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¡Opa» EOPOHEHKO, Cepreii EAPMH'TEB 
AjieKoaHAP TPETBHK03
JienHHrpaACKHi! HHCTHTyT HHneHepos 
IlejiesHOAopojKHoro T p a n c n o p ia

ÜBUEHEHHE LISK 3 HACTOTHOÜ OBJIACTH ÆBH OaSHKH 
ÍUHAíOWBCKÓa HAPPy3KEHH0C TH 3JIEMEHT0B OEOPyjlOBAHHH BArOHOB

PeąiOMe. B CTaTBe paccMOTpeH KOHeHHO—3 jieMeHTHBiii noAXOA k  oneHKe 
AHaaMnuecKoil HarpyKeHHOOTH a jie iieH io s  oSopyAOBaKHa B a ro so B . Ilpn o to k  
iicnoA B 3yeicH  o n e p a iH o e  npeACTaBjieHHe KaHomtHecKoro ypaBHeHH« MK3, 
nO3DOA«01!;ee CHH3HTB pa3MeplI0CTb I.iaTpHll KeCTKOCTHBK, HHepUHOHHbDC H 
AeMn$npyioAHX nap aw eip o B  paccMaipuBaeMŁoc i.soAejieii BaroHHHX KOHCTpyKUHii. 
npHBeAeuo orracaHHe pa3pa6oT aH H oro nporpaMMHoro KOMnneKca u e r o  o c h o b -  
Hue n a p a M e ip a . ilpeA JiaraeiC H  MeioAHKa anpofiupoBaHHH npn HCCJieAOBaHKH 
AHHaMiwecKoił HarpyKeuHocTii sneMeHioB iopM 03H oro oSopyAOBaHna B aroH a- 
UHCTepKH. P a sp a fio ia H  p«A KOHCipyKTHBiaDc npeAXOxeHiiii no ooBepmeHCTBo- 
BaHHK HCCAeAyemcc KOHCTpyKUHii,

Oahhm H3 napaweipoB, xapaKiepH3yioinnx coBpeMeHHbie ueioAK pacieia AnaaMii- 
'łecKoił HarpysceHHOCTH TpaHcnopiHBix K0HCTpyxi;Kii, HBjifleTCs: t ohhoctb peayABTa- 
t o b, Koiopan CBH3aHa o iłinoM ncnoAB30BaHHbix KOHeaHLK oaeMeHTOB h co ciene- 
hłb AHCKpeiH3ai;HH HccaeAyeMoii KOHCTpyKiiHH• Hjih onpeAe.ieHHoro inna ajieuenTOB 
SoABmaa tohkoctb TpeSyei 6oJiBnieEi AHCKpeTH3amm, h t o npuBOAHi k yBejuiaeHH» 
AHcaa cieneHeił c b oSoabi k , KaK cjieACTBHe, k yBejinueHH» oÓBeMa BunojmaeMBoc
BŁPJHCAeHHii, OrpaHHHeHHBie B03M02CH0CTH BhNHCAHTeABHOii ieXHKKH, npHMGHHeMOii 
npH p a o n e ia x ,  npHBOAHT k  Heo6xoAHMOCTH iicno.TB30BaTB motoam noHHzceHHa p a a -  
MepHociH cncTeMB! yp aB H en n a, oroicuBajomroc AUHaunuecKoe noBeAeune HCCjieAyeMoH 
kohc tpyK niiH « Ilpn onpeAejieHHH AHHaMnaecKHX HanpasteHHfi b  OAenenTax K O H dpyK - 
Uhh BaroH a icax (Jiy hkhkh  BpeMeHH, oahhm H3 nanfio -iee  3qxpeKTHBiiLix MeiOAOB 
TaKoro po ah  HBAfleTca weTOA cyneponeMeHTOB ŁIC3 a a a  AHHaMHKecKHx 3aA aa [V]> 

KOTopaS no3B oxaeT yMeHBniHTB oCbeM HcnoABsyeMoii onepaiHBH oii nauaTH 3BM b  

AecATKH p a 3 ,  Pa3paCoTaHHbiii n a  e r o  6 a3 e  nporpaMMHufi KOMiuieKC QC1 H iM e ic a  
moąhum cpeACTBOM a m  HCCJieAOBaHHA AHnaMunecKoH Harpy;?.eimocTH B aro n o B , n o -  
3B0MX>qiiM OnpeAeAHTB pHA HH3mlIX C0SCTBeHHŁIX HaCTOT H $OpM KOJiefiaHHfi K0H- 
CTpyKUHH, a  Taicse HccaeAOBaTB AHHaMHHecKyio HarpysceiiHocTB kohcipyrcnnH  Ba
ro n a  nyieM  MHCAeHHoro hh terp w p o B aH u a  cacieM U  AH$$epeHnHaaBHBix ypaBHeHiifi, 
onHCHBaziąeJi nepeneąeHH H cynepy3A 0B Ha BepxHeu ypoBHe cSopKH. Ilpn sto m  n e -  
peMeąeHHa peAyHHpyeMwx y3A0B CBasaHi: o nepeMemeimeM cynepy3A0B AHHeiiHoH



