtained and natural
running tests there was created and verified a
particularized lamellar finite-element model of a car
body with the aid of which there were obtained values
of vertical and horizontal accelerations of a car body
metal structure. The analysis of the results obtained has
shown that within the frequency range of 8.9. — 20 Hz
there are observed acceleration surges which are
among the most sensitive ones in terms of the impact
upon man and transport comfort support.

At the frequencies obtained there was carried
out a passenger comfort investigation with the aid of

BBenenne

[Ipy [BMXKEHHUH KEJIE3HOAOPOKHOIO
TpaHcropTa KOMGOPT MACCAKUPOB OKA3BIBACT
Kak (pU3MoIOruvecKoe, Tak M TMCUXOJIOTHYe-
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which it was defined that at the frequency of car body
own bending oscillations of 8.9 Hz — a comfort index is
above 4 units that shows a low comfort level.

A frequency of 8.9 Hz corresponds to a vertical
bending mode which is the most significant mode of
car body deformation in terms of passenger comfort
support. With regard to this in the works there was
offered a number of efficient measures for
strengthening car body structure bearing capacity with
the goal of its bending rigidity increase which provides
an installation of a supplementary bearing partition in
the mid-section of a car body, and also the introduction
of auxiliary longitudinal elements in a frame
supporting design. For the effectiveness assessment of
measures offered there was carried out re-investigation
according to the technique described. As a result of the
computation it was defined that the design measures
offered allowed increasing a frequency value of own
bending vibration of car body metal structure up to
11.7 Hz.

The analysis of the results obtained allowed
drawing a conclusion of the effectiveness of design
solutions offered on car body vibration load decrease.

Key words: car body; passenger car, comfort,
rigidity properties, eigen frequencies, vibration load,
comfort index.

CKOC BJIMSAHUC HA OpPraHU3M 4YCJIOBCKA. OH 0Oa-
3UPYETCA HAa OTCYTCTBHUU OCHOBHLIX UCTOYHH-
KOB BO36y)K,I[CHI/I}I, KOTOPBIC OTPULATCIIBHO
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BIIMSIOT Ha MaccaxupoB. [Ipu moe3nke Ha xe-
JIE3HOJIOPOKHOM TPAHCIIOPTE OMPEACIISIeTCS
CyOBEeKTHBHOE OJIarornoiay4yue, KOTOpoe sBIIs-
€TCsl OJTHAM M3 OCHOBHBIX (haKTOPOB, CIIOCO0-
CTBYIOIIUX BBICOKOW KOHKYPEHTOCIIOCOOHO-
CTH >KEJIE3HOJIOPOKHOTO TPAHCIIOPTA.

OCHOBHOE BO3JICUCTBME Ha YpPOBEHb
koM(popTa U BUOPAITMOHHYIO HATrPY>KEHHOCTH
BaroHa OKa3bIBAIOT KECTKOCTHBIC XapaKTepH-
CTHUKH Ky30Ba.

[Ipu sKcruryaTanuu MmaccaKUpCKUii Ba-
TOH TMOJBEPraeTcsi KojeOaHusIM, KOTOPhIC 3a-
BHCIT OT KOHCTPYKTHBHBIX OCOOCHHOCTEH
Ky30Ba U HEPOBHOCTEH 3KEJIE3HOIOPOKHOTO
nmosioTHa. Bo3MytieHus, BOZHUKAKOIIKUE B 00-
JIACTH KOHTAKTA KOJIeca C PelIbcOM, 00JIaTaroT
HETMHEWHBIMH  (DYHKLIUAMH, SBISIOUIUMUCS
HMCTOYHHKAMU BHUOPALMOHHON HarpyXeHHO-
CTH Ky30Ba BaroHa.