40 ß. BopOKeHKO, C. BapMHUeB, A. ïpeTBHKOB

SaBHCHMOC'.l'BH, HTO n03B0JW eT OHeHHTB HHHaMHHeCKHe HaiXpHKeHHH 

B cex  yaacTKOB KOHCTpyKujoi B a ro H a . K HeflocTaTKaM T aicoro  h o ä x o -  

Äa c a e n y e T  o r a e c r a  oTcyTCTBHe KpHTepueB A ra  BHÖopa c y n e p y s a o B  

n a  BepxHeM ypoB H e, o t  KO Toporo b e b h c h t  t o h h o c t b  p e rn e a ra .  B t o  

s e  BpeMH TpeóoBaHHH t o h h o c t h  3acTaBjiHH)T yMeHŁmaTB m a r H H T er- 

pHpoBaHHH, HTO cymecTBeHHO yBexHHHBaeT BpeMH c a e T a .

Ä ra  noay aeH H a to h h h x  3HaaeHHfi AHHaMaaecKHX HanpaseH HÄ a a e -  

MeHTOB KOHCTpyKiBiii B aro H a  n p a  CTaijHOHapHHX p e m M a x  ABmseHHa b  

p a ö o T e  3  n p ty y ia rae T C fl npm.ieHHTB cynepejiet/.eH TH uft h o a x o a  k  

ypaBHeHHB ABHseHHa KOHCTpyKijzH, oanîîcaiiHOî/r/ b  o n ep aT o p H o ñ  $ o p -  

Me $ y p B e . Q t o c h o b h o to  y p a B H e a ra  MeTOfla K O H eraux BJieMeHTOB

rp y 3 0 B , nyTeM n p eo ó p a3 0 B aH íta  OypBe h  p a r ta  ax reó p a jraecK H X  o n e p a -  

Ohh np0H3B0flHTca n e p ex o A  k  onepaTopHO¡4y ypaBHeHHB K O H eraoro  a x e -  

MeHTa:

| £ 2 J  -  ÓHHapaaa MaTpmia pa3MepnocTii 2n x 2n  cneujiajiBHoro 

Bwira ( a  -  anexo CTeneaeii cbo ö o äh  KOHeaHoro aaeMeiiTa). 

Ä ® i  ypaBHeHHa ( 2 )  HeTpyAHO oóocHOBaTB npHMeHeHHe o c h o b h h x  

npoperyp MeTOjta cynepsaeweHTOB -  anropnTMOB cóopKH KOHCTpyKHHH,

r a e



IIpuŁieHenHe UK S b aac io x B o ti.

KOHfleHcająmł ncKjiicraaeM iix c îe n e H e ü  cbo ö o äh  h  o ó p a ra o ft  npo rO H K ii. 

A jiropH TM  cynepaaeM eHTHofi cöopKH b  onepa T o p no ä  $ o p n e  m e e i  b h â :

w
[ H ] -

I

r f l e  [H il w LH2I “  MaTpaTOHe n e p e a a T O B H u e  ^ y m o p r a  KoraoHyeMHX 

KoneaHOSjieMeHTHHX n o flC T pyK T yp . IIo flcyM M iipoBaH iie  h x  sjieMeHTOB b 

MaTpHqe [H ]n p o H 3 B O flH T c a  no  oômmvt cTmeHHM  cb o ö o ä h  iio Ó jio h h o , 

npHHeM cooTBeTCTByminae MaxpiinHHe ôæokh HMemT bhæ:

I h u l -
( k ||+ k ( j ) - á ) 2fm^+m¡j) cü(?^C{j)

Co(C¿j + C g )  - ( k , j  + k ' ( j )+ w  /Vflg +
( 5 )

A jiropH TM  KomeHcarpzra nna ypaBHeHHH ( 2 )  BupaaaeTCH c o o th o -  

meHHHMH

(6)

,-i —

G p p  _  G Fr [H,-&] [ H bb] Gps , (7 )

iw e  EHfleKCH " r "  h  " b "  cooTB eT C T B ym  rpaHHaHUM h  BHyTpeHHZM 

(HCKJEoaaeMUM) y3JiaM pacneTH O fi cxe w n .

AjiropETM o ö paT H oä nporoH K n .¡ma BocciaHOBJieHHH cneKTpoB 

HCKjiœaeHHHX C T en e u eä  cboóojih  m e e T  bh# :

&CJ.H -  [ H & r ] % r + [ H è b ]  G f s  . Í 8 )

$opiny.nn ( 4 )  -  ( 8 )  cocTaBjiœ oT ocHOsy MC3 b  nacTOTHOä o ö j ia -  

CTH H m  aacTO TH oro M exofla  cyn e p sae M e H io B  (^M C 3 ).

BcjieacTBHe x o r o ,  n x o  MaxpiiHHag nepeflaxonHaa ^yHKiiafl b co- 
OTHomeHKÆx (2) -  (8) jraeex öomnyx paswepnocTŁ, npn pacaexax 

pe;iecooöpa3HO Hcnojn>30Baxï> MOflE$HKai}HiQ aacxoxHoro Me-ro^a cynep-



10. EopoaeHKO, C. EapuiMGB, A. IpeiBSKOu

sjieMeHTOB, yHHTHBaiomyH) C T p y K T y p y  M a T p m ę j  [ H ] h  n o 3 B O H H m y î )  n p n  

p e a n n 3 a m D i  BiraacjiHTeraHHX n p o q e ^ y p  Ha 3EM H c n o H B 3 0 B a T B  B A B o e  

KeHBiiiHË o ô t e M  o n e p a T H B H û ü  n a wnui. lipa 3 t o m  B c e  onepaipra n p o H 3 -  

B O Ä H T C H  C M a T p H H H H M H  C T p O K a M H  BHflH

O C H O B H O r O  y p a B H e H H H  MKE. K o M H O H e H T H  C T p O K H  (9) H a  B c e x  y p O B H H X

B nejiflx c o K p a m e H H H  B p e M e H H  peajiH3aipDi p a c n e T O B  H a  3BM b 

p a ô o T e  ÓHJIO n p e w i o s e H O  H a  B e p x H e M  y p o B H e  c ô o p K H  3 a M e H H T B  p e m e -  

H H e  penyipipoBaHHoro y p a B H e H H H  B H A a  (2 ) p e m e i m e M  BKBHBajieHTHOÔ 

C H C T e M H

K a x A o e  H 3  y p a B H e n z Ë  KOTopofi H M e ö T  B ß B o e  MeHŁiaya p a s w e p H O C T B .  

K a K  n o K a 3 a x H  n p o B e A e H H n e  HHCJieiiHue B K c n e p n u e H T H ,  T a K o â  n p a e M  

n p n  g c n 0 Æ B 3 0 B a m m  H T e p a r a B H H x  M e T O A O B  p e m e H H H  ajrretípaOTecKKX 

ypaBHeHnfi nosBOJineT c o K p a r a T B  B p e M H  p e m e H H H  peflyqupoBaHHoro 

y p a B H e H H H  b  c p e A H e M  b  4  pa3a.

O n e p a i o p H a n  $ o p M a  p e m e H H H  c y n e p a m e M e H T H H X  3aflan A a e T  b û 3- 

M O H H O C T B  H C n 0 H B 3 0 B a T B  B  K a H e C T B e  r p a H H H H H X  yCJIOBHft K O M I M e K C H H e  

cneKTpHt ycKopeHHfl B e n y m a x  ( aKTHBHHx) y3JiOB p a c H e r a o Ë  cxetÆH B a -  

roHa. ü p H  3 t o m  K O M H O H e H T H  c n e K T p a  o ô o ô m e H H H X  y 3 H O B H X  H a r p y 3 0 K  

B e A O M H X  (naccHBHHx) y a n o B  H M e B T  b h a :

(9 )

{ :



lipaMeiteHae MK3 b HacTOTHoii , , , 4 3

Reśfn ~ {([)»[Kna] [Mndlĵ eGî j ctj[Cna]lmGąa
< -  r  V  -  -  ( I I )
| J m G Fn = [-¡¡-2 [łCn4]“ [M + ¿[Cna]ReGć^,

r a e  HHfleKCH "a" h ”n" cooTBeTCTByjoT bkthbhhm  h naccHBHHM y3xaM .

C n e K T p n  ycKopeHHii aKiHBHHX y3jioB  pacneTHOŚi cxeMH B arona  

MoryT <5htb nojiyneH u iiyTeM jwcK peTHoro npeodpa30BaHHH $ypB e 3 a -  

n u ceS  njiHaMHnecKHx n p o iie cc o B , c,ąejiaHHHX b  x o # e  HaTypHnx a n c n e -  

pmieHTOB:

(12)

r^e ¿; =  t 0 +  i  ̂ U ) k  -  K/YA^- N )

Ą t  “ mar KBaHTOBaHHH saiHCH n p ortecca  ycK opem iił aKTHB- 

Horo j3jia pacneTH ofi cxeMH Ćj,d ( t )  ; N  - w m n a  3axmcH.