[TpoBenenusiii ananu3 padot [1-5], mo-
CBAIIEHHBIX ONPENCICHUIO BIUSHUS KECT-
KOCTHBIX CBOMCTB Ha ypOoBeHBb KoM(popTa Iac-
CaXUPOB M 0€30MaCHOCTD JBMKCHHS MTOKa3al,
YTO TMEPBBIA PEXKUM BEPTUKAIBHOIO H3rHbda
CYLIECTBEHHO BIIMSET HAa JUHAMHYECKOE IIO-
BelleHHe Ky3oBa. Yactora »3TOro pexxuma
O0OBIYHO KOJICOJIETCSI B MHTEpBase oT 6 jo 12
I'n, mpy KOTOPOM YEIOBEYECKHH OpPraHU3M

MeToauka ucciaea0BaHusA

Jlnst onieHKH KoMGOPTHOCTH U Oe30mac-
HOCTH TIACCa)XKMPCKUX BaroHOB, HCIOIb3Yye-
MBIX Ha JKeJIe3HbIX Joporax Poccum, mpume-
HSIOT YPOBEHB IONEPEYHOTO HEMOTAIIEHHOTO
YCKOPEHUS dup, UMEIOLINI BO3JEHCTBHE Ha
ypOBHE OCH OYKChI IPU NMPOXO0KIEHUH BaroHa
110 KPUBOMY YYacCTKy IYTH, KOTOPbIM HE KOM-
IMCHCHUPOBAH C IIOMOIIBIO BO3BbIIIICHUA
Hapy>KHOTO peJbCca KEJIe3HOJIOPOKHON KO-
nen. Taxke MPUMEHSIOTCS TIOKA3aTeH IJIaB-
HOCTH XoJa B BepTuUKanbHOM W; U ropu3oH-
tanbHOM Wy momnepedyHbIX HanpaBiIeHUSIX, KO-
topele coorBercTByoT ['OCT 31191.1-2004
(UCO 2631-1:1997) [10].

3HayeHHs NoKas3aressl IUIABHOCTU X072
B TCUCHUC TICpUOJa BPEMCHH WUJIW IJIWHEBI ITy-

THU paCCYUTBHIBACTCA 10 (I)OpMYJ'IC:

0,3
Wi = O (1)
rae Wi — mokazarenb TUIABHOCTH XOfa Tpo-
JOJDKHTEITFHOCTRIO BpeMeHu T; o = 4,346 —

MNPUMCHACTCA IJISI TCX BH6paI.[PII>i, KOTOPLIC
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OKa3pIBaeT 0ojiee BBICOKYIO YYBCTBUTENb-
HOCTb K BEPTUKAIbHBIM KojieOaHusM [6].

Snouckue uccinenosarenu T. Takaxupo
u T. Tagao oOGHapyXuIu, YTO HPU TEPBOM
peXHUME BEPTUKAIBHOTO U3ruba Ky30B SIIOH-
CKOT'O0 BBICOKOCKOpOCTHOro mnoe3ga «Cus-
KaHCOH» UMeET COOCTBEHHYIO YacToTy 8,5 I,
P KOTOPOM MOJTHOCTBbIO HAPYIIAETCS KOM-
bopTt maccaxupos [7].

VY UHXEHEepOB, MPOEKTUPYIOLIUX Ilac-
CaXUPCKUE BAaroHbl, UMEETCS JBE OCHOBHBIC
METOJIMKH JJIsI OIEHKH BHOpAIIii: U3MEPEHHUS
u cumyisiu [8, 9].