C x e f l y e T  O TMe r aTB,  h t o  MC3 b  n a c T o r a o i  o d i i a c r a  n 0 3 B 0 M e T  

yHHTHBaTB BJUŁHHue H a  jęiHaf . ranecicyio H a rp y s e H HOCT B HCCJieayeMHX 

KOHCTpyKipia n e p e B 0 3 H M o r o  r p y 3 a  b B i m e  a j u p r n i B H o f t  c o cT aa t t a r ame i i  

p e me r ou i  h c x o a h o S  c h c t c m h  y p a B H e Ka f i  H a  Hyj ieBof t  n a c r o T e .

I Ipeo ( 5pa30BaHHe c n e K T p o B  y3Ji0BHX n e p e M e m a m i a  b  c n e K T p n  m -  

HaMHHecKJDC Ha npHHe mi i i  ocymecTBj iHeTCH H a  y p o B H e  KOHeHHoro a z e -  

MeHTa n o  $ o p M y x e

Gl  - [ D *  ][& ']& ,., (iw

r f l e  [ £ * . ]  u [ B e ]  -  M a T p m ę j  y n p y r o c r a  u  f l e J o p M a u n i i  k o -

HeHHoro  a j i ew e H T a .

H a  d a 3 e  p a c c M O T p e H H o r o  a i r ro p HT Ma  p a c n e T a  ; a  i c a $ e -

Ą p e  " B a r o H H  h  s a r o H H o e  x o 3h 1 c t b o "  J l e H i r a r p a f l CK o r o

HHCiHiyTa HHseHepoB se^e3HOfloposcHoro TpaHcnopTa aBTOpai»® óhji

pa3pad0TaH nporpaiiMHHfi K om ieK C  O T I E P - P ,  pe£um3yDiHEii MeToa c y -

nepajieMeHTOB b  nacTOTHot o d ^ a cr a  h p r o  BcnoM oraTem m oc np orp ai*-
e.

MHHX CpeflCTB, OCy]HeCTBXHJDIUHX aT0MaTH3Hp0B3HHyB HOflTOTOBKy HC- 

xoam cc ^aHHHX c  npuMeHeHHeM c p e jcT B  ManmHHoft rpafismai z  n p e n -



4 4 13, EopoHeiiKC, C, Eapi-jwes, A, IpeTLHKOB

CTEBJIBHHe BHXOflHHX p63yjHiTaT0B B BHfle OÓOÓllieHHHX CneKTpaJIBHííX 
xapaKTepHCTHK no/ta flHHajÆriecKïix Hanpasemift, HcnojELsyeMtn: a s h  

Bi raHcae in í H n o K a 3 a T e n e i i  a K c mi y aT a nH O H H o ä  HanesHOCTi i  ü c c j í e s y e -  

mhx KOHCTpyKujui BaroHOB. Bce nporpaiaiHHe MOflyjm cocTaBJteHH Ha 
auropHTiOTHecKOM H3HKe $0PT PA H -iy npmieHHTeraHO k 3BM CM-4 u 
E C -I045. MaKCHManBHoe h h c jio  CTeneneii c b o ô o æ h  HccnesyeMLEX pac- 
neTHHX cxeM BaroHHHX KOHCTpyiciBifi cocraBJiser 3000 npH cywMap- 
HOM oÖBöMe nporpaMMHoro KowmieKca 44,2 Kdafcr.

3arpy30HHHS MO^yjn> nporpaMMHoro KOMnjiaKoa OTIEP-E c o c t o h t  

H3 Tpex noranecKEx ceraeHTOB, nepsHe flBa H3 k o to p h x  npeflCTas- 

JDHOT COÔOË OBepneËHyiO CTpyKTypy, HTO BH3SaHO HeOÖXOflHMOCTBK) 

3KOHOIÆHÎ onepaiHBHoS naw ain 3BM. C bh3b  cerMeHTOB o ipaseH a n a  

pue.I .

CTpyKTypa nporpaMMHoro KOMtuieicca CHIEP-r

E a c .I



UpKiieiiemie M K S  b  'lacroiHoIl.., 4 5

nporpaMMa SWPF ocymecTBJUieT pacneT cxyHaäHoro eojih 
nepeMemeHHÜ EccxeflyeMOñ xoHCTpyKqEE Barona. Pe3yjn>TaTH pacne- 
Ta B BHSe fleiiCTBHTejBHOił H MHEXOÄ KOMHOHeHT CHeKTpOB y3JIOBHX
nepeMenteHHË 3anzcHBaDTC.fi Ha BHeiuHEË hochtsjił EH$opMaiiHH (MU)- 

nporpaMMa S FR  ES npoz3BOflHT BtraacjieHEe cneKTpoB hhotho-  
cth moujhocth flHHaMHHecKHX HanpjixeHHË E opeHicy noKa3aTeJiet yc- 
TMOCTHoñ aoxroBeHHOCTH cynepsxeMeHTOB I ypoBiiH pacHeiHoS cxe- 
MH.

O p e m c a  y c T a n o c T H o S  x o Ær o Be H H o c TE  BaroHHHX KOHCTpyKHEÄ b  

nporpaMMe SV RE S e p o e 3 b o ä e t c h  n o  M e T o j p i x ë , n p i i B e n e i n i o H  b  

p a ô o ï e  [ 4 J  , H a  ocHOBaHEH b h h e c j i s h e h  c n e KT pa j r bHHx  m o m c h t o b  

ÂEHaMEHecKEx HanpHxeHHË f lo 2 - r o  n o p a m c a  Bicj ronHTexBHo.  O c h o b h a n  

p a c H e i H a s  $opjv^yjia ä ä h  BHHHCHeHHH c o o T H om e H Es  x ox r oBe HHOC TE 

paSXEHHHX BapEEHTOB KOHCTpyKÏEBHOrO ECHOXHeHEH BHTEHflHT CJ i e -  

flymqHM oc ipa30M:

1
? a C h

Ñ m \

ùf$£fo)dto 1 m i l

J h

Tc i 7 d e /. J ,, 7 ,  ¿r 'H ,, „ J. 71 U / s J X  r  (14)

r a e  T . u  le -  cpoKE cJiyxtíH n o  pa3pymeHEH cooTBeTCTByæmero 

BJieweHTa Moa epHH3HpoBaHHo2 s  cepH im ofl k o h c t -  

pyic rp in ;

¡ n  -  Q0Ka3aT6jn> HaïuiOHa k p h b o ë  y c T a x o c T E  u a r e p E a j i a ;

( S Hj  n  ( ¿ ? c )  -  W i c n e p c E E  3KBEBaj ieHt h h x  H a n p æ s e H E Ë  ¿ > 3 l b  m o -

flOpHESEpOBâHHOÎÎ E CepEHHOË KOHCTpyKUJIH, HOfly-  

HaeMHe H3 cooTHomeHEH

CW

(¿>Ls) =  j [ ê t ( w ) G è (w)]ciCO. (15)
0

Cp e xHeKBanpa THHec Kj ae  3 H a H e H z a  DKBEBajieHTHHX H a n p H x e H E ü  

Taxxe BHBOÄHTCH HS HeHaTB E CXyXaT a n a  BKHBJieHHH 30H KOHpeHT— 

p a n a s  H anpaaeH E Ît b  KOHCTpyiaqaH.



TaôŒ ma I

ÆaHHHe o nporpaMMHHX Mojçrœix:, b x o j w h x  b  nporpaMMHHä KOMiuieKC cyH E P-S

it HfleHsaępuKaTop
I n

iyHKHHOHanBHoe Ha3HaaeHae TpeöyeMHä oóí,eM 
o n ep am B H o Ë  n aM ¡m , 

EaËT

I  2 3 4

1  " M A l W ' i  ( S U P F ' )

2 D S P E T

3 KERSUP

4 FLSPE

5 CONCOM
6  S Q U A R

iiopHesoK ceraeH T  OBepneiiHOii CTpyKTypH, h h h — 

r(HajiH3arpia HaóopoB npaw oro n o c iy n a  a  p a c -  
n p eflaaera ie  Jinennreit naM ara 3B.1 
ÜOÄnporpaiviMa BBO^a a  pacnenaTXH y n p aB n a- 
ffiajZDC HGXOflHHX flaHHHX, 3aiIHCL ZCXOfíHUX ^ a n -  
HHX Ha ycTpoiicTBa BHenmeä naM ara -  MarHHr- 
Hüfí jç ick  (MM)
ïïojyiporpaMM a, mm prapyKmafl b  ií¡ocre no T e- 
Kyueii nacTOTe ocHOBHue n popepypa  c y n e p -  
3JieMeHTHoro p a c a e i a
EfoflnporpaMMa ^opM apoBamia o n ep a io p H o ro  
ypaBHSHHH Ha I  ypoBHe cóoprai 
ItoflnporpaMMa KOHfleHcaqaa a  k o m h o h o b k h  

IIoflnporpaiviMa npeoöpa30BaHHH waTpamj o n e -  
paTopH oro ypasHeHHH Ha BepxneM ypoBHe b  