[lepBas meTonuka sBISIETCS HE BCerja
BO3MOXXHOW Ha dTane MpOEKTUPOBAHUS HOBO-
ro Barona. Ha ocHOBe NMHAMUYECKUX HCIIbI-
TaHUN MOJICTMPOBAHUE SBISETCS MPUOPHUTET-
HOW METOJMKOM Ha CEroJHSIIHUN JIeHb. Ta-
KOH METOJl JaeT BO3MOXKHOCTh CIPOTHO3UPO-
BaThb KOM(OPT MACCAKUPOB TPHU TMOE3JIKE HA
KEJIE3HOJOPOKHOM TPaHCIOpPTEe, HO AJIS MOJI-
HOM JIOCTOBEPHOCTH M HAJIEKHOCTH JTAHHBIX
MOJIeTI JOJDKHBI OBITH MpOBepeHbl. Bcenen-
CTBHE 4Y€ro, HEOOXOAMMOCTh B MPOBEPEHHBIX
METOJlaX aHajh3a M MOJEITUPOBAHUS CTPYK-
TYpPHOW AMHAMUKH Ky30Ba SIBJISIETCS aKTyallb-
HOM 3a7a4ey B HACTOSIIUI MOMEHT.

NEHCTBYIOT B BEPTUKAJIbHOM HAIIPAaBICHUU; O
= 4,676 — nmpuMeHsIeTCS I TeX BHOpaIHid,
KOTOpBbIE JEHCTBYIOT B TI'OpPU30HTAJIBHOM
HaIpaBJIEHUH, Oki - CPEAHEE KBAJIpaTUUECKOE
3Ha4eHHe BHOPOYCKOPEHUs] Ha BBIXOJE KOp-
pexTupytomero ¢punsTpa, m/c? [11].

B kauecTBe 00BEKTa ISl UCCIETOBaHUN
PaccMOTpPEH MacCaXUPCKU BaroH ¢ MeCTaMu
Ul cuaeHuss mojenu 61-4458 npousBoacTsa
OAO  «TBepckoit ~ BaroHOCTPOMTENbHBIH
3aBOI».

[IppuMeHeHHEe HOBEWIIEro BBICOKOTEX-
HOJIOTHYHOTO 000PY/I0BaHUs, KOTOPOE MOXKET
(GuUILTPOBATH YCKOPEHUS C MOMOILBIO KPUBOM
BECOBBIX KOA((HUIIMEHTOB, MO3BOJSET MPOU3-
BECTU pacyeT 3HA4YeHHs IOoKa3aTels IUIaBHO-
CTH XOJa B TE€YEHHE IIEpHOJia BPEMEHU WIIH
JUIMHHBI ITyTH.

Boluncnenue niuaBHOCTH XOJa MPOM3-
BOJMJIOCH Ha BPEMEHHOM HHTepBajie OT 5 ce-
KYHJ 710 5 MUHYT.
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[TonydyeHHble 3HaueHUsl TUIABHOCTH XO-
1a JOJDKHBI OBITH BepHBI Ha 95%, 4TOOBI B
JalbHENIIeM pPacCYUTaTh 3HAYEHUS IOKa3a-
Teneir kompopra Oosee TouHO. M3MmepeHus
MOTYT OBITH ClieJaHbl Ha MOBEPXHOCTAX B3a-
MMOJICHCTBUS MEXIY TEJIOM 4YeJIOBEeKa U CH-
JICHBEM.

[Ipu nBHXKEHMH TIO PEILCOBOMY MYTH
Ky30B IaCCaXHPCKOIO BaroHa HCIBITHIBACT
BUOpaIMK ONpeAeeHHON 4acToThl. YacTot-
Hasi XapaKTepUCTHKA BO30YXKIAIOMIMX CHII
BIIMAET HA JMHAMHUYECKHE CBOMCTBA KY30Ba.
Jljig monydeHus TUHAMHYECKUX OTKJIOHEHHM
HE0OXOIMMO UMETh BEPHYIO Pa3HOCTh (a3 u
OTHOCHUTEIIbHYIO BEJIMYUHY MEX1Y CUTHATaMU
YCKOPEHHUH. YYaCTOK HAaXOASUIMNCA MOJ KpHU-
BOH CIIEKTPaIbHOM MJIOTHOCTH MOIIHOCTHU CO-
OTBETCTBYET CpPEIHEKBAJAPATUUYHOMY 3HaYe-
HUIO yckopeHuid. [luku B cmekTpax cBuje-
TEIBCTBYIOT O JMHAMUYECKUX OTKJIOHEHUSX
HECYIIUX 3JIEMEHTOB Ky30Ba MPU KOJeOaHUAX
BaroHa, BHI3BAaHHBIX JIBM)KCHHEM 10 HEPOBHO-
CTSIM IYTH.

Bce ucnbiTanus mpoBOAMIMCH HA OT-
pe3Ke IMyTH, UMEIOUIEM MPOTSHKEHHOCTh 160
KIWJIOMETpOoB. BbIOOpKM mMpUHUMANIUCH C yde-
TOM TOCTOSIHHOM CKOPOCTH BaroHa, MOCTOSIH-
HOTO pajuyca KPUBOW U MOCTOSHHBIX YCJIO-
BUI TPEHHUS pelibca U Kojieca MEXIy Mepero-
Hamu. Ha ocHOBe mosydeHHBIX JaHHBIX BEp-
TUKAJIbHBIX W TOPU3OHTAIBHBIX YCKOPEHUH,
OBLITH OTIpEEICHBl JUHAMHUYECKHUE OTKJIOHE-
HUS Ky30Ba BaroHa, Takke ObLTH OMpe/eNIeHbI
OT(QUIBTPOBAHHBIE YCKOPEHHUS B JMAIla30HE
gactoT oT 0,5 mo 20 I'y, mis pacuera kodd-

¢unueHTa miuaBHOCTU XoAa. s mpoBeaeHUs
WCTIBITAHUN OBLTH PACCMOTPEHBI TPH OCHOB-
HBIX YydYacTKa >KeJIEe3HOJOPOKHON KOJeH:
MpsIMOM  y4acTOK IIyTH, KPHUBBIE Y4YaCTKH,
umeromue paauyc 1000 M, U y4acTKu myTH,
HMEIOLIUE CTPEJIOYHBIE NEPEBOJBI C KPECTO-
BuHo# 1/11.

IIpu cxopoctu nBwxkenust 160 km/4 u
MaKCUMaJIbHBIX BEPTHUKAJIbHBIX YCKOPEHUSIX
0,38 M/c?, muku BuUOpaIMil CHEKTPATLHBIX
IUIOTHOCTEH, HIbke 7 I'1, oTHOCATCS K KOJe-
0aHusAM Ky30Ba, Kak aOCOJIOTHO >KECTKOTO
TeNa, KOTOPOE ABUKETCA 0 MPSIMOMY ydacT-
Ky NOyTH, TOTrJla Kak KoJeOaHus, KOTOpbIE
UMEIOT 4acToTy Oonpiie 7 ', mpu HauboIb-
IMX BepTHKANBLHBIX yckopenusx 0,41 m/c?,
XapaKTepU3yIOT y4acTOK, KOTOPBIM OTHOCHT-
Csl K YaCTH IYTH CO CTPEJIOYHBIM MEPEBOIOM.
Takum 00pazoM, MakcuMalbHasi TOYKa BUO-
pauuii ¢ yacroroit 8,9 I'l oTHOCHTCS K mep-
BOil (opMe BepTHKaIbHOIO H3ruda, MakKCH-
MajbHas TOuka BuOpauuid, ¢ vacrorou 11,8
['1, oTHOCUTCS K CKpPYYMBAHHIO, a MPU MakK-
CUMaJbHOM TOuke BUOparuii ¢ yactoir 16 '
BO30Y>KJEHHE MPOUCXOTUT TOJILKO Ha Mps-
MOM YYacTKE MYTH M OTHOCHUTCS KO BTOpOM
(hopme BEpTHKAIBLHOTO U3ruoa.

AHann3 BHOpAIMOHHBIX HArpy30K Ha
Ky30B IaCCa)KMPCKOTO BaroHa IMPOBOJMICS B
COOTBETCTBUH ¢ MeTouKoit M. [Imutpuy [12].