K B ą ą p a T H y n

6Ay VP ' ( /V0 U/ *+ 2 ' )+ fO&2  

(Cm. nprnienam ie I )

5362

6620

2448

3836
1286



Ilpoflomerae Taóji.I
1 2  3  4

7 F S R £ no,iyiporpaMMap peajDi3yH3inaa peíneme onepa- 
TopHoro ypaBHeHHfl Ha BepxHeM ypoBHe c y -  
nepaHeMeHTHOü cóopKH

2096

8 RECAPT ÜOítnporpaMMa BoccTaiioaneHHH pemeHKH no 
HCKJDOHÖHHHM CTeneHHM CBOÖOflH

3 II8

9 GE UG CTaHflapTHaa noftnporpawMa MaTeMaTircecKO- 
ro oöecnenem a EG-313(1

“

10 ''MAIK/“2 (SFRES) OcHOBHas nporpawMa, nposoraeHne 
BHnoHHffiomaa oimcaHHe HaóopoB j-aiæHX (CM.npnMenaHne

I I DA/SE 1 HoanpojrpaMMa BBoaa hcxoshhx h3hhkx o 
C3 I  ypoBHH

7380

12 S  T R SP üo^nporpaMMa pacneTa nona flHHaMEPiecKHX 
HanpaseHHii n BHHncaeHUH noKa3aie;ie2 
ycTajiocTHoä floaroBenHocTH

14242

IIpHMeaaHHe I :  MP“ u A/ B W *  -  híicjio nepeMBHHHX n irapaHa jieHTH uaTpzmi cynepajieweHTa, MaT-
pmjH secTKOCTn n  Mace KOToporo raeBT MaiccHMajE&Hirii oóteM. 

npzMeHamie 2 :  N K E *  -  MaicczMaroHoe KonnraecTBO K3 b  cynepaneMeHTe I  yposHa.
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JíaHHHe o  n p o r p a m i H H X  MOf l yaax ,  cocTaBaa Di nHX KOMmteKC CHIEP-P 

c o ^ e p a a T C H  b  T a d m m e  I .

MeTOflHKa cynepajieMeHTHoro pacaeia flHHaMHaecKax HanpaaeHHa 

3JI6M8HTOB KOHCTpyiCÜJlft BaTOHOB B HaCTOTHOfi odíacra a pa3padoTaH- 

hü na eé ocaoBe nporpaMMHHe cpeacTBa duna acnojiB30BaHH k ¡ia 

HccjxeflOBaraiH ;naHaM2aecK0ÍÍ HarpyxeHHOCTH TopM03Horo odopyaoBa- 

hhh (TO) ’-leTHpexocHoro BaroHa-nacTepim. B pa3aaaHHe yaacnoi 

B03flyxonpoB0fl0B npejyiojiaraJiocL b b o ^ h t b  pe3HHOBHe pa3 odiisaoiiQie 

BCTaBKE C «eJIBB BHHCHeHHH HX BJIHHHHH Ha CpOK CJiyjKdH KOHCTpyK— 

H e h .  Jlaa pemeHaa nocTaBJieHHOü 3aaaqa duna paspado Tana flByxypo- 

BHOBaa cynepsjieMeHTHaa pacHeTHaa cxeMa sJieweHTOB TO, HacmaHO 

npeflCTaBJieHHaH Ha pac.2.

PacHeTHaa cxeMa npeacTaBnaaa cotíoñ KOHeaHosaeMeHTHyB an- 

npoKCHMarpBD k o h c TpyKaaa B03flyxonpoBo,noB, y3X0B KpeiuieHaa iop~ 

M03HHX npatíopoB 2 3JieMeHTOB TopM03Hoñ ptreasHoft nepeaaaa, BKJBO— 
HaBmym b  ceda 172 CTepsoieBHX K3, 119 mcacraH h .upe npysHHH. 

lilapHHpHHe coefliiHeraia b  KOHCTpyKipra MoaenapoBanaci nceBflocTeps- 

HHMH C reOMeTpiIHSCKHMH XapaKTepKCTHKHM2, yCTaHOBXeHHHMH no pe- 

3yaBTaTaM npoBeneHHHx aacjreHHHX aKcneprnenTOB. PacaeTHaa cxe

Ma KMexa 2136 CTeneHeñ cBodo^u, pe3epHapyeMHt odteM onepaTHB- 

hoü naMHTH ara: METpaa HecTKOcra 2 Mace cocTaEHX 580 KdaíiT.