B coorBercBuM € METOAMKOWN IEpBBIU
pPeXUM BEPTHUKAIBLHOTO M3rMda CYIIECTBEHHO
BJIMAET HAa JTUHAMHUYECKOE MOBEJCHHE KY30Ba
U ompenensiercs 1no ¢popmysne:

W00 = 2,0+ (X+Z)0.T)+ X (9T, 1), @)

rne Zc - MOJACKOK; fc - mar; LC -mnmunHa xpeo-
TOBOW Oanku Ky3oBa Barona; T¢(t)- xoopmau-
HaTa BEPTUKAIBHOrO M3ruba Ky3oma; XC(X) -

sin gL, —sinh gL,

MPEJCTaBIseT COOOH €CTECTBEHHYIO (YHK-
LU0 BHUOpAallMOHHOW MOJbI, OINHUCAaHHYIO B
YPaBHEHUU:

X.(X) =sin g.x+sinh S_x —

(cos B_x +cosh .X), 3)

cosf.L, —cosh gL,

B = 4aip. IE, (4)

cosf.L cosh gL —1=0, (5)

rac

rae @, - COOCTBEHHas dYacToTa KoyieOaHMi
Ky3oBa [3].

Ha ocHOBe moONlydeHHBIX JaHHBIX H
HaTypHBIX XOJOBBIX MWCIIBITAHUH, IMPOBOIU-
MbIX OAO «TBepckoil BaroHOCTPOUTENbHBIN
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3aBO/», ObLIAa CO3/1aHa JICTATM3UPOBAHHAS
IUTaCTMHYATass KOHEYHO-3JIEMEHTHAs MOJENb
Ky30Ba, C MOMOIIBIO KOTOPOM OBLIM MoOJyye-

HBI COOCTBEHHBIC (DOPMBI KOJIeOaHUN Ky30Ba
(puc. 1).

Puc. 1. IlepBbrii pesxuM BEpTUKAIHHOTO U3rH0a, pACCUNTAHHBIN METOI0M KOHEUHBIX JIEMEHTOB

B pesynbrare MmonenupoBaHus ObUIH
MOJIy4eHBI BEIMYMHBI BEPTHKAIBHBIX U TOPH-
Pe3yabTaThl HCC1€10BAHNUS

[Ipoanas3upoBaB IOJIy4EHHBIE pe-
3yJIbTaThl, OBUIO YCTAHOBJIEHO, YTO B JUara-
30HE 4acToT

8,9- 16 't oTmeuaroTcs BCHBIIIKK YCKOpe-
HUW. Y4UTBIBas JaHHBIE, KOTOPBIE MPUBOIU-
JIUCH paHee, U OMbBIT 3apyOeKHBIX HCCIeA0Ba-
TeJIeH, B YKa3aHHbBIA JUAIa30H BXOAST 4acTO-

30HTAIIBHBIX YCKOPEHUH METAJNIOKOHCTPYK-
LM Ky30Ba.

TBI, OTHOCSIIIIECS K OJJHUM W3 HauOoJjee IyB-
CTBHUTEJBHBIX 4aCTOT s yesmoBeka [13].

s BeUMCIeHusT KoM(popTa Mmaccaxu-
POB Ha MPAMBIX y4YacTKaxX MYTU UCHOIB3YIOT
TaKoW IIOKa3areib, KaKk HWHICKC Komdopra:
Nmv — ynpormienssiii meron, Nyy — momHBIi
METOJI, OMPEACISIEMbI 1O 3aBUCHMOCTSM B
pamkax crangapra CEN 12299:

Ny =6- /(@) + (al¥)? + (a2)?,

NMAZZ'\/(a\\:\g)Z"'(a\QI;)Z +4'(a§§)+4’(a\>y§ !

rne N — uanexc kompopra (mpu N <1 kom-
¢doptHO, ipu N> 5 HEekoM(popTHO); & — yCKO-
perne; Wy — UI BEpTUKAIBHBIX YCKOPEHHUH;
Wc — ans mpoJoibHBIX YCKOpEHUH (CrMHKa
cunenbs); Wq - u1st 60KOBBIX yckopenwit X, Y,
Z — HampaBJeHHE H3MepeHHs (IIPOI0JIbHOE,
MOTIEPEYHOe U BEPTHKAIBHOE COOTBETCTBEH-
HO) [12].

[Ipu nBWKeHWHM BaroHa Ha TMPSAMBIX U
KPHUBBIX y4acTKaxX MYyTH HapylleHue KoM¢op-
Ta MACCAXUPOB B OOJBIIEH YaCTH UMEET OJIH-
HakoBble MpUYMHBL. OCHOBHOE pa3inyue 3a-
KITIOYaeTCsl B TOM, YTO, B Ky30B€ BaroHa, mpu
MPOXOKJICHUH Ha CKOPOCTU KPUBOT'O y4acTKa
IIyTH, HOSBISAETCS JONOJHUTEIbHBIN KBa3M-
CTaTUYECKUH YpPOBEHBb MOIEPEYHOIo yCKOpe-
Hus. CpenHee MONEpPEYHOE YCKOPEHHE WIN

P., =100-{ max| A-|y,

max

+B-
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(6)
()

CpeIHUl ypOBEeHb JIIOOOTO KoJIeOaHUsT OOKO-
BOTO YCKOPEHHs BOCIPHHHUMAETCS MacCa)ku-
pamMu Kak TUCKOM(OPT MPH MOE3/KeE.

Bbpuranckue kene3HoJOpOXKHbIE HCCie-
JI0BaTeNlM TIPOBOJMIN H3y4eHHEe KomdopTa
«KHOTIOYHBIM MeToJIoM». CMBICII TaKkoro Hc-
CIIEZIOBAHMS 3aKJFOYaJICs B TOM, YTO B BaroH
Ca)KaJll HECKOJIBKO JII0JIeH, Ha ONpeieNICHHbIE
MeCTa, Y KOTOPHIX WMENNCh KHOIKH, IO/Ia0-
M€ CUTHAT O AUCKOM(OPTE B JAHHBINA MepH-
on BpemeHu. Kaxnaplli pa3, Korga HCIHBITye-
MBbIE€ CTAJKHUBAJIUCh C IUCKOM(OPTOM, OHHU
HO)KMMaJIX Ha KHOTIKY.

W3 uccnenoBanusi, KOTOPOE MO3BOJISET
OTIpEACNUTh TaCCaXUPOB, HCIBITHIBAIOLINX
TUCKOMQOPT, ObUIa OmpeseNieHa CIeIyroIIas

dhopmyna:
E

max max
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re Vs — OOKOBOE YCKOpeHHe Ky30Ba, M/c’;
Vs — I3MEHEHUEe OOKOBOTO YCKOPEHHSI Ky30Ba
B Teuenue 1 ¢, m/c3; ¢;; — yrioBas ckopocTb
Ky3oBa, pan/c; A, B, C, D, E — nocrosiunsie,
NpUHUMaeMbIe B COOTBETCTBUH ¢ [14-16].

Ha ocHoBe M3y4eHHBIX METOIUK OBLIO
MIPOBE/ICHO HCCIIeoBaHNe KomdopTa macca-
KHUPOB, MPHU IOE3/KE Ha KEJIEe3HOAOPOKHOM
TPAHCIOPTE, B KOHTPOJIBHBIX TOYKAX KY30Ba,
Ha MOJYYEHHBIX, B XOJ€ MOJEIUPOBaHUS, Ya-
crorax. [Ipu gacTore COOCTBEHHBIX U3TUOHBIX
koJiebanuit kyzoBa 8,9 ' Habmromaercs, 4To
UHJCKC KoMQopTa BhIIe 4 EAWHHMII, YTO TO-
BOPHUT O HU3KOM ypoBHE KoMdopTa (puc. 2).