Ana onpefleaeHHa B03MymeHH¿i, npaaoseHHHX k BeflyníHM y3aaM 

KOHCTpyKHHH, noKa3aHHHM Ha pac.2 deaa acnojn>30BaHa TanoBaa 

pacaeTHaa cxeMa KOTJia h  paiaj apcTepHH ^5 3 . Ha BepxaeM ypoB- 

He cynepsaeMeHTHOft cdopKH tíuaa ocTasaeHH y3jm , cooTBeTCTByioütae 

ToasaM KpermeHHa TO na paMe BaroHa-rcacTepHH. Pemenae pesyuapo- 

BaHHoro ypaBHeffiia ^BHaeHHa Ha BepxHeM ypoBHe cdopioi npo23B0fln- 

jiocb onepaTopHHM cnocodoM c acnojUBOBaHiieM cneKTpoB BepTaxajiB- 

HHX yCKOpeHHH dyKOOBHX y320B npa pa3aHHHHX CKOpOCTHX flBHSeHHH 

BaroHa.

Ha nepsoM 3Tane HccneflOBamiH npoa3BOflaxaci> orteHKa cneKT- 

P o b  cot ícTBeBHHX a a c T O T  K o a e d a H a i t  KOKCTpyKuaí í  B a r o H a  a  t o d m o 3 h o -  

r o  o d o p y s o s a H H a  a n a  p a s r a a n a x  Ba paaHTOB KOHCTpyKTHBHoro a c n o a -
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h s h h íi B03^yxonpoBosa: cepräHoro h  co^epsainero radiare naTpyóKH. 
Anarare nojiyneHHUX peay^BxaTOB noKa3an, hto I-n  (38, 73 Pu), 3-h 
(69,53 Pu;) h 5—ii (85,45 rp) coócTBeHHue hsctoth KOjiedaffiiił ce- 
piiiłHoro TO OTjmHaBTCfl ot 5-ił (38,83 Pp), 9-0 (69,61 Pu) a I2-H 
(85,06 Pa) codcTseHHtcc naciera Ky30Ba nopołorea nacTepHu Menee, 
new Ha l i ,  aHajiOEHHHO, 6-h cotícTBeHHaíi nacTOia 10 (101,4 Pu) 
drareica K 18-ił coöcTBeHHOH nacTOTe (101,3 Pu) Ky30Ba rpyseKoii 
IÇICTepHH. ÄM MOflepHH3HpOBaHHOÎÎ KOHCTpyKIiKH TO CneKTp COÓCTBeH- 
HHX nacTOT KOJieóaHüt CMeiqaeTCH b HHSKonacTOTHyB odxacTB, hto 
CraracaeT B03M0XH0CTB npOflBJieHHH De30HaHCHKX BBJieHHÎÎ.

Ha cjie.nymqeM Diane onpeflerairaicB norai ÆKHaMireecKzx nanpH- 
KeHHÜ B03ityX0np0B0a0B H y3JIOB KpeilXCHHil T0pívl03HHX npHÓOpOB ÄJia 
CepHÍÍHOrO H M0flepHH3Hp0BaHH0r0 BapHaHTOB K0HCTP7KĘEH TO. B pe- 
3yÆbTaTe pacneTa durai BHHBJieHH 30Hti KOHXíeHTpaiími HanpaseHHñ b 
TpydonpoBOflax h KpoHiiiTeiiHax KpeiuieHHH Topr.io3Horo odopy^oBa- 
HHH h 6mio noKa3aHO, HTO BBeneioie pa3oduiaioniHX naTpyditoB b Ma- 
mcTpajiBHirił TpydonpoBOfl h noaBownune TpydKH b paftone imxeJiOB- 
KH, a saKse b odjiacTB coHjieHeiaui 3anacHoro pe3epsyapa c noflBO- 

TpydKOË no3BoraïeT c h h 3 h tb  ypoBeHB MaKCHMarabHHX ramawH- 
necKHX HanpaseHHii b KOHCTpyKnjra Ha 13,1 -  48,6$ r m  pa3raraHHx 
pexmiOB 3KCiMyaTaięm. Ha pac.3 noKa3aHa' TKmrataH añapa cpeflHe-

HanpsKéHHH b MaracTpara&HOM BopjiyxonpoBOfle nopoæ H eii 
nacTepHií, Mïïa (cKopocTB äbkkohhh 60 ravAt)

KK

_________  cepHÜHan KOHCTpyKujiH;__________ M0nepHH3iípo-
BaHHaa KOHCTpyxrpui

Eac.3
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KBąąpauraecKZDC 3H aneaz2 (CK3) sKEZBajicHTmcc HanpmeHZii 

b K3, aimpoKCHMHpoBaBmax MarzCTpajnbHirił B03flyxonpoBo;ą.