[IpoanasM3upoBaB IOJIy4EHHBIE pe-
3yNnbTaThl, ObUT CENaH BBIBOJ, YTO IEPBBIii

4.5 O

Hupexc koMdopra
'
L9,

pPeXKHM BEpPTUKAIBHOIO M3ruba sBIAETCS
KIIFOUEBBIM PEXUMOM JedopMaluu  Ky30Ba
uis o0ecriedyeHuss KoMQpopTa MaccakupoB, a
TaK)K€ BHOCHUT 3HAYUTEIILHBIN BKJIA]l B YPOBHH
BEPTUKAIbHBIX YCKOPEHUH.

Hcxons w3 3Toro, OBUIO MPEATIOKEHO
HECKOJIbKO KOHCTPYKTHUBHBIX pEIICHUN IO
YKPEIUICHUIO HEeCYIIed KOHCTPYKIIMHM Ky30Ba
JUIS TIOBBIIIEHUS €ro M3rHOHOM KECTKOCTH.
OTU perieHusl MPelyCMaTPUBAIOT JIOTIOJIHU-
TEJbHBIE MPOAOJbHBIE 3JIEMEHTH B HECYIICH
KOHCTPYKIIMU paMbl, a TAaKXKe€ YCTaHOBKY JIO-
MOJHUTEIBHOM HECYIeW MNEeperopojku B
CpeIHEM CEYeHHMH Ky30Ba, 00ecreYHnBarOLIeH
Tak)ke U TpeOOBaHMs 1O MACCUBHOM Oe3omac-
HOCTH BaroHa.

TacToTa coOCTBEHHBIX H3THOHBIX Konebanuii Ky3oga (I'D)

Puc. 2. 3nauenns unnekca kompopra

BriBoabI

Jnst ompeneneHusi pe3ynbTaTUBHOCTH
MPEeIIOKEHHBIX Mep OBLJI0O TPOBEACHO TO-
BTOPHOE HCCJIEIOBAHUE 110 OMUCAHHON METO-
nuke. M3 MomydeHHBIX MaHHBIX ObUT ClelaH
BBIBOJI, YTO TMPEIIOKEHHBIE KOHCTPYKTUBHBIC
pelieHusl TMO3BOJIMJIM YBEIMYUTh 3HAUCHHUE
YacCTOTHI COOCTBEHHBIX M3THOHBIX KOJIEOAHUI
METaJUIOKOHCTPYKIIMU Ky30Ba BaroHa jio 11,7
I'11, 5TO TOBOPUT O PAIMOHATILHOCTH TIPEIJIO-
KEHHBIX KOHCTPYKTUBHBIX MEpP MO CHUKEHUIO
BHOPAIIMOHHOW HAarpy»KEHHOCTH Ky30Ba Baro-
Ha.

IloBbIIeHre 4acTOTEI COOCTBEHHBIX H3-
THOHBIX KONEOaHUW MEeTaJNIOKOHCTPYKIIMH
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Ky30Ba BaroHa TakXe CIOCOOCTBYET MOBBI-
IICHUIO YPOBHS KoM(opTa MacCakupos, MO-
CKOJIBKY METaJUIOKOHCTPYKIIHSI Ky30Ba Tepe-
XOJMT U3 MeHee KoM(popTHOH 30HHI 8,9 'l B
30Hy Omu3kyro k 12,65 T’y (puc. 2), obecre-
YMBAMOIIYI0 3HAYUTEIBHO Oo0Jiee BBICOKHUI
YpOBEHb KOM(OpPTa maccakupoB. TeM caMbiM
npejyiaraeMasi B paboTe MEeTOIMKa MO3BOJISIET
000OCHOBAaHHO NPHUHUMATh TEXHUYECKHE pe-
IICHUs, 00CCIICYMBAOIIUE TTOBBIIICHUE YPOB-
Hs KoM(popTa MEPEBO3KH MACCaXKUPOB B OTe-
YECTBEHHBIX BaroHaX JIOKOMOTHBHOM TSATH.
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