Ha aaium^iHTemHOtyi 3Tane CSim npoz3Be,ueH pacneT  cooTHomeHza 

flOjrrOBeBHOCTH MO£epHZ3EpOBaHHOa KOHCTpyKUHH no OTHOmeHHK) K c e -  

P z 2 h o z  no $opNyjiaM ( 1 4 ) ,  ( 1 5 ) .  Ilpn s t o m  ó h j io  ycTaHOBaeHO, t o  

npeflJiaraeMne KOHCTpyKTZBHHe B3MeHeHZH no3Bo;E®T yBem iazTŁ cpoK  

cjiyacÓH Topi.io3Horo oćopyflOBaHEH b  1 , 2  -  1 , 6  p a 3 a  no OTHomeHino 

k cepiiM iofi KOHCTpyzręzz k u r  pa3JiznHi£>c peraMOB 3KcnnyaTannH.

Bu boau

1 . Pa3paóoTaHa MeTO^jnca onpeiiejieH zn  flEHawznecKofi HarpyseHHOCTH 

SJieMeHTOB BaroHHBK KOHcrpyiupiii, ocHOBam-ian a a  zcnojr&30BaHzn 

i w e t  MC3 b  coaeTaHHH c o  cneKTpaaBHHM noflxoflOM.

2. CocTaBJieH nporpawMHH2 KOhnweKC CJIIEP-i, no3BOXflBinn2 n p o B O -  

O T tb  a H a j n i 3  c oOcTBemi HX a a c T O T  K o j i e ó a n z i i  z c c ; i e , nyeMHx k o h c t -  

pyKnjifi, b i t i e c j i h t b  HHHaimecioie HanpaseHaa b  pa3̂ znHHX nx 
yanax z npoBOflZTB onemcy n o K a 3 a T e j i e z  Ha f le s Hoc TH c e p z t o ł E C  u 
MOflepansnpoBaHHłDc KOHCTpyKnan.

3 . H c c j i e f l o s a n a  f l j m a M z n e c K a a  HarpysceHHOCTB BJieMeaTOB To pM0 3 Ho ro  

o ó o p yu o Ba HHH B a r o H a - n j a c T e p H H  z  p a 3 p a c 5 o T a a  p a s  KOHCTpyKTHB— 

h h x  M e p o n p n n i H i ł  no coBepmeHCTBOBaKHB mc KOHCTpyKiniz.
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ZA ST OS DWANI E ETO 0 0  OCENY 0BC I - \ 2 eŃ DYNAMICZNYCH 

ELEMENTÓW WAGONÓW

S t r e s z c z e n i e

W p r a c y  o m ó w i o n o  z a s t o s o w a n i e  m e t o d y  e l e m e n t ó w  s k o ń c z o n y c h  do  o b l i 

c z e ń  w y t r z y m a ł o ś c i o w y c h  e l e m e n t ó w  b u d o wy  w a g o n u  o b c i ę ż o n y c h  s i ł a m i  d yn a 

m i c z n y m i .  P r z y  czym w y k o r z y s t u j e  s i ę  o p e r a t o r o w e  p r z e d s t a w i e n i e  r ó w n a n i !  

k a n o n i c z n e g o ,  p o z w a l a j ę c e  z m n i e j s z y ć  w y m i a r  m a t r y c  s z t y w n o ś c i  i  p a r a m e 

t r ó w  r o z p a t r y w a n y c h  m o d e l o w y c h  k o n s t r u k c j i  w a g o n o w y c h .  O p r a c o w a n o  s z e r e ę  

z a l e c e ń  k o n s t r u k c y j n y c h ,  k t ó r e  p o z w a l a j ?  n a  b a r d z i e j  r a c j o n a l n e  p r o j e k 
t o w a n i e  w a g o n ó w .

THE APPLICATION OF HOP FOR EVALUATION FO OYNAMIC 

LOADS FOR WAGON PARTS

S u m m a r y

I n  t h e  p a p e r  t h e  a p p l i c a t i o n  o f  t h e  f i n i t e  e l e m e n t  m e t h o d  f o r  c a l c u 

l a t i o n  o f  d y n a m i c a l l y  l o a d e d  p a r t s  o f  a  w a g o n  i s  c o n s i d e r e d .  T h e  c a n o 

n i c a l  e q u a t i o n  i s  p r e s e n t e d  i n  t h e  o p e r a t i o n a l  f o r m  w h i c h  a l l o w s  t o  

r e d u c e  t h e  s t i f f n e s s  m a t r i x  a n d  t h e  n u m b e r  o f  p a r a m e t e r ' s  w h i c h  c h a r a c 

t e r i z e  t h e  m o d e l  o f  t h e  w a g o n .  Many r e c o m m e n d a t i o n s  f o r  c o n s t r u c t o r s ,  

w h i c h  e n a b l e  t o  d e s i g n  w a g o n s  m o r e  e f f i c i e n t l y  a r e  p r o p o s e d .